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7KH� IORDWLQJ�]RQH� UHFU\VWDOOL]DWLRQ� LV� DQ
HIIHFWLYH� SXULILFDWLRQ� PHWKRG� RI� YDULRXV
VXEVWDQFHV�� 'XULQJ� GHYHORSPHQW� RI� WKLV
PHWKRG��WKH�XVH�RI�OLTXLG�]RQHV�ZLWK�LQFRP�
SOHWH� PHOWLQJ� DQG� HFFHQWULF� DUUDQJHPHQW
ZDV� SURSRVHG� WR� LQFUHDVH� SURGXFWLYLW\� >�@�
5HFHQWO\�� WKLV� HPERGLPHQW� RI� IORDWLQJ�]RQH
PHOWLQJ�WDNHV�DQ�LQWHUHVW�LQ�FRQQHFWLRQ�ZLWK
SRVVLELOLW\� WR� FRPELQH� LW�ZLWK� RWKHU� SXULIL�
FDWLRQ� PHWKRGV�� $Q� LQLWLDO� PDWHULDO� IRU
IORDWLQJ�]RQH� PHOWLQJ� RIWHQ� KDV� IRUP� RI
VFUDS�RU�SRZGHU�DQG�LW�PXVW�EH�VKDSHG��IRU
H[DPSOH��E\�PHOWLQJ�� WR�D� URG��GHVLUDEO\�RI
D� URXQG� VHFWLRQ�� 2WKHU� PHWKRGV� RI� FU\VWDO
JURZWK�PD\�EH�XVHG�DV�D�SUHOLPLQDU\�RSHUD�
WLRQ� WR� VKDSH� WKH� URG�� $� SXEOLFDWLRQ� WKDW
VXPPDUL]HV�VHSDUDWH�GDWD�DERXW�WKHVH�GHYHO�
RSPHQWV�VHHPV�WR�EH�XVHIXO�

$�FU\VWDOOL]DWLRQ�PHWKRG�ZDV�SURSRVHG�WR
SXULI\� VXEVWDQFHV� ZKHUH� D� FU\VWDO� LV� VXE�
MHFWHG�WR�IORDWLQJ�]RQH�PHOWLQJ�LQ�WKH�FRXUVH
RI� LWV� IRUPLQJ� E\� SXOOLQJ� WKH� FU\VWDO� IURP
PHOW� �&]RFKUDOVNL� PHWKRG��� )LJ���� >�@�� 7KH
FU\VWDOOL]DWLRQ� SXULILFDWLRQ� RI� VXEVWDQFH� E\
D� FRPELQHG� PHWKRG� RFFXUV� DV� GXULQJ� WKH
FU\VWDO� IRUPLQJ� � E\� &]RFKUDOVNL� DV� ZHOO� DV
GXULQJ�WKH�IORDWLQJ�]RQH�UHFU\VWDOOL]DWLRQ�

7KH� IORDWLQJ�]RQH� PHOWLQJ� FDQ� EH� FRP�
ELQHG�ZLWK�9HUQHLO�PHWKRG� WR� SUHSDUH� SXUH

VLQJOH� FU\VWDOV� IURP� UHIUDFWRU\� SRZGHUV
�)LJ����� >�@�� 7KH� JURZLQJ� FU\VWDO� �� PRYHV
UHODWLYHO\� WR� WKH� ]RQH�KHDWHU� �RU� ]RQH�KHDW�
HUV��DQG� LV�VXEMHFWHG�WR�DGGLWLRQDO�SXULILFD�
WLRQ�E\�IORDWLQJ�]RQH�UHFU\VWDOOL]DWLRQ�

/DWHU�� LW� ZDV� SURSRVHG� WR� LQFUHDVH� WKH
SXULILFDWLRQ� HIILFLHQF\�E\� VXEVWLWXWLRQ�RI� WKH
FU\VWDO�SXOOLQJ�IURP�PHOW�E\�GLVWLOODWLRQ�ZLWK
FRQGHQVDWLRQ� LQ� D� WHPSHUDWXUH� JUDGLHQW� >�@�
)LJ�����7R� WKDW� HQG�� D� GLVWLOODWLRQ� GHYLFH� LV
XVHG� WKDW� SURYLGHV� WKH� URG�VKDSHG� FRQGHQ�
VDWH�E\�SXOOLQJ�WKH�FRQGHQVDWH�IURP�FRQGHQ�
VDWLRQ�]RQH�>�@��,W�LV�NQRZQ�WKDW�GLVWLOODWLRQ
PD\�EH�D�PRUH�HIIHFWLYH�SXULILFDWLRQ�PHWKRG
IURP� VHYHUDO� DGPL[WXUHV� IRU� PDQ\� VXE�
VWDQFHV�LQ�FRPSDULVRQ�ZLWK�UHFU\VWDOOL]DWLRQ
>�@�DQG�WKDW�LW�LV�H[SHGLHQW�WR�XVH�D�FRPSOH[
RI�SXULILFDWLRQ�PHWKRGV� WR� LQFUHDVH� WKH�SX�
ULILFDWLRQ� HIILFLHQF\� >�@��0RUHRYHU�� WKH� GLV�
WLOODWLRQ� ZLWK� FRQGHQVDWLRQ� LQ� WHPSHUDWXUH
JUDGLHQW� SURYLGHV� DQ� LQFUHDVHG� SXULILFDWLRQ
HIILFLHQF\� LQ�FRPSDULVRQ�ZLWK�VLPSOH�GLVWLO�
ODWLRQ�>�@���

,Q�WKH�GHYLFH�VKRZQ�LQ�)LJ�����D�WHPSHUD�
WXUH�JUDGLHQW�DORQJ�WKH�YDSRU�GXFW�LV�HVWDE�
OLVKHG�D�UHVXOW�RI�KHDW�UDGLDWLRQ�IURP�FUXFL�
EOH��$W�WKH�LQLWLDO�SRVLWLRQ��WKH�VHHG�FU\VWDO
LV� SODFHG� VR� WKDW� LWV� ERWWRP� EXWW� KDV� WKH
SUHGRPLQDQW� FRQGHQVDWLRQ� WHPSHUDWXUH� RI
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PDLQ� FRPSRQHQW�� 7KH� YDSRUV� RI� WKH� VXE�
VWDQFH�WR�EH�SXULILUHG�PRYH�DORQJ�WKH�YDSRU
GXFW� DQG� DUH� FRQGHQVHG� RQ� WKH� FU\VWDO� ERW�
WRP� EXWW�� �7KH� EDIIOHV� SUHYHQW� WKH� GLUHFW
SDVVLQJ�RI�YDSRUV�IURP�PDWHULDO� LQ�FUXFLEOH
WR�FU\VWDO�ZLWKRXW�UHSHDWHG�LPSDFWV�ZLWK�WKH
GXFW�ZDOO���7KH�ORZ�YRODWLOH�FRPSRQHQWV�FRQ�
GHQVH� LQ� WKH� GXFW� EHORZ� WKH� OHYHO� RI� WKH
SUHGRPLQDQW� FRQGHQVDWLRQ� WHPSHUDWXUH� RI
PDLQ�EDVLF�FRPSRQHQW�ZKLOH�YRODWLOH�FRPSR�
QHQWV�JR�DZD\�WKURXJK�WKH�JDS�EHWZHHQ�WKH
FU\VWDO�DQG�WKH�YDSRU�GXFW��$V�D�UHVXOW��WKH
SXUH� FRQGHQVDWH� JURZV� RQ� WKH� FU\VWDO� ERW�
WRP� EXWW�� 7KH� JURZLQJ� FU\VWDO� LV� PRYHG
UHODWLYHO\� RI� ]RQH� KHDWHU� �RU� ]RQH� KHDWHUV�
DQG� LV� VXEMHFWHG� WR� VXSSOHPHQWDU\�SXULILFD�
WLRQ�E\�IORDWLQJ�]RQH�UHFU\VWDOOL]DWLRQ����

7KXV�� WKH� VFKHPHV� VKRZQ� GHPRQVWUDWH� D
FRPELQDWLRQ� SRVVLELOLW\� RI� WKH� IORDWLQJ�]RQH
UHFU\VWDOOL]DWLRQ� ZLWK� RWKHU� SXULILFDWLRQ
PHWKRGV� �&]RFKUDOVNL�� 9HUQHLO�� GLVWLOODWLRQ�
WR� LQFUHDVH� RI� SXULILFDWLRQ� HIILFLHQF\�� ,W� LV
WR�QRWH�WKDW�LQ�WKHVH�PHWKRGV��WKH�SXULILFD�
WLRQ� IURP� LPSXULWLHV� FRQQHFWHG� ZLWK� FUXFL�
EOH�PDWHULDO�RFFXUV��WRR��DQG�WKDW�WKH�VKRZQ
VFKHPHV� SHUPLW� WR� UHDOL]H� WKH� IORDWLQJ�]RQH
PHOWLQJ� ZLWK�PHOW� IHHGLQJ� LQ� FUXFLEOH�� 7KH
FRPELQHG� PHWKRGV� KDYH� D� ORZHU� SRZHU� UH�
TXLUHPHQWV� VLQFH� WKH� FU\VWDO� H[SRVHG� WR
IORDWLQJ�]RQH� PHOWLQJ� GLG� QRW� JHW� FROG� LQ
SUHYLRXV�SURFHVV�

,W�LV�WR�QRWH�DOVR�WKDW�WKHUH�DUH�HTXDWLRQV
RI� LPSXULW\� GLVWULEXWLRQ� DORQJ� WKH� FU\VWDOV

JURZQ� E\� YDULRXV� GLUHFWLRQDO� UHFU\VWDOOL]D�
WLRQ� PHWKRGV� >�@� RU� XVLQJ� WKH� GLVWLOODWLRQ
>������@��+RZHYHU��WKH�FDOFXODWLRQ�RI�LPSX�
ULW\�GLVWULEXWLRQ�LQ�WKH�FU\VWDO�IRU�FRPELQHG
PHWKRGV�UHPDLQV�VWLOO�DQ�XQVROYHG�SUREOHP�

)LJ�����6FKHPH�RI�IORDWLQJ�]RQH�PHOWLQJ�FRP�
ELQHG�ZLWK�WKH�FU\VWDO�SXOOLQJ�IURP�WKH�PHOW�
D��ZLWK�RQH�OLTXLG�]RQH��E��ZLWK�WZR�HFFHQWULF
]RQHV������FUXFLEOH�����FUXFLEOH�KHDWHU�����]RQH
KHDWHU�� ��� PHOWHG� LQLWLDO� PDWHULDO�� ��� VHHG
FU\VWDO�����SXOOHG�FU\VWDO�����OLTXLG�]RQH��

)LJ����� 6FKHPH� RI� IORDWLQJ�]RQH� PHOWLQJ� LQ
FRPELQDWLRQ�ZLWK� GLVWLOODWLRQ�� ��� FUXFLEOH����
YDSRU�GXFW�����EDIIOHUV�����FUXFLEOH�KHDWHU����
KHDW� VKLHOG����� ]RQH� KHDWHUV����� LQLWLDO�PDWH�
ULDO�����FU\VWDO�����OLTXLG�]RQH��&XUYH���LV�WKH
WHPSHUDWXUH� GLVWULEXWLRQ� DORQJ� WKH� FUXFLEOH
DQG�YDSRU�GXFW��FXUYH����WKH�WHPSHUDWXUH�GLV�
WULEXWLRQ�DORQJ�WKH�FU\VWDO��7H�LV�WKH�HYDSRUD�WLRQ�WHPSHUDWXUH��7P�LV�WKH�PHOWLQJ�WHPSHUD�
WXUH�� 7F� LV� WKH� SUHGRPLQDQW� FRQGHQVDWLRQ
WHPSHUDWXUH�RI�PDLQ�FRPSRQHQW�

)LJ����� 6FKHPH� RI� IORDWLQJ�]RQH� PHOWLQJ� LQ
FRPELQDWLRQ�ZLWK�9HUQHLO�PHWKRG�����FU\VWDO�
���PDLQ�KHDWHU����� DGGLWLRQDO�]RQH�KHDWHU����
GRVLQJ� GHYLFH� IRU� LQLWLDO� SRZGHU�����PHOW����
OLTXLG�]RQHV�����LQLWLDO�SRZGHU�
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