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N
	AKA

� 3
 �K]�     �	?� 7?� �=?%� 	?
o>� 3
 � �F�A 	
o>
�B� 	
�:  

)3(  
n m

i i j j
i j

Z (x ) Z (x ) Z (x )∗

= =

= λ + λ∑ ∑0 1 1 2 2
1 1

  

�* �� 7A:  
)(2 ixZ  :7
K8�i �
 �F�A �8�F� 	
o>��   
)(1 jxZ  :��=%� �8�F� 	
o>�  

)( 0xZ ∗  : 7EJ8 �� 	
o>� nK=���8 ��DJ�0x   
m  �n 7??�   m�??J8 ��D??�0 `??
0	07??8K�8 +���	??� 

�=%� � �F�A +�,	
o>��   

i1λ �j2λ #���R ���� �� D8    ��?2>5� +��?�* +�,
W���  �?F�A � �=%� +�,	
o>� 7� WD� )Hasani-pak, 

1998(.   

4.2 . ������� ���� �� ��! ��>� 

 QF���2R�  7?�  ��?A  � �� 7?>1� ?
  �7?�G�E� /  ��	>S?B�	 
D????�T U????
 7(Multi- Layer Perceptron) �K????�. 
 H��D?>�   /
	?0 7F�?�  �?, ��  9
?   �?�
�  @?Z �  @{�?�� 

 ��?E5	
s  QF�?�  ��?2R  ��	>S?B	   D?�T  7?
U  �?B� 

)Dehghani, 2009.(  /?
�  7F�?� ��  3?
  Q?
U +����� 
3
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U  �?]�	5 �  3?
  �?
  D?�T  Q?
U  /
?� �*  �?,  7?A 
7�  �K?�  -
J>?��  7?� W���   +�?,+���� �  a
�?>8  �?]�	5 

@??2>� D�>??�
8� @
F??40 7??>1�
 D??8�. +�,D??Z��  Q??
U
+����  �?.�0  7?$
��  �?
�K0 +����  �?,  7?�  Q?
U  D?�� � 

Q
U �]�	5  �?
8  �?B�   H��\
?B   +�?, �?]�	5 ��  7?{��� 
�� D,�. �� /
� ��  7?
U  ���?�  ��	?8  �?,  	?��	�  �?�  ���?� 

+���� �, � �]�	5 �, �?B �  7?
U  �?
  7?
U   +�?, ��?.�  

$
��Q m��0��  7?
U   +�?,+����  7?�  7?
U   +�?, �?]�	5 

�� 7??� WD??.R D??8���. �� QF�??� ��??2R ��	>S??B	  

D??�T 7??
U ->
�K??\G� �??2:4� +�	??� /
??
�0 ���??� 

7
U  +�,��.�  � ���� ��	8  �?,  �K?]�  ���D?8 �  /?
�  	?�� 

 ̀ ?=s�  7?� I��  ��?B �  �?E5  n�?N8�  �?�  �	?
k )., 2009 
Salajegheh et al(. � ��??
 / 9,�w??  �??� 7F�??�??
 3

U
  ��	?8 ��D?�0 7A 7   +�?, ?$:��  �� �* ?
 � �?0 3
 �?� 
 �
3 �K� ��	8�   W��$>?B� D?� . �	?�+   Q?
U ?$:��  ���?0 

H�??�1 +��??B D
{K�\
??B � �	??�+  Q??
U??]�	5� ���??0 

 H�?�1 +��??B �??E5 D??� 7??>1	k 	??V8 �� ./
??�P�,  ��
�
�7�G�E� /  7?�  �?=R  �
���?A�  k��?B� �  �R	?B  ��?
� �� 

->
�K\G� ���K�* |	�8KG #��KA��� W��$>B� D�.   
 �� D���7  �?B�   �?>8 �D?�*
 I�� �� @?%�Z a   +�?,

/
�� ���*+  �F��Q �2R� �7� �KV�� �
�J�Q �
/ a
�>8 

 ����
��  +�,	M
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\8�?
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G���� 7A D� W��$>B� �E5 ��	�Q �B���Q    ��	?; 7?� �*

E���Q 4 B��:  

)4(                ( )
n

i i
i

ˆRMSE [ Z(x ) Z(x ) ] / n
=

= −∑
2

1

  

 ��* �� 7A  

)(ˆ
ixZ : ��DJ����*	� EJ8 �� WD�Q ix   
)( ixZ :W��D8� ��DJ� EJ8 �� WD� +	
kQ ix  
i :����� m�J8  
n : m�J8 ��D�0WD,�4�  WD��B�.  

3 .��A�Q 

1.3 . R��:5 � ��;65���� ����� 

 +�	�	A I�� �� �
G�8* n�N8�
N
8 �O�
 -	

o0   +�?,��8
  �??,	>����  �� n�D??A 	??,+  -SO4

2� TDS �Ca � TH  �??�
n	???8  ���???1�GS+    ???�P�, D???� -???B�
 I�� �� /

8 �O�
N
	AKA
 �7� �:0 �KV��
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o>�

     	?
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� 7A D� W��$>B�
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   ��D?J� 7?� 7]K0 �� ��	N0 +��8	
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8 +�� 	� I��	�
1RSS ) ~K�N��;��  �D8��#���	� ( ���8 ���
� � 	>�A

C0/(C0+C)  
�� 7A �� 	>�A D5/0    D?� )�?:>8� �D?��� .
  @??A �� ��D??J� 7??T 7??A �??B� �* �	??�� ��??�8 /??
�

	

o0 7�E; 	i� �� +	
[  �� 7
]K0 +� D�A )Taghizade 

Mehrjerdi et al., 2009(. H�D???] 1�  +�???,	>���� 
 I��	� n�	kK
���W��� W��� 7� WD�  +�?,SO4

2-� TDS �Ca 
� TH  I��	� HD� /
	>.� �W���     �� n�	kK?
��� 7?� WD?�

�� ��48 @��KR /
� �� n�DA 	, +�	� D,�.  
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H�>I 1.  &	��� J��K-���� *�+�5����#=���  0� => �L03<  � �+

 &	��� H>� /��5M�=��� J��K-���� 0� =>   

RSS C0/(C0+C) HD�  )* �$
A 	>����  

147/0 828/0 BKk�  SO4
2- (meq/l) 

168/0 949/0 +�	A Ca (meq/l) 
186/0 803/0 BKk� TDS (mg/l) 
165/0 861/0 BKk�  TH (mg/l) 

2.3 . ��� �� R��:5 � ��;65���� ���� 

@�; �� 7� ��A ��	� HD� QF�� ���2R ���  � �,m��0�� D�,�� 
��	8  +�,7F�� /

�0 �� D8K�.  7?�  /
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W��� �, +�	� /
�D0 ��>5�B HD� 7� 7B W�	k  D8D?� -
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/
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� WD� W��$>B� /
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��8 �� �D8K�   ���?
��� +�	?�  a
�?>8 

Q=Z	� I�K�* � -
�20 +	
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 � D8D� )�:>8��� �.8
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?
�0 

�;� HD� � �
 7� �0���R �K��* �� �HD� W��$>B� ��  /
�K?B 

W�	k W��� ��, ���
 W���  +�,�K��* (Testing Data) 7A �� 

/
�D0 HD� W��$>B� WD48 �D8�  n�?N8�  �?�  �K?�.    7?A �?N8* ��
W��� ��D�0 +�, W��$>B�  WD?� � �� ?
 /  9,�w?    �� �K?� -?A
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   �D?>�� �K?V�� /
W��� � �,7 1��20 �K��  7� a� �J0 7>B�
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7=Z	�� � �� ���; 7B ?
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 W��� 7>B� a� 
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�� �.8
�>8 />1	k 	V8 �� �� �
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]�	5� 1	�� 7F�� 7��   eS?B � D?�   n�?N8� �?�  ��?B � 
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�J��>8
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N
  O?�

	AKA �
N
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a
�??>8 �� 	??M
\>??���, `�  �RMSE  D??� W��$>??B� 

)H�D??] 2.( �??>8
 a ��� ��??48 @??%�Z 7??A ��K??� �� Q??�,
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N
 	AKA � O?�
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H�>I2.  N��5@�0 
6� ��� =>�1* �+�5����#* 6���� =>  

	>����  O�
N
	A O�
N
	AKA B�	 ��	>S 
RMSE  R  RMSE  R  RMSE  R  

SO4
2- (meq/l) 26/10 45/0 03/10 47/0 58/6 83/0 

Ca (meq/l) 17/8 41/0 09/8  43/0  01/4  90/0  

TDS (mg/l) 69/2460 57/0 17/2441 58/0 98/984 94/0 

TH (mg/l) 89/840 52/0 34/834 53/0 51/195 98/0 
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 	���*	??�  WD??�
�??,	>���� + A
??$� 7??�G�E� WD??� �??BK0 I��  +�??,

	A
N
	AKA �O??�
N
UD�T ��	>S??B�	  � O??�??
 7 ��
�J�
��J� �� 7�
0�D,�4� 	�  W���*�B� WD�.  

  

7'  3. ���-�@  *�+�5����# A�4��#-SO4
2� TDS �Ca � TH ���1�� '
  �6-C => , >�Q ���5R6��# 0�S  

  
4 .�6��A � S:� �
�E  

    �?$
A +�?,	>����  7?�G�E� /
� ��SO4
2 �TDS �Ca � 

TH      �??� ��.$??%� ��>??B� �� �??;�� 7??
�S,KA �??��
 W	?.� I�� �� +	??
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