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(IIHFW�RI�&RPSXWDWLRQDO�7LPH�6WHS�RQ�:DYH�3UHGLFWLRQ�0RGHOV
&DVH�6WXG\�8UHPLD�/DNH�

$EVWUDFW
'HYHORSPHQW�RI�DGYDQFHG�VSHFWUDO�ZLQG�ZDYH�PRGHOV�KDV�EHHQ�WKH�VXEMHFW�RI�FRPSUHKHQVLYH�

UHVHDUFKHV�ZKLFK�KDV�OHG�WR�UHOLDEOH�ZDYH�SUHGLFWLRQV�IRU�DVVHVVLQJ�WKH�LPSDFW�RI�ZDYHV�RQ�WKH�
QDWXUDO� HQYLURQPHQW�� FRDVWDO� SURWHFWLRQ�� RIIVKRUH� VWUXFWXUHV� DQG� KDUERU� RYHU� WKH� SDVW� WZR�
GHFDGHV�� 2Q� WKH� RWKHU� KDQG�� WKH� *HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHPV� �*,6�� DUH� GHYHORSHG� IRU�
ZRUNLQJ�ZLWK�JHRJUDSKLFDO�GDWD�ZKLFK�DV�VWDQGDUG�WRROV�DUH�DEOH�WR�PDQDJH�DQG�UHSUHVHQW�VXFK�
GDWD��

,Q� WKH�SUHVHQW�ZRUN�� OLQNLQJ�WKH�WKLUG�JHQHUDWLRQ�ZLQG�ZDYH�PRGHO�RI�6:$1�DQG�*,6�KDV�
EHHQ� LPSOHPHQWHG� WR� HDVH� GDWD�PDQDJHPHQW� DQG� UHSUHVHQWDWLRQ� RI� LQSXWV� DQG� RXWSXWV� RI� WKH�
PRGHO� WKDW� DUH� JHR�UHIHUHQFH� GDWD�� 7KHQ� WKH� HIIHFW� RI� FRPSXWDWLRQDO� WLPH� VWHS� KDV� EHHQ�
LQYHVWLJDWHG�XVLQJ�DYDLODEOH�GDWD�IRU�8UPLD�/DNH�VLWXDWHG�LQ�WKH�1RUWKZHVW�RI�,UDQ��$V�6:$1�
KDV�WKH�DELOLW\�WR�SHUIRUP�WKH�RSWLRQV�RI��VW���QG DQG��UG JHQHUDWLRQ�PRGHOLQJ��WKHVH�RSWLRQV�KDYH�
EHHQ�XVHG� WR�HYDOXDWH� UHVXOWV�REWDLQHG�E\�DSSO\LQJ� WKHVH�PRGHOV��5HVXOWV LQGLFDWH� WKDW� WKH��UG
JHQHUDWLRQ�ZDYH�PRGHO�LV�PRUH�VHQVLWLYH�WR�KLJKHU�FRPSXWDWLRQDO�WLPH�VWHSV�WKDQ�RWKHU�PRGHV�RI�
ZDYH�JHQHUDWLRQ�PRGHOV��+RZHYHU�� WKH�FRQYHUJHQFH�EHKDYLRU�RI�WKH�WKLUG�JHQHUDWLRQ�PRGHO�LV�
PXFK�IDVWHU�WKDQ�WKDW�RI�RWKHU�PRGHOV�
.H\ZRUGV��7LPH�6WHS� 7KLUG�JHQHUDWLRQ�:DYH�0RGHO��*,6��&RDVWDO�+\GURG\QDPLFV
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¯ ²¿Y�av¯� {Yyu� yZ¯M¾¿Z¿yu� �Z¤³� zh§Y� yu�aZ�t�
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)¹ ¾�Àp¯��¿Yz��yu� Z¸«v¯�²¿Y�{Y�(¿z·�¶´À¸]�uz]yZ
zÀ�³��Zs� ½Z·� ¾�yz]� ­Zl³Y� ��¬dt¯� uZ]� ½Z·º.«Y
uyº¯�©v¯� uz]yZ§�¾d�yu� ¹ [M�¢°���¿Yz��¾�yz]
­v��¶]�¶kºc� Z]�­{Ç�b£u�¾�yz]� ��¿Yz��²¿Y� yu�z�³

v�Z]�¾¯�½y¹z��½u¹y¹�aZ�È�Y�½Z·�bÀ��£�²¿Y
Z�c�¶«uZ�¯�}Z�Y�z]�Zcv°��Z·�©v¯±YvÀ¯�¦¿�½%z³Y�©u

uz-�¾¯�n¿z�c�¶¯YuY�yu�¶§�v´d�·�yYºd�Y�iº¯³v�
¶§�¾d£u� �iYº¯Y�¾´À]��À��½uv��½{Z��¶À^��yu
Yy�iYº¯Y�v�y�yu�zgº¯�¾¨¿|À��½Z·�v´¿Yz��±M� Z]� Z¸«v¯
|¿Zo�yZÀ�]�Z¸«v¯�j¿Zd³�¾]Z¿{yY�yu�v´³{�¾¯�\ºººº¿z¤c

v�Z]�¾¯� bÀ°·Y�bÀ¬]Z£� ²À�� yu� ­º�� ª�³� ½Z¸«v¯
½YyYu� �¾¨¿|À��mz�¯�½Z·� µv¿v��²d�z-�z�³� yu�½Yz]
¶³Z-v´#�¾³Z¯{�½Z¸�ZÀ¤¯�uºk¹�{Y�¾�Z³�½uv��ª¨�¯
{Y�¾�Z³�iYº¯Y�b�À^��{Y�¾�Z³�¶«Z�¯�²¿Y�¶§�v´�Z]�¾¯
�¬dt¯�½Z·�~³Z§z��{Y�½Y�¶´¯Yu�²d�z-�z]�yu�z�Zt]�uZ]

v�Z]� ¾¯�¾³Z¯{� }ZÀ¤¯� b^�³� ¶¨´¿Y� ¶]� ¶kºc� Z]
� ½Z·�¶ «º¯�²¿zd�À]Z^«Z��Z·�¶ «º¯�²¿zd°§�¶]�¾�³Z§z

\�Z´¯�[Ztd³Y�¶lÀd³�yu��v�Z]�¾¯�¦¿�{Y�zd�À]�yZÀ�]
½Z·� b£u� ¶]� ¾]ZÀd�u� ½Yz]� ¾³Z¯{� ½Z·}ZÀ¤¯� ²¿Y

v�Z]�¾¯�½y¹z��yZÀ�]�­{Ç�½uv��µuZ d�Y�¶«Z�¯�²¿Y
Yy�½uv��®d¿yº.«Y� yu�¦#º§�¾¬Às�¾³Z¯{�½Z·�­Z-� {Y

¾¬°��zÀ��b�Y�²¨°¯�¶§�v´§�¾¯�[Zl¿Yv�Z]�z]�±¹|�Y
zÀ�� µv¿v�� uºk¹� ¹ ®§Zo�aÇuZ�¯�bÀ·Z¯� z�Zt]�²¿Y
½uZ�d£Y�ª¿Z�¯�yZ´§�yu�iº¯� Z]�iº¯��´§�yv³Y�¾�s

�v´§�¾¯�[Zl¿Y� Yy�+y|]�¾³Z¯{�½Z·�­Z-�{Y�µuZ d�Y�¶§
v³º��¾¯�yYv¿Z��ªo�µYy�¦¿�¶]�¾]ZÀd�u�­v��f�Z]@æ¹

ç>�¦¿�{Y�¶§�\�Z´¯�¾³Z¯{�­Z-�¦¿�[Ztd³Y�¹y�²¿Y�{Y
z.¿u��z��{Y�¹ v�Z]�¶d�Yu�z]�yu� Yy�j¿Zd³�b£u��z�
�v·u��·Z§�¾¬°��ª¿Z�¯�½Yz]�Yy�Z·�©v¯�½YzkY�±Z¯{

b�Y�½y¹z��

Ï�iº¯�¾´À]��À��½uv��½Z·�©v¯
¶À¸c�½Yz]�½yZÀ�]�½Z·��Èc�¶d�x-�¶·u�v´#�yu

¶d�z-� ­Zl³Y� iYº¯Y� ¾´À]��À�� ½uv�� ½Z·�©v¯¹
½uv�� ½Z·�©v¯¾ ¬dt¯µv�� ¶WYyY�Yv³b�À^�� ¶§�

v´´§�¾¯��À�ºc� Yy�iº¯�©Y¹{� ¹ vÀ«ºc� µvÀ$À��½Z´^¯
¾ À��½%z³Y�©uZ�c�¶«uZ�¯�½uv��ªo��Z·�©v¯�²¿Y�zh§YÎ

v�Z]�¾¯�¶]�½v�]�¹u�b«Zo� yu�¶«uZ�¯�²¿Yayº�z¿{
uº��¾¯�¶d�º³�
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¶«ºuZ�¯�bº�Yy�b°º��Î�¹ ¶°�#�½Zº· ayZ^º� ¶º§ �
�v´ºº�Z]�¾ºº¯ µZºº#6LQuZºº] �zºº� {Y�µuyY¹�½%zºº³Y��6QO

�´ºº§yv³Y½Zºº·¶ºº «R¯�¾ºº�szÀ�iººº¯¹6GVbºº�Y
iººº¯ vºº�y�zººgY�zºº] iººº¯ bºº�¨��{Y�¾ºº�Z³�½%zºº³Y

vº�Z]�¾º¯�ayZ^º�¶]�Yy�iº¯��Àº� vº�y��º# b°º�
ayº�v·u�¾¯�±Z�³�±Z¨¯�¹ ±Z¯{�{Y�¾�]Zc��

uZ]��z�� {Y� µuyY¹�½%z³Y�ayZ^��6LQµv³zÀ-z]� yu� �
½Z·�®�À³Z¨¯3KLOLSV¹0LOHVv�Z]�¾¯��±YvÀ¯�v�y�Z]

iº¯� ¾�s� zÀ���´§yv³Y� ayZ^�� �iº¯�6QOb¸k� �
·¶ «R¯�¶]�zd·Zcº§�uº¿z��Z]�½Z·�¶ «R¯�{Y�½%z³Y�©Z¤d³Y½Z

uº��¾¯�¶^�Zp¯�zcv´¬]�uº¿z��Z]�v�y��uZ]��{¹�¶¯YuY�Z]
¶§�±M�{Y�~��¹ v]Z¿�¾¯�¶¯YuY�¾�Zs�±Z¯{�Zc�Z¸´c�iº¯
�£ºd¯�±M� v�y� �v�z]�¾�Zs� vo� ¶]�iº¯�iZc�\À�

� 6SHFWUDO�HQHUJ\�EDODQFH�HTXDWLRQ
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v´¨��¾¯�iº¯� ¹ µv���ÈcY� ¶]� ¶§�iº¯�b�¨��²¿Y
iº¯� ¾p��Ï¾¨¿u|³� yu� ¶§� ¶$³M� Z]� �b�Y� �¹z�¯�

°���·Z§� ªÀ«u� ¶]� ¹ ªoZ�a¹Z d¯� �v·u�¾¯� qy� ¢
b�Y�µv¿v��²d�z-� z�³� yu�½Yz]zÀsYayZ^�� {Y6GV

uº��¾¯�µuZ d�Y�

�´§yv³Y� ayZ^�½Z·�¶ «R¯� ¾�szÀ�iº¯�6QO�
²¿zc|À.³Yz]� fp]ayZ^�±ZÀ¯� yu�½Z¸cyZ^�¶°�#�

v�Z]�¾¯�¾¯Z.´·�iYº¯Y�¾�szÀ���´§yv³Y�¾¬§�b«Zo
c �¿Yz��iº¯�¶ «R¯�yZ¸#�¶§�vd�Y�¾¯�¡Z cY¶]� Yy�v¿v�

v³{Z��¢¤p¯�z¿{�ª¨��

���� NNNN � � �
���� VVVV � � �ç�

±M�yu�¶º§NLiºº¯ uvº�¹LViºº¯ ¾^º�³�~³Z§zº�
vºº�Z]�¾ºº¯�½Zºº·¶ºº «R¯�{Y�½uYvºº�c�²ººÀ]�¶ºº§ ¾ºº¯Z.´·

yu�uºººkº¯�½%zºº³Y �uzÀºº-¾ºº¯ ayººº� v¿vºº�c�iººº¯
�º¿{ºc�{Zº] ¾º�º³�¶º] iºº¯ �Àº�½Y�¶³º-�¶]��uº��¾º¯

¶§��Àº� ²ºÀ¿Z��½Zº·~³Z§zº� ¶º] ½%zº³Y�©Z¤dº³Y�¶º§
fºº�Z]��v´ºº·u�¾ºº¯ ªÀ¨ºº�c�Yy��Àºº� ¾¬ºº�Y�b°ºº�£

uuz-�¾¯��À��ª¨��½yYv¿Z��

aZ�«Z�¯�+DVVHOPDQ½Z·�©Z��¾��yu�ÎÖÓÏZc�
ÎÖÓÕÀ°tc�½Yz]�¾^�Z´¯�½yºXc�[º#yZ¸#�²yYv¤¯�

�¬dt¯� ½Z·�¶ «R¯� ±ZÀ¯� ¶§� ½%z³Y� ©Z¤d³Y� �«Zs
³Z§z�¾��Z´]� �uº��¾¯�©v]�¹ uy�iº¯��À��yu�¾d¸k�
uz§@è>�¹ j¿Zd³�}Z�Y�z]½{Y�ª�Zo�½%z³Y�©Z¤d³Y�qz³��

­yZ¸#� ¶ «R¯� ¶]� iº¯� ¶ «R¯� ¶�� ¾�szÀ���´§yv³Y
iº¯�½Z·uv��½¹y�¶³Z-yZ¸#�©Yz.d³Y�¦¿���ºc� ��À�

©Yz.d³Y�¶]�¶§�v¿M�¾¯�b�v]�Z·�¶ «R¯�²¿Y%ROWH]PDQ
º´§� Zc�¶§�b�Y��¹z�¯�½v�]���¾¬À¬pc�ªo� µYy�±

b�Y� µv¯ZÀ³�b�v]� ±M�½Yz]�²¿Y� ±uz§��Zp«� Çº�Y
¹ ±M�ªo��¹y�¾.³º.#� ¹ ½%z³Y�aÇuZ�¯� yu�ayZ^�
ayº��ayZ^��²¿Y�ªo� yu�¶§�¾¿Z·�½{Z�� µuZ��±Y|À¯
½Z·�©v¯� �¬dt¯� ½Z·�ª�³� µv´´§� ¦À¨ c� �uzÀ-�¾¯
µyZ�Y�±Yv]�¶¯YuY�yu�¶§�v�Z]�¾¯�iº¯�¾´À]��À��¾�Z¿y

uº��¾¯�

� :KLWH�FDSSLQJ�

Ï�Î�©v¯©¹Y�ª�³�iº¯�¾´À]��À��½Z·�
¾ À�� ¾�Z¿y� ©v¯� ²Àd�t³� ¶§� ©¹Y� ª�³� ©v¯

©Z��yu��v�Z]�¾¯�iº¯�¾´À]��À�ÎÖêÔ��ºc�*HOFL¹
±YyZ*°·b�Z¿�¶��ºc�½Z·�ayZ^��uyº¯�yu�±Z¯{�±M�yu

uºk¹�¾³Yv´#�¾·Z-M�½%z³Y� ¶«uZ�¯� yu� µZ#� ¹ ¶°�#
b�Yv³�½Z·�©Z�� yuÎÖÓÍZc�ÎÖÔÍ½Z·�©v¯�

��ºc�½zcv¿vk0RVNRZLW]�������¹%HUQHWW�
�������´§yv³Y� {Y� Z·�©v¯�²¿Y� yu� ¶§�v³v¯M� uºkº]�

µv�� z�´�z��È¯Z§� Z¿�iº¯�½Z·�¶ «R¯�²À]�¾�s� zÀ�
j¿Zd³� {Y� µuZ d�Y� Z]� ¹ ½Y�µuZ��ª¨��¶]� Yy�±M� Z¿� ¹ uº]

+DVVHOPDQ]º�À�� ½Yz0RVNRZLW]��3LHUVRQ
v³uz§�¾¯�©v¯�¶d�Z¿�¶��ºc�È¯Z§@é>�

aZ�«Z�¯yu�½%z³Y�¾¬�Y��^´¯�¶§�uYu�±Z�³�zd�À]�
��À��²À¿Z�� ½Z·�~³Z§z�� yu� v�y� ¾¬�Y� ¶¬oz¯� ¾�

v�Z]�¾¯� zcÇZ]�½Z·�~³Z§z�� {Y�¾�s� zÀ��©Z¤d³Y�Z]� Yx«
{ZÀ³� �¾�szÀ��½Z·��´§yv³Y� uZ¿{�bÀ°·Y�±v��²�¹y
}Z�oY� iYº¯Y� ¾´À]��À�� ½Z·�©v¯� yu� ½z.³{Z]� ¶]

v¿uz-�¯ ¶WYyY�¶]�zl´¯� �½z.³{Z]�²¿Y­¹u�ª�³�½Z·�©v
v¿uz-�

Ï�Ï�­¹u�ª�³�iº¯�¾´À]��À��½Z·�©v¯
½Z·�©v¯� Z]� ¶�¿Z¤¯� yu� ­¹u� ª�³� iº¯� ½Z·�©v¯
iº¯�½Z·�¶ «R¯�±ZÀ¯�¾�s�zÀ��½Z·��´§yv³Y�©¹Y�ª�³
¶^�Zp¯� yu�¶§�b¿u¹vp¯�²¿Y� Z]� �v´´§�¾¯�©v¯�|À³� Yy

©Yz.d³Y%ROWH]PDQz�³v¯� µv´´§�u¹vp¯�¾¿Z·��z��
yYz£¾¯-uzÀb¬�� ¶§aZ^�Zp¯� ±uz§� µuZ�� ±M

uyºsz]�±M�¶]�©Yz.d³Y�²¿Y�ªo�yu�¶§�b�Y�½zÀ-�b£¹
uº��¾¯@�ê>�

Ï�Ð�­º��ª�³�iº¯�¾´À]��À��½Z·�©v¯
¶·u� ��Y¹Y� yuÎÖÕÍ¶^�Zp¯� yu� ¾¿Z·�b�z�À��

©Yz.d³Y%ROWH]PDQ¶¬À�º]�+DVVHOPDQ±YyZ¨°·�¹
�ÎÖÕÒ�¹6Q\GHU±YyZ¨°·�¹�Îîîè�v��ª�Zo@ë
¹ì>��À��²¿Y½Z·�©v¯�¾�Z�Y�½Z·�½yYº�u�z]� Z·�b�z

uz§�¶^¬��­¹u�ª�³�¶³º-�"À·�©Yz.d³Y�²¿Y�¶^�Zp¯�yu
ª�³�½Z·�©v¯�yu�¶§�¾¬¨��¶]�½Y�µv´´§�u¹vp¯��z�
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¾h¬h¯� ®�´¯Z³� ¶*^�� ²dsZ�� Z]�7,1�¾¯��{Yuz�
v³Yuz-�¾¯� z]�©v¯�½u¹y¹�b¯z�� ¶]� ¹ v¿Z°³�|À³�©v¯

_uZ d�Y�½Yz]� Yy�uºs�j¿Zd³µuYu� µZ.¿Z�� yu�½v�]*,6
v·u�¾¯� yYz£�b¤À¤o� yu*,6±uz§� ¾¬°�� b�z��

¾k¹zs¹� ½u¹y¹� ½Z¸d¯z�� Z]� ©v¯� ²À]� µuYu� ¶«uZ^¯
z�À¯� Yy�uv�d¯�¾�¿Z°³�½Z·yY|]Y� {Y� µuZ d�Y� ¹ �¬dt¯

u{Z��¾¯�

©Z�cY� yu�6:$1¹*,6©v¯�½u¹y¹�ª¿Z�� �
yu� ¶§�½Y� µy¹Zp¯�½Z·yuZ§�½z��¦¿�¢¿z�� {Y� iº¯

� $WWULEXWH

�Àp¯$UF9LHZuº��¾¯� ¶dsZ�� �v³Y�µv�� uZl¿Y��
{Y�¶§�iº¯�©v¯�¾k¹zs�aYyºd�u�¹ ½u¹y¹�½Z·zd¯YyZ�
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uº��¾¯��t�¯� ¶«P�¯�aZ�dt¯�®d�À��²À´$°·
yu� aZ°À�¤c� uYv�c� �zh§Yvo� ¹ ª£Yvo� }Z·�~³Z§z�
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b�Y� µv�� ­Zl³Y� ¾¨�s�¶]� Z¸d�z�� ²¿Y� µuº]� ­{Ç�
� ª¿v^c�¶#Z¿yu�½¹y�½Z¸d�z�v³º�nÀp�c�²¿Y�½Yz]

YyY��¹y�{YW�kz¯�yu�µv��¶&(0b�Y�µv��µuZ d�Y��
ª¨��ç�yu�uZ]�b�z��b¸k�¹ yYv¤¯�¾³Z¯{�aYzÀÀ�c

�³�Yy�±Z�º��²¿Y�av¯Z¾¯�±v·u�

k¶¨^��¦¿� {Y� �©v¯� ¶]� ±Z�º�� ²¿Y� ©Z°�Y� b¸
�¯� ¹ uZ�]Y�±Z°·� Z]�¾¬À�d�¯�bsYº´¨¿¶¨^��½v´]

·¸k�¹u�z·�yu�zd�]�¾�Yz-¹yvÀb[¹\µv��µuZ d�Y
b�Y�µuº^³�b�u�yu�¶¤�´¯�uZ]�½º.«Y�¶¨´¿Y�¶]�¶kºc�Z]

­Z°c�½Yz]� uZ]�b¸k� ¹ b�z��¾³Z¯{� ­Z-z·� yu� �b�Y
b�Y� µv��¶d�z-� z�³� yu�±Z�¨¿�¶¨^���Z¤³�­Z-½Z·

©v¯�¶]�±Z�º��©Z°�Y�¾³Z¯{Ð¾¯�b�Z��v�Z]�²¿Yz]Z´]
ÎÏyu�¾³Z¯{� ­Z-�µuz]� yZ§�¶]�±Z�º��²¿Y�©Z°�Yµv�
b�Y�ayº�� ¶]� ¾³Z¯{� ­Z-� z·� ¶]� �º]z¯� uZ]� ±YvÀ¯

�Àp¯� yu�½Y�¶³Z-Yvk�¾´d¯�½Z·�ª¿Z�*,6µv�� ¶À¸c�
b�Y�z·� yu�©v¯Ð±YvÀ¯�z¿uZ¤¯� �¶^�Zp¯� {Y�b�Z��

v³Yºs�¾¯�¶�º]z¯�ª¿Z��{Y�Yy�uZ]�

ÒÍ

Archive of SID

www.SID.ir

www.SID.ir


¶À¯¹yY�¶#Z¿yu�yu�iYº¯Y�¾´À]��À��½Z¸«v¯�yu�¾³Z¯{�­Z-�aYzÀÀ�c�zgY�¾�yz]

©Z�­¹u�µyZ°�©¹Y�±Zd�¯{ÎÐÕÑ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

�ª*æ�³ ½zÀ-�uyº§y��Z¤³�¹ ¶À¯¹yY�¶#Z¿yu�¾�Yz-¹yvÀ·j¿Zd

YDULDWLRQ�RI�ZLQG�GLUHFWLRQ�LQ�VWRUP
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�ª¨ç��¬dt¯�¾³Z¯{�½Z·�­Z-�yu�±Z�º��b¸k�¹ yYv¤¯�

Ò�iYº¯Y�±YvÀ¯�¾�yz]
µzÀsw�ª¿Z��¦¿�yu�iº¯�©v¯�¾k¹zs�j¿Zd³¾¯

ª¯Z�� ¶§� uº�ÎÏ¶¨^�� ¶�¤³� z·� yu�iº¯� ¶�t�¯�
b�Y�¾cZ^�Zp¯�Z�º��¦¿�½Yz]�©v¯�¶§�¾d«Zo�yuyu�±

ª¯Z�� ©v¯� ¾k¹zs� ª¿Z�� �v�Z]� µv�� YzkY� ±Z¯{
yu�¹ ¾cZ^�Zp¯�¶¨^��{Y�¶�¤³�z·�yu�iYº¯Y�½Z·�¶�t�¯

b�Y�¾³Z¯{�­Z-�z·��Àp¯�{Y���{Yuz��~��©¹v¯*,6�
¦³Z]�¦¿�ayº�� ¶]� ¹ µv³Yºs� Yy� ©v¯�¾k¹zs� ª¿Z�

¶]� ¾cZ�È�Y�Àp¯$UF9LHZuy¹M�¾¯�¦³Z]� ²¿Y
¾¿ZÀ�Yz�k�½Z·� ¶�t�¯�½YyYu[¹\�iº¯� �Z cyY� ��

v�Z]�¾¯� iº¯� b¸k� ¹ iº¯� uº¿z��¶¯YuY� yu� ¶¯Z³z]�
¾k¹zs�©¹vk� {Y� Yy�¾³Z¯{�­Z-�z·�¶]��º]z¯�aZ�È�Y

¶]�½Y�¶�¤³�¶¿Ç�¦¿�ayº��¶]�¹ µv³Yºs� Z·�µuYu�Àp¯

$UF9LHZv´§�¾¯� ª¤d´¯�¶�t�¯� ½YyYu� ¶¿Ç� ²¿Y
­Z-�±Z°·�¶]��º]z¯�¶¤�´¯�iº¯�±YvÀ¯�{Y�¾ ¬dt¯�½Z·

¯ ¾³Z¯{v�Z]�¾�yu� ±Yºc�¾¯�Àp¯$UF9LHZz]
¦¿��Z·�¶�t�¯�²¿Y�{Y�¦¿�z·�}Z�Y*ULG¹ uz§�¶À¸c�

uº°³�µv·Z�¯�±YvÀ¯�yu�Yy�¶�t�¯�±M�aYzÀÀ�c�½º.«Y�

¯v�iº¯� ½Z·�¶�t�¯� {Y� ¾³Z¯{� ½zÀ-uyº§y� ©¹
{Y��¬dt¯��Z¤³ yu� Z·�¶�t�¯�aYzÀÀ�c��¿Z°³�b¸k

Y µv��¶À¸c�±Z�º��av¯�©º��yu�¾cZ^�Zp¯�¶¨^�b��
z]�¦À¬§�Z]�¶§�b�Y�µv��¾oYz��½Y�¶³º-�¶]�¶¯Z³z]�²¿Y

¶]�µv��ª¤d´¯�½Y�¶�¤³�½Z·�¶¿Ç�{Y�¶�¤³�z·�½¹y�Àp¯
$UF9LHZ{Y� ¦¿� z·� aYzÀÀ�c� ¶]� �º]z¯� yYuº°³� �

�¿Z°³� Yy�z]yZ§�b�Yºsyu�}Z�Y�z]�iº¯�½Z·�¶�t�¯
ª¨���v·u�¾¯�è��
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ª¨�Ð�ÀÀ�c�b�Z¿yu�µºp³ �¿Z°³�±Z�º��©º��yu�¶À¯¹yY�¶#Z¿yu�{Y�¶�¤³�z·�yu�iYº¯Y�uº¿z��¹ �Z cyY�aYz

Ó�j¿Zd³�¾�yz]
�j¿Zd³� ¾�yz]� yu³Z¯{� ¾cZ^�Zp¯� µ{Z]� v¿Z]¾{Y�

©v¯�¶À«¹Y�bÀ��¹�¶§� uº��¶d�z-� z�³� yu�½Y� ¶�p«
v]Z¿�yZ�d³Y�¾cZ^�Zp¯�¶¤�´¯�±¹yu�v³Yºd]�²¿Y�{Y�ª^£

±º#� �v´d�À³�z^d�¯� Z·¾k¹zs� �±Z¯{bÀ��¹�Çº°�¯�
Z¿�iº¯�±¹v]�bÀ��¹�Z¸´c�¹ b�À³�µv��¶dsZ´��¶À«¹Y

uº��¾¯��z��Z¿yu�½Yz]�¾¿Yvd]Y�bÀ��¹�

¶§� Zl³M� {Yiº¯�©v¯�yu� µuZ d�Y�uyº¯�­º��ª�³�
¢À¤pc� ²¿Y¾´°�� ½uv�� �¹y� }Z�Y� z]�ÒyYºd�Y�

b³Yyº§� ½yYv¿Z�� yZÀ�¯� ��ºc� �b�YÏ��Z]� �^cz¯� ¶§
b�Y�¾³Z¨¯�¹ ¾³Z¯{�½Z·�­Z-�vp¯uº��¾°³�u¹@æê¹

æë>�b�Y�u¹vp¯Z³�©v¯�yu�¾³Z¯{�­Z-�²¿Yz]Z´]�²¿Y�Z]
­Z-�zÀgPc�bpc� yZ¨�M� yº�]�©v¯�j¿Zd³�bp�� �uºk¹

� ,PSOLFLW
� &RXUDQW�6WDELOLW\�&ULWHULRQ

v³zÀ-�¾¯� yYz£�¾³Z¯{�iº¯�©v¯� yu�¾³Z¯{�­Z-�Çº°�¯
±YvÀ¯�¾³Z¯{�aYzÀÀ�c�¶§�v�Z]�¦#º§�½Y�µ{Yv³Y�¶]�v¿Z]

uuz-��Zp«�v³Yºd]�iº¯�

¯{� ­Z-� zgY� ¾�yz]� b¸k½¹y� ¾cZ^�Zp¯� ¾³Z
�©¹Y�ª�³�b«Zo�¶�� yu�iº¯�©v¯� ��¬dt¯�½Z·�©v¯
¾cZ^�Zp¯�¾³Z¯{�½Z·�­Z-� Z]�­º��ª�³� ¹ ­¹u�ª�³Ð

�b�Z�Î�b�Z��ÐÍ�¶¤À£u�ÎÍ�¶¤À£u�Ò¹ ¶¤À£u�Î
v¿uz-� YzkY� ¶¤À£u�¾³Z¯{� ­Z-�b«Zo� yuÐ¶§�b�Z��

©v¯� �v�Z]�¾¯�©v¯� ¶]�±Z�º��©Z°�Y�¾³Z¯{� ­Z-� z]Yz]
^�³�­º��ª�³ª°��a¹Z d¯�È¯Z§�z.¿u�½Z·�©v¯�¶]�b

v´§�¾¯��¬dt¯�¾³Z¯{�½Z·�­Z-� yu� ¶¨´¿Y� ¶]� ¶kºc� Z]
ª�³�iº¯�©v¯�¶§�Zl³M�{Y�¹ v¿Z°³�¾¯�zÀÀ�c�uZ]�b¸k
²À]� ¾�szÀ�� ½Z·��´§yv³Y� ¶]� �º]z¯� ¶«uZ�¯� �­º�
ªo�½uv��ayº��¶]�¹ ª¯Z§�yº�]� Yy�iº¯�½Z·�¶ «R¯
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¹ yYv¤¯�aYzÀÀ�c�©Z°�Y�b¸k� �v¿Z°³�¾¯¹ uZ]�b¸k
v·Yºt³�¾�Z§�b�z��iYº¯Y�½Z·�¶ «R¯�²À]�½%z³Y�©Z¤d³Y
ª�³�½Z·�©v¯�¶]�b^�³�Yy�½zd°§�z¿uZ¤¯� Yx«�¹ b�Yu

v·u�¾¯�¶WYyY�­¹u�¹ ©¹Y�²¿Y�¶§�©¹Y�ª�³�©v¯�yu�Z¯Y
¶§� ­¹u� ª�³� ©v¯� yu� ¹ uº��¾°³� ©v¯� Z·��´§yv³Y
©v¯� Z·��´§yv³Y� ²¿Y� µv�� ½{Z��µuZ�� ayº�]

º]�z]Yz]� �uuz-�¾¯zÀgPc�¾cZ^�Zp¯�­Z-�Z]�¾³Z¯{�­Z-�±u
uyYx-�¾°³�½uZ¿{�

¶¯YuY� yu©v¯�¶§�¾cZ^�Zp¯�¾³Z¯{�­Z-��·Z§� Z]
¦À��j¿yvc�¶]��b�Yu�v·Yºs�Yy�aYzÀÀ�c�©Z°�Y�b�z�
½Z·�©v¯�{Y�¹ v]Z¿�¾¯��¿Y|�Y�­º��ª�³�©v¯�yu�iº¯

uzÀ-�¾¯�¾�À��|À³�­¹u�¹ ©¹Y�ª�³�b�Y�z§w�¶]�­{Ç
©v¯� yu� iº¯�¦À�� ¶§Z]� |À³� ­¹u� ¹ ©¹Y� ª�³� ½Z·

²¿Y� Z¯Y� �v]Z¿�¾¯��¿Y|�Y�¾cZ^�Zp¯�¾³Z¯{� ­Z-��·Z§
b�À³�zÀ.°�#��¿Y|�Y�ª¨��yu�é�½Yz]�©v¯�j¿Zd³�

¾³Z¯{�½Z·�­Z-Ð�b�Z��Î�b�Z��ÐÍ¹ ¶¤À£u�ÎÍ
ª¨��yu�µv���t�¯�¶�¤³�¦¿�yu�¶¤À£u�è�±Z�³�

b�Y�µv��µuYu�¶§�uº��¾¯�µv·Z�¯�j¿Zd³�¶�¿Z¤¯� Z]
«v¯½Z·� ­Z-�aYzÀÀ�c� ¶]�b^�³��¬dt¯�½Z¸¬�³�½Z¸

¾³Z¯{� ­Z-��·Z§� Z]� Z¯Y�v´d�·�}Z�o�+y|]�¾³Z¯{
zd¨¿u|³� z.¿v¨¿� ¶]� iYº¯Y� �Z cyY� ¾´^�À�� j¿Zd³

v³º��¾¯�

Z]� ¶§� ¾³Z¯{� ­Z-� ª£Yvo� ¶]� ¾]ZÀd�u� yº�´¯� ¶]
¶kºc� ª]Z£� aYzÀÀ�c� ½YyYu� Z¸«v¯� j¿Zd³� ±M� [Ztd³Y

¯{�­Z-� Z]� Z·�©v¯� �v�Z^³¾³ZÒv³v�� YzkY�|À³�¶¤À£u��
z]Yz]�¾cZ^�Zp¯�¾³Z¯{�­Z-�½Yz]�ª�Zo�j¿Zd³Ò�¶¤À£u�

¾³Z¯{�­Z-�½Yz]�©v¯�j¿Zd³�¶]Z�¯�È¯Z§ÎÍuº]�¶¤À£u�
{Y�¾³Z¯{�­Z-��·Z§� Z]�¹ÎÍ¶]�¶¤À£u�Òj¿Zd³�¶¤À£u�

uº]�v·Yºs�zÀÀ�c�±¹v]� Z·�©v¯��¿Yz��¶]�¶kºc� Z]� Yx«
Z¯{� ­Zººººº- �¾�yz]� uyº¯� ¶¤�´¯¾³æåYy� ¶¤À£u�

Yy�­{Ç�½Z·�b£u�¶§�¾³Z¯{�­Z-�ª£Yvo�±Yº´�]�±Yºc�¾¯
b�z¿x��v·u�¾¯�b�v]�

&DOFXODWLRQ�7LPH�6WHS��� +5
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&DOFXODWLRQ�7LPH�6WHS���+5
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�[�z]Yz]�¾cZ^�Zp¯�¾³Z¯{�­Z-æb�Z��
&DOXODWLRQ�7LPH�6WHS�����0LQ
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�i�z]Yz]�¾cZ^�Zp¯�¾³Z¯{�­Z-èå¶¤À£u�
&DOFXODWLRQ�7LPH�6WHS���� 0,1
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+V
�P �

*(1�
*(1�
*(1�

�u�¾cZ^�Zp¯�¾³Z¯{�­Z-�z]Yz]�ÎÍ¶¤À£u�
�ª¨Ñ��cª�³ �©¹Y�ª�³�½Z·�©v¯�yu�iº¯��Z cyY�aYzÀÀ

­Z-�Z]�­º��ª�³�¹ ­¹u/Z·�¾cZ^�Zp¯�¾³Z¯{��¬dt¯�
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½Z¸¬¨�� yu�ê�Zc�ì�½Yz]� iº¯� �Z cyY� aYzÀÀ�c

yº�]� a¹Z d¯� ¾³Z¯{� ½Z·�­Z-� ¹ �¬dt¯� ½Z·©v¯
b�Y� µv�� ¶�¿Z¤¯� ¶³Z-Yvk�µv·Z�¯� Z·�ª¨�� ²¿Y� yu

aYzÀÀ�c� ¶]� ­º�� ª�³� ©v¯� ¶§� uº��¾¯¾³Z¯{� ­Z-
©v¯� ¶§�¾«Zo� yu� �v�Z]�¾¯�}Z�o� yZÀ�]�¾cZ^�Zp¯
¾cZ^�Zp¯�¾³Z¯{�­Z-�{Y�±vÀ�y�{Y�v�]�­¹u�¹ ©¹Y�ª�³

è¶]� b�Z��æ±Z�³� Yy� ½uZ¿{� bÀ�Z�o� b�Z��
v´·u�¾°³�µv·Z�¯� Z·�ª¨�� ²¿Y� yu� ¶§� ¶³º.³Z°·

{Y�¾³Z¯{�­Z-��·Z§� Z]�­º��ª�³�©v¯� yu� �uº��¾¯è
Zc�b�Z�æZc�~���¹ b�Z��èåZc�b¿Z¸³�yu�¹ ¶¤À£u�

æåb�Y�uZ¿{�aYzÀÀ�c��¶¤À£u��©¹Y�ª�³�½Z·�©v¯�yu�Z¯Y
{Y� iº¯� �Z cyY�aYzÀÀ�c� ­¹u� ª�³� ¹æZc�b�Z��æå

Z]�±Yºc�¾¯�Z·�©v¯�²¿Y�yu�¶§�½Y�¶³º.]�b�À³�uZ¿{�¶¤À£u

z]Yz]�¾³Z¯{�­Z-�²d�z-�z�³�yuèå¶]�Z^¿z¤c�¶¤À£u�îê
vÀ�y�­º��ª�³�©v¯�b£u� {Y�v�yu�z]Z´]±Yºc�¾¯�²¿Y

¶§�+y|]�¾³Z¯{�½Z·�¶´¯Yu�yu�­¹u�ª�³�½Z·�©v¯�b -
Z^¿z¤c�½Z·�[Yºk��b�Y�µvÀ�y�uºs�¾¿Z¸³�v�y�¶]�iº¯
¾�yz]�½Yz]�Z¯Y��v·u�¾¯�¶WYyY�­º��ª�³�©v¯�Z]�¾³Z�¨¿
©Z¤d³Y� ¶§� ¶§� µZcº§�¾³Z¯{�½Z·�¶´¯Yu� yu�iYº¯Y�±YvÀ¯
�b�Y� bÀ°·Y� |WZo� iº¯� ½Z·�¶ «R¯� ²À]� iº¯� ½%z³Y

 d�Y²À]� �´§yv³Y� ¶§� ­º�� ª�³� ½Z·�©v¯� {Y� µuZ
�uzÀ-�¾¯� z�³� yu� ª¯Z§�ayº�� ¶]� Yy� iº¯� ½Z·�¶ «R¯

b�Yzc�\�Z´¯�

�)LUVW�*HQHUDWLRQ�:DYH�0RGHO
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7KLUG�*HQHUDWLRQ�:DYH�0RGHO
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Ô�½zÀ-�¶lÀd³
Zº]½zcºÀ�¯Z§�²º¿º³�½Zº·½y¹Z´º� ¶�º�ºc�¹ vº�y�

±vºº¯M�uºººkº]�¹½Zºº·©vºº¯½Zºº·¶´ººÀ¯{�yu�¾ºº�Z¿y�
Àº¯Z´¿u¹yvÀ·��¬dºt¯®lo�¶º] ¾º�zd�u�±Zº¨¯Y��¦

¾ºº�v´¸¯��¬dºt¯�½Zºº·¶´ºÀ¯{�yu�Zºº·µuYu�{Y�¾º°À��
²ºº¿Y ªÀºº¬pc¹�¶¿|ººlc�¶ºº§ bºº�Y�µvºº� ZÀºº¸¯�ªoYººº�
�Zººs aZºº³Z¨¯Y�{Y�µuZ dºº�Y�v´ºº¯{ZÀ³�Zºº·µuYu�{Y�®ººlo
½Z·�®d�À��¶º§ bº�Y�½yY|º�Y�btº� ¹ ½yY|º�Y�­zº³
®·Yzºº� Yy�±M ¾ºº]º¬�¯�ºººp³�¶ºº] ¾ºº¿ZÀ�Yz�k�aZºº�È�Y
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��7ROPDQ�� /LPLWHUV� LQ� WKLUG�JHQHUDWLRQ�
ZLQG� ZDYH� PRGHOV�� *OREDO� $WPRV��
2FHDQ�6\VW��� ��������SS����±���
��+DUJUHDYHV�� -�&�� DQG� $QQDQ�� -�'���
&RPPHQWV� RQ� ³,PSURYHPHQW� RI� WKH�
VKRUW�IHWFK� EHKDYLRU� LQ� WKH� ZDYH� RFHDQ�
PRGHO� �:$0�´�� -�� $WPRVSKHUH� 2FHDQ�
7HFKQRORJ\�9RO������������SS�����±����
��<RXQJ�� -�5�� ������ ³:LQG� *HQHUDWHG�
2FHDQ�:DYHV�³��8QLYHUVLW\�RI�$GHODLGH��
$XVWUDOLD�������
��0DVVHO�� 6�5��� ������ 2FHDQ� 6XUIDFH�
:DYHV�� 7KHLU� 3K\VLFV� DQG� 3UHGLFWLRQ��
:RUOG�6FLHQWLILF�3XEOLVKLQJ��/RQGRQ�
��%RRLM�� 1��� /�+�� +ROWKXLMVHQ� DQG� ,-�*��
+DDJVPD�� ������ &RPSDULQJ� WKH� VHFRQG�
JHQHUDWLRQ�+,6:$�ZDYH�PRGHO�ZLWK�WKH�
WKLUG�JHQHUDWLRQ�6:$1�ZDYH�PRGHO���WK�
,QWHUQDWLRQDO� :RUNVKRS� RQ� :DYH�
+LQGFDVWLQJ�DQG�)RUHFDVWLQJ��-DQ���������
������0HOERXUQH��)ORULGD����������
��+DVVHOPDQQ�� 6��� +DVVHOPDQQ� .���
$OOHQGHU�� -�+�� DQG� %DUQHWW�� 7�3��� ������
³&RPSXWDWLRQV�DQG�3DUDPHWHUL]DWLRQV�RI�
WKH�QRQOLQHDU�HQHUJ\�WUDQVIHU�LQ�D�JUDYLW\�
ZDYH� VSHFWUXP´�� -�� 3K\VLFDO�
2FHDQRJUDSK\������SS������������
��6\QGHU�� 5�/�� 7KDFNHU�� :�&���
+DVVHOPDQQ�� 6��� +DVVHOPDQQ� .� DQG�
%DU]HO��*���������³,PSOHPHQWDWLRQ�RI�DQ�
HIILFLHQW� VFKHPH� IRU� FDOFXODWLQJ�
QRQOLQHDU� WUDQVIHU� IURP� ZDYH�ZDYH�
LQWHUDFWLRQ´��-��*HRSK\VLFV�5HVHDUFK������
SS���������������
��:$0',�*URXS��7KH�:$0�PRGHO²D�
WKLUG� JHQHUDWLRQ� RFHDQ� ZDYH� SUHGLFWLRQ�
PRGHO��-��3K\V��2FHDQRJU��9RO����� ������
SS������±�����
��.RPHQ��*�-��&DYDOHUL��/��'RQHODQ��0��
+DVVHOPDQQ�� .�� +DVVHOPDQQ� 6�� DQG�

-DQVVHQ�� 3�$�(�0�� '\QDPLFV� DQG�
PRGHOOLQJ� RI� RFHDQ� ZDYHV�� &DPEULGJH�
8QLYHUVLW\�3UHVV��1HZ�<RUN�������
���7ROPDQ�� +�/��� $� WKLUG�JHQHUDWLRQ�
PRGHO� IRU� ZLQG� ZDYHV� RQ� VORZO\�
YDU\LQJ�� XQVWHDG\� DQG� LQKRPRJHQHRXV�
GHSWKV� DQG� FXUUHQWV�� -�� 3K\V�� 2FHDQRJU�
9RO����� ������SS�����±����
���%RRLM�� 1�� 5LV��5�&�� DQG�+ROWKXLMVHQ��
/�+���$�WKLUG�JHQHUDWLRQ�ZDYH�PRGHO�IRU�
FRDVWDO�UHJLRQV���� 0RGHO�GHVFULSWLRQ�DQG�
YDOLGDWLRQ��� -�� *HRSK\V�� 5HV�� 9RO�� �����
������SS������±�������
���5RJHUV�� :�(��� � +ZDQJ�� 3�$�� DQG�
:DQJ�� '�:�� � ,QYHVWLJDWLRQ� RI� ZDYH�
JURZWK� DQG� GHFD\� LQ� WKH�6:$1�PRGHO��
WKUHH�UHJLRQDO�VFDOH�DSSOLFDWLRQV��-��3K\V��
2FHDQRJU���� ��������SS�����±����

���/LHELJ� :��� ������ ³*,6� DQG�
0DWKHPDWLFDO� 0RGHOV´�� 6HFRQG� -RLQW�
(XURSHDQ� &RQIHUHQFH� 	� ([KLELWLRQ� RQ�
*HRJUDSKLFDO� ,QIRUPDWLRQ�� %DUFHORQD��
6SDLQ�������1RUGHUQH\��*HUPDQ\�
���+ROWKXLMVHQ�� /�+�� %RRLM�� 1�� 5��� 5LV��
5�� &��� +DDJVPD�� ,-�� *� ³6ZDQ� 8VHU�
0DQXDO´�� ����� 6ZDQ� &\FOH� ,,,�� 'HOIW�
8QLYHUVLW\� RI� 7HFKQRORJ\�� 'HSDUWPHQW�
RI�&LYLO�(QJLQHHULQJ��
���+ROWKXLMVHQ�� /�+��� %RRLM�� 1��� 5LV��
5�&��� +DDJVPD�� ,�-�*��� .LHIWHQEXUJ��
$�7�0�0��� .ULH]L�� (�(��� =LMOHPD�� 0���
9DQ� GHU� :HVWKX\VHQ�� $�-��� ������
6:$1²8VHU� PDQXDO�� 'HOIW 8QLYHUVLW\�
RI� 7HFKQRORJ\�� (QYLURQPHQWDO� )OXLG�
0HFKDQLFV�6HFWLRQ�

ÎÓ��­ �z��¾�À �� �m�½z�d´¯�¾�Z¿y� ©v¯� ©Z�cY
b¸k� ¾¿ZÀ�Yz�k� aZ�È�Y� ®d�À�� Z]� iº¯� ¾´À]��À�
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