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:!�$  �, g��d �� �9��:� ��$ ��  

log( )
ij ij i ij

T x Wµ β σε= + + + , 1,..., 1,...,
i

i n j n= =  

��$�  ��� � �$ � H4� �� �Wi�3 � ��� O���$ H4� Y��2 

)CAR( &� ��*	 #,�*$ H4� ��$ .!�$  V$ ��� �=/>� �-��u� g$

�� $� �=��>�� ��/<�� �� `��$  �  � 2�	� ��$ �� �N$	 �� .4��

 !�9N��4����# �� (�2� �� !%>�   =�42� ����� #4�P6� o��� 

��4�  &� �	�P� �e$�� �� Y 1� ���� #4���� 	�  O$ �7 g��d

(a Y46���  $� ��»���>��«   =����  �X/� �$4�� 	 #4���� 

)(a �$ � $� ( �� �$ N ��  �$ � ��  �x �� 	 &��� ��$  g��d

(a  $� ��» �x �	�P�«  �$4�� 	 #4���� a �$ �(   �d  �$ � ��

H�� - .��� 4�$�< :!�$  �, g��d �� H4� ��$ �46�  

  

: (a �� �7  

 

 � - H4� ��$ ���� ���
0

i

i

W =∑
  `��$  � 	 !�$ 5� 9�

 ��,��CARY  ��e�� �� �7 !�$ �[$	i �$4�� YT$Wi  ������$4�� 

���>�� �$49� 	 8$ 3$ �e$��  ��6/�  �/>�$	 Y��e�� 8$ 3$ ���

 	 !�$��$ ��6� (��� #46�� � &�  ��� �� .!�$ ���@- �=/>�

 �$ � #4� (��� ��/<��Wi �� H4� ��$ ��  Z��P� T4� $� (a ($��

                                                           
١
 Non-informative 
٢
 Conditional Autoregressive  [
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202������	 � ����� / 

���@-1  0��4����.  

� a ��	����� `��$  � H4� ��� /�$���  �� ��>� ��,�� ,$ � �O

 #���/�$��%� S	� ,$ ����7 !��� 8�7���  �P�, �,��2 ��  !�� 

�� 4�a(a ,$ . ��,�� ,$ ��.3$ �7 �*  �� /�$��� ����� ���  ��*	

�$4����,�� Y f\� ���Oa�� ����� ���3  R�\/�$ �� ��� �$ � .

 ����� O� h�$ [ ���β 	  (�2�  /�$���µ  ��$� ����� ��,��

 Z����$	 	  �d ��=���� �� H�� �106  1��� $�  �$ � 	 �/- O

 /�$��� (��1% σ  (�2�  /�$��� �� ���O ��,��1  `����  /�$��� 	

001/0  ��=���� ��)1000  	 Z����$	106  1� �� (  �/- O

�� ���  /�$��� .  $� ���@- �-��u�  V$ Z����$	 � �w� ��X�

�� H /67 467o  (�2�  /�$��� �� ���O ��,�� ��� ���� ��001/0 

 `����  /�$��� 	001/0  �$ � $�`�29� (a   1� �� (!N�  /�$���)

�� �/- O ��� �� H4� 0�� !��)� �� .20Y000  $ *$ �$ 2�o4� 

�� ���3  �710Y000 � !<�� �$ � H	$ �$ 2� 	 H410Y000  �$ 2�

S,$ � �$ � T	�  ��7 �� h��6� H4�4� #� �.  

!�$�% �&  

 ,$20554  �$49� Y���� � �� ./%� �����18087 )  ��88 

4d�� ( (���� !>2� ($�6� �� �$ -$ ���� 	 �/-�� ��%)� ($�6� ��

 ]�\�� (��, �� ($����� ��$ �6� ��=���� .4�4� �/- O  1� ��

 �35/50  �� H��:<��  ��$4��/�$6/21  ��$ �� .��� H��

#�$�  Y��10638 )  ��8/51 4d�� ( .4���� (, ���� 	 � �1195 

)  ��8/5 4d�� ( ���� � �� ./%� �$ -$ �$49� .4���� ��$4�,

 !%G� F�<  ���$�� H�� ���  93 -1389  h�� � �� ($ �$ ��

  �$ �4082 )9/19 4d�� Y(4403 )4/21 4d�� Y(4182  

)3/20 �4d� Y(4080 )8/19 4d�� ( 	3807 )5/18 4d�� ( .���

H	4* #���� 1  H4� �� #4� ��$	 �6��%� ��� �X/� ���d�� ���a

�/-����%)� 	 ($����� �$49� #$ �� �� $� �� (��� �� .4��  

H	4* �� �*�� �� #���� 1q�%� �� (��, ���%)� 4d�� Y 6 4d�� 

f��  � .!�$ ($� � ,$  �)6�1046 )  ��1/5 4d�� ( ($����� ,$

 ���$ (��� !%G� �*�� �$�$� 9-1  �$49� .4���� ����14646 

)  ��3/71 4d�� (  ���$ �*�� �$�$� ($����� ,$1 �� +3 (��, �� +

 �N$	 �� .4���� ]�\��3/71 4d��  	� ��$ ,$ �2� �� ($����� ,$

 (��, �� �7 ��	 O �� ($����� ���%)� 4d�� .4��$� �$ N #	 O

 ]�\�� (��� !%G� �*�� ���$ (a �� 3!�$ #��� +o  ���� ,$

                                                           
١
 Spatial heterogeneity 
٢
 Markov chain Monte Carlo 
٣
 Non-informative 

#	 O q�%� �� �� 5 4d�� &7   �Y���  ��$3  ��$46b g	���  =�� #	 O

 0�� ���/�	� ($����� ���%)� ($0�� .4��$4� &� ��5/1 4d�� 

f��  �  � )� ($����� ,$ ���.  

(a ���%)� 4d��  � �$ -$ �O4�, Q�  V$ ��� � ��16� ��  Y��

/�$ (�/�$ ��2�� �� Y�/-�� ��%)� �$ -$ 4d�� 	 ($����� �$49� $4

H	4* �� �O4�, Q� #���� 2  ,$ ��7 ����,�$ �� 	 #4� S�$0O

.4� #�$� ��$�$ (a  

H	4* �� �*�� �� #���� 2 ($����� �� ���%)� � � F��/� Y

 ($ �$ �� ���� � �� ./%�88 4d��  .���  

&7  �< (�/�$ �� ���%)� ($0�� ��(��$  ) �����4/79 4d�� (

 	f��  � ��(�P����za (�/�$ �� ���%)� ($0�� ) �N �4/91 

4d�� ( .!�$ #�$� ��f��  � �m��) ���� � �� ./�$ �$49� ��

2000  H�3 �� ( ��5 ) H��93-1389(�/�$ �� ;�� � (  ���

) (�/>�O2090) ($ )� Y(2112) (�/�,�< Y(2206 Y(

(�/>�� ) (�/>b���	2939( (��$ < 	 ) ��[�3137&7 	 (  �� �

 ,$  /�7) ���� � �� ./�$ �$49�100 H�� ��$ �� ( ��  ;�� � ��

(�/�$ �� H�Q���)b ��� 	) ����/\�52) ��	0N Y(81 ($4�� Y(

)82 Y()7�����= 	 4�e$ ���)85) �0� 	 (40!�$ #��� (  

 #���� H	4*)2(.  

 ��$�$ ��16� ���X� 4�	� �� !%>� ��7 4�� �� !�9[	  �

($����� ���� �6Q6� $4/�$ Y.4� &�� �$ -$ 7 �$ �  ��� (.��7  

�$���� #���� 1 �� (���  �� �7 4��2 q�%� �� Y(���� H	$ #�� 

80 �� �7 ��$����� ,$  �x ��) ($����� ���� .46/-�� ��%)� ($����� %

#�� �� ���4� �� 0�� (46/- O �$ N (���� !>2� #	 O  #46�a ���

��%)�  .46/-���/-�� ���  ���@- H4� S,$ �AFT :�7 �$� (���  

 (�2�7 ��� �X/� �� ;�� �) ��� /�$��� �a ��	 H4� ,$ #4�

H	4* �� �%�7 � �-��u� g$ V$ �� ��/>P� #���� 3  #�$� (���

�*�� Y(��� ��$4�, �[	 YZ6* ��� �X/� .!�$ #4� �  !%G�

  V$ �O4�, Q� 	 ]�\�� (��, ��  ���$ (�����69 �$�  � �

 #46�� (��� h�$ [ ��$ ����� �$4�� .46/�$� �$ -$ ���%)� (��,

 �V^�  .!�$ (�$ -$ ���%)� (��,) �$ -$ ���� (��,  �  �X/� (a

�� ��$ ��6� ��$ ��7 ��3 �� ($��  �$4�� �b  � �7 � 7 (��� ���O

"�0� #4�a !�� �� h� [  �� f�$0-$ 4e$	  � �$,$ �� Y4���  �

 �X/� (a ($����� ���%)� �$ � T,m (��, g4� Yf��  � ��  .���

��$ Z6*  �X/� �$ � #4�a !�� �� h� [ ��  �>�� ���O  ���

($� � ���%)� (��, �7 exp (0.1805)-1.198  �� .!�$ (��,  �$ �

 ($� �  =�� g��%�8/19 4d�� �� ��%)� (��, ,$  � ��  .46���

	 �$ � #4�a !�� �� h� [ g��d ��4� 0�� (��� ��$4�, �[
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 ����� ����� ����� ��������� ��  �!"�� ������� #$!% &� '� ���� �� (��� )�% ��%* +,�- .�$- ��  �$%���/� /203 

��  �>��  (���$4�, ���%)� !� � �7 ���exp (-

0.2158)=0806  (���$4�,  =�� g��%� �� .!�$ ���� �$ -$  �$ �

4/19 4d�� �� ��%)� ��$4�,  �x �$ -$ ,$  ��	,   �>�� .46���

 (��, ��  ���$ (��� !%G� �*��  �X/� �� ;�� � h� [

� ]�\�� f�$0-$ 4e$	  � �$,$ �� �7 !�$ g��d ��$ �� 0�

�$ -$ ���%)� (��, Y ���$ �*�� exp (0.28)=1.323   �$ �

��   ���$ (��� !%G� �*�� f�$0-$ 4e$	  � �$,$ �� �N$	 �� .���

 �$ -$ ���%)� (��, Y]�\�� (��, ��3/32 4d��  f�$0-$

�� 	$ e$ � �� ($����� �b � Z� .4���) ������ ���*��� ��� 

 Y4667 ,�xa $� (���� 	 #4� #�$� ]�\�� (!%G�  ���$ �����

(a ���%)� (��, #���7 0�� ��  0�� �O4�, Q�  �X/� #����� .!�$  �

��  � )� v3�6� �� �7 ��$����� ���%)� (��, �7 !�O ($��

�� �O4�, Y4667 exp (0.0685)=1.017 !�$ ��$�����  �$ �  �7

 ($����� ���%)� (��,  =�� g��%� �� .4��$� !��2� �/�	� ��

 Y���� )�1/7 4d�� f��  � ���/�	� ,$  ,$  � �� 	 !�$ ��

���/�	� �� ��%)� �� .46���  

 Y�$ -$ ���� (��,  � ����-$ X* ��=�$  V$ �2�-$ O f���� �$ �

�-��u�  V$  /�$��� ��=����  Wi ��>� ��,�� ,$ #4�a !�� �� �	�

 ��$�$ ($ �$ ���� 4� #�$��$4�� �b  � �9��:� ��$ �� .  

Wi�b�7 �� ��%)�  ��	, (�/�$ (a ($����� Y4���  �  �:�� .46���

7��< g��d �� �$���� ��$ �� #4� #���/�$ S � �� F���T � �$0-$ 

ArcGIS  ����� v�:� �4N `��$  � (a R�\/�$ 	 #4� 4����  Wi 

O �� #������ .��� 4���� ���>2� d$�- �7 �$  

 �� (a (� 7 ��$	 	 ]�\�� (��, �� ������ g4� �� �*��

��Q�  ���>� ���$�$� ������ ,$ ����>� �� .!�$ !���$  �b � Y��

� 	 #4� #�$� ]�\��  � �� � - (a H�%�� � ,�xa $� (����  � ��

�� f�$0-$ 0�� (a ���%)� (��, Y467 � !�� ��$ ,$ 0�� � .4��

������  Y($����� ��7 ��� � ,$ Z� ��$ ��6� .!�$ ��2  H4�

 S,$ � m��  ���$ �� ($����� 	 �����  ���$ �� ($����� �$ � ���O$4*

4� #�$� !%G� �*�� �/�$� Y�����  ���$ �� ($����� ,$ ��16� .

  ���$ (��� 9-1  Y����1 �� +2 �� ($����� ,$ ��16� 	 +  ���$

� !%G� �*�� �/�$� Ym��  ���$ (��3 ��$ !�� .!�$ +

&�>��  Y�46��/-�� ��� H	4* �� #4�a !�� �� #���� 1  �7 ���

 �$� (���($0��  �� ($����� ���%)�3  #	 O!>\� q�%� ��  &� ��

#���  �$ �Y  #	 O �� ��$4 ���� YH4� S,$ � ,$ Z� .!�$ g	��/� � 

�6)� ��-$ X* ��=�$ �46� &�� #	 O 	�  � �$ � $� ��4� 

2�) ��� #���� 2	1.(  

2� �� �*�� �� #���� 1  !%G� �*�� �� ($����� �� ;�� � �7

  ���$ (��� 9-1  Y����1 	 +2 ����-$ X* ��=�$ �� Y!�$ +

!�>N .��$� ��*	 ($����� ��$ �$ �  �N � H��� �e$�� ,$ ����

(��$ <) (��$ < Y��[� />�O 	 ����� Y((�H���  R x 	 �� x

(�P����za)  g��d �� ($ �$ (#����� 7 	 (�/� � Y($4�� Y�� x � 

#4� #�$� (��� i�� (��� �7 4�$  (��, g4� �7 !�$ �/2� ��$  O

�� �O4�, v3�6� ��$ �� �7 ��$����� ���%)�  v3�6� ���� ,$ Y4667

f��  �  (��� ��$ �� .!�$2 7 � �� h�� � �� 0�� `��- 	 &N (�/�$ 0

�� �$ N #	 O ��$ �� ($ �$ R�6* 	 !�>N �- 3 ,$ .4� �O  ,$ ����

Y($ )� Y($�4�,��) �� x H��� 	 ����� v3�6� ��$ Y(�6�� 	 ��

R�6* 	 �N � v3�6� Y((�P�,  <) �N � 	 (�� 7 Y�0� Y���6* (��$

(�/>�� 	&7 g��d �� 0�� ($ �$ ((�/>b��� #4� #�$� (��� i��  4�$

(��� �7  ��$  O Yv3�6� ��$ ($����� ���%)� (��, g4� �7 !�$ �/2�

&7 v3�6� ���� ,$ $ .!�$  � �/%�2  	 �07 � (�/�$

H�Q���)b 	 �� 	 �/�$� �$ N ($ �$ �07 � �e$�� �� �7 0�� ����/\�

&7 g��d #4� ]\�� i�� .4��$� �$ N #	 O ��$ �� 0�� 4�$  

2� �� �*�� �� #���� 2 � �� ($����� �� ;�� � �7 !%G� �*�

  ���$ (���3 ����-$ X* ��=�$ �� 0�� ($����� ��$ �$ � Y!�$ +

 .��$� ��*	f\�  ���� ,$��e�� ��� H��� (��$ <) �N �  Y��[�

(��$ <  Y((�)�d$ 	 &N) �07 � �e$�� Y((�/>�O 	 (�6�� Y�����

�� Y(�)�d$ Y&N) ���6* �e$�����=)7 	4�e$ ��� 	 `��- Y

��d �� ($ �$ ((�O0� �#4� #�$� (��� i�� � g  ��$  =���� �7 4�$

 v3�6� ��$ �� �7 ��$����� ���%)� (��, g4� �7 !�$ �/2�

�� �O4�,  v3�6� ���� ,$ Y4667f��  �  ��$ �� .!�$ (�/�$ (���

H��� �� �7 0�� (�P�,  �$ N #	 O ��$ �� ��$� �$ N ($ �$ �� x

��  ,$ .� �O �- 3f\�  ���� ,$��:6� ���  ����� �07 � 	

 , %�$ Y($ )� Y($�4�,��)Y(�/� �) �� x Y(�07 � 	  (#����� 7 	 T.�$

R�6* 	 r � 	  7) �N � 	 ���6* (��$ < Y�0� Y(��

(�/>�� 	&7 g��d �� 0�� ($ �$ ((�/>b���  #�$� (��� i��

#4� (��� �7 4�$  (����� ���%)� (��, g4� �7 !�$ �/2� ��$  O

 v3�6� ���� ,$ Yv3�6� ��$&7 .!�$  �  
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204������	 � ����� / 

 ��� ! +��,1- ��% 4���5� �$%��	�� !���6� &� 7���	  ��8� ������ �  �!"� �&$�� �	  

������ ����	  ��  �$49� ($�����   �$49��/-�� ��%)� (4d��) ��  p-مقدار  

!�"        

� �  10638  9067 )2/85(%  
001/0<  

(,  9916  9020 )91(%  

�#$% �����& '(�        

��$4�,  1195  1068 )4/89(%  
001/0<  

��$4�,  �x  19359  17019 )9/87(%  

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

 9 -1 ����  1046  952 )91(%  

001/0<  
1+  7008  6238 )89(%  

2+  4862  4379 )1/90(%  

3+  7638  6518 )3/85(%  

����& 01	        

 )�  12948  11328 )5/87(%  
001/0<  

�/�	�  7606  6759 )9/88(%  

  

 ��� ! +��,2- �9�:* ';% ��$�� <��5� &� ������� � �!"� �4�  � �:����� =�*��  

5���  (�/�$ T��  ($����� �$49�  �/-�� ��%)� �$49� (4d��) ��  5���  (�/�$ T��  ($����� �$49�  �/-�� ��%)� �$49� (4d��) ��  

1  (�P����za �N �  198  181 )4/91(% 17  `��-  207 169 )6/81(% 

2  (�P����za �� x  225 183 )3/81(%  18  ��	0N  81 70 )4/86(% 

3  ����$  265  241 )9/90(% 19  &N  509 464 )2/91(% 

4  (�)�d$  603  515 )4/85(% 20  (�/�� 7  330 295 )4/89(% 

5  , %�$  523  464 )7/88(% 21  (�� 7  793 661 )4/83(% 

6  T.�$  105  89 )8/84(% 22  #����� 7  221 182 )4/82(% 

7   )���  207  182 )9/87(%  23 )7=����� 	4�e$ ��� 85 75 )2/88(% 

8  ($ )�  2112 1848 )5/87(%  24  (�/>�O  2090 1830 )6/87(% 

9  H�Q���)b 	 ����/\�  52 47 )4/90(%  25  (.�O  830 746 )9/89(% 

10  (��$ < ���6*  127 109 )8/85(% 26  (�/� �  268 230 )8/85(% 

11  (��$ < ��[�  3137 2769 )3/88(% 27  ($�4�,��  821 742 )4/90(% 

12  (��$ < �����  272 216 )4/79(% 28  �07 �  334 284 )85(% 

13  (�/�,�<  2206 1947 )3/88(% 29  (�O0� �  588 508 )4/86(% 

14  (�P�,  179 154 )86(% 30  ($4��  82 69 )1/84(% 

15  (�6��  125 110 )88(% 31  �0�  40 32 )80(% 

16  ��(�/> 	 (�/>b���  2939 2675 )91(% ��*  20554  18087 )88(%  
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+��, ��� ! 3- �� �� <�$,?� )�% ��	�$%���/ @�,/ ��	 �������	 A	 �� �B� &$,�  

5���   /�$���  ��=����  ��$4��/�$ 8$ Q�$   �4d5/2   �4d5/97  

1  ��  000864/0  000593/0  000216/0-  0021/0  

2  Z6*  1805/0  0222/0  14/0  23/0  

3  (��� ��$4�, �[	  2158/0-  0607/0  348/0 -  091/0 -  

4  ]�\�� (��, ��  ���$ (��� !%G� �*��  28/0  014/0  2536/0  3066/0  

5  �O4�, Q�  0685/0  0237/0  0223/0  1148/0  
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��� /. �0 123� ���� �0  
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 ��� ! /6!2- &6"/ &D1: )�� �  ���� '� &� #$!% ������� ���� ��������� ����� ��6� ��	 93-1389 I�� ����� &��  ��  

'��  

�� �*�� �� $�� �7 4�	� (���� Y� �� 4�	� 46b ���� 	 q�/%>� 

�m�3� !�$ 	 ��%)� ��7 ��($��� ��46�,� ��=� � T	$4� 	 

8 u� �� �N�� 	 �� �� �� ��	�$�� �P��0 #4� !�$Y ��$ ��6� 

�� �� �$�� �� V �� (���� ��($��� ./%� �� � 	 ���f 4�	� 

(���� �� 7 ���7 �� 4�$�� ��7 ��<� �� �,��6 ��%)� �4�	 

(���� �� �-� g.2�� ;�� � �� (���� $�� ��($��� 4��� .  

�� $�� �9��:�  �V^� < �� �$�� F%� � �� g4� (��, ��%)�� 

��($��� ���� �9��:� �$ N !- O �7 &)� � �� (a Y�$�� �=�$� 

-$ X*���� )Q� O4�,� (��($��� ��� .�� $�� f�	
� �� #���/�$ 

,$ H4�  /�$���� AFT #$ �� �� O4662�� �@-��Y �Q�� %��6�� 

,$ (��, ���� ��($��� ./%� �� � ���� ��$�  F�< !%G� 	 

�� = X/���� �  �V^� �$wO  � g4� (��, ��%)�� $�� ��($��� $�$�� 

� O�4 .�/-�� �� (��� �$� �7 X/���� � YZ6* �[	 �$4�,� Y(��� 

�*�� !%G� (��� ��$�  �� (��, \���] 	 Q� O4�,�  

) )� Y�/�	� ( V$ 69�� �$�� 	�� g4� (��, ��%)�� $�� ��($��� 

46/�$�.  

�6)� 46�� X/��   V$ -��u�� �@-�� (��� �$� �7 O4�,� �� 

(�/�$ ��� Y5�/\� �� 4�$�� h%� f��7 �� $0-$�f (��, ��%)�� 

��($��� ./%� �� � ���� ��$�  F�< !%G� ��� .�� �*�� �� 

2� ��� #���� 1 	 2 \��] !�$ �7 (��, ��%)�� ��($��� �� 

�*�� ��$�  m�� 	 ����� q.��7 �� &� g	��/� !�$ .�� �N$	 

(��� ��3 �7 �� 2� #���� 1 ]\�� !�$ f��  � (�/�$ �� �� 

g��d &7 i�� �� i�� F��/� ]\�� #4� 4�$ 	 $�� (��� 

#46�� � #���7 (��� (��, ��%)�� (a �� !�$o �� ��e� �7 �� 

2� ���#� 2Y �$49� (�/�$ ��� i�� � f��  � !�$ �7 (��� 

#46�� � �m�3�  � (��� (��, ��%)�� ��($��� �7�� �� $�� 

v3�6� !�$ .�/%�$ �� �����> 2� #���� ��� 1	 2 �� ($�� 

�)-�4 �7 (��, ��%)�� ��($��� �� < �� ,$ (�/�$ Y�� 8 d  1� ,$ 

�*�� !%G� (��� ��$�Y  &7  � ,$ ���� !�$ .(�/�$ ��� Y($�4�,�� 

Y($ )� 07 ��Y $�YT. �Y�0 Y(�� 7 (��$ < ��6*� 	 

��(�/> (�/>b���	 ,$ $�� #	 O  />�46 .&� 6b�� (��, ��%)�� 

�� < �� (�/�$ �� ��0 8 d  1� ,$ �*�� !%G� (��� ��$�Y  

f��  � ,$ ���� !�$ .(�/�$ ��� (��$ < �[��Y (��$ < �����Y 

Y(�/>�O O�Y(. &N 	 `��- ,$ $�� #	 O  />�46.  

�� �9��:� �/���� 	 ($��2�� �7 	�� 250 ����� ./%� �� � 

|��< ���� �� (�/�$ ($4�� �� H�� ��� 90-1384 T�P�$ Y4� 

171  �� �7�� �� v3�6�  )�� 	 94  �� ,$ ./%��(� �� 6��� 

m��� 50 H�� ���6��� #4� 4���� .��=���� �� ��($��� �� 

v3�6�  )�� 3/44 	 �� v3�6� �/�	��� 1/42 H�� ��� �7 

g	��� ���a� �69� �$�� ��*	 !�$4� .�:�$� � ���a� �69� �$�� 

��� �� ./%��(� �� Z6* 	 Q� !��2� ��*	 !�$4� .�� $�� 

�9��:� f��  ��� Q� ��� O���  �� ./%��(� �� � |��< ���� 

;�� � �� # O ��� 	��6��Y h6* #� �Y !��� 	 �$($�\/ �� � ��h 

�� 1/39Y 5/13Y 10 	 6/9 4d�� #��� !�$ )20.(  

�� �9��:� �/�wO  =�� �7 F��� ��4���$  	 ($��2�� ,$ $4/�$� 

H�� 1384 �� ���� H	$ H�� 1391 	�� 6363 ����� 4*�4 ./%� 

�� � T�P�$ Y4� ��=����±���9� 8$ Q�$ 6�� ��($���  �$ � 

18±3/39 H�� 	 �����±� 8$ Q�$���9 6�� (a ��  �$ � 5/6±35 
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H�� �� !�� 4�a .;�%��$ �69� �$�� ��� ��($0 ,	 � 9�P�� 	 

f��� O���� v3�6� 5�/\� ,$ t�Q� ���a� #4���� 4� .

&� 6b��  [�h =/>%��� ��$ ��� ��($0 ,	 � � 	 f��� 

O���� v3�6� 5�/\�  �$ � �� 388/0 ���Y ��$ $�� &� =/>�� ,$ 

 1� ���a� �69� ��$ ��%� .�� $�� �9��:� ]\�� 4� �7 ���/�$ 

� �� ��� v3�6� -$ X*���� �� g��d -��u�� #��%�Y �2�� �� 

v3�6� -$ X*���� �� $ ��F �N$��� R�3 � 	 4����$ / �$ 	 v3�6� 

�� f��� O���� ��/>��7� ��($0 ,	 � ������ !%>� �� ���  

v3�6� &7  � #��� !�$ )21.(  

� @e� 	 ($��2�� �� H�� 1392 �� �� �� �[	 

�$��4�c����� � 46/<$� � .�� $�� �9��:� �7 	�� 297 ����� 

./%� �� � �� (�/� )� ���$� T�P�$ Y4� ��=����± 8$ Q�$

���9� 6�� ��($���  �$ � 1/18±44 H�� ��� .83 4d�� ��($��� 

�7��  )� 	 ���� �7�� �/�	� 4���� .,$ 7 ��$�� Y� 2/56 

4d�� ���� 	 8/43 4d�� |��< ���� 4���� .&� 6b�� ���� � �� 

(�O�$ O���  �� � |��< ���� # O ��� 	��6�� �� ��l� 

4/254d�� #��� !�$ )22.(  

!(��� )��*  

84� �d$� $�� f�	
� �Q�� (��, ���� ��($��� ./%� �� � 

���� ��$�  F�< !%G� �� #���/�$ ,$ H4�  /�$���� AFT #$ �� �� 

O4662�� �@-�� �� ��16� �� ��  V$ �=�$� -$ X*����  � (��, 

���� $�� ��($��� ��� .4��� ��16� ,$ H4� �@-�� (��, !>2� 

R�/� �$�  /�$���� #���/�$ 4� .�� #���/�$ ,$ �����  ��=���� ,���� 

>��� �� !�� #4�a $ �� �� /�$���� g$ V$ -��u�� 

�@-��)Wi��(Y $�($   � `��$  �V^� ���=�$� -$ X*����  � (��, 

���� $�� ��($��� �6)� �46� 4�. 

��/-� ��� f�	
� (��� �$� �7 H4� �@-�� AFT />P��� �� 

g$ V$ -��u�� Y�/>%�� S,$ � %��6�� �� #�$� ��� � ���� 

��$�  F�< !%G� $�($  �� H�� ��� 93 -1389 �/�$� 	 

X/���� � YZ6* �[	 �$4�,� Y(��� �*�� !%G� (��� ��$�  �� 

(��, \���] 	 Q� O4�,� ) )� Y�/�	� ( V$ 69�� ��$� 	�� 

g4� (��, ��%)�� $�� ��($��� 46/�$�. 

�2� ,$ h%� ��� ��*	 g	��� �� ��� (�/�$ Y�� g	��� �� 

!� � � 2��� ����/��&> �$ -$ 	 #	 O ��� 5�/\� !%>� �� 

��	�$�� #���/�$ #4� !�$ .(��� ��3 �7 �� ��$�Y4 �%� O4�,� 

	 c��& $wx�� T�N ��� 5�/\� ��  �$ � $�($  �� &� g	��/� 

!�$ .,$ - 3� g	��� ��� /�c�2� ��0 ��� T$�N$ ��*	 ��$� .$�� 

g	��� �� �7 �/%�$ �� �� (a ��7 q�/%>� ����#4 �$ !�$ 	 ��46�,� 

g��.3$ d�<� #��� 	 ,$ �Q� $�� ����� |��< Y!�$ h%� #4� �� 

}��� ��&/> ����/���>� $�� �$ -$ �� ��	�$� g	��/� #��� 	 

�=�$� (��, ��%)�� ��($��� �� (�/�$ �� Y5�/\� �(�>2 4��%�. 

�2� �� = ,$ !�� ��� ��*	 g	��� �� (��, ��%)�� ��Y($��� 

�� 4�$�� g	��� �� Ra 	 $��� Q� O4�,� $�(�� 4��� .Ra $��	� 

(�/�$ ��� 5�/\� $�Y($  g	��� ,���� �� &� 4��$� . �<� (�/�$ �� 

�N$�& � � �/�$� 	 �� H�3 H�� ���� ����� � � !%>� �� ���� 

(�/�$ �� 4��$� .< �� ,$ (�/�$ �� ��0 �N$�& T O �/�$� 	 &� #�$	 

����  �m��� $� !%>� �� �� = (�/�$ �� �� P� �� 4667 .Ra $��	� 

< �� (�/�$ �� &� �� H�3 H�� X/��  !�$ ../�$ �� ��Y!�� ./�$ 

�� n$ �a ,4�$/�	 	 �/�$� /�$��� ,$ �� = �$�� �� V  � ��%)� 

��($��� ./%� �� � 46/>� �7 �� >����� ,$ 9��:�� �� �� (a �� 

#���$ #4���$ Y /�^����� �� ��� ��%� g��.3$ -�7� �� #�$� ��� 

���� �� ��Y ��$	 �9��:� 4�4��. 

$ �� 9��:�� ��� f��  � �� ($�� ����/<��� @-��� 

����#4 � � $� $ ��  /�$��� �@-�� ��  1� !- O �� ��/<�� �@-�� 

(�)6� $� ���� �� �� �$ N �$� .&� 6b�� �� ($�� �� �*� :<� �� 

�/- O 1� X/���� � ���=� (	�� YH4� 9���� x�  :<� ,$ (a �� 

$� ��$	 H4� � 7o �� ��3� �7 ���� ��%)� �/-�� ��� S,$ � H4� 

���.  

�+�, � ��	��-�  

#�$� ��� ���� #���/�$ �� $�� f�	
� �� ��2��� #�$�$ H /67 

� 	 YT$w* 07 � 4�� �! ������ ��� O$	�  g�$,	 Y!�$4)� 

(���� 	 S,��a �2�0� �� !�� #4�a !�$ .4��� �	��� ,$ R�6* 

�Na�  /7� 9��4 - �� �7 �� �����6��� 46��,�$ Y��< 

(�O4���=� $� �� $ *$� $�� f�	
� ���� Y4����� 4���  	  2��  

�� ���.  
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Evaluation of Effect of Geographical Pattern on 
Improvement of Patients with Pulmonary Tuberculosis 
Based on A Parametric Accelerated Failure Time Model 
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Background and Objectives: Tuberculosis is the most common cause of death among single-factor infectious 
diseases and is the tenth cause of death among all diseases in the world. The disease is spread mainly from an 
infected person through close contact with other people living in one place. The aim of this study was to 
investigate the relationship between the spatial correlation structure and the recovery time of patients with 
pulmonary tuberculosis in Iran. 

Methods: In this applied study, the data of 20554 patients with sputum smear-positive pulmonary tuberculosis in 
Iran from 1389 to 1393 were used. A parametric accelerated failure time model with spatial frailty and 
batesian approach was used to analyze the data. The OpenBUGS 1.4 was used for programming and the 
ArcGIS 9.2 was used for mapping the environmental impact on tuberculosis. 

Results: The mean age of the patients was 50.35 years with a standard deviation of 21.6 years. The results 
showed that the geographical environment, gender, prison condition, degree of smear positivity at diagnosis and 
location (urban-rural) had a significant impact on the recovery time of pulmonary tuberculosis patients. The 
recovery time of patients with smear grade 1-9 bacilli, 1+ and 2+ who were treated was significantly shorter 
than the others. 

Conclusion: According to the study, geographical environment and the location have a significant impact on 
smear positive patients’ recovery time. This impact depends on the degree of smear positivity in some provinces 
and is independent of it in some other provinces. 

Keywords: Parametric accelerated failure time model, Spatial statistics, Bayesian analysis, Parametric survival 
analysis, Pulmonary tuberculosis 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

20
24

-0
6-

26
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://journals.tums.ac.ir/irje/article-1-5817-fa.html
http://www.tcpdf.org

