
 ���� ���� -   
�� � ���� ������� �����–  ��� ���–  ���  ��!– "�#$��� � �%�93  

 
 

 13

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.
 3

-N
o

. 
1

-s
p

ri
n
g

 &
 s

u
m

m
er

 2
0

1
4
 

 

�������� 
����  �� ������
 ������ ���� ��� � �� ���! ����� "� � � �#�  

  

(�%)� ����%�*1�,�-./ ��.0� 12 

 

*1-  13!� ���4!�5 (��.��� 1��06� 37�� ��8�� ��6,  �9.��� 1��34%� �40  3-.��� 1
��  ��:mehrdad.iaud@gmail.com   

2- ��06� 37�� ��8�� ��6,  �9.��� 1��34%� �40  3-.��� 1
��  ��: 1����#�� 1Lashkarara@iust.ac.ir  

  

��$$���: �$$��  ��$$ ���! �$$���� %&�$$'�� ����$$�� ��$$��� � (�$$�  �$$�  ���$$� ��$$)* ��$$+���)$$, �
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DG  :$$;� ��$$, �
/�$$;� . ��$$, ��$$��� �� G$$! H$$I� �  %�$$�J���4 %��$$� DG6  A�� �$$2 � :$$+2   �$$�� � ����$$��

 �$$ �#�DG $$� %��$$� �����$$;� 34��$$' � .$$/0� 3$$� 
�$$)#� � ���$$� 7$$��� 3$$�8��!  �$$��� �����$$��� �� �
/�$$;� $$� 6

 ��($$� ��$$����$$ � . ��$$ KL& F�$$M����$$�%$$& �$$����� � �$$����  <$$;����)$$, �)$$;B� =$$��  ��$$, 
��$$� N�$$�� �

�$$+�@�  �$$�8�J ���$$4�$$�� .     ��=$$8� O�$$� �� �
/�$$;� $$� N�$$��MATLAB   ��$$+�; %��33  � �$$,IEEE 
��$$� 6

 ��8�J ���4 :+���, 3�0B� 3Q' N��� ����.  

�7�� %��0� %&: 7��� %����! 6 6�� ���! .������ ��+�; 6�� ���� �������� "���� %&(*�,   

  

1 - ���@�  

�-;<<!(�<<=   3<<.� "�<<�� � >?<<�  �<<� @�A<<B  C�<<#/� ���<<��D� 

<<<4�A� ��<<<E�� �<<<� F�<<<A� �  3<<<4=��G ��<<<H C�<<<#/� �<<<!�I��0

J<<<0�: .������<<<4� C�<<<#/� (�3<<<��I L<<<M7 6� �<<<-� �<<<���9� (�<<<=

�  3<<��  �<<%� N#<<$�� (���<<� (�<<= J<<�� �3<<H  .O�<<P (�<<=

 �-;<<<! J���3<<<� ��<<<A01 �<<<� Q��?<<<0� R<<<S�� 3<<<4����  �<<<� �

 "3��<<� �T5�3<<7   J5�<<! �-;<<! �����<<�   3<<�/�� �<<#/�� (�<<=

 
�<<�3��<<! �<<� �<<5 1�-;<<!U<<�6�� (�<<= ��<<S�� �<<�  6�<<S� 3<<4=�

�<<�   JG�<<� �<<�6 �<<� �<<S�� �<<�  6�  ��M#<<�� �<<� � ��<<G ��<<S�� (�<<= 

DG    3<<<4=� Q��?<<<0� � ��<<<G J<<<�0�V 1 . � �<<<�� 6�   Q��?<<<0�

                                                
1 Active Network Management 

�-;<<!  �<<5 �<<4�?= �<<I      @<<H�#� �<<� �<<#G�3�� ��G�<<� �<<� �  ��<<�

�<<� 3<<445]1[ .    �<<%� 1U��<<4� �<<�� 6�  ��M#<<�� �<<�  N#<<$�� ���<<�

 Q�<<� ���<<� �<<� ��<<H�<<4��6 � (�<<�   � �-;<<! ��<<��� 3<<� (�<<=

 (��<<<<�#H� 1�<<<<����� U<<<<H���  �<<<<%� J<<<</�7 ���<<<<� 1(���<<<<�

(��<<<�#H�J<<<$I  6�3<<<�� ���<<<� �<<<4�%� ���<<<��S ��<<<4W�= � �<<<=

J<<<$I  �<<<� X�<<<��� YZ�<<<$� � ��5�#<<<.� ��<<<��� �9��<<<9E 1�<<<=

   ��<<� 3<<=��G X�<<)G �:3<<!�I]2[ .    
�<<� 3<<�/�� �<<�5 �<<P �<<�

Y<<�� � �<<� [<<��� 3<<���� 30 %  �<<4�?= � ���<<S �0�<<^  (�<<=

���#��  U�6�� � ��! "���]3[ .  

 �#�� ���= �����  <�  3<! ����� (�=   � �_�<�� ���<� (� �

 US��]4[ �4�%� a� b� R<��4�  6�3�� � Y�� �����4! (��� (6�� 

DG  1N#$�� (��cI �� Q��?0� �d4� �� �#4� U�6�� N#$�� b� �
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"3��� YH�37 �� ��M�� ��#5� "��� N#$�� � � U�6��  (�3��I ��;%�

J��  3! ��%4.�I C�#/� .�4�%� a� b�5 �� e��#� ��f ��7�6� (6��

 �4�4� �P-V   g�<� �<%E (��<� 1 DG  �  ��<�A� (��<�   Y<�� �  6�3<�� 

R��4� DG "3��� YH�37 �� �  ��<M��   �<�#5� "��<� �  N#<$��  <� �

 3�, J��3�� .� S�� U]5[   ���<���� ��<;%� �d4� ��   �<%� 6� (���<� 

N#��9/� Y$� �;�6 ���4�� ����51 )ABC (�� �4�%� 6�  ��M#�� (6��

��f ��7�6�2 )PSO ( N#��9/� JG�� (���ABC (���   ��k<$� Y<7 

�4�%�J��  3!  ��M#�� (6�� .��-��� lG�! 34E �03= (���  �#0��

"�-�  (�=37�� J�0�V � �4�%�DG  �<�#5� "��� 3�/�� J%S    ��M#<��

J��  3! . US�� �]6[     �<4�%� N#��<9/� 6�  ��M#<�� �<�    ��<: (6�<�

Y: ���.0�3 )FPA ( �<4�%� Y�� �  6�3�� 1(���� lG�! a� � DG 

 C�#/� Y�0��I ��;%� � ��M�� Q=�5 J%S �=   J<��  3<! ��<�A� . a�

   "�<-� "��<5 �3<�I (��� (���� lG�! DG      YH�3<7 �<� �<d4� �<�

J��  3!  ��M#�� ��#$S (�n0 "3���o   6�3�� ��4W�=  �<4�%�DG 

�� J�3� N#��9/� 6�  ��M#�� ��3�, . US�� �]7[   �<;�5�� a� b�

   6�3<�� � Y<�� "��?�= ����6� (��� DG   b<��� � �<=   � ��6�<G (�<=

�-;!J��  3! �Z�� U�6�� (�= .    N#��<9/� R<�5�� �<� a� �<��  (�<=

b�#�C4 )GA ( �(��A#�� J��H5 )ICA( 1�4�%� [���  �  6�3<�� (6��

Y�� DG "6�G � �=J��  3! �= .� US�� ]8[  U��<S ���� b� 6� 

������(?�  �-;<! �  345��I ��3�/�� �E�r-�    J<��  3<! ��<��� . <� �

�� �S�� ���%S �=�:, Q��?0� (��� f�M�    ��c<I 3<�3�� (C�<�� U��4�6 1

 US�� � ����]8[  (��� s�G �P ��DG  t��� �� �=RES  �����

J��  3!.  US�� �]9[    � Y<�� �;<���� (��� �;�5�� N#��9/� b�

 J�0�VDG J��  3! �Z�� �-;! ?� � �= .  Y<�� a� ��� �DG 

 u���GA  v,  �)H N#��9/� u��� ", J�0�V � ��#$S 34�<!�=7 

)IWD (�4�%� J��  3! .    lG�<! 6� ?<�� a� �<�� �VSI    �<� �</�

����0  �<� �$���� � (��-��� w��/ 6� �5  3!  ��M#�� ����M#� (34�

J�� ��H��� (��� (��%4.�I a� . US�� �]10[  b<� a�   (��<�

 N#��9/� t��� �� ��#$S 3�� �� "3�.�� J��� � t��6 ����9�=

�;�5�� Q%S �x���H J��  3! �Z�� . US�� �]10[  y3<= U����  �<� 

������(6�0 (�=  �3� 3!3��.  US�� �]11[     t�<�� �<� a� b<�

 "�-� �  6�3�� ���A� (��� ������ a� �<4�%� DG     YH�3<7 �<� (��<�

"��� ��M�� "3���N#$�� � ��#5� � ��#5� (�=  3! �Z�� U�6�� (�=

J�� . �9�� ��;� �� a� ��� � "�-� �  6�3�� ���A� J%SDG  �%4�

Q�I �� 6��� �����I �� (���8 )LF (  J<�� 6�<�� ��� . �  U<S��]12[ 

                                                
1
 Chaotic Artificial Bee Colony 

2
 Particle Swarm Optimization 

3
 Flower Pollination Algorithm 

4
 Genetic Algorithm 

5
 Imperialist Competitive Algorithm 

6
 Renewable Energy Sources 

7 Intelligent Water Drops 
8 base case Load Flow 

   6�3<�� � �4�%� �����SDG   �<�   �<03= 3<4E U��<�9
 )MOF (   t�<�� �<�

lG�! 6�  ��M#�� �� @�#�� (�=GA � PSO    �<#0�: ��<H J$� ���

J�� ."��� ��M�� lG�! Y��! ��-��� ����6� lG�! 34E ��#5� (�=

     � "�<4��P� J<����H lG�<! 1C�<#/� y����� lG�! 1��#5� �  lG�<!

 J���$7 R��B)���#�� "��� R��B ( 3!  ��M#��3�� . US�� �]13[ 

�-�I "��?�= �P ��    ���� (34�"�-� ����� DG   N#<$�� b� (���

 ���A! U�6��33   � �4�<!  ��;<! N#��<9/�     3<!  3<! O8<^� (6�<�

"�=��:10 )MPGS (J��  3! �#0�: �d� �  .  U<S�� �]13[   � �<�

�#0�: �d� ����� b� "���S 1���A! �-;! �  3! �#G�� 3�3S (�=

     �<%� Q��?<0� R<S�� �<5  3! �0�P �� �� Y�3;� ����  �=�<: � (�

 Q=�5 ��H��N#$�� (�3��I J��  3! . US�� �]13[   ��<^� J�?�

 N#��9/�MPGSA �S � J$S  �<� y3= U��� ���D� ��  ���= ���3� (

     0�<�� "��<� �<�Z�� ���<��D� � J<�A)H �3� Y�/� 6� �#  U��<4�  3<�/��

 J<��  3! "��4�  345��I.   U<S�� �]14[      �<� �<4#;� 3<�3S �<!�

N#��9/�  z�3� � a6��,@/��� �;!11 )QOTLBO ( �3�I �d4� ��

 �<4�%� 1 345��I 3�/�� �4�%� Y�� "��5  (6�<�  "��<� ��<M��  lG�<! 1

�-;! C�#/� y����� � C�#/� (�3��I   "�<�?�= �<P �� ���A! U�6�� (�=

J��  3! �Z�� .�4�%� N#��9/� ���    ��<^� N#��<9/�  3<! �4�%� 1(6��

�4�%� (6��z�3� � a6��,12 )TLBO (J��.   N#��<9/� ��^� J�?�

TLBO  1J�� N#��9/� g��! (��� ���3#�� (�=�#���I 6�  ��M#�� �3�

   N#��<9/� � J<$�� 6��� ��� N#��9/� 6� �5 (��� (�#���I {�= �4A�

�� ��H  �4�%� Y7  � b� "��5 �3�I��5  �� b��?� �� � <�5  3<=��G �

��� .��;! "��6 b� �� ��� ��  �8� 34E  ��3�� �  ���5 ��$� (6��

��� 6��� ����| . US�� �]15[  b� 3<�3S ������ a�    ��<�A� (��<�

�-;! �  345��I 3�/�� �4�%�  6�3�� � "�-�  ���<A#� ���A! U�6�� (�=

 "3��� YH�37 �� (���"��� ��M�� J��  3! �Z�� N#$�� .  y3<= U���

(��:��H ��k$� DG  "3��� YH�37 �� (�����M�� �M/}�  "�<��S (�=

J�� �G�! ��#5� � ��#5� . �  U<S��]15[    (��%4<.�I a� (�<��?�

 6�  ��M#��O8^� ��G N#��9/�13 )SCA(�5 1 ��-� ��5 ��3A� �� 6��� 

) �%4�3 N#$�� �= ��-� ( ����9�= �� "3�� (��� 1���   ��<5 "��4�

J��.  US�� (���?� 6� �9�� �-�]15[  Q<�I Y5 ��3A� �5 J�� ���-

  ��M#����  3!_��A� >?� N#$�� � ���D� "�3� 34��� ��69  �4�!

 ��118  �<� �H�<� �4�! 3<��� .   U<S�� �  3<! �<Z�� a� ]15[   (��<�

     � ��<4W�=  ��<;� ��<S� Y<��H ���;-4� �� � ���A#��� U�6�� N#$��

�-;!��� ?�� ���A#��� (�= ��<5  ��M#�� a� ��� 6� "���.   U<S�� �

]16[ �4�%� N#��9/� 6�    ��<� �<� (3<�3S (6��    Y<��-� Q<%S UP�<��

��B�M�14 )IMDE (�4�%� (���-� (6�� "�DG "6�G � �= J4!  (�=

                                                
9 Multi Objective Function 
10 Modified Plant Growth Simulation Algorithm 
11 Quasi Oppositional Teaching Learning Based Optimization 
12 Teaching Learning Based Optimization 
13 Self Correction Algorithm 
14Intersect Mutation Differential Evolution 
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 �", (�=  6�3�� ���A� ��4W�=�-;! � �=  ��M#�� ���A! U�6�� (�=

J��  3! .     �<4�?= � "��<� ��<M�� "3��<� YH�37 �� ��k$� y3= U���

      ��3<�� � u<G "�<��S � ��<! C�#/� �5 �#-� ��� �� �S�� �� 1��M��

  3! �#0�: �d� � 13���� �H�� ��GJ��.  

  �<<�� �     � � "�<<-� "��<<5 �3<<�I y3<<= 1�<</���   �<<4�%�  6�3<<�

  �-;<<<! �  3<<<45��I 3<<<�/�� U��<<<4� J<<<�� U<<<�6�� (�<<<= . �<<<��

    �<<<� �#<<<$$: �<<<)G �<<<�x ��k<<<$� b<<<� ��<<<^ �<<<� ��k<<<$�

b<<<�4-��<<<4�%� (�<<<=   3<<<! �<<<#0�: �<<<d� � b�<<<�85 (6�<<<�

J<<<�� . � (��%4<<<.�I Y<<<7 Y��<<<!  U<<<;4� ��3<<<4E  3<<<�/��

 3<<45��I �  �<<�  "3��<<� YH�3<<7 �<<� y3<<= � ��<<M�� �<<4�?=(�<<= 

J<<<�� (3<<<�/�� . U<<<���� U��<<<� b<<<� �<<<� �-;<<<! ��<<<M�� � y3<<<=

    3<<! Y�3<<<;� �<<�5 y3<<=   Q��?<<<0� � (�3<<��I [<<<��� �<<5 3<<<��

  3<<<! 3<<<4=��G �-;<<<!  �<<<��5 ��<<<��� ~)<<<� Q��?<<<0� � C�<<<#/� .

R�<<<�, ��<<<! ���<<<� ��c<<<I  lG�<<<! 6�  ��M#<<<�� �<<<� �<<<=VSI 

       R<<�� (��<<� �3<<�3��5 ���<<#%� "��<<4� �<<� � J<<��  3<<! ��<<�A�

DG    J<<��  3<<!  ��M#<<�� �<<= .   6�<<�� ��<<�  6�3<<��  3<<�/�� U��<<4�

�<<<� v, �<<<G�E N#��<<<9/� 6�  ��M#<<<�� �<<<� ?<<<��  3<<<45��I�<<<��: (�

      3<<��� Q��?<<0� �-;<<! C�<<#/� N<<= �<<5 J<<��  3<<! ��<<�A� � N<<=

      ��<<! �#<<!�� �<<9� �-;<<! ��<<;H Y<<��H  ��3<<�� � .  �<<�  �8<<�

       ��<<G "�?<<�� ���<<#�5 �<<� U<<;4� 6�  3<<!  3�<<.5 "�<<��S �<<��

  ��<<! � � 3<<���      <<;�5 �<<� X�<<��� �8-<<.� ���<<%#�� (�<<= ��

   ��<<! "��<<;S �<<�#5� "�<<��S .  �<<4�?= ����<<�� ��<<4W�= �<<= (�

DG   �<<� ��<<H ���<<�6� ��<<���<<�: .  �<<5 �<<���� �g�<<� ��DG  

�� �#0�: �d� � ��6 �_�7 � ���!:  

•  (����  �%�DG � �3H R��B 37�� 

•  (����  �%�DG � �3H R��B �4�%�  

 e��#� ��� N#$�� (� ��33  �4�!IEEE  �#0�: ��H ���� ���

J�� . (��%4.�I a� ��5 �P ��WCA e��#� �;��4� ��= (��� 

N#$�������� 1J$� ��� (�="�-� (��� �#%� (?� 3�/�� U��4� ����

 345��I1  �Z�� � ��#5� � ��#5� "��� U��4� (��:�5 �� �#%� J���3� �

��3=�.   

    �  3<���: N�<d4� Q<�� e4<I � �B�7 �/��� J<� . �  � � �<����

 ��� Q������0 ����P 1N#��9/� N�=�M� @��A�  ��<�I � (34�  (6�<�

J��  3���: �5f N#��9/� .�3�  1�<=     �<���P 1C�<#/� (�3<��I lG�<!

����0 � y3= U���� g���� � lG�! �;���� ��� Q�� � ��k$� (34�

 3!  ��� O�! Y��5 �P ��3�� . 6�  ��M#�� �� ��%E Q�� ����  �?<0�

MATLAB ��;! �� ��3H� (��%4.�I N#��9/� ���)� �  ��k<$� (6��

 ��3��#�� �-;! (� ��33  �4�!IEEE      �<� ��<^�7 e��<#� �  3<���:

J��  3! �Z�� ��3S � ����� ��^ .  U<���� �� �S�� �� �S��G e��#�

                                                
1 Distributed Generation 

       b<� N�4<I Q<�� � �<%#�� � �  3<! ����#<�� ��k$� ���H � y3=

���#� (��:J��  3! ����� ����� 6�.  

2- �0V+� 3' A��  

   U<<<S�� �<<<� �<<<S�� �<<<� �<<</��� �<<<�� �]17[  6�  a� b<<<�

�<<4�%� 3<<�3S (6�<<�  ��<<� �<<�  v, �<<G�E N#��<<9/�2   ��3<<�� �<<5

��<<<�H (��3<<<A� �<<<� �<<<4�%�(6�<<<� �<<<�34%� �<<<7��P YZ�<<<$� � 

 1 ��<<� J<<��  3<<!  ��M#<<��.    v, �<<G�E N#��<<9/� �<<�5 �<<P �<<�

 �<<<d� 6�   "3��<<<� YH�3<<<7 �<<<�   ��<<<4W�= � ��#<<<$S (�<<<n0

 ��M#<<<�� 6� a� � ��<<<�H   �<<<�  �8<<<� J�<<<� �<<<���9�= (�<<<=

     Y<<<�� b<<<� � "��<<<#0� ��� �<<<� 6� U��<<<� �<<<���9�= �<<<4�%�

 (��:�<<�S�<<�3<<45      ���<<� �<<� J;<<$� (�#G�<<� �<<d� 6� �<<5 o

N#��<<<9/��<<<4�%� (�<<<=  ��<<<� "�<<<45 �<<<� �<<<5 �0��<<<�� (6�<<<�

�<<<#0�: ��<<<H  ��M#<<<����<<<� 3<<<=��G J<<<�?� (��� 13<<<�� .J<<<%S 

    Q<<�I �3<<#�� �<<5 ��<<���    ��<<��� R<<�#� u�<<�� � �<<<� 3<<<=��G

3<<! .Q<<�I �<<� �� (��<<� �<<%4� �<<�  �<<� 6�<<����� ��<<���. �  ��<</��

�<<<�7��   �<<<�7�� � �  3<<<! ��<<<��� �<<<��I �<<<� (��<<<� ��;<<<����

 lG�<<<! 3<<<�H �<<<� �<<<S�� �<<<� ���VSI1  � Y<<<5 ��<<<M�� YH�3<<<7

�IC�#/� Y�0�  (��:��H 6� zIDG �� �3�I��!.  

 �� �6_��;���� � �5 J�� �5f1 (�=37�� DG  3�/�� �������

 ��� � ��#5� � ��#5� "������ 34=��G.  (��%4.�I N#��9/� ��5 �P ��

WCA Y-! � )1 (J��  3!  ��� "�.� ��E��0 ��0 �� .  

3- W���8�0V+� %� �  

3 -1- C�, 7��� %����!3 )VSI( 

  �<� C�<#/� (�3��I   b<� ���<����   �3<H N#<$��   L<M7 �  "��<5

  u���<! �<� �S�� �� ��! C�#/� ��;H Y��H   �<%�  ��<��� (���<� �   z<I

�<<� �<<#M: �8#<<G� b<<� "3<<�, ��<<S� �<<� 6���<<!.  �8-<<.� _�<<�A�

 ��;<<���� � (��c<<I �<<� �T5�3<<7 ��<<��� t�<<�� �<<� C�<<#/� (�3<<��I

������          �<!�I��0 �<� �<�4� J<��%� � �<5 �3<H N#<$�� �<� ���<�

�� Y���� 1 3! C�#/� ��!]3[.  

  U<�6�� N#<$�� b�  ���A<!   ��<�     ��<! �� � U<;4� b<� �<�  �

Y-! )2 (J��  3!  ��� "�.�.  

  

                                                
2 Water Cycle Algorithm 
3 Voltage Stability Index 
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 Y-!)1 :(v, �G�E N#��9/� ��E��0  

  

  
 Y-!)2 :( �4�! �� N#$��]3[  

  �<B�� �3<� 6�  ��M#�� ��    lG�<! (�3<� u<��� �   (��%4<.�I

 �<<� �<<S�� �<<� C�<<#/� (�3<<��I U<<S�� ]2[  �<<)�� ��<<^ �<<�)1(  �<<�

�� J��3�,:  

)1( 1
4

2

2

2

2

1

2 ≤













+= Q

Q

P

V

X
VSI 

 �� �/��A� 6�  ��M#��)1 (�� J�3� ��5 y3= U���3�,.  

)2( ( )iVSIf min= 

 (��<� �5 u���! �1  �3<��VSI    6� �<#�5 3<���  3<7��  3<!��.   �<E�=

�3��VSI  �M^ �� b��?�13!�� ��  N#$��   ��<� 3<=��G ���3<��I .  �<:�

�3��VSI  3!�� _�� 1R��, N#$��� ��cI J�� �3��I�� .�4�! ��  �3��

(_��VSI (�#.�� J���$7 (��� � J�� "��� ��H (��� �4�%�DG  

�� v��#����!.  

3 -2 -  � �=& � %7��� ./0� � �=&DG 

��M�� �4�?= ��;���� (��� � (C��� �4�?=  �� ��#5� "��� �;�5��

t��� �� Y�� ��6 ��^ �� �B�� �3�N�45 :  

1( ��M�� �4�?=  (C���(CL) :��_�� �4�?=  J0�(C���   3!  ���

 J��] 2[:  

)3( CL=  ��#5� "��� ��M�� Y5(
 

( )TEC ××   $ 

EC = (C��� ��� )KW h/$  ( ����� �0.06 �� �#0�: �d� ���!.  

T = "��6 �3� )h  ( ����� �8760 �� �#0�: �d� ���!.  

2(  �<<;�5�� �<<4�?=DG (��<<� �<<��.� �<<4�?=  � �<<�#5� "��<<�

 ��#5�DG  �/��A� �� �S�� ��)4 (�� v��#�� ��!]2[:  

)4( ( ) $/h2
CPbPaPC DGDGDG +×+×=   

R���B  �4�?=0=a120=b125.0=c �� �#0�:3��!.  

�4�?= ��#5� "��� u���  3! �Z��DG  �T5�37 t��� ��  "���

u�#�� u��� �4����DG  �� �S�� �� US�� ]2 [J��  3! �;����:  

)5( 

( ) ( ) ( )[ ]

0.05-0.1K

1.1

cos

1.1

cos

($/h)coscos

max

max

max

max

max

max

22

maxmax

=

×=

=

×=

=

×−−=

g

g

g

g

g

g

gggDG

PP

P
S

PP

P
S

KQStStQC

φ

φ 

�/��� ��� �  R��B �3��K 10.1 J��  3! �#0�:.    

g��! 

 �0���� ��/�� J�A�S Q��3�I)��/�� "��� R��B � J�0�V 1"�-� ( 

 uG �� ��! "���S 

 ��! �� ���?� "���S ���A� 

 �= �4�?= �;����DG  

J��%4�� ��! �� �-;! "���S  

J�AH�� ���A� ��! uG �� �V�4#� 

"���I  

 �V�4#� uG 6� �#�5 ��! U����3�� 

 

��G 

��G 

���� lG�!(�= ����9�= 
 

���  

���  
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4 - ��), �
 (2��� N��� %�; 

  Y-! �)3 (Y�0��I VSI N#$�� (��� (�=33  �4�!IEEE 

J��  3!  ��� "�.� .  

  

  
 Y-!)3 :(Y�0��I VSI (��� RDS 33  �4�!IEEE   

 �� �S�� �� Y-!)3 (��     lG�<! �<5 ��<5  3=�<.� "���VSI  �

 ��!17 124 125  �31 ��� � �3�� ���#.�� �� .��� 6�"�-� �  (�<=

  (�<�:��H (��� �4�%�DG  ��<! �  (�<=17 124 125  �31  ��  (��<�

 N#$��33  �4�!IEEE J�� .�����4! 6� zI ��!(�=  ��/��   (��<�

(��:��H DG1   ��#<$S N#��<9/�  (��<�   ��<�A�  �<4�%�  6�3<��DG   �

�� "3�� YH�37 �4�?="��� (�=   ��M#<�� (3�/�� ��#5� � ��#5� (�=

����! .  

4-1-  N��� %
��� (;��� 

t��� ��  1(��%4.�I a�VSI  (���DG �= ��;%� J%S  Y�0��I

� C�#/� Q=�5 �d4� �� "��� ��M�� Y5 ��  ��M#��3��! . J$� e��#�

(��� N#$�� (�=33  �4�!IEEE (�6� �� C�#/� Y�0��I 1 (�=�9/�

Q�I"��� ����#5� � ��#5� (�= 1(C��� ��M�� �4�?= 1"��� �4�?= (�=

 6�  3�, J�� �� ��#5� � ��#5�DG �4�?= � �= ��_�� �0�^ � ���S

"�3� 1(C��� ��M�� �� � �n7DG   3�, J�� �� �= J��.   

4-2- N��� %���  ��),33  � �,IEEE  

U<<�6�� N#<<$�� (��<<� e��<<#�  ���A<<!33  �4�<<!IEEE  a� �<<�

VSI   J<<��  3<<! �<<Z�� v, �<<G�E N#��<<9/� �<<� �<<S�� �<<� � . (��<<�

 N#<<$��33   R<<�� "�3<<� �4�<<!DG"��<<� ��<<M�� 1 � �<<�#5� (�<<=

     �<<� �<<���� R<<���� �<<� �<<�#5�KW 676/202  �KVAr 140/135 

34#<<$= ."��<<��<<�#5� � �<<�#5� (�<<= 6� J<<$I  �<<� R<<���� �<<����KW 

659/3917  �KVAr 129/2435 34#<<$= .  Y-<<! �<<� �<<S�� �<<�)3 (

 ���#<<<.��VSI ��<<<! � (�<<<=17 124 125  �31   3<<<�, J<<<�3�

��<<! ������<<4� oJ<<�� (�<<=17 124 125  �31 "��<<4� �<<� ��<<!(�<<= 

(��<<� �?��<<�  (�<<�:��HDG  3<<! v�<<�#��3<<��.  (�<<�:��HDG  �

��<<! (�<<=17 124 125  �31  6�3<<�� �<<��D� � ", 1�<<�7�� �<<= � �<<=

      6�3<�� �<� �<S�� �<� �<�#5� "��� ��M�� Y5 � ���D�  ", @<�#�� (�<=-

   �<� J<�3� �<= 3<�, .         6�3<�� �<� �<S�� �<� �<�#5� "��<� ��<M��DG  �

 "��<� R��B       �<= (��<� � 6�<0 z<I � 3<7�� (�<=DG  Y-<! �  (�<=

)5 ( �)6 ( 3!  ��� Q���� 3<�� . "��<�     J<$I � �<�#5� � �<�#5� (�<=

��<<<B �<<<� ����<<<�� �<<<� 3<<<7�� "��<<<� RKW 043/1008  �KVAr 

485/2353       ����<<<�� �<<<� �<<<4�%� "��<<<� R��<<<B (��<<<� �KW 

703/940  �KVAr 798/590  �<<� �3<<�I Q=�<<53<<445 .  R<<�� �<<�

DG  "��<<� ��<<M�� �<<4�%� "��<<� R��<<B �  �<<� �<<�#5� � �<<�#5� (�<<=

 R����KW 383/19  �KVAr 533/17 J�� . 

     �#0�<: �<d� � "�3<� C�<#/� Y�0��IDG      R��<B �<� �<S�� �<� �

"��<<� (�<<=z<<I � 3<<7��  Y-<<! � �  3<<�, J<<�3� 6�<<0)4 ( Q��<<��

J��  3!  ��� .    �<� "�<.� e��<#� �<��    �<n7 �<5 3<4=�DG   [<���

J��  3! N#$�� C�#/� (�3��I Q��?0�.  

   ��;<<! e��<<#�  3=�<<.� �<<�   6�3<<�� (6�<<�DG   R��<<B (��<<�

 z<<I "��<<�  J;<<$� 6�<<0  6�3<<�� �<<�   �  3<<�, J<<�� �<<�  R��<<B

 >?<<� 3<<7�� "��<<� J<<�� �<<� . �<<�  3=�<<.� ��<<4W�=  �<<5 ��<<!

��<<<M�� � DG  z<<<I "��<<<� R��<<<B �<<<�6� �<<<#�5 6�<<<0 DG  �<<<�

         � �<<�#5� "��<<� �<<5 Y<<�/� �<<�� �<<� oJ<<�� 3<<7�� "��<<� R��<<B

      �<<��#� � �  3<<! 3<<�/�� �<<=�� (��<<� �<<��� ��<<^ �<<� �<<�#5�

 6� �#0�<<<�� �<<<�#5� "��<<<� Q=�<<<5 [<<<��� J<<<�� J<<<$I J�<<<�

  �<<%� u���<<! (���<<�DG   z<<I "��<<� R��<<B � �<<� 6�<<0��<<! .

YH�3<<<7  R<<<�� �<<<� C�<<<#/�DG "��<<<� R��<<<B �<<<� � 3<<<7�� (�<<<=

z<<<<I 6� 6�<<<<0p.u 913/0    �<<<<� R<<<<���� �<<<<�p.u 97/0  �p.u 

987/0 �� Q��?0�3���.  

   �<� e��<#� �<� �S�� ��       � C�<#/� Y<�0��I �<5 J<0�: �<��#� "��<�

zI "��� R��B    �<� J;<$� 6�<0     �<� ��<;%� 3<7�� "��<� R��<B  13<���

 Y-<<! � e��<<#�)4 ( 3<<!  ��� Q��<<��3<<�� .C�<<#/� YH�3<<7  J<<�� �<<�

 ��  3�,DG �  z<I "��� R��B 6�<0   �<� �<$���� � 1 C�<#/�    J<�� �<�

 �<<�  3<<�,DG �  J<</�7 �<<� J;<<$� ��<<4W�= � 3<<7�� "��<<� R��<<B

 "�3�DG Q��J�� ��.  
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 Y-!)4 :( (��� C�#/� Y�0��IRDS 33  �4�!IEEE   

  

 �%�6� (���� �-;! J/�7 6� U�6�� N#$���-;! �� ��$I (�= (�=

�E�r-� �� ��#5��  345��I 3�/�� U��4� (6�� "�-�@�#�� (�= 

U�6�� N#$�� J��  ��5 ���D�.  ~)� �  345��I ��3�/�� Q��?0�

"��� "���S J%S ���D� �� � �-;! ���.� 1U�6�� �-;! � ��#5� (�=

 ��#5�b� J/�7 6���� 3=��G ���D� 1�0�P �� �� �0�P.  

  

  

 Y-!)5 :( (��� (�;� ��#5� "���RDS 33  �4�!IEEE  

"��=Y-! � �5 ���: (�=)5 ( �)6  (�� "��� ��5  3=�.� "���

��! � U;4� 6� �#0��� �� 6� Q�� � �#0�� Q=�5 ��$� ���3#�� (�=

J�� �#0�� Q=�5 ����� . Y�/� �� ��4W�=��! � "��� ��?� (�=

��! J�� �� "��� J.:�� 3=�! ���%#����� N�=��G ����� (�= .

Q�I (�=�9/�"��� �� Y-! � ��#5� � ��#5� (�=)5 ( �)6 ( "�.�

 3!  ���3�� .  

 
 Y-!)6 :( (��� (�;� ��#5� "���RDS 33  �4�!IEEE   

Y�/� �� Q=�5 "��� ��M�� Y5  R�� �� �S�� ��DG1 Q=�5  Y��H

�4�?= � �%S�� ��M�� �� ��S� �� (C���3�, . � (C��� ��M�� �4�?=

"��� R��B (�=zI � 37�� 6� 6�0 $537/106526  �� R���� ��$ 

712/39702 �$ 561/10217 Q=�5 ��3��� .�0�^ e��#� ��_�� ���S

"��� R��B �zI � 37�� (�= R���� �� 6�0$ 825/66823  �$ 

976/96308 3! 34=��G .  

�^8G e��#� 6� (� 3�, J�� �� �� � "�3�  R��DG  6�  ��M#�� ��

a� VSI �  ��3S)1 ( 3!  ��� J�� .  3=�.� �� J�� �� e��#�

 3�,  3�/����#5� "��� (�=37�� u��� DG 6� �#%�  J�� �� e��#�

 3�, �� DG � 37�� "��� R��B ��� 3=��G.  

 ��3S)1 :( �� X���� e��#� RDS33  �4�!IEEE  

  ����DG  �DG  �
PF=1 
 �DG  �


optimal PF 

 3B�DG  -  

17  17  

24  24  

25  25  

31  31  

 ������DG 

)KVA(  
-  

411/620  351/688  

506/739  52/800  

226/420  186/465  

353/1000  1340  

���� H��[DG  -  1  

 lag 88/0 

lag 869/0 

lag 903/0  

 lag 8/0 

 7��� .����-�

 ��,)P.U(  
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