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5� :�,
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?9 �� :��888�� A888; �8883� /8880�1  :�888,

/880�1  �883�����   D88�  �A88FN9 T�88P�F� A88J�1
/'�7     ��?8� � B�N8  +8
�� n	F �B�0M
�� :?=

	=C oV3B +. �/0�1 �� H�p B�9    58'�� �8��
B5F� j�WF 5�� � �F��  �� �,��   q�� ��	a 	2  58,� .

<�= D�i�, k�?� �,  ���P� D
	   R8=	X  D�	8;
 �>M= ����, ��57 � 5�A3  �,�9 +�N. 	��	�

 ���  D�	; �	&�� � �� �N1N� ��?� A� ���F 	��	�
  �8� /��8� �� :	�M�   5FN8�)Batjes, 1996.(   �8�

A888F�PJ9 :�888,��9 +
�?888@�  j�8887 �� D888�� :�
H	9 	   � �3� �5�H	9    	8� �8�	P� %�	2� �N, �5�

%�88887  %��N88881N� ���� r8888
	P  r�88883 �
HN� ��9��3 :�, EM= � /3 cNa� �����   �S�83

	88� �  � �88�Ja� j��88�  ���N88= _88,HN88� ��=��88� 
 �8�   �N8�)Abdi et al., 2008 .(  ��8�; �� +,�8; 

��M�F�  �=N83  :�8,  ��J8�@  +,�8;   E8��	;��9
:��NF �� r3	  D�	; �� HN� ��9��3  :�, �8��� 

/0�1 5�F�� �, ��  F 58F�N   8� +8Us  +,�8; �� :	2
AF�PJ9 :�,��9  � :� H	89    D8�� �58� �8&
�   58�;. 

D�	; �� +P� :�, tJ�P� HN� ��9��3  :�,�J0�1 

/��a r3	   �3�A; _W� D
	  �Q  �8,  <�8=  �83� 
)Schlesinger, 1999 .(	, AS�3 ��5U� :��
�  D�	8; 
) +8� �� 100  �N8J�  D8  (��  u�8U�  �F�8W1 

r3	  �� �N� A; 	=C� D�	; Q�S <�= �>
 �� 

	
�88=C  k�?88�D�	88; �� oV883 D88�� �883�� 

A� :�N� A; D
� ��5U� ��57 1500 �09 D  ���Q	� 

B5� �3� )Amundson, 2001.(  �� D�	; r3	 
:�  ��N <�= � �,�9 :� D
� ��  A; �
�,   B�N8 

B��3 5���,  � D
	 	wF ��   �8J�\ :��8Z�a�   D
	8 
B��  D>�� ��;  +,�8; :�	8� Co2    :	&8�� � �83� 

)Feruzeh et al., 2008 .(  
(2000) McCarty & Ritcher  A8�   	82� �83�	� 

D�	; r3	  	� <�= �
	
5� %�J�\   58��=��	. �
�F D
� A�AG       �;�8= ���8�� �
	
58� A8; 5F583�

A� �� TN3� � +
�3	@ j	��; B-
�   �� �
�	8� 5F�N 

 �W� D�	; r3	  :�	��;5. Woomer   ����8>�, �
)2004 ( �88�S�V� �8� :�� 	88� j�0�883 �N88M; �� � 

 D�	; ��?�B	=C  �� <�= � B�9 �� B5�5   ��8� 
 �8&J\ xNJP� �6��� /���  8    �86��� ���?8&J\ �A8 N�

A N�  ��57 A; 5F�	; ��� ��=�� � :�60   58'��  ��
   [8�\ �� <�8= �SQ D�	;20  ��F�83    <�8= :	8��

�3� B5� B	=C . �� +�97  5'��   r83	  /; ��
Q D�	; �� D�	; �8� />M  <�= �S  58,�.  r8
	P  

�<�=  A8�  +,�8;  /8'�7  �:?8=   ��58U� +,�8; � 
�&; :�  ��N ��M9	� A� <�= � �� +,�; AG�F 

�	=C  D�	8;  �8SQ  <�8=  �8�  58��GF� )Lal, 2004.( 
+
�?@� �F�	0F �, �� R��� +
��	9 �F�W1 �  	8y  

r1N� _Ja� B5� �3� A; A� <�= �  �8J��a �Q �� 

r3	  �� D�	; 3j� A1N  	=� :�,  B-8
� :�   �N8�
)Lal, 2001 .(zNV3  D�	8;  <�8=  �/80�1  /8'�7 

��� j���  B��WF �, ):�
�U�  ��8,�9( �  B���83  �
�8, 
)����	>� R
?G  + Q �:�N3  +
�83	@ �  �
N8M�Q (

�3�  A;A� J3�R �_Ja� _
b� :�,  ��0�&8�Q   r8;	 
 �,�89 R���1  _8�F�9���	>� �  �8, �  ��8��  	8y  

�� 5��
 ).(Jenny, 1994 �D
�	����    r83	  +
�?8@�
 �� D�	88;HN88� ��9��883  :�88,�88J0�1  �� :588�
�	@

 �8� H�GF� �FpN�        58
�� /8S� D8�, A8� A8; �N8�
 [����r
	P  +P� � A�@�
  :�, ��8�  58��   �� /80�1
/0�1  �� �  �	; ���.�`� �
 :��;5�J�   B	8=C %5�
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`. H�GF� D�	; r3	  � ./0�1 :��; ��  �86��� 

�	
� � r
	P  B5� � �
	
5� ��Q R�W� 	2� :��
� 	� 

r3	  D�	;  <�8=  58,�N=  �8��� )Veldkamp, 

2001; Laclau, 2003.( %���\ A�  �	0
� {P8M  

�
�	88� <�88= � �88S��@ :�88, ��
	
588�  �N88X
/0�1   A8; :��8;  _;�	8  �  :�8U�  D�	8; ��  +
�?8@� 

�� �5�,� ��; :��N��  �3�)Busse et al., 2009.(  
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�� � �,� B5� �� ��W1 ��57 

E
 ���J� ���>, �3� � 	9� 5SN  �� D
� A'	\ �, 
AFp�3 12 D  ����  E8M= ��  ��8�>,  |	8@  �N8� 

)j���� 6 D  D�	; ��  ��8�>, ��  j�83 ( ��587 5 
D �09 D�	; �� j�3 T`1 5,�N= 5� )Birdsey, 

1992 .(d. :�	� }&7 �wJ~ �J�@ ��9  E8��	; 

�� �N, H�p �3� 60  5'�� ��5U� �Q  +,�8;  58��
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 AS�83  ��587 520  ���8J� �p�  58,�N=  �N8� � �� 
%�N' B��&�3� �� +�N. �,�9 � ���;  ��8�=�� 

�� rS�a /0�1 :��; ��   ��N B��\ 	� 5SN  :��@ 

 ?�83 �  TN8X �  	
�83  :�8
�?�  /80�1  A8�  458, 
B	=C :��3 ;D�	 ?F  /8��F  58�Q )Barnes et al., 

1998.( ��883�� D88
� ��� :��88�� �� ��	088M,�-. 
+
�?@� _MX 	9 D�	; r3	  <�= ��  +�N. 

/0�1 :��; �, �� h��?9 B�	;  58F� )Cheng et al., 

2007; Xiao - Wen et al., 2009� Nobakht et 

al., 2011 �Varamesh et al., 2010.( Varamesh 
 ����88>�, �� j�883 �2011   88  �883�	� A88�q 	2

/0�1 AFN9 �� :��;  :�,DW.  r3	  ��?� 	� k	�
   	80�X �8J0�1 <��. �� <�= D�	; � 58��=��	. 

/0�1 D
� A; 5F��� ��MF :��;   �8,  r�83  +
�	8@�
  �883� B588� D�	88; r883	  ��?88�. Nobakht  �

 ����>�, j�3 ��2011  �� R�
�U�   r83	  ��?8�
/0�1 �� D�	;  :��;�F�N3 � �� k	 D8W.    A8� k	8�

 /80�1 A; 5F53� AG�F D
�   �F�N83 :��8;   k	8�
 r�33	  	�M� +
�?@��� D�	; r �N� .  

 �D
�	����/0�1   [��8�� �� :��; r8
	P    A8�@�

A� RS?�� B��  :�	� ��
	
5� ��; :�7� �,�9 +�N.

 �� :	9NJ1 ��5,      � T�8F��� 58SN  � <�8= �8@�
 TN3���   � D8�i�, � <�8= }&7 AG�FB�   :��8;

   +,�8; A8� E�; �W1 D�	; 	�M� r3	  :�	�
AF�PJ9 :�,��9     �� _8Ja� 	8y  �Q j�8�F� A� � :�

 z	� /��a �F�W1 u�U� �3� 5
�� ��3�� D
� �� �

AUV�� � �NM; 	, �� AFN9 :�   �83�	� r3��� :�,
 T�P�F� �5FN� .  458,  +,�-8.   � A8�S�V� 	86�7

 R�
�U�/0�1 5�X 	2�  �89-
� 	� :��;  :�8,   _8W�
 ��	
� j��� �� D�	; r3	  AJ�1 �� <�=�N�.   

2 .D�� � &��� E  

1.2 . FCG��B/HG� :';  
/0�1 _��a 	W� TN�1 �� EF���GF	� :�,   �� 	W8�

 ���5���
�@�	y1  ̋30  ́23 ˚36 � �S��� 30  ́54 
˚52 �3� B5� �a�� �a	� . R�S�V�  ��8WX �� 	6�7

 R�Va/0�1  �� B5� :��;24 j�3  �� /�a  �7�8��
42  ���>, A; xNJP� ���� /0�1 ��  B58� A��7�

5� H�GF� ./0�1 :��;      �8J. �	8@� /��8� �8,)Acer 

velotinum Boiss.( ���88�� E88MG�9 )Fraxinus 

excelsior L.( 	�N�' � :?
	� )Populus nigra L. (
 �3�	� O�; �)Pinus brutia Ten. ( �8�,5� .  R8����

/0�1 �� �\�& �� :��;  �� �,180   �220 	��   �83�
�Q r� �  �� �,0  � 30 �3� 	y�� 5'�� . D0F��
 � �95F���:���  AFp�3A�  r 	 6/1043 �J�   	8��

 �14  R881����F�883  ��	889�883� .  �� <�88= �88@��
A�F  D0�3)�3� ��NS ( D0�3 � )   �83� � �83�

��J3 (A�
53� � t�6 �M>,� �� �� 9/5   �8 7/7 
 	y���3� ) 80�1 z	�/ ���:  :	83   �EF��8�GF	�
1375  �1996 .(�9-
� B�0M
�� ��N�\ :�,   �� �8,
j�51 1 �3� B5�Q.   

 ;�4( 1 .�=>��  4?�� � �@��=1-1" .�AB�" C�'D��� E�1- F�G�H� .�A C4�  

C�'D���  
I�J"��  KH2 	�

���� )�!�(  

,(  

 N��

)%(  
B�"  E�1-(%)  

5,�� )���� /0�1(  210  ��N�1  10  70  

�	@�  210  ��	~  15  80  

���� EMG�9  200  ��N�1  10  85  

�3�	� O�;  200  T	~ TN�1  15  80  

	�N�' :?
	�   194  T	~ TN�1  7  75  
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 ��5� ��WX  �� <�= /@�	. ��WX   Y8  	8, �� AVUF
/0�1  5,�� /0�1 � :��;A�  �� � 	&7 �@��Z  �N�

 /@�	. 	,A3 <�= AFN�F ����57 
 ��	9N8J; E  ��
[�\   :�8,0 -10 �10 -20  �20 -30  ��F�83  :	8�� 

)��  cN�G�60 AFN�F(  58� ����	� .    �8  58� ��83
/@�	. ��>�     oV83 �� c�8& �� 	8wF �� Y  	, �� �,

�Q 5'�� � r� �W1 ��
��   D8>�� 587 �    A�8�
����5 .AFN�F  c�& �� �� �,200     �� � Y8  	8, :	8��

5F5� ����	� �@��Z  x�UF .FN�FA  �� 5�� <�= :�,
      E8M= �N8, |	8�� �� �58��� B�08M
���Q A� j�U�F�

5�  5F �� 5�� ��51 AM
� ��	;  ��83 ��,    	
�83 � �8,
�ZS�=�F  T�3Q �,   E8S� �8� ���  �8J�  :	8���   E8S�

5F5� .   ��� /��8� <�8= �
��� � �>
?@ /��N\
  A8FN�F AF�N�83� h�� �� :	,�] ^NZP�    �8� :	89

�� ��N�� 5'�� ����2 _G7  A8� A�
53� �<�= c��
 E�;TQ    _83��. �j�58JG; h�� A� �b�	�F �	VU�

  � _88�J; �HN88FN�Q %��883� h�� A88� T`881 /88��a
?��
 �SQ D�	; � �� � T`1 h�� A� T`1 /��a _

B��5F� <�� �>S�� h�� A� 5F5� :	9 .  

:��'��  ��	? ��	� !� ����  
 :�	� R�3��� ��?� �	=C   r8�7 	8� <�= D�	;

 �� H	889 �� �88�	�	�� 	88, R88V���1  B��&�883�588� 
)Mahmoudi Taleghani et al., 2007(.  

)1(  ( )  %     Cc C BD E= × × ×10000  

 AV��� D
� �� A;:Cc  ��?� ��� D�	;B	=C   B58�
  E888
 oV883 ��	888��  �88�	� �C : D�	888; 5888'��

B��5F� :	9  �B5�BD : <�= :	,�] ^NZP� ���
    ��F�83 	8� H	89 r8�7 	�    � r8�>� 	8��E  [8�\ 

AFN�F     r8�7 	8� <�8= :���	� ��F�83   	8�� �83�. 
_W� B���Q D
	     �89-
� �&8'N  :�8,    <�8= :�8,

RUV�� A�S�V� B5�  ��j�51 2 �3� B5�Q .  

3.2 .:&�& ���J �	(K� � B-�%�  E  
  B�0M
�� cNF 	2� �3�	� :�	�)/0�1 Y  ( [�\ �

 �89-
� 	� <�=       �<�8= D�	8; �	8=C ��N8  � �8,
�� dF�
��� R
?G  @	� 58� H�GF� A .��  �8GFQ    	82� A8;

 e88, ��N88� �� <�88= [88�\ �� B�088M
�� /88��U��
���� �9-
�  �89-
� D0F�� R�
�U� �5MF ���   :�8,

 A8� <�= [�\ A3 � B�0M
�� f�. D� �;�=   �N8�
�@	9 H�GF� D>F�� �N��Q E�; A� AF�9�51 .  :�	8�

[a� �3�	�   D8� �0����, �D�	; �	=C ��N  	 
� D�	; �	=C ��?� �89-
� 	0
� �    �� <�8= :�8,

 :N880S� dg883 � A�883��� A88F�9�51 B�088M
�� 	88,
      h�� �8� B�08M
�� f�8. D�	8; �	8=C �FN3	9�

H�9 A� d. H�9   58� D8�  B5F�� .   �
N8>F ��8
�. ��
N0S� h��	� A� �,  %�8. %�N'     x�8UF +�;�	8. :�8,

5� B��� ��MF N0S� �3N  :���Q	�.  

   ;�4( 2 .C���P .�A  �J�?1"�=>�� 7�8 .�A  ��QRH�� F�G�H� C4�  

+�'0��� F��D�� F���/ ��S!� 

63/1±52/17 15/59  56/0  D�	; r3	  )5'��( 

037/0±  253/6 68/6  59/5  A�
53� )pH( 

513/1±  216/66 98 51 c���� ��N�� )5'��( 

158/0±  536/1 5/6  04/0  �SQ D�	; )5'��( 

013/0±  128/0 54/0  02/0  �b�	�F )5'��( 

862/23±38/8217 2/1029  7/60  _3��. )�NJ� �� ���a( 

487/158±203/309 644 8/122  _
?�� )�NJ� �� ���a(  

484/13±473/3483 17420 4/1786  _�J; )�NJ� �� ���a( 

022/0±262/1 52/1  85/0  :	,�] ^NZP� ��� �5\ A�  

 �� 5�� ��5\�± ��� B������ �3�. 
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3 . L-#�   

1.3. #��?M-� ���J �	(K� � B-�%� L-   �NE
B/HG� �'; !�  

���,  f
��F A; �N� R
?G  dF�
�����    ��8MF A8@	�
���� B�0M
��      � _
?8�� �_83��. ��?8� 	8wF �� �,

   ^N88ZP� ��� D88�i�, T`881 /88��a _88�J;
 %��&  :	,�]���� 5����� ��� .[�\    t8J�P� :�8,

 	8; ��?� �c���� ��N�� ��?� 	wF �� ?F <�= D�
   T`881 /88��a _88�J; � _883��. ��b�	88�F ��88SQ

    %��8&  :	,�8] ^N8ZP� ��� D�i�, �8���  ���
5����� .      �� <�8= [8�\ �� B�08M
�� /8��U�� 	82�

 �9-
� e, ��N�����  �3� B5MF ���)j�51 3.(  
    58'�� A8; 58� {PM� D>F�� �N��Q H�GF� ��
 _3��. ��b�	�F � �SQ D�	; ��?� �c���� ��N��

�a _�J; �   ��58U� D
	�8M� j�� [�\ �� T`1 /�
 �8��� %��&  	0
� [�\ �� �� � B�N�   oV83 �� :���

f�.   �� <�= 	0
� [�\ �� �S� ��3� A���� 5'��
  �88��� %��88&  	0
588>
 �88� /88��N\ D88
� 	88wF  :���

A���5F  58F� .     ?8F :	,�8] ^N8ZP� ��� ��N8� ��
 	0
� [�\ �� �� � D
	��; j�� [�\ �� �Q ��5U�

���� %��&   5MF B5,�M� :���)j�51 4 .(  A�
583�
�88��� %��88&  <�88= [88�\ A883 �� _
?88�� �  :���

5����5F.   

;�4( 3 . Q�:6" T0������� @��Q  F� F(1" �� �/�8 &��1U Q(�� ��4R� � .��	PF F�G�H� C�'D��� V�- �� C4�  

 W
1X

Y
� �

	�

.
�A

�Z
  

 [
��

\/
)

 

��

]

�
1�

\�
� �

�
( 

 [
�:

��
�

)
 


��
]

�
1�

\�
� �

�
( 

[�
2

�!
-

 )
�

]
 


� �
1�

\�
� �

�
( 

�
^�

�!
�0

 )
4?

��
( 

�
GP 

+
��

/
 

)
4?

��
( I

�
�

� 

�1

��
 

)
4?

��
( F!

�4
�2

�
 

 Q
(�

�
.

��
	P

 

��
�S

" �
�

�
  

403/4*  22/18 *  49/7*  565/3*  87/1 ns  06/2 ns  923/0 ns 216/1 ns 4  B�0M
��  

689/36*  791/18*  25/0 ns  855/4*  15/25*  06/23*  854/21* 014/1 ns 2 <�= [�\ 

898/1 ns  44/1 ns  56/1 ns  443/0 ns  51/1 ns  25/1 ns  141/1 ns 286/0 ns 8 
 B�0M
�� × [�\

<�= 

668/13  13/10  65/13  249/2  2/19  6/20  69/17  56/4    %�	y  r
	6  

691/0  488/0  727/0  538/0  608/0  588/0  556/0  169/0    D�  r
	6  

   

 ;�4( 4 . Q���R��/�8 &��1U +�'0���  ��F2 7�8 _�U   

 �	�

1XY� W

.�A�Z 

[��\/ ) 
��]

�1�\�� ��( 

[�2�!- ) 
��]

�1�\�� ��( 

�^��!�0 

4?�� F� 

�GP +��/ 

)4?��( 

 
�1��

I��� 

)4?��( 

7�8 _�U  

)�!0�2 �!�( 

097/1 b 71/4283 a 95/311 a 222/0 a 662/2 a 8/76 a 0-10 

32/1 a 44/3025 b 82/163 b 093/0 b 11/1 b 7/62 b 10-20 

371/1 a 27/3141 b 37/176 b 071/0 b 837/0 b 15/59 b 20-30 
  

   A8; ��� ��8MF D8>F�� �N��Q D�i�,   ��?8�
   ��58U� D
	�8M� �	@� B�0M
�� �� _3��. �N8�    �8� �

 %��&  5,�� B�0M
������  :������5F   �� D8
� ���
   4��8=� 	80
� B�0M
�� A3 �� B�0M
�� �8���  :���

5����� . B�08M
�� D� _�J; ��?�   8J�P� :�8, t
    �83�	� O�8; � �	8@� B�0M
�� �� �W�  � �N� %��&��

  %��8&  _, �� �8���    5��8��5F _8�J; 	8wF �� :��� .
  � 5,�8� B�0M
�� A� xN�	� _�J; ��?� _
	�M�
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	888��;�Q ��?888� D    B�0888M
�� A888� xN888�	�
���� EMG�9 �N� .   xN8�	� _
?8�� ��?� _
	�M�

  B�08M
�� �� A; �N� �	@� B�0M
�� A� ��8��  8MG�9E 
  4��8=� �8���    ��?8� D
	8��; � �8��5F :��� �Q 

 	�N�8' B�0M
�� �� A; �N� 5,�� B�0M
�� A� xN�	� 
:?
	�   4��=����� ���5F :��� .   D8� D8�i�,

B�0M
�� 	�N�' :�, :?
	�   � ��8��  E8MG�9   ?8F
5MF B5,�M� 	wF D
� �� �@��=� .   �N8��Q E8�; ��

B�0M
�� D>F�� :	,�] ^NZP� ��� 	wF �� �,  ��
5��@	9 ��	a B�	9 �� .B�0M
��     � �	8@� �5,�8� :�8,

��88�� E88MG�9  4��88=��88���  	88wF D88
� �� :���
    %��8&  	80
� B�08M
�� �� �� � 5����5F �8���  :���

 5�����)j�51 5 .(��
��  A; �3� 	;C���� :���  �,
 oV3 ��f�.   58'��   5F58� �83�	� . �89-
�   :�8,

 D�	8; �c���� ��N�� �A�
53� /��� 	0
�   � �8SQ
 �b�	�F  %��8&  �8���   D8� �� :��� f�8.   B�08M
��

5F��5F ��MF.  

2.3.   ��NN�J �NN	(K� � BNN-�%� L-NN#� ��NN	� 
!� ����   

�� �GFQ  �J'� 45, A; +,�-.  �83�	� 	6�7  �	8=C
B�088M
�� �� <�88= D�	88; A88�S�V� :�88, B588� ��N88� 

 �D
�	����[a� �3�	� �@	9 %�N' �Q :�� 	� :	  .
 f
��F R
?G �
���   [8�\ � B�08M
�� A; ��� ��MF dF

��� 	2�� ��?� 	� :��� �	=C A� 5����� <�= D�	;
 D
� ���� ��?� A;  �	8=C  B�08M
�� �� D�	8;   � �8,
[�\    %��8&�� t8J�P� :�, ��N8�     /8��U�� 	82� �8S�

 [�\ �� B�0M
������  5MF ���)j�51 6.(   

       [8�\ A83 �� D�	8; �	8=C D0F�8� R�
�U�
88�\ A88; ��� ��88MF <�88= ��?88� D
	�88M� j�� [

      �	8=C <�8= 	80
� [8�\ �� � �8��� �� B	=C
 :����88��� %��88&  	0
588>
 �88� � 5��88��� :	88��;
  D�	8; �	=C 	wF �� <�= j�� [�\ �� ��� 5����5F

 5F�N� %��&��)j�517 .(  
  

 ;�4( 5 . Q���R� �� �/�8 &��1U +�'0���V�- F�G�H� C�'D��� C4�  

F��4R�  Q(��.��	P ��S" ���a��  

78/2* 4  B�0M
��  

69/9* 2 <�= [�\ 

67/1 ns 8  B�0M
�� ×<�= [�\ 

878/5    %�	y  r
	6  

493/0    D�  r
	6 

    

 ;�4( 6 . Q�:6" T0������� @��Q  ���89 �� 7�8 +��/V�- F�G�H� C�'D��� C4�   

 W1XY� �	�

.�A�Z 

 [�:���) 
��]

�1�\�� ��( 

 [��\/) �� 
��]

�1�\��( 

[�2�!- )�] 
�

�1�\�� ��( 
C�'D��� 

283/1 a 250/232 c 133/4870 a 166/299 a 5,��  

320/1 a 60/404 a 667/2930 cd 308/330 a �	@�  

312/1 a 80/328 ab 667/2545 d 158/159 b ���� EMG�9  

234/1 b 10/299 b 317/3298 bc 05/128 b �3�	� O�;  

163/1 b 167/271 bc 583/3772 b 217/170 b �':?
	�  	�N  
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 �0�8���, �3�	� f
��F     �� A8; ��� ��8MF �8,
 5,�� B�0M
�� �	=C   � �8SQ D�	8; �� <�= D�	;

 �0����, �b�	�F����  oV3 �� :���f�.   58'�� 
��� ��MF . �	=C    �8� �	8@� B�08M
�� �� <�= D�	;

  oV83 �� �b�	�F � �SQ D�	; �c���� ��N�� E8
  
588'�� �88] ^N88ZP� ��� � _88�J; �88� � �� :	,
 oV3f�.  5'��   �8��� �0�8���, .  B�08M
�� ��

���� EMG�9  ��?� �	=C  �8�N�� �� <�= D�	;

    ��� � _88�J; ��b�	88�F � �88SQ D�	88; �c��88��
 oV3 �� :	,�] ^NZP�E
  5'��   _83��. �� �

 oV3 ��f�.     �0�8���, 58'�� �8���   ��8MF :���
��� . ��?� �	=C    �83�	� O�8; B�08M
�� �� D�	;

 ��N��  oV83 �� �b�	�F � �SQ D�	; �c���� E8
  
5'��     �8� 	�N�8' B�08M
�� �� � ���� �0����,

 oV3 �� _
?�� � A�
53�f�.    �0�8���, 5'��
����  ��� ��MF :���)j�51 7 .(  

  

 ;�4( 7 . Q���R�+�'0��� )± ����� c���0�(  ���89 +�� +��/V�-  � C�'D���F2 7�8 _�U F�G�H� C4�  

C�'D���  
8 _�U7�  F�

�!0�2 �!�  
+�'0���   +�'0���F2 _�U  

+��/ N�2�" &/  

��!dA �� +" F�  

5,��  

0-10  )704/20±(667/34  

  

ab)196/17±(795/16  

  

385/50  

10-20  )778/3±(134/8  

20-30  
)538/1±(584/7  

  

�	@�  

0-10  )299/15±(945/27  

  

ab)274/14±(948/14  

  

843/44  

10-20  )505/1±(004/6  

20-30  
)529/12±(894/10  

  

���� EMG�9  

0-10  )053/5±(027/34  

  

a)520/11±(345/22  

  

034/67  

10-20  )657/1±(822/16  

20-30  
)823/13±(185/16  

  

�3�	� O�;  

0-10  )522/3±(331/28  

  

ab )243/10±(851/20  

  

554/62  

10-20  )811/9±(388/24  

20-30  
)794/4±(835/9  

  

	�N�':?
	�   

0-10  )411/9±(568/11  

  

b)602/6±(679/12  

  

037/38  

10-20  )011/7±(372/14  

20-30  
)027/4±(097/12  

  

 	, D0F��

[�\  

0-10  a)070/4±(307/27  
  

)612/12±(523/17  

  

159/263  
10-20  b)433/8±(944/13  

20-30  b)371/8±(319/11  

  

   



186     ���� 	
�� ����� � �������� ������ ���� 68���� �� 2 ���!���" 1394  

 

;�4( 8 . �'!��A ���89 �� 7�8 +��/�=>��  .�A�'��  �� �/�8 V�-C�'D��� F�G�H� C4� 

 W
1X

Y
� �

	�

.
�A

�Z
 

[�
:�

��
 )

 

��

]

�
1�

\�
� �

�
( 

[�
�

\/
 )

 

��

]

�
1�

\�
� �

�
( 

[�
2

�!
-

 )
4?

��
( 

�
^�

�!
�0

 

)
4?

��
( �

GP 
+

��
/

 

)
4?

��
( 



�1

��
 )

4?
��

( 

F!
�4

�2
�

 )
pH( 

C�
'D

��
� 

385/0 - ns 001/0 ns 392/0 ns 113/0 ns 692/0* 689/0* 476/0 ns 053/0 - ns 5,��  

697/0 -* 034/0 ns 618/0* 217/0 ns 991/0** 995/0** 923/0** 111/0 - ns �	@�  

712/0 -** 341/0 ns 909/0** 660/0* 974/0** 973/0** 889/0** 077/0 - ns ���� EMG�9  

201/0 - ns 208/0 - ns 358/0 ns 561/0 ns 917/0** 920/0** 824/0** 133/0 - ns �3�	� O�;  

423/0 ns 662/0 -* 072/0 - ns 180/0 - ns 136/0 ns 128/0 ns 011/0 - ns 643/0* 	�N�' :?
	�   
  

N0S�  D� �FN3	9� :�, �	=C   � <�8= D�	8;
�9-
�  �� A����, �;�= :�,�Q� B�0M
�� ��   :�8,
A�S�V� B5� �3� B5�Q /
C j�51 �� .���, :�N�  

�� B5
� A;   ��?8� �N8�   �	8=C   �� <�8= D�	8;
5,�� B�0M
���  ��?� ��B�0M
�� �� ��b�	�F  :�8, 

 � �	@�����  E8MG�9�      ��� � �8SQ D�	8; ��?8� �8�
    �83�	� O�8; B�08M
�� �� �:	,�8] ^NZP��   �8�

 	�N�8' B�0M
�� �� � �SQ D�	; ��?�  :?8
	� �   �8�
   �83� �8�� +8. /��a _
?�� ��?� ) j�581 8( .

N0S�   B�08M
�� �FN83	9� :�,  :�8,  �5,�8�   � �	8@�
���� EMG�9  oV3 ��E
  5'��  � RU� �,N0S� ��

 oV3f�.  5'�� ���� 5F5� ��� .������  D
�  �8,N0S�
 D�  r
	6)R2 (	 ��
� �   ��8�� 4�	�F�  :�8V=

)RMSE (5����� ?F :	��;.   

 ;�4( 9 . .�A1'G� �1�2�=� ���89F�G�H� �/�8 &��1U �� e�"�� �� 7�8 +��/ C4�  ��V�- C�'D��� F�G�H� C4� 

C�'D���  
 Q(��

P.��	  

R2 
1'G�  

R2 
�R�H"  RMSE  ��4R� F 1'G�  

5,��  1  974/0  971/0  917/2  **223/372  CS1= 323/2 + 328/111  N 

�	@�  2  994/0  992/0 256/1 **051/705  CS2= - 236/10 + 032/12  OC+ 908/7  BD 

���� EMG�9  2  982/0  979/0 696/1 **172/252  CS3= - 607/34 + 45/13  OC+ 868/24  BD 

�	� O�;�3  1  846/0  831/0 215/4 *951/54  CS4= 139/4 + 551/9  OC 

	�N�' :?
	�   1  438/0  382/0 19/5 *805/7  CS5= 952/34  – 082/0  Mg 
  

  h��	8� �
N>F N80S�    �FN83	9� :�8,  �	8=C
B�0M
�� �� D�	;  �, ��/>�    B58� B��� ��8MF 	
�

�3� .	9�  5���� �= :�� x�UFN0S� :Na  5,�N= 	 
�N�  ���MF  �5�,�     :���Q	8� ��?8� A8; �83� D
�

 �	=C �� D�	; E�; N80S�:     ��?8� �8� �N83	9�
�3� 	��	� �Q ��a�� . �= :p�� x�UF ��8MF   �58�,�

     �8= D
�8. x�8UF � �8�a�� ��?� �� 	�M� ���Q	�
��MF 5�,��     � �83� �8�a�� ��?8� �� 	��; ���Q	�

 RJ'�@    �8= �8  x�8UF ��8MF    RJ8'�@ �58�,�  ��?8�
 �� :���Q	��3� ��a��.      	8��; AJ8'�@ D8
� A8X	,

[a� ���Q	� 5���   �N8� 58,�N= 	  .  [��8V� />8� 1 
 �� h��	� D
	�W�N0S�:   B�08M
�� ��8��  E8MG�9 

�� B5
�  �N8� )    B��� A8� xN8�	� �8U@� �N8��   :�8,
B5,�M�    B��� A8� xN8�	� :�N8�\ �N�� � :�   :�8,
:���Q	�  ��?� �	=C �� D�	; RS���� �FN3	9� �

 A���>, �� D � 5���,(.   

4 .B%	#� � PK� ��	?  

�9-
� �=���  A8
�. �� �>
 <�= :�,    �J8'� :�8,
    �� :��88�� A88; �883� /880�1 ��588
�. �
	
588�
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A�
?9 /0�1 :�,   �83�����     �A8FN9 T�8P�F� A8J�1
/'�7 D�      � B�N8  +8
�� n	8F �B�0M
�� :?=
  oV83 ��?�  �	8=C  +8. �/80�1 �� H�p   �8��

B5F� 5'�� j�WF 5�� � �F��  �8�  �� �,    ��	8a 	2q8 
��  5,�)Aliarab et al., 2005 .(  

  �� �N8�; �  A; � ��S�V�   �	8=C R8���  D�	8;
B�N  �� <�=      A8�@	9 %�N8' �8J0�1 t8J�P� :�,

 B��� ��MF �3�AFN9 A;   	2q8  ��=�� tJ�P� :�,
 ��?� 	� � ��&�� � ��
�B	=C     58F��� <�8= D�	8;

)Nobakht et al., 2011 �Varamesh et al., 2010 �
Schulp et al., 2008; Agusto et al., 2002 .(

Dinakaran & Krishnayya  (2008)5F5U���  A8; 

+�N. cNF 	2q  ���� :��� 	�  �	8=C  D�	8;  <�8= 

��  ���`9A� :�N� A; 	y  �� ��5U�  �	8=C  D�	8; 

�<�= A� :���� ��5U� D�	; A�  <�8= �� B��  :�8
�U� 

�,�9 � �@��5, �� D�	; B�� A
?G  �0��� ����.  
 f
��F +,�-. ���; A; ��� ��MF 	6�7  R8FN9

DW.  k	����� EMG�9  �  �F�N83 R8FN9    O�8; k	8�
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