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FRPSRXQGV�GRSHG�ZLWK�GLYDOHQW�LRQV�RI�WUDQ�
VLWLRQ�PHWDOV��&U����)H����&R����HWF����UHSUH�
VHQW�D�QHZ�FODVV�RI�DFWLYH�PHGLD�IRU�WXQDEOH
PLG�,5�UDQJH� >�Ü�@��/DVHU�UDGLDWLRQ�RI�WKLV
ZDYHOHQJWK� UDQJH� ��� WR� �� PP�� LV� UHTXLUHG
IRU�GLDJQRVWLF�� WKHUDSHXWLF�DQG�VXUJLFDO�DS�
SOLFDWLRQV� LQ�PHGLFLQH�DQG�FRVPHWRORJ\�� IRU
HQYLURQPHQWDO�PRQLWRULQJ�ZLWK�/,'$5�V\V�
WHPV�� IRU� RSWLFDO� FRPPXQLFDWLRQ� FKDQQHOV�
LQIUDUHG� FRXQWHUPHDVXUHV� V\VWHPV�� DQG� IRU
RWKHU� SXUSRVHV�� ,Q� SDUWLFXODU�� WKH� HIILFLHQW
ODVLQJ� ZDV� REWDLQHG� IRU� =Q6H�&U��� FU\VWDOV
>����@� ZLWK� WXQLQJ� UDQJH� ����Ü����� PP� >��
�@� DQG� =Q�±[0J[6H�&U��� FU\VWDOV�� ZLWK� WXQ�

LQJ�UDQJH��VKLIWHG�WR�ORQJHU�ZDYHOHQJWK�VLGH
>��Ü��@��UHVSHFWLYHO\��

,Q� WKH�SUHVHQW� VWXG\��WR�GHFUHDVH�WKH�UH�
IOHFWLRQ�ORVVHV�RI�=Q�±[0J[6H�&U���DFWLYH�HOH�PHQWV�� ZH� REWDLQHG� EURDG�EDQG� DQWLUHIOHF�
WLRQ� LQWHUIHUHQFH�R[LGH�FRDWLQJV�RQ�WKH�VXU�
IDFH� RI� VXFK� DFWLYH� HOHPHQWV�� DQG
LQYHVWLJDWHG� WKHLU� RSWLFDO� FKDUDFWHULVWLFV� LQ
D� ZLGH� WHPSHUDWXUH� UDQJH�� 6XFK� FRDWLQJV
ZHUH�REWDLQHG�RQ�WKH�VXUIDFH�RI�=Q�±[0J[6H�&U��VLQJOH� FU\VWDOV�E\�WKH�PHWKRG�RI�SKRWRWKHU�
PDO�R[LGDWLRQ� �372��RI�VHPLFRQGXFWRU�FU\V�
WDOV� RI�$,,%9,� JURXS� >�@� HDUOLHU�GHYHORSHG�DW
WKH� ,QVWLWXWH� IRU� 6LQJOH� &U\VWDOV�� 7R�PDLQ�
WDLQ� WKH� RSWLFDO� FKDUDFWHULVWLFV� RI� VDPSOHV
XQFKDQJHG�� WKH� WHPSHUDWXUH� RI� WKH� 372
SURFHVV�GLG�QRW�H[FHHG�����&��7KH�RSHUDWLRQ
FKDUDFWHULVWLFV� RI� WKH� DFWLYH� ODVHU� HOHPHQWV
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=Q�±[0J[6H�&U��� ZLWK� WKH� DQWLUHIOHFWLRQ
FRDWLQJV� ZHUH� FRPSDUHG� ZLWK� WKRVH� RI� WKH
DFWLYH� ODVHU� HOHPHQWV� =Q6H�&U��� ZKLFK� KDV
EHHQ�R[LGL]HG�LQ�WKH�VDPH�FRQGLWLRQV��

���5HVXOWV�DQG�GLVFXVVLRQ
7KH�VWXG\�ZDV�SHUIRUPHG�RQ�RULHQWHG�VDP�

SOHV���u�u���PP���FXW�RXW�RI�=Q�±[0J[6H�&U��DQG�=Q6H�&U���VLQJOH�FU\VWDOV��JURZQ�E\�WKH
YHUWLFDO�%ULGJPDQ�PHWKRG�LQ�JUDSKLWH�FUXFL�
EOHV� XQGHU� DQ� H[FHVV� SUHVVXUH� RI� DUJRQ�
$IWHU� RULHQWDWLRQ� DQG� FXWWLQJ�� DOO� VDPSOHV
ZHUH�VXEMHFWHG�WR�WKH�VWDQGDUG�SURFHGXUH�RI

PHFKDQLFDO� WUHDWPHQW�� LQFOXGLQJ� ILQLVK� SRO�
LVKLQJ��

7KH� LQWHUIHUHQFH� DQWLUHIOHFWLRQ� FRDWLQJV
RQ� =Q�±[0J[6H�&U��� DQG� =Q6H�&U��� DFWLYHHOHPHQWV�ZHUH�REWDLQHG�E\�PHDQV�RI�D�VHWXS
IRU� SKRWRVWLPXODWHG� WUHDWPHQW� RI� FU\VWDOV�
7KH�GLDJUDP�RI�WKLV�VHWXS�LV�VKRZQ�LQ�)LJ����
$QDO\VLV� RI� WKH� LQWHUIHUHQFH� FXUYHV� �)LJ����
REWDLQHG� GXULQJ� WKH� JURZWK� RI� WKH� R[LGH
FRDWLQJV� RQ� WZR� GLIIHUHQW� VXEVWUDWHV� XQGHU
WKH� VDPH� FRQGLWLRQV� RI�372� DOORZ� WR� FDOFX�
ODWH�WKH�UDWH�RI�WKH�JURZWK�RI�=Q0J2�ILOPV
RQ�=Q�±[0J[6H�&U���VXEVWUDWH�LQ�FRPSDULVRQ
ZLWK�WKH�UDWH�RI�WKH�JURZWK�RI�=Q2�ILOP�RQ
=Q6H�&U��� VXEVWUDWH�� 7KH� UDWH� RI� JURZWK� RI
WKH� R[LGH� ILOP� RQ� WKH� =Q�±[0J[6H�&U��� ZDVIRXQG�WR�EH�DSSUR[LPDWHO\�E\�RQH�DQG�D�KDOI
WLPHV�VORZHU�WKDQ�WKH�RQH�IRU�=Q6H�&U�����

)RU�WKH�DFWLYH�HOHPHQWV�RI�=Q�±[0J[6H�&U��ZLWK�WKH�LQWHUIHUHQFH�R[LGH�FRDWLQJV�WKH�RS�
WLFDO�WUDQVPLVVLRQ�VSHFWUD�ZHUH�PHDVXUHG�LQ
WKH�EDQG�WKDW�PDWFK�ZLWK�WKH�WXQLQJ�UDQJH
RI� ODVLQJ�� &RPSDULVRQ� RI� WKH� VSHFWUD� RI

)LJ����� %ORFN� GLDJUDP� RI� WKH� DSSDUDWXV� IRU
SKRWRVWLPXODWHG� WUHDWPHQW� RI� FU\VWDOOLQH� $,�
,%9,� FRPSRXQGV�� ���� ORZ�LQWHQVLW\� FRQWUROOLQJ
ODVHU�� ���� EHDP� VSOLWWHU�� ���� HOHFWULF� IXUQDFH�
����R[LGL]HG�VDPSOH������SKRWRUHFHLYHU�IRU�PHDV�
XUHPHQW�RI� ODVHU�UDGLDWLRQ�VRXUFH�LQWHQVLW\�����
SKRWRUHFHLYHU�IRU�PHDVXUHPHQW�RI�WKH�LQWHQVLW\
RI�ODVHU�UDGLDWLRQ��UHIOHFWHG�IURP�WKH�VDPSOH�����
SKRWRUHFHLYHU�IRU�PHDVXUHPHQW�RI�WKH�LQWHQVLW\
RI�ODVHU�UDGLDWLRQ�WUDQVPLWWHG�WKURXJK�WKH�VDP�
SOH�� ���� WKHUPRFRXSOH� IRU� PHDVXUHPHQW� RI� WKH
R[LGL]HG�VDPSOH�WHPSHUDWXUH������0&8�IRU�SUH�
OLPLQDU\� WUHDWPHQW� RI� DQDORJ� VLJQDOV�� FRXSOHG
ZLWK�SHUVRQDO�FRPSXWHU�������FRPSXWHU�IRU�YLVX�
DOL]DWLRQ�DQG�VWRUDJH�RI�GLJLWDO�GDWD���������Û
89�ODPSV�
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)LJ����� ,QWHUIHUHQFH� FXUYHV� REWDLQHG� GXULQJ
WKH�JURZWK�RI�WKH�R[LGH�ILOPV�RQ�WKH�VXUIDFH
RI�=Q6H�&U���DQG�=Q�±[0J[6H�&U���VXEVWUDWHV�
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=Q�±[0J[6H�&U��� DFWLYH� HOHPHQWV� ZLWK� WKH
FRDWLQJ� DQG� ZLWKRXW� FRDWLQJ� VKRZV� WKDW� LQ
WKH� JHQHUDWLRQ� EDQG� RI� =Q�±[0J[6H�&U���ODVHU�WKH�RSWLFDO�WUDQVPLVVLRQ�RI�WKH�IRUPHU
VDPSOH�LV�E\���Ü�����KLJKHU�WKDQ�WKDW�IRU
WKH�ODWWHU�VDPSOH��)LJ�������

$V�VHHQ�IURP�WKH�GDWD�RI�)LJ�����LQ�FRP�
SDULVRQ�ZLWK� WKH� RSWLFDO� WUDQVPLVVLRQ� VSHF�
WUD� RI� WKH� VDPSOHV� =Q6H�&U���� WKRVH� RI
=Q�±[0J[6H�&U��� VDPSOHV� DUH� DOPRVW� FRQ�
VWDQW� LQ� WKH� WHPSHUDWXUH� UDQJH� IURP� ��� WR
����&��0RUHRYHU�� LQ� WKH� WHPSHUDWXUH� UDQJH
IURP����WR�����&�WKH�GHFUHDVH�RI�WKH�RSWLFDO
WUDQVPLVVLRQ� RI� =Q�±[0J[6H�&U��� VDPSOHV� LV
ORZHU�WKDQ�WKH�RQH�IRU�=Q6H�&U���VDPSOHV��

,W�LV�HVWDEOLVKHG�WKDW�WKH�LQWHUIHUHQFH�DQ�
WLUHIOHFWLRQ�R[LGH�DUH�FKDUDFWHUL]HG�E\�WKHU�
PDO� VWDELOLW\� DQG�KLJK�DGKHVLRQ� WR� WKH� VXU�
IDFH�RI�=Q�±[0J[6H�&U���DQG�ZLWKVWDQG�PXO�
WLSOH�WKHUPDO�F\FOLQJ������.Ü����.Ü����.�
DW� D� FKDQJLQJ� UDWH� RI� WHPSHUDWXUH� QRW� OHVV
WKDQ���.�VÜ����

���&RQFOXVLRQ
7KXV��WKH�REWDLQHG�UHVXOWV�VKRZ�ERWK�WKH

UHGXFWLRQ� RI� WKH� RSWLFDO� ORVVHV� LQ� =Q�±

[0J[6H�&U���ODVHUV�ZLWK� DQWLUHIOHFWLRQ�R[LGHFRDWLQJV�DQG�WKH�SRVVLELOLW\�WR�XVH�WKHVH�OD�
VHUV� XQGHU� KDUG� WHPSHUDWXUH� FRQGLWLRQV�
7KH�DQWLUHIOHFWLRQ�R[LGH�FRDWLQJV�RQ�WKH�VXU�
IDFH� RI� DFWLYH� HOHPHQWV�PDNH� LW� SRVVLEOH� WR
UHGXFH�RSWLFDO�ORVVHV�ZLWKLQ�WKH�ZKROH�RI�WKH
ODVLQJ�UDQJH���
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