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���,QWURGXFWLRQ
7KH� FU\VWDOV� RI� GLYDOHQW� FDWLRQ

PRO\EGDWHV� DQG� WXQJVWDWHV�� LQ� SDUWLFXODU
&G:2���=Q:2��DQG�=Q0R2���KDYH�DWWUDFWHGD� VSHFLDO� DWWHQWLRQ� GXULQJ� WKH� UHFHQW� \HDUV
GXH� WR� WKHLU� SURPLVLQJ� XVH� LQ� WKH� H[SHUL�
PHQWV� DLPHG� DW� WKH� VHDUFK� IRU� UDUH� HYHQWV
�QHXWULQR�OHVV���EHWD�GHFD\��ZKHQ� WKH� VFLQWLO�
ODWLRQ�FU\VWDO�FRQWDLQV�WKH� LVRWRSHV�XQGHU�LQ�
YHVWLJDWLRQ�Û� ���&G�� ���&G�� ��=Q�� RU� ���0R�
DV�ZHOO�DV�LQ�WKH�FU\RJHQLF�ERORPHWHUV�IRU�WKH
VHDUFK�IRU�WKH�GDUN�PDWWHU�>����@��+LJK�TXDOLW\
ODUJH�VL]HG� FU\VWDOV� ZLWK� WKH� ORZ� UDGLRDFWLYH
EDFNJURXQG� DUH� UHTXLUHG� IRU� VXFK� H[SHUL�
PHQWV� >����@�� ,Q� DGGLWLRQ�� LQ� WKH� FDVH� RI� LVR�
WRSH�HQULFKHG� FU\VWDO� JURZWK�� LW� LV� QHFHVVDU\
WR� SURYLGH� D� KLJK� FKDUJH� XWLOL]DWLRQ� IDFWRU
GXH�WR�WKH�H[WUHPHO\�KLJK�FRVW�RI�LQLWLDO�PD�
WHULDOV�� 7KH� JURZLQJ� SURFHVV� RI� WKH� FU\VWDOV
KDYLQJ�JHQHUDO�IRUPXOD�0H��>�:�0R�2�@�±� LV

DFFRPSDQLHG� ZLWK� HVVHQWLDO� GLIILFXOWLHV�
$PRQJ�WKH�IDFWRUV�WKDW�EULQJ�FRPSOLFDWLRQV
LQWR�WKH�JURZWK�DQG�DUH�W\SLFDO�RI�WKLV�FRP�
SRXQG�FODVV��DQ�LQFUHDVHG�WUHQG�WR�FUDFNLQJ
XQGHU� WKH� DSSHDULQJ� WKHUPRHODVWLF� VWUHVVHV
FRQQHFWHG� ZLWK� WKH� H[LVWHQFH� RI� D� FOHDYDJH
SODQH� LQ� WKHLU� VWUXFWXUH� LV� WR� EH�PHQWLRQHG
ILUVW�RI�DOO��$�FRPPRQ�IHDWXUH�IRU�WKH�FRP�
SRXQGV� XQGHU� FRQVLGHUDWLRQ� LV� DOVR� LVRPRU�
SKRXV� LQFOXVLRQ� RI� WKH� LURQ�JURXS� PHWDOV
LQWR� WKH� FDWLRQ� ODWWLFH�� WKDW� LV� ZK\� WKH� UH�
SHDWHG� FU\VWDOOL]DWLRQ� LV� DQ� LQHIIHFWLYH�ZD\
WR�LPSURYHG�FU\VWDO�TXDOLW\�>�@��)LQDOO\��WKH
YRODWLOLW\� RI� PHOW� FRPSRQHQWV� FDQ� FDXVH� D
GLVWRUWLRQ� RI� WKH� LQLWLDO� 0H��:�0R�� UDWLR
GXULQJ� WKH� JURZWK� SURFHVV�� )XUWKHUPRUH�
PRO\EGDWHV�DQG�WXQJVWDWHV�VSOLW�RXW�R[\JHQ
HDVLO\� DW� KLJK� WHPSHUDWXUHV� �VLPLODU� WR
KLJKHU� WXQJVWHQ� DQG� PRO\EGHQXP� R[LGHV��
WKXV�FDXVLQJ�SRLQW�GHIHFWV�DQG�RWKHU�GLVWRU�
WLRQV� RI� WKH� FU\VWDO� VWUXFWXUH�� 7KH� FU\VWDOV
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RI� &G:2��� =Q0R��� DQG� =Q:2�� DV� ZHOO� DVRWKHU�PRO\EGDWHV� DQG� WXQJVWDWHV� DUH�JURZQ
DV� D� UXOH� XVLQJ� &]RFKUDOVNL� WHFKQLTXH� ZLWK
5)� KHDWLQJ�� 7KH� JRDO� RI� WKH� SUHVHQW� ZRUN
ZDV� WR� GHPRQVWUDWH� WKH� DGYDQWDJHV� RI� WKH
ORZ� WHPSHUDWXUH� JUDGLHQW� &]RFKUDOVNL� WHFK�
QLTXH��/7*�&]��>�@�LQ�JURZLQJ�PRO\EGDWHV�DQG
WXQJVWDWHV� RI� GLYDOHQW� FDWLRQV�� 7KH� HIIHFW� RI
FRPSOLFDWLQJ�IDFWRUV�LV�ZHDNHQHG�VXEVWDQWLDOO\
E\�XVLQJ�WKLV�SURFHGXUH��

���([SHULPHQWDO�SURFHGXUH
,Q�YLHZ�RI�D�VPDOO�DPRXQW�RI�LVRWRSH�HQ�

ULFKHG� FKDUJH� DQG� WKH� VSHFLILF� IHDWXUHV� RI
WKH� ORZ�JUDGLHQW� SURFHGXUH� ZLWK� WKH� SUH�
IHUUHG�FRQGLWLRQV�UHTXLULQJ�VXFK�DQ�DUUDQJH�
PHQW�WKDW�WKH�GLDPHWHU�RI�WKH�JURZLQJ�FU\V�
WDO�VKRXOG�EH�RQO\�VOLJKWO\�VPDOOHU�WKDQ�WKH
FUXFLEOH�GLDPHWHU��ZH�KDYH�GHYHORSHG�D�VSH�
FLDO� VHWXS� IRU� WKH� JURZLQJ� RI� WKH� FU\VWDOV�
)LJ�����$�SODWLQXP�FUXFLEOH� LV� FRYHUHG�ZLWK
D� FRQLF� OLG� VXSSOLHG� ZLWK� SLSH� VRFNHW
WKURXJK� ZKLFK� D� VDSSKLUH� URG� RI� WKH� VHHG�
KROGHU�SDVVHV�LQWR�WKH�FUXFLEOH��WKH�FUXFLEOH
LV� SODFHG� LQWR� D� WKUHH�]RQH� IXUQDFH� ZLWK� D
JRRG� ERWWRP� DQG� WRS� WKHUPDO� LQVXODWLRQ�
7KH�JURZLQJ�FU\VWDO�UHPDLQV�LQVLGH�WKH�FUX�
FLEOH� GXULQJ� WKH� HQWLUH� JURZWK� SURFHVV�
7KHUH� DUH� RULILFHV� LQ� WKHUPDO� SURWHFWLRQ
SODWHV�� WKH� XSSHU� RQH� KDV� D� KROH� IRU� WKH
VHHG�KROGHU�URG��WKH�ERWWRP�WKHUPDO� LQVXOD�
WLRQ�SODWH�KDV�D�KROH�IRU�WKH�ORDG�URG�DW�WKH
HQG� RI� ZKLFK� WKH� FUXFLEOH� LV�PRXQWHG�� 7KH
ORZHU� HQG� RI� WKH� ORDG� URG� LV� IL[HG� DW� WKH
VFDOH�SDQ��7KH�VFDOH�LV�PRXQWHG�LQ�D�WLJKWO\
FORVHG� FDVH� FRQQHFWHG� ZLWK� WKH� IXUQDFH
KRXVLQJ� WKURXJK� D� MRLQW� DVVHPEO\�� $ERYH
WKH� IXUQDFH�� WKHUH� LV� DQ� DX[LOLDU\� FKDPEHU
ZLWK� D� ZLQGRZ� IRU� WKH� VHWXS� ORDGLQJ� DQG
XQORDGLQJ��WKH�VHHGLQJ�LV�FDUULHG�RXW�E\�WKH
RSHUDWRU� DFFRUGLQJ� WR� WKH� ZHLJKLQJ� VHQVRU
UHDGRXW��7KH� VHWXS� RSHUDWHV� LQ� WKH� DLU�� WKH
VHDOLQJ�VHUYHV�RQO\�WR�HOLPLQDWH�FRQYHFWLRQ�

7KH�IXUQDFH�KHDWLQJ�FDSDFLW\�LV�OHVV�WKDQ
����:��WKH�FRROLQJ�EHLQJ�QDWXUDO��7KH�EHDP
W\SH�FUXFLEOH� ORDG�FHOO�ZLWK�HOHFWURPDJQHWLF
FRPSHQVDWLRQ� ZDV� VSHFLDOO\� GHYHORSHG� IRU
WKLV� VHWXS�� 7KH� ZHLJKLQJ� XQLW� SURYLGHV� D
UHVROXWLRQ�r��PJ�LQ�WKH�UDQJH��Ü��NJ��7KHU�
PRFRXSOH� ,QSXW� 0RGXOHV� �,�����'�� ,&3
'$6�� ZHUH� XVHG� WR� FRQWURO� WHPSHUDWXUH� LQ
WKUHH� LQGHSHQGHQW�FLUFXLWV��7KH�FRQWURO�V\V�
WHP�LV�EDVHG�RQ�SURJUDPPDEOH�ORJLF�FRQWURO�
OHU� 3/&���� SURGXFHG� E\� 2:(1�� 7KH
+0,�6&$'$�VRIWZDUH�ZDV�XVHG��'XH�WR�WKH
LQGHSHQGHQW� WHPSHUDWXUH� FRQWURO� LQ� WKUHH
KHDWHU� ]RQHV�� WHPSHUDWXUH� JUDGLHQWV� LQ� WKH
PHOW�DUH�PDLQWDLQHG�DW�D�OHYHO�QRW�H[FHHGLQJ
a��.�FP��6XFK�D�JUDGLHQW�DOPRVW�FRPSOHWHO\

H[FOXGHV� HVVHQWLDOO\� WKHUPRHODVWLF� VWUHVVHV�
,Q� DGGLWLRQ�� FU\VWDO� ZLWKGUDZLQJ� IURP� WKH
PHOW� DIWHU� WKH� SURFHVV� GRHV� QRW� FDXVH� DQ\
WKHUPDO�VKRFN��

7ZR� FRPPHUFLDOO\� DYDLODEOH� UHDJHQWV
ZHUH� XVHG� LQ� WKH� VWXG\��&G2� ������ PDQX�
IDFWXUHG� E\� 7RKR� =LQF� �-DSDQ�� DQG� =Q2
�������PDQXIDFWXUHG�E\�8PLFRUH��%HOJLXP��
+LJK�SXULW\�:2��ZDV�V\QWKHVL]HG�DFFRUGLQJWR�WKH�RULJLQDO�WHFKQRORJ\�>�@��$FFRUGLQJ�WR
WKH�FKHPLFDO�VSHFWUDO�DQDO\VLV�UHVXOWV�RI�WKH
UHVXOWLQJ� SURGXFW�� WKH� FRQFHQWUDWLRQ� RI� WKH
PDMRU� DGPL[WXUH�6L�ZDV� ���SSP��ZKLOH� WKH
FRQFHQWUDWLRQV� RI� RWKHU� DQDO\]DEOH� DGPL[�
WXUHV�����HOHPHQWV�LQFOXGLQJ�WUDQVLWLRQ�PHW�
DOV�� ZDV� EHORZ� WKH� GHWHFWLRQ� OLPLWV� �OHVV
WKDQ� �� SSP��� ,Q� WKLV�ZRUN�� WKH� DERYH�PHQ�
WLRQHG� WHFKQRORJ\� ZDV� PRGLILHG� WR� V\QWKH�
VL]H�0R2��ZLWK� WKH�PDMRU� LPSXULW\�FRQWHQW
�=Q�� OHVV�WKDQ�����ZW�����WKH�RWKHU����DQD�
O\]DEOH� LPSXULWLHV� DUH� EHORZ� WKH� GHWHFWLRQ
OLPLWV�IRU�WKHVH�HOHPHQWV��OHVV�WKDQ���SSP��

7KH� FKDUJH� RI� FDGPLXP� WXQJVWDWH� HQ�
ULFKHG� LQ�WKH����&G� LVRWRSH�ZDV�V\QWKHVL]HG
DW� WKH� 1HR&KHP� -RLQW� 6WRFN� &RPSDQ\�
�0RVFRZ��5)��

)LJ�����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�SXOOHU�IRU
JURZLQJ� RI� R[LGH� FU\VWDOV� E\� WKH� /7*� &]
WHFKQLTXH�ZLWK�PHOW�YROXPH�DERXW����FF�
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���5HVXOWV�DQG�GLVFXVVLRQ
$� KLJK� GHJUHH� RI�PRUSKRORJLFDO� VLPLODU�

LW\� ZDV� GLVFRYHUHG� EHWZHHQ� WKH� FU\VWDOV� RI
&G:2��� =Q:2��� DQG� =Q0R�� GHSHQGLQJ� RQJURZWK� FRQGLWLRQV�� $Q� LPSRUWDQW� JURZWK
IHDWXUH�RI�WKHVH�FU\VWDOV�XQGHU�WKH�ORZ�WHP�
SHUDWXUH�JUDGLHQW�FRQGLWLRQV�LV�WKH�FRPELQD�
WLRQ� RI� IDFHWHG� DQG� URXQGHG� VKDSHV� DW� WKH
JURZWK� IURQW�� WKDW� LV�� ERWK� WKH� OD\HU�E\�
OD\HU� DQG� WKH� QRUPDO�PHFKDQLVP� RI� FU\VWDO
JURZWK�DUH�UHDOL]HG��GHYHORSPHQW�RI�IDFHWHG
VKDSHV� DQG� D� GHFUHDVH� LQ� WKH� DUHD� RFFXSLHG
E\�URXQGHG�DUHDV�RFFXU�ZLWK�DQ� LQFUHDVH� LQ
FU\VWDOOL]DWLRQ� UDWH� >����@�� +RZHYHU�� DV� WKH
FU\VWDOOL]DWLRQ� UDWH� H[FHHGV� D� FHUWDLQ� OLPLW�
WKH� VWDELOLW\� RI� FU\VWDO� IDFHV� LV� ORVW�� ZKLFK
UHVXOWV� LQ� D� SRO\FU\VWDO� JURZWK�� 7KH� FRH[LV�
WHQFH�RI�WKH�WZR�JURZWK�PHFKDQLVPV�LV�XQGH�
VLUDEOH�GXH�WR�WKH�FDSWXUH�RI�LQFOXVLRQV�DW�WKH
ERXQGDULHV� EHWZHHQ� WKH� IDFHWHG� DQG� URXQGHG
JURZWK�VKDSHV��%\�YDU\LQJ�WKH�FU\VWDOOL]DWLRQ
UDWH��HLWKHU�FRPSOHWHO\�URXQGHG�RU�FRPSOHWHO\
IDFHWHG�JURZWK�IURQW�FDQ�EH�REWDLQHG��8QGHU
WKH� ORZ� WHPSHUDWXUH� JUDGLHQW�� WKH� URXQGHG
IURQW�LV�IRUPHG�RQO\�DW�H[WUHPHO\�ORZ�JURZWK
UDWHV��VR�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�IURQW
LV�FRPSOHWHO\�IDFHWHG�DUH�RI�SUDFWLFDO�LQWHUHVW
IRU�REWDLQLQJ�SHUIHFW�FU\VWDOV�

���&G:2���7KH�XQLTXH�JURZLQJ�FKDUDFWHURI� WKHVH� FU\VWDOV� ZDV� FRQQHFWHG� ZLWK� WKH
OLPLWHG� DPRXQW� RI� WKH� LQLWLDO� UDZ� PDWHULDO
HQULFKHG� LQ� ���&G� LVRWRSH�� IURP� ZKLFK� WKH
FU\VWDO� ZDV� WR� EH� JURZQ� ZLWK� WKH� PD[LPDO
\LHOG�� 7KH� JURZLQJ� RI�&G:2�� FU\VWDOV� XVLQJWKH� /7*� &]� SURFHGXUH� ZDV� UHSRUWHG� IRU� WKH
ILUVW�WLPH�LQ�>�@��7KH�JURZWK�DORQJ�WKH�>���@
GLUHFWLRQ�ZDV�FRQVLGHUHG� DV�D�SUHIHUDEOH�ZD\
WR� GHIHFW�IUHH� FU\VWDOV�� $ORQJ� WKLV� GLUHFWLRQ�
WKH� FU\VWDOV� XS� WR� ���� PP� ORQJ� DQG� XS� WR
����PP�LQ� WKH�FURVV� VL]H�ZHUH�JURZQ��/DWHU
RQ��WKH�SRVVLELOLW\�WR�JURZ�GHIHFW�IUHH�FU\VWDOV
DORQJ� WKH� >���@� GLUHFWLRQ�ZLWK� WKH� IODW� FU\V�
WDOOL]DWLRQ�IURQW�ZDV�GHPRQVWUDWHG�LQ�>�@��7KH
>���@�GLUHFWLRQ� LV�SHUSHQGLFXODU�WR� WKH�FOHDY�
DJH� SODQH�� DQG� WKH� JURZWK� DORQJ� WKLV� GLUHF�
WLRQ� KDV� DQ� DGYDQWDJH� LQ� WKDW� WKH� RSWLFDO
WUHDWPHQW�RI�WKH�VLGH�VXUIDFH�RI�WKH�F\OLQGUL�
FDO� HOHPHQWV� LV� VLPSOLILHG� VXEVWDQWLDOO\�� ,Q
WKLV�FRQQHFWLRQ��ZH�KDYH�FKRVHQ�WKLV�GLUHFWLRQ
WR�JURZ�FDGPLXP�WXQJVWDWH�FU\VWDOV�IURP�WKH
LVRWRSH�HQULFKHG�UDZ�PDWHULDO��

7KH� LVRWRSH�HQULFKHG� ���&G:2�� FU\VWDOVZHUH� JURZQ� XVLQJ� WKH� VHWXS� VKRZQ� LQ
)LJ�� ��� IURP� D� ���� PP� KLJK� FUXFLEOH� RI
��� PP� LQ� GLDPHWHU� DW� WKH� URWDWLRQ� IUH�
TXHQF\� RI� �� U�S�P��� FU\VWDOOL]DWLRQ� UDWH
���� PP�K�� $V� D� UHVXOW�� ZH� REWDLQHG� WKH
���PP�ORQJ�FU\VWDOV�RI�DERXW����PP�LQ�GL�

DPHWHU�� WKH�PDVV� EHLQJ�������J��7KH�FKDUJH
XVH� IDFWRU� ZDV� ��� ��� /RVVHV� GXH� WR� PHOW
HYDSRUDWLRQ�GLG�QRW�H[FHHG�����J��7KH�RSWLFDO
DQG� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� RI� ���&G:2�ZHUH� PHDVXUHG� DW� WKH� ,QVWLWXWH� IRU� 1XFOHDU
5HVHDUFK�� 1DWLRQDO� $FDGHP\� RI� 6FLHQFHV� RI
8NUDLQH� XVLQJ� WKH� ��� PP� KLJK� HOHPHQW� RI
DERXW����PP�LQ�GLDPHWHU��ZLWK�WKH�������EXWW
SODQH��REWDLQHG�E\�FOHDYLQJ�WKH�LQLWLDO�LQJRW��,Q
VSLWH�RI�WKH�LUUHJXODU�VKDSH��WKH�HQHUJ\�UHVROX�
WLRQ�RI�3+5�ZDV��������DW�����NH9�>��@�

=Q:2��� 7KH� JURZWK� RI� =Q:2�� FU\VWDOVE\�FRQYHQWLRQDO�&]�LV�GHVFULEHG�LQ�>��@��7KH
/7*� &]� WHFKQLTXH� WR� JURZ� =Q:2�� FU\VWDOVRI� XS� WR� �� NJ�PDVV� ZDV� XVHG� IRU� WKH� ILUVW
WLPH�E\�XV�LQ�>�@��,Q�WKLV�ZRUN��ZH�WULHG�WR
REWDLQ� WKH� ODUJHU� FU\VWDOV�� :H� XVHG� D
����PP�KLJK�FUXFLEOH�RI�����PP�LQ�GLDPH�
WHU��,W�KDV�EHHQ�IRXQG�WKDW�WKH�JURZWK�FRQ�
GLWLRQV�>�@�DOORZ�VXFFHVVIXO�VFDOLQJ��7KH�EHVW
UHVXOWV�ZHUH�REWDLQHG�ZKHQ�JURZLQJ�=Q:2�DORQJ�WKH�>���@�GLUHFWLRQ�ZLWK�WKH�IODW�IURQW
IRUPHG�E\�WKH�>���@�IDFH��:H�KDYH�REWDLQHG
LQFOXVLRQ�IUHH�FU\VWDOV�ZLWK�D�GLDPHWHU�XS�WR
��� PP�� XS� WR� ���� PP� ORQJ�� KDYLQJ� WKH
PDVV�XS�WR���NJ��)LJ������7KH�FU\VWDOV�VKRZ
D� SLQN� WLQW� WKDW� GLVDSSHDUV� DOPRVW� FRP�
SOHWHO\�GXULQJ�DQQHDOLQJ�LQ�R[\JHQ��7KH�RS�
WLFDO� DQG� VFLQWLOODWLRQ� FKDUDFWHULVWLFV�RI� WKH
FU\VWDOV�ZHUH�H[DPLQHG�XVLQJ�WKH�F\OLQGULFDO
HOHPHQWV�RI����PP�LQ�GLDPHWHU�DQG����PP
KLJK�� 7KH� 3+5� HQHUJ\� UHVROXWLRQ� IRU
����NH9�JDPPD�TXDQWD�ZDV�a�����SULRU�WR
DQG�a�����DIWHU�WKH�DQQHDOLQJ��7\SLFDO�RS�
WLFDO� WUDQVPLVVLRQ� VSHFWUD� RI� =Q:2�� HOH�PHQWV�RI�WKLV�VL]H�SULRU�WR�DQG�DIWHU�DQQHDO�
LQJ�DUH�VKRZQ�LQ�)LJ�����

=Q0R2��� $� QHZ� FU\RJHQLF� VFLQWLOODWRU=Q0R2�� FRPELQHV� WKH� ORZ� UDGLRDFWLYLW\
EDFNJURXQG� �WKHUH� DUH� QR� QDWXUDO� UDGLRDF�
WLYH�LVRWRSHV�RI�]LQF��DQG�KLJK�OLJKW�\LHOG�DW
ORZ� WHPSHUDWXUHV�� +RZHYHU�� DV� LV� VWUHVVHG
LQ� UHYLHZ� >�@�� RSWLPL]DWLRQ� RI� WKLV� FU\VWDO
�LV� RQO\� DW� WKH� YHU\� EHJLQQLQJ��� 7R� GDWH�
WKHUH� DUH� RQO\� IHZ� SDSHUV� GHVFULELQJ� WKH

)LJ�����/DUJH�VL]H�=Q:2��FU\VWDO�
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JURZLQJ� RI� FU\VWDOV�PRUH� WKDQ� �� FF� LQ� YRO�
XPH�� 7KH� JURZLQJ� RI� FU\VWDOV� KDYLQJ� WKH
GLDPHWHU� DQG� KHLJKW� XS� WR� ���PP�ZDV� GH�
VFULEHG� LQ� >��@��7KH�FU\VWDOV�KDG��DQ� LQWHQ�
VLYH� RUDQJH� FRORU�� RI� XQNQRZQ� RULJLQ�� 7KH
DXWKRUV�RI�>��@�UHSRUWHG�WKH�JURZLQJ�RI�WKH
=Q0R2�� FU\VWDOV�XVLQJ�&]RFKUDOVNL�DQG�.\�URSRXORV� SURFHGXUHV�� 7R� UHGXFH� WKH� HIIHFW
FDXVHG� E\� 0R2�� HYDSRUDWLRQ�� H[FHVV� 0R2�LQ� WKH� UDQJH� IURP� ���� WR� ���� ZW���� DERYH
VWRLFKLRPHWU\�ZDV�LQWURGXFHG�LQWR�WKH�PHOW�
:LWK�WKH�H[FHVV�RI��������=Q0R2��FU\VWDOVFKDUDFWHUL]HG� E\� WKH� DEVHQFH� RI� EXEEOHV�
FUDFNV�� DQG� LQFOXVLRQV� RI� IRUHLJQ� SKDVHV
ZHUH� VXFFHVVIXOO\� REWDLQHG�� 1HYHUWKHOHVV�
WKH� FU\VWDOV� KDG� \HOORZ� FRORU� RU� HYHQ� UHG�
EURZQ�FRORUDWLRQ�VXSSRVHG�WR�EH�GXH�WR�LURQ
LPSXULW\�>��@�

2XU� H[SHULPHQWV� RQ� WKH� JURZWK� RI
=Q0R2�� FU\VWDOV� ZHUH� FDUULHG� RXW� VWDUWLQJIURP� WKH� VWRLFKLRPHWULF� PHOW� XVLQJ� WKH
SODWLQXP� FUXFLEOHV� RI� ��� PP� LQ� GLDPHWHU
DORQJ� WKH� >���@�GLUHFWLRQ��7KH�UDWH�RI� FU\V�
WDOOL]DWLRQ�ZDV�YDULHG�ZLWKLQ�WKH�UDQJH����Ü
��PP�K��$FFRUGLQJ� WR� >��@�� ]LQF�PRO\EGDWH
PHOWV�XQGHU�GHFRPSRVLWLRQ�DW�DERXW������&�
,Q�D�ODWHU�ZRUN�>��@��WKH�=Q0R2��PHOWLQJ�LV
FKDUDFWHUL]HG� DV� D� FRQJUXHQW� RQH�� ,Q� RXU
H[SHULPHQWV�� ZKHQ� WKH� PHOW� ZDV� KHDWHG
DERYH� a�����&�� ZH� REVHUYHG� WKH� IRUPDWLRQ
RI� QHHGOH�OLNH� FU\VWDOV�� PRVW� OLNHO\
=Q�0R�2��� LQ� DGGLWLRQ� WR� =Q0R2��� $W� DORZHU� PHOW� RYHUKHDWLQJ�� RQO\� =Q0R2�� LVFU\VWDOOL]HG�� DQG� WKH� JURZWK� SURFHVV� WRRN
SODFH� ZLWKRXW� FRPSOLFDWLRQV�� 7KH� LQFOXVLRQ�
IUHH� DQG� FRORUOHVV� =Q0R2�� FU\VWDOV� RI� DOHQJWK�XS�WR����PP��XS�WR����PP�LQ�GLDPH�
WHU� DQG� WKH�PDVV� XS� WR� ���� J� �)LJ����� ZHUH
JURZQ� DW� WKH� FU\VWDOOL]DWLRQ� UDWH� RI� ���Ü
��PP�K�ZLWK�WKH�JURZWK�IURQW�IRUPHG�E\�WKH
^���`� IDFH�� 7KH� WUDQVPLVVLRQ� VSHFWUD� RI� WKH
FU\VWDOV� JURZQ� IURP� GLIIHUHQW� UDZ�PDWHULDOV
DUH� SUHVHQWHG� LQ� )LJ����� ,W� LV� VHHQ� LQ� )LJ���

WKDW� D� EURDG� DEVRUSWLRQ� EDQG� LQ� WKH� YLVLEOH
VSHFWUDO�DUHD�UHSRUWHG� LQ� >��@� LV�DEVHQW�KHUH�
7KLV� FRQILUPV� WKH� VXSSRVLWLRQ� >��@� WKDW� WKH
FRORULQJ�RI�=Q0R��FU\VWDOV�LV�GXH�WR�WKH�SUHV�
HQFH� RI�)H��� DQG�)H��� FDWLRQV��+RZHYHU�� ZH
DVVXPH� WKDW�� LQ� DGGLWLRQ� WR� LURQ� LPSXULWLHV�
WKH� FRORUDWLRQ� PD\� EH� FDXVHG� E\� GHYLDWLRQV
IURP� WKH� VWRLFKLRPHWU\� FDXVHG� E\� LQWHQVH
HYDSRUDWLRQ� IURP� WKH�PHOW� VXUIDFH��ZKLFK� LV
W\SLFDO�IRU�WKH�FRQYHQWLRQDO�&]RFKUDOVNL�WHFK�
QLTXH��)RU�H[DPSOH��LQ�>��@��ZKHUH�WKH�FRQYHQ�
WLRQDO� &]RFKUDOVNL� WHFKQLTXH� ZDV� XVHG�� WHP�
SHUDWXUH�GLIIHUHQFHV�LQ�WKH�PHOW�UHDFKHG����.�
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7KH� UHVXOWV� SUHVHQWHG�KHUHLQ� DOORZ�XV� WR

FRQFOXGH� WKDW� WKH� /7*� &]� SURFHGXUH� SUR�
YLGHV� D� ZD\� WR� WKH� PDVV� SURGXFWLRQ� RI
PRO\EGDWH� DQG� WXQJVWDWH� FU\VWDOV� RI� UH�
TXLUHG�VL]H�DQG�TXDOLW\� IRU�SK\VLFDO� H[SHUL�
PHQWV�DLPHG�DW�WKH�VHDUFK�IRU�UDUH�HYHQWV��

)LJ�����7KH�RSWLFDO�WUDQVPLWWDQFH�RI�D����PP
=Q:2��FU\VWDO�SULRU�WR�DQG�DIWHU�DQQHDOLQJ�

)LJ����� 7KH� RSWLFDO� WUDQVPLWWDQFH� RI� WKH
���PP�=Q0R�� FU\VWDOV� JURZQ� IURP� FRPPHU�FLDO�0R2��DQG�0R2��V\QWKHVL]HG�LQ�1,,&�

)LJ�����&RORUOHVV�=Q0R��FU\VWDOV�
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