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5HFHQWO\�� WKHUH� LV� DQ� LQFUHDVHG� QHHG� IRU
ODUJH�DUHD�FU\VWDO�SODWHV��H�J���SODWH�VFLQWLO�
ODWRUV� VKDSHG� DV� ODUJH� VL]H� VFUHHQV
����u���u���PP��� IRU� JDPPD� FDPHUDV�� ,Q
JHQHUDO�� WKH� SULRU� DUW� WHFKQRORJ\� RI� VXFK
VFLQWLOODWRUV� LQFOXGHV�JURZLQJ�RI�F\OLQGULFDO
VLQJOH�FU\VWDOV�XVLQJ��IRU�H[DPSOH��WKH�WHFK�
QLTXH�GHVFULEHG� LQ�>�@�IROORZHG�E\�GHIRUPD�
WLRQ�WKHUHRI�>�@�WR�REWDLQ�D�ODUJH�DUHD�SODWH�
7KH�GHIRUPLQJ�SURFHVV�UHTXLUHV�FRPSOLFDWHG
HTXLSPHQW� DQG� WKH� FU\VWDO� JURZLQJ� SURFHVV
QHHGV� WKH� XVH� RI� SUHFLRXV� PHWDOV�� WKXV� LQ�
FUHDVLQJ�WKH�SURGXFWLRQ�FRVWV�RI�WKH�VFLQWLO�
ODWRUV�� 7KH� PXOWLVWDJH� SURFHVV� UHVXOWV� LQ� D
KLJK�UHMHFWLRQ�UDWH�ERWK�DW�WKH�VLQJOH�FU\VWDO
JURZLQJ� DQG� GHIRUPLQJ�� ,W� LV� WR� QRWH� DOVR
WKDW�WKH�FU\VWDO�GHIRUPLQJ�UHTXLUHV�DV�PXFK
WLPH�DV�LWV�JURZWK�

7R� REWDLQ� WKH� ODUJH� DUHD� FU\VWDO� SODWHV
LPPHGLDWHO\� E\� GLUHFWLRQDO� FU\VWDOOL]DWLRQ�
WKH� D[LDO� KHDW� UHPRYDO� IURP� WKH� FU\VWDO�
OL]DWLRQ� IURQW� VKRXOG� SUHGRPLQDWH� GXULQJ
WKH�FU\VWDO�JURZWK��,Q�VXFK�FRQGLWLRQV��LW�LV
SRVVLEOH� WR� SURYLGH� D� IODW� FU\VWDOOL]DWLRQ
IURQW�QHFHVVDU\�WR�JURZ�D�KLJK�TXDOLW\�FU\V�
WDO� DQG� WR� DWWDLQ� D� KRPRJHQHRXV� GLVWULEX�
WLRQ�RI�GRSDQW�RYHU�WKH�FURVV�VHFWLRQ�RI�WKH
FU\VWDO�LQ�JURZWK��7KH�FURZQ�FU\VWDO�VKRXOG
DOVR� EH� HDVLO\� UHPRYDEOH� RXW� RI� FRQWDLQHU�

7KH�H[LVWLQJ�WHFKQLTXHV�RI�FU\VWDO�VFLQWLOOD�
WRU�SURGXFWLRQ�XVLQJ�FRQWDLQHUV�GR�QRW�SUR�
YLGH� WKH� GHVLUHG� UHVXOW�� VLQFH� DOO� WKH� FRQ�
VWUXFWLRQ� PDWHULDOV�� LQFOXGLQJ� JUDSKLWH
EHLQJ�XVHG� WR�PDNH� FRQWDLQHU�� DUH�ZHWWDEOH
ZLWK� DONDOL� KDOLGH� PHOWV�� WKXV� FDXVLQJ� WKH
DGKHUHQFH� RI� WKH� JURZQ� FU\VWDO� WR� WKH� FRQ�
WDLQHU�ZDOOV��'XULQJ�WKH�FRROLQJ�RI�D�FU\VWDO
�HVSHFLDOO\� D� ODUJH�DUHD� RQH��� WKHUPDO
VWUHVVHV� DULVH� UHVXOWLQJ�RIWHQ� LQ� WKH�FU\VWDO
IDLOXUH�� 7R� UHPRYH� WKH� FU\VWDO� RXW� RI� FRQ�
WDLQHU�� LW� LV� QHFHVVDU\� HLWKHU� WR� IODVK� WKH
FU\VWDO� XVLQJ� D� VSHFLDO� WHFKQRORJ\� �WKDW� LV
YHU\� GLIILFXOW� DW� ODUJH� DUHD� FU\VWDOV�� RU� WR
EUHDN�WKH�FRQWDLQHU�WKDW�LV�XQHFRQRPLFDO�

$Q�DWWHPSW�ZDV�GRQH� WR�REWDLQ�WKH�VFLQ�
WLOODWRU�FU\VWDO�SODWHV�E\�PROGLQJ� >�@�ZKHUH
D� OLQHU�ZDV� XVHG� WR�SUHYHQW� WKH� FU\VWDO� DG�
KHUHQFH� WR� WKH�FRQWDLQHU�ZDOOV��7KH�SURFHVV
LQFOXGHV� WKH� VHOHFWLRQ� RI� WKH�PRXOG�� OLQLQJ
LW��WKH�PHOW�SRXULQJ�LQWR�WKH�PRXOG��FRROLQJ
WKH�SODWH�DQG� LWV� UHPRYDO�RXW�RI� WKH�PRXOG
WRJHWKHU�ZLWK�WKH�OLQHU�DGKHUHG�WKHUHWR��7KH
PHWKRG� GUDZEDFN� FRQVLVWV� LQ� WKHW� WKH�PHOW
FU\VWDOOL]DWLRQ� UDWH� FDQQRW� EH� FRQWUROOHG
GXULQJ�WKH�ZKROH�SURFHVV�

,Q�WKLV�ZRUN��WKH�PDQXIDFWXULQJ�WHFKQRO�
RJ\�RI�ODUJH�DUHD�FU\VWDO�SODWHV�LQ�D�JDUQLV�
VDJH� �D� �FROG�� FUXFLEOH�� LV� VWXGLHG� WDNLQJ
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WKH� SODWH�VKDSHG� WKDOOLXP� GRSHG� VRGLXP� LR�
GLGH�FU\VWDO�VFLQWLOODWRUV�DV�DQ�H[DPSOH��7KH
JDUQLVVDJH�PHWKRGV�DUH�LQ�XVH�DOUHDG\�IRU�D
ORQJ� WLPH� ERWK� LQ� PHWDOOXUJ\� >�@� DQG� LQ
FU\VWDO�JURZWK�>�Ü�@�WR�REWDLQ�YDULRXV�KLJK�
SXULW\�PDWHULDOV� UHDFWLQJ� ZLWK� WKH� FUXFLEOH
ZDOOV�LQ�PHOWHG�VWDWH��,Q�SDUWLFXODU��WKH�JDU�
QLVVDJH� WHFKQLTXH� LV� XVHG� ZLGHO\� LQ� VLQJOH
FU\VWDO� JURZWK� E\� WKH� &]RFKUDOVN\� WHFK�
QLTXH��:H�KDYH�SURSRVHG�D�PHWKRG�WR�JURZ
DONDOL�KDOLGH�FU\VWDOV�WKDW�PDNHV�LW�SRVVLEOH
WR� RUJDQL]H� WKH� KHDW� UHPRYDO� IURP� D� IODW
FU\VWDOOL]DWLRQ� IURQW�RI�SUDFWLFDOO\�DQ\�DUHD
DQG� WR� UHPRYH� WKH� FU\VWDO� SODWH� RXW� RI� WKH
FRQWDLQHU��7KH�JDUQLVVDJH�OD\HU�LV�ZDWHU�VRO�
XEOH�DQG�LV�UHPRYDEOH�HDVLO\�IURP�WKH�SODWH�
7KH� FU\VWDOOL]DWLRQ� LV� FDUULHG� RXW� LQ� D� YDF�
XXP�FKDPEHU�ZKHUH�WKH�FRQWDLQHU�LV�SODFHG
ZLWK� D� KHDWHU� SRVLWLRQHG� DERYH� LW�� 7KH
KHDWHU�DUHD�VKRXOG�EH�VPDOOHU�WKDQ�WKH�FRQ�
WDLQHU�RQH�DQG�SURYLGH�D��� WR����PP�WKLFN
JDUQLVVDJH� OD\HU� QHDU� WKH� FRQWDLQHU� ZDOOV
DQG�ERWWRP�

7R�JURZ�D�SODWH�� WKH� VXEVWDQFH� LV�SODFHG
LQWR� FRQWDLQHU� KDYLQJ� D� SHULPHWHU� RI� DQ\
VKDSH� DQG� PHOWHG� LQ� D� PDQQHU� SURYLGLQJ
VRPH� XQIXVHG� GLVSHUVHG� VXEVWDQFH� UHPDLQ�
LQJ�QHDU�WKH�FRQWDLQHU�ZDOOV��7KH�GRSDQW� LV
LQWURGXFHG� WRJHWKHU� ZLWK� WKH� VXEVWDQFH� WR
EH� FU\VWDOOL]HG�� 7KH� FRQWDLQHU� FDQ� EH� PDGH
RI� D� PHWDO� RU� RWKHU� PDWHULDO� DQG� LWV� ZDOOV
DUH� FRROHG� GRZQ� WR� D� WHPSHUDWXUH� ORZHU
WKDQ� WKH� FRQVWUXFWLRQ� PDWHULDO� PHOWLQJ
SRLQW��,Q�RXU�FDVH��WKH�FRQWDLQHU�LV�PDGH�RI
DOXPLQXP�KDYLQJ�WKH�PHOWLQJ�SRLQW�HTXDO�WR
WKDW� RI� VRGLXP� LRGLGH�� $Q� H[DPSOH� RI� WKH
1D,�7O� SODWH� PDQXIDFWXULQJ� LV� SUHVHQWHG� LQ
)LJ����

7KH�UDZ�PDWHULDO��WKDOOLXP�GRSHG�VRGLXP
LRGLGH� SRZGHU�� WR� EH� PHOWHG� LV� ORDGHG� LQWR
DQ� DOXPLQXP� FRQWDLQHU� ��� 7KH� FRQWDLQHU
ZLWK� WKH�UDZ�PDWHULDO� LV� SODFHG� LQ� WKH�YDF�
XXP� FKDPEHU� �� ZLWK� FRROHG� ZDOOV� DQG� ERW�
WRP�� 7KH� FKDPEHU� LV� HYDFXDWHG� GRZQ� WR
IRUHYDFXXP�� 7KH� VDOW� GU\LQJ� DQG� RUJDQLF
LPSXULWLHV� EXUQLQJ�RXW� LV� FDUULHG� RXW� XVLQJ
WKH�NQRZQ�SURFHGXUH��7KH�UHVLVWDQFH�KHDWHU
�� LV� SRVLWLRQHG� DW� D� GLVWDQFH� DERXW� ���PP
DERYH�WKH�UDZ�PDWHULDO�VXUIDFH�DQG�LWV�WHP�
SHUDWXUH� LV� UDLVHG� JUDGXDOO\� XS� WR� WKH� UDZ
PHOWLQJ� SRLQW�� 6LQFH� WKH� KHDWHU� �� KDV� D
VPDOOHU�VXUIDFH�DUHD�WKDQ�WKH�FRQWDLQHU����D
JDUQLVVDJH�OD\HU���RI�DERXW���PP�WKLFNQHVV
LV� IRUPHG� DW� WKH� FRQWDLQHU�ZDOOV�� WKXV� KLQ�
GHULQJ� WKH� PHOW� �� FRQWDFW� WKHUHZLWK�� ,W� LV
SRVVLEOH� WR� SURYLGH� WKH� IXVLRQ� RI� D� WKLFNHU
UDZ�PDWHULDO�OD\HU�E\�YHUWLFDO�GLVSODFLQJ�WKH
KHDWHU� �� IL[HG� WR� WKH� URG� �� DW� D� FRQVWDQW
KHDWHU�SRZHU�

$IWHU� WKH� PHOW� �� LV� IRUPHG� ZLWKLQ� WKH
JDUQLVVDJH����WKH�KHDWHU�WHPSHUDWXUH�LV�ORZ�
HUHG�JUDGXDOO\�DW�D�UDWH�SURYLGLQJ�WKH�RSWL�
PXP� FU\VWDOOL]DWLRQ� VSHHG� IRU� WKH� VSHFLILF
VXEVWDQFH� ��Ü�� PP�K� LQ� RXU� FDVH��� WKXV
FDXVLQJ� WKH� FU\VWDOOL]DWLRQ� RI� WKH� PHOW� �
VWDUWLQJ�IURP�WKH�FRROHG�ERWWRP�RI�WKH�YDF�
XXP� FKDPEHU� ��� 7KH� ZKROH� FU\VWDOOL]DWLRQ
SURFHVV�RFFXUV�LQ�D�IRUHYDFXXP��WKXV�IDYRU�
LQJ� WKH� PHOW� GH�JDVVLQJ� DQG� ORZHULQJ� WKH
EXEEOH�IRUPDWLRQ�SUREDELOLW\� LQ�WKH�FU\VWDO�
$V�WKH�ZKROH�PHOW��� LV�FU\VWDOOL]HG��WKH�RE�
WDLQHG� SODWH� �� LV� DQQHDOHG� E\� ORZHULQJ� WKH
KHDWHU���WHPSHUDWXUH�DW�D�VSHFLILHG�UDWH���Ü
��� GHJ�K� LQ� RXU� FDVH���$IWHU� WKH� SODWH��� LV
FRROHG� GRZQ� WR� URRP� WHPSHUDWXUH�� WKH� FRQ�
WDLQHU���LV�UHPRYHG�IURP�WKH�YDFXXP�FKDP�
EHU����7KH�SODWH���WRJHWKHU�ZLWK�WKH�JDUQLV�
VDJH��� LV�ZLWKGUDZQ�RXW�RI� WKH�FRQWDLQHU��
DQG�WKH�JDUQLVVDJH�OD\HU�LV�UHPRYHG�

:KHQ�D�FU\VWDO�GHEULV�LV�XVHG�DV�WKH�UDZ
PDWHULDO�� WKH� SRZGHUHG� UDZ� �� �VHH� )LJ����
ZLWK�JUDLQ�VL]H�RI�PD[LPXP����Ü����PP�LV
ILUVW� SODFHG� RQWR� WKH� FRQWDLQHU� �� ERWWRP
IRUPLQJ� D� OD\HU� RI� DW� OHDVW� ��� PP� WKLFN�
QHVV��$� FRZOLQJ� �� LV� WKHQ� SODFHG� RQWR� WKDW

)LJ����� 6FKHPDWLF� YLHZ� RI� WKH� XQLW� IRU� SODWH
JURZLQJ�

)LJ�����&RQWDLQHU�ORDGLQJ�ZLWK�FU\VWDO�GHEULV�
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OD\HU�DQG�ORDGHG�ZLWK�WKH�FU\VWDO�IUDJPHQWV
��� WKH� JDS� EHWZHHQ� WKH� FRZOLQJ� �� DQG� FRQ�
WDLQHU� �� LV� ILOOHG�ZLWK� SRZGHUHG� UDZ�PDWH�
ULDO���SURYLGLQJ�WKH�OD\HU�WKLFNQHVV�DW�OHDVW
���PP��$IWHU�WKH�ORDGLQJ��WKH�FRZOLQJ���LV
UHPRYHG�DQG� WKH� UDZ�PDWHULDO� LV�PHOWHG� DV
DERYH�� ,Q� )LJ����� D� SODWH� LQ� JDUQLVVDJH� LV
VKRZQ� DQG� LQ� )LJ����� LWV� FURVV�VHFWLRQ� ���
WKH�FU\VWDO�����WKH�JDUQLVVDJH��

8VLQJ� D� SLORW� SODQW� LQFOXGLQJ� D� ����PP
GLDPHWHU� YDFXXP� FKDPEHU�� VFLQWLOODWRU
SODWHV� RI� ���u���u���PP�� KDYH� EHHQ� RE�
WDLQHG��7R�GHWHUPLQH� WKH� VFLQWLOODWLRQ� FKDU�
DFWHULVWLFV� RI� WKH� SODWH�� GHWHFWRUV� RI
��u���PP�� ZHUH� PDQXIDFWXUHG� IURP� LWV
YDULRXV�SDUWV��,W�LV�VHHQ�IURP�7DEOH�WKDW�WKH
HQHUJ\� UHVROXWLRQ� RI� WKRVH� GHWHFWRUV� LV� DW
WKH�OHYHO�RI�WKH�EHVW�VDPSOHV�JURZQ�E\�SXOO�
LQJ� IURP� PHOW� >�@� DQG� WKH� OLJKW� \LHOG� LV
FRQVLGHUDEO\�KLJKHU��7KH�UHVROXWLRQ�RYHU�WKH
���u����PP�� DUHD� LV� KRPRJHQHRXV� WR
ZLWKLQ�������DQG�OLJKW�\LHOG��WR�ZLWKLQ����
FRQGLWLRQDO�XQLWV��&/<8���7KH�WKDOOLXP�GLV�
WULEXWLRQ�RYHU�WKH����PP�SODWH�WKLFNQHVV�LV
KRPRJHQHRXV�WR�ZLWKLQ���������

7KXV�� WKH� PDQXIDFWXULQJ� RI� ODUJH� DUHD
VFLQWLOODWRU� SODWHV� E\� GLUHFW� FU\VWDOOL]DWLRQ
PDNHV�LW�SRVVLEOH�WR�RPLW�WKH�GHIRUPDWLRQ�RI
F\OLQGULFDO�FU\VWDOV��WKXV�UHGXFLQJ�FRQVLGHU�
DEO\� WKH� SURFHVV� GXUDWLRQ� DQG� LWV� FRVW�� LQ�
FOXGLQJ� WKH� UHMHFWV� UDWH�� 7KH� PHWKRG� SUR�
SRVHG�SURYLGHV�D�PD[LPXP�VLPSOLILFDWLRQ�RI
WKH� JURZWK� XQLW� GHVLJQ� DQG� PLQLPL]HV� WKH
FRQWURO�DQG�PHDVXULQJ�DSSDUDWXV��WKXV�VLP�
SOLI\LQJ�WKH�SURFHVV�FRQWURO��5HGXFHG�LV�WKH
QXPEHU�RI�SDUWV�PDGH�IURP�SUHFLRXV�PDWHUL�
DOV�VXFK�DV�SODWLQXP��7KH�WHFKQRORJ\�PDNHV
LW� SRVVLEOH� WR� PDQXIDFWXUH� WKH� VFLQWLOODWRUV
RI�DQ\�SHULPHWHU�VKDSH�DV�ZHOO�DV�SODWH�FU\V�
WDOV� RI� RWKHU� VXEVWDQFHV�� 7KH� SURFHVV� SUR�
YLGHV� WKH�GH�JDVVLQJ�RI�D�JDV�HQULFKHG�PHOW
DV� ZHOO� WKH� RYHUKHDWLQJ� RI� WKH�PHOW� LQ� WKH

VDPH�XQLW�WKDW�LV� LPSRVVLEOH�ZKHQ�WKH�VFLQ�
WLOODWRU� LV� SURGXFHG� E\� SXOOLQJ� IURP� PHOW�
$W�WKH�VFLQWLOODWRU�PDQXIDFWXULQJ��D�FRQVLG�
HUDEOH� DPRXQW� RI� ZDVWHV� LV� IRUPHG�� EXW
DERXW������WKHUHRI�FDQ�EH�XVHG�LQ�WKH�VXE�
VHTXHQW�JURZWK�RSHUDWLRQV�ZLWKRXW�DQ\�FRP�
SOH[�SUHWUHDWPHQW�
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