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

��� 

��-.� �� -�! /�'�0 
	�/1�� �� 
2�'�
30 4	3! 5�67 � �
� �.��	� 8���09


���� :�'	;� :�	=�� 	��>. � ?�	� 9�	��-@ 9��-#0 9�	#AB� 9�C-! �	D.	��EF 


)
�-��-� G�� �-��	�(

�.	�.� ��H
�*�7	I 
-A�J �.-� �)

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

�/�3$ 

�/.�-K 8���0 9
�-� /�'�0 ��	0 L. ?	��-� :� �.	�/1�� �
� �.��	� /
$-� �� :6.	M� "�	C 9/7� 5NO0 :N� �.	�/N1�� 
�-N� 	N�� /!	�


2�'�
30 	��� 5�'	�� P�	A=� 
/
.	 7 :6.	M� 8�
$ ��� /���Q7 -�=�� 9
� .�� S� �7	�� "3�� 8.� T�	N
� 
/N�'�0 
	�/N1�� :N� /��

 L. &�=Q�/7-�K ��-C :6.	M� ���� 9���� .
�-��-� ��	0 ��#A� �� :�'	;� 8.� ��)Metafrontier Function ( :N�'	;� 
�-� P�	NA0 	N� 


:M;
� 5�� �/! ��	A=�� ���� -�! /�'�0 
2�'�
30 �� 
�.���� -�K�-� L.-=���	U-�V G�� 	� 
�-��-� /�'�0 ��	0 	�)Data Envelopment 

Analysis (DEA) ( Q0���� � /! ��� 8� W�-Q=�� �� �F �	�7 ���� 
	�,XY Z�-U :�	7 :�5��/�F ./N�'�0 ��	N0 8�N Q0 �� "B	1 [.	=7

 :M;
� 
�-� 5N�� -\��/1 �	#AB� �	=�� �� � "C�/1 �>. �	=�� �� �	K/

� /�'�0 -.	� � �/

� /�'�0 8.-=#� 8�� 4	3! :� ��� �	�7 
� .

�� 8�
$	0 8� Q0 �� "B	1 [.	=7 
2�'�
30 4	3! 5�67 :��	O� � 
�-��-� /�'�0 ��)Technology Gap Ratio (TGR) ( 8N.� �� ��	N1

 :� ����	=�� 	�-.	� 	� :6.	M� �� �>. � ��-#0 
�	=�� 	�/7��� 
-=#� �3�
30 �-3� � 9:�'	;� ���� 
.

�2�� 
	� 
/��� :P�	A0 	�:M;
� 
� -�K�-� "��O0 9
�-��-� /�'�0 ��	0 9
���� 
2�'�
30 4	3! 5�67 9	� 

:�/M� 

��
���� � ��  !" �#$� %& '�()*
 +,�-( '	�./, !012 %& 3-45 6�7

 3( 89:;( <�:0" � '�=
��� 
� >�*�$� ?�*@$ 3(�*1
 
� >A$9 

 !	�(�*B >C� !*-�/, D�E*( � F
�#
 >A�59
 !-�(% G*,�H 6
&�*I

 3( F
9J 3/29
 ���I)�.(A* 
 !*, !*29
 �*, L*�$ C&�*	& 
� 

��
���*� � ��*  6&�, �M�@
 N	&L�& � 
9O" ��P12 >C� 6�*7

 !*$9I !*, �*B& !*.��	 N	&L�& ��  A�59
 C&L�( Q�*R 
� !*" 6&

 %& N�, �M�R�S�� 3( A�59
 
9O" 
� ��  '

&L7 �9 )�S.(

�A1T </B 3.P-*J 6�7AR&� !, U0P.( 
9O" 6A�59
 ��  %& 6&

 3( 6��  ��I �
��� A �,)��(*R&� '*	& �*(& V	&�*  
� �7A

 *,�
 6�A*P.( 6��E*.H& FWXO( �, 30P�!A-.:*7 �
)���.(

�&
 %& 3X	�9*4/, � 
9O*" 
� ��  A�59
 Y�&A
 �/2 �Z[( 6�7

 3	&
�*" N	&L�& >��  A�59
 3.P-J 6�7AR&� 6��E.H& ��PM�

�B& .Y�*I '�.:*\$ >�7A*R&� 3-� 3	&
�" '�1\
 >�.B&
 '	& 
� 

�.� 
�	��.B& ]�
�
 !,A 
& 3B�- 
�" U,�B 69#O$&� >6%
��O" ��E.H& 6%
��O" �AXO$&� >>%&��  ��^O$&� 

*:3X�$��.X5& �:� >F�4
�X( Q9=:( :Zibaei@ShirazU.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


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

��� 

3( 89:;( �B& �A  !._&��� C� !, !P5�`( '	& 
� !" �9  .%&

!@`-( 6%�( A�59
 +,�
 '�1\
 U	�a 3( 6& �929( D�X  >C&9


 '	�./, '�, �*
 �9*1$ '��P
 &
 C�IA--" A�59
 �	�B � �A--" A�59
 

C��"�� U	�a %& !" ���I b\O( �*, D�X*  '*	& �*�5�P� �*7 

!, 3#	��
 3( C&L�( !c �&� N	&L*�& &
 A�59
 C&9
 .A*-c�7 �*(&

 '�*�P
 >6%�( A�59
 +,�
 d	 e�B&�, !" 3	�7AR&� 3-� 3	&
�"

�A	��I 3( !:	�@( G,�H >A$& � 6&�, �(& A �, �*;
 !*" 3	�7A*R&

6f959-X
 �73*( ��5�P� F��g.( 6�*4.P( !:*	�@( '*	& >A*-	�1$

31$ A �, .3( +H&� !, 3$�(% 30XO( '�-c 6�7A*R&� !" A$A$9��

 A*$��I 
&�H !:	�@( �
9( >
9O" d	 h0.\( Ua�-( 6A�59
 .!*,

 6f959-X
 C9c �^	� F
�4TC�.B& �7!*-�(% d*	 
� h0.\( 6

��  A�59
 A-$�( 6A�59
 3( F��g.( 3*( A*-c�7 >A �, �*, C&9*
 

e�**B&!**@`-( 6%�**( A**�59
 +,�**
 3**-� 3	&
�**" >3$�.**B& �**	 6&

 �*(& ��*" !:*	�@( � !4*B�;( &
 C�.*B& C� 
� �929( 6�7AR&�

31$ 3-� 3	&
�" C&9
 C�.*B& �*7 %& ���g.*B& �*, !*" &
 h*0.\( 6

3-;-( !*@`-( 6%�( A�59
 6�7 3*( <7&�*� 6& �^	A*X	 �*, A*-	�

 !:**	�@(�9**1$ .6%�**(&�� +,�**
 Y9**/g( %& !**P5�`( '**	& 
�

)Metafrontier Production ( !P5�`( 6&�,F��g
 �7!*@`-( 66&

'*	& %& � �*B& �A*  ���g.*B& 
9O*" ��*  A�59
 6f959-X
 
�

 6f9*59-X
 D�X*  �4:*$ U*	�a)Technology Gap Ratio 

(TGA) (C�.B& �7�B& �A  !4B�;( )�����.(DA*7 '	&�,�-,

30J& �P-*J 6f9*59-X
 D�X*  �4:*$ '��P
 >�M�R U�@;
 


� �� C�.B& �7� e
�*� >C�B&�_ >C�/gJ& >3H�  C�#	�,
i� 6

�B& 6%�(&�� A�59
 +,�
 '�1\
 U	�a %& �L	 .!*" �*#$� %& �*(&

 %& d*	 �*7 6%�*( A*�59
 +,�
 >A	�, DA7 '	& !, CA�B
 �/2

 L*�$ 3-� 3	&
�" >�9  ��% '�1\
 !$�I&A2 L�$ Ua�-( �*7 6&�*,

 �B& �A  G�0;
 � !4B�;( Ua�-( %& d	 .e�B& �, !" A-c�7

 C9-"�
 >!5�@( '	& C�IA-:	9$ F�TWa& %& 6%�*(&�� +,�*
 Y9/g( 

���g.B& C&�	& 
�$!*P5�`( '�5�& A	�  �M�R !P5�`( � �B& �AO

 %& ���g.*B& �, 3-� 3	&
�" !4B�;( !-�(% 
� �(& A �, !-�(% '	& 
�

��
 �***7�.(&
�� 6d***	)3���E***
 6%�***( A***�59
 +,�***
(

(Stochastic Production Function) d*	�.(&
�� �*�j �)��


 ��&� �*�I&�� G*�0;
 �*7(Data Envelopment Analysis (DEA) 

�B& !.��I F
9J 
9O" %& k
�_ � G_&� 
� 6��	% F�P5�`(

)�>�>�>�>�>S>�>�>��>��>��>��>��>��>�S>��>

�� >��>��>�����.(6%�**(&�� +,�**
 3**B
�, �**/2 L**�$ 

F��g
 �7!@`-( 6Q�*B %& �l	� !, A�59
 6f959-X
 
� 6&���� 

AP, !, 
� 6��	% m�.4:$ F�P5�`( 
�" !, !*.��I �*B& �A*  )��>

�� >�����.(

� ����G�� 	�

Ua�*-( 
� n�*, 3	&
�" �, 6A�59
 ?�@$ %& 3O 9� >6%�(&�� +,�


 �B& h0.\( .
 Y9/g( !" G�5� '	& !, �B& 8�2 >6%�(&�� +,�

 
� C�IA*--" A*�59
 G*" !*" �*B& 
&9.*B& ���*B o�*� '*	& �,

���I �7h0.\( 6)���j � Ua�-( >�7
9O" (!*, 3,��.B� � G�:$�.�

 A$
&� &
 C�:X	 6f959-X
 d	)��.(6f9*59-X
 �9*  o�� �I&

 C&9*-T !*, !*" !*p$� ��*^$� >�*B& C�(% d	 
� N$&� %& 3;`B

59-X
 3*( !*.��I 
�" !, 6A�59
 6�7AR&� 
� 6f9 +*H&� 
� �9* 

 3( 30" 6f959-X
 6&L2& A- �, .C&9*-T !*, 6f959-X
�.( >'	&�,�-,

 %& 3.�(�1
6f959-X
 �76�7A*R&� !*�0" 
� �A*  !*.��I 
�" !, 6

3( h	�P
 6A�59
 �9  .Q9E*;( �I& >Q�q( C&9-T !,y�*, A*$&9., 

���/$ 
&��, %& ���g.B& 6�7xAR&� �7 
�)6f959-X
 r`B (A*�59


 3( !.gI �9  !" �9 (x,y) 6f959-X
�.( !, U0P.( *T3( !"A- �,

3( h	�P
 �	% F
9J !, �9 )�����:(

]�[( ){ }K* T,...,T,T,x:y,xT 210≥=

!" 6
9a !,x3( Q9E;( A$&9
yGH&AR 
� &
 
�r`*B d*	

A-" A�59
 6f959-X
.

&3( Y90P( u9� h	�P
 %!*T91#( !" �9  6f9*59-X
 �*7 6

�7AR&�, …, TK21 T,T�*	% !*T91#( 6f959-X
�*.( %& 6&T* 

3( A �,.

�I&)y,x(D*
0�)y,x(D*

1!0J�� +,&9
 �^$�	�1$ ���.*B 6&

 6f959-X
 %& ���g.B& �, ���/$ �*Th*	�P
 %& ���g.B& �, >A- �, 

3( 6f959-X
�.( ��" &A�� �B� �	% v	�.$ !, C&9
:

�
�1  !#�.$�:o��g( AR&� �7 6&�,k

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


��-.� �� -�! /�'�0 
	�/1�� �� 
2�'�
30 4	3! 5�67 � �
� �.��	� 8���0 :...  

��S 

]�[K,...,,k),y,x(D)y,x(D *k 2100 =≥

�
�1  !#�.$�:o��g( AR&� �7 6&�,k

]�[K,...,,k),y,x(D)y,x(D *
i

k
i 21=≥

%& v	�.$ '	& 3( 3 �$ �#$� !T91#( !" A$9  ���.*B � ���/$ 6�7

 !T91#(�	% 6A�59
 AR&� �7 6&�, 6f959-X
�*.( !T91#( %& 6&

A-.:7 .GX  6&�*, &
 +*2�( 6%�*( +,&9
 � 6%�(&�� +,�
 �	% 

3*( C�O$ 6A�59
 6�7AR&� A*7� .3*( o�*� 6�7A*R&� �9* 

 Q9E;( 6A�59
y���*/$ d*	 �/-
 %& ���g.B& �, &
 x9`*B �w

3**( A**�59
 6f9**59-X
 h**0.\( A**--" .�**, �7A**R&� %& 6�&A**P


 6f959-X
�6f959-X
 �, 6�&AP
 >�6f9*59-X
 �, !�@, ��!*, 

Q9xO( A�59
 &A$.3*( 6f959-X
 %& r`B �7 6&�, '	&�,�-, C&9*


 �%&A$& 
9y-( !, !" �91$ b\O( 6%�( +,�
 d	 >3	&
�*" 6��I

3( �A�#-B C� �, �7AR&� A$9 )GX �(.

%& r`B d	 �, !" �7AR&� %& ���I �7 6&�, �^	� F
�4T !,

3( ��5�P� 6f959-X
 3( A--" �9*1$ h	�P
 6%�( +,�
 d	 C&9


 A-* �, �^	A*X	 �*, 
9"�*( 6�7A*R&� !:*	�@( 6�-4( !".+,�*


 
� 6f9*59-X
 6��I
�*" !*, r`B '	�
n�, �@�@R 
� 6%�(&��

 3( �, 
� &
 �7AR&� ���I .*$ �� � d*	 v	�.$ 3*( C�O !*" A*-7�

 3( >�9  �A7�O( rM&� 6��:
 YAT � 6�,&�,�$ d	 ��I�7 C&9


 AR&� 6f959-X
 D�X k6f959-X
�*.( d*1" �*, &
 !*, �*B� 

�
�� .3**( 
9**y-( '	A**, b_�**  %& C&9**
 ���.**B 6�**7 &�**I 

)Output Oriented Measures(���*/$ �*	 &�*I)Input Oriented 

Measures(�91$ ���g.B& .�#-	& 
� ���/$ b_�  
9*y-( !*, &�I

 6A*�59
 6�7A*R&� '�*, 3X	f9*59-X
 D�X*  C�
�� �B� !,

3( r	�O
 �9 .

]@	! ��	#7 
	� �-K 

���/$ 3-� 3	&
�" �g2 6&�I(x,y) A*R&� 6f959-X
 !, !29
 �, 

k3( h	�P
 �	% F
9J !, �9 )�����:(

]�[
)y,x(D

)y,x(TE k
i

k
i

1
=

���/$ 3-� 3	&
�" �I& Q�q( C&9-T !,6&�*, &�*I(x,y) S/�>A* �, 

!" �B�-P( '	A,y3( %& ���g.B& �, A$&9
S����*/$ 
&��, AJ
� 

x�9  A�59
 .3( 3X	f959-X
 D�X  �4:$ %& ���g.*B& �*, A$&9


 !0J�� ���.B +,&9
 6f959-X
 6&�, 6&Tk�T* �*	% F
9*J !,

�9  h	�P
:

]�[
)y,x(TE
)y,x(TE

)y,x(D
)y,x(D)y,x(TGR k

i

*
i

*
i

k
ik

i ==

3*( d*	 �q"&A*R � �g*J GH&AR '�, �
&917 �4:$ '	& A* �, .

AR&� +2�( 6f959-X
 %�( !" 3$�(%k�*, 6f959-X
�*.( %�( �, 

3( d	 �, �,&�, �4:$ '	& >A$9  U4`-( <7 �9  .3*,�#
 ��,
�"

�%&A**$& 
� �A**  ��**	 h**0.\( 6�**7
��P( � 3**-� 3	&
�**" 6�**�I

�4:**$ 3**,�#
 r�**M9
 !**, k�**�.R& >6f9**59-X
 D�X**  6�**7

 
� �A*  �A7�O( ���.B � ���/$ !T91#( d	 %& 3 �$ 6f959-X


 �
&� 3���E*
 mW(�" !$91$ d	 .��&� !*" 3$�*(% e�.*B� 
� �*7

 d�-X
 %& ���g.B& �, A- �, 3( 3���E
��j � d	�.(&
�� 6�7 C&9


 �% '�1\
 &
 6%�( +,�
 .D��P( %& '	�
��
 �*7 '	A*, !*" 3	

 ���g.B& G,�H 
9y-( 3( A-.:7 ��&� �*�I&�� G�0;
 ��
 C&9
 �*7

(DEA) 3���E
 6%�( +,�
 �(SFA) ��, Y�$ &
 ., !*, *� ���*B C�

 ����7
DEA AR&� �7 ��X01T C��" b\O( 6&�, �W
 
� 

3*( �7A*R&� 3(�1
 !T91#( 
� ��X01T '	�./, �,&�, 
� A* �,.

”��X01T '	�./,“%& AP, �*7 
� ���*/$ � ���.B 
�._�B !4B�;(

 3( b\O( 6A�59
 AR&� �9 )Fn9E;( </B >Q�q( C&9-T !,

G" Q9E;( 
� 3(&� � 3T&
% .( �*7 !0J�� �%&A$& �5�R '	& 
�

 3*-� 3	&
�*" 6&�*, 
�*�P( d*	 A*R&� '	�./, %& 6A�59
 AR&�

!, �B� 3(A7� .��
 '	&<7'�-c 3	�7A*R&� �A*--" b\O( 

C� 
� !" �B& ��&� !T91#( !*, !" A$
&� &
 ��X01T '	�./, >�7

�/$� ”�g2 �*7“3*( uW*a& �9*  .�%&A*$& �*�17& C&L*�( 6�*�I

 d*�-X
 %& ���g.*B& �*, �7A*R&� !*, 37� C%� d1" !, �g2�7

DEA C�X(& �B& �	�� .o�*� �*, '*	& !*" w9`*B 
� �7A*R&� 

3( ��5�P� 3X	f959-X
 h0.\( C��*" b\O*( >A*--" ”r`*B

6%�(“& �, d�-X
 %& ���g.BDEA ��&� 6�
 �, 
� �7A*R&� 6�7

 C�X(& 6f959-X
 %& r`B �7 �B& �	�� .�, %�( �17 +,�
 '	&�,�-,

 %& ���g.B&DEA ���g.B& �, � ��&� !T91#( G�0;
 � !	L#
 6&�, 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


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

��� 

"3!).
�^'� ��	0 �-��-�
_�;� �� 
�-� ����0 �


2�'�
30 &�=Q� 

*1
 6&�*, F&A7�O( ]�"�
 %& w9`*B 3(�*1
 
� �7A*R&� 3(�

3( �-, 3X	f959-X
 �9 )�����(.

�3.2�'�
30 _�;� 
�-� /�'�0 �-� 

r`B �I&k��&� G(�*  6�*7Lk !5):*( >A* �, 6A*�59
 A*R&� 

!(�$�, QA*( 3`_ 6L	
DEA  6&�*,i!*, 6A*�59
 A*R&� '�*(& 

3( �	% F
9J A �,)�����.(

]�[

0

0

0

≥λ
≥λ−
≥λ+φ−

φλφ

ki

ki

,

Xx
Yy:st

,Max

 

C� 
� !":

yi :
&��,M ×16&�, ���.B 
&A@( iAR&� '�( 

xi :  
&��,N ×16&�, ���/$ 
&A@( iAR&� '�( 

Yk :  |	�
�(M ×Lk 6�7A*R&� 3(�*1
 6&�*, ���.B 
&A@( Lk 

Xk :  |	�
�(N ×Lk 6�7AR&� 3(�1
 6&�, ���/$ 
&A@( Lk 

λ:
&��,Lk ×1C%� �7�φ:3( �5�XB& A- �,.

φ3 %
& }
L, �
3( 
��._& d	 6��:( �	 �� A-"φ-1 N	&L�& 

!0�B� !, !" �B& ���.B 31/BiAR&� '�(!,�*B� 3*( 
� A*	�

 �9  !. &� !^$ �,�Z ���/$ 
&A@( !" 35�R .<7'�-c �4:*$ 1/φ

3-� 3	&
�" D�P((TE) 3(�*�x.( d*	 � �g*J '�*, !*" A �,

�B&.!(�$�, !5):( 
3`_ 6L	(LP) 6&�*, �A*  ��*	 Lk !*4
�( 

)6f9**59-X
 r`**B 
� A**R&� �**7k(3**( G**R �9**  .�**7LP 

6�7
&��,φ�λ3( ��#	& &
 A-" .
&��*,φC&L*�( �A*-7� C�O*$ 

6&�, 3-� 3	&
�"i
&��, � AR&� '�(λF�*TWa& �A*-7� C�O*$ 

�g2 6&�, 
� �7i3( &
�"�$ AR&� '�( A �,)����(.


�-��-� ��	0 

�
 QA( e�B& �, 6%�(&�� +,DEA ��&� !	�� �, �A*  ]�"�
 6�7

 3( !._�B 6f959-X
 w9`B 3(�1
 
� �7AR&� 3(�1
 6&�, �9  .

�7AR&� 3(�1
 !" �#$� %&L = ΣkLk3(!(�$�, QA( >A- �, 6L	


 3`_(LP) |	�
�*( �, m&�A#( 3.:	�, &
 �A  ��	 � ���*/$ 6�*7

�2& �7AR&� 3(�1
 6&�, A	A2 ���.B<�-" &)�����:(

]S[

0

0

0

≥λ

≥λ−

≥λ+φ−

φλφ

*

**
i

**
i

*

*
,

Xx

Yy:st

,Max **

C� 
� !":

yi : 
&��,M ×16&�, ���.B 
&A@( iAR&� '�( 

xi :  
&��,N ×16&�, ���/$ 
&A@( iAR&� '�( 

Y* :  |	�
�(M ×L3(�1
 6&�, ���.B 
&A@( LAR&� 

X* :  |	�
�(N ×L6&�, ���/$ 
&A@( 3(�1
 LAR&� 

λ*:
&��,L ×1C%� �7�φ*:3( �5�XB& A- �,.

QA( !-�/, GR)S(!:*	�@( 
� AR&� �7 6&�, &
 3-� 3	&
�"

 ��&� %& ���g.B& �, 6%�(&�� +,�
 �, 3(�*1
 
� �7A*R&� !*�0" 6�*7

 3( �B� !, 3X	f959-X
 w9`B A7� .3( �A7�O( 3.R&
 !,�9 

 >b\O( AR&� �7 6&�, !"φ*}
L, �
%&φ31$ A �, .'*	& !*,

 �	��A;( !" G�5� !*(�$�, QA*( 
� �7 3*`_ 6L*	
(LP) 3*04H 

!T91#(�	% �	��A;( %& 6& !(�$�, QA( 
� �7 3*`_ 6L	
(LP) 

3( n�, A- �, .<7'�-c r`*B �*7 6&�*, 6%�*( +,�*
 %& ���g.B& 

>6f959-X
 3*( C�O$ 3$�(% %& �
�
�" &
 �7AR&� +,�*
 !*" A*7�

6%�(&��3( ���g.B& �9 .

��&� ��*  �	��@( �, G1.O( !P5�`( '	& 
� ���g.B& �
9( 6�7

 ���/$ � 6A�59
 6�7 
�" !,�A  !.��I )�&A*P
 >����  ��I �&AP


 � 3��E*( ��.$�:*-" C&L*�( >3��E*( !*�90T C&L�( >
�" 6���$

�_9B (
�6
&���I �73.P-J 6C�.B& �7>3H�*  C�*#	�,
i� 6

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


��-.� �� -�! /�'�0 
	�/1�� �� 
2�'�
30 4	3! 5�67 � �
� �.��	� 8���0 :...  

��� 

>C&�/
 >C�/gJ& 3( �L	 � e
�� >C�B&�_ A �, .F�*TWa& '	& %&

 k&�\.**B&N**B�� !**(�$ 6��I
�**(� w�**a 6�**7!**$91$ 6&%&

6
&���I �7Q�*B 
� !*" 
9O*" 3.P-J 6���� >A*	��I &�*2& 

�B& �A(� <7&�� .8�\.$& %& AP, C�.*B& �*7 *, !*$91$ 6!!0�*B�

 
9O*" h*0.\( Ua�-( !, ?9,�( A  3PB !" '�@@;()>u�* 

 ( >Q�1  >8�j 89*-2 � L"� (!*�0" >A-* �, N*B�� !*(�$ 6�*7

 !, ?9,�( C�.*B& �*7 �*_& 6%
��O*" ��*/2 F
&%� %& !*$91$ 6

A	��I .'	&C�.B& �7%& N�, ~91#( 
� ��6A*�59
 ��*  AJ
� 

A$
&� 
��._& 
� &
 
9O" .G" �&AP
NB�� !(�$ �A*  �*_& 6�*7

 >F�TWa& AH�� �
&9( D�R %& AP,S�� NB�� !(�$ �*B& ��9*, 

!" ]*�
�
 !,�&AP
 '	& %& ��>���>��� >���>������
9*( 

!, ?9,�(C�.B& �7�B& !$91$ 6.

`O� � [.	=7 

Q�A2 �� ����*  ��*I e�
 �*7 6&%& !*, ��*  A�59
 VB9.( >

���/$ VB9.( 
� 6A*�59
 ��*  '*
 �*7 6&%& !*, &
 3��E( 6�7

C�.B& �73( C�O$ !P5�`( �
9( 6A7� .C�*17 !*$9I !*yRW( !*" 

3( ��*I e�
 �*7 6&%& !*, 6A*�59
 ��*  V*B9.( �y$ %& ���I

 ]*�
�
 !, >����  C�.*B& �*7 e
�*� � C�*B&�_ >�L*	 >C&�*/
 6

A�59
 '�^$��( �, 3H�  C�#	�,
i� C�.B& � A$
&� 6�./, ��PM�

���/�'�	�*� 
� 6��  ��I e�
 �7 6&%& !, ��  '
 !*4
�( �*


 �
&� 
&�H ."*^$��( C&L�( '	�.1*.$�:*-" '� E*( ��*6&%& !*, 3��

 �59
 ��  '
 �7*,�( ]�
�
 !, 6A*!, ?9C�.B& �7C&�*/
 >�L	 6

**( 3H�**  C�**#	�,
i� �*3A** �, .**$�	
&�***�P( |***.( 
�*VB9

.$�:-"*�L*	 C�.*B& 
� 6A*�59
 ��*  '*
 �7 6&%& !, 3��E( ��

 �	�B !, �4:$C�.B& �73*( '	�*.1" !*P5�`( �
9*( 6!*" A* �,

 ̂ 17 ��.4:$ 
�.�
 �^$��, C�.B& '	& ��  A�59
 3.P-J 6�7AR&� '

!-�(% 
� D�E*( �*B& ��.$�:*-" .D�E*( �*, C�*B&�_ C�.*B&

���/�'	�
n�*, >6A*�59
 ��*  '*
 �*7 6&%& !*, ��.$�:*-" '
 

�
&� &
 ��*  '*
 �*7 6&%& !*, ��.$�:-" D�E( .C&L*�( �*y$ %&

 L�$ 6A�59
 ��  '
 �7 6&%& !, 3��E( !�90T C�.*B& �*7 >�L*	 6

�*, ]*�
�
 !*, 3H�*  C�*#	�,
i� � C�B&�_S��/�����/��

���/���E*._& �9*_ !*, &
 !�90T D�E( C&L�( '	�.1" >'
 

��&� !*�90T D�E( '	�
n�, 6&
&� e
�� C�.B& �y$ '	& %& � A$&

 �B& 6A�59
 ��  '
 �7 6&%& !,.
�*�P( '*	& |$�	
&� C�9, n�,

 , ��.$�:-" D�E( C&L�( 
��P( �
� 6A*�59
 ��*  '
 �7 6&%& !

e
�� C�.B&>'*	& 6A*�59
 6�7A*R&� ��	% m�.4:$ DW._& �^$��, 

�*B& ��.$�:*-" � !*�90T D�E*( !-�(% 
� C�.B& .C�.*B& �*7 6

'
 �7 6&%& !, 
�" 6���$ �&AP
 �y$ !`@$ %& �L	 � e
�� >C&�/


 �	�B !, �4:$ 6A�59
 ��  C�.*B& �*7 
&�*H 6�*./, ��P*M� 
� 

A$
&� .6A*�59
 ��*  '
 �7 6&%& !, �_9B !-	L7 C&L�( �y$ %&

 !, ?9,�( <H
 '	�
n�, L�$C�.B& �7C�/g*J& >3H�  C�#	�,
i� 6

'*	& �
��*B m�.4:*$ <�*0H& !*, ?9*,�( A	�  !" �B& C�B&�_ �

C�.B& �7��*  '*
 �7 6&%& !, 6f�$& D�E( C&L�( �y$ %& >A �, 

&
&� C&�*/
 � �L*	 C�.*B& ]*�
�
 !*, 6A�59
 !*-	L7 '	�*.1" 6

��9, A$& .3-P( 3B
�, 
9y-( !,A*�59
 '�^$�*�( DW._& C�9, 
&�

 
� 6��  ��I e�
 �7 6&%& !, �� C�.B& �7%& !*P5�`( �
9*( 6

A  ���g.B& |$�	
&� G�0;
 .C�17 !$9I 
� �A*  k
� v	�*.$ !"

Q�A2 �3( C�O$ 
&A@( A7�F�,&�, 3
�4B�;( ��S/�� �*B& 

!�M���H, 3-4( �*7 6&%& !*, ��*  A*�59
 '�^$��( C�9, �,&�, �


� ����  ��I e�
C�.B& �7Q�*1.R& r`*B 
� !*P5�`( �
9*( 6

%& �.1"�3( �
 
&L7 
� 3*( GJ�R !#�.$ '	& � �9  !*" �9* 

 '�,C�.B& �73-P( DW._& �y$ %& �
&� �92� 6
&� 
�*" !*, 6��I

 !g  
��P((Sheffe) 
�*�P( '*	& �y$ %& !" �&� C�O$ C�.*B& '�*,

 3H�  C�#	�,
i� � C&�/
 �DW.*_& 3H�*  C�*#	�,
i� � �L*	

3-P( �
&� �92� 6
&� .<7'�-c C�/g*J& � C&�*/
 '�*, DW._& 

%& �.1" r`B 
� L�$�3-P( AJ
� �B& 
&� .DW._& �	�B �(& �7

3-P( 31$ 
&� A �,.

!*@`-( 6%�( 6A�59
 +,�
 '�1\
 %& GJ�R v	�.$ +,�*
 � 6&

 A*�59
 ��
 �**, 6%�**(&�� DEA 
� Q�A**2 ��A**  ��&� C�O**$ 

�B& .C�17 3*( !*yRW( !" !$9I 3*-� 3	&
�*" '�^$�*�( ���*I

 !*@`-( 6%�( A�59
 +,�
 '�1\
 GJ�R C�*#	�,
i� C�.*B& 
� 6&

 3H� ���/�3(GH&AR %& !" A �,���/��q"&AR �
 �C�*B9$ 

�, �,&�, C� 
��P( D&�;$& � �
&����/��B& .	& 3-P	 �7AR&� '

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


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

��� 

��
��

�.
�	


�
�



��

��
�

�	
��

�
�


�
�

��
��

�
��

��
��

��
��

��
 


��
��

�	
�

��
��

 �
��

!
 �

�
�

��
��

�"
#�

$
�

�

�

%

��

�

�

"
��

��
	�

��
�

��
�

���
��

�	



�	
�


��
�


��

�
�	



��

�
�

��
)

�
�

(

�
��

�
��

��
 �!

"#
�

�

��

�	



�
��

�
�

���
��

)
�

�
(

��
�

���
��

��

$

%
�

�

��



�

�
�	)

�
�

(

�
��

�
�

���
��

��
#

�
��

	 
&��

'�

�	



)
�(

 
(

�
���

��
)

*

�

+
��

�,
�-

	�

�	



�
��

�
)

.�
/�

(
,�

��
�

��

�
	0

 �	
�

��
	'

�+
��

1
 �

�
	0

 �	
�

��
	'

�+
��

1
 �

�
	0

 �	
�

��
	'

�+
��

1
 �

�
	0

 �	
�

��
	'

�+
��

1
 �

�
	0

 �	
�

��
	'

�+
��

1
 �

�
2�



,�

3
/��

�4
5

67
8

/:
;<

=
/=

87
8

/=
8;

7
/=

8<
;

/>
::

:
/=

=>
:

/7
>8

:
/7

>/
=7

?:
=6

:/
=>

><
=6

,�
@(

A
�

7;
?

/6
:B

<
/>

:B
?

/=
>?

6
/=

?>
;

/8
??

:
/8

=>
7

/
>>

:
/7

<</
B?

86
=

>?/
;B

6;
8

,�
�@

�
>7

6
/?

8:
B

/>
><

7
/=

>8
:

/=
<:

:
/>

B8
>

/8
7:

6
/7

7B
:

/7
?:/

6>
>7

=
;/

==
6;

67

,�
��

�*
68

8
/6

8;
6

/>
6:

=
/=

=?
8

/=
8=

;
/>

?>
B

/>
=8

B
/7

>;
>

/7
B;/

?;
B>

8
</

==
B<

=;

�
��

�
8?

:
/6

6<
>

/>
8;

B
/=

=>
=

/>
8B

;
/:

?B
=

/6
7<

:
/7

>>
<

/7
<6/

?B
=;

B
>/

=?
8B

B:

&-
/

==
?

/?
8?

B
/>

>B
:

/=
<8

=
/7

B;
7

/=
B;

>
/>

7;
;

/7
=>

8
/7

6/
86

::
<

=/
8?

86
B

C
#

6B
B

/6
B<

<
/>

:>
:

/=
87

:
/=

;8
<

/>
6>

?
/8

=7
?

/7
>>

:
/7

</
?B

6<
6

?/
==

8=
B<

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


��-.� �� -�! /�'�0 
	�/1�� �� 
2�'�
30 4	3! 5�67 � �
� �.��	� 8���0 :...  

��� 

��/JX.a7	.��� >�'	7F (ANOVA)��-�! �	K ?b� -� 
��� :� -�! /�'�0 ��>�� 

F��W._& +4-( F�P,�( +12 !2
� 6�&%� F�P,�( '�^$��( �
�(�F3-P( r`B 
&� 

C��( DW._&C�.B& �7���/�S� ���S/����S/����/�

DW._& G_&�C�.B& �7��/���S S�� SS�/�

G" ���/���S S�� 

��/J*.�	=�� �� 
2�'�
30 4	3! 5�67 � �
� �.��	� :�'	;� ���� 
	� 

!@`-( 6%�( A�59
 +,�
 e�B&�, 3-� 3	&
�" 6&6%�(&�� A�59
 +,�
 e�B&�, 3-� 3	&
�" 6f959-X
 D�X  �4:$ C�.B& �7

'�^$��( GH&AR �q"&AR �;$&
��P( D& '�^$��( GH&AR �q"&AR 
��P( D&�;$& '�^$��( 
��P( D&�;$& 

3H�  C�#	�,
i� ���/����/�����/����/����/���S�/����/����/�

C�/gJ& S��/����/�����/����/��S�/����S/����/����/�

C&�/
 S�S/����/�����/����/����/�����/�S��/����/�

B&�_C�SS�/����/�����/����/����/�����/����/����/�

e
�� S��/����/�����/����/����/�����/����/����/�

�L	 ��S/����/�����/����/��S�/�����/����/����/�

�, 
�" !, ���/$ %& 3E\O( C&L�( C��, V*B9.( 
9a !, A�59
 6�7

 ��AR��59E;( 
&A@( AJ
� 33( A�59
 &
 ���g.*B& �, !" A--"

 3( �929( 6f959-X
 � ���/$ C&L�( '�17 %& �9  A�59
 �:$&9
 .


� 3H�*  C�*#	�,
i� 
� 6A*�59
 6�7A*R&� �*^	� F
�*4T !,

�P-*J �A--" A�59
 '	�./, �, �9_ 3-� D�X  C��"�� F
9J

 3( C�.B& '	& ��  �*
 V*B9.( 
9*a !*, &
 �9_ A�59
 A-$&9
�S

�& AJ
� A-7� N	&L .!*-�(% 
� !*@`-( 6&
�" 6�7AR&� �	 AR&�

��/, � �&
9*_ �	�	A*( >G�*J& �*$ 6�*7��I Y��*B& %& 6�*�I

 ���g.B& � Gq( A�59
 �	�	A( >Q��P.( 3	&�j ���2 >C�&� �&
9_

 ���/$ %& , A�59
 6�7 !�	�*B �, 
�" 6���$ � !�90T >��.$�:-" �l	�

 DW._& 6A�59
 6�7AR&� � !" A$
&� 3	�7 CA*  �*� F
9*J 


3( �7AR&� D�X  '	& ���*/$ %& �.O*�, ���g.B& C�A, A-$&9
 � �*7

A-7� N	&L�& &
 �9_ A�59
 >�929( 6f959-X
 r`B 
�.

%& G*J�R 3H�*  C�*#	�,
i� C�.B& 
� 3-� 3	&
�" '�^$��(

 6%�(&�� +,�
 '�1\
(TE*) >���/�e�*B& '*	& �*, !" �B& >

6f959-X
 D�X  �4:$ VB9.((TGR) C�.*B& '*	& 
� ���/�

3( A �, .6��*  ��*I �
��*� 3.P-*J 6�7AR&� �^	� ��4P
 !,

���*/$ � G*(&9T %& ���g.*B& �*, 3H�*  C�#	�,
i� � A*�59
 6�*7

 V*B9.( 
9*a !, �929( 6f959-X
�/��&
 359E*;( A*J
� 

3( A�59
 ��/, �, !" A--" �
�, 6f959-X
 %& 6��I)6f959-X
�*.( (

3( 1$ A�59
 A-.:$&9
A-	�.

6%�*( A*�59
 +,�*
 '�*1\
 %& G*J�R 3-� 3	&
�" '�^$��(

!@`-( 
� 6&C�.B& �7!*, �L	 � e
�� >C�B&�_ >C&�/
 >C�/gJ& 6

]�
�
S��/�>S�S/�>SS�/�>S�����S/��B& .C�17 !$9I 

C�O*$ �*(& A-.:*7 !:*	�@( G*,�H��j Y�H
& '	& A  �
� & mW4H !"

3( D�X  CA �� F
9J 
� !" A-7� C�IA*--" A�59
 �	�B '�, 

'	& &
�" C�IA--" A�59
 �C�.B& �7� ���/$ D�E( N	&L�& C�A, >

3( 6f959-X
 r`B ���x
 C&9
!,
9a !*, &
 A*�59
 &
A@( VB9.( 

'	& 
� ]�
�
C�.B& �7C&L*�( !*, ��>�/��>�/��> �/����/��

�&� N	&L�& AJ
� .�(% 
� �*
�, C�IA--" A�59
 
�.�
 �A7�O( !*-

 �&
9*_ � �&
9*_ �	�	A*( >%�*.1( 6�7��I Y��B& %& ���g.B&

 ���/$ %& ���g.B& �9;$ � �
��� � Gq( A�59
 �	�	A( >C�&� � �7

 '	& v	��
��
 �73( >C�IA--" A�59
 �	�B '�, N	&L�& 
� A$&9


 A �, �Z[( A�59
 .+,�*
 '�*1\
 %& G*J�R 3*-� 3	&
�*" '�^$��(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


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

��� 


� L*�$ 6%�(&�� A�59
 C�.*B& �*7 ]*�
�
 !*, 
9"�*( 6���/�>

���/�>���/�>���/�����/�e�**B& '**	& �**, !**" �**B& 

]�
�
 !, �/$� 6f959-X
 D�X  �4:$ '�^$��(���/�>S�S/�>

���/�>��� /����/��**B& .
� 6A**�59
 6�7A**R&� '	&�,�**-,

C�.B& �7%& ���g.*B& �*, �L*	 � e
�� >C�B&�_ >C&�/
 >C�/gJ& 6

���/$ � G(&9T 6�7 � ]�
�
 !, �929( 6f959-X
 A�59
 !*, 
9*a 

V**B9.(�/��>S/S�>�/��>����/��&
 359E**;( A**J
� 

3( A�59
 ��/, �, !" A--" �
�, 6f959-X
 %& 6��I)6f959-X
�*.( (

3**( A**-	�1$ A**�59
 >A-.:**$&9
 .
� 6f9**59-X
 D�X**  �4:**$

C�.B& �7'	&�,�-, �B& !:	�@( G,�H h0.\( 6C�.*B& �*7 �
9*( 6

3*( 3X�-X
 ��X01T e�B& �, &
 !P5�`( �*	% F
9*J !*, C&9*


�91$ ]
�(:

C�#	�,
i� >C�/gJ& >e
�� >C�B&�_ >�L	 >C&�/
 

Q�A2 
� k
A-( !�5�& F�TWa& �, ]�
�
 '	&�3$&9\17 L�$ 

�
&�.'	A, A*�59
 C&L�( ��;5 %& �L	 � C&�/
 C�.B& �� !" F
9J

 9.( >6��*  ��*I e&
 �*7 6&%& !*, ��  !*�90T � ��.$�:*-" V*B

 ��*  '*
 �*7 6&%& !*, D�E( C&L�( � 
�" 6���$ �&AP
 >3��E(

 �	�B !, �4:$ 6A�59
C�.B& �7A*$
&� e9:*;( 6�*
�, .6�*
�, 

�	�B !, �4:$ C&�/
 C�.B& C�.*B& �*7 �
��*� �P-*J !*-�(% 
� 

!, C&9., A	�  &
 6�� ��I(AH !*a9,�( C�.*B& '*	& 
� �P-J �

�:$&� .��� �@�@R 
� !*, C�.*B& '*	& %& G�*J& 6��*  ��I �


 �	�BC�.B& �7�B& �A  G@.-( 
9O" 6.��*/, '	
��O*( %& 6�*�I

 %& ���g.*B& �59/B >
9O" 3
�@�@;
 �A1T L"&�( !, 3X	�L$ >�A,%

 !.��	 � 3X L�(&� F�(A_ 6�*
�, G*	n� �*^	� %& 3
�@�@;
 6�7

 �	�B �, C�.B& '	& 3X�-X
C�.B& �7�B& !P5�`( �
9( 6.

:D�=7 P��	#
��U � 
-�K 

!@`-( 6%�( A�59
 +,�
 '�1\
 �, >!P5�`( '	& 
� 3	&
�*" >6&

 A	��I b\O( !@`-( �7 C�IA--" A�59
 3-� .3( !.��	 '	& A$&9


 C�IA*--" A*�59
 '�, D�X  CA  �� F
9J 
� !" A	�1$ '��P


 �%&A*$& !*c �*
 !*@`-( C� �A*--" A*�59
 '	�
&
�*" �	 !@`-( d	

3( C&9
 ���/$ D�E( N	&L�& � 6f959-X
 r`B ���x
 C�A, >�*7

 �&� N	&L�& &
 A�59
 .!*" �&� C�O*$ v	�.$ '*	& C�.*B& 
� C�*X(& 

C�/gJ& !,
9a �, VB9.( ���*, �L*	 C�.B& 
� � �q"&AR >AJ
� 

�/��3( GH&AR AJ
� A �, .C��*"�� 6&�*, 3*01T 6�7
�X7&


 3*B
�, ���*I 
� L*�$ D�X*  '	& (% 
� U*�H� 6�*7 
�*.�
 !*-�

 >C�&� �&
9**_ � �&
9**_ �	�	A**( !**-�(% 
� &
�**" C&
&���**I

 6�*7��I Y��B& %& ���g.B& >�
��� �	�	A( >Gq( A�59
 �	�	A(

 ���/$ %& ���g.B& � 
�" 6���$ �	�	A( >%�.1( <�*1P
 � A�59
 6�7

 �	�*B !*, ]*B�-( 3*#	��
 !*(�$�, d*	 ]5�H 
� GJ�R v	�.$

3( C�IA--"A�59
 A �,.

#$� %& 3-� 3	&
�" !" �!,�B� A*�59
 +,�*
 '�*1\
 %& �A(� 

!@`-( 6%�( 3( !:	�@( G,�H��j 6& A �, .Y9/g( %& U�@;
 '	& 
�

 � 6f9*59-X
 D�X*  �4:*$ '�*1\
 6&�, 6%�(&�� A�59
 +,�


 !:	�@(C�.B& �*7 3*X�-X
 ��*X01T � A*�59
 6f9*59-X
 �*y$ %& 

A  ���g.B& .!P5�`( %& N\, '	& %& GJ�R v	�.$ A*7&9_ C�O*$ 

6f9*59-X
 r`*B '�*, DW._& �I& !" �&� C�.*B& �*7 r`*B �*, 

���*/$ D�E( N	&L�& C�A, �9  D�a�, >�
�, 6f959-X
 �*
 �*7

 3( �%&A$& !c �&� N	&L�& &
 A�59
 C&9
 .
� !*" �&� C�O*$ v	�*.$

 >�
�, 6f959-X
 r`B !, �929( 6f959-X
 r`B Q�@.$& F
9J

 A�59
 &
 ��  3( AR %& C&9
 GH&�/��!*" C&�/
 C�.B& 
� AJ
� 

�q"&A*R �
 �B&
&� &
 3X�-X
 ��X01T '	�
n�, 30P� V	&�  
�

�/��'�	�� !" 3H�  C�#	�,
i� C�.B& 
� AJ
� ��*X01T '	�*


 �&� N	&L�& �B&
&� &
 3X�-X
 .��*@

& 6&�*, 301T 6�7
�X7&


 '�*, �9*29( DW._& U�H� 3B
�, ��I 
� L�$ 6f959-X
 r`B

�.B&C�7,!�*, �*
 �
&� ��E*.H& � 3*(&� Y9*0T bE*\.( !0�B�

 >�
�, 6f959-X
 <�B�
��
 �7��@

& 66f959-X
 �7�9*29( 6

!,6f959-X
 �7&
 �
�, 6!,�B�A-7� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


��-.� �� -�! /�'�0 
	�/1�� �� 
2�'�
30 4	3! 5�67 � �
� �.��	� 8���0 :...  

��� 

��	
� ���� ��	A=�� 

�.~ >C&��2 .Y �.<��" �&l$.����.!$&
�	 ��  �_&��� Y�y$ 3B
�, & 
� �7
&9$�_ 3��E( 
�.�
 � 6&C&�	.'�*1#-� Fn�@( !T91#( 

C�.:c90, � C�.:�B ��^O$&� >C&�	& 6%
��O" ��E.H& !$n�B�� |$&�g-" .

�.':R 8 >
9� .Y �.3.1P$.����.3*-� 3	&
�" � A�59
 +,�
 G�0;
 6
&���*I �*7 6��*  6A*1R&�	9, � !*	90�^/" C�.*B& 3.P-*J.

6%
��O" ��E.H& !$n�B�� |$&�g-" '�1#-� Fn�@( !T91#(C�.:c90, � C�.:�B ��^O$&� >C&�	& .

�.Y >3X_�" 
9O$&�.e >.~ � C��$�@7� .&.6
��B.����.-J 6�7AR&� 
� ��  A�59
 6��E.H& 3B
�,P3.)!:*B[( 6�
9( !P5�`(

69M
 eAH C�.B� �:�-" .(6%
��O" +	�-J � Y90T !0#( :��)�(:������S.

�.� >6�#  .��S�.[( G(&9T � C&
�X(A-I 3	&
�" e
�� C�.B& 
� C� �, �Z.A 
& 3B�- 
�" !(�$ C�	�� 6%
��O" ��E.H& >��^O*$&� 

%&��  .

�.�	�4" �&%�� 3	~ >.Y �.3	�4	%.����.��*  A�59
 37��9B FWXO( 31.:�B 3B
�, 6
&���*I �*7 e
�*� C�.*B& 
� 3.P-*J 6.

!PB9
 � 6%
��O" ��E.H& !(�-0E�>�l	� ��/, !(�$ >3	&
�" � 6
�F�;gJ �������.

�.JY >3$9,�J 3R94 .��S�.
�" '��P
 &3	6
&���I �7e
�� C�.B& 6��  6>A 
& 3B�- 
�" !(�$ C�	�� 6%
��O" ��E.H& >��^O*$&� 

%&�� .

S.8 >69gJ .����.(�-0E� >
9O" ��  A�59
 3.P-J 6�7AR&� 3-� 3	&
�" 3,�	%
& � 3B
�, N7�l� !�B��B � �7 6��E*.H& 6�*7

��)��:(������.

�."<�� Y >�&l$ .C&
�X17 �.����.3(&� Fn9E;( 6��E.H& 3B
�, >A02�>��  6�
9( !P5�`(.N7�l� !:B[( !(�$�, 6�7 � 6L	


!.��	 <�y-
 � �%&��� 
9(& �	�	A( > 6%
��O" ��E.H& 3
�@�@;
 6�7.

�.8 >3g#$ .Y �.3	�4	%.��S�.e
�� C�.B& C&
�X(A-I 3-� 3	&
�" 3B
�, .E.H& !(�-0E� !PB9
 � 6%
��O" ��.S:���S�.

��.& >6
�	 .����.'	�LH C�.B& 6��  ��I �
��� 6�7AR&� 3	&
�" 3B
�, .��E*.H& !$n�*B�� |$&�*g-" '�*1#-� Fn�*@( !T91#( 

C�.:c90, � C�.:�B ��^O$&� >C&�	& 6%
��O".

11. Bakhshodeh,M. 2000. Production efficiency in Iranian dairy farming, Ph.D. Thesis, University of Aberdeen, UK. 
12. Battese, J. and D.S.P. Rao. 2002. Technology Gap, Efficiency and a Stochastic Metafrontier Function. International 

J. Bus. and Econ. 1: 87-93. 
13. Battese, G. E., D. S. P. Rao and C. J. O’Donnell. 2004. A Metafrontier Production Function for Estimation of 

Technical Efficiencies and Technology Gaps for Firms Operating Under Different Technologies. J. Prod. Anal. 
21:91-103. 

14. Bravo-ureta, B.E. and L. Rieger. 1990. Alternative production frontier methodologies and dairy farm efficiency. 
Agric. Econ. 41: 215-226. 

15. Coelli, T. A Guide to DEAP Version 2.1: A Data Envelopment Analysis (Computer) Program, Center of Efficiency 
and Productivity analysis. Department of Econometrics, University of New England. 

16. Dalton, T.J. 2004. Indivisible and Spatial Components of Dairy Firm Inefficiency, Paper prepared for presentation at 
the American Agricultural Economics Association Annual Meeting. USA. 

17. Fraser, T. and D. Cordina 1999. An application of (DEA) to irrigated dairy farms in Northern Victoria, Australia. 
Agric. Sys. 59: (3) 267-282. 

18. Gonzalez. M. A. 2003. Market-Based Land Reform and Farm Efficiency in colombia:a DEA Approach, American 
Agricultureral Economic association, at: http://Agecon.lib.umn.edu. 

19. Harsh, S., C. Wolf and E. Wittenberg. 2001. Profitability and production efficiency of the crop and livestock 
enterprises of Michigan dairy operations, Staff Paper, Department of Agriculture Economics, Michigan State 
University, http://www.Agecon.lib.umn.edu. 

20. Kumbhakar, S.C., B. Biswas and D.V. Bailey. 1989. A study of economic efficiency of Utah dairy farmers: A 
system approach. Rev. Econ. Stat. 71: 595-604. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html


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

��� 

21. Rao, D.S.P., C.J. O'donnell and J. Battese. 2005. Metafrontier Functions for the study of Inter-regional Productivity 
Differences. Working Paper no. 01/2003, Center for Efficiency and Productivity Analysis, School of Economics, 
The University of Queensland. 

22. Runsheng, Y. and R. Yin. 1997. (DEA): A new methodology for evaluating the performance of forest 3. 
23. Serrão, A. 2003. Agricultural Productivity Analysis of European Union and Eastern Regions, Paper prepared for 

presentation at the American Agricultural Economics Association Annual Meeting. Canada, at: 
http://Agecon.lib.umn.edu. 

24. Sharma, K., L. Pingsun and H. Zalesk. 1999. Technical, Allocative and Economic efficiencies in swine production 
in Hawaii: A comparison of parametric and nonparametric approaches Agric. Econ. 20(1): 23-35. 

25. Tauer, L.W. and N. Lordkipanidze. 1999. Productivity of dairy production in individual state. Paper Presented at the 
1999 American Agricultural Economics Association Annual Meeting. USA. 

26. Viitala, EJ. and H. Hanninen. 1998. Measuring the efficiency of public forestry organizations. Forest Sci. 44(2): 
298-307. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.26.9
https://iutjournals.iut.ac.ir/jstnar/article-1-841-en.html
http://www.tcpdf.org

