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 B( +2#  B-B  �C B0#/>� U�5�5 B-  +�'2��1� +�'
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 ^��5.��	#� 
�� "���� +	�F c�/:5 ���5�� 3]�� :  
 �- �2 ��	#� 
�� "���� +	�F c�/:5 ���5��

( )ij m n
V v

×
=% % � ���� :�� 2� B( +2#  B- �c�'�  

 .ij ij jv y w=% % %  � , , ,i m= L1 2  � , , , .j n= L1 2  
      

 ^��6
��� K�#, ���15 :  +	�F 3�x� "�FPIS  K�#, �

���  +	�F <�� "�FNIS.  


��� K�#,  +	�F 3�x� "�FPIS  )2#H B-
* * * *( , , , )

n
A v v v= % % %L1 2

 
��� K�#, �  +	�F <�� "�FNIS 
 )2#H B-( , , , )

n
A v v v− − − −= % % %L1 2

 � 
��� ����  B( ��#�
�� 2�  �'*

( , , )jv =% 11 1  �( , , )jv − =% 000 �, , ,j n= L1 2 

.��@%'  

 ^��7 	� U�5�5 B- B��M� �' B.H�F B���4� : FPIS �

FINS.  


��� K�#, 	� B��M� �' B.H�F  +	�F 3�x� "�FPIS  �


��� K�#,  +	�F <�� "�FNIS   ��	 )2#H B- U�5�5 B-

� j��15 :��#�  
* *

( , ),
n

i ij jj
d d v v

=
=∑ % %

1
  , , , .i m= L1 2    

   � 

( , ),
n

i ij jj
d d v v

− −

=
=∑ % %

1
 , , , .i m= L1 2   

       

�� 2� B().,.(d  +	�F ��0 �� ��- B.H�F 
��'� ����

) BD-�2 	� 
��<@�� �-3.3�� ( 

 ^��8 w]�� B���4� :TOPSIS  .B��M� �' +��- +	�F
 w]��TOPSIS F ��	 )2#H B- B��M� �' +��- �2 +	�

� B���4� :�#�  

*
,i

i

i i

d
CC

d d

−

−
=

+
 , , , .i m= L1 2    

 ^��9B�52 : B��M� ���( U5�� � +��-  w]�� e�  �- �'
TOPSIS .+	�F  

 w]�� BR��� B- B,#5 �-TOPSIS  �<H ��- +��0 +	�F
 w]�� Bd �' �3�� u� �TOPSIS  �2#� B��M� +	�F

�`� u��M� u� B-  2��A +�5Z�- B�52 2� B��M� �� ���- �5
� .����  

  

4 - �3.�7 ���  (3 T�SU<  

 B.H�F 2� B1E�D� �2#� 3��#@�- ��1�50  +�@�#.�(

K#�, 2� � ��,��- L��15 "�/� +�@�#.�( L��

 B��-��)��%� �- � +��-�  �+���1396(  3�� 8A��

PR�) 3���	 B�C� k��� �- .( ����1:100000 

 B��-�� �@��� � +�`�)1999(  BCD�� ��� +�'����

[�� 
��� B� 2�  )�-#�2 � +2���2Q� ����<�5� +�'

� c�%C5 �W�� �N0  .��#����	 3�E�1F B�N? @]��

B]���� � B��-�� .%�  +�'���� 2� �� +�'

B�N? ��>�� U�� �=����� � +���� ���<�5�  +�'

 @��#@�-B�Z ��0 � +�   P�%��@? � ���@%� �- PR�

 Z�- +��:@A�3�� 
�� BCD�� 2�  ���2�R/' � 1*�)

1398(.  
  

5- ��� %��  

5-1- ���") �Q7�  ��3 
������ �� ,��3 
��  

 ^�/5� 	� �? ���1� 2� +	��	�- )��./0 ^�>�� 2#`�� B-
��1� )��./0 _�2 +2�( 	� .�2�� �#,� 5��<@� +�'

_�2 B./,  2� "#/1� +�' :4D� ���1� +	��	�-
P��,)��� � +2�(B-Q�, �&�� �@%�2#5 +�'

 +2�>5 ��	#�� )�%�S� ��#R%� +�'���� �+	2���(

)6(  

)7(  

)8(  

)9(  

)10(  

)11(  
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� �2 @1�H �) ��- ^�� ��#5 �#.��H�1380 ���D0 n1389 n

��%�  ��F��2� � +��-�1392��%� n  �+��-��1� � +��-�

1397(_�2 	� e�C45 ��� 2� .  ��#�0 B- L#F +�'

B��M�  +	��	�- 2� j.@*� +�' ��1� "�/� 3��#@�-
B��-�� A�� � 
��<@�� .�#�  

 

        ,�(11���3 �� ���� *���& 
&�� ����� 
����W� .  

Linguistic variable ��-	 +�'��~@�  Fuzzy number (+	�F ���0�) 

Very low (VL) c( 2��%- (0.00 , 0.00 , 0.10) 

Low (L) c( (0.00 , 0.10 , 0.30) 

Medium low (ML) ����? B- �2 =�#@� (0.10 , 0.30 , 0.50) 

Medium (M) =�#@� (0.30 , 0.50 , 0.70) 

Medium high (MH) Z�- B- �2 =�#@� (0.50 , 0.70 , 0.90) 

High (H) ���	 (0.70 , 0.90 , 1.00) 

Very high (VH) ���	 2��%- (0.90 , 1.00 , 1.00)   

,�(1 2X�� 
&�� ����� 
����W� . 
�&C)  

Linguistic variable ��-	 +�'��~@�  Fuzzy number (+	�F ���0�) 

Very poor (VP) j�1W 2��%- (0.00  , 0.00  , 1.00) 

Poor (P) j�1W  (0.00  , 1.00  , 3.00) 

Medium poor (MP) j�1W /( (1.00  , 3.00  , 5.00) 

Fair (F) =�#@� (3.00  , 5.00  , 7.00) 

Medium good (MG) K#] /( (5.00  , 7.00  , 9.00) 

Good (G) K#] (7.00 , 9.00 , 10.00) 

Very good (VG) K#] 2��%-  (9.00, 10.00, 10.00)   
 

  

 /G�3( �)(���4� �R���2) *�& �(� YU< ����� *Z0 �� �� *������ ��(3 ���(Q *�3[� . 

 

5-2- 
�\\����3  %�� ;�\\U��& �� �]^\\ �\\3�+5


������ 

      K�OW�F �V�O<52� �U�O� �F���#O?#5 �#OT/' ��'2��1�

	)       � +	2��O�( \�#O] �[�O� ��O�#? �)Z�MO� �(�(

  BO( ��@%' 1��  +�'2��1� B@�� �M, ���N� \�#]
 O� �6S� 4D� ���1� +	��	�- _�2 K�*@�� 2�   ��O��-

) �#.��H�1380    2� �O'2��1� �O�� 	� O]�- .(  _�2 K�O*@��
 .��@%' 3�x� ��675 +�2�� ���� ]�- � <�� ��675 +�2��
     UO���� _�2 K�O*@�� +��O- V�O<52� ��675 �"�x� ��#�0 B-
  UO���� _�2 K�*@�� �- )Z�M� ��675 � <�� ��675 +�2��

� 3�x� ��675 +�2��       �O�� 	� uO� �O' )�O:*�� .�O��-
"��, 2� �'2��1� 3 .3�� 
�� 
��� ����  

5-3- 3    %�� ;�\U��& �� �]^\ �\4���� 
�����


������  

      PRO� � 
	��O�� �O��@�� �3O�1A#� PO��A 	� ��'2��1�
  )�OO� � V#OO� �3OO�RE�� ���OO1� 9��OO � =���OO� �3��OO�

3����4� ��#- ^��� )��H#:] �
��<@��   O5�2�C� +�'
       PO��#0 BO0#/>� 2� 
��<@O�� �2#O� �O- 3(�O� �2#]�- �

 2 K�O*@�� 2� B( ��2�� 2��A ��'�F   ���O1� +	�O�	�- _�
B- ��675 4D�  O� �2�� �2 ��M� ) ��O��-  �#.��OH�1380 .(

"��, 4 ����    	� uO� �O' O<�� � 3�x� )���675 
��'�
.3�� �'2��1� ���   ^��O� )��H#:] ��675 �"�x� ��#�0 B-

   3O�1A#� ��67O5 � �<�� �U���� _�2 K�*@�� +��- �#-
.3�� �3�x� �U���� _�2 K�*@�� �-  
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,�(1 3�'� � *+O T&��]_2 �� �1�2 �� 
������ %�� ;�U��& �� �]^ �3�+5 
�����3 .  ��  

�'2��1�  F���#?#5  U��  V�<52�  K�W�F  )Z�M�  [�� ���#?  +	2���( \�#]  ���N� \�#]  

2��1� �' ��675  <��  <��  <��  <��  3�x�  <��  3�x�  3�x�  

  
,�(1 4 ;�U��& �� �]^ �4���� 
�����3 .�'� � *+O T&��]_2 �� �1�2 �� 
������ %��  ��  

�'2��1�  3�1A#�  ��@��  � 
	����  

3��� PR�  

9�� � =����  

��1�  

3�RE��  )�� � V#�  


��<@��  

)��H#:]  

�#- ^���  

3����4� +�'  

5�2�C�  

3(�� �2#]�-  


��<@�� �2#� �-  

2��1� �' ��675  3�x�  3�x�  3�x�  3�x�  3�x�  3�x�  <��  <��  3�x�  

    

5-4-   ��  (3 
������ 
&�� `��� ���") ;�U��&

 %�� �& ���'��&TOPSIS 
���  

B��M�  :�1� �B1E�D� �2#� 3��#@�- ��1� +	��	�- +�'
P��,)��� � +2�(B-Q�, �&�� �@%�2#5 +�'

 ��	#�� )�%�S� � �#R%� +�'���� �+	2���(
u� �2 @1�H � +2�>5 �'2��1� 	� 
��<@�� �- 2�- 1��  +

 2� 
�� �(Q ��'�F +�'2��1� 	� 
��<@�� �- ���� 2�- �
� 
��� 2��A -��	2� �2#� �P�A 3/%A  B- B,#5 �- .��#�


��� ��#- e�A���  � k���2�( &� 	� �BE7%� +�'
U��H ���	 ���1� Pt�%� \#:] 2� B( �`� �����
=�4� BCD�� ��'�F � �#- �1��  8-��� �3%�	

^	Z V� � � B@��#] ���2�� �2  �	� \#:] 2� �5 �#�
 
��C0 �2��1� �' B- 3�%� B��M� �' ��R./0 � �'2��1�

"���, B- B,#5 �- �2 �#] 1  �2 B��- 2� +�'   B- �-��	2�
 .���( ���- �M>� 2# "���, 5  �7  -��	2� U�5�5 B-

 � 1��  +�'2��1� �	� \#:] 2� �2 ������2�(
� ���� ��'�F .��'� "��, �]� �#@�  +�'5  �7 

����"���, .��@%' )��`� ��� 
�� e�<.5 
��'� 6  �8 
 � 1��  +�'2��1� B- 3�%� B��M� �' ��R./0 U�5�5 B-

� ����/� �2 ������2�( �`� k��� �- ��'�F  �? .���(
8/, 	� B��- +2�� "���, 2� 
�� 
��� ���� -��	2� +�' 

6  �8 2�( &� 
�� e�<.5 )��`� B- B,#5 �- �2 k���
) =-��24) � (5"���, �]� P�A�� �#@� 2� ( 6  �8 

 3��- +	�F c�/:5 ���5�� 3��N� 2� � 
�#/� BH�]
� ) =-��2 	� 
��<@�� �- �g� .���6) � (7 ���5�� (

"���� 
��� 3��- +	�F c�/:5  �  c�/:5 ���5�� .�#�
"��, �]� �#@� 2� 
�� "���� +	�F  +�'6  �8  ����

 c�/:5 ���5�� �+�1- ^�� 2� �g� .3�� 
�� 
���
) BD-�2 	� 
��<@�� �- ���	#� 
�� "���� +	�F8 3��- (

� "��, .���  +�'9  �10 ���� "���� ���5�� 
��'�

��� K�#, �B.��� ��� 2� .��@%' ��	#� 
��  3�x� "�

 +	�FFPIS �1�*
A 
��� K�#, �  +	�F <�� "�NISF 

�1�A
− � B@F�� �`� 2�  B��M� �' B.H�F �g� .��#�


��� K�#, 	� 
��� K�#, � +	�F 3�x� "�  +	�F <�� "�
) =-��2 	� 
��<@�� �-9) � (10� B���4� (  2� � ��#�

 w]�� 3��N�TOPSIS ) BD-�2 	� 
��<@�� �- +	�F11 (
� B���4�  "���, .�#�11  �12 ���� ��� 
��'�
� )�0� � .����-  

 "���,11  �12 � ����  c' +	2���( B��M� B( ��'�
 B- B,#5 �- c' � 1��  +�'2��1� �@F�� �`� 2� �-

� 2��A "�� B�52 2� ��'�F P��#0  ���� f��@� ��� .����
�  3��#@�- ��1� +	��	�- +��- U���� B��M� B( ��'�

g� � +	2���( ��@-� B1E�D� �2#�B-Q�, �  @%�2#5 +�'
� .���-  
  

6 - �L��� 
��)  

���	 +	��	�- +��- U���� +�-2�( K�*@��  h��*@�� +�'
� 
2��1���d BE7%� u� ��1� 
�� _�2 .���-  +�'

� B@F�� 2�( B- ���1� +	��	�- +��- <.@*�  	� B( �#�
�� � B./, P��, B- ��#5 )��� � +2�(B-Q�, �&��  +�'

��( �@%�2#5 )�%�S� ��#R%� +�'���� �+	2�
 �#T/' ��'2��1� .��( 
2��� @1�H � +2�>5 ��	#��


	) K�W�F �V�<52� �U�� �F���#?#5  �)Z�M� �(�(
 B- ���N� \�#] � +	2���( \�#] �[�� ���#?
 �3�1A#� B./, 	� +�'2��1� � 1��  +�'2��1� ��#�0

� 9�� � =���� �3��� PR� � 
	���� ���@�� ���1
 ��#- ^��� )��H#:] �
��<@�� )�� � V#� �3�RE��

3����4�  
��<@�� �2#� �- 3(�� �2#]�- � 5�2�C� +�'
_�2 -��	2� 3N, ��'�F +�'2��1� ��#�0 B-  +�'

� B@F�� �`� 2� ���1� +	��	�- .��#�  e�A��� B- B,#5 �-

��� ��#- ��-	 �  _�2 K�*@�� �- ��'TOPSIS  +	�F �

 ^�>��B��M� ��- 	� _�2 ��� c@�2#�E�  +��- �#,#� +�'
"�/� 3��#@�- ��1� +	��	�- �B��-�� L�� B��M�

+	2���(  +�'2��1� k��� �- K#.D� B��M� ��#�0 B-
.��� 3�� B- 1��  � ��'�F   
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 ,�(15a)  �������� b��2 �� �3�+5 
�����3  �� .1a...6�(� ������& ( (�&.  

�'2��1�  ������2�(  ������2�( �`� e�<.5  

�1  �2  �3  �4  �5  �6  

F���#?#5  H MH H MH MH VH (0.63, 0.82, 0.95) 

U��  VH  H  H  MH VH VH (0.77, 0.92, 0.98) 

V�<52�  H  MH  VH  VH H MH (0.70, 0.87, 0.97) 

K�W�F  M  M  ML  M ML M (0.23, 0.43, 0.63) 

)Z�M�  M  MH  MH  MH M MH (0.43, 0.63, 0.83) 

[�� ���#?  M  MH  MH  M M H (0.43, 0.63, 0.82) 

+	2���( \�#]  ML  ML  M  M M L (0.18, 0.37, 0.57) 

���N� \�#]  MH  MH  M  M H M (0.47, 0.63, 0.82) 

  

 ,�(16a)  �������� b��2 �� ���") �� ����& .1a...6�� �1�2 �� 
��� �&(0& �(� ,��� � �(� ������& ( �3�+5 
�����3  

��1��'2  B��M� �'  ������2�(  +	�F ���0� e�<.5  
�� "���� +	�F ���0�  

�1  �2  �3  �4  �5  �6  

  P��, &�� )��� � +2�(  G MG G G G G (6.67, 8.67, 9.83) (0.48, 0.54, 0.70) 

  B-Q�, @%�2#5 +�'  G G G G VG G (7.33, 9.17, 10.00) (0.47, 0.51, 0.64) 

F���#?#5  +	2���(  F G MG G F F (4.67, 6.67, 8.33) (0.56, 0.70, 1.00) 

  �#R%� +�'����  G G VG VG G VG (8.00, 9.50, 10.00) (0.47, 0.49, 0.58) 

  @1�H � +2�>5 ��	#�� )�%�S�  VG VG VG VG VG VG (9.00, 10.00, 10.00) (0.47, 0.47, 0.52) 

  P��, &�� )��� � +2�(  VG  VG  VG  VG VG VG (9.00, 10.00, 10.00) (0.47, 0.47, 0.52) 

  B-Q�, @%�2#5 +�'  G VG  G  VG VG  G  (8.00, 9.50, 10.00) (0.47, 0.49, 0.58) 

U��  +	2���(  F MG  G G F  F (4.67, 6.67, 8.33) (0.56, 0.70, 1.00) 

  �#R%� +�'����  VG  G VG  G  VG VG  (8.33, 9.67, 10.00) (0.47, 0.48, 0.56) 

   ��	#�� )�%�S�@1�H � +2�>5  VG  VG  G  VG  G  VG  (8.33, 9.67, 10.00) (0.47, 0.48, 0.56) 

  P��, &�� )��� � +2�(  G VG  G  VG G  G  (7.67, 9.33, 10.00) (0.33, 0.36, 0.44) 

  B-Q�, @%�2#5 +�'  G  F G  MG  MG G  (5.67, 7.67, 9.17) (0.36, 0.44, 0.59) 

V�<52�  +	2���(  F MP  G F F  F (3.33, 5.33, 7.17) (0.46, 0.62, 1.00) 

  �#R%� +�'����  F  G VG  F  G VG  (6.33, 8.00, 9.00) (0.37, 0.42, 0.53) 

  @1�H � +2�>5 ��	#�� )�%�S�  G VG  VG  VG G  VG  (8.33, 9.67, 10.00) (0.33, 0.34, 0.40) 

  P��, &�� )��� � +2�(  VG  G  G G  VG  VG (8.00, 9.50, 10.00) (0.47, 0.49, 0.58) 

  B-Q�, @%�2#5 +�'  VG  G  G  G  VG VG  (8.00, 9.50, 10.00) (0.47, 0.49, 0.58) 

K�W�F  +	2���(  F G  VG  G F  F  (4.67, 7.17, 8.50) (0.55, 0.65, 1.00) 

  �#R%� +�'����  VG  VG  G VG  VG  VG (8.67, 9.83, 10.00) (0.47, 0.48, 0.54) 

  @1�H � +2�>5 ��	#�� )�%�S�  VG  VG  G  G  VG  VG  (8.33, 9.67, 10.00) (0.47, 0.48, 0.56) 

  P��, &�� )��� � +2�(  VG  VG  G G  VG  G (8.00, 9.50, 10.00) (0.80, 0.95, 1.00) 

  B-Q�, @%�2#5 +�'  G  MG  G  MG  MG  G  (4.33, 8.00, 9.50) (0.43, 0.80, 0.95) 

)Z�M�  +	2���(  G G MP  VG VG MP  (5.67, 7.33, 8.33) (0.57, 0.73, 0.83) 

  �#R%� +�'����  F F F F F F (3.00, 5.00, 7.00) (0.30, 0.50, 0.70) 

  @1�H � +2�>5 ��	#�� )�%�S�  VG  VG  VG  G  VG  G  (8.33, 9.67, 10.00) (0.83, 0.97, 1.00) 

  P��, &�� )��� � +2�(  G  G G G  VG G (7.33, 9.17, 10.00) (0.37, 0.40, 0.50) 

  B-Q�, �2#5 +�'@%  F F G  G G F  (5.00, 7.00, 8.50) (0.43, 0.52, 0.73) 

[�� ���#?  +	2���(  G G F F G G (5.67, 7.67, 9.00) (0.41, 0.48, 0.65) 

  �#R%� +�'����  F F F MG F MG (3.67, 5.67, 7.67) (0.48, 0.65, 1.00) 

  @1�H � +2�>5 ��	#�� )�%�S�  VG  G  G G  VG  VG (8.00, 9.50, 10.00) (0.37, 0.39, 0.46) 

  P��, &�� )��� � +2�(  G G  G G G  G (7.00, 9.00, 10.00) (0.70, 0.90, 1.00) 

  B-Q�, @%�2#5 +�'  F F MG MG MG F (5.00, 7.00, 8.50) (0.50, 0.70, 0.85) 

+	2���( \�#]  +	2���(  G G G VG G VG (7.67, 9.33, 10.00) (0.77, 0.93, 1.00) 

  R%� +�'�����#  F F F F F F (3.00, 5.00, 7.00) (0.30, 0.50, 0.70) 

  @1�H � +2�>5 ��	#�� )�%�S�  VG VG  VG  G VG  VG  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  P��, &�� )��� � +2�(  F G  MG MG G  F (5.00, 7.00, 8.67) (0.52, 0.72, 0.90) 

  B-Q�, @%�2#5 +�'  MG  G  G  G  MG  G  (6.33, 8.33, 9.67) (0.65, 0.86, 1.00) 

���N� \�#]  +	2���(  F G MG  MG G F  (5.00, 7.00, 8.67) (0.52, 0.72, 0.90) 

  �#R%� +�'����  G G MG  MG G G  (6.33, 8.33, 9.67) (0.65, 0.86, 1.00) 

  @1�H � +2�>5 ��	#�� )�%�S�  G  MG  MG  MG  G  MG  (5.67, 7.67, 9.33) (0.59, 0.79, 0.96) 
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 ,�(17a)  �������� b��2 �� �4���� 
�����3  �� .1a...6�(� ������& ( (�&  

�'2��1�  ������2�(  +	�F ���0� e�<.5  

�1  �2  �3  �4  �5  �6  

3�1A#�  VH VH VH VH VH VH (0.90, 1.00, 1.00) 

��@��  H VH VH VH H H (0.80, 0.95, 1.00) 

3��� PR� � 
	����  H H H MH H VH (0.70, 0.88, 0.98) 

��1� 9�� � =����  M M MH MH M M (0.37, 0.40, 0.77) 

3�RE��  H H H H MH VH (0.70, 0.88, 0.98) 


��<@�� )�� � V#�  MH M H M H MH (0.50, 0.70, 0.87) 

�#- ^��� )��H#:]  ML M M ML ML MH (0.17, 0.37, 0.57) 

3����4� 5�2�C� +�'  MH MH MH MH MH MH (0.50, 0.70, 0.90) 


��<@�� �2#� �- 3(�� �2#]�-  H H VH VH MH VH (0.77, 0.92, 0.98) 

 

 ,�(18a)  �������� b��2 �� ���") �� ����& .1a...6�� �1�2 �� 
��� �&(0& �(� ,��� � �(� ������& ( �4���� 
�����3  

�'2��1�  B��M� �'  ������2�(  +	�F ���0� e�<.5  �� +	�F ���0�
�� "��  

�1  �2  �3  �4  �5  �6  

  P��, &�� )��� � +2�(  VG VG VG G VG VG (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  B-Q�, @%�2#5 +�'  VG VG VG VG VG G (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

3�1A#�  +	2���(  VG G VG VG VG VG (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  �#R%� +�'����  VG VG VG G VG G (8.33, 9.67, 10.00) (0.83, 0.97, 1.00) 

  @1�H � +2�>5 ��	#�� )�%�S�  G VG VG VG G VG (8.33, 9.67, 10.00) (0.83, 0.97, 1.00) 

  P��, &�� )��� � +2�(  MG  G VG  G  MG VG  (7.00, 8.67, 9.67) (0.70, 0.87, 0.97) 

  B-Q�, @%�2#5 +�'  VG  VG  VG  VG  VG  G  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

��@��  +	2���(  G G VG  VG G VG  (8.00, 9.50, 10.00) (0.80, 0.95, 1.00) 

  �#R%� +�'����  VG  VG  VG  VG  G  VG  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  @1�H � +2�>5 ��	#�� )�%�S�  VG  VG  VG  G  VG  VG  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  P��, &�� )��� � +2�(  F  F MP  MP  F MP  (2.00, 4.00, 6.00) (0.20, 0.40, 0.60) 

  B-Q�, @%�2#5 +�'  G G  G G MG  G (6.67, 8.67, 9.83) (0.67, 0.87, 0.98) 

3��� PR� � 
	����  +	2���(  G G G G G VG (7.33, 9.17, 10.00) (0.73, 0.92, 1.00) 

  �#R%� +�'����  VG  VG  VG  G  VG  VG  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  @1�H � +2�>5 ��	#�� )�%�S�  G  G  VG  VG  G  G  (7.67, 9.33, 10.00) (0.77, 0.93, 1.00) 

  P��, &�� )��� � +2�(  F  MG  MG  MG  MG  MG  (4.67, 6.67, 8.67) (0.47, 0.67, 0.87) 

  B-Q�, @%�2#5 +�'  F F MG  F F F  (3.33, 5.33, 7.33) (0.33, 0.53, 0.73) 

��1� 9�� � =����  +	2���(  G G VG  VG G VG  (8.00, 9.50, 10.00) (0.80, 0.95, 1.00) 

  �#R%� +�'����  F MP  MG  F F  MP  (2.67, 4.67, 6.67) (0.27, 0.47, 0.67) 

  @1�H � +2�>5 ��	#�� )�%�S�  F  F MG  MG  MP F  (3.33, 5.33, 7.33) (0.33, 0.53, 0.73) 

  P��, &�� )��� � +2�(  F  MG  F MG  F G (4.33, 6.33, 8.17) (0.43, 0.63, 0.82) 

  B-Q�, @%�2#5 +�'  VG  VG  VG  VG  G  VG  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

3�RE��  +	2���(  G G G VG G G (7.33, 9.17, 10.00) (0.73, 0.92, 1.00) 

  �'�����#R%� +  VG  VG  VG  VG  VG  G  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  @1�H � +2�>5 ��	#�� )�%�S�  VG  VG  VG  G  VG  VG  (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  P��, &�� )��� � +2�(  G G  MG  MG G  G  (6.33, 8.33, 9.67) (0.63, 0.83, 0.97) 

  B-Q�, @%�2#5 +�'  F F F F F F (3.00, 5.00, 7.00) (0.30, 0.50, 0.70) 


��<@�� )�� � V#�  +	2���(  VG  VG  G VG  VG  VG (8.67, 9.83, 10.00) (0.87, 0.98, 1.00) 

  �#R%� +�'����  F F F F F F (3.00, 5.00, 7.00) (0.30, 0.50, 0.70) 

  @1�H � +2�>5 ��	#�� )�%�S�  F F F F F F (3.00, 5.00, 7.00) (0.30, 0.50, 0.70) 

  P��, &�� )��� � +2�(  F  MG  G MG  G  G (5.67, 7.67, 9.17) (0.35, 0.41, 0.56) 

  B-Q�, @%�2#5 +�'  P F MG MG F F (3.17, 5.00, 7.00) (0.45, 0.63, 1.00) 

�#- ^��� )��H#:]  +	2���(  VG  VG  VG G  G  G (8.00, 9.50, 10.00) (0.32, 0.33, 0.40) 

  %� +�'�����#R  G G MG VG G MG (6.67, 8.50, 9.67) (0.33, 0.37, 0.48) 

  @1�H � +2�>5 ��	#�� )�%�S�  G  G MG MG G G (6.33, 8.33, 9.67) (0.33, 0.38, 0.50) 

  P��, &�� )��� � +2�(  MG  MG  MG  MG  VG  G  (6.00, 7.83, 9.33) (0.36, 0.43, 0.56) 

  B-Q�, @%�2#5 +�'  VG VG  VG  VG VG  VG  (9.00, 10.00, 10.00) (0.33, 0.33, 0.37) 

3����4� 5�2�C� +�'  +	2���(  F MG  F F F  F (3.33, 5.33, 7.33) (0.45, 0.62, 1.00) 

  �#R%� +�'����  G G G VG G G (7.33, 9.17, 10.00) (0.33, 0.36, 0.45) 

  @1�H � +2�>5 ��	#�� )�%�S�  G  G G G  G VG (7.33, 9.17, 10.00) (0.33, 0.36, 0.45)  

  P��, &�� )��� � +2�(  G G  G G G  G (7.00, 9.00, 10.00) (0.70, 0.90, 1.00) 

  B-Q�, @%�2#5 +�'  G G  VG  VG G  G  (7.67, 9.33, 10.00) (0.77, 0.93, 1.00) 


��<@�� �2#� �- 3(�� �2#]�-  +	2���(  G G  G VG G  G (7.33, 9.17, 10.00) (0.73, 0.92, 1.00) 

  ��#R%� +�'���  G G VG  VG G G  (7.67, 9.33, 10.00) (0.77, 0.93, 1.00) 

  @1�H � +2�>5 ��	#�� )�%�S�  G  G VG VG  G G (7.67, 9.33, 10.00) (0.77, 0.93, 1.00) 
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 ,�(19�3�+5 
�����3 �� �1�2 ��  ��� �(� ,��� 
��� R��S2 c��2� .  
�'2��1�  

B��M� �'  
F���#?#5  U��  2�V�<5  K�W�F  

P��, &�� )��� � +2�(  (0.30, 0.44, 0.66) (0.36, 0.43, 0.51) (0.23, 0.31, 0.43) (0.11, 0.21, 0.37) 

B-Q�, @%�2#5 +�'  (0.30, 0.42, 0.61) (0.36, 0.45, 0.57) (0.25, 0.38, 0.57) (0.11, 0.21, 0.37) 

+	2���(  (0.35, 0.57, 0.95) (0.43, 0.64, 0.98) (0.32, 0.54, 0.97) (0.13, 0.28, 0.63) 

�#R%� +�'����  (0.30, 0.40, 0.55) (0.36, 0.44, 0.55) (0.26, 0.37, 0.51) (0.11, 0.21, 0.34) 

@1�H � +2�>5 ��	#�� )�%�S�  (0.30, 0.39, 0.49) (0.36, 0.44, 0.55) (0.23, 0.30, 0.39) (0.11, 0.21, 0.35) 

   
 ,�(1 �&�&9c��2� . �3�+5 
�����3 �� �1�2 ��  ��� �(� ,��� 
��� R��S2  

�'2��1�  
B��M� �'  

)Z�M�  [�� ���#?  +	2���( \�#]  ���N� \�#]  

P��, &�� )��� � +2�(  (0.34, 0.60, 0.83) (0.16, 0.25, 0.41) (0.13, 0.33, 0.57) (0.24, 0.45, 0.74) 

B-Q�, @%�2#5 +�'  (0.18, 0.50, 0.79) (0.18, 0.33, 0.60) (0.09, 0.26, 0.48) (0.31, 0.54, 0.82) 

+	2���(  (0.25, 0.46, 0.69) (0.18, 0.30, 0.53) (0.14, 0.34, 0.57) (0.24, 0.45, 0.74) 

�#R%� +�'����  (0.13, 0.32, 0.58) (0.21, 0.41, 0.82) (0.05, 0.19, 0.40) (0.31, 0.54, 0.82) 

@1�H � +2�>5 ��	#�� )�%�S�  (0.36, 0.61, 0.83) (0.16, 0.25, 0.38) (0.16, 0,36, 0.57) (0.28, 0.50, 0.79) 

  
 ,�(110 ��� �(� ,��� 
��� R��S2 c��2� . �4���� 
�����3 �� �1�2 ��  

�'2��1�  

B��M� �'  

3�1A#�  ��@��  3��� PR� � 
	����  ��1� 9�� � =����  3�RE��  

P��, &�� )��� � +2�(  (0.78, 0.98, 1.00) (0.56, 0.83, 0.97) (0.14, 0.35, 0.59) (0.17, 0.27, 0.67) (0.30, 0.55, 0.80) 

B-Q�, @%�2#5 +�'  (0.78, 0.98, 1.00) (0.70, 0.93, 1.00) (0.47, 0.77, 0.96) (0.12, 0.21, 0.56) (0.61, 0.86, 0.98) 

+	2���(  (0.78, 0.98, 1.00) (0.64, 0.90, 1.00) (0.51, 0.81, 0.98) (0.30, 0.38, 0.77) (0.51, 0.81, 0.98) 

�#R%� +�'����  (0.75, 0.97, 1.00) (0.70, 0.93, 1.00) (0.61, 0.86, 0.98) (0.10, 0.19, 0.52) (0.61, 0.86, 0.98) 

@1�H � +2�>5 ��	#�� )�%�S�  (0.75, 0.97, 1.00) (0.70, 0.93, 1.00) (0.54, 0.82, 0.98) (0.12, 0.21, 0.56) (0.61, 0.86, 0.98) 

  
 ,�(1 �&�&10 ��� �(� ,��� 
��� R��S2 c��2� . �4���� 
�����3 �� �1�2 ��  

�'2��1�  

B��M� �'  


��<@�� )�� � V#�  �#- ^��� )��H#:]  3����4� 5�2�C� +�'  
��<@�� �2#� �- 3(�� �2#]�-  

P��, &�� )��� � +2�(  (0.32, 0.58, 0.84) (0.06, 0.15, 0.32) (0.18, 0.30, 0.50) (0.54, 0.83, 0.98) 

B-Q�, @%�2#5 +�'  (0.15, 0.35, 0.61) (0.08, 0.23, 0.57) (0.17, 0.23, 0.33) (0.59, 0.86, 0.98) 

+	2���(  (0.44, 0.69, 0.87) (0.05, 0.12, 0.23) (0.23, 0.43, 0.90) (0.56, 0.85, 0.98) 

�#R%� +�'����  (0.15, 0.35, 0.61) (0.06, 0.14, 0.27) (0.17, 0.25, 0.41) (0.59, 0.86, 0.98) 

@1�H � +2�>5 ��	#�� )�%�S�  (0.15, 0.35, 0.61) (0.06, 0.14, 0.28) (0.17, 0.25, 0.41) (0.59, 0.86, 0.98) 

  
 ,�(111�(�& ;&�1 �& ���") �� �@d�� .  Ye�� � 
��� �'� � *+O ,-TOPSIS � 
��� �� �1�2 �� ���") �� �+2�  
�����3

�3�+5  
B��M� �'  
��� K�#, 	� B.H�F +	�F 3�x� "�  
��� K�#, 	� B.H�F +	�F <�� "�   w]��TOPSIS +	�F  B�52  

P��, &�� )��� � +2�(  5.009 3.340 0.400 3 

B-Q�, @%�2#5 +�'  4.959 3.476 0.412 2 

+	2���(  4.473 4.245 0.487 1 

 +�'�����#R%�  5.120 3.299 0.392 5 

@1�H � +2�>5 ��	#�� )�%�S�  5.021 3.280 0.395 4 

  
 ,�(112�(�& ;&�1 �& ���") �� �@d�� .  Ye�� � 
��� �'� � *+O ,-TOPSIS ���") �� �+2� � 
��� �� �1�2 ��  
�����3

�4����  
B��M� �'  
��� K�#, 	� B.H�F +	�F 3�x� "�   K�#, 	� B.H�F
��� +	�F <�� "�   w]��TOPSIS +	�F  B�52  

P��, &�� )��� � +2�(  4.494 5.136 0.533 5 

B-Q�, @%�2#5 +�'  4.012 5.607 0.583 2 

+	2���(  3.579 6.140 0.632 1 

�#R%� +�'����  4.049 5.495 0.576 3 

@1�H � +2�>5 ��	#�� )�%�S�  4.064 5.502 0.575 4 
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Abstract 
Mining restoration operations follow the goals including reduction of the hazards from mining 

operations, restoring affected lands and consumed water resources, reducing the impacts raised from 

mining operations, ensuring environmental resources conservation, stabilizing the socioeconomic 

environment of the area after mining activities, and creating new mining opportunities. This paper 

aims to provide an appropriate recommendation for the reconstruction of Sarbisheh bentonite mine 

considering natural and cultural criteria using fuzzy TOPSIS linguistic variables. The mine under 

study is located 50 km southeast of Birjand and 15 km northeast of Sarbisheh. Recently, different 

scenarios have been proposed for the refurbishment of the mining area among which are the forestry 

and wildlife, tourist attractions, agriculture, housing, educational, commercial and industrial 

establishments. Criteria like topography, slope, elevation, drainage, descents, rock coverage, 

agricultural and engineering are considered as natural criteria and location, accessibility, site size 

and shape, conditions of the mine, ownership, type, and intensity of use, behavior of indigenous 

peoples, regulatory constraints, and the way corporations use them are considered as the cultural 

criteria for evaluating mining reconstruction scenarios. This study aims at selecting the best mine 

reconstruction method by considering all effective criteria and comments from mining experts 

regarding the parameters’ weight and the performance of each parameter against each criterion and 

also with the purpose of environmental protection. Based on the fuzzy TOPSIS method and 

considering the natural and cultural criteria, first agriculture and then tourist attraction were 

suggested as the preferred alternatives for the reconstruction of this mine. 
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