
6\QWKHVLV�RI�OXPLQHVFHQW�*G�6L2��&H�� ILOPVE\�VRO�JHO�PHWKRG
$�$�0DVDORY��2�*�9LDJLQ��9�9�'DQLOLQD��,�,�%HVSDORYD�

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
���/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�0DUFK���������
7KH� WUDQVSDUHQW� OXPLQHVFHQW� ILOPV� RI� FHULXP� DFWLYDWHG� JDGROLQLXP� R[\RUWKRVLOLFDWH

*G�6L2��&H���KDYH�EHHQ�SURGXFHG�E\�WKH�VRO�JHO�PHWKRG��7KH�RSWLPDO�V\QWKHVLV�FRQGLWLRQVDQG�PRODU�UDWLR�RI�WKH�SUHFXUVRUV�KDYH�EHHQ�VSHFLILHG��7KH�REWDLQHG�ILOPV�DUH�SRO\FU\VWDO�
OLQH�ZLWK�WKH�JUDLQ�VL]H�RI�DERXW�����QP��/XPLQHVFHQW�SURSHUWLHV�RI�WKH�ILOPV�KDYH�EHHQ
FRPSDUHG�WR�WKH�*62�&H�EXON�FU\VWDO���

~ºã	��Ëã	�äË�º�ºä�¹ºã��ËÓ©�¹¯ºÏ¯È�Ó©Ë�ã
äÒÓË°�ËÓ�Ó©Ë�¹ãËÓ}Ò�º}°Òº¯�º°ÒãÒ}È�È
�È�ºãÒÓÒ«�� È}�ÒmÒ¯ºmÈÓÓº�º� �Ë¯ÒËä� *G�6L2��&H���� �º�º­¯ÈÓ©� º¹�ÒäÈã	Ó©Ë� �°ãºmÒ«°ÒÓ�ËÏÈ� Ò� °ºº�Óº�ËÓÒ«� Ò°²º�Ó©²� }ºä¹ºÓËÓ�ºm� ¹ãËÓ}ºº­¯ÈÏ�
�Ë�º� ¯È°�mº¯È�� �º� ¯Ë�
Ï�ã	�È�Èä�¯ËÓ��ËÓºÁÈÏºmº�º�ÈÓÈãÒÏÈ�¹ãËÓ}È�«mã«Ë�°«�¹ºãÒ}¯Ò°�ÈããÒ�Ë°}º®�°º�°¯Ë�ÓÒä
¯ÈÏäË¯ºä�ÏË¯ÓÈ�����Óä���¯ºmË�ËÓº�°¯ÈmÓËÓÒË�ã
äÒÓË°�ËÓ�Ó©²�²È¯È}�Ë¯Ò°�Ò}�¹ãËÓ}Ò
Ò�äºÓº}¯Ò°�ÈããÈ�*62�&H�

���,QWURGXFWLRQ
7KH� WKLQ�ILOP� FRDWLQJ� EDVHG� RQ� ILQH�GLV�

SHUVHG� VFLQWLOODWRUV� DQG� OXPLQRSKRUV� DUH
WUDGLWLRQDOO\�XVHG� LQ� WKH� V\VWHPV�IRU�GHWHF�
WLRQ�RI�;�UD\V��ORZ�HQHUJ\�JDPPD�UDGLDWLRQ
DQG�FKDUJHG�SDUWLFOHV�LQ�PHGLFDO�GHYLFHV�DQG
OXPLQHVFHQW� VFUHHQV�� 7KH� PDLQ� GLVDGYDQ�
WDJHV�RI�VXFK�FRDWLQJ�DUH�RSDFLW\�DQG�QHFHV�
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7KHUHDIWHU�WKH�PL[WXUH�ZDV�VWLUUHG�E\�PDJ�
QHWLF� VWLUUHU� IRU� ��� K� DW� ���&�� 7R� GHFUHDVH
WKH� VROXWLRQ� VXUIDFH� WHQVLRQ� DQG� SUHYHQW
ILOP� FUDFNLQJ� XQGHU� GU\LQJ�� GLPHWK\OIRU�
PDPLGH� �'0)�� HYDSRUDWLRQ� WHPSHUDWXUH
����&�� ZDV� DOVR� DGGHG� WR� WKH� LQLWLDO� VROX�
WLRQ�� ,W�KDV�EHHQ�H[SHULPHQWDOO\�IRXQG�WKDW
WKH� RSWLPDO� ILOP�IRUPLQJ� SURSHUWLHV� FDQ� EH
UHDFKHG� DW� 7026�+�2�'0)� SUHFXUVRUV
PRODU�UDWLR� �����������7DEOH���2EWDLQHG�VRO
ZDV� WUDQVSDUHQW� DQG� VWDEOH� GXULQJ� VHYHUDO
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�Ü��K�DQG�DQQHDOHG�DW�����&��7R�JHW�D�VSHFL�
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7KH� REWDLQHG� ILOPV� DUH� FKDUDFWHUL]HG� E\
KLJK� WUDQVSDUHQF\� DQG� DGKHVLRQ� WR� D� VXE�
VWUDWH��DV�ZHOO�DV�KRPRJHQHRXV� LQWHUIHUHQFH
FRORU� WKDW� LQGLFDWHV� WKH� ILOP� XQLIRUPLW\�
7KLFNQHVV� RI� WKH� ILOPV� ZDV� GHWHUPLQHG� E\
ZHLJKLQJ��7KH� WKLFNQHVV� RI� IRXU� OD\HUV�ZDV
LQ� WKH� UDQJH� RI� ���Ü���� QP�� 7KH� ;�UD\
SKDVH�DQDO\VLV�ZDV�XVHG�IRU�VDPSOHV�FKDUDF�
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FHQFH�� ,W� LV� REYLRXV� WKDW� WKH� ILOP� OXPLQHV�
FHQFH� EDQG� LV� EURDGHQHG� DQG� PD[LPXP
VKLIWHG�WRZDUGV�ORQJ�ZDYHOHQJWK�VSHFWUDO�UH�
JLRQ� DV� FRPSDUHG� WR� WKH� FU\VWDO� RQH�� ����
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ZKHUHDV�WKH�VHFRQG�RQH�Û�E\�VHYHQ�R[\JHQ
LRQV�� ,Q� *62� VLQJOH� FU\VWDO� &H��� LRQV� RF�
FXS\�PDLQO\� WKH� ILUVW� FHQWHU�� WKHUHIRUH� WKH
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