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®¿È¯�aZ§zo8S� 	� 'RZQ½{Z�� µuZ¯M� ���©Z³¹z§� ³Y� ¶�¿y�©Z³Z§Zlb�z-��±uº]{Z]� {Y�±Z´À°�Y� yº�´¯� ¶] �¶�¿y� ©Z³Z§zÀ�¯yuª¿Z�� {Y� µuZ d�Y� ª�Yº�½Z· 6KDSLQJ¾d�u�ª¿Z�� �æåuz§yZ§� ©º�� Zc��:RUNLQJ� /HQJWK�v¿uz-�¾¯�©Z³Z§�uyY¹�� ª¿Z��{Y� µuZ d�Y� Z]�~��½Z·�)� ��)� ��)��)LQLVKLQJ µuZ¯Mb¿Z¸³� yu� ¹ v�� Zl³Y� ¶�¿y�©Z¨À�Y��t]�½{Z� Z�ª¿)�±Yº´�� ¶]0$)v¿uz-�[Ztd³Y��¾¬§� ªoYz¯ µuZ¯M®d�À�� Z]� ¶�¿y� ©Z³Z§�½{Z�3URWDSHU\Àczc� ¶]� v�Z]�¾¯�z¿{�
��o6�o��o6[o��o6�o6�o)�o)�o)�

¹u�µ¹z-�®d�À�¾�sz#3UR)LOH���� WDSHU¶³º°³� `À¬§� µ¹z-� ²¿Y� yuZ·½ª¿Z�� Z]� ¾�¿Z¯{M�·½Z ºÀ³ZdÀc�ª¨À³�¾�sz#3UR)LOH�3URGXFW� �� RN�7XOVD� 'HQWDO��¹y� ¶]&URZQ�'RZQª°�«Yyºd�u� Z]�¢]Z�¯�b]Zg� b�z�� Z]� ¹ µv³{Z�� ¾³Z�°§530èååµuZ¯M� v³v��½yYz£z]� {Y�~�� Yvd]Y$SLFDO� SDWHQF\ª¿Z�� Z] _yZ°�� ¾d�uæåª¿Z�� �¾�sz#�½Z·2ULILFH� VKDSHU yZ°�_ç¹è �26�� �26���yº��¶]�3DVVLYH®¿È¯�aZ§zo�Z]�¹8S
	� 'RZQ���µuZ¯M� ¶�¿y� ©Z³Z§� ©Z³¹z§��v�~�� ª¿Z�µyZ°��½Z·çê¹çåZ]�åë�å WDSHULQJ¹{Y�~� ±Mª¿Z��µyZ°��½Z·çê¹çåZ]�åé�å WDSHULQJ±¹v]�

½{Z��µuZ¯M�yº�´¯�¶]�¹ yZ���©Z°�Y��©Z³Z§�©Z³¹yº§� yYz£�µuZ d�Y�uyº¯�¶�¿yv´d�z-��½yYz£z]� �©Z³Z§� zÀ�¯� ±uº]� {Z]� {Y� ±Z´À°�Y� yº�´¯� ¶]uvl¯$SLFDO�SDWHQF\µyZ°��¾d�u�ª¿Z��{Y�µuZ d�Y�Z]� æåv��Zl³Y��ª¿Z��>Yuvl¯�~��½Z·çå¹çêZ]�åé�å WDSHULQJv³uz§� µuZ¯M� Yy� ¶�¿y�©Z³Z§� uz§yZ§�©º�� ¶]� ]¶½yº�¾�sz#�ª¿Z��b¿Z¸³�yu�¶§�WDSHUåé�å�çê � ¶]±Yº´0$)v�� ¶d�z-� z�³� yu��µuZ¯M�¾¬§�ªoYz¯ ®d�À��Z]�¶�¿y�©Z³Z§�½{Z�3UR)LOH���� WDSHU\Àczc�¶]� v�Z]�¾¯�z¿{�
æåo26�èo26�ço �åë�å�çê o �åë�å�çå o �åé�å�çêoçå�å�åé�oæåoçå�å�åé�oçê�å�åé�º��µ¹z-�¾d�u�½Z¸¬¿Z�.�)OH[R)LOH yu�u�½Z¸¬¿Z�� Z]�¾�¿Z¯{M� ½Z·� ¶³º°³� �µ¹z-� ²¿Y¾d .�)OH[R)LOHªÀd�Y�~¬´Àd�Y�~´k�{Y��±|³�,³{�uÇº�� �'HQWVSO\�� 0DLOOHIHU�� 6ZLVV� PDGH��¹y� ¶]� ¹
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6WHS�%DFN��ºc�¶§�:DOWRQ�Î�¯�b�Y� µv��¾�z� v³v��µuZ¯M�½yYzº£z]�{Y�~º�$SLFDO� SDWHQF\ª¿Z��Z]�µyZ°��¾d�u æåµuZº¯M��©Zº³Z§�½{Zº�¶º�¿y�½Zº·ª¿Z��Z]¾d�u�½Z·µyZ°ººººººººººººººººººººººººººººººººººººº�½ èå�æåaZ§zo�Zº] ¹3XVK�SXOOº��¶]�©uz§yZ§�ª¯Z§� º] �vº� Zºl³Y¶½yºº�µyZ°��ª¿Z��¶§½èå±Yº´��¶]� 0$)v��[Ztdº³Y��`¬oz¯�~��6WHS�%DFNµuZ d�Y�Z]� ª¿Zº� {Y½Zº·èê¹éå¹éê±Y|À¯�¶]�\Àczc�¶]�PPæ� PPç�PPèb�z-�ayº��uz§yZ§�©ºº� {Y�zdº·Zcº§� ªoYz¯�{Y�¦¿�z·�ªº�Yº��yu6WHS�%DFNµyZ°��ª¿Z���� ÐÍyº�´¯�¶]�¹ uz§yZ§�©º��¶º]UHFDSLWXODWLRQµuZ d�Y� vº��½Z¸¬¿Z��Z]�¶�¿y�©Z³Z§�½{Z��µuZ¯M�¾º¬§�ªoYzº¯¾d�u.�)OH[R)LOH¾¯�z¿{�mz��¶]�v�Z]�
æåooæêooçåooçêooèåooèêooèåooéåooèåooéêooèå

µyZ°��uº��¾¯�¶�oÈ¯�¶§�yº�³Zº°·0$)¶��z·�yu� uZ�¯�>Z^¿z¤c�¾º�¿Z¯{M�µ¹zº-²¿Y�¶§�v�Z]�¾¯�z.¿v¨¿�© µ¹z-�¾³Z�°·�z�³�{Y�z¯Yb�Y�¶kºc�ª]Z£�¾�¿Z¯{M�½Z·�'2��)�� �����PP'2�������� �������PP�# ����PP'2����� �����PP�¾�¿Z¯{M� µ¹z-� ¶�� z·� yu� ¶§� b�Y� z§xc� ¶]� {Ç®¿v��b¿z¬§º�À·�©º¬p¯ë�ç�b���,³z��yu¹½º� �� JDXJH¶]�yº�´¯LUULJDWLRQ©Z³Z§��v��µuZ d�Y�¶�¿y� ]¶½yº�yu�¶§,´À¬¿Z��ªoYz¯�{Y�¦¿�z·�ª�Yº��PO æb���©º¬p¯�¹b¿Z¸³� yu�¹ v��¾¯�©Z³Z§� uyY¹�º�½Z¸·¹z-�{Y�¦¿�z·�yu�µuZ d�Y�uyº¯�©º¬p¯�ª§�®lo¾�¿Z¯{MPOæåuº]��
�¾�¿Z¯{M�µ¹z-�¶��z·�yu�Z·�¶º³º°³�`Àº¬§�yu�²ºÀ´$°·uz§yZ§�©ºº�±Y|À¯�¶]PPæ{Y�zd·Zcº§�¥º³�¶§�¾d£¹ ª¿Zº�æå¶d�z-�z�³�yu��v��¾¯�µv¿u�©Z¨À�Y�²¯Yyº��{Y� v��¦¿z·�yu�¶�¿y�©Z³Z§�½{Z��µuZ¯M�ªoYz¯�Z°cY�{Y�~º��¾�¿Z¯{M�½Z¸·¹zº- {YµyZ]¹u¾�Yz-º¿uYy�¦¿�3�${Y� ¶º³º°³�{Y�¦º¿ zº·¾º«Zo�yu�Zº·¶º§0$)©Z³Z§�yu� ¶À¸c��uº]�µv��µuYu�yYzº£ ©Z§Z]º¿|º¯�v�½¹yz]�~�� ¿uYy¾º�Yz-º3�$vd¯�{Y�µuZ d�Y�Z]�¹6FKQHLGHU¶¿¹Y{��`¿¹Y{�±Yº´��bpc�¶§�v��²ÀÀ�c�¶�¿y�©Z³Z§�½Z´ºp³YD� v¿uzº- bº^g�½Z¿Y¹{�ªº�Z cD�¹D��½Z´p³Y�½Z¿Y¹{ {Y�vº�]�¹ ª^º£ ¶º�¿y�©Zº³Z§LQVWUXPHQWDWLRQ�bººpc ±Yº´º�D�¶§�v���t�¯�½Z´p³YyuzÀÀ�c�±Y|À¯�z.³Z�³ ¶º]Z¿¹�¶º�¿y�©Zº³Z§yZ^º�zÀ�¯�¾¿Zl]Zk�±Y|À¯�z.¿u�a ¶�¿y�©Z³Z§�&DQDO�WUDQVSRUWDWLRQ�uº]��

z¿uZ¤¯D�]¶µ¹z-�{Y�¦¿�z·�{Y�µv¯M�b�u¾�¿Z¯{M�½Z· ±º¯{M�bpc�¹y�¶]�¶�z�¨¿�~³Z¿yY¹�|À«Z³M�½yZ¯M�½Z· 6FKHII¹6WXGHQW� W� WHVWv´ºd�z-�yYzº£�{Y�ª�Zo�j¿Zd³ ±º¯{M½yZ¯M�½Z·yub�Y�µv��z§w�j¿Zd³��t]�� Ç¾�¿Z¯{M�½Z¸·¹z-�{Y�¦¿�z·�yu�¶§�b�Y�z§w�¶]�{3UR)LOH� ���¹3URWDSHUªÀ«u� ¶]� Z·� ¶³º°³� {Y� ¾¨¿� �v¿uz-��xo� ¶�¿y�©Z³Z§� yu�ª¿Z��²d�¨��²¿Y� {Y¹y µ¹z-�¹u�²¿Y�{Y�¦¿�z·�yu�¶³º°³�®loææ¾¯�±Yv³u� v�Z]�
j¿Zd³zÀÀ�c�¶kyu��¶�«Z�¯�²¿Y�yu�¾�yz]�uyº¯�¾°§��sZ�Z³Z§�½Z´p³Y¶�¿y� ©�D��½{Z�� µuZ¯M� {Y�~�� ¹ ª^£� uº]�¶�¿y�©Z³Z§�©¹vkyuµyZ°�Ï²À.³ZÀ¯�z¿uZ¤¯��PD��� yZÀ�¯��Yzp³Y�6G�z¿uZ¤¯� ¹ �®°¿|§Z¯®°À´À¯� ¹`´¯YuZ]�
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±Z´À°�Yîê�µ¹z-�{Y�z·�½Yz]�¦À¨ c�¶]¾�¿Z¯{M�½Z· b�Y�µv��iyu�±º¯{M�{Y�¶¬�Zo�j¿Zd³½yZ¯M�½Z·$129$�¹y�¶]� 6FKHII¹6WXGHQW�W�WHVWv�Z]�¾¯�z¿{�mz��¶]� µyZ°��©¹vk� yu�iyv´¯� uyYº¯�}Z�Y� z]ÎÀ.³ZÀ¯� �º² ¶¿¹Y{{Y�ª^£� ¶�¿y�©Z³Z§�½Z´p³Y��PD��LQVWUXPHQWDWLRQyu�²¿Y�¶§�uyYv³�½yYu�¾´�¯�a¹Z c�¾�¿Z¯{M�µ¹z-�¶��²À]z�³� {Y�¾�¿Z¯{M� µ¹z-� ¶��¾^�³�¾³Z�°·� z.³Z�³� z¯Y¾¯�¶�¿y�©Z³Z§�¶À«¹Y�½Z´p³Yv�Z]��

±º¯{M� {Y� ¶¬�Zo�j¿Zd³$129$�¹y� ¶]�6FKHII¹ ±º¯{M6WXGHQW�W�WHVW¶¿¹Y{�²À.³ZÀ¯�¶§�b�Y�±M�z.³Z�³�µ¹z-� yu� ¶�¿y� ©Z³Z§� ¾¿Zl¿Zk3URWDSHUa¹Z c� ¾´�¯ª¿Z�� µ¹z-� Z]�½yYu¾d�u�½Z·6�6uyYu��²À´$°· µ¹z-3UR)LOH� ���ª¿Z�� µ¹z-� Z]� z�³� ²¿Y� {Y� |À³�½Z· ¾d�u6�6a¹Z c�¾´�¯�v³yYu� ½yYu��3�������Z¯Y� µ¹z-�yu�¶�¿y�©Z³Z§�¾¿Zl]Zk�¶¿¹Y{�²À.³ZÀ¯3URWDSHU� ¾´�¯�a¹Z cµ¹z-� Z]�½yYu3UR)LOH� ���uyYv³���3 � ���� ©¹Yvk�yu�¡º��j¿Zd³Ð¹Ñ¹Òb�Y�µv��iyu��
©¹vkÎ�¶À«¹Y�½Z¿Y¹{�¶�¿Z¤¯�D��¾�¿Z¯{M�µ¹z-�¶��yu�µv��½zÀ-�µ{Yv³Y�

�º³�¹ ¶lÀd³±º¯{M yZÀ�¯��Yzp³Y�6G� ¶¿¹Y{�²À.³ZÀ¯¶À«¹Y�PD�� µ¹z-Ó�Ó Ï�ÐÍ 6�6Ñ�Ñ Î�ÐÍ 3UR)LOH�1L7L�¶�z��¦¿�~³Z¿yY¹�|À«Z³M �2QH�:D\�ÖÑÕ�Î )���ÐÐ¹Ï�GI¾´�¯ b�À³�yYu Ô�Ñ Ñ�ÏÓ 3URWDSHU�1L7L�
©¹vkÏ�©Z³Z§�zÀ�¯�¾¿Zl]Zk�±Y|À¯�²ÀÀ�c�yu�µ¹z-�¶��¶�¿Z¤¯

®°¿|§Z¯�À´À¯®�ÖÒ�Í� yZÀ�¯��Yzp³Y�6G� ¾¿Zl]Zk�¶¿¹Y{�²À.³ZÀ¯�PD�� µ¹z-
Ñ�ÎÒ�Ó�ÎÍ Ô�Ð ÎÐ 6�6Ñ�Î�Ï�ÎÍ�Ô�Î ÍÓ�Î ÔÐ�Í 3UR)LOH����Ò�Ñ�Õ�Í Ô�Ï Ó�Ï 3URWDSHU©¹vkÐ��µ¹z-�yu�©Z³Z§�zÀ�¯�¾¿Zl]Zk�¶�¿Z¤¯66¹1L7L�3URILOH

±º¯{M��º³�¹ ¶lÀd³ yZÀ�¯��Yzp³Y�6G� ²À.³ZÀ¯Zl]Zk¾¿ �PD�� uYv�c µ¹z-
Ô�Ð ÎÐ ÎÏ 6�6ÔÒ�ÎÍ �W��Õ�ÎÏ GI��ÍÍÍÎ�Í3�¾´�¯� yYu ÍÓ�Î ÔÐ�Í ÎÎ 3UR)LOH

©¹vkÑ�µ¹z-�¹u�²À]�©Z³Z§�zÀ�¯�¾¿Zl]Zk�¶�¿Z¤¯66¹3UR7DSHU
±º¯{M��º³�¹ ¶lÀd³ yZÀ�¯��Yzp³Y�6G� ²À.³ZÀ¯¾¿Zl]Zk�PD�� uYv�c µ¹z-

Ô�Ð ÎÐ ÎÏ 6�6Ñ�Ô �W��ÏÎ GI��ÍÍÍÎ�Í3�yYu�¾´�¯� Ô�Ï Ó�Ï ÎÎ 3UR7DSHU
©¹vkÒ�µ¹z-�¹u�²À]�©Z³Z§�zÀ�¯�¾¿Zl]Zk�¶�¿Z¤¯3UR)LOH¹3UR7DSHU

±º¯{M��º³�¹ ¶lÀd³ yZÀ�¯��Yzp³Y�6G� ²À.³ZÀ¯¾¿Zl]Zk uYv�c µ¹z-
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�PD��
ÎÓ�Ï� W��Ö�ÎÏ GI��ÍÒ�Í3 yYu�¾´�¯� ÍÓ�Î ÔÐ�Í ÎÎ 3UR)LOHÔ�Ï Ó�Ï ÎÎ 3UR7DSHU

fp]½zÀ-�¶lÀd³�¹{Y� �±Yv³u� `�¿y� ©Z³Z§� ¾¬�Y�bÀ�£º¯� ¹ ª¨�� � o©Z³Z§�[º¬�¯�½{Z��µuZ¯M�½Z·yZÀ�¯�¹ �Yv·Y�²¿zd°¸¯¾¯� ¶�¿yv�Z]�}Z�Yz]aZ�«Z�¯²À¤¤p¯�ª¿Z�½Z· ª¿Z��Z]�¶�¿Z¤¯�yu�ºÀ³ZdÀc�ª¨À³�¾�sz#¾d�u�½Z·6�6 ª¿Z��¾do�¹À³ZdÀc�ª¨À³�¾d�u�½Z·yu�½zd¸]�¾¿Z³Yºc��º¹ v³yYu� ¶�¿y� ©Z³Z§� ¾¬�Y� bÀ�£º¯� ¹ ª¨�� � o¾¯� uZl¿Y� ¶�¿y� ©Z³Z§� zÀ�¯� yu� Yy� ½zd°§� ¾¿Zl]Zkv´´§�Ó¹Ô¹Õ¹Ö¹ÎÍ¹ÎÎ��>Z�º�s�z¯Y�²¿Y½uyYº¯�yu ¶§$SLFDO� SUHS�ª¿Z�� Z]�{Y� zd-y|]� ºÀ³ZdÀc�ª¨À³�½Z· |¿Z�èåb�Y�¶kºc�ª]Z£�yZÀ�]��uº��Zl³Y��]¶½yº� ¶§`�«Z�¯�}Z�Yz](VSRVLWR¹&XQQLQJKDPµuZ¯M� yu�_yZ°�� ª¿Z�� Zc� ¶�¿y� ©Z³Z§� ©Z¨À�Y��t]� ½{Z�èå� ¾´�¯�a¹Z cª¿Z��²À]�½yYuª¨À³�¾�sz#�¹ ¾d�u�½Z· ª¿Z�� Z]� ºÀ³ZdÀc¾d�u�½Z·6�6¾¿Zl]Zk�±Y|À¯� z�³� {Y�²d�y� zcÇZ]� Z]� Z¯Y� �v�� ¾°³� µv¿u� ¶�¿y� ©Z³Z§� zÀ�¯ª¿Z�� �ª¿Z�� _yZ°�½Z·yZÀ�]� ¾¿Zl]Zk� �ºÀ³ZdÀc� ª¨À³�§ ¾¯� uZl¿Y� ¶�¿y�©Z³Z§� zÀ�¯� yu�½zd°§zuv³²¿Y�¶§�

¾´�¯� ½yZ¯M� z�³� {Y� z¯YyYuuº]�ÎÏ��*ORVVRQ�¹µyZ°��ª¿Z��{Y�µuZ d�Y� Z]�uºs�`�«Z�¯�yu�|À³�±YyZ¨°·éê±Yº´�� ¶]�0$)¶�¿Z¤¯� yu� Yy� ¾¸]Z�¯� j¿Zd³� � ª¿Z�½Z·1L7L¹6�6v³uz§��yY|-��Ó�� Z´]ªÀ«u�¶]�ºÀ³ZdÀc�ª¨À³�¾�sz#�½Zº· ®dº�À���²º¿Yz]�Z��³Y�bÀ¬]Z£�¶º¬°k�{Y�uººs [ºº¬�¯�aZÀº�º�s¹ \º�Z´¯�½zº¿x�yulÀºd³¶½{Z��µuZ¯M�zd¸]�bºÀ À§�ª¨��¹ ½{Z�§Z��v³¹y�yu�zd�À]�b�z���¶º�¿y�©Zº³Z§zdº°§�¾.dº�s�¹ ¾º·u¦�|�³Yv³ubÀ«º^¤¯��yZ°À]�¹³Y�µuz§�\�§�±Z¨�|�³Yv³u�²ºÀ]�yu�½yZÀº�]v�²¿Y�yu �±ZÀ¯v¿vk�¾�sz#�®d�À��3URWDSHU±uº]�YyYu�ªÀ«u�¶]� ¾º-&¿¹¾°d�À��±Yº´��¶]��uz ]�z�p´¯�¹ �Zs�¾º¿Z·¶�¿y�©Z³Z§�\�Z´¯�½{Z��µuZ¯M�yu�[ºº¬�¯�¹ v¯MyZº§b�Y�µv��¾�z�¯�½Yz]�z�Zo�¶�«Z�¯�yu��}Z�Y�²¿Y�z]Z]�±Yv³u�¶�¿y�©Z³Z§�zÀ�¯�¾¿Zl]Zk�±Y|À¯��yZ]�²Àdº�t³uZ dº�Yv¿vk�¾º�sz#�®dº�À��{Y�µ3URWDSHU¾�yz]�Zººººº] ¶¬ººººº�Zo�j¿Zdººººº³ ¹ bººººº�Y�µvººººº� µv��¶dsZ´��¾�sz#�®dº�À�3UR)LOH� ���ª¿Z��¹½Z· ¾d�u.�)OH[RILOH��6�6b�z-�yYz£�¾�yz]�uyº¯��±Y|À¯�¶§�b�Y�±M�z.³Z�³�¶�«Z�¯�²¿Y�{Y�¶¬�Zo�j¿Zd³µ¹z-�{Y�¦¿z·�yu�±Yv³u�¶�¿y�©Z³Z§�zÀ�¯�¾¿Zl]Zk½Z· Z¯{M¾�¿3URWDSHU¹3UR)LOH�����½yYu�¾´�¯�a¹Z c� ª¿Z��µ¹z-�Z]¾d�u�½Z·.�)OH[RILOH��66uyYu��²À´$°· ½uºk¹Z]²À.³ZÀ¯� ¶§½uv�yYv¤¯©Z³Z§� zÀ�¯� ¾¿Zl]Zk µ¹z-yu� ¶�¿y3URWDSHUµ¹z-� ¶]� b^�³�3UR)LOH� ���¾´�¯�a¹Z c�½yZ¯Mz�³� {YZ¯Y� �b�Y�zd�À]¹u�²À]�½yYu

Yv³�uºk¹�¡º�� µ¹z-uy�¦¿u|³�¢]Z�c�yu�z�Zo�j¿Zd³v´³Z°·z.¿u�²À¤¤p¯�aZ�«Z�¯�Z]3DUN�Ô��6FKDIHU�Ö�¹ 6KRUW�ÎÎ�±YyZ¨°·� ¹¾¯¶§v�Z]±Y|À¯¾¿Zl]Zkzd°§ ©Z³Z§¶�¿y®d�À�yuYy¾�sz#3UR)LOH� ���¶]� b^�³� ¾d�u�½Z¸¬¿Z�6�6µuz§��yY|-�v³Y�v´³Z°·�²À¤¤p¯�¾sz]�aZ�«Z�¯�j¿Zd³�¶d^«Y(VSRVLWR¹ ±YyZ¨°·�ÎÏ��*ORVVRQ±YyZ¨°·� ¹�Ó��6KRUW¹ ±YyZ¨°·�ÎÎ�½{Z�� µuZ¯M� yu� ¶§�b�Y� ±M� {Y�¾§Zo�Zc� ¶�¿y� ©Z³Z§0$)µyZ°��èå½yZ¯M� a¹Z c� �
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���6FKDIHU�(�� 6KDSLQJ�$ELOLW\� RI�+HUR�����5RWDU\�1LFNHO�WLWDQLXP� ,QVWUXPHQWV�DQG�6WDLQOHVV�+DQG�.�)OH[R�)LOHV� LQ�6LPXODWHG�&XUYHG�5RRW�&DQDOV��2UDO�6XUJ�������������������6KRUW� -$�� 0RUJDQ� /$�� %DXPJDUWQHU� -&�� $�&RPSDULVRQ� RI� &DQDO� &HQWHULQJ� $ELOLW\� RI� IRXU�

,QVWUXPHQWDWLRQ� 7HFKQLTXHV�� -� (QGRGRQ� ������ ���������������(VSRVLWR�37��&XQQLQJKDP�&-��$�FRPSDULVRQ�RI�&DQDO� 3UHSDUDWLRQ� ZLWK� 1LFNHO�WLWDQLXP� DQG�6WDLQOHVV� 6WHHO� ,QVWUXPHQWV�� -� (QGRGRQ�����������������

&RPSDUDWLYH�6WXG\�RQ�'HJUHH�RI�5RRW�&DQDO�7UDQVSRUWDWLRQ�
8VLQJ�7ZR�5RWDU\�6\VWHPV�RI�3URWDSHU��3URILOH������7DSHU�DQG�

Archive of SID

www.SID.ir



ywM�¾£È�£�®À�³�zd§u�b¤À¤o�µuY{�uYºk�aYuZ��¶À«Z��zd§u

µv¨�³Yu�¶¬l¯±ÈÀ-�¾¨�|��º¬��µZ.�³Yu�¾¨�|��®·u|À��©Z��µyZ°�êæ�|À¿Z�æèíèOæíì

+DQG�.� )OH[RILOHV�LQ�D�,Q�9LWUR�&RQGLWLRQ
*KHVKODJKL� $]DU�1���-DYDG�]DGHK�+DJKLJKDW�$�6�$EVWUDFW

,QWURGXFWLRQ�� 5RRW�FDQDO�SUHSDUDWLRQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�VWDJHV�RI�HQGRGRQWLF�WUHDWPHQW��,W�VHHPV�WKDW�URWDU\�1L7L�ILOHV�DUH�HIILFLHQW�LQVWUXPHQWV�LQ�URRW�FDQDO�SUHSDUDWLRQ�
2EMHFWLYH� 7KLV� LQ� YLWUR� VWXG\� ZDV� GHVLJQHG� WR� DVVHVV� WKH� GHJUHH� RI� FDQDO� WUDQVSRUWDWLRQ�� UHVXOWLQJ� IURP�LQVWUXPHQWDWLRQ� E\� D� QHZ� URWDU\� V\VWHP� �SURWDSHU�� DQG� WR� FRPSDUH� LW� ZLWK� URWDU\� SURILOH� ����� WDSHU� VHULHV� ���V\VWHP�DQG�KDQG�.� IOH[RILOHV�LQ�D�6WHS� EDFN�PDQQHU�
0DWHULDOV� DQG� 0HWKRGV� 7KLUW\� VL[� PHVLREXFFDO� FDQDOV� RI� H[WUDFWHG� KXPDQ� PDQGLEXODU� PRODUV� ZHUH�LQVWUXPHQWHG�LQ�WKUHH�JURXSV�E\�HDFK�RI�WKHVH�PHWKRGV�UHVSHFWLYHO\��5RWDU\�V\VWHPV�ZHUH�XVHG�LQ�D�FURZQ� GRZQ�PDQQHU�DFFRUGLQJ�WR�WKH�PDQXIDFWXUH¶V�LQVWUXFWLRQ��DQG�VWDLQOHVV�VWHHO�.� IOH[RILOHV�ZHUH�XVHG�LQ�D�FRQYHQWLRQDO�VWHS� EDFN� PHWKRG�� 3UH� DQG� SRVWRSHUDWLYH� ;� UD\V� ZHUH� WDNHQ�� SURMHFWHG� DQG� GHJUHH� RI� FDQDO� FXUYDWXUH� ZDV�GHWHUPLQHG� DFFRUGLQJ� WR� WKH� VFKQHLGHU�PHWKRG�� 7KH� GLIIHUHQFH� RI� SUH� DQG� SRVWRSHUDWLYH� FDQDO� FXUYDWXUH�ZDV�HYDOXDWHG�ZLWK�$129$�DQG�VWXGHQW�WHVWV�
5HVXOWV��7KH�UHVXOWV�RI�VWDWLVWLFDO�DQDO\VLV� LQGLFDWHG�WKDW�WKH�GHJUHH�RI�FDQDO�WUDQVSRUWLRQ�LQ�SURWDSHU�JURXS�ZDVVWDWLVWLFDOO\�OHVV�WKDQ�WKDW�LQ�.� IOH[RILOH�JURXS�WKDW�WKLV�GLIIHUHQFH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�3����������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WZR�URWDU\�JURXSV�3�������
&RQFOXVLRQ� 2Q� EDVLV� RI� WKH� UHVXOWV� REWDLQHG� IURP� WKLV� VWXG\�� SURILOH� ����� WDSHU� DQG� SURWDSHU� V\VWHPV� ZHUH�VLJQLILFDQWO\� OHVV� OLNHO\� WR� FKDQJH� WKH� FDQDO� FXUYDWXUH� LQ� FRPSDULVRQ� WR� VWDLQOHVV�.� IOH[RILOHV�� OLH�� WKH� IRUPHU�PHWKRGV�FRPSDUHG�WR�WKH�ODWWHU�RQH�KDYH�EHWWHU�FDSDELOLWLHV�LQ�PDLQWDLQLQJ�WKH�RULJLQDO�VKDSH�RI�URRW�FDQDO�
.H\�ZRUGV� Æ5RRW�&DQDO�3UHSUDWLRQ��5RRW�&DQDO�7KHUDS\
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