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7KH� LQIOXHQFH�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�DQG�R[\JHQ�LPSXULW\�LQ�WKH�JURZWK�DWPRV�

SKHUH� RQ� WKH� JURZWK� SURFHVVHV� RI� QDQRVWUXFWXUHG� FDUERQ� QLWULGH� &1[� ILOPV� KDV� EHHQVWXGLHG��7KH�R[\JHQ�LPSXULW\�LQ�WKH�JDV�PL[WXUH�DQG�DQ�89�LUUDGLDWLRQ�KDV�EHHQ�IRXQG�WR
GHFUHDVH� WKH� WKLFNQHVV�DQG�UHIUDFWLRQ� LQGH[�RI� FDUERQ�QLWULGH� ILOPV��ZKLOH� LQFUHDVLQJ� WKH
RSWLFDO�EDQG�JDS�ZLGWK��7KH� LQWHQVLYH�HWFKLQJ�SURFHVVHV�UHVXOW� LQ�WKH�IRUPDWLRQ�RI�FORVH�
SDFNHG�FROXPQDU�ILOP�QDQRVWUXFWXUHV�RI�FDUERQ�QLWULGH�
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1DQRVL]HG� FDUERQ�QLWURJHQ� PDWHULDOV
ZLWK� WKH� FROXPQDU�QDQRWXEH� VWUXFWXUH�KDY�
LQJ�XQLTXH�SURSHUWLHV�DQG�DSSOLFDWLRQ�ILHOGV
�DV� K\GURJHQ� VWRUDJH� PHGLD�� HOHFWURGHV� IRU
IXHO� FHOOV�� HOHFWURQ� HPLWWHUV�� XOWUDILOWUDWLRQ
PHPEUDQHV�� HWF�� >����@�� DUH� XQGHU� LQWHQVH
VWXG\�DW�SUHVHQW��6XFK�PDWHULDOV�FDQ�EH�SUH�
SDUHG� E\� ERWK� FDWDO\WLF� DQG� QRQ�FDWDO\WLF
PHWKRGV�WKDW�UHTXLUH��KRZHYHU��FRPSOH[�DQG
H[SHQVLYH�SUHSDUDWLRQ��VHSDUDWLRQ�DQG�SXUL�
ILFDWLRQ� WHFKQLTXHV� RI� WKH� PDWHULDO�� 5H�
VHDUFK�RI�WKH�PDWHULDO�SURSHUWLHV�GHSHQGLQJ
RQ� GHSRVLWLRQ� FRQGLWLRQV� LV� DQ� LPSRUWDQW
WHFKQRORJLFDO�SUREOHP�
7KH� FDUERQ� QLWULGH� PDWHULDOV� DUH� NQRZQ

WR� EH� LQKRPRJHQHRXV� VWUXFWXUHV� FRQWDLQLQJ
ERWK�WHWUDKHGUDO�VWUXFWXUH�HOHPHQWV�FRQVLVW�
LQJ�RI�&�DQG�1�DWRPV�LQ�WKH�VS��K\EULGL]HG
VWDWH��DQG�VWUXFWXUH�HOHPHQWV�RI�WULSOH�FRRU�
GLQDWHG� &� DQG� 1� DWRPV� LQ� WKH� VS�� VWDWH

ZLWKLQ�DQ�DPRUSKRXV�PHGLXP�>�@��7KH�SKDVH
FRPSRVLWLRQ� DQG� SURSHUWLHV� RI� WKH� ILOPV� VR
REWDLQHG�GHSHQG�DSSUHFLDEO\�RQ�WKH�UDWLR�RI
VS��� DQG� VS��K\EULGL]HG� VWDWHV�� 7KH� VWUXF�
WXUH� HOHPHQWV� UDWLR� GHSHQGV� RQ� WKH� ILOP
SUHSDUDWLRQ�FRQGLWLRQV��LQ�SDUWLFXODU��RQ�WKH
LQWHQVLW\� RI� HWFKLQJ� DQG� UHDUUDQJHPHQW
SURFHVVHV�RQ�WKH�JURZWK�VXUIDFH��7KH�UROH�RI
HWFKLQJ� SURFHVVHV� GXULQJ� WKH� JURZWK� RI
QDQRVWUXFWXUHG� FDUERQ� ILOPV� LV� VWXGLHG� LQ�
VXIILFLHQWO\� WR� GDWH�� 7KH� HWFKLQJ� SURFHVVHV
SOD\�QR�GRXEW�DV�LPSRUWDQW�UROH�DW�VWUXFWXUH
JURZWK� DV� WKH� GHSRVLWLRQ� SURFHVVHV��$OVR� LW
LV�NQRZQ�WKDW�HOHFWURPDJQHWLF�LUUDGLDWLRQ�RI
WKH� ILOP� JURZWK� VXUIDFH� �DV� ZHOO� DV� RI� WKH
JDV�SKDVH�QHDU�WR�WKH�JURZWK�VXUIDFH��LQIOX�
HQFHV� ODUJHO\� WKH� JURZWK� SURFHVVHV� DQG
WKHUHIRUH�WKH�FKDUDFWHULVWLFV�RI�WKH�REWDLQHG
PDWHULDO�>����@��6WXGLHV�RI�ORZ�SRZHU�89�UD�
GLDWLRQ� LQIOXHQFH� RQ� WKH� VWUXFWXUH� RI� DO�
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UHDG\�JURZQ�DPRUSKRXV�FDUERQ�QLWULGH�ILOPV
>����@�DUH�NQRZQ��6WUXFWXUDO�PRGLILFDWLRQ�RI
WKH� REWDLQHG� ILOPV� ZDV� REVHUYHG� DIWHU� DQ
LUUDGLDWLRQ�RI�WKH�VDPSOH�VXUIDFH�E\�89�UD�
GLDWLRQ� RI� D� KLJK�SUHVVXUH� PHUFXU\� ODPS
GXULQJ�PDQ\� KRXUV�� )RU� WKH�89� LUUDGLDWHG
ILOPV�� D� UHGXFHG� LQWHQVLW\� RI� DEVRUSWLRQ
EDQG�FRQQHFWHG�ZLWK�K\GURJHQ�ZDV�REVHUYHG
LQ� WKH� ,5�VSHFWUD��7KLV� SKHQRPHQRQ� LV� FRQ�
QHFWHG� ZLWK� SKRWRLQGXFHG� GHFRPSRVLWLRQ� RI
VXFK� ERQGV� XQGHU� LUUDGLDWLRQ� DQG� UHPRYDO
RI�WKH�ERXQG�K\GURJHQ�IURP�WKH�ILOP�VWUXF�
WXUH�� :KHQ� WKH� 89�SKRWR� SURFHVVLQJ� WLPH
ZDV�LQFUHDVHG��WKH�EDQG�JDS�RI�WKH�REWDLQHG
ILOPV� ZLGHQHG�� 7KDW� HIIHFW� LV� H[SODLQHG� E\
WKH� UHGXFWLRQ� RI� WKH� JUDSKLWH�OLNH� VS�� FOXV�
WHU� VL]H� XQGHU� LUUDGLDWLRQ��7KH�PHFKDQLVPV
RI�ORZ�SRZHU�UDGLDWLRQ�LQIOXHQFH�RQ�WKH�ILOP
JURZWK�GLUHFWO\�GXULQJ� WKH�GHSRVLWLRQ�SURF�
HVV� DUH�QR�GRXEW� RI� RWKHU�QDWXUH� WKDQ� VLP�
SO\� WKHUPDO� SKHQRPHQD� �KHDWLQJ�� JUDSKLWL�
]DWLRQ�� HYDSRUDWLRQ��� ,Q� WKLV� FDVH�� LW� LV�UHD�
VRQDEOH� WR� GUDZ� DQ� DQDORJ\�ZLWK� JDV�SKDVH
HWFKLQJV� SURFHVVHV� �VHOHFWLYH� DEVRUSWLRQ� RI
UDGLDWLRQ�� H[FLWDWLRQ� RI� FHUWDLQ� ERQGV� DQG

VWUXFWXUH� FRPSRQHQWV� DQG� WKHLU� IXUWKHU� UH�
PRYDO�IURP�WKH�JURZWK�VXUIDFHV��
,Q� WKLV�ZRUN�� LQIOXHQFH� RI� R[\JHQ� LPSX�

ULW\�LQ�WKH�JURZWK�DWPRVSKHUH�DQG�HIIHFW�RI
89� UDQJH� UDGLDWLRQ� RQ� WKH� JURZWK� SURF�
HVVHV�� VWUXFWXUH� DQG� SURSHUWLHV� RI� QDQRV�
WUXFWXUHG� FDUERQ�QLWULGH� ILOPV�ZDV� VWXGLHG�
7KH� QDQRVWUXFWXUHG� &1[� ILOPV� ZHUH� JURZQE\�D�QRQ�FDWDO\WLF�PHWKRG�XVLQJ�WKH�PDJQH�
WURQ� VSXWWHULQJ� RI� D� JUDSKLWH� WDUJHW� LQ� WKH
DWPRVSKHUH�RI�SXUH�QLWURJHQ�DQG�D�QLWURJHQ�
R[\JHQ�PL[WXUH� �XS� WR� �� DW���2����4XDUW]JODVV� DQG� 1D&O� VLQJOH� FU\VWDO� VXEVWUDWHV
ZHUH�XVHG��7KH�SODVPD�ZDV�JHQHUDWHG�XVLQJ
D� SODQDU� PDJQHWURQ� ZLWK� IODW� FDWKRGH� DQG
ULQJ�DQRGH��7KH�PDJQHWURQ�GLVFKDUJH�SRZHU
GLG�QRW�H[FHHG����:��$�PRGLILHG�UDGLDWLQJ
KHDWHU� RI� WKH� VWDQGDUG� PDJQHWURQ� DWWDFK�
PHQW�ZDV�XVHG� WR�SURYLGH� WKH� VLPXOWDQHRXV
LUUDGLDWLRQ� RI� WKH� VXEVWUDWH� VXUIDFH� ZLWK
HOHFWURPDJQHWLF� UDGLDWLRQ� GXULQJ� WKH
JURZWK��7KH�ILOP�JURZWK�VXUIDFH�ZDV�LUUDGL�
DWHG�ZLWK�WKH�IRFXVHG�UDGLDWLRQ�RI�D�'56+�
����PHUFXU\�ODPS��$�8)6���OLJKW�ILOWHU�ZDV
XVHG� WR� VHOHFW� WKH� SUHVHW� IUHTXHQF\� UDQJH�
7KH�SRZHU�GHQVLW\� RI�89�UDGLDWLRQ� UHDFKHG

)LJ�����6(0�LPDJH�RI�VXUIDFH�DQG�FURVV�VHFWLRQ�RI�QDQRVWUXFWXUHG��D��F��DQG�GLDPRQG�OLNH��E��G��&1[ILOPV�

5�9�6KDODHY�HW�DO����,QIOXHQFH�RI�LQWHQVLYH�HWFKLQJ����

)XQFWLRQDO�PDWHULDOV������������� ���



XS� WR� ���� :�FP��� 7KH� VXEVWUDWH� WHPSHUD�
WXUH� YDULHG�ZLWKLQ� ��� WR� ����&� UDQJH�� 7KH
VXEVWUDWHV� ZHUH� SUHOLPLQDU\� SXULILHG� LQ� D
PL[HG� VROYHQW�� 7KH� JDV� SUHVVXUH� LQ� WKH
FKDPEHU�ZDV�FRQWUROOHG�E\�LQVWUXPHQWV�RI�D
YDFXXP�XQLW�DQG�ZDV�DERXW����3D��7KH�ILOP
JURZWK� WLPH� ZDV� XS� WR� ���� PLQ�� 6HYHUDO
VHULHV� RI� ILOPV�ZHUH� JURZQ� RQ� YDULRXV� VXE�
VWUDWHV�XQGHU�YDU\LQJ�WKH�LUUDGLDWLRQ�FRQGL�
WLRQV� RI� JURZWK� VXUIDFHV� >�@� DQG� FRPSRVL�
WLRQ�RI�JDV�DWPRVSKHUH�>�@�
6SHFWURVFRSLF� H[DPLQDWLRQ� RI� &1[� ILOPV�JURZQ� RQ� TXDUW]� JODVV�� LQ� 89� DQG� YLVLEOH

VSHFWUDO� UDQJH�ZDV�PDGH�XVLQJ� D� 6KLPDG]X
89������ VSHFWURSKRWRPHWHU� �O� ����Ü
����QP���7KH�VWXGLHG�HOHFWURQ�VSHFWUD�DOORZ
WR�HVWLPDWH�YDULRXV�LPSRUWDQW�SDUDPHWHUV�RI
WKH� DPRUSKRXV� PDWHULDO�� LQ� SDUWLFXODU�� WKH
RSWLFDO� EDQG� JDS� ZLGWK�� DQG� WKXV� SURYLGH
WKH� LQIRUPDWLRQ� RQ� FKDQJHV� LQ� HOHFWURQ
VWUXFWXUH�RI�WKH�VDPSOHV��7KH�UHIOHFWDQFH�RI
WKH� VDPSOHV� ZDV� PHDVXUHG�� WRR�� bË
Á����©� WR� FDOFXODWH� WKH� PDWHULDO� H[WLQF�
WLRQ� IDFWRU�� WKH� UHIUDFWLYH� LQGH[�� WKH� UHDO
DQG� LPDJLQDU\� SDUW� RI� SHUPLWWLYLW\� XVLQJ
WKH� NQRZQ� IRUPXODV� >��@�� 7KH� ILOP� WKLFN�
QHVV� ZDV� GHWHUPLQHG� E\� PXOWL�EHDP� LQWHU�
IHUHQFH� XVLQJ� D�0,,���PLFUR�LQWHUIHURPHWHU
DQG� YDULHG� ZLWKLQ� OLPLWV� RI� ���� WR� ���� PP
GHSHQGLQJ� WKH�JURZWK�GXUDWLRQ�� WKH�FRPSR�
VLWLRQ� RI� DWPRVSKHUH� DQG� LUUDGLDWLRQ� FRQGL�
WLRQV�� 7KH� VWUXFWXUH� RI� WKH� REWDLQHG� ILOPV
ZDV� H[DPLQHG� E\�;�UD\� DQDO\VLV� �WKH�SKRWR
PHWKRG�XVLQJ�DQ�856����XQLW��DQG�HOHFWURQ
PLFURVFRS\� RI� WKH� VXUIDFH� �-(2/� -60�
����)� ILHOG� HPLVVLRQ� VFDQQLQJ� HOHFWURQ�PL�
FURVFRSH���7KH�VFDQQLQJ�HOHFWURQ�PLFURVFRS\
DOORZV� WR� HVWLPDWH� WKH� VXUIDFH� PRUSKRORJ\
RI�WKH�REWDLQHG�QDQRVWUXFWXUDO�ILOPV�DQG�LWV
FKDQJH� XQGHU� H[WHUQDO� LQIOXHQFHV� RQ� WKH
JURZWK�SURFHVVHV�

7KH�DEVRUSWLRQ�VSHFWUD�RI�ILOPV�DUH�W\SL�
FDO� VSHFWUD� RI� XVXDO� GLDPRQG�OLNH� DPRU�
SKRXV� FDUERQ� ILOPV�� D� JUDGXDO� VPRRWK
JURZWK�RI�DEVRUSWLRQ�IDFWRU�ZLWK�LQFUHDVLQJ
SKRWRQ� HQHUJ\�� 'HSHQGLQJ� RQ� WKH� JURZWK
FRQGLWLRQ��WKH�VXEVWUDWH�WHPSHUDWXUH��LQWHQ�
VLW\� RI� HWFKLQJ� SURFHVVHV�� VSHFWUDO� FRPSRVL�
WLRQ�RI�WKH�UDGLDWLRQ�XVHG���WKUHH�IXQGDPHQ�
WDOO\�GLIIHUHQW�W\SHV�RI�ILOPV�ZHUH�REWDLQHG�
GLDPRQG�OLNH�� JUDSKLWH�OLNH� DQG� QDQRVWUXF�
WXUDO�� 7KH� JUDSKLWH�OLNH� ILOPV� DUH� FKDUDF�
WHUL]HG�E\� >�@� WKH�KLJKHVW�DEVRUSWLRQ�IDFWRU
LQ�WKH�ZKROH�VSHFWUDO�UDQJH�DQG�D�ZLGH�SOD�
WHDX� LQ� VKRUW�ZDYHOHQJWK� UHJLRQ�� $V� WR� WKH
GLDPRQG�OLNH� RQHV�� D� VPRRWKO\� JURZLQJ� DE�
VRUSWLRQ�ZLWK�LQFUHDVLQJ�SKRWRQ�HQHUJ\�DQG
DQ�DEVRUSWLRQ�EDQGV�LQ�WKH�89�UHJLRQ�FRUUH�
VSRQGLQJ�WR�V��DQG�S�EDQGV�DUH�W\SLFDO��7KH
QDQRVWUXFWXUHG� ILOPV� KDYH� D� FKDUDFWHULVWLF
VWUXFWXUH� FRQVLVWLQJ� RI� YHUWLFDOO\� DOLJQHG
QDQRILEHUV��)LJ���D���F��
7KH� ;�UD\� GLIIXVH� GLVSHUVLRQ� DQDO\VLV

VSHFLILHV� PDLQO\� DPRUSKRXV� VWUXFWXUH� WKH
FDUERQ�QLWULGH� ILOPV��7KH� VFDQQLQJ�HOHFWURQ
PLFURVFRS\�VKRZV�D�VWURQJO\�SURQRXQFHG�FR�
OXPQDU� VWUXFWXUH� RI� WKH� PDWHULDO� REWDLQHG
XQGHU�WKH�LQWHQVLYH�HWFKLQJ��FRQVLVWLQJ�IURP
FORVH�SDFNHG� QDQRILEHUV� RI� DERXW� ��� WR
��� QP� DYHUDJH� GLDPHWHU� �)LJ���È�� �F��� 7KH
ILEHU� OHQJWK� FRUUHVSRQGV� WR� WKH� ILOP� WKLFN�
QHVV�� DQG� QDQRILEHUV� JURZ� QRUPDO� RU� DW� D
VPDOO�DQJOH�WR�WKH�VXEVWUDWH��7KH�ILEHUV�DUH
FRPELQHG�LQ�EORFNV�E\�VHYHUDO�WHQV�RI�XQLWV�
7KXV�� WKH� REWDLQHG� PDWHULDO� FDQ� EH� DWWULE�
XWHG� WR� D� QDQRVWUXFWXUHG� FODVV�� 7KH� &1[ILOPV� REWDLQHG� ZLWKRXW� GRPLQDWLQJ� HWFKLQJ
SURFHVVHV� VKRZ� FODVVLFDO� GLDPRQG�OLNH� SURS�
HUWLHV�ZLWK�JRRG�DGKHVLRQ��D�KLJK�UHIUDFWLYH
LQGH[�DQG�GHQVH�VWUXFWXUH�DFFRUGLQJ�WR�6(0
LPDJHV� �)LJ���E��� 7KH� FURVV�VHFWLRQ� LPDJH
VKRZV�FROXPQDU�VWUXFWXUH�RI�PDWHULDO��)LJ���G��
W\SLFDO� RI� SRO\FU\VWDOOLQH� GLDPRQG� ILOPV
>��@�� 7KRVH� VWUXFWXUHV� KDYH� EHHQ� REWDLQHG
ZLWKRXW� DQ\� VSHFLDO� SUHSDUDWLRQ� RI� VXE�
VWUDWHV��,Q�RXU�RSLQLRQ��RI�NH\�LPSRUWDQFH�LV
WKH�PDJQHWURQ� VSXWWHULQJ� RI� JUDSKLWH� XVHG
KHUH� DQG� WKH� VXEVWUDWH� VXUIDFH� FRYHULQJ
ZLWK�JUDSKLWH�SDUWLFOHV� IRUPLQJ� WKH�JURZWK
FHQWHUV�GXULQJ�WKH�LQLWLDO�GHSRVLWLRQ�VWDJH�
7KH� QDQRVWUXFWXUHG� FROXPQDU� ILOPV� IRU�

PDWLRQ� ZDV� REVHUYHG� XQGHU� DFWLYH� HWFKLQJ
SURFHVVHV� RQ� WKH� JURZWK� VXUIDFHV�� ,Q� WKLV
FDVH��WKHUH�DUH�FRQWLQXRXV�FRPSHWLWLYH�SURF�
HVVHV�RI�GHSRVLWLRQ�DQG�HWFKLQJ�DQG�WKLV�IDFW
DOORZV� WR� FRQWURO� WKH�PDWHULDO� JURZWK� WR� D
FRQVLGHUDEOH�H[WHQW��7KH�WKLFNQHVV�PHDVXUH�
PHQWV�RI�WKH�REWDLQHG�VDPSOHV�VKRZ�D�VKDUS
GHFUHDVH� RI� WKH� FDUERQ� QLWULGH� ILOP� JURZWK
UDWH� DW� LQFUHDVLQJ�2�� FRQFHQWUDWLRQ� LQ� WKH

)LJ�����$EVRUSWLRQ�VSHFWUD�RI�&1[�ILOPV�XQGHUYDULRXV�LUUDGLDWLRQ�FRQGLWLRQV��QRQ�LUUDGLDWHG
����DQG�LUUDGLDWHG�DW�T� �����:�FP�������
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JURZWK� DWPRVSKHUH� XS� WR� �Ü�� DW�� ��� :H
REVHUYHG� DQ� HVVHQWLDO� DEVHQFH� RI� WKH� PDWH�
ULDO� JURZWK� DW� R[\JHQ� FRQFHQWUDWLRQV� H[�
FHHGLQJ�����>�@��7KH� ILOPV�JURZQ�XS�DW��Ü
�� �� R[\JHQ� FRQFHQWUDWLRQ� GHPRQVWUDWH� D
FKDUDFWHULVWLF� VWUXFWXUH� �)LJ���D�� �F��� 7KH
VDPH� VWUXFWXUH� LV� REVHUYHG� DW� WKH� JURZWK
VXUIDFH� LUUDGLDWLRQ� ZLWK� DQ� 89� VSHFWUDO
FRPSRQHQW� RI� WKH� UDGLDWLRQ� VRXUFH� �8)6��
ILOWHU��� 7KH� ILOPV� VKRZ� DQ� HQKDQFHG� WUDQV�
SDUHQF\�ERWK�LQ�YLVLEOH�DQG�LQ�QHDU�,5�VSHF�
WUDO� UDQJHV� �)LJ������$�UHGXFHG�JURZWK�UDWH
RI�VXFK�VDPSOHV��E\�D�IDFWRU�RI���WR���WLPHV
DV� FRPSDUHG� QRQ�LUUDGLDWHG� RQHV�� LV� QRWHG�
WRR��7KLV�IDFW�WHVWLILHV�WR�DQ� LQWHQVLILFDWLRQ
RI� UHFRQVWUXFWLRQ� DQG� HWFKLQJ� SURFHVVHV� RQ
WKH�JURZWK� VXUIDFHV� RI� ILOPV�XQGHU� WKH�89
UDGLDWLRQ�
7KH�DEVRUSWLRQ�HGJH�RI�VWXGLHG�&1[�ILOPVLV�ZHOO�GHVFULEHG�E\�7DXF�HTXDWLRQ�>��@��OLNH

RWKHU� DPRUSKRXV� VHPLFRQGXFWRUV�� 7KHUH�
IRUH�� WKH� RSWLFDO� EDQG� JDS� ZLGWK� (J� ZDVGHWHUPLQHG�E\� H[WUDSRODWLQJ� WKH� HQHUJ\�GH�
SHQGHQFH�RI��D(������)LJ������7KH�QRQ�LUUDGL�
DWHG� ILOPV� DUH� FKDUDFWHUL]HG� E\� WKH� RSWLFDO
EDQG� JDS� RI� DERXW� ���� WR� ���� H9�� WKDW� LV� D
XVXDO� YDOXH� IRU� VXFK� GLDPRQG�OLNH� ILOPV�� ,W
KDV�EHHQ�VKRZQ�WKDW�WKH�JURZWK�VXUIDFH� LU�
UDGLDWLRQ�ZLWK�89�OLJKW�UHVXOWV� LQ�WKH�RSWL�
FDO� EDQG� JDS� ZLGWK� LQFUHDVH� XS� WR� ���Ü
���� H9��:KHQ� WKH� R[\JHQ� FRQFHQWUDWLRQ� LQ
WKH� JURZWK� DWPRVSKHUH� LV� LQFUHDVHG� XS� WR
�� ��� WKH� RSWLFDO� EDQG� JDS� ZLGWK� WHQGV� WR
LQFUHDVH�� WRR� >�@�� 7KLV� IDFW� HYLGHQFHV
FKDQJHV� LQ� WKH� VDPSOH� SKDVH� FRPSRVLWLRQ�
QDPHO\��LQWHQVLILHG�HWFKLQJ�RI�WKH�JUDSKLWH�
OLNH� VS��FDUERQ� FOXVWHUV� DW� JURZLQJ� R[\JHQ
FRQFHQWUDWLRQ�LQ�WKH�FKDPEHU�DWPRVSKHUH�
$FFRUGLQJ� WR� WKH� 5REHUWVRQ� VWUXFWXUH

PRGHO�IRU�GLDPRQG�OLNH�ILOPV�>�@��V��DQG�V
�
VWDWHV� LQ� HOHFWURQ� VWUXFWXUH� RI� DPRUSKRXV
FDUERQ� IRUP� YDOHQFH� DQG� FRQGXFWLRQ� EDQGV

ZKLOH� S�� DQG� S
�VWDWHV� RI� VS��FRPELQHG
JUDSKLWH�OLNH� HOHPHQWV� �OD\LQJ� LQVLGH� WKH
V�V
�JDS�� IRUP� WKH� EDQG� JDS� HGJH� DQG� FRQ�
WURO� WKH� RSWLFDO� EDQG� JDS� ZLGWK�� 7KXV�� WKH
RSWLFDO� EDQG� JDS� ZLGWK� FRUUHODWHV� GLUHFWO\
ZLWK�WKH�DPRXQW�RI�WKH�JUDSKLWH�OLNH�FDUERQ
SKDVH� LQ� WKH� ILOP� DQG� GHFUHDVHV� ZLWK� LWV
JURZWK��7KH�RSWLFDO�EDQG�JDS�ZLGWK�LQFUHDVH
LQ�&1[� ILOPV� LUUDGLDWHG� ZLWK� XOWUDYLROHW� RUJURZQ� DW� KLJK� 2�� FRQFHQWUDWLRQV� LQ� WKHJURZWK� DWPRVSKHUH� HYLGHQFH� WKH� TXDQWLWD�
WLYH� UHGXFWLRQ� RI� WKH� VS��VWDWH� VWUXFWXUDO
HOHPHQWV�IUDFWLRQ�LQ�VXFK�VDPSOHV�
7KH� VDPH� LV� FRQILUPHG� E\� WKH� UHIUDFWLYH

LQGH[�Q�YDOXH�DQG�GLVSHUVLRQ� LQ� WKH�SKRWRQ
HQHUJ\� UDQJH� ���Ü���� H9�� ,Q� )LJ����� VKRZQ
LV� WKH� GHSHQGHQFH� Q� RQ� SKRWRQ� HQHUJ\� IRU
&1[�ILOPV�REWDLQHG�DW�R[\JHQ�FRQFHQWUDWLRQVLQ� WKH�JURZWK�DWPRVSKHUH�������DQG�����
DQG� VXEVWUDWH� WHPSHUDWXUHV� ��� DQG� ����&�
7KH�UHIUDFWLYH�LQGH[�ZDV�GHWHUPLQHG�E\�FDO�
FXODWLRQ� IURP� DEVRUSWLRQ� DQG� UHIOHFWLRQ
VSHFWUD� GDWD�� ,W� LV� QHFHVVDU\� WR� QRWH� WKDW
LQFUHDVHG� R[\JHQ� FRQFHQWUDWLRQ� UHVXOWV� LQ
HYLGHQW� UHGXFWLRQ� �E\� ��Ü��� ��� RI� UHIUDF�
WLYH� LQGH[�� ZKHUHDV� WKH� VXEVWUDWH� WHPSHUD�
WXUH� SUDFWLFDOO\� GRHV� QRW� LQIOXHQFH� WKH� Q
YDOXH�DQG�GLVSHUVLRQ��7KH�EHKDYLRU�RI�Q�GLV�
SHUVLRQ�GRHV�QRW�FKDQJH�DQG� LV�RI�D�QRUPDO
W\SH��XQOLNH�PRVW�GLDPRQG�OLNH�FDUERQ�ILOPV
REWDLQHG�E\�PDJQHWURQ�VSXWWHULQJ�RI�JUDSK�
LWH� WDUJHW� ZKHUH� WKH� GLVSHUVLRQ� Q� KDV� DQ
DQRPDORXV� FKDUDFWHU� >��Ü��@�� 7KH� DQRPD�
ORXV� GLVSHUVLRQ� LQ� WKH� PRVW� RI� DPRUSKRXV
FDUERQ�ILOPV�PD\�EH�DQ�DGGLWLRQDO�DUJXPHQW
LQ� IDYRU� RI� VS��ERXQG� VWUXFWXUDO� HOHPHQWV
�W\SLFDO� RI� JUDSKLWH�� SUHGRPLQDWLRQ� LQ� VXFK
ILOPV��$W�WKH�VDPH�WLPH��WKH�QRUPDO�GLVSHU�
VLRQ� Q� GHWHUPLQHG� LQ� WKLV� ZRUN� FRQYLQFHV
WKDW�&1[�ILOPV�FRQVLVW�SUHGRPLQDQWO\�RI�VS��

)LJ����� 'LVSHUVLRQ� RI� UHIUDFWLRQ� LQGH[� Q� RI
&1[�ILOPV�DW�YDULRXV�FRQFHQWUDWLRQ�RI�R[\JHQ&�DQG�VXEVWUDWH�WHPSHUDWXUHV�7V��&� �������
7V� ����&� ����� &� ��������7V� �����&� ����&� ������7V� �����&�����

)LJ����� &KDQJH� RI� RSWLFDO� EDQG� JDS�ZLGWK� RI
&1[�ILOPV�DW�WKH�VXEVWUDWH�LUUDGLDWLRQ��QRQ�LU�UDGLDWHG�����DQG�LUUDGLDWHG�DW�T� �����:�FP������
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ERXQG� VWUXFWXUDO� HOHPHQWV� W\SLFDO� RI� GLD�
PRQG��ZKHUH�WKH�Q�GLVSHUVLRQ�KDV�D�QRUPDO
IRUP� >��@�� 7KH� LQFUHDVHG� HWFKLQJ� RI� JUDSK�
LWH�OLNH�FRPSRQHQWV�LQ�WKH�&1[�ILOPV�DW�KLJK2�� FRQFHQWUDWLRQV� LV� FRQILUPHG� E\� WKH� GH�FUHDVLQJ�DEVROXWH�Q�YDOXH�ZKHQ�R[\JHQ�FRQ�
FHQWUDWLRQ� LV� LQFUHDVHG� �)LJ������7KDW� LV� RE�
YLRXVO\� FDXVHG� E\� GHQVLW\� GHFUHDVH� RI� VXFK
ILOPV�DV�D�UHVXOW�RI�HWFKLQJ�
7KXV��LW�LV�UHYHDOHG�LQ�WKH�ZRUN�WKDW�WKH

R[\JHQ�LPSXULW\�LQ�WKH�JDV�PL[WXUH�DQG�89
LUUDGLDWLRQ� FDXVH� D� GHFUHDVH� RI� WKLFNQHVV
DQG� UHIUDFWLRQ� LQGH[� RI� FDUERQ� QLWULGH
ILOPV�� 7KH� ILOPV� EHFRPH� PRUH� WUDQVSDUHQW
VLPXOWDQHRXVO\��SKRWR�EORRPLQJ�HIIHFW���7KH
PDWHULDO� DEVRUSWLRQ� HGJH� LV� GLVSODFHG� WR�
ZDUGV� WKH� VKRUW�ZDYHOHQJWK� VSHFWUDO� UHJLRQ
DQG� WKH� RSWLFDO� EDQG� JDS� ZLGWK� (J� LQ�FUHDVHV�� 7KH� UHYHDOHG� FKDQJH� RI� WKH� ILOP
RSWLFDO�SURSHUWLHV�LV�GXH�REYLRXVO\�WR�WKH�VHW
RI�SKRWRFKHPLFDO�DQG�SKRWRVWUXFWXUDO�WUDQV�
IRUPDWLRQV� RFFXULQJ� LQ� WKH� ILOPV� XQGHU� LQ�
WHQVLYH� HWFKLQJ� SURFHVVHV�� ,W� LV� VKRZQ� DOVR
WKDW� WKH� LQWHQVLYH� HWFKLQJ� SURFHVVHV� UHVXOW
LQ� IRUPDWLRQ�RI� FORVH�SDFNHG� FROXPQDU� ILOP
QDQRVWUXFWXUHV�RI�FDUERQ�QLWULGH�
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