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 I.�1.  �!�67�/� ���9K� :�6L��  

  

M�9N 1. �(�9�	�� :�� �O�� �����(��? ���2 P�,3Q�  

'�1�#  W��X 

Q��..q� 

�z���[ 7K��[ E.�
.� 0����   /�"

	�� >�} 

�[�4 �����
G /?[�� 

442/1  262/0  780/1  500/17  200/3  791/6  192 ppm HCo3 

D$��� 

701/2  301/1  935/3  22 400/0  024/3  192 ppm Cl 

938/1  826/0  950/1  10 300/0  360/2  192 ppm So4 

680/0  316/0  027/1  900/6  200/1  250/3  192 ppm Mg 

580/0  296/0  375/1  300/9  600/1  640/4  192 ppm Ca 

565/0  274/0  425/108  805 160 560/395  192  ppm Th 

022/0 -  257/0  715/1  500/10  3 650/6  48 ppm HCo3 

217/3  736/1  280/5  700/24  400/0  040/3  48 ppm Cl >`Z' �(  

132/1  472/0  050/1  900/5  400/0  220/2  48 ppm So4  

973/1  362/0  328/1  300/9  800/1  660/3  48 ppm Mg  

276/0  366/0  890/1  200/9  200/1  150/5  48 ppm Ca  

463/1  333/0  930/144  925 240 480/434  48 ppm Th  

  
 M�9N2. ����	��	 12 ��3� �� �R�� �����(��? �S� -�� T��!��  

Th Ca Mg Cl Hco3 So4 
 404/0  354/0  412/0  368/0  094/0  1 So4 

387/0  406/0  354/0  077/0  1 094/0  Hco3 
412/0  339/0  422/0  1 077/0  368/0  Cl 
74/0  498/0  1 422/0  354/0  412/0  Mg 
758/0  1 498/0  339/0  406/0  354/0  Ca 

1 758/0  74/0  412/0  387/0  404/0  Th 
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960/0 171/0  112/0 880/0 990/0 132/0  220/0 840/0 F1 

950/0 185/0  280/0 860/0 980/0 141/0  225/0 832/0 F2 

940/0 210/0  340/0 870/0 965/0 152/0  240/0 820/0 F3 
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Abstract 
Rate of water hardness is an important factor in hydrogeology, particularly in groundwater quality 
researches. In recent decades, the artificial intelligence systems such as artificial neural networks have 
many applications in various sciences, including management of water resources. In this study, 
estimated rate of groundwater hardness in Mazandaran plain, using Gene expression programming 
have been studied and the results is compared with other intelligent methods such as artificial neural 
network and Anfis. For this purpose the hydrogen carbonate, chloride, sulfate, magnesium and 
calcium monthly time scale of the period (1994-2014) was selected as inputs and water hardness as 
output. Standard deviation of the correlation coefficient, root mean square error, and coefficient of 
Nash Sutcliff were used to assess various methods. The results showed that Gene expression 
programming model has the maximum correlation coefficient 0.960, minimum root mean square error  
0.112, mean absolute error 0.171 coefficient of Nash Sutcliff 0.880 was in the verification phase. In 
overall, the results showed that the Gene expression programming model has high performance in 
estimating some maximum and intermediate values of groundwater hardness. 
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