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Earthquake is one of the most destructive disasters that cause a lot of damage to 

structures and humans. Many factors play a role in the vulnerability of urban 

areas to earthquakes. In Tehran, the presence of old buildings, high population 

density, and the existence of numerous faults have caused the city to be 

significantly vulnerable to earthquakes and on the other hand the phenomenon of 

liquefaction during earthquakes. The high level of groundwater and the type of 

alluvial and sandy soils in some areas increases vulnerability in Tehran. In this 

research, a map of the physical vulnerability of Tehran to earthquakes has been 

prepared in two different scenarios (considering the depth of groundwater level 

and not considering the depth of groundwater level) and the weighted average 

operator arranged to provide a wide range. Some of the answers from pessimistic 

to optimistic solutions have been used based on multi-criteria analysis and the 

results in different scenarios have been divided into five categories: very high, 

high, medium, low, and very low. The results show that considering the fuzzy 

concept quantifier "at least one" in the 6-parameter scenario 67% and in the 7-

parameter scenario 85% of the buildings in the three zones 20, 16, and 11 are 

classified in the "very vulnerable" class. Comparison of the results of the two 

scenarios Due to the variability of groundwater depth in the study areas shows 

that in the 7-parameter scenario (taking into account the groundwater depth) in 

almost all decision-making strategies, the vulnerability increased from north to 

south of the study area. The study areas are in high and very high vulnerability 

classes. 

Cite this article: Asadi, Y. , Argany, M. and Ezimand, K. (2025). GIS-based multi-criteria decision-making for seismic 
vulnerability modeling using OWA conceptual quantifiers. Journal of Natural Environmental Hazards, 14(45), 1-16. 
DOI: 10.22111/jneh.2024.41473.1873 

                               © Meysam Argany                              Publisher: University of Sistan and Baluchestan 
                              DOI: 10.22111/jneh.2024.41473.1873 

 

                                                      
* Corresponding Author Email: argany@ut.ac.ir 



 

��� ����� 	
��
� �� ��������� ������  ����14 ����� �45� 
 ������
��3 � �"�1404  

  

����� ���	 
��
����� 
����  ��GIS ���	 ������	 ���� ����	 ���� �	  ��

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

$%�&� '&�(1� ��)* +�,���2* �/�0�1 2�( '3�3 

1 .�����	
 ��
	
 ���� �� ����� ������ ������ � ��	��� ! ����� "#$���	�!� %��&' "�(���	  

2 �� 	���� .���� "��* �� ����� ������ ������ � ��	��� ! ����� "#$���	�!� %��&' "�(���	 (,�-.� "#�. ��)  

3 .�����	
 ��
	
 ���� �� ����� ������ ������ � ��	��� ! �� 1�2� "#$���	�!3 &4 "�(���	�# ��&5%��&' !�  

  

�4�5� ���6��  �'�78  

 :�4�5� :1+��6�78 �9�:�  

  

��;$< ��$=>�: 10/11/1400 

 :?$��$� <$��;11/01/1403  

��;$< @
$A�  :24/02/1403  

  

�B�� :('��/ (�
   

,#� ���
! �>�? @8 �
 

"��9 �
! %�A�B�� �6
 �&4
! 

%���  ��* .�   

 �9C9� $� D�E� �� �' 3 �5 ��  ���.B �
 F��  
�6 � 	�
 "��� �5 � 	��� %�.�� � �6� #�
 .� G���� 	�
 

�> �	�? @8 �
 �&4 H����
 %�A�B�� 	��� %��&' �	 .#���	 �:� �9C9� �5��5 �	  
�6 #I A�!  J
��'

K�5
 LA��!F G.* 	��� �6
 �' !	#L������� D> MN� �6
 � ������  ?O� P�B Q�� �"#4 � �
 3 

� �5 �&4�%�C G5�I &��'� �> �9C9� �NB �5��5 �	�? @8 � A6 �5 .#4�5�3 � �	 ��R�� 3  ��:� �L9�N�

�>�? @8 �
 ��C $� ���� �	 �	 �9C9� �5��5 �	 %��&' �&4 �
  D> MN� 3���*�R��	 �5) ���S��

� ������ � D> MN� 3���*�R��	 %�#5 � ������&' (��  "#4 � �	 .F�� � �(2A� �� �L9�N� 3�(���3 

���� ?'�� ��5 "#4
 � �T����U "	��.* �
 "�� �� GV �6
 55#����� W�B �' 5����� 2X' Y��� �5�G 

L�#�Z�"�� "	�S���  ��� � F�� "#4 [ ���� �	 %> ��6
 �T��� U2�E�  ��� .F�� "#4 [  %��� �6�78

�� #6	 A
 3���*�R��	 �5�F  ��&S� [��� ���
 "I�#VG  $�" ���� �	 �
 6 ������8
 67  �	 � #^�	

���� �
 7 ������8
 85 %�A�B�� #^�	 �6
  �:N�� ��20  �16  �11  Y�
 �	»�>�? @8 �
 .5��� 

� 	�« �:O� #�5 
 "#4 #���:� . �. ��� [ ���� �	 � ��� �5 ���' �5�� D> MN� %	�5 �6
 � ������  %���

�� #6	 ���� �	 �
 �
 7 ������8
 � D> MN� 3���*�R��	 �5) �������:' ( c�O 7'����� 1�A' �	
 �6
 

Ad'�J *��
 ��%�C �>�? @8 �
 �C�� �L9�N�	��� �:N�� D��� �5 ,�A4 �� �   ����  �L9�N�	��� H���� �

�> Y�
 �	�? @8 �
 � 	� .5 ���� � 	� ����*���I #��.  

��3C&� :#��
 , 3A�� ��*�� ,�� ,�Jg C� �
 
 ,#���%�� ) .1404Ad' .(�J *��
 L� #�Z�"�� ��O��  �5GIS ��5
 ��.9#�
 �>�? @8 �
 "��9 �
  �5

A
 �� "	�S����F �6 [��
 ��&S�� OWAX� �����E� .�h O��L� ,14)45 ,(16 -1. DOI: 10.22111/jneh.2024.41473.1873  

  

                     %��.Z�25 � %��.�� "�(���	 :�4��©  3A�� #��
� !�Jg ��*���
 !*�%�� C�
 #��.  

                                                      
*  - ��Jg ��*�� �),�-.� "#�. ��(  Email: argany@ut.ac.ir  



  

  

  

  

2   -------------------  �� ���	
���
 �	����  ����14 � ��
��45� ��
�� ���
�3 ��� �1404  

 

��'5�  

 �9C9� $� C6�8 �� �� �' 3 O� �����E��L�  �
 F��1	��  ����� %> �5#��.6 �^ ��#�6 %�#5 � M  �5 "��A6 �

���.BF�� ���� � �9�� 
�6 ������)1  !%���$A6 �2011�8�8 � %��	�4 k2 !2023.( ��5 3 ,�V���.B ! 
�6

 �� �9C9� �� �4�� �9�A�V��� %��' !%���$A6 � %�*��	) 	� 3�AE'3 2011(  !3 � �5 "��� ���
�� �6 �� l8 #�>��
 


 C�� �� �L����� %��' �����5 � C�m��Z) 	�
 
4  !%���$A6 �2024 �	 
	� � G���� .(�>�? @8 � �	 
�&4 H���� 


 �
 #���	 �:� �9C9� �5��5�� %��'  J
��' !F�#I �5%�A�B�� �6J
��' !M9�d� F�S�
 !  	�
 "��4� "��m � F�LA�


#��)5  !%���$A6 �2019 %���$A6 � 
#�� k2022.( ?��> �5� ��� !3 ��5��5 "��9 
� @8  "���L�#�Z �2-.� o  
�

F��  ����	���  ��&' 
��5��:� �6 
�>�? @8 � � 
�����5 � C
 �6 �� "	�S��� �5 ���� %> �5 hO'�� ���$� 
W�� �6 


Ad'�J *�� .F�� "���L�#�Z 
�����5 � C
 3� G��4 ���$� 
�6Ad'�J *��3� �5 �
 F�� 
 �6 #���� � C�' � 2X'��G 

Ad'�J *��"���L�#�Z 
 (MCDA) "���L�#�Z �5� ��� � (MCE) ?�
�' .F�� hO'�� GIS W�� �5 
�6 MCDA  ��C5�

�����5 
��5 
#�A'�#I �� 	�� � ���$� 
C � ����� � %��p$��
) #�
6! 2011k 
��E257 �  !%���$A62011k �X9�^8 � 

 !%���$A62012k ���4�9 � !%���$A62012k  %���$A6 � 
#��2022 !�8�8 � %��	�4 k2023?��> �5� ���.(  
� @8

"��9 "�� !?������ ���B�� G�9	 �5 
�&4 
� �5�dX�� GV !C$ � � #4��) 	��#� 
	��10 2003(. �6�78 �*���5 
�6

"	��� � 
��5 
 �T���"�� GV G5�I 	�A��� 
��5 
3 �  G$��1����  "#4  �A6 �
 F��%> �6  �5�	 ���	  �� "	�S��� �2^�

1�� ��C�� ,#� ��� �� "	�S��� � �9C9� 
W�� �6 
Ad'�J *��"���L�#�Z 
 (MCDM)  J�.:'�� #��4  � %�*��	)

 !%���$A62011 �� ���A� �	 .(1�� �6��C�� 
"	�S���	���  
��5,#� ��� 
�9C9� �6 HAZUS � SELENA  #��.6

��8 3�.V)11  !%���$A6 �2021(. 1�� �� "	�S��� �Z�*�  ��C��,#� ��� 
	#L�� 
� �C� 
���	 �9C9� 
�2A���  "	�S���

F��� �� "	�	 
�6 3� �8 q�N� 3�4�	 � 	��#����� 
�6 W�� ��� kF�� �'�O��X� 
�6�NB �' 
�6  MCDM   3 �

 #���	 �� F C�?��> �5� ��� 
��5 �� %����4��
 �
 "��9 
� @8 �� #�A���' �9C9� 
� ���� �6 H �� �� 
� 	���.  "���

J� ��(9� �� "	�S��� �5 !3 � �5 
�6 MCDM�� %����4��
 !  h ��4 #����'"	�S���	��� ,#� 
��5  h ��4 �5 �� 
���

����6��) #��
 J�R�' �&412 %���$A6 � 2007k �K�
13 ��$A6 � !%�2012
	��� k14  !%���$A6 �2015.(  

�:N�� �	 %�� �  ,�L� 
��R��� "��9  
�rI��  "#4 F��  ��9���6 �9C9� �� �5��' �� 
	#L�� 
�6  %���$A6 � 
#��) #�


2019 3 � .(�9C9� �6  �5 Q�I� ���^ �	
�6��� � c��O.� K�5 �� #���' ���.BFB��� � �5 
	� � 
�6  .#��
 	��� �6

%�A�B�� FB��  M9�d� �5 � �6m�	��#������G.* �$ 	C� �	 �6�&4 FB�� !  
�&4 H���� !�2^� 
�61�V	���8  �

                                                      
1 Moustra  et al 
2 Shadmaan& Popy 
3 Duzgun et al 
4 Cheraghi  et al 
5 Asadi et al 
6 Kanokporn and Iamaram 
7 Belkhiri et al 
8  Salehi et al 
9 Ashrafi et al 
10 Rashed and Weeks 
11 Hosseinpour et al 
12 Mohanty et al 
13 Kolat et al 
14 Moradi et al 



  

  

  

  

3   ----------------------------  �� �! "��# ��$%&���
 %'���  �(GIS ��(# )
*+$�# ,-�. /�0�# �)�+ �#...  

 

 %�#:������5 �6"#A� G���� �� r��� �� � #� 
 ���.B �5 �
 #��.6 
� ���� ����5 
�6�� #��4 ���Z)1  �

 !%���$A62009' �
 %��&' .(  c�O �:o  1��&Z  	�B �	 �� ���
 G
 F�LA��� 
 "	�	  s�C5 G.* �� 
���	 !F��

��B��4 "#4 
���.5 �  ��G.* �6 �� %> �
 F�� 	�B "	�#X� �	 ��B��4�� 
�5 �#4  �9C9� �5��5 �	�>�? @8 � 

�� #�
 ��K	 � ��� �2� 
#A^)2 !2011.(  �6150   ,��o ��5 �9C9� �6 �*�C5 �5 � 6 ��� �  %��&' �	 ����5 � 

8�� 5�� ��� 	�4 3 �B> .���3 "��9  c�O �:' s�C5170  ��8 ,���� 
 "	�	 .F��  ,K#��� %����4��
 !3 ��5��5

�� #��
 F4�	 �� s�C5 �9C9� o  ��R��� o 	C� "#� > �	 # �5 �
 
����)3  !%���$A6 �2006.( �6�78 
���.5 
�6

 �T��� 
��5,#� �6 U2�E� 
�>�? @8 � 
"��9 � 
1����  "#4 F��  �� �B�5 ����5 �5 �
%> �6 ��B�	�8 � JF��$ ��� .4 

� ) %���$A62010 �5 (��&8 #�5 �5� ��� � 
�>�? @8 �J6�	 �6#��* 
�6�&4 ���A�B�� 
5 ��p 	� �6  � ��B�	�8 #�6

 ����� 3 � �5���"# #��  G�9	 �
�2^� ���.B FB�� 
�(9� �	 3� �8 F�S�
 �6�&4 3 � �	 �6%�A�B�� �6  "	�5

�$��C9�� � ��9 .F��7 )2013 ���� 3�(���� �� (?'�� "#4  �5 ���O� ���&� � �2X� GIS �5 ��R��  �5� ���

�>�? @8 � �&4 �	 
#�	�
 "	�S��� !%#�9  ����� 3 � �5 ����"# #�� �
 ���S' �6 � �t� 
�6�(9� 3�5 ����� 


'9��"#4#  h��'W�� �6 ���&� � �2X� 
 OWA	��	 	���. %�AV�8 ) %���$A6 �2015 ����5 �5 (�>�? @8 � 


%�A�B�� �6W	�(�5 
�
�6	 �&4 
9  �NB � �9C9� �5��5 �	�'> ��� � �6������8 Y��� �5 �� �9C9� Q�I� �� �4�� 


 !F�#I %�uA6	�#L'  ��:O��uA6 ��3  F�LA� J
��'���5	��� �) %���$A6 � 
#�� .#�	�	���I2019 3�(���� �� (


��� ?'�� ���� (F-OWA)  ?��> �5� ��� 
��5 "��9 
� @8 %�A�B�� 
�  �:N�� �	 
�&4 �5�L� �$O4 � 
�66 

) %���$A6 � 
#�� .#�	�
 "	�S��� %��&'2022 (,#� �6 
WLC  
��5 �� v�� 
��-' ��>�? @8 � 
"��9 � 


%�A�B�� �6 �5 ��
 	�5" #�� .%> �6  �� ������8 �6 �:�C�' � 2X'��G  F�A6� � #�	�
%> �6 #�	�	 %��� ��.  � ��
K��

%���$A610 )2023W�� (AHP  %�� 
��5 �� 
�6������8 1�m	� � %	�
 �6	�wx�  �5�>�? @8 �%�A�B�� 
  �5 �6

#�	�5��
 .%> �6  ,#� � %����4��
 ���	 FI	 �
 #�	�
 %��5"	�S��� "#4 ��5,#� 
 ?��> 
��� %�A�B�� 
� @8  �6

 ���.5�wx�  %��� ��4@* ��L9�N� ����5 .F���� #6	  �5 �N5�� �	 �S2�E� ��L9�N� �Z�*� �
�>�? @8 � 

%�A�B�� �6  �5 �9C9� �NB �5 �25�:� �	W�� �6 MN� �5 ���' ,�� �26� �	 ��� kF�� ����* ���^ U2�E� 
D> �6 


� ����� ��A
 ��4@* ��L9�N� � �� �	 ����'	��� ���I ����*  U2�E� 
�6� ���� #�9�' 3��uA6 � F��

�>�? @8 � 
�5 %���� "�� 2V ��$�� GV 
��5 �Ad'�J *�� h��' 
��F�� %���@* �����5 � ��A
 
�&4 %�C �

���'	���  %��(�6�78 � �����I ����* ?�
�' �L��' �5 ���' �5 �9�:� 3 � �	 .F�� W�� �6#�Z 
L����" 


���11OWA ���O� �� "	�S��� %�$�� �
 #4 ��&� �N ��4 #� >�� �	 
��� ���&S� 
�6Ad'�J *�� ��4�	 	��� 


 J�.�� 3��Z !#4�5C�' � 2X'��G  "���L�#�Z�� #���'  �5"	�� ��� 
�6	�O6�� U �L' 
Ad'�J *�� 
"�� GV  �O����

                                                      
1 Chini 
2 Samadi Alinia and Delavar 
3 Silavi 
4 Srikanth 
5 Gandhidham 
6 Adipur 
7 Lio and Malczewski 
8 Rahman 
9 Dhaka city, Bangladesh 
10 Malakar 
11 Ordered weighted Average 



  

  

  

  

4  -------------------  �� ���	
���
 �	����  ����14 � ��
��45� ��
�� ���
�3 ��� �1404  

 
 ��$�� GV 
��5 ��Ad'�J *�� �T��� 
.#6	 %��5 ?9�N� �5 ���' �5 3 ��5��5"#4 !2^� v#6� � 3 L' �L9�N���3  �

�:� �. �> y�:��? @8 �
 "��9 �
 �&4
 V��� �5� ���� �	 �  J&� ������8 3���* �R��	)� D> MN� ����� %�#5 � �

� (%> � ����	 �	 o. @8 �
 �uA6 .F�� ���S���3 � v#6 3 "�&5 �9�:� *��
 
�' ���? �C� �
  W�� �� "	�S���

���
  W�� �OWA  �	GIS �5 ��R��  #�9�'��:� �6 
�>�? @8 ��5 o. � U2�E� ����	 Y��� �5 
  Y���

W�� �6
 Ad'�J *��
 L�#�Z�"��  G$�� GV F&� �	Ad'�J *��
 .F��  

  

���� �
 A�� � �
  

 �5E3���4�E���1�  

"	�#X�  �L9�N�	���  H���� 3�5 �� �
 F�� %��&' 
��	�&4 F.�5 � "	C��4 !"	��  H���� �6�78 3 � �	22 ���*

 %��&'D�E���  "#4  D��� � 
C
�� H���� �	 %> J
��' 3 ����5 � 	��	 F�LA� �S� %��2�� "	 �� ��5 %��&' .F��

 3
�� �&4F�� 
���	 H���� 3 � �g
� .%�A�B�� �6 H���� 3 � D�E��� F2� .#��.6 	��#�������m � �A #I 
�� 

 �9�� W��.* %��&' �&4%> �6 �9�A4 F&� �	– D> MN� %	�5 ����� �5 ���' �5 3��uA6 � F�� �&4 �5���

 !	��	 	��� �5��� � �9�A4 H���� 3�5 �
 ������ ��� %��'  �� �2
 � �A��>�? @8 � %��&' �&4 
�&4 
F�#5 

 .	��>  

  
7� F1:  �5E3� =��G1���4�E���1�  H��3� =��G1� � 0��$� �1	/ �I =�J+11 �16  �20  H��3� �I =�J+22 0��"; �"� �+�,  

 (�
�����&L�M @
$�(  

 � ��&' �� GOI"	��> ���
 K � �6!� ����4 �6���L� # �5 U2�E� 
 Y�
 �6 
�>�? @8 � ��� � 3��L' 
Y�
 �6 

 	�4 zE��) ,�#�1 �L9�N� 3 � �	 .(Y��� �5  !��4@* ��L9�N� � �� 3��uA6 � %����4��
 ���R�7  zB�4

 
��5 ?��>,#� ��� 
�>�? @8 � 
%�A�B�� �6  �
 #4 ����* �R��	Y�
 �6 
�>�? @8 � zB�4 �6 �5 y�5�� 


 !%���$A6 � 
#��) F�� ����* ���^ ��4@* ��L9�N� � %����4��
 ���R� Y��� �5 C��2019 !%���$A6 � 
#�� k

2022 !%���$A6 � ��
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�4 �
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5 ,��  

0��CQ�& Z4�[� :1+  5  � ��  
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!%���$A6 � ��
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 ���5� F�A
 Y��� �5 �O�'�'�R�	��� �O��X�  "#4  ���L� � 	�:� �?'�� "#4  %�� ��	�5 �� "	�S��� �5�O��X� "#4  �5

 r�A�' !
��� ���&S� 
�6��� F�A
 Y����� 	�4  ���	 ��>�? @8 �.� 
 �O"��9 � �5 
%�A�B�� �6  }�d�B�
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 �6 ���S�� 
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 N�'O2 :T6/ �
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_$��;  �R�I  T6/ �
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�&1C�  6/0 -4/0  3  
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��$R ���JI  1 -8/0  5  

 �+R� %�`+��� A��M;��  �'�OWA  

Ad'�J *���	 
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 ���*#�Z�� #�
  �2-.� o  �
Ad'�J *��#�Z 
L��"�� F�� 3 �*)1 �  !%���$A62011 �R� �5 .(�� #�� MCDM 

J&� �' 3  �E5��J�. �6 ���O���8 
Ad'�J *���	 
 GIS F�� !3A�. � � ~����)2 2000( MCDM  ���$� 

                                                      
1 Greene et al 
2 Jiang and Eastman 
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c��O.� J�Ad' �	 # #� "���L�#�Z 
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W�� J�Ad' 
�6 F �9�� 3���*�R��	 F�25�I �
 F�� "���L�#�Z 
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� @8 F�� "#���* . �9	�L�W�� 

OWA  �N5�� �	 �
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)1 (  ���� � ∑ � �	
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	�	�


����� ���  
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Z1j≥Z2j≥…≥Znj  ����  ∑�� � 1, ��   �5 �
?'�� ��� �6���L� 	#�� 
�5 F�	  "#�>  %> � 	�:� � F��

��� , ��� , ��� F�� )�$��C9�� � �
�4��53 !2008 .(  

  
 F7�3)��[; (�a> : A�� �� (��, OWA  Romano et al., 2015)(  

 G$43 ���	 o. � 
  �(2A� F�LI�� 
� @8OWA h5��� 3�5 �	 ��AND  � (JA����) OR  %��� (JA C
��)

��  #�
�' %�C�� �(���5 ���	 3 � .#6	J�Ad'zB�4 �� ���A�� o  �'#5 �  � ��&5 � 	�:� 
�� �5 ��*  %�A6 �  � �6
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� @8J�Ad' 
C �*���	 .F�� ��* 
 ORness �5 ���^  �N5��2 �� U �L' 	�4.  

)2 (  ORness � �
��� ∑ �� # ��. �1  ,0 ' ORness ' 1 ����  

 ��#:� �#:Z�6ORness #4�5 ����5! o. � %�C�� W�B �  
� @8 J�Ad' ���5 �#:Z�6 � 	�5 #6��B ����5 ��*

 ��#:�ORness o. � �  � ���5#5 %�C�� !#4�5 ��A
 .	�5 #6��B ����5 J�Ad' 
C �*�5 2
��� �(2A� o  �OWA 

 �5 ���	� o. @8 � �� ����5 
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1 Eldrandaly 
2 Boroushaki and Malczewski 
3 Boroushaki and Malczewski 



  

  

  

  

8   -------------------  �� ���	
���
 �	����  ����14 � ��
��45� ��
�� ���
�3 ��� �1404  

 
v�L� J�Ad' o  ���	 � �g�B ��*� o. @8 � �� ��A
 
5/0 J�Ad' o  v�L�o. � ��* 	�5 #6��B 3�5#5 � C �*

 !�$��C9��)2006.(  �(2A� ����� �Z �6 �
 F�� 
��>	�  �5 1�KOWA  �(2A� �5“OR” o 	C� ��#:� !#4�5 �' 

 ���	� o. @8 �o 	C� o  �5 
 �9�V�	 .F�� �'  �(2A� ����� �Z �6 �
 OWAA� �5�(2 “AND” o 	C�  !#4�5 �'

��#:�  ���	� o. @8 �o 	C� �S^ �5 
 .F�� �'  
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 	�4 �T���[0,1] P∊! Q(p)  
��*��� ���	 3�O�P  �5

 1�&S�5�%� "#4 h��'  Q  #6��B) 	�5 !�$�C9��2006( �dE�� ����' �5 .α �� %��' F�A
 �� �S2�E� Q����[�� �6  �

 
�6�(2A�%> �6 �5 �� .	��> F�	�5 ��� �*� !,�g�α  #4�5 o  Q(p) �5 ?�����α  3 ��5��5 .	�5 #6��BA
 �������F -

 [��"Ud�" �� 	�4G�� �5 . F�A
 !�S^ FA� �5 �S9> %	�
 [��Q(p)  �� �$  �(���5%��
 �6 �  ���O� .	�5 #6��B

"�$  GI�#V" 6��B ���J  �(2A� �5 �
 F4�	MAX  v���� .	��	 F:5�N� %	�
 G�� �5 �( 	α  FA� �55� �&� F! 

A
�F [��Q(p)  �T��� �� 	�B 1�	 %��
�� ) #�
�(A6 ���O�  � All(  �(2A� �5 �5��5 �
MIN .F��  

)3 (  Q* � +,    -〉 0  

 %�� ��	�5OWA   �� "	�S��� �5A
�F �6
��� ���&S� 
  

)4 (  W0 �  Q*  1 0
23 #  Q* 1 04�

2 3 , j � 1,2, … ..  

%> �	 �
 j  !���L� 	#�n  � �6���L� G
 	�#L' wj ���L� %�� j .F��  

 �5"	�S��� ) �K	�L� ��3) � (4 !(%�� �6�O�'�' 
 ) �9	�L� �	5 �O��X� (�� 	�4 �*� )2 !1988(.  

)5 (  W0 �   1 0
23, #  1 04�

2 3, , j � 1,2, … ..  

 ��#:� ��� � �	 α ���	 ORness  � W�B 5��.F�� �  
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1 Zadeh 
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���2 �� ���	 o  #�9�' (%�� �6 !
��� ���&S� [�� F�A
 �5 y�5�� �O�'�' 
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 F�LI��1�#
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� @8 l8 �� %���6	 

�6���L� � ,���� ��� 
%> �6 ��&' � ��:� 
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��� α  #�#4 ?�
�' (���S��
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 (�[;�) ,�� (1$��3& (��I (6 (�C����
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