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���,QWURGXFWLRQ
&U\VWDOV�ZLWK�VLOOHQLWH� VWUXFWXUH�DUH� VWLOO

RI� LQWHUHVW� GXH� WR� D� FRPELQDWLRQ� RI� SUDFWL�
FDOO\�YDOXDEOH�SURSHUWLHV��SLH]RHOHFWULF��HOHF�
WUR�� DQG� PDJQHWR�RSWLFDO�� RSWLFDO� DFWLYLW\�
SKRWRFRQGXFWLYLW\� DQG� SKRWRUHIUDFWLRQ�� 6LO�
OHQLWH�FU\VWDOV�DUH�XVHG� LQ�SLH]RVHQVRUV��ILO�
WHUV� DQG� GHOD\� FLUFXLWV� IRU� HOHFWURPDJQHWLF
VLJQDOV�� HOHFWUR�� DQG� PDJQHWR�RSWLFDO� ILHOG�
VWUHQJWK�PHWHUV��VSDFH�WLPH�PRGXODWRUV�HWF�

7KH�PDLQ� JURZWK�PHWKRG� RI�%*2� LV� WKH
FRQYHQWLRQDO�&]RFKUDOVNL��&]��WHFKQLTXH�>�@�
2QH�RI� WKH�PDMRU�SUREOHPV�IRU�JURZLQJ�WKH
FRPSRXQGV� ZLWK� VLOOHQLWH� VWUXFWXUH� XQGHU
WKH� FRQGLWLRQV� RI� KLJK� WKHUPDO� JUDGLHQW� LV
WR�REWDLQ�FU\VWDOV�ZLWK�KLJK�RSWLFDO�KRPRJH�
QHLW\� >�Ü��@��7ZR�PRVW�FKDUDFWHULVWLF�W\SHV
RI��RSWLFDO��GHIHFWV�LQ�WKHVH�FU\VWDOV�DUH�GLV�

WLQJXLVKHG�� LQFOXVLRQ� RI� H[WUDQHRXV� SKDVHV
DQG� WKH� SUHVHQFH� RI� UHJLRQV� ZLWK� LQFUHDVHG
RSWLFDO�GHQVLW\�LQ�WKH�YROXPH�RI�FU\VWDO��7KH
H[LVWHQFH�RI�WKH�UHJLRQV�ZLWK�LQFUHDVHG�RSWL�
FDO� GHQVLW\� LQ� FU\VWDOV� ZLWK� VLOOHQLWH� VWUXF�
WXUH�PD\�EH� H[KLELWHG� DV� WKH�JURZWK�EDQGV
DQG�WKH�VR�FDOOHG�JURZWK�FROXPQ�>�@��,Q�WKH
RSLQLRQ� RI� WKH� DXWKRUV� RI� >�Ü������@�� WKH
DSSHDUDQFH�RI�D�JURZWK�FROXPQ�DQG� WKH�HI�
IHFW�RI�VHOHFWLYH�GHFRUDWLRQ�LQ�WKH�IRUP�RI�D
WKUHH�EODGH� SURSHOOHU� GXULQJ� JURZLQJ� DORQJ
����!� GLUHFWLRQ� DUH� GXH� WR� WKH� DQLVRWURS\
RI�JURZWK�UDWHV�DQG�GLIIHUHQFHV�LQ�WKH�FRHI�
ILFLHQWV� RI� GLVWULEXWLRQ� RI� �SKRWRFKURPLF�
DGPL[WXUHV� IRU� SRODU� ^���`� DQG� QRQ�SRODU
^���`� IDFHV� SUHVHQW� DW� WKH� FU\VWDOOL]DWLRQ
IURQW�� 7KH� DSSHDUDQFH� RI� WKH� UHJLRQV� ZLWK
LQFUHDVHG�RSWLFDO�GHQVLW\�DOVR�PD\�EH�D�FRQ�
VHTXHQFH� RI� WKH� FRH[LVWHQFH� RI� WKH� QRUPDO
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DQG� OD\HU�E\�OD\HU� JURZWK� PHFKDQLVPV� DW
WKH� FU\VWDOOL]DWLRQ� IURQW� >��@�� 7KH� VRXUFHV
RI� RSWLFDO� KHWHURJHQHLW\� LQ� WKH� FDVH� RI� WKH
OD\HU�E\�OD\HU�FU\VWDO�JURZWK�PHFKDQLVP��DV
WKH� DXWKRUV� RI� >��@� VXSSRVH�� DUH� WKH� SRVVL�
ELOLW\� RI� GHYLDWLRQ� RI� WKH� FU\VWDO� FRPSRVL�
WLRQ�IURP�WKH�VWRLFKLRPHWULF�RQH�ZLWKLQ�WKH
KRPRJHQHLW\� UHJLRQ� DQG� YDULDWLRQ� RI� WKH
FRQFHQWUDWLRQ� RI� DGPL[WXUHV� GXULQJ� WHP�
SHUDWXUH� IOXFWXDWLRQV�� $FFRUGLQJ� WR� >��@�
WKH� UHDVRQ� RI� WKH� YDULDWLRQ� RI� WKH� RSWLFDO
GHQVLW\�RI�VLOOHQLWH�FU\VWDOV�LV�WKH�SRVVLELOLW\
IRU� WKH� FRQGLWLRQV� OHDGLQJ� WR� WKH� IRUPDWLRQ
RI� PHWDVWDEOH� SKDVHV� LQ� WKHVH� V\VWHPV�� $F�
FRUGLQJ�WR�>�@��WKH�GHQVLW\�RI�GLVORFDWLRQV�LQ
%*2�VLQJOH�FU\VWDOV�YDULHV�IURP�������FPÜ�
LQ� WKH� GHIHFW�IUHH� UHJLRQ� WR� ������FPÜ�� LQ
WKH�UHJLRQ�FRQWDLQLQJ�LQFOXVLRQV��

3UHYLRXVO\��ZH�FDUULHG�RXW�WKH�ZRUN�>���
��@� DLPHG� DW� JURZLQJ� %*2� FU\VWDOV� XVLQJ
WKH�/RZ�7HPSHUDWXUH�*UDGLHQW�&]�WHFKQLTXH
DQG� VWXGLHG� WKH� TXDOLW\� RI� WKH� JURZQ� FU\V�
WDOV� E\�PHDQV� RI� LQWHUIHURPHWU\� DQG�;�UD\
WRSRJUDSK\��+RZHYHU��QR�GLUHFW�FRPSDULVRQ
EHWZHHQ� WKH� FU\VWDOV� JURZQ�XQGHU� UDGLFDOO\
GLIIHUHQW�FRQGLWLRQV�ZLWK�UHVSHFW�WR�WKHUPDO
JUDGLHQWV� ZDV� PDGH�� 7KH� SUHVHQW� ZRUN
DLPHG� DW� WKH� JURZWK� RI� %*2� FU\VWDOV� E\
PHDQV�RI�&]�DQG�/7*�&]�IURP�LGHQWLFDO� LQ�
LWLDO�FRPSRQHQWV�XQGHU�LGHQWLFDO�JURZWK�SD�
UDPHWHUV�� DQG� ZLWK� FRPSDULVRQ� RI� WKH� RE�
WDLQHG�FU\VWDOV��

���([SHULPHQWDO�GHWDLOV�
:H�GHVFULEHG�%*2� FU\VWDO� JURZWK�XVLQJ

WKH� /7*� &]� WHFKQLTXH� LQ� GHWDLO� SUHYLRXVO\
>������@��,Q�WKH�SUHVHQW�ZRUN��JURZLQJ�%*2
XQGHU� WKH� FRQGLWLRQV� RI� WKH� KLJK� WKHUPDO
JUDGLHQWV�� ZH� XVHG� VLPLODU� JURZWK� SDUDPH�
WHUV� DQG� WKH� VHWXS� �+;���0���7KH� FU\VWDOV
ZHUH� JURZQ� IURP� D� SODWLQXP� FUXFLEOH
��� PP� LQ� GLDPHWHU� DQG� ���� PP� KLJK�
SODFHG� LQ� D� WKUHH�]RQH� IXUQDFH� ZLWK� LQGH�
SHQGHQW� WHPSHUDWXUH� FRQWURO� FRQWRXUV�� ,Q
WKH� XVXDO� FRQILJXUDWLRQ�� ZKHQ� WKH� FU\VWDOV
DUH�JURZQ�XQGHU�ORZ�WKHUPDO�JUDGLHQWV��WKH
FUXFLEOH�ZLWK�WKH�FDS�LV�SODFHG�LQ�WKH�WKUHH�
]RQH�IXUQDFH�HTXLSSHG�ZLWK�WKLFN�KHDW�LQVX�
ODWLQJ� OD\HUV� IURP� DERYH� DQG� IURP� EHQHDWK
�)LJ���D��� $Q� LQFUHDVH� LQ� WKHUPDO� JUDGLHQW
ZDV� DFKLHYHG� GXH� WR� FKDQJHV� LQ� WKH� GHVLJQ
RI� VHSDUDWH� XQLWV� RI� WKH� FU\VWDOOL]DWLRQ� FHOO
RI� WKH� JURZWK� VHWXS� ZLWKRXW� FKDQJLQJ� WKH
IXUQDFH�LQ�ZKROH��7KH�XSSHU�KHDW�LQVXODWLQJ
OD\HU�ZDV�PDGH�WKLQQHU��3ODWLQXP�FDS��WKDW
KDG�EHHQ�SOD\LQJ�WKH�SDUW�RI�WKHUPDO�VFUHHQ
DQG� GLIIXVLRQ� EDUULHU��ZDV� UHPRYHG��%\� LQ�
FUHDVLQJ�WKH�KHLJKW�RI�WKH�VXSSRUW��WKH�FUX�
FLEOH� ZLWK� WKH� PHOW� ZDV� OLIWHG� UHODWLYH� WR
KHDWHUV� LQ� WKH� IXUQDFH�� 7KH�PHOW� OHYHO� ZDV
HYHQ� KLJKHU� WKDQ� WKH� HQG� RI� WKH� XSSHU
KHDWHU�DV�VKRZQ�LQ�)LJ���E��6XFK�D�FRQILJX�
UDWLRQ� SURYLGHG� VWURQJ� KHDW� VLQN� IURP� WKH
RSHQ�VXUIDFH�RI�WKH�PHOW��7KH�JURZLQJ�FU\V�
WDO� ZDV� LQVLGH� WKH� UHJLRQ� RI� KLJK� WKHUPDO
JUDGLHQWV�� 7HPSHUDWXUH� GLIIHUHQFH� EHWZHHQ
WKH�KHDWHU� DQG� WKH� FUXFLEOH�ZDV� VHYHUDO� GH�

)LJ�����6FKHPDWLFV�RI�IXUQDFH�RI�+;����FU\VWDO�JURZWK�VHWXS��D�Û�RULJLQDO�VHWXS��E��F�Û�UHPRGHOHG
VHWXSV��
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JUHHV� LQ�WKH�JURZWK�FHOO�DUUDQJHG�DV�VKRZQ
LQ�)LJ���D��ZKLOH� LQ� WKH� FDVH� VKRZQ� LQ�)LJ�
�E�� F� WKLV� GLIIHUHQFH� UHDFKHV� ����&�� 3RZHU
UHTXLUHG�WR�NHHS�WKH�FKDUJHG�PDVV�PHOWHG�LV
���Ü��WLPHV�ORZHU�LQ�WKH�FDVH�VKRZQ�LQ�)LJ�
�D� WKDQ� LQ� D� VLPLODU� FDVH� IRU� WKH� RSHQ� V\V�
WHP��)LJ���E��F��

(YLGHQWO\�� WKH� D[LDO� DQG� UDGLDO� WKHUPDO
JUDGLHQWV� IRU� WKH� PRGLILFDWLRQ� RI� WKH� KHDW
XQLW� SUHVHQWHG� LQ� )LJ���E�� F� DUH� VXEVWDQ�
WLDOO\� KLJKHU� WKDQ� WKRVH� RFFXUULQJ� LQ� WKH
RULJLQDO� GHVLJQ� RI� WKH� KHDW� XQLW�� $
VWRLFKLRPHWULF� PL[WXUH� RI�%L�2�� DQG�*H2��ZDV�XVHG�DV�WKH�IXUQDFH�FKDUJH��7KH�SURFH�
GXUH� RI� PHOW� SUHSDUDWLRQ� ZDV� WKH� VDPH� DV
WKDW� GHVFULEHG� LQ� >��@�� ,Q� ERWK� FDVHV��PHOW�
LQJ� DQG� KRPRJHQL]DWLRQ� SURFHHGHG� ZLWKRXW
DQ\� VSHFLILF� IHDWXUHV�� $Q� HVVHQWLDO� GLIIHU�
HQFH�ZDV�QRWLFHDEOH�HYDSRUDWLRQ�RI�WKH�PHOW
XQGHU� WKH� FRQGLWLRQV� RI� WKH� KLJK� WKHUPDO
JUDGLHQW�� ([SRVXUH� RI� WKH� PHOW� DW� D� WHP�
SHUDWXUH� RI� ����&� IRU� ��� K� FDXVHG� D� PDVV
ORVV� IURP� �� WR� ��� J� �����Ü���� PDVV��� RI
WKH�FKDUJH�PDVV���

6HHGLQJ� ZDV� FDUULHG� RXW� XVLQJ� D� %*2
VHHG� RULHQWHG� DORQJ� WKH� ����!� GLUHFWLRQ�
5RWDWLRQ� IUHTXHQF\�ZDV� FRQVWDQW� LQ� DOO� WKH
SURFHVVHV� DQG� HTXDO� WR� ��� U�S�P�� FU\VWDO�
OL]DWLRQ� UDWH� ZDV� YDULHG� IURP� ���� WR
��PP�K�

&U\VWDOV���Ü���PP�LQ�GLDPHWHU��ZLWK�WKH
OHQJWK� RI� ��� WR� ���� PP�� ZHUH� REWDLQHG
XVLQJ� ERWK� JURZLQJ� WHFKQLTXHV�� *URZWK
UHJXODULWLHV� DQG� WKH� DSSHDUDQFH� RI� %*2
FU\VWDOV� REWDLQHG� XQGHU� WKH� FRQGLWLRQV� RI
ORZ� JUDGLHQWV� ZHUH� GHVFULEHG� LQ� GHWDLO� LQ
>��@��D�W\SLFDO�FU\VWDO�VKDSH�LV�SUHVHQWHG�LQ
)LJ���D�� 7KH� FU\VWDOV� JURZQ� XVLQJ� WKH� &]
WHFKQLTXH� ZHUH� VKDSHG� DV� D� F\OLQGHU� ZLWK
FU\VWDOOL]DWLRQ� IURQW� DV� D� URWDWLRQ� ILJXUH�
PRVW� IUHTXHQWO\� DV� D� FRQH� �)LJ���E��� :LWK
GHILQLWH� SURFHVV� SDUDPHWHUV�� FU\VWDOV� ZLWK
ZHDNO\� FRQYH[�� DOPRVW� IODW� FU\VWDOOL]DWLRQ
IURQW�ZHUH�REWDLQHG��$V�H[SHFWHG��XQOLNH�IRU
WKH� /7*� &]� WHFKQLTXH�� XQGHU� WKH� JURZWK
FRQGLWLRQV� ZLWK� WKH� KLJK� WKHUPDO� JUDGLHQW

ZH�GLG�QRW�HQFRXQWHU�VXFK�FRPSOLFDWLRQV�DV
WKH� IRUPDWLRQ� RI� D� SDUDVLWLF� FU\VWDO� DW� WKH
ERWWRP� DQG�RU� ZDOO� RI� WKH� FUXFLEOH� DQG� D
GULIW� RI� WKH� FU\VWDO� RII� WKH� URWDWLRQ� D[LV�
+RZHYHU�� LQ� WKH� FDVH� RI� WKH� KLJK� WKHUPDO
JUDGLHQW��PRUH�HVVHQWLDO�SUREOHPV�LQ�REWDLQ�
LQJ� WKH� FU\VWDOV� RI� VDWLVIDFWRU\� TXDOLW\� DS�
SHDUHG��

)LUVW�RI�DOO��JURZWK�XQGHU�WKH�KLJK�WKHU�
PDO� JUDGLHQWV� UHVXOWHG� LQ� WKH� IRUPDWLRQ� RI
VWUDLQHG� FU\VWDOV�� 7KH� %*2� FU\VWDOV� JURZQ
ZLWK� WKH�KHDW�XQLW�GHVLJQ� VKRZQ� LQ�)LJ���E
KDG�D�GLDPHWHU�QRW�PRUH� WKDQ����PP��7KH
FU\VWDOV�RI�ODUJHU�GLDPHWHU�ZHUH�FUDFNLQJ�DW
WKH� VWDJH� RI� DQQHDOLQJ� HYHQ�ZLWK� DQQHDOLQJ
UDWH� RI�����K� �)LJ���D���:LWK� WKH�KHDW� XQLW
GHVLJQ� SURYLGLQJ� OHVV� VKDUS� WKHUPDO� JUDGL�
HQWV� �)LJ���F���DW� WKH� FU\VWDOOL]DWLRQ�UDWH�RI
���Ü�� PP�K�� ZH� VXFFHHGHG� LQ� REWDLQLQJ
UHODWLYHO\� XQVWUDLQHG� FU\VWDOV� ZLWK� WKH� GL�
DPHWHU�XS�WR����PP��)LJ���E���$W�WKH�FU\V�
WDOOL]DWLRQ� UDWH� RI� ���� PP�K�� WKH� FU\VWDOV
FUDFNHG�GXULQJ�PHFKDQLFDO�WUHDWPHQW�UDWKHU
IUHTXHQWO\��ZKLOH�DW�WKH�UDWH�RI���PP�K�WKH
FU\VWDOV� FUDFNHG� DV�HDUO\�DV� DW� WKH� VWDJH�RI
DQQHDOLQJ��

7KH� GHIHFW� VWUXFWXUH� RI� WKH� FU\VWDOV�ZDV
VWXGLHG�E\�PHDQV�RI�VHOHFWLYH�FKHPLFDO�HWFK�
LQJ� DQG� LQWHUIHURPHWU\��7R� VWXG\� WKH� TXDO�
LW\� RI� %*2� FU\VWDOV� JURZQ� XQGHU� WKH� ORZ
JUDGLHQW� FRQGLWLRQV�� ZH� XVHG� WKH� PDWHULDO
REWDLQHG�WKURXJK�FU\VWDO�JURZWK�ZLWK�OD\HU�
E\�OD\HU�JURZWK�PHFKDQLVP�LQ�WKH�GLUHFW�YL�
FLQLW\� WR� WKH� IURQW�� LQ� WKH� SUHVHQFH� RI
FOHDUO\� IRUPHG� IDFHV�� VR� WKDW� RQH� FRXOG� EH

)LJ�����%*2�FU\VWDOV�JURZQ�E\��D�Û�/7*�&]
WHFKQLTXH��E�Û�&]�WHFKQLTXH�

)LJ�����%*2�FU\VWDOV�JURZQ�XVLQJ��D�Û�VHWXS
)LJ���E��E�Û�VHWXS�)LJ���F��
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VXUH�WKDW�ZH�H[DPLQH�WKH�FU\VWDO�SDUW�JURZQ
OD\HU� E\� OD\HU�� 2ULHQWDWLRQ� RI� WKH� VDPSOHV
ZDV� SHUIRUPHG� RQ� WKH� EDVLV� RI� WKHLU� KDELW�
,Q�WKH�FDVH�RI�WKH�FU\VWDOV�JURZQ�XQGHU�WKH
KLJK� JUDGLHQW�� FXWV� SHUSHQGLFXODU� WR� WKH
JURZWK�GLUHFWLRQ�ZHUH�XVHG��'HYLDWLRQ�IURP
WKH�FU\VWDOORJUDSKLF�GLUHFWLRQ�FRXOG�EH��Ü���
([DPLQDWLRQ�E\�PHDQV�RI�VHOHFWLYH�FKHPLFDO
HWFKLQJ�ZDV�FDUULHG�RXW�XVLQJ�WKH�SODWHV��Ü
����PP�WKLFN�� LQWHUIHURPHWULF� VWXGLHV�ZHUH
SHUIRUPHG� ZLWK� FU\VWDO� VHFWLRQV� ��Ü���PP
WKLFN��'HYLDWLRQ�IURP�SDUDOOHOLVP�RI�WKH�RS�
SRVLWH� SODQHV� RI� WKH� VDPSOH� GLG� QRW� H[FHHG
��cc�� 7KH� VDPSOHV� ZHUH� VPRRWKHG� DQG� SRO�
LVKHG� PHFKDQLFDOO\�� WKHQ� FKHPLFDOO\� ZLWK
WKH� VROXWLRQV� RI� K\GURFKORULF� DFLG� LQ� JO\F�
HURO��7DEOH��

6DPSOHV� ZHUH� HWFKHG� ZLWK� WKH� VROXWLRQV
EDVHG� RQ� K\GURFKORULF� DQG� QLWULF� DFLGV�� WKH

HIILFLHQF\� RI� WKHVH� VROXWLRQV� WRZDUGV� %*2
FU\VWDOV� LV� ZHOO� VWXGLHG�� 7KH� UHVXOWV� RI� WKH
LQWHUDFWLRQ� RI� GLIIHUHQW� HWFKDQWV� ZLWK� VDP�
SOH�VXUIDFH�DUH�SUHVHQWHG�LQ�7DEOH��7KH�UHOL�
DELOLW\� RI� WKH� UHVXOWV� RI� VHOHFWLYH� HWFKLQJ
ZDV�FRQILUPHG�ZLWK�WKH�KHOS�RI�;�UD\�WRSRJ�
UDSK\�� 7KH� GDWD� REWDLQHG� LQ� WKH� LQYHVWLJD�
WLRQ�RI�%*2�E\�PHDQV�RI�;�UD\�WRSRJUDSK\
ZHUH�UHSRUWHG�LQ�>��@��$FFRUGLQJ�WR�WKH�GDWD
RI�VHOHFWLYH�FKHPLFDO�HWFKLQJ��WKH�GHQVLW\�RI
GLVORFDWLRQV�LQ�FU\VWDO�JURZQ�DW�ORZ�WKHUPDO
JUDGLHQWV�LQ�WKH�OD\HU�E\�OD\HU�PRGH�GLG�QRW
H[FHHG� ��� FP��� 'XULQJ� %*2� HWFKLQJ�� RQO\
VROH�GLVORFDWLRQV�ZHUH�H[KLELWHG�RQ�WKH�VDP�
SOH�VXUIDFH��)LJ���D���7KH�GHQVLW\�RI�GLVORFD�
WLRQV� LQ� WKH� FU\VWDOV� JURZQ� XQGHU� WKH� KLJK
JUDGLHQWV� RI� WHPSHUDWXUH� ZDV� ���Ü����FP�
�)LJ���E��F��

5HODWLYH� RSWLFDO� KRPRJHQHLW\� RI� VDPSOHV
ZDV� HYDOXDWHG� XVLQJ� -DPLQ� LQWHUIHURPHWHU�

7DEOH��%HKDYLRU�RI�HWFKDQWV�EDVHG�RQ�+&O�DQG�+12��RQ�%*2�VXUIDFH�
(WFKDQW�FRPSRVLWLRQ &RPSRQHQWV�

YROXPH
UDWLR

(WFKLQJ�FRQGLWLRQV %*2
VDPSOHV

RULHQWDWLRQ
(WFKLQJ�EHKDYLRU

7LPH��PLQ 7HPSHUDWXUH�
�&

+&O��0� Ü �� ��Ü�� ����! ����!
+&O��0��+�2������� ��� �� ��Ü�� ����! ����!������!
+&O��0��1+�&O��0� ���������

���
�Ü�� ��Ü�� ����! 1RQVHOHFWLYH�GLVVROXWLRQ�RI

VXUIDFH��IRUPDWLRQ�RI�QRW
IDFHWHG�HWFKLQJ�SLWV�

+&O��0��&�+��2+�� ��� ��Ü�� ��Ü�� ����!�
����!�
����!

6XUIDFH�SROLVKLQJ

�� ����! 6XUIDFH�SROLVKLQJ�
IRUPDWLRQ�RI�IDFHWHG

HWFKLQJ�SLWV
+12���0� Ü ��Ü�� ��Ü�� ����! 6XUIDFH�XQFKDQJHG

�� ��Ü�� 6XUIDFH�SROLVKLQJ
!�� 1RQVHOHFWLYH�GLVVROXWLRQ�RI

VXUIDFH
+12���0��+�2������� ��� ��Ü�� ��Ü�� ����! 6XUIDFH�SROLVKLQJ

�� ��Ü�� 6XUIDFH�SROLVKLQJ�
QRQVHOHFWLYH�GLVVROXWLRQ�RI

VXUIDFH
!�� 1RQVHOHFWLYH�GLVVROXWLRQ�RI

VXUIDFH
+12���0��1+�12���0� ���������

���
��Ü�� ��Ü�� ����! 6XUIDFH�XQFKDQJHG
�� ��Ü�� 6XUIDFH�SROLVKLQJ
!��

+12���0��$F2+�LFH� �������� �� ��Ü�� ����! 1RQVHOHFWLYH�GLVVROXWLRQ�RI
VXUIDFH��IRUPDWLRQ�RI
IDFHWHG�HWFKLQJ�SLWV�� ����!

��� �� ����! )RUPDWLRQ�RI�IDFHWHG
HWFKLQJ�SLWV�� ����!
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7KH�VFKHPH�RI�WKH�LQVWUXPHQW��PHDVXUHPHQW
SURFHGXUH�DQG�WKH�GDWD�RI�PHDVXUHPHQWV�RI
WKH� RSWLFDO� KRPRJHQHLW\� RI� %*2� FU\VWDOV
JURZQ� E\�PHDQV� RI� /7*�&]�ZHUH� GHVFULEHG
LQ�>��@��,Q�WKH�LQYHVWLJDWLRQ�RI�%*2�VDPSOHV
JURZQ�XQGHU� WKH� FRQGLWLRQV� RI� ORZ� WKHUPDO
JUDGLHQW� DQG� FRQWDLQLQJ� QR� LQFOXVLRQV�� WKH
LQWHUIHUHQFH� LPDJHV� UHPDLQHG� VWDEOH�� WKDW
LV�� WKH� ZLGWK� DQG� VKDSH� RI� LQWHUIHUHQFH
EDQGV� GLG� QRW� FKDQJH�� HYHQ� LQ� WKH� FU\VWDO
UHJLRQV� IRUPHG� E\� WKH� YHUWH[� DQG� IDFH� UH�
JLRQV�RI�WKH�FU\VWDOOL]DWLRQ�IURQW��$Q�H[DP�
SOH�RI�D�W\SLFDO�LQWHUIHUHQFH�LPDJH�RI�D�%*2
VDPSOH� LV� VKRZQ� LQ� )LJ���D�� ,Q� WKH� FDVH� RI
%*2� &]� FU\VWDOV�� QRQKRPRJHQHLW\� RI� EDQGV
ZDV� REVHUYHG� LQ� WKH� LQWHUIHUHQFH� LPDJHV�
EURDGHQLQJ�EHWZHHQ�WKH�EDQGV�DQG�WKHLU�KRRN�
LQJ��)LJ���E���5HJLRQV�ZLWK�VXEVWDQWLDO�GLVWRU�
WLRQV� RI� WKH� EHKDYLRXU� RI� LQWHUIHUHQFH� EDQGV
ZHUH�GHWHFWHG��WKLV�LV�VKRZQ�LQ�)LJ���F��

���'LVFXVVLRQ�RI�UHVXOWV�
)RU� WKH� ILUVW� WLPH�� WKH� JURZWK� RI� %*2

FU\VWDOV�ZDV�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�&]
DQG� /7*� &]� WHFKQLTXHV� XVLQJ� LGHQWLFDO� LQ�
LWLDO� FRPSRQHQWV�� DW� PD[LPDOO\� VLPLODU
JURZWK� SDUDPHWHUV�� $� FRPSDULVRQ� RI� WKH
GHQVLW\�RI�GLVORFDWLRQV�DQG�WKH�KRPRJHQHLW\
RI� RSWLFDO� GHQVLW\� RI� %*2� FU\VWDOV� JURZQ

XQGHU� WKH� FRQGLWLRQV� RI� ORZ� DQG�KLJK� WKHU�
PDO�JUDGLHQWV�ZDV�FDUULHG�RXW��,W�ZDV�HVWDE�
OLVKHG� WKDW� WKH� GHQVLW\� RI� GLVORFDWLRQV� LQ
%*2� /7*� &]� FU\VWDOV� LV� QRW� PRUH� WKDQ
���FP��� ZKLOH� IRU� %*2� &]� FU\VWDOV� WKLV
YDOXH� LV� �Ü�� RUGHUV� RI� PDJQLWXGH� ODUJHU�
7KH�FRPSDULVRQ�RI�WKH�KRPRJHQHLW\�RI�RSWL�
FDO�GHQVLW\�VKRZHG�WKDW�WKH�QRQKRPRJHQHLW\
RI� WKH� FU\VWDOV� JURZQ� XVLQJ� WKH� ORZ�WHP�
SHUDWXUH�JUDGLHQW�&]RFKUDOVNL�WHFKQLTXH�GLG
QRW� H[FHHG� ��Ü��� ,Q� %*2� &]� FU\VWDOV�� WKLV
YDOXH� ZDV� QRW� OHVV� WKDQ� ����Ü��� 7KH� %*2
FU\VWDOV�JURZQ�XQGHU�WKH�KLJK�WKHUPDO�JUD�
GLHQWV�ZHUH�IRXQG�WR�FRQWDLQ�WKH�UHJLRQV�RI
VKDUS�FKDQJHV�RI�WKH�RSWLFDO�GHQVLW\��ZKLFK
PD\�EH�DQ�HYLGHQFH�RI�WKH�SUHVHQFH�RI�EORFN
ERXQGDULHV�DQG�WKH�UHJLRQV�RI�VWUDLQ�FRQFHQ�
WUDWLRQ�LQ�WKH�FU\VWDOV��

7HFKQRORJLFDO�SUREOHPV�ZHUH�HQFRXQWHUHG
ZKHQ�JURZLQJ�%*2�FU\VWDOV�XQGHU�WKH�KLJK
WKHUPDO�JUDGLHQWV��7KH�FU\VWDOV�DUH�SURQH�WR
VSOLWWLQJ�� HVSHFLDOO\� DW� WKH� VWDJHV� RI� WKH
FU\VWDO� GHWDFKPHQW� IURP� WKH� PHOW� DQG� DQ�
QHDOLQJ�� 6XEVWDQWLDO� HYDSRUDWLRQ� RI� WKH
PHOW�� QDPHO\� LWV� ORZ�PHOWLQJ� FRPSRQHQW
%L�2���FDXVHG�WKH�ORVV�RI�WKH�FKDUJHG�PDWH�
ULDO� DQG� GLVWXUEHG� WKH� VWRLFKLRPHWU\� RI� WKH
PHOW�� ZKLFK� DOVR� FRXOG� KDYH� D� QHJDWLYH� HI�
IHFW�RQ�WKH�TXDOLW\�RI�WKH�FU\VWDOV��

)LJ����� ,WFKLQJ� SLWV� RQ�%*2� VXUIDFH�� D�Û�%*2� JURZQ� E\� /7*�&]�� VDPSOH� RULHQWHG� DORQJ� ����!
GLUHFWLRQ�� E�� F� Û� %*2� JURZQ� E\� &]�� VDPSOHV� RULHQWHG� DORQJ� ����!� GLUHFWLRQ�� (WFKDQW� Û
+12��$F2+���������&�����PLQ��

)LJ�����,QWHUIHUHQFH�LPDJHV�RI�%L��*H2���VDPSOHV��D�Û�W\SLFDO�LQWHUIHUHQFH�LPDJH�RI�%*2�JURZQ�E\
/7*�&]��E��F�Û�LQWHUIHUHQFH�LPDJH�RI�%*2�JURZQ�E\�&]�
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���&RQFOXVLRQV
5DGLFDO� GHFUHDVH� RI� WKHUPDO� JUDGLHQWV

GXULQJ�WKH�JURZWK�RI�%*2�FU\VWDOV�XQGRXEW�
HGO\� FDXVHV� LPSURYHPHQW� RI� WKHLU� TXDOLW\�
QDPHO\� LPSURYHPHQW�RI�WKH�KRPRJHQHLW\�RI
RSWLFDO�GHQVLW\�DQG�D�GHFUHDVH�LQ�WKH�GHQVLW\
RI�GLVORFDWLRQV��
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