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7KH� VWUXFWXUH� PRGLILFDWLRQ� RI� FDUERQ� QLWULGH� ILOPV� &1;� REWDLQHG� E\� GF� PDJQHWURQVSXWWHULQJ�DQG�KHDW�WUHDWHG�XQGHU�URRP�FRQGLWLRQV�KDV�EHHQ�VWXGLHG�E\�WKHUPRJUDYLPHWULF

DQDO\VLV��RSWLFDO�VSHFWURVFRS\�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRS\�DIWHU��7KH�UHSHDWHG�VKRUW�
WHUP�KHDWLQJ�FRROLQJ�WUHDWPHQW�UHVXOWV�LQ�LUUHYHUVLEOH�WUDQVIRUPDWLRQ�RI�WKH�ILOP�VWUXFWXUH
ZLWK�SUHGRPLQDWLQJ�GLVDSSHDUDQFH�RI� WKH�DPRUSKRXV�FDUERQ�SKDVH��$IWHU�89�LUUDGLDWLRQ�
WKH� PDVV� DQG� RSWLFDO� GHQVLW\� RI� ILOPV� KDYLQJ� QDQRVL]H� GHQVH�SDFNHG� VWUXFWXUH� EHFRPH
LQFUHDVHG��
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���,QWURGXFWLRQ
1HZ� FDUERQ� QDQRPDWHULDOV� VXFK� DV� VLQ�

JOH�ZDOOHG� DQG� PXOWL�ZDOOHG� QDQRWXEHV�
JUDSKLWH�QDQRILEHUV�DQG�VWUXFWXUHV�RQ�WKHLU
EDVLV�DUH�RI�JRRG�SURPLVH� IRU�K\GURJHQ�HQ�
HUJHWLFV� >�@�� 7KH� EDVLF� PHWKRGV� IRU� PDQX�
IDFWXULQJ� RI� FDUERQ� QDQRWXEHV� LQ� ODUJH
TXDQWLWLHV� DUH� HOHFWULF� DUF� HYDSRUDWLRQ� RI
JUDSKLWH��ODVHU�DEODWLRQ�RI�D�JUDSKLWH�WDUJHW
DQG� FDWDO\WLFDO� WKHUPRO\VLV� RI� FDUERQ�FRQ�
WDLQLQJ�FRPSRXQGV��7R�UHPRYH�WKH�E\�SURG�
XFWV� �FDWDO\VW� SDUWLFOHV�� DPRUSKRXV� FDUERQ�
HWF��� WKH� VDPSOH� DQQHDOLQJ� LV� XVHG� IROORZHG
E\�WUHDWPHQW� LQ�FRQFHQWUDWHG�DFLGV��0DJQH�
WURQ� VSXWWHULQJ� LV� XVXDOO\� XVHG� WR� REWDLQ
DPRUSKRXV� DQG� IXOOHUHQH�OLNH� FDUERQ� ILOPV
>�@�� 5HFHQWO\�� WKH� ILOPV� ZLWK� FROXPQDU
QDQRVWUXFWXUH�KDYH�EHHQ�REWDLQHG�E\�PDJQH�
WURQ� VSXWWHULQJ� ZLWKRXW� WKH� XVH� RI� PHWDO

FDWDO\VW� >�@��6XFK�VWUXFWXUHV�FDQ�EH�DSSOLHG
IRU� K\GURJHQ� VWRUDJH� LQ� DGGLWLRQ� WR� WKH
DERYH�PHQWLRQHG� QDQRWXEHV�� 8QIRUWXQDWHO\�
WKHUH� DUH�PDQ\� LQFRQVLVWHQW� OLWHUDWXUH�GDWD
DERXW�VRUSWLRQ�HIILFLHQF\�RI�WKH�VDPH�FDUERQ
VXEVWDQFH� UDQJLQJ� IURP� WKH� WHQWK� SDUWV� RI
SHU� FHQW� XS� WR� WHQV� RI� ZHLJKW� SHU� FHQWV� RI
K\GURJHQ�ZLWK�UHVSHFW�WR�WKH�VRUEHQW�ZHLJKW
>�@�� 7KH� VWUXFWXUDO� GLIIHUHQFHV� RI� REMHFWV
EHLQJ� VWXGLHG� FRXOG� EH� D� UHDVRQ� IRU� VXFK
GLVFUHSDQFLHV��:KHQ�FRQVLGHULQJ�WKH�SUDFWL�
FDO�SRWHQWLDO�RI�WKHVH�PDWHULDOV�� LW� LV�QHFHV�
VDU\�ILUVW�RI�DOO�WR�VWXG\�WKHLU�WKHUPDO�VWD�
ELOLW\� DQG� HIIHFW� RI� KLJK� WHPSHUDWXUHV� RQ
WKHLU�VWUXFWXUH��,Q�WKLV�FRQQHFWLRQ��WKH�SXU�
SRVH� RI� WKLV�ZRUN� LV� WR� VWXG\� WKH�VWUXFWXUH
PRGLILFDWLRQ�RI�FDUERQ�QLWULGH�&1;�ILOPV�E\KHDW�WUHDWPHQW�LQ�DLU�
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���([SHULPHQWDO
7KH�FDUERQ�QLWULGH�&1;�ILOPV�ZHUH�JURZQE\� D� QRQ�FDWDO\WLF� PHWKRG� RI� PDJQHWURQ

VSXWWHULQJ�RI�JUDSKLWH�WDUJHW�LQ�SXUH�QLWUR�
JHQ�DWPRVSKHUH�DQG�QLWURJHQ�R[\JHQ��XS�WR
��DW����PL[WXUH� �LQ�VRPH�FDVHV��WKH�DPPR�
QLD� ZDV� LQWURGXFHG� LQWR� WKH� JURZWK� DWPRV�
SKHUH�� RQWR� JODVV�� TXDUW]�� DQG� JDGROLQLXP�
JDOOLXP� JDUQHW� �***�� VLQJOH� FU\VWDO� VXE�
VWUDWHV�� $� SODQDU� PDJQHWURQ� ZLWK� IODW
FDWKRGH�DQG�ULQJ�DQRGH�ZDV�XVHG�WR�SURGXFH
WKH�SODVPD��7KH�GLVFKDUJH�SRZHU�GXULQJ�WKH
ILOP�GHSRVLWLRQ�GLG�QRW�H[FHHG������:��7KH
VXEVWUDWH� WHPSHUDWXUH�ZDV�YDULHG� IURP����
WR� ���� .�� 7KH� VXEVWUDWHV� ZHUH� SUHYLRXVO\
FOHDQHG� LQ� D� PL[HG� VROYHQW�� 7KH� JDV� SUHV�
VXUH� LQ� WKH� FKDPEHU� ZDV� ��� 3D�� 7KH� ILOP
JURZWK�GXUDWLRQ�ZDV�YDULHG�XS�WR�����PLQ�
7KH�ILOPV�RI�DERXW���PP�WKLFNQHVV�ZHUH�FKR�
VHQ�WR�EH�LQYHVWLJDWHG��7KUHH�HVVHQWLDOO\�GLI�
IHUHQW� W\SHV� RI� ILOPV� �JUDSKLWH�OLNH�� GLD�
PRQG�OLNH� DQG� QDQRVWUXFWXUDO�� ZHUH� RE�
WDLQHG�LQ�WKH�ZRUN�GHSHQGLQJ�RQ�WKH�JURZWK
FRQGLWLRQV� �WKH� VXEVWUDWH� WHPSHUDWXUH�� JDV
DWPRVSKHUH� FRPSRVLWLRQ�� LQWHQVLW\� RI� HWFK�
LQJ�SURFHVVHV��HWF���

7KH� FDUERQ� QLWULGH� ILOPV� REWDLQHG� ZLWK�
RXW� GRPLQDWLRQ� RI� WKH� HWFKLQJ� SURFHVV
�d����DW���2���KDYH�WKH�FODVVLF�JUDSKLWHOLNHSURSHUWLHV� >�@��KLJK�FRQGXFWLYLW\�� ORZ�KDUG�
QHVV��GHQVH�DPRUSKRXV�VWUXFWXUH�� ORZ�DGKH�
VLRQ�� 7KH� ILOP� FRORU� YDULHG� IURP� JUH\� WR
EODFN��7KH�RSWLFDO�JDS�DV�HVWLPDWHG�IURP�WKH
DEVRUSWLRQ� VSHFWUD� LV� OHVV� WKDQ� �� H9� DV� D
UXOH��7KH�JUDSKLWH�OLNH�ILOPV�KDYH�WKH�KLJK�
HVW�DEVRUSWLRQ�IDFWRU� LQ�YLVLEOH�UDQJH�DQG�D
EURDG� SODWHDX� LQ� VKRUW�ZDYH� EDQG� �)LJ���D�
FXUYH����VXUIDFH�PLFURVWUXFWXUH�LV�VKRZQ�LQ
)LJ���E��SKRWR�����

7KH�GLDPRQG�OLNH�FDUERQ�QLWULGH�ILOPV�RI
WKH� GHQVH� FROXPQDU�PLFURVWUXFWXUH� >�@� FRQ�
WDLQ� D� PL[WXUH� RI� VS��� DQG� VS��K\EULGL]HG
FDUERQ�DQG�QLWURJHQ�DWRPV��7KHVH�ILOPV�DUH
IRUPHG�DW�KLJKHU�HQHUJ\�RI�GHSRVLWHG�SDUWL�
FOHV� DQG�XQGHU�PRGHUDWH� HWFKLQJ� FRQGLWLRQV
�a� �Ü�� DW���2���� 7KRVH� KDYH� D� KLJK� KDUG�QHVV��D�ODUJHU�RSWLFDO�JDS�WKDQ�JUDSKLWH�OLNH
ILOPV��XS�WR����Ü����H9���KLJK�DGKHVLRQ��DQG
KLJK�UHIUDFWLYH�LQGH[��

7KH�QDQRVWUXFWXUDO�ILOPV�DUH�IRUPHG�DW�D
KLJK� HWFKLQJ� FRPSRQHQW� FRQFHQWUDWLRQ� LQ
WKH� JURZWK� DWPRVSKHUH� �HWFKLQJ� FRPSRQHQW
IRU�W\SH�,�ILOPV�LV�a���DW���2���IRU�W\SH�,,RQHV�� a� �� DW���1+��� DQG� PRGHUDWH� GHSRVL�WLRQ�WHPSHUDWXUH�a�����.��7KHVH�ILOPV�KDYH
ORZ� KDUGQHVV� DQG� ORZ� FRQGXFWLYLW\�� 7KH
VFDQQLQJ� HOHFWURQ� PLFURVFRS\� VKRZV� D� SUR�
QRXQFHG�ORRVH�FROXPQDU�VWUXFWXUH�FRQVLVWLQJ

RI� EXQFKHV� RI� GHQVH�SDFNHG� QDQRILEHUV� ��Ü
���� QP� LQ� GLDPHWHU� >�@�� 7KH� ILEHU� OHQJWK
FRUUHVSRQGV� WR� WKH� ILOP� WKLFNQHVV�� QDQRIL�
EHUV� JURZ� GLUHFWLRQ� LV� QRUPDO� WR� WKH� VXE�
VWUDWH� �)LJ���E�� SKRWR� ���� 7KH� QDQRVWUXFWX�
UDO�ILOPV�KDYH�PLQLPDO�DEVRUSWLRQ�IDFWRU�LQ
YLVLEOH�UDQJH�DQG�QDUURZ�SHDN�LQ�VKRUW�ZDYH
UDQJH��)LJ���D��FXUYH����

7KH� HIIHFW� RI� VKRUW�WHUP�KHDWLQJ�FRROLQJ
RQ�PRGLILFDWLRQ�RI�DEVRUSWLRQ�VSHFWUD�LQ�XO�
WUDYLROHW��89��DQG�YLVLEOH�UDQJH�ZDV�LQYHVWL�
JDWHG�E\�WKHUPRJUDYLPHWULF�DQDO\VLV��7*$��
RSWLFDO� VSHFWURVFRS\� �D� 6KLPDG]X� 89�����
VSHFWURSKRWRPHWHU�� DQG� VFDQQLQJ� HOHFWURQ
PLFURVFRS\��-60������/9��LQ�QRUPDO�DWPRV�
SKHUH��7KH�VDPSOH�FKHPLFDO�FRPSRVLWLRQ�ZDV
GHWHUPLQHG� XVLQJ� WKH� ;�UD\� PLFURDQDO\VLV
LQ� WKH� VDPH� -60������ /9� HOHFWURQ� PLFUR�
VFRSH� ZLWK� DQ� ,17$� 3HQWD� )(7[�� HQHUJ\
GLVSHUVLRQ�VSHFWURPHWHU�

7KHUPRJUDYLPHWULF� PHDVXUHPHQWV� ZHUH
FDUULHG� RXW� XVLQJ� D� 7*$� VHWXS� PDGH� LQ
'RQHWVN�,QVWLWXWH�IRU�3K\VLFV�DQG�7HFKQR�ORJ\
RI� 1$68� WR� LQYHVWLJDWH� ORZ�PDVV� ��� �� PJ�
VDPSOHV��7KH�7*$�VHWXS�LV�D�YHUVLRQ�RI�KHU�
PHWLF�EHDP�EDODQFH��7KH�VDPSOH�ZDV�SODFHG
LQWR� KHDWLQJ� ]RQH� XVLQJ� D� ORQJ� TXDUW]
WKUHDG�� DV� D� UHVXOW�� WKH� KLJK� WHPSHUDWXUH
LQIOXHQFH� RQ� WKH� EDODQFH� ZDV� PLQLPL]HG�
'XULQJ�KHDWLQJ�� WKH� VHWXS�UHFRUGV� WKH� VDP�
SOH�PDVV�YDULDWLRQ�DW�WKH�PRGH�RI�DXWRPDWLF
EDODQFH� VXSSRUW�� 7KH� VHWXS� DOORZV� WR� FDUU\
RXW� WKH� PHDVXUHPHQWV� LQ� FRQWUROOHG� DWPRV�

)LJ�����$EVRUSWLRQ�VSHFWUD��D��DQG�VXUIDFH�PL�
FURVWUXFWXUH� �E��RI�FDUERQ�QLWULGH�&1;� ILOPV���� JUDSKLWH�OLNH�� ��� GLDPRQG�OLNH�� ��� QDQRV�
WUXFWXUDO�� ,QVHW� LQ� SKRWR� �� VKRZV� WKH� FURVV�
VHFWLRQ�YLHZ�RI�GLDPRQG�OLNH�ILOP�

9�1�9DU\XNKLQ�HW�DO����6WUXFWXUH�PRGLILFDWLRQ����

)XQFWLRQDO�PDWHULDOV������������� ���



SKHUH�LQ�WHPSHUDWXUH�UDQJH����Ü����.��7KH
PLQLPXP�UHFRUGHG�PDVV�FKDQJH�LV���Ü��J�

���5HVXOWV�DQG�GLVFXVVLRQV
$� VPRRWK� LQFUHDVH� RI� RSWLFDO� DEVRUSWLRQ

DW� GHFUHDVLQJ� ZDYHOHQJWK� DQG� WZR� DEVRUS�
WLRQ� EDQGV� LQ�89� UDQJH� DUH� W\SLFDO� RI� GLD�
PRQG�OLNH�ILOPV��7KH�VXUIDFH�PLFURVWUXFWXUH
LV� VKRZQ� LQ�)LJ���E� �SKRWR����� LQVHUW� VKRZV
WKH�ILOP�FURVV�VHFWLRQ�

7KHUPRJUDYLPHWULF� FXUYHV� P� �I�7�� DUH
VKRZQ� LQ� )LJ���� IRU� WKUHH� W\SHV� RI� &1;ILOPV�� JUDSKLWHOLNH�� GLDPRQG�OLNH�� DQG� W\SH
,� QDQRVWUXFWXUDO� RQHV�� ,W� ZDV� VKRZQ� E\
PHDVXUHPHQWV� WKDW� LQ� QDQRVWUXFWXUDO� ILOPV
�FXUYH�����WKH�PDVV�GHFUHDVHV�VWDUWLQJ�HLWKHU
LPPHGLDWHO\� DW� URRP� WHPSHUDWXUH� RU� DW
DERXW� ���� .� �WKLV� WHPSHUDWXUH� LV� UHIHUUHG
WR� DV�7����7KHQ� LQ� VRPH� WHPSHUDWXUH� UDQJHWKH� VDPSOH� PDVV� FKDQJHV� ZHDNO\�� EXW� DW� D
KLJKHU� WHPSHUDWXUH� �SRLQW�7��� VWDUWV� DQ� LQ�WHQVH� PDVV� GHFUHDVH� XS� WR� WRWDO� �HYDSRUD�
WLRQ��RI� WKH� ILOP��7KH� W\SH� ,,�QDQRVWUXFWX�
UDO�ILOP�GRHV�QRW�VKRZ�WKH�LQLWLDO�VHFWLRQ�RI
WKH� FXUYH�P� �I�7�� �SRLQW�7��� �VHH� LQVHW� LQ)LJ�����FXUYH�����2QO\�WKH�WHPSHUDWXUH�7��LVD� FKDUDFWHULVWLF� RQH� LQ� GLDPRQG�OLNH� ILOP
�)LJ����� FXUYH�����DQG�WKHUH� LV�QR�PDVV� ORVV
IRU�JUDSKLWH�OLNH�ILOP��)LJ�����FXUYH����ZLWKLQ
WKH�WHPSHUDWXUH�UDQJH�VWXGLHG�

7KH� REWDLQHG� W\SLFDO� WKHUPRJUDYLPHWULF
FXUYHV� GHVFULEH� DEVROXWHO\� DGHTXDWHO\� SURF�
HVVHV� WKDW� WDNH� SODFH� GXULQJ� KHDWLQJ� WKH
FDUERQ� ILOP� VWUXFWXUHV� LQ� DLU�� 6R� WKH� SRLQW
7�� GHVFULEHV� WKH� VWDUW� RI� LQWHQVH� R[LGDWLRQSURFHVV��WKDW�PXVW�EH�HQGHG�E\�WRWDO��HYDSR�
UDWLRQ�� RI� ILOP� PDWHULDO� GXULQJ� IXUWKHU

KHDWLQJ�� $V� IRU� SRLQW�7��� WKLV� WHPSHUDWXUHGHVFULEHV�WKH�GHVRUSWLRQ�RI�JDV�WKDW�ZDV�DF�
FXPXODWHG�LQ�LQWHUILEUH�VSDFH��,W�GHDOV�ZLWK
QDQRILEUH�VWUXFWXUH�>�@�KDYLQJ�D�YHU\�GHYHO�
RSHG�VXUIDFH�WKDW�FDQ�DEVRUE�JDV�HDVLO\��$Q
HQKDQFHG� WKHUPDO� VWDELOLW\� >�@� LV� W\SLFDO� RI
DOO�WKH�JUDSKLWH�OLNH�PDWHULDOV�

([SHULPHQWDO� SURFHGXUH� ZDV� DV� IROORZV�
7KH�DEVRUSWLRQ�VSHFWUXP�RI�LQLWLDO�ILOP�ZDV
PHDVXUHG� DW� ILUVW�� 7KHQ�� XQGHU� FRQWLQXRXV
PRQLWRULQJ�RI�WKH�PDVV�YDULDWLRQV��WKH�VDP�
SOH�ZDV�KHDWHG� DW�D� UDWH�RI�a����.�PLQ�XS
WR� WHPSHUDWXUH� ZKHQ� WKH� 7*$�VHWXS� WUDFHV
WKH� PDVV� YDULDWLRQ�� 7KHQ� WKH� VDPSOH� ZDV
FRROHG�TXLFNO\�DQG�DEVRUSWLRQ�VSHFWUXP�ZDV
PHDVXUHG� DJDLQ�� 7KLV� SURFHGXUH� ZDV� UH�
SHDWHG� VHYHUDO� WLPHV� XS� WR� WKH� PRPHQW
ZKHQ�WKH�ILOP�ZDV�FRPSOHWHO\�GHJUDGHG�GXH
WR�KLJK�WHPSHUDWXUH�WKDW�ZDV�HDV\�WUDFHG�E\
7*$��WRR�

7KH� ILUVW� UHVXOW� ZRUWK� RI� DWWHQWLRQ� UH�
ODWHV� WR� GLDPRQG�OLNH� ILOPV�� $V� H[SHFWHG�
WKH� DEVRUSWLRQ� VSHFWUD� FRQILUPHG� WKH� JUDG�
XDO�RSWLFDO�GHQVLW\�GHFUHDVH�ZKLOH�ILOP�PDVV
GHFUHDVHG� WKDW�ZDV� FRQILUPHG�E\�7*$��%XW
WKH� PDLQ� UHVXOW� LV� WKH� WUDQVIRUPDWLRQ� RI
GLDPRQG�OLNH�ILOP�DEVRUSWLRQ�VSHFWUXP��)LJ�
�D�� FXUYH� ��� LQWR� WKDW� RI� QDQRVWUXFWXUDO
ILOP� �)LJ���D�� FXUYH� ��� DIWHU� VKRUW�WHUP
KHDWLQJ� XS� WR� ����.� DQG� TXHQFKLQJ�� $V� LW
ZDV�PHQWLRQHG�� WKH� LQLWLDO� DEVRUSWLRQ� VSHF�
WUXP�RI�GLDPRQG�OLNH� ILOP�FRQWDLQV�WZR�DE�
VRUSWLRQ� EDQGV� QHDU� O� ����� DQG� ���� QP
�SKRWRQ�HQHUJ\�����DQG�����H9��UHVSHFWLYHO\�
�)LJ���D�� FXUYH� ���� :H� VXSSRVH� WKDW� WZR
SKDVHV� LQFOXGHG� LQWR� PDWHULDO� RI� GLDPRQG�
OLNH� ILOP� FRUUHVSRQG� WR� WKHVH� WZR� SHDNV� RI

)LJ����� 7KHUPRJUDYLPHWULF� FXUYHV� RI� FDUERQ
QLWULGH� &1;� ILOPV�� ��� JUDSKLWH�OLNH�� ��� GLD�PRQG�OLNH�����W\SH�,�QDQRVWUXFWXUDO��

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� W\SH� ,,� QDQRV�
WUXFWXUDO� ILOP�� ��� LQLWLDO� ILOP�� ��� 89� LUUDGL�
DWHG� DQG� KHDWHG� WR� ���� .�� ��� KHDWHG� WR
����.�����KHDWHG�WR�����.��,QVHW�VKRZV�WKHU�
PRJUDYLPHWULF� FXUYHV����� LQLWLDO� ILOP�����89
LUUDGLDWHG��KHDWHG�WR�����.�DQG�FRROHG�

9�1�9DU\XNKLQ�HW�DO����6WUXFWXUH�PRGLILFDWLRQ����
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DEVRUSWLRQ�� 2QH� SKDVH� KDV� PRUH� VWURQJ� LQ�
WHUDWRPLF� ERQGV� �FRUUHVSRQGV� WR�SHDN�DERXW
����QP��ZKLOHG�DQRWKHU�RQH�KDV�PRUH�ZHDN
ERQGV� �FRUUHVSRQGV� WR� SHDN� QHDU� ���� QP��
7KH�IRUPDWLRQ�RI�RUGHUHG�VWUXFWXUH�ZLWK�VS�
DQG�VS��FRRUGLQDWLRQ�RI�FDUERQ�DQG�QLWURJHQ
DWRPV� VWDUWV� REYLRXVO\� LQ� ILUVW� SKDVH�ZKLOH
WKH� VHFRQG� RQH� LV� DPRUSKRXV�� ,Q� RXU� FDVH�
WKH� KHDW� WUHDWPHQW� UHVXOWV� LQ� WKH� VDPSOH
PDVV� ORVV� PDLQO\� GXH� WR� GHFUHDVLQJ� DPRU�
SKRXV� SKDVH� FRQWHQW� �LW� LV� VHHQ� LQ� )LJ���D
WKDW�WKH�SHDN�QHDU�����QP�LV�DEVHQW� LQ�WKH
DEVRUSWLRQ� VSHFWUXP�RI� QDQRVWUXFWXUDO� ILOP
�FXUYH� ����� 7KH� WUDQVLWLRQ� RI� GLDPRQG�OLNH
ILOP� LQWR� QDQRVWUXFWXUDO� VWDWH� LV� FRQILUPHG
E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���7KH
VXUIDFH� VWUXFWXUH� RI� LQLWLDO� GLDPRQG�OLNH
ILOP��SKRWR����DQG�WKH�VDPH�VWUXFWXUH�DIWHU
KHDW� WUHDWPHQW� �SKRWR���� DUH� VKRZQ� LQ�)LJ�
�E�� ,W� LV� VHHQ� WKDW� WKH� ILOP� FRQWLQXLW\� LV
GLVWXUEHG�DQG� WKH� ORRVHQHG� FROXPQDU� VWUXF�
WXUH� LV� IRUPHG�� 6(0� RI� LQLWLDO� ILOP� FURVV�
VHFWLRQ� �LQVHW� LQ� SKRWR� ��� VKRZV� WKDW� WKH
GLDPRQG�OLNH� ILOP� FRQVLVWV� RI� GHQVH�SDFNHG
FROXPQV� WKDW� JURZ� WKURXJK� ZKROH� ILOP
WKLFNQHVV�� 7KHQ� LW� LV� REYLRXV� WKDW� WKH� FRO�
XPQ� FRUH� FRUUHVSRQGV� WR� WKH� SKDVH� ZLWK
VWURQJ� ERQGV�� ZKLOH� WKH� VKHOO� WR� WKH� SKDVH
ZLWK�ZHDN�ERQGV��7KH�VKHOO�SKDVH�GLVDSSHDUV
ILUVW�XQGHU�KHDW�WUHDWPHQW��DQG�WKH�UHPDLQ�
LQJ�FRUH�SKDVH�IRUPV�WKH�QDQRVWUXFWXUH�ZLWK
VHSDUDWHG� ILEHUV�� 7KH� SURSHUWLHV� RI� WKLV
VWUXFWXUH� UHSHDW� WKH� SURSHUWLHV� RI� QDQRV�
WUXFWXUDO� ILOPV�� ORZ� KDUGQHVV�� ORZ� FRQGXF�
WLYLW\�� GHYHORSHG� VXUIDFH�� /LWHUDWXUH� GDWD
FRQILUP� WKH� UROH� RI� R[\JHQ� DV� WKH� HWFKLQJ
FRPSRQHQW�WKDW�SUHYHQWV�IRUPLQJ�WKH�DPRU�
SKRXV� FDUERQ�� ,Q� >�@�� LW� LV� VKRZQ�� WKDW� LQ
WKH� R[\JHQ� SUHVHQFH� LQ� WKH� JURZWK� DWPRV�
SKHUH��WKH�GLDPHWHU�RI�FDUERQ�QDQRILEHUV�GH�
FUHDVHV��DQG�ILEHUV�DUH� VHSDUDWHG� IURP�HDFK
RWKHU�

+RZHYHU��WKH�PRVW�LQWHUHVWLQJ�HIIHFWV�DUH
REWDLQHG�IRU�W\SH�,,�QDQRVWUXFWXUDO�ILOPV�GH�
SRVLWHG� LQ�DQ�DWPRVSKHUH�FRQWDLQLQJ�DPPR�
QLD� DV� DQ� HWFKLQJ� FRPSRQHQW�� 7KHVH� ILOPV
DUH� QDQRVWUXFWXUDO� LQLWLDOO\�� 7KHUPR�
JUDYLPHWULFDO�DQDO\VLV�KDV�VKRZQ�WKDW�KHDW�
LQJ� RI� WKH� LQLWLDO� ILOP� �VHH� LQVHW� LQ� )LJ����
FXUYH����UHVXOWV� LQ�JUDGXDO�PDVV� ORVV�VWDUW�
LQJ�IURP�����.�XS�WR�WRWDO�ILOP�HYDSRUDWLRQ
DW�����.��2[LGDWLRQ�RI�FDUERQ�DQG�QLWURJHQ
ZLWK� DLU� R[\JHQ�ZLWK� IRUPDWLRQ� RI� YRODWLOH
&±2� DQG�1±2� FRPSRXQGV� LV� WKH� UHDVRQ� IRU
WKLV� HIIHFW� LQ� WKH� ILOP�� $W� WKH� VDPH� WLPH�
DIWHU� XOWUDYLROHW� �89�� LUUDGLDWLRQ� RI� WKDW
ILOP�ZLWK�D�UDWKHU�ORZ�LQWHQVLW\�����:���LWV
KHDWLQJ�LQ�DLU�DOUHDG\�WR�PRGHUDWH�WHPSHUD�
WXUHV� �DERXW� ���� .�� UHVXOWV� LQ� JUDGXDO� LQ�

FUHDVH�RI�WKH�ILOP�PDVV��7KH�IROORZLQJ�FRRO�
LQJ�UHVXOWV�LQ�DGGLWLRQDO�ILOP�PDVV�LQFUHDVH
�VHH�LQVHW�LQ�)LJ�����FXUYH�����7RWDO�LQFUHDVH
LV� QHDU� ����� RI� LQLWLDO�PDVV�� ,W� LV� WR� QRWH
WKDW� WKH� UHSHDWHG� FRPSOHWH� WKHUPR�
JUDYLPHWU\�RI� WKLV� ILOP�JLYHV� D� FXUYH�VLPL�
ODU� WR�D�FXUYH����EXW�DOUHDG\�DW�D�QHZ�ILOP
PDVV�OHYHO�

$V� WR� DEVRUSWLRQ� VSHFWUD� RI� WKH� W\SH� ,,
QDQRVWUXFWXUDO�ILOP��)LJ����VKRZV�WKDW�DIWHU
D�89� LUUDGLDWLRQ� DQG� SULPDU\�KHDWLQJ�FRRO�
LQJ�� DQ� DSSUHFLDEOH� LQFUHDVH� RI� DEVRUSWLRQ
SHDN� LQ� VKRUW�ZDYH� EDQG� �FXUYH� ��� LV� RE�
VHUYHG�� 7KLV� LQGLFDWHV� WKDW� DQ� DGGLWLRQDO
VWUXFWXUH�LV�IRUPHG��6XFK�EHKDYLRU�VHHPV�WR
EH� D� FRQVHTXHQFH� RI� VRPH� &±&� DQG� &±1
ERQGV�GHVWUXFWLRQ�XQGHU�89�LUUDGLDWLRQ�DQG
DGGLWLRQDO� FRQQHFWLRQ�RI�DLU�QLWURJHQ�DWRPV
WKHUHWR��'XULQJ�IXUWKHU�KHDW�WUHDWPHQW��WKH
R[LGDWLRQ� RI� WKH� ILOP�PDWHULDO� UHVXOWLQJ� LQ
GHFUHDVLQJ� LWV� PDVV� DQG� RSWLFDO� GHQVLW\
WDNHV�SODFH��:H�KDYH�FDUULHG�RXW�DQ�H[SHUL�
PHQW�ZLWK�KHDW�WUHDWPHQW�RI�VLPLODU�XQLUUD�
GLDWHG� ILOPV� LQ� SXUH� QLWURJHQ� DWPRVSKHUH
���������� WR� FRQILUP� WKH� IDFW� RI� DLU�QLWUR�
JHQ� FRQQHFWLRQ� DQG� IRUPDWLRQ� RI� DGGLWLRQDO
VROLG�VWDWH� VWUXFWXUH� LQ� WKH� W\SH� ,,� QDQRV�
WUXFWXUDO� ILOPV��$IWHU�KHDWLQJ�XS� WR�����.
DQG� VXEVHTXHQW� FRROLQJ� GRZQ� WR� URRP� WHP�
SHUDWXUH�� WKH� ILOP� PDVV� LQFUHDVHG� DSSUR[L�
PDWHO\� WZLFH�� 7KH� DEVHQFH� RI� R[\JHQ� KDV
SUHYHQWHG� D� SUHPDWXUH� R[LGL]LQJ� RI� ILOPV
DQG� WKH�PDVV� DGGLWLRQ� KDV� WDNHQ� SODFH� GXH
WR� WKH� QLWURJHQ� LPSODQWDWLRQ�� ,W� VKRXOG� EH
QRWHG� WKDW� LQ� WKLV� FDVH� WKH� HIIHFW� ZDV� DW�
WDLQHG�QRW�GXH�WR�89�LUUDGLDWLRQ�EXW�GXH�WR
WKHUPR�DFWLYDWLRQ�SURFHVVHV�

���&RQFOXVLRQV
7KH� VFDQQLQJ� HOHFWURQ� PLFURVFRS\� DQG

WKHUPRJUDYLPHWU\�RI�WKH�FDUERQ�QLWULGH�GLD�
PRQG�OLNH�ILOP�&1;�VKRZV�WKDW�WKLV�PDWHULDOFRQVLVWV� RI� WZR� SKDVHV�� QDQRVWUXFWXUDO� DQG
DPRUSKRXV�� 7KH� VKRUW�WHUP� KHDW� WUHDWPHQW
RI�GLDPRQG�OLNH�ILOP�LQ�DLU�DW�����.�UHVXOWV
LQ�HWFKLQJ�RI�WKH�DPRUSKRXV�SKDVH�DQG�IRU�
PDWLRQ� RI� WKH� VHSDUDWHG� FROXPQDU� QDQRV�
WUXFWXUH�� 7KH� LQFUHDVLQJ� PDVV� DQG� RSWLFDO
GHQVLW\� RI� WKH�&1;� ILOP� DWWDLQHG� LQ� DQ� DW�PRVSKHUH� ZLWK� DPPRQLD� LPSXULW\� LV� UH�
YHDOHG�� 7KLV� ILOP�KDV� WKH� FROXPQ� VWUXFWXUH
LQLWLDOO\�� 7KH� HIIHFW� LV� DWWDLQHG� DIWHU� SUH�
OLPLQDU\�89?LUUDGLDWLRQ� RI� LQLWLDO� ILOP� DQG
IROORZLQJ�KHDWLQJ�LW�LQ�DLU�XS�WR�����.�GXH
WR�DEVRUSWLRQ�RI�DLU�QLWURJHQ�ZLWK�IRUPDWLRQ
RI�WKH�DGGLWLRQDO�VROLG�VWDWH�VWUXFWXUH�
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