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$V� UHSRUWHG� LQ� >�@��=Q�±o0Jo6H�&U��� VLQ�JOH� FU\VWDOV� FDQ� EH� XVHG� DV� D� QHZ� WKHUPR�
VWDEOH� PDWHULDO� IRU� DFWLYH� HOHPHQWV� RI� WXQ�
DEOH� ODVHUV� IRU� PLGGOH� ,5� UHJLRQ�� ZLWK� D
JHQHUDWLRQ� EDQG� VKLIWHG� WRZDUGV� ORQJHU
ZDYHOHQJWKV� ZLWK� UHVSHFW� WR� WKDW� RI
=Q6H�&U��� ODVHUV� EHLQJ� XQGHU� DFWLYH� LQYHVWLJD�
WLRQ� DQG� GHYHORSPHQW� >�Ü�@�� )LUVWO\
=Q0J6H�&U���VDPSOHV�ZHUH�REWDLQHG�E\�GLIIX�
VLRQ�GRSLQJ�RI���u��u��PP��=Q����0J����6HVLQJOH� FU\VWDO� VDPSOHV� ZLWK� FKURPLXP� GLI�
IXVLQJ� IURP� YDSRU� SKDVH� LQ� HYDFXDWHG� DQG
VHDOHG� TXDUW]� DPSRXOHV� DW� ����� .� GXULQJ
����KRXUV�>�@���

,Q� WKLV� ZRUN�� WKH� RSWLFDO�� OXPLQHVFHQFH
DQG� JHQHUDWLRQ�SURSHUWLHV� RI�=Q����0J����6HFU\VWDOV� DFWLYDWHG� ZLWK� FKURPLXP� LRQV� LP�
PHGLDWHO\� LQ�WKH�JURZLQJ�SURFHVV��WKH�FKUR�
PLXP�FRQFHQWUDWLRQ�LV�������FPÜ���DUH�VWXG�
LHG� IRU� WKH� ILUVW� WLPH�� =Q����0J����6H�&U��

VLQJOH� FU\VWDO�ERXOHV�RI����PP�LQ�GLDPHWHU
DQG����PP�OHQJWK�ZHUH�JURZQ�E\�WKH�YHUWL�
FDO� %ULGJPDQ� PHWKRG� LQ� JUDSKLWH� FUXFLEOHV
XQGHU� LQHUW� JDV� SUHVVXUH�� 7KH� GHWHUPLQHG
FKDUDFWHULVWLFV� RI� WKHVH� FU\VWDOV� ZHUH� FRP�
SDUHG� ZLWK� WKRVH� RI� =Q6H�&U��� FU\VWDOV
JURZQ�E\�WKH�%ULGJPDQ�PHWKRG��

7KH� RSWLFDO� WUDQVPLVVLRQ� VSHFWUD� RI
=Q����0J����6H�&U��� DQG� =Q6H�&U��� VLQJOH
FU\VWDOV� PHDVXUHG� E\� D� 3HUNLQ(OPHU� 6SHF�
WUXP�2QH�)7�,5�)RXULHU�VSHFWURPHWHU�DQG�D
6KLPDG]X� VSHFWURSKRWRPHWHU� VKRZ� WKDW� WKH
PD[LPXP� LQ� WKH�&U��� LRQ� DEVRUSWLRQ� VSHFWUD
RI� WKH�=Q����0J����6H�&U���FU\VWDO��������PP�LV� VKLIWHG� WRZDUGV� ORQJHU� ZDYHOHQJWKV� DV
FRPSDUHG� WR� WKDW� RI� WKH� RWKHU� FU\VWDO
�������PP��� 7KLV� IDFW� VXJJHVWV� WKDW
=Q����0J����6H�&U���LV�D�PDWHULDO�RI�SURPLVHIRU� SXPSLQJ� E\� ODVHUV� ZLWK� WKH� JHQHUDWLRQ
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ZDYHOHQJWK� RI� ���Ü���� PP� �H�J�� E\� WKRVH
EDVHG�RQ�7P���LRQV�ZLWK�GLRGH�SXPSLQJ��

7KH� OXPLQHVFHQFH� VSHFWUXP� RI�&U��� LRQV
LQ� =Q0J6H� FU\VWDO� LV� DOVR� VKLIWHG� WRZDUGV
ORQJHU� ZDYHOHQJWKV� DV� FRPSDUHG� WR� WKDW� RI
=Q6H��)LJ���D���6XFK�D�VKLIW�LQ�WKH�OXPLQHV�
FHQFH�DQG�DEVRUSWLRQ�VSHFWUD�PD\�EH�FDXVHG
E\�WKH�IDFW�WKDW�WKH�FU\VWDO�ILHOG�LQ�=Q0J6H
LV�ZHDNHU�WKDQ�LQ�=Q6H��7KH�SUHVHQWHG�VSHF�
WUD� PHDVXUHG� XQGHU� WKH� VDPH� FRQGLWLRQV
ZHUH� H[FLWHG� E\� <$*�1G��� ODVHU� ZLWK� WKH
JHQHUDWLRQ�ZDYHOHQJWK�RI������PP��$V�D�UH�
FHLYHU�� ,Q6E�ZDV�XVHG�FRROHG�GRZQ�WR�OLTXLG
QLWURJHQ� WHPSHUDWXUH��%RWK�VSHFWUD�ZHUH�QRW
FRUUHFWHG� IRU� WKH� VSHFWUDO� VHQVLWLYLW\� RI� WKH
PHDVXULQJ� V\VWHP�� 7KH� OXPLQHVFHQFH� GHFD\
NLQHWLFV� ZDV� DOVR� PHDVXUHG� XQGHU� <$*�1G��
ODVHU�H[FLWDWLRQ�DW�WKH�VDPH�JHQHUDWLRQ�ZDYH�
OHQJWK� �)LJ���E��� EXW� LQ� WKLV� FDVH� WKH� ODVHU
ZRUNHG� LQ�WKH�PRGXODWHG�4�IDFWRU�PRGH�� WKH
JHQHUDWLRQ� SXOVH� GXUDWLRQ� EHLQJ� DSSUR[L�
PDWHO\�����QV����

7KH� PHDVXUHG� GDWD� RQ� WKH� OXPLQHVFHQFH
GHFD\�NLQHWLFV�RI�&U��� LQ�=Q0J6H�DQG�=Q6H
�)LJ���E�� WHVWLI\� WKDW� WKH� OLIHWLPH� RI� &U��
LRQV� LQ� WKH�=Q0J6H� FU\VWDO� LV� VKRUWHU� WKDQ
LQ� =Q6H� RQH� ����� PV� DQG� ���� PV�� UHVSHF�
WLYHO\���

7KH� JHQHUDWLRQ� SURSHUWLHV� ZHUH� VWXGLHG
XQGHU� SXPSLQJ� E\� D� SXOVHG� <$3�(U��� ODVHU
�WKH�JHQHUDWLRQ�ZDYHOHQJWK������PP��ZRUN�
LQJ�LQ�WKH�IUHH�JHQHUDWLRQ�PRGH��7KH�RXWSXW
FKDUDFWHULVWLFV�RI�WKH�&U���ODVHUV�ZHUH�H[DP�
LQHG� ERWK� LQ� QRQ�VHOHFWLYH� DQG� VHOHFWLYH
UHVRQDWRU�� 7KH� QRQ�VHOHFWLYH� UHVRQDWRU� ZDV
IRUPHG� E\� WZR�SODQH�PLUURUV�ZLWK� WKH� UHDU
RQH�KDYLQJ�������UHIOHFWLRQ�DW�WKH�JHQHUD�
WLRQ�ZDYHOHQJWK� DQG� DERXW� ����� WUDQVPLV�
VLRQ� DW� WKH� SXPSLQJ�ZDYHOHQJWK��ZKLOH� WKH
RXWSXW�PLUURUV�KDG�YDULRXV�WUDQVPLVVLRQ�DW
WKH�SXPSLQJ�ZDYHOHQJWK��7KH�VHOHFWLYH�UHVR�

QDWRU�ZDV�REWDLQHG�E\�SODFLQJ�D�����GLVSHUV�
LQJ� &D)�� SULVP� LQVLGH� WKH� QRQ�VHOHFWLYHUHVRQDWRU�

7KH� RXWSXW� FKDUDFWHULVWLFV� RI� WKH
=Q����0J����6H�&U��� ODVHU�ZHUH�PHDVXUHG�GH�SHQGLQJ� RQ� WKH� DEVRUEHG� SXPSLQJ� HQHUJ\�
)RU�WKDW�FU\VWDO��WKH�GLIIHUHQWLDO�JHQHUDWLRQ
HIILFLHQF\� GLG� QRW� H[FHHG� ��� ��� REYLRXVO\
GXH� WR� LQVXIILFLHQWO\�JRRG� WUHDWPHQW�RI� WKH
VDPSOH�

,Q�)LJ����� VKRZQ� DUH� WKH� VSHFWUD� RI�&U��
LRQ� JHQHUDWLRQ� LQ� WKH� =Q6H�&U��� DQG
=Q0J6H�&U���FU\VWDOV��$FFRUGLQJ�WR�WKH�SUH�
VHQWHG�GDWD�REWDLQHG�XQGHU�WKH�VDPH�FRQGL�
WLRQV��SXPSLQJ��RSWLFDO�UHVRQDWRU�FRQILJXUD�
WLRQ��PLUURUV��� WKH�JHQHUDWLRQ� VSHFWUXP�IRU
=Q0J6H�&U��� FU\VWDO� �WKH� JHQHUDWLRQ� EDQG
PD[LPXP� DW� O� �������PP�� LV� VKLIWHG� WR�
ZDUGV� ORQJHU� ZDYHOHQJWKV� DV� FRPSDUHG� WR
WKDW� RI� =Q6H�&U��� �WKH� JHQHUDWLRQ� EDQG
PD[LPXP�DW�O� �������PP��

:LWK� WKH� GLVSHUVLRQ� SULVP� SODFHG� LQVLGH
WKH�RSWLFDO�UHVRQDWRU��WKHUH�ZDV�DWWDLQHG�WKH
WXQLQJ�RI�WKH�RXWSXW�JHQHUDWLRQ�ZDYHOHQJWK

)LJ����� /XPLQHVFHQFH� VSHFWUD� RI�&U��� LRQV� �D�� DQG� OXPLQHVFHQFH� GHFD\� NLQHWLFV� RI�&U��� LRQV� �E�� LQ
=Q6H�&U�������DQG�=Q����0J����6H�&U�������FU\VWDOV�

)LJ����� 6SHFWUD� RI� &U��� JHQHUDWLRQ� LQ
=Q6H�&U�������DQG�=Q0J6H�&U�������FU\VWDOV�LQ
QRQ�VHOHFWLYH�UHVRQDWRU�

<X�$�=DJRUXLNR�HW�DO����=Q0J6H�&U���Ü�D�QHZ����

��� )XQFWLRQDO�PDWHULDOV�������������



IRU�=Q����0J����6H�&U��� ODVHU� LQ� ���Ü����PPUDQJH��)LJ�����
,W� VKRXOG� EH� QRWHG� WKDW�� LQ� FRPSDULVRQ

ZLWK� DOO� WKH� NQRZQ� $,,%9,� W\SH� FRPSRXQGV

�=Q6�� =Q6H�� =Q7H�� &G6�� &G6H�� &G7H�
&G���=Q���7H�� &G����0J����7H�� &G����0Q����7H�&G����0Q����7H�� GRSHG� ZLWK� &U��� LRQV� DQGEHLQJ� XVHG� DV� DFWLYH� PHGLD� IRU� WXQDEOH� OD�
VHUV� RI�PLGGOH� LQIUDUHG� UHJLRQ� >�@�� WKH�QHZ
DFWLYH� PDWHULDO� =Q����0J����6H�&U��� KDV� WKHORQJHVW� ZDYHOHQJWK� RI� WKH� JHQHUDWLRQ� EDQG
PD[LPXP��
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