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&DGPLXP�WHOOXULGH� �&G7H�� LV�QRZ�D� OHDG�
LQJ�EDVH�PDWHULDO�IRU�WKH�WKLQ�ILOP�VRODU�FHOOV
>�@��LQFOXGLQJ�WKRVH�ZLWK�H[WUHPHO\�WKLQ����Ü
���� QP�� &G7H� DEVRUEHUV� �VR�FDOOHG� K�VRODU
FHOOV�� >����@�� 8S� WR� GDWH�� WKH�&G7H� GHSRVLWLRQ
IRU� WKH� K�VRODU� FHOOV� ZDV� UHDOL]HG� XVLQJ� HLWKHU
YDSRU�SKDVH�HSLWD[\�XQGHU�G\QDPLFDO�YDFXXP�>�@
RU�E\�HOHFWURGHSRVLWLRQ�>�@�
,Q�WKLV�ZRUN��ZH�LQYHVWLJDWH�FRQWDFW�HOHF�

WURGHSRVLWLRQ�� D� QHZ� WHFKQLTXH� IRU� SUHSDU�
LQJ�RI��WKLQ�&G7H�ILOPV��7KH�SURWRW\SH�WHFK�
QLTXH� SURSRVHG� LQ� >�@� IRU� WKH�&G7H� GHSRVL�
WLRQ� GLG� QRW� SURYLGH� WKH� GHSRVLWLRQ� RI
VWRLFKLRPHWULF�VLQJOH�SKDVHG�FDGPLXP�WHOOX�
ULGH� OD\HUV�� 7KH� &G7H� ILOPV� >�@� FRQWDLQHG
IUHH� WHOOXULXP� DV� DQ� LPSXULW\�� ,Q� RUGHU� WR
VROYH� WKH� GHSRVLWLRQ� SUREOHP� RI� WKH� VLQJOH�
SKDVHG� &G7H� OD\HUV�� ZH� KDYH� VWXGLHG� WKH
HOHFWURFKHPLFDO� SURFHVVHV� RFFXUULQJ� GXULQJ
FXUUHQW�IUHH�HOHFWURO\VLV�LQ�VXOIDWH�VROXWLRQV
DW�GLIIHUHQW�&G62��FRQFHQWUDWLRQV�DQG�DFLG�LW\�YDOXHV��DV�ZHOO�DV�WKH�ILOP�SKDVH�FRPSR�
VLWLRQ�DQG�VWUXFWXUH�
7KH� HOHFWURGHSRVLWLRQ� RI�&G7H� ILOPV�ZDV

SHUIRUPHG� RQWR� JODVV� SODWHV� FRDWHG� ZLWK
PDJQHWURQ�VSXWWHUHG�LQGLXP�WLQ�R[LGH��,72�
WUDQVSDUHQW� FRQGXFWLQJ� ILOPV�� 7KHVH� VXE�

VWUDWHV�ZHUH�LPPHUVHG�LQ�D�EDWK�FRQWDLQLQJ
����0�&G62��� �������l� 7H2�� DQG� GLOXWHG+�62�� �S+� ZDV� �� WR� ���� 7KH� VROXWLRQ� WHP�SHUDWXUH�ZDV� ���&�� WKH� GHSRVLWLRQ� GXUDWLRQ
ZDV���Ü���PLQ��7KH�REWDLQHG�ILOP�WKLFNQHVV
ZDV�QRW�H[FHHGHG�����QP��
;�UD\� LQYHVWLJDWLRQV� �;5'�� RI� WKH� ILOP

FU\VWDO� VWUXFWXUH� ZHUH� FDUULHG� RXW� XVLQJ� D
'521��0� GLIIUDFWRPHWHU� LQ� &R.D� FKDUDF�
WHULVWLF� HPLVVLRQ� �O� ���������c�� DFFRUGLQJ
WR�TÜ�T�VFKHPH�ZLWK�%UHJJ�%UHQWDQR�IRFXV�
LQJ��7KH� LGHQWLILFDWLRQ�RI� WKH�SKDVHV�RI�RE�
WDLQHG� FRPSRXQGV� ZHUH� LGHQWLILHG� E\� FRP�
SDULVRQ� RI� H[SHULPHQWDO� GDWD� ZLWK� SDUDPH�
WHUV� RI� FU\VWDO� ODWWLFH� IRU� &G7H� RI� FXELF
�VSKDOHULWH�� DQG� RI� KH[DJRQDO� �ZXUW]LWH�
PRGLILFDWLRQV� LQ� DFFRUGDQFH� ZLWK� -&3'6
1R�������� DQG� 1R��������� UHVSHFWLYHO\�
ZLWK� SDUDPHWHUV� RI� ,72� �-&3'6� ���������
J�&G�HG��� �-&3'6� 1R����������� DQG� VRPHRWKHU�PRVW�SUREDEOH�FDGPLXP�DQG�WHOOXULXP
FRPSRXQGV�� 7KH� FRKHUHQW�VFDWWHULQJ� UHJLRQ
VL]HV� DQG� UHODWLYH� PLFURVWUDLQ� YDOXHV� IRU
&G7H� SKDVH� ZHUH� HVWLPDWHG� XQGHU� DSSUR[L�
PDWLRQ�RI�LVRWURSLF�FU\VWDOOLWH�SURSHUWLHV�DF�
FRUGLQJ�WR�>�@�
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7R� SUHYHQW� WKH� VXUVDWXUDWLRQ� RI� &G7H
ILOPV� LQ�FDGPLXP�REVHUYHG� LQ� >�@�� WKH� ILUVW
FDGPLXP� WHOOXULGH� VDPSOHV� ZHUH� GHSRVLWHG
LQ�VOLJKWO\�DFLGLF�VROXWLRQ��¯s����DW�D�JUHDW
H[FHVV� RI� FDGPLXP� LRQV� ����� l� &G62���+RZHYHU�� QR� VWRLFKLRPHWULF� VLQJOH�SKDVHG
ILOPV� KDYH� EHHQ� REWDLQHG� LQ� WKRVH� FRQGL�
WLRQV��;�UD\�GLIIUDFWLRQ�VSHFWUD�KDYH�VKRZQ
D� FRPPHQVXUDEOH� DPRXQW� RI� FDGPLXP� K\�
GUR[LGH�J�&G�2+��� LPSXULW\�DORQJ�ZLWK�FDG�PLXP� WHOOXULGH� DQG� ,72� VXEVWUDWH� UHIOHF�
WLRQV��)LJ����D��
7R� UHGXFH� WKH� FDGPLXP�K\GUR[LGH� LPSX�

ULW\� FRQWHQW� LQ� WKH�&G7H� ILOPV�� WKH� IROORZ�
LQJ� FRQGLWLRQV� RI� WHOOXULXP� HOHFWURFKHPLFDO
UHGXFWLRQ�VKRXOG�EH�SURYLGHG�
&G�����7H2�����+�����H���o�&G7H����+�2�����
$� VWRLFKLRPHWULF�&G7H� ILOP�KDV�EHHQ�RE�

WDLQHG�DW�����l�&G62��DQG�S+���7KH� FRPSDULVRQ� RI� WKH� ;5'� SDWWHUQV
VKRZQ� LQ� WKH� )LJ�� ��� E� KDV� UHYHDOHG� WKDW
ERWK� VDPSOHV� H[KLELW� WKH� ,72� VXEOD\HU� UH�
IOHFWLRQV�DQG�������� �������DQG� ������UHIOHF�
WLRQV� RI� WKH� FXELF�&G7H�� 7KH� LQWHQVLW\� DQG
VKDSH� RI� WKH� &G7H� SKDVH� UHIOHFWLRQV� DUH
TXLWH� LGHQWLFDO� IRU� ERWK� VDPSOH�� WKXV� HYL�
GHQFLQJ� WKDW� WKH� VDOW� FRQFHQWUDWLRQ� YDUL�
DWLRQ� LQ� WKH� HOHFWURO\WH� GRHV� QRW� UHVXOW� LQ
DQ\� VLJQLILFDQW� FKDQJHV� LQ� WKH� &G7H� OD\HU
WKLFNQHVV�DQG�VWUXFWXUH��7KH�UHODWLYH�LQWHQ�
VLW\� RI�&G7H� SHDNV� FRUUHODWHV� HVVHQWLDOO\� WR
WKH� -&3'6� ������� GDWD� WKDW� SRLQWV� WR� DE�
VHQFH� RI� VSHFLILF� RULHQWDWLRQ� RI� WKH� SKDVH
JUDLQV�� 7KH� HVWLPDWHG� FRKHUHQW�VFDWWHULQJ
DUHD� VL]H� DQG� UHODWLYH� PLFURVWUDLQ� RI� WKH
&G7H� SKDVH� DPRXQWHG� DERXW� ��� QP� DQG
����Ü���UHVSHFWLYHO\��6R�VPDOO�FRKHUHQW�VFDW�
WHULQJ� UHJLRQV�VHHP� WR�EH� FDXVHG�E\�D�KLJK
GHQVLW\�RI�SDFNDJH�GHIHFWV�WKDW�LV�W\SLFDO�RI
ILOP� VWUXFWXUHV��7KH�PLFURVWUDLQ�YDOXHV�DUH

LQ�DJUHHPHQW�ZLWK�WKRVH�IRU�FDGPLXP�WHOOX�
ULGH� ILOPV� GHSRVLWHG�E\�YDFXXP�PHWKRGV� DW
WHPSHUDWXUHV�EHORZ�����&�
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