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

��� 

�(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456# 
. �,57, � 0),� �+(��� 

�8�9 
� 
�) 

�
8�: �,+;�<�4�=
 8�6�2,8�� �8��� �8�3�+�� 8�3� ���8�� �$

�8�(> 

?��+# 
,5�� �
�.+� 
�/�� 0� 
* �,8�# <
* 1�� @�) <�+4A- ��B����C <D�EF �8��� �+!�� ����
,�#G�(�!)* ���+!�,
�- +H4� �0),� 	,

�CI# 12. �,� ���J8 ���E!�, �8�9 K�#�)* .� ��82,�%MN��� O+� ?2�C 
� �;). �CI# ���� ����P# 1��� �%
,+(# 0�
5� 
�<�,+� 

J��� BEF ��� 
�$%QQ 8�!�+9 
,+C ���4	
, �
��.R�
 0� �(�!)* 0456# ��� S��� �
� ��� R�
 B��T �8� 8U  ��U6), V��E4+9.

K�#�)* D���+� S�H)��� ������ 8F
� W4 ���!:, XY� 
� �
��. +/) 	, D�EF 0��� �,+� 
,�8 .0U� 07�# �� �U��� 
,� S�H)�U�� 
��U� 

?��+# B����C D���+� � ����� �+4A-��S��>���� ?��+# B����C D���+� S�H)��� 
��� 
,� 0��� �,+� �F�PZ �+4A- 5U7 0U� D�EUF

 
* ��4,5�, +�[ � ��4,5�, +T, �� +� \]) 0� 8  �+�9 06�!) ��F, 0���� 
� 0^���� �,8�# ��BU�, �U;� �U;). �(�!)* 	�+� 
� .�
�.+U�

 
* ��") B��2�[ +T, _��# ��F, 0���� 
� 0^���� �,8�# � ��F, 0���� 
� 0),� �,8�# 0� �,� 
��) B��2�[ 07
� S�H)��� ���� �+!��  <8)�

 �2�: 
� BU��2�[ `�U� @�U) 	, 0),� 
,5� 
	� � B ,�+� aZ�  <0#�� @�E#
, <W4*�2��� �+(��� <0#�� 
� 0),� �+(��� �,+� 
* 1�� 0�

B�, .� 8)�2, ��C
, <0#�� 
� 0),� �+(��� �,+� S �
 � ��F, 0���� 
	� � ��F, 0���� 
� 0),� �,8�# �,+� 8)�2, � 8)�2, 
	� �,+� D��2,

,5� <8)��� ����� ���+4A- ?��+# S4+!;� 	, 0),� 
S4,+���� ��� 8�,�Z 8�E� 
��A� D�EF �(�!)* ���;� �,+� �;). 	, ���E!�, .0),� �+(���

 0#�� 
����H!"� � B�b����� 
,�<��F, 0���� 
� 0),� �,8�# �� �<0),� 
,5� 
	� B ,� ��F, 0���� 
	� � ��F, 0���� 
� 0),� 
	�.

�*,� ��� �8��� :?��+# B����C <B��2�[ 07
� G
,�# B����C <�+4A-
�) �8�9 <

0�8]� 

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


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

��� �(0/ 1(���� 2(3�
� ��� !(4��� �(	�5 *(%6 ��
 ��(��

-78��9: #�;�<� �� �� �(���-� ��-(� )��� 
� � �=(,� �(� ��(�

 �(� > (04�� �
�9� !(4/ .�(	�5 ?-(< )� �(�, *(%6 ��
 ��(�

@ (((0$� ��� A,-(((5 � �(((����� ��(((�-�����: 
��6-(((� ��(((�

B"�C �D� ����6 ��� .�(	�5 E (� A,� ���F� � @ �� �� �(� 

�.8��
 � 
��D� ��-�/
 � G8��
 H�5-5 ���8��
 �#�5�F� ?��� � �;��) ��>�I��� ��$4� J�78��
 ��)���8/ J!� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             1 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

��� 

A0�� � =�4�K)��(A�0� �)N�O(�P�A�4Q R(4��,-.)S�

T(��
 �
�OUV J
 (0� �W��� !(��.��� A(,� X(: >6 )� �(� �
 

(� �(�YZ � �� �;��) >����. )� ������ �J!(C �(�Z-. ��(/ !(�� .

�3; 5 � �,=G5 �
 �/ �5��8� P[�\�	�5 ����6 *�3 ��
 ��� 

�((	�5 ?-((< �
��
 
 ((K� +,�((�� -��((�5 � *((%6 *((%6 ��
 ��((�

 �� P��-Z ���5 / >��) #!� �
 �� �
�,) ����� #�;�<� 
)�D .

], ��
�-:)�T(�
 �(��
 
�!($5 ��-(� >� *(0; E (� ^!(4. �


 �5 � �
 ���
 
-�30; � ���
 ��=� >)� ��3F4D ����-(� � �(�F%�[ 

=. �8,�=Z� �3F4D �
 �_3F4D 
�!$5��
 (0� ��@ (< ��-(� �(��

 -�8�� ��0�� -� !C� J��
��`6 >� �8,�=Z� -�[ �(� 5a!(�/ 
-(/ .


�9�-4�)b(>� -`� 
��6-� � c4� �� =�� ���("-� J!44/ @-�4/ �

+�-� �0/ #��� )��PID ��`6 >� �8,�=Z� -�[ �(� @ (< ��-(� 

)� -�8�� �� !C� J��
 ��(`6 
 (0� ���=(. �8(,�=Z� .� �,�!(��

��
�	 )�(*(0; E � ^!4. �;��) #��� )� �
�!$5 �$%�&� �


 �5�� ��-� >� �5 � E� ���!(�
 0� ���=(. ��F%�[ d Z .A(,� �
 

��D���>���(�0� � �!��� )�S(�=(�� @�!(� � ��: 7(D�
 �)�U(

H((�/-5 �((�3��	 �(($%�&� ��-((� � �
�e((�	� #��((� �-,f((:

 �	�5 ?-< )� ^!4. ��,� % ,=�Z � J
���D� *%6 ��
 ��� !(�
 0 .

�3F4(D �
 �(��
 
�!($5 � �3F4(D �
 �_3F4(D 
�!($5 #��� ��-�

 #�((($�-� A�7��((�� (General Combining Ability) GCA 

�4$� 
 � ��
.A(,� �(G��� X��(,��� -�8(�� PI(D J!(4�
 >�8(� 

�D� #��� A,� @-�4/ �
 �8,�=Z� .�$%�&� +,��� >����0� � �%

)��()� �
�!$5 ������ �D�-� � c4� �� ^���
 ^!(4. #��(�

 �3(�� �3F4(D�
 �_3F4(D 
�!($5 ��-� >� *0; E � �/ 
�
 >�8�

�D� �8,�=Z�.

�-8��)�b($%�&� �
gH(�/-5 �(�3��	 �-,f(:Sh(�5 �� 

�	�5 ?-< )� �;��) ^!4. ��
 0� J
���D� *%6 ��
 �.A(,� �
 

��D����`6 GCA �4$� � i�� ���
 
�!($5 � �(��
 
�!($5 ��-(�

 �
 �_3F4D �3�� �3F4D !(C J!��8� -�8(�� PI(D -7��(�� �(/ 

�D� #��� A,� @-�4/ �
 �8,�=Z� X��,��� .�(D��-/ ��=4�

)j(�($%�&� �
 �
 �((����� ��(�-�����: 
��6-(� � ((c4� �(� ��

^!4.�PID ��`6 >� �8,�=Z� -�[ ���3F4D �
 ���
 
�!$5 ��-� �� 

)� -�8�� �C�
-� B"�C � �3����`6 >� �8,�=Z� �����=(.

J
-/�D� .

^�-�,� k���5 �)�V($%�&� �
g�;��) #��� �"-� ������ 

J
 ((0� !((�/�5 ^���
 ^!((4. !((�� ��� >
 ((� -�8((�� �((/ ((,X�� 

SCA (Specific Combining Ability) ��=(� >)� #��(� ��-� 

�5 � �
 ���
 
-�30; � ���
�-(�[ -(`� -�8(�� �(�0�� )� �/�(� 

>� �8,�=Z� ���
 �)����:� ��D� #��� A,� @-�4/ .���
��Q

)U(#��� A,� ��-� =�� �I��8(� �G��� ���(Z�, �(D
.+,�(��

$%�&�g>����0� � �K-D )�N(A�7��(�� �F�(� �(/ 
�
 >�8(�

 #�$�-�GCA ��SCA �(4$� �(5 � 1,� % �� 
-�30; ��-� ��


�����A,�-��4� >� �8(,�=Z� -�[ -`� �(� @-(�4/ �
 �
�(,) PI(D 

�� A,� ������ 
��
 �.A,� l��9: >�=(�� 
��6-(� � (c4� �(�

H�/-5 >� 
�!$5 �>� *0; E � ��-,f: ��!44/ @-�4/ �m�#��� 

��3��	 ����� 5n������ ���-�����: -7,
 �O^!(4. h(�5 �� 

�	�5 � >�� ��!C �=,� ?-< �I�6 )� *��� ��D� J.

R�
 � �,�� ��

�$%�&� A,� �
O^!4. h�5 �� �*��C j � P	� ^�� �� �� ��(�

!��D �3; o%��!��D � �D�![ � ^��� �
��6 � 
��6S^!(4. P	� 

^�� �� J!C ?��� ���>�F(D �# (0%� ��
�)6 p�-(/ �!� %� �

�	�5 A,!%�� >� 4; �� #��� � AC�� � ��(
��� *%6 ��
 ���

 �	�5 ��3/ !(C ^�(G�� �I�6 A�� A�0� ���.)� ����(� ��!(Y�

����f� �	�5 3�� ��� =�W�: �
 � q 3
� p �$� � ��jTN 

����f� jSk (3� ?-(< H(%�	 �
 �(I�6 A,!%�� � �	�5 �(� �

�((� �Z
�e((5 *((��/jJ!�8((��
 �5�((Y�Y\5 �((;�=� �
 ��-((�5 

��-(	 ���,)�� 
� � � �8/ >�I��� ��$4� J�78��
 �)���8/

!4�Z-. .�3��Z �� �8/ 2,
� �
 *��C �8,��)6 #-/ -��V

����D 1, @ < � -�� 
 � -�� .J)�!�� ��� #��(� ^�(05 �-�.

�V �
 �(I�6 A�7��(�� � ^�(G�� #-/ -� rD� )� �Z
�e5 �5 � 

!C � c4� #�FD�\� .)� !�
 � #��F; #��� A,� :J��
 @ (<

 !((C�)�.!�((D� �((5 )�� �((C�/ >�((�) )� (�((5 � E�((�5�� �

)����D -��(��
 �(��
 
�!($5 ��3(�� �3F4(D �
 �_3F4(D 
�!$5 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             2 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

��j 

3F4D >)� ��3F4D��3�� )^-.(���
 ��=� >)� �)^-.(B"�(C �

�C�
-� �1,� % �� 
-�30;)�� <� �
�b!��
 (
-(�30; �

�5 � �
 ���
)^-.(.J
�
 �!(��� ��-(	 X��(,��� �(,=G5 
� (� �(�

�Z-..�4$� #� � �
 XtD h(�5 �� A�� #���5 >
 � ��
 �(� �

��� p�((D� -((� *((%6 ��
 X��((,��� �((,=G5��((��` @!((� �
 

��,-. R4)S(=�4�K �uA0�� )��(!C ^�G�� .P�A�4Q E 0G�

 h�5 �� #�$�-� ���(	�5 ���!(%�� �(� q �-� l
� �D �� � �(�

 �	�5 *��Y� �
 ��!%�� 1���5 ��!C.=(�4�K ��� �
uA0�(� 

> �)6 )� X: �(����� ��(�-�����: �@!(� #��v-Z >
 � d
�� 

>� 
�!$5 �>� *0; E � �30K )� #��� J!44/ @-�4/ ��@-(�4/ �

*%6 �����-Z �J!44/ �`��� �� 3w� � H%�[ ��� � �� 0; �-,f:

 
��6-� �� e"!C.

��� )��R4��,-. ���` @!� �
 )S(
��6-(� � (c4� �(�

�((�3��	 H((�/-5 ��((� �((�3��	 � ��!((%�� �� ((0; �-,f((:

H�/-5 �(	�5 �� e(" �-,f(: !(C J
���(D� �(�)S(.��-(�

 )� ����6 #�FD�\��^-���=Z� p� �� .�.J
���D� *%6 ��
 � p� 

!�6 *0; ��.

d3� � e4�!) 

?-(< H(%�	 �
 �($%�&� 
� (� #��(� X��(,��� �(,=G5 +,���

k 3� ��@�!K �
 �Z
�e5 *��/ ���(D� J!C x�
 .A(,� -(�

 h�5 �� A�� #���5 p�D� ���(4$� #��� ���05 ��-� 
 (� ��
 .

A,�-��4� *�3\5 � �,=G5 >���� (D� -� ������ ��� ��
 ?-(< p�

 �C�
 
 K� �I�6 ��-� *%6 .h�5 �� X��,��� 1���5 �(D �(� ��

 �	�5 ���!%�� y=K ���	�5 -��-� �
 ��!%�� ��4$� � �� >!C ��


 �	�5 -��-� �
 ��!%�� #�$�-� A�7���� �(� #��(� ^�(05 ��-� ��

 �.!�D� �5 )�� =K�-7���� #��(� A(,� ��-(� X,)�-(�� )�-� 


 � .,� -� J��;�	�5 � ��!%�� #�$�-� A�7���� A�(�3/ ��-(� ��

 �4$� #��� A�(� �
 �Z�(/ E (45 
 (K� )� �/�(� �(/ �
 � ��


 �(	�5 � �(D�-� 
� � ���!%�� ��(�F1�(D� .�(,=G5 +,�(��

 ��� �� �$%�&� 
� � #��� X��,����@�!(K �
 R4��,-. �

�D� J!C J
��6 .H�/-5 ��3��	 #�$�-� A�7���� �� 0; �-,f:

)GCA ( ��-����05 �4$� #��� �/ 
 � ��
-7���� -(`� �(�0�� 

>� �8(,�=Z� ���(D .H(�/-5 �(�3��	 #�($�-� A�7��(�� �-,f(:

 �� e")SCA ( ��-����05 �
 �_3F4(D 
�!($5 =K �� #��� 

�4$� �3F4D ��
 !(C .�(4$� #�($�-� A�7��(�� �F�(� >
 (F� ��


GCA #�$�-� A�7���� �� SCA �
 �(��
 
-(�30; ��-� � �(5 �

 1,� % �� 
-�30;��
 -� ��0�� )� �/�� ��`6 -(�[ � �8,�=Z�

 >� �8,�=Z� ���D�I�6 ������ @-�4/ �
 ��4$� ��� A(,� >
 � ��


 #��� ��Y� ��-� �F���-7���� -�8�� PID ��(`6 >� �8(,�=Z� �(� 

�I�6 ������ @-�4/ �
��!C�� .#�($%�&� -,�(D �
)j��S��V(

=. �G,��� A�4Q =���D� J!C ���.

�98��
 �# 	�
 

!C� J��
 @ < A�7����))�� �.!�(D� �(5 �(C�/ >�(�) )� (

)� ��!%�� ��-�S/��V �5 ��T �(	�5 ��-� � )�� )� �(�j/��j 

�(5S/��O 
 (� -(�w�� )�� .H(�5-5 �(� >�F(D � #�(�� ^�(	��

p�
�) -((,
 � A,-((5�p!((�
 � ��!((%�� A,-((5)@�!((KU.(

�	�5 �
�)6 p�-/ ���*�3;!��D o%�(�!��D � 
�(�6 
�(�6 *

�3;!��D A�7��(�� �� H�5-5 �� 
��6 �(� �S/��O �S/��N )�� �

p�-,
 h�5 �� A,-5 !(�
 � �(� .�(	�5 �(�� #�(�� ��(� *^�(��

 �D�![ �)�/��j)��(AC�� �×#���)j/��b )�� (A,-�0/

 !4�C�
 �� !C� J��
 @ < .�(3; �(4$� P([� �F�(� >
 (� ��


 $�-� A�7���� #�GCA �(�SCA)@�!(K�(-,
�(Y� ��(,�Y�

X��,��� ���GCA)VU/�(�SCA)N�/O(-7���� -�8�� PID 

��`6 >� �8,�=Z� -�[ ��
 (� �.!�D� �5 )�� ������ @-�4/ �
 .

],� ((��
�-: )�T(
�9((�-4� � ^!((4. �
)b(-((� =((�� +�-((� �


 >� �8,�=Z� -�[ #�-`� -�8�� ��0�� ���.!�(D� �(5 )�� ��-� 

)!C� J��
 @ < (5aJ
 0� !�/ !�� .A(,� �� 0; n�� 5 ��3��	

 ��4F� -� ��� ��=K� X��,���O��
 �!(,
-. 
��6-� !��
 

�%�� ��� A,� �� e" n�� 5 ��3��	 �/�T
 (� !(��
 .

X��(,��� -�8(�� PID )� �/�� =�� 
��6-� �
 A,� 
�,) #���5

 �(D� �.!�(D� �(5 )�� �(����� @-(�4/ �
 ��F%�[ .�(4�A,�-� 

P�0e((5 ��-((� �-((�.h((�5 �� ��((
��� �((� �((�3��	 ��((4F� -((� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             3 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

��b 

��
��

�.
�	


�
�
�

�
	�
��

�

�
�

�
��
��

��
�
�	
�

�
�
��
�

�
��

�
 !

"
#��

�$
)&

�
��
��

'(
)
��
��

*
+,

�
(

.�
/0

�	
1

�

�
��

��
��

	

��	

�
����

�	
	


��
�

���
��

��
�

�
��

	�
�

��
��

�
��

��
��

���
�

�
 !

��
 "�

�
��

�#
 "�

�
���

��
�

 !
��

 "�
�

��
��

��
���

��
�

 !
��

 "�
�

$�
�

��
��

��%
&

$�
�

' 
()

*
+,

�-
�	

��
�

.
/�

��
�0

1�
/

��
��

��
' 

()

2
	��

�,
33

**
45/

33
**

78/
75

9
**

75/7
**

57/
39

5
**

35/9
**

44/
43

**
4:/

;;
<

**
;;/

3;
**

7</
9<

:

�&
�-

��
8

**
8</

:<
**

<7/
;7

:
**

;9/<
**

=</
<8

;
**

8:
7

/=
**

34/
9<

=
**

8=/
84

4
**

5</
58

**
54/

9=
:

�
>?

�
�&

<7
**

35/
<8

**
9;/

<4
3

**
8</7

**
89/

37
5

**
38

5
/9

**
;</

8=
**

:;/
78

5
**

9:/
3;

**
;;/

95
;

��
�&

�-
��

�
>?

�@
��A

�
�&

9
:8/9

**
9</

<8
47

*
99/

9=
**

5</
93

:
**

=9
9

/3
**

<;/
<5

=
**

;;/
9;

94
**

<3/
59

9
**

8=/
:7

4

�B
1

88
9;/<

=9/
95

5
:;/9

:7/
<3

<9/=
5/

9;
59/

93
5

=<
9

/;
;3/

5=

��
��

2.
3
#4
��

�
�
�
��
�

�
��

�
*
+,

��
	
5

/#�
��
0
6

��

�

�
�
�

�
	�
��

�

�
�

*
�
�7

8
�
*
��
9:

�
��
;<

�
��
�
�	
�

=

&
.�
/0

>+
�

1

�

�
��

��
��

	

��	

�
����

�	
	


��
�

���
��

��
�

�
��

	�
��

��
��

��
��

��
���

�
�

 !
��

 "�
�

��
�#

 "�
�

���
��

�
 !

��
 "�

�
��

��
��

���
��

�
 !

��
 "�

�
$�

�
�%

&
$�

�
��

��
�

*
+,

�-
�	

��
�'

 (
)

.
/�

��
�0

1�
/

��
��

��
' 

()

�
>?

�
33

8=/
33

7:/
75

9
75/5

3=/
35

9
35/9

:5/
43

;</
;8

:
;;/

3;
57/

9<
:

G
C

A
8

97/
9=

=
**

93/
9=

5:
**

4:/
5=

**
8;/

98
5:

**
77/3

**
:8/

<<
:

**
7=/

83
9

**
:5/

44
**

34/
9;

<
**

SC
A

<;
7=/

<5
**

55/
3=

4
**

=4/5
87/

4:
**

:</=
*

:=/
3=

**
33/

;7
<

**
8:/

<3
**

35/
9<

9
**

�B
1

88
9;/<

=9/
95

5
:;/9

:7/
<3

<9/=
5/

9;
59/

93
5

=<
9

/;
;3/

5=

M
SS

C
A

M
SG

C
A

=8/<
**

=7/5
*

=</
9=

**
;</

98
**

5</;
**

54/8
**

58/9
8/5

*
53/9

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             4 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

��U 


 C ^�G�� �-�8�� q����� �� !,�� �� 0; n�� 5.�>�F(D ^�	�� 

o%�(�!��D �# 0%� -(`� A,-(�0/ A(C�� � 
�(�6GCA � �(�4� 

�4$� !4�C�
 �� ��
 )@�!K j(�A,�-��4� ^�	�� A,� )� J
���D� ��-�

 A,i ��
��� *�(� �
 p�
�) ��(� �(� +,�(�� d-(�5 @�(��
 �

�C�
 !�� " @�F�
 �� �� 3&� .�(	�5 o%�(�!��D ��(� 
�(�6 *

�D�![ � ^��� ��
�)6 p�-/ ×�
�)6 p�-/ ��(D�![ � ^�(�� ×

#����-`� A,-�0/ SCA �4$� � ��4� �!�
�
 >�8� �� ��
 A,�-��(4� 

��� A�� �
 �	�5 A,� )� *��� x���(� �(D�
�) �(IK >� (5�

4,=. �� ^�!	� 
 0� l.�F�� �� e" n�� 5 ��3��	}�PID � P/ 

>� �8,�=Z� -�[ -`� -�8�� ��J!(�_�: )� �/�(� ��(� A,� ��-� 

�D� >6 ������ @-�4/ >
 �.h�5 �� ��-� ��
��� A,�-��4� ��(�

 *�� �
 �
�9� �� ����-� �
 -c� 
� � ���: >��!��� )� ��%�� �,�4�

-� �((� �((I45 � �((D� ��
� ((" �# ((0%� �#�((�� ^�((	�� )� >� ((5

o%��!��D AC�� � 
��6��-� J
���D� p�
�) ^�	�� !�% 5
 0� .

0#�� @�E#
, 

A�7��(�� �� H�5-5 �� >�FD � #��� ^�	�� ��(�OS/TU�U/��T 

����D -���J�5 / !(�
 � �5 � E��5��-c� )� ��!%�� A,-5!43� � A,-5

)@�!KU.(A�� �
 �	�5 �(D�![ � ^�(�� ��(� ×�3;!��(D 
�(�6�

� A,-5!43� �
�)6 p�-(/ �(	�5 ×o%�(�!��D J�(5 / 
�(�6 A,-(5

 !4�((C�
 �� �((5 � E�((�5�� )@�!((Kj.(�
�)6 p�-((/ �((	�5 ×

o%��!��D 
��6 =�� 
 (� �.!�(D� �5 )�� A�7���� A,-�0/ ����
 .

-`� 
 K�GCA �4$� � ��4� 
�)6 p�-/ �#��� ^�	�� ��-� ��
 �

# 0%� �)@�!KU(�� �� !��� A,� x��� A�� �
 �/ !�
�	�5 ��


 0� l4,=. �� ���5 /�: >����. >� �� ��!%�� A,� .p�-/ �	�5

�
�)6 ×o%�� !��D 
��6�-(`� A,-�0/ SCA �(4$� � �(�4� �� ��


 )�� � �5 � E��5�� ��-� �C�
 �.!�D� �5 )@�!Kb.(P�A�4Q

 -(�0/ �(	�5 A,� ���!%�� H(�/-5 A, ��-(� �� �� (0; �-,f(:

 !4�C�
 !C� J��
 @ < � �5 � -�8�� E��5�� .A,�-��4� *��� x���

 �	�5 � �	�5 A,� )� AC�� ��� ×�3;!��D �
�)6 p�-/ � 
��6

 × -`� A,-�0/ �� >�FDSCA�4$� � ��4� �(5 � E�(�5�� ��-� ��


 !C� J��
 @ < ����h�5 �� l4,=. a84� !4�� 5 �(� 
�) �p�

!4C�� J�5 /�: �.=�4�K @!� �5��!Y� > �)6uA0�� )@�!KS(

�(/ 
�
 >�8(� �
�)6 p�-/ P	� ~f� )� X: �5 � E��5�� ��-�

 > �D-.� H,-vWr)2,
� X��,��� / ��*(%6 ��
 @�!K �(

���Vr)2,
� X��,��� ��*%6 ��
 @�!K �(!(K�� H�5-5 ��

�4$� ~��"� !	�Z ��D� 1, � -�� �� ��
 .A,�-��4� A,� ~f�

 >� *��Y�� -`� ~f� � !%�� ���	�5 �
 ��!%�� -,�D �� >6 ����

 !� C d
�� @!� #��v-Z �/ !C �;�� q �-� .> �D-.� r"

Wr��� Vr��4� �0�	 �
 �� \� Wr
 (0� �(&	 �� )*�(C

�.(5 �\5 ��� A,� �A,�-��4�a>� �(�F%�[ d Z -`� -�` ���(D .

(" @ (< �
 ��!%�� �.!4/�-: P(	� �(/ 
�
 >�8(� > �(D-.� r

AC���1,
=� � (\� �(� > �D-.� r" �&	 *\� �� !%�� A,-5

Wr�D� .A,�-��4� >� 
�!$5 -�/�!� ����
 ��H%�[ ��(D� .�(�

 o%�� !��D ^�	�� ��,
=� �� �K 5 �3;!��D � 
��6 P(	� �(� 
�(�6

 �(I�6 �(5 � E�(�5�� A�7��(�� � # 0%� P	� �� #��� P	� � AC��

�� >� 5 A(,� ��-(� �t�5 (�� -(c� )� ^�(	�� A,� �/ �Z-. �G���

 !�-7,!�, �� ��FC ���.P�A�4Q >� �� -�8�� �5 � E��5�� �(� �

>� �� ���5 /�: � H%�[ ���� @-�4/ � 3w� �
 C .�(F�� ��!Y� 

)H1-H2(�� >�8� *%6 �����-Z �/ !�
 H%�[ ���)u(� (3w� �

)v(>��� ^�05 �
 ��J!(44/ @-�4/ ��� ��(5 � E�(�5�� �����(� 

�0� !C�� )@�!KS.(�F���j/V=�Hb/�H�-(7,
 #�(F`� =�� 

�D�;!� A,� -� .�F��]Fu�/�)�DHb([] /F+�/�)�DHb([>�8� 

�(5 � E�(�5�� -(c� )� �$%�&� 
� � ^�	�� �/ 
�
�*(%6 ����
 ��(�

 *(%6 �� �F�� �-�8�� H%�[ �(� � (3w� ��(� !4(C�� .�(��;

 > �((D-.� H,-((v �-((FK)Wr+Vr(�Yr�8((,�=Z� -((`� A�((F� 

*((%6 �((D� H((%�[ ��((�.�((���-� �
 A,�-��((4� ��-((� �((	�5 ��((� 

�
�9� ����3;!��D �AC�� ^�	�� )� J
���D� o%��!��D � 
��6 
��6

 >� A,-�8(�� �� �(� � (3w� ���� �(5 � E�(�5�� x�(�� �
 l��(/ 

�� !�
 .��F%�[ �K�
 A�7�����/�)D/�H(-(`� 
 (K� -(� �%i


 d Z >� ��F%�[ ���D.�F�(��H/�hb*	�!(� �(/ 
�
 >�8(� 

�K�
 �/ >� 
�!$5 �� >�8� �� ��F%�[ )� �� -��-� !4�
���D� .

A,�-��4� *	�!���l(Y� ��(� A,� @-�4/ �
 ��� J�-. �, >� 

!((���
 .�F�((� �/�H2)] uF/[D(Hı�/��
 ((� 1((,
=� 1((, �((� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             5 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

��S 

��87%.�,+� f�!g� D�EF S�H)���%M,� �CI# 12. �J�8�9 �C
 
�) 

�	�5 

J��
 @ <

!C� 

�5 � E��5�� 

)����D -��(

�_3F4D 
�!$5 

�3�� �3F4D �
 


�!$5 ���
 

�3F4D �
 

�3F4D >)� 

�3��)^-.(

��=� >)�

���
)^-.(


-�30;

 1,� % ��

)^-.(

B"�C

�C�
-� 

)^-.(


-�30;


��� 

)^-.(

>�FD ×
��6 �3;!��D V/��� N/�VS U/�Nj/UV�T/jN�/UVN/S�b/jNT/�j

�
�)6 p�-/ ×�3;!��D 6
�� S/��O T/��U V/��N/SSSU/b�T/UjN/O�U/jNj/jU

!� %� ×
��6 �3;!��D V/��� U/�VO U/�Vj/STSN/bUO/UU�/SOj/bjV/jV

�D�![ � ^��� ×
��6 �3;!��D j/��j N/�jV �/�OO/bj�T/jNS/UTU/Ob�/j�T/�O

AC�� ×�3; !��D6
�� S/��O �/�Vb N/�OVj/US��/jb�/bUS/Sjb/jO�/�U

o%�� !��D 
��6 ×�3; !��D 
��6 S/��N O/��S j/�Vj/UbTN/jOT/UVO/NjV/bVU/jj

# 0%� ×�3; !��D 
��6 S/��V T/��� b/�VO/UNT�/j�U/bN�/T��/bVb/�b

#��� ×�3;!��D6
�� V/��b V/��� b/�VO/STb�/bUT/UVU/NOV/bUO/jO

�
�)6 p�-/ ×>�FD V/��O b/OUS/�OT/UjVT/jbV/bUj/UTV/bbN/�b

!� %� ×>�FD S/��O �/��b N/�Vb/SNj�/bV�/bOj/TOj/b�T/j�

�D�![ � ^��� ×>�FD V/��� U/��N V/�OO/bTOS/�jV/bOb/Sb�/jNS/�b

AC�� ×>�FD V/��� �/��j V/��U/UbbT/jUS/bNj/TOj/jNU/�O

o%�� !��D 
��6 ×>�FD j/��� V/��V V/�V�/bOV�/jNN/bSV/N�S/jTb/jV

# 0%� ×>�FD j/��N �/�VT N/�VO/Tj�T/bNV/bjS/TjO/b�V/j�

#��� ×>�FD O/��O �/�VN S/�VV/TbN�/jTb/bUV/UVS/b�b/�V

!� %� ×�
�)6 p�-/ j/��� O/�VV T/��T/NVj�/bNN/bVj/TVS/bUO/j�

�D�![ � ^��� ×�
�)6 p�-/ S/��U b/�Vj U/�NS/UUOb/�SV/b�S/SSV/jTT/�b

AC�� ×�
�)6 p�-/ S/��� O/��U �/��j/T�bO/bT�/bTV/N�U/bjj/jU

o%�� !��D 
��� ×�
�)6 p�-/ j/��b T/TbN/�Tb/UUT�/���/b�V/bbj/bbU/�O

# 0%� ×�
�)6 p�-/ S/��V O/�V� U/��U/TjTT/jbN/jUb/NbV/b�U/jU

#��� ×�
�)6 p�-/ S/��b b/OUN/�VO/NbOO/j��/b�S/UTN/bV�/�U

�D�![ � ^��� ×!� %� V/��� N/��V �/��N/SjO�/jjU/bSU/NVU/b�j/jj

AC�� ×!� %� j/��T �/��b N/���/Sb��/bj�/bbO/Nj�/bSU/jN


��6 o%�� !��D ×!� %� V/��O S/��V b/�VU/SUT�/jVS/b��/TbN/b�N/j�

# 0%� ×!� %� V/��� b/�VS V/�bN/N�VV/UVT/bUN/NTj/b��/jS

#��� ×!� %� S/��j j/�VT �/�jU/NSbj/UjU/bU�/N�V/b�b/jb

AC�� ×�D�![ � ^��� j/��� O/��O �/�VO/bN�U/jTU/UV�/TNT/jSS/�N

o%�� !��D 
��6 ×�D�![ � ^��� V/��N V/�V� N/�TS/bjT�/�S�/bNj/SbN/b�O/�S

# 0%� ×[ � ^���!�D� S/��O �/�V� V/�ON/UNVU/jbS/jO�/SUU/jbU/��

#��� ×�D�![ � ^��� j/��j O/�Vb b/�O�/bSjj/�TS/jUT/jVU/�Sj/N

o%�� !��D ��6 
×AC�� S/��V b/�VO S/�OT/bNNj/�OO/bjO/UNU/jSb/��

# 0%� ×AC�� j/��N N/��N N/��S/SSVb/bT�/bSS/NTU/b�V�/jN

#��� ×AC�� j/��b b/��� j/��j/SNTb/jbT/b�U/TOS/jObV/jU

# 0%� ×o%�� !��D 
��6 S/��S �/��b O/�VO/TVOb/jjN/bUT/Nj�/b�b/jb

�#�� ×o%�� !��D 
��6 S/��S V/�Vb b/�Oj/SSTV/jUT/jOV/ST�/bU�V/jV

#���×# 0%� S/��U N/NNb/��V/TUOT/jUj/jT�/Tbj/b�bV/j�

)VU/V<P(LSD Tj/�OS/�SVj/�Vb/ONU/V�T/SjV/�NOT/STS/j

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             6 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

��T 

��87h.?��+# B����C +T, �F�PZ �+4A- )SCA(�CI# 12. �,� ���J�8�9 �C
 
�) 

�	�5 
J��
 @ <

!C� 

�5 � E��5�� 

)-�� ����D(

�_3F4D 
�!$5 

�3F4D �
 


�!$5 ���
 

�3F4D �
 

�3F4D >)� 

�3�� 

��=� >)�

���
 


-�30;

1,� % �� 


-�30;

���
 

B"�C

�C�
-� 

>�FD ×
��6 �3;!��D **bS/juV/��uV/�ub/bubN/uN/�u*j/�Nu*U/UuU/V

�
�)6 p�-/ ×�3;!��D6
�� **�j/U**S/�N�/��/j*TS/V*V/U*N/�jU/bV/�u

!� %�×
��6 �3;!��D jb/�uU/�uU/Vu�/Vu�U/V�/bV/�Vu**U/��uS/�

�D�![ � ^��� ×
��6 �3;!��D �V/Vu*U/��j/Vj/VuVN/V**j/S**N/�VN/j*j/ju

AC�� ×�3; !��D 6
�� **Sb/�u*S/�buj/VuS/�Uj/Vu**�/Tu**�/�Nu**U/Suj/V


��6 o%�� !��D ×�3; !��D 
��6 **jN/Sb/T*b/�V/bUV/VU/VV/�V*b/UO/V

# 0%� ×�3; !��D 
��6 ��/�ub/bj/VuV/Uu�V/Vu�/��/Nu*O/Uub/�

#��� ×�3;!��D6
�� **�j/j**�/�T�/V�/�bS/VN/j**V/��**N/��**O/U

)6 p�-/ �
� ×>�FD **jU/ju*b/��ub/Vu**b/��uUU/Vuj/�*T/�Uu�/bu*j/j

!� %� ×>�FD T/�uj/�b/VuU/Vu�U/VT/�V/UO/�b/Vu

�D�![ � ^��� ×>�FD �U/VuU/N�/VU/VuV�/VO/��V/bub/VU/�

AC�� ×>�FD SU/VuU/jS/Vb/�uV�/u�/VU/�b/uT/Vu

o%�� !��D ��6 
×>�FD V�/�T/OV/�S/�uV�/uS/V�/��V/bb/�u

# 0%� ×>�FD UN/�uN/Vu�/Vu*j/NS/VN/VT/�uj/�*�/j

#��� ×>�FD bb/Vb/��/V*T/S��/V�/j**b/�juN/buU/�

!� %� ×�
�)6 p�-/ VT/��/Vu�/VN/�VT/uO/�uN/�uj/u�/�

�D�![ � ^��� ×�
�)6 p�-/ **b/UuT/buT/VuN/�u�V/uj/�u�/VO/u�/�u

AC�� ×�
�)6 p�-/ **UU/�u�/Tb/V*b/T*TT/VT/j�/SN/jT/�

o%�� !��D 
��� ×�
�)6 p�-/ **NS/Uu**T/�b*b/�uj/UuUj/VuU/Vu*T/��u**j/NuU/�

# 0%� ×�
�)6 p�-/ NS/VS/b�/�O/Vu�V/VuV/ju�/��*b/UU/V

�� #� ×�
�)6 p�-/ **NO/US�/V�/V**T/NVN/V�T/juT/juS/�uO/Vu

�D�![ � ^��� ×!� %� *b/�uU/NN/VS/���/V�/VT/��*O/U�/�

AC�� ×!� %� TV/Vub/���/Vuj/b�b/VuN/�uO/T*j/U*�/j


��6 o%�� !��D ×!� %� V�/Vu�/T�/VuV/�VS/uVO/ju�/S�/��/Vu

%� # 0 ×!� %� **jN/��/U*S/�S/bUT/Vj/j*j/�jb/j�/�u

#��� ×!� %� **VT/Sb/N�/�*S/S**ON/V�/b**U/�O*O/UNV/Vu

AC�� ×�D�![ � ^��� **b�/j�/VuU/VT/V�j/Vb/jT/T�/��V/V

o%�� !��D 
��6 ×�D�![ � ^��� NO/VuU/Oub/Vub/V�U/VU/jN/�O/j**�/U

# 0%� ×�D�f[ � ^��� �S/�V/OV/�uV/��j/Vuj/�uN/juT/�uO/�u

#��� ×�D�![ � ^��� **�j/bu�/�uj/Vu**�/�ju**NN/Vu*U/Uu*�/�Su**U/�ju**O/Ou

o%�� !��D 
��6 ×AC�� **SN/�uS/�u�/VuT/�u�N/Vu½uT/��u**j/Tu**T/ju

# 0%� ×AC�� Tb/VO/O�/Vb/��N/VN/jU/�V**V/T**S/j

#��� ×AC�� **��/�uO/b�/VU/�Vj/VuO/Vu*�/�b**N/TS/Vu

# 0%� ×o%�� !��D 
��6 NO/Vu*U/�bS/V**N/O**SS/VT/b*U/�b**O/S�/�

#��� ×o%�� !��D 
��6 �j/VN/Sj/VuU/jjO/VS/VuT/O*V/S**N/b

#��� ×# 0%� bS/Vu�/SuT/Vb/�uV�/VS/Vb/�V*U/Vb/�

�$�4: ٭٭�٭ H�5-5 �� o&D �
 ��
U��!��
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             7 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

��N 

��87 '.�+4A- ?��+# B����C +T,����� )GCA ( ��82,� S�H)��� �)5!),+- 1Z,� �,8�, (
� f�!g� D�EF �,+�J�8�9 �C
 

��!%�� 
J��
 @ <

!C� 

E��5��

�5 � 

�_3F4D 
�!$5 

�3F4D �
 

���
 
�!$5 

3F4D �
�

�3F4D >)�

�3�� 

��=� >)�

���
 


-�30;

 1,� % ��

B"�C

 �C�
-�


-�30;

���
 


��6 �3;!��D **j�/j

)S/��j(

*SS/b

)U/�VV(

bS/Vu

)�/�O(

**S�/b

)O/Uj(

�b/V

)bO/j(

**Vj/S

)NS/UV(

**�/T

)T/TO(

*OT/Vu

)�/jU(

j/�

)O/�T(

>�FD **jb/�

)��T(

*bT/U

)U/��T(

j�/Vu

)T/�O(

*Vj/ju

)b/UO(

��/Vu

)bO/j(

*Nb/�

)bj/bb(

�/�

)O/O�(

O�/Vu

)�/jj(

j/Vu

)T/jV(

�
�)6 p�-/ ��/�

)j/��O(

*jb/Uu

)Uj/�V�(

V�/V

)�/�V(

**NU/U

)N/T�(

�V/V

)TT/j(

**S�/�u

)j�/jS(

�/V

)b/TT(

**Tb/�

)T/bV(

�/�

)b/j�(

!� %� Vb/V

)S/��S(

j�/�

)jj/Nb(

**OV/�

)b/��(

**US/O

)V/TU(

**Sb/V

)OT/j(

UN/V

)bT/bj(

j/�

)V/bT(

**NT/�

)N/b�(

**O/�

)S/��(

�D�![ � ^��� VT/Vu

)j/���(

*NS/U

)OV/�VT(

**�Vj/�u

)U/�N(

**NU/�Vu

)�/bN(

**UN/Vu

)TV/�(

VT/V

)VT/bj(

�/bu

)T/UT(

**�O/ju

)b/jS(

**T/ju

)�/��(

AC�� **ON/Vu

)j/��O(

**j�/S

)Vj/��V(

jS/V

)j/�V(

**bU/ju

)b/Uj(

V�/Vu

)bU/j(

**TU/�

)�b/bO(

V/b

)V/SO(

�j/V

)j/jN(

*V/�

)j/�S(

o%�� !��D 
��6 **V�/�u

)S/��S(

SO/�u

)OU/OS(

**VS/�u

)O/�T(

**U�/Tu

)T/bj(

**bO/Vu

)�j/�(

b�/Vu

)OV/b�(

O/ju

)T/U�(

�O/V

)b/jU(

U/�u

)S/�T(

# 0%� **b�/�u

)S/��S(

*��/Uu

)�j/TT(

**NT/V

)U/�V(

**�V/S

)O/SU(

�b/V

)VT/j(

**T�/j

)j�/TN(

U/�

)U/U�(

�V/Vu

)O/jb(

T/V

)j/�N(

#��� **bb/�u

)S/��V(

**UN/Tu

)OS/TU(

bS/V

)b/�V(

**NS/T

)TS/TV(

�S/V

)jT/j(

**�T/b

)U�/j�(

**b/Ou

)V/jS(

�j/V

)S/jN(

**S/�u

)�/�b(

*�** :�4$� H�5-5 �� o&D �
 ��
U��!��
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             8 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

��O 

��87M.aZ�  � �(�!)* ���+!�,
�- �
�.+� �
��. ����,+� 0#�� @�E#
, )�!)�� +!�(0���� 
� 0),� �,8�# <��F, 0���� 
� 0^���� �,8�# <

0),� 
,5� 
	� <��F,)�+9(W4*�2��� �+(��� <)0#�� 
� �+9(B ,�+� aZ�  <)8F
� (+(��� �0),� �)0#�� 
� �+9 (
�

�CI# 12. �,� ���J�8�9 �C
 

J!C J
��6-� -,
�Y� 
� ������ ���-�����:

B"�C ����6 ��� 
E��5��

�5 � 

�_3F4D 
�!$5

�3F4D �
 

�
 ���
 
�!$5

�3�� �3F4D 

��=� >)�

���
 


-�30;

1,� % �� 

B"�C

�C�
-� 

�
 ���
 
-�30;

�5 � 

> �D-.� H,-v( ) bON/VSj/VUO/VON/VTV/VNS/VUO/V

DbV/�VU SN/VjN/j�V/jNSb/V�b/�V��/�O

H1
ON/j�O Sb/VV�/VjV/jNjj/�bN/��Tb/�VV 

H2
Oj/�ON N�/VNT/�jU/jSUO/�VU/��bU/TO

FT�/�jS Sb/�uSV/�ujO/VujN/�U�/UVb/�O

h2Sj/N�N bN/V��/�Ob/bbjj/V�b/S�UO/jU

H1- H2
VU/���N/VuNU/�uOU/�bT/Vbj/V�O/��

H2/bH1�j/Vj�/V�T/V�j/V�T/V�b/V�O/V

(H1/D) �/��b/�OS/VNN/VVV�/�NO/�bN/��O/�

/bDH10
�/� +F 

/bDH10
�/� -F 

T�/��V/VuU/VuOO/VUT/jbb/�OO/�

> �D-.� H,-v 

Yr ���(Wr+Vr) 

SS/OuTT/�uVV/��u�T/VuTV/Vujj/uNj/�u

bh�/ H�VN/��jb/�SV/�OU/bNj/V�T/��TO/�

)HH(DF 212

1

−
Vj/�uuV�/Vu�U/�j�/�T�/V

�� 0; n�� 5 ��3��	 Tb/VSN/VO�/VNb/VSO/VTN/VNb/V

�� e" n�� 5 ��3��	 �NV/UT/VTO/VUN/V�/V�b/V�N/V

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                             9 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

�jV 

1( $.
���+9
 _Z Wr  ��
 Vr  ��82,� \��,+- �� �,+�� �8��� ��83� ��;� �)$k8)�2, <lkD��� <%kD��2, <hk���. ��� 8�E� 

MkS �
 <Qk
I�� <&k� ���. X2�F 8�E� Jk��,8[�� ���, (0#�� @�E#
, �,+� 
���+9
 _Z ��� 
� 

A,�-��4� -(7,
 �(�� >��� �� >��� 1, )� ��F%�[ o&D #�-��w5 

���� p �\� >�!4Q .� �� (0; n�� (5 �(�3��	 ���
��6-�

 =(�4�K @!(� � *%6 ��
 ��� p�D� -� �� e"u�(� A0�(� 

H�5-5Tb��N!��
 )@�!K S(�FD�\�!C.�3; �	 P[� ��3�

 (5 )� �/�(� �/ �5 � E��5�� �i�� �� 0; n�� 5aP(/ }��F�(� -�`

 � ��� A,� -� �&�\� *�� ; 6��/ ,�>6 ��-(� P�Y��� ��
��� 

�D� >� ��F%�[ d Z -`� 
 K� ����4$� ��
 ��!(%�� -`� >
 � ��


 �	�5 -��-� P/ �� e" n�� 5 ��3��	 � ���-7���� �/ �D� >6 

>� ��-� ��
��� �� /�: �*�(� �
 J�5 �(� �(�YZ � �(�%�� �=(��6

����.

��F, 0���� 
� 0^���� �,8�# 

�	�5 � ��!%�� ~��("� �3�� �3F4D �
 �_3F4D 
�!$5 -c� )� ��

�4$� !4�C�
 ���
)@�!K�(.�3F4(D �
 �_3F4(D 
�!$5 A�7���� 

)� �3��O/�To%�(�!��D P	� ��-� �(5 
�(�6b/��!(� %� ��-(� 


 ((� -((�w�� )@�!((KU(.�(((	�5 !((� %� ��((� ×� # (((0%�

o%��!��D 
��6 ×[ � ^���!-5 �� �D�5H����b�N/�TA,-�8�� 

!4�C�
 �� �3F4D �
 �_3F4D 
�!$5 A,-�0/ �)@�!Kj.(A�7����

 #�(($�-�GCA�((4$� ��((� A((,� ��-((� 
 ((� ��
)@�!((K�.(

�4$� A�7���� >
 F� ��
 #�$�-� SCA 
�,) ����� PID -� �%i
 

-`� >� �8,�=Z� ��
��
 ��� A,� @-�4/ �
 .P�A�(4Q �(4$� ��
 

#�$�-� A�7���� �i�� �F�� >
 �GCA #�($�-� A�7��(�� �(� 

SCA)@�!K�(X��(,��� �
 �8(,�=Z� X��(,��� -�8�� PID �

��������D�;!� A,� -� �3�%
 .>���(�0� � ����D��-�D)�O(�

� @�!� ���: 7D�
)�U(8�� ��0�� -� =�� >� �8,�=Z� -`� -� �(� 

5 ��� A,� ������ @-�4/ �
aJ
 0� !�/ !�� .# 0%� � !� %� ^�	��

 -((`� A,-�8((�� H((�5-5 �((�GCA�((4$� � �((F�� !4�((C�
 �� ��
 

)@�!KU.(^�	�� A,�P�A�4Q �3F4(D �
 �_3F4D 
�!$5 A,-�8��

�3�� �/-7���� -`� �� ��� A,� A�7���� q�F5�� GCA �(D���

�
 � ���
 !)@�!KU(.-`� # 0%� �� �	�5 �
 !� %�SCA �(F�� 

�(4$� �
�
 >�8(� �� ���
 )@�!(Kb(.� !(� %� ^�(	�� A,�-��(4� 

A�7��(�� �(� H(�5-5 �� # 0%�b/���b/�V�3F4(D �
 �_3F4(D 

x�(�� �
 ��(� A(,� l,�=(Z� H(K � �I45 �� �3�� )� *(���

�	�5 �� �� ��3� �!� C �(	�5 )� *(��� x��� � �I�6 )� J
���D�

 ����-� �
 �I�6 ������ A,� �
�9� �� �D� A�0� ����(� +,��� 

J!44/ ���!��� ��)>� �8(,�=Z� -(`� -�8�� PID �� �K 5 �� �(� �
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            10 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

�j� 

1( l.
���+9
 _Z Wr  ��
 Vr ��82,� \��,+- �� �,+�� �8��� ��83� ��;� �)$k8)�2,lkD��� hk���. ��� 8�E� 'km,+� 

��,	.MkS �
 Qk
I�� &k� ���. X2�F 8�E� Jk��,8[�� ���, (��F, 0���� 
� 0^���� �,8�# �,+� 
���+9
 _Z ��� 
� 

��� A,� ������ @-�4/(@�F�
 �� !C�� ��C�
 .�5��!(Y� > �)6

 =�4�K @!�uA0�� )@�!KS(~f(� )� X(: ��� A,� ��-�

 # 0%� !%����/�� > �(D-.� H,-v �/ 
 � >6 )� Wr��� Vr

�4$� ~��"� !	�Z � !K�� H�5-5 ���(D� 1(, � -�(� �� ��
 .

> �D-.� r"Wr��� Vr�F�� �0�	 �
 �� \� Wr�(&	 �� 


 0�)*�C�(.A,�-��4� >� �F�� ��F%�[ �� ��� A,� ��@-(�4/ 

�� 
 C .�(�F%�[ �K�
 A�7���� 
��6-�)@�!(KS(-(`� -(� =(��

�[ >� �F�� ��F% ���%i

��
 .� �%X�����%�/)��(E (� =��

 !(�
-/ ���=. �F�� ��F%�[ �� ��� A,� ��-� >� *0; .P(	�

�3;!��D 1,
=� 
��6 > �D-.� �&	 *\� �� !%�� A,-5�� (\� �

Wr�� �!C��A,�-��4� >� 
�!$5 -�/�!� ����
 ��� �D� H%�[ �

> �D-.� H,-v �� �K 5 ��)Wr+Vr(���Yr�(/ -7��(�� -(`� 

*%6 �8,�=Z� ��rD �� �� P	� A,� ��D� H%�[ ��O�
 �_3F4(D 

�3�� �3F4D��(	�5 x�(�� �
 ��(� A(,� l,�=(Z� H(K � �(�

��  C
.

�F�� �H/�hb)@�!KU(*	�!� �/ 
�
 >�8���(5 j>�

�K�
 �� ��� J�-. �, ��(� A(,� ������ @-�4/ �
 ��F%�[ )� ��

 !���
 lY� .�	-(� ��(� A(,� �� e" � �� 0; n�� 5 ��3�

 =�4�K @!� � *%6 ��
 ��� p�D�uH(�5-5 �� A0�� SN�UT

!,
-. 
��6-� !��
)@�!K S.(�(�3��	 �(� �(K 5 �(� A,�-��4�

 >� �8,�=Z� -`� -�8�� PID � i�� n�� 5 �(� ��(����� @-(�4/ �
 

��(� �3�� �3F4D �
 �_3F4D 
�!$5 l,�=Z� ��-� ��
��� J
)�� ��

 *(��� x��� � # 0%� � !� %� ^�	�� )� J
���D� � 
 � !�� " i��

h�5 �� -7,
 �� �I�6 �	�5 )� ��5 
� � a�D� !�/.

��F, 0���� 
� 0),� �,8�# 

h�5 �� A�� ~��"� ������(� �3(�� �3F4(D �
 ���
 
�!$5 ��-� 

�4$� 
 � ��
 .o%��!��D � !� %� ^�	�� � A,-�8(�� H(�5-5 �� 
��6

/!4�(C�
 �� �3F4(D �
 ���
 
�!$5 A,-�0 )@�!(K U.(P(� A�(4Q

�	�5 !� %� ��� ×�(D�![ � ^��� � #��� ×o%�(�!��D �(� 
�(�6

 ��
� ("-� �3F4(D �
 �(��
 
�!($5 A,-(�0/ � A,-�8�� )� H�5-5

 !�
 �)@�!Kj.(A�7���� ��#�$�-� �GCA �SCA A,� ��-� 

�4$� !��
 1, @�0��� o&D �
 ��� � ��
 !(�
 )@�!(K�(.

A,�-��4� � �8(,�=Z� -(`� �
 -(� rD 5 ������ -c� )� ��� A,�

 >� �8,�=Z� -�[ ���� @-�4/ 
 C .#�($�-� A�7���� �i�� �F��

GCA #�$�-� A�7���� ��SCA)@�!(K�(A�7��(�� ��(,�Y��

 #�$�-�GCA)�S/�N�T (�
 ��!(%�� #�$�-� A�7���� �� �F��

 �	�5 -��-� ��)�j/�bT(-7����>� �8,�=Z� -`� -�8�� PID �(� �
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            11 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

�j� 

1( %.
���+9
 _Z Wr  ��
 Vr  ��82,� \��,+- �� �,+�� �8��� ��83� ��;� �)$k8)�2, <%kD��2, <hk���. ��� 8�E� <

'k��,	. m,+� <MkS �
 <Qk
I�� <&k���. X2�F 8�E� <Jk��,8[�� ���, (�,+� 
���+9
 _Z ��� 
���F, 0���� 
� 0),� �,8�#.

)� *(��� +,�(�� �(� �(/ �D� �3�� �3F4D �
 ���
 
�!$5 @-�4/

 1(, �
 �3(�� �3F4(D �
 �_3F4D 
�!$5 ������ *�3\5 � �,=G5

 ��((D��
��
 ��-((	 .>���((�0� � ����((D��-�D)�O(� �-8((�� �

>����0�)�b(���=. �I��8� +,��� =�� J
-(/ !(��.��=(4� �(��

 �D��-/)j(>� �8,�=Z� -�[ -`� PID ��
�!($5 ������ @-�4/ �
 

�D� J
 0� ���=. �8,�=Z� -`� )� -�8�� �� �3�� �3F4D �
 ���
 .

-(`� A,-�8�� H�5-5 �� �
�)6 p�-/ � # 0%� �#��� �!� %� ^�	��

GCA !4�C�
 �� )@�!KU(H(�/-5 A,-(�I� A,�-��(4� ����-,f(:

 �� �3F4D �
 ���
 
�!$5 ��-� �� 0; !4C�� .�� H�5-5 �� ^�	�� A,�

 rD ��V/TU�T/TV�O/SU�N/T��(� � �3(�� �3F4(D �
 �(��
 

-`� A,-�8�� A�C�
 -<�"GCA � ��� A,� ��-� �F�� =�� ���


 �3(�� �3F4(D �
 �_3F4D �-�8�� 
�!$5 >
 ��l,�=(Z� H(K � 

�	�5 )� *��� x��� �
 �3F4D �
 ���
 
�!$5 �� �� !� (C.+,�(��

> �)6 =�4�K @!� �5��!Y� u�3F4(D �
 �(��
 
�!($5 ��-� A0�� 

J
�
 �0�,��7% *,!F5 � #��� !%�� ~f� )� X: �3�� >�8(� �(�

 > �D-.� H,-v �/ 
�
Wr��� Vr!(	�Z � !(K�� H(�5-5 ��

�4$� ~��"� �D� 1, � -�� �� ��
 .r(" �(�$	 � �� �K 5 ��

 ���Z�-. *�3\5 �
 > �D-.�)*�Cj(`� �� ��� A,� ��F%�[ -

>� �F�� ���� @-�4/ 
 C .�(� H�5-5 �� # 0%� � !� %� ^�	��TU

�O/SU4D �
 ���
 F1,
=� �3�� �3�(&	 *(\� �(� ��!%�� A,-5

 � (\� �� > �D-.� r"Wr!(�
 � �A,�-��(4� >� A,-�8(�� �(� �

P((	� � !((���
 �3F4((D �
 �((��
 -5
�((,) 
�!(($5 ��-((� �� H((%�[

o%��!��D rD �� �� 
��6T/bjA,-�8(�� � �3(�� �3F4D �
 ���
 

>� -�/�!� ����
 � /f� *\� �� �3��Z ��-,
�Y� ��-� � 3w� �

��(� A,� -�0/ �(D� .�F�(��Hb/�H)@�!(KS(��!(Y� �

��4��Hu�H*%6 �����-Z �/ !�
�
 >�8� ��� (3w� � H(%�[ �

>��� ^�05 �
 ��-(��-� ��� A,� J!44/ @-�4/ ��� �!4��(��.�(� 

�� �K 5 -�����:�H/�hb*	�!(� ��(5 j�
 �(�� J�-(. �(, >� 

!���
 �%�"
 �3F4D �
 ���
 
�!$5 ������ @-�4/ .�-(FK ���;

F�� >�8� �
 �(��
 
�!($5 -c� )� �$%�&� 
� � ���!%�� �/ !�


 *%6 ����
 �3�� �3F4D *(%6 �(� �F�� �-�8�� � 3w� ��� ��(�

 !4��� H%�[ .��3��	  e" � �� 0; n�� 5 ��� p�(D� -� ��

=�4�K @!� � *%6 ��
 ���uH�5-5 �� A0�� O��TO!(��
 

!,
-. 
��6-�!�)@�!KS.(A,�-��4� �F�(� �(�F%�[ -(`� 
 (K�

>� ���4$� � n�� 5 ��3��	 ���
��6-� �A�7���� �F�� >
 � ��


 #�$�-�GCA #�$�-� A�7���� �� SCA >6 -(� �(%i
 �(70� 

��
�h�5 �� ��-� ��
��� �/ !��
�(,) �3F4(D �
 ���
 
�!$5 �� �

*�� �
 ��)� ��%�� ��,6��/ �D� ��
� "-� �,i�� .�(� �(K 5 ��

P� �7����4$� � �F�� 
-(�30; �� ��� A,� ��
 �(5 � �
 �(��


)@�!KT(�P�P� A�4Q �7��� �(4$� -(�[ � �(�4� �(� >6 ��


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            12 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

�jj 

� �5 � E��5��P��7��� �: �����,!C� J��
 @ < �� A��(
��� ��


-(�30; l,�=(Z� �(;�� �3F4(D �
 ���
 
�!$5 l,�=Z� �IK �


 !C� J��
 @ < l,�=Z� -� � J!C5a�-�`�C�
 !�� 
�.

��F, 0���� 
	� 

�4$� �� �K 5 �� A�� ~��"� >
 � ��
O� !%�� jS�(I�6 �(	�5 

�3�� �3F4D >)� ��-����� A,� ������ *�3\5 � �,=G5 >���� 

P��-((Z *((%6 ��
 ��� �((� !((,
-. )@�!((K�.(� !((� %� ^�((	��

o%�((�!��D r((D �� �((� H((�5-5 �((� 
�((�6OT/j��j/�)� ^-((. 

!(�
 � ��
� ("-� �3�� �3F4D >)� A,-�0/ � A,-�8��)@�!(K

U.(�	�5 #��� ��� ×�D�![ � ^��� � !� %� ×�(� H�5-5 �� #���

bj/U�jj/�!4�((C�
 �� �3F4((D >)� A,-((�0/ � A,-�8((�� ^-((. 

)@�!K j(.A�7���� ��#�$�-� �GCA �SCA ��� A,� ��-� 

�4$� !��
 1, @�0��� o&D �
 
 � ��
!�)@�!K�.(A,�-��4�

 >� �8,�=Z� -�[ � �8,�=Z� -`� �
 -� ��A(,� �(����� @-(�4/ �
 

!���
 lY� ��� .�%� �4$� #�($�-� A�7��(�� �F�(� >!C ��


GCA #�(($�-� A�7��((�� �((� SCA8((,�=Z� X��((,��� PI((D ��

)�S/S�!��
 (��=� � ������ X��,��� �
 A�7��(�� >
 (� -(5

 #�$�-�GCA -(��-� �
 ��!(%�� #�($�-� A�7��(�� �� ��,�Y� �
 

�	�5 ��)@�!K�(-7���� >� �8(,�=Z� -(`� -�8�� ��0�� �(� �
 

�D� �3�� �3F4D >)� ������ @-�4/ .�� (0; n�� (5 �(�3��	

 ��4F� -� ��� A,� ��=(K� X��(,��� TN

��6-(� !(�� !(C .

>� �8(,�=Z� -`� -�8�� ��0�� �� �K 5 �� A,�-��4� �(� ��(
��� �

h�5 �� ��-� ��A(,� �
�9(� �(� �(���-� �
 i�� �3F4D >)� �� �

)� ����,6��/ �D� ��
� "-� �,i�� .-`� A,-�8�� !� %� P	�

GCA �4$� � �F�� �C�
 �� ��
 )@�!KU(�A,�-��(4� A,-(�I�

H�/-5 � 0; -,f: �D� �3�� �3F4D >)� -c� )� �.�(� P	� A,�

 �3F4D >)� A,-�8��)OT/j^-. (#�(�� �(� �	�5 �
�A,-�8(�� 

-`�SCA �4$� � �F�� �C�
 �� ��
 .A,�-��(4� �(	�5 x�(�� �
 

#��� �� !%�� A,� �P�A�4Q�	�5 �3;!��D ��� 
�(�6 ×p�-(/

 �
�)6 p�-/ � �
�)6 ×AC���)�(� � �3F4(D >)� A�7��(�� J


�� l,�=Z� ��
��� )� �C�� ��,!.@!(� �5��!(Y� > (�)6 +,���

=�4�K u
�
 >�8� �� #��v-Z )� @�!; ��� A,� ��-� A0�� .

A,�-��4� R(4��,-. ��� �(� �(I45 ��(� A(,� ������ �D�-�

 !C 
�!\� .P��7��� �5 � E��5�� �� ��� A,� =�Q��)@�!K

T((D >)� l,�=(Z� �IK �
 ��
��� �/ 
�
 >�8� �3(�� �3F4�

��(C�
 !(�� 
� �5 � E��5�� l,�=Z� -� �-`� �(%� �(� �(K 5 

P� �7��� �(4$� � �F�� �3F4(D >)� �(� !(C� J��
 @ (< ��


�D� ���-v =�� �3��.

0),� 
,5� 
	� 

h�5 �� ���4$� #���5 �(��
 ��=(� >)� -(c� )� ���
)���0(C

UVV �(��
 ��=(� >)� �(� >6 *,!F5 � ���
 (!4�(C�
)@�!(K�(.

�3;!��D ^�	�� �� 
��6NS/UV�� #��� � ^-. U�/j�A,-�8�� ^-. 

!4�C�
 �� ���
 ��=� >)� A,-�0/ �)@�!KU.(�	�5 A�� �
 ���

�3;!��D 
��6 ×�(� �(D�![ � ^���NS/UT>)� A,-�8(�� )� ^-(. 


 (� ��
� ("-� ���
 ��=� )@�!(K j.(*(�3\5 � �(,=G5 +,�(��

 R4��,-. ��� �� ������)�!K @�(-(`� -�8(�� PID )� �/��

 >� �8,�=Z� ��
 (� �(��
 ��=� >)� @-�4/ �
 .�(%� ���
��(Q �

>����0�)U(>�� ^!4. �
 ^�-�,� ��\%�k���5 �)�V(^!(4. �
 

^���
 >� �8,�=Z� -�[ -`� -�8�� PID �����(��
 ��=� >)� ��-� 

J
 0� J��C� !�� .A,�-��4� > (�)6 +,��� �� �K 5 ��t�
 � e("

 -`�GCA ��!%�� )@�!KU(�SCA �	�5 ��)@�!Kb(J
���D�

�3;!��((D ^�((	�� )� A,-((�I� >� ((4; �((� A((C�� � >�F((D �
�((�6

H�/-5 �	�5 x��� � �� 0; ���-,f: �3;!��(D ��� 
�(�6 ×^�(��

 �3;!��D � �D�![ � 
��6 ×�
�)6 p�-/)-(`� A,-�8�� A�C�
 ��

SCA �4$� � �F�� ��
 (l,�=Z� ��(� �(���-� �
 ���
 ��=� >)� �

��� A,� �
�9� -G4�!C !�� ".

=�4�K @!� #��v-Zu!(�
 � d
�(� ��� A,� ��-� A0�� .

> �D-.� r"Wr��� Vr�(�4� �0�	 �
 �� (\� Vr�(&	 �� 


 0� .A,�-��4� >� ��F%�[ d Z -`� @-�4/ �\5 ��� A,� ���(D .

��F%�[ �K�
 A�7���� 
��6-�)@�!KS(� ��-� ��� A, =�� *�%
 

�D�;!� A,� -� .�3;!��D P	� >� 
�!($5 -�/�!� ����
 
��6 �(� �


 (� �(��
 ��=(� >)� l,�=(Z� ��-� H%�[ )*�(Cb.(P(	� ^�(�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            13 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

�jb 

1( h.
���+9
 _Z Wr��
 Vr��82,� \��,+- �� �,+�� �8��� ��83� ��;� �)$8)�2, <lkD��� <%kD��2, <hk�. ��� 8�E���<

'k��,	. m,+� <MkS �
 <Qk
I�� <&k���. X2�F 8�E� <Jk��,8[�� ���, (0),� 
,5� 
	� �,+� 
���+9
 _Z ��� 
� 

>� 
�!$5 -�/�!� �D�![ � ���(C�
 �� � (3w� �.��-(	 *(\�

 # 0%� � #��� ��
�)6 p�-/ ^�	�� A�Z-. ̂ �	�� A,� �/ 
�
 >�8� 

C -7,!�, �� ���
 ��=� >)� -c� )� !(���
 �
�(,) �(����� ���F 

)*�Cb.(P�A�4Q *%6 �����-Z ^�(	�� �
 � (3w� � H(%�[ ���

 o%��!��D � !� %� �(D� -(��-� }�(F,-Y5 
��6 .�(/
�
 >�8(� +,�(��

 *%6 �����-Z H%�[ ���)u(� 3w� �)v(>��� ^�05 �
 ����� �

-��-����� )@�!K S(.-�����(: �-(FK �(��; �(� �K 5 �� F�

� ^�	�� *%6 ����
 ���
 ��=� >)� -c� )� �$%�&� 
�  � (3w� ���

 *%6 �� �F�� �-�8�� �� H%�[ ��� !4C�� .P�A�4Q �(� �(K 5 ��

 �� �(D-.� H,-(v �-(FK ���;)Wr+Vr(�Yr�*(%6 �(� �

!4��� �8,�=Z� -`� ����
 H%�[ .�F�(��H/�hb>6 )� �/�(� 

*	�!� �/ �D�U������ @-�4/ �
 ��� J�-. �, >� ��=(� >)� 

!((���
 l((Y� �((��
 .�F�((��/�)] �Hu�H(D/ [F�/�-�((� �((� 

1,
=��D� �(�� >�(�� 1, )� ��F%�[ o&D #�-��w5 A,�-��4� �

�(D� 
�(,) ����(� -7,
 >��� ��.n�� (5 �(�3��	 ��(�
��6-�

 �� e" � �� 0;)@�!KS(�4$� �A�7���� �F�� >!C ��


 #�$�-�GCA #�($�-� A�7���� ��SCA)�!(K @�()� �/�(�

 >� �8,�=Z� -`� -�8�� PID ���D� ��� A,� ������ @-�4/ �
 .

�(�F%�[ �(K�
 A�7���� 
��6-� ���)VV�/�(=(�4�K ��� �(�u

��c��� )� ��
 A0���D� .�(� @�0��� )� �(C�� �(G��� A(,� 
��

 ���(/ ��F%�[ d Z)�(Z
 �(%�� �
 �7�(D �: (!(C�� .�("-�

 A�((YY\�)��U��j(��((,�Y� �((� #�(($%�&� )� �����((� +,�((�� 

>� ��F%�[ d Z -`� �/ !�!Y�$� �(� -,�(D � 
-(�30; n�� (5 �
 

� 
��!(� lY� �;��) PI� >����. �
 >6 �� rF5-� �;��) #���

 )� }i�(0��� �(�F%�[ d Z �, ��F%�[ ��-� J!C ���=. +,��� -�/�

 ���/ E � !�� .��� A,��P��7��� �4$� � �F�� @ (< �� ���


� J��
 �C�
 �5 � E��5�� � !C)@�!KT.(

W4*�2��� �+(��� 

)� ��!%�� ��-� 1,� % �� 
-�30; A�7����jS)#���(�5O��
 ^-(. 

�((5 � )>�F((D (
 ((� -((�w��)@�!((KU.(�((	�5 #�((�� ��((� ×^�((��

 rD �� �� �D�![ �V/jV�(D�![ � ��� � ^-. ×�3;!��(D �(� 
�(�6 

V/Ob,-�8�� � A,-�0/ H�5-5 �� ^-. 
-�30; A1(,� % �� �� �(5 � 

!4�C�
 )@�!K j.(�4$� -(��-� �
 ��!(%�� #�$�-� A�7���� >
 � ��


�	�5 ��)@�!K�(�(D� ��(� A(,� ��-� X,)�-�� )�-� A�F� .

�	�5 X,)�-�� A�7���� A,!(%�� r(D �� ��-(� ��N�/�U!(��
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            14 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

�jU 

1( '.
���+9
 _Z Wr  ��
 Vr �8��� ��83� ��;� ���82,� \��,+- �� �,+�� )$k8)�2, <%kD��2, <hk���. ��� 8�E� <

'k��,	. m,+� <MkS �
 <Qk� 
I�� Jk��,8[�� ���, (W4*�2��� �+(��� �,+� 
���+9
 _Z ��� 
� 

!,
-. 
��6-� .�4$� �(	�5 -(��-� �
 ��!(%�� -(`� >
 � ��
 � �(�

�4$� ��
�#�$�-� A�7���� �F�� >
 FGCA ��#�$�-� A�7���� 

SCA)@�!K�(>� �8(,�=Z� -(�[ -`� �/ �D� >6 )� �/�� �(� 


��
 ��(� A,� ������ @-�4/ �
 �
�,) ����� PID .� �K-(D

 >����0�)�N(�(�Z�, �D
 �I��8� +,��� �� =�� !(�� .�(� A,�-��(4�

 > �)6 +,��� �� �K 5t�(4$� � e(" �
 -(`� >
 (� ��
GCA 

��!%�� )@�!KU(�SCA 5�	� ��)@�!(Kb(P(	� )� J
���(D�

�3;!��D 
��6)��H(�/-5 A,-(�I� >� 4; �� (0; -,f(: (x�(�� �

�	�5 �D�![ � ^��� � #��� ^�	�� �� >6 ���)A�(C�
 -<�(" �(�

 -`�SCA �4$� � �F�� ��
 (1,� % �� 
-�30; l,�=Z� � c4� ��

>� �8,�=Z� -`� PID ����
 � !�� " l
�!��� .

 �D-.� r" >Wr��� Vr�(�4� �0�	 �
 �� (\� Wr�� 


-/ �&	)*�CU(.�5 � 1,� % �� 
-�30; A,�-��4� �5 �\5 a-�`

 >� ��F%�[ d Z ���D.���D� 
 I8� �3/ � < �/AC�� P	� 

1,� % �� 
-�30; ��V/SO
�!($5 -�/�!(� ����
 �(5 � �
 ^-(. 

>� ���D� 1,� % �� 
-�30; ��-� H%�[ .# 0%� =�� �� �� r(D

U/�U�5 � �
 ^-. �>� A,-�8�� �(� 
��
 �� � (3w� �.�(�$	 �

 r((" @ ((< �
 >�F((D � �((D�![ � ^�((�� ��
�)6 p�-((/ ^�((	��

 ��(� A(,� ��-(� �t�5 (�� -(c� )� �I�6 �/ 
�
 >�8� > �D-.�

���8� !�� .B"�(C �D�-� �(����� ��(�-�����: � ���(�6 ��(�

)@�!KS(*(%6 �����-Z �/ 
�
 >�8� � H(%�[ ��(� �
 � (3w�

 >��� ^�05 ��!(44/ @-(�4/ ��� �m����(� 1(,� % �� 
-(�30; 

����.A,�-��4� -�����: ���; �� �K 5 �� F�($%�&� 
� (� ^�	�� 

*((%6 ����
 ��((� A((,� -((c� )� !4��((� �-�8((�� H((%�[ ��((� .

P� �7��� �4$� � �F�� � �5 � E��5�� �� 1,� % �� 
-�30; ���


 !C� J��
 @ <)@�!KT(� �/�(� �
 ��(
��� �(/ �(D� >6 )

�(D�
�) � �5 � E��5�� l��/ �IK�
-(�30; l��(/ �(;�� 

�� 1,� % �� 
 C.

B ,�+� aZ�  

�(� !� %� P	�N/b��(� >�F(D � A,-�8(�� !(��
 �/jj!(��
 

!4�(C�
 �� �C�
-� B"�C ��!Y� A,-�0/ )@�!(K U.(A�(� �


�	�5 �3;!��D ��� 
��6 ×�(� �D�![ � ^����/j�!(��
 �����


 
 � �C�
-� B"�C ��!Y� A,-�8��)@�!(Kj.(A�7��(�� �(� �

#�$�-�GCA �SCA 1(, @�(0��� o&(D �
 ��� A,� ��-� 

�4$� !��
 
 � ��
!�)@�!K�(�A,�-��4� � �8(,�=Z� -`� �
 -�

 >� �8,�=Z� -�[ ��l(Y� �(C�
-� B"�(C �(����� @-(�4/ �
 

!���
 .�4$� ��!%�� #�$�-� A�7���� >!C ��
 �	�5 -��-� �
 � ��

 �8((,�=Z� -((�[ X��((,��� PI((D)SO/TV!((��
 (X��((,��� �


������ -7��(�� �>� �8(,�=Z� -(�[ -(`� -�8(�� �(�0�� �(� ��-(� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            15 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

�jS 

1( M.
���+9
 _ZWr  ��
 Vr  ��82,� \��,+- �� �,+�� �8��� ��83� ��;� �)$k8)�2, lkD���%kD��2, hk���. ��� 8�E� 

'k�,	. m,+ ��Qk� 
I�� &k���. X2�F 8�E� (B ,�+� aZ�  �,+� 
���+9
 _Z ��� 
� 

�D� �C�
-� B"�C .�D��-/ ��=4�)j(-�8�� ��0�� -� =��

 >� �8,�=Z� -�[ -`� ��5 �C�
-� B"�C ��-� a�D� J
 0� !�/ .

> �)6 +,���t)@�!KU(p�-(/� !(� %� ^�(	�� )� �(/ 
�
 >�8�

 �
�)6)� ����
 -,
�Y� A,-�8�GCA �(4$� � �(F�� ��
 (x�(�� �

�	�5 !� %� ��� ×�
�)6 p�-(/ � AC�� ×>�F(D)(��>� (4;

H((�/-5 A,-((�I� �� e((" ���-,f((: (B"�((C l,�=((Z� ��-((�

 >� �8,�=Z� -`� PID l,�=Z� � �C�
-� ����
 0� J
���D� >� 5 .

=�4�K @!� �5��!Y� > �)6 +,���u��� A,� ��-� A0�� >�8(�

�
 �/ 
@!(� )� �(D�![ � ^�(�� � A(C�� ^�(	�� ~f(� )� X:

 d
�� #��v-Z��C !�.> �(D-.� r" ��$	 �Wr��� Vr

)*�CS(�D� ��F%�[ d Z >� *0; E � �/ 
�
 >�8� .�K 5 ��

 > �D-.� r" @ < �
 ��!%�� l4/�-: ���!(� %� � #�(�� ^�(	�� 

>� 
�!($5 -�/�!� ����
 �(� �(C�
-� B"�(C ��-(� H(%�[ �

�!4�� .o%��!��D ^�	�� *(\� )� �3��Z A,-�8�� �� >�FD � 
��6

 � \� �� > �D-.� r" �&	Wr*%6 -�/�!� ����
 � (3w� ���

!�
 � .A(,� ��-(� �(C�
-� B"�C A�7���� �� �K 5 �� A,�-��4�

 q�F4�D� �^�	����>� �� i�� �C�
-� B"�C �/ 
 C ��H(%�[ �

>� �� �C�
-� B"�C P/ -,
�Y� ����� @-�4/ � 3w� �
 (C .

-�����((:�b/V=�Hb/�H)@�!((KS(�
 #��((�5 �((/ 
�
 >�8((�

 *%6 �����-Z 
�,) >�!4Q � 3w� � H%�[ ������� �� �K 5 �� �

�F��]F+�/�)�DHb([/F]u�/�)�DHb([�$%�&� 
� � ���!%�� 

*%6 ����
 �C�
-� B"�C -c� )� �(� �F�� �-�8�� H%�[ ���

*%6 � 3w� ����!4�� .> �(D-.� H,-(v ���;)Wr+Vr(�

Yr-7���� *%6 l,�=Z� -`� �D� H%�[ ��� .� !(� %� ^�	�� A,�-��4�

 �� H�5-5 �� #���N/b��S/jN���
 ��(C�
-� B"�(C !(��
 

>� -�/�!� >
 � ��-(`� � H%�[ �GCA l,�=(Z� �(;�� �(F�� 

>� �8,�=Z� -`� PID ��-�8(�� �C�
-� B"�C *�����: @�Y��� �

�(� x��� ��!� (C .�F�(��H/�hb)@�!(KS(�(/ 
�
 >�8(�

 �K�
 �/ >� 
�!$5 *	�!� �� >�8� �� ��F%�[ )� �� -(��-� !(4�


�� ��!C�� .A,�-��(4� *	�!(���@-(�4/ �
 �(�� J�-(. �(, >� 

!���
 lY� ��� A,� ������ .�D��-/ ��=4�)j(�� �F�� A,�

S/N�D� J
 0� ���=. .�(C�
-� B"�(C�P(� �7��(� ��(�

 �(4$� � �F�� �(5 � �
 �(��
 
-(�30; �(� �� ���
)Sb/V(�>)� 

�3(((�� �3F4(((D)ST/V(��3(((�� �3F4(((D �
 �(((��
 
�!((($5 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            16 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

�jT 

��87Q.�� ?4,+= �(�!)* �H!"�S�� 0�2�Y� �
�� D�EF 

#��� ��jbUSTNO

�.!�D� �5 )�� �

�5 � E��5�� Ub/V�

D �
 �_3F4D 
�!$5�3�� �3F4 Vb/V��/Vu�

�3�� �3F4D �
 ���
 
�!$5 V�/Vjj/VuNO/V�

�3�� �3F4D >)� jj/V��/VOV/VNj/V�

���
 ��=� >)� US/VSN/V�O/Vub�/Vu��/V�

�5 � 1,� % �� 
-�30; S�/VTV/VbO/V�N/VSV/VUV/V�

�C�
-� B"�C Vj/VuVS/VuUN/VSj/VST/VV�/Vj�/V�

�5 � �
 ���
 
-�30; bj/VUS/VSS/Vb�/VTU/VjU/VO�/VSb/V�

P� H,�-v ��=� �7��� )� -5�Ob/V1Q / �)� -5�Ob/Vu@�0��� o&D �
 U!��
 ��=� H,�-v �)� -5jNV/V1(Q / �)� -(5jNV/Vu�


@�0��� o&D��4$� !��
 �� ��
 !4C��.

)Sj/V(!(($5 ��3((�� �3F4((D �
 �_3F4((D 
�)UT/V(
�
 >�8((�

)@�!KT.(�8(,�=Z� -(�[ -(`� -�8(�� PI(D �� �K 5 �� A,�-��4�

>� ��>� �8(,�=Z� -`� -�8�� ��0�� � �C�
-� B"�C ��-� �(� 

(� � �3(�� �3F4D �
 �_3F4D 
�!$5 � ���
 
�!$5 ��-�P�7��(�

 ��� ��5 � E��5�� � !C� J��
 @ < �� #��� A,� =�Q�� ��-� ��


 �3�� �3F4D �
 �_3F4D 
�!$5 � ���
 
�!$5��� 3&��(� -`� �I45 �� 

�(C�
 !�� 
� J��. @ < � !C� J��
 @ < -��(� �(�3� �� (<

P�Y���-�[�
�
 !�� " l,�=Z� �� �C�
-� B"�C .

0),� �+(��� 

�	�� �� �
�)6 p�-/ ^b/j��(� #��� � �5 � �
 ^-. �/�b^-(. 

8((�� H((�5-5 �((� �((5 � �
 !4�((C�
 �� 
-((�30; A,-((�0/ � A,-�

)@�!KU.(�4$� -(��-� �
 ��!(%�� #�($�-� A�7��(�� >
 � ��


�	�5 !(��
 1(, @�(0��� o&(D �
 ��)@�!(K�(�>�=(�� 

A,!%�� rD �� p�D� -� X,)�-��)�/U�!��
 (-7���� PID 

>� �8,�=Z� -�[ -`� -�8�� ���
 �(��
 
-�30; ������ @-�4/ �
 

�D� �5 � ./#�$�-� A�7���� �F�� ��Q GCA �(� SCA �

#�$�-� A�7���� ��,�Y�GCA)@�!K�(A�7��(�� �(� �F��

 �
 ��!%�� #�$�-� �	�5 -��-� �(D�;!� A(,� -(� ��� . =�� ��.

>����0� � -�!,�)�V(=�� ��4�) A,� �
 �(D
 �I��8� +,��� ��

��Z�, !�� .@�!KU�� >�8� A(C�� � !(� %� ^�(	�� �(/ !(�
 �(�

 -`� A,-�8�� ����
 H�5-5GCA �4$� � �F�� 
-(�30; ��-� ��


 �(� �5 � �
 ���
 !4(C�� .�3;!��(D ^�(	�� � �
�)6 p�-(/ �
�(�6

 -`� =�� # 0%�GCA �4$� -�[ �%� �F�� !4�C�
 �� ��
 .A,�-��(4�

 � /f� ^�	�� )� J
���D�)��AC�� � !� %� J9,� (��A,-�I� >� 4;

H�/-5 �� (0; ���-,f: PI(D ��(5 � �
 �(��
 
-(�30; -(c� )� 

8(,�=Z� X��,����
�
 !(�� " l,�=(Z� �� ��(
��� J
)�(� �.�


�	�5 � �(D�![ � ^�(�� � #�(�� �A(C�� ^�	�� �� !� %� P	� ���

�#�((�� � # ((0%� ^�((	�� �((� A((C�� P((	� #�-((`�SCA � �((F�� 

�4$� J!��8� ���
!C)@�!Kb.(A(,� )� *��� x��� A,�-��4�

�((	�5 �((	�5 � �((� �3;!��((D ��((� 
�((�6 ×#�((�� � A((C�� ×

�3;!��D �� 
��6 h�5 �� l4,=. y�84� !4�� 5 ��i�� 
-�30; �� �

!�-�. ��-	.> �D-.� H,-vWr��� VrX: ��� A,� ��-�

 ~f� )��!(%�� )# (0%� � #�(�� (!(	�Z � !(K�� H(�5-5 �(�

 �4$� ~��"� !,
-. 1, � -�� �� ��
 .$	 � �� �K 5 �� r(" ��

 > �D-.�)*�CT(�� q�F4�D� �
 �5 � �
 ���
 
-�30; �/ 
 C 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            17 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


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

�jN 

1( Q.
���+9
 _Z Wr  ��
 Vr  ��82,� \��,+- �� �,+�� �8��� ��83� ��;� �)$k8)�2, hk���. ��� 8�E� 'k��,	. m,+� 

MkS �
 Qk
I�� &k� ���. X2�F 8�E� Jk��,8[�� ���, (9
 _Z ��� 
�0),� �+(��� �,+� 
���+ 

h((�5 �� �((��(($%�&� 
� ((� ���((�F%�[ d ((Z -((`� @-((�4/ �((\5 

>� ���D.�/ 
�
 >�8� > �D-.� r" @ < �
 ��!%�� �.!4/�-:

 1,
=� >�FD � (\� �(� > �(D-.� r" �&	 *\� �� !%�� A,-5

Wr>� 
�!$5 -�/�!� ����
 � �D� ��
-(�30; ��-(� H(%�[ �

�D� �5 � �
 ���
 .!%�� *(\� )� �3��Z A,-�8�� �� �
�)6 p�-/

� /f��>� 
�!$5 -�/�!� ����
 ���D� � 3w� �.�(� �(K 5 ��

B"�C �
 �(��
 
-�30; ��-� ������ ���-�����: � ����6 ���

 �5 �)@�!KU(�*	�!� �
-(�30; ������ @-�4/ �
 ��� J�-. 

�(�F%�[ �(K�
 A�7��(�� � !���
 lY� ���
�O/�=�/�)D/�H(

��D� ���Z�-. *�3\5 � �,=G5 +,��� �� ���& .P��7��� �(F��

 �4$� �!C� J��
 @ < �� ��� A,� ��
)@�!KT(>6 )� �/��

 p�-(,
 >�(���. �(/ �D��!(���
 �-�8(�� 
-(�30; .H,�-(v

P� �7��� 
�!($5 �(� �(5 � �
 �(��
 
-(�30; �t�5 �� � �t�5 4Z

 �3F4D �
 ���
 
�!$5 ��3�� �3F4D �
 �_3F4D ��=(� >)� � �3��

���
��4$� � �F�� !�
 � ��
 .-(`� -�8(�� PID �� �K 5 �� A,�-��4�

 >� �8,�=Z� -�[ ��-�8�� PID � �5 � �
 ���
 
-�30; ��-� ��(`6 

>� �8,�=Z� ���3�� �3F4D �
 ���
 
�!$5 ��3�� �3F4D >)� ��-� 

� �3�� �3F4D �
 �_3F4D 
�!$5 �P��7��(� 
-(�30; �(� �(I�6

�
 l4,=(. �(,-< )� �(��
 
-�30; ��-� ��
��� J
)�� ������-(� 

�Z�, !�� " l,�=Z� d Z #��� .P�A�4Q � /f(� #��� ��-�

 �3;!��(D �AC�� �!� %� ^�	�� ����
 
-�30; �)� # (0%� � 
�(�6

 H�/-5 A,-�I� !�
 � �� 0; ���-,f:)��!(� %� J9,� .( A,�-��(4�

 �	�5 � �I�6 )� J
���D� q �-� ��� �(� �(���-� �
 ^�(	�� A(,� �(� 

���
 
-�30; �
�9��
 � !�� " l
�!, � .

����� �
�� ���E!�, 

$.��,�!�� �.��.��
�	.�jU�.�
 !���#�5�F� ?��� �
 >6 J
���D� � *%6 .)� �� >�-0Q !�IC J�78��
 #���8���.

l.E ��,�((v�.��.�-((���.�jTT .=G5 �((����� @!((� #�((v�-�� �((� �((K 5 ^�=((%*((%6 ��
 �((,.�(($�F< ���((4� � �)���8((/ ^ ((3; 

�)�: (bUuSj.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

                            18 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html


� 0),� �+(��� �(�!)* ���+!�,
�- �
�.+� 
�/�� 0� 12. �,� 1��3# � 0456#... 

�jO 

%.� ��D��-/ ��=4�.�jST .
��6-� #�!	 ���H�/-5 ��3��	 � ������ ���-�����: ��-,f: � �(��
 
-(�30; � A��5�-(: n�� 5 ���

 J=�W�: ^!4. �
 �I�6 �� rF5-� #��� e".>�,�: !(C�� �(D�4C��/ ���� #�(5�F� ?�(�� )���8(/ J!�8(��
 �����$4(� J�78(��
 

>�I���.

h.� �
�9�-4�.�jTU .>� -`� 
��6-� �(� H(�/-5 �#��(� )� �("-� �-,f(: �����*(%6 ��
 ��� �(� +�-(� .>�-(,� �)���8(/ ^ (3; 

�T)�: (bUuUT.

5. Chowdhary, M. H., M. T. Arshad and G. M. Subbani. 1997. Inheritance of some polygenic traits in hexaploid spring 
wheat. J. Anim. and Plant Sci. 7(3) : 77- 79.  

6. Griffing, B. 1956. A generalized treatment of the use of diallel crosses in quantitative inheritance. Heredity  
10: 31- 50. 

7. Griffing, B. 1956. Concepts of general and specific combining ability in relation to diallel crossing systems. Aust. J. 
Bio. Sci. 9: 436-493.  

8. Hyman, B. I. 1954. The analysis of variance of diallel tables. Biometrics 10: 235- 244. 
9. Hyman, B. I. 1954. The theory and analysis of diallel crosses. Genetic 39: 789- 809.  
10. Ikram, U. H. and L. Tanach. 1991. Diallel analysis of grain yield and other agronomic traits in durum wheat. Rachis 

10: 8-13. 
11. Jinks, J. L. and B. I. Hyman. 1953. The analysis of diallel crosses. Maize Genet, Coop. News 27: 48- 54.  
12. Lee, J. and P. J. Kaltsikes. 1970. Diallel analysis of correlated sequential characters in durum wheat. Crop Sci.  

10: 770- 772.  
13. Menon, U. and S. W. Sharma. 1995. Inheritance studies for yield component traits in bread wheat over the 

environments. Wheat Inform. 89: 1-5.  
14. Mishra, P. C., T. B. Singh, S. M. Kurmvanshi and S. N. Soni. 1996. Gene action in diallel of bread wheat under late 

sown condition. J. Soil and Crops 2: 128- 131.  
15. Mondal, A. B. and T. Dasgupta. 1998. Diallel analysis in wheat. Indian J. Genet. 48: 167- 170. 
16. Nanda, G. S., P. S. Virk and K. S. Gill. 1983. Diallel analysis over environments in wheat. Plant characters. Indian 

J. Genet. 38: 220- 224. 
17. Prodanovic, S. 1993. Genetic values of F1 wheat hybrid obtained in diallel crosses. Rev. Res. Work at the Faculty of 

Agriculture Belgrade 38 (2): 25- 37. 
18. Sarawgi, A. K., M. N. Sirvastava and B. P. Chowdhary. 1991. Partial diallel cross analysis of yield and its related 

characters in rice (Oryza sativa L.) under irrigated and rainfed situations, Indian J. Genet. 51 (1): 30- 36. 
19. Sirvastava, A. N., C. B. Singh and S. K. Rao. 1992. Combining ability analysis of physiological and economical 

traits in bread wheat (Triticum aestivum L.) over environments. Indian J. Genet. 52 (2): 390- 395. 
20. Widner, J. N. and K. L. Lebsock. 1973. Combining ability in durum wheat. Crop Sci. 13: 164- 167. 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

2.
10

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

01
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            19 / 19

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.2.10.2
https://jcpp.iut.ac.ir/article-1-548-en.html
http://www.tcpdf.org

