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&RPSRXQG� IRU� (QHUJ\� 6WRUDJH�� 'RUGUHFKW�� %RVWRQ�� /RQGRQ�
.OXZHU�$FDGHPLF�3XEOLVKHUV��1$72�6FLHQFH�6HULHV�,,��0DWKHPD�
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VWUXFWXUHG�LRQ�FRQGXFWRUV��$VSHFWV�RI�QDQR�LRQLFV��3DUW�,����6ROLG
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sºmÈ«� �Ë²Óºãº�Ò«� ºSÈº�}Ò� �}ÈÓË®� �1DQR�
0$75,;��¹ºÏmºã«Ë��ÓÈÓº°Ò�
�ÓÈ�äºÓºÁÒãÈäËÓ�©
ºSÈÈ�©mÈËäº®��}ÈÓÒ�¹º}S©�ÒË��ºã�ÒÓº®�º����
�º����Óä��SÒ°�������È}º�º�¹ºãÓº�º�¹º}S©�Ò«�ÁÒãÈ�
äËÓ�ºm��}ÈÓÒ�ÓÈ�°Ë�º�Ó«	ÓÒ®��ËÓ
�©ãº��º°�Ò�

ÓËmºÏäºÎÓº�� ��mËSÎ�ÈË�� S�}ºmº�°�mº�� vºmSËäËÓ�
Ó©Ë��Ë}°�Òã
Ó©Ë��Ë²Óºãº�ÒÒ�¹ºÏmºã«���ÓÈÓº°Ò�

¹º}S©�ÒË�m�¹Sº°�SÈÓ°�mº�äËÎ���äºÓºÁÒãÈäËÓ�È�
äÒ��ÒãÒ�m���È°�}È²�¹ËSË°Ë�ËÓÒ«�mºãº}ºÓ��}ÈÓÒ�

�Ë²Óºãº�Ò«� �1DQR0$75,;�� °�ÈãÈ� mºÏäºÎÓº®
ãÈ�º�ÈS«�ÓÈÓº�Ë²ÓÒ�Ë°}º®�°Èäº°ºS}Ë��j°°ãË�º�
mÈ�ËãÒ�ÒÏäËÓ«ãÒ�º}S�ÎÈ��ÒË��°ãºmÒ«���Ëä¹ËSÈ���
S����ÈmãËÓÒË��ªãË}�SÒ�Ë°}ºË�¹ºãË�Ò��� �����ã«��º�º�
��º©�äºãË}�ã©�äÈ�ËSÒÈãÈ��}º�ºS©®�ÓËº²º�Òäº
ÓÈÓË°�Ò�ÓÈ��}ÈÓ
��ºSÈÏºmÈãÒ�¹º}S©�ÒË�ÓÈ�¹ºãÒ�
Ë°�ËSºm©²�äºÓºÁÒãÈäËÓ�È²�

�SÒ�ºSÈº�}Ë��}ÈÓÒ�°�¹ºäº�
��Óºmº®��Ë²Óº�
ãº�ÒÒ�º��Ëã
Ó©Ë�äºÓºÁÒãÈäËÓ�©�ÓË�¹ºmSËÎ�È���
°«��Ò��Ë}°��SÈ��}ÈÓÒ�ÓË�ÒÏäËÓ«Ë�°«�

zÈ}��ºmºS«��°¹Ë�ÒÈãÒ°�©�ÒÏ�7RUD\�,QGXVWULHV��Óº�
mÈ«��Ë²Óºãº�Ò«�ÓË�¹ºÏmºãÒ��SÈ°�«�ÒmÈ�
°«�mË�Èä�
ÒÏ�º�ºmãËÓÓ©ä� ÒÏ� ºSÈº�ÈÓÓº®� �}ÈÓÒ�� �È}ÎË
äºÎÓº���Ë��ÒÏ�º�ºmÒ�
�mº�ºº��Èã}ÒmÈ��ÒË�Ò�ÈÓ�
�Ò°�È�Ò�Ë°}ÒË� �}ÈÓÒ� ÓÈ� º°ÓºmË� �ÎË� Ò°¹ºã
Ï���
�Ò²°«�äÈ�ËSÒÈãºm��²ãº¹}È��¹ºãÒË°�ËSÈ��

¦ÈÂÎÅ�ÍÀÍÎÎÆÅSÅËÜÅ

lËÎ�Ò°�Ò¹ãÒÓÈSÓºË�º�}S©�ÒË�m�ºãÈ°�Ò�ÓÈÓº�
Òº�Ë²Óºãº�ÒÒ�°�ËãÈãÒ�Ò°°ãË�ºmÈ�ËãÒ�ÒÏ��ÓÒmËS�
°Ò�Ë�È� zÈãÒÁºSÓÒÒ�� vbk�� zºäÈÓ�È� ÁÒÏÒ}ºm� Ò
Òºãº�ºm�SÈÏSÈº�ÈãÈ�Óºm©®�äË�º���°�¹ºäº�
��}º�
�ºSº�º�äºÎÓº� ��Ë�� ¹SºÒÏmº�Ò�
� ÓÈÓºäÈ�ËSÒÈã©
�ã«�SÈÏãÒ�Ó©²�ºãÈ°�Ë®�¹SÒäËÓËÓÒ«��iÈã
ÓË®	ËË

SÈÏmÒ�ÒË�ª�º�º�º�}S©�Ò«�äºÎË��¹ºmãÒ«�
�ÓÈ�°¹º�
°º©��º°�Èm}Ò�ãË}ÈS°�m��ªÓÏÒäºm�Ò��ËÓÓº�º�äÈ�Ë�
SÒÈãÈ�}�ºS�ÈÓÈä�Ò�º��Ëã
Ó©ä�}ãË�}Èä��|�}S©�ÒË
�È}ÎË�äºÎË��°ã�ÎÒ�
�º°Óºmº®�Òº°ËÓ°ºSºm��¹Sº�
mº�«�Ò²�ÓÈÓº°�S�Ó�Ò�º¹�Ò�Ë°}Ò²�ÓÈÓºSÈÏäËSÓ©²
äÈ�ËSÒÈãºm��|�°mºËä�Ò°°ãË�ºmÈÓÒÒ���ËÓ©Ë��ºãº�
ÎÒãÒ�m�m©¹�°}Ë�mË°�ÓÒ}È�sÈ�ÒºÓÈã
Óº®�È}È�ËäÒÒ
ÓÈ�}�º�����Óº«S«��������

|�}S©�ÒË�©ãº�°�ËãÈÓº�ãÈ�º�ÈS«�°º�S��ÓÒ�Ë�
°�m����ËÓ©²�¡ÒS�°È�vÈÁÒÓ
Ò��¹SºÁË°°ºSÈ�m�ºãÈ°�
�Ò�äÈ�ËSÒÈãºmË�ËÓÒ«�Ò�ÁÒÏÒ}Ò��Ò��Ë°ãÒ��Òã
°ºÓÈ�
¹SºÁË°°ºSÈ�Òº²ÒäÒÒ�

{�°mºÒ²�ª}°¹ËSÒäËÓ�È²�Ò°°ãË�ºmÈ�ËãÒ�SÈº�ÈãÒ
°�äÒ}Sº�S�}ÈäÒ�ÒÏ��}ÈÓË®�äºÏ�È�}ºSºm©��ã«��º�º�
��º©� ¹ºÓ«�
�� }È}ÒË� äË²ÈÓÒÏä©� ÏÈ°�Èmã«��� Ò²
ÁºSäÒSºmÈ�
�SÈÏãÒ�Ó©Ë��SË²äËSÓ©Ë�ºSÈÏºmÈÓÒ«�
lÒ}Sº�S�}Ò�Û� ¹ºã©Ë��ÒãÒÓ�S©� ÓÈÓºäË�Sºm©²
SÈÏäËSºm��m²º�«�ÒË�m�°º°�Èm��Ò�º°}ËãË�È�}ãË�}Ò�
{ ÎÒmº®�}ãË�}Ë�äÒ}Sº�S�}Ò�m©¹ºãÓ«���S«��¹º�
ãËÏÓ©²� Á�Ó}�Ò®�� º�� �SÈÓ°¹ºS�È� mË�Ë°�m� mÓ��SÒ
}ãË�}Ò��º���È°�Ò«�m�ËË��ËãËÓÒÒ��{�ÓË®SºÓÈ²�äÒ}�
Sº�S�}Ò� º°��Ë°�mã«��� �SÈÓ°¹ºS�� ÓË®Sº�SÈÓ°�
äÒ��ËSºm�� sË®Sº�SÈÓ°äÒ��ËS©� Û� ª�º� äºãË}�ã©�
}º�ºS©Ë�ãÒº�mºÏ�Î�È����ãÒº��ºSäºÏ«��¹ËSË�È��
ÓËSmÓ©²� Òä¹�ã
°ºm� ¹º� ÓËSmÓº®� °Ò°�ËäË�� lË²È�
ÓÒÏä�°ºS}Ò�äÒ}Sº�S�º}�m�SÈÏãÒ�Ó©Ë�ÁºSäÈ�ÒÒ
mÓ��SÒ�}ãË�}Ò�¹º}È�ÓË¹ºÓ«�ËÓ�

{�¹SË�°�ÈmãËÓÓº®�Ò°°ãË�ºmÈ�Ëã«äÒ�°�È�
Ë�©ãº
º¹Ò°ÈÓº�º�}S©�ÒË�Óºmº�º�äË²ÈÓÒÏäÈ�°ÈäººS�ÈÓÒ�
ÏÈ�ÒÒ� äÒ}Sº�S�º}�� �ºãºÎÒ�Ëã
Óº� ÏÈS«ÎËÓÓ©Ë
ãÒÓË®Ó©Ë� äºãË}�ã©� äÒ}Sº�S�º}� ÁºSäÒSºmÈãÒ
¹ãº�Ó©Ë��Ë}°È�ºÓÈã
Ó©Ë��S�¹¹©���SÒ�ª�ºä�Ò°°ãË�
�ºmÈ�ËãÒ� ÏÈSÈÓËË� ÏÓÈãÒ�� }È}ÒË� °�S�}��S©� ����
ÁºSäÒSºmÈ�
�äÒ}Sº�S�}Ò��sº�ÓËºÎÒ�ÈÓÓº�º}ÈÏÈ�
ãº°
����º�m�¹SÒ°��°�mÒÒ��m�²mÈãËÓ�Ó©²�}È�ÒºÓºm
äÒ}Sº�S�}Ò�°ºÒSÈãÒ°
�m�°�S�}��S���ÓÈ¹ºäÒÓÈ��
����ºÎËSËã
Ë��SÒ°�����

vÈÁÒÓ
«�Ò��Òã
°ºÓ�¹º«°ÓÒãÒ����º�¹ºã��ËÓÓºË
�ÎÒmºË� ºÎËSËã
Ë�� Û� Óºm©®� ª}°¹ËSÒäËÓ�Èã
Ó©®
�Ò¹�äËäSÈÓ©�� m� }º�ºSº®��ãÒÓÓ©Ë�äÒ}Sº�S�}Ò
ºSÒËÓ�ÒSºmÈÓ©�m�º�Óºä�ÓÈ¹SÈmãËÓÒÒ��Ò�äº����¹Sº�
ÓÒ}Ó��
��ËSËÏ�}ãË�º�Ó���äËäSÈÓ��º©}ÓºmËÓÓº®
ÎÒmº�Óº®� }ãË�}Ò�� ��ËÓ©Ë� �È}ÎË� º�äË�ÒãÒ�� ��º
�ºÎËSËã
Ë��º�ËÓ
��ÒÓÈäÒ�Óº�ÒÏäËÓ«Ë��°mº��ÁºSä�
¹SÒ�¹ºm©	ËÓÒÒ��Ëä¹ËSÈ��S©���ºª�ºä��Ë�º�Ò�ÓÈ�
ÏmÈãÒ�ÎÒm©ä�

j°°ãË�ºmÈ�ËãÒ�mÒ�«��¹SÒäËÓËÓÒË�}È}��ã«��Ë}�
°È�ºÓÈã
Óº�º�¹��}È�äÒ}Sº�S�º}���È}�Ò��ã«�ÎÒmº�º
�ºÎËSËã
«���lË�ÈããÒÏÒS�«� �Ë}°È�ºÓÈã
Ó©Ë� °�S�}�
��S©��ÓÈ¹SÒäËS��äºÎÓº�¹ºã��Ò�
�äÈ�ËSÒÈã©�°�ÒÏ�
äËÓ«Ëä©äÒ�º¹�Ò�Ë°}ÒäÒ�¹ÈSÈäË�SÈäÒ�

rºãËË�ÒÓ�ËSË°ÓºË�¹SÒäËÓËÓÒË�ºÎÒ�ÈË���ºÎËSË�
ã
Ë���~È}ã��ËÓÓ©®�m��m�°ãº®Ó���ãÒ¹Ò�Ó���äËä�
SÈÓ��ÓÈºS�äÒ}Sº�S�º}�äºÎË��ÓË°�Ò�mÓ��SÒ�ãË�
}ÈS°�mº��k��È}�}È}�äÒ}Sº�S�}Ò�«mã«��°«�º�ÓÒä�ÒÏ

3Ò°�� ���v�l�ÒÏºSÈÎËÓÒË� ÓÈÓº¹º}S©�Ò«� �1DQR0$75,;�� º��
�Ëã	Ó©²�äºÓºÁÒãÈäËÓ�ºm�¹ºãÒË°�ËSÈ��mÒ�Óº����º�}ÈÎ�ºË�mºãº}�
Óº�ÓÈ²º�Ò�°«�m���S�º�}Ë��ÒÏ�ÓÈÓº¹º}S©�Ò«�
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}ºä¹ºÓËÓ�ºm�ÎÒmº®�}ãË�}Ò���º��º°�Èm}È�ãË}ÈS°�m
mÓ��S
�º��Ëã
Ó©²�}ãË�º}���Ë��ÓÈÒºãËË�©°�Sº®�

��ËÓ©Ë�°äº�ãÒ�¹SºmË°�Ò�ª�º�Ò°°ãË�ºmÈÓÒË�ãÈ�
�º�ÈS«� Óºmº®� SËÓ��ËÓºm°}º®� �Ë²Óºãº�ÒÒ�� °ºmäË�
�ËÓÓº®�°�ªãË}�SºÓÓº�ã��Ëmº®�Ò�º¹�Ò�Ë°}º®�äÒ}�
Sº°}º¹ÒË®�

ªÎÌÏÀÍÈß�760&�ÎÁÚßÂÈËÀ�
Î ÏSÎÌÛØËÅÍÍÎÌ�ÂÛÏÓÑÊÅ�×ÈÏÎÂ
ÏÎ����ÍÀÍÎÌÅÒSÎÂÎÌÓ�ÒÅÕÏSÎÖÅÑÑÓ�
Ê ÊÎÍÖÓ������Ã�

zºä¹ÈÓÒ«� 7DLZDQ� 6HPLFRQGXFWRU� 0DQXIDFWXULQJ
&R��/WG���760&��ÏÈ¹�°�Ò��m�äÈ°°ºmºË�¹SºÒÏmº�°�mº
äÒ}SºªãË}�SºÓÓ©Ë�}ºä¹ºÓËÓ�©�¹º����ÓÈÓºäË�Sº�
mºä���Ë²¹Sº�Ë°°��m�}ºÓ�Ë���������zÈ}�°}ÈÏÈã�¹SË�
ÏÒ�ËÓ��}ºä¹ÈÓÒÒ�lºSSÒ°� ÈÓ���SÈÏmÒ�ÒË��Ë²Óºãº�
�ÒÒ�äÈ°°ºmº�º�¹SºÒÏmº�°�mÈ�¹º����ÓÈÓºäË�Sºmºä�
�Ë²¹Sº�Ë°°�� ��Ë�� °�ºÒ�
� }ºä¹ÈÓÒÒ� º}ºãº� ��äãS�
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	Ë���Ëä�¹º�SÈ�ËÓº�}ºä¹ÈÓÒË®
760&�ÓÈ�SÈÏmÒ�ÒË�����ÓÈÓºäË�Sºmº�º��Ë²¹Sº�Ë°°È�
Ò�ºã
	Ë�ÓÈ��SË�
���Ëä�ÓÈ�SÈÏmÒ�ÒË�¹SºÒÏmº�°�mÈ�¹º
���ÓÈÓºäË�Sºmºä���Ë²¹Sº�Ë°°���°}ÈÏÈã� ÈÓ��

{� ª�ºä� �º��� }ºä¹ÈÓÒ«� 760&� �ÎË� ¹º�SÈ�ÒãÈ
º}ºãº�����äãÓ��ºãã��ÓÈ�SÈÏmÒ�ÒË�Óºmº�º����ÓÈÓº�
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°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�
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�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®�
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S�}Ò��SÈ�Ò���Ë°«�}Ò�äÒããÒºÓºm��ºããÈSºm�ÓÈ�SÈÏ�
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äº°�Ò�}ºä¹ÈÓÒÒ�ÓÈ�äËÎ��ÓÈSº�Óºä�S©Ó}Ë���Û��º�
ÈmÒã� ÈÓ��

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