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�'HSDUWPHQW RI ,QRUJDQLF DQG $QDO\WLFDO &KHPLVWU\� 8QLYHUVLW\ RI 6]HJHG�

'yP WpU �� 6]HJHG� +����� +XQJDU\

�'HSDUWPHQW RI 2UJDQLF &KHPLVWU\� 8QLYHUVLW\ RI 6]HJHG�

'yP WpU �� 6]HJHG� +����� +XQJDU\

�'HSDUWPHQW RI $SSOLHG DQG (QYLURQPHQWDO &KHPLVWU\� 8QLYHUVLW\ RI 6]HJHG�

5HUULFK %� WpU �� 6]HJHG� +����� +XQJDU\

&X�,,� KLVWLGLQH RU &X�,,��GLHWK\OHQH�WULDPLQR���LPLGD]RODWR�=Q�,,��WULV�DPLQRHWK\ODPLQH WULSHUFKOR�

UDWR FRPSOH[HV ZHUH SUHSDUHG DQG LPPRELOLVHG LQ�RQ SRURXV PDWULFHV �PRQWPRULOORQLWH DQG VLOLFD JHO� YLD

�L� DGVRUSWLRQ�K\GURJHQ ERQGLQJ� �LL� HOHFWURVWDWLF IRUFHV RU �LLL� JUDIWLQJ ZLWK FRYDOHQW ERQG� ,W ZDV IRXQG

WKDW LPPRELOLVDWLRQ LQFUHDVHG FDWDO\WLF DFWLYLW\ DQG FDWDO\VW OLIHWLPH LQ WKH GHFRPSRVLWLRQ UHDFWLRQ RI

K\GURJHQ SHUR[LGH UHODWLYH WR WKH PDWUL[�IUHH FRPSOH[HV� 7KH LPPRELOLVHG PDWHULDOV ZHUH FKDUDFWHULVHG

E\ H[SHULPHQWDO DQG FRPSXWDWLRQDO PHWKRGV�

.H\ ZRUGV� &X�KLVWLGLQH� FRPSOH[HV� 1D�PRQWPRULOORQLWH� VLOLFD JHO� KRVW�JXHVW VXEVWDQFHV� )7�,5 VSHF�

WURVFRS\� LPPRELOLVDWLRQ� DQFKRULQJ

���,QWURGXFWLRQ

+RPRJHQHRXV FDWDO\VWV DUH JHQHUDOO\ PRUH VHOHFWLYH DQG RFFDVLRQDOO\ PRUH DFWLYH

WKDQ WKHLU KHWHURJHQHRXV FRXQWHUSDUWV� 1HYHUWKHOHVV� WKH\ DOVR KDYH VHYHUDO GLVDGYDQ�

WDJHV� -XVW WZR RI WKHP DUH WKHLU WHGLRXV DQG RIWHQ XQVXFFHVVIXO VHSDUDWLRQ IURP WKH

UHDFWLRQ PL[WXUH DQG WKHLU VKRUWHU OLIHWLPH� %RWK RI WKHVH XQIDYRUDEOH IHDWXUHV PD\ EH

HOLPLQDWHG LI WKH KRPRJHQHRXV FRPSOH[HV DUH KHWHURJHQL]HG� &RPSOH[HV LPPRELOLVHG

LQ VROLG RU VHPL�VROLG PDWULFHV PD\ PLPLF HQ]\PHV >�� �@� ZKLFK PD\ PHDQ KLJK DF�

BBBBBBBBB


 7KH SDSHU ZDV SUHVHQWHG DW WKH ��WK :LQWHU 6FKRRO RQ &RRUGLQDWLRQ &KHPLVWU\� .DUSDF]� 3RODQG�

�±�� 'HFHPEHU� �����


&RUUHVSRQGLQJ DXWKRU� H�PDLO� GRPH#FKHP�X�V]HJHG�KX�
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WLYLW\ DW ORZ WHPSHUDWXUH DQG YHU\ KLJK VHOHFWLYLW\� W\SLFDO IHDWXUHV RI HQYLURQPHQWDOO\

IULHQGO\ SURFHGXUHV�

,I RQH LQWHQGV WR PRGHO HQ]\PHV RU ZDQWV WR H[SORLW WKHLU KLJK DFWLYLW\ DQG �RU�

VHOHFWLYLW\� D YLDEOH ZD\ LV WU\LQJ WR DQFKRU WKH SURVWKHWLF JURXS�V� IRXQG RU DVVXPHG

WR EH UHVSRQVLEOH IRU WKHVH SDUDPHWHUV RQWR ULJLG RU VHPL�ULJLG VXSSRUWV� :KHQ

&X�DPLQR DFLG RU &X�=Q±1�FRQWDLQLQJ PXOWLGHQWDWH OLJDQG FRPSOH[HV DUH LPPREL�

OLVHG RQ VXSSRUWV� HQ]\PH PLPLFV PD\ EH REWDLQHG� ZKLFK PLJKW EH HIILFLHQW DQG

VHOHFWLYH FDWDO\VWV LQ D ODUJH YDULHW\ RI HQ]\PH�FDWDO\VHG UHDFWLRQV >�@� ,PPRELOLVDWLRQ

FDQ EH GRQH LQ VHYHUDO ZD\V� IRU D GHWDLOHG GHVFULSWLRQ RI YDULRXV SRVVLELOLWLHV >�@� ,Q

WKLV ZRUN� ZH VKRZ VRPH IHDVLEOH PHWKRGV IRU WKH SUHSDUDWLRQ� 7KH V\QWKHWLF PHWKRGV

DQG WKH UHVXOWLQJ K\EULG PDWHULDOV DUH GHVFULEHG LQ WKH SUHVHQW SDSHU� 7KH LPPRELOLVHG

FRPSOH[HV ZHUH FKDUDFWHULVHG E\ YDULRXV H[SHULPHQWDO DQG FRPSXWDWLRQDO PHWKRGV

DQG VRPH RI WKHP ZHUH XVHG DV FDWDO\VWV LQ WKH GHFRPSRVLWLRQ UHDFWLRQ RI +�2��

���([SHULPHQWDO

���� 6\QWKHVLV RI WKH FRPSOH[HV DQG PHWKRGV IRU LPPRELOLVDWLRQ

0DWHULDOV� )RU WKH V\QWKHWLF ZRUN &X&O� RU &X�12�� �SURGXFWV RI 5($1$/�� /�

KLVWLGLQH �$OGULFK�� PRQWPRULOORQLWH �%HQWROLW�+� /DSRUWH� LRQ�H[FKDQJH FDSDFLW\� ��

PHT���� J� %(7 VXUIDFH DUHD� �� P
�
�J �DV�V\QWKHVLVHG� RU VLOLFD JHO �$OGULFK� 7/&

KLJK�SXULW\ JUDGH� DYHUDJH SDUWLFOH VL]H� �±�� �P� %(7 VXUIDFH DUHD� a��� P
�
�J� )H

��
�

����� �� &O
±
� ����� �� S+ >��� DTXHRXV VXVSHQVLRQ@ a ���� DYHUDJH SRUH GLDPHWHU�

� QP� ZHUH XVHG� )RU WKH SUHSDUDWLRQ RI WKH &X�,,��GLHWK\OHQH�WULDPLQR���LPLGD]RODWR�

=Q�,,��WULVDPLQRHWK\ODPLQH WULSHUFKORUDWR FRPSOH[ �GHQRWHG DV & LQ WKH SUHVHQW SDSHU�

]LQF DQG FRSSHU SHUFKORUDWH �SURGXFWV RI 5($1$/�� LPLGD]ROH� GLHWK\OHQH WULDPLQH

DQG WULV���DPLQRHWK\O�DPLQH �SURGXFWV RI $OGULFK� ZHUH DSSOLHG�

,PPRELOLVDWLRQ YLD DGVRUSWLRQ�K\GURJHQ ERQGV� 'XULQJ WKLV IRUP RI LPPRELOL�

VDWLRQ D FDOFXODWHG DPRXQW RI /�KLVWLGLQH ZDV DGVRUEHG LQ PRQWPRULOORQLWH RU RQ VLOLFD

JHO DW QHXWUDO S+� 7KHQ� WKH PHWDO LRQV ZHUH LQWURGXFHG IURP VROXWLRQ� DQG ILQDOO\� WKH

HPSW\ FRRUGLQDWLRQ VLWHV RI WKH FHQWUDO LRQV ZHUH ILOOHG LQ E\ DGGHG /�KLVWLGLQH� 'XU�

LQJ DQG DIWHU DSSO\LQJ WKH PHWKRG� WKH KRVW PDWHULDO ZDV ZDVKHG IUHH RI H[FHVV DPLQR

DFLG� $QFKRULQJ WKH DPLQR DFLG ZDV E\ DGVRUSWLRQ ILUVW� DQG WKHQ E\ XVLQJ WKH HOHFWUR�

VWDWLF ILHOG RI WKH &X
��
LRQV�

,PPRELOLVDWLRQ YLD HOHFWURVWDWLF IRUFHV� 7KH &X±/�KLVWLGLQH FRPSOH[ ZDV SUH�

SDUHG H[ VLWX DQG WKHQ LW ZDV LQWURGXFHG LQWR WKH SRUH V\VWHP RI PRQWPRULOORQLWH� ,Q

WKLV SURFHGXUH WKH FRSSHU VDOW ZDV GLVVROYHG LQ ZDWHU� DQG WKHQ WKH OLJDQG ZDV DGGHG

XQGHU FRQWLQXRXV VWLUULQJ� 'XULQJ WKH IRUPDWLRQ RI WKH FRPSOH[ FKDQJHV LQ S+ ZHUH

UHJLVWHUHG� 7KH VWDUWLQJ VROXWLRQ ZDV DFLGLF �S+  ��� IRU WKH FRSSHU VROXWLRQ� EH�

FRPLQJ FORVH WR QHXWUDO E\ WKH HQG RI WKH UHDFWLRQ� 7KHQ� WKH FRPSOH[ ZDV FU\VWDOOLVHG



0HWDO FRPSOH[HV LPPRELOLVHG LQ�RQ SRURXV PDWULFHV ���

E\ FRROLQJ DQG HYDSRUDWLQJ WKH H[FHVV RI VROYHQW� 7KH SUHIRUPHG FRPSOH[HV ZHUH

LQWURGXFHG LQWR PRQWPRULOORQLWH XVLQJ LVRSURSDQRO DV D VROYHQW� 7KH SURFHGXUH DS�

SOLHG ZDV LRQ H[FKDQJH RI WKH EXON\ FRPSOH[ LRQ LQ WKH SUH�VZROOHQ PRQWPRULOORQLWH

���� PPRO FRPSOH[ LRQ�J PRQWPRULOORQLWH��

,Q WKH VHFRQG FDVH� &X�,,� LRQV ZHUH LQWURGXFHG E\ LRQ H[FKDQJH LQWR �RQWR�

PRQWPRULOORQLWH RU VLOLFD JHO DQG WKH\ VHUYHG DV VWDUWLQJ PDWHULDOV� ,RQ H[FKDQJH ZDV

SHUIRUPHG WZLFH DW ��� . IRU �� K HDFK WLPH� 7KH FRQFHQWUDWLRQ RI WKH H[FKDQJHG LRQV

ZDV WKH VDPH DV ZKHQ WKH SURFHGXUH ZDV SHUIRUPHG E\ WKH SUHIRUPHG FRPSOH[HV� 7KH

FRPSOH[HV ZHUH V\QWKHVLVHG LQ VLWX LQVLGH WKH SRUHV E\ DGGLQJ OLJDQG PROHFXOHV�

HQRXJK IRU WKH SUHVXPHG IRXUIROG FRRUGLQDWLRQ� 7KH V\QWKHVLV ZDV SHUIRUPHG XVLQJ

LVRSURSDQRO VROXWLRQ RI WKH OLJDQGV XQGHU UHIOX[ IRU �� KRXUV�

%HIRUH LPPRELOLVDWLRQ WKH &X�,,��GLHWK\OHQH�WULDPLQR���LPLGD]RODWR�=Q�,,��WULV�

DPLQRHWK\ODPLQH WULSHUFKORUDWR FRPSOH[ ZDV SUHSDUHG H[ VLWX IROORZLQJ WKH JHQHUDO

UHFLSH SXEOLVKHG LQ UHI� >�@� ,Q WKLV SURFHGXUH WKH ]LQF RU WKH FRSSHU SHUFKORUDWH ZDV

GLVVROYHG LQ ZDWHU DQG WKHQ WKH OLJDQGV �LPLGD]ROH DQG GLHWK\OHQH WULDPLQH IRU WKH

FRSSHU VDOW VROXWLRQ DQG WULV���DPLQRHWK\O�DPLQH IRU WKH ]LQF VDOW VROXWLRQ� ZHUH DGGHG

XQGHU FRQWLQXRXV VWLUULQJ� )RU SUHSDULQJ WKH EULGJHG ELQXFOHDU FRPSOH[� WKH WZR FRP�

SOH[ VROXWLRQV ZHUH DGGHG LQ ��� PRODU UDWLR WR D TXDUWHU RI WKDW DPRXQW RI IUHH =Q�,,�

LQ HWKDQRO XQGHU YLJRURXV VWLUULQJ� 7KH VWLUULQJ ZDV PDLQWDLQHG IRU �� K DQG WKHQ� WKH

EULGJHG ELQXFOHDU FRPSOH[ ZDV DOORZHG WR FU\VWDOOLVH� 7KH LPPRELOLVHG FRPSOH[

FDWDO\VW ZDV SUHSDUHG XVLQJ LVRSURSDQRO� 7KH SUHIRUPHG FRPSOH[ ZDV GLVVROYHG LQ

LVRSURSDQRO DQG WKLV VROXWLRQ ZDV LQWURGXFHG LQWR PRQWPRULOORQLWH VXVSHQGHG LQ LVR�

SURSDQRO� ,PPRELOLVDWLRQ RFFXUUHG ZLWK FDWLRQ H[FKDQJH�

,PPRELOLVDWLRQ XVLQJ YLD FRYDOHQW ERQGLQJ� )RU FRYDOHQW JUDIWLQJ ��FKORUR�

SURS\O�IXQFWLRQDOLVHG VLOLFD JHO �$OGULFK� ZDV XVHG� $SSUR[LPDWHO\ �� RI WKH 2+

JURXSV FDUULHG WKH FKORURSURS\O IXQFWLRQDOLW\� 7R HQIRUFH ERQGLQJ DW WKH 1�WHUPLQDO�

/�KLVWLGLQH PHWK\OHVWHU K\GURFKORULGH �$OGULFK� ZDV WKH DPLQR DFLG GHULYDWLYH� 7KH

FRXSOLQJ ZDV DFKLHYHG XQGHU EDVH FRQGLWLRQV DIWHU UHIOX[ IRU � KRXUV� 7KHQ� WKH SURG�

XFW ZDV GLYLGHG LQWR WZR SDUWV� 2QH SDUW ZDV WUHDWHG ZLWK &X�12��� VROXWLRQ DQG WKH

DPLQR DFLG HVWHU� UHVXOWLQJ LQ &X±/�KLVWLGLQH PHWK\OHVWHU FRPSOH[ FRYDOHQWO\ DQ�

FKRUHG WR VLOLFD� 7KH RWKHU SDUW ZDV VXEMHFW WR DFLG K\GURO\VLV DQG WKHQ WR VXEVHTXHQW

WUHDWPHQW ZLWK &X�12��� VROXWLRQ DQG /�KLVWLGLQH� UHVXOWLQJ LQ FRYDOHQWO\ DQFKRUHG

&X±/�KLVWLGLQH FRPSOH[� %HIRUH DQ\ IXUWKHU XVH� WKH LPPRELOLVHG PDWHULDOV ZHUH

ZDVKHG IUHH RI H[FHVV &X�,,� LRQV DV ZHOO DV OLJDQGV DQG ZHUH DLU�GULHG�

���� 0HWKRGV RI FKDUDFWHULVDWLRQ

7KH KRVW�IUHH FRPSOH[HV ZHUH H[DPLQHG E\ GHULYDWRJUDSK\� 89 DQG ,5 VSHFWUR�

VFRSLHV� 7KH KRVW PDWHULDOV DQG WKH LPPRELOLVHG PDWHULDOV ZHUH FKDUDFWHULVHG E\

SRZGHU ;�UD\ GLIIUDFWLRQ DQG ,5 VSHFWURVFRS\� WKHUPDO DQDO\VLV DQG %(7 PHDVXUH�

PHQWV� 7KH WKHUPDO EHKDYLRXU RI WKH VXEVWDQFHV ZDV LQYHVWLJDWHG ZLWK WKH XVH RI

D 'HULYDWRJUDSK 4 LQVWUXPHQW� 7KH VDPSOHV ZHUH VWXGLHG XQGHU WKH IROORZLQJ FRQGL�
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WLRQV� PDVV VDPSOH ��� PJ� KHDWLQJ UDWH �� GHJ�PLQ� WHPSHUDWXUH UDQJH ���±���� .

LQ DLU� ;�UD\ GLIIUDFWRJUDPV ZHUH UHJLVWHUHG RQ D '521 � GLIIUDFWRPHWHU� %(7 PHDV�

XUHPHQWV ZHUH SHUIRUPHG LQ D FRQYHQWLRQDO YROXPHWULF DGVRUSWLRQ DSSDUDWXV FRROHG WR

WKH OLTXLG QLWURJHQ WHPSHUDWXUH ����� .�� 3ULRU WR PHDVXUHPHQWV WKH KRVW VDPSOHV ZHUH

SUHWUHDWHG LQ YDFXXP DW ��� . IRU � K� 1HLWKHU %(7 VXUIDFH DUHD QRU EDVDO GLVWDQFH

ZDV VLJQLILFDQWO\ DOWHUHG FRPSDUHG WR WKRVH RI WKH KRVW PDWHULDO �PRQWPRULOORQLWH�

�� P
�
�J� ���� QP �DV V\QWKHVL]HG���

6XEVWDQFHV REWDLQHG E\ FRYDOHQW JUDIWLQJ ZHUH VWXGLHG E\ )7�,5 VSHFWURVFRS\� HL�

WKHU E\ PHDQV RI WKH .%U WHFKQLTXH RU WKH VHOI�VXSSRUWHG ZDIHU PHWKRG� 7KH .%U

SHOOHWV ���� PJ RI WKH VXEVWDQFHV LQ ��� PJ .%U� RU WKH VHOI�VXSSRUWHG ZDIHUV

��� PJ�FP
�
� ZHUH SUHVVHG IURP WKH PDWHULDOV DQG WKHVH ZHUH DSSOLHG IRU PRQLWRULQJ

FKDQJHV LQ WKH ,5 VSHFWUD RI WKH VDPSOHV� 7KH )7�,5 VSHFWUD RI WKH KRVW DQG JXHVW

PDWHULDOV DQG WKH KRVW±JXHVW FRPSOH[HV SUHSDUHG E\ ERWK WKH WZR�VWHS DQG WKUHH�VWHS

PHWKRGV ZHUH WDNHQ DQG FRPSDUHG� 7KH ����±��� FP
±�
UDQJH ZDV LQYHVWLJDWHG� 7KH

VSHFWUD ZHUH UHFRUGHG E\ D 0DWWVRQ *HQHVLV , VSHFWURSKRWRPHWHU ZLWK � FP
±�
UHVROX�

WLRQ� )RU D VSHFWUXP ��� VFDQV ZHUH FROOHFWHG� 6SHFWUD RI WKH .%U SHOOHWV ZHUH WDNHQ

DW ��� . �HYHU\ KRVW±JXHVW FRPSOH[ ZDV VWXGLHG� LQ DLU� 6HOI�VXSSRUWHG ZDIHUV �QRW DOO

EXW RQO\ IHZ KRVW±JXHVW FRPSOH[HV ZHUH LQYHVWLJDWHG GXH WR H[SHULPHQWDO GLIILFXOWLHV

HQFRXQWHUHG ZKHQ PDNLQJ WKH ZDIHUV� ZHUH GHJDVVHG DW ��� .� ��� .� ��� .� ��� .�

DQG ��� . IRU � K DW HDFK WHPSHUDWXUH DQG WKH ,5 VSHFWUD ZHUH UHFRUGHG DIWHU HDFK

SUHWUHDWPHQW WHPSHUDWXUH� 7KH VSHFWUD ZHUH HYDOXDWHG E\ WKH :LQ�,5 SDFNDJH�

7KH FRYDOHQWO\ JUDIWHG FRPSOH[HV ZHUH PRGHOOHG E\ WKH 30� VHPL�HPSLULFDO

TXDQWXP FKHPLFDO FRGH >�@ LQFOXGHG LQ WKH +\SHU&KHP SDFNDJH >�@�

0DQ\ RI WKH LPPRELOLVHG VDPSOHV DV ZHOO DV WKH HIIHFWV RI KRVW�IUHH FRPSOH[HV

ZHUH WHVWHG LQ WKH GHFRPSRVLWLRQ RI K\GURJHQ SHUR[LGH� 7KH UHDFWLRQ ZDV SHUIRUPHG

LQ WKH OLTXLG SKDVH DW ���� ��� RU ��� . ZLWK WKH &X±/�KLVWLGLQH FRQWDLQLQJ DQG DW

��� . ZLWK WKH &X±& FRQWDLQLQJ FRPSRVLWH� 7KH WUDQVIRUPDWLRQV ZHUH IROORZHG E\

89�9,6 VSHFWURVFRS\ �3HUNLQ (OPHU�� 7KH ZHOO�VWLUUHG UHDFWLRQ PL[WXUH FRQWDLQHG

��� PJ RI WKH FDWDO\VWV DQG �� FP
�
RI ��� K\GURJHQ SHUR[LGH DTXHRXV VROXWLRQ�

���5HVXOWV�DQG�GLVFXVVLRQ

���� +RVW�IUHH FRPSOH[HV

89�9,6 VSHFWURVFRSLF UHVXOWV UHYHDOHG WKDW WKH FRSSHU LRQV ZHUH FRPSOH[HG �DE�

VRUSWLRQV UHOHYDQW WR WKH IUHH LRQV GLVDSSHDUHG IRUP WKH VSHFWUD RI WKH FRPSOH[HV��

7KH VWUXFWXUH RI WKH ELQXFOHDU FRPSOH[ LV VKRZQ EHORZ >�@�

1 1 =Q
��

1

1

1

1
1

1

1

&X
�� >&O2�

�
@�



0HWDO FRPSOH[HV LPPRELOLVHG LQ�RQ SRURXV PDWULFHV ���

7KH WKHUPDO EHKDYLRXU RI WKLV FRPSOH[ ZDV UHODWLYHO\ VLPSOH �)LJ� �D�� 8S WR

��� . ZDWHU ZDV UHPRYHG LQ DQ HQGRWKHUPLF SURFHVV �SUREDEO\ LW LV WKH SK\VLVRUEHG

DQG WKH FU\VWDO ZDWHU�� %HWZHHQ ��� . DQG ��� . WKH FRPSOH[ GHFRPSRVHG YLJRU�

RXVO\� 7KLV SURFHVV ZDV H[RWKHUPLF� $ERYH ��� . WKH RUJDQLF OLJDQGV ZHUH UHPRYHG

JUDGXDOO\ DQG FRQWLQXRXVO\�

)LJ� �� 7KHUPRJUDYLPHWULF �7*� DQG GLIIHUHQWLDO WKHUPDO DQDO\WLF �'7$� FXUYHV RI

�D� WKH EDUH &X�,,��GLHWK\OHQH�WULDPLQR���LPLGD]RODWR�=Q�,,��WULV�DPLQRHWK\ODPLQH

WULSHUFKORUDWR FRPSOH[ �&� DQG �E� WKH & FRPSOH[ LPPRELOLVHG LQ PRQWPRULOORQLWH
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���� +RVW PDWHULDOV

$ JUHDW GHDO RI LQIRUPDWLRQ LV DYDLODEOH FRQFHUQLQJ WKH VWUXFWXUDO FKDUDFWHULVWLFV RI

WKH KRVW PDWHULDOV >�@� /HW XV VXPPDUL]H LQ D FRXSOH VHQWHQFHV WKH PDLQ IHDWXUHV UHOH�

YDQW WR WKLV ZRUN�

0RQWPRULOORQLWH LV D OD\HUHG PDWHULDO RI WKH FDWLRQ H[FKDQJH DELOLW\� ,W LV FDSDEOH

RI VZHOOLQJ LQ D ODUJH YDULHW\ RI VROYHQWV� VXFK DV ZDWHU� YDULRXV DOFRKROV� HWF� 7KHUH�

IRUH� LW FDQ DFFRPPRGDWH WKH FRPSOH[HV LQ YDULRXV SRVLWLRQV� ,I LQWHUFDODWLRQ LV WRR

GHQVH� IUHH WUDIILF RI WKH UHDFWLQJ VSHFLHV PD\ EH KLQGHUHG� WKXV� RSWLPLVDWLRQ RI SLO�

ODULQJ LV RI JUHDW LPSRUWDQFH�

6LOLFD JHO LV D PDWHULDO FRQWDLQLQJ VXUIDFH 2+ JURXSV FDSDEOH RI LRQ H[FKDQJH�

$OWKRXJK LW KDV SRUH VWUXFWXUH� DV D ILUVW DSSUR[LPDWLRQ ZH FDQ FRQVLGHU LW DV D SODQDU

PDWHULDO� DW OHDVW UHODWLYH WR PRQWPRULOORQLWH� 7KH VXUIDFH 2+ JURXSV PD\ EH IXQF�

WLRQDOLVHG� WKXV� H[WHQGHG VWUXFWXUHV PD\ EH EXLOW LI WKH VSDFHU JURXSV FRQWDLQ UHDFWLYH

JURXSV�

���� ,QWHUFDODWHG VXEVWDQFHV

6XEVWDQFHV LPPRELOLVHG YLD HOHFWURVWDWLF IRUFHV� :KHQ WKH FRPSOH[HV LQYHVWL�

JDWHG ZHUH LQFRUSRUDWHG LQWR DQ\ RI WKH SRURXV PDWULFHV VWXGLHG� WKH\ EHFDPH PRUH

VWDEOH� ORRVLQJ DOO OLJDQGV DW KLJKHU WHPSHUDWXUH �DURXQG ���� .� WKDQ WKH IUHH FRP�

SOH[HV �DURXQG ��� .�� %HWZHHQ ��� . DQG ��� . WKH GHK\GUDWLRQ FRXOG EH REVHUYHG

IRU WKH KRVW PDWHULDOV�

$V IDU DV WKH &X±& FRPSOH[ LPPRELOLVHG LQ PRQWPRULOORQLWH LV FRQFHUQHG� OLJDQGV

DUH UHPRYHG LQ VWHSV �WKH\ DUH FRPEXVWHG VLQFH PHDVXUHPHQWV ZHUH SHUIRUPHG LQ DLU��

1R DEUXSW FKDQJHV ZHUH REVHUYHG� LQGLFDWLQJ WKDW LPPRELOL]DWLRQ RFFXUUHG PDLQO\

ZLWK LRQ H[FKDQJH �)LJ� �E��

,Q WKH FDVH RI WKH LPPRELOLVHG &X±/�KLVWLGLQH FRPSOH[HV� LW EHFDPH FOHDU RQ WKH

EDVLV RI ZHLJKW ORVVHV PHDVXUHG E\ GHULYDWRJUDSK\ WKDW WZR KLVWLGLQH PROHFXOHV ZHUH

ERQGHG WR WKH FHQWUDO LRQ� 1HYHUWKHOHVV� IRXUIROG FRRUGLQDWLRQ PD\ EH DVVXPHG� VLQFH

KLVWLGLQH JHQHUDOO\ DFWV DV D ELGHQWDWH OLJDQG >�� ��@� 2Q KHDWLQJ WKH FRPSRVLWH PDWHUL�

DOV� D PXOWLSOH ZHLJKW ORVV RFFXUHG� LQGLFDWLQJ JUDGXDO ORVV RI WKH OLJDQGV� %\ ��� .

WKH LPPRELOLVHG FRPSOH[HV ZHUH FRPSOHWHO\ GHFRPSRVHG�

6XEVWDQFHV LPPRELOLVHG YLD DGVRUSWLRQ�K\GURJHQ ERQGLQJ� ,Q WKH &X±/�

KLVWLGLQH�PRQWPRULOORQLWH FRPSRVLWH �)LJ� �� WKH ORDGLQJ ZDV ORZ� DQG WKH EDQG

VWUXFWXUH RI WKH KRVW LQ WKH ORZ ZDYH QXPEHU UHJLRQ �����±��� FP
±�
� ZDV FOHDUO\ VHHQ

LQ WKH VSHFWUD RI WKH K\EULG PDWHULDOV� 3UREDEO\ GXH WR D ORZ ORDGLQJ� WKH EDQGV RI WKH

FDUER[\OLF 2+ ZHUH KDUGO\ VHHQ� DQG WKH EDQGV RI WKH 2+ JURXSV LQ PRQWPRULOORQLWH

ZHUH DOVR QRW FRPSOHWHO\ XVHG� ,W VHHPV DV LI WKH FDUER[\OLF JURXS RI KLVWLGLQH� DIWHU

GHSURWRQDWLRQ� WRRN SDUW LQ FRPSOH[ IRUPDWLRQ DQG RQO\ IHZ &X
��

LRQV LQWHUDFWHG ZLWK

WKH 2+ JURXSV RI PRQWPRULOORQLWH� 3RVVLEO\� WKH FRPSOH[ ZDV LPPRELOLVHG EHWZHHQ

WKH OD\HUV RI PRQWPRULOORQLWH E\ DGVRUSWLRQ DQG �RU� K\GURJHQ ERQGLQJ�
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2QO\ D VPDOO DPRXQW RI &X±/�KLVWLGLQH FRPSOH[ FRXOG EH DQFKRUHG WR VLOLFD JHO

ZLWK WKLV PHWKRG �)LJ� ���

)LJ� �� )7�,5 VSHFWUD RI $� /�KLVWLGLQH� %� WKH &X±/�KLVWLGLQH FRPSOH[ LPPRELOLVHG

LQ PRQWPRULOORQLWH E\ WKH DGVRUSWLRQ�K\GURJHQ ERQGLQJ PHWKRG� &� WKH DLU�GULHG PRQWPRULOORQLWH

)LJ� �� )7�,5 VSHFWUD RI $� /�KLVWLGLQH� %� WKH &X±/�KLVWLGLQH FRPSOH[ LPPRELOLVHG

RQ VLOLFD JHO E\ WKH DGVRUSWLRQ�K\GURJHQ ERQGLQJ PHWKRG� &� WKH DLU�GULHG VLOLFD JHO

6XEVWDQFH LPPRELOLVHG YLD FRYDOHQW ERQGLQJ� ,Q RXU YLHZ� WKH PRVW SURPLVLQJ

DQFKRULQJ PHWKRG LV FRYDOHQW JUDIWLQJ� 7KH FRPSOH[ LV LPPRELOLVHG LQGHHG� OHDFKLQJ

LV PLQLPDO LI RFFXUV DW DOO� DQG WKH V\QWKHVLV PHWKRG SURYLGHV VRPH FRQWURO RYHU WKH

VWUXFWXUH RI WKH DQFKRUHG FRPSOH[� 0RUHRYHU� WKH OLQNHU JURXS DOORZV VRPH IOH[LELOLW\

IRU WKH FRPSOH[� ZKLFK LV VXUHO\ DGYDQWDJHRXV IRU XVH DV D FDWDO\VW� $W WKH EHJLQQLQJ

RI DQ H[WHQGHG UHVHDUFK SURMHFW VLOLFD JHO ZDV FKRVHQ WR EH WKH ILUVW KRVW� ,W FRQWDLQV

ODUJH DPRXQW RI 2+ JURXSV VXLWDEOH IRU IXQFWLRQDOLVDWLRQ� 7KH FKORURSURS\O�PRGLILHG

YHUVLRQ �DOVR DYDLODEOH FRPPHUFLDOO\� XQGHUJRHV HDV\ UHDFWLRQ ZLWK HLWKHU WKH 1�

WHUPLQDO RU WKH &�WHUPLQDO RI DQ DPLQR DFLG� 7KH UHDFWLRQ FDQ EH FRQWUROOHG E\
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FKRRVLQJ D VXLWDEO\ SURWHFWHG DPLQR DFLG� :H XVHG &�SURWHFWHG /�KLVWLGLQH� WKXV DQ

DPLGH ZDV V\QWKHVL]HG ILUVW� 7KHQ� WKH HVWHU JURXS ZDV K\GURO\VHG DQG WKH FRPSOH[

ZDV DOORZHG WR IRUP E\ DGGLQJ &X�,,� LRQ�FRQWDLQLQJ VROXWLRQ DQG XQSURWHFWHG /�

KLVWLGLQH WR WKH VOXUU\� 7KH REWDLQHG PDWHULDOV ZHUH VWXGLHG E\ )7�,5 VSHFWURVFRS\�

7KH UHOHYDQW VSHFWUD DUH VKRZQ LQ )LJ� ��

)LJ� �� )7�,5 VSHFWUD RI �$� /�KLVWLGLQH� �%� WKH &X±/�KLVWLGLQH FRPSOH[ FRYDOHQWO\ JUDIWHG RQWR ��

FKORURSURS\O VLOLFD JHO� �&� WKH DLU�GULHG ��FKORURSURS\O VLOLFD JHO

8QIRUWXQDWHO\� )7�,5 VSHFWUD DUH UDUHO\ HQRXJK IRU JLYLQJ DFFXUDWH VWUXFWXUH IRU

WKH DQFKRUHG FRPSOH[� 6RPH LQIRUPDWLRQ PD\ EH REWDLQHG� KRZHYHU� 7KH EDQG LQ WKH

2+ VWUHWFKLQJ UDQJH LQGLFDWHV WKH SUHVHQFH RI XQFRPSOH[HG 2+ JURXSV� 7KH ODUJH UHG

VKLIW RI WKH & 2 EDQG PD\ EH WDNHQ DV WKH VLJQ RI FR�RUGLQDWLYH �FDUERQ\O� 2±&X

ERQG� 7KH RWKHU WZR FR�RUGLQDWLRQ VLWHV DUH SUREDEO\ ILOOHG LQ E\ WKH QLWURJHQV RI WKH

DPLQR JURXSV� VLQFH WKH UHOHYDQW EDQGV DOVR PRYHG WRZDUGV ORZHU ZDYH QXPEHUV�

)LJ� �� 0ROHFXODU PRGHO RI &X±/�KLVWLGLQH FRPSOH[

FRYDOHQWO\ DQFKRUHG WR VLOLFD JHO YLD WKH UHDFWLRQ

RI DPLQR JURXS RI RQH DPLQR DFLG DQG W

KH ��FKORURSURS\O IXQFLRQDOLW\ RI WKH VLOLFD JHO

0ROHFXODU PRGHOOLQJ IDFLOLWDWHV YLVXDOLVDWLRQ RI WKH SRVVLEOH VWUXFWXUH �)LJ� ��� ,Q

RUGHU WR REWDLQ D PRUH UHDOLVWLF SLFWXUH� UHODWLYHO\ ODUJH VLOLFD FOXVWHU ZDV FKRVHQ� (Q�

HUJHWLF GDWD PD\ DOVR EH REWDLQHG E\ H�J�� ')7 FDOFXODWLRQV� KRZHYHU� DW SUHVHQW WKH

FRPSXWDWLRQDO H[HUFLVH LV QRW WUDFWDEOH E\ RXU PHDQV�
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���� 'HFRPSRVLWLRQ RI K\GURJHQ SHUR[LGH

7KH FDWDO\WLF DFWLYLWLHV RI FRPSOH[HV �&X±/�KLVWLGLQH SUHSDUHG E\ WKH LQ VLWX DV

ZHOO DV WKH H[ VLWX PHWKRGV DQG WKH &X±& FRPSOH[� LPPRELOLVHG LQ PRQWPRULOORQLWH

ZHUH LQYHVWLJDWHG� )LUVW� EODQN UHDFWLRQV ZHUH PDGH XVLQJ WKH PHWDO VDOWV� WKH KRVW�IUHH

FRPSOH[HV� DQG WKH FRPSOH[�IUHH KRVW DQG� WKHQ� WKH YDULRXVO\ SUHSDUHG KRVW�JXHVW

PDWHULDOV ZHUH VWXGLHG�

:KLOH WKH &X�,,� VROXWLRQ ZDV LQDFWLYH LQ WKH GHFRPSRVLWLRQ UHDFWLRQ RI K\GURJHQ

SHUR[LGH �+�2�� +�2 ���� 2�� DW DQ\ RI WKH WHPSHUDWXUHV XVHG� LQ WKH SUHVHQFH RI WKH

FRPSOH[HV WKH UHDFWLRQV VWDUWHG� DOWKRXJK DIWHU ORQJ LQGXFWLRQ SHULRGV ��� PLQ IRU &X

±/�KLVWLGLQH DQG �� PLQ IRU WKH &X±& FRPSOH[�� 7KH PRQWPRULOORQLWH ZDV FRPSOHWHO\

LQDFWLYH� RQO\ WKH &X�,,��PRQWPRULOORQLWH VKRZHG D VOLJKW GHFRPSRVLWLRQ DFWLYLW\ DW

WKH KLJKHVW WHPSHUDWXUH XVHG ���� .��

0HDVXUHPHQWV UHYHDOHG WKDW WKH LPPRELOLVHG &X±/�KLVWLGLQH FRPSOH[ ZDV DEOH WR

GHFRPSRVH WKH SHUR[LGH FRPSRXQGV ZLWKRXW LQGXFWLRQ SHULRG DQG� WKXV� PRUH UDSLGO\

WKDQ WKH DTXHRXV FRPSOH[ FRXOG GR� 7KH DFWLYLW\ RI WKH LPPRELOLVHG FRPSOH[ ZDV

IRXQG WR GHSHQG RQ WKH PHWKRG RI VDPSOH SUHSDUDWLRQ� WRR �7DEOH ��� 7KH LQ VLWX SUH�

SDUHG LPPRELOLVHG FRPSOH[ ZDV IRXQG WR EH PRUH DFWLYH WKDQ WKH SUHIRUPHG DQG WKHQ

LQWURGXFHG RQH�

7DEOH �� 5DWH RI K\GURJHQ SHUR[LGH GHFRPSRVLWLRQ RQ &X�,,�

FRPSOH[HV LPPRELOL]HG LQ PRQWPRULOORQLWH

'HFRPSRVLWLRQ UDWH �PROHFXOHV�FHQWUDO LRQ�K�

&X±/�KLVWLGLQH &X±&7�.

H[ VLWX LQ VLWX H[ VLWX

��� � � ±

��� ���� ����

��� ���� ���� ���� �����D�

D

5DWH RI GHFRPSRVLWLRQ LQ WKH SUHVHQFH RI WKH KRVW�IUHH FRPSOH[�

7KH &X±& FRPSOH[ LPPRELOLVHG LQ PRQWPRULOORQLWH ZDV DOVR IRXQG WR EH DFWLYH LQ

WKH GHFRPSRVLWLRQ UHDFWLRQ� WKH LQGXFWLRQ SHULRG� KRZHYHU� ZDV �� PLQ� 1HYHUWKHOHVV�

WKH WXUQRYHU UDWH IRU WKH LPPRELOLVHG PDWHULDO ZDV KLJKHU WKDQ WKDW RI WKH KRVW�IUHH

FRPSOH[ �7DEOH �� ODVW FROXPQ�� 0RUHRYHU� WKH LPPRELOLVHG VXEVWDQFH FRXOG EH UHXVHG

DW OHDVW WKUHH WLPHV ZLWKRXW DQ\ DSSUHFLDEOH ORVV RI DFWLYLW\� ZKLOH WKH EDUH FRPSOH[

GHFRPSRVHG DQG ORVW LWV DFWLYLW\ E\ WKH HQG RI WKH ILUVW UXQ�

���&RQFOXVLRQV

&X FRPSOH[HV ZHUH SUHSDUHG DQG LPPRELOLVHG LQ PRQWPRULOORQLWH RU RQ VLOLFD JHO

E\ YDULRXV PHWKRGV XVLQJ SULPDU\ ERQGLQJ �LRQLF RU FRYDOHQW� RU VHFRQGDU\ IRUFHV
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�DGVRUSWLRQ�K\GURJHQ ERQGLQJ� IRU DQFKRULQJ WKH FRPSOH[HV WKURXJK HLWKHU WKHLU OLJ�

DQGV RU WKHLU FHQWUDO LRQV� 7KH LPPRELOLVHG FRPSOH[HV DUH SURPLVLQJ FDWDO\VWV� DQG

DIWHU VRPH RSWLPLVDWLRQ DQG VRPH IXUWKHU VWUXFWXUDO VWXGLHV WKH\ FDQ EH XVHG DV HQ�

]\PH PLPLFV DQG PD\ DOORZ EHWWHU XQGHUVWDQGLQJ KRZ FHUWDLQ HQ]\PHV ZRUN�

$FNQRZOHGJHPHQW

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH )XQG RI +XQJDU\ WKURXJK WKH JUDQW 27.$

7������� 7KH ILQDQFLDO KHOS LV KLJKO\ DSSUHFLDWHG�
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