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7R�VWXG\�WKH�IXOOHULWH�PHFKDQLFDO�FKDUDF�
WHULVWLFV� ZDV� DOZD\V� D� UDWKHU� FRPSOLFDWHG
SUREOHP� EHFDXVH� RI� FHUWDLQ� GLIILFXOWLHV� LQ
SUHSDUDWLRQ� RI� EXON� VDPSOHV� IRU� PLFUR�PH�
FKDQLFDO� WHVWV�� 7KH� ILUVW� FRPSOHWH� H[SHUL�
PHQWDO�PHDVXUHPHQWV�RI�WKH�IXOOHULWH�HODVWLF
FRQVWDQWV� KDG� EHHQ� FDUULHG� RXW� XVLQJ� WKH
VRXQG�VSHHG�PHDVXUHPHQWV�LQ�VLQJOH�FU\VWDOV
RI� YDULRXV� RULHQWDWLRQV� >�@�� +RZHYHU�� VXFK
PHDVXUHPHQWV� EHFDPH� SRVVLEOH� RQO\� DIWHU
REWDLQLQJ� WKH� v��� VLQJOH� FU\VWDOV� RI� VXIIL�FLHQWO\� ODUJH� VL]H� DQG� KLJK� TXDOLW\�� :LWK
GHYHORSPHQW� RI� WKH� KDUGQHVV� WHVWLQJ� WHFK�
QLTXH� XVLQJ� WKH� LQGHQWDWLRQ� GHSWK� >�@�� LW
EHFRPHV�SRVVLEOH� WR�GHWHUPLQH� WKH�KDUGQHVV
RI� ILOPV�� ,Q�VXFK�WHVWV�� WKH�GLVSODFHPHQW�RI
D�GLDPRQG� LQGHQWRU� LV�UHJLVWHUHG��ZKLOH�WKH
LQGHQWRU�ORDG�LV�LQFUHDVHG�DQG�GHFUHDVHG��$V
WKH� LQGHQWRU�XQORDGLQJ�SURFHVV�LV�HODVWLF�� LW
LV� SRVVLEOH� WR� HVWLPDWH� WKH� HODVWLF� PRGXOXV
RI� WKH� VDPSOH�� 7KH� JURZLQJ� RI� RULHQWHG
IXOOHULWH�ILOPV�RI�D�KLJK�SHUIHFWLRQ�GHJUHH� LQ
FRPELQDWLRQ� ZLWK� QDQRLQGHQWDWLRQ� WHFKQLTXH
PDNHV�LW�SRVVLEOH�WR�PHDVXUH�WKH�HODVWLF�FKDU�
DFWHULVWLFV�RI�IXOOHUHQH�LQ�D�ILOP�VWDWH��

7KH� VLQJOH� FU\VWDOOLQH� HSLWD[LDO� IXOOHULWH
ILOPV�ZHUH� REWDLQHG�XVLQJ� WKH�YDFXXP�FRQ�
GHQVDWLRQ�RI�&���PROHFXOHV�LQ�D�TXDVL�FORVHG

YROXPH� RQWR� PLFD� VXEVWUDWH� RI� ��� PP� GL�
DPHWHU� KHDWHG� WR� ���� .�� 7KH� KDUGQHVV
PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� XVLQJ� D
1DQR�,QGHQWHU�,,��076�6\VWHPV�,QF���LQVWUX�
PHQW�XVLQJ�D�%HUNRYLFK� LQGHQWRU�XQGHU�WKH
ORDG��3��RI������Ü��1��7KH�KDUGQHVV�DQG�WKH
HODVWLF� PRGXOXV� ZHUH� FDOFXODWHG� XVLQJ� WKH
PHWKRG� GHVFULEHG� E\� 2OLYHU� DQG� 3KDUU� >�@�
1DQR�KDUGQHVV�WHVWHU��1DQR�,QGHQWHU�,,��RI
076�6\VWHPV�,QF���86$��ZDV�HTXLSSHG�E\�D
GLDPRQG�%HUNRYLFK�LQGHQWRU�VKDSHG�DV�D�WUL�
KHGUDO� S\UDPLG�� 7KH� LQVWUXPHQW� SURYLGHV
WKH�LQGHQWRU�GLVSODFHPHQW�WR�EH�PHDVXUHG�WR
ZLWKLQ� r����� QP�� DQG� WKH� LQGHQWRU� ORDG� WR
ZLWKLQ� r��� Q1�� 7KH� LQVWUXPHQW� LV� DEOH� WR
PHDVXUH� WKH� KDUGQHVV� LQ� WKH� ORDG� UDQJH� RI
IURP�������Ü��WR������1��7KH�PLQLPXP�LQGHQ�
WDWLRQ�GHSWK�VXIILFLHQW�IRU�KDUGQHVV�DQG�HODVWLF
PRGXOXV�GHWHUPLQDWLRQV�LV�DERXW����QP�

7KH� VWUXFWXUDO� LQYHVWLJDWLRQV� RI� WKH
IXOOHULWH�ILOPV�RI�DERXW����PP�WKLFNQHVV�KDV
VKRZQ�WKDW�WKH�REMHFWV�KDYH�D�IDFH�FHQWHUHG
FXELF��IFF��VWUXFWXUH�ZLWK�WKH�FU\VWDOOLWH�VL]H
DW�OHDVW����PP�DQG�WKH�D[LV�RI�������WH[WXUH
QRUPDO� WR� WKH� JURZWK� VXUIDFH� �)LJ������ 7KH
WH[WXULQJ� GHJUHH� FDQ� EH� MXGJHG� IURP� WKH
REWDLQHG� ZLGWK� RI� WKH� ������ OLQH� VZLQJLQJ
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FXUYHV� WDNHQ� IURP� �u��FP�� DUHD� YDU\LQJ
ZLWKLQ�WKH�UDQJH�RI�������WR�������

7KH�KDUGQHVV��+��DQG�WKH�<RXQJ�V�PRGX�
OXV� �(�� GHWHUPLQHG� IURP� WKH� QDQRLQGHQWD�
WLRQ�PHDVXUHPHQWV�RI�WKH�IXOOHULWH�ILOPV�DUH
����r�����*3D�DQG���r��*3D��UHVSHFWLYHO\�
7KH� UHVXOWV� REWDLQHG� DJUHH� ZHOO� ZLWK� WKH
WKHRUHWLFDO� FDOFXODWLRQV� IRU� ������ GLUHFWLRQ
LQ� IFF� IXOOHULWH� ODWWLFH� �p� �����r����*3D��
EDVLQJ�RQ�WKH�VRXQG�VSHHG�PHDVXUHPHQWV�LQ
WKH�FU\VWDOV�>�@�

$Q� LPSRUWDQW� IHDWXUH� RI� WKH� ORDGLQJ
FXUYHV�RI�WKH�IXOOHULWH�ILOPV�JURZQ�RQ�PLFD
FRQVLVWV� LQ� WKH� SUHVHQFH� RI� D� VWHS� �WKH� VR�
FDOOHG��SRS�LQ�HIIHFW����)LJ�����UHODWHG�WR�WKH
KRPRJHQHRXV� QXFOHDWLRQ� RI� GLVORFDWLRQV� LQ
WKH� FRQWDFW� >�@�� ,Q� WKH� SHUIHFW� VLQJOH� FU\V�
WDOV�ZLWK�WKH�FRQWDFW�GHSWK�RI�DERXW����QP�
WKH� GLVWDQFH� EHWZHHQ� WKH� GLVORFDWLRQV� EH�
FRPHV� FRQVLGHUDEO\� JUHDWHU� WKDQ� WKH� LQGHQ�
WDWLRQ�VL]H�� L�H�� WKHUH�DUH�QR�GLVORFDWLRQV� LQ
WKH�FRQWDFW�DQG�WKH�SODVWLF�GHIRUPDWLRQ�FDQ�
QRW� VWDUW�� 7KH� KRPRJHQHRXV� QXFOHDWLRQ� RI
GLVORFDWLRQV� WDNHV� SODFH� RQO\� XQGHU� KLJK
VWUHVV� LQ� WKH� FRQWDFW��ZKLFK� LV� FORVH� WR� WKH
WKHRUHWLFDO� VKHDU� VWUHQJWK� RI� WKH� PDWHULDO�
%HFDXVH� RI� WKH� VWURQJ� RYHUVWUDLQ�� DQ� DYD�
ODQFKH�OLNH� PXOWLSOLFDWLRQ� RI� GLVORFDWLRQV
WDNHV� SODFH� ZLWKLQ� D� IUDFWLRQ� RI� D� VHFRQG�

$V�D�UHVXOW��WKH�LQGHQWDWLRQ�GHSWK�LQFUHDVHV
VKDUSO\� >����@�� 7KXV�� EHIRUH� WKH� VWHS�� WKH
VWUDLQ� LQ� WKH� FRQWDFW� LV� HODVWLF�� $IWHU� WKH
VWHS�� WKH� HODVWLF�SODVWLF� VWUDLQ� VWDUWV� LQ� WKH
FRQWDFW�

7KH� REVHUYHG� SRS�LQ� HYLGHQFHV� D� KLJK
VWUXFWXUDO�SHUIHFWLRQ�RI�&���VLQJOH�FU\VWDOV�,Q� LPSHUIHFW� FU\VWDOV�� WKH� SODVWLF� VWUDLQ
VWDUWV� HDVLO\� LQ� WKH� FRQWDFW�� DQG� WKH� VWHS
GRHV�QRW�DSSHDU�LQ�WKH�FXUYH��KHWHURJHQHRXV
QXFOHDWLRQ�RI�GLVORFDWLRQV��

7KXV�� KLJKO\� SHUIHFW� ������RULHQWHG
IXOOHULWH� ILOPV� KDYH� EHHQ� REWDLQHG�� )RU� WKH
ILUVW� WLPH� WKH� GLUHFW� PHDVXUHPHQWV� RI� WKH
KDUGQHVV� DQG� WKH� <RXQJ�V� PRGXOXV� ZHUH
FDUULHG� RXW� RQ� WKH� IXOOHULWH� ILOPV� DORQJ
������GLUHFWLRQ�LQ�IFF�ODWWLFH�
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