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[�-5 1. �����,��> ���M ��,��� ) \�]2017(  

  

  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
  
  
  
  
  

  
  

  
[�-5 3. �3���! ��� ����Z I^�2 	, [-� ANFIS-FCM ,�� �9��U� ��,� �� M ��	M� &	��  

  
  
  
  
  

  
  

  
C�:Z�" + 8��:�� mg/L 4/30 I:� mg/L 1780 QI: ��

���0 ������� �� �
�mg/L  27/636 �� ��
� .�$�+
/0 �� Z�"C� .!	� ���W] �9%
� �
�� #  ��*Ca  �+

 �X��
C	 �/	 �8
�
�EC �Z#8�
� �Z�	��; �Z#�	 �
 �>
� �%+�� �#���C= �+ � !Ws� ���"W3* P���� � �#�C�

���� -��1) 2���3� �+ |�+� Z�"C� ���9� �#IA�+ .( 
14 )1780 ��8�� �#�3� �+ (pH  �=]  � .!	�

 ���$ 7( ���� P����� �� ���3� �#� ��(��U ?2$)
2 (�TI ��	�� ����C�
� ��* �%9� �#� /�
1 �� ��

�� .�
#0 ��3$ �+ Z�"C� <#�8=� ?CF  � ����I  

Std. 

Deviation 
Mean Max Min unit  

8/1296 3/1423 5279 162  mg/L Na 

1/10 4/22 47 5 mg/L K 

3/503 3/636 1780 40/30 mg/L Ca 

2/106 8/116 8/508 3/17 mg/L Mg 

9/113 6/169 5/619 8/48 mg/L HCO3 

9/1973 5/3039 6703 86 mg/L Cl 

8/377 4/572 1383 93 mg/L SO4 

9/19 2/25 97 12 mg/L NO3 

3/0 37/0 1/1 15/0 mg/L F 

3/85 0/36 350 75/3 µg/L Mn 

4/21 3/118 96 5/7 µg/L As 

7/488 2/226 2298 60 µg/L Fe 

1/3 0/3 67/13 1 µg/L Cu 

5/5 7/11 30/20 1 µg/L Pb 

1/5 4/9 0/27 2/4 µg/L Mo 

4/0 1/1 3 1 µg/L Ni 

1/11 5/7 40 50/1 µg/L Se 

8/1 0/4 10 3 µg/L Cr 

5/0 3/0 63/2 05/0 µg/L Cd 

0/18 2/25 24/94 96/11 µg/L Zn 

4/7704 8/10283 32460 1010 s/cmµ EC 

56/0 8/6 2/8 6  pH 

���� 

  

�� ���� �F�3��  

006/0 9998/0  M ��0  EC 

(ANFIS-FCM)  01/0 9991/0 ��� 0  
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Mg  ��+3/17  �I8/508 mg/L �� ��QI .�
�Mg  �+EC �
� �P�>L�	 ��#�C� �Z�"C� �+ � !Ws� ���"W3* P���
 .���� �>
� |�WI�� �#���C=Mg  !3	 �+ �#mQI �9%
�  �

�� ���� ��#�8=� ���� !$� ������ ��1� �+ �� �*�
 .!	� |�+� �	��� ����� � �~( t� q
	 !W"�

Mg/Ca+Mg ���3� �3* ��  � ���+ �*5/0  �+ �� !	�
���� ?��F ���
F/�	� � !���L�� -5&�� ��
*� ���m(

 ��C"��*) !	� ��$ X5F� !�"C�1995.(  
!W"�Na/Cl   ������
� ��+ ���I�+�#  �
�� #  /0

 ��U ���>�	� ������  � �3� !W"� �#� �� �I��E �� .�
�� �$�� !�L�* -5&��  � �$�+ Y#  � Y#  � <�+ .��$

�# � ��  ��"�� !�L��= � �HWI ����+0 /0 !�( �+   .!	�
 ��48/90 �����3�  � �E Y#  � �3� !W"� �#� �* ���+

 � ���V �  !�L�* -5&�� !	� �b�CU)2017 �3��� �
�^0 �2006 (���3� �� ��*6  �14 #  � �3� �
�10 

���3�  � �E��?2$) !	� Y#  � <�+ !W"� �#� �* 5 .(
�� ���3� �� �#�  ?2$) ���$ 7( ���� !	� ��#�;2 � (

��C�
� P5�2�I P����� ����=( ��U ��C�	 � �#� ���
.�$�+ ��"���  � �$�� !W"� �#� !	� �23� ��  

 !W"�Cl/HCO3  ��+ 8��503/0  ���3� ��6 �+ �#�3� 
��8��  �I �#�C�6/108  ���3� ��7 <�+ �+��8�� �#I 
�#�C� � �$�+ Y#  � IA�+ !W"� �#� (� .!	� �Q��

!	� ��HWI �� �	 -5&�� ����+  �b�CU)2017 �3��� �
�^0 �2006 �>	 ����� � �~( t� q
	  � �$�� �� (

�� �
�� #  /0 ���� U�+) �$�+1387.(  
/0 �� 8
�
� ��1� ��*�����; �C�	� �+ ���W] ��*

 ����= ���� ?s� ���C�pH -�C&� �L0 P�W��I � ���$ �
�� -�
���(  �8#�� � ��I)2005.( <�+ ���9� �#I

8
�
�  ���3� �+ |�+�14 �� .�$�+pH  A�+ ���� � ��#�;
CD ��=� A�+ ?��F ���3� �#� A�+ ���$ �:� !B: 8
�


�� .�$�+X��
C	 !BCD  ��+5/1 �I40µg/L  .!	� �Q��
 � 8
�
� �Z#�	 �+ X��
C	EC  ���� ��U !Ws� |�WI��

�� ���3� .�*�14 �+ X��
C	 ���9� �#IA�+ �+  ?�L�
���3� � Z��V �L��I����* r#�$ ��*7  �15  +�+30 

�� �� �$�+ ���	���"��  � �$����*��>L�	  �� ��1��
q
	��* !H+�+��� ��$ X5F� 	�:! *�): � ���9
d�WF ���k�2010.( r�&� �� X��
C	 �CE� jW
� ��*

 `
F �#� ���&� ��*��"�� � �8C= ��*��>L�	 ���W]
���I .�$�+ �� X��
C	 P�W�6� !@�	 g��V� ��*

�� �� 0 8�� �C�"= a#]  � !	� �23� `
F �#� .��(
���U � �I�>"= ��*���<� � �*0!=<� ���&� ��*

�$ r�&� ���� X��
C	 �����23* � ?#���) �1994.(  
  

5-1- _�> 	, ���F��, �� �A���A/, :�,-� ����

[-�  ANFIS-FCM 

 <�;  � ��+���� M ��; �+ �E�
F ��+ ���"W3* ��*
X� �� �� ���"W3* S#I��  � ���>�	� ��8=�SPSS  �+ �

�	�; M��1 �+ .!=( ��U �+�# �� ���� ��#�( ���I �
<�; �� ��L�%� J�* �+ �1�I!#��* �
�+�2L�: �2#

��<�+ ����� �� �E�
F ��$�+ �+ ���"W3* �#I
!#��*�� �2#�2L����
F �+ �� �
$�+  ���� -�� �����

 GH�� ���"W3* S#I�� �+ �1�I �+ .�$ /�H��� B�
 Z�"C� � Z#8�
� �8
�
� �X��
C	 �/	 E�
F �� �#�(

<�+ ���1�� E�
F #�	 �+ !W"� Z#�	 � �#I
!#��* �+ �� ���"W3* <$ ��#�+�
+ .����� �2#�2L�

!#��* � ����� ���
F �+ ��$ �^ `
F �+ �2#�2L�
���
F  S#I��  � ��H+ .���#�( /�H��� �-�� �1�@

-��1 �� E�
F ��+ ���"W3* 2  .!	� ��$ ����0
����I ?� �����* 21 ��+ ���� ��  � �#� ����I �+ ��] 

��=��`I 70 �E�� �����* )15 ���� (�+ ���
F ������* 
M ��0 � 30 �E�� �����* )6 ���� (�+ ���
F ���� ��*
��� 0 /�H��� ���#�(.   

  

5-1-1- ��,-����,��,� 	��`]�� � �� ��

[-� ��AD�9 ����	�, :#5 ���M  

-�� ��+���� ���� � � �	Z�"�	 �+ �* y��
�	� 
�W`F - � �= ��9�W%I �QI �
��� �� !	� X A: P��

���� ��� ?3F �#� 45%E� �� �� �$�+ �#�2# �+��� �*
�������	����� � �	�� �*.�
��� � �	�������	� ���� �*

Z�"�	 �+ ���� ��+ y��
�	� �W`F - � �=  �9�W%I
) �%+�� r	�I4 �� �� �* ����� �
��� �� !=( X���� (

) � �+1,1 -�� ��U (.�*�  
  

�� = 2 
�
��

����
�� − 1                                                                                             

  

  :�0 �� ���� : ���$ �������	� �����;� :��9�9V �����;  
 ���� : � �9�9V �����; �
���+���� : �����; �
�3�

�� �9�9V.�
$�+  

                                                
1
 Pearson 

)4( 
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 �L�9� �#� �� ��
~3* ��  � �-�� �2C3F �+�# �� ��+
�0 r+��� �� �#�( ���>�	� ����0 G@�$ #  4$ �+ �*

:!	�  

�� = 1 − ∑ (����)����
∑ ����� �∑ ��

�����
                                                                                                                             

���� =  !�∑ ("� − "�#)���$!                                                                                              

  

 :�0 �� ��"� :�� ���9�:� ��$ ��(: � ��"�# : ���9�
<�;�� ��$ �
�+.�$�+  
������� � ���� #��9� ��+ g�W%�� ����+ � ��$ ��(
<�;�� ��$ �
�+ �0 ���9� !L�V �#��+ �� �� �$�+

 ��+ -�� t��e �C�@ �2C3F >E ���9� � !	� Y#
<�;�� ���� �� �
�+�*� . �%@ P��+� ������� �����

� ���� #��9� ��+ ��%@ ����+ 8��<�; � ��$ ��( �
�+
�� ��$ -�� �2C3F �$�+ �3� �0 ���9� �R * � �$�+

<�+ ��
�3]�  �.!	� �����@+ �I  
  

5-1-2- YK� � Z����  

�� �#� ���� �<*�k; -�� �#���� ��=�# ��+ ��� 0 ��*
ANFIS-FCMc#��� .!=( ��U �	�+ ���� � !	�+ 

���0  � ���� �F�3�� ��+ �-�� �� ��� 0 � M ��0 ��* 
-��1 3 ���� ���� ��$ !	� .���%��3* �� �� �#� 
-��1 ��*��� �� ��
� M�� ANFIS-FCM ��+ 
<�; �
�+ !#��*�
�� #  /0 �2#�2L�   � � ��
�3]�

�����@+ �#A�+ !U� !	�. ?2$ ��*5 / � tL� 
���"W3* ��+ #��9� � ������( ��$ � <�;�
�+ ��$ 

�� �F�3�� ������* + ��� 0 � M ��0: -�� ��
ANFIS-FCM �� ���� ����5F .�
*� + �"#�9� ��#� 

��+ #��9� � ������( ��$ � <�; �
�+ ��$ !#��* 
/0 �2#�2L� �
�� #  r	�I -��   ANFIS-FCM� �� 

?V�� M ��0 � ��� 0 �� ?2$��* 5 � � y  ���� ���� 
��$ �� .!	� -�� �#�	: ���9� � �RMSE�R

2 �� 
�CV� b�II �+ M ��0 �006/0  �9998/0  �� �
�CV� ���9� ��� 0 �RMSE�R

2  b�II �+01/0  �
9991/0  -�� �� !	� �0  � ���V c#��� .��0 !	�+

ANFIS-FCM !#��* ���0+ �� �#A�+ !�C+�U �2#�2L�
 �^ ����� E�
F �F�3��  � ���>�	� �+ �
�� #  /0

�� � ���� �� ��$�O�; ��+ ����I r#�$ �+ �#� ��*
��( ��U ���>�	� ���� �+�C%� ��] �+ ��+���.  

  

 
 IA�5(a/, . �G�!8�� ��� ����3� �	,-�,��( �-� � _�>���� �-� �� �9��U� ��,� &	��M)EC )s/cmµ(( (L � ��� �G�!8��

�	,-�, ����3�_�> � �-� ��( ��	M ��,� �9��U� �� �-� ���� )EC )s/cmµ(( (W ��	,-�, ����3� �,�����-� ��( _�> � �-� ����

&	��M ��,� �9��U� ��  )EC )s/cmµ((  �(� �	,-�, ����3� �,����_�> � �-� ��() ��	M ��,� �9��U� �� �-� ����EC )s/cmµ((  

  

)5( 

)6( 
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6 - U������( 

 8�L��0 c#��� <�; �M ��; ������* ���"W3* ��+ 
�E�
F �+ ���>�	�  � S#I�� ���"W3* �� �� X���8=� 
SPSS � �+ M�� ��	�; ���I ��#�(  �� ��� ����6 

�/	 `
F  Z#�	 � Z�"C� � Z#8�
� �8
�
� �X��
C	
<�+!#��* �+ �� ���"W3* �#I #�	 �+ !W"� �2#�2L�

<�+ �� ����� ��1�� E�
F �#� ��+ ���"W3* �#I
!#��* � E�
F  � ��$ ��$��+ ���3� �� �2#�2L�

 �+ ��$ ��# E�
F /�H��� �+ .�$ ��#� 7( ���� �2#�8�
����� ���
F -�� ��*ANFIS-FCM !#��* /�H��� � 

 �� � a�9&I J�* �+ �1�I �+ �1�@ ���
F �+ �2#�2L�
 ��=( B�70 ���� �E��) �*15 ��+ (���3�  �F�3��

 � M ��0 ����30 ���� �E��) �*6  �F�3�� ��+ (���3�
 M ��0 ���� �F�3�� ��+ ��=��`I ��] �+ ��� 0 ����

!#��* �2#�2L�R
2  �RMSE b�II �+ �9998/0  �

006/0 !#��* ��� 0 ���� �F�3�� ��+ � �2#�2L�R
2  �

RMSE b�II �+ �9991/0  �01/0 .��0 !	� �+  �+
 ���>�	� � c#��� �+ !	� ���0 -�� �#�  ��  �$ GH��

!#��* ����3HI �2#�2L���$ ��  �� ����&� ���� 
�	�+  � !U� ���"+ /�@  �+ !W"� �#A�+ ���"W3* �

� ���� #��9� ��$ ��(����@+ ����� �� .!	� ���+ �
M�� ���83* �+��� �
3$�* M�� � ����0 ��*

ANFIS-FCM ����� G�H�I ����*  ���$ 7( ���
;
�3� �#��
I �+ ��L�%� �#� ��� ���+ a�U� � 6�� ���� ����I

��� #�	 �+� ���� �9%
� �� .��$ ���� Z�3�I ���$ 7( �
 ���+ A�+ ��L�%�EC  �Z#�	 �A�+ #��9� ��3* �+

 ��1� �#�� /	 � X��
C	 �8
�
� �Z�"C� �Z#8�
�
 a]�
� �� ���"W3* �#� �� �I��E �� .!	� 7( �����

�� ���( ��U ��#�I ���� 8�� �#� ���
F �+ �0  � ���I
����� ��1� ����� .��3� ���>�	� 7( ���
; ��* 

  

��,��-H � �A+"  

��(�
"#��  � ������ X�&� �:C� �=�#:�� �#�� ��*
��� ��+��� �	�
$ -�3� 2�I � ������U �� �����.  

  

P���� 

) � .X ���� U�+1387 ���
"=� !$� P��L�%� ����� M��8( (
�+0 -�	 87 - 86�9%
� /0 ����	 !�$ � �#�; !����� ���

 �/0 j+�
�70 .l  

X��+���; ) 01386( �	�+ ��3�$�NO ��=�(��; �O�L��; 
�5;��* /�	Y���2L� y0A�+ � y0���#�; �$ Y+�+- 
�c*� �L�	� �	�
$����$�� ��� ��	�
$ l 30.  

�2�+�"V) J ��3�	� �.4 ���+01396!�� �#�� M�� ( �+�#
�2W$ ��  � ���>�	� �+ ���	+0 ��*ANFIS ��L�� �

<*�k; �C� S��>
� ��	�
�� � X�CF �� ��+��� ��*
5  ����96.  

) 4 �W��� �.0 �!�V1390 ���+��� Y#�2L��NO -�E� (
.<#��	 P������� �"	��  

) X ��#��@ �.� ��9V��; �.� ����9*�1395M�� �"#�9� ( ��*
� �= y��
�	� Z�"�	- �2W$ ��9�W%I �W`F �W`F

����+ � �F�
`���H	 ��8�� ��3HI �� �O �8#�  /0
� ��L�%�) �
�� # : �(����� �� !$� :���� �#��

��=�#���  �#�� ��* ���� ���+��� �	�
$10���3$ � 
19 l �62 -51.  
����	/ ���e��. h �/F )1397( <�; /0 i%	 �
�+

-��  � ���>�	� �+ �
�� #  �2W$ �� �= a%
� ��*
 �X�	 -�	 ��O�L�NO����* �C�� �����  �	 � �W`F

�3$ ��2� l 81-69.  
��$.X ���5	A� .4 �����1 �.� ��	� �.� �.X ���$	

��� �.� ��
�"V�U0) / ��
3���� �I�V� �.X ��3�;1392 (
�C"( ���
�������  ��� �	 ���#� ��* � �	�
$

���� ����� P�=�����.  
����9#�E ) d1387( �O�L��; � ��3�$�NO !@�	 � ��
� 

��#1��* � ��(�� S#�U�] ��$���+0 /�
1/D 
����
"=� �L�	� �	�
$����$�� ��� �	�
$ 

)�O�L��;(� �������  ���$
*�+ ����� l 10 - 8.  
�N�>$ �.X ��#��0 �.d ��*�(�� �.X �����"C() � �X�9�1394 (

!�L��=� ��*�+�( �3�$�NO � �O�L��; �!=�+ k�5�
/�
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Abstract 
Electrical conductivity increases in groundwater around the gypsum mines because of ions 

dissolution. this is a useful indicator in gypsum mines exploration, but not enough to that aim, so the 

elements with high concentrations involved in increasing EC should be identified. This study aims to 

investigate the efficiency of ANFIS-FCM method to exploration of salty gypsum mines using 

hydrogeochemical changes of groundwater, which was tested on a case: Anar salty gypsum mine. to 

this aim, 21 water samples were taken from wells across the plain and chemical analysis of samples 

was performed in the laboratory. Then, the resulted data were statistically analyzed and descriptive 

statistics of the data and correlation matrix of the studied parameters were obtained using SPSS 

software. Forming a data correlation matrix, it was found that in samples near the salty gypsum mine, 

some ions had the highest correlation with electrical conductivity (EC) including sodium, magnesium, 

calcium, manganese, selenium and lead, while the mentioned parameters had the highest correlation. 

The 6 mentioned elements selected as the model inputs and the electrical conductivity was the output 

according to purpose of the current research. After standardization, the data were entered into 

MATLAB and the electrical conductivity was predicted using ANFIS-FCM method. The measured 

electrical conductivity was used directly to compare with the electrical conductivity of the intelligent 

method. Based on the model results, the estimated electrical conductivity in the study area had very 

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

method is an effective method to diagnose the salty gypsum mine. If this method is used in 

groundwater around other salty gypsum mines in Iran and a similar result be observed, its efficiency 

in diagnosing the salty gypsum mines is confirmed. 
 

Keywords: Electrical conductivity, ANFIS-FCM method, Groundwater, Anar plain 
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