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 4�FG: �7'�� �� ��%H�� 4�4�� I74,7 �� ����%�� 0�%�7� �� <��J # K��3 <��J� �7'�� �� �F��(� K�L� �� 
�� M��� /$7��7 
�� ���N� 0�,

 �� O��(�  4! 7� �L��N� �7'��4! 0'74�7. �� 0Q��7 M��� �:��N� 0��7(� '7 �� $7�� ���:R7 �%6�� <�=�S!<��J #�%N��� T63 /�,  /<��J

<�NJ7# M��7�� <��J $���� # �7'�� ��U�� �84��! 4�� /<N�V # �7'�� 0�,$�84��34�L�� 07�� �L�� ���W�/ X�'�� 0Q��7 ���W� # $�84��3

I�
�$�84��3 /�� �%6�� ���Y� $�F�7 ��3  ��!7 ��S��� ������ # �:��N�.  /$7��7 
�� �7'�� ��:��N� "���7'�� '7 Z��H ���  �84��!4��

 K[J �:��N� �9� '#� �� 
�� �F�(�= K���� '7 0�7���  4! K��! 7� # �8#����, K���� "4� ���V �� $7��  �9� '#� ��  4! ����N� 0�7���

�� �&3 ���6�4�1 ����\ # 4�,7��� ��� .7EL ������ ]S+ ��Y�� �� /��� 0�, # �����$�F�7<�=�^ K���� ����  �9� '#� �� ����N� K��J-

�7��7 _��� 0�7��� �%&�� K�%&� ��<�7 ��7(L7. ��7 '7�� �L��� ��7 #� <��#4�� # ���J ��`�� �����0�, 
�� �F[! / <��#4�� �V�
H

a�
�� �� <H�� �b374+  <�=�^ '��� �8#��� �� 4�L��<3�! 0�, ��  4��3 0Q��7 M������'7���  .7 �� ��Y�� ��7 07�� X��� c���� ��

  ��S%�7 �� �3 <�7  4! T��N� ��d� #� ���V �� I4,  �%���;L7 "�e�7 '7LP-metric  ��'# f�7�g h���� �� ��i&� O� �� $1 K�4[� #

 ��d� O� (�8 �7(=7 "�� �����9��� 0'�����8.  ��7�7 �� �F[! 0#� �� 0��9�6�� D#�24 ���! IEEE  ���� 0�4� k��%� #  4! l���'1

�<=�8 4�,7�H �7�J ����� # K���.   

���� ��� �	�() :
���� �����+����� ���� + ��,� +
-�% 
���	�."#$�% /0#$. �����.  

 

1 - 4.	0.  

M���0Q��7 0�, �����4�%&, K��3 <��J� �7'�� �� O��(� ���&� 07 .

�3�� �;�, M��� �� �,U�� # 4�!��  # �74��H ���' �74N� ��\# K�L�

��  4�!#�=  # $1<��J / Z#�H # �#�# 0�7'1 ���m�, ���N� 0�,

<��J �� O��(� ���&�  4! �L��N� 0�,4�%&, .M���  0�7'�� $7��� ��

$��'�� # ��&���� �3 ��7� 0���&� 0��7(� �%=��$7��  <�=�S! ��

<��J # ���:R7 �%6���%N��� T63 /�,  M��7�� <��J $���� /<��J

<�NJ7#/<N�V # �7'�� 0�,  �%6�� ���Y� $�F�7 /�7'�� ��U�� �84��!4��

��  ��S��� ������ # �:��N� ��!7 ��3 .  

 ��� �� 0Q��7 M��� �� 
�� �#�# ��� ��L#7 07��1996  �=�N� �� #

 ��1 0�,�7��7�J �=�N� �� o������ M��� �� 
�� ��1 0�,�7��7�J

PJM ��%=7 
�S�7.  ��98 4V�� �7�J o������ M��� �� ��7����7 0�,

 �F�(�= K���� �� ���� ��1��� ��!��7�J ��7 f�e7 #�7 # 4��H �� �,

 �%&� $1 '7 K[J �� K���� >���� �� �4�� D#�=����!.[1]   

������ �3 �� �� '#��7 '7 M������, $�G Nordpool �� 0#���4�F�7/ 

APX  �� "7��%&�1 4��, # M��� $�%&�;�7 �� <��  4�1 <�7 �;���� 

��7 �h�g� <�7 �3 ����Y�� # $���J 0�7E80�, �%L#� l�� ���&� 

��9� �� ��7��3 ��7 �,�7'�� 4,7�H <!7� . 
�� T�� 0�,�7��7�J �H��

�V 0�,�7��7�JaH�! M��7 �� �9�� #  ��� �L�� I �%��J p�H 0�,

��� ���&� 4����� 4��� �� �7'�� �4��! . 0�,�7��7�J /�,�7��7�J ����
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 #  ��� �F�(�= �74��H I�R <=���� # �F[! �� 
�� K���� �� �%&���

4��! ���� �F[! '7 . I�R �3 <�7 ��7 �� �7��7�J h�� #� ��7 �#�S�

 I�R # �F[! �� $7�� c��(� �� "(�� �F�(�= h�� �7��7�J ��  4�!#�=

 4����� 4��� �� K����  '�� �� �F[! '7 $7�� qE\ �� ��[�� 4��H

<�7 .�J ��7 ��=�R r�N[�<3�! �,�7��7<3�! # 4�L�� <���4� 0�, -

 �����7'�� 0�,4�%&, 
�� .�J�7�� 0�,�7��L��[� 
�� 0�,�7'�� �� �3 �L 

�� '7 $7�� qE\ �� c��(� �� ��[� ��=�R 07�� ��7(L7 ���;m�, 4��!

�F� �� r�=�V #   ��F� ����7 �F[! O&�� l!�� K�L� #� '7  f&3 ��

��� �� 4�N����!4 .7�J ��=�R�� �L�� T�� 0�,�7��<3�! 4�7�� -

<3�!  /X�'�� 4�L�� 0�,4!�� 0�;�� ��9� �, # 0�7(8��3 0�,  �� �3

4��! �,�7'�� ��7 ��7# <NS�� f&3 �� O&�� l!�� I74,7 '7 �F� .
[2]  

H�� �d�7# ��� �= ��Y+:��/ �%&�� ��4J 0�,   �7��,

�#4���< �, J #���0 #�0 �%��k ��� 
�� �7'�� �:��N��K �� ����4� 

� s��� �3� �!�4 �3 r��#(L�� �,�7��7�J0 �H  4! ����N��$7�74  #

7 �� $�84�!#�=��  �,�7'�� -����e� ��7���� L���$�84��34  #

I�
� 7�� $�84��30 L���I�
� # 4 - ��� $�F�7�K =�(�F� ��4���. 

��  �:��N� # $7��7 
�� �7'�� ��%H�� 4�4�� 0�t=Q��7 M���0/ 7�� 

e4e� �9� �� u���;�� K��N� �� � � K�%&� �7�����%& )4� <3�!���< 

7 
�� �F[!�$7� (<�7  4! I�R�� .4��� �U��[� �9�� �3 ���8�  K��J

� �3 ��� 4�,7�H M��� �� ����N��l $�F�7 /����N� "���7 '7 E���0 

����K  �9� _��� $1 � K�%&� �7�����%& �t��� !��  4!4 . ��

� ���[��/�;  �9� 7�! �� �\�� �� �F[! �7����_ �g��� # �g��0  
��

�m�,�� J��� ��\�� ��= ��7�� �F[! ��0 �� #�� �#4���<�,0 

�=�/ L�� ����N� K��J ��+�$�84��34 �H T�� #�4 <3�! �,0 

�H��74 Q��7 M��� ��0 ���8 �� 7� 70 N���� � ":�7 #� 4�3  "���7 �3

� �:��N���3E 84!�� '#�� �� ����� )�37�� ( # ���%�7 x�dH ��

������740 ��7�� �F[!0 ��6�.  

N���� =�^�< �,�7��7�J0 Q��7 M���0 ���J y��L ���< �R7�$��  /�F[!

��4��'� ������ 07  �� �\�� �� �3 <�7 ��63 
�� �F[! ���:R7 '7

NdJ "4��<�,0  �� ��\��������0(�� L���4 �,4+7#0 ��,�8#��  4����

Ng#�< �/I�
� '�� <��#4��<��#4�� /<H�� 0�,0�,  �8#���-

 0�,<��#4�� /���J�� 0�,4+7# �7���N� <�Ng# /���[� 0�,

�9�� # �,�8#��� �9� K��J <�=�^  4��3 �#4�� �7( <�Ng# /0�7���

 �8#��� a�
�� �� ��63 
�� �F[! <�Ng# # �74� �� 7��[\7 0�,

0Q��7 M��� <�=�^/ + ������b374+ 07�� 7� ��J74<3�! <�=�^ �-

�� y��L $�84��3�34. 

���1 '7  �8#��� �b37 �3  �9�1 
�� 4�L�� #  ��� ���7�+ ��63 0�,

�� <H�� ����� "(�%&�  $��(�, �3 ��� ��� ��
= �� /4!��

<H�� �;��H I��
� �� l�7(=7 ���&= 0�,  �� �,  �8#��� 4����

4�%&,  7��, 4�L�� l,�3 $1 �� �� # <H�� ��[�3 KF6�. 

<��#4�� <H��  <�Ng# # '�8 ���%�7 <��#4�� �� �\�� �� �L�� �,

 �� $7��7 
�� �F[! <���4� <3�! # ���7�� <3�! _��� 
�� �F[!

 �8#��� �� ":�7 <��#4�� 07�7� 0�, ���8 . �8#���  �\�� �� �%&��� �,

 �%!7� 4�L�� /��7'#� X��� <H�� # �=�
� '�8 ���9� <��#4�� ��

4�!�� .� 7EL <�7 �%&�7# $1 ��  �8#��� 
�� 4�L�� �3 <H�� <��#4�

�� 7�  07��  �8#��� �, '��� <�=�^ ���N� �� �7E8�`7 K�7�� '7 $7��

<=�8 �Y� �� 0Q��7 M��� �� D#�=.  


�� �F[! <��#4�� 0�� O� 07�7� rU�V7  '7 X��� �3 <�7 ��7z 0�,

�� $1 �� �%��J� 0�,�7'�� 4�7�J K��3 0'��  ���� �8�� . �4� #� ��7 '7

 X=���  4��3�#4�� p�H _�7�! a��6� <����J 07�7� 0��9�6��

�� $�84��34�L�� _��� $��g��%� 4!��.  

�7 
�� �7'�� �� �7'�� '7 Z��H �:��N� "���7 /$7� �:��N� �84��!4��

 #  4! K��! 7� 0�7���  �9� '#� �� 
�� �F�(�= K���� '7 K[J

 �8#���� "4� ���V �� �, �9�  '#� ��  4! ����N� $7�� K��� 0�7���

��� 4�,7��� ����\ # 4�1�� �&3 ���6� .������ ]S+ ��Y�� �� 7EL-

$�F�7 # ����� /��� 0�, '#� �� ����N� K��J <�=�^ K���� ����

 �9�<�7 ��7(L7 �%&�� K�%&� ���7��7 _��� 0�7���  

���� ��7 7EL<��#4�� # ���J ��`�� ����� �� c0�,  # 
�� �F[! ��=

 �8#���a�
�� �� �, �b374+ '��� $7�� <�=�^  �8#��� ��0�,   

<3�!�� 0Q��7 M��� ��  4��3�'7���.   

�%&�� �b37 ���� ���� $7�� �%6�� /�%���� �9� ��4J 0�, _��� '�

�� ����� ���7�+ 0�,4+7#0{�7�%�7 ��7 /��! 0�4N%� ������� 0�,

\# �g��� $��#1�� 07�� T�%�� ����� �� �3 ��7� �� ��|%� (�� '#�

<�7 .0{�7�%�7 �L# 0��
%J7 0�,���N� 0��[� �� ���9� ������� 0�,

<�7 �;�� 0�,���N� �� "4�� . �� �9� �� �3 ��9� ���N� �;�� $���-

�%&�� 0�7�����4J 0�,  �%&�� 0�g��� $4!  ��#1�� ��7� ��\# ��

 �9� �� # <H�� ���(, KJ74+ 0��8 �8#��� ���9� f�3�� '7 0�,

4!�� �� T�%�� .��7 ��  �#�# 0(�� ������ # 04�� $��' ���N� 4��1�=

Z#�H #  �,4+7# �� #��! �� 
:R7 �,4+7# <3��6� �+:dV7 . ��

  4! "���7 ������� �H�� �� ��7�74�� ��`�� ����� ����' ��<��# -

�%&�� 0�,�L�&� �� ��4J 0�, ,4+7# <3��6� X�'�� 0��L��4 

�� �%H7�����!:  

�� X\[3]  0�, <��#4�� ��  7��, 0��
%J7 ��� l�� �� ��%[� �!#�

 ��4J �%&�� �%���7<�7  ��3 �}7�7 . �����\ ��Y�� �� c���� ��7 ��

���E�4�4�� �,�8#��� 0�,4+7# ���9 �� �F���%�7 0�74��� ��NL�d� /

<�7 �%=�8 ���V ����� ��4J �F[!.  

X\��[4]  �7 �� O� 4�L�� l�7�1 ������ �� �,4+7# <3��6� ��i&� ���

��! �3 OG�3 �F[!/4!�� ��  4�37�� 4�L�� 0�,4+7# K ���(, 

���9� �F[! ��7 �� 7� <H�� I�
�0'�� ��4���� .c���� ��7 ��    

<��#4��� ���(, /4+7# $��� D���H # �!#� $��' KJ74+ 0�, �!#

<��#4�� # 4+7# $��3 D���H # 0�, 4�L�� l,�3 # l�7(=7 f�!

<��#4�� ���%�9� $7��� �� <�7  4!  4��  �8#��� ��= 0�, #

D#� �� ��i&�  ��e�dH �� K+��!.  
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 �� X\�� [5]� '7  ��S%�7 � <3��6� 4��� <���7 �7(=7 "���,4+7#  �� #

 
�� �7'�� �U��[� h7��7 �%=�8 �Y�) �7'�� /4N� '#� �7'���Y�L07 �7'�� /

\ ���4H�[�� ( 4�L�� l�7�1  /
�� �F[! '7 0�7���  �9� ���J #

07�� �,�8#��� 0�,4+7# �� <�� �� T�%�� ����' 0�,  '��4�1 .

D#� ��7 '7 I4,/ ���9� �� ����%�� D#� ���� $��4�G 07�� 0��
%J7

<�7 04�L�� 0�,4+7#.   

 �L��� /�g�+ �8#��� '7  ��S%�7 ��g�� �� ���7�+ 0�, ��|%� $7�

�V7(�8 �7(=7 "�� �� � �� 4�L�� <�=�^ �b374+ a�
�� ��[�� �� /

0'�&L4� D#� �� ��4J �%&�� �%���7 ���J <���� dH� ��4!�� . ��

�� �%H7��� ��i&� K+ 0��i� $��� �� �L��� ��7�7 ��! �3 ���
��7 ��

 l�� ��3 I4, X�7�� �� #  4! �3z ��i&� l��4<��#4�� 0�,

�7�J ����� ���� ��i&� �����8 . l�� ��5  �� ��i&� K+ �%���;L7

 l�� �� # 4! 4,7�H ~��6� �R���� ���G��= ���6  0�4� ��NL�d�

 k��%� K���� #�%=�8 �7�J K���� # ����� ���� #  l�� �� "���7��7 

�� �%H7��� 0��8 ���%� # �7��9�6�� $��� ����!.   

 �����9� ������ ���,���� '7 (�8 �7(=7 "�� 0'�� I4, X��� T��N� 07��

 K+ ��  4! ����7 ���J # ��i&� ��' # ��V7 ��i&�<�7  4!  ��S%�7 

�3 �R���� <��9=  �#4\ ��)1 (<�7  4!  �7� $�6�:  

�#4\)1(0'�� ���9� ������ ��  4!  ��S%�7 0�,����  

  

2-  6	� 7���  

2-1- 4(8$. 4�
�� 6	� 7���  

�� �H�� �d�7# �:�F[! /��= ��Y+��� ���%�7 0�,  �7��, 
�� 0#

<��#4����N� k��%� 0#� �� 0���J # �,:�� K���� 
�� �7'�� �-

�� s��� �3 4�������#(L ��!  # $7�74��H  4! ����N� 0�,�7��7�J ��,

�� �,�7'�� ��7 �� $�84�!#�= # $�84��34�L�� ����7�� �e�              

I�
��F�(�= K���� $�F�7 /I�
� # 4�L�� 07�� $�84��3 ����4� . ��

 �9� �� u���;�� K��N� �� �e4e� ��7 /0Q��7 M���� �%&�� K�%&� �7��

 $��, �3$7��7 
�� �F[! <���4� <3�! ��/4!��   4���8 XS���

<�7 .���8 ����[� �9�� �3 07U �3 ��� 4�,7�H M��� �� ����N� K��J ��

$�F�7 /����N� "���7 '7 l�� �9� _��� $1 K���� 0��E���� K�%&� �7

4!��  4! ���t� �%&�� . �9� /�;�� ���[� �� �� ���%�7 �F[! �7���

 �F[! �� ���%�7 ���J ���m�, 
�� 0�g��� # �g�� _�7�! �� �\��

<��#4�� ���� # 0��7�� $�84��34�L�� ����N� K��J ��+ /��= 0�,

<3�! 4��H T�� #���8 �� 7� 0Q��7 M��� �� �74��H 0�, # ���N� 07

�7:�� "��N� "���7 �3 4�3: �� �84!�� '#�� �� ���� ��3E� �

���;� 0��7�� �F[! 0�74����� # ���%�7 x�dH.   

'7 �=�R ��� 0��
%J7 D#�= 
�� �� M��� ����  4! <�7 �3 �H�� 

 �8#����, �� ��[�� l�7(=7 �9� D#�= ��H �� M��� 0Q��7 4�!�� . ��

�, ���3 �� h�g�� #� ��7 �%=�8 �Y�  �b374+ �}7�7 �� 4! 4,7�H s���

 �8#��� 07�� 0Q��7 M��� �� $7�� �%=�8 �Y� �� I4, O� $7��� �� �,

��!. I4, 7EL �� �L�&� ��L#74�7�� a�
�� 0�b374+ $7�� �� 

 �8#����, 07�� <3�! $��3 �� M��� �� 4!�� 0Q��7 ���807 �3 

<���7 # 0�74��� �F[! �� ��R K��3 <���� ��! # �s�� �� �dH 

$��%=7 0�74��� �F[! ��6�. 7�G �3 ��= �� ��7 <�7 "��� $7�;�'�� 

�b374+ $7�� a�
�� �%=��  4! ��H 7� �� M��� �� D#�= ��4����� 

# 7EL <�=�^ a�
��  �7�  4! 4��[� �N��� 07�� <���7 �F[! �� �Y� 

�%=�8 ��! . �8#��� �� $7�� 0�b374+ a�
�� 7EL� $7�� �� 7� �, �

 ���V �d�7�)1( ���� 0'�&L4�.  

 �d�7� ��7 ����,�     $4! D���H# �!#� 0����� ��|%� $7��� ��

<�7  4! �%=�8 �Y� �� �,4+7#  

��� ∑ 
�,� � ��,�                                                             ��
� (1) 

2-2- 4(8$. 4����9 6	� 7���  

#�! ���� K
= h��  ����7 # �8#��� 07�� <H�� I�
� <��#4�� 0�,

��634,�! /  X��� <H��  ��Hz ��;�6G l,�3��� ��,7�H . �\�� ��

 �8#���  4�� �9� �� $��� 4��!'�7 # ��63 
�� 4�L�� �� ���7�+ 0�,

�L#7 X���� ]S+�#'�� # K�}#'�8 ���\ '7 0Q��7 ����9� l�� / 0'��

� u���� <H�� I�
���� 4,7�H �.  
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 56

 X������9� I4, 0'��  ���(, �, �� 
�� 4�L�� 07�� �=�
� <H��

�� �#�S%�  �8#����� T��N� ��' ���V �� # 4!����! . $�6� X��� ��7

  4�,��[���� ���(, $7�� ��  �8#��� ���7��Q �, '7 �\#�H T�%�� 0�,

��4!��:  

��� ∑ ∑ ���� � 
��, �� � ������
���
�                               (2) 

3- 4(8$. ��� 
���	�.  

3 -1- ��� �;��� 	�!  

 K3 <��� �, �� �3 <�7 f�d� ��7 �;���� �%&�� 0�g��� <��#4��

 �%&�� 0�g��� �� 4��� f�%�� 0�,4+7# 04�L�� $7��D(t)   ��7��

4!��.   

∑ 
��� � ������
�         � � �, �, … . . , �                             )3(  

3 -2 - ���-> 	�!  

  ��L�� <�=�^ K3 ��� �#�S� ��  # ��� h���� # �%&�� ��N=/��S�� 

�� 
:R7 $�H�G  ��Hz��! .� $�H�G  ��Hz �74�� $����R7 4V�

4�3 �� a�6� 7� �F[! .� �S�%�� 4�7�J $�H�G  ��Hz ���N� 07�

�� �3 ��7� ��\#��3  ��!7 ��' ��7�� �� $7��:  

• ��Hz 4!�� ��� �b374+ '7 04V�� 0#�&� 4��� 4���  .  

•  ����� <����J 4���  ��Hz �� �%=� <�� '7 �`7 �� ��[�3

���a�6� $��' �� 4+7# ���� 7�  4!�� �%!7�.  

• ��! l�� �,4+7# "��� ��� �� 4��� $7��8  ��Hz.  

 �� �b374+ ��� '7 04V�� $�H�G  ��Hz �L��� ��7 �� �%=�8 �Y�        

����!.  

∑ ���,� � �. �� � ������
�                                                   (4 ) 

3 -3 - ������� 	�
�� 
���� 	�!  

KJ74+ <��#4�� $��� 07�� / 4��� 74%�7 �,4+7# 04�L�� $7�� �b374+

 0����� ��|%� I(i,t) 4+7# q��%�7 "4� �� q��%�7 <�Ng# �;���� �3 7�i 

 <��� ��t ���3 T��N� <�7 .<��#4�� ���V ��7 ��KJ74+ 0�, /

�� 7� �,4+7# 04�L�� $7�� �b374+ <!�� ��' ���V �� $7��:  [6]  
 

�� ���, �� � �  � !" 
���� � �                                          )5(  

�� ���, �� � �   � !" 
�#�"��� $ 
���� $ 
�#�%���        )6(  

3 -4 - � ���� B�.�- � CD�� ��.; /!�	E 	�! 	E�

&����E  

���� CD�� ��.; /!�	E: ��� �74� �� 4+7# �#�# '7 �� $7��

��3 Z��H �74� '7 7� $1 ��V�=:�.  '7 $1 Z#�H 07�� �3 ����' �4�

 <�7 "'U �74�MUT ����� ��.  

���� B�.�- ��.; /!�	E: ��'7# �3 ����� ��! Z��H �74� '7 4+ -

��3 �74� ��7# ��V�=:� 7� $1 $7��.  �� �4�� �#�# 07�� "'U $��' �4�

 7� �74�MDT ����� ��. [5],[6]  

∑ &� ' ���. ��( � �                                                          )���
� (  )7  

  

*�,� � + ,� $ �
-./01,23�)�4�5

6
23�
     76, 72 � )�� � �, … , 1 

)�� � -./8� , -9:;1 , &�)� '  �)�,�(<=;                  (  )8  
 

3 -5-  &����E ���	E�� H�D 	�!  

<�7 4+7# �, 07�� l,�3 �� l�7(=7 f�!  4�,� $�6� ��' �U��N�. 

� 4+7# �, 07�� ��3 ��R �� <�7 f�! 0�,  ��� �74N� $7�� �

 �6,�3 �� �6�7(=7 ) 0�7E8��� ��d� (���� a�6�. [5]  [3]و  
 


�,�3� ' 
�.� $ �)�&� ' *�,�( � 
�#�" � *�,�    76, 72   
)9(  


�,� � ��,� ' 
�,�3� $ ���&� ' ,�,�( � 
�#�" � ,�,�         7�, 7� 
 )10(  

                 

  3 -6 - 
�K.� 	�!   

3 '7 �F��%&�� �� ��� l�� 0�,����� "4� ����� ��4J 0�,

�%�7 0�74��� 0�7�J�� # ���%�7 x�dH �84!�� # �F������ # �F��

�� �%�� <���74!�� . ��7 �� ��i&� �%N��� ��7�;�, ��Y�� �� �L���

 ��� l�� D#� '7DC  ��S%�7  ��' �U��N� ���V �� �3  4!

<�7  4���8 0'�&L4�:[7]   

?�� � @?4@A
%?A

                                            )11     (                            

 

│pf b│≤?��   #�%                                                            )12(            

4 - 4(8$. "#���L
�   

�� ��d� #� �L�&� O� ���V �� �Y� ���� �L�&� �� 4��� �3 4!��

 �8#��� �� M��� �� <3�! 07�� <�=�^ �b374+ �#7 ��+�� a�6� �,

���9� �L�&� # ��! �8#��� $7�� $��3 �b374+ I4, �� 0'�� 07�� �,

�� �� # /��! K+ M��� �� $��3 <3�! <��#4�� ����7 "#� ��+

��! �%=�8 �Y� �� 4��� 
�= �L�&� �� <H�� .[8]  

 ��d�#� �� �\�� ����i&� 0�,��|%� h�� # ��i&� $���  �3 ~d� ��

������ ���V �� �L�&� �#7 "#� ~d� �� # <�7 ~��V �74�7 �� 0(��

�|%�� ������� O� # <&�� �L�&� �� 0����<�7 �dH 0(�� D#� 0�,

, �S�%���4�� ��(�� $�m�%���;L7 /� KKT  0�, D#� ���� #

K}�&� ���;��7 K+ 07�� $7�� �� 7� 0��F%�7 ��S%�  [9]و7��3   .[10]

 "�e�7 D#� '7 �L��� ��7 ��X��\���N�   ��S%�7 ��'# f�7�g h���� #

����! ��! K�4[� ��d� O� ��i&� O� �� ��d�#� ��i&� �� .

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

e
r 

- 
V

o
l.

 5
 -

N
o

. 
2
- 

au
tu

m
n
 2

0
1
6

 &
 w

in
te

r 
2
0
1

7
  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
95

.5
.2

.6
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.6.8
https://jeps.dezful.iau.ir/article-1-140-en.html


���� ���� -  �

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

 

���N� D#� X��\ '7 D#�
� 0�,���N� 4�G 0��8 ���   �� �3 <�7

�4� K+�=4, 4�G 0��8 ���
� 0�, ���'7���.] .[11  

D#� ��7 �� '7 7� I74,7 �[&� ��=7���7 $7�� h���� ���9� �74�� $�!

KJ74+ �����3 .��4� ���V �3 07�� O� ��i&� �� n  4��� I4, X���

 7� I4, X��� �, ���9� �74��)�� ��L#7 '7 n��� (���� '7 K�%&� n-1 

�Y� �� �� # �;�� I4, X���� 0��8<��#4�� ���� q�&+ �L�&� 0�,

��3 . ������ �� I4, X�7�� �G�, �3 �����1 '7���9�O��(� $�! ��

�� 07�� 4!�� q��d�<�7 ��/ 7EL  �� �3 ��%&, �=4, X��� ��[�� ��

 ��S%�7 ���9� �74�� �� X�7�� ��, $1 '74��! O��(� $�!.  ��Y�� ��4�

I7���7 h���� 4������9� ������ '7 I74,7 �[&� 0�, $�! 7� KJ74+

����.   

,,� �  ∑ ∑ B�6, 2�12
�:6
�                                                  )13(  

 

,,� � ∑  :6
� ∑ C�6. 2� � B�6� � 9�6, 2�12
�                           (14) 

 

-9: , � + DE�� ,,��4,,�
,,��

�F
�

�
�
                                       )15(  

G��, �� � ∑  ��
� ∑ ���� � 
��, �� � ����                    ��
� (  )16  
 

G�  #�" $ ∑  G��� $ G�  #�%��
�                                             (  )17  

 
G"!�       #�" $ ∑   � G��� $ G"!�      #�%                                      (  )18  

��[! �%���;L7 KF! c��d� 0��9�6�� 0'��)1( #)2( �� I4, # 4!��

L7 ��7 07�\7 '7<��#4�� ���J ��`�� ����� �%���; # �F[! �L��[� 0�,

<��#4�� 0�,<H�� $�m�, O�{�7�%�7  ������ �� <3��6�

<�7 04�L�� 0�,4+7# . O� �� �L�&� /$1 K+ �� <�7 �3z �� "'U

<�7  4! ��&�� ���= ��i&� ��' # ��V7 �L�&� . 07�\7 K+7��

 �%���;L7 ��V7 ��i&� K+�� ��' ��! ��4!��: Minimum up 

time  

1-  ���:R7 �#�#�,�8#��� 0�,4+7# )��
�6�  # KJ74+

�b374+ �,�8#��� 0�,4+7# 4�L�� / 0�, ���(, f�7�g

4+7# �, <H��( 

2- ���%�7 x�dH ���:R7 �#�# ) <�=�^ # x�dH ���%37�

x�dH '���( 

3- �:R7 �#�#l�� �� ��� ����24 �,��[��� # �F[! �%��� 

4-  �,�8#��� 0�,4+7# ��= ���J T��N� $��' KJ74+ K��!

 /�%&�� $��� D���H# �!#� f�! ��� �6,�3 # �6�7(=7

4�L�� 4�L�� f�! ��� / $4! D���H # �!#� $��' �� # 

 D'�7<H�� ���7�+ 4+7#�, 

5-  ��V7 I4, X��� T��N�)��L#7(  

6- ��� l�� '7  ��S%�7 �� ������ �F���%�7 ��7�;�, �����  

7-  �� �,4+7# <3��6� X�'�� ��L#7 k��%� $��#1 <�� ��

�#7 ��+��  

  

!KF)1 :(��i&� K+ �%���;L7 ��V7  

��i&���' K+ �%���;L7 H�� ���(,�=�
� < ��' ��! ��        

��4!��:  

1- � <H�� �=�
� ��+ �b374+ # KJ74+ ���J ���N

 �F[! # �,�8#��� 0�,4+7# 

2-  �8#��� X��� <H��  ��Hz ���N� ��L#7 0�#�# $7��� �� �,

������ #��N� �4� �� I�
� $7(�� 07�� 0(�� 

3-  �Y� �� �� �,4+7# <3��6� X�'�� ������ ��7�;�, �����

 �%=�8�7 ���<H�� <��#4��  0�,4+7# # �F[! 07��

������ ��  4! T��N� ���7�+ 

4-  ���(, <��#4�� # �,4+7# <3��6� X�'�� ��� �7�F�

 ���N� $��' �� # �,�7�F� ��V�= '��� 4+ �� �=�
� <H��

 �8#��� 07�� $7�� X�'�� ���9� �74��4���� ��7�7 �,. 

5- $�6� ������ �\#�H k��%��b374+ X�'��  4�,�  K��J $7��

 �8#��� �� ����N�<3�! 0�, �� 0Q��7 M��� ��  4��3
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 ���V24  �F[! �� �=�
� <H�� ���(, ���N� # �%���

��4!��. 

  
D/')2 :( /E "#���L
�4(8$. ��;  

5- ��	M  �N
�O.  

5 -1 - ���	
� �
�	 ����� ����  

��[! 07�� �L��� ��7 �����9� �7(=7 "�� '7 0'�� 0'��  0'��&L4� # (�8

�dH 7<�7  4!  ��S%�7 �7(=7 "�� �� .  

��=��[! "���7 �� ��' 0�,0�, 0'��   4! �%=�8 �Y� �� c���� ��7

4!�� �� ��' ��! �� �3 <�7:  

•  �8#��� '7  ��S%�7 �� ��= c���� ��7 �����7�+ 0�, ) K��!

 �8#������� # �[�3�� KF�� /0'�8 0�,( i&� �� <�7  ��� ��

H �� �,4+7# <3��6� X�'���\#� �7�J ����� ���� T�%�� 0�,

 �8#��� 4�L�� '7 # ���;� 4�37�� 4�L�� /07 �%&, /���J�� 0�,  #

I�V �(��<�7  4! �Y�. 

• H K+ D#� '7  ��S%�7 ��Y�� �� K+ �84�m�� '7 0��8��\ # �d

�dH ��e K}�&�  '7  ��S%�7 �� I4, X�7�� / "�e�7 D#� X��\ ���N�

��'# f�7�g ��  O� X��� �� <�7  4! K�4[� ��d�.  

•  04�L�� $7�� �b374+ �� a�
�� K��J '��� �� ���7�+ 0�,4+7#

 T�%�� 0������ #� ) $#4� # <H�� <��#4�� �%=�8 �Y��� ��

<H�� <��#4�� �%=�8 �Y� �� (�\#�H ����� ��Y�� �� 0�,

 ��3E� ��7����[!�� 0'����!. 

•  ��� ��Y�� �� ��� l�� /��[���� 0'��DC  �� '7 #  �

�6G _H ��S��<�7  4! �!��. 

•        ��!15  �Y� �� X\�� ��! $7��� �� ��� l�� ��[���� ��

<�7  4! �%=�8. 

 O� 0#� �� �4� /0��9�6�� �%���;L7 ���� <�V <9\ �F[! �����

l���'1/ <�7  4! ����'�7 $1 k��%� #.  

 �F[! / �Y� ���� �F[! ��74��%�7 24 ����   $�����R7 <�����J IEEE 

��4!�� .       KF�! �� (��� �F[�! 0Q��L���� ����G ��,)3 ( ��}7�7    4�!

<�7.[12]  

  
 KF!)3 :( ��74��%�7 �F[!24  $����R7 <����J ��!IEEE   

  

5 -2 - &P��- &%��� �������K% �� 4.���� ���

Q(#�.  

R�� �����K% : C#��� �S� �� ��	� ;�T. 
���� �����


-�% 
���	�.  
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 l�� ��7 k��%��� �#4\ )2(  <�7  4! �}7�7 .  

 '7 <L�+ ��7 ��10  /�F[! ��  4! T��N� ���7�+ 4+7#9  �� 4+7#

4��7� <3��6� �,�8#��� 0�,4+7# 4�L�� l�7�1 �\#�H . # ���(,

 �8#��� X��� �=�
� <H��� �, �� �F[! �389500 �7#�;� �� ����-

� <����4��.  

 �#4\)2 :(<�=�^a�
�� 0�,%=�8 �Y� �� $#4� �%=��<H�� 4�J �  

  

U�� �����K% : 
���� ����� �� 
-�% 
���	�. R�VM�

 ����� ���� �� 
)�D ����  

 �#4\ �� l�� ��7 k��%�)3 (<�7  4,�6� K��J.  

<L�+ ��7 ��  '710       /�F[�! ��  4�! T���N� ����7�+ 4�+7#7   4�+7#

 � <3���6� �,4+7# X�'�� ��i&� �� �,�8#���  # 4���7    I��
� ����(,

 �8#��� X��� <H�� �� �,374000 �7#�;� �� ���� �� <��� 4��.  

  0�,4��+7# <H���� I���
� h������ �����(, �����%� '7 ���3 ��d�����,

 ���  4�� T�%�� 0������ #� 07�� �,�8#���   "#� 0������� �� /���!

<�7 �%=�� l,�3 ��3E� ���(,.  

  

�#4\)3 :(<�=�^a
�� 0�, �Y��� �� �%=��<H�� 4�J �%=�8  

  

$��, #� �&���� '7 �3 ��R �#4\��  4,�6� 4�J �3 ����' ��!

���  4�� ������ �� <H�� 0�,4+7# ��!G3  #G5  l�7�1 ������ ��

�,4+7# <3��6� X�'�� �� ���%�7 4��!.��7 h�g��   0�%�7� ��

 M��� �7'�� �� �:��N� ��+ l�7(=7 ��Y�� �� #��� ��7'# I74,7

 <��J �%N��� T63 / �9%��J # ���:R7 �%6�� <�=�S! K�L� �� 0Q��7

 ��7(� �� <��,7  ��S��� ������ # �:��N��� �%6�� ���Y� $�F�7 #

4����.  

�� ����7 �=�
� <H�� ���(, <��#4�� �3 ����' �L#  �74�N� ���8

   ��8#��� ���� 4�L�� �7#�;� ���|� �� #  4! ���%�7 0�%�3 0�,4+7#-

[! 0�, 4����� l,�3 <H��  4! "��� ���(, / �F .  �� ��3 ������1 '7 

$��L7 �=�
� <H�� ���(, ��[����    D'�7 #  ��8#��� $��4��7� 0��,

 ��� �%=�8 �Y� �� <H�� ���7�+  ����9� /���!    I��
� ����(, 0'���

4!�� �� (�� U�� $��4�7� 0�,4+7# �%=�8 �74��� 0��N� �� /<H��.  

MW/H 
H1 H2 

 
H4 H5 H6 

G7 197 197 197 197 197 197 

G8 350 350 350 350 350 350 

G9 279 181.6 118.9 100 100 100 

G10 400 400 400 387.6 356.2 356.8 

MW/H H7 H8 H9 H10 H11 H12 

G4 0 0 25 25 25 25 

G6 0 0 0 54.25 54.25 54.25 

G7 197 197 197 197 197 197 

G8 350 350 350 350 350 350 

G9 100 150.3 282 353.2 384.5 399.9 

G10 387.6 400 400 400 400 400 

MW/H H13 H14 H15 H16 H17 H18 

G2 0 0 0 0 0 4 

G4 25 25 25 25 25.45 100 

G6 54.25 54.25 54.25 54.25 104.3 166.5 

G7 197 197 197 197 197 197 

G8 350 350 350 350 350 350 

G9 384.5 353.2 337.8 337.8 400 400 

G10 400 400 400 400 400 400 

MW/H H19 H20 H21 H22 H23 H24 

G2 4 4 4 0 0 0 

G4 100 100 72.2 40.85 25 25 

G6 100.6 69.75 50.25 54.25 54.25 0 

G7 197 197 197 197 197 197 

G8 350 350 350 350 350 350 

G9 400 400 400 400 337.2 298 

G10 400 400 400 400 400 400 

MW/H H1 H2 H3 H4 H5 H6 

G7 197 0 0 0 0 0 

G8 350 350 350 350 350 350 

G9 279.5 378.6 315.9 284.6 253.2 253.8 

G10 400 400 400 400 400 400 

MW/H H7 H8 H9 H10 H11 H12 

G4 0 0 0 32.4 63.75 79.15 

G7 0 0 197 197 197 197 

G8 350 350 350 350 350 350 

G9 284.6 347.3 307 400 400 400 

G10 400 400 400 400 400 400 

MW/H H13 H14 H15 H16 H17 H18 

G2 0 0 0 0 0 4 

G3 0 0 0 0 0 62.25 

G4 63.75 32.4 25 25 79.7 100 

G5 0 0 0 0 0 54.25 

G7 197 197 197 197 197 197 

G8 350 350.1 350.1 350.1 400 400 

G9 400 400 392 392 400 400 

G10 400 400 400 400 400 400 

MW/H H19 H20 H21 H22 H23 H24 

G2 4 4 4 0 0 0 

G3 46.3 69.75 22.45 0 0 0 

G4 100 100 100 95.1 25 0 

G6 54.25 0 0 0 0 0 

G7 197 197 197 197 197 197 

G8 350 350 350 350 350 350 

G9 400 400 400 400 391.5 323 

G10 400 400 400 400 400 400 
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�� �=�
� <H�� ���(, <��#4�� ����7  M��� �7'�� c�#�

��74� ����d� ��`. 

<��#4�� �%=�8 �Y� �� l,�3 s��� �F[! �L��[� 0�,

 a�
�� �8#��� �� '��� <�=�^ �b374+ ������8  �%+

 <H�� �=�
� ���(, # U�� $��4�7� ��3E�  �8#��� �87

4!�� �%!7� 0�%�3. 

<��#4�� # �6�7(=7 $7��  '�� K��!  �8#��� ��= 0�,

�!#� $��' KJ74+ �� # �6,�3  �%=��E� �� $��� D���H #

 ��7(&� ��`�� <�=�^ �b374+ a�
�� 07��  �8#��� $4!

�� �Y� ����7��� 04��=4, ��R �87 4�� IE+ l�� �� �,

 # $��4�7� l�7(=7 /0Q��7 ���9� I�
� I4, �� <H�� ��7���

 l��� ���� �� c��(� �� ����%\7  �    0���
%J7 0��,

���8  �7'�� # <H��    7�  K���3 <���J� �7'�� 0��N� ��-

�� <V�= $�84�!#�= �� /��! 0'74�7    <�=�S�! ��� ��� 4,�

    �� ���t+ '7 $4�6� ��� $4! XS%��  ����� ���:R7 �%6��

4����� 0��8 ���
� �7'�� '7 Z��H 0�,�7'�� .  

 $7��� �� ��' 0�,��9�6�� /c���� ��7 �N��� <9\ ��7�7 ��

�� ��d� ��1 0�,��3��84�:  

 ��� l�� ��[���� "���7 # �F[! ��S�� �%=�8�Y� ��AC  

���9� ��i&� K+ �� �%6�� ���J ���(, K��! 0'��

 $4! D���H # �!#� �8#����, 

$��3 �=�g ��|%� ���(,  �8#��� �� �,���9� 0'�� X���

 �b374+ a�
�� ��  4�37�� 4�L�� 0�,4+7# ��`�� ����'�7

 4�L�� <�=�^ �8#��� �� <H�� ���(, # ���7�+ 0�,

�F[! �=�
� 

�%���;L7 ���� 0��8��3 �����9� 0�, ��Y� 0'��KKT  �� #

D#� ����0��F%�7 0�, 

[1] www.pjm.com 

[2] Z. Xu, G. Hu,an C.J. Snanos,

optimization of multiple building s with a fair price 

mechanism for energy exchange'' Energy and 

Buildings,Vol.151,151,pp.132-145,

[3] Y.Ma,Y.Hao:S, Zhao.H.Bi , 'Security constrained 

economic dispatch of wind-integrated power system 

considering optimal system' , IET       Generation. 

Transmission & Distribution journal,Volum

11,Issue 1, 2017. pp.27-36 

[4] Vinod M.Raj and Saurabh Chanana , ''Fuel cost 

optimization of an islanded microgrid considering 

environmental impact'' , journal of clean energy 

technologies, Vol.4,No.2 , March 2016
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�� �� ���� �������-  ������� -  ���! "#�- $�%&�' # (����95   

6� ���7�+ 0�,4+7# ��
�6� c[R��  4,� �8#��� ��! 0�,G10 /

        '��� ����' I:%�H7 # �,4�+7# ���7 0U��� $��4�7� <�� ��

     '���� ������ �� 0�%�6�� <3���6� /4�L�� $7�� �b374+ # $7�� KJ74+

  <��#4��� ���J ����7 �� �,�8#��� 0�,4+7# 4�L�� I:%H7

 / <H�� <��#4�� $#4� # <H��  0���� ��3  �#� �� �� )9   <����

0����� )8 '#� ���[��! "#� <�����( Z#7 #�����  )7 

 ��� $�6� 4V�� �� 7� 4�,�.   ��� �������   0���[�

    4�! ��%=�8 �Y� �� 4+7# �, ���� $7�� �b374+ ���� �74�� # <������

  
 �� �,4+7# 4�L�� I:%H7 4V�� # <H�� <��#4�� �%=�8�Y���

$1 $#4� <������ 0��[���  

  0�,4�+7# <�=�^ a�
�� �� <H�� 4�J �3 ����' ��!

��N� �� <3�! 07�� �,�8#������ �%=�8 �Y� �� 0'��7 M��� �: ��!

      
��� �7'��� '7 Z���H �:���N� �� 0�%�6�� $�84�!#�= �74N� $7��

� �� ��H f�d� ��7 �3 ��3 K�H�� �N��   O��3 0Q���7 M��� �:��N

     �� <H��� <��#4��� �%=��8�Y� �� ���  ��+ ��7 ��

 l,�3 7� �7'�� '7 Z��H �:��N� �� $�84��3 <3�! �74N� /��i&� K+

 4���� l,�3 ��� ������ $7��� ��  <H�� I�
� ���(, �L#  �7� .  

��%H�� 4�4�� 0�t= �� �7'��  
�� _��� ����7/

���(, <�=�S! /��
��7 '7 0��8��\ �, "��� <��J T63 #


�= I74,7 c��� 07�� D:� �� / �� 
�� M���

4! 0'74�7.  

<��#4�� ��`�� (�8 �7(=7 "�� '7 �L��[� 0�,

 �8#��� ��  �, ���(,  O�{�7�%�7 <��#4�� #

 �8#��� �� '��� <�=�^ �b374+ a�
��  �� �=�
� <H�� 0�,

 '7 �3 <=�8 �7�J ����� # �NL�d� ���� 0Q��7 M��� ��  4��3

4���8 KV�+ ��' k��%� ��i&� 0�4� ��NL�d�:  

• �� �=�
� <H�� ���(, <��#4�� ����7

�� 0Q��7��74� ����d� ��`

• <��#4�� �%=�8 �Y� ��

 a�
��

 <H�� �=�
� ���(, # U�� $��4�7� ��3E�  �8#��� �87

4!�� �%!7� 0�%�3

• <��#4��

�!#� $��' KJ74+ �� # �6,�3

 ��7(&� ��`�� <�=�^ �b374+ a�
�� 07��  �8#��� $4!

��7�. 

• �� �Y� ��

 # $��4�7� l�7(=7 /0Q��7 ���9� I�
� I4, �� <H�� ��7���

=� ��[9� l��� ���� �� c��(� �� ����%\7  �

7�\7 ���8

�� <V�= $�84�!#�= �� /��! 0'74�7

    �� ���t+ '7 $4�6� ��� $4! XS%��  ����� ���:R7 �%6��

4����� 0��8 ���
� �7'�� '7 Z��H 0�,�7'��

 $7��� �� ��' 0�,��9�6�� /c���� ��7 �N��� <9\ ��7�7 ��

�� ��d� ��1 0�,��3

�  ��� l�� ��[���� "���7 # �F[! ��S�� �%=�8�Y� ��

�  ����7���9� ��i&� K+ �� �%6�� ���J

 $4! D���H # �!#�

� 7$��3 �=�g

 I4,  

�  �b374+ a�
�� ��  4�37�� 4�L�� 0�,4+7# ��`�� ����'�7

 4�L�� <�=�^

�F[! �=�
�

� �%���;L7 ���� 0��8��3 ��

D#� ����

7P��.   

Snanos, ''coordinated 

optimization of multiple building s with a fair price 

y exchange'' Energy and 

,sep2017 

Y.Ma,Y.Hao:S, Zhao.H.Bi , 'Security constrained 

integrated power system 

IET       Generation. 

Transmission & Distribution journal,Volume 

Vinod M.Raj and Saurabh Chanana , ''Fuel cost 

optimization of an islanded microgrid considering 

environmental impact'' , journal of clean energy 

2016 
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6� ���7�+ 0�,4+7# ��
�6� c[R

G9  #G8         '��� ����' I:%�H7 # �,4�+7# ���7 0U��� $��4�7� <�� ��

     '���� ������ �� 0�%�6�� <3���6� /4�L�� $7�� �b374+ # $7�� KJ74+

4�7 �%!7� �F[! I�
�.  

KF! )4 (  <��#4��� ���J ����7 �� �,�8#��� 0�,4+7# 4�L�� I:%H7

 / <H�� <��#4�� $#4� # <H��

'#� ���[��! �#7($����� /0�����

'#� ���[! "�� <���(  ��� $�6� 4V�� �� 7�

    4�! ��%=�8 �Y� �� 4+7# �, ���� $7�� �b374+ ���� �74�� # <������

<�7.  

KF!)4 :( �� �,4+7# 4�L�� I:%H7 4V��

$1 $#4�

���  4,�6  0�,4�+7# <�=�^ a�
�� �� <H�� 4�J �3 ����' ��!

��N� �� <3�! 07�� �,�8#���

��      
��� �7'��� '7 Z���H �:���N� �� 0�%�6�� $�84�!#�= �74N� $7��

� �� ��H f�d� ��7 �3 ��3 K�H�

�� �����!4���� .     �� <H��� <��#4��� �%=��8�Y� �� ���  ��+ ��7 ��

 l,�3 7� �7'�� '7 Z��H �:��N� �� $�84��3 <3�! �74N� /��i&� K+

 4���� l,�3 ��� ������ $7��� ��  <H�� I�
� ���(, �L#  �7�

6 - 4T�#�����  

 I74,7 ���%�9���%H�� 4�4�� 0�t= ��

 # �%��J����(, <�=�S! /��
��7 '7 0��8��\

�� 
��  4!4!�� .
�= I74,7 c��� 07�� D:� ��

 7� ���  Q#�� $7���4! 0'74�7

 ��S%�7 �� �L��� ��7 �� <��#4�� ��`�� (�8 �7(=7 "�� '7

F[!�<��#4�� /= 0�, �8#��� ��

 �8#��� �� '��� <�=�^ �b374+ a�
��  �� �=�
� <H��

<3�! '7 �3 <=�8 �7�J ����� # �NL�d� ���� 0Q��7 M��� ��  4��3

4���8 KV�+ ��' k��%� ��i&� 0�4� ��NL�d�

G7 G8 G9 G10
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considering static stability of power systems 
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Abstract: In order to achieve the goals of restructuring in the electricity market of Iran, the 

stock exchange was launched due to its proximity to the full competition market and the 

prices set close to the equilibrium market. The benefits of trading in energy stocks include 

more transparency of information and prices, faster price discovery, price fluctuations based 

on market and industry realities, higher market liquidity and financing for producers, 

supplying energy to distributors and consumers, allowing more control over deals and 

tracking offenses. In the Iran electricity market, transactions outside the market include the 

liquidity of transactions before the physical delivery of electricity on the day of operation; 

and the plants will not be fined in the event of non-delivery of the traded power on the day 

of operation. Therefore, to maintain national capital, the verification and feasibility of 

delivery of negotiable capacity on the day of operation by the independent operator of the 

system is mandatory. This paper examines the effect of the constraints and restrictions 

mentioned in the electricity grid, especially the fuel constraints on allocating the maximum 

allowable production capacity to power plants participating in the Energy Exchange. For 

this purpose, the objective function is defined in two levels, which is optimized by 

integrating the LP-metric algorithm with the sum of weight coefficients and converting it 

into a single-level problem in GAMS software. The proposed method is tested on the IEEE 

24-bus network and the numerical results are analyzed.  

Keywords: Capacity Allocation, Exchange Market, Fuel Constraint, Independent 

System Operator. 
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