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� ������	 ���	��	 ����!	 "�#$�% &�'( �)*�	� �)+,-�	 ��./�0	 ������	 ����!	�1	2#��. 
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 ��[h�� X3@ �
$�@	� + "PC6 9� >ie3�&�� ������ N��� '�	
��	� ���M ,
-. . [j �k� ��[h�� U@�7� 9� >i/
cZ 3%@ <6���� ��447��� / l�. �d7f F$�� 
g%Q�1 GHz�-m�%�� n
m��	� 
6�/� 3%@/ o
$67D�  .p�6 
� ��[h���� !"# c��/:  

 � (  �6�k� ���
\�
A r
���	�1 / ;�k� ,
�
A E
�D�?	� ����:/ �
s��	�/ r
���	�)cK��t� + 3��k�/ ,
�� ��7�S 

#[j/ >b���/(B@ �*
%�� `
?�R� ,
H�H/ 
?/ <Jr
���	� �B ��
P ��u� ��v ��[h���� !"# cZ w���/ 

 <� U�@� ��447� 3%@10 GHzBo
$67D�   
E(   >$�A X�
xR� 9�3D. y�7z� ��H�M� ��{� pJ��# ��|f NQ}B�k� + ;4
��� �
�Q�	�  
O(  @ Nd
%�� pJ��t� �b�. w@ ����� ~
$��� Y. >$�A `
�m�� pJ��t� >�Z + �S
%���B�
�Q�	� c��4 ��%A + �
���	� �3@ <  
4 (  �$�� �$��,p n7?M� �$��/ 1l
�%�� ��?�/ �
�Q�	� c��4 ��[�\� �$$�� ;"�� ��|^� ,
%z� >$�A o
�$�� )C�=��� (

 `����� �6/�� + ��[\���/ <@ �8
%��B�
�Q�	� c��4 + l
�%�� �D�H ��[\�  
 #(  �� &7�� ���{� ��363b�����[��� 43�� ��[h�� /� 43���� �
s��	� >$�A l
�%1	   ��S7�� ���M� + 
�?���
@B�����   
/ (   &�M� U�@ y�7��� ���{� ���$�� >$�A W#����) 9
$�/Y�v �: 
�/ �
�x�(B  
� (   ��A
t� ������/ X3@
��� ������ ;447� 3%@ �
%�#���� �$�� + cdM� X[�S ��[\���/� 9� <Q� �� <� `
%� �S4

 ��m��Q��� ��,�7dR�B�$��� ��Z
��� 

�(   &�M� �: �$�%�
A X7D���� [j ����
��� ���M� + c�
��� �: �$�%�
A n
m��	� �6/�� [\� [h��(non-GSO).  
 3S/ 9�Q� �6[m?���6M� ��[h����) ������� 7���ITU-R P.531 (#
� ��447� 3%@ o
���P/ 1�� <� �41 GHz ./ c�$S <�

c�g���� 1 �43f `/3k� +1  ��S ��447��� ��[h���� !"#0,1/ 0,25/ 0,5/ 1/ 3/ 10 GHz U�@ `��^� cd� <� 
 p�Q�� e��b�� X[$Z ��S� <� �
�/7�Q�R(TEC).p�6 
� ��[h���� !"# c��/ :  

~(  ;�4��
. 9��/4 :��6M� `�P <� o
��P >�D��� pd�� �
����Bo
�i�3� E
�D�?	� ;���� 9��/3� ]-� [m?�  
;(  B��?7�� X�
xR� l
�� &7@ w@ �
���	� + p�H
m� 7P�� �: ;4C6 ;"�� G�����  
�(  B3J�|�� 7P����  
`(  ;[m?���6M� C�=��� : ;4C6[m?���6M� + �
�/7�Q�R� �.
sZ ��
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Q��� [�$� �: [�$� ����: /�  

�� p?
Q����6�64�7�� �
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��	� + �
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�� ,���?	� �P <� E7D�
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� U�S�\U�?��� &7��� ~��P IK
%� + 9�Q6 
� �4�/ pH�M� p���% .
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 �����1  

�	
�� * ��
� ����� 	���� �	������	�� ��������30���� �!"# $��%& '(	��� �%�! **  
) ���	
�� � ��
�ITU-R P.531(  

������ )�!!���� !+� GHz 0,1 GHz 0,25  GHz 0,5 GHz 1 GHz 3  GHz 10 

������� ����� 1/f  2 30	���   4,8	���  1,2	���  °108  °12 °1,1 

��
��� ���� 1/f  2 µs 25  µs 4 µs 1 µs 0,25 µs 0,028  µs 0,0025 

������ 1/f  2  °1 >  °0,16 > '2,4 > '0,6 > "4,2 > "0,36 > 

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

1/f  2 '20  '3,2 "48 "12 "1,32 "0,12 

 &�'���)� *+,
��/�-.0+�� ( ≈1/f  2 dB 5 dB 0,8  dB 0,2 dB 0,05 dB 3–10 × 6  dB 4–10 × 5  

 &�'���) 1�2�� 3�0� 456
70����( 

1/f  2 dB 1 > dB 0,16 > dB 0,04 >  dB 0,01 > dB 0,001 > dB 4–10 × 1 > 

8�
��� 1/f  3 ps/Hz 0,4 ps/Hz 0,026 ps/Hz 0,0032 ps/Hz 0,0004 ps/Hz  5–10 × 1,5 ps/Hz  7–10 × 4 

9�:���
(1)

  ;$����� �<��
ITU-R P.531 

 ;$����� �<��
ITU-R P.531 

 ;$����� �<��
ITU-R P.531 

 ;$����� �<��
ITU-R P.531 

dB 20 < => 	��? 
	��? 

dB 10 ≈ => 	��? 
	��? 

dB 4 ≈ => 	��? 
	��? 

* @A B��C => �D4+��� �!E 45��D � F� G�������H(TEC) ��4+I 1018 electrons/m2 ;J$K *E� L;$��6*�M 3�
� ��"�%� ��N5�� O�5P- ;Q,R5S� 1�2�� 3�0� 456 T"��� B��U� �!V #,��� . 

**  F� 7X6Y� ;D�,����DY� G��P���� ��Z> F�[10 GHz. 

(1)
  @$X�� F� =�Y� G�6���� O�5P- *\�Y� *�$05�S� O����� �� F� ]�+��% ;<^_S� `$+��)*XU� 8$K����% ( a��b �� *,D�c� �- *2$%��� ��4�6� 8K� � dXA*�M#,��� . 
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 �����2  

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

 ((����  
(GHz) 

)� �	
&��*+ ���,*+-��  
(%) 

0,1 0,2 0,5 1  
1 5,9 1,5 0,2 0,1 

0,5 9,3 2,3 0,4 0,1 

0,2 16,6 4,2 0,7 0,2 

0,1 25 6,2 1 0,3 

 � ����	
� ���� ����� ����� ������� ���� �! �"#�
�� ��$�%� &'�()� � *+,��-	
� .�*/0� 1! 23$%� �45 ���6 1
.��7��$8	#9 :  

;   <'�� .��=� ��>'�� .��?� @� ����	
�) ��7	
�(ITU-R P.452B  
;   C
 <-�	� D4
� ����	
�� ��E�F+
� .��?� GH 'I�J
� ����	
�) ��7	
�(ITU-R P.619B  
;   ��>'�� .��3�$
 K�L1� ME��/ 2�#�	
�) ��7	
�(ITU-R P.1412.  

O��8	,� �
�P! 5 -5�Q R��S	,� �T� *#%� � �"#� O��8	,1� &�3	9 &-(�"%� &'�()� U��V�� &-(�"9 2$�	6 D4
�
 W��X Y!� �'�Z	�1� C	�[\ G9 ]�^ �8_ ����	
�)1�,'! @�. &'�()��9��	9 O��8	,�� àS9 .(  

 �$7
� .��$�% �̀8_� .�9$�%� ��-�� -��
� ��c�̀8_� �d"��-� G9 1̀�� e���$
 M$�+
� ���f	
� � �"#� g
� �6I�%� -5��$
 
�+$	f%� .�*/0	
� . ���#� h"�� 2E�-i �Y�j9)� '�c �-_�� ��	Z� k9 ���$�H .�8�"�� Y����d	�^a7 l�9 . K45 M����

 '�Z	�1� U�-( � &*"j
� .�*m	
� no' ��$��
� .�8�"�	
� n��9 � ��>-9 pE�	� �̀�"#� ���#"
� 2E�-�
�) l-�\ �! ��, G9
9�-�q �! kc9 G.(  

 �! �"#�
�� '�"	�1� �! �r
s Gj9\ ��$X �23$%� �45 � ���"%� h"�	
� 2E�-i W�F� �c� .����� t�� G9 &��	#%� u��8
�
 .����� .�,�'�
� ���3 �66I�-
� .1�J�a
 ) ��7	
� -���(ITU-R P.311.  

2  ������� ���	
  

 '�Z	�1� &'�#� �<'\ *#9;�� �R�F_ �-v� R�F+
� � &'�#w� �! �"#�
 M5x�	
� 3�
� y$H �+$	z .�[�#9 {�|:  
;  B�6�� .�P�m
� �"#� @5	
�  
;  B�3#
�� l-��� �i�}�� -�%� �"#� @5	
�  
;  B*~"	
� �
�P!� *~"	
�  
;  B��%� �d"� r,�� e�H �"#� ME�}� �#X � �c��	
�  
;  � I��� .�*/0�� h
�	
�B.�*#%  
;   @5	
� �"#�9-
� �7��
��$�6'�"m
�� �.  

{�+�'1� �6��P� ��-m�� kc%�� II-	$
 �̀8_� &���%� �dJE�J� .�[�#%� K45 G9 �j
� . n�c Yj� 1 ��9�H &�H�8X�
 G9 �X\ {�+�'1� �6��P ��H @5	
�10.�P�m
� GH �̀��� @5	
� Y�X �s! 1! �&*"X �̀��c .��'I  �3#
�� -�%�� �6�� 

'�Z	�1� U�-Z� �̀�5' r
s� �h
�	
� GH ��'� . <'�� �! �"#�
�� &-8	#%� *o ������ �� ���_�(non-GSO) Mm"�6 �
 y$H �.���#v� � {�+�'1� �6��P � *m	
� ��'I! 3�
� &-8+
� � @"%�8.  
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)�, y$H ��$��� �$S
� .��X�-� DIh� Y\ Gj�%� G9 �! �����%� 2i��%� ��� � �d	64m� 'I�J9� .��E�}� �X�H �
@5	$
 D�#
� M�X�-	
� k6P	
� y$H �^ G��d6 �c D4
� �6�Z
� @5	
� G9 �
�9 .�-	_.(  

1.2  ����� ����	
� ��� ����
�  

�6�� .�P�m
� �#� @5	
� �c	6� D4
��  l��6 ���J	91� �! C$9�j��� ��'�
�� �� {�+�'1� �6��P� II-	
� y$H
 R�%� '�� �_�SX� -3"
� ��, l	#9 �_ {�+�'1��)�8$�%� ��i-
� .( �I�� .�II-	
� ��H @5	
� �45 �5�L &I�H Gj��

 G9GHz 10 G9 y$H�� .�II-	
� � C	�[\ �6��	� @^ � �GHz 10�F+f�%� {�+�'1� �6��P ��H �̀7J�� � . @"6�
$%�23 1 ��7	$
 ITU-R P.676 23$%� @"6 ����� ��6�� .�P�m
� GH n���
� @5	
� O�#v �$9�X �86-i 2 ��7	$
 

 ��"6-8� �86-i �d#+�
 �"#�
�� �! �J� g
� .�II-	$GHz 350.  

� '�� �_�SX Y\ *o �����9 .�II-� ��H �#� '�-8	,�� D�� ��J	91� � @�#X��� �[�#9 n#	�� R�% ���s �^ � �̀�� &-6�m	9
{�+�'1� nj��. '��9�� ��5 n,9 R��/\ �6�� .�P�m
�� @5� yJc\ &I�H ����  &-6�m
�) ��7	
� -���ITU-R P.836.( 

2.2  �.
��/ 01��2�� 34����  

1.2.2  �#���+ �&� 5 34���� 6�7�89:� �	&���  

 &-8+
� @"�1.1.2.2"�	$
 �9��
� �86-�
�  @5	
�� h �"#��E�9 '�Z	�� *#9 �i y$H �3#
�� �i�}�.  

	� �9��H� -_ .����� II-� ��H� {�+�'� �6��P ��H ��8%� @5	
� GH ���� �$6i �c/9).�II-� �\ ( �6���
� GH @+$	z
 II-	
����� h"�	
� O$�%� K45 p6'�� ��^�� �$o\ � G#3	#6 � �! �"#� .����"
�6��P 1̀�� @���%� II-	
�� {�+�'1� �

�9��
� �86-�
� 2�"�� G9 . &-8+
� � I-��2.1.2.2 �� y7%� .�II-	
� p6'�� �86-i.  

 &-8+
� � &I�?� �86-�
� ��,�� kc�%� �a	�� .�*/0� -6�8� Gj��4.2.2.  

1.1.2.2  4 ;%!) <�=>/ 0��#�� ?%)� '@� �#)�� 34���� 6�7�89A B�
9�&�!+ �#=� 5 �#)� ;�#  

.�-6�8� x�	
� R�-�)� -_6 -�%�� @5	$
 ���� �$6i .�R�J^)  � �! �J� .�II-� ��H� @�9 kc9 � �E�9 *#9
GHz 55 .��
�	
� .��$�%� R�-�)� �45 �$�	6�:  

  R0,01:   R��/\ kc%� G9 ����9 ��8� � -�%� ��5 ���9%0,01 ��,	9 ��, G9 (mm/h) 

 hs:   ��>'�� ��?� {�+�'�(km)-3"
� l	#9 �,	9 �_   
  θ:   {�+�'1� �6��P).��'I(  
  ϕ:   ��>'�� ��?� <-H ��).��'I(  
  f:   II-	
�(GHz).  
  Re:   M$�+
� <'�� -�c �J�)km 8500.(  

 -_	� � �s!� .����� ��>'�� ��?� {�+�'� GH ��$= �_v� Gj� �-3"
� l	#9 �,	9 �E�-� G9 C
 -6�8� y$H �J
��-o"�
� {�+�'1� ��7	
� � ���"%� ITU-R P.1511.  

 �jZ
� �>6�1*#%� �,��5 .  
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 �jZ
�1  

 C#D) E����F� �
G�+�H�� 6��@!)� 3	� 7�I> 34����� �	&��� ��@�!�  

θ

B

A
D

C

h

h

R

s

LG

L s

(h
  

  
–

 h
  )

 
R

s

  
A :������ ��	
�  
B :����	 ����	  
C :���� ��	
�  
D :��� ���	����  

 �����1:   �'��9�� {�+�'� �#�hR � ��X ��7	
� � @"9 5ITU-R P.839  

 �����2:   ��E�%� *#%� �i �#�Ls '��8�$
 -�%� {�+�'� W� �°5  ≤  θ��
�	
� �
I��%� ��,�� :  

    km
sin

)(

θ
−

= sR
s

hh
L  (1)  

 '��8�$
 ��
�	
� �
I��%� ���	#��°5  >  θ:  

    ( )
( )

km

sin
2

sin

2

21

2 θθ +⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −+

−=

e

sR

sR

s

R

hh

hh
L  (2)  

 Y�X �s!�hR – hs -�%�� @5	
� Y�_ C6��#6 �\ -+7 G9 �c\  D� C� 0"�	%� G9 �6~9 �"#� G9�
� 2�"�	
 MH�I 1� �-+7 5
K��I\ ���"%� .��w�.  

 �����3:   �M8_�� U�8,)� �#�LG��
�	
� �
I��%� ��,�� �E�%� *#%� ��
 �:  
    LG  =  Ls cos θ                km  (3)  

 �����4:   -�%� ��5 ���9 �#�R0,01 R��/\ � KP��L n	6 D4
� %0,01 ��,	9 ��, G9 ) k9 G9P �8�cI K'�c �9�j�
&�^�� .( .�R�J^)� K45 y$H �Jv� '4�� �s!� �$6i 'I�J9 G9 ���� .����"
� ���9 �E�-� G9 �5-6�8� Gj� ���$?�

���"%� '��9�� ��5 ��7	
� � ITU-R P.837 . Y�X �s!�R0.01  @5	
� Yj6 ��̀-+7 D��#6 C� 0"�	%� �̀-+7 -�%� �"#�
 G9 �6~9 �"#� D�G9�
�K��I\ ���"%� .��w� 2�"�	
 MH�I 1� �.  

D618-01 
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 �����5:   �#� MH�
� @5	
�γR ��7	
� � ���"%� II-	
� y$H &��	�%� .a9��%� ��,�� �ITU-R P.838 ���9� 
 -�%� ��5R0,01 &�w� � I�?� 4��
�	
� �
I��%� ��,�� :  

    γR = k (R0.01)
α             dB/km  (4)  

 �����6:   M8_�� ��8�	
� �9�H �#�r0,01 �"#�$
 �%0,01 G9 G9�
���
�	
� �
I��%� ��,�� :  

    
( )GLRG

f

L
r

2

01.0

e138.078.01

1

−−−
γ

+
=  (5)  

 �����7:   �"F
� �9�H �#� DI��
�v0,01 �"#�$
 �%0,01 G9  G9�
���
�	
� �
I��%� ��,��:  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

01.0

1– –
tan

rL

hh

G

sRζ.��'I          

 Yj� �9��Hζ > θ             �
I��%� ���	#��   km
cos

01.0

θ=
rL

L
G

R  

r
s �a�                             km
sin

)–(

θ= sR
R

hh
L  

��X �s!W | ϕ | < 36° #��     �
I��%� ���	χ = 36 – | ϕ |.��'I    

 r
s �a�                               χ = 0 .��'I   

    
( )( )

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ γ
θ+

=
χ+θ

45.0–e–131sin1

1
ν

2

)1/(–

01.0

f

L RR

  

 �����8:  M$�+
� *#%� �i:  
    LE = LR ν0.01             km  (6)  

 �����9:   �#� @5	
� 0"�	%� R��/\ KP��L%0,01 ��,	9 ��, G9  G9I��%��
:  
    A0.01 = γR LE            dB  (7)  

 �����10:   l�%� � ���,	9 ��, G9 l-�\ �6~9 �#� R��/\ KP��L '�8%� @5	
� I��%0,001 �! %5 G9 �̀ca��� �
 R��/\ KP��L n	6 D4
� @5	
�%0,01��,	9 ��, G9 :  

  Y�X �s! p ≥ 1% or | ϕ | ≥ °36:  β = 0  

   Y�X �s!�p < 1% and | ϕ | < °36 and θ ≥ °25: β = –0.005(| ϕ | – 36)  

  r
s �a��: β = –0.005(| ϕ | – 36) + 1.8 – 4.25 sin θ  

    dB
01.0

)sin)–1(–)n(10.045–)n(1033.0655.0–(

01.0

01.0 θβ+
⎟
⎠

⎞
⎜
⎝

⎛=
pAp

p
p

AA  (8)  

 -_�-6�8� �86-�
� K45�̀ @5	$
 ���� �$6i .�R�J^�
  �"#�-�%� . k9 �#�8%� .�R�J^)� ��'�89 ��H�.�h"�	
� Mm"�6 �
�H�-9� G9 '�c & .�R�J^! � �̀�"#� *"j
� .��+	
���9 '��9�� ��5  l-�� ��, G9) ��7	
� -���ITU-R P.678.(  
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2.1.2.2  �	
�� ����� ������� ���� ���� ��	������ ������ !�"�#  

 &-8+
� � ���"%� �86-�
� ����	,� Gj�1.1.2.2+�'1� �6���� @5	
� .�R�J^! �caH �3+	
  �II-	
�� O��8	,1�� {�
.��$�%� K4} �̀8_� @5	
� p6'�	
 &��+9 �9�H &�I\ �86-�
� K45 Y�_ C�$H�.  

 �9��H� -_	� @�9 II-� ��H .����� @5	$
 �"#� M��� g
� K��I\ &I'�
� ��"6-�	
� �
I��%� 2�"�� Gj� @5	
� u��8
 �c/9
'�� y$H @5	
�� II-	
� �
1�� &-(�"9 II-	
� p6G9 II-	
� l�9 � C#+� *#%� � 7 �! GHz 55: 

    ( ) ),,(1
1212

121/
AH

AA
ϕϕ−ϕϕ=  (9) 

]�^:  

    ϕ ( )f
f

f
=

+ −

2

4 21 10
  (10a)  

    ( ) ( )H A A( , , ) , /
,5 ,55ϕ ϕ ϕ ϕ ϕ1 2 1

3
2 1

0

1 1

0
112 10= × −  (10b)  

 �S�A1� A2 G6II-	
� ��H �E��
� -�%�� @5	
� .1��	^� D��#� g��c f1� (GHz) f2x�	
� y$H �.  

 �F+6� y$H �"%� .�II-	
� p6'�� .����� y$H ���"%� h"�	
� 2E�-i G9 1̀�� �C8�"�� Gj9\ ��$X ��c/9 @5� .�����'��9��.  

G#3	#6��,1� p6'�� Yj6 �9��H @	�$�%� ����	,� ��̀6'�-> O��8	 k� α9 " ��7	
� � I-6 ��$S9 �&-(�ITU-R P.838. 
� -_� Y�	�$�%� Y���5 �̀F6\�,\ �̀,
.�II-	
� p6'�	 � �66I�-
� �6�� I�7'�� n$H.  

2.2.2   ��$�
� ��%&���'(���� �)*��   

 �9 �̀"
�o G9 �6~9 �"#� R��/\ �5P��L n	6 g
� @5	
� ���c ������ ���� �$�	6G9�
� �pw\,�� -dZ
� G9 � . ���	#6�
/\ KP��L n	6 D4
� @5	
� -6�8	
 x�	
� R�-�)�\,�� -dZ
� G9 &I�= �6~9 �"#� R��.  

 �����1:   �#� G9 �6�#
� �6~%� �"#�
�G9�
� �p G9 �6~%� �"#�$
 �$��8%� � G9�
�pw �\,�� -dZ$
 �d�_ Oo-%� 
 ��7	
� � &I�?� �
I��%� ��,��ITU-R P.841 2�"�	��  D\ �"> O$�9 ���8
� y$Hp 	
� � I�?� 3�
� y$H��7.  

 �����2:  ��# �@5	
� (dB) A ��%� *#�$
 �� G9 �6�#
� �6~%� �"#�
� R��/\ KP��L n	6 D4
�G9�
� �p {�"��� �
 &-8+
� � ���"%� �86-�
�1.1.2.2 �\  G9 @5	
� .�R�J^! �#�8%�'�� G9 �\6II-	
� p . ���c �S��A R��/\ '�8%� @5	
� K45 

pw G9 �E�%� �  R��/\ G9�
�\,�� -dZ
�.  

 ��7	
� � I-��ITU-R P.678��,	%� �d��c �! �"#�
�� \,�� -dZ
� n�c *m� @"� g
� .���3�%� .  

3.2.2   �������� %&# +,-.��/��� .�,
�  

 �c�� ��i�}� �"#� @5	
� .��6P� -d� � �#�8%� *#%� �+� ��H*m� �O��8	,1�� II-	
� �+� ��, G9 �,�$9 .�
l-�\ �! . l�%� � � ^a6�%0,001 �! %0,1 �6�� �"#�� *m	� ���	^1� G9 �	��/ �6, ��H @5	
� n�c Y\ ���#
� G9 

 y$H%20 r.m.s. .�¡ �\ @5	
�� h"�	
� �s�¡ ���	#� �9��H�s'�	
� �6 &-8+
� � ���"%� p1.2.2 ��H .��5�Z%� p6'�	
 
� �@�9 kc9 G9 -SX\ �! *m	
� �"#� k+�-� �C#+� kc%� ��H -�q *#9 -6�8� r.m.s. %25.  

4.2.2  01��
� 23�4�  

w ��8_�� I����� P���	� ��¢$c<'\ �$7
� y$H �̀*"X �̀��5� �"#� g
� �6�Z
� -�%� �6a;.�-	9$�X ��F� R�F_ . Gj��
X-v� *�#� &I�H! y$H &'I�8
� {�	
� ����� g
� ������ �\ �l-�\ ��>'\ .��= V �s�+� �} I'�9 k9 ���#
� �! 

I��	H� G9 G#� Y\ �Wch9 k6P	
 &-#�	9 C�	9 y$H ��_�>!�6*"X �^ �! e���
�  . �£\ y$H kc�%� �a	�� ����\ �¤�J���
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 ��P�	9 �s!"	H .��#�	! ��P�	9 *o� @	$7
� y$H @5	
� ��s ¥��#	� � "	H	@	$7
� y$H @5	
� � . -/h� Y\ �̀F6\ Gj��
*#%� U��V� .1�^� G9 y$H\ .�II-� ��H kc�%� �a	�� R�I\ y$H �-�%� GH ����
� r$� *o GHz 20.  

t��5�kc�%� �a	�� .�h"�	
 Y��s¡ :  
;   &-8+
� � �_7%� h"�	
� �86-i1.4.2.2 *o ����\ y$H 2�"�	$
 �$��8
� � ��P�	9 ����\ y$H �#3�6 g
�� ��P�	9

B@5	
� .�"	H P���	
 t-	Z%� ���	^1� �d"��  
;   &-8+
� � �_7%� h"�	
� �86-i�2.4.2.2 �d"�� �#3�6 g
�� &*Jc .�_�#� ��P�	9 ����\ y$H 2�"�	$
 �$��8
� 

{�	
� �#X. 

 &-8+
� � �_7%� h"�	
� �86-i�1.4.2.2%� M5 �cI -SX��� �$F+ . h"�	
� �86-i ����	,� Gj�� �_7%� &-8+
� � &I�?�
2.4.2.2 �J_ .�_�#% P���	� 1 20�cI �c\ �£\ ��� B�̀-	9$�X .  

1.4.2.2  01��
� 23�4� 0� �	
�� ����� 567� 8�	�9�� :�;���� <6=���  

�̀6I�H �̀��	6'�o
 �̀�6P� {�	
�� h"�	
� �86-i <-	+�-�%�� @5	
�� -�%� &�Z
 .  

 ���	^�� �86-�
� K45 0"�	��( )2211 , aAaAP
r

≥≥ t-	Z%� ���	^1� 5� (%) 6 Y0� @5	
� Yj � �X\ ���� kc%� �! *#%�
 G91a @5	
�� � G9 �X\ ¦�S
� kc%� �! *#%� 2a .%�� '��8( )2211 , aAaAP

r
≥≥ 5 �� R�@�
�	
� @X-	Z%� @
��	^1�:  

1 

r
PB@�c%� aX � -�%� ��} t-	Z%� ���	^1� � 

2 �
a
P t-	Z%� ���	^1�  U�-Z%� @��5	
� P���	
a1� a2� aX � -�%� ��5 �
�^ � x�	
� y$H D\ B@�c%:  

    %( )
arr
PPaAaAP ××=≥≥ 100,

2211
  (11)  

M5 .1��	^1� K45�:  

   ( ) 212

2
221

2
1

2

1 2

12

2
exp

12

1
drdr

rrrr
P

R R r

r

r

r ∫ ∫
∞ ∞

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

ρ−
+ρ−−

ρ−π
= (12)  

]�^:  

    ( ) ( )[ ]2700/exp3.060/exp7.0 dd
r

−+−=ρ  (13)  
�  

  ( ) 21

ln ln
2

2
221

2
1

2

1ln

1ln1

2ln

2ln2
12

2
exp

12

1
dada

aaaa
P

A

A

A

Ama ma a

a

a

a ∫ ∫
∞

σ
−

∞

σ
− ⎥

⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

ρ−
+ρ−−

ρ−π
=  (14)  

]�^:  

    ( ) ( )[ ]2500/exp06.030/exp94.0 dd
a

−+−=ρ  (15)  
�Pa� Pr*m	%� ��E��/ Y�6I�H Y��6P� � Ya9�j	9.  

�$�%�� �d @�c%� @� �7�+
� (km) . Y�	"	�
��1R� 2R�
I��%� �^ :  

    ( ) ∫
∞

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−×=×=

k
R

k

rain

k
dr

r
RQP

2
exp

2

1
100100

2

π
  (16)  
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D\:  

    ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −

100

1

rain

k

k

P
QR  (17)  

]�^:  
  

k
R:   ���-	
� Ds kc%� �"	Hkx�	
� y$H �  

  rain

k
P:   -�%� ���	^�(%)  
  Q:  ��j%� M�X�-	
� DI��
� k6P	
�  
  Q

-1:  ��j%� M�X�-	
� DI��
� k6P	
� �jH  
  rain

k
P:   {�"��� G§��9 kc% C�$H �Jv� Gj� �����3 23$%� � 1 ��7	
� G9 ITU-R P.837 ����	,�� 

��5 .1��9 �E�-� �\ ��$?� .����"
� �9!�66I�-
� .1�J�1� {��8
 -�%� .  

.��$�%� n�c I�3��� 
1

ln A
m �

2
ln A

m �
1

ln A
σ� 

2lnAσ  kc9 �j
 -�%�� @5� �X �"F�Ai  ���89 ���v� ���	^�Pi �
DI�H M�	6'�o
 k6P� u�,\ y$H:  

    
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ −
=

i

i

A

Airain

ki

mA
QPP

ln

ln
ln

σ
  (18)  

�^�� kc9 ����	,� Gj� �\ kc�%� G9 kc9 �j
 .��$�%� K45 y$H �Jv� Gj�� . ���89 -�%�� @5	
�� h"�	
� Gj��
 �86-�
� ����	,�� D�#
� ���v� ���	^� � �_7%� &-8+
�1.1.2.2.  

�%�� @5	$
 DI��
� M�	6'�o$
� �"F
� D-¨ �kc9 �j
 �"#�
���M$6 ��X ���v� ���	^� ���89 -:  

 �����1:   ���P\ �H�| R�Z�![Pi, Ai] ]�^ Pi) %G9 G9�
�  ( @5	
� P��L ���	^� 5iA(dB)B  

 �����2:   �! ���P�� �H�| �6�( )[ ]
i

rain

ki
APPQ ln,/

1−B  

 �����3:   G6-§�m	%� �6��
iA

mln� 
iAlnσ�  �86-�� �6-8	
� .���-%�l-mJ
� �
I��%� � ( )

ii
A

rain

kiAi
mPPQA

ln

1

ln
/ += −σ 

k���n�c  i.  

) ��7	
� -���ITU-R P.1057�J+9 �7� y$H {aia
 (.  

 .�,�'�
� ��� ����	6 D4
� �6
� �j"( y$H �66I�-
� .1�J�1� {��c kc9 � -#�	6�3 �66I�-
� .1�J�a
  4�+��
|-� � K45 h"�	
� �86-�
�� MATLAB��j%� .�*m	%� ME��/ DI��
� k6P	
� �6-8	
 k�-9� .  

2.4.2.2  ������ ��	  

 &-8+
� � �_7%� h"�	
� �86-i Y\ k91.4.2.2 Gj� ��$F+9 �86-i  ����	,�v �$6�� ��#"9 �86-i� O�# �#j� h"�	

 �{�	
�G (dB)� kc�%� ���P\ @� �K��I\ &I'�
� ��"6-�	
� �
I��%� ��,� . .�_�#% �$6�"
� �86-�
� K45 ����	,� Gj��

 kc�%� @� �J_ P���	� 120�̀-	9$�X  .M5 {�	
� �#X O�#v �9Pa
� .��$�%��:  
  d:   �J+
�(km)@�c%� @�   
  A:   -�%�� @5	
� � *#%�(dB)�^�� kc9 ��\ G9   

  f:   II-	
�(GHz) 

 θ:   *#%� {�+�'� �6��P).��'I(  
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  ψ:   �6���
�).��'I (�c%� @� M,�,�� �w� k9 '�Z	�1� *#9 W© �d$jZ6 g
�@ �5'��	�� n	6� 
 ]�� Yj�ψ ≤ 90°.  

����� 1:   ��J+�1� C88� D4
� �#j
� �#� ¦�j%��
I��%� ��,��:  
    )( e–1 –bd

d
aG =  (19)  

]�^:  
a = 0,78 A – 1,49 (1 – e-0,11 A)  

b = 0,59 (1 – e-0,1 A) 

 �����2:  �
I��%� ��,�� II-	
� y$H ��	�%� �#j
� �#�:  
    Gf  =  e−0,025 f  (20)  

 �����3:  �
I��%� ��,�� {�+�'1� �6��P y$H ��	�%� �#j
� �#�:  
    Gθ  =  1  +  0,006 θ   (21)  

 �����4:  � M,�,�� �w� *"�� �#��
I��%� ��,�:  
    Gψ  =  1  +  0,002 ψ   (22)  

 �����5:  C+7� ��J
� {�	
� �#X �#� R����:  
  G = Gd · Gf · Gθ · Gψ            dB (23) 

5.2.2  � ������������ �  

1.5.2.2  ������ ���� �!  

�̀��	6'�o
 �̀�6P� &I�= @5� �6, P���	6 D4
� -�%�� "w� I�9 {P	� �̀"6-8� �̀6I�H .�� Yj ��,	%� I�%� I��^ � &�H
2E�cI . 2$�	� .��6P	
� K45 Y\ -d�6 1� *"X �^ �! G9 �c\ "� �7�w� .�,��8
� �6-SX\ � "w� 2���dB 20 ��6� �

 Y\ r
s
� �"#�%� �6~ �X�� G9 G9�
� .�II-� ��H �\ �F+f�9 "� .�6, ��H �5�Z%� "f$
 M$j
� I�H G9 �
0	� y$H\
�̀"6-8� I�%� k6P� �+� �} �6I-_ .�"� G9 �X\ . .�_�-V� Y\ ��"6� �� u0� 1 I�% ��� DI��
� M�	6'�o$
� k6P	
� GH

�̀"6-8� �8�cI �J� GH �8� "w� G9 .{�+�'1� �6��P �c��	� &I�6�
� �! &I�= "� �6, ��H "w� &�9 ����.  

� ���� �$�	6� .a�7 .�9�w� �$9�j	9 ���c-
� .�j"Z
�(ISDN) 
�� *_� ���# .����� @5	
� ���^\ �[�#9 GH
 G9 -Jc��s 10 �  G9PM$j
� "w� . ]�^ {��8�1� �"	�
 �$��8%� @5	
� �6, �! �"#�
�� ��[\ .�s .�9$�%� K45�

 G9 -SX\ e��� ���^\ n5�#�s 10 �  G9P�	%� *o e���
� R��/\ e���
� R�I\ � -Jc\ ���^\ -/h� ����� -# G9�
� -#�	%�) -���
 ��7	
�(ITU-R S.579 .� .����"
� *Z� &-_	%�! Y\ � G9P R��/\ � P���	
� G9�
� �.1�v� �$o\ � �D��#6 -#�	%�%2 

 �!%10 G9  G9P��J
� P���	
� . �F+f�9 {�+�'� �6��P ��H C�\ 1! ]�^	
� �"J� &'�(�
 ���� &*Jc .�^��- �"#�
 P��L �d�_ Yj6 ����9 .1�^ �T ���E�J^! �
1I .�s D*+,��-	
� h
�	
� G9�
� R��/\ G9�
� C�$H 5 �ª *Sj� �X\ -#�	%�

<'\ .�*#9 � ��v�;y$H\ {�+�'� ��H R�F_.  

2.5.2.2   "#���� $�%& '()!)���� +)!(  

9�H C�$H 2+	%� G9 �̀���	6'�o
 �"
�#
�� �"�%� "w� .1��9 .��6P� Y\ �̀*SX ���Z	9� �6I�H . �X0	6 �� Y\ ���9
 "w� y$H �c	6"w� 2�H.  
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3.5.2.2  
�-�. '����& �/ 
�01� "#���� 2�3 "4 54�����  

 .����"
� Y!+$	z .�II-� ��H -�%� �"#� @5	
� n�8
 ���«� �"#�
�� �8$�	%���+��j	
� "w� .���8� G9 �+E��
 &��+9 � . @"��
'�� �"#� Y\II-	
� p6��'�-^ ��'��� '��9�� ���� -/0	� �£\� �̀6I�H �̀��	6'�o
 �̀�6P� �HP9  . -d��� .����"
� .�*m	
� Y\

*#%� {�+�'� �6��P �c��	� �6��	� Y\ kc	6� �
1I .�s Yj� �c @5	
� �"#�
 ���� &*Jc.  

3.2  ����� ��� � ��	
����  

*/0� ��� Y\ ��	?� *o G9 �D�� ��J	91� ��H ���_�i�}� O��o � ��J
� �� .� .1�J�1� ����\ � �̀�d9 �̀"� 
 ��E�F+
� �$9��
� G9 �I\ .�II-� ��HGHz 10 G9 �X\ {�+�'� �6��P ��H� �̀"6-8� °10 .6��P ��H �Gj�%� G9 C�\ *o �

 �F+f�9 {�+�'�(°10 ≥) G9 y$H\ .�II-� ��H� GHz 10 � �̀*"X �̀i��V� �6*+,��-	
� .�h
�	
� �̀���^\ �"#� Y\ ��̀"6-8� 
R�I�� . �̀�� �F+f�9 {�+�'� �6��P ��H �Gj��°4 ≥)� �M>�'�� ���I .�*#%� � °5 ≥ .�*#%� �\ R�%� �_ .�*#%� � 

��$^�#
�(w� Yj6 Y\ � " �"#��̀�� �̀�6�( �̀"� &I��	9 .�*#9 �H '�Z	�1� .�*/0� . D*+,�6�� h
�	
� Yj6 �c�
 �̀�d9 G9 �I\ .�II-� ��H� kc�%� ��� �GHz 6 �̀"6-8� ) ��7	
� -���(ITU-R P.531.  

1.3.2  
6�7� 
8�6 9:�; </ ���4 =����� ��	 �3��&  

I'�� ��9 �d"� r,�� e�H p	�6�$
 '�#j�1� ��
I ���� � ����
� �8�> e��	�� e�H -5�Q GH ��"8	,� ME�5 y$H & .
 ��6-#
� .�^��-	
� ���� �! ��"#	� M5� � &'X4%� &'�(�
 &-8+
�4.2 &'�#� � � G9 �9�v� �,
�� ME�}� Y�-	c�
ME�}� �#X � �c��� �£\ y$H �d+7� Gj�.  

 k9 */0	
� �45 �6��	6�ME�}� -�8
 �
�I 5� {�+�'1� �6��P �c���� II-	
� {�+�'� . '�"	H1� � 4�h6 1 */0	
� �45 Y\ no'�
 �^�-7 K��I\ ���"%� '�#j�1� �s�¡ � ��d9 C��_l-��� .�*/0	
�� ��'�8%��.  

2.3.2  
!>?� @; ���4 �A����  

 '�#j�1� ��
�
 n�	�%� �c��	
� DIh6� �6��	��'1 �F+f�9 {�+�'� �6��P ��H *~"	
� �
�P�� */0� �! ¬ G9� {��Z
� R��V� �! {�+
) ��7	
�(ITU-R P.834 .6� '��89 Yj � II-	
� GH à8	#9 ME�}� �9�v *~"	
� �
�P! &'�#�%� l�1 �! GHz 100.  

 &'�#w� ��[! Gj��Abs '�#j�1� .1�^ � �9�v� �6�� �d""#6 g
�  G9 �X\ {�+�'� �6��P ��H �6I��
�°3 U��� �̀"6-8� 
 G9 �I\ <-H°53 G9 �X\ �6��P� °6�̀"6-8� y$H\ <-H U�� ��H .  

 G9 -m7\ {�+�'� �6��P ��H� ��,	%� ��#
� � <-�
� U�� �X ��H �9�v� �6�� �"#� &'�#w� '�8��°5 �̀8_� 
�
I���$
:  

    Abs  =  2.27  –  1.16 log (1  +  q0)               dB               Abs  >  0  (24)  
 ]�^θ0 &-5��
� {�+�'1� �6��P (mrad)'�#j�1� .�*/0� &�H�-9 k9  . \,�� -dZ
� � �9�v� �6�� �"#� &'�#w� '�8��

 G9 �I\ <-H U�� ��H �,	%�°53 �
I��%� ��,�� �(24)�̀F6\ .  

H�� <-�
� U�� ��H �9\ G9 y$°60 G9 -m7\ {�+�'� �6��P ��H �9�v� �6�� �"#� &'�#w� '�8	_ �°6 \,�� -dZ
� � 
��
�	
� �
I��%� ��,�� �,	%�:  

    Abs  =  13  –  6.4 log (1  +  q0)               dB               Abs  >  0  (25)  
 <-�
� U�� ��H �Gj��ψ @� ���-	� g
� °53� °60� ���j	,1� ��,�� �9�v� �6�� �"#� &'�#w� �,	9 '�8�6 Y\ 

 �
I���$
 �̀8_� ��#?� n�8
� @� M�w� M$���
�(24)) u�,\ y$H Abs ((°53 >) �
I���$
 �̀8_�� (25))  u�,\ y$HAbs ((°60 <) 
x�	
� 3�
� y$H:  
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    dB
7

1

7

60
–)60( ψ

bsbsbsbs
AAAA ∆+∆°>=  (26)  

 ]�^∆ Abs = Abs (> 60°) – Abs (< 53°).  

4.2  ��	�� ���� ��� ����� ������  

 �c	6 '��89 y$H �6*+,��-	
� .�h
�	
� '��89 �,
� �H *#%� �i� II-	$
 �̀8_� I�I��_ �'�#j�1� ��
I .�*m� �����
�3	+$
 ��,	%� n�8
� �"#� ME�}� �9�^ <-H �c��	� �c��	6� ��9�v� .�8
� @� ��� ���-� �T� ��,	%� n �̀6-d(

 .�^��-	$
r.m.s. �D6I�-
� '�#j�1� � ��i-
� �m�7� Nwet g
� � y$H �c	��� � R�%� '�� l	= . -6�8� Gj��Nwet 
 G9 �̀ca��� -SX\ �\ �^�� -d( &-	+
 .�������#
� y$H �$�#%� �6�� I�7'��.  


� G9 �̀�� &*m7 �6~9 �#� ��H  ^a6� �G9� �\ r
s �a� "w� 2��
 &*"X n�c ��H) G9 �X\dB 10�̀"6-8� ( Y\ �
 �̀�� �F+f�9 {�+�'� �6��P ��H "w�°4 ≥)� °5 ≥��$^�#
� 2i��%� � �\ R�%� �_ &�	�%� .a7$
  ( G9 *Sj� �(\ "�

h
�	
� �"#� kc	%� "w� .#%� I��� �"#� "f$
 �$/�ª �E�J� "f$
 Y\  ^a6 ��X .a7
� � .�*� y$H<'� .
 .a7� y$H k6P	
� �! �"#�
�� ��v� 5 ��$S9�� �F+f�9 {�+�'� �6��P ��H ��$��#
� .a7
�� ��w� k6P	
� Y�_ �<'�

�6'�#j�1� �'�� .�R�J^�� ��"6 �9 y$H �̀F6\ �"�-9 �̀�� .�6�
�	$
 k6P� G9 �̀�¨'�� 1̀�8	�� x��)� "w� k6P� -d� h
 .�*#%� I��� �"#� "f$
 k6P� �! P���	$
 &*"X �6~9 �#��) K'�c ���(decade/dB 10&*m7 �6~9 �#��  .

 @�-8+
� � Y�	��"%� Y�	86-�
� ���	#��2.4.2� 3.4.2 k6P	
� G9 �3F
� "w� R��� 2���
� "w� R� Y�	8$�	%��  x��)�
j�1� �'�� .�R�J^! �x�	
� y$H �6'�#PLk6P	
� ���I �����%� .�*m	
� �7
 .  

 @�-8+
� � @�I�?� @	86-�
� 2�"�� Mm"�6�2.4.2� 3.4.2 &-8+
� � ���"%� �86-�
� ���� �! �1.4.2 &�	�%� .�*#%� y$H 
 ��$^�#
� .�*#%�� R�%� �_ Yj� �9��H �6��P1� l�%� � {�+�'°4;°5 �X\ y$H �d�9 �J3�6 g
� �86-�
� ���	#� ¬ �

 "w� 2��
 n�c �-6�8�.�*#%� y$H "w� .�R�J^! .  

6� Yj ��J
� "w� k6P� �"#� D*+,��-	
� '�#j�1� .�*/0�Aref (p) h
�	
�� �9�v� �6�� .�*/0� G9 ��j9 �+�
� 
 .�*#%� I��� �"#� "w� .�*/0�� �_7%�\KaH . Gj�� @� k��� D*+,�6�� h
�	
�� D*+,��-	
� h
�	
� .��6P�


� G9 �$��8%� �6~%� �#�
� k� ��,�� G9���/\ n	6 g
�R&I�= "� .�6, P��L �5.  

1.4.2   '�B���C D����� �@��E! F! G	H ���&A� �@��I �/ �6J� 
-@��� 
@�8K�� L�M�°4  

H ���8� K��I\ I-� G9 �X\ {�+�'� �6��P ��H D*+,��-	
� h
�	$
 M�X�-	
� k6P	
�� h"�	$
 �9�°4 . n�c �! ���8	
� �j�-��
 &'�-v� ��'�
 ��,	9(°C) t ���"#�
� ��i-
�� H�����%� kc%� ��-Q �j�� M5� ��i\ I�% �\ �^�� -dZ
 � . �̀-���
 G9 ��,	%� n�8
� Y�t� H�J_ *m	� *m	�  "w� 2�H .��6P� Y�_ ��#
�  �"#� h"�	
� Gj� ��©9 .�*m� -d�� h
�	
�

 n�c �,	9 ��,�� �̀F6\ ��t� H�8"�%� �86-�
� '�i! � ��©%�  . n�c y$H �Jv� Gj��t� H I�7'�� .�9$�9 G9 
 kc%� � �6�� �\����%� kc�%�.  

�II-� ��H '�"	�a
 �86-�
� W�F� �c� @� ���-	� .7� GHz 14 � �! ���II-� �J� .�8�"�� � �}���	,�� y76 Gj

GHz 20�c�� y$H .  

M$6 �9 �86-�
� K4} �9Pa
� .��$�%� ��Z��:  
  t:   <'�� ��, y$H ���?� &'�-v� ��'I �,	9(°C)-SX\ �\ -d( &-	+
 kc%� �   
  H:   <'�� ��, y$H ��"#�
� ��i-
� �,	9(%) -SX\ �\ -d( &-	+
 kc%� �  

    ) ������1 � ����� � �	
  ����� ���� ������t� H ����� ������� �!" #Nwet ��$��%� & �'��(� ITU-R P.453(.  
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  f:   II-	
�(GHz) ]�^ GHz 20 ≥ f ≥ GHz 4  
 θ:   ]�^ �*#%� {�+�'� �6��P°4 ≤ θ 

 D:   DI�%� -�8
�(m)>'�� ��?� ME�} ��  
  η:   Yj6 �_�-�9 *o W��X �s!� BME�}� &R�+X0,5 = η�̀-6�8� �̀�+3	9 .  

 �����1:   �R�%� '�� k"Z� �m> �#�es �(hPa) ���8$
 �t ��7	
� � I�?� 3�
� y$H ITU-R P.453.  

 �����2:  � �#
� ���c ��i- � ��66I�-
� �6'�#j�1�Nwet$��8%� �� ���8
 es� t� Hy$H  ��7	
� � I�?� 3�
� ITU-R P.453. 
) @��f$
 MH�I 11� 2 �s! .4�\ Nwet&'X4%� ��7	
� G9 &-(�"9 (.  

 �����3:   �&'�()� {�#�1 M���
� ��-V1� �#�σref�
I��%� G9 k�-�X ���	#%� �:  
    σ ref wetN= × + ×− −3 6 10 103 4, dB  (27)  

 �����4:   ���+
� *#%� �i �#�L�̀8_� �
I���$
 :  

    L
h
L=

+ × +−

2

2 35 102 4sin , sinθ θ
m  (28) 

 ]�^hL ���8
� ���	#� Y\ �¨� BO�-�>1� �8"i {�+�'� m 1 000 = hL.  

 �����5:   �ME�d$
 ���+
� -�8
� '�86Deff M,��}� -�8
� G9 �̀ca��� �D ME�}� &R�+X� �η:  

    D Deff = η m  (29) 

 �����6:  	_ �,	9 �9�H �#��
I��%� ��,�� ME�}� �3:  

    ( )g x x
x

x= + ⋅ ⎡

⎣⎢
⎤

⎦⎥
−3 86 1

11

6

1
7 082 11 12 5 6, ( ) sin tan ,/ /arc  (30) 

u�,\ y$H:  

    x D f Leff= 1 22 2, ( / )  

 ]�^f �$9�v� ��%� II-� (GHz).  

 �̀"
�, M���-	
� '4�� *m	9 Y�X �s!�) Yj6 �9��H D\x < 0,7( h
�	
� "� 2�H Y�_ � C� 0"�	%� G9 �6~9 �"#� D� G9�
�

� D��#6-+J��
�	
� .��w� {�"�1 MH�I 1� �.  

 �����7:  @���%� '�Z	�1� *#9� &-	+
� � &'�(�
 M���
� ��-V1� �#�:  

    σ σ
θ

= ref f
g x7 12

1 2

/

,

( )

(sin )
  (31) 

 �����8:  
� G9 �6~%� �"#�
� �9�H �#�G9� a(p) G9 �6~%� �"#�$
  G9�
�p � �����%� l�%� �50 ≥ P > 0,01
I��%�� �:  

    a( p)  =  – 0.061 (log10 p)3  +  0.072 (log10 p)2  – 1.71 log10 p  +  3.0  (32) 

 �����9:  
� G9 �6~%� �"#�$
 h
�	
� �"#� "w� 2�H �#� G9�px�	
� 3�
� y$H :  
    As ( p) = a( p) · σ            dB  (33) 
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2.4.2  � �	
� ���� �� ������ �	
� ��� ���������� �	�  �� ��! "�#�$� ���%�� &�'�(� �)�� %!°5  

 2���
� "f$
 *"j
� l�%� �86-�
� K45 ��� '�8�6) G9 �X\ "� &I�HdB 25�̀"6-8�  ( �$	f%� k6P	
� �Aref "f$
 
� �,	%� \,�� -dZ
� � .�*#%� I��� �"#� "w�� h
�	
� �"#� "w�� �9�v� �6�� �"#� ��,	%� ��#
�) �$f	#�

�,	%� \,�� -dZ$
 .�h"�	
� G9 ��,	%� ��#$
 .�h"�	
� .( e�f	#�� R�-�! � u�,\ ���S� �̀F6\ �86-�
� ���j	,1�
 M$���
� 'X4%� &-8+
� �3.4.2k6P	$
 �3F
� "w� l�� h"�	$
  .&�� &�� R�-�)� ��7�+� M$6 ���_�:  

 �����1:  �6��P �#� �6-5��
� �6�#	
� {�+�'� (mrad) θ0) '�#j�1� .�*/0� &�H�-9 k9 ( ��%� *#%� kc%) -���
 ��7	
�(ITU-R P.834 .  

 �����2:   ���-m�� M���%� �9��
� �#�Kw�
I��%� ��,�� �,	%� \,�� -dZ
� y$H 2"�6 D4
�� ��%� *#%� kc% �:  

    Kw = 100.1(C
0
 + C

Lat
) pL

1.5  (34) 

 *m	%��pLG9�
� G9 �6~%� �"#�
� 5  �I\ � �5R��/\ �6'�#j�1� ��9 ��'I Yj� g
� m 100 G9 �c\ �� G9 N 100− 
�^�&/km C�_ Yj� D4
� -dZ
� �  yJc\ ���cpL ���_�� ��#o\� 6�9� -6��_ ��J+$
 �$S�%� ���'�� -d(�� @� G9 

(�� � �E�-� �} g
�� G9 ��j8 �! 11 ��7	
� � ITU-R P.453.  

 ����	,� -J	86 Y\ �R��S	,1� ��"c G9 �Mm"�6� ��#o\� 6�9 D-dZ� �7�w� �E�-w� y$H G9 �X�� <-�
� U��°60 
 1̀�¯ �\°60�̀��� .  

 ����� �f$6�3 �9��%� n�c C0 �
I��%� � (34)�d8�"�� U�-(�  .9��%� ��
�	
� °�J
� M���� �CLat w <-�
� �ψ 
)�̀��� �\ 1̀�¯ .��'�
��:(  

    CLat  =  0  �9��H  53° S ≥ ψ ≤ 53° N  (35)  

    CLat  =  –53 + ψ  �9��H  53° N or S < ψ < 60° N or S  (36)  

    CLat  =  7  �9��H  ψ ≥ 60° N or S  (37)  

 �����3  

 *���(� +�,C0 �����(� - (34)./� &�'�� �� �#0�1 2�34 $�5�  

3'�(� 6 C0
 

'�Z	�� .�*#9(1) �d$9�j� �
� �_  ]�^ G9 �I\ {�+�'� y$H �} �$��8%� ��>'�� ��?� ME�5 Yj6
m 700-3"
� l	#9 �,	9 �_ (2)

 

76 

 G9 y$H\ {�+�'� y$H �} �$��8%� ��>'�� ��?� ME�5 Yj6 '�Z	�� .�*#9m 700 l	#9 �,	9 �_ 
-3"
� 

70 

9�d$9�j� Yj� '�Z	�� .�*# &*"X .�^�#9 G9 �"6-c ��$^�, 2i��9 �_ �\ R�%� �_ ��d�9 R�� � �\ �
 K��%� G9)-�����(�v� (1) �6-��� ��$^�#
� 2i��%�� '�Z	�1� *#9 �6-�	
 (r 

76 + 6r 

(1)
  �� ������	 
���� 
��	 �� ��� �������� �� ����� ���!"#$��	 �%&	 ' (
)*� +,-�	 '	./0�! 1�2 .+�����	 45�6# +�����	 

���	 7�5�	%�$8������	 
�� 4: 

   deff  = 14 000(1 + θ0)
–1.3           km           deff  ≤ 300 km (38) 
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  9�;θ0 ������	 <�)6�	 +�#	= (mrad).  

 # �� >���?�	 �� ��� ��@ 	.A +�,;�* +�5B� >�� ������	 
�� 
�C,� D��E	 $F)�H	 I������	 '�J�)6�� D��E	 $F?�	 ( +�K�
 +�����	 �F�5�6 L�	 +!��C,� +�#��� 
��	 7�M N,J O��P +!��� N,J((38) �� Q0� m 100 $R%�	 S���� T*��� U�! ) T*��� #�

4K	�H	 QV	� W���	 �� O
%@ '�;��� S���� ( +!��� �#�; Y #�km 50M���	 ��  U�! �Z� <�)6�	 +[ �\� ] 	.A# ^_
m 100Q;���	# ������	 
�� `" . 

  
a��	#r Q����	 O��%J Y C0;�* bM�B� #� W���	 �� +;��� >�� (c�	 ������	 
�� ��� �� +�,O�#�d . 

(2)
 eB-6 $f L�	 ������	 '	
�� g U�!�F,��\" >�	 U�! �hi" $h #� O
aj O
k .# Y W���	 �� '�;���	 Wc� l	��A �\C�	 �� /�� m�

 n��;r ^ �o! p�. (�q� '	���= rA +,CF� Q����	 +C�0 YC0+�,;���	 
s '	
�C,� >�	 U�! t���	 rA +%�B��" . 

 �����3:   G9 �6~%� �"#�
� �#� G9�
���/\ n	6 g
�R "w� 2�H P��L �5(dB) Aref� \,�� -dZ
� �  G9 �̀ca��� �,	%
M±,�� Y��8$
 x�	
� *"�	
�:  

    %         

10/–5.5–
0

9.0 10)1( refA

w fKp ×θ+=
           (39)  

 �"w� 2�H �̀F6\ �#��Aref �"#� R��/\ KP��L n	6 D4
� �%p G9  G9�
� �II-	
� ��Hf ��,�� �,	%� \,�� -dZ
� � �
�
I��%�:  

    Aref  = Gw + 92 + 9 log f – 55 log (1 + θ 0) – 10 log p            dB  (40) 

 ]�^Gw�
I��%� ��,�� @"%� �,	%� \,�� -dZ$
 M�	6'�o$
� ��-m�� M���%� �9��
� 5 :  
    Gw = 10 log Kw – 92           dB  (41)  

 �����4:   G9 �6~%� �"#�
� �#� G9�
���/\ n	6 D4
�R "w� 2�H P��L K(dB) Aref �
I��%� G9 �̀ca��� ��,	%� ��#$
 
(39) u�,\ y$H Ka G9 1̀�� Kw]�^ :  

    G
wa KK

∆×= 1.0–
10  (42)  

u�,\ y$H:  

    ( ) dB1log5.42cos1.1log6.5–8.1– 0

7.0 θ++⎟
⎠

⎞
⎜
⎝

⎛ ψ±=∆G  (43)  

 �
I��%� � �"�%� �9a�
� ���	#��(43)<-�
� �w  :ψ ≤ 45 )1̀�¯ �\ �̀��� ( �w �"
�#
� �9a�
�� <-�
�ψ ≤ 45° .
 "w� 2�H �̀F6\ �#��Aref �"#�
 KP��L n	6 D4
� %p
� G9  G9� II-	
� ��Hf �
I��%� G9 �̀ca��� ��,	%� ��#
� �� (40) 

 GH �>��	,1� k9Gw&'�"�
��  Ga = Gw – ∆G.  

 Y�	
I��%��(39)� (40)	v�7 � ���8
 YAref G9 �X\ dB 25�̀"6-8�  . G9 �̀ca��� �	�>� �c�.�����  .�II-	
� l�9 �6 �! 
GHz 38 G9 l�%� � {�+�'� �6��P ��H� °1 �! °4 . G9 .�II-	
� l�9 � �c�� y$H @	v�7 ��j� Y\ kc	6�1 �! 
GHz 45 l�%� � {�+�'� �6��P ��H� °0,5 �! °5.  

3.4.2  ������ ���	 
��� ��
� �� ����� 
��� ��� ���� ��� ��� ��!�"� #�$� �% �� &'(% )�*�+� �°5  

 �����1:   "w� 2�H '�86(%63) Aref R��/\ KP��L n	6 D4
� %63 ��,	%� ��#
� �\ �,	%� \,�� -dZ
� G9 ) '�Z²%�
*"�	� �d�
! (A63�̀8_� �x�	
� 3�
� y$H ����3$
  : G9 �X\ <-H U�� ��H ����	#�°60 ��,	%� \,�� -dZ
� � 

�
I��%�:  
    A63 = 9.4 – 4.5 log (1 + θ0)           dB           for Abs > 0  (44)  
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 ]�^θ0 &-5��
� {�+�'1� �6��P (mrad) . �
I��%� � I'�
� *"�	
� ���	#�6�(24) G9 �I\ <-H U�� ��H °53 . ��H �9\
 @� ���-	� g
� <-�
� U��°53� °60%� � @"%�X M�� M$��I ���j	,� l-���_ � �
I��(26) . .���#^ � ���	#��

 �
I��%� ��,	%� ��#
�(24)<-�
� U�� �j
 .  

 �����2:  
� G9 �6~%� �"#�
� ��,	%� \,�� -dZ
� .�h"�	
 ��#�G9� pt��/\ n	6 g
� R K'�c "� 2�H P��L �5dB 25 = At 
&I��	%� .�*#%� �6s �  �
I��%� ��,�� k6P	
� G9(39) .9\ ���,	%� ��#
� .�h"�	� 2$�	6 ���_ �_ GH <��	#�Kw � 

 �
I��%�(39) ���8� Ka �
I��%� G9 (40)O�#v� �45 � .  

 �����3:  
� G9 &�6��� �6~%� �"#�
� �#� G9�p  G9�
I��%�:  

    %10
log1.0– 63 t

pA
p

+=  (45)  
 �����4:   ��$�%� ���c �#�q′ %� "w� 2��
 �$��8At
� G9 �6~%� �"#�
��  G9�p  G9�
I��%�:  

    ′ = − −
−⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥q

A

p

t

20 100

100
10

log ln  (46)  

 �����5:   �jZ
� �9�H n�c �#�qt  G9�
I��%�:  

    ( )[ ] ( )q q s A
t

A A A

t
t t t= ′ − + × × − +− − −( ) , // , /2 1 0 3 10 10 10 80020 0 016

0
20  (47)  

]�^:  
    )1(log2.4log2.36.1 00 θ++−−= fs  (48)  
u�,\ y$H:  

  f:   II-	
�(GHz) 

 θ0:  ��
� {�+�'1� �6��P &-5(mrad).  

 �����6:   W��X �s!qt < 0 G9 .��w� '-j� 2 �! 5 Y0Z� dB 35 = At ���c y$H �J3$
 qt��E�d�
� . 

 �����7:   �� ���_A63 < Aref ( p) < 25 + A63 dB �\ A63 < Aref ( p) < 35 + A63 dB ��$�%� ���8$
 �̀8_�� �At �

� G9 �6~%� �"#�
� �#� G9�pn	6 g
� /\ R�� ���8
� P��L �5Aref  ����	,���
I��%�:  

    ( )
p

q A Aref= − −⎛
⎝
⎜ ⎞

⎠
⎟⎡

⎣⎢
⎤

⎦⎥
− −

100 1 10 63 20

exp %
/  (49)  

 ]�^q ���8$
 �
�I Aref  G9 �#�� �̀F6\�
I��%�:  

      
⎥⎦

⎤
⎢⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ ++⋅

⎥⎦
⎤

⎢⎣
⎡ ×++= 800/)–(10103.01102 63

20/)–(–
0

20/)–(–)–(016.0– 636363 AAsqq ref
AA

t
AAAA refrefref  (50)  

 ��$�%� ���c ��5 Yj��qt &�w� � ��#?� ���8
� 5 &�w� �\ 6�
�3$
 �̀8_� �.  

 �� ���_�Aref  ≥ 25 + A63 dB �\ Aref  ≥ 35 + A63 dB ��$�%� ���8
�� �̀�5'� �At
� G9 �6~%� �"#�
� �#� � G9�p g
� 
��/\ n	6R ���8
� P��L �5Aref �
I��%� ��,�� �(39).  

 �����8:   �! �"#�
��Aref  ( p) < Aref  (63%) �! �"#�
�� �6��	
� GH ��6 �k6P	
� �6��� l�9� �Aref (%63) ��,�� �
�
I��%�:  

    Eref ( pe) = Aref (63%) – Aref ( p)            dB  (51)  
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 �6~9 �#� R��/\ KP��L n	6 D4
� �6��	
� �45 �6-8� Gj��p
e


� G9  G9�) R��/\ �5P��L n	6 1p = 100 – pe%G9 G9�
� ( �
 &-8+
� � ���"%� �86-�
��3.3.2 ��7	
� G9 ITU-R P.530s� �³«�X r
:  

;   "w� 2�H �#3�6 Y\ Mm"�6 ��,	%� \,�� -dZ
� y$H �86-�
� K45 2�"�� ��HA0,01 R��/\ KP��L n	6 D4
� 
%0,01 �
I��%� ��,�� �,	%� \,�� -dZ
� G9 (40) .a7
�� �7�w� .1I��%� G9 1̀�� � �<'�.  

;  Mm"�6 ���,	%� ��#
� y$H �86-�
� 2�"�� ��H� �
I��%� ����	,� (40)� 1�>��	,� GH Gw ���8
�� Ga � ��#?� 
 &�w�4  M$� g
� �
I��%�(40). 

 �86-�
� K45 Y\ �! &'�()� '�L� h"�	
� ´�� �c �#�
� �6��	
��6 '��8� �̀��J8� �! �J%78 ��H %10 = pe �!� �%47 
 ��H%1 = pe .� �#�
� � �
8�9 �cI 2�8� Gj�� &*mJ
� �6~%%0,1 > pe *"j
� e��	51� k>9.  

 G9 .��w� � �86-�
� �	���1 �! 7 n�8
 �v�7 qt G9 �X�� 1,5− ��Z� g
�� � �̀�$�H k�� �+
�	%� R��9�� G9K� f 
�θ0��mZ	
� ��-Q � 1̀��	^� -SX��  . n�c �! �"#�
�� �9\qt G9 �I�� 1,5−����	,�� y76 a_ ��86-�
� K45  . ��Z��

 g
� �9�v� �6�� �"#� &'�#w� �̀��> �86-�
� � �5-Xs I'� &-8+
�2.3.2. 

5.2  ���� �� � �	
 �� ����� ����� �	� �� ����� ����� ������ ��	!"  
	� �$9��
� �����
 �"#�
�� �̀�9 Yq � ��� D4
� D�� @5	$
 &I��	%� 'I�J%� -/\ &�H�-9 �¨ G9 y$H\ .�II-GHz 18 

� {�+�'� �6���� �$9��
� r$� �̀7J�� ��̀"6-8�/�F+f�9 µ9�5 �\.  

 M$j
� @5	
� �S��(dB)��  G9 -SX\ �\ &�^�� ��$�9 �$�	6� h
�	
�� �3#
�� �6�� .�P�m
�� -��$
 �X-%� -/
��
�	
� ���
� .��$�9:  

  AR ( p):   W��/ ���	^1 -�%� �"#� @5�(dB)� �X ��,�� '�89 5 �Ap �
I��%� � (8)  
  AC  ( p):   W��/ ���	^1 �3#
� �"#� @5�(dB) ��7	
� -6�8� �#� �ITU-R P.840  

  AG ( p):   W��/ ���	^1 @�#X���� R�%� '�� �"#� DP�o @5�(dB) ��7	
� -6�8� �#� �ITU-R P.676  
  AS ( p):  D*+,��-	
� h
�	
� �"#� @5� W��/ ���	^1 (dB) �
I��%� ��,�� -6�8	
� �#� �(33)  

 ]�^p C	"#� ���-	� l�9 � @5	
� P��L ���	^�  G9%50  �!%0,001.  


� G9 �6~%� �"#�$
 �
��X DP�m
� @5	
� O�#^ Gj��G9� &-8+
� ����	,�� �2.2 23$%� G9 2 ��7	$
 ITU-R P.676 �s! 
 .-_� .������� I�7'�� ��$?� �6 R��/\G9 ��$�%� �6~%� �"#�
�G9�
�  .� -_	� � �s! K45 �6~%� �"#�
� R��/\ .����"
�

 G9�
� G9 ��$�%� @5	
� �,	9 O�#^ Mm"�6 DP�m
� �
I��%� � C
���	,��(52).  

 @�9 ���	^1 M$j
� @5	
� O�#v �9�H �86-i �T�AT(p) �
�	
� �
I��%� �d��"��:  

    ( ) )()()()()( 22
pApApApApA SCRGT +++=  (52) 

]�^:  

  AC ( p) = AC (1%)  �9��H  p < 1.0%  (53) 

  AG ( p) = AG (1%)  �9��H  p < 1.0%  (54) 

�� 4�0 Y�	
I��%�(53)� (54) \ Y�"#v� � .�P�m
� �"#� @5	
�� �3#
� �"#� @5	
� G9 �̀*"X �̀R�� Y à7\ �#	=
%� �"#� @5	
�� h"�	
� �
� G9 �6~%� �#�$
 -� G9� G9 �I��%1.  
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 23$%� � @"%� R�-�)� 2�"�	� KaH\ &'X4%� h"�	
� �86-i �9�X '�"	�� l�
�1 ��7	$
 ITU-R P.311 pE�	� Y\ @"� �
 k9 �̀9�� 2+	� '�"	�1� .����� l�9 �� <-�
� U�� k��� &-_	%� u��8
�1� ���	^ D4
�@� C	"#� ���-	� %0,001 

�%1 0��� �r.m.s. C	"#� M$X %35 ��7	
� � ���"%� '��9�
 ��_�+j
� �E�-w� k9 �}���	,� ��H r
s� ��̀"6-8�   
ITU-R P.837 .� �! I��	,1�� �86-�
� '�"	�� l�
 .����"
�<'\ ; R�F_
.��, &�� @"�  0�� �"#� Y\r.m.s. M$j
� 

%25�̀"6-8�  .�*/0� ����} �̀-��� �+$	z . '�i! � .1��	^� �̀-��� �+$	z -_� e��
 .����� 2#	9 �jZ� '�"	�1� ��H �$	z
���	^1� .�6, Y�_  0�� � *�m	
� ���r.m.s.  �H ���.1��	^1� k6P�.  

6.2   ������ #$%&'���$(��) '*����� +,�����  
 �-��6 1 *Sj
�� � �6'�"m
�� ��$9-
� �7��
� */0� GH �66I�-
� .�'�() ��$E�%� .�*#%� . *Z�� .����"
� Y\ �! &-#�	%�

� .���#�� G9 ��
��
� .���X-	
�/ G9 �I\ .�II-� ��H ��i-
� G9 x��
� l	?� �\GHz 30 .�*/0� ���^) �6'�-> �
'�Z	�1� � &*"X.  

3  ������� �	�
� �	�  

@5	
� I�IP� ��$X .I�IP� ')� R�>>��, . �c�} Yj6 .�s ��>'�� .��?� � R�>F
� &'�-^ ��'I � �6��	
� �4
R�>F
� �F+f�9 ��9�9�� �6'��%� � */0�  R�>F
� �! &'�()� �"#� */0� �+6 @5	
�.�4
��.  

 ME�}� R�>> � �� �[�#9 -6�8� Gj�� ��
I��%� ��,�� <'�� y$H ��=:  

    Ts  =  Tm ( 1  –  10 – A / 10 )  (55) 

]�^:  
  Ts:   �6���#
� R�>F
� &'�-^ ��'I(K)ME�}� G9 ��E-%�   
  A:   @5	
� � *#%�(dB) 

 Tm:   �
��+
� &'�-v� ��'I(K)�9�v� �,$
 .  

 y$H� @5	
� � '�S	�1� �[�#9 y$H �
��+
� &'�-v� ��'I �c	��� n�^*m	
�� -�%� �6a�� �3#
 M,\-
�  � ��'I
ME�}� �9�^ <-H y$H ��c\ ��'�� ��c	�� '�S	�1� 'I�J% ����"�
� &'�-v� . �c��G§�"�  ��'�89 l�
 .�,��c �7-
�

 .�,��c� ��H��()��.�¤�J
� @5	
 �9�v� �,$
 �
��+
� &'�-v� ��'I Y\ Y�¶	%�  l�%� � ���-	�K 280-260 I�� � 
y$H �3#
�� -�%� @� ���-	� .�II-� ��H *#%� �i 10� GHz 30.  

@�I'�
� �
��+
� &'�-v� g�'I ����	,� Gj� �̀_�-�9 @5	
� Yj6 �9��H� �E�,$
 K��I\  r
s� y$H\ �^ y$H �J3$

 G9 �I\ .�II-� ��H �6���#
� R�>F
� &'�-^ ��'�
GHz 60:  

    K 280 = Tm�3#
� I�� �   

    K 260 = Tm � -�%� I��  

 ��7	
� �����ITU-R P.372��J+	
�� R�F+
� �� <'�� ��, y$H .��?�� �7�w� R�>F
� �~�� .  

<'�� �! �"#�
�� &-8	#%� ���#
� '��9 ���	#� g
� ��$��#
� .1�J�1� ����\ �! �"#�
�� �9\�_  Y� �c\ '�8�� ��Z
�
 ��>'�� .��3�$
 &*"X R�>> '�J9 �-�8
�.�II-	
� �X ��H Yj� Y\ ��	� �����  &¤-·� ��+$� R�>> &*"X ��H

 G9 �c\ .�II-�GHz 2 �̀"6-8� ) ��7	
� -���(ITU-R P.372 . n5�#� Y\ �r
s �! �_�>! �Gj�� .�§-| �����
�A� X 
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(Cygnus A and X)�  .�s M,-j
�A (Cassiopeia A) 'S
�� (Taurus)�  ¸�, Y�i-#
�(Crab nebula) ��'I � 
�6���#
� ��+$w� R�>> &'�-^.  

 ��7	
� .1I��9 ����	,� Gj��ITU-R P.3721  ��-f	, ��>'�� .��?� e��� R�>> &'�-^ ��'I G9 .��'I
 Y���$
� &'�-^ �d�
! '�Z%�KaH\.  

4  ������� �������� ������  

 �̀"
�o �9 e�f	#6�,�� II-	
� ����	,� &I�H! R�-�!��E�F+
� .1�J�1� ����\ ��, &I�6�
 �6�9��	
� .����8	,1� � . Y\ 1!
 O��8	,1� �
�P�� &��89 ���8	
� K45��6�� '�Z	�1� .�*#9  . .��
q t��5� �6'�-> �( � O��8	,1� �
�P)

D�� R�%� .�*/0� �̀7J�� �*+,��-	
�.  

 ��7	
� µc����ITU-R P.531 D�I�'�_ Y�'�I *+,�6�� C""#6 D4
� O��8	,1� D	#% . II-� ��H ��� �c�GHz 10 
 �! �J6 Y�'�I°16�  �6��	�I\ .�II-� ��H .O��8	,1� .�6	#9 '����� ��X  l-� C#+� K�L1� � ���>'�� ��?� G9

����}� .a7
�� &�H�J
� .a7
� y$H .G9 D�I�'�_ Y�'�I GH �6�	
� Gj� 1 ¬ G9� �64m� e��� Y�'�I �a� 
��"8	,1�� ��,'�
 C#+� ME�}� ���	#6 �9��H ME�}�.  

1.4  ��-� .�/�& 01�%/� 23�!�/� 4�5!�67� 89� '���3 :�.��;<� 4�%;  
 O�#v)� .�R�J^) ���� �$6i O��8	,1� �
�P �! �̀I��	,�-�%�� @5	
� .�R�J^!
�	
� .��$�%� -_	� Y\ �¨ ��:  

  Ap:   -�%� �"#� @5	
�(dB)
� G9 ��$�%� �6~%� �"#�
� R��/\ KP��L n	6 D4
� G9� �p � � *#%�
 O��8	,1� �3	9 @5	
� &I�H y�#6 D4
�� ���%�)CPA(  

  τ:   M8_�� D	#%� �! �"#�
�� �̀��� ��8	#%� ME��-dj
� ��·� C�	% M¨'�	
� ��%� �6��P
)
 O��8	,a D-E��
����	#6 °45 = τ(  

  f:   II-	
�(GHz)  
 θ:   *#%� {�+�'� �6��P).��'I.(  

 O�#v K��I\ �3>%� �86-�
�� .�R�J^! ki�8	%� O��8	,1� ���� n�c(XPD)  �! �̀I��	,� -�%�� @5	
� .�R�J^! �
 �v�7 C#+� *#%� G9 �j
8 ≤ f ≤ 35 GHz� θ ≤ 60° . &-8+
� � I-6�3.4�!  R�-
� p6'�	II-	
� �#�  �^GHz 4 

) &�w� �̀F6\ -���8K��I\ .(  

 �����1:   �#� �caHII-	
�:  

    Cf  = 30 log f                  �9��H  8 ≤ f ≤ 35 GHz  (56)  

 �����2:   �#� �caH-�%�� @5	
�:  
    CA = V ( f ) log Ap  (57)  

]�^:  

    V(f ) = 12,8 f 0,19     �9��H8 ≤  f  ≤ 20  GHz  

    V(f ) = 22,6     �9��H20 <  f  ≤ 35  GHz  

 �����3:  O��8	,1� @#� �9�H �#�:  
    Cτ = –10 log [1 – 0.484 (1 + cos 4τ)]  (58)  



������� ITU-R P.618-9  

 

21

� Yj6@#3	
� �9�H  0 = CτYj� �9��H   45 =°τ� �5'�c lJc ���c �! �J6� dB 15 Yj� �9��H  0 = τ  �\°90.  

 �����4:  �#�  �caH{�+�'1� �6��P:  

    Cθ = –40 log (cos θ)    �9��H    θ ≤ 60°  (59)  

 �����5:   �#� �caHYa�%� �6��P:  
    Cσ = 0.0052 σ2  (60)  

σ4�06� B.��'�
�� C�H �̀��9 -�%� .�-�c Ya�9 �6��P k6P	
 ���+
� M���
� ��-V1� ��-V1�  σ n�c °0� °5� °10 
�°15  ���89%1� %0,1� %0,01� %0,001 G9 G9�
�x�	
� y$H �.  

 �����6:   ����	
� �#�XPD �"#� R��/\ KP��L n	6 1 D4
� -�%� �"#� %pG9 G9�
� :  
    XPDrain = Cf  – CA + Cτ + Cθ + Cσ              dB  (61)  

 �����7:   �#� �caH���$S
� .�'$"
�:  
    Cice = XPDrain × (0.3 + 0.1 log p)/2              dB  (62)  

 �����8:   ����	
� �#�XPD �"#� R��/\ KP��L n	6 1 D4
� %p G9 G9�
���$�� .�*/0� r
s � �� �:  
    XPDp = XPDrain – Cice              dB  (63)  

 .�II-	
� ���� �� K45 h"�	
� �86-i �4 �! GHz 6  ]�^ @5	
� Yj6 � ��̀F+f�9 *#%�j� 1 Y .�R�J^!Ap 
 �̀�� &��+9 ��\ G9 .�R�J^�� h"�	
�XPD .Gj�� G9 �I�� .�II-	$
 �"#�
�� �GHz 8 � �m�7 ����	,�
�'�	6 p �#�

 II-	
�I'�
�&  &-8+
� �3.4ki�8	%� O��8	,1� .�R�J^! p6'�	
 � II-	$
 ��#?� GHz 8�  � �v�7 Yj	
 ����
�6 �! 
GHz 4.  

2.4  � :�.��;<� =**>��� '?��@/XPD������)   
�4¡ Gj�� ����	$
 U�-Z%� ���	^1� k6P� XPD @5	$
 ����9 ���8
 Ap � <�-	_� Y\ �"#�-�	
�  ki�8	9 O��8	,1� �!

-�	
�O��8	,1� �3	9 � r = 10–XPD/20� �̀6I�H �HP9 .k6P	
� �	�$�9 Yj�� : ��,	%� ���8
�rmG9 �̀�� �"6-8
�  
10−XPD

rain
/20u�,\ y$H � XPDrain � � �
I��%�(61) M���
� ��-V1�� �σr D4
�  4f	6 �5'�c �	��/ C"( ���c0,038 

 @5	
� Yj6 �9��H3 dB ≤ Ap ≤ 8 dB.  

3.4  ����-� .�/�& 01�%/� 23�!�/� 4�5!�6A� :�.��;B � 4�5!�6A�) ������ 89� 8��3 C��	�  
��	
� .�R�J^! p6'�� Gj� ��XPDO��8	,1� D	#9 Ya�% ����9 �6��P� @�9 II-� ��H �$�#%� ���� �$6i  Yj	
 

 � �v�7l-�\ Ya�9 �6��P� -�q II-� ����	,�� ��
�	
� ��"6-�	
� C"( �
I��%�:  

       
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+

+
=

)4cos1(484.0–1

)4cos1(484.0–1
log20–

11

22

12 τ
τ

f

f
XPDXPD  �9��H    ≤≤ GHz30,4

21
ff  (64) 

 ]�^XPD1� XPD2�	��c YL n	6 1 [P�� G9 �d#+� �6~%� �"#�
� R��/\ � G9�
� G6II-	
� ��Hf1� f2 D	#9 Ya�9 g6��P� 
 O��8	,1�τ1� τ2x�	
� y$H �.  

 �
I��%� ��	#��(64) �!  �o��J
�6-��
��  � �9�f	#%� �d#+� &-8+
� � ���"%� h"�	
� �86-i1.4 p6'�� � ���	#� Y\ Gj�� �
 .�����XPD��Z� g
�  �R�, �^ y$H ��$��� -�%� �"#� O��8	,1� �
�P! .�*/0�  s!
^ �+� @�-5��
� �	$j
 Y\  

 G9 �I\ .�II-� ��H II-	
�� �̀"6-8� �ca�
�GHz 30�̀"6-8� .  
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4.4  �� :�D�*$23�!�/� 4�5!�6A� .�(�E& '!���/�  
� O��8	,1� �
�P! @� �̀8�/� �̀���-� �T Y\ O'��	
� ��� W	"/\ ��H -�%� �"#6� GHz 4  �<'\ .�*#9; �R�F_ R�,

 �6�
� l�%� y$H e\ ��^ u�,\ y$H�9 O��8	,1� �
�P! �6�� Gj�%� G9 ��"6� �I-+� &�H�J
� �$7
�  ����	,��
 ���8%� O��8	,1� �
�P! .�,��c �����}� �$7
� . �^ �M$>�+	
� '�
� .�*/0� 1! -d�� �� ��H�� ��5 ��+�Sj
� '��9

 ��"6� &�^�� ��$�� �̀F6�� Y\)M$>�+	
� '�
� � D\ ( M+j6 @6II-	
� ��H6� GHz 4.  

 ��H &s�09 .�,��c �̀F6\ .-dQ\�6� GHz 4 Y\ %99 ����	
� .�*m� G9 XPD G9 0��\ dB/s 4±�\ R�#
� y$H � �c\ �
 G91,5± ��'I/ �! �"#�
�� ����/ �,	9 '�
� �^�^P>�+	
� � M$*#%� . ¬ G9� M+j6 Y\ Yj6 e���
 G9�
� W��/

O��8	,1� �
�P! �6�� I-| G6II-	
� G645 ��H �̀"6-8� &�^�� ����/.  

5  	������ 
���  

 ��7	
� @"�ITU-R P.834 y$H ���"9 2E�-i D6I�-
� �6�� I�7'�� n$H .����� 0�� �\ '�Z	�1� -�0� �,	9 -6�8	
 
�_�#%��	
�� �$��8%� .�*m� %� �<'\ .�*#;*+,��-	
� �H R�F_ . �_�#9 u��c ��\ G9 -�0	
� *m� �-�6 Y\ �¨�

���c-
� ��$��#
� .1�J�1� ����� .�'�()� G9��� 2�8�� ���#
� . G9 y$H\ .�II-� ��H �D*+,�6�� -�0	
� Yj6�
GHz 10)  ��7	
� -���(ITU-R P.531 -m7\ � �̀9�HG9 �*+,��-	
� � -�0	
� � .1�^ � C��H�-9 @�	6 �c Gj


�7��.  

	�#
� �! �J� �c�� .�_�#%� �6�� �$�	6���E��
� .�_�#%� 0�w �+$	f%� .�[�#%� �6���� u'�� Y\ �^�
� -	� . �J�_
 �! R�%� '�� ��¤j9 �"#� 0�w�cm 10  �� ��X-� C�_ Yj6 M��-9 � �� g© *#9 ���8� ��#
� y$H R�%� '�

g/m3 7,5 ���8� u��8%� {�+�'�� km 2)  ��7	
� -���(ITU-R P.676 . �@8�
� e��
 '�J9 n5\ �[�#%� K45 �jZ�� y$H

� no- G9 �_�#9 ��F6 ���� �� Y\m 2,3 !g�#
� *#%� � �E��
� 0�w� �.  


� .1�J�a
 ��
�v� .�8�"�	
� �! �"#�
�� �9\ �[�#9 Y�_ ��$��# �i�}�&*m7 '�Z	�a
 ��>! -�0� ��}�[! Gj� ]�� .  

6  !��"�� #
$ ��%&%'  

'�#j�1� ��
I � �+�+i .�*�m� �! �6�� .�P�m
� ��J	9� U�� '� s�Z
� W	Z	
� DIh6 .�m	
� K45 Y\ *o* � .�
� y$H �HP%� .�c���
� � &*m7 y8"� '�#j�1� ��
I<'\ .1�J�1;������ ���� <-H ��8� 1� R�F_.  

 -�%� � '�S	�1� I��� �� Y\ Gj�� G9 &-/0	%� .�'�(�
 -�0	
� *m� �"#� �j,��	%� *o ��,')� ����\ ���� <-H
I��	9 '�S	���B*Sj� -��\ �$jZ9 ��-�
� K45 � �jZ6 C#+� @5	
� Y\ *o  .��6�� �$jZ9 �,�'I W	"/\ �c� <-H .
 g
� ����
�� �d>-+ �caH '�
� �^�^P� @5	
� �"#�	
� K45 Y\ �j,��	%� ��,')� ����\ � II-	
�� -�%�3 .��6�

 GH �6�� ����
� <-�
GHz 3,5��� Y\ Gj� g
� .1�v� k�� �  . .1�J�a
 {P9 ���� <-H D\ G9 �X\ M5�
<'\; G9 �c\ R�F_GHz 40�	
� Yj6 ¬ G9� s -�%�� @5� G9 *Sj� �X\ */0� � �d	caHII-	
�.  

7  (�)��� �&*�+  

 ��7	
� µc���ITU-R P.834 {�+�'1� �6��P � R�����  �"#�'�#j�1� . M$j
� D���
� '�#j�1� �J6�) � &I�6�
�
D-5��
� {�+�'1� ( �!°0,65� °0,35� °0,25�̀"6-8�  �m
�"
� {�+�'1� �6��P � °1� °3 �°5 D-� � �� �x�	
� y$H �

D'��9 . �$��8%� n�8
� Yj	_ �D'�8
� ��8
� ¹��%� � �9\°0,44� °0,25� °0,17 .� � l-��� .����%�n�8
� Yj� @� 
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45@
�·� G6 . {�+�'1� � *m	
� '��89 ���-� Yj6� D-5��
� -�q �! e6 G9 I��^ �°0,1 (r.m.s.) {�+�'� ��H °1 �

{�+�'1� �6��P �6��	� �H-#� �c��	6 *m	
� Gj.  

 ��7	
� µc����ITU-R P.834���� &*Jc �7
� �6��P .�^��-�  . ���� &*Jc .�*m	
� Yj� Y\ Gj�� GH ����
�
�m�* �"�' G9 �{�+�'1� �
1�� �6'�#j�1� �caH � .�°0,02 (r.m.s.) {�+�'� ��H °19 �H-#� �̀F6\ �c��	��  �6��P �6��� k

{�+�'1� . e�H */0�� {�+�'1� �
1�� �6'�#j�1� k6P� � ���� &*Jc .�*m	
� */0� @� ����	
� �̀�$�H ��J
� G9�
k6P	
� �45 �! ��F6 D4
� ME�Z�
� e��	�1� . ��H ���� &*Jc �7
� �6��P .�^��-	
 ME�J^)� ��$3	
� @"6�

GHz 19,5�'� �6��P ��H�  {�+�5'�c °48�7
� �6��P .�^��-	
 �����
� .�_�-V1� Y\ �� W�#
�� {�+�'1� M5�L� � 
 �R�, �^ y$HV °$"� °0,002 G9 ���X�-	
� �6~%� �"#�
� R��/\  G9�
� ���8�%1 . �6��P .�^��-	
 M©%� *m	
� *Z6�

R�	Z
� � �dJc���� ��J
� � .�^��-	
� &I�6P �! �7
�.	_ ��6'�d�
� .�*m	
� �9\ � M^ R��/\ � I�I�� .�^��-	
� Y0
R�, �^ y$H R�#%� �� -X�"
� ��"J
� � �c��	�� '�d�
�.  

8   #	,� -. �/0"��1 �
��0�� �2 ���034� 5,� �4&�� ����6�7� ��0�(non-GSO)  

 h"�	
� 2E�-i �_7%� KaH\ ��-f	#9P �d�_ M8"� .�8�"�� ��\ G9�	��/ {�+�'1� �6�� . �9\ �"#�
�� &-8	#9 *o ����\ �
 <'�� �!(non-GSO) � ]�^ �{�+�'1� �6��P *m	�_��^� ���#
 �$7
� -#�� l�9 O�#^ Gj�� ��
�	
� �86-�
� {�"���:  

 \ (  �#�	6��P � e���
� ���6 Y\ kc	%� G9 @	$
� lJ8
�� ����
� {�+�'1� ��d���B  
O(  6�%� n#8 &*m7 .�I�6P �! �6���$
 M$�mZ	
� l)� '��8°5 àS9(B  
�(  � G9 �6~%� �"#�
� �# Yj6 g
� G9�
� ���#
� �d�_X �̀�E-9B&I�6P �X � {�+�'1� �6���
 �
��  
I (   I�� G9 �6~%� �"#�
� �G9�
� �'�Z	�1� U��V1 ����9 �6, �! �"#�
�� ]�^ �6#
� P��L n	6 ���89 �X &I�6P

 �B{�+�'1� �6��P  
 5(   O-F�� pE�	� (I� ( ���89 &I�6P �X � {�+�'1� �6��P n#8� ¬ y$H100 G9 �6~%� �"#�
� y$H �J3$
 �

 G9�
� n	6 g
� �5R��/\BK45 {�+�'1� �6��P ��H U��V1� �6, P��L  
 �(  L G9 �6~%� �"#�
� n�c k� G9�
� � ��#?�5  (y$H �J3$
 G9 ��$j
� �6~%� �"#�
�  � G9�
� n	6 g
� e���
�

U��V1� �6, P��L �5R��/\.  

 ���#
� .�"XX �
�^ �� �6º-
� &I��	9 ���#
� *#9 {�� e�f	#� g
�) �! �3	
� D\ �c\*#%�.�i��V� �̀( Gj� �
"6-8� O�#^ R�-�!» M��-	_� e��f	,� <{�+�'� �6��P y$H\�"X-9 D\ �  E�F_��.  

»»»»»»»»»»»   
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