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1 - �2�A2  
  -�;#�� -�=��)DG1 ( ���%&� ��@ �� �; A�# �:��%:=# $#�� BC�� D�

 B�5�� �%&�� �� E
%��� *�%9� E�� �� �� "-!��[1-4] . �; ���7 5#

������ -���� ��G�-�-�� B���� 5# H�%��  -�;#�� �#-�=��  " *��I� *�J

�%&����  ��K%�# D�L�%="�%4 *�J-��; M�I� *-�=�� *N��# 2  #� *�I�

�� �L#�#-�J�[4] .�<O�"     ��IK�� PJ�I; 2 -I�;#�� �#-I�=�� ��Q# *�J

 �'� P�#R4# 2STC'� 2*�"    $�I���@# AI����U P�#RI4# 2$#�� A�K�; ��

    �I��RJ " AT�I� �I��RJ PJ�I; " �%&��    " �I��.� " ���I���� *�IJ

�#-'8��� *-!��[4,5] .  5#-�# " $�:� V������ W��%�# 2��1 ��# ��DG 

���RJ " ��K�� �� ����  $"-I� �I� AC&� �%9�� *�J DG  �I� ��I![6] .

�����+ "  5#-�# ��X&�DG   5#  ��K%�# ��D��:�  -I! EI1 H�%�� *�J .

 B+�� �� ���CY� AZ�K1 [�@[7] �:C! \��@ 5#   *#�I� �CI
� *�J

�%&�� *�J-1#" �� ]�� ,�K� �� B�5�� *�JDG A�#  -!  �#� �.��� .

 �� ��G�-�-�� *N��# B���� ���'�  5#-�#DG  B+#�� ��[8,9]  ^�� ����

�=�1�� 2A�# �%4�< �#�UA��"-�� " _-J B��� �; �J������ ��  *�IJ

 �-II� *5�I4 �I� *5�II�-��II! .  *#�II� D����%II&��  ��I� `"� DII�

 *�J-1#" a�
%T# DG B+�� �� B�5�� �:C! �� ���<-�b[10]  �L#�#

A�#  -! .   *RI;�� ��I� ������! *#�� \�U� ��@ �� ���.� ��� c�'K�

A�# �%4� ��; �� . B+�� ��[11]      *#�I�  #� DI� $#�I�� �I� ��� �����

� �� ����%��  5#-�# " $����@# A����U P�#R4# ��� \4#�� DDG   *#�I�

A�#  -! �%4�< �d� �� V
�.  

�%���8=# 5# *���&� 2e#��T#���'� *�J  �I+�� ���� �����# �� *5��

�%4�< �#�U   5#-I�# " $�:� ��X&� �� �� -�#DG  �%I&�� ��   BI�5�� *�IJ

 -��I! �+#�� .       �I��'�  5#-I�# *#�I� f�I��� *��%I&+ 5#  ��K%I�# ��

�%&��   BI+�� ��  -I!#-+ *-��C�J Db�; ��-U *�J[12]   $�I9�

A�#  -!  �#� . �����;GA2 ��C! "     �I��'� g�I
�� �I� EI��7 *5��

DG  B+�� �� B�5�� �:C! ��[13]    AI�# �I%4�< �#�IU ^�� ���� . ��

 B+��[14]  5#  ��K%�# �� #� ��X&� E1 2��#� -
U `"�GA  ��d�� ��
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� ��K�� $-���� EU#-1 �� hY� 5# $����@# " ��="# B�5�� �:C! �� $#�

-�; ���i� N�%=" E�4"�� " ��CU E��U . B+�� �� �C�;�� �%���8=# D�

[15]   5#-�# " $�:� ����� *#��DG  AI�#  -! ��'�9�� B�5�� �:C! .

$�:�DG   S���GA �� ��%&+ S��� $7  5#-�# " ��!PSO3 ���'�-

A�#  -! *5�� . B+�� ��[16] 5# 2PSO   �I��'� $�:� $��;#-�� *#��

 *�J-1#"DG ��  ��K%�#��!.  

�� PJ"O� ��# _#-J# 5# �� $#������4 " �����+ ��X&� *-��

���'�  5#-�# ���.�DG ���'� A'+ �J $#�� ��K�� PJ�; 2_#-J# *5��

�:C! �� N�%=" *�#-��� gT�! ��C'� " N�%=" E�4"�� ��C'� 2��%;# *�J

���.! B�5�� ���j�J " ���'�  5#-�# ���.� " �����+ ��X&� E1DG  

���'� �%���8=# 5#  ��K%�# ��c�� S��� 5#  ��K%�# �� k��� �#5�� *5��-

 *�#R4#MATLAB  ���� "����� ��#-��%�# B�5�� �:C! *"� *5�� 

��;  ��!# . ���j�J $�<-��; _�
� $"R4# 5"� P�#R4# �� �+�� ��

�:C! �.��� 2�:��%:=# *N��#*�J  �� �J��� 5��� " �:��%:=# *N��# B�5��

�� �d� �� *�"�l  -�;#�� -�=�� B���� 5#  ��K%�# A��m ���#� �� N�%="-

 N"�� ���b *#�+# ��#����� -���� ���J���
� �� -�#�� " *��<

-!�� -�K� B�5�� �:C! �.���.  

  -! c���# *�J��; �� *�"�� 2��-�� �L#�# 5# -.� �"# P�� ��

� S���A�#  -���< �;, �=��� f�l�� $��#��� $#�89J"O� ��� . ��

���'� �%���8=# c"� P���%���8=# 5# �:� $#��� �� k��� �#5�� *5�� -

�� �4�.� ���'� n��� �%4�� �� -�7��; " �m�� -��!�J *�J���< . ��

����4 " ��+�� ���U " ��X&� _-J B��� c�� P�� ��X&� *-��

A�#  -!  -����< .� �� B���� �����+ ��X&� E1 2c��'b P�

 ��#-��%�# �:C! *"� �� k��� �#5�� �%���8=# \C@  -�;#��-�=��69 

 ���!IEEE  �#R4# c�� \��@ 5#MATLAB ��C!A�#  -! *5�� . ��

  -�;#��-�=�� B���� �����+ ��X&� E1 2p��%� �L#�# ��  "6� P�� ��#

���
� k��� �#5�� �%���8=# S��� ��G�-�-��  �� �"#-+ " �#����

�&���� �%���8=# ��A�#  -! c���# �8�� *�J . �� �J ���� P��

���%�A�#  -! �L#�# �=��� c���# 5# ��; *��<.  

  

2- T�0 .�
�  

 " N�%=" E�4"�� ��C'� " $#�� ��K�� PJ�; *#�� *��'�9�� _-J B���

N�%=" *�#-��� gT�! q����# (VSI4) ��  ��K%�#��! .$�:�*�J DG  "

�� �'�7  5#-�# A�-� ���'� ���
� ��5 _-J B��� E1 �� -��#��

-��7[18,19].  

�� � ���� � ���� � �	�	                                                              )1(  

�; �� �� $�9� #� ��%;# ��K�� PJ�;�� " -J� k��# �� #� $7 $#��

 �Y�#�)2( ��; $���:  

�� �
∑ �
����������������� ��

�
�� 

∑ �
������������!����� ��
�
�� 

                                                            )2(  

�� �� $�9� #� N�%=" E�4"�� A�.l" ��C'��� " -J� #� $7 $#��

 �=��.� ���
�)3( ��; H��.�:  

)3(  
�� �

∑ "#� $ #�,&'(")(�'& *+
,
�-�

∑ "#� $ #�,&'(".'(/&' *+
,
�-�

                               

�	  ����#VSI �� �L#�# #�-J�. tu��	  �� H��.� ��5 ���
� -�#��

��!:  

�	 � �
012�3������ ��

                                                                               )4(  

�; VSI  �=��.� ���
�)5( A�#  -!  �#�[19,20]:  
#45�6� � |#�|8 $ 4�:3 . <�3 $ =3 . >�3�� $ 4�:3. >�3 �
                  =3. <�3�. |#�|�                                                                    )5(  

�	 " �� " �� -�%&J $5" E�#�� . �; $5" \�Y� ������ f����

��  �#� a�
%T# �#�m# c��� *#�� $��J 2-!�� ��5 ���
� -��� 2��!

 �=��.� �� �; ��@)6( A�#  -!  �#� $�9�:  
|��| � |��| � |�	| � 1                                                 )6              (  

 2PJ"O� ��# ��5/0  *#����  �:�=�1 �� 2A�#  -! �%4�< �d� ��

25/0 *#�� �	 " �� A�#  -! �%4�< �d� ��.  

  

2-1- 6�� �U2/ 
)2
�   / 
)2 /
0  
�=�1 �� _-J B���A��"-�� �;�� EU#-1 �� 2-�; A���� #� ��5 *�J-

-��.  

  

2-1 -1 - 6�� �U2/ 
)2 /
0  

• C	�� ���VW 6�� �U2 

 -��� B�5�� �%&�� *"� �� �+"�T " *�"�" ��� P�� *�C+ f����

-!�� ��#��[21,22]2 2V���� ��-�  
:1@�AB � ∑ :*+�C� � ∑ :D�A'E/FF

D
�-� �C� � ∑ :G�H�,

I-�
,��
�-�   )7  (  

 

=1@�AB � ∑ =*+�C� � ∑ =D�A'E/FF
D
�-� �C� � ∑ =G�H�,

I-�
,��
�-�    )8(  

  

2-1 -2- 6�� �U2/ 
)2
� /
0  

• N
��  6�� �U2 

 �=��.� S��� -��� ��! �J �� N�%=" �#-��)9( ��! �"-��:  
#J�A K |#�| K #J)L                                                                           )9(  

�; #J�A  2#J)L   V���� ��95/0 205/1 A�#  -! �%4�< �d� ��.  

•  6�B�X 6�� �U2DG 

  -! V
� A�4�ZDG  ��� P�� 5# *��<��+ ��d�� �� �:C! ��

A�#  -! �"-�� k�:.� . 5"��� A&� S���  -! ���{� ��-U 5# ��

-�:�[21].  
∑ :*+�C� K 	

8 M N∑ :D�A'E/FF
D
�-� �C� � ∑ :G,

I-� �H�O,��
�-�          )10(  

∑ =*+�C� K 	
8 M N∑ =D�A'E/FF

D
�-� �C� � ∑ =G,

I-� �H�O ,��
�-�        )11(  

:*+
J�A K :*+�C� K :*+

J)L                                                                )12(  

=*+
J�A K =*+�C� K =*+

J)L                                                               )13(  

• YV 6�B�X 6�� �U2  

 [
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R
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 �� �; -!�� $7 ���� �#-�� 5# �%�; -��� ST �J \��@ 5# S�%�� $#��

 �=��.�)14( �� A�-�-�7.  
4D� K 4D��&)�'P�                                                                                )14(  

�-� *�JDG  �� B+��[23]  A�#  -! �L#�#.  

  

2-1 -3 - [ �4;� /
0�
� �$&'!D
�' /
0  

��Y� ��; `"�*�J �"#-%� P�� ����:C!*�J B�5�� �� �%�� �� 

`"�*�J ��%C� �� D��:� ����� 2$�&4#� `"���%C� *�J �� D��:� 

k�< " `"�*�J  �:������)t� *"��+"�/P��"� (��&�� ��-��!. 
�� ��i1 -�=���`"� 2 -�;#�*�J P�� �"#-%���� *#�� �%&�� B�5�� 

�8�� ��#��; ��#-� " c5] �� A�# ��# `"��J ��! EQ�1 ��#���|� �� 

DG�J �; e����� �:C! �� B�5�� ���
�  �<*�J PQ �� PV �-� ��-

-��! �� ��C���� -��! ��#".  

`"� *"��+ t�"� /P��"� �� E�=� A��� " ]�� 5��� �� �d4�1 

*����u��; M-�# " ���j�J ��#�8�J �<O�" $�9��T ��Y� �.��" �� 

��C���� P�� ��� �:C!B�5�� *�J  ��K%�#  -!-�# . ��# ��=���� R�� 

*"��+ ��� P�� 5# t�"� /P�������� �� "� ��C! *����u��; *5��

A�#  -!  ��K%�#.  

 ���� ��%&+ *�i4 �� ��X&� ���U ���j�J -! *5��-�#.  

  

 

3- ����� �������	 !����#��� �	

� /

�  
 k��� �#5�� �%���8=# (EMA5) A'+ -�7��; " c"��� 2*�U �%���8=# D�

���'� EL�&� ���'+ ���'� �Y�� }#��%�#�� *5��-!�� . �%���8=# ��#

���'� ��� �� *5��2014  5# c�'=# �� �L���� ��J#��# " �����U �Q�� S���

A�#  -! �4�.� k��� �#5�� �� c�'� -%� " �#�  ��� " $�&�# `�J .

E:! V+�� k��� �#5�� �C�� �#�4# ��:��� ����� �#5�� �%���8=# *��<

A�#  -! k��� . �#5�� A=�1 �� k��� �#5�� \4�� �#�4# ��:���  ���

A�# �"�K%� $���� �� �#5�� " $���� $"-� . �� ~�4 �%���8=# ��# ��

��#� ��+" *�#5�� �"�K%� A=�1 "� �#�:� �J �� �; A�# ��# . ��%4�

 �; " S��%� 2���5 �'�7 ��#�#� `5�# �; �%=�1 �� k��� �#5�� $�8C��

 �#5�� �%���8=# �� ���Q�
T $7 5# " �%4�< �#�U ����5�# ���� A�#

 k���A�#  -!  ��K%�# . ��EMA  ��+" *�#5�� A=�1 "� �#�:� �J ��

 " �%4�< �#�U ����� ���� �#�4# �<-�5#�� *�#5�� A=�1 �J 5# -.� " ��#�

��#�#� `5�# k��# �� �#�4#�� V��� ��T *�J-����< . �J $���� 5# -.�

 "�< �#�4# c�� �� A�.�+ ���'%�# " ����� 2�L#-%�# �#�K� *�#5�� A=�1 

�� �%T��! �� " "� 2D�-��! . ������ �J�#�:� ���; �� D�  "�< �#�4#

 c#-U# ���<#-+ S�#"� �� �� " "�  "�< �#�4# " �%!#-� -%� " �#� c���# ��

�� c�'� -%� " �#� ��-����� . �K�Z" �%���8=# $���� $"-� �#5�� ��

��8=# $���� �� �#5�� A=�1 �� " �C�� ��4 A�� �� �#�4# WG+ �%�

��#� #� ��%&+ �K�Z" . �� �%���8=# ��#  -!  ��!# ��#�� �� �+�� ��

WG+ ���#��# "� *#�#� $���� �� A=�1 " $���� $"-� �#5�� A=�1  -��;

)c��  "�< " c"�  "�< �#�4# (�� �<��%&+ ���#��# "� " ^��� �; -!��

�� �� �4��
� �#-�# �J-����� " -�=�� ���<EMA E:! ���%'� �� 

 ���'+ ���'� �Y�� }#��%�# �� ]�� $#�� �� ���� �; 2��! c���# �:��

����![17].  
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 `6� �� $#�#-��'� " ��#� �#�U ����� A=�1 �� �#5�� 2P�� ��# ��

 $#�#-��'� ������� 5#  ��K%�# �� *�#5����� �#�YT c���# $"-� -�%&J

 S�#�! ����� " \4�� �C�� ��4 A�� �� �#�4# WG+ ��l ��+��

-����� ��%&+ R�� #� ���'� �Y�� �"��� ���� . g�! �J P�� ��# ��

c�'� �#-.� �� �+�� �� B��� �� �+�� �� " c�'� f�� �J 5# ��T *�J

�C�� �<-�5#���� *-���� �#�U  "�< �� �� " -��!-���<[17].  

  

  

3 -1 -1- \ 	 � �+ :]
� �&�� 
� !�	�	�2
��  

�C�� ����]�� �#�4# 5#  "�< ��#�� E�:9� #� �#5�� *�J c�'� " -�J�

�J �� #� ��T��� ���|� ����� " �YT ���< �� #� ��T �C�� �� -�J�

-��; �K1 A�.�+ . �#�4# ��#10 �� 30  #� A�.�+ E; 5# -Q��

�� E�:9�-�J� .  
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S��%� �#�4# 2 "�< ��# �� E�:9� #� ��X&�  "�< ��# �#�4# " -J�

\�U� *��%&+���'� EL�&� �� ���'� �Y�� ����-�%&J *5�� . ��#

$#�#-��'� 5#  "�<20 ��50 �� E�:9� #� k����#5�� �#�4# 5# -Q��-

-�J� .��  ��K%�# \4�� �#�4# W���� 5#  "�< ��# �#�4# ���%�; " -��;

c�'� ���|� �� #� D&�� ��T *�J��  ��K%�# ���Q �� " -��;

c�'� ������ _6%T# 5# ��#-��!�J��  ��K%�# D�  "�< �#�4# *�J-

-��; .�� ���Q �#-��'� "� ��� EU#-1 �&���� P�� ��# �����< .

�Y�#� k��# �� f�� �J 5# #� ��T c�'� ������ 2c"�  "�< �#�4# )15( 
-��"7 A�-� *�%9�� *��#R� ��  �#� ���|�:  

QRQS
B&/TU��� � V M QRQ�,�

B&/TU��� � �1 $ V� M QRQ�,�
B&/TU��� )15(  

C � 1,2,3, … , Z�  [ZG  \ � 1,2,3, … , ZS 
 $7 �� �;Z� 2n 2A�# �"#  "�< 5# �K� ���#ZS2n   "�< 5# �K� ���#

�� c"� " -!�� r 5�� �� �4��
� �-� D�[0,1]  A�#.  :]:�,�
B&/TU��� 

 ":]:�,�
B&/TU��� i# " A�# �"#  "�< 5# g�! ���:]:S

B&/TU��� 

jA�# c"�  "�< 5# g�! ���#.  
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�� E�:9� #� $#�#-��'� A�.�+ ���'%�# �#�K� 2�#�4#5#  "�< ��#-

-�J� . *�%�; �<-�5#�� c"�  "�< �� AC&�  "�< ��# �� �#�4#-��#�. 
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2*#�� tu� A�-� �� #� �"#  "�< ���9� c�'� �'�7 �%9�� *��#R� $��"7

�� W��%�# c"�  "�< �� �&���� �� ��]�� D&��-��; . ��# �#�4# D&��

 �� A�# �%'� E�=� ���J �� 2A�# �%9�� c"�  "�< �� �&���� ��  "�<

 V��l *�+1  V��l 5#2×rand  �� ��#�� $7 S��%� �#-�� �;1  A�#

��!  ��K%�# . ������  "�< ��# �#�4# 2 -! �%K< V=�Y� �� �+�� ��

c�'� �Y�#� �� �+�� �� #� f�� �J 5# ��T *�J)17(  $��"7 A�-� *#��

�� ���|� �%9�� *��#R�-�J�:  

43 � 2 M V� M ^QRQ�,�
B&/TU��� $ QRQ3

B&/TU�	�_ � 2 M V� M
^QRQ�,�

B&/TU��� $ QRQ3
B&/TU�	�_                                                    )16 (  

)17( QRQ3
B&/TU�	�,A'@ � QRQ3

B&/TU�	� � 0.8 M 43 
6 � 1,2,3, … , Z3 

      �;V� "V�   5�� �� �4��
� �#-�#[0,1]  " Z32 n#  "�< 5# �K� ���

A�# c�� .:]:3
B&/TU�	� 2k# " A�# c��  "�< 5# �K� ���43  �#���|�

�K� c�'� k#A�# c��  "�< c . �� ���'� ���� BU#" ��  "�< ��# *�i�#

B��"  �"-�� �� #� ���'� �Y�� _#�@# c"�  "�< *�i�# �� AC&� ��

�� ��%&+-��; .��#E��!  "�<20 ��50 -Q��  �#5�� A�.�+ E; 5#

A�#.  

  

3 -2 - C
��� 6�
9 �� #��� �	

�  
$��5�� *��
%U# " ����� *�J��%4� E�=� �� c�'� �#5�� ��U"# �J�<-

��9; �� �=�� *�J�� �#�U $���� A=�1 �� 2�i� *�J���< . ��# ��

�C�� " $#�#-��'� �<-�5#�� �-�� ����5�# 5# t� 2S�#�! �� �#�4# *-��

 "�<�J �� $-��� " �:�� ��� ��;#-1 �� $-��� *#�� $#�#-��'� 2

�C����� c�'� -%� " �#� �� c#-U# �#5�� *]�� *-�-����� . A=�1 ��# ��

��C@  "�< �� �� �#�4# �<-�5#�� ���= 5#�� *-��-��![17].  

  

3 -2 -1 - \ 	 � �+ :�&�� 
� C	�	�2
��]
� /
0  

n��� ���%'� $��J �� k��� �#5�� �C�� *�i�# 2A�.�+ 5# P�� ��#-

���'� ��X&� *�J�� E�:9� #� *5�� -�J� " �#� c���# �� ������ �;

c�'� -%�-��#� ��T �C�� �K1 �� �.� " �%!#-� ��T *�J .  "�< ��#

10  ��30 �� E�:9� #� �#5�� A�.�+ E; 5# -Q��-�J�.  

  

3 -2 -2 - J � � �+ :Y���2 �&�� 
� C	�	�2
��  

�� �.� �i�# ��# #-�� #� ���RJ ���%'� 2��T c�'� �#-�� ���|� �� -��;

-��; . "�< ��# �� 5# �9�� S�4 " A�# A��m �i�# �'� f���� 2

c�'� �#-�� PJ�; �'�7 5# �8�� �T�� �#-�� " P�#R4# 2f�� �J 5# �J

��c�'� E; �#-�� A��'� �� �; *��@ �� -������ ���|� ��4 �J *�J-

-�; .c�'� 5# �T�� *�#-.� #-%�# �� P�#R4# ��5 [�! �� ��4 �J *�J

��-���:  

∆Z�� � Z�� $ c � �2 M V M d M e��                                           )18(   

d � �f�f
Af�f

.                                                                                            )19(  

Z�� � ∑ "g�h"A
h-� ,        i � 1,2,3, … , Z                                        )20(  

e� � Z�� M j�                                                                                  )21(  

j�
3 � j�,J)L $ B ,k�lmB ,k��

��'&k�l
M 6                                                  )22(  

$7 �� �;∆A��  *#�� �4��
� ��@ �� -��� �; A�# ���'� �#-��

c�'� 5# �T�� 2��! �4�l# �JZ�� c�'� f���� ��4 *�Jt 5# ECU c#

c�'� �#���|� ����#A�# �J. g�h c�'� y��4 c# t#A�# c2c  ���6@#

A�# k��� �#5�� .r  5�� �� �4��
� �-� D�[0,1]  ��-!�� .Z�  hY�

 2A�# c"�  "�< ��4 �J �� ����� D&��nU/U  ���! t �� ��4 ���#

A�# k��� �#5�� .ZU/U �� k��� �#5�� �� �K� ���T7  ���!2-!�� d 
 "  ��� g�! �J *#�� A��m V��l  j� �#5�� ���.� D&�� �#-�� R��

�� PJ�; $7 �#-�� �#�:� P�#R4# �� �; A�#-��� .CnoVJ)L   ���!

"  ��� ������ �#�:� ���T7 k A�# ������ �#�:�  ���!. j�,J)L  "

j�,J�A  �� $�9� �#5�� �� #� D&�� �#-�� EU#-1 " ��;#-1 V���� ��-

-J�.  
���'� ��X&� �� ����+ V��l 5#  ��K%�# �� 5��� �; �%=�1 ��-

 A&�� *5��c � Z�� ��-!�� . c"� A�&U �� A�# c5] P�� ��#

 �#-�� $��J ��  ���� *�#-��T �4�l# c�'� �; *�#-�� �� g�! �J

c�'� 5# �T�� R�� �� -!"�K� �4��
� ���Q �� #� f�� �J 5# #� ��T *�J

c�'� f����-���� �U�� ���|� $"-� ��4 �J *�J . c5] A�&U ��# ��

�#-�� �� E; �� ��4 �J A�# ∆A�� c�'� f���� ��T *�J PJ�; #�

-J� . �#-�� A=�1 ��# ��∆A�� �� A�#��#�� g�! �J:  
∆Z�� � Z�� $ c                                                                               )23(  

 $7 �� �;∆Z��   5#-�# $7 �� ��4 �J -��� �; A�# ���'� �#-��

 " -!"�K� c�'�Z�� c�'� f���� �#-����4 *�J t ����# 5# -.� c#

A�# c�'� �� �#���|�.  
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 �'�7 �C�� PJ�; �� "  ��� �"�K%�  "�< ��# �� �#�4# ��# D&�� -Q��

�� P�#R4# D&�� ��# �#-�� �<-�5#�� ���= 5#-��� . 2P�� ��# ��

c�'� �#-.� f���� "�  "�< _6T�� �� �#�4# *�J ���|� -%� " �#� c���#

��-�; . �� " -��T c�'� *�#-�� ��4 �J P�� ��# �� �8�� $��� ��

�� `"�4-���� .c�'� 5# �T��  "�< ��# $#�#-��'� �� #� ��T *�J

 ���|� ��5 [�!��-�J�:  

∆Z�	 � �4 M VF M d M e��                                                             )24(  

VF � �0.5 $ V[ZG�                                                                          )25(  

e� � Z�� M j�                                                                                  )26(  

j�
3 � j�,J)L $ B ,k�lmB ,k��

��'&k�l
M 6                                                  )27(  

          $7 �� �;∆A�	    �4��I
� ���IQ �� -��� �; A�# ���'� �#-��

c�'� �����< ����# ��  "�< 5# �i� �J *�J .VF    5�I� �� �4��
� �-�

[-0/5,0/5] �� " -!��e� l c��  "�< 5# ��4 �J �� ����� D&�� V��

A�# .j�    " AI�# c�I�  "�< �� �#5�� ��|%� D&��μ    P�#RI4# V��Il
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 \I4�� *�CU� �� �&���� �� *�%9�� D&�� �<-�5#��    P�#RI4# *#�I� �I�

-�!�� �%!#� ��T ��#�#� .     EI; �#-I.� �� �I��|� �I� �i�# 2P�� ��# ��

c�'� �� ��T *�Jc�'� 5# �9�� �4��
� ���Q   �I� -I��T #� ��T *�J

�� `"�4-�����.  
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                                                           ���  
  

!E: )1( :k��� �#5�� �%���8=# c#�<��� M���[17]  

  

3 -3 - ��
�� !�
�
" �� #��� �	

� �������	 /

�

����	������� .�
�2  

\ 	 J
+: W��%�# ��="#������ : "�< �� �J $#�#-��'� �#-.�100   �K�

�� ��|%� $#��.� c�'� W��%�# " -�!��) -�=�� B����  5#-�# " $�:�

 -�;#��.(  

J � J
+:  "�< ���.� 2�"# $#�#-��'� �� B��� �<-�5#�� ]��: ��! ���J

V
� �� �'�7 �� �; DG �� �; ��K�� " 2��� *#�#�-�!��.  

J�� J
+: $#�#-��'� c�'� �C���� : �J *-�=�� " �4�
� ��� $#R��

�C�� " ��! �; 2_-J B��� k��# �� *-�� 2��%;# $#�� ��K�� $��J

�� ��!�J �� N�%=" *�#-��� " N�%=" E�4"��-!��.  

J�
�% J
+: ����# �#���|� �� c�'�*�J �#�K�  "�< c"� �� A=�1 

$"-� �#5�� $���� :��! 5# �T�� ��� �#-��V
� 5# -.� �; ���J DG2 

�� S��%� *�#-��� " N�%=" A4# " ��K�� *#�#� �&���� 5# t� -!��

����! �� �'�7 ��� �#- ��+" c-� " ��+" �� �+�� �� �8�� *�JDG 

�� ���|� ��! �J *#�� #� _-J B��� ��� P�� c���# �� tu� " -�;

�C�� "  ���� �C������ *-��-��!.  

���� J
+: ����# �#���|� �� c�'�*�J �#�K�  "�< c�� �� A=�1 

$���� $"-� �#5�� :��! ��� �#-�� 2��� ��# A4# " ��K�� *#�#� �; ���J

�� ���5 *�#-��� c-� " N�%=" ��+" c-� " ��+" �� �+�� �� -�!��DG 

�� ���|� *�%9�� �#-�� �� #� _-J B��� ��� P�� c���# �� tu� " -�;

�C�� "  ���� �C���� ��! �J *#���� *-��-��!.  

�O' J
+: ����� �-�� �<-�5#�� $�#-��'� " �C��*-�� �'�7 :

�C�� " ��! �J *#�� _-J B��� �-�� �C����*-�� �'�7.  

���0 J
+: �#� " -%� �� c�'�*�J �#�K�  "�< c"� �� A=�1  $����

�#5�� :�� ��# ��! ��� �#-�� P��A��m �J  ��� " �'�� �#-�� �T�� ���  5#

��!�� S��%� *�#-��� " N�%=" A4# " ��K�� *#�#� �; 2�J2-�!�� 

P�#R4#  "�T�� �#-�� �8�� 5# �'�7 �� PJ�;-��� �� *��� �; �� �'%�# 

f���� �#-�� �J ��� ��! ���|� ���-�;  ��� P�� c���# �� tu� "

�C�� "  ���� �C���� ��! �J *#�� #� _-J B����� *-��-��!. 

��O0 J
+: �#� �� -%� c�'� �� �#�K�  "�< c�� �� A=�1 �#5�� 

������ :�#-�� 2��� ��# ��! ��# ��� c-� " N�%=" A4# " ��K�� *#�#� �J

�� ���|� *�%9�� �#-�� �� ���5 *�#-��� P�� c���# �� tu� " -�;

�C�� "  ���� �C���� ��! �J *#�� #� _-J B��� ����� *-��-��!.  

��� J
+: �� ����5 �; S�#�! c���# ������  ��"7��   -9�) $�:� ���.�

� B���� ���'�  5#-�# "-�=�( ������ 5# c"� c�< e#�-�� f"�! ����!.  

4 - ���
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�%&�� *#�� k��� �#5�� �%���8=#  B�5��69  �#�U ����� ���� ���!

�����< .�%&�� 5# EQ�1 p��%�  ���.! B�5��69  ���LR+ �� ���!

��  �#� ��5��! . �%���8=#EMA  �#R4# c�� S��� ��MATLAB 
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A�# ���! . E:!)2( �� $�9� #� �%&�� �#���� E��! �; -J�

A�# �T�! AKJ " ��Q# *�J�-�4 . E; ��� *#�#� �%&�� ��#3800 

 " �#"���;2690  N�%=" hY� " �#"���;6/12 A�# A="���; . �#� *�J

 B+�� �� �%&��[24] A�#  -! �L#�# . *#�� *��'�9�� `"� *����

  5#-�# " $�:� ��X&� E1DG   -! EQ�1 p��%� �� �&���� ��
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 �%&�� �� N�%=" *�#-��� gT�! ��  -�;#�� -�=�� D� V
� ��m{�

69 ���!  

 *#��  -�;#��-�=�� *5#-�#  #� " V
� 5# t� ��#�8�J

 D� �� ���!DG   -�7 A�� �� k��� �#5�� �%���8=# S���

( A�#  -!  �#� $�9�. 

  
 �%&�� *#�� ��#�8�J �����69  D� �� ���!DG  

  � 
� /

�DG  

DG 25#  ��K%�# �� ���'�  5#-�# " $�:�EMA   \��Y�

A�#  -! �L#�# .f�� *#�� PV 2  ���! ��!17 " 61 

V
� *#�� $�:� ���%'� DG   5#-�# �� V���� �� �; A�#548/0 

 A�# �#"�8� .�� $#�� ��K�� 173/53  �#"���;

 �� �&���� �� ���j�J[27,30-33]  ���� �%���8=#

-Q�� 2$#�� ��K�� �� �Y�#� �� *�%'� p��%�  ��K%�#  #� $#�� PJ�;

 �"-+ �� �; -J�)3( A�#  -!  �#� $�9�.  

 V
� �#�m# ��# ��  "6�DG  gT�! " N�%=" E�4"�� *"� ��

E:! �� V���� �� N�%=" *�#-���*�J )6( " )7( A�#  -!  �#� $�9�.  

693/19 �� PJ�; �#"���;-��� . �%���8=# ��#�����

 5# �%'�  ��K%�# ����CSA,SGA,PSO  PJ�; ���� E�� ��K��-�;.  


�� �� ���� �������-  ������� -  ���! �"#- $�%&��� " ��'�95   

 
 �%&�� �YT c#�<���69 ���!  
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�DG  

 �%���8=# 5#  ��K%�# �� ���'�  5#-�# " $�:�EMA 

 �"-+ ��)1( �Q6T *#�� �%4�� �.��� p��%� 5# *#

A�#  -! �L#�# .  ���! ��!61  $�:� ���%'�

1/9445  f�� *#�� �#"�8�PV A�# . $#�� ��K��

 �#"���;�� PJ�;-��� . 5# N�%=" EU#-1

/0 �� P�#R4#-��� . �� �&���� �� ���j�J

 �� �Y�#� �� *�%'� p��%�  ��K%�# ���� �%���8=#

�� �L#�# $#�� PJ�; -Q�� 2 �"-+ �� �; -J�)2(  $�9�

 V
� �#�m# ��# ��  "6�DG  �� " N�%=" E�4"�� *"�

E:! �� V���� �� N�%=" *�#-��� gT�! *�J)3(  ")4(   �#� $�9�

*��� ������ f�� *#��  ���! ��! 261  *#�� $�:� ���%'�

4201/1A�# �#"�8� . �� $#�� ��K��234/22 

 .# ��#�4  ��K%�# ���� �%���8=# 2��#����� 5

BB_BC �� ����� 2��K�� PJ�; �� #�-�5 .

 f�� �� AC&� �%'� p��%�  -! �1#�@PV7  5# #�

�� $�9� N�%=" *�#-��� gT�! " N�%=" E�4"�� �d�E:! �� �; -J�-

A�#  -!  �#� $�9�.  �� E; $#�� ��K�� ��#��  "6�

�� PJ�; �%9�� k�%���� ��%;#� $#�� -�=�� E�=�-���.  

  

 E:!)4( : �%&�� �� N�%=" *�#-��� gT�! ��  -�;#�� -�=�� D� V
� ��m{�

  

             �<O�" *#��  -�;#��-�=�� *5#-�#  #� " V
� 5# t� ��#�8�J
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-Q�� 2$#�� ��K�� �� �Y�#� �� *�%'� p��%�  ��K%�#
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 V
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$#�� ��K���� �L#�# $#�� PJ�; -Q�� 2
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� �#�m# ��# ��  "6�

E:! �� V���� �� N�%=" *�#-��� gT�!

A�#  -! .*��� ������ f�� *#��

V
�DG   5#-�# ��4201

�� PJ�; �#"���;-��� .

GA,CSA,SGA,PSO  "BB_BC

 f�� 2��#��  "6�WT6  f�� �� AC&� �%'� p��%�  -! �1#�@

�� $�9� N�%=" *�#-��� gT�! " N�%=" E�4"�� �d�

 *�J)3( " )4( A�#  -!  �#� $�9�

 ����WT  ���� PJ�; �%9�� k�%���� ��%;#� $#�� -�=�� E�=�
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� ��m{�

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
95

.5
.1

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

26
-0

6-
27

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.1.1.1
https://jeps.dezful.iau.ir/article-1-110-en.html


���� ���� -  �

��
�� �� ���� �������-  ������� -  ���! �"#- $�%&��� " ��'�95   

  
Jo

u
rn

al
 o

f 
N

o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o

l.
 1

-N
o

. 
3

- 
w

in
te

r 
2

0
1

2
 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
c
tr

ic
al

 P
o
w

er
 -

 V
o

l.
 5

 -
N

o
. 
1

- 
sp

ri
n
g

 &
 s

u
m

m
er

 2
0
1

6
  

 

  
  

  

��#��  "6� f�� 2WT  f�� �� AC&� �%'� p��%�  -! �1#�@PV  5# #�

 E�4"�� �d��� $�9� N�%=" *�#-��� gT�! " N�%="E:! �� �; -J�-

*�J )6( " )7( A�#  -!  �#� $�9� .��%;#� $#�� A����U WT��m{�   

  

��C'� " $#�� ��K�� PJ�; �� �'+�� E��U ��#� N�%=" E�4"��.   "6�

��  f�� �� E; $#�� ��K�� PJ�; ��#WT f�� 5# �%9��PV   A�� ��

A�# ����R� ��%;#� $#�� -�=��.  
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 �%&�� *#��  -�;#��-�=�� *5#-�#  #� " V
� 5# t� ��#�8�J

 "� �� ���!DG  A�#  -�7 A�� �� k��� �#5�� �%���8=# S���

( A�#  -!  �#� $�9�.  

 : �%&�� *#�� ��#�8�J �����69  "� �� ���!DG  
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4-2- ���FG�
� ��`�2  
A�# �l�4 ���� D� ��� ��@ �� A��m ��� . A�� ��� ��
�9�

A�# ����5 " ��
4 �#���|� ��m{� . E; �� ��� 2�m# ��# -���� ��d�� ��

5# �C�;�� $#��� �� ��� 3  �"� 5# ��� hY� �"-+ �� H�%�� *�J

)4( A�#  -! �L#�# . 5#-�# k��� �#5�� �%���8=#���'� *�J DG  *#�� #�

�� #-�� ��� H�%�� [�Y�-�; . 2��K�� ������DG  V
� "  -!

E�4"�� ��;#-1 " EU#-1�%&�� *#�� N�%=" *�J 69  �"-+ �� ���!

)5( ��  �#� P���� ��|%� *�J��� ����! .��  -�� �� ��K�� �; ��!

�� PJ�; H�%�� *�J���$�:� �#-.� #��5 -����� P�#R4# �J-��� .

�%4�� ��C'� �J �JN�%=" ��;#-1 " EU#-1 2��#��  "6�-�#.  

  

�"-+ )4 :(�H�%�� *�J��� [�Y� �-  
q� )���� ����(  ��� hY�  

25/1  1  625/0  hY�  

1000  6760  1000   $��5 �-�)A���(  

  

  

�"-+ )5 :( *�J-1#" ���'� �����+PV � �%&�� *#�� H�%�� *�J��� �69 ���!  
N�%=" ��;#-1  N�%=" EU-1  ��K��)KW(   5#-�# DG��! �� )�#"���;(  ��� �#-��   *�J-1#" �#-.�PV 
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��#� $���� .R�� 2A=�1 �J *�'%�# �� �; A�# �+�� E��U `

�� ����5�# �#�4#��! . A�# ��# �%���8=# �K�Z" 2�"# A=�1 *#��
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A�# ���'� ���� ��C�� �� �%���8=# c"� ���� . ���� �%���8=#

 5#  ��K%�# �� ��X&� ���U " _-J B��� �%4�< �d� �� ��  ��K%�#
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Abstract 

Since distribution networks incorporate a large share of the losses in power 

systems, reducing losses in these networks is one of the most important issues of 

global networks, including issues that have always been taken into consideration. 

There are several ways to reduce losses in distribution networks, one of which is 

the installation of distributed generation units. Renewable sources can supply a 

clean and smart solution to the increased demands. Thus, Photovoltaic (PV) and 

Wind Turbine (WT) are taken here as resources of Distributed Generation (DG). 

Location and sizing of distributed generation have affected largely on the system 

losses. In this article, Exchange Market Optimization Algorithm (EMA) is 

proposed for optimal location and sizing of DG based renewable sources for the �٩ 

buses distribution system. The exchange market algorithm on IEEE radial 

distribution system is simulated and studied using Matlab software and the results 

of the exchange market algorithm are compared with other algorithms. The results 

show the effectiveness of the exchange market algorithm in finding the optimal 

location and sizing of DG to reduce losses and improve the voltage profile. 
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