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1<�, �3 !��9C ����� !�(�� 1<�, 13�(�% ���( K9� (� 1���, +% S��53 !�6<#( . �5J53 &��83 O#( K�, !� +>9�23 =�2J; K9� (�
7 ���5A3 �]A� +L]< M�B3 !�6<#( # +"5��-�G X�"�� ��9�7 =�83 (�, �(#0�, �6  .      +L]�< �;E��, �9�(��% �1�5�� ����� a9��

 $��% S]� ���5A3 �]A� +L]< M�B3 !�� &13 (� ���I�� +L9(�* +, 1<�, �3 =�83(�, /��( �9��23 �(#0�, (� ���5A3 �]A�
��< �3 =�83 (�, /��( �5�, $�D (� �Z� $9�:-� # �cP .  ��� &1�3 K�, (� K�5r��      &1�3 ��]�A� +L]�< M��B3 !Modular 

Neural Network <�, �3 !�;E�, �9�(�% !�(�51.  
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�G���0 4]53 +c2� ��n !�� ���8- N3�< !�� �183 �!C(#��% !��  # ���57 =*�53 (� ��P(� 4cZ �!#�% ...�3  1<�,USEPA) 
2004:.(  

+��P�#( (� =�83 (�,   1�<�, ��3 /0 $�B, (� _�8��c3 !�� �9��#� C� �L9 ��0 C� �<�� _�(�>P +, +7�; �, �� .   ���� K9��,��5,
 !�(�� 1<�, 13�(�% ���( K9� (� 1���, +% S��53 !�6<#( +, K-�91<�, �3 !��9C ����� .    M��B3 !��� &1�3 �9�(�% =�2J; K9� (�

 ���5A3 �]A� +L]<)ANN (��� +-�G (��Z ��(�, �(�3 =�83 (�, /��( �(#0�, �67.  
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 �cP)MAE28 (1< ���I�� .  
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 +c,�( K9� (�y  # =�83 (�, (�123x 1<�, �3 �L;�; ���>9� (� ��9�7 �,� � (�123 .���� K�, +c,�( K9� ��9(��� �5J53 (� ��
 NL<)1 (��� �1���3 N,�Z.  

                                                 
27 . Normalised Mean Square Error  

28 . Mean Absolute Error 
 

Archive of SID

www.SID.ir

http://www.sid.ir


 
 
 

644 

 
 

 �6�1 - �F�� �_�$ 
�+$ ��+�� '�> !" " �  �0�c  

  

 C� ���I�� �, =�83 (�, �(#0�, C� NV�' a9��15  1V(� NL< (� ���5A3 �]A� +L]< M�B3 !�� &13 C� ���I�� �, �� ����
 !��2  �;4 ��� �130.  

  
  

0

50

100

150

200

250

1 7 13 19 25 31 37 43 49 55 61 67 73

�1+.1

�
9�

� 
�

+$

 


�"

ر��ب #�ه�ا! 

��ر��ب ��) '�&  %

 
 

�6� 2-����=� \���1 N�� `��� Jordan/Elman Network �3 	 '�> !" " �� 

Archive of SID

www.SID.ir

http://www.sid.ir


 
 
 

645 

0

50

100

150

200

250

1 7 13 19 25 31 37 43 49 55 61 67 73

�1+.1

�
9�

� 
�

+$

 


�"

ر��ب #�ه�ا! 

��ر��ب ��) '�&  %

 
 

�6� 3-�=���� ��1�\ ��N `���MLP   ��!" "�>' �3 	  

  
 

0

50

100

150

200

250

1 7 13 19 25 31 37 43 49 55 61 67 73

�1+.1

  �
9�

� 
�

+$

 


�"

�;�1���3 /��( 

�1< �5�, $�D /��(

 
 

�6�4- �=���� ��1�\ N�� `���  Modular Neural Network�� !" "�>' �3 	  

  
  
  

Archive of SID

www.SID.ir

http://www.sid.ir


 
 
 

646 

N	�D1 - '
��� '�>��� 
�, �  !"�#�$  �� �> N�� ����=� 

MAE NMSE R  
22/16  18/33  81/0  /��( +"5� �5J53 
77/10  46/0  87/0  Jordan/Elman 

Network 
51/15  80/0  87/0  MLP 

25/8  36/0  88/0  Modular Neural 
Network 

 
 

 ��(�, �(�3 /��( =�83(�, �(#0�, (� ���5A3 �]A� +L]< M�B3 !�� &13 # +"5� �5J53 �9�(�% +>9�23 =�2J; K9� (�
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 +"5��3 �(  ���; +, ���,�Z !E�,!��, ���5A3 �]A� !�� +L]< �5�]��D ���� \% \"' �, �cP ��n S9�2;  ����� �]>�.  (� ���'
 +% �9�(�%O#( +"5� �5J53 &��83 15% �3 ��8]; ���� \"' C�.  
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