
 ����� ��	
� � 
���	�� ��
� � ���� / �	���� /  ��	� ��! /�	"#�	$%&'(

��

 )�$��* +�	,"� -./ 0123$ ×56�1 �	7�/ �! �8�$��* 9
�/� 
�:;/ ���-� � <�=�

!/>� 
?�=� ��	7� �@	A� ?�3�;/?��B

�?�CD

    ��/ E�� �/ 9F�>G H1/ �!)��J ��1/2�/ �	.K �/�$ 0123$L-A +�	,"� �	.K � -1MG-1MG (    !-OC��� 
�/?O1	G H�O��$ ��P
� 0�Q  )O�$��* 
 C�"� 56�1   �/ +R     � �1/!	�	� �7� S  0� 0��-$ �/ �TUV/ H16  �! ?F	  �/�
� 0� �1��	��J �/-�FW <�=� )  �O�� � ? � X�"Y� <1/-  :

  [ 	� \1�	$ 0�]^ _-�� %^ � �	�K &^ � �	�K & [ 	� ��/-$ &^^ _&`S � RS^��-� -"� �! �M�  (?  �!	a"�/ .    �O�/�� �	O� �! 91	O��K

'^c%&`Q    ! ��F�>G 0��2� �!       X3� d��; �! �7/� �	�aV/ �"�
V �	:��/  ?1!-e /-J/ !	�K .        d�O�� f-O� �/ <�O=� -F 
/-�    +O�	� 
	OF
 	� ��!	g$&?  �!	a"�/ �/-C$  .

   h1	"� i��  �?�K [�! 0�   )�$��* ��V/ �	.K  �     )�$��* +�	,"� -./ � <�=� ×�
�� <�=�  � ?�!�� �/!`^% k	��-� l��3� �/  �K  <O��$ 
  �!0a;m�   / ��/ ��V/    +�	,"� -.(IPCI)  ?  H���$  .   
	� 
	F�/!��� 
	
�� -� /2J/ kUG
        H���! � H�;�/ �n�=� � �8�$��* 0a;m�     -O./ ��OV/ 

  H�:�	�� � +�	,"�  )�$��* !-C��� 
	F  <�=� � 	F ��	�K _	F    �?� 
�/?1	G 
	FAMMI2�
�1 SIP2 � EV2   � �8�$�O�* 9
O�/� 
�:;/ 0123$ _
�FH�
D   0 �o 0123$ h1	"�   
/  E��/ 
	
�� -�      H�;�/ �n�=� � �8�$��* 
	F0a;m�    03�"� _+�	,"� -./ ��V/       � -��;	O� _-1�� �	7�/ 0� ?  
-�e

  H16]'             H1-"�� -1�� �7� H�� H1/ �/ 0� ?
" /! /� 9
�/� H1-$�/?1	G IPC1   !/! �	�� /� .H16 � -#�G �7�   
	OF] � %`   ?OJ/� � �/?O1	G	� 
      [ 	� ��/-$ 	� �V�go 
�	e�	�&^^    ?�!�� ��-�-"� �! �M�  .H16  
	F&]   � ]'       ?O�!�� ��/ [ 	� \1�	$ 	� �V�go 
�	e�	� 
/�/!  .

\1�	$ 0� [�#� -#�G �7� � �1��	��J?�!/! �	�� �V�go 
�	e�	� ��! [ 	� ��/-$ � ��� � ��! [ 	� 
	F.

�*/�
	F
?��� :0123$ _�8�$��* 9
�/� 
�:;/ _<�=� � )�$��* +�	,"� -./56�1 _��/

0�?,�

     ��� � ��	
� �
��� �� ��      �
����� ��
� �

�� ���� ���� ���

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

      -*#� 
��
�*,.� $/�, -
0�� �� $!�01 �
�"��# �� ��	
� . ��

                
� $!�*01 �
�"��*# � 3�4*/ 
�*'5 �
*� ��*%� �6 $��7�(

      *	 8�*9�
� :*;<�! =���
"    >�*?� ��*
� ���      @*��A<! .*B� �*���)! 

C
���D×           
�"��*# ��*	
� $��*#�%& ��.� E�
 ��.�.B�! �
 ! 

-#�) G � HH .(    C*
���D @*��A<! .B�×    �
* !  J*� $K<*L�   �
*� 

E�
�$**! �
 $M
��**%N � $M
��**�D ��**� ���**6 O**1�� � �**��6

  $! ��	
� ��%!��#��.")P .(   �9%� �0� Q
� ��.�   :*;<�! ���

   � �@��A<! .B� ���  E�
 �� >��4<#      >.*
R<! �*%S �*�T7� �
�!( ���

U*#� �
�.*- .
��*/� @*�� $;*#� �*#�� �6 -*6�� � V* �%

W.=�'4/� $<�%/ >�K?��� ���
��?6 >�X?��� �3���9� YZ/� ��<#� � �&
� $#�%&
�6 [��# ��7?��� \
�.� �� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	���� /  ��	� ��! / �	"#�	$%&'(

�]

 C*
���D �
** ! �*� �**�  -**#� >.**
R<! �*%S 3
�**/ �*� �**� . 
�

E�
 !( ���            �%*6�� �*�� �6 -#� ��� .� $�# >.
R<! ^� �
�

             ��*& >��� =�*?� �
��*��� _,�*& ^*� �9*#� ! [�.` �� . 
�

��T7�       $*"a�� >.*
R<! �*%S ��*�      �*;0� �� C*
���D ^*� ��*�

      �bN ^� 
� �
 ! �%S
� =( �.X;01  � �*%S    :
*/�� ��*��

$! ��*&)c .( E�
 ��            
� $�
*#� d)*# 
� >.*
R<! �*%S ��*�

 >��4<#� 3���9� YZ/�$! ��& .�� �
� e�f! =��%1)Hg ( �*�T7� ��

�&�,  >�." ��.� �� C
���D ��%��
 ! � �� �
����� O
h �� ��

 T%
6.� �)HG (    �� ��T7� ���4�i!        -,�%*& 
�*j%! �*� $;/� ���

     C
���D @��A<! .B� -
��! ×  �<N." >.'� �
 ! �*�� . J*� �
*%S  �� 

  @*!�1 �*�T7�   ��*K�� �*�T7� � �*�)Pattern analysis(  �%*6�� 

  �A9` ��.� $M
���D C
���D ��%�  �
 ! � ��      @*��A<! .B� .j� �� ��

�
 ! �� �'�(-#� >�& >��4<#� ��)HP .(

   >��� 
� ����! l�%� ���!�( ���       ^*� �� $*)
 ! �%S ���

 C**
���D @**��A<! .**B� ��.**� �
�<,�**# ��**K�� × ^**�� �
** !

$	��>���!      �
�<,�# .
m ��K�� �� )Nois (    *#� >�*& @
X?�- . .

        C*
���D .
L4� @��	 �%6�� �� 8��.! �
�<,�# ����K��   
� �*�

   $*! �*� �
* !  � �%*&�� $	�*� >�*��!) Noise (   @**��	 .*
m V*#��

�
�-#� .
L4� @��	 .
m � $%
�.

E�
   �
�!( ����
�
L�       ��T7� � =�
#."
 ��T7� �;0� �� 

     �� ��T7� � ����
���4�i!        �
�"��*# $��*��
� ��.*� $;/� ���

 � ��	
� �
 ! 
       � C*
���D $;*/� 
�*B( �
�(.*� � :*;<�! ��*�

           >�*& �*n�
� �*'�( @*��A<! .*B� � �
 ! �*�� .     �*�T7� E�
 ���*&

  C**
���D �
K��**
! =�
**#."
E�
� ��
 �**�  $**)
 ! ��**�

e�0�!              � T*<
� �*#�� �*6 -*#� �
����� ��T7� 
� E�
 ��.�

=�.6�6)Ho(      =�*L%
X;�� � $;%
N �)c (     @*#�
 � 3
�*�.�� �)� (

 � $N.�!    -#� �<N."
�.	 >��4<#� �
�!  .       �
�
*L� 
� e�*h ��� ��

            �*6 ��%<L
� p��/ E�
 ��� $#�#� 3�
U.N �� $,.� �
��! ��

   $! �
� ��� ��    C
���D $), .
m �%6�� �� =��� �
* ! �� ��  ��*�

               >.,��*� � �
* ! � C*
���D $;*/� 
�*B( �� @��A<! 
�B( 8Z<,�

       ! �� $)
 ! _,�& �� @A<L! .
R<! $K<L���   q��� .
R<) �
K��
!

C
���D�� ( ��0� >
�&�)G.(

    C
���D �.X;01 ����
�� ��T7� 
�  �
 ! 
� ��    �� :*;<�! ���

   q0� �
�!( e�! ^�            �
* ! � C*
���D $;*/� .*B� ��.*� .�r�

 $! >��4<#���& .     $*%�! �� =���
�� $%�! E�
 ��� 
� �S ."�
��

    � C
���D @��A<! .B� =��9�     
�.*	 =�*!�( �
�! �
 !  $*!   ��.*
"

    $! =�!�( ��� �7
<� $���&�9� 
��
�,.� $N�6 -	� �� ����� . 
�

    C
���D �
�<,�# �A� E�
 ���         @*��A<! .*B� 
� �� �
 ! �� ��

 $0� �&�
�&� .    �� ��T7� ���4�i!       .*B� ����)! 
� T
� $;/� ���

   -*#� >�& >��4<#� �
 ! � C
���D @��A<! .    �*�� >�*01 e�X*&�

   ;/� 
�B( 8Z<,� E�
  q*0� $          �*� �
* ! � C*
���D .�r*� .*B�

C
���D .�r� s.U @��A<! × -#� �
 !)H�.(

  =�<M06)HH (     t�" � @��� �)H� ( >.'� ��.�    �� .� �� �.
"

 q0� e�!  .�r�)   ���*�
�� �*�T7� (� s.*U   .�r*�) �*4�i!  ��*�

$;/� (   $*!� E�
 ��*	
� �
��*��� $����
� 
�]Additive Main 

Effects and Multiplicative Interaction (AMMI)[   e�*! �*� 

   q0� $;/� 
�B( ����              �*n�
� �
 .�r*� s.*U @*��A<! .*B� � .�r*�

����0� .             .�r*� q*0� e�*! �� �AN E�
 ��� 
� �w��%S q	��
�

   ��& >��4<#�)     ��*0� �*�AMMI0     $*! >��� =�*?�  ��*&(   �*�T7� �

    -#� >�& ��7�� e�0�! ����
�� .   $! �
��! .��# 
�   �� ^� =���

  �%S�4�i! /�         
� �*6 ��0� �N�U� e�! �� �
 $;     �� 3
�*/ �*��

  �����0�AMMI1,….AMMIN  $! >��4<#� ��& .     $*!� e�*! 
�

   q*0� $;/� 
�B(            �*�T7� �� >��4<*#� �*� �
* ! � C*
���D .�r*�

 .� ����
�� $! �
�(             3��*4<! �%*6�� �*6 �*7�( �� $*�� ����*&

C
���D                  @*��A<! .*B� O*1�� .*K�� �
* ! �*� �
* ! ^*� �� ��

s.U  .�r�$!          
�*B( �*�� �*�T7� �*� 
��	 ����
�� ��T7� � ��&

     �*�T7� �� >��4<#� �� �-L
�  �*�  �*4�i!        @*��A<! .*B� �$;*/� ��*�

C
���D×    �� �
 ! �4�i!   �*
��� $;/� ���       � @*��A<! .*B� >�*%%6

 
��A!$	��>���!$! ^
X4� T��� ��  ��.")o.(

    q0� $;/� 
�B( ��T7� e�!       s.*U @*��A<! .*B� � .�r�  .�r*�

)!�$ (       ��.��! .
L4� � ��T7� 
� ��	 
�
L� �
�T��   x
T*� ���

C
���D×     �)A� �� �.�� �-#� �
 !  C
���D $����
 ! � ��  .*� ��

��**� ��
3Z**�)Biplot ($**! ��**bN �**�� �� >��4<**#� �**� =��**�

  C
���D -
�	�! $��y<�!          �*� -9*L� � .K��X� �� -9L� �
 ��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


)�$��* +�	,"� -./ 0123$ * 56�1 �	7�/ �! �8�$��* 9
�/� 
�:;/ ���-� � <�=�

�c

�
 !      �.*6 $��*#�%& $#
.� �
�! ��� .  ̀  ���*�    8�9%<*#� [*�.

      C*
���D @��A<! .B� �
�! 
� \#�%!×         ��*& $*! J��.*N �
* ! 

  C
���D s �L<���        �
* ! �*� $*/�y<,� �
�"��# �� $���  ��*�

$! @
'L� +�, ��.")H].(

   e�! �� $M
���D �%6�� ��K�� ��T7�  $*! pZ*`� $���  ��*&

     J� 
�` �� �'�( 
� �6  E�
 �� =�!� �<#� ���    �*�T7� �%��! ��%�

�&�,��  E�
 �    z�
A! � $���
��.� ���       �*� �*�T7� �*%��! $���

�4�i!    @!�1 �� ��T7� �$;/� ���     $*! >��4<#� >.
m � �� ��*& . 
�

           ��.��! 3�.

R� .f6��h =��� =�?� 
�j%! �� E�
 ��� �� q	��

C
���D×   $! >��4<#� �
 !       3�.*

R� �� ���*�� �*/
� � ��.*"

    $! >��� =�?� �.<06 ����� 
� �����%S�&� .  .*B� .
L4� ���.��%�

 C
���D @��A<!× >��# �
 ! $! .� ��*& .    ��
��*! 
� .*"� $*<h

     �� @��A<! .B� �� $06 �/
�  �;
#��4�i!      ���*& �
*
9� $;/� ���

E�
 =�**S  ���**6 O**1�� �**y�?! ��**�
��.� �**�T7� ��**�

$	��>���!   $! T��� ��     �*n�
� � �*<N�� ���TN� ���
�(.� -	� ����&

! .B� �� �&�
 @X&$! .
L! @��A< ��.")o .(

    =�
�X0� � @���)H] (    $��*��
� 
��       
� ���*# C*
���D Go

        ��T7� �����
�� ��T7� e�! 
�'S �� �
 ! �*4�i!    �$;*/� ��*�

  ���.6 >��4<#� $!� � $), =�
#."
 .  ���*�
�� ��T7� E�
 
�

 ����� ��     -*;1 �*� $�� ���� ���� @��A<! .B� 3���.! l�07! �6

     �*�
� =��� ���     $*%�! .*

R� q*9%! �*�� �����( �*��.K� 
�� . 
�

  E�
�4�i!    �# $;/� ����4�i!$%�! e��    �*�� $�� � ����� 
��

              _
�*?� \*#�%! @*��A<! � $;*/� 
�B( 8Z<,� -;1 �� E�


�**?� >��� .  �**AN $**), =�
**#."
 E�
 
�c/H% l�**07! �� 

   
� $!� e�! $�� ��& �

9� $), e�! �#�� @��A<! .B� 3���.!

�07!    �
��� �� l�/cP%    ��.��
4! �@��A<! .B� 3���.! l�07! �� 

�& >��� _
�?� E�
.

    -��� � =��)H} (             .*B� �*�T7� 
� $*!� E�
 �� >��4<*#� �*�

   C
���D @��A<!×         �6 ����� =�?� ���<L!� ��%" ��	
� ��.� �
 ! 

�4�i!       $%�! 
�` �� @��A<! .B� $M
���D $;/� ���   8�9�
� 
� �
��

   �%S �� ^� ��e�# $` 
� $1�
� -4/ $! �� �%*&�� . J*� �
*%S

   �� $X��4�i!         ��
�� @*��A<! .*B� $)
 ! $;/� ��� J*� $K<*L�

e�# $` �!� 3���#�� �� $4%!��� �� .

    =�
�X0� � $h�<N)H (      $M
���D �%6�� ��K�� ��T7� 
�Hc

          $*%�! @*��A<! .*B� $!� e�! �#�� �� C
���D     ��.*� �
 �
��}

�4�i!   �T" e�� $;/�  ���.6 E
 .   ��� 
�$#
.�     �*#�<! 
�` �� 

H/Go            �
*��� �*#�� @��A<! .B� 3���.! l�07! �� �/
�  �*4�i!

          $), =�
#."
 e�! �� -9L� �6 ��& =�
� $;/��   �
��� .��.� 

-&�� @��A<! .B� �� �.<?
�.

 �X�
�**
wX%��)g(E�
 �**� $**!� E�
 �**L��A! ��.**�  ��**�

 � .
***L4� 
� �
��***��� ���***�
�� � =�
***#."
 @***��A<! .***B

C
���D×   C
���D 
� �
 !     �� 3
~ � =�*� ��*%" ����*� ��*�

 e�**! 
� .<!�
�**� ��  �**��.6 >��4<**#� $**!�  . e�� .<!�
�**�D

$!   �
�(.*� .*�� e�!.N �� � -#� $#�
;	� �;/�N .K��
� �6 �&��

$!��&.

]H                                          [
/

n inD ( ) = λ ξ ∑
0 052


��   e�!.N ��nλ      >a*�� 
��*A!  �*4�i!n   � ��inξ     >a*�� 
��.*� 

-#� C
���D.

       �
��� [;)! 
�	 �e�! ��� .<!�
���4�i!       @*��A<! .*B� $;*/� 

��� .              e�*! �*� -9*L� $*!� e�*! �*6 �*& _�*?! -*��'� 
�

     C
���D @��A<! 
�B( .
L4� 
� =�
#."
×   �*
4! =�X!     -*#� .*� .

J��
%S   �$*!� e�*! .<!�
�*� �� �
� �� D   �.<*?
� �.�r*�
�.X� 

 �� -9L�IPC1��� =�?�  .

 @****��A<! .****B� �****�T7� ��****� �****� ���a****� �****��

C
���D  �
 ! � )V�
��  J6�.*�� ��    -*&�6 :*;<�! ��*� (  ��.*�

 ���*� ��	
� ���� �.X;01).Avena sativa L(   �-*N." 3
�*/ 

  � $��**��
� �0**U �**�  C**
���D ���**	
� �
��**��  �**��� ��**�

     J6�.� � V�
�� �� $/�y, �
�"��#       T*
� -*&�6 3��*4<! ���

 ���." $��#�%& . �7�( ���           �<*#� �� �*� $*)
 ! ��*�.
R<! �6 $

  �
� @��	 @!��1     �
*� @��	 .
m � $%
�   J
*LA� $*%
�  $*!  �*& ���

$!-�.��! e�01� �� =���      � V�
�*� �*%��! $*1�
� :*;<�! ��*�

J6�.�  ���            =�*X! � e�*# $N��y� 
�B( �� >.
m � -&�6 :;<�!

 -N�� -#�)}.(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	���� /  ��	� ��! / �	"#�	$%&'(

]�

E�� � !/��	F

   �
��*��� $��*��
�c  @!�**& ���*� C**
���D o  $hZ**/� �*�� 

         ��*� >
�0*& �� �
6.� �� $<N��
�g  �H�  �g]  �Gg   � G}   
�*'S � 

      ���*��6 $��*
" =D ^*��� T*6.! �� $<N�*�
� J*	
)Plant Gene 

Resource of Canada, Saskatoon Research Center. �**� 

��**� .��**� ��**�)Boyer(.**L
� �)Paycer(���**�
� )Derby( � 

.9
��6)Calibre(       �� J	
 ^� >�.0� �� ) $��6�*!�� (    =��*%1 �*�

               ��*	
� �*� =( �
�"��*# � �.*X;01 @
*L��<� �L��A! ��.� ���&

   
� ����}           e�# 
� -&�6 J6�.� �� V�
�� �� � �� .
R<! �
 ! 

  $1�
�]��HG�c 
�         =�'4*/� $<�%*/ >�K?��� $?��a� �1
T! 

   :7� Q
�� 
� q	��      $��
N�.R� �.1 
� q	�� ���(Gg    � �*�
� 

Gg       $��
N�.R� e�` � $��0& �A
	� oH    � ��
� Gg   $	.& �A
	� 

 -N." 3
�/ .    V�
�� �
 e�� �
 ! �# -&�6 ���g�  �.*'! H�

   � =��(G�      -*&�6 J6�.� �� =��( Go�     �*# �  q*�.! .*<! 
� 
r*� 

  �
 !  J6�.� �
 ���    -*&�6 ���G��  �G�o   � Po�      .*<! 
� 
r*� 

 -?6 V�
�� 
� q�.!Hg����� @
X?� =��( .

C
���D        Q�*;� Y.*` \*��	 
� �
* ! .� 
� ��   @*!�6 ��*�

     ���& $����
� 
�.X� �# �� $N��y� .      @!�*& 3.*6 .�P   :*��
 

    e�` �� -&�6g      :��
 �;/�N � .<! g� $<��# .<!��� .  e�` 
�

**9	�.! �**&
 >
��- ��� $**1�
� ��**��**%��! e.**<%6 � �
�**
�( 

:;1      ���." e�01� @!�6 
�` �� 
T� ��� .  �rh �� ���� �.X;01

      �& �

�� 3.6 .� ��.� �
&�h .B� .-L��    �
�! ��	
� �.X;01 

              e�*! �� >��4<*#� �*� �M# � -N." 
�.	 \6.! ����
�� ��T7�

C
���D @��A<! 
�B( $!�×���& .
L4� � ��T7� �
 ! .

� e�! -#� .�� Y.& �� $!)H]:(
N

ijjk i j n in jn ij ijk
n

Y g e
=

= µ + + + δ ζ η + θ + ε∑
1

 e�! ��� 
�YijkC
���D �.X;01 i   �
* ! 
� j  
�.*X� 
� � k � 

µ    �@6 �
K��
! gi     C
���D $;/� .B� i)  C
���D �
K��
! �Z<,�i

  C
���D �
K��
! ����(  �ej   �
* ! $;/� .B� j)    �
K��*
! �Z<*,�

 �
 !j�
 ! �
K��
! �� ��( �nδ�.4%! 
��A! )Singular value(

 �� 8��.! n �
!��4�i! $;/� $	��>���! 
r� �� .��.� �6 e�! 
� 

      =�0� �� 8��.! �y�?! �?�
 �*4�i!   -*#� $;*/� � N  ���*�� 

�4�i!     @��A<! .B� $;/� )IPC (           �*� .*��.� �*6 -*#� $*!� e�! 
�

))e-1(  �)g-1 (N<min ($! �*&�� . >.,��*�inξ    �*y�?! 
��.*�

  ��.�i     �� C
���D �
!� n   �
!� �4�i!     @��A<! .B� $;/� IPC �jnη

   �y�?! 
��.�j     �� �
 ! �
!� n   �
!� �4�i!       @*��A<! .*B� $;*/� 

)IPC (�ijθ   
��A! $	��>���!) T��� (  �ijkε    �*�.! 3
�*91    �*� 8

-#�), .        ����( ��
� $!� e�! ����
�� ��T7� 
� �*4�i!k  �� 

     �)��
 �� @��A<! .B�)H�kg(�) H�e) +(H�g (�  � $! -#����( �6

   =( 
�g  C
���D �����   ���e  �
* ! �����   � �*�k  >
�0*&  �*4�i!

-#� $;/�.

J��
%S    >
�!( �� SIPC   � EV       .*�� Y.*& �*� �*6 $*!� e�! �� 

 $! �9#� ! �� ����&      C*
���D �
��*��� $��*��
� 
�j%!   �
�*! �*�

�%<N." 
�.	 >��4<#�.
N

/
in

n
SPIC

=
= λ ξ∑ 0 5

1

N

in
n

EV
=

= ξ∑ 2

1

 e�! 
�    .���A! $!� �4�i!       C*
���D �*� 8�*�.! $;/� ���    �*� �*�
/

n inλ ξ0 5    .���A! � �4�i!         �
* ! �*� 8�*�.! $;*/� ��*�    �*� �*�
/

n jnλ η0 5 $! >��� =�?�  �6 ����&nλ   �*� 8�*�.! �?�
 n  �
*!� 

�4�i!    � $;/� jn inوη ξ 
��.�  ��*�        $*)
 ! � $M
��*�D >a*�� 

�%<**L� .   �**y�?! ��**�
��.� 
� ��**��! .**/�%1jn inوη ξ

   $! @��A<! .B� ���.<!�
���%&�� .      T7� -*A
Ah 
� $!� e�! 
�  �*�

  ���4�i!             .*� �6 ��� ��� �� �.4%! .���A! �� ��T7� �� $;/� ���

 >��� ��
    ��& ��7�� �
��� ��, ����       �� @*/�h 3�*N�. �� ��
 

q0� 
�B($! ��7�� .�r���&.

   ��.��! $X
N�." ���0� �� � ���     3Z*� ��*� �;
#�)HH (  �*�

    ���<� .
L4� 
�j%!  >�!( -#� ��  s.U e�! ^� ��  >��4<#� .�r�

�& .  ��� ��� 
� :��
 3Z�  =�<# � ��    3����*?! ��.��! ���

      ���& >��� ���0� ���� �� ��bN 
� ��
��.� �;
#� �� .  �*�� 
�

  C
���D � @X&  �
 ! � ��       � $��*� �*)A� 3Z*� ��*� ��
 .� ��

  ���& >��� ���0� .         �
�*! 
� 8�9%<#� =�& >��# \��! 
�6 ���

   C
���D >a�� @��A<! .B�  �
 ! � ��  ��$! ��*& .      �*� 8�9%<*#� �*��

       .���A! -!Z1 � $"
T� �� �����4�i!   $! ��7�� $;/� �����& .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


)�$��* +�	,"� -./ 0123$ * 56�1 �	7�/ �! �8�$��* 9
�/� 
�:;/ ���-� � <�=�

]H

       �
��� ��.� 3Z� ��� J
#.� 
��4�i!     8��.! $AN� 
� ! �$;/� 

     $;/� .B� �
K��
! ��)�.X;01 (C
���D   �
* ! � ��     
�* ! � �*�

          �
*��� .���*A! �*� 8�*�.! ���01 �*4�i!    C*
���D $;*/�   � �*�

�
 !-#��.C
���D  �
 ! � ��          ^*� ��
 .*� ��*9�.A� �*6 $���

   $! 
�.	 ���01 �,    �
K��
! ��
�� ���.
")   $;*/� .*B� (  ���*?!

  C
���D � �%<L�  �
 ! �� ��          �*, ^*� ��
 .*� ��9�.A� �6 $���

     �*%���, ���*?! @*��A<! .B� ����K�� ��
�� ����& $! q	�� $AN�

��� .  �4�i! �� �6 C
���D .� T� @*��A<! .B� $;/�     .4*/ �*� ^*��

      �
 ! �� $!�01 �
�"��# ��
�� ��&�� 
��
�,.�   ���*!�( ���

-#� .             -*#� $*nT�� J*6 @*��A<! .*B� ��
�� C
���D ��� $%�� .

C
���D  �
 ! �� ��    .���A! ��
�� ��� �*4�i!    x
T*� $;*/� ��*�

)  $4%! �� -9f! (           -*#� �*X0! � �%<*L� x
T� @��A<! .B� ��
��

�%�� =�?� �
 $/�y, �
�"��#.

J��
%S  �&�, ��T7�  C
���D ��   �
* ! � ��      ��*%9! .*� �*�

�4�i!             E�
 �*� e�! �
����� ��� >
�!( � ��� � e�� $;/� ���

�
��)Ward(.**� �   �;**/�N q**�.! ���**?� ��**1 ��.��**! z�**#�

-**N." 3
�**/ $**#�
;	� . �%**6�� ��**K�� �**�T7� -**��'� 
�

     .���A! ��%9! .� $M
���D �*4�i!         >
�*!( � ��� � e�� $;*/� ��*�

   e�! �
�����AMMI2    �*& ��*7��  .       �%*6�� ��*K�� �*�T7� 
�

   �� z�#� .� $M
���D�4�i!     ��*�
��.� �
*� �*���� �*� ���� e�� 

   -'��?! .
L4� 
� $)
 !     -*#� �%0*&�
� $)
 ! ��� .  �*����

        >�%%6 _�?! $)
 ! 
��.� �� �
� >��hJ� $K<*L�    �� ���*� 

 -#� �
 ! .      .K��
� $)
 ! 
��.� �� �
� Jn�	 �����    ��*�� ��1 

J�$K<L�            
��.*� �� �
*� �*�.4%! �*���� � @*��A<! .B� ��7�� 
� 

   .K��
� $)
 !J�$K<L�             .*B� ��*7�� ��* � �� �
* ! �� $*4%! 

 $! @��A<!  �&��)P .(     �.*� �*� �
�!( 3�9#� !   
�T*N�SAS   ��*7�� 

�& .

q=� � h1	"�

       ����
�� =��� �K0� .� -��� -;�
�� =�!�( �7
<�    �*), ��*�

-&�� .�         $*%�! 
�
L� 3��4� ���� �.X;01 \6.! ����
�� ��T7

 C**
���D �
**� �
 �
��    @**��A<! .**B� � �
** ! ����**� ��**�

C
���D×   ��� =�?� �
 !  .     C*
���D �
*� �Z<*,�    ��.<*?
� �*�

    ��� @
X?� �
 @6 3�.

R� �/
� .J��
%SG�/gg%  3�.*

R� ��

      C*
���D @*��A<! .B� �#�� @6×      �*& �
*
9� �
* !  .   � 3.*;��

0�  =�
�X)} (    C
���D ���� �.X;01 $����
� 
�     .*" ����*� ���

   C
���D @��A<! 
�B( �S×  $%�! �
 !      $*�� ����.6 >���?! �
��

          3���.! �
K��
! .��.� �� $;/� 
�B( 3���.! �
K��
! �6 �%<N��
�

-#� @��A<! 
�B(.

  �
 ! l�07! 
�      �.X;01 �#�<! �� $��6�!�� ���G}/�  �� 

   
� ��
�� 
�<X� 
�  ��� �.X;01 ��.<? .  ��� �
� ��  $hZ/� ���

   ��� ��
6.�g]   �.X;01 ��.<?
� )cc/o
�<X� 
� ��  (-&�� �
 .

  C
���D �
� ��              �*� \*
�.� �*� .��*� � .*L
� ��	
� �$������6 ���

  �#�<!cH/}   � �c/o          �*��.X;01 ��.<*?
� ��
�� 
�*<X� 
� �� 

����� .    �
 ! 
� ���� �.X;01 �
K��
!  .� �
�! ���   �� $#
��/}

       �*� e�� -*&�6 V�
�*� 
� 
�<X� 
� ��H]/P   
� 
�*<X� 
� �*� 

��� .
R<! ��# -&�6 J6�.�.

       
� $*!� E�
 ��*%9! .*� ���� �.X;01 ����
�� ��T7� ���<�

  e���H   -#� >�& >�
�(  .          .*B� � �
* ! �C*
���D .*

R� q��%!

 C
���D @��A<!×     �� � �
 ! �4�i!    \
6.� �� o�4�i!   e�� $;/� 

   @��A<! .B�)IPC (    e�0<h� d)# 
�H% $%�!       �*# � �*����." 
��

�4�i!   $	�� �� .K�� !  >����   ���& ��m�� T��� � .      J'*# $*!� e�! 
�

  �
����4�i!           C*
���D @*��A<! .*B� 3�*��.! l�*07! �� ×   �
* ! 

}H/PG%     �� � ��� �4�i!   e�� ��%    ����0� �

9� �
 =(  .    �*��� �*�

 $%�! ��    �� =�& 
��!�4�i       =�!�( 
� @��A<! .B� $;/� F   e�! �� �

AMM12  �& >��4<#�  .   C
���D @��A<! .B� ���.<!�
��×   
� �
 ! 

  e�!AMM12  C
���D ��.� ��   e��� 
�g   �
 ! ��.� �   
� ��

  e���G  >�& >�
�( ��� .J��
%S   .���A! � �y�?! �?�
 .���A! 

�4�i!  C
���D $;/� ���  �
 ! � ��   �*�)E�
�   
��*�D ��*�  � $M

$)
 ! (        e���*� 
� \*
�.� �*�P   � o   >�*& >�
�(  �*�� .  ��  �*��

        C*
���D �
��*��� $��*��
� ��.*� .���A!      3�.*

R� �7%*# ��*�

   � $)
 !J��
%S  C
���D s�L<��   �
 ! �� ��    
� :*;<�! ���

 >��4<#� 3Z� ��� 
���0��& .

7�*, ��T*&�*�
���D ��*C#� .� ��� �
��� .���A! z�4�i!

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	���� /  ��	� ��! / �	"#�	$%&'(

]g

 ��?J%. 0�/! !-C��� r�	1�/� 0123$ %^ �! )�$��* W��/ E�� 
	
�� -� <�=� 

.

R� q��%!����( ��
�3���.! l�07!3���.! �
K��
!F

e�!oc}o/Hcgg�/G**GH/�

C
���Dc�]/]c]c/c**�G/�

�
 !o]c/PoH]/c**HH/P

 C
���D ×�
 !oP}]/o�g]/H**]�/g

IPCA1HGH}/gocG/H**GG/P

IPCA2HH�c/HoG�/H**}�/G

$	��>���!gHPG/H�]G/�]H/H

Q�;�Hg�o/H}P�/H**Hg/G

�),H�]go/P]Po/��

@6H�c}}/go���

* � **:$%�! \
�.� ��  e�0<h� Y�)# 
� 
��o � H�/
� 

 ��?J].-./ 
	F-"�/�	G  )�$��* +�	,"� × �?� �! <�=�AMMI2)�$��* 
/-� 	F

2ξ1ξC
���D

��]/�H}P/�����g
�]/�H�}/�����H�
H�/���oo/�����g]
Hgo/��Hg/����Gg
�c/��HH/�����G}
�oG/���PP/��.9
��6
H]}/��HH/�����
�
Hog/��HGo/��.L
�
��H/���gH/��.���
Hc/�HGg/����6�!��$

Hζ � gζ :3
�91 \
�.� ���@��A<!.B� $;/� �4�i! �
!�� � �
��� ��.� $M
���D >a�� ���
��.� �� ��

 ��?J& . )�$��* +�	,"� -./ 
	F-"�/�	G * �?� �! <�=�AMMI2<�=� 
/-� 	F

2η1η�
 !

g/���c]/�e�� -&�6 V�
��

�H/��Hg/������ -&�6 V�
�

�}}/�H}}/����# -&�6 V�
��

H}c/�HP]/�e�� -&�6 J6�.�

�H}o/���c/����� -&�6 J6�.�

��H/���cc/���# -&�6 J6�.�

η1 � η2 :3
�91 \
�.� ���A<! .B� $;/� �4�i! �
!�� � �
��� ��.� $)
 ! >a�� ���
��.� �� �� C
���D @�� ×�
 !

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


)�$��* +�	,"� -./ 0123$ * 56�1 �	7�/ �! �8�$��* 9
�/� 
�:;/ ���-� � <�=�

]G

 ��?JR.0a;m� -1!	,� � 0gY�� 0�1� -1!	,�  �?� �! +�	,"� �	.K ��V/ 
	FAMMI)�$��* 
/-� 	F

�4�i!@��A<! 
�B( $;/� ���

IPC6IPC5IPC4IPC3IPC2IPC1
C
���D

��H/�g�G/��H�c/�P}g/��GH/�]gP/����g

����}/�GPg/��PG/���cPc/�G��/�]]g/����H�

��Hc/���cH/��}}}/�H]g/��}}g/��g�o/����g]

��GP/��Po/��H�G/��}�c/��P]�/��}H}/����Gg

��gg/��Pg/��Hg]/�}��/��G}�/��ooG/�����G}

����P/��Hg/�oHH/���co/��g�]/��gg/�.9
��6

����Hc/��}/�HPP/�G�]/���gP/�oo/�����
�

���P/�go/��GH/��GP]/�ocP/��}�c/��.L
�

��Ho/��G]o/��]�]/��PGg/���P/��H�P/��.���

���H�/����}o/�H}H/�H�P/��gG/�}}G/��$��6�!��

���H/�P}]G/GgocP/}��oo/��c]�/HoHo�]/go�y�?! �?�


�H��%H��%cP%]G%��%PP%�4�i! ����
�� $�07� �/
���

��?JS.0a;m� -1!	,� � 0gY�� 0�1� -1!	,�  �?� �! +�	,"� �	.K ��V/ 
	FAMMI<�=� 
/-� 	F

�4�i!@��A<! 
�B( $;/� ���

IPC6IPC5IPC4IPC3IPC2IPC1
�
 !

��HH/�H�g/�HgG/��g]o/���cP/��PcP/�V�
��e�� -&�6

��HG/�H�o/�Pcg/��}GP/���PP/��o]o/��V�
�� -&�6���

��H/��oH/����H/��P�}/��goc/�]Go/��V�
����# -&�6

���c/��cP/��o�/���PH/��}o}/��Po/�J6�.�e�� -&�6

��Ho/�gg]/�]G}/�gc}/��}P/��Gc}/��J6�.���� -&�6

��H]/��c/��Hg]/�H]�/�g�}/��Pc�/�J6�.���# -&�6

���H/�P}]g/GgocG/}��o}/��c�]/HoHo�]/go�y�?! �?�


H��%H��%cP%]P%��%PP%�4��! ����
�� $�07� �/
���

  $;/�)IPC1 (     ��*0� _�?! �
 >�." �# .      �*�� e�� >�.*" 
�

G}             ��
�� �*6 �*%<N." 
�.*	 .*L
� � $��6�!�� ���� 
� ��	
� � 

  .���A!IPC1����� x
T� � $4%!  .��� @!�& ��� >�."  ��*�g �

H�   � Gg ."      .���A! ��
�� �6 ���IPC1      �*���� x
T*� � -*9f!  .

    ��� ��# >�."g]            ��
�� �*6 �& @!�& �
 .9
��6 � .��� ��	
� � 

IPC1     ����� �
����� ��.<?
� � .4/ �� ^��T�  .J��
%S ��T7� 

�&�,   �
��� .���A! ��
 ���4�i!�
 ! @��A<! .B� $;/�   �� ��*�

    ��0� _�?! �
 >�01 >�." .  ! e�� >�.*" 
� �
*    V�
�*� ��*�

  J6�.� � e�� -&�6       �*6 �*%<N." 
�.*	 ��*# � e�� -*&�6 ��*�

  ��
��IPC1       V�
�� ��� >�." 
� � ����� -9f!     ��� -*&�6 ���

  �**� ��� -**&�6 J6�.**� � ��**# �IPC1 �**%<N." 
�.**	 $**4%!  .

>�."��%�    �&�, ��T7� �� @/�h ��� C
���D ��  �
 ! � ��  �*�

 @X& 3Z� ��� ��
 .�H>�& >�
�( ���.

#�.�*7� z�*M
���D �%6�� ��K�� ��T* ��%9! .� $IPC1) �
���

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	���� /  ��	� ��! / �	"#�	$%&'(

]P

+C % .
�/?1	G -"�/�	G � H�:�	�� �/ +V	T kUG 
	�IPC1)�$��* <�=� � 	F��-e s�$-$ 0� �t�� � ���A �	�D �	C / _	F
?
� 
	F

0 �o 0123$ �/ +V	T)�$��* 
/<�=� � 	Fu	�/-� 	FIPC1��� �	�� /?
F! . H�:�	�� v	,� �/ s�$-$ 0� ?"�� 
!��� � �,�/ v�no

� !-C���IPC1V 	� -�/-� a�� -?��Me.

�4�i!   @��A<! .B� $;/�  (          �.��*� ��*	
� �*6 �& >���?! �
K��
! �

    ��� � .9
��6g]         C*
���D @*��A<! .*B� ��.*<06 ��
�� ×   �
* ! 

         �� .��� J	
 ���	
� ��� �
� �� � �%<L�IPC1   � .4*/ �*� ^��T� 

                .*� C*
���D ��.�
��*��� =��*%1 �*� �
K��*
! �� .���*� �.X;01

  �& $��#�%& e�y ! .  ���g]          z�*#� .*� .9
��*6 J	
 � IPC1

              �.*X;01 �*� �*��� �*� �6 ����� $'��?! �
����� �%6�� ��
��

   ��� .����g]     C*
���D ��� �*9�
 
� ��� ��� �    .*� 
��*��� ��*�

   -*N." ��� e�y ! . ��*<�       �
* ! �*6 ��� =�*?� �   �
�*! ��*�

    C
���D @��A<! 
�B( ��7�� 
� $���� J'# $K0� ���!�(× �
 ! 

�<&����� .  $! .j� ��          � ��*�
� ��*	
� � $��6�!�� =��� $! �#


            .*� J6�*h $)
 ! ���.& �� $/�y, �
�"��# ��
�� �
 .L
�

 �**�� � ��� -**&�6 V�
�**� ��**�g � H� �
�"��**# ��
�� �
 

  �.� �� $/�y,        �*�� � e�� -*&�6 J6G}     �
�"��*# ��
�� �
 

 -L��� ��� -&�6 J6�.� �� $/�y,) @X&H.(

 �&�, ��T7�       �
*!�� .���*A! z�#�.� �� �*4�i!     .*B� $;*/� 

 @��A<!) IPC2(C
���D ����
   �.*6 ^*
X4� >�." �# 
�  .  >�.*"

           =�T
! ��.<?
� �6 �& ���
� J	
 � $��6�!�� @!�& e��IPC2

  �%<&�� �
 -9f! .."  ��� ��� >�  ���g   � H�        
� �
 .��*� J*	
 � 

     ��
�� �6 -N." .�IPC2   �*���� .4*/ �*� ^��T�  .   ��*# >�.*"

���  ���g]  �Gg   � G}             �*6 �*& @!�*& �
 .L
� � .9
��6 ��	
� � 

  .���A!IPC2  �%<&�� $4%! .J��
%S  �&�, ��T7�  �
 ! ��  .� ��

   �
!�� z�#��4�i!   �@��A<! .B� $;/�     ." �# �� �
 �'�(   .��*0<! >�

 �.6 J
LA� .       J6�.� � ��� -&�6 V�
�� e�� >�." 
�   -*&�6 ���

       
��A! �6 ��%<N." ��� ��# � ���IPC2  ��*� �
��*� 
�
L� �'�(  .

            �*6 -*N." 
�.	 e�� -&�6 V�
�� ��� >�." 
�IPC2    � $*4%! 

            -&�6 J6�.� � ��# -&�6 V�
�� ��# >�." 
� � -&�� $����

     �6 �%<N." 
�.	 e��IPC2 9f!    �%<&�� $���� � - .    �*�� z�*#�.�

        =��� �
�� �� .��� J	
 T
� ���<�IPC2      �.X;01 � .4/ �� ^��T� 

              V�
�*�� �*& >��� _
�*?� J*	
 ��.�
��*��� �
K��
! �� .����

                
�*B( =�*
� 
� �
 J'*# ��.*<06 ��� -&�6 J6�.� � ��� -&�6

C
���D @��A<!× �%<&�� �
 ! ) @X&g.(

� 3��4� @
�� �6 -#� dU����� � J'# �<&��.� 
� �3Z�

�/H]/�}/�P/�g/��/�g/��P/��}/��]/���/H�

IPC1

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


)�$��* +�	,"� -./ 0123$ * 56�1 �	7�/ �! �8�$��* 9
�/� 
�:;/ ���-� � <�=�

]o

+C ] . � 0�/! !-C��� H�:�	�� �/ +V	T kUG 
	�IPC2)�$��* <�=� � 	F��-e s�$-$ 0� �t�� � ���A �	�D �	C / _	F
?
� 
	F

0 �o 0123$ �/ +V	T)�$��* 
/<�=� � 	F
	
��-� 	FIPC2�� �	�� /�?
F! . H�:�	�� v	,� �/ s�$-$ 0� ?"�� 
!��� � �,�/ v�no

� !-C���IPC2V 	� -�/-� a�� -?��Me.

     �#�� @��A<! .B� .<06�4�i!     �� -9L� ��� �4�i!  $! e�� �&��. ��

           e�*! �� ��T7� ��� 
� �6 ��� �� ����AMM12     ��*& >��4<*#� 

   �
����� ���
�!(SIPC2   � EV2    ���& �9#� ! )   e��*�} .(  .*�

9!                =��*� �
���*� .��*� � .9
��*6 ��*	
� �
��*��� >
�*!( �� .� ��%

              �.*L
� ��*	
� � �%<*&�� �
 �%*6�� ��.�
��*��� �.���A! ��.<06

       �*�� � $��6�!�� � ���
�H�        =�*?� �
 �%*6�� ��.�
��*����� 

����� .              �� .���*� �.*X;01 � .��*� J	
 .<?
� �
����� �� ���� ��

      !( �� ��� ��%9! .� �=( �
K��
!          J*	
 =��*%1 �*� .��� J	
 T
� >
�

�& >��T".� s�;)!.

  @X&G     .���A! 3Z� ��� �4�i!       ��.*� ��� � e�� $;/� ���

C
���D  �
 ! � ��  �� �
 ��   $! =�?� ���� 
�`��� . ��� ��� 3Z�

  ���0�%��          $*! �*
��� �
 @*��A<! .*B� �*� 8��.! 3�1Z`�  �*%6 .

�<#� C
���D ��%�  �
 ! � ��   ̀ � z�#� .� ��      >�*& =�*
� 3�*1Z

  �#���4�i!              �T*7! >�.*" �*# @*��A<! .B� ��� � e�� $;/� ���

 ��� =�?��
 .        $*! >�.*" ��.�
����� �6 e�� >�." 
� �*&���   ��*	
� 

   ��� � .9
��6 �.���  ���Gg  �g]  �H�   � g �%<N."
�.	  .   ��� >�.*"

     ��� � .L
� J	
G} �� .� ��.� $4%! � x
T� .���A! �� IPC �
 

 �& @!�& .�             .���*A! �*� $��6�*!�� � ��*�
� ��	
� ��# >�." 


IPC   �*%<N." 
�.	 :���! -!Z1 �� � x
T�  . >�.*"  � ��� ��*�

     ����� @
X?� �
 
������� :
` ��#.       �*� ���� �� �6 -#� $'���

    J'# �6 ����4�i!    <#� 
� e�� $;/� ����      J'*# �� �
� 
�6r! 

�4�i!    >�." �-#� ��� $;/�  ��*%�   p�*N ��*�   �*� .6r*��   ���*h 

>�." ���?! ����� ��%9! .� ��%�IPC1$! �&��.

 �&�, ��T7�        �
!�� � �
��� .���A! ��%9! .� ���4�i!  $;/� 

              >�.*" ���*<� ��*A
	� �*6 ��.*6 ^
X4� �
 $)
 ! >�." ��  ��*%�

    z�#� .� $)
 !IPC1   ��0� �
��� �
  .     ��*K�� ��T7� 
���0� 
�

        �� ���� �%6�� z�#� .� $M
���D �%6��4�i!�    @��A<! .B� $;/� 

)  @X&G (            �
��*��� ��.<*?
� ��
�� .��*� J*	
 �*6 �& >���?!

           �
�� $!�*01 �
��*��� T*
� .9
��6 J	
 � -#� $!�01 .    �*�� .*�

    ��� � .L
� � $��6�! ����
� ��	
� z�#�G}  � ��*� @��A<! 
�B( 

        ��� ��� � ����� =�?� �
 $4%!H�  �g  �Gg   � g] ��� @��A<! 
�B( 

 -9f! � �
  �%<&��  .J��
%S           ��.*� �
 ��*� @*��A<! .B� 
���0� ��� 

�
 ! �0���� =�?� ��.

    ���<� z�#� .�  >�!( -#� �� $!  ��� =���  ���H�   � g   ���� �
 

    ��� � -L��� e�� -&�6 J6�.� �� $/�y, �
�"��#  ��*�Gg

 �g]# ��
�� �
 *y, �
�"��*&�6 V�
�� �� $/�*A;� e�� -$

]/�}/�P/�g/��g/��P/��}/��]/��H�
IPC2

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	���� /  ��	� ��! / �	"#�	$%&'(

]}

 ��?JW.��	�K 	F)�$��* 
/-� 
�/?1	G 
 �?� �! 	FAMM12

gEVgSIPCC
���D

�HGo/�]oo/����g

�H]}/�H]c/H���H�

�Hoc/�cG�/����g]

�Ho/�H�G/H���Gg

�H/�cHG/����G}

��g/�PG/�.9
��6

�g/�g�c/H���
�

�gH/�g�G/H.L
�

���g/�H�]/�.���

�g}�/�G]}/H$��6�!��

 SIPC2 �EV2: e�! ��.� �
����� ���.<!�
��AMMI2

+C & .-1!	,� �/ +V	T kUG 
	�IPC1 � IPC2)�$��* <�=� � 	F��-e s�$-$ 0� �t�� � ���A �	�D �	C / _	F
?
� �/ +V	T 
	F

0 �o 0123$)�$��* 
/<�=� � 	F� 	F�� �	�� /� ��/ ��V/ 0a;m� �! -1!	,� 
	
��-?
F! . v	,� �/ s�$-$ 0� ?"�� 
!��� � �,�/ v�no

 !-C��� H�:�	��IPC1 � IPC2�� -aV ?��Me.

]/�}/�P/�g/��g/��P/��}/��]/��H�
IPC2

�/H

]/�

}/�

P/�

g/�

�/�

g/��

P/��

}/��

]/��

�/H�

IP
C

2

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


)�$��* +�	,"� -./ 0123$ * 56�1 �	7�/ �! �8�$��* 9
�/� 
�:;/ ���-� � <�=�

]�

��0� .J��
%S $!         .*L
� �$��6�!�� ��	
� �6 ��0� 8�9%<#� =���

     ��� � ���
� �G}   V�
�� �� -9L�        � ��*# � ��� -*&�6 ��*�

 -&�6 J6�.�$! $/�y, �
�"��# ��
�� ����%&��.

    .K��
� $)
 ! ���
��.�J�$K<L�      -*&�6 V�
�� �
� -9f! 

 ���**# -**&�6 J6�.**� � e��J**��
**%S �**� ��� -**&�6 J6�.**� 

V�
��  $! @��A<! 
�B( =�
� 
� ��# � ��� -&�6 ��� �%*&�� .  �
*�

J6�.� V�
�� � ��# � e�� -&�6 ���  
� ��� � e�� -*&�6 ���

 
�B( =�
�   @��A<! J�$K<L�       J6�.*� �
*� $�� �-&��� ����   ��*�

     ��� � e�� -&�6J�$K<L�         >���*?! @*��A<! 
�B( =�
� 
� $4%! 

���." .J��
%S V�
��       ��# � e�� -&�6 ���J� $K<*L�  $*4%! 

     �%<&�� @��A<! 
�B( =�
� 
� �
 .  3Z� ��� �L��A!   >�& J
#.� ���

        
���0� �0� 
� �6 ��� =�?� $!� e�! ��.�      ��*K�� �*�T7� ��*�

       ��%9! .� >�& J
#.� $M
���D �%6���4�i!    .��� J	
 �$;/� ���

         �� �
� �.X;01 =��� �
�� �� � -&�� �
 $!�01 �
����� �%6��

     $! s�;)! $!�01 �
�"��# ���� �
K��
!�&�� .   
� .9
��6 J	


            $*0	
 �
��� �.X;01 @
�� �� $�� -N." 
�.	 �
����� ��� �9�


  1 �
�"��# ��          �*& �*<N." .*j� 
� :
�*U $!�*0 . ���.
*L4�

 & �n�
�*  %9! .� >�* ��� ��3Z�   J'# �
��� @
�� �� p�N ������

  ��� .� 3��4<!        C*
���D @*��A<! .*B� �� 3Z*�×     $6�*�� �
* ! 

 ��� 3��4<! . 3��4� ���  3Z*� ��� 
� ��     .*� >�*& J
*#.� ��*�

  z�#�IPC2             <*?
� @*��A<! .*B� .<06 J'# �<&�� .� 
� @
�� ��  .

     �0� 
� l�07! 
� $�� ����  3Z� ���  .L
� �$��6�!�� ��	
� ��

         C*
���D ��.�
��*����� =��*%1 �*� ���
� �  �*#�%& �*�� ���*& $ .

���  ���H�  �g  �Gg   � G}        �
��*��� �*� �
��*����� �
*� �%*6�� 

     �*���� =�*?� �
 :
�U . J*� �
*%S    �*�� g]     �
��*��� �%*6�� 

-&�� �
 :
�U �� �#�<! .

 
�/2:�	8�

      �!��.� � -�.��! =�!��# �� �;
#� ����  =�'4/� =�<#� �T�
  �*�

      Y.*` �*�� ��.�� �%�T� .`�,)     >
�0*& Y.*`GPgK (    @* ! �� 

Y.**` 3�
�**9<1� �$��<**#� ��**� ��
��**?6 3�**A
A � T**6.! ��

             ���*! �� $*?�� =��� 
�.	 
�
<,� 
� ��.� �����6 
� =��S�X#�#

 .X?� $?��!�( $���
�	 �$!��&.

��	
��� �!	a"�/ !�

H. � �$h�<N. � � . l ���A! .  � � $!�." .$4#��.HG�� .     �%*6�� �*�T7� � ^*�
 ������*6� .<!�
�� [�.` �� �� ��	
� �
����� $#
.�

 $M
���D(Pattern analysis) e�! �#�� AMMI .  =�.*�� 3���9� YZ/� � -1�
� ��;1 >.K%6 �
07%� 3��A! >�
XS  �*L#i! �

'� �
'� � YZ/� 3�A
A � 3� 4/ ��.6 
r� � e�Ho}–Ho�.

2. Annicchiarico, P. 1997. Additive main effect and multiplicative interaction (AMMI) analysis of genotype location 
interaction in variety trails repeated over years. Theor. Appl. Genet. 94: 1072 – 1077.

3. Basford, K. E. and M. Cooper. 1998. Genotype × environment interactions and some considerations of their 
implications for wheat breeding in Australia. Aust. J. Agric. Res. 49: 153 – 74.

4. Chapman, S. C., J. Crossa and G. O. Edmeodes. 1997. Genotype by environment effects and selection for drought 
tolerance in tropical maize. I. Two mode pattern analysis of yield. Euphytica 95: 1 – 9. 

5. Crossa, J., H. G. Gauch Jr. and R. W. Zobel. 1990. Additive main effects and multiplicative interaction analysis of 
two international maize cultivar trials. Crop Sci. 30: 493 – 500.

6.  Dohlert, D. C., M. S. Mc Mullen and J. I. Hammond. 2001. Genotypic and environmental effects on grain yield and 
quality of oat grown in North Dakota. Crop Sci. 41: 1066 – 1072.

7. Eberhart, S. A. and W. A. Russell. 1966. Stability parameters for comparing varieties. Crop Sci. 6: 36-40.
8. Fehr. W. R. 1987. Principle of Cultivar Development. Vol. 1. Mac Millan Pub., New York.
9. Finlay, K. W. and G. N. Wilkinson. 1963. The analysis of adaptation in plant breeding programe. Aust. J. Agric. 

Res. 14: 742-754.
10. Helms, T. 1993. Selection for yield and stability among oat lines. Crop Sci. 33: 423 – 426.
11. Kempton, R. A. 1984. The use of biplots in interpreting variety by environment interaction. Agric. Sci. 103: 123 –

135.
12. Lin, C. S. 1982. Grouping genotypes by a cluster method directly related to genotype-environment interaction mean 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	���� /  ��	� ��! / �	"#�	$%&'(

]]

square. Theor. Appl. Genet. 62: 277-280.
13. Perkinz, J. M. 1972. The principal component analysis of genotype environmental interactions and physical 

measures of the environment. Hered. 29: 51-70.
14. Tai, G.C.C. 1979. Analysis of genotype environment interaction of potato yield. Crop Sci. 19: 434 – 438.
15. Yates, F. and W. G. Cochran. 1956. The analysis of experiments. J. Agric. Sci. 14: 742-754.
16. Yan, W. and L. A. Hunt. 2001. Interpretation of genotype × environment interaction for winter wheat yield in 

Ontario. Crop Sci. 41: 19 – 25.
17. Zobel, R. W. and H. G. Gauch. 1996. AMMI analysis of yield trails. PP. 88-122. In: M. S. Kang and H. G. Gauch 

(Eds.), Genotype by Environment Interaction. CRC Pub., Boca Raton, Florida.
18. Zobel, R. W., M. J. Wright and H. G. Gauch. 1988. Statistical analysis of a yield trial.  Agron. J. 80: 388 – 393.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
84

.9
.2

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1384.9.2.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-343-en.html
http://www.tcpdf.org

