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{©¹ºãÓËÓ© äº�Ëã
Ó©Ë Ò°°ãË�ºmÈÓÒ« m©«mã«Ëäº°�Ò �ËÁË}�ºm ¹ºmË¯²Óº°�Ò �Ò¹È ¹¯º�«ÎËÓÓ©² ¹¯º¹Òãºm Ò °}mºÏÓ©²

º�mË¯°�Ò®� È �È}ÎË ¯ËÈã
Ó©² �ËÁË}�ºm äË�Èããºm� �°�ÈÓºmãËÓº� ��º mÒ²¯Ë�º}ºm©® �{�� }ºÓ�¯ºã
 ÓÈÒ­ºãËË �ËãË°ºº­¯ÈÏÓº
Ò°¹ºã
ÏºmÈ�
 �ã« m©«mãËÓÒ« Ò º�ËÓ}Ò �ã�­ÒÓ© �¯Ë�ÒÓ© ¹¯ºÒÏmº�°�mËÓÓº�º Ò ª}°¹ã�È�È�ÒºÓÓº�º ¹¯ºÒ°²ºÎ�ËÓÒ«� |­ÓÈ�
¯�ÎÒmÈ��°« ÓÈ�ËÎÓº ãº}Èã
Ó©Ë �ËÁË}�© �Ò¹È }ÈmË¯Ó Ò �¯��ÒË ��È°�}Ò ° �äËÓ
	ËÓÓº® �ºã�ÒÓº® äË�ÈããÈ� �¯È}�Ò�Ë°}Ò
È­°ºã��Óº º¹¯Ë�Ëã«��°« �ËÁË}�© �Ò¹È ¹ãËÓ Ò ÏÈ}È�ºm� Óº �ã« º�ËÓ}Ò °�Ë¹ËÓÒ Ò² º¹È°Óº°�Ò ÓËº­²º�Òäº °ºË�ÒÓ«�
 {�
}ºÓ�¯ºã
 ° º¹Ë¯È�Ò«äÒ ÏÈ�Ò°�}Ò� sÈÒ­ºãËË ªÁÁË}�ÒmËÓ {� }ºÓ�¯ºã
 �ã« º­ÓÈ¯�ÎËÓÒ« �ËÁË}�ºm ¹º� °ãºËä }¯È°}Ò Ò �¯��Ò²
¹º}¯©�Ò®�

0RGHO LQYHVWLJDWLRQV KDYH EHHQ SHUIRUPHG RI WKH GHWHFWDELOLW\ RI VXUIDFH GHIHFWV RI WKH W\SH RI H[WHQGHG VDZ FXWV DQG WKURXJK�WKLFNQHVV
KROHV� DV ZHOO DV DFWXDO GHIHFWV RI PHWDOV� ,W LV HVWDEOLVKHG WKDW HGG\ FXUUHQW �(&� FRQWURO LV WKH PRVW VXLWDEOH WR GHWHFW DQG HYDOXDWH
WKH GHSWK RI WKH FUDFN RI D SURGXFWLRQ RU VHUYLFH RULJLQ� 'HIHFWV RI WKH W\SH RI FDYLWLHV DQG RWKHU DUHDV RI D UHGXFHG PHWDO WKLFNQHVV DUH
UHOLDEO\ GHWHFWHG� 'HIHFWV RI WKH W\SH RI ILOPV DQG UROOV DUH GHWHFWHG SUDFWLFDOO\ ��� �� EXW WR HYDOXDWH WKH GHJUHH RI WKHLU FULWLFDOLW\ LW
LV QHFHVVDU\ WR FRPELQH (& FRQWURO ZLWK WKH FOHDQLQJ RSHUDWLRQV� 7KH PRVW HIIHFWLYH LV (& FRQWURO WR GHWHFW GHIHFWV XQGHU D OD\HU RI
SDLQW RU RWKHU FRDWLQJV�

|�ÓÒä ÒÏ ÓÈÒ­ºãËË ¯È°¹¯º°�¯ÈÓËÓÓ©² äË�º�ºm }ºÓ�
�¯ºã« }È�Ë°�mÈ ÒÏ�ËãÒ® «mã«Ë�°« �ã	�¯ÈÏm�}ºmº®
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mºÏäºÎÓº°�Ò ¹¯ºmº�Ò�	 Ò² �ËÁË}�º°}º¹Ò
 ÒÏ�ÏÈ
È}�°�Ò�Ë°}Ò² ¹ºäË²� º­�°ãºmãËÓÓ©² �º¹�°�Òä©äÒ
ÓË¯ºmÓº°�«äÒ Ò ÓÈ¯��ËÓÒ«äÒ È}�°�Ò�Ë°}º�º }ºÓ�
�È}�È äËÎ�� ¹¯Ëº­¯ÈÏºmÈ�ËãËä Ò �Ëãºä �¯�­©� sÒÏ�
}ÒË Ò m©°º}ÒË �Ëä¹Ë¯È��¯© �È}ÎË ÓË ¹ºÏmºã«
�
¹¯ºmº�Ò�	 }È�Ë°�mËÓÓ©® �~ }ºÓ�¯ºã	� s�ÎÓÈ �º�
¯º�È« º�Ò°�}È ¹ºmË¯²Óº°�Ò äË�ÈããÈ º� ÎÒ¯ºm©²
¹«�ËÓ� �¯«ÏÒ� º°�È�}ºm }¯È°}Ò Ò �¯��Ò² ¹º}¯©�Ò®�
º}ÈãÒÓ© Ò �� ¹�

�°�¯ÈÓÒ�	 m ÏÓÈ�Ò�Ëã	Óº® äË¯Ë º�äË�ËÓÓ©Ë m©�Ë
ÓË�º°�È�}Ò ¹ºÏmºã«Ë� Ò°¹ºã	ÏºmÈÓÒË mÒ²¯Ë�º}ºm©²
�{�� äË�º�ºm }ºÓ�¯ºã«� v��	 Ò² ÏÈ}ã
�ÈË�°« m mºÏ�
�Ë®°�mÒÒ ÓÈ ¹ºmË¯²Óº°�	 äË�ÈããÈ ªãË}�¯ºäÈ�ÓÒ�Ó©ä
¹ºãËä� ÒÏäË¯ËÓÒÒ ¹È¯ÈäË�¯ºm ª�º�º ¹ºã« Ò º�ËÓ}Ë
¹º Ò² ÏÓÈ�ËÓÒ«ä }È�Ë°�mÈ ÒÏ�ËãÒ« >�@� {ºÏ­�Î�ËÓÒË
Ò ÒÏäË¯ËÓÒË ¹È¯ÈäË�¯ºm ªãË}�¯ºäÈ�ÓÒ�Óº�º ¹ºã« m©�
¹ºãÓ«
� mÒ²¯Ë�º}ºm©äÒ ¹¯Ëº­¯ÈÏºmÈ�Ëã«äÒ �{����
}º�º¯©Ë äº��� ¯È­º�È�	 �Ë¯ËÏ mºÏ���Ó©® ÏÈÏº¯� �º°�
�Ò�È
�Ò® ÒÓº��È �� ää >�@�

jÏmË°�Ó©Ë {��� ¹¯ÒäËÓ«Ëä©Ë �ã« }ºÓ�¯ºã«
}È�Ë°�mÈ ¹ºmË¯²Óº°�Ò� äºÎÓº ¯ÈÏ�ËãÒ�	 ÓÈ �mÈ º°�
ÓºmÓ©² �Ò¹È� �ÒÓÈäÒ�Ë°}ÒË Ò ÓÈ}ãÈ�Ó©Ë �m¯È�È�

�ÒË°«�� �Ë¯m©® º­©�Óº ¹¯ÒäËÓ«
� �ã« }ºÓ�¯ºã«
¹ãº°}Ò² ¹ºmË¯²Óº°�Ë® ÒãÒ ÒäË
�Ò² m °Ë�ËÓÒÒ Áº¯�
ä� }¯��È >�@� {�º¯º® Ò°¹ºã	Ï�
� �ã« }ºÓ�¯ºã«

}¯ÒmºãÒÓË®Ó©² ��È°�}ºm ¹ºmË¯²Óº°�Ë® �ÓÈ ¯Ëã	�

°È²� �¯�­È² Ò �¯��� sÈ ¯ËÏ�ã	�È�© º�ËÓ}Ò }È�Ë°�mÈ

�¯�­ ÒÏmË°�Ó©äÒ ÓÈ}ãÈ�Ó©äÒ ¹¯Ëº­¯ÈÏºmÈ�Ëã«äÒ

°��Ë°�mËÓÓ©ä º­¯ÈÏºä mãÒ«
� ÓËº�Óº¯º�Óº°�Ò

ªãË}�¯º¹¯ºmº�Óº°�Ò Ò ÁË¯¯ºäÈ�ÓÒ�Ó©² °mº®°�m�

ÓÈãÒ�ÒË ¹«�ËÓ º}ÈãÒÓ© >�@� �¯Èm�È� ª�º� ÓË�º°�È�

�º} °�ÈÓºmÒ�°« ¹¯ËÒä��Ë°�mºä ¹¯Ò ÒÏäË¯ËÓÒÒ ÁÒ�

ÏÒ}º�äË²ÈÓÒ�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò} äË�ÈããÈ�

sË}º�º¯©Ë °¹Ë�ÒÈãÒ°�© °�Ò�È
�� ��º °¯Ë�Ò

{�� �ÒÓÈäÒ�Ë°}ÒË �{��i� ÒäË
� ã����
 m©«m�

ã«Ëäº°�	 ¹ºmË¯²Óº°�Ó©² �ËÁË}�ºm m °¯ÈmÓËÓÒÒ °

ÓÈ}ãÈ�Ó©äÒ �{��s�� { �º ÎË m¯Ëä« �ËÁË}�º°}º¹©

° {��i °ãºÎÓ© ¹º }ºÓ°�¯�}�ÒÒ Ò È¹¹È¯È�Óºä�

Ò°¹ºãÓËÓÒ
� ÒäË
� ÏÓÈ�Ò�Ëã	Ó©Ë �È­È¯Ò�© Ò äÈ°�

°�� j² °�ºÒäº°�	 ÒÓº��È ¹¯Ëmº°²º�Ò� °�ºÒäº°�	

{��s m �Ë°«�}Ò ¯ÈÏ�

sÈ ¯ËÏ�ã	�È�© ¯È­º�© {��s º}ÈÏ©mÈ
� mãÒ«�

ÓÒË ÓËº�Óº¯º�Óº°�	 ªãË}�¯ºäÈ�ÓÒ�Ó©² °mº®°�m ¹º�

mË¯²Óº°�Ò äË�ÈããÈ� È �È}ÎË }ºãË­ÈÓÒ« �Ë²Óºãº�Ò�

�Ë°}º�º ÏÈÏº¯È äËÎ�� ¹¯Ëº­¯ÈÏºmÈ�ËãËä Ò ÒÏ�ËãÒ�

Ëä� °�Ë¹ËÓ	 ÒÏÓº°È ¹¯º�Ë}�º¯È� ¹Ë¯Ë}º°© ¹¯Ëº­¯È�

ÏºmÈ�Ëã« Ò �� �� �Ëä ÓË äËÓËË ÒÏ�ÏÈ ¹¯º°�º�© ¯ËÈ�

ãÒÏÈ�ÒÒ Ò ¹¯È}�Ò�Ë°}º�º Ò°¹ºã	ÏºmÈÓÒ«� ÓË­ºã	�

�º® äÈ°°© Ò �È­È¯Ò�ºm ÓÈ}ãÈ�Ó©Ë ¹¯Ëº­¯ÈÏºmÈ�ËãÒ

ÓÈ�ãÒ�Ò¯º}ºË ¹¯ÒäËÓËÓÒË m ¯ÈÏÓ©² º­ãÈ°�«² ¹¯º�

ä©�ãËÓÓº°�Ò >�Ü�@� { ÓÈ°�º«�ËË m¯Ëä« ¹º«mÒãÒ°	

Óºm©Ë mÒ²¯Ë�º}ºm©Ë �ËÁË}�º°}º¹© ° {��s� °¹º�

°º­Ó©Ë }ºä¹ËÓ°Ò¯ºmÈ�	 mãÒ«ÓÒË ÓÈ ¯ËÏ�ã	�È�© }ºÓ�

�¯ºã« }ºãË­ÈÓÒ® mËãÒ�ÒÓ© �Ë²Óºãº�Ò�Ë°}º�º ÏÈÏº�

¯È� ¹Ë¯Ë}º°ºm� ÓËº�Óº¯º�Óº°�Ë® ªãË}�¯ºäÈ�ÓÒ�Ó©²

°mº®°�m äË�ÈããÈ� sÈ®�ËÓ© �Ë²ÓÒ�Ë°}ÒË ¯Ë�ËÓÒ« ¹º

�°�¯ÈÓËÓÒ
 }¯ÈËmº�º ªÁÁË}�È� �º ��m°�mÒ�Ëã	Óº°�

�Ò Óºm©Ë {��s ÓË ²�ÎË {��i� �È}� ÓÈäÒ ¯ÈÏ¯È�

­º�ÈÓ© {��s �ã« }ºÓ�¯ºã« ¯ºãÒ}ºm Ò }ºãË� ¹º��

�Ò¹ÓÒ}ºm ¹º�mÒÎÓº�º °º°�ÈmÈ ÎËãËÏÓº�º¯ºÎÓº�º

�¯ÈÓ°¹º¯�È� }º�º¯©Ë ÓÈ�ËÎÓº m©«mã«
� ¹ºmË¯²�

Óº°�Ó©Ë �ËÁË}�© �ã�­ÒÓº® ­ºãËË ���� ää� �ãÒÓº®

­ºãËË � ää Ò ¯È°}¯©�ÒËä ���� Ò �ÈÎË äËÓËË ��È°�º�È

{��s Û �…� l����

sÈÒ­ºãËË �È°�º m°�¯Ë�È
�Òä°« Ò º�ËÓ	 º�mË��
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¯©�� ÓÈ �� ¹º°��¹ÈË� ÒÏã��ËÓÒË º� Ò°°ãË��Ëäº�º
º­�Ë}�È� }º��È ÏÈ}¯©� Û Ò�Ë� ��äºmº® È}�°�Ò�Ë°�
}Ò® °Ò�ÓÈã ÒÏ mº�©� ÏÈ¹ºãÓ«
�Ë® äº��ã«�º¯� ÒäË�

�Ë® ­ãÒÏ}�
 �Ëä¹Ë¯È��¯� Ò °ã�ÎÈ�Ë® ��äºm©ä
ª�ÈãºÓºä �Ëä¹Ë¯È��¯©� �º°}ºã	}� ÏÓÈ�ËÓÒË °�ä�
äÈ¯Óº�º ÓÈ¹¯«ÎËÓÒ« ��äÈ ÓÈ m©²º�Ë �� º� ¹ºãº�
ÎËÓÒ« äº��ã«�º¯È ¹º��Ò ÓË ÏÈmÒ°Ò�� �º Ò �º�Óº°�	

º¹¯Ë�ËãËÓÒ« �Ëä¹Ë¯È��¯© θ m °ºº�mË�°�mÒÒ ° °ºº��
Óº�ËÓÒËä ��� �ºÎË ÓË äËÓ«Ë�°«� Óº �º�Óº°�	 º¹¯Ë�
�ËãËÓÒ« ¯ÈÏÓº°�Ò �Ëä¹Ë¯È��¯ º­�Ë}�È Ò ª�ÈãºÓÈ m
� ¯ÈÏÈ ²�ÎË� �º«mãËÓÒË m ª�ºä äË�º�Ë }ºªÁÁÒ�Ò�
ËÓ�È � m m©¯ÈÎËÓÒÒ �ã« �º�Óº°�Ò m °�È�	Ë >�@
º�Ò­º�Óº º­�«°Ó«Ë�°« mãÒ«ÓÒËä �m�² ÁÈ}�º¯ºm °
}ºªÁÁÒ�ÒËÓ�ºä √ � �ã« }ÈÎ�º�º�

cËÏ�ã	�È�© ÈÓÈãÒÏÈ °²Ëä© Ó�ãËmº�º äº��ã«�
�ÒºÓÓº�º äË�º�È ¹¯ÒmË�ËÓ© m ¯È­º�Ë >��@� { ÓË®�
¹ºäÒäº °º�ãÈ°�
�Ë® �Ë¹Ò �� Ò �{ � m }È�Ë°�mË
ªãËäËÓ�È °²Ëä©� }º�º¯©® äºÎË� ÏÓÈ�Ò�Ëã	Óº �²���
�Ò�	 �º�Óº°�	� �}ÈÏÈÓ °ÒÓ²¯ºÓÓ©® �Ë�Ë}�º¯� �¯Ë��
ãºÎËÓÈ äº�ÒÁÒ�Ò¯ºmÈÓÓÈ« °²ËäÈ äË�º�È� m }º�º¯º®
° ¹ºäº�	
 ÒÓË¯�ÒºÓÓº�º ãÒÓË®Óº�º �Ë�Ë}�º¯È ¹Ë�
¯ËäËÓÓÈ« °º°�Èmã«
�È« m©�Ëã«Ë�°« Ò �°ÒãÒmÈË�°«
�s � È ÏÈ�Ëä ° ¹ºäº�	
 °ÒÓ²¯ºÓÓº�º �ÁÈÏºmº�º�
�Ë�Ë}�º¯È Ò ns  ¹¯Ëº­¯ÈÏ�Ë�°« m ¹º°�º«ÓÓºË ÓÈ¹�
¯«ÎËÓÒË�
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nº}�°Ò¯ºm}È �Ë¹ãºmº�º È}�°�Ò�Ë°}º�º ÒÏã��ËÓÒ«
° ¹ºäº�	
 �mº«}ºmº�Ó��º® ªããÒ¹�Ò�Ë°}º® ãÒÓÏ©
¹ºÏmºã«Ë��

ÒÏäË¯«�	 Ò °}ÈÓÒ¯ºmÈ�	 �ã�­ÒÓÓ�
 È­°ºã
�Ó�

�Ëä¹Ë¯È��¯� �ËãÈ º�Óº}ÈÓÈã	Ó©ä� º�Óº�È°�º�Ó©ä
È}�°�º�Ë¯äºäË�¯ºä� m º�ãÒ�ÒË º� äÓº�º}ÈÓÈã	Óº�º
¯È�Òº�Ë¯äºäË�¯È Ò äÓº�º�È°�º�Ó©² ÒãÒ äÓº�º}È�
ÓÈã	Ó©² È}�°�º�Ë¯äºäË�¯ºm� ¹¯Ë�ãÈ�ÈËä©² �¯��Ò�
äÒ Èm�º¯ÈäÒ�

¹ºã��Ò�	 ¹º¯º�ºmºË ÏÓÈ�ËÓÒË �º�Óº°�Ò ÒÏäË¯Ë�
ÓÒ«� ­ãÒÏ}ºË } ¹ºã��ËÓÓºä� m ¯È�Òº�Ë¯äº�¯ÈÁÈ²�

¹¯Ò �º�Óº°�Ò ÒÏäË¯ËÓÒ« �Ëä¹Ë¯È��¯© ��� Åv
�äËÓ	�Ò�	 m¯Ëä« ÒÏäË¯ËÓÒ« �º a � ° Ò ÈÓÈãº�Ò�Óº
¯È�Ò�Ë¯äº�¯ÈÁ� ÒÏäË¯«�	 �Ëä¹Ë¯È��¯� m �ÒÓÈäÒ�
�Ë°}ºä ¯ËÎÒäË�

¹ºã��Ò�	 ¹¯º°�¯ÈÓ°�mËÓÓºË ¯ÈÏ¯Ë�ËÓÒË a � ää
ÓÈ �ã�­ÒÓË �º �� °ä� ��º ÓÈ ¹º¯«�º} ã���Ë� È ¹º
�ã�­ÒÓË Û ÓÈ �mÈ ¹º¯«�}È �ã�­ÎË� �Ëä ° ¯È�Òº�
�Ë¯äº�¯ÈÁºä ° ªããÒ¹�Ò�Ë°}Òä ÏË¯}Èãºä�

mäË°�Ë ° äº�ÒÁÒ�Ò¯ºmÈÓÓº® °²Ëäº® Ó�ãËmº�º äº�
��ã«�ÒºÓÓº�º äË�º�È� ¹¯Ë�ãºÎËÓÓº® Èm�º¯ºä
¯ÈÓËË� °ºÏ�È�	 �Ë®°�m�
�Ò® È}�°�º�Ë¯äºäË�¯ ° �}È�
ÏÈÓÓ©äÒ m©�Ë ¹È¯ÈäË�¯ÈäÒ�

�� rÈ­Ò® {� j� �Ë¯ËÓº° È}�°�Ò�Ë°}º® ªÓË¯�ÒÒ m ¹º�ãº�È
�Ë®
Ò ÒÏã��È
�Ë® °¯Ë�Ë �� lº¯°}ÒË �Ò�¯ºÁÒÏ� Ò°°ãË�� Û
����� Û ��� ¢ �� Û v� ���Ü����

�� %RZHQ 7� $FRXVWLF SDVVLYH UHPRWH WHPSHUDWXUH VHQVLQJ ��
$FRXVWLF LPDJLQJ� ����� Û 3� ���Ü����

�� *RGLN (� (�� *XO\DHY <� 9� )XQFWLRQDO LPDJLQJ RI WKH KXPDQ
ERG\ �� ,((( (QJLQHHULQJ LQ PHGLFLQH DQG ELRORJ\� Û �����
Û ��� ¢ �� Û 3� ��Ü���

�� | mºÏäºÎÓº°�«² È}�°�Ò�Ë°}º® �Ë¯äº�¯ÈÁÒÒ ­Òºãº�Ò�Ë°}Ò²
º­�Ë}�ºm � �� {� ��ã«Ëm� w� w� �º�Ò}� {� {� iËäËÓ�ÒËÓ}º
Ò �¯���iº}ã� ksvvvc�Û �����Û ����¢ ��Û v� ����Ü
�����

�� ~ºÓ�Ò¯ºmÈÓÒË mÓ��¯ËÓÓË® �Ëä¹Ë¯È��¯© º­�Ë}�ºm ¹º Ò² �Ë¹�
ãºmºä� È}�°�Ò�Ë°}ºä� ÒÏã��ËÓÒ
 � {� j� lÒ¯�º¯º�°}Ò®�
{� j� �È°Ë�ÓÒ}� v� {� �Ë�ÒÓ Ò �¯� �� iº}ã� ks vvvc�
Û ����� Û ���� ¢ �� Û v� ����Ü�����

�� �È°Ë�ÓÒ} {� j� |�ËÓ}È ��m°�mÒ�Ëã	Óº°�Ò äË�º�È È}�°�º�
�Ë¯äº�¯ÈÁÒÒ �� k}�°�� Î�¯Ó� Û ����� Û ��� ¢ �� Û
v� ���Ü����

�� �È°Ë�ÓÒ} {� j� |�ËÓ}È ¹º¯º�ºmº® ��m°�mÒ�Ëã	Óº°�Ò È}�°�
�º�Ë¯äºäË�¯ºm���ÈäÎË�Û �����Û ���¢��Û v����Ü����

�� �È°Ë�ÓÒ} {� j� j°°ãË�ºmÈÓÒË �Ë¹ãºmº�º È}�°�Ò�Ë°}º�º ÒÏ�
ã��ËÓÒ« m ¯Èä}È² äº�ËãÒ �Ò�¯º�ÒÓÈäÒ�Ë°}Ò² Áã�}��È�Ò®
�� �Èä ÎË� Û ����� Û ��� ¢ �� Û v� ���Ü����

�� väÈ¯©�Ëm l� i� sÈ¹¯ÈmãËÓÓº°�	 �Ò�¯ºÈ}�°�Ò�Ë°}Ò² ÈÓ�
�ËÓÓ� Û ��� v��º°�¯ºËÓÒË� ����� Û ��� °�

��� iÒ�}ºm°}Ò® {� v�� sÈ®�È v� k� cÈ°�Ë�Ó©Ë °ºº�Óº�ËÓÒ« äË�
�º�È È}�°�º�Ë¯äºäË�¯ÒÒ ­Òºãº�Ò�Ë°}Ò² �}ÈÓË® � s���
½zÒËm� ¹ºãÒ�Ë²Ó� ÒÓ���� Û zÒËm� ����� Û �� °� Û iË¹� m
�s�r �}¯ÈÒÓ© ��������� ¢ �����}���

��� iÒ�}ºm°}Ò® {� v�� sÈ®�È v� k� s�ãËmº® äº��ã«�ÒºÓÓ©®
äË�º� ÒÏäË¯ËÓÒ« �Ë¹ãºmº�º È}�°�Ò�Ë°}º�º ÒÏã��ËÓÒ« ­Òºãº�
�Ò�Ë°}Ò² º­�Ë}�ºm�� wãË}�¯ºÓÒ}È Ò °m«Ï	� Û ����� Û ��
¢ �� Û v� ���Ü����

��� (]URZ '� 1� 0HDVXUHPHQW RI WKH WKHUPDO Û QRLVH VSHFWUXP
RI ZDWHU �� -� $FRXVWLF 6RF� RI $PHULFD� Û ����� Û ���
¢ �� Û 3� ���Ü����

��� �È°Ë�ÓÒ} {� k� �È°°ÒmÓ©® �Ë¯äºÈ}�°�Ò�Ë°}Ò® �ºäº�¯ÈÁ�
ÓË Ò°¹ºã	Ï�
�Ò® È¹¯Òº¯Ó�
 ÒÓÁº¯äÈ�Ò
 º }ºªÁÁÒ�ÒËÓ�Ë
¹º�ãº�ËÓÒ« �� k}�°�� Î�¯Ó� Û ����� Û ��� ¢ �� Û
v� ���Ü����

��� kÓº°ºm k� k�� rº�¯È�Ëm z� l�� �È°Ë�ÓÒ} {� j� jÏäË¯ËÓÒË
�Ë¹ãºmº�º È}�°�Ò�Ë°}º�º ÒÏã��ËÓÒ« ÒÏ }Ò°�Ò ¯�}Ò �ËãºmË}È
�� �Èä ÎË� Û ¢ �� Û v� ���Ü����

��� kÓº°ºm k� k�� rº�¯È�Ëm z� l�� �È°Ë�ÓÒ} {� j� �È°°ÒmÓÈ«
�Ë¯äºÈ}�°�Ò�Ë°}È« �ºäº�¯ÈÁÒ« }Ò°�Ò ¯�}Ò �ËãºmË}È���Èä
ÎË� Û ¢ �� Û v� ���Ü����

��� rËÓ�Ë� iÎ���Ò¯°ºã k� �¯Ò}ãÈ�Óº® ÈÓÈãÒÏ °ã��È®Ó©² �ÈÓ�
Ó©²� �Ë¯� ° ÈÓ�ã� Û l�� lÒ¯� ����� Û ��� °�

sÈ�� �Ë²ÓÒ�� �Ó�� �}¯ÈÒÓ© ½zÒËm� ¹ºãÒ�Ë²Ó� ÒÓ��� �º°��¹ÒãÈ m ¯Ë�È}�Ò�
����������
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cÈ°°äº�¯ËÓÈ äË�º�Ò}È ÓË¯ÈÏ¯�	È��Ë�º ãº}Èã
Óº�º º¹¯Ë�ËãËÓÒ« �ÒªãË}�¯Ò�Ë°}Ò² ¹¯ºÓÒ�ÈËäº°�Ë® mË�Ë°�m� º°ÓºmÈÓÓÈ« ÓÈ
¯ËÏºÓÈÓ°Ó©² º°º­ËÓÓº°�«² °º­°�mËÓÓ©² ¹ºã«¯ÒÏÈ�ÒºÓÓº�m©¯ºÎ�ËÓÓ©² ªãË}�¯ºäÈ�ÓÒ�Ó©² }ºãË­ÈÓÒ® sp��Ò¹È m °�¯�}��¯Ë�
¹¯Ë�°�Èmã«��Ë® º¯�º�ºÓÈã
ÓºË ¹Ë¯Ë°Ë�ËÓÒË ÏÈ¹¯Ë�Ëã
Ó©² �ÒãÒÓ�¯Ò�Ë°}º�º Ò ¯È�ÒÈã
Óº�º mºãÓºmº�ºm� |­¯ÈÏË� ÒÏº�¯º¹Óº�º
ÒãÒ ÈÓÒÏº�¯º¹Óº�º �ÒªãË}�¯Ò}È m mÒ�Ë ¹ãÈ°�ÒÓ© ¹¯ºÒÏmºã
Óº® Áº¯ä© Ò ¯ÈÏäË¯ºm ¹ºäË�Èã°« m º­ãÈ°�
 ¹Ë¯Ë°Ë�ËÓÒ«
mºãÓºmº�ºm Ò �È°�Ò�Óº m ¯È�ÒÈã
Ó©® mºãÓºmº�� �¯ÒmË�ËÓ© ÒÏäË¯ËÓÓ©Ë �ÈÓÓ©ä äË�º�ºä m �ÒÈ¹ÈÏºÓË �È°�º� ������� ���
ÏÓÈ�ËÓÒ« �ÒªãË}�¯Ò�Ë°}Ò² ¹¯ºÓÒ�ÈËäº°�Ë® Á�º¯º¹ãÈ°�È��� ¹ãÈmãËÓº�º Ò äºÓº}¯Ò°�ÈããÒ�Ë°}º�º }mÈ¯�È�

7KH SDSHU GHDOV ZLWK D SURFHGXUH RI QRQ�GHVWUXFWLYH ORFDO GHWHUPLQDWLRQ RI GLHOHFWULF FRQVWDQWV RI PDWHULDOV� EDVHG RQ UHVRQDQFH IHDWXUHV
RI WKH LQKHUHQW SRODUL]DWLRQ�GHWHULRUDWHG HOHFWURPDJQHWLF RVFLOODWLRQV RI +(�W\SH LQ D VWUXFWXUH WKDW LV DQ RUWKRJRQDO LQWHUVHFWLRQ RI
RXW�RI�OLPLW F\OLQGULFDO DQG UDGLDO ZDYH JXLGHV� $ VDPSOH RI DQ LVRWURSLF DQG DQLVRWURSLF GLHOHFWULF LQ WKH IRUP RI D SODWH RI DQ DUELWUDU\
VKDSH ZDV SODFHG LQWR DQ DUHD RI ZDYH JXLGHV LQWHUVHFWLRQ DQG SDUWLDOO\ LQWR WKH UDGLDO ZDYH JXLGH� 9DOXHV RI GLHOHFWULF FRQVWDQWV RI
IOXURSODVWLF��� IXVHG DQG VLQJOH�FU\VWDO TXDUW]� PHDVXUHG E\ WKLV PHWKRG LQ WKH IUHTXHQF\ UDQJH RI �� WR �� +]� DUH JLYHQ�

{mË�ËÓÒË� j°°ãË�ºmÈÓÒË �ÒªãË}�¯Ò�Ë°}Ò² °mº®°�m

¯ÈÏãÒ�Ó©² äÈ�Ë¯ÒÈãºm m �Ò¯º}ºä �È°�º�Óºä �ÒÈ¹ÈÏºÓË

ÒäËË� ­ºã	�ºË ÓÈ��ÓºË Ò ¹¯È}�Ò�Ë°}ºË ÏÓÈ�ËÓÒË� w�º

º­�°ãºmãËÓº �Ëä� ��º }ºä¹ãË}°ÓÈ« �ÒªãË}�¯Ò�Ë°}È« ¹¯º�

ÓÒ�ÈËäº°�	 º�¯ÈÎÈË� °�¯�}��¯Ó©Ë °mº®°�mÈ� È �È}ÎË �Ò�

ÓÈäÒ�Ë°}ÒË º°º­ËÓÓº°�Ò mË�Ë°�mÈ m ¯ÈÏÓ©² ÁÒÏÒ�Ë°}Ò²

�°ãºmÒ«²�{ ¹º°ãË�ÓËË m¯Ëä« ÓÈ­ã
�ÈË�°«¹ºm©�ËÓÓ©®ÒÓ�

�Ë¯Ë° } ¯ÈÏmÒ�Ò
 Ò Ò°¹ºã	ÏºmÈÓÒ
 ¯È�ÒºÁÒÏÒ�Ë°}Ò² äË�º�

�ºm ÒÏäË¯ËÓÒ« �ÒªãË}�¯Ò�Ë°}Ò² ¹È¯ÈäË�¯ºm mË�Ë°�m� m �È°�

�Óº°�Ò� m äÒ}¯ºmºãÓºmºä �ÒÈ¹ÈÏºÓË� ��º º­�°ãºmãËÓº ¹º

}¯È®ÓË® äË¯Ë �¯Ëä« º­°�º«�Ëã	°�mÈäÒ�

{º�¹Ë¯m©²� ¹º«mÒã°« �Ëã©® ¯«� Óºm©² �ÒªãË}�¯Ò�Ë°�

}Ò² Ò ¹ºã�¹¯ºmº�ÓÒ}ºm©² äÈ�Ë¯ÒÈãºm� m °m«ÏÒ ° �Ëä mºÏ�

ÓÒ}ãÈ ÓËº­²º�Òäº°�	 m©«°ÓËÓÒ« mºÏäºÎÓº°�Ë® Ò² Ò°�

¹ºã	ÏºmÈÓÒ« ¹¯Ò ¯ÈÏ¯È­º�}Ë Óºmº® ªãËäËÓ�Óº® ­ÈÏ© m

äÒ}¯ºäÒÓÒÈ�
¯Óºä Ò°¹ºãÓËÓÒÒ �ã« ¯È�ÒºªãË}�¯ºÓÓº®

Ò m©�Ò°ãÒ�Ëã	Óº® �Ë²ÓÒ}Ò� cÈÏmÒ�ÒË ¹ãËÓº�Óº® �Ë²Óº�

ãº�ÒÒ ¹º�¯Ë­ºmÈãº ÒÏ�º�ºmãËÓÒ« m©°º}º}È�Ë°�mËÓÓ©²

�ÒªãË}�¯Ò�Ë°}Ò² ¹º�ãºÎË} ° ÏÈ�ÈÓÓ©äÒ ¹È¯ÈäË�¯ÈäÒ�

{º�m�º¯©²� ­©ãº º­ÓÈ¯�ÎËÓº mãÒ«ÓÒË ÓË�Ë¹ãºmº�º

ªãË}�¯ºäÈ�ÓÒ�Óº�º ÒÏã��ËÓÒ« äÒããÒäË�¯ºmº�º �ÒÈ¹ÈÏº�

ÓÈ ÓÈ Á�Ó}�ÒºÓÈã	Ó©Ë mºÏäºÎÓº°�Ò ÎÒm©² º¯�ÈÓÒÏäºm�

��º m©ÏmÈãº �Ëã©® ¹º�º} Óºm©² ¹�­ãÒ}È�Ò® >�@� j°¹ºã	�

ÏºmÈÓÒË �ÒªãË}�¯ºäË�¯ÒÒ m äÒããÒäË�¯ºmºä �ÒÈ¹ÈÏºÓË

¹¯Ò ÒÏ��ËÓÒÒ ­Òº°Ò°�Ëä ¹º}ÈÏÈãº �ÓÒ}Èã	Ó�
 mºÏäºÎ�

Óº°�	 m©«mãËÓÒ« Ò² °�¯�}��¯Ó©² ÒÁ�Ó}�ÒºÓÈã	Ó©² º°º�

­ËÓÓº°�Ë® m °m«ÏÒ ° ÏÈäË�Ó©ä¯ÈÏãÒ�ÒËä�ÒªãË}�¯Ò�Ë°}º®

¹¯ºÓÒ�ÈËäº°�Ò ­Òº¹ºãÒäË¯È� °m«ÏÈÓÓº® Ò °mº­º�Óº® mº�

�© >�� �@�

{��¯Ë�	Ò²� äÒ}¯ºmºãÓºm©Ë äË�º�© ¹ºÏmºã«
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• Ò�ÅÆÕË� ÊÃÐÌÂÆ ÈÌËÐÎÌÉÜ ¿�ÌÉÌÁ�ÕËÆÓ Ì¿s�ÈÐ�À� ÃÈÌÉÌÁ�ÕËÆÇ ÈÌËÐÎÌÉÚ� ÀÆÊ�ÎÜÀ¾ËËÝ Í¾Î¾ÊÃÐÎ�À ÏÃÎÃÂÌÀÆ×� À Ð� Õ�

ÍÌÐÌÈ�À Î�ÂÆËÆ� Á¾ÅÑ Ð¾ ÍÉ¾ÅÊÆ� ÍÉ¾ÅÊÌÀÆÓ ÐÃÓËÌÉÌÁ�ÕËÆÓ ÍÎÌÔÃÏ�À�

• Ò�ÅÆÕË� ÊÃÐÌÂÆ ÈÌËÐÎÌÉÜ �ÏÐÌÎÆÕËÆÓ Í¾ÊsÝÐËÆÈ�À� ¾ÎÓÃÌÉÌÁ�ÕËÆÓ ÅË¾Ó�ÂÌÈ Ð¾ ÐÀÌÎ�À ÊÆÏÐÃÔÐÀ¾�

• Ë¾ÑÈÌÀÌ�ÌÎÁ¾Ë�Å¾Ô�ÇË� Ð¾ ÃÈÌËÌÊ�ÕË� ÍÎÌ¿ÉÃÊÆ� ÍÆÐ¾ËËÝ É¾¿ÌÎ¾ÐÌÎ�Ç� ÏÃÎÐÆÒ�È¾Ô�� ÍÎÌÂÑÈÔ��� Í�ÂÁÌÐÌÀÈÆ Ð¾ ¾ÐÃÏÐ¾Ô��

ÍÃÎÏÌË¾ÉÑ Å ËÃÎÑÇË�ÀËÌÁÌ ÈÌËÐÎÌÉÜ�

ª�¯´£ ­®¬ £¢£««½

¯ÃÉ� ¯É¾ÀÏÚÈÃ ©ÚÀ�ÀÏÚÈÌ� Ì¿É¾ÏÐ�� Í¾ËÏ�ÌË¾Ð ��ÌÇÈ�À×ÆË¾�� ÀÑÉ� �� ²Î¾ËÈ¾� �� �

¯ÃÉ� ¯É¾ÀÏÚÈÃ x À�ÂÌÊÆÇ ÅÆÊÌÀÆÇ Á�ÎÏÚÈÌÉÆÄËÆÇ ÈÑÎÌÎÐ� ÎÌÅÐ¾ÖÌÀ¾ËÆÇ À ÁÌÎ¾Ó ¨¾ÎÍ¾ÐÆ Ë¾ À�ÂÏÐ¾Ë� ��� ÈÊ À�Â ©ÚÀÌÀ¾

Ð¾ Å¾É�ÅËÆÕË¾ ÏÐ¾ËÔ�Ý Ë¾ ÐÎ¾Ï� ³¾ÎÈ�À w ¨Æ�À w ©ÚÀ�À x ¯ÐÎÆÇ x ¯É¾ÀÏÚÈÃ w ±ÄÁÌÎÌÂ w ­Î¾Á¾ ��ÑÂ¾ÍÃÖÐ� �ÃÉÁÎ¾Â��

¬¯«¬ «� °£®ª�«¦

¢Ì �� Ï�ÕËÝ ���� Î� x Ë¾ÍÎ¾ÀÉÃËËÝ Å¾ÝÀÈÆ Ë¾ ÑÕ¾ÏÐÚ � ÂÀÌÓ ÍÎÆÊ�ÎËÆÈ�À ÏÐ¾ÐÐ� Å ¾ÈÐ¾ÊÆ ÃÈÏÍÃÎÐÆÅÆ Å¾ ¾ÂÎÃÏÌÜ� ������

Ê� ©ÚÀ�À x ÍÌÖÐ¾ÊÍÐ� ¾�Ï ����� ±Õ¾Ë�ËÑ  � ª�
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