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��� ������� 	 &��� ��� ����� ;
�/ �� ��)�� ��<1 ��� ����� 	 �
�=!� >�� 3� ��?�@� A�� �	# �� 

�	# #/ B�7 >�� 3� C)� .��E	�
� ��� �
��� ������� 
��� 	 ��#�$ #/ ���� F)��� ;G� #/ �� ��<1 6���1 ;H(� A�� 

�:I(J� "��K� �� �I!� >��� 6"�:I� /�<�� ;
3	�� L�(�	 	 >�� 3� ��<1 
��
!M� C
I��N �# ������ C1�/.  ��� #/���@� 


��� 	 ������� �
��� ����� 
�� !� ��
�� ������ �� ����� '(,
) "�:I� >��� C�� '(,
) #/ ��  �0��1 ����� ���

�(��/��  C)� ��1. �� �
!� 6#�O�� ��  *��
,� *��
) '(�#�%��)SCA( �� P���� �(3�E �� �?��# �/�) �����  6C)�

�/�:()� ��1 C)� .�
<1 ���) �� �	# ��<1  C,�69  ��
1IEEE P�S�� �(3�E C)�. �
<1 T��(�  '(�#�%�� ���#�� ���)


��� 	 ������� �
��� ����� 
�� !� ��
�� ������ �IU,� #/ �/���V
� '(,
) #/ ��  "�:I� >��� C�� �0��1 ����� ���

'(�#�%�� �%�/ �� �,��@� #/ L�(�	 ;
3	�� /�<�� 	 ��
�� ��� �� 
�V� �# ��
�� ��� #/ ��1 �(3�E #��� ���) ��/.  

�L�	��� ��
I� : *��
,� *��
) '(�#�%��)SCA(������� �
��� ����� 6
��� 6 )DG('(,
) 6 6�0��1 ����� ���


��� "�:I�.  

1 - �����  

�� ��BB�  ��3�BBC6 -�BBD  ��E%BB�# 3# -F�BB�# /�BBG��%GH# 

-�BBD���#��F $�BB��I ���%BB&� �BB� $�BB�D F�BB%H" -0BB�H�� �BB� 

J�
�  0��, �D K
%�  0!  0B����  �B� "  �B�#  ���BL  0B�H�� " 

���%�# 
�� �� M� F�%H" N���# ��  /9B2�1   �B, #�BO  P�BD  �BD#� 

-#�� ���Q� F�%H" DC �� RI  �B��Q�  �BD���#��F  ��BI"  9B!#0� .

 ?��@�T"��%� �G��%GH# $���I AC    �� -��B��� �#�B��Q� ��

 #�BO /0!  #��D 
�� ����3    -�D�������EB&�#�� �B,  �BG��%GH#

��     ��BU V�#RB2# $�BG�# /��# " 0�D� ���Q� #� F�%H" 0�%&�#��

�� �D#�2 #� ���%�# W�XY ��,]1[ .    ��BU �� F�B%H" V�#RB2# ��

 /W�XY�G��%GH# $���I    �B� 3�B�� /���L ��0� " �%2�� VD�,

K��, 3#  ��E%�#       �B��� -�D0BH�� " Z�B� [BX�� \XB� �� -�D

�� J�U�� ��]�D ���L ��# �� " 0!    -F�B�# 0B�H�� $�BG�# �

 J�BB
� 3#�"� KBBL#�2 �� �BBG��%GH# 0BB��,   �D#�BB2 RBB�� �BBD

�� 0!]2[ .   -F�B�# KB���� -�'%�# K4#�� 3# �G� [�3�� ��4��

J�
� �� �G��%GH# 0��, 9��D . K��! ��, ��U �� V�� ��#

 ^BB��%� F�BB%H" W�BBXY) 3# �BB%�,20 9BBH"���,(9BB&� /  -�BBD

    ����B� F�B%H" W�BXY " -����E&�#��)�,  3# �B%1000  9BH" (

�� ��!]3[ .�Gc!      �Bd5� KB�� /�BG��%GH# -F�B�# [�3�� -�D

�� 
�� 9e�L ��,�%.�     �� [B�3�� �%B&�� �Z�GB!# " 0!��

J�
� 0�� 3# /9e�L ��#   
�B� 9e�BL ��, KG.� /$�10��,

0! 0D#�Y �#0��d .   \��BL �B��� V�� N0� /$"R2#3"� �e���

    �#�B�D /-F�BH��G� �10B��� f�� " 0�"� ��#   �� #� ��5GB.�

  �%BBB!#�  #�BBB�D �BBB� �BBBG��%GH# -F�BBB�# [BBB�3�� �%BBB&��

9�#]4[. ��E%�# 3# [���� 0�H��   0B�,#�� "  MB���  -�BD  ��3�BY 

K�H0� �e��� �Gc! -�D [�3�� " ���]�D V�#R2# -�h��� 
�� 

3"� �� 3"� �� ��4 V�#R2# 9�# .���e� K�� f
� "  9B�2�i 

"� jY�! �'� " �k��  -"� �B�  ��BE��  $#�B�  �GcB! "  ��Bc'� 

��G��� �Gc! 9�# . �1"��� -�D 0�H��  0�,#��  $3�BY "   �� �BD
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����L�� f���� K�� �� �, �Gc!  /0��B! K
%� 
��   �#�Bk#

�E�%�� 3# ���I VD�, /��E�� ��c'� K�2"��  F�B%H" "  V�#RB2# 

�Gc! $����U# 9����d #� 0�D#�Y 9!#�]5[. 3#  �B��6  �B,  �B�# 

[���� �� 9�� J�
� "  ��-�'%�# �Gc! f
� �� 0��! ��� #� 

�� ���L ���� �����  ��, " �#0�� $���I �� W�XY  �GcB! 

3# 9�� $�10��,0�H�� �� 9�� �� VD�, #� J�
� 0�D� . �B� 

VD�,  3#0�# $���I ��%,# " 3# ��%,#�    " �B�%,# ��BE�� /W�XY

��%,#� " 92# F�%H" �Gc! �� W�XY R�� �, f���%�  �B�  $#RB�� 

$���I  0�%&D �%��, �� 0��! .�� VD�,  9B2#  F�B%H"  /W�BXY 

F�%H" ���'%�#  �GcB!  �B%�,  VD�B,  �B%2�� "  �#0B�� $6  ��Bc'� 

�� 0���. N0� �2�U 3# �����I  fB���� $6  �BD ��  �GcB!  lB��� 

V�#RBB2# ��BBE�� " Z�BB� �%BB2� �BB��RD -�BBD " 0BB�H�� ��BB�%�# 

�� ��!]6[.  

 �BH��� J#0D#  K��B!    F�B%H" KB�2"�� ��Bc'� /  VD�B, ��BE��  "

 �Gc! $����U# 9����d V�#R2#��0!��. 

 V�� ��2 ����2���'� ��m&� -0��  ��B��2 " -3�B�  -0B��

 V���� /��m&�3     n���B&, n���B� �%���B7H#)SCA(  "

 ���� V���� " ��m&� K4 -#�� -3��4  ��cB! o��%�  -3�B�

���%� �%��'� " -����p��,0! 0D#�Y �q#�# -��1.  

2- ��
�� ��X,����)  

   ��m&� �H��� ��# ��  V��"�.�� T"��I ?"� �� ��� - 

9�#  0! K4 �%.13�� �Z��e� 3#  ��E%�# �� " "�&�.  

2- 1-  	
��� 
�� �������  

    M� N#�1��� 3# �%.13�� �Z��e�  ��  0!  �#� $�.� 3�2

 KG!)2-1 ( 9�#  0�6 9�0�]7.[  

  

                                                                             

                                           

         

�H��e� �� )2 -2(� Pi  	Qi �$#�� f���� ��  ��%,#� " ��%,# -�D

��! i �� N# 0�!�� .���]�D PLi  	QLi  f���� �� R��

$#�� ��%,#� " ��%,# -�D ��! �� ��� i �� N# 0�!�� . " 9�"���

t��%,#� ��! ��� ^Y -�D -�D i " i+1 ^��� Ri,i+1  	

Xi,i+1  9�#  0!  �#� $�.�.  

  

    

  

  

KG!1 :��L# �0�2 �XY M� N#�1���]7[  

    �� ^Y ��# �� $#�� ��E��  ��3 �Z��e� 3#  ��E%�# �� 0�#��

��! �c����:  

  

  

         

 K,$#�� ��E�� PTL �� �0�2 ��  �� $#�� ��E�� $�"R2# �� 0�#��

� W�XY�0�6 9�� .$��D  0D�.� ��3 ����2 �� �, ��U

�� ��!:   

  

  

  

 $6 �� �,TPloss  	TQloss�  ��%,#� " ��%,# ��E�� f���� ��

0�%&D �%&�� �� . �H��e� ��  0!  �#� �%.13�� �H��e�)2-

2 (��  9&�����! u5L# ��3 ���L ��:  

  

  

  

 �H��e� ��)2 -8( µP� 9�# ��%,# $#�� f��h . M� �, ���7�D

0!�� �%!#� ��I" ��%,# $#�� [c�� µP  ��C �� 9�# M� ��#��

��� 0D#�Y �EL ��#�� ���
��# .-#�� ���.� ��U �� µq  �,

 $#�� [c�� M� �, ���7�D /9�# ��%,#� $#�� f��h ��%,#�

0!�� �%!#� ��I" µq  ��#�� ���L ��# ��C �� 9�# M� ��#��

��� 0D#�Y �EL .���]�D APi+1  v��R� ��%,# $#�� ���#�

��! ��  0! i+1  	RPi+1  ��  0! v��R� ��%,#� $#�� ���#�

��! i+1 �� 0!��.  

  

2-2- Y�� ����  

    �� �%&�� �� ��%,# $#�� ��E�� K, /J0D [��� 0!��]7[:  

  

   

2-3 - �IU,� /�
N  

     ���'� ��m&� ��# �� �, -���d   0! �%2�1 �w� �� -3��

9��"0�� 3# 0����c� 9�# ��! F�%H" -�D  /�DV�� W�XY ���

M��� f
� -#�� n�%�� �� 9�2�i ���.�� " ����, "  -�D

 " $3�YDG .9�#  0!  �#� $�.� ��3 �� ���d ��#  :  
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3- ����
���  �
���� �
�� )SCA(  

    �������	 
��
�
��SCA �� ����� ������ ����� �� �����

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

���*��:  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 n����&, n���� �%���7H#)SCA ( :��� ��0�O #0%�# ��

����# #� ��H"# �2��
� 0�0��,  3#  ��E%�# �� tp� " 0�, ��

[��� �� ��G� �� " �h��� �0� M�  �����&, " ������ -�D

 #� ���%'� J�U �� 9,�4 $6 3# x��Y J�U �� �� " K4

��  0�,)�� #0�� $���� 0�,.(  

 �%���7H# ���'� -�D���'� Kq�&� �2��
� -3�� �� #� -3��

�ceI ���L �� �w� ��  ��� -�D  0���1]8[ .��#  ��e� ��0�

�0� x#��%�# �, 9�#  #��3 9&�� -3��� N3Z �h��� -�D

?"� ���O ���'� -�D-�"�" ^�2 -3�� �� ���Q� #� �D  " 0�D�

�I"�Y Kd#04 �� -3���y,#04 -#�� #� �%&�� -�D -3��

�I"�Y �� V���� $6 -�D 0�D�. 9�R�  �%2�1 �w� �� �7��

 ��� �ceI ���L �� Kq�&�/ J�Xe�# -��@� /9�# �'�6 ���3

��e� ��0��%���7H# �,  �� Kq�&� -#�� ����6 �� �2��
� -�D

����3 0�%&D #�I# K��d z�%�� -�D.  

3"�� �Z��e������  �%���7H# -#��SCA 9�# ��3 ���L �� 

]9[.  

  

  

�X�#� ��# �� Xi
t

  �� ��e2 9�ed��i#�� $��&����� ��� 

t/�#�G� ���# r1 � r2 � r3 � r4 �#�,0�%&D �2��
� �#0 r4 ��� 

]1 "0 [ 9�#. pi  0
�� �X�� 9�eh")� :��� ���%'��9��-

��  0�6 t �#�G� ���# (�� i #� v�X��0d " $��&����� ���#

0�, �� j�.�.  

r1  -0e� 9�ed�� �4#��)9,�4 9'I " ��&� �� ( $�.� #�

�� �� �, 0D� " T#�I ��� -�{2 �� 0�#��  3# x��Y �� 0
��

 $60!��. r2 �� ���e�  �� 0��� 9,�4 ��, �� " �0�O �, 0�,

0!�� 0
�� 3# x��Y �� J�U. r3 $3" �X�� �� �2�h# -�D

 �2��
� 0�,|� ��w�� �� 0
��) r3 <1 (  0�,|� N0� ��

(r3<1) M�� ��k|��� �q#�# ��L�2 z��e� �� ��#�3 0����. r4  ��

�EH�� ��� ��#�� ���L  �����&, " ������ -�D ���Q�

�� 0�,.  

  

  

  

  

 

��� ����� ���� �� ���� ��� ��  � �!"#$ 	 � �!"  %�&

 '!��� ��]  2 	 2- [ ()* ��  +��,�* ,��� -�./   �0  '$

�� -�./ !��� �""1� '� �!�2�"/ �3 �4 �� '/�56 �&�' 

7�!"  	 7�!"#$ %��� '� 2	� -��$ � 8��9 �� ��9 0":;�

,�� 	 <��= ��9 >"� %�?� 2�0 � �5�� (@.  

 AB���5C� �$ 'D*SCA ��* �� ,��� -�./ ��2 ()* ��:  

-  �EB#= (���F 2� 'F�GE� ��),��(@�&) (x (�"&� 'H��� ��.  

-  ����2�� I�& 
��� 2� ,��JB ��� �� �EB#= (���F 2� ���&

�"!$.  

)15( 

#�G� �#0e�  0����! �����3"�� � 

 

  �����3"��r1,r2,r3,r4   

 

 $���� W�! ��6

9�# �#�d�� } 

 

K4  #� 0�0I 9e�d�� �����3"��  �D) " �D $3�Y  3#0�# " K��DG�D (  ��E%�# ��

9�ed�� ���Q� �H��e� 3# ) �H��e�)3 -1(( 

 

�c���� �#0�� [��� J0D )$#�� ��E�� �%&�� (�� N���# V����� �� ?"� "�.�� - "�&� " 

T��%�# ���%'� :��� �� $#��� �X�� 0
�� (P) 

��Y 

$����  

 $#��� �� :��� ���%'� $��%��2

�I"�Y �� -��#�� ���'� ) ���%'�

 " �D $3�Y  3#0�# " K��DG /�D

F�%H" ����0� " $#�� ��E��( 

~"�!  

 

�c���� �#0�� [���  J0D)��E�� �%&�� $#��( �� -#3# �D M� 3#  #�K4 -�D 

��H"# �� N���# V����� �� ?"� "�.�� - "�&� 

0
�� �X�� $#��� �� :��� ���%'� T��%�# 

)p( 

 0�H�� �� 9�e�I ��H"# �D��#0��

������ K4  #� 3# -# ��H"# -�D 

 $#��e� " �D $3�Y  3#0�# " K��
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-  -�!$�� ,��L 0 �� <��= >��BM�)p=x* ('� ���"!$ 2	�.  

- r4, r3, r2, r1 �"!$ 2	�� ��.  

-  'C��:� 2� ,��JB ��� �� �EB#= (���F 0":;��)3-1 ('� 2	�

 �"!$) '$ �:;�� ��t  �*�� �&���)� %�P$��@ ���:� 2� �B)6�$
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Locate the location and determine the optimal size of dispersed 

production resources and simultaneous parallel capacitors 

using the sine-cosine (SCA) algorithm in radial distribution 

systems 
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Abstract : 

    The usage of scattered sources of production and capacitor banks is increasing due to the development of 

distribution networks as well as increasing demand for electricity. Discontinued power plants and capacitors, if 

connected to a power grid in the right place, will have various effects, including loss reduction, improved 

voltage profiles, and increased network reliability. This dissertation is devoted to reducing losses of the 

distribution system to the simultaneous optimal location of distributed generation sources and capacitors in 

radial distribution systems. For this purpose, the sinus cosine algorithm (SCA), which is inspired by simple 

maths, is used. Simulation on the 69 IEEE bus interfaces. The simulation results show the efficiency of the 

proposed algorithm in the problem of optimal location of simultaneous distributed generation sources and 

capacitors in radial distribution systems to reduce losses and improve the voltage profile compared to other 

optimization algorithms used in this field. 

Keywords: Cosine sinus (SCA) algorithm, capacitor, distributed generation sources (DG), radial 

distribution systems, power losses. 
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