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�Ë�S�lÈã	�Ëm

®²�°¥¤ ª¶¨¨



ljzc|vjv�plskÐ��ptsjzk��¢����������

�iz��������

z� {���È�ä©�Ëm°}Ò®��}ÈÓ����Ë²Ó��ÓÈ�}��
{ãÈ�ÒäÒS°}Ò®��º°��ÈS°�mËÓÓ©®��ÓÒmËS°Ò�Ë�

¬¥µ ­®«¾¬¨­¥±¶¥­²­»¥�
�±¢¥²®£¥­¥3 ¶¨®­­»¥��
±¥­±®3­»¥�½«¥¬¥­²»
¤«¿�±®¢3¥¬¥­­»µ�
¨­´®3¬ ¶¨®­­®�
¨§¬¥3¨²¥«¼­»µ�²¥µ­®«®£¨©

wÁÁË}�ÒmÓº°�
�¹SÒäËÓËÓÒ«�°ºmSËäËÓÓ©²��Ë²�
ÓÒ�Ë°}Ò²�°Ò°�Ëä�m�ÏÓÈ�Ò�Ëã
Óº®�°�Ë¹ËÓÒ�º¹SË�Ë�
ã«Ë�°«�SÈ­º�º®�°ËÓ°ºSÓ©²��°�Sº®°�m��¹º°�Èmã«��
�Ò²�¹ËSmÒ�Ó���ÒÓÁºSäÈ�Ò��º�°º°�º«ÓÒÒ�°Èäº®
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Ó©ä�°º¹Sº�ÒmãËÓÒËä�
l���3È�Òº�Ò�°m«Ï
������������°�

�� �Èã�Ïº�{� p���lÈ�°ºÓ�w� k���lËã	ÓÒ��}�{� {���ºã�¹Sº�
mº�ÓÒ}ºm©Ë�­Ò¹ºã«SÓº�¹ºãËm©Ë�°�S�}��S©����~ÈS�­ËÎÓ��ªãË}�
�SºÓ���Ë²ÓÒ}È��������¢��������������°�

�� &KXD�/� 2���<X�-���<X�<��%LSRODU�-)(7�026)(7�1HJDWLYH
5HVLVWDQFH�'HYLFHV����,(((��7UDQVDFWLRQV�RQ�&LUFXLWV�DQG�6\VWHPV�
������1 ���3� ��Û���

�� �È���3n�¢����������������jÓ�Ë�SÈã
Ó©®��SÈÓÏÒ°�ºS�°
ÏÈ�Ò�º®�º��¹ËSËÓÈ¹S«ÎËÓÒ®���k����sºmº°Ëãºm��s� �����SÒÓ�
v� r��rÈ}ãÈÓºm��v� ���sºmÒ}ºm��k� j���ºS�ËËm��k� n��zºSºãËm�
�� i��|­äÈ®}ÒÓ�

�� sºmÒ}ºm� v� ���� sºmº°Ëãºm� k� ���� rÈ}ãÈÓºm� v� r��
��SÒÓ s� ���v²Ëäº�Ë²ÓÒ�Ë°}ºË� äº�ËãÒSºmÈÓÒË� Ò� Ò°°ãË�ºmÈ�
ÓÒË�äº�Ó©²�1��SÈÓÏÒ°�ºSºm����jÏm��m�Ïºm��wãË}�SºÓ�������
¢ ���v� ��Û���

3Ò°�����v²ËäÈ�¹ÈSÈããËã	Óº�º�m}ã
�ËÓÒ«�ÓË�È�SºÓºm��È��Ò�ËË�°Òä�
äË�SÒ�ÓÈ«�{kt��­�

3Ò°�����v²ËäÈ�ÒÓ�Ë�SÒSºmÈÓÓº�º�m}ã
�ËÓÒ«�ÓË�È�SºÓÈ��È��Ò�ËË
°ÒääË�SÒ�ÓÈ«�{kt��­�
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�¡¢¡ÎÍÄÀSÅÍÊÎ�±��£��È�ÄÐ�� ��¯SÎÑÒSÀÍÑÒÂÅÍÍÛÉ�ÎÏÒÈ×ÅÑÊÈÉ�SÀÇÄÅËÈÒÅËÜ�7(��È�70�ÂÎËÍ

�iz��������

v� ���rºÓ�ÈSËÓ}º�
l� l��{Ë}�ÒÓ��}ÈÓ���ÁÒÏ��äÈ���ÓÈ�}�
|� k��z�ãÒ���s� k��Ð}ºmËÓ}º����S��Ë²Ó��ÓÈ�}�
z�­ÈÓ°}Ò®��º°��ÈS°�mËÓÓ©®��ÓÒmËS°Ò�Ë���
�� zSÈ°Óº�ÈS

¯3®±²3 ­±²¢¥­­»©�
®¯²¨·¥±ª¨©�3 §¤¥«¨²¥«¼
7(��¨�70�¢®«­�­ �®±­®¢¥�
¬¥² ««®¤¨½«¥ª²3¨·¥±ª®£®�
¤¢³µ«³·¥¢®£®�¢®«­®¢®¤­®£®�
¨­²¥3´¥3®¬¥²3 

{� äÒ}Sºº¹�Ò�Ë°}Ò²� Ò� mºãº}ºÓÓº�º¹�Ò�Ë°}Ò²
°Ò°�ËäÈ²�°­ºSÈ�º­SÈ­º�}Ò�ÒÓÁºSäÈ�ÒÒ�¹SÒäËÓ«�
��°«� SÈ°�Ë¹Ò�ËãÒ� ¹ºã«SÒÏÈ�Ò®�� ¹ºÏmºã«��ÒË
SÈÏ�ËãÒ�
�SÈÏãÒ�Ó©Ë�¹ºã«SÒÏÈ�ÒºÓÓ©Ë�}ºä¹ºÓËÓ�
�©� ÒÏã��ËÓÒ«� m� ¹Sº°�SÈÓ°�mË�� �SÒäËÓËÓÒË� ÒÓ�Ë�
�SÈã
Óº�º¹�Ò�Ë°}Ò²� °²Ëä� mäË°�º� mºãº}ºÓÓ©²� ÒãÒ
º­�ËäÓ©²�ÈÓÈãº�ºm��ã«�SÈ­º�©�m�°º°�ÈmË��È}Ò²�°Ò°�
�Ëä�¹ºÏmºã«Ë��°ºÏ�ÈmÈ�
�ÓÈ�ËÎÓ©Ë�äÓº�º}ÈÓÈã
Ó©Ë
�°�Sº®°�mÈ���ºª�ºä��È}��Èã
Ó©äÒ�«mã«��°«�Ò°°ãË�
�ºmÈÓÒ«�m�º­ãÈ°�Ò�SÈÏSÈ­º�}Ò�}ºä¹È}�Ó©²�ÒÓ�Ë�
�SÈã
Óº�º¹�Ò�Ë°}Ò²�SÈ°�Ë¹Ò�ËãË®�¹ºã«SÒÏÈ�ÒÒ�

jÏmË°�Ó©Ë� ÒÓ�Ë�SÈã
Óº�º¹�Ò�Ë°}ÒË� SÈ°�Ë¹Ò�
�ËãÒ�¹ºã«SÒÏÈ�ÒÒ�°ºÏ�È��°«�ÓÈ�º°ÓºmË�°ãË����Ò²
ÁÒÏÒ�Ë°}Ò²�¹SÒÓ�Ò¹ºm��ªÁÁË}�È�äº�ºmº®�°ËãË}�
�ÒÒ�m�È°ÒääË�SÒ�Ó©²�<�SÈÏmË�mÒ�Ëã«²�>����@�Ò�SË�
ÏºÓÈÓ°Óº®�°m«ÏÒ�º¹�Ò�Ë°}Ò²�mºãÓ��SËÈãÒÏ�Ëäº®�m
�°�Sº®°�mÈ²� ÓÈ� º°ÓºmË� �ÒªãË}�SÒ�Ë°}Ò²� ÓÈ¹SÈm�
ãËÓÓ©²�º�mË�mÒ�ËãË®�

j°¹ºã
ÏºmÈ�
�ÓÈ¹SÈmãËÓÓ��� °m«Ï
��m�²�°mË�º�
m©²�mºãÓ��ã«�SÈÏ�ËãËÓÒ«�¹ºã«SÒÏÈ�Ò®�äºÎÓº��m��
ä«� °¹º°º­ÈäÒ���SÒ� ¹ËSmºä� °¹º°º­Ë� ��Ò�©mÈË�°«
�º��ÁÈ}�����º���ÓÈ¹SÈmãËÓÓ©²�º�mË�mÒ�ËãË®��º­SÈ�
ÏºmÈÓÓ©²� SÈÏãÒ�Ó©äÒ� ¹º� ¹ÈSÈäË�SÈä� }ÈÓÈãÈäÒ�
�ãÒÓÈ�°m«ÏÒ��ã«�7(��Ò�70�äº���È}ÎË�SÈÏãÒ�ÓÈ«�
vãË�ºmÈ�Ëã
Óº��äºÎÓº�¹º�º­SÈ�
��ãÒÓ��°m«ÏÒ��È}�
��º­©�SÈÏmË°�Ò�7(��Ò�70�mºãÓ©�¹º�SÈÏÓ©ä�}ÈÓÈ�
ãÈä��v¹º°º­©�¹SÈ}�Ò�Ë°}º®�SËÈãÒÏÈ�ÒÒ�º°ÓºmÈÓ©
ÓÈ�SÈÏSÈ­º�}Ë�mºãÓºmË���Ò²�°�S�}��S����}º�ºS©²
SÈÏÓË°ËÓÒË�}ºÓ°�ÈÓ��SÈ°¹Sº°�SÈÓËÓÒ«�7(��Ò�70�

äº��­©ãº�­©�°��Ë°�mËÓÓ©ä��ã«�ªÁÁË}�ÒmÓº®�SÈÏ�
m«Ï}Ò�äËÎ���¹ºã«SÒÏÈ�Ò«äÒ�>����@�

iS��º®� °¹º°º­�¹SÒäËÓËÓÒ«�ÓÈ¹SÈmãËÓÓ©²� º��
mË�mÒ�ËãË®��ã«�SËÈãÒÏÈ�ÒÒ�¹Sº°�SÈÓ°�mËÓÓº�º�SÈÏ�
ÓË°ËÓÒ«� ¹ºã«SÒÏÈ�ÒºÓÓ©²� }ºä¹ºÓËÓ�ºm� ÒÏã��Ë�
ÓÒ«�º°ÓºmÈÓ�ÓÈ�º°º­ËÓÓº°�«²�ÒÓ�ËSÁËSËÓ�ÒÒ��m�²
°Ò�ÓÈãºm��¹Sº²º�«�Ò²��ËSËÏ�º�mË�mÒ�Ëã
��jÏmË°��
Óº����º�ÓÈãÒ�ÒË�ÒãÒ�º�°��°�mÒË�m©²º�Óº�º�°Ò�ÓÈãÈ
ÓÈ��ºä�ÒãÒ�ÒÓºä�m©²º�Ë�º�mË�mÒ�Ëã«�º¹SË�Ëã«Ë�°«
°ºº�Óº	ËÓÒËä� ÁÈÏ� °Ò�ÓÈãºm�� ¹º�ÈÓÓ©²� ÓÈ� Ë�º
m²º����SÒ�m²º�Ó©²�°ÒÓÁÈÏÓ©²�°Ò�ÓÈãÈ²�¹SºÒ°²º�
�Ò��������Ó©®�m©mº��äº�Óº°�Ò�º¹�Ò�Ë°}º®�mºãÓ©
m�m©²º�Óº®�¹ºS�������p°ãÒ�°Ò�ÓÈã©�ÓÈ�m²º�Ë�ÓÈ²º�
�«�°«�m�¹Sº�ÒmºÁÈÏË��°Ò�ÓÈã�m©²º�Ò��m�¹Sº�Òmº¹º�
ãºÎÓ©®�¹º�º�Óº	ËÓÒ��}�¹SË�©���Ëä��°ã��È��m©�
²º�Óº®�}ÈÓÈã�Û�m�¹ºS������

{��Ëã«²�°ºÏ�ÈÓÒ«��°�Sº®°�mÈ��ã«�SÈÏ�ËãËÓÒ«�¹º�
ã«SÒÏÈ�Ò®��ÈÓÓ���SÈÏÓº°�
�ÁÈÏ�äºÎÓº�ºS�ÈÓÒÏº�
mÈ�
�ÓÈ�º°ÓºmË��m�²ã��Ëmº�º�ÒÓ�ËSÁËSºäË�SÈ�lÈ�
²ÈÛ¡ËÓ�ËSÈ��m�}º�ºSºä�mSËäËÓÓi«�ÏÈ�ËSÎ}È�¹Sº�
²ºÎ�ËÓÒ«��m�²�¹ãË��­©ãÈ�­©�¹ºã«SÒÏÈ�ÒºÓÓº���m�
°�mÒ�Ëã
ÓÈ�� �º� Ë°�
� �ã«� º�Óº®� ÒÏ� ¹ºã«SÒÏÈ�Ò®
°Ò�ÓÈã©�¹º°ãË�¹Sº²ºÎ�ËÓÒ«�º­ºÒ²�¹ãË��­©ãÒ�­©
°ÒÓÁÈÏÓ©��È��ã«��S��º®�¹ºã«SÒÏÈ�ÒÒ�ÈÓÈãº�Ò�Ó©Ë
°Ò�ÓÈã©�ÓÈ²º�ÒãÒ°
�­©�m�¹Sº�ÒmºÁÈÏË���È}Òä�º­�
SÈÏºä��¹º�äËÓ
	Ë®�äËSË�º�Óº�ÒÏ�¹ãË��ÒÓ�ËSÁËSº�
äË�SÈ��ºãÎÓº�º­ãÈ�È�
�m©SÈÎËÓÓ©ä�äº�ºm©ä��m��
ã��Ë¹SËãºäãËÓÒËä��v��Ë°�m����ÓË°}ºã
}º�ÓÈ��Ó©²
Ò°°ãË�ºmÈÓÒ®�� m� }º�ºS©²� º¹Ò°©mÈË�°«� ª}°¹ËSÒ�
äËÓ�Èã
ÓÈ«�SËÈãÒÏÈ�Ò«�º¹Ò°ÈÓÓº�º�m©	Ë�¹SÒÓ�Ò�
¹È��{ }È�Ë°�mË�ÈÓÒÏº�Sº¹Óº�º�äÈ�ËSÒÈãÈ��º¹SË�Ë�
ã«��Ë�º�¹ºã«SÒÏÈ�ÒºÓÓ©Ë�²ÈSÈ}�ËSÒ°�Ò}Ò�m°Ë�º
�°�Sº®°�mÈ�m��Ëãºä��Ò°¹ºã
Ï�Ë�°«�ÓÒ�SÒ��}SËäÓÒ«�
ÒÏ� }º�ºSº�º� ÁºSäÒS�Ë�°«� �È°�
� mºãÓºmË���Ë�º
°ãº«�m�º�Óºä�ÒÏ�¹ãË��>�@�

v¹º°º­�Ò°¹ºã
ÏºmÈÓÒ«�°º°�ÈmÓº�º�mºãÓºmº�È�°
SÈÏÓº�Ò¹Ó©äÒ� äÈ�ËSÒÈãÈäÒ� °ËS��ËmÒÓ� «mã«Ë�°«
�Ë²Óºãº�Ò�Ë°}Ò�°ãºÎÓ©ä���È}�}È}�m�°ã��ÈË�SÈ°°º�
�ãÈ°ºmÈÓÒ«� mºãÓºmº�Ó©²� äº�� m� °º°�©}ºmÈÓÓ©²
�S���°��S��ºä�}ÈÓÈãÈ²��ÒäË��Ò²�SÈÏãÒ�Ó©Ë�¹ÈSÈ�
äË�S©��mºÏÓÒ}È���¹º�ËSÒ�äº�Óº°�Ò����º��mº�¹ËS�
m©²��¹SÒmº�Ò��}�¹º�ËS«ä�äº�Óº°�Ò�m°Ë®� °²Ëä©�
È mº�m�ºS©²��ÓÈ¹SÈmãËÓÓ©Ë�mºãÓ©�SÈÏÓº®�Èä¹ãÒ�
���©�ÓÈ� m²º�Ë� º�mË�mÒ�Ëã«� º­«ÏÈ�Ëã
Óº� ¹SÒmË���
} ÓË¹ºãÓº®�¹ËSË}È�}Ë�ªÓËS�ÒÒ�ÒÏ�}ÈÓÈãÈ�m�}ÈÓÈã�
3ÈÏ�äÓ©ä�¹SË�°�Èmã«Ë�°«�¹ºÒ°}��S��Ò²�äË²ÈÓÒÏ�
äºm�ÁºSäÒSºmÈÓÒ«�äº�ºmº�º��m�ã��Ë¹SËãºäãËÓÒ«�
�º°�È�º�Óº�¹Sº°�©²�m�SËÈãÒÏÈ�ÒÒ�Ò�¹º�ËÓ�ÒÈã
Óº
mº°¹SºÒÏmº�Òä©²�m�SÈÏãÒ�Ó©²��Ë²Óºãº�Ò«²�mºãÓº�
mº�Óº®�º¹�ºªãË}�SºÓÒ}Ò��sÈäÒ�­©ãÒ�SÈ°°äº�SËÓ©
SÈÏãÒ�Ó©Ë�äË�º�©�ÁºSäÒSºmÈÓÒ«�äº�ºmº®�ÈÓÒÏº�
�Sº¹ÒÒ��}º�ºS©Ë�äº�ãÒ�­©�­©�
�Ò°¹ºã
ÏºmÈÓ©�m
�}ÈÏÈÓÓ©²��Ëã«²��|°º­ºË�mÓÒäÈÓÒË�­©ãº���ËãËÓº
º°º­ËÓÓº°�«ä�SÈ°¹Sº°�SÈÓËÓÒ«�ÓÈ¹SÈmãËÓÓ©²�mºãÓ
m� äË�Èããº�ÒªãË}�SÒ�Ë°}Ò²� °ãºÒ°�©²� °SË�È²�� jÏ�
mË°�Óº�� ��º� ÒÓ�Ë�SÈã
Óº�º¹�Ò�Ë°}ÒË� äË�Èããº�Ò�

�SË�ãºÎËÓÈ�Ò�SÈ°°�Ò�ÈÓÈ�ÓºmÈ«�}ºÓ°�S�}�Ò«�º¹�Ò�
�Ë°}º�º� ¹ºã«SÒÏÈ�ÒºÓÓº�º� SÈ°�Ë¹Ò�Ëã«� mºãÓºmº�Ó©²
äº�� ÓÈ�º°ÓºmË��m�²ã��Ëmº�º�ÒÓ�ËSÁËSºäË�SÈ�lÈ²È�Û
¡ËÓ�ËSÈ���SÒÓ�Ò¹�SÈ­º�©�°²Ëä©�º°ÓºmÈÓ�ÓÈ�¹ºã«SÒÏÈ�
�ÒºÓÓº�ÏÈmÒ°Òäºä� °�mÒ�Ë� ÁÈÏ� ÓÈ¹SÈmãËÓÓ©²� mºãÓ� ¹SÒ
¹Sº²ºÎ�ËÓÒÒ�º­ºÒ²�¹ãË��ÒÓ�ËSÁËSºäË�SÈ��|�Óº�¹ãË�º
ÒÓ�ËSÁËSºäË�SÈ�m}ã��ÈË��m�°Ë­«�äË�Èããº�ÒªãË}�SÒ�
�Ë°}Ò®�mºãÓºmº��°�¹º�º­SÈÓÓ©äÒ�¹ÈSÈäË�SÈäÒ�
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ªãË}�SÒ�Ë°}ÒË�mºãÓºmº�©�º­ãÈ�È���m©°º}ÒäÒ�¹º�
ã«SÒÏ���ÒäÒ�°mº®°�mÈäÒ�Ò�ÓÈ�Ò²�º°ÓºmË�°ºÏ�È��
ªÁÁË}�ÒmÓ©Ë�7(�¹ºã«SÒÏÈ�ºS©��iã«��°ÒãËÓÒ«�¹º�
ã«SÒÏ���Ò²�°mº®°�m�äËÎ���mºãÓºmº�Ó©ä�}ÈÓÈãºä
Ò�äË�ÈããÒ�Ë°}º®�¹ãËÓ}º®�mmº�Ò�°«��ºÓ}Ò®�­�ÁËS�
Ó©®��ÒªãË}�SÒ�Ë°}Ò®�°ãº®��ã«�º­Ë°¹Ë�ËÓÒ«��°ãº�
mÒ®�¹ËSË�È�Ò�ªÓËS�ÒÒ�mºãÓºmº�Óº®�äº�©�ÏÈ��²È��
�Ë®�¹ãÈÏäºÓÓº®�mºãÓË��iÈÓÓ©®�mº¹Sº°�m�°¹Ë�Ò�
Èã
Óº®�ãÒ�ËSÈ��SË�º°mË�ËÓ��º°�È�º�Óº�	ÒSº}º�>�@�
|�ÓÈ}º�äÈãºÒÏ��ËÓÓ©ä�º}ÈÏÈã°«�mº¹Sº°�mãÒ«�

ÓÒ«�äË�ÈããÒ�Ë°}Ò²� °ãºËm� ÓÈ� �Ë®°�mÒ�Ëã
Ó��� °º�
°�Èmã«�����}ºÓ°�ÈÓ�©�SÈ°¹Sº°�SÈÓËÓÒ«��{ËSº«��
Óº�ª�º�äºÎÓº�º­�«°ÓÒ�
��Ëä����º�¹º�­ºS��°ãºmÒ®
ªÁÁË}�ÒmÓº®� SËÏºÓÈÓ°Óº®� °m«ÏÒ� �ÁÈÏºmº�º� °ÒÓ�
²SºÓÒÏäÈ�� äº�©� �ÒªãË}�SÒ�Ë°}º�º� mºãÓºmº�È� °
¹ãÈÏäºÓÓº®�mºãÓº®�¹Sºmº�Òã°«�ÒäËÓÓº��ã«�°ºÏ�È�
ÓÒ«�¹ºã«SÒÏÈ�ÒºÓÓ©²�ÁÒã
�Sºm��m©�Ëã«��Ò²�º¹�
SË�ËãËÓÓ���¹ºã«SÒÏÈ�ÒºÓÓ���°º°�Èmã«�����º¹�
�Ò�Ë°}º�º�ÒÏã��ËÓÒ«�Ò�¹º�Èmã«�����ºS�º�ºÓÈã
Ó��
Ë®�� {ºãÓºmº�Ó©Ë� �È��Ò}Ò� ²ÒäÒ}º�­Òºãº�Ò�Ë°}Ò²
SËÈ�ËÓ�ºm�� È}�ÒmÓº�SÈÏSÈ­È�©mÈËä©Ë�m�¹º°ãË�ÓËË
mSËä«� >�@�� �È}ÎË�Ò°¹ºã
Ï����º°º­ËÓÓº°�Ò�¹º�ãº�
�ËÓÒ«�70�¹ºã«SÒÏºmÈÓÓ©²�äº��
�SºmË�ËÓÓºË� ÓÈäÒ� Ò°°ãË�ºmÈÓÒË� ¹ºÏmºãÒãº

¹SË�ãºÎÒ�
�Óºm©®�Ò�¹Sº°�º®�mÈSÒÈÓ��¹Sº°�SÈÓ°��
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}ºÓ°�S�}�ÒÒ� m� }È�Ë°�mË� ­ÈÏºmº�º� ªãËäËÓ�È� º¹�Ò�Ë�
°}º�º�ä�ã
�Ò°ËÓ°ºSÈ��ã«�äºÓÒ�ºSÒÓ�È�º°ÓºmÓ©²�¹SÒ�
ºSÒ�Ë�Ó©²�ÏÈ�S«ÏÓÒ�ËãË®�È�äº°ÁËSÓº�º�mºÏ��²È��º}�
°Ò�È� ��ãËSº�È� �&2��� ÈääÒÈ}È� �1+���� �Òº}°Ò�È� °ËS©
�62���Ò�°ËSºmº�ºSº�È��+�6���iã«�ª�º�º�ÓËº­²º�Òäº�­©�
ãº�Ò°°ãË�ºmÈ�
�°ËÓ°ºSÓ©®�º�}ãÒ}�m�mºÏ��	Óºä�¹º�º}Ë�
°º�ËSÎÈ�Ëä��ÈÏ©�ÏÈ�S«ÏÓÒ�ËãÒ�È�äº°ÁËSÓº�º�mºÏ��²È�
&2��1+���62���+�6���ã«��Ë�º�ÓËº­²º�Òäº�­©ãº�¹SË��
mÈSÒ�Ëã
Óº�SÈÏSÈ­º�È�
�äË�º�Ò}��Ò°°ãË�ºmÈÓÒ«�

w}°¹ËSÒäËÓ�Èã	ÓÈ«��È°�	

lË�º�Ò}È�Ò°°ãË�ºmÈÓÒ«�°ËÓ°ºSÓº�º�º�}ãÒ}È�m�mºÏ�
���Óºä�¹º�º}Ë��°º�ËSÎÈ�Ëä� �ÈÏ©�viÐ{��&2��1+��
62���+�6��iã«�¹ºã��ËÓÒ«�º�}ãÒ}È�°ËÓ°ºSÈ�ÓÈ�¹SÒ°���
°�mÒË��ÈÏºm�Û�°Òã
Óº�Ë®°�m���Ò²�«�ºmÒ�©²�mË�Ë°�m
�viÐ{��m�mºÏ��²Ë���º�ÓËË��ºmºS«��m mºÏ��	Óºä�¹º�º�
}Ë��­©ãÈ�¹SÒäËÓËÓÈ�°ãË����È«�äË�º�Ò}È�¹SºmË�ËÓÒ«
ÒÏäËSËÓÒ®�� �ÈÏºm©Ë� °äË°Ò�viÐ{� °� Ò°}�°°�mËÓÓ©ä
mºÏ��²ºä�¹SÒ�º�ºmã«ãÒ°
� m� ­ÈããºÓÈ²� m� °�È�Ò�Ë°}ºä
SËÎÒäË�� zºÓ�ËÓ�SÈ�ÒÒ� ÓÒÎË� Ò°²º�Ó©²� ¹ºã��ÈãÒ°

�ÒÓÈäÒ�Ë°}Òä�°äË	ËÓÒËä��m�²�¹º�º}ºm�� º°ÓºmÓº�º
¹º�º}È�ãÈ­ºSÈ�ºSÓº�º�mºÏ��²È�Ò�¹º�º}È�Ò°}�°°�mËÓ�
Óº�º�mºÏ��²È��°º�ËSÎÈ�Ë�º�Ò°²º�Ó���}ºÓ�ËÓ�SÈ�Ò�
�ÈÏºm�Û�viÐ{��iã«���Ë�È�mãÒ«ÓÒ«�ÓÈ�º�}ãÒ}�°ËÓ°ºSÈ
º°ÓºmÓº�º�mºÏ��	Óº�º�¹º�º}È��º­�°ãºmãËÓÓº�º�ÁÒÏÒ�
�Ë°}º®�È�°ºS­�ÒË®�äºãË}�ã��ÈÏºm�ÓËviÐ{���m°�mÒ�
�Ëã
Óº®��ilv�¹ãËÓ}º®��Ò�m©«mãËÓÒ«�m}ãÈ�È�m�ÈÓÈ�
ãÒ�Ò�Ë°}Ò®�°Ò�ÓÈã��mÓº°Òäº�º�°ºS­�ÒË®�äºãË}�ã��È�
Ïºm�viÐ{��&2��+�6��1+���62����ÒÏäËSËÓÒ«�¹Sºmº�Ò�
ãÒ°
�m��mÈ�ª�È¹È�
z ÒÏäËSËÓÒË�ÈÓÈãÒ�Ò�Ë°}º�º�°Ò�ÓÈãÈ�m��ÈÏºm©²�¹º�
�º}È²��ÓÈÏmÈÓÓ©²�äº�Ëã
Ó©äÒ��}º�ºS©Ë�ÁºSäÒSº�
mÈãÒ°
�°äË	ËÓÒËä�º°ÓºmÓº�º�mºÏ��	Óº�º�¹º�º}È�
°ºÏ�ÈmÈËäº�º�äËä­SÈÓÓ©ä�ÓÈ°º°ºä��°�¹º�º}ºä�Ò°�
}�°°�mËÓÓº�º� mºÏ��²È�� ÓË� °º�ËSÎÈ�Òä� �ÈÏºm
viÐ{�� ¹SÒ� ª�ºä� }ºÓ�ËÓ�SÈ�Ò«� Ò°}�°°�mËÓÓº�º
mºÏ��²È�m�º°ÓºmÓºä�¹º�º}Ë�ãÈ­ºSÈ�ºSÓº�º�mºÏ��²È
¹º°ãË�ºmÈ�Ëã
Óº�°��¹ËÓ�È�º��mËãÒ�ÒmÈãÈ°
��m°Ë�º
Ò°¹ºã
ÏºmÈãº°
�¹«�
�}ºÓ�ËÓ�SÈ�Ò®��}ÈÎ�È«�}ºÓ�
�ËÓ�SÈ�Ò«�¹º�ÈmÈãÈ°
�ÒÏ�­ÈããºÓÈ��ËSËÏ�SË��}�ºS�m
�Ë�ËÓÒË����äÒÓ�

z ÒÏäËSËÓÒË�ÈÓÈãÒ�Ò�Ë°}º�º�°Ò�ÓÈãÈ�m��ÈÏºm©²�¹º�
�º}È²��}º�ºS©Ë�ÁºSäÒSºmÈãÒ°
�°äË�ËÓÒËä�º°Óºm�
Óº�º�mºÏ��	Óº�º�¹º�º}È��°�¹º�º}ºä�Ò°}�°°�mËÓÓº�
�º�mºÏ��²È��°º�ËSÎÈ�Ë�º�º�ÒÓ�ÒÏ��ÈÏºm�viÐ{�Ò�¹º�
�ÈmÈËäº�º�m�º°ÓºmÓº®�¹º�º}��¹SÒ�ª�ºä��È}ÎË�¹º�
°ãË�ºmÈ�Ëã
Óº��mËãÒ�ÒmÈãÈ°
�Ë�º�}ºÓ�ËÓ�SÈ�Ò«�
3ËÏ�ã	�È�©�°ËÓ°ºSÓ©²�ÒÏäËSËÓÒ®�Ò�Ò²�º­°�Î�ËÓÒË�

iã«� ¹º°�SºËÓÒ«� �SÈ��ÒSºmº�Ó©²� �SÈÁÒ}ºm� °ËÓ°ºSÈ
­ËÏ�m©�Ò�ÈÓÒ«�äº�Ëã
Óº®�°äË°Ò��}º��È�Áº�ºº�}ãÒ}
°ËÓ°ºSÈ�ÁºSäÒS�Ë�°«�¹º��mãÒ«ÓÒËä�ÁÒÏÒ�Ë°}º®�Ò�²Ò�

3Ò°������SË²°ãº®ÓÈ«�}ºÓ°�S�}�Ò«�¹ãº°}ºmºãÓºmº�Óº�º�º¹�Ò�Ë�
°}º�º�²ÒäÒ�Ë°}º�º�°ËÓ°ºSÈ

3Ò°�����jÏäËSÒ�Ëã	ÓÈ«�°Ò°�ËäÈ��È�����Ü�º­SÈÏË�����Û�ãÈÏËS����Û
¹ºmºSº�ÓºË��°�Sº®°�mº����Û�Áº�º¹SÒËäÓÒ}����Û��ËSÎÈ�ËãÒ����Û
�ÒÈÁSÈ�äÈ��Ò�°²ËäÈ��°�ÈÓºm}Ò�º­SÈÏ�È�°ËÓ°ºSÈ��ã«��Ò°}SÒäÒÓÈ�
�ÒÒ�°mË�ºmº�º�¹º�º}È��m©²º�«�Ë�º�ÒÏ�mºãÓºmº�È��º��°mË�ºmº�º�¹º�
�º}È��m©²º�«�Ë�º�ÒÏ�}mÈS�Ëmº®�¹º�ãºÎ}Ò��­�����Û�ã����m²º�«�Ò®
m�º­SÈÏË�����Û�ã����m©²º�«�Ò®�ÒÏ�mºãÓºmº�È����Û�ã����m©²º�«�
�Ò®�ÒÏ�¹º�ãºÎ}Ò
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äÒ�Ë°}º®�°ºS­�ÒÒ�m°Ë²��ÈÏºm��m}ã��È«��ÈÏ©�viÐ{��}È�
Î�©®����äÒÓ��Ó©®���È°�º}�}ÒÓË�Ò�Ë°}º®�}SÒmº®��ÓË
äËÓËË�����º�Ë}���°ºº�mË�°�m���Ò®�º¹SË�ËãËÓÓº®�}ºÓ�
�ËÓ�SÈ�ÒÒ��ÈÏÈ�viÐ{��È¹¹Sº}°ÒäÒSºmÈã°«�Á�Ó}�ÒË®

<  ;��$���%; ��

��Ë�<�Û�Áº�ºº�}ãÒ}�m�mºã
�È²��;�Û�mSËä«�m�°Ë}�Ó�È²�
$��%�Û�¹ÈSÈäË�S©�Á�Ó}�Ò®�
iã«� ¹º°�SºËÓÒ«� �SÈ�Ò�ÒSºmº�Ó©²� �SÈÁÒ}ºm� ­SÈ�

ãÒ°
�ÓË�ª}°¹ËSÒäËÓ�Èã
Ó©Ë�ÏÓÈ�ËÓÒ«�Áº�ºº�}ãÒ}È��È
SÈ°�Ë�Ó©Ë��¹ºã��ËÓÓ©Ë��ã«�}ºÓ�È�}ÈÎ�º�º����äÒÓ���
Óº�º� ÒÓ�ËSmÈãÈ�� m°Ë�º� �ã«� ¹º°�SºËÓÒ«� �SÈÁÒ}ºm� Ò°�
¹ºã
ÏºmÈãº°
�¹«�
�}ºÓ�ËÓ�SÈ�Ò®���SÒ�ª�ºä�­SÈãÒ°
�ÓË
È­°ºã��Ó©Ë�ÏÓÈ�ËÓÒ«�mËãÒ�ÒÓ�Áº�ºº�}ãÒ}È�8��È�ÒÏäË�
ÓËÓÒË�Áº�ºº�}ãÒ}È�º�Óº°Ò�Ëã
Óº�ÓÈ�Èã
Óº�º�ÏÓÈ�ËÓÒ«

'8  8L�Ü�8��

��Ë�8L�Û�SÈ°�Ë�ÓºË� ÏÓÈ�ËÓÒË�Áº�ºº�}ãÒ}È� °ËÓ°ºSÈ�
mÏ«�ºË��ã«�}ºÓ�È�}ÈÎ�º�º����äÒÓ��Óº�º�ÒÓ�ËSmÈãÈ�
sÈ�SÒ°�����SË��ºã
ÓÒ}ÈäÒ�º­ºÏÓÈ�ËÓ©�}SÒm©Ë�ÏÈ�

mÒ°Òäº°�Ë®�º�}ãÒ}È�°ËÓ°ºSÈ�º��}ºÓ�ËÓ�SÈ�ÒÒ��ÈÏºm
viÐ{�m�mºÏ��	Óºä�¹º�º}Ë��¹ºã��ËÓÓ©Ë�­ËÏ�m©�Ò�ÈÓÒ«
äº�Ëã
Óº®�°äË°Ò��zÈ}�mÒ�Óº�ÓÈ�SÒ°�����È��m�°ã��ÈË�&2�
m¹ãº�
��º�Ë�º�}ºÓ�ËÓ�SÈ�ÒÒ������ä��ä���ÓÈ­ã��ÈË�°«
º�ËÓ
�°ãÈ­È«�¹º�°SÈmÓËÓÒ��°��S��ÒäÒ��ÈÏÈäÒ�viÐ{
ÏÈmÒ°Òäº°�
�ÒÏäËÓËÓÒ«�Áº�ºº�}ãÒ}È��{�°ã��ÈË�1+��Ò
62���SÒ°�����­��m���ã«�¹ËSm©²��m�²�°Èä©²�äÈã©²�Ë�º
}ºÓ�ËÓ�SÈ�Ò®�m�mºÏ��	Óºä�¹º�º}Ë�ÓÈ­ã��ÈË�°«�°ÓÒ�
ÎËÓÒË�Áº�ºº�}ãÒ}È�°ËÓ°ºSÈ��È��ã«�¹º°ãË����Ò²��SË²
­ºã
	Ò²� }ºÓ�ËÓ�SÈ�Ò®� ÓÈ­ã��ÈË�°«� �¹SÈmÒã
ÓºË�
�mËãÒ�ËÓÒË�Áº�ºº�}ãÒ}È��}º�ºSºË�°m«ÏÈÓº�°�º­Ë°�mË�Ò�
mÈÓÒËä���m°�mÒ�Ëã
Óº�º��ilv�°ãº«� >��@��{�°ã��ÈË
+�6��SÒ°��������ÓÈ�}ÒÓË�Ò�Ë°}º®�}SÒmº®�ÓÈ­ã��ÈË�°«

Sº°��Áº�ºº�}ãÒ}È�°ËÓ°ºSÈ��°m«ÏÈÓÓ©®��}È}�Ò�m�°ã��
�ÈË�°�62� Ò 1+���°�º­Ë°�mË�ÒmÈÓÒËä���m°�mÒ�Ëã
Óº�
�º��ilv�°ãº«�
iã«�¹º°�SºËÓÒ«��SÈ��ÒSºmº�Óº�º��SÈÁÒ}È�°ËÓ°ºSÈ

°���Ë�ºä�mãÒ«ÓÒ«�äºãË}�ã�mºÏ��²È��ÈÏº�È��}Ò°ãºSº�È
Ò �S���ÓÈ�ÈÓÈãÒ�Ò�Ë°}Ò®�°Ò�ÓÈã�ÒÏ�}ÒÓË�Ò�Ë°}º®�}SÒ�
mº®�� ¹ºã��ËÓÓº®� m� mºÏ��	Óºä�¹º�º}Ë�� °º�ËSÎÈ�Ëä
�ÈÏ©�viÐ{�� m©�Ò�ÈãÈ°
� ÈÓÈãº�Ò�ÓÈ«� }SÒmÈ«�� ¹ºã��
�ËÓÓÈ«�m�È�äº°ÁËSË�äº�Ëã
Óº®�°äË°Ò���Sº�Ë��SÈ�ÏÈ�
}ã��ÈãÈ°
� m�m©�Ò�ÈÓÒÒ�ÒÏ�}ÈÎ�º�º���È°�}È�}SÒmº®
ÓÈ¹�°}È�viÐ{� ÈÓÈãº�Ò�Óº�º� ��È°�}È� }ÒÓË�Ò�Ë°}º®
}SÒmº®�äº�Ëã
Óº®�°äË°Ò��ª}°�SÈ¹ºãÒSºmÈÓÓº®�ÓÈ��º�
ÎË� äºäËÓ�� mSËäËÓÒ� ÓÈ¹�°}È�� {� °ã��È«²� �SË²� �ÈÏºm
viÐ{��ÏÈ�Ò°}ã��ËÓÒËä�&2��ÓÈ­ã��È��°«�ÏÈmÒ°Òäº�
°�Ò�ÒÏäËÓËÓÒ«�Áº�ºº�}ãÒ}È��ÈÓÈãº�Ò�Ó©Ë�ÏÈmÒ°Òäº�
°�«ä��¹ºã��ËÓÓ©ä�­ËÏ�¹Sº�Ë��S©�m©�Ò�ÈÓÒ«�äº�Ëã
�
Óº®�°äË°Ò��°ä��SÒ°������{�°ã��È«²�1+��Ò�62��ÏÈmÒ°Ò�
äº°�Ò�ÒÏäËÓËÓÒ«�Áº�ºº�}ãÒ}È� ��ã«� �SË²�¹º°ãË�ÓÒ²
}ºÓ�ËÓ�SÈ�Ò®�� º�� }ºÓ�ËÓ�SÈ�ÒÒ� �ÈÏºm�viÐ{� m� mºÏ�
��	Óºä�¹º�º}Ë�²ºSº	º�º¹Ò°©mÈ��°«�ãÒÓË®Ó©äÒ�ÏÈmÒ�
°Òäº°�«äÒ�� ¹SÒmË�ËÓÓ©äÒ� m� �È­ãÒ�Ë� >��@�� {� °ã��ÈË
+�6�ÏÈmÒ°Òäº°�
�ÒÏäËÓËÓÒ«�Áº�ºº�}ãÒ}È�º��}ºÓ�ËÓ�
�SÈ�ÒÒ� ²ºSº	º� È¹¹Sº}°ÒäÒS�Ë�°«� �SÈmÓËÓÒËä�� «m�
ã«��Òä°«� äÈ�ËäÈ�Ò�Ë°}Òä� m©SÈÎËÓÒËä� ÒÏº�ËSä©
�ªÓ�ä�SÈ�� vãºÎÓ©®� ²º�� ÏÈmÒ°Òäº°�Ë®� ÒÏäËÓËÓÒ«
Áº�ºº�}ãÒ}È�°ËÓ°ºSÈ�º��}ºÓ�ËÓ�SÈ�Ò®� �ÈÏºm�viÐ{
º­�«°Ó«Ë�°«� ªÁÁË}�ºä� �SËÓÒSºm}Ò� °ËÓ°ºSÈ�� ÏÈ}ã��
�È��Ëä°«�m�¹º°�Ë¹ËÓÓºä�m©�Ë°ÓËÓÒÒ�äºãË}�ã��ÈÏºm
ÓËviÐ{�äºãË}�ãÈäÒ��ÈÏºm�viÐ{�ÒÏ��ËÓ�Sºm�ÁÒÏÒ�Ë�
°}º®�°ºS­�ÒÒ���È}�}È}�°�È�Ò«�ÁÒÏÒ�Ë°}º®�°ºS­�ÒÒ�
¹º�m°Ë®�mÒ�Òäº°�Ò��¹SË�	Ë°�m�Ë��°�È�ÒÒ�²Ëäº°ºS­�
�ÒÒ�äºãË}�ã��ÈÏºm�viÐ{��{�º­�Ëä�°ã��ÈË�ÒÏäËÓËÓÒË
Áº�ºº�}ãÒ}È� °ËÓ°ºSÈ�� m©ÏmÈÓÓºË� °ºS­�ÒË®� �ÈÏºm�
äºÎÓº�¹SË�°�ÈmÒ�
�°ãË����Òä�º­SÈÏºä�

'8viÐ{  8viÐ{�Ü�8��

��Ë�8��Û�ÏÓÈ�ËÓÒË�Áº�ºº�}ãÒ}È�°ËÓ°ºSÈ�m�ÓÈ�Èã
Ó©®
äºäËÓ��mSËäËÓÒ�ÓÈ�mºÏ��²Ë��8viÐ{�Û�°�È�ÒºÓÈSÓºË
ÏÓÈ�ËÓÒË�Áº�ºº�}ãÒ}È�°ËÓ°ºSÈ�m�mºÏ��	Óºä�¹º�º}Ë�
°º�ËSÎÈ�Ëä�}È}º®�ãÒ­º�ÒÏ��ÈÏºm�viÐ{�� °ºº�mË�°��
m���ËË� �°�ÈÓºmÒm	Ëä�°«� SÈmÓºmË°Ò�� ¹Sº�Ë°°ºm
°ºS­�ÒÒ��ÈÏºm�¹ãËÓ}º®���m°�mÒ�Ëã
Óº�º�°ãº«��ilv�
{äË°�Ë�°��Ëä�

'8viÐ{  '8����'8����'8�� ���

3Ò°������SÈ��ÒSºmº�Ó©Ë��SÈÁÒ}Ò�°ËÓ°ºSÈ�ÓÈ��ÈÏ©�viÐ{����Û
° m©�Ò�ÈÓÒËä�äº�Ëã	Óº®�°äË°Ò��V�Û�­ËÏ�m©�Ò�ÈÓÒ«�äº�Ëã	Óº®
°äË°Ò���
È�Û�&2��­�Û�1+���m�Û�62�����Û�+�6

�SÈmÓËÓÒ«��¹SË�°�Èmã«
�ÒË��SÈ��ÒSºmº�Ó©Ë
��SÈÁÒ}Ò��|tv�°ËÓ°ºSÈ

�ÈÏ
rËÏ�m©�Ò�ÈÓÒ«
�äº�Ëã
Óº®�°äË°Ò

v�m©�Ò�ÈÓÒËä
�äº�Ëã
Óº®�°äË°Ò

&2 8  Ü������� ³ ��������Ü
Ü������ ³ �������Ü��v�
5  Ü����

8  Ü������� ³ ���������
������� ³ �������Ü��v�
5  ����

+�6 8  ������� ³ ���������
�������� ³ ��������Ü��v�
5  ����

8  ������� ³ ���������
�������� ³ ��������Ü��v�
5  ����

1+� 8  Ü������� ³ ���������
�������� ³ ��������Ü��v�
5  ������

8  Ü������� ³ ���������
�������� ³ ���������Ü��v�
5  ������

62� 8  Ü������� ³ ���������
�������� ³ ��������Ü��v�
5  ����

8  Ü������� ³ ����������
� ������ ³ ��������Ü��v�
5  ����
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7DWP\VKHYVNL�.� 9��&ODVVLILFDWLRQ�DQG�,QIRUPDWLYH�3URSHUWLHV�RI�WKH�
0HFKDQROXPLQHVFHQW�3UHVVXUH�6HQVRUV �������������������������������������������

7KH�SRVVLEOH�FODVVLILFDWLRQ�RI�WKH�PHFKDQROXPLQHVFHQW�SUHVVXUH
VHQVRUV�DUH�FRQVLGHUHG�LQ�WKLV�SDSHU��7KH�SHFXOLDULWLHV�RI�WKH�SURFHVV�
LQJ�VHQVRUV��RXWSXW�RSWLFDO�VLJQDOV�DUH�SURSRVHG�ZLWK�WKH�SXUSRVH�RI
WKH�LPSURYHPHQW�LQIRUPDWLYH�SURSHUWLHV�

=D\WVHY�1� $��0LFURPLUURU�LQ�&KLS ������������������������������������������� ��
,Q�WKLV�DUWLFOH�WKH�PLFURPLUURU�LQ�FKLS�RI�02(06�WHFKQRORJ\�

0DULQLFKHY�9� -X���0HNKDQWVHY�(� %��,QWHJUDO�(OHFWULF�
0LFURSXPS ������������������������������������������������������������������������������

7KH�SURSRVHG�VWUXFWXUH�KDV�ZRUNLQJ�HOHFWURGHV�ZKLFK�DUH�PRQR�
FU\VWDO�ZDIHU�RI�VLOLFRQ�ZLWK�9�VKDSHG�WKURXJK�KROHV�DQG�PHWDO�ILOP�
7KH�HOHFWURGHV�DUH�VHSDUDWHG�E\�WKLQ�GLHOHFWULF�OD\HU��7KH�GHSHQGHQFH
RI�WKH�IRUFHV�ZKLFK�DFW�WR�D�GLSROH�OLTXLG�ZLWK�JHRPHWULF�VL]HV�RI�WKH
VWUXFWXUH�ZDV�HVWLPDWHG�E\�WKH�SURSRVHG�PDWKHPDWLF�PRGHO��7KH�ZD\V
RI�LWV�RSWLPL]DWLRQ�ZHUH�SODQQHG�

$PLURY�,� ,���0RUR]RY�2� 9���,]XPRY�0� 2���.DOQRY�9� $���
2UOLNRYVN\�$��$���9DOLHY�.� $��3ODVPDFKHPLFDO�(WFKLQJ�RI�+LJK�$VSHFW�
5DWLR�'HHS�7UHQFKHV�LQ�WKH�6LOLFRQ�IRU�WKH�&UHDWLRQ�RI�WKH�9DULRXV
(OHPHQWV�RI�PLFURPHFKDQLFV��������������������������������������������������������

5HVXOWV�RI�WKH�LQYHVWLJDWLRQV�RI�HWFK�SURFHVV�IRU�KLJK�DVSHFW�UDWLR
�$ ! ����GHHS�WUHQFKHV�LQ�VLOLFRQ�LQ�6)����&�)��SODVPD�RI�UI�LQGXF�
WLYH� GLVFKDUJH� LQ� FKRSSLQJ� UHJLPHV� RI� 6)�� DUH� SUHVHQWHG�� 3URFHVV
FKDUDFWHULVWLFV� RI� HWFKLQJ� RI� WKLQ� �G  ��PP�� DQG�ZLGWK� ���� PP�
WUHFKHV�LQ�6L�IURP�RI�5)�SRZHU�ELDV��SDVVLYLW\�DQG�HWFKLQJ�WLPHV�DUH
GHWHUPLQHG��7KH�W\SLFDO�GHIHFWV�RI�WKH�GHHS�WUHQFK�HWFKLQJ�DUH�VKRZV�
7KH�RSWLPDO�FRQGLWLRQV�RI�GHHS�WUHQFK�IRUPDWLRQ�ZLWK�YHUWLFDO�ZDOOV
DUH�GHWHUPLQHG�

%XWNR�$� 9���9HVHORY�$� *���9\VRWVN\�6� /���.R]KHYQLNRY�$� 9���
)LOLPRQRY�<X� $��1LNLWRY�6� $��,QYHVWLJDWLRQ�RQ�WKH�6SLQ�:DYH�
([FLWDWLRQV�LQ�$UUD\V�RI�3HUPDOOR\�3DUWLFOHV ����������������������������������

6SLQ�ZDYH�H[FLWDWLRQ�VSHFWUXP�RI�WDQJHQWLDOO\�PDJQHWL]HG�DUUD\V
RI�PLFURQ�VL]H�UHFWDQJXODU�SDUWLFOHV�RI�SHUPDOOR\�ZDV�LQYHVWLJDWHG�XV�
LQJ�IHUURPDJQHWLF�UHVRQDQFH��6RPH�DGGLWLRQDO�WR�WKLQ�ILOP�FDVH�SHDNV
ZHUH�IRXQG��,W�ZDV�VKRZQ�WKDW�WKHLU�DULVLQJ�LV�FRQQHFWHG�ZLWK�WKH�H[�
FLWDWLRQ�RI�QRQ�XQLIRUP�UHVRQDQFHV�RI�EDFNZDUG�YROXPH�PDJQHWR�
VWDWLF�ZDYHV�DQG�GLSROH�H[FKDQJH�PDJQHWRVWDWLF�VXUIDFH�ZDYHV��7KH
LQIOXHQFH�RI�WKH�URWDWLRQP�RI�DUUD\V�LQ�WKH�PDJQHWL]DWLRQ�SODQH�RQ�SR�
VLWLRQ�DQG�LQWHQVLW\�RI�WKH�SHDNV�ZDV�DOVR�VWXGLHG�

6WDUNRY�9� 9���*DYULOLQ�(� <X���9\DWNLQ�$� )��,QYHVWLJDWLRQ�RI�D�1X�
FOHDWLRQ�RI�'HHS�$QRGLF�(WFKLQJ�LQ�VLOLFRQ�������������������������������������

,Q�WKH�SUHVHQW�SDSHU�WKH�SHFXOLDULWLHV�RI�QXFOHDWLRQ�VWDJH�RI�GHHS
DQRGLF�HWFKLJ�RI�VLOLFRQ�DUH�VWXGLHG��7KH�GHSHQGHQFH�RI�WKH�GHSWK�RI
HWFKLQJ�FUDWHU�REOWDLQHG�IRU�VLOLFRQ�VDPSOHV�RI�S�W\SH�FRQGXFWLRQ�ZLWK

GLIIHUHQW�UHVLVWLYLW\�XSRQ�WKH�UHJLPHV�RI�DQRGLF�HWFKLQJ�SURFHVVHV�KDV
EHHQ�GHWHUPLQHG��2Q�WKH�EDVLV�RI�WKH�H[SHULPHQWDO�UHVXOWV�REWDLQHG
WKH��ERRWOHQHFN��HIIHFW�REVHUYHG�ERWK�DW�WKH�ILUVW�DQG�VHFRQG�VWDJHV�RI
SRUH�JURZWK�LV�H[SODLQHG�

1RYLNRY�6� *���&XULQ�1� 7��6FKHPDWLF�$QDORJXHV�RI�6\PPHWULF�
1HJDWURQV ��������������������������������������������������������������������������������

,Q�WKLV�DUWLFOH��PHWKRGV�DQG�SULQFLSOHV�RI�VFKHPDWLF�QHJDWURQ�DQ�
DORJXHV�FRQVWUXFWLRQ�ZHUH�H[DPLQHG��6\PPHWULF�YROW�DPSHUH�FKDU�
DFWHULVWLF�UHDOL]DWLRQ�LQ�H[DPLQHG�DQDORJXHV�ZDV�DFKLHYHG�ZKHUHZLWK
FRQWUDU\�FRQVHFXWLYH��FRQWUDU\�SDUDOOHO�DQG� LQWHJUDWHG� LQFOXGLQJ�RI
XQLSRODU�QHJDWURQV��0RGHOOLQJ�RI�REWDLQHG�VFKHPHV�ZDV�UHDOL]HG�ZLWK
'HVLJQ/DE�(YDO���VRIWZDUH�

%RQGDUHQNR�6� *���9HNVKLQ�0� 0���.XOLVK�2� $���<DFRYHQNR�1� $��
7(�70�:DYH�6SOLWWHU�RQ�0HWDOORGLHOHFWULF�7ZR�%HDP�:DYHJXLGH�
,QWHUIHURPHWHU ���������������������������������������������������������������������������

$�QHZ�LQWHJUDWHG�RSWLF�SRODUL]DWLRQ�VSOLWWHU�RQ�WZR�EHDP�0DFK�
=HKQGHU�LQWHUIHURPHWHU�LV�SURSRVHG�DQG�VLPXODWHG��3ULQFLSOH�RI�RSH�
UDWLRQ�LV�EDVHG�RQ�SRODUL]DWLRQ�VHQVLWLYH�SKDVH�VKLIW�RI�JXLGHG�ZDYHV�
SURSDJDWLQJ�WKURXJK�ERWK�DUPV�RI�LQWHUIHURPHWHU��2QH�DUP�LQFOXGHV
PHWDO�FODG�ZDYHJXLGH�ZLWK�VSHFLDOO\�FKRVHQ�SDUDPHWHUV�

.RELDNRY�,� %���*DPNUHOLG]H�6� $���6SHUDQVNL�$� $��7ULD[LDO�
9HFWRU�9LEURDFFHOHURPHWUV�RI�1HZ�*HQHUDWLRQ�IRU�2SHUDWLYH�'LDJQRVWLF�
RI�3RZHU�$JJUHJDWHV �������������������������������������������������������������������

$�EDVLFDOO\�QRYHO�W\SH�RI�D�PHDVXULQJ�PHDQV�Û�WULD[LDO�ZLWK�D�RQH
VHQVLWLYH�HOHPHQW��YHFWRU��SLH]RHOHFWULF�YLEURDFFHOHURPHWHU��7KLV�GR�
PHVWLF�GHYHORSPHQW�IRU�WKH�ILUVW�WLPH�SURYLGH�SRVVLELOLWLHV�IRU�REWDLQ�
LQJ�FRPSOHWH��WUXH��GDWD�DERXW�YLEUDWLRQ�

6RERURYHU�(� ,���=XENRY�,� /��3ODQDU�:DYHJXLGH�2SWLFDO�
&KHPLFDO�6HQVRU�DV�0XOWLVHQVRU�IRU�0RQLWRULQJ�RI�$WPRVSKHULF
3ROOXWDQWV ��������������������������������������������������������������������������������

7KH�SRVVLELOLW\�RI�XVLQJ�SODQDU�ZDYHJXLGH�RSWLFDO�FKHPLFDO�VHQVRU
ZLWK�D�SRO\PHU�ILOP�RI�SRO\PHWKO\�PHWKDFU\ODWH�DV�D�ZDYHJXLGH�DQG
D�SRO\PHU�ILOP�RI�IXQFWLRQDO�SRO\�GLPHWK\O�VLOR[DQH��DV�D�VHQVLWLYH
OD\HU��DV�PXOWLVHQVRU�IRXU�JDVHV�Û�D�PDLQ�SULRULW\�DWPRVSKHULF�SRO�
OXWDQWV��R[LGH�RI�FDUERQ��&2���DPPRQLD��1+����GLR[LGH�RI�VXOIXU
�62���DQG�K\GURJHQ�VXOILGH��+�6���KDV�EHHQ�GHVFULEHG�

3XJDQRYD�(� $���.RPDURY�$� 9���9DJLQ�0� <X���.DU\DNLQD�(� (���
.DU\DNLQ�$� $��8VH�RI�WKH�0LFURHOHFWURGHV�0RGLILHG�E\�3UXVVLDQ�%OXH�
IRU�+\GURJHQ�3HUR[LGH�'HWHFWLRQ�LQ�3K\VLRORJLFDO�/LTXLGV ����������������

$QDO\WLFDO�SHUIRUPDQFHV�RI�PLFURHOHFWURGHV�PRGLILHG�E\�3UXVVLDQ
%OXH�ZHUH�LQYHVWLJDWHG�LQ�FRPSDULVRQ�ZLWK�GLVN�HOHFWURGHV�WR�K\GUR�
JHQ�SHUR[LGH�GHWHFWLRQ��6HQVLWLY\�RI�K\GURJHQ�SHUR[LGH�GHWHFWLRQ�ZDV
����$��0�VP����ZKLFK�ILYH�WLPHV�KLJKHU�WKDQ�IRU�GLVN�HOHFWURGHV��$S�
SOLFDWLRQV�RI�REWDLQHG�PLFURHOHFWURGHV�PRGLILHG�E\�3UXVVLDQ�%OXH�DUH
VKRZQ�IRU�K\GURJHQ�SHUR[LGH�GHWHFWLRQ�LQ�SK\VLRORJLFDO�OLTXLGV�
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