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¥Zºs�sº�c�uººªÀ¨��$XWKLJHQLF� IRUPDWLRQ�ª¨��zÀÀ�c�¹
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¾¯�¥Zs�¾º-v¿uYº·�¶¬ozº¯v�Z]�î��¶§�¾�Z¤³�yu�¾¬§�yº��¶]

½uZ¿{�®À�Zd��½YyYu�¥Zs�©º¬p¯�Z¿�½yuZº¯ uYºº¯�¿Yz���v�Z]
¶³Yu|¿y�½Z¨Àº¯ ªÀ¨º�c�½Yzº]�bÀ¬¿Y�b�Y�v�d�¯�uYº¯�¾d£¹

±ºÀºcZ§�½YyYu�½yuZº¯uZº¿{�½|º¬��½Zº·�]¶�º�s0J�Z¿�¹
¿Yzº�µ{��] �vº�Z]�u¹vºp¯�²Àº¯{�¾º�§¶±ºÀcZ§�¶§�½yº�½Z·

bÀd¨°�Y��v³º��¾¿ºº�]M�v³Yºdº³ ½|º¬�v��v´·Yºs�ªÀ¨�c�Z·�
µuy�½Z·�¥Zs�yu�zd�À]�bÀd¨°º�Y�¹ ¶³Yu|º¿y�½Z¨Àº¯ �²¿Yzº]Z´]

|«º��½vº¿yY��$ULGLVROV�¾¯�µv¿uv³º��î��¦¿�bÀ¨�yº.À«Z�
¾�ZÀ«Y�¾�y�¾³Z§ç�æ[º�y�¹ Z·�¥Zs�yu�¶§�b�Y�·½Z½yZÀ�]�

À�¹��zd�-�¦�s�¶°À³�¹ ¦�s�¢�Z´¯�{YºuyYu�¾��æå��²¿Y
³Z§ººp¯�yu�¾ºº�À·ººº¿Z¿yu�½Zººº¾��0DULQH�HQYLURQPHQWV��
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�$ONDOLQH� ODFXVWULQH�¨º�c�º¯ ªÀºº¾�ºuº�À«Z�º¨�yº.º¹ bÀ

¶ºº] ¾ºº¿Z¿yu�aZ]ººº�y�yu�bÀ«ºÀ�ºº�Yº´ºº�½yY¹M�½Zºº·¾ºº³Z§�±
�'HWULDO�º]¶¾º°³�yZ°º�Z¿�©º¬p¯�{Y�¾´Àº�³�¶ºc {Y�¶º¨¬]�v´º¿M

¾¯�ªÀ¨�c�Z·�¾³Z§�ª¨��zÀÀ�c�¶¬À�¹�¶]v³º��æå��
µº§�¶d�y�¹u�²À]�yu��£Y¹�±Yzº¿Y�½|º§z¯�aÈº�¹ {z^«Y�½Z·

b�Y�µv�z��±Yºk�aZ]º�y�{Y�¶§�b�Y�¾�À�¹�©Yuº-�}zº-Y{
�é��¦ÀW{¹|º¯ ±Yy¹u�yu�aÈº� ²º¿Y½Z¿yu�{Y�¾�t]�±Yº´��¶]

�Èd¯º°¿v£�®ºdc�¾º~À�$QFLHQW� 7HWK\V� VHDZD\�p¯�º�º[º
¾¯v¿uz-�æé��}º³ZÀ£Y�{Y�®�Èd¯�½Z¿yu�²¿Y��¶�Zcz§�zsY¹Y�yu

Yvºkvº���æç��º]¶ª¨��¶§�½yº�¶]�±Yz¿Y�aÈ��¾¬�Y�²d�z-
­ºº� ±Yy¹u�½yZÀ�zc�] �¶¾¯�µuYu�b^�³�²�ºÀ¯��º�suº��

�Z^ºcyY�±vº� ®º§ Zº]½¹z�À��¹ uY{M�½Z¿yu�Z]�²º�ºÀ¯�½Zº¿yu�
¶#Z¿yu��²º�ºÀ¯�½Zº¿yu�ªsvº¯ ¶º] ¾¨º�s²À]�¢°��®§�½Z·

¶§zº] ¹ ¾º·º§Z·�±º-ÇZ·�±Yy¹u�¾�­º���½yZÀ�zc�¶��ºc�
v´d�Z¿�é��{Y�Yy�¾^�Z´¯��Àp¯�uZ¿{�½yº��Z]�¢°��®§�¢�Z´¯�²¿Y

¾¿ZÀ°À��zº�³½Yz]ºÀ���¹ bÀ¨�yº.À«Z��ªÀ¨�c�«µuº°³�ZÀ¸¯�bÀ
�Yb�æç��

±º´§Zc½Z·�¾�yz]½Z·�¾³Z§�²ÀÀ�c�Z]��Z^cyY�yu�½uZ¿{�>Zd^�³�
b�Y�µv��­Zl³Y�±Yz¿Y�¦�s�¢�Z´¯�½Z·�¥Zs�¾�y��©Zh¯�½Yz]

±YyZ¨°·�¹ ¾p�]Y�æ�Z]¾�yz]²¿Y�¶]�{YzÀ��µZ.kZ]�½Z·�¥Zs�
yu�bÀ¨�yº.À«Z��¾³Z§�uºk¹�¶º] ¶kººc Zº] ¶º§ v³vÀº�y�¶lÀºd³

¿ ¦��±¹v]��½yuZº¯ ,´º� ¶³ºº°³½Z·�¾³Z§�uºk¹��]Z´¯�{Y�¾¨
b�Y�¾gyYºc�¶¤�´¯�²¿Y�½Zº·¥Zºs yu�¾º�ZÀ«Y��¿Y|�Y�²À´#�®·

{Y�bÀ¨º�yº.À«Z��yYvº¤¯½Z·�²À¯{Yy�b�u��z��¶]�¾³Zd�·º§�
v³uYu�b^�³�Z·�¥Zs�²¿Y�yu�bÀ¨�yº.À«Z��{Z�§Zs�ªÀ¨º�c�¶º]�

¾º¯uZs�è�Z]¾�yz]±Z¸ �Y�b�u¹y�½Z·�¥Zs�¾�y�½Z·�¾³Z§�
¶lÀºd³�²º¿Y�¶º]a¹Z d¯��¿Yz��Z]�¥Zs�½Zº·qy�®Àº³ ¶º§ vÀº�y

µ{�¹ bÀºWZÀ¬£��½yºº�¾º�§�¾³Z§�½YyYu�¾º À§�zº�³�{Y�¾�Z´�
zº�³�{Y�¹ µuºº] ¾¸]Zº�¯�øï��À���Z]�bÀd¨°�Y�yYv¤¯��¤��zc

µ{�bÀ�º�¹�±vº�¾¯�±Z�³��¿Y|�Y�½yYvº¤¯�¾º�§²¿Y�¶§�v·u
¾º¯ ¶¬Xº�¯²¿Y�{Y�¾�t]�¾¬À¨�c�uºs�z]�¾¬À«u�>ÇZ°dºoY�v³Yººc

Z§v�Z]�Z·�¥Zs�²¿Y�yu�¾³�
·YºayZ^��¶�«Z�¯�²¿Y��YvY{Y�v³�æ�¾¿Z�Z´�À§º¶°À³�¹ ¾ 
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

ìê

º�øï�¹ ±Z¸ �Y�¡z��¶¤�´¯�¾$-�½Z·�¥Zºs ¾º�y�½Zº·¾º³Z§�
¹ Zºº¸³M��¿YvÀºº� ¾ºº.³º.#�¾ºº�yz]ç��ºº¿{ºc�½ººº.«Y�²ÀººÀ�c�

bt¿y�²À¯{�yu�¾�y�½Z·�¾³Z§�¬dt¯�½Z·�

Z·��¹y�¹ uYº¯
¶³º°³�¹ ¶¤�´¯�aZÀ�º�suz]½yY

uyºº¯ ¶¤�´º¯¾º�yz]|Àt]M�µ{ºo�yu�±Yzº¿Y�½|º§z¯�aÈº� yu�
µv´º¿Y{bº�Y�µvº� �º£Y¹�[Z�zº¯ µ{ººo zº¿{�yu�¹ u¹y�¶¤�´¯

�s�®À¬£Y�¦¿�¶¬À�¹�¶]º¦�'U\� FOLPDWH�kyu�Z]�ºÇZ]�ayYzo�¶
¾¯��À�ºcuuz-�¶§�½yº��¶]²À.³ZÀ¯¶¤�´¯�¶³ÇZ��½Z¯u�ì�æé

¹ uYz-�¾d³Z��¶ºkyu²À.³ZÀ¯¶kyu�¶]�±Zd�¯{�¹ ±Zd�]Zc�ayYzo
\Àczcí�æê¹í�êuYz-�¾d³Z��¶kyu�¹ ���²À.³ZÀ¯¶¤�´¯�¾-v³yZ]�
u¹voæåå¾¯�zd¯�¾¬À¯�v�Z]�

¾º¯ ¾º¬§�yºº�¶º]®�#�±Yºc¶]�Yy�±Z¸ �Y�¡z��¶¤�´¯�{Yv³Y
�À��¦º¿ ±Yº´º�º§ ®dºb�u�¹ µº�%DVLQ� DQG� UDQJH��³�yu�ºz

b�zº-�uyº¯�¶¤�´¯�¶§�½yºº�¶º]]¾�yz½%º«º�z¯ºW%�z�³�{Y�
�±Zdº�·º§�vºoY¹�¶º� ª¯Zº�½Zº·²Àº¯{\Àº�¹ ¾·º¨¿Z��yYu

½Zº·²Àº¯{bº�Y�¾¨dº�c�¹ n�º�¯��½Z·�bt¿y�²Àº¯{�©Z¨�Y
¾�YyY���/DQGIRUP�Z·voY¹�²¿Y��t�¯�¹ \«Z���Z´hd�Y�¶]½

±Zdº�·º§�vºoY¹�ayZ^��b�u�|§z¯�¶]�±Zd�·º§�{Y�\Àczc�¶º]
Y{Y�vºº³�b´ºº°¿v�vÀºº�º��¹ bººt«�½Zºº·�¹zººt¯��µ¶´ºº¨�Y½Zºº·

¾d�z]M�½Z·�b�u��Z¿È���¶d�Z¿��¿Z�z��¾°¿v£�mº����¾·º¨¿Z�
�¶º³Zsu¹y�®¿vº£ ½Zº·}Yzºc½Y�½Z·�}Yzºc ¹�¶³Z-uZ��v¿vk

µv´¿Y{�¶³Zsu¹y¾¯�u¹yv´�Z]�
yº�´º¯¶º]}Z�Y�z]�¢À¤pc��Yv·Y�¶]�ªÀ³�½Z·�¾�yz]¹ ¾¿Yzp��

ªÀ�¹zº� j´º� �¾º¨¿%º«º�yº¯bt¿y�²À¯{�yu�¥Zºs¶¤�´¯�\«Z��½Z·
¾º¯ ±Zº�³�Yy�Zº·¥Zºs aYzºÀÀ�c�{Y�¾�Àº�¹��Àº� ¶º§[Ztd³Y�v³uYu

ayZ^ºº� ¶ºº§ �v¿uzºº-Y{Y�vºº³�½Zºº·¥Zººs½Zºº·²Àºº¯{�¹zººt¯�¶´ºº¨�Y
¾º·º¨¿Z��æ$¹ç$�µv´¿Y{�¶³Zsu¹y�¾°¿v£�½Z·�}Yzºc �u¹y�æ7¹

ç7�¶´¯Yu�b�u�¹¾¿Z¿È��bt¿y�²À¯{�yu��£Y¹�½Y�SS��
¹u�ª¯Z��¾·º¨¿Z��¶´¨�Y��¹zt¯�yu��£Y¹�¥Zs�½Z·�ªÀ�¹z��

¶¬�Z��¶]�¥Zs�qy�®À³ì¶³Z��z]�\Àczc�¶]�z.¿v¨¿�{Y�½zd¯º¬À§�

�æ$�\À��½Z¸d³Y� ¹�ç$�¥Zs�½Z·�ªÀ�¹z�� �µz�{� ¶¤�´¯� yu
qy�®À³�¹u�ª¯Z��u¹y�µv´¿Y{�¶³Zsu¹y�¾°¿v£�½Z·�}Yzc yu��£Y¹

� [º´k�yu�¾¨¿�¥Zs¾¿Z]Z]�vÀ¸��µZ.¿Z��¾£z�æ7�½z.¿u�¹
yuè©YzÀ��Y� ¶³ZsyZ§� ©Z°�� ½zd¯º¬À§��ç7�¶¬�Z�� ¶]ê

qy�®À³�¾£z��[º´k�½zd¯º¬À§�æ7�b�u�yu��£Y¹�ªÀ�¹z��¹ �
yu� �£Y¹�¥Zs� qy�®À³�¦¿� ª¯Z�� ½Y�¶´¯Yué©Z°��½zd¯º¬À§�

v�Z]�¾¯�½|l��½Zd�¹y�¾]z��ª¨�æ��
½Z·�¾-&¿¹º¯�½Z·�¥Zs�¾¨¿%º«º�yº¯�uy¾�yz]¹ ²ÀÀ�c�

µuy� ®d�À��}Z�Y� z]� Z·�¥Zs¶¤^��¾¿Z¨¿z¯Y�½v´]v³v��½v´]
�æí��¶³º°³�¢�Y�z·�{Y�¥Zs�½Z·�qy�®À³�n¿z�c� {Y�~�½yYuz]
��º°l¯� yuçë¶³º°³��v�¹½Yz]¶¿|lc�¶]� �¬dt¯� ½Z·

µZ.�¿Z¯{Mv�� µuz]�ª¨�æz o� ªp¯� �¶¤�´¯� ¾¬§� ½Z°³�
¶³º°³�ªp¯�¹ ¥Zs�½Z·�ªÀ�¹z��½Z·v³{Z��½Z·�,´��{Y�½yYuz]

¾¯�±Z�³�Yy�¶¤�´¯�\«Z�v·u�
�¹zºt¯¶´º¨�Y¹ ±Zd�·º§�²À]���Y¹vo�yu�¾º·º¨¿Z��½Zº·

yu�\¬�Y�¹ v³yYu��zd�-�b�u�²ÀWZ���Zº� ¹ yYºº°·�mº�º�
±Zdº�·º§�¶´º¯Yu�½Zº�b�z]M�ª¯Z��Z·¾°Àt��½Z·v´d�·¶]�¶§�

µv��µvÀ�§�¾]º�y�¶�ºo�½|§z¯�½Zº·b°º�£��zº�v³Y�²¿Y�
uZ¿{�yYv¤¯�¶]�µ|¿y�,´��ª¯Zº� ¾ºd�z]M�aZ]ºº�yb�Y�ªp¯�{Y

\Àº� ¾.dº�¨��.QLFN�²¿Y�\À���½|§z¯�¾�YyY�b°��¶º]
¹ zd°§�µ|¿y�,´��v�yu��zºc|¿y�¥Zºs bº�Z]���·Zº§ ¾º�YyY

ª¯Z¨dº¯ ¥Zºs¾º¯ zºcuº��¶´¯Yu�b�u¶ §��½Y�n��¯�>Zd^�³�½Y
²À.´��b�Z]�Z]�¹ µ|¿y�,´º� ±¹vº]Yb�b�§�bpc�>Zcv°��¶§�

¾¯�¾]M�aÇºº�p¯v�Z]�bpc� Z·�b°�£�¾��]�yu�¾�YyY�²¿Y
[M�±Y¹y�¶¬À�¹�¶] ¶¬¤d´¯�mÈ¯Y�Zº¿ ¾º´À¯{z¿{�[M�½yºº� zºÀgPc
¹ yº��j¿yvc�¶] ¹ ¶d�z-�yYz£�b�uÇZ]�¢�Z´¯�¾-v³yZ]�{Y�¾º�Z³

µvº� ¾°¿vº�vº³Y�µv´¿Y{�¶³Zsu¹y�¾°¿v£�½Z·�}Yzºcbpc�u¹y
cyu�zÀ�¯�²¿Y�¹ µv¯M�uºk¹�¶º] ¶º³Zsu¹y�²º¿Y�¾º¬^£�zÀº�¯�zºÀgP

b�Y�¶d�Yu�yYzº£ ¶¤�´º¯ ©Z°º� �zº� ¶º] zdº�À]�¶dº�x-�²¿Y
uyºº¯ ¶¤�´º¯ yu�Zº·}Yzºc¾º�yz]>Z^¿z¤c�¹ ²¸��mº���ª¯Zº�

¾¯�|¿y�b�Z]�Z]�¹ µ|¿y�,´��±¹v]��n��¯pc�>Z¯º°��¶§�v�Z]ºb
�y�zÀgPcºv³yYu�yYz£�½uZ]�aZ]ºd�x-�yu�¹ºzÀgPc�bpc�¶nº���
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

ìë

ª¨�Î�¾·º¨¿Z��¶´¨�Y��¹zt¯�yu�Z·�ªÀ�¹z��z o�bÀ�£º¯�¹ ¶�«Z�¯�uyº¯�¶¤�´¯�½v�]�¶��yYuº°³�Î$¹Ï$��½Y�¶´¯Yu�b�u�33�}Yzc�¹ ¶³Zsu¹y�¾°¿v£�Î7¹Ï7�½Z·v³{Z��½Z·�,´��{Y�½yYuz]�¶³º°³�ªp¯�bÀ�£º¯�¹.���.���-¹20��^´¯�{Y�}Z^d£Y�ÎÏ�

b�Y�µuº]�¾]Z£z���¿Yz��¹ ÇZ]�¾´À¯{z¿{�[M�
¶´¨�Y��¹zt¯�½Z·�¥Zsbpc�yu��º�s�¶]�½Y�yÇY�¶]

av�¾$-�v´d�·��{Y�zd�À]êå¢�Y�{Y�¾��]�yu�v�yu�Z·��yu
¶³Zsu¹y� ¾°¿v£� ½Z·�}Yzc±Z¨¯� yu� ¾$-� ½Z·�¥Zs� �½Y¾¿Z·

¾¯�b�Z¿¥Zs�n���¦¿u|³�yu�yº��¾´À¯{z¿{�[M�¶§�uº�Z¿�¹
"-�½¹Zo�½uZ]�aZ]º�y� {Y� zgPd¯b�Y�yu�¾$-�½Z·�¥Zs

¶´¯Yu�½Z·�b�u�±Z¨¯� yu��¤��½Y¾¯�b�Z¿�¾¿Z·[M� ¶§� v³º�
v�Z]�¥Zs�n���¾¨¿u|³�yu�yº��¾´À¯{z¿{�

Z·�¥Zs�aZÀ�º�s�²ÀÀ�c
¶³ºº°³¦«Y�{Y�±vÀ]º§�{Y�~��¹ ¦º�s�¶¿Zº� yu�¥Zºs ½Zº·ç

vº� µuYu�yº^º� ½zºd¯�¾º¬À¯��^�Y�ª-¶d¿vÀ�Y��¶À¸c�Z·�¥Zs�{Y��Z
�S+�¶�À��u¹zd¨«Y�¶¬À�¹�¶] ¥Zs��Z^�Y�µyZº��µ{Yv³Y�½Y½zÀ-

µyZº���¹¶À¸c��¨¯��°��¶¬À�¹�¶] ¥Zs�½Z·v��¶]�¾«M�²]z§
±ºÀº�YvÀ�§Y��¹yzºc�æë�±ºÀ�YzdÀc��¹y�¶]�¦·M�zº¿uZ¤¯�¹

µ{Yv³Y�®¿v��vÀ�§¹yvÀ·�Z]�¦¿yv¿z¬§�vÀ�Y�¾dº�-z]v��½zÀ-�

½Yzº]ÀÀ�c��Z·�¥Zs�"-�z¿uZ¤¯�²b�t³º�]M�Z·�¥Zs�¿¹ µv��¾
[M�zdÀ«�¦¿�¶]�¥Zs�µv��[ZÀ�M�>È¯Z§�¶³º°³�­zº- ¦º¿ ~�º�

b^�³�¦¿�Zc�v��¶�Z�Y�zº�¤¯æ�æååå¶À¸c�[M�¶]�¥Zs�v��¶]
yº�´º¯av¯�¶]�Yy�¥Zs�¹ [M��º¬t¯��©uZº�c�¶º] ±vÀº�y�çé
b�Zºº�Zºº]®ºº· ¦ºº¿Yy�±M�~�ºº� ¹ µuYu�±Zºº¨c�¾ºº¨¿zd¨«Y�±{
µyZº��-�°k�µyZº���¾º¨¿zd¨«Y�b¿Yvº· ¹ ½zºÀµv��½y¹MZ]

v¿uzº- bWYzº£ ¾º¨¿zd¨«Y�j´º� b¿Yvº·�bÀ«Èo�¶]�¶kººc Zº]
©º¬p¯�¾¨¿zd¨«Y�b¿Yv·��]Y¹y�{Y�µuZ d�Y�¹ [M�yu�"-�u¹vp¯

v��½zÀ-�µ{Yv³Y�Z·�¥Zs�"-�yYvº¤¯��"º- yYvº¤¯�Zº]�æç���¿{ºc
¥Zs�aYyw�µ{Yv³Y�b�Z]�¾���¹y�¶]v¿uz-�²ÀÀ�c�b��ææ��

¶¿|ººlc�bºº¸k�¶³ººº°³�¶Àºº¸c~ºº¨¿Y�¶�ºº�Y��Yzºº� ½Zºº·
�GLIIUDFWLRQ�DQDO\VLV;�UD\��

aZ´]zº§¦º°³�¹ Zº·²·M�½Z·vÀ�§Y�¹ ¾«M�uYºº¯ �©ºº¬p¯�½Zº·
¶³ºº°³\Àczºc ¶º] Zº·Zº]®¿vº� aZdº�Y�æyÇº¯��ê S+�[M��

¶³&Àººº�§Yèå¾ººº] aYzdÀººº� ¹ vººº�yu�aZ³ºÀºººc ½u�aZ´]zººº§
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

ìì

�'LWKLRQLWH�FLWUDWH�ELFDUERQDWH�oººº- �xºº¿uzºv��º{Y�~
±Z°À��ª¯Yº���xºoY|kY��µv´´§½}y��¬dt¯��b�yu�¹ |¿y�

b¬Àºº� ¹�bºº�yu�¹ �ºº�ºd¯��|ºº¿y�Zºº]¹ %º ¿zd³Zºº� µZ.dºº�u�
¶ºc aZÀº¬°�Y|kY�¹ ¾´Àº�³½[º�z¯�¦«Y��¹y�Z]�²���¬dt¯�
v¿uz-�Yvk�æè��

yº�´¯�¶]¶°À³�¶¿|lc��øï�¶�¿Z¤¯�­Zl³Y�¹ ¾�y�½Z·�¾³Z§�½Y
¢À£uY ²À]�zc�z.¿v¨¿� Z]� Z·�¥Zs�¹ qy�®À³�¦¿�¾�¿YvÀ��½Z·�¢�

½Z¯u�yu� Yy�}y�±ºÀ�³Z��º��{Y�½yYv¤¯ìêuYz-�¾d³Z��¶kyu�
av¯�¶]çéyuº��Zc�µvÀWZ��Yy�±M�~���¹ µuº°³�¦�s�b�Z��

] ¾dsYº´¨¿¶v¿M�b�u�¶³º°³�¹u�~��éå¾¬À¯�}y�{Y�¾¯z-
v¿uz-�²¿{ºc�>Z¤À£u�æç��

¶��Y��Yz��½Z·|À«Z³M~¨¿Y�
¹ ®¿|À´¯�Z]�¾º¨¿�Yy�}y��ºt]�zº· {Y�µvº� ²¿{ººc ¶³ºº°³�¹u
>È¯Z§�±ºÀ�³Z��º��¦º¿ ¹ µuºº°³��Z^º�Y�®Àº�Zd��Zº] Yy�½zº.¿u

¾d³Z��¦º¿ ®ºlo�¶º] bsYº´º¨¿±M�¹ ¶À¸c�\�¨¯�zd¯yº��¶]�Yy
¶�À��­Ç�¦º¿ ½¹y�zº] ªº¯Z§yu�¶§�v��µuYu�µ{ZkY�¹ ¶dt¿y�½Y

Y ½Zº¯uºc¡Z½Yzº]�¿YyM�¶³ºº°³�¦º¿ ¶Àº¸c�¶d�z-���2ULHQWHG�
uuz-�¦º�s�uyº¯�¶³Z-Yvk�yº��¶]�µv��yZ°Àc�½Z·�¶³º°³�~��

v´d�z-�yYz£�~¨¿Y�¶��Y�Z]�¶¿|lc�
~¨¿Y�¶��Y�Z]�¶¿|lc�{Y�~��®¿|À´¯�Z]�µvº� �Z^º�Y�½Zº·­Ç

½Yzº]¶³Z^��¦¿�av¯�¶]��©º¨À¬-�²¬ÀcY�yZºt]�Zº] �Z^º�Y�yu�{¹y
½Zºº¯u�yu�²ºº§ ¦ºº�sìåºº- yYzºº£ uYzºº-¾d³Zºº� ¶ººkyu�¹ ¶d�z

½Z¯u�yu�\Àczc�¶]�®À�Zd��Z]�µv���Z^�Y�½Zº·¶³ºº°³ææå¹êêå
av¯�¶]�uYzº-¾d³Zº� ¶ºkyuçyYz£�ayYzo�yZ°Àc�bpc�b�Z��

v´d�zºº-�¶³ººº°³�~�ºº�µZ.dºº�u�¶¬Àºº�¹�¶ºº] µvºº� yZ°Àººc ½Zºº·
¹{uZ°Àººººº� ©vººººº¯ ~ººººº¨¿Y�¶�ººººº�Y�½zºººººd¯ºd§Yz ¿u

�;�UD\� GLIIUDFWRPHWHU� ;'������ 6KHPDG]X�{Y�µuZ dº�Y�Zº]
¦c�¦º¿µv´´§�­Z��0RQRFKURPDWRU�����c�¹D&X�.bpc�

©uZº�¯�¾º³Z¿zkéå¾º¬À¯�z]Yz]�½%Zd«¹�¹ z�¯MéåyYz£�b«¹º¬À§�
v´d�zº-�¾º�yz]�½Yzº]¦À��z¿{�n���{Y�Zº·¾º³Z§�¾º°§�¶°Àº³

v¿uzºº- µuZ dºº�Y�yZºº§ ²ºº¿Y ­Zººl³Y�½Yzºº]bºº�t³Zºº] ¶³ººº°³�¹u�

�bÀºº´À«ºWZ§�a¹Z dºº¯ ½Z·vºº�yu|ººcyYº§�¹ bÀºº³º¬¿yº¯�b³ººº¯
­{Ç�½Z·yZ°Àc�{Y�~��¹ v¿uz-�¶Àº¸c��«Zºs�½Z·�¶³º°³�¶]Z�¯

¥Zºs�v��¶d�z-�~¨¿Y�`��Y�¶¬À�¹�¶] Z¸³M�¦Àº��z·�¾.d�]�®·�
�Yzºº� �¬dººt¯�½Z·zººd¯YyZ��Zºº] �«Zººs ½Zºº·¾ºº³Z§�{Y�­Yvºº§

º] µvº� ®º�y�½Zº·bº�Z.³�¶¾.d�]�®·�²¿zd�À]�¶§�v¯M�b�u
vº�yu¾^�³�¾³Z§���³�zh§Yvo�½Z·zd¯YyZ��[z��ª�Zo�Z]�Z·�

¸�ºº¶¬£�½Z´�¦À��¯Z§ºª�)XOO�ZLGWK�KDOI�PD[LPXP�yYv¤¯�¹
±Z¯{�voY¹�yu��yZ°���,QWHQVLW\��NLOR�FRXQW�SHU�VHFRQG�Z¿

º] avº�¶j¿Zd³�Z]�¶º§ vº¯M�bº�u½Z·�¾�yz]b¤]Z�¯�±Yz.¿u�
uyYu�ç¹æç���²¿Yzº]Z´]yº�´¯�¶]½Z·�¾�yz]¶°À³��øï��²¿Y�{Y�

µuZ d�Y�Z·zd¯YyZ�v��

¾³¹zd¨«Y��º¨�¹z¨À¯�aZ�«Z�¯
¶ºº³Yv§Zs�{Y�½uYvºº�c¥Zººs ½Zºº·�¶sººº¬§�aZ]ººº�y�aYyw�¹

|¿y�²��µ{Yv³Y�yu�½uZ]�¶d�Z¿��¿Z�z�Z]¾³¹zd¨«Y��º¨�¹z¨À¯�
¾º�]¹y�6FDQQLQJ�HOHFWURQ�PLFURVFRS\�uyºº¯¾º�yz]yYz£�
v´d�zº-�¶³ºº°³¶¿Z��½¹y�z]�µv��¦�s�½Zº·¾¯ºÀ´À¯º«M�½Z·Z]

¶¿Ç�Z]�~���¹ \�³�²]z§�\�#v³v��µuYu���º��È��{Y�½Y�
¶³ºº°³µvº� ¶Àº¸c�½Zº·Zº]©v¯�¾�]¹y�¾³¹zd¨«Y��º¨�¹z¨À¯�
~�ºÀ¬À��3KLOLSV�;/���+y|º] ayvº£ Zº]¾¿Z°³æçåååuyº¯�

v´d�zº- yYzº£ ¶º�«Z�¯�¶³º°³�²À´#�®·zd¯ºd�¹zd¨��Y�¶¬À�¹�¶] Z·
~¨¿Y�¶�º�Y��DQDO\VHU(QHUJ\�GLVSHUVLYH�;�UD\�À³ºbpc�|

­Yz-ºd§Yz ¿u�¹ ¶d�zº- yYzº£ ¾º À§�½Z·|ºÀ«Z³M®�y�¶�º]z¯�½Z·
v¿uz-�

j¿Zd³fp]�¹
¶¤�´¯�½Z·�¥Zs��À�ºc

¹ ¾ºº¨¿|À��aZÀºº�º�s�¾ººsz]�¹ ¥Zººs ½Zºº·qy�®Àºº³ n¿zºº�c
¶�«Z�¯�uyº¯�bt¿y�²À¯{�¶��¶]��º]z¯�Z¸³M�¾¿ZÀ°À��©¹vk�yu�æ

bº�Y�µvº� µuYu�±Zº�³�À³qy�®æ$¶´¨�Y��¹zt¯�¶³Z��yu��£Y¹�
¹ ¦À�¬§�¶�t�¯�½Z·�¢�Y ¹ ¾´��¾�y�­º«�b�Z]�Z]�¾º·º¨¿Z�
{vÀººº��¿%�¾ººº�¬§�¦Àººº�Àc�+y|ººº] µ¹zººº- yu��¦Àººº��¿%
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

ìí

©¹vkÎ�a¹Z d¯�­z�v´«�¶��{Y�¥Zs�qy®À³�j´��µv��[Ztd³Y�aZÀ�º�s
¢�Y ¢°�

FP
¶´À¯{�,³y
[º�z¯ S+ �G6P

(&
� �

2&
�

�&D&2
�
*\SVXP

�
6DQG

�
6LOW

�
&OD\

qy�®À³æ$��¾·º¨¿Z��¶´¨�Y��¹zt¯�
$ æë�å ���<5��� æ�í îê�å èæ�å ê�èê å�å ëë æç çç
%N çî�æë ���<5��� î�ì îå�æ ææ�å ê�èì é�é êë æé èå
%\ ëî�çî ���<5��� ì�ì åê�é åè�å ê�èê é�î ëì æç çæ
%\N æåå�ëî ���<5��� ì�ì êí�ì åè�å ê�çí ê�æè ëè ë èæ

qy�®À³ç$���¾·º¨¿Z��¶´¨�Y��¹zt¯�
$ çç�å ��<5��� î�ì èî�æè çè�å ê�èë å�å ìé æç æé
%WN éå�çç ���<5��� í�ì íë�ê ææ�å å�èì ì�æ ìé ê çæ
%WN\� íè�éå ���<5��� å�í ìæ�æå åè�å ê�çå ë�çå êå çç çí
%WN\� æèå�íè ���<5����� å�í êæ�æå åè�å å�æë í�êè ëë î çê
%WN\� æìê�æèå ���<5��� ì�ì èë�ë åæ�å å�æì î�èì ìå ê çê

qy�®À³33���¶´¯Yu�b�u½Y�
$S]\ çé�å ���<5����� ë�ì ë�êç êê�å å�èæ é�ì æç èç êë
%] ëå�çé ���<5��� í�ì ë�çè æî�å å�çí î�æ î èè êí
%]\� ææé�ëå ���<5��� î�ì ê�çå åî�å ê�çê é�ê æç éì éæ
%]\� æêå�ææé ���<5��� å�í í�æî åë�å å�çé é�ì æé êå èë

qy�®À³æ7���u¹y�µv´¿Y{�¶³Zsu¹y�¾°¿v£�¶³Z-uZ��
&]\ çå�å ���<5��� è�í é�çæç èí�å å�çç å�çì éë éé æå
�%]\ êå�çå ��<5����� é�í å�êå åî�å ê�èç ç�ì æå èë êé
�%ZE íì�êå ��<5��� è�í å�æì åî�å å�èå è�å è éê êç
�%JE æåç�íì ���<��� é�í è�î ìê�å å�éç è�å í éî éç
�%ZE� æéç�æåç ��<5��� è�í è�í æì�å å�éè ì�æ ë éì éì
�%ZE� æìå�æéç ��<5��� è�í å�æç åæ�å ê�éç å�å ææ éì éç

qy�®À³ç7���u¹y�µv´¿Y{�¶³Zsu¹y�¾°¿v£�¶³Z-uZ��
%]� æí�å ���<����� æ�í ì�çèí êê�å ê�èî ê�å æè ëç çê
%]� êë�æí ���<��� é�í ì�ëì èç�å ê�éç å�å î ëè çí
�%]� ìé�êë ���<����� ç�í é�êå ëç�å å�éè å�å ç êå éí
�%]J îì�ìé ���<��� è�í è�éë éê�æ å�éå ç�å é éé êç
�%] æçå�îì ���<��� ç�í æ�éæ éæ�å ê�çé î�ç æ çê ìé
�%]J æéë�æçå ���<����� å�í ê�èí ëê�æ å�èå é�å è çè ìé

]%� c æëå�æéë ���<��� å�í ç�èé ëæ�å ê�ææ å�å æ çë ìè

�7\SLF� &DOFLJ\SVLGV�µuy�¾¯�½v´]uº��æí��¥Zs�qy�®À³ç$
¯ \Àº� ½Z¸dº³Y�yu��º£Y¹¾´��¾�y�­º«�b�Z]�Z]�¶´º¨�Y��¹zºt

µ¹z-�yu��¦À¬ÀkyM�¹ ¦Àº��¿%��¦Àº�¬§�¶º�t�¯�½Zº·¢º�Y¹
�¬§�+y|º]ºkyM�¦Àº��¿%�¾º{vÀ��&DOFLF�$UJLJ\SVLGV�£ºyYz

¾¯uzÀ-�

¶´ºº¯Yu�bºº�u½Y�SS�µººº¸£�,ºº³y Zºº] ¾ºº§Zs�½YyYu¹ µzººÀc ½Y
bº�Y�¾d¬Àº� ¾º�y�­ºº« Zºc ¾º�y�bº�Z]�½Z·�¢�Y Z]�¥Zs�²¿Y

�¯tºÀ«Zºº� ¶ºº�º�¿%�+y|ºº] µ¹zºº- yu�¦Àºº��¿%�¹ ¦º¦Àºº�
·º�Zººº�º¬ºÀ«Zº{v��*\SVLF+DSORVDOLGV�£ººº¯ yYzººº¾À-ºººuz�

¾¿ÇZ]�½Zº·b°º�£�yu�¦À«Zº� ¹ ¦Àº��¿%�½Zº·¢º�Y ªÀ¨º�c
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

ìî

¹ yººº� ¾ºº´À¯{z¿{�[M�½yÈÀºº�Z§�uº�ºº� ¶lÀººd³�¥Zººs ²ºº¿Y
¾¯�n���z]�½uZ]�aZ]º�y��¿Y|�Y�¹ ¾°¿v�v�Z]�

z]� �£Y¹� ½Z·�¥Zs¶³Zsu¹y� ¾°¿v£� }Yzc�½Y�½Z·�¥Zs
¾d�z]M�¾³Yºk�½Z·�¥Zs� �®§�ª¯Z¨c� ¹ ¶��ºc�¦¿� Z]v´d�·�
qy�®À³æ7¶d�z-�yYz£�½uZ]�aZ]º�y�zÀgPc�bpc�¶§�b�Y�¾§Zs�

¶�t�¯�½Z·�¢�Y ¹ ¾d¬À��}y�b�Z]� Z]�¢À°��¾§Zs�½YyYu� ¹
¾¯�¦À^°§¹�¦À��¿%� �¦À«Z�¦À��¿%�+y|]�µ¹z-�yu�¶§�v�Z]

Z�º¬�Z·¾¯�yYz£�{vÀ«uzÀ-�¹ mÈ¯Y�½¹Zo�½uZ]�aZ]º�y��¿Y|�Y
Z·�¥Zs� ²¿Y� n��� ¶]� "-�¹ ¦À«Z�� ½Z·�¢�Y ªÀ¨�c� \^��

b�Y� µv¿uz-�¥Zs� ¾¿ÇZ]� ½Z·�b°�£� yu�¦À��¿%�z¿º�cÎ
�Yz-¹z¨À¯�z¿º�c6(0²¿Y�n���¶]� µv��¶�Z�Y�"-�aYyw�

¾¯�±Z�³�Yy�½uZ]��¿Z�z��v´¿Mz��zgY�yu�Z·�¥Zsv·u�
�qzÀ°³�¥Zs�n�ç7¢�Y� ¹ ¾·ZÀ-���º�� ¶³º-z·�v£Z��

b�Y�¶d�Z¿��¿Z�z��±M�¾p���¢À°��¾§Zs�½YyYu�qy�®À³�²¿Y
¾¯�¦À«Z��¶�t�¯�¢�Y�¹ ¾�y� Zc�¾d¬À��}y�b�Z]� Z]¹ v�Z]

¾¯� yYz£� {vÀ«Z�º¬�Z·�¦À�Àc�+y|]� µ¹z-� yuuzÀ-�¢�Y�ªÀ¨�c
{Y�ª�Zo�½yÈÀ�Z§�[M�uº���¶lÀd³�Z·�¥Zs�²¿Y�yu�¦À«Z�[M

±M�zÀt^c�¹ n���¶]�¾°¿v��¹ yº��¾´À¯{z¿{b�Y�¢°��yu
íìqy�®À³�½zd¯�¾d³Z��æ7¢°��¹½Z·ìé¹æçå½zd¯�¾d³Z��

qy�®À³ç7¾À¬-�¶¿Ç�¦¿��*OH\�µv¿u¾¯�,³y�½YyYu�¶§�uº�
y¹Zl¯�½Z·�¢�Y {Y�¾c¹Z d¯�©¹vkæ��¹�¿Yz�� _v´·u�±Z�³�

¶d�x-�yu�¾]Yv³Z¯b�Y`$t¿yZc�¶]�¹uuz-�¾¯�z]�¥Zs�²À�À��
²¿Y� yu�}y� v�yu� ½u¹vo� Zc� ¹ ¾«M� uYº¯� v�yu� ²À´#�®·

¢°�¾¯�±Z�³�Yy�½{yZ]�¾.d�¨��Z·uºk¹�µv´·u�±Z�³�¶§�v´·u
¶¿Ç�²¿Y�yu�¾.´���Z�¤³Y�¦¿b�Z·�½ºÀ-�ê�v´§�¾¯�±ZÀ]¶§�

�¿Y|�Y�b¬��¶]��¾«Z$t¿�²À]�¹ ¾«Z$t¿�µy¹u�²À]�ª�Z��vo�yu
¶lÀd³� yu� [N³Y¹yr¿� [¹w�Z�� ¹ Z·¿¶#Z¿yu� �zÀt^c� ±uº]� ²À

b�Z¿�½uZ¿{��zd�-�±Z¸ �Y�¶¤�´¯�yu�¾¬���¾³ºs¹Z-�±M�yu
µv´¿Y{� ¶³Zsu¹y�¾°¿v£�½Z·�}Yzc �±Z¯{µv¿v�� zÀgPc�bpc� u¹y

¾]Yv³Z¯�+\GURPRUSKLVP�v´d�Yu�yYz£��
±ºº¿ ©Z¤dº³Y�¹ yºº� ¾º´À¯{z¿{�[M�zºÀt^c¹ aZ «º��½Zº·

[N³Y¹y��º�ºc�®Àº�¬§f�Z]��¶¤�´¯�¾$-�½Z·v³{Z��{Y�v�¶§�

v´§�[º�y� Z·�}Yzc�²¿Y�½Z·�¥Zs�yu�"-�¾¯uZs�è�v¤d�¯�|À³
yu�¶�«Z�¯�uyº¯�¶¤�´¯�¶§�bº�YæêåååZc�çååååyu��À��©Z��

] ¶#Z¿yu�[M�>Yv�]�¶§�b�Yu�uºk¹�¾³ºs¹Z-�¶#Z¿yu�[M�zº¿{¶
\¤��¡z���z�b�Y�µuz§�¾´À�³�

yº¯�½Z·�¥Zs�¾�y�½Z·�¾³Z§¶�«Z�¯�u
ºcz��½Z·�b�Z.³��Yzº�;�;�UD\�GLIIUDFWLRQ�3DWWHUQV�aYyw�

�¹zt¯�\À��¶³Z��¥Zºs }y¾·º¨¿Z��¶´¨�Y�æ$�µv´·u�±Z�³
|¿y�}y��t]�yu�bÀ¨�yº.À«Z��¹ Z¨À¯�\«Z��½Z·�¾³Z§�uººk¹

¾º¯y¹�½zºd°§�zº¿uZ¤¯�¹µYz°·�¶]�b¿z¬§�¹ bÀº´À«ºWZ§��bÀº«º§
½Zººº·¾ººº³Z§�{Y�½|ºººÀ#Z³�yZÀººº�]�zººº¿uZ¤¯®�´ººº¯Z³��ºººº¬t¯�

�5DQGRPO\� LQWHUVWUDWLILHG� OD\HUV�b¿zº¬§�±¾º¯y¹�¹ bÀ«º§
b�Y�yZ�º�v¬��ª¨�Ï��¾³Z§�¥Zs�²¿Y�b�yu�}y��t]�yu
¾¯�\«Z��Z¨Àº¯v�Z]�ª¨�Ð���t]�½Z·�b�Z.³��Yz��¶�¿Z¤¯

¾¯�±Z�³�¥Zs�²¿Y�|º¿y�}y��ºt]�¹ bº�yu�}yz·�¶§�v·u
bº�yu�aYyw�¶º#¾º¯ zºc³Z§�yYv¤¯�{Y�v³uzº-bÀ¨�yº.À«Z��¾

¾¯�µu¹|�Y�bÀ´À«ºWZ§�¹ b¿z¬§�½Z·�¾³Z§�z¿uZ¤¯�z]�¹ ¶d�Z§uuz-
�½Zº·ª¨º� ¶º�¿Z¤¯Ï¹Ð��²¿Y�²°º�¾¸kºc�ª]Z£�z¿uZ¤¯�¶§

|ºcyYº§�¶º¬£èèè�åzºd¯º³Z³��b�yu�}y��ºt]�yu�|ºÀ³µv¿u
¾º¯uºº��ª¨º�Ð�¶d�Z¿�Zº] ¶º§b¤]Z�¯�|À³�±Z¤¤p¯�z.¿u�½Z·
uyYu�ç�è¹ �æç��©¹vººkç¶°Àºº³ zºº¿uZ¤¯�ºº�øï�½Zºº·¾ºº³Z§�
¡ºº��¬dt¯�½Z·�¢�Y b�yu�}y�¹ |¿y�}y��t]�yu�Yy�z§x«Y

¾¯�±Z�³v·u�
�¹zººt¯�\Àºº� ¶ºº¿Z��¥Zººs yu¾ºº·º¨¿Z��¶´ºº¨�Y�ç$��

¶¿Ç�yu�\«Z��¾º�y�¾º³Z§�±Yº´º�¶º] bÀ¨º�yº.À«Z�¾¤°��½Z·
¾¯�¥Zºsv�Z]�yu�¾�ZÀ«Y�¾�y�¾³Z§�¦¿�±Yº´��¶] bÀ¨�yº.À«Z�
¾º�yz]½Zº·¶ÀoZ³�yu�½º£�¶¬£�¦¿�~¨¿Y�¶��Y��Yz��åé�æZc�

åê�æuyYu�zºd¯º³Z³��æì���¾^�³�b]º�y�zÀÀ�c�Z]�yºº¬]�b¯Ztº�
±ºÀcZ§�Zº] �Z^º�Y©º¨«º¯��¿Y|�Y�Z¿�¹ Z·¾°³�zÀÀ�c�¾«M�½Z·v´§�

ayYzo�¶kyu�Zc�¾º³Z§�±uYu�Z¯zº-êêåf�Z]�uYz-�¾d³Z��¶kyu�
³Z§�±v��¾�Èd¯º¾¯�¾uuz-�æì��Yz��yu�Z.³��º�Y�½Z·�bº¶�

¨¿Yº¿y�}y�~º³Yu|º°c�¶º¯Zº¶�«Z�¯�uyº¯�½Z·�qy�®À³�½Z·�¢�Y ¾
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

íå

ª¨�Ï�b�Z.³��Yz�ºcz��½Z·;}y�aYyw�|¿y¢�Y�%\N¾·º¨¿Z��¶´¨�Y��¹zt¯�©¹Y�qy�®À³��æ$�

�½Z·�ª¨�Ï�Ô�Õ¹Ö�Z´hd�Y�¶]½¢�Y$S]\¶´¯Yu�b�u�¹ ½Y
½Z·�b�Z.³��Yz��zºh§Yb�yu�}yqy�®À³�½Z·�¢�Y ¶³YuZ·�½Yz]

ª¨���©Zhº¯Ñ�®¿|À´¯�Z]��Z^�Y�¶³º°³�yu���0*�u¹vo�¶¬£�¦¿
åê�æzºd¯º³Z³�µv¿u¾¯�²¬ÀcY�yZt]�Z]�µv��yZ°Àc�¶³º°³�yu�¶§�uº�

©º¨Àºº¬-�(*�®Àºº�Zd��Zºº] µvºº� �Z^ºº�Y�¶³ººº°³���.�{Y�~ºº� ¹
avº¯ ¶º] ¶³ºº°³�±uYu�ayYzºoçyu�b�Z��&$ææå��ææå7�

Zººc ¶³ººº°³�±uYu�ayYzººo {Y�~ºº� ¾ºº«¹ bºº�Y�µuº°´ºº³ ½zººÀÀ�c
&$êêå��7����z]�ªÀ«u�¶§�¶d�Z¿��·Zº§ ¦Àº� ²º¿Y�avº� �

b�Y�¾³Z§�²¿Y�±vº� ¾º�Èd¯�¦À��¶d^«Yå�æµv³Z¯�¾£Z]�zd¯º³Z³�
ayYzºo yZ°Àºc yu&$êêå©¹Y�µuy�¶]��º]z¯b�Z¨À¯�¾³Z§�

¾³Z§�²¿Y�­¹u�µuy�¶¬£ uºk¹�²À´#�®º·�ëé�åzd¯º³Z³��yZ°Àc�yu
²¿Y�yu�bÀ¨�yº.À«Z��yº�o�z]�½vÀº¿Pc�|ºÀ³�®¿|ºÀ´¯�Zº] �Z^º�Y

¾¯�Z·�¥Zsv�Z]�

qy�®À³�®l´��¹ ­¹u�¢�Y�½Z·�b�Z.³��Yzº� ¾º�yz]�Zº]ç$
¾º¯ �tº�¯�¿Y|�Y�¢°��Zº] bÀ¨º�yº.À«Z��yYvº¤¯�¶º§ uºº�

¾º¯v]Z¿�©¹vkç��¶¬£�av���®l´��¶¿Ç�yu�¶§�½yº��¶]åê�æ
ayYzººo yZ°Àººc yu�zººd¯º³Z³&$êêå�xººo ¶ºº] zººl´¯�¶ºº§

{Y�zd°§�¶]�>Z^¿zº¤c�v¿uzº- bÀ¨º�yº.À«Z�æê¶À«¹Y�av��v�yu�
¾º¯vº�y�ª¨º�Ñ��¶¬£�b�Z.³��Yz��²º¿Y�yu�²Àº´#�®º·½Z·
êèî�å�éçê�å¹èçè�å¶º¬£�¶º] �º]zº¯ zºd¯º³Z³�º·µuy�½Z½Z·

bÀ¨º�yº.À«Z��½vº�]µvº¿u¾º¯"À·�yu�¶§�uºº��Yz��{Y�­Yv§
uyº¯�½Z·�qy�®À³�z.¿u�½Zº·¢º�Y ½Zº·bº�Z.³¾�yz]�t�¯�

µvº�³bº�Y��¶º°·�Z¸´º¿Yµv´º·u�±Zº�³yu�¾³Z§�²¿Y�uZ¿{�v�yu�
�¹zt¯�½Z·�¥Zs�¾¤°��½Z·�¢�Y¾¯�¾·º¨¿Z��¶´¨�Yv�Z]�

³Z§�bsYº´¨¿� �¿{ºc� ¶]� ¶kºc� Z]¾�y�½Z·�¾v´³Z¯�bÀ¬¿Y�
¬§º§ ¹ b¿zºs yu�bÀ´À«ºWZº·¥Zºuyº¯�½Z¾º�yz]��©¹vkç��
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

íæ

z¿º�cÎ��Yz-¹z¨À¯�z¿º�c�6(0{Y�¶§�|¿y�²��µ{Yv³Y�yu�"-�aYyw�{Y���ºc�¶d�Z¿��¿Z�z��¾°¿v£�mº��
¥Zs�n���¶]�¹ ª°o�uZ]�}Yzc�½Z·µv´¿Y{�¶³Zsu¹y�®¿v£�®d�À�b�Y�µv��¶�Z�Y�u¹y�

�ª¨Ð�b�Z.³��Yz�ºcz��½Z·;}y�aYyw�b�yu¢�Y�%\N¾·º¨¿Z��¶´¨�Y��¹zt¯�©¹Y�qy�®À³��æ$�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

íç

©¹vkç�¾^�³�z¿uZ¤¯�¾°§�¶°À³�¾³Z§¥Zs�b�yu�}y�¹ |¿y�}y��t]�yu�Z·qy�®À³�µv��[Ztd³Y�½Z·½Z·
a¹Z d¯�­z�v´«�¶��{Y�¶�«Z�¯�uyº¯

¢�Y 0 3O 6P 9P &K .D 0�6P &K�9P��
&K�6P

4

y®À³qæ$��¾·º¨¿Z��¶´¨�Y��¹zt¯�
|¿y�}y�PPç�å��

%\N ;;;; 

 ;;; � WU ; ; � WU �
b�yu�}y�PPç�å�ç�

$ ;;;; ;; � WU ;; ;; � ; ;
%\ ;;;; ; � WU ;; ;; � WU ;;
%\N ;;;; ;; � WU ;; ;; � WU ; qy�®À³ç$��¾·º¨¿Z��¶´¨�Y��¹zt¯�

|¿y�}y�PPç�å��
%WN ;;;; ;; � ; ; ; � ; ;b�yu�}y�PPç�å�ç��
$ ;;; ; � ; ;; ;; � WU ;
%WN ;;;; ; � ; ;; ;; � ; ;
%WN\� ;;; ;;;;; � WU ; ; � WU ; qy�®À³33��¶´¯Yu�b�u½Y�

|¿y�}y�PPç�å��
$S]\ ;;; � ;; � ; ; WU ; �
%] ;;; ; ;;; ; ; ; WU ; �
%]\� ;;;; ;; ; WU ; ; � ; �b�yu�}y�PPç�å�ç��
$S]\ ;;;; � � WU ;; ;; WU ; ;
%] ;;; � � ; ;; ;; � ; ;
%]\� ;;;; WU ; WU ;; ;; � � ; qy�®À³æ7��uZ�u¹y�µv´¿Y{�¶³Zsu¹y�¾°¿v£�¶³Z-�

|¿y�}y�PPç�å��
�%]\ ;;; ;;;; ; � ; ; ; WU �
�%JE ;;; ;;; ; � ; ; WU ; WU
�%ZE� ;;;; ;; ;; ; ; ; � � �b�yu�}y�PPç�å�ç��
&]\ ;;; ; ;; � ;; ;; WU ; ;
�%]\ ;;;; ; � WU ;; ;; WU WU ;
�%JE ;;; � WU � ; ;; WU ; ;
�%ZE� ;;;; � ; WU ;; ;; � � ; qy�®À³ç7��u¹y�µv´¿Y{�¶³Zsu¹y�¾°¿v£�¶³Z-uZ��

|¿y�}y�PPç�å��
%]� ;;; ;;;; ;; ; WU ; � � �
%]� ;;; ;;; ;; ; WU ; � � �
�%]J ;;; ;; ;;; ; ; ; � � �

]% c� ;;; ;; ;;;; ; WU ; � ; �b�yu�}y�PPç�å�ç��
%]� ;;; � � ; ;; ;; � WU ;
%]� ;;; � ; ; ;; ;; � WU ;
�%]J ;;; � ; ; ;; ;; WU ; ;

;;; � ; ; ;; ;; � ; ;

�0 �� Z¨À¯3O ��b¿Z¨�yº.À«Z�6P �bÀd¨°�Y9P ¯y¹¾�bÀ«º§&K ��b¿z¬§.D ��bÀ´À«ºWZ§0�6P Z¨À¯�®�´¯Z³��¬dt¯�¾³Z§±�bÀd¨°�Y�&K�9P
 b¿z¬§�®�´¯Z³��¬dtd¯�¾³Z§�¾¯y¹���bÀ«º§&K�6P b¿z¬§�®�´¯Z³��¬dt¯�¾³Z§±¹ bÀd¨°�Y�4 |cyYº§�


�bÀ°§¾^�³�½Z·� |À#Z³�¾¬Às WU��æå�ê �;���æå�çå �;;��èê�çå �;;;��êå�èê �;;;;�ìå�êå �;;;;;���ìå�! ;;;;;;
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

íè

ª¨�Ñ�b�Z.³��Yz��ºcz��½Z·;¢�Y�b�yu�}y�aYyw�%WN\�¾·º¨¿Z��¶´¨�Y��¹zt¯�­¹u�qy�®À³��ç$�

²¿YZ·�¾³Z§{Y�½yuZ¯�uYº¯��bÀ¨�yº.À«Z��¾«¹�v³Y�µvÀ�y�eyY�¶]�
v^¬��¾¯�Yy�½Y�¶³Z-Yvk�zÀ� c�Yz¿{aZ]º�y�yu�¾³Z§�²¿Y�{Y�½zgY�

±Yºk¾¿¹y�¢�Y�$µv¿u� ¶¤�´¯� ½Z·�¥Zs� ½yuZ¯� uYº¯� ¹
uº��¾°³�½%º«º�z¯��½yuZ¯�uYº¯�¶³º°³�yu�¾³Z§�²¿Y�uºk¹�­v�

bÀ¨�yº.À«Z��½Z·z^À��v´¬]�¹ µvÀ�§�z¿º�cÏ�±Z¨¯��°lc�¹
®À�¬§� aZ´]z§� Z]� bÀ¨�yº.À«Z��z¿º�cÐ��«Y��yº�o� ¹

¸kºc� ª]Z£� z¿uZ¤¯¾±Z�³� ¶¿º³Zg� "-�{Z�§Zs� P�´¯� µv´·u
b�Z·�¥Zs� ²¿Y� ¾°¿v£� ½Z·�¢�Y yu� bÀ¨�yº.À«Z���Z^cyY

uºk¹�bÀ¨�yº.À«Z�� ¹ bÀ�¬§�½Z·yº¬]� yº�o�²À]�¾¨¿u|³
b�Y�¾³Z§�²¿Y�½yYv¿Z��½Yz]�\�Z´¯��¿Yz��{Y�¾�Z³�¶§�uyYu�

v³Y�µuz§� vÀ§Pc� |À³� z.¿u�²À¤¤p¯� ¶§� yº��±Z°·�æç�b¬�� ¶]
½ÇZ]�b^�³� �"-�ªÀ¨�c� ¹ zÀt^c��¿Yz�0J�&D¹S+�ÇZ]�

�æì�µuº]�®·Yz��bÀ¨�yº.À«Z��ªÀ¨�c�½Yz]��¿Yz��¶d�x-�yu
b�Y��}y� µYz°·�"-� ¹ ¦·M�¾·Yz°·� ¹ ¾¬���¦�s�®À¬£Y

b�Y�µuz§�®·Yz��bÀ¨�yº.À«Z��½yYv¿Z��½Yz]�±Z´$°·�Yy��¿Yz��

qy�®Àºº³ ¾ºº¤°��½Zºº·¢ºº�Y yu�¶ºº§ ½yººº�¶ºº]ç$¶dºº�y��½Zºº·
��Èº§�º] bÀ¨º�yº.À«Z��¾º³Z§¶¾º]ºsª¨º�ª¿º��¹ ¶d�zº-

v´dºº�·��z¿ººº�cÏ��}y��ººt]�yu�¶ºº§ bºº�Y�¾ºº«Zo�yu�²ºº¿Y
�¹zººt¯�½Zºº·¥Zººs ¾p�ºº� ½Zºº·¢ºº�Y½Zºº·¥Zººs �¶´ºº¨�Y

¶´ºº¯Yu�bºº�u�½Zºº·¥Zººs ¹ ¶ºº³Zsu¹y�¾ºº°¿v£�½Zºº·}Yzººc½Y
�Èºººº§µZcººººº§ Zºººº·¾ºººº¯ ¶dºººº�¨��¹ zººººcv´ºººº�Z]

�æç��uyººº¯ ½Zºº·¥Zººs ¶ºº§ b¤Àºº¤o�²ºº¿Y uºººk¹�Zºº]¾ºº�yz]
ºº§ �ºº¤��¹ ¾ºº¨·MaZ´]z¾ºº¤°��½Zºº·¢ºº�Y yu�{Zºº�§Zs�½Zºº·

�¹zºt¯�½Zº·¥Zºs¶´º¨�Y¾º¯ bº�Z¿�½Y] �v³ºº�¶¾¯�z�³v�y
b¿zºº¨¬§�±ººº$°·�{Zºº�§Zs�½Z·Z°Àºº� ¶ºº§�Àºº¬§�¹ Zºº·Zºº·

�&DOFUHWHV� DQG� FDOLFKHV�ºº�ºc�º�º£ ¶º·M�zºº�º¨ºººyu�Yy�¾
¾ºº¯ b¿Yvºº· ¾ººd¸k¶ºº§ v´ºº§\czºº¯ yººº� ¶ºº]½Yzºº] �Àººp¯�

·Yzºº� bÀ¨ºº�yº.À«Z��½Zººk yu�ªÀ¨ºº�cuººº� ®�z¿ººº�cÐ��ºº«Y
¯ ±Zº�³ºº¾·uºº·yZ�º�Y�¶º§ vº¬§�½ZºbÀº���&DOFLWH� VSDUV�
Àº�¹�¶º]ºº§ ¶¬º�Èµv��µvÀº�º��bÀ¨º�yº.À«Z��½Zº·²¿Y�¹ v³Y
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

íé

z¿º�cÏ��Yz-¹z¨À¯�z¿º�c�6(0¶d�y��¿{ºc�{Y�¢�Y�yu�b¿Z¨�yº.À«Z��½Z·%WN\�qy�®À³�ç$��¾·º¨¿Z��¶´¨�Y��¹zt¯�

��«Y��������������������������������[� z¿º�cÐ���Yz-¹z¨À¯�½Z·z¿º�c�6(0aZ´]z§�{Y�\Àczc�¶]�{Z�§Zs�½Z·��«Y�{Z�§Zs�"-�¹�[� ¢�Y�¶]��º]z¯%WN\�qy�®À³�ç$��¾·º¨¿Z��¶´¨�Y��¹zt¯�

¶ºº£y¹�¹ µvºº� ªºº £�®ºº· yu�½Z·yººº¬]�¶ºº§ bºº�Y�¾ºº«Zo�yu½Y
"ºº-Zºº]�Èºº§ ²ºº¿Yµvºº�³�µvÀºº�º��Zºº·vºº³Y�cz¿ººº�Ð�[��

²Àºº´#�®ºº·ºº]¶¾ºº¯ zºº�³vºº�y¶ºº§¾ºº¯Z.´·�Èºº§½Zºº·
¦ºº·M�½Z·yººº¬]�Zºº] bÀ¨ºº�yº.À«Z��bÀºº�¬§�v´ºº�Z]�µYzºº°·

¾ºº¯ bºº�Z o�zººd¸]v³ººº��æç��z.´Àºº��æì�µYy�{Y�¾ºº¨¿�½Zºº·
²ººº¿Y yu�Yy�Zººº·¥Zºººs yu�bÀ¨ººº�yº.À«Z��{Zººº�§Zs�ªÀ¨ººº�c

¾¯��Z^cyYv³Yu�
¶º¿Ç�yu¶´¯Yu�b�u�¥Zºs ¾p�º� ½Zº·½Y�33��t]�yu

½Z·�¾³Z§�¹ µuº]�\«Z��Z¨À¯�¹ bÀd¨°�Y�½Z·�¾³Z§�¶³Yu�|º¿y�}y
b¿zº¬§�bÀd¨°º�Y�µvº¿u¾º¯uºº��ª¨º�Ò��}y��t]�yu

¹ b¿zºº¬§ ½Zºº·¾ºº³Z§�{Y�½zdºº�À]�zºº¿uZ¤¯�uºººk¹�¶ºº³Yu�bºº�yu
º] bÀº´À«ºWZ§¶¾¯�µv·Z�¯�|cyYº§�µYzº°·uuz-�²¿Y�yu�²À´#�®·

Yv³�yºº�o�bÀ¨º�yº.À«Z��¹ bÀd¨°º�Y�½Zº·¾º³Z§��ºt]v³y
�©¹vºkç��¶º¬£vºo ½Zº·�º�Y¹å�æZºcé�æ{Y�~��zºd¯º³Z³�

ayYzºo&$êêå¾º¯®�´¯Z³��º¬t¯�½Z·�¾³Z§�¶]��º]z¯�v³Yºc
b¿zº¬§±b¿zº¬§��bÀd¨°º�Y��¾º¯y¹�b¿z¬§��bÀº«º§±�Z¨À¯�
Z¨Àº¯±½Y�¶¿Ç�²À]�vÀ�§¹yvÀ·�Z]�½Zº·}y�¾ºdo�¹ bÀd¨°º�Y�
v�Z]�ì��·¾³Z§�ªÀ¨�cb¿z¬§�®�´¯Z³��º¬t¯�½Z�¾¯y¹�bÀ«º§

b¿zº¬§�Zº¿�¶]�¾º�À^��bÀd¨°º�Y�¾¯�z�³�v�y�yu�¶§�½yº��¶]
¶º¿Ç�bº�Y�²º¨°¯�¾º-v¿uYº·�v´¿Mzº�²À]�vÀ�§¹yvÀ·�{Y�¾¿Z·

¶º¿Ç¾¯y¹�¶]�b¿z¬§�ª¿v^c�v³¹y�yu�½Y¾£Z]�bÀd¨°�Y�Z¿�bÀ«º§
uuz-��¬dt¯�}y�ªÀ¨�c�f�Z]�¶§�v�Z]�µvº³Z¯�ì��¶¬£��Yzp³Y�

é�æ©º¨À¬-�²¬ÀcY�yZ°Àc�yu��#�b°��¶]�zd¯º³Z³��²d�Z¿��Z�^³Y
¾³Z§�±Z�³b¿z¬§�¾³Z§�uºk¹�­v��_v´·u�Z¨À¯�b��
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

íê

ª¨�Ò�b�Z.³��Yz��ºcz��½Z·;¢�Y�|¿y�}y�aYyw�%]¶´¯Yu�b�u�qy�®À³�½Y�SS�

b·Z^��®�y�¾¬��¶�«Z�¯�uyº¯�¶¤�´¯�½Zº·¥Zºs yu�²Àº´#�®º·
· ¶]�¡º��½Z·�¶º¬£Z·�¾³Z§�²¿Y�{Y�½Y�¶¿Ç�²À]�½Z·vÀ�§¹yvÀ"À·

b�Y�µv�³�µuz]�¾º¯Z³�±uº]�ÇZ]�±M�¾¬�Y�b¬�S+�b�Z·�¥Zs
b�À³�v�Z�¯�½Y�¶¿Ç�²À]�½Z·vÀ�§¹yvÀ·�ªÀ¨�c�½Yzº] ¶º§�{Y

¾¨À³%¹v��b¿z¬§�Zº¿ ¹ ­ºÀº´À¯º«M�{Y�¾º´��½Zº·b¿zº¬§�¾º�z�
½Z·vÀ�§¹yvÀ·�Z¿�bÀ«º§�¾¯y¹�½Z·�¾³Z§�Zº] µYzº°·�>Z¯ºº°�²À]�

¿Çºº°º�Y�½Y�¶ºbÀd¨�+,6�¯y¹�¹ºÀ«º§�¾ºb�+,9�b�Y¶]�¹
] ½Zº·¥Zºs yu�yYvº¿Z��>Zd^º�³�{Zº� ¦º¿ ±Yº´º�¶µu{Yº·�av�

©º��¾d«Y�±º$°·v³º��¾¯�b�Z¿�Z·�ì��
¶¬£�av��¶º�¿Z¤¯�Zº]½Z·å�æ¹é�æ}y��t]�yu�zd¯º³Z³�

¶º¿Ç�|º¿y¶º¿Ç�¹ ¾p�º� ½Zº·¶´¯Yu�b�u�¥Zs�¾¤°��½Z·½Y
¾º¯±YººcyYv¤¯�{Y�¢°���¿Y|�Y�Z]�¶§�b�Z¿�b�u�¶lÀd³�²¿Y�¶º]

½Z·�¾º³Z§é�æ¶¬£�½YyYu�¶§�¾¿�Z·�¾³Z§�z]�¹ ¶d�Z§�zd¯º³Z³�å�æZc�

åé�æ¾º¯ zºd¯º³Z³�b�Y�µv��µu¹|º�Y�v´º�Z]�½Z·�ª¨�Ò¹Ó��
¶º¬£�uººk¹ëì�æyZ°Àc�yu�(*¾£Z]�¹ bÀ¨°�Y�¾³Z§�¶]��º]z¯�
¶º¬£�±vº³Z¯é�æyZ°Àºc yu�zºd¯º³Z³�&$êêå±Zº�³�¾³Z§�µv´º·u
¾º¯ b¿zº¬§vº�Z]�ª¨�Ó��¦À���¾�z��{Yå�æyZ°Àc�yu�zd¯º³Z³�

&$êêå±M�avº� �¿Y|º�Y�¹ Z¨Àº¯ µv´º·u�±Zº�³�µv´·u�±Z�³
¶¬£� uºk¹�¹ b�Z¨À¯�¶]�z¿x���Zº�^³Y�½Zº·¾º³Z§�ª¿v^ºcëé�å

yZ°Àc�yu�zºd¯º³Z³0*�º.À«Z��¾³Z§�uºk¹�¶¿Ç�yu�Yy�bÀ¨�y½Z·
¾º¯ aZ^ºgY�¶º] ¾º¤°�v³Z�y�ª¨�Ó��b�Y�®¬�¯�¶$³M��²¿Yz]Z´]

b]Zg�¥Zs�qy�®À³�©º��yu�Z¨À¯�¹ b¿z¬§�½Z·�¾³Z§�z¿uZ¤¯�>Z^¿zº¤c
bº�Y��½Zº·ª¨º� ¶º�¿Z¤¯Ò¹Ó�yYv¤¯�{Y�¢°��¶]�n���{Y�¹

zº¿x���Zº�^³Y�½Zº·¾º³Z§�bÀd¨°º�Y�¾³Z§�yYvº¤¯�zº] ¹ ¶dº�Z§
bÀ¨º�yº.À«Z�b�Y�µv¿uzº- µu¹|º�Y��½Z·�¶¬£�¶�¿Z¤¯å�æ¹é�æ

zd¯º³Z³½Z·�ª¨�yu�Ò¹ÓayYzo�¹ ®¿|À´¯�Z]��Z^�Y�yZ°Àc�¹u�yu�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.7
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                            13 / 20

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.7.8
https://jstnar.iut.ac.ir/article-1-406-fa.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

íë

ª¨�Ó�b�Z.³��Yz��ºcz��½Z·;¢�Y�|¿y�}y�aYyw�%]\�¶´¯Yu�b�u�qy�®À³�½Y�SS�

&$êêåZ°Àc�¹u�yu�¶¬£�¹u�²¿Y�b^�³�¶§�v·u�¾¯�±Zº�³�¡º��y
ª¨��yuÓª¨��yu�¾«¹�b]Zg�>Z^¿z¤c�í¶¬£�av��{Y�é�æzd¯º³Z³�

¶ºº¬£ avºº� zºº] ¹ ¶dºº�Z§å�æ¶ºº§ bºº�Y�µvºº� µu¹|ºº�Y zººd¯º³Z³�
µv´º·u�±Zº�³bpc�bÀ¬¿Y�¾³Z§�¶]�z¿x���Z�^³Y�½Z·�¾³Z§�ª¿v^ºc

vº�Z]�¾º¯ yZ°Àºc ²º¿Y�b]Zg�n���yu�bÀd¨°�Y��¿Y|�Y�²¿Yz]Z´]
¥Zs��¿Yz��¶]�¶kºc�Z]�¶§�uuz-�¾º¯yu�¾´À¯{z¿{�[M�n���¶§�

¶dº�x-bÀ��¹�¢°��¶]�n���{Y�¹ µuº]�ÇZ]�y¹u�±Yv´º# ¶º³ ½Y
µ{¾º¯ zºc�À�º� ¥Zºs ¾º�§ª¿v^c�n���¶º] ¢º°��{Y��vº�Z]

¾¯�ª°dp¯�bÀd¨°�Y�¶º] bÀ¨º�yº.À«Z�v�Z]�²¿Y�¶]�¶kºc�Z]¶§
¶¿Ç�{Y�zd°§�n���yu�bÀ¨º�yº.À«Z��yYvº¤¯¾¯�¾¤°��½Z·v�Z]

{Y�½yZÀºº�]�uZ¤dºº�Y�¶ºº]v´¿Mzºº� zººgY yu�bÀ¨ºº�yº.À«Z��²Àºº¤¤p¯
b�Y�µv��ª¿v^c�bÀd¨°�Y�¶]�¾-v¿uYº·�í��

�t]�½Z·�b�Z.³��Yz�}y¶³º°³�b�yu�Z^�Y�½Z·Z]� µv�
ayYzo�yu�®À�Zd�&$êêå¾¯�±Z�³�¶¬£�av��¶§�v´·ué�æ

b�Y�¶d�Z¿��¿Y|�Y�zd¯º³Z³�½Z·�ª¨�Ð¹Ñ��½yZÀ�]�µvÀ¤��¶]

{Y®À�Zd��Z]��Z^�Y�¶³º°³�yu�b¿z¬§�©¹Y�µuy�¶¬£�av��²À¤¤p¯
ayYzo�¹&$êêå¾¯��¿Y|�Y�v]Z¿�ì��µuy�¶¬£�av���¿Y|�Y�

¶§�b�Y�¾³Z§�²¿Y�±uº]�©Yyv·Zd§Y�½zc�µv´·u�±Z�³�b¿z¬§�©¹Y
b¿z¬§�²À¤¤p¯�{Y�¾sz]�uZ¤d�Y�¶]½u�½Z·{Y�¾´��¶§�©Yyv·Zd§Y

º°�¯� �v´�Z^³� ²·M{Y� v�]� Yy� ©¹Y� µuy�¦À��av���¿Y|�Y� >Ç
ayYzo&$êêå¾°³�±Z�³�v´·u�ì��

¶¿Ç�}y��t]�½Z·�b�Z.³��Yz�qy�®À³�¥Zs�¾p���½Z·
¶³Zsu¹y�¾°¿v£�}Yzc�©¹Y½Y�æ7�±Z�³½Z·�¾³Z§�uºk¹�µv´·u

zd°§�z¿uZ¤¯�¹ |¿y�}y��t]�yu� Z¨À¯�¹ bÀ¨�yº.À«Z��\«Z�
Y ½Z·�¾³Z§®�´¯Z³��¬dt¯�¾³Z§� ¹ bÀ´À«ºWZ§� �b¿z¬§� �bÀd¨°�

Z¨À¯�bÀd¨°�Y�b�Y��ª¨�Ô��²¿Y�b�yu�}y��t]� yu
¶¿Ç¾¯�\«Z�� Z¨À¯� ¾³Z§� Z·¹ b¿z¬§� ½Z·�¾³Z§� yYv¤¯¹� v�Z]

b�Y� ¶d�Z¿� �¿Y|�Y� bÀ´À«ºWZ§�¶¬£� av�¶]� �º]z¯� ½Z·
µv�� ¶d�Z§�¢°���¿Y|�Y� Z]� |¿y�}y��t]� yu�bÀ¨�yº.À«Z�

b�Y�²¿Y²À´º#®º· vº³¹yt]�yu�º�yu�}y��ºÀ³�bº|µvº¿u

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.7
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                            14 / 20

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.7.8
https://jstnar.iut.ac.ir/article-1-406-fa.html


¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

íì

ª¨�Ô�ºcº��½Z·�b�Z.³��Yz�;¢�Y�|¿y�¾�y�aYyw��%]\¶³Zsu¹y�¾°¿v£�}Yzc�©¹Y�qz°À³��Î7�

¾¯uº��©¹vkç��¾¯�Yy�z¯Y�²¿Y�b¬�aZ]º�y��¿Y|�Y�¶]�±Yºc
ª¿v^c� Z¿� ¹ ¥Zs� ²¿Y� n��� ¶]� "-� ½¹Zo� ¹ yº�� ½uZ]

d¨°�Y�¶]�bÀ¨�yº.À«Z�¶¿Ç�yu�bÀuYu�b^�³�¥Zs�¾¤°��½Z·�
¾ºº°¿v£�½Zºº·}Yzººc [zºº� ©Z°ºº� ¹ ©Z°ºº� b°ºº�£�yu

¶º³Zsu¹y¶d�Z¿��¿Z�z��¾°¿v£�mº���bt¿y�²À¯{��½Y�aÈ��
�3ODWHDX�uyYu�¾-uzdººº�-��²ººº¿Y >Z¯ºººº°�Zººº·²Àººº¯{²Àººº] �

�¹zºt¯¶´º¨�Y¶³Zsu¹y�¾º°¿v£�}Yzºc ¹ ¾º·º¨¿Z��½Zº·�£Y¹�
µvº�v³Y�¿Y�¥Zs�qy�®À³¹ uZ¿{�yZÀ�]�µ|¿y�,´��½¹Zo�mº���²

avº� ¶º]¾º$-�yu�}y��t]�\«Z��¾º³Z§�bÀ¨º�yº.À«Z��¹
¶¿Çb�Y�¥Zs�¾¤°��¹ ¾p���½Z·�æç��¶·u�v´#�yu�¶³Z �Pd¯�

¾p���¶¿Ç�\¿zºtc�¹ "º- uZº¿{�¹ bº�yuZ³�bº�Yuz]��zºÀsY
�±Z]ZÀ]��z .´���'HVHUW� SDYHPHQW�v¿v�c�\^��¾�YyY�²¿Y

¯ yu�½uZ]��¿Zº�z�¹ "-�½¹Zo�aYyw�ª°o�¹ b�Yuz]�¹ ¶¤�´
µv��¶³Zsu¹y�¾°¿v£�}Yzc�¾�YyY�mº���½¹y�z]�Z¸³M�\Àº�zc

bº�Y�Yy�Z·�¥Zs�²¿Y�n���yu�bÀ¨�yº.À«Z���¿Y|�Y��²¿Yzº]Z´]
¾º¯uZ¿{�z¿uZ¤¯�½¹Zºo ½uZº] aZ]ºº�y�±vº� ¶�Zº�Y�¶º] ±Yººc

uYu�b^�³�Z·�¥Zs�²¿Y�n���¶]�bÀ¨�yº.À«Z��z¿º�cÎ��uºk¹
À¨ºº�yº.À«Z�¹ ½uº�ºº� ±Zdºº�]z��½Zºº·¥Zººs zdºº�À]�yu�b

²¿Y�¾]z��¹ ½|§z¯�¾ºoYº³�yu��º£Y¹�½Zº·¥Zºs �ºº�s�¶º]
yºº�§�½Z·uZ]���ºc�½yZÀ�zc�aZ]º�y�{Y�Z·�¾³Z§�²¿Y�©Z¤d³Y�¶]�

b�Y�µv��µuYu�b^�³�¾]z��æì��
aZ]º�y�¹ Zº·¥Zºs \º¬�Y�yu�bÀ¨�yº.À«Z��¹ bÀd¨°�Y�

¾¯�µYz°·º°�¯�¶§�b�Y�¾«Zoyu�²¿Y�¹ v´�Z]b^�³�bÀd¨°�Y�>Ç
bÀ¨ºº�yº.À«Z��¶ºº]�uyYu�½zdºº�À]�­ºÀºº´À¯º«M��æì��²Àºº´#�®ºº·

±Z�³�Z·�¾³Z§�ªÀ¨º�c�uY{M�½%zº³Y�¹ ½yYvº¿Z���º]Y¹y�aZº�«Z�¯
¾º¯{Y�­Yv§�z·�yu��¿Y|�Y�Z]�bÀ¨º�yº.À«Z��ªÀ¨º�c�¶º§ v´º·u

bºº�¬�½Zºº·��0J�+�6L2��¿Y|ºº�Y�Zºº¿ ¹S+¶ºº] b^ºº�³�
Yu�nÀkzºc bÀd¨°º�Y¾¯�µuuº��æì��{Y�¾�t]��¿Y|�Y��²¿Yz]Z´]�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.7
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                            15 / 20

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.7.8
https://jstnar.iut.ac.ir/article-1-406-fa.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

íí

qy�®À³�yu�¢°��Z]�bÀ¨�yº.À«Z���·Z§�Z]�¶�¿Z¤¯�yu�bÀd¨°º�Y
¾º°¿v£�}Yzºc ©¹Y�æ7�bÀ¨�yº.À«Z��{Y�bÀd¨°�Y�ªÀ¨�c�¶]

¾¯�µuYu�b^º�³z.¿u�±Z¤¤p¯�j¿Zd³�Z]�¶§�uº��æç¹æì�b¤]Z�¯
uyYu�

¶³Zsu¹y�®¿vº£ ®dº�À��}Yzºc ­¹u�qy�®Àº³½Y�ç7�³ {Yz�
¾º³Z§�½YyYu�¾º À§©¹Y�qy�®À³�Z]�¾¸]Z�¯�¾�Z´��æ7�{Y�¹ µuº]

zº�³º�øï�¾�¨·{�bÀ��¹�±v��zc��À���Z]�bÀd¨°�Y�yYv¤¯�
¥Zºs�¥Zs�¢°���¿Y|º�Y�¾³Z§�¹ �¿Y|�Y�¾¸kºc�ª]Z£�yYv¤¯

¾º¯ ±Zº�³��·Zº§ bÀ¨º�yº.À«Z�¾¯�¶¬X�¯�²¿Y�¶º§ vº·uv³Yºc
¾³Z§�{Y�¾�t]�¾¬À¨�c�uºs�z]�¾¬À«u�>ÇZ°dºoY²¿Y�yu�bÀd¨°�Y

vº�Z]�¥Zºs�½Zº·ª¨º�Õ¹Ö��yu�b¿z¬§�¾³Z§��²¿Y�z]�µ¹È�
¾¯�|À#Z³�yZÀ�]�Z·�¥Zs�²º¿Y�|º¿y�}y��ºt]v�Z]�¶§�½yº��¶]

¶ºº¬£�>Èºº°�é�æyu�zººd¯º³Z³�ayYzººo&$êêå¶dºº�y�²Àºº] {Y�
bº�Y�ª¨º�Õ��}y�¹ |¿y�}y�½Zº·bº�Z.³��Yzº� ¶º�¿Z¤¯

¶º¿Ç�bº�yu½Zº·¾¯�±Zº�³�¥Zºs ²º¿Y�b¿z¬§�z¿uZ¤¯�¶§�v·u
¹ ¶d�Z¿��¿Y|�Y�b�yu�}y��t]�yu�|cyYº§�µYz°·�¶]�bÀ´À«ºWZ§
�bÀd¨°ºº�Y�½Zºº·¾ºº³Z§�¾ºº¸kºc�ªºº]Z£�yYvºº¤¯��ººº� yu

b�Y�¶d�Z¿��·Z§�Z·yZ�º�v¬��¹ bÀ¨º�yº.À«Z��±Z�³�j¿Zd³�²¿Y
¾º¯}y��t]�yu�>Zcv°��b¿z¬§�¹ bÀ´À«ºWZ§�½Z·�¾³Z§�¶§�vº·u

¾¯�b�yuZ]¶d�Z¿�Z]�¶§�v�±Yz.¿u�½Z·�æ�ç�è¹ �æç�b¤]Z�¯�
uyYu�

�¬dt¯�½Z·�bt¿y�²À¯{�yu�¾�y�½Z·�¾³Z§�¶�¿Z¤¯
�¹zt¯�¾¤°��½Z·�¥Zºs }y��ºt]�yu�bÀ¨º�yº.À«Z��¾º³Z§

¾¯�\«Z��¶³Zsu¹y�¾°¿v£�}Yzc�¾p���½Z·�¥Zs�¹ ¶´¨�Yv�Z]�
¾º¯ zº�³�¶º]½Z·�¥Zs�yu�¢°���¿Y|�Y�Z]�¾º³Z§�²º¿Y�¶º§ vº�y

�¹zºt¯yu�¹ �·Z§�¾°¿v£�}Yzc�½Z·�¥Zs�yu���¿Y|�Y�¶´¨�Y�
¶´º¯Yu�bº�u�¥Zºs¾º¯ �¿Y|º�Y�¾º°§�½Y¶]�\Àczc�¶]�¶§�vº]Z¿

¶¬À�¹�¶] ¥Zºs n�º� ¶º] ±M��¿Y|º�Y��¾º³Z§�{Zº�§Zs�ªÀ¨º�c
b^�³�bÀ¨�yº.À«Z��¾º-v¿uYº·�¹ ½uZº] �¿Zº�z��½Z·v´¿Mzº�

uºº�¾º¯ µuYu�yu�bÀ´À«ºWZ§�¹ |cyYº§��b¿z¬§��Z¨À¯�½Zº·¾º³Z§
¶ºº¿Ç�­Zºº°cyu�¶ºº�«Z�¯�uyººº¯ ½Zºº·¥Zººs ½Zºº·qy�®Àºº³ ½Zºº·

¾¯�b�Z¿��¬dºt¯�½Zº·bºt¿y�²Àº¯{v³º��²¿Y�µuzd�-�yº�o
¾]º�y�½Z·�,´��yu�Z¸³M�uZº¿{�¾º³Y¹Yz��µv´º·u�±Zº�³�Zº·¾º³Z§

�Àºp¯�yu�¾^º�³�½yYvº¿Z��¹ ¶¤�´º¯®¿%y�¶§�b�Y�¦�s�½Zº·
¶¤�´¯�\«Z�b�Y�yZ]�®§Yzc�Z]��Z�^³Y�ª]Z£�½Z·�¾³Z§¶¿Ç®§�½Y

�bÀd¨°ºº�Y�¶ºº¿Ç yZºº] ¹uZºº¿{ ½Y�¾ºº¯y¹bÀºº«º§�yu�>Çººº°�¯
¶´¨�Y��¹zt¯�½Zº·¥Zºsuºkº¯�½Yv´d�À³b�u�¥Zs�yu�¾«¹�

¶´º¯Yu}Yzc�½Z·�¥Zs�yu�¶§ ¾cyºº� yu��·Zº§ ¢º°��Zº] ½Y
¶º³Zsu¹y�®¿vº£ ®dº�À�¾¯�±Z�³��¿Y|�Y�¢°��Z]�½Y¶]�¶§�v´·u

º��¾¯�µuYu�b^�³�Z·�¥Zs�¾º�§�µ{ bÀ�º�¹u��¬dt¯�½Z·�¾³Z§
b¿zº¬§�®�´º¯Z³�b¿z¬§�¹ bÀ«º§�¾º¯y¹�±yYv¤¯�¶]�bÀd¨°�Y�

qy�®À³�¾¯Z°c�yu�¾§v³YZ·�¶´¯Yu�b�u��º�s�¶]½Y��Àt�c
¾ººº¯ µuYuuºººº��®�´ººº¯Z³��ºººº¬t¯�¾ººº³Z§�¶ººº§ ¾cyºººº� yu

Z¨Àº¯�b�u�½Z·�¥Zºs yu�|ºÀ#Z³�yYvº¤¯�¶º] �º¤��bÀd¨°º�Y�
¶´º¯Yu¾°¿v£�}Yzºc ©¹Y�qy�®Àº³ ¹ ½Y�æ7�cµv��µuYu��Àt�
b�Y�©¹vkç��

Z·�¥Zs�¾�y�½Z·�¾³Z§�P�´¯�
¾¯uZs�æç�v³{Z��ª¯Z��¶¤�´¯�\«Z��½Z·v³{Z��½Z·�,´�.�

�¾´ÀWZ�� ¶�Zcz§�Z]� ½zd�§Zs� ¾¨·M� ½Z·�,´�� {Y� ª¨�d¯
ªÀ��bÀ³º¯M� ¹ ²À«ºdÀ]y¹Y�½Z·�2UELWXOLQD� DQG� DPPRQLWH��
.���¾´ÀWZ��¶�Zcz§�¯ ¹ Yz¯º¬.´§� {Y�ª¨�d¯�|¯z£�,´��¶�Z-
�¦À�Yy¹%�ªÀ���Z]�ªÀ��{Y�ª¨�d¯¹ ¾dÀ³º¯M�½Z·20��º.À«Yº

²�ºÀ¯�ªÀ��� Z]� ¦·M� ,´�� {Y� ª¨�d¯Yz À´À¯Myº�� ½Z·
�)RUDPLQLIHUDO� OLPHVWRQH�¾³Z§� Yy�²¿Y�j¿Zd³� ¹ uº°³�¾�Z´�

�·¹&�©¹vk� yu�èb�Y� µv¿uz-� ¶WYyY��j¿Zd³� ¶]� ¶kºc� Z]
¾³Z§²À¯{�½Z·v³{Z��¾�Z´�¾�Z´�uyº¯�½Z·�qy�®À³� ¹ ¶¤�´¯�

¾¯�¶�«Z�¯¶§�b�Z¿�b�u�z¿{�j¿Zd³�¶]�±Yºc�
bÀ´À«ºWZ§��b¿z¬§�½Z·�¾³Z§�¹ uZ¿{�>Zd^�³�yYv¤¯�¶]�Z¨À¯�¾³Z§
uºk¹� ¶¤�´¯�½Z·�,´�� ¹ Z·�¥Zs� yu�zd°§� yYv¤¯� ¶]�|cyYº§� ¹

uyYu�²¿Y�¶]�¶kºc� Z]>Çº�Y�b¿z¬§�¹ Z¨À¯� �|cyYº§�½Z·�¾³Z§�¶§
¹Y�½Z·�¾³Z§¾¯�eyY� ¶]�½yuZ¯� uYº¯� {Y� ¹ ¶À«ªÀ¨�c� ¹ v´�y

�§Zsº¿Yz��yu�bÀ´À«ºWZ§�{Zº±Z¨¯Y�[º�z¯�¹ ­z-��b�Y�z¿x��
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

íî

ª¨�Õ��b�Z.³��Yz��ºcz��½Z·;}y�aYyw�¢�Y�|¿y�%]�¶³Zsu¹y�¾°¿v£�}Yzc�­¹u�qy�®À³��Ï7�

©¹vkè�¾³Z§�¾^�³�z¿uZ¤¯³ ¦·M�v£Z��uYº¯�}y��t]�yu��¬dt¯�¾�y�½Z·¶³º°²À¯{�½Z·v³{Z��,´��½Z·¶�«Z�¯�uyº¯�¶¤�´¯�¾�Z´�


{Y�}Z^d£Y�^´¯���æÏ�
v³{Z� 0 3O 6S &K .D 6P 4

.� ;;;;;; 

 WU � ; ; � ;

.�� 


 ;;;;;; � � � � � 7U
- ;;;; WU � ; ;;; � ;
20 ;;; ;;;; ; � � ;; �


�0 ��Z¨À¯3O ��b¿Z¨�yº.À«Z�6S ��bÀ«ºÀ��&K ��b¿z¬§.D ��bÀ´À«ºWZ§6P ��bÀd¨°�Y4 |cyYº§�


�¾^�³�z¿uZ¤¯��|À#Z³�¾¬Às WU��æå�ê �;���æå�çå �;;��èê�çå �;;;��êå�èê �;;;;��ìå�êå �;;;;;���ìå�! ;;;;;;




��«Zs�½Z¨À¯�>Z^¿z¤c�

¹ �²¿Yz]Z´]µuYu�b^�³�½yuZ¯�uYº¯�¶]�Z·�¥Zs�yu�Z·�¾³Z§�²¿Y�uºk
¾¯uº��yu� Z·�¾³Z§� ²¿Y� bsYº´¨¿� �¿{ºc� �z.¿u� �z�� {Y

bt¿y�²À¯{¥Zs�½Z·�qy�®À³�©º��yu�zÀÀ�c�­v��¹ �¬dt¯�½Z·�
uºs_v´·u�±Z�³Z·�¾³Z§�²¿Y�¾gyYºc�P�´¯��b�

�´¯P²¿Y� yu�bÀd¨°�Y� >Z�º�t¯� �Z�^³Y� ª]Z£� ½Z·�¾³Z§�
¥Zs¾¯�Z·ayZ^��¶§�v�Z]�¶³Z-v´#�v³YºcY{Y�v³�æ�¶]�¶kºc�Z]�

º.À«Y�¾¨·M�½Z·v³{Z��yu�bÀd¨°�Y�¶kºc�ª]Z£�yYv¤¯�uºk¹�
¾¯� ²�ºÀ¯Z·�¥Zs� ²¿Y� yu� uºkº¯�bÀd¨°�Y� {Y� ¾�t]� ±Yºc

�¶´¯Yu�b�u�¹ ¶³Zsu¹y�¾°¿v£�}Yzc½Y�{Y�µvÀ�y�eyY�¶]� Yy
b�³Yu�½yuZ¯�uYº¯�ç�½|À#Z³�z¿uZ¤¯�uºk¹�Z]��¬dt¯�¾³Z§�{Y�

Z¨À¯�½Z·�qy�®À³�yu�bÀd¨°�Y�33¹æ7Yy�bÀd¨°�Y�{Y�¾�t]�
¿uYº·�¶]º¯ Z¨À¯�¾-vº¾cº^�³�±YººuYu�b�è�kºc�Z]�º²¿Y�¶]�¶¶§
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

îå

ª¨�Ö�b�Z.³��Yz��ºcz��½Z·;¢�Y�b�yu�}y�aYyw��%�]qy�®À³­¹u¶³Zsu¹y�¾°¿v£�}Yzc��Ï7�

µ{�bÀ��¹� Z]�¾³Z§�²¿Y�yYv¤¯s ¾�§¾¯��Z^cyY�yu� Z·�¥Zv�Z]�
½Z·�qy�®À³�yu�¶§�½yº��¶]�æ7¹ç7bÀ��¹�¢°���¿Y|�Y� Z]�

µ{¾¯��À¬�c�¾´À¯{z¿{�[M�zÀt^c�zgY� yu� ¹ �À���¾�§�uuz-
uZ¸´�À�� Z·�¥Zs�²¿Y� yu�¦À³%ºcY�ayº��¶]�bÀd¨°�Y� ªÀ¨�c

¾¯uº��é��·Z§� Z]� ¶�¿Z¤¯� yu�bÀd¨°�Y� {Y�¾�t]��¿Y|�Y�
u bÀ¨�yº.À«Z�½Z·�qy�®À³� y33�æ7¹ç7¾¯� Yy�¶]� ±Yºc

b^�³�bÀ¨�yº.À«Z�� ¾-v¿uYº·� {Y� ª�Zo�bÀd¨°�Y� ªÀ¨�c
uYu�z]� Z·�¥Zs�a¹Z d¯�bÀ��¹� ¶]�bÀd¨°�Y� ¶³Z-�v´#� P�´¯�

µuYu�b^�³� Z·�¥Zs�¾�§�µ{��¿Yz�� ¹ �¬dt¯�½Z·�bt¿y�²À¯{
uº��¾¯�

uyººº¯ ½Zºº·¥Zººs yu�bÀ¨ºº�yº.À«Z��¾ºº³Z§�Pºº�´¯�uyººº¯ yu
º�«Z�¯bt¿y�²À¯{�yu�¾³Z§�²¿Y�½º.«Y��¿{ºc�¶]�¶kºc�Zº] �¶½Z·

¥Zs�qy�®À³�¦¿�yu�¢°��¶º] n�º� {Y�±M�aYzºÀÀ�c�¹ �¬dºt¯
¾º¯¶lÀºd³�±YººcuYº¯�{Y�bÀ¨�yº.À«Z��{Y�¾�t]�¶§�uº°³�½zºÀ-

bº�Y�µvÀº�y�eyY�¶º] ½yuZº¯�º.À«Y�¾º¨·M�v³{Zº� yu�Yzº¿{��

¾¯�\«Z��¹ uºkº¯�¾�y�¾³Z§�²º¿Y�²º�ºÀ¯{Y�¾�t]�¹ v�Z]±M�
yu�¶§�b�Y�µv��ªÀ¨�c�Z·�¥Zs�yuz¿{¾¯�µyZ�Y�±M�¶]�uº��

Î�{Zº�§Zs�ªÀ¨º�c��¦Àº³%¹v��¾¯�¾³Z§�²¿Y¶$t¿yZc�¶]�v³Yºc
v�Z]��^cz¯�¶¤�´¯�¶d�x-�~Àdc�¢À°��½Z¿yu��¶�Zcz§�±Yy¹u�yu

[M�¹ ¶d�z-�z]�yu�Yy�±Yz¿Y�aÈº�¾^�Z´¯��Àp¯�¢À°��½Z·½Yz]
µuº^³�¾º�ZÀ«Y�½Zº·¾º³Z§�ªÀ¨º�cb�Y��²¿Y�yZ¨�M�yº�o�­v�

½Z·v³{Zº� yu�Zº·¾º³Z§N��N�¹-��zsY¹Y�¾¿Y|·º§�aZ§zºo
Yvk�\^º� ¶º�Zcz§¿[M�{Y�~Àdc�½Z¿yu�¾yu�¹ v¿uz-�uY{M�½Z·

¶#Z¿yu�½yZÀ�zc�µy¹u�©ºº�Yy�±Yz¿Y�aÈ��¢°��®§�¹ yº��½Z·
¾^º�Z´¯��Àºp¯�¾¿ZÀ°Àº� zº�³�{Y�¶º§ ¶d�zº-z]�yu½Yz]ªÀ¨�c�

Àº� ¾º�y�½Zº·¾º³Z§b�Y�µuº]�¾�ZÀ«Y�¾cZ¨À¬�zsY¹Y�yu�>ÇZ°doY
\«Z��¶�«Z�¯�uyºº¯ µ{ººo yu�¾º³º-Ç��¿Yzº� ½yZÀº�zc�µy¹u

�¹zt¯�¶¬À�¹�¶] j¿yvc�¶] ¹ v¿uz-¶´¨�Y�Yz�Y�{Y�¾·º¨¿Z��½Z·
¶º�ZoYvº���¿Y|�Y�¹ "ºº- ªººÀ¨�c�\ºº^º� �¿Yzºº� ²ºº¿Y
b^º�³&D

0Jv¿uzº-�æç��zº� ²Àº´#�bºpc�uºs��½zÀt^c��¿Y
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¾�y�½Z·�¾³Z§�¶�«Z�¯±Z¸ �Y�¡z��¶¤�´¯�yu��¬dt¯�½Z·�bt¿y�²À¯{�¾$-�½Z·�¥Zs�

îæ

{Y�½uZ¿{��t]�¶§�b�Y�¶d�z-�ayº��bÀ¨�yº.À«Z��¾¬À¨º�c
ª¯Z��Yy�¶´¨�Y��¹zºt¯�½Zº·¥Zºs yu�uººkº¯�bÀ¨º�yº.À«Z�

¾¯uº��bÀ¨�yº.À«Z��{Y�½uZ¿{��t]�"-�v´³Z°·��\Àczc�²¿v]
uyYu�¦À³%¹v��P�´¯�Z·�¥Zs�²¿Y�yu�

ç�¶¿Ç�yu�bÀ¨�yº.À«Z��uZ¿{�zº¿uZ¤¯�uººk¹�Zs�¾p���½Z·¥
¾ºº°¿v£�}Yzººc�æ7�¾ºº°¿v£�mº�ºº� {Y�¾ºº³Z§�²ºº¿Y ©Z¤dºº³Y ¶ºº]
¶dº�Z¿��¿Zº�z��aÈº�Zº·�½uZ]��¿Z�z��½Z·v´¿Mz��¶¬À�¹�¶]
¾¯�µuYu�b^�³uº��

è�²¿Y�¶]�¶kºc�Zº]u¹y�µv´¿Y{�¶³Zsu¹y�¾°¿v£�}Yzc�aZ]º�y�¶§
�ºt]�{Y�¾º«Yºd¯�±ZÀ«Zº� ¾º� yu�¹ bº�Y�¾ºd�z]M��ºº³ {Y½Z·

¶º³Zsu¹y�|ºÀt]M�µ{ººo �¬dºt¯µv��ª°o�¶¤�´¯�²¿Y�¶º]¹ v³Y
¾º�º´d¯�aZ]ºº�y�{Y�ª¨º�d¯�¶º³Zsu¹y�|ºÀt]M�µ{ººob�Y¶§�

bÀ¨�yº.À«Z��½uZ¿{�z¿uZ¤¯�ª¯Zº� Zº¸³M�{Y�¾º��]v´d�·�æç��
�²¿Yzº]Z´]¶]�Z·�¥Zs�²¿Y�yu�uºkº¯�bÀ¨�yº.À«Z��®��Y�b°�£�

b�uÇZ]�½Z·�b°º�£�{Y�¾ºd�z]M�½Z·v´¿Mzº� �º�ºc�±M�©Z¤dº³Y
Yu�b^�³�µ{ºo¾¯�µub�Y�½yY¹M�P�´¯�½YyYu¹�uº��

½yY|.�Z��
¶¬Àº�¹�²¿vº]{Y½yZº¨°·¾º³Z§�µZ.º�¿Z¯{M�µ¹z-�}y�¾º�Z´�

¥Zººs¾ºº�]¹y�¾ºº³¹zd¨«Y��º¨ºº�¹z¨À¯�µZ.ºº�¿Z¯{M�¹ ¾ºº�Z´�
±Z¸ �Y�¾d�´��µZ.�³Yu�uYºº¯ µv¨º�³Yu�¶³º°³�|À«Z³M�­Zl³Y�yu�Z·

¾¯�z¨�cZ°³À¿®�

�]Z´¯µuZ d�Y�uyº¯�
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:HHG��(GV����0LQHUDOV�LQ�6RLO�(QYLURQPHQWV��666$��0DGLVRQ��:,�
�� %DUQKLVHO��5��,��DQG�3��0��%HUWVFK��������&KORULWHV�DQG�K\GUR[\�LQWHUOD\HUHG�YHUPLFXOLWH�DQG�VPHFWLWH�33�����������

,Q��-��%��'L[RQ�DQG�6��%��:HHG��(GV����0LQHUDOV�LQ�6RLO�(QYLURQPHQWV��0DGLVRQ��:,��
�� %RUFKDUGW��&��������6PHFWLWH�33�����������,Q��-��%��'L[RQ�DQG�6��%��:HHG��(GV����0LQHUDOV�,Q�6RLO�(QYLURQPHQWV��

666$��0DGLVRQ��:,�
�� %UDG\��1��&��������7KH�1DWXUH�DQG�3URSHUWLHV�RI�6RLOV����WK HG���0DFPLOODQ�3XEOLVKLQJ�&RPSDQ\�
��� %XRO��6��:���)��'��+ROH�DQG�5��-��0FFUDFNHQ��������6RLO�*HQHVLV�DQG�&ODVVLILFDWLRQ���WK HG���,RZD�6WDWH�8QLYHUVLW\�

3UHVV�$PHV��,RZD������������SS�
���*HH�� *��:�� DQG� -��:�� %DXGHU�� ������ 3DUWLFOH� VL]H� DQDO\VLV�� 33�� ��������� ,Q�� .�� $UQROG� �(G����0HWKRGV� RI� 6RLO�

$QDO\VLV��3DUW����3K\VLFDO�DQG�0LQHUDORJLFDO�0HWKRGV��0DGLVRQ��:,��
���.KDGHPL�� +�� DQG� $�� 5��0HUPXW�� ������ 6RXUFH� RI� SDO\JRUVNLWH� LQ� J\SVLIHURXV� DULGLVROV� DQG� DVVRFLDWHG� VHGLPHQWV�

IURP�FHQWUDO�,UDQ��&OD\�0LQHUDOV�������������
���.LWWULF�� -�� $�� DQG� (��:�� +RSH�� ������ $� SURFHGXUH� IRU� WKH� SDUWLFOH� VL]H� VHSDUDWLRQ� RI� VRLOV� IRU� ;�UD\� GLIIUDFWLRQ�

DQDO\VLV��6RLO�6FL���������������
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îç

���.ULQVOH\��'��%��������$�*HRPRUSKRORJLFDO�DQG�3DOHRFOLPDWRORJLFDO�6WXG\�RI�WKH�3OD\DV�RI�,UDQ��*HRORJLFDO�VXUYH\��
86�'HSDUWPHQW�RI�,QWHULRU��:DVKLQJWRQ�'�&��

���0RRUH��'��0��DQG�5��&��5H\QROGV��������;�UD\�'LIIUDFWLRQ�DQG�7KH�,GHQWLILFDWLRQ�DQG�$QDO\VLV�RI�&OD\�0LQHUDOV��
2[IRUG��1HZ�<RUN��

���1HOVRQ��'��:��DQG�/��(��6RPPHUV��������7RWDO�FDUERQ��RUJDQLF�FDUERQ�DQG�RUJDQLF�PDWWHU�33�����������,Q��$��/��
3DJH�HW�DO���(GV����0HWKRGV�RI�6RLO�$QDO\VLV��3DUW�����QG HG���$JURQ��0RQRJU��1R�����$6$�DQG�666$��0DGLVRQ��
:,��

��� 6LQJHU��$��������3DO\JRUVNLWH�DQG� �VHSLROLWH�JURXS�PLQHUDOV� �33�����������,Q�� -��%��'L[RQ�DQG�6��%��:HHG��(GV����
0LQHUDOV�LQ�VRLO�HQYLURQPHQWV��666$��0DGLVRQ��:,��

��� 6RLO�6XUYH\�6WDII��������.H\V�WR�6RLO�7D[RQRP\���WK HG���86'$��6&6��:DVKLQJWRQ�'�&��
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