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Keywords                                         ABSTRACT 
 

 

Working in noisy job shops and doing hard works reduce the efficiency of 
workers and the resulted injuries impose cost on such an industries. Since, 
there are different jobs and working environment within a factory, it is 
possible to reduce job related injuries through a suitable job rotation 
program. In this paper, we propose a model for determining the job rotation 
program; that is a bi-objective model applied to minimize daily noise 
exposure index as well as minimizing job severity index due to lost working 
days. The Global criterion “Lp- Metric” Method is proposed as the solution 
methodology. Finally, the model is applied in different cases and the results 
indicate better utilization compared to single objective models. 
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/�N=N!� G�� b��18 �� �M�� �� �� ��� +	) >�;8� K=N!� G�	%Q 

��� +	���� �,�#� @=8 �����a%c=d . �O� �� ���� �N8 �8�&8 3��%B ��

 '=7c� #� 	8��� �" �� ��� +	) +�#�� �;%�� #� /�N=N!� G�� ��

	)�� �c<��# #�� P(�Q +#�� ��C G��1a�:  

"+�a�+#�� �� ?�=� #�� P(�Q ?��E �� ����#�� ?��� �1B�� 

	%1J� #�� 3��� 	%f� �"�) ,/�*��5" V����8�	="  , +	���� 	=,��

��� . #�� P(�Q +#�� ��C �� ��� 3� �� ���
 K=N!� G�� b��18

 +	) ��M� , 3� #� ��M�" ?��#�� 9�8 �� �<1J� ?���� #�	N" ��

��� �1)�� R1J=� ,�*��� ?�� �8�&8 �� ?#�=J� #� ��
 �� �� �"� ,

 #�� P(�Q ?�� +#��E��� +	) �1D�� #�� �� �1B��  . G�� ��

�M�� ,�#��" Ifg� #� , ��� �O%�� �#�" #� �C�� ?�=� �;=18 �� ���

 P(�Q +#�� ?�=� #�O�E��� 	���( h�718� G��1���%" �1B��  ,

��=� #��� �����#� �#�" LR1J=� �1J���.]" H[   

 �# �fT) ?���#��&� �� �)�8 /�"	� �� �#�� 	S� >�� 
	� ����

	��&8 ���	
 .#�� �17� '(�) �� #�$%" G�	���� +	) +�01��  .

 ��#�� �� ����#�� �� F� �� ��J8 9�&;" /#�� �� '(�) G��

���� �" ����!" #�� 3� >�;8� ?��� �� �=D�i �� 	�� �" >�;8�:  
  

	�� �" >�;8� #����d� �� ?#��. 

�#�� #�� 3� >�;8� ?��� �� ���8���. 
JSI = 

  

 ��#�� �� ?��� #�� �17� '(�)l �SS7� +��� �� #� k�  #� 

 ��# ��d?@�# �"�8�� +#�� ��  ,���� �" ����!" ��� I=��� ��:  
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 �� #� 3�%�#�� �� F� �� ?��� #�� �17� '(�) #�	N" G��1c=�

�" ����!" ��� V���# �� +��01�� �� ?@�# �"�8�� +#����):  
  

)j( dk ,,ι∀  kdk JSIMAXJSI ,,, ιι ≤  

  

 3��<�� � kl=D#�D�"#�m V��� �� �N=N!� #�]22[  +	) >�;8� 

��� , �17� '(�) � ��� #� �1D# ��� �� ?����# ��	*� G=�

#�� , ��� +	) ��a%c=d ��� /#�� �� ?� �5��#:  

)n( 
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⎧

≤

≤≤

≤≤

JSI6.1
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+20.0467

1.6JSI5.1
JSI 374.25

+547.54-

1.5JSI0
JSI 8.63

+0.89
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k�&f" �5��# G�� �� ���;8���'(�) �� �� � #�� �17� �� � +��

��� �1O��@8 �&� ?��#�=*" ,�8�� �� >�� 
	� ���� ?	%���"�D ?�

 �� �)�8 ?�a�=�� �5��� �� �� ������# ��	*� �� ��� +	)

	��&8 ���	
 L��# �" ��� �� ��� �� #� �fT) ?���#��&� . �"�

 ��	*� � #�� �17� '(�) G=� +	) �,�#� �5��# G1D�� �$8 #� ?���

1D# ��� �� ?����#�lossInjury _ ,��&8 �5( ��8� �1J��� .

��� �1D�� >�;8� ��� ?�a1���	!" �� +��01�� �� #�O%��:  
  

  

 ?�� �=T1"yx	%1J� F� � �0� ?���=T1"  .  

 ?��� �� � �1)�	8 
�	�� �� �C���#� �	" #� �a1���	!" �� ?��	*�

 ?�a1���	!" /#�� �� �� � '=S7� ���J" #�1(�� �=Oc�

+	���� �#�� �	" #� ?#�=1(�	8� .�" G�����%� �� 3� 3��� �� �� �#

 R=JN� ?#�=1(� ?�a1���	!" � ?#�1(�� ?�a1���	!" �B�&;"

��&8 ?	%�.  
  

���(����	�
 �����
����:  

 � 	%� �" ��;�� �# 3�%�#�� '=S7� ���J"#�1(�� �a1���	!" G��

+	) �1D��#�O� ?�aD	� ���� �� o#�D �� 3� ��M� ,��� ?#��Z . G��

 ?�� +#�&) �� �	" #� �� ����	!"2_ L2- � 2j +	) '7c" 

��� . ����	!")2_ (�" h�;�� P(�Q �� �f
�" �� #� �� 	%�

#�� ,)�" 9�8 F� �� VND ��#�� ��	��� p�S1(� G= . ����	!"

)2- (�" h�;�� ��# �� �� �f
�" �� #� �� �8�%�#�� ��	*� �� 	%�

	%��� �" p�S1(� G=)�" 9�8 F� �� , G=)�" ��	*� +��	8� �� ��#�

	)�� 9�8 3� �� ��M�" /^� . ����	!")2j ( �� 	%� �" h�;��
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 #�� ���8��� �� 	%��� '=S7� ��^� G=)�" �� �a%� 3�%�#�� 3� ?�#

	%)�� �1)�� �# �� .�S%B ����*"�8 G�� ���# �&� 
�CkjI , ��

+��� �=��*D ?��sd 3�O"� ��	M /^� G=)�" ?�# �SS7� ?��

 ?#�� +��� ?�# #�� >�;8� �� ��#�� #� �� ���j +��� V��� 

 �SS7�k#�	N" 	)�� GO&" 2 �0� #�	N" /#�S%�� �=g #� � 

� � �)�� 	���(	���� 3�=� ?��#� ?�� +��� P7� #� �� �8�<8�& ,

��� �	" ?�a���#� t@M.  

  

� (������	 ��
���
���:  

 L�fT) ?�a�=�� �1c=� ��1%� ?��� L�a1���	!" �� �1�� G��

	8�=� �" �$8 #� �O="�8��#� ?�aS(�) ?��� �# ?��	
 . G��

 ?�# ��  �	" #� �� ����	!"DMax  ?�� ����	!" �B�&;" �%*�

&) +#�2H ?�# �� @=8 � JSIMAX  ?�� ����	!" �B�&;" �%*�

 +#�&)E-��) �" ��&B� ?#�=1(� #�5� L  . �� ��� ��u �� >�^

 /#�� �� ����	!" �B�&;" �� G�� ���J" 3��� �D	� �� �� �M��

+	) ��&B� �	" #� >�8 ?�� ����	!" ���� �� �%*" G�� �� L	8�

�" ���=T1" 9�8��N" �� �O� 	%8��� LV��1" L�8��=� �7�  ?	
 ��

	8�=<� ��7� �# ?� �8�1�� � . 	%1J� �	" ?�� �1"�#�d �� ����N" G��

�" �	8�) '7c" �%&�� Uf17" ?���#�	8�1�� k��� �� 	%8���.  

DST �DM � DTR  ?� �8�1�� � V��1" L�8��=� �7� ����N" I=��� ��

 �#�" #� ?	M ����N" G=&� ?��� �#JSIMAX  
��
 ��ST �M  �

TR ��� +	) +��01�� . ��� �� ��� '7c" 3��� �" I=��� G�� ��

 �� � �8��=� �7� ��	
 �O="�8��#� ?�� '(�) >�&� �#�" #�

 ��	
 �<�� �v*� ?��� � V��1" ��	
 �� ���	
 �v*� ?���

��) h�718� ?� �8�1��.  
  

��� .������� ���� ������ ���  

����	!" � 
	� ����� U��*� ���O) �� ��� /#�� �� 	" �f� 
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�. ������	
 �� 
��  

	" F� L�" ?��a%c=d �	"  �� ��� �D	� 	%Q ?@�# �"�8��  �

	8#������8 wl"�� 3� 
	� ����� .�	" G�� �
 ?���,x�# ��      

LP-Metric �a)�# �� �O� �� 	%Q �,�J" �
 #� +	) �1(�%) ?

��� �D	�,��� +	) +��01�� .  

x�# G�� k��� ��, �� F� �� �� �M�� �� �	1�� �D	� �� ���J"  

 
�	�� ?��� #�	N" G��1a� � +	) �
 �8���	M #�5� L�	" 
�	��

�" ��	�	�� .�" �=Oc� �Q#�yO� ���J" F� zy� 	S� �� ��)

1(� +	) �#�	8�1�� 9�&;" �� �#�� #�	N" �� 
�	�� �� F� �� G=� 
l

	��&8 �%=&� �	" ?�a1���	!" �� �M�� �� �# �� 3� �%=a�.  
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� ���
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 M1
 M1

 M1  M1

 M1

 M1

M2

M2 M2 M2 M2 M2

 Lp  
 Lp   Lp  

 Lp  
 Lp  

 Lp  

75

90

105

120

135

150

 M1 100 103.5714 100 97.14286 85.71429 100

M2 133 113 113.28 113.28 113.28 113.28

 Lp  102.7778 110.7143 112 101.7856 110.7143 103.5714

���ل 1 ���ل 2 ���ل 3 ���ل 4 ���ل 5 ���ل 6

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

  

 ?�a"�8 �� �	" 
	� ���� �� �� 	=%� 6�D K=N!� G�� #�OB1 

�OB2  
 �� zd � 	8� +	) ?#�s<"�8 �� �� �M�� �� �	" �8���	M �

�8� ?��� �%=a� #�	N" L
�	�� �� F�a  �� ����� I=��� ��OB1*
� OB2*  

��� +	"� ��	� . ���J" +�<8�LP-Metric  �"�&� �� �M�� ��

�" �=Oc� ��� /#�S� �	" ?�a1���	!" ����) >�8L1:(  

  

⎥
⎦

⎤
⎢
⎣

⎡ −+−
*

*

2*

*

1
2

)22(
.

1

)11(
.

OB

OBOB
W

OB

OBOB
WMin  

  

 3� #� ��W1,W2 +	8�=� R=&S� V��� �� 	%1J� �8�� �"��B 

��) �" �1D�� �$8 #� 
�	�� ?��� . �1
�# �� \�D �D	� F� ���J"

  �Z��# ?@�# �"�8�� �,�J" �
 �%="� #� ��M�" ?��#�@D� >�8 V���

��� 	���( �
 ���� .  

  

�. �������	 
���
  

 G=c=d /�N=N!� �� ?�=� +�a� �� L�f
�" G�� #�j Uf17" ���" 

��  ?���1"�#�d �� L+	) �
��C ?��a%c=d �	" ���#�� �����#� ?�

���" G�� �f����	M #� ��E ��� +	���� �,�#� )����	!" ?��

���" G�� #� ?#�=1(���� +	c8 �1D�� �$8 #� ��( . �� 	=�{� ?���

 ?���#��&� � ����%) ?�a�=�� 3�"@&� G1D�� �$8 #� �=&��

��d 3�	� K=N!� G�� #� �� �fT)+	) �1(�, ��� /#�� �� �	" �� 

��� +	) �1D�� �$8 #�:  

  

2. �	"2, |���" ?�a1���	!" � 
	� ���� G=��� �"�) �� 

��� 3� ��. 

E. �	"E, ?�a1���	!" � 
	� ���� G="�� �"�) �� 

��� 3� �� |���". 

X. �	"LP-Metric   

����� .��� 	
� �
��
�� ���� ��
��� �
�
����
�  

���� ��  

 �	�
�

 ��
����

�����  

 ���� �	�
�

������ ���  

 �����

 �� �������

�!"�#  

 �����

 $%& '����

�!"�# ��  

(  ) )  *+  *+  

+  ,  ,  -.  -/  

)  0  0  (/)  ./  

,  *  *  (+)  (/0  

0  1  1  (,-  (+1  

*  -  -  (1/  (,1  

  

?�a���" �� F� �� ?��� �a�	" G��, ?��� ��� '(�) �� � +	) �
 

+	) �1D�� #�O� �a�	" ���#�� �J��N"	8�:  

2. 3�%�#�� 3�=" #� ���� ������ '(�) #�	N" ����	
. 

E.  '(�) #�	N" ����	
#�� �17�3�%�#�� 3�=" #� .  

 � �a�	" �� F� �� �
�� +	"� ��	� ���� ������ �%=c=� ����N"

�a���" �� F� ��,�O) #� 2 �%=c=� ����N" � +	) +��� 3�c8  �17�

#�� F� �� � �a�	" �� F� �� �
�� +	"� ��	�  #� @=8 �a���" ��

�O)E��� +	) +��� 3�c8  . ���" #� �8�&8 3��%B ��2 �a%� ��� 

 #�	N" �� R=%� ���	
 �# ���� ������2rr '(�) G�� ?��� 

 LR=)�� #�� �17� 3��� ���	
 ���8� �� ��� � 	=�# R=���(

 �%*� ��^�� #�	N" 3�%�#�� 3�=" #� ���� ������ ����	
2XX 

�)�� 	���( .  

h��M x�# �� ���
 LP- Metric  '(�) ?��� �# ?� �8�=" #�	N"

 #�	N" �%*� L�#�� �" ��	� ���� ������nn/2rE �#��" G�� �� 

 �O) #���&8 #�2��� +	) +��� 3�c8 .   

 '(�) ?��� b��18 G��1a�Dmax  +	"� ��	� ��� �	" �� +��01�� ��

 '(�) ?��� b��18 G��1a� ���#�� �17�" �� +��01�� ��  >�� �	

 G�� 
	� ���� �O) �� �M�� �� 9�Z�" G�� �� ��� +	���� ���


��� �a�	� ?�"� �	" �� . �# b��18 G���	� ��� �	" �<�� 
�C ��

 '(�) ?���#�� �17� '(�) ?��� �# #�	N" G���	� >�� �	" � 
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Dmax �" ��	�	�� . R��� 
	� ���� �� �=��" �� �;8� �� ���� #�

 �� L	%1J� ��v� #����" �� F� �� �
 �� F� �� �� �M�� �� ��

>�� � ��� ?�a�	",�" ���
 ���a���M  '(�) F� #�	N" �� ����

��� 	���( G��1���%"�8 �<�� '(�) � G��1���%" �� 3� ?���.  

  

M1

M1

M1 M1 M1

M1

M2

M2
M2 M2 M2

M2
 Lp  

 Lp  

 Lp  

 Lp  

 Lp  

 Lp  

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

M1 2.04 1.68 2.52 2.52 2.52 1.89

M2 1.2 1.47 1.33 1.285714 1.285714 1.35

 Lp  1.416667 1.5 1.68 1.5 1.68 1.5

���ل 1 ���ل 2 ���ل 3 ���ل 4 ���ل 5 ���ل 6

  

���� . �!
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