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%HFDXVH� RI� LWV� UHPDUNDEOH� VFLQWLOODWLRQ
FKDUDFWHU�ZLWK� VKRUW� GHFD\� WLPH�� KLJK� GHQ�
VLW\� DQG� KLJK� UDGLDWLRQ� UHVLVWDQFH�� 3E:2��3:2��FU\VWDO�ZDV�FKRVHQ�DV�VFLQWLOODWRU� LQ
KLJK� HQHUJ\� SK\VLFV� H[SHULPHQWV� VXFK� DV
/+&� DQG�$/,&(� DW� &(51�� %7(9� DW� )HUPL
/DE��3$1'$�DW�'DUPVWDGW�DQG�VR�RQ�>�Ü�@�
%XW� WKH� DSSOLFDWLRQ� RI� WKLV� FU\VWDO� LQ� WKH
TXLFNO\� JURZLQJ�PDUNHW� RI�;�UD\� WUDQVPLV�
VLRQ� GHYLFHV� IRU� PHGLFDO� GLDJQRVWLFV� �&7�

DQG� YDULRXV� ILHOGV� VXFK� DV� LQ�3(7�DQG�PH�
GLXP�HQHUJ\� SDUWLFOH� GHWHFWRUV�� LV� UDWKHU
SUREOHPDWLF� GXH� WR� ORZ� VFLQWLOODWLRQ� OLJKW
\LHOG� �/<��� ZKLFK� LV� PRUH� WKDQ� WZR� RUGHUV
RI�PDJQLWXGH�OHVV�WKDQ�WKDW�RI�1D,��7O���7KH
LQFUHDVH� RI� /<� RI� 3:2� E\� VHYHUDO� WLPHV
ZRXOG�RSHQ�XS�D�ZLGH�ILHOG�RI�SUDFWLFDO�DS�
SOLFDWLRQV� IRU� WKLV�PDWHULDO� >�@�� ,Q� RUGHU� WR
LPSURYH�LWV�/<��PDQ\�ZRUNV�KDG�EHHQ�GRQH
WR�GRSH�3:2�ZLWK�VRPH�VSHFLDO� LPSXULWLHV�
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7KH� 3:2� GRSHG� RU� FR�GRSHG� ZLWK�0R��&G�
&D��1E��6E�ZHUH�IRXQG�WR�KDYH�KLJKHU�OLJKW
\LHOGV� WKDQ� SXUH� 3:2� FU\VWDO� LQ� ILQLWH� H[�
WHQW�� DQG� WKHLU� GHFD\� WLPHV� DUH� LQFUHDVHG�
UHVSHFWLYHO\� >�Ü�@�� ,Q� WKLV� ZRUN�� D� QHZ� DW�
WHPSW�WR�XVH�%D)��DV�D�GRSDQW�LQ�3:2�FU\V�
WDO� LV� UHSRUWHG��7KH�VLJQLILFDQW�/<�LQFUHDVH
DQG� LPSURYHG� WUDQVPLWWDQFH� HYLGHQFH� WKH
H[FHOOHQW� VFLQWLOODWLRQ� SURSHUWLHV� RI� WKH
3E:2���%D)�� FU\VWDO��+HQFH��3E:2���%D)�FU\VWDO� PD\� EH� RI� SURPLVH� IRU� PHGLXP�HQ�
HUJ\�SDUWLFOH�GHWHFWRU�
3:2� GRSHG�ZLWK�%D)�� ZDV� JURZQ� DORQJ����!�RULHQWDWLRQ�XVLQJ�PRGLILHG�&]RFKUDO�

VNL�WHFKQLTXH��7KH�%D)��FRQWHQW�LQ�WKH�PHOWZDV� DERXW� ����� SSP��7KH� JURZWK� UDWH�ZDV
���� PP�K�� 7KH� D[LDO� WHPSHUDWXUH� JUDGLHQW
DW� WKH� JURZLQJ� VROLG�PHOW� ERXQGDU\� ZDV
DERXW����GHJ�FP��7KH�FU\VWDOV�DUH�DOO�FRORU�
OHVV� DQG� IXOO\� WUDQVSDUHQW� DV� LV� VHHQ� LQ
)LJ�����8VLQJ�6L� FU\VWDO� DV� D� UHIHUHQFH�� WKH
FU\VWDO� VWUXFWXUH� ZDV� LQYHVWLJDWHG� DW� URRP
WHPSUHWXUH�;�UD\�GLIIUDFWLRQ�WHFKQLTXH��WKH
UHVXOWV� EHLQJ� VKRZQ� LQ� )LJ����� 2QH� RI� WKH
FU\VWDOV� ZDV� FXW� LQWR� ��u��u���PP�� VDP�
SOHV� WR�PHDVXUH� LWV� WUDQVPLWWDQFH� VSHFWUXP
ZKLOH� WKH� RWKHUV� ZHUH� FXW� LQWR
��u��u����PP��VDPSOHV��$OO�RI�WKH�VDPSOHV
ZHUH�ILQHO\�SROLVKHG��7KH�WUDQVPLWWDQFH�ZDV
PHDVXUHG�XVLQJ�D�6+,0$'=8�89�����3&�6
VSHFWURPHWHU�� 7KH� UHVXOWV� REWDLQHG� DUH
VKRZQ�LQ�)LJ�����7KH�;�UD\�H[FLWHG�OXPLQHV�
FHQFH� ZDV�PHDVXUHG� XVLQJ� D� ;�UD\� ([FLWHG
/XPLQHVFHQFH�6SHFWURPHWHU��DQG�WKH�UHVXOWV
ZHUH� VKRZQ� LQ� )LJ����� 7KH� OLJKW� \LHOG� DW
URRP� WHPSHUDWXUH� ZDV� PHDVXUHG� XVLQJ� D
+$0$0$768� 3KRWRPXOWLSOLHU� 7XEH
�5����307�� ZKLFK� KDV� D� ELDONDOL� SKRWR�
FDWKRGH� DQG� TXDUW]� ZLQGRZ�� $� FROOLPDWHG
J�UD\� VRXUFH�� VXFK� DV� ��&R� RU� ���&V�� ZDV
XVHG� WR� H[FLWH� WKH� VDPSOH�� 7KH� UHVXOWV� DUH
VKRZQ�LQ�7DEOH�
)LJ����SUHVHQWV�DQ�;�UD\�GLIIUDFWLRQ�SDW�

WHUQ�RI�3E:2���%D)��FU\VWDO�SRZGHU�DW�URRPWHPSHUDWXUH�� $OO� WKH� SHDNV� LQ� WKLV� )LJXUH
DJUHH�ZLWK� WKRVH� RI� WKH� SXUH�3:2� FU\VWDO�
)URP� WKH� )LJXUH�� WKH� ODWWLFH� SDUDPHWHUV� RI

WKLV�FU\VWDO�ZHUH�FDOFXODWH��7KRVH�DUH��D� �E
 ��������c�� DQG� F� ��������c�� WKXV� FRLQFL�
GHQW�ZLWK� WKH� FKDUDFWHULVWLFV� RI�3:2�FU\V�
WDO�EHORQJLQJ�WR�WKH�&�K�Ü,���D�VSDFH�JURXS�7KH�XQLW�FHOO�YROXPH�LV��������c���ZKLFK�LV
VOLJKWO\�ODUJHU�WKDQ�WKDW�RI�SXUH�3:2�FU\V�
WDO��7KXV�� WKH�%D��� DQG�)±� LRQV�H[SDQG�WKH
3:2�FU\VWDO� FHOO��7KLV� UHVXOW� VKRXOG�EH�DV�
FULEHG�WR�WKH�IDFWV�WKDW�WKH�ERQG�YDOXH�RI�)±
LRQV�LV�HTXDO�WR�RQH�2�±�LRQ��WKXV��PRUH�LRQV
DUH� SXOOHG� LQWR� WKH� FHOO� E\� WKH� &RXORPE
IRUFHV� WR�PDLQWDLQ� WKH� HTXDO� ERQG� YDOXH� LQ
WKH�FHOO��DQG�VR�FDXVH�WKH�FHOO�H[SDQVLRQ�
)LJ���� LV� D� WUDQVPLWWDQFH� VSHFWUXP� RI� D

��u��u���PP��3E:2���%D)��FU\VWDO�VDPSOHDORQJ� F� D[LV�� 7KH� DEVRUSWLRQ� HGJH� LV� DW
����QP��7UDQVPLWWDQFH�LV������DW�����QP�
��� �� DW� ���� QP�� DQG� XS� WR� ��� �� DW
���� QP�� ZKDW� LV� VOLJKWO\� KLJKHU� WKDQ� WKDW
RI� SXUH� 3:2� FU\VWDO� DQG� H[FHHGV� WKH� UH�
TXLUHPHQW� RI� &(51� >��@�� 7KH� LPSURYHG
WUDQVPLWWDQFH� LV� IDYRUDEOH� IRU� WKH� VFLQWLOOD�
WLRQ� SURSHUWLHV� RI� WKH� FU\VWDO�� 7KHUH� LV� QR
DEVRUSWLRQ� SHDNV� LQ� WKH� ZDYHOHQJWK� UDQJH
IURP�����WR�����QP�
)LJ����SUHVHQWV�DQ�;�UD\�H[FLWHG�OXPLQHV�

FHQFH�VSHFWUXP�RI�D�3E:2���%D)��FU\VWDO�DWURRP� WHPSHUDWXUH�� 7KHUH� LV� D� OXPLQHVFHQFH

)LJ�����
)LJ�����;�UD\�GLIIUDFWLRQ�SDWWHUQ�RI�3E:2���%D)�FU\VWDO�SRZGHU�

)LJ�����7UDQVPLWWDQFH�RI�D�3E:2���%D)��FU\VWDO
DORQJ�F�D[LV��VDPSOH�VL]H���u��u���PP���
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EDQG� SHDNHG� DW� ���Ü���� QP�� ZKLFK� DJUHHV
ZLWK� WKDW� RI� SXUH� 3:2� FU\VWDO�� EXW� WKH
ZDYHOHQJWK� LV� VKRUWHU� WKDQ� WKDW� RI� WKH� UH�
VSHFWLYH�SHDN�RI�3:2�FU\VWDO� LQ�WKLV�ZDYH�
OHQJWK� UDQJH�� +RZHYHU�� WKH� OXPLQHVFHQFH
LQWHQVLW\� LV� LQFUHDVHG�VLJQLILFDQWO\� �XS�WR��
WLPHV�� DV� FRPSDUHG� WR� WKDW� RI� SXUH� 3:2�
7KHUH�LV�QR�OXPLQHVFHQFH�SHDN�LQ�WKH�ZDYH�
OHQJWK� UDQJH� IURP� ���� WR� ���� QP� WKDW� LV
RQH�RI�WKH�FKDUDFWHULVWLF�SHDNV�RI�SXUH�3:2
FU\VWDO� LQ� JUHHQ� ZDYHOHQJWK� UDQJH�� 7KH
WKUHH� IDFWV�� WKH� VKRUWHU� SHDN� ZDYHOHQJWK�
WKH� VKDUSO\� LQFUHDVHG� OXPLQHVFHQFH� LQWHQ�
VLW\�DQG�WKH�GLVDSSHDUDQFH�RI�FKDUDFWHULVWLF
SHDN� DW� JUHHQ� ZDYHOHQJWK� UDQJH�� VKRZ� WKH
HYLGHQW� LPSURYHPHQW� RI� OXPLQHVFHQFH�SURS�
HUWLHV�RI�3:2�FU\VWDO�
7DEOH� SUHVHQWV� WKH� /<� RI� 3E:2���%D)�FU\VWDO�DQG�SXUH�3:2�FU\VWDO� DW�����QV�DW

URRP�WHPSHUDWXUH��,W�LV�VHHQ�WKDW�WKH�/<�RI
3E:2���%D)�� FU\VWDO� LV� LQFUHDVHG� XS� WR��� S�H��0H9�� ZKLFK� LV� DERXW� ���� WLPHV
KLJKHU�WKDQ�WKH�/<�RI�SXUH�3:2�FU\VWDO��,W
DWWDLQV� ���� �� DV� FRPSDUHG� WR� WKH� /<� RI
%*2� FU\VWDO�� EXW� WKH� SHUFHQWDJH� /<� YDOXH
SXUH� 3:2� FU\VWDO� LV� RQO\� ������ DV� VKRZQ
LQ�WKH�7DEOH��7KH�/<�LQFUHDVH�LQ�GRSHG�ZLWK
%D)�� LV� HIIHFWLYH� DQG� VLJQLILFDQW��6LQFH� WKH/<�RI�3:2�FU\VWDO� UHDFKHV�����RI� WKDW�RI
%*2�FU\VWDO��LW�FDQ�EH�XVHG�DV�VFLQWLOODWRU�LQ
PHGLFDO�&7�LQVWUXPHQW��3(7�HW�DO�
%DVLQJ� RQ� WKH� DERYH� IDFWV�� LW� FDQ� EH

VWDWHG� WKDW�%D)�� LV� VXFFHVVIXOO\� GRSHG� LQWR3:2� FU\VWDO�� DQG� %D��� DQG� )±� LRQV�� HVSH�
FLDOO\� WKH� )±� LRQV�� HIIHFW� FRQVLGHUDEO\� WKH
OXPLQHVFHQFH� LQWHQVLW\� DQG� /<� RI� 3:2
FU\VWDO�� )RU� WKH� IDFWV� WKDW� WKHUH� DUH� QR� UH�
PDUNDEO\�GLIIHUHQFHV�RQ�WKH�ERQG�YDOXH�DQG
LRQ� UDGLL� FRPSDULQJ� ZLWK� %D��� DQG� 3E��
LRQV�� EXW� WKH\� DUH�PDUNHGO\� GLIIHUHQW� FRP�
SDULQJ� ZLWK� RQH� 2�±� DQG� WZR� )±� LRQV�� ZH
SUHVXPHG� WKDW� WKH� VLJQLILFDQW� GLIIHUHQFHV
DUH� PDLQO\� LQGXFHG� E\� WKH� IDFW� WKDW� DERXW
WZR�)±�LRQV�RFFXS\LQJ�RQH�2�±�VLWH�LQ�3:2
FU\VWDO�� $�%RULVHYLFK� HW� DO�� >�@� DOVR� IRXQG
VLPLODU� HIIHFWV� RQ� WKH� VFLQWLOODWLRQ� SURSHU�
WLHV� LQ� 3E)�� GRSHG� 3:2� FU\VWDO�� EXW� WKH
HIIHFW� LV� ZHDNHU� WKDQ� WKDW� LQ� 3E:2���%D)�

FU\VWDO��7KRVH�DXWKRUV�EHOLHYH�DOVR�WKDW�WKH
PDLQ�UHDVRQ�VKRXOG�FRPH�IURP�WKH�IDFW�WKDW
)±�RFFXS\LQJ�2�±�VLWH��
7KXV� WKH� ODUJH�VL]H� 3:2� FU\VWDOV� GRSHG

ZLWK� %D)�� ZHUH� VXFFHVVIXOO\� JURZQ� XS� E\PRGLILHG�&]RFKUDOVNL� WHFKQLTXH��7KH� ODWWLFH
SDUDPHWHUV� RI�3E:2���%D)�� DUH� ODUJHU� WKDQWKRVH� RI� SXUH� 3:2�� 7KLV� SKHQRPHQRQ�PD\
EH� DWWULEXWHG� WR� %D��� DQG� )±�� ZKLFK� FDXVH
WKH�3:2�ODWWLFH�GLVWRUWLRQ��7KH�SUHOLPLQDU\
PHDVXUHPHQW�UHVXOWV�VKRZ�WKDW�3:2�FU\VWDO
GRSLQJ� ZLWK� %D)�� FDQ� LPSURYH� WKH� VSHFWUR�VFRSLF� DQG� VFLQWLOODWLRQ� SURSHUWLHV�� 3HUKDSV
WKH� VFLQWLOODWLRQ� SURSHUWLHV� RI� 3E:2���%D)�ZLOO� EH� IXUWKHU� LPSURYHG� E\� WKH� RSWLPL]D�
WLRQ�RI�JURZWK�SDUDPHWHUV�

$FNQRZOHGJHPHQW�� :H� VKRXOG� WKDQN
'U�=KLPLQJ�+XDQJ� IRU� KLV� KHOS� LQ�PHDVXU�
LQJ� WUDQVPLWWDQFH� VSHFWUXP� DQG� 3URI�-XQ�
KDR�&KX� IRU� RXU� IUXLWIXO�GLVFXVV��7KLV�SUR�
MHFW�KDV� EHHQ� VXSSRUWHG� LQ� SDUW� E\�1DWXUDO
6FLHQFHV� )XQGV� RI� =KHMLDQJ� 3URYLQFH�� WKH
.H\� 6FLHQFH� DQG� 7HFKQRORJ\� 3URMHFW� IURP
=KHMLDQJ� 3URYLQFH� DQG� <RXQJ� 7HDFKHU
)XQGV�RI�=KHMLDQJ�3URYLQFH��&KLQD��

5HIHUHQFHV
� ���3�/HFRT��1XFO��,QVWU��DQG�0HWK��LQ�3K\V��5HV��$�

���������������
� ���&06�� 7KH� (OHFWURPDJQHWLF� &DORULPHWHU� 7HFK�

QLFDO�'HVLJQ�5HSRUW��&(51�/+&&��������&06
7'5������'HFHPEHU������

� ���$�%RULVHYLFK��$�)HGRURY��$�+RIVWDHWWHU��1XFO�
,QVWU��DQG� 0HWK�� LQ� 3K\V�� 5HV��� $�� ����� ���
�������

� ���$�$QQHQNRY�� (�$XIIUD\�� *�'URE\FKHY� HW� DO��
1XFO��,QVWU��DQG�0HWK�� LQ� 3K\V�� 5HV�� �$�� ����
�����������

� ���6�%XUDFKDV�� 6�%HORJORYVN\��'�(OL]DURY� HW� DO��
1XFO��,QVWU��DQG� 0HWK�� LQ� 3K\V�� 5HV�� $�� ����
�����������

)LJ�����;�UD\�H[FLWHG�OXPLQHVFHQFH�VSHFWUXP�RI
D�3E:2���%D)��FU\VWDO�DW�URRP�WHPSHUDWXUH����

7DEOH�� /LJKW� \LHOG� RI� SXUH� 3:2� DQG
3:2�%D)��FU\VWDOV

/LJKW�\LHOG 3XUH�3:2 %D)��3:2 6DPSOH
VL]H��PP

/�<������QV
�S�H��0H9�
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� ���5LKXD� 0DR�� /L\XDQ� =KDQJ�� 5HQ�<XDQ� =KX�
1XFO��,QVWU��DQG�0HWK�� LQ� 3K\V�� 5HV�� �$�� ����
������������

� ���3�/HFRT�� 0�.RU]KLN�� ,(((� 7UDQV��1XFO��6FL��
16�����������������

� ���1�.ODVVHQ��6�6KPXUDN��%�5HG�NLQ�HW�DO���1XFO�
,QVWU��DQG� 0HWK�� LQ� 3K\V�� 5HV�� �$�� ����� ���
�������

� ���,RDQ� 'DILQHL��1XFO��,QVWU��DQG�0HWK�� LQ� 3K\V�
5HV���$�������������������
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