
����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

��� 

��0����! %�)1� 2�3� 4'05' 
�6

� ��7
+ 0� �8�0)�9 �� 
: �' 
	� 

�';< 0=	
� >;?��6
@ �� 

A3B���6�C 
,DE��C'...�	��	9GD6" &'6��
�6
�1� G &	� H��I D�6��� G4�6J �'...K)��G

�6�L# 

��0� ��7
� M����! %�)1� 2�3� 4'05' 
;< 0=	
� >;? 0� �8�0)�9 ��'��6
@ M9'� � MJ	� �� N0B� 0O )�'0P # �J� (:P�9 �

H@ M�C0� �� �� 4'�6�� ��0� � Q�&�0O � R+ M9'� �6! 
0�! � ��� 	���	��S D�#0O T0� �� ��	)P���I ��'�P� � >S U�'0! �� 

)�'��'(� M��:� �� DM40� 4��= V��� 20� E&	J �� � �6! �0I 
	� 	�
��	B+ H�	W �� �� �'0X+ M� 	� P�'�� �	� ��.-Y,-.G 

�.ZY,-.-6��0@ '0?' .��! [3� \
O ]�	��S Q�' ��
�	��S >S 
^/,)6�	!(D^D,_D,^�G_���� 0)� 0� `
 �� M��)W	� �'�
�

�='��8�0)�9 [3� M� �^_D,__ �,^_� ��9��S 4'0)�9 ��� �' �	)X� �� �8�0)�9 �0@���W M�0� ��)W	� �'�
��96! M)�0@ 079 �� 6.

��! 2�3�
�	��S >S �'0 � M� 
a 9 �' ��	A)�' 	� �	�
CaCl2�NaCl b�*9 M� �^� ��6� 6�0�W b *J ,��*�W 6�0�W b *J 

�� b�	� 	� V	I M� � M�"+�Y��& �696! M�	c' .��! DM9'� �� ��:�
� 	
d)�' M� MW �'� �	�9 \�	)9
� R+ � >;? �':�� ]�':�' E�� 

�W D�8�0)�9 0=	
�6��0@ ]�	��S �	� �� 0� �� �'0 # �6
@ M9'� � MJ	� �� ��:�
� � ��* .0� �� �	�@ ]1� �� 0� �� ���	)O �'6e� �'

6! M)�	W 
��! [3� ]�':�' 	� �	� �� .�';< 0=	
� Q�� �����'69' 
��! �� b7�< Q�0)��� D]�	��S �	� �� 0� �� �6! 
0�@G_

����6� 0B
� M� f��0� 0)� 0� `
 �� ��':�' �' MW ��� MJ	� �� ����	�� ,g�GG�	� �� E�+0+ M� 0�'0� 	�MP� b�*9 ��� � ��' 


��� �'��I0� 6�	! �	 �+ .�8�0)�9 ��W)�MM9'� �� ��:�
� � ���	)O :? (�� 0P� �� ��:P�
� � ��P�	)O D��*�W D�8�0)�9 0=	
� � R+ 0�

 ��:�' �'0 # �J� �6
@ M9'� � MJ	� ]K� .�0+h	� �� ��W [3� Q
),^_ �	)X� �� �8�0)�9 �0@���W (>;P? �' bP�9	 � 	P� �8�0)�9 D

��:�' �6
@ ]1� �� 0� �� 0=	
� Q�' b7�< 0� ��6� 0)��� .4'�6����0W � R+ �'6e� 0� 
��! �':�� ]�'0�' 	� D]�	��S �	� �� ��

H@ M�C0� �� 0� �� Q�&�0O �M9'� �6! 
0�! � ��� ���:�' �#0O T0� �� D	�6!.M�C0� �� E��0+ �� Q�' � R+ 0� �8�0)�9 ��W�	 �+

H@ M9'� �6! 
0�! M�C0� �� 	�' ��:�' ��� 	��#0PO T0P� 4'�6P����0� �'6e� �' � ���:�' Q�&�0O �'6e� 0� �8�0)�9 [3� ]�':�' 	� 

6! M)�	�.

�8'� 
	� 
6��� :��!
�';< 0=	
� D�8�0)�9 D��6
@ D
: �' 
	�6

� ��7
+ D

�.���	
��
 ������ ���
���� ���� ��� �
 � ����� � �!" #$�%� � &����	' ()*� ��+	��
 �&����	' ���	��
 ������ &��'
 ,$�� &)-	��


.$�� ��+	��
 �&����	' 

/.0�1�1 2$ &����	' ()*� ��+	��
 �&����	' ���	��
 �3�1�!� 456� � ����� ���	��
 � ���
���� ����	��
 ����
������)7� ����85� ������ � �!" #$�%� �

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             1 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

��9 

M�6e� 

:�; �
 <=� #=-1 �7&� � <	; ,"�%� ��
 <	
; 2
= 
� �

�>�����	? @A� .B�C� �� &$ 2? ��� 2�
��CD �)" �&�$

E)1�D ������ F�7��1G8�� ��
��HD)/9.(D�F�
7� 
�������

K�LE.=L1 #
=-1 45
�� 2$ �!C� �
L� �
 2
�M��� N
�2	

)�)O&(�1� ���
�&� � �%�C
7 3��
P�� 
�2
$ �
���Q� �

*��)��� F)
R=7 
�#
=-1 F�S 
�F)�
7 
�
 ��=� ��
M�$ �

;�$ 
��� �����
�F)�
7 
$2D F��
 
� � �� *$�T 
� E)1 �
�
�

?�1���%%?��D��� 3�! )U%1��7�%%? @&S=�� &(+�C
$�
��
 

)�V�/W(.

2' �
�
 F�	� ����=O)�$ 3� E�X� �
 F�7��D�L1 Y%
1

�)O&�� &
�� 1 EZ 3�!�?�1�)�)*L� ��
%%' ��D��
� &�7 (

�� #=-1 $��������=�
O &�7�%���M �
 �*;��1 3�!�'�1 ��� 

�=� 
��� ���D �%%' .���� �3�
!�?�1 �
� 2
$ F�)
1 ��)
�� ���

3����7)$�' �7&�)*L� )��)
%�M�� ����'�� ��)����� )
+�E� �

����'�� (3�!�'�1 �2�[�����)���� �2%��Z ��C�*D � ��E��\ 

]��B��$ (
�' ���O�.�
 �
=A� Y
Q� ��%%' ��D��� 3�!�'�1

&S=�� @�U%1 
)!A$�
Y%1 �L1 F�7��D ����
)�/.(

" �
��)
O Y%1 ���$ &�^Z ^H
_ Y7�
? �
$ ��5
� 

;�$ #=-1�F)� �� � F�7��D �M�$ �
 `�$ �U*a �
 �7����)1

 
� �
�
 1 (�� �� � ��=� 
�-�� 2$ �-%��)�
)
O .
$2.
�E


�����M�F)� �
 ��!E�a �Na+�Cl-�
 ^Z � :�; �7&�)O 

�� &���C$ ^H_ �� b�c
� @
? � b�c
� �\ �6�%� 2�
��'

�� 
)O .��� �� �`�$ �!C� �����F)� &�
7Ca2+ ⁄Na+�K+⁄

Na+�Mg2+ Ca2+ ⁄�NO3
-⁄Cl-�
 F�

7��D �

M�$

$ 2
)

_�

����Z )�9.(

&���7 �
*M 
D F���
�=7 � d�) 2
? �
�
�? e��S F�S
�� 

�)O 2$ ����Q�&
;�$ �
 �D �� �F�
7� 
������� �
 ��=� 2
$ 


��� F)� �7&���� @�*? �_ 2$
��
��Z F�&�
�a �
���
 M �

� �
 �A�Z F
�?�Yf$ @�5\)� �7&�)
7 ��+�C
$�
��
 )�W�

�g(.��O �
�N�)O Y%1 &�D�F�7����$
��H
a �
6�%� �C��

���� 
�)���$&�7�%���M &1��� �
); ^H_ �� �� �1 � �
�?&

���
F)� 
��� #
7
�&
���);�� 
(��
�� 2
$ 2
7
�
M�$ � �
7
�&

��)7
��)O 
�.

@A� �� �1��6�%� ���Ha ���O �
 FZ ^H_ 2? ��)
O N&

�L1��8G1 ���T ��D�� �
����� F[��� .^H_ Y7�?F[����� 

$2����)O 2*&D �O� Y7�? @A� .��)� �� �
$ F�
7� 2��=
O



��
�� )g.($)

; 2

$�� ^H

_ �� 2

? ��

O hf	

� 

����5=�� F)��� 2$ 3����2*�$ � ��=� �*? F) 2� .=��Z��

)g.(��F[��� �>���
$ b�c
� �\ �6�%� �� &E)1 
�D ��F�
7�

�����$2� ��=O�� 
�� 
� � �
*? F) 
� S�
>�@
? �
6�%� �� 

*6� .��� � b�c���)O &� ^�C� 2$ �Z
��.
$���
��
 �

�)D���Z 2X$���=C���$ &�
���
 
)
_� ^H
_ )9.(hf	
�

 2? ��O :�; �)*L� �
 F[����� �U*a ��M� `�$ �7&�)O �$


 ^H_�1�6�%� �+G8����
 �!i�
)���j.(

2��S� 3� E�X� �i'� �
 � �
���� F�
7��D �
$ 2X$�� �
 &�

��a�$ 2���M F)��Z �
 � � ��QQL� &�$�� F��$ 2' ��
) '
�

$ �$ 2&��D��'�b�c� 
)'F[����� �� �� &�� �1 F�)1 ���$ 

��8Z ���' F�7��D �$ &�)O &�� 3��C; .F[��
��� 2
? ��
k 

>����Ha �6�%� �� ����� &��
$ &��=
O 2
$ F�
7��D �
O� 

�� *6� ��*? � 
�����l1��\ S�%� �7��
�� ��
7&� <
l�*?)� 

E)*

� 3�

!�?�1 �

+�
�

� ^�C

� 2

$ ��

�Z)/�.(�
�

��

3� E�X��� &�)
O ��
$ .
$�Q�� 3��
8� �$ 2X$�� �
 F[��
��� 

2' ��
�D hf	�F[����� �O� �
��*=� �6�%� ^H_� 2��
 

��Ha��
��
7��D ��
�$)E .
�!T �� )/�(�3�m )/�(2
_)D �

�+��M)//(
)!A$ �)O N�L� �
 �� ����	f$ ��� ��8G1 �
1 FZ 


��� ��&��� hf	��� (�%D 
�)� �
 .

56� � � 4���O 
�-���$ 0��%� N&D�^H
_ �
A_ F�7�

��A$ ���=? #=-1�F)�7&=��$2F�)%��>��
1 �
�� �� ��

e�� ��$ �7&.=L1 �)
O 2$&
$2��=
O �
� 
�� .� �� 
����

� �� b�7����Z �����$ �Y���8Z ?�1 �!��)O &� ���$ F[���

 �6�%� ^H_��Ha��)7 Yf$ �
��(�%D 2��
 �F�S
�� S�� �

@k�
\ n�$ �
 ��E��\ � 3����7)$�' &S=�� ��%%' @�U%1 �
 

�� �O�$.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             2 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

��V 

l�� � �'�� 	�


���$ ������
� �
 
���� &�
7�j�]��j/ �j9]��j� �
 

1�Q�QL1 2��S��E�� #=�-� �O�)�Z �	7�o\ ������	
? &

�
 #T�� ������V���)
*�? &p�
� �
$ ��)
7� q�
O ��=
O 

���M��r_���� 2_�
 �g�)" �2Q�T
 ���M��r_ �9j� 2
_�
 

V� s�P1�� � 2Q�T
 VW��� &� ���
 tX� �� ��_��
�D.N�)�� 

�W D����$ 2E�� ��
�
 �&�1 2
$ Y��
��Z .
L� 2�`�
� 0
�1

g//g� �*�� � ���///����� 2_�
 �
)$ 
��D ..T��
� N�)��

 ��
g/�9���� 2_�
 ���
 �i?��� N�)�� � 
��D j/��2_�
 

�����
��D���
O�$ .F�S
�� � �
�
 �i'��
� �.T��
� N
�)��

 �
 Y��
��Z ��� �
 2���7�� �D����$ .�
O &�
7��/�
��Z 

��� ��O .���
 Y����Z .L� :�;&�� �M�$ �]�)E �
)
$ 

�
 :�; ����=�O 2�S-1 �� .6�� v���� ����_ ��
�
 F�	� 

��� ��O .

$ Y����Z 23�)63�? �7&� ��
O 
�
; 2
��\ �
$ 4�
"

w)*$ ' &�7 �M
�c1 .���$����1 2��
�
�D (�-�� .tX
� v%
\ 

&�)O)�7�O :��
�$Z ^Z&<
=� Y��S
M� F��
$ �(V/�S1=�

VS2=��WS3=��VS4=�/WS5=�
 ��
�� �
$ y%=�� 2
$

� �*

6� �)�'�

M F�)

%� F[��

��� 
)

' tX

� 2

� VWN1=�

�WW N2=��VWN3=��

�>7 �
 F[��

��� (�D)

*�? F�)

%� 2

$

 M �)�'�M ��� ���
O 2�M�D �U� �
 .3��
��� F[��
��� 
)
' #
!%�

 � ()��)�Z 2*��� 2� �
)�⁄
���
O�? �� .!T �⁄

/�T�
$ �
 ��
���

 �� 2-%\ .�����$ ��M� 2T�� �2��C� �)"&(N�CQ1�O.@T� 

Y����Z ��� �
 F��=k (�%D ���T ����$ 
�)� �
M�D .�� .
!T

 ��� �
 �7 �
 �O�?�WW 
? ��
�>7 �
 (�
D )
*�? ��PC
M 
)

�O b�c� � 2!��L� .z��1 3�PCM �\)� d����$ 

{=� �$ &�)O &�7��=�1 �7&NaCl �CaCl2�!C� 2$V2$

�)V� @��� ���*? �=CT �@�C
*? �
��*? �=C
T (� 2
�A1 

���$Z ^Z ���=7&2��S� :�; 2$����O 2M�� .�
7 ������ 3�
?

�×/� ��� �7<���5\ �$ 3�? ���7 2$ ,
=� }V����
� �
����

3�? ��_ &� $ �O��.~�
� 2*6�M �
7 �
 �	
' &�7 3�
'

/W ����� .��
O 3�
? �7 � ����W
)
$ �	
? N
; .2*
6�M

3�' &�7 *6� �V/�3�? ��7&w)*$ 2*6�M � ��� @�� ���M �7

��>���� �
 �+�����O 2�M�D �U� �
 .

�7��=�1&�)O &@7
S��
\ �
 �
O�? 3�
�*=� (�-�� �� � $ 

��

� �mZ��

� &�

7��j/ ���j�

D�$ �
 2

*��� �� ���

=�� 

���O .��D)*_ �A_&F�
7��D 2
$ Y%
1 ���
!>� F�O 
��� �� 


����W�� 2��)_ �� � $ ��� ����Q��� �)
D�$ <� 2*����(

�⁄
��)O ��=�1 �7 &�O �
�
 F�7��D 2$ � 2�A1 .�⁄

/T�$ ��
 ��
���

 3���WD�$ �
 2*��� �
 ���A� �
 � ��� �7��=�1 �&�)O &

���
O ��
=�� .��? �)X$ .�
P� �
A_ �
O� .c
M �)
" �


 �� �
 :�; �$)"�jW%
���� ��M���,
=� �
 2
��S� �V

E���W����� ��=1 ����3�? �7���� .6�)M �
 �jE������� 

��
�$Z 2")$�� &�)O &�7��=�1 �$&�
� ���
O .^Z .
? F�S
��

M�c���)
O Y%1 .��? ��=�� F��� �� &�
 2
*��� �
 
D�$ �

)/W
&��
� ��� �
7&��j/ ���j� (D��
�� 2
*��� �
1��

��� ��� �
 �O�
�$}/9���*�� 
)$ ��� )V/�}V�*�� ^Z �
��

���$Z&� &�)O ��=�1 &��� //}9�*�� D����$ ����.(.? F�S��

 M�c� ^Z��$��$ (�
 ��� �
 �/99�*�� �
)$ ��� .�F�S
�� ��� ��

�gW *�� ����$Z ^Z ���&��� � &�)O ��=�1 &�/j�
*�� ��
��

 D����$ �� .6�� ^Z�
)$ .��� 1 �A_ Y����Z ��� �
 �7 �


 �)O �� ��&�
1 �P
6 q�
=�� �� :�; �W����
� �
��&�


�

O�
�$ F�

�� �
 � ��

=�1 ��

=�� s��

O �� .

!T 2

*���

2�)=� &��
�$ ��7��M�D 3�)6 )���_ /.(

��'69' 
0�@ 	�

%&'(�6

� ��7
+ �' 
	� 
:  

.D 2*��� �
 7
�2��
 F�O &��O ��7)�?V��}�d����$ 

y?�
�� d��Q� (�)��1� .>E� �� �
�P��� �$ 3����7)$�?�V%�

�
O ���f�
�� <��)PE)
� ���� e�� d����$)/V.(�
�� �


 e��//W�M�$ �� (�D ���=7 2$ 2�)=� �1�W
��
��.
>E� 

�)��1��V%$2��� �$ (�=� �
 ���� <� 3��&��
 �
 &jW

���� 2_�
�2
$ yz
� ��
�
 3���� 
��D �
��
���
�� �� 

2�)=������.%M V/W� �6�
 V����<��)PE)� ���� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             3 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

��g 

HL!,.� 0d�'6C DHJ'6C 4�'0C M?�� U��)� Q�m9	�� �	�S 

��'�� �	� �� M9	��	� �@69�	�.-Y,-.G 

HL!G.6C DHJ'6C 4�'0C M?�� U��)� Q�m9	�� �	�S � 0d�'

 ��'�� �	� �� M9	��	� �@69�	�.ZY,-.- 

��6? ,.X�:�� 4	�=�BI ��	� �! ��n � �� b!	W �' H�J ]�	��S M�3J V	I -_Y_�)9	� 
0)� 

>���>E� ����7�^H_ .$�T �6�%�)\�\�(�(&�S_� �6�
:�; �M�$ 
��� 

)�
���� �$ y%=�� (pH .? 3�� �PCM @����\ d���*� �O
:�; s)� 

j�]��j/ }/�}/}�/g}/9W �//}9�Clay 
Loam 

j9]��j� 9//�j/V/j/�/�WWV//�/ �//}9�

��6?G.b!'�0� M�C0� �� o	I p	�!' ��	B� 
��! �':�� � 
�	��S >S 
��! 

,=� �7�O V�W�V/W

2�)=� &��
�$ ��j� ��j9 ��j� ��j9 ��j� ��j9 ��j� ��j9 ��j� ��j9 

����� ��� ��� �$ y%=�� ��
 

�W]W///9//9/9//}V/j�/}V/�W��g/�///��

gW]�Wj/////j/V�/g�//�j/�/V/��V/�9//��

�W]gW�/�V//�/V}/9//j�/gj/�g/���/�W}/�/

��+���� �//9//�/V�/Vg/jV/}����}/�/�/�/

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             4 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

��} 

�j %)� F�S�� ���A� �
 � 2M��� $H_ ���
9j� �
$ ���)��
� 

�
O �
B��T ���)
�M ���>z
�� ��+��
 .3���
�7)$�? F�S
��

_��f����F�� (�D �7 �
 S?)*D (�D��>�� d����$ �� �
1

 $ 
�������� ���_ 2��Z ��
 .������ �A_ ��D&�� ��E��
\ 

F���>=7 � S��$ e�� �O �
�P���)�(.//Wn�$ 2�)=� �� (�D 

���=7 2$�W
��
����
�� V]<�*�C
E�� )PE)
� �%�


M�
6 Ha�? �� � ���$)? F��7����=
O �
=1�� /�
�
 �)
!�

���O .2$/������)*L� ��� �� /�������
�5D ���� 

� <���� /����<
� 3�� 2$ � 2M��� �����7 ��� ���� 

��
� �
$ (�=� �
 ����&�
�
 �
 &�WW �
�
 ���
T 2
_�


���O .9����� �
�� 2$ �B)E)1 �
��A� �
 � 2M�
�� 2
�)=

 $H_ �)� F�S����
V/W ���)�M���>z
�� ��+�
�
 �
 ���)��� 

��
�D �B��T ._��f��� ��E��\ F�S�����>�� d�
���$ �)
�

$ 
�������� ���_ ���1 F�� (�D �$ 2��Z ��
.

>(< 0=	
� ;��' 

��
A� �
O�
�$ �� � $��
�D ����
�� �
A_ �F�
7��D &�
6�%� �

2�)=� $ ���7 23�)6M
�c1��
7 �
 ��
=�1 �
7 2��
 � 2T�� �� 

��C
?�; e�� �
$ � ^���Z �^�f��� ���>1 2� �� <�&�
�D &

�6�%� <	;������\ �@�C*? �@�%� �@ 
�S��@���f�
�� �
O ��.

��$&������ D��&
�Q� �� ��
$ �
6�%� �2���c
%� �
 S
_�� @

���\�*M ��>��
 �� 2? @@�
O �
�P�
�� ���)�M �T�
$��
$ �
6�%� 

P��� =1� ��+��
 �� �
��C$� <��	
$ ����
�� �
�D&�
O ��.��
$&

F[����� ��*? e�� �� � ��O �
�P�� .�A� �
��
�
 ��
7 d�
���$ 

��
�Z ��S
M� (�� �$ ��O �
�P��� 4�" d����$ � Y����Z&SAS 

��+��
�� � y��
���� 2�S-1 tX
� �
 �
>��
 e�� 2
$ �
7V%

���O 2C��Q�.

	)9�qK� � \

%&'(0=	
� ��';< 

����S-1 v����Z 2&��
� �� <� �7 �
7&
$ Y��
��Z 23�)
6

 2��D��_)�_�����V(�
�
 0'�� 2�S-1 ��7)����_ g�j(

F�	����)O 2? �7
&Y����Z ��� �
 �7 �
 ��8G1 % � ���
&

� 2T�
� �
 @��
� � @�
���\ �@�C*? �F[����� �6�%� �U*a �$

 
��
 2��
 .�)O ��� �
 �7 �
&F�S
�� �$ �
8� 2T�
� �
 @�S
�%�

% � 2��
 �
 @�S�%� �$ FZ �8� ��� �O�
�
)!� ��
.

��� d����$�� v����Z ��
�D hf	� Y��)O 2? �&0!� 

�SM��Y�U*a �6�%� F[����� � @�S�%� �@�C*? �
2T�
� (�
%D 


�D��$2&�)" 2'�1`�$�� �U*a �
��)
O �
 �
6�%� �&/W

�
���$ ��� �$ y%= 2�
�Z ��
 .�
��
�
Q� ���
$ �&�@�C
*? 

��� ��� �
 F[����� � @�S�%�1�1 2$��SM� �� 0�	��
� � �/g��

�/��9/9W�6�
 
)$ ��
);�$ �7�O 2$ �!C� ��.(�
 ��� �


 �
$��$ 0
�1�1 2$ Y��SM� ��� F�S��9/}}�j/���j///�
6�
 


)$.� �
 �$ �����\ �U*a �� ��2���? @� �O �
tX
� �)
O &

S5����\ F�S��	7�? �� @��
� � j/j� ��� ��� �
 9/��6�
 

�!C� (�
 ��� �

)$ ��
);�$ �7�O 2$ )�_���9�}.(

1��)O ��=&�$a�c%� �
 �U* F[��
��� � @�C*? 2
��
 �
 


�SM� .���SM� ��YA%1 ��� ��� �
 �)O �1 �&�V�
���y%
=

 ��� �$ �)
O tX� ��M� �1`�$ �$ � �O�
 2��
�&����
Q� ��
A�Z

 &�� �1 �O 2���? .���Q� F[����� � @�C*? �)O �
&�V�
�

��SM� �� ��� �$ y%=��	��
� � 9/����/�j�6�
 2
$ �!C� 


)$ ��
);�$ �7�O��.�
 �6�%� ��� F�S�� ����	�$ (�
 ��� �
 

&�)O/W�
�
 � �	��SM� �� � ��Z ���$ ��� �$ y%=�� ��
 

////��/�g�7�


O 2


$ �!C


� �


6�
 �


�
)$ ��
)


;�$ 

)�_���9�}(

����S-1 v����Z 2&
���\ �c
%� �
 
�)� �
 �%� � @
�S��
 @

2? 
�
 F�	� �H$ �Y��
��Z ��� �
 �7 �
 �)
O �
8�&�
A%1 �
$ 

���\ �U*a�% � @���� ��
 .�)
O ��
M� `�$ �$&�
1 �7�
O �� 

tX�/W�
���� �U*a �� ��� �$ y%= 
� �H
$ �
 �c
%� �
 �

� � �O 2���? 
� ��
�Z K�
LE �� Y7�
? �&��
$ �
A%1 &
���\ �@

% ��
)$ ��
.�Q��C2��+���� Y7�? 2? 
�
 F�	� �
�
���\ F�S�@

�)O �
&/W�
����$��$ �7�O 2$ �!C� y%=//�W�
 �6�
 

� ��� ����/�/(�
 ��� �
 �6�
 
)$ )�_���9�}(.

$ 2X$����)O �&*$�T ���H
a �6�%� F
)$ d���
 �
 ���

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             5 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

��j 

��
��

�.
�	


�
��


�
��

��
��

��
�

��
�

��
��

��
��

��
�

�
�
� 

�
��

�!
"

��
��

���
	�


��

	

��
��

��
��

��
�

��
��

��
�

��
��

��
�

��
���

�
��
���

�

��
��

�
�� 

!

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

���
&�

'
ns

((
(%

/(
ns

((
*

/(
*

(+/(
ns

"#/(
*

"$/(
ns

((
*

/(
ns

((
((

'
/(

ns
((

(,
/(

ns
((

((
#

/(
ns

((
"

/(
ns

((
((

('
/(

ns
((

((
"

/(

�
�-

.
)S(

%
**

(%/(
**

('/(
**

"#/(
**

#%/(
** */$

** 1/$
**

((
+

/(
**

((
'

/(
**

((
(%

/(
*

((
+

/(
ns

((
((

('
/(

ns
((

((
(%

/(

�2
3

a
$

((
'

/(
((

'
/(

("/(
(*/(

""/(
(1/(

((
(*

/(
((

(*
/(

((
((

1
/(

((
'

/(
((

((
(*

/(
((

((
"'

/(

��
��

���
)

N(
'

**
('/(

**
(1/(

**
"1/(

*
#*/(

** "
* ,/(

**
((

%
/(

ns
((

((
#

/(
**

((
(#

/(
ns

((
($

/(
ns

((
((

((
(1

/(
ns

((
((

(#
"

/(

S*
N

$
ns

(*/(
*

((
$

/(
ns

('/(
ns

(*/(
*

"*/(
**

%1/(
*

((
(,

/(
ns

((
(%

/(
ns

((
((

#
/(

ns
((

"
/(

ns
((

((
((

"+
/(

ns
((

((
('

#
/(

�2
3

b
'(

((
#

/(
((

#
/(

('
'

/(
(1

'
/(

(+/(
"'/(

((
(#

/(
((

(#
/(

((
((

,
/(

((
'

/(
((

((
(*

%
/(

((
((

"(
/(

%
C

V
#/

"%
'/

"+
,/+

,%/
""

"/
""

*/
",

%/%
+/

"#
*/"

*/$
'/'

"/#

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             6 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

��� 

��
��

#.
$

�%
�
�

�
��

�
&
�


'
(

��
��

��
�

��
�

��
��

��
��

��
�)


�*
�


+
,


��

��
��

���
	�


��

	

��
��

��
��

��
�

��
��

��
�

����
��

�

4
��-

5

6

��

 !

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

�
�-

.
)

��
��

�7
�8

 

9
��

(

S 1
c

'$/(
c

'+/(
c

+1/"
c

#*/'
c

'#/"
e

+,/(
c

#*/(
b

"#
(

/(
b

%1
*

/(
b

%#
+

/(
a

"(
%

/(
a

"(
*"

/(

S 2
bc

#"/(
c

',/(
b

1,/"
bc

%#/'
c

*"/"
d

%,/"
bc

#+/(
b

"#
'

/(
b

%1
#

/(
ab

%+
*

/(
a

"(
%*

/(
a

"(
%+

/(

S 3
b

#*/(
bc

#"/(
b

1,/"
ab

+"/'
b '/

''
c '/'

ab
%(/(

b
"#

%
/(

ab
*(/(

ab
%+

+
/(

a
"(

%(
/(

a
"(

%'
/(

S 4
b

#%/(
a

#$/(
a

"'/'
ab

+'/'
a

''/#
b

**/'
A

%'/(
ab

"%
%

/(
ab

*(
#

/(
a

*(
%

/(
a

"(
#+

/(
a

"(
#%

/(

S 5
a

%+/(
ab

#*/(
ab '

a
$"/'

a
#$/#

a
#,/#

a
%'/(

a
",

+
/(

b
*"

"
/(

a
*(

+
/(

a
"(

#*
/(

a
"(

#*
/(

��
��

���
)

��
�&
:
��

;�
<-

��<
(

N
1

b
#"/(

c
'%/(

b
$1/"

b
%#/'

b
('/'

b
1'/"

c
#$/(

a
"%/(

b
%1

*
/(

a
%+

#
/(

a
"(

%
/(

a
"(

#$
/(

N
2

b
#%/(

b
#"/(

b
1#/"

a
+'/'

a
#1/'

b
1$/"

b
#1/(

a
"%

'
/(

ab
*(

"
/(

a
%+

1
/(

a
"(

%"
/(

a
"(

%"
/(

N
3

a
#1/(

a
%"/(

a "/'
ab ,/'

a
*#/'

a #/'
a

%"/(
a

"%
"

/(
a

*(
*

/(
a

%$
$

/(
a

"(
%#

/(
a

"(
%+

/(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             7 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

/WW 

��
��

-.
��

��
��

�
��

�
��

��
��

��
��

�)

�*

.
��

�
��

�!
"

	

��
��

	�


��

��
��

���

��
�

��
��

��
�

��
��

��
�

��
��

��
��

�
�� 

!

��
���

�
��
���

�
ns

((
((

('
/(

ns
((

((
#

/(
** */"

** %/"
** $/$

**
('/(

"
=�

�
ns

((
((

('
/(

ns
((

((
+

/(
ns

((
(#

/(
ns

(1/(
ns

"'/(
ns

((
#

/(
'

=�
�

*
���

&�
ns

((
((

(%
/(

**
((

(,
/(

**
((

$
/(

**
"+

**
%"/(

**
(*/(

%
�
�-

.
ns

((
((

((
"

/(
ns

((
((

%
/(

**
((

"
/(

**
%"/(

ns
(+/(

**
("/(

%
=�

�
*

�
�-

.

((
((

(,
/(

((
("

/(
((

,
/(

"/(
(%/(

((
'

/(
",

?�@
�.
�

ns
((

((
((

'
/(

*
((

('
/(

**
((

'
/(

** %/"
**

%'/(
** "/(

'
��

��
���

ns
((

((
((

(#
/(

*
((

("
/(

**
((

"1
/(

ns
"$/(

ns
"%/(

*
("/(

'
=�

�
*

��
��

���
ns

((
((

((
#

/(
ns

((
((

+
/(

*
((

(,
/(

*
#$/(

ns
("/(

ns
((

#
/(

$
�
�-

.
*

��
��

���
ns

((
((

("
/(

ns
((

((
"

/(
ns

((
(%

/(
*

',/(
ns

(*/(
**

((
1

/(
$

=�
�

*
�
�-

.
*

��
��

���

((
((

(*
/(

((
((

%
/(

((
(#

/(
(1/(

(,/(
((

#
/(

%(
?�@

�.
�

"/'
%/"

1/,
$/

"#
#/

""
#/

",
%

C
V

nsA
**

�
*:

��
��

�
�

�C
�D

E
�3

�;
F5

G
9

�C
�D

E
�3

�A
���

9
H
2�

��
���

"%
�

*%

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             8 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

/W� 

��
��

/.
��

��
�


��
�


�0
1

2�
��

��
�


�0
�

��
��

�)

�*

�

+

,

��

�
�
�

� 
�

��
�!

"3
�
�

�

	

F�

��
	�
��

�J
K

�

�

	�
��

�J
	

F�

���
��
��

��
�

��
��

��
�

��
��

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

��
��

�
�� 

!

��
���

�
��
���

�

ns #/(
ns '/

"#
* +/

"'
ns

(#/"
ns

(,/(
ns

(,/(
ns ,/'

ns +/%
ns

((
(,

/(
ns

((
#

/(
ns

,1/(
ns

"(
'

/(
'

���
&�

** 1/
#+

$(
** "/

#*
,'

** "/
#(

''
** $/

"%
""

* */(
*

'"/(
*

%+/$
** +/

'"
**

"'/(
** #/(

** 1/
'+

1
**"/

,'
(

%
�
�-

.
)S(

*/
"%

*/
"#

+/*
#/"

($/(
(,/(

*#/"
*/#

((
(+

/(
((

#
/(

,+/(
%$/'

$
�2
3

a

*
"'/'

**
,*/

%+
** ,/+

**
,"/

""
ns

(,/(
ns

"*/(
** */

'(
** '/

##
*

((
%

/(
**

('/(
* 1/#

** 1/
''

'
��

��
���

)
N(

**$/
"#

"
ns 1/'

** %/
,#

** #/
'(

ns
''/(

ns
(%/(

* "/
"'

* $/,
*

((
'1

/(
**

((
+

/(
** $/+

**1/#
$

S×
N

%/
'#

,/+
"/%

++/(
",/(

(,/(
$/'

',/#
((

(1
/(

((
"

/(
1'/(

(,/"
'(

�2
3

b

"/
",

#/
"'

1/
",

,/1
+/

"'
+/+

%/+
$/*

+/
"$

"/
"*

"/
"#

%,/1
%

C
V

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             9 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

/W/ 

��
��

4.
$

�%
�
�

�
��

�
&
�


'
(

��
�


�0
�

��
��

�)

�*

�

+

,

��

	

F�

��
	�
��

�J
K

@

�

	�
��

�J
	

F�

��
�

��
��

��
�

��
��

��
�

��
��

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

"#
$%

"#
$#

4
��-

5

6

��

 !

�
�-

.
)

��
��

�7
�8

 

9
��

(
a 1/

*$
a #/

*%
a #/

%%
a 1/

#(
A

b
'/#

a */#
a '/

'#
a %/

#'
e

(*/(
c

(+/(
d +/(

d "/"
S 1

b %/
%'

b $/
'$

b */$
b */$

a */#
ab #/#

a 1/
''

a #/
#'

d
($/(

c "/(
c "/#

c */%
S 2

c "/
'%

c %/
"#

c $/'
c '/#

A
b

"/#
b "/#

a +/
''

a 1/
#"

c "/(
b '/(

b %/$
b 1/1

S 3

d ,/
",

d +/+
c */'

d ,/"
ab '/#

ab #/#
a 1/

''
b '/

'1
b '/(

a %/(
b %/1

a $/
"$

S 4

e "/$
d #/+

c %/"
d */"

b $/'
b "/#

b
'"

b */
'1

a %/(
a */(

a $/
"%

a "/
'(

S 5

��
��

���
)

�&
:
��

;�
<-

���
��(

a 1/
#'

a #/
'%

c 1/1
b "/1

a '/#
a %/#

b '/
'"

b +/
'1

b
"%/(

b '/(
b 1/,

b /1
N

1

b 1/
'+

b 1/
'"

a 1/
"#

b #/$
a "/#

a #/#
a +/

''
b $/

#(
ab

",/(
a

'$/(
a 1/+

a #/
""

N
2

ab 1/
'1

b $/
'(

b "/
"'

a "/
"(

a "/#
a '/#

a +/
'#

a +/
#'

a
"$/(

a #/(
ab "/+

a 1/
""

N
3

�D
E
�3

�
�

L�
�

�
M

�:
���

�N
��
�O

�-
��

M
?F

.
P

Q
R
��

��
S��

D
�

�C
�F

��
9

K
��

���
.

P<
0.

05

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            10 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

/W� 

��6?..+���	)O � ��6� 0=	
� E�0� M�:R 

@��� 2� @����\ �!C� @����\ @��� 

�H$ 2T�� �H$ 2T�� �H$ 2T�� 

2_�
 

&
��Z 

#$�%� 

3����r1 
**�/���� **g/�}� nsW�/W **V/�g/g **�/W **�//�W � ��� 

ns}/g *j/g nsWV/W nsV/9 nsWW�/W ns}/W / ��� *����1 
**�/}//j **V/9/}V **V/W **�//� **9/W **�/jVj 9 &�)O 

**�/��9 **9/�Vj ns//W *�/} **W�/W **�/g� 9 ��� *&�)O 

�/�� V/� ��/W V// WW//W �// �g ��!�O� 
**V/�9/� **g//9 ns�/W **g/V} **W�/W **�/�j / F[����� 

ns�/�/ **g/9} ns//W ns9/� *WWg/W *g/j / ��� *F[�S��� 
**9/}� **V/�g ns�9/W *�/V **WWV/W **�/j j &�)O *F[����� 
**�/g� **�/9} ns�//W **�/�W **WW9/W nsg// j ��� *&�)O *��F[��� 

V/�V 9// �//W //� WW�/W }/� 9W ��!�O� 

�/�V }/�9 �/�� }/g g/�g �/�9 %CV 

ns �** �*:1�1 2$�% � b5�;� (�� 0�% � b5�;� ���
�tX� �
 ��
�%�V%

� 
�)����$ ��&\ �O� �R��C$ � ��+�D s)
� 2
$ 
��)
O ���&�

���Ha �6�%� F�S��
��
 :�; �
 .M 3� E�X��S�E)[)�F�	
� <

�
�
 �)O Y%1 2? &��8Z )� ��D �
O� �$ �
7�F�
��
 )�(.�
��

0!� 2$ ��� ��H
a �
6�%� �!C
� �
 �
��r1��S=
�� Y%
1&�

=��;�$ �����F)�
7&��
; �
� �
O�$ )���W.(� �
 
� �

���Z��)O Y&�SM� 0!� �� Y�@
7 b�c��\ �6�%� #=-1 F�S

 �)
7 Yf$ �
��
�D (�
%D 2
��
 �
 @
7 �
��.�
���
�� ��
$ v

e��SD &�7 F����=7 � 
�O�� � F����=7 � y�)����M �Q$�X�

�

�)��(.d�)*M � )� *6� .��� 2? ��
�? e��SD�3��C; 

O����)O Y%1 �� &v��$ �
 �2-��� �
 � @��� F�S�� ��M� `�$ 

��� ���D �
 �c%� ��� ��=�)/j(.��
���@��
� F�S
�� 2
? 

Y��SM����>=� FZ 3��8� �$�� 1����r1 2$ �-%� ������	M �
 

S=��&
)
O �)*� .Y7�
? � S�E)=
�5\ 0
_)� .
��� �
��

 $�f��� ^H_��)*� �7&2	�� ��
)O.� �
 ����Z ��Y�%k �7

 �U*a �$ &�� �1 &�)O 2$ Y%'�� �
�6�%� � @�S�%� �@�C*? 

F[����� �
 Yf$ �
 2��
 � 2T��(�%D �
�� �
O �
�S
M� F��=k 

�SM� ��� ����	�$ $ 
)$ @��� �c%� 2$ �)$�� Y� 2&�)" 2'�


�)O&/W�
������ �$ y%= 2T�
� @��
� F�S�� ��� ��� �
 

//�}(�
 ��� �
 �j///1 2$ �!C� �$��$��S
M� �7�
O ��
=�Y

�O�
 .��E�� �
 ��� 2? 
)$ �F�S ��� �S
M����
$ Y&�F[��
��� 

C*?�%� � @�S��
 @2T�� ��� ��� �
1�1 2$
�0}/��}//���

(�
 ��� �
�/��9/9�//�
)$ �$��$��.��F�	
� �
�� ���
%7


��8G1 P%� �#=-1 ��� F)�#=-1 � ^H_ �$ @�+�
 �
 �
6�%�

(�%D F��=k @T� � ��=� �8� S�����D �$ F)������.


�
�� ����C
� Y����Z ��� ��� �
 �7 �
 F��=k (�%D&

�)O 2$ �!C�&�� �1`�$ V�
�
�� �$ y%=�� F�	
� 
)
; �� �


�
 .��� �� 4)X
� �
 FZ 2
��
 
�
>*=� � d�
�)�$ F�S�� �� ��

`�$ �O 2���? �1 .d�
�)� �
U� d�
���$ �
�� �
 �
O� Y7�
?

 ̀ �$ ��
�Q� #=-1 2$ �)$�� �N���O&F)� �7&�
 @��
� � �
*? 

��� ���)7 Yf$ .��\ ��� ���&n�$ d�
�� $ �7 2
��
 ��
!�
 

)/W(.-1 � S�%� �$ F�7��D 
EZ 3�
!�?�1 #
=�)s�)
�� � ��E��
\

3����7)$�? �7(S=�� @�U%1 �$ ��)*� �
&� ^Z ^H
_ 2
��
� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            11 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

/W9 

��$ �� ���Ha �6�%�&�C�� ���D ������
� .Y7�
? �
$ ��
%�� ��

 
;�$ �
U*a ��O��`�
$ ���)
7 Y
f$ �
 ���H
a �
6�%� �� 

�� 
�� .>��
��)� �� ��8G1 �
 F[����� �6�
 ��M� `�$ �
 ��HD 


 �7 �
 Y��S
M� �Y��
��Z �
�� �
 F��
=k @
T� (�%D Yf$ �

��%%? @�U%1 S=�� &)��E��\ � 3����7)$�? (Y
f$ �
 2
? 
)$

 ��� ��O �
�
 t��)1 �.�)
O tX
� ��M� `�$ �$ ���=7&
$2

�� �)c;V�
�
�
�� F�S
�� 2
$ �`�$ 2$ ��� �$ y%=��&�
$ 

S=�� ��%%? @�U%1 �
 ��� �U*a&.D 2*��� �
 �7 �
 
7
��

��O&�O �
�SM� @k�\ n�$ �
 �2��
 F�O .��E��
\ ��$ ��� �


$2�[����� ���;�� F
)$ ���
 .�E
�
)? ��=�1 �&2
$ S�� F[����� 


��� ���Q�&�)O ~*�f� 4)X� �
 FZ �U*a �$ &
�SM� .�
��

 �����>� ���)1��
 �
 F[��
��� �
6�
 Y��SM� .�`
 �� �+�
 

O�$ (�%D �� @T� ��� Yf$�.Y
L$ �
 �
 @�C*? Y��SM� .�E


 Y����Z ��� �
 �7 �
 ���D���� @
T� ��� Y%?�� �)$�� ���)1

 
" �
 @�C
*? �
��*? <
=� �� �
�P��� 2$ (�%D�Y%
1 ��
=�� 

�)O&�O�$ @��� ���*? <=� �$ .��
�? e��SD )��D � F�1��D

 � @�C*? �� �
�P��� 2?�Y%
1 �
L1 F�
7��D �
 �� ^H_ ���)1

�)O&!A$ Y
f$ �
 @�C
*? F�S
�� ��M� `�$ 0!� ����	f$ 
)

��)7�
)O F�7��D )�9(.

�_ �
���9�}A	�)
��� 2? ��=�1 �� �7�
O tX
� �
1

�)O&V�
���� �$ y%=�� 2U�5� .$�T 3��P1 �&� �
 
�F�S

 �6�%� #=-1 F[����� � @�S�%� �@�C*? �)
7 Yf$ �
��
)
_�


���� �� ��� �
 ��tX����Q� ���\�C$ ��O ^H_ @�$ �� 
� ��	

 �� ���C*? ���Q� � ��� @�� @��� �� S�$ @���� ��	 .`�$ �$ ���

 �)O ��M�&tX� ��V�
����� � $ 2$ ��� �$ y%=�� $H
_ �

D�$ �� 2
�); @7�� �� ���6�%� ^H_ F�S � @�C
*? �F[��
��� 

@�S�%� �� 2$ �!C� �+=	
k � 2
U�5� .
$�T ���
Q� 2
$ @��&

2���?��
)O.

���SM� F�S�Y��� F)��)O �
 �H$ �
 @&/W�
���y%=

 �7�O 2$ �!C� ��� �$ ��� ��� �
 g/g(�
 ��� �
 �//}�$��$ 


)$.��M� �S����$ Y&F[����� C*? ��@��� �
 �7 �
 //��$��$ 


)$ )�_���9�}(.

F����=7 � 3�7� ���C
$ �
 2
? �
�
�? (5
��&F�
7��D �� 

%����D �
�)��; $ @��� 22*
6� .��� F�)%��
O�� 3��C
; ���

�)� ��=����=
O 2
$ �
� 
��)�}(.`�
$ �
U*a&�
 @��
� 

��Ha �6�%� �+�
 ^H_ Y7�? 2$ �-%� :�; �)*L��N
�)1 

���D��
)O .
$ @��� 2? ��k2�
 .;��
1 0!
� @�Q�C
� �)
"

 ��H
a �6�%� �+�
 ��Q��� � ^H_��1�=
�
)=�5\ ,
��" �� &

�)*� �7&2	�� ��
)O .@70!� 2$ ��%k ��8G
1 F�=�;�
� �
$ 

:�;����H
a �
6�%� �
+�
 ^H
_ � 2	
�� �
O� �� �
��)1�

�7�>$.

� 
)?�F[��
� �
% � �
8� Y��
��Z ��
� �
 �
7 �
 �
$ &��


 @��
� � F[����� � 2T�� �
 �A%1 @����\ � @�C*' �6�%� �U*a

 �O�
 2��
 �
 @7 � 2T�� �
 @7 .�
� @�S
�%� �$ F[����� �8� � 2T

�% � ��� ��� �
 �A%1 2��
 @�C*' 
)$ ��
 .S�� 2��
 @�C*' �U*a

 �
L1 ��� �
 �7 �
 2��
 @����\ � (�
 ��� �
 ��8G
1 F[��
��� 

�M�+� ���T)����_��g.(�
�
 0'�� 2�S-1 �7
�
 F�	
� S�� 

� &���
 F[����� 2'G�
6�%� ��� ���=1 �U*a �$ &��
 �% � ��8

 $ Yf$ �
 �7 �
2S_�
�� 2��
 �
 @����\ � @�S�%�)���
_ V

�j.(� b�c� ��M� `�$ �$�� �$ F[����#
=-1 � ^H_ F�S �
��

�6�%� �7 �
 D Yf$ �
��O �
�SM� �� .���SM� F�S�Y�F[��
��� 

C*?�%� �@�S����\ � @�1 �
 � 2T�� �
 @���= N32$ �!C�N12
$ 

1�1��$��$ 0�/���///W�/���6�
 
 � ��� ��
� �
 ��
� �

�
$��$ @�
���\ � @�C
*' �F[����� &��$ (�
g/9��V/�g��/�W

��
)$ �6�
 .��� F�S��SM� ����$ Y&F[����� C
*? ��2
��
 �
 @

��� ��� �
 1�1 2$��$��$ 0�/���V/�W�6�
 (�
 ��� �
 �

F[�S��� &��$ �A%1g/j
)$ �6�
 )����_9�}.(

� �
����Z ��Y)
' Y��SM� �$ �%k �7 F�S
�� �
$ F[��
��� 


��
=�1 �
 Y��SM� ��� ��� �O �
�SM� (�%D 2��
 � 2T�� �
 @���

 
)
$ S�k�
� ���C
$ �6�%� �+�
 �$ 2C��Q� �
 `�$ &
)' .F�)
% $

 �$ ��i��SM��1 Y�
)
? ��
=&tX
� �� VW2
$ �WW ?�(�
D )
*

�����>7 �
 F[��� F�S�� #=-1 2T�� �
 ��� ��� �
 @���//�g

2��
 �
 � �6�
9//�
)$ �6�
 .�
$��$ (�
 ��� �
 F�S�� ���

�/���//}��
)$ 2��
 � 2T�� �
 0�1�1 2$ �6�
 .`�
$ �
$ �
��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            12 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

/WV 

Y7�
' &��+=	k F�S�=$ @��� Y��SM� ���Q� 
)' tX� ��M�

 &
)
' tX� �
 Y��SM� F�S�� ��� 2T�� �
 ��� ��� �
 � �M��

�VW 2$ �!C��WW �$��$ ����7 �
 F[����� (�D)*�' j/V�6�
 

�H$ �
 �g/�
)$ �6�
 .2T�
� @��
� ��$ &���r1 (�
 ��� �


 �
$��$ �H$ �
 FZ Y��SM� ���Q� ��� �	� ��7�	� tX� �
 ��� �


�/�
)$ �6�
 )���_ }.(F�	� ��� ��� ��%7
��8G1 
)
? �
!i� 

�	�$ ^H_ �� � ��=� �$ `�$ F[����� �
�� @��
� F)� �.�
��

���)��D � F�1��D v���� �$ v� 
$ �$ ��
�? (5�� 2? 
��
 �Q$�X� 2

D��?��&� b�c� ���\� �� �� �1`�$ F[����� 
�)� @=���
$ ��&

��O�� �$ �Y%1 F��$ N
�� 
�
>*=� ��
O� F�S �
6�%� ^H
_

��Ha���O �
 ��)O Y%1 N&�
�SM� �
� 
)
O)�9(.� �� 
� �� �

�� �� F�)1�2-� 2? �M�D�F[�����^H
_ �� �
 ��=� �$ ���)1

$���	��� F)�@����
� �
6�%� ^H
_ &����
O �
 �Y%
1 N

�)O&�	f$ 
)!A$ .

F[����� � @����\ 
��)� �
 S-$ F[����� � &�)O .$�Q�� �8�

 (�
 ��� �
 2��
 @�C*' ���� �
 �7 �
 2��
 � 2T�� @�S�%� �2��


 �
 ��� ��� �
 �A%1 2T�� @��� ���
� �
 �
7 �
 
��)
� ���� 


)$ ��
 �% � Y����Z .����� ��$); 2$ v�F�	� ��2? �%7
��8G1 

1�
 <=� �U*a��7��=&� ~*�f� �F[����� F�C> 
� � �C �
8� 

�)O Y%1&� �
$ (�%D�
 �6�%� ^H_ �$ 
�
$ F�S 2D��
?��&�

� 
)? b�c��[���1 Fr������%?.

>(b�*9 K/Na 

y������ 2�S-1 v����)�_��g(F�	����)
O 2? �7
&��8G
1 

% ����
&��)
7 Y
f$ �
 @��� 2$ @����\ ^H_ �!C� �$ ��


��
 Y����Z ��� �
 �7 �
 F��=k @T� (�%D 2��
 .��
M� `�$ �$

 �)O tX�&2$ �7�O �� /W�
��!C
� �
�� �� ��� �$ y%=�� 

��)7 Yf$ �
��
O 2�
��? Y��
��Z ��
� �
 �
7 �
 2��
 �.

� ���1`�$ ��)7 Yf$ �
 �
 @��� 2$ @����\ �!C��
7 2
��
 �

�)
O 2
$ �)
$�� FZ ����=? � �7�O ��=�1 2$ �)$�� ��� �
&

/W�
���
)$ ��� �$ y%=�� )���_}.(


)? ��=�1&@7 F[����� ��8G1 % � ���
&2$ @����\ �!C� �$ 

�
O�
 Y����Z ��� �
 �7 �
 2��
 � ���)7 Yf$ �
 �
 @���

$2&�)" 2?��)
7 Yf$ �
 �!C� ��� ����	�$ ���� ��
� �
 

2$ �)$��N3��+���� �$ 9/�W2
$ �)
$�� (�
 ��� �
 �N2�
$ 

��+�����/��
)$ .�
 ��� �
 �7 �
 �!C� ��� ����	�$ 2��
 �


N1$2��Z ��
)���_}.(�)O .$�Q�� �8�&F[����� �)$2S_

��� ��� �
 2��
 
�)� �
 (���Z ��� �
 �7 �
 �!C� ��� �$ Y�

 % � ���D Yf$ �
 �7 �
�
)$ ��
 )���_}.(Y��S
M� �%k �7

F)� �)
O .
$�Q� �
 �)= � Y%?�� <� �7&�!C
� �
�� �
�� 

F)� 
��� ��=7� �� �7&�)� ��=� ��� 1 �
 ��
�� ��
�)
;�$ 

)}.(�!C

�K/Na

>� �h;�

O �� �

7&��

%%? ��

� 1 @

A� 

�)

O 2

$ ����C

�&�

�� .�
 �!C

� �

�� Y7�

? F�

7��D 

@7 ��l1��
\ S�%
� F�S
�� �� ��%k �
7 �
� �
7�? )}.(� ���7�
�

 )T 2X$�� 2? ��
�? (5�� F���>=7&�!C� ��$ K/Na �
���Q� �

�)O 2$&
��
 
)_� )_ �
 .
Do�� ��� 2? ��
�? 
�A%	�\ �A�Z�

�� $ ���)1 2456� N�)1 (�T�� ^�f��� �
 @A� .��� <� F�)%�

 $ �7�D 2
)O 2�M�D ��?)/g(.�)
O 2
$ ����Q�&S
�� (�
%D �
 

+�C$���)
7 Yf$ 2$ @��� F)� @? ��Q��� F�S�� 2$�^H
_ �

�!C� Y��SM� 2-��� �
 � @����\ ��	�$K/Na 
��
 .�
 .
=� ���

(�%D �7&$ F�� 2���=
O (�)
���? 2*�
��/()
�[ �� D��
�%? 

�� 
)O )��.(F�=7 Y����Z ��� �
 �)
O �
O F�
�$ 2
? �)"&

`�$ 0!� ��)
7 Y
f$ �
 @��� F�S�� ��M� �Y7�
? � 2
��
 �

�O @����\ ^H_ F�S�� .@����\ �!C� F�O @? 2$ �-%� ��� ���

 ��
�D @��� 2$.(�` N���
O F
��Z @7��M �$ F[����� ���A� �


��$&�� �1 @����\ ��A$ ^H_ &
�SM� �!C� ��� F�S�� �$ .

r(�6

� ��7
+ 
: �' 
	� 

���Z 2�S-1 v����&��� �� <� �7 �7&Y����Z 3�)6 2$�S-� 

)���_ �(�
�
 0'�� 2�S-1 ��7)���_ ��(F�	���2? �7


 �
 @k�\ n�$ ��E��\ � 3����7)$�' #=-1 F�S�� �$ &�)O �8�

 .D 2*��� �
 2
��
 F�
O &��
O � �7
 �
% � �
7 �
�� ��
 .�
$

 �
M�$ �
 0
�'�1 �
 �
�� #
=-1 F�S�� �$ &�)O tX� Y��SM�

 �$ S!� 2
��
 F�O &��O � �7�*D 2*��� �
 �7 �
 @k�\ n�
7 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            13 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

/Wg 

��6?s.M�C0� �� �� �#0O T0� Q�&�0O � 4'�6����0� `9	��'� M�:R+ 

3����7)$�' ��E��\ 

2_�
 .D 2*��� �7
 2��
 F�O &��O �7.D 2*��� �7
 2��
 F�O &��O �7 3����r1 #$�%� 

&
��Z ��j� ��j9 ��j� ��j9 ��j� ��j9 ��j� ��j9 

.�M��*' 

����1 /ns�/gns�/9ns�/��ns9/��ns�/�ns//�ns�/�nsg/Wns}/j

&�)O)S(9**}//�/ **g/��j **�/}�9 **j//9V **j/��� **�/�/**}/�g� **V//�� **�/9/

�X;aj�/��/g//�W�/gV/�g/99/V}/�g/9

F[�����)N(/**�//�**�/�/� **g/j/**�/��9 **//}V**g/g�**//j�**�/�/**//��� 
S*N j**V/��**//��� **g//W**g/j}W **V/V*�/g*//�9nsV/9ns�/��

�X;b/W g/9j/jj�/���/�9//9/9�/�//j

%CV �/�Vj/�9�/�g/�9}/��/�9g/�g�/�9}/g

��6?,_.Q�m9	�� M*�	e� �#0O T0� 4'�6����0W � Q�&�0O 
	� 

��E��\ 3����7)$�' 

.D 2*��� �7
 2��
 F�O &��O .D 2*��� �7
 2��
 F�O &��O 
)�.�� 

Y����Z 
��j� ��j9 ��j� ��j9 ��j� ��j9 ��j� ��j9 

&�)O)��� �$ y%=�� ��
(

S1dc�/�bc�/�c�/jc�/}dg/jd//��d9//�c�//�

S2dg/jc�/�c�V/�c�/jd�/�dg/��d////b�//�

S3cV/�Wbc�/�Wb�/�/c}/�cg/��c}//Wcg/�WabV/�/

S4bg/�9abV/��a�/�gb�/�gb//�gb�//9bj/�9aV/��

S5a}/�gag/��a�/�}a}/�jaV///aV//jag/9/a}/�9

F[�����)����7 �
 (�D )*�'(

N1c�/�c//�bg/�Wb�/�Wbj/��b�/�}a�/��a�/�}

N2bV/��b�/�Wb//�/b//�/b}/�/b�/�jb}�//jb�//�

N3a9/�9a�/��a//�Vaj/��ag/�Va�//�b}W//jb�//V

�O �
�SM� ..D 2*��� �
 �
 �
7 �
 ��E��
\ F�S�� ����=' �7


 &�)

O tX

� �
 Y��

��Z ��

�V�

$ �

�� �

$ y%

=�� �

�
 

��+���� �7&//j��/�F�� (�
D �
$ �)� ����� ���
�=? � �
1

 3����7)$�? F�S�� �)O tX� �
 &��+���� �$ �7�O �7&g/j�

//��F�� (�D �
 S?)*D (�D��>�� $ �1 2�
�Z �
�
 .����	
�$

 &�)
O 2
$ �)$�� Y����Z ��� �
 �7 �
 0�?�1 �
 ��� ���Q�

/W 
)
$ �
�� �
$ y%
=�� ��
 .tX
� �
�� �
 ��E��
\ ���
Q�

�$��$�/�g�g/��F�� (�
D �
$ �)
������ 3���
�7)$�? � �
1

 �$��$g///�g//j0
�1�1 2
$ �1 F�� (�D �
 S?)*D (�D��>�� 


)$ Y����Z (�
 � ��� ��� �
)���_ �W.(

2
��
 F�
O &��
O 2*��� �
 � ��E��
\ F�S
�� ���
�=' �
7

 FZ ����	
�$ � �7�O &�)O 2$ �)$�� @k�\ n�$ 3����7)$�? 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            14 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

/W} 

��6?,,.Q�&�0O D4'�6����0� E�0� M�:R+ 

2_�
 7)$�'3���� ��E��\ 

3����r1 #$�%� &
��Z .D�7
 2��
 F�O &��O �7.D�7
 2��
 F�O &��O �7

��� �**//jW� ns}g/Wns99/Wnsj/�

��� ×����1  /nsg/Vns�/�V*9/�Wns�/�

&�)O 9**�/gj� **�/j�V **�///9 **�/�gg 

��� ×&�)O  9ns�/�**g/�9V nsj/9ns9/g

��!�O� �g}/��/jW9/99/V

���F[��  /**j/�/j **�/9�9 **//�9/ **�/��

��� ×F[�����  /*9//�*�/g/nsV/�nsj/V

&�)O ×F[�����  j**�/j�**///9�� **V/�**g/�9

��� ×&�)O ×F[�S���  j**�/g}**9gW ns�/Vns}/�

��!�O� 9W}/g�/����/�

%CV //�V�/�/9/�9�/�V

&�)O 2$ �)$��/Wy%=�� ��
 ��
)$ ��� �$ .Y��S
M� F�S
��

 &�)O tX� �
 ��E��\/W�7�O 2$ �!C� ��� �$ y%=�� ��
 

�$��$�/V��}/V}��$ 0�1�1 2$ �6�
 &
)
$ (�
 � ��� ��
� .

��$ Y��SM� F�S�� ���&�$��$ 3 ����7)$�? }/9���� �
 �6�
 

� ���}/�9
)$ (�
 ��� �
 �6�
 )���_ �W.(

? @�

U%1 F�S

�� Y��S

M��7�

%%&S=

�� &

EZ �)� ��E��

\

3����7)$�? (&�)
O Y%
1 ���
$ �" �
 F�7��D S!� �M�$ �


 �

�� ��

O e��S

D ��

QQL� �� &���C

$ N

�)1 .� ����E)

�

 FZ F����=7 ��
�' e��SD v��$ �
 ��)/}(.�
�� �U*a Y��SM�

 .D 2*��� �
 �7 �
 0�?�1 �
 7
���O �&2
��
 F�
O �
 �
7

 � �+���$ F��=k @T� (�%D �)� 
)_�S=
�� @�
U%1 �
�M�� &�

EZ 3�!�?�1 2$ @T� ��� ��>1����$ &��� ��� �
� �
O�$ .F�
D�)�

 ��%%? ��D��� 3�!�?�1 Y��SM�)�7��
�� �3���
�7)$�?&�2
%��Z 

F)
� �

7&��
 � ��7��

�� �&
EZ �(�

7������\ F�)
%� 2

$ ��&

>�[)E)�S�M����=�O)�$ ��S=�� @�U%1 �$ N!1�� &" �
 ����
$ 

Y%1�)O&�����
)��(.�U*a �
 3�!�?�1 ��� #=-1 �7&`�$ 

��=����E� M �
 �7&�
P� 0!
� �2�
O��� F�7��D @�5\)��� 

�)>E)���?�� ���;�� � �)*� d��Z ��	M Y7�
? (�
+%7 �
 �7

 �)*� ^Z����)O .3���
�7)$�? F�S�� �
 ���r1 ��$ ��� �
 �
7

 
��� ��=7� ��&��� ��
�);�$ .1 �
�� 2
? ��k 2
X$�� 3�
!�?�

=�Q�C��>�[)E)�S�M �%���M �$ �yP%
1 � S�%
�)�M �
%��=7 ���D 

����
)j.(

	����Z �
��!�E�D � y�\�? N�)1 
�)� �
 ��8G
1 �)
O &�

>	;�(�
%D ~
*�f� (�
T�� �
 3���
�7)$�? #
=-1 F�S�� �$ 

)$�? .? F�S�� 2? ��
�D hf	� ��M�D 3�)6 3����7 �
7&

�)*L�)�)�?��M �S?)*D F��?��M � ����?�� �(2T�
� �
)(��
��

 S�%�)�M ��a&($2% � �)"���
&� &�)
O tX
� Y��S
M� �
$ 


� Y��SM� (��Q� (�T�� 2$ �!C� d�C� (�T�� �
 ��	;��
$�� .

d��)� ��1)�[ �
 2? 
�? (5�� �7&�)
O 2
$ (��Q� (�%D &�


&���$� ��D���T &3���
�7)$�? F�S
�� �
$ Y%1 p� � �
 �
7&

�)*L� �7�
%T 2
$ ���?�
� F�O .��!1 0!� 2$&����?�
�)�)� 

�
�SM����
O �
7�); 2���? �A�Z ���Q� �� ���� 2$ ��� �
)O .�


�O ���
 S�� ���� Y7�o\)��(�� �Y��
��Z ��� �
 �7 �
 2?

�)O tX�&V�
��)O � $ 2$ y%=�� &.
$�T Y��S
M� 0!� 

2U�5� �
 ��E��\ � 3����7)$�' #=-1 F�S�� �
 &� S!
� �M�$

 .
D 2*��� �
 �7 �
 @k�\ n�$ 
7
���
O �&2
��
 F�
O �
7

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            15 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

/Wj 

��
�D .$ 0!� ��� ��� 2P%� 2X$�� <� F��Z 
)_��F�S
�� ��$ 

�
O (�
%D �� @T� ����
 2��
 
�>*=� �$ 0�?�1 �
 ��� #=-1 )

3����7)$�?}//W]=R2��E��\ �V9/W]=R2.( 


)? ��=�1&���
 F[����� &��8G1 �% � &��
 #=-1 F�S�� �$

 .D 2*��� �
 �7 �
 @k�\ n�$ 3����7)$�' � ��E��\ � �7


 2��
 F�O &��O 
)
$ Y��
��Z ��� �
 �7 �
 �7)����
_��

��.($2&�)" �
 �
7 �
 F[����� b�c� tX� Y��SM� �$ 2?

 �
�S
M� 2
*��� �
 �
7 �
 0�?�1 �
 ��� #=-1 ���Q� �$ ���

�O ..D 2*��� �
 �
 ��E��\ �U*a 
&
)
' tX� �
 �7N3

2$ �!C�N1�$��$ }/�W� ��� ��� �
 �6�
 g//��
 �6�
 


)$ (�
 ��� .2��
 F�O &��O 2*��� �
 �
$��$ Y��S
M� ��� �7

�/�W��//���
� �
 0
�1�1 2$ �6�
 
)
$ (�
 � ��� &�
7

)���_�W.(

��
� �
 �
7 �
 3��
P�� 2
-��� �
 3���
�7)$�' 
�)� �


 $ Y����Z 2��Z ��
 ..
D 2
*��� �
 ��
� �
 �7 �
 �
$ �
7


 n�
$ �
 3���
�7)$�' #
=-1 F�S
�� �$ F[����� tX� Y��SM�

 �O �
�SM� @k�\ .2��
 F�O &��O 2*��� �
 ��� �
�� F�S�� �� �7

 �
O 2�
��' 
)' tX� Y��SM� �$ ���=7 #=-1 .��
� �
 �
7 �


 .D 2*��� �
 � Y����Z �
 3���
�7)$�' ���
Q� ���
�=' �7


 &
)' tX� VW�
 FZ ����	
�$ � ��
��7 �
 F[��
��� (�D)*�' 

&
)' tX��VW $ F[����� (�D)*�' 2��Z ��
 .2
*��� �
 ���

2

��
 F�

O &��

O tX

� �
 3���

�7)$�' F�S

�� ���

�=' �

7

&
)'�VW��+��
�� �
$ ����7 �
 F[����� (�D)*�' &�
7}//j�

�//V&
)' tX� �
 FZ ����	�$ �VW�
$ ��
��7 �
 (�D)
*�' 

���+��� �7&�/����}�
1 F�� (�
D �7 �
 S?)*D (�D ��>�� 

$2��Z ��
 .Y7�
' F�S
��N32
$ �!C
� N1�
�
 � �/�V�

j//���� (�
 � ��� ��� �
 0�1�1 2$)���_�W.(

�
 3���
�7)$�' ���
Q� Y��S
M� �Y��
��Z ��� 2-��� 2$�	�

 .D 2*��� 2��
 F�O �\ 2*��� �
 FZ Y7�' � �7
 5a �
 �7 b

e��S
D F���
�=7 � ���� N�)1 v��$ ���D @k�\ n�$ {%A\ �

��� ��O)/�(.3����7)$�? ��� ��	�$ 2? ��
�? F��$ �A�Z 2
$ �7

2��
 �7&.Q�%� �O� ��� �
 ��
)O.@7 Y����Z ��� �
 +�C$�



% � � �

!i����
&�

U*a � 2T�

� F[��

��� F�S

�� ��

$ 

.D 2*��� �
 �7 �
 3����7)$�? 7
���O �&2��
 F�O 
$ �7 2

��Z ��
).D
7
�g�=R2��
O �&2
��
 F�
O �
7Vj=R2.(

 0!� 2$ ���D S�%�)�M 
)!A$ �$ F[����� ��8G
1 
% � ���
&�
$ 2
? 

�O�
 FZ Y��SM� � @k�\ n�$ .�M��*? F�S��)���_�(0!�

 .
D 2*��� �
 3����7)$�? �U*a ��M� `�$ 
7
�0!
� 2
$ �

@��� F)� ^H_ Y7�?)$2
 �)c; ̀ �$ 4)X� �&
)? &(�

FZ ��	�$ ��Q��� � @k�\ n�$ 3����7)$�? F�S�� Y7�? 2$ �-%�

 2��
 2$ �7&��
�D �O� ��� �
 .2
-��� �
�� ��� ��8G
1 � �
!i� 

% ��
" �
 2
��
 
�
>*=� �$ F[����� ��
��)
O Y%
1 ���
$ &

���.

F�	� Y����Z ��� �
 &���Z 2�S-1 v������S
-$ 2
' �7


 ��E��\ F�S�� 2��
 F�O &��O 2*��� �
 � &�)
O .$�Q�� �8� ��7

 &���
 
��)� ���� �
 F[�������8G1 �% � #
=-1 F��
�� �
$ &��


 �
�� ��
� �
 �
7 �
 @k�
\ n�
$ �
 ��E��\ � 3����7)$�' .

�
�
 0'�� 2�S-1 F�	� S�� �7��&���
 �
8� �
�� 2
' �7
 ��8G
1 

�% � ��� 2*��� �
 �7 �
 &��
)���_�.(�7 �
 � ��
� �
 

.D 2*��� �
 &
)' ��=�1 �7
VW��
��7 �
 F[��
��� (�D)*�' 

��+���� �$ �7�O &�)O �
 &�7�/}� ��� ��� �
 j/g��
� �
 

&
)

' ��

=�1 � ���

�=' &���
 (�
�VW&�)

O �
 /W�

�
 

��+���� �$ ��� �$ y%=�� &�7�//��9/�}(�
D �
 �)
������ 

F�� ��� &��$ 0�1�1 2$ �1 � &�7 F�S�� ����	�$ &���
 (�
 � ��

 ��
)$ @k�\ n�$ �
 ��E��\ .2��
 F�O &��O 2*��� �
 S
�� �
7

 &
)
' tX
� �
 ��E��
\ F�S
�� ���
�=' ��� �
 �7 �
VW�

&
)
' tX� �
 FZ ����	�$ � �7�O &�)O�VW &�)
O �/W

$ ��� �$ y%=�� ��
 2��Z ��
 .

Y����Z �$ Y����Z ��� v���� 7�&� ��E���
? 
��
 �
Q$�X)/(.

�)

O 2

? 
�

? e��S

D ��E���

?&#

=-1 Y��S

M� 0!

� 

��C�*D]��
�D �
 ��E��
\ � ��B��$Spartina anglica  �
�� �
O 

�� �1 F[����� ~*�f� 4)X� �
 0�?�1 �
 ��� ���Q�&�
�r�� 


)$ ." �
 F[����� tX� Y��SM� 2? 
�? (5�� ,QL� �������$ 

�)O Y%1&��E��\ ��E)1 2����Z �� ���
 #��C
1 0!
� � �7�?

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            16 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


�6

� ��7
+ 0� �8�0)�9 � j��! %�)1� 2�3� 4'05' k��0� � 
: �' 
	�... 

/W� 

0�?�1 ��� #=-1 � S�%���
)O .

��
�7 )$�' ���Q� ����=' Y����Z ��� ��� �
 ��� n�
$ 3�

 &
)' tX� �
 @k�\VW)*�' &�)
O � ����7 �
 F[����� (�D

 ��+��
�� �$ �7�OV/V&
)
' tX
� �
 (�
 ��
� �
 ��WW �

��+��
�� �
$ �7�O &�)Og/�/�
7 �
 S?)
*D (�
D��>�� (�
D 

F�� $ �1 2��Z ��
 .tX
� �
 ��� �
 �7 �
 FZ F�S�� �$�1`�$

 &
)'�VW &�)O �/W��+��
�� �
$ �
�� �$ y%=�� ��
 &�
7

�//9��/9/F�� (�
D �7 �
 S?)*D (�D��>�� 2
$ �
1 0
�1�1 

��� &��$ 
)$ (�
 � ��� &�7.

2��
 F�O &��O 2*��� �
 �
�� ����=' ��� �
 �7 �
 � �7

 �
 0�'�1 &
)' tX� �VW��+��
�� �
$ �7�
O &�)
O ��
7 &

}/���j/�g&
)
' tX
� �
 FZ ����	�$ �VW&�)
O �/W

��+��
�� �
$ ��� �$ y%=�� ��
 &�
7�/9V�g/9g��>�� (�
D

 ��
� &��$ 0�1 �1 2$ �1 F�� (�D �7 �
 S?)*D (�
 � ��� &�
7

$2��Z ��
.

MR�)9 
0�@ 

Y��
��Z ��� 2E�� �
 v���� d����$ �)
O 2
' �
O hf	
�&

��)
7 Y
f$ �
 @��� F�S�� ��M� `�$ 0!��Y7�
? � 2
��
 �

�!C
� F�
O @? 2$ �-%� ��� ��� 2? ��
�D @����\ F�S�� ^H_

 ��
�D @��� 2$ @����\ .N���O F
�? @7��M �$ F[����� ���A� �


 ��$ (�`&�� �1 @����\ ��A$ ^H_ &
�SM� �!C� ��� F�S�� �$ .

`�$ �" �
 �%k �7 ���H
a �
6�%� �
U*a �$ {=� F�S�� ��M� 

�
� �� Y�
$ ��
M� `�$ ��� �O �
�SM� 2��
 � 2T�� Yf$ �
 �


 �
 �
6�%� ��� ��P� 3��8� Y7�' 0!� Yf$ �
 ��� �
 @���

 ��
�D (�%D .�
$ &
)
' &`�
$ 4)X
� �
 F[��
��� 
)
' ��=�1

 �
+�
 ��	
�$ ^H
_ &��$ �� ��� @��� ��	�$ ^H_ �� � ��=�

 �� �6�%� 
�
' ��)=7 ���D �
 @�S�%� � @�C*' �F[����� 2*=_ .��

&S=�� ��%%' @�U%1 �
 �U*a Y��SM� 0!� &�)O �+�
 &)�

)��E��\ � 3����7)$�' (�O @k�\ n�$ �
 .���
=1 �
 F[�����

 �
�� �
U*a Y��S
M� &��$ N���O 
)!A$ 0!� &�)O &�7��=�1

 �O 0�'�1 �
 .$ v���� 2$ 2_)1 �$2� �
 ���Z ��
 Y��
��Z �
�

$2�U������� �
 2? ����M�
? F[��
��� ���Q� ����1 �$ �)O �

���$� �
&�(�%D �O� ���
� �1 F�)1&#
=-1 ��
� 3��
8� �� 

O�� 2��
 
�>*=� Y7�? 2-��� �
 � 2	�� 2���� �
 <=��FZ �� 

��D)*_&
�? �� �1 �U� 
�)� @T� 2>�Z ��O 2$&2
$ ����Q� 

�)O&�O�$ 2�O�
 .
M� `�
$ ��
%%? @�
U%1 �
U*a �� �
7&
EZ �

)3����7)$�? ���E��\ �7���� � �7&EZ�(
=A� Y
Q� �%k �7�

��
$ :�
; �� ���H
a �6�%� � ^Z ^H_ 2��
� 
)!A$ �
&��
�D 

@7��M��&�>1� 2k �7 ��� �%%? ��
$ ��
�D &S=
�� @�
U%1 &2
$ 

EZ 3�!�?�1�Y7�
? �3�
!�?�1 �
�� Y��S
M� 2%�S7 �O�$ ��	�$ 

2��
 
�>*=� 
)$ �7�); .2? ��
�D hf	� S�� Y����Z ��� �


 ̀ �$ 4)X� 2$ ����C� 0!� 2$ F��=k @T�&�)O &)�� �1`�$

V�
�`�$ 2$ ��� �$ y%=�� (S=�� ��%%? @�U%1 �
 �U*a �$&

7�*D 2*��� �
 �7 �
 ��E��\ � 3����7)$�?���O �&F�
O 

2��
 @7 <� � �O �
�SM� �7 +�C$�% � �P%� � ��
��$Y��S
M� �

$ FZ 2��
 
�>*=� �$ 0�?�1 �
 ��� 2��Z ��
.

��	
� ���� ��	A)�' 

1. Bates, L. S., R. P.Waldern and E. D.Teare. 1973. Rapid determination of free proline for water stress studies. Plant 
Soli 39: 205-207. 

2. Cavelierl, A. J .1983. Proline and glycin-betain accumulation by Sparina alterniflora L. in respose to Nacl and 
nitrogen in a controlled environment. Oecologia (Berlin), 57: 20- 24. 

3. Dariya, S. S. and M. Singh. 1976. Effects of salinity, alkalinity and iron application on the avaliabilty of iron, 
manganese, phosphorus and sodium in pea Crop. Plant and  Soil 44:697-702.  

4. Dhugga, K. S., J.G.Wanes. and L. Leonard.1988. Nitrate absorbtion by corn roots. Inhibition by phenylglyoxal. 
Plant Physiol. 86: 759-763. 

5. Drihem, K. and D. J. Pilbeam. 2002. Effects of salinity on accumulation of mineral nutrients in wheat growing with 
Nitrate-Nitrogen of mixed Ammonium:Nitrate-Nitrogen. J. Plant Nutr. 25(10):2091-2113. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            17 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

/�W 

6. Durey, R. S. and M. Pessarakli. 1995. Physiological mechanism of Nitrogen absorption and assimilation in plants 
under stress conditions. PP. 605- 625. In: Pessarakli (Ed.), Handbook of Plant and Crop Physiology. Macel 
Dekker Inc., New York. 

7. Ehert, D. L., R. E. Redmann, B.L. Harvey. and A. Cipywynk. 1990. Salinity-induced calcium deficiencies in wheat 
and barley. Plant and Soil 128 (2): 143-151. 

8. Fedine, L. S. and A. V. Popova. 1996. Photosynthesis, photorespiration and proline accumulation in water-stressed 
pea leaves. Crop Sci. 32: 213-220. 

9. Feigin ,A. 1985. Fertilization management of crops irrigated with saline water . Plant and Soil 89: 285. 
10. Flowers, T. J., P. F. Troke and A. R. Yeo. 1977. The mechanism of salt tolerances in halophytes. Annu. Rev. Plant 

Physiol. 28:89-121. 
11. Froncois, L. E., E. V. Mass, T. J. Donovan and V. L.Youngs. 1986. Effect of salinity on grain yield and quality 

vegetative growth and germination of semi – dwarf and durum wheat. Agron. J. 787: 1053-1058. 
12. Good .A. and S. Zaplachiniski. 1994. the effects of drought on free amino acid accumulation and protein syntesis in 

Brassica napus. Physiologia Plantarum 90: 9–14. 
13. Gorham, J., C. Hardy, R. G. Wynjones, L. R. Joppa and C. N. Law. 1987. Chromosomal location of a K/Na 

discrimination character in the D genomes of wheat. Theor. Appl. Gener. 74: 545-588. 
14. Grattan. S.R. and C. M. Grieve. 1999. Salinity – mineral nutrient relations in horticultural crops .Scientica Hort. 78: 

127 – 157 
15. Greenway. H. and R. Munns. 1980. Mechanism of salt tolerance in non – halophytes. Ann. Rev. Plant Physiol 13: 

149 – 190. 
16. Harvey, D. M. R. 1985. The effects of salinity on ion concentrations within the root cells of Zea mays L. Planta 

165:242-248. 
17. Irshad, M., T. Honna, A. E. Enejl and S. Yamamoto. 2002. Wheat response to nitrogen source under saline 

conditions. J. Nutr. 25 (12): 2603-2612. 
18. Mahmood, T. and W. M. Kaiser., 2003. Growth and solute composition of the salt-tolerant Kallar grass (Leptochloa 

fusca L.) as affected by nitrogen source. Plant and Soil 252: 359-366. 
19. Morgan, J. E. 1984. Osmoregulation and water stress in higher plants. Annu. Rev. Plant Physiolo. Plant Mol. Biol. 

35: 299-319. 
20. Munns, R. 1993. Physiological process limiting plant growth in saline soil: some dogmass and hypotheses. Plant 

Cell and Environ. 16: 15-24. 
21. Otoo, E., R. Ishil and A. Kumura. 1989. Intraction of nitrogen supply and soil water stress on photosynthesis and 

transpiration in rice. Japan J. Crop Sci. 58 (3): 424 – 429. 
22. Papadopoulos, I. and V. V. Rending. 1983. Interaction of salinity and nitrogen on growth and yield of tomato. Plant 

and Soil 73: 47-57. 
23. Ravikovitch, S. 1973. Effect of brackish irrigation water and fertilizers on millet and corn. Exp. Agric. 9: 181-188. 
24. Rhoader, J. D. and J. Loveday. 1990. Salinity in irrigated Agriculture. In: Am. Soc. Civil Engineers irrigation of 

Agricultural Crops: Stewart, B. A, Nilesen D. R, EDs; Am. Soc. Agron: Madison, Wl, Monograph 30: 1089-
1142. 

25. Schlegel, HG. 1956. Die Verwertung organischer Săuren durch Chlorella in Lincht. Planta 47: 510. 
26. Suhayda, C. G., R. E. Redman,  B.L.Harvey and A. L. Cipywnyk. 1992. Comparative response of cultivated and 

wild barley species to salinity stress and calcium supply. Crop Sci. 32: 154-163. 
27. Sultana, N., T. Ikeda and R. Itoh. 1999. Effect of Nacl on photosynthesis and dry matter accumulation in developing  

rice. Environ. and Experimental Bot. 42: 211-220. 
28. Wagonet, R. J., R. R. Rodriguz., W. F. Compbell and W. F. Torner. 1983. Fertillzer and  salt water effect on 

phaseolus. Agron. J. 75:161-166. 
29. Yang. J., J. Zhang,  Z. Wag, Q. Zhu and W. Wang. 2001. Remobilization of carbon reserves in response to water 

deficit during grain- filling  of rice. Field Crop Res. 71: 47-55. 
30. Yeo, A. R. and T. J. Flowers. 1983. Varital differences in the toxicity of sodium ions in rice leaves. Physio. Plant 

56: 543- 548. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

40
.1

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            18 / 18

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.40.16.1
https://jcpp.iut.ac.ir/article-1-697-en.html
http://www.tcpdf.org

