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] 8�� 1�� 1��43��X�	X()� .[PCA )��D +% 
�@� !���N ���>/ �

$� �$�>/ ���$��� +3$��� �'#�}3� 2� 
>��A t�@�/ ����� 	 ���$�

 �'#�}3�+4B�� �� �� 
�3I`�' 5���� +� +A�/ �� �$W�* 1	#J #�2 )� ��'

� )�#D ��#�J.
�$@� "�'#�}3� �
���N )�� +��±7�� "	) 2� 8��W� )�


� ��>/ +4Bn� #' )� ] ����0{.[

1 Kaiser-Meyer-Olkin (KMO) 
2 Varmix 

 

&'( !+?�-) 
/�>B�<� +,<�� 8�>D�� 1��3I�� 
��6� O�%�#_ 	 (5�)��2�� 5�3�� "�' 
]�I�* "�' 
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&'(_!)�% b	) 
���#A )����� 

_!p!#�bh �7� ��v�� 	Ey F���W$ 
+]�$� #���� #?�- +>B�<� )� kR$% Y<$� )� 1�$� a�#c3$�� "�$'

  �$$�]� )� ���$$� 	 ("#�)�$$% kR$$% 8$$4')0�� ) +]�$$�0�� =
)�*0{+ (X�"�#$$� !,3$$I� "�$$'#�}3� L$$D�	 )� +$$% �)�� ��$$A	 (

 +$$4Bn� !$$��:/ )� +$$%) K* 8$$�4�% 
�$$@� "�$$'#3��)�_ 
�$$@� "�$$'

� K�c3�� ��$>/ 8$�� [2^ ���#��$�� .��3I' (����"�	)	 �"�$'

+]�� 	 ��� O'�% �) r�� #$' 2� "#$3W� t�@�/ "�)�� +% +��W� "�'
 +$% �$]�* 2� .���� r�� �)�	 ���3I' K* 8�4�% "�'#3��)�_ 2� [��%
 "�$'#�}3� K�c3�� )� 
��= 
��)�% 	#7�_ 
<= +��J��& 5���#J)

"�	)	 O'�% 	 !,3I� 8$�� 1�$� 1��43$�� �#6�	) �� 2� ��)�� �'
]X0[)� . 8$�4�% 
�$@� "�$'#3��)�_ 5�� ��>/ 2� s_ +>B�<� ��

� �K*++]�� +��J��A )�U .���� K�c3�� +��W� "�' 

_!t!��8� �'�(!���7a �G�< 

`$�N 
,�`</ r���[�$N 5�$�� )� "2�$� g$<�� 8$��� 2� "2�$�

 1#$W� "#�J��� 	b2��* )� 
N���� 
`�N +6`� 
�����/ 	 8�><D
+� 	 8�� 1�#� 5���N 
��$���/ �� "�#6�	) y#$<� ^�$� 
$`�%#/ "�$'

 8��]0([+]�� #?�- +>B�<� )� . +$� ��2#$� "���$� "�' 5��$�N
 K* 8$$�4�% "�$$'#3��)�_ 	 (r�$$� +$$� "�	)	) !,3$$I� "�$$'#�}3�

+� 	 ���$� +$3�#J #$9� )� (r�$� 
$A	#=) ©$��_ "�$'#�}3� 5���N
 b	) g$$�#U 2� r�$$� "�$$'#�}3� K�$$c3�� )� +$$% 1��� O'�$$% "�$$'

D8�I 	 	#$7�_ 
$<= 1#$�}3� 5���#J)) �� 1��� Y�?�/ !`D "�'
+4Bn� !��:/ 
`$�N p$���� )�3=�� .�� [�]�� �(
�@� "�'�"2�$�

1��� �� p���3� 
,�`</ L$���/ 	 ����D �8���N +A)� �"�	)	 "�'
 
$A	#= 8��$�N +$A)� L$���/ 	 ����$D �"�	)	 8��$�N +A)�


� K�c3�� .��� �� #�T�/ 
�)#� "�#� +$,`U 1��� "�$�� �$' #$� "	)
 r�� �#6��N
`�N +6`���
$,�`</ "2�$� 2�	� #$' .$�64/ b	)

+6`� "�8���N L���/ ��+,�2	j �
���� H�$�>/ k�D�$� �
$��J �"�
+��A ��& 	 +3��� +$��= .�64/ 	 "� "�1��43$�� 	� #$' "�#$� .�$�

 �$$� 8��$$�N L$$���/ ���$$>/ b	)0�$$/|2� �$$>� .�$$� 1��� #$$��}/ �
��+��W� b	) K�c3 ��#`�' "2��(+$��W� 8��$�N L���/  �� 	 ���>/

r�� 2� .� #' )� +$��= .$�64/ 2� 1��43$�� �$� .�$� �$�>/ �$' �"�
 2� #�T�/  �>��0/��/��/�r�� 	 �� 1��� #��}/ .�� ��>/ +��W�

 
1 Hybrid 

آبتعيين مرز بالادست ايستگاه نقشه پوشش سرزمينتهيه تهيه اطلاعات كيفيت آب  سنجيهاي

هاي سيماي سرزميناستخراج سنجه

و تحليل آماري داده هاتجزيه

و وابسته بهيرهايانتخاب متغ نهيمستقل

شرويپيخطرهيچند متغونيرگرس ياصل هايمولفهليتحل

و سنجهسازي ارتباط ميان پارامترهايمدل سيماي سرزمينكيفيت آب

يخطرهيچند متغونيرگرس يقيتطبيفاز-يشبكه عصب

هاي آماريها با استفاده از نمايهانتخاب بهترين مدل



:�� �� Q�'�+ p�F��� �
�) �]�) � -WV) ��� �* #��
�) ����) ���... 

85 �����
��	������ � ��

r�� 2� .� #' "�#� 8��W� )� 
`�N +6`� "�'�+$% 
$,�`</ "2��
+6`� b	) +� �= 	 "� +$� K*8$�4�% "�$'#3��)�_ ����$� +$�W/ "� 

O�_ [#� \�:� )� 1�� #%j ����#� 8�� #%j 5���� .���� 
��� )��$��
p�3�(.�� [�]�� !6�X
`$�N +6`$� 2� ���$�� ��
$,�`</ "2�$�

+� "�	)	 1�#�' 
A	#= 	 �' g$�,:/ $�� )� 1��43$�� �)�� r�� "�'

� 5�7� �) .�'� 

_!~!)	� �1�CG$% ��
)�#$$?�- +$$>B�<� +$$� 
���$$�/ �)�$$@����$$@)�1��� 2� �$$' "�#$$�

b2��*0	X��@)�1��� �'5��2* "�#�X�1�� 1��43�� .���+�)�9��
 +$$I��,�r�$$� �)	*#$$� "�#$$� g$$�,:/ $$�� )� 1��43$$�� �)�$$� "�$$'

K* 8�4�% "�'#3��)�_ +���� 2� p�#$? ")�$�* "�' 
��)�$% b�$��
6/���t�{<= ��>�#� ������ )	i]� ��|��`/ p�#? 	�1��43$��
�.�)��,�RMSE +$� +$&#' 5* )��$,� 	 �)�� )�#$D .� 	 #4@ ��

.���� #4@ )��,� .8�� r�� "^�� 8D� 2� 5�7� ����� #/CE �$�

� 
4�� +$� +$&#' 5* )��$,� 	 �)�� )�#D .� 	 8��W�(.$���� #$/

9� �)�� #3��)�_ �)	*#� )� r�� "^�� 
��)�% 2� 5�7� ����� .8�� #
)��,� ��z�'R2����/(+$� .$���� )��$,� +$% 8��(�#$3W�


� O���� �) 8�>?	 .�'� 

1 Matlab 7.2 2 Training 3 Test 4 Nash-Sutcliffe Efficiency Coefficient (CE) 5 Root Mean Square Error (RMSE) 6 Determination Coefficient (R2)

s!L
1 # KC��� 
s! !�D�H �CG �D%$% r(�h F%$	�G�� F���% ��� 

�!$��A �
��6$I� gU�$�� !��� �+,`U 84' �� 
?�)� O��_ +7,�
 K^�$/ 	 �'��) 
:<� K* L���� 
$?�)� �"2)	�$7% 
$?�)� �(�$'

1��A 	 #��� 
?�)� �
>/#� !6�) �� +�W/ �'{�8$�� #$%j 5���$� .(
+,`U 8:@ �$� #$��#� �$_�% 1)�$�* 2� 1��43�� �� "����(1��$� �$@)�

 1��43$�� "�#� 1�� #%j +7,� 8�B�`,� 	 ^�� 8:@ 2� 
%�- +% 8��
.8�� #?�- +>B�<� )� 

s!_!ekPddj` odd+�a $� ��dd+% ��dd����%$�h 2dd0a
�����#$ �F%$	�G�� F���% �� 

+� l��3� g`U +4Bn� �1��* 8�� p$�/#/ +$� H]�_ �/ r	� "�'X�/�{�
�|/({���/���|/�	��/0�) +$$$>��A s��$$$�)�	 2� �$$$@)�


� t�@�/  ��]� )� 	 �������(/��+$>��A s��$�)�	 2� �$@)�
 � l�$_ ��#��$�� .8$�� 1�� t�@�/ r	� +4B�� l�_ \��/n�r	� +$4B 

+$$� �#$$3W� 5��$$�N+$$4B�� K*8$$�4�% ��#$$��}/ t�$$@�/ )� �$$'
+��=�	) "�$'#3��)�_ K�$c3�� .���$� K�$c3�� 5�)�$�2�� 5�3�� "�'

 �$� g��$<� �+4Bn� #' )� +% 8�� 1��� k��� �� #� K* 8�4�% 
�@�
 �$� 8$`��) )��$,� �#3$7�� "�)�� +$% 
��$'#3��)�_ �
����)�% #9�

 )� 	 
�3$I`�' �#3$7�� ���3$I' 
���$N )�� (
4�� �#$3W� +$]�3�

� +4B�� 5* t�@�/ "�#� 1������ �����]X�[.

"�$$'#3��)�_ �r	� +$$4B�� )�TDS �EC �Cl-�Sum A �Na+�Sum K �
SAR 	Na% +�/$� "�)�� p�/#$� 
���N )�$$��#$$�� #��/����/��

&'(s!
`�N +6`� )�3=����)�� 
,�`</ "2�� g�,:/ )� 1��43�� 
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&'(p!r�� 
?�)� O��_ +7,�(X�� #�2 	 
/�>B�<� +,<��
+?�- 1��3I�� 8��^�� "�' 
]�I�* "�' 

��/���|/����/���{/����/�	�{/�.��3$$$$$$$$$$$$$$$$I' 
p$�C� ��$�)�� +$4Bn� $�� )� �) 
���$N )�� �#37�� +% 
��'#3��)�_

O���� 5�� 1��'� 
� K* )� r��:� "�' r	�$A �$� g��<� .�����(�
�r	� +4Bn� )� ��A�� "�'#3��)�_ 5��� )�SAR )�$� �#37�� "�)��

 �� #��#�) 8�� 
���N��/�+$� 	 (+$4Bn� $�� 
�$@� #3��)�$_ 5��$�N
.8�� 1�� K�c3�� +$� #3��)�_ �� K�c3�� #��� !�B� 1�$����� 5��$�N

 "�#$� K* 8$����<� ��>/ )� �=�� �� "^�� 8����D �r	� +4Bn�
 �=�$� 2� "��$�2 ��$>B�<� )� .8$�� "2)	�7% )� 1��43��SAR 

+� �=�$� �#3W� 2� 
6� 5���N "2)	�$7% "�#$� K* 8$�4�% "�$'
 8$$�� 1�$$� 1��43$$��]XX �X{	X|[� )� .n[	� +$$4BpH �CO3

2- 	
HCO3

-�$$� #$$��#� 
���$$N )�$$� "�)�� p$$�/#/ +$$��{/����0/��	

��/�r	�A) ��3I'(#Tn$� !$���N 1���% 5��� +4Bn� �� "��A� .(

$$� K* +3���$$�� )� +$$4B�� $$�� )� �i$$B ���$$���pH +$$� 3$$��� !$$�B�

 +��$7� ��$>B�<� )� 5* 2� l$��) 1��43$�� �$�� 	 
���$N )�� �#37��
+� )�_ 5���N] 8�� 1�� K�c3�� 
�@� #3��X�	X�[�� +4Bn� )� .[

TDS �EC �SO4
2- �Ca2

+	K+��3$$$��� �) 
���$$$N )�$$$� �#3$$$7��
+$$�)p$$�/#/��/����/����/���|/�	��/�"�$$'#3��)�_ .(
TDS 	EC +� 	 ��3I' +4Bn� �� �� 
��I6� 
�3I`�' "�)�� 5��$�N

 	� $�� +$% �$]�* 2� .���$� K�$c3�� +$4Bn� $�� x#$>� "�'#3��)�_
 �$�)�� "2)	�$7% "�#$� K* 8$�4�% 5�$�� )� "���2 8��'� #3��)�_

]XX 	X|[�1�� #%j #3��)�_ 	� 5��� 2� .TDS +�$�� 1�$����� 5���N
+4Bn� .8�� 1�� K�c3�� +4Bn� "�$'#3��)�_ 
$�>� �H]�$_ 	 [)�$W& 

PO4
3- 	NO3

-+$� ���3$I' K* "i$}� ���$� 1�$�'� 5�$7� +$% 5��$�N
+��=�	) K* 8�4�% t�@�/ )� 1���% ��>/ "�'#3��)�_ 1��43$�� �$'

 r	�$A �� g��<� .����(�PO4
3- 	NO3

-�$� #$��#� 
�3$I`�' "�)��
�|/�+4Bn� �� .8�� 1��� H]�_ 	 [)�W& "�' 

s!s!0a��E� 2 Pdj` ��d����%$�h o+�a $� �EZ1 ���
ek 

+]�$� ��$>/ +$� +A�/�� $�� 2� 1��43$�� #$�� )� !e�$I� 2� 
$6� ��$'
��$+]'$c3�� ��$�� +]�� K�$8�� �W�* 5��� 2� p��]X� 	X�[)� . 

+]�� K�c3�� )� 1#�}3� ��& ")��* 5��� 2� 1��43�� �5��� �� "�' 

)#	* !
�@� +4Bn� l�_ )� K* 8�4�% "�'#3��)�_ 
���N )�� 

ek Pj` ������%$�h 
�j;����

�j;�� �j;��_�j;��s�j;��p�j;��t
TDS0.860.260.69-0.04-0.06
EC0.860.280.69-0.04-0.06
pH-0.08-0.94-0.210.01-0.022

PO4
3--0.09-0.040.050.950.26

NO3
--0.090.080.030.260.95

CO3
2--0.05-0.92-0.130.20-0.06

HCO3
-0.380.890.130.080.01

Cl-0.980.110.12-0.07-0.081
SO4

2-0.190.000.680.010.032
SumA0.850.280.43-0.02-0.05
Ca2+0.510.400.750.04-0.01
Mg2+0.540.520.590.040.02
Na+0.980.120.13-0.06-0.07
K+0.560.470.660.090.07

Sum.K0.840.290.45-0.02-0.04
SAR0.980.130.11-0.04-0.04
%Na0.840.200.240.080.13

Tem.H0.400.770.130.100.01
Per.H0.52 0.43 0.��0.04 -0.01 
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� +��W� r�� 8:@ S�,/)� pA�� ����/ .��$� ��#$��}/ #�$I4/ 	 �'
 +]�$� 8$��� +A�/ ���� 
��$����' "�)�� �)��$� 2� ")��$I� )� �$'

 +$$e�)� ��2#$$� "���$$� 8�>$$?	 2� 
W��$$7� ��$$NRU� 	 ��3$$I'

� +]�� 2� 1�� +e�)� ��NRU� �r��� "�#� .������ 	 +�$��- !% "�'

 )� +$% +$������' 	 �$�)�� +��$7� R��$% ��#��}/ ��	) +���- H%�#/
 r�$� )� ~	2#$' 	 �$�	�^ +>B�<�0��0 � 1�$� 1)�$�� $�� �8$�


������' +`�A +� L�#� 
���3�� 2� �) #I4� �' "���$� t$�3c� "�'

� 2�� ��2#� �)��]0{["�	)	 ���$>/ 8$�� [2^ ���#���� . "�$'

+]�� 	 ���� O'�% r�� #$' 2� "#$3W� t�$@�/ "�)�� +% +��W� "�'
 +$% �$]�* 2� .���� r�� �)�	 ���3I' K* 8�4�% "�'#3��)�_ 2� [��%

& 5���#J) "�$'#�}3� K�c3�� )� 
��= 
��)�% 	#7�_ 
<= +��J��
"�	)	 O'�$$% 	 !,3$$I� �)�� �$$']X0[$$�� 2� #$$?�- +$$>B�<� )� �

��>B�<� �� +��7� 8�� #%j 5�$��$� .�$$� 1��$$43�� �#$$6�	) 	 
B
+$$]�� p�C� �5�)�$6�' ��$NR$U� kR$$% Y$$<� )� +$��W� "�$'


� +e�)� "#37�� Y<� )� 	 ���% t�$@�/ )� "#$3�% 
��$���/ ����
 �$$�)�� K* 8$$�4�% "�$$'#3��)�_ ��#$$��}/]h	FQ[+]�$$� . "�$$'

 �K* 8$�4�% ��$`W� )� 
���$I� O,� "�)�� �!��A O��_/"#�)�%
 )� r�$�:� ���$��A !$% 	 +3����� ���4I� #���,� !��>/ g�#U 2�

+��=�	) K* +]�$� +$% 8$�� 
B�$- )� $�� .�$�)�� 5�3�� "�' "�$'
/"#�)�% +�$��- H%�#$/ ����� "2)	�7% 	 
��6I� O��_(�$@)� �
8-�I�0
J�� +6/ �Xr��/� 	{+$� #]�� �)��� 2� ")��I� )� 8$��

+��=�	) K* 8�4�% 1�� �' r	�A) ���0p�C� )� 8�� #%j 5���� .(
"#�)�% O��_/�' +]�� �' 2� 8-�$I� �$@)� 	 +�$��- H%�#$/ "�'

$$'#3��)�_ ��#$$��}/ t�$$@�/ +$$� )��$$D ����$$�1��$$� 8$$�4�% "� 	 �$$��
+� +]�� 5���N r�� "�#� +��W� 
��' 1�� y#<� K* 8�4�% "2�� .��� 

s!s! !��E� �%�1 �EZ1 ���SAR 
r	�A +� +A�/ ��0+]�� 
���/ 5��� )� ��$@)� �1�� a�#c3�� "�'

 "2)	�$7% 8-�I�|"2)	�$7% �$� 
J�$� +6`$� +6`$� Y<$� ��	
#��� 
?�)� �)	�]� 	 
J��%�#_ �=���+� �+]�� �#3W� 5���N �'

��#��}/ t�@�/ )�SAR r�$� �$���#� "�#� 	 ���� K�c3�� "2�$�
.��3�#J )�#D 1��43�� �)�� 

s!s!_!��E� �EZ1 ���pH 
+]�� "�#$� +��W� "�'pH !$��A 
J�$� H�$I,/ �=�$� �!��$���


��6$$I� +�$$��- H%�#$$/�!$$��A 1�$$��% �	�$$:� 1#$$��� �(� 8-�$$I� �

1 ED 
2 PLAND 
3 SPLIT 
4 CONNECT 
5 PLAND_A 
6 MESH_A 
7 IJI_BL 
8 DIVISION_F 

!$$��A(( "2)	�$$7% +�$$��- H%�#$$/ �(0 1�$$��% �	�$$:� 1#$$��� 	
"2)	�7%(X r	�A) ��3I'0+]�� #��� .( xi$- +>B�<� ��	) 2� �'

.���� 

s!s!s!��E� �%�1 �EZ1 ���TDS 
r	�A �� g��<�0!��A 8-�I� �@)� �({�~)�� �=�� +6B �#/

!��A(|�.���� 
����D� +�@�� ������ 
��6$I� +��I�' �#/(� �
�� �=�� 
��6$I� 1�$��% �	�$:� 1#�(� 	!6$� �=�$� ����$��
"2)	�$$7%(� +$$� �$$>� +$$�-#� +$$� !,3$$I� "�$$'#�}3� �#$$3W� 5��$$�N

r��).���� 
�#>� (K* 8�4�% "2�� 

s!s!p!��E� �%�1 �EZ1 ��� PO4
3-
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