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��È}�ÓÈÏ©mÈËäº�º�°�Ë¹¹ËSÈ��Ò�m�ÓÈ°�º«�ËË�mSËä«
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�� 'HVSRWXOL�$� /���$QGUHHYD�$� 9��1DQRLRQLFV�DV�D�ZD\�WRZDUGV

QHZ�GLVFRYHULHV�DQG�DSSOLFDWLRQV��(�SXEOLFDWLRQ����������KWWS���SUH�
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$GYDQFHG�6XSHULRQLF�&RQGXFWRUV����%RRN�RI�$EVWUDFWV��3DWUDV�&RQ�
IHUHQFH�RQ�6ROLG�6WDWH�,RQLFV�7UDQVSRUW�3URSHUWLHV��6HSWHPEHU���Û���
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���'HVSRWXOL� $� /��� /HYDVERY� 9� ,�� ,QVHUWLRQ� WUDQVLWLRQ�� UDUH�

HDUWK�DQG�DFWLQRLG�HOHPHQWV�LQWR�$J,�DQG�&X,�(�SXEOLFDWLRQ���������
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v�­äÒããÒäË�Sºm©Ë�}ºãË­È�Ëã
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mº�ÓÒ}È�5E$J�,������Ò°
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,RQ�&RQGXFWLRQ�LQ�6ROLGV����=��3K\V��&KHP��������9�������3� ���Û����
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mº�°�mË�­©ã��º°�Ò�Ó���­ãÈ�º�ÈS«�Óºm©ä��º°�ÒÎË�
ÓÒ«ä�m�º­ãÈ°�Ò�°Èäº°­ºS}Ò�ÓÈÓº°�S�}��S�
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�Ë²Óºãº�Ò«� �1DQR0$75,;�� °�ÈãÈ� mºÏäºÎÓº®
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mº�«�Ò²�ÓÈÓº°�S�Ó�Ò�º¹�Ò�Ë°}Ò²�ÓÈÓºSÈÏäËSÓ©²
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äË�Sºmº�º� ¹Sº�Ë°°È�� {� ÓÈ�ÈãË� ����� ��� }ºä¹ÈÓÒ«
°ºÏ�ÈãÈ� �Ë°�ºm©®� 65$0� �Ò¹� °� Ò°¹ºã
ÏºmÈÓÒËä
ª�º�º��Ë²¹Sº�Ë°°È��zÈ}�º­�«mÒãÈ�}ºä¹ÈÓÒ«���Ò¹©�
¹SºÒÏmË�ËÓÓ©Ë�¹º�Óºmºä���Ë²¹Sº�Ë°°���²ÈSÈ}�ËSÒ�
Ï���°«� ÓÒÏ}Òä� ªÓËS�º¹º�SË­ãËÓÒËä� Ò� m©°º}º®
°}ºSº°�
�� SÈ­º�©�� 3�}ºmº�°�mº� }ºä¹ÈÓÒÒ� �È}ÎË
ÏÈ«mÒãº�� ��º� ¹Sºä©	ãËÓÓºË� ¹SºÒÏmº�°�mº� ¹º
���ÓÈÓºäË�Sºmº®��Ë²Óºãº�ÒÒ�°�m©°º}º®�°}ºSº°�
�

m©¹�°}È��º�ºmº�º�¹Sº��}�È�ÓÈ�ÓË�°«�m�¹ËSmº®�¹º�
ãºmÒÓË��������

zºä¹ÈÓÒ«�760&��ÎË�º}ºãº��º�È�SÈÏSÈ­È�©mÈË�
�Ë²Óºãº�ÒÒ�¹Sºä©	ãËÓÓº�º�¹SºÒÏmº�°�mÈ�¹º����
ÓÈÓºäË�Sºmº®��Ë²Óºãº�ÒÒ��w�ºä��¹ËSÒº���¹SË�	Ë�
°�mºmÈãÒ��mÈ��º�È�Á�Ó�ÈäËÓ�Èã
Ó©²�ÓÈ��Óº�¹SÒ�
}ãÈ�Ó©²�Ò°°ãË�ºmÈÓÒ®�

 ÈÓ��º�äË�Òã����º�}ºä¹ÈÓÒ«�°Ë®�È°�mË�Ë��¹ºÒ°}
¹ÈS�ÓËSºm��ã«��Èã
ÓË®	Ë�º�¹Sºä©	ãËÓÓº�º�SÈÏ�
mÒ�Ò«�ª�º®��Ë²Óºãº�ÒÒ���zº��È�}ºä¹ÈÓÒ«�°SË�ÓË®
S�}Ò��SÈ�Ò���Ë°«�}Ò�äÒããÒºÓºm��ºããÈSºm�ÓÈ�SÈÏ�
mÒ�ÒË�Óºmº®��Ë²Óºãº�ÒÒ��ª�º�¹º}ÈÏÈ�Ëã
�m©ÎÒmÈË�
äº°�Ò�}ºä¹ÈÓÒÒ�ÓÈ�äËÎ��ÓÈSº�Óºä�S©Ó}Ë���Û��º�
­ÈmÒã� ÈÓ��

µÈÌÈÊÈ�ÑÎÇÄÀËÈ
�ÊSÀÁÎÂÛÅ�ÊËÅØÍÈ���
ÇÀÕÂÀÒÛÂÀÞÙÈÅ�ÀÒÎÌÛ�ÌÛØÜßÊÀ

tÒäÒ}Ò�ÒÏ�|SË�ºÓ°}º�º��ÓÒmËS°Ò�Ë�È�°ºÏ�ÈãÒ
äºãË}�ã«SÓ©Ë��}ãË	ÓÒ���}º�ºS©Ë�ÏÈ²mÈ�©mÈ���º��
�Ëã
Ó©Ë�È�ºä©�ä©	
«}È��|�°mºËä�º�}S©�ÒÒ�Ò°°ãË�
�ºmÈ�ËãÒ�°ºº­�ÒãÒ�m�Óº«­S
°}ºä�m©¹�°}Ë�Î�SÓÈãÈ
$QJHZDQGWH�&KHPLH�,QWHUQDWLRQDO�(GLWLRQ�

iÈSSËÓ�iÎºÓ°ºÓ��°¹Ë�ÒÈãÒ°��m�º­ãÈ°�Ò�°�¹SÈ�
äºãË}�ã«SÓº®� ²ÒäÒÒ��Ò� Ë�º�}ºããË�Ò�SÈÏSÈ­º�ÈãÒ
äºãË}�ã���°¹º°º­Ó���ÏÈ²mÈ�©mÈ�
�Ò�°m«Ï©mÈ�
�È�º�
ä©�ä©	
«}È��w�Ò�äºãË}�ã©�ÓÈÏ©mÈ��°«�²ËãÈ�ºSÈ�
äÒ��m�¹ËSËmº�Ë�°��SË�Ë°}º�º�Û��}SÈ­ºm©Ë�}ãË	ÓÒ���
lºãË}�ãÈ�²ËãÈ�ºSÈ�ÒäËË��°¹Ë�ÒÈã
Ó���°�S�}��S��
ÓÈ¹ºäÒÓÈ����� }ãË	ÓÒ� }SÈ­È�� rãÈ�º�ÈS«� �È}º®
º°º­º®� }ºÓÁÒ��SÈ�ÒÒ� Ò� °�S�}��SË� ¹SÒ°ºË�ÒÓÒ�
�Ëã
Ó©²�äË°��ÓÈ�¹ºmËS²Óº°�Ò�äºãË}�ã©��ÓË°}ºã
}º
äºãË}�ã�°¹º°º­Ó©�ÏÈ²mÈ�©mÈ�
�Ò���ËSÎÒmÈ�
��ãÒ�
�Ëã
ÓºË�mSËä«�È�ºä�äË�ÈããÈ���SÒ�äºãË}�ã©��°º�ËS�
ÎÈ�ÒË�m�}È�Ë°�mË�º°ÓºmÓº�º�ªãËäËÓ�È�°ËS���°m«Ï©�
mÈ��°«�°�È�ºäÈäÒ�ä©	
«}È��º­SÈÏ�«�¹ÒSÈäÒ�Èã
�
Ó��� °�S�}��S���3ÈÓËË�ä©�¹Ò°ÈãÒ�º�¹ãÈÓÒS�Ëä©²
äºãË}�ã«SÓ©²�SË�Ë¹�ºSÈ²��}º�ºS©Ë�äº����ÏÈ²mÈ�©�
mÈ�
�º��Ëã
Ó©Ë�äºãË}�ã©��3È­º�È�iÎºÓ°ºÓÈ�Ò�Ë�º
}ºããË��}È}�ÓËã
Ï«�ã��	Ë�m¹Ò°©mÈË�°«�m�SÈÏmÒ�ÒË
­����Ò²�ÓÈÓºSË�Ë¹�ºSºm�

�p°ãÒ��°ºmËS	ËÓ°�mºmÈ�
�SÈÏSÈ­º�ÈÓÓ©®�ÓÈäÒ
äË�º����º�ºÓ�¹SÒ�º�Ò�°«��ã«�º­ÓÈS�ÎËÓÒ«�Ò���ÈãË�
ÓÒ«� �º}°Ò�Ó©²� äË�Èããºm� ÒÏ� ºS�ÈÓÒÏäÈ� �ËãºmË}È
ÒãÒ�º}S�ÎÈ��Ë®�°SË�©���Û�°}ÈÏÈã�iÎºÓ°ºÓ�

�º}È� ��º� Ò°°ãË�ºmÈ�ËãÒ� ¹Sº�ËäºÓ°�SÒSºmÈãÒ�
}È}�²ËãÈ�ºS©�°m«Ï©mÈ���È�ºä©�ä©	
«}È�m�ãÈ­ºSÈ�
�ºSÓ©²��°ãºmÒ«²��iã«��º�º���º­©�Ò°¹ºã
ÏºmÈ�
�²Ë�
ãÈ�ºS©�m�}ãÒÓÒ�Ë°}º®�¹SÈ}�Ò}Ë��ÓËº­²º�Òäº�SÈÏ�
SÈ­º�È�
�ªÁÁË}�ÒmÓ©®�Ò�ÓÈ�ËÎÓ©®�äË�º��Ò²�¹º�
°ãË����Ë�º�m©mË�ËÓÒ«�ÒÏ�ºS�ÈÓÒÏäÈ�

�vË®�È°�ä©�°�ÈSÈËä°«��º}ÈÏÈ�
����º�ÓÈ	Ò��}SÈ�
­ºm©Ë�ãºm�	}Ò��¹ËSm©äÒ�ÓË®�SÈãÒÏ����ä©	
«}�

3Ò°�����v²ËäÈ�Ò�Ë°}ºË�ÒÏº­SÈÎËÓÒË�°Èäº°­ºS}Ò�äÒ}Sº�S�­º}�ÓÈ�
ÓºäË�Sºmº�º�SÈÏäËSÈ

­®¢®±²¨�­ ­®²¥µ­®«®£¨©
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º¹ËSËÎÈ«� º�SÈmãËÓÒË� �ËãºmË�Ë°}º�º� ºS�ÈÓÒÏäÈ
ª�Òä�äË�Èããºä���Û��ºmºSÒ��iÎºÓ°ºÓ�

lÈ�ËäÈ�Ò�Ë°}ºË�äº�ËãÒSºmÈÓÒË�²ËãÈ�ºSºm�m©�
«mÒãº�ÓË}º�ºS©Ë�º°º­ËÓÓº°�Ò�}ºä¹ãË}°È�� °º�ËS�
ÎÈ�Ë�º�ä©	
«}��j°°ãË�ºmÈ�ËãÒ�Ò°¹ºã
ÏºmÈãÒ�äÈ�
�ËäÈ�Ò�Ë°}ÒË�äË�º�©�DE�LQLWLR��ã«��º�º����º­©�¹º�
°�SºÒ�
�º¹�ÒäÈã
Ó���äº�Ëã
�²ËãÈ�ºSÈ�

�vË®�È°� ä©� SÈ­º�ÈËä� ÓÈ�� SÈÏSÈ­º�}º®� ­ºãËË
°�È­Òã
Ó©²� °Ò°�Ëä� ¹º� ÏÈ²mÈ��� È�ºäºm� ä©	
«}È�
rºã
	ÒÓ°�mº�SÈ°�Ë�ºm�ä©�mË�Ëä�°�¹ºäº�
��äÈ�Ë�
äÈ�Ò�Ë°}º�º�äº�ËãÒSºmÈÓÒ«����º�ÏÓÈ�Ò�Ëã
Óº�°º�
}SÈ�ÈË��mSËä«��ÓËº­²º�ÒäºË��ã«�ÓÈ²ºÎ�ËÓÒ«�¹SÈ�
mÒã
Óº�º�SË	ËÓÒ«���Û�}ºääËÓ�ÒS�Ë��SÈ­º�����Ë�
Ó©²�iÎºÓ°ºÓ�

�Sº�Ë°°�°Èäº°­ºS}Ò�¹SË�¹ºãÈ�ÈË��°ºË�ÒÓËÓÒË
ÓË°}ºã
}Ò²�äºãË}�ã�m�­ºã
	���°�S�}��S��­ãÈ�º�È�
S«��ËºäË�SÒ�Ë°}Òä�ÒãÒ�ÁÒÏÒ}º�²ÒäÒ�Ë°}Òä�º°º�
­ËÓÓº°�«ä� °º­ÒSÈ��Ò²°«� äºãË}�ã�� {� SËÏ�ã
�È�Ë
ª�º�º�¹Sº�Ë°°È��ºãÎÓº�¹ºã��Ò�
°«�°ºË�ÒÓËÓÒË��º�
SÈÏ�º�­ºãËË�°�È­Òã
ÓºË���Ëä�Ò°²º�Ó©Ë��°�SºÒ�Ëã
�
Ó©Ë�­ãº}Ò��

{�º°ÓºmË�¹º°�SºËÓÒ«�äº�ËãÒ�äºãË}�ã©�²ËãÈ�ºSÈ
Ò��º�ºmº�º�}ºä¹ãË}°È��°º�ËSÎÈ�Ë�º�È�ºä©�ä©	
�
«}È��ãËÎÈãÒ��mÈ�Á�Ó�ÈäËÓ�Èã
Ó©²�äË�º�È��äÈ�ÓÒ�
�ºSËÏºÓÈÓ°ÓÈ«� °¹Ë}�Sº°}º¹Ò«� Ò� SËÓ��ËÓº�SÈÁÒ«�
iã«� º¹SË�ËãËÓÒ«� °�S�}��S©� }ºä¹ãË}°È� m� ¹ËSmºä
¹SÒ­ãÒÎËÓÒÒ� Ò°¹ºã
ÏºmÈãÒ� äÈ�ÓÒ�ºSËÏºÓÈÓ°ÓºË
º�º­SÈÎËÓÒË� �05,���}º�ºSºË��È°�º�Ò°¹ºã
Ï�Ë�°«�m
äË�Ò�ÒÓ°}º®��ÒÈ�Óº°�Ò}Ë��k��ã«�Ò°°ãË�ºmÈÓÒ«�È�º�
äÈSÓº®�°�S�}��S©�}ºä¹ãË}°ºm�¹SÒ	ãº°
�mº°¹ºã
Ïº�
mÈ�
°«��Ë²ÓÒ}º®�SËÓ��ËÓº°�S�}��SÓº�º�ÈÓÈãÒÏÈ�

w�È�¹ËSmÒ�ÓÈ«�ÁÈÏÈ�SÈ­º�©�Ò°°ãË�ºmÈ�ËãË®�ÁÒ�
ÓÈÓ°ÒSºmÈãÈ°
��SÈÓ�ºä�|SË�ºÓ°}º�º��ÓÒmËS°Ò�Ë�È�

®ÏÒÈ×ÅÑÊÀß�ÌÈÊSÎÑÊÎÏÈß
ÄËß�ÌÀÍÈÏÓËÈSÎÂÀÍÈß
ÍÀÍÎÒSÓÁÊÀÌÈ

j°°ãË�ºmÈ�ËãÒ�ÒÏ�zÈãÒÁºSÓÒ®°}º�º��ÓÒmËS°Ò�
�Ë�È�� 3ÒmËS°È®�� �vbk��� Ò°¹ºã
ÏºmÈãÒ� Áã�ºSË°�
�ËÓ�Ó©Ë�}mÈÓ�ºm©Ë��º�}Ò��ã«��º�º����º­©��mÒ�Ë�

º�Óº°ãº®Ó���ÓÈÓº�S�­}��°�¹ºäº�
��º¹�Ò�Ë°}º®
äÒ}Sº°}º¹ÒÒ��w�º��äË�º��äºÎÓº�­��Ë��¹SÒäËÓÒ�

�ã«�º­ãË��ËÓÒ«�°­ºS}Ò�äÒ}Sº��Ò�ÓÈÓº°Ò°�ËäÓ©²
�°�Sº®°�m�ÓÈ�º°ÓºmË�ÓÈÓº�S�­º}�

�j°°ãË�ºmÈÓÒ«��°m«ÏÈÓÓ©Ë�°�äÈÓÒ¹�ãÒSºmÈÓÒ�
Ëä�Ò� ¹º°�SºËÓÒËä� °Ò°�Ëä�ÒÏ� ÓÈÓº�S�­º}�� �Ë¹ËS

ÏÓÈ�Ò�Ëã
Óº��¹Sº°�«�°«���È}�}È}��ã«�mÒÏ�ÈãÒÏÈ�ÒÒ
äºÎÓº� ­��Ë�� Ò°¹ºã
ÏºmÈ�
� º­©�Ó©®� º¹�Ò�Ë°}Ò®
äÒ}Sº°}º¹���Û�°}ÈÏÈã�lÈ®SÒ�|Ï}È��Û�j°¹ºã
ÏºmÈ�
ÓÒË� º¹�Ò�Ë°}º®�äÒ}Sº°}º¹ÒÒ� ÏÓÈ�Ò�Ëã
Óº� �äËÓ
�
	Ò�� °�ºÒäº°�
� ¹SºmË�ËÓÒ«�Ò°°ãË�ºmÈÓÒ®�� �È}� }È}
°Ë®�È°��ã«�¹º�º­Ó©²��ËãË®�Ò°¹ºã
Ï����È�ºäÓº�°Ò�
ãºm���Ò�°}ÈÓÒS������ªãË}�SºÓÓ���äÒ}Sº°}º¹Ò���

{�º°ÓºmË�Óºmº�º�äË�º�È�ãËÎÒ��ÓÈÓË°ËÓÒË�ÓÈ�¹º�
mËS²Óº°�
�ÓÈÓº�S�­º}�Áã�ºSË°�ËÓ�Ó©²�}mÈÓ�ºm©²
�º�Ë}�ÓÈ�º°ÓºmË�ÓÈÓº}SÒ°�Èããºm�&G6HÛ=Q6�

sÈÓË°ËÓÓ©Ë� ÓÈÓº}SÒ°�Èãã©� Áã�ºSË°�ÒS����
��º�äºÎÓº�ãË�}º��mÒ�Ë�
�m�º­©�Ó©®�º¹�Ò�Ë°}Ò®
äÒ}Sº°}º¹��|Ï}È�Ò�Ë�º�}ºäÈÓ�È�¹ãÈÓÒS����m�­����
�Ëä�Ò°°ãË�ºmÈ�
�¹ºã��ËÓÓ©Ë�ÓÈÓº�S�­}Ò�°�¹ºäº�
�
��ÓÈÓºäÈÓÒ¹�ã«�ºSÈ�

|�°mºË®�SÈ­º�Ë�Ò°°ãË�ºmÈ�ËãÒ��ºãºÎÒãÒ�m��Ë}��
�Ëä�m©¹�°}Ë�1DQR�/HWWHUV�

­ÀÍÎÓÑÒSÎÉÑÒÂÀ�ËÎÂßÒ�ÂÈSÓÑÛ

~È�mÒS�°ÈäÒ�º²º�«�°«��ÈmÓº���ÈSºã
��zSª®�²Ë�
Ò�Ë�º�}ºããË�Ò�ÒÏ�zºSÓËãã
°}º�º��ÓÒmËS°Ò�Ë�È�¹º�
°�SºÒãÒ�m�ª�ºä��º���äÒ}Sº°}º¹Ò�Ë°}Ò®�}ÈÓ�ÒãË�
mËS��ã«��º�º����º­©�mÏmË°Ò�
�º��Ëã
Ó©®�mÒS�°��{
ª�ºä�äË°«�Ë� ÈSã
Ï��Ò­ËS�Ò�Ë�º�}ºäÈÓ�È�ÒÏ��ÈS�
mÈS�°}º�º��ÓÒmËS°Ò�Ë�È�°ºÏ�ÈãÒ�­Òº�Ò¹��}º�ºS©®
º¹SË�Ëã«Ë�� ¹SÒ°��°�mÒË� mÒS�°È� �SÒ¹¹È�� sºm©®
­Òº�Ò¹�äºÎÓº�Ò°¹ºã
ÏºmÈ�
�}È}�m��SÈÎ�ÈÓ°}Ò²��Ë�
ã«²��Ò°¹ºã
ÏºmÈÓÒË�m�äË�Ò�ÒÓË����È}�Ò�m�mºËÓÓ©²
�¹SÒ�m©«mãËÓÒÒ�°ãË�ºm�­È}�ËSÒºãº�Ò�Ë°}º�º�ºS��
ÎÒ«��

zSª®�²Ë��¹º	Ëã�¹º��äË²ÈÓÒ�Ë°}ºä��¹��Ò��Û�Ë�º
}ºäÈÓ�È�¹º°�SºÒãÈ�ÓÈÓºªãË}�SºäË²ÈÓÒ�Ë°}ºË��°��
Sº®°�mº�Û�}ÈÓ�ÒãËmËS��}º�ºSºË�äºÎË��mÏmË	ÒmÈ�

º­�Ë}�©�äÈ°°º®�º}ºãº���Û��� ���{Ë°©�°º°�º«��ÒÏ
mÒ­SÒS���Ë�º� }SËäÓÒËmº�º� }ÈÓ�ÒãËmËSÈ� �ãÒÓº®
º}ºãº���ä}ä�Ò�	ÒSÒÓº®�����Óä��SÒ°������zÈ}��ºã
}º
�È°�Ò�È� °�äÈãº®�äÈ°°º®� ¹º¹È�ÈË�� ÓÈ� }ÈÓ�ÒãËmËS
�ºÓ��º�Ò�¹SË�°�Èmã«Ë��°º­º®��È	��mË°ºm���ª�º�ÒÏäË�
Ó«Ë���È°�º��� Ë�º� }ºãË­ÈÓÒ®��jÏäËÓËÓÒ«� mÒ­SÈ�ÒÒ
ÒÏäËS«��°«� ã��ºä� ãÈÏËSÈ�� }º�ºS©®� ÓÈ¹SÈmãËÓ� ÓÈ
}ÈÓ�ÒãËmËS��jÏäËSÒm�mÒ­SÈ�Ò����È	Ò�mË°ºm��°���S��
Ïºä���Ò°°ãË�ºmÈ�ËãÒ�äº�����°�ÈÓºmÒ�
�Ë�º�äÈ°°��

iã«��º�º���º­©�ÓÈ�}ÈÓ�ÒãËmËS�¹º¹È�ÈãÒ��ºã
}º
mÒS�°©��zSª®�²Ë��¹º}S©ã�Ë�º�°ãºËä�ÈÓ�Ò�Ëã����m�
°�mÒ�Ëã
Ó©²�}�º¹SË�ËãËÓÓºä��mÒ���mÒS�°ºm��j�}º�
��È��mË°©��¹ºäË°�ÒãÒ�m�ÎÒ�}º°�
��°º�ËSÎÈ����SÈÏ�
ãÒ�Ó©Ë�mÒS�°©���º�º�ÒÓ�ÒÏ�ÓÒ²�¹SÒãÒ¹�}�}ÈÓ�ÒãË�
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*DSRQRY�6� 9��([WUHPH�8OWUDYLROHW�/LWKRJUDSK\�Û�)XWXUH�RI�WKH�1D�
QRHOHFWURQLFV �����������������������������������������������������������������������������

7KH�TXHVWLRQV�RI�GHYHORSPHQW�RI�OLWKRJUDSK\�ZLWK�XVH�RI�H[WUHPH
XOWUDYLROHW�UDGLDWLRQ�ZLWK�OHQJWK�RI�WKH�ZDYH������QP�DUH�FRQVLGHUHG�

'HVSRWXOL�$� /���$QGUHHYD�$� 9���5DPEDEX�%��1DQRLRQLFV�
RI�6XSHULRQLF�&RQGXFWRUV�Û�WKH�%DVLV�IRU�WKH�&UHDWLRQ�
RI�1RYHO�'HYLFHV�IRU�067 �����������������������������������������������������������

$�QHZ�FODVV�RI�VXSHULRQLF�FRQGXFWRUV��6,&��Û�DGYDQFHG�VXSHUL�
RQLF�FRQGXFWRUV��$6,&V��ZLWK�WKH�DFWLYDWLRQ�HQHUJ\�RI�LRQLF�FRQGXF�
WLYLW\�(�|�����H9�Û�LV�PDUNHG�RXW��$�QHZ�GLUHFWLRQ�RI�QDQRLRQLFV�Û
QDQRLRQLFV�RI�$6,&V�Û�LV�SURSRVHG��1DQRV\VWHPV�RI�VROLG�VWDWH�LRQLF
FRQGXFWRUV�DUH�GLYLGHG�LQWR�WZR�FODVVHV�GLIIHULQJ�E\�RSSRVLWH�LQIOXHQFH
RI�VXUIDFH�OD\HU�GLVRUGHULQJ�RQ�LRQLF�FRQGXFWLYLW\�VL�DQG�(��,��QDQR�
V\VWHPV�RQ�WKH�EDVLV�RI�FRPSRXQGV�ZLWK�DQ�LQLWLDOO\�VPDOO�VL��ODUJH�YD�
OXHV�RI�(���,,��QDQRV\VWHPV�RQ�WKH�EDVLV�RI�$6,&V��QDQR�$6,&V���,W
LV�SURSRVHG�WKDW�D�IXQGDPHQWDO�FKDOOHQJH�RI�QDQRLRQLFV�Û�FRQVHUYD�
WLRQ�RI�IDVW�LRQ�WUDQVSRUW��),7��LQ�QDQR�$6,&�VKRXOG�EH�VROYHG�E\�WKH
FUHDWLRQ�RI�VWUXFWXUH�RUGHUHG��FRKHUHQW��$6,&�LQGLIIHUHQW�HOHFWURGH
�,Q(O��KHWHURERXQGDULHV��,Q�WKH�ZRUN�IRU�QDQR�$6,&V�DUH�LQWURGXFHG�
�L��D�FKDUDFWHULVWLF�SDUDPHWHU�3  G�O4��G�Û�WKH�WKLFNQHVV�RI�D�OD\HU
RI�$6,&�ZLWK�GLVRUGHUHG�FU\VWDO�VWUXFWXUHV�LQ�WKH�DUHD�RI�D�KHWHUR�
ERXQGDU\��O4�Û�WKH�VFUHHQLQJ�OHQJWK�IRU�PRELOH�LRQV�LQ�WKH�EXON�RI
$6,&��DQG��LL��D�FULWHULRQ�RI�WKH�FRQVHUYDWLRQ�RI�),7��,W�LV�VKRZQ�WKDW
LQ�QDQR�$6,&V�DW�WKH�OHYHOLQJ�RI�)HUPL�OHYHOV��WKH�FRQWDFW�SRWHQWLDOV
9�DW�WKH�$6,&�,Q(O�FRKHUHQW�KHWHURMXQFWLRQV�VDWLVI\�WKH�FRQGLWLRQ
9 Q�N%7�H��7KH�SRVVLELOLW\�IRU�WKH�FUHDWLRQ�RI�QDQRLRQLF�VXSHUFDSDF�
LWRUV��16&��ZLWK�VXEPLFURQ�VL]HV�RQ�WKH�EDVLV�RI�$6,&�,Q(O�FRKHUHQW
KHWHURMXQFWLRQV�DQG�VSHFLILF�FDSDFLW\�a��Ü��)�FP���ZRUN�IUHTXHQFLHV
a���Û����+]�IRU�D���*ELW�FDSDFLWRU�'5$0��K\EULG�VRXUFHV�RI�HQHUJ\
DQG�SRZHU�RI�PLFURV\VWHP�WHFKQRORJ\�DQG�ZLUHOHVV�VHQVRU�QHWZRUNV
LV�SRLQWHG�RXW�

%DUKRWNLQ�9� $���0LQDNRY�(� ,��,QWHOOHFWXDO�*DXJHV�RI�9LEUDWLRQ ����
,Q�ZRUN�QHFHVVLW\�DQG�VRPH�ZD\V�RI�LQWHOOHFWXDOL]DWLRQ�RI�JDXJHV

DUH�FRQVLGHUHG��H[DPLQHG��E\�H[DPSOH�RI�RQH�RI�SURXEOHP�IRU�JDXJHV
RI�YLEUDWLRQ�

.RVPRGHP\DQVND\D�*� 1���6RURNLQD�6� ,��)HDWXUHV�
RI�'HILQLWLRQV�RI�D�3UHVVXUH�)LHOG�LQ�D�&OHDUDQFH�DW�'ULYLQJ�
0LFURFDSVXOH LQ�3LSHV�RI�D�6PDOO�'LDPHWHU ��������������������������������� ��

7KH�ILHOG�RI�SUHVVXUH�LQ�D�FOHDUDQFH�LV�FUHDWHG�DW�IRUZDUG�PRYH�
PHQW�RI�WKH�LQFOLQHG�PLFURFDSVXOH�DORQJ�DQ�D[LV�RI�D�SLSH�RI�D�VPDOO
GLDPHWHU�ZLWK�YLVFRXV�OLTXLG��7KH�PHWKRG�RI�WKH�HTXLYDOHQW�HTXDWLRQ�
DV�RQH�RI�DQDO\WLFDO�PHWKRGV�RI�WKH�GHFLVLRQ�RI�WKH�QRQ�XQLIRUP�HTXD�
WLRQV�RI�WKH�VHFRQG�RUGHU�LQ�SULYDWH�GHULYDWLYH�ZLWK�YDULDEOH�IDFWRUV�LV
XVHG�

6WDUNRY�9� 9��0LFUR�)DEULFDWLRQ�8VLQJ�2[LGL]HG�3RURXV�
6LOLFRQ�������������������������������������������������������������������������������������

2Q�DQ�H[DPSOH�RI�PDQXIDFWXULQJ�RI�D�PDWUL[�6L2��SUREHV�DQG
VLOLFRQ�HOHFWURGHV�RI�PLFUR�IXHO�FHOO�HOHPHQWV�WKH�WHFKQRORJ\�RI�PL�
FUR�IDEULFDWLRQ�ZLWK�DSSOLFDWLRQ�R[LGL]HG�PDFURSRURXV�VLOLFRQ�LV�RI�
IHUHG�

/DQG\VKHY�$� 9���/DYUHQW\HY�$� $���/DQG\VKHY�9� $��
(OHFWURQ�3UREH�5HVHDUFKHV�RI�0LFURPRGXODU��7KHUPRHOHFWULF�
%ORFNV �������������������������������������������������������������������������������������

(OHFWURQ�SUREH�PHWKRGV�ZHUH�XVHG�WR�UHVHDUFK�RI�FKHPLFDO�LQ�
WHUDFWLRQ�RQ�FRQWDFWV�RI�PLFURPRGXODU�WKHUPRHOHFWULF�EORFNV�RQ�WKH
EDVLV�RI�DOOR\V�RI�VWUXFWXUH�%L�6H���7H����DQG�%L����6E����7H���3URGXFWV
RI�LQWHUDFWLRQ�DQG�NLQHWLF�SDUDPHWHUV�RI�WKHLU�JURZWK�DUH�GHWHUPLQHG�
,W�LV�VKRZQ��WKDW�FKHPLFDO�LQWHUDFWLRQ�FUHDWHV�FRQGLWLRQV�IRU�HYROXWLRQ
RI�FUDFNV�LQ�FRQWDFWV�DQG�WR�JURZWK�RI�LQWHUQDO�HOHFWULF�UHVLVWDQFH�RI
WKH�EORFN��2Q�WKH�EDVLV�RI�WKH�UHFHLYHG�GDWD�WKH�IRUHFDVW�RI�LWV�GXUD�
ELOLW\�DQG�UHOLDELOLW\�LV�GRQH�

6KLORY�,��3���*ULJRUMDQWV�9��9���.RFKPDUHY�/��<D���.O\XFKQLN�1��7���
-DNRYOHY�0��<D��+LJK�$SHUWXUH�2SWLFDO�)LEHU�6WUXFWXUHV�%DVHG�
RQ�6LOLFD�'RSHG�E\�)OXRULQH�3URGXFHG�LQ�0LFURZDYH�3ODVPD�
DW�/RZ�3UHVVXUH ������������������������������������������������������������������������

2SWLFDO� ILEHU� VWUXFWXUHV� �6L2��)�6L2��FRPSRVLWLRQ�� ZLWK� KLJK
QXPHULFDO�DSHUWXUH�XS�WR������SURGXFHG�LQ�WKH�PLFURZDYH�SODVPD�DW
ORZ�SUHVVXUH�DUH�H[DPLQHG��7KH�ZDYHJXLGH�W\SH�+���PRGH�PLFUR�
ZDYH�SODVPRWURQ�DV�D�SODVPD�VRXUFH�LV�XVHG��6RPH�SURSHUWLHV�RI�WKH
KLJK�DSHUWXUH�SUHIRUPV�DQG�OLJKWJXLGHV�EDVHG�RQ�VLOLFD�GRSHG�E\�IOX�
RULQH�DUH�LQYHVWLJDWHG��7KH�PDLQ�DSSOLFDWLRQV�RI�WKHVH�VWUXFWXUHV�DUH
SUHVHQWHG�

'DULQWVHY�2� 9���0LJUDQRY�$� %��7KH�0DQLSXODWLRQ�0LFURURERWRWHFK�
QLFDO�6\VWHPV�DQG�3UREOHPV�RI�0DQXIDFWXUH�+\EULG�0(06 ������������

4XHVWLRQV�RI�XVH�PDQLSXODWLRQ�PLFURURERWRWHFKQLFDO�V\VWHPV�IRU
DVVHPEO\�DQG�SDFNLQJ�K\EULG�PLFURV\VWHPV�DUH�FRQVLGHUHG��7KH�EDVLF
SUREOHPV�RI�PDQXIDFWXUH�0(06�LQWR�ZKLFK�WRXFK��FRQWURO��H[HFX�
WLYH�DQG�LQIRUPDWLRQ�IXQFWLRQV�DUH�LQWHJUDWHG�DUH�GHVFULEHG��7KH�EULHI
DQDO\VLV�RI�D�PRGHUQ�FRQGLWLRQ�RI�PLFURDVVHPEO\�WHFKQRORJLHV�LV�JL�
YHQ��)HDWXUHV�RI�UHDOL]DWLRQ�RI�NQRZQ�PLFURWHFKQRORJLFDO�V\VWHPV�DUH
JHQHUDOL]HG�

/RNKLQ�9� 0���0DQ�NR�6� 9���5RPDQRY�0� 3���
*DUWVHHY�,� %���.ROLDGLQ�.� 6��7KH�7UHQGV�LQ�WKH�0LQL��
DQG�0LFUR��FODVV�8QPDQQHG�$HULDO�9HKLFOH�'HYHORSPHQW�����������������

7KH�DUWLFOH�SUHVHQWV�D�VXUYH\�RI�WKH�H[LVWLQJ�DQG�SURPLVLQJ�PRGHOV
RI�FRPSDFW�8$9V��WRJHWKHU�ZLWK�DQ�DQDO\VLV�RI�WKH�PDMRU�WUHQGV�DQG
SUREOHPV�LQ�WKHLU�GHYHORSPHQW�
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7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������

(GLWRUãLQã&KLHI�3K��'��3HWU�3��0DOWVHY
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