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VSHFWUD� RI� LPSXULW\�IUHH� FU\VWDOV� DV�ZHOO� DV� WKRVH� FRQWDLQLQJ�*D��0J��6E��$O��)H� LQFOXGH
OLQHV�WKDW�FDQ�EH�DVFULEHG�WR�WKH�ORFDO�GHIHFWV�RI�WKH�FU\VWDO�VWUXFWXUH��7KRVH�GHIHFWV�KDYH
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VL[�IOXRULQH�DWRPV��7KLV�IDFW�LV�PRVW�SURQRXQFHG�LQ�WKH�FU\VWDOV�ZLWK�)H�LPSXULW\��$�ORFDO
GLVWRUWLRQ�RI�FXELF�V\PPHWU\�KDV�EHHQ�UHYHDOHG�XQDPELJXRXVO\�DW�WKH�GHIHFW�FHQWHU�VLWHV�
7KH�OHWWHU�VHHP�WR�EH�IOXRULQH�RFWDKHGURQV�
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���,QWURGXFWLRQ�
)OXRULGHV� RI� WULYDOHQW� PHWDOV� EHORQJ� WR

WKH� IDPLO\� RI� SHURYVNLWH� FRPSRXQGV� ZLWK
WKH� JHQHUDO� IRUPXOD�$%;��� ZKHUH� WKH� SRVL�WLRQ� RI� RQH� FDWLRQ� LV� YDFDQW�� :LWKLQ� WKH
IUDPHZRUN�RI�DE�LQLWLR�VLPXODWLRQV��WKH�ODW�
WLFH�G\QDPLFV�LQ�WKH�FXELF�SKDVH�RI�WKH�$O)��*D)�� RU� )H)�� FU\VWDOV� LVRPRUSKLF� WR� 6F)�ZDV�FDOFXODWHG�>�@��)LJ�����DQG�LW�ZDV�VKRZQ
WKDW� WKHUH� DUH� QR� LPDJLQDU\� IUHTXHQFLHV� LQ
WKH� YLEUDWLRQDO� VSHFWUD� RI� WKHVH� FU\VWDOV�
%XW�LQ�WKH�5DPDQ�VSHFWUXP�RI�6F)��FU\VWDO�WKHUH� LV� D� ZHDNO\� GLVSHUVLYH� OLQH� �EHWZHHQ
WKH�SRLQWV�5�DQG�0�LQ�WKH�%ULOORXLQ�]RQH��DW
DQ� DQRPDORXVO\� ORZ� IUHTXHQF\�� ,Q� WKLV� YL�
EUDWLRQ� EUDQFK�� WKHUH� LV� D� WULSO\� GHJHQHU�
DWHG�PRGH�5��DW�SRLQW�5�DQG�XQGHJHQHUDWHG

PRGHV�LQ�WKH�GLUHFWLRQ�5�o�0��LQFOXGLQJ�WKH
SRLQW� 0�� FRUUHVSRQGLQJ� WR� WKH� YLEUDWLRQV
ZKHUH� WKH� IOXRULQH� LRQV� DUH� GLVSODFHG�� 7KH
VWUXFWXUDO� SKDVH� WUDQVLWLRQV� LQ� PRVW
SHURYVNLWH�KDOLGHV�DUH�VWLPXODWHG�E\�WKH�FRQ�
GHQVDWLRQ�RI�PRGHV� LQ� WKLV�YLEUDWLRQ�EUDQFK�
,Q� D� SXUH�6F)�� FU\VWDO�� QR� VWUXFWXUDO� WUDQV�IRUPDWLRQV� DUH� GHWHFWHG� ZLWKLQ� WKH� UDQJH
IURP�URRP�WHPSHUDWXUH�WR���.�>�@��$OVR��WKH
SKDVH� GLDJUDP� VHQVLWLYLW\� WR� WKH� VWUXFWXUDO
GHIHFWV� DQG� LPSXULWLHV� ZDV� DVVXPHG�� ,Q� WKLV
VWXG\�� ZH� LQYHVWLJDWHG� WKH� FRPSRXQG� 6F)�ZLWK� YDULRXV� LPSXULWLHV�� ZKLFK� PD\� LQGXFH
WKH� LQWHUQDO� SUHVVXUH� LQ� WKH� FU\VWDOV�� 7KH
FKDQJH� LQ� WKH� ORFDO� V\PPHWU\�GXH� WR� WKH� LQ�
WURGXFWLRQ� RI� WKH� LPSXULWLHV� LQ� WKH� FU\VWDO
KDV�EHHQ�YHULILHG�E\�WKH�(65���
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���([SHULPHQWDO

'XH�WR�KLJK�PHOWLQJ�SRLQWV�RI�ERWK�SXUH
6F)�� ������&���DQG�6F)��ZLWK�GLIIHUHQW� LP�SXULWLHV�� WKH� FU\VWDOV� ZHUH� JURZQ� IURP� WKH
PHOW�VROXWLRQ�� 7KH� PROWHQ� VRGLXP� IOXRULGH
ZDV� XVHG� DV� WKH� VROYHQW�� 7KH� PL[WXUH� RI
SRZGHUHG�UHDJHQWV�FRQWDLQLQJ����PRO����RI
VFDQGLXP�IOXRULGH�ZDV�KHDWHG�WR�PHOWLQJ�LQ
D� SODWLQXP� ERDW�� 7KH� FU\VWDOOL]DWLRQ� ZDV
FDUULHG�LQ�DUJRQ�DWPRVSKHUH��WKH�D[LDO�WHP�
SHUDWXUH� JUDGLHQW� RI� ��Ü��� GHJ�FP�� WKH
VSHHG� ���� PP�K��� 7KH� SXUH� EORFNV� ZHUH
VHDOHG� LQ� SODWLQXP� DPSRXOHV� ZLWK� ���� PP
WKLFN� ZDOOV�� 'XULQJ� ��� GD\V�� WKH� DPSRXOH
ZHUH� ORZHUHG� LQWR� D� YHUWLFDO� WXEH� IXUQDFH
ZLWK� WKH� D[LDO� WHPSHUDWXUH� JUDGLHQW� RI
��� GHJ�FP� DW� D� VSHHG� RI� ���� PP�K� IURP
����� .� WR� ���� .�� 7KH� FU\VWDOV� FRQWDLQLQJ
WKH�$O)���6E)���*D)���0J)��� )H)�� ��Ü����
LPSXULWLHV�ZHUH�SUHSDUHG� LQ� D� VLPLODU�PDQ�
QHU��$IWHU�FRROLQJ��WKH�REWDLQHG�VDPSOHV�KDG
F\OLQGULFDO� VKDSH�ZLWKRXW� YLVLEOH� GHIHFWV� RU
LQFOXVLRQV�LQ�WKH�ERWWRP�WUDQVSDUHQW�SDUW�RI
���PP�GLDPHWHU�DQG�XS�WR���PP�KHLJKW�

7KH� ;�UD\� SKDVH� DQDO\VLV� DW� URRP� WHP�
SHUDWXUH� KDV� VKRZQ� WKDW� DOO� WKH� REWDLQHG
FU\VWDOV�� LQFOXGLQJ� WKRVH� ZLWK� WKH� LPSXUL�
WLHV�� KDG� WKH� VWUXFWXUH� RI� WKH� FXELF� 6F)��ZLWK� WKH� XQLW� FHOO� SDUDPHWHUV� D�� ������cZLWKLQ�WKH�H[SHULPHQWDO�HUURU��$OO�WKH�FU\V�
WDOV�VKRZ�RSWLFDO�LVRWURS\�LQ�SRODUL]HG�OLJKW
�WKDW� LV� W\SLFDO� IRU� FXELF� V\PPHWU\��ZLWKLQ
WKH�UDQJH�IURP�URRP�WHPSHUDWXUH�WR�����.�
7R�FODULI\� WKH� VWDWHV�RI�WKH� LRQV� LQWURGXFHG
LQWR� WKH� FU\VWDO�� WKH� ORFDO� FKDQJHV� LQ� WKH
FU\VWDO� VWUXFWXUH� GXH� WR� VXFK� LQWURGXFWLRQV
ZHUH� LQYHVWLJDWHG� E\� (65� XVLQJ� D� VSHF�
WURPHWHU� (OH[\V� (���� �%UXNHU�� LQ� WKH� WHP�
SHUDWXUH� UDQJH� ����Ü����.� DQG� WKH� GHULYD�
WLYHV� IURP� WKH� DEVRUSWLRQ� OLQHV� ZHUH� UH�
FRUGHG�

$�FKDUDFWHULVWLF�IHDWXUH�RI�WKH�(65�VSHF�
WUD�RI�WKH�SRO\FU\VWDOOLQH�VDPSOHV�6F)��ZLWKGLIIHUHQW� LPSXULWLHV� LV� WKH� SUHVHQFH� RI� D
QDUURZ� OLQH�ZLWK�J� �������� ,Q� WKH� VDPSOHV
ZLWK�0J��WKLV�OLQH�LV�ZHDN�DQG�EHFRPHV�YLV�
LEOH� RQO\� DW� ��� .�� $QRWKHU� FKDUDFWHULVWLF
IHDWXUH� RI� WKH� VSHFWUD� LV� WKH� SUHVHQFH� RI
EURDG� OLQHV�ZLWK� WKH�J�IDFWRU�����Ü�����IRU
FRORUHG� SRZGHUV� RI� SRO\FU\VWDOOLQH� VDPSOHV�
7KH� WHPSHUDWXUH� EHKDYLRU� RI� WKHVH� OLQHV� �D
GHFUHDVH�LQ�LQWHQVLW\�DW����.�DQG�D�VKLIW�WR
ORZHU�ILHOGV�WKDW� LV�QRW�W\SLFDO�RI�SDUDPDJ�
QHWLF� FHQWHUV� LQ� FU\VWDOV�� DOORZV� RQH� WR� UH�
ODWH� WKHP� WR� WKH� VXSHUSDUDPDJQHWLF� SDUWL�
FOHV� >�@�ZKLFK�DUH�QRW� LQFOXGHG� LQ�WKH�FU\V�
WDO� VWUXFWXUH� RI� 6F)��� 7KH� DSSHDUDQFH� RI

WKHVH�OLQHV�LV�FRQQHFWHG�PRVW�OLNHO\�ZLWK�WKH
LPSXULWLHV�RI�R[LGL]HG�LURQ��,Q�VDPSOHV�ZLWK
DQ� DGPL[WXUH� RI� *D�� $O� DQG� 6E� �ZKLWH��
WKHVH�LPSXULWLHV�DUH�DEVHQW��

1R�EURDG�OLQHV�DUH�REVHUYHG�LQ�WKH�VLQJOH�
FU\VWDO� VDPSOHV� RI� SXUH� 6F)�� DQG� FU\VWDOVGRSHG�ZLWK�*D��2QO\�WKH�OLQH�ZLWK�J� ������
LV�UHPDLQHG��)LJ����VKRZV�DQ�H[DPSOH�RI�WKH
(65� VSHFWUXP� IRU� D� FU\VWDO� ZLWK� *D� DW
���.��7KH� FHQWUDO� OLQH� FKDUDFWHUL]HV�K\SHU�
ILQH� VWUXFWXUH� �6)6�� FRQVLVWLQJ�RI���FRPSR�
QHQWV�ZLWK�D�VSOLWWLQJ���2H�GXH�WR�WKH�GHOR�
FDOL]DWLRQ�RI�WKH�HOHFWURQV�DPRQJ���IOXRULQH
LRQV�ZLWK� WKH�QXFOHDU� VSLQ�,� ������$�VLPL�
ODU�VSHFWUXP�LV�DOVR�REVHUYHG�IRU�WKH�LPSX�
ULW\�IUHH�6F)��VLQJOH�FU\VWDO�)LJ���� VKRZV� WKH� DQJXODU� GHSHQGHQFH� RI
WKH�VSHFWUXP�IRU�D�6F)��VLQJOH�FU\VWDO�ZLWK*D� LQ� WKH� SODQH� >���@� DW� ����.�� ,W� LV� VHHQ
WKDW� WKH� (65� VSHFWUXP� DQVZHUV� WR� WZR
SDUDPDJQHWLF� FHQWHUV� LQ� D� GLVWRUWHG� FXELF
SRVLWLRQ� DQG� FRQVLVWV� RI� WZR� VSLQ� WULSOHWV�
7KH� WULSOHWV� GLYHUJHQFH� LV� PD[LPXP� RI
��� 2H�� ZKHQ� WKH� PDJQHWLF� ILHOG� FRLQFLGHV
ZLWK�WKH�D[LV�RI�WKH�SRVLWLRQ�GLVWRUWLRQ��)LJ�
�D���DQG����2H� LQ�WKH�GLUHFWLRQ�SHUSHQGLFX�

)LJ�����7KH�FXELF�XQLW�FHOO�RI�6F)���

)LJ����� (65� VSHFWUXP� RI� WKH�*D� GRSHG�6F)�FU\VWDO�DW����.��
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ODU� WR� WKH� GLVWRUWLRQ� D[LV�� ,Q� DQ� LQWHUPHGL�
DWH� SRVLWLRQ�� WKH� HQWLUH� VSHFWUXP� LV� FRO�
ODSVHG�WR�D�VLQJOH�EURDG�OLQH��)LJ���E���

)RU� DQ� LPSXULW\�IUHH� FU\VWDO�� D� VLPLODU
EHKDYLRU� LV� REVHUYHG� ZLWK� WKH� GLVWDQFH� EH�
WZHHQ� WKH� +)6� FRPSRQHQWV� RI� �� 2H�� 7KH
DQJXODU� GHSHQGHQFH� RI� WKH� VSHFWUXP� VKRZV
WKDW� WKH� GLVWRUWLRQ� D[HV� IRU� HDFK� RI� WKHVH
WULSOHWV� DUH� PXWXDOO\� SHUSHQGLFXODU�� WKH
PD[LPXP� VSOLWWLQJ� RI� RQH� LV� DFFRPSDQLHG
E\� DQ� DSSUR[LPDWHO\� �� WLPHV� VPDOOHU� VSOLW�
WLQJ�RI�WKH�VHFRQG��$W�WKH�����URWDWLRQ��WKH\
EHFRPH�VZDSSHG�

)RU� WKH� LURQ�GRSHG� 6F)�� VLQJOH� FU\VWDO�WKH�(65�VSHFWUXP�LV�PRUH�FRPSOH[��)LJ�����
,Q�WKLV�FDVH��ZHOO�SURQRXQFHG�DUH�WKUHH�VSHF�
WUDO� OLQHV� RI� WKH�� HDFK� FRQVLVWLQJ� RI� �
VOLJKWO\� RYHUODSSLQJ� +)6� FRPSRQHQWV�� 7KH
FHQWUDO� OLQH� KDV� J� �������� 7KHUH� LV� D
FKDQJH� LQ� WKH� DQJXODU� SRVLWLRQV� RI� WKHVH
OLQHV� DQG� WKLV� IDFW� LQGLFDWHV� D� ORFDO� GLVWRU�
WLRQ� RI� WKH� FXELF� V\PPHWU\� LQ� WKH� FHQWHU
VLWH�� :KHQ� WKH� PDJQHWLF� ILHOG� LV� GLUHFWHG
DORQJ� WKH�GLVWRUWLRQ� D[LV� �)LJ������ WKH� VSHF�
WUXP�VSOLWWLQJ�ZLOO�EH�WKH�ODUJHVW��EXW�LQ�WKH
GLUHFWLRQ� SHUSHQGLFXODU� WR� WKH� D[LV�� WKH
VSHFWUXP�ZLGWK�GHFUHDVHV��)LJ���E���7KH�GLV�

WDQFH�EHWZHHQ�WKH�DGMDFHQW�+)6�FRPSRQHQWV
LV����2H��6XFK�D� VWUXFWXUH�RI� WKH� VSHFWUXP
LV� UHODWHG� WR� WKH� GHORFDOL]DWLRQ� RI� HOHFWURQV
EHWZHHQ� WKH� VL[� IOXRULQH� LRQV�� 7KLV� LV� HYL�
GHQFHG� E\� WKH� ��FRPSRQHQW� VWUXFWXUH� IRU
HDFK� RI� WKH� WUDQVLWLRQV�� 7KDW� VWUXFWXUH� LV
PRVW�SURQRXQFHG�DW�WKH�FHQWHU�OLQH�DQG�SDU�
WLDOO\� RYHUODSSHG� IRU� WKH� VLGH� FRPSRQHQWV�
2Q� HLWKHU� VLGH� RI� WKH� VSHFWUXP�� WKHUH� DUH
WZR���FRPSRQHQW�WUDQVLWLRQV�RI�ZHDN� LQWHQ�
VLW\�� 7KHLU� ORFDWLRQ� LV� LQGHSHQGHQW� RI� WKH
FU\VWDO� RULHQWDWLRQ� DQG� WKH� K\SHUILQH� FRQ�
VWDQW�LV����2H��$W�WKH�PD[LPXP�VSOLWWLQJ�RI
WKH� WULSOHW� �)LJ���D��� WKH� GLVWDQFH� EHWZHHQ
FRPSRQHQWV�LV�����2H���

���'LVFXVVLRQ
,Q�WKH�SXUH�6F)��FU\VWDO�DV�ZHOO�DV�LQ�WKHVDPSOHV� GRSHG� ZLWK� $O�� 0J�� 6E�� *D�� OLQHV

ZLWK� J� ������� DUH� REVHUYHG�� 7KRVH� FDQ� EH
DVFULEHG� WR� WKH� SUHVHQFH� RI� GHIHFWV� >�@�� $V
QRWHG�LQ�>�@��WKH�SUHVHQFH�RI�FDWLRQLF�YDFDQ�
FLHV� LQ� WKHVH� FXELF� FU\VWDOV� UHVXOWV� LQ� DQ
LQFUHDVHG� VHQVLWLYLW\� WR� YDULRXV� LPSXULWLHV
DQG�VWUXFWXUDO�GHIHFWV��7KH�GLVSODFHPHQW�RI
6F���LRQV�WR�WKH�YDFDQW�SRVLWLRQV�LV�SRVVLEOH�
,Q�WKLV�FDVH��VLQFH�ZH�REVHUYH�WKH�(65�VSHF�
WUXP� SUHVHQWHG� E\� WKH� WULSOHW� ILQH� VWUXF�
WXUH�� LW� LV� QDWXUDO� WR� DVVXPH� WKDW� WKH� DE�
VHQFH� RI� FKDUJH� FRPSHQVDWLRQ� IRU� WKH� IOXR�

)LJ�����(65�VSHFWUXP�RI�WKH�*D�GRSHG�VLQJOH
6F)��FU\VWDO�DV�D�IXQFWLRQ�RI�WKH�FU\VWDO�RUL�HQWDWLRQ��

)LJ�����6SHFWUXP�RI�WKH�LURQ�GRSHG�6F)��VLQ�JOH�FU\VWDO��

9�1�9RURQRY�HW�DO����(65�VWXG\�RI����
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ULGH� LRQV� ZLOO� FDXVH� D� VKLIW� RI� WKUHH� HOHF�
WURQV��6� ������WRZDUGV�WKH�YDFDQW�SRVLWLRQ�
7KH� UHPDLQLQJ� WKUHH� HOHFWURQV�PRYH� WR� DQ�
RWKHU�YDFDQW�SRVLWLRQ�RI�WKH�GHIHFW��7KH�GLV�
WRUWLRQ� D[HV� RI� WKHVH� FHQWHUV� DUH� PXWXDOO\
SHUSHQGLFXODU��DV�IROORZV�IURP�WKH�REVHUYHG
DQJXODU�GHSHQGHQFH�RI�WKH�VSHFWUD��7KH�ORFDO
GLVWRUWLRQ�RI� WKH� FXELF� VWUXFWXUH��DFFRUGLQJ
WR�RXU�UHVXOWV�� LV� DVVXPHG�WR� EH�GXH� WR� WKH
FRPSUHVVLRQ� RU� VWUHWFKLQJ� RI� WKH� IOXRULQH
RFWDKHGURQV��7KH�REVHUYHG�LQWHUDFWLRQ�RI�WKH
HOHFWURQV�RI�WKHVH�YDFDQW�SRVLWLRQV�ZLWK�VL[
IOXRULQH� QXFOHL� LV� LQGLFDWLYH� RI� WKHLU� DU�
UDQJHPHQW�ZLWKLQ�WKH�IOXRULQH�RFWDKHGURQ�

,Q� WKH� FU\VWDOV� ZLWK� LURQ� LPSXULW\�� WKH
ORFDO� V\PPHWU\� RI� WKH� GHIHFW� FHQWHUV� LV
ORZHU�WKDQ�WKH�FXELF�RQH��7KLV�IDFW�LV�PDQL�
IHVWHG� DV� WKH� DQJXODU� GHSHQGHQFH� RI� WKH
VSHFWUXP��6HYHQ�FKDUDFWHULVWLF�+)6�OLQHV�LQ�
GLFDWH� WKH� ERQGV� ZLWK� WKH� VL[� LRQV� )±� DQG
DUH� REVHUYHG� LQ� DOO� WKH� VSHFWUDO� OLQHV�� 7KH
REVHUYHG� VSHFWUXP� LV� UDWKHU� VLPLODU� WR� WKH
(65� VSHFWUD� RI� WKH� FRORU� FHQWHUV� LQ� %D)�>�@�� EXW� LQ� WKDW� FDVH�� WKH� VWUXFWXUH� GLIIHUV
IURP�RXU�FU\VWDOV�LQ�WKH�HOHFWURQ�VSLQ�YDOXH
RI� WKH� GHIHFW� FHQWHU�� 7KH� VLGH� FRPSRQHQWV
KDYLQJ� VLJQLILFDQWO\� ORZHU� LQWHQVLW\� �)LJ�
�D�� DULVH� E\� DQDORJ\� ZLWK� >�@� EHFDXVH� RQH
HOHFWURQV� DOVR� HQFRXQWHUV� WKH� FRXSOLQJ�ZLWK
WKH�6F�QXFOHXV�ZKLFK�KDV�D�QXFOHDU�VSLQ�,� �����
:H�PD\�FRQVWUXFW�WKH�(65�VSHFWUXP�DVVXP�
LQJ�WKDW�D��6F���� ����D��)±���ZKHUH�D�LV�WKH
LVRWURSLF�K\SHUILQH�FRQVWDQW�GXH�WR�WKH�FRQ�
WDFW� LQWHUDFWLRQ� ZLWK� QXFOHXV�� 7KLV� UDWLR� LV
EDVHG� XSRQ� WKH� REVHUYDWLRQ� WKDW� WKH� GLV�
WDQFH�EHWZHHQ�WKH�H[WUHPH�VLGHEDQGV�LQ�)LJ�
�D�LV�������2H��ZKLFK�HTXDOV�WR��D��6F�����

7KH�UHYHDOLQJ�RI�WKH�XQSDLUHG�HOHFWURQ�GHOR�
FDOL]DWLRQ�LQ�WKH�IRUP�RI�VSLQ�GHQVLW\�GLVWULEX�
WLRQ�RYHU�WKH�PROHFXOH�XVLQJ�WKH�(65�PHWKRG
LV�SRVVLEOH�RQO\�LQ�WKH�FDVHV�ZKHUH�WKH�GLVSODFH�
PHQW�VSHHG�H[FHHGV�FRQVLGHUDEO\�WKH�IUHTXHQF\
RI� RXU� PHDVXUHPHQW� PHWKRG�� 7KH� UHVROYHG
6+)6� LQGLFDWHV� WKDW� WKH�GHORFDOL]DWLRQ� UDWH� LV
PXFK� JUHDWHU� WKDQ� WKH� GLVWDQFH� EHWZHHQ� WKH
+76� FRPSRQHQWV� >����@�� 7KH� YDOXHV� RI� WKHVH
GLVWDQFHV� DUH� WKH� ELJJHVW� LQ� WKH� FDVH� RI� LURQ
LPSXULW\�����2H���ZKLOH�EHLQJ���2H�IRU�JDOOLXP
DQG���2H�LQ�WKH�SXUH�FU\VWDO�

7KH� LQFUHDVHG� HOHFWURQ� GHORFDOL]DWLRQ� DV
FRPSDUHG�WR�WKH�SXUH�FU\VWDO�LV�REVHUYHG�LQ�WKH
VSHFWUD� RI� FU\VWDOV� ZLWK� LURQ� �)H)�� DGGLWLYHDERXW� ���� LQ� WKH� V\QWKHVLV��� KRZHYHU��ZH� GR
QRW�REVHUYH�WKH�VSHFWUDO�FKDUDFWHULVWLF�RI�)H���
2QH�SRVVLEOH�H[SODQDWLRQ�IRU�WKLV�SKHQRPHQRQ
PD\�EH�WKH�DVVXPSWLRQ�WKDW�LURQ�LV�LQFOXGHG�LQ
WKH����YDOHQFH�VWDWH�LQ�WKH�VFDQGLXP�YDFDQF\�
ZKLFK�GRHV�QRW�DOORZ�XV�WR�REVHUYH�WKH�VSHF�
WUXP�LQ�RXU�WHPSHUDWXUH�UDQJH�

,Q�WKH�FU\VWDOV�GRSHG�ZLWK�$O��0J��6E��QR
UHVROYHG�+)6�VSHFWUD�DUH�REVHUYHG�DV�ZHOO�DV
WKH� ILQH� VWUXFWXUH�RI� WKH�GHIHFWV��7KH�SUHV�
HQFH�RI�FRPSRQHQWV�ZLWK�J� �������LQGLFDWHV
WKH� SUHVHQFH� RI� GHIHFWV� LQ� WKHVH� SRO\FU\V�
WDOV�� WRR�� ,W� LV� QRW� \HW� SRVVLEOH� WR� PDNH� D
FRQFOXVLRQ� DERXW� WKH� LPSODQWDWLRQ�RI� LPSX�
ULWLHV�LQ�WKH�VWUXFWXUH�RI�WKHVH�VDPSOHV��)RU
PRUH� LQIRUPDWLRQ�� WKH� H[SHULPHQWV� RQ� VLQ�
JOH�FU\VWDOV�DUH�SODQQHG�LQ�IXWXUH�

���&RQFOXVLRQ�
,Q�WKH�SXUH�6F)��FU\VWDO�DQG�LQ�WKH�VDP�SOHV�ZLWK�GLDPDJQHWLF�LPSXULWLHV�$O��0J��6E�

*D��D�VSHFWUXP�W\SLFDO�RI�FU\VWDOOLQH�GHIHFWV
LV�REVHUYHG��7KH�GHIHFWV�FDQ�EH�DWWULEXWHG�WR
WKH�SUHVHQFH�RI�YDFDQFLHV�LQ�WKH�VWUXFWXUH�LQ
WKH� 6F��� SRVLWLRQV� RFFXSLHG� E\� IUHH� HOHF�
WURQV�� )RU� SRO\FU\VWDOOLQH� VDPSOHV� ZLWK
PDJQHVLXP�DQG�DQWLPRQ\�DQG�IRU�SXUH�FU\V�
WDOV��WKHUH�DUH�EURDG�OLQHV�WKDW�FKDUDFWHUL]H
WKH� SUHVHQFH� RI� FDVXDO� LPSXULWLHV�� ,Q� WKH
SXUH� 6F)�� VLQJOH� FU\VWDO� DV� ZHOO� DV� LQ� WKHLURQ�DQG�JDOOLXP�GRSHG�FU\VWDOV��VHYHQ�FKDU�
DFWHULVWLF�+)6�OLQHV�DUH�REVHUYHG�LQGLFDWLQJ
WKH� ELQGLQJ� RI� HOHFWURQV� LQ� WKH� GHIHFW� FHQ�
WHUV�ZLWK� VL[� IOXRULQH� LRQV�� )RU� WKH� VDPSOH
ZLWK� JDOOLXP�� IRU� WKH� SXUH� FU\VWDO� DQG� IRU
WKH� LURQ� GRSHG� FU\VWDO�� WKH� +)6� FRQVWDQWV
DUH� GLIIHUHQW�� ZKLFK� PD\� LQGLFDWH� WKH� LP�
SODQWDWLRQ�RI�WKHVH�LPSXULWLHV�LQ�WKH�FU\VWDO
ODWWLFH�� %DVLQJ� RQ� WKH� SXEOLVKHG� GDWD� DQG
WKH�HOHFWURPDJQHWLF�ILHOG�IUHTXHQF\�YDOXH�LQ
RXU� PHDVXUHPHQWV� ��� *+]��� WKH� GHORFDOL]D�
WLRQ�RI�WKH�HOHFWURQ�GHQVLW\�RFFXUV�DW�D�IUH�
TXHQF\�LQ�WKH������WR������VÜ��UDQJH�>����@�
7KH� KLJKHVW� HOHFWURQ�PRELOLW\�� DFFRUGLQJ� WR
WKHVH�GDWD��LV�LQ�WKH�FU\VWDOV�ZLWK�LURQ��7KH
DQJXODU� GHSHQGHQFH� RI� WKH� (65� VSHFWUD� LQ
WKH� VLQJOH� FU\VWDOV� DVFULEHG� WR� WKH� GHIHFWV
VXJJHVWV�WKH� ORFDO�GLVWRUWLRQV�RI�WKH�FU\VWDO
V\PPHWU\� LQ� WKHVH� SRVLWLRQV�� 6XFK� GHIHFWV
DUH� QRW� UHJLVWHUHG� ZLWK� ;�UD\V� EHFDXVH� RI
WKH� ORZ� GHQVLW\�� 7KH� ORFDO� GLVWRUWLRQ� RI
FXELF� V\PPHWU\�� DFFRUGLQJ� WR� RXU� UHVXOWV�
FDQ�EH�DWWULEXWHG�WR�GLVWRUWLQJ�RI�RFWDKHGUD
IRUPHG�E\�IOXRULQH�LRQV��7KH�GHIHFW�FHQWHUV�LQ
WKH� FU\VWDOV� ZLWK� LURQ� DUH� WKH� FU\VWDO� FRORU
FHQWHUV��7KH�VWUXFWXUH�RI�WKH�GHIHFWV�DQG�WKH
QDWXUH�RI�WKH�GLVWRUWLRQ�GHSHQG�RQ�WKH�W\SH�RI
WKH�LPSXULW\�LRQV��$�PRGHO�RI�WKH�GHIHFW�FHQ�
WHUV�LV�SODQQHG�WR�EH�SURSRVHG�LQ�WKH�IXWXUH�

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG�E\�D�JUDQW�IURP�WKH�3UHVLGHQW�RI�WKH
5XVVLDQ� )HGHUDWLRQ� IRU� VXSSRUW� RI� OHDGLQJ
VFLHQWLILF�VFKRROV��16K��������������DQG�6L�
EHULDQ� %UDQFK� RI� 5$6� SURJUDP� �SURMHFW
�������

9�1�9RURQRY�HW�DO����(65�VWXG\�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



5HIHUHQFHV
� ���.�6�$OHNVDQGURY�� 9�1�9RURQRY�� $�1�9W\XULQ

HW�DO���=K��(NVSHU���7HRU��)L]�������������������
� ���1�1RJLQRYD�� )�&KHQ�� 7�:HDYHU� HW� DO��� -��3K\V��

&RQGHQV��0DWWHU��������������������
� ���*�:HUWKHLP�� $�+DXVPDQQ�� :�6DQGHU�� (OHF�

WURQLF� 6WUXFWXUH� RI� 3RLQW� 'HIHFWV�� 1RUWK��
+ROODQG���������$WRPL]GDW��0RVFRZ��������>LQ
5XVVLDQ@��

� ���9�,�=LQHQNR��1�*�=DPNRYD��3K\V��6ROLG�6WDWH�
����������������

� ���-�$UHQGV��3K\V��6WDW��6RO�����������������
� ���-�(��:HUW]��-�5��%ROWRQ��(OHFWURQ�6SLQ�5HVR�

QDQFH��(OHPHQWDU\�7KHRU\�DQG�3UDFWLFDO�$SSOL�
FDWLRQV��0F*UDZ+LOO�%RRN�&RPSDQ\��1HZ�<RUN
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