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���,QWURGXFWLRQ
=Q6H�2�7H��FU\VWDOV�FRPSULVLQJ�DQ�LVRYD�

OHQW� LPSXULW\� �R[\JHQ� RU� WHOOXULXP�� DUH
DPRQJ�PDWHULDOV�RI�SURPLVH�IRU�GHWHFWRUV�RI
KLJK�LQWHQVLW\�LRQL]LQJ�UDGLDWLRQ�IORZV��7KLV
LV�GXH�WR�WKH�IDFW�WKDW�WKH�=Q6H�2�7H��FU\V�
WDOV� DUH� DPRQJ� IHZ� PDWHULDOV� KDYLQJ� JRRG
VSHFWUDO�FRQVLVWHQFH�ZLWK�VLOLFRQ�SKRWRGLRGH�
0RUHRYHU�� =Q6H�2�7H�� FU\VWDOV� SRVVHVV� QX�
PHURXV� DGYDQWDJHV� RYHU� WKH�&V,�7O�� FU\VWDO
XVHG� ZLGHO\� LQ� WKH� VFLQWLOODWRU�SKRWRGLRGH
W\SH� GHWHFWRUV�� 7KRVH� DGYDQWDJHV� DUH� GHP�
RQVWUDWHG� E\� FRPSDULVRQ� RI� PDLQ� SDUDPH�
WHUV� RI�=Q6H�2�7H�� DQG�&V,�7O�� FU\VWDOV� SUH�
VHQWHG� LQ�7DEOH��7KH�PDLQ� DSSOLFDWLRQ� ILHOG
RI�WKH�VFLQWLOODWRU�SKRWRGLRGH�GHWHFWRUV�ZLWK
=Q6H�2�7H��FU\VWDOV�LV�WKH�ORZ�HQHUJ\��XS�WR
��� NH9�� LQSXW� FKDQQHO� LQ� WKH�;�UD\� QRQGH�
VWUXFWLYH�WHVWLQJ�V\VWHPV��PHGLFDO�;�UD\�WR�
PRJUDSK\�DQG�UDGLRJUDSK\�

7KH�PDLQ�RSWLFDO�DQG�OXPLQHVFHQFH�FKDU�
DFWHULVWLFV�RI�=Q6H�2�7H��FU\VWDOV�LQ�WKH�UHG�
RUDQJH�RSHUDWLQJ�UDQJH�DW�����.�DUH�NQRZQ
>�@� WR� EH� GHILQHG� E\� WKH� LQWULQVLF� SRLQW� GH�
IHFWV�9=Q=QL26H�DQG�=QL9=Q7H6H�WKDW�DUH�SUH�VHQW�LQ�WKH�FU\VWDOV�LPPHGLDWHO\�DIWHU�JURZ�
LQJ��+HUH�9=Q� LV� D� ]LQF�YDFDQF\��=QL�� LQWHU�VWLWDO�]LQF��26H��7H6H��R[\JHQ�DQG�WHOOXULXPDWRPV��UHVSHFWLYHO\��LQ�WKH�VLWHV�RI�VHOHQLXP
DQLRQLF� VXEODWWLFH�� 'XULQJ� WKH� FU\VWDO� KHDW
WUHDWPHQW� �+7�� LQ� ]LQF� YDSRUV�� WKH� FRQFHQ�
WUDWLRQ� RI� WKRVH� FRPSOH[HV� EHFRPHV� LQ�
FUHDVHG�E\�VHYHUDO�GHFLPDO�RUGHUV��WKXV��WKH
FU\VWDO� VFLQWLOODWLRQ� HIILFLHQF\� LQFUHDVHV�
WRR��7KH�VWDELOLW\�RI�WKH�FRPSOH[HV�GHSHQGV
RQ� WKH� H[WHUQDO� DFWLRQ� W\SH�� )RU� H[DPSOH�
WKH� VWXG\� RI� GLIIHUHQW� QXFOHDU� UDGLDWLRQ
W\SHV� HIIHFW� RQ� WKH� ;�UD\� OXPLQHVFHQFH
�;5/��DQG�RSWLFDO�WUDQVPLVVLRQ��27��VSHFWUD
RI� =Q6H�2�7H�� FU\VWDOV� KDV� VKRZQ� >�@� WKDW
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WKH�LUUDGLDWLRQ�ZLWK����0H9�SURWRQV�FDXVHV
WKH�;5/�GHJUDGDWLRQ��7KH� GHJUDGDWLRQ�ZDV
IRXQG� WR� EH� DVVRFLDWHG� ZLWK� GHVWUXFWLRQ�
ILUVW�RI�DOO��RI�=QL9=Q7H6H�FRPSOH[HV�GXULQJWKH� LQWHUDFWLRQ� WKHUHRI� ZLWK� WKHUPDOL]HG
SURWRQV�

7KH�VWDELOLW\�RI�WKH�FRPSOH[HV�PHQWLRQHG
DQG�WKH�DFWXDO�FRQFHQWUDWLRQ�WKHUHRI�DUH�LQ�
IOXHQFHG�KHDYLO\�E\�WKH�SDUDPHWHUV�RI�+7�LQ
]LQF� YDSRUV� �WHPSHUDWXUH�� =Q� YDSRU� SUHV�
VXUH�� WKH� SRVW�WUHDWPHQW� FRROLQJ� UDWH��� %\
YDU\LQJ� WKRVH� SDUDPHWHUV�� LW� LV� SRVVLEOH� WR
VWXG\� WKH� HIIHFW� RI� ERWK� WKH� FRPSOH[HV� DQG
WKHLU� GHFD\� SURGXFWV� RQ� GLIIHUHQW� FU\VWDO
SURSHUWLHV��LQFOXGLQJ�WKH�SK\VLFR�PHFKDQLFDO
RQHV�

,Q� WKLV� ZRUN�� VWXGLHG� ZDV� WKH� HIIHFW� RI
WKH�=Q6H�2�7H��FU\VWDO�FRROLQJ�UDWH�DIWHU�+7
LQ� =Q� YDSRUV� RQ� WKH� ;5/� VSHFWUD� LQ� ���Ü
���� QP� UDQJH�� WKH� IXQGDPHQWDO� RSWLFDO
WUDQVPLVVLRQ� HGJH�� ,5�DEVRUSWLRQ� VSHFWUXP�
WKH�VFLQWLOODWLRQ�GHFD\�NLQHWLFV�DV�ZHOO�DV�RQ
WKH�PLFURKDUGQHVV�

���([SHULPHQWDO
7KH� =Q6H�2�7H�� FU\VWDOV� ZHUH� JURZQ

XVLQJ� WKH� %ULGJPDQ� WHFKQLTXH� LQ� YHUWLFDO
FRPSUHVVLRQ� IXUQDFHV� LQ� DUJRQ� DWPRVSKHUH
XQGHU�SUHVVXUH�XS�WR�������3D��7KH�JURZLQJ
SURFHGXUH� KDV� EHHQ� GHVFULEHG� LQ� GHWDLO� LQ

>�@�� 7KH� WHVW� VDPSOHV� RI� ���� PP� WKLFNQHVV
�6DPSOHV� �P�� �E�� �G�� �P�� �E�� �G�� DQG� RI
����PP�WKLFNQHVV��6DPSOHV��P���E���P���E�
ZHUH� FXW� RXW� IURP� WKH� FU\VWDOV� DQG� KHDW
WUHDWHG� LQ�=Q�YDSRUV� �H[FHSW� IR��G�DQG��G��7KH�+7�ZDV�FDUULHG�RXW�DW������.�IRU���Ü
��� K�� 7KH� SRVW�+7� FRROLQJ� IURP� ����� WR
���� .� ZDV� FDUULHG� RXW� XQGHU� VORZ� FRROLQJ
FRQGLWLRQV� WRJHWKHU� ZLWK� WKH� IXUQDFH� DW� D
UDWH�RI��Ü��.�PLQ��WKH��P��VHULHV�VDPSOHV�
DQG� DW� KLJK� FRROLQJ� UDWH� �DERXW� ���.�PLQ�
�WKH��E��VHULHV�VDPSOHV���7KH�IXUWKHU�FRROLQJ
IURP� ���� .� ZDV� VORZ� �WRJHWKHU� ZLWK� WKH
IXUQDFH��� 7KH� ;5/� DQG� 27� VSHFWUD� ZHUH
PHDVXUHG�XVLQJ� D�.698����XQLW� DW� ����.�
$� 5(,6��� XQLW� ZDV� XVHG� DV� WKH� ;�UD\
VRXUFH��WKH�WXEH�YROWDJH�ZDV���Ü���N9��7KH
RSWLFDO� WUDQVPLVVLRQ� QHDU� WKH� IXQGDPHQWDO
EDQG� HGJH� ZDV�PHDVXUHG� XVLQJ� D�.698���
XQLW� DQG� WKH� ,5� DEVRUSWLRQ�� RQ� D� 85���
VSHFWURSKRWRPHWHU�� 7R� PHDVXUH� WKH� PLFUR�
KDUGQHVV� +P�� D� 307��� PLFURGXURPHWHU� DW����.�� 7KH� VFLQWLOODWLRQ� NLQHWLFV�ZDV� VWXG�
LHG� XVLQJ� D� VSHFLDO� ODERUDWRU\� VHWXS�ZLWK� D
FROOLPDWHG�H[FLWLQJ�JDPPD�UDGLDWLRQ�VRXUFH
����&V������NH9��

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� ;5/� VSHFWUD� RI�=Q6H�2�7H�� FU\VWDOV

GHSHQGLQJ�RQ�WKH�FRROLQJ�UDWH�Q�DIWHU�+7�LQ

7DEOH��0DLQ�FKDUDFWHULVWLFV�RI�=Q6H�2�7H��FU\VWDOV�DV�FRPSDUHG�WR�WKRVH�RI�&V,�7O�

3DUDPHWHU
6FLQWLOODWLRQ�FU\VWDO

&V,�7O� =Q6H�2�7H�
=Q6H�2���IDVW� =Q6H�7H���VORZ�

0HOWLQJ�SRLQW��. ��� ����Ü���� ����Ü����
'HQVLW\�U��J�FP� ���� ���� ����

(IIHFWLYH�DWRPLF�QXPEHU��= �� �� ��
+\JURVFRSLFLW\ ORZ QRQH QRQH

/XPLQHVFHQFH�PD[LPXP�OPD[��QP ��� ��� ���
$IWHUJORZ�G��DIWHU���PV���� ���Ü��� ������ ������

$EVRUSWLRQ�LQGH[�IRU�LQWULQVLF�HPLVVLRQ�
D��DW�OPD[� ����Ü����QP���FPÜ�

������ ����Ü��� ����Ü����

/LJKW�RXWSXW�LQ�FRXSOLQJ�ZLWK�6L�3'�UHODWLYH�WR
&V,�7O��DW���PP�WKLFNQHVV�XQWHU�;�UD\�H[FLWDWLRQ�DW

(� ����NH9���
��� 8S�WR���� 8S�WR�����

'HFD\�WLPH��W��PV � �Ü� ��Ü��
6SHFWUDO�PDWFKLQJ�FRHILFLHQW�ZLWK�6LÜ3'��.X ���� ���� ����

5HIUDFWLYH�LQGH[��QU ���� ���� ����
&RQYHUVLRQ�HIILFLHQF\��� 8S�WR��� 8S�WR��� 8S�WR���

'HSWK�RI������DEVRUSWLRQ�RI�;�UD\V�����NH9���PP ������ ���� ����
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=Q�YDSRUV�DUH�SUHVHQWHG�LQ�)LJV����DQG����,W
IROORZV� IURP� WKRVH� GHSHQGHQFHV� WKDW� WKH
;5/� VSHFWUXP� RI� WKH� =Q6H�7H�� FU\VWDOV� LV
HVVHQWLDOO\� LQGHSHQGHQW� RI� Q�� ZKLOH� WKDW� RI
=Q6H�2�� RQHV� LV� Q�GHSHQGHQW�� 7KH� Q� HIIHFW
RQ� WKH� ;5/� VSHFWUD� LQFUHDVHV� VLJQLILFDQWO\
DV� WKH� VDPSOH� WKLFNQHVV� LV� GLPLQLVKHG
�FXUYHV� �P� DQG� �E�� )LJ������ )RU� ���� PP
WKLFN� =Q6H�2�� VDPSOHV� DIWHU� UDSLG� FRROLQJ
���� WR�����.�PLQ��� LW� LV�OPD[|����QP�WKDWSUHYDLOV�� ZKLOH� DIWHU� VORZ� FRROLQJ� ��� WR
�� .�PLQ��� WKH� VSHFWUXP� LV� VKLIWHG� WRZDUGV
ORQJHU�ZDYH�UDQJH��OPD[|����QP���7KH�RSWL�FDO� WUDQVPLVVLRQ� PHDVXUHPHQWV� QHDU� WKH
IXQGDPHQWDO� DEVRUSWLRQ� HGJH� �)LJ����� HYL�
GHQFH� DOVR� WKH� GLIIHUHQW� HIIHFW� RI� Q� RQ
=Q6H�7H�� DQG�=Q6H�2�� FU\VWDOV�� WKH� DEVRUS�
WLRQ�HGJH�VKLIW�'(�LV�REVHUYHG�IRU�ERWK�FU\V�
WDO� W\SHV� EXW� LW� LV� PXFK�PRUH� IRU�=Q6H�2�
������H9��WKDQ�IRU�=Q6H�7H��

)LJ����SUHVHQWV�WKH�,5�WKDQVPLVVLRQ�VSHF�
WUD�� 7DNLQJ� LQWR� DFFRXQW� WKDW� LQ� WKH�ZDYH�
OHQJWK�UDQJH�O�!���PP�WKH� ,5�DEVRUSWLRQ� LV
GXH� PDLQO\� WR� WKH� SKRWRQ� LQWHUDFWLRQ� ZLWK
WKH�IUHH�FDUULHUV��LQ�RXU�FDVH��HOHFWURQV���WKH
FRQVLGHUDWLRQ�RI�WKRVH�VSHFWUD�DOORZV�WR�FRQ�
FOXGH� WKDW�� ILUVW�� LQ� =Q6H�2�� FU\VWDOV� KHDW�

)LJ����� ,5� WUDQVPLVVLRQ� VSHFWUD� IRU� =Q6H�2�
DQG�=Q6H�7H��FU\VWDOV��&XUYH�GHVLJQDWLRQV�DV
LQ�)LJV���Ü��

)LJ�����'HSHQGHQFHV�RI�RSWLFDO� WUDQVPLVVLRQ�VSHFWUD�RQ�WKH�FRROLQJ�VSHHG�RI�=Q6H�2��DQG�=Q6H�7H�
FU\VWDOV�DIWHU�KHDW�WUHDWPHQW�LQ�=Q�YDSRUV��&XUYH�GHVLJQDWLRQV���P���P���E���E�DV�LQ�)LJV���������G�
�G�IRU�KHDW�XQWUHDWHG�VDPSOHV�

)LJ����� 'HSHQGHQFHV� RI� ;5/� VSHFWUD� RQ� WKH
FRROLQJ� VSHHG� RI�=Q6H�2�� DQG�=Q6H�7H�� FU\V�
WDOV� DIWHU� KHDW� WUHDWPHQW� LQ� =Q� YDSRUV�� 7KH
FU\VWDO� WKLFNQHVV� ���� PP�� &XUYH� GHVLJQD�
WLRQV��IRU�=Q6H�2����P��VORZ�FRROLQJ���E��IDVW
FRROLQJ�� IRU�=Q6H�7H����P�� VORZ� FRROLQJ���E�
IDVW�FRROLQJ�

)LJ����� 'HSHQGHQFHV� RI� ;5/� VSHFWUD� RQ� WKH
FRROLQJ� VSHHG� RI�=Q6H�2�� DQG�=Q6H�7H�� FU\V�
WDOV� DIWHU� KHDW� WUHDWPHQW� LQ� =Q� YDSRUV�� 7KH
FU\VWDO� WKLFNQHVV� ���� PP�� &XUYH� QXPEHUV�
IRU�=Q6H�2����P�� VORZ�FRROLQJ���E�� IDVW�FRRO�
LQJ��IRU�=Q6H�7H����P��VORZ�FRROLQJ���E��IDVW
FRROLQJ�
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WUHDWHG�LQ�=Q�YDSRUV�WKH�HOHFWURQ�FRQFHQWUD�
WLRQ� Q� LQ� WKH� FRQGXFWLRQ� EDQG� LV� PXFK
KLJKHU� WKDQ� LQ�=Q6H�7H�� RQHV�� DQG�� VHFRQG�
GLIIHUHQW� Q� YDOXHV� LQIOXHQFH� WKH� Q� FKDQJHV
LQ�WKH�=Q6H�2��FU\VWDOV�PXFK�VWURQJHU�WKDQ
LQ�WKH�=Q6H�7H��RQHV��7KH�GDWD�SUHVHQWHG�LQ
)LJV���� DQG� �� VKRZ� WKDW� WKH� %XUVWHLQ�0RVV
HIIHFW�RFFXUV�LQ�WKH�=Q6H�2�7H��DIWHU�WKH�+7
LQ� =Q� YDSRUV�� ,Q� WKLV� FDVH�� Q� LV� HVWLPDWHG
XVLQJ�WKH�%XUVWHLQ�0RVV�IRUPXOD

Q� � �S�K���PH'(���e����Q�d���������FP��� ���

$V� WR� WKH� ,5�DEVRUSWLRQ� UDQJH��Q� FDQ�EH
HVWLPDWHG�XVLQJ�WKH�'UXGH�IRUPXOD

Q� ��S�O�
DF�
H� QUH�PH�PH����Q�d�����������FP��������

+HUH�PH� �����P���PH|����FP�9�V��QU� ������
H�� ������'(|�����H9��O�LV�WKH�ZDYHOHQJWK��D�WKH� UHIUDFWLYH� LQGH[�� 7KH� FDOFXODWLRQ� UHVXOWV
VKRZ�WKH�HVVHQWLDO�FRLQFLGHQFH�RI�Q�YDOXHV�GH�
WHUPLQHG� XVLQJ� ���� DQG� ���� DQG� FRQILUP� WKH
FRUUHFWQHVV�RI�WKH�SK\VLFDO�PHFKDQLVP�H[SODLQ�
LQJ�WKH�IHDWXUHV�RI�FXUYHV�SUHVHQWHG�LQ�)LJV���
DQG���

,Q�)LJV���Ü���SUHVHQWHG�DUH�WKH�GHFD\�NLQHWLF
FXUYHV�� $V� WR� WKLQ� ����� PP�� FU\VWDO� VDPSOHV�
WKH�GHFD\�WLPH�W�GHSHQGV�HVVHQWLDOO\�RQ�Q��)RU
=Q6H�2�� FU\VWDOV�� W� LV� DERXW� �� WR� �� PV� DIWHU
�IDVW�� FRROLQJ� DQG� DERXW� �� WR� �� PV� DIWHU� WKH
�VORZ��RQH��Q�OHVV�WKDQ���.�PLQ���)RU�=Q6H�7H�
FU\VWDOV�� W� LV� DERXW����PV� DIWHU� �IDVW�� FRROLQJ
DQG� DERXW� ��� PV� DIWHU� WKH� �VORZ�� RQH�� $V� WR
FRQVLGHUDEO\� WKLFNHU� ����� PP�� =Q6H�2�7H�

FU\VWDOV�� W� LV� HVVHQWLDOO\� LQGHSHQGHQW� RI� Q
DQG� FRLQFLGHV� ZLWK� W� IRU� VORZ�FRROHG� WKLQ
FU\VWDOV��)LJ�����

7KH� DERYH� HIIHFWV� RI� GLIIHUHQW� FRROLQJ
UDWH�RI�=Q6H�2�7H��FU\VWDOV�FRROHG�DIWHU�WKH
+7�LQ�=Q�YDSRUV�RQ�WKH�VSHFWUDO�NLQHWLF�DQG
RSWLFDO� FKDUDFWHULVWLFV� DUH� HDV\� WR� H[SODLQ
EDVLQJ�RQ�WKH�PRGHO�RI�WKH�UDGLDWLYH�UHFRP�
ELQDWLRQ�FHQWHUV� �55&�� LQ�WKRVH�FU\VWDOV�>��
�@��$FFRUGLQJ� WR� WKDW�PRGHO�� WKH� GRSLQJ� RI
WKH� FU\VWDOV� ZLWK� LVRYDOHQW�7H� LPSXULW\� UH�
VXOWV� LQ� IRUPDWLRQ� RI� VWDEOH� WHUQDU\
=QL9=Q7H6H� FRPSOH[HV� WKDW� DUH� WKH� 55&� DWOPD[|���� QP� �55&����� ZKLOH� WKH� GRSLQJZLWK� R[\JHQ� LVRYDOHQW� LPSXULW\� FDXVHV� WKH
IRUPDWLRQ�RI� VWDEOH� WHUQDU\�=QL9=Q26H� FRP�SOH[HV� WKDW� DUH� WKH� 55&� DW� OPD[|����QP�55&����� 0RUHRYHU�� DFFRUGLQJ� WR� WKH� VDPH
PRGHO�� WKH� IRUPDWLRQ� RI� WHUQDU\� FRPSOH[HV

)LJ����� 'HFD\� NLQHWLFV� RI� D� =Q6H�7H�� FU\VWDO
KHDW� WUHDWHG� LQ�=Q� YDSRUV����� 6DPSOH��P����
6DPSOH��E�

)LJ����� 'HFD\� NLQHWLFV� RI� D� =Q6H�2�� FU\VWDO
KHDW� WUHDWHG� LQ�=Q� YDSRUV����� 6DPSOH��P����
6DPSOH��E�

)LJ����� 'HFD\� NLQHWLFV� RI� D� =Q6H�2�� FU\VWDO
KHDW� WUHDWHG� LQ�=Q� YDSRUV����� 6DPSOH��P����
6DPSOH��E�
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UHVXOWV� LQ�DSSHDUDQFH�RI�Q� IUHH�HOHFWURQV�LQ
WKH� FRQGXFWLRQ� EDQG�� ZKHUH�1|Q��1� EHLQJ
WKH� FRQFHQWUDWLRQ� RI� FRPSOH[HV�� 7KH� GHFD\
WLPH�W�RI�WKH�55&���LV�RI�WKH�RUGHU�RI����WR
���PV�ZKLOH�IRU�55&����LW�LV���WR���PV��6XFK
GLIIHUHQFHV� LQ� W� IRU� =Q6H�2�� DQG� =Q6H�7H�
FU\VWDOV� DJUHH�ZLWK� WKH� UDGLDWLYH� WUDQVLWLRQ
VFKHPH� LQ�=Q6H�2�7H�� FU\VWDOV� SUHVHQWHG� LQ
>�@��$FFRUGLQJ�WR�WKDW�VFKHPH��LQ�WKH�EDQG�
JDS�RI�D�=Q6H�7H��FU\VWDO��WKHUH�LV�D�PHWDV�
WDEOH� WUDS� DVVRFLDWHG� ZLWK� WKH�7H� LVRYDOHQW
LPSXULW\�WKDW�UHWDUGV�WKH�UDGLDWLYH�UHFRPEL�
QDWLRQ� SURFHVV� LQ� WKH� FU\VWDO�� $V� IROORZV
IURP� WKH� VDPH� VFKHPH�� QR� VLPLODU� WUDS� H[�
LVWV� LQ� WKH� EDQG�JDS� RI� D� =Q6H�2�� FU\VWDO�
WKHUHIRUH��WKH�GHFD\�WLPH� LV�VKRUWHU� LQ�WKDW
FU\VWDO�

$FFRUGLQJ�WR�WKH�PRGHO�SURSRVHG�LQ�>�Ü�@�
WKH�=QL9=Q26H�FRPSOH[HV�DUH�WKHUPRG\QDPL�FDOO\� OHVV� VWDEOH� WKDQ� =QL9=Q7H6H� RQHV�7KHUHIRUH��LW�LV�WR�H[SHFW�WKDW�WKH�GLIIHUHQW
FRROLQJ� UDWHV� RI�=Q6H�2�7H�� FU\VWDOV� VKRXOG
LQIOXHQFH� FRQVLGHUDEO\� WKHLU� RSWLFDO� SURSHU�
WLHV�� VSHFWUD�� DQG� VFLQWLOODWLRQ� GHFD\� NLQHW�
LFV� DV� ZHOO� DV� WKH�PHFKDQLFDO� SURSHUWLHV� RI
WKH�FU\VWDOV��WKDW�LV��WKH�FKDUDFWHULVWLFV�WKDW
GHSHQG� RQ� WKH� UHODWLYH� FRQWULEXWLRQV� IURP
WKH�=QL9=Q26H�DQG�=QL9=Q7H6H�FRPSOH[HV�7KH� UHVXOWV� RI� WKLV� ZRUN� FRQILUP� WKLV
VWDWHPHQW��,Q�IDFW��WKH�VWURQJ�GHSHQGHQFH�RI
WKH� OXPLQHVFHQFH� VSHFWUXP� PD[LPXP� SRVL�
WLRQ� IRU� =Q6H�2�� FU\VWDO� RQ� WKH� FRROLQJ
VSHHG�Q� DIWHU� WKH�+7� LQ�=Q� YDSRUV� DQG� WKH
DEVHQFH� RI� VXFK� D� GHSHQGHQFH� IRU�=Q6H�7H�
�)LJ������ WKH� VWURQJ� GHSHQGHQFH� RI� WKH� IXQ�
GDPHQWDO�DEVRUSWLRQ�HGJH�VKLIW�IRU�=Q6H�2�
RQ� Q� DQG� WKH� ZHDN� VLPLODU� GHSHQGHQFH� IRU
=Q6H�7H�� �)LJ������ WKH� VWURQJ�HIIHFW�RI�Q� RQ
WKH� ,5� DEVRUSWLRQ� IRU� =Q6H�2�� DQG� PXFK
ZHDNHU� VLPLODU� HIIHFW� IRU� =Q6H�7H�� �)LJ����
Û� DOO� WKHVH� HIIHFWV� REVHUYHG� LQ� H[SHULPHQW
DUH� H[SODLQDEOH� LQ� D� QRQFRQWUDGLFWRU\�PDQ�
QHU�ZKHQ�DVVXPLQJ�WKDW�DW�WKH�IDVW�FRROLQJ�
WKH�H[FHVV�QRQ�HTXLOLEULXP�FRQFHQWUDWLRQ�RI
=QL9=Q26H�DQG�9=Q=QL7H6H�FRPSOH[HV�LV��IUR�]HQ���7KLV� UHVXOWV� LQ� LQFUHDVHG�UHDO� FRQFHQ�
WUDWLRQ� RI� WKRVH� FRPSOH[HV� DQG� WKXV� LQ� LQ�
FUHDVLQJ�OXPLQHVFHQFH�LQWHQVLW\��,Q�WKH�FRQ�
GXFWLRQ�EDQG��Q�LQFUHDVHV�FRQVLGHUDEO\��WKXV
UHVXOWLQJ� LQ� WKH� %XUVWHLQ�0RVV� HIIHFW�� 7KH
�IUHH]LQJ�� RI� FRPSOH[HV� PXVW� LQIOXHQFH
ILUVW� RI� DOO� WKH� FRQFHQWUDWLRQ� RI� OHVV� VWDEOH
=QL9=Q26H� RQHV�� WKHLU� IUDFWLRQ� LQ� WKH� WRWDODPRXQW� RI� =QL9=Q26H� DQG� 9=Q=QL7H6H� FRP�SOH[HV� LQFUHDVHV�� 7KLV� UHVXOWV� LQ� VKRUWHQHG
HIIHFWLYH�YDOXH�RI�WKH� OXPLQHVFHQFH�TXHQFK�
LQJ�WLPH�DV�ZHOO�DV�LQ�D�VKRUW�ZDYH�VKLIWLQJ
RI�OPD[��$W� VORZ� FRROLQJ�� D� IUDFWLRQ� RI� WKH

FRPSOH[HV� EHFRPHV� GHFRPSRVHG�� VR� Q� GH�
FUHDVHV�

,Q� UHDO� =Q6H�2�� FU\VWDOV�� VRPH� UHVLGXDO
WHOOXULXP� DOZD\V� LV� SUHVHQW� GXH� WR� WHFKQR�
ORJLFDO� IHDWXUHV� RI� SUHSDUDWLRQ� WKHUHRI�
WKXV�� WKHUH� LV� DOZD\V� D� FHUWDLQ� DPRXQW� RI
9=Q=QL7H6H� FRPSOH[HV�� 6LPLODUO\�� WKHUH� LV� DUHVLGXDO�DPRXQW�RI�R[\JHQ�LQ�UHDO�=Q6H�7H�
FU\VWDOV�� WKXV�� VRPH� 9=Q=QL26H� FRPSOH[HVDUH�SUHVHQW��7KDW� LV�ZK\�WKH�GHSHQGHQFH�RI
SK\VLFDO� FKDUDFWHULVWLFV� RQ�Q� LV� REVHUYHG� WR
D�FHUWDLQ�H[WHQW�LQ�UHDO�=Q6H�7H��FU\VWDOV�

$V�WKH�=QL9=Q26H�FRPSOH[HV�DUH�OHVV�VWD�EOH�WKDQ�WKH�9=Q=QL7H6H�RQHV��LW�LV�WR�H[SHFWWKDW� WKH� GLIIHUHQW� FRROLQJ� UDWHV� RI
=Q6H�2�7H�� FU\VWDOV� VKRXOG� DIIHFW� FRQVLGHU�
DEO\� WKH� VFLQWLOODWLRQ� GHFD\� NLQHWLFV�� -XGJ�
LQJ�IURP�WKH�UDGLDWLYH�WUDQVLWLRQ�VFKHPH�LQ
=Q6H�2�7H��FU\VWDOV�SUHVHQWHG�LQ�>�@��WKH�UD�
GLDWLYH� UHFRPELQDWLRQ� UHODWHG� WR� WKH
=QL9=Q26H� FRPSOH[HV� SURFHHGV� IDVWHU� WKDQWKDW�DVVRFLDWHG�ZLWK�9=Q=QL7H6H�RQHV��,W�IRO�ORZV�WKHUHIURP�WKDW�WKH� LQFUHDVLQJ�IUDFWLRQ
RI� WKH� =QL9=Q26H� FRPSOH[HV� LQ� WKH� WRWDO=QL9=Q26H� DQG� 9=Q=QL7H6H� FRQWHQW� REVHUYHGDW� WKH� IDVW� FRROLQJ� RI� WKH� FU\VWDOV�� VKRXOG
UHVXOW�LQ�D�VKRUWHQHG�HIIHFWLYH�GHFD\�WLPH��

,Q�IDFW��WKH�VWXG\�UHVXOWV�RI�WKH�VFLQWLOOD�
WLRQ�NLQHWLFV��)LJV���Ü���FRQILUP�FRPSOHWHO\
WKH� FRQVLGHUDWLRQV� FRQFHUQLQJ� GLIIHUHQW� HI�
IHFW�RI�WKH�FRROLQJ�UDWH�RQ�WKH�=Q6H�7H��DQG
=Q6H�2�� FU\VWDOV� NLQHWLF� FKDUDFWHULVWLFV�
&RPSDULQJ�WKH�FXUYHV���DQG����)LJ������LW�LV
VHHQ�WKDW�WKH�IDVW�FRROHG�WKLQ�=Q6H�2��VDP�
SOH�H[KLELWV� D� VKRUWHU� W� YDOXH� �W|��PV�� WKDQ
WKH�VORZO\�FRROHG�RQH��W|��PV���7KLV�HIIHFW�LV
SURQRXQFHG�DW�D�WKLQ�FU\VWDO������PP�LQ�RXU
FDVH��ZKHQ�WKH�ORZ�KHDW�FRQGXFWLRQ�GRHV�QRW
KLQGHU� WKH� IDVW� FRROLQJ�� $W� D� VLJQLILFDQWO\
WKLFNHU� FU\VWDO�� WKH� HIIHFWLYH� FRROLQJ� UDWH
�GHSHQGLQJ� RQ� WKH� KHDW� FRQGXFWLRQ�� LV� FRQ�
VLGHUDEO\�ORZHU�DQG�FRXOG�EH�LQVXIILFLHQW�WR
�IUHH]H�� WKH� H[FHVV� FRQFHQWUDWLRQ� RI� WKH
�IDVW�� =QL9=Q26H� FRPSOH[HV�� 7KLV� PHDQVWKDW� W� DIWHU� WKH� IDVW� FRROLQJ� VKRXOG� QRW� WR
GLIIHU�FRQVLGHUDEO\�IURP�WKDW�DIWHU�WKH�VORZ
FRROLQJ�� ,Q� IDFW�� DV� LV� VHHQ� LQ�)LJ����� WKH� W
YDOXHV� IRU� FXUYHV� �� DQG� �� DW� WKH� FU\VWDO
WKLFNQHVV� RI� ���� PP� DUH� HVVHQWLDOO\� WKH
VDPH��DQG�LQ�WKDW�FDVH��W�KDV�WKH�VDPH�YDOXH
DV�IRU�VORZO\�FRROHG�WKLQ�VDPSOH��FXUYH���LQ
)LJ�����

,Q�)LJ�����SUHVHQWHG�DUH�WKH�GHFD\�NLQHW�
LFV� FXUYH� IRU� D�=Q6H�7H�� FU\VWDO� DIWHU� VORZ
�FXUYH� ��� DQG� IDVW� �FXUYH���� FRROLQJ� RI� WKH
WKLQ� VDPSOH�� )RU� WKH� FXUYH� ��� W|�����PV
ZKLOH� IRU� WKH� FXUYH� ��� LW� LV� DERXW� ����� PV�
WKXV�H[FHHGLQJ�FRQVLGHUDEO\�WKH�W�YDOXH�IRU
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=Q6H�2��FU\VWDOV��DV�H[SHFWHG��,W�LV�VHHQ�DOVR
WKDW�DIWHU�WKH�IDVW�FRROLQJ��W�LV�FRQVLGHUDEO\
VKRUWHU�WKDQ�DIWHU�WKH�VORZ�RQH��7KLV�FDQ�EH
H[SODLQHG� E\� WKH� IDFW� WKDW� �DV� LV� QRWHG
DERYH�� WKH� WHFKQRORJ\� RI� =Q6H�7H�� JURZLQJ
GRHV�QRW�H[FOXGH�WKH�UHVLGXDO�R[\JHQ� LPSX�
ULW\� DQG� WKH� SUHVHQFH� RI� VRPH� =QL9=Q26HFRPSOH[HV�� WKDW� LV� PDQLIHVWHG� DV� D� VKRUW�
HQHG� HIIHFWLYH� W� YDOXH��)RU� D�����PP�WKLFN
VDPSOH��W|���PV�DQG�GRHV�QRW�GHSHQG�RQ�WKH
FRROLQJ�UDWH�

$Q� XQXLVXDO� HIIHFW� ZDV� REVHUYHG� ZKHQ
PHDVXULQJ�WKH�PLFURKDUGQHVV�RI�RQH�����PP
WKLFN� =Q6H�2�� FU\VWDO� VDPSOH� IDVW�FRROHG
DIWHU�+7�LQ�=Q�YDSRUV�SULRU�WR�WKH�PHDVXUH�
PHQWV�� ,Q� WKH� FRXUVH� RI�+P� PHDVXUHPHQWVRQ� WKDW� VDPSOH� DW� WKH� LQGHQWRU� ORDG� RYHU
���� J�� DQ� DFFXPXODWLRQ� RI� YROXPH� GHIHFWV
XS�WR�VHYHUDO�PLFURPHWHUV�DSSHDUHG�QHDU�WKH
LQGHQWDWLRQ�� DIWHU� XQORDGLQJ�� WKRVH� GHIHFWV
GLVDSSHDUHG� GXULQJ� VHYHUDO� KRXUV� DW� 7� 
����.��8QGHU�����J� ORDG�� WKH� VDPH�VDPSOH
H[KLELWHG�D�VXSHUSODVWLFLW\�HIIHFW�PDQLIHVWHG
DV� WKH�+P� UHGXFWLRQ� E\� D� IDFWRU� RI� ���� DVFRPSDUHG�WR�WKH�VORZO\�FRROHG�VDPSOHV�KDY�
LQJ�+P|����NJ�PP��� 7KUHH� GD\V� ODWHU�� WKH
+P� KDV� EHHQ� UHFRYHUHG� WR� |����NJ�PP��
7KH�PHFKDQLVP�RI� WKH�GHIHFWV�REVHUYHG�FDQ
EH�H[SODLQHG�E\�WKH�FRRSHUWLYH�PRWLRQ�FKDU�
DFWHU� RI� GLVORFDWLRQV� JHQHUDWHG� XQGHU� WKH
PHQWLRQHG� ORDGV�DQG�SURYLGLQJ�FRQVLGHUDEOH
SODVWLF�VWUDLQV�DV�ZHOO�DV�E\�WKH�FRDJXODWLRQ
RI�YDFDQFLHV��GHFRPSRVLWLRQ�SURGXFWV�RI�WKH
H[FHVV�QRQ�HTXLOLEULXP�DPRXQW�RI�=QL9=Q26HFRPSOH[HV��FRQFHQWUDWHG�DERXW�WKRVH�GLVORFD�
WLRQV� DQG� WKH� VXEVHTXHQW� �DIWHU� XQORDGLQJ�
HPLVVLRQ� RI� YDFDQFLHV� IURP� WKH� SRUHV� WR�
ZDUGV� WKH� LQGHQWDWLRQV� DORQJ� WKMH� DFFHOHU�
DWHG� GLIIXVLRQ� SDWKV�� VXFK� DV� GLVORFDWLRQ
WXEHV�>�@�

���&RQFOXVLRQ
7KH� VWXG\� UHVXOWV� FRQFHUQLQJ� WKH� HIIHFW

RI�WKH�FRROLQJ�UDWH�DIWHU�+7�LQ�=Q�YDSRU�RQ
WKH� SK\VLFDO� FKDUDFWHULVWLFV� RI� =Q6H�2�7H�
FU\VWDOV� DUH� FRPSOHWHO\� FRQVLVWHQW� ZLWK� WKH
SK\VLFDO�PHFKDQLVP�RI�WKH�OXPLQHVFHQFH�QD�
WXUH� LQ� WKDW� W\SH�FU\VWDOV�GHYHORSHG�EHIRUH�
$FFRUGLQJ� WR� WKH� PHFKDQLVP�� WKH� GHFLVLYH
SDUW�LQ�WKH�OXPLQHVFHQFH�RI�WKRVH�FU\VWDOV�LV
SOD\HG� E\� WKH� UDGLDWLYH� UHFRPELQDWLRQ� FHQ�
WHUV� DVVRFLDWHG� ZLWK� =QL9=Q26H� DQG
9=Q=QL7H6H�FRPSOH[HV��7KH�FRQFOXVLRQ�DERXWD� ORZHU� WKHUPRG\QDPLFDO� VWDELOLW\� RI
=QL9=Q26H�DV�FRPSDUHG�WR�9=Q=QL7H6H�LV�DOVRVXEVWDQWLDWHG��7KH�UHVXOWV�REWDLQHG�DUH� WR�EH
WDNHQ� LQWR� FRQVLGHUDWLRQ� ZKHQ� GHYHORSLQJ� D
UHSURGXFLEOH�WHFKQRORJ\�WR�REWDLQ�VFLQWLOODWLRQ
PDWHULDOV�EDVLQJ�RQ�=Q6H�2�7H��FU\VWDOV�

$XWKRUV� DUH� WKDQNIXO� WR� ,�3�%DEL\FKXN
DQG�$�9�=KXNRY� IRU� DVVLVWDQFH� LQ�PHDVXUH�
PHQWV�DQG�SUHVHQWDWLRQ�RI�UHVXOWV�

5HIHUHQFHV
� ���1�*�6WDU]KLQVNL\�� %�9�*ULQ\RY�� /�3�*DO�FKL�

QHWVNLL� HW� DO��� 6FLQWLOODWRUV� %DVHG� RQ� $,,%9,
&RPSRXQGV�� 3UHSDUDWLRQ�� 3URSHUWLHV� DQG� $S�
SOLFDWLRQ� )HDWXUHV�� ,QVWLWXWH� IRU� 6LQJOH� &U\V�
WDOV�3XEO���.KDUNLY��������>LQ�5XVVLDQ@�

� ���/�3�*DO�FKLQHWVNLL�� 9�'�5\]KLNRY�� 1�*� 6WDU�
]KLQVNL\��LQ��3UREOHPV�RI�$WRPLF�6FLHQFH�DQG
7HFKQRORJ\�� 6HULHV� �1XFOHDU� 3K\VLFV� ,QYHVWL�
JDWLRQV������������������

� ���9�0�.RVKNLQ�� $�<D�'XOIDQ�� 9�'�5\]KLNRY� HW
DO���)XQFWLRQDO�0DWHULDOV����������������

� ���9�0�.RVKNLQ�� $�<D�'XOIDQ�� 1�9�*DQLQD� HW
DO���)XQFWLRQDO�0DWHULDOV����������������

� ���/�3�*DO�FKLQHWVNLL�� %�9�*ULQ\RY�� 1�*�6WDU�
]KLQVNL\�HW�DO���1HRUJDQ��0DWHU����������������

� ���2�,�9ODVHQNR��=�.�9ODVHQNR��LQ��2SWRHOHNWURQLND
L�3RO\SURY��7HNKQ������,VV����������S����

{¹ãÒm��Ë¯äL�Óº��º­¯º­}Ò���¹È¯È²��ÒÓ}�ÓÈ�°¹Ë}�¯Èã	Óº�}LÓË�Ò�ÓL��º¹�Ò�ÓL��È�äË²ÈÓL�ÓL²È¯È}�Ë¯Ò°�Ò}Ò�}¯Ò°�ÈãLm�=Q6H�2�7H�
�����Èã	�ÒÓË�	}Ò®��z�|�zÈ�¯�Óºm�|�,��ÈãÈ«Ó���|�i�|¹ºãºÓLÓ

sÈmË�ËÓº�Ë}°¹Ë¯ÒäËÓ�Èã	ÓL��ÈÓL�¹¯º�m¹ãÒm��mÒ�}º°�L�º²ºãº�ÎËÓÓ«�¹L°ã«��Ë¯äL�Óº�
º­¯º­}Ò� �� ¹È¯L��ÒÓ}�� ¹¯Ò� �Ëä¹Ë¯È��¯L� �����z� ÓÈ� °¹Ë}�¯Ò� ã
äLÓË°�ËÓ�L�� �� �LÈ¹ÈÏºÓL
�ºmÎÒÓÒ� ²mÒã	� ���Ü���� Óä�� º¹�Ò�ÓË� ¹¯º¹�°}ÈÓÓ«� �È� }LÓË�Ò}�� mÒ°mL��mÈÓÓ«� °�ÒÓ�Ò�
ã«�L®��È��È}ºÎ�ÓÈ�äL}¯º�mË¯�L°�	�}¯Ò°�ÈãLm�=Q6H�2�7H���{°�ÈÓºmãËÓº���º�m��Ò²�}¯Ò°�È�
ãÈ²� }ºä¹ãË}°Ò� 9=Q=QL26H� ��ËÓ�¯Ò� mÒ¹¯ºäLÓ
mÈã	Óº�� ¯Ë}ºä­LÓÈ�L�� Ï� OPD[|���� Óä�� ¼äËÓ��°�È­Lã	ÓÒäÒ��ÓLÎ�}ºä¹ãË}°Ò�9=Q=QL7H6H���ËÓ�¯Ò�mÒ¹¯ºäLÓ
mÈã	Óº��¯Ë}ºä­LÓÈ�L��ÏOPD[|����Óä��

/�3�*DO�FKLQHWVNLL�HW�DO����(IIHFW�RI�KHDW�WUHDWPHQW����

)XQFWLRQDO�PDWHULDOV������������� ���


