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ãËÓÒ«��SÈ®mËSºm�Û���}|ä�
vÒÓ²SºÓÓÈ«�SÈ­º�È�vn�­ãº}ºm�m�vsz�º­Ë°¹Ë�

�ÒmÈË�°«�¹SÒ�º¹SË�ËãËÓÓ©²�º�SÈÓÒ�ËÓÒ«²�ÓÈ� ÏÈ�
�ËSÎ}Ò�°Ò�ÓÈãºm�m�ãÒÓÒ«²�°m«ÏÒ��{ºÏäºÎÓ©��SÒ
mÈSÒÈÓ�È��¹SÈmãËÓÒ«�ÏÈ�ËSÎ}ÈäÒ�°Ò�ÓÈãºm�m�ãÒÓÒ�
«²�°m«ÏÒ��ÒÏ­©�º�ÓºË��mËãÒ�ËÓÒË�äº�Óº°�Ò��SÈ®�
mËSºm��­�ÁËSÒÏÈ�Ò«�ãÒÓÒ®�°m«ÏÒ�°�Ò°¹ºã
ÏºmÈÓÒËä
¹ºm�ºSÒ�ËãË®�°Ò�ÓÈãºm�Ò�¹SÒäËÓËÓÒË�È�È¹�ÒmÓ©²
�SÈ®mËSºm�ÓÈ�m©²º�È²�vn�­ãº}ºm���ËSm©®�mÈSÒÈÓ�
�SË­�Ë�� ÏÓÈ�Ò�Ëã
Óº�º� �mËãÒ�ËÓÒ«� ¹º�SË­ã«Ëäº®

ªãË}�SÒ�Ë°}º®�äº�Óº°�Ò��{�ºSº®�mÈSÒÈÓ���Ë²ÓÒ�Ë�
°}Ò�°ãºÎËÓ�Ò��SË­�Ë��°ºÏ�ÈÓÒ«�º��Ëã
Óº®�°Ò°�Ëä©
¹Ò�ÈÓÒ«�¹ºm�ºSÒ�ËãË®�m�¹ºãË�°Ò�ÓÈã
Ó©²�¹Sºmº�ÓÒ�
}ºm��|¹�ÒäÈã
Ó©ä�äºÎÓº�°�Ò�È�
� �SË�Ò®�mÈSÒÈÓ��
º­Ë°¹Ë�ÒmÈ��Ò®� äÒÓÒäÈã
Óº� ÓËº­²º�Òä��� äº��
Óº°�
��SÈ®mËSºm�Ò�º�°��°�mÒË��º¹ºãÓÒ�Ëã
Ó©²�È}�Òm�
Ó©²�ªãËäËÓ�ºm�m�¹SºäËÎ��}È²�äËÎ���vn�­ãº}ÈäÒ�
�SÒÓ�Ò¹��Ë®°�mÒ«�È�È¹�ÒmÓº�º��SÈ®mËSÈ�°º°�º�

Ò��m��ºä����º­©�ÁºSäÒSºmÈ�
�º�ÒÓÈ}ºm©Ë�ÁSºÓ�©
Ò�°ºº�mË�°�m���ÒË�Òä�ÏÈ�ËSÎ}Ò�SÈ°¹Sº°�SÈÓËÓÒ«
°Ò�ÓÈãÈ�äËÎ���vn�­ãº}ÈäÒ�m�vsz�mÓË�ÏÈmÒ°Òäº�
°�Ò�º��Ëä}º°�Ò�ÓÈ�S�Ï}Ò�
iã«�SË	ËÓÒ«�¹Sº­ãËä©�SÈ°¹Sº°�SÈÓËÓÒ«�°Ò��

ÓÈãºm� äËÎ��� vn�­ãº}ÈäÒ� m� vsz� SÈÏSÈ­º�ÈÓÈ
°�S�}��SÈ� È�È¹�ÒmÓº�º� �SÈ®mËSÈ� °� �¹SÈmã«Ëä©ä
Òä¹Ë�ÈÓ°ºä��v²ËäÈ� �È}º�º� È�È¹�ÒmÓº�º��SÈ®mËSÈ
¹SÒmË�ËÓÈ�ÓÈ�SÒ°�����
iSÈ®mËS�°��¹SÈmã«Ëä©ä�m©²º�Ó©ä�Òä¹Ë�ÈÓ°ºä

¹º°�SºËÓ�ÓÈ�SËmËS°ÒmÓºä�°�Ë��Ò}Ë�Ò��¹SÈmã«Ëä©²
ÒÓmËS�ÒS���Ò²� ­�ÁËSÈ²� °� �SË�
Òä� °º°�º«ÓÒËä�
{ °²ËäË� ÁÒÏÒ�Ë°}Ò� ¹SÒ°��°�m�Ë�� º¹ºSÓ©®� ªãË�
äËÓ���ÁºSäÒS���Ò®�ª�ÈãºÓÓ©®�ÁSºÓ���|¹ºSÓ©®
ªãËäËÓ��m}ã��ÈË���SÈ®mËS�°�ÓÈÒäËÓ
	Ë®�ÓÈ�S�Ïº��
Óº®�°¹º°º­Óº°�
��Ò�ª�ÈãºÓÓ���Ëä}º°�Ó���ÓÈ�S�Ï�
}���&Bª�ÈãºÓ����È}º®�ÎË�m©²º�Óº®�ÁSºÓ��È�È¹�Òm�
Óºä���SÈ®mËS��ÓËº­²º�Òäº�°ÁºSäÒSºmÈ�
�ÓËÏÈmÒ�

3Ò°������rãº}�°ÒÓ²SºÓÒÏÈ�ÒÒ�m²º�Ó©²��ÈÓÓ©²��
È�Û�°²ËäÈ��­�Û�ÁÈÏºmÈ«��ÒÈ�SÈääÈ��¹º}ÈÏ©mÈ��È«�°ºº�Óº	ËÓÒË�Ò°²º�Ó©²��Ë�©�
SË²�ÁÈÏ�°�°ÒÓ²Sº�ËÓËSÈ�ºSÈ�Ò�¹ºã��ËÓÓ©²��Ë�©SË²�ÁÈÏ�ÓÈ�m©²º�È²�°²Ëä�mSÈ�ËÓÒ«
ÁÈÏ©
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°Òäº� º�� mÓË	ÓË®� ÓÈ�S�Ï}Ò� �&BÓÈ�S�Ï}Ò��� |�ÒÓ
�SÈ®mËS� äÒÓÒäÈã
Óº®� ÓÈ�S�Ïº�Óº®� °¹º°º­Óº°�Ò
m°Ë��È�¹º�}ã��ËÓ�}�mÓË	ÓË®�ÓÈ�S�Ï}Ë��È�º°�Èã
Ó©Ë
°¹º°º­Ó©�¹º�}ã��È�
°«�ÒãÒ�º�}ã��È�
°«�m�ÏÈmÒ�
°Òäº°�Ò�º��°Ò�ÓÈãÈ��¹SÈmãËÓÒ«��jÓmËS�ºS�ÓÈ�m²º�Ë
­ãº}È�ÁºSäÒS�Ë��°Ò�ÓÈã��}º�ºS©®�¹º°��¹ÈË��SÈÏ�
Ó©äÒ�¹��«äÒ�ÓÈ�ª�ÈãºÓÓ©®��SÈ®mËS�Ò�ª�ÈãºÓÓ��
ÓÈ�S�Ï}��Ò�º�ÓºmSËäËÓÓº�ÓÈ�m²º�©��SÈ®mËSºm�°�ÒÏ�
äËÓ«Ëäº®�ÓÈ�S�Ïº�Óº®�°¹º°º­Óº°�
���%8)=B�;�
%8)=B�;��%8)=B�;��%8)=B�;��%8)=B��;���sÈ�
�S�Ïº�Ó©Ë� °¹º°º­Óº°�Ò� ªãËäËÓ�ºm� %8)=B�;�
%8)=B�;��%8)=B�;��%8)=B�;��%8)=B��;�ÓÈ�
SÈ°�È���m���SÈÏÈ�¹º�äËSË��mËãÒ�ËÓÒ«�ÒÓ�Ë}°È��sÈ
m©²º�È²�ª�ÈãºÓÓº�º�Ò�SÈ­º�Ë�º�}ÈÓÈãºm�ä©�¹ºã��
�ÈËä�°Ò�ÓÈã©��}º�ºS©Ë�ÓÈ�S�ÎËÓ©�ÓÈ�ª�ÈãºÓÓ��
�&Bª�ÈãºÓ�� Ò� ÓËÒÏmË°�Ó��� �&BÓÈ�S�Ï}Ò�� Ëä}º°�Ò
°ºº�mË�°�mËÓÓº�
w�Ò��mÈ� °Ò�ÓÈãÈ�¹º�È��°«�ÓÈ� m²º�©�ÁÈÏºmº�º

�Ë�Ë}�ºSÈ��ËSËÏ�ÒÓmËS�ºS©�ÁºSäÒSºmÈ�ËãÒ��nÈÏº�
m©®��Ë�Ë}�ºS�m©�ÈË��Òä¹�ã
°©�XS�ÒãÒ�GQ��m�ÏÈmÒ�
°Òäº°�Ò�º���º�º��}È}º®�°Ò�ÓÈã�¹º°��¹ÈË��ÓÈ�ÓË�º�°
º¹ËSËÎËÓÒËä�Û�ª�ÈãºÓÓ©®�ÒãÒ��¹SÈmã«Ëä©®��jä�
¹�ã
°©�XS�Ò�GQ�¹º°��¹È���ÓÈ�SËmËS°ÒmÓ©®�°�Ë��Ò}�
ÁºSäÒS���Ò®�}º����¹SÈmã«��Ò®�äÈ�SÒ�Ë®��SÈ®�
mËSºm�� °� ÒÏäËÓ«Ëäº®� ÓÈ�S�Ïº�Óº®� °¹º°º­Óº°�
��
zº��º�}S©mÈË��ÒãÒ�¹ËSËmº�Ò��m��SË�
Ë�°º°�º«ÓÒË
°ºº�mË�°�m�������S�¹¹��­�ÁËSºm��sÈ}ºÓË��m�°Ò°�
�ËäË�ÓÈ°��¹ÈË��­ÈãÈÓ°���� Ë��ÏÈ�ËSÎ}È��¹SÈmã«Ëäº�º
°Ò�ÓÈãÈ� °�ÈÓºmÒ�°«�SÈmÓº®� ÏÈ�ËSÎ}Ë� ª�ÈãºÓÓº�º�
�º°}ºã
}���ÈÓÓÈ«�°Ò°�ËäÈ��ÒÁSºmÈ«���º��º�Óº°�

ÓÈ°�Sº®}Ò�º°�ÈË�°«�ÓÈ��SºmÓË�mãÒ«ÓÒ«�äãÈ�	Ë�º
SÈÏS«�È��¹SÈmã«��Ë�º�}º�È��~ÈSÈÓËË�ÓËÒÏmË°�ÓÈ«
Ëä}º°�
� �&BÓÈ�S�Ï}Ò�� ÓË� äºÎË�� ­©�
� äËÓ
	Ë
�&Bª�ÈãºÓ��� iÒÈ¹ÈÏºÓ� SË��ãÒSºm}Ò� È�È¹�ÒmÓº�º

�SÈ®mËSÈ� °� ÁÈÏºm©ä� �Ë�Ë}�ºSºä
º¹SË�Ëã«Ë�°«� SÈÏS«�Óº°�
�
�¹SÈmã«��Ë�º� }º�È�� {� °²ËäË� ÓÈ
SÒ°�����Ò°¹ºã
ÏºmÈÓ���SÈÏS«�Ó©®
SËmËS°ÒmÓ©®�°�Ë��Ò}�Û�°ºº�mË��
°�mËÓÓº��º¹�°�ÒäºË�ÏÓÈ�ËÓÒË�Ëä�
}º°�Ò� ÓÈ�S�Ï}Ò� ­��Ë�� ãËÎÈ�
� m
�ÒÈ¹ÈÏºÓË�

&Bª�ÈãºÓ � &BÓÈ�S�Ï}Ò �
� ���&Bª�ÈãºÓ�

|¹Ò°ÈÓÓ©®�È�È¹�ÒmÓ©®��SÈ®�
mËS� ª}ºÓºäÒ�ËÓ� ¹º� äº�Óº°�Ò�
ÏÈÓÒäÈË��äÈã���¹ãº�È�
�ÓÈ�}SÒ�
°�ÈããË�Ò�Ò°¹ºã
Ï�Ë��¹SËÒä��Ë°��
mÈ��ÒÁSºmº®��Ë²Óºãº�ÒÒ�

rãº}�ÒÓÒ�ÒÈãÒÏÈ�ÒÒ
�ÓÈ�Èã	Ó©²��°�ÈÓºmº}�

iã«� }ºSSË}�Óº®� SÈ­º�©��ÒÁ�
Sºm©²�­ãº}ºm�°ÒÓ²Sº�ËÓËSÈ�ºSºm
Ò��S��Ò²��ÒÁSºm©²�­ãº}ºm�m�vsz
ÓËº­²º�Òäº�¹SË��°äº�SË�
�°Ò�ÓÈã

�°�ÈÓºm}Ò�m�ÓÈ�Èã
Ó©®�äºäËÓ��mSËäËÓÒ��¹SÒ�m}ã��
�ËÓÒÒ�¹Ò�ÈÓÒ«��
vÒ°�ËäÈ� ÒÓÒ�ÒÈãÒÏÈ�ÒÒ� º­©�Óº� SËÈãÒÏ�Ë�°«

º��Ëã
Ó©ä�vn�­ãº}ºä��{�º­�Ëä�°ã��ÈË�m�vsz�ÓË
¹SË��°äº�SËÓ�mÓË	ÓÒ®�°Ò�ÓÈã�°­Sº°È�m�ÓÈ�Èã
Ó©®
äºäËÓ�� SÈ­º�©� °Ò°�Ëä©�� v²ËäÈ� ÒÓÒ�ÒÈãÒÏÈ�ÒÒ
äºÎË�� ­©�
� º­�Ë�ÒÓËÓÈ� °� �ËÓËSÈ�ºSºä� º¹ºSÓº®
�È°�º�©���º��È�°Ò�ÓÈã�ÓÈ�Èã
Óº®��°�ÈÓºm}Ò�¹º«m�
ã«Ë�°«�¹SÒ�ÓÈSÈ°�ÈÓÒÒ�ÓÈ¹S«ÎËÓÒ«�¹Ò�ÈÓÒ«��¹SÒ
m}ã��ËÓÒÒ�°²Ëä©���Ò�°­SÈ°©mÈË�°«�¹º�¹ËSmºä��Òä�
¹�ã
°��º¹ºSÓº�º�°ÒÓ²Sº°Ò�ÓÈãÈ��SÒ°������
vÒ�ÓÈã�ÓÈ�Èã
Óº®��°�ÈÓºm}Ò�m�È}�ÒmÓºä��SºmÓË

­ãº}ÒS�Ë��ÓË°ÈÓ}�ÒºÓÒSºmÈÓÓ©®�°ÒÓ²Sº°Ò�ÓÈã�m
vsz���ºSº�ºmºË��°�Sº®°�mº�ÓÈ�m©²º�Ë�º¹ºSÓº�º
�ËÓËSÈ�ºSÈ�°SÈ­È�©mÈË���°ÓÒäÈË��°Ò�ÓÈã�ÓÈ�Èã
Óº®
�°�ÈÓºm}Ò� Ò� ¹º�ÈË�� º¹ºSÓ©®� °ÒÓ²Sº°Ò�ÓÈã� ÓÈ
¡nk� ���ºã
}º��ËSËÏ�ÓË°}ºã
}º�äÒ}Sº°Ë}�Ó��¹º�
°ãË� �º�º�� }È}� ÓÈ� º¹ºSÓºä� }mÈS�Ëmºä� �ËÓËSÈ�ºSË
¹º«mÒãº°
� ÓÈ¹S«ÎËÓÒË� ¹Ò�ÈÓÒ«�� �È}Òä� º­SÈÏºä�
°ÒÓ²SºÒä¹�ã
°©� ÓÈ�ÒÓÈ��� ¹º°��¹È�
� ÓÈ� m²º�©
�È}�ÒS�Ëä©²�ªãËäËÓ�ºm�vsz�¹º°ãË��º�º��}È}�ÏÈ�
mËS	ÒãÈ°
�ÓÈ�Èã
ÓÈ«��°�ÈÓºm}È��È��ËÓËSÈ�ºS�º¹ºS�
Óº®��È°�º�©�mº	Ëã�m�°�È�ÒºÓÈSÓ©®�SËÎÒä�SÈ­º�©�

3Ò°������v�S�}��SÓÈ«�°²ËäÈ�­ãº}È�ÒÓÒ�ÒÈãÒÏÈ�ÒÒ

3Ò°������v�S�}��SÈ�È�È¹�ÒmÓº�º��SÈ®mËSÈ�°��¹SÈmã«Ëä©ä�m©²º�Ó©ä�Òä¹Ë�ÈÓ°ºä
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v²ËäÈ�ÒÓÒ�ÒÈãÒÏÈ�ÒÒ�¹SËÎ�Ë�m°Ë�º�Ó�ÎÓÈ��ã«
ªãËäËÓ�ºm�°�¹Èä«�
����SÒ��ËSºm���m²º�«�Ò²��È}ÎË
Ò�m�°º°�Èm��È°�º�Óº�ÁÈÏºmº�º��Ë�Ë}�ºSÈ��SËmËS°Òm�
Óº�º�°�Ë��Ò}È���Ë�Ë}�ºSÈ�ÏÓÈ}È�SÈÏÓº°�Ò�ÁÈÏ�Ò��Ë�
ãÒ�Ëã«��vÒ�ÓÈã�ÓÈ�Èã
Óº®��°�ÈÓºm}Ò�Ó�ÎËÓ�Ò��ã«
m°Ë²��S��Ò²��SÒ��ËSÓ©²�­ãº}ºm�vsz�

~È}ã
�ËÓÒË

wÁÁË}�ÒmÓº°�
� Ò°¹ºã
ÏºmÈÓÒ«� m©�Ò°ãÒ�Ëã
�
Ó©²�SË°�S°ºm�ªãË}�SºÓÓº®�°Ò°�Ëä©�º¹SË�Ëã«Ë�°«
ªÁÁË}�ÒmÓº°�
��°Ò°�Ëä©�°ÒÓ²SºÓÒÏÈ�ÒÒ�ÒÓÁºS�
äÈ�ÒºÓÓ©²�¹º�º}ºm�
~È}ÈÏÓ©Ë�äÒ}Sº°²Ëä©��º¹�ÒäÒÏÒSºmÈÓÓ©Ë��ã«

SË	ËÓÒ«�}ºÓ}SË�Ó©²�ÏÈ�È���º­Ë°¹Ë�ÒmÈ���ÓÈÒã���
	ÒË��Ë²ÓÒ�Ë°}ÒË�Ò�¹SºÒÏmº�°�mËÓÓ©Ë�¹º}ÈÏÈ�ËãÒ
ÒÏ�ËãÒ®�ªãË}�SºÓÓº®��Ë²ÓÒ}Ò��sºmÈ«�äË�º�ºãº�Ò«
¹SºË}�ÒSºmÈÓÒ«�ÏÈ}ÈÏÓ©²�äÒ}Sº°²Ëä�m�mÒ�Ë��°Ò°�
�Ëä�ÓÈ�}SÒ°�ÈããË��¹ºÏmºã«Ë��°ºmäË°�Ò�
�¹SËÒä��

�Ë°�mÈ� ÏÈ}ÈÏÓ©²� Ò� �ÓÒmËS°Èã
Ó©²� ªãË}�SºÓÓ©²
°Ò°�Ëä�Û� ªÁÁË}�ÒmÓºË� SË	ËÓÒË� }ºÓ}SË�Ó©²� ÏÈ�
�È��� È� �È}ÎË�º�SÈ­º�ÈÓÓº°�
�Ò� °ºmËS	ËÓ°�mº�Ò°�
¹ºã
Ï�Ëä©²�­ãº}ºm�
vºmäË°�ÓÈ«�SÈ­º�È�vn�­ãº}ºm�ÓÈ�m©°º}Ò²��È°�

�º�È²�m�°º°�ÈmË�vsz��º°�Ò�ÈË�°«��ºã
}º�¹��Ëä�Ò°�
¹ºã
ÏºmÈÓÒ«�m�ª�Ò²�vn�­ãº}È²�°¹Ë�ÒÈã
Ó©²��°��
Sº®°�m� ãº}Èã
Óº®� °ÒÓ²SºÓÒÏÈ�ÒÒ�� �ËÓËSÈ�ºSºm�
È�È¹�ÒmÓ©²��SÈ®mËSºm�Ò�°²Ëä�mº°°�ÈÓºmãËÓÒ«��ÈÓ�
Ó©²���°�Sº®°�mÈ�ãº}Èã
Óº®�°ÒÓ²SºÓÒÏÈ�ÒÒ�«mã«�
��°«�m©°º}º�È°�º�Ó©äÒ�ÈÓÈãº�º��ÒÁSºm©äÒ�°Ò°�
�ËäÈäÒ�� °²Ëäº�Ë²ÓÒ}È� }º�ºS©²� SÈÏSÈ­º�ÈÓÈ� ¹º}È
ÓË�º°�È�º�Óº�� |�ÓÈ}º� �ÎË� ÒäË��°«� ¹SÈ}�Ò�Ë°}Ò
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�È}ÎË� mºÏSÈ°�ÈË�� SÈÏÓº°�
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�ËÓÒÒ��Ëä¹ËSÈ��S©�ÓÈ�SËmÈ�Ëã«��SÒ°������
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äÈ�ÓÒ�Óº®�ÈÓÒÏº�Sº¹ÒË®��È�m�}È�Ë°�mË�Áº�º¹SÒËä�
ÓÒ}È�Û��~v�äÈ�SÒ���

km�ºS©�m©SÈÎÈ���­ãÈ�º�ÈSÓº°�
�l� �����°Ëm�
Ò� s� v�� sË�°�SºËm�� ÏÈ� ¹SË�º°�ÈmãËÓÒË� wn��� �ã«
äÈ�ÓÒ�ºº¹�Ò�Ë°}º®�mÒÏ�ÈãÒÏÈ�ÒÒ��È��È}ÎË�3nnj
ÏÈ�ÁÒÓÈÓ°ºm���¹º��ËSÎ}����SÈÓ��������������

v¹Ò°º}�ãÒ�ËSÈ��S©

�� 3ÈÓ�º�}ÒÓ� {� {�� ��°Ëm� l����� zºÏãºm� ��n��� sË��
°�SºËm s� v��|�¹SËÒä��Ë°�mÈ²�­ËÏ�Ò°�ËSËÏÒ°Ó©²�äÈ�ÓÒ�ºº¹�Ò�
�Ë°}Ò²�¹ãËÓº}�¹SÒ�Ò°¹ºã
ÏºmÈÓÒÒ�m�ÓËSÈÏS�	È��Ë®��ËÁË}�º�
°}º¹ÒÒ����n�����������������¢ ���v� ���Û����

�� 3ÈÓ�º�}ÒÓ�{� {��� ËSmºÓËÓ}Ò°�k��Ð���SÒ}ãÈ�ÓÈ«�äÈ�ÓÒ�
�ºº¹�Ò}È��l���wÓËS�ºÈ�ºäÒÏ�È�������������°�
�� rÈãÈ­ÈÓºm�i� p�����°Ëm�l� ����sË�°�SºËm�s� v����ºÓº�

äÈSËm�s� {���sÒ}Ò�ºm�v� k��j°°ãË�ºmÈÓÒË�¹Sº°�SÈÓ°�mËÓÓº�º
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ÓÒ�ºº¹�Ò�Ë°}º®�mÒÏ�ÈãÒÏÈ�ÒÒ����3È�Òº�Ë²ÓÒ}È�Ò�ªãË}�SºÓÒ}È�
�������������¢ ���v� ���Û����
�� *UHFKLVKNLQ�5� 0���*RRVHY�0� <X�� HW� DOO��+LJK� UHVROXWLRQ

VHQVLWLYH�PDJQHWR�RSWLF�IHUULWH�JDUQHW�ILOP�ZLWK�SODQDU�DQLVRWURS\���
-��0DJQ��0DJQ��0DW��������9����Û�����3� ���Û����
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Óº}��l���sÈ�}È������������°�
�� 6\YRURWND�0���8EL]VNLL�6��HW�DOO��*URZWK�DQG�FKDUDFWHUL]DWLRQ

LQ�%L��3U��DQG�%L��6F�VXEVWLWXWHG�OXWHWLXP�LURQ�JDUQHW�ILOPV�ZLWK�SOD�
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SO��3K\V�������9������3� ����Û�����
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� �È}ÎË
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$OHNKLQ�9� $��2QH�GLPHQVLRQDO�0LFUR�2SWLFDO�(OHFWUR�0HFKDQLFDO�
6\VWHPV�DQG�7KHLU�$SSOLFDWLRQ�LQ�'HYLFHV�RI�GLVSOD\�DQG�5HJLVWUDWLRQ�
RI WKH�,QIRUPDWLRQ ����������������������������������������������������������������������

3ULQFLSOHV�RI�FRQVWUXFWLRQ�DQG�IXQFWLRQLQJ�RI�SURMHFWLYH�GLVSOD\V
DQG�SULQWHUV�ZLWK�RQH�GLPHQVLRQDO�02(06�RQ�D�EDVLV�HODVWRPHU�DQG
*/9�WHFKQRORJ\�DUH�FRQVLGHUHG�

$GDPRY�<X� )���6RPRY�2� $���6KHYFKHQNR�(� $��6\QFKURQL]DWLRQ�DQG�
&RQQHFWLYLW\�RI�6LJQDOV�LQ�6\VWHPV�2Q�&KLS��62&� �������������������������

7KH�UHVHDUFK�RI�FRPELQHG�ZRUN�RI�,3�EORFNV��LQ�62&��DQG�ORFDO
V\QFKURQL]DWLRQ�GHYLFHV�LQFOXGHG�LQ�WKHVH�EORFNV�RQ�KLJK�IUHTXHQFLHV
LV�FDUULHG�RXW�LQ�WKLV�DUWLFOH��7KH�UHFRPPHQGDWLRQV�RQ�V\QFKURQL]D�
WLRQ�VLJQDOV�VXSSO\�DW�DOO�62&�GHVLJQ�VWDJHV�DUH�JLYHQ��7KH�EDVLF�GL�
UHFWLRQV�RI�GHYHORSPHQW�RI�ORFDO�V\QFKURQL]DWLRQ�GHYLFHV�FLUFXLWU\�DUH
DOORFDWHG��7KH�EDVLF�HOHPHQWV�RI�,3�EORFNV�V\QFKURQL]DWLRQ�VXEV\V�
WHPV�DUH�GHVFULEHG��1HZ�SRVVLEOH�HIIHFWLYH�GHFLVLRQV�DQG�SUDFWLFDOO\
LPSOHPHQWHG�FLUFXLWV�DUH�VKRZQ�

.R]ORY�$� 9���7LNKRQRY�5� '��1HJDWLYH�6HQVLWLYLW\�%LSRODU�
0DJQHWRWUDQVLVWRU����������������������������������������������������������������������

%\�PHDQV�RI�GHYLVHV�LQVWUXPHQW�WHFKQRORJLFDO�VLPXODWLQJ�PRGH�
OLQJ�LV�H[SORUHG�ODWHUDO�ELSRODU�PDJQHWRWUDQVLVWRU��%07���IRUPHG�LQ
WKH�ZHOO�DW�WKH�RXWHUFRQQHFWHG�RI�VXEVWUDWH�ZLWK�WKH�ZHOO��6KRZQ�WKDW
LQ�WKH�RSWLPL]HG�VWUXFWXUH�%07�RFFXUV�D�VKDSLQJ�WKH�IORZV�RI�FDUULHUV
RI�FKDUJH�DQG�WKHLU�YROXPHWULF�UHFRPELQDWLRQ��ZKLFK�DUH�FKDQJHG�DW
WKH�LQIOXHQFH�RI�PDJQHWLF�ILHOG��2ULJLQ�FRQFHQWUDWLRQ�UHFRPELQDWLRQ
VHQVLWLYLW\�%07�JLYHV�D�PRWLYDWLRQ�D�PHFKDQLVP�RI�DULVLQJ�WZR�VLJQV
UHODWLYH�PDJQHWRVHQVLWLYLW\�RQ�WKH�FXUUHQW��&KRLFH�RI�SDUDPHWHUV�RI
VWUXFWXUH�DQG�VWDWH�RI�ZRUNLQJ�%07�LQ�DFFRUGDQFH�ZLWK�WKH�LQVWDOO
PHFKDQLVP�RI�VHQVLWLYLW\�DOORZV�UDLVH�UHODWLYH�VHQVLWLYLW\�RQ�WKH�FXUUHQW
EHIRUH����7Ü��

.UDYFKHQNR�,� 9���.RQRSOHY�%� *���5\QGLQ�(� $��6LPXODWLRQ
RI�7HPSHUDWXUH�'LVWULEXWLRQ�LQ�D�&RQYHFWLRQ�%DVHG�
0LFURDFFHOHURPHWHU ����������������������������������������������������������������� ��

$� PRGHO� RI� WHPSHUDWXUH� GLVWULEXWLRQ� LQ� D� FRQYHFWLRQ�EDVHG
PLFURDFFHOHURPHWHU�KDG�EHHQ�GHYHORSHG��,QIOXHQFH�RI�GLPHQVLRQV�RI
WKH�FDYLW\�DQG�WHPSHUDWXUH�RI�D�KHDWHU�RQ�OLQHDULW\�DQG�VHQVLWLYLW\�RI
PLFURDFFHOHURPHWHU�KDG�EHHQ�DQDO\]HG�

$ULVWRY�9� 9���.X\XPFK\DQ�$� 9���6RXYRURY�$� <X���,VKLNDZD�7���
,VR\DQ�$� $���7URXQL�.��7���6DUNLVLDQ�(��5HFRQVWUXFWLRQ
RI�)RXULHU�+RORJUDP�8VLQJ�D�=RQH�3ODWH�IRU�+DUG�[�5D\
5DGLDWLRQ���������������������������������������������������������������������������������

7KH�LPDJHV�RI�WKH�VLOLFRQ�WHVW�REMHFW�KDYH�EHHQ�VWXGLHG��$Q�LPDJH
IRU�LQ�OLQH�KRORJUDP�IRU�KDUG�;�UD\���Û���.H9��LV�SUHVHQWHG��7KH
WUDQVPLVVLRQ� RI� D� KRORJUDP� LPDJH� IRU� KDUG�;�UD\� UDGLDWLRQ� XVLQJ
)UHVQHO�SKDVH�]RQH�SODWH�KDV�EHHQ�LQYHVWLJDWHG��7KH�H[SHULPHQWDO�LQ�
YHVWLJDWLRQV�KDYH�EHHQ�FRQGXFWHG�RQ�WKH�VWDWLRQ�%/��;8��6SULQJ���

3DQILORY�<X� 9���6DPR\ORYLFK�0� ,���=LORYD�2� 6��2SDO�0DWUL[
6XUIDFH�:LWK�7KLQ�)LOP�&RDWLQJV�,QYHVWLJDWLRQ ������������������������������

7KLQ�ILOP�GHSRVLWLRQ�PHWKRGV�IRU�V\QWKHWLF�RSDO�VXEVWUDWH�DUH�DQ�
DO\VHG��9DFXXP�HYDSRUDWLRQ�DQG�LRQ�SODVPD�VSXWWHULQJ�DQG�LRQ�GH�
SRVLWLRQ� DUH� VHOHFWHG�� 0XOWL�VRXUFH� YDFXXP� WRRO� ZLWK� LRQ�EHDP
VRXUFH��PDJQHWURQ�VSXWWHULQJ�V\VWHP�DQG�DUF�HYDSRUDWRU�LV�ZRUNHG
RXW��2SDO�PDWUL[�VXUIDFH�ZLWK�WKLQ�ILOP�FRDWLQJV�WRSRJUDSK\�DQG�RQH±V
HOHFWULF�UHVLVWDQFH�DQG�ODVHU�EHDP�UHIOHFWLRQ�DUH�H[DPLQHG�

%LELVKNLQ�0� 6���=DEURGLQ�,� *���=XHY�6� <X���.O\XHQNRY�(� %���
3HVWRY�$� (���6DODVKFKHQNR�1� 1���&KHNKRQDGVNLK�'� 3���
&KNKDOR�1� ,��/DERUDWRU\�0HWKRGV�IRU�,QYHVWLJDWLRQ�RI�0XOWLOD\HU�
0LUURUV�LQ�([WUHPH�8OWUDYLROHW�DQG�6RIW�;�5D\�5HJLRQ ��������������������

7ZR�UHIOHFWRPHWHUV�LQ�,30�5$6�DUH�GHVFULEHG��2QH�HQDEOHV�LQ�
YHVWLJDWLRQ�RI�WKH�DQJXODU�DQG�VSHFWUDO�FKDUDFWHULVWLFV�RI�PLUURUV�ZLWK
DQ\�VKDSH�RI�D�UHIOHFWLQJ�VXUIDFH�LQ�WKH����Û���QP�VSHFWUDO�UDQJH��7KH
RWKHU��GHVLJQHG�HVSHFLDOO\�WR�VWXG\�WKH�LQIOXHQFH�RI�SRZHUIXO�(89
VRXUFHV�RQ�WKH�UHIOHFWLQJ�FKDUDFWHULVWLFV�RI�PXOWLOD\HU�PLUURUV�DQG�SUR�
YLGHV�D�UHVROXWLRQ�RI�WKH�UHIOHFWLRQ�FRHIILFLHQW�YDULDWLRQ�DW�D�OHYHO�RI
������

%DODEDQRY�'� (���1LNLWRY�6� $��,QYHVWLJDWLRQ�RI��'�PLFURPDJQHWLF�
6WUD\�)LHOGV�E\�&RPSXWHU�0DJQHWR�2SWLF�9LVXDOL]DWLRQ�0HWKRG ��������

7KH�QHZ�PHWKRG�IRU�GHILQLWLRQ�RI�VSDWLDO�GLVWULEXWLRQ�RI�PLFUR�
PDJQHWLH�VWUD\�ILHOGV�E\�FRPSXWHU�PDJQHWR�RSWLF�YLVXDOL]DWLRQ�LV�GH�
YHORSHG�DQG�DSSURYHG��7KH�IDFWRUV�GHILQLQJ�PDJQHWR�RSWLF�YLVXDOL]D�
WLRQ�V\VWHP�VHQVLWLYLW\�DUH�IRXQG�DQG�DQDO\]HG��7KH�DQDO\VLV�FRQVLGHUV
)DUDGD\�URWDWLRQ�DQJOH�DQG�WKH�RXW�RI�SODQH�PDJQHWLF�ILHOG��7KH�RS�
WLPDO�FRQGLWLRQV�IRU�UHJLVWUDWLRQ�DQG�REVHUYDWLRQ�RI�GRPDLQ�VWUXFWXUHV
LPDJHV�ZLWK�&&'�FDPHUD�DUH�GHILQHG��7KH�WKHRUHWLFDO�OLPLW�RI�)D�
UDGD\�URWDWLRQ�DQJOH�VHQVLWLYLW\�LV�IRXQG�
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)RU�IRUHLJQ�VXEVFULEHUV�

-RLQWãVWRFN�FRPSDQ\�0.ã3HULRGLFD��(ãPDLO��LQIR#SHULRGLFDOV�UX� 7HO��������������ã������)D[��������������ã����

7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������

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

,661�����å�����

$GGUHVV�LV�����6WURP\QVN\�/DQH��0RVFRZ����������5XVVLD��7HO��)D[�������������ã�����

(ãPDLO��LW#QRYWH[�UX�� KWWS���ZZZ�PLFURV\VWHPV�UX


