
����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 ! ��")$(/�	&� '()* 

��� 

�+,�� ��	���" -."�/ 
	� 0�1�.2 �.� � 
3 �" 4
1 5�"6! �� �7
+ 8�9:� 
	����;9<� 

-��3� 5�"6! �� �=�> -� ?��	@� � �7!3�� ?�6� 	� 	&.A 
"


7��� B<C�D
7 E" ��� D�
�9��F �G	� ���<.	&/ 	H�7 C� '

�7�=I 

-."�/ �7

J ��7C� K�"�� �" �L� M	> ?���� !3�� D�.�KL! ?�	&. �� � ��� 5�"6! �� N	O�P> ��"�� �	�	�+ �"6@9�" � �7 
6�+

 Q�> - �. � Q�> R�	
� �� �6L� � )�"6�" 7
.	� (?�" .-T�E6� �� �L�> -� ?��	@� 6� ��U� -J ��	V�" $	:9." �@�	
� B�
I ��

-."�/ 	�W" X�� ?� �" �" 7
!	� -9!"� 3�. ��Y	� �6L� � K�<.	9F D�7!3�� � �.���7
9<� �"���>6� 
" .�� � 	9�"� B� � �� ���6� B�"

 -��3� Z[� -� -.	:�+ D
" 0�1�.2 
�� 6� � ��	;��	��A � 
" K�	! \�	]9� �EUO" R�"�� 	� �7
+ 8�9:� 
	� :�7T! _UO" �	V�"

$	:9." K � 6`" �� ��>"� )B!�� D
�"�6� D7��"(��>"� �7! _UO" �	V�" Da��� K � 6`" �� �/�	>����"7�6 )b7V D\U� D
�"�A (

B�Y �	&I �)(ac/dde( D(ad)f* D*a*gdcD* ac/hffh (7! �	i." .j�	9. b	�"6� ?�� -� kU>6T� 
3 T�" K�<.	9F 4�	J 	� �7�A 

-."�/ ?�6� � 7O�� -."�/ -�
� D�.� 0�1�.2 �� �	�� l�! � ?�6� 	� �.� �� . 4�	J -� m�6! 8�9:� 
	� .�� � 5�"6T! BT�" ��

	9F 
3 �" K�<.)/fa0�1�.2 �	L�	F	;� � 
�"�A D7��" 
	�(ac/dde(0�1�.2 � B�61Y	� D
�"�6� 
	�(ad)f* -�
� B�69 J \U� �

-."�/ 7.�"� �	�. ��> �" "� �.� .
3 �" K�<.	9F ��*/'a-."�/ -�
� �	L�	F	;� 0�1�.2 - � �.� � ���6� ���� 
	�-?�	� 4�	J \7!

 <.	9F Z[� B�" �� ��
�� \�	]1 
3 �" K� 0�1�.2 B�� 
�"� -."�/ -�
� 6n. �" 8�9:� 
	� 7�. �7�� �.� .-�W	[� ���� \	]O B�� ��

 -."�/ -�
� �� l�6H B�69��� �.� -."�/ \	�O�P> 6�	� B�� � ��� "�"� -��3� Z[� �" �7!3�� 7O�� 	� "� �;9<� �� �6L� � 	� �.�

 �� l�6H -��3� Z[� �
�� �;9<� 
�"��?�� -7�	�. .@� �" KO	E j�	9.�	<-
	� 0�1�.2 ��6+ -J 7.�"� �	�. ���6+ _UTO" 
	�

 -."�/ -�
� 
"�"� ��>"� �7! �
�� \�	]1 �W� ��� 6;�� ��6+ �� -� ?�<. 
61Y	� �.� -."�/ 7O�� � ?�6� 6n. �" 	&.A B�� 
�"� �.�

7�. �7��.

�2"� 
	� 
7��� :D�7
+-."�/ D�6L� � D�.� -�
�D-."�/ ?�6� �.� 

-�7@� 

��� �	
��
�� ��� �
��������	 ����� ���  �� !

��

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

�.�� /��$ ��-���� )�1� �	 #�$�%��	 ��- 2!��(4� �

���5��
�, *��+, �&���.� �,46 �6�!� 7��!8 1,� 9���1:;!�� 

�
��� �<
� .,��:, ����>? �
.�!� �+!8 �!� ��� �	 !�9

�.*
818 ���@���	�1;-	 A��	 ����	�;�� � ��
���	 ����	�;�� ��B��4�8�C� DE$� �/��4����F A&G���	 �7�1H8 A�I���	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             1 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��� 

� J�%!!�!!
>!!� &!!+���
 K
�����!!�5��!!
�(
K�L�!!M��.��

L�M�(1,�.�	�, 1I�A	�8 � N���� �	 &���8 �
�>!� O!�;P, 
��

�+;, &��� Q.� 4���
��-�4�!� ���+!� 7�.,� �H�R �SM�T, �� 9�

(
K�L�M��.�;�L �
.���>? � �,��:, 
.�!� �+8 �� ����

, �
�1(�&+- .

�.�	 �G�� �� �,��:, ���� �:� ��+S, �� �B��41
U ��
 �!H�R 

�, O�1S8 �+8 2��1� �	 �!��� �	 �!,� 	�!� 1!� �!B��4 ��!


 �!�4�� �H�R 	1G��B 7�K
, V��� �!, �� 	�!�.!�F �W!M X!7	1!F �

Y��� �	 �!��	 	1!G��B V���1� &��� �G�� �� �,��:, ��


 	�!� N�@�� Z�� 2��1� )��.(Y��!� ��1!� �	&!S;, ��!


 [
8��L \�P;�� 2
], �	 �H�R 	1G��B ��+C, 1� �
 � �+!8 ��!


 �!�� A&!� 	�H+�!
  �+8 N&B )��.(��9
�C,�!
 � '!�4 )�^(

�+8 '�]8)TI()Tolerance Index ( 9
!� /��!_8 7��+B �� ��

 �+!8 2��1!� �	 	1G��B)Ys ()Stress Yield  ( �+!8 N&!B �

)Yp()Potential Yield(A1!!!!!H� 9
I��!!!!!
, ����)MP ( 

)Mean Productivity (� �� �2!��;, 	1!G��B 7��+BYs �Yp 

&�	��� O�1S8 .���, � 1�
()��(�!� �
��>!? Y��!� K
�

 �+8)SSI ()Stress Susceptibility Index  (&�	��� 	�H+�
  �� .

4&���1()�`([
8��L �����+� ��1� �+8 2��1� �	 �
 �F ���


 '!�]8 Y��� 4� �&���	 ��6�� 	1G��B a1;+F 2��1� �	 �
 �

�+!!8)STI ()Stress Tolerance Index ( ��!!�&+
 9
I��!!
,

 A1!H� ��� )GMP ()Geometric Mean Productivity ( A	�_;!��

	�����
�I;>� 9
� GMP �STI ��Z� 1��1�	1F b��K� .

�.�!���c �!Hc N46 �!��d� 7	�� �(�F�� �!�6 �	 �!�4 ��!


 .�� �+8 7R a�C�	 �� � e�� �]T��� �!�?1, �	 
�!<
� ��

4� �G��<
�
� \��T, ��1:;�� N&B �	 �H, ',��B fd�+, �	 �


 Z���,&���.�T��1!� 9
!+g �	 7��!8 �!���c h�1!� � �!
4

f�B &!�� �!�?1, �	 �G�!� '�]8 �� A�1�
 e�� 1;�
� ��


 ��5�� 4� �<
�
� �!<
�
� \�!�T, ��1:;!�� �� 2C81, �H, ��


�, &��� .Z�!� fd�+, �	�4����!F �S!� �!, �W!� &!+F �� �	 

�T
], 	��G� �F ��1� e�� ���d� C�7&�K �W� �(�!F &!���.

�	 9
+g �T��1� ��1� 9�� �F7�+
�d� �1;�!
� 4� !����1:; A�!
� 

�;��	 �&��� f�B ���F 9
� ��8���;��� 1!;, �!;(1� 1!i� �	

�, 	�� .�	 9�� �M�?�f!�B �;��d� \��T, 2��1� �	 �F �� 

*��+, ���F 	�&?��8j�;��� 1;, �,&��� )�j.(f!�B �!F 

kB�� 7&�KC� 1
U Z������ A�
� �, 1!�4 		1!���W!� #6�!�S, 

��
� l�1� Z�� �,	�!� ���!� &!���8 �!���c &!�K�.�!��F 

f
�B 18K
� kB�� 8m1
� �	 �7&!�KC� ���K!(� 1!T� /��>!� 

/�(R �n�1,� �� �<
�
� �
A&� �1�� ���F f�B��
� 4!�	�

�&��� A�
� �� O
S" �, &+F �9G�, ��� A�
� KC� 	��!� )��.(

:�B ���- �� o�C8�� �	�( �W� !
�>!M��- � �)�p(A&
��!,

 &�	1-�F���F ��W�	f�B�p�;��� ��1;, 7&�KC� A�
� �� �� 

A4�&��jp%�
�F A	�	 ��� .��� N1� 2��1� ��1� �	 a�?1


 �:�B ���F Z�� 4� �!��� /��>!� �
�!F ��1!� �W!� 1!8

 �!���c ��� 1� e�� �]T� 7&� Z�� �&!
  /��1!" �!�4

�, &+F .�	�	���, �F ���F �W� 'C� 4� ��&���� �	 e�� ��!
 

Z�� /��$ �, �	1!
� f!�B �!��F �� f!
�B 1!8 4� a�!�S, 

�, &�1
� .�1�4 9�� Q�"�, kB�� �, 	�� �F �� bK�� ����7�
�

ZC� �F ��1� &�� �<
�
� �
�(�F ��>
� W���&!+���;� �!���c 

&+�K�.�	9
+g �M�? ����
 a�!d '!
; �rM�F 4� �!
�
� �1!(�� 

��	���1� A	�� ��.��H, 4� 18�9��;F�( �!
���!�� �!F ���

KC� 7&� �
�W� 1
sm!8 �!, 	��W!� )�p��p��t.(�
���!F �

&+

 b��,)�j(K
� �	 9�� ��T��� �
 �I;>� 9
� A4�&!�� �W!� �

a�d '
; �rM�F �/�!� � K�����)��(��!sR �� 7R ��� +� !
��W!� 

��1� 	��,�A	�	 ��1� &��.

u.&$�	�+� � �B1� 
!�4 ����c ���1!� �!]8 6�!� �Q�!+;, 2

],
T�$�%� 4� 
� ��W� *��+, /�
B��4 7�
����- �Hc 

� � ��!� fd�!+, �	 #�$�%�
��!� �!� �!, &+!��� .�!;��v

�� A&,R ��	 :]8 1w-� 4� 
, 7��� �;(1� /��$ /�:��!- &+
	

 >��;  D�T� �
�- ��
K��� '�&!$�	 )��x��^(��B1!� 

+� �
�4 ����c ��)j�t(, �
�-��&!+�� .1!,��1�	��!
 � y�

)�x(�4 ����c &$�	 �
�-�>��;  �]8 
'��!
 K�!�� �6�!� 

)_+,�18(�� ����sR �� �-18 
� /�C�>��;  A&++- 	�@
K��� '��

� � ����z�
/	� )�(�� \R V��8 {T� 7&� �;��- ���
�W� �

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             2 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


�+,�� ��	���" 
	�-."�/ 0�1�.2 �.� � 
3 �" 4
1 5�"6! �� �7
+ 8�9:� 
	� ... 

��u 

�!! 
��&!!
 7	��R 9�
 �!!
M��&
.�2C81!!, ��W!!� |�1!!d� \R 

�, &+��	 .��>!? �!c�	 �!� o�C8�� �	
/��!_;, �$�%!�
/�

(
K�L�M��.�!�4 �!���c �B1� ��>!��;  �!� 
'��!
 K�!�� �

.CM�&CB /��_;,�9��&�R �)�(�!���c �B1� �- &�	�	 7���

�4��
&$�	 4� ��	 � A	�!� V�>!? �!�R �+!8 �� ��4 ����c

'
>��;  &!$�	 �!� �C>!� �1;�!
� /&!� �!� 186�� �K��� ��


�, �
�- ��4 ����c &���.

j.��L Q�+8 	�c�8
z��
���� 9��!
 � O!�;P, 
!B��4 7�!
��

k!!B���!!, !!����1( Q�!!+8 	�!!��$�%!!� 4�1!!� 1!!i� 4� 
/�

(
K�L�M��.��1� �]8 �], O�;P, 2
T�&!��� �;!��	 	�c� .

��1����
 .CM�&!CB 2!��8 �!;(1� /��!$ �9!��&�R �)�(�

� � ����z�
/	� )�(�	���- �)�^(+g A&+
	 7���
B�+8 9�

�
���� 9��
 �;P, $�%� 1i� 4� N&+� O
&$�	 /���B1!� 

+� �
�4 ����c ���]8 �>��;  �
K�!�� '�J�!� �!, &!��� .

7�!�
 � ��!� fd�!+, �	 N&!+� ��!- &!� �!;_� �!- ��!d

�
����� )� &+��,�7�1 (�1� �	 #�$�%��	 2�4�1!� �� #�,��B �

.�� �+8�����c ��?1, �	 �4��!H;�� '?�1, � 7&�KC� ���

��� A�1�
 &�� '%( .1!-} *M�T, �� �c�8 �� 4� |&!
 A&!�

�1c����:]8 9
��1� f�S8 �

8��L 9
[�
�.�� �� N��:, �

����c ��?1, �	 �4��H;�� '?�1, ������ A	�� '%( .(1d 4��

�M�� �� �c�8 ���!:�B ��!- ���W!� �
!+g �	 
:d�!+, 9��	

�R �- '.�, 7&�� '? /��$�8��L 
[�
��!Hc �O!�;P, 

S8

186�� 9�>��;  9
; �rM�- a�d '
��1� 	��, '�&+;(1� ��1� 

�  �	 ���1" 7���
 *I;>���
�!Hc �!SM�T, 	��!, /�_$ 9

S8

1;H� 9�8��L 9
[�1!� &!+���;� �!
 �- �
�;��!d� �+!8 2�

�&;����H;�� �	 �
 � &++- '�]8 �� '%( �186�!� &�� '%( �9

��1� 	��, &+��� �;��	 �� 	1.��B�&+;(1� ��1� .

o�� � �"�� 	�

9!!!��!!!��1��a�!!!� �	 �u�p �!!!B��@, *!!!M�� �	 ���4�

�,4R��
���!B�K, ��� �!��P�� ���&!� N�!@�� �
�I�!��,4R .

�!B�K, ���,4R �!� �!,��:, � 	1!G��B �!��1� ��!i+, �!� ��

 [
8��L �G�� � O�;P, ��
 �/1!F D1d /��$ 	1!� ��!


 e��� *M�� �	 A&� !G8 ��!Hg �	 � �(	�%!8 '!,�F ��
 �	 ��1

 7�1H8 A�I���	 �4����F A&G���	 �B�K,D1d ��K�&�.�!(��

 ���,4R ��1c� '], e����,�M �!@
;� V�!�� 1!� � 	�!� ���

 ��&!:, e�� ��� A&� N�@�� ���,4R�^p ��!;G
 �	 N1��!�
F 

��?1, �	 �	 7L�1;
� 	�F)'!� � ���F 7�,4 �!
	 (9
!,4 �!�

 >( ��&:, 7	�� 6�� �� �c�8 �� � &� A	�	 \Wc '��� �
��;  � 1_

 &!� �!��  ��!g e�!� �� 1%+B �	 9�� 7	�	 4� .�W!� ��&!:,

(1%,��
K��p-
&� �;(1� 1i� �	 ��;.
 �	 N1���.

L��;��d� ��)��R �+8 � �M��S, ���
�R(����;F�!( 7��+B

 � ��$��p[
8��L ',�� :9��� �&
,� ����	1�)DE!$� N����

 ���	 ���+, �� A&��(�	�4R �V&� �/E( �)A&!� DE!$� N����

 8��L 7�
!!��&�1C

 1!!s� �	!!
[��!!
!!���	 �c��!!� ��(�

u��/^^`u�t�tj^� �u�^�pt �t��/xppx)6�9�
�,�� �(

7��+B ��&�&!� �!;(1� 1!i� �	 �!B1( ��;F�( .R���!
�R 9�1!�

�
 ���!� 1���� ��?1, �	 �+8 � a1;+F ���
8 �	 1
 7�,4 ���

 &� N�@�� .R 4� �  &
�� ���
8 ���
�R 7�!:T+, |1!B V���1� 

&� N�@�� �	 �F �M�? � e�!� ��R '
>��;  V���1� �+8 ���
8

 ���!
�R ��!��,4R �B�K, e�� �;��d� �+]+, Z�F ��&!�	1� .

�	 N�!� � N�	 �a�� ���!
�R 4� 'C� ��$�(E� e�� ��R '
>��; 

 � �+8 ���
8 �*
818pp/���^�/���tp/��	�!� a�G!�� �I, .

��Z�L�M�
� 	1G��B � ���	 ���H� 	1G��B 9

S8 ��1^/�4� 1;, 

��&
!�� 4� �!  � ���!,4R 7�!��  �	 /1F 1
 ���F o�T�

 [
8��L 	1G��B 4� A	�_;�� �� � &� ���	1� �G�L�M��K
( �	 �!


 Y��� �;��d� �+8 � a1;+F 2��1� ��
 �G�!� �!� �,��:, 

&�&� �C��], '�} D1� ��:









−=









−

=∗=

∗
=

+
=−=

P

SP

S

PS

P

SPPS
PS

Y
Y

SI
SI
Y
Y

SSI)YY(GMP

)Y(

)YY(
STI

YY
MPYYTOL

1

1

2 2

�!!FYp�Ys	1!!G��B *!!
818 �!!� �Yp�Ys,!!
I��
9

8��L 	1.��B !
[�!
�O!�;P, �+!8 � a1!;+F 2��1!� �!]8

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             3 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��j 

�, �;��d� &+���.SI )Stress Index(, �+8 Y��� �
�&���

1d 4� ��� 1-} �T��� f, �C��], A&�	��.

�	 �
�I���,4R ���1� �1� ����	 !����'
>!��;  �!� ��!


K�!!!���O!!!�;P, )1_!!!$)&
�!!!�(�j/p���/p���/���

t/��a�G!!!�� �I, (MPa)(O!!!�;P, 1�	�!!!:, 7	1!!!F '!!!? �

��  9�
8� a�G�E�tppp (PEG 6000) M��!� �!M	�S, 2��8 
� 9

9�(�- )�u(��4 /��$�&� N�@�� 1:

TC)/(CT)/(

C)/(C)/(
2710398410672

2410181210181
−×+−×

+−×−−×−=��R '
>��; )Ψ) (��� ��(

� �	!!� a�!!,1( 9c�!!i�UPEG 6000 �	 N1!!� *>!!?1� 

-
� \R N1���T;��� �c�	 *>? 1� �,	 ��!�� 	�1� .�W!��


'!GM� �	 �&;��`t%/&!, �!� �pa�!�], �	 7R 4� &!S� ��!
��s 

��&� &�1�F�z

�^%/&, ��^p&�&!� ���_B&" �
��s .N46 

1F} ��7�&!� � N��R �T
], �	 � �B1� �� ��?1, 1
 �F ���

 ��
 /����1c)	�!
 1!�4 (�!(1� /��!$ .���_B&!" 4� &!S�

�W��
�1;  4� �1!T� �� �G
;�E  ��
`Q�!_8�� ���;��!� 1!;,

 &� A	�_;�� .�1;  9�� !� #EC� K
� �
 �a�!�], ��
!��^p&!$�	 

&!� ���_B&!" ��&� &�1�F�z

 &!�	�� A.�(�!$ ��
W!U�F �

7����� 7��	 K
� KM��� /�;�� � A&!� A	�	 ��1!� �G
;�E  ��


 ��,	 �	 �B�� Z� /&, ��1���p �;��� �c�	 ���!( � 	�1�

 !� 1_>!�8� Z� ��EF�!8� ��
!�� '�1;!�� &�&!� ��!i+, �!� �

a�G�, �
:;>, V��8 4� �1
���c ��
PEG �W!� �� �
/�1!s� �

�M��;?� �
�� )�t���(1
 '��	 &;�� �1;  W!U�F �!�6 Z� �

�&� A	�	 ��1� KM��� /�;���z� 9!�8�� �(�!$ WU�F ��6 Z� 

KM��!� /�;�� WU�F ��� K
��W!U�F �!F �!�� 1!F} �!� N46 

�!��	 �1!;  1T� �� �C>� �1;�
� 1T� KM��� /�;�� .9!�� �	

 �CM 2��1� KM��� /�;�� WU�F ��
�K!
� �� �1!;  �	��B A��&c 

7R '��	 �(�$ WU�F � &����  ��1!� �!(1� .!� �1!;  �	 1!
 �

&�&� �;(1� 1i� �	 ���
8 Z� 4� ��1G8 Z� 7��+B .��1!� 4� &!S�

 �W� 7	�	�
�1;  7��	 �
)^p�1;  1
 �	 	&B (a�!�], ���!


 ��6 1�4 A&� A	�,R &�&� �;P�� KM��� /�;�� ��
 .�CM 6�!� ��!


 a�!G�, 7�!�1c l��!, KM��� /�;�� WU�F A&,R �!�  ��!
 9�
!8�

E� �W� |�1d� �	 a�G��
�,&�.�1;  4� Z� 1
 �	 	�&!? �
 

`��
, a��], 4� 1;
M &� �;P�� 1i� 	��, ��
 .7�&� �1;  &+g

 74� �
�!F � &�&� �+
�4�� ���4�� � A&� \�P;�� K
� �W� 9!��

�1;  �
A&+
	 7��� 7�K!
, \R 1!
PC8 9�&!� 	�!� �1!;  1!
 4� 

@�� 1
PC8 f�1d 4� �F ��R 	�C�F ��
�� �, 	� 7�1Cc &�	1� !�&

�S��&�7���  �8 �8 4� ���,4R !

 '
>!��;  �	 V�>!], /�1

 ���c ��R
1�	�� .�1;  &S� ��?1, �	 a&, ��8���G�� 7��	 �


J.Kottermann-KG ��,	 �� ^/p±�p �;��� �c�	 ��1!� 	�1!�

 4 /�_$ � A&� A	�	 !� ��!,4 '!$��( �	 1�!S, 
A4�&!�� 9�!
1�

&�&�.

-."�/ 7O�� �.�

����c &$�	 �1;  N��8 ��1� ��4 ����� � �
 A	�8 �� ��� 1
 ��


 ���,4R �����  4�� �	)�u4�� (&� ���		��.

-."�/ ?�6� �.�

�W� 	�&S8��
 8��L 1
 4� A	4 ����c 
4�� 1!
 �!��- 4� &S� [

�&�&� b���� ��� �.1�R���,4 b���� 9�4�� �!� �!- 	�� 


1� ��  �8 �

1�����c �	 �4�	�&�� A& .���!,4R 7�!��  �	

 � 1<�
� a�,1( 4� A	�_;�� �� 1�
,)��(� �F�4� �%!��� 7��+B

����c �, A	�_;�� �W� ��4 �!���c �B1!� 	�� A	4 9
!�P8 �!�4

&� .

∑
=

=
n

i i

i
s D

S
R

1
Rs =�!!���c �B1!!� �!!�4)4�� �	 A	4 �!!���c ��W!!� 	�&!!S8(�

Si = �
�W� 	�&S8 ����c �b���� 1
 �	 A	4Di = �!8 4�� 	�&S8

 b����n� N�n�, b���� /�S(	 &���.

-."�/ -�
� �.� 

9!��&�R � �GCM�&!CB a�!,1( 4� A	�_;!�� �!�)�(�W!!� �!
+���
 

[
8��L O�;P, ��
 K
�&� �C��], :

100
MSHGr%

VI
×

=

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             4 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


�+,�� ��	���" 
	�-."�/ 0�1�.2 �.� � 
3 �" 4
1 5�"6! �� �7
+ 8�9:� 
	� ... 

��^ 

VI =�W!!!� �!!!
+� Y��!!!� �%GR = �!!!���c &!!!$�	 � �!!!�4 

MSH = @,���� a�d Q�� ��!�� � �g �!g.���!,4R 7�!��  �	 

74� � 18 ���� Z�� ����� �g ��4�1!8 4� A	�_;!�� �!� K!
� �g

�M�!;
@�	SARTORIUSa&!!, BP310 �!!�	 �!� pp�/pN1!!� 

A4�&�� &� �1
�.4� A	�_;!�� �!� ����!,R /�C!��], N�@�� 4� 'C�

N1� ��K(�Minitab A	�	 7	�!C� �!� 7	�� a�,1� &!� 7�!,4R �!
 �

���!���� �!+I�
 7�,4R A	�	 ��� 1!� �!
 �	 � &!� N�!@�� �!
 

�(1� /��$ A	�	 '�&C8 4�
� /��$ .���,R /�C��], K!
� �!�

 ��!!
��K(� N1!!� 4� A	�_;!!��SAS �MSTATC �SPSS N�!!@��

&�&�.

��1�����P�� ������i+, '!
; �rM�F a�!d '
>��;  �SM�T,

[
8��L ��
 N&!+� O�;P, )!,4R �	 A&!� 1!-}�����!
 ��!( 

1-WM�(��	 /��!_;, ���- ���B� �	 �!��P�� � �!B��4 A�1!� 

7�1!H8 A�I���	 �4����F A&G���	 /�8�C� DE$� �K!�� D1!d

&� .��1����FW, ��/��$ ���,4R D1!d *M�� �	 '���;F�(

 e��� ���  �!��F f�B ��Hg � ��1G8 �� �	 �(	�%8 ',�F ��


 ',�� O�;P,:j�������t�;��� 1;, &!� N�!@�� .��!i+, �!� 

�� ���,4R 9�� v��;� 1;�
� 9;��	 �:��T, ���,4R ��
�B�K, ��

[!
8��L ���F �Hc 4�
� 	��, e�� �!B�K, 4� O!�;P, ��!


 &� �
H8 .�W� 1��� 7	1� 9
� 4� ��i+, �� �,�	� �	��
 �M�!�;?� ,

/&!, �!� �!��F 4� 'C� e���j��!,	 �	 �B�!� �pp��p

�;��� �c�	 ��1� 	�1� &� A	�	 .7�&�� �z� 1!  e�!� 9�� 4� �


&�&� .�!��F f�B Z� �	 J�� [
8��L Z� ��1� 7�&�� 1


 7��+B ���(1� ��1� 1i�&, ����,4R &?�� Z� .*!
818 9!�� ��

e��� 1
 ��jp�,4R /1!- 1!
 �!� � 7�&�� !���!�7�&!�� �

&� A	�	 J�%;�� .	�&? ��� 1
 4� K
� 7�&�� 1
 �	�p	&!B 

&� �;��F �W�.���W� ���F �], ��
 7�&!�� ���!
�R �!� �!


 &� N�@�� 7&�KC� '�B Q�1� ��i+, .���!
�R 1!� �&!S� ��!


 �!(1� /��$ 4�
� *>? .���	1!� �!��		�� N�!� 4�� 4� �!


 ���	1!� ���		�� �� �@
;� �F �(�� �,�	� ���,4 �8 � &� Q�1�

 �	 7&!�KC� eE, e�� 4� �<
�
� h�1� � 	�� 7�>G� �M��;,

 e�� {T� �(1� ��1� .�B1!� � &$�	 �C��], *
818 9�� ��

&�	1� 1>
, 7&�KC� .A&!� �!)��� a�,1( fCd 7&�KC� �B1�

� 1<�
� 2��8 1�
,)��(&� �C��],.

pC� � j�	9. 

8�:, � ������� ��K@�, �>
I��
[
8��L 	1G��B 9�!B�K, �	 �


 �	� 9�186�!� V&!� � �	�4R N���� �F 	�	 7��� �+8 2��1� �

69���
 t��/xppx �t�tj^��u��/^^`u �1�
 A&!
,� �!�� �� 

9
��  &�	�� A	�	 J�%;�� 	�� �� �� 	1G��B 9�18 )a�&!c �(.

1�� 2��1� �]8 	1G��B 1i� 4� N���� 9
� �g�+8 N&B /��!_8 

�+S, �!+,�	 &!+g 7�,4R �,� �&�� A&�	 ���	 �!� �	�!� 9!G��	 ��

 &� 	1G��B ��]M 4� O�;P, N���� Z
G_8 .���B�!� N�!��� �!F 

9�186�� V&� � �	�4R 9�6 �t��/xppx 9
��  	1!G��B 9�1!8

���	 ��&�	�� ���	 .9�� �� �c�8 �� Y��� 9�1;H� �F9
!
S8 ��


 &!+���;� �!F &+;>!
 ���!H�R Z�!� fd�!+, �Hc *��+, N����

[
8��L � �+!8 2
!], �	 1!
 �	 �!F �� ���
 �;��!d� &
�!�

 �;��	 ��6�� 	1G��B &�� &!++F �+�K� �� )�`(�!��1� 9!�� �	 �

Y��� A1H� ��&+
 9
I��
, ��+8 '�]8 ��
 A1H� � ��� ���

 &!!�	�� �!!�5�� 9!!�� ����	 2!!��;, .9
!!� 4� V�!!�� 9!!�� 1!!�

[
8��L V&� N���� A&� \�P;�� ��
��	�4R �9��� ����	 �F

9�1;�
�Ys ���	 	1G��B /�1

�8 &$�	 9�1;�F �)��+w;!�� ��

 9��� ���(�+8 N&B 2��1� �� �C>� �;��d� �+8 2��1� �	 

�;��d� )&
�� ([!
8��L 7��!+B �� &�	�� \�!P;�� N��!:, ��!


��!!$�? v��!!;� �!!� �!!c�8 �!!� � &�&!!�9!!�6 ��!!
u��/^^`u�

t�tj^� �t��/xppx V�>? 9�18[
8��L �
�N�!��� /E!( �

&
,� ���	1� �9�6 �u�^�pt � K
� �7��+B[
8��L ��
 �!�
� 

&�&� A	�	 Y
P�8 V�>?)a�&c �(.


I��!!
, �>!!��:,R 9�!!s�� �K�!!�� '
>!!��;  9
!!� '!!��:;, 

[
8��L �!�4 �!���c &$�	 ��� �
 )'.!� �(�!- 	�	 7��!�

[
8��L �K��� �+8 �
M�� {T� �	 O�;P, ��
 )MPaj/p�(

� A	�	 7��!� �K��� �+8 �� �Hc��, �	 ���>.� #�C�1:8 �+-��

 c &$�	 �	 �)Kc ���K(� &!�	�	 7��!� 	�!� 4� ��4 ���� .�!�

 {T!!� �!!8 �K�!!�� '
>!!��;  �
�!!-MPa�/p�[!!
8��L ��!!
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             5 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��t 

��7/ '.0�1�.2 �6=� � B�;.	�� -<�	@� 
	��	 �1 ?C1 �7
+ 8�9:� 
	�4
1 � 7�	!q>	! � �9���� -� ?��	<E � ?��	@� 
	�

�=�> .B�;.	�� -<�	@� B=."� o�� -� 	�)fd/f=αααα(�"7�" � -9�6+ \��O�
�� \�	]1 �� 	� s69�� k�6E 	� 7.�"7. �"�.

[
8��L �
Yp Ys TOL SSI MP GMP STI 
���	1� ab�p/^px^ abc�p/jt�t app/jj� ap�/p�bc�p/j�^� bcxp/jxxj bc�u/p

9��� abtp/tp`� abctp/j�`^ app/��`t a��/�abtp/^j`u abxp/^j�t abp^/�

&
,� abjp/^�u� cjp/u`j� app/���j auj/�bcjp/j^`p bcjp/jj�u bcx�/p

�	�4R atp/tj`^ a�p/^t`u app/�p� ajp/paup/tp`j a�p/^`�u a��/�

/E( ab�p/^ppx abc�p/j�j� app/�tt app/�bc�p/j^xj bc^p/j^pj bcx^/p

V&� app/tut� abtp/^t�� app/x^p at�/pa�p/^`�t axp/^`ut a��/�

u��/^^`u ab�p/jxt� c�p/u�`t app/�tt a�p/�c`p/ju�` bc�p/jup� bctt/p

t�tj^� ab�p/jx�x c�p/u�`j app/�u� a��/�c`p/ju�p bctp/j��^ ct^/p

u�^�pt ab�p/j��` abcpp/j�tp app/x�` a`^/pbctp/j^�j bcup/j^p� bcxu/p

t��/xppx b�p/ju^� cjp/ux�� app/tu� ajt/pctp/jpju cjp/u`xt c^�/p

0

20

40

60

80

100

120

0 0.4 0.8 1.2 1.6

 �
�4

����c
&$

�	

-( MPa)�K��� '
>��; 

0

2

4

6

8

10

12

0 0.4 0.8 1.2 1.6

-( MPa)�K��� '
>��; 
�

�4
����c

�
B1�

K=!t.7O�� � 
3 �" K�<.	9F 8�9:� _�[� B�� K�	@9� \"6`" B�;.	�� -<�	@� � �-."�/ ?�6 �.� 

u��/^^`u 	�4R ��,� �
!+S, �
�!- V&!� � /E( �&���	�4�

��]M �4 ����c &$�	�:� �,� &�	�&� 7��� 
8��L �
[�
!� �� 
*

&+8�!�4 ����c &$�	 �
�- �� Q�1� �!� &!�	1- �B�!���!- 

8��L
[��
 �� 9��u�^�pt >!��;  �	 
K�!�� '�MPat/��

1!!;�-�!!�4 �!!���c &!!$�	 9�8��L � &!!�	�	 7��!!� �� !!
[��!!
 

u��/^^`u	�4R ��,� �!
1!;�- &�!� 9
{T!� �!8 �� �
�!- *

K����MPa t/��&�	�	 7��� 	�� 4� .8��L v+ 
��� [�A&!��,

�
� �� K
>!��;  {T� �8 2��;, �
�- *
K�!�� '�MPat/��

�
9^^�8t^%�4 ����c �&!�	�	 7��!� 	�� 4� .�;��!d� �+!8 

A&� a��B� ��
!�� �!� #6�!�;?� a�!G�E� 9�
!8� �!�  f!�1d 4� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             6 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


�+,�� ��	���" 
	�-."�/ 0�1�.2 �.� � 
3 �" 4
1 5�"6! �� �7
+ 8�9:� 
	� ... 

��x 

0

50

100

150

200

250

300

350

0 0.4 0.8 1.2 1.6

�
�4

����c
�
+�

-( MPa)�K��� '
>��; 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 0.4 0.8 1.2 1.6
-(MPa)�K��� '
>��; 

(gr )
�g����

Z
��

74�

K=!u.
3 �" K�<.	9F 8�9:� _�[� B�� K�	@9� \"6`" B�;.	�� -<�	@� 	�-."�/ -�
� �.� Q�> ��� �-��� -I

W!!� �!!� \R V�!!�8 {T!!� �
�!!F��
���&!!
 7	��R 9
��!!  �


�1d� \R �G
M��&
 W� |��
)�(!� 75
>!F� \W!c �
�!- ��

��!F 2
!], �	 a�!�], 75
>!F� ��&!:, 7	1F 	�&], ��
�� 

)�u(���W!� �;!��  1!;�F �1�W ���!;�����	 \R �!� �C>!� 

'
>��;  9
��  �K��� ��
 18)�^(!�4 �!���c �
�- kB�� ��	

���1� 9�2�,	�� .��:]8 �	 a�!? 1!
 !
 ��!i+, �!� 1!"�? f

W? |�����1
 �
�- �Rs�����PEG KM��!� /�;�� WU�- 4� 

� �� &� A	�_;���818 9
� 4� *�	�@��sR :;>, V��8 ��� 
�PEG 

�W� ���
���c 
1�&�.

'.� �7��� !� '!��:;, /�1!s� A&+
	
>!��;  9
K�!�� '��

8��L
[�
����4 ����c �B1� ���� .7��
 � �	 �- ��d !� 9

A&
��!!, '.!!��!!, 	 	�!!�M�� {T!!� �!!
K�!!�� �+!!8 ��1!!w-� 

8��L!!
[�!!
!!� �8��L �	 K!!c!!
 � /E!!( [u�^�pt �B1!!� 

����c �4��K(� �� N�I�
 7����4 ����c &$�	 ��1]8 �&!� �.

>��;  �
�- �� �,�	� �	
K�!�� '�8��L �!
[�!
 !� �!� 
*��!
 

�
�-���K(� �!���!�4 �!���c �B1!� /��!_;, �>!��;  �!� 
'

K����&�	�	 7��� �+-�� .��8��L a�w, ��d
��	1� [�4� �!- 

j/p�{T� �8 MPa�/p��
1;��� 9
�!���c �B1!� �
�- *

�4�� �
�- �� ����	 �� 
>��;  1;�
K�!�� '��!���c �B1!� 

�4�� 7R 
 �Cw, *
!� 	1- �&�B�!��>!��;  �	 �!- 
K�!�� '�

MPat/��8��L �	 �� A�1�
 
	�4R [�,� �
186�!� &��B1!� 9

�4 ����c�	�� 4� �� 8��L � &�	�	 7��� !
[u�^�pt 7�!�
 4� 

M�� {T�
K��� �+8 ���4 ����c �B1� �	�	 7��!� �
�- 7R 

8��L �� �� A�1�
 �
1!;�- 9!��� � V&� �/E( [��B1!� 9

�4 ����c�>��;  {T� �	 �� 
K��� '�MPat/��7��� 	�� 4� 

&�	�	 .	�4R ��� �	���	1� ��186�� �-�!�4 ����c �B1� 9�

T� �	 �� >��;  {
K��� '�MPat/��� &+;��	 �818
186�� *�9

�!!  �
�91!!8�!!�4 �!!���c �B1!!� 9�>!!��;  �	 �� 
K�!!�� '�

MPa�/p���&�	�	 J�%;�� 	��.

+�
�4 ����c ���.�	�$�%� 4� 1I
!�4 �!���c �!H, /��

� �	 �- ��� !� !��1� 9�!� '!��:;, 1!s� 
>!��;  9
K�!�� '��

8��L
[�
���+S, 7R �&� ��	 ��� A.�!� �Sc�1, �� '.!� �.

A&
��,�,8��L �- 	��
[��
 �1!� �	 �
 �� O�;P, �N&!B 2

�+8)1T:, \R (�
!+S, /��_8 K��;!��	 ��	 !� &!�� �B�!���!- 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             7 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��� 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 0.4 0.8 1.2 1.6
-(MPa)�K��� '
>��; 

(gr )
�g����

Z
�

�
74�

K=!v.B�;.	�� -<�	@� �	`A 
3 �" K�<.	9F 8�9:� _�[� B�� K�	@9� 	�Q�> ��� -V	� -I

8��L
[��!
 t��/xppx 	�4R ���!  �
91!8�8��L � 9!
[��!
 

� V&�u�^�pt 186�!� �+� 9!
!�4 �!���c ��� �	 �� !�{T!� 9

�;��	 &�� .>��;  �
�- ��
K��� '�� &!$�	 /�_!$ |E�1!� 

�4 ����c �B1����!� �_$ 9�!� �!� � �B1!�
4 *!��	 	�

8��L
[��
 	1- �
�- �� Q�1� O�;P, .8��L �g 1��
[�
�!� 

�
*��
 +� �
�- /��_;, 
���c ��4 ��- �� ���  �	 �� !�
�

>��; 
!'��
 ��� !K��	�	 7��� !&.� �	��1� 9�!; �	 2!>��
'

K�!!���MPa�/p�8��L !!
[��!!
,�!!
 &u��/^^`u	�4R ��

�
1;��8��L � 9
[��
 ��	1!� ��u�^�pt 1!;�- /E!( ��9

+�
�4 ����c ��>!��;  �	 � &!�	�	 7��!� 	�!� 4� �� 
K�!�� '�

MPat/��8��L ��
 
[�
&� �
�- �� �+� &
����c ��4�1:8 �#�!C

 �	�+� � &+;(1� ��1� {T� �
�4 ����c ��	�&!? 4� �!H�R �^p

�8ujp�1� �	 &?�� �;��d� �+8 N&B 2�	�&!? ��^p&!?�� 

+�
�4 ����c ��>��;  �	 
K��� '�MPat/���
�- ��(� .

��1��!� '��:;, /�1s� 
>!��;  9
K�!�� '���!� 74� �

��g �� �!g ���!� � �)'.!� �!
 ���u(YP�!, 	1!F �!- 

8��L
[�
���1� 	��, �M�� D�T� �	 
K�!�� �+!8 a��B� ��

6�� D�T� �� �C>���K��� �+8 �� Q�+8 !
1;��� 1!i� 4� !�9

/�_$&+;��	 .��>, 9m� ��!� 74� 	��, �	 #�$�%� �M!���

	�� 4��� �g .� ��� 74� 	��, �	�>��;  �	 �g ��
K��� '�

1_$ )R1T:, \(8��L !
 186�!� /E!( [�8��L � 9!
[��!
 t�

�/xppx	�4R ���!!  
�1!!8 9�� ��!!� 74� 9!!� ���	 �� �!!g ��

&�	�� .	�&S8 �	�8��L 4� !
[�!
 �9!��� �!��c 4� t�tj^��

t��/xppx >��;  �
�- �� 
K��� '��8MPaj/p���� 74� 

���K(� �g ��� �
!� 7R 4� &!S� � 	1- �&
!M�K� 1�	�	 7��!� .

4� � ��� 7�8��L �	 �g ��
��	1� [�M�� {T� 7��
 4� !
�

� ��
18&+8 *�	 �� �C>� �8��L 1!I !
[�!
  �
�!- !
	1!- �&

��B���>��;  �	 �-
K��� '�MPa�/p�1;�- ���!� 74� 9

��	�� ���	 �� �g �� .� {T� �	����K��� �+8 �8��!_8 �!
 �

�
8��L 9
[�
	�&�!� A& .�!� �!g ���!� ��!� 74� �+!-�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


�+,�� ��	���" 
	�-."�/ 0�1�.2 �.� � 
3 �" 4
1 5�"6! �� �7
+ 8�9:� 
	� ... 

��` 

��7/ u.B�;.	�� -<�	@� ���-��� -I�-V	� -I<.	9F 8�9:� _�[� �� �3 �" K
�����C� 	�
PEG .�"7�" �-?�� �7�A 
"6� 

��� -��� -I-V	� �B�;.	�� -Iw�7� �x� -."�/ ��� 7
9<� -<�	@� B�;.	�� 	�-�o�� B=."�)yw/y=α(\��O -9�6+?�" .

�K��� '
>��;  )Mpa(a�d��� ��g)cm(a�d���� �g)cm(

paxp/�tatp/��

j/pbxu/�jb�u/x

�/p�cxp/`c�`/u

�/��d�j/xdjp/�

t/��e�x/ue�`/p

��7/ v.-<�	@� B�;.	�� ��� -��� -I�-V	� -I0�1�.2 
	� 8�9:� �7
+-."�/ ?<1 �� .�����C� �� 	�
PEG .�"7�" �-?�� 

�7�A 
"6� ��� -V	� -I�-��� -IB�;.	�� ��� -��� -I-V	� �-Iw�7� �x� -."�/ ��� 7
9<� -<�	@� B�;.	�� 	�-�o�� B=."� 

)yw/y=α(\��O -9�6+ ��"7�" 	� k�6E s69�� 	� �� \�	]1 �
�� �"� 7.�"7..

���� a�d �g)cm( ���� a�d �g)cm( [
8��L O�;P, ��
 
bc��/j a^`/` ���	1� 
bcjp/^ aj�/�p 9��� 
ajj/t a�x/�p &
,� 
bpt/^ a`u/` �	�4R 
cpu/j a��/�p /E( 

bc`^/j a�u/�� V&� 
abxu/^ ap`/�� u��/^^`u 
bctj/j auj/�p t�tj^� 
bc�x/^ a�u/�p u�^�pt 
bc^^/j a��/` t��/xppx 

>��; 
K��� '�� ��� 74� 4� 18 Q�+;, �	�!� �g ��.� �	 !� 9

8��L 1!!T:, \R �	 �!!T���!!
[��!!
 u�^�pt �t��/xppx!!� �

818
186�� *�� � 9
�918�&�	�� ���	 �� �g ���� ��� 74� 9.

>!!��;  �	
'��!!
K�!!�� �MPa�/p��MPa�/���MPat/��

8��L
[��
 ,� !
�&t��/xppx �u�^�pt 818 �!� !
� *!
1;��9

>!��;  �	 ��g ���� ��� 74�
K�!�� '�MPa�/p�8��L !
[

�  /E(
�918�!� ��� 74� 9{T!� �	 � �!g ���MPat/��

8��L
[t��/xppx �
1;��+S, ��� 74� 9��� �� �g ���� ��	

:�
8��L �
[�
:� � ���	 
8��L �
[�
�
�	 K�� {T� �
�918

&+;(1� ��1�.

�;��v��A&,R ��	 �:, 4� �, �>
I��
� a�d /�_$ 9��g ��

�g ���� �)a��&c ��u(a�!d �_!$ �!g 1!�� &�	�	 7��� 

����� �g�!+S, /��!$���	�!8 �!]8 ms
>!��;  D�T!� 1
'

K�����
�- �8��L �,� �(�
[��
 � �	 O�;P, ��1!� 9��!� 2

+S, /��_8 �
���	�� � &+;��&� �8��CB���>? 
����>.���

;��d� �+8 �� �Hc��, �	�&�	�	 7��� 	�� 4� .�_!$ 	��, �	

 8��L �g ���� a�d
[�
+S, /��_8 �
 �� ���	 � �	 � �;��	 !�9

�1!!��8��L 2!!
[��!!
,�!!
 � &u��/^^`u18&!!+�� �8��L � 9!!
 [

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

�`p 

��7/ z.-<�	@� B�;.	�� ��6+ 
	� 8�9:�)_UO" �7! _UO" D��>"� �7! ��>"� D�/�	> B�Y 	�(
"6� 7O�� -."�/ �.� 
�	� �

D
�	�6�{ ?�6� -."�/ �.� �-�
� -."�/ �.� ��x� .-<�	@� B�;.	�� 	�-�o�� B=."�)yw/y=α(\��O -9�6+ ��"7�" 	� k�6E 

s69�� 	� �� \�	]1 �
�� �"� 7.�"7..

����c �
+� ��W� ��4 ����c �B1� ��4 ����c &$�	 �	�B1
U ��4 ����c &$�	 �	�B ��4 A�1� O�;P, ��
 

aj�/�j` a��/x atp/�u a�^/�^ ����	 A&� DE$� 

b��/�jj a�`/t b`p/x at^/�� �	 A&� DE$��c��� ��� 

ab�u/�j^ at`/t Ab`p/�� at^/�t 9�6 �


A�8�- /E( 18�&!�	�� ���	 �� �!g ���� a�d 9.!�� 1!i� �!�
&

��>?
� a�d ��;��d� �+8 �� �g ���8��L �	 
[��
 	��!, 

��1��/&!� �!� �!g ���� a�d � A	�� �g ���� a�d 4� 1;�- 

�
1;��� a�d �� �C>� �� �+!8 �!� �!Hc��, �	 �g ��;��!d�

 �
�-
	1- �& .8��L
[��
 � f��!T8 �!Hc O!�;P, !
�!� 1;�

�1��;��d� �+8 2�� ��&:, !
1;���W!U A	�!, ��� �!� !����!
 

� 4� � A	�	 J�%;���1d 9�� V�!�8 {T� f!
1;���!Hc �� 

�H� �	 � \R \Wc�� �,��:, �
;��d� �+8 �� 1;��	�c� ��

�, &���R )`.(

7��
 �F ����&� A�����8D�T� A&!� a�!�B� �+!8 ���
, 

����c &$�	 ��4 )'.��(�&� ���+<�R /�1

�8 �;� �7R ��&!:,

��6�� .�,� ��!�� a�d D�T� 9�� �	 ���!� � �!g �!;? � �!g

74� �H�R Z�� � 18|E�1� ����c &$�	 �	�!�4 /�1

�8 ��4

 A&!� a�!�B� �+!8 ���!
, D�T!� �8 	���, 1wF� �	 � A	�	 7���

[
8��L �
�&� �
�F �& � ��]M 4� ���/�_$ 97����,&+
	 .

�
� �� �c�8 ��
� ��9� �!g ���!� a�!d #�$�%� /�_$ ����

���1� �g ���\R \Wc � 7&�KC� �,;� 7��8
�!- �!(1� �@

 ����c &$�	 ��� ���H+8 �� ��4 �C+c �,��8 &���8 ����c ��
 �!�4

 ��5�� ���+� ��1� � &���� 9��� �� ����c ��
 � A	�_;�� ��4 4

�!���c �B1� &+���
 '�G, ��
��
S, �!���c �!
+� � �!�4 �!�4 

�, ���1" &��� .����c �
+� � �B1� /�_$ 2��8 ��4A&B ��

4� ���c 4� 9
::],.CM�&CB����&�R 9)�(��1�&!U � ���_$

)u(�&CB �)j(��A&� �;(1� ��F &�� ..CM�&CB����&�R 9)�(

&�&:;S, o�C8�� 9�� �	 ��c �B1!� �F�!� &!$�	 4� �
!� �!�4

����c 7��!� �
��>!? \R �+!8 �!� ��4 1!w-� &!+���
 � A	�	

 �4 ����c /�_$�M�� D�T� 7��
 4� !
;��!d� �+!8 a�!�B� ��

�
�-�,�&�� .�;��v��A&,R ��	 �1" a�&c 4� ��
 *I;>!��

)a�&c ^(�
� K�8 �� *�T, 9�m
&�,&++- .4�	���!, �!�
 �	 �1

�1"��
 *I;>��!+S, ��	1!8��!�
!�4 �!���c �B1!� 9��!� 

	��	 	�c� A&� 1-} /�_$ .1i� ���,+� &!�� !
 !�4 �!���c ��

;?��4 ����c �B1� 4� ��
��>? K
� �
1;���+8 �� �C>� 

K�����;��	 )'.� �
����(M�� D�T!� 7��
 4� �!
�+!8 �

K����� �� 
18&+8 *��
�- �� Q�1� �,&+-.�1" a�&c �*

�
 I;>���
�1" K�, *!+S�1!8��	�!�
� 9!��!� � �_!$ 9�1

$�%�
�4 ����c \��T, /��7��� �,&+
	 .�
 �	
o�!C8�� 9

&CB�)j(�
� K�4�� �	 �� �_$ 9����$�%� 
!�4 ����c /��

	 4� 181��$�%� 1I
(1S, /��	1- .

9�� �� �c�8 �� ���1� ���,4R 9�� ��$� |�&
� 4� �G� �F

�	 A&� 	�@�� /�1

�8 &��� $�%� 
��4 ����c /�A�1!� ��!


 O�;P, N&+� 7�� ,4 ��
�+/��_;, ?E$� ���!�� A	�� �>!��:,

�1� �
��� A&� N�@�� .v��;���A&,R ��	 9
I��!
, �>��:, 4� 

A�1� �
)a�&c j(�_$ ��]M 4� ����c �
+� �F &�	�	 7��� ��4

[
8��L [!
8��L �!� �C>!� ����	 A&� DE$� A�1� ��
 ��!


 &� DE$� A�1� ����c �
+� �c��� ����	 A186�� ��4��;!��	 

� /��_8 �
+S, �H�R 9�A&!� DE$� N���� 9
� /��_8 �,� 	�� ��	

 9�6 �� ����	 �+S, �
 	�C� ��	 .[
8��L A&!� DE!$� A�1� ��


 �;��!d� �+8 2��1� �	 �B�K, {T� �	 �g1�� �c��� ����	

 &!�	��� &!
M�8 �� �186�� 	1G��B)a�&!c �(�!M� �!�?1, �	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


�+,�� ��	���" 
	�-."�/ 0�1�.2 �.� � 
3 �" 4
1 5�"6! �� �7
+ 8�9:� 
	� ... 

�`� 

��7/ w.l�"6H �� �;9<� B�� \	]O ��"7." 
6�+ �7! 
"6� 0�1�.2 
	� 8�9:� �� _�[� \�	]9� 4
1 �=�> �� -�E6� -."�/ �.� .�"7�" 

�-?�� �7�A 
"6� ��� ���� 61�|�> -V	� -I�-��� -IB�;.	�� ��� ���� -��� -I-V	� �-Iw�7� �x� -."�/ ��� 7
9<�.

&$�	

����c ��4

�	�B 

&$�	

����c ��4

�	�B1
U 

����c �
+� 

��4 

�B1�

����c ��4 

a�d

���� �g

)cm(

a�d

���� �g

)cm(

18 74�

���� �g

)gr(

Z�� 74�

���� �g

)gr(

18 74�

���� �g

)gr(

Z�� 74�

���� �g

)gr(

����c &$�	 �	�B ��4 pp/�

����c &$�	 �	�B1
U ��4 **��/p pp/�

����c �
+� ��4 **x`/p **tt/p pp/�

����c �B1� ��4 **xj/p **jt/p **xt/p pp/�

���� a�d �g)cm( **t�/p **^p/p **�`/p **t`/p pp/�

���� a�d �g)cm( **^�/p **^p/p **`p/p **^x/p **x�/p pp/�

���� 18 74� �g)gr( **^�/p *u�/p **x�/p **xu/p **t`/p **x^/p pp/�

���� Z�� 74� �g)gr( **j�/p �j/p **t�/p **^�/p **^p/p **t^/p **x^/p pp/�

���� 18 74� �g)gr( **^j/p *�`/p **x�/p **x�/p **�^/p **tj/p **xt/p **^�/p pp/�

���� Z�� 74� �g)gr( **^u/p *u�/p **x�/p **tu/p **xj/p **tp/p **tp/p **^�/p **x`/p pp/�

**  :7��� A&+
	 �+S, 7	�� ��	 {T� �	p�/p*:7��� A&+
	 �+S, 7	�� ��	 {T� �	p^/p

����c 1!I�	 A�1!� �	 �� �C>� �;��d� �+8 2��1� �]8 ��4

O
S" &�	�� 18 )a�&c j(.N�!��� �!���	 A&!� DE!$� A�1!� 

	 9!!��� � &!!
,� N�!!��� #�$�%!!�&!!$�	 �����1!!� �!!
+� � �B

����c ��4 ��6�� ����c ��?1, �	 ��4�,&+���)'.!� ���(�

�c��� ����	 A&� DE$� A�1� �� �C>� a�!�;?� �!F ���!,4

 &!��� �;!��	 	�c� ���F 7�,4 �	 �;��d� �+8 4�1���!��F 

�H�R9r�T, � 18 ��, 1i� 9�6 9
� � &�� A&!� DE$� A�1� � �


 ���G�R /��_8 �c��� � ����	&�� A&�	 1i� 9�� 4� .

�;���1!" a��&!c 4� '$�? v��!
 *I;>!��!�
/�_!$ 9

+� � �B1� �&$�	
!�4 ����c ��� ��!� 74� �!�� �!g ��

�1� �]8 	1.��B �� �g �����Y��� � a1;+- � �+8 2��!
 

��>!!?
.�!!� �!!� �!!,��:, � ��&!!+��, :GMP �SSI �MP 

+S, o�C8�����	 �&�	�&� 7��� �� .�
 N&B I;>��+S, �!� ��	
9

��� �� /�_$ 9�c�8 '!��� /��$ 9!
�	 	1!.��B �!- �!�� �

!�4 �!���c 4� &S� '?�1,�!8 �!]8 ms
�!
��;-�( 1�� �;��+!� 

	 	&S;, �;��+����, ��1� �
 1I��
	1.� �	��1� 9�a��;?� �� 2

4��
��;-�( 	���'.!� V�>!? '!?�1, �	 �-�!
1�	1!.��B 

'� ��?1, #�$�%� 
	��- ��� &S� �� 7R 4� 'C� ��
8 A�ms
1

�, � &���W�
1;���
 9I;>��!+S, �&!+
��� �� 	1!.��B �!� ��	

���	.

�
� 9����c �
+� � �B1 ����c &$�	 �� ��4 ��4 )a�&!c ^(

�
 �I;>!� , � �!Cw, !+S���	��!��	 	�!c� 9
!� 9!�� �	 �

�
 �I;>!� �!���c �!
+� �!���c &!$�	 �!� �!�4 �B1!� 4� �!�4

����c 6�� ��4 	�� 18.*�1" 9�186���
�I;>� �!�	 ��A&!,R 

����c �
+� /�_$ 9
� ���!� a�d � ��4 �!g)�`/p=r(A&
��!,

&� ..CM�&CB����&�R 9)�(���F � �	)�^(K
� �!
 �I;>!� 

���� a�d �_$ 9
� ��6�� �!���c �!
+� �!� �!g �!�4 �!�	 �!� 

&�	��R .*��1" a�&c�
�I;>� �!
 !+g
974� � a�!d 9
!�

�������� � �g�g�
�I;>� �!+S, � �!Cw, �	 7��!� ��		�!- 

�;(�� �� f(��, ��
 �1�&U � ���_$ )u(	�� �F�
�I;>� �;Cw, 

/�_$ 9�� 9
���	 ��&�	��R .

��1� ��i+, ����1" ��
 2���� *I;>���
$�%!� 9
/�

�4 ����c�>!��;  �	 
'��!
 K�!�� �$�%!� �!� /��!_;, 
/�

K, {T� �	 7&�KC� �!B� )a�&!c t(!�4 �!���c �>!8 ���	

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

�`� 

��7/*.�� 5�"�� ?<1 4�	��A � -��3� Z[� �� -�W	[� ���� \	]O �" 
�"7�1 	� X	 �" �" �7!3�� ?�6� � 7O�� B�� �;9<�

-."�/ ��=�U+ B��1" ��F 	� �	;��	��A �� �.�)PEG .( 

&$�	 7&�KC�

 ���B� 4�

���F O�;P, 

7&�KC� �B1�

 O�;P, ���B� 4�

���F 

����c &$�	 7	4

 �+8 �]8

�G�� )PEG(

����c �B1� 7	4

 �+8 �]8

�G�� )PEG(

����c �
+� 7	4 

�+8 �]8

�G�� )PEG(

	1G��B

���	 

)g/m2(

	1G��B

V�,�
� 

)g/m2(

&$�	 4� 7&�KC� ���F O�;P, ���B� pp/�

4� 7&�KC� �B1� ���F O�;P, ���B� **``/p pp/�

����c &$�	 7	4�]8 �G�� �+8 )PEG( **�`/p **�`/p pp/�

����c �B1� �]8 7	4 �G�� �+8 )PEG( **`t/p **`x/p *xj/p pp/�

����c �
+� �]8 7	4 �G�� �+8 )PEG( **`t/p **`x/p *x`/p *xt/p pp/�

���	 	1G��B )g/m2( j`/p ^�/p jx/p ^^/p ^�/p pp/�

V�,�
� 	1G��B )g/m2( *x^/p *xu/p j�/p *xj/p *xx/p tt/p pp/�

** :�+S, A&+
	 7��� �	 7	�� ��	 {T� p�/p*:�+S, A&+
	 7��� {T� �	 7	�� ��	 p^/p

],
�,4R 2�>��;  �	 A�I�
'��
 K��� �!�
 � /��_;, 
9��!d

 �!��- f!�B �	 �B�K, {T� �	 7&�KC� �>8 ��!
 /��!_;, 

)A	�	 �
� �	 �A&�� �)��� �M�:, 9��� (&� N�@�� .v��!;� a�&!c

�1"��
 *I;>���!
+� � �B1!� �&!$�	 9
!� �F &�	�	 7���

����c �B1� � &$�	 �� A�I���,4R �	 ��47&�KC� �!B�K, �	 

�!!
 �I;>!!��!!+S, � �!!Cw, 	��	 	�!!c� ���	�7�!!
, 9!!�� �	 

�
 �I;>� ����c �
+� �B1� � &$�	 �� ��47&�KC� {T!� �	 

�!:, �!� *
818 �� �B�K, 1�	`uj/p=r�`tu/p=r9�186�!� �	 

	�� {T�.>, 9��m�	 �_!$ 9!�� 1;�!
� �
�
� A&+
	 7��� �M

 ����c &$�	 9
�P8 �_!$ �� �C>� �;? �B�K, {T� �	 ��4

 ����c �B1� �, ��4 &���)j��(.�WM ��1i��,&!�� 	1���!F

 �!���c 9
�P8 �	 �_$ �	 9�� 18&!
_, �!B�K, {T!� �	 �!�4

&���.�;���1" a�&c 4� '$�? v��
 *I;>!��!�
� &!$�	 9

$�%!� &!+���
 �B�K, {T� �	 7&� KC� �B1�
�!���c /�

�4��,4R �	 ��
 A�I� I;>��+S, � �Cw, ���	 �� �� 
�!� �!H�R 9

�1� �	 	1.��B�Y��!� � a1;+- � �+8 2��!
 ��>!? 
� �

.�� �� �,��:,�&�	�&� 7��� �B�K, �	 .

�;��� 4� '!$�? v!�!��1� 9�4� A	�_;!�� �!- &!�	�	 7��!� 

$�%!!�
( /�
K�L�!!M��.�!!�4 �!!���c �!!�?1, �	 ��W!!� ��

� 7&�KC���C��+, �E, &+���8�P�8 �Hc 
8��L Y
[��!
 

� N��:,�	�%;�� 	1.��B ��]M 4� V�>? ���1� �	 ��;, 2!

 1

],
!!T�!!� �	 � &+!!��� �!!B�K, 
$�%!!� 9
( /�
K�L�!!M��.�

��1���4 ����c �>8 �	 A&� �+�
�1!" �W!� ��!
 *I;>!��

186����� �� �$�%� 1
!�4 �!���c /��{T!� 4� 7&!�KC� �

� � ���	 �B�K, �1;H� 7��+B�!��1� �Hc Y��� 9��1( �&!+

�4 ����c�&� �;��+� .

��	
� ���� ��	]9�" 

�.7�
�
?� �&H�, �D.�ut`.N&+� �+F�� ���d� �+8 � 6�� ��,	 '��:, �	 .�4����F l��+$ � N��B j:ux!j`.

�.����z� �N.�.�D./	�
�.�ux�.����c /�
$�%� 1� ��R �+8 1s� N&+� ��4.\R � e�� N��B �u:�x!`x.

u.A ����_$ .D �.�1�&!U.�ux^.'
>!��;  /�1!s� �!���c ��� 1!� �K�!�� O!�;P, ��!
 N&!+� �!�� �!� �!<
�
� &!�� � 7	4 

)Triticum aestivum L. ( A�I���,4R �	 .�F N��B���7�1�� �4 �x)�(:^t�^`.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html


�+,�� ��	���" 
	�-."�/ 0�1�.2 �.� � 
3 �" 4
1 5�"6! �� �7
+ 8�9:� 
	� ... 

�`u 

j.�&CB �7.�ux`.����� a��4 &��� � Q�+8 ���1� ���� ��1� ��W� ��
 �S
Cd l��+, 7L Z��� �	 �S81, ��
.7���  ���+���F �,��

&���l81, �;�� ���	 ��4����- A&.���	�7�1H8 A�I���	.

^.Q �1(	��1(.�ux`.9�6 �	 �.�� �� �,��:, ��1� \�P;�� ��
N&+� .�4����- l��+$ � N��B �j:�t���x�.

t.7�1C��� �N.�.�Q.9�	 ��	 .�uxx.����c /�&� ���1� �K�!�� '
>!��;  /�1

�8 4� ���� \R V1;�� 1
s�8 �]8 N&+���W� ��4 .

7�1�� /�8�C� DE$� � �B��4 A1I+F 9
�@+  /6�:, A&
Gg����1H� � h1- �uxx.

x.�
�B���F �N.�7.�.b�� �f���
� �N.Q.���� .�uxx.��� ���1� YM��K
( ��
�N��!:, N&!+� N���� ����4�� �Hc 1s�, �G�L

�G�� ��.7�1�� /�8�C� DE$� � �B��4 A1I+F 9
�@+ ����1H� � h1- �uxx.

8. Abdul – baki , A.A. and J.D. Anderson .1970 . Viability and leaching of sugars from germinating barley. Crop Sci . 
10: 31 – 34. 

9. Aguirrezabal , L., E. Deleen and F. Tardiue .1994. Root elongation rate is accounted for intercepted PPFD and 
source-sink relations in field and laboratory grown sunflower. Plant Cell Environ. 7:443-450. 

10. Allan , R.E .1980. Influence of semi – dwarfism and Genetic background on stand establishment of wheat. Crop Sci. 
20: 634 – 638 . 

11. Arnon , I. 1972. Crop Production in Dry Regions. Leonard hill , London.  
12. Belcher , E.W. and L. Miller .1974. Influence of substrate moisture level on the germination of sweetgun and pine 

seed. Proceeding of the Association of Official Seed Analysis. 65: 88 – 89. 
13. Burlyn, E. and M.R. Kaufmann. 1973. The osmotic potential of polyethylene glycol 6000. Plant Physiol. 51: 914 – 916. 
14. Cornish, P.S. and S. Hindmarsh .1988. Seed size influences the coleoptile length of wheat. Aust. J. Exp. Agric.  

28: 521 – 523. 
15. De, R. and R.K. Kar .1995. Seed germination and seedling growth of mungbeen ( Vigna radiata ) under water stress 

induced by PEG 6000. Seed Sci. Technol. 23:301-308. 
16. Douglas , A. , H. Johnson and H. Kay .1978. A Technique for assessing of seedling emeregence under drought 

stress. Crop Sci. 18: 520 - 522. 
17. Emmerich, W.E. and S.P. Hardegree .1991. Seed germination in polyethylene glycol solution: effect of filter paper 

exclusion and water vapor loss. Crop Sci 31:454-458. 
18. Evans , L.E and G.M. Bhatt. 1977. Influence of seed size protein content and cultivar on early seedling vigoration 

wheat. Can . J. Plant Sci. 57: 929 – 935. 
19. Fernandez, G.C. 1992. Effective selection critaria for assessing plant stress tolerance. Proceeding of an Sympo., 

Taiwan. 13-16 aug. 
20. Fick , G.N and C.O. Qualset. 1976. Seedling emergence coleoptile length and plant hight relationships in crosses of 

dwarf and standard –height wheats. Euphytica 25: 679 – 684. 
21. Fischer, R.A. and R. Maurer .1978. Drought resistance in spring wheat cultivars: I. Grain yield responses. Aust. J. 

Agric. Res. 29: 897-912. 
22. Kaufmann , M.R. .1969. Effects of water potential on germination of lettuce, sonflower and citrus seeds. Can. J. Bot. 

47: 1761 – 1764. 
23. Mexal , J. and C.P.P. Reid .1975. Oxygen availability in polyethylene glycol solutions and its implications in plant – 

water relations. Plant Physiol. 55: 20 – 24. 
24. Paulsen, G.M. 1987. Wheat stand establishment. PP. 387-389. In: E.G. Heyne (Ed.), Wheat and Wheat Imprortant. 

2nd edition, American Soc. Exp. Agron., USA. 
25. Rusielle, A.A. and J. Hamblin .1981. Theoretical aspects  of selection for yields in stress and non-stress 

environments. Crop Sci. 21: 943-946. 
26. Whan , B.R. 1976. The emergence of semi–dwarf and standard wheat and its association with coleoptile length. 

Aust. J. Exp. Agric. Anim. Husbandry16: 411 – 416. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
22

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.22.4
https://jstnar.iut.ac.ir/article-1-663-en.html
http://www.tcpdf.org

