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Abstract: 
     The vulnerability of power grids has not received sufficient attention, even despite the increasing use of 

new energy sources in the form of microgrids to increase resilience with the approach of reducing energy 

costs. With the increasing complexity of the structure of power grids and the increasing integration of 

renewable energy sources in the form of microgrids, the stability and resilience of these systems against 

functional disruptions and cyber attacks has become a significant challenge. Although the use of microgrids 

and new energy sources such as solar and wind energy can help reduce dependence on centralized sources 

and increase the operational flexibility of the grid, recent studies show that in conditions of simultaneous 

occurrence of disturbances (such as the exit of a power plant and a transmission line or busbar), the current 

grid structure is still exposed to serious vulnerabilities. This challenge is particularly pronounced when 
microgrids operate independently of each other. Current approaches to managing energy exchanges between 

microgrids and the upstream main grid are inefficient, limiting the grid's ability to reduce vulnerability and 

economically optimize performance. Also, microgrids face problems such as difficulty in integrating with the 
main grid and real-time monitoring, which leads to an increased risk of instability and inefficiency in the 

system. To address these challenges, this paper presents a novel solution that provides a solution to reduce 

vulnerability and cost in a multi-region structure with a multi-objective approach to improve coordination 
and real-time monitoring. In this structure, there are three independent regions, each containing a microgrid 

composed of renewable energy sources such as fuel cells, wind, solar, and tidal. These microgrids interact 

with the upstream grid and aim to reduce the vulnerability of the entire grid as well as reduce costs in each 

region through efficient energy exchanges. To manage these energy exchanges in a multi-region structure, 

while maintaining the independence of each region, the distributed primal-dual multiplier (PDMM) method 

is used. This decentralized energy management method eliminates the need for central control and ensures 

optimal performance of each region. The architecture presented in this study facilitates the implementation of 

PDMM, improving the robustness, scalability, and reliability of the system. The proposed framework enables 

energy exchanges between regions to be carried out in a coordinated and real-time manner and reduces 
network vulnerability. The research findings show that this method significantly reduces network 

vulnerability and leads to improved system resilience. The findings of this research show that the proposed 

method reduces network vulnerability from 21.242 to 20.379 and improves system resilience. 
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��>)�#] ��� XC+�2 ����� �)z� 7 ���3-5 �#��= #�9�+ .[

V�`2 =���� �^ �9a)2 ES��� �# ��?9��! �a+ ��O� ���

��1F ��br+T��F ����)H�? ���F ��;4+.9
� �%42�O 6�� ���

� �>�� 89�)*2��>)�# x5
 ������ �)z� 7 ���  XC+�2

�#4��92A #4;
 �� ")*�� �>�# ES<)O� �1��
 �� �! 9
� .9
�

@��A �� �BC% X���% 6���2 ��D� ���4+ �� �;4+ �� .#=��

 =� 9��� ���4+���� 8�BC% �?9�M�� L��GH� 
 ��)*2

@��A���D� X���% �a+ ")*�� ���9�%�� ��?A #4;42 ]6[ .
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��45�� 6*7  8����9� *7���8 *7�4� #�4;6�  

���� ���	
- � ���� ��
 ���� 
 �� �! �	�
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 u<1��"@��A����D" �)H��D� �
��; s���+�9% .#��9
 ��

���BC% 8��! �4^@��A ��Q ���BC% ��4�� �� ��D� ��

�2 s��4+ 8ES��)7� �2��+ ����� �# �2
�52 ���
�4+ �! #4%

��#
9a2 =� �4C� �
9� ����=�� 
 ���9��� h 7 ")*�� ���

#��# �� [7].= 6�� �#@��A 8���2i 
 x��5
 �� ���D�s� ����

�2 �<^�A �1O �! #4% L��GH� �� ��� ")*�� �� @��

�2@��A ����=�� .9��#��9��� �0�7 �# ���D� (SSVA)  


@��A ����=���B�2���# ���D� (DVA) �2 s�i t�5
 9�
�4+

] J;�2 ��?9�*�4
 .9��! ������% �� �BC%8 6�� ����� �� [

����=��# �� �BC% E�2�9F� �	l��b� 6���+ � 9�!r+ �B��)B0�

�#�!�vB� .9
��$��BC%G�� �=��")*�� �# �� �BC% ���

T��F ��br+ 9��%4�@��A �� ��;4+�� 8#��# ���D� �# ���


K�+ ���2= ES<)O� 
 ��C��� E�9�9�+ ����� �# ��
A

�+�����. �BC%G�� J��� L�!�
 
 9��H9� �I�
� ����92 ��

�� �2 6B�2 �� �i�5+ E�����+��! �����F 8�R�)
 �# 
 9

 �����^��BC% �����! 
�2 L��GH� �� 9��%4� ��� .9��#

6�����$��vB� 6�� 8��7�� 8�+��1O �=�� �� t�C+�� �# ���


�>)*��
��C��� T��5)2 ���- �� .#��# ����� �� 8�B�G�H

���Om ���#�C��� =� �#� )��L�!�
 
 �I�
� �=��  8�i�5+

�BC%G���2 �� 9�
�4+�� �
��a� X���% �# T5)*2 �4^ T��

9
=�� �*�2 �� ")*�� ���9��� h 7 
 ��� L��! 
 9��!]9[ .

")��4>0���
��H 
 ��)�! �)H�	�� ��� ���
�4+ �^�C+�� ���

�BC%G��L0�$ �� L�!�
 
 �I�
� J���2 ����92 ���� �� ���

�2 �5+�� �� ��U)�2��Q .9�	l�d
� 6�� ��45+ �� ��

V�1�
�D�")*�� �<5)�� 
 ���J�=4+ ���  T��52 �#

�2 W�! �+����� ����1O 
 ��C��� E�9�9�+ .9��!

6���#�O����= 6�� W�#G
 t�C+�� 8��7 
 �B�G�H ���

")*�� 9�9	+ �� P
�92 ��)�! 
 �z� 7 �� =��
 ��C��� ���

�29�!. ��C��� P�Q#� 6�� 8��7 6�� ��-G�H 6��M�� �B�

�2 ����G�� �! #4%�BC% ��C��� E<�7 ]��2 �# �� ���F

 
1 HHO 

���= 
 E����� �# �<)O� �� �R�2 ��� 6B�2 �! 89
��? ���

] #4% �;4+ T��F �0�210�� W*�� 6�� .[ �# ���


�BC%G���0
G�� ����2 E<�7 �! ���; 8�9% 9�
�4+

�#�# �>$��vB� w
�!�H "�U�+ 89��! 9�9�+ �� �� T)l2 ��

� ")*�� E�Cb 
 9����
��� �+9�9% 89
=�9
� �1O �� � ]11[ . 

�BC%G�� ���� 34
 
# 89�)*� T`)2 ���� �BC% �� �! ����

")*�� =� �����I�
� ����92 ��� (EMS)  �i�7 ��7 �#

�2 ���F �#� )�� #�42J�=4+ 
 G!��)2 :#��?] �9%12 .[

�0�7�#��� �!� G!��)2 G!�2 W� �=�9
�J�; ��� ��
A

�#�#� �24�� ������ EMS  89��� �U
 �� �#�� ��� 6B�2

L0�$ �� #�B�
� 6������H 9�
�2 ����� ��� �
S4^ ���

 �����^� �����F 8�R�)
 �# 
 8S�� �+�C��a2 �����Or+ 8��`+�

] ��� �;�42 6����136��=� .[ �� 9�!r+ L�
�� E���#� 8
�

���� G!��)2��Q ���)O�� ����� #��# �BC%G�� ")*��.  6��

B�
�)2��Q #��2 g�4	+ �� �BC%G�� �� G!��W� �� �+ 9�! 

EMS �2 wv� �! #4% �$��vB� ��a2�>�# �� 9
�4+ EMS

 ���	2 �R��)
 �� �+ 9%�� �)%�# T2��+ �
�R2 ��a2 ���

.9��� ��# G!��)2 ��)O��  �0�52 �# 8�)���� 6��� �#]14[  ��

������!�H ��)�! �=���51�29�$ �BC%G�� W� �# ��� w
 ��

KA �� `+ �
�O��! �� ��)C2 ����� ")��4>0� =� �#� )�� �� �=��

w!
�� w�����1�� �0�52 .��� �9% �)O�#�� �� ���
 �4^

 �0�)�! W� =� �#� )��3 �92 �� �#�=A �;�#��� FO-PIDN 


 TIDN �2 ��� w
�!�H ��)�! 9��A�H �# 6�� �R�)
 .#=�#��

������=�� ��)�! #�B��� #4C�� �� P�Ba)�� L��GH� 
 ���

")*���� ����BC%G�2 ��	
 �� �� �R�)
 6�� �� �0�52 .9�#

�2")��4>0� =� �#� )�� �! 9��HHO   �2 L��! �� 9
�4+

P�>�� #4C�� 
 �*
�!�H ����1O .9�! W�! ")*�� �=��

")*�� ���� �0�52 6���BC%G�� ����51�29�$ �� ��

�� 
 ��)�! �# ����*� ���#����!���#��# �=�� ��?9�*�4
 .

 �#]15[  =� �#� )�� 
 ������ �=�R2 ��)�! ����� "�U�+ ��
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 W� �c���=�� ���Om 
 4
 ��� �I�
� 6)H�? �U
 �# �� ���D� @��A 
 �#�`)F� �H9� 9�$ #�B�
� �� ��)C2 �51�2 9�$ ��)O��  

 

���� ���	
-  ��� ����� ��� ���� ��
 ���� 
 �� �! �	�
�� "�#���$ ����%2  ����� ����%39 ��)*��+ 1404       

 

�0�)�! FOPID ")*�� �#�51�29�$ ��� ��� �� T`)2 ��

")��4>0� =� �#� )�� �� "� MOFPA �2 ")��4>0� 6�� .#=�#��

 ��)�! ����)2���� ����� "�U�+ ���
�4+ ���9��� h 7 ���� ��

)*�� �����! 
"�2 "���H "� �� T`)2 �9�M�� ��� .#�
A

�� X���% �# ���0�)�! #�B��� #4C�� �0�52 V9� 8���
 �4^

d
� .��� ")*�� ES<)O� 
 ��� s�)l2 �9% #���	�� ���

����� ���� �0�52 6�� �#n��� ���� �=�� 
 ")*�� ��#

���� #4C���BC% ��
M�� ����)H�? ���F ����� #�42 �9�9
�. 

4
*�] �# ��?9�16J�=4+ �#�B�
� [��*�� �9% �� �C+��2

")*�� �# �I�
� ����� #4C�� ���� #���	�� �BC%G�� ���

�#�# [��� �� �I�
� 9�04+ ���G� d
� 6�� 8��7 6�� �� .9
�

��
 �U
 �# �� �;
�O ��4+�2 �U
 �� 
 #��? �� 9��

�BC%� ��`+� ������)��� #
9a2 ��. � ����)�# ���� �

���T7� ���W��B+ 8��a2 E�C��a2 g��^ =� ���� ���

J�=4+d
� �� ��O� �9%T2�4� ���2 �#�# �#�C+ ��� (agents) 

�#�! G!��+ W�#G
�2 T2�� �� 8K4$��$ 6�� �# .9
� 9
�4+

�� t�C+�� #4O �� T`)2 "�5)*2 T2�4� �� �H�^
# E�4�

�#�# 
 �#�! ���F���D>� ���)%� �� �� #4O ��� �� wv� .#�

��a2 ���� �)H���# E��<^� =� T2����� �C �� #4O ����� T7

�2 �#� )�� ��a2 E�4� �2�#� ����B+ 9��A�H 6�� .9�!

�29���� (3��;�) gH�4+ W� �� T2�4� �! �
�2= �+ 9���.  W�

J�=4+ �����)O�� =� �! �C�!�+ W��B+ �9% ���� G!��)2 


�2] J;��2 �# 8#��17-18�H��2 [ �� �9% 8��7 6�� �� .�

����� �� ���M�� d
� 6�� �! #�# ��	
 �)	�� ���

e����� W� 86�� �� �
<� .��� �)*��
 �G!�2 ��?9��!

J�=4+ W��B+��7�2 
# �9%] J;�2 �# ��19 ��� �9% �c��� [

�BC%G�� 6�� ���F �#�C+ =� �! W�#G
 ��� "��7 h 7 ����

�2 �#� )�� �BC%G�� �� ��4`O�!9.  

W��B+ ���� ��U
 ���� ������� ��� ����92 ")*�� �=��

�I�
� (EMS) J�=4+6�>
��2 d
� :=� 9�+��C� �9% �
=
 ���?

]20������� 6��
��?S �� ��)C2 d
� 8[- d
� 
 8�A
#

��;K�i K
��)2 ���?�9��!�� (ADMM) ]21[ . �� P=S

!mJ�=4+ ��_*2 �! ��� � �� �
� d
� �� �B)2 �9%

L0�$��
� ���� J��+ W� �� =��
 ���= 8��� 
� P
# �;�# V9�

] #��#22����� #�B�
� �# 6�= �15
 ��_*2 .[ J
�2 �=��

�2��� �� P
# d
� �! #4% 89��� ��# �
��; ����� T7

��� �24�� ���)O�� ����# �! 9�$��.  "�2 ����G2 =� �B�

���; d
K�i K
��)2 ���?�9��!�� (ADMM) �)O�� �

�
�V�1�2 ���� �! ��� �A ��D� 9��A�H �^ �# #4%

 86�� �� �
<� .9%�� =��
 �����B+ =� ��)�! #�9�+ �� ����>��

������� d
� �� ��)C2 9�9; d
� W�-K�i �A
#�9��!�� 

(PDMM) J�=4+ Tc�*2 ���� 6�� �� y��� �9% #���	�� �9%

7=� d
� 6�� 8�� ADMM ��)2���� ���= ��� E
� )2 ��

��
 �U
 �# �� �B�!�?#�.  6��M�� �0�52 �#]23[  d
� W�

�����J�=4+ �=��")*�� �9�C
�2= ���� �H9�9�$ �9% ���

 �� g�5a+ 6�� .��� �9% �c��� �I
�9�� 
 ��� �$��vB�

����� 
 ����=�� �# �I�
� J���2 x�`l+ �=��")*�� ���

�2 �$��vB�� �� #�B��� 6��)�� ��4)� �+ #=�#�� �� �;4+ �

�C�;�*�= 
 �#�`)F� ���9�	l� g5a+ �1�a2. W� 

J�=4+ 3��;� ")��4>0� �#�`)F� "�U�+ ���� �� �H9�9�$ �9%

�51�29�$")*�� �# �� [��52 {�G� E�9F ��� �0�52 �#

]24[ �2 �c���9�#. ��� J���2 �
�2 [��� ���cL�
�� 8�9% ���

�92 �� �4�!�+ �#9�)2�BC%G�� �=��8��  �����)O��

�51�29�$d
� =� �#� )�� 
 ��J�=4+ T7 ���9% �

�)O�#��] J���2 .9
�10] 8[5] 8[8] 
 [19���
 G!��+ [ �� ��

�92�BC%G�� �=��K4$��$ �# ���� 89
��# s�)l2 ��� ���


�$��vB� ���2= �#�
� J���2 �=������ 
 4
 �I =� ��a2 ���#��

 ES�52 8�>�# �4� =� .�I�
�]14] 8[15] 
 [16 ��)O�� [

�51�29�$�F �# �� E�9F �BC% �� 9�$ ���2 T2��+ @0

�#�! ����� �BC%G���2 �! 9
� ����4� =� ��)�� ��# �� 9
�4+

@��A 
d
� �=47 �# .#4% �R�2 �BC% ���D� T7 ���
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���� ���	
- � ���� ��
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J�=4+] ES�52 8�9%128[ ]13] 8[22] 8[23] 
 [24 �� [

����")��4>0� =� ���?� �������J�=4+ �=��9�
�2 �9% 

ADMM 
 PDMM  #4C�� 
 �+�C��a2 �?9�M�� L��! ��

[��52�92 �# ���D��BC% �=���#�! W�! {�G� ��� .9
�

] JC�219�92 =� �5� �+ G�
 [ =� �#� )�� 
 �BC%G�� �=��

J�=4+ d
�2 �c��� �� �9%��)�# 6�� .9�#�2 ��	
 �9�� 9�#

4i42 =� W� �� �$�?� �!�� J���2 �O�� �# E�� L%4� ��4O

�9% �#�#�	�
�� �2� 89
�  �# �� �4!D2 �4a2 �� @�!�+ �!

�#��� 
 T��a+ �$��vB� K4$��$ W� ���M�� 89�! �=��

��� =��
 #�42.  �)%D? ES�52 �*��52 ��<O �� ��
�2 W�

� 2 �� [��� �� �9% J�=4+ d
� 8�� �51�2 9�$ ��)O�� P4

�
9; �# �BC%G�� 
 )1  .��� �9% �c��� (  

) �
9;1 :( �� [��� �� �)%D? ES�52 6�� �*��527 d
� �=47 T

 �BC%G�� �=�� �92 
 �� �51�2 9�$ ��)O�� 8�9% J�=4+  

���� 
 ���	 
��

�
����� 

 ��� �����	

 �� ����� 

 �� ���

��� ����  

]10[   �   - - 

]12[   -   - � 

]13[   -   - � 

]14[   �   �  

]5[   �   - - 

]24[   -   � � 

]22[   -   - � 

]19[   �   - � 

]15[   �   � - 

]23[   -   � � 

]16[   �   � - 

]8[   �   - - 

1-4- 0��12 �	� ($  

@��A�BC% ���D� �9�#�
 �#��= 97 �+ ���M�� E�9F ���

�BC%G�� =� �#� )�� L��GH� �� �)7 8��� �9% �)H�? ���� ��

K�+ #4C��I�
� ��
A �BC%G�� 6�9�$ �! �
�2= ���
 �� 8�

�2 T�� �>�9B� =� T5)*2 �# ���H ���#�B�
� �
�4+�
 .9��!

G�� 6�� 6�� �I�
� ES#�C+ �bf2 ����92�BC% �BC% 
 ��

�A ��H�z 8��#S�� ����@��A L��! ���� �� �� ���D�

����� 
 �BC%�2 #
9a2 #�B��� �=�� 86�� �� �
<� .9�!

�BC%G�� ������4%# �� �#�)H��
# �BC% �� P�Q#� �# ����

�Ua0 E��U
 
 ������ �1O �! 9�)*� 
��
� �� 
 �+�Cb

�2 L��GH� �� �92A��!�
9�#. 

L�
�� 6�� ��� W� �c��� V�B% 6�� �#�! �� ���� 6�4
 T7

�2 ���� e
�#<� E��U
 
 �>����� ��45+ V9� �� 89�#

�BC%G�� #�B��� L��GH� L��! 
 ��@��A �� .�BC% ���D�

�2 G!��+ �
�?�9; �BC%G�� �� �
� �� �2 8��O �4^ "��!

�4�� T2�% �I�
� J���2 =� �! 
 9�%�4O 8#�� 8�)O4� ���

;
 �G �2 �#� )�� #4O ��a2 ������ 6�2r+ ���� 92 .9��!

�BC%G�� 6�� ��� �BC% �� �BC% ���9��� #4C�� ���� ��

�2 ���F�� t�C+�� �)�#S��!9��. 

 6�� ���2 �# �I�
� ES#�C+ �bf2 �>����� T��*+ ����

�BC%G���A �<5)�� h 7 6�i 8�� ")*�� W� �2 8��

�� �� G!��)2��Q �I�
� ����92 ������� d
� [���- �A
#

K�i�9��!�� (PDMM) �2 #���	�� =��
 8�7��^ 6�� ."��!

�� �� ����� #�B��� 6��j+ �� �� G!��)2��Q ����92 �� �BC%G

�2 V�^�� �G!�2 ��)�! �� =��
 �
9�#=��.  W� �2 86��M��

G!��)2��Q J�=4+ ")*�� ����92 �����2  T��*+ ���� ��

=� �#� )�� PDMM � �#�2 #���	�� X�a2 6� 
 "��!

�����F[��52 8P�Ba)�� 9�
�2 ���� �����^� �����F 
 ���D�

�2 6��j+ �� ")*��B�
� �� ��0�12 6�� ."����
 �� J2�; �#�

@��A L��!�BC%G�� #�B��� #4C�� 
 �BC% ���D� W� �# ��

J�=4+ E�9F ")*���2 �9%#=�#��. 

•   @��A�BC% ���D�<B	2 
 E�9F ����BC%G�� E ���

T5)*2:  ES#�C+ �bf2 ����92 �# ���H ���#�B�
� �
�4+�


�BC%G�� 6�� �I�
� L��! �# ��#
9a2 8���� �BC% 
 ��

@��A�D��BC%G�� �# E<B	2 #�R�� 
 �BC% �� ���

�#�)H��
#. 

• ���e
�#<� E��U
 
 �>����� ��45+ ���� 6�4
 T7:  �c���

>����� #4C�� ���� 9�9; �%
��BC%G�� �# E��U
 
 � ��
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� �� ��)C2 �51�2 9�$ ��)O��  

 

���� ���	
-  ��� ����� ��� ���� ��
 ���� 
 �� �! �	�
�� "�#���$ ����%2  ����� ����%39 ��)*��+ 1404       

 

��@��A L��! 
 #�B��� L��GH� �4U�2 =� �BC% ���D�

�bf2 �I�
� ES#�C+ g��^. 

• G!��)2��Q �I�
� ����92 ")*�� =� �#� )�� �� PDMM: 

 �� G!��)2��Q �I�
� ����92 ")*�� W� �7��^ #���	��

������� d
� =� �#� )��-K�i �A
#�9��!�� (PDMM)  ����

�BC%G�� ����� #�B��� 6��j+�G!�2 ��)�! �� =��
 �
9� ��. 

• G!��)2��Q J�=4+ ")*�� ����92 �����2 : ���4+

�����2 G!��)2 � �#� )�� T��*+ ����= PDMM  6��j+ 


[��52 8P�Ba)�� ��; �# ")*�� �����^� �����F 
 ���D�

@��A L��!�BC%G�� #�B��� #4C�� 
 �BC% ���D���. 

1-5- 0��12 ���$
�)

  

�2�#� �# �� �0�52 Ll� :��� ��= E�4�2  s���+ ��

 Ll� 86��M�� .#��# ��`)O� ��_*2 �4��S42�H3  �92

�#�# ���2�� [��� �� �� ��J�=4+ d
 ")*�� �# �9%

�BC%G���2 ��	
 �
�?9�$ ��� �#���	�� ��)O�� .9�#

J�=4+ K4$��$ Ll� �# ��)�R�# �9%4  .��� �9% �c���

��C% ���)
 Ll� �# �=��5 �9% T��a+ Ll� 8����
 �# .9
�

6 �2 t4��2 E�C��a2 ��#4%..  

2- 2�,>?� @��A   

092 
 ��� �BC% �B�G�H ��)O�� �� Ll� 6�� �=�*

@��A���D� V9� .��� G!��)2 �A ��� ����� �2 ��O

xO�%@��A ����� ���D��A ��br+ ��# �4U�2 �� ��

 6�� .��� E�9F ")*�� �����^� �����F 
 ���9���

@��A���D��2 ���%42�O ���)7� 9�
�4+ �� ES<)O� 
 ��

�� 89��# L��GH�
 E�9�9�+ ]��2 �# �BC% �! �
�2= ���

�;��O  �
��?�
 E�����+ �� ��C��� E<�7 9�
�2 
 �i�� �#

xO�% 6�� T��a+ �� .#��? ���F �i�5+�2 ����B2 ��4+ ���

d
� 
 #�! ������% �� �BC% �
�# �
��a� ��45+ ���� ����

K�+ =� �����^� �� �R�2 ����
 �# �! 8#�! ����� �A ��
A

�� W�T��F 
 ��9��� ��� ")*�2 #��)��#4%.  

2-1-  ���B �9
�	 @��A2C
�D
�   

 �! ��� ��
�i 8�9%�!m V�9�� �� �bf2 ����)�# ����

 T��a+ P�R
� =� TCF ��� �BC% �)O����= ��)O��

@��A�� .#4% xl	2 K�� ")*�� =� �#� )�� 
 ���D� 

 6�����#
9a2 
 J��+ V9� �� Ll� 6�� 8T�0#�2 ��� �^4�

BC% ��)H� �! �i��� K4$��$ �� ������2 s��4+ �� � 89�!

2 6�� �# .#��# 9�!r+[�� =� ��� �BC% 8#�4 �9% T�B	+ ��

 ��� ���=��
 �� �� ��?9��!9�04+ �! 9�)*� �+S�`+� �! ���

�2 T`)2 =� �! �9�04+ ���97�
 6��M�� 
 9��!

�O4��2 �#� )�� ��� 9�04+ ���� ���*H ���9��! W� .

��2= �#�
A�� ���� ����� �I�
� 9���� ��� ���=��
 �#�! ��!

�2 �)H�?�! #4% �����G� �bf2 �4^ ���97�
 �� XC+�2 ���

�2 L��! �� �9�04+���G� 6�� .9�# 6�2r+ ���G� T2�% ��

���G� 
 ���H ��4+d42�O ������/�#�! 8����97�
 �=�9
�

) V9� J��+ �# �!1�� �9% �#�
A ( �! ��� �!m �� P=S .�

#
9a2 �! �+�4� �#�� �BC% �
�# E����� ���� ��H ���

 V�^���� V9� 6�� 8#4% .9% 9��4O ��C
# �F#) ES#��22 (

) 
3 �+����� ��H�z s���+ �# ���2 ���*� L5
 (

��4+ 6�2r+ ���� ��?9��!9�04+4�)!� ��� (P) 4�)!�� 
 (Q) 

�2 � ��
��� ES#��2 6�� .9��!��#
9a2 �> �� �9�04+ ���

 �! 9�)*� 97�
 8���4+��
I ��H E�`l	2 [��� �� �S4��2

%�A �0�)�! E���U�+ 
 8�1�a2 X����2 6���+ �� �# .9
4%

�2 xl	2 X��
� 6�� 8JF�
 �4+��
I W� 8�Ua0 �� �# �! 9��!

�2 ��4+ ��G�2 �$ �+�A �
9� 9�! 9�04+ 9
�4+ =� �!

�#
9a2 #4O =�R2 ���9���
 =
�R+. ) ES#��2 8�2�#� �#4 
 (

)5��2= �C�; �� ("��`+ �9�2 E�9F ")*�� �# ���?

�2�2 ��	
 ES#��2 6�� .9
=�#�� t4��2 E���U�+ �! 9��#

 W� E��<^� [��� �� (4�)!�� 
 ���H =� "��) ��4+ 
�=� ��
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�2 P�R
� ")*�� ���i
 =� �)%D? ���� #�B�
� 6�� .#4%

")*�� �#L�� ��)�! ������
�� ���� �� 
 ���#��

���
 ��� �
�9)2 8e
�#<��2 �=�;� �4+���� �� 
 �# �� �+ 9�#

 �� �C���2 
�=� J���2 8��� �R��9+ E�����+ 6)H�? �U


9�# x�`l+. 

) ES#��26) 
 (7����� =� �B� �� (L0�$ 6��+ ���

�����2 E�9F �BC% =� ���#�� ��4+ 6�� �#��+ :9
=�#��

�4+ 
 �9�04+�� ��7�
 �� }1� �# �H�`2 �  6�� .�BC% T!

�� 8ES#��2")*�� �# ���
�51�29�$ ����BC%G�� 
 �� ��

 I�)0
 
 4�)!�� ��4+ ����92 �! ��$ 89
��# �
�9�$
# �����

J�=4+ �7�4
 �# 6�� g�F# �>����� 9�2=��
 �9%

 ���)2 ������ 
 8��D�9�9R+ �I�
� J���2 8��a2 ��?9��!9�04+

.��� �2 Ll� 6�� �# �#��+ P9�+L��GH� �� �H� �� �R�2 9
�4 

�� 8I�)0
��
�= �+�Cb��7�
 ���9; �)7 
 8���� #4%. 

��#
9a2s���+ ���) ES#��2 �# �9%8) �+ (13 (

��4�R2���� 
 �B�G�H #4�F =� �� 
 I�)0
 �! 9�)*� ���#��

[�� ��
�=�2 h 7 =�R2 �#
9a2 �# �� �����)�! .9��! 6�� ��

���?4�; ���� ��#�52 l� 8I�)0
 9�9% E�
��4
 =� ��4+ L

 .��� ��
�i ")*�� �B�2���# ���9��� h 7 
 8�)��4O�


[�� �! �+�4� �# ���+�#
9a2 �# �������
�= 
 �I�)0
 ��� ��

6���+ t41O g��^ =� ��4+ �4C� �=�;� 89�%�� �)%�# ���F �9%

�2 �#�� ��5)
��2 #4�F 6�� .#4%")��4>0� W�! �� �S4� ���

��4+ Ll�  ����� ������ �=�����#��  �
�2= ��
# �� �#

�2 ����� 
 ��)�!9
4%. 

��#
9a2 
 ES#��2 6�� 834�R2 �#���� K4$��$ �� ��

�92�2 T�B	+ �� E�9F ")*�� �=���� 
 9��# �# ���


")*�� �7��^�51�29�$ ����BC%G�� �� �� ����92 �� ����

J�=4++ 
 T��a+ ���C2 8�9%"��`���?9�)*� ����� ���. 

                                   

 

)1 (  

,, , ,
min gri Ta

u
d m x

u t u t uu tP P Py y t≤ ≤ ∀ ∈Ω                        )2 (  

, , ,
reactive Tmin max

u t u u u tu tQ Qy y tQ≤ ≤ ∀ ∈Ω )3 (  

, , 1, 1
grid Tgrid

u t u tuu tP P Res y t+
−− ∀≤ ∈ Ω−

                                
)4 (  

, ,, 1
grid gri T

u
d

u t u tu tP P Res y t+
− ≤ ∀ ∈Ω−

                                   
)5 (  

( )
( )

( )
( ), , ,

 ,

13 12 23 ,

line load

v

T v

grid
u t r t v t

u k v m

t t t

P P P

P P P t v

∀ ∀

∀ ∈

− = +

+ Ω ∀ Ω+ ∈

∑ ∑
             

)6 (  

( )

( )
( )

,

, ,

 ,

,

reactive

v

line T v

u t

u

load
r t v t

k v m

Q

Q t vQ

∀

∀

∈

+

∀ Ω ∀ Ω= ∈

∑

∑
               

)7 (  

( ) 1

, , ,

v r

m v r
r r

line
r mP V V R b

bg m v rφ

−−

∀ ∈ Ω

=

Ω ∀ ∈

∆ ∆ −

∀ ∈Ω
             

)8 (  

( ) ( )0

,

1

, ,

2 v v r

m r

line
r k

v
r r

mP b

m

b

v r

V g V V g

gb φ

= − + ∆ − ∆ −

∀ ∈Ω ∀ ∈

∆

Ω− ∀ ∈Ω
                 

)9 (  

, , rmin m
rr t

Ta
r

x t rφ φ φ≤ ∀ ∈≤ Ω ∀ ∈Ω
                                     

)10 (  

, , vmin m x Ta
v t vV V tV∆ ∀ ∈Ω ∀∆ ≤∆ ∈Ω≤

                              

)11 (  

,max ,max ,line line line
r r r

rTP rP P t− ∀∈≤ ∀≤ Ω ∈Ω
            

)12 (  

,max ,max ,line line line
r r r

rTQ rQ Q t− ∀∈≤ ∀≤ Ω ∈Ω
             

)13 (  

2-2- @��A2 ��
  E�,12���!"  

�*B%���R
= ����%42�O 
 �� T�0# �� E�9F ")*�� �# ��

�� �A �9���GH ����i�5+ 
 ")*�� ��)O���9���GH �4^ ��

�2 T�)a2 =� ��� W� T2�% �S4��2 E<B	2 6�� .9
4%

�*B%���R
= ��� �7�4
 ������% �! 89�)*� ��

@��A�� �450�� E��1O L��! ���� ��D� ��
�i �� ��2�; ��

( ), ,

,

grid grid
u t ugrid t

grid
ut u t

C P U
C min

D

 +
 =
 + 

∑∑
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�2��] #=25@��A ����=�� 8�>�# E��C� �� .[ ")*�� ���D�

�2 E�9F�=�9
� ���� �bf2 ���G�� ��4�� �� 9
�4+ 
 ���?

s�i 
 34F
 ����=��Ll� �� t41O ��� ")*�� ��O ���

�*B% �� �1��� �#���R
= ��� 6�� V9� .9�! T�� ��

�� ���� ��+��)�� 
# ����� 8��0�12 =� ���>	�� ��

�%42�O��� ��C��� ���2� 
 ��H �U�2 =� �#�)*? ���. 

@��A ����=�� ���� W��B+ W� 9��� �9)�� 8��� �BC% ���D�

 t�5
 ������% T2�% 6�� .#4% �#�# ���4+ @���2 �=�*092

xO�% =� �#� )�� �� �BC% s�i ��� �<)O� �� ��)C2 ���

��� �# ����� T2�� 6�9�$ [��� �� �!����� 
# �� �1 4

�2 �C��a2 :9
4%1 
 8�#�� E����� P�>�� �# (2 #�B��� (

��C% �<)O� ��2= �# E�9F ")*���=�� �
4?�� .�9%

�2 8�9�04+ 97�
 �� ��5)
� XO W� J1F 9�
�2 8�<)O� 9
�4+

Ll� �� ���� .#��D>� ��br+ ��� �BC% {�G� 
 W$4! ���

BC% W� 9��! ]�H 8T��a+ 6�� V�9������# ��� � L  XO

8��5)
�B  
 [�� G �2 ��= �42�H =� .��� 9�04+ 97�
 ��4+

 XO �# �*B% =� �%�
 ��U)�2��Q ���92��� 6���+ ����

��5)
� kth �9��!9�04+ 
 gth  T2�% 8�BC% ���� ��G;� ��

[��#�! �#� )�� 9�04+ ���97�
 
 t41O 8��:  

• F�
B��
  �
� ���!"%�B 

�% =� �#� )�� ��xO@��A ���D�) ES#��2 �# �! ���14 (

) 
15�9% s���+ ( W� J1F ��br+ �+ #��# V9� Ll� 6�� 89
�

��5)
� XO k [�� ��9�# ��	
 �� �BC% ���.  8�R��� �#��
� 

��XO ����O xO�% ��4�� k [�� �# b 
 �9% s���+����
�

 XO J1F ���� [�� xO�%  k �!m �� P=S .���  �! ���

���)2���	 
 �9% �)H�? �U
 �# I�)0
 V��a
�1 − ���  I�)0


[�� b �2 ��	
 ��) �0#��2 [��� �� .9�#1 =
�� E�4� �# 8(

XO �# ����O k[�� I�)0
 8 b  }1� =� 
 �)H�? ���F ��br+ �a+

�� �! 8#�! 9��4O ����+ �
��a� }1� �� �#�� ����
1 −

���
� #�# ��	
�2 �#4%L��GH� @;42 ����+ 6�� .  xO�%

XO  (��
�) ���� }1� �+ )��

�
��
 (�2 6�� �� �;4+ �� .#4%

[�� xO�% 834i42 b (����
�) XO J1F ]��2 �# k  �����

 ��1 XO xO�% �?� 8#4� 9��4O k  .9�! �4C� �
�)�A =�

�?� 8wB�������
� = 0�� �� 89%���! �����2 6 XO xO�% 

k  ���� }1� =� �)�! =4��8�>�# E��C� �� .�������
� = 1 

��	
XO ����O �! ��� 6�� �9��# k �2 V��a
� �� 9
�4+

[�� I�)0
 b wB�0�� 
 #��D>� ��br+.  

• F�
B��
  �
�G� ���!"  

@��A ����=�� ����XO ����O ����� �# �BC% t41O ���D� 

k�� d
� ���� 8�#� )��� �9%xO�% �@��A ��� ���D�

[���2 ���4+�� 9
#
� ��! �� ���	2 �4^:  

 

22

,

k kk
l normal lk l

l max max k

l l l

P PP
L

P P P

  
= ×  

−
  −

  
 

)16 (  

1

0

k basic

l lk

l k basic

l l

L L
VIL

L L

 → >
= 

→ <
 

)17 (  

�������R
= J��F
 89% �!m �<CF �! �4^�2 �� �R�2 9�
�4+

�� .9
4% ��� �BC% �# ������ �%42�O �� �?� 8���2 ��4��

�# t41O =� �B� )XO( k   ��� ����; 89�# |� ���1O �#

�A ��� �! 9��� �a1� �� ��� 6B�2 t41O ���� 97 =� ��

 ��)�! ")*�� 8��9��� E����� h 7 ���� .#
� �+��H =�R2

@��A t41O J1F E��4)�# 9��� �BC% ����� �#�� �� �9�#

) �0#��2 .9�!16@��A ( �� ���2= 6�� �# ")*�� ���D�

�=���2 ����0#��2 6�� .9�!��
�

 �� ��xO�% ��4�� XO ����O 

k �2 s���+ �BC% t41O ���� �#�� X���% [��� �� �! 9�!

�2 �C��a2 �1O 
#4%����
� = 1 ) �0#��2 �#17 ��	
 (

�2XO ��� ����; �! 9�# l XO ����O ��br+ �a+ k  ���F

wB�0�� 
 #��#. 
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• F�
B��
  �
��$# ���!"	(2�  

XO W� �# ����O �! �2�>�� k �2 |�� 6B�2 6�� 89�# ��
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        Fuel CellPV

Battery

Area1

Area3

PV

PV

PV

Battery

Data 

Area2

Tidal Turbine
Wind Turbine

  

) TB%1:(  �BC%G�� �� ��)C2 �#���	�� �� �51�2 9�$ ��)O�� 

min ( )

. .

,

i i
k

i v

i j

i j ij

f k

s t

m k m k z i j

∈

+ = ∀ ∈Ω ∀ ∈Ω

∑

ij ji

ur uur uur

 

)42 (  

��? ���� �����)2 ��#��E�4� �� �� �$���� 
 �%���� g^��2 ���� i 
 j 

�2 �����
[��� �� (��?) �51�2 �� ���i
 .#4% �$����, &$���� 

�2 6���+ g��^ =� �! #4%d
� PDMM � �� ���i
 ����

��?�� W�#G
 ����2 �
���=
��� .#4%�
���=
� �
�2= ��

�2 ��+�O��#
9a2 P��+ �! 9��� 
 �)�#S�� ��� �BC% ���

�BC%G��g��^ =� 9��A�H 6�� .#4% �#�
A�� �51�2 �� ���� ��  

T �2 P�R
� ����>�� 9

� �# ���B+#4%.   "�*5+ �4a
 �9)��

6�� ��_*2  s�)l2 �7�4
�042�H 
 }1� �# Tc�*2��= �=��

"�*5+ 6�� .��� �9% 6��C+ �BC%G�� ���� �9���
4? ��

 9�
�4)� #4O ��a2 E��<^� �� s�)l2 �7�4
 �! �9% �7��^

"��`+#4% �#�C+ "� �� �+��7 E��<^� ���+ 
 9��! ���?  .

�� T2�% ")��4>0� ����B+ T7��2 wv� ������)2 �
���=
�

�i ����� 8��0
�� 
 8�
��?S @��� �!��)%� ������)2 �
���=
�

�7�4
 6��   P�? �� .��� �9% �#�# u�% �
9; �# W�B + ��

 J��+ L��! 8�7�4
 6�� �#��+ �� �9��� V9� �� ")��4>0� =�

6�� #4�F ����� 
 8��! V9���7�
��� �9% �7��^ ��. 

��#��
 8")��4>0� =� ��7�2 �� ���� 6��M���* + 8�i��� � �

 �# �GR2 E�4� �� ")*�� ����>�� �� �A ��br+ 
 8�+�����

�9% �#�
A �
9; E�a�i4+ ��# 9
�4)� �9�
�4O �+ 9
�
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g�F#J�=4+ X�a2 �# ")��4>0� ���;� ��!
=�� =� ��+ �9%

��#�
A ��#.  8T`)2 ��)O�� �>
����
 w��+�2 8����
 �#

T2�%  �! ,  !� ���i
 �� ������l+ ������B+ =� ��� T 8

�� �������B+ �# (��?) �51�2 �� ���i
 �
���=
� T+1 

�2 �#� )�� ���2 �bf2 3��;� �� �9��� 8#�B�
� 6�� �# .#4%

�� 9��A�H �� �#�# ����� ���� g^��2 �2��+ m�l+� 
 �
���=
�

��� �+��7 ���*� ����� E����`+.  ")*�� W� K4$��$ �#

�51�29�$C%G�� T2�% �! ���B �� �)�#S�� �BC% 
 ��

 8��� �51�2  

 M
NO� P��	(4Q�PDMM 

�#
�
 �#�# 

1: Set T=1. 

2: Initialize �$����and &$%�����; 

3: For every j∈ '! Do: 

4: for j	€	[*+,*	-, *+,*	., *+,	/] 

5: For every i∈ '� Do: 

6: for i	€	[-, … . . 3] 

.    end 

 
{

}

2

1 1
arg min ( )

2

( )

i

i

k k

i k i i i j ij

j N

T
T k

i ji

j N

i

ij

x f k m k m k z

k m

γ

λ

+

∈

∈

= +

−

+ −∑

∑

ij ji

ij

uuuur uuuruur uur uur
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7: For every 4 ∈ '�and5 ∈ '!  Do: 

8: for i	€	[-, … . . 3] 

         

1

1 1  ( ) , ;

k k

ij ji

k k i j

ij ij j i
z m k m k i j

λ λ

γ

+

− +

= +

− − ∈Ω ∈Ω∀ ∀
ji ij

uuuur uur

uuur uuuuruur
 

    end  

    9: Repeat until the stopping criterion is met  

10: � = � + 1; 

    end 

#�B�
� PDMM �2 ����92 �� ��bf2 E�4� �� 9
�4+

4+J�=")*�� �� �>)*��
 L��! 
 �I�
� �9% �G!�2 ���

�2 �� ��B2� 6�� �51�2 �� �� ")*�� 6�� .9�! W�! �! 9�#

�� ��7 6�� �# 
 �>�9B� =� T5)*2 �4^ �� �BC% �� e���

����� 8�)�#S��9�# P�R
� �� 9�04+ 
 �I�
� V�`2 �=��.  

4-  � �)

 ���B ��
�)	� 

    T��a+ =� �2 ��2= ��� #4C�� 
 ����=�� ���� ��F�


@��A�2 �#� )�� ��� �BC% ���D� ")*�� W� =� �! "��!

�51�29�$�2 �
�C�)	� �BC%G�� �� 8d
� 6�� �# .#4%

�2 �� E����`+ 
 �#�! ����=�� �� ��F�
 �BC% #�B��� "�
�4+

�51�29�$ ")*�� �� T2��+ �# ��F42 �+ "��! m�l+� ��

+K�9��� #4C�� �A ��
A W� �#�! xl	2 �
9� 86������� .

"��`+ G!�2 ��)C2 �I�
� ����92 ��+��)�� 8G!��)2 ���?

J�=4+ ��)O�� ���9% PDMM �#��� ���2 �=�� �#�C+ ."��!

�BC%G�� ���2 �I�
��2 �)�#S�� �BC% 
 �� �#� )�� �� 9
�4+

d
� 6�� =� �� 8�R�)
 �# .#4% T��a+ ����%��C% �=��

R�� �BC%G���#�! #� �I�
� J���2 34
 [��� �� �! "��

�2 ����+ 8�#� )�� #�42 ��D�9�9R+ .9��!�51�2 1  
# T2�%

 892 
 �G; 6���4+ 
# 8�)O4� �4�� W� 892 
 �G; 6���4+

���Om ���97�
W�c�)0
4)H ")*�� W� 
 ��� ��i�5+ 8�=�� 

(PV)  .������ �51�2 2  
3 � T2�% G�
 
 �G; 6���4+ W


# 892 ")*�� 892 
 �G; 6���4+ PV���Om ���97�
 8 �=��

�2 ��� ��i�5+ 
] J���2 �! ��� �!m T��F .9�%��25] 
 [26 [

�BC%G�� 6�� ��H E�`l	2�2 �c��� �� �� �9! 8wv� .9��#

�
=�2A ���� E�29O �� ��`+� ���� (ACS)  
 "�#�! #�R��

�92 ��0�12 6�� �B�G�H ���� �#� )�� �� �� �#�42 W� =

�� �! [�)�# T��F K4$��$ MATLAB 8GAMS 8Python 


 Linux  W� =� 8�4U�2 6�� ���� ."�)O�� 8��� ��?=��

 �9
=�#�� �� �+4�v2�!7 �)*� 
 ��64 �UH�7 �����>�? RAM 

"�#�! �#� )��. 

4-1- �������� L(�	
� E�,12 �� ��
H�;�" 	� 
�

��
  K�
2 %���& �'$���!" 

 �51�29�$ ")*���BC%G�� �� �� =� 8�9% ����� �! ��

 �I�
� s�)l2 J���2 �� �! ��� �9% T�B	+ �BC%G��

�)H�� ��)O�� ��D�9�9R+�2 
 9
� �� #4O �H�i� �I�
� 9�
�4+

 �I�
� 
 ��H�z [��� �� .9��! �#�C+ �)�#S�� �BC% ��

�2 �H���# �! �#
�
 W� �# �I�
� JC�2 �� 89��! ")*��

�51�29�$G�� �� .9%�� =��
 #�42 ��� 6�2r+ �� �#�F 9��� �BC%
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�*�= �� �#�� 8�9�%�4O 9�
�2 �I�
� JC�2 �� �I�
� 8�#4+

�2 9�04+ ���; =� 8#��# �����)2 =� �#�9�+ �� �>)*� �! 9�!

 6��j+ ���� .V��^� X�a2 
 �I404�B+ �I�
� T�9C+ �����!

�92 �4^ �� ��� ��i�5+ �B����2 6�2r+ P
� �� 8#4% �BC%G�

 ����92 �bf2 �4^ �� �� #4O �I�
� J���2 9
�4)� 9��� ")*�� �#

 �I�
� JC�2 �� �9�04+ ��4+ 6)*
�# 8T�0# 6��� �� .9�!

����� ������� ��
�i ")*�� �=��.  JC�2 �� �9�04+ ��4+

 �� �# ��D�9�9R+ �I�
��51�2 TB% �# ���)2( �+)4 ( ��

 �����"�� J�=4+�A �#�H ���	
 �� �� .��� �9% �#�# ��

")*�� PV  TB% �#)2(  T�� s�)l2 T2�� 
# �� �)*�

�2 t�C+�� �# .�9�%�4O L��+ 
 �BC%G�� �� t4��2 ��� :9�!

")*�� �� �#
�
 �9�%�4O L��+ ����� PV �;
�O ��4+ 8

 E���� 6�� �BC%G�� ��6  �+17  T�0# �� .��� �9% "�U�+

�! ����BC%G�� ���� �� �C*
 �)8�� ")*�� PV  �BC%G�� �#

1 ���� 8��� �#�! 9�04+ ��)�! ��4+ TB% �# �! �4^)2 (

�2 �9��	2#4%. 

")*�� �;
�O ��4+�#�� 6���4+ ��� (WT)  �#g^��2 1 8

2  �4^ �#24  TB% �# ����)3 ( .��� �9% �#�# L���


�51�2 2  ���� �� �C*
g^��2+ �# ��)	�� "�� 8 ��4

")*�� �;
�O 6���4+ ��� TB% .�%�# �#��)4 ( E�����

")*���2 ��	
 �� 92 
 �G; 6���4+ ���T��a+ 6�� .9�# ��

�2�51�29�$ ")*�� W� K4$��$ [��� �� 9�
�4+ �! ��

 u<�� 8��� �51�2 �� �)�#S�� �BC% 
 �BC%G�� W� T2�%

9R+ J���2 ���+ �
 �51�2 �� 8K4$��$ 6�� �# .9
4% ��D�9�

�2 ����92 �� #4O9�!  �)�#S�� �BC% �� �I�
� �#�C+ �� �B��

�51�2�2 G�
 d��2 8#�B�
� 6�� �� .#=�#�� E<2��+ ��4+

�BC%G�� ���2 �9�M���51�2 }1� �# �)�#S�� �BC% 
 �� ��

�� ��g�F# �4^�92 �+#�! T��a+ 
 �=��.  

) TB%2��� ��a�2 :(  g^��2 �# 9�%�4O ��� �4�� �;
�O ��4+ 

  

) TB%3 :( g^��2 �# �#�� ��� 6���4+ �;
�O ��4+ ��� ��a�2 

  

) TB%4 g^��2 �# 92 
 �G; ��� ")*�� �;
�O ��4+ ��� ��a�2 :( 

 �BC% 6)H�? �U
 �# �� �� �U
 #�42 ")*�� 8Ll� 6�� �#

�51�2 9�$ ")*�� W� �# �51�2 �� ���� �)�#S�� ��
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��BC%G� �# T��a+ 6�� .#�! "���4O T��a+ ���� ���� 4�

�2 P�R
� 4����� :#4%1 ( 8�� ��?
��
 Z
�O2 ( 
 XO Z
�O

 
 ��2G�� �4^ �� ��C���3 �4^ �� XO 
 ��?
��
 Z
�O (

) ��� TB% .��2G��5) �+ (7( �*��52 ���)
 �4`O �# �� ��

xO�% ��� @��A���D�   ��?
��
 
 t41O 8��C��� �� t4��2

 �#�� �2 ��	
 4�����9�#. 

 �#) TB%5( 8O�%x@��A ��� E�9F �BC% ���D�

��	
[�� ����*7 �9��# �# s�)l2 ����1O 34F
 �� �����

��?
��
 Z
�O :��� ���� �4����� �� 
 XO Z
�O 8��

[���� ����� XO 
 ��?
��
 Z
�O 
 8��2G�� �4^�2G�� �4^ .�

�#�# T��a+�c��� ����2 ��	
 �9% Z
�O �4����� �! 9�#

��?
��
F ��br+ ��T��[�� �O�� �� ��;4+�� 8#��# ����� ���


�A �# .9�)*� T`)2 �I�
� 9�04+ J���2 �� ����5)*2 �! ����

[�� 84����� 6��@��A xO�% �! ������� ��+S�� ���D�

�� �B�#G
 T�0# �� �S��)7� 89
��# �A ����� �� 9�04+ t�5
 ��

P
# �4����� �# .��� ")*�� �+��7 ������ 6�2r+ �# ���� 8

[�� 
 XO ��2G�� Z
�O@��A xO�% �?9�!��� 8��� ���D�

�2 L��GH� .��� �BC% �� ���1O �
�?9�$ ��br+ �>
��� �! 89���

�� 4����� 6��[�� �# ���
�A 
 �������� ������ �! ����

% E�^�C+���2 h 7 �� �BC ��	
 �� �9�9% E��b� 89��!

�2 Z
�O ���� 8P4� �4����� �# .9�#�� XO 
 ��?
��
 �4^

�2 ��	
 ���)
 8��2G�� @�!�+ 6�� ����� �# ")*�� �! 9�#

[�*7 ���*�[�� .��� �+ 4����� �� �� �# �! �������

xO�%�� �S��)7� 89
��# ��S�� ��� �BC% �
��a� t�5
 ��4��

�2 ������%xO�% �?9�!��� 
 6�>
��2 .9
4% 6�� �# ��

�#�#��	
 ��=��
 �9��#  E���br+ L��! ���� ������B��� ��

 @���2 �7��^ 
 J���2 ����� J�=4+ 9�
�2 8��4����� 6��

�BC%G����� �� .@��A xO�% ���� �� �# t41O ���D�

��?
��
 Z
�O �4�����[�� 
 XO Z
�O 8����2G�� ��� 
 8

 ��2G�� XO 
 ��?
��
 Z
�O) TB% �#6 (�9% T��a+ �# .9
�

O�% 8�
� �4�����@��A x 9�
�2 �
��a� t41O ���D�

 ��952 �� �1O0.2879 �>�# t41O ���2 �# �� ��952 6��+S��

�2 ��	
 ��)O�� �# XO 6�� ����� =� �!�7 ��952 6�� .9�#

1O .��� �I�
� 6�2r+ �# �A �+��7 L5
 
 �BC% �� t4

xO�%=� �+S�� ��� 0.2  9�
�20.2424  �
��a� L5
 G�


 �S��)7� 
 �)%�# �����*2 �# �� 9�04+ g^��2 �B�#G
 �#

 XO ��2G�� Z
�O 8P
# �4����� �# .9
��# ���F ��5)
� ����

[�� 
xO�% 8���9�
�2 ����0.2576
0.2272  X��
� �����

Ll� ���2�2 ��	
 �� �BC% s�)l2 ���9��# . �U
 �# ��

xO�% 6)H�?@��A ��� 8���� �4����� �� �� �# ���D�

�2H���# ��4+@��A �! ��
 E�9F �BC% ���D� �)*��
 ���+

[�� W� �� XO W� 9�
�2) #� �2 ����� �� �� �B�� (��O ���

 �>)*� �BC% ��)O�� �# �>�9B� �� �G;� T2��+ 
 ��`+� �4a


�� .#��#% �I404�4+ 8�>�# E��C�6���+ L5
 �BC�9��! �# ��

�� .#��# ���1O ���2 �� d�)*? �����)O�� �# ���


$�51�29����
 �� T5)*2 �BC%G�� 9�$ =� �! �� T5)*2

�9% T�B	+ �� �

��� J���2 �� �51�2 �� �>)*��
 ��G�2 89
�

�� 8��)	2 t41OxO�% �# "�5)*2 E�4� ���

@��A�2 wB��2 ���D�#4%. 

 6�� �#�2 Z��O ��92 =� ���?
��
 �)F
 8K4$��$ 8#4%

2 ���� �# ���G>��; ��D�+ JC�2 �M
��$ ��)O�� �# �� �51�

 t41O �� �<)O� 6�� ��� 89%�� �)%�9
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