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�ÒÈ¹ÈÏºÓÈ� äÒ}SºäË�Sºm©²� SÈÏäËSºm� ¹SÒmº�Ò�� }
¹º«mãËÓÒ��Óºm©²�Á�Ó}�Ò®�ÒãÒ��ã��	ËÓÒ��²ÈSÈ}�
�ËSÒ°�Ò}�ÒÏ�ËãÒ«��wãËäËÓ�©�äÒ}Sº°Ò°�Ëä©�ÒÓ�Ë��
SÒS���°«�m�º¹SË�ËãËÓÓºË��ËãºË�äË�º�ÈäÒ�º�Óº�º
ÒÏ�mÒ�ºm��S�¹¹ºmº®�äÒ}Sºº­SÈ­º�}Ò�
�º� °�S�}��SÓºä�� ¹SÒÏÓÈ}��lv�äºÎÓº� SÈÏ�Ë�

ãÒ�
�ÓÈ�¹ºãÓ©Ë�Ò�ÓË¹ºãÓ©Ë�
�ºãÓ©Ë�lv�°º�ËSÎÈ��°ãË����ÒË�ªãËäËÓ�©�

z mº°¹SÒÓÒäÈ��ÒË�mºÏ�Ë®°�mÒË�°º�°�ºSºÓ©�º}�
S�ÎÈ��Ë®� °SË�©� ���m°�mÒ�Ëã
Ó©Ë� ªãËäËÓ�©�
¹SÒËäÓÒ}Ò�ÒÏã��ËÓÒ«�Ò��� ����

3È°°äÈ�SÒmÈË�°«��ËSäÒÓºãº�Ò«�m�º­ãÈ°�Ò�äÒ}Sº�
°Ò°�ËäÓº®� �Ë²ÓÒ}Ò� °� ��Ë�ºä� °ãºÎÒm	Ò²°«� ¹ºÓ«�Ò®
Ò ÓËº­²º�Òäº°�Ò�ËË��ËÁÒÓÒ�ÒÒ�}È}��Ë²ÓÒ}Ò��°m«ÏÈÓÓº®
° äÒÓÒÈ��SÒÏÈ�ÒË®�SÈÏäËSºm�ªãËäËÓ�ºm��º�äÒ}SºäË��
Sºmº�º�SÈÏäËSÈ�
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z ¹SËº­SÈÏ���ÒË�ªãËäËÓ�©��}º�ºS©Ë�¹SËº­SÈÏ��
���mºÏ�Ë®°�mÒË�º}S�ÎÈ��Ë®�°SË�©�m�ÒÓÁºSäÈ�
�ÒºÓÓ©®�°Ò�ÓÈã�ÒãÒ�äËÓ«���Ë�º����m°�mÒ�Ëã
�
Ó©Ë�ªãËäËÓ�©��È��Ò}ºm��ªãË}�SºÓÓ©Ë�Ò�º¹�Ò�Ë�
°}ÒË�ªãËäËÓ�©�°²Ëä�º­SÈ­º�}Ò�°Ò�ÓÈãÈ��

z ªãËäËÓ�©��¹SËmSÈ�È��ÒË�mÓ��SËÓÓÒ®�ÒÓÁºS�
äÈ�ÒºÓÓ©®�°Ò�ÓÈã�m�mºÏ�Ë®°�mÒË�ÓÈ�º}S�ÎÈ��
����°SË����È}��È�ºS©��ÒãÒ�m�°Ò�ÓÈã��¹º°��¹È��
�Ò®�mº�mÓË	ÓÒ®�ÒÓÁºSäÈ�ÒºÓÓ©®�}ÈÓÈã�
sË¹ºãÓ©Ë�lv� äº���� °º�ËSÎÈ�
� �ºã
}º� º�ÒÓ

ÒãÒ��mÈ��Ò¹È�ÒÏ�¹ËSË�Ò°ãËÓÓ©²�m©	Ë�ªãËäËÓ�ºm�
z��Ò°ã���È}Ò²�lv�äºÎÓº�º�ÓË°�Ò�äÒ}Sº}ÈÓÈã
�
Ó©Ë�lv�Ò�­Òº�Ò¹©��vÈ®��}ãÈ°°Ò�Ë°}º�º�­Òº�Ò¹È
mÏÈÒäº�Ë®°�m�Ë��°�ÈÓÈãÒ�ºä�Ò�ãº}ÈãÒÏ�Ë��º¹SË�Ë�
ãËÓÓ©Ë�ÁSÈ�äËÓ�©�ÒÏ�ÓË�º��w�º��ÁÈ}���°�ÈÓÈmãÒ�
mÈË�°«�mÓË	ÓÒä�ÓÈ­ã��ËÓÒËä��|�ÓÈ}º�°��Ë°�m��
���}ºÓ°�S�}�ÒÒ�­Òº�Ò¹È��m�}º�ºS©²�°È®��«mã«Ë�°«
��m°�mÒ�Ëã
Ó©ä�ªãËäËÓ�ºä�Ò�¹SËº­SÈÏ�Ë��ÒÏäËÓË�
ÓÒË�°º°�º«ÓÒ«�°È®�È�m�ÒÓÁºSäÈ�ÒºÓÓ©®�°Ò�ÓÈã�
{ �ÈÓÓºä�°ã��ÈË�­Òº�Ò¹�Û�ª�º�äÈ�SÒ�Ó©®�¹SËº­�
SÈÏºmÈ�Ëã
�ÒãÒ��È��Ò}��Ò�ºÓ��ºãÎËÓ�­©�
�º�ÓË°ËÓ
}�SÈÏS«���¹ºãÓ©²�lv�
z��Ò°ã��¹ºãÓ©²�lv�°ãË��Ë��º�ÓË°�Ò�Ò�äÒ}Sº�

ªãË}�SºäË²ÈÓÒ�Ë°}ÒË�°Ò°�Ëä©��lwlv���È��È}ÎË�Ò
Ò²��SÈ�È�ÒÒ�¹º�¹SÒäËÓËÓÒ���º¹�Ò�Ë°}ÒË�lwlv
�l|wlv���SÈ�Òº�È°�º�Ó©Ë�lwlv��3 �lwlv��
äÒ}SºÁã�Ò�Ó©Ë�lwlv��ln�lwlv��Ò��� ��
{�ÏÈmÒ°Òäº°�Ò�º��mÒ�È�Ò°¹ºã
ÏºmÈÓÒ«�lv�äº���

­©�
�
z Èm�ºÓºäÓ©äÒ�
z m°�SÈÒmÈËä©äÒ�
z °Ë�Ëm©äÒ� ��S�¹¹ºm©äÒ��� ÓÈ¹SÒäËS�� m� ä�ã
�Ò�
È�ËÓ�Óº®�°Ë�Ò�
{�ÏÈmÒ°Òäº°�Ò�º��}ºÓ°�S�}�ÒÒ�lv��äº����­©�


m©�ËãËÓ©�
z }ºä¹ºÓËÓ�©�lv��
z �ÏËã�lv��
z ÒÏ�ËãÒË��m}ã��È«�äº��ãÒ��lv�
z }ºä¹ãË}°ÒSºmÈÓÓ©Ë�ÒÏ�ËãÒ«� �m}ã��È«�äÒ}Sº�
°­ºS}Ò��lv��>�@�
|�äË�Òä����º�º­È�mmË�ËÓÓ©²�¹ºÓ«�Ò«��ªãËäËÓ���

Ò��}ºä¹ºÓËÓ���«mã«��°«�ÓÒÎÓÒä�ÏmËÓºä�ÒËSÈS²Ò�
�Ë°}º®��Ë¹º�}Ò��sº�¹ËSm©®�º�Óº°Ò�°«�}�Á�Ó}�Òº�
ÓÈã
Óº®�°�S�}��SË�lv��È�m�ºSº®�Û�}�ËË�}ºÓ°�S�}�
�ÒÒ��wãËäËÓ��äºÎË��°º�ËSÎÈ�
�ÓË°}ºã
}º�}ºä¹º�
ÓËÓ�ºm��Ò�ÓÈº­ºSº���{�¹ºÓ«�ÒË��}ºä¹ãË}°ÒSºmÈÓ�
ÓºË�ÒÏ�ËãÒË�lv���m²º�Ò��ÓË�º­�Ë�ÒÓËÓÒË�lv�°
äÈ}Sº°Ò°�Ëäº®��ª�º��m°�SºËÓÓÈ«��lv���È�º­�Ë�Ò�
ÓËÓÒË�ÓË°}ºã
}Ò²�mÒ�ºm�lv��ã«�¹ºã��ËÓÒ«�Óºm©²
Á�Ó}�Ò®���SÒäËSºä�äºÎË��°ã�ÎÒ�
�äÒ}SºSº­º��
ÒäË��Ò®� ¹ºäÒäº� SÈ­º�Ò²� ��SÈÓ°¹ºS�Ó©²�� �}º�
ÓË�Óº°�Ë®���È}ÎË��ºS�ÈÓ©���m°�m��Ò��äºÏ�Ò��
��Ò�©mÈ«� äÓº�ºº­SÈÏÒË� ¹SÒäËÓËÓÒ®� lv�

m SÈÏãÒ�Ó©²�º­ãÈ°�«²��Ë²ÓÒ}Ò�Û�ªãË}�SºÓÒ}Ë��ÒÏ�
äËSÒ�Ëã
Óº®���SÈÓ°¹ºS�Óº®��äË�Ò�ÒÓ°}º®��Ë²ÓÒ�
}Ë�Ò��� ����°ãË��Ë��°�ÈÓ�ÈS�ÒÏÒSºmÈ�
��ºã
}º�­ÈÏº�

m©Ë� ¹ºÓ«�Ò«�� iã«� º¹SË�ËãËÓÓº°�Ò� ÓËº­²º�Òäº
mÏ«�
�ÏÈ�º°Óºm��°�ÈÓ�ÈS�©�º�SÈ°ãË®��¹SÒËä©��Ë²�
Óºãº�Ò®�Ò� �Ò¹©�}ºÓ°�S�}�Ò®��}º�ºS©Ë�ÓÈÒ­ºãËË
�È°�º�Ò°¹ºã
Ï���°«�m�lv���sÈ¹SÒäËS��ÓÈÒ­ºã
�
	ËË�SÈ°¹Sº°�SÈÓËÓÒË�¹SÒ�ÒÏ�º�ºmãËÓÒÒ�lv�¹ºã��
�ÒãÈ��Ë²Óºãº�Ò«�äÒ}Sºº­SÈ­º�}Ò�}SËäÓÒ«��}º�º�
SÈ«�º°ÓºmÈÓÈ�ÓÈ�Ò°¹ºã
ÏºmÈÓÒÒ�Ò�È�È¹�È�ÒÒ��Ë²�
Óºãº�ÒÒ�äÒ}SºªãË}�SºÓÒ}Ò�>�@��sÈÒ­ºãËË��È°�º�m
}ºÓ°�S�}�Ò«²�lv�Ò°¹ºã
Ï���°«�ªãËäËÓ�©��È��Ò�
}ºm��¹ºª�ºä��m�}È�Ë°�mË�º°Óºm©�°ãË��Ë��SÈ°°äº��
SË�
�°�ÈÓ�ÈS�©�ª�Ò²�º­ãÈ°�Ë®��Ë²ÓÒ}Ò��sÈ¹SÒäËS�
°�S�}��SÓÈ«�°²ËäÈ�ÒÓ�Ë�SÈã
Óº�º�äÒ}SºªãË}�SºÓ�
Óº�º��È��Ò}È�¹ºãÓº°�
��°ºº�mË�°�m�Ë��¹SÒÓ�Ò¹Ò�
Èã
Óº®�°�S�}��SË�lwlv�>�@��vãË�ºmÈ�Ëã
Óº���ã«
lwlv��Ë®°�mÒ�Ëã
Óº�äºÎÓº�Ò°¹ºã
ÏºmÈ�
�¹ËSË�
�ËÓ
��ËSäÒÓºm�Ò�º¹SË�ËãËÓÒ®�ÓÈ�º°ÓºmË�°�ÈÓ�ÈS�
�ºm���|v�������Û����iÈ��Ò}Ò�Ò�¹SËº­SÈÏºmÈ�ËãÒ
ÁÒÏÒ�Ë°}Ò²� mËãÒ�ÒÓ�� wãË}�SºÓÓ©Ë�� �ËSäÒÓ©� Ò
º¹SË�ËãËÓÒ«��Ò���|v�������Û�����º°��ÈS°�mËÓÓÈ«
°Ò°�ËäÈ�º­Ë°¹Ë�ËÓÒ«�Ë�ÒÓ°�mÈ�ÒÏäËSËÓÒ®��lË�Sº�
ãº�Ò«���ËSäÒÓ©�Ò�º¹SË�ËãËÓÒ«��>�@�
{mº�Ò�
�}ãÈ°°ÒÁÒ}È�Ò��lv��°���Ë�ºä�°ãºÎ�

Óº°�Ò�Ò�äÈ°°º�È­ÈSÒ�Ó©²�²ÈSÈ}�ËSÒ°�Ò}�ÓË�ËãË°º�
º­SÈÏÓº���È}�}È}�¹SÒ�ª�ºä�m©­ºS��SÈÓÒ���Ò°ãËÓ�
Ó©²�ÏÓÈ�ËÓÒ®�SÈÏäËSºm��äÈ°°©���ºãÒ�}ºä¹ºÓËÓ�ºm
lv��m�ÒÏ�ËãÒÒ��S��Óº�º­º°ÓºmÈ�
��rºãËË�º­º°Óº�
mÈÓÓ©ä� }ÈÎË�°«� °�S�}��SÓº�Á�Ó}�ÒºÓÈã
Ó©®
¹º�²º��}�}ãÈ°°ÒÁÒ}È�ÒÒ�lv��Ò°¹ºã
ÏºmÈÓÓ©®�m
SÈ­º�Ë�>�@��ã«�}ãÈ°°ÒÁÒ}È�ÒÒ�äÒÓÒ��Ò�äÒ}SºSº�
­º�º�Ë²ÓÒ�Ë°}Ò²�°Ò°�Ëä�
tº�Ëãº°
� ­©� º­°��Ò�
� ¹SË�ãÈ�ÈËä©Ë� �ËSäÒÓ©

�ã«�Ò°¹ºã
ÏºmÈÓÒ«�Ò²�m�ÓºSäÈ�ÒmÓº®�­ÈÏË��È�¹SÒ
ÓËº­²º�Òäº°�Ò�°}ºSSË}�ÒSºmÈ�
�ËË�

v¹Ò°º}�ãÒ�ËSÈ��S©

�� {ËSÓËS� {� i��� ��S�²mÈÓÒ�ÏË� k� j�� lÒ}Sº°Ò°�Ëä©�
¹Sº­ãËä©� Ò� SË	ËÓÒ«� ��� lÒ}Sº°Ò°�ËäÓÈ«� �Ë²ÓÒ}È�� �����
¢ ����v� ��Û���
�� wãË}�SºÓÒ}È�� wÓ�Ò}ãº¹Ë�Ò�Ë°}Ò®� °ãºmÈS
��l��� vº�

mË�°}È«�ªÓ�Ò}ãº¹Ë�Ò«��������v� ����
�� rºã	�º®�ªÓ�Ò}ãº¹Ë�Ò�Ë°}Ò®�°ãºmÈS
��l���|||��jÏ�

�È�Ëã
°�mº�$&7���|||��jÏ�È�Ëã
°�mº�k°�SËã
��������
�� (QF\FORSHGLD� RI� 1DQRVFLHQFH� DQG� 1DQRWHFKQRORJ\�

$PHULFDQ�6FLHQWLILF�3XEOLVFKHUV�������
�� lÈã	�Ëm��� ���|�}ãÈ°°ÒÁÒ}È�ÒÒ�m�º­ãÈ°�Ò�äÒ}Sº�

°Ò°�ËäÓº®� �Ë²ÓÒ}Ò� ���sÈÓº�� Ò� äÒ}Sº°Ò°�ËäÓÈ«� �Ë²ÓÒ}È�
������¢ ���v� �Û���
�� 0DGRX�0��<��)XQGDPHQWDO�0LFURIDEULFDWLRQ��&5&�3UHVV�

�����
�� bËãË¹ÒÓ�s� k��zSËäÓÒËm©Ë�¹SËº­SÈÏºmÈ�ËãÒ�ÁÒÏÒ�

�Ë°}Ò²�mËãÒ�ÒÓ�Ò�}ºä¹ºÓËÓ�©��È��Ò}ºm��iÈ��Ò}Ò�Ò�äÒ}Sº�
°Ò°�Ëä©�ÓÈ�Ò²� º°ÓºmË� ���lÒ}Sº°Ò°�ËäÓÈ«� �Ë²ÓÒ}È�� �����
¢ ���v� �Û���
�� lÈã	�Ëm��� ����z�ÏÒÓ�k� �����ËãË��{� k��|��ËSäÒÓÈ²

m� äÒ}Sº°Ò°�ËäÓº®� �Ë²ÓÒ}Ë� ��� lÒ}Sº°Ò°�ËäÓÈ«� �Ë²ÓÒ}È�
������¢ ����v� ��Û���
�� r�S�È}ºm�v� n���zÒSÒ�ËÓ}º�{� {���zºSº�©Ó°}Ò®�k� {��

väºã	ÓÒ}ºm�r� k��� Ò°�«}ºm�{� l��zãÈ°°ÒÁÒ}È�Ò«�ÏÈS�­ËÎ�
Ó©²�äÒÓÒ��Ò�äÒ}SºSº­º�º�Ë²ÓÒ�Ë°}Ò²�°Ò°�Ëä�mºËÓÓº�º�ÓÈ�
ÏÓÈ�ËÓÒ«�ÓÈ�º°ÓºmË�°�S�}��SÓº�Á�Ó}�ÒºÓÈã
Óº�º�¹º�²º�È���
sÈÓº��Ò�äÒ}Sº°Ò°�ËäÓÈ«��Ë²ÓÒ}È��������¢ ���v� ��Û���
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iã«�}ºãÒ�Ë°�mËÓÓº®�º�ËÓ}Ò�SËÏ�ã
�È�ÒmÓº°�Ò
�ÒãÒ�ªÁÁË}�ÒmÓº°�Ò��ÓÈ�}Ò�m�ÓÈ	Ë®�°�SÈÓË��}È}
¹SÈmÒãº��Ò°¹ºã
Ï����äËÎ°�SÈÓºm©Ë�°º¹º°�ÈmãË�

ÓÒ«�ÓÈ�º°ÓºmË�º­�ËäÓ©²�¹º}ÈÏÈ�ËãË®���È}Ò²��}È}
�Ò°ãº�¹È�ËÓ�Ó©²�ÏÈ«mº}�ÒãÒ�¹ºã��ËÓÓ©²�¹È�ËÓ�
�ºm�� º­�Ëä� ª}°¹ºS�È� m©°º}º�Ë²Óºãº�Ò�Óº®�¹Sº�
��}�ÒÒ� ãÒ­º� ¹º°��¹ãËÓÒ«� º�� ª}°¹ºS�È� �Ë²Óº�
ãº�Ò®���È��È}ÎË�¹º}ÈÏÈ�ËãË®���Ëã
Óº�º�mË°È�°�SÈ�
Ó©�m�äÒSºmº®��ºS�ºmãË�m©°º}ÒäÒ��Ë²Óºãº�Ò«äÒ
Ò �� ��
�º�ª�Òä�¹º}ÈÏÈ�Ëã«ä�3º°°Ò«�ÏÈÓÒäÈË���ÈãË}º

ÓË�¹ËSmºË�äË°�º�Ò�¹ºª�ºä��Ò²�Ò°¹ºã
Ï�����È�Ë
m°Ë�º��ã«�º­º°ÓºmÈÓÒ«�äËSº¹SÒ«�Ò®�º¹SË�ËãËÓ�
Óº®�ÓÈ¹SÈmãËÓÓº°�Ò��}È}�¹SÈmÒãº��ÓË�°¹º°º­°��
m���Ò²�°º²SÈÓËÓÒ��Ò�SÈÏmÒ�Ò��°ÁËS©�sj|z3
�ÓÈ¹SÒäËS���ã«�º­º°ÓºmÈÓÒ«�ÓËº­²º�Òäº°�Ò�¹SÒ�
mÈ�ÒÏÈ�ÒÒ� º­�Ë}�ºm� ÓÈ�}Ò�� ËË� SÈÏ�º°��ÈS°�mãË�
ÓÒ«��°º}SÈ�ËÓÒ«��Ò°ãÈ�ÓÈ��Ó©²�ºS�ÈÓÒÏÈ�Ò®�Û
äËSº¹SÒ«�Ò®��mË���Ò²�}�¹ËSË�Ëã��°º­°�mËÓÓº°�Ò
Ò��� ¹���
|�ÓÈ}º�m�ÓÈÒ­ºãËË�SÈÏmÒ�©²�°�SÈÓÈ²��ã«�}ºãÒ�

�Ë°�mËÓÓº®�º�ËÓ}Ò�SËÏ�ã
�È�ÒmÓº°�Ò�ÓÈ�}Ò�Ò�°�Ë�
¹ËÓÒ�¹ËSË²º�È�°�SÈÓ©�}�º­�Ë°�m���º°ÓºmÈÓÓºä��ÓÈ
ÏÓÈÓÒ«²��Ò°¹ºã
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0DOWVHY�3� 3��7HUPLQRORJ\�RI�0(06�067�DQG�1(06�167�LQ
5XVVLD��������������������������������������������������������������������������������������

3HUVSHFWLYHV�WHUPLQRORJ\�RI�0(06�067�DQG�1(06�167�GH�
YHORSHG�

9HUQHU�9� '��7R�7HUPLQRORJ\�LQ�0LFURV\VWHPV�7HFKQRORJ\ ��������������
7HUPLQRORJ\�LQ�ILHOG�RI�0LFURV\VWHPV�7HFKQRORJ\��7HFKQLTXH�

VXEMHFW�WR�H[LVWLQJ�GHILQLFLRQV�DV�WHFKQLTXHV��FRQQHFWHG�ZLWK�PLQLD�
WXUL]DWLRQ�RI�HOHPHQWV�VL]H�PLFURPHWHUV�GLDSDVRQ�LV�SUHVHQWHG�

9DUVKDYVNL�$� (��&RHIILFLHQW�RI�6FLHQFH�'HYHORSPHQW�LQ�5XVVLD���������
3HUVSHFWLYHV�RI�6FLHQFH�XVH��ZKLFK�LV�WKH�PRVW�UDSLG�GHYHORSHG

JOREDO�VFLHQWLILF�WHFKQLFDO�GLUHFWLRQ�DUH�FRQVLGHUHG�

6WUHOFKXN�9� 9���9DODNK�0� <D���*XOH�(� *���.RORP\V�$� )���
/LVLWVD�0� 3���0D]XU�<X� ,���:DQJ�=� 0��DQG�6DODPR�*� -�
0RGLILFDWLRQ�RI�3URSHUWLHV�RI��,Q��*D�$V�*D$V�0XOWLOD\HU�1DQRVWUXF�
WXUHV�ZLWK�4XDQWXP�:LUHV�E\�8VLQJ�7KHUPDO�$QQHDOLQJ ���������������� ��

2SWLFDO�LQYHVWLJDWLRQV�RI����SHULRG�,Q����*D����$V�*D$V�VWUXF�
WXUHV�ZLWK�TXDQWXP�ZLUHV��4:5V��KDYH�EHHQ�SHUIRUPHG�DIWHU�UDSLG
WKHUPDO�DQQHDOLQJ��57$��DW�WKH�WHPSHUDWXUHV�����WR�����Å&�IRU����V��,W
KDV�EHHQ�VKRZQ�WKDW�57$�UHVXOWV�LQ�WKH�KLJK�HQHUJ\�VKLIW�RI�SKRWR�
OXPLQHVFHQFH��3/��EDQG�SHDNV�LQKHUHQW�WR��,Q��*D�$V�4:V�DQG��'
�,Q��*D�$V� OD\HU��ZKLFK� LV�FDXVHG�E\�FKDQJHV�RI� WKHLU�FRPSRQHQW
FRPSRVLWLRQ�DQG�VWUDLQ�YDOXHV�DV�D�FRQVHTXHQFH�RI�,Q�*D�DWRPLF�LQ�
WHUGLIIXVLRQ�SURFHVVHV��7KH�FKDQJH�RI�WKH�DFWLYDWLRQ�HQHUJ\�GHVFULELQJ
WKH�WKHUPDO�GHFD\�RI��,Q��*D�$V�4:�3/�EDQG�LQ�WKH�DQQHDOHG�VDP�
SOHV�LQ�WKH�GHSHQGHQF\�RQ�WKH�DQQHDOLQJ�WHPSHUDWXUH�KDYH�EHHQ�H[�
SODLQHG�E\�WKH�FKDQJH�RI�WKH�TXDQWXP�GLPHQVLRQDO�SRWHQWLDO�LQ�WKH
UHVXOW�RI�LQWHUGLIIXVLRQ��7KH�KLJK�HQHUJ\�VKLIW�RI��,Q��*D�$V�4:5V
3/�SHDN�ZLWK�LQFUHDVLQJ�WKH�H[FLWDWLRQ�LQWHQVLW\�LV�LQGLFDWLYH�RI�WKH
SUHVHQFH�RI�SLH]RHOHFWULF�ILHOG�ZLWKLQ�4:5V��:H�IRXQG�D�VWURQJ�RS�
WLFDO�DQLVRWURS\�RI�3/�VSHFWUD��ZKLFK�LV�D�UHVXOW�RI�4:5V�VKDSH�DQL�
VRWURS\�DV�ZHOO�DV�DQLVRWURS\�RI�VWUDLQ�UHOD[DWLRQ��,W�KDV�EHHQ�VKRZQ
WKDW�57$�RI��,Q��*D�$V�PXOWLOD\HU�VWUXFWXUHV�ZLWK�4:5V�FDQ�EH�XVHG
WR�LPSURYH�VL]H�KRPRJHQHLW\�RI�4:V��LQFUHDVH�WKH�GHJUHH�RI�OLQHDU
SRODUL]DWLRQ�DQG�FKDQJH�WKH�HPLVVLRQ�HQHUJ\�

/HYRQ\DQ�/� 9��;�UD\�3KDVH�&RQWUDVW�)RUPLQJ�XQGHU�WKH
&RQGLWLRQV�RI�6SKHULFDO�:DYH�'LIIUDFWLRQ�)RFXVLQJ ������������������������

7KH�SRVVLELOLW\�RI�UHFRQVWUXFWLQJ�WKH�LQQHU�VWUXFWXUH�RI�RQH�GL�
PHQWLRQDO� SKDVH� REMHFWV� XQGHU� WKH� FRQGLWLRQV� RI�;�UD\� VSKHULFDO�
ZDYH�GLIIUDFWLRQ�IRFXVLQJ�LV�GLVFXVVHG��6WURQJ�DEVRUELQJ�ZDGJH�OLNH
FU\VWDO�ZLWK�ULE�SDUDOOHO�WR�GLIIUDFWLRQ�YHFWRU�LQ�V\PPHWULFDO�/DXH�JHR�
PHWU\�LV�XVHG�DV�D�PRQRFU\VWDO�DQDO\]HU��'LVSODFLQJ�WKH�SKDVH�REMHFW
DORQJ�WKH�GLUHFWLRQ�RI�GLIIUDFWLRQ�YHFWRU�ZLWK�VPDOOHU�VWHSV�WKDQ�WKH

VL]HV�RI�WKH�IRFXV�DUH�RQH�FDQ�EULQJ�GLIIHUHQW�SDUWV�RI�SKDVH�REMHFW�LQWR
WKH�IRFXVLQJ�FRQGLWLRQV��5HJLVWUDWLQJ�WKH�ZKROH�GDWD�PDS�RQH�FDQ�UH�
FRQVWUXFW�ZDYH�SKDVH�VKLIW�REWDLQHG�LQ�SKDVH�REMHFW�

.DUWDVKHY�9� $���%XUXKLQD�7� )��'HSHQGHQFH�RI�7LS�'LVSODFHPHQWV�
RQ 670�$[LV�,QFOLQDWLRQ ������������������������������������������������������������

'HSHQGHQFH�RI�WLS�GLVSODFHPHQWV�RQ�670�D[LV�LQFOLQDWLRQ�LV�XQ�
GHU� LQYHVWLJDWLRQ��7KLV�GHSHQGHQFH� LV�FDXVHG�E\�HODVWLFLW\�RI�670
VWUXFWXUH��([SHULPHQWV�VKRZ�WKDW�UHVXOWV�RI�FDOFXODWLRQV�H[SODLQ�FRU�
UHFWO\�REVHUYHG�GHSHQGHQFH�

%XFKLQ�(��<X���'HQLVHQNR�<X� ,��7KH�8VH�RI�7KHUPRPLJUDWLRQ
3URFHVVLQJ�LQ�0(06�7HFKQRORJ\�������������������������������������������������

7KH� WHFKQLFDO� DSSURDFKHV� ZLWK� WKH� XVH� RI� WKHUPRPLJUDWLRQ
SURFHVVLQJ�LQ�0(06�WHFKQRORJ\�DUH�SUHVHQWHG��7KH�VSHFLILF�H[DP�
SOHV�RI�XVLQJ�WKH�SURFHVV�DV�DSSOLHG�WR�VLOLFRQ�PLFURPDFKLQLQJ��SÛQ
MXQFWLRQ�LVRODWLRQ��HOHFWULFDO�FRPPXWDWLRQ�DQG�PRQROLWKLFDO�DVVHP�
EOLQJ�RI�VLOLFRQ�SDUWV�DUH�GHVFULEHG�

/DPDQRY�$� 0���,EUDJLPRY�5� 0���1LNROVNL�.� 1���5HGNLQ�$� 1���
7FKHVRY�5� *���6KHVKLQ�(� 3��)LHOG�(PLVVLRQ�&DWKRGHV�3UHSDUHG�
E\ /RZ�7HPSHUDWXUH�&KHPLFDO�9DSRU�'HSRVLWLRQ�0HWKRG�IURP�
(WKDQRO 9DSRU ��������������������������������������������������������������������������

$W�WKLV�SDSHU�LQYHVWLJDWLRQ�UHVXOWV�RI�HPLVVLRQ�SURSHUWLHV�FDUERQ
QDQRWXEHV�FDWKRGHV�DUH�UHSUHVHQWHG��7KHVH�FDWKRGHV�ZHUH�SURGXFHG
E\�ORZ�WHPSHUDWXUH�FKHPLFDO�YDSRU�GHSRVLWLRQ�PHWKRG��WHPSHUDWXUH
����Å&��IURP�HWKDQRO�YDSRU��WKDW�DOORZHG�WR�XVH�D�JODVV�DV�D�FDWKRGH
VXEVWUDWH��,QYHVWLJDWHG�VDPSOHV�GLIIHU�E\�JHRPHWU\�RI�GHSRVLWHG�OD\HU
RI�WKH�FDUERQ�QDQRWXEHV��ZLWK�FRPSOHWH�FRYHU�DQG�FRYHU�ZLWK�LVODQGV
RI�GLIIHUHQW�GLDPHWHUV�

*UDGHWVN\�9� *���.Q\D]NRY�0� 0���.UDYFKXN�/� 1���6HPHQRY�(� $��
0HWKRGV�RI�WKH�0RWLRQ�IRU�WKH�0LQLDWXUH�,QVLGH�7XEH�&RQWURO
5RERWV �������������������������������������������������������������������������������������

7KH�UHVXOWV�RI�WKH�VWDWXV�DQG�HYROXWLRQ�RI�PLQLDWXUH�FRQWURO�PXO�
WLOLQN�URERW�PRWLRQ�LQVLGH�RI�VPDOO�GLDPHWHU�WXEHV�DUH�SUHVHQWHG��7KH
PRVW�SHUVSHFWLYH�VFKHPHV�WHFKQLFDO�VROXWLRQV�DQG�FRQWURO�PRWLRQ�UH�
DOL]DWLRQV�DUH�FRQVLGHUHG�IRU�PLQLDWXUH�LQVLGH�WXEH�URERWV��GHYHORSHG
RQ�WKH�EDVH�RI�FRPSXWHU�VLPXODWLRQ�DQG�SK\VLFDO�PRGHOLQJ�

7KH�DGYDQFHG�WHQGHQFLHV�LQ�5�	�'�DQG�PLQLDWXUH�URERW�DSSOL�
FDWLRQV�DUH�LPSRUWDQW�IRU�SUREOHP�VROYLQJ�LQ�WKH�DUHD�RI�DXWRPDWLRQ
WHFKQRORJ\�

7KLV�ZRUN�UHDOL]HG�LQ�WKH�IUDPH�RI�5XVVLDQ�)RXQG�IRU�%DVLF�5H�
VHDUFK��5)%5��DQG�ZDV�VXSSRUWHG�SDUWLDOO\�E\�WKH�3URJUDPPH����RI
5$6��7KH�SUREOHPV�RI�DQDO\]HV�DQG�V\QWKHVLV�RI�LQWHJUDWHG�WHFKQR�
ORJLFDO�DQG�VRFLDO�FRQWURO�V\VWHP��
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