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/LTXLG� SKDVH� KHWHURHSLWD[\� GLIILFXOWLHV
DSSHDUHG� GXH� WR� GLIIHUHQFH� LQ� FKHPLFDO� SR�
WHQWLDOV� RI� VROXWLRQ�PHOW� DQG� VXEVWUDWH� DQG
PLVPDWFKHG� ODWWLFH� FRQVWDQWV� RI� HSLWD[LDO
OD\HU� DQG� VXEVWUDWH� UHVXOW� LQ� GLVWRUWLRQ� RI
WKH� FU\VWDOOL]DWLRQ� IURQW� VWDELOLW\�� $V� D� UH�
VXOW�� GHYLDWLRQ� RI� HSLWD[LDO� OD\HU� WKLFNQHVV
DQG�FRPSRVLWLRQ�IURP�WKRVH�QHFHVVDU\�WR�UH�
DOL]H�SODQDU�GHYLFH�VWUXFWXUHV�EDVHG�RQ�KHW�
HURMXQFWLRQV�� 7R� SUHYHQW� WKH� VXEVWUDWH� GLV�
VROXWLRQ�� WKH� KHWHURHSLWD[\� IURP� OLTXLG
SKDVH� WKDW� LV� LQLWLDOO\� RYHUFRROHG� ZLWK� UH�
VSHFW� WR� HTXLOLEULXP� VWDWH� LV� XVXDOO\� XVHG
>�@�� 6WUDLQV� WKDW� XVXDOO\� DSSHDU� DW� KHW�
HURHSLWD[\� DQG� SURGXFH� ERWK� LQFUHDVLQJ� RI
WKH� VROLG� SKDVH� FKHPLFDO� SRWHQWLDO� >�@� DQG
FU\VWDOOL]DWLRQ� IURQW� SHUWXUEDWLRQ� >�@�� GH�
PDQG� DQ� DGGLWLRQDO� VXSHUFRROLQJ� DW� WKH
FU\VWDOOL]DWLRQ� IURQW� DQG� KLJK� FU\VWDO�
OL]DWLRQ�UDWH�GXULQJ�LQLWLDO�VWDJHV�RI�JURZWK
>�@�� %XW� WDNLQJ� LQWR� DFFRXQW� WKDW� WKH� FRQ�
WUROOHG� JURZWK� FDQ� EH� UHDOL]HG� RQO\� XQGHU
OLPLWHG�VXSHUFRROLQJ�ZKHQ�WKH�VROXWLRQ�PHOW
LV� QRW� IDOO� WR� ODELOH� UHJLRQ� >�@�� LW� LV� QRW

DOZD\V�SRVVLEOH�WR�DYRLG�WKH�SUREOHPV�DW�WKH
LQLWLDO� KHWHURHSLWD[\� VWDJHV�� 7KLV� GHFUHDVHV
WKH�UHSURGXFLELOLW\�RI�VWUXFWXUDO�SDUDPHWHUV
DQG�� KHQFH�� GHWHULRUDWHV� WKH� HOHFWURSK\VLFDO
SURSHUWLHV� RI� KHWHURMXQFWLRQV�� ,Q� WKLV� FRQ�
QHFWLRQ��ZH�FRQVLGHU�LQ�WKLV�ZRUN�WKH�SRVVL�
ELOLW\� WR� SURYLGH� VSHFLDO� FRQGLWLRQV� DW� WKH
FU\VWDOOL]DWLRQ� IURQW� ZKLFK� HQDEOH� ERWK
DYRLGLQJ� WUDGLWLRQDO� KHWHURHSLWD[LDO� SURE�
OHPV�DQG��DW�WKH�VDPH�WLPH��VWUXFWXUDO�SHU�
IHFWLRQ� WKDW� LV� W\SLFDO� IRU� OLTXLG�SKDVH� HSL�
WD[\��/3(���

7KH�SURYLGLQJ�RI�PDWHULDO�VWUXFWXUH�SHU�
IHFWLRQ� LQ�/3(� FRQGLWLRQV� XQGHU� VLPXOWDQH�
RXV� EORFNLQJ� RI� QHJDWLYH� SKHQRPHQD� FRQ�
QHFWHG� ZLWK� GLIIHUHQFHV� LQ� FU\VWDO�FKHPLFDO
SDUDPHWHUV�RI�VXEVWUDWH�DQG�KHWHURHSLWD[LDO
OD\HU�PDWHULDOV� LV� SRVVLEOH�XQGHU� FRQWUROOHG
YDULDWLRQ�RI�WKH�OD\HU�FU\VWDOOL]DWLRQ�PHFKD�
QLVP��$IWHU�D�VKRUW�SHULRG�RI�LQLWLDO�JURZWK
XQGHU� KLJK� VXSHUVDWXUDWLRQ� DQG� FU\VWDO�
OL]DWLRQ� UDWH� YDOXHV��ZKLFK� SURYLGHV� IRUPD�
WLRQ� RI� SODQDU� SURWHFWLYH� OD\HU� E\� WKH
)UDQN�YDQ�GHU�0HUYH� PHFKDQLVP�� D� SHULRG

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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RI� HTXLOLEULXP� FU\VWDOOL]DWLRQ� PXVW� IROORZ�
7R� SURYLGH� VXFK� FRQGLWLRQV� DW� WKH� FU\VWDO�
OL]DWLRQ� IURQW�� WKH� SXOVH� FRROLQJ� ZLWK� VXLW�
DEOH�WHPSHUDWXUH�WLPH�SURILOH�DW�WKH�FU\VWDO�
OL]DWLRQ� IURQW� �773&)�� LV� QHFHVVDU\�� 7UDGL�
WLRQDO� PHWKRGV� RI� IRUFHG� FRROLQJ� FDQQRW
SURYLGH� VKDUS� WHPSHUDWXUH� SXOVHV� GXH� WR
KLJK� WKHUPDO� LQHUWLD� RI� WKH� V\VWHP�� 7KH
ZHOO�NQRZQ� /3(� PHWKRGV� SURYLGLQJ� KLJK
FU\VWDOOL]DWLRQ� UDWHV� �WKH� KLJK�UDWH� DQG
YHU\�KLJK�UDWH�FRROLQJ�RI�VDWXUDWHG�VROXWLRQ�
PHOW�� VXEVWUDWH� VKRRWLQJ� WKURXJK� WKH� VROX�
WLRQ�PHOW�� SXOVH� FRROLQJ� RI� VDWXUDWHG� VROX�
WLRQ�PHOW��HWF���GR�QRW�SURYLGH�WKH�DUELWUDU\
773&)�FRQWURO��%HVLGHV��DW�SXOVH�FRROLQJ�RI
WKH� VXEVWUDWH�VROXWLRQ�PHOW� V\VWHP� FDXVHV
WKH�SUREOHPV�PHQWLRQHG�EHORZ�

)LUVW�� WKH� SXOVH� LQFOXGHV� QRW� RQO\� WKH
WHPSHUDWXUH�GURSSLQJ�IURQW��SXOVH�HGJH���EXW
DOVR� WKH� WHPSHUDWXUH� ULVLQJ� RQH�� 7KLV� VLWX�
DWLRQ�LV�QRQ�WULYLDO�IRU�FRQYHQWLRQDO�HSLWD[LDO
OD\HU� JURZWK�PHWKRGV��$V� D� UHVXOW�� QHJDWLYH
FU\VWDOOL]DWLRQ� UDWHV� EHFRPH� SRVVLEOH�� WKXV
FDXVLQJ� WKH� HSLWD[LDO� OD\HU� GLVVROXWLRQ� DQG
LQIOXHQFLQJ� XQIDYRUDEO\� WKH� SODQDULW\� RI
FXUUHQW� OD\HU� DQG�QH[W� OD\HUV��7KH�SUREOHP
RI�SRVLWLYH�FU\VWDOOL]DWLRQ�UDWHV�PDLQWDLQLQJ
GXULQJ�WKH�ZKROH�HSLWD[LDO�JURZWK�SURFHVV�LV
YHU\� LPSRUWDQW� IRU� SURYLGLQJ� RI� HSLWD[LDO
OD\HU� SODQDULW\�� 7KH� SUREOHP� DSSHDUV� EH�
FDXVH�WKH�WHPSHUDWXUH�DW�WKH�FU\VWDOOL]DWLRQ
IURQW�ULVHV�DIWHU�SDVVDJH�RI�WKH�PD[LPXP�RI
VXSHUFRROLQJ�� WKXV� VWLPXODWLQJ� DQ� LQFUHDVH
RI�WKH�HTXLOLEULXP�VROXWH�FRQFHQWUDWLRQ�RI�LQ
WKH�VROXWLRQ�PHOW�DW�D�UDWH��

w&��[�W�
wW � �w7�[�W�wW P� ���

ZKHUH�P� LV� WKH� OLTXLGXV� VORSH�� 7KH� FRQFHQ�
WUDWLRQ�FKDQJH�LQ�DQ\�SRLQW�GXH�WR�GLIIXVLRQ
LV�GHVFULEHG�E\�WKH�VHFRQG�)LFN�ODZ

w&�[�W�
wW � �''&�[�W�� ���

ZKHUH�'� LV� WKH�GLIIXVLRQ�FRHIILFLHQW�RI�VXU�
SOXV�VROXWH�DWRPV�LQ�WKH�VROXWLRQ�PHOW�

,I�WKH�HTXLOLEULXP�VROXWH�FRQFHQWUDWLRQ�DW
WKH�FU\VWDOOL]DWLRQ�IURQW�FKDQJHV�IDVWHU�WKDQ
LW� LV� FRPSHQVDWHG� GXH� WR� GLIIXVLRQ� WUDQV�
SRUW�� WKHQ� D� QHJDWLYH� VXSHUVDWXUDWLRQ� LV
IRUPHG�DW�WKH�HSLWD[LDO�OD\HU���VROXWLRQ�PHOW
LQWHUIDFH�� $V� D� UHVXOW�� SRVLWLYH� FU\VWDO�
OL]DWLRQ� UDWH� FKDQJHV� WR� QHJDWLYH� RQH�� WKXV
FDXVLQJ�D�SDUWLDO�GLVVROXWLRQ�RI�WKH�HSLWD[LDO
OD\HU�� $EVHQFH� RI� GLVVROXWLRQ� DIWHU� VXSHU�
FRROLQJ� PD[LPXP� SDVVDJH� FDQ� EH� SURYLGHG
RQO\�ZKHQ�WKH�FKDQJH�RI�HTXLOLEULXP�VROXWH

FRQFHQWUDWLRQ�DW� WKH�FU\VWDOOL]DWLRQ�IURQW� LV
VORZHU�WKDQ�WKH�GLIIXVLRQ�WUDQVSRUW���
w&�[�W�

wW ���w&��[�W�wW � ''&�[�W����Pw7�[�W�
wW �!������

7KH�FRQGLWLRQ�����FDQ�EH�UHDOL]HG�E\�SUR�
YLGLQJ�D�VXLWDEOH�773&)�

0RUHRYHU�� GXULQJ� TXDVL�HTXLOLEULXP
JURZWK�DW�D�ORZ�FU\VWDOOL]DWLRQ�UDWH�UHTXLUHV
D� SURORQJHG� FRROLQJ� DW� WKH� FU\VWDOOL]DWLRQ
IURQW�� WKDW� LV��D�WLPH�XQUHVWULFWHG��FRQWLQX�
RXV�KHDW�UHPRYDO�

)URP� WKH� IRUHJRLQJ� IDFWV�� WKH� PDLQ� UH�
TXLUHPHQW�WR�KHDW�IORZ�WKURXJK�VXEVWUDWH�LV
WKDW�LW�VKRXOG�EH�HDVLO\�FRQWUROOHG��ORZ�LQHU�
WLDO� DQG� WLPH�XQUHVWULFWHG�� ,Q� SUDFWLFH�� WKH
KHDW� IORZ� LV� SURYLGHG� E\� FRQWDFW� RI� VXE�
VWUDWH� EDFNVLGH�ZLWK� D� ERG\� FROGHU�ZLWK� UH�
VSHFW� WR� LW�� WKDW� LV�� D� KHDW� DEVRUEHU�� 7KH
KHDW�DEVRUEHU�VKRXOG�KDYH�DQ�XQOLPLWHG�KHDW
FDSDFLWDQFH� DQG� SURYLGH� HDV\� WLPH�FRQWURO�
OHG�KHDW�WUDQVIHU�IDFWRU�IURP�WKH�IDOVH�VXE�
VWUDWH� EDFNVLGH�� 7DNLQJ� LQWR� DFFRXQW� WKH
W\SLFDO� FU\VWDOOL]DWLRQ� SURFHVV� WHPSHUDWXUH
YDOXHV�� WKRVH� UHTXLUHPHQWV� FDQ� EH� VDWLVILHG
RQO\� XVLQJ� D� JDVHRXV� KHDW� DEVRUEHU� WKDW� LV
IHG�WR�WKH�UHDFWRU�IURP�RXWVLGH��7KH�UHDFWRU
RXWVLGH� IHHGLQJ� SURYLGHV�XQOLPLWHG�KHDW� FD�
SDFLWDQFH� DQG� KHDW� WUDQVIHU� IDFWRU� FDQ� EH
FKDQJHG�GXULQJ�WKH�JURZWK�E\�WLPH�FRQWURO�
OHG�JDV�FRQVXPSWLRQ�

+RZHYHU��WR�XVH�D�JDVHRXV�KHDW�DEVRUEHU�
D�KHDW�H[FKDQJHU�EHWZHHQ�VXEVWUDWH�DQG�JDV
LQ� WKH� JURZWK� FDVVHWWH� LV� QHFHVVDU\�� )RU
PRVW� HDV\� FRQVWUXFWLRQ� KHDW� H[FKDQJHUV
RSHQ� LQWR� UHDFWRU�� WKH� KHDW� DEVRUELQJ� JDV
VKRXOG� KDYH� WKH� VDPH� FRPSRVLWLRQ� DV� WKH
WHFKQRORJLFDO�JDV�LQVLGH�WKH�UHDFWRU���

2QH�RI�SRVVLEOH�KHDW�H[FKDQJHUV� FRQVWUXF�
WLRQV�LV�VKRZQ�LQ�)LJ�����6XEVWUDWH����WKDW�LV
LQ�FRQWDFW�ZLWK�VDWXUDWHG�VROXWLRQ�PHOW����WKH
HTXLOLEULXP�WKHUHRI�EHLQJ�SURYLGHG�E\�FRQWDFW
ZLWK� VXEVWUDWH� VXSSRUW� ��� LV� FRROHG� E\� JDV
IORZ� ��� WKDW� LV� IHG� WKURXJK� D� TXDUW]� SLSH� �
LQWR�WKH�KHDW�H[FKDQJHU��IRUPHG�E\�PHDQV�RI
TXDUW]�SODWH����$�JUDSKLWH�SOXPPHW���IL[�WKH
IDOVH�VXEVWUDWH�

)RU�JURZWK�UHDOL]DWLRQ��LW�LV�QHFHVVDU\�WR
NQRZ� D� SULRUL� WKH� WLPH� GHSHQGHQFH� RI� KHDW
DEVRUELQJ� JDV� FRQVXPSWLRQ� WR� IRUP� WKH� UH�
TXLUHG� 773&)�� ZKLFK� LV� DOVR� QRW� NQRZQ
FRPSOHWHO\�� %XW� YHU\� FRPSOLFDWHG� XQVWHDG\
KHDW� DQG� PDVV� WUDQVIHU� SURFHVVHV�� WDNLQJ
SODFH� DW� SXOVH� HSLWD[\�� PDNH� LPSRVVLEOH� WR
VROYH� LQYHUVH� SUREOHP� RI� KHDW� DQG� PDVV
WUDQVIHU��WR�ILQG�773&)�ZKHQ�WKH�DUJXPHQW
LV� WKH� OD\HU� WKLFNQHVV�� 7KDW� LV� ZK\� WKH� UH�
TXLUHG�773&)�LV�GHWHUPLQHG�E\�WKH�KHDW�DQG
PDVV�WUDQVIHU�VLPXODWLRQ�ZKHUH�WKH�VWDUWLQJ
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SDUDPHWHU� LV� DQ� LQLWLDO� DSSUR[LPDWLRQ� RI
773&)�� ZKLFK� LV� FRUUHFWHG� ZLWK� UHVSHFW� WR
OLPLWDWLRQV�IRU�WKH�FU\VWDOOL]DWLRQ�UDWHV�YDO�
XHV�

7KH� KHDW� WUDQVPLVVLRQ� LV� GHVFULEHG� E\
IROORZLQJ�GHIHUHQWLDO�HTXDWLRQ�V\VWHP��
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:HUH��Ol��O)6��O*�DUH��WKH�KHDW�FRQGXF�
WLYLW\� RI� VROXWLRQ�PHOW�� VXEVWUDWH� VXSSRUW�
DQG� SOXPPHW�� UHVSHFWLYHO\��°l�� °)6�� °*� DUH
WKH� KHDW� FDSDFLWDQFH� RI� VROXWLRQ�PHOW�� VXE�
VWUDWH� VXSSRUW�� DQG� SOXPPHW�� UHVSHFWLYHO\�
Ul�� U)6�� U*� DUH� WKH� GHQVLWLHV� RI� VROXWLRQ�
PHOW�� VXEVWUDWH� VXSSRUW�� DQG� SOXPPHW�� UH�
VSHFWLYHO\�� M&� LV� WKH� � FU\VWDOOL]DWLRQ� VXE�
VWDQFH� IORZ�� (&� LV� WKH� FU\VWDOOL]DWLRQ� HQ�
WKDOS\�� 7I� LV� WKH� IXUQDFH� WHPSHUDWXUH�
7&)�W�� LV� WKH� WHPSHUDWXUH� DW� WKH� FU\VWDO�
OL]DWLRQ� IURQW�� 7R� GHWHUPLQH� WKH� FU\VWDO�
OL]LQJ� VXEVWDQFH� IORZ�� LW� LV� QHFHVVDU\� WR
VROYH�WKH�PDVV�WUDQVIHU�SUREOHP�LQ�VROXWLRQ
PHOW� LQ� FRPELQDWLRQ�ZLWK� WKH� KHDW� WUDQVPLV�
VLRQ� SUREOHP�� 'LIIXVLRQ� HTXDWLRQ� RI� VXUSOXV
DWRPV�DW�FRQFHQWUDWLRQ�GLVWULEXWLRQ�1�[�W��LV

w1�[�W�
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ZLWK� LQLWLDO� DQG� ERXQGDU\� FRQGLWLRQV� �FU\V�
WDOOL]DWLRQ�UDWH�LV�DVVXPHG�WR�EH�XQOLPLWHG��


®
¯

°°
°°

1�[��W�� ���
w1�[��W��

wW � �f
1�[���� ���

�����
���

7KH� KHDW� DQG�PDVV� WUDQVIHU� SUREOHP�GH�
VFULEHG� E\� HTXDWLRQV� ���Ü���� FDQ� EH� VROYHG
E\� QXPHULFDO� PHWKRGV�� IRU� H[DPSOH�� ILQLWH
GLIIHUHQFHV� PHWKRG�� $V� D� VROXWLRQ�� ZH� RE�
WDLQ� WKH� H[SHFWHG� HSLWD[LDO� OD\HU� WKLFNQHVV
DQG�KHDW�IORZ�T�[��W���%\�FRUUHFWLQJ�773&)�ZH� ILQG� VXFK� RQH� ZKLFK� VDWLVILHV� DOO� WKH
DERYH�FRQVLGHUHG�JURZWK�FRQGLWLRQV�

7KH�QH[W�SUREOHP�LV�WR�ILQG�WKH�QHFHVVDU\
KHDW� IORZ� WKURXJK� WKH� VXEVWUDWH� EDFNVLGH�
WKDW� LV�� WKH�KHDW� IORZ�WKURXJK�WKH�KHDW�H[�
FKDQJHU��7R�GR�WKLV��LW�LV�QHFHVVDU\�WR�VROYH
WKH� LQYHUVH� KHDW� FRQGXFWLRQ� SUREOHP�� $F�
FRUGLQJ� WR� %XUJJUDI� DSSURDFK� >�@�� IRU� RQH�
GLPHQVLRQDO�V\VWHP�ZLWK�IODW�JHRPHWU\���
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ZKHUH�D6�LV�WKH�VXEVWUDWH�WKHUPDO�GLIIXVLYLW\�1HFHVVDU\�JDV�FRQVXPSWLRQ�FDQ�EH�IRXQG
IURP�WKH�KHDW�EDODQFH

�D�*�����7���W����7��� �T���W�� ���

)LJ����� 6FKHPDWLF� FRQVWUXFWLRQ� RI� KHDW� H[�
FKDQJHU� IRU� VXEVWUDWH� FRROLQJ� E\� JDV� LV� IHG
LQWR�UHDFWRU�IURP�RXWVLGH�

1HZV�RI�7HFKQRORJ\
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ZKHUH�*� LV� WKH�JDV�FRQVXPSWLRQ��D�*���KHDW
WUDQVIHU� IDFWRU� LQ� WKH� KHDW� H[FKDQJHU�� ���WHPSHUDWXUH� RI� JDV� HQWHULQJ� WKH� KHDW� H[�
FKDQJHU��

)RU�WKH�SURSRVHG�KHDW�H[FKDQJHU��WKH�JDV
KHDW� WUDQVIHU� IDFWRU� LV� GHWHUPLQHG� E\
1XVVHOW�HTXDWLRQ�>�@��
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GLVWDQFH�EHWZHHQ�VXEVWUDWH�DQG�TXDUW]�SODWH�
G�LV�WKH��HIIHFWLYH�KHDW�H[FKDQJHU�GLDPHWHU�
DBB�LV�WKH�DYHUDJH�KHDW�WUDQVIHU�IDFWRU�

7KH� FRUUHFWQHVV� RI� KHDW� DQG�PDVV� WUDQV�
IHU� PRGHO� IRU� WKH� FRQVLGHUHG� PHWKRG� ZDV
FKHFNHG� LQ� H[SHULPHQW� ZLWK� S±*D$V� HSL�
WD[LDO� JURZWK� RQ� Q±*D$V� ������ VXEVWUDWH
ZLWK�FDUULHU�FRQFHQWUDWLRQ��������FPÜ���7KH
VROXWLRQ�PHOW� VDWXUDWLRQ� WHPSHUDWXUH� ZDV
����&�� +\GURJHQ� ZDV� XVHG� DV� WKH� WHFKQR�
ORJLFDO�JDV�DQG�KHDW�DEVRUELQJ�JDV��7KH�IRO�
ORZLQJ� UHTXLUHPHQWV� WR� 773&)� ZHUH� XVHG�
7R�REWDLQ�D�VKDUS�FRQFHQWUDWLRQ�SURILOH��WKH
LQLWLDO� JURZWK� UDWH� KDG� WR� EH� KLJK� ���Ü
��� QP�V��� DQG� IROORZLQJ� HSLWD[LDO� OD\HU
JURZWK� KDG� WR� EH� FDUULHG� RXW� DW� D� ORZ
JURZWK�UDWH���Ü��QP�V���6XFK�SURILOH�ZDV�D
PRGHO�RI�773&)�QHFHVVDU\�DW�KHWHURHSLWD[\�
DV�KDV� EHHQ� FRQVLGHUHG� DERYH��7KH� UHTXLUHG
K\GURJHQ� FRQVXPSWLRQ� IRU� WKH� DFFHSWHG
773&)�ZDV�FDOFXODWHG��7KH�WLPH�GHSHQGHQFH
RI� K\GURJHQ� FRQVXPSWLRQ� DGDSWHG� IRU� WHFK�
QLFDO� UHDOL]DWLRQ� �SLHFHZLVH�OLQHDU� DSSUR[L�
PDWHG�� LV� VKRZQ� LQ�)LJ���� �XQVWHDG\� UHJLRQ
RQO\��� 7KH� FDOFXODWHG� WLPH� GHSHQGHQFHV� RI
WKH� FU\VWDOOL]HG� HSLWD[LDO� OD\HU� WKLFNQHVV
DQG� FU\VWDOOL]DWLRQ� IURQW� WHPSHUDWXUH� �XQ�

VWHDG\�UHJLRQ�RQO\��DUH�VKRZQ�LQ�)LJ����DQG
)LJ�����UHVSHFWLYHO\�

7KH�JURZWK�WLPH�ZDV���PLQXWHV��7KHQ�WKH
VROXWLRQ�PHOW� ZDV� GHFDQWHG� IURP� WKH� VXE�
VWUDWH��7KH�FURVV�VHFWLRQ�RI�WKH�VDPSOH�FOHDY�
DJH� ZDV� HWFKHG� LQ� .�&U�2��+�2�� +�62�� ����J�����PO�����PO� PL[WXUH�� ,WV� SKRWR� RE�
WDLQHG� XVLQJ� D� /LQQHN� PLFURLQWHUIHURPHWHU
PLFURVFRSH�0,,���LV�VKRZQ�LQ�)LJ�����7KH�HSL�
WD[LDO� OD\HU� WKLFNQHVV� LV� HVWLPDWHG� WR� EH� RI
����PP� DQG� LV� LQ� D� JRRG� DJUHHPHQW� ZLWK

)LJ����� &DOFXODWHG� GHSHQGHQFH� RI� K\GURJHQ
FRQVXPSWLRQ� RQ� FU\VWDOOL]DWLRQ� WLPH�� 8Q�
VWHDG\� UHJLRQ� LV� VKRZQ� RQO\�� 'RWWHG� OLQH
VKRZV�OLQH�RI�HTXDO�FRQVXPSWLRQ�

)LJ����� &DOFXODWHG� GHSHQGHQFH� RI� FU\VWDO�
OL]DWLRQ� LQWHUIDFH� WHPSHUDWXUH� RQ� FU\VWDO�
OL]DWLRQ�WLPH��8QVWHDG\�UHJLRQ�LV�VKRZQ�RQO\�
'RWWHG�OLQH�VKRZV�LVRWKHUP�

)LJ����� &DOFXODWHG� GHSHQGHQFH� RI� HSLWD[LDO
OD\HU� WKLFNQHVV� RQ� FU\VWDOOL]DWLRQ� WLPH�� 8Q�
VWHDG\�UHJLRQ�LV�VKRZQ�RQO\�

)LJ����� 7KH� FURVV�VHFWLRQ� RI� *D$V�Q±*D$V
������ HSLWD[LDO� VWUXFWXUH� WUHDWHG� LQ� VHOHFWLYH
HWFKDQW��7KH�DUURZ�PDUNV�WKH�SRVLWLRQ�RI�VXE�
VWUDWH�HSLWD[LDO�OD\HU�LQWHUIDFH�

1HZV�RI�7HFKQRORJ\

)XQFWLRQDO�PDWHULDOV������������� ���



FDOFXODWHG� UHVXOW� ������ PP��� WKDW� FRQILUPV
WKH�FRUUHFWQHVV�RI�WKH�KHDW�DQG�PDVV�WUDQV�
IHU�PRGHO��

7KXV��WKH�PHWKRG�RI�VXEVWUDWH�FRROLQJ�E\
RXWVLGH�JDV�IHHGLQJ�PDNHV�LW�SRVVLEOH�WR�SUR�
YLGH� VXFK� FU\VWDOOL]DWLRQ� FRQGLWLRQV� WKDW
FRQVHFXWLYHO\� FRPELQH� SURSHUWLHV� RI� ERWK
SXOVH� DQG� TXDVL�HTXLOLEULXP� JURZLQJ� PHWK�
RGV�� 7KH� KHDW�PDVV� WUDQVIHU� PRGHO� GHYHO�
RSHG� IRU� D�SULRUL� GHWHUPLQDWLRQ�RI�KHDW�DE�
VRUELQJ�JDV�FRQVXPSWLRQ�KDV�EHHQ�VKRZQ�WR
DJUHH�ZHOO�ZLWK�H[SHULPHQW�
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+HWHURVWUXFWXUHV� %DVHG� RQ� 4XDWHUQDU\� DQG
4XLQDU\�6ROLG�6ROXWLRQV�RI�:,,,<9�&RPSRXQGV�
6.1&�96K��5RVWRY�'RQ��������>LQ�5XVVLDQ@�

� ���'�*�&DKLOO�� -��9DF��6FL��7HFKQRO��$�� ���� 6���
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DO��� LQ�� 3URF���WK� ,QWHUQ��&RQIHU��RQ� 6LQJOH
&U\VWDO� *URZWK� DQG� +HDW� 	� 0DVV� 7UDQVIHU
�,&6&���������������������>LQ�5XVVLDQ@��

� ���$�$�&KHUQRY�� 0RGHUQ� &U\VWDOORJUDSK\�� Y�,,,�
&U\VWDO�*URZWK��6SULQJHU��%HUOLQ��������

� ���-�9�%HFN�� %�%ODFNZHOO�� &�5�67�&ODLU� -U�� ,Q�
YHUVH� +HDW� &RQGXFWLRQ�� ,OO�3RVHG� 3UREOHPV�
-RKQ�:LOH\�	�6RQV�,Q°���1HZ�<RUN���������

� ���9�5�.XOLQLFKHQNR�� +DQGERRN� RQ� +HDW� ([�
FKDQJH� &DOFXODWLRQV�� 7HFKQLND�� .\LY� ������
>LQ�5XVVLDQ@�
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