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1-.5)E5  

������ >�� ?@�%� &/ �3� 6��
$A/ B�&�� ��� �� 6'�� 6�/���

�� 
�� ��89��8!�� .ED   ������ �� �D"�E 8�5�� �/8�� 6'��

�� F�7 ���/�; 6�G8;/" �-�
� ��� 6�H��� �39�/ ��  "<� �� 897

 897  ��"2�� /��9�'G �7 �5�; �� 08����� ?A/8; �� /� ������� 6

897 ,���� /� >$%�� ���A . �9�'G #��7 >7 ��I�� �� �5��� ��/

 6��
$A/ B�&�� �5J%� &/  ��K$�/ �� ���/�; 6�G�:"��� 8�5�� ,E��

��8!�� . &/ �/87�G >�� #/'�� #8! L�4� 6/�� �7 �9M� ��8�

8;/"" �9�'G #/'�� �� �D�� �� 0�G ,��"8��#2 N�$�� 6�G 0�G

 ��� �� >�� ?@�%� &/ �3� #/�9� �� �7 06��
$A/ B�&�� �5J%� -

>$%�� &/ 6��
$A/ 6�/����� ��8A 6�G�� O�( 08!��8�2 . O�(

 &/ �3� ��M- 6�G8;/" ��� 8�5�� #&/�� ���$�� �$-�� " 6��
$A/ ���

>$%�� �� P;�I� ���$����� 6&"��/ 6�G 8!��]1 .["��/ ��/  &

 �� ���� ���J� /� ��� 6�H��� ?7 #/�$� �9�'G ���$�7 �� �7 P��

 ���$��� &/ 8����� B�&�� ,7�! �� /� �3�� ��� ���$4�� �7 �5�;

�� P;�I�8!��]4-2[. �� ��� 6�G 0��E/ #����� 6���& &/ F�93� 

6�G 9����6&�� 6��3$�/ " S��M$� �H��� 6/�� ?; ��T%�6  ED 

>$%�� �� 6�G ��7  ��K$�/ ��8A8�/.�7 ���D &/#2 6�� �G �� #/��

�9��� >$���=5/ #�=���� ����7 6&��)ACO] (5[�9��� >$���=5/ 0 -

 ���;�&/ X�G 6&��)PSO( ]6[ 0/ ������G 6�$%D >$���=5

)HAS] (7[>$%�� 6��$%D 0  8! [��! 6�G)CSS] (8[0 

 �4�/�: 6��$%D >$���=5/)GSA] (9[�[ >$���=5/ 0 F�$)GA (

]10[  8! 6&�� ��I! �$�( 0)SA] (11[�9��� 0 �� �9$I� 6&��

 ��-/�^D)BBO] (12[ _�9�%7 _�9�� >$���=5/ " 0)SCA] (13 [

 �7#2 ����8�8D &/ �3��G ��" 8!��  �5��� ��/ �� >$���=5/ ��/ &/

��7  ��!/ 0,�/  8!  ��K$�/ . ��7 ��a ��SCA  /� ��89� ?;

� /� ��5"/ ������� 8�5�� �-��
� ���b �#2" 897 &/  ��K$�/ �� /� �G

  /� ���$�� �� #8��� �� ���9�%7 " ���9�� B�/�� " �H��� �8�

�� #���� ?;8G�. �@/�/ �� S8G ��c9� �� 8�8D >$���=5/ F� 6

 �$4�� O9�� �� 6&�� �9��� ?@�%� ?;�� 08!�� �7 ��/ >$���=5/ 

�� 8�/�� �� F�  /� ?; �� ��$�7� 0�dE �%���� �� ��  /� ?; 6�G 

�9���6 ����D �� ?A/8; �/8M� �/�3� ,�� �3�� 08��� ��/���9� F� 

��I�� &/ e��5 ,A� " ,��� ��/�=�G �:��� " ��I���� �� ��/ 

>$���=5/  8G�4� �� ��!.  

  

2- .H]'5 ��� ��� ���	
�� 
��������� 

������  

��T%� 6ED F� ��T%� 6 6&�� �9��� 6/�� ���M� ������ #��& 

#/�� 689� �D"�E �MA/" 6�G8;/" 8�5�� �� �� �c� �$-�: ���M� 

#/�� �� �MA/" ��� �-�
� " ��9f�G ,��"8��6�G �D"�E6�G 

�G���/��[ ��8!��. O�/'-/ �$���( ,��A 6�G �/�� �$E�� " '�� 

���� ��g��  8! P��� ,�/ �7  �/��G  ��� 6�/��� &/ >$%�� 6�G 

8�5�� 6[��/ ���� �3��$35/ �D�� " �M5�d� �/�A �$-�: 8!��.  

  

2 -1 - 2)� G���  

S8G ��b/ B�&�� 6��
$A/ 0��� ������6'�� 8�5�� 6�G8;/" 8�5�� 

6[��/ �3��$35/ ,�/ �� 6��� �7 ��� ���� &��� �3I! ���J� " 

�9�'G6�G 6��
$A/ ��/ 8�5�� '�� �9��7 ��!. X"�6�G �"/8$� 

6/�� ?; B�&�� /6��
$A ��� 6�G8;/" 68�5�� ���/�;  �:"���0�G 

X"� h�i/6�G 6�/�3� 89$%G �7 �� �39�/ j/�D �$I%� ���A�  6/��

�5J%� /� ,�8� ��089G� ��/ ,��"8��6�G 6���%� �� 6�G�����7 

08��/� ���� &/ ���D ���/�; O�/'-/ k�� �
�4� 8��� �G8;/" 

�$���( 8!��. X"�6�G �9$I� �� ������6'�� ���( �� �39�/ �� ��/ 

,��"8�� ?�IA�G �D/�� 089$%�� �5" �� O�/'-/ �/8M� 0�G8;/" #��& 

" �c-�; ���� &��� 6/�� ?; �5J%� ��d� �D�� ?��A O�/'-/ ��8���. 

��/�� �� ���/��[ �9�'G B��� #/��i  ��& ���b �� /� �/�� B��� �D�� 

�"� �� h%; #/�� ����; 8�5��  8! #2 �[ ���/��/� #�4�:  

           
( )2

1 1

min ( )
N N

i i i i i i i

i i

F F P a P b P c
= =

= = × + × +∑ ∑  

 �7Fi(Pi)  ���/��[ �9�'G B���i  " 0�/ai 0bi " 0ci  ,E�� h@/�H

 ���/��[i  " �/Pi  ���/��[ ���/�; 68�5�� #/��i ,�/ �/ . �c� �� 6/��

 ��/" ��& ?3! �� ���9�� B�/�� 0���� ��! ,�MA�� �/�m/ �$-�:

�� S8G B���8��!.  

( )
1

min
N

i i

i

F F P
=

= =∑ %  

( )2 min

1

sin( (p ))
N

i i i i i i i i i

i

a P b P c e f p
=

× + × + + × × −∑        

 �7ei  "fi  ���� ��! �m/ �� n���� h@/�Hi 89$%G ���/��[ ���/. ��

 ?3!)1 (�$-�: �c� �� #"8� ���/�; 8;/" F� �9�'G B���    �m/

� �� " ���� ��!8!  �/� #�4� #2 �$-�: �c� �,�/  .  
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  ?3!)1 (;  �:"��� F� �9�'G B��� �9�9�m/ #"8� ���/� �m/ �� " ���� ��! �

���� ��! 

2-2-   
'�� �� 2�	5 � )�$"� <��"�) )��

���'5( 

o���� #/�� 8�5��  8! p��� ���7 6�G8;/" �� �/8� 8��� �� o���� 

S�
� >$%�� ��/�� 8!�� " �� ���b ��& N��M� ����!: 

1

0
N

i D loss

i

P P P
=

− − =∑
    

 �7PD  " >$%�� ��� 6�H���Ploss ��K�� �3I! �� " ,�/ ���$�/ 

��$E�� �3�'�- �3I! " �/8�� �=$%� 8�5�� ��/� " &/ h�/�H  ��K��

β ,�/ �I���� ?��A ��& �d�/� ��: 

1 1 1

. .
N N N

loss i ij j oi i oo

i i i

P P P Pβ β β
= = =

= + + +∑∑ ∑
 

 �7βij 0βoj 0βoo 89$%G ��K�� B��� h@/�H.  

  

2-3- >!��)?5 ��)� )�$"� 

  ��8A �D"�E �G ���/��[  �"8�� �� 8���E 68!�� X�� . ��8�

�7 �9M� 8��I� �$4�� &/ �/8�� ���� #2 8!�� " ��9f�G 8��I� �$�7 

&/ 6�/8�� 8!�� �7 6/��  ���6�/��� �/8��( q�� ���� 6�"�H ,�/.  

min max

i i i
P P P≤ ≤

    
1, 2,3,..., N

i
∀ =  

�"8; 0
�-  "<� �� �39�/ �!�� &/ ,��"8��6�G �9- �G 8;/" 

��089!�� P��� ��8��! �� 8;/" �� 0�$�7 �9�'G O�� &/ �r7/8; 

#/�� &��� ��E " 8;/" �� �9�'G 0�$4�� �$�7 &/ 8; &��� ��E 8�5�� 

�$!/8� 8!��.  

  

  

3 -  
!�"#$� %"&�'( %"&��)SCA( 

  _�9�%7 _�9�� >$���=5/)SCA] (13[ �9��� >$���=5/ F� 6&��

 ,�M�D �� �9$I� �9��� ?@�%� ?; 6/�� ��� ��5"/ �7 ,�/ 6&��

 ��� �� ����D��� ���8�� p���2016 8���: s�d�.  

    F�93� g��M��9��� 6�G�9��� 89�2�- ,�M�D �� �9$I� 6&��

j/�D &/ ������ F� �� /� 6&���� &�i2 �-��
� 6�G897.  ��/

 �� "  8! ����&�/ S8G B��� p��� ��3� ���b �� �-��
� ������

�� &/  ��K$�/F�93� �$%G �7 �9��/�A ���� 6&�� �9��� 6�G

�� j�%���� ��I�� 08��!8��� .F�93� �7 �����2 &/ �9��� ���G

 �9��� �m/ �� �9��� �d�� F� ��I�� �� 0,�M�D �� �9$I� 6&��

 �� ?;  /� F� �$-�� 6/�� '�� �9��t� 0,�/ ?@�%� �-��
� 6&��

��/8� ��D" /�D/ ��� F� . ��D" �� 089��G?;  /� &/ �-�7 �/8M� 6�G

��: " �-��
� 6&�� �9��� 6�G)�/�3��G( �9��� �$-�� ���$;/ 0

�� O�/'-/ 06��/��8��� . 

     >$���=5/ ��� �"�K� 0>i���� �� �9$I� 6&�� �9���  &�; �� �G

�9��� 89�2�- ��8�� 0�-��
� ,�M�D��4�� >�%�� &�- "� �� 6&�� :

��� �� S�4$7/� u/��$�/ ?]14 .[�9��� >$���=5/ F� 0�"/ &�- �� -

?;  /� 6&��?;  /� ������ �� /� �-��
� 6�G k�� �� ����:�� 6�G

 0��$%D 6�t- �� j��d� �;/�� �$-�� 6/�� #��� �-��
� &/ ��g��

�� h�7��897 .?;  /� �� ����8� �/���^� 0u/��$�/ &�- �� 6�G

� �� �-��
� �/���^� " 0��/� ��D" �-��
� &�- &/ �$�7 0,I%

89$%G S�4$7/.  

/��  8! ����� &"� �� �g��M��� ��& ���b �� &�- "��G 689!��: 

1

1 2 3X cos( )t t t t

i i i i i
X r r r P X+ = + × × −

 

1

1 2 3X sin( )t t t t

i i i i
X r r r P X

+ = + × × −
 

 

 �d�/� ��/ ��Xi
t  �� ��M- ?;  /� ,�MH"i  �/�3� �� " 8M� ���/t  �/

�� 08!��r1  "r2   "r3 089$%G �-��
� �/8�/  "Pi  �d�� ,�MH"

 8M� �� 8
��i ,�/ �/. 

 �g��M�)6(  ")7 (�� h�7�� >G �� ��& ���b ��  ��K$�/ 6/�� -

8��!: 

)6(  

)5(  

 

)4(  
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1 2 3sin( )t t t

i i i i
X r r r P X+ × × −

            
r4 < 0.5 

                   
1 2 3cos( )t t t

i i i i
X r r r P X+ × × −

          
r4 ≥ 0.5 

 

 >$���=5/ 87 �I!SCA ,�/ ��& ���b ��: 

S8G B��� &/  ��K$�/ �� ��$%D ?�/�� &/ F� �G ����&�/.  

 #�97 ��  8�2 ,�8� j/�D ���$�� ����� &"� ��)P = X* .( 

 ����� &"� ��r1 0r2 0r3   "r4 . 

 �5��M� &/  ��K$�/ �� ��$%D ?�/�� ,�MA�� ����� &"� ��)8( ) ��

 �7 6��&t /�3� �/8M� �r7/8; &/ �$3��78!�� �G�.( 

 /� ���$�� ,Im ,�8� ?;��7 �9��� #/�9� �� #�97 ��  8�2.  

 

3 -1-
"?� �� ���	
�� ��� ��� .$F'5 0� �

  
!�"#$�SCA 

 ?; 6/������ ��! �m/ �$-�: �c� �� �� 6��
$A/ q9���v%�� �5J%� 0

 6&�� �9��� >$���=5/SCA �� ���94�( ��! .6�G��^$� �9���  6&��

#/�� �5J%� 6�G  �G���/��[ &/ �/87 �G �7 89$%G �G���/��[ 68�5��

8��/� /� ��E 68�5�� #/�� >��'7�� " >��9�� .  �"8�� ��/ ��

#/�� ���: �� 8��� �G���/��[ 68�5�� 6�G  >$���=5/ F�7 �� 6/SCA 

 >��9�� ,%G #/�� 8�5�� �9�'G #��G �7 S8G B��� �7 8��! ���M�

�� �5J%� 6�G8�A �39�/ ��H 0��! ��"2 8��! 

%�J�56  6��
$A/ ��� O�(%� F�J�5�9��� 6 �7 ,�/ 6&��

 #2 �H��� �g��M��� #��� ��& ���b �� ��!:  

Minimize   f(x)  

 �7 6��a �� :   g(x)= 0 

                    h(x)≤0 

 S8G B���f(x) �9�'G ?7 8�5�� 6�G8;/" ,��"8�� 0,�/ 6�G

6��/�� g(x)  �g��M�� n����?7 8�5�� �7 89$%G #/�� ���M� �  8���

8!�� ��K�� " �-�
� #/�� o���� �� ��/��. ,��"8�� 6��/���� 6�G

h(x)  �"8�� n���� 6�G��^$� 6�G8;/" 68�5�� #/�� ��  �� �� /�

�� 8���:.  

�9��� 6�G��^$� 89$%G �G���/��[ 68�5�� #/�� #��G 6&��.  

X= [ PG1   PG2    PG3  . . .   PGn] 

PGi  8;/" 68�5�� #/��i ,�/ �/ . �� �/87 �G �G���/��[ 68�5�� #/��

 �/8�� ��b�- ��/ �� 8��� " 89$%G ��E >��'7�� " >��9��  �"8��

 >$���=5/ F�7 �� ��7 ��/ �7 ��! ���M� ���2 �9���SCA  ����/

�� ��!.  >$���:/ F�7 �� 6&�� �9��� �5J%� ?; ,�D /8$�/ ��

SCA /��( �� 8��� " �/�3� �/8M� >��'7�� 0 ,�M�D 6�t�/ �/8M� �$�

�/8M� �9��� 6�G��^$� 8��! ���M� 6&��.  

�9��� 6�G��^$� �/8M� ,��G8;/" �� �G���/��[ �/8M� #��G 6&��.  

 >$���=5/SCA  &/ ������ F� &/  ��K$�/ �� /� 6&�� �9��� 89�/�-

j/�D �� &�i2 �-��
� 6�G 897 �/8M� �� �D�� �� �9M� 0 6�t�/

�� ���� �-��
� j/�D ,�M�D  �/��� F� ���b �� j/�D �G 897

 6�G���/��[ �/8M� �:/ ,��G���/��[ 68�5�� #/�� #��G �7 ,�/

 >$%��N �� 8�5�� �7 ����( �G 08!��  6/�/� ��!N  �� 8M�

,�/ �/��� F� ���b .j/�D  ����" ��  8! 8�5�� �-��
� 6�G

� �9��� 6�G��^$� #��G >$���=5/ �G���/��[ 68�5�� #/�� �� 6&�

�� 8�5�� 6/ ���: �� " 89$%G  " >��9��  �"8�� �� �7 8��!

89!�� ���/��[ 68�5�� #/�� >��'7�� . �7 68�5�� w��( �G 6/�� xv�

�� �I���� �9�'G B��� 0,�/ �/��� ���b �� ��! . >$���=5/  �=�2

/�D ���$��j ��  ��Ey /� ��9�/ ��  8�2 ,�8�  �7 897 �� /� #2

d�� F� #/�9�z  8
��)p (�� ���M� 897.  &/ F� �G ��9�/ �� x(

 �I���� >G #2 �� n���� �9�'G �7 ��/� ����( ,�M�D 6�t�/

,�/  8! .�/8�� ���$�� �7  �y F� ,�M�D 6�t�/ ��� �� 

)�9�'G ���$�7 (  8! �$-�: �c� �� 8
�� �d�� #/�9� �� ��/� /�

,�/. G w��( 0�"/ �/�3� �� w��( #/�9� �� ,�M�D 6�t�/ &/ F� �

 ��IA )��IA ,�MA�� (�� {�- ��! .w��( 8��� ,�M�D 6�t�/  6�G

 8�8D w��( �� 89G� ���^� /� ��E)68M� ,�MA�� (8�2 ,�8� ���2 .

 ��M- ,�MA�� F�7 �� ,�M�D 6�t�/ &/ F� �G 68M� ,�MA��

 ,�8� ,�MA�� ���$�� " ��E  8�2)8
�� �d�� (�M� F�7 �� �g�

)8 (�� ���M� ��!. 

Xi
t+1 = 

 )10(  

)8(  

)9(  
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 �5��M� ��)8 ( 6�G�$�/��(r1  0r2  0r3  0r4 89$%G �-��
� �/8�/ . �:/

 �8�r4  &/ �$�7 ,�/  8! 8�5�� �-��
� �75/0  8!�� ,�MA��

 8�8D_�9�� B��� F�7 �� "  �:/ ���b ��/ ��i ��r4  &/ �$:�'�

5/0  0��! 8�5��� 8�8D ,�MA�� ,�8� _�9�%7 B��� F�7 �

�� 8�2 . �8� ��/8$�/ 6�G�/�3� ��r1 � ��/ �� �7 8!�� }�'� 8��

 8�2 ,�8� 8�8D ,�MA�� ���b  F��'� ��IA ,�MA�� �� ���E

 ��$%D 6�t- �� " ,%��) 68�5�� #/�� >��'7�� " >��9��

�G���/��[ ( ?7 8��� #�� ,�/  8! �$E/��( 8�8D w��( u/��$�/ ��

9��� �d�� ,�/ �3�� " ��! ��$%D �t- 6�t- �=�� ,�%A �� �

��/� ��b�- ��M- �d�� &/ ���E �7 8!�� ��$%D . 6�G�/�3� �� �� ��/

 �8� 8��� >$���=5/ �����r1  8�8D ,�MA�� �� 8!�� F��7 ���E

 �7 ,�/ �3�� #�� 8!�� ��IA ,�MA�� �� F��'�  8�2 ,�8�

 �� #2 S/�a/ 6�t- 8��� " 8!�� ��IA �d�� S/�a/ �� �9��� w��(

 ���E��! ��$%D . �d�/� F�7 �� ��7 ��/3 -4 �� ����/  �9M� ��!

 �/8��r1  �d�/� F�7 �� �/�3� �G ��3-4 �� ,�8� 8�2.  

�� ,�8� ,�M�D �t� ��5"/ 08�8D ,�MA�� �"/ �/�3� �� x(  08�2

�� ���M� #2 �9�'G B��� "  �d�� &/ �$��  8�2 ,�8� �9�'G �:/ ��!

 8!�� 8
��)8!�� �$�7 (�/8�� ��/  �c� �� 8
�� �d�� #/�9� ��

�$-�: �� ��! . �� 8�8D ,�MA�� 0,�M�D �t� ���"� 6/�� xv�

�� ,�8�  8! ���M� 8
�� �d�� " ��E ��IA ,�MA�� F�7 8�2 .

 ���M� 8�8D ,�MA�� ,�M�D 6�t�/ ?7 6/�� h���� ���G ��

�� ��! . �9�'G ���M� &/ x( �7 ,�/ #2 >��) ?7 ,E�� �9�'G

�G���/��[ ( ,�M�D 6�t�/ &/ F� �G)68�5�� #/�� �G���/��[ ( �d��

�� �����&"�� 8
�� ��! . �G8;/" ��G 8�8D ,�MA�� ���M� &/ x(

�� ����E �"/ �/�3� �� ����/ �"� �/�3� " 8��� ��! . �$A" ,���� ��

 08���  8! �$-�: �c� �� �/�3� �/8M� >��'7�� �� >$���=5/ �7

�� ����E >$���=5/ 8���. 

4- .�8� ���� ���"�_5�( 

�� ��c9� ����� #�3�/ 6��~( " ��/��7 >$���=5/ ���94�(  0 8!

 >$���=5/SCA 6"� F� ������ ?��! "� >$%�� �4���&2 )�9M� 

6  "13  8;/"( �5J%� ?; 6/�� 0ED �� �� �c� �$-�: ,��"8�� 

N�$�� 6�G /�D/  8! ,�/ .�� ��/ 0��M5�d�  >$���=5/SCA  ��

 ������h�$� " ��  ��K$�/ &/ ����v��7 �
�! ��  ��4 GB ،cpu 

core i5 &"89�" " 7 / /�D 8!.  

4-1- 6��   
'��  

��/ >$%�� 0�4���&2 F� >$%�� 6  8;/" )>$%�� 30 �9�!  6

IEEE (�� �/�m/ ������! " ��K�� �3I! ���$�/ 8!�I��. ��� ���� �-�
� 

&��� 6/�� ��G 6 6�G8;/"  8�5��283.4 MW  ,�/. ���<a/ ��/ 

>$%�� �� ]15[���� 0  8! ,�/ �7 �� �"8D )1 ( ��"2 ,�/  8!.  

�"8D)1 :( �"/ �4���&2 >$%�� ���/��[ ���<a/]15[  

������ 
min

i
P  max

i
P  a b  c e f 

1 150 200 00375/0  2 0 50 063/0  

2 20 80 001750/0  75/1  0 40 098/0  

3 15 50 06250/0  1 0 0 0 

4 10 35 00834/0  25/3  0 0 0 

5 10 30 02500/0  3 0 0 0 

6 12 40 02500/0  3 0 0 0 

 

�� ��/ >$%�� 0O���&2 ��K�� ���$�/ �� �c� �$-�:  8! " x�����  6�G

h@/�H  ��K��β �� ���b ��& �� 89!�� .�/8M� 8�5�� 50 �/�3�  ,�/

 &/8�/ ,�M�D 100 8�8��7 �� 8!��. �"8D  )2 (���$� �2 ,�8� 8 6/�� 

��/ >$%�� /� #�4� ��8G�. 

 
 

�
�
�
�
�
� 0.0224 0.0103 0.0016 �0.0053 0.0009 �0.0013
00103 0.0158 0.001 �0.0074 0.0007 0.0024
00016 0.001 0.0474 �0.0687 �0.006 �0.035
�0.0053 �0.0074 �0.0687 0.3464 0.0105 0.0534
0.0009 0.0007 �0.006 0.0105 0.0119 0.0007
�0.0013 0.0024 �0.035 0.5340 0.0007 0.2353 �

�
�
�
�
�

 

 

 

 

  

��0.0005 0.0016 �0.0029 0.006 0.0014 0.0015� 
 

0.0011 

 
βo = 

 
βoo = 

 
β = 
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 �"8D)2 :( >$���=5/ p���  8�2 ,�� �� ���$�SCA  >$%�� 6/��

�"/ �4���&2  

SCA 

PG,1 000/200  

PG,2 9150/48  

PG,3 019/28  

PG,4 6384/23  

PG,5 148/28  

PG,6 7536/13  

PG,Total (MW) 43/294  

FTotal (R/h) 088/826  

Ploss 5429/10  

Time (S) 4321/0  

 

  

 ?3!4-2-  >$���=5/ ��/�=�G �/����SCA �9�'G B��� �$-�� 6/�� 6

 >$%��6  8;/" 

  ?3!)2(>$���=5/ ��/�=�G �/���� 0SCA   �9�'G B��� �$-�� 6/�� /�

 >$%�� 6/�� ���$�/ ��K�� " ���� ��! �m/ �$-�: �c� �� ��6   8;/"

�� #�4�8G�. �/8M� �/�3� 50 �� �5" �5" 08!�� #��G ��a �7 �� 

��  8G�4� ?3! 0��! >$���=5/SCA  &/ 8M� �I���� ��a ��12 

�� /� �9��� �/8�� "  8! /�=�G �/�3�8���.   8! ���94�( >$���=5/

 #��7 ?��7 �� O���&2 >$%�� 6/�� /� �9��� ?;  /� ������50 

 �� �/�3�4380/0 �� /8�( ����m897.  �"8D)3( 0?A/8; 0�9�'G 

p��$� �9�'G " ;�9�'G �r7/8 �� 50 6/�D/ ������ /� �� ���$� ?b�; 

&/  >$���=5/PSO  ">$���=5/ �4�� 6  ,E��)RTO] (16[ 0�%���� 

�� 897. ��d���G  �"8D �� �7)3 (��  �/� #�4� >$���=5/ 0��!

SCA  /� ������ �� ?;�9��� 6 ���E 6�$�� �� �%���� �� �=�� 

���$� ��D�� �� ��/ �5��� ,�� /8�( ��897.  

 �"8D)3 :( >$%�� 6/�� ���$� �%����6  8;/"  

  
SCA 

 

RTO 

]16[  

PSO 

]6[  

����� Ftotal(R/h) 9465/822  9724/924  758/925  

 Time(s) 4380/0  3771/0  35290/0  

������ Ftatal(R/h) 7289/830  8712/943  427/928  

 Time(s) 4456/0  3827/0  35591/0  

����� Ftotl(R/h) 2696/825  17814/930  388/926  

 Time(s) 4412/0  3785/0  35749/0  

 

4-2- Q��  
'��  

��/ ���� �M5�d� �4���&2 >$%�� 13  8;/" �� �m/ �� 6��:��7 

������! /� �� �c� �����:. h@/�H B�/�� �9�'G ,E�� �� ]17 [ �7

 �"8D ��)4 (��  �/� #�4�8��!.. ��� �-�
� ���� &��� 6/��  ��G

68�5�� 6�G8;/"MW 1800 ,�/ . �/8M� >��'7�� " ,�M�D  &/8�/

 h���� �� " 89$%G ,��m �/�3�200  "100 ��89!�� . �"8D)5 (

�� #�4� /� >$%�� ��/ 6/��  8�2 ,�� �� ���$�8G�.  

 ?3!)3 (/ ��/�=�G �/����>$���=5SCA   �9�'G B��� �$-�� 6/�� /�

�� #�4� >$%�� ��/ 6/�� ���� ��! �m/ �$-�: �c� �� ��8G�. #��G 

��a �7 �� ��/ ��  8G�4� ?3! ��! >$���=5/SCA  &/ O�(100 

 �/�3� �� �I���� �/�3�57 �� /�=�G 0�/��!.  

���$� ?b�; &/ ��/ >$%�� �4���&2 �� ���$� ?b�; &/ >$���=5/  6�G

 ����3� ?�%�/�K��)DE] (18[ ,E�� �4�� " 0)RTO( �c� &/ 0

'G p��$� 0�9�'G ?A/8; �"8D �� �9�'G �r7/8; " �9�)6 ( �%����

��8��! . �"8D �� �7 ��a #��G)6 (��  8G�4� >$���=5/ 0��!
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SCA �9��� �/8�� �� 6���� �%���� �� �=�� ���$� ��D�� ��  ��/

�� ,�� �5���8���.  

   
 

 ?3!4-3-  >$���=5/ ��/�=�G �/����SCA G B��� �$-�� 6/���9�' 6

 >$%��13 ��� ��  8;/"MW 1800  

�"8D)4 :( �"� �4���&2 >$%�� ���/��[ ���<a/]17[  

������ 
min

i
P  max

i
P  a b c e f 

1 0 680 00028/0  1/8  550 300 035/0  

2 0 360 00056/0  1/8  309 200 042/0  

3 0 360 00056/0  1/8  307 150 042/0  

4 60 180 00324/0  74/7  240 150 063/0  

5 60 180 00324/0  74/7  240 150 063/0  

6 60 180 00324/0  74/7  240 150 063/0  

7 60 180 00324/0  74/7  240 150 063/0  

8 60 80 00324/0  74/7  240 150 063/0  

9 60 180 00324/0  74/7  240 150 063/0  

10 40 120 00284/0  6/8  126 100 084/0  

11 40 120 00284/0  6/8  126 100 084/0  

12 55 120 00284/0  6/8  126 100 084/0  

13 55 120 00284/0  6/8  126 100 084/0  

 

 �"8D)5 :(���$� ,�8�  8�2 p���  >$���=5/SCA �4���&2 >$%�� 6/��  

������ SCA 

PG,1 0232/359  

PG,2 3906/224  

PG,3 9630/217  

PG,4 8593/109  

PG,5 8583/109  

PG,6 8523/109  

PG,7 8374/109  

PG,8 8545/109  

PG,9 8490/109  

PG,10 3674/77  

PG,11 3860/77  

PG,12 3833/92  

PG,13 3757/92  

PG,Total  (MW) 
1800 

 �� !� �����($/h) 18072 

 

 

 

�/�3� �/8M� 
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 �"8D)6 :(�$� �%���� >$%�� 6/�� ��13  8;/"  

������ 
PSO 

]6[  

RTO 

]17[  
SCA 

 

PG,Total (MW) 
1800 0044/1800  1800 

�� !� ����� 

($/h) 
16/18014  8024/17969  18072 

 ����� �� !�

($/h) 
65/18104  9358/18056  18214 

 ������

�� !�($/h) 89/18249  6303/18204  18444 

 

5 - .Y�
����� 

 F� �5��� ��/ ��5/ ��� �� 68�8D ,�M�D �� �9$I� 6&�� �9��� >$���=

�� s�d� /� _�9�%7 " _�9�� >$���=5/ >$���=5/ �� 0897SCA  06���94�(

?;  /� h%7 ?;  /� ���$�� �� �D�� �� ��E ,�MA�� �����&"� �� 6/�� �G

�� �����&"� �� #�97 ��  8!8��! . �� 0,�MA�� �����&"� �� &/ �H��� �8�

/� #����?;   " S�4$7/ ���t� 6/�� BD�� �d�� �D��E " ��E/� 6�G

�� ��$%D 6�t- u/��$�/�&/��( .  ��9f�G �-��
� " ��:&�� ���^$� ��89�

 >$���=5/ �� ��$%D ?�/�� ��/�:/" " ��/�=�G #���� ��SCA ��8�&/��( .

 X<� �=�� ���A " ���� ��! �m/ �$-�: �c� �� �� 6��
$A/ ��� O�( �5J%�

�� >$���=5/ &/  ��K$�/ �� �� 897SCA >$%�� 6/�� 0�"�K$� �4���&2 6�G

 >$���=5/ ��2��7SCA 897 ����&�/ /�  8! ���94�( . �m/ �$-�: �c� ��

>$%�� ��/&"� 6��
$A/ B�&�� �5J%� �� ���� ��! ,�MA�� hI� ���/�; 6�G

�5J%� F� �� �5J%� ��/ ��  8!���: ?�8I� j8�� ��i 6 .���$� ��I! 6&��

�� #�4� 0�"8���� " �"8�� 6&�� �9��� ?@�%� 6/�� 6���2 " �7 89G�

 >$���=5/SCA ��>$���=5/ �=�� &/ �$�� �� " ��/�� 8�/�� �� 6���94�� 6�G

 �5��� ��/ 08!��8!��. ��9f�G &/ ,��� ��/�=�G ��$I%� ��g�� �/���E�� 

,�/. 

  

G4��5  

 [1]  Srinivasa RA, Vaisakh K, 2013, “Shuffled 

differential evolution for economic dispatch with valve 

point loading effects”, Electr Power Energy Syst, Vol. 

46, pp. 342–52.   

 

[2]  Mahor A, Prasad V, Rangnekar S, 2009, “ 

Economic dispatch using particle swarm optimization”,  

a review, Renew Sust Energy, Vol. 13, No. 8, pp. 2134–

41. 

 

[3]  Wood AJ, Wollenberg BF, 1984, “ Power 

generation operation and control”, John Wiley & Sons. 
 

[4]  Walters DC, Sheble G, 1993, “ Genetic algorithm 

solution of economic dispatch with valve point 

loading”, IEEE Trans Power System, Vol. 8, No. 3 pp. 

1325–32. 

 

[5]  Colorni A, Dorigo M, Maniezzo V, 1991, “ 

Distributed optimization by ant colonies”, Actes de la 

première conférence européenne sur la vie artificielle. 

Paris, France:  Elsevier Publishing, p p. 134–42. 

 

[6]  Kennedy J, Eberhart R, 1995, “ Particle swarm 

optimization”,  In:  Proceedings of  IEEE international 

conference on neural networks IV,   pp. 1942–8,  

doi:http:// dx.doi.org/10.1109/ICNN.1995.488968. 

 

[7]  Geem ZW, Kim JH, Longanathan GV, 2001, “A 

new heuristic optimization algorithm: harmony search. 

Simulation”, Vol.76, No.2, pp. 60-8. 
 

[8] Kaveh A, Talatahari S, 2010, “A novel heuristic 

optimization method: charged system search”, Acta 

Mech, Vol. 213, pp. 267-89. 

 

[9] Rashedi E, Nezamabadi-pour H, Saryazdi S, 2009, 

“GSA: a gravitional search algorithm”, Inform Sci, Vol. 

179, pp. 2232-48. 

 

[10]  Goldberg DE, 1989, “ Genetic algorithms in 

search, optimization, and machine Learning”,  Boston: 

Addison-Wesley. 

 

[11]  Kirkpatrick S, Gelatt Jr CD, Vecchi MP, 1983, “ 

Optimization by simulated annealing”, Vol. 220, pp. 

671–80. 

 

[12] Simon D, 2008, “Biogeography-Based 

Optimization”, IEEE Trans Evol Comput, Vol. 12, No. 

6, pp. 712-3. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
94

.4
.2

.1
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.1.6
https://jeps.dezful.iau.ir/article-1-94-fa.html


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.
 4

 -
N

o
. 
1

- 
au

tu
m

n
 2

0
1
5

 &
 w

in
te

r 
2
0
1

6
 

,�/  8! 85�$� #/��� ��

Bd�� �� /� ��E �G�=4�/� �<�
��

�� /� ��E 6�$7� " 8!�/ ���9!��7 0���9!��7

1380 ( ")1389 ( h���� ��

 �=4�/� " #/�8�&��  �=4�/� 0��-&�  �=4�/� &/  


�� ��89�� �$!� �� #/��-��8A  

 " 
�� ��89�� ����/ 8!�/ �t� #�97/ >G #�4�/

IEEE Senior Member ( ��� &/ ")1380 (  

�� ��-&� 8;/" ��<�/ �/&2  �=4�/� ���� �J�G �t� #�97��89!�� .

�3I! #�4�/ �������� �9��&%�� 6&�� �9��� 089�!�G 6�G>$ 6�G

>$%�� �3���9�� " �3���$�/ ��M5�d� 0��8A " 6�/8��( 0��8A 6�G

FACTS ��8!��.  

 


�� �� ���� �������-  ��������-  ���! �"�- #�$%�& " '���(94   

٩ 

[13] Seyedali Mirjalili, 2016, 

Algorithm for Solving Optimization Problems”,  No. 

15, pp. 00504-3. 

[14] M. Črepinšek, S.-H. Liu, and M

“Exploration and exploitation in evolutionary 

algorithms: a survey”, ACM Computing Surveys 

(CSUR), vol. 45, p. 35. 

 

[15] Amjady N, Sharifzadeh H, 2010

convex economic dispatch problem considering valve 

loading effect by a new modified different evolution 

algorithm”, Electr Power Energy Syst

903. 

[16] Yacine Labbi, Djilani Ben Attous

Gabbar, Belkacem Mahdad, Aboelsood

new rooted tree optimization algorithm for economic 

dispatch with valve-point effect”, Electrical Power and 

Energy Systems 79, pp. 298-311. 

 

[17] Rengin Idil CABADAG, Belin Emre TURKAY

2013, “Heristic methods to solve optimal power flow 

problem”, IU-JEEE, Vol. 13, No. 2, 

[18]  Price KV, Storn RM, Lampinen JA

“Different evolution”, apractical approach to global 

optimization”, Berlin, Germany, Springer

,�/  8!  

Bd�� �� /� ��E  

 �=4�/� &/ ��8A  

1394(���9!��7 0  

��<�/ �/&2  �=4�/� &/ ��8A 

,�/  ��7 6�v�. 

�9��&�� #�4�/ 689� 

 &/ 6�/���>$%��6�G �� ��8A!��8.  

  

  

  

��S�*M$ ��M�� ,�/  8! 85�$� #/��� ��  

 )1352( .Bd�� �� /� ��E �G�=4�/� �<�
��  

�� /� ��E 6�$7� " 8!�/ ���9!��7 0���9!��7 

��� 6�G)1374( 0)1380  

 �=4�/� " #/�8�&��  �=4�/� 0��-&�  �=4�/� &/

/ ,M9b " >��
�� ��89�� �$!� �� #/��

,�/  ���� ~E/ . " 
�� ��89�� ����/ 8!�/ �t� #�97/ >G #�4�/

 �3���2 F��"�$35/)IEEE Senior Member

�� ��-&� 8;/" ��<�/ �/&2  �=4�/� ���� �J�G �t� #�97��

�3I! #�4�/ �������� �9��&

>$%�� �3���9�� " �3���$�/ ��M5�d� 0��8A

 �/"�/ " ��$97FACTS

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

���� ���� -  �

��
�� �� ���� �������

 

, “A Sine Cosine 

mization Problems”,  No. 

 

and M. Mernik, 2013, 

“Exploration and exploitation in evolutionary 

algorithms: a survey”, ACM Computing Surveys 

 

2010, “Solution of non-

convex economic dispatch problem considering valve 

loading effect by a new modified different evolution 

Electr Power Energy Syst, Vol. 32, pp. 893-

 

Djilani Ben Attous, Hossam A. 

Gabbar, Belkacem Mahdad, Aboelsood Zidan, 2016, “A 

new rooted tree optimization algorithm for economic 

point effect”, Electrical Power and 

Belin Emre TURKAY, 

“Heristic methods to solve optimal power flow 

, pp. 1653-1659. 

 

Lampinen JA, 2005, 

“Different evolution”, apractical approach to global 

optimization”, Berlin, Germany, Springer-Verlag. 

 

 

.5���  
 

 �"� >�a� �����85�$� ��-�� ��,�/  8!

 )1371  .(�� �<�
�G�=4�/� Bd�� �� /� ��E

 ���9!��7 ��89�� 
��- �=4�/� &/ ��8A

 ��(�! 689D �$M9b  ��-��)1394

 
�� ��89�� 8!�/ - ��<�/ �/&2  �=4�/� &/ ��8A

 ��-&� 8;/" )1395 (,�/  ��7 6�v�

 ,�5�M-�4G"�( 6�G �A<� "�9��&�� #�4�/ 689�

 �3I!��� " 89�!�G 6�G  &/ 6�/���

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
94

.4
.2

.1
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.1.6
https://jeps.dezful.iau.ir/article-1-94-fa.html


���� ���� -  �

��
�� �� ���� �������-  ��������-  ���! �"�- #�$%�& " '���(94   

١٠ 

 

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.
 4

 -
N

o
. 
1

- 
au

tu
m

n
 2

0
1
5

 &
 w

in
te

r 
2
0
1

6
 

 

 

 

 

 

 

 

 

 

Abstract 

 
Among the most important subjects for modern systems, we can refer to electronic energy 

production for power systems with the aim of minimization the total production costs for active 

units which are present in power network. In other words, the purpose of economic dispatching 

is proper and optimal planning for production units by considering the present factors and 

nonlinear limitations in power network and production units. In this article, by considering the 

nonlinear limitations such as losses of transfer network, valve point effect on production unit 

function, balance of production and consumption in system, prohibited zone, production limit 

and increasing and decreasing rates (ramp rate), the problem of economic dispatching has 

converted into an optimization topic and finally, it is discussed by algorithm sine cosine and 

software environment, MATLAB. In order to evaluate the efficiency of proposed method, 

experimental systems of 6 and 13 units have been used as case studies with function of 

increasing fuel cost. The simulation results obtained by this proposed algorithm have been 

compared with the results obtained by other algorithm existing in articles. Numerical results, it 

shows  has the better ability for solved economic dispatching with SCA algorithm compared with 

other than algorithms. 

 

 
Keywords: Sine Cosine Algorithm, Economic dispatch, Valve point effect, Heuristic search 
strategy.  
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