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 ������ �	 
� �
��� ���� ��� ��� ������� ����� �	�!"� #�$%&" '(�� )*�+ ,-�. ��/��� 01�2 ��3��"� 456 789
 :� '(�� ;�< =���!< >����+ ���?@�%0 +%100 �A B�C*���� ���"� �	  DE�$C" F�G 
H/� =�IEJ	 01�I�"� �56 
!K

L��	 "� ��*��("�+ �"��� M�H9 (N O"� ����?P" BQR$G S ����CT�� M+U B��/��V� 01�2 WX� ��I!�*� �Y�< 5>�Z O
 �	 ��UU$�"� '(	 01�I�"� ,C[�+ .
G�(��" =���* M�H9 M. 
I�]� �	 +. ����C	MHz 30  ^_GHz 50  ��<����+

�	 3 km �	 ^_ V  �� 
T�1 000 km.  

  

 ����U�$"� �V�`9V� ��!a M_B�V�`9J" b+("� U��J"  

�������� 	 
�� 
�  

 . (   �����V� S 5Gc� �Y�< 7�� 7*�T9 ��*��U d�$R_ ^_ �R�e� ^_ ��(� f��U�$"� g�C"� h�(i�*� �d�X� 7�U M.
j
G�(��" =���* M�H9 M. 
I�]�+ ����C�� ����?@� ����* �	 
� �+�X9  

(l  ���U�$"� �Im�c� n�Co 
R. �	 Q�. ���5"� ����?@� ����* �+�X�� p���"� �I8�� M. qK Bd�Uc� ��"�� �
j�����r�"�+ >���� ��!�s�9 �	 t
H" ��"�I�uV� �X�!8"�  

(0   Bg�C"� n�Co #�$%c �(�X	 �"��� L��	 DE�$� ����v M.  


�� ����  

 . (   ��3��"� M.ITU-R P.528  ��� ��� ������� p���"� M�/� =�Y�R�9 h(T9 ��T���� �	(i�" �TC�	 ^_ �CT� �	 ����
 �	 ��UU$�"� '(� M��C�"125 MHz  ^_GHz 30  ^_ 
`9 ��<���+1 800 kmj  

(l   ��3��"� M.ITU-R P.452 �< ��$[`"� ��R��� 
G�(�" 
>̀ X�� 7��T�"�� D�!�� Q�R�9 ��� w�9�I  ;�< ��C]� :�
 ��� (�x9 ��UU$9 (�� #�c� yC*0,7 GHz j=���$T9  

(0   ��3��"� M.ITU-R P.617 �CT� �	 ���� ��� ��� ������� p���"� M�/� =�Y�R�9 h(T9-^_- �Im�c �CT�
>u$�� D<c� z� ����U�$"� �J ;�< ��UU$�"� '(�MHz 30  �	 {+�$�9 ��<���+100  ^_1 000 km.  

U (   ��3��"� M.ITU-R P.1411  =�Y�R�9 h(T9 p���"� M�/� ^_ 
`9) }���� 0��G '(�� ��`T"� ��	(���1  kmj(  

� (   ��3��"� M.ITU-R P.530 ���� ��� ��� ������� p���"� M�/� Q�R�9 ��� w�9 �CT� �	-^_- �Im�&" �CT�
�U�$"� j$`�"� nG S #�&" ���  

+ (   ��3��"� M.ITU-R P.1546 �CT� �	 ��~� �(/� p���"� M�/� =�Y�R�9 h(T9-^_ � �TC�	 S ��R��� ��N�C�
��$��� (VHF) ��("� ��R���+� ��$�I(UHF) j����$
�"� ���C!I�" ��E�`u@� �J��r�"� ^_ ,��E� 
H/� U���*V��  

s (   ��3��"� M.ITU-R P.1812 �CT� �	 ��~� �(/� p���"� M�/� Q�R�9 ��� w�9�^_� �TC�	 S ��R��� ��N�C�
 ��$���(VHF) ��("� ��R���+� ��$�I(UHF) B��I�u �T�$� ^_ ,��E� 
H/� U���*V��  

____________________ 

*
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6��	� vw4 d*5 �
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1  � B���?@� �+�X�" h��"� '(�� ��� 7*�T�"� ��*��(" Dr��� S U���"� d�$R@� ��I!�*���  �X�!8"� ���5"� �"1 S
.�"��� L��	 ����v DE�$C"+ B�Y����+ ����?@� ��� ��"�I�uV�  

  

 

$%&��  

�
�� ������ �����'� ����  

(�)*� �+,	- ./�  

1  �����  

 D��C�"� �����H	_ �	 �!*�+ ���I� �Y�("+ .��-�c� ����I�" ����U�$"� ��R��� ��/��� �T�$� �T���"� 456 g`9
S  ���?@� ���* ������ �	 
H� F�G QR�� ����9 ,6+ .�	x�" ������ ����"�+ �<����+ UU$�"� �V�� z�!9 �"5�+ .����+

QR�� ��*��	 .�"��� L��	 ����v DE�$C" F�G  

 
��5�"� g`�+J  .�X��i�� ��/��V� ���"� 
�� O"� �E���"� 7-+ g�"�9 ��X�� (�(r�"��+ B01�I�"� ���� 

1.1  (�)�*�
 ��+�
,-  

����H	_ '(	 U$� :b��"� �r�"� ��� D��C�"�  

		
��� :MHz 30 ^_ GHz 50.  

���
�� �	 {+�$�9 �<��	 �I- �NU $��c� 01�I�"� �6 01�I�"� �56 M. (T�!�� :3 km  ^_1 000 km  $`N. ��<��	 (��+
��  (�"1 ��+ ��
?c�+ }�����) ����� ���9�I�Y�� ����"� M�H�B �	 � �H9  ����"�� ���� ��� ��1 ���E���� ����X9��

+ .;�!	 �% ���V . >(u (R��� .$X`"� s+�
�� M. qK ���� ��� M�� =�I�� B�>�!	 �U�I  ��*�*. ����� p���"� M.
 �� 
T9 ��*�P"20 dB ������ qK�6  B
��A 
H/�+ .�N���	 �% ���I�V .�U(v '�`N �<��	 (R�9  

����� ������ ��
��� .�C*���� ���"� �	 ���!	 ����	 ���� �JG ��(!��� �% ��*�P" ��*�*c� ������� 01�I�"� �56 ����� :
 �	 {+�$�9 �	x�" ����	 ���� f. h�(i�*� �H� 01�I��" 
G(�+%0  ^_%100 �I- ,K�(9 l��*�� �"1 $`r��+ .

 �	 01�I�"� S h(i���� LN�"� �+�X�� ��� 01�I�"�%0,00001  ^_%99,99999+ .V  ,�G�("� (��T�"� �5� (R��
f.  �	 ���	s ���� �I- ��r�	 ���9%0,001  ^_%99,999.  

2.1   .�/���
 ��01�2 3�����)*�
  

 z�!��+ .:<�$C�� :� x��I��" B"
��T����"+ "
�*$��" ��`�G�� +. B"���T�*V� ,E��6"+ "��*�@� ,E��6" M�r�C`�� h(i����
	 �"1.g3�"� #�$%c =�IEJ  

I��< .=�$����	 01�I�"� �56 z�!�� �"1 )	+=J*$	" :<�$C�� �	 >f. �� "V  ����!��� �	+ .��H?c� �	 
H? f�� �
���"� S $�p 
 Q���..��-�c� W���8��" ����� $Ym�� ���(� S M�H� "
�*$��" M  
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3.1  /
	
*�
  

 d�$R_ 01�I�"� d�xR. �!� ,�(��9H�"� ��d�$R@ �g3+ U$�+ .����$H9 �����upX� ��. �>��9 O"� ���!�� ��$ M. (�� .�$T��	+ �
 �"1V   �1_ '$G. ����$H9 01�2 h(i���9 (T< .����	 ��d�$R_ ��. ��+$8"�� �!��	  .(�!� (u ^_ ����A �E��� h(T9 ��. �>��9  

4.1  ���4��
 5�67�  

�$TX"� S U$� 2 .�Y�"_ ���?P" L�I!�*� O"� s�	$"�+ �JG(I�" g3+  

+�$TX"� S U$� 3 � ��"+c� �����e� ����I!�" g3+�  0�(�9+ .����U�$"� ��G���� ��I�!�� g��� ��� ��`e� �"1 S
S �+(�� 1.3 	$" fx��H�@� f( c� q�9$�"� q�� �JG(�� �	 �R$i���� 7�T"�+ ��G���� ��I�!�� .=���$T9 �6s�

�+(�� S �U���"� s�	$"� 
� z�!�9+ BQ�I��� 01�I�"� S (u�+ M�H	 �	 $��. S ��I�!�� ��9 �	 ��H"� h(i����+ 1.3 
A456 
G�U �U>$X�	+ �x� .�T���"�  

7�T"� #$!�+ 4 ����E$"� ���$X"� 01�I�"� "_ �T�$C"� LI¡�¢N O"� �!��c�� ���$X"� d�xRc� g`9+ .�Y� �����e� ����I!"� ��"��"
 )>*�	 
H/� ��3+c� ��9 �/�9+ .��/��V� ���"� �	 ���I� ��� �YIm!	 D�C�� O"� B��9 ���$X"� 01�I��"

^_ . .�����e� ��(u+ g��� �>$!9 O"� �J��5�"��	  '(�� )*��"� ��/��V� 01�2 S ���$X"� 01�I�"�(WRPM) 
�T�+ �!�"� �Y8!� �� ��T��I< �	 {+�$�� '(	 ��� �E���"� l��� �Y�	 
� h%0 ^_ %100.  

 7�T"� g`�+5 � .�!��c� ����E$"� ���$X"� 01�I�"� �	 ��T���� �E���"� >78� ��E�Y�"� ��p���"� ��� ��`e� ��X���I  5G�9
� M��T�$� L	>(¢N (N+ .���$X"� 01�I�"� :� ,E�`u@� n��$�"� F��G M���e� S 78"� �T�$� �IEJ	 z�!�9 �£�(u_ BM����(

 �T�$C"� 456 �I8�9+ .�	x�" ������ �����" ���!	 �I�T� �T�!��� ���H"� ��*�*c� ��*�@� ����� $?���� l��e� hx�� :u
. .�C��$�	 �% ��d�`u@ ����$T9 ���!	�	 '(�� )*��"� ��/��V� 01�2 h�(i�*� (�� ��*��	 (!�< �����"� �T�$C"� (WRPM) 

S 01�I�"� >7- D�$� �� z�. �N(� �C��$��� �% ��d�`u@� �R52 �H� B�"�e� 456 S+ .�"��� L��	 DE�$� ����v 
L��	 �T�$� 
G�U ���$X"� .�"���  

5.1  .%��
 8��"9  

 .Q*�*. ��� �YI��T9 ,[��� f5"� q�9$�"� q�u h(T9 ���!�"� M. f. B0�(�	 l��*�� �T�$C"� g3+ f$K �VU�!�� )���9+
 B"��u" �I�H� =����u.=�I��   �"1 M��V  �I�� �I8�9 O"� ����C"� 7E��T"� q�¤ '$R (N+ .����N $C*. �!8� '(!��  ."��u"  

.�	  O"�+ �J��5�"� S �U���"� s�	$"�V  �+(�� S $Ym91.3  l$T"�� �YX�$!9 7��+ .��I!�*V� �U��@ ����N �6������ q
�<
.d�8�NV� (�� =��!R$	 �6U��*_ +. B���I!�*� )-�	 �	  

.+�	 ��I����%��"�  ¥�*c�� )-��<10 q�[�"��B . f.M log10(x) = log(x) �I��u ��!��C"� ��I����%��"� ^_ ��/�+ .
�YX3�� h(i��9 loge(x) = ln(x).  

2 ����	
 

�$TX"� S QX3+ U�+ f5"� B��-�c� W���8��" ����� $Ym�� �	 01�I�"� �JG(�	 g"��9 1.2 '$G. �JG(	 �	+ B
�$TX"� S �YX3+ '$R 2.2.  

1.2  ��:/;
 <�/�=*�� >+�?
 	�6�
  

 yC* ;�< #�c� yC* ����X9�� ,C!� f5"� ��-�c� W���8��" ����� $Ym�� $<��� M. qK ��-�. L��� d��* B$r�"�
� .f��U�$"� �Im!"� �$E�("� ��	 U�(�	� ��� ¦�T� (�� B��E�	 h.�I  ;�< +. $r�"� ;�< (�� ��<��	 �� ��	��!	 hx�9
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S �U(]� D���I�" =�T<+ B���r�"� �Y�< $�H9 O"� �8Xi��� ���u��"� D����� +. ,-��c� ;�<+ B���� ��E�	 ���� 
��5�"�  D B
X"��$T 1.D.  

B7�T"� �	 U(!"� WX� �Y�	 g�X3 
H" M�H� ��X�X3 �	 B.(��� ��u �	 B��-�c� W���8��" ����� $Ym�� g"���+ n B
�r�"� ��� �"1+ :b��"�  

  di 7N� �CT�"� ^_ 
*$�� �	 �<���� :i-th ����� $Ym�� �	 (km)  1.2) .( 
  hi:  7N� �CT�"� §�X9��i-th $r�"� yC* ;�< ����� $Ym�� �	 (m)  1.2)l( 

:��u  

  i:  1 B2 B3 ... n ����� $Ym�� ¦�T� �	 �CT� $?p	 =  

  n:  .����� $Ym�� ¦�T� U(�  

X3 (�(� 
Y�"� �	+g� � s�	� 78� S�-_:����� $Ym�� �	 dx
� D����  

  zi �<���� (�� �TC��� x	� :di 
*$�� �	  1.2)0(  

 7�T"� M_ ��uz �+(�� S D����� 
�� s�	� ,6 1.D.  

 y�`� �"5�+ .�!�"� �Y8!� �	 ��+���	 ��<��	 ��� ����� $Ym�� ¦�T� M�H9 M. qK+d1 = km 0B dn =km d  B
 ��ud M©< B
����+ .��I�" ,�H"� ��C"� 
�� km (n − 1)/(i − 1) d = di.  

 g�X`"� M�� �1_ 7Y�� �	 W�"+di  �<���� l��u M�� �1_ +. B��<���� Q�< $�H9 =�X�X3di �R�e� (�� 7�� .nT<  

+V  U�R+ �	 (��	 V ªd���+ .
��T����+ 
�*$�� :� ����� $Ym�� ¦�T� �	 �C�*+ �(u�+ �CT� �� 
T�  M. qK �"1 ���
,X9  n  ¦$/"��n ≥ 3 =��*��	 ¦�T�"� �	 
��T"� U(!"� �56 
�	 z�!��+ .b��u �� ���� 
T� O"� ��`T"� ����I�" nT<  1  km.  

+V �< h�� Q�R�9 '�* «(T9 �H��I  �(���	 ��� ^_ �!E�/"� �*��I�� �/9+ .����� $Ym�� S ��*���� �(������ D�!��
�	 {+�$�� 50 ^_  m 250� �������" =�T<+ BW���8�"� �!���+ ���3c .��-�c�  

 7�� �"1 )	+��"� ��+���	 =���T� Q�	�H� ���� :I89 l�R+ ��� (�(/�"���� ;�< $� :u ¬u B�!�"� �Y8!� �� (! .d
456 S �U���"� �����!"�+  nT< f$X3 §�X9�� ��1 ¦�T� U�R+ ���T�� �% �	 B����� 
��* ��!< .�"1 #$�X9 �T�$C"�

S CT�� ��� s+�
�� :u $r�"� ;�< )CT	 ����+ ���(� M. qK+ .¦�T�"� :� (����"� �<��	 )V  D<c� ¦�T� )N�	 (�(� 7��
_V  $YmI�" ��X9 d�* �� $X�� M. �H� �T�$C"� 45­ ¦�T�"� �5u M�� =�I�� B#�c� d���� 
	�� M���e� S 5Gc� (!�  .�����  

2.2  @	A9 �$A�, 

�+(�� 0�(�� 1.2.2 � B��<�$[�� ��	��!�� ^_ �<�-_ B
I!���� �6$<�� M. qK O"� '$Gc� �JG(���   ����� $Ym�� �"1 S
 ���$X"� �$TX"� S Qu$? U���"� ��-�c� W���8��"1.2 �T���"� ��� ��6 �U���"� ��(u�"�+ s�	$"� D�C�9+ .4J�. .�Y�I��� 
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��® �+(1.2.2  

�
��� ������  

�����  �����  

f (GHz) ����	� 

Tpol @ |P� g�%��Z�8% �8 ZN/8 Z(2 }�(N��� ~@ 

φre, rn (degrees)  #�UN�A�*	 k��	� �2/��(	� �2 

φte, tn (degrees) #����*	 k��	� �2/��(	� �2 

htg, rg (m) k%i� R�/ ��UN����/���%�� ZI��_ ZI�&�.:	� gO�<� '��"%� 

Tpc (%) V	� �(���� �G� E� ����<� �UAG	�� �� !UG�<� �
���i� ���%�� M%�A2 ���� �_B2 q��  

Gt, Gr (dBi)  R�/ '��"%�� ����� �G5� 1�2�� ZI��_� �� |A�*	 V�A	� v���� � ��UN����/���%�� ZI��4 �AO
 �2 |A0 �N*��<� �	�`� � �2�� ZI��.*	 Z*�� T/i���U	� (LoS) K�����	� T/r	 p	m �B2 �8 1

�UAG	�& ZI��.*	.����	� ����<� k%i� �(� ��G	 

.=V�¯+ =�N$? ��R�	 �T�$C"� 456 S #$!"�+ ��C"� ¦�CG z�!9+ 

3.2  B�
C�
� 

 �+(�� h(T�1.3.2 �N.�T�$C"� S �	(i���� L����"� 7  

��® �+(1.3.2  

������� 

�����  ������ �����  

c (m/s) 

810 × 2,998  %�P���� �5�� 

Re (km) 6 371 k%i� �(� ��� �����  

εrland
 

22,0 k%r	 �
UAG	� �
X��A	�  

εrsea
 

80,0 �[U*	 �
UAG	� �
X��A	�  

σland (S/m) 0,003 k%r	 �
UAG	� �
	����� 

σsea (S/m) 5,0 �[U*	 �
UAG	� �
	����� 

3  ���
�
 ������
  

 h��Nc� g`9�+(�� S ��I�!�� 456 U$9+ .�JG(�� �	 �R$i���� �	��� ��I�!�� l��u ��"��"� ���$X"� 1.3.  
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��® �+(1.3 

��!�!�� ��"�#�� 

�����  ����� �����  

ae (km)  M�N�	�5.3 ����	� ����<� k%i� �(� ��� 

ap (km)  M�N�	�5.3 K���<� ����	� k%i� �(� ��� ����<� �UAG*	%p  f
S ���u 1s��	� E�� � ]U�� 7�
.�G� 

cp (km–1)  M�N�	�5.3  M|a6 �UAG	 �UAG	�& E:	� 17�U?�� M���	� � 9�:� .����	� k%i� >�G��p �8 7���6 9�:� ��   7�U	�� 

d (km)  M�N�	�2.3 |A<� ��� 

dlt,lr (km) �N�	�M 7.3  �UAG	�&� .T/i� ~@ ���(<� E� 
�/�A<� �(NG	� ~@ 
�/�A<� ��= ��y/ ��U	� �2 � 
�|A<
;Q:	� �:A	� �X M%�A2 
�m 

dtcv,rcv (km)  M�N�	�9.3  K|���&���	� %�$��B	 ���P<� qY`� ~@ ���(<� E� 
�/�A<� 

hcv (masl)(1)  M�N�	�9.3 K|���&���	� %�$��B	 ���P<� qY`� '��"%�  

hhi, lo (masl)(1)  M�N�	�3.3 ��i�/d*5i� ZI��_� '��"%� 

hm (m)  M�N�	�8.3 QA<� ���P2 ��*�� 

hte, re (m)  M�N�	�8.3  qF�G� ](� R�/ #UN�A<�/#���*	 ����	� '��"%��  

htep, rep (m)  M�N�	�8.3 ���L� �.F<� )� ���G�� qF�G� ](� R�/ #UN�A<�/#���*	 ����	� '��"%�� 

hts, rs (masl)(1)  M�N�	�3.3 '��"%��[U	� ](� ����� R�/ #UN�A<�/#��<� 

ilt, lr  M�N�	�7.3 #UN�A<�/#��<� T/i ���L� �.F<� 
���D�  

Lbfs (dB)  M�N�	�11.3 ����	�� |A<� ��(	 �UAG	�& �`� >�+�	� � �
���i� ���%�� M%�A2  

Lbm1 (dB)   M�N�	�1.4  Z5��	� lm��G	�& �(U"�<� �
���i� ���%�� M%�A21��(4 �UA&� ���	� �L� � �U2 1l����� 1   %�(�i�
Lbm2 (dB)  M�N�	�2.4  Z5��	� lm��G	�& �(U"�<� �
���i� ���%�� M%�A22��	!� |{ %�P��� 1  

Lbm3 (dB)  M�N�	�3.4   Z5��	� lm��G	�& �(U"�<� �
���i� ���%�� M%�A23�	� %�$����& %�P��� 1� �UA& �U2� K|���&�
��(4%�(�i� 

Lbm4 (dB)  M�N�	�4.4  Z5��	� lm��G	�& �(U"�<� �
���i� ���%�� M%�A24�NU(*	 R���<� E�!�	� �(���& %�$��� 1 E 

Ld (dB)  M�N�	�1.4 %pl������ M%�A2|{�
G�g	� �UAG*	 M����<�  

Nd1km50 (N-units) M�N�	�1.4.3K�L� �Ba	� E� ����*
O ��8 � %�A:��� l%�" �����1  7����5 K��A��ΔN  O�� ���� �4 �
� ITU-R P.452�AO��� M%��y& E:	� 

Nd1kmp (N-units)
 

 M�N�	�1.4.3 �UAG	 ;���� K�L� �Ba	� E� ����*
O ��8 � %�A:��� l%�" �����%p �GA	� E� ��<� .�(�
��O 7�U	�� M���	� � 9�:�7�U?�� �8 7���6 9�:� ��  

Nd65m1 (N-units)
  

 M�N�	�2.4.3 �_�� �/�A� � %�A:��� l%�"m 65  v���� q�� Kw	� 1K�L� �Ba*	 ��i� �/�A<� 9�:"
�UAG	%1�(���<� �GA	� E� 

p (%)  M�N�	�1.3  V	� �(���<� �GA	� E� ����<� �UAG	��  98 d*5 1�� !UG�<� �
���i� ���%�� M%�A2 ���� �.
/ q��
;�<� � ��[G"0.00001% ≤ p ≤ 99.99999% 

q (%)  M�N�	�1.3   M�(�� 1�� !UG�<� �
���i� ���%�� M%�A2 ���� �.
/ q�� V	� �(���<� �GA	� E� ����<� �UAG	�
�a
�	�&100 – p 

 εp (mrad) M�N�	� 3.3 #
< �U?�<� ��
N	�|A<� 



�������  ITU-R  P.2001  

  

7

��® �+(1.3 )����(  

�����  ����� �����  

λ (m) M�N�	� 6.3 �?�<� ��� 

φcve, cvn (degrees)  M�N�	�9.3  K|���&���	� %�$��B	 ���P<� qY[*	 k��	� �2/��(	� �2 

φtcve, tcvn 

(degrees) 

 M�N�	�9.3   K|���&���	� %�$��B	 ���P<� qY`� ~@ #��<� E� |A<� ��(� ���G< k��	� �2/��(	� �2 

φrcve, rcvn (degrees)  M�N�	�9.3 ��(� ���G< k��	� �2/��(	� �2K|���&���	� %�$��B	 ���P<� qY`� ~@ #UN�A<� E� |A<� 

φme, mn (degrees)  M�N�	�2.3 |A<� ���G< k��	� �2/��(	� �2 

θe (rad)  M�N�	�5.3 �*&�N<� ����g	��dkm����:	� k%i� gO�� �G5 

 θt, r (mrad)  M�N�	�7.3 �-� ~@ �UAG	�& T/i� '��"%� �����O Z*�� ZN/i��� #UN�A<�� #��<� E� ;��"  

 θtpos, rpos (mrad)  M�N�	�7.3 ) �U?�� dNU" f
S M%��u Z*�� ZN/i� �-� ~@ �UAG	�& T/i� '��"%� ������  (���	� E5 #N" 

γo (dB/km)  M�N�	�10.3 �YAOi� �UA& �[U	� ](A& ��u �4�"  

Agsur 

Awrsur,wsur 

(dB/km) 

 M�N�	�10.3 4�"� 1K��{ �4�"Z[(� |A< 1�(<� ��?� h�5� ��?�& >�<� %�� 
�G
  

ω  M�N�	�2.3 �[U	� R�/ |A<� >g? 

     (1)
:masl ����	 !"# $�% &��'�. 

1.3  �
 ���D�
 E17�
 ��7,F G�2�H
 

 O"� �C*���� ���"� �	 ������ �����" yI���V  s+�¤ ��JG 7��B�­ ������ ������ Tpc  �+(�� S1.2.2�	 {+�$�9 M�� B %0 
 ^_%100. .�	 �	 {+�$��� '(�� �I- �T�9 ��� �U+(rI< ������ ����"� �I�N %0,00001 ^_ %99,99999.  

 O"� ������ ����"�V Y�< 7��:��*�*c� ��*�@� ����G s+�¤ �  

(1.1.3) ⎟
⎠
⎞

⎜
⎝
⎛+=

−
50

50
00001.0

pcT

pcTp                 %  

:��*�*c� ��*�@� ����G s+�¤ �Y�< 7�� O"� ������ ����"�  

(2.1.3) pq −= 100                 %  

2.3   	I)�
 ��J K1�
 LFM2 3���"��
 N��7�
2 3K1�
 &�O  

 B��-�c� W���8��" ����� $Ym�� S ��Gc� �<���� �C*��� $�	���H"�� ���� ��� �C!�
n

dB  QX3+ U���"� �r�"� ���
S  �$TX"�1.2 x	$� �<���� d�C�_ 
Y�"� �	+ .V  
IZ=���X* =�$?p	:  

(1.2.3) 
n

dd =                 km  

 B���� g`��	 (�� #$!"� nG+ ��C"� nG q�u�φme +φmnJC�� �"1+ B(�� #$!"� ,CG+ ��C"� ,CG �	 =�N  
*$��
� B
�T����+�I   �+(�� S U��+ �61.2.2
��5�"� S �U���"� 'zH"� �$E�("� ��	 �T�$� h�(i�*�� B  H )-++  d 0,5 = dpnt 

S   �"U�!��(H.3.1) ��I�!	 �(� hx�9+ .� �5� ��G��	{+$/�� �r�"� ��� B)N��  .4��U.  
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 B$r�"� ;�< ���� dxR U(uω �V�`9J" b+("� U��J" ��IN$"� ��!"� �C�$G �	 dx�� �56 ��� ��`e� �H�+  (IDWM) .
 g�X`"� x�	$9 °± (N M�� �1_+z �$TX"� S QX3+ U���"� B1.2B  �+(�� S �U���"� D���I�" =�T<+1.D  
��5�"� �	D� ��u BM�H 

 7�T"z :� D�$C"� g`��	 S :�TC��� :� U+(e� )T9 M�� 5E(�� #$�X��< B�X��� s�	� ��+�
��� ����� $Ym�� ¦�T�  .����T��  

3.3  K1�
 #�,2 PQ
�R
 ��S���/
  

c� :��X9�V� �	 =�NJC�� $r�"� '���	 ;�< 
�T����+ 
�*$�� ,��X9�� l��u 7�� ����� $Ym�� S W���8��" �Gc�+ �+
;�< ����X9�V� �JG(	+ yC*  �+(�� S �U���"� #�c�1.3:  

(. 1.3.3) tgts hhh += 1
                masl  

(l1.3.3) 
rgnrs
hhh +=                 masl  

+ �Uc� :��X9�V� �>��:$r�"� '���	 ;�< ,E��Y�" ���c�  

(. 2.3.3) ( )rstshi hhh ,max=                 masl  

(l2.3.3) ( )
rstslo
hhh ,min=                  masl  

 M�� �1_ :���I�	 ,E��Y�" ���c�+ �Uc� M���X9�V� M�H� (N+hts  = hrs.  

 :�C*��� ���� 
�� ��R��� �I�T"� q�u�  

(3.3.3) 
d

hh
lohi

p

−=ε                  mrad  

4.3  ��A�7�
 ��0�T�
  

 �1_ ���!�� �TC��� ��� D�C�9 O"� ��"��"� ��G���� ��I�!I�" ���T�� 7�T"� h�(i�*� �H��	  :u+ .�$<�9V   ��*��T"� $<��9
 ��X�	 �	 ���� g`��� #$!"� nG+ ��C"� n� �T�!��� ��I�!�� ��� ��`e� �H� B��*���� U���"� �r�"� ��� ������"�

�< ����� (���9 ��<��	 (�� 7�T"� �	 ��X�X3 
H/� ��X��� LI°m�� (N+ .��"��"� ���$X"� h��Nc� S Qu$?�I  n� D�!��
 ��+�x"� (�� �+c� g`"� .(��< .#$!"� nG+ ��C"�°90 �¯V  =�d(� ��C"� nG 7�T" ��	�H"� ���I~� ��� f��Z+

�	  ��+�x"� °0 ?¬u+ =�N$ °360 . .b�I/"� qCT"� S �Y!�a �(R+ �"+ ¬u B=�N$?�	  �CT� S (R��< �"1 ,�9 O"� ¦�C�� 
 ��<�� �R�U �² �H" B¦�T�"� :� �X��� �(���	 ��<��	 ��X��� '("+ .³���� qCT"� ^_ 
`� ¬u l���� �� $��. (!�9

� ��IH�*V� h�(i�*V �V�e� )�a S �N("� �	 .����C�� �CT�"� ^_ l$Nc� �!��c� ������"� U�I���� ��C�� ,E���"� ,�G�("
 D�!�9 ��X�	 ��9 ������"� ��X�	 
H"+�)N�	 U(�+ �­ M$�T9 #$!"� nG+ ��C"� n �	 �CT� 
� .¦�T�"�  

1.4.3   �$�% &����� '	�� ���
�� ( ��)�
*+,�1 km 

 M��I�!�� ,C!9Nd1km50 +Nd1kmp  ��(u�"�� �����H�V� S �[�"�N f5"� BV   ���� �JG 4s+�¤ 7��%50 +%p  ���"� �	
1+ Bb���"� ��� �C*����4�(N ��� ¬u+ yC�"� �	 =�d(� �" km 1  ��X�" M��I�!�� M�9�6 h(i���9+ .#�c� yC* ;�<

 ��!X"� #�c� $CN g`� h�YX	 �JG �	 0�$!�V� �����u S �!?c� d���� ����� �£������ �H�+ .��!X"� �YE���� +.
 ���� ´"��"� f��� �J[�" �Uc� �<���� S =����H	 n*��	 f���H�� 0�(91 km.  

 �I�!�� f+��9+Nd1km50  �I�T"� =��U(�ΔN :��3��"� S �U(]� BITU-R P.452 +ITU-R P.1812  .����!	 ���?©� �H"+
 M�H9+ΔN  �I�!�� M�H9 �"5�+ B)-���� ¬? S ��R�	Nd1km50  .)-���� )�a S ��"�*  

 �I�!�� �	.Nd1kmp  �I�T�+ )N���� =��6� �"1+ B��R�	 +. ��"�* M�H9 (T<p�	 
N. M�H9 (N+ . N 157− ��(u�"��) N B(
N �6(�� y�`9 O"� �I�T"� ,6+ ��!X"� #�c� $CN �I�V .��Y��	  
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[�"� �?�I��+Bh�YX�� ��u �	 �­�/	 �I�!	 )	 ���?@� {JC3� S (I�!�� �� Nd65m1� 
R. �	 h(i���9 ��G �+ :�
S �U(!��� ����I�" ���?@����3 �R �$TX"� S Qu$? U���"� �r�"� ��� �Y��� ��`e� 7��+ B 2.4.3  .4��U.  

 ��X��� $<�9+“DN_Median.txt” +“DN_SubSlope.txt” +“DN_SupSlope.txt”  :�I�!�� �	 
� 7�NNd1km50 +Nd1kmp.  

 ��� ��`e� 7��Nd1km50 �r�"� ��� :b��"�  

(1.1.4.3) dNkmd SN −=501                  N-units  

 ��uSdN  g��� �	 ��IH���� �I�T"� ,6“DN_Median.txt” (�� ���� g`��� φme, �φmn.  

��� ��`e� 7��+ Nd1kmp :b��"� �r�"� ���  

(l2.1.4.3)
 

( )pSNN Nkmdkmpd 02.0logsup5011 Δ+=    N-units     p < 50  

(02.1.4.3)
 

( )qSNN Nsubkmdkmpd 02.0log5011 Δ−=    N-units     p ≥ 50  

:��u  

  SΔNsup  g��� �	 �d+$T�� �I�T"�“DN_SupSlope.txt”  .���� g`���   

  SΔNsub   g��� �	 �1�G��� �I�T"�“DN_SubSlope.txt” .���� g`���   

2.4.3  �$�% &����� '	�� ���
�� ( ��)�
*+,�m 65  

 �I�!�� 
��Nd65m1  ���� ´"��"� f��� �J["� �	 �Uc� �<���� S �����H�V� 0�(9m 65 O"� BV   ���� �JG �6s+�¤ 7��%1 
�	   �I�!I�" �T��C	 ,6+ .�C*���� ���"�dN1  ��3��"� SITU-R P.530.  

 �	 �I�!�� ��� ��`e� �H�+Nd65m1 g��� “dndz_01.txt”  �6�(N ¦�T�"� :� �(���	 g��� �56 '("+ .���� g`���1,5  .�R�U  

3.4.3   )�-��� .�-/ ��"�#�  

 ,�$X"� 01�I��" 
	�H"� ��I�" ����"�� �(I
��� ��C	c�+ ��C	c� �� �9��"� ���� l��u qK1 �$TX"� S U���"�  1.4  B4��U.
 �$TX"� S f�X*��+$�"� �����J" ,�$X"� 01�I�"� S µ$�/�� 7
e� ^_ ��$C�� �	 ���� ,!CT�+3.4 �
���+ .4��U.  B�"5" 

hx�9  �� S U���"� �r�"� ��� ������"� ��X�	 �	 �"1+ �X��� ��<�$[R )N��	 ��J�" ��C	&" ��G���� ��I�!�$TX"�  2.C 
��5�"� �	  C.  

 �$TX"� S ����C�� ��<�$[�� )N���� U$9+1.4  �$TX"�+3.4 . .4��U.�	 ,�$X"� 7�T"� S �U���"� �����e� 2.C  
H" ��"+. ,Y<
 )CT	 +. ��	 �		,�$X"� 7�T"� �Y�< h(i��� �$	 
� S ����]� 7�T"� h(i���9+ .�� 2.C  t��9 f��$H9 d�$R_ S

� BQ�X� ���� )CT� +. Q�X� ��I�"�I ,�$X"� 7�T"� S Q�"_ ���?@� L� 2.C.  

5.3   &�UT��
 V/;
 	�! .�+ �"�7W 

:��>!X"� n*���� #�c� $CN g`� ´���  

(1.5.3) 
501

157

157

kmd
N

R
a

e

e +
=                  km  

:��!X"� #�c� d���� ´���+  

(2.5.3) 
e

kmpd

p
R

N
c

157

157
1

+
=                  −1  km  

 M. )	+cp .�"5� ��"�* +. =�$X3 M�H9 (T< Bq"�["� S ��R�	 M�H9  
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 ����" '>(!��� ��!X"� #�c� $CN g`� M�H�p%  Q��H� =�U+(v LN�"� �	V :=��Y��	  

(  . 3.5.3)  
p

p

c

a

1=    km          if cp > 10−6  

(l3.5.3)  
6

10=
p

a    km          otherwise  

.�	  ����T	 ��+�x� Q�� $>�!�� ���� ���� d km :f+���< ��!X"� #�c� $CN g`� x�$	 (��  

(4.5.3) 
e
a

d
e

=θ                  rad  

6.3  �M��
 &�O  

r��:b��"� �r�"� ��� �R��� ��� q�  

(1.6.3) 
f

c910
−

=λ                  m  

7.3  �X
	��
 (J9 ��0�T,2 K1�
 .�7� 

 �Y�X� �����e� �>$T9+ .�C*���� �����H�V� ¦+$? qR�� �	sV Q9�<��	+ ��$C�� §�X9�� ���+s M�H9�	 ���� M�� �1_ 
 nG S$`�"� (LoS) $`�"� nG 0��G h. (NLoS).  

T�" §�X9�� ��+�s ���. q�u�C� �� B����� $YmI�" �C�*+:
�*$�� (�� ,T<c� n�� ^_ ��  

(1.7.3) ⎟
⎠

⎞
⎜
⎝

⎛ −−=
e

i

i

tsi

tim
a

d

d

hh 500
maxθ                  mrad  

 �C!9 ��uhi +di :�"U�!��� (2.1a) +(2.1b) ����� $Ym�� $?p	 {+�$�� ��u+ Bi  �	2  ^_n − 1.   

� 
��T���� §�X9�� ��+�s q�u��I  B
�*$�� �	 '$�9:$`�"� nG S ��	 U�R+ #�$�<��  

(2.7.3) 
e

tsrs

tr
a

d

d

hh 500−−=θ                  mrad  

��� M��"�u �²Y�< $m�"� ,[�I :M¶�  

 �����1��	�� 
� � 
��� :  

M�� �1_ θtim < θtr B .$`�"� nG S ���� M�H� ����� $YmI�" �C�*�"� �CT��" ����"�� ��$m�"� ��$C�� ��<��	 5Gp9+
Bz�c� 0�$!�V� �I�!	 ��1 ν B.$G¶� ��$CI�" ��+�s �YX3�� D<c� §�X9�� ���+s �	 ��+�s 
� 5Gp9+  

��� $YmI�" �C�*�"� �CT�"� q�u�:z�c� 0�$!�V� �I�!	 ��1 ��  

(3.7.3) 
( ) ( )

( )
⎭
⎬
⎫

⎩
⎨
⎧

−⎥
⎦

⎤
⎢
⎣

⎡ +−−−+=
ii

irsits

e

ii

imax
ddd

d

d

dhddh

a

ddd
h λν 002.0500

max   

 ����� $Ym�� $?p	 {+�$�� ��ui  �	2  ^_n − 1.  
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 ¦�T�" ����� $Ym�� ��$?p	+ B
��T����+ 
�*$I�" D<c� ��<��	 �C!9 M¶�+ �C*��� B����T�� D<c��	 :,��  

(  . 4.7.3) 
m
ilt dd =                  km  

(l4.7.3) 
m
ilr ddd −=                  km  

(04.7.3) mlt ii =   

(  U 4.7.3) mlr ii =   

��uim  �6 ,C!� f5"� ����� $Ym�� $?p	  νmax �"U�!�� S(3.7.3).  

� D<c� ¦�C� ����"�� 
�T����+ 
�*$I�" ��$m�"� §�X9�V� ���+s �C!�9+ �C*��� ����T�� ���]�	 :,��  

(  . 5.7.3) 
trt

θθ =                  mrad  

(l5.7.3) 

e
a

d
trr

1000−−= θθ                  mrad  

 �����2: ��	�� 
� ���� 
���  

M�� �1_ θtim ≥ θtr B�� ��<��	 q�r�9+ .$`�"� nG 0��G ���� M�H�s+ ��T<c� ��$C .b��"� �r�"� ��� §�X9�V� ���+  

�T�" ����� $Ym�� ��$?p	+ 
�*$I�" D<c� ��<��	 �C!�9 �C*��� ����T�� D<c� ¦�	 :,��  

(  . 6.7.3) 
m
ilt dd =                 km  

(l6.7.3) mlt ii =   

��uim  ,C!� f5"� ����� $Ym�� $?p	 θtim �"U�!�� S (1.7.3).  

 §�X9�� ��+�s �C!�9+:�C*��� ,�]� ,T<c� ni�" ����"�� 
�*$I�" D<c�  

(7.7.3) timt
θ=θ                 mrad  

 :
��T���� (�� D<c� nG ^_ ����"�� ����� $Ym�� �	 �C�*+ �CT�" §�X9�� ��+�s ���. q�u�  

(8.7.3) 
( )

⎥
⎦

⎤
⎢
⎣

⎡ −
−

−
−

=
e

i

i

rsi

rim
a

dd

dd

hh 500
maxθ                 mrad  

 ����� $Ym�� $?p	 �I�N {+�$�9 ��ui  �	 2 ^_n − 1.  

 :�C*��� D<c� �CT�" ����� $Ym�� $?p	+ 
��T��I�" D<c� �<��	 �C!�9+  

(.9.7.3) 
m
ilr ddd −=              km  

(l9.7.3) mlr ii =   

 ��uim ,C!� f5"� ����� $Ym�� $?p	 ,6θtim   �"U�!�� S(8.7.3).  

:�C*��� ,�]� ,T<c� ni�" ����"�� 
��T��I�" D<c� §�X9�� ��+�s �C!9+  

(10.7.3) rimr
θ=θ                 mrad  
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������� �	
���� 
����� ����  

�X9�� ���+s q�u�.��R�	 ���H� �U+(]� D<c� §  

(  . 11.7.3) ( )0,max ttpos θ=θ                 mrad  

(l11.7.3) ( )0,max
rrpos

θ=θ                   mrad  

8.3  ���� ���	
 ���
�� ���
��� ���������  

$Ym�� )	 q*���	 7m��	 yC�" ����"�� ��-�c� W���8�"� ;�< 
�T����+ 
*$I�" �"�!X"� ����X9�V� q�r�9  �����
��� �r�"� ·¶�.  

 q�u�:����� $Ym�� ¦�T� )�I� n*���� §�X9�V�  

(1.8.3) nhh

n

i

ia
/

1
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
= ∑

=
                 masl  

�T�$C� U�(9�V� nG 
�̧¹	 �C!��+ :�"U�!�� �C*��� 
Nc� ��!�$��  

(2.8.3) 

( )( )[ ]

( )[ ]∑

∑

=

=

−

−−
=

n

i

i

n

i

iai

dd

ddhh

m

1

2

1

5.0

5.0

                 m/km  

 :��I�" ���T�*V�+ ��*�@� S$� (�� 7m���� yC�"� ����X9�V ��Np�� ��"+c� 7�T"� q�u�  

(. 3.8.3) mdhh astip 5.0−=                  masl  

(l3.8.3) mdhh asrip 5.0+=                  masl  

 M�� �1©<1<−
stipts
hh �I�N l��u (��. Bhstip  :=�	(i��	  

(  . 4.8.3) 1−=
tsstip
hh                  masl  

 M�� �1_+1<−
sriprs
hh �I�N l��u (��. Bhsrip  :=�	(i��	  

(l4.8.3) 1−=
rssrip
hh                  masl  

:�"U�!�� '(u_ h�(i�*� ± (N M�H� :u+ 4.8.3) .( +4.8.3)l(  +.�I�N l��u (��. B�IY���� m:  

(5.8.3) 
( )

d

hh
m

stsr
−=                  m/km  

� 7m��	 yC* ;�< ���T�*V�+ ��*�@� ,�E��� MV�!X"� M���X9�V� �C!�� M¶�+�I  :,��  

(  . 6.8.3) stiptste
hhh −=                  m  

(l6.8.3) sriprsre
hhh −=                  m  
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 :�"U�!��� �C*��� ���� ���/G �I�!	 q�u�  

(7.8.3) ( )[ ]
istipi mdhhh

m
+−= max                  m  

 ��u 5G�� ����� $Ym�� $?p	i  7�T"� )�a �	ilt  ^_ilr .�� ��	�?  B���� ���/G �I�!	hm
 

 
��5�"� S ��I!���� BD.  

 '$G. �����u d�$R_ hx�� M¶�+��� f�C�9  7m��	 yC* 
��5�"� S ��3��� DE�!"� q�� q��`9 
R. �	A.  

 
��T���� ^_ 
�*$�� �	 7�T��	 ��	 ;�< DE�!�" §�X9�� ���. q�u�hobs D<c� §�X9�� O�+�s+ Bαobt  +αobr ���� =�I�� B
� =�T<+ B�rC��� #�c� �*(�6 ^_ �Y!�a (���9� :,�� 

(  . 8.8.3) ( )
iobs

Hh max=                  m  

(l8.8.3) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

i

i

obt

d

H
maxα                  mrad  

(08.8.3) ( )⎥⎦
⎤

⎢
⎣

⎡

−
=

i

i

obr

dd

H
maxα                  mrad  

:��u  

( د  8.8.3)  
( )[ ]

d

dhddhh
H

irsitsi

i

+−−=                  m  

 ����� $Ym�� $?p	 �I�N M�� =�I��i  �	 {+�$�92  ^_(1 – n).  

 :��I�" ���T�*V�+ ��*�@� S$� (�� 7m���� yC�"� ����X9�V ��Np�� 7�T"� q�u�  

 M�� �1_hobs N.:�5E(�� BQ�+��� +. $X`"� �	 
  

(  . 9.8.3) 
stipst
hh =                  masl  

(l9.8.3) 
sripsr
hh =                  masl  

_+V :M©<  

(09.8.3) tobsstipst ghhh −=                  masl  

(  U 9.8.3) robssripsr ghhh −=                  masl  

:��u  

(  6 9.8.3) ( )
obrobt

obt

t
g

αα
α

+
=   

(  + 9.8.3) ( )
obrobt

obr

r
g

αα
α

+
=   

 ���T�*V�+ ��*�@� S$� (�� 7m���� yC�"� ����X9�V ��E�Y�"� 7�T"� q�u�:��I�" 

 M�� �1_hst  �	 z�.h1 :�5E(�� B  

(  . 10.8.3) 
1hh

st
=                  masl  
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_+ M�� �1hsr
 

 �	 z�.hn
  

:�5E(��  
  

 (l10.8.3) 
nsr
hh =                  masl  

 

 :9$TX"� S ��3���) M��[��"�� 01�2 �	 �Im���� �[�`"�+ ��+$H"� #�&" ,E��Y�" ���!X"� ����X9�V� q�u�2.A 
+5.Ab��"�� (b���"� ��� B:  

(  . 11.8.3) 
sttstep
hhh −=                  masl  

(l11.8.3) 
srrsrep
hhh −=                  masl  

9.3   �������	
��
���� ������� ���  

�<�I ��+$�"� �����V� 01�I�� D�!�� 
��5�"� S Qu$? U���"� f�X*E 7
e� ^_ 
�*$�� �	 ,T<c� ���� ����. q�u� B
+ Bµ$�/��:
��T���� ^_ µ$�/�� 7
e� �	  

(  . 1.9.3) 
)5.0001.0(tan)5.0001.0(tan

)(001.0)5.0001.0(tan

erposetpos

rstserpos

tcv

hhd
d

θθθθ
θθ

+++
−−+

=                 km  

 

 �<���� U>(udtcv  M�H� ���0 ≤ dtcv ≤ d:  

(l1.9.3) 
tcvrcv

ddd −=                  km  

$Ym9 ��u d +θe
 

 +θtpos +θrpos  �+(�� S �Y!�a1.3.  

f�X*��+$�"� �����J" µ$�/�� 7
r�" #$!"� nG+ ��C"� nG q�u� Bφcve +φcvn #$!"� ¦�CG+ ��C"� ¦�CG �	 =�NJC�� B
 
��T����+ 
�*$I�"�+(�� S U���"� �r�"� ��� 1.2.2 'zH"� �$E�("� ��	 �T�$� h�(i�*�� B
��5��"  H )-++  dpnt = dtcv  

S  �"U�!��  (1.3.H).  

$�/�� 7
e� §�X9�� q�u�:�C*��� f�X*��+$�"� �����J" µ  

(2.9.3) ( )
e

tcv

tpostcvtscv
a

d
dhh

2

1000
001.0tan1000

2

++= θ                  masl  

 #$!"� ¦�CG+ ��C"� ¦�CG q�u�7
e� ^_ 
�T���� �	+ µ$�/�� 7
e� ^_ 
*$�� �	 ���� )CT" g`���� ¦�T�" 

µ$�/�� φtcve Bφtcvn +φrcve Bφrcvn .
��5�"� S 'zH"� �$E�("� ��	 �T�$� U�I���� 7�T"� ��9 ��� ��`e� �H�+ H )-�� 

dpnt = 0.5 dtcv +dpnt = d − 0.5 drcv  �"U�!�� S(1.3.H) ��� .b���"�   

10.3  ������� ������ ��! �"�#�� $�%����  

 B:
��c� q��� $r�"� yC�� F��� :6��"� q�u�γo �(u�� BdB/km�"U�!�� =�	(i��	 B (1.6.F) S  �$TX"�6.F 
�	 
��5�"� F.  

 S �U���"� �T�$C"� h(i�*��$TX"� 2.F  
��5�"� �	F  B:
��c� q��� ,rC* ��	 S ��s�["� ����6��"� l��e
 ���IH�" =�I�N �"1 ,C!� .$C�� U�R+ h(�+ $C�� U�R�� d��� ��� ����6�9+Aosur +Awsur +Awrsur ��I  �C*��� �­��u °±

�	 �VU�!�� 2.2.F) .( ^_ 2.2.F)l(.  
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 :�C*��� $C�� U�R+ h(� �"�u S ���H"� ��s�["� ����6��"� �C!9  

(1.10.3) 
wsurosurgsur

AAA +=                  dB  

 7�T"� h(i���9+Agsur +Awrsur +Awrsur �$TX"� S 4.  

11.3  �&� '�(	�� ) *�
�+� ��
�
,� -���.�  

 �(u�� $e� d�8X"� S ��*�P" ��*�*c� ������ U$9dB  ���� ��� S �"�(�D �r�"� ��� $�	���H"�� :b��"�  

(1.11.3) ( ) ( ) ( )DfDLbfsD log20log2044.92 ++=                  dB  

 ���� ��C" $e� d�8X"� S ��*�P" ��*�*c� ������ q�u�d  =�	(i��	�	 :,��  

(2.11.3) ( )dLL bfsDbfs =                  dB  

12.3  /0��� 123 ��! 4��5��� -���6  

 �(u�� :H�"� >(u ��� 0�$!�V� ����G �C!9dB  ��(!�J"� �I�!�� S �"�(�ν :�C*���  

(  . 1.12.3) ( ) ( )
⎥⎦
⎤

⎢⎣
⎡ −ν++−ν+=ν 1.011.0log209.6

2
J    dB if 78.0−>ν   

:'$Gc� �V�e� S+  

(l1.12.3) ( ) 0=νJ    dB   

h(i���9+  �"�("�J(ν) :���5�"� S A +G.  

4  �������� ��	�
�� ��
���� ������ ��	 �����  

��"� �	 �X��� ����I� �����V� S 5G�9 ����E� ���$< 01�2 �!��. �	 �T�$C"� 456 M�H�9
��5�"� S U$9+ .��/��V� � J 

 �­ )I
�9 O"� �T�$C"�
H/"� S ������ �[�`�+ B=�!	 ���$X"� 01�I�"� 1.2.J ��C��$�"� y-��9 ��T�$C� 01�I�"� )a 7��+ .
01�I�"� g��� :� �IE�T"� ��E�`u@� .���$X"�  

�r�"� ��� ���$X"� 01�I�"� 7�N$9 7�� B(�T!�"� �["��"� s�	$�" ���X�"� ��$?pI�" =��<J9+  :b��"�  

 ,�$X"� 01�I�"�1 : q��� ��G+ Q>R��� �% S�`"� d���� �����9+ 0�$!�� �	 g"���+ B#�c� yC* �	 ��$T	 ��� ��/���
��C6   .��C	c�  

 ,�$X"� 01�I�"�2V� �	 g"���+ B,T�C"� f��� �J["� �
��� ��"�	 �% ��/��� :¥�H!��+ Q>R��� ��/�� .��T�C"�  

 ,�$X"� 01�I�"�3 l�$C-V� D�$� �� ��/��� : ����"�� ��C	c� ��C6 q��� >��G+ f�X*��+$9 ������ �	 g"���+ Bf���
�����V� ��� .f�X*��+$�"�  

 ,�$X"� 01�I�"�4�T�C�" ;$X��� ����"�� ��/��� : E.  

 �$TX"� S U���"� �r�"� ��� ���$X"� 01�I�"� 456 �� �("���� �E���"� )I
�9+5 .4��U.  
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1.4   7!�	�� 48�9:��1 :;�,� <�
 =� >�?��� �@�5�� ��A����  

 ��(!��� �% 0�$!�V� ����G q�u������"%p   B�	x"� �	Ld� B�I  
��5�"� S U��+ �6A �C!�9 ��u BLd  �C*���
�"U�!�� (1.1.A).  

 S �U���"� �T�$C"� h(i�*��$TX"� 2.B 
��5�"� �	  B ����	 ����" S�`"� d���� S ���� h�(!�V f$m�"� s+�
�"� l��e
 ���	sQ0ca S �U���"� S�`"� d����� �T�!��� �T�$C"� ���_ S h(i���� B�$TX"� 4.B.  

 �I�!�� �/9+A1 ("�� ���� ^_� 
���(dB)  
	�!�9+ .:!I�� �(I
��� ��C	c�/��C	c� ��C6+ S�`"� d���� �� 7R��"�
 �I�!�� M�H9 =���G �YX3�� S�`"� d���� S �����r�"�A1 �­ �3��� .��"�*  

 S �(I
��� ��C	c�/��C	&" ��"+c� �����e� d�$R©� 7N�$TX"� 2.C �JG(�� U�I���� ��"��"�:  

(  . 1.1.4) 
mee

φ=φ                  degrees  

(l1.1.4) 
mnn

φ=φ                  degrees  

(01.1.4) 
lorainlo hh =                  masl  

(  U 1.1.4) 
hirainhi hh =                  masl  

(  6 1.1.4) dd
rain

=                  km  

 �I�!�� q�u�A1 :�C*���  

(2.1.4) ( )qAA
iter

=1
                 dB  

 
�� ��uAiter(q)  ����$H�"� �"�("�
��5�"� S �YX3+ U���"� I .  

 
��5�"� S+IB  �"�("� h(i��¹9Aiter(q)  �"�UQiter(A)  �Y�< 5i�9A  �"�("� �>$!�9+ .����$¤ =�I�NQiter(A) S ��i�" ����"��  d����
�`"�:�C*��� :!I�� ��C	c� ��C6/S  

(3.1.4) ⎟
⎠

⎞
⎜
⎝

⎛ −+⎟
⎠

⎞
⎜
⎝

⎛=
100

1)(
100

)()( 00 ra
caf

ra
rainiter

Q
AQ

Q
AQAQ   

g�$!9 U$� ��uQcaf(A)   S�$TX"� B.4 �"�("� �>$!�9+ B)(AQ
rain

 ,�$X"� 7�T"� S 3.C. .�	  Q0ra � ,Y<�I   �­��u ±
S  S �T���"� ��"+c� �����e��$TX"�  2.C.  

 ,�$X"� 01�I��" ��*�P" ��*�*c� ������ q�u�1 ���	s ����" ��(!��� �% %p : 

(4.1.4) ( )
gsurwvrbfsbm AAAFALLL wsurwrsurd +−+++=

11
                 dB  

 �+(�� S $Ym9 ��u1.3  B$e� d�8X"� S ��*�P" ��*�*c� ������Lbfs Bd��� ��� :6��" hsJ"� S�-@� dx��+ BFwvr B
 $C�� U�R+ h(� �"�u S ,�H"� fs�["� :6��"�+AgsurB  h(�+ $C�� U�R+ �"�u S d��� ��� �� �a��"� ��s�["� ����6��"�+

 4U�R+Awsur  +Awrsur.  

2.4   7!�	�� 48�9:��2B��C�� �D ��A���� :  


��5�"� S �	(T�� �T�$C"� h(i�*� D  ���	s ����" ��(!��� �% ��*�P" ��*�*c� ������ l��e%p  �% ��/��V� �
���
B��"��� Lbm2:  

(1.2.4) gsur
ALL

babm
+=

2                  dB  

�9 ��u �C!Lba  �"U�!���(1.8.D) B=�I��  B,rC* ��� ���H"� ��s�["� ����6��"� M��Agsur	 �+(�� S U$9 1.3. 
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3.4  48�9:��  7!�	��3��	
��
���� �������� ��A���� :   

 
��5�"� S �U���"� �T�$C"� h(i�*�E �"� �����J" ��*�*c� ��*�@� ����G l��e$ f�X*��+Lbs ��I 9�C! �Y
�"U�!�� (17.E).  

:6��"� q�u� A2  ���	s ����" '(!���%q .f�X*��+$�"� �����V� ��	 ;�<  

 S �(I
��� ��C	c�/��C	&" ��"+c� �����e� d�$R©� 7N�$TX"� 2.C  
��5�"� �	C  7
e� ^_ 
*$�� �	 ���� )CT�
X*��+$�"� �����J" µ$�/��:��"��"� �JG(�� U�I���� f�  

(  . 1.3.4) 
tcvee

φ=φ                  degrees  

(l1.3.4) 
tcvnn

φ=φ                  degrees  

(01.3.4) tsrainlo hh =                  masl  

(  U 1.3.4) cvrainhi hh =                  masl  

(  6 1.3.4) tcvrain dd =                  km  

 �I�T� »X�u�Fwvr  S ����]� �$TX"� 2.C  �Y>¼+Fwvrtx:  

 :=�	(i��	 µ$�/�� 7
e� ^_ 
*$�� �	 ���� )CT� ��C	c� ��C6 �� 7R��"� ���� q�u�  

(2.3.4) ( )qAA
itert

=2                  dB  

 S �(I
��� ��C	c�/��C	&" ��"+c� �����e� d�$R©� 7N �$TX"� 2.C 
��5�"� �	 C �	 ���� )CT�  7
e� ^_ 
�T����
 U�I���� µ$�/���JG(�� :��"��"�  

(  . 3.3.4) 
rcvee

φ=φ                  degrees  

(l3.3.4) 
rcvnn

φ=φ                  degrees  

(03.3.4) 
rsrainlo hh =                  masl  

(  U 3.3.4) 
cvrainhi hh =                  masl  

(  6 3.3.4) 
rcvrain dd =                  km  

 �I�T� »X�u�Fwvr  S ����]��$TX"� 2.C  �Y>¼+Fwvrrx:  

�� �	 ���� )CT� ��C	c� ��C6 �� 7R��"� ���� q�u�
�T�� :=�	(i��	 µ$�/�� 7
e� ^_  

(4.3.4) ( )qAA
iterr

=2                  dB  

z�!�9 B���� ,!CT� ����"��+ �"�("� Aiter(q)  
��5�"� S �U���"� ����$H�"� �"�("�I.  

 
��5�"� S+I B�"�("� h(i��¹9Aiter(q)  �"�("�Qiter(A)  5i�9 ��u A . .����$¤ =�I�N�	 �"�("� Qiter(A)  )��T� �6(�(� 7��<
� f�X*��+$�"� �����V� ��	�  :,��  

(5.3.4) ⎟
⎠

⎞
⎜
⎝

⎛ −+⎟
⎠

⎞
⎜
⎝

⎛=
100

1)(
100

)()( 00 ra
caftropo

ra
rainiter

Q
AQ

Q
AQAQ   

 g�$!9 U$� ��uQcaftropo(A)  S �$TX"� 5.B 
��5�"� �	 B�"�("� �>$!�9 �I��� BQrain(A)  �T"� S,�$X"� 7 3.C�	. . Q0ra 
� ,Y<�I  S �T���"� ��"+c� �����e� S �­��u ±�$TX"� 2.C.  
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 �C!9 M¶�+A2  :�C*���  

(6.3.4) 
d

dAdA
A

rcvrtcvt

018.01

)018.01()018.01( 22
2 +

+++=                  dB  

 S �	(T�� �T�$C"� h(i�*��$TX"� 3.F  
��5�"� �	F  d��� ��� ����6�9+ B:
��c� q��� ��s�["� ����6��"� l��e
7�N �"1 ,C!� .f�X*��+$�"� �����V� ��� ����"�� B4U�R+ h(!�+ $C�� U�R�� Aos +Aws +Awrs ��I  �­��u ± �C*���

�	 �VU�!�� 3.3.F) .( ^_ 3.3.F)0(.   

.�	 u S ���H"� ��s�["� ����6��"�:�C*��� U$�< $C�� U�R+ h(� �"�  

(7.3.4) 
wsosgs

AAA +=                  dB  

 ,�$X"� 01�I��" ��*�*c� ��*�@� ����G q�u�3 ����" ��(!��� �% %p :�	x"� �	  

(8.3.4) ( )( ) gswswrswvrrxwvrtx AAAFFALL
bsbm

+−+++= 5.0
23                  dB  

��u Fwvrtx +Fwvrrx £�  � 
�T����+ 
*$�� ��	 ,!CT� M����X]� M��I�T"��I  :�"U�!�� (!� �IYX3+ U�+1.3.4) 6 ( +3.3.4)6 (.  

4.4   7!�	�� 48�9:��4 �?F��� G�	��� =HC���� ��A���� :E  

 �T�C�" ;$X��� ����"�� ��/��V� M�H� (NE  .�8Xi��� ��UU$�"�+ ����C"� ����I�" =���r�	  

(i�*� 
��5�"� S �U���"� �T�$C"� hG  ���	s ����" ��(!��� �% ��*�*c� ��*�@� ����G l��e%p �
���  ����"�� ��/��V�
 �T�C�" ;$X���EB Lbm4:  

(1.4.4) bebm
LL =

4                  dB  

 �C!9 ��uLbe  �"U�!���(1.4.G) M. »uV .Lbe ����I�" ����"�� +./+ ��"�!"� ��UU$�"� (�� =�(R ���� M�H9 (N  .��`T"�  

5   ������� 	
��
�� ����� ��  

 ���$X"� 01�I�"� >78�9� =�!	�I  
��5�"� S Qu$? U�+J  .�Y��� �IE�T"� ��E�`u@� ��C��$�"� y�-�9 
R. �	  

 M���$X"� M�R1�I�"�<1 +2  ���	x"� ����"� (�� ��T"� ��u�� �	 �IY��� )I�� 7��+ B��� (u ^_ M�C��$�	Tpc ��I  Qu$? U$�
�$TX"� S 1.5.  

.�	  M���$X"� M�R1�I�"�3 +4  :��$X"� :R1�I�"� )a+1 +2  �
��� ��� ��`e� 
R. �	+ .��� 
H/� �C��$�	 L���<
���	x"� ����"� (�� =��E�`u_ �r�r3 Tpc  ���H"� ��!�s��"� l��u ^_ =�	�I� �R�e� ��(9 B�C��$��� �% ���$X"� 01�I��"

 �	 ���$X"� 01�I��"%0  ^_%100 
��* ��� �"��� L��	 �T�$� U�I���� =�!	 �Y!a+ .�����  

S U$�+ �I�T" ����"�� ����C	 ��*�*c� ��*�@� ����G M�H9 �	(�!< .���$X"� 01�I�"� )I� :�T�$� g3+ 7�T"� �56 
 7�N �	 
��N U(!" +. �(u�+Tpc +. h��T�" �����e� �X�H"� $�z9 �5!��+=V  h�(i�*� 5E(�� :!�� B��	�H"� ��!�s��"� l���

 �$TX"� S �U���"� �T�$C"�2.5A B� !�� Bn��� l��*�� �C��$��� �% ��d�`uP" ����$T9 �I�N ,C�I 
��5�"� S U��+ �6 J.  

 ,�$X"� 7�T"� xR��+3.5  h(i���� :u qE�3 
H/� �C��$��� �% ��d�`u@� �R5I�" hsJ"� d�$R@� ��/��V� 01�2
 '(�� )*��"�(WRPM) L��	 DE�$� U�I���� ����r�I�" h�m� �I- .�"���  

�C!�9+  ���	x"� �$�X�" ��>(!��� �% ��*�*c� ��*�@� ����GTpc �C*��� Lb .  

�I�!�� ��GU_ ��"��"� ���$X"� h��Nc� S 7��+ Lm 
��5�"� ���� S L�� ��I�v ��U(� �"��	 ���!� J .  
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1.5   /�!�	�� /I8�9:�� �J1 
2   

 :��$X"� :R1�I�"� ���"� n��$�91 +2  ��*�*c� ��*�@� ����G d�C�@ =�!	 )I¤+Lbm12 =V+. U(u .Lm  $[3c� �I�T"��
 :��*�*c� ��*�@� ·����Lbm1 +Lbm2 :���$X"� :9$TX"� S :����]� B1.4 +2.4 ��+ .4J�.�C!9 �5E( Lbm12  �[�`"��:  

(1.1.5) [ ])(1.0)(1.0

12
21 1010log10 mbmmbm

m

LLLL

bm
LL

−−−− +−=                 dB  

2.5   ��!�	�� 48�9:�� �J1  +2 
3 
4  

:��$X"� :R1�I�"� ���"� M_ 3 +4 :��$X"� :R1�I�"� ���I� )	+ �Y8!� )	 �C��$�	 �% 1 +2 �����G )I¤+ .
 ,C!�" =�!	 ��9 ½J�"� ��*�*c� ��*�@�Lb  =V+. U(u .�!>I~� ��d�`u@� q�$T9 ��� 
I!9 �T�$C�Lm  $[3c� �I�T"��

� ������½J�"� ��*�*c� ��*�@ Lbm12 +Lbm3 +Lbm4 ��$TX"� S ����]� B1.5 +3.4 +4.4 �C!9 5E(��+ .4J�. Lb 
�[�`"��  :��"��"�  

(1.2.5) [ ])(2.0)(2.0)(2.0
4312 101010log5 mbmmbmmbm

m

LLLLLL

b
LL

−−−−−− ++−=                 dB  

3.5  ����K L��� �?H�M @�9�!�� -�K��9�� N�O� =9P ��!�	�� 48�9:�� �J  

 :��$X"� :R1�I�"� :� �C��$��� �% ��d�`u@� �R52 7��* 
H/� �H�3 +4  :��$X"� :R1�I�"� ���I�+1 +2  ���_ �I-
L��	 �T�$� 5�X�9 ��X�� ��� (I�!9 
�3�X�"� Mc =�$m� nT< xR�	 
H/� ��6 �T�$C"� U$9+ .�"��� L��	 �T�$�   .�"���  

 ��*�*c� ��*�@� �����G 7�N ��� ��`e� B�"��� L��	 �T�$C" ��$H9 ���I� 
� (�� Bf�+$8"� �	+Lbm12 +Lbm3 
+Lbm4  ���	x"� �����" �Y8!� �� ��T��	 7�N (��Tpc 7�T"� M©< $G� ¾!�+ .Lbm12(Tpc1) +Lbm3(Tpc2) +Lbm4(Tpc3)  M. qK

 M�H9 :u q�r�9Tpc1 +Tpc2 +Tpc3 '(�� S =��E��/� �("��	+ =��E�`u_ ��T��	 =�I�N %100−0 ������� )I
�9 °¿ �	+ .
 B���H"� ��*�*c� ��*�@� ����G ��� ��`r�" '�T"� )I Lb =V+. U(u .Lm  ��*�*c� ��*�@� ������ $[3c� �I�T"��

 B½J�"�Lbm12 +Lbm3 +Lbm4 �C!9 �5E(��+ .Lb :��"��"� �[�`"��  

(1.3.5) [ ])(1.0)(1.0)(1.0
4312 101010log10 mbmmbmmbm

m

LLLLLL

b
LL

−−−−−− ++−=         dB  

 )*��"� ��/��J" 
	�H"� 01�I�"� 5�X�9 S ���$X"� 01�I�"� �E��� ��� ��`r�" n��c� �$?���� �T�$C"� 
�I�9+
'(�� (WRPM) A B�"��� L��	 �T�$� S ��$H9 ���I� 
H" ��$	 ½J��  ,�$X"� 01�I��" �X��� �
���� ��X�uV�� yI��

S  
��$TX"� S ���$X"� 01�I�"� �����u M. �muJ	 D�$� �� �����e� �d�XH"� :�� �H�+ .��$�� �	 �$	 4  ��T��	
 ��"+c� �����e� :�� �"1 ^_ �<�-_ �H�+ .nT< l��C�� ,�$X"� 01�I�"� l��u �H� ��� �!�"� �Y8!� ��

�$TX"� S �U���"� 3  1_ :
�	c� �6(u ^_V  
� q�C�� 
� ���$X"� 01�I�"� �	 01�2  ��H"� z�!��+ �����e� ��9
�	 �� =JT��	 �����e� Tpc.  
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 �������A  

	�
��
� �����  

1.A  ��2?�  

0�$!�V� ����G q�r�9 Ld (dB) >(!��� �%���	s ����" �� %p ��I  :,��  

(1.1.A) { }0,max dbsdsphdbad LLLL −+=                 dB  

:��u  

Ldsph:  ����G � B��+$� #�. ��� 0�$!�V��I  S �­��u ±�$TX"� 2.Ah(i��� f5"� B  4�+(��$TX"� 3.A  

Ldba:  � B,�!X"� ��I�" ����� $YmI�" M��[�"�� 0�$!�� ����G�I S �­��u ± �$TX"� 4.A 

Ldbs:  � B7m��	 ��� ����� $YmI�" M��[�"�� 0�$!�� ����G�I S �­��u ± �$TX"� 5.A.  

2.A  �H
�K ;�Q ��! 4��5��� -���6  

 B��+$� #�. ��� 0�$!�V� ����G q�r�9Ldsph B�%  ���	s ����" ��(!���%p	 :b��"� �r�"� ���  

�� �<���� q�u�$`�"� nG S 7m��	 ��� ��/	�:  

(1.2.A) ( )reptep hhad plos 001.0001.02 +=                 km  

 L��� �1_d ≥ dlos S �U���"� �T�$C"� =�	(i��	 0�$!�V� ����G q�u� B�$TX"� 3.A  )	 4��U.a = ap d�C�@ Ldft U(u+ B
Ldsph  f+��9 ���Ldft+ .V .��+$� #�. ��� 0�$!�J" ��<�-_ �����u d�$R@ h+x"  

 :b��"� �r�"� ��� )��9 '$Gc� �V�e� S+  

 B���E���� :� §�!/"�+ ���r��� #�c� ��	 :� F��i�" §�X9�� $[3. q�u�h :�C*��� �C!�+ B 

(2.2.A) 
d

d
a

d
hd

a

d
h

h
p

rep

p

tep 1

2

2

2

2

1
500500

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−+

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

=                 m  

:��u  

(  . 2.2.A) )1(
2

1
b

d
d +=                 km  

(l2.2.A) 12 ddd −=                  km  

(02.2.A) 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+
++=

3)1(

3

2

3
arccos

3

1

3
cos

3

1
2

m

mc

m

m
b

π
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��u �9s �C! �"�("� ��+�arccos .M��U�$"��  

(  U 2.2.A) 

reptep

reptep

hh

hh
c

+
−

=   

(  6 2.2.A) 
)(

250 2

reptepp hha

d
m

+
=   

 B$X3 �6�(N 0�$!�� ����� l��C�� F���� q�u�hreq :�C*��� �C!�+ B  

(3.2.A) 
d

dd
h
req

λ
21

456.17=     m  

 M�� �1©<h > hreq B��+$� #�. ��� 0�$!�V� ����G M�H9 BLdsph+ .$X`�" ��+��	 BV  ��<�-_ �����u d�$R@ h+x"
.��+$� #�. ��� 0�$!�J"  

 :b��"� �r�"� ��� )��9 '$Gc� �V�e� S+  

 B�>(!�� ��!X"� #�c� $CN g`� q�u�aem �<���� (�� ,/	�6 $`� nG ,C!� f5"� Bd :�[�`"�� ��C!��  

(4.2.A) 

2

500
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

+
=

reptep

em
hh

d
a                  km  

 S �U���"� �T�$C"� h(i�*��$TX"� 3.A  )	adft = aem @ d�C�Ldft.  

 L��� �1©<Ldft  B��+$� #�. ��� 0�$!�V� ����G M�H9 B��"�*Ldsph+ B$X`�" ��+��	 BV d�$R@ h+x"  ��<�-_ �����u
#�. ��� 0�$!�J" .��+$�  

 :b��"� �r�"� ��� )��9 '$Gc� �V�e� S+  

 :,�G�("� ��IH�*V� �T�$C� ��+$� #�. ��� 0�$!�V� ����G q�u�  

(5.2.A) dft

req

dsph L
h

h
L

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−= 1   

3.A  �H
�K ;�Q ��! 4��5��� -���. *
,� 2&� 

+c� (e� h�(i�*�� ��+$� #�. ��� 0�$!�V� l��e �T�$� ,�$X"� 7�T"� �56 h(T�°T���� ����* S nT< � 
H/9 ,6+ .���
 S �Yu$? U���"� ,�H"� 0�$!�V� �T�$� �	 =�dxR�$TX"� 2.A 0�$!�V� ����� �+c� (e� ,C!9 O"�+ 4J�.  Ldft  �I�N 
R. �	

 ��!X"� #�c� $CN g`� �	 ���!	adft  �I�N (�(� U$�+adft  S �Y	�(i�*� :!����$TX"�  2.A .  

 )-
rlandr ε=ε +

land
σ=σ  �	 
� $Ym� ��u

rland
ε +

land
σ  �+(�� S1.3.2 q�u� .Ldft  =�	(i��	

 �VU�!���	 (2.3.A) ^_ (8.3.A) 7*V� �
���"� n��+ Ldftland.  

 )-
rsear

ε=ε +
sea

σσ =  �	 
� $Ym� ��u
rsea

ε +
sea

σ  �+(�� S1.3.2.  

 q�u�Ldft �	 �VU�!�� =�	(i��	 (2.3.A) ^_ (8.3.A)  7*V� �
���"� n��+Ldftsea.  
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� ��+$� #�. ��� 0�$!�V� ����� �+c� (e� �C!�� M¶�+� :,��  

(1.3.A) dftlanddftseadft LLL )1( ω−+ω=   

 ��uω  �+(�� S $Ym9+ B$r�"� ;�< ���� �	 ����"� ,61.3.  

���� ���	�
� �
 ��	 ������	 �������	 ��	��  

:,*.�+ ,T<. l�CT�*V ��rC�"� ��u�I��" W>�T�� 
	�!"�  

(  . 2.3.A) ( ) [ ] 4/1–

223/1–
)/18()1–(036.0 ffaK

rH dft σ+ε=     (horizontal)  

:+  

(l2.3.A) [ ] 2/1

22 )/18( fKK rHV σ+ε=     (vertical)  

:,-�c� l�CT�*V� �I�!	 q�u�  

(3.3.A) 
42

42

53.15.41

67.06.11

KK

KK

++
++=β   

 ��uK  f+��9KH  +.KV  $m�� Bl�CT�*V� nI�" =�T<+Tpol �+(�� S 1.2.2. 

 :��>�T�� �<����  

(4.3.A) d
a

f
X

dft

3/1

2
β88.21

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
=   

 :
�T����+ 
*$�I�" W>�T�� §�X9�V�  

(  . 5.3.A) te
dft

t h
a

f
Y

3/1
2

β9575.0
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
=   

(l5.3.A) re
dft

r h
a

f
Y

3/1
2

β9575.0
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
=   

>(u q�u� :�C*��� �<����  

(6.3.A) 
⎩
⎨
⎧

<−−
≥−+

=
6.1for    5.6488)log(20

6.1for  6.17)log(1011
425.1

XXX

XXX
F
X   

:�C*��� ��C!�� W>�T�� §�X9�V� �"�U U(u  

(7.3.A) 

⎩
⎨
⎧

+−
>−−−−

=
otherwise )1.0log(20

2for  8)1.1(log5)1.1(6.17
)(

3

5.0

BB

BBB
YG  

:��u  

(. 7.3.A) YB β=   

U(uG(Y)  M�H9 ���KYG log202)( +≥  
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 ����� �+c� (e� �C!� M¶�+� ��+$� #�. ��� 0�$!�V�� :,��  

(8.3.A) ( ) ( )rtXdft YGYGFL −−−=                  dB  

4.A  ������ �	
��	 
���������	 ����� ����	 
����� ��  

 B,�!X"� ��I�" ����� $YmI�" M��[�"�� 0�$!�� ����G l��u 7��Ldba:b��"� �r�"� ��� B  

� S (�� $r�"� yC* '���	 n�$� f5"� ¥�*c� nG ^_ =���� ��$�	���H"�/���	c�� 
��� 7�N q�r�9 B��"��"� �VU�!�
 
�*$��.
��T���� (�� $r�"� yC* '����  

 .�CT�"� ^_ 
�*$�� �	 (�I�� n�� S z�c� 
��� ��1 ����� $YmI�" �C�*�"� �CT�"� U(u  

(1.4.A) 
( )

⎥
⎦

⎤
⎢
⎣

⎡ −−+
=

i

tsiip
tim d

hdddch
S

i
500

max                 m/km 

 ����� $Ym�� $?p	 �I�N {+�$�9 ��ui  �	2  ^_1 − n.  

 :$`�"� nG S ��	 U�R+ =�-$�X	 
�T���� ^_ 
*$�� �	 n�� 
�	 q�u�  

(2.4.A) 
d

hh
S

tsrs

tr

−=                 m/km 

.:�"�u S $m�"� qK M¶�+  

����� 1 ���	
�� ������ 
�� ������ �� 
����� ���� ����� ����� !� " ���� :%p  

 M�� �1_Stim < Str.$`�"� nG S ���� M�H� B  

 ���c� 0�$!�V� �I�!	 ��1 ����� $YmI�" �C�*�"� �CT�"� U(uν :  

(3.4.A) ( ) ( )
( )

⎭
⎬
⎫

⎩
⎨
⎧

−⎥
⎦

⎤
⎢
⎣

⎡ −−+=
+−

ii

irsits
iipimax

ddd

d

d

dhddh
dddch λν 002.0

500max   

 ����� $Ym�� $?p	 �I�N {+�$�9 ��ui  �	2  ^_1 − n.  

� M��[�"�� �CT�" :H�"� (u ����G �C!�9 B�"�e� 456 S+� :,�� 

(4.4.A) ( )
max

νJL
dbka

=                  dB  

 �"�("� U(r�9 ��uJ :I�N �	 �X"p�� �"U�!�� �C*��� (1.12.3).  

 �����2 ������ �� 
����� ���� ����� ����� !� #��� ���� :���	
�� ������ 
�� %p  

 M�� �1_Stim ≥ Str	  ���� M�H�0��G .$`�"� nG  

c� 
��� ��1 ����� $YmI�" �C�*�"� �CT�"� U(u.�CT�"� ^_ 
�T���� �	 (�I�� n�� S z�  

(5.4.A) ⎥
⎦

⎤
⎢
⎣

⎡

−
−−+

=
⎟
⎠
⎞⎜

⎝
⎛

i

rsiipi

rim
dd

hdddch
S

500
max                  m/km  

 ����� $Ym�� $?p	 �I�N {+�$�9 ��ui  �	 ^_1 − n.  
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<���� q�u�M��[�"�� �CT� ^_ 
�*$�� �	 �:  

(6.4.A) 
rimtim

rimtsrs

b
SS

dShh
d +

+−=                  km  

 B0�$!�V� �I�!	 q�u�νb:M��[�"�� �CT�" B  

(7.4.A) 
( )

( )
bb

brsbts
btimtsb

ddd

d

d

dhddh
dSh −λ⎥⎦

⎤
⎢⎣

⎡ +−−+=ν 002.0   

 (u ����G M�H9 B�"�e� 456 S� M��[�"�� �CT�" :H�"��I :,��  

(8.4.A) ( )bdbka JL ν=                  dB  

 �"�("� U(r�9 ��uJ :I�N �	 �X"p�� �"U�!�� �C*��� (1.12.3).  

.�	 ��"��� ��IH�" �Ldbka  :�"U�!�� '(u_ h�(i�*�� �­���u� ± O"�(4.4.A) +.(8.4.A) �V� ����G M©< B0�$! �9 ��I�" �C!
� M¶�� :,�� 

(9.4.A) ( )dL
LL

dbka

dbkadba
02.010

6
exp1 +⎥

⎦

⎤
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛ −
−+=                  dB  

5.A  ��� ���� 	
��
�
� ������ ������ ��� ���
� ���  

 M�H9 O"� ��<���� WX� ��� )T9 �C�*+ ¦�T� f1 ��� ����� $YmI�" M��[�"�� 0�$!�� ����G l��u 7�T"� �56 S U$�
7�� M. ��� B,�!X"� ��I�" ����� $Ym�� S �Y���  ;�< 
��T����+ 
�*$�� ���X9�� 
�I��+ .$X`"� (�� ����X9�V� )�a n�-

����� $Ym�� �56 ��x	$"�� htep +hrep .b���"� ���  

 B�¤��"� 0�$!�V� ����G q�r�9+Ldbs� B�I .,��  

 n�$� f5"� ¥�*c� nG ^_ =���� ��$�	���H"�/���	c�� 
��� 7�N q�r�9 ��"��"� �VU�!�� S 
*$�� (�� $r�"� yC* '���	
 .
��T���� (�� $r�"� yC* '����  

�CT�"� ^_ 
�*$�� �	 (�I�� ni�" z�c� 
��� ��1 ����� $YmI�" �C�*�"� �CT�"� U(u  
`� f5"� 7�T���� n�� ^_ ����
g���C�� (�� $r�"� yC* ������	 :�.  

(1.5.A) 
( )

⎥
⎦

⎤
⎢
⎣

⎡
−= −

i

tep

d

h
S

p

i
tim a

dd500
max                  m/km  

 ����� $Ym�� $?p	 �I�N {+�$�9 ��ui  �	 ^_1 − n.  

� 
�T���� §�X9�� ��+�s q�u��I  :$`�"� nG S ��	 U�R+ =�-$�X	 
*$�� �	 '$�9  

(2.5.A) 
d

hh
S

teprep

tr

−
=                  m/km  

.:�"�u S $m�"� qK M¶�+  

�����1  ���	
�� ������ 
�� ������ �� 
����� ���� �$% &��� ����� !� " ���� :%p  

 M�� �1_Stim < Str.$`�"� nG S ���� M�H� B  
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 ���c� 0�$!�V� �I�!	 ��1 ����� $YmI�" �C�*�"� �CT�"� U(uν :  

(3.5.A) 
( )

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

−⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ +−
−−=

⎟
⎠
⎞⎜

⎝
⎛

⎟
⎠
⎞⎜

⎝
⎛

ii

irepitep

p

ii

ddd

d

d

dhddh

a

ddd

λ
ν 002.0500

max
max

  

 ����� $Ym�� $?p	 �I�N {+�$�9 ��ui  �	 ^_1 − n.  

 ����� $YmI�" M��[�"�� 0�$!�� ����G �C!9���"� � ��-�c� W���8��"�  :,��  

(4.5.A) ( )
max

νJL
dbks

=                  dB  

 �"�("� U(r�9 ��uJ(ν) :I�N �	 �X"p�� �"U�!�� �C*��� (1.12.3).  

 �����2 ���	
�� ������ 
�� ������ �� 
����� ���� �$'� ������( ����� !� #��� ���� :%p  

 M�� �1_Stim ≥ Str.$`�"� nG 0��G ���� M�H� B  


��� ��1 ����� $YmI�" �C�*�"� �CT�"� U(u .�CT�"� ^_ 
�T���� �	 (�I�� ni�" z�c�  

(5.5.A) 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−=

i

rep

p

i
rim

dd

h

a

d
S

500
max                  m/km  

 $?p	 �I�N {+�$�9 ��u$Ym��  �����i  �	 ^_1 − n.  

 q�u���<��.M��[�"�� �CT� ^_ 
�*$�� �	 � 

(6.5.A) 
rimtim

rimteprep
b SS

dShh
d +

+−
=                  km  

 B0�$!�V� �I�!	 q�u�νb :M��[�"�� �CT�" B  

(7.5.A) 
⎟
⎠
⎞⎜

⎝
⎛

⎟
⎠
⎞⎜

⎝
⎛

−⎥
⎦

⎤
⎢
⎣

⎡ +−
−+=

bb

brepbtep

ddd

d

d

dhddh
dSh btimtepb λ

ν 002.0
  

 456 S��� M��[�"�� �CT�" :H�"� (u ����G U$9 B�"�e�� 7m��	 ���R $Ym	 f1 �I :,��  

(8.5.A) ( )
bdbks

JL ν=                  dB  

�"�("� U(r�9 ��u J(ν) :I�N �	 �X"p�� �"U�!�� �C*��� (1.12.3).  

� 0�$!�� ����G �C!�9 M¶�+� 7m���� ��I�" M��[�"�� :,��  

(9.5.A) ( )dL
LL

dbks

dbksdbs
02.010

6
exp1 +⎥

⎦

⎤
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛−
−+=                  dB  
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 �������B  

	
��� �
� 	 ������ ������ �
����  

1.B   �����  

�"� ����I� l��u �T�$� 
��5�"� �56 h(T�:�r >����+  7�T"� h(T�+ .S�`"� ��� S2.B  ��IH�" �����u ���I�Q0ca 

��`"� ��1 À�����B ���� ��� �XN����+B  �"�(�" �	sJ"�+Qcaf(A)  7�T"� S �YX�$!9 U���"�4.B�"�("� q�C�9 (N+ . Qcaf(A) 

�"�("� ,C!9+ .Q9�1 ��I�" ��$	 �(�Qcaf(A)   f5"�+ ��C	c� �	 ��Á f5"� LN��" ������ ����"�Q�< s+�
��  '���	
���� A c� d���. �C*���� ���?@� ���*���u �9+ .��C	c� �	 ��o O"� �"�("� h(i��Qcaf(A)  U(Z+ .��rC�"� ����I�"

 7�T"�5.B  �"�("�Qcaftropo(A)  h(i���9 O"� .f�X*��+$�"� �����V� �����  

2.B  ���	
� ���

� ������ ����� ����  

 wE�`G ������ U(!��� ���� l��u ���I� �	 �+c� 7�T"� U(Z '���	 ,6+ .:!	 ��� ������ U(!��� ¦�/�"�
 .:��!	 UU$9+ ��� �(u�+ �$	 �Y	��_ :!�� ��"+. �����u ���I�  

+"�"� 
	�!f5 �����U�$"� �����H�V� wN��9 �(!	 ���E�`u_ 
� �6 :  

(1.2.B) 
( )

165
0027.06.4

10 mdNK
+−=   


�� ��u Nd65m1  �+(�� S U$9 ,6+ .���� g`��� ������ U(!��� ¦�/�"� '���	 x�� �I�!	1.3  �Y��� ��`e� 7��+
 �$TX"� S U���"� �r�"� ���2.4.3.  

 ���	x"� ������ ����"� q�r�9+"��$m�� " x�� O"� ��Y/"� .�*c f$X`"� ��i�� F��� dx�� )�s��"� �	 D�I!"� ����
��� ·¶� �r�"� ��� �T�$C"� gN��9+ .�	  h. $`�"� nG S ���� M�� �1_0��G � Bn*���� LN��" $`�"� nG�I  (�(� ±

�$TX"� S �"1 7.3.  

 :����� !� " ��� ������(  

 �����"� ���	x"� ������ ����"� q�u�" B=��$m� f$X`"� ��i�Q0ca B		(i��=�  S U���"� d�$R@��$TX"� 3.B � U�I���
�JG(��  :��"��"�  

(  . 2.2.B) dd
ca

=                  km  

(l2.2.B) 
pca

ε=ε                  mrad  

(02.2.B) loca hh =                  m  

 $Ym9 ��ud +εp +hlo  �+(�� S1.3 :9$TX"� S �­��u U$�+ 2.3 +3.3 .  

 ������(���  #��� :����� !�  

 ��	 �"�u S0��G �9 B$`�"� nG q�r�I�N  ���	x"� �(��" F��� f��U�$"� D<c� ^_ ,E��6 
� �	 =��$m� f$X`"� ��i�
�+ BQ� 7�.·¶� �r�"� ��� �"1+ :�
���"� :� �	 z�c� �
���"� ����G�  
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 �����"� ���	x"� ������ ����"� q�u�"f$X`"� ��i� =��$m�  B
*$�� �$� (��Q0cat S U���"� d�$R@� =�	(i��	 B �$TX"� 3.B 
�JG(�� U�I����  :��"��"�  

(  . 3.2.B) ltca dd =                  km  

(l3.2.B) 
tca

θ=ε                  mrad  

(03.2.B) ( )
itsca
hhh ,min=  with ltii =         m  

 $Ym9 ��udlt +θt +hts +ilt  �+(�� S1.3.  

 �����"� ���	x"� ������ ����"� q�u�"��i� 
�T���� �$� (�� =��$m� f$X`"� BQ0car B		(i��=� 7�T"� S U���"� d�$R@� 3.B 
 :��"��"� �JG(�� U�I����  

(  . 4.2.B) lrca dd =                  km  

(l4.2.B) 
rca

θ=ε                  mrad  

(04.2.B) ( )
irsca
hhh ,min=  with lrii =        m  

 U$9 ��udlr +θr +hrs +ilr �+(�� S 1.3 :9$TX"� S �­��u 7��+ 3.3 +7.3.  

�9 M¶�+�C!  �����"� ���	x"� ������ ����"�"��i�  =��$m� f$X`"�� Q�I��� ��I�"z�c� �I�T"� :�C�9$�� :���	x"� :����"� :� 
:
�T����+ 
*$���  

(5.2.B) ),max(
000 carcatca

QQQ =                  %  

3.B   ����	�� ����
� ������� ��	��� ��	� !"#��� ��$%�&��"'(  

 �����"� ���	x"� ����"� l��u 7�T"� �56 S 7��" ��i�� B=��$m� f$X`"Q0ca�����e� ���I!"� d�$R_ ^_ �R�u �²+ . �$TX"� S  2.B 

.���� §�� q�u B:9$	 +. �(u�+ �$	 �	_  q�C��+ �"1 =�I�N�" �JG(I� ��J�"dca +εca + hca �6(�(� 7�� O"�
S 
�  .7�T"� �56 ^_ §�R$"� �Y�< 7�� �$	  

 ���	x"� ������ ����"� q�u� ��i�":��Y/"� .�*c =��$m� f$X`"�  

(1.3.B) ( ) ca

ca

h

caw
fdKq

00089.029.11.3
101

8.0 −−+= ε                  %  

 ��u� l��u >7�K "� S�$TX 2.B �<�I  U$9f  �+(�� S1.3 .  

�u����%��"� ,G���� 
��r�"� 
	�� q�:,I 

(  . 2.3.B) ( )[ ] ( ) ( )
cacamng

dC εφ ++−+−= 1log7.1log7.22cos1.1log6.55.10
7.0

 |φmn| ≤ 45° 

+'$Gc� �V�e� S  

(l2.3.B) ( )[ ] ( ) ( )
cacamng

dC εφ ++−−−= 1log7.1log7.22cos1.1log6.55.10
7.0

  

 
�� ��uφmn �+(�� S U$9+ ���� g`��� #$!"� nG 1.3.  

 M�� �1_+Cg > 10,8 )- BCg = 10,8.  
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 ����"� q�u� ������f$X`"� ��i�" �����"� ���	x"� =��$m�:  

(3.3.B) 
w

C

qQ g

ca

1.0

10
0

−=                  %  

4.B   �)�* +
� ,�� ������� ��	���-./0 �	� 1%2 3���� 4��5� 3 6�� ��� 7�
	� 89�: 

ZU(  �"�("� 7�T"� �56Qcaf(A)  ���	s �(� ������ ����"� ,C!9 O"�M+(�  7�� $C	��JG  :!	 ��G '���	 s+�¤
)�(u�"�� dB(  M�H�.�	 �U ) ���� ����I� �	 
� ��� �T�$C"� 456 D�C�9+ .�C*���� ���?@� ���*A > 0 :u B

M�H9 q < 50%�"� ����I�+ (:�r )A < 0 M�H9 :u Bq > 50%!�9+ (���� ,C %50  ����"�� ���?_ ����"
�C*��	 (A = 0)��+ .� �$TX"� S �U���"� �T�$C"� 5�X�9 d���. ��$	 �(� �����e� ����I!"� d�$R_ hx�� 1.4  ��� S ��i�"

 ��C6 q��� ����+ S�`"��� :!I�� ��C	c�.,rC* ��	 �  

�I�N z�!9+ Q0ca ��I  S L���u�$TX"� 2.B 4J�. �I�N l��e ���+$-  �"�("�Qcaf(A)�<+ .�I  UU$9+ ��� D�!��
B:��!	  �"�("� l��u qKQ0ca °¿ �	+ .nT< �(u�+ �$	  �"�("� h�(i�*� �H�Qcaf(A) "� U(! �	 hsJ"� ��$�� U���"�

S  �$TX"�1.4 .  

 M�H� :u+A ≥ 0 �"�("� �C!�9 BQcaf(A) �� :,��  

(1.4.B) ( ) [ ]{ })2ln(10exp1100
05.0 Aq

caf
aAQ

−−−=                  %  

:��u  

(  . 1.4.B) ( )( ) ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛ ++⋅++= −⋅−−

800
103.410103.012

05.0016.005.0 A
qq

A

t

AA

a
  

(l1.4.B) )log(955.1576.3 0cat
Qq ⋅−=   

 M�H� :u+A < 0 �"�("� �C!�9 BQcaf(A) ��  :,��  

(2.4.B) ( ) [ ])2ln(10exp100
05.0 Aq

caf
eAQ −=                  %  

(  . 2.4.B) ( )( ) ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛ −+⋅++=
800

101210103.018
05.0035.005.0 A

qq
A

s

AA

e
   

(l2.4.B) ( )
cas

Qq
0

log35.205.4 −−=   

5.B   +
� ,�� ������� ��	���5;�<�=
(� �	� 1%2 3���� �>� 3 6�� ��� 7�
	� 89�: � !�#0�?9"@  

ZU( �"�("� 7�T"� �56 Qcaftropo(A)  ���	s �(� ������ ����"� ,C!9 O"�M+(�  7�� $C	�JG :!	 ��G '���	 s+�¤ �
) �(u�"��dB( �	 �U. M�H� �T�$C"� 5�X�9 d���. ��$	 �(� �����e� ����I!"� d�$R_ hx�� ���+ .�C*���� ���?@� ���* 

�U���"�  �$TX"� S3.4 !I�� ��C	c� ��C6 q��� ����+ S�`"� ��� S ��i�".f�X*��+$9 ������ ��	 ��� :  

��V� 01�2 ,X< '(�� )*��"� ��/(WRPM) 9 M. #$�X��M�H �"� ����I�:�r  S�`"� ��� S ����+ �	+(!	������ ��� 
 µ$�/�� 7
e�+ g���C�� :� ��E���")�s�9 M�H� �"5�+ .f�X*��+$�"� �����J :��R�U �"�U ����� ���� '���	  

(  . 1.5.5) 100)( =AQcaftropo
                 % A < 0  

(l1.5.5) 0)( =AQcaftropo
                % otherwise   

+V  �"�("� l��u ^_ �R�uQ0ca .f�X*��+$�"� �����V� �����  
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 �������C  

	
��
� ���� ���� ����  

1.C  �����  

>���� :� )I
�" f��$H9 d�$R_ h(i���� + ��C	c� ��C6 q����� ���� ������ U(!�� ,rC* ����I  S U�+ �$TX"� 1.4 B
>��i�"+ µ$�/�� 7
e� ^_ ��$C�� �	 ���� ,!CT	 ��� ��C	c� q��� ��I  �$TX"� S U�+ 3.4ªd���+ .  h(i���9 B�"1 ���

 �Y��� ��`e� 7�� ��G��	 ��I�!	 �Y�	 
H" B�X��� ����	 ��J�" 
��5�"� �56 S �U���"� �����e� ����I!"� ����"��.��	 
� x�$�  

�$TX"� S �U���"� ��"+c� ���C�� M�H9+ 2.C  
�N �	sVh�(i�*� ������ �	 ��	 
H" f��$H�"� d�$R@�  .��J�"�  

 7�T"� U(Z+3.C  �"�("�Qrain(A)  ��$H�"� �"�U �Y��C�9 O"�Aiter(q)  U���"�X3+
��5�"� S �Y I  =�T<+���"Â" ��I  U>(v �6
S  q*���� ,�$X"� 7�T"�� �	�$TX" 4 .  

2.C  ���9A� ��?�	B�  

 :��"��"� �JG(�� ��"+c� �����e� q�C�9  

�  x	$"�� f$C�� À���� ��I�!	 ��� ��`r�" #$!"� nG+ ��C"� nG ^_ ��6 ��/���� φn +φe.  

�   ��/�� ��6 ���� ����� ����X9�� ^_ 
R. �	� ��C	c� ��C6 l��u��x	$"� hrainlo +hrainhiB ��(u��  masl.  

�  � ��C	c�� �3��� �����e� ����I!"� 
R. �	 ���� ��� ^_ ��/��x	$"� drain B$�	���H"��. 

 7�T"� U$9+�	(i���� ���u ��I�� �JG(�� ��I�!�I �U�Y/�*V� 7� ­ �$TX"� S 7�T"� �51.4 �$TX"�+ 3.4. 

 ��� 
`u�Pr6 +MT +β l��u 
R. �	 φn +φe  ������"� ��X�	 �	“Esarain_Pr6_v5.txt” +“Esarain_Mt_v5.txt” 
+“Esarain_Beta_v5.txt” B��� b���"�.  

 (�� ���$e� �R�U f+��9 nG (�� $CI�" ,C*�"� §�X9�V� ��� 
`u�°0B h0 H"��� $r�"� yC* '���	 ;�< ��$�	��
 
R. �	 �	 
�φn +φe ������"� g�	 ^_ =�U���*� �"1+ B“Esa0height.txt” .  

$CI�" ,C*�"� §�X9�V� q�u�B hR :$r�"� yC* '���	 ;�< ���	c�� B  

(1.2.C) 
0

1000360 hh
R

+=                  masl  

 �C*��	 ��* ���� $C�� §�X9�� S �[�"� �����V� S 5Gc� 7��+"� �JG �	 )�s��)CT��� " �V�I�uJ �I-��G ��
�	 m 100 U���"� �+(�� S 1.2.C .  

 q�u� ���. $CI�" §�X9�� �C*����	 ,�� :  

(2.2.C) 2400+= RRtop hh   

� ��u
� L���"� 2 400  ���G ���c 
��T�� §�X9�V� S �J�GV� S $C�� ����X9�� )�s�9S U���"� �+(�� 1.2.C B
f. 
R. �	 49 = n.  

_ QX3�� ���� g��`9 qK+�	  S g��`�"� �56 h(i����+ ."$C	 M+(�" =���	 h. $C�� ��C� =�!-�G =���	�$TX"� 3.C.  

M�� �1_+ 0 = Pr6 +. hrainlo ≥ hRtop ���� g>�`�� BQ�. ���  B�"�e� 456 S+ ."$C	 M+(�" ��	)8� 0 = Fwvr +0 = Q ra 

+� ��r�C`�� 456 }�!	 U$9+ .,�$X"� 7�T"� �56 S ��T���� �����e� �5;�< "U�!��:� (4.2.C) +(12.2.C).  
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��® �+(1.2.C  

	
�� �
���� �
����� �����  

�����  

n 

��	
� ��
����  

������� H 

�������  

Π 
 

�����  

n 

��	
� ��
����  

������� H 

�������  

Π 

1 2 400−0,00055526100 0,049589 

2 2 300−0,00080227200 0,048439 

3 2 200−0,00113928300 0,046583 

4 2 100−0,00159429400 0,044104 

5 2 000−0,00219630500 0,041110 

6 1 900−0,00297831600 0,037724 

7 1 800−0,00397632700 0,034081 

8 1 700−0,00522733800 0,030312 

9 1 600−0,00676434900 0,026542 

10 1 500−0,008617351 000 0,022881 

11 1 400−0,010808361 100 0,019419 

12 1 300−0,013346371 200 0,016225 

13 1 200−0,016225381 300 0,013346 

14 1 100−0,019419391 400 0,010808 

15 1 000−0,022881401 500 0,008617 

16 900−0,026542411 600 0,006764 

17 800−0,030312421 700 0,005227 

18 700−0,034081431 800 0,003976 

19 600−0,037724441 900 0,002978 

20 500−0,041110452 000 0,002196 

21 400−0,044104462 100 0,001594 

22 300−0,046583472 200 0,001139 

23 200−0,048439482 300 0,000802 

24 100−0,049589492 400 0,000555 

25 0 0,049978

_+V  ���� g��`9 7���� ��"+c� �����e� M�H9+ B"$C�" ��I�I :,��  

� :�C�*+ :�I�!	 q�u��C*�� :  

(  . 3.2.C) Tc
MM β=   

(l3.2.C) ( )
TS

MM β−= 1   
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 :$C�� �Y�< 
CY� �C*��	 ���" ������ ����"� q�u�  

(4.2.C) 

⎭
⎬
⎫

⎩
⎨
⎧

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−=  

0079.0
exp1

6

60

r

s

rra

P

M
PQ   

 ��"��"� ½J�"� ��I�!�� q�u��"(r� .��C	c� �(!� ,I��$�"� )�s��"� (  

(  . 5.2.C) 09.1=a   

(l5.2.C) 
ra

sc

Q

MM
b

0
21797

+=   

(05.2.C) bc 02.26=   

 ������ ����"� q�u�����$T�"� ���	x"� "c� �(!� ,I��$�"� )�s���" ���r���+ �I�T���� )��T�� :� ��T��J ��� 7*$�� :u ��C	
���%�" ¥��T	�����" ,I�  ���������	x"�:  

(6.2.C) 
( )

⎥⎦

⎤
⎢⎣

⎡ −=
20

2
exp

c

cba
QQ

ratran
  

"� �T�$C"� h(i�*��U��� ��3��"� SITU-R P.838   $C�� U�(9�� �J	�!	 l��ek +α �"��" ��� 
�	+ l�CT�*V�+ UU$��
 ��3��"� S �����e� ���I!"� q�C�9+ .����ITU-R P.838 :��"��"� 7�T"�  

  f:      �(u�"�� UU$�"�GHz f5"� B
IZ  ��3��"� S U���"� x	$"� WX�ITU-R P.838.  

 O"� Bl�CT�*V� 
�	 ��+�s
I�  x	$"�τ  ��3��"� SITU-R P.838 B�C!9+ �� :,��  

  τ  =  R�U $X3� j,T<c� ,C�� l�CT�*J"  

  τ  =  90 "� ,C�� l�CT�*J" �R�U*.$.,  

 x	$"� 
I� O"� ���� 
�	 ��+�sθ  ��3��"� SITU-R P.838 B�9+�C! � qR��	 :,��  

(7.2.C) 
( )

rain

rainlorainhi

rain

d

hh −= 001.0ε    radians  

("� M�H9+°�� " �������:��IH� τ +θ  ��3���" �	sVITU-R P.838"� )	 ���+x"� ��9 ��(u+ D<���9 M. qK b��"��+ B�"�( 
������� "+�(����. .�	  ���?_θ  ��3��"� SITU-R P.838 <J  �	 �Y�I�N 0�$i�*� �	¶� �I< Q���+ B�� ��£.εp B ���?@� )	

°��� �(u�� U$9 ��. ^_, M��U�� (M��U�$"� �	 g"c� �	 d�xR.). 

 �muJ�� �(¤"� �T�$C"� M.S �U��� 3��"�� �ITU-R P.838 y�`9  �["��"� ��UU$��" nT<1 GHz <�I  .;�<�	.  M�� �1_
�	 
N. UU$�"� 1 GHz!< B� U�(9�V� �J	�!	 l��u qK 5E(k1GHz +α1GHz  4�(N UU$�"1 GHz + ��� ��`e� 7�Nk +α 

�r�"� ��� "�b��:  

(  . 8.2.C) 
GHz

kfk
1

=   

(l8.2.C) 
GHz1α=α   

U>(u � =�T<+ ��C	c� ��C6 �����e ���� ����  :,��  

(  . 9.2.C) ( )300,min
rainr

dd =   

(l9.2.C) ( )1,max
rrmin

dd =   
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 :�C*��� �">(!�� U�(9�V� �J	�!	 q�u�  

(  . 10.2.C) ( ) ( )[ ]
rminrmin

ddkk 001182.0exp3499.0009516.0exp6546.0763.1
mod

−+−= α
 

(l10.2.C)
  

( ) ( )
rminrmin

rmin

dd
d

0003617.0exp1594.002268.0exp1572.0
197.0

753.0
mod

−−−+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= αα  

7��T9 7��+  M��+5"� �T�� S ��"��� �% :6��"� ���9���  ������C	c� ��C6 �� 7R��"�  (���9 
� S $m�"� D�$� ��
4�(N m 100  �+(�� S U���"� )�s��"� �	1.2.C �I!"� 456 d���. 7��*+ .�(u ���:�!9 �� ::X�X3  

  Gm:   :6��"� l$- 
	�!	  

  Pm:   ��I�uV�� F������!	 �"�  

 B:X�X`"� ��56 :�!9 >7�� :u+ M©<��� U(!"� WX� ��� f��Z �IYM  .7�T"� �	(I�!9+ M  =���� ���� �*(�6 ���
^_  �6�(N '�`N �I�N ��+ M��+5"� �T��49� M��+5"� �T�� �R52 7�9+ . �C*��:6��"� 
	�!	 Γ ]�U(  �"U�!���(C.4.1) .

 ^_ M��+5"� �T�� 7>�T�9 B���� 
�	 ���9 7��T9 
R. �	+12 �<��	 �3�<� �� ´���'(  �Y�	 
H" fU�I!"�m 100 q�r��+ B
���� ��� n*���� l$8"� 
	�!	B G S �U���"� �T�$C"� U�I���� B�$TX"� 5.C.  

K+f$ X�X`"� 7��T9: Gm +Pm :·¶� �r�"� ���  

 �V�I�uV� 7�N )�a 
Y���9Pm  .$X`"��  

9
Y�� G1 )-�� 1 = G1 ���� Q�< g�`�� )-+ ½+(u �	 s�$�uV� ��r���� �	 Q�H" B�U�!"� S =���+$- �56 W�"+ .
 4�������. B"$C	 ��	"�	 �<�I 5X��< B,��  �I�N 
H" (l �+$!"�7�N �	 n.  


Y��9  �I�N $?p��m ^+c� $3��!�" "X�X`�: G + P�� :,�� 1 = m.  

+ ����"���+(�� S $C* 
H" 1.2.C B
R. �	+ n  �	1  ^_49� 7N B� :,��  

 ( .  qR�� $C�� §�X9�� q�u� �	 ,��:  

(11.2.C) hT = hR + Hn                masl  

��uHn  �+(�� S 
��T�� ���"� §�X9�V� 
G(	 ,6 1.2.C.  

(l   M�� �1_hrainlo ≥ hT �>$� B =�d(� ��"��"� �I�T�" (. �	� n.  

  _+V )���<  .(0 �	 ¢�T�C�	  

(0   M�� �1_hrainhi > hT − 1 200 � 7N B�  :,��  

’1‘   S �U���"� �T�$C"� h(i�*��$TX"� 5.C  (�(r�"Gm � ���� ��� n*���� l$8"� 
	�! ����"�� �*(��
jM��+5"� �T�� ^_ ���� �56 ���� 

’2‘   )-Pm = Πn �+(�� ^_ =�(���	 1.2.Cj  

’3‘   L��� �1_n < 49   g-.1  g�X`"� $?p	 ^_mj 
’4‘   �$� =�d(� ��"��"� �I�T�" (. �	� n. 

  _+V )���<  .(U �	 ¢�T�C�	  

U (   )�I
�� 7NΠn �+(�� �	 1.2.C  SPm)-+ B 1 = Gm ��"��"� �I�T�" (. �	 �$�+ B� n.  
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 :X�X`"� S 7�T"� U(� U(u B4J�. ���I!"� ���� S+Gm +Pm � =�T<+� :,��  

(12.2.C) M = m  

. 
� S S�-@� d��� ��� ���9 $�(T�" h(i���� =J	�� q�u����u  qR�� $C�� ��C6�	 :,��  

(13.2.C) ( )[ ] ( )∑
=

+=
M

m

mmwvrwvr PGRF

1

tanh15.0   

 :��u  

(  . 13.2.C) 3

log

log

6
0

0

−

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

=

tran

ra

ra

wvr

Q

Q

q

Q

R   

 M_ h�(i�*�� ����]� 7�T"��$TX"� 2.C  :!	 ��	 )CT	 +. ��� �56 ,6 S �Y	�(i�*� qK O"� 7�T"��$TX"� 3.C  d�$RP"
 "$C� ��	" g��`�"� ��� �"1 D�C��+ .
��T�� f��$H�"�.+  B"$C	 M+(�" Q��� =�I�� �T�!��� �"�e� S ���"$C�" 

M©<  ��I�!��a +b +c +dr +Q0ra +kmod +αmodX�X`"�+ B: Gm +Pm S $3��!"� U(�+ BG +P �9�C! �C*��� M.  

3.C   ��� ��� �	
�� �� 
�
��� 
�������� ������ ���� ��� 
�� �
��� �!�" �  

 �"�("� 7�T"� �56 U(ZQrain(A) O"� ,C!9  
CÃ O"� LN�"� �	 ������ ����"� �Y�< ��C	c�+ 7�� ��JG :6��"� s+�¤A .
�	+  ��"��"� 7�T"� :I89 7�� B
	�H"� )�s��"� ��C[9 
R.� A.  

 :u+� M�HA < 0   �"�("� �C!�9Qrain(A) �� :,��  

(  . 1.3.C) 100)( =AQrain  %    A < 0  

�	.  M�� �1_A ≥ 0 ������ ����"� M©< B�	x�"  7�� O"��JG :6��"� s+�¤ �A  ��� (I�!9 $C�� q��� ��i�"�	 ���� M�� �1_ 
$C	 M+(�" =�X�`	:"$C�" h. "  

(l1.3.C) 0)( =AQrain     % $C	 M+(�  

(  0 3.1C) 
( )

( )∑
=

⎥
⎦

⎤
⎢
⎣

⎡

+
+−=

M

m m

mm

mrain

Rc

RbRa
PAQ

1 1

1
exp100)(    %  $C�  

:��u  

(  U 1.3.C) 
mod

modrlimm

m kdG

A
R

α
1

⎟
⎠

⎞
⎜
⎝

⎛=      %  

(  6 1.3.C) )001.0,max(
rrlim

dd =      %  

 ��I�!�� M�H9 ��ua +b +c +dr +Q0ra +kmod +αmod X�X`"�+M� Gm +Pm B"�M�5� Y�	 
� f��ZI 7�T"� ��� �M B
���  7�T"� S Q� �­��u °± f5"� �r�"�2.C " h(i���9 f5"� ���� )CT� +. ��I�" ����"�� �T�$C"� Q����$H�"� .�"+�(���  
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4.C  #��!$�� 
%�& '(
)  

9 =�"�U 7�T"� �56 �>$!� )82�R1=� "!9 ,6+ .M��+5"� �T�� 
G�U �X��� ����X9�� (�� U(v :6�9 S ����[��,C  
	�!	
:6��"� l$-B Γ $C�� §�X9�� ^_ =���� :!	 §�X9�V Bδh  B���	c�� qR���	 :,��  

(1.4.C) 
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⎪
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⎜
⎜
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⎟
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⎜
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⎛
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⎠
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⎜
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−
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=Γ
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⎠
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⎜
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h

h

h

h

hh

h

δ

δ

δ

δ
δδ

δ

  

:��u    

(  . 1.4.C) Thhh −=δ                  (m)  

  hT:   $C�� §�X9�� �6(masl) 

  h:  �!�� §�X9�V� �6 (masl.  

 :6��"� 
	�!	 S =J��- =���CT�� 4J�. �[�`"� ,C!9Γ (�� 1200− = δh+ . L���9 7�� 
	�!��Γ (��1   �1_
M��  δh < −1200  ���+$- �% �����u d�$R@ =��<J9 Q��� =�I��  .��E�Y�"� �
���"� ��� $�5�� ���9 Q" W�"  

 
H/"� $Ym��+1.4.C X����  
	�!�� �[9Γ  .$C�� §�X9�� )	�"�e� ,X< δh ≤ −1 200 + B$C�� S 
����� 
�I�9)-�9  1 = Γ 
@d�C� �� :6��"�F�  .$C���.�	  �"�e� S−1 200 < δh ≤ 0  M©< 
����� M�H�9  
u�$� ��(��R ��I��R �		 �R�(�

�	   
	�!�� �[��+ BM��+5"�Γ +�1 ´���+ B�"5" =�T<+Q9 � f5"� '����� (��
�  ��I���� Q�< M�H9 M. ^_ ��$CN �	 z�.
 .M��+5"� �	�9 ��R��G {�C�� �H" $C��.+�	  �"�e� S 0 < δh B�� M©< 
��� M�H�9�I��R �	 �<�R ��(��R �9�(N q��=� 

V  
	�!�� M�H�+ B:6��"� �	 $�5�  0 = Γ =�T<+   .�"5"  

/"�® 
H1.4.C  

 ������Γ  �	
�� ���
��� ����� ������� (��	�� �������)δh  

�� �������)����(
  

P.2001-01

–1 500

–1 000
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	�!"� 
��+Γ  ��� =�	��T	 �T�C"�� F��� :6��"� �R52 ��� ����X9�V� S ��[�"� 
I!�+ .$C��� F��� 
��T�� :6��"�
7
e� S ����[�"� .��(���� ��I���� M��+1 �R�U+  

5.C  *��� +,- ./
��� 012�� 3����  

.:!	 ��� ��$	 �(� �6Ä�$R_ hx�� (N O"� �����e� ���I!�" =�X3+ 7�T"� �56 #$!�  

����X9�� �	 §�X9�� 
H�<  $C��hT Q�C!9 �"U�!�� (10.2.C) ���� ��� n*���� 
	�!"� l��u 7�� BG U���*�=�  ^_ d�xR.
�	 �Y�	 
� �(N M��+5"� �T�� �	 yE�$? �I- f��U�$"� ���� m 100 . 
��+ 
	�!"�G l$8"� 
	�!� yR$�� n*���� Γ 

 �"�U QX3�� �C!�� f5"�S δh �"U�!�� �C*��� (1.4.C)  ��� f��� O"� yE�$/"� )�I�dxR  M�� �1_+ B���� �	
���(": 2001−<

Tlo
hhl$8"� 
	�!	 �I�N M�H9 B 1 = Γ .$CI�" #>$!�� ���� �	 dx
�"  


H/"� :��+ 1.5.C  §�X9�V� yE�$? ^_ ����"�� ��3�"� ��	 �*(�6 ��� =V��	 SM���X9�V�< .M��+5"� �T�� hlo 
+hhi (masl) £� + �Uc� ,E���� ���X9�� ,E���� ���	 U$� �6 7*$"� �56 M. ^_ ���?@� �(¤+ .b���"� ��� ���c�

V+ .�V�e� )�a 
I/�  

/"�® 
H1.5.C  

!��"#�� $�%& '*��+ ,- $%	. /	0� $��
1 234 5�6�  

P.2001-02

12

11

10

3

2

1

δh δh δh δh

hhi

hT

hlo

  

 §U .M��E���� �Y�< (R�� O"� yE�$/"� l��u S ^+c� ��C�� 
�I�9slo +shi � f��� O"� yE�$/"� ��$?p	 ^_ M��/
���  :�E���� ,��X9��hlo +hhi + .b���"� ���£� ÅC!�� M��� :,��  

(  . 1.5.C) ⎟
⎠

⎞
⎜
⎝

⎛ −+=
100

Floor1
loT

lo

hh
s   

(l1.5.C) ⎟
⎠

⎞
⎜
⎝

⎛ −+=
100

Floor1
hiT

hi

hh
s   

9 ��u,C!  �"�("�(x)  Floor z�. �� 
T� y�r3 U(�x �+��� +.Q.  

 f. BM��+5"� �T�� �Z$? WX� S M��E���� �Y�< M�H� O"� �3��� �"�e� S+ �	(��M�H9 slo  = shi� B�  �V�e� �"1 S
O"� �Y�< M�H�hhi = hlo  
	�!"� l��u 7�� BG �� :,��  

(2.5.C) [ ]( )Thilo hhhG −+Γ= 5.0   

_+V  < �Z$? 
� ����!	 f�+$8"� �I ��1$?p	 B,Z$? s�< B�I   (.) :�:� �Uc� U(!"� slo +12 +"� (l)U(!  �`Nc�
:�  hhi +1�<+ .�I  O"� yE�$/"� �	 �Z$? 
H� D�!��  �	 (�I�� ���� �Y!	 )��T��hlo +hhi q�u� Bδh +Q  �VU�!I�" =�T<+

�������	
�
:���
�� ���� 

����� ������ ������

���� ������ ������
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�	 �IEJ�� 3.5.C) .( ^_ 5.5.C)l( . §�X9�V� h(i���+δh  
	�!�� �I�N l��eΓ �"U�!�� U�I���� �Z$/�"  (1.4.C) .

BnT< �(u�+ �$	 '$¤ �`X�	 ���I!�+  L��� �1_+slo > 12 A)�   M. �!�hlo < hΓ − 1 200 5E(�� hx��< B( l��u
7�N  :�"U�!��  6.5.C) .( +6.5.C)l( .S+   U�I���� ���� ��� n*���� l$8"� 
	�� l��u �H� B���I!"� 456 ����

�"U�!��  (7.5.C).  

<Z$/" ����"��:���� �	 7�T� =���� �-$�!�	 �  

(  . 3.5.C) ( )sh −=δ 5.0100   

(l3.5.C) 
lohi hh

Q
−

= 100
  

+ §�X9�� (�� B�Uc� ,E���� ��� f��� �Z$/" ����"��hlo masl : 

(  . 4.5.C) ( ))1( 1005.0 −−−=δ shhh Tlo
  

(l4.5.C) 
( )

lohi

loT

hh

hsh
Q

−
−−−= 1100

  

.�	  §�X9�� (�� B���c� ,E���� ��� f��� �Z$/" ����"��hhi masl:  

(  . 5.5.C) ( )shhh Thi 1005.0 −−=δ   

(l5.5.C) 
( )

lohi

Thi

hh

shh
Q

−
−−= 100

  

 M�� �1_hlo < hΓ − 1 200:  

(  . 6.5.C) ( )20015.0 −−=δ Tlo hhh   

(l6.5.C) 

lohi

loT

hh

hh
Q

−
−−= 2001

  

�VU�!�� 
��� 7�� (3.5.C) +(5.5.C) +(6.5.C) 
H/"� S 1.5.C  �H"+ �	�"U�!�� M+U (4.5.C).  

 7�N )�a M. »uVhδ �	 �1�G���  �VU�!��3.5.C) .( ^_ 6.5.C) .( .��"�* M�H9 M. qK  

 7�N �	 �I�N 
H"+hδ 
	�!�� ��� ��`e� :!�� BΓ  �"U�!�� �	 
��T��(1.4.C).  

 M�� �1_+S  �6 U(�"� 7�Thδ +Q � n*���� 
	�!"� q�r�� B:��!	 �T�� §�X9��+ ��3+ ��� �	sJ"� �� ����
M¶�  h�(i�*���	 :,��  

(7.5.C) ∑
=

Γ=
S

s

ssQG

1
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 �������D  

	
��
�� ������ �� �
����� ����  

� ��� ��"��� �% ��/��V�� �C�9$�� ��*�*c� ��*�@� ����G q�r�9.��"��"� h��Nc� S U���"� �r�"  

1.D   ��������� �	
��
� ����
� ���
 ������
� ��� ���	�
�  

I�N ���. M��C!9 :�<��	 q�u�: ��� z� M�$� ��I�" :�3���	:��"��"� ����U�$"� ��G���� D��  

  dtm:   ���� �	 ���c� (,�u��"� +. ,�G�("�) ,-�c� 
3����� 7�T"�(km).   

  dlm:   ���� �	 ���c� ,�G�("� 7�T"�(km).  

+�+(�� g`� 1.D .4J�. g��`��" �	sJ"� ����U�$"� ��G���� D�����  

��® �+(1.D  

������	�� ���
��� ��
��� 

������ �	
  ��
�� ��
����  

������ �	
�  A1  ��
�
	 �� ����� �
���	 ��	
�	 �� ���	���	� �����!�	 ��	
�	 m 100  ��!"
#$   �%
&' (�)�!* + ,	
�-. /�01 /� 2�3 �4�5	 �� ����	 67� 8�9!* :��9*50 km 

;*  �)�!5�< =�>9� �?�'@ A�"��< �)�� B&3 &C3� .�1�E �?7C* F�'�m 100 �G�' &G9>H� �
�%
&' �)�!* B	&I9�	 J�K �� ����1�?�300  B&' 

���L	@  A2  MN3� "������ �	
�" �P
Q�< �)�>5	 ��	���	 �� �����!�	 R�� SNL ���	
�	 T�U 

�1�E A3   ��V	@ �7W� X�	 R�� ��) 8�L�	 �Z�0�	 ��V�5	 [90�	� A�7�\	� 
����	]  �%�7' [?1
;3km 100( 

  

������ �	
����� �	
��� �����  

 ���G�("� ��E��� ���H"� �>$!�9�Y�u��	 ´��9 ���� ��. ��� Bd�� �TC��� S �!N�+ z�!�9 O"� B"���H"�" km 7 8002  
Nc� ���
)	  45� �����e� ����I!"� 
G�U 4��	 �YX3�� 456 ��E��� 
�H"� 
G�U �U�R��� �x�� :I89 qK+ .$�c� ��u��	 d����*�

 �	 $��. M�� �1_ �TC���%90  �Y�-��. �u��	 �	V �	 $��. ��!� m 100 . .d��� yC* '���	 n*��	 ;�<�	  �x��
O"� V  .��E��� ��u����� �T�!��� �����e� #�$%c (�����) ��$� t#��. �YX3�� �YX��`9 q
�< ���!�� 45­ ,X9  

������ ������ ������ �� �	
����� ������� �����  

 ��� D�C�� O"� ���H"� ���G�("� D�������� �Y�u��	 (�x9 2km 7 800 �H�? ��� +. ��[`"� ���r�"� �	 ��H"� ��� f���+ 
�TC�I�" �!���"� "���u��"�" D����� 7*� $�c� �	 A1 ���� L��� �1_ ���!�� ����U@� 
�N �	 %50  M��+ ��E�	 �Y�u��	 �	

 �	 $��.%90  �Y�-��. �	V  �	 $��. ��!�m 100 C* '���	 n*��	 ;�<.d��� y  

�TC�I�" �(E�!"� ��G���� D����� (�(� q!`"� �	+ A1  ���$"� D�����+ ���G�("� ���r�"� D���	+ ���H"� ���G�("� ��E��� 
�H"�+
 �T�$C�V  ªd���+ .�Y�< W�" O"�+ B��I��N@� �Y	�o �I- �!N��"� D����� ��9 
�
��� h��T"� ���!�� ����U@� ^_ q�C�� �"1 ���  q%$9 

����U�$"� �V�`9V� q�H	 '(" B���X"� ��9 �	 ��< ^_ ,I��9 �YX3�� �YX�$!9 S (BR) b+("� U��J"   ��u S+ .�V�`9J"
!�9 B�"5" �N��9 ��
�	 ��	��!	 U�R+ h(��TC�I�" ,I��9 D���	 ���� ,-��c� D���	 )�a z�  A2.  
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�< �E���"� ;��9� �	 �`Nc� (r�" =�T�T�+�I   �C�$G ^_ d�$R@� �56 �Y�I/� O"� �����e� U���*� 7�� M�� �3��� B����U@� :�
��IN$"� ��!"� (IDWM) +. 'zH"� q�*��e� ��	(� �"1+ U��J" ����U�$"� �V�`9V� q�H	 '(" �u����  .��`i/"�  

 S ��G���� D����� s�	� ��GU_ °± �1©<zi ��I �$TX"� S Qu$? U�+ 1.2 l��u 5E(�� qK Bdtm +dlm  #�$�<V� ¥�*. ���
 ��+�
��� 7�T"� :� �J�G� ��Y� (�� Q���� zi��[�"� M©< B����� $Ym�� ¦�T� :� �(�I�� �<���� g`��	 S 
`Z  .����T��  

2.D  ����
� ����!"� �#$!  

���� �	 ���c� ,�G�("� 7�T"� ^_ U���*V�� �I�!�� q�u� :  

(1.2.D) ( )41.2
000412.0exp1τ

lm
d−−=   

 �I�!�� q�u�μ1  qR�� B#�c� ;�< �6(�� ���� M�H� O"� �R�("� x�� O"��	 :,�� 

(2.2.D) 

2.0

)77.148.2(–τ6.6–16

–

1 1010µ
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
+= τ+

tm
d

  

 �I�!�� �I�N M�H9 ��uμ1  qR�� �U(vμ1 ≤ 1.  

 �I�!�� q�u�μ4 � �C!9 O"�� :,��  

(3.2.D) 

⎪⎩

⎪
⎨
⎧

°>ϕ

°≤ϕ
=

ϕ+−

70for10

70for10
µ

1

1

µlog3.0

µlog)0176.0935.0(

4

mn

mn

mn

  

 ��"��� �% ��/��V� �CT� M¶� �C!�9β0 (%)  :�C*��� ���� x�$	 )N��  

(4.2.D) 
⎪⎩

⎪
⎨
⎧

°>ϕ
°≤ϕ=

+ϕ−

70for%μμ17.4

70for%μμ10
β

41

41

67.1015.0

0

mn

mn

mn

  

3.D   %��&
� �' ����!"� �	�( �)����* +,��
� -./ 0����
  

� 
�T����+ 
*$�I�" D<c� §�X9�� ���+x" �����`�"� 
�I�9� :,��  

(  . 1.3.D) 
ltt

dg 1.0=   

(l1.3.D) 
lrr

dg 1.0=   

 q�r�9"� �r�"� ��� )N���� q
� �C�9$�� ��"��� �% ��/��V� ��"�+ ���E���� :� �������b��:  

� §�X9�� ���+s:
�T����+ 
*$�I�" �"(!�� D<c  

(  . 2.3.D)
 ttst

g−θ=θ         mrad  

(l2.3.D) 
rrsr

g−θ=θ      mrad  
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�I�" )N���� q
u �����G 
*$:'$
I�" ����"�� 
��T����+  

(  . 3.3.D) ( )[ ] 3/12/1

264.0361.01log20 fdfA
stltstst

θθ ++=  dB θst > 0 

(l3.3.D) 0=
st

A                 dB otherwise  

(. 4.3.D) ( )[ ] 3/12/1

264.0361.01log20 fdfA
srlrsrsr

θθ ++=  dB θsr > 0  

(l4.3.D) 0=
sr

A                 dB otherwise  

4.D  1���,"� 2	345 �3)�� 6�7 83#��� 9�.���  

 ��$C	 
� �	 �(�I�� �<���� ��� 
`u�:$G¶� ��$C�� 4�¤�� $r�"� ^_  

(  . 1.4.D) km  
*$�� �	 
u��"� �<��	           =  dct  

(l1.4.D) km         
�T���� �	 
u��"� �u��	 =  dcr 

�<+�I  :�<����� D�!��dtm +dlm S :9U���"� 1.D  
u��"� ¬u+ #�c� ;�< ��<���� ��� ��`e� 
8X�� �	 B4J�.
 �	 �+c���IN$"� ��!"� �C�$G .(IDWM)  S ��G���� �TC��� s�	� ��GU_ °± �1©<zi ��I  �$TX"� S Qu$? U�+1.2 qK B

 l��u 5E(��dct + dcr ��+�
��� 7�T"� :� �J�G� ��Y� (�� Q��� #�$�<V� ¥�*. ���� ziS 
`Z ��[�"� M©< B  g`��	
 .����T�� ����� $Ym�� ¦�T� :� �(�I�� �<����  

.�	  B
�T����+ 
*$�I�" ���"�� $r�"� ;�< ,rC�"� '$
I�" M�$�NV� �����`9 Act+Acr  =�$X3 �£J� ´���< Bb���"� ���
d����*�� ¦+$/"� �	 ��"��"� ����I~�:  

 ( ) ( ){ }[ ]
tsctct
hdA −+−−= 5007.0tanh125.0exp3 2        dB 

(  . 2.4.D) if (ω ≥ 0.75) and (dct ≤ dlt) and (dct ≤ 5 km)   

(l2.4.D) 0=
ct
A                 dB otherwise  

 ( ) ( ){ }[ ]
rscrcr
hdA −+−−= 5007.0tanh125.0exp3 2

          dB 

(  . 3.4.D) if (ω ≥ 0.75) and (dcr ≤ dlr) and (dcr ≤ 5 km)   

(l3.4.D) 0=
cr
A                 dB otherwise  

 
�� ��uω � $r�"� ;�< ���� �	 =�dxR�I �+(�� S U�+ 1.3. 

5.D  %��&
� �' ����!"� �	�( �	�:�� 1���,"� ;���
  

:·¶� �r�"� ��� ��"��� �% ��/��V� ��"�+ :�E���� :� ���H"� M�$�NV� ����G l��u M¶� �H�  

(1.5.D) ( )[ ] crctsrstlflrltac AAAAAddfA +++++++= log2045.102                 dB  

 z�!�+Alf :Q>R��� ��/��V� S �R��� ��� )	 :6��"� (��x9 
�!� =����$¤ =�r�r`9  

(  . 2.5.D) ( )ω+−= 2
5.920.137375.45 ffAlf  dB if f < 0.5 GHz  
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(l2.5.D) 0=lfA                 dB otherwise  

 
�� ��uω � $r�"� ;�< ���� �	 =�dxR�I  �+(�� S U�+1.3.  

6.D  ���<����=�>�� �7��
� ��� ;���?
� ;  

:��"��� �% ��/��V� ��"� �I- U(]� >f+�x"� :6��"�  

(1.6.D) 
3/15

105 fa
ed

−⋅=γ                 dB/mrad  

:
�T����+ 
*$�I�" �"(!�� D<c� §�X9�� ���+s  

(  . 2.6.D) ( )
ttat

g,min θ=θ                  mrad  

(l2.6.D) ( )
rrar

g,min θ=θ                  mrad  

� �<����:��I�" �">(!�� ���H"� �>�+�x"  

(3.6.D) 
arat

e
a

d
a

θθθ ++= 1000           mrad  

:�>�+�x"� �<���� ��� �(I�!�� ������  

(4.6.D) 
adad

A θγ=                  dB  

7.D  @,���= �7��
� ��� ;���?
� ;���<�  

 h��T"�� LN�"� �	 ������ ����"�+ 'zH"� �$E�("� �<��	 �	 t
� ��� (I�!9 O"� ��"��� �% ��/��V� ��"� S ������ q�r�9
+.V �I�N l��� �	  .,��  

:��-�c� W���8�"� ���/G 
	�!" �">(!�� �<����  

(1.7.D) ( )40,min lrltar dddd −−=                  km  

:��-�c� W���8�"� ���/G 
	��  

(  . 2.7.D) ( )( )[ ]
arm

dh 64310106.4exp
5

3
+−×−= −μ  hm > 10 m  

(l2.7.D) 13 =μ  otherwise  

.�	 �Y< ���� �*(�6 y�r`�" hsJ"� (e�:  

(3.7.D) τα 1.39
105.36.0 d

−⋅−−=   

 M�� �1_+α < −3,4 B)- α =3,4−  

:���� �*(�6 
	��  

(4.7.D) 

α

μ

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

+
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ 2

2
500

2

retee
hha

d
  

 M�� �1_+μ2 > 1)- B 1 = μ2  



�������  ITU-R  P.2001  

  

41

:��I�" �U(v F��G+ h�� )N�� �"(!�� ��"��� �% ��/��V�� �C�9$�� �	x"� �	 ������ ����"�  

(5.7.D) 
320

μμββ =                  %  

�+ ¥c ����� hsJ"�:LN�"� ��� �(I�!	  

(6.7.D) 012.1

213.16

log0058.2

log198.0log8.451.910exp076.1

⎟
⎠
⎞⎜

⎝
⎛

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞⎜

⎝
⎛−

−

+−−
=Γ

β

ββd

  

:LN�"� ��� �(I�!�� ������  

(7.7.D) ( )
q

pp
dA

at

5012log0037.02.112 +⎟
⎠

⎞
⎜
⎝

⎛+⎟
⎠

⎞
⎜
⎝

⎛++−=
Γ

ββ                  dB  

8.D   ����
� ����!"�* �#)5�
� �	A�AB� C�A�D� ;���
  

� ��"��� �% ��/��V�� ��$�T�� ��*�*c� ��*�@� ����G �C!�9� :,��  

(1.8.D) atadacba AAAL ++=    dB  

  

  

  

  

  

  

 �������E  

	
��
������ �������  

1.E  �E�$E  

 f�X*��+$�"� �����J" ��*�*c� ��*�@� ����G l��e �T�$� ��"��"� h��Nc� h(T9Lbs  ���!	 ����	 ����" ��(!��� �%
�	 "�. ��� �T�$C"� h�T9+ .�C*���� ��� �TC�	 ����G� ¥�*.�IEJ	 ��G��	  

2.E   8
��
� F	�4���  


H/"� S ������ ��G���� D����� h�(i�*� ^_ ,�$X"� 01�I�"� �56 (���� 1.E nG+ ��C"� n� ����T�� �TC��� �d�$N qK+ .
 �����J" µ$�/�� 7
r�" #$!"�f�X*��+$�"�B φcvn +φcveg��� �	 B “TropoClim.txt” U�(�. ��� g��� �56 f��Z+ .
 ^_ $X3 �	 {+�$�9 �r�r36 �	 �r�r`"� U�(�c� .1  ^_6 
H/"� S ������ ��G���� D����� �Y���T9 1.E. .�	  U(!"�

 y�r`"�0 .Q� F�G d�$R_ U�R+ ,�(��� =��$� =�!N�	 
�I�<  
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/"�® 
HE.1 

������� 	
����  

P.2001-03
 

 ��*�@� )N�	 �	 
� S À���� (�(� qK B$r�"� ;�< f�X*��+$�"� �����J" µ$�/�� 7
e� �Y�< )T� O"� �"�e� S
 ����T	 ��G��	 �TC�	 :<�$C�� '(" M�� �1_+ .���T�*V�+ �I�T"� U�I���� U(� ��I�" ��G���� �TC��� M©< B��-�. �CT�"

+ ��$C� M�H� :u+ .
�T����+ 
*$�I�" ��G���� D���I�" $[3c�TC�� ����T	 ��G��	 �TC�	 nT< (u� U(� �5E(�� B��-�. �
 �TC�	 U�R+ h(� ��u S+ .����� �3��� ��G���� �TC��� ��9 ��G���� �TC���B:<�$C�� �	 fc ��-�. �CT� �Y���T9 ��G��	 

�+(�� S �U���"� "f$� ���" ��G��	 �TC�	 ��I�" U>(r�9 1.E.  

:�I�!�� ��� 
`u� M +γ  �+(�� ^_ =�U���*� Bb���"� ��� ����� ����"�+ ����� U�3�c� ����� :�3���1.E  ��G���� �TC�I�"
.�r�"� (�N  

Gc� g`"� ,C!�+�+(�� �	 � 1.E  l��u S �	(i���� �"U�!�� 7N�Y90  S�$TX"� 3.E .4��U.  

��®�+( 1.E  

�	�
� ������
 �	�
� ������ ���� ������  

������� ������ 1 2 3 4 5 6 
����� ����  

M (dB) 129,60 119,73 109,30 128,50 119,73 123,20 116,00 

γ (km−1) 30,33 20,27 10,32 30,27 20,27 30,27 20,27 

Y90 eq (E.8) (E.6) (E.9) (E.10) (E.6)  (E.6)  (E.7)  

����� �� 

�
��

�� 
�

�
 

������  ��� ����	
 ��
 �����	
 ��
���	 ������
 �����
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3.E  G�HA�*=���� ��I�!J� �	A�AB� C�A�D� ;���
 K��/  

 qR�� �����V� ��+�s q�r�9�	 :,��  

(1.E) 
rte

θθθθ ++=1000                  mrad  

" 7�N M_ ��uθ "(thetas)  �+(�� S $Ym9 �"U�!�� �	 ��c� q���� S �U���"� ��J�"�1.3.  

+��(e� �C! �� �(I�!�� ������� F���� µ$�/�� 7
e� §�X9�� �� :,��  

(2.E) ( ) hHLN γ+γ+= 34.45log20                  dB  

:��u  

(3.E) dH θ⋅= −3
1025.0                  km  

(4.E) 
e

ah
26

10125.0 θ⋅= −
                 km  

 $Ym9+d +ae  �+(�� S1.3.  

 B��!X"� n*���� #�c� $CN g`� ^_ U���*V�� �����V� ��� �>�+�x"� �<���� q�u�:��"��"� �VU�!�� S �	(i����  

(5.E) 
es
ad θ= 001.0                  km  

 q�u�Y90 (dB) �	 �VU�!�� �	 �(u�+ h�(i�*�� (E.6)  ^_(E.10) ��I �+(�� �	 �6����G� ± (1.E):  

(6.E) ( )[ ] ( )hfY 137.0exp4,min23.01.82.290 −−−−=   

 U$9 ��uf  �+(�� S1.3.  

(7.E) ( )h..Y 1370 exp35990 −−−=    

(8.E) 

⎪
⎩

⎪
⎨

⎧

−
<<+⋅−⋅

<−
= −−

otherwise3.4

10001000224.010568.210006.1

10028

538

90 s

s

ddd

d.

Y   

(9.E) 

⎪
⎩

⎪
⎨

⎧

−
<<−−⋅+⋅−

<−
= −−

otherwise8.4

465100645.2122.01045.4105.4

100845.10

2437

90 ssss

s

dddd

d

Y   

 

(10.E) 

⎪
⎩

⎪
⎨

⎧

−
<<−⋅+⋅+⋅−

<−
= −−−

otherwise4.0

5501001.121018.410444.710519.8

1005.11

42538

90 ssss

s

dddd

d

Y   

� 
��r�"� 
	�� q�u�� :,��  

(  . 11.E) 

63.0

50

100
log26.1

⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦

⎤
⎢⎣

⎡ −−= p
C  p ≥ 50  

(l11.E) 

63.0

50
log26.1

⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦

⎤
⎢⎣

⎡−−= p
C  otherwise  
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 �I�!�� M¶� �C!�9+Yp ������ �����" ��(!��� �%%p  � �	x"� �	� :,��  

(12.E) 90YCY
p

=                  dB  

 �I�N U(uθ  M�H� ���θ ≥ 10−6.  

(I�!�� ������� q�u�:h�(i�*�� UU$�"�+ �<���� ��� �  

(13.E) ( ) ( ) ( )[ ]20573.0log20,log30log10max +θ++θ+= dLdL Ndist                  dB  

(14.E) ( ) ( )[ ]25.0log5.2log25 ffL freq −=                  dB  

 =�	(i��	 n*�"�+ �r�X"� :� M�$�NV� ����G q�u��	 :,��  

(15.E) ( )[ ]rtcoup GGL += 055.0exp07.0                  dB  

 ������ �����" ��(!��� �% f�X*��+$�"� �����J" ��*�*c� ��*�@� ����G M¶� �C!�9+%p  :�C*��� �	x"� �	  

(16.E) pcoupdistfreqbs YLLLML −+++=                  dB  

 U(u B��`T"� ����I�" f�X*��+$�"� �����V� ����� wN��"� $�(T��" =��<J9+Lbs :M�H9 ���  

(17.E) bfsbs LL ≥                  dB  

 $e� d�8X"� S ��*�*c� ��*�@� ����G U$9 ��uLbfs  �+(�� S1.3.  

  

  

  

 

  

  

 �������F  

	
���� 
������ �� ������ ������  

1.F  �����  

 §���c fs�["� F�`�	V� �� 7R��"� :6��"� l��u ;$� 
��5�"� �56 g`� �U�+ (N+ .����U�$"� ������ �	 �X���
.d�8�NV� q�u '$G. ���	. S 
��5�"� �56 h��Nc ��!R$�� ����?@�  

 ��6 �����e� ����I!"� q�C�9+ �<$!	 ��rC�"� d��� ��� �<���ρsur g/m3  7�N ��� ��`e� �H�+ .���!�� )N��I�"ρsur 
�	 ������"� g�	 “surfwv_50_fixedtxt”.  

�9+ ���uc� S d��� ���+ B:
��c� :q��� F�`�	V� �� �a��"� ,6+ B:6���" 7�N ½J� �����u ���I� 
� ���
O"�  .$C�� �6U��� O"� ���uc� S d��� ���+ $C�� �Y�< h(!�� 
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2.F  ���	
� �	
�
 ����
� �������  

,rC*" ��� fs�["� F�`�	V� l��u �T�$� 7�T"� �56 h(T�."  

 $C�� h�(!�� �"�u S ��rC�"� d��� ��� �<��� ��� 
`u�ρsur, g/m3 � B���� g`��	 S�I  �	 �U�+φme +φmn 
S �+(�� 1.3 ������"� g�	 �	 �"1+ B“surfwv_50_fixedtxt” .  

.d��� ��� �<��H" §�X9�V� q�u�  

(1.2.F) ( )rstsrho hhh += 5.0                  masl  

 �"U�!�� h(i�*�(2.6.F)  $r�"� yC* '���� U(]� :6��"� l��e�� 7R��"�  �Y�< h(!�� O"� ���uc� S d��� ���
$C�� γwB dB/km.  

�"U�!�� h(i�*� (1.5.F)  $C�� �6U��� O"� ���uc� S ,rC�"� d��� ��� �<��� l��eρsurr Bg/m−3. 

 �I�N l��u (�.ρsur �[�`�" =�T<+ ρsurr = ρsur.  

 �"U�!�� h(i�*�(2.6.F) $C�� �6U��� O"� ���uc� S d��� ��� �� 7R��"� $r�"� yC* '���� U(]� :6��"� l��e  γwr BdB/km.  

6��"� �� �a��"� ��J�"� ����6��"� M¶� �C!�9+:�C*��� ,rC�"� ��I�" fs�["� :  

::
��c� q��� :6��"�  

(  . 2.2.F) ⎟
⎠

⎞
⎜
⎝

⎛−=
5000

exp rho

oosur

h
dA γ                 dB  dB  

��u  U$9γo �+(�� S B:
��c� �� 7R��"� $r�"� yC* '���� U(]� :6��"� f. B 1.3.  

S d��� ��� q��� :6��"� :$C�� �Y�< h(!�� O"� ���uc�  

(l2.2.F) ⎟
⎠

⎞
⎜
⎝

⎛−=
2000

exp rho

wwsur

h
dA γ                   dB  

 ��� q��� :6��"�"� ���uc� S d���:$C�� �6U��� O  

(02.2.F) ⎟
⎠

⎞
⎜
⎝

⎛−=
2000

exp rho

wrwrsur

h
dA γ                  dB  

3.F  ���������
� ������� �	! ����
� �������  

� 
��T���� ^_ 
�*$�� �	 �"1+ Bf�X*��+$�"� �����J" 
	�� ��� fs�["� F�`�	V� l��e �T�$� 7�T"� �56 h(T
�	 7
e� �JG .�����J" µ$�/��  

7�T"� S �U���"� �T�$C"� h(i�*� 4.F U�I���� hrho  = hts +θelev  = θtpos +dcv  = dtcv  q��� ��s�["� ����6��"� d�C�@
 
*$�� �	 ��I�" ����"�� $C�� �6U��� O"� ���uc�+ $C�� �Y�< h(!�� O"� ���uc� S d��� ��� q���+ :
��c�

^_  U$9 ��u f�X*��+$�"� �����V�� µ$�/�� 7
e�hts +θtpos +dtcv �+(�� S 1.3 qR�� ����]� 7�T"�� »X�u� .
 �VU�!�� �	3.4.F) .(  ^_3.4.F)0( � =�T<+� :,��  

(  . 1.3.F) 
ootcv
AA =                  dB  

(l1.3.F) 
wwtcv

AA =                  dB  

(01.3.F) 
wrwrtcv
AA =                  dB  
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S �U���"� �T�$C"� h(i�*� F.4 U�I���� hrho = hrs +θelev  =θrpos +dcv  =drcv  :
��c� q��� ��s�["� ����6��"� d�C�@
 �����J" µ$�/�� 7
e� ^_ 
�T���� �	 ��I�" ����"�� $C�� �6U��� O"�+ $C�� �Y�< h(!�� O"� ���uc� S d��� ��� q���+

 U$9 ��u f�X*��+$�"�hrs +θrpos +drcv  �+(�� S1.3 �	 �VU�!�� qR�� ����]� 7�T"�� »X�u� .3.4.F) .( 
^_ 3.4.F)0( � =�T<+� :,��  

(  . 2.3.F) 
oorcv
AA =                 dB  dB  

(l2.3.F) 
wwrcv

AA =                  dB  

(02.3.F) 
wrwrrcv
AA =                  dB  

�9+ �C! $C�� �6U��� O"� ���uc�+ $C�� �Y�< h(!�� O"� ���uc� S d��� ��� q���+ :
��c� q��� ��s�["� ����6��"�
 �����J" 
	�H"� ��I�" ����"��f�X*��+$�"� :�C*���  

(  . 3.3.F) 
orcvotcvos
AAA +=                  dB  

(l3.3.F) 
wrcvwtcvws
AAA +=                  dB  

(03.3.F) 
wrrcvwrtcvwrs
AAA +=                  dB  

4.F  ���������
� �����"
 #��$!� %&'� () *���!� +� �	
�
 ����
� �������  

� �T�$� 7�T"� �56 h(Tec� S :6��"� l�� ���u 7
e� ^_ ��$C�� �	 ��� ����"�� $C�� �Y�< h(!�� O"� µ$�/��
�����J"  .f�X*��+$�"�  

§�X9�V� S �JG(�� 
�I�9+  d��� ��� �<��H" ����"��hrho masl ��I�" §�X9�V� ��+�s+ Bθelev mrad ��T<c� �<����+ B
^_  µ$�/�� 7
e�dcv   .$�	���H"��  

c� �	 
� S d��� ���+ :
��c� �� �a��"� ����6��"� S ��R$i�� 
�I�9+ �6U��� O"�+ $C�� �Y�< h(!�� O"� ���u
 f. Bf�X*��+$�"� �����J" µ$�/�� 7
e� ^_ ��$C�� �	 ��I�" ����"�� $C��Ao + Aw + Awr  �(u�"��dB.  

 yC��" d��� ��� �<��� ��� 
`u�ρsur  ������"� g�	 �	 ��$C�� (��“surfwv_50_fixedtxt” .  

�"U�!�� h(i�*� (2.6.F)  $C�� �Y�< h(!�� O"� ���uc� S d��� ��� q��� $r�"� yC* '���� U(]� :6��"� l��eγw B
�(u�� dB/km.  

�"U�!�� h(i�*� (1.5.F)  $C�� �6U��� O"� �V�e� S yC��" d��� ��� �<��� l��eρsurr �(u�� Bg/m−3. 

 �I�N l��u (�.ρsur  �[�`�" =�T<+ρsur  = ρsurr.  

 �"U�!�� h(i�*�(2.6.F) �6U��� O"� ���uc� S d��� ��� q��� $r�"� yC* '���� U(]� :6��"� l��e  $C��γwr B
�(u�� dB/km.  

 ���IH"� q�u�do + dw :d��� ���+ :
��&" ����"��  

(  . 1.4.F) 

( ) ( ) 00304.0001.0sin35.0001.0sin65.0

5

2 +θ+θ
=

elevelev

od   

(l1.4.F) 

( ) ( ) 00122.0001.0sin35.0001.0sin65.0

2

2 +θ+θ
=

elevelev

wd   
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 �"�!X"� ��<���� q�u�deo +dew :d��� ���+ :
��&" ����"��  

(  . 2.4.F) ⎟
⎠

⎞
⎜
⎝

⎛−
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−=
−

5000
exp1 rho

d

d

oeo

h
edd o

cv

                 km  

(l2.4.F) ⎟
⎠

⎞
⎜
⎝

⎛−
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−=
−

2000
exp1 rho

d

d

wew

h
edd w

cv

                 km  

�9+�C!  �6U��� O"� ���uc�+ $C�� �Y�< h(!�� O"� ���uc� �	 
� S d��� ��� q���+ :
��c� q��� ��s�["� ����6��"�
 �����J" 
	�H"� ��I�" ����"�� $C��f�X*��+$�"� :�C*���  

(  . 3.4.F) 
eooo

dA γ=                  km  

(l3.4.F) 
ewww

dA γ=                  km  

(03.4.F) 
ewwrwr

dA γ=                  km  

 ��u9 U$γo �+(�� S B:
��c� q��� $r�"� yC* '���� U(]� :6��"� f. B1.3.  

5.F  ��!� �
�, - .�!� ��/ �0��1  

 (N+ .$C�� �"�u S ����� d��� ��� �<��� l��e �T�$� 7�T"� �56 h(T�:I�N �	 ���H�� �"U�!�� L	(i��*� (1.5.F) 
S .�T���"� h��Nc�  

(1.5.F) 

⎪⎩

⎪
⎨

⎧

⎟
⎠

⎞
⎜
⎝

⎛−+

≤++
=

otherwise
1800

exp5

m26000003.04.0

rho
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rhorhosur

surr
h

hh

ρ

ρ
ρ   

6.F  ��2
� 3�� 4��	5 67�8� 9�:;<��
�  

 (�x9 O"� ��UU$��" �e�3 L��" �VU�!�� 456 M. »uV .�T���"� h��Nc� S L	(i��*� �VU�!	 7�T"� �56 h(T���� 

GHz 54 ��3��"� S �	�!"� �����!"� �	 z�. U(� $<���+ .ITU-R P.676.  

 U(]� :6��"�::
��c� q��� $r�"� yC* '����  

(1.6.F) 
32

16.12
10

83.0)54(

62.0

34.0

2.7 −⋅⎥
⎦

⎤
⎢
⎣

⎡

+−
+

+
= f

ff
o

γ                  dB/km  

"�� =����v d��� ��� q��� $r�"� yC* '���� U(]� :6��"��(u� dB/km:  

(2.6.F) 
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2
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1

42.9)235.22(
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0019.0046.0

−⋅
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
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⎣

⎡
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⎞
⎜⎜
⎝
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+
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++=

seaseaw
f

f

f

f
ρ

η
ηργ  

:��u  

(  . 2.6.F) 
sea

ρη 006.0955.0 +=                         

(l2.6.F) ⎟
⎠

⎞
⎜
⎝

⎛=
2000

exp rho

sursea

hρρ                  g/m3    
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������� G  

	
��
� ������ ������ 	����� ������� E  

 �56 g`� 
��5�"� ��*�*c� ��*�@� ����G d�C�@ �T�$� �T�C�" ;$X��� ����"� �C*��� ��/��J"E  �����" ��(!��� �%
������ %p nE�$G ^_ =�U���*� �	x"� �	  �T�C"� ��UU$9E (foEs)  ������ q���" ��(!���%0,1 +%1 +%10 +%50  �	"� ���

 ��X���) �C*����FoEs0.1.txt +FoEs01.txt +FoEs10.txt +FoEs50.txt Ã+ .(b���"� ��� p���"� ^_ ��"+. ���`� �(
 M. qK+ .�C*����+ �8Xi��� #$!"� ¦�C� ����� ����	 ��� 
G�(�"��V  #$!"� ¦�CG (�� �N���	 �T�$C"� z�!�9

����C�[�� + B�!X9$�� +. �8Xi��� ��-�c�V   x�I�9 O"� �V�e� M. �muJ�� �(¤+ .$`�"� nG S ��� �­��u hx��
�(? §�X9��� �� $Ym�9 �$6�m"� 456 q��� ���?@�.7*���� ��� =�(R =���N =�U�I�  

 ����"�� l��e� ���I� d�$R_ 7�� �"5"+ .,E��Y�" ��"+c� ��+�x�" =�T<+ �+�X�9+ B��$C�� q
u �����e� ����I!"� �I8�9+
 �E���"� 456 )I
�9+ .d���"� ��� :9xXN+ �(u�+ UU$9 �xXT" ������ ����. )�I����� S .d�$R@�  

1.G   ��2�
� 9�77�= >��?���E (foEs)  

��� �1_L ������ ����"� %p  ��IH�*V� +. ,�G�("� ��IH�*J" �	(i���� ���	x"� ������ q��"� 7�N U(u B�<+$!	 �	x"� �	
 B,R����p1 +p2 B�+(
�" =�T<+ (1.G). 

��® �+(1.G  

	
����  
�
���p1 
p2  

������ ��	
��%p�
��� �
 p1 p2 

p < 1% %0,1 %1 

1% ≤ p ≤ 10% %1 %10 

10% < p %10 %50 

�<+�I ��� 
`u� B:!	 t)N�� D�!�� foEs1 +foEs2  nE�$G �	foEs ������ �����" ��(!��� p1 +%p2  .b���"� ��� �	x"� �	
 q�u�foEs  ������ �����" ��>(!���%p  =�	(i��	 �	x"� �	�	 :,��  

(1.1.G) ( )

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

−+=

1

2

1

121

log

log

p

p

p

p

ffff
oEsoEsoEsoEs

                 MHz  

2.G  6�,�� 6@��
 ��$����  

 ��� 
`u� foEs  �(u��MHz ��I �"U�!�� �C*��� L���u (1.1.G) .���� g`���  
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:�(u�+ �xXT" ���X*����c� ������ q�u�  

(1.2.G) ⎟
⎠

⎞
⎜
⎝

⎛+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎠

⎞
⎜
⎝

⎛+

⎟
⎠

⎞
⎜
⎝

⎛+⎟
⎠

⎞
⎜
⎝

⎛+
=Γ

280

1660–
exp

1000

2600
2.0

250130
1

40
)(

22

21

d

f

fd

dd
d

oEs

  

 :
E��� ���� ��� q�u�  

(2.2.G) ( ) ( )
5.0

22

1

2
cos22 ⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−++=

e

eseeesee

a

d
haahaal                  km  

 ��uhes ;$X��� ����"� �T�� §�X9�� ,6  E (�� �U(v B��$�	���H"��km 120.  

 :��E��� �<��I�" ����"�� $e� d�8X"� S ������ l��u M¶� �H�  

(3.2.G) ( )
11 lLL bfsDbfs =   

 �"�("� g�$!9 ± ��uLbfsD �"U�!��� (1.11.3).  

.�	 "�§�!/�" ��"+c� ��+�x  :�C*��� �C!�< �(u�+ �xXT" ����"�� :<�$C�� (�� ,�]� ,T<c� n�� ;�< 

(4.2.G) 
1

1

1

1

cos1

sin
arctan5.0 α

α
α

πε −
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

−+
−=

⎥⎦

⎤
⎢⎣

⎡
⎟
⎠
⎞⎜

⎝
⎛

⎟
⎠
⎞⎜

⎝
⎛

ees

e

r

ah

a
                 rad  

:��u  

(  . 4.2.G) 
e
a

d

2
1

=α                  rad  

� :<�$CI�" 0�$!�V� ���+s �C!9+� :,��  

(5.2.G) 1,1,1 001.0
rrtrt

ε−θ=δ   

:�C*��� ����T�� 0�$!�V� ��I�!	 �C!�9+ 

(  . 6.2.G) 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −
=

)001.0cos(

)cos(1
1000651.3

,

1,1

,1,1

rt

rt

lrltrt
df

θ
δ

ν  if 0
1,1

≥δ
rt

  

(l6.2.G)
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −
−=

)001.0cos(

)cos(1
1000651.3

,

1,1

,

rt

rt

lrlt
df

θ
δ

 otherwise  

:�C*��� :<�$C�� (�� 0�$!�V� ����G 5E(�� �C!9+  

(  . 7.2.G) ( )ttp JL 11 ν=                  dB  

(l7.2.G) ( )
rrp

JL 11 ν=                  dB  

 �"�("� �>$!9 ��uJ :I�N �	 �X"p�� �"U�!��� (1.12.3).  
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�T�C�" ;$X��� ����"� �C*��� ��/��J" ��*�*c� ��*�@� ����G �C!9 M¶�+E  :�C*��� �(u�+ �xXT"  

(8.2.G) rptpbfsbEs LLLL 11111 ++Γ+=                  dB  

3.G  ������ �	
��
�  

 ��� 
`u�foEs �"U�!�� �C*��� :����]� :�I�T"� :� �Uc� �I�T"� �YX3�� (1.1.G) ���� ��� )�� (�� Q����. ��J�+ .

E�("� ��	 �T�$� h�(i�*�� Q����. ��J�+ ���� )�� (�� #$!"� nG+ ��C"� nG ��� ��`e� �H�+ �$ �U���"� 'zH"�
S  
��5�"�H )-�� dpnt   =d 0,25 +dpnt  =d 0,75   �"U�!�� S(1.3.H) .b���"� ���  

 l��u (��.Γ1 �"U�!�� h�(i�*�� (1.2.G) ::9xXT" ���X����c� ������ ��� b��"�� 
`r�<  

(1.3.G) ⎟
⎠

⎞
⎜
⎝

⎛Γ=Γ
2

6.2)( 12

d
d   

:
E��� ���� ��� q�u�  

(2.3.G) ( ) ( )
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22

2

4
cos24 ⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−++=

e

eseeesee

a

d
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 ������ l��u �H� M¶�+:��E��� �<��I�" $e� d�8X"� S  

(3.3.G) ( )
22 lLL bfsDbfs =   

�"�("� (�(� ± ��u LbfsD �"U�!��� (1.11.3).  

.�	 "�!/�" ��"+c� ��+�x§� :�C*��� �C!�< :9xXT" ����"�� :<�$C�� (�� ,�]� ,T<c� n�� ;�<  

(4.3.G) 
( )

( )[ ] 2

2

2

2
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sin
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�9+� :<�$CI�" 0�$!�V� ���+s �C!� :,��  

(5.3.G) 2,2,2 001.0
rrtrt

ε−θ=δ                  rad  

:�C*��� ����T�� 0�$!�V� ��I�!	 �C!�9+` 
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⎨
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−
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−

=
otherwise

)001.0cos(

)]cos(1[1000
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)001.0cos(

)]cos(1[1000
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δ

δ
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(  . 6.3.G) 

(l6.3.G) 
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�9+:�C*��� :<�$C�� (�� 0�$!�V� �����G �C!  

(  . 7.3.G) ( )ttp JL 22 ν=                  dB  

(l7.3.G) ( )
rrp

JL 22 ν=                  dB  

 �"�("� �>$!9 ��uJ :I�N �	 �X"p�� �"U�!��� (1.11.3) .  

�T�C�" ;$X��� ����"� �C*��� ��/��J" ��*�*c� ��*�@� ����G �C!9 M¶�+E  � :9xXT"� :,��  

(8.3.G) rptpbfsbEs LLLL 22222 ++Γ+=                  dB  

4.G  ������� ���	
� �	��
  

�9�C! �T�C�" ;$X��� ����"� �C*��� ��/��J" ��*�*c� ��*�@� ����G M¶�E  BLbe (dB) �� :,��  

( )⎪
⎩

⎪
⎨

⎧

+−
−<
−<

=
−−

otherwise1010log10

20
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2
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1
1.0
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bEs
L

bEs
L

bEsbEsbEs

bEsbEsbEs
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LLL

LLL

L  

(  . 1.4.G) 

(l1.4.G) 

(01.4.G) 
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��� �
����� ��� ������  

1.H  �����  

 ���� ��� �C�*�"� ¦�T�"� l��u M�/� ��Y�R�9 
��5�"� �56 #$!� �����(u_ h�(i�*� $	c� ,�(��� :u f��U�$"�
.#$!"� nG+ ��C"� nG  

�� ��� g`��	 ��� ���!"� S 76c� D��C�"� 
�I��+)N��� 
H/� f5"� Bf��U�$"� ��  ��`e� Q�R. �	 qK f5"�
��� � .����U�$"� ��G���� ��I�!�� 76.�I  01�2 M. �T�C�" ;$X��� ����"� �C*��� ��/��V�E  
��5�"� S U���"�G  q�C��

.���� ��� §���. ��J�+ ��� (�� M�!T9 :��"� :�CT�"� �<$!	  

�+(�� S �R�(�� ��*�*c� �JG(�� ��I�!	 S ��<�$C�� )N���� g�$!9 °± (N+ 1.2.2  45� ,��E$"� Æ�� S��3��"�  �"V(�
��+ .#$!"� nG+ ��C"� nG ��`e� )N�9 ^_ �"1 'x! �<$!	 q�C�9 O"� ����!"� nE�$�� �	 ����U�� ��G��	 ��I�!	 ���

�<+ .�����(u@� ��9�I  �	 
N. �YX3�� �YX�$!9 �H� ��G���� �N("�� =�	�x�"� O"�+ B��`T"� ������� D�!��km 100 �I< B
� B��9��H�U �����(u_ ^_ ��<�$C�� )N���� 
��� �"�Y* $��c�+ �NU $��c��I  '(u_ S +. �����"� �H�/"� S ��e� �6

 
	�/"� #$!���� f��9��$�� h�m�"� ��H�?(UTM) �Y����+ ��9��H�("� �*(��� U�I���� �C�*�"� ���� ¦�T� l��u+ B
 .����U�$"� ��G���� ��I�!�� ��� ��`r�" #$� nG+ ��� nG ^_ =�����  
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 B��"��"� h��Nc� S+� �� ��(u�"� $�1 U$� °��+("� 5�X�9 �Y��C�� O"� ��(u�"� ��� (I�!9 ��_ ��u B���+x"� �!�� �3�
. ��� B�������.d�8�NV� q�u 
��r�"� f$K M  

2.H   ������ ������ ���� ���  

 ���� ��� �<$!	 �T�$C"� 456 q�C�9d  �6+ B��$�	���H"���	  ��� l��u (�X�� �	 M�H� (N+ .����� $Ym�� Qr���
.��<�$C�� �����(u@� �	 =�$?��	 ����  

� �C!�+ B:<�$C�� :� ��C"� nG S ;$X"� q�u�� :,��  

(1.2.H) terelon φ−φ=Δ                  degrees  

 ��IH"� q�u�r:  

(2.2.H) ( ) ( ) ( ) ( ) ( )
lonrntnrntn

r Δφφ+φφ= coscoscossinsin   

 ���� ��� q�u�"� QX3�� :n*���� $CT"� g`� ��1 #�c� x�$	 S ����T�� ��+�x  

(3.2.H) )(arccos r
d

=φ   

 :'zH"� �$E�("� ��� ���� ��� q�u�  

(4.2.H) edradgc Rd φ=                  km  

 ��uφdrad  ,6φd + BM��U�$"� �(u��Re �+(�� S �C!	 1.3.2.  

�+�I  7�T"� S d�R1.H + B4J�.B;��9J" ����G��  �I�N ����T	 �H�dgc  �I�T�d� B�I �+(�� S �U�+1.2.2  

±+  �$TX"� S �Y��� ��`e�2.3  45� ,��E$"� Æ�� �	��3��"�.  

 :��IH"� q�u�x1 +y1:  

(  . 5.2.H) ( ) ( )
tnrn

rx φ−φ= sinsin
1   

(l5.2.H) ( ) ( )lonrntn
y Δφφ= sin)cos(cos
1   

 B
�T���� 4�¤�� 
*$�� �	 =�NJC�� 'zH"� �$E�("� ��� f+�x"� 4�¤V� q�u�Bt2r l��T� 4�¤��) =�N$? ��+�x"� QX3�� B
 =�(R ��[`"� �T�C�� 7�T"�� ��X�uV� f�+$8"� �	 B��IN� l��*c+ .���� 4�¤�+ 
*$�� (�� ��I/"� 4�¤� :� (����"�

"�("� �Y�C!9 O"� ���+x�":���H!"� ������� �  

(6.2.H) ( )⎩
⎨
⎧ <<

=
−−

otherwise,2arctan

10and10if

11

9

1

9

1

2

xy

yx
B re

rt

φ
  

 �"�("� yI�9 ��u“arctan2”  n�$� f5"� n�� :� ��+�x"� l��� �CT� (�� �CT�� ��9��H�("� �/���(x,y) ��]� :�+ X B
�	 �I�N ,C!� Bt2r  �	 f. �I�N M�H9 M�� yI��+ Bq*���� )�$"� Sx  +.y ��+��	 B�IY��� W�"+ B.$X`�"  

 �1_+�  �"�("� �H9“arctan2”  7�N S D�N(�"�� �YT��C9 �HI�� �I< B���H	 +. g�?�. S �$<��	x +y  °
m"� �"�U h�(i�*�+
 ��+�x" ��U����V� ���H!"�V  s+�
�945 	c� B�R�U.h�+("� ��� 45�X�9 �H� f5"� $ 

3.H  ����� ������� ������ !��"  

 �����e� ���I!"� ,C!9. .
�T���� ^_ 
�*$�� �	 ���� ��� ��� �CT� f. (�� ��C"� nG+ #$!"� nG ��"��"��	  �<����
 B�C�*�"� �CT�"� ^_ 
*$�� �	 �(�I��dpnt ��u �T���"� S �6(�(� �HI�< B(��$�	���H"��)�I .7�T"� �56 h�(i�*� 7��  
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 (�� ����T�� ��+�x"� �YX3�� �CT�"� ^_ �<���� q�u��$	:n*���� $CT"� g`� ��1 #�c� x  

(1.3.H) epntpnt Rd /=φ                  rad  

 �"U�!�� M. »uV(1.3.H)  ,C!9φpnt  :M��U�$"� �(u��  

 ��IH"� q�u�s :  

(2.3.H) ( ) ( ) ( ) ( ) ( )rtpnttnpnttn Bs
2

cossincoscossin φφ+φφ=   

 :�C*��� �C�*�"� �CT��" #$!"� nG M¶� �C!��  

(3.3.H) )arcsin(spntn =φ   

 :��IH"� q�u�x2 +y2:  

(  . 4.3.H) ( ) ( )tnpnt sx φ−φ= sincos2   

(l4.3.H) ( ) ( )rtpnt By
tn 22 sin)sin(cos φφ=   

 �C�*�"� �CT��" ��C"� nG q�u�φpnte =�(R ��[`"� �T�C�� 7�T"�� ��X�uV� f�+$8"� �	 BU�(�c�� D�!�9 l��*c+ .
:���H!"� ������� �"�("� �Y�C!9 O"� ���+x�"  

(5.3.H) 
⎪⎩

⎪
⎨
⎧

+φ
<<

=φ
−−

otherwise),(2arctan

10and10if

22

9

2

9

22

xy

yxB

te

rt
pnte  

 

 
�(!�� 7N B��+$8"� (��+φpnte  ´"��"� y�r`"� '(�� S )T�"°360 D��C9 ����I� 7m!	 M. ^_ ���?@� �(¤+ .
�"�("� arctan2  �	 '(�� S )T9 =�I�N ,C!�9�°180  ^_°180  .d�8�NV� q�u  

 

 

 

 

 

������� I 

 	�
���� ���
 ���� �������� ��������������  

1.I  �����  

ªd�$R_ 
��5�"� �56 U(Z  :6��"� '���	 l��e Q	�(i�*� �H� =����$H9A  ����	 ����" ���!	 �I�N 
R. �	 ��/��� ��"¶%q 
 '����� s+�¤ ��JG 7�� �	x"� �	A �"�("� 
��+ .A(q)  �"�U�����  =���+$- f��$H�"� d�$R@� z�!��+ .,I��$�"� )�s���"

�� :u ������ ����"� l��e ��/��V� 01�2 Ç�`q  :!	 :6�9 '���	 s+�¤ �Y�< 7�� O"� �	x"� �	A �"�("� 
��+ .Q(A) 
.,I��$�"� )�s��"� �"�U  

qR��+  '(�� )*��"� ��/��V� 01�2(WRPM) ��*�*. ���`� 7��  '����� l��uA  ���!	 �I�T" ����"��q  +.p .
)	+  l��u 
R. �	 ��C	c� ��C6 q��� ����+ S�`"� ��� S ��i�" :��$X"� :R1�I�"� �%��3 7�9 B�"1q  ����"��
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 �����" ���!	 �I�T"A .ªd���+  =�(�(�+ B:��$X"� :R1�I�"� ��5� =����C	 ,I��$�"� )�s��"� �"�U WH� z�!�� B�"1 ���
I
�".:��$X"� :R1�I�"� ��56 :� ) 

 �(¤ ���� 7�N �"V(� Q�%��3 L� 
��5�"� �56 S U(]� d�$R@� M. �	 7%$"� ��� Q�. �muJ��A O��I!" D�C� Q�©< B
���� (A > 0)  :�r�"�+(A < 0) d���"� ���.  

2.I  	�#$%�� ��&#�  

 �"�("� 7�T"� �56 U(ZAiter(q) ������ �����" ��(!�	 ����� ��/��� ���"� �� 7R��"� :6��"� ,C!9 O"�%q   .�	x"� �	
S+  �"�("� U�R+ d�$R@� ,�(��� B)N��	 �(�Qiter(A)  q�C�9 f5"� ��/��V� 01�I�" ,I��$�"� )�s��"� �"�U 
�� O"�
�	  �"�("� Q�R.Aiter(q) �"�("� g�$!9 ± (N+ .Qiter(A) Æ�� S �$R@� h�(i�*� Q�< hx�� O"� M�H�� S ,��E$"� f��$H�"� d

�5­ F��� .
��5�"�  

 �"�("�Qiter(A)  M�H� :u S Q�. ^_ ���?@� ,[��9 ¿ �	+ Bq"�* 
�	 ��Ahigh
 

 �	 z�.Alow
 

 M�H� Bqhigh
 

  �	 
N.qlow
 

.  

 '(	 (�(� S 
�I�9 ^+c� ::��u$	 ��� ��$H�"� ���I� f$¤+I8�9 O"� :6��"� ������	 �� �r��" ������ ����"� �
LN+ �	 �	sJ"� ��� �� ���I� U�I��� B�����"�+ .�� �¤��"� ������ ����"� )T9 ��� �r�"� ���I� 
T3 
R. �	 ������

�	 LN+ �	 �<(Y���� ������ �����" Q� {�I��� :!�� �+�X�"� ;�C� �I- �	x"� .����  

 ������1: �	
�� �
� 
�
�  

 :6���" ��"+c� �I�T"� (�(� �H���$
�"� , BAinit �d�XH"�� D�!�9 l��*. (R�9 (N+ .��$X3 �% ��R�	 �I�N ��. (�� B
 �I�T"� l��eAinit  (�(� U$� M. �>��9 Q�. (�� .�	 (u ^_ ,��-�	 ¥�*. ���Ainit  �I�T�10 dB  ��T!	 �(N �� $X��

�I� S �d�XH"� �	.��$H�"� ��  

�9 7�T"� 456+ B:6��"� ��C�+ :6���" �Xi���+ b�!"� �r�"� f>(e ��"+c� 7�T"� U(u� �C!�I :,��   

(1.2.I) 
2

init
high

A
A =                 dB  

(2.2.I) 
2

init

low

A
A

−=                 
dB

  

(3.2.I) initstep AA =                        dB  

 ����6��"� 
Y�*�Ahigh
 

+Alow :�I�T"�� �	x"� �	 ����	 ����" ��(!���  

(  . 4.2.I) ( )highiterhigh AQq =                 dB  

(l4.2.I) ( )lowiterlow AQq =                 dB  

������1���� �	
�� �
� ����� :  

 L��� �1_q < qhigh �r�"� ��� )��9 B:·¶�  

  �I�N l��u (�. Alow = Ahighj  

  �I�N l��u (�. qlow = qhighj  

   �I�N l��u (�.Astep  =2 × Astepj  

   �I�N l��u (�.Ahigh  =Ahigh + Astepj  

   �I�N l��u (�.qhigh �"U�!�� =�	(i��	 :4.2.I) .( j  
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  �� .µ��6 �	 =�T�C�	 �$�+ �r�"� '(	 ��$H9 ���(� ^_ =����� (  

 L��� �1_q > qlow :·¶� �r�"� ��� )��9 B  

   �I�N l��u (�.Ahigh  =Alowj  

   �I�N l��u (�.qhigh  =qlowj  

   �I�N l��u (�.Astep  =2 × Astepj  

   �I�N l��u (�.Alow  =Alow − Astepj  

   �I�N l��u (�.qlow �"U�!�� =�	(i��	 4.2.I)l( j  

  �� �r�"� '(	 ��$H9 ���(� ^_ ����� (.µ��6 �	 =�T�C�	 �$�+  

 L��� �1_ f. B'$Gc� �V�e� S+q ≥ qhigh +q ≤ qlow ��u$�� �	 )���< B2 �U�!"� S b+c� �r�"� '(	 �+$� q�C�9+ .
 (!� �+$!"� d��_ qK BfU(!"� ��$T�*V� M�I- 
R. �	+ .��$H�"� ����I� �	 =J��N =�U(�10  $m�"� �[� ��$H9 ����I�

 7�N ��qlow +qhigh��u$�� �	 =�NJC�� �����e� ���I!"� �!���	+ B 2.  

 ������2�� �	
�� :����  

�I�N U(u
try

A:  

(5.2.I) ( )highlowtry AAA += 5.0                 %  

:����V� �r�"� ��$H9 .(��  

   :6��"� q�u�Atry f(!��� :�	x"� �	 ����	 ����"  

(6.2.I) ( )tryitertry AQq =                 dB  

   L��� �1_qtry < q  �I�N l��u (�. BAhigh  =Atry.  

   �I�N l��u (�. BV_+Alow  =Atry.  

   �I�N l��u (�.Atry �"U�!�� =�	(i��	 (5.2.I).  

  ��( V� �r�"� ��$H9 ���(� ^_ �����M_ .µ��6 �	 =�T�C�	 �$�+ ���� V� �r�"� �+$� ��$H9 ����I� U(� ����nite 
 ����]� �"�(�" �T�C�� �N("� U(ZAiter(q) ��� (�x� �N("� �	 �(T" =�T�T�+ .Aacc U(u Bniter  y�r3 U(� $[3. �I�N (��

 �U�!� +. �	 z�.)/log(32.3
accstep

AAM�H� M. qK+ .Aacc   =dB 0,01 "� ����I� ��I�_ ��<+ .=��<�� ��$H�niter B
 )��9�	 .4��U. U$�  

 q�u�f(!��� :6���" ����$T�"� �I�T"�  ������ �����"%q :�C*��� �	x"� �	  

(7.2.I) ( ) tryiter AqA =                 dB  
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������� J 

���� 	����� ����!"� #$�% ��&'  

  

1.J  �����  

 ��/��V� 01�2 ���� 
��5�"� �56 #$!� ���$X"� 01�I�"� )a S �	(i���� ;$C"� M. g�� {$/�+ ,�H"� '(�� )*��"�
=�!	 .���$X"� 01�I��" �IE�T"� �����9�V� wE�`G WH!9  

 0�$!�V� ,6 ���"¶� 456+ .��`X�	 ��/��� ���"� )�* 
�� O"� �!��"� ���$X"� 01�I�"� )a �$H< ^_ 01�I�"� (����+
V�+ Q>R��� ��/��V�+ �T�C�" ;$X��� ����"� �C*��� ��/��V�+ f�X*��+$�"� �����E  U(!�	 ��/��V�+ fs�["� F�`�	V�+

 ��R��� )��9+ .
�T����+ 
*$�� :� $G� �$� ^_ �$� �	 ����	 ^+c� )��c� ���"¶� $<�9+ .����"�/������
=���	 B.(��� ��u �	 B���"¶� ��9 �	 ��"� 
H" ����U�$"�  ���`� )��c� ���"¶� 
I!9+ Bf��� �J["� z� =�X���

. ."��s���	"�	 < ��Gc� ½J�"� ���"¶�J  ���"� 
H/9 
� B
�T����+ 
*$�� :� ���?@� ����	 �<��� �Ã�1 (� h�T9
.$G� ^_ �$� �	 �!��c� ������ ��� ��<�-_ ����G ���9 ��<�-_ :6�9  

+V   )I�� z�!�� wE�`G 
H/9+ .,E�`u@� )��C"� 
I�+ LN�"� ��� (I�!9 01�2 ���H" =�$m� =�C��� =�$	. �!��"� 01�I�"� :�
 q>��9 O"� �IE�T"� ����� U�3�c� ���"� :� ��C��$�"� 01�I�"� ��C��$9 WH!9+ .�T�$C"� 45� fx�$�� ��]� 01�I�"� n��$9

��*� (N+ .LN�"� S $��[�"�U��_ L	(i �IE�T"� ��C��$�"� (�(r�" 
Rc� ����� ����!"� ����� U�3�c� ������" ���(u wr< �
:�   M��+ .���$X"� 01�I�"� g���V   =����� 45�X�9 
Y�"� �	 01�2 )-�" n����"� U�I��� �	 >(� �  =�	�I� $	c� ,�(��� 1_

E�`u@� wE�`�� 
�� ��U(� 01�2 U�R+��V� ���"¶ �	��"� ��.��/  

2.J  ��'#(�� )*����� +, -�.�  


H/"� $Ym�� 1.2.J "� �R+Ux�� ¦�C��+ $�&" 0+Ux�� n�� 
��+ .,�H"� 01�I�"� ����#$! �	 M. �T�Tu 7*$"� S  l����
 )�s���" ���H!"� �"�("� (�(r�"�� �6+ .������/�N�C�" 
	�� ,E�`u_ )�s�9 �6 
� �N�� +. ����?_ W�" 
H/"� S

$�"� ,I��(ICDF)  ��*�*c� ��*�@� ����G 7�N )�s�9 �"1 U(Z+ .01�I��"L  ������ ����"� S �"�(�p  .�	x"� �	
.�	  :h�I8��� �3��� n��$�"� ��3�G ^_ h�I8�� S U�R��� �$e� �/� ��u $E�+(� �Y���� 7��< 01�I�"� 7�	�8	

�$e�< “C” �< Bh��"� n��$�"� ^_ x	$��I  �!��$e� “E”�$e� �/� �I��� B'$G&" ���"¶� '(u_ U�!��*� h(�“U”  
_^ . .n��$�"� h�(!���	 7�	�8��  �$e� 
I� O"�“S”  �Y!a 7�� O"� ���IH"� '(u_ 
�I�9 ��u ��U(� 7�	�8	 ,Y<

S  �U��) n��� U(��	 (� (=��C*+ =�IN� M�H�V .=�	�9 =�!�s�9 Q��� �	  

S y-�+ 
H/� U$9+  :9$TX"�4 +5 . .���$X"� 01�I�"� :� )I�� �Y�R�� 7�� O"� �T�$C"� 
�3�X9�	  �<�I   B��	��!��� D�!��
�!��c� §���c� M. ¥�*. ��� )�s�9 O��I� :� )I
�" �	(i���� ´�`"� #$� ��6 7��< (N n��$�"� wE�`G �	  .L	(i��*�  

 
�� L ��*�@� ����G ��"��"� �VU�!�� Sx	$9+ .$G¶ �$� �	 ��/��J" �!��c� 01�I�"� �	 (u�+ 01�I�" ��*�*c� A 
 �(9+ .��<�-@� 01�I�"� (u. �� �9��"� $e� d�8X"� ^_ ����"�� :6��"� ^_L(p)  +.A(p)  )�s���" ���H!"� �"�("� �I�N ���

 ����	 ����� �3��� ,I��$�"�p . .�	x"� �	�	  Du���"�in1 +in2 +out ��< B,I��$�"� )�s���" ���H!"� °��+(�" =�6�(� h(i��
�<�I  �TuJ"� (I�!�9scal .fU(!"� 
G(�"  
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 h�I8��) ,I��$�"� )�s���" ���H!"� °��+("� �	 n��$�"� O	�9 :�"�U :� )I��<“C” ������� +. '�T�" )a U$� �6 (
 ����	 ����� �3���p �9+ .�	x"� �	� �"1 5�X�9 �T�$� �Ã$� È�!	 �Y��� )I�� �>$T�� 01�I�"� L��� �1_ �C*��� �Y�� =�$

$e� d�8X"� ^_ ����"�� :6��"�+ ��*�*c� ��*�@� ����G +. B��*�*c� ��*�@� �����G:  

(  . 1.2.J) ( ))(1.0)(1.0
21 1010log10)(
pLpL

out
ininpL

−− +−=                 dB  

(l1.2.J) )()()( 21 pApLpL
ininout

+=                 dB  

��I  h�I8��) ����� �I�N :�+ ,I��$�"� )�s���" ���H� �"�U :� )I�� z�!��“S” �(�u+ �C*��	 �I�N ����� 
��* ��� B(
:6���"B  ,I��$�"� )�s���" ���H� �"�(� 
�I�	 
GU U$� �6 ,I��$�"� )�s���" ���H!"� �"�("�� 
�I��� 0$��< .=�C��� =�$	.

��v U�(�	� ��� "Q�uxus" L� 
G(�" ��U(!"� ��IH"� �I�N ��(T� ������/��T"�:  

(2.2.J) 21
)()(

ininout
ApLpL +=                 dB  

 :���I~� M. »uV“C” +“S” ¥�*. ��� �£5�X�9 �H�  ������ ����"� (�� 0$�� �I�N M. f. B"�(u ��� �CT� 
�"%p 
 ������ q��"� 7�N ��� nT< gN��9 �	x"� �	%p + B
G("� 01�I�"V  .��	�H"� )�s��"� ����I� q�C�9  

.�	  O"� ���"¶� :� )I��V  h�I8��) '$Gc� �6�(u_ (!���9“E” ��u��"� �	 5�X��"� S ���!`"� �	 z�. �(T� 7���< (
�"� )�s���" :���H� :�"�(" �	x"� �	 ������ q��"�< .h�YX�� ��u �	 n��� Q��� =�I�� �����e� )I
�9 �JG(I�" ,I��$

:������ 7�N �	 �I�N 
� (��  

(3.2.J) )()()( 21 ApApAp
ininout

+=                 dB  

 ��"¶� :� )I
�" �T�$C"� 456 h(i���9+ .�JG(�� ���IH" �	��"� )�s��"� ����I� h(i��� =����$H9 ªd�$R_ �"1 q�C��+
 .$C�� ��C­ �T�!��� '$Gc�+ S�`"� ���� �T�!���  

�C��$��� �% ,I��$�"� )�s���" ���H!"� ��+("� �	 :�"�U :� )I�� ���I� M. l$[���� �	 Q�!"+ h�I8��) :“U” (
,6  �"1 5�X��" �"��� L��	 DE�$� 
��N �	 ��IN� ����T9 U�I��� �6 ��6 l��C�� M©< 
!X"��+ .���!3 $��c� ���I!"�
���  )*��"� ��/��V� 01�2 ���� M©< B�"��� L��	 DE�$� ����] '(�� )*��"� ��/��V� 01�2 h�(i�*� (�!< .qE�3 ��

� �R5I�� yI�9 '(�� �$TX"� S �"1 {$? U$�+ .��T!	 (u ^_ $?��	 l��*�� y�r3 
H/� ��E�`u@� 7�T"3.5.  

 O"� �+$m"� S q"�["� S h(i����* '(�� )*��"� ��/��V� 01�2 M. Q� �$�!�� �I< �"1 )	+V  ³��e� (�T!�"� �>z9
��C9 7�� �"�e� 456 S+ .�"��� L��	 DE�$� ����]D "�����" C��� ��*�*c� ��*�@� ����G l��e ��~� �u�9@ �

 �Uc� �I�T"� É<�H	 
H/� +. B'�Nc� ���?@� d�T���� ,8T� .(���< .�	x"� �	 ������ �����" �(u�+ �I�N (�� h��"� 01�I��"
 ����	 ���� 
� (�� ���?@� ����	 �	 ($��. +.) ����	 �	 B��*�*c� ��*�@� �����p .�	x"� �	  �56 S �H�+

 .���("� �I�T"�� ��X�uV�� h��T"� U$� )����9 (N O"� 
��� S §�CT�V� �V�u �	 w�i��" "�C���" �"�U h�(i�*� U(`"�
 �$TX"� S ��"��"� �T�$C"� h(i���9+2.5:  

(4.2.J) ( ))(2.0)(2.0
21 1010log5)(
pLpL

out
ininpL

−− +−=                 dB  

 )	+ �T�$C"�� =�(R =�Y��? +(�� �"1 M.�"U�!�� S �!���� 1.2.J) .(  ¥�*. ��� )I�� 5�X�9 ����H	_ S 
�I�9 ��x� 7���+

�"  :	�I8�� M©< B"�(u ��� �CT�“U” +“C”  ,TC��� 
`X"� ��� d�T�@�< .��E�`u@� ��u��"� �	 (�!� (u ^_ M�X��Á

 ��U(!"� DE�$C"� D�C� M. 01�I�"� 5X�� ����"�� 
Y*c� �	 
!K ��6 �Y�"� §��9� �	 =��E�`u_ �NU $��. �
��� ��� ��`r�"
�"U�!I�" n���"� ,���r�"� (4.2.J).  
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