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W
%X�&�+�� KDYH EHHQ SUHSDUHG DQG FKDUDFWHUL]HG� 7KH UHDFWLRQ RI

0�&2���&+�&1�� ZLWK WHUW�EXW\OF\FORSHQWDGLHQH SURYLGH LPSURYHG URXWH WR WKH

PHWDO�PHWDO ERQG FRPSRXQGV >&S
0�&2��@� �0 0R �,D�� : �,E�� LQ JRRG LVRODWHG

\LHOGV� 1HZ H[DPSOHV RI PRQRQXFOHDU FRPSOH[HV KDYH DOVR EHHQ SUHSDUHG� 7KH

\HOORZ FRPSOH[HV &S
0�&2��5 �5 &+�� &+�&�+�� �,9� DQG >&S
0R�&2��62��S�

&�+�;�@ �9� �; &+�� &O� KDYH EHHQ SUHSDUHG IURP WKH UHDFWLRQ RI WKH DQLRQV�

>&S
0�&2��@Ø� ZLWK DON\O KDOLGHV RU DU\OVXOIRQ\O FKORULGHV LQ 7+) VROYHQW�

UHVSHFWLYHO\� 3URWRQDWLRQ RI WKH DQLRQ >&S
0�&2��@Ø ZLWK JODFLDO DFHWLF DFLG� ZKLFK

JDYH WKH K\GULGH FRPSOH[HV� IROORZHG E\ VWLUULQJ LQ &&O� � 7+) RU UHIOX[LQJ ZLWK &+�,

LQ EHQ]HQH SURGXFH WKH FRUUHVSRQGLQJ KDOLGHV &S
0�&2��&O �,,� RU &S
0�&2��, �,,,��

UHVSHFWLYHO\�

,QWURGXFWLRQ

7KH� V\QWKHVLV� RI� VXEVWLWXWHG� F\FORSHQWDGLHQ\O� OLJDQGV� DQG� WKHLU� FRPSOH[HV

UHPDLQV� DQ� DFWLYH� DUHD� RI� UHVHDUFK������ $OWKRXJK� F\FORSHQWDGLHQ\O� PHWDO� FDUERQ\O

FRPSOH[HV� RI� JURXS� 9,%� KDYH� EHHQ� LQWHQVLYHO\� VWXGLHG�� VHYHUDO� H[DPSOHV� RI� WKH

FRUUHVSRQGLQJ�VXVEVWLWXWHG�F\FORSHQWDGLHQ\O�FRPSOH[HV�KDYH�EHHQ�UHSRUWHG�>�����@���)RU

H[DPSOH�� WKH�GLPHUV� >&S�0�&2��@�� �&S
� �&�+�&22+��&�0H��&+�(W��3K����

W%X&�+��
W%X�&�+��� KDYH� EHHQ� SUHSDUHG� DQG� VRPH� DUH� VWUXFWXUDOO\� FKDUDFWHUL]HG� >�����@�� 7KH

PRQR�QXFOHDU� FRPSOH[HV�&S�0�&2��;��&S
� � W%X�&�+���&�

L3U�+��; �&O��%U��0 �0R

DQG�&S� �&�+�&25��&�+�&+�2+�0H��; �0H��0 �0R��:��ZHUH�DOVR�SUHSDUHG���� �����

:H� DUH� LQWHUHVWHG� LQ� SUHSDULQJ� DQG� FKDUDFWHUL]LQJ� RUJDQRPHWDOOLF� FRPSOH[HV

FRQWDLQLQJ�WHUW�EXW\O�VXEVWLWXWHG�F\FORSHQWDGLHQ\O�OLJDQGV��7R�WKDW�HQG��ZH�SUHSDUHG�WKH
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LURQ� GLPHUV� >&S�)H�&2��@�� DQG� WKH� WKLRFDUER[\ODWH� GHULYHWDYLHV� &S
�)H�&2��/�6&25

�&S� � W%X&�+���
W%X�&�+��� / � &2�� 33K��� $V3K��� 6E3K���

��� ��� � 7KH� JRDO� RI� WKH� ZRUN

UHSRUWHG� KHUH� LV� WR� SUHSDUH� DQG� FKDUDFWHUL]H� WKH� WXQJVWHQ� DQG� PRO\EGHQXP� GLPHUV

>&S
0�&2��@��DQG�VRPH�PRQR�QXFOHDU�FDUERQ\O�FRPSOH[HV�RI�WKHVH�PHWDOV�WKDW�FRQWDLQ

D�WHUW�EXW\OF\FORSHQWDGLHQ\O�OLJDQG�

5HVXOWV�DQG�GLVFXVVLRQ

7KH� GLPHUV�� >�W%X�&�+��0�&2��@�� �0 �0R� �,D���:� �,E����ZHUH� V\QWKHVL]HG� LQ

JRRG� \LHOGV� E\� UHDFWLQJ� RI� 0�&2���&+�&1��� ZLWK� WHUW�EXW\OF\FORSHQWDGLHQH� OLJDQG

�(TXDWLRQ����

7KHVH�UHDFWLRQV�ZHUH�IROORZHG�E\�,5�VSHFWURVFRS\��3URJUHVVLYH�GLVDSSHDUDQFH�RI�WKH�&2

VWUHWFKLQJ� EDQGV� RI� 0�&2���&+�&1�� LV� D� GLUHFW� LQGLFDWLRQ� IRU� WKH� SURJUHVV� RI� WKH

UHDFWLRQ��&RPSRXQGV�,�DUH�SXUSOH�FU\VWDOV��VROXEOH�LQ�FRPPRQ�RUJDQLF�VROYHQW��DQG��DUH

VWDEOH�LQ�WKH�VROLG�VWDWH�DQG�LQ�VROXWLRQ��7KHVH�FRPSOH[HV�ZHUH�FKDUDFWHUL]HG�E\�,5���+�

105� VSHFWURVFRS\� DV�ZHOO� DV� HOHPHQWDO� DQDO\VLV��7KH� ,5� VSHFWUD� RI� WKHVH� FRPSRXQGV

KDYH�WKUHH�EDQGV�FRUUHVSRQGLQJ�WR�WKH�VWUHWFKLQJ�IUHTXHQFLHV�RI�WKH�WHUPLQDO�&2�OLJDQGV�

7KHVH�ZHUH�REVHUYHG� LQ� WKH� UDQJHV����������������������DQG�����������FP����7KHVH

EDQGV� DUH� LQGLFDWLYH� RI� WKH� SUHVHQFH� RI�0�&2���PRLHWLHV�ZKLFK� LV� FRQVLVWHQW�ZLWK� WKH

VWUXFWXUH�VKRZQ�LQ�(TXDWLRQ������&RPSDULVRQ�RI�WKH�,5�VSHFWUD�RI�,�DQG�WKH�XQVXEVWLWXWHG

DQDORJV�>&S0�&2��@� �0 �0R��:��VKRZV�FOHDUO\�WKH�HOHFWURQLF�HIIHFWV�RI�WKH�WHUW�EXW\O

JURXS�ZKLFK�UHVXOWV�LQ�D�VKLIW�RI�QFR�WR�ORZHU�YDOXHV��7KH�
�+�105�VSHFWUD�RI�FRPSRXQGV

,��VKRZ�D�VLQJOHW�LQ�WKH�UDQJH�����������SSP�IRU�WKH�WHUW�EXW\O�JURXS��DQG�WZR�PXOWLSOHWV

LQ�WKH�UDQJHV�����������DQG�����������SSP�IRU�WKH��&�+���ULQJ�SURWRQV�

7KH� V\QWKHVLV� RI� &S
0�&2��;� �; � &O�� ,�� 0 � � 0R�� :�� �,,�� ,,,�� VWDUWHG� E\
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F\FORSHQWDGLHQLGH�WKDW�UHDFWHG�ZLWK�0�&2����0 �0R��:��WR�\LHOG�&S
0�&2��1D��7KLV

VDOW�ZDV�SURWRQDWHG�ZLWK�JODFLDO�DFHWLF�DFLG�LQ�7+)�WR�JLYH�WKH�K\GULGH�FRPSOH[��ZKLFK

ZDV�XWLOL]HG�LQVLWX�DV�RXWOLQHG�LQ�6FKHPH���

7KH� SURJUHVV� RI� WKHVH� UHDFWLRQV� ZDV� DOVR� IROORZHG� E\� ZLWKGUDZLQJ� VDPSOHV� RI� WKH

VROXWLRQ�� DQG�PRQLWRULQJ� WKH�GLVDSSHDUDQFH� RI� WKH� EDQGV� RI�&S
0�&2��1D��7KH� QHZO\

SUHSDUHG� FRPSRXQGV� ,,� DQG� ,,,� DUH� RUDQJH�UHG� FU\VWDOV�� DLU� VWDEOH� DV� VROLGV� DQG� LQ

VROXWLRQV��7KH\�DUH�VROXEOH�LQ�RUJDQLF�VROYHQWV�VXFK�DV�KH[DQH��&+�&O��DQG�GLHWK\O�HWKHU�

7KH� ,5� VSHFWUD� �QFR� UHJLRQ�� RI� ,,� LQ� &&O�� VROXWLRQ� H[KLELWHG� WKUHH� DEVRUEDQFHV� LQ� WKH

UDQJHV������������ ���������� FP��� DQG� ���������� FP���ZKLOH� WZR�EDQGV� �����������

����������FP����DUH�REVHUYHG�IRU�FRPSRXQGV�,,,���� ����+�105�VSHFWUD�RI�FRPSRXQGV

,,�DQG�,,,�H[KLELW�VLJQDOV�ZKLFK�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�SURSRVHG�VWUXFWXUHV��$OO

FKHPLFDO�VKLIW�YDOXHV�RI�WKH�SURWRQV�DSSHDU�LQ�WKH�H[SHFWHG�UHJLRQ��+RZHYHU��WKH\�VKLIW

WR�KLJK�ILHOG�FRPSDUHG�WR�WKRVH�RI�WKH�XQVXEVWLWXWHG�F\FORSHQWDGLHQ\O�FDUERQ\O�DQDORJV���

)RU� H[DPSOH�� WKH� &S�ULQJ� SURWRQV� RI� &S0R�&2��,� DSSHDU� DV� VLQJOHW� DW� ����� SSP�� � LQ
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7KH� UHDFWLRQ� RI� &S
0�&2��1D� �0 �0R��:�� ZLWK� &+�,� RU� &�+�&+�&O� LQ� 7+)

DIIRUGHG� WKH�PRQRQXFOHDU� FRPSOH[HV� �W%X�&�+��0�&2��5� �5 �&+��� &+�&�+���0 �0R

�,9D��,9F���0 �:��,9E��� LQ�PRGHUDWH�\LHOGV�DV� VKRZQ� LQ�6FKHPH����&RPSOH[HV�,9� DUH

\HOORZ�SRZGHUV�DQG�VWDEOH�XQGHU�1� IRU�VHYHUDO�GD\V��7KHLU�VROXWLRQV� LQ�RUJDQLF�VROYHQWV

DUH� VORZO\� GHFRPSRVHG� HYHQ� XQGHU� 1�� DWPRVSKHUH� DQG� LQFUHDVHG� XSRQ� H[SRVXUH� WR� DLU

�UHTXLUH�VHYHUDO�PLQXWHV�IRU�FRPSOHWH�GHFRPSRVLWLRQ���7KLV�LQVWDELOLW\��ZKLFK�LV�D�JHQHUDO

IHDWXUH� RI� WUDQVLWLRQ� PHWDO� DON\O� FRPSOH[HV��� DOWHUV� WKH� HOHPHQWDO� DQDO\VLV� UHVXOWV� RI

FRPSOH[HV� ,9�� &RPSOH[HV� ,9� DUH� VROXEOH� LQ� FRPPRQ� RUJDQLF� VROYHQWV DQG� LQVROXEOH� LQ

KH[DQH�� ,QIUDUHG�DQG� �+�105�VSHFWURVFRSLF�GDWD�KDYH� FRQILUPHG� WKH� VWUXFWXUHV�RI� WKHVH

FRPSRXQGV����7KH�,5�VSHFWUD�IRU�,9D�DQG�,9E�KDYH�WZR�EDQGV�DQG�LQ�WKH�FDVH�RI�,9F�WKUHH

EDQGV�DUH�IRXQG�LQ�WKH�&�2�VWUHWFKLQJ�UHJLRQ��7KH�DVVLJQPHQW�RI�WKHVH�EDQGV�ZDV�PDGH�RQ

WKH� EDVLV� RI� UHSRUWHG� UHVXOWV� RI� VLPLODU� FRPSRXQGV���� ��� )RU� WKH� XQVXEVWLWXWHG� DQDORJV�

ZKHUH�5 �(W��L3U��WZR�VWURQJ�EDQGV�LQ�WKH�&�2�VWUHWFKLQJ�UHJLRQ�KDYH�DOVR�EHHQ�UHSRUWHG����

����7KH��+�105�VSHFWUD�RI�FRPSRXQGV�,9�VKRZ�D�VLQJOHW�LQ�WKH�UDQJH�����������SSP�IRU

WKH�WHUW�EXW\O�JURXS��D�VLQJOHW�LQ�WKH�UDQJH�����������SSP�IRU�WKH��&�+���ULQJ�SURWRQV�DQG

WKH� SURWRQV� RI� WKH� DON\O� JURXS� ZLWK� WKH� DSSURSULDWH� PXOWLSOLFLW\� DQG� LQWHJUDWLRQ�� 7KH

FKHPLFDO�VKLIW�YDOXHV�RI�WKH�SURWRQV�IRU�WKH�PHWK\O�DQG�PHWK\OHQH�JURXSV�DUH�VPDOOHU�WKDQ

WKRVH�IRXQG�IRU�PHWK\O�DQG�PHWK\OHQH�JURXSV�DWWDFKHG�WR�FDUERQ�DWRPV�

$OWKRXJK� WKH� IRXU� SURWRQV� RI� �W%X�&�+��� FRQVWLWXWH� DQ� $$
%%
� V\VWHP�� 7KHLU

VSOLWWLQJ�SDWWHUQ�LV�PDUNHGO\�DIIHFWHG�E\�WKH�VWUXFWXUDO�DQG�HOHFWURQLF�HQYLURQPHQW�DURXQG

WKH� PHWDO� FHQWHU�� ,W� KDV� EHHQ� IRXQG� WKDW� WKH� ULQJ� SURWRQV� RI� WKLV� V\VWHP� DSSHDU� DV

V\PPHWULFDO� PXOWLSOHW� LQ� &S
�7L&O��
��� DV� DQ� XQV\PPHWULFDO� PXOWLSOHW� LQ

&S
�7L�&O��1&6��
���DV�D�VLQJOHW�LQ�&S
�7L�1&6����DV�WZR�PXOWLSOHWV�LQ�&S
)H�&2��6&25

>��@� DQG� DV� IRXU� PXOWLSOHWV� LQ� &S
)H�&2��33K��6&25�
��� $FFRUGLQJO\�� WKH� �+�105

VSHFWUD�RI��,9��LQ�ZKLFK�WKH�&�+��ULQJ�SURWRQV�DSSHDU�DV�VLQJOHW��FRXOG�EH�SRVVLEOH�

� 7KH� UHDFWLRQ� RI� &S
0R�&2��1D�ZLWK� VXOIRQ\O� FKORULGHV� DIIRUGHG� WKH� 6�ERQGHG

VXOILQDWR� �62�$U�� FRPSRXQGV� RI� PRO\EGHQXP� &S
0R�&2��62�$U� �$U � S�&�+�&+�

�9D��� S�&�+�&O �9E��� DV� VKRZQ� LQ� 6FKHPH� ��� 7KHVH� UHDFWLRQV� ZHUH�PRQLWRUHG� E\� ,5

VSHFWURVFRS\��WKH�SURGXFWLRQ�RI�WKH�VXOILQDWR�FRPSRXQGV�ZDV�HYLGHQFHG�E\�WKH�VKLIW��WR

KLJKHU� YDOXHV�� LQ� WKH� FDUERQ\O� VWUHWFKLQJ� IUHTXHQFLHV� DQG� D� FKDQJH� LQ� WKH� FRORU� RI� WKH
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VROXWLRQ�IURP�\HOORZ�EURZQ�WR�UHG��7KH�FRPSOH[HV�DUH�\HOORZ�SRZGHUV�DQG�VWDEOH�XQGHU

1��� KRZHYHU�� WKHLU� VROXWLRQV� LQ� RUJDQLF� VROYHQWV� VORZO\� GHFRPSRVHG�ZKHQ� H[SRVHG� WR

DLU�� 7KH\� DUH� VROXEOH� LQ� &+�&O��� &+&O�� DQG� LQVROXEOH� LQ� KH[DQH��2Q� WKH� EDVLV� RI� WKH

REVHUYHG�SRVLWLRQV�RI� WKH�&2�DQG�62�� VWUHWFKLQJ�IUHTXHQFLHV�DQG� WKH�
�+�105�VLJQDOV

DQG� WKHLU� VLPLODULW\� WR� WKH� FRUUHVSRQGLQJ� DEVRUSWLRQ� LQ� WKH� VSHFWUXP� RI

&S0R�&2��62�3K�
��� WKHVH� FRPSOH[HV� DUH� DVVLJQHG� WKH� 6�VXOILQDWR� VWUXFWXUHV�� $

VDWLVIDFWRU\�HOHPHQWDO�DQDO\VLV�KDV�FRQILUPHG�WKH�VWUXFWXUHV�RI�WKHVH�FRPSRXQGV�

7KH�,5�VSHFWUD�RI�FRPSOH[HV�9�KDYH�WKUHH�EDQGV�LQ�WKH�UDQJHV�����������������

�����DQG������FP����ZKLFK�DUH�LQGLFDWLYH�RI�WKH�SUHVHQFH�RI�WKH�0�&2���PRLHWLHV��7KH

SUHVHQFH� RI� DQ� 6�VXOILQDWR� OLJDQG� �62�$U�� LV� FRQILUPHG� E\� WKH� REVHUYDWLRQ� RI� VWURQJ

LQIUDUHG�EDQGV� LQ� WKH� UDQJHV� ���������� DQG� ���������� FP��� �.%U�������� 7KH� �+�105

VSHFWUD�RI�FRPSRXQGV�9�VKRZ�WKDW�DOO�FKHPLFDO�VKLIW�YDOXHV�RI�WKH�SURWRQV�DSSHDU�LQ�WKH

H[SHFWHG� UHJLRQ�� &RPSDULVRQ� RI� WKH� �+�105� GDWD� RI�9D� DQG�9E� VKRZV� FOHDUO\� WKH

HOHFWURQLF� HIIHFWV� RI� WKH�SDUD� VXEVWLWXHQW� JURXS� ��62��S�&�+�;��; �&O��&+��� 7KH�
�+�

105�VSHFWUXP�RI�9D� VKRZ� � WZR�PXOWLSOHWV� DW� ����� DQG������SSP� IRU� WKH� �&�+��� ULQJ

SURWRQV��ZKLOH� WKRVH�RI�9E� DSSHDU�DW������DQG������SSP��7KH�PHWKRG�XVHG� WR�SUHSDUH

FRPSOH[HV� 9� DUH� QRYHO� DQG� VLPSOH� RQH�� 7KH� XVH� RI� WKLV� PHWKRG� WR� SUHSDUH� WKH

XQVXEVWLWXWHG� DQDORJV�� &S0�&2��62�$U�� ZKLFK� KDYH� EHHQ� SUHSDUHG� E\�PRUH� GLIILFXOW

PHWKRGV��PD\�EH�WHVWHG�LQ�WKH�IXWXUH�

([SHULPHQWDO

$OO�UHDFWLRQV�ZHUH�FDUULHG�RXW�XQGHU�D�GLQLWURJHQ�DWPRVSKHUH�XVLQJ�VWDQGDUG�6FKOHQN�RU

YDFXXP�OLQH� WHFKQLTXHV����'LHWK\O�HWKHU�� WHWUDK\GURIXUDQ� �7+)��DQG�KH[DQH�ZHUH�GULHG

E\� UHIOX[LQJ� RYHU� VRGLXP�EHQ]RSKHQRQH��'LFKORURPHWKDQH� DQG� DFHWRQLWULOH�ZHUH� GULHG

RYHU�3�2���$OO� VROYHQWV�ZHUH�GLVWLOOHG� MXVW� SULRU� WR�XVH��7KH� IROORZLQJ� FKHPLFDOV�ZHUH

XVHG�DV�UHFHLYHG��0�&2�� �0 �0R��:��$OGULFK���WHUW�EXW\O�FKORULGH�DQG�JODFLDO�DFHWLF

DFLG� �)OXND��� PHWK\O� LRGLGH�� FDUERQ� WHWUDFKORULGH� �%'+��� ��FKORUREHQ]HQHVXOIRQ\O

FKORULGH�DQG�S�WROXHQHVXOIRQ\O�FKORULGH��$FURV���7KH�FRPSOH[�0�&2���&+�&1��
���DQG

WKH�WHUW�EXW\O�F\FORSHQWDGLHQH�OLJDQG���ZHUH�SUHSDUHG�DV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�
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,5�VSHFUWUD���1LFROHW�,PSDFW�����)7�,5�VSHFWURPHWHU��LQ�FP�����+�105�VSHFWUD�

%UXNHU�:3��6<� VSHFWURPHWHU� ZLWK� 706� DV� DQ� LQWHUQDO� VWDQGDUG�� LQ� SSP�� (OHPHQWDO

DQDO\VLV��/DERUDWRLUH�'¶$QDO\VH�eOpPHQWDLUH�8QLYHUVLWp�GH�0RQWUpDO��0RQWUpDO��&DQDGD�

0�S���7KRPDV�+RRYHU�&DSLODU\�PHOWLQJ�SRLQW�DSSDUDWXV�DQG�DUH�XQFRUUHFWHG�

�>&S
0�&2��@���$�VROXWLRQ�RI������PPRO�RI�0�&2���LQ����P/�DFHWRQLWULOH�ZDV�UHIOX[HG

IRU� �� KRXUV� ZKHQ�0 �0R� DQG� IRU� �� GD\V� ZKHQ�0 �:�� 7KH� UHVXOWLQJ� EULJKW� \HOORZ
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