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'LPHUL]DWLRQ�RI�WHUW�%XW\OPHUFDSWDQ�RYHU�WKH�6XUIDFH�RI�$HURVLO��

,PSUHJQDWHG�ZLWK�&RSSHU�DQG�0DQJDQHVH

'RQJ *RQ 3DUN�
 6HRQ +XL 3DUN� DQG 6XH -LQ /HH

'HSDUWPHQW RI &KHPLVWU\� 6RRNP\XQJ :RPHQ©V 8QLYHUVLW\� 6HRXO �������� .RUHD

5HFHLYHG $SULO ��� ����

$ FHUDPLF SRZGHU RI GHVWUXFWLYH DGVRUEHQW ZDV V\QWKHVL]HG E\ LPSUHJQDWLQJ FRSSHU DQGPDQJDQHVH RQ WKH VXU�

IDFH RI VLOLFD DHURVLO�� ,Q�VLWX )7,5 PHDVXUHPHQWV RQ SXOVHV RI PDORGRUDQW WHUW�EXW\OPHUFDSWDQ LQMHFWHG RYHU

WKH SRZGHU VKRZHG WKDW WHUW�EXW\OPHUFDSWDQ GLPHUL]HG LQWR GL�WHUW�EXW\OGLVXOILGH RQ WKH VXUIDFH RI WKH DGVRU�

EHQW LQ DQ DPELHQW FRQGLWLRQ� *&�06PHDVXUHPHQW RQ WKH JDV RYHU WKH DGVRUEHQW VKRZHG QR WHUW�EXW\OPHUFDS�

WDQ UHPDLQLQJ� DQG VKRZHG RQO\ WKH GLPHUL]DWLRQ SURGXFW RI GL�WHUW�EXW\OGLVXOILGH� 0RVW RI WKH GLPHUL]DWLRQ

SURGXFW� GL�WHUW�EXW\OGLVXOILGH� UHPDLQHG RQ WKH VXUIDFH RI WKH DGVRUEHQW DV SK\VLVRUEHG FRQGHQVH� DQG DSSDU�

HQWO\ ORZHUHG WKH GHVWUXFWLRQ HIILFLHQF\ E\ EORFNLQJ WKH VXUIDFH IURP WKH DFFHVV E\ WHUW�EXW\OPHUFDSWDQ� 8SRQ

EHLQJ KHDWHG DERYH ��� R&� LW ZDV REVHUYHG WKDW WKH SK\VLVRUEHG GL�WHUW�EXW\OGLVXOILGH GLVVRFLDWHG EDFN LQWR

WHUW�EXW\OPHUFDSWDQ� 7HUW�EXW\OPHUFDSWDQ SK\VLVRUEHG RQ WKH DFWLYDWHG FDUERQ� WKHUHE\ QR GLPHUL]DWLRQ ZDV

RFFXUULQJ RQ WKH VXUIDFH RI WKH DFWLYDWHG FDUERQ� ,Q DQ DUJRQ HQYLURQPHQW� WKH GLPHUL]DWLRQ UHDFWLRQ ZDV SUDF�

WLFDOO\ QRW RFFXUULQJ HYHQ RQ WKH VXUIDFH RI WKH DGVRUEHQW� LQGLFDWLQJ WKH IUHH R[\JHQ LQ DLU ZDV DOVR SDUWLFLSDW�

LQJ LQ WKH GLPHUL]DWLRQ UHDFWLRQ� :DWHU ZDV LGHQWLILHG DV D E\�SURGXFW RI WKH GLPHUL]DWLRQ UHDFWLRQ� 3RVVLEOH

UHDFWLRQV RQ WKH VXUIDFH RI WKH DGVRUEHQW ZHUH SURSRVHG�

,QWURGXFWLRQ

$V WKH VWDQGDUG RI OLYLQJ LV LPSURYHG� WKHUH KDV EHHQ PXFK
GHPDQG IRU PDNLQJ OLYLQJ FRQGLWLRQV PRUH FRPIRUWDEOH WKDQ
EHIRUH� ,Q RUGHU WR PHHW VXFK GHPDQG IRU FRPIRUWDEOH OLYLQJ
HQYLURQPHQW� ¨PDORGRU© KDV WR EH SXW XQGHU FRQWURO�
%DG VPHOO FDQ EH RULJLQDWHG IURP YDULRXV GLIIHUHQW VRXUFHV�

,Q PDQ\ RFFDVLRQV� FRPPRQ VRXUFHV RI WKH EDG VPHOO DURXQG
OLYLQJ VSDFH DUH IRRGV� (VSHFLDOO\� ZKHQ WKH IRRGV DUH URWWHQ
RU RYHU�IHUPHQWHG� WKH VPHOO IURP WKHP LV YHU\ XQSOHDVDQW�
(VSHFLDOO\ LQ D IHZ IDU�HDVWHUQ FRXQWULHV� VXFK DV .RUHD DQG
-DSDQ� FRPELQHG XVH RI ILVK� DQG JDUOLF� JHQHUDWHV YDULRXV
PDORGRUDQW YRODWLOH FRPSRXQGV� 0RVW RI WKRVH PDORGRUDQW
FRPSRXQGV IDOO LQWR WZR FDWHJRULHV� PHUFDSWDQ GHULYDWLYHV
DQG DPLQH GHULYDWLYHV�
&RPPHUFLDOO\� WKHUH DUH PDQ\ GLIIHUHQW ZD\V WR UHGXFH WKH

PDORGRUDQW YRODWLOHV� 6LPSO\� WKRVH FRPSRXQGV FDQ EH UH�
PRYHG E\ DGVRUEHQWV ZLWK KLJK VXUIDFH DUHD� VXFK DV DFWL�
YDWHG FDUERQV RU ]HROLWHV� 0DQ\ FRPPHUFLDO GHRGRUL]LQJ
SURGXFWV LQ WKH PDUNHW XVH RQH RI WKHVH PDWHULDOV� %HFDXVH
WKH PDORGRUDQWV DUH UHPRYHG RQO\ E\ SK\VLVRUSWLRQ� WKH OLIH�
WLPH RI WKH DGVRUEHQWV DUH YHU\ OLPLWHG� 0DORGRUDQWV FDQ
DOVR EH UHPRYHG E\ UHDFWLRQ ZLWK R[LGL]LQJ DJHQW� VXFK DV
R]RQH�� 7KH HOHFWURQLF GHYLFH� ZKLFK LV XVHG IRU JHQHUDWLQJ
R]RQH� FRQVXPHV HOHFWULF HQHUJ\�
7KH PDORGRUDQWV FDQ EH UHPRYHG ZLWKRXW HQHUJ\ FRQ�

VXPSWLRQ� LI YLD WKH FDWDO\WLF UHDFWLRQ� $V D SRVVLEOH ZD\ WR
JHW ULG RI PDORGRUDQW DON\O�PHUFDSWDQ FRPSRXQGV� ZH UH�
SRUWHG FDWDO\WLF UHDFWLRQ RI WHUW�EXW\OPHUFDSWDQ �7%0� RQ
WKH VXUIDFH RI VLOLFD DHURJHO LPSUHJQDWHG ZLWK &X�,,� DQG
0Q�,9� LQ RXU SUHYLRXV FRPPXQLFDWLRQ�� 7%0 LV FXUUHQWO\

EHLQJ XVHG DV JDV�RGRUDQW WR JLYH VWURQJ VWHQFK �URWWHQ
RQLRQ� WR OLTXHILHG QDWXUDO JDV �/1*�� ZKLFK LV RULJLQDOO\
RGRUOHVV� DV D VDIHW\ DODUP DJDLQVW OHDN�� +HUH� ZH UHSRUW IXU�
WKHU GHWDLOV LQWR WKH UHDFWLRQ PHFKDQLVP RI GLPHUL]DWLRQ RI
7%0 RFFXUULQJ RQ WKH VXUIDFH RI WKH FDWDO\WLF DGVRUEHQW�

([SHULPHQWDO 6HFWLRQ

&RPPHUFLDOO\ REWDLQHG VLOLFD DHURVLO� ZDV XVHG DV WKH
VXSSRUW IRU WKH FDWDO\WLF DGVRUEHQW� $ IHZ JUDPV RI WKH VLOLFD
DHURVLO� SRZGHU ZDV VRDNHG LQ DQ DTXHRXV VROXWLRQ RI
&X�12��� DQG 0Q�12���� :HLJKW RI FRSSHU DQG PDQJDQHVH
ZDV �� DQG �� WR VLOLFD� UHVSHFWLYHO\� %\ UHPRYLQJ H[FHVV
ZDWHU E\ HYDSRUDWLRQ DURXQG ����� R&� WKLFN ZHW SDVWH ZDV
REWDLQHG� 7KH SDVWH ZDV GLVSHUVHG RQ DOXPLQXP IRLO� DQG
IXUWKHU GULHG LQWR WKLQ FUXVWV LQ DQ RYHQ DW ��� R&� %ULHI
JULQGLQJ LQ DQ DJDWH PRUWDU WXUQHG WKH FUXVWV LQWR ILQH EURZQ
SRZGHU� 7KH FDWDO\WLF DGVRUEHQW ZDV SUHSDUHG E\ FDOFLQLQJ
WKH EURZQ SRZGHU DW ��� R& IRU ��KV LQ DPELHQW DLU� DQG ZDV
GHVLJQDWHG DV >&X�0Q@$6�6L2�� :KHQ QHHGHG� JDV HQYLURQ�
PHQW ZDV FRQWUROOHG E\ XVLQJ D WXEH IXUQDFH� GXULQJ FDOFLQD�
WLRQ� 6HYHUDO GLIIHUHQW NLQGV RI JDVHV� VXFK DV QLWURJHQ� R[\�
JHQ� RU �� +��$U� ZHUH XVHG� *RRG YHQWLODWLRQ LV UHFRP�
PHQGHG GXULQJ FDOFLQDWLRQ� EHFDXVH WR[LF QLWURJHQ R[LGHV
DUH SURGXFHG E\ GHFRPSRVLWLRQ RI QLWUDWHV�
'LPHUL]DWLRQ UHDFWLRQ RI WHUW�EXW\OPHUFDSWDQ �7%0� ZDV

PRQLWRUHG E\ LQ�VLWX REWDLQLQJ )7,5 VSHFWUD IURP KHDG�JDV
RYHU >&X�0Q@$6�6L2�� XVLQJ 1LFROHW ,PSDFW ���� ,Q D F\OLQ�
GULFDO JDV FHOO ���� FP GLD� × �� FP ORQJ� ZKLFK KDG WZR
VWRSFRFNV DWWDFKHG� ��� PJ RI >&X�0Q@$6�6L2� SRZGHU ZDV
SODFHG RQ WKH ERWWRP� DQG FRYHUHG ZLWK KRPHPDGH JODVV
FRYHU WR SUHYHQW WKH IOXII\ SRZGHU IURP HOHFWURVWDWLFDOO\ IO\�
LQJ DURXQG� ,QWR WKH FHOO� D SXOVH RI 7%0ZDV LQMHFWHG WKURXJK
WKH VWRSFRFN E\ XVLQJ D JDV�WLJKW V\ULQJH� ,QLWLDO FRQFHQWUD�


7R ZKRP FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG� (�PDLO� GJSDUN
#VRRNP\XQJ�DF�NU
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WLRQ RI 7%0ZDV DGMXVWHG WR ��� SSP� ,PPHGLDWHO\ DIWHU WKH
LQMHFWLRQ� )7,5 VSHFWUD ZHUH WDNHQ HYHU\ � PLQ� $IWHU 7%0
ZDV FRQVXPHG� DGGLWLRQDO SXOVHV ZHUH LQMHFWHG� DQG WKH PHD�
VXUHPHQW ZDV UHSHDWHG IRU WKH SXOVHV� ,Q RUGHU WR DWWHVW WKH
LQYROYHPHQW RI HQYLURQPHQWDO JDV WR WKH UHDFWLRQ� WKH FHOO
ZDV ILOOHG ZLWK DUJRQ� RU ZLWK R[\JHQ� SULRU WR WKH 7%0
LQMHFWLRQ�
*DV SURGXFW ZDV FKDUDFWHUL]HG E\ JDV�FKURPDWRJUDSK�PDVV�

VSHFWURPHWU\ �*&�06�� XVLQJ )LQQLJDQ $XWRPDVV ���� ,Q D
KRPHPDGH IODVN UHDFWRU� OLTXLG 7%0 ZDV LQ�VLWX HYDSRUDWHG
RYHU >&X�0Q@$6�6L2�� WKHUHE\� REWDLQLQJ VXIILFLHQW DPRXQW
RI JDV SURGXFW IRU *&�06 DQDO\VLV� *DV FKURPDWRJUDSK
�*&� ZDV FDUULHG RXW ZLWK 9DULDQ ����� ZKLFK ZDV HTXLSSHG
ZLWK D IORZ�EHG UHDFWRU � FP GLD� × �� FP ORQJ� DQG WKH
IODPH SKRWRPHWULF GHWHFWRU� 3RZGHU VDPSOH RI WKH >&X�0Q@�
$6�6L2� ZDV PDGH LQWR SHOOHWV� DQG ORDGHG LQ WKH IORZ EHG
UHDFWRU� *DVHRXV 7%0 ZDV LQWURGXFHG LQWR WKH UHDFWRU E\
SDVVLQJ GLOXHQW JDV� +H� WKURXJK OLTXLG 7%0 LQ D IORZ UDWH
RI ��� P/�PLQ�
6XUIDFH PRUSKRORJ\ RI >&X�0Q@$6�6L2�ZDV GHGXFHG IURP

DGVRUSWLRQ DQG GHVRUSWLRQ EHKDYLRU RI QLWURJHQ PHDVXUHG E\
0LFURPHULWLFV $6$3 ����� %(7 VXUIDFH DUHD ZDV FDOFXODWHG
E\ %(7 PHWKRG�� 3RUH VL]H GLVWULEXWLRQ ZDV FDOFXODWHG IURP
LVRWKHUP FXUYH RI QLWURJHQ GHVRUSWLRQ E\ %-+ PHWKRG��

5HVXOWV DQG 'LVFXVVLRQ

,Q SUHYLRXV FRPPXQLFDWLRQ�� GLPHUL]DWLRQ UHDFWLRQ RI WHUW�
EXW\O PHUFDSWDQ �7%0� ZDV FDUULHG RXW RQ WKH VXUIDFH RI VLO�
LFD DHURJHO LPSUHJQDWHG ZLWK &X�,,� DQG 0Q�,9�� ,Q WKLV
UHSRUW� FRPPHUFLDOO\ REWDLQHG VLOLFD DHURVLO� ZDV XVHG DV D
FRVW�HIIHFWLYH VXSSRUW LQVWHDG RI WKH DHURJHO� LQ HFRQRPLFDO
UHDVRQ� :KHUHDV VXUIDFH DUHD RI WKH DHURJHO ZDV ��� P��J�

WKDW RI DHURVLO�ZDV RQO\ ��� P��J� :KHQ WKH\ ZHUH FDOFLQHG
DW ��� R&� VXUIDFH DUHD RI WKRVH VDPSOHV GHFUHDVHG GRZQ WR
��� P��J DQG ��� P��J IRU FDOFLQHG DHURJHO DQG DHURVLO��
UHVSHFWLYHO\� 7KHUHIRUH� DHURVLO� FRXOG UHSODFH DHURJHO ZLWK�
RXW PXFK GLIIHUHQFH LQ VXUIDFH DUHD�
)LJXUH � FRPSDUHV SRUH VL]H GLVWULEXWLRQ RI WKH DHURVLO�

ZLWK WKDW RI >&X�0Q@$6�6L2�� ,W ZDV REVHUYHG WKDW PHVRSR�
UHV EHORZ ��� c ZHUH HOLPLQDWHG DIWHU WKH LPSUHJQDWLRQ�
ZKLFK LQGLFDWHG WKDW WKH RYHUFRDW RI FRSSHU DQG PDQJDQHVH
R[LGHV SOXJJHG DOO WKRVH PHVRSRUHV XS� :LWK WKH GHPLVH RI
WKH PHVRSRUHV� YROXPH RI PDFURSRUHV DERYH ��� c ZDV
ODUJHO\ LQFUHDVHG� $YHUDJH VL]H RI WKH PDFURSRUHV ZDV QRW
FKDQJHG E\ WKH LPSUHJQDWLRQ� WKRXJK� 7KLV REVHUYDWLRQ LQGL�
FDWHG WKDW WKH GHSWK RI WKRVH PDFURSRUHV JRW GHHSHQHG DV
DHURVLO� ZDV LPSUHJQDWHG ZLWK FRSSHU DQG PDQJDQHVH�
7KHUHE\� WKH DGVRUEHG YROXPH ZDV LQFUHDVHG� 7KLV PRUSKR�
ORJLFDO DOWHUDWLRQ RI WKH VXUIDFH LV VFKHPDWLFDOO\ VKRZQ LQ WKH
LQOHW RI WKH ILJXUH�
'LPLQLVKLQJ 7%0 RYHU WKH >&X�0Q@$6�6L2� ZDV LQ�VLWX

PRQLWRUHG E\ REVHUYLQJ )7,5 VSHFWUXP RI WKH RYHUKHDG JDV�
)LJXUH � VKRZV YDULDWLRQ RI WKH )7,5 VSHFWUXP RYHU WLPH

)LJXUH �� 3RUH VL]H GLVWULEXWLRQ RI WKH DHURVLO �$� DQG >&X�0Q@�
$6�6L2� �%�� FDOFXODWHG IURP GHVRUSWLRQ LVRWKHUP E\ %-+ PHWKRG�
7KH VXJJHVWHG VXUIDFH PRUSKRORJ\ ZDV VKRZQ LQ WKH LQOHW�

)LJXUH �� )7,5 VSHFWUD WDNHQ IURP WKUHH FRQVHFXWLYH SXOVHV ����
SSP�HDFK SXOVH� RI 7%0 RYHU WKH >&X�0Q@$6�6L2�� 7KH PHDVXUH�
PHQW ZDV FDUULHG RXW FRQWLQXRXVO\� VR WKDW WKH ODSVH EHWZHHQ FRQVH�
FXWLYH VSHFWUD ZDV � PLQ� (DFK FOXVWHU RI WKH VSHFWUD UHSUHVHQWV
GLVDSSHDUDQFH RI RQH SXOVH RI 7%0� 7KH SHDNV PDUNHG E\ DUURZV
SURYLGH JXLGH WR GLVFHUQ 7%0 IURP '%'6�
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PHDVXUHG IRU WKUHH FRQVHFXWLYH SXOVHV RI 7%0 LQMHFWHG RYHU
WKH >&X�0Q@$6�6L2�� (DFK VSHFWUDO FOXVWHU VKRZV FRPSOHWH
HOLPLQDWLRQ RI RQH SXOVH ���� SSP� RI 7%0 RYHU ��� PJ
SRZGHU RI WKH >&X�0Q@$6�6L2�� 6SDQ RI WLPH IRU HDFK FOXV�
WHU ZDV DERXW �� PLQ� 7KH VSHFWUXP ZLWK IHHEOH LQWHQVLW\
DIWHU �� PLQ �WKH ODVW VSHFWUXP RI HDFK FOXVWHU� ZDV IRU
GLPHUL]DWLRQ SURGXFW� GL�WHUW�EXW\O GLVXOILGH �'%'6�� %HFDXVH
)7,5 VSHFWUXP RI 7%0 LV YHU\ VLPLODU WR WKDW RI '%'6� D
FDUHIXO FRPSDULVRQ LV QHHGHG WR GLVFHUQ UHDFWDQW IURP SURG�
XFW� 7KH EHVW JXLGDQFH LV SURYLGHG E\ WKH SHDNV DW ���� FP−�

DQG ���� FP−� LQ WKH VSHFWUXP RI 7%0� 7KH VSHFWUXP RI
'%'6 LV GHYRLG RI WKH SHDNV� $V ZDV REVHUYHG ZLWK >&X�
0Q@$*�6L2��� UHPRYDO RI PDORGRUDQW 7%0 RQ WKH VXUIDFH
RI WKH >&X�0Q@$6�6L2� ZDV FRPSOHWH LQ DERXW �� PLQ�
$IWHU WKH WLPH� D VHQVXDO WHVW RYHU WKH RSHQ YHVVHO UHJLVWHUHG
QR VWHQFK IURP PDORGRUDQW 7%0 DW DOO�
$SSDUHQWO\� RQO\ D VPDOO IUDFWLRQ RI '%'6 ZDV GHWHFWHG

E\ )7,5� E\ VHHLQJ WKH IHHEOH LQWHQVLW\ RI WKH VSHFWUXP� &RQ�
VLGHULQJ YDSRU SUHVVXUH RI '%'6 ����� N3D DW �� R&� ZDV
PXFK ORZHU WKDQ WKDW RI 7%0 ����� N3D DW �� R&�� LW ZDV
VXJJHVWHG WKDW '%'6 ZRXOG SUHIHUHQWLDOO\ FRQGHQVH LQWR WKH
SRUH� ,Q RUGHU WR JHW D GHILQLWLYH LGHQWLILFDWLRQ RI WKH SURGXFW�
JDVHRXV RYHUKHDG ZDV DQDO\]HG E\ *&�06� *DV FKURPDWR�
JUDSK RI WKH JDVHRXV RYHUKHDG LV VKRZQ LQ )LJXUH �$� 2QO\
D PDMRU SURGXFW ZDV '%'6� DQG QR 7%0 ZDV UHPDLQHG�
$V FRPSDULVRQ VWXG\� LQ�VLWX PRQLWRULQJ ZDV DOVR FDUULHG

RXW IRU SXOVHV RI 7%0 LQMHFWHG RYHU WKH DFWLYDWHG FDUERQ� ,W
WRRN PRUH WKDQ �� PLQ XQWLO )7,5 VSHFWUXP UHJLVWHUHG QRW
PXFK RI 7%0� 7KH UHPRYDO RI 7%0 RYHU WKH DFWLYDWHG FDU�
ERQ ZDV LQFRPSOHWH HYHQ DIWHU DQ KRXU� $V PRUH SXOVHV ZHUH

LQMHFWHG� WKH DPRXQW RI WKH UHPDLQLQJ 7%0 LQFUHDVHG� 6HQ�
VXDO WHVW RYHU RSHQ YHVVHO UHJLVWHUHG YHU\ VWURQJ VWHQFK RI
UHPDLQLQJ 7%0 RYHU WKH DFWLYDWHG FDUERQ� ZKHUHDV QR VXFK
VPHOO FRXOG EH VHQVXDOO\ GHWHFWHG RYHU WKH >&X�0Q@$6�6L2��
*DV FKURPDWRJUDSK RI WKH RYHUKHDG JDV LQ )LJXUH �%� REWDLQ�
HG E\ *&�06� VKRZHG WKDW RQO\ 7%0 ZDV GHWHFWHG� EXW QRW
'%'6� 7KHUHIRUH� FKHPLVRUSWLRQ RI 7%0ZDV RFFXUULQJ RYHU
WKH VXUIDFH RI WKH >&X�0Q@$6�6L2�� ZKHUHDV RQO\ SK\VLVRUS�
WLRQ ZDV RFFXUULQJ RYHU WKH DFWLYDWHG FDUERQ�
'LPHUL]DWLRQ RI 7%0 LQWR '%'6 VKRXOG KDYH OHIW K\GUR�

JHQ EHKLQG� %XW� PROHFXODU K\GURJHQ ZDV DSSDUHQWO\ QRW
GHWHFWHG E\ *&� )LJXUH � VKRZHG WKDW ZDWHU�SHDNV DURXQG
���� FP−� DQG ���� FP−� ZHUH JUDGXDOO\ JURZLQJ DV 7%0
ZDV GLPHUL]HG LQWR '%'6� 7KHUHIRUH� ZDWHU ZDV D E\SURG�
XFW RI GLPHUL]DWLRQ UHDFWLRQ RI 7%0 RQ WKH VXUIDFH RI WKH
>&X�0Q@$6�6L2�� ZKLFK FRQVXPHG K\GURJHQ WKDW ZDV JLYHQ
RII IURP 7%0� $V WKH UHDFWLRQ RYHU WKH >&X�0Q@$6�6L2�

SURFHHGHG IXUWKHU� WKH DPRXQW RI ZDWHU LQ WKH RYHUKHDG ZDV
VORZO\ GLPLQLVKLQJ WRJHWKHU ZLWK WKDW RI WKH '%'6 �VHH ILJ�
XUH � IRU '%'6�� ,W LV VXJJHVWHG WKDW WKRVH WZR ZHUH UHPRY�
HG E\ EHLQJ DGVRUEHG RQ WKH VXUIDFH RI WKH >&X�0Q@$6�6L2�

�VHH EHORZ��
,Q RUGHU WR VHHN WKH R[\JHQ VRXUFH� WKH GLPHUL]DWLRQ UHDF�

WLRQ ZDV FDUULHG RXW LQ VWULFWO\ FRQWUROOHG JDV HQYLURQPHQW�
)LJXUH � VKRZV WKH YDULDWLRQ RI LQ�VLWX REWDLQHG )7,5 VSHFWUD
LQ SXUH DUJRQ HQYLURQPHQW� :KHQ R[\JHQ LQ WKH JDV HQYLURQ�
PHQW ZDV HOLPLQDWHG� GLPHUL]DWLRQ UHDFWLRQ RI 7%0 ZDV
SUDFWLFDOO\ QRW RFFXUULQJ� (YHQ DIWHU � GD\V� WKH 7%0 SHDNV
DW ���� FP−� DQG ���� FP−� ZHUH VWLOO GHWHFWHG� :KHQ WKH
UHDFWLRQ ZDV FDUULHG RXW LQ SXUH R[\JHQ� QR 7%0 ZDV OHIW
DIWHU �K� DV VHHQ LQ WKH LQOHW� 7KLV REVHUYDWLRQ SURYLGHV VWURQJ
HYLGHQFH WKDW PROHFXODU R[\JHQ IURP HQYLURQPHQWDO JDV LV
UHDFWDQW�
%XW� HYHQ LQ DUJRQ HQYLURQPHQW� ZKHUH IUHH R[\JHQ ZDV

HOLPLQDWHG� WKH LQWHQVLW\ RI WKH 7%0�SHDN ZDV GHFUHDVLQJ�
HYHQ WKRXJK LW ZDV RYHU YHU\ ORQJ SHULRG� $IWHU D IHZ GD\V
LQ DUJRQ HQYLURQPHQW� 7%0 ZDV VXUHO\ GLPHUL]HG� E\ FRQ�

)LJXUH �� *DV FKURPDWRJUDSK RI WKH RYHUKHDG JDV REWDLQHG DIWHU
7%0 ZDV LQMHFWHG RYHU WKH >&X�0Q@$6�6L2� �$�� RU RYHU WKH
DFWLYDWHG FDUERQ �%��

)LJXUH �� )7,5 VSHFWUD WDNHQ IURP D SXOVH RI 7%0 ���� SSP�
LQMHFWHG RYHU WKH >&X�0Q@$6�6L2�� 7KH HQYLURQPHQW LQ WKH JDV FHOO
ZDV SXUH DUJRQ� 7KH DUURZV LQGLFDWH XQLTXH SHDNV IRU 7%0� 7KH
VSHFWUXP LQ WKH LQOHW VKRZV WKRVH 7%0 SHDNV DUH QRW REVHUYDEOH LQ
R[\JHQ HQYLURQPHQW�
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VLGHULQJ VHQVXDO WHVW UHJLVWHUHG QR VWHQFK IURP 7%0� 7KLV
REVHUYDWLRQ LQGLFDWHG WKDW ODWWLFH R[\JHQ RQ WKH VXUIDFH RI
WKH >&X�0Q@$6�6L2� FRXOG EH DQRWKHU VRXUFH IRU R[\JHQ�
%HFDXVH GLVVRFLDWLRQ HQHUJ\ RI PROHFXODU R[\JHQ LV YHU\ KLJK�
LW LV QRW SUREDEOH WKDW PROHFXODU R[\JHQ GLUHFWO\ UHDFWHG ZLWK
UHDFWDQW� 7KH VXUIDFH RI PHWDO R[LGH VKRXOG KDYH SURYLGHG
FDWDO\WLF VLWHV IRU GLVVRFLDWLRQ RI WKH IUHH R[\JHQ� 6FUDP�
EOLQJ RI WKH R[\JHQ IURP HQYLURQPHQW DQG WKDW LQ WKH ODWWLFH
ZDV UHSRUWHG WR EH YHU\ IDVW�� (65 DQG 5DPDQ VWXG\ RQ R[L�
GDWLYH FRXSOLQJ RI PHWKDQH RQ 0Q�:�LPSUHJQDWHG VLOLFD
UHSRUWHG ODWWLFH R[\JHQ ZDV UHVSRQVLEOH IRU WKH DFWLYDWLRQ RI
PHWKDQH�� ,5 VWXG\ RQ FDWDO\WLF R[LGDWLRQ RI RUJDQLFV RYHU
PHWDO R[LGH DOVR VXJJHVWHG VWURQJ HYLGHQFHV RQ LQYROYHPHQW
RI ODWWLFH R[\JHQ LQ WKH UHDFWLRQ��� /LNHZLVH� ODWWLFH R[\JHQ
VKRXOG KDYH SOD\HG DQ LPSRUWDQW UROH LQ WKH GLPHUL]DWLRQ
UHDFWLRQ RI 7%0 RQ WKH VXUIDFH RI WKH >&X�0Q@$6�6L2�� ,W
ZDV DOVR REVHUYHG WKDW VXUIDFH UHDFWLYLW\ WRZDUG GLPHUL]D�
WLRQ RI 7%0 ZDV ODUJHO\ GLPLQLVKHG ZKHQ WKH >&X�0Q@$6�
6L2� ZDV H[SRVHG WR KXPLGLW\ IRU H[WHQGHG WLPH� 7KH VXU�
IDFH UHDFWLYLW\ ZDV DOVR ODUJHO\ GLPLQLVKHG� ZKHQ >&X�0Q@�
$6�6L2�ZDV DQQHDOHG LQ R[\JHQ� 7KHVH REVHUYDWLRQV VWURQJO\
LQGLFDWHG WKH LQYROYHPHQW RI VXUIDFH GHIHFWV WR WKH GLPHUL]D�
WLRQ UHDFWLRQ RI 7%0� WRJHWKHU ZLWK WKH ODWWLFH R[\JHQ�
(OHPHQWDO GDWD LQ 7DEOH � SURYLGHG D JOLPSVH WR VHH ZKHWKHU

VXOILGH ZRXOG EH IL[DWHG LQWR WKH VXUIDFH OD\HU RI WKH >&X�
0Q@$6�6L2� RU QRW� $IWHU FKHPLVRUSWLRQ RI 7%0 RQ LWV VXU�
IDFH� WKH >&X�0Q@$6�6L2� FRQWDLQHG IDLU DPRXQW RI VXOIXU�
WRJHWKHU ZLWK K\GURJHQ DQG FDUERQ� 6LPSOH FDOFXODWLRQ UHDGLO\
VKRZHG WKH HPSLULFDO IRUPXOD WR EH &�+�6� ZKLFK LV IRU
'%'6 �&�+��6��� 8SRQ KHDWLQJ WKH VXOIXU FRQWDLQLQJ VDPSOH
DERYH ��� R&� DOO WKH VXOIXU ZDV HOLPLQDWHG� 7KHUHIRUH� PRVW
RI WKH '%'6 �WRJHWKHU ZLWK ZDWHU�� ZKLFK ZDV SURGXFHG E\
GLPHUL]DWLRQ UHDFWLRQ RI 7%0� ZDV UHPDLQLQJ RQ WKH VXUIDFH
RI WKH >&X�0Q@$6�6L2� DV SK\VLVRUEHG FRQGHQVH RQ LWV
PDFURSRUHV� $IWHU WKH UHPRYDO RI '%'6 IURP WKH VXUIDFH E\
KHDWLQJ� VRPH FDUERQ DQG K\GURJHQ ZHUH OHIW EHKLQG� HYHQ
WKRXJK WKH DPRXQW RI WKRVH ZDV UHODWLYHO\ VPDOO� 7KLV REVHU�
YDWLRQ VXJJHVWHG WKDW VRPH '%'6 ZDV GHFRPSRVHG RQ WKH
VXUIDFH RI WKH >&X�0Q@$6�6L2�� ZKHQ LW ZDV KHDWHG�
7R VHH LI '%'6 RQ WKH VXUIDFH ZDV GHFRPSRVLQJ XSRQ

EHLQJ KHDWHG� WKHUPDO SURGXFW ZDV LQ�VLWX FKDUDFWHUL]HG E\
*&� )LJXUH � VKRZV WKH YDULDWLRQ RI LQWHJUDWHG LQWHQVLW\ RI
WKH *& SHDNV RI 7%0 DQG '%'6 GXULQJ FRQWLQXRXV LQIOX[
RI 7%0 RYHU SHOOHWL]HG >&X�0Q@$6�6L2� LQ D IORZ EHG�
%HIRUH WKH EUHDNWKURXJK UHDFKHG �DIWHU DURXQG ��� PLQ�� DOO
7%0 ZDV FRQVXPHG E\ >&X�0Q@$6�6L2�� )DLU DPRXQW RI
GLPHUL]DWLRQ SURGXFW� '%'6� ZDV GHWHFWHG LQLWLDOO\� EXW LW

GHFUHDVHG GRZQ WR QRQH DIWHU WKH EUHDNWKURXJK� 7KLV REVHU�
YDWLRQ FRQIRUPV WR WKH SUHYLRXV VXJJHVWLRQ WKDW JDVHRXV SURG�
XFWV ZHUH FRQGHQVLQJ RQ WKH VXUIDFH RI >&X�0Q@$6�6L2�� $V
WKH UHDFWLYH VXUIDFH RI >&X�0Q@$6�6L2� ZDV EORFNHG IURP
7%0 E\ SK\VLVRUEHG '%'6� WKH EUHDNWKURXJK UHDFKHG� DQG
7%0 SHDN VWDUWHG DSSHDULQJ� $IWHU WKH LQIOX[ RI 7%0 ZDV
FXW RII� WKH >&X�0Q@$6�6L2� LQ WKH UHDFWRU ZDV KHDWHG DW
������� R&� LQ RUGHU WR VHH LI DGVRUEHG '%'6 ZRXOG EH GLV�
VRFLDWHG XSRQ EHLQJ KHDWHG� ,PPHGLDWHO\ DIWHU WKH UHDFWRU
ZDV KHDWHG� VXGGHQ LQFUHDVH RI 7%0 SHDN ZDV REVHUYHG�
DQG QR SHDN ZDV REVHUYHG IRU '%'6� 7KHUHIRUH� LW ZDV
VKRZQ WKDW '%'6 GLVVRFLDWHG EDFN LQWR 7%0 RQ KRW VXUIDFH
RI WKH >&X�0Q@$6�6L2�� 7KLV REVHUYDWLRQ DOVR FRQILUPHG
WKDW GLPHUL]DWLRQ SURGXFW ZDV FRQGHQVLQJ LQ WKH PDFURSRUHV
RI WKH >&X�0Q@$6�6L2�� QRW EHLQJ UHOHDVHG LQWR WKH RYHU�
KHDG� ,W LV VXJJHVWHG WKDW WKH FRQGHQVHG '%'6 EORFNHG WKH
DFWLYH VLWHV DJDLQVW 7%0� WKHUHE\ ORZHULQJ WKH HIILFLHQF\ RI
WKH GLPHUL]DWLRQ UHDFWLRQ RI 7%0 RQ WKH VXUIDFH RI WKH >&X�
0Q@$6�6L2��
6WXG\ E\ RWKHUV RQ WKH UHDFWLRQ RI GLPHWK\OGLVXOILGH RQ

KRW VXUIDFH RI PHWDO R[LGH UHSRUWHG WKDW LW GLVVRFLDWHG LQWR
PHWK\O PHUFDSWDQ��� 2Q WKH VXUIDFH RI DOXPLQXP R[LGH� WKH
GLVVRFLDWLRQ RI GLPHWK\OGLVXOILGH UHSRUWHGO\ RFFXUUHG DW ���
R&� LQGLFDWLQJ WKH UHDFWLRQ ZDV HQGRWKHUPLF� 1R UHSRUW E\
RWKHUV RQ GLVVRFLDWLRQ RI '%'6 RQ PHWDO R[LGHV FRXOG EH
WUDFHG� &RQVLGHULQJ WKH UHSRUWHG SUHFHGHQW RQ GLPHWK\OGLVXO�
ILGH� LW ZDV VXJJHVWHG WKDW '%'6 ZDV DOVR HQGRWKHUPLFDOO\
GLVVRFLDWLQJ RQ KRW VXUIDFH RI WKH >&X�0Q@$6�6L2�� ,I QRW
KHDWHG� '%'6 ZRXOG MXVW VORZO\ EH GHVRUEHG DV LW ZDV�
ZLWKRXW EHLQJ GLVVRFLDWHG� %HFDXVH WKH GLPHUL]DWLRQ UHDFWLRQ
RI 7%0 LQWR '%'6 LV UHYHUVH UHDFWLRQ RI WKH GLVVRFLDWLRQ RI
'%'6 LQWR 7%0� LW ZDV VXJJHVWHG WKDW WKH GLPHUL]DWLRQ RI
7%0 SURFHHGHG H[RWKHUPLFDOO\� 7KHUHIRUH� LW LV DQWLFLSDWHG
WKDW WKH GLPHUL]DWLRQ UHDFWLRQ LV JRLQJ WR UHDGLO\ RFFXU DW
EHORZ IUHH]LQJ WHPSHUDWXUH �&X DQG 0Q LPSUHJQDWHG DOXPL�
QRVLOLFDWH LV FXUUHQWO\ EHLQJ XVHG DV D FRPPHUFLDO GHRGRUDQW
LQ D UHIULJHUDWRU��

7DEOH �� (OHPHQWDO FRQWHQW LQ WKH >&X�0Q@$6�6L2�� EHIRUH DQG
DIWHU WKH LQMHFWLRQ RI 7%0 RYHU LW� '%'6 ZDV JHQHUDWHG E\ WKH
GLPHUL]DWLRQ RI 7%0 RYHU WKH VXUIDFH� DQG LW FRQGHQVHG LQ WKH
SRUHV� 8SRQ EHLQJ KHDWHG� WKH >&X�0Q@$6�6L2� ORVW DOO WKH VXOIXU

&RQGLWLRQ VXOIXU �Z�� FDUERQ K\GURJHQ

EHIRUH WKH UHDFWLRQ � ���−� ����

DIWHU WKH UHDFWLRQ ��� R&� ���� ���� ����

DIWHU WKH UHDFWLRQ ���� R&� � ���� ����

)LJXUH �� 7KH LQWHJUDWHG DUHD RI JDV FKURPDWRJUDSK SHDNV RI
7%0 �9 � DQG '%'6 �= � LQ WKH HIIOXHQW JDV SDVVLQJ RYHU WKH
SHOOHWL]HG >&X�0Q@$6�6L2� LQ WKH UHDFWRU� 7%0 � ? � ZDV LQ�VLWX

JHQHUDWHG IURP DGVRUEHG '%'6 ZKHQ WKH >&X�0Q@$6�6L2��ZDV
KHDWHG DIWHU WKH RXWVLGH VXSSO\ RI 7%0 ZDV FXW RII�



'LPHUL]DWLRQ RI WHUW�%XW\OPHUFDSWDQ RYHU WKH 6XUIDFH RI $HURVLO� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

$ON\O PLJUDWLRQ IURP SKRVSKRURXV UHDFWDQW WR ODWWLFH R[\�
JHQ ZDV NQRZQ WR RFFXU RQ WKH VXUIDFH RI PDJQHVLXP R[LGH���

7KH VWXG\ RQ WKH GLVVRFLDWLRQ RI GLPHWK\OGLVXOILGH DOVR UH�
SRUWHG WKDW K\GURJHQ QHHGHG IRU WKH GLVVRFLDWLRQ UHDFWLRQ
FRXOG EH SURYLGHG E\ GHFRPSRVLWLRQ RI DON\O OLJDQGV �α�
PHWK\OHQH�� ZKLFK JHQHUDWHG PDQ\ E\�SURGXFWV��� 7KHUHIRUH�
LW ZDV VXJJHVWHG WKDW DON\O PLJUDWLRQ DOVR RFFXUUHG IURP
'%'6 WR ODWWLFH R[\JHQ RI WKH >&X�0Q@$6�6L2�� &DUERQ
DQG K\GURJHQ UHPQDQWV LQ WKH >&X�0Q@$6�6L2� DIWHU KHDW�
UHPRYDO RI '%'6 �LQ 7DEOH �� LQGLFDWHG WKDW GHFRPSRVLWLRQ
RI WKH DON\O IUDJPHQW SURYLGHG K\GURJHQ QHHGHG IRU WKH GLV�
VRFLDWLRQ UHDFWLRQ RI '%'6�
)URP WKH H[SHULPHQWDO REVHUYDWLRQV GHVFULEHG VR IDU� WKH

UHDFWLRQ PHFKDQLVP RI WKH GLPHUL]DWLRQ RI 7%0� DQG RI WKH
GLVVRFLDWLRQ RI '%'6� RQ WKH VXUIDFH RI >&X�0Q@$6�6L2�

ZDV SURSRVHG EHORZ� 6WRLFKLRPHWULF UHDFWLRQ ��� DQG ���
VXPPDUL]HG RYHUDOO UHDFWLRQV RFFXUULQJ RYHU WKH VXUIDFH RI
WKH >&X�0Q@$6�6L2��

��&+���&6+ � ���2� → �&+���&66&�&+��� � +�2 � ∆+
a URRP WHPS� ���

�&+���&66&�&+��� � �+ → ��&+���&6+ �∆+ ���
! ��� R&

&RQFOXVLRQ

%\ LPSUHJQDWLQJ FRSSHU DQG PDQJDQHVH RQ WKH VXUIDFH RI
VLOLFD VXSSRUW� D FDWDO\WLF DGVRUEHQW� >&X�0Q@$6�6L2�� ZDV
SUHSDUHG� $V IRU WKH VXSSRUW RI WKH FDWDO\WLF DGVRUEHQW� FRP�
PHUFLDOO\ REWDLQHG VLOLFD DHURVLO� ZDV SURYHG WR EH DQ DSSUR�
SULDWH VXEVWLWXWH IRU WKH VLOLFD DHURJHO�� ZKLFK ZDV FRVWO\ WR
V\QWKHVL]H�
0DORGRUDQW WHUW�EXW\OPHUFDSWDQ ZDV FKHPLVRUEHG RQ WKH

VXUIDFH RI WKH >&X�0Q@$6�6L2�� DQG ZDV GLPHUL]HG LQWR GL�
WHUW�EXW\OGLVXOILGH� ZKLFK KDG QR VWHQFK� 2Q WKH FRQWUDU\� LW
ZDV PHUHO\ SK\VLVRUEHG RQ WKH VXUIDFH RI DFWLYDWHG FDUERQ�
,W ZDV VKRZQ WKDW IUHH R[\JHQ ZDV SDUWLFLSDWLQJ LQ WKH
GLPHUL]DWLRQ UHDFWLRQ RI WHUW�EXW\OPHUFDSWDQ DV D UHDFWDQW�
:LWK WKH R[\JHQ� WKH K\GURJHQ DEVWUDFWHG IURP WHUW�EXW\O�
PHUFDSWDQ SURGXFHG ZDWHU� 0DQ\ FLUFXPVWDQWLDO HYLGHQFHV
GLUHFWHG WKDW ODWWLFH R[\JHQ DQG VXUIDFH GHIHFWV DOVR DFWHG DV
DFWLYH VSHFLHV LQ WKH UHDFWLRQ�
0RVW RI WKH GL�WHUW�EXW\OGLVXOILGH� ZKLFK ZDV SURGXFHG E\

GLPHUL]DWLRQ UHDFWLRQ RI WHUW�EXW\OPHUFDSWDQ� UHPDLQHG SK\�

VLVRUEHG RQ WKH VXUIDFH RI WKH >&X�0Q@$6�6L2�� 8SRQ EHLQJ
KHDWHG DERYH ��� R&� GL�WHUW�EXW\OGLVXOILGH GLVVRFLDWHG EDFN
LQWR WHUW�EXW\OPHUFDSWDQ RQ WKH VXUIDFH RI WKH >&X�0Q@$6�
6L2�� $SSDUHQWO\� GHFRPSRVLWLRQ RI DON\O PRLHW\ RI GL�WHUW�
EXW\OGLVXOILGH SURYLGHG K\GURJHQ QHHGHG IRU WKH GLVVRFLD�
WLRQ�
,W ZDV VKRZQ WKDW PDORGRUDQW WHUW�EXW\OPHUFDSWDQ FRXOG

EH UHPRYHG DW DPELHQW FRQGLWLRQ ZLWKRXW XVLQJ DQ\ HQHUJ\�
FRQVXPLQJ GHYLFH� E\ FDWDO\WLFDOO\ GLPHUL]LQJ LW LQWR QRQ�
RGRUDQW GLVXOILGH� 7KHUHIRUH� WKH >&X�0Q@$6�6L2� FDQ EH D
JRRG FDQGLGDWH IRU D GHRGRUL]LQJ DJHQW WR UHPRYH PDORGRU�
DQW DON\OPHUFDSWDQV� FDWDO\WLFDOO\� %XW� D ZD\ WR VXSSUHVV WKH
VWURQJ DGVRUSWLRQ RI LQ�VLWX SURGXFHG GLVXOILGHV RQ WKH VXU�
IDFH RI WKH DGVRUEHQWV ZRXOG KDYH WR EH GHYLVHG WR UDLVH WKH
GHRGRUL]LQJ HIILFLHQF\ RI WKH DJHQW�
$FNQRZOHGJPHQW� '� *� 3DUN DFNQRZOHGJHV ILQDQFLDO

VXSSRUW E\ .RUHD *DV &RUSRUDWLRQ �''�)8��������������
ZLWK JUDWLWXGH�

5HIHUHQFHV

�� &KD� <� 6�� &DGZDOODGHU� .� 5� -� )RRG 6FL� ����� ������

���

�� 0DUWLQ�/DJRV� 5� $�� 2OHD 6HUUDQR� 0� )�� 5XL] /RSH]� 0�
'� )RRG &KHP� ����� ��� ���

�� <RVKLPRWR� 0�� 1DNDWVXML� 7�� 1DJDQR� .�� <RVKLGD� .�

-SQ� .RNDL 7RNN\R .RKR -3 ����������� �����
�� 3DUN� 6� +�� 3DUN� '� *�� .ZHRQ� +� -�� 1DP� 6� 6�� .LP�

6��%�� /HH� <��%�� &KRH� .��+� %XOO� .RUHDQ &KHP� 6RF�

����� ������ ����
�� 2GRUL]DWLRQ ,,� :LOVRQ� *� *�� $WWDUL� $� $�� (GV�� ,QVWLWXWH

RI *DV 7HFKQRORJ\� &KLFDJR� ,OOLQRLV� 86$� �����

�� /RZHOO� 6�� 6KLHOGV� -� (� 3RZGHU 6XUIDFH $UHD DQG 3RURV�
LW\� �UG (G�� &KDSPDQ 	 +DOO� /RQGRQ� 8.� ����� S ���

�� *UHJJ� 6� -�� 6LQJ� .� 6� :� $GVRUSWLRQ� 6XUIDFH $UHD DQG

3RURVLW\� �QG (G�� $FDGHPLF SUHVV� /RQGRQ� 8.� ����� S
����

�� /L� <��;�� .ODEXQGH� .� -� &KHP� 0DWHU� ����� �� ����

�� :X� -�� /L� 6�� 1LX� -�� )DQJ� ;� $SSO� &DWDO� $ ����� ����
��

��� %XVFD� *� &DWDO� 7RGD\ ����� ��� ����

��� 0DVKNLQD� $� 9�� <DNRYOHQD� 9� 1�� 6DNKDOWXHYD� /� *�
5HDFW� .LQHW� &DWDO� /HWW� ����� ������ ����

��� /LQ� 6��7�� .ODEXQGH� .� -� /DQJXPXLU ����� �� ����

��� 0DVKNLQD� $� 9�� %RURGLQ� %� 3�� 0DVKNLQ� 9� <� .LQHW�
&DWDO� ����� ������ ����


