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3- ���������1 � �'�������� 	�� ��  

  ��O)�	 �� 
'/ a'��	 $%��?�	 g�`̀`���' R&�M, *%� ��

�� ./ �� %̀�? $ ̀? �� �̀(� )̀	 ���	 ���� 6̀	 $ �̀`̀ `��  

���I'/  ����: ~��	��� �>�%�� �: s�O� �L`̀B�5 � �&82    aE�	

���3� $? �3�̀> � ��> J	�-̀  ./ ��	+��̀ Q�̀�: �����'
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C�`̀ `- ���̀%�'̀�9/ ���̀`̀ `�� ��

� �̀�3�  �� �i� ���	 a'� �̀	 +� �����'3   
:� �̀(� )̀	 ���� 6̀	

7�8 �� -̀�9/  �� (d �̀P J`U5) ��	��: �� �=��	 � �� -̀

 K��̀1393  ����3� �)O� �& �� .$�̀� �� -̀ G���  ~�����'2  

  ��̀�3�250  
L�	  
5�V +� � ��%̀��# $`̀ `-���' ����(pH  

���:�� 4�(��/ $? �� 
'/ ���3�$ -̀���' �&    Q �̀�: �� -̀
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���̀ ��� ��� � 
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%�O(� ��`̀ - $2? ��3`̀ �l,
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5��#�:�	���) �&
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8�� Ù	 
E Ù8 � \%��� J'�C K�EC 
	  � ����) �� -̀
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E`U81� 

d% ���	�`̀ � h����`̀ �� $`̀ �� �+�5 �� ��&��	���, a'�: 

$%� �̀8 �/ �' 1�� F,  �� �̀��� 2 �' 
%��: � �% ���3& 

�' 1�� *%��3� b��'�	 3 J%��: 
	  �'��� ��3�&��) �� -̀

  �7`L�	2006  ���'  F�2�� K�`	  d`% R&�M,  *%�  ��  .(

  :+� $�̀� b��E8 �� $�̀� ��5� ��0' $%��̀8 a'��: 
%��̀��-̀
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1. Adaptive neuro-fuzzy inference system (ANFIS) 

2 . backpropogation 

  �/ �� ��ij i jd c x= −  �-�P 4��	 *�' 
���LC� �LB�5 �
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    �E��6	  �%+  �)'��  +�  ���2���  �'


	 :��-  

  
     )3(  

  

3 . least squares 

5. Fuzzy C-means Method (FCM) 
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  �(���( �' G�#pH�   Eh  
L�	)  
0%��0(� $%��& ��4�	 �($(�

 
����  �'  F�3%+��0�	)  �	�?  ���	  J�  �(��	  K�L6	

)ppm)  ���-  �  (ppm  ������  Q��:  �?��  b��B  �'  (

  K�	 J'�:�, ��	���,  
�(�	Eutech-PCD650  �+���� ���#

�+���� 
%��3�- � 
0%4�5 ��&��	���, �%��O	 .�%��#  ���#

HP�-  �  ��->  ��  �&��	���,  *%�  ���	/  ��&`��  �  �&

�3�>  K���? ��  7�:�:  �'  �&2�1    �3    ��- ����  ����

  .$��
	 ���� ./ 4�(��/ \%���  �����5 ���p: ��4�	 �� �&�

pH    *�'23/8  –  06/6$%��& ���p: ��4�	 �  *�' 
0%��0(�

µS18130 – 2 /290  K�L6	 �	�? ���	 J����p: ��4�	 �

  *�' ppm16660  –  8/264  
	 ���- �����5 ���	 �� .�-�'


	  ��&��	*�'  ���-  ���p:  ��  ��- ppm 20740  –  

1/254    *�' K�L6	 �M�D�� ���p: � $��mg /L50/7  –  

81 /1    *�' �	� .$��ºC41   –  6/14    �Eh  *�' Mv  6/260  

–  6/92    +�  
��'  �]�'  ��	�  ��38  J�(�  .$��  ���p�	

��>�/ ���' ���+�# ��& �� K�	�:�mn ��&��%/�5 +� 
-�� �&


	 �O)�	�/ �&��- � �-�'�3�> b��U' �&  � G��'/ ��&

����:*:  ���	��  
8��+  �  ���	�)  $��  ��&��	  J'�C  +��

1392 .(  

  

F�(E  1. �	'(�' ������� � �2�"�� �����'��# 	' �Z�� b�������(W� �� �E�� c��d �� �(� ��e<=+ ��>��?1 �8�;3�7� �� �@'�� � ���  

Sample T (ºC) DO (mg /L) pH Eh (Mv) EC (µS) TDS 

(ppm) 

Salinity 

(ppm) 

U-WFA-1 8/24 41 /4 97/6 3/231 1002 2/916 6/929 

U-WFA-2 6/18 68/6 80/6 3/236 1448 1326 1347 

U-WFA-3 5/18 20/6 14 /7 9/212 1995 1796 1855 

U-WFA-4 6/14 57 /2 13/6 4/238 15480 14180 17170 

U-WFA-5 15 19 /3 48/6 6/260 1828 1673 1745 

U-WFA-6 5/15 59 /2 59/6 7/223 6550 6012 6170 

U-WFA-7 4/20 24 /2 52 /7 4/164 1557 1427 1490 

U-SFA-8 21 3 58/6 3/167 4522 4136 4293 

U-WFA-9 2/19 06/7 68/7 5/94 1630 14911 1554 

U-WFA-10 6/20 97/6 55 /7 6/113 6/569 4/521 4/514 

U-SFA-11 5/13 49 /7 43 /8 6/90 154 4/141 8/128 

U-SFA-12 9/17 76/6 16/8 145 7/843 8/771 8/773 

U-WFA-13 3/19 75 /4 97/6 6/144 18130 16660 20740 

  

F�(E  2.   �	'(�'  ������� � �2�"��  �����'��#  ���1 fZ��  �)��W����(W�  ��  �E��  c��d  ��  �(�  ��e  ��>��?1  �8�;3�7�  ��

<=+ ����'���� ��� �@'��-   ��M  

Salinity 
(mg/L) 

 

TDS (mg/L) EC (µS) Eh (Mv) pH DO (mg/L) T (0C)               ���'��#  

 ���1 fZ��  

66  66  66  66  66  66  66   ���3� ����:  

20740 16660 18130  6/260 23 /8 50 /7 41  �r���<  

1/254 8/264 2/290 6/92 06/6 81 /1 6/14 JC��<  

2/3129 2/2825 2/3094 5/174 31 /7 55 /4 4/20  
'�D< *�����	  

1398 1356 5/1494 3/174 29 /7 45 /4 7/19  ����	  

8/16262744 0/11450989 0/13747456 5/1710 23 /0 68/2 5/13  F��%���  

7/4032 9/3383 8/3707 4/41 48 /0 64/1 7/3 ����	  ��6��  

5/2 3/2 3/2 2/0 - 38 /0 - 18 /0 9/2  
�(�>  

8/6 4/5 2/5 6/0 - 05 /0 17 /1 - 7/14  
#����  

3/1 2/1 2/1 2/0 07 /0 36/0 2/0  b����p: 7%�;  
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F�(E  3.   �	'(�'  ������� �  �2�"��  �����'��#  ���1  fZ�� �)��W����(W�  ��  �E��  c��d  �� �(�  ��e  ��>��?1  �8�;3�7�  ��

<=+ ����'���� ��� �@'��-   ��QM  

Salinity  
(mg/L) 

TDS (mg/L) EC (µS) Eh (Mv) pH DO (mg/L) T (0C)               ���'��#  

���1 fZ��  

16  16  16  16  16  16  16   ���3� ����:  

00 /12390 00 /10460 00 /11390  20 /407 58 /8  49 /7 50 /24  �r���<  

80 /128 40 /141 00 /154 60/90 06/6 81 /1 50 /13 JC��<  

60/2333 01 /2118 66/2312 35 /176 40 /7 85 /4 34 /20  
'�D< *�����	  

00 /1270 50 /1222 50 /1336 75 /164 32 /7 99 /4 55 /20  ����	  

327/9720268 472/6911427 658 /8197391 745/5627 52 /0 54 /4 79 /7  F��%���  

73 /3117 95 /2628 10 /2863 01 /75 72 /0 13 /2 79 /2 ����	  ��6��  

61/2 49 /2 49 /2 082/2 163 /0 272/0 - 689 /0 -  
�(�>  

407/7 763/6 734/6 719/5 58 /0 - 60/1 -  16/1  
#����  

33 /1 24 /1 23 /1 42 /0 09 /0 43 /0 13 /0  b����p: 7%�;  

  

5-1-  %�#&�'(�  ����  ��  ����	��	  01  �2���23'

 F(� 	' ���/��'ANFIS  

R�,  +�  ��'����  1+���,  �'  ��&��	���,  *�'  
��DE3&  ~�&

G�� �� �� 
��DE3& F%�:�	 +� ���2���  ��45�SPSS    �' �

 *���,  1��1    �'  .$5�#  ���C  
'�%+��  ���	  ��%��#  ��:

R�, �� ��(�)	  �& �' �?�:$%��& 
��'  ./ 
0%��0(�


	  
��	+�%+  *%����'  �����  ��  
%�&��	���,  ��-�'

$%��& �' 
��DE3&
	 
��	+�%+ ./ 
0%��0(�  �' �� ��-�'


	 .�I��� �i� ���	 K�	 ����� ����8  �' �?�: �' ._�%�3�

��DE3& F%�:�	 ���- ��&��	���, �� �%��# HI�	 


)Salinity) K�L6	 �M�D�� �(DO  K�L6	 �	�? ���	 J� �(

)TDS  � (pH  *%����' ���?�	 ��&��	���, �%�� �' $ED� �

$%��& �' �� 
��DE3&) 
0%��0(�EC  ��> �*%��'��' .����� (

$%��& � ����� ����8 �'  ��- ��9 ��	���,  ./ 
0%��0(�

  �'  
��	+�%+ .���%��#  .�I���  �K�	  
?��P  ����8

K��? �� �&��	���, *�' 
��DE3& F%�:�	 4   ��- ����/

���� J� ����: .$��  �&82    ��V �' ����: *%� +� �� ��' ����

  �
5��U:80  ����  �B��) �&66  ���� ����8 �'  (����  ��&

  � 1+�	/20  ���� �B��) �&16  ���� ����8 �' (����  ��&

 .�I��� ��	+/ .���%��#  
  

5-1- 1- ��'(����' ��'� 	����  

����  ����  ���'
EU8  h������  _�D��  �'  �&-    �+�5

���� b����p: ��	�� �� $�� G+] �
O�E): ��%�0% �'��	 �&

 
1 . Pearson 

��������� ���  J38 *%� kl)B� �� ��  �-�'���� �+��  �&


	 �+�����������  .��	��  ����  _�D��  �'  ����  ���'  �&

  h������
EU8-  ) �)'�� Q��: 4�� 
O�E): �+�54  G���� (

) �+�' �� �� �& ����� ��	�� �� $5�#1.1-
	 ���C ( .�&�  
  

�� = 2 �����	
��
�����	

− 1                
  

:�/ �� ��  ��~��- ��������� ��	���, :  � ~
O�O< ��	���, :  

�����  
O�O<  ��	���,  �����'  :  ����  ��	���,  ���3�  :


	 
O�O< �����03& � 
	l=) ��-�'2014  
3��]�%�? ~

  �����	������ �2011 .(  
  

5- 1-2-  F(� ��2O�+ ����	�' �����;�  

 �%��# ���2��� HP�- �� +� �K�	 ��0L38 
'�%+�� ���'

�/ Q'��� �� :$�� �%+ k�- �' �& 
  

�� = 1 − ∑ (�� − ���)�����

∑ ������� −∑ ���������
 

 

  ���� = ��
�∑ (�� − ���)�����  

 

  !" = #1 − $�%&'��'�()
$�%('�) *                

 

�/  ��  ��:�& ���+����  ���O	  :�  ��-  ���# ���	  :`  ���O

R�,
	 ��- 
��'.�-�'  

 )4 (  

 )5(  

 )6(  

 )7 (  
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����	��  �+���� �%��O	 *�' |�E)�� �����' R�, � ��- ���#

'
	 ��- 
��  �/ ���O	 $(�< *%��' �� �� �-�'1   �� �

 �'��' �/ ���O	 $(�< *%�:�'1-  .��' �&��P  

  ��&����	2RMSE  �3VAF  �����'  4��    �%��O	 *�'  ��)P

�+����R�, � ��- ���#
	 ��- 
��'  ���O	 �> �& � ��-�'

RMSE    � ��3�VAF    ����3V� +� K�	 ��0L38 �-�' ����'

 .$�� �����P�' �����'  
  

5-1-3-  F(� 	' �(�1 &�� �� b����ANFIS-FCM   

K�	  ��	+/  �  1+�	/  �R&�M,  *%�  �� ANFIS-FCM   

���� �8�3�	 ���'  K�	 +� ��	/ $��' \%��� .�- G���� �&

  K��? ��5   *%� �� �� ���)��3& .$�� ��- ���� ����


	  ��&��	  K��?  1��  ����ANFIS-FCM    ���'

R�, $%��&  
��'  �  ����3V�  +�  
��	+�%+  ./  
0%��0(�

 .$�� �����P�' 
%]�' $C�  

F�(E 4 .�	'(�' �����'��# ��� �P�!)�� g��8�� �(� ��e  

DO 1 

pH **605 /0 1 

T  071 /0 *225/0 1 

EC  **336 /0 -  **404/0 - 049 /0 1 

Eh  178 /0 - 169/0 - 077 /0 028 /0 1 

TDS  **338/0 - **405/0 - 043 /0 **000/1  027 /0 1 

Salinity  **327/0 - **397/0 - 043 /0 **997/0 024 /0 **997/0 1 

  DO pH T EC Eh TDS Salinity 

 ��;� �P�!)�� = *  ����i' j7� �� ���1 �'�5  (d�� k ��;� �P�!)�� = **  ����i' j7� �� ���1 �'�1   (d��  

 

F�(E 5.  F(� 	' Ud�B b���� ��� �!��6�ANFIS-FCM ��'� �+��=� '��  ��	1� .	��1 ��  

 !" 
  

���� 
  

�� 
  

 ���� �8�3�	  

99993 /0  0032399/0  9999/0   1+�	/  $%��& 
��	+�%+ ./ 
0%��0(� 

(ANFIS-FCM)  99972 /0  0029949/0  9998/0   ��	+/  

 

J0-  ��&11    �12  �+���� �%��O	 *�' 
��DE3&  ��- ���#

R�,  �����  �8�3�	  ��  ��- 
��'  ��	+/ �  1+�	/  ��&

  K�	 ���'ANFIS-FCM  
	 ���� ��  �*%� �' ��l8 .��&�

�+����  �%��O	  *�'  �D%�O	R�,  �  ��-  ���#  ��-  
��'

$%��&./  
0%��0(�  K�	  Q��:  
��	+�%+  ANFIS-

FCM� J0- �� 1+�	/ � ��	+/ J<��	 ��  ��&13   �14   

  �' ]�' 
��DE3& J�(� �' �� �$�� ��- ���� ����  ���

��-  NE)�	  _& K�	  ��  $��  �/  +�  
��<  \%���  .���

ANFIS-FCM  $%��&  ���/�'  ��  
%]�'  $�L'�C  
0%��0(�

  ��9 ����� ��&��	���, �8�3�	 +� ���2��� �' 
��	+�%+ ./


	  �  ����  ��  ��-�n��,  ���'  ����:  Q%��-  �'  ��%�  ��&

.���# ���C ���2��� ���	 
'�L)	 ��V �' ��'��	  
  

6- ���=���e  

����  1+���,  R�,  �  4�(��/  \%���  *�'  
��DE3&  ��&

G�� �� �� 
��DE3& F%�:�	 +� ���2��� �' ��&��	���, ��45�

 
2. Root Mean Squared Error (RMSE) 

SPSS    ��> �� ��� ���� ��%��# ��: *���, 1�� �' �

) ���- ��	���,Salinity) K�L6	 �M�D�� �(DO  ���	 J� �(

)  K�L6	  �	�?TDS  �  (pH   ��&��	���,  �%��  �'  $ED�

$%��&  �'  ��  
��DE3&  *%����'  ���?�	)  
0%��0(�EC  (

����� ����8 �' ��- ��% ��&��	���, .�I��� �' .�����  ��&

  K�	ANFIS-FCM  $%��&  .�I���  �  ./  
0%��0(�

�� � N�O6:  �& �' �?�: �' �
?��P ����8 �' 
��	+�%+  

  *�5�#  �i�80  ����  �B��)  �&66  ���3�  �8�3�	  ���'  (

  � 1+�	/ ����20  ���� �B��) �&16  �8�3�	 ���' (���3�

  1+�	/  ����  �8�3�	  ���'  �
5��U:  ��V  �'  ��	+/  ����

  K�	FCM-ANFIS    �%��O	2R  �RMSE    �VAF   7�:�: �'

9999/0  �0032399/0    �99993/0    �  ���	/  $��'

  K�	 ��	+/ ����  �8�3�	 ���' *��Y3&ANFIS-FCM  

  �%��O	2R  �MSER    �VAF    7�:�:  �'9998/0  �

0029949 /0   �99972/0   .�%��# JB�<  

3. Variance Account For (VAF) 

28  



��������	 ���� �� ������� ����� ����15����� � 30 � ��!�	 � "���# 1400  

 

 

+� ���2��� �' \%��� �'  $��   �- HI�	 �K�	 *%� +� ��	/

$%��& ��  ���' ��- ��+ *�3I: 
��	+�%+ ./ 
0%��0(�

  K�	ANFIS-FCM  ��  ����6	  ���	 +�  
���'  $C� 

'`���D E3&  �  .�P`D�  
%]�'  
��D`	  �'  $E`  �%��O

�+����  1��  �����  ��  .$��  ���'  �����P�'  ��-  ���#

  ��3-�&ANFIS-FCM    $? N�C� � �	/��� ��^�	 
-��

  $%��&  �M%�'  ./ 
%��3�- � 
0%4�5  ��&��	���,  *�3I:


	 
��	+�%+ ./ 
0%��0(�  .�-�'  

  

  
U2� 11 . �	'(�' ����6� ��� �P�!)�� %�# � �(� ��e.	��1 ��'� �+��=� �� �(� ���� )ANFIS-FCM (  

  

  
U2� 12. �	'(�' ����6� ��� �P�!)�� %�# � �(� ��e ��	1 ��'� �+��=� �� �(� ���� )ANFIS-FCM (  

  

  
 U2�13. �	'(�' ����6� �'���� %�# � �(� ��e ��'� �+��=� �� �(� ����.	��1 )ANFIS-FCM (  

R² = 0.9999
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 U2�14.  �	'(�' ����6� �'����%�# � �(� ��e ��	1 ��'� �+��=� �� �(� ���� )ANFIS-FCM (  

 

 

7-  ��'��(T � �2Q8  


	 G+] ��P �' �(�O	 *%� ��#��D%�����03& +� �����  ��&

*�	+  ��	+��  ���3�3B  ����  
���-  ����P�  ��  $?

 .��%�3� �0�: +��� ���	 b�8lV� +� 
P�' *�-��#  
  

 l����  


8��+  �.G  ����	�)  �  ���	��1392 
��	+  b����p:  
���'  (

��> ./ ��	��(] �O)�	 ���+�# ��&  
'����� $? *�?

 Q�6	  ������  R%�3&  *�(��  �
%�	�#  *�	+  �n���  �'

 .
�D%+ ��5��, � �n��� �$D%+ 

)  }  �
:�E��C/1383*�	+  ( ��	+��  b�������  ����%�  
���-

*�	+ ����� 
���-500  .�  

*D< 
0�'  ���'/k  �
3��� �.    )1396$�� *%�� 1�� ( 
'�%

�0E-  ��  +�  ���2���  �'  
����'/  ��&ANFIS  *�(��  �

R&�M, 
L	 F���2�� .
���	 � G�L8 �� ���'��� ��&  


	��' �.k �
V��P��,  �7U�g�E8 �.�  .} �G�5  ��3(/ 
I�- �.�

) + ���'/1399 $-� 
��	+�%+ ./ a'��	 $�2�� 
'�%+��  (

K�� 
V �� �/ b����p:  ���� �D%�O	 � 4%��  ���P�  ��&

��5�%  �L�	*�	+  *%��  ��&  ����  ����'���  
���-14 �

 ���3-28 � �17-1 .  

)  k  ��E���  �./  �$�<1390 ����'���  d%��0(��mn  K�B�  (

D��	  .R%��� b������� �  

)  }  �.�8  �..  ���;�  �����1397R�,  (  ./  c)�  
��'

K�	 +� ���2��� �' 
��	+�%+ 
EU8 �0E- ��+�5 N)�	 ��&

  ���3- �G�� K�� ��n�(�mn����& �L�	 �
��	+ ��� �2�  
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Abstract 

The aim of this study was to investigate the electrical conductivity of groundwater due to physical and 

chemical parameters of water using ANFIS-FCM method in Azarshahr, Ajabshir and Maragheh study 

areas of Urmia Lake catchment area. To achieve this goal, 82 water samples were taken from wells and 

springs in the plains and the data were chemically analyzed in the laboratory. Descriptive statistical data 

and correlation matrix of the studied parameters were obtained using SPSS software. By forming the 

correlation matrix, it was found that the four salinity parameters, soluble oxygen (DO), total soluble 

solids (TDS) and pH, have the highest correlation with electrical conductivity (EC) compared to other 

existing parameters. Therefore, the inputs of the model included the four mentioned parameters and the 

output was selected according to the purpose of the research, electrical conductivity.  After 

standardization, the data entered the MATLAB environment and using ANFIS-FCM method, the 

electrical conductivity of groundwater was predicted. In this method, 80% of the data (66 samples) were 

randomly selected for the training data set and 20% of the data (16 samples) were randomly selected for 

the test data set. For ANFIS-FCM training data set, R2, RMSE and VAF values were 0.9999, 0.0032399 

and 0.99993, respectively, and also for ANFIS-FCM test data set, R2, RMSE and VAF values were 

0.9998, respectively, 0.0029949 and 0.99972 were obtained. Using the results of this model, it was found 

that the estimated electrical conductivity in the studied areas had a very good accuracy and high 

correlation with the measured values. As a result, the ANFIS-FCM intelligent method is an effective, 

efficient and accurate way to estimate the physical and chemical parameters of water. 
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