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Î ¾Âvººk °®�Áv���¿Z¯±¡�½Zs�¾¿ZÀ°À��Â�¾¨¿|À��ÄZ·¾-&¿Â

�b�¦�Áv¯¡
�Ä±°ÂZº�§�ÄZº·Áv³Z¯�ÄÂ°�±Çº¬º� À®zºº§ �^´k¾]�Ä¦z]
�jº³z]�²º^º� �jºº³z]��ºk��¿v´-�ÁZ§�°®º� ±¦��Î ¾³ºÀ�³Z��º�
�zº�¤¯�§¡�À®Â|ºº�¦�Z]��v��Á®Z¯¡�z�¤¯�§¡�°®�Á°¦�½Zs�Â�®ºt³
|ººº§z¯�±¦�|º¿z-�§Zdº� °®�À®zº§ Þº ¿zd³Zº� Â��À¡�À®¦®�ÀZº¨c
vº�°�±¦�ÄzÀº-ºº¬k�Ä¦zºº] �v��¶d���Z¸³¡�±¦�¦¿�z·��ÎÖÍÍÍJ
Ä°¦vº¤¯��¾ºº«¡�ÄZ·Áv³°¦v¸.³�²¿¦�ÀºÀ�³Z��º��°®�À¦°¦v³Zk|¿°

�v¿®z-�Á®Â|�¦�Z¸³¡�±¦�¦¿�z·�¶]����Í�Î b�¬���²Wº«ºc
�½Zºs Â�¾ºº�°�ÄZ·¾³Z§�ÄÂ°�±Çº¬��À®z§��^´k¾]�Ä¦z]
Àººº¿®·�®À�¬§�Z¿�®À�Zd��ÄZ·ÀºÀcZ§�Z]�Z·Áv³°¦v¸.³�²¿¦�b�t³
°Zºº] ¶��Z¸³¡�ÀºÀ�³Z��º��°Z§�²¿¦�Ä¦z]��v³v���+RPRLRQL]HG�
¦º¿ ®Àºº�¬§�v¿z¬§�Z¿�®À�Zd��v¿z¬§�ÄZ·¾º¬p¯�Z]�¾®Z�c�±¦�~�
Z]�z.¿®�°Z]�¶��¾�Z�¦�ÄZ·¦°³�À®Â®±�Ä¦z]�Â��º�b���¾Z¯z³
vº�°�±¦�ÄzÀº-ºº¬k�Ä¦zº] ¿Zl³¦zº� �vºº� º�b����ÖÒ ª³Zc¦
Ä°¦vº¤¯�Z·Áv³°¦v¸ºº.³��Î ÀºÀ�³Z��º��¶]��Z¸³¡�°®�À¦°¦v³Zk|¿°
±¦�zdºÀ«¾¬À¯�Â®�À®Â|ºº�¦�Z]��v¿®z-�Á®Â|�¦���Í�Î b�¬���²Wº«ºc
ÀºÀ�³Z��º��±¦�zdÀ«¾¬À¯�ÒÍ ¶]�®À´À¯º«¡�v¿z¬§�°Çº¯�¦¿�¾º¬p¯
¶º] Â��bº�¦�Ávº� Àºº¿®·�²°�¿zº- Í�Ò Ä¦°¦®�¶§��Z·²°��Î
Â�°Çºº¯ Í�Ò ®Àº�Zd��vÀºº�§Â°vÀ·�Z]�Z¸³¡�À®º°³�¾h´s À¡�¾Z^³®
�Þº ¿zd³Zº� ÁZ.dº�®�°®�zº�¤¯�§¡�Zº] Z¸º³¡�Äºº�b���~�º�
¦º¿®|³Ä¦°¦®�¶§��®À´À¯º«¡�vÀ�§Â°vÀ·��Áv³°¦v¸.³�ÄZ·~¨¬�°§

��Î��v��Á®Z̄ ¡��®º]�À¡�¿z-�¦¿�z]�®À́À̄ º«¡�¾º̄¾¬À̄ �°Z̧ #�¶]
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ÎÓÓ

Áv��Ä°¦®z]¶³º°³�½Zs ¾¿ZÀ°À��Â�¾¨¿|À��ÄZ·¾-&¿Â�±¦�¾sz]��Î ¾Âvk
¾-&¿ÂÁ±¦v³¦½Zs�¸Z^�¦�Á°Z���°®�¾-&¿ÂPHT�O��¾-&¿ÂÁ±¦v³¦

Á|¿°,´��ÎÔ�Ò���&2Í�ÒÑ&(&��&PRO�.J���ÏÍ�Ñ
²��ÐÒ�Õ��+&2Ï�Ñ(&��GV�P���Î�ÏÕ

b¬À��ÐÖ�Ó���62Í�ÎS+Ô�Ô
²°�ÏÑ�Ó&O�Ñ�ÕÏ(63����Í�ÔÏ
b�Z]¾�°�¿º«1D�Ò�Ñ

,´�®·�®À�¬§�©Z´]z§�ÑÏ.�Ð�Ö
¾«¡�®¦º¯�Î�Ò�&D�0J� ��Ô�Ñ

¾«®Z^c�®À�Zd��Í�ÍÏ&D��Ó�Ò

�8OWUDVRQLILFDWLRQ��ÀºÀººººººº�Z¨À À³º�¦zd«Â¦�±¦�~ººººº�
±¦��¿zº-¾ºº¬À¯�ÒÍ��zd¯¾¬À¯�j´��¶]��Z·Áv´´§�§xk�ÀºÀ�³Z��º�
jº´���¾ºº¬p¯�±¦�zdºÀ«¾¬À¯�Ò Â�Ð �Î�Ò �zº ��ÄZºº·Á±¦v³¦�¶]��À¡
�Zº§º¬��b§zº� Á®°Â¦zº���±Çº¬º� ®ºº¿|³¡�zdÀ«¾¬À¯�°®�¿z-¾¬À¯
zdÀ«¾¬À¯�ÎÒ ¶]�z�¤¯�§¡�Z]�Z·¶³º°³�±¦�¦¿�z·�®lo��v��Á®Â|�¦
vº´¿¦z��Zºc v³vº� Á®¦®�ÀZº¨c�b�Zº� ¦ºº¿ Z·¶³º°³��v��Áv³Z�°
°®�¶º¤À£®�ÎÒ ¶º³º°³�zº· ~�ºº� �v�z]�¾®Z�c�¶]�Z·®¿|³¡�§xk
|º§z¯�±¦�|º¿z-�§Zdº� °®��®¦zº-¾d³Zº� ¶ºk°®�ÏÒb]Zººg ÄZ¯®
²Àº�³¶c��t]��v¿®z-����35��+LWDFKL��Þº ¿zd³Z��ÎÖÍÍÍ 
J
¶º§ vº� ¶dº���¾¿Zºk Zººc �À®z§�Þº ¿zd³Z��Â�z�¤¯�§¡�Z]�Áv�
Â�ÏÏ��v³Zºº°³�Z¸³¡�²À¿Â°�¾º¬p¯�°®�Z·®¿|³¡�±¦�¾³Z�³�"À·�z.¿®

��ÏÐ
~ºº¨¬�°§�±¦�¾³ºÀº�³Z��º���Zº·®¿|³¡�Äºº�b���±¦�~º�
°®�¿zº-¾ºº¬À¯�Ð�Ð b�¬��¶]��Áv���^´k¾]��®¿|³¡��Áv³°¦v¸.³
Â�±Zºº³Z§º¬-Â|ºº-¦�ÄZººº·®¿|³¡�bÀ«Zº����vº� ¶dsZº� zdºÀ«¾¬À¯
�vº� ¾]Zº¿±°¦�Z·Áv³°¦v¸º.³�ÄÂ°�Ávº� �ºº^´k¾]�±Z³Z§º¬-Âv³¦
°®�±Â°�ÏÍ Zºc �Ávºº� �^´k¾]��®¿|³¡��Áv³°¦v¸.³�ÀºÀ�³Z��º�
bÀ«Zºº����º¬dt¯�¾³Zº¯±�ÄZ·¶º¬�Z��¶º] Â��Ä°¦v¸º.³�¾Zº$t¿
Z¸ºº³¡�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦�Â�±Z³Z§º¬-Â|-¦�ÄZ·®¿|³¡

�v��¾]Z¿±°¦
Â�zd¯ºd�Âzd¨�ºº�¦�¦°§�¶]�Áv���^´k¾]�ÄZ·®¿|³¡�bÀ«Z��

°Zº§ ¶º] Ä¦zdº�]º���vºº¿®z-�¾]Z¿±°¦��ÏÍ��z]Â�Â�¾v´¯�³Â°�¶]
°¦ºº³ Â®��)�3DVH��±Z³Z§º¬-Â|-¦�®¿|³¡�bÀ«Z���¾]Z¿±°¦�Ä¦z]�¶d�°
®ºº¿|³¡�Ä¦zºº] Â��Î Á°Z°ºº� ²ºº°c¦Â�¾�Zººº� x�Zº§ Î
Ð FP
|«º¬ººº� ªÀd¯¾º�§º]z§�¿zº- Í�ÍÒ �&0&DVH��±Zº³Z§º¬-Âvº³¦
bÀ«Zººº����®ºº] �&DUER[\PHWK\O� FHOOXORVH�� ORZ� YLVFRVLW\�
¦¿�°®�Áv��®¦±¡�Áv´´§�ZÀo¦�ÄZ·v´£�¾º¯¾¬À¯�¶^�Zp¯�Z]�Z·®¿|³¡
®º¿|³¡��Áv³°¦v¸º.³�ÀºÀº�³Z��º��±¦�zdº¯¾¬À¯�¦ºº¿ Ä¦z]��¶¤À£®
³°¦|º- Â�®°Â¡zº] �8�JU��Áv³°¦v¸ºº.³�±¦�¿z-�¦¿�Z¿�Â��8�PO�

�b�¦�Áv�

j¿Zd³
ÄÂ°�Áv���^´k¾]�¦ÀdÀ«º«º¬��ÄZ·®¿|³¡�bÀ«Z���¾]Z¿±°¦�j¿Zd³
�bº�¦�Áv��Á®¦®�ÀZ�³�Ï Â�Î ÄZ·°¦®º°³�°®�Ä±°ÂZ�§�ÄZ·Áv³Z¯
bº�¬���º¿¦|�¦�Zº] Ávº� �ºº^´k¾]�±Z³Z§º¬-Â|-¦�®¿|³¡�bÀ«Z��
¾ºº´À]�À��Â��¶d�Z¿��¿¦|�¦�ÄzÀ-®�#�Á±¦v³¦�¶]�¶d�°�°Z§�¶]�®¿|³¡
bÀ«Zº����®ºº� zdº�À]�®º· À¡�±¦��zdºº�À]�ÄZ·b�¬��¶§�®º�¾¯
°®�Ä±°ÂZº�§�ÄZ·Áv³Z¯�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Â|-¦�®¿|³¡
½Zºs �jº³z]�ÁZºº§ ±¦�\Àczc�¶]�~���Â��Á®º]�²¿zd�À]�®ºt³�ÁZ§
�v�°¾¯�®ºs�Á±¦v³¦�²¿zd°§�¶]�j³z]�¶d�º��Zc�¿v´-��ºk�ÁZ§��Á°¦
ºººk Â�®ºt³�ÁZ§�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦�®¿|³¡�bÀ«Z��

¶d�º��Â�Á°¦�½Zs�ÄÂ°�Â��¶³ZÀ¯�¿v´-�Â�j³z]�ÁZ§�ÄÂ°��®Z¿±
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½Zs�¾³Z§�Â�¾«¡�®¦º¯�±¦�¾sz]�°®�Áv���^´k¾]�¦ÀdÀ«º«º¬��ÄZ·®¿|³¡�bÀ«Z��

ÎÓÔ

±¦�¾sz]�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Â|-¦�®¿|³¡�bÀ«Z�� �Î °¦®º°³
Ä±°ÂZ�§�ÄZ·Áv³Z¯

±¦�¾sz]�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦�®¿|³¡�bÀ«Z����Ï °¦®º°³
Ä±°ÂZ�§�ÄZ·Áv³Z¯

¶º§ ®ºº�¾¯�Ávº¿®��jº³z]�¶dºº�º��±¦�¶d�x-��b�¦�²¿zd°§�j³z]
Ávº� �º^´k¾]�¦ÀdÀ«º«º¬º� ÄZº·®¿|³¡�bÀ«Zºº���¶d�°�®·�ÄÂ°
��®ººt³�ÁZ§��zc®Z¿±�ÀÞÂzdÀ³�v�°®�Z]�Ä±°ÂZ�§�ÄZ·Áv³Z¯ ÄÂ°
²¿¦��b�¦��Á°¦�½Zs�Â�j³z]��¿v´-�ÁZ§��z.¿®�ÄZ·Áv³Z¯�±¦�zd�À]
vº�Z]�Z¸³¡�zd¸]�Ä±Z��^´k¾]�À¦ºc�¶]�¶d�]¦Â�b�¦�²¨°¯�¶lÀd³
±¦�¾º-°|º] �ºt]�¶º§ ®zºº§ ¾´À]�À��À¦ºd]�v¿Z���²¿¦z]Z´]���Î�
Â�¦ºÀ¯º·�¾º«¡�®¦ºº¯ ÄÂ°�½Zºs °®�Ávºº� �^´k¾]�ÄZ·®¿|³¡
�vº´·®�¿Zºl³¦ ¦°�®ºººs Ä|À«ZcZ§�°Z§�Â�®º��Ä°¦v¸.³�À¡�ÁvÀ�º�
Ávº� �º^´k¾]�±Zº³Z§º¬-Â|ºº-¦�Â�±Z³Z§º¬-Âv³¦�¾]Z¿±°¦�ÄZ·Á®¦®
±Zºº³Z§º¬-Â|-¦�®¿|³¡�¶§�v·®¾¯�ÀZ�³��Ä±°ÂZ�§�ÄZ·Áv³Z¯�ÄÂ°
&�1 b^ºº�³�Z]�Ä±°ÂZ�§�ÄZ·Áv³Z¯�ÄÂ°��±Z³Z§º¬-Âv³¦�z]¦z]�°®

�v�Z]�¶d�¦®�Ä®Z¿±�bÀ«Z���v³¦ºc¾¯�|À³�Á°¦�½Zs�v´³Z¯�®Z¿±

�º^´k¾]�±Zº³Z§º¬-Âvº³¦�Â�±Zºº³Z§º¬-Â|-¦�ÄZ·®¿|³¡�bÀ«Z��
ÄZº·°¦®º°³�°®�À¡�ÄZ·¾³Z§�±¦�¾sz]�Â�½Zs��ª�¿Â¡�ÄÂ°�Áv�
¶º§ vº·®¾¯�ÀZº�³�Zº·°¦®º°³�²ºº¿¦��b�¦�Áv��Á®¦®�ÀZ�³�Ó Zc�Ð
Ávº� �º^´k¾]�±Zºº³Z§º¬-Âv³¦�Â�±Z³Z§º¬-Â|-¦�ÄZ·®¿|³¡�bÀ«Z��
zºº.¿®�ÄZ·Áv³°¦v¸.³�±¦�zd�À]�ÄzÀ-®�#�Á±¦v³¦�¶]�ª�¿Â¡�ÄÂ°
ÄÂ°�Ávº� �º^´k¾]�ÄZº·®¿|³¡�bÀ«Zºº����ª�¿Â¡�±¦�~���b�¦
bººº³º¯�¶º] �bÀ¨º�°º.À«Z��¾³Zº§ ±¦�\ºÀczc�¶º] �Z·Áv³°¦v¸º.³

�v]Z¿¾¯��·Z§�bÀ¬¿¦�Â�½Zs��bÀ´À«ºWZ§��bÀ³º¬¿°º¯
®ºÀ´À¯º«¡�vÀº�§Â°vÀ·�Zº] Z·Áv³°¦v¸ºº.³�±¦�¦¿�z·�Àv³Z�º�
v·®¾¯��¿¦|�¦�ÄzÀ-®�#�Á±¦v³¦�¶]�¦°�Z¸³¡�Ä±Z��^´k¾]�À¦ºc
ÄZºº·°¦®º°³�°®�¶§�¶³º-�ÀZ°·���Î���b�¦�Áv�³�³°¦|-�Z·Á®¦®�
Á&º¿Â�¶ºº] Â�±Z³Z§º¬-Â|-¦�ÄZ·®¿|³¡�bÀ«Z����®º�¾¯�Áv¿®�Ñ Â�Ð
°®��Z·Áv³°¦v¸º.³�±¦�¦º¿ zºº· ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦
ÄzÀº-®º�#�Á±¦vº³¦�¶º] |Àº³ ®ºÀ´À¯º«¡�vÀºº�§Â°vÀ·�Z]�Z¸³¡�°Z°Àc
Á&ºº¿Â�¶]�Z·®¿|³¡�bÀ«Z����¿¦|�¦��¾Zo�z·�¶] �b�¦�¶d�Z¿��¿¦|�¦
zºº.¿®�zººº]¦z]�°®�ªº�¿Â¡�ÄÂ°�Ávº� �º^´k¾]�±Zº³Z§º¬-Âvº³¦

�b�¦�zd°§�®À´À¯º«¡�vÀ�§Â°vÀ·�°Z°Àc�°®��Z·Áv³°¦v¸.³
Â�±Zºº³Z§º¬-Â|ºº-¦�ÄZººº·®¿|³¡�bÀ«Zº���Ó Â�Ò ÄZº·°¦®º°³
Z]�Áv��Áv³Z�º��ÄZ·Áv³°¦v¸.³�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦
±¦�~��¦°�®À�¬§�Z¿�®À�Zd��Z]�Áv��Àº¿®·�Â�®À´À¯º«¡�vÀ�§Â°vÀ·
ÄZº·®¿|³¡�bÀ«Zº����vºº·®¾¯�ÀZ�³�¾Z$t¿�°®�Ä°¦v¸.³�±Â°�ÏÍ
Â�½Zººs ÄÂ°�Ávº� �º^´k¾]�±Zº³Z§º¬-Âvº³¦�Â�±Zº³Z§º¬-Â|º-¦
°Z¸ºº# ÄZ¯®�Z]�¾Z$t¿�°®�Ä°¦v¸.³�±Â°�ÏÍ ±¦�~��À¡�ÄZ·¾³Z§
Ä°¦v¿Zº� �Z¸º³¡�zº]¦z]�°®��®°¦®�Ä®Zº¿±�bº�¦��®¦zº-¾d³Zºº� ¶k°®
±¦�~��Â��b�¦�®Z¿±�>Zd^�³�ª�¿Â¡�ÄÂ°�Áv���^´k¾]�ÄZ·®¿|³¡

�v·®¾¯�ÀZ�³�¦°�¾°§�b�¦�±Â°�ÏÍ
Z¸º³¡�Àvº� �ºº^´k¾]�±¦�~��Z·®¿|³¡�bÀ«Z����·Z§�Á°Z]�°®
¶dº�°�²º¿¦�°®���ÐÎ Â�ÏÐ �ÏÏ��bºº�¦�Áv��¾³¦Â¦z��ÄZ·³°¦|-
ÄÂ°�Ávº� �º^´k¾]�±Çº¬º� Á±¦vº³¦�¶º§ vºº� Áv¿®��Z·�¿Z¯±¡
bÀ¨�°º.À«Z���½Zs �v]Z¿¾¯��·Z§�z¿±�\Àczc�¶]�Z·Áv³°¦v¸.³
Zººº·Á®¦®��bºÀ¬¿¦�a bÀ´À«ºWZº§ a ªº�¿Â¡��bºÀ³º¬¿°º¯b³º¯�a
b�¦�¶§�b -�À¦ººd]�vº¿Zº� �²¿¦z]Z´]���Î���b�¦�Áv�³�³°¦|-
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®À´À¯º«¡�vÀ�§Â°vÀ·�Z]�¶§�¶$³¡�z]¦z]�°®�À¡�ÄZ·¾³Z§�±¦�¾sz]�Â�½Zs��ª�¿Â¡�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Â|-¦�®¿|³¡�bÀ«Z����Ð °¦®º°³
�v³¦Áv��Áv³Z�º�

®À´À¯º«¡�vÀ�§Â°vÀ·�Z]�¶§�¶$³¡�z]¦z]�°®�À¡�ÄZ·¾³Z§�±¦�¾sz]�Â�½Zs��ª�¿Â¡�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦�®¿|³¡�bÀ«Z����Ñ °¦®º°³
�v³¦Áv��Áv³Z�º�

Z]�Â�Áv��Àº¿®·�®À�Zd��Z¿�®À�¬§�Z]�¶§�À¡�ÄZ·¾³Z§�±¦�¾sz]�Â�½Zs��ª�¿Â¡�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Â|-¦�®¿|³¡�Ä°¦v¿Z���Ò °¦®º°³
�v³¦Áv��Áv³Z�º��®À´À¯º«¡�vÀ�§Â°vÀ·
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½Zs�¾³Z§�Â�¾«¡�®¦º¯�±¦�¾sz]�°®�Áv���^´k¾]�¦ÀdÀ«º«º¬��ÄZ·®¿|³¡�bÀ«Z��

ÎÓÖ

Z]�Â�Áv��Àº¿®·�®À�Zd��Z¿�®À�¬§�Z]�¶§�À¡�ÄZ·¾³Z§�±¦�¾sz]�Â�½Zs��ª�¿Â¡�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦�®¿|³¡�Ä°¦v¿Z���Ó °¦®º°³
��v³¦Áv��Áv³Z�º��®À´À¯º«¡�vÀ�§Â°vÀ·

Ávº� �º^´k¾]�±Zºº³Z§º¬-Âv³¦�Â�±Z³Z§º¬-Â|-¦�ÄZ·®¿|³¡�bÀ«Z��
�À¡�zº]¦z]�°®��bº�¦�²¿zdº�À]�Z·Áv³°¦v¸ºº.³�ÀZÀ¯�°®�½Zs�ÄÂ°
�ºº^´k¾]�±Z³Z§º¬-Âv³¦�Â�±Z³Z§Z§º¬-Â|-¦�ÄZ·®¿|³¡�bÀ«Z���b�¦
¶dº�]¦Â�Zºº·Äv´³Z°·Z³ ²¿¦�v¿Z���b�¦�²¿zd°§�ª�¿Â¡�ÄÂ°�Áv�
²º¿¦�ÄÂ°�Zº·®¿|³¡�Àvº� �º^´k¾]�°®�Zº·v´¿¦z��¾ºº³º-Z³º-�¶]
Ávº� �º^´k¾]�ÄZºº·®¿|³¡�bÀ«Z���À®º]�®§��v�Z]�Z·Áv³°¦v¸.³
Â�ªº�¿Â¡�ÄÂ°�Z¸º³¡�bÀ«Zºº���À®º]�®Z¿±�Â�½Zs�ÄZ·¾³Z§�ÄÂ°
ÄZº·®¿|³¡�bÀ«Zºº���zd�À]�¶§�v·®¾¯�ÀZ�³��Ä±°ÂZ�§�ÄZ·Áv³Z¯

�b�¦�À¡�¾«¡��t]�¶]�¶d�]¦Â Z·½Zs�¦ÀdÀ«º«º¬�
ÄÂ°�Ávº� �º^´k¾]�±Zºº³Z§º¬-Âv³¦�Â�±Z³Z§º¬-Â|-¦�bÀ«Z��
ÄzÀº-®º�#�Á±¦vº³¦�¶ºº] ®À�¬§�Z]�Áv��Àº¿®·�ÄZ·¾³Z§�Â�½Zs
bÀ«Zº���ºº� ¦º¿ ±¦�¶ºº§ b�¦�Áv��Áv¿®��b�¦�®À�Zd��±¦�zd�À]
®Àº�Zd��±¦�zdº�À]�®Àºº�¬§�ÀºÀcZ§�°Z´§�°®�¦ÀdÀ«º«º¬��ÄZ·®¿|³¡
¾³ºÀcZº§ ªºº� b^h¯�°Z]��¿¦|�¦�z.¿®�Äº��±¦�Â��®º�¾¯�¾]Z¿±°¦
�^´k¾]�Â�¾p���§xk�À¦ºc��¿¦|�¦�¶¿Z¯�®À�¬§�¶]�®À�Zd��±¦
°®�vº´¿¦z��²º¿¦���Î��®®zº-¾ºº¯ Z·Áv³°¦v¸.³�ÄÂ°�Z·®¿|³¡�Àv�
ÄZ·Áv³°¦v¸º.³�ÄÂ°�Ávº� �ºº^´k¾]�ÄZ·®¿|³¡�bÀ«Z����¿¦|�¦
¶º] ±ZººÀ³�Z¸³¡ À®z§�¦vk�Â��b�¦�°¦®z§®·�®À�¬§�Z]�Áv��Àº¿�®·
Ávº¿®�Zº·°¦®º°³�²º¿¦�°®��©°ºº� zº· ¶º] �®°¦®�Á&ºº¿Â�¾�·Â&�
Ávº� �ºº^´k¾]�±Z³Z§º¬-Âv³¦�Â�±Z³Z§º¬-Â|-¦�bÀ«Z���¶§�®º�¾¯

Äv´³Zºº°·Z³�®Àººº�¬§�Â�®Àº�Zd��Zº] Ávº� Àºº¿®·�ªº�¿Â¡�ÄÂ°
Àvº� �º^´k¾]�³Â°�Â�¾º.³º.#�v¿Zº� �®°¦vº³ ÄzÀºº-®�#
ÄZºº·Áv³Z¯ Zºº¿ À¡�Ä¦zdºº�]º��ÄÂ°�¦ÀdÀ«º«º¬ººº� ÄZº·®¿|³¡

�v�Z]�v´³Z°·Z³�À¡�ÄZ·¾³Z§�Â�½Zs�Z]��ª�¿Â¡�Â�Ä±°ÂZ�§
ÄzÀ-¶lÀd³�Â�fp]

Ä¦zº] zdº�À]��ÄÞºº«º´¨cºÀ]�°®�Zºº·®¿|³¡�Ä±Z��^´k¾]�¶#z-¦
¿Zºl³¦�Z¸ºº³¡�Ä°Â¦z��¶´¿|·��·Z§�Â�Z·®¿|³¡�±¦�Á°Z]Â®�ÄzÀ-Áz¸]
bº³Ç¦Âº§�vº³ºÀ��¶º§ bº�¦�Ávº�³°¦|ºº- ¾«Â���ÏÎ��®º�¾¯
¾dtº� �º¿¦|�¦�¶º¿Z¯�Áv³°¦v¸ºº.³�¦¿�ÄÂ°�®¿|³¡ ¦¿�¶³Z-v´#
zº]¦z]�°®�¦°�À¡�¾¿Z���°ZdsZ��Ä°¦v¿Z��Â��®º�¾¯�®¿|³¡�¾º¨«º¯
¿Zºº.´·��\ººÀczc�zºº· ¶ººº] ��ÎÓ��vº·®¾¯��º¿¦|�¦�Àvº� ±Zº]
¶dº�]��Z¸³¡�Ä°º�´§�Â�bÀ«Z���±¦�¾�t]��Z·®¿|³¡�Ä±Z��^´k¾]
®ºº¿|³¡�ÀZ°dsZ���Z·Áv³°¦v¸.³�ÄÂ°�À¡�Àv���^´k¾]�³Â°�¶]
ÀZº�³���ÐÎ Â�ÏÐ �ÏÏ��®Â°¾º¯ bº�®�±¦��Áv³°¦v¸ºº.³�°ZdsZ��Â
Z¸ºº´c��Áv���^´k¾]�¦ÀdÀ«º«º¬��ÄZ·®¿|³¡�ÀZÀ¯�°®�¶§�Áv��Á®¦®
�'�E ®ººº¿|³¡��6SHFLILF� DFWLYLW\��Á&º¿Â�Ä°ºº�´§�Â�bÀ«Zº��
bÀ«Z���±¦�¶§�²¿¦�Z]��b�¦�À¡�®¦±¡�ÄZ·®¿|³¡�±¦�zd�À]�±¦v¿|§º¬-
À®zº§ �º^´k¾]��®ºº�¾¯�¶dº�Z§ ¦ÀdÀ«º«º¬ºº� ÄZ·®¿|³¡�z.¿®
¦º�s�Â�Àv� §Â¯��À®±�r¿�z]¦z]�°®�¦°�Z¸³¡�Ä°¦v¿Z���Z·®¿|³¡

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
81

.6
.3

.1
3.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1381.6.3.13.9
https://jcpp.iut.ac.ir/article-1-222-fa.html


ÎÐÕÎ |À¿Z����¿º� Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÔÍ

°Zºº] ÎÍ ±¦�~���v·®¾¯��¿¦|�¦�½Zs�¾��°®�¾��Àv��zc��Àv�
Â�vºººº�°®�ÒÓ �ÑÏ ®¦±¡�ÄZºº·®¿|³¡��Àvºº� §Â¯��À®±�rºº¿
bº�t³�bÀ«Zº���±¦�vºº�°®�ÎÑÒ �ÓÍ Áv���^´k¾]�ÄZ·®¿|³¡
°®��Z·¶º³º°³�À®zº§ zºc �¦ºº�s�v´¿¦z���v´·®¾¯�ÀZ�³�¦°�®ºs
�ºº^´k¾]�ÄZ·®¿|³¡�bÀ«Z���z]��Z¸³¡�Àv��§Â¯��À®±�r¿�§¦z]
®º¿|³¡��À®zºº§ zc��¦�s�°Z]�ÎÍ ±¦�~���®°¦®�Äzcv]�v¯ZÀ��Áv�
v�°®�ÓÍ �ÎÏ ±Z³Z§º¬-Â|-¦�v�°®�ÎÍÒ �ÒÒ ±¦v¿|§º¬-��'�E
¶º.³�¦°�®ººs bº�t³�bÀ«Zº���±¦�vºº�°®�Ò �Í ±Z³Z§º¬-Âv³¦�Â
Â�(&� ��� ���� ������±Zº§Ç�ÄZºº·®¿|³¡�²d�¦®¶.³���ÐÎ��®°¦®¾¯
vÀº�¦�Â���3HUR[LGDVH Â�(&������������ ±¦vÀ�§¦z�����/DFFDVH
Ávºº� �^´k¾]�Â�� $FLG�SKRVSKDWDVH�(&������������ ±ZcZ ��
Â�¶ººº�À���bÀ´À«ºWZº§ �bºÀ³º¬¿°º¯b³º¯�ÄZ·Áv³°¦v¸º.³�ÄÂ°�
Ä¦z]�®¦z-¾d³Z��¶k°®�°Z¸#�ÄZ¯®�°®��¿º«�b¬À��b�Z]�Z]�¾§Zs
¶º] Z¸º³¡�Ä°ºº�´§�Â�bÀ«Zºº���°®�¦°�¾�·Z§�¶³º-"À·��ÁZ¯�°Z¸#
ÄZº·®¿|³¡�bÀ«Zº���Â�Ä°ººº�´§��À¡�z]¦z]�°®��b�¦�¶d�¦v³�¾Z^³®
vÀº�¦�®º¿|³¡�²ºÀ´#®º· Â���°¦®�º^´k��®¦±¡�±¦vÀºº�§¦z��Â�±Z§Ç
°®�²dºº�¦®¶.³�±¦�~���¶�À��ÄÂ°�Áv���^´k¾]�Â�®¦±¡�±ZcZ ��

��ÎÐ��b�¦�¶d�¦®��·Z§��ÒÍ ¶]�¦¿®|³�Z¯®�ÀZ°·
ÄZºº·®¿|³¡�Ä°¦v¿Zºº� ¶ºº§ vºº� Ávººº¿®��º·Â&��²º¿¦�°®
ÀZ°dsZºº� ¶º] Ávº� �º^´k¾]�±Zº³Z§º¬-Âvº³¦�Â�±Zº³Z§º¬-Â|º-¦
ÏÍ ±¦�~º� ¶º§ Ä¦¶º³º-�¶ºº] �®°¦®�°ZÀ�]�¾.d�]¦Â�À¡�Áv³°¦v¸.³
bÀ«Zº����·Zºº§ �®¦z-¾d³Z��¶k°®�°Z¸#�ÄZ¯®�°®�Ä°¦v¸.³�±Â°
v´³Zºº¯��¾ºº«¡�ÄZ·Áv³°¦v¸º.³ ÄÂ°�Ávº� �º^´k¾]�ÄZº·®¿|³¡
�bºº�¦�zÀ-®�#�¾³Z§�ÄZ·Áv³°¦v¸.³�ÄÂ°�¾«Â��|À#�Z³��ª�¿Â¡
Â�±Zºº³Z§º¬-Â|ºº-¦�ÄZºº·®¿|³¡�Ä°ººº�´§�Â�bÀ«Zººº����·Zº§
Á&º¿Â�¶º] Â��¾º�°�ÄZºº·¾³Z§�ÄÂ°�Áv���^´k¾]�±Z³Z§º¬-Âv³¦
ÄZºº·Áv³Z¯�Â�ªº�¿Â¡�±¦�zdº�À]�ÄzÀº-®º�#�Á±¦vº³¦�¶º] �½Zºs

±¦�¾º-°|º] �t]�¶§�b -�À¦ºd]�v¿Z���²¿¦z]Z´]��b�¦�Ä±°ÂZ�§
bº�¦�¾¿Zºº·®¿|³¡�¶]�¶d�]¦Â�½Zs�¦ÀdÀ«º«º¬��ÄZ·®¿|³¡�bÀ«Z��
�ººº^´k¾]�Â�Ä°¦v¸º.³�½Zºs °®�¾·ZºÀ-�ÄZº·Áv³Z¯�ÄÂ°�¶º§

�v³º�¾¯
²·¡�ÄZ·vÀ�§Â°vÀ·�Z]�½Zs�°®�¾�°�ÄZ·¾³Z§�¶§�ZkÀ¡�±¦
°®�Zºº·®¿|³¡�§xk�¾.³º.#�Á°Z]�°®��v³¦Áv��ÁvÀ�º��®À´À¯º«¡�Â
ÄZ·vÀºº�§Â°vÀ·�Z]�Áv��ÁvÀ�º��bÀ³º¬¿°º¯b³º¯�ÄZ·¶¿Ç�ÀZÀ¯
¶ºº§ Áv��³°¦|-��b�¦�Áv��¿Zl³¦�¾¿Z·�¿Z¯±¡�®À´À¯º«¡�Â�²·¡
�¿¦|�¦�¶¿Z¯�®À´À¯º«¡�ÄZ·vÀ�§Â°vÀ·�Z]�¾�°�ÄZ·¾³Z§�Àv³Z�º�
��ÏÏ��bº�¦�Ávºº� Z¸³¡�ÄÂ°��$VSDUWDVH��±Zc°Z��¡�®¿|³¡�§xk
ÄZ·Áv³°¦v¸º.³�±¦¦º¿ zº· Àv³Zºº�º��¶§�®¦®�ÀZ�³��·Â&��²¿¦
zº] ÄzÀº-®º�#�Á±¦vº³¦�¶º] ®ººÀ´À¯º«¡�vÀ�§Â°vÀ·�Z]�½Zs�¾³Z§

�v¿¦|�¦¾¯�Z¸³¡�°®�Áv���^´k¾]�ÄZ·®¿|³¡�bÀ«Z��
ÄZºº·¾³Z§�Â�½Zºs °®�Ávº� �º^´k¾]�ÄZº·®¿|³¡�bÀ«Zº��
v¯ZºÀ��¶º] ¶ººkºc�Z]��b�¦�®À�Zd��±¦�zd�À]�®À�¬§�Z]�Áv��Àº¿®·
Zº·®¿|³¡�²ºº¿¦�bÀ«Z���|À³�Â�¾]Z¿±°¦�³Â°�Z]�®À�¬§�ÀºÀcZ§�b^h¯
bÀ«Zº���zº] Ä±Zºº��^´k¾]�³Â°�²¿¦�b^h¯�v¯ZÀ��Á°Z]�°®���Î�
bº^h¯�v¯ZººÀ��²¿¦��¾Zo�z·�¶]��b -�À¦ºc¾°³�Ä|À#�Z·®¿|³¡�²¿¦
ªººº�¿Â¡�ÄÂ°�Ávº� �º^´k¾]�ÄZº·®¿|³¡�bÀ«Zº���Â�À¦|Àº¯ °®

�v�Z]¾°³�zÀ-®�#

Ä°¦|.�Z��
¾º�Z´�½Zs�ÄZ·ÁZ.�¿Z¯±¡�ÀZ´§°Z§��¾³Z]z£�zd§®�ÄZ£¡�§Z´k�±¦
ÁZ.ºº�¿Z¯±¡�ÀZº´§°Z§�Â�ÀZ¸º �¦�¾ºd�´��ÁZ.º�³¦®�Ä°Âzº�¿¦®�Â
°Z§zºº� Á&¿Â�¶]��ÀZ¸ �¦�ÁZ.�³¦®�¶³Zt¬-�¾�Z´�b�¿±�¾�·Â&�

�®º�¾¯�Ä°¦|.�Z���¶³Z°À°��¾�«Zs�²v´¸¯�®³Zs

Á®Z d�¦�®°º¯��]Z´¯
Zº·Ý°Zºº£ ¦ÀdÀ«º«º¬�º´.À«�ÄZ·®¿|³¡�¾¿¦°Z§�¾]Z¿±°¦�Â�Ä±°ÂZ�§�ÄZ·Áv³Z¯�±¦�¾sz]�¾d�¿±�¾.´¿±Âz���ÎÐÔÖ �¦��¸��¾³Zl´��Äz ���Î

�ÀZ¸ �¦�¾d�´��ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��¾�Z´�½Zs�Äzd§®�¶¯Z³ÀZ¿Z���½Zs�°®
�v¸�¯�¾�Â®z��ÁZ.�³¦®�©¦°Z�d³¦���¶°kzc��½Zs ¾�Z´�¿º] �ÎÐÔÓ �¾�¦|s �°��¬�Â�¾´À�o��¿���¸��¾¨#º§��Ï
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½Zs�¾³Z§�Â�¾«¡�®¦º¯�±¦�¾sz]�°®�Áv���^´k¾]�¦ÀdÀ«º«º¬��ÄZ·®¿|³¡�bÀ«Z��

ÎÔÎ

�ÀZ¸ �¦�®Â°Áv´¿¦±�¶³Zs®Â°�ÄZ·²¦zc�ÄZ·½Zs�°®�¾�°�ÄZ·¾³Z§�¾�°z]�Â�ª¯Z¨c�Â�¾ºpc�¾.³º.# ¶À�Z¤¯��ÎÐÔÎ �À��ºkz´·��Ð
�ÀZ¸ �¦�¾d�´��ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��¾�Z´�½Zs�v�°¦�¾�Z´�°Z§�¶¯Z³ÀZ¿Z�

��� %HQRLW�� 5�� (�� DQG� 5�� /�� 6WDUNH\�� ������,QKLELWLRQ�RI�GHFRPSRVLWLRQ�RI�FHOOXORVH�DQG�VRPH�RWKHU�FDUERK\GUDWHV�E\
WDQQLQ��6RLO�6FL��������������

���&KDXGKU\��*��5��������%LRORJLFDO�'HJUDGDWLRQ�DQG�%LRUHPHGLDWLRQ�RI�7R[LF�&KHPLFDOV��&KDSPDQ�	�+DOO��/RQGRQ�
��� 'LFN�� 5�� 3��������6RLO�HQ]\PH�DFWLYLWLHV�DV�LQWHJUDWLYH�LQGLFDWRUV�RI�VRLO�KHDOWK��33�����������,Q��&��(��3DQNKXUVW��%�

0�� 'RXEH� DQG� 9�� 9�� 6��5��*XSWD��(GV����%LRORJLFDO�,QGLFDWRUV�RI�6RLO�+HDOWK��&DE�,QWHUQDWLRQDO��:DOOLQJIRUG�
8.�

���(DWRQ��5��$��DQG�0��'��&��+DOH��������:RRG��'HFD\��3HVWV�DQG�3URWHFWLRQ��&KDSPDQ�	�+DOO��/RQGRQ�
��� (LYD]L�� )� DQG�0��$��7DEDWDEDL��������)DFWRUV�DIIHFWLQJ�JOXFRVLGDVHV�DQG�JDODFWRVLGDVHV�DFWLYLWLHV�LQ�VRLOV��6RLO�%LRO�

%LRFKHP��������������
��� )UDQNHQEHUJHU�� -U��� :�� 7��DQG�0��$��7DEDWDEDL��������)DFWRUV�DIIHFWLQJ�/��DVSDUDJLQDVH�DFWLYLW\�LQ�VRLO��%LRO��)HUWLO�

6RLOV��������
���� )UDQNHQEHUJHU�� -U��� :�� 7�� DQG� 0��$��7DEDWDEDL��������)DFWRUV�DIIHFWLQJ�/�JOXWDPLQDVH�DFWLYLW\�LQ�VRLOV��6RLO�%LRO�

%LRFKHP�����������������
���� )XVL�� 3��� *�� *�� 5LVWRUL��/��&DODPDL�DQG�*��6WRW]N\��������$GVRUSWLRQ�DQG�ELQGLQJ�RI�SURWHLQ�RQ�FOHDQ��KRPRLRQLF�

DQG�GLUW\��FRDWHG�ZLWK�)H�R[\K\GUR[LGHV��PRQWPRULOORQLWH��LOOLWH�DQG�NDROLQLWH��6RLO�%LRO��%LRFKHP��������������
���� *HLJHU�� *��� +�� %UDQGO�� *�� )XUUHU� DQG� 5�� 6FKXOLQ�� ������ 7KH�HIIHFW�RI�FRSSHU�RQ�WKH�DFWLYLW\�RI�FHOOXODVH�DQG�E�

JOXFRVLGDVH LQ�WKH�SUHVHQFH�RI�PRQWPRULOORQLWH�RU�$O�PRQWPRULOORQLWH��6RLO�%LRO��%LRFKHP��������������������
���� *LDQIUHGD��/��DQG�-��%ROODJ��������(IIHFW�RI�VRLOV�RQ�WKH�EHKDYLRU�RI�LPPRELOL]HG�HQ]\PHV��6RLO�6FL��6RF��$P��-�����

����������
���� *LDQIUHGD��/���0��$��5DR�DQG�$��9LRODQWH��������,YHUWDVH��E�IUXFWRVLGDVH���HIIHFWV�RI�PRQWPRULOORQLWH��$O�K\GUR[LGH

DQG�$O�2+�[�PRQWPRULOORQLWH�FRPSOH[�RQ�DFWLYLW\�DQG�NLQHWLF�SURSHUWLHV��6RLO�%LRO��%LRFKHP�����������������
���� *UHFR�� -U���*���'��3LUR]]L��0��0DUHPRQWL��*��7RVFDQR�DQG�/��*LDQIUHGD��������7KH�NLQHWLFV�RI�HQ]\PH�LQDFWLYDWLRQ�

33�� ��������� ,Q�� :�� -�� 7ZHG�� -�� 9DQ�GHQ��$��+DUGHU�DQG�5��0��%XLWHODDU��(GV����6WDELOLW\�DQG�VWDELOL]DWLRQ�RI
HQ]\PHV�� 3URFHHGLQJV� RI� DQ� ,QWHUQDWLRQDO� 6\PSRVLXP� KHOG� LQ� 0DDVWULFKW�� (OVHYLHU�6FLHQFH�3XEOLVKHUV��7KH
1HWKHUODQGV�

���� *XLVDQ�� -�� 0��� 5�� )HUQDQGH]�/DIXHQWH�� 9�� 5RGULJXH]�� $�� %DWLVGD�� 5�� 0��%ODQFR�DQG�*��$OYDUR��������(Q]\PH
VWDELOL]DWLRQ� E\�PXOWLSRLQW�FRYDOHQW�DWWDFKPHQW�WR�DFWLYDWHG�SUH��H[LVWLQJ�VXSSRUWV��33����������,Q��:��-��7ZHG� -�
9DQ� GHQ�� $�� +DUGHU� DQG� 5�� 0�� %XLWHODDU� �(GV���� 6WDELOLW\� DQG� VWDELOL]DWLRQ� RI� HQ]\PHV�� 3URFHHGLQJ�RI�DQ
,QWHUQDWLRQDO�6\PSRVLXP�KHOG�LQ�0DDVWULFKW��(OVHYLHU�6FLHQFH�3XEOLVKHUV��7KH�1HWKHUODQGV�

���� -XPD�� 1�� *�� DQG� 0�� $�� 7DEDWDEDL��������(IIHFWV�RI�WUDFH�HOHPHQWV�RQ�SKRVSKDWDVH�DFWLYLW\�LQ�VRLOV��6RLO�6FL��6RF�
$P��-��������������

���� /DGG�� -�� 1�� ������ 6RLO�HQ]\PHV��33�����������,Q��'��9DXJKDQ�DQG�5��(��0DOFROP��(GV����6RLO�2UJDQLF�0DWWHU�DQG
%LRORJLFDO� $FWLYLW\�� 'HYHORSPHQWV� LQ� 3ODQW� DQG� 6RLO�6FLHQFH��.OXZHU�$FDGHPLF�3XEOLVKHUV�*URXS��0DUWLQXV
1LMKRII��'U��:��-XQN�3XEOLVKHUV��'RUGUHFKW��7KH�1HWKHUODQGV�

����/HH��<��*��DQG�/��7��)DQ��������3URSHUWLHV�DQG�PRGH�RI�DFWLRQ�RI�FHOOXODVH��$GY��%LRFKHP��(QJ��������������
����0DQGHO��0��DQG�-��:HEHU��������([RJOXFDQDVH�DFWLYLW\�E\�PLFURRUJDQLVPV��$GY��&KHP��������������
���� 0LVVHW�� 2�� ������ 6WDELOLW\� RI� LQGXVWULDO� HQ]\PHV�� 33�� ���������,Q��:��-��7ZHG�-��9DQ�GHQ��$��+DUGHU�DQG�5��0�

%XLWHODDU� �(GV���� 6WDELOLW\� DQG� VWDELOL]DWLRQ� RI� HQ]\PHV�� 3URFHHGLQJV�RI�DQ�,QWHUUQDWLRQDO�6\PSRVLXP�KHOG�LQ
0DDVWULFKW��(OVHYLHU�6FLHQFH�3XEOLVKHUV��7KH�1HWKHUODQGV�

���� 1DLGMD�� $�� DQG� 3�� 0�� +XDQJ�� ������ 'HDPLQDWLRQ�RI�DVSDUWLF�DFLG�E\�DVSDUWDVH��&D��PRQWPRULOORQLWH�FRPSOH[��-�
0ROHFXODU�&DWDO\VLV�$��&KHPLFDO��������������
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ÎÔÏ

���� 1DLGMD�� $��� 3�� 0�� +XDQJ� DQG� -�� 0�� %ROODJ�� ������ $FWLYLW\� RI� W\URVLQDVH� LPPRELOL]HG�RQ�K\GUR[\ODOXPLQXP�
PRQWPULOORQLWH�FRPSOH[HV��-��0ROHFXODU�&DWDO\VLV�$��&KHPLFDO��������������

���� 1HYDODLQHQ�� +�� DQG� 0��3HQWWLO��������0ROHFXODU�ELRORJ\�RI�FHOOXORO\WLF�IXQJL��33�����������,Q��8��.XFN��(G����7KH
0\FRWD��,,��*HQHWLFV�DQG�%LRWHFKQRORJ\��6SULQJHU�9HUODJ��%HULOQ�

���� 1RUGH�� :�� ������ 7KH� EHKDYLRXU�RI�SURWHLQV�DW�LQWHUIDFHV�LQ�UHODWLRQ�WR�WKHLU�VWUXFWXUDO�VWDELOLW\��33��������,Q� :��-�
7ZHG�� -�� 9DQ�GHQ��$��+DUGHU�DQG�5��0��%XLWHODDU��(GV����6WDELOLW\�DQG�VWDELOL]DWLRQ�RI�HQ]\PHV��3URFHHGLQJV�RI
DQ�,QWHUQDWLRQDO�6\PSRVLXP�KHOG�LQ�0DDVWULFKW��(OVHYLHU�6FLHQFH�3XEOLVKHUV��7KH�1HWKHUODQGV�

���� 3DJH�� $�� ,���5��+��0LOOHU�DQG�'��5��.HHQH\��������0HWKRGV�RI�6RLO�$QDO\VLV��3DUW��� &KHPLFDO�DQG�0LFURELRORJLFDO
3URSHUWLHV��$P��6RF��$JURQ���,QF���0DGLVRQ��:LVFRQVLQ��86$�

���� 5RXYLQHQ�� -��� 7�� %HUJIRUV�� 7�� 7HHUL�� -��.��&��.QRZOHV�DQG�7��$��-RQHV��������7KH�WKUHH��GLPHQVLRQDO�VWUXFWXUH�RI
FHOORELRK\GURODVH�,,�IURP�7ULFKRGHUPD�UHHVLH��6FLHQFH��������������

����6DGGOHU��-��1��������)DFWRUV�OLPLWLQJ�WKH�HIILFLHQF\�RI�FHOOXODVH�HQ]\PH��0LFURELRO��6FL�������������
���� 6DUNDU�� $�� DQG� 6�� 1�� 8SDGK\D\�� ������ 3XULILFDWLRQ� DQG� SURSHUWLHV� RI�FHOOXODVH�IURP�0LFURFRFFXV�URVHXV :��-�

0LFURELRO��%LRWHFKQRO��������������
���� 6LQVDEDXJK�� 5�� /�� DQG�$��(��/LQNLQV��������$GVRUSWLRQ�RI�FHOOXODVH�FRPSRQHQWV�E\�OHDI�OLWWHU��6RLO�%LRO��%LRFKHP�

������������
���� 6LQVDEDXJK�� 5�� /�� DQG� $�� (�� /LQNLQV��������1DWXUDO�GLVWXUEDQFH�DQG�WKH�DFWLYLW\�RI�7KLFKRGHUPD�YLULGH FHOOXODVH

FRPSOH[HV��6RLO��%LRO��%LRFKHP�����������������
���� 6NXMLQV�� -�� -��DQG�$��'��0F/DUHQ��������3HUVLVWHQFH�HQ]\PDWLF�DFWLYLWLHV�LQ�VWRUHG�DQG�JHRORJLFDOO\�SUHVHUYHG�VRLOV�

(Q]\PRORJLD�������������
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