
1HZ�FRPSRVLWLRQV�IRU�FKHPLFDO�SROLVKLQJRI�&G�±[=Q[7H FU\VWDOV
2�6�*DONLQD��1�1�*UHEHQ\XN��0�9�'REURWYRUVND\D�9�.�.RPDU��'�3�1DOLYDLNR��2�1�&KXJDL


,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH����/HQLQ�$YH���������.KDUNLY��8NUDLQH
1�=KXNRYVN\�1DWLRQDO�$HURVSDFH�8QLYHUVLW\��.K$,�����&KNDORY�6W���������.KDUNLY��8NUDLQH
5HFHLYHG�'HFHPEHU���������

1HZ�FRPSRVLWLRQV��.,2� VROXWLRQV�ZLWK�ODFWLF�RU�FLWULF�DFLG�DGGLWLYHV��KDYH�EHHQ�SURSRVHGIRU� FKHPLFDO� SROLVKLQJ� RI� ;�UD\� DQG� JDPPD� GHWHFWRUV� EDVHG� RQ� &G�±[=Q[7H �[  �����������VHPLFRQGXFWRU�FU\VWDOV��7KH�GHWHFWRU�FKDUDFWHULVWLFV�REWDLQHG�DIWHU�WUHDWPHQW�LQ�WKH�VWDQG �DUG� HWFKDQW� �PHWKDQROLF� EURPLQH� VROXWLRQ�� DQG� LQ� QHZ�GHYHORSHG� FRPSRVLWLRQV� KDYH� EHHQFRPSDUHG�� 7KH� GHWHFWRU� VXUIDFH� HOHPHQWDU\� FRPSRVLWLRQ�� VXUIDFH� UHFRPELQDWLRQ� UDWH�� ,�9FKDUDFWHULVWLF�� DQG� HQHUJ\� UHVROXWLRQ� ZHUH� H[DPLQHG�� 7KH� DFWLRQ� RI� .,2� VROXWLRQV� ZLWKR[\DFLG� DGGLWLYHV� KDV� EHHQ� IRXQG� WR� FKDQJH� WKH� FU\VWDO� VWRLFKLRPHWU\� DQG� WKH� VXUIDFHUHFRPELQDWLRQ� UDWH� RI� FKDUJH� FDUULHUV� WR� D� OHVVHU� H[WHQW� ZKLOH� EHLQJ� HTXLYDOHQW� WR� WKHVWDQGDUG�HWFKLQJ� LQ�RWKHU�SDUDPHWHUV��7KH�SURSRVHG�HWFKDQWV�GR�QRW�FRQWDLQ�KLJKO\�WR[LFFRPSRXQGV�DQG�DUH�VDIH�WR�XVH�
�¯Ë�ãºÎËÓ©�Óºm©Ë�°º°�Èm©��ã«�²ÒäÒ�Ë°}º®�¹ºãÒ¯ºm}Ò��Ë�Ë}�º¯ºm�¯ËÓ��ËÓºm°}º�º�Ò�ÈääÈ�ÒÏã��ËÓÒ«�ÓÈ�º°ÓºmË�¹ºã�¹¯ºmº�ÓÒ}ºmº�º�°ºË�ÒÓËÓÒ«�&G�±[=Q[7H �[  �����������Û¯È°�mº¯©�.,2� °��º­Èm}ÈäÒ�äºãº�Óº®�ÒãÒ�ãÒäºÓÓº®�}Ò°ãº����¯ºmË�ËÓº�°¯ÈmÓËÓÒË�²È�¯È}�Ë¯Ò°�Ò}��Ë�Ë}�º¯ºm�¹º°ãË�º­¯È­º�}Ò�m�°�ÈÓ�È¯�Óºä��¯È°�mº¯ºä�­¯ºäÈ�m�äË�ÈÓºãË��Ò¯ÈÏ¯È­º�ÈÓÓ©²� �¯ÈmÒ�Ëã«²�� ªãËäËÓ�Óº�º� °º°�ÈmÈ�¹ºmË¯²Óº°�Ò�� °}º¯º°�Ò�¹ºmË¯²Óº°�Óº®¯Ë}ºä­ÒÓÈ�ÒÒ��mºã	�Èä¹Ë¯Ó©²�²È¯È}�Ë¯Ò°�Ò}�Ò�ªÓË¯�Ë�Ò�Ë°}º�º�¯ÈÏ¯Ë�ËÓÒ«��|­ÓÈ¯��ÎËÓº����º�mºÏ�Ë®°�mÒË�ÓÈ�}¯Ò°�Èãã�¯È°�mº¯È�.,2� F��º­Èm}ÈäÒ�º}°Ò}Ò°ãº��m�äËÓ	�Ë®°�Ë¹ËÓÒ�ÒÏäËÓ«Ë��Ë�º�°�Ë²ÒºäË�¯Ò
 Ò�°}º¯º°�	 ¹ºmË¯²Óº°�Óº®�¯Ë}ºä­ÒÓÈ�ÒÒ�Óº°Ò�ËãË®ÏÈ¯«�È��È�¹º�º°�Èã	Ó©ä�¹È¯ÈäË�¯Èä�ÓË��°��¹ÈË��°�ÈÓ�È¯�Óºä���¯ÈmãËÓÒ
���¯Ë�ãºÎËÓ�Ó©Ë��¯ÈmÒ�ËãÒ�ÓË�°º�Ë¯ÎÈ��m©°º}º�º}°Ò�Ó©²�}ºä¹ºÓËÓ�ºm�Ò�­ËÏº¹È°Ó©�m�¯È­º�Ë�

6HPLFRQGXFWRU� GHWHFWRUV� DUH� DPRQJ� WKHPRVW�ZLGHVSUHDG�W\SHV�RI�;�UD\�DQG�JDPPDGHWHFWRUV��;*'���7RGD\��WKRVH�DUH�XQGHU�DF �WLYH� LQYHVWLJDWLRQ� DQG� LPSURYHPHQW� GXH� WRWKHLU� IDYRUDEOH�SURSHUWLHV� VXFK�DV� FRPSDFW �QHVV�� ZLGH� GHWHFWDEOH� UDGLDWLRQ� UDQJH�� ORZHQHUJ\� FRQVXPSWLRQ�� GLUHFW� FRQYHUVLRQ� RIWKH� UDGLDWLRQ� HQHUJ\� LQWR� HOHFWULF� VLJQDOV�RSHUDWLQJ�SRVVLELOLW\�DW� URRP�WHPSHUDWXUHV�KLJK�HIILFLHQF\�DQG�HQHUJ\�UHVROXWLRQ�7KH� KDUG� UDGLDWLRQ� GHWHFWRUV� RI� ����� WR��0H9�HQHUJ\�XVLQJ�WKH�ZLGH�EDQG�VHPLFRQ �GXFWRU� �&G�±[=Q[7H �[  ������������ �&=7�� LVWKH�ODWHVW�DGYDQFH�LQ�WKLV�ILHOG�>����@��7KRVH

DUH� XVHG� LQ� LQGLYLGXDO� GRVLPHWHUV�� PHGLFDOJDPPD� FDPHUDV�� VHQVRUV� RI� VSDFH� YHVVHOV�HWF�� 7KH� RSWLPL]DWLRQ� RI� WKHLU� WHFKQRORJ\�KRZHYHU��LV�VWLOO�DQ�DFWXDO�SUREOHP�WRGD\�8VXDOO\� WR� SURGXFH� WKH� &=7� GHWHFWRUVVLQJOH� FU\VWDO� SODWHV� PHFKDQLFDOO\� SROLVKHGDQG� HWFKHG� E\�PHWKDQROLF� EURPLQH� VROXWLRQ�VWDQGDUG� HWFKLQJ�� DUH� XVHG�� $X RU� 3W FRQ�WDFWV�DUH�GHSRVHG�RQ�WKH�HWFKHG�VXUIDFH�>�@�7KHVH�SURFHGXUHV�DUH�QHFHVVDU\�WR�EULQJ�WKHVXUIDFH�FRQGXFWLYLW\�DQG�WKH�VXUIDFH�UHFRP �ELQDWLRQ� UDWH� RI� IUHH� FKDUJH� FDUULHUV� DVFORVHO\� DV� SRVVLEOH� WR� WKH� YDOXHV� RI� WKRVHSDUDPHWHUV� LQ� WKH� FU\VWDO� YROXPH�� ,Q� SUDF �

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

)XQFWLRQDO�PDWHULDOV������������ ���


