
'RSHG�RUJDQLF�VLQJOH�FU\VWDOVDV�VRODU�HQHUJ\�FRQYHUWHV
-�+�%DNHU��6�9�%XGDNRYVN\
��1�=�*DOXQRY
�/�'�3DWVHQNHU
��,�$�)HGX\QD\HYD
��$�0�6WHSDQHQNR


6(/25�HHLJ��6DIILHUVWUDDW����&�������*3��$PVWHUGDP��WKH�1HWKHUODQGV
,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH����/HQLQ�$YH���.KDUNLY��������8NUDLQH
5HFHLYHG�$SULO���������

)RU�VRODU�HQHUJ\�PHDVXUHPHQWV�DQG�DSSOLFDWLRQV�LW�LV�LPSRUWDQW�WKDW�QR�XOWUD�YLROHW�RUYLROHW��89��UDGLDWLRQ�LV�ORVW��7KHUH�DUH�WZR�ZD\V�WR�HQVXUH�WKLV�GRHV�QRW�KDSSHQ�����WR�XVHZLGH� EDQG�� EXW� H[SHQVLYH� SKRWRGHWHFWRUV�� ��� WR� XVH� D� FKHDS� SKRWRGHWHFWRU� ILWWHG� ZLWK� DOLJKW�VKLIWHU��/6���7KLV�SDSHU�LV�GHYRWHG�WR�D�QHZ�/6�EDVHG�RQ�GRSHG�FU\VWDOV�RI� S�WHUSKHQ\OFRQWDLQLQJ�D�KLJKO\� OLJKW� UHVLVWDQW� OXPLQRSKRUH��$�PDMRU�SUREOHP��ZKLFK�KDV� EHHQ� RYHU �FRPH��LV�WKH�UHMHFWLRQ�RI�WKH�UHG�EDQG�RI�VXQOLJKW�VSHFWUD��ZKLFK�SDVVHV�WKURXJK�WKH�OLJKWVHOHFWLQJ� V\VWHP� �ILOWHUV�� RU� VXUIDFHV�ZLWK� VHOHFWLYH� OLJKW� UHIOHFWLRQ��� 7KH� QHZ�/6� FDQ� EHXVHG�DV�FRQYHUWHUV�RI�WKH�VXQOLJKW�89�SDUW�RI�UHG�OLJKW�LQ�RUGHU�WR�LQFUHDVH�WKH�HIILFLHQF\RI� VRODU� FHOOV�� DV� ZHOO� DV� IRU� WKH� UHJLVWUDWLRQ� RI� WKH� 89� SDUW� RI� VXQOLJKW� LQ� ELRORJLFDO�PHGLFDO�DQG�HQYLURQPHQWDO�DSSOLFDWLRQV
{� ÏÈ�È�È²� ÒÏäË¯ËÓÒ«� °ºãÓË�Óº®� ªÓË¯�ÒÒ� Ò� ËË� Ò°¹ºã	ÏºmÈÓÒ«� mÈÎÓ©ä� ÁÈ}�º¯ºä«mã«Ë�°«�º�°��°�mÒË�¹º�Ë¯	 ÁÒºãË�ºmº�º�Ò��ã	�¯ÈÁÒºãË�ºmº�º�ÒÏã��ËÓÒ«��p°�	 �mÈ °¹º�°º­È�¯Ë�ËÓÒ«�ª�º®�¹¯º­ãËä©�����¹¯ÒäËÓËÓÒË��Ò¯º}º�ÒÈ¹ÈÏºÓÓ©²��Óº��º¯º�Ò²�Áº�º�Ë��Ë}�º¯ºm�� ��� ¹¯ÒäËÓËÓÒË� �Ë�Ëmº�º� Áº�º�Ë�Ë}�º¯È� mäË°�Ë� °º� °äË°�Ò�ËãËä� °¹Ë}�¯È�� {°�È�	Ë�¯È°°äÈ�¯ÒmÈË�°«�Óºm©®�°äË°�Ò�Ëã	 °¹Ë}�¯È�ÓÈ�º°ÓºmË��º¹Ò¯ºmÈÓÓ©²�}¯Ò°�Èããºm¹��Ë¯ÁËÓÒãÈ��°º�Ë¯ÎÈ�Ë�º�ã
äÒÓºÁº¯�°�m©°º}º®�°mË�º°�º®}º°�	
���ãÈmÓÈ«�¹¯º­ãËäÈ�}º�º¯�
 ÓÈ�º� ¹¯Ò� ª�ºä� ¯Ë�Ò�	�� °º°�ºÒ�� m� �°�¯ÈÓËÓÒÒ� }¯È°Óº®� º­ãÈ°�Ò� °ºãÓË�Óº�º°¹Ë}�¯È��¹¯º²º�«�Ë®��Ë¯ËÏ�°Ò°�Ëä��°ËãË}�ÒÒ�°mË�È��ÁÒã	�¯©��¹ºmË¯²Óº°�Ò�°�°ËãË}�Òm�Ó©ä�º�¯ÈÎËÓÒËä�°mË�È���sºm©®�°äË°�Ò�Ëã	 °¹Ë}�¯È�äºÎË��­©�	 Ò°¹ºã	ÏºmÈÓ�}È}�}ºÓ�mË¯�º¯��ã	�¯ÈÁÒºãË�ºmº®��È°�Ò�°ºãÓË�Óº�º�°mË�È�m�Ë�º�}¯È°Ó�
 º­ãÈ°�	 �ã«��mËãÒ�ËÓÒ«ªÁÁË}�ÒmÓº°�Ò�°ºãÓË�Ó©²�­È�È¯Ë®��È��È}ÎË��ã«�¯Ë�Ò°�¯È�ÒÒ��ã	�¯ÈÁÒºãË�È�m�ÏÈ�È�È²­Òºãº�ÒÒ��äË�Ò�ÒÓ©�Ò�º²¯ÈÓ©�º}¯�ÎÈ
�Ë®�°¯Ë�©�

$QWKURSRJHQLF� HPLVVLRQV� KDYH� FDXVHG� DZHDNHQLQJ� RI� WKH� VFUHHQLQJ� SURSHUWLHV� RIWKH� (DUWK�V� DWPRVSKHUH� ZLWK� UHVSHFW� WRVRODU� UDGLDWLRQ��2QH�UHVXOW� RI�WKLV� LV�DQ� LQ �FUHDVH�LQ�WKH�LQWHQVLW\�DQG�VSHFWUDO�UDQJH�RIWKH� XOWUD� YLROHW� DQG� YLROHW� SDUWV� �89�� RIVRODU� VSHFWUXP�� ZKLFK� DUH� GDQJHURXV� IRUKHDOWK��DV�ZHOO�DV�DQ�LQFUHDVH�LQ�LQWHQVLW\�RIUDGLDWLRQ� LQ� WKH� YLVLEOH� VKRUW� ZDYHOHQJWK�YLROHW�EOXH�� UHJLRQ�� ,Q� UHFHQW� GHFDGHV� WKHORZHU� OLPLW� RI� 89� VXQOLJKW� ZDYHOHQJWK�ZKLFK�ILQGV�LW�ZD\�WKURXJK�WKH�DWPRVSKHUH�KDV� EHHQ� H[WHQGHG� GRZQ� WR� ���������� QP�

EULQJLQJ�LW�LQWR�D�UDQJH�LQMXULRXV�WR�KXPDQKHDOWK��7KHUHIRUH�IRU�VRODU�HQHUJ\�PHDVXUH �PHQWV�DQG�DSSOLFDWLRQV�LW�LV�YHU\�LPSRUWDQWQRW� WR� ORVH� WKH� 89� SDUW� RI� WKH� VRODU� VSHF �WUXP�� ,W� LV� NQRZQ� WKDW� WKH� 89�UDGLDWLRQDEVRUSWLRQ� PD[LPXP� IRU� QXFOHLF� DFLGV�ZKLFK�DUH�WKH�EXLOGLQJ�EORFNV�RI�KXPDQ�JH �QHWLF�DSSDUDWXV��LV�LQ�WKH�UHJLRQ�RI�����QP�7KLV�LV�FOHDUO\�WKH�UHDVRQ�ZK\�89�UDGLDWLRQLQ�WKLV�UDQJH�UHVXOWV� LQ�JHQRPH�GDPDJH�EH �FDXVH�RI�SKRWRFKHPLFDO�GDPDJH�WR�WKH�'1$�)XUWKHUPRUH��LW�LV�WKH�IXQGDPHQWDO�FDXVH�RIDQ� LQFUHDVH� LQ� VNLQ� FDQFHU�� GHUPDWRORJLFDO

)XQFWLRQDO�0DWHULDOV����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������ ���


