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$EVWUDFW

7KH UHOLHI DUHD VL]LQJ RI VDIHW\ GHYLFHV LQ WKH FDVH RI D SRVWXODWHG WKHUPDO UXQDZD\ FRQGLWLRQ

UHTXLUHV UHDFWLRQ NLQHWLF GDWD� XVXDOO\ PHDVXUHG LQ GHGLFDWHG DGLDEDWLF FDORULPHWHUV� ,Q WKH FRXUVH

RI WKH GHVLJQ� LW LV WKHQ DVVXPHG WKDW WKH VDPH UHDFWLRQ NLQHWLF GDWD SUHYDLO RQ WKH ODERUDWRU\ DQG

SURGXFWLRQ VFDOH� 7KLV DVVXPSWLRQ VHHPV WR EH YDOLG LQ WKH FDVH RI KRPRJHQHRXV UHDFWLRQ V\VWHPV�

,Q FRQWUDVW WR WKLV WKH UHVXOWV RI H[SHULPHQWV ZLWK D KHWHURJHQHRXV V\VWHP KDYH VKRZQ WKDW WKH VWLU�

ULQJ LQWHQVLW\ DQG WKH UHDFWRU VL]H KDYH D FRQVLGHUDEOH LQIOXHQFH RQ WKH UHDFWLRQ SURJUHVV�

.H\ZRUGV� PL[LQJ� UXQDZD\ UHDFWLRQ� VFDOH�XS

,QWURGXFWLRQ

,Q WKH FRXUVH RI WKH UHOLHI DUHD GHVLJQ RI VDIHW\ GHYLFHV RQ FKHPLFDO UHDFWRUV DV D
SUHUHTXLVLWH� WKH UHDFWLRQ NLQHWLF GDWD XQGHU UXQDZD\ FRQGLWLRQV DUH QHHGHG� 7KHVH
LQFOXGH IRU H[DPSOH WKH VHOI�KHDW UDWH ZKLFK LV XVHG LQ WKH VLPSOLILHG VWDWLRQDU\
PHWKRGV RU WKH SUH�H[SRQHQWLDO IDFWRU DQG WKH DFWLYDWLRQ HQHUJ\ GXULQJ WKH G\QDPLF
VLPXODWLRQ RI WKH SUHVVXUH UHOLHI SURFHVV� 7KHVH GDWD DUH JHQHUDOO\ PHDVXUHG LQ GHGL�
FDWHG DGLDEDWLF UHDFWLRQ FDORULPHWHUV� )RU WKH GHVLJQ RI WKH ODUJH VFDOH SUHVVXUH UHOLHI
GHYLFH LW LV WKHQ JHQHUDOO\ DVVXPHG WKDW WKH VDPH UHDFWLRQ NLQHWLF GDWD LQ ODERUDWRU\
DQG SURGXFWLRQ VFDOH SUHYDLO� 2QO\ FRUUHFWLRQV IRU WKH KHDW ORVVHV DQG WKH KHDWLQJ RI
WKH WKHUPDOO\ LQHUW WHVW YHVVHO VWUXFWXUH DUH WDNHQ LQWR FRQVLGHUDWLRQ >�@�

,Q WKH FDVH RI KRPRJHQHRXV UHDFWLRQ V\VWHPV� WKH UHDFWLRQ UDWH LV RQO\ D IXQFWLRQ
RI WKH FRQFHQWUDWLRQ RI WKH DJHQWV DQG WKH WHPSHUDWXUH� 7KHUHIRUH� WKLV NLQG RI H[�
WUDSRODWLRQ RI WKH UHDFWLRQ NLQHWLF GDWD LV VXLWDEOH GXULQJ WKH GHVLJQ LI WKH ODERUDWRU\
H[SHULPHQW KDV EHHQ FDUULHG RXW LQ D FDORULPHWHU WHVW FHOO ZLWK D UHODWLYH WKHUPDO LQHUW
PDVV VLPLODU WR WKDW RI WKH ODUJH VFDOH YHVVHO� ,QGHHG LI WKH UHODWLYH WKHUPDO LQHUW PDVV
RI WKH FDORULPHWHU WHVW FHOO LV ODUJHU WKDQ WKDW RI WKH SURGXFWLRQ YHVVHO� D KLJKHU ILQDO
WHPSHUDWXUH GXULQJ WKH UXQDZD\ UHDFWLRQ LQ WKH YHVVHO FDQ EH DWWDLQHG WKDQ WKDW PHD�
VXUHG LQ WKH FDORULPHWHU� 6R IDU DOVR WKH H[WUDSRODWLRQ RI WKH PHDVXUHG UHDFWLRQ NL�
QHWLF GDWD EH\RQG WKH PD[LPXP PHDVXUHG WHPSHUDWXUH LQ WKH FDORULPHWHU LV IRUPDOO\
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RQO\ YDOLG IRU VLQJOH H[RWKHUPLF UHDFWLRQV >�@� ZKHUH WKH GHFUHDVH LQ FRQFHQWUDWLRQ
RI WKH DJHQW LV GLUHFWO\ UHODWHG WR WKH LQFUHDVH RI WKH PL[WXUH WHPSHUDWXUH� :KHUHDV
IRU PXOWLSOH UHDFWLRQV� ZKLFK LQ SUDFWLFH DUH WKH QRUP� WKHUH LV QR VXFK GLUHFW UHODWLRQ
EHWZHHQ WKH FRQFHQWUDWLRQV DQG WKH WHPSHUDWXUH� ,W LV FRQFHLYDEOH WKDW RWKHU UHDF�
WLRQV PD\ DOVR RFFXU DW D WHPSHUDWXUH KLJKHU WKDQ WKDW PHDVXUHG LQ WKH FDORULPHWHU�
7KHUHIRUH LQ WKLV ODWWHU FDVH� WKH VWUDLJKWIRUZDUG H[WUDSRODWLRQ RI WKH UHDFWLRQ NLQHW�
LFV PD\ EH TXHVWLRQDEOH� ,Q FRQWUDVW WR WKLV� WKH UHDFWLRQ UDWH RI KHWHURJHQHRXV UHDF�
WLRQ V\VWHPV FDQ EH LQIOXHQFHG E\ DGGLWLRQDO SDUDPHWHUV� )RU H[DPSOH LQ VLWXDWLRQV
ZKHUH PDVV WUDQVIHU LV WKH FRQYHUVLRQ UDWH OLPLWLQJ UHDFWLRQ VWHS� WKH UHDFWLRQ UDWH FDQ
GHSHQG RQ WKH VL]H RI WKH LQWHUIDFLDO DUHD� )XUWKHU RQ� LW LV DOVR SRVVLEOH WKDW GXH WR D
GHYLDWLQJ PL[LQJ LQWHQVLW\ LQ WKH ODERUDWRU\ DQG SURGXFWLRQ UHDFWRU� DV LQ WKH FDVH RI
DQ HPXOVLRQ SRO\PHULVDWLRQ V\VWHP� GLIIHUHQW DPRXQWV RI ORFL DUH H[LVWHQW LQ ZKLFK
WKH UHDFWLRQ WDNHV SODFH XOWLPDWHO\ OHDGLQJ WR GLVFUHSDQFLHV LQ PHDVXUHG UHDFWLRQ
UDWHV� $OVR� RWKHU YROXPHWULF UHDFWDQW GLVWULEXWLRQV LQ WKH UHDFWLRQ PL[WXUH FDQ OHDG WR
GLIIHUHQW UHDFWLRQ UDWHV� $OO WKHVH HIIHFWV KDYH LQ FRPPRQ WKDW GXH WR D GLIIHUHQW PL[�
LQJ TXDOLW\ GXULQJ WKH ODERUDWRU\ WHVW DQG ODWHU LQ WKH SURGXFWLRQ XQLW� YDULHG UHDFWLRQ
UDWHV DUH FRQFHLYDEOH� ,Q WKH HQG� WKLV FDQ UHVXOW LQ DQ XQGHU� RU RYHUGHVLJQ RI WKH QHF�
HVVDU\ UHOLHI DUHD ZKHQ H[WUDSRODWLQJ WKH UHDFWLRQ NLQHWLFV�

7KH XVXDO SURFHGXUH LQ FKHPLFDO SURFHVV HQJLQHHULQJ LV WR GHULYH WKH VFDOLQJ
UXOHV E\ SHUIRUPLQJ LGHQWLFDO H[SHULPHQWV LQ VHYHUDO SODQW VL]HV� ,Q WKH FDVH RI WKH
SRVWXODWHG WKHUPDO UXQDZD\ UHDFWLRQV WKLV LV QRW SUDFWLFDEOH� ,Q WKH OLWHUDWXUH� WKHUH
DUH DOVR QR VFDOLQJ UXOHV IRU WKH UHDFWLRQ NLQHWLFV RI KHWHURJHQHRXV UXQDZD\ UHDFWLRQV
LQFOXGHG� ,Q RUGHU WR DFKLHYH D VROXWLRQ IRU WKLV H[WUDSRODWLRQ SUREOHP� IURP D SK\VL�
FDO SRLQW RI YLHZ� LW LV FRQFHLYDEOH WKDW DV D EDVLF FRQGLWLRQ EHVLGHV RI HTXDO UHDFWLRQ
VWDUWLQJ FRQGLWLRQV DOVR DQ LGHQWLFDO PL[LQJ TXDOLW\ LQ WKH ODERUDWRU\ DQG SURGXFWLRQ
UHDFWRU PXVW �LQLWLDOO\� EH SUHVHQW� )RU WKH YDOLGDWLRQ RI WKLV DVVXPSWLRQ� H[SHULPHQWV
LQ D VPDOO DQG ODUJH VFDOH KDYH EHHQ SHUIRUPHG�

$V DQ H[DPSOH RI D KHWHURJHQHRXV OLTXLG�OLTXLG UHDFWLRQ V\VWHP� WKH HPXOVLRQ
SRO\PHULVDWLRQ RI YLQ\O DFHWDWH KDV EHHQ VHOHFWHG� )RU SUHOLPLQDU\ LQYHVWLJDWLRQV� WKH
VL]H RI WKH VSHFLILF LQWHUIDFLDO DUHD RI WKH QRQ�UHDFWLQJ YLQ\O DFHWDWH�ZDWHU HPXOVLRQ
ZDV FKDUDFWHULVHG E\ VWRSSLQJ WKH DJLWDWLRQ DQG PHDVXULQJ WKH WLPH UHTXLUHG IRU WKH
LQLWLDOO\ KRPRJHQHRXVO\ PL[HG HPXOVLRQ WR VHSDUDWH DV D IXQFWLRQ RI UHDFWRU VL]H� DS�
SOLHG VWLUUHU VSHHG IRU HPXOVLRQ JHQHUDWLRQ DQG VWLUUHU W\SH� ,Q VSLWH RI WKH SRVVLELOLW\
WR PHDVXUH GLUHFWO\ WKH GURS VL]H GLVWULEXWLRQ ZLWK DQ LPDJH DQDO\VLQJ V\VWHP RQO\
LQ WKH VPDOOHVW UHDFWRU� WKH LQGLUHFW FKDUDFWHULVDWLRQ RI WKH VSHFLILF LQWHUIDFLDO DUHD
VL]H LV LQGLVSHQVDEOH EHFDXVH WKH GHWHUPLQDWLRQ RI WKH GURS VL]H GLVWULEXWLRQ LQ WKH
ODUJH UHDFWRUV LV QRW SRVVLEOH ZLWK WKH XVXDO GHYLFHV DYDLODEOH�

%DVHG RQ WKHVH UHVXOWV LW VKRXOG EH SRVVLEOH WR GHYHORS D VFDOLQJ UXOH IRU WKH VSH�
FLILF LQWHUIDFLDO DUHD RI UHDFWLRQ V\VWHPV ZKHUH WKH PDVV WUDQVIHU OLPLWV WKH UHDFWLRQ
UDWH DQG WR SURSRVH D VFDOH�XS UXOH IRU WKH UHDFWLRQ NLQHWLFV IRU RWKHU KHWHURJHQHRXV
UHDFWLRQ V\VWHPV� )RU WKH YDOLGDWLRQ� WKH UHDFWLRQ PL[WXUH WHPSHUDWXUH FRXUVH RI WKH
UXQDZD\ V\VWHP KDV EHHQ PHDVXUHG DV D IXQFWLRQ RI WKH UHDFWRU VL]H DQG WKH VWLUUHU
VSHHG�

$V D ILUVW VWHS� WKH VL]H RI WKH LQWHUIDFLDO DUHD EHWZHHQ WKH RUJDQLF DQG WKH DTXHRXV
SKDVH KDV EHHQ FKDUDFWHULVHG LQ VHYHUDO UHDFWRU VL]HV E\ PHDVXULQJ WKH SKDVH VHSDUD�
WLRQ WLPH�
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&KDUDFWHULVDWLRQ�RI�WKH�LQWHUIDFLDO�DUHD�VL]H

7KH H[SHULPHQWV RQ WKH VHOI�DGMXVWLQJ LQWHUIDFLDO DUHD DV D IXQFWLRQ RI WKH VWLUUHU
VSHHG KDYH EHHQ SHUIRUPHG LQ UHDFWRUV ZLWK YROXPHV RI �� DQG ��� OLWUHV DQG LQ DQ
DGLDEDWLF FDORULPHWHU ZLWK D WHVW FHOO YROXPH RI ��� OLWUH� )LJ� �� (DFK UHDFWRU LV
HTXLSSHG ZLWK D FORVH�FOHDUDQFH DQFKRU VWLUUHU DQG ZLWK EDIIOHV SODFHG LQ WKH UHDFWRU
FRUH� 7KH UHDFWRUV DQG WKH VWLUUHUV DUH JHRPHWULFDOO\ VLPLODU� WKH UDWLR RI WKH UHDFWRU
KHLJKW WR GLDPHWHU LV DERXW WZR� 1RUPDOO\� DQFKRU VWLUUHUV DUH QRW VXLWHG WR SURGXFLQJ
HPXOVLRQV� ,QGHHG� WKH GHWHUPLQDWLRQ RI WKH DQFKRU VWLUUHU HIILFLHQF\ ZDV QRW WKH RE�
MHFWLYH RI WKHVH H[DPLQDWLRQV� 5DWKHU� WKH DQFKRU VWLUUHU KDV EHHQ VHOHFWHG GXH WR WKH
YLVFRVLW\ LQFUHDVH GXULQJ WKH FRXUVH RI WKH UXQDZD\ H[SHULPHQW� DQG WKHUHIRUH� WR
SURYLGH D VXIILFLHQW PL[LQJ RI WKH UHDFWLRQ V\VWHP DW D ODWHU VWDJH�

7KH EDVLF DVVXPSWLRQ XQGHUO\LQJ WKH H[SHULPHQWV LV WKDW WKH DSSOLHG PL[LQJ TXDO�
LW\ GHILQHG E\ WKH REWDLQHG VSHFLILF LQWHUIDFLDO DUHD LV FKDUDFWHULVHG E\ WKH VHSDUDWLRQ
WLPH RI WKH HPXOVLRQ DIWHU WKH VWLUULQJ LV VWRSSHG� )RU YDOLGDWLRQ D KRPRJHQHRXVO\
PL[HG HPXOVLRQ KDV EHHQ SURGXFHG LQ D JODVV WHVW FHOO ZLWK WKH VDPH JHRPHWULF VL]H
DV WKH FDORULPHWHU WHVW FHOO DQG HTXLSSHG ZLWK D JHRPHWULFDOO\ LGHQWLFDO VWLUUHU� $IWHU
VWRSSLQJ WKH DJLWDWLRQ RI WKH HPXOVLRQ� WKH JHQHUDWHG YLQ\O DFHWDWH GURSV� GXH WR WKHLU
ORZHU GHQVLW\� VWDUW WR ULVH LQ WKH ZDWHU SKDVH ZLWK D YHORFLW\ GHSHQGHQW RQ WKHLU VL]H�
$V D FRQVHTXHQFH� WKH OLJKW WUDQVSDUHQF\ RI WKH UHPDLQLQJ ZDWHU SKDVH� PHDVXUHG DV
D IXQFWLRQ RI WLPH E\ XVLQJ D OLJKW VRXUFH DQG D SKRWRFHOO� LQFUHDVHV� 7KH UHVXOWLQJ
SORW RI VXFK D OLJKW WUDQVSDUHQF\ PHDVXUHPHQW LV VKRZQ LQ )LJ� �� ,W LV FRPSDUDEOH WR
WKH FXPXODWLYH FXUYH IRU WKH GURS VL]H GLVWULEXWLRQ LQ D QRUPDO SDUWLFOH VL]H DQDO\VLV�
$QDORJRXVO\ WR WKH GHULYDWLRQ RI WKH HTXLYDOHQW PHDQ SDUWLFOH GLDPHWHU� WKH WLPH DW
WKH WXUQLQJ SRLQW RI WKH SKDVH VHSDUDWLRQ FXUYH KDV EHHQ FKRVHQ DV D FKDUDFWHULVWLF
YDOXH RI WKH LQWHUIDFLDO DUHD IRU WKH IXUWKHU DQDO\VLV� $GGLWLRQDOO\� WKH VHSDUDWLRQ WLPH

)LJ� � 'HYLFH IRU WKH FKDUDFWHULVDWLRQ RI WKH LQLWLDO LQWHUIDFLDO DUHD LQ WKH UHDFWRUV YLD PHD�
VXUHPHQW RI WKH SKDVH VHSDUDWLRQ WLPH
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RI WKH HPXOVLRQ LQ WKH ODUJHU UHDFWRUV KDV EHHQ PHDVXUHG E\ DQDO\VLQJ D VDPSOH RI
WKH KRPRJHQHRXVO\ PL[HG HPXOVLRQ LQ WKH JODVV WHVW FHOO� EHFDXVH D GLUHFW PHDVXUH�
PHQW RI WKH VHSDUDWLRQ WLPHV LQ WKH UHDFWRUV ZDV QRW SRVVLEOH� )XUWKHU� WKH VHSDUDWLRQ
WLPH RI HPXOVLRQV SURGXFHG ZLWK D SLWFKHG�EODGH VWLUUHU LQ WKH JODVV WHVW FHOO KDYH
EHHQ WUDFNHG IRU FRPSDUDWLYH SXUSRVHV� %\ WKLV� DOVR WKH LQIOXHQFH RI WKH VWLUUHU W\SH
RQ WKH ILQDO LQWHUIDFLDO DUHD RI D KRPRJHQHRXVO\ PL[HG HPXOVLRQ KDV EHHQ FKHFNHG�
7KH PRQLWRULQJ RI WKH SRZHU UHTXLUHPHQW RI WKH VWLUUHU� KRZHYHU� ZDV QRW SRVVLEOH�

)RU DQ DVVHVVPHQW RI WKH SK\VLFDO PHDQLQJ RI WKH PHDVXUHG SKDVH VHSDUDWLRQ
WLPHV� LQ SDUDOOHO WKH SDUWLFOH VL]H GLVWULEXWLRQV RI WKH HPXOVLRQV SURGXFHG LQ WKH JODVV
WHVW FHOO KDYH EHHQ PHDVXUHG YLD DQ LPDJH DQDO\VLV� ,Q )LJ� � DUH VKRZQ WKH PHDVXUHG
PRVW IUHTXHQW GURS GLDPHWHUV DV D IXQFWLRQ RI WKH VHSDUDWLRQ WLPH DW WKH WXUQLQJ SRLQW
RI WKH VHSDUDWLRQ WLPH FXUYH� $GGLWLRQDOO\� WKH VL]HV RI WKHVH GURS GLDPHWHUV KDYH
EHHQ FDOFXODWHG E\ DSSO\LQJ D IRUFH EDODQFH RQ WKH YLQ\O DFHWDWH GURSV� ULVLQJ LQ WKH
ZDWHU SKDVH DW D FRQVWDQW YHORFLW\� H�J� DFFRUGLQJ WR %UDXHU >�@�
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,Q WKLV HTXDWLRQ G7 GHQRWHV WKH GURS GLDPHWHU� ηF WKH G\QDPLF YLVFRVLW\ RI WKH FRQ�
WLQXRXV �ZDWHU� SKDVH� ∆+ WKH KHLJKW D SDUWLFOH DVFHQGV GXULQJ WKH WLPH ∆W� ρF DQG
ρG UHVSHFWLYHO\ WKH GHQVLW\ RI WKH FRQWLQXRXV DQG WKH GLVSHUVHG SKDVH� DQG ϕG WKH YRO�
XPH IUDFWLRQ RI WKH GLVSHUVHG SKDVH� :LWK WKH ODWWHU RQH WDNHV LQWR FRQVLGHUDWLRQ WKH
KLQGHUHG DVFHQGLQJ RI WKH YLQ\O DFHWDWH GURSV GXH WR WKHLU KLJK FRQFHQWUDWLRQ�

)LJ� � 0HDVXUHG YROWDJH GXULQJ WKH SKDVH VHSDUDWLRQ RI D QRQ�UHDFWLQJ YLQ\O DFHWDWH�ZDWHU
HPXOVLRQ IURP DQ H[SHULPHQW LQ D ��� PO WHVW FHOO ZLWK DQ LQLWLDO VWLUUHU VSHHG RI
��� O PLQ
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)URP )LJ� � LW LV HYLGHQW WKDW WKH SUHGLFWLRQV RI WKLV HTXDWLRQ SUDFWLFDOO\ FRLQFLGH
ZLWK WKH PHDVXUHG UHVXOWV� $OVR LW EHFRPHV FOHDU WKDW WKH UHODWLRQ EHWZHHQ WKH GURS
GLDPHWHU DQG WKH VHSDUDWLRQ WLPH LV LQGHSHQGHQW RI WKH VWLUUHU W\SH� LI WKH FRPSRVLWLRQ
RI WKH HPXOVLRQ LV UHWDLQHG�

,Q WKH IROORZLQJ VHFWLRQV WKH VHSDUDWLRQ WLPH RI WKH HPXOVLRQ DW WKH WXUQLQJ SRLQW
ZLOO EH XVHG D� WR FKDUDFWHULVH WKH LQLWLDO VL]H RI WKH VSHFLILF LQWHUIDFLDO DUHD DQG E� WR
FKHFN WKH VXLWDELOLW\ RI VFDOLQJ UXOHV IRU DQ HTXDO PL[LQJ TXDOLW\�

6FDOLQJ�UXOHV�IRU�WKH�PL[LQJ�TXDOLW\

)RU WKH UHWHQWLRQ RI WKH �LQLWLDO� PL[LQJ TXDOLW\ LQ GLIIHUHQW UHDFWRU VL]HV� DPRQJVW
RWKHU FULWHULD DQ HTXDO DJLWDWLRQ SRZHU LQSXW LQ FDVH RI JHRPHWULFDOO\ VLPLODU VWLUUHUV
LV XVHG� ,Q )LJ� � LV VKRZQ WKH VHSDUDWLRQ WLPH DW WKH WXUQLQJ SRLQWV REWDLQHG IURP H[�
SHULPHQWV LQ WKH ���� �� DQG ��� OLWUH YHVVHOV DV D IXQFWLRQ RI WKH VSHFLILF VWLUUHU
SRZHU� FDOFXODWHG IURP PL[WXUH GHQVLW\� VWLUUHU GLDPHWHU� QXPEHU RI URWDWLRQV DQG
GUDJ FRHIILFLHQW RI WKH VWLUUHU� ,W LV REYLRXV WKDW DQ LGHQWLFDO VSHFLILF VWLUUHU SRZHU
GRHV QRW OHDG WR WKH VDPH VHSDUDWLRQ WLPH LI WKH UHDFWRU YROXPH LV FKDQJHG DQG� WKHUH�
IRUH� DQ LGHQWLFDO LQLWLDO VSHFLILF LQWHUIDFLDO DUHD LQ HDFK UHDFWRU LV QRW REWDLQDEOH LQ
WKLV ZD\� 6R IDU� WKLV FULWHULRQ VHHPV QRW WR EH VXLWDEOH DV D VFDOLQJ UXOH IRU WKH VSH�
FLILF LQWHUIDFLDO DUHD RI WKH HPXOVLRQ�

$QRWKHU FRPPRQ FULWHULRQ IRU PDLQWDLQLQJ DQ LGHQWLFDO LQLWLDO PL[LQJ TXDOLW\ LV
WR UHWDLQ D FRQVWDQW DQFKRU VWLUUHU WLS FLUFXPIHUHQFH VSHHG LQ HDFK UHDFWRU� (YLGHQWO\�
DW DQ HTXDO FLUFXPIHUHQFH VSHHG QHDUO\ WKH VDPH VHSDUDWLRQ WLPH �DW WKH WXUQLQJ
SRLQW� LQ WKH WKUHH UHDFWRUV LV REWDLQHG� )LJ� �� &RQVHTXHQWO\� WKLV FULWHULRQ VHHPV WR
EH PRUH DSSURSULDWH IRU VFDOLQJ WKH LQLWLDO VSHFLILF HPXOVLRQ LQWHUIDFLDO DUHD� 7KLV

)LJ� � 3UHGLFWHG DQG PHDVXUHG �YLD LPDJH DQDO\VLV� PRVW IUHTXHQW GURS GLDPHWHU DV D IXQF�
WLRQ RI WKH VHSDUDWLRQ WLPH DW WKH WXUQLQJ SRLQW RI WKH VHSDUDWLRQ FXUYH IRU HPXOVLRQV
SURGXFHG ZLWK DQFKRU DQG SLWFKHG�EODGH VWLUUHUV
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ZRXOG EH H[SOLFDEOH E\ WKH IDFW WKDW LQ JHQHUDO WKH GURS IRUPDWLRQ RU EUHDN XS LV
FDXVHG E\ WKH SUHVVXUH GLIIHUHQFHV LQ WKH WXUEXOHQW IORZ QHDUE\ WKH VWLUUHU EODGH >�@�
,QGHHG� LQ WKH FDVH RI DJLWDWLRQ E\ DQ DQFKRU VWLUUHU WKH LQGXFHG WXUEXOHQFH GHSHQGV
RQ WKH FLUFXPIHUHQFH VSHHG RI WKH UHODWLYHO\ WKLQ EODGHV� 2Q WKH RWKHU KDQG� DOVR IRU
WKLV UHDVRQ WKLV VFDOLQJ FULWHULRQ LV SUREDEO\ QRW VXLWDEOH LQ WKH FDVH RI DJLWDWRU W\SHV

)LJ� � ([SHULPHQWDO VHSDUDWLRQ WLPH RI D YLQ\O DFHWDWH�ZDWHU HPXOVLRQ DV D IXQFWLRQ RI WKH
VSHFLILF VWLUUHU SRZHU LQ JHRPHWULFDOO\ VLPLODU UHDFWRUV ZLWK YROXPHV RI ���� �� DQG
��� OLWUHV

)LJ� � ([SHULPHQWDO VHSDUDWLRQ WLPH RI D YLQ\O DFHWDWH�ZDWHU HPXOVLRQ DV D IXQFWLRQ RI WKH DQ�
FKRU VWLUUHU FLUFXPIHUHQFH VSHHG LQ JHRPHWULFDOO\ VLPLODU UHDFWRUV ZLWK YROXPHV RI ����
�� DQG ��� OLWUHV
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RWKHU WKDQ DQ DQFKRU VWLUUHU� 2Q D JHQHUDO EDVLV� WKLV ILQGLQJ LQGLFDWHV WKDW WKLV FULWH�
ULRQ LV QRW JHQHUDOO\ YDOLG DQG WKDW IRU HDFK VWLUUHU W\SH� DQG IRU GLIIHUHQW SURSHUWLHV RI
WKH UHDFWLRQ V\VWHP� DQRWKHU VFDOLQJ FULWHULRQ PXVW EH YDOLGDWHG� 1HYHUWKHOHVV� LV ZKDW
IROORZV WKH HIIHFW RI WKH VWLUUHU VSHHG RQ WKH UXQDZD\ UHDFWLRQ SURJUHVV LV DQDO\VHG�

,QIOXHQFH�RI�WKH�DQFKRU�VWLUUHU�VSHHG�RQ�WKH�UXQDZD\�UHDFWLRQ

7KH UXQDZD\ UHDFWLRQ H[SHULPHQWV KDYH EHHQ SHUIRUPHG LQ SDUDOOHO LQ WKH UHDF�
WLRQ FDORULPHWHU DQG LQ WKH �� OLWUH UHDFWRU� 7KH VWLUUHU VSHHGV LQ WKH FDORULPHWHU ZHUH
��� DQG ��� USP DQG LQ WKH ODUJH UHDFWRU �� DQG ��� USP� ,Q YLHZ RI WKH H[SHULPHQ�
WDO SURFHGXUH ZLWK WKH QRQ�UHDFWLQJ PL[WXUHV WKH FRXUVH RI WKH WHVWV LV GLIIHUHQW� LQ WKH
UXQDZD\ H[SHULPHQWV WKH VWLUUHU LV UXQQLQJ IRU WKH HQWLUH GXUDWLRQ RI WKH H[SHULPHQW
LQ RUGHU WR PDLQWDLQ D KRPRJHQHRXVO\ PL[HG UHDFWLRQ PL[WXUH DQG XQLIRUPO\ GLVWULE�
XWHG �FKHPLFDO� UHDFWLRQ VLWHV� ZKLOH LQ WKH SUHOLPLQDU\ LQYHVWLJDWLRQV ZLWK WKH QRQ�
UHDFWLQJ PL[WXUH WKH DJLWDWLRQ HQGHG DIWHU WKH HVWDEOLVKPHQW RI D KRPRJHQHRXVO\
PL[HG HPXOVLRQ� L�H� D VWDWLRQDU\ GURS VL]H GLVWULEXWLRQ� ,Q )LJ� � DUH GHSLFWHG WKH
PHDVXUHG VHOI�KHDW UDWHV DV D IXQFWLRQ RI WKH UHDFWLRQ PL[WXUH WHPSHUDWXUH� ,W LV RE�
YLRXV WKDW WKH VWLUUHU VSHHG GUDVWLFDOO\ HIIHFWV WKH UXQDZD\ UHDFWLRQ SURJUHVV� 7KH
PD[LPXP DGLDEDWLF VHOI�KHDW UDWH DW D URWDWLRQ VSHHG RI ��� USP LQ WKH FDORULPHWHU LV
� . PLQ±�� ,I WKH VWLUUHU VSHHG LV GRXEOHG� D PD[LPXP VHOI�KHDW UDWH RI �� . PLQ±� LV
PHDVXUHG� 7KH VDPH HIIHFW LV H[KLELWHG E\ WKH H[SHULPHQWV LQ WKH �� OLWUH UHDFWRU� 7KH
DXJPHQWDWLRQ RI WKH VWLUUHU VSHHG IURP �� WR ��� USP OHDGV WR DQ LQFUHDVH RI WKH
PD[LPXP VHOI�KHDW UDWH IURP � WR ��� . PLQ±��

)LJ� � 0HDVXUHG VHOI�KHDW UDWH DV D IXQFWLRQ RI WKH UHDFWLRQ PL[WXUH WHPSHUDWXUH GXULQJ D UXQ�
DZD\ YLQ\O DFHWDWH HPXOVLRQ SRO\PHULVDWLRQ LQ JHRPHWULFDOO\ VLPLODU UHDFWRUV ZLWK YRO�
XPHV RI ��� DQG �� OLWUHV
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7KH YDULDWLRQ RI WKH VWLUUHU VSHHG DOVR OHDGV WR GLIIHUHQW ILQDO UHDFWLRQ PL[WXUH
WHPSHUDWXUHV� ,Q WKH UHDFWLRQ FDORULPHWHU WHVWV ZLWK ��� DQG ��� URWDWLRQV SHU PLQXWH
UHVSHFWLYHO\� PD[LPXP WHPSHUDWXUHV RI �� DQG ����& ZHUH HVWDEOLVKHG� ,Q WKH �� OLWUH
UHDFWRU H[SHULPHQWV ZLWK �� DQG ��� USP DQDORJRXV ILJXUHV RI ��� DQG ����& ZHUH
UHFRUGHG� :LWK D UHDFWLRQ HQWKDOS\ IRU WKH YLQ\O DFHWDWH SRO\PHULVDWLRQ RI �� N- PRO±�

>�@ DQ DGLDEDWLF WHPSHUDWXUH GLIIHUHQFH RI ���& ZRXOG EH FDOFXODWHG EDVHG RQ D PHDQ
VSHFLILF KHDW RI WKH UHDFWLRQ PL[WXUH RI ���� N- NJ±� .±�� %\ WDNLQJ LQWR DFFRXQW WKH
WKHUPDO LQHUW PDVV RI WKH FDORULPHWHU WHVW FHOO� DULWKPHWLFDOO\ D ILQDO WHPSHUDWXUH RI
DSSUR[LPDWHO\ ����& VKRXOG EH DWWDLQDEOH LQ WKH FDVH RI WKH FDORULPHWHU H[SHUL�
PHQWV� 7KLV LQGLFDWHV WKDW D FRPSOHWH FRQYHUVLRQ RI WKH PRQRPHU KDV QRW EHHQ
DFKLHYHG LQ WKH FDORULPHWHU H[SHULPHQWV� 7KH EDFN FDOFXODWLRQ RI WKH PRQRPHU FRQ�
YHUVLRQ GHJUHH LQ WKH �� OLWUH UHDFWRU IURP WKH ILQDO WHPSHUDWXUH LQ WKH FRXUVH RI WKH
VHOI�KHDW UDWHV LV QRW LPPHGLDWHO\ SRVVLEOH GXH WR WKH KHDW H[FKDQJH ZLWK WKH VXU�
URXQGLQJ KHDWLQJ MDFNHW� +RZHYHU� IXUWKHU H[SHULPHQWV DUH QHFHVVDU\ WR FKHFN
ZKHWKHU KLJKHU VWLUUHU VSHHGV FDQ OHDG WR D IXUWKHU LQFUHDVH RI WKH VHOI�KHDW UDWHV DQG
PRQRPHU FRQYHUVLRQ�

7KH LPPHGLDWH FRPSDULVRQ RI WKH UHVXOWV REWDLQHG IURP WKH FDORULPHWHU DQG �� OL�
WUH UHDFWRU H[SHULPHQWV YV� HDFK RWKHU LV QRW SHUPLVVLEOH DV ORQJ DV WKH WKHUPDO LQHUW
PDVV RI WKH UHDFWLRQ FDORULPHWHU WHVW FHOO� FKDUDFWHULVHG E\ WKH VR�FDOOHG Φ�IDFWRU�
DQG WKH KHDW ORVVHV WR WKH VXUURXQGLQJV DUH QRW FRQVLGHUHG� 7KH Φ�IDFWRU RI WKH FDOR�
ULPHWHU WHVW FHOO DPRXQWHG WR ���� WKH �� OLWUH UHDFWRU RQ WKH RWKHU KDQG ZDV HTXLSSHG
ZLWK D MDFNHW KHDWHU� WKH WHPSHUDWXUH RI WKH KHDWLQJ RLO EHLQJ DERXW ���& GXULQJ WKH
H[SHULPHQW� 7KHUHIRUH� D GHILQLWLRQ RI D Φ�IDFWRU IRU WKLV UHDFWRU LV QRW PHDQLQJIXO�
,QGHHG� ZKHQ FRQVLGHULQJ HTXDO UHDFWLRQ VWDUWLQJ FRQGLWLRQV LQ WKH IRUP RI PL[WXUH
FRPSRVLWLRQ� LGHQWLFDO UHDFWLRQ VWDUWLQJ WHPSHUDWXUH DQG HTXDO LQLWLDO PL[LQJ TXDOLW\�
WKHQ LW ZRXOG RQO\ EH DOORZHG� DFFRUGLQJ WR WKH GHGXFHG VFDOLQJ FULWHULRQ� WR FRP�
SDUH WKH H[SHULPHQWDO UHVXOWV LQ WKH FDORULPHWHU ZLWK D QXPEHU RI VWLUUHU UHYROXWLRQV
RI ��� O PLQ±� DQG LQ WKH �� OLWUH UHDFWRU ZLWK �� O PLQ±� YV� HDFK RWKHU� ,Q ERWK H[�
SHULPHQWV WKH SURGXFW RI WKH DQFKRU VWLUUHU GLDPHWHU DQG WKH QXPEHU RI UHYROXWLRQV LV
HTXDO� )RU PDNLQJ WKH H[SHULPHQWDO UHVXOWV FRPSDUDEOH WKHQ RQO\ WKH GLIIHUHQW KHDW
ORVVHV KDYH WR EH FRQVLGHUHG� 7KLV FDQ EH DFKLHYHG E\ XVLQJ WKH IRUPDO UHDFWLRQ NL�
QHWLFV GHGXFHG IURP WKH H[SHULPHQW LQ WKH FDORULPHWHU DQG SUHGLFWLQJ WKH PHDVXUHG
VHOI�KHDW UDWHV IURP WKH H[SHULPHQW LQ WKH �� OLWUH UHDFWRU ZLWK WKHVH NLQHWLFV E\ WDN�
LQJ LQWR FRQVLGHUDWLRQ WKH KHDW H[FKDQJH DQG WKH WKHUPDO LQHUW PDVV RI WKH �� OLWUH UH�
DFWRU� )LJ� �� +HUH� WKH FDOFXODWLRQ RI WKH VHOI�KHDW UDWHV KDV EHHQ FDUULHG RXW ZLWK WKH
UHODWLRQVKLS IRU DXWRFDWDO\WLF UHDFWLRQV DFFRUGLQJ WR <LQ >�@�

GF0

GW
= − NR H[S




−

(D

57





αF0Q




F,

α
+ F0�R − F0





,Q WKLV HTXDWLRQ F0� F0�R DQG F,� GHQRWH WKH PRQRPHU� LQLWLDO PRQRPHU DQG WKH LQLWLD�
WRU FRQFHQWUDWLRQ� 7KH SUH H[SRQHQWLDO IDFWRU DPRXQWHG WR ����� P� NPRO±� V±�� WKH
DFWLYDWLRQ HQHUJ\ (D LV ���� N- PRO±�� WKH DXWRFDWDO\WLF IDFWRU UHDGV ����� DQG WKH UH�
DFWLRQ RUGHU LV ��

(YLGHQWO\� ZLWK WKLV HTXDWLRQ DQG WKH GHGXFHG SDUDPHWHUV DQ DGHTXDWH UHSURGXF�
WLRQ RI WKH PHDVXUHG VHOI�KHDW UDWHV LQ WKH UHDFWLRQ FDORULPHWHU LV SRVVLEOH� :KHQ DS�
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SO\LQJ WKH IRUPDO NLQHWLFV WR WKH �� OLWUH UHDFWRU DQG FRQVLGHULQJ WKH KHDW ORVVHV� WKHQ
RQO\ WKH PHDVXUHG VHOI�KHDW UDWHV LQ WKH LQLWLDO SHULRG RI WKH UHDFWLRQ EHWZHHQ WHP�
SHUDWXUHV RI �� DQG ���& FDQ EH UHSURGXFHG� $W KLJKHU WHPSHUDWXUHV ODUJHU VHOI�KHDW
UDWHV DUH SUHGLFWHG E\ D IDFWRU RI DERXW WKUHH� 7KLV LPSOLHV WKDW RQO\ DW WKH EHJLQQLQJ
RI WKH UHDFWLRQ LQ ERWK VWLUUHG UHDFWRUV WKH VDPH UHDFWLRQ UDWHV DUH HVWDEOLVKHG DQG WKDW
WKH PDVV WUDQVIHU RI WKH DJHQWV FDQ QRW EH WKH RQO\ UHDVRQ IRU WKH GLIIHUHQFHV LQ WKH
UHDFWLRQ UDWH DW ODWHU VWDJHV DQG KLJKHU WHPSHUDWXUHV�

7KH UHDFWLRQ UDWH LQ HPXOVLRQ SRO\PHULVDWLRQV LV DOVR FRQWUROOHG E\ WKH DPRXQW RI
DYDLODEOH IUHH UDGLFDOV DQG WKHUHIRUH� E\ WKH DPRXQW RI ODWH[ SDUWLFOHV ZKLFK KDYH
EHHQ GHYHORSHG DW WKH EHJLQQLQJ RI WKH UHDFWLRQ LQ ZKLFK WKH SRO\PHULVDWLRQ WDNHV
SODFH >�@� 'XH WR D JUHDWHU VWLUUHU VSHHG DQG WKXV D KLJKHU WXUEXOHQFH� VPDOOHU ODWH[
SDUWLFOHV UHPDLQ VXVSHQGHG LQ WKH ZDWHU SKDVH DQG� WKHUHIRUH� PRUH VLQJOH DQG VPDOO
ODWH[ SDUWLFOHV DUH SUHVHQW� :KHUHDV DW ORZHU VWLUUHU VSHHGV LQ WKH VDPH UHDFWRU D FRD�
OHVFHQFH RI WKH ODWH[ SDUWLFOHV FDQ RFFXU VR WKDW RQO\ D VPDOOHU DPRXQW RI ODWH[ SDUWL�
FOHV ZLWK D ODUJHU VL]H LV H[LVWHQW� 7KLV OHDGV WR D FRPSDUDWLYHO\ VORZHU UHDFWLRQ UDWH
DQG DOVR WR D ORZHU ILQDO WHPSHUDWXUH EHFDXVH PRUH PRQRPHU LV LQ H[LVWHQFH LQ WKH
VZROOHQ ODUJHU ODWH[ SDUWLFOHV ZKLFK GR QRW UHDFW FRPSOHWHO\ GXH WR WKH KLJK YLVFRVLW\
RI WKH PRQRPHU�SRO\PHU PL[WXUH ZLWKLQ WKH SDUWLFOHV� 7KLV ODUJH YLVFRVLW\ KLQGHUV
WKH GLIIXVLRQ RI WKH PRQRPHU WR WKH UDGLFDOV�

7KH SUHOLPLQDU\ UHVXPHH LV WKDW DQ LGHQWLFDO LQLWLDO PRQRPHU GURS VL]H GLVWULEX�
WLRQ� FKDUDFWHULVHG E\ WKH VSHFLILF LQWHUIDFLDO DUHD� LV QRW DW DOO VXIILFLHQW WR HQVXUH DQ
LGHQWLFDO UHDFWLRQ UDWH LQ GLIIHUHQW UHDFWRU VL]HV LQ WKH FDVH RI HPXOVLRQ SRO\PHULVD�
WLRQV DV H[DPSOHV RI KHWHURJHQHRXV UHDFWLRQV� +RZHYHU� LI WKH SURFHVV RI VWDELOLVLQJ
WKH ODWH[ SDUWLFOHV LQ WKH ZDWHU SKDVH LV WKH VDPH DV WKH PHFKDQLVP RI GURS IRUPDWLRQ
UHVS� EUHDN XS� WKH IRUPHUO\ GHULYHG VFDOLQJ FULWHULRQ IRU WKH LQLWLDO LQWHUIDFLDO DUHD
FRXOG DOVR EH XVHG D� IRU WKH VFDOH�XS RI WKH DPRXQW DQG� WKHUHIRUH� E� DOVR RI WKH VL]H

)LJ� � 0HDVXUHG DQG SUHGLFWHG VHOI�KHDW UDWH DV D IXQFWLRQ RI WKH UHDFWLRQ PL[WXUH WHPSHUD�
WXUH GXULQJ D UXQDZD\ YLQ\O DFHWDWH HPXOVLRQ SRO\PHULVDWLRQ LQ JHRPHWULFDOO\ VLPLODU
UHDFWRUV ZLWK YROXPHV RI ��� DQG �� OLWUH
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RI WKH ODWH[ SDUWLFOHV GXULQJ WKH UHDFWLRQ ZKLFK LV PXFK VPDOOHU LQ FRQWUDVW WR WKH VL]H
RI WKH PRQRPHU GURSV� ,QGHHG� LW LV FRQFHLYDEOH WKDW D FRDOHVFHQFH RI WKH ODWH[ SDUWL�
FOHV WDNHV SODFH GXULQJ WKH UHDFWLRQ OHDGLQJ WR D VL]H HTXDO WR WKDW RI WKH VPDOOHVW
PRQRPHU GURSV VR WKDW WKHLU SDUWLFOH VL]H GLVWULEXWLRQ LV DOVR LQIOXHQFHG E\ WKH WXUEX�
OHQFH GXH WR WKH VWLUULQJ�

&RQFOXVLRQV

$ VFDOLQJ FULWHULRQ EDVHG RQ D FRQVWDQW DQFKRU VWLUUHU WLS FLUFXPIHUHQFH VSHHG
OHDGV LQ WKH FDVH RI D YLQ\O DFHWDWH HPXOVLRQ SRO\PHULVDWLRQ QHDUO\ WR HVVHQWLDOO\ WKH
VDPH LQLWLDO LQWHUIDFLDO DUHD DQG KHQFH PL[LQJ TXDOLW\ LQ GLIIHUHQW UHDFWRU VL]HV� 7R�
JHWKHU ZLWK WKH VDPH UHDFWLRQ VWDUWLQJ FRQGLWLRQV� D UHDVRQDEOH SUHGLFWLRQ RI WKH LQ�
LWLDOO\ PHDVXUHG VHOI�KHDW UDWHV IURP DQ H[SHULPHQW LQ WKH �� OLWUH UHDFWRU ZLWK WKH
IRUPDO UHDFWLRQ NLQHWLFV IURP WKH UHDFWLRQ FDORULPHWHU H[SHULPHQW LV SRVVLEOH� ,Q WKH
IXUWKHU FRXUVH RI WKH UXQDZD\ UHDFWLRQ� KLJKHU UHDFWLRQ UDWHV ZLOO EH SUHGLFWHG� )RU
WKH IOXLG G\QDPLF GHVLJQ RI WKH VDIHW\ UHOLHI GHYLFH WKLV PHDQV WKDW PDLQWDLQLQJ WKH
VDPH LQLWLDO PL[LQJ TXDOLW\ LQ WKH FDORULPHWHU DQG WKH SURGXFWLRQ UHDFWRU OHDGV WR D
FRQVHUYDWLYH GHVLJQ RI WKH QHFHVVDU\ UHOLHI GLDPHWHU� )URP WKH SRLQW RI YLHZ RI DQ LQ�
WHJUDWHG GHVLJQ RI WKH SUHVVXUH UHOLHI V\VWHP� LQFOXVLYH RI WKH GRZQVWUHDP FRQWDLQ�
PHQW� WKLV SURFHGXUH VWLOO OHDGV WR DQ RYHUVL]LQJ RI WKHVH GHYLFHV WRR� )RU LPSURYLQJ
WKH GHVLJQ TXDOLW\� IXUWKHU H[SHULPHQWV LQ WKH DGLDEDWLF UHDFWLRQ FDORULPHWHU� HVSH�
FLDOO\ DW KLJK VWLUUHU VSHHGV DUH LQGLVSHQVDEOH WR FRQILUP WKH UHVXOWV DQG WR FKHFN WKH
DVVXPHG LQIOXHQFH RI WKH LQLWLDO DPRXQW RI ODWH[ SDUWLFOHV LQ WKH UHDFWLRQ V\VWHP�

1RPHQFODWXUH

F FRQFHQWUDWLRQ�NPRO P±�

G7 GURS GLDPHWHU�P
(D DFWLYDWLRQ HQHUJ\�- PRO±�

+ KHLJKW�P
NR SUH�H[SRQHQWLDO IDFWRU�P� NPRO±� V±�

Q UHDFWLRQ RUGHU�±
W WLPH�V
7 WHPSHUDWXUH�.
α DXWRFDWDO\WLF IDFWRU�±
η G\QDPLF YLVFRVLW\�3DV
ϕ YROXPH IUDFWLRQ�±
ρ GHQVLW\�NJ P±�

6XEVFULSWV
� LQLWLDO
F FRQWLQXRXV SKDVH
G GLVSHUVHG SKDVH
, LQLWLDWRU
0 PRQRPHU
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