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�È}Òä�ºSÈÏºä��ÓÈ�°Ë�º�Ó«	ÓÒ®��ËÓ
�«mã«Ë�°«
È}��Èã
Ó©ä� °ºÏ�ÈÓÒË� m©°º}º�º�Ó©²�� ÓÈ�ËÎÓ©²
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°Ò°�ËäÓº®��Ë²ÓÒ}Ò�sjj�l{v��3���Ò�¹SË�ÓÈÏÓÈ�ËÓ�
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�mÈ��È�ÒãË�ÓË�º�ÓÈ��Óº�Ò°°ãË�ºmÈ�Ëã
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¹ËSÈ��S©��¹SÒmË�ËÓÓ©Ë�ÓÈ�SÒ°�� ���ÒÏ�º�ºmã«���°
Ò°¹ºã
ÏºmÈÓÒËä�äÒ}SºªãË}�SºÓÓº�º��Ë²Óºãº�Ò�Ë�
°}º�º�¹Sº�Ë°°È��ºÓÒ�ºãÈ�È���m°ËäÒ��Ë²ÓÒ�Ë°}ÒäÒ
Ò� ª}ºÓºäÒ�Ë°}ÒäÒ� ¹SËÒä��Ë°�mÈäÒ� �°�Sº®°�m�
m©¹ºãÓ«Ëä©²�°�¹ºäº�
���S�¹¹ºm©²�äË�º�ºm�º�
SÈº�}Ò�>����@�

iÈ��Ò}Ò��ÈmãËÓÒ«�ijiy���l��ijiy����l�
ijiy�����l�� ijiy�����l�� iji�����l�
iji������l�� i3�������l�� m� �Èã
ÓË®	Ëä� ii�
¹SË�°�ÈmãËÓÓ©Ë�ÓÈ�SÒ°�����¹SË�ÓÈÏÓÈ�ËÓ©��ã«�SÈ�
º�©�m�°Ò°�ËäÈ²�}ºÓ�Sºã«���¹SÈmãËÓÒ«��ÒÓÁºSäÈ�
�ÒÒ�Ò��ÒÈ�Óº°�Ò}Ò�°º°�ÈmÓ©²��Ïãºm�Ò�È�SË�È�ºm�Èm�
�º�SÈÓ°¹ºS�Ó©²�°SË�°�m�m�}È�Ë°�mË��°�Sº®°�m�}ºÓ�
�Sºã«��ÈmãËÓÒ«�ÎÒ�}º°�Ë®�Ò��ÈÏºm�

yË°�}ÒË� �°ãºmÒ«� ª}°¹ã�È�È�ÒÒ� ii�� º�°ãºm�
ãËÓÓ©Ë�Ò²�ÓÈÏÓÈ�ËÓÒËä�Ò�äË°�ºä��°�ÈÓºm}Ò�m�äº�
Òã
Óºä�º�Ë}�Ë��Ò�ÏÈ�ÈÓÓÈ«��º�Óº°�
�ÒÏäËSËÓÒ«
¹SÒ� °ºmº}�¹Óº°�Ò� mºÏ�Ë®°�mÒ«� mÓË	ÓÒ²� mºÏä��
�È��Ò²�ÁÈ}�ºSºm�ÓÈ}ãÈ�©mÈ���m©°º}ÒË��SËºmÈ�

ÓÒ«�}�äË�º�Èä�ºË°¹Ë�ËÓÒ«�}ºä¹ËÓ°È�ÒÒ��Ëä¹ËSÈ�
��SÓº®� ¹º�SË	Óº°�Ò� �È��Ò}ºm�� Ò²� äË²ÈÓÒ�Ë°}º®
mÒSº��ÈSº¹Sº�Óº°�Ò�Ò��°�º®�Òmº°�Ò��È��È}ÎË�mSË�
äËÓÓó®�°�ÈÒã
Óº°�Ò�¹º}ÈÏÈÓÒ®�ÓÈ�m°Ë²�ª�È¹È²�¹º�
°�SºËÓÒ«��È��Ò}ºm�Û�º��¹SºË}�ÒSºmÈÓÒ«��º¹ºãº�
�ÒÒ�}SÒ°�ÈããÈ��ËÓÏº¹SËºSÈÏºmÈ�ËãË®��º�SËÈãÒÏÈ�
�ÒÒ�°²Ëäº�Ë²ÓÒ�Ë°}Ò²�SË	ËÓÒ®�

iÈ��Ò}Ò� �ÈmãËÓÒ«� ¹º°�SºËÓ©� ÓÈ� ÈÏË� ÒÓ�Ë�
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Óº�º�}SËäÓÒËmº�º��ËÓÏº¹SËºSÈÏºmÈ�Ëã«��Èm�
ãËÓÒ«�lii����SÈÏSÈº�ÈÓÓº�º�Ò�ÒÏ�º�ºmãËÓÓº�º�m
�Ë²Óºãº�Ò�Ë°}ºä��ËÓ�SË�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ}Ò
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ä©²��ÈmãËÓÒ®��ã«�¹º°�SºËÓÒ«��º�º�ÒãÒ�ÒÓº�º��Ò¹È
�È��Ò}È��vº°�mËÓÓÈ«�SËÏºÓÈÓ°ÓÈ«��È°�º�È�}ºãËÈ�
ÓÒ®�°Ò°�Ëä©�äËäSÈÓÈ�Û�º°ÓºmÈÓÒË��m°ãË�°�mÒË
º°ºËÓÓº°�Ë®�ËË�ÁºSäÒSºmÈÓÒ«�Ò��ËºäË�SÒ�Ë°}Ò²
SÈÏäËSºm��äÓº�º}SÈ�Óº�¹SËm©	ÈË���È°�º�Ó©®��ÒÈ�
¹ÈÏºÓ�mÒSÈ�Ò®��mºÏÓÒ}È��Ò²�m�SËÏ�ã
�È�Ë�Á�Ó}�
�ÒºÓÒSºmÈÓÒ«�äºÒã
Óº�º� º�Ë}�È�� Ò� °º°�Èmã«Ë�
�Ë°«�}Ò�}Òãº�ËS���zSºäË��ÒÁÁ�ÏÒºÓÓ©²��ËÓÏºSË�
ÏÒ°�ÒmÓ©²�ªãËäËÓ�ºm��m}ã��ËÓÓ©²�m�äº°���Ò�°�º�
ÓÈ���º¹ºãº�Ò«�ÒÓ�Ë�SÈã
Óº�º�°ËÓ°ºSÓº�º�ªãËäËÓ�È
lii��� °º�ËSÎÒ�� ÒÓ�Ë�SÈã
Ó©®� }ºä¹ËÓ°È�ÒºÓ�
Ó©®� �ÒÁÁ�ÏÒºÓÓ©®� �ËSäºSËÏÒ°�ºS�� ¹SË�ÓÈÏÓÈ�
�ËÓÓ©®� �ã«� �Ëä¹ËSÈ��SÓº®� }ºSSË}�ÒÒ� °Ò�ÓÈãÈ
SÈÏÈãÈÓ°È�äº°�ºmº®�°²Ëä©�

3ÈÏSÈº�ÈÓÓ©®�ÒÓ�Ë�SÈã
Ó©®�}SËäÓÒËm©®�¹SË�
ºSÈÏºmÈ�Ëã
� �ÈmãËÓÒ«�lii��� ÒäËË�� °ãË����ÒË
º°ÓºmÓ©Ë��Ë²ÓÒ�Ë°}ÒË�²ÈSÈ}�ËSÒ°�Ò}Ò�
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3Ò°�����vËÓ°ºSÓ©Ë�ªãËäËÓ�©��È��Ò}ºm��ÈmãËÓÒ«��È��Ò��Ëä¹ËSÈ�
��S©����
�� Û� }SËäÓÒËm©®� }SÒ°�Èãã� �º°ÓºmÈÓÒË��� �� Û� äË�ÈããÒ�Ë°}ÒË
}ºÓ�È}�©����Û�äËäSÈÓÈ����Û��ÒÁÁ�ÏÒºÓÓ©®��ËÓÏºSËÏÒ°�ºS�
� Û�}ºä¹ËÓ°È�ÒºÓÓ©®��ËSäºSËÏÒ°�ºS

z �ÒÈ¹ÈÏºÓ�ÒÏäËS«Ëä©²��ÈmãËÓÒ®��� ���������l�È�
z }ºªÁÁÒ�ÒËÓ��¹SËºSÈÏºmÈÓÒ«�
�m ÏÈmÒ°Òäº°�Ò�º���Ò¹È��È��Ò}È����� ����������

ä{�{�l�È�
z ÓËãÒÓË®Óº°�
�m©²º�Óº�º�°Ò�ÓÈãÈ ��������

3Ò°����{ÓË�ÓÒ®�mÒ���ÓÒÁÒ�ÒSºmÈÓÓ©²��È��Ò}ºm��ÈmãËÓÒ«�
�� Û� iji�����l�� iji������l�� �� Û� ijiy���l�� ijiy�
���l��ijiy�����l��ijiy�����l��i3�������l
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�SÒÓ�Ò¹��Ë®°�mÒ«�ii�ÏÈ}ã��ÈË�°«�m�¹SËºSÈ�
ÏºmÈÓÒÒ� ÒÏäËS«Ëäº�º� �ÈmãËÓÒ«� m� ªãË}�SÒ�Ë°}Ò®
°Ò�ÓÈã�SÈÏÈãÈÓ°È�äº°�ºmº®�°²Ëä©��ËÓÏºSËÏÒ°�º�
Sºm� ÒÓ�Ë�SÈã
Óº�º� }SËäÓÒËmº�º� °ËÓ°ºSÓº�º� ªãË�
äËÓ�È�lii���Ò�Ë�º��SÈÓ°ÁºSäÈ�ÒÒ�m�ÓºSäÈãÒÏº�
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v²ËäÈ��È��Ò}È��ÈmãËÓÒ«�¹SÒmË�ËÓÈ�ÓÈ�SÒ°�����È�
�Ëä¹ËSÈ��SÓÈ«�}ºSSË}�Ò«�°Ò�ÓÈãÈ�äº°�ºmº®�°²Ë�
ä©��ËÓÏºSËÏÒ°�ºSºm�º°��Ë°�mã«Ë�°«�°ãË����Òä
ºSÈÏºä�

�SÒ�ÓÈãÒ�ÒÒ�m©SÈÎËÓÓº�º��Ëä¹ËSÈ��SÓº�º��SË®�
ÁÈ� Ó�ãËmº�º� m©²º�Óº�º� °Ò�ÓÈãÈ� �ËÓÏºSËÏÒ°�ÒmÓº®
äº°�ºmº®� °²Ëä©�� ÓÈ¹SÒäËS�� °º�ãÈ°Óº� SÒ°�� ��� �
m°�SºËÓÓ©®�m�lii����ËSäºSËÏÒ°�ºS�5W�m}ã��ÈË�°«
m�¹ºã�äº°�ºm���°²Ëä��5���5���5W��°Ò�ÓÈã�}º�ºSº®
�ËSËÏ�SËÏÒ°�ºS�5��°�ääÒS�Ë�°«�°�°Ò�ÓÈãºä�ÒÏäËSÒ�
�Ëã
Óº®��ÒÈ�ºÓÈãÒ��ËÓÏºäº°�È��¹º��ËSÎÒmÈ«�Ë�º�È�
ãÈÓ°ÒSºm}��¹SÒ�ÒÏäËÓËÓÒÒ��Ëä¹ËSÈ��S©��È��Ò}È�

�Ë²ÓÒ�Ë°}ÒË� ²ÈSÈ}�ËSÒ°�Ò}Ò� ¹º� }ºÓ}SË�Ó©ä
�Ò¹Èä��È��Ò}ºm��ÈmãËÓÒ«�¹SË�°�ÈmãËÓ©�m�¹¯ÒmË�
�ËÓÓº®�m©	Ë��ÈãÒ�Ë�

iÈ��Ò}Ò��Ëä¹ËSÈ��S©��i���i�y�Ü��������l�
i�y� Ü��������l�� i��Ü�������l�� i��� Ü���
�����l�� mÓË	ÓÒ®� mÒ�� }º�ºS©²� ¹SË�°�ÈmãËÓ� ÓÈ
SÒ°�����¹SË�ÓÈÏÓÈ�ËÓ©��ã«�SÈº�©�m�°Ò°�ËäÈ²�}ºÓ�
�Sºã«���¹SÈmãËÓÒ«��ÒÓÁºSäÈ�ÒÒ�Ò��ÒÈ�Óº°�Ò}Ò�°º�
°�ÈmÓ©²��Ïãºm�Ò�È�SË�È�ºm�Èm�º�SÈÓ°¹ºS�Ó©²�°SË�°�m
m�}È�Ë°�mË��°�Sº®°�m�ÒÏäËSËÓÒ«��Ëä¹ËSÈ��S©�ÎÒ��
}º°�Ë®�Ò��ÈÏºm�

i��¹º°�SºËÓ©�ÓÈ�ÈÏË�ÒÓ�Ë�SÈã
Óº�º�}SËäÓÒË�
mº�º��ËSäºSËÏÒ°�ÒmÓº�º�¹SËºSÈÏºmÈ�Ëã«�75���SÈÏ�
SÈº�ÈÓÓº�º� Ò� ÒÏ�º�ºmãËÓÓº�º� m� �Ë²Óºãº�Ò�Ë°}ºä
�ËÓ�SË�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ}Ò�sjj�l{v��3���

�º¹ºãº�Ò«�75��¹SË�°�ÈmãËÓÈ�ÓÈ�SÒ°�������|°Óºm�
Ó©äÒ��Ë²ÓÒ�Ë°}ÒäÒ�²ÈSÈ}�ËSÒ°�Ò}ÈäÒ�°ËÓ°ºSÓº�º
ªãËäËÓ�È�75��«mã«��°«�

�Ëä¹ËSÈ��SÓ©®�}ºªÁÁÒ�ÒËÓ��°º¹Sº�ÒmãËÓÒ«�Ò
SÈº�Ò®��ÒÈ¹ÈÏºÓ��Ëä¹ËSÈ��S�°ËÓ°ºSÓº�º�ªãËäËÓ�È
75��ÏÈmÒ°«��º��äÈS}Ò�}SËäÓÒ«��Ò°¹ºã
Ï�Ëäº�º��ã«
Ë�º� ÁºSäÒSºmÈÓÒ«�� sºäÒÓÈã� 75�� º¹SË�Ëã«Ë�°«
�È}ÎË� ¹ãº�È�
�� º}ÓÈ� m� äÈ°}ÒS���Ëä� º}Ò°ãË�
¹SË�ÓÈÏÓÈ�ËÓÓº�º��ã«�ÁºSäÒSºmÈÓÒ«�äË�ÈããÒ�Ë�
°}º�º�}ºÓ�È}�È��°ä��¹ºÏ����ÓÈ�SÒ°��������Ò�m©ÒSÈ�
Ë�°«�¹º�}SÒ�ËSÒ«ä��º°�È�º�Óº®���m°�mÒ�Ëã
Óº°�Ò�
È��È}ÎË�¹ºäË²ºÏÈ�Ò�ËÓÓº°�Ò��È��Ò}È�¹SÒ�}ºÓ°��

z �ÒÈ¹ÈÏºÓ�SÈº�Ò²��Ëä¹ËSÈ��S ������ ����������Å&�
z �Ëä¹ËSÈ��SÓÈ«�¹º�SË	Óº°�
��Ó�ã«��
ËÏ�°²Ëä©��ËSäº}ºä¹ËÓ°È�ÒÒ������ ���������Å&�

3Ò°�����v²ËäÈ��ËSäº}ºä¹ËÓ°È�ÒÒ��SË®ÁÈ�Ó�ãËmº�º�°Ò�ÓÈãÈ�ÒÏäËSÒ�Ëã	Óº�º��ËÓÏºäº°�È��È��Ò}ºm��ÈmãËÓÒ«�
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z �ÒÈ¹ÈÏºÓ�ÒÏäËS«Ëä©²��Ëä¹ËSÈ��SÜ����������Å&�
z �Ëä¹ËSÈ��SÓ©®�}ºªÁÁÒ�ÒËÓ��
°º¹Sº�ÒmãËÓÒ« ��������������������������������Å&Ü��

z ÓËãÒÓË®Óº°�
�²ÈSÈ}�ËSÒ°�Ò}Ò�
¹SËºSÈÏºmÈÓÒ«��������������������������������������

3Ò°�����vËäË®°�mº��ÓÒÁÒ�ÒSºmÈÓÓ©²��È��Ò}ºm��Ëä¹ËSÈ��S©�
�� Û� i�y� Ü� ��������l�� �� Û� i��� Ü�������l�� i��� Ü
��������l����Û�i�y�Ü��������l



ljzc|vjv�plskÐ��ptsjzk��¢��������

�¡¢

��

��½«¥¬¥²»�¬¨ª°®��¨� ®±¨±²¥¬®©�²¥µ¨ª¨� �
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{�°ºº�mË�°�mÒÒ�°�¹SÒÓ�Ò¹ºä��Ë®°�mÒ«�Ò��Ë²Óºãº�
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�ËãËÁºÓ©��ã«�°¹SÈmº}�

���������������������������������
(�PDLO��SUHVV#LDL�GRQHWVN�XD
,QWHUQHW��KWWS���ZZZ�LDL�GRQHWVN�XD
jmÈÓºmÈ�vmË�ãÈÓÈ�rºSÒ°ºmÓÈ
�Ò��Ï�{ÈãËÓ�ÒÓÈ�sÒ}ºãÈËmÓÈ
�ËS	ÈÓÓÒ}�{ÈãËSÒ®��SÒ�ºS
ËmÒ�

sÈ��Ó©Ë�ÓÈ¹SÈmãËÓÒ«�}ºÓÁËSËÓ�ÒÒ

z zºÓ�Ë¹��Èã
Ó©Ë�¹SºãËä©�°ºÏ�ÈÓÒ«�°Ò°�Ëä�Ò°�
}�°°�mËÓÓº�º�ÒÓ�ËããË}�È��jj�

z n�Ó�ÈäËÓ�Èã
Ó©Ë� º°Óºm©� ÒÓ�ËããË}��Èã
Ó©²
äÓº�º¹Sº�Ë°°ºSÓ©²�°Ò°�Ëä��jlv�

z kã�ºSÒ�äÒ�Ë°}ÒË�Ò�äÈ�ËäÈ�Ò�Ë°}ÒË�º°Óºm©�jj
z k¹¹ÈSÈ�Óº�¹Sº�SÈääÓ©Ë�°SË�°�mÈ�jj
z jÓ�ËããË}��Èã
Ó©Ë�°Ò°�Ëä©�¹SÒÓ«�Ò«�SË	ËÓÒ®
Ò��¹SÈmãËÓÒ«

z |��È��ÒË�Ò�ª}°¹ËS�Ó©Ë�°Ò°�Ëä©
z 3È°¹ºÏÓÈmÈÓÒË�ºSÈÏºm�Ò�ÒÏºSÈÎËÓÒ®
z sË®SºÓÓ©Ë�°Ë�Ò�Ò�ÓË®Sº°Ë�Ëm©Ë��Ë²Óºãº�ÒÒ
z jÓÁºSäÈ�ÒºÓÓ©Ë��Ë²Óºãº�ÒÒ��ã«�SÈº�©�°�Ë°�
�Ë°�mËÓÓ©äÒ�«Ï©}ÈäÒ�Ò�SË�
�

z jÓ�ËããË}��Èã
Ó©Ë�Sºº�º�Ë²ÓÒ�Ë°}ÒË�Ò�ä�ã
�
�ÒÈ�ËÓ�Ó©Ë�°Ò°�Ëä©

z vÒ°�Ëä©�Ò°}�°°�mËÓÓº�º�ÒÓ�ËããË}�È�Ò�¹SºãË�
ä©�ÒÓÁºSäÈ�ÒºÓÓº®�ËÏº¹È°Óº°�Ò

{�SÈä}È²�}ºÓÁËSËÓ�ÒÒ���Ë��¹SºmË�ËÓÈ�ÓÈ��ÓÈ«
°Ë°°Ò«�¹º�¹SºãËäÈ�Ò}Ë��jÓ�ËããË}��Èã	Ó©Ë�äÓº�º�
¹Sº�Ë°°ºSÓ©Ë�°Ò°�Ëä©��¹º�°ãË����Òä�ÓÈ¹SÈmãË�
ÓÒ«ä�
z �ËºSÒ«�Ò�¹SÈ}�Ò}È�°ºÏ�ÈÓÒ«�jlv
z kã�ºSÒ�ä©��«Ï©}Ò�Ò��Ë²Óºãº�ÒÒ�¹Sº�SÈääÒSº�
mÈÓÒ«��ã«�jlv

z wãËäËÓ�ÓÈ«�ÈÏÈ�jlv

z lË�È}ºä¹
��ÒÓ��Ò�*,5'��Ë²Óºãº�ÒÒ

z jÓ�ËããË}��Èã
Ó©Ë�°Ò°�Ëä©��ÒÁSºmº®�ºSÈº��
}Ò�°Ò�ÓÈãºm�Ò�ÒÏºSÈÎËÓÒ®

�È}ÎË�ÓÈ�}ºÓÁËSËÓ�ÒÒ��j°}�°°�mËÓÓ©®�ÒÓ�Ëã�
ãË}�Û��������Ë��ºS�ÈÓÒÏºmÈÓÈ�°Ë}�Ò«�¹º�¹SºãË�
äÈä�SËÈãÒÏÈ�ÒÒ�äËÎ��ÓÈSº�Óº�º�¹SºË}�È��zºä¹	
�
�ËSÒÏÈ�Ò«�Ë°�Ë°�mËÓÓ©²�«Ï©}ºm��zpÐ���

�ËäÈ�Ò}È�°Ë}�ÒÒ�¹º�zpÐ

��� jÏmãË�ËÓÒË� ÒÏ� �Ë}°�ºm©²� äÈ�ËSÒÈãºm� Ò²
°º�ËSÎÈÓÒ«�Ò� °º²SÈÓËÓÒË� Ë�º� m� ÈÏÈ²��ÈÓÓ©²�Ò
ÏÓÈÓÒ®�

��� 3È°¹ºÏÓÈmÈÓÒË� SË�Ò� ÓÈ� ÓÈ�ÒºÓÈã
Ó©²
«Ï©}È²�

���vº�Ë®°�mÒË�Ë°�Ë°�mËÓÓ©ä�«Ï©}Èä��ã«�Ò²�¹SÈ�
mÒã
Óº�º�SÈÏmÒ�Ò«�

��� 3ÈÏmÒ�ÒË� �Ë²Óºãº�Ò®� º��ËÓÒ«� ÓÈ�ÒºÓÈã
�
Ó©ä�Ò�ÒÓº°�SÈÓÓ©ä�«Ï©}Èä�

����km�ºäÈ�Ò�Ë°}Ò®�¹ºÒ°}�Ò�ÒÏmãË�ËÓÒË�ÏÓÈÓÒ®
ÒÏ�}ºä¹
��ËSÓº�º��Ë}°�È�

���km�ºäÈ�Ò�Ë°}Ò®�¹ËSËmº��°�º�Óº�º�«Ï©}È�ÓÈ
�S��º®�«Ï©}�

���km�ºäÈ�Ò�Ë°}ºË�¹SËºSÈÏºmÈÓÒË�}ºä¹
��ËS�
Óº�º��Ë}°�È�m��°�Ó���SË�
�

���vºÏ�ÈÓÒË�Sºº�È��ã«�°}ÈÓÒSºmÈÓÒ«�}ÓÒ��

|�ÓºmSËäËÓÓº� °� SÈº�º®� }ºÓÁËSËÓ�ÒÒ� ����
¹SºmË�ËÓ©�lËÎ��ÓÈSº�Ó©Ë� ÓÈ��Ó©Ë� äºãº�ËÎÓ©Ë
�}ºã©��{©°º}º¹SºÒÏmº�Ò�Ëã	Ó©Ë�m©�Ò°ãÒ�Ëã	Ó©Ë
°Ò°�Ëä©��Ò��lÒ}Sº°Ò°�ËäÓÈ«��Ë²ÓÒ}È���S�}ºmº�Ò�
�ËãÒ��ã��}ºSS��3ks�{� k���º¹º�È�Ò��ã��}ºSS��3ks
j� k��zÈã«Ëm��

�È}ÎË���Ë��ºS�ÈÓÒÏºmÈÓÈ�m©°�Èm}È�È¹¹ÈSÈ�Óº�
¹Sº�SÈääÓ©²� ¹Sº��}�ºm� ¹º�ÓÈ¹SÈmãËÓÒ«ä�SÈº�©
}ºÓÁËSËÓ�ÒÒ� Ò� ¹SºmË�ËÓ�äËÎ��ÓÈSº�Ó©®� ��SÓÒS
¹º�mÒS��Èã	Óºä��Á��ºã��
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6DPRLORYLFK�0� ,���.OHVKFKHYD�6� 0���%HO\DQLQ�$� )��
-LWNRYVN\�9� '���7VYHWNRY�0� <X���'�1DQRFRPSRVLWHV�%DVHG
RQ�2UGHUHG�3DFNLQJ�RI�6LOLFD�1DQRVSKHUHV�������������������������������������

7KH�IDEULFDWLRQ�WHFKQRORJ\�IRU�RUGHUHG�SDFNLQJV�IURP�PRQRGLV�
SHUVH�VLOLFD�QDQRVSKHUHV�KDV�EHHQ�GHYHORSHG��7KLV�DOORZHG�QHZ�W\SHV
RI�PDWHULDOV�WR�EH�FUHDWHG���'�VXSHUODWWLFHV��LQFOXGLQJ�WKH�VR�FDOOHG
SKRWRQLF�FU\VWDOV�RU�SKRWRQLF�EDQG�JDS�PDWHULDOV�

([SHULPHQWV�WR�ILOO�DQ�LQWHUJOREXODU�VSDFH�ZLWK�VHPLFRQGXFWRUV�
VXSHUFRQGXFWRUV��RSWLFDOO\�DPSOLILHG��IHUURPDJQHWLF�DQG�RWKHU�PDWH�
ULDOV�KDYH�EHHQ�FDUULHG�RXW�YLD�VSHFLDOO\�GHYLVHG�WHFKQLTXHV��8QLTXH
WKUHH�GLPHQVLRQDO� QDQRV\VWHPV� WKXV� FUHDWHG� ZHUH� IRXQG� WR� H[KLELW
TXDQWXP�VL]H�DQG�RWKHU�QDQRVFDOH�HIIHFWV�VXFK�DV��IRU�H[DPSOH��QRQ�
OLQHDU�LQWHUDFWLRQ�EHWZHHQ�LQGLYLGXDO�QDQRFOXVWHU�HOHFWURQ�VXEV\VWHPV�

%DNXQRY�0� ,���%RGURY�6� %��,QWHUPRGH�&RQYHUVLRQ�LQ�WKH�3UREH�
RI�D�1HDU�)LHOG�2SWLFDO�0LFURVFRSH ����������������������������������������������

7KH�SURSDJDWLRQ�RI�OLJKW�WKURXJK�D�PHWDO�RYHUFRDWHG�WDSHUHG�ILE�
HU�WLS�XVHG�DV�D�SUREH�LQ�WKH�DSHUWXUH�VFDQQLQJ�QHDU�ILHOG�RSWLFDO�PL�
FURVFRS\�LV�LQYHVWLJDWHG�QXPHULFDOO\�E\�PHDQV�RI�WKH�FURVV�VHFWLRQ
PHWKRG��,QWHUPRGH�FRQYHUVLRQ�DQG�PRGHV�FXWRII�LQ�WKH�SUREH�DUH�LQ�
FOXGHG��,W�LV�VKRZQ�WKDW�LQ�WKH�FRQYHQWLRQDO�SUREH�ZLWK�D�WDSHU�DQJOH
RI�∼����RQO\�D�IHZ�SHUFHQWV�RI�WKH�LQSXW�SRZHU�DUH�WUDQVIRUPHG�LQWR
WKH�sp���PRGH�ZLWK�PLQLPDO� FXWRII� UDGLXV��7KLV� UHVXOWV� LQ� D� ORZ
WKURXJKSXW�RI�WKH�SUREH��7ZR�HDVLO\�PDQXIDFWXUDEOH�GHVLJQV�RI�WKH
SUREH�WLS�ZKLFK�FDQ�SURYLGH�DQ�LQFUHDVH�LQ�HQHUJ\�WUDQVIRUPHG�WR
sp���PRGH�DQG��DV�D�UHVXOW��D�WHQIROG�HQKDQFHPHQW�RI�WKH�WKURXJKSXW
KDYH�EHHQ�SURSRVHG�

6FKHUEDNRY�$� 9���0HOQLNRY�/� $��*ODVV�)LEHU�7HFKQRORJ\
LQ�0LFURV\VWHPV�DQG�3KRWRQLFV �������������������������������������������������� ��

7KH�GHVFULSWLRQ�RI�WKH�PDLQ�IHDWXUHV�RI�JODVV�ILEHU�WHFKQRORJ\�
FKDUDFWHULVWLFV�RI�VWUXFWXUHV��DQG�DSSOLFDWLRQ�LVVXHV�DUH�SUHVHQWHG��7KH
H[DPSOHV�RI�SURGXFWV�PDQXIDFWXUHG�XVLQJ�WKLV�WHFKQLTXH�DUH�GHPRQ�
VWUDWHG��LQFOXGLQJ�;�UD\�OHQVHV��PLFURVWUXFWXUH�ILEHUV��DQG�PLFURPH�
FKDQLFDO�GHYLFHV��

3DULORY�$� $���3RGGXEQRY�9� 9��+HPLVSKHUH�0DJQHWRKDUG�)LOP
RI�DQ�$OOR\�1G�)H�%�DQG�WKHLU�$SSOLFDWLRQ�LQ�0LFURV\VWHPV ����������� ��

7KH���Û���PLFURQV�KHPLVSKHUH�PDJQHWRKDUG�RI�D�ILOPV�UHFHLYHG
E\�D�LRQR�SODVPD�PHWKRG�RI�GLVSHUVLRQ�RI�D�FDVW�WDUJHW�RI�DQ�DOOR\
1G��)H��%��DUH�GHVFULEHG��7KH�UHVXOWV�RI�UHVHDUFK�RI�GLVWULEXWLRQ�RI
D�PDJQHWLF�ILHOG�DURXQG�ILOPV�RI�D�IODW�DQG�QRW�IODW�FRQILJXUDWLRQ�DUH
UHGXFHG��7KH�DVVXPSWLRQ�DERXW�UDGLDO�FU\VWDO�WH[WXUH�RI�D�ILOPV��KDY�
LQJ�D�FRQILJXUDWLRQ��RI�URWDWLRQ�LV�SXW�IRUZDUG�

'UDJXQRY�9� 3��1RQOLQHDU�0RGHO�RI�(ODVWLF�(OHPHQW
IRU�0(06 �������������������������������������������������������������������������������

,Q�WKLV�SDSHU��WKH�DQDO\WLFDO�HTXDWLRQV�ZKLFK�KHOS�WR�VLPXODWH�EH�
KDYLRU� RI� HODVWLF� HOHPHQWV� IRU�PLFURHOHFWURPHFKDQLFDO� V\VWHPV� DUH
SUHVHQWHG�

.UXSNLQD�7� <X��$�7HFKQLTXH�RI�WKH�$QDO\VLV�3LH]RUHVLVWLYH�(IIHFW
LQ�WKH�(OHPHQWV�RI�0LFURV\VWHP�(QJLQHHULQJ�ZLWK�8VH�RI�WKH�6RIWZDUH�
3DFNDJH�,6(�7&$' ������������������������������������������������������������������

0HWKRG�IRU�DQDO\VLV�RI�SLH]RUHVLVWLYH�HIIHFW�LQ�WKH�FRQVWUXFWLYH�HO�
HPHQWV�RI�LQWHJUDWHG�WHQVRUHVLVWLYH�WUDQVIRUPHUV�RI�SK\VLFDO�YDOXHV�LV
SURSRVHG�RQ�WKH�EDVLV�RI�,6(�7&$'�WRROV�IRU�GHYHORSPHQW��PRGHOLQJ
DQG�RSWLPL]DWLRQ�RI�PLFURHOHFWURQLF�SURFHVVHV��GHYLFHV�DQG�V\VWHPV�
7KLV�PHWKRG�PD\�EH�XVHG�IRU�VLPXODWLRQ�RI�SLH]RUHVLVWLYH�HOHPHQW�V
FKDUDFWHULVWLFV�DQG�WKHLUV�VHQVLWLYHQHVV�WR�WKH�SRVLWLRQ�RI�WHQVRUHVLVWRUV�

$GDPRY�<X� )���6RPRY�2� $���6KHYFKHQNR�(� $��6\VWHP�2Q�&KLS
PRGHUQ�WHFKQRORJ\�DQG�SURGXFWLRQ �����������������������������������������������

7KH�DUWLFOH�RIIHUV�DQ�DQDO\WLF�UHYLHZ�RI�OLWHUDWXUH�FRQFHUQLQJ�6\V�
WHPV�2Q�&KLS�PRGHUQ�WHFKQRORJ\�DQG�SURGXFWLRQ��DQG�RXWOLQHV�PDLQ
GLUHFWLRQV�RI�HOHFWURQLFV�GHYHORSPHQW��,W�DQDO\]HV�VLOLFRQ�WHFKQRORJ\
OLPLWDWLRQV�DQG�LQGXVWULDO�IORZ�LQIOXHQFH�RQ�,&�V�\LHOG��7KH�DUWLFOH�DOVR
GHVFULEHV�SRVVLEOH�SURGXFWLRQ�UHODWLRQV�DQG�FKRRVLQJ�DQ�$6,&�PDQX�
IDFWXULQJ�YHQGRU�GHSHQGLQJ�RQ�,&�V�IXQFWLRQ�DQG�SODQQHG�\LHOG�

.RWRY�9� 1���1HVKDGLP�,� /���%RULVRY�6� (���.OLQGXNKRY�9� *���
&KHUHSDNKLQ�,� ,��.LW�RI�WKH�0LFURHOHFWURQLF�8QLWL]HG�6HQVRUV
RI�3K\VLFDO�4XDQWLWLHV�IRU�(OHFWURQLF�DQG�(OHFWULFDO�6\VWHPV�
RI�$XWRPRELOH�(QJLQHHULQJ ����������������������������������������������������������

7KH�VHWV�RI�WKH�PLFURHOHFWURQLF�XQLWL]HG�DQDORJXH�DQG�IUHTXHQW
SUHVVXUH��WHPSHUDWXUH��URWDWLQJ�VSHHG��DQJXODU�DQG�OLQHDU�PRYHPHQWV
VHQVRUV�DQG�DOVR�H[SHULPHQWDO�VDPSOHV�RI�GLJLWDO�VHQVRUV�RI�SK\VLFDO
TXDQWLWLHV��GHVLJQHG�DQG�PDQXIDFWXUHG�LQ�7HFKQRORJLFDO�&HQWHU�RI
0LFURV\VWHP�(QJLQHHULQJ�6FLHQWLILF�5HVHDUFK�,QVWLWXWH�RI�0XOWLSUR�
FHVVRU�&RPSXWHU�6\VWHPV�RI�7DJDQURJ�6WDWH�5DGLRHQJLQHHULQJ�8QL�
YHUVLW\�DQG�LQWHQGHG�IRU�RSHUDWLRQ�LQ�PRQLWRULQJ�V\VWHPV��FRQWURO��GD�
WD�DFTXLVLWLRQ�DQG�GLDJQRVWLF�RI�PXOWLFRPSRQHQW�DVVHPEOLHV�DQG�DJ�
JUHJDWHV�RI�YHKLFOHV�V\VWHPV�DUH�LQWURGXFHG�

8UEDMWLV�0� )��'HWHFWLRQ�DQG�,GHQWLILFDWLRQ�RI�0ROHFXODU
DQG�1XFOHDU�,PSXULW\�ZLWKRXW�3UHOLPLQDU\�3UHSDUDWLRQ�
RI�2EMHFW�LQ�5HDO�7LPH���������������������������������������������������������������

7KH�RSSRUWXQLW\�RI�FUHDWLRQ�RI�D�VHULHV�RI�GHYLFHV�WR�GHWHFW�DQG
WR�LGHQWLI\�DQ�LPSXULW\�RI�WUDFHV�RI�YDULRXV�VXEVWDQFHV�LQ�JDVHRXV�DQG
OLTXLG�HQYLURQPHQWV��DQG�DOVR�RQ�D�VXUIDFH�RI�ERG\�DUH�FRQVLGHUHG�

k�SË°�SË�È}�ÒÒ�Î�SÓÈãÈ����������lº°}mÈ��v�Sºä©Ó°}Ò®�¹ËS�������ËãËÁºÓ�SË�È}�ÒÒ�Î�SÓÈãÈ�����������������(�PDLO��LW#QRYWH[�UX
y�SÓÈã�ÏÈSË�Ò°�SÒSºmÈÓ�m��º°��È¯°�mËÓÓºä�zºäÒ�Ë�Ë�3º°°Ò®°}º®�nË�ËSÈ�ÒÒ�¹º�¹Ë�È�Ò��vmÒ�Ë�Ëã
°�mº�º�SË�Ò°�SÈ�ÒÒ�¢��������º�����������

iÒÏÈ®ÓËS���s���º�ºSËãºmÈ���Ë²ÓÒ�Ë°}Ò®�SË�È}�ºS�j�v���ÈmãºmÈ��zºSSË}�ºS�k��{���È��
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�°ã��¹Ë���ã���������°ã��}S��º��������������ÒÏ���ã��������~È}ÈÏ������¡ËÓÈ��º�ºmº¯ÓÈ«

|�¹Ë�È�ÈÓº�m��º�ºã
°}º®��Ò¹º�SÈÁÒÒ����� �z��������������º�ºã
°}���ã��zÒSºmÈ����

)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


