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6��) ��'2006  �� .(

  %!��1 B4��> �!�	�
' ��
4 T�:�� 3�� g! Y6�yU #!�
  �$�Q W�� :$� %	� E��H1 �� %	� ��Q� ��d4c-   #������10 
�� �v��� 3�� #!� �@�<P� h�r�> ����� �� �� .��'  

  

 
	��C - ��R����  

  �$�Q  W��c  –  �'�.  5�!���@�  g!  #������  ����  ��
4
  X	�>%	� ��' �v��� g!�74    �-�74)1973  .(  �9 �� ��

 X	�> ��' a\�� �P�� �4 �'�. g! �4 e0��� ���� 
6
��  %!��1  �P��Q  W��  .�'�4M  �$�c  –  #������  �

#��>��U�1�<�� ��
4 $� ��n  ��
+ �� ����
4 �$�Q ��6C  
�� �� ��
+ 
6 �� �'�. 7�
� � %	�  �� ���] �4 ��4�!

�$����  ���4�  ��  .�	
4 CR��K �4 �
!76 B4�>  E��:�� �
�+

8 .backpropogation 
9 . least squares 
5. Fuzzy C-means Method (FCM) 
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� ����4� �� .%	� ��'n    �(J�

  %!��1 T!
>�� �9 $� TU .%	� ��' 8�\���U   ���:�	� �4
�� �H	�)� 
!$ �(4�� $� :��'  
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  �9 �� ��
ij i j

d c x= −�    �'�. 7�
� #�4 �	��0R� �0S�Q

i    � /�j    � ���� �(J� /�m    �
!76 B4�> .%	� �$�Q a.�'
�� �H	�)� 
!$ �(4�� �4 �P�> �4  ����	9 g! 
!$ 
+� .��'
 {R��� �
!�
Q #!� �'�4 �=\���� .��'  

  

�1�<�� �
.9 �0K
� ���'�. 7��
� $� ���!�P �$�Q ��6
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!$  �(4��  $�  ���:�	�  �4
�� :��'  
  

      )3 (  
  
  
  
  
  

  
7N� 1. ��O �����)�XD /�9Y������� 
�� �)��) � 7����) ����) �� 7����) �)�Z�. � 
�)���  

  

��)B����)��)� 
	�� ��  

����  ����  ��
4  �4  �6�H=1  l��
�	�  5�&�	-    �$�Q
����  E�
��D>  �
���  %	�  /$c ��J�H(> 
�!�d!  �4��� �6

�������	� ��� C<1 #!� mn(S� �� ��  �'�4����  �$�	  �6
�� �$�	�������	�  .�
���  ����  5�&�	  �4  ����  ��
4  �6

�H=1 l��
�	�-  ) �(4�� X	�> 7�� �J�H(> �$�Q4  /���� (
 �6 ����� �
��� �� %Q
+) �$�4 �� ��1.1-�� ��
R ( .�6�  

  

 �� � 2 �����	
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�����	
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:�9 �� ��  �����' �������	� 
�����U :  � ��J�JK 
�����U :  
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  ����������
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4
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�������  �$����  
!��J�  #�4  ��H(��  
����4  �  ��'  �
�+
Y�U�� ��' �
�4  
4�
4 �9 ���J� %@�K #!
��4 �� �� �'�4

1  %@�K #!
>�4 �� �1-  .��4 �6��.  
  �����1 MSE  �  #�4 ��(.
����4 7���$���� 
!��J�  ��' �
�+

Y�U  �  ���J� Y6�� �4  �  %	� ��' �
�4MSE  �  �
d0<1
 .%	� �����.
4 �
���4 ��
�<]� $� 3��  

  

[T� � \����  

�$���� �!��<�' � �d!7�Q ��6
�����U 
!��J�  � ��' �
�+
a.�'���<�  ��  �6
�����U  #!�  ����9  ��6  �4  89  ��6

  �� ;�>
>3��P  ��61    �2    b!���  .%	� ��' ���� ����

�� ����  89 7�@��9  �����Q  
��D>  ��7�� ��  �6�pH    #�4
19 /8  –  44/6%!��6 
��D> ��7�� �  #�4 �d!
�d@�µS/cm  

4749  –351 #�4  3�0)�  ���P  ����  C�
��D>  ��7��  �   
mg/l  3716  –  148  #�4  E�
���  
��D>  ��7��  � mg/l  

60/143-  0  #�4 E�:&Q 
��D> ��7�� �mg/l  14/2   –  0    �
  
��D>  ��7��Fcol    #�4 MPN/100ml  42  –  0  ��  .�'�4

  �����Q  ����  ��BOD  ��  ��6���  #!�  ��7��  ��  ��'
#�4  
�����U mg/l 5  –0  #�4  3�0)�  �y�&��  �  mg/l  

03 /15  –  03/80    E�
��D>  �$�4  .%	�  
�D��COD  #�4 

mg /l  54/33  –  02/0    �TH  #�4 mg /l 41/1964  –  
89 /142  �SAR  #�453/0-  43/6 �� .�'�4  

  

F�BD 1. �	)B�) ����	��	 -. 
�����)��0 	) �A�� \���� ����� ���	) 7����) �)�Z�. �� �B� 
��= ��� /M"%���) :
�)���1392 (  

���<� NO3 -

(mg/l) 
PO4

2- 
(mg/l) 

EC 
(μS/cm) 

TDS 
(mg/l) 

pH DO 
(mg/l) 

BOD 
(mg/l) 

COD 
(mg/l) 

TH 
(mg/l) 

SAR 

1 2/26  95 /0  951 672 45 /7  26/63  1 24 /0  78 /435  54 /2  

2 7/11  89 /0  745 441 84 /7  70/60  0 02 /0  52 /367  39 /1  

3 8/45  15 /0  1340 880 88 /7  18 /40  0 71 /0  31 /316  27 /5  

4 5/24  35 /0  577 327 83 /7  24 /46  0 52 /0  21/608  36/1  

5 8/5  11 /0  1760 1260 53 /7  16/48  0 07 /11  58/696  60/3  

6 8/46  84 /0  1687 1224 59 /7  74 /77  2 54 /33  47 /552  88 /3  

7 7/23  76/0  564 1448 6/7  45 /55  0 05 /0  89/666  30 /4  

8 8/9  1/1  2091 1420 27 /7  62/48  2 12 89 /818  99 /3  

9 5/65  73 /0  2995 2384 1/7  15 /31  2 75 /18  30 /952  78 /3  

10 9/58  25 /1  1389 836 9/6  09 /59  0 51 /0  13 /456  46/4  

11 4/41  35 /1  1244 928 88/6  10 /48  0 9 05 /432  65/3  

12 4/23  45 /0  571 240 65/7  18 /47  0 05 /0  002/351  82 /0  

13 9/9  41 /0  770 816 13 /7  83 /37  0 03 /0  01 /467  87 /0  

14 4/21  81 /0  2880 2272 45 /7  72 /49  0 31 /0  13 /1480  44 /4  

15 5/3  0 1398 956 62/7  86/60  1 41 /0  97 /585  22 /3  

16 5/31  78 /0  492 148 98 /7  31/65  1 05 /11  88 /142  22 /2  

17 2/11  42 /0  855 568 84 /7  74 /49  1 75 /11  41 /182  61/4  

18 4/37  17 /1  1296 876 63/7  76/35  0 35 /0  45 /581  70 /2  

19 7/94  59 /0  4749 2608 51 /7  80 /73  0 75 /29  97 /1764  43/6  

  
1�0  	)  ���,��)  ��  ����	��	  -.  
�����)��0  ����

 FB�ANFIS 

Y�U  $�  ��4����  W$��
U  �4  ��6
�����U  #�4  ���&H<6  ��6
 W�� �4 ��' ���> ���&H<6 T!
>�� $� ���:�	�#	
�U1 

/
�  ��  ��7Q�SPSS  �4  �P�>  �4  .%Q
+  ��
R  �4�!$��  ����  �
Y�U)  ��@�(�  ��6  �(�
��$
!$  89  ��6
�����U  �
�4

 
1. Mean Squared Error (RMSE) 

  89 %�:��  �4  ���&H<6 #!
���4 �����  ��  �!�6
�����U
��  �
��$
!$  
?�  ����  3��  �����  ���
1  �4  ��  �
'�4

�� 8�\���  .5�!�<�#!� ��  ��' �	�
4 �:�� ��6
�����U  
  C��' �@�J�EC  �TDS  �  TH  ��  .�
'�4  ���&H<6 T!
>��

3��P  ��  �6
�����U  #�4  3  �>  .%	�  ��'  ����9 M C�  ���
����  �660    ��Q��=> ��] �4 ����> #!� $� �� ��4 ����70  

1 . Pearson 
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���� �S��) �642  ���� ���
1 �4 (����  � W$��9 ��630  
���� �S��) �618  ���� ���
1 �4 (����\��� ���$9 ��6  8�

  3��P �4 �P�> �4 .���!�
+3  �� �0� �� �
� ��6��� ���>
  7P  �4  �6
�����U  
!�	  �4  �1�Q��  /
QpH    �-2

4PO 

  $�  �
�����U  #!�  �
!$  ����  {��r  �:
�  ���&H<6
 $� ��@�(� ���� ��6
�����U 
!�	 � ���4 ��&!$ ��6
�����U

�� ��<' �4 �!��<�' ��6
�����U  .�
!9  

  

F�BD2.  -. /�,�� ]Q�Z� 
�����)��0 �� ^���� �,�_�! ���.  

  `��a

(%)c)���X!  

 d)�T�)

���9� 

  ��R����

 ��� <  

 7Y)B< �e�)B<               
���. fA��  

���)��0  

92 /1  84/6  56/3  0  42  Fcol 
)*(MPN/100ml  

84 /0  99 /33 07 /40 0 60/143 (mg/l)3 NO 

63/0 46/0 72 /0 0 14 /2 (mg/l)4 PO 

62/0 98 /868 66/1396 351 4749 EC(μS/cm)  

64/0 46/651 60/1013 148 3716 TDS(mg/l)  

042/0 32 /0 48 /7 44/6 19 /8 pH  

27 /0 75 /14 77 /52 03 /15 03 /80 DO (mg/l)  

30 /1 06/1 81 /0 0 5 BOD (mg/l) 

43 /1 92 /8 23/6 02 /0 54 /33 COD (mg/l) 

57 /0 17 /353 93/615 89 /142 41 /1964 TH (mg/l) 

46/0  30 /1  82 /2  53 /0  43/6  SAR 

*  C<�)� �� �
���4 ����> #!
>100 �0�� 89 
��@  

  

F�BD 3. �	)B�) 
�����)��0 ��� �R� %�� g��!�� �B� 
��=  

  Nitrate Phosphate EC TDS pH DO BOD COD TH SAR 

Nitrate 1                   

Phosphate **581/0 1                 

EC *296 /0  164/0 1               

TDS 245/0 147/0 **456 /0 1             

pH *302/0 - *291/0 - **363 /0 - **399/0 - 1           

DO 141/0 - 212/0 - 088/0 - 129/0 - 164/0 1         

BOD **350/0 206/0 049/0 089/0 028/0 - 192/0 - 1       

COD *273/0 141/0 **335/0 *274/0 033/0 120/0 **454/0 1     

TH **367 /0 233/0 **901/0 **895/0 **334/0 102/0 - 040/0 215/0 1   

SAR 048/0 062/0 **697 /0 **678 /0 223/0 - 065/0 - 086/0 - 248/0 **454/0 1 

  

 FB� 	) �B�. /�� �� \����ANFIS-FCM    

3�� ���$9 � W$��9 �Y6�yU #!� �� ANFIS-FCM   ��
4
����  �1�<��  ��  3�� $�  ���9  %	�4 b!���  .�' /����  �6

3��P��6 4 �5 �6    �� �� ��(��<6 .%	� ��' ���� ����
 ��  ��6���  3���P  #!�  W��  ���'ANFIS-FCM  �  �4

Y�U  �� �!c�4  %R�  �  ��
�<]�  %�:��  ��6
�����U  �
�4
  .%	�  ��
<6  �
��$
!$  89  �4  ��  �(!�
'  ��  �����  ��

  �� ����	� ��' 8�
. �! ����	� �4 �	
�	� /�1 C�@�
���<� /��
6�d�� �����
4�$���� �  ��6
�����U 5�J�&� �
�+

��  ��'�4  ��'���  ��P�  �
��$
!$  89  
!�	  $�  ���>

�$����  ��6
�����UY�U  ��
4  ��'  �
�+  ��6
�����U  �
�4
  #!� b!���  .��<� ���:�	� ��!$ ���&4 %R� �4  �
��$
!$ 89

  �!����  ��  ��@�(�   �J�H(>  �$�Q  �H=1  l��
�	�  3��
Y�U %�P  �
�4EC  ��@�(� �4  ) ����d<6 � �
?�1399  (

56��  �	56 .�'�4 )  ����d<6 � �
?�  #�
I1399  7��  (
%!��6  5�&�	 W�� $� ���:�	� �4 �� �
��$
!$ 89 �d!
�d@�

�H=1  l��
�	�-  �J�H(>  �$�Q  )ANFIS%'� ��  (  ��6
;�1 �
�'�O9
�'  Y�U �N�
� ��9 b!��� � ���
� �
�4  �6

56 ���
� ��@�(� b!��� �4�� �	4 ���$
H�� ��@�(� �� .�'�
)  ����d<6  �2014%!��6  (  $�  ���:�	�  �4  ��  �d!
�d@�
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ANFIS  Y�U�9 ��@�(� b!���  �  ���
� �
�4  $�  ���K �6
  W�� ���4 
f��ANFIS  Y�U ��
4%!��6 �
�4  �d!
�d@�

  �4 �� %	���4 �4��� 
r�K ��@�(� $� CS�K b!��� ��@�(� .
)  ����d<6  �  �P
��42011�	�  ��  (  �dH'  3��  $�  ���:

!�P  g!  ���
1  �4  �1�
=�  �H=1M@�4  #!7�M  ��
4  ��J
Y�U89 ���' �
�4��� ����  7�� �
��$
!$ ��6    #!� ��

Y�U  ��
4  �!c�4  �!����>  $�  3��  �  %	�  �����.
4  �
�4
�9 b!���56 ���
� ��@�(� b!��� �4 �6�� �	  .�'�4  #�
`<6

  � 
=� ��@�(� $�  CS�K b!���)  -���Q2014  �
4��� �� (
  �
��$
!$ 89 ���' ��7�� #�<\> ��
4 �H=1 �dH' 3��
  3�� �� ��� ���� 
=� �� �!����&d@9 |��7� ����49 %�P

�$���� 
!��J� �4 �4�. e�H(> �1�
=� �H=1 �dH'  �
�+
�9 b!��� � ���� �
��$
!$ 89 ���' ��?��� ���� � ��'  �6

56  ���
�  ��@�(�  b!���  �4��  �	56  .�'�4  b!���  #�
I

 ) ���J6� � ���47K ��@�(� $� CS�K1398  ���:�	� �4 �� (
3�� $�%!��6 #�<\> �4 �
<'�6 ��689 �d!
�d@�  ��6

  3��  3�HR  C4�R  ��
<���>  $�  ���K  ��
�.��
U  �
��$
!$
89 �d!
�d@� %!��6 #�<\> �� �1�
=� �H=1 �dH'  ��6

�9 b!��� � %	� �
��$
!$� �4 �6  %J4�(� ���
� ��@�(� b!��
.����  �$���� 
!��J� #�4 �&!�J�Y�U � ��' �
�+  ��' �
�4

89 ��6
�����U  3�� X	�> �
��$
!$  ANFIS-FCM�   ��
Cd' �� W$��9 � ���$9 CK�
�  ��62    �>7     ���� ����

  3�� �� %	� �9 $� ���K b!��� .%	� ��'ANFIS-FCM  
  �4  �
��$
!$  89  ��6
�����U  ���9
4  ��  �!c�4  %�04�R

�� � ���� �� ����� ��6
�����U  �1�<�� $� ���:�	�  ����>
�w�
U ��
4  ���� �4�0(� ��] �4 ��4��� X!�
' �4 
�!� ��6

 .�
�+ ��
R ���:�	�  

  

 F�BD 4.  FB� 	) 7_�< \���� ��� � ��3�ANFIS-FCM  ��)� �'��V� 
)�� ���	.� +	��. 
��)EC (  

��� 
  

�� 
  

 ���� �1�<��  

009391/0 9142/0  W$��9  %!��6  �d!
�d@� 

(ANFIS-FCM)  003383/0 987/0 ���$9  

  

 F�BD 5.  FB� 	) 7_�< \���� ��� � ��3�ANFIS-FCM   ��)� �'��V� 
)�����	. � +	��. 
�� )TH(  

��� 
  

�� 
   ���� �1�<��  

0038/0 9741/0  W$��9   C� ��\	 

(ANFIS-FCM)  0372/0 7625 /0 ���$9  

  
  

  
 7N�2. �	)B�) ����3� �)����1�0 � �B� 
��=+	��. ��)� �'��V� �� �B� ���� )ANFIS-FCM) (EC (  
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 7N�3.   �	)B�) ����3� �)����1�0 � �B� 
��=���	. ��)� �'��V� �� �B� ���� )ANFIS-FCM) (EC (  

  

  
 7N�4. �	)B�) ����3� �)���� 1�0 � �B� 
��=+	��. ��)� �'��V� �� �B� ���� )ANFIS-FCM) (TDS (  

  

  
 7N�5.   �	)B�) ����3� �)����1�0 � �B� 
��=���	. ��)� �'��V� �� �B� ���� )ANFIS-FCM) (TDS (  
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Abstract 

Proper modeling of groundwater quality is an important planning and decision-making tool in water 

resources management. In this study, in order to model the changes in groundwater quality variables in 

Ardabil plain, data from 60 wells in May 2013 were used. The data were chemically analyzed in the 

University Jihad Laboratory by West Azerbaijan Province. Descriptive statistics of data and the 

correlation matrix of the studied parameters were obtained using SPSS software. The qualitative 

parameters studied in this paper are: EC, TDS and TH. After standardization, the data were entered into 

MATLAB environment and groundwater parameters were predicted using ANFIS-FCM method. In this 

method, 70% of the data (42 samples) for the training data set and 30% of the data (18 samples) for the 
test data set were randomly selected. For ANFIS-FCM model training data set, EC values (R2 = 0.9142, 

MSE = 0.009391), TDS (R2 = 0.9703, MSE = 0.00515), TH (R2 = 0.9741, 0.00388 = MSE values were 

also obtained for the ANFIS-FCM model test data set (EC = 0.987, R2 = 0.003383, MSE), TDS (R2 = 

0.8381, MSE = 0.00510), TH (= 0.625). R2 (MSE = 0.072) was obtained. Using the results obtained 

from this model, it was found that the estimated groundwater parameters in the study area had very good 

accuracy and high correlation with the measured values. As a result, the ANFIS-FCM intelligent method 

is an effective, efficient and accurate method for estimating the physical and chemical parameters of 

water.  
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