
������� 	
�� � 

�� ����� ����� �/���������� /��� ! 

� � "#$)&(/��#�()*+ 

��� 

��,��-./ �0�� 1!� 2�34 5� 6,7 1�8
9 7,7��
�: 	���,; 	�-���

<=��. >� ��
? @<.
�*A� �@,� B��,� 	
��,C4� �D� 1 E� 1

)���	
� �	
�
 :�/�/�����	�� �	
�
 :��/��/��(

�1�F$ 

� ��@ G9 �
H�� I� I�8�J� >���,-����? >�-./ �0�-./ 1.�� ��0�� 	�� ���1.� 2�34 �K� �� 	1��,K�� ALK�-G� >@�1K.� 	�� M

�����N��� I. �9 I� A�N��� I� �9 ,34 >�� 	�� ���� 6,7 �1(OPQ I� R��-� ��
7� ++P =�� : 	�
 ��S�� �1! ���� ��K� 

()+T�8� ()*O7,7 5� ��U. VW4� 57 ,� �� ��,� �1! ���3-�� I� .�@�,@���� M����5�� 
,. Y�
9 OAQFoxpro1! 
�Z.� .
,. ��

 ���S ��5���SAS 5Z9 [#: @�E9 � I�E� "��
� "�J�-./ ��5�� 
,. �� ��0�DFREML 5Z9 [#: @� I�E9�-./ �K�,-����? "�K0�

1! ���3-�� .E� "��
��J��\,],�34�2"��! ^
� ��� 2�,]� ���� 18
9 AA_�: 9�`� 18
9 ���� >� )J;���� I:��(�
�.

�\I38 ��,]� _.�@��� �
�� ��a-<� ��@�5�� �F�-./ "�� ����� A� ����� � b�� Y�E�,]� ,]� >�� _.�@��
� ��@�5�� �F�-./ "��
�

 � ��a-<� �� ����� c�� @� �-��� ,d��1=��1! ��1E� �-34 e9 �.�
�= �1� �����S,� 1! .�
KH�� >K@� ��,� ���1K� MK!

�.�
�=���3-�� L�-G� �,f @�,� I7 1��� � 18
9 	�� !�f,�,�,-#� @�1� A�1� >@g),]� "��! Ya���a-<� ��@�5�� �F�-./ (�
�

 A	S h���,� I7[]��� i?@,�a-<� �9,9 I� �#.S ��jk*/l�((/l�,f ���S,� @1.�,��N��� I. 	�� �I� �1� )�KF�-./ ,K]� "��K!

����� � ��a-<� ��@�5�� (j���� 	�
�� I� ,9@A	S h���,� � 1! &�G-.� �1� >[]��� ?i@,�a-<� ��lT/l�[]��� i?@,����� �

�,f ���S,� ,34@1.[]��� �5�� [34 ��a-<� �,@i?@N��� I. �9 I� 	�� M@�5�� � � �N��� I� �9 ,34 	�� M��1� �� ���3-�� �� 

@9,9 I� g�j(Q/l�lP/l1! ���S,� .[]��� �1� �� ���3-�� �� m,� �1�� 	�� [34 ��a-<� �,@i?@34 g9 ���� g�-lO/l�

[]��� i?@,�i?��,09 �@,�� 	�� [34 �i?��,09 ���� �1� �� ���3-�� �� �1@9,9 I� ,�j(Q/l�P)/l�,f ���S,� @1.-./ 1.���0�

�,� �1! ���S,��18
9 	�� 2�34 l(+P/lN��� I. 	�� A�lOlQ/l�,� ��� 	�� [34 ��1llP)+/ln�� � �
� ��� �� 
,f
��� 

���� ����S o�E8 ��
�. ��.

�/�� ��� �1��� :�F�-./ ���,-����? Am,� � �1.� 	�� M@�5�� A5� 

I�1a� 

����� 
��
��  !�"#�$ 
�"% &�$���')FAO((��$ 
� �))� 

*� �+,-� �.�/01
� !��� 23�� 0�4 �
/%��� &5
 !�+6+" 

� 78+#� 9:�
� ���% 0;
� $% <
�=+/ ���%	�>'"04��)��.(

� @0A+$ 7� #��"�	# 7	B�
 C��+� CD��E F8 �4�G 0�+#�F�8

 �� 7�	�H
/ <�I �+ B�
 CJ�* �+ �4 K�$�L" 0+�MN�� !���� O��� C�

/��#�6=	'4 !��� FP�B� Q�$ C+� C*� �	/ (�RS4� ��H 7�� T-8

 / <�����  ��US=� "V�
+*�� �
/��� W�$�X" #� ����Y 0�"%
� W

D�NX"'"���G )3.(
�0+B�
��Z�1 (�1 2��.*�
� ��4�G

0L6	#�+�C��$� <��[ �0+� 2��	# �+-.� �\	�"� / 7+[�
 C�+B��S$� 

�.'��" / 
�	��S$� C04
� &�L4
�[ K+
�
 7� C2#
/�][ <0\]��� C'"�� @�6A0L��+� <�I]��� 

*:'\+�/�S\B� �N� CJ�M
�\" (�^N" :naimi103@yahoo.com 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


����� ����� � ������� 	
�� � 

�� /���������� /��� ! 

� � "#$)&(/��#�()*+ 

��_ 

)��C�_C��/��(����	# C
�2����� ���Z�>
 'S,L��; 2�.
�]��[

[ �4�G
� *� '��E F�$� 9	�*�� (�1)�_.(


���� <��� FSN+$2��� 27�� 0	�� J����+1 
� 20+B�
 J�`; 

2��.�S"�
�� !���S� !%#� <��`S�$� ��� 7�[ ���4 2*	
 7"���� 2�X�

 / '\+S�a 04
 J�`; 'b+
�L�)!#/ C 2�+G�+�4 !#/ C0�B�
 !#/

 'I.�" 7� !#/ / 'I.�" 94 (�"��A�Y� 2���� / ��-� �
/%�� �
 Q

c+XU
 'd+X" �./
 @#O 22��4 @�H�� ���% .!#/ ��� 0B�
 !#/

 'IB��$ e�	 / 'I.��" 7�� !#/ C'I.�" 94 !#/ C2�+G�+4 #�

F. 'ISN� !0���" <0�# J
0= !�E / �
�� �Mf" 'b+
�L�/ '\+S�a 

7B�g*� �.e�	 !���LA 7�� �
�� 'ISN� ���% 0B�
 !#/ 7� 2�/01 �
 

= Q+6X
/ 7	*H
 �
�" 2��US=� �`; 
��'"��+G)�.(

��� !�]��� 7��+[�
 <
���>�% 2���.*� 
� 9./h��� e��	 i	���S�

�Y�
/ �/
 #� <��`S�$� ��� 2�+G�+�4 !#/ / 0�B�
 !#/ 2�	��

 K+
�
 7� 2
0� (0" &�$��� / <04 �/0X" 'j�-LS$
� �f[�01

)�/)±)))�/)/)�/)±))�/)����� )��.(���Y�
/ !#/ 2�	����

 �/
 ������ *����� 2�����.��h� �	�����$ 
� 0����B�
DFREML 

[Derivative-Free Restricted Maximum Likelihood] 

�:/)±3�/)/)_/)±��/)�$� <04 �
�*G )�)/��.(

*-+� / ���S+� 
�W-�Z C2*�/0��� <
��1 lm�L" !�0L`$�G

 C2
���" '�d+X" / F+>SN�" ']�	�*�� '�\+S�a �Y� WSN��� �Yn"

�Y�
/ F+>SN" ']	�*�� '\+S�a 2�	�� )h²a(���	
�/ �MN�� /o

'b+
��L� o��	
�/ 7� 2
��" '-j�� p+X")²c(9	�*��� �`�;

 K+
�
 7� �
 2�+G�+4 #� QM= 7��#/
 !#/)�/)/��/)�
�*�G

0���[)�)(.

WNB/� / �
�I$
O 7,B�d" 
� 
�#� <��`S�$� ��� a/�� !�0L`$�G

 '�����+1 (0��"�Ca
�hC���Y�
/ 2
����" 2�	���� )m

�h(CF��. 'ISN��� 


����" '��q+S�a2'��q+S�a /F+>SN��" )Ram ( /C2�`��; 2����� �
 

K�+
�
 7�� 2�+G�+4 #� QM= 7��#/
 !#/ 9	�*���/)±):/)C)�/)

±�_/)C)3/)±)�/)r/)_/)±��/)0���8 �
�*G )��(.

�
 2�+G�+4 #� 7��#/
 !#/ 9	�*�� �
�" 
�_�S�s[ 'I.�" 

)�(7N�	�>" l	�m#� 20�# !�0L`$�G 2/
 ���'����+1 (0�" 

)(0" �.2�C�C�/�(��Y� ��� </s�A �`�; W	� 7[ ��� !�]�

 �+YV
 �X
 CF+>SN" ']	�*�� '\+S�a �-j�� p+X" Q"�A'
���" 2


��= �
�� )(0"�.('�\+S�a 2�.�S"�
��a
�h/C2W�	� #� Q�;�1

K+
�
 7� (0" )�/)±��/)C)�/)±��/)04 �
�*G .

��h� !��Z
 F.'ISN� S�a +�q'!#/ ��� 0�B�
 !#/ �`�; 

4+G�+�2I.�" 7� !#/ C'
�
 7� t�8 !#/ /�+K��/)C�3/)

/��/)rCF.'ISN� S�a +q'�4 !#/ �`; +G�+�2!#/ ��� �
 

I.�" 7�'
�
 7�� t��8 !#/ /�+K�)/)/�_/)CF�. 'ISN�� 

S�a+q'
�L� /+b'I.�" 7� !#/ '
�
 7�� t��8 !#/ ��� �
 �+K

��/)/�:/)��-� �
�*G )_(.F.'ISN� ��� <0+� !#/ 'b+
�L� 

�d= F]�� 7S�$� (��m Cu��+B�)Q��S�$� (��Mf" <0��# !#/ /

��� p$�S"/ )��/��.(7� 7��
 �� F�. 'ISN�� �� +J�`�; W

9	�*��� KM�$ 
�[�" J�`; #� e	�. 2��� D�vS�� Cw�� �	 �

�I	� J�`; 
� 9.�8'"��4 .2��.*� ��h�� xs�;� 
� ���B

 !#/ 9	�*��� u0�. 7�[ '

�; 
� y�[/ �.�" <0LL[ 0+B�


 !��+1 <0�# / <0��" ���Y <0+� !#/ C��-� ',$ 0	�� 04�� �d= 

!#/ 9	�*��� J
��; W�	� �+g 
� C0��	 9.�[ �	 ���Y u�+B�

 / <0+� !#/ 9	�*�� KM$ <0�# u��+B� ��d= 9	�*�� '�" ���4 .

&��$� ��� 78 D�vS�� z �4 l	�m #� 0	�� D�vS�� CW	����L�

�#
� �.'�L+� 9+�� W	�S�� l	�m #� <04 7M$�X" '1s;� 2

�� 'd  K	
'"��4 @�H�� 04��.

� #� u0. �	 >X
 W�+��.�S"�
�� �
/%��� l2S�a +�q'0��/
/ 

S�a+q'��� 2/ 0�4
 J�`�; B�
 �+ �8�8*� 
� t��8 0'!�S�$� 

��L� !�$�� '��� .

c�� � ��
� ��

�	8�8 *� �
/�� <�ISN'��$ 
� +7])8+�S"�63�� 
�X" +0L��

r!�0.�# (�$� <04 {=�/ .� Q8 �1�N" �	 <�ISN 
���*"�/��:


� cd�$ #� usS � C
�Sq. �	 ��_3)K�B�g ���� ���� / ��S" 

=�4 (�-4 7>dL"'r��g D�L� '6=� �$� +� 7>dL" F+bS$� 7-'

G0��
�� / 7�O��$ J
��1 7�
� p$�S" / <��� @�G'7�� !% 
� 


�
+K�)S��$ 7�
� '/ ���G�_� "+6'�S"'"0�4�� .�1�N�"

� 
� ����" {
�"	<�ISN�/�_�q.$ �� 
�S+��E FSN2�/�L
 '�

S1��S$�'�$� .�R
	S$� 7'1+� J����+#� <��`S�$� �� *	C7�H�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


�7,7 5� 6,7 1�8
9 � 1!� 2�34 �0�-./ ���,���
�: 	���,; 	�-�� 

��3 

��1: (.���� ����S 2�qG�� ����3-�� ��
� ��

y�[ !#/ )W$ p$�S" 
���'I.�" ( !#/:'I.�" 2�+G�+4 #� !#/ 0B�
 !#/ J�Uv]" 

��:) ��� ��� ��� �
�[
 ��0,
 

�_3 �:� ��� 33� ��0,
7B�g*� 

�) �� � �� 
0� ��0,
 

�:� ��� �3� ��) 
��" ��0,
 

�_:/) �3/�� ��/�� �/� "+I��+W)@�G�6+[(

�_/) �3/� ):/� ��/) ," u��X��+
�)@�G�6+[(

_)/�� :3/�) __/�� �3/�� J��++R
 K	�Z (%) 

$+�62@�H�� <�S��NL8 / J
} '"��4.


� �	-v
 
�~L" 7� 7,B�d" W+�� W�.�S"�
2S�a +q'0�/
 /

S�a+q'B�
 / 04
 J�`; +8�8 *� 
� t�8 0'!��$��  !�S$� 

#� '��L����_ 7�� l�6,S" �
�[
 33� 1�+7�� �����" / !��

 L$
� !0� !#/ J�`;+�*�� C�6Sv" W	L$
� !#/ 9+�`�; W

/ 'I.�" 7$ �
 I.�" 7� �
 7$'� !#/ �`; /�+#� Ct��8 <0

�.�
�8
2{-� 
/%2�m <04 '(��$ �.2���r3:*�8�" 
� 

xs;� *� ��h� 8�8'��$ +04 <��`S$� 7].;�
 
�"% 7;s +`'

<��� 2�. 
� w�� (/0� ���$� <0�4 7�j�
� ./�	��	<��� 9��. 


�*�� @�� p$�
 Foxpro 0�4 @�H�� .
��"% 
�*��� @��� #�2SAS 

*H
 ���	/ 76X
+X" Q�"��A Q+�d'/#�S�a 
�*��� @���+�q'

DFREML-v
 ��� +"�
�� WS�a �.�S+q'��G <��`S$� 	0.

�
/%�� 2��� 7`Bn" �.
��8 / o��	
�/ 2	(0�" &��$��� o��

 
�*��� @�� #� <��`S$� �� @�� DFREML (0�" ��. ��6Sv" 2��	# 

!#/ / 'I.�" 7� !#/ C2�+G�+4 #� !#/ C0B�
 !#/ J�`; 2���

 04 '$
�� <0+�.

(0"�eaZXby ++= 1

(0"�ecZaZXby +++= 21

(0"�021 (a,m) covemZaZXby =+++=

(0"�021 (a,m) # cov emZaZXby +++=

(0"�0321 (a,m) covecZmZaZXby =++++=

(0"_0321 (a,m) # covecZmZaZXby ++++=

(0" 
� �.w�� 2yCJ�0.�]�" 
���� b����Y Q�"��A�Y� 
����� 

)0�B�
 ��� CoL� C(�$(Ca']�	�*�� '�\+S�a Q�"��A�Y� 
����� 

CF+>SN"m�� C2
��" ']	�*�� '\+S�a Q"��A�Y� 
��c��Y� 
����� 

/ 2
��" '-j�� 'd+X" Q"��AXCZ1CCZ2/Z3o	�
�" *+� ��. 2

Kj��Z ))/�(�;�LA 7d��
 7[ 0LSN.a,b Cm/c��� �
 y!�]�� 

/ <��� e'=�� Q"��A �Y� 
���� *+� <0��"'"04�� ./ '�Z�	
 0�+"�

o	�
�" �.o��	
�/ 2r
�; 7� o��	
��[ �$� �	# J:





















σ
σ

σσ
σσ

=



















e

c

mam

ama

I
I

AA
AA

e
c
m
a

var

2

2

2

2

000
000
00
00























=























0
0
0
0
XB

e
c
m
a
y

E


� 7��[ !%A/ J������+1 W+��� 20�/�]��	�  p����/
 o	�
���" I

��$� 0�1�/ o	�
��" .σ2
e, σ2c, σ2

m, σ2
ao���	
�/ K�+
�
 7�� 

C2
����" ']��	�*�� '��\+S�a o����	
�/ CF+>SN��" ']��	�*�� '��\+S�a

 o����	
�/ / 2
����" '��-j�� '��d+X" Q��"��A o����	
�/ '��d+X" 

'��" 0L��4�� .�
/%���� / �`��; /� J���Asm� Q��+6X
 / 7��	*H
 
�

7`Bn" �.o���	
�/ 2r�
/%��� 2���� o���	
��[ F�. 'ISN�� W+�� 

(0" #� J�`;�7�"���� / 'S`�; e�	 *+B��% 
� DXMUX @��� 

�*����
dfreml0��4 <��`S��$� .���E #� C0��B�
 !#/ J�`��; 2����� !

2�+G�+4 [ J��Asm� <0�+� !#/ / 'I.��" 7�� !#/ C<�H�4 Q�"�

 #� <��`S��$� ���� J������+1 '1s��;� �#
� C����� ������" 7��"����

DFUNI 
�*�� @�� DFREML9+� @�� (0" &�$��� /04 'L+� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


����� ����� � ������� 	
�� � 

�� /���������� /��� ! 

� � "#$)&(/��#�()*+ 

��� 

�-.@� rsE� 

� 
�	>X
 W+X" Q"��A �0S�� l+d'�Yn" /
2!0�� !#/ J�`�; 

L$
�+�*��� C �6Sv" W	L�$ 
� !#/ 9+� !#/ / ��6Sv" W�+<0

=� �
/%�� ��� t�8+l�� �
�.�S"�
2S�a +q'$
�� �
�" '
��= 

0LS��G .���2
 CoL� C0B�
 <�" C(�$ J��Y� 0B�
 !#/ +W�$/ �


��")d '//� 7�
� (L,"'0����� 
��))�/)P<(.����2!#/ 

4+G�+�2)I.�" 7$'(7�B�g*� W�$�Y� w��� J��Y��� </sA )7��

 d  J
�;'/� 7�
�/ (�+L," *'
�� ))�/)P<(W�$ ��Y� ��"� 


��" )�d J
�; 7'//� 7�
� (L,"'���M� 
�� .7�� W�$
�

I.�"'�7
��" W$ / 7B�g*� W$ J��Y� *� )d J
�; 7�'/

/� 7�
� (>�+L," J��Y� 7'0����� 
�� ))�/)P<(.����2�`�; 

�*��	I.�" 7$ �
 �`; 
� !0� !#/ 9'<��" C0�B�
 (��$ J��Y� 

#� !#/ / 0B�
 !#/ C0B�
 4+G�+�2��� /2�*��� �`; 	9!#/ 


� !0� I.�" 7� �
 7$'4 !#/ C0B�
 (�$ J��Y� +G�+�2!#/ /

I.�" 7�'��� �Yn" ))�/)P<(.X" Q�"��A+�d'�`�;�� �Yn�" 

� !#/+
 CoL� J��Y� Q"�4 <0+E t�8 (�$ C0B�
 �+L'/W$

E t�8+L')/� 7�
� J
�; 7�(���))�/)P<(.

B����% #� Q��;�1 i	���S�+S�a *+��q'!#/ C0��B�
 !#/ J�`��; #�

(0�" ��� <0�+� !#/ / 'I.�" 7� !#/ C2�+G�+4 ��. 2���� ��6Sv" 2

F+>SN������" ']������	�*�� '������\+S�a o��������	
�/ �
/%�������� 

)Direct Genetic Variance ()σ²a(']	�*�� '\+S�a o��	
�/ C2
���" 

)Maternal Additive Genetic Variance ()σ ²m(C'�d+X" o��	
�/

 2
���" '�-j��)Maternal Permanent Environmental Variance  (

σ ²c)('��d+X" o����	
�/ C)Environmental Variance  (σ ²e)(C

'b+
�L� o��	
�/)Phenotypic Variance  ((σ ²P)'�\+S�a o��	
��[ C

F+>SN�" '�q+S�a/ 2
���" ']�	�*��)Maternal Additive Genetic 

Covariance  (σ am)(C�Y�
/ F+>SN�" 2�	���)Direct Heritability (

)h²a(C�Y�
/ 2
���" 2�	��)Maternal Heritability ()²mh(�MN�� C

'b+
�L� o��	
�/ 7� 2
��" '-j�� p+X" o��	
�/)²c(/F�. 'ISN�� 


��" 'q+S�a2F+>SN" 'q+S�a /)(ram 
� (/�0� �C�/�7j�
� 

�$� <04 .#� '�4�� <04 <0.�]" 'b+
�L� o��	
�/ F~A� 9v�

 
�0>" / 'd+X" o��	
�/ '�\+S�a o���	
�/ #� '�4�� *�+� '-[

 o���	
�/ #� 9+�� F+>SN�" '�\+S�a o���	
�/ 
�0�>" 'B/ C���

��� 2
��" '-j�� 'd+X" / 2
��" '\+S�a.

(0" '$
��	!�]� T'"/ 2
���" '�\+S�a o���	
�/ 7�8 0�.�

 '�d+X" o���	
�/ / F+>SN" '\+S�a o��	
�/ #� 'j*� '-j�� 'd+X"

'" K	
� �A�� ��B / 04�� o���	
�/ W	� 9	�*��/ !04 '�" ���4 .
�

(0" �.2�/_
� ']�	�*�� T+S�a / 2
��" e+S�a W+� o��	
��[ 7[ 

�~� 7S��G'"']�	�*�� o��	
�/ 
�0>" C��� '`L" !% 
�0>" !�E C��4


��" / F+>SN"2(0" �	�$ #� �S]+� �.04 �
/%�� .

l+>X
 W	� 
��Y�
/ ���� 2�	��2��`S�$� ��� 0�B�
 !#/ #� <

(0" �.�6Sv" 2):/)�
��/)��� C2#� !#/ 4+G�+�2�)/)��


��/)��� /2I.�" 7� !#/ '):/)�
):�/)���� .����2�`�; 

(0" 0B�
 !#/	� T7�L," J/��`
 WS4�0� �6A'
�� )FS	
��IB

	�-LS$
� {��
'(Log L�$ �� 	(0" ��.��S�� !���LA 7� 	(0�" W

)�.�S"�
�� ��0,
 !��� �S-[ ��XB 7� �
/%��� ��� #�+� �
�" 2(

��G D�vS��	� &�$� �� / 0	
�0>" (0" W�Y�
/ ��	�2>SN" +F

��/)��� ./� (0�" &�$��� ��Y�
/ ���	�2>SN�" +F)):/)(/

c2)��/)(��G �
/%��	-.� <0L.� !�]� 78 0�+�X" �+�-j�� p'


��"2� 
� 	�`; W'�" 0�4�� .'���U�
 ��Y� !���8 
��~L" ���

 2
��" 'd+X")(0"��
�*�� @� DFREML ( o���	
�/ �MN��

 Q�[ 'b+
��L� o��	
�/ 7� 2
��" 'b+
�L�)c²(#���Y�
/ 2�	��� 

)h²a(
�0>" ��B / <04 e+\`
h²a
� 78(0�"�(���," ��/)

(0" 
� ��������� ):/)/C²*+���/)04 �
/%�� .�
/%��� o�

�Y�
/ #� Q;�1 F+>SN" ']	�*�� '\+S�a 2�	�� (0�"��MN�� 

" 7�(0�l+=� �$��
 .��Y� !���\� 
��~L" J
��; 
� W	�����L�

 ���H	� 
� 7�`Bn" e�	 !��LA 7� �Y� W	� C(0" 
� 2
��" 'd+X"

 / 7S��4�� ���Y� !�0�/�]��	�  W+��� o����	
��8 '��M	
� KM��$

�Y�
/ �	��2O�� u�m 7� <04 �
/%�� '"��4.

�Y�
/ F+>SN�" ']	�*�� '\+S�a 2�	�� )h²a(��Y�
/ C2�	���

2
��" )h²m(#� <��`S$� �� 0B�
 !#/ 2��� (0"�K�+
�
 7� ):/)

/��/)04 �
/%�� .

�; 
�'S�a �Y� 78+q'�*�� �	]'
���" 2
�

��4 <0��HLG (0"C�+(0" W�/�
/�`
 '<0.�]" '�" ���4 .��	W

-.� <0�L.� !�]�� �"� �+ ��Y� 9�>� / �2
���" ']�	�*�� e�+S�a 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


�7,7 5� 6,7 1�8
9 � 1!� 2�34 �0�-./ ���,���
�: 	���,; 	�-�� 

��: 

��1: O.�5:��_.�@��� )_.�@��
7(�a-<����� A��A[]��� ,@i?���� b�� Y�E�,]� A"7 ����� �,]� A�@�5�� �0�-./�,]�� ��a-<� 

0�-./��@�5�� ����� ��,� �18
9 	�� 

/ 7`Bn" �.�S"�
�� (0"�(0"�(0" �(0" �(0" �(0"_LogL

a2σ)_�/))�)/))�)/))�)/))�)/))�)/)��/��� 

e
2σ)_3/))�:/))�:/))�:/))�:/))�:/)��/��_ 

p
2σ��/)��/)��/)��/)��/)��/)��/��_ 

m
2σrr)��/))�3/)))_/)))_/)��/��_ 

pe
2σr)�/)rr)��/))��/)��/��_ 
2cr��/)rr��/)��/)��/��_ 

ah2��/)):/)):/)):/)):/)):/)��/��_ 

mh 2rr��/)��/))�/))�/)��/��_ 

AM
σrrr)�/)r)�/)��/��_ 

ram rrr��/)r��/)��/��_ 

��1: ).��5:�_.�@��� )_.�@��
7(���� A��a-<��A[]��� ,@i?���� b�� Y�E�,]� A"7 ����� ��@�5�� �0�-./,]� A�� ��a-<� ,]�

0�-./��@�5�� ����� ��,� �! 	�� �f,�,�

/ 7`Bn" �.�S"�
�� (0"�(0" �(0" �(0" �(0" �(0"_LogL
a
2σ��/)�)�/)�)�/)��_/)�)�/)�)�/)�:/�):r

e
2σ��/��:/��)/��)/��:/��:/���/�):r

p
2σ�3/��_/��_/��_/��_/��_/���/�):r

m
2σrrr rrr )_�/)�:�/))_�/)�3�/)��/�):r

pe
2σrrrr )_�/)rrrr rrrrr )))))�/))))))))�/)��/�):r
2crrrr )�_�/)rrrrr rrrrr ))��/�):r

ah2����/)�)��/)�)��/)�)/)�)�_/)�)�3/)��/�):r

mh2rrr rrr )�_�/)��3�/))�_�/)):3/)��/�):r

AMσrrr rrr rrr �)::/)rrrrr )���/)r��/�):r

ram rrr rrrr rrrr :3��/)rrrrrr �)�_/r��/�):r

��1: k.��5:�_.�@��� )_.�@��
7(���� A��a-<��A[]��� ,@i?���� b�� Y�E�,]� A"7 ����� ��@�5�� �0�-./ ,]� A�,]�� ��a-<� 

0�-./��@�5�� �������,� ��N��� I. 	�� 

/ 7`Bn" �.�S"�
�� (0"�(0" �(0" �(0" �(0" �(0"_LogL
a
2σ�3�/)�3�/)�3�/)���/)�3�/)���/)_�/���r

e
2σ3�/�3�/�3�/�33/�3�/�33/�_�/���r

p
2σ)�/�)�/�)�/�)�/�)�/�)�/���/�::r

m
2σrrrr rrr )))))):/)�33/))))))�/)�3�/)��/�::r

pe
2σrrrr ))))))):/)rrrr rrrr ))))))�/)))))))�/)��/�::r
2crrrr )rrrr rrrr ))��/�::r

ah2):/)):/)):/)):�/)):/)):�/)��/�::r

mh2rrr rrrr )/))�/)))�/)��/�::r

AMσrrrr rrrrr rrr )_/)rrrr )_/)r��/�::r
ram rrrr rrrr rrr :�/)rrrr :�/)r��/�::r

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


����� ����� � ������� 	
�� � 

�� /���������� /��� ! 

� � "#$)&(/��#�()*+ 

��) 

'" F. / 04�� LE+8�1 W'#� Q�;�1 2�.�
/%�� 78 �$� !% #� 

(0" �.2�/�2��� ��Y�
/ F+>SN�" ']�	�*�� '�\+S�a 2�	���

 (0" 7� �MN� �l�+=� 
��~L" J
��; 
� / ��$� ��
 !���-�

 �S]+� �S"�
�� �
/%�� �=� 
�Y% W	� /� �. �	 / e	�. '�" ���4 .

(0" ��XB W	0���
'"
�0�>" 7�[ ��� @�� !��
 h²a/h²m/c2

K+
�
 7�):/)C)�/)/��/)��G �
/%�� 	0.X" �Y� W	����L�+p

-j��'
��" 2S�a �Y� #� +q'�*�� 	]'
��" 20�B�
 !#/ �`; 
� 

F�" �$��
 .
�(0�"�*�+� h²a/h²mK�+
�
 7�� ):/)/��/)

04 �
/%�� .�Y�
/ (0�" #� <��`S$� �� �`; W	� 2�	��_C):/)

/h²m/c²*+� K+
�
 7�)�/)/��/)04 �
/%�� .��h� !��Z
 /

B�U '�Y�
/ ��	�2�8�8 *� 0B�
 !#/ 'j�
 +�L'
�
 7�� �
 �+K

):/)�
��/)/):/)��S� 78 0���-� �
�*G 	� i�	>X
 W�+��� l

�S�	�
�� �>��d" ���% i)�/_(.

4#� !#/ �`; 2���+G�+�2)I.��" 7�$'(B� 7�� �+ @0�A Q

L," J/�`
 ���/'� 
��+WLogL(0" 2�. <���$ ��6Sv" ��
	W

(0"	L,'(0" 	�$�L" TK��
	C!% &��$��� 7�[ ���� (0�" W

�Y�
/ ��	�2>SN" +F��/)��G �
/%�� 	0.(0" ���
�0>" Ch²a/

c² K�+
�
 7� ��/)/)�/)(0�" ��� /�
�0�>" Ch²a/h²m7�� 

K+
�
��/)/)�/)(0�" ��� /�Ch²a/c²/h²mK�+
�
 7�� 

��/)/)/)�/)�
/%�� 0�4 .��Y�
/ 2�+G�+�4#� !#/ 2�	��� 

)(h²a/c²  /h²m(0" #� <��`S$� �� _(��," K+
�
 7���/)/)

/�)/)04 �
/%�� .�	�S� W	-.� <0L.� !�]� i+�X" �+�-j�� p'


��"2/
2#� W$ 
� !0� !#/ �`; 4+G�+�2YV
 /+E��� �+*

S�a �Y�+q'�*�� 	]'
��" 2�`�; !% �� '�" 0�4�� .����2��h�� 

C* �"�Y�
/ !% (0" W	�S�� �� F+>SN" 2�	��)(0�"�((���,"

��/)/c² !% 
��)/)/h²m*+� )�/)��$� <04 7M$�X" .W�	�

 !�]� �"�'"9�>� / *+E��� 2
���" '\+S�a o��	
�/ 9>� 0.�

 
��" '-j�� 'd+X" Q"��A2�$� �S]+� �`; W	��� )�.(�S�	i

�	>X
 W+�S� �� l	� i	I>X
 �+
�0�>" p�>� / �
�� ��>��d" J�>

�Y�
/ ��	�2>SN" +FW+	�� ��G �
/%�� �
	0.

���2I.�" 7� !#/ �`; 'B� 7� 7$ (0" +!��� O�� QLogL 

L," J/�`
 WS4�0� /'
�� LogL�$ �� !%	(0" ��.)�/�/_(

K$�L" !��LA 7��
	
�0�>" C!% &��$��� 7�8 04 D�vS�� (0" W

�Y�
/ ��	�2">SN+F):/)/�Y�
/ ��	�2
���" 2���� �`�; .

����L�	. W+�S�a ��L
 7��G+q'�+
� �.
��" WYV�
 ��U +�!%

�� I.�" 7� !#/'�
�0� ���/ .
��Z�1 l+>X
 ��Y�
/ 2�	���

 (0�" #� <��`S�$� ��� 'I.��" 7� !#/ F+>SN"�C):/)
� / ���� 

(0" �.2�/�/��	���>" c²/h²m
�+N�� W+	��� / ���� 
J/��`


�0>" h²a(0" 7� �MN� ���%����M� ��	# .(0�" /� 
��/_7�� 

']	�*�� T+S�a / 2
��" e+S�a W+� '`L" o��	
��[ ���/ Q+B�


�0>" F+>SN" h²mK+
�
 7� <04 �
/%�� )�/)/)�/)7�[ ��� 

(0�" �	��$ #� �S]+� ��. ���� .e�+S�a o���	
�/ 
�0�>" 
� '�B/

 �++R
 F+>SN" ']	�*��20.�]" 0]� <.F.o���	
�/ �MN� W+LE

 ����� F��8 *��+� 'b+
���L� o����	
�/ 7��� 2
����" '��-j�� '��d+X" .

�Y�
/ 8�8 *� 
� 'I.�" 7� !#/ 2�	��'j�
 +�L'#� <��`S�$� ��� 

�/
F.'ISN�
���� r2
0� 'L
�� !��.��  ��/)��� )�.(

��h� !��Z
 /B�U '�Y�
/ ���	�2�8�8 *�� 0�B�
 !#/ '

j�
+L'�
�3/)
�*G � 
� <04 7M$�X" 
�0>" #� 78 0���-� �	W

>X
+�$��
O�� l)�/_(.W	� ���/ �� 
��~S�� 7�8 '�" 7�8 �/


�Y�
/ �	��27�� ��"� 0�4�� 7���
 Q���= *+� W$ W	� 
� F+>SN" 

#� 'd+X" o��	
�/ !��� ��	# �6A 
�0�>" 7	�R
 76-� F�8 !%

 �
/%��'"��4 .QU�� �� �/� ��� u��U�" 'I.�" 7� !#/ !�E

��+,Z 
�+N� {
�" p	��4 / <��� *+j�'"/ 04�� 'S�$� 7�	�R


 @�H�� !�SN"# #� ',=��" 
� ��L
 / �/0X" 
�+N� F. '�" / ���4

F. LE+B� 7� W�+T]�  Q��$B'2��.  � �+!��$��  7�>dL" 
� �

��L�'
� / W�$ W�	� 
� '�d+X" Q�"��A ��Y� 9	�*�� CS�+7�H

 9.�8�Y�
/ �	��2
��~S�� �
�" F+>SN" '"0�4��.W+	��� !���� 

�
/%���Y�
/ �	��2SN" W$ W	� 
� F+> W+�>>X" �	��$ p�$�


���$� <0��4 �
�*��G *��+� )�.(������L�	!#/ W��	�
� CW'��" !����


��� @�H�� D�vS�� !��+1 'Y
� �#
� �
/%�� &�$���.

�Y�
/ �*��� F+>SN" 2�	��	��� 'I.��" 7�$ �
�`�; !#/ 9

(0" #� <��`S$�	T�_/)��� )7�� 7��
�� (/0�� �.(<��� 2��. 

(0" �� <��`S$� �
�" 2�. �	��M� <��`S$� Q��= �I .��0,
 !��� F8

<��� ���. '��" 0�����
	��q'O� #� ��	� Q��	0��4�� ���"� W.7��L+"# 
� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


�7,7 5� 6,7 1�8
9 � 1!� 2�34 �0�-./ ���,���
�: 	���,; 	�-�� 

��� 

��1:P.I38\� ���S,� �,� _.�@��� �����5�� [34 @�� �� 	�� M��� ���3-�� �� L�-G� >�1� = �-34 g9�.�
�

�`; a
2σe

2σp
2σ2h

�*��	I.�" 7$ �
 �`; !#/ 9')))))��/)))))�:/)))))��/)��_3/)

�*��	I.�" 7� �
 7$ !#/ 9')))))))�_/)))))))3�/)))))))3_/))��/)

� !#/+t�8 <0 )))��/))���/))���/))�3/)

��1:Q.I38\� ���S,� � 	�� [34 _.�@��� ������
�� ��,09 �1� h���,� m,� �1 

�S"�
�� 2
aσ

2
peσe

2σ2
pσ2hr

y�[ 0+B�
 ))�3/)))�_/))��/))��/)�_/)��/)

r=�q
 K	�Z2�	�� 
� 

�+�4 #� Q�M= 7���#/
 !#/ 9	�*��� J�`�; �� '\+S�a Q"��A�Y�

 �,B�d" 'I.�" 94 �
 2�+G�+4#� / 2�+G ����/ 2�/0�X" J

�
�� .
/�$ !�	
�� �*��� 2/
 '>+>X
 
� 	�4 #� Q�M= 9+G�+�2

#� (*�= ��h�����-� <��`S�$� '����+1 (0�" ):(.(0�" 2/��


�7K$�L" !��LA ��[ ���L]+� (0" W	�
.o���	
�/ '�$
�� W	�
� 

/ ']	�*�� '\+S�a�Y�
/ QM= 7��#/
 !#/ 9	�*�� F+>SN" 2�	��

 K�+
�
 7�� 2�+G�+4#�)))�3/)/)��/)±)_�/)#� 7�8 ���� 

S�+� 7H	>X
 W+lW+	�� �$� �
 .,-� 
�S �$ !��� J/�`S"+/ �

��h�'"O� #� 0���
	� Q	04�� J/�`
 W.

�Y�
/ �*�� �`; F+>SN" 2�	��	I.�" 7� �
 7$ !#/ 9'��

(0��" #� <��`S��$���	 T)�/)����� .O�#���	 QW+	���� !����� 

�Y�
/ ��	�2'"
�/ !���� O��� !��
 �	 '�d+X" o��)��7��6A

T]  B�$'C�R
	CK$�L"�� 7�+
�-2/(...W+	�� 
�/ !��� 	o��

S�a+q'�*�� 	]'7B�g*� �.��� @�� �
 .��S�	H'� 
� �	��U�  W

�>" ���	<0.�]" 7N0]�.

�Y�
/ #� <��`S�$� ��� y�[ <0+� !#/ �`; F+>SN" 2�	�� (0�"

	T)'S`; T
 '"�� ()�/)04 �
/%�� .��Y�
/ W�	� 2�	���

 �/
 #� <��`S��$� ���� '��L+j�
 '��[�[ *��� 
� �`��;F��. 'ISN��� 


������r2
0��� 'L
���� !��.����  �:/)����� )�.(B�U�� '/

!��Z
 ��h��Y�
/ ��	�2� !#/ +� '[�[ *� 
� �
 <0 7� 'L+j�
 ��h


�
+K��/)/�)/)0���-� �
�*G)�/_(.��Y�
/ !#/ 2�	���

 �
�*G #� �Z�1 l+>X
 
� <0+� �.w�� 2W+	�� ���� �
 W�	� 7�[

 �"�'"7�[ 0�4�� 
��*" �`; 2�+G <#�0�� 2�d  Q+B� 7� 0���


 �d  o��	
�/ 9	�*�� 7� �HL"'"��4 .
�S ��$ ��I	� u�m #�

 {"��� '\+S�a Q+B� 7�S"��� ���% �+
��a / !a 
��/ !��� J/�`

 �
�� J/��`
 �I	0�\	 .��7�
���" 2
��"% �/
 / (0�" C</s�A

 7�`Bn" �
/%�� 
� <��`S$� ��. o���	
�/ 2'�" 
�0�>" 2/
 0����


�S"�
�� �.04�� �Yn" *+� '\+S�a 2.

�Y�
/ ��	�2���
��q
 /	�2� !#/ �`�; �+<��`S�$� ��� <0

 1 (0"#�+���'�� 
��q
 	7��
 �� �7�(/0� _
�
 7�� �+K�_/)

/��/)��� .!��� �
O���Y�
/ � 2�	�� 7(0�" 2���� <0"% �$�

 <�+RS" e
 (0" 7� �MN� �	�� 
��\
 Q�+B� 7�� �
*�� !���� ��



�/	S�a o��+q'�*�� 	]'
�/ !��� �S-[ /�	��=�" p+�X" o��

'" �$ �� 7[ 04��	��
�*G .�>
 �	�
�� ��>��d" ��M .��� 7�d��
 
�

��
��q
	�24
�*G '�>" ��� 	7N	0]�� ���� .�
��8
 ��. 7�� 

7�~1s" Q��= ��L
 ��	# (�-S1� �2��� 0�L.��  !�]�� .K	��Z

 ���� J��++R
2(���," t��8 !#/ _)/��
� !%
�0�>"/ 0�;
� 

��	# J�`; �	�$ �� 7N	�>" ��� �
 '" !�]� 7[
�+," u��X�� 0.�

�
�� �
 !% W+I��+" #� '	O�� ��SMN� 0;
� �`;.

�7� 7��
 �(/�0� 3/��Y�
/ ���	�2(0�" 
� 0�B�
 !#/ 

�� 'S`; /�+W�3/)��
 �)/)���� C2�4#� !#/ +G�+�2�3/)��


�:/)��� C2I.��" 7�� !#/ ')�/)��
��/)���� /2� !#/ �+<0

)):/)�
��/)��=� <��`S$� �
�" (0" ��� 7� 7��
 �� 78 ��� 

#
�	��'�.�*�� 'S`; T
 (0" 7� �MN� 	9'"	0�� S� 
� /+7�H 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


����� ����� � ������� 	
�� � 

�� /���������� /��� ! 

� � "#$)&(/��#�()*+ 

��� 

��1:+.��,-����? ���S,��-./ �0����� �-34 �� �1� h��� ,� 6,7 � 	�� 2�34 

J�`; �Y�
/ ��	�2!#/ �Y�
/ ��	�2� !#/ +t�8 <0 

0B�
 !#/ rt�8 !#/ �:��/)))��/)

4 !#/+G�+�2rt�8 !#/ ����/)���:/)

I.�" 7� !#/'rt�8 !#/ )33/)���:/)

��1:*.�S,���,-����? ���-./ �0��� �� 	�� 2�34 ����� �-34�� �1� h���,� L�-G� >

J�`; �Y�
/ 0B�
 !#/ 2�	�� �Y�
/ 4#� !#/ 2�	��+G�+�2�Y�
/ 'I.�" 7� !#/ 2�	�� 

0B�
 !#/ r4 !#/+G �+�2�3/)�3/)

0B�
 !#/ rI.�" 7� !#/'��/)��/)

4 !#/+G �+�2rI.�" 7� !#/'��/)��/)


�0>"�Y�
/ ��	�2B� 7�+��� �`�; ��. 7�d��
 WS��G�~� 
� Q

S`��;'�	=� ���I��+l�
/%���� ���
'��" �����G .��-. 7���+B� W��+ Q

�Y�
/ ���	�2�4#� !#/ +G�+�2I.��" 7�� !#/ /'/� (0�"
� 

��� �
O�� 'S`; T
 (0" 7� �MN� 'S`; .*+B���% @��H�� !��\"�

 7`Bn" ��0,
 9	�*�� 7� 7��
 �� 'S`; 0LE �.2)��[(/o���	
�

 7"���� 
�DFREML Q+B� 7��4�0� ���/ '	��I-. @0A .


� 7[ F�" Q"�A e	 �+>��" !�*+" '��	#
��D��vS�� 7�"��� 

�`; 2���
��= 7��
 �
�" J'"��+GCF.'ISN� �� +���% W��$ .

F. 'ISN� �`; /� '"0�4�� '�d+X" �	 '\+S�a C'b+
�L� 0���
.

(/0� :F.'ISN� / '\+S�a ; 'b+
�L� !�]�� �
 ��6Sv" J�`

'" 0.� .�	��>"F.'ISN� '\+S�a )�7�4 �� 0B�
 !#/ *�+G�+�2

/I.�" 7�'(/F.'ISN� �
���" 7+6[ 
� 'b+
�L� )��7W+�� *��

 / 0B�
 !#/ y�[ !#/ (��� �Mf" .#� T�	 ��. 2��� D�vS�� ��B

 �$� �Yn" *+� W+L$�	�$ 
� !#/ 9	�*�� 
� !#/ J�`; .��S�	i

�	>X
 W+$ �� l�	�S� �	��� J/�`S" i)(/�0�� 7�� 7���
 ��:/

�) .( �
/%�� !�EF.'ISN� F�H1 �+YV�
 ��X
 �`; /� W+� 

<��`S$� �
�" 7��-�'"0�4��C��.�
/%�� �X�; #� 0�	�� ���B 2

/ 7	*H
 #� Q;�1 �4�� !�L+-m� 'S`; T
 Q+6X
 .l�+>X
 
�

���I	�2F��. 'ISN����+G�+��4 #� / 0��B�
 !#/ '��q+S�a 2!#/ C

+G�+4#��2/I.��" 7��'K�+
�
 7�� 'I.��" 7��/ 0�B�
 !#/ C

�:/)C��/)/�_/)/F��. 'ISN��� 'b+
���L� �_/)/��/)/��/)

�$� <04 �
/%�� )�.(F�. 'ISN�� / 'b+
��L� e�	 
� !0�� !# 

<0+� !#/ / 'IB�$�/)C�3/)/��/)r/F.'ISN� !% '�\+S�a 

�/)C_3/)/��/)r�$� <04 �
�*G )�C�:/��.(

D�vS�� '\+S�a ��M�� KM$ O�� '1s;� �#
� �� J����+1

 QN� 
� �.<0L	% 2'"��4 .-. 7�+B� W+=� �
/%��� ���� Q�+l

���.�S"�
��2S�a +��q'��
 7��� 7����
 ���� V# �+Y��	 '��d+X" Q��"��A ��

 ����G @��H�� c+XU
 Q"��A W	� 2��� ��B �.�
�[
 J��++R
�� .

�� �
/%�� W	�S�� 2��� W	����L� '�d  K	
�)BLUE (Y�Q�"��A�

 '�d  K�	
� ��� '�L+� 9+�� W	�S�� / 'd+X" )BLUP ( �#
�

 
� C'1s;� p6Sv" JO��," (0")MME(���Y Q"��A C)C(�$

CoL� C0B�
 ��� (J����+1 '���U
 �Y� /)�#
� �.'1s;� 2(

04 
�~L" )�C��/�3(.!�]� i	�S� '"W+�� J/��`
 7�[ 0�.�

 / W	�S]+� �#
� W	�S-[ �.����+1 '1s;� 2e�	 7�	*H
 �� J

��� 'S`;2K�+
�
 7�� 'I.��" 7�� !#// 7�$ !#/ C0�B�
 !#/ 

�))) C�_3� /���3���/ @�G 2y�[ !#/ �:)���� @�G .���

 1 ���/ 7� 7��
+1s;� �#
� �� J����'D��vS�� 7���LE O�� 

S�a+q'��� 2��4 @�H�� �`; C'"� !��
+S�a ���]+q'K$�L" 

�4�� 
�~S�� �
 .

��>" 7���LE ���4 W+�+,
 7�O�$ '1s;� �#
� �	 '�" !���


 D�6d" J����+1 � / <���-� D��vS�� 
���*" J�`�; �~� #� �
 �
 #

C��8 <��`S$� <0L	% QN� 
� ���% 7� 7��
 �� 78 (/0� �)'"!���
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


�7,7 5� 6,7 1�8
9 � 1!� 2�34 �0�-./ ���,���
�: 	���,; 	�-�� 

��� 

��1:T.�� ���S,� �N-<� �t�9
�� ���*� 1!� I� u
�,� 2�34 >�� �F�-./ ��1� �� ���3-�� �� m,� 1�8
9 �.�
�= �-34 �� ��� 

J�`; 0B�
 !#/ 2�+G�+4 !#/ 'I.�" 7� !#/ y�[ !#/ 

0B�
 !#/ ��r::/)r))��/)

2�+G �+4 !#/ ����/)�::/)����/)

'I.�" 7� !#/ ���_/)3�/)��

y�[ !#/ )���/)r�)��/)����/)�

*:F.'ISN� 
�
 7� '\+S�a / 'b+
�L� 2�.+
� KW+	��/ �d= � 
�O�2<04 7S4�� �d= 0��.

��1:(l.� �F�-./ 1.�� �t�9
��*1!� 2�34 )e@ �1� (��� 
,f
��� m,� ��� )+Tn*((

�`; X" 0�/
+d''\+S�a 0�/
 'b+
�L� 0�/
 

0B�
 !#/ ns)���/)()�_/)rns))�:/)()�3�/)ns)��3/)()���/)r

'I.�" 7� !#/ ns)���/�()��/)rns)))_/)()�)_�/)ns)3_/�(��_/)r

y�[ ns))��/)())��/ns)))�/)())��3/)rns))�3/)()))��/)

," <�MS4� *S���� Q �� ��0A�+�$� 
�.ns:cd$ 
� )�/)L,"'� 
��+�N.

*:S�a 0�/
+q'/
�L�+b'4 !#/ �`; +G�+�2��M� 7M$�X" Q��= .

� 78 �`G	�"� W��$� 7S��I� J
�; C0�LE ��. T]�  B��$'/

�	A �I X" Q"��+d'�+*
�L� 0�/
 9.�8 
�+b'YV�
 !#/ J�`�; +�

�*$ 7�'	7S4�� 0��)`L"'��$� <04 �
/%�� .(
��`�; ��U� 

 � !#/+S�a 0�/
 <0+q'`L" '��G �
/%�� 	� 78 0	��$� !% @*6SN" W

@�� D�vS�� 
� 7[ 2�. �Y
� �#
� �� '� ��=� �
O��� �+J
��; �S]

G+B�
 �
 ��+� 0+�*�� t�8 <0	� 9+�S]2B� 7� +N���S� !���� O��� Q+Q

S�a+q'0.� !�]� .S�a 0��/
 ��h�� !���Z
+�q'7�� C0�B�
 J�`�; 

I.�"'/�8�8 *� 
� �
 t�8'j�
 +�L'
�
 7�� �+K):/)C_�/��/

��/)
��L� 0��/
 / (��$ 
� @�G +b'
�
 7�� �
 ����% �+K)�_/�rC

_�/��� /��/����-� �
�*�G (��$ 
� @�G .
��L� 0��/
+b'!#/ 

]" 0B�
 � 7��	>X
 W+`L" l'��G �
�*�G �	0.��S� &��$� ���	i7��

�$� � 
� <0"% 	>X
 W+�.0�/
 !�E l2S�a +q'��� 2!#/ J�`; 

I.�" 7� !#/ C0B�
'L," t�8 !#/ /'0���M� 
��C'"
� �`G !��


S�a D�vS�� �~� �
�" 76G+q'�$� <0]� @�H�� .

���5N��t� 

#� 
�q-.2-;+
�"� @�SX" ��/�," 7��- !�$��  @��)��Z
2

/��L�'(F. /B�^N" W+LE+
��"� <
��� @�SX" W!�S�$��4 @��

��$��+� QL��$�� / 7]��	��8�8 *��� <�ISN'��$ ��+ 2
�*I��$�b$ 7]

'" ��4.

����� ��
� ���3-�� 

�.
0Lq$�2@ CKN� .�.��33.7`Bn" �
/%�� 2�.o��	
�/ ro��	
��8 q+S�a 0�/
 /'0+B�
 J�`; 2'E��6� 0L`�$�G 7�6G T	 
� .

�S8� 7"�� !�	��2<0q]��� #
/�]82C�+��
 <�I]��� &
0"!���
 C.

�.! C!�4�8 7,-� @�"�.��3_ .��	#
�'q+S�a '@�� 
� 
/��2.z� J�
�]S��!���
 C.

�."�"�'0M+" 2@ C.��3� .�.�S"�
�� �
/%��2q+S�a ' �� '��US=� J�`; 28�8 *� 
� 'L+	�
'.$�L4
�8 7"�� !�	��'04
� C<0q]����

]8#
/�2C$/��� <�I]���'0�]" .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html


����� ����� � ������� 	
�� � 

�� /���������� /��� ! 

� � "#$)&(/��#�()*+ 

��� 

�.B�U 'A�d=� '� C.���� .��US=� D�vS�� z �4 �
/%��28�8 *� 
� '�
	+L'.�$�L4
�8 7"�� !�	��'0�4
� C#
/�]�8 <0q]����2C

Q��# <�I]���.

�.0+4
2C�.��3: .��	#
�'q+S�a '��US=� J�`; 2�.*� 
� 2* �" .�S8� 7"�� !�	��2C#
/�]8 <0q]��� 2C
 <�I]�����+&
0" �C

!���
.

_.� C��h� !��Z
.���� .$
��'S�a 0�/
 +q'8�8 *� t�8/ 04
 J�`; '�
	+L'.$�L4
�8 7"�� !�	��'0�4
� C#
/�]�8 <0q]���� 2C

Q��# <�I]���.

3.J��,$ 
��2@ C.��3).@�� �
/�� 2�.�+4 2)9+"/�G / *�.('���4� J�
�]S�� C!���
 .

�.C�S�s8 @.��3: ./ �
/%�� N`
+Bn" �7`2�.
�/ 	/ o�� 
��8	�� 04
 J�`; o�� (0" #� <��`S$� 2�.1�+���'0��# 0L`�$�G 
� 2.

��	$�L4
�8 7"�� !�'*8�" C04
� B�A �#�"%'- @�"� +L'G0�#�$ ���� J
�#/ '.

:.
��	� C
/�$ !� .��3:.�.�S"�
�� �
/%��2S�a +q'B/� 04
 J�`; +(*= ��h� 0L`$�G 
� 7.��	�$�L4
�8 7�"�� !�'�<0q]���� C0�4


#
/�]82��
 <�I]��� C+�!���
 C&
0".

10. Bigham, M.L., C.A. Morris, B.R. Southeyand and L. Baker. 1991. Heritability and genetic correlation from New 
Zealand cashmere goat. Livestock Prod. Sci. 72: 211-221. 

11. Endang, T. 1988. Phenotypic and genotypic parameter estimates for birth weight and weaning weight in Etawah 
grade goats. Proc. VI Word conference of Animal Production Helsinki, Finland. (Cited in reference No. 6). 

12. Eppleston, J. and N.W. Moore. 1990. Fleece and skin characteristics over the body of Australian Angora goat .Small 
Ruminant Res. 3:397-402. 

13. FAO Statistical Database. 2004. http://www.fao.org 
14. Gifford, D.R., R.W. Ponsoni, J. Buree and R.L. Lampe. 1990. Environmental effect on fleece and body traits of 

South Australian Angora goat. Small Ruminant Res. 3:249-256. 
15. Larsgard, A.G. and I. Olesen. 1998. Genetic parameters for direct and maternal effects on weights and ultrasonic 

muscle and fat depth of lambs. Livestock Prod. Sci. 55:273-278. 
16. Lupton, C. J. 1996. Animal performance and fleece characteristics of Angora goat maintained on Western and 

Southern Texas rangeland. J. Anim. Sci. 74:545-550. 
17. Macdonald, B.J.,W.A. Hoey and P.S. Hopkins.1987. Cyclical growth in Cashmere goats. Aust. J. Agric. Res. 

38:597-609. 
18. Nicoll, G.B. 1985. Estimation of environmental effects and some genetic parameters for weaning weight and fleece 

weight of young Angora goats. Proc. N.Z. Soc. Anim. Prod. 45:217-219. 
19. Nicoll, G.B., M.L. Bigham and L. Alderton. 1989. Estimates of environmental effects and genetic parameters for 

live weight and fleece trait of Angora goats. Proc.N.Z. Soc. Anim. Prod.49:183-189. 
20. Pitono, A.D. and J.W. James. 1995. Estimate of genetic parameter for lamb weight and growth traits of tropical 

sheep. Proc. Aust. Assoc. Anim. Breed. and Genet. 11:425-429. 
21. Snyman, M.A. and J.J. Olivier. 1996. Genetic parameters for body weight, fleece weight and fiber diameter in South 

African Angora goats. Livestock Prod. Sci. 47:1-6. 
22. Sorensen, D.A. and B.W. Kennedy. 1984. Estimation of response to selection using least-squares and mixed model 

methodology. J. Anim. Sci. 58:1097-1106. 
23. Wilkinson, J.M. and A.S. Barbara. 1987. Commercial Goat Production. BSP Professional Books, 159pp. 
24. Yalkin, B.C. 1989. Sheep and goat in Turkey. FAO technical paper. 168pp. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.36.9
https://iutjournals.iut.ac.ir/jstnar/article-1-851-en.html
http://www.tcpdf.org

