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One of the assumptions in Economic Production Quantity is that there 
is no imperfect production. Also the effect of inflation and time value 
of money is not considered with this model. But the studies show that 
the consideration of imperfect products in lot sizing or inflation and 
time value of money is varying the optimal lot size, therefore 
consideration of these two factors in lot sizing is essential. This paper 
studies the effect of inflation and time value of money on the EPQ 
model with rework. Since the total cost relation involves a 
complicated exponential function, evaluating the optimal point is not 
a trivial task. The effect of inflation and time value of money was 
investigated under given sets of values of inflation and discount rates. 
Computational results indicate that this effect on the model is very 
important. 
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ŦŰŝ�ƽźĮƿŵ�ƶƫŚƤƯ�Źŵ�ƾƫ�ƹ�šǈƳŻƹŹ�ƉźƟ�Ʋƿř�Śŝ�řŹ�šŚƘƐƣ�ƾſŹŻŚŝ�
�ŵŹřƹ� ƾƫźŤƴƧ� ƵŵƹŶŰƯ� Żř� ũŹŚų� ŢǀƘƋƹ� ƶŝ� ŶƴƳřƺţ� ƾƯ� šŚƘƐƣ� ƶƧ

ŶƳƺƃŶƳŵƺưƳ�ƾſŹźŝ��@é��>��
�ƶƴǀƸŝ�ŢſŚǀſ�ƲŤƟŚƿ�Źŵ�ƾƫŚưŤůř�ƽŚƿƺě�ƽżƿŹ�ƶƯŚƳźŝ�ƩŶƯ�Ʀƿ�ƲƿŚƟ

� ŵźƧ� ƶŗřŹř� ƾſŹŻŚŝ� ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ@ê� �>�Ʋǀŝ�ƂƳřŹŚƨưƷ� ƹ�ĬƴƷ
�ƽŹřŸĭ�ƶƿŚƯźſ�ƹ�ŶƴƿřźƟ�ŢǀƠǀƧ�ƂƷŚƧƽŻřŶƳř�ƵřŹ�ƱŚƯŻ����ƶƬŘƀƯ�Źŵ

Śƿƺě�ŢƫŚů� Źŵ� Ŷǀƫƺţ� ƶŤſŵ� ƵŻřŶƳř� ƲǀǀƘţř�� ŶƳŵźƧ� Źřźƣźŝ� ƍŚŞţŹ@ë��>
�ƩŚſ�Źŵ�źŝŚū�ƹ�ƶƯǇŚſçååå�Ʋƿř�Śŝ�řŹ�ƽŵŚƈŤƣř�ƁŹŚƠſ�ŹřŶƤƯ�ƩŶƯ�

�řŹ� ƭŻǇ� ŢǀƠǀƧ� Ţſř� ƲƨưƯ� ƾŤƟŚƿŹŵ� ƽŚƷǇŚƧ� Żř� ƾųźŝ� ƶƧ�ƉźƟ
� ŶƳŵřŵ� ƶƘſƺţ� ŶƴƃŚŝ� ƶŤƃřŶƳ@ì� �>ŚƸƳ� ƩƺƯźƟ� ƶŗřŹř� Źŵ� ŚƸƳō�ŹŚģŵ� ƾƿ

Ʊō�ŽŚƳŵŹŚĩ�ƶƧ�ŶƳř�ƵŶƃ�ƾƷŚŞŤƃř�ŵźƧ�ŭǈƇř�řŹŢſř�Ƶ@�í��>�ƶƯǇŚſ
�ŵƺų�ƶƫŚƤƯ�Źŵ�ƲǀƴĤưƷ�źŝŚū�ƹ�ƵŹŚƃř�śƺǀƘƯ�ƽŚƷǇŚĩ�ƁƹźƟ�ƱŚƯŻ�ƶŝ

ŶƳŵźĪƳ�ƾŰƋřƹ�ƽ���ŜƬƐƯ�Ʋƿř�ƶŝ�ƵŹŚƃř�Śŝ�ŽřźŤƴŤƴĩ�ƹ�ŽƺŤƀƿźĤěŚě�
� ƾųźŝ� ŭǈƇř� ƶŝŜƫŚƐƯŤųřŵźě� ŚƸƳō�Ŷƴ@î� �>ƲǀƴĤưƷ�ƹ� ƩŚƿƺĭ� �

ŚƤƯ�Źŵ�ŽŚƳŵŹŚĩ�źŝŚū�ƹ�ƶƯǇŚſ�ƩŶƯ�ƽřźŝ�źţ�ƵŵŚſ�ƩƺƯźƟ�Ʀƿ�ŵƺų�ƶƫ
�ŶƳŵźƧ�ƶŗřŹř@æå��>��

�ƦƿŵżƳ�śřƺū� ŚƸƳō�Ǝſƺţ� ƵŶƃ� ƶŗřŹř� ƩŶƯ� ƶŝ� ƶƴǀƸŝƶƿřŹřŶƷŵ�ƾƯ���
�ƾƯŚưţ�ƽŵŚƈŤƣř�Ŷǀƫƺţ�ŹřŶƤƯ�ƩŶƯ�Źŵ�ƶƧ�ƉźƟ�Ʋƿř�Śŝ�ƶƯǇŚſ�ƹ�ĨƿŚƷ
�Ʀƿ� ŶƴŤƀƷ�ƽŹŚƧ� ƵŹŚŝƹŵ�ŢǀƬŝŚƣ�ƽřŹřŵ� ƵŶƃ� Ŷǀƫƺţ�śƺǀƘƯ�šŚƘƐƣ

ƽřźŝ� ƶƴǀƸŝ� ƶƐƤƳ� ŶƳŵźƧ�ƾƟźƘƯ� Ʊō�@ææ� �>� ƩŚſ� Źŵ� ƺģçååè��Źŵ
ƶƬŘƀƯ�ƾƟŵŚƈţ�űźƳ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�Ŷǀƫƺţ�ƩŶƯ�Źŵ�ƶƴƿżƷ�ƮưǀƳ�ƾƯ�

�Śŝ�śƺǀƘƯ�šŚƘƐƣ�ƽŹŚƧ�ƵŹŚŝƹŵ�ƹ�šŚƘƿŚƋ��śƺǀƘƯ�šŚƘƐƣ�ŵřŶƘţ�ƽřźŝ
ƵŵŚŤƟř�ŜƤƗ�ƽŚƋŚƤţ�ƹ�ƽŹŚƧ�ƵŹŚŝƹŵ�ŢǀƬŝŚƣřŹ�ƶƴǀƸŝ�śřƺū��ŵźƧ�ƶŗřŹř�

@æç� �>ƺţ� ŹřŶƤƯ� ƩŶƯ�ƂƳřŹŚƨưƷ� ƹ� ƱŚģ�źƔƳ� Źŵ� Śŝ� řŹ� ƽŵŚƈŤƣř� Ŷǀƫ
ƾƄŴŝ�ƁƹźƟ�ƲŤƟźĭŻř��ƶŝ�ƾƄŴŝ� �źŤưƧ�Ţưǀƣ� Śŝ�śƺǀƘƯ�šŚƘƐƣ�

�ŶƳŵřŵ� ƁźŤƀĭ� šŚƘƿŚƋ� šŹƺƇ� ƶŝ� ƾƄŴŝ� ƹ� ƽŹŚƧ� ƵŹŚŝƹŵ� šŹƺƇ
@æè� �>�ƶſ� źŤưƧ� Ţưǀƣ� Śŝ� śƺǀƘƯ� šŚƘƐƣ� ƁƹźƟ� ƱŚƯŻ� ƽřźŝ� ŚƸƳō

�Źŵ� �ƾſŹŻŚŝ�šŚǀƬưƗ�Ǝſƺţ�ƾƿŚſŚƴƃ�ƊŰƯ�ƶŝ�ƁƹźƟ�ƪƯŚƃ�ŢƫŚů
�ƶŝ�Ŷǀƫƺţ�ƱŚƯŻ�ƱŚƿŚě�ƶŝ�ƪƨǀſ�ƱŚƯŻ�ƱŚƿŚě�Źŵ�żǀƳ�ƹ�ƶŤſŵ�Ʀƿ�šŹƺƇ

ŶƴŤƟźĭ�źƔƳ� Źŵ� Śū�Ʀƿ�šŹƺƇ� ��Ŷǀƫƺţ�ƩŶƯ�Źŵ�ƂƳřŹŚƨưƷ�ƹ�ƩŚưū
�Ŷǀƫƺţ�śƺǀƘƯ�šŚƘƐƣ�ƾƯŚưţ�ƶƧ�ŶƳŵźƧ�ƉźƟ�ƽŵŚƈŤƣř�Ŷǀƫƺţ�ŹřŶƤƯ

�ŶƴŤƀƷ�ƽŹŚƧ�ƵŹŚŝƹŵ�ŢǀƬŝŚƣ�ƽřŹřŵ�ƵŶƃ@æé��>��
��ŶƴŤƟźĭ�źƔƳ�Źŵ�Ŷǀƫƺţ�ŶƴƿřźƟ�ƶŝŚƄƯ�řŹ�ƽŹŚƧ�ƵŹŚŝƹŵ�ŶƴƿřźƟ�ŚƸƳō�Ʋƿř�Śŝ

ŝƺǀƘƯ� ƾūƹźų� ƶƳƺĭ� ĢǀƷ�ƽŹŚƧ� ƵŹŚŝƹŵ� ŶƴƿřźƟ� ƶƧ�šƹŚƠţƾ�ŶƷřƺŴƳ�
Ţƃřŵ� ��ƹŵ� ƽŹŚƧ� ƵŹŚŝƹŵ� ŶƴƿřźƟ� ƭŚŬƳř� ƱŚƯŻ� ƽřźŝ� ŚƸƳō� ƲǀƴĤưƷ

�ŢſŚǀſ�ƪƯŚƃ�ƱŚƿŚě� Źŵ�ƽŹŚƧ� ƵŹŚŝƹŵ� ƹ�ƪƨǀſ�źƷ� Źŵ�ƽŹŚƧ� ƵŹŚŝƹŵ
ƽżƿŹ� ƶƯŚƳźŝ� ƢƟř���ŶƴŤƟźĭ� źƔƳ� Źŵ� ��Ŷǀƫƺţ� ƂƳřŹŚƨưƷ� ƹ� ƾŬů

Śů�Ʀƿ�Źŵ�řŹ�śƺǀƘƯ�šǇƺƈŰƯ�ƶƧ�ƁƹźƟ�ƶƯŚƳŻƹŹ�ƶƬŘƀƯ�ƅŚų�Ţƫ
�ƱřƺƴƗ�ŢŰţ�ƾŬů�ƹ�ƽŹŚŬǀŝ�Ǝſƺţ�Ʋƿř�Żř�Ƃǀě��Ʀƿ�ƾƫŚưŤůř�ƩŶƯ

ƵŹƹŵ�ƽřŶŤŝř�Źŵ�ƾƟŵŚƈţ�ƽŵƺūƺƯ�Śŝ�ƽř�ƵŹƹŵ���źƔƳ�Źŵ�ŵƺŝ�ƵŶƃ�ƶŗřŹř
�ŶƴŤƟźĭ@æêƹ�æë��>��

Ʋƀƴū�ƹ�źěǈƟ �ƶƴǀƯŻ�Źŵ�ƵŶƃ�ƭŚŬƳř�ƽŚƷ�ƽŹŚĩ�ƕřƺƳř�źŝ�ŶǀƠƯ�ƽŹƹźƯ
�ŶƳř�Ƶŵřŵ�ƭŚŬƳř�ƽŹŚĩ�ƵŹŚŝƹŵ@æì>���ƺſ�Źŵ�ƽŵŚƈŤƣř�ƩŶƯ�ŚŤſřŹ�ƲǀưƷ

�śƺǀƘƯ� šŚƘƐƣ� ƽřźŝ� ƾģƺĭŚţ� ƶƴƿżƷ� ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� řŹ�ƁŹŚƠſ
�Ţſř�Ƶŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ@æí��>�Ţſř�Ʋƿř�ƺſ�šŚƋƹźƠƯ�ƶƬưū�Żř

ŶƃŚŝ�ƩŚƯźƳ�ǇŚƧ�ƾƠǀƧ�ƶƈŴƄƯ�ƖƿŻƺţ�ƶƧ� ��żǀƳ�ƂƳřŹŚƨưƷ�ƹ�ƾŤſřŹ
�ƽřŹřŵ� �šŚƘƐƣ� ƾƠǀƧ� ƶƈŴƄƯ� ƖƿŻƺţ� ƶƧ� ƾŤƫŚů� ƽřźŝ� řŹ� ƺſ� ƩŶƯ

ƾƯƺưƗ�ƖƿŻƺţ��ƶŤƟźĭ�ƶŬǀŤƳ�Ʋǀƴģ�ƹ�ŶƳř�Ƶŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ��ŶƃŚŝ
�ƶƈŴƄƯ�ƖƿŻƺţ� ƶŝ� ƶƬŘƀƯ�Ʊō�ƽřźŝ�ƽŵŚƈŤƣř�ƁŹŚƠſ� ŹřŶƤƯ� ƶƧ�ŶƳř

� ŵŹřŶƳ� ƾĮŤƀŝ� ƾƠǀƧ@æî�>�ƩŶƯ� Ĩƿ� �ƱřźĮƿŵ� ƹ� ƾţŚǀŝ� ƶƫř� ŮŤƟ�
�ŶƳř�Ƶŵřŵ�ƶƘſƺţ�ƾŝŚƿŹřŻŚŝ�ƹ�ƁŹŚƠſ�ƽŵŚƈŤƣř�ŹřŶƤƯ�ƶŞſŚŰƯ�ƶģŹŚĜĪƿ

ƔƳ� Żř� šǇƺƈŰƯ� Ʊō� Źŵ� ƶĩ�Śŝ� šǇƺƈŰƯ� ƶŤſŵ� ŹŚƸģ� ƶŝ�ŢǀƠǀĩ� ź
�ƵŹŚŝƹŵ� ƪŝŚƣ� śƺǀƘƯ� šǇƺƈŰƯ� �ƭŚưţŚƳ� šǇƺƈŰƯ� �śƺƛźƯ� ŢǀƠǀĩ
�ŶƳř� ƵŶƃ�ƮǀƀƤţ�ƽŹŚĩ� ƵŹŚŝƹŵ�ƪŝŚƣ� źǀƛ�śƺǀƘƯ�šǇƺƈŰƯ� ƹ�ƽŹŚĩ

@çå��>��
�ƩŚſ�Źŵ�ƾƫŵŚƷ�Ǝſƺţ�ŹŚŝ�Ʋǀƫƹř�ƽřźŝ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹřæîëé�ŵŹƺƯ�

� ŢƟźĭ� Źřźƣ� ƾſŹźŝ@çæ� �>ƵŶƃ� ƶŞſŚŰƯ� ƁŹŚƠſ� źƿŵŚƤƯ� ƽƹ�Śŝ�
ƶŤƟŚƿ�ƪƿżƴţ�ƶƴƿżƷ�ƹ�ƶƳŚǀƫŚſ�ƶƴƿżƷ�ƎſƺŤƯ�Żř�ƵŵŚƠŤſřë�źĮƿŶƨƿ�Śŝ�řŹ�

�ƽźƿŵŚƤƯ� Ʊō� ƽŚƷźŤƯřŹŚě� ƶƧ� ƽŵŶƗ� ƽŚƷ� ƩŚŨƯ� Śŝ� ƹ� ŵźƧ� ƶƀƿŚƤƯ
ƾƘƣřƹ�ƽŚǀƳŵ�Śŝ�ƢŝŚƐƯ�Źŵ�ƶƴƿżƷ�šƹŚƠţ�ƶƧ�Ţſř�ƶŤƟźĭ�ƶŬǀŤƳ��ŶƴƃŚŝ�

Ţſř�ƾƃƺě�ƮƄģ�ƪŝŚƣ�ƩŶƯ�ƹŵ���
�ƽŚƷ�ŢƫŚů�Źŵ�ƶƧ�Ţſř�Ƶŵřŵ�ƱŚƄƳ�ƽƹ�Ʋƿř�ŵƺūƹ�Śŝ�ƝǈŤųř��ƽŶů

Ŷƿō�ŢſŶŝ�Ţſř�ƲƨưƯ�ƾƋŚưƛř�ƪŝŚƣ�źǀƛ���ƶƴǀƯŻ�Źŵ�ƭŚĮƄǀě�ƆŴƃ
ƾƯ�ŢĩřŻŚŝ�ƽŵƺūƺƯ�ƩźŤƴƧ�ƽŚƷ�ƩŶƯ�Źŵ�ƭŹƺţ�ƲŤƟźĭ�źƔƳ�Źŵ��ŶƃŚŝ

�ƩŚſ�Źŵ�ƽƹ�ƶƧæîìê�ƽŵŚƈŤƣř�ƁŹŚƠſ�ŹřŶƤƯ�ƩŶƯ�ŹŚŝ�Ʋǀƫƹř�ƽřźŝ�
�ŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƭŹƺţ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�řŹ@çç��>�Śŝ�ƱŚƿŚě�Źŵ�ƽƹ

Ư� ƽŶƴŝ� Ɩưū�ƁŹŚƠſ� ŹřŶƤƯ� ƩŶƯ� ƶƧ� Ţſř� ƶŤƟźĭ� ƶŬǀŤƳ� ŜƫŚƐ
ƭŹƺţ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƽŵŚƈŤƣřìŚŝ�Ŷƿŵƺƃ�ŭǈƇř���Żř�žě��šǇŚƤƯ�ŚƸƳō

�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƽŵƺūƺƯ�ƽŚƷ�ƩŶƯ�ƕřƺƳř�ƁźŤƀĭ�ŹƺƔƴƯ�ƶŝ�ƽŵŚƿŻ
ƾūŹŚų�ƹ�ƾƬųřŵ�ƶƳŚĭ�Ŷƴģ�ƭŹƺţ�ƽŚƷ�űźƳ�ƹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹří�ƶŗřŹř�

Ţſř�ƵŶƃ��ŵ�ƵŶƃ�ƭŚŬƳř�šŚƤǀƤŰţ�źŤƄǀŝ�ƹ�ƽŵƺūƺƯ�ƩźŤƴƧ�ƶƴǀƯŻ�Ź
�Ʋǀŝ�ƽŚƷ�ƩŚſ�Źŵ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹřæîëé�Śţ�æîîåƍƺŝźƯ�ƶŝ��ƩŶƯ�

ƵŶƃ�ƭŚŬƳř�ƽŚƷŹŚƧ�ŜƬƛř�ƹ� ŚŤƀƿř�ƽŚƷ��ƩŶƯ�ƶŝ�ƍƺŝźƯ�Ʊō�Żř�ŶƘŝ�ƽ
ŶƃŚŝ�ƾƯ�ƾƫŚưŤůř�ƹ� Śƿƺě�ƽŚƷ� ��Źŵ�ŽŚƯƺţ�ƹ�ƲƯźǀŝ� �ƩŚŨƯ�ƱřƺƴƗ�ƶŝ

� ƩŚſæîìì�ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� řŹ� ƽŵŚƈŤƣř� ƁŹŚƠſ� ŹřŶƤƯ� ƩŶƯ�
ƱŚƯżưƷ�ƱŚƿźū�Ʊŵƺŝ� ƶŤƀƀĭ�ƉźƟ� Śŝ� ƹ� ƭŹƺţ� ƹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�

�ŵŹƺƯ�ŢĩřŻŚŝ�ƹ�ƾƫŵŚƷ�ƽŚƷŹŚƧ�ƶŝ�ƶūƺţ�ƱƹŶŝ� ŚƷ�ƶƴƿżƷ�ƶǀƬƧ�ƽŶƤƳ
�ƶƀƿŚƤƯ� ƽŵŚƈŤƣř� ƁŹŚƠſ� ŹřŶƤƯ� ƩŶƯ� Śŝ� řźƳō� ƹ� Ƶŵřŵ� Źřźƣ� ƾſŹźŝ

ŶƳŵźƧ� ��Śŝ� řŹ� ƽŵŚƈŤƣř� ƁŹŚƠſ� ŹřŶƤƯ� ƩŶƯ� żǀƳ� ƂƳřŹŚƨưƷ� ƹ� żǀū
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æíé�������ƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝ��ƶŤſŵ�ƽƶŤſŵ�ƽ��Ŷǀƫƺţ�ƽŶǀƫƺţ�ƽ�����������������������������ŮŤƟ�ƲƀŰƯ�ƹ�ƾĩŻźŝ�ƾŤſřŹ�ƾƌţźƯ��ƾŰƬƈƯ�ƮſŚƣƾţŚǀŝ�ƶƫř 
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ŢƀǀƳ�ŢſŹŵ�ƶƄǀưƷ�ƂƳřŹŚƨưƷ�ƹ�żǀū����
ſ�Źŵ�źƳŚŝ�ƹ� řŹřŶƳŚģ�ƩŚæîíê�ƹŵ�Źŵ� řŹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�

�ŢƫŚů�Źŵ�ƽŵŚƈŤƣř�ƁŹŚƠſ�ŹřŶƤƯ�ƩŶƯƽźƀĩ�Ʊŵƺŝ� ŻŚŬƯ�ŹřŶƤƯ� ƹ�
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�ŶƳŵźƧ@çé� �>�ƩŶƯ�Źŵ� řŹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř� ƹ�ƭŹƺţ�źŧř�Ʋě� ƹ�źĩŹŚſ
�ŢƫŚů�Źŵ�Ŷǀƫƺţ�ƽŵŚƈŤƣřŵƺŞưĩ�Ʊŵƺŝ�ŻŚŬƯ�ƹ�ƵŵźƧ�ƾſŹźŝ��ƪǀƫŵ�ƶŝ

� ƾĭŶǀĤǀěƝŶƷ� ƖŝŚţ� �ƶƴǀƸŝ� śřƺū� ƱŵŹƹō� Ţſŵ� ƶŝ� ƽřźŝ��ƁƹŹ�
�ŶƳŵźƧ�ƾƟźƘƯ�řŹ�Żƺǀū�ƹ�ƥƺƷ�ƽƺŬŤƀū@çêƹçë��>�ƩŶƯ�ƶƴǀƯŻ�Źŵ

ſ�Źŵ��Śƿƺě�ƽŚƷ�ƩŚçååæ�ƾƫŶƯ�Źŵ�ƭŹƺţ�ƹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƭƺƸƠƯ�
�ŵŹƺƯ� ŶƃŚŝ� ŻŚŬƯ� żǀƳ� ƽźƀƧ� ƹ� Ţưǀƣ� ƶŝ� ƶŤƀŝřƹ� ŚƋŚƤţ� Ʊō� Źŵ� ƶƧ

�ŢƟźĭ�Źřźƣ�ƵŵŚƠŤſř@çì��>��
� ƩŚſ� Źŵ�žƳřŹƺĩ� ƹ� ƱŚſçååç�ƹ�ƾƫƺƈŰƯ� Ŷƴģ�ŢƫŚů� Źŵ� Ŷǀƫƺţ� �

ƾƯ�ŹƺƔƴƯ�ƶŝ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƽźǀĭŹŚƧ�ƶŝ�Śŝ�ƽř�ƶƬůźƯ�Ŷƴģ��ƮưǀƳ
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�ƩŚſ�Źŵ�ƂƳřŹŚƨưƷ�ƹ�ƱƺƯçååê�Śŝ�ƶƧ�ƾƿŚƷǇŚƧ�ƽřźŝ�řŹ�ƾƿŚƷ�ƩŶƯ�

ƾƯ� ƶŤſŚƧ� ŚƸƳō�ƁŻŹř� Żř� ƱŚƯŻ� ŹƹźƯ�ř� ŚƸƳō�ƁŻŹř� ƶŝ� Śƿ� ƹ� ŵƺƃ�ƵŵƹżƟ
ƾƯ��ƁŻŹř�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƹ�ƱŚƯŻ�ƶŝ�ƶŤƀŝřƹ�ƽŚƋŚƤţ�ƽƺĮƫř�Śŝ�ŵƺƃ

�ƁƹŹ�ƹ�ƾſŹźŝ�ƆŴƄƯ�ƽżƿŹ�ƶƯŚƳźŝ�ƢƟř�Ʀƿ�ƽřźŝ�ƭŹƺţ�ƹ�Ʃƺě�ƾƳŚƯŻ
�ŶƳŵźƧ� ƶŗřŹř� ƶƴǀƸŝ� ĨƿŵżƳ� śřƺū� ƲŤƟŚƿ� ƽřźŝ� ƽř� ƵŵŚſ� ƽƺŬŤƀū

@èæ�>��ƩŚſ�Źŵçååë�řŹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�źŧř�ƾŤſřŹ�ƹ�ƾŰƬƈƯ��Źŵ
ƫƺţ�ƶŤſŵ�ƵŻřŶƳř�ƩŶƯ�ŶǀŚŝƾƷƹźĭ�ƽĥƺƫƺƴĪţ�î�ƶŝ� ƹ�źģƺŝ�Ǝſƺţ�ƶĩ�

�ƾƟźƘƯ�ƾƷƹźĭ�ƽĥƺƫƺƴĪţ�ƵŶƿř�ƶƿŚě�źŝ�Ŷǀƫƺţ�ƶŤſŵ�ƵŻřŶƳř�ƲǀƘţ�ŹƺƔƴƯ
ŵƺŝ�ƵŶƃ��ƽŚƐų�ƶĩ�ŶƴŤƟźĭ�ƶŬǀŤƳ�Ʋǀƴģ�ƹ�ŶƳŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�

�ƮƄģ�ƪŝŚƣ�źǀƛ�źģƺŝ�ƩŶƯ�Źŵ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƶŝ�ƶūƺţ�ƭŶƗ�Żř�ƾƃŚƳ
�ŶƃŚŝ�ƾƯ�ƾƃƺě@èçƹèè�>�ƩŚſ�Źŵ�çååí���ƱřŹŚĪưƷ�ƹ�ƽŵ�ŹŚƯƺĩ�

�ƽřźŝ� řŹ� ŵƹŶŰƯ� ƾƳŚƯŻ� ƢƟř� ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� ƽŵƺūƺƯ� ƩŶƯ�Ĩƿ
�ƾƳŚƯŻ�ƁŻŹř� ƹ� ƭŹƺţ� Ʊō� Źŵ� ƶĩ�ŶƳŵřŵ� ƶƘſƺţ� źƿŸě�ƩřƹŻ�šǇƺƈŰƯ

Ţſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�Ʃƺě���ƹŵ�ƶĩ�Ţſř�Ʋƿř�źŝ�ƉźƟ�ƩŶƯ�Ʋƿř�Źŵ
�šƹŚƠŤƯ� ŹŚŞƳř� ƹŵ� Źŵ�ǇŚĩ�ƽŹřŶƸĮƳ� ƶƴƿżƷ� ƹ� Ƶŵƺŝ� ŵƺūƺƯ� řżŬƯ� ŹŚŞƳř

Ţſř� ��źƔƳ�Źŵ�ƽźƀĩ�Ʊŵƺŝ�ŻŚŬƯ�ƹ�ƱŚƯŻ�ƶŝ�ƶŤƀŝřƹ� ŚƋŚƤţ�ƲǀƴĤưƷ
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�Źŵ�ƭŹƺţ�ƶŝ�ƶŤƀŝřƹ�ŚƋŚƤţ�ƹ�ƱŚƯŻ�ƶŝŢſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ���ƩŶƯ�Ʋƿř
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�Ţſř�ƵŶƃ@èê>���ƩŚſ�Źŵ�ƲǀƴĤưƷçåæå�źƔƳ�Źŵ�ƲưƋ�ƺſ�ƹ�ƺǀģ��
�ƉźƟ� �Ʃƺě�ƾƳŚƯŻ�ƁŻŹř� ƹ�šǇƺƈŰƯ�šƹŚƠŤƯ�ƽŚƷ�ŢǀƠǀĩ�ƲŤƟźĭ
�ƪŝŚƣ�ƾƿŚưƳ� ƖŝŚţ�Ĩƿ�šŹƺƇ� ƶŝ� Ŷǀƫƺţ� ƶſƹźě�ŢǀƠǀĩ� ƶĩ� ŶƳř� Ƶŵźĩ

ř�ŵƺŞƸŝ�ŢǀƠǀĩ�šŚƳŚſƺƳ�Ʊřƺţ�ƾƯ�ƭŻǇ�ƽŹřŸĭ�ƶƿŚƯźſ�Śŝ�ƾƴƘƿ� �Ţſ
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ŶƃŚŝ�ƾƯ�ƂƳřŹŚƨưƷ�ƹ�ƩŚưū�Ǝſƺţ�ƵŶƃ�ƶŗřŹř�ƩŶƯ��śƺǀƘƯ��@æé>��Żř

ŚŬƳō�ūƺţ� ŵŹƺƯ� �ŵŹřŵ� ƾƘƣřƹ� ƽŚǀƳŵ� Śŝ� ƽŵŚƿŻ� ƢŝŚƐţ� ƩŶƯ�Ʋƿř� ƶƧ�ƶ
�ƱŚĭŶƴƀƿƺƳźƋŚů�ƶƫŚƤƯ�Żř�Ʊō�ƱŵźƧ�źţ�ƪƯŚƧ�ŹƺƔƴƯ�ƶŝ�ƹ�ƶŤƟźĭ�Źřźƣ�

�Ʊō�ƶŝ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƕƺƋƺƯ��ŚƷ�ŢǀƘƣřƹ�Śŝ�źŤƄǀŝ�ƽŹŚĭŻŚſ�ŢƸū
�ƶƟŚƋřŢſř�ƵŶƃ����

�ƵŹŚŝƹŵ�šŚǀƬưƗ�ƭŚŬƳř�ƱŚƯŻ�ƽřźŝ�ŢſŚǀſ�ƕƺƳ�ƹŵ�ƂƳřŹŚƨưƷ�ƹ�ƩŚưū
ŶƳř� ƶŤƟźĭ� źƔƳ� Źŵ�ƽŹŚƧ��ƶƧ�Ţſř� ƵŶƃ�ƉźƟ�Ʃƹř�ƕƺƳ�ŢſŚǀſ�Źŵ�

ƬưƗ�ƱŶƃ�ƪƯŚƧ� Żř�ŶƘŝ� ƶƬƇŚƟǈŝ� ƹ�ƪƨǀſ�źƷ� Źŵ� �ƽŹŚƧ� ƵŹŚŝƹŵ�šŚǀ
ŵƺƃ�ƾƯ�ƕƹźƃ� ƶŤſŵ�Ʀƿ�ƽŶǀƫƺţ�šŚǀƬưƗ� ��ƱŚƯŻ� ƭƹŵ�ŢſŚǀſ� Źŵ

�ƪƨǀſ�źƷ�Źŵ�ƵŶƃ�Ŷǀƫƺţ�śƺǀƘƯ�šŚƘƐƣ�ƾƯŚưţ�ƶƧ�Ţſř�ƵŶƃ�ƉźƟ
�ŵŹƺƯ� Śū�Ʀƿ�šŹƺƇ� ƶŝ� ƽżƿŹ� ƶƯŚƳźŝ� ƢƟř� ƱŚƿŚě� Źŵ� ƹ� ƽŹƹō� Ɩưū

ŶƳźǀĭ�ƾƯ�Źřźƣ�ƁŻřŵźě��ŻŹř�źŧř�ƶƫŚƤƯ�Ʋƿř�ƶƬŘƀƯ�Źŵ�řŹ�Ʃƺě�ƾƳŚƯŻ�Ɓ
�ƪƨǀſ�źƷ�Źŵ�ƽŹŚƧ�ƵŹŚŝƹŵ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�Ŷǀƫƺţ�ƶŤſŵ�ƵŻřŶƳř�ƲǀǀƘţ

�Ʃƹř�ƕƺƳ�ŢſŚǀſ��Ţſř�Ƶŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ����
�ƭƹŵ�ƂŴŝ�ƲƿřƶƬŘƀƯ�ƞƿźƘţ�ƪƯŚƃ�ƶƫŚƤƯ�ŚƷ�ƉźƟ�ƱŚǀŝ��ƾƟźƘƯ� ƹ�
�ƽŚƷŵŚưƳŶƃŚŝ�ƾƯ�ƶƫŚƤƯ�Źŵ�ƶŤƟŹŹŚƧ�ƶŝ� ���ƭƺſ�ƂŴŝ�Źŵ�Ʊō�Żř�žě

ƶƬŘƀƯ�ƱŚǀŝ�ƽƩŶƯ�ƹ�ƶŗřŹř�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƶŝ�ƶūƺţ� Śŝ� ƵŶƃ�ƽŻŚſ�
ŵƺƃ�ƾƯ� �ƶƴƿżƷ� ƖŝŚţ�Ʀƿ� ƵŶƃ� ƶŗřŹř� ƩŶƯ��ÊƮǀưƈţ� źǀƜŤƯ�Ŝƀů� źŝ�

ƵŻřŶƳř�ƶŤſŵ�ƽ�ƾƯ�Ŷǀƫƺţ�ƽ�ŶƃŚŝ�ƶĩ��ƖŝŚţ�Ʋƿř�Ʊŵƺŝ�ƵŶǀĤǀě�ƪǀƫŵ�ƶŝ
ƶƐƤƳ�ƲŤƟŚƿ�ƢŤƄƯ�ĨǀƴĪţ� Żř� ƵŵŚƠŤſř� Śŝ� ƶƴǀƸŝ�ƽƽźǀĭ�źƿŸě�ƱŚĪƯř�

ŢƀǀƳ� �ƭŹŚƸģ� ƂŴŝ� Źŵ� ƾưŤƿŹƺĮƫř�ƁƹŹ� Ŝǀĩźţ� źŝ� ƾƴŤŞƯ�ƽŚƷ
�ƶŝ�ĨƿŵżƳ�śřƺū�ƲŤƟŚƿ� ŹƺƔƴƯ�ƶŝ�ŽŚƯƺţƺĪƿŵ� ƹ�ŹřŶŝŚŤƃ�ƽƺŬŤƀū

�ƮŬƴě�ƂŴŝ�Źŵ�ƹ�Ţſř�ƵŶƃ�ŵŚƸƴƄǀě�ƶƴǀƸŝ�ƭŚŬƳř�ƹ�ƩŚŨƯ�Ʀƿ�ƶŗřŹř�Śŝ
� ƹ�ŢǀſŚƀů�ƪǀƬŰţ�ƁŻŹř�ƲŤƟźĭ�źƔƳ� Źŵ�ŢǀưƷř�ƽŵŶƗ�šŚŞſŚŰƯ

Ţſř� ƶŤƟźĭ� Źřźƣ� ƾſŹźŝ� ŵŹƺƯ� ŹƺĩŸƯ� ƩŶƯ� Źŵ� Ʃƺě� ƾƳŚƯŻ� ��ƂŴŝ
Ƴ� ƶŝ�ƾƿŚƸƳƶŗřŹř� Śŝ� ƵřźưƷ� �ƽźǀĭ� ƶŬǀŤ��Ƶŵřŵ�ƅŚƈŤųř�šřŵŚƸƴƄǀě�ƽ
Ţſř�ƵŶƃ���

��

Ï�ƶƬŘƀƯ�ƞƿźƘţ���
�źƷ�Źŵ�Ʊō�Źŵ�ƶĩ�ŶƿźǀĮŝ�źƔƳ�Źŵ�řŹ�ƾƫƺƈŰƯ�Ĩţ�ƽŶǀƫƺţ�ƮŤƀǀſ�Ĩƿ

�ƵŻřŶƳř�ƶŝ�ƽř�ƶŤſŵ��ƵŹƹŵQŵƺƃ�ƾƯ�Ŷǀƫƺţ�ƩƺƈŰƯ�Ŷůřƹ����šřŶƷŚƄƯ
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ƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝ��ƶŤſŵ�ƽƶŤſŵ�ƽ��Ŷǀƫƺţ�ƽŶǀƫƺţ�ƽ����������������������������ƾţŚǀŝ�ƶƫř�ŮŤƟ�ƲƀŰƯ�ƹ�ƾĩŻźŝ�ƾŤſřŹ�ƾƌţźƯ��ƾŰƬƈƯ�ƮſŚƣ������������������æíê��

  

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳƱŚºººŤƀŝŚţƱŚºººŤƀŝŚţ��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�çç 

�ƶƧ�ŶƷŵ�ƾƯ�ƱŚƄƳ�ƶŤƃŸĭè�ƹ�śƺǀƘƯ�ƽŶǀƫƺţ�šŚƘƐƣ�Ʋƿř�Żř�ŶƇŹŵ�
ŝƹŵ�ƪŝŚƣŶƴŤƀƷ�ƽŹŚƧ�ƵŹŚ���ŹƺƏ�ƶŝ�ƵŹřƺưƷ�ƶƧ�ŵƺƃ�ƾƯ�ƉźƟ�ƲƿřźŝŚƴŝ

��ƆŴƄƯ�ƹ�ŢŝŚŧèŶƴŤƀƷ�śƺǀƘƯ�ƵŶƃ�Ŷǀƫƺţ�šǇƺƈŰƯ�Żř�ŶƇŹŵ���
�ƶƴƿżƷ�ƹ�ƱŚƯŻ�ƱƹŶŝ���ƾſŹŻŚŝ�šŚǀƬưƗ�ƹ�ƭŚŬƳř�ŶƇ�Źŵ�ŶƇ�šŹƺƇ�ƶŝ

ŵźǀĭ�ƾƯ���šŚƘƐƣ�ŢǀƠǀƧ�ƶŝ�Ʊŵźŝ�ƾě�ŹƺƔƴƯ�ƶŝ��źţ�Ƣǀƣŵ�šŹŚŞƗ�ƶŝ
� ƶƘƐƣ� źƷ� �śƺǀƘƯ�šŚƘƐƣ�ƾƿŚſŚƴƃ� ƹ�ŢŰţ� Ŷǀƫƺţ� Żř� ŶƘŝ� ƶƬƇŚƟǈŝ

ŵźǀĭ�ƾƯ�Źřźƣ�ƾſŹŻŚŝ�šŚǀƬưƗ���źƷ�ŵƺƃ�ƾƯ�ƉźƟ�ŚŬƴƿř�Źŵ�ƲǀƴĤưƷ
śƺǀƘƯ�Śƿ�ƹ�Ţſř�ƮƫŚſ�Śƿ�ƽŶǀƫƺţ�ƶƘƐƣ���šŚǀƬưƗ�ƶƬǀſƺŝ�ƶƧ�ƾţŚƘƐƣ

�Śţ�ŶƳƹŹ�ƾƯ�ŹŚŞƳř�ƶŝ�ƶƬƇŚƟǈŝ�ŶƳƺƃ�ƾƯ�Ƶŵřŵ�ƆǀŴƄţ�ƮƫŚſ�ƾſŹŻŚŝ

ŶƴƃŚŝ�ƱŚƿźŤƄƯ�ŻŚǀƳ�ƽƺĭ�ŲſŚě���űźƳ�Śŝ�ƹ�ƶŤſƺǀě�ŚƋŚƤţD�ǇŚƧ�Ŷůřƹ�
Ţſř� ƱŚƯŻ� Ŷůřƹ� Źŵ� ��ƭŚŬƳř� Żř� žě� �ŶƴŤƀƷ� śƺǀƘƯ� ƶƧ� ƾţŚƘƐƣ

�śƺǀƘƯ�šŚƘƐƣ�ƽŵƺūƺƯ�ŶŞſ�Źŵ�ƵŚĮŤſŵ�ŹŚƴƧ�Źŵ��ƾſŹŻŚŝ�šŚǀƬưƗ
�Ŷǀƫƺţ�ƱŚƿŚě�Żř�žě�Śţ�ŶƳƺƃ�ƾƯ�ƽŹřŶƸĮƳQ�ƵŹŚŝƹŵ�ŶƴƿřźƟ�ŵŹřƹ�Ŷůřƹ�

ŶƳƺƃ�ƽŹŚƧ� ��ƶŝ�śƺǀƘƯ�šŚƘƐƣ� ƶưƷ� �ƽŹŚƧ� ƵŹŚŝƹŵ�šŚǀƬưƗ� Żř�žě
�ƪƿŶŞţ�ƮƫŚſ�šŚƘƐƣŶƳƺƃ�ƾƯ���ƵŹŚŝƹŵ�Żř�žě�śƺǀƘƯ�šŚƘƐƣ�ƲƿřźŝŚƴŝ

�ŚƋŚƤţ� ƶŝ� Ʊŵřŵ� śřƺū�ƽřźŝ� ŹŚŞƳř� ƶŝ� ƮƫŚſ�šŚƘƐƣ� ƱřƺƴƗ� ƶŝ� �ƽŹŚƧ
ƾƯ� ƵŵŚŤſźƟ�ŶƳƺƃ��ƪĪƃ� Źŵ��æ��Ŝƀů�źŝ� ŹŚŞƳř� Źŵ�ƽŵƺūƺƯ� ŹŚŤƟŹ� �

Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ƱŚƯŻ���
��

��

ƪƨƃæ��Ŝƀů�źŝ�ŹŚŞƳř�Źŵ�ƩƺƈŰƯ�ƽŵƺūƺƯ�ŹŚŤƟŹƱŚƯŻ���

��
�ƶŝŚƄƯ�ƶƴƿżƷ�ƹ�ƱŚƯŻ�źƔƳ�Żř�ƽŹŚƧ�ƵŹŚŝƹŵ�ŶƴƿřźƟ�ƶƧ�Ţſř�źƧŷ�ƶŝ�ƭŻǇ

ŵƺƃ�ƾƯ�ƉźƟ� Ŷǀƫƺţ� ŶƴƿřźƟ� �ƵŻřŶƳř� ƲǀǀƘţ� �ƝŶƷ�ƶŤſŵ�ƽ��Ŷǀƫƺţ� ƽ
ƾƯ�ƶƴƿżƷ� ƕƺưŬƯ� ƶƧ� ƽƺŰƳ� ƶŝ� ŶƃŚŝ���Śŝ� ƎŞţźƯ� ƶŤƟŚƿ� ƪƿżƴţ� ƽŚƷ

ƶƴƿżƷ�ƾƬƘƟ�ƁŻŹř� ƪƯŚƃ� �ƽŵƺūƺƯ� ƮŤƀǀſ�Ŷǀƫƺţ� �ƽŻřŶƳř� ƵřŹ� ƽŚƷ
��ƶƴƿżƷ�ƪƯŚƃƽŹŚƧ�ƵŹŚŝƹŵ�ƶƴƿżƷ�ƹ�ƶǀƫƹř�Ŷǀƫƺţ���Źŵ�ǇŚƧ�ƽŹřŶƸĮƳ�ƹ

ƾƯ� ŹŚŞƳř�ŵƺƃ� ƮưǀƳ� ��ƽŹřŶƸĮƳ� ƶƴƿżƷ� ƂƳřŹŚƨưƷ� ƹ� ƩŚưū� ŶƴƳŚưƷ
ŵƺƃ�ƾƯ�ƉźƟ�żǀģŚƳ�ƵŚĮŤſŵ�ŹŚƴƧ�Źŵ�śƺǀƘƯ�šŚƘƐƣ���

��
Ï�Î�šŚǀƋźƟ���

�ƶƫŚƤƯ�Ʋƿř�Źŵ�ƾſŹźŝ�ŵŹƺƯ�ƩŶƯ�šŚǀƋźƟŻř�ŶƴţŹŚŞƗ���
 ŵŹřŵ�ŵƺūƹ�ƩƺƈŰƯ�Ʀƿ� 

 ŢƀǀƳ�ŻŚŬƯ�ŵƺŞưƧ� 

 Ż�ƶƴƿżƷŵƺƃ�ƾƯ�ƉźƟ�żǀģŚƳ�ƾſŹŻŚŝ�ƱŚƯ� 

 �ŹŚŝ�źƷ�ƽřŻř�ƶŝ�ƾƫƹ�ŶƳŹřŶƳ�ƱŚƯŻ�ƶŝ�ŻŚǀƳ�ƽŻřŶƳř�ƵřŹ�šŚǀƬưƗ
ƶƴƿżƷ�ƽŻřŶƳř�ƵřŹ�ŢŝŚŧ�ƽřŵƺƃ�ƾƯ�ŹƺƔƴƯ����

 ��ƭŻǇ� šŚǀƬưƗ� ƭŚŬƳř� Żř� žě� ƹ� ŵŹřŵ� ŵƺūƹ� ƵŚĮŤſŵ� Ʀƿ
ƾƯ�ƵŵŚŤſźƟ�ŚƋŚƤţ�ƱŵŹƹōźŝ�ŢƸū�ŹŚŞƳř�ƶŝ�ƮƫŚſ�šŚƘƐƣ�ŶƳƺƃ����

 ţ� šŚǀƬưƗ� ƭŚŬƳř� Ʋǀů� Źŵ� ƕŚƐƤƳř�ŵƺūƹ� ƶŤſŵ�Ʀƿ� ƽŶǀƫƺ
ŵŹřŶƳ���
 ƲǀƃŚƯ� ƱŚƯŻ� �ŚƋŚƤţ� űźƳ� ŶƴƳŚƯ� ŚƷźŤƯřŹŚě� ƶǀƬĩ��źƷ� ƽŹŚĩ

� ƹ� śƺǀƘƯ� šŚƘƐƣ� ŶƇŹŵ� �ƽŻřŶƳř� ƵřŹ� ƱŚƯŻ� �ƶƘƐƣ�� ����Ōżū� ƶŝ
ŶƳƺƃ�ƾƯ�ƭŹƺŤƯ�ƶƧ� ŚƷ�ƶƴƿżƷ���ŢŝŚŧ�ƹ�ƆŴƄƯ�ƾƟŵŚƈţ�źǀƛ��

ŶƴŤƀƷ���
 �ƹ�ŵźǀĭ�ƾƯ�šŹƺƇ�ƽŶǀƫƺţ�šŚǀƬưƗ�Ʋǀů�Źŵ�ƵŵƹżƟř�ƁŻŹř

�šŹƺƇ�ƶŝ�ŚƷ�ŢųřŵźěƾƯ�ƉźƟ�ƽř�ƶƔŰƫ�ƹ�ƶŤſƺǀě�ŵƺƃ���
 ŶƃŚŝ�ƾƯ�ŢƿŚƸƳ�ƾŝ�ƽżƿŹ�ƶƯŚƳźŝ�ƢƟř�ƩƺƏ� 

��
Ï�Ï�ŚƷŵŚưƳ���

Ţſř�źƿŻ�ŭźƃ�ƶŝ�ƶƫŚƤƯ�Ʋƿř�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ�ƽŚƷŵŚưƳ���
��
��
��

t1 ���t2 �� ���������������� t3 

P 

P-D 

P(1-è)-D 

Q 

T 

-D 

Tm 

ƽŵƺūƺƯ��
ŹŚŞƳř�Źŵ� 

½Z»� 
Td 
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æíë�������ƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝ��ƶŤſŵ�ƽƶŤſŵ�ƽ��Ŷǀƫƺţ�ƽŶǀƫƺţ�ƽ�����������������������������ŮŤƟ�ƲƀŰƯ�ƹ�ƾĩŻźŝ�ƾŤſřŹ�ƾƌţźƯ��ƾŰƬƈƯ�ƮſŚƣƾţŚǀŝ�ƶƫř 

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳƱŚºººŤƀŝŚţƱŚºººŤƀŝŚţ��æèîåæèîå���ŶƬū��ŶƬū�çççç��ƵŹŚưƃ�ƵŹŚưƃ���çç 

��

A �ƽżƿŹ�ƶƯŚƳźŝ�ƢƟř�ƽřŶŤŝř�Źŵ�ƵŚĮŤſŵ�ƽŻřŶƳř�ƵřŹ�ŹŚŝ�źƷ�ƶƴƿżƷ�ƁŹŚƠſ�ƶƘƟŵ�ƶŝ�Ʃƺě�Ŷůřƹ� 

c řŶŤŝř�Źŵ�ǇŚƧ�Ŷůřƹ�źƷ�ƁŻřŵźě�ƶƴƿżƷ�ƽżƿŹ�ƶƯŚƳźŝ�ƢƟř�ƽ�ǇŚƧ�Ŷůřƹ�ƶŝ�Ʃƺě�Ŷůřƹ� 

h �ƽżƿŹ�ƶƯŚƳźŝ�ƢƟř�ƽřŶŤŝř�Źŵ�ƱŚƯŻ�Ŷůřƹ�Źŵ�ƩƺƈŰƯ�Ŷůřƹ�źƷ�ƽŹřŶƸĮƳ�ƶƴƿżƷ�Ŷůřƹ�ƱŚƯŻ�Ŷůřƹ�ƶŝ�ǇŚƧ�Ŷůřƹ�ƶŝ�Ʃƺě�Ŷůřƹ� 

D �ƱŚƯŻ�Ŷůřƹ�Źŵ�ŚƋŚƤţ�űźƳ�ƱŚƯŻ�Ŷůřƹ�ƶŝ�ǇŚƧ�Ŷůřƹ� 

P �ƱŚƯŻ�Ŷůřƹ�Źŵ�Ŷǀƫƺţ�űźƳ�ƱŚƯŻ�Ŷůřƹ�ƶŝ�ǇŚƧ�Ŷůřƹ� 

è ƪƧ�ƶŝ�śƺǀƘƯ�ƩƺƈŰƯ�ŢŞƀƳ 

Į��ƶŤſƺǀě�šŹƺƇ�ƶŝ�ŜĩźƯ�ƵźƸŝ�űźƳ��
â ƶŤſƺǀě�šŹƺƇ�ƶŝ�ŜĩźƯ�ƭŹƺţ�űźƳ��

1t �ƪƨǀſ�źƷ�Źŵ�Ŷǀƫƺţ�ƵŹƹŵ�ƽŚƸŤƳř�ƱŚƯŻ�Ŷůřƹ� 

2t �ƪƨǀſ�źƷ�Źŵ�ƽŹŚƧ�ƵŹŚŝƹŵ�ƵŹƹŵ�ƽŚƸŤƳř�ƱŚƯŻ�Ŷůřƹ���
Tm ƨǀſ�źƷ�Źŵ�ƁŻřŵźě�ƱŚƯŻ�ƪƧ�ƪ�ƱŚƯŻ�Ŷůřƹ���
Td �Ŷǀƫƺţ�ƱƹŶŝ�ƝźƈƯ�ƵŻŚŝ�ƩƺƏ�ƱŚƯŻ�Ŷůřƹ� 

T �ƵŹƹŵ�źƷ�ƩƺƏ�ƱŚƯŻ�Ŷůřƹ� 

Q Ŷǀƫƺţ�ƶŤſŵ�ƵŻřŶƳřB�Ʈǀưƈţ�źǀƜŤƯ�ǇŚƧ�Ŷůřƹ� 
*
JamalQ �ƂƳřŹŚĪưƷ�ƹ�ƩŚưū�ƩŶƯ�ƶƴǀƸŝ�Ŷǀƫƺţ�ƶŤſŵ�ƵŻřŶƳř�ǇŚĩ�Ŷůřƹ���
Q* �ƶƴǀƸŝ�ƶŝ�ĨƿŵżƳ�ƵŻřŶƳř�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�Ŷǀƫƺţ�ƶŤſŵ�ǇŚĩ�Ŷůřƹ� 

H(t) �ƱŚƯŻ�Źŵ�ŹŚŞƳř�Źŵ�ǇŚƧ�Ŷůřƹ�źƷ�ƽŹřŶƸĮƳ�ƶƴƿżƷ�Ŷůřƹt��ƱŚƯŻ�Ŷůřƹ�Źŵ�ǇŚĩ�Ŷůřƹ�ƶŝ�Ʃƺě�Ŷůřƹ���
I(t) �ƱŚƯŻ�Ŝƀů�źŝ�ŹŚŞƳř�ƽŵƺūƺƯ�ŮƐſ�ƖŝŚţ�ǇŚĩ�Ŷůřƹ� 

Cs �ƵŹƹŵ�źƷ�Źŵ�ƽŻřŶƳř�ƵřŹ�ƶƴƿżƷ�ƾƬƘƟ�ƁŻŹř�Ʃƺě�Ŷůřƹ� 

Cm �ƵŹƹŵ�źƷ�Źŵ�Ŷǀƫƺţ�ƶƴƿżƷ�ƾƬƘƟ�ƁŻŹř�Ʃƺě�Ŷůřƹ� 

Ch �ƵŹƹŵ�źƷ�Źŵ�ŹŚŞƳř�ƽŵƺūƺƯ�ƽŹřŶƸĮƳ�ƶƴƿżƷ�ƾƬƘƟ�ƁŻŹř�Ʃƺě�Ŷůřƹ� 

C��ƶƴƿżƷ�ƪƧ�ƾƬƘƟ�ƁŻŹř��ƵŹƹŵ�źƷ�ƽřźŝ�ƽŵƺūƺƯ�Śŝ�ƎŞţźƯ�ƽŚƷ�Ʃƺě�Ŷůřƹ���
TC(Q)��ƶƴƿżƷ�ƪƧ�ƾƬƘƟ�ƁŻŹř��ŢƿŚƸƳ�ƾŝ�ƽżƿŹ�ƶƯŚƳźŝ�ƢƟř�ƽřźŝ�ƽŵƺūƺƯ�Śŝ�ƎŞţźƯ�ƽŚƷ��ŶůřƹƩƺě���

��
Ð�ƵŻřŶƳř�ƲǀǀƘţ��ƶŤſŵ�ƽ��ƁŻŹř�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�Ŷǀƫƺţ�ƽ

Ʃƺě�ƾƳŚƯŻ��
�ƽŶǀƫƺţ�ƩƺƬſ�Źŵ�ƵŶƃ�ƶŤųŚſ�ƽǇŚĩ�ƽŵƺūƺƯ�ŢǀƘƣƺƯ�ŹŚŤƟŹ�ƾſŹźŝ
�ƕřƺƳř� ƶŞſŚŰƯ� ŹƺƔƴƯ� ƶŝ� ƱŚƯŻ� ƾƏ� Źŵ� ŹŚŞƳř� Źŵ� ƾƿŚƸƳ� ƩƺƈŰƯ� ƹ

ƶƴƿżƷ�Ţſř�ƭŻǇ�ƽŵƺūƺƯ�ƽŚƷ����
ǇŚƧ�ƽŵƺūƺƯ�ŹŚŤƟŹ��Ţſř�ƾƘƐƣ�ŚƋŚƤţ�ƶƧ�ƾƿŚŬƳō�Żř�ƵŶƃ�ƶŤųŚſ�ƽ
ƾƯ�ƽŵŚƈŤƣř�Ŷǀƫƺţ�ŹřŶƤƯ�ƩŶƯ�ƶŝŚƄƯ�ľŚŞƿźƤţ�ŹŚŞƳř�Źŵ�ŶƃŚŝ���ƭŶƗ�ŢƬƗ

�ƽŵŚƈŤƣř� Ŷǀƫƺţ� ŹřŶƤƯ� ƩŶƯ� Śŝ� ƵŶƃ� ƱŚǀŝ� ƩŶƯ� ŹŚŤƟŹ� Ʊŵƺŝ� ƱŚƀƨƿ
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ƭŹŚƸģ�ƭŚĭ��Ʒŵ�ŹřźƣǀŶ��2/2/)( 010
*
0  QQQQ�ƹ2/2/)( 010

*
1  QQQQ��

 �źĭř)()( *
1

*
0 QTCQTC ŵŚƤƯ�ƵŚĮƳōƿ�ź*

1QQ Ʒŵ�Źřźƣ�ƹ�ƵŵƺưƳ�ƝŸů�řŹǀŶ��*
11 QQ ��

 �źĭř)()( *
1

*
0 QTCQTC ŵŚƤƯ�ƵŚĮƳōƿ�ź*

1QQ Ʒŵ�Źřźƣ�ƹ�ƵŵƺưƳ�ƝŸů�řŹǀŶ��*
00 QQ ��

 �źĭř)()( *
1

*
0 QTCQTC ŵ�ƶƐƤƳ�ƹŵƿ�ƱřƺƴƗ�ƶŝ�řŹ�źĮ0Q�ƹ1Qƴĩ�śŚŴŤƳřǀŶ���Ɯţ�Śŝǀǀ�ź�Źŵį� 

ƮŬƴě�ƭŚĭ���źĭř |)()(| *
1

*
0 QTCQTCƷŵ�Źřźƣ�ǀŶ��2/)( *

1
*
0

* QQQ ���*QŵżƳ�śřƺūƿƸŝ�ƶŝ�Ĩǀ�ƶƐŝřŹ�ƶƴæëŢſř����
ƛ�Źŵǀř�źƿƹźŝ�ƭŹŚƸģ�ƭŚĭ�ƶŝ�šŹƺƇ�ƲƿŶ� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

26
-0

2-
01

 ]
 

                             9 / 12

https://ijiepm.iust.ac.ir/article-1-662-en.html


æîå�������ƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝ��ƶŤſŵ�ƽƶŤſŵ�ƽ��Ŷǀƫƺţ�ƽŶǀƫƺţ�ƽ�����������������������������ŮŤƟ�ƲƀŰƯ�ƹ�ƾĩŻźŝ�ƾŤſřŹ�ƾƌţźƯ��ƾŰƬƈƯ�ƮſŚƣƾţŚǀŝ�ƶƫř 

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳƱŚºººŤƀŝŚţƱŚºººŤƀŝŚţ��æèîåæèîå���ŶƬū��ŶƬū�çççç��ƵŹŚưƃ�ƵŹŚưƃ���çç 

��

ƱƺŤſÑ��Ʋƿř�šƹŚƠŤƯ�ƽŚƷ�űźƳ�ƽřźŝ�řŹ�ƪĩ�ƶƴƿżƷ�ƶƴǀƸŝ�ŹřŶƤƯ�ƩƹŶū
ŶƷŵ�ƾƯ�ƱŚƄƳ���ŹřŶƤƯ�Ʋƿř�ƵŶƃ�ƱŚǀŝ�ƽƺŬŤƀū�ƮŤƿŹƺĮƫř�Żř�ƵŵŚƠŤſř�Śŝ

Ţſř� ƵŶƯō�Ţſŵ� ƶŝ� ŚƷ� ƶƴƿżƷ�ƪĩ�ƾƬƘƟ�ƁŻŹř� ŵŹƺƯ� Źŵ� �ƱƺŤſ�Ò�
�ƶƐŝřŹ� Żř� ƶĩ�ŶƷŵ�ƾƯ�ƱŚƄƳ� řŹ� ŚƷ�ƶƴƿżƷ� ŹřŶƤƯ�ƲƿźŤưĩ�ÎÓ� ��ƶŝ� ƹ

ƱƺŤſ�ƵŻřŶƳř�ƶŝ�ƽŶǀƫƺţ�ƶŤſŵ�ƽřŻřÑŶƿō�ƾƯ�Ţſŵ�ƶŝ���ƽŚƷ�ƱƺŤſÓ�
� ƹÔ� ƩŶƯ� ƮưǀƳ� ƾƯ� ƶƴƿżƷ� ƹ� ƶƴǀƸŝ� źƿŵŚƤƯ� Ŝǀţźţ� ƶŝ��ƹ� ƩŚưū

ŶƴƷŵ�ƾƯ�ƱŚƄƳ� řŹ�ƂƳřŹŚĪưƷ� �ƱƺŤſÕ�ƭŶƗ�Żř�ƾƃŚƳ�ƽŚƐų�ŶƇŹŵ�
ǀƘţ�Źŵ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�ƶŝ�ƶūƺţǀ�ƱŚƄƳ�Ŷǀƫƺţ�ƶŤſŵ�ƵŻřŶƳř�Ʋ

ŶƷŵ�ƾƯ� ��ƁŻŹř�ƶŝ�ƶūƺţ�ƭŶƗ�ƽŚƐų�ƶĩ�ŶƷŵ�ƾƯ�ƱŚƄƳ�ƩŚŨƯ�Ʋƿř

�ƾƃƺě�ƮƄģ�ƪŝŚƣ�ƂƳřŹŚĪưƷ� ƹ� ƩŚưū�ƩŶƯ� Źŵ� ƭŹƺţ� ƹ�Ʃƺě�ƾƳŚƯŻ
ƳŶƃŚŝ�ƾư���ƱŚưƷ�ƩŚŨƯ�ƽřźŝ�Ʋƿř�ŵƺƃ�ƾƯ�ƵŶƷŚƄƯ�ƩƹŶū�Żř�ƶĩ�ŹƺƏ

�ƵźƸŝ�űźƳ�ƽřźŝ�ŚƐųÏÒ�ƭŹƺţ�űźƳ�ƹ�ŶƇŹŵ�Õ�źŝřźŝ�ŶƇŹŵ�Ï�Ô�ŶƇŹŵ�
�ŢǀưƷř�żŗŚů�ŚƷ�ƶƴƿżƷ�Źŵ�ŚƐų�ŹřŶƤƯ�Ʋƿř�ƶĩ�Ţſř�ŮƋřƹ��ŶƃŚŝ�ƾƯ

ŶƃŚŝ�ƾƯ���ƶŝ�ŢŞƀƳ�ƽŵŚƸƴƄǀě�ƩŶƯ�ŢǀſŚƀů�ƪǀƬŰţ�ƶŝ� ƶƯřŵř� Źŵ
ƾƯ�ƶŤųřŵźě�ƭŏƺţ�űźƳ�ƹ�ƭŹƺţ�űźƳ� �ƵźƸŝ�űźƳ�ƽŚƷźŤƯřŹŚěŵƺƃ�� ��ŶƳƹŹ

��ƵźƸŝ�űźƳ�šřźǀǀƜţ�ƽřŻř� ƶŝ� ŚƷ�ƶƴƿżƷ�ƕƺưŬƯ�ƶƴǀƸŝ� ŹřŶƤƯ�šřźǀǀƜţ
� ƩƹŶū� Źŵ� ƭŏƺţ� űźƳ� ƹ� ƭŹƺţ� űźƳ�Ï� �Ţſř� ƵŶƯō� ��ŶƳƹŹ� ƲǀƴĤưƷ

�ƽŚƷ�ƪĪƃ�Źŵ�šřźǀǀƜţ�Ï���Śţ�Ñ��Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ���
��

�ƩƹŶūç��ƹ�ƵźƸŝ�űźƳ��ƭŹƺţ�űźƳ�šřźǀǀƜţ�ƶŝ�ŢŞƀƳ�ŚƷ�ƶƴƿżƷ�ƕƺưŬƯ�źƿŵŚƤƯ�šřźǀǀƜţ�ŶƳƹŹƭŏƺţ��űźƳ���
ƭŹƺţ�űźƳ�źǀǀƜţ��

ŢŝŚŧ�ƵźƸŝ�űźƳ�Śŝ�� çå��
ƵźƸŝ�źǀǀƜţ��

�ŚŝŢŝŚŧ�ƭŹƺţ�űźƳ� ì��
ƭřƺţ�űźƳ�źǀǀƜţ��

���â )( *QTC�����á )( *QTC �ƭŏƺţ�űźƳ�����)( *QTC��
é��æåíëçå��æå ìíîîîå��æî��ìíîîîå��
ê��ææêççå��æé çìçéìå çç��ëëåíìå��
ë��æççííå��æí��æëíåæå��çì��êëíëèå��
ì��æèæêìå��çç��æççííå��èå��éîîçìå��
í��æéæìåå��çë��îìêæå��èê��ééêéêå��
î��æêèëìå��èå��íæçåå��éå��éåççéå��
æå��æëíåæå��èé��ëîíìå��éè��èëëíìå��
ææ��æíêêçå��èí��ëæêçå��éí��èèìêêå��
æç��çåìèíå��éç��êêæåå��êç��èæçêîå��

��

��
�ƪĪƃç��ƺţ�űźƳ�ƶŝ�ŢŞƀƳ�ŚƷ�ƶƴƿżƷ�ƕƺưŬƯ�šřźǀǀƜţ�ŶƳƹŹ�ƭŹ

��ŢŝŚŧ�ƵźƸŝ�űźƳ�ƽřŻř�ƶŝ20%���
��

��
�ƪĪƃè���űźƳ�ƶŝ�ŢŞƀƳ�ŚƷ�ƶƴƿżƷ�ƕƺưŬƯ�šřźǀǀƜţ�ŶƳƹŹ

�ƵźƸŝ��ŢŝŚŧ�ƭŹƺţ�űźƳ�ƽřŻř�ƶŝ7%���

��
�ƪĪƃé���űźƳ�ƶŝ�ŢŞƀƳ�ŚƷ�ƶƴƿżƷ�ƕƺưŬƯ�šřźǀǀƜţ�ŶƳƹŹ

ƭŏƺţ��
��
ƱŚưƷ� ƪĪƃ� Źŵ� ƶĩ� ƶƳƺĭ�Ï� �ƾƯ� ƵŶƷŚƄƯ�ƕƺưŬƯ� ŹřŶƤƯ� �ŵƺƃ����
ƶƴƿżƷƿřżƟř� ƭŹƺţ� űźƳ�ƂƿřżƟř� Śŝ� ŚƷƾƯ�ƂŶŝŚƿ� �� ƪĪƃ� ƲǀƴĤưƷ�Ð��

ƾƯ�ƱŚƄƳ�ŚƷ�ƶƴƿżƷ�ƕƺưŬƯ�ƂƷŚĩ�ŜūƺƯ�ƵźƸŝ�űźƳ�ƂƿřżƟř�ƶĩ�ŶƷŵ
ƾƯŵƺƃ� ��ƪĪƃ�ƶŝ� ƶūƺţ� Śŝ� �źĮƿŵ�ƽƺſ� Żř�Ñ��ƶŝŚƄƯ� żǀƳ� ƭŏƺţ�űźƳ� �

�ƹ� ƶŤƃřŵ� ŚƷ� ƶƴƿżƷ� ƕƺưŬƯ� ŹřŶƤƯ� ƽƹŹ� źŝ� ŽƺĪƘƯ� źŧř� ƵźƸŝ� űźƳ
ŶƷŵ�ƾƯ�ƂƷŚĩ�řŹ�ŚƷ�ƶƴƿżƷ�ƕƺưŬƯ��Ʊō�ƂƿřżƟř����

��

Ó�ƹ�ƽźǀĭ�ƶŬǀŤƳ�ŵŚƸƴƄǀě�ƶŗřŹř�šř��
�ƩźŤƴƧ�ŦůŚŞƯ�ƹ�ƽŵƺūƺƯ�ƩźŤƴƧ�ƦǀſǈƧ�ƽŚƷ�ƩŶƯ�ƢǀƠƬţ� ľřźǀųř
Ţſř� ƶŤƟźĭ� Źřźƣ� ƲǀƤƤŰƯ� Żř� ƽŵŚƿŻ� ŵřŶƘţ� ƶūƺţ� ŵŹƺƯ� ƾƠǀƧ��
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ƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝ��ƶŤſŵ�ƽƶŤſŵ�ƽ��Ŷǀƫƺţ�ƽŶǀƫƺţ�ƽ����������������������������ƾţŚǀŝ�ƶƫř�ŮŤƟ�ƲƀŰƯ�ƹ�ƾĩŻźŝ�ƾŤſřŹ�ƾƌţźƯ��ƾŰƬƈƯ�ƮſŚƣ������������������æîæ��

  

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳƱŚºººŤƀŝŚţƱŚºººŤƀŝŚţ��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�çç 

�ƩźŤƴƧ�ƽŚƷ�ƩŶƯ�Źŵ�ƭŹƺţ�ƹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƱŵźƧ�ŵŹřƹ�ƲǀƴĤưƷ
ƩŶƯ�Ʋƿř�ƁźŤƀĭ�ƽřźŝ�ƽźĮƿŵ�ƶŞƴū�ƽŵƺūƺƯŵƺƃ�ƾƯ�śƺƀŰƯ�ŚƷ��

ŚƯŻ�ƁŻŹř�ƲŤƟźĭ�źƔƳ�Źŵ�ƩźŤƴƧ�ƾƤǀƠƬţ�ƽŚƷ�ƩŶƯ�Źŵ�ƭŹƺţ�ƹ�Ʃƺě�ƾƳ
�ƵŶƄƳ� ƵŶƷŚƄƯ�ƶŤƟźĭ�šŹƺƇ�šŚƘƫŚƐƯ� Źŵ�ƽŵƺūƺƯ�ƩźŤƴƧ� ƹ�ƾƠǀƧ

Ţſř���ŹŵƾſŹźŝ�ƶŝ�ƶƫŚƤƯ�ƲƿřƾƴƘƿ�ƶƬŘƀƯ�Ʋƿř��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�źŧř�
ƵŻřŶƳř�ƩŶƯ�Źŵ�ƶŤſŵ�ƽ��ƽřźŝ�ƽŹŚƧ�ƵŹŚŝƹŵ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�Ŷǀƫƺţ�ƽ

� ƶŤųřŵźě� ƾƫƺƈŰƯ�Ʀţ�ŢƫŚůŶƃ� �� ƶƬŘƀƯ� ƪů� ƽřźŝ�ƾưŤƿŹƺĮƫř� Żř
� ƁƹŹ� ƹŵ� Ŝǀĩźţ� źŝ� ƾƴŤŞƯ� ŽŚƯƺţƺƨƿŵ� ƹ� ŹřŶŝŚŤƃ� ƽƺŬŤƀū�ƶŝ

�Ĩƿ�Żř�ƵŵŚƠŤſř�Śŝ�ƩŶƯ�ƾƄŴŝźŧř�ƹ�Ŷƿŵźĭ�ƵŵŚƠŤſř�ƶƬŘƀƯ�ƪů�ŹƺƔƴƯ
Ŷƃ�Ƶŵřŵ�ƱŚƄƳ�ƽŵŶƗ�ƩŚŨƯ�����

�ƾţŚƤǀƤŰţ�ƱřƺƴƗ�ƶŝƾţō�Ŷƴģ�ŢƫŚů�ƽřźŝ�ƶƬŘƀƯ�ƮǀưƘţ�ƶŝ�Ʊřƺţ�ƾƯ�
ĭŵŚŤƟřŹŚĩ�Żř�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƩŶƯ�ƮǀưƘţ��ƾƫƺƈŰƯ�Źŵ�ƹ�ƲǀƃŚƯ�ƾ

ŵźƧ�ƵŹŚƃř��ƶŝŚƄƯ�ƽŚƷ�ƩŶƯ�Źŵ�ƭŹƺţ�ƹ�Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƲŤƟźĭ�źƔƳ��
�ƲǀƴĤưƷŶƴƳŚƯƂƳřŹŚĪưƷ�ƹ�ĬƳƺģ�ƽŚƷŹŚĩ�@�èî>ĬƳƺƷ�ƹ�ĬƳƺģ�ƹ��

@éå>ƶƐƤƳ�ƽřźŝ�ƲǀƿŚě�ƹ�ǇŚŝ�ŵƹŶů�ƲŤƟŚƿ���ƶƴǀƸŝ�ƶŝ�ĨƿŵżƳ�ƽ��ƩŶƯ�ƽ
�ƶŝ� ƾƳŚǀƯ� ŹřŶƤƯ�ƁƹŹ� Źŵ� ƵŵŚƠŤſř� ƽřźŝ� ƶƫŚƤƯ� Ʋƿř� Źŵ� ƶŤƟŚƿ� ƶƘſƺţ

ƺƔƴƯ� �ƽŵŶƗ� šŚŞſŚŰƯ� ƭŚŬƳř� Ź� ŶƳřƺţ� ƾƯ�ƾţō� ƽŚƷŹŚĩ� ƶƬưū� Żř����
ƾƯŶƃŚŝ���
��

ƖūřźƯ 
@æ>ƾŰƬƈƯ��ơ��ƾĩŻźŝ�ƾŤſřŹ���ƭ��ƵŻřŶƳř�ƲǀǀƘţ���ƶŤſŵ�ƽ��Źŵ�Śŝ�Ŷǀƫƺţ�ƽ

��Ʃƺě� ƾƳŚƯŻ� ƁŻŹř� ƹ� ŢųŚſ� ƱŚƿźū� Źŵ� ƽŵƺūƺƯ� ƲŤƟźĭ� źƔƳ
�ƞƿźƃ� ƾŤƘƴƇ� ƵŚĮƄƳřŵ� �ŢƿźƿŶƯ� ƾƬƬưƫř� Ʋǀŝ�žƳřźƠƴĩ� ƲǀƯŹŚƸģ

æèíê���
��

[2] Magee, J.F., Boodman, D.M.; Production Planning and 
Inventory Control; McGraw-Hill, New York.1967. 

 
[3] Porteus, E.L., �Optimal Lot-Sizing Process Quality 

Improvement and Setup Cost Reduction�, Oper. Res. 
34, 1986, pp. 137�144. 

 
[4] Rosenblat, M.J., Lee, H.L., �Economic Production 

Cycles with Imperfect Production Processes�, IIE 
Trans. 18, 48�55, 1986. 

 
[5] Lee, H.L., Rosenblatt, M.J., �Simultaneous 

Determination of Production Cycles and Inspection 
Schedules in a Production System�, Mng. Sci., 33, 
1125�1137, 1987. 

 
[6] Fine, C.H., �A Quality Control Model with Learning 

Effects�, Oper. Res., 36, 1988, pp. 437�444. 

 
[7] Hong, J., Xu, S.H., Hayya, J.C., �Process Quality 

Improvement and Setup Reduction in Dynamic lot-
Sizing�, Int. J. Prod. Res. 31, 2693�2708, 1993. 

 
[8] Salameh, M.K., Jaber, M.Y., �Economic Production 

Quantity Model for Items with Imperfect Quality�, Int. 
J. Prod. Eco. 64, 59�64, 2000. 

[9] CIardenas-BarrIon, LE. �Observation on: �Economic 
Production Quantity Model for Items with Imperfect 
Quality� [International Journal of Production 
Economics 64, 59-64]�; Int. J. Prod. Eco. 67, 201 
2000. 

 
[10] Papachristos, S., �Konstantaras I., Economic 

Production Quantity Model for Items with Imperfect 
Quality�, Int. J. Prod. Eco. 64, 59�64, 2006. 

 
[11] Goyal, S.K., Cardenas-Baron, L.E.,. �Note on: 

Economic Production Quantity Model for Items with 
Imperfect Quality�a Practical Approach�. Int. J. 
Prod. Eco. 77, 85�87, 2002. 

 
[12] Hayek, P.A., Salameh, M.K.,. Production lot Sizing 

with the Reworking of Imperfect Quality Items 
Produced. roduction Planning and Control 12, 584�
590 2001. 

 
[13] Chiu, Y.P.,. Determining the Optimal Lot Size for 

the Finite Production Model with Random Defective 
Rate, the rework process, and backlogging. 
Engineering Optimization 35 (4), 427�437, 2003. 

 
[14] Chan, W.M., Ibrahim, R.N., Lochert, P.B. A New 

EPQ Model: Integrating Lower Pricing, Rework 
and Reject Situations. Production Planning and 
Control 14, 588�595, 2003� 

 
[15] Jamal, A.M.M., Sarker, B.R., Mondal, S., Optimal 

Manufacturing Batch Size with Rework Process at a 
Single-Tage Production System. Computers & 
Industrial Engineering 47, 77�89,�2004. 

 
[16] Haji, A., Haji, R., Bijari, M., The Newsboy Problem 

with Random Defective and Probabilistic Initial 
Inventory. The 36th CIE Conference on Computers 
and Industrial Engineering,. 3498-3502�2006. 

 
[17] Bijari M. Haji R., The single period problem with 

stochastic initial inventory, International Journal of 
Engineering Science, 15 (2), 47-54, 2004. 

 
[18] Flapper, SDP, Jensen, T., Logistic Planning of 

Rework with Deteriorating Work-in-Process. 
International Journal of Production Economics 88 
(1), 51-59, 2004. 

 
[18] Tsou, J.C., �Economic Order Quantity Model and 

Taguchi�s Cost of Poor Quality�, Applied 
Mathematical Modeling, 31 (2) 283-291, 2007. 

 

[19] Rasti, M.B., Tsou, J.C., Chen, W.J, �A New EPQ 
Model with Continuous Quality Characteristic and 
Rework�, Proceeding of Conference on Management, 
Information and Business, China University of 
Technology, Taiwan, 1 3-11, 2006. 

 

[20] Fathollah Bayati, M, Rasti Barzoki, M, Hejazi, S.R., A 
Joint Lot Sizing and Marketing Model with Reworks, 
Scraps and Imperfect Products Considerations, 
International Journal of Industrial Engineering 
Computations, 2 395-408, 2011. 

 
[21] Hadley, G., A Comparison of Order Quantities 

Computed using the Average Annual Cost and the 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

26
-0

2-
01

 ]
 

                            11 / 12

https://ijiepm.iust.ac.ir/article-1-662-en.html


æîç�������ƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝƵŻřŶƳř�ƽƹŹ�źŝ��Ʃƺě�ƾƳŚƯŻ�ƁŻŹř�ƹ�ƭŹƺţ�źŧř�ƾſŹźŝ��ƶŤſŵ�ƽƶŤſŵ�ƽ��Ŷǀƫƺţ�ƽŶǀƫƺţ�ƽ�����������������������������ŮŤƟ�ƲƀŰƯ�ƹ�ƾĩŻźŝ�ƾŤſřŹ�ƾƌţźƯ��ƾŰƬƈƯ�ƮſŚƣƾţŚǀŝ�ƶƫř 

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳƱŚºººŤƀŝŚţƱŚºººŤƀŝŚţ��æèîåæèîå���ŶƬū��ŶƬū�çççç��ƵŹŚưƃ�ƵŹŚưƃ���çç 

Discounted Cost, management science, 10, 472-476, 
1964. 

 
[22] Buzacott, J.A.; Economic Order Quantities With 

Inflation; Operational Research Quarterly, 26, 553-
558, 1985. 

 
[23] Jesse, R.R., Mitra, Jr. A., Cox, J.F.; EOQ formula: is it 

valid under inflationary conditions?. Dec Sci, 14, 370-
374, 1983. 

 
[24] Chandra, M.J., Bahner, M.L.; The Effects of Inflation 

and the Time Value of Money on Some Inventory 
Systems, Int. J. of Pro. Res. 23 (4) 723-730, 1985. 

 
[25] Sarker, B.R., Pan, H.; Effects of Inflation and Time 

Value of Money on Order Quantity and Allowable 
Shortage, Int. J. Pro. Eco. 34 65-72 1994. 

 
[26] Hooke, R., Jeeves, T.A.; Direct Search Solution of 

Numerical and Statistical Problem; J. Assoc. Comput. 
Math; 8 212-229, 1961. 

 
[27] Wee, H.M., Law, S.T., Replenishment and Pricing 

Policy for Deteriorating Items taking into Account the 
Time Value of Money. Int. J. Pro. Eco. 71 213�220, 
2001. 

 
[28] Sun, D.N., Queyranne, M.; Production and Inventory 

Model using Net Present Value. Operations Research 
50 528�537, 2002. 

 
[29] Grubbstrom, R.W., Wang, Z; A Stochastic Model of 

Multi-Level/ multi-Stage Capacity-Constrained 
Production - Inventory Systems, Int. J. Pro. Eco, 81-82 
483-494, 2003. 

 
[30] Yang, G., Ronald, R.J., Chu, P., Inventory Models with 

Variable Lead Time and Present Value, Eur. J. Opl 
Res, 164 358-366, 2005. 

 
[31] Moon, I., Chandra, B.G., Ko, B., Economic Order 

Quantity Models for Ameliorating/Deteriorating Items 
Under Inflation and Time Discounting, Eur. J. Opl Re, 
162 773-785, 2005. 

 
[32] Boucher, T.O.; Lot Sizing in Group Technology 

Production Systems, International  Journal of  
Production  Research. 22 85-93, 1984. 

 
[33] Kumar Dey, J., Mondal, S.K., Maiti, M., �Two 

Storage Inventory Problem with Dynamic Demand 
and Interval Valued Lead Time over Finit Time 
Horizon Under Inflation and Time Value of Money�, 
European Journal of Operational Research, 185, 170-
194, 2008. 

 
[34] Mirzazadeh, A., �Effects of Variable Inflationary 

Conditions on an Inventory Model with Inflation-
Proportional Demand Rate�, Jounal of applied 
science, 10, 551-557,2010. 

 
[35] Y, Su, D., �Considering Quality Cost, Time-Value of 

Money and Process Quality Improvement Function in 
the Economic Product Quality Model�, Journal of 
Chinese institute of industrial engineers, 27, 249-259, 
2010. 

[36] Young, D.; Modern Engineering Economy, John 
Wiley & Sons, Inc., New York.1992. 

 
[37] Rao, S.S., Optimization: Theory and applications, 

Wiley Eastern, New York. 1984. 
 
[38] Chung, K.J., Lin, S.D., Chu, P., Lan, S.P., �The 

Production and Inventory Systems Takeing into 
Accout of Time Value�, Prod. Plan. & conl, 9, 580-
584, 1998. 

 
[39] Huang, Y.F, Chung, K.J., �A Not on the Production and 

Inventory Systems Takeing into Accout of Time Value�, 
Prod. Plan. & conl, 14, 673-675, 2003. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

26
-0

2-
01

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://ijiepm.iust.ac.ir/article-1-662-en.html
http://www.tcpdf.org

