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(�  %�&�F	 -�./ b�* �O (  ��*���	 �+�,	(FS) =	 9�Q��	 %�B��&	 8�.��$ �N
P�+�$ (  ���N
%�&�F	 (ATPC)  ��
����	 ������	 ����	 �c��N b`d(e.i.r.p.) ( Y(���	 �e	 :
4f  

�  (  %�&�F	 -�./ 0+ g>h ��D -��^	�i ��>1�e	 j��`�	 0+ 8Bk	 5H	���	 �O (  ��6�* �����	 gl ��*���	 �+�,	
5^�& DRS ��
	
 %�&�3 �./ 0+ ����^4�	 �+m�	 �	4�N	 0�� .�
�B�+ 
�>$ ( 5$�& ��6�* ����+ ��*���	 �+�,	 DRS 

nQ@�	 4K1	) �R�o 5H	�$ ���
 a
�
 %�B�
	 5�p 1Y(  

� (  r1O s
  ����@� ��`$4+ �����* JU�t�$ ��*���	 �+�u@� J	�A �@R�.�	 -U���	 b�* v>@.$ 	w3e.i.r.p. -�.x	 �y� 
�+ \�`$�	 �R	
L ��D J�+�BD 5B�$ -U���	 �!" [@D �@B����	 5H	���	 -M�B�
	 0+ J	g�h �z �{ T�+
��+ r>o 
O �+
�

7"���	 |>�* ( Y�e	  

� (  n��$ }�>�	
 ����>.�	 ~R��_��	 �O ( ��*���	 �+�,	 -M�&�3 -M��	 b�* ( J	�R�o J���"�$ |>�$ 
O �e	 
( Y�@B�x	 5H	���	 -	���+  

� (  5H	���	 ��`� -����$ %�B��&	 0�p r1O (  5H	���	 0+ �
 ��*O 23 ��`u��	 5AO 0+ S	�& �
 [@D 7�+�,	
��*���	 �+�,	 �BK1O 0D 9A���	 (  5$	���	 �BK1ODRST  

____________________ 

*

  �HL 	�-0  	�+�����7 � 	�+����� �HL9  	�+����� ��HL ����
 10 YaNH�� 3��.���� wxA /��& ��������� 	
��
D� /�Q��+5 �7  7��8v�
./�QZ
 	D������  



�������  ITU-R  F.1249-3  

  

2

�
�� ���  

 � (   ������	 �OITU-R SA.1155  �!�	 8Bk	 5H	���	 ����� ��`�.�	 ������	 -�R���� [�N=	 ��	 �O [@D ��$
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 23 7�8��
 ,- �$%��
 #/9(6� :�
 4 #�
�6�
 ;� �-�<
  

	��@� ��@�t���	
 ������	 �^��,	 �u@+ C@R �B�� 5$DRS  ���h
 ��@B���$ �O Ct>�R ��	NASA (  ��Q��	 -�RM��	
 ��*
�
=	 S�_`�	 ���h

 ���R4+=	(ESA)  S�_`�	 :����&M ��1�*���	 ���h��	
 ��&
4�	 S�_`�	 ���h

(JAXA)  ��	


5B����& ( S�_� -U���	-S�_� (  ?�.��	GHz 26:  

�  ���	��	 �R�	��	 8N	��	 (  ������	ITU-R SA.1276.  

�   5$	��@� ��Aw�B��	 �^��,	DRS:  

•   ���^	�"* ��	��+ �
�w |��* ��

 w�`1
 V�D |��dBi 58Y  

•   ��D %�>��&M	 C^	�" �+m
 <4DdB 3  0+ 5NO◦0,2Y  

•  ��
	
 ���D ���o3 �e��+ [@D ���N %�>��&M	 C^	�" (  ?�.��	GHz 30/20Y  

•   5>����	 S�G�G ��	4
 �A��DRS TK 703 = T  �"��N S�G�G ����h)dB(W/MHz) 140,13–(Y  

•   :���D -�1��* -M��+Mbit/s 300-kbit/s 1 (  ���N ?�.1 <4DMHz 225Y  

•   :���D -�1��* -M��+Mbit/s 800-kbit/s 1 (  ���N ?�.1 <4DMHz 650Y  

•   �	��� �����@� 5*�N %�>��&U� �mh4�	 ��4��	MHz 25 �� 5�� (5NO 
O).�A  

 �   5$��@� �Rmh4�	 -	��4��	DRS  ��^�_`�	 -��>�@� ��>�	 5�t���	 ��@*��* �����	 �D�Bk	 -������ J���
 �����+
(SNIP) ����@� �h4���	 -	�����* ��@���	 (   5$	���	DRS  :������	 -	��4��	 ��D �Rmh4�	 -	��4��	 !u��&

GHz 25,60 
O  GHz 25,85  
OGHz 26,10  
OGHz 26,35  
OGHz 26,60 
O  GHz 26,85  
OGHz 27,10 

O  GHz 27,35.  

 5$	���	 0+ V���	 5�e	 [@D !`�$ 
O 5H	���	 ��`� -����$ Z��$ �
DRS (  ?�.��	GHz 26.  
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3  (:�	5/� %�	�+  

1.3   #�
�6�
 ���= >��9-DRS  

 ������	 C��$ITU-R SA.1155  �����@� ����+ [�NO L
���R M�* "-�1��>�	 5�
4$ 5$	�& 5�t��* �@���	 �R�B�	 gR��+"
CBh	4��	 5H	���	 ���� ��`�.�	 (  0D �RmR M �� �����	 8�X%0,1  �	��+ vN��	 0+dB(W/kHz) 178– (  ?�.��	

GHz 27,5-25,25  %���R �{)dB(W/MHz) 148– 23 �����	 	!" ����R
 . �B���	dB 10 = I/N  ��.�	
 ���NdB 0,4 
 ���N [�NO C�A4+ ?�.1 <4�* [��R
 .�@���	 �+�ikHz 1 ����@� ���N ����h �R�B�	 ����+ ���R
 .e.i.r.p.  �>>��	

 �"��N 5H	��@�dB(W/MHz) 13,5  5$���	 ��6�* v*���	 #�K��	 ��@��RDRS  �Q��	 [@D T����^� #m
 �	4�N	 �4"�f ��A�*
7>�	 ( %
�e	 1.  

e	  %
�1  

 	
��
� ����� ����e.i.r.p.  ������ �����DRS ��� �������� !"#� $�����  

M��Q�� �=��Ue.i.r.p.������� �&����(dB(W/MHz)) 13,5  

���L� M��:;�(dB) 3  

���Q�+
� M��:?(dB) 3  

�`� 7����� M��:?(dB) 213,5  

�
�:�� M��o *�NQ�+� YJ��A �:UDRS(dBi) 58  

�?����� �=��U d��0(dB(W/MHz)) 148–  

2.3  ��6�?	�
 �-@A
 #B
��  

:C@R �+ [@D ����^4�	 �+m�	 gR��+ 5B��$  

 �   �����	 ����h �
e.i.r.p.  5$���	 �R�� gR��+ (���R �!�	 r* ��B��	 ��*���	 �+�u@�DRS 
�����@�  ITU-R SA.1155Y  

�   �����	 ����h �
 |�z
 .����^4�	 �+mQ@� 5H	�$ ���f %�B�
	e.i.r.p.  <	4��	 8+ r* ��B��	 ��*���	 �+�u@�
�h4���	 �����	 5H	�$ (  5$��@� �	�+DRS  .S���	 �
�*4R��$ ����R
  ����^4�	 �+m�	 5H	�$ %�B�
	 23

.7+�K�@� 5�t���	 :
4f  

 5$�& ��6�* ��R�	4�	 5
4�	 \��o3 ���
 [D	4$DRS �	4�NM	
 (  5$���	 C^	�i ����^� �+m
DRS  |���	 8`$4+
 �����	 ����h -�R�& 0+ ��+ 23 �>����*e.i.r.p.�^����	 �4$
 . (  %
�e	2 �����	 ��� ����h �O %
�e	 �G�R .e.i.r.p. 

 �	��� �Rm$13,5 dB(W/MHz)  �"��N ����H <	4��	 8+3 dB  ��.��&	 ����H
 ��e	 j���+M	 |>�*3 dB T
�{ ���x	 �B���	 0D �Rm$ 5H	�$ �R�& 23 ��¡R (  ������	ITU-R SA.1155 .4o�>+ ��	4$ �A�R ¢�
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e	  %
�2  

 
��%& '(����)�� �*�����  	
���� �����e.i.r.p.  ������ !�+��� �,%-. /�� ������ �����DRS 

 M��Q�� �=��Ue.i.r.p. ������� �&����(dB(W/MHz)) 13,5  24  33  

 YJ��A �:URx �
�:�� ��J����� �NU����DRS(dBi) 58  58  58  

 �`� 7����� M��:?(dB) 213,5  213,5  213,5  

 ���L� M��:;�(dB)  3 3 3  

 ���Q�+
� M��:?(dB) 3 3 3  

 �?����� M���I )dB (W/MHz)( 148−  137,5−  128,5−  

 �?����� ����& d��0(dB(W/MHz)) 148−  148−  148−  

 �
�56� ���78 92�: ��;�((dB) 0 10,5  19,5  

 0+ 5NO ���$ �N �R�e	 ����,	 �O £
UR3 dB (  23 �>����* ¤���	 :
4f b�*.¥hO \�`$�	 �R	
L  

 4R���� ��h�/ -��@BD vR4AO 5$���	 |���R �+��D 0+m�	 0+ �R��+ �>��h 5H	���	DRS  CG�O �	�+ 5$�&
b`u�+ (LEO) #m@R
 . 5��� 5AO 0+5H	���	 (  �R��+ �>�1 ��h�/ vN��	 0+ �	��	 5$��� ��	��	 �	g.�	LEO . �N


 ��D 5B��&	 �	��	 5$	��� 5��	 �R	
L 0+LEO��G�=	 �.x	 %�� �H �>G
 . (  5$���	 ���R ¢�] ���
 5hDRS 
���R �!�	 T��G�=	 �.x	 C^	�i ����^4�	 �+m�	 #�+O ( .C��=	 �����	  

 aU� vR4AO ��h�/ -��@BD 5h �4AO .�`@�¦ ���+ ���100  ���N �+L �R	m�* #�R0,1 �N
 T���N� 5H	���	 �R�& -�
 5$���	 %�>��&	 ��D �R����	 �.�1 �	4�NM �@>����	 �R���	 23 �>����* 5>����	DRS (  .���RL 5h
 vR4AO ��h�x	 aU��

���	��	 �^����	 8+ -M�
 (  5���	1 :C"
  

 �����1:  5B���+ 5$�& (  �	��	 \�`$�	 §@>R Tb`u�+ �	�+300 km 
 �R
	L 5��	°85  ��*���	 �+�,	 �./ <4D
°50Y  

 �����2:  5B���+ 5$�& (  �	��	 \�`$�	 §@>R Tb`u�+ �	�+300 km 
 �R
	L 5��	°65  ��*���	 �+�,	 �./ <4D
°60Y  

 �����3:  5B���+ 5$�& (   �	��	 \�`$�	 §@>R Tb`u�+ �	�+300  km 
 �R
	L 5��	°28,5  ��*���	 �+�,	 �./ <4D
°28,5.  

���	��	 -���Q��	 %�B��&	 0�p (  5���	  1  �����	 ��� ����h �R�Q��e.i.r.p. �6���	 (  ����1M	 :
4f (   ��	 4�	 S�_`�	
 #�D 0B_�& L
�6 5$���	 ��@>���R ��	 5H	���	 ���NDRS  �B���	148–  dB(W/MHz)  ����$ �>���%0,1  .0+m�	 0+

-�*���	 �u@$
 (  %
�e	  3 �G�R . �����	 ��� ����h �O %
�e	e.i.r.p.  �	��	 -�B@�� �>$4$ gR���	 S�`��&M �+LU�	
 �	��	 5$���LEO  5$���	 r�>�R �!�	DRS  �����	 ��� ������ ���>��	 �R���	 �
	4�$
 .��*���	 �+�,	 %�&�3 �./ 8N�+


e.i.r.p.  0+31,5  dB(W/MHz) ���Q@�  1  2317,5  dB(W/MHz) ���Q@�  3 �"��N ��
	
 �B�N 5>�$
 .24  dB(W/MHz) 
 .������	 �!" <	4l=
 �����	 ��� ����h [@D %���	 0�pe.i.r.p. (  ����1M	 :
4f (  .4�	 S�_`�	  

 �̈W
 5�t��@� :
4f ��D 0+ 5H	�$ %�B�
	 r>>�$��*���	 �+�,	 (  5$���	DRS 
 0+���� V���	 �Q��	 [@D 5H	���	 	!":  

�   �����	 ����h -�R�& 8RL�$e.i.r.p.  �4�`�	 4K1	) ��*���	 �+�u@�1.2 0+ ��O �>�1 �O 23 g�$ ��	 (%30  0+
 ��	 ?�� 5B�$ ��*���	 -�.x	 �BK1O24+ dB(W/MHz)Y  

�   5$���	
 ��*���	 �+�,	 �BK1= �@�u�	 ��4��	 ?�.1 %�B��&	DRS  %
�e	 4K1	)5�>�1 �O [@D %�R �{ ( %4 
O4.R �4o�>�	 �+m�	 �	4�N	 ���K� ��� (  Y5H	���	  

�   �R��$C^	�"  7* #�K�1�* \L�$ ��^	��D v© �R
	m* ��*���	 �+�,	 %�&�3°0 
°360 ��^	��D \�`$�	 �R
	L
 T
 7* #�K�1�* �DL�+°0 
°5  �4�`�	 4K1	)1.3  �4�`�	
3.3 �	 �	4�NM	 %�B�
	 0+ �z �{ (nQ@�	 	!" 0+ 4o�>

.5N=	 [@D \��$	 -�A�� aU�* �+mQ@�  

 0+ ��O 4o�>�	 #m�	 �	4�N	 %�B�
	 ���R5−
10. 
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��	  5�1  

����
�� ������� ���� ���� ���� ��! "�� #���� $� �!�%&� ���
��  

F.1249-01

1 2 3

10

– 20

10–3 –2 10–1 1021 10

0

– 10

– 30

– 40

– 50

– 60

  

e	 %
� 3 

 	
��
� ��0�1�� ����2�� �.�3 4����5 67
&e.i.r.p.  ���8�9�  

 ������ ����� ������� �&�:� �1; 4)�<
=DRS 

���'� 

�
( ����)*�� ��+'� ,- ���. ���/��
 �!�%&� ���
�� 0����0,1 

)  �12�� *3.�(1 
(dB) 

��4���/�� �5  

e.i.r.p. 
I = dB(W/MHz) 148–  

���/�� �5��4 
 e.i.r.p. &�����/ 

(dB(W/MHz)) 

118–13,531,5 

29–13,522,5 

34–13,517,5 

3.3   #B
�(�
C/D
	(�
  

 v����&	 ����@� ����h [�NOe.i.r.p. �B�N [�NO 0+ (  ���N ����h 8RL��� ��+ 5h ��	��	 ��*���	 �+�u@� ��R�	4�	 5
4�	 5&4+ 
(   �4�`�	1.2  .nQ@�	 	!" 0+C.�R
  8RL���	 0+ ���
 O�&= Z���	 �&���	����+  �����	 ����he.i.r.p. 36,2 dB(W/MHz) 

�Bh  �4R (  %
�e	  4.  

e	 %
� 4  

 	
���� ����� 4�.��� 
��9� >.'����e.i.r.p. ������� �&�:� ?�<
=  

%50dB(W/MHz) 26W/MHz 398 

%40dB(W/MHz) 33W/MHz 1 995 

%10dB(W/MHz) 45W/MHz 31 623 

��Q5� �+��5�  dB(W/MHz) 36,19 

(�������	
 ��
) ������
 �����
� ����
� �	��� ���� ���� ��� !
� "#	
� $� ��	%&� ����
�

��
��

��
 )

(d
B
)

 
�	



�
 

��



�
�
�� 

��
��

� 
�

�
(
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ª�&	 ����1M	 «w�¬ 0+ �h4���	 �����	 -UH	�$ ��D ���( ��	��	  �4�`�	1.2 ­N
 .nQ@�	 	!" 0+ �A	�$ ��100 000 
0+  �+�,	 -U&4+��*���	 (  ?�.��	27,5-25,25 GHz C����	 �����	 [@D .
���	��	 "��1��=	 �.u@�" J���
 <4�`R 
(  ������	ITU-R F.748 :C@R �+  

�  50 000 -U&4�	 0+ (  C@`��	 ?�.��	 ��1(GHz 26,06-25,56)Y  

�  50 000 -U&4�	 0+ (  ��@��	 ?�.��	 ��1(GHz 27,18-26,68).  


�4R  8RL�$5B����	 -	����	 ( ��h�/ -��@BD ����h v1�+ (  %
�e	5  �® �B�� ��w
 ?�.1 SmAMHz 500 
( ,	�1��=	 �.��A	��$ �O 0�p
 . (  rG4D ?�.1 �OMHz 1  �"��D �h4���	 ����@� -U&4+2 001  \�B� 0+

 �"��D
 -U&4�	100 000  ( ����	.  

e	 %
� 5  

 @��09� >.'����@(�%� �1�A B& ������� �&�:� 4�1; �,&�7��� /�� 4������ C�1A�DE ��1�A  

��
/�� 6�7. 8*(  

(MHz)  

��/&� 9�:��;<�  

(%) 
 =
 $� ��*��50 000 �4*�2&� ��
/�� ��� 

112 52 500625 

56 52 500312 

28 105 000312 

14 3015 000428 

7 3015 000210 

3,5 157 500106 

1,75 52 5008 

���|��2 001 

5H	��@� C^�_`�	 8RL���	 ��z ��h�/ ��@BD 23 J	����&	  ����1	 <	4���* ����h v1�+2 000   %�
 ��R�	4�	 5
4�	 -U&4+ 0+
 .����	 ��+ 9"O
 �����	 ����h �&��� �����	 �h4��+ -U&4�	 v1�he.i.r.p. 36  dB(W/MHz) T
 ��*���	 �+�,	 -��^	�"

 7* 8RL���	 �BK��+ ��^	��D v© �R
	L 23 ����+◦0 
◦360 �U���	 5�p
 .2 
3  5H	���	 ����h CBh	4��	 ��@>���R �Bh
 5$���	DRS  ��D 8N	��	◦41 
 J�*4l◦174 ) ��^�_`�	 �>h4�	 C^	�" �R��$ �R
	L 23 �>����* V	���	 [@D J�*4l«�B��	
 5R�B��	.(  

 §@>R
 5H	�$ [�NO CBh	4$148–  dB(W/MHz)  5$���	 ���R �+��DDRS  ��D°41 ) J�*4l 4K1	 5���	2 ¯���$
 T(
 23 �h4���	 ����@� ��*���	 �+�,	 -U&4+ ��
3 ��¡$ �O 0�p ¢�
 ����^4�	 �+m�	 �	4�N	 ���
 S����&�* �R�B�	 gR��+

 5H	�$ L
���R.�����	  

 5���	 �G�R3 NO �O 8Bk	 5H	��@� �R�& [�149,5– dB(W/MHz)  5$���	 ���R �+��DDRS  ��D◦174 J�*4l. 


O 1,5 dB  .�����	 0+ ��O
 5$���	 �R�� ����+ ¯���RDRS .����^4�	 #m�	 �	4�N	 -M�
 S����&�*  

 �U���	 �G�R2 
3  5H	���	 �O CBh	4��	 ��R�	4�	 5
4�	 �BK1= C^	����	 ����1M	 0+<4�`�	 �Q��	 [@D (  -��@BD
 ����h v1�+ ��h�/ 5H	�$ |>�R r1O 
�>R M L
���R���	��	 gR���	 (  ������	ITU-R SA.1155 �!" ��UH
 T -��@B��	

 5H	���	 �O 0D �$���	 CBh	4��	 5$	���	DRS  0+ ��R�	4�	 5
4B@� ����1M	 ��^	��D -�.x	 ¢* 0+�.�1 �23��.�1  0�
 ����R148– dB(W/MHz) �4R �Bh T����^� �+m
 23 ����^� �+m
 0+ �	4�NM	 �O
 (  �4�`�	2.3 5H	���	 23 ��¡�& T

 L
���R �!�	���	��	 gR���	 (  ������	ITU-R SA.1155.  
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��	 5� 2  

 ������� >:4�*���(dB(W/MHz)) ?  �@�;DRS  �
( A/!◦41 BC�
*D  

 >)��E �!��@ �!��� ,- ���
��
��)�FG�� ��4*&�  

F.1249-02

11

10

9

8

7

6

5

4

3

2

1

0

–1

–2

–3

–4

–5

–6

–7

–8

–9

–10

–11

1 2 3 4 5 6 7 8 9
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1
1

–
1
2

–
1
3

–
1
0

–
9

–
8

–
7

–
6

–
5

–
4

–
3

–
2

–
1 0

1
0

1
1

1
2

1
3

  

  

4   ;<=> "
<.�+(:�	5/�  

1.4  �(��E�
 �-�<
 �/0+1  

 ���.�	 -������	 %�B��&	 23 ���GF�* T-��@� C&�&=	 #�K��	 9�B�$ -�&��{ [@D 5H	���	 ��`� 5B��R <	4l°�
� ���x	:0B_�R �!�	 5H	���	 b�`u�  

�   ����@� �+LM ����h ���* 5�t���	e.i.r.p. T
 5�+ T��@�t�$
 �R����N	 <	4l= ��w$� ���1���
 -	m�����	 �`@
Y-�����	 %�B��&	 ���$ 4�N=	 -	��4��	 �= ���
=	 ����@� ��=	 ±U��&M	
 4t�O
 �HO -	m��6
 ��=	  

�  ��e	 7"���	 4�O !H�R �!�	 #�K��	 9�B�$ ( Y��>�DM	  

(��������) 	
��
�
 

=��'�*�
� �����
� ���+�dB (W/MHz) 148

:���,&�dB (W/MHz) 148- 

(�
��

��
���

) 
	

��

��

 

�155���145 

�165���155 

�175���165 

�185���175

�195���185



�������  ITU-R  F.1249-3  

  

10

�   �!�	 r@���$
 8N��	 S���1	 0+ �z \��oF	 �A��*g>h�  ��*���	 �+�,	 ��+ C��>.�	 ���	 �.&	�* S	�& g>��	 ��*

O  4� ��.�� C^me	 ���	 �.&	�* 
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 �`H ��4��	 �;���3 
O
 T3 \4`��	 5H	�$ a	�

 .5H	��@� C`�����	 S�t�F	
 O�* �N
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3.4  FG�9(�
 H"��(�
 I�J3  

 5$���	 �+�H
 ��*���	 �+�u@� r� �.u�	 �A	���	 #��RDRS  ��R4� |@.�$ ��	 ��4��	 9&��$ 5h��+ 0+ ��R�A �D�B�
 .��R�A
:��	 5�t���	 �R�& ��D }
��$ ���3 S��13 C" ��R4� 9"O  

�  Y5�t���	 :
4f
 �+�,	 �
4�� %��>��	 9"�`��	 5��$  

�  Y�>&���	 9&����	 -�&��{ ��.$  

�  5H	��@� ���_�	 -	S	4AF	 !�`�$ 0�W ( .7�+�,	  

5  "
?
5.5$@�  

 �����	 ����h �&��+ \��o3 <4�`Re.i.r.p.  ���N ��*���	 �+�u@�36 dB(W/MHz)  v© �R	
L
 �_`u�+ \�`$�	 �R	
L ��D
 
�>R
 Y��^	��D�O  5$���	
 ��*���	 �+�,	 -�./ %�B��&	DRS ��@� ���G #m

 8`$4+ |��� -	��N 8RL�$ �.H
 C^	

²�p ��*���	 �+�,	 ��4$ 0 0+ 5$���	 �R�� gR��+ S�`��&	DRS  �����@�ITU-R SA.1155  �+m�	 �	4�N	 -M�
 S����&�*

O ����^4�	  ���N �
 #m@R
 .����^4�	 �+m�	 �	�� �	4�NM	24 dB(W/MHz)  8N	��	 23 ��*���	 �+�,	 -�./ 0+ ¢>�	 [@D

5$	��@� �R�	��	 DRS  �����@� �R�B�	 gR��+ S�`��&MITU-R SA.1155����1M	 :
4f [@D �B���	 �!" n>.�$
 . 
( .4�	 S�_`�	  

}
����	 9&����	 ���3 S��13 ��`R ( .������	 �!i C@B��	 !�`���	  

  

 �����2  

��AB C
0D ���%E"
F
G@�A �5�
�/� ��	2� H
$�' IJ��F �KD 1� (�=/� 
  

 (+��$ �L"
�
<� (<D%+ M�6� &' �N0./
� �%�50�  

1  ��	��  

 5�
4$ 5$	�& �� -�"�6M	
 ��*���	 �+�,	 %�&�3 C^	�" #m
 7* 5�`�	 �R	
L ���� ��R4� nQ@�	 	!" #��R-�1��* 
8�$ <�=	 23 �>����* �4���+ ( 8N	�+ ���/ (  ��>�	2  0+����  ���� ��D	4+ 8+ T������	 �!i C&�&=	 ���	 0+

M	�e	 ����1� .C@x	 n�=	
  

2  �5�
�/� ��	2� ��O "
)�*�  

 ��Q�$ ��*���	 �+�,	 �./ -�B@�+V���	 �Q��	 [@D:  

  ζ:   <4D �H �B�N) �.x	��@.+(Y  

  αr:   �R
	L ����D ��6�* C^	�i	 �+m
 v©%�B��	 0+ �D���	Y  

  εr:  C^	�i	 �+m
 \�`$�	 �R
	LY  

  h:   4Q>�	 �.& ?�� C^	�i	 \�`$�	(km)Y  

  δ:  :U�H	 %�.�	 �H �B�N)��@.+���x	 5$	���	 �
O
 �.x	 7* ( ( ��>�	 2  0+����.  
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 �B�N v1�h 	w3δ  0+ ¥hO°90  �B���	 v1�h 	w3 ?�O 5��*)cos δ < 0 5$���	 ���R M ( 	!� T��*���	 �+�,	 �./ 0+ J��^4+
�	4B�&M	 ��
4_�	 0+ ~�� (  �B�N ���$ �+��D s
) .����	δ  0+ 5�@�* 5NO°90 r���
 J��^4+ 5$���	 ���R M �N T

��* �B�� ��Q�&.(  

3   	�	P ��A�B(+
0/� �Q  

 �B����* <�=	 5�o m�B�R
 C�@�@"3 «w�¬ 5B���RR =km 6 378,14  
 (<�°� ��	��	 4.��	 ��1)f =1/298,25  
�������* ³.��	 <�=	 4.N ��1 !^��D �4R .(<�=	 �© 5+�D) (1 – f )R.  

 <�°� �mh4�	 %�.�	 !^��D �G�Rζ1 <�°� %��`�	 4.��	 ��1
 R1 (	4te	 %�.�	 �H ��D ζ  C^	�i	 \�`$�	
h :�������*  

 ζ1  =  arctan [(1  –  f )2 tan ζ ] (1) 

 R1  =  R(1  –  f sin2 ζ1)  +  h (2) 

 �B�N ��w ��* |�Wψ :C@R �Bh (5$���	 vW �.�1
 ��*���	 �+�,	 �./ 7* g>��	 �4^	��	 Z�N)  

 Ψ  =  arccos (cos ζ1 cos δ) (3) 

�R
	L |�W �  v©(αs) :C@R �Bh ��*���	 �+�,	 �./ 0+ �4R �Bh 5$���	  

(4) '
sα   =  arccos (tan ζ1 cot Ψ )  

 αs  = 'sα  +°180 8�$ ��*�� �+�H �./ 23 �>����* ( V�B��	 ��G�=	 �4��	 ��1  

    ��*���	 �+�,	 �./ �4l 5$	���	 8�$
 (5a) 

 αs  = °180 − 'sα ��*�� �+�H �./ 23 �>����* 8�$ ( V�B��	 ��G�=	 �4��	 ��1  

    ��*���	 �+�,	 �./ ?4o 5$	���	 8�$
   (5b) 

 αs  = °360 − 'sα 8�$ ��*�� �+�H �./ 23 �>����* ( ´��e	 ��G�=	 �4��	 ��1  

    ��*���	 �+�,	 �./ �4l 5$	���	 8�$
   (5c) 

 αs  =  '
sα 8�$ ��*�� �+�H �./ 23 �>����* ( ´��e	 ��G�=	 �4��	 ��1  

    ��*���	 �+�,	 �./ ?4o 5$	���	 8�$
   (5d) 

4   	�	P ��A�B(+
0/� R
=+��  

 \�`$�	 |�z( )ε'
s :��e	 ����1U� 4�O ��A
 #�D <	4��	 8+ C@R �Bh ��*���	 �+�,	 �./ 0+ 4�KR �Bh 5$���	  

′ = −⎛

⎝
⎜

⎞

⎠
⎟ε

s

K

K
arc an

sin
t

cosΨ
Ψ

1

  (6)  

:¢�
  

   K = RSR1Y  

     Rs =42 164 km .(�	��	 4.N ��1)  


:C@x	 n�=	
 ��e	 ����1M	 ���� �K
U� ��������	 \�`$�M	 ��R
	L :4�$  

  εm1:   ��*���	 �+�,	 C^	�" \�`$�	 0+ 4�KR �Bh T��A S���	 [�N�* C@x	 n�=	 ��6�* \�`$�M	 �R
	L
 5$���	 v© ��D(αs)  �K
U�	 4K1	)1Y( 

  εm2:   ��D ��*���	 �+�,	 C^	�" \�`$�	 0+ 4�KR �Bh T��A S���	 ���* C@x	 n�=	 ��6�* \�`$�M	 �R
	L
 5$���	 v©(αs) 4K1	)  �K
U�	1.(  
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:C@R �Bh 5$���	 �Rµ� ��W �  

�   �B���	 |�Wε1 = εm1 – τmax (εm1, h) 
ε2 = εm2 – τmin (εm2, h) ¢�
 Tτmax (ε, h) 
τmin (ε, h)  ��O
 [�NO �¶
 �B�N	 �R
	L \�`$�M	 �R
	L 23 �>����* ��e	 S���Mε��BN4�	 �B���	 �4$
 TV	���	 [@D T (  �K
U�	2Y  

�   �B���	 v1�h 	w3ε2 ≤ 
s
ε′ YJ�B^	� J��^4+ 5$���	 ���R  

�   �B���	 v1�h 	w3ε1 ≤ 
s
ε′ < ε2 Y0+m�	 0+ �R��+ �>��� J��^4+ 5$���	 ���R  

�  �B���	 v1�h 	w3 < ε1 
s
ε′ J��^4+ 5$���	 ���R M (  S���U� :
4f �O -�*��
 23 �A�
 �A�$ M 	!� T��e	

.�4HO  

 �B���	 ���$ �+��Dε2 ≤ 
,

ε
s
′\�`$�M	 �R
	L ���
 0�p T ε1s max

 


εs min  [@D ��e	 S���U� �B�N ��O
 [�N= 5$��@�
 �K
U�	 4K1	) ������	 -M����	 �.&	�* V	���	3:(  

  εs max  –  τmax 

(εs max, h)  =  
s

ε′ (7a) 

  εs min  –  τmin 

(εs min, h)  =  
s

ε′ (7b) 

 �B���	 ���$ �+��Dε1 ≤ s
ε′ < ε2 ������	 5
 ��
4_�	 0+ ~�� T(7b)  ������	
(7a) �B���	 5B���$ �O !^��D |·
 .εs min = εm2.  

 \�`$�M	 �R
	L ��WεsT :C@R �Bh �N��	 0+ C`�R �� 5�� �R
	L ��O 4��$ ��	  

(8a) εs  =  εs max for  εs max  ≤ εr 

(8b) εs  =  εr for  εs min  ≤ εr  <  εs max 

(8c) εs  = εs min for εr  <  εs min 

5  (�=/� ��A�B 	�	P  

 T5�� �R
	L ��O ���
 0�pSA��6	
 ��*���	 �+�,	 C^	�" �+m
 7* T  T<�=	 23 �>����* 4����	 -��.��	 5�
4$ 5$�&
:C@R �Bh ��*���	 �+�,	 �./ 0+ 4�KR �Bh  

  SA  =  arccos [cos εr  cos εs  cos(αr  –  αs)  +  sin εr  sin εs] (9) 

��
 �� J���
 <�=	 23 �>����* �4����	 -��.��	 5�
4$ 5$	�& 0+ 5�� 5�`�	 �R
	L |�W �O |· (  ��>�	2  0+����.  

������ �1 �  �	
��� 
�� ����� ��� �� ���� ��� �� !"#$% &'(� )*+� !,- �./εm :�
�,$�� ��0,1�� ��  

  
( )
( ) ⎥

⎦

⎤
⎢
⎣

⎡

Δ+×+
Δ+×+×

+
+−=ε −

−

h

h

m
NNN

NNN

hR

hR

0

6

0

0

6

01

/1101

/1101
cosarc

1

 (10) 

:2
�  

  h:   &3�"4� 5,67��(km) ����� ��� 8"* ���	'�9  

  h1:   5,67�;�(km)  &'(� )*<�(h ≥ h1)9  

  R:   !"#% !� ��$6% =>�� ��+� ��? @AB6 370 km.  

 �	
���εm1  �
C"$'� D,�*�ITU-R SF.765  ="E F,GH� IA?� )J,�7 5,67�� �%��K &LN0 = 400) �(ΔN = –68M  �	
����εm2  �%��K &L
="E F,GH� N0� )J,�7 O�� 5,67�;� )N0 = 250 �ΔN = –30( .�->�,J ��P�  �	
��� !�εm1 ≥ εm2.  
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 Q$	
�'� )
?��� �%��$�� D,B,
�� 
1A% �?εm1 �εm2  Q$	
��� �%��7 >3�GR S��+� �� !"#% �?� .&'(� )*+� ="$�� �
�1$�εm1 �εm2  ����"J
 ��0,1��(10)  !� ���$*,Jh1 = 0 �	
��� !� ;/ .��
?0 SA* �%��K U/ �0,R V�. =0W% Mεs max  �	
��� �� X-�εm1  �	
��� �� Y�$�7 ,�G#�

εm1 Q$	
��� Z,	1$�,J Y,�[� \�P >3�GR .&'(� )*+� �]� 
��J D,
3�� S7,��� !"#% ;� S	$^� Mεm1 �εm2.  

������ �2 �  )�'	'� D,�*� M�
�,$�� ��0,1�� ����"J (`,E���,J) ="b� F,GH;� Y,�� �#c2  �
C"$'�ITU-R SF.765:  

 τmax (ε, h) = 1 / [0.7885809 + 0.175963 h + 0.0251620 h
2  

(11a) + ε (0.549056 + 0.0744484 h + 0.0101650 h
2
) + ε2

 (0.0187029 + 0.0143814 h)]  

 τmin (ε, h) =1 / [1.755698 + 0.313461 h + ε (0.815022 + 0.109154 h) 

(11b) + ε2
 (0.0295668 + 0.0185682 h)]   

:2
�  

  ε:   �%��K(`,E���,J) 5,67�;�9  

  h:   &3�"L 5,67��(km) .����� ��� 8"* ��(�  

 \�	'� d�R� �0��"�� `;0,1�� =��7ε ≥ εm1  \��� ��ε ≥ εm2. �
�K��"e� �	f7� g ;/ `;0,1�� )��7 ;� )�'�� �>L  .�%�,� !"#7 ,��GR  

������ �3 �  ��0,1�� S[ Y�,�$�� d,h �>[� ij'%(7a) �	
? !"#7 ,��GR �C,k Mh  �	
���� �l�-
s
ε′  S[ )3����� \��m* �>� .�
�'�

 ��0,1��(7a) �7"
B ��%�n )
��7 &L��	
��� o� ��*�� εs max = max ),(
1ms

εε′
 U/ SA7� .�
��� �	
�-  .`����#7 ��R �1J Y�,�$��  

� ��0,1�� S[ S],� pq )
��7 �#c(7b)�
��+� �	
��� !"#7� . g  ��,[� d>Lεs min = max ),(
2ms

εε′.  

������ �4 � %)�'�� �>L r,�� I'R SA6�� ,%��K Y,�[ Y"�,� p�,B�J 0� g  S
%>$��1.  

  

  

(<�S5/� 1  

���)�/ 2  

 

/******************************************************************************/ 

/* file name : drsang_b.c */ 

/* language : C */ 

/* function : Calculate separation angles between fixed service */ 

/*    transmitting antenna beams and the directions */ 

/*    towards geostationary data relay satellites */ 

/******************************************************************************/ 

/*----- include files --------------------------------------------------------------------------------------------*/ 

#include <stdio.h> 

#include <math.h> 

#include <errno.h> 

static double pi,rd,dr,em1,em2,a[3],b[3]; 

/*------------------------------------------------------------------------------------------------------------------*/ 

/* module : bending */ 

/* function : setup atmospheric bending characteristics */ 

/* in h0 : antenna altitude (km) of the station above sea level */ 

/*  h1 : altitude (km) of the local horizon (h0>=h1) */ 

/* out em1,2 : elevation angles towards the local horizon at maximum */ 

/*    and minimum atmospheric bending (see eq.(8))  */ 
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/*  a,b : coefficients of atmospheric bending */ 

/*    at maximum and minimum atmospheric bending */ 

/*------------------------------------------------------------------------------------------------------------------*/ 

void bending(h0,h1) 

 double h0,h1;   

{ 

 double r=6378.0; /* earth radius (km) */  

 em1=-acos((r+h1)/(r+h0)* 

   (1+0.00040*pow(0.83,h1))/(1+0.00040*pow(0.83,h0))); 

 em2=-acos((r+h1)/(r+h0)* 

   (1+0.00025*pow(0.88,h1))/(1+0.00025*pow(0.88,h0))); 

 a[0]=(0.7885809+0.1759630*h0+0.0251620*h0*h0)*rd;  

 a[1]=(0.5490560+0.0744484*h0+0.0101650*h0*h0)*rd*rd; 

 a[2]=(0.0187029+0.0143814*h0)*rd*rd*rd; 

 b[0]=(1.7556980+0.3134610*h0)*rd; 

 b[1]=(0.8150220+0.1091540*h0)*rd*rd; 

 b[2]=(0.0295668+0.0185682*h0)*rd*rd*rd; 

} 

/*------------------------------------------------------------------------------------------------------------------*/ 

/* module : tmax,tmin,dtmax,dtmin */ 

/* function : calculate atmospheric bending in degree */ 

/* in e  : elevation angle (degree) */ 

/* out tmax : atmospheric bending (see eq.(11a))  */ 

/*  dtmax : derivative of tmax */ 

/*  tmin : atmospheric bending (see eq.(11b))  */ 

/*  dtmin : derivative of tmin */ 

/*-----------------------------------------------------------------------------------------------------------------*/ 

double tmax(e) 

 double e; 

 {return (1.0/(a[0]+e*(a[1]+a[2]*e)));} 

double dtmax(e) 

 double e; 

 {return (-(a[1]+2.0*a[2]*e)*pow(tmax(e),2.0));}  

double tmin(e) 

 double e; 

 {return (1.0/(b[0]+e*(b[1]+b[2]*e)));} 

double dtmin(e) 

 double e; 

 {return (-(b[1]+2.0*b[2]*e)*pow(tmin(e),2.0));}  

/*-----------------------------------------------------------------------------------------------------------------*/ 

/* module : sangle */ 

/* function : calculate separation angle in degrees */ 

/* in slon : longitude of the data-relay satellite (radian)  */ 

/*  ilat : northern or southern hemisphere */ 

/*  rlat : latitude of the radio-relay station (radian) */ 

/*  rlon : longitude of the radio-relay station (radian) */ 

/*  az0 : azimuth of the antenna beam (radian) */ 
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/*  e0 : elevation angle of the antenna beam (radian) */ 

/*  h0 : antenna altitude (km) of the station above sea level */ 

/* out sa : separation angle */ 

/*------------------------------------------------------------------------------------------------------------------*/ 

double sangle(slon,ilat,rlat,rlon,az0,e0,h0) 

 double slon,ilat,rlat,rlon,az0,e0,h0; 

{ 

 double delta,zeta,r1,arc,tanarc; 

 double azss,azs,ees,e1,e2,es1,esmax,es2,esmin,es,sa; 

 double r=6378.14;      /* earth's equatorial radius  */ 

 double f=1/298.25;    /* earth's flatness factor  */ 

 double rs=42164;     /* orbit radius */ 

 delta=rlon-slon; 

 if(cos(delta)<=0) {sa=500.0;goto end_sa;} 

 /* ----- Determination of the satellite azimuth ----------------*/ 

 zeta=atan(pow(1-f,2.0)*tan(rlat));     /* eq.(1)   */ 

 r1=r*(1-f*pow(sin(zeta),2.0))+h0;    /* eq.(2)   */ 

 arc=acos(cos(zeta)*cos(delta));       /* eq.(3)   */ 

 tanarc=tan(arc); if(tanarc<tan(zeta)) tanarc=tan(zeta); 

 if(tanarc==0.0) azss=0.0; 

 else azss=acos(tan(zeta)/tanarc);        /* eq.(4)  */ 

 if((ilat>0)&&(sin(delta)>=0)) azs=azss+pi;   /* eq.(5a)  */ 

 else if((ilat>0)&&(sin(delta)<0)) azs=pi-azss;  /* eq.(5b)  */ 

 else if(sin(delta)>=0) azs=2*pi-azss;    /* eq.(5c)  */ 

 else azs=azss;      /* eq.(5d)  */ 

 /* ----- Determination of the satellite elevation ------------------------*/ 

 if(arc==0.0) ees=pi/2.0; 

 else ees=atan((cos(arc)-r1/rs)/sin(arc));     /* eq.(6)  */ 

 e1=em1-tmax(em1); 

 e2=em2-tmin(em2); 

 if(ees<e1) {sa=500.0; go to end_sa;} 

else{ 

  /* ----- solve eq.(7a), (see Note 3) ----- */ 

  es1=10.0;if(ees<em1) esmax=em1; else esmax=ees; 

  while(fabs(esmax-es1)>1.0e-5){ 

   es1=esmax; 

   esmax=es1-(es1-tmax(es1)-ees)/(1.0-dtmax(es1)); 

 } 

 if(ees<e2) esmin=em2; 

 else{ 

  /* ----- solve eq.(7b), (see Note 3) ----- */ 

  es2=10.0;if(ees<em2) esmin=em2; else esmin=ees;  

  while(fabs(esmin-es2)>1.0e-5){ 

   es2=esmin; 

   esmin=es2-(es2-tmin(es2)-ees)/(1.0-dtmin(es2)); 

 } 

 if(esmax<=e0) es=esmax;    /* eq.(8a) */ 

 else if(esmin<=e0) es=e0;    /* eq.(8b)  */ 

 else es=esmin;     /* eq.(8c)  */ 

 /* ----- Determination of the separation angle ---------- eq.(9)  */ 
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 sa=rd*acos(cos(e0)*cos(es)*cos(az0-azs)+sin(e0)*sin(es)); 

 end_sa: 

 return sa; 

} 

/*---------------------------------------------------------------------------------------*/ 

/*  main program */ 

/*----------------------------------------------------------------------------------------*/ 

void main() 

{ 

 double lonsat[32]={-174,-171,-170,-160,-139,-62,-49, 

   -46,-44,-41,-32,-16,-

12,10.6,16.4,16.8,21.5,47,59,77,80,85,89,90.75,95,113,121,133,160,171,176.8,177.5}; 

 double sa[34]; 

 char str[1]; 

 double ilat,latd,latm,lats,rlat; 

 double ilon,lond,lonm,lons,rlon; 

 double az0d,az0,e0d,e0,h0m,h0,h1m,h1; 

 double slon,samin; 

 int  isat; 

 pi=4.0*atan(1.0);    /* circular constant */ 

 rd=180.0/pi;     /* radian to degree */ 

 dr=pi/180.0;     /* degree to radian */ 

 /* ----- Parameter input ----------------------------------------------- */ 

 printf("Parameters of the fixed service station \n"); 

 input_NS: 

 printf("Hemisphere of the station : northern or southern (N/S) ? \n"); 

 scanf("%s",&str); 

 if(*str=='N' || *str=='n') ilat=1; 

 else if(*str=='S' || *str=='s') ilat=-1; 

 else go to input_NS; 

 input_LAT: 

 printf("LAT : latitude (degree,minute,second) ? \n"); 

 scanf("%le,% le,%le",&latd,&latm,&lats); 

 latd=ilat*(latd+latm/60.0+lats/3600.0); rlat=fabs(latd*dr); 

 input_EW: 

 printf("Longitude : east or west (E/W) ? \n"); 

 scanf("%s",&str); 

 if(*str=='E' || *str=='e') ilon=1.0; 

 else if(*str=='W' || *str=='w') ilon=-1.0; 

 else go to input_EW; 

 input_LON: 

 printf("LON : longitude (degree,minute,second) ? \n"); 

 scanf("%le,%le,%le",&lond,&lonm,&lons); 

 lond=ilon*(lond+lonm/60.0+lons/3600.0);rlon=lond*dr; 

 input_AZ: 

 printf("AZ0 : antenna azimuth, clockwise from the North (degree) ?\n"); 

 scanf("%le",&az0d); az0=az0d*dr; 

 input_E0: 

 printf("E0 : antenna elevation (degree) ? \n"); 

 scanf("%le",&e0d); e0=e0d*dr; 
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 input_ALT: 

 printf("H0 : antenna altitude (m) ? \n"); 

 scanf("%le",&h0m); h0=h0m/1 000.0; 

 printf("H1 : horizon altitude (m) ? \n"); 

 scanf("%le",&h1m); h1=h1m/1 000.0; 

 if(h1>h0) {printf("h1<=h0"); go to input_ALT;} 

 /* ----- Calculations ------------------------------------------------- */ 

 bending(h0,h1); 

 samin=1 000.0; 

 for(isat=0;isat<23;isat++){ 

  slon=dr*lonsat[isat]; 

  sa[isat]=sangle(slon,ilat,rlat,rlon,az0,e0,h0); 

  if(sa[isat]<samin) samin=sa[isat]; 

 } 

 /* ----- Print separation angle ------------------------------------- */ 

 printf("\nParameters of the fixed service station \n"); 

 printf(" latitude   : %7.2f (degree) \n",latd); 

 printf(" longitude   : %7.2f (degree) \n",lond); 

 printf(" antenna azimuth : %7.2f (degree) \n",az0d); 

 printf(" antenna elevation : %7.2f (degree) \n",e0d); 

 printf(" antenna altitude : %7.0f (m) \n",h0m); 

 printf(" horizon altitude : %7.0f (m) \n",h1m); 

 printf("\nGeostationary data relay satellites \n"); 

 printf(" No. Longitude Separation angle \n"); 

 for(isat=0;isat<23;isat++){ 

  printf("%5d %7.2f %7.2f \n", 

  isat+1,lonsat[isat],sa[isat]); 

 } 

 printf("Minimum separation angle = %7.2f (degree) \n",samin); 
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 (  ?�.��	 5H	� -���>.�� ���	 g>h ����1	26 GHz  23
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