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WR�SRVVHVV�YDULRXV�LPSRUWDQW�ELRORJLFDO�SURSHUWLHV�VXFK
DV�DQWLFDQFHU�>�@��DQWL�DOOHUJLF�>�@��DQG�DQWLPLFURELDO
DFWLYLW\�>�@��6RPH�RI�WKH�VLPLODU�FRPSRXQGV�VKRZHG�D
KLJK�DIILQLW\�WR���+7�$�UHFHSWRU�DQG�FDQ�EH�XVHG�IRU
WUHDWPHQW�RI�FHUHEUDO� LVFKHPLD�>�@��,Q�YLHZ�RI�WKHVH
IDFWV�DQG�LQ�FRQWLQXDWLRQ�RI�RXU�ZRUN�RQ�WKH�V\QWKHVLV
RI���KHWHU\OFRXPDULQV�YLD�UHDUUDQJHPHQW�RI���LPLQR�
FRXPDULQ���FDUER[DPLGHV�>���@�LW�ZDV�ZRUWKZKLOH�WR
V\QWKHVL]H� QRYHO� FRPSRXQGV� LQFRUSRUDWLQJ� S\ULGR
>�′��′����@WKLHQR>����G@S\ULPLGLQH�ZLWK�ELRJHQLF�FRX�
PDULQ�PRLHW\�>�@��
$W� WKH� ILUV� VWDJH� RI� WKH� V\QWKHVLV� WKH� DWWHPSW� WR

REWDLQ����WKLHQ\OLPLQR�FRXPDULQ���FDUER[DPLGHV���E\
FRXSOLQJ� RI� ��LPLQRFRXPDULQ���FDUER[DPLGHV� ZLWK
WKH�RI�FRUUHVSRQGLQJ���DPLQR���������WHUDK\GURWKLH�
QR>����F@S\ULGLQ���FDUER[DPLGHV�KDV�EHHQ�PDGH�DF�
FRUGLQJ�WR�WKH�SUHYLRXVO\�UHSRUWHG�SURFHGXUH��$F2+
���&��� ZKLFK� KDG� EHHQ� VXFFHVVIXOO\� DSSOLHG� IRU� WKH
JUHDW�QXPEHU�RI�DURPDWLF�DPLQHV�>���@��7KRXJK�ZH
IDLOHG�WR�LVRODWH�WKH�GHVLUHG�SURGXFWV���LQ�WKH�UHDFWLRQ
EHWZHHQ���LPLQRFRXPDULQ���FDUER[DPLGHV�DQG���DPL�
QR���PHWK\O���������WHWUDK\GURWKLHQR>����F@S\ULGLQH�
��FDUER[DPLGH� �D�� HLWKHU� IURP� JODFLDO� DFHWLF� DFLG
PHGLD� RU� HYHQ� IURP� ORZ� DOFRKROV� �0H2+�� (W2+
L�3U2+�RU�%X2+���WKH�RWKHU�FRPSRXQGV��E�G�UHDGLO\
IRUPHG�WKH�FRUUHVSRQGLQJ�SURGXFWV��D�L�LQ�WKH�FRP�
PRQ�DFLGLF�FRQGLWLRQ��6FKHPH�����

)XUWKHU� UHDUUDQJHPHQW� RI� ���WKLHQ\OLPLQR�FRXPD�
ULQ���FDUER[DPLGHV���KDV�EHHQ�SHUIRUPHG�E\�UHIOX[LQJ
LQ�'0)�IRU�����KRXUV��7KH�REWDLQHG����FRXPDULQ���
\O��������������KH[DK\GURS\ULGR>�′��′����@WKLHQR>����G@
S\ULPLGLQ���RQH�GHULYDWLYHV��D�L�SUHFLSLWDWHG�DW�FRRO�
LQJ�DV�RUDQJH�RU�EULJKW�x�\HOORZ�VROLGV�ZLWK�JRRG�RU
HYHQ�H[FHOOHQW�\LHOG�����������
,Q�RUGHU�WR�VWXG\�WKH�UHDFWLYLW\�RI�FRPSRXQGV��D�L�

ZLWK� WKH� DLP�RI� WKHLU�SRVVLEOH� IXQFWLRQDOL]DWLRQ��ZH
KDYH� PDGH� DQ� DWWHPSW� WR� K\GURO\]H� WKH� VHFRQGDU\
DPLGH�LQ�>�′��′����@WKLHQR>����G@S\ULPLGLQH�PRLHW\��,Q
WKH�FRXUVH�RI�WKH�H[SHULPHQWV�LW�ZDV�HVWDEOLVKHG�WKDW
WKH�DFLGLF�K\GURO\WLF�FRQGLWLRQV��WHQIROG�PRODU�H[FHVV
RI�VWURQJ�FRQFHQWUDWHG�DFLG��+&O�RU�+�62���LQ�����
GLR[DQH�ZDWHU�������PL[WXUH��DUH�WRR�ZHDN�IRU�K\GURO\�
VLV�WR�WDNH�SODFH�IRU�1�DFHW\O�DQG�1�HWKR[\FDUERQ\O
GHULYDWLYHV��D�K��$W�WKH�VDPH�WLPH�WKH�DWWHPSW�RI�EDVLF
K\GURO\VLV�RI��D�ZLWK�TXLQWXSOH�PRODU�H[FHVV�RI� WKH
VWURQJ�DONDOL��1D2+���LQ�SURSDQRO���x�ZDWHU�PHGLD�
FDPH�LQWR�FROOLVLRQ�ZLWK�WKH�FRXPDULQ�ULQJ�GHVWUXFWLRQ�
7KH� GHVLUHG� UHVXOW� KDV� EHHQ� REWDLQHG� RQO\� IRU

1�%RF� GHULYDWLYH� �L�� ZKLFK�ZDV� FRQYHUWHG� LQWR� WKH
FUXGH�SURGXFW���E\�WUHDWPHQW�ZLWK�WULIOXRURDFHWLF�DFLG
H[FHVV�LQ�GLFKORURPHWKDQH��7KH�SURGXFW���ZDV�XVHG�LQ
WKH�IXUWKHU�WUDQVIRUPDWLRQV�WR�IRUP�WKH�FRUUHVSRQGLQJ
DPLGH��M�DQG�VXOIRQDPLGH��N��6FKHPH����
7KH�VWUXFWXUHV�RI�WKH�V\QWKHVL]HG�FRPSRXQGV���D�N

ZHUH�DVVLJQHG�E\�HOHPHQWDO�DQDO\VHV���+�105��,5�
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89�9LV�VSHFWUDO�GDWD���+�105�VSHFWUD�RI�DOO�RI�WKH
GHULYDWLYHV� �� VKRZ� WKH� VLJQDOV� RI� FRXPDULQ� PRLHW\
SURWRQV�DW����������SSP��DQG�WKH�EURDG�VLJQDO�FRUUH�
VSRQGLQJ�DW�SRVLWLRQ���RI� WKLHQR>����G@S\ULPLGLQ���
RQH�ULQJ�V\VWHP�DW�������������SSP��7KH�VSHFWUD�RI
FRPSRXQGV��D��G�DUH�FKDUDFWHUL]HG�ZLWK�WKH�VLJQDO�RI
DFHW\O�JURXS�DV�D�VWURQJ�VLQJOHW���«������������SSP��
�H��K�SRVVHVV�WULSOHW���«��DQG�TXDUWHW���«��DW������
�����SSP��DQG�����������SSP��UHVSHFWLYHO\��WKH�%RF�x
VXEVWLWXWHG�GHULYDWLYH��L�KDV�WKH�VLQJOHW���+��DW������SSP�
7KH� VLJQDOV� RI� $$′%%′�x� VSLQ� V\VWHPV� RI� DURPDWLF
SURWRQV�LQ�WKH�UDQJH�IURP������WR������SSP��DUH�SUHVHQW
LQ�WKH�VSHFWUD�RI�WKH�FRPSRXQGV��M�DQG��N�

7KH� ,5� VSHFWUD� RI� DOO� FRPSRXQGV� �D�N� H[KLELW
VWURQJ�DEVRUSWLRQ�EDQGV�����������FP����& 2��DQG
����������FP����1x+���7KH�VWURQJ�EDQGV�RI�62��νDV
�����FP���DQG�νV������FP���DUH�DOVR�SUHVHQW�LQ�VSHFWUD
RI�FRPSRXQG��N�

([SHULPHQWDO

*HQHUDO� ,QIRUPDWLRQ�� 0HOWLQJ� SRLQWV� ��&�� ZHUH
PHDVXUHG�ZLWK�D�.RHIIOHU�PHOWLQJ�SRLQW�DSSDUDWXV�DQG
ZHUH� QRW� FRUUHFWHG�� ,5�VSHFWUD� ZHUH� UHFRUGHG� RQ
)7�,5�%UXNHU� 7HQVRU� ��� VSHFWURPHWHU� LQ�.%U�� �+
105�VSHFWUD�ZHUH�UHFRUGHG�RQ�9DULDQ�0HUFXU\����
�����0+]��VSHFWURPHWHU�LQ�'062�G��XVLQJ�706�DV
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�F�<� �&22(W���G�<� �%RF���D�5� �+��<� �&2&+����E�5� ���&O��<� �&2&+����F�5� ���2&+���<� �&2&+���

�G�5� ���2&+���<� �&2&+����H�5� �+��<� �&22(W���I�5� ���&O��<� �&22(W��
�J�5� ���2&+���<� �&22(W���K�5� ���%U��<� �&22(W���L�5� �+��<� �%RF��

6FKHPH����6\QWKHVLV�RI����FRXPDULQ���\O��������������KH[DK\GURS\ULGR>�′��′����@WKLHQR>����G@S\ULPLGLQ���RQH�

6FKHPH����0RGLILFDWLRQ�RI�WHUW�EXW\O���R[R����FRXPDULQ���\O��������������KH[DK\GURS\ULGR>�′��′����@
WKLHQR>����G@S\ULPLGLQH���FDUER[\ODWH�
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DQ�LQWHUQDO�VWDQGDUG��FKHPLFDO�VKLIWV�DUH�UHSRUWHG�LQ
SSP���89�9,6� DEVRUSWLRQ� VSHFWUD�ZHUH� UHFRUGHG�DW
6SHFRUG�0����VSHFWURSKRWRPHWHU�LQ�����GLR[DQH�IURP
������WR�������FP����(OHPHQWDO�DQDO\VHV�ZHUH�ZLWKLQ
±������RI�WKH�WKHRUHWLFDO�YDOXHV�

��$PLQR���������WHWUDK\GURWKLHQR>����F@S\ULGLQ�
��FDUER[DPLGHV���D�G��>�����@�DQG���LPLQRFRXPDULQH�
��FDUER[DPLGHV���D�K��>������@�ZHUH�SUHSDUHG�DFFRUG�
LQJ�WR�WKH�UHSRUWHG�PHWKRGV��

*HQHUDO�SURFHGXUH�IRU�V\QWKHVLV�RI��D�L
7R�WKH�VXVSHQVLRQ�RI���DPLQRWKLRSKHQH���FDUER[�

DPLGH� �� ��� PPRO�� LQ� �� P/� RI� JODFLDO� DFHWLF� DFLG
��LPLQRFRXPDULQH���FDUER[DPLGH������PPRO��ZDV�DGGHG�
7KH�PL[WXUH�ZDV�VWLUUHG�DQG�KHDWHG�IRU���KRXUV��7KH
VROLG� FU\VWDOV� RI� �� ZDV� ILOWHUHG� RII� DQG� WKRURXJKO\
ZDVKHG� ZLWK� ��SURSDQRO� DQG� GULHG�� 7KH� SURGXFW� �
REWDLQHG������PPRO��ZDV�KHDWHG�LQ�'0)������&��IRU
����KRXUV�DQG�WKHQ�FRROHG��7KH�SUHFLSLWDWH�IRUPHG�ZDV
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