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VXUIDFH�GXULQJ�WKH�ILOP�JURZWK�ZDV�VWXGLHG��7KH�ILOPV�ZLWK�D[LDO�������WH[WXUH�KDYH�EHHQ
REWDLQHG� DW� DQ\� VXEVWUDWH� W\SH�� 7KH� VXEVWUDWH� ELDV� DQG�PDJQHWLF� ILHOG� HQKDQFH� WKH� ILOP
FU\VWDOOLQLW\�GHJUHH�ZLWKRXW�FKDQJH�RI�WH[WXUH�W\SH��7KH�ILOPV�ZLWK�LQ�SODQH�PDJQHWL]DWLRQ
KDYH�EHHQ�REWDLQHG�DW�$O�2��VXEVWUDWH�WHPSHUDWXUH�DERYH����Å&�DQG�DW�VXEVWUDWH�ELDV�RI��WR���9�EXW�ZLWKRXW�XVH�RI�PDJQHWLF�ILHOG�

j°°ãË�ºmÈÓ©�}¯Ò°�ÈããÒ�Ë°}È«�°�¯�}��¯È�Ò��Ë}°��¯È�¹ãËÓº}�)H3W���ãËÓ}Ò�¹ºã��ËÓ©
{ �äÈ�ÓË�¯ºÓÓ©ä�äË�º�ºä� °�Ò°¹ºã	ÏºmÈÓÒËä�ÒºÓÓº®�­ºä­È¯�Ò¯ºm}Ò�m�¹¯º�Ë°°Ë�¯º°�È
ÓÈ� ¹º�ãºÎ}È²� 6L� b� $O�2��� jºÓÓÈ«� ­ºä­È¯�Ò¯ºm}È� º°��Ë°�mã«ãÈ°	� ¹��Ëä� ¹º�È�Ò� ÓÈ¹º�ãºÎ}��{ �°äË�ËÓÒ«���¯Ò�}ºäÓÈ�Óº®��Ëä¹Ë¯È��¯Ë�¹º�ãºÎ}Ò�Ò°°ãË�ºmÈãº°	�mãÒ«ÓÒË
äÈ�ÓÒ�Óº�º� ¹ºã«�� ¹¯ÒãºÎËÓÓº�º� m�ºã	� ¹ºmË¯²Óº°�Ò� ¹º�ãºÎ}Ò� m� ¹¯º�Ë°°Ë� ÓÈÓË°ËÓÒ«
¹ãËÓº}���ºã��ËÓ©�¹ãËÓ}Ò�°�È}°ÒÈã	Óº®��Ë}°��¯º®�������ÓËÏÈmÒ°Òäº�º���Ò¹È�¹º�ãºÎ}Ò�
väË�ËÓÒË�ÓÈ�¹º�ãºÎ}Ë�Ò�äÈ�ÓÒ�ÓºË�¹ºãË��°ÒãÒmÈ
��°�Ë¹ËÓ	�}¯Ò°�ÈããÒ�Óº°�Ò�¹ãËÓº}
­ËÏ� ÒÏäËÓËÓÒ«� �Ò¹È� �Ë}°��¯©�� �ãËÓ}Ò� °� ÓÈäÈ�ÓÒ�ËÓÓº°�	
�� ãËÎÈ�Ë®� m� ¹ãº°}º°�Ò
¹º�ãºÎ}Ò��¹ºã��ËÓ©�ÓÈ�¹º�ãºÎ}È²�$O�2��¹¯Ò��Ëä¹Ë¯È��¯Ë�m©�Ë����Åv�°�Ò°¹ºã	ÏºmÈÓÒ�Ëä�°äË�ËÓÒ«�ÓÈ�¹º�ãºÎ}Ë�����{��Óº�­ËÏ�Ò°¹ºã	ÏºmÈÓÒ«�äÈ�ÓÒ�Óº�º�¹ºã«�

$W� SUHVHQW�� FRPPHUFLDO� DSSOLFDWLRQ� RI
KLJK� FRHUFLYLW\�PHGLD� IRU� PDJQHWLF� UHFRUG�
LQJ�LV�FRPSOLFDWHG�E\�WKH�DEVHQFH�RI�UHFRUG�
LQJ�KHDGV�FDSDEOH�WR�PDJQHWL]H�DOWHUQDWLYHO\
VXFK� KLJK�FRHUFLYH� PHGLD�� 2QH� RI� ZD\V� RI
ZULWLQJ� KHDG�PDQXIDFWXULQJ� LV� SURSRVHG� LQ
>�@�� %DVLF� HOHPHQW� RI� KHDG� LV� WKH� SDLU� RI
JLDQW� DQLVRWURS\� PDJQHWV� �SODWHV�� SXW� WR�
JHWKHU�DORQJ�D�GLUHFWLRQ�RI�PDJQHWL]DWLRQ�LQ
DQWLSDUDOOHO�� $W� WKH� HGJH� RI� RSSRVLWH� PDJ�
QHWLF�SROHV�WKH�VWURQJ�VWUD\�ILHOG�H[LVWV��,Q�
VWHDG�RI�WZR�SODWHV�LW�LV�EHWWHU�WR�XVH�OD\HUV
ZKLFK�DUH�PDGH�E\�WKLQ�ILOP�WHFKQRORJ\�
7KH�SXUSRVH� RI� WKH�ZRUN�SUHVHQWHG� LV� WR

HVWLPDWH� DQ� RSSRUWXQLW\� RI� VSXWWHULQJ� D
)H3W� ILOP�LQ�VXFK�D�ZD\�� WKDW� WKH�PDJQHWL�

]DWLRQ� GLUHFWLRQ� ZDV� O\LQJ� LQ� WKH� SODQH� RI
WKH�VXEVWUDWH�VXUIDFH��

)H3W�FRPSRXQG�LV�D�KDUG�PDJQHWLF�PDWH�
ULDO� ZLWK� KLJK�PDJQHWLF� DQLVRWURS\� >�@�� ,WV
PDJQHWLF� VWUXFWXUH� LV� FRPSOHWHO\� GHWHU�
PLQHG� E\� FU\VWDO� VWUXFWXUH�� 7KH� FU\VWDO
VWUXFWXUH�LV�RUGHUHG�DV�/���W\SH��VLPLODU�WRWKH� FU\VWDO� VWUXFWXUH� RI�&X$X� DOOR\��$W� WKH
WHPSHUDWXUH���DERYH�WKH�FULWLFDO�YDOXH��N�D)H3W� PRQRFU\VWDO� KDV� IDFH�FHQWHUHG� FXELF
�IFF��FU\VWDO�ODWWLFH��$W������N�WKH�IDFH�FHQ�WHUHG� WHWUDJRQDO� �IFW�� ODWWLFH� EHFRPHV� HTXL�
OLEULXP��'XULQJ�WKH�WUDQVLWLRQ�IFF�o�IFW�DQ\
RI� FXELF� D[HV� >���@�� >���@� RU� >���@� FDQ� EH�
FRPH�D�WHWUDJRQDO�D[LV��7KXV��WKUHH�RULHQWD�
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��� )XQFWLRQDO�PDWHULDOV�������������



WLRQV�RI�F�D[HV�DUH�SRVVLEOH��:H�VKDOO�GHVLJ�
QDWH� WKHP� °��� °��� °��� FRUUHVSRQGHQWO\�
6WUXFWXUDO� WUDQVIRUPDWLRQ� IFF�o�IFW� LV� GH�
YHORSLQJ� DV� IROORZV�� ,Q� LQLWLDO� PRQRFU\VWDO
RI�DQ�IFF�SKDVH�WKH�QXFOHDWLQJ�FHQWHUV�RI�WKH
IFW�SKDVH� RFFXU��ZKLFK�KDYH�D� IRUP�RI� ILQH
PLFURSODWHV��$URXQG�D�PLFURSODWH�WKH�HODVWLF
VWUHVVHV�DULVH�GXH�WR�WKH�GLIIHUHQFH�EHWZHHQ
WKH� SDUDPHWHUV� RI� IFF� DQG� IFW� ODWWLFHV�� ,Q
RUGHU�WR�GLPLQLVK�HODVWLF�HQHUJ\��WKH�JURZWK
RI� IFW� SKDVH� YROXPH� LV� GHYHORSLQJ� E\� WKH
IRUPDWLRQ� RQ� WKH� LQLWLDO� PLFURSODWH� �ZKRVH
WHWUDJRQDO� D[LV� LV� F��� IRU� H[DPSOH�� RI� WKH
IROORZLQJ� SODWH�� ZKRVH� WHWUDJRQDO� D[LV� °�
IRUPV�ZLWK�DQ�D[LV�°��D�FRUQHU�RI������6XFK
SDLU�RI�PLFURFU\VWDOOLWHV�LV�D�WZLQ�VWUXFWXUH�
7KH�QH[W�OD\HU�LV�D�SODWH�VLPLODU�WR�WKH�ILUVW
RQH�� WKH� QH[W� LV� VLPLODU� WR� WKH� VHFRQG� RQH�
HWF�� $V� D� UHVXOW�� D� ODUJH� SRO\WZLQ� SODWH� LV
EHLQJ�IRUPHG��7KHUH�LV�D�FRUUHVSRQGHQFH�EH�
WZHHQ� WKH� FRPSOLFDWHG� VWUXFWXUDO� KLHUDUFK\
DQG� WKH� KLHUDUFK\� RI�PDJQHWLF� GRPDLQ� V\V�
WHP�� ZKLFK� LV� QR� OHVV� FRPSOLFDWHG�� (YHU\
PLFURSODWH� LV� D�PDJQHWLF�PLFURGRPDLQ��7KH
WZLQ� FU\VWDO� ERUGHU� EHWZHHQ� QHLJKERXULQJ
SODWHV�ZLWK�D[HV�°��DQG�°���RU�°��DQG�°���RU
°��DQG�°���LV�VLPXOWDQHRXVO\�D�PDJQHWLF����
ZDOO��%XW��XQOLNH�XVXDO�����ZDOOV�LQ�KRPRJH�
QHRXV�FU\VWDOV��WKLV�ZDOO�FDQQRW�EH�GLVSODFHG
LQ�DQ\�PDJQHWLF�ILHOGV��,W�LV�D��IUR]HQ��ZDOO�
7KHVH� PLFURGRPDLQV� IRUP� D� PDFURGRPDLQ
PDJQHWLF�VWUXFWXUH��(DFK�PDFURGRPDLQ�FRY�
HUV�WHQV��KXQGUHGV�DQG�WKRXVDQGV�RI�PLFUR�
GRPDLQV�� 0DFURGRPDLQ� VWUXFWXUH� LV� DOVR
FDOOHG� D� FRRSHUDWLYH� GRPDLQ� VWUXFWXUH
�&'6��� 0DFURGRPDLQV� DUH� GLYLGHG� E\� ����
GRPDLQ�ZDOOV��DV�LQ�XQLD[LDO�PDJQHWLF�FU\V�
WDOV�� 7KHVH� ZDOOV� DUH� PRELOH�� WKH\� FDQ� EH
GLVSODFHG� XQGHU� WKH� DFWLRQ� RI� D� PDJQHWLF
ILHOG�� 7KH� �IUR]HQ�� DQG� PRELOH� ZDOOV� VHW
OHDGV� WR� RULJLQDOLW\� RI� WKH� &'6� UHRUJDQL]D�
WLRQ� LQ� D� �SRO\WZLQ�� FU\VWDO� XQGHU� WKH� DF�
WLRQ�RI�D�PDJQHWLF�ILHOG�
1DWXUDOO\� WKH� VSXWWHULQJ� RI� )H3W� ILOPV

VKRXOG� SRVVHVV� DQ� DGGLWLRQDO� VSHFLILFLW\�� ,Q
SDUWLFXODU�� WKH� HSLWD[LDO� JURZWK� RQ� D� VXE�
VWUDWH�ZLWK�VTXDUH�DWRPLF�VWUXFWXUH�RI�D�VXU�
IDFH� DQG� DSSURSULDWH� DWRPLF� FRQIRUPLW\� RI� D
ILOP�FDQ�OHDG�WR�WKH�IRUPDWLRQ�RI�D�VWUXFWXUH�
ZKRVH�F�D[LV�LV�SHUSHQGLFXODU�WR�WKH�VXEVWUDWH
VXUIDFH��+RZHYHU��ZLWK�D�JURZWK�RI�WKLFNQHVV
VXFK� D� VWUXFWXUH� ZLOO� EHFRPH� OHVV� DQG� OHVV
VWDEOH�� EHFDXVH� WKH� WZLQ� VWUXFWXUH� LV� PRUH
IDYRXUDEOH�HQHUJHWLFDOO\��$XWKRUV�RI�ZRUN�>�@
DVVHUW��WKDW�D�WZLQQLQJ�SODQH�IRU�)H3W�EHORQJV
WR� ^���`�IDPLO\�RI�SODQHV�� ,W�PHDQV��WKDW�WKH
JURZWK� RI� WKLFNQHVV� RI� WKH� ILOPV� ZLWK� �����
RULHQWDWLRQ� VKRXOG� OHDG� WR� WKH� IRUPDWLRQ� RI

WKH�JUDLQV��ZKRVH�F�D[HV�DUH�DOPRVW�SDUDOOHO
WR�WKH�VXUIDFH�
2Q�DQ�DPRUSKRXV�VXEVWUDWH�LQ�PRVW�FDVHV

DOVR� ILOPV� ZLWK� RULHQWDWLRQ� ������ DUH� EHLQJ
IRUPHG��EXW� LQ� WKLV� FDVH� WKH\�ZLOO�EH�D[LDO�
LQ� D� JUHDWHU� RU� OHVVHU� H[WHQW�� DQG� WKH� WH[�
WXUH�D[LV� >���@�ZLOO�EH�SHUSHQGLFXODU�WR�WKH
VXEVWUDWH�VXUIDFH��
$Q� DSSOLFDWLRQ� RI� PDJQHWLF� ILHOG� GXULQJ

WKH�SURFHVV�RI�ILOPV�VSXWWHULQJ�PD\�EH�TXLWH
HIIHFWLYH� IRU� SURGXFLQJ� RI� WKH� ILOPV� ZLWK
SHUSHQGLFXODU� DQLVRWURS\�� DERXW� ZKLFK� LW
ZDV� VSRNHQ� DERYH�� :H� FDQ� VXSSRVH� DOVR�
WKDW� LQ� RUGHU� WR� REWDLQ� PLFURGRPDLQV� ZLWK
VPDOOHU� VL]HV� DQ� DSSOLFDWLRQ� RI� D� YDULDEOH
PDJQHWLF�ILHOG�VKRXOG�EH�XVHG��ZLWK�D�YHFWRU
RI� LQWHQVLW\� RVFLOODWLQJ� DORQJ� D� QRUPDO� WR
WKH�VXEVWUDWH�VXUIDFH�
7KH�IRUPDWLRQ�RI�WKH�)H3W�ILOPV�ZLWK�WKH

UHVLGXDO� PDJQHWL]DWLRQ� RULHQWHG� DORQJ� WKH
VXEVWUDWH�VXUIDFH��LQ�RXU�RSLQLRQ��LV�SRVVLEOH
RQO\� RQ� VXEVWUDWHV� ZLWK� DV\PPHWULFDO� VXU�
IDFH� DWRPLF� VWUXFWXUH�� ,Q� WKLV� FDVH� YDULRXV
RULHQWDWLRQV�RI�WKH�WZLQ�VWUXFWXUHV�DUH�SRV�
VLEOH�� ,Q� SDUWLFXODU�� F� D[HV� RI� WKH� PLFUR�
SODWHV� FDQ� EH� SODFHG� DORQJ� WKH� VXEVWUDWH
SODQH� DQG�DOVR�XQGHU� VRPH�DQJOH� WR� LW��7KH
VWUXFWXUH� ZLWK� YDULRXV� YROXPH� IUDFWLRQV� RI
PLFURSODWHV� FDQ� EH� UHDOL]HG�� *HQHUDOO\�� WKH
VWUXFWXUH� ZLOO� EH� GHWHUPLQHG� E\� WKH� VXE�
VWUDWH�XVHG�DQG�WKH�WHFKQRORJLFDO�IHDWXUHV�RI
VSXWWHULQJ� SURFHVV�� 7KH� XVLQJ� RI� WKH� ORQJL�
WXGLQDO�PDJQHWLF�ILHOG�GXULQJ�WKH�VSXWWHULQJ
ZLOO� QRW� EH� HIIHFWLYH�� DV� LW�ZLOO� OHDG� WR� WKH
IRUPDWLRQ� RI� D� JUHDW� YROXPH� RI� WKH� ILOP
ZLWK�F� D[LV�� RULHQWHG� DORQJ� WKH� ILHOG��ZKLOH
WKH� SURGXFLQJ� RI� WKH� ILOPV�ZLWK� JRRG�PDJ�
QHWLF� FKDUDFWHULVWLFV� UHTXLUHV� WKH� SUHVHQFH
RI�HTXDO�TXDQWLWLHV�RI�YROXPHV�ZLWK�SHUSHQ�
GLFXODU� F� D[HV�� %HVLGHV�� LW� LV� QHFHVVDU\� WR
NQRZ� SUHFLVHO\� WKH� UHTXLUHG� RULHQWDWLRQ� RI
WKH� PDJQHWLF� ILHOG� FRQFHUQLQJ� WKH� FU\VWDO�
ORJUDSKLF�GLUHFWLRQ�RI�WKH�VXEVWUDWH��
,Q� WKH� SUHVHQWHG� ZRUN� WKH� 6L� VXEVWUDWHV

ZLWK� WKH� RULHQWDWLRQV� ������ DQG� ������ DQG
$O�2��VXEVWUDWHV�ZLWK�WKH�RULHQWDWLRQ�����

BB
��

ZHUH�XVHG��7KH�)H3W�ILOPV�ZHUH�VSXWWHUHG�E\
WKH�UDGLR�IUHTXHQF\��5)��PDJQHWURQ�PHWKRG
ZLWK�XVLQJ�RI�5)�ELDV�RQ�WKH�VXEVWUDWH��7KH
WDUJHW�ZDV�D�3W�GLVN�ZLWK�)H�VHJPHQWV��7KH
)H� VHJPHQWV� RQ� WKH� 3W� GLVN� ZHUH� ORFDWHG
ZLWK� FHQWUDO� V\PPHWU\��7KH� FRPSRVLWLRQ� RI
WKH� WDUJHW� ZDV� YDULDWHG� E\� FKDQJLQJ� WKH
QXPEHU� RI� WKH� )H� VHJPHQWV�� $V� D� FKDUDF�
WHULVWLF� RI� WKH� WDUJHW� FRPSRVLWLRQ�� WKH� SUR�
SRUWLRQ�RI�DUHDV�6)H�63W�ZDV�XVHG��%HVLGHV�WKH� FRPSRVLWLRQ� RI� ILOPV�ZDV� FKDQJLQJ� GXH
WR�WKH�YDULDWLRQ�RI�WKH�WDUJHW�SRZHU�DQG�WKH
ELDV� YDOXH�� DV�ZLOO� EH� VKRZQ�EHORZ��$OO� WKH

9�9�1DXPRY�HW�DO����(IIHFW�RI�ORZ�HQHUJ\�LRQ����
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ILOPV��SUHVHQWHG�LQ�WKLV�ZRUN��KDYH�D�WKLFN�
QHVV� RI�����PP��7KH� WHFKQRORJ\� RI� VSXWWHU�
LQJ�LV�SUHVHQWHG�DW�OHQJWK�LQ�>����@��
7KH� GLVWLQFWLYH� IHDWXUH� RI� WKH� SUHVHQWHG

ZRUN�LV�WKH�XVLQJ�RI�WKH�PDJQHWLF�ILHOG��DS�
SUR[LPDWHO\� ����� 7�� GXULQJ� WKH� ILOPV
JURZWK� SURFHVV�� 7KH� ILHOG� ZDV� GLUHFWHG
DORQJ� WKH�VXEVWUDWH�VXUIDFH��8QIRUWXQDWHO\�
WKH�PDJQHWV�XVHG�ZHUH�1G)H%�URGV�ZLWK�ORZ
YDOXH� RI� WKH� &XULH� WHPSHUDWXUH� �a����&��
WKHUHIRUH� WKH� LQIOXHQFH� RI� D�PDJQHWLF� ILHOG
KDV� EHHQ� LQYHVWLJDWHG� RQO\� LQ� VXFK� D� FDVH�
ZKHQ� WKH� VXEVWUDWHKROGHU� LV� FRROHG� E\
ZDWHU�
7KH� FKHPLFDO� FRPSRVLWLRQ� RI� WKH� ILOPV

ZDV�PRQLWRUHG�E\�PHDQV�RI�$XJH�VSHFWURPH�
WU\��7KH�PHWKRG�RI�;�UD\�GLIIUDFWLRQ��;5'�
FRSSHU� WDUJHW�� S\UROLWLF� JUDSKLWH�PRQRFKUR�
PDWRU��ZDV�XVHG�IRU�WKH�LQYHVWLJDWLRQ�RI�WKH
FU\VWDOORJUDSKLF�VWUXFWXUH�RI�WKH�ILOPV��7KH
DQDO\VLV�RI�WKH�ILOPV�WH[WXUH�ZDV�UHDOL]HG�E\
XVLQJ� WKH� WHFKQLTXH� RI� WKH� SRODU� ILJXUHV�
7KH� 670� LPDJHV� ZHUH� REWDLQHG� RQ� 600
�����PLFURVFRSH�

D��*URZWK�RI�)H3W�RQ�FRROHG�VXEVWDWHV��7KH
LQYHVWLJDWLRQ� RI� WKH� )H3W� ILOPV� ZLWK�6L� VXE�
VWUDWHV�VKRZHG�WKDW�WKH�IROORZLQJ�SDUDPHWHUV
LQIOXHQFH� RQ� WKH� FU\VWDO� VWUXFWXUH� RI� WKH
ILOPV��WKH�ELDV�RQ�D�VXEVWUDWH��SUHVHQFH�RI�WKH
PDJQHWLF� ILHOG� DQG� WKH� WDUJHW�SRZHU� �UDWH�RI
VSXWWHULQJ���$OO�WKH�SURGXFHG�ILOPV�SRVVHVVHG
WKH� D[LDO� VWUXFWXUH� ������� H[SUHVVHG� LQ� D
JUHDWHU� RU� OHVVHU� H[WHQW�� 7KHUHIRUH�� LI� LW� LV
QRW� PHQWLRQHG� HVSHFLDOO\�� ZH� VKDOO� XVH� WKH
FRQFHSW� RI� WKH� FU\VWDOOLQLW\� GHJUHH��ZKLFK� LQ
WKH� ILUVW� DSSUR[LPDWLRQ� FRUUHVSRQGV� WR� WKH
LQWHQVLW\�RI�;�UD\�SHDNV�������DQG��������DQG
ZH� VKDOO� QRW� PHQWLRQ� WKDW� WKH� VWUXFWXUH� LV
D[LDO�� ,W� FRQFHUQV� WKH� LQYHVWLJDWLRQV� RI� WKH
ILOPV��SURGXFHG�RQ�6L�VXEVWUDWHV��,Q�WKLV�FDVH
HYHQ� WKH� XVLQJ� RI� WKH�PDJQHWLF� ILHOG� GXULQJ
WKH� VSXWWHULQJ�GLG�QRW� OHDG� WR� WKH� IRUPDWLRQ
RI�FU\VWDOORJUDSKLF�DQLVRWURS\�RI�WKH�ILOPV�LQ
WKH�SODQH�RI�WKH�VXEVWUDWH�
,Q� WKH� )LJ���� WKH� ;�UD\� GLIUDFWRJUDPV� RI

WKH�)H3W�ILOPV�DUH�SUHVHQWHG��ZKLFK�VKRZ�WKH
LQIOXHQFH�RI�WKH�VXEVWUDWH�ELDV�RQ�WKH�FU\VWDO�
OLQLW\� GHJUHH� LQ� WKH� SUHVHQFH� DQG� LQ� WKH� DE�
VHQFH�RI�WKH�PDJQHWLF�ILHOG��:H�FDQ�VHH�WKDW
WKH� LQFUHDVH� RI� WKH� VXEVWUDWH� ELDV� LQ� ERWK
FDVHV�OHDGV�WR�WKH�LQFUHDVH�LQ�WKH�FU\VWDOOLQLW\
GHJUHH�� 7KLV� LQIOXHQFH� LV� PRUH� FRQVLGHUDEOH
IRU�WKH�ILOPV��SURGXFHG�LQ�WKH�PDJQHWLF�ILHOG�
0HDVXUHPHQWV� RI� WKH� FKHPLFDO� FRPSRVL�

WLRQ�RI�WZR�ILOPV��SURGXFHG�LQ�WKH�PDJQHWLF
ILHOG�� ZHUH� FDUULHG� RXW�� DW� WKH� �IORDWLQJ�
SRWHQWLDO�RI� WKH� VXEVWUDWH�DQG�DW� WKH�RIIVHW
RI� ��� 9�� ,Q� WKH� ILUVW� FDVH� WKH� FRPSRVLWLRQ
ZDV� )H����3W������ LQ� WKH� VHFRQG� Û

)H����3W������ 7KH� FRPSRVLWLRQ� RI� WKH� WDUJHWZDV�6)H�63W� ������ WKH�SRZHU�RQ�WKH�WDUJHWZDV�����:��7KH��IORDWLQJ��SRWHQWLDO�RI�WKH
VXEVWUDWH� WDNHV� SODFH� LQ� D� FDVH� ZKHQ� WKH
VXEVWUDWHKROGHU� LV� FRQQHFWHG� QHLWKHU� ZLWK
WKH� 5)� VRXUFH�� QRU� ZLWK� WKH� LQVWDOODWLRQ�V
FDVH��8VXDOO\�� GXH� WR� WKH�DFWLRQ�RI� WKH� WDU�
JHW�V�GLVFKDUJH�WKH�VXEVWUDWHKROGHU�LV�EHLQJ
FKDUJHG�XS�WR�D�VPDOO����9��SRVLWLYH��SRWHQ�
WLDO�FRQFHUQLQJ�WKH�LQVWDOODWLRQ�V�FDVH�
$QDORJLFDO�VWUXFWXUDO�LQYHVWLJDWLRQV�ZHUH

FDUULHG� RXW� IRU� WKH� ILOPV� SURGXFHG� LQ� WKH
PDJQHWLF�ILHOG�ZLWK�D�WDUJHW�RI�WKH�FRPSRVL�
WLRQ� 6)H�63W� ������ WKH� WDUJHW� SRZHU� ZDV����:�� %HVLGHV� LW� ZDV� UHYHDOHG�� WKDW� ZLWK
LQFUHDVH� RI� WKH� VXEVWUDWH� ELDV� WKH� ;5'
SHDNV�DUH�EHLQJ�GLVSODFHG�WR�VPDOOHU�DQJOHV�
,W� VKRZV� WKDW� WKH� SDUDPHWHUV� RI� WKH� )H3W
FU\VWDO� ODWWLFH� ZHUH� FKDQJLQJ�� $SSDUHQWO\�
WKLV� FKDQJH� FRUUHVSRQGV� WR� WKH� FKDQJH� RI
WKH� ILOPV� FKHPLFDO� FRPSRVLWLRQ� GXH� WR� WKH
DERYH�PHQWLRQHG�LQFUHDVH�RI�WKH�ELDV��0HDV�
XUHPHQWV� RI� WKH� FKHPLFDO� FRPSRVLWLRQ� IRU
WKHVH�ILOPV�ZHUH�QRW�FDUULHG�RXW�
7KH� )LJ���� VKRZV� WKH� ;�UD\� GLIUDFWR�

JUDPV�RI�WKH�)H3W�ILOPV�SURGXFHG�DW�YDULRXV
YDOXHV� RI� WKH� WDUJHW� SRZHU� LQ� WKH� SUHVHQFH
DQG� LQ� WKH� DEVHQFH� RI� WKH� PDJQHWLF� ILHOG�
7LPH� RI� WKH� VSXWWHULQJ� ZDV� FKRVHQ� LQ� LQ�
YHUVH� SURSRUWLRQ� WR� WKH� YDOXH� RI� WKH� SRZHU
VR� WKDW� WKH� ILOPV�� WKLFNQHVV� ZDV� LGHQWLFDO�
:H� FDQ� VHH� WKDW� ZLWK� WKH� LQFUHDVH� RI� WKH
WDUJHW� SRZHU� WKH� FU\VWDOOLQLW\� GHJUHH� LQ�
FUHDVHV� LQ� WKH� SUHVHQFH� RI� WKH� PDJQHWLF
ILHOG�� ,Q� WKH� DEVHQFH� RI� WKH�PDJQHWLF� ILHOG
WKHUH�LV�QR�VXFK�HIIHFW���

)LJ����� ;�UD\� GLIUDFWRJUDPV� RI� WKH� )H3W
ILOPV��SURGXFHG�DW�YDULRXV�YDOXHV�RI�WKH�VXE�
VWUDWH�ELDV� ��IORDWLQJ���Ü���9��Ü���9�� LQ�WKH
SUHVHQFH� �RQ��DQG� LQ� WKH� DEVHQFH� �RII��RI� WKH
PDJQHWLF� ILHOG�� 7KH� SRZHU� RQ� WKH� WDUJHW� LV
����:��WKH�SURSRUWLRQ�RI�DUHDV�)H�3W�LV�����
WKH�$U�SUHVVXUH�LV�����3D��7KH�FKHPLFDO�FRP�
SRVLWLRQ�ZDV�PHDVXUHG�IRU�WKH�VDPSOH��IORDW�
LQJ��RII���)H����3W������
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7KXV��SRO\FU\VWDOOLQH�D[LDO�)H3W�ILOPV�DUH
REWDLQHG�RQ�WKH�6L�VXEVWUDWHV��3DUDPHWHUV�RI
WKH�FU\VWDO�ODWWLFH�F�OLH�RQ�WKH�VXUIDFH�RI�D�FRQH
ZKRVH� D[LV� LV� SHUSHQGLFXODU� WR� WKH� VXEVWUDWH
VXUIDFH��7KH�DQJOH�EHWZHHQ�F�D[HV�RI�WKH�FU\V�
WDOOLWHV�DQG�WKH�VXEVWUDWH�VXUIDFH�LV�������

E�� *URZWK� RI� )H3W� RQ� KHDWHG� VXEVWUDWHV�
7KH� IROORZLQJ� UHVXOWV� ZHUH� REWDLQHG� LQ� WKH
LQYHVWLJDWLRQV�RI�WKH�FU\VWDO����

BB
��VWUXFWXUH

RI� WKH� ILOPV� SURGXFHG� RQ� $O�2�� VXEVWUDWHV�ZLWK� WKH� VXUIDFH� RULHQWHG� DV� �� 7KH� )H3W
ILOPV� SURGXFHG� RQ� WKH� VXEVWUDWHV� FRROHG
ZLWK�ZDWHU�DUH�VLPLODU�WR�WKH�ILOPV�SURGXFHG
RQ�WKH�6L�VXEVWUDWHV��6R�ZH�VKDOO�GHVFULEH�DW
OHQJWK� WKH� UHVXOWV� REWDLQHG� IRU� WKH� VDPSOHV
RQ� $O�2�� VXEVWUDWHV�� EHLQJ� KHDWHG� GXULQJWKH� VSXWWHULQJ�� 7KH�PDJQHWLF� ILHOG�ZDV� QRW
DSSOLHG�EHFDXVH�RI�WKH�DERYH�PHQWLRQHG�UHD�
VRQV����
7KH�)LJ����VKRZV�;�UD\�GLIUDFWRJUDPV�RI

WKH�ILOPV�SURGXFHG�RQ�$O�2��VXEVWUDWHV�ZLWKYDULRXV�VXEVWUDWH�ELDVHV��7KH�VXEVWUDWHV�ZHUH
KHDWHG�XS�WR�WKH�WHPSHUDWXUH�RI�����&��,Q�WKH
FDVH� RI� WKH� �IORDWLQJ�� SRWHQWLDO� RQ� WKH� VXE�
VWUDWH� WKH� ILOP�KDV�SRO\FU\VWDOOLQH� VWUXFWXUH�
7KHUH� DUH� JUDLQV� ZLWK� RULHQWDWLRQ� RI� ������
�������SHDN������������������������
7KH� XVLQJ� RI� WKH� VXEVWUDWH� ELDV� GXULQJ

WKH� JURZWK� OHDGV� WR� WKH� VXSSUHVVLRQ� RI
JURZWK� IRU� DOO� JUDLQV� ZKRVH� RULHQWDWLRQ� LV
QRW� ������� 6XFK� RULHQWDWLRQ� FRUUHVSRQGV� WR
WKH�SODFHPHQW�RI�WKH�FU\VWDO�ODWWLFH�SDUDPH�
WHU� F� LQ� WKH� VXEVWUDWH� SODQH��0RUHRYHU�� ZH
FDQ�VHH�WKDW�WKH�XVLQJ�RI�WKH�ELDV�VWLPXODWHV
WKH�JURZWK�RI�JUDLQV�ZLWK�������RULHQWDWLRQ
MXVW� OLNH� LW� ZDV� LQ� WKH� FDVH� RI� JUDLQV� ZLWK
RULHQWDWLRQ� ������ RQ� 6L�� HVSHFLDOO\� LQ� WKH

SUHVHQFH�RI�WKH�PDJQHWLF�ILHOG��,W�VKRXOG�EH
PHQWLRQHG�� WKDW� LW� WDNHV� SODFH� RQ� D� KHDWHG
VXEVWUDWH��,Q�WKH�FDVH�RI�WKH�WDUJHW�FRPSRVL�
WLRQ� 6)H�63W� ������ ZKHQ� WKH� SRWHQWLDO� RQWKH� VXEVWUDWH� LV� �IORDWLQJ��� DOVR� RQO\� SRO\�
FU\VWDOOLQH� ILOPV� ZHUH� REWDLQHG�� 7KXV�� ZH
FDQ�DVVHUW�� WKDW� WKH�EDVLF�SDUDPHWHU��ZKLFK
LQIOXHQFHV� RQ� WKH� IRUPDWLRQ� RI� D� ILOP�ZLWK
������RULHQWDWLRQ��LV�WKH�VXEVWUDWH�ELDV�
/HW�V�QRWH�RQH�PRUH�LPSRUWDQW�SRLQW��7KH

ORZHU� SDUW� RI� WKH� )LJ���� VKRZV� D� GLIUDFWR�
JUDP�RI�D�EXON�SRO\FU\VWDOOLQH�)H3W�VDPSOH�
7KH� FRPSDULVRQ� RI� WKLV� VSHFWUXP� ZLWK� WZR
GLIUDFWRJUDP�IRU�WKH�VDPSOHV�SURGXFHG�ZLWK
WKH�VXEVWUDWH�ELDV�VKRZV�WKH�GLVFUHSDQF\�RI
LQWHQVLWLHV�IRU�WKH�SHDNV�RI�WKH�ILUVW�DQG�WKH
VHFRQG�RUGHU��������DQG��������,Q�WKH�FDVH�RI
D� FU\VWDO� WKH\� PXVW� KDYH� DSSUR[LPDWHO\
LGHQWLFDO� LQWHQVLW\�� EXW� LQ� WKH� ILOPV� WKH� LQ�
WHQVLW\�RI� ������SHDN� LV�PXFK� OHVV� WKDQ�WKH
LQWHQVLW\� RI� ������SHDN��7KLV� IDFW� LV� GXH� WR
WKH� LQVXIILFLHQW� RUGHULQJ� RI� DWRPV� LQ� �����
SODQH� RI� WKH� ILOPV�� ,Q� WKH� RUGHUHG� VWDWH�
WKHVH� SODQHV� VKRXOG� EH� FRPSOHWHO\� �WKURXJK
RQH�SODQH�� ILOOHG� E\� DWRPV�HLWKHU�)H�� RU�3W�
:H�FDQ�VHH�LW�LQ�WKH�)LJ�����
7KH� YHUWLFDO� SODQHV�� SDUDOOHO� WR� WKH� FHOO

SDUDPHWHU�F��DV�ZHOO�DV�SDUDOOHO�WR�WKH�KRUL�
]RQWDO� GLDJRQDO� RI� D� FHOO�� SDVV� HLWKHU� RQO\
WKURXJK� )H� DWRPV�� RU� RQO\� WKURXJK� 3W
DWRPV�� ,W� VKRXOG� EH� PHQWLRQHG� WKDW� LQ� WKH
FDVH�RI�IFF�ODWWLFHV�ZLWK�LGHQWLFDO�DWRPV��3W�
IRU�H[DPSOH��WKH� ������;5'�SHDN�LV�IRUELG�
GHQ�� VR� WKLV� SHDN� GRHVQ�W� RFFXU� RQ� WKH� 3W
GLIUDFWRJUDP�� -XVW� WKH� SUHVHQFH� RI� WKH� DO�

)LJ����� ;�UD\� GLIUDFWRJUDPV� RI� WKH� )H3W
ILOPV��SURGXFHG�DW�YDULRXV�YDOXHV�RI�WKH�WDU�
JHW� SRZHU� ����� :�� ���� :�� ���� :�� LQ� WKH
SUHVHQFH� �RQ�� DQG� LQ� WKH�DEVHQFH� �RII�� RI� WKH
PDJQHWLF�ILHOG��7KH�SRWHQWLDO�RQ�WKH�VXEVWUDWH
LV� �IORDWLQJ��� WKH�$U� SUHVVXUH� LV�����3D��7KH
WDUJHW�FRPSRVLWLRQ�LV�6)H�63W� �����

)LJ�����;�UD\�GLIUDFWRJUDPV�RI�WKH�ILOPV��SUR�
GXFHG� RQ� $O�2�� VXEVWUDWHV� DW� YDULRXV� YDOXHVRI�ELDV� ��IORDWLQJ���Ü���9��Ü���9���7KH�WHP�
SHUDWXUH�RI�WKH�VXEVWUDWH�LV�����&��WKH�SRZHU
RQ�WKH�WDUJHW�LV�����:��WKH�FKHPLFDO�FRPSR�
VLWLRQ�RI� WKH� WDUJHW� LV�6)H�63W� ������7KH�GL�IUDFWRJUDP� LQ� WKH� ORZHVW� SDUW� RI� WKH� ILJXUH
FRUUHVSRQGV� WR� WKH� SRO\FU\VWDOOLQH� VDPSOH
)H3W��WKH�FDUG��3')����������
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WHUQDWLQJ� SODQHV� �������ZKLFK� FRQWDLQ� YDUL�
RXV�DWRPV�� OHDGV� WR� WKH�EUHDN�RI� WKH�FRQGL�
WLRQ�RI�GLVDSSHDUDQFH�IRU�������SHDN��GXH�WR
WKH� GLIIHUHQW� GLIIUDFW� DELOLW\� RI� )H� DQG� 3W
DWRPV�� 7KHUHIRUH�� WKRXJK� ;�UD\V�� GLIIUDFW�
LQJ� RQ� WKH� ODWWLFH� IRUPHG� E\� ������ SODQHV�
FRPH�WR�WKH�GHWHFWRU�LQ�DQWLSKDVH��EXW�WKHLU
LQWHQVLW\� LV� GLIIHUHQW�� VR� WKH� SHDN� DSSHDUV�
%XW� WKLV� SHDN� FDQ� GHFUHDVH� RU� GLVDSSHDU
HYHQ� IRU�)H3W� DOOR\�� LI� WKH� RUGHULQJ� VKRZQ
RQ� )LJ���� ZLOO� QRW� RFFXU� Û� ZKHQ� �����
SODQHV��ZKLFK�PXVW� FRQWDLQ� RQO\�)H� DWRPV�
FRQWDLQ�DOVR�3W� DWRPV�� DQG� WKH� UHYHUVH��%H�
VLGHV�� WKH� GLPLQLVKLQJ� RI� WKH� LQWHQVLW\� RI
������ SHDN� FDQ� EH� LQ� WKH� FDVH� RI� QRQ�VWULFW
DOWHUQDWLQJ�RI�)H�SODQHV�DQG�3W�SODQHV�
7KXV��WKH�RUGHULQJ�LQ�WKH�ILOPV�SURGXFHG

ZLWK� WKH� VXEVWUDWH� ELDV� �WKHLU� GLIUDFWRJUDP
DUH� SUHVHQWHG� LQ� WKH� )LJ����� LV� QRW� ZHOO
HQRXJK�� 2QH� PRUH� SUREDEOH� UHDVRQ�� LQ� RXU
FDVH�� LV� D� GHYLDWLRQ� IURP� WKH� VWRLFKLRPHWULF
FRPSRVLWLRQ� RI� )H3W� LQ� WKH� ILOP�� 7KH� EHVW
SURSRUWLRQ� RI� WKH� SHDNV� LQWHQVLWLHV
,������,������ ������ KDV� EHHQ� REWDLQHG� LQ� DILOP�SURGXFHG�DW�WKH�IROORZLQJ�FRQGLWLRQV��WKH
VXEVWUDWH�ELDV�ZDV���9��WKH�SRZHU�RQ�WKH�WDU�
JHW� ZDV� ����9�� WKH� WHPSHUDWXUH� RI� WKH� VXE�
VWUDWH�ZDV�����&��,Q�RUGHU�WR�NHHS�WKH�SRWHQ�
WLDO�RI�WKH�VXEVWUDWH�WR�EH�HTXDO�WR�WKH�SRWHQ�
WLDO� RI� WKH� LQVWDOODWLRQ�V� FDVH�� WKH�5)� SRZHU
DSSOLHG�WR�WKH�VXEVWUDWHKROGHU�ZDV���:�
7KH� OHDVW�SURSRUWLRQ�RI� WKH�SHDNV� LQWHQVL�

WLHV�,������,������ ���������KDV�EHHQ�REWDLQHGIRU� D� ILOP� SURGXFHG� DW� WKH� IROORZLQJ� FRQGL�
WLRQV�� WKH� RIIVHW� RQ� WKH� VXEVWUDWH�ZDV�Ü��9�
WKH�SRZHU�RQ�WKH�WDUJHW�ZDV�����9��WKH�WHP�
SHUDWXUH�RI� WKH� VXEVWUDWH�ZDV������&��,W�ZDV
QRWLFHG�� WKDW� ZKHQ� D� JRRG� SURSRUWLRQ
,������,������ LV� DFKLHYHG�� D� VPDOO� DPRXQW� RIJUDLQV�ZLWK�RULHQWDWLRQ�������DSSHDUV���
7KH� )LJ���� VKRZV� WKH� GLIUDFWRJUDPV� RI

WZR� )H3W� ILOPV� SURGXFHG� DW� YDULRXV� YDOXHV

RI� WKH� WDUJHW� SRZHU� ����� :� DQG� ���� :��
:H�FDQ�VHH�WKDW�D�ILOP��SURGXFHG�DW�����:
RQ� WKH� WDUJHW�� FRQWDLQV� RQO\� JUDLQV� ZLWK
������ RULHQWDWLRQ�� $QRWKHU� ILOP�� SURGXFHG
DW� ���� :� RQ� WKH� WDUJHW�� FRQWDLQV� JUDLQV
ZLWK�WZR�RULHQWDWLRQV��������DQG�������
)XUWKHU��WKH�LQYHVWLJDWLRQ�RI�WKH�WH[WXUH

RI� WZR� ILOPV� LV� SUHVHQWHG�� 7KH� GLIUDFWRJUDP
RI� WKH� VDPSOHV�DUH�VKRZQ�RQ� WKH�)LJ�����7KH
UHVHDUFK�ZDV�FDUULHG�RXW�E\�D�PHWKRG�RI�FRQ�
VWUXFWLRQ�RI�WKH�SRODU�ILJXUHV��7KH�SRODU�ILJXUH
�KNO��FDQ�EH�FRQVWUXFWHG�DV�IROORZV��7KH�GHWHF�
WRU� LV� PRXQWHG� RQ� DQ� DQJOH� �T�� ZKLFK� FRUUH�
VSRQGV�WR�D�SLFN��KNO���7KH�VDPSOH�WXUQV�DURXQG
WKH�D[LV��ZKLFK�LV�SHUSHQGLFXODU�WR�WKH�D[LV�RI
WKH� JRQLRPHWHU�V� URWDWLRQ� DQG� LV� ORFDWHG� LQ� D
SODQH�RI� WKH� VDPSOH��ZLWK�DQ�DQJOH�RI� LQFOLQD�
WLRQ� D�� 7KHQ�� ZKLOH� WKH� GHWHFWRU� LV� RQ�� WKH
VDPSOH�WXUQV������DURXQG�LWV�RZQ�QRUPDO�WR�LWV
VXUIDFH�� 7KHQ� WKH� FXUYHV�� REWDLQHG� DW� YDULRXV
YDOXHV�RI�D��FDQ�EH�UHGXFHG�WR�D�SRODU�ILJXUH�
7KXV�� WKH� SRODU� ILJXUH� �KNO�� VKRZV� WKH

DQJXODU� GLVWULEXWLRQ� RI� QRUPDOV� WR� WKH� LQ�
YHVWLJDWHG� FU\VWDOORJUDSKLF� SODQHV� �KNO��� ,Q
WKH� FDVH� RI� D�PRQRFU\VWDO� WKLV� GLVWULEXWLRQ
FRQVLVWV� RI� SRLQWV� FRUUHVSRQGLQJ� WR� HDFK
QRUPDO� >KNO@�� ,Q� WKH� FDVH�� ZKHQ� WKHUH� LV� D
WH[WXUH�LQ�WKH�VDPSOH��ZH�UHSUHVHQW�WKH�GHQ�
VLW\� RI� QRUPDOV� DV� WKH� JUDGDWLRQ� RI� JUH\
FRORU�� %ODFN� FRORU� GHVLJQDWHV� WKH� PD[LPDO
GHQVLW\� RI� QRUPDOV�� 7KH� SRODU� ILJXUHV� DUH
FRQVWUXFWHG� LQ� D� VFDOH� RI� D� JQR�
PRVWHUHRJUDSKLF� SURMHFWLRQ� �:RROI�V� JULG��
7KH�GHYLDWLRQ�DQJOH�IURP�WKH�QRUPDO�WR�WKH
VXUIDFH� LV� ODLG� IURP� WKH� FHQWHU� RI� D� SRODU
ILJXUH�DORQJ�UDGLXV��7KH�SRLQW�RQ�WKH�H[WHUQDO
FLUFOH�KDV�DQ� LQFOLQDWLRQ�DQJOH�RI������ L�H�� WKH
FRUUHVSRQGLQJ�QRUPDO� LV� O\LQJ� LQ�WKH�SODQH�RI

)LJ�����7KH�XQLW�FHOO�RI�)H3W�

)LJ�����;�UD\�GLIUDFWRJUDPV�RI�WKH�ILOPV��SUR�
GXFHG�DW�WKH�IROORZLQJ�FRQGLWLRQV��WKH�FRPSR�
VLWLRQ�RI�WKH�WDUJHW�LV�6)H�63W� ������WKH�VXE�VWUDWH� ELDV� LV� Ü�� 9�� WKH� WHPSHUDWXUH� RI� WKH
VXEVWUDWH� LV� ����&�� WKH� WDUJHW� SRZHU� LV
����:�DQG�����:��2Q�WKH�WRS�GLIUDFWRJUDP
WKH� LQWHQVLW\� RI� ������ SHDN� LV� ����� �LPS�V��
WKH�LQWHQVLW\�RI�������SHDN�LV������LPS�V��

9�9�1DXPRY�HW�DO����(IIHFW�RI�ORZ�HQHUJ\�LRQ����

��� )XQFWLRQDO�PDWHULDOV�������������



WKH� VXEVWUDWH�� $ORQJ� WKH� FLUFOH� WKH� D]�
LPXWKDO� DQJOH� LV� ODLG�� ,Q� )LJ���� WKH� SRODU
ILJXUHV� ������ IRU� LGHDO� VLQJOH�SKDVH� )H3W
ILOPV�DUH�VKRZQ��
7KH�)LJ���È�LV�D�SRODU�ILJXUH�������IRU�WKH

ILOP�ZLWK�������RULHQWDWLRQ��ZKHUH�WKH�F�D[LV
LV� SDUDOOHO� WR� WKH� YHUWLFDO� D[LV� RI� WKH� SRODU
ILJXUH��7KH�)LJ���E�LV�D�SRODU�ILJXUH�������IRU
WKH� ILOP�ZLWK� ������ RULHQWDWLRQ��ZKHUH� WKH� F
D[LV�JRHV�XQGHU�DQ�DQJOH�RI�������WR�WKH�VXE�
VWUDWH�VXUIDFH��2Q�ERWK�SRODU�ILJXUHV�WKH�SRVL�
WLRQ�RI�WKH�F�D[LV�LV�VKRZQ�DV�D�FLUFOH�ZLWK�D
FURVV��,Q�WKHVH�SODFHV�WKHUH�ZLOO�EH�D�SROH�RQ
D�SRODU�ILJXUH�������RU����O����
7KH�)LJ����VKRZV�WKH�UHDO�SRODU�ILJXUHV�RI

WKH� ILOPV�� ZKRVH� GLIUDFWRJUDPV� DUH� SUH�

VHQWHG� LQ� WKH� )LJ����� 7KH� ILOP� ZLWK� �����
RULHQWDWLRQ� �WKH� GLVWDQFH� EHWZHHQ� SROHV� LV
FORVHU� WR� WKH� YDOXH� RI� ������� WKDQ� WR� WKH
YDOXH� RI� ������� �)LJ���È�� KDV� DSSUR[LPDWHO\
LGHQWLFDO�TXDQWLW\�RI�JUDLQV�ZLWK�DOPRVW�SHU�
SHQGLFXODU� GLUHFWLRQ� RI� F� D[HV��$Q� DQJOH� EH�
WZHHQ�WKHP�LV�D� OLWWOH� OHVV�WKDQ������ ,I�WKHUH
ZDV� D� WZLQQLQJ� DORQJ� ������ SODQH�� ZKLFK� LV
SHUSHQGLFXODU� WR� WKH� VXEVWUDWH� VXUIDFH�� WKHQ
WKH� SRODU� ILJXUH�ZRXOG� EH� WKH� VDPH�� EXW� WKH
DQJOH�EHWZHHQ�F�D[HV�ZRXOG�EH�HTXDO�WR�����
7KH� ILOP� ZLWK� ������ EDVLF� RULHQWDWLRQ

�)LJ���E�� KDV� JUDLQV� ZLWK� WZR� YDULRXV� GLUHF�
WLRQV�RI�WKH� ODWWLFH� LQ�WKH�SODQH��2QH�RI�WKHVH
RULHQWDWLRQV� FRUUHVSRQGV� WR� WKH� FHQWUDO� SROH
DQG� WR� WKH� LQWHQVLYH� SROHV� ORFDWHG� XQGHU� DQ

)LJ����� 3RODU� ILJXUHV� ������ IRU� LGHDO� VLQJOH�SKDVH�)H3W� ILOPV�ZLWK� ������ RULHQWDWLRQ� �D�� DQG� �����
RULHQWDWLRQ��E���7KH�FLUFOHV�ZLWK�FURVVHV�GHVLJQDWH�WKH�SROH��ZKLFK�ZLOO�EH�YLVLEOH�RQ�WKH�SRODU�ILJXUH
������

)LJ�����5HDO�SRODU�ILJXUHV� ������IRU�WKH�ILOPV�SURGXFHG�DW�WKH�SRZHU�����:��D��DQG�����:��E��RQ
WKH�WDUJHW��'DVKHG�OLQHV�GHVLJQDWH�WKH�GLUHFWLRQ�>���
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�@�LQ�WKH�SODQH�RI�$O�2��VXEVWUDWH��VHH�)LJ�����
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DQJOH� RI� ����� WR� HDFK� RWKHU�� 7KH� F� D[LV� RI
WKHVH� JUDLQV� LV� XQGHU� DQ� DQJOH� RI� ���� WR� WKH
VXEVWUDWH� VXUIDFH�� DQG� LWV� SURMHFWLRQ�� DSSDU�
HQWO\�� LV� O\LQJ�DORQJ�WKH�GLUHFWLRQ�GHSLFWHG�E\
D� GDVKHG� OLQH� RQ� WKH�SRODU� ILJXUH��7KH�VHFRQG
RULHQWDWLRQ�FRUUHVSRQGV�WR�WKH�SROHV�ZLWK�ZHDN
LQWHQVLW\��ZKLFK�DUH�PLUURU�V\PPHWULFDO�WR�WKH
SROHV�RI�WKH�RULHQWDWLRQ�DOUHDG\�GHVFULEHG�FRQ�
FHUQLQJ�WKH�GLUHFWLRQ�ZKLFK�LV�SHUSHQGLFXODU�WR
WKH�GLUHFWLRQ�GHSLFWHG�E\�D�GDVKHG� OLQH��7KH�F
D[LV�RI�VXFK�JUDLQV�LV�DOVR�PLUURU�V\PPHWULFDO�
,W�LV�VXSSRVHG��WKDW�WKH�EDVLF�SUREOHP�ZLOO�EH
D�WZLQQLQJ�GXULQJ�WKH�PDJQHWLF�DQQHDOLQJ��,I
WZLQQLQJ� RFFXUV� MXVW� OLNH� LW� KDV� EHHQ� GH�
VFULEHG� LQ� WKH� EHJLQQLQJ� RI� WKH�SDSHU�� DORQJ
������SODQH��WKHQ�WKH�HGJHV�RI�DQ�XQLW�FHOO�RI
WKH� UHFU\VWDOOL]DWLRQ� WZLQ�� D� DQG� F�� ZLOO� EH
ORFDWHG�� FRUUHVSRQGHQWO\�� MXVW� OLNH� F� DQG� D
HGJHV�RI�WKH�LQLWLDO�JUDLQ��,W�PHDQV�WKDW�LQ�WKH
FDVH�RI�������RULHQWDWLRQ�RI�WKH�JUDLQ��WKH�WZLQ
ZLOO�KDYH��������RULHQWDWLRQ��L�H��WKH�F�D[LV�RI
WKH�WZLQ�ZLOO�EH�ORFDWHG�XQGHU�DQ�DQJOH�RI����
WR�WKH�VXEVWUDWH�DQG�XQGHU�DQ�DQJOH�RI�����WR�F
D[LV�RI�WKH�LQLWLDO�JUDLQ��,Q�WRWDO��WKHUH�DUH�RQO\

WZR� YDULDQWV� RI� D� VSDWLDO� ORFDWLRQ� RI� D�DQG�F
D[LV�RI�WKH�WZLQ�IRU�RQH�LQLWLDO�JUDLQ��LI�ZH�DUH
QRW�WR�FRQVLGHU�WKH�GLVWLQFWLRQV�LQ�����)LJ������
,I� WKH� RULHQWDWLRQ� RI� WKH� LQLWLDO� JUDLQ� LV

�������WKH�WZLQQLQJ�ZLOO�OHDG�WR�WKH�WXUQ�RI�F
D[LV�DURXQG�WKH�QRUPDO�WR�DQ\�RI�������SODQHV
RQ�DQ�DQJOH�RI�������LQFOXGLQJ�WKH�QRUPDO�WR
WKH� VXEVWUDWH� VXUIDFH�� EHFDXVH� RQH� RI� �����
SODQHV�FRLQFLGHV�ZLWK�LW��/DVW�FDVH�RQ�D�SRODU
)LJ���E� ORRNV�DV� WXUQ�RI�SROHV�DURXQG�RI� WKH
FHQWHU� RI� D� SRODU� ILJXUH� RQ� ������ ,Q� FDVH� RI
������ RULHQWDWLRQ� WKHUH� ZLOO� EH� VL[� GLIIHUHQW
YDULDQWV�RI�WZLQQLQJ�IRU�RQH�FRQFUHWH�JUDLQ��
7KH�)LJ�����VKRZV�670�LPDJHV�RI�D�ILOP

ZLWK� ������ RULHQWDWLRQ�� XVHG� IRU� HVWLPDWLRQ
RI� WKH� FU\VWDOOLWHV� VL]HV�� 7KH� ILUVW� LPDJH
�)LJ����D�� ZDV� PDGH� DIWHU� WKH� VSXWWHULQJ�� $W
VFDQQLQJ� 670� LPDJHV� WKH� LQIOXHQFH� RI� VFDQ�
QLQJ�SDUDPHWHUV��YROWDJH�RQ�D�QHHGOH�DQG�WXQ�
QHO�FXUUHQW��RQ� LPDJH�VWUXFWXUH�ZDV�UHYHDOHG�
,W�KDV�EHHQ�DVVXPHG��WKDW�WKH�UHDVRQ�RI�LW�FDQ
EH� LQIOXHQFH� RI� ILOP±V� PDJQHWLF� VWUXFWXUH� RQ
WKH�IRUP�RI�D�WXQQHO�FXUUHQW�ZD\��7R�FRQILUP
WKLV�DVVXPSWLRQ��WKH�LPDJH�RI�WKH�VDPH�VDPSOH

)LJ�����7KUHH�YLHZV�RI�WKH�VDPH�IUDJPHQW�RI�$O�2��VXUIDFH�Û�����
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YHUWLFDO�RI�WKH�ILJXUH��6PDOO�GDUN�VSKHUHV�DUH�DOXPLQLXP��JUHDWHU�OLJKW�VSKHUHV�DUH�WKH�R[\JHQ��WZR
OD\HUV�RI�R[\JHQ�GLIIHU�RQH�IURP�WKH�RWKHU�LQ�WKHLU�WRQH�

)LJ�����7KH�ORFDWLRQ�RI�WKH�HOHPHQWDU\�FHOO�V�HGJHV�LQ�WKH�FDVHV��È��WKH�VLQJOH�SKDVH�ILOP�ZLWK������
RULHQWDWLRQ�� E�� DQG� F�� WKH� YDULDQWV� RI� WZLQQLQJ� DORQJ� ������ SODQHV�� 7KH� VXEVWUDWH� SODQH� FRLQFLGHV
ZLWK� [2\� SODQH�� %ODFN� UHFWDQJOHV� LQ� WKH� ILJXUH� GHVLJQDWH� WKH� SDUDPHWHU� D� RI� WKH� ODWWLFH�� ZKLWH
UHFWDQJOHV�GHVLJQDWH�WKH�SDUDPHWHU�F�
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KDV� EHHQ� UHFHLYHG� DW� WKH� VDPH� VFDQQLQJ� SD�
UDPHWHUV� DIWHU� LWV� PDJQHWL]DWLRQ� RXWVLGH� RI
D� PLFURVFRSH�� &RUUHVSRQGLQJ� 670� LPDJH� LV
VKRZQ� RQ� )LJ����E�� 7KH� PLFURVFRSH� KDV� QRW
EHHQ� HTXLSSHG� E\� DQ\� PDJQHWRVHQVLWLYH� GH�
YLFHV�
,Q�VXPPDU\�ZH�VKDOO�QRWH��WKDW�WKH�FU\VWDO

VWUXFWXUH�DQG�WH[WXUH�)H3W�ILOPV�VWURQJO\�GH�
SHQGV�RQ�WHFKQRORJLFDO�PRGHV�RI�WKHLU�REWDLQ�
LQJ�� 7KH� EDVLF� UROH� LQ� UHFHSWLRQ� RI� LQ�SODQH
RULHQWDWLRQ� RI� F� D[LV� RI� FU\VWDO� XQLW� FHOO� LV
SOD\HG�ZLWK� WZR�IDFWRUV�� WKH�DWRPLF�RUGHU�RI
D� VXEVWUDWH� VXUIDFH�DQG�ZHDN� LRQLF�ERPEDUG�
PHQW�RI�D�ILOP�GXULQJ�LWV�JURZWK�
5HDVRQDEOH�PDJQHWLF�FKDUDFWHULVWLFV�)H3W

ILOPV�DUH�UHFHLYHG�DIWHU�PDJQHWLF�DQQHDOLQJ�
$QQHDOLQJ� ZDV� FDUULHG� RXW� LQ� RWKHU� JURXS�
3UHGLFWDEO\�� PDJQHWLF� FKDUDFWHULVWLFV� RI
ILOPV� KDYH� DSSHDUHG� DUH� FRPSOH[� IRU� LQWHU�
SUHWDWLRQ�� )RU� WKHVH� UHDVRQV� UHVXOWV� RI� UH�

VHDUFKH� RI�PDJQHWLF� SURSHUWLHV�ZLOO� EH�SXE�
OLVKHG�ODWHU��)XUWKHU�WKH�VWUXFWXUH�IURP�WZR
)H3W� ILOPV�VHSDUDWHG�E\�QRQ�PDJQHWLF� OD\HU
ZLOO�EH�LQYHVWLJDWHG�

$FNQRZOHGJPHQWV�� :H� DUH� WKDQNIXO
'U�$�5DPVWDG� IRU� IUXLWIXO� GLVFXVVLRQV� DQG
7DQGEHUJ� 6WRUDJH� $6$� IRU� VXSSRUW� RI� WKLV
UHVHDUFK�

5HIHUHQFHV
� ���9�1�6DPRIDORY��(�,�,O�\DVKHQNR��$�5DPVWDG�HW

DO���-��2SWRHOHFWURQ��DQG�$GYDQFHG�0DWHU�����
�����������

� ���1�,�9ODVRYD�� *�6�.DQGDXURYD�� /�*�2QRSUL�
HQNR�� 1�1�6FKRJROHYD��8VS�� )L]�� 1DXN�� ����
�����������

� ���9�9�1DXPRY�� 9�)�%RFKNDUHY�� $�$�*RU\DFKHY
HW�DO���7HNKQ�)L]������������������

� ���9�9�1DXPRY�� 9�)�%RFKNDUHY�� 2�6�7UXVKLQ� HW
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