
  

  

�������� ��	
��� ��� ������
���  

 

 

 

G.978 

 

ITU-T  

(2006/12) �������� 	

�� ���
� 

������� ����� ����� �  

  

  

  

  

������ ��G : ���	
��� 
������� ������� ���	
�

�������� ���������  

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

������� ���	��� 
���
� ���� ���	� 

  

  

  

  

  

  

��������  ITU-T  G.978  





 

  

 ������� ��
���G ��
� �� ������� ������� 	

��  

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

  

������� ���	
�� ��
����� ��������  G.100 � G.199 

������� ��
��� ��
������
� �
��� ���!
"��� �"#$%� &'�  G.200 � G.299 

��$��� (�)* +�, ���
� �
��� ������� ���	
�� �"#$-� �./���� ��
��� G.300 � G.399 

 +�, �"#$%� 0� 1�2�� &������� ���	
3�� �4 �.�./���� ������� ���	
�� �"#$-� ��
��� ��
���
��$��� (�)* 

G.400 � G.449 

��'�3�� ��	
5��� �.�./���� ��	
5�� 6�37	 G.450 � G.499 

8
9
:� ;�
9� ��
�* G.600 � G.699 

��"<
 ��=��)� ��>�5? G.700 � G.799 

��"<��� �
'2��� G.800 � G.899 

��"<��� (�)�� �"#$4� ��"<��� @
3<%� 

G.900 � G.999 

  ���� ��	�
��� G.900 � G.909 

  �
� ����������
�� ������ ��
� �� G.910 � G.919 

   ���� ���� ��� ��
!��! ���" �#��� $ ���%��� &�'%��kbit/s 2048  G.920 � G.929 

  ��
!��! () ���" �#��* ���
+�� ���%��� ,-./�" ���	0� ���
� G.930 � G.939 

  �" ���	0� 1��! ����2 �3�4-! 5�� ���%��� ,-./� ���
� 11���� 6�'7(FDM) G.940 � G.949 

   ���%��� ,-./� ���
� G.950 � G.959 

   ����/� ����+�� ���%��� �+
8�� 9: ;<�"=�� >�?@� A�%��� ���	0�B ���%��� &�'%�� ���
�(ISDN)  G.960 � G.969 

   ������� 	
���� ���
��� ������ ����� G.970 � G.979 

  ���
�� ,-./� ���
�>�?@�� ��+
8�B ���C� ��+
8�� � G.980 � G.989 

  >�?@�� ��+
D  G.990 � G.999 

 8
9
:� A�/4� ����� ��,�$–&"��3�
B �C����� D$��E�� ��
��� D$��E�  G.1000 � G.1999 

8
9
:� ;�
9� ��
�* G.6000 � G.6999 

 &C7�� �
'2F G, �
�)���H��
��� D$��E�  G.7000 � G.7999 

&C7�� �
'2F G, I$�!:� �'2F D$��� G.8000 � G.8999 

J
�7�� �
'2F G.9000 � G.9999 

  

�������	 
� �
��� �� �����	 ���
 �������	 ����� 
� ��!�"�	�#�"$#	 %��&$ ��'� .  

  





 

i   ������� ITU-T  G.978  (2006/12)  

�������	  ITU-T  G.978 

������� ���	��� 
���
� ���� ���	�  

  

  

 

  

  

  

����  

8�
7�	KLM N
��%� ��2� ��
�* �������  �.�O2�� �.��2��  �
������ P ��"��3��G.973� G.974�  G.977  Q
/
���
�R
�	R� S��C	 T
)< U, . W)X	 WM���
�*8
9
:�  �N
��%� ��2' �.��2�� �.�O2�� Y P ��"��3�� �.��2�� N
��%�

�'�$
'��� ��
��� 
5�= 
� �.�O2�� ��2'��� ��
C����Z�2�� N��#�� 
5�� ���
�� �� ���
B�5'%�[�* . \
].4 W)X	 WM�
 8
9
:� ��
�*^_�� �������� T�7�� Q���� ������� (
`%� U� ��9
9%� ��2'�� A�>�% ./�	� 6���	 Q/�a �
����� b4 

��2� ��
�c N
��%� �.��2�� �.�O2�� @
#7�� �
���	 P ����� ��J b��2�� b�O2��.  

  

  

  

  

  

  

  

���!�  

 �
9�
��� �7E IC=��15 (2008-2005) d.

�B �R
�	R� S��C	 T
)C� ��B
��� 14 G"3./ 2006 ������� +�, ITU-T G.978 Y
 ������� P /�e� A���:� D���ITU-T A.8.  

  



 

�������  ITU-T  G.978  (2006/12) ii  

�����  

������� ��	
� � 
	���� ���� ������ ����� ������� ��	�� ����� .� ����� ������� �

!(ITU-T) �"
# $# 
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($� '	�J� �D� ������� �

!� ���!� �/3���� ��7�'	��.  
 ��' '�-!�� � KI$�� L�-MN� O�!P� ��
($��� QR# =49 �!P�$�� ����1������� �

!�� �
��/�� �
/%A� 89 '����� .  
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1  
������ 
��  

 :��6��c�
�e� ��k� �&��Z �
($��� QR# �,-�k��  �,-�k����� � �4%/�5�� ��
($[G.973]� [G.974]� [G.977] 
������� �

!� ���� 89 
'�����. 
� d-�k�� d-�k�� 0kS�� 0%/�5,�:  

�  ^�\v �'-S} d-�3 d-x  
�  '-S� ��	3 d-�3 d-x ^�\v. 

�	���4�f��� �!
%/�� Q�
�� � ���%/�7� 8S~ B�� �,-�k�� ��kS�� �&��Z �
($��� QR# .  
��
($��� QR# <�1�:  
�   �
S
v�S
�� �&���� �F
P �} �,-�k�� ��kS�� � �,-�k�� c�
��� :�7'`� �&��Z�
"
k�� c�-\�� ����!���  
�  c�
�e� ��k� �&��Z �,-�k��  �,-�k��
S
v�S
�� �&���� �F
P �}� �
"
k�� c�-\�� ����!��� ��&��� 

�� �
&�3-FSe��s-Z 

�  :�7'`� �&��Z 8� �
7�7e� L�aM��m]��� �$6�� 
	
[� �
+
4�� ��kS�� �� 8� �
��e� ^�5�e�  �,��[e� 0kS
�6
]�� �
+
4���. 

2 ������  

 8%f���� ��
($�� �
����� ���!������� �

!� O���S[D CM�-�� 8� �#Xg� 0S2� :�Z 8� 
'��`�R# � �F
�) �  �6��
 8� Da]�, � O�LaM�
($��� QR# .�� C
� �v�� 	�� ��/k� 
'$�R�� �,'�7 �
[����-26�� ��� � .�v�� ��� C
� 

s-Ze� CM�-��� ��
($���Cf� �/M�-�� u) * �/kw �	[D j
k�� u) </5�� =49 �
($��� QR� m4%/�5�� C
� �� 
Q�v�D 
�'�$�� CM�-��� ��
($�4� .J�� ���� ��
($� �%&�� ^�\�v�3 -26 ������� �

!��,'�5�� �
[����. u) 
'��`�� 

�
($��� �+( ���� 	[ � �!
�$�� =49 <+f, � �
($��� QR# � �!
��.  
[G.650.1]  ITU-T Recommendation G.650.1 (2004), Definitions and test methods for linear, 

deterministic attributes of single-mode fibre and cable. 

[G.650.2]  ITU-T Recommendation G.650.2 (2005), Definitions and test methods for 

statistical and non-linear related attributes of single-mode fibre and cable. 

[G.652]   ITU-T Recommendation G.652 (2005), Characteristics of a single-mode optical 

fibre and cable. 

[G.653]   ITU-T Recommendation G.653 (2006), Characteristics of a dispersion-shifted 

single-mode optical fibre and cable. 

[G.654]   ITU-T Recommendation G.654 (2006), Characteristics of a cut-off shifted single-

mode optical fibre and cable. 

[G.655]   ITU-T Recommendation G.655 (2006), Characteristics of a non-zero dispersion-

shifted single-mode optical fibre and cable. 

[G.656]   ITU-T Recommendation G.656 (2006), Characteristics of a fibre and cable with 

non-zero dispersion for wideband optical transport. 
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[G.667]   ITU-T Recommendation G.667 (2006), Characteristics of adaptive chromatic 

dispersion compensators. 

[G.671]   ITU-T Recommendation G.671 (2005), Transmission characteristics of optical 

components and subsystems. 

[G.972]   ITU-T Recommendation G.972 (2004), Definition of terms relevant to optical fibre 

submarine cable systems. 

[G.973]   ITU-T Recommendation G.973 (2003), Characteristics of repeaterless optical 

fibre submarine cable systems. 

[G.974]   ITU-T Recommendation G.974 (2004), Characteristics of regenerative optical 

fibre submarine cable systems. 

[G.977]   ITU-T Recommendation G.977 (2006), Characteristics of optically amplified 

optical fibre submarine cable systems. 

[G-Sup.39]  ITU-T G-series Recommendations – Supplement 39 (2006), Optical system design 

and engineering considerations. 

[G-Sup.40]  ITU-T G-series Recommendations – Supplement 40 (2006), Optical fibre and 

cable Recommendations and standards guideline. 

[IEC 62285] IEC/TR 62285 (2005), Application guide for non-linear coefficient measuring 

methods. 

[IEC 62324] IEC/TR 62324 (2007), Single-mode optical fibres – Raman gain efficiency 

measurement using continuous wave method – Guidance. 

3  ��������� ��������  

1.3  ������� �
� � ������� ��	�����  

�
����� ���4���� �
($��� QR# cp-/�.  
1.1.3  ��	��� ������� ������ ��� ::�7') ��� �,-�3 c�
�D 0%/�5, d-x 0k� $#) .1019 �
($��� � 

[G.972](.  
2.1.3  !"�"�� #$%���&�� '(  :k�� c�
�e� 0k� :$w 0��� $# m3 �,-�8,DaMW�FM � )  C,-+� �	[� �D 8,'-S�

m
P�-�� :�7') dW�FM �D) .(1028 �
($��� � [G.972]( . <7�7e� LaA� ���D 8� m�%6� �-� *�
($��� QR# � �-,�
0kS�� 8�:  

�   ���$6�� 	
[� <+
��  
�   ��m]# <+
�.  

1.2.1.3 �� )*+&�� '( !"�"�� #$,�� -�+�� .�/0 !
������ : $#8� <7�7e� LaA� 0kS��  	[�� �$v 8� �$S�, dR��
�,-�k�� c�
�e� 8�.  

2.2.1.3 ��&�� '( !"�"�� #$,�� 1,2� !
���� )*+�� : $# 0kS�� 8� <7�7e� LaA� dR���$S�, 8� -i�D 8� �$v 
�,-�k�� c�
�e� 8�.  
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 �&3��1/ G.9785� 678�� 9�:��; ��&�� '( <0�  

2.3  =�>? �����; � ������� ��	�����  

s-ZD ��
($� � �Pp-/�� �
����� ���4���� �
($��� QR# 0%/�5�:  
- d-�k�� LaA�:  �
($��� -\v�(1005) [G.972].  
- d-�3 d-x '-S� : �
($��� -\v�(1020) [G.972].  
-  0kS�� C�� ��$�(CBL): �
($��� -\v� (5007) [G.972].  
- �'	�� ���a� 0k�:  �
($��� -\v�(5004) [G.972].  
-  0kS�� ��$��/w�!��+
4� �:  �
($��� -\v�(5008) [G.972].  
- 0kS�� L�$��� -�� y�6� ��e� 	��:  �
($��� -\v�(5032) [G.972].  
-  �
��� �
4
12��� 	2�� 
$�(NOTS):  �
($��� -\v�(5010) [G.972]. 
- �� 	2�� 
$� �
��� �%&�	(NPTS): �
($��� -\v� (5009) [G.972]. 
-  �
��� �
��!�v�� 	2�� 
$�(NTTS):  �
($��� -\v�(5011) [G.972]. 
- �'	�� �%�� 0k�:  �
($��� -\v�(5005) [G.972] 

- �'	�� d��[D 0k� : �
($��� -\v�(5003) [G.972].  

Tx Rx
����� �� 	
�
�� 
���(1028) 

Tx Rx

���� 

����� �� 	
�
�� 
���
1 (1028) 

����� �� 	
�
�� 
���(1028) 

�����A

�����  A

�(����� �	 
���
� ����� ���� 
����� ����� 

�(����� �	 
���
� ����� ����� ���� 
����� �����

�(!�"�� ����� �	 
���
� ��#�$�%&') *+,-	 .&/ 0%&') 1���2 ��3 

2(� �	 
���
� ��#�.&/ 0%&') 1���2 ��3 !�"�� ����4&�	 5��)  

����� �� 	
�
�� 
���
2 (1028) 

����� �� 	
�
�� 
���(1028)  

����� B

������������ ��� (1028)��!"#�� $ �%&#'� �(!�"� ��� )* ITU-T G.972.

G.978(06)_F01 
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-  0
���2��� �56�� (RDS): �
($��� -\v� (2006) [G.972]. 
-  �
P�-��� :�7'`� ��a
FE(TTE): �
($��� -\v� (1010) [G.972].  

4  ��������  

�
����� ��-����� �
($��� QR# ^	��5�:  
Aeff   ���/+�� �[�5��  

CBL    0kS�� C�� ��$�  
CSF    c�
�D $47e� 
	
[� �a[a� C�� ���     

DA cable   �'	�� ���a� 0k�  
DCF    c�
�De� 
	
[� ��2�4� �Ip$/�  $47  
DSF    c�
�D  $47e� 
	
[�  ��2� ����a[a�   
gR

    

� 0��/�����' G5  
DWDM    �M$�� :$�� yiS� �
5!�3 :�7'`� �	/�  

DWDMS  �M$�� :$�� yiS� �
5!�3 :�7'`� �	/� �%\vD  
LEF    c�
�D ���  $47e� 
	
[� 
Xk� ���/P �[�5�  

LW cable  y
+Z 0k��W$��   
LWP cable  k�y
+Z <%� 0�W$��   

n2/Aeff
    

<�Z Xg 0��/�  
NDF    c�
�D  $47e� 
	
[� �k��7��2���   

NOTS    �
��� �
4
12��� 	2�� 
$�  
NPTS    �
��� �%&�	�� 	2�� 
$�  
NTTS    �
��� �
��!�v�� 	2�� 
$�  

NZDSF    c�
�D  $47e� 
	
[� O�-+( d��5, � �a[a� ��2� ���  
OFA    qS��,-�3 c�
�D   
PDF    c�
�D  $47e� 
	
[� �kM$� ��2���   

PMD     ��!�7��  $47D ��2�  
RA cable   �'	�� �%�� 0k�  

RDS     �56�� ��2���0
�� u) �k56��3  
SA cable  �'	�� d��[D 0k�  

SMF    c�
�D �[a[a�  $47e� 
	
[� ��2� ��	3  
SWS    	
[� �M$� :$w ��� �%\vD  
TTE    �
P�-�� :�7') ��a
FE  

WDM    �M$�� :$�� �
5!�3 :�7'`� �	/�  
WDMS    �M$�� :$�� �
5!�3 :�7'`� �	/� �%\vD  

WNZDF   c�
�D  $47e� 
	
[� t��6�� �f,-9 O�-+( d��5, � ��2� ���  
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5  ������ 	������ ����!� "�# $%��&  

1.5  �(�@ A�BC  

 �%�J,�1I 8� �,-�k�� c�
�e� �,�� ��%f� d-�k�� �,-�k�� c�
�e� 0k� d��%
S�� d	/���� �$��� L��� '�2�v�� L��� 
�'	
��3 �$4��� '��{�0kS4� �	¡� -%/�� �
4w mM .  

 �%�J, O�f,D d-�k�� �,-�k�� c�
�e� 0k��
x8%fv  ^	9 ��	[ Q-%w� 0kS�� 	� 	69 c�
�e� L��D � ��w���� 
 z���/�7���%/�7�3 z4
12��:L��� �� �,'�
/�� ��7'�%�� .  

�� 8S~ *j
k���� G5[�$S, �D d-�k�� �,-�k�� c�
�e� 0kS:  
�  �'-S} d-x 0k� 

�  '-S� ��	3 d-x 0k�. 
� 8S~ *0kS�� �,�� G5[��$S, �D d-�k�� �,-�k�� c�
�e� 0kS:  

�  y
+Z 0k��W$�� )  0k�LW(� 
�  y
+Z <%� 0k��W$�� )  0k�LWP(� 
�   �'	�� d��[D 0k�) 0k�SA(� 
�   ���a� 0k� �'	��) 0k�DA(� 
�   �'	�� �%�� 0k�) 0k�RA.( 

2.5  ��&�� D�":E� FG��>  

q�/�c�
��� :�7'`� �&��Z ^�9 zM$3  0
kS��� 0k� ) dD�Fk
�-�0k� 8%I  ( � �+p($�� �4�� �!3��� �D �b�2�
 ��
($���[G.652]� [G.653]� [G.654]� [G.655]� [G.656]. �
�Z� ��,�' ���D ¢ �} c�
�e�8� 0i�e� '	!�� j! �+4S�� 

^�\64� m
���`� L��e��.  
 �$S� �D <1k6,� � �k£�-�� c�
��� :�7'`� �&��Z<7�7e� LaA� 0kS�� 8�  89 y������ zM�e y($� 	[ 0Z��

 �&��Z�0
kS��� 0k� c�
�e� �
[ <1k6, �
%�� ��, �D 0kS�� ��(�� 0kS��  Y�Z zM$3 c�
�e�� �
x89 ¤�6, 
L�$��� c�
�e� QR� -1��� � <#�6��� L�$����� c�
�e�m#$��� � �4%F� 
��,W  .�,6 ��k5��3 ��� RZD <1k	,	� 	69  	��

 L�$��� -�� y�6� ��e�+
4��� � 0kS�� � W�FA� 8%I)¥� *��'-S� *�
&�F�v� *d-�3 0k� ��(�.(  
 0\, �D <1k6, m#$� c�
�e�F��2���2�� ¦$4��   ��!�7��  $47D ��PMD O�-!�5� �F�(�Z �+p($�� ��	�� 8%I 

�^�\6�� �
%�� � �	¡� -%/4� 04!, �D <1k6,� 0kS�� �
%�� ��,$�5� u) Y�Z zM$3 8� ��$k!�  8� 0� t�-�Z�
�'��� 8� mM�'	
��0Z�	�� 8� mM�'	
�� 	
�$� 8�� 	/3 §[ *�^�	��7�� j%9 	69 0kS�� ���!v�  �k6, RZD O�f,D <1

�
�e� �
7�5[c ��k5�� � ���g ��/�` �,-�k��.  

3.5   �(0�8��0 ��&�C�&��� FG��H���I���� �0�B��  

1.3.5   ������ ���J��+K DL> '(��&��   


'	!�� =49 �S�� ��, �
S
v�S
�� 
'	!�� c�
��� L�!k�� =49 ��!!2��� $� :�Z 8� *��Ma�� �
63 0Z�� R# 	%�/�� 
'	!�� Q
����� =49 �
&�	�3�� �
S
v�S
�� c�
��� 0
kS��� 0k� =49� �
&�,a
+�� �
6k�� c�
���) <4Z�	�� ��FM`� *L�5S�� �� (=49 

-\���
"
k�� c� ���v) L�6�D c�
�e� s$�5� =49� =49 jk��� �pki��� '�k�Z� c�
�e� G�7 	/3 c�
�e� . <#�	%�/� O�f,D 
B�� �"
k�� =49c�
�e� �F
P 	M$�  0kS�� � -�e� =49� =49 jpk��� ��FMN� <%��-��� c�
�e� �#-%9 
-�P :�Z.  
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0kS4� ���`� <S
v�S
�� ¨$45�� c�
�e� 
$� C� jP�-���3 0kS�� �
63 
$� �	� . �%F%
%�� <1k6,�8%f, �}^�\6�� -%9  
�
%���� � �	¡�<%��-��� -�e� ��k5�� � 8,RZ{  L�6�D 0kS�� =49 �!pk��� ��$%�4� ��(`�� 
��/�7��� 	�� =49 
��9 

G£�-�� 0kS�� =49 �£!k�� �
!k�� ���w) �D �%&�� ��$� dD.  
¨�6#� ���� ����9 �
4kS�� �k�� 8� C7�� t��v =49 ��%/�5,�,-�k�� c�
�e� �,�%� :  

�  �S[�3 c�
�e� ©+�J� �
[ �%S¡� �
4kS�� �
6k�� 0kS�� � ^�
x0kS�� �����7� c�
�e� �����7� d��5�  0S23 
<7�7D�  

�   0k� �
63
-[ 0kS�� �����7� 8� -��D �F�����7� �$S�� 0kS�� 0Z�� ��-�� 
-[ c�
�e� �$S� �
[  �
[
0\� O�-+( �D u)�6p
/� �%
� 0kS�� �����7� 0�� . 

��� 8� c�
�e� <%¢ �D 0kS4� <1k6, *��� 89 O�fP 	/3 �$��� Q�
�� t�-�Z� 8� 	¢ �D� <M'��� �1f��� �3$w-��� L�
^�	��7�� j%9 � 0k� ���!v�.  

2.3.5   ��&�C�&��� FG��H�����M�  

 L��e� 	%�/,<S
v�S
��c�
���  O���%�9� O�Xk��+
4�� :$w 0��� =49 �ki� '�k�Z� j
k�� =49  . '�k�Z� �&��Z �	�J��
 �ki����+
4�-�k��  �,�F�����7� =49 �D �+
4�� =49 �!k��� ��$%�� :�Z 8�� * ��� :�Z 8�j
k���� . s$�5� 	,	� <1k6,�

 z+($3 '�k�Z�� �R#� ���� 0kS�� �
63 .<1k6,� =49 �4��ª �ki� ��'�k�Z� L�-M) ���	«� ��($���+
4�  . �$S� �@3 =($J,�
 ��'�k�Z�� QR# 
	���S�`� '	!3 
-��¬.  

,� �+
4� �
S
v�S
�� 
$!�� RZD m/��� ���	«� ���( 0Z�� �+
4�� L�6�� -�� y�6� ��e� 	�� 	,	� 0MD 8� ��k5�� �
 0kS����a
F]��� ��) ��kS�� ��,�? �D ��kS�� 0
($� j,��6( �D C,-+��� ��	[� �D ��'-S��.(  
4.2.5  ��!&�C�&��� #�N��&��   

 <1k6,�kS�� 8+7 =49����6� 	69 ���5�� ��L�-M) =Z$�� �D � ��kS��  C��F4!v ��
4%9� *���v-!�� *�F4
($� j,��6( 
�F[�()� ��kS�� 	� ��
4%9 L�6�D �	3 �� ^��!� �
x �6
�� ��kS�� �$S� �D �
4%9 �#-,-­  ^	!� t$P 
�	/��� �6
+7

��kS�� 	�.  
� <1k6,O�3�� 0kS�� �$S, �D ��(N�1k6,� * �$S, �D < ��$�� � t-1�5��0/M �
4k� �4(�  	
M $� =49 0%/� ®� =49

 L�6�D �6
+5�� �
4%9��(`�  O����O�X��:$!/� 0S23 .  
� �,��5� �$S� �� 
��9 z3  ��J, dR�� C�!�� ��$� ��P *�%5�� 	
�� 
��D �D 
�7-� �D c��¯ 0kS�� j49 :�[ ��O�k,-! 

0k� G
�J, C�� ��$� -5S� �
!�5� �¯ Q	� ���[ � ) ����O���%�9�c���� Y�$Z� 0kS�� �$v =49 ( ° 8�� �
 	M$�-w�¬ U,$!�� 0kS��� c�
�e� -%9 X�!� � 0i%�� �,��%�9�� *C�!�� ��!6� 
'��«� �!�6�� � ��� CM-,�  O�	,	�

� u) �1f�V'�%�� �0kS�� 0Z�� L��� 0141� Gk53 �D c�
�e� =49  ��	3 �D <1k6,� �0kS�� 8� '-f��� LaA� :�	k�7� 8� 
0\,�6
/� �%
� ��	[ 8%I z�$w .  

 �
($��� �	��G.972 0kS4� �
S
v�S
�� �&���� 	,	��� ��%4/� 
	9 ��
43�� G
�-�4� 0kS�� ��(`�� 
��/�7��� ���� 
 ��%4/�� QR# :�%/�7� ����6� 	69 ��F
M$����kS��:  

�   C�� ��$�kS��0 (CBL)�!�� ��
4#e� '�k�Z� L�-M) L�6�D �7  
�  �
��� �
��!�v�� 	2�� 
$� (NTTS) 8S~ B�� �F�P���� O�I-9� *�%p
7 � ��
4%9 L�6�D 
��/�7���  
�  �
��� �
4
12��� 	2�� 
$� (NOTS) 8S~ B�� �F�FM�$� ��
4%9 :�Z ��(`��  
�  �
��� �%&�	�� 	2�� 
$� (NPTS) B�� �Q	� 	/3 0kS�� ���[ �&��Z �	�  
�   -�� y�6� ��e� 	��L�$���O�F
M$� 	/, dR�� 0kS��  � z3 	�-�5J, ����6���kS�� .  
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 d$�¢ ���	A�1-5� 2-5 =490kS4� �
S
v�S
�� �&���4� �b =($�� �
!�� .  

D0.%� 1-5/ G.9785 ��O�� �P Q���� 6�8����&�� ��&�C�&��� FG  
 ��7+��KRS ��� T�BC ��U ����K ����?:�&( V0.K   

 �� ����� 	
��
�(KN)  
����
��  
�������  

 ���LW/LWP   ���SA   ���DA   ���RA  

CBL ���� ���  �	
�� ��
��  �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

NTTS ���� ��� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

NOTS ���� ��� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

NPTS ���� ��� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

����� �� 	
 ��
�� ������ ���� ���������� �� .  

D0.%� 2-5/ G.9785 �P Q���� 6�8����&�� ��&�C�&��� FG��O��   
+��KRS ��7 ��� T�BC ��U ����K ����? :�&W  

 �� ����� 	
��
�(KN)  
����
��  
�������  

 ���LW/LWP   ���SA   ���DA   ���RA  

CBL ���� ���  �	
�� ��
��  �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

NTTS ���� ��� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

NOTS ���� ��� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

NPTS ���� ��� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� �	
�� ��
�� 

����� �� 	
 ��
�� ������ ���� ���������� �� .  

4.3.5  ��&�� ���J  

 -P$� �D <1k6,�,-�k�� �,-�k�� c�
�e� ��k�%�� �
"
k�� '��Ze� 8� �,�Q�
�� t�%9D � ���%/�7� 	69 : �,-�k�� 
�
�� 8� �,�%�� 
� 8� �� ¨��e� �f��8+5�� ��2vD� �
k,-���� ��2ve� 8� �F�,�%� �9'	� �$S� �D� *0�±��� 8� . �
($��� �	��G.972O�9�$vD  

�� �%
7 �� *�
%¡� ��kS�� 8� �+4�¬ <4,:  
�  y
+Z 0k��� �W$) 0k�LW(� 
� y
+Z <%� 0k��W$�� )  0k�LWP(� 
�  �'	�� d��[D 0k�) 0k�SA(� 
�   �'	�� ���a� 0k�) 0k�DA(� 
�   �'	�� �%�� 0k�) 0k�RA.( 

 q�/,� 0kS��O�k7�6� �W$�� y
+Z 	%4� 
��/�7��� 0
12���� u) �M�[ ¨�6# �$S� � ��	69�(�Z �,�� .  
 q�/, �%6
3 <%¡� 0kS��y
+ZO�k7�6� �W$��  	%4� 
��/�7��� 0
12���� u) -�e� ���¢ ��	69�(�Z �,�� .  

 q�/,� 0kS�� �'	�� d��[Dk7�6�O� -%���� 	%4� 
��/�7���0
12����   � �6p
/� �!�6� 0MD 8� G7�6� 0S23 <%� $#� 
�4�f�� Q�
��.  

 q�/, m[ � 0kS�� �'	�� ���a�k7�6�O� -%���� 	%4� /�7���
��0
12����   �6p
/� �!�6� 0MD 8� G7�6� 0S23 <%� $#� 
�4�f�� Q�
�� �.  
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 	/,� 0kS�� �'	�� �%��k7�6�O� 	%4� 
��/�7����4�f�� Q�
�� � �6p
/� �!�6� 0MD 8� G7�6� 0S23 <%� $#� 0
12���� .  
 0%�2,�:�	A� 3-5 =49 j%9 <M�$%6�� ^�	��7��0k� 0S� .  

 D0.%�3-5/G.978 5  X*@!YZ�*+�� T�.O�"[���U ����K ����? ��&�   
   ���LW/ LWP   ���SA   ���DA   ���RA  

 �����)���(  1000 <  1500-20 <  20-0  20-0  

� <9�6��� 0Z�	���� �
&�3-FS�� ��6�2�� r,-+� 8� m4��/��� ^�\6�� <%¢ �D <I'e� �,-�k�� c�
�e� 0kS� <1k6,
j9�$���� .� 8� ���� 0%/�5J,���kS� �
%¡� �
I'e� C7�� t��v =49 :  

�   �'	3 �p'	� <I'D 0k�I'e� 	FA O�,��5� Q	FM �$S,<�O
-��k� -%�4� G7�6� $#� * 

�  0k�d'�T  ���D K
+�� C� K£+�� t$��)  K
+�� �$S, �D 8S~ dR�����%5�� ��%f� 8� �,�% ( $#�
d'�«� 8%I G�54� G7�6�.  

\[��² ��� �$S, �D =($,  '�
� 	,�a�� X5� 0kS4s-5�� ��a
FE ��7�$3 0kS�� C�$� 	,	��� z�
63 � <&�3-FS�� 

'$%1� . ��	x ��-�3� 0kS�� C�$� 	,	��� d'�-f�� '	!��3 �
P�-�� ��� 8� L�-7`� '�
� �³�aJ,4 u) 40a�-#   

6  '(���)*� ������ 	������ ����!� "�# $%��&  

1.6  T�@  

 <1k6,S�� �$S, �D0� 0�
� 0%/�5�� <w�
�[�� 0k d-x �,-�3 c�
�D 0k� d-x �,-�3 c�
�D 0k� 8�  $�/� LaM 
O�f,D .��� =49� �$S, �D <1k6,  O�
P$�5��0S �,-�k�� �,-�k�� c�
�e� ��kS3 �!4/��� ��+(�$�� )� -\v�5!�� 5.(  

� �7�
7 RZ@� �D GH ��� C���()k�� �,-�k�� c�
�e� 0k�  ���$4/�� U/3 ��k5��3 d-��
5
&-�� �� 0
k� 8� 
^�	��7�� L�6�D c�f�� 0kS�� :$w� 0kS�� �,��� d-�k�� ��(`�0kS4� :�7'`� �&��Z�  .  

6.2   T�BC )\��	��� T�.O�"[�  

 �� �+v 8� <w�
�[�� d-�k�� �,-�k�� c�
�e� 0k� �$S, �D <1k6,^�	��7�k�� �,-�k�� c�
�e� 0k� <4(e� d-� .
� l/,�$S, �D <1k6, zvD �R#<w�
�[�� d-�k�� �,-�k�� c�
�e� 0k� :  
�   ���[ � '-S} d-x 0k���()�'-S} d-x 0k�  

�   ���[ � '-S� ��	3 d-x 0k���()'-S� ��	3 d-x 0k� . 

3.6  !]���/[� ��	��� ������� ������ ��� ���J  

�� c�
�e� 0kS� �$S, �D <1k6, �+v <w�
�[�� d-�k�� �,-�ks$�5� C�a�� 0kS�� 8� �5!�� ¨�R� �
S
v�S
�� �,�%�� 
z��	k�7� .zvD Xg s-ZD �,�� ���@3 �
w�
�[� ��k� ^�	��7� 8S~ * $4��� �,�%�� �%63 ��k� -P�$� ^	9 :�[ �� � 

 ����� �4�O�	,	� <1k6, *s$�5�[�� 0kS4� �
S
v�S
�� �,�%��  �D <w�
��$S, 8� =49D s$�5� O�(D ��	%�� 0kS�� �,�� 
m4kS�� <�� m3 0k� �
��!�v� ��'�) <1k6,� .� :�	A� ^p	!,1-6 ��,$�5� <w�
�[�� 0kS4� �[$%5�� �,�%��  � ���	�

�
4(e� �,�%�� ���D.  
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 D0.%�1-6/G.978 5 �����7( �̂��; !]���/[� ��&�� �/�*7�� ���*_� ������ ���*_� `�\�  
     �������� ����
� 	����
� ���
!� ��� 	��" #$  

     ���LW   ��� LWP   ���SA   ���DA   ���RA  
 ���LW   A A A A A 

 ���LWP   A  A A A 

 ���SA     A A A 

 ���DA       A  A 

 ��� ���� 	

 �����
� ���
��
����� ����
� 

 ���RA         A  
����� �� "A"������� !"	� #$ ��%� .  

4.6  D�":E� FG��>  

1.4.6  ������� ������ A:�NS  

 0kS� <1k6,0%/�5�� d-�k�� �,-�k�� c�
�e���(N� O�(D ��	%�� 0kS��� c�
�e� �	9 �+v 0�e� =49 z� �$S, �D  .
�<w�
�[� 0kS� c�
�e� 8� q�D �	/3 d-x �,-�3 c�
�D 0k� :�%/�7� O�f,D 8S~ .�  $4��� �	/�� 0p($, *����� QR# �

�4%/�5� Xg s-Ze� c�
�e� 0\�� ^�\64� �!P c�
�e� 8�.  
2.4.6  D�":E� FG��>  

 �,-�k�� c�
��� �$S, �D <1k6,� 0kS4�� �/�!�� � 
�$�¡� �,-�k�� c�
�e� �&��Z �+v <w�
�[ ���	k�7� ��
7 B�� 8�
d-�k�� �,-�k�� c�
�e� 0k� .3zvD 	
 �6p
/� ��
($� �$I$3 ��R3 �#p$v ��) 
	9�!�� QR� L�6i�7� :$k� 8S~  ��(`

��kS�� 	69 ^�\6�� �p'$� z�p	!, �D <1k6, dR�� �v�
��� 0
�� � 	,'$�^�\6��  .� �!
�$�� QR# �-2� �D <1k6, Y�Z $� =49
0
f+���3 :�[ � �F!
k�� GM�$�� ¦$4�� ��2��� 
'��) �7�
7 
4%9��() �� 0kS�� )�4�f��� �!
%/�� -�k�� Q�
�.(  

7  	�%�+�,-�� $%��.�  
Cf��7�'	�� 8� 	,a%4� �
&�3-FS�� �&���� .  

8   $%��&����!� / �� "�-������  

1.8  T�@  

 �,-�k�� c�
�e� 8� ���D �/f3 m3 d-�k�� ^�\6�� $%%�� ap
~ 	��F6
3 8�:  
�    $47e� 
	
[� c�
�D
�	�($� �  ��
� �

!��� ����������� ��	�� ������  �4545G.65x� 
�  c�
�D  $47e� 
	
[� �kM$� ��2��� (PDF)� 
�   c�
�D  $47e� 
	
[� �k��7 ��2��� (NDF)� 
�  c�
�D ���  $47e� 
	
[� 
Xk� ���/P �[�5� (LEF)� 
�  c�
�D ��2�4� �Ip$/�  $47e� 
	
[� (DCF).  
� ^�\6�� ��+(�$� G5[)��
�/�� ���3 :p	/�  s	�� �M$�� :�$wD �	9� �#X+2��qS�� �-Z 
'	�� qS�� :$w� 

¥� *�4($��( :�%/�7� 8S~ *�+4�¬ ��+
�$� ��%f� QR# c�
�e� ���D 8� �%\v�� L��D 0fPD.  
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� ��%4/���
5
&-�� B�� <# Q�9D �,-�k�� c�
�e� ap
­:  
�  m#$��� 0��/� z69 q/���3  
	[$�dB/km  	69M$�� :�$wD C
�0MD 8� �4��/�� 
'��N� ��  �M$�� :$w �%\vD

	
[$��SWS �M$�� :$�� �
5!�3 :�7'`� �	/� �%\vD 0MD 8� �F/
� 	69�  WDMS � 
�  m#$��� 0��/� z69 q/�� 
	[$��3 dB/km  	69M$� :�$wD C
�0MD 8� �4��/�� ´f�� ��  �M$�� :$w �%\vD

	
[$��SWS �M$�� :$�� �
5!�3 :�7'`� �	/� �%\vD 0MD 8� �F/
� 	69�  WDMS� 
�  ��� 0��/�O�3$5� ¦$4�� ��2  
	[$��3ps/nm.km
'��`� ��M$� :�$wD C
� 	69 ��4��/��   
�   d-+��� ��2��� �M$� :$wλ0O�3$5�  
	[$��3 nm� 
�   :$[ ��2��� 0
���M$�� :�$wD �4��/�� O�3$5� 
	[$��3 ps/nm

2
.km� 

�   �56�� ��2���0
�� u) �k56��3 (RDS) O�3$5�
	[$��3  nm�  
�   <��� Xg '�5Sv�� 0
��n2O�3$5�  
	[$��3 m

2
/W�  

�  ���/+�� �[�5�� AeffO�3$5�  
	[$��3 μm
2�  

�   <��� Xg 0��/��n2/AeffO�3$5�  
	[$��3 W
–1� 

�   0��/�� ����' G5gR
 

O�3$5�
	[$��3  m/W�  
�    ��!�7��  $47D ��2� �7$�� ���)(PMD) O�3$5� 
	[$��3 ps/(km)

½.  

2.8  ������� ������  

1.2.8  ����? �� ��7�7G.65x  

d$�� ��
($� ITU-T  =49 $47e� 
	
[� c�
�e� 8� ���D �5µ*<#� :  
�  c�
�D �[a[a�  $47e� 
	
[� ��2� ��	3 (SMF) �
($��� � �P³-/�� [G.652]� 
�  Dc�
�  $47e� 
	
[� y����� ��2� ��� (DSF) �
($��� � �P³-/�� [G.653]� 
�  c�
�D $47e� 
	
[� �a[a� C�� ���  (CSF) �
($��� � �P³-/�� [G.654]� 
�  c�
�D  $47e� 
	
[� O�-+( d��5� � z�%
� y����� ��2�3 (NZDSF) �
($��� � �P³-/�� [G.655]� 
�  c�
�D� t��6�� �f,-9   $47e� 
	
[O�-+( d��5� � z�%
� y����� ��2�3 (WNZDF)  �
($��� � �P³-/��

[G.656]. 
 ¶ 	��	
6+� c�
�D SMF �
($��� � �P$($�� [G.652] V�7e� � �M$�� :$w �!�6� � :�%/�7�� 1310 nm �� B�� 

�M$� :$w   '�!, ��2��� d-+( <��1310 nm .� :�%/�7� 8S~ c�
�DSMF �!�6� � QR# 1550 nm.  
 ¶ �%�	
6+�c�
�D DSF   �
($��� � �P$($��[G.653] V�7e� � �M$�� :$w �!�6� � :�%/�7�� 1550 nm �� B�� 

�M$� :$w   '�!, ��2��� d-+( <��1550 nm.  
 ¶ ��R��	
6+�c�
�D CSF   �
($��� � �P$($��[G.654] �!�6� � :�%/�7�� 1550�1625 nm �,-�3 c�
�D <#� 

��e� 	�� u) 
'�5�� ��£4!J�  $47e� 
	
[���a[a� C�� ��� .  
�	6·P�c�
�D  NZDSF   �
($��� � �P$($��[G.655]�!�6� � :�%/�7�� O�(D ���-�, �M$�� :$w �F
P  m3 1530 

�1565 nm ¦$� ��2� �%
� ��� $� r4k�� O�-+( d��5� � nm 1550 .04!,��R# ��2��� 8�  B�� �
��� Xg '��¸� $� 
 �$S� �D 8S~
'�I �%\vD � Y�Z 0S23 DWDMS.  
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�	6·P� c�
�D  WNZDF �
($��� � �P$($��[G.656]�!�6� � :�%/�7�� O�(D ���-�,  �M$�� :$w �F
P m3 1460 
�1625 nm¦$� ��2� �%
� ��� O�-+( d��5� � QR# �M$�� :$w �!�6� �  .,�04!��2��� �R# 8�  �
��� Xg '��¸� $� 

 �$S� �D 8S~ B��
'�I �%\vD � Y�Z 0S23 DWDMS.  
2.2.8  a�3��� ��Y�( b��"�� A.�/0 ������  

c�
��� PDF ¦$� ��2� �%
� Dmin�� �4��/�� 
'��N� �M$�� :$w �!�6� � �kM$� 
'��) � .04!,���2��� �R# 8�  $� 
 �
��� Xg '��¸� �$S� �D 8S~ B��
'�I �%\vD � Y�Z 0S23 DWDMS.  

 �45454�  $47e� 
	
[� c�
�e� �\/� q�/J��G.65x ��
($� 8� ITU-T c�
�D PDF Q'	� �4��9 
'��) �M$� '$w 	69 
nm 1550O�k,-!� .  

3.2.8  a�3��� ����" b��"�� A.�/0 ������  

c�
��� NDF ¦$� ��2� �%
� Dmax�� ��7 
'��) ��4��/�� 
'��N� �M$�� :$w �!�6� � �k .04!,���2��� �R# 8�  $� 
 �$S� �D 8S~ B�� �
��� Xg '��¸�
'�I �%\vD � Y�Z 0S23 DWDMS.  

� c�
�D '�k�9� 8S~NZDSF  �
($��� � �P$($�� [G.655] c�
�D NDF �4��9 
'��) �M$� :$w 	69 Q'	� nm 1550 
O�k,-!�.  

� :�%/�7� 8S~��+
�$ c�
�D 8� PDF�  NDF0
S2��  m]# <+
� 0k� 8� <7�7e� LaA�.  
4.2.8   b��"�� .�/0 9����Ac�&�� ����
�� �/�7�� ��Z  

c�
��� LEF �%
� Aeff
 


qS��4��/�� 
'��N� �M$�� :$w �!�6� �  .�%
!�� QR# 04!�� Aeff
 

 8�� 8S~ B�� �
��� Xg '��¸
 �$S� �D
'�IY�Z 0S23  �%\vD � DWDMS.  

5.2.8  a�3��� �d���� b��"�� A.�/0 ������  

 ¦$4�� ��2��� ���9 y�$��c�
��� DCF^�\6�� � ��2��� 
'��) =49  .c�
�e� DCF 
Xk� ¦$� ��2� �%
�  O�
k5v 	69
�4��/�� 
'��`� �M$� :$w .c�
�D 0%/�5�� DCF <%��-��� ¦$4�� ��2��� U,$/�� c�
�e PDFD  �c�
�D NDF.  

3.8   D�":E� FG��>����M�  

1.3.8  ������� A:�7H�  

�	� 
'�5Z �,-�k�� c�
�e� 
	[$3 z69 -³k/J, m#$� 0��/} dB/km) �
­'�g$4�� �%
!4� ( 
	[$3 �Dkm
–1) �
��� �%
!4�.(  

 �-,� 0S� =��e� m#$��� 0��/� �+
�c�
�D 8���
($��� �4547  G.65x�  �� �4545G.65x 8� �43�!��  ��
($�ITU-T .  
y(� �-,� � � �,-�k�� 
'�5�� V�
� �!,-� $47e� 
	
[� c�
�e� �
($��� � [G.650.1].  

2.3.8  e���� a�3��� �(��(  

 �
x 
-�a�� �9-5� �M$�� :$w ��%�9� C� ¦$4�� ��2��� 0��/� 0��/�,-2�6� �
+
��� ��v$S�� 0� �
&$f�� 
'��N� 
¬ ��9-53�+4� .O�	,	­ ��� 	�$,� 4� O�w���� �$S, �D 8S~� �fk6O�
5
&' .0
� -�;, �%� ��2��� :$w u) �k56��3 �M$�� 

 �%\vD � Y$��� zM� =49 *:�7'`� L��D =49WDMS� /��/�� ���k�� :	/� ��� :�7'`� �%\vD �D .� ��2��� 0��/�
 d-�3 y
4� ¦$4��89 
'�k969 -³k/J, 
	[� :$w  
	[$3 zps/nm·km . 89 q/, �%� �4��/�� �M$�� :$w 	69 ��2��� 0
�

 
	[$3ps/nm
2
·km .0/�5, �%� �56�� ��2��� 0
�� u) �k56��3 (RDS) -³k/·��  
	[$3 z69nm 
�9�-�  ��2��� ��w����

 �%\vD � O�(�Z *�4��/�� 
'��N� �M$�� :$w �!�6� �WDMS.  
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 y
($� �-,��2��� �
(�Z0� � ¦$4�� ��+
� c�
�D 8� �545��  G.65x�  �� �4545G.65x 8� �43�!��  ��
($� ����
������� �

!�.  

� �
($��� � ¦$4�� ��2��� ����� Y$�¯ �
P�I) ���$4/� =49 '$i/�� 8S~[G-Sup.39].  
 -,� y(�� � ¦$4�� ��2��� V�
� �!,-� $47e� 
	
[� c�
�e� �
($��� � [G.650.1].  
3.3.8   b��8�"[� b��"? a�3;(PMD)  

 d�;�9 
X1��� ��P�-��� ¦�$�7�� -��6��� 8��i�� � G4�  $47e� 0
�� c��Z� Gk53 ���a� '�5Sv� u) �+
4�� 
 G[����4� �k�!�5�� ��v$S%<7�7e�  $47�� O�,�$%9 .  ��!�7��  $47D ��2� Gk5,�(PMD) ��fk64� O�	,	­ 

<1k6,�O�	
!� �$S, �D s$�� �%
!3  .  ��!�7��  $47D ��2� 89 q/J,�(PMD) c�
�e� / �D��(� �,-�3  
	
[�
  $47e� 
	[$��3ps/√km. 0��/��� ��,� C� O�
&��[)   ��!�7��  $47D ��2�(PMD)  �c�
�e�� / �D��($�� 

��,-�k
	
[� � $47e�  .�
%
%���� �%
!�� 0%/�5J� *Y�Z º$� =49 �PMDQ ��2� �4($� PMD =49D 	�� 0��/� 
PMD �	/� �P³-/� �4%�� �4(� C� �4545�� c�
�e� ��kS� M0kS�� ^�5�D 8�  .�
�$4/} =49e� 	�� �	¢� s$�5� 

 X1( :�%�[�Q 0��/� �%
� W��]�� �D :�%�[� 0£i~ PMD 0545�� �� �%
!PMDQ.  
 �-�� �%
�PMDQ0� � 0k�  ��k� 8� e��c�
�(���  G.65x�  �� �4545G.65x 8� �43�!��  ��
($�ITU-T.  

� �
($��� � ¦$4�� ��2��� ����� Y$�¯ �
P�I) ���$4/� =49 '$i/�� 8S~[G-Sup.39].  
�-,� y(� � V�
� �!,-�PMD  �
&��[`� �A�/��� �
	
[� c�
�e��  $47e�  ��R� �
($��� 8%I ��kS�� �

[G.650.2].  
4.3.8  ���> [������  

�(� �
%�� 	69 �
�Z��� '��¸� 
�9�-� 8� 	3 ��4,$w ��P�5� q9 
	�ª �,-�3 ���qS} �,-�3 c�
�D  (OFAs) ��� 
 
'	� �-Z�
��9 .Xk� 0S23 ������ '�2�v�� >-/� 	�� �,-�k�� �4($�� ��	��� =49 '��¸� QR# ���-��� .� *^�9 zM$3

 <�Z��� -�e� 0i%�, d��[D <M$� :$w d� ^�\v � 	&�5��(SWS) 0��/�� C� G7�6�, 
'��N� '$��� ��� 0
S2� � 
 <�Z���) �k56��n2/Aeff (O�3�-f��
!�� z9�5�� C3-� �  .Gk5��� *¦$4�� ��2��� �$M� � *�
�Z��� QR# � �fk6�� C
7$� 

 *l�a�� :�«� �8� ��� Ck��5, �� �����  � L��D\ve��% .��M$�� :$w �7�!�3 :�7'`� �	/� ^�\v � ��D (WDMS) �D 
 ��M$�� :$�� yiS� �7�!�3 :�7'`� �	/� ^�\v(DWDMS) *��P 	&�5�� -�e� 0
S2� 89 
'�k9 
��9 �$S, Cw�!�� 

 '�$we��/ ��M$� �/3'e �4Z �D �
M$� :�$wD �$M$� �]
�v
'��]�� .�
�Z��� QR# Gk5��� ��e� ����� L.  
 RZ;, �%� ����' G5� 0��/�gR  $47e� 
	
[� c�
�e� � �%\vD � '�k�9�� ��,-x  ^	��5� �6p
/� XkS� ����' 

�W$�� . C� ����' G5� G7�6�,�gR´f�� 
'	��  . r4k�� �%
�gR <!6�� �S
4
7 ��Ma� $� 2,8 × 10
–14 

m/W :$w 	69 
�M$��1500  nm�5�� 
���� =49 ��� y�$�,�  �4%/ �c�
�e�.  

� �
�Z � Y$�¯ �
P�I) ���$4/� =49 '$i/�� 8S~c�
�e� �
($��� � [G-Sup.39].  
 �-,� y(�� V�
� �!,-� ���/+�� �[�5��Aeff  � �  $47e� 
	
[� c�
�e� �
($��� [G.650.2].  

�-, �%� y(� � <�Z��� 0��/�� V�
� t-�n2/Aeff ����' G5� 0��/��  gR �e��  $47e� 
	
[� c�
� m�
($��� 
[IEC 62285]� [IEC 62324]* =49 ��$���.  

4.8   �P Q���� ��*����9������  

 :�7'`� �%\vD � �4%/�5�� ��kS��� �,-�k�� c�
��� =($,'��k�� q9 
��	¡��
����� ��%4/�� yp($� �@3  . y³($�7�
� 
'��`� �!�6� 	69 ��%4/�� QR#/:$w �D�4��/�� ´f�� �M$� .  
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 ��%4/�c�
�e�:  
�   =��e� m#$��� 0��/�(dB/km)� 
�   ��e�� =��e� ¦$4�� ��2��� 0��/�Dmax�  Dmin

 

(ps/nm · km)� 
�  0
�  =��e� ¦$4�� ��2���(ps/nm

2
 · km)� 

�  ���/+�� �[�5%4� ��e� 	�� Aeff *(μm
2
).  

0kS�� ��%4/�:  
�   =��e� m#$��� 0��/�(dB/km)� 
�   0��/�PMDQ =��e� (ps/√km). 
��\[�² �1 �  �-� ��%4/�c�
�e�0S� �+
�  �4547 c�
�D 8� G.65x�  �� �4545G.65x 8� �43�!��  ��
($� ����

������� �

!� �	9 *���/+�� �[�5��.  
��\[�² �2 � �M$�� :$w 	69 =��e� m#$��� ��»��/� y³($� 1550 nm c�
�e G.65x s	� 8%I �4pkS�� 0,22 u) 

0,4 dB/km � �� �4545G.65x 8�  ��
($�������� �

!� ���� .� <1k6,�\[�� :�7'`� ^�\v �D <M�$%6�� �� 
-1(D m#$� 0��/� �%
� G4��, L��� . Cf¼� m#$��� 0��/�<M�$%6���7�'	�� 8� 	,a%4� L��� �� �k£�-� �4(� � .  

��\[�² �3 �³($�  ��2� ��»��/� yPMDQ =��e� c�
�e�4545��  G.65x s	� 8%I �4pkS�� 0,20 u) 0,5 ps/√km � 
�� �4545G.65x 8�  ��
($�ITU-T .� <1k6,�\[�� :�7'`� ^�\v �D <M�$%6�� 0��/� �%
� G4��, L��� �� PMDQ-1(D .  

9   
�0�1 $%��& '0�0!� 234�"�-�� 56  

1.9  T�@  

 LaA� q�/,<7�7e� 8,W�FM m3 �,-�k�� c�
�e� 0k� :$w 0��� $# 0kS�� 8� ) dW�FM �D C,-+� �	[� �D 8,'-S�
m
P�-�� :�7') .(� y³6�J��
7�7e� L�aMe� 0kS�� 8� u):  

�  <7�7D LaM y
4�� �� 8� 0kS�� 8� �$6�� 	
[�� 
�  <7�7D LaMm]�� y
4�� �� 8� 0kS�� 8� .  
� G5[^�\6�� �
%��* M$�� :�$wD �	9 �(�Z��)  ��M$�� :$w �7�!�3 :�7'`� �	/� ^�\v((WDM)  :�%/�7� 8S~ *

 ��%f� �+4���� �,-�k�� c�
�e� ���D�%\v�� L��D 0fPD .Y�Z zM$3� �9$6�� �,-�3 c�
�D ¤�	J� *>-13 ��2��� U+Z 

'��`� �M$� :$w 	69 <%��-��� .�vD ^�\6�� 89 :�!J, *����� �4� �O�
��2� '�	� z.  
'��`� QR# d�;��O��$%9 u) ��,-Z 
 ��2��� 
'��) �
+
� KI$� ��2�q9�4(� �F4%�@3 d-�k�� �,-�k�� c�
�e� 0k� .  

 	/��^�\6� ¦$4�� ��2��� �&��Z y($� �
5
&-�� 
��e� <# ��2��� ��,-Z .2��� c-/J,� ��2��� zvD =49 <%��-��� ��
�!�� m3 V�-Z�� 07-�� d-�k�� X5�� � s-ZD ��!v �,D� ��-� . <# ��2��� ��,-Z� <4¡� ¦$4�� ��2�4� ¦�
k�� �7-��

�M$� :$��0
12� �6
/�  * ���	3 07-�� 8� �P�5��d-�k�� 0k!�5�� u) d-�k�� . ��2��� ��,-Z 	%�/��O�7�7D �$v =49 
 ^�\6��)M$� :$�3 ^�\v zv$� �
[ 8�� d��[D (SWS)�\v �D ��M$�� :$w �7�!�3 :�7') �	/� ^ ((WDMS). 

� 8� 	,a� �-, �-2�� 89"�&�-Z �7'��2���  "�"��2��� 
'��) R
+6� " m�
($��� �[G.973]� [G.977].  
 �R# � >-/J��5!�� :�7'`� �&��Z <7�7e� La]4� 0kS�� 8� ��W���d-x �,-�3 c�
�D 0k� �%\vD �
%���  .� �-,

 �-���7'`� �&�� :�
7�7e� L�aM�� �� 8� 0kS�� 8� �$6�� 
	
[� c�
�e� c�
�e�� � m]�� m%5!�� m
9-+�� 
2.9� 3.9 =49 ��$��� y
($�4� �3$4��� ��%4/��� *=($� � �b �5!�� <9-+�� 4.9.  
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2.9  D�":E� FG��>!"�"�� #$,��  )\ '( ��&�� '( -�+�� A.�/0 ������  

7�7e� LaA� y�@�,<0k� 8�   �� 8��$6�� 
	
[� c�
�e� �� 8� �$6�� 	
[� ��� ^	��5J,� �,-�k�� c�
�e� 8� 
��'��N� <5
&-�� :�7'`� .� 8� 0(�$P ��
7�7D L�aMD 
	9 89 V$S/� ¦$� ��2�3 �,-�3 c�
�D 0%/�5J� *0kS�� 8� 

 <5
&-�� :�7'`� �Z>-13��'��`� ��M$� :�$wD � ��2��� U,$/�  .R# O�f,D y�;� ��2�4� �Ip$/�� c�
�e� Q LaA�
<7�7e�
'��`� :�7'` 0kS�� 8� -Z¸�  .���¢ 8� �%6�� �R# �
7�7e� L�aMe�  u)Q�E�3 ��2�4� �I½$/� �4�+6� 
aFMD 

 �
P�-��� :�7'`� ��a
FETTE L�aMe� 89 0�+6� 0S23 <9�-� �
7�7e�0kS�� 8�  .��2��� >p$/� �&��Z �-� �
 m�
($��� � ¦$4��[G.671]� [G.667].  

3.9   D�":E� FG��>!"�"? #$% 9���� )\ '( ��&�� '( 1,2�  

<7�7e� LaA� y�@�,0k� 8�  �,-�k�� c�
�e� 8� 	[�� �� 8� -i�D 8� m]�� y
4�� �� 8�.  
� yp6�J� �
M�$%6�� ��+
�$��� �,-�k�� c�
���u)m�� :  
•   
'�k9 �¾�	[) 8� �+
�$� 89 ��� �,-�k�� c�
�e� ��[�5� ���/PAeff �+4�¬ 
'��`�3���2��� 0
� �F5+v . 

   O�i�¤�� ��, ��� �,-�3 c�
�D ���/P �[�5� Aeff��2� 0
�� q�D q�D s-ZD C�   ��� ���/P �[�5�Aeff -1(D 
 ��2� 0
�� 0�D �ª 8� 04!, <4S�� ��2��� 0
�<7�7e� La]4�� 0kS�� 8�  0S23 =49D �,-�3 0Z� 
'	� K
�,

:$k!� . ��2��� 0
� �D 	
3���`� O�-\v -+��� 8�  -�!, �D 8S~ � 
'��N�c�
��� ��2��� 0
� �F5+v  .
���¢� 8� �%6�� �R# �
7�7e� L�aMe�O
��9 0kS�� 8� u) � ��2�4� �I½$/� �4�+6� 
aFMD   :�7'`� ��a
FE

 �
P�-���TTE 23 <9�-�0�+6� 0S 89 �
7�7e� L�aMe�0kS�� 8� .  
•  $# -Z¸� 8� �+
�$� ��� �,-�k�� c�
�e� �+4���� 
'��`���2��� 0
�� ��2�4�  .� :p	/,8� ��� ��2��� 

 �56��0
�� u) �k56��3 (RDS) K
�, �ª �w$4��� �,-�k�� c�
�e� :$w� 8�  -�!, O�f+Z <4S�� ��2�4� -+��� 
 ��2��� 0
��4�<7�7e� La]0kS�� 8� .  

  ������ QR# �* ¤�� ��, *:�i�� 0
k7 =49 ��� �,-�3 c�
�D ���/P �[�5� Aeff ��2�� q�D GM$� 0
�� 
 ��2� O�f,D GM$�s-ZD C�  ������/P �[�5� Aeff ��2�� -1(D m
k��7 ��2� 0
��.  

*^�9 zM$3� 8S~ <7�7e� La]4�, �D m]�� y
4�� �� 8� 0kS�� 8� �P�5�� :�7') �/7 R£+6  O�v'�!� q�D s$�� LaA�3
<7�7e� y
4�� �� 8� 0kS�� 8� �$6�� 	
[�.  

4.9  9������ �P Q���� ��*����  

 �
����� ��%4/�� y
($�3 =($,<7�7e� La]4� y
4�� �� 8� 0kS�� 8� �$6�� 	
[�m]�� �D .  
�   m#$���<4S�� 	69 ��e�� =��e� 1 550 nmw �D y³($�� �M$�� :$ (dB) *) �\[��1(� 
�   ��e�� =��e� ¦$4�� ��2��� 0��/�(ps/nm · km)� 
�  0
�  =��e� ¦$4�� ��2���(ps/nm

2
 · km)� 

�   y³($�� �M$�� :$w s	� =49 =��e� <%��-��� ¦$4�� ��2���(ps/nm)� 
�   *<�Z��� 0��/%4� ��e� 	��n2/Aeff *(1/W)� 
�  e� 	�� 0��/� =��PMDQ

 

(ps/√km)� 
�   
-�a�� '�2�v� �
���`� �4F%4� =��e� 	��)overall DGD ( 	691550 nm y³($�� �M$�� :$w �D (ps). 
��\[�² �1 � 8S~ 	,	��4,	3 ���$4/%� :�7'`� �Z :$w� m#$��� 0��/� .  
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��\[�² �2 � ���[ � <7�7e� LaA�0k� 8�  �� y
4�� �� 8� <1k6, *m]<($, �D �%4/� 0S3 c�
�e� 8� 0S� 
 �,��-P`�<7�7e� LaA�� 0kS�� 8� 0��S��3.  

  

 �������	I  


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

�� Cf� �k��kS��3 �(����7�'	�� 8� 	,a%4� �b �!4/��� ���$4/��� . 
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%�-�� �Sk2��  
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�$��� �
9��`� ¤��q�� ��'��) :�7') �
v$,a+4�����&�7$�� 
�	/�� s-ZD ��'��)�  
 �4545��K   8� �,�%����Z�	���  
 �4545��L  �F�,��� �Fk
�-�� �
M'��� �±26�� -(�69 8� �#Xg� ��kS�� L�2v)  
 �4545��M   ������� 
'��) ������� 
'��) �Sk� ��� � �}(TMN)��Sk2�� �v�
(�   
 �4545��N  �v�
��� :�
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�$��� �
9��`� ¤��q�� :�7'` �
��	�� ��'�	��  
 �4545��O  $�V�
!�� ��a
FE ��+(�  
 �4545��P  �
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9$v  
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 �4545��U  �� 0,	k���<�q  
 �4545��V   ��������v�
k���
+���� �Sk2�� =49   
 �4545��X   ��Sk���v�
k���[$�+�� �%\ve� m3 �������� 8�e��   
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