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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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ƪů�Żř�ƵŶƯō�ŢſŶŝƶƫŚƀƯ��Ƶŵřŵ�Źřźƣ�ƽŹŚƯō�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŵŹƺƯ�řŹ�ŚƷ

ŶƳř� �ƶŤƟźĭ�ƶŬǀŤƳ� żǀƳ�ƱŚƿŚě� Źŵ�Ƃųźģ�ƪƇřƺƟ�ƩƺƏ�ƲƿźŤƸŝ� ƶĩ�ŶƳř
ŹŚĩ��çŢſř�ŢƗŚſ�����ƾƗƺƋƺƯ�šŚǀŝŵř�Źŵ�ƵŶƃ�ƶŗřŹř�ƽŚƸƫŶƯ�ƾƯŚưţ

ƶƟŶƷ�Ĩţ�ƽřźŝ� ŵŹřƺƯ� ƾųźŝ� Źŵ� ŹŚĩ�Ƃųźģ� ƩƹřŶū� ŚƸƳō� Źŵ� ƹ� ŶƳř
�ƱŚƴĩŹŚĩ�ƾƿřƺƴƃ�ƽŚƸŞǀſō�ƱŵƺưƳ�ƪƣřŶů�Źŵ�ƹ�ŹŚĩ�ƎǀŰƯ�Żř�ƾƃŚƳ

�Żř�ƾƃŚƳ�ƱŚƴĩŹŚĩ�ƾƬƜƃ�ƽŚƷŵŹŵźưĩ�ƱŵƺưƳ�ƪƣřŶů�ƽřźŝ�ŵŹřƺƯ�źƿŚſ
ŶƴƬŝŵŚŬƿř�ŹŚŝ�Ʊŵźĩ�ƾƯŵŵźĭ���

�ƽřźŝ� ƶƟŶƷ� ƹŵ� ŮǀŰƇ� ŵŶƗ� ƽżƿŹ� ƶƯŚƳźŝ� ƩŶƯ� Ĩƿ� ƶƫŚƤƯ� Ʋƿř� Źŵ
�ƹ�ƾƬƜƃ�ƽŚƷŵŹŵźưĩ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ŹŚĩ�Ƃųźģ�ƩƹřŶū�ƾůřźƏ

�ƶŗřŹř�ŹŚĩ�ƎǀŰƯ�Żř�ƾƃŚƳ�ƾƿřƺƴƃ�ƽŚƸŞǀſōŢſř�ƵŶƿŵźĭ���ƝźƏ�Ĩƿ�Żř
ƆƈŴţ�ƶŝ�ƶūƺţ�Śŝ�ƱŚƴĩŹŚĩ�Śŝ�żǀƳ�ƪƛŚƄƯ�źĮƿŵ�ƝźƏ�Żř�ƹ�ŵƺų�ƽŚƷ

�ƽřźŝ�ŻŚǀƳ�ŵŹƺƯ�ƾƈƈŴţ�ƹ�ƾĪƿżǀƟ�ƾƿŚƳřƺţ�ƹ�ƾţƺƇ�ƾĭŵƺƫō�ƶŝ�ƶūƺţ
ŚƸƳō� ƭŚŬƳř�Ƶƹźĭ� ƶŝ�ƾƯ� ƽŶƴŝ� ƶŤſŵ� ƾƿŚƷŶƳƺƃ� ��ŵŚŬƿř� ƪǀƀƳŚŤě

�Ǝſƺţ� ƶĩ� ŹŚĩ� ƾŤŴſ�ƆųŚƃ� Żř� ƵŵŚƠŤſř� Śŝ� ƪƜƃ� źƷ� Źŵ� ŵŹŵźưĩ
ƤƤŰƯŵƺƃ� ƾƯ� ƾŝŚƿŻŹř� �ƵŶƃ� ŵŚƸƴƄǀě� źĮƿŵ� Ʋǀ� ��ƽřźŝ� ƲǀƴĤưƷ

ƾĭŵƺƫō� ƪǀƀƳŚŤě� ƾŝŚƿŻŹřƾţƺƇ�ƽŚƷ�ƾţƺƇ�ƾĭŵƺƫō� ƮƸſ�ƆųŚƃ���
Ţſř�ƶŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ���

��
ç��ƩŶƯ�ŮƿźƄţ��

ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� řŹ� ŹŚĩ� Ƃųźģ� ƩƹřŶū� �ƽŵŚƸƴƄǀě� ƩŶƯ������
ƆƈŴţƱŚƴĩŹŚĩ�ƽŚƷ�ƾƯ�ƾůřźƏ�Ʋưƿř�ƾţŹƺƈŝ�ŶƿŚưƳ��Ʋƿř�šŚǀƋźƟ�

Żř�ŶƴţŹŚŞƗ�ƩŶƯ���
æ� �źŝ�ƉźƟ�ƹ�ƵŶƃ�ƽŶƴŝ�ƶŤſŵ�ƾƬƜƃ�Ƶƹźĭ�Ŷƴģ�ƶŝ�ƪƛŚƄƯ

��ƾţƺƇ�ƾĭŵƺƫō�źƔƳ�Żř�Ƶƹźĭ�źƷ�Źŵ�ŵƺūƺƯ�ƪƛŚƄƯ�ƶĩ�Ţſř�Ʊō
ŶƳŹřŶƳ�źĮƿŶĪƿ�Śŝ�ƾţƹŚƠţ�ŻŚǀƳ�ŵŹƺƯ�ƾƈƈŴţ�ƹ�ƾĪƿżǀƟ�ƾƿŚƳřƺţ�ƹ� 

ç� �ƶŤſŵ�Ŷƴģ�ƶŝ�ŵƺų�ƾƈƈŴţ�ŭƺƐſ�ƶŝ�ƶūƺţ�Śŝ�ƱŚƴĩŹŚĩ
ƾƯ� ƮǀƀƤţ� ƾƈƈŴţƺūƺƯ� ƱŚƴĩŹŚĩ� ƹ� ŶƳƺƃ�ƶŤſŵ� Ĩƿ� Źŵ� ŵ

ƾƯ�ƾƈƈŴţ�ŢǀƫŚƘƟ�ƪƛŚƄƯ� Żř�ƾƈŴƄƯ� ƶƗƺưŬƯ�ƽƹŹ� ŶƴƳřƺţ
ƶŝŚƄƯ�ǈƯŚĩ�Ŧǀů�Ʋƿř�Żř�ƹ�ŶƴƴĩŶƳř� 

 
æ�ç��ƩŶƯ�ƽŚƷźǀƜŤƯ�ƹ�ŚƷźŤƯřŹŚě�ƞƿźƘţ��

ƵŶƃ� ƶŗřŹř� ƾƋŚƿŹ� ƩŶƯ� ƱŚǀŝ� ƽřźŝ��ƹ� ŚƷźŤƯřŹŚě� ƾŤƀƿŚŝ� ŢƀŴƳ�
�ƞƿźƘţ� řŹ� ŚƸƳō� ƭƺƸƠƯ� ƹ� ŹŚĩ� Ʋƿř� ƽřźŝ� ƵŶƃ� ƶŤƟźĭ� ŹŚĪŝ� ƽŚƷźǀƜŤƯ

ƮǀƿŚưƳ���
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ƾƴǀƃŚƯ�ƽŚƷ�Ƶƹźĭ�žƿŶƳř��j=1,�,J 
�ŻƹŹźƷ�Źŵ�ƾƳŚƀƳř�ƽƹźǀƳ�Ƃųźģ�ƪůřźƯ�žƿŶƳř

ƽżƿŹ�ƶƯŚƳźŝ 
S,1,t   

ƽżƿŹ�ƶƯŚƳźŝ�Żř�ƵŹƹŵ�źƷ�Źŵ�ŚƷŻƹŹ�žƿŶƳř��d=1,� ,D 
ƾƈƈŴţ�ŭƺƐſ�ŵřŶƘţ��K 

�ƾƈƈŴţ�ŮƐſ�Źŵ�ƱŚƴĩŹŚĩ�ŵřŶƘţk kl  

ƱřźĭŹŚĩ�žƿŶƳř�ƈŴţ�ŮƐſ�źƷ�ƽřźŝƪŨƯ�Ɔk���kl,...,1  

ƽŹŚĩ�Ƶƹźĭ�ƽřźŝ��ŹŚŝ�Ʊŵźĩ�ŶƴƬŝ�šŚƘƟŵ�ŵřŶƘţj�
ƽŹŚĩ�ŻƹŹ�Ĩƿ�ƩƺƏ�Źŵ��

jf  

�Źŵ� ƽŹŚĩ� ŻƹŹ�Ĩƿ� ƩƺƏ� Źŵ� ƶĩ� ƾƳŻƹ� źŨĩřŶů
ƽŹŚĩ�Ƶƹźĭjŵƺƃ�ƪưů�Ţſř�ƭŻǇ����

jWT  

�źĭŹŚĩ�ƶĩ�ƾƳŻƹ�źŨĩřŶůi �ƾƈƈŴţ�Ƶƹźĭ�Żř�ƭř�
k ţ�ƾƯ�Ŷƴĩ�ŶƴƬŝ�ƽŹŚĩ�ŻƹŹ�Ĩƿ�ƩƺƏ�Źŵ�ŶƳřƺ����

kCAP,  

�źĭŹŚĩ�ƶĩ�ƾţŚƘƟŵ�ŵřŶƘţiƾƈƈŴţ�Ƶƹźĭ�Żř�ƭř�k �
ƽŹŚĩ�ŻƹŹ�Ĩƿ�ƩƺƏ�Źŵ�ŶƳřƺţ�ƾƯ��źŨĩřŶů�ƽŹŚŝ�

�ƱŻƹ�ƶŝkCAP,Ŷƴĩ�ŶƴƬŝ�řŹ��� 

kFX ,
 

ŝ� ƍƺŝźƯ� ŹŚĩ� ƾŴŤſ� ƆųŚƃźĭŹŚĩ� ƶȚ�Żř� ƭř�
�ƆƈŴţ�ƶƗƺưŬƯ�ƱřźĭŹŚĩ�ƶƗƺưŬƯk���

kJSI ,
 

źĭŹŚĩ� ƶĩ� ƩŚſŹŵ� ƽŹŚĩ� ƽŚƷŻƹŹ� ŵřŶƘţȚ�Żř� ƭř�
�ƆƈŴţ�ƶƗƺưŬƯ�ƽřŹřŵ�ƱŚƴĩŹŚĩ�ƶƗƺưŬƯk�ƶŝ�

ŵŹŵ� źưĩ� Żř� ƾƃŚƳ� ƽŚƸŞǀſō� ƪǀƫŵ��Ţſŵ� Żř����
ƾƯŶƷŵ���

klossInjury ,_ 
 

ƶĩ� ƾţŚƗŚſ� źŨĩřŶů�ŶƳřƺţ� ƾƯ� źĭŹŚĩ�Ĩƿ�
Ƶƹźĭ� ƽƹŹ� ŹŚĩ� ƾţƺƇ� ƾĭŵƺƫō� ŻƹŹźƷ� Źŵ�

ƽŹŚĩj Ŷƴĩ�ƪưŰţ�řŹ����

jT  

ƆƈŴţ�ŮƐſ�Śŝ�ƽźĭŹŚĩ�źĭřk�Ƶƹźĭ�ƽƹŹ�ŶƳřƺŤŝ�
ŶƴĩŹŚĩ�ƽŹŚĩ��������������������������������������æ 

�šŹƺƇ�Ʋƿř�źǀƛ�Źŵ�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������å 
 

jkI ,  

 

źĭŹŚĩ� źĭřl�ƽřŹřŵ� ƾƳřźĭŹŚĩ� ƶƗƺưŬƯ� Żř� ƭř
ƆƈŴţk��ůźƯ�Źŵ�ƶƬt�ŻƹŹ�Żř�ƭř�d�Ƶƹźĭ�ƶŝ�ƭř�
ƽŹŚĩjŶŝŚƿ�ƆǀƈŴţ����

æ 

šŹƺƇ�Ʋƿř�źǀƛ�Źŵ��å 
 

dtjkX ,,,,  

ƾţƺƇ�ƾĭŵƺƫō�źŨĩřŶů��DMax 
�źĭŹŚĩ�ƽřźŝ�ŹŚĩ�ƾŤŴſ�ƆųŚƃ�ŹřŶƤƯ�źŨĩřŶů�Żř�ƭř�

�ƾƈƈŴţ�ƶƗƺưŬƯkƶƯŚƳźŝ�ƽŚƷŻƹŹ�Źŵ�ƽżƿŹ��kJSIMAX,
 

��
ç�ç��ƩŶƯ�ƽŚƷ�ŢƿŵƹŶŰƯ�ƹ�ƝřŶƷř��

� įŻŚſ� ƪƣřŶů� Ʃƹř� ƝŶƷ� ƖŝŚţDmax�ƾţƺƇ� ƾĭŵƺƫō� źŨĩřŶů� Śƿ� ƹ�
Ţſř� ��ƶŞſŚŰƯ�ŹƺƔƴưŝDmax� ��ƆųŚƃ�ŻřD�ƆųŚƃ�ƾƴƘƿ�~ŢŞƀƳ�

ƾţƺƇ�ƾĭŵƺƫō� n� Źŵ� ƵŶƃ�ƶŗřŹř@ê� >�źƿŻ�šŹƺƇ�ƶŝ� ƶĩ� ƵŶƃ� ƵŵŚƠŤſř
ŵƺƃ�ƾƯ�ƶŞſŚŰƯ���

��

)æ( 100
/..../....
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
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
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nnjj TCTC
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D

 

Ʊō�Źŵ�ƶĩ����

jC�ŮƐſ�ƉźƘƯ�Źŵ�ƆŴƃ�ƶĩ�Ţſř�ƾƳŚƯŻ�ƕƺưŬƯ�źĮƳŚǀŝ�j�Żř�ƭř�
ƹ�ŵźǀĭ�ƾƯ�Źřźƣ�ƾƿřƺƴƃ�ƾĭŵƺƫōjT�Ţſř�ƽźĮƿŵ�ƆųŚƃ�żǀƳ����ŢŰţ

�ƆųŚƃ�ƱřƺƴƗ~ƾţƺƇ�ƾĭŵƺƫō�ƪưŰţ�ƪŝŚƣ�ƱŚƯŻ�ƩƺƏ��n�ƵŵŚƠŤſř�Śŝ�ƹ
ŵŵźĭ�ƾƯ�ƶŞſŚŰƯ�źƿŻ�ƩƺƯźƟ�Żř���

)ç( 
3/)85(2

8



jLjT

 

�ƽŹŚĩ�ŢƠǀƃ�Ĩƿ�Źŵ�ƾţƺƇ�ƾĭŵƺƫō�ƪưŰţ�ƪŝŚƣ�ƱřżǀƯ�ƩƺƯźƟ�Ʋƿří�
ƾƯ�ƶŗřŹř� řŹ�ŢǀƫŚƘƟ�Ĩƿ�ƽƹŹ�ƶŤƗŚſ�Ʊō�Źŵ�ƹ�ŶƷŵLj��ŮƐſ�ƵŶƴƿŚưƳ

� Ŝƀů� źŝ� ƾĭŵƺƫōdBA�ŶƃŚŝ� ƾƯ� ƾſŹźŝ� ƢŞƏ���ƵŶƃ� ƭŚŬƳř� ƽŚƷ
�ƾţƺƇ�ƾĭŵƺƫō�ƪưŰţ�ƪŝŚƣ�ƱŚƯŻ�źŨĩřŶů�ƽřźŝ�źƿŻ�šŹƺƇ�ƶŝ�ƾƫƹŶū

řŢſř�ƵŶƿŵźĭ�ƶŗřŹ����
��

�ƩƹŶūæ���ƪưŰţ�ƪŝŚƣ�ƱŚƯŻ�ƩƺƏ�ƹ�ƾĭŵƺƫō�ŭƺƐſ�Ŝǀĩźţ
�ƾţƺƇ�ƾĭŵƺƫō@ê> 

�ƪưŰţ�ƪŝŚƣ�ƱŚƯŻ�ƩƺƏ
�ƾţƺƇ�ƾĭŵƺƫōTj 

�ƪưŰţ�ƪŝŚƣ�ƱŚƯŻ�ƩƺƏ
ƾţƺƇ�ƾĭŵƺƫō Tj 

�ŮƐſ
ƾĭŵƺƫōL�

�Ŝƀů�źŝ
dBA ŢƗŚſ ƶƤǀƣŵ ƶǀƳŚŧ� �

�ŮƐſ
ƾĭŵƺƫōL�

�Ŝƀů�źŝ
dBA ŢƗŚſ ƶƤǀƣŵ ƶǀƳŚŧ 

íå çê çé � íî è æå � 

íæ çå æå � îå ç èæ � 

íç æë � � îæ ç � � 

íè æç éç � îç æ èê � 

íé æå ê � îè æ æë � 

íê í � � îé æ � � 

íë ë çæ � îê � éì èì 

íì ê ç � îë � èì éí 

íí é � � ƮƿŵƺưƳ�źƔƳ�ƝźƇ�ƶǀƤŝ�Żř� 

��

ƾƯ�ƩƹŶū�Ʋƿř�Żř�ƵŵŚƠŤſř�ŚŝźƿŵŚƤƯ�Ʊřƺţ ƿ�Źŵ�ŢǀƫŚƘƟ�źƷ�ƽřźŝ�řŹ�Ĩ
�ƽŹŚĩ�ŢƠǀƃíŵƺưƳ� ƶŞſŚŰƯ� ƶŤƗŚſ�� �� ƶĪƴƿř� ƶŝ� ƶūƺţ� ŚŝS�źĮƳŚǀŝ�

�ŢƠǀƃ�Ĩƿ�Źŵ�ŹŚĩ�Ƃųźģ�šŚƘƟŵ�ŵřŶƘţí�ƶŝ�ƶūƺţ�Śŝ�ƹ�Ţſř�ƶŤƗŚſ�
��Ʈǀưƈţ�źǀƜŤƯ�ƞƿźƘţCj�ŻƹŹ�Źŵ�ŹŚĩ�įřźŝ�d�źĭŹŚĩ�Ǝſƺţ�l�Ƶƹźĭ�Żř�

�ƾƈƈŴţkŶƿō�ƾƯ�ŢſŶŝ�źƿŻ�ƶƐŝřŹ�Żř����
��

�è���

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t

dtjkl
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X
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ŰǀƋƺţ�ƶŝ�ƶūƺţ�Śŝ��ơƺƟ�šŚDmax�Ŷƴĩ�ơŶƇ�źƿŻ�šǇŵŚƘƯŚƳ�Źŵ�ŶƿŚŝ���
��

(é) dk,,  Max

S

t

J
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�ƾţƺƇ�ƾĭŵƺƫō�ŢŞƀƳ�ƆųŚƃ��Ěģ�Ţưſ�ƝźƏ��ơƺƟ�šǇŵŚƘƯŚƳ�Źŵ
ƶƯŚƳźŝ�ƽŚƷŻƹŹ�Żř�Ĩƿ�źƷ�Źŵ�ƱŚƴĩŹŚĩ�Żř�ĨƿźƷ�ƽřźŝ�řŹƽżƿŹ���ƶŞſŚŰƯ

ƾƯŢƿŵƹŶŰƯ�Ʋƿř�ŢſřŹ�Ţưſ�ƶŬǀŤƳ� Źŵ� ƹ�ŶƿŚưƳ� �ĩŚƯ�ŢŞƀƳ�Ʈưƿż
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��
è� ƽŵŚƸƴƄǀě�ƪů�ƁƹŹ��

ŶƯ�Ĩƿ� �ŚƯ� ƽŵŚƸƴƄǀě� ƩŶƯ��ƶĩ� Ţſř� ƶƟŶƷ� Ŷƴģ�ƽżƿŹ� ƶƯŚƳźŝ� � Ʃ
ŶƳŹŚĭŻŚſŚƳ� ľǈƯŚĩ� Ʊō� ƝŶƷ� Ɩŝřƺţ� �ƩŶƯ� Ʋƿř� ƪů� ƽřźŝ�ƁƹŹ� Żř������

LP-Metric�ŚƸƃƹŹ�Żř�ƾĪƿ�ƶĩ�Ŷƴģ�ƪŗŚƀƯ�ƪů�Źŵ�ƵŶƃ�ƶŤųŚƴƃ�ƽ
Ţſř�ƶƟŶƷ�Ţſř�ƵŶƃ�ƵŵŚƠŤſř����

ƁƹŹ�Ʋƿř�ŽŚſř� źŝ��Żř�Ĩƿ� źƷ� ƶŝ� ƶūƺţ� Śŝ� řŶŤŝř� ƶƟŶƷ� ƹŵ� ƶƫŚƀƯ� �
�ƝřŶƷř�ƽřźŝ� ŹřŶƤƯ�ƲƿźŤƸŝ� ƹ� ƵŶƃ�ƪů�ƶƳŚĭřŶū� ŹƺƐŝ� �ƩŶƯ�ƝřŶƷř

ƾƯ�ŢſŶŝŶƿō� �ƾƯ�ƪǀĪƄţ�ƶģŹŚĜĪƿ�ƶƫŚƀƯ�Ĩƿ�žĜſ�Ŷƈƣ�ƶĩ�ŵƺƃ
Ťųř�ƵŶƃ�ŵŹřŶƳŚŤſř�ƕƺưŬƯ�Śţ�ŵŹřŵ�ŹřŶƤƯ�Śŝ�ƝřŶƷř�Żř�Ĩƿ�źƷ�Ʋǀŝ�Ɲǈ

ŶƿŚưƳ�ƶƴǀưĩ�ƩŶƯ�ƽŚƸŤƿŵƹŶŰƯ�ƶŝ�ƶūƺţ�Śŝ�řŹ�ŚƷ�Ʊō�ƶƴǀƸŝ���
��
��
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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

1�ϝΎΜϣ 2�ϝΎΜϣ 3�ϝΎΜϣ 4�ϝΎΜϣ 5�ϝΎΜϣ 6�ϝΎΜϣ

��
ƪĪƃæ�ŚƸƫŶƯ�Żř�Ĩƿ�źƷ�ƶŝ�ƶūƺţ�Śŝ�ƶůƹźƐƯ�ƽŚƸƫŚŨƯ�Źŵ�ƾţƺƇ�ƾĭŵƺƫō�ŹřŶƤƯ�ƶƴǀƄǀŝ���

��

�ƽŚƸƯŚƳ� Śŝ�ƩŶƯ�ƝŶƷ�ƖŝŚţ� ƹŵ�ƶĩ�Ŷǀƴĩ�ƉźƟ�ƢǀƤŰţ�Ʋƿř� ŹŵOB1�
ƹOB2 �ů�Żř�žě�ƹ�ŶƳř�ƵŶƃ�ƽŹřŸĮƯŚƳ�źƷ�ƶŝ�ƶūƺţ�Śŝ�ƩŶƯ�ƶƳŚĭřŶū�ƪ
ƿƳō�ƽřźŝ�ƶƴǀƸŝ�ŹřŶƤƯ��ƝřŶƷř�Żř�ĨŚƸ��Śŝ�źŝřźŝ�Ŝǀţźţ�ƶŝOB1*ƹ�OB2

* �
Ţſř� ƵŶƯō� ŢſŶŝ� �� ƶƫŚƀƯ� ƵŚĮƳōLP-Metric��ƾƯŚưţ� ƶŝ� ƶūƺţ� Śŝ

ƾƯ�ƪǀĪƄţ�źƿŻ�šŹƺƈŝ�ƩŶƯ�ƽŚƸŤƿŵƹŶŰƯ�ŵŵźĭ��ƭźƳL1����
��








 



*

*

2*

*

1 2

)22(
.

1

)11(
.

OB

OBOB
W

OB

OBOB
WMin  

��
� Ʊō� Źŵ� ƶĩW1,W2�ƵŶƳźǀĭ� Ʈǀưƈţ�Ǝſƺţ� ƶĩ� ŶƴŤƀƷ�ƾƳŻƹ�ƪƯřƺƗ�

ŵƺƃ�ƾƯ�ƶŤƟźĭ�źƔƳ�Źŵ�ƝřŶƷř�ƽřźŝ���ƾŤůřŹ�ƶŝ�ơƺƟ�ƶƟŶƷ�Ĩţ�ƶƫŚƀƯ
��ƾƋŚƿŹ�ƽżƿŹ�ƶƯŚƳźŝ�ƪŗŚƀƯ�ƪů�ƶƴǀƯŻ�Źŵ�ŵƺūƺƯ�ƽŚƷŹřżƟř�ƭźƳ�Ǝſƺţ

ŵƺŝ�ŶƷřƺų�ƪů�ƪŝŚƣ����

��
é� ƾţŚŞſŚŰƯ�ŪƿŚŤƳ��

�ƲǀƄǀě�šŚƤǀƤŰţ� Żř�ƽźǀĭ� ƵźƸŝ� Śŝ� �ƶƬůźƯ�Ʋƿř� Źŵë�ƞƬŤŴƯ�ƩŚŨƯ�
źŝ��ƽŚƷźŤƯřŹŚě� ƶĩ� �ƵŶƃ�ƾůřźƏ�ƽŵŚƸƴƄǀě�ƩŶƯ�ƾƿřŹŚĩ�ƾŝŚƿŻŹř�ƽř

ƩŚŨƯ� Ʋƿř� ƾƬƇřƩƹŶū� Źŵ� ŚƷç� Ţſř� ƵŶƿŵźĭ� ƶŗřŹř��ŢƿŵƹŶŰƯ�ƽŚƷ
ƩŚŨƯ�Ʋƿř�Źŵ�ƽŹŚǀŤųřŢſř�ƵŶƄƳ�ƶŤƟźĭ�źƔƳ� Źŵ� ŚƷ�� ��źŝ�ŶǀĩŐţ�ƽřźŝ

�ƽŚƷŵŹŵźưĩ� ƹ� ƾƿřƺƴƃ� ƽŚƸŞǀſō� ƱŚƯżưƷ� ƲŤƟźĭ� źƔƳ� Źŵ� ŢǀưƷř
ŵźě�ƱřŶŝ�ƢǀƤŰţ�Ʋƿř�Źŵ�ƶĩ�ƾƬƜƃƵŶƃ�ƶŤųř��źƿŻ�šŹƺƇ�ƶŝ�ƩŶƯ�ƶſ�

Ţſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ���
��

æ� ƩŶƯæ��ƍƺŝźƯ�ƽŚƸŤƿŵƹŶŰƯ�ƹ�ƝŶƷ�ƖŝŚţ�Ʋǀƫƹř�ƪƯŚƃ�ƶĩ�
Ţſř�Ʊō�ƶŝ� 

ç� ƩŶƯç��ƽŚƸŤƿŵƹŶŰƯ� ƹ� ƝŶƷ� ƖŝŚţ� ƲǀƯƹŵ� ƪƯŚƃ� ƶĩ�
Ţſř�Ʊō�ƶŝ�ƍƺŝźƯ� 

è� ƩŶƯLP-Metric � 

ƩƹŶūç��ƵŶƃ�ŭźƏ�ƽŚƸƫŚŨƯ�ƾƬƇř�ƽŵŚƘŝř�ƽŚƷźŤƯřŹŚě��

ƩŚŨƯ�Ŷĩ� �
�ŵřŶƘţ

�ƽŚƸƷƹźĭ
Ŵţƾƈƈ��

�Ƶƹźĭ�ŵřŶƘţ
ƾƴǀƃŚƯ�ƽŚƷ� �

�ƕƺưŬƯ
�Źŵ�ƱŚƴĩŹŚĩ
ƮŤƀǀſ��

�ƕƺưŬƯ
�šǇō�ƲǀƃŚƯ
ƮŤƀǀſ�Źŵ� �

æ� �è è��ëç� �ëç� �
ç� �é� �é� �íî� �íå� �
è� �ê� �ê� �æåè� �îå� �
é� �ë� �ë� �æçè� �æåê� �
ê� �ì� �ì� �æéí��æçì� �
ë� �í� �í� �æìå� �æéì� �

��
ƽŚƸƫŚŨƯ�Żř�Ĩƿ�źƷ�ƽřźŝ�ŚƸƫŶƯ�Ʋƿř��ƽřźŝ�źƿŻ�ƆųŚƃ�ƹŵ�ƹ�ƵŶƃ�ƪů�

ƵŶƃ�ƶŤƟźĭ�ŹŚĪŝ�ŚƸƫŶƯ�ƾƿřŹŚĩ�ƶƀƿŚƤƯŶƳř���
æ� ƱŚƴĩŹŚĩ�ƱŚǀƯ�Źŵ�ƾţƺƇ�ƾĭŵƺƫō�ƆųŚƃ�ŹřŶƤƯ�źŨĩřŶů� 

ç� �ƆųŚƃ�ŹřŶƤƯ�źŨĩřŶůŹŚĩ�ƾŤŴſƱŚƴĩŹŚĩ�ƱŚǀƯ�Źŵ����
�ƹ�ŚƸƫŶƯ�Żř�Ĩƿ�źƷ�ƪůŻř�ƵŶƯō�ŢſŶŝ�ƾţƺƇ�ƾĭŵƺƫō�ƶƴǀƄǀŝ�źƿŵŚƤƯ

ŚƸƫŚŨƯ�Żř�Ĩƿ�źƷ�ƪĪƃ�Źŵ�æ�ƶƴǀƄǀŝ�źƿŵŚƤƯ�ƹ�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ��ƾŤŴſ
ŹŚĩ�Ĩƿ�źƷ�ƹ� ŚƸƫŶƯ� Żř�Ĩƿ�źƷ�ƪůŻř� ƵŶƯō�ŢſŶŝ��Źŵ�żǀƳ� ŚƸƫŚŨƯ� Żř

ƪĪƃçŢſř� ƵŶƃ� Ƶŵřŵ�ƱŚƄƳ�� ��ƩŚŨƯ� Źŵ�ƶƳƺưƳ�ƱřƺƴƗ�ƶŝæ�ŚƸƴţ� źĭř�
� ŹřŶƤƯ� ƶŝ� Ʈǀƴĩ� ƪƣřŶů� řŹ� ƾţƺƇ� ƾĭŵƺƫōæåå�ƆųŚƃ� Ʋƿř� ƽřźŝ�

��ƮǀƃŚŝ� ŹŚĩ� ƾŤŴſ� Ʊŵźĩ� ƪƣřŶů� ƩŚŞƳŵ� ƶŝ� źĭř� ƹ� ŶǀſŹ� ƮǀƷřƺų
�ƾƴƘƿ�ƾƿǇŚŝ� ŹřŶƤƯ� ƱŚƴĩŹŚĩ� ƱŚǀƯ� Źŵ�ƾţƺƇ�ƾĭŵƺƫō� źŨĩřŶůæèè�

Ţƃřŵ�ŶƷřƺų����
śřƺū�ƁƹŹ�Żř�ƪƇŚů�LP- Metric��ƆųŚƃ�ƽřźŝ� řŹ�ƽř�ƶƳŚǀƯ�ŹřŶƤƯ

�ŹřŶƤƯ�ƾƴƘƿ��ŵŹƹō�ƾƯ�ŢſŶŝ�ƾţƺƇ�ƾĭŵƺƫōìì�æåç�ŵŹřƺƯ�Ʋƿř�ƶĩ�
�ƪĪƃ�ŹřŵƺưƳ�ŹŵæŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�����

�ƆųŚƃ�ƽřźŝ�ŪƿŚŤƳ�ƲƿźŤƸŝDmax��ƵŶƯō�ŢſŶŝ�Ʃƹř�ƩŶƯ�Żř�ƵŵŚƠŤſř�Śŝ
�ƆųŚƃ�ƽřźŝ�ŪƿŚŤƳ�ƲƿźŤƸŝ�ƾƫƹŹŚĩ�ƾŤŴſƯ�Żř�ƵŵŚƠŤſř� Śŝ��ƭƹŵ�ƩŶ

�Ʋƿř�ƝŶƷ�ƖŝŚţ�ƪĪƃ�ƶŝ�ƶūƺţ�Śŝ�ƕƺƋƺƯ�Ʋƿř�ƶĩ�Ţſř�ƵŶƿŵźĭ�ƪƇŚů
Ţſř�ƾƸƿŶŝ�ƽźƯř�ƩŶƯ�ƹŵ���řŹ�ŪƿŚŤƳ�ƲƿźţŶŝ�Ʃƹř�ƩŶƯ�źĮƿŵ�ƝźƏ�Żř

�ƆųŚƃ�ƽřźŝŹŚĩ�ƾŤŴſ�ƆųŚƃ�ƽřźŝ� řŹ�ŹřŶƤƯ�ƲƿźţŶŝ�ƭƹŵ�ƩŶƯ�ƹ�
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Dmax�ƾƯ�ŢſŶŝŶƷŵ���ƮƷŚŝ�ƝŶƷ�ƖŝŚţ�ƹŵ�ŢǀƷŚƯ�ƶĩ�ŚŬƳō�Żř�Ɩƣřƹ�Źŵ

� Śŝ� �ŶƴŤƀƷ� ŵŚƌţ� ŹŵƩŚŨƯ� Żř�Ĩƿ� źƷ�ƪů�Żř�Ĩƿ� źƷ� ƶŝ� ƶūƺţ� Śŝ� ŚƷ
ƭƹŵ�ƹ�Ʃƹř�ƽŚƸƫŶƯ�ƾƯ�ƪƇŚů�ƾƿŚƸŝřƺū��ƆųŚƃ�Ĩƿ�ŹřŶƤƯ�ƶĩ�ŵŵźĭ

ŵƺŝ�ŶƷřƺų�ƲƿźŤŞſŚƴƯŚƳ�źĮƿŵ�ƆųŚƃ�ƹ�ƲƿźŤŞſŚƴƯ�ŚƷ�Ʊō�ƽřźŝ���
��

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

1�ϝΎΜϣ 2�ϝΎΜϣ 3�ϝΎΜϣ 4�ϝΎΜϣ 5�ϝΎΜϣ 6�ϝΎΜϣ

��
ƪĪƃç���ƆųŚƃ�ŹřŶƤƯ�ƶƴǀƄǀŝ ŹŚĩ�ƾŤŴſŚƸƫŶƯ�Żř�Ĩƿ�źƷ�ƶŝ�ƶūƺţ�Śŝ�ƶůƹźƐƯ�ƽŚƸƫŚŨƯ�Źŵ 

��
�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ� ŚƯř�Ʊō�Żř�ƾĩŚů�ŚƷŹřŵƺưƳ� �ƆųŚƃ�ƹŵ�źƷ�ƱŚƯżưƷ

ƩŶƯ� Żř� ƵŵŚƠŤſř� Śŝ� ƾƳŚǀƯ� ŪƿŚŤƳ� ƶĩ� ŶƴŤƀƷLP-Metric �ƪƇŚů������
ƾƯ�ŵƺƃ��ƩƹŶūè���ƽŚƸƈųŚƃ�Ʋǀŝ�ƾƳŻřƺţ�ƁƹŹ�Ʋƿř�Ɩƣřƹ�Źŵ�Dmax �
�ƹŹŚĩ�ƾŤŴſƾƯ�Źřźƣźŝ�ƾƯ�ƾƘſ�ƹ�Ŷƴĩ�ƵŶƯō�ŢſŶŝ�ƽŚƸŝřƺū�Śţ�Ŷƴĩ

ƴƃŚŝ� ĨƿŵżƳ� ŵƺų� ƶƴǀƸŝ� źƿŵŚƤƯ� ƶŝ� ƲĪưƯ� Ŷů� Śţ�ƕƺưŬƯ� Źŵ� ƹ� Ŷ
Ŝǀſō�ƲƿźŤưĩ�ƱŚƴĩŹŚĩŶƳƺƃ�ƪưŰŤƯ� řŹ�ƾƬƜƃ�ƽŚƷ�� ��ƶĩ� ŹƺƐƳŚưƷ

�ƩŶƯ�Żř�ƶƬƇŚů�ƶƯŚƳźŝ�Ţſř�ƆŴƄƯ�ƹŵ�ƹ�Ĩƿ�ƪĪƃ�ƽŚƷŹřŵƺưƳ�Źŵ
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