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GXH WR ��&O DQG ��&O LVRWRSHV� $FFRUGLQJ WR VXEVWLWXWHG JURXSV RQ SKRVSKRUXV DWRP� SKRVSKDWH DQG SKRVSKR�

URWKLRDWH H[KLELWHG VLJQLILFDQWO\ GLIIHUHQW IUDJPHQWDWLRQ SDWWHUQV� (VSHFLDOO\� SKRVSKDWH DQG SKRVSKRURWKLRDWH

ZLWK GLHWK\O HVWHU SURGXFHG PRUH GLYHUVH IUDJPHQW LRQV WKDQ WKDW ZLWK GLPHWK\O HVWHU�

,QWURGXFWLRQ

7KH LPSRUWDQFH RI PDVV VSHFWURPHWU\ IRU SHVWLFLGH FKHP�

LVWU\� SDUWLFXODU IRU WKH LGHQWLILFDWLRQ RI VPDOO TXDQWLWLHV HQ�

FRXQWHUHG LQ HQYLURQPHQWDO UHVLGXH� KDV EHHQ UHFRJQL]HG����

0DVV VSHFWURPHWU\ RI SHVWLFLGHV� XVLQJ D YDULHW\ RI LRQL]D�

WLRQ WHFKQLTXHV VXFK DV HOHFWURQ LPSDFW �(,�� FKHPLFDO LRQ�

L]DWLRQ �&,� DQG IDVW DWRP ERPEDUGPHQW �)$%� KDV EHHQ

LQWHQVLYHO\ VWXGLHG����(VSHFLDOO\� (, PHWKRG KDV EHHQ SRSX�

ODUO\ XVHG IRU WKH GHWHUPLQDWLRQ RI SHVWLFLGHV LQ D YDULRXV

HQYLURQPHQWDO VDPSOHV GXH WR LWV HDV\ FRPELQDWLRQ ZLWK JDV

FKURPDWRJUDSK\ DQG WR DQ H[FHOOHQW VHQVLWLYLW\� 0RUHRYHU�

(, PDVV VSHFWUDO PHWKRG SURYLGHV VWUXFWXUDOO\ LPSRUWDQW LQ�

IRUPDWLRQ RI SHVWLFLGHV DQG WKHLU HQYLURQPHQWDO PHWDEROLWHV�

+RZHYHU� LQ WKH FDVH RI PDVV VSHFWUDO IUDJPHQWDWLRQ VWXGLHV�

WKH UHOLDELOLW\ RI IUDJPHQWDWLRQ SDWKZD\V DQG WKHLU PHFKD�

QLVPV EDVHG RQ WKH RUGLQDU\ PDVV VSHFWURPHWULF PHWKRG LV

GRXEWIXO� 7KXV� VHYHUDO WDQGHP PDVV VSHFWURPHWULF PHWKRGV

VXFK DV GDXJKWHU LRQ VFDQ� SDUHQW LRQ VFDQ� QHXWUDO ORVV VFDQ

DQG VHOHFWHG UHDFWLRQ PRQLWRULQJ DUH QHFHVVDU\ IRU WKH LGHQWL�

ILFDWLRQ RI SHVWLFLGHV���� (DFK PHWKRG KDV LWV RZQ DGYDQWDJH�

SDUWLFXODUO\ IRU WKH VWUXFWXUDO LGHQWLILFDWLRQ RI D FODVV RI FRP�

SRXQGV E\ FKDUDFWHULVWLF UHDFWLRQV��

$OWKRXJK PDVV IUDJPHQWDWLRQ SDWWHUQV RI RUJDQRSKRVSKR�

UXV SHVWLFLGHV KDYH EHHQ LQWHQVLYHO\ VWXGLHG DFFRUGLQJ WR

SKRVSKRUXV JURXSV VXFK DV SKRVSKDWHV� SKRVSKRURWKLRDWHV

DQG SKRVSKRUXVGLWKLRDWHV������ WKH IUDJPHQWDWLRQ SURFHVVHV

DQG PHFKDQLVPV IRU FKORULQDWHG RUJDQRSKRVSKRUXV SHVWL�

FLGHV KDYH QRW EHHQ VWXGLHG LQ GHWDLO� :H KDYH EHHQ LQWHU�

HVWHG LQ WKH VWUXFWXUDO GHWHUPLQDWLRQ RI FKORULQDWHG RUJDQR�

SKRVSKRUXV SHVWLFLGHV XQGHU (, PRGH EHFDXVH RI WKHLU LP�

SRUWDQFH LQ HQYLURQPHQWDO DQG DJULFXOWXUDO DVSHFWV� 7KH LQ�

IRUPDWLRQ REWDLQHG LV XVHIXO IRU WKH GHWHUPLQDWLRQ RI FKORUL�

QDWHG SKRVSKRUXV SHVWLFLGHV LQ HQYLURQPHQWDO VDPSOHV�

:H VWXGLHG WKH JHQHUDO IUDJPHQWDWLRQ SURFHVVHV RI FKORUL�

QDWHG RUJDQRSKRVSKRUXV SHVWLFLGHV XVLQJ (, PRGH� 0RUH�

RYHU� WKH PHFKDQLVPV RI WKH IUDJPHQWDWLRQV IRU FKORULQDWHG

RUJDQRSKRVSKRUXV SHVWLFLGHV KDYH EHHQ HOXFLGDWHG XVLQJ

FROOLVLRQ�LQGXFHG GLVVRFLDWLRQ �&,'� %�(�OLQNHG VFDQ WHFK�

QLTXH�

([SHULPHQWDO 6HFWLRQ

6L[ FKORULQDWHG RUJDQRSKRVSKRUXV SHVWLFLGHV ZHUH SXU�

FKDVHG IURP 'U� (KUHQVWURIHU �*HUPDQ\� DQG &KHP 6HUYLFH

�8� 6� $�� ZLWK ������ SXULW\ DQG XVHG ZLWKRXW DQ\ IXUWKHU

SXULILFDWLRQ� $OO VROYHQWV ZHUH +3/& JUDGH DQG SXUFKDVHG

IURP -� 7� %DNHU �3KLOOLVEXUJ� 1-� 8� 6� $���

0DVV VSHFWUD ZHUH UHFRUGHG RQ D -(2/ 6;����$ GRXEOH

IRFXVLQJ LQVWUXPHQW �-(2/ /WG�� $NLVKLPD� -DSDQ� ZLWK %(

UHYHUVH JHRPHWU\ XVLQJ GLUHFW SUREH LQVHUWLRQ ZKLFK FRXOG

EH RSHUDWHG DW WHPSHUDWXUHV YDU\LQJ EHWZHHQ �� DQG ��� R&�

7KH WHPSHUDWXUH RI LRQ VRXUFH ZDV PDLQWDLQHG DW ��� R&�

7KH FRPSRXQGV ZHUH LRQL]HG E\ �� H9 HOHFWURQ HQHUJ\ DQG

DFFHOHUDWHG WR �� N9� 7KH SURGXFWV LRQV JHQHUDWHG E\ FROOL�

VLRQ�LQGXFHG GLVVRFLDWLRQ �&,'� LQ WKH ILUVW ILHOG�IUHH UHJLRQ

RI WKH LQVWUXPHQW ZHUH DQDO\]HG XVLQJ OLQNHG VFDQQLQJ DW

FRQVWDQW %�( UDWLR� 7KH FROOLVLRQ JDV �KHOLXP� SUHVVXUH ZDV

DGMXVWHG IRU D ��� DWWHQXDWLRQ RI WKH SULPDU\ LRQ EHDP� 7KH

PDVV VFDQ UDQJH ZDV EHWZHHQ � DQG ��� DPX HYHU\ �� VHF�

5HVXOWV DQG 'LVFXVVLRQ

7KH (,�PDVV VSHFWUD RI VL[ FKORULQDWHG RUJDQRSKRVSKRUXV

SHVWLFLGHV VWXGLHG DUH VKRZQ LQ )LJXUH �� 0DVV VSHFWUD RI

FKORULQDWHG RUJDQRSKRVSKRUXV SHVWLFLGHV FDQ EH FKDUDFWHU�

L]HG E\ WKH SUHVHQFH RI LVRWRSLF GLVWULEXWLRQV LQ IUDJPHQW

LRQV IURP ��&O DQG ��6 DQG WKH SUHVHQFH RI FRPPRQ IUDJ�

PHQW LRQV SURGXFHG IURP RUJDQRSKRVSKRUXV PRLHW\ XQGHU

(, PRGH� 7KH SDWKZD\V IRU WKH SURGXFWLRQ RI IUDJPHQWV ZLWK

RUJDQRSKRVSKRUXV PRLHW\ DUH VKRZQ LQ 6FKHPH �� )RU SKRV�

SKRUXV PRLHW\ ZLWK GLPHWK\OHVWHU� FKDUDFWHULVWLF LRQV DUH

JHQHUDWHG E\ WKH VXFFHVVLYH ORVVHV RI IRUPDOGHK\GHV YLD

$XWKRU WR ZKRP FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG DW 0DVV
6SHFWURPHWU\ 7HDP� .RUHD %DVLF 6FLHQFH ,QVWLWXWH� �� (RXQ�
'RQJ� <XVXQJ�.X� 7DHMHRQ �������� .RUHD� 7HO� �����������
����� )D[� ���������������� (�PDLO� MRQJNL#FRPS�NEVL�UH�NU
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IRXU�FHQWHUHG WUDQVLWLRQ VWDWH� 2Q WKH RWKHU KDQG� FKDUDFWHULV�

WLF LRQV RI SKRVSKRUXV PRLHW\ ZLWK GLHWK\OHVWHU DUH IRUPHG

E\ WKH VXFFHVVLYH HOLPLQDWLRQ RI HWKHQH PROHFXOHV WKURXJK

IRXU�FHQWHUHG WUDQVLWLRQ VWDWH� 0RUHRYHU� WKH UHODWLYH DEXQ�

GDQFH RI LRQV �P�] ���� ���� ���� ���� �� DQG ��� LQGLFDWLYH

RI RUJDQRSKRVSKRUXV PRLHW\ LV LQIOXHQFHG E\ WKH VXEVWLWX�

HQWV RQ RUJDQRSKRVSKRUXV JURXS� DV VKRZQ LQ )LJXUH �� 7R

IXUWKHU FRQILUP WKH IUDJPHQWDWLRQ SDWKZD\V� &,' %�(�OLQNHG

)LJXUH �� (, PDVV VSHFWUD RI VL[ FKORULQDWHG RUJDQRSKRVSKRUXV SHVWLFLGHV� �D� SKRVSKDPLGRQ� �E� FKORURS\ULIRV�PHWK\O� �F� FKORURS\ULIRV�
�G� WHWUDFKORUYLQSKRV� �H� SURIHQRIRV� DQG �I� FDUERIHQRWKLRQ�

6FKHPH �� %DVLF IUDJPHQWDWLRQ SDWWHUQV RI GLPHWK\O DQG GLHWK\O SKRVSKDWH PRLHW\�
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VFDQ ZDV SHUIRUPHG RQ WKH PDMRU IUDJPHQWV SUHVHQW LQ WKH

(, VSHFWUD� 7DEOHV � WR � VKRZ WKH SURGXFW LRQV REVHUYHG LQ

WKH &,' VSHFWUD RI PROHFXODU LRQV DV ZHOO DV W\SLFDO IUDJ�

PHQW LRQV� 2Q WKH EDVLV RI &,' %�( OLQNHG VFDQ VSHFWUD� WKH

IUDJPHQWDWLRQ SDWKZD\V DUH VXJJHVWHG DV VKRZQ LQ 6FKHPHV

� WR �� )UDJPHQWDWLRQV RI WKHVH FRPSRXQGV W\SLFDOO\ SUR�

GXFH FKDUDFWHULVWLF VSHFWUD E\ UHDUUDQJHPHQWV DQG FOHDYDJH

ZKHQ WKH SUHFXUVRU LRQV DUH DQDO\]HG E\ &,'�%�( OLQNHG

VFDQ�

3KRVSKDPLGRQ� $V VKRZQ LQ )LJXUH ��D�� WKH PROHFXODU

LRQ LV QRW VKRZQ EHFDXVH RI WKH HDV\ RI &O UDGLFDO IUDJPHQWD�

WLRQ ZKLOHDV >0�&O@� LRQ DW P�] ��� LV DSSHDUHG DV EDVH

SHDN� 7KH IRUPDWLRQ RI RWKHU VLJQLILFDQW IUDJPHQW LRQV LV

VXJJHVWHG LQ 6FKHPH �� RQ WKH EDVLV RI %�(�OLQNHG VFDQ VSHF�

WUD GDWD �7DEOH ��� 7KH LRQ DW P�] ��� VKRZV WKH GLYHUVH IUDJ�

PHQWDWLRQ WKURXJK UHVRQDQFH VWUXFWXUH� DV VKRZQ LQ 6FKHPH

�� 7KH &,' %�(�OLQNHG VFDQ VSHFWUXP RI P�] ��� VKRZV WKH

FKDUDFWHULVWLF SURGXFW LRQV DW P�] ���� ���� ���� DQG ����

7KH SURGXFW LRQ DW P�] ��� LV IRUPHG E\ WKH ORVV RI 2+ UDGL�

FDO IURP WKH SUHFXUVRU LRQ P�] ��� EXW WKLV LRQ LV QRW

REVHUYHG LQ (,�VSHFWUXP� 7KH ORVVHV RI 1&�+� UDGLFDO DQG

GLPHWK\OSKRSKRULF DFLG IURP WKH SUHFXUVRU LRQ RI P�] ���

\LHOG WKH SURGXFW LRQV DW P�] ��� DQG ���� UHVSHFWLYHO\� 7KH

VLJQLILFDQWO\ DEXQGDQW LRQ DW P�] ��� LV H[SHFWHG WR EH

>�&+�2��3�2+��@
� LRQ� 7KLV LRQ PD\ EH JHQHUDWHG E\ GRXEOH

K\GURJHQ UHDUUDQJHPHQW IURP WKH VXEVWLWXWHG YLQ\O PHWKDQH

DQG HWKDQH JURXS WR SKRVSKRUXV R[\JHQ� 7KLV LRQ KDV EHHQ

DOVR REVHUYHG LQ GHXWHULXP ODEHOHG�PHWKDQH FKHPLFDO LRQ�

L]DWLRQ PRGH��� 7KH ORVV RI 1�&�+��� UDGLFDO IURP PROHFXODU

LRQ JLYHV WKH IUDJPHQW LRQ FOXVWHU DW P�] ��� DQG ��� WR

IRUP WHUPLQXV FDUERQ\O LRQ� +RZHYHU� WKH IUDJPHQW LRQ DW

P�] ��� IRUPHG E\ WKH ORVV RI &2 PROHFXOH IURP WKH LRQ DW

��� LV QRW REVHUYHG SUREDEO\ GXH WR WKH SUHVHQFH RI HOHFWURQ

ZLWKGUDZLQJ &O DWRP� 7KH LRQ DW P�] ��� FRUUHVSRQGLQJ WR

1�1�GLHWK\O LVRF\DQDWH LRQ KDV D YHU\ ZHDN LQWHQVLW\ SHDN

ZKHUHDV WKH LRQ DW P�] �� ZKLFK LV IRUPHG E\ WKH ORVV RI &2

PROHFXOH IURP GLHWK\O LVRF\DQDWH LRQ WKURXJK LQGXFWLYH

FOHDYDJH DSSHDUV DV UHODWLYHO\ DEXQGDQW LRQ� 7\SLFDO IUDJ�

PHQWDWLRQV RI GLPHWK\O SKRVSKDWH PRLHW\ SURGXFH WKH FKDU�

DFWHULVWLF LRQV DW P�] ��� DQG ���

&KORURS\ULIRV�PHWK\O� &KORURS\ULIRV�PHWK\O JLYHV WKH

PROHFXODU LRQ FOXVWHU DW P�] ��� DQG ��� DQG WKH EDVH SHDN

7DEOH �� &,' %�(�OLQNHG VFDQ VSHFWUD RI SURGXFW LRQV IRU SKR�
VSKDPLGRQ
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LRQ FOXVWHU DW P�] ���� ��� DQG ���� DV VKRZQ LQ )LJXUH ��E��

7KH &,' %�(�OLQNHG VFDQ VSHFWUDO GDWD IRU WKH FKDUDFWHULVWLF

LRQV RI FKORURS\ULIRV�PHWK\O DUH VXPPDUL]HG LQ 7DEOH �� 7KH

VXJJHVWHG IUDJPHQWDWLRQ SDWKZD\V RI FKORURS\ULIRV�PHWK\O

DUH VKRZQ LQ 6FKHPH �� 7KH IUDJPHQW LRQV DW P�] ��� DQG

��� DUH IRUPHG E\ WKH FRQVHFXWLYH ORVV RI &O DQG &+� UDGL�

FDOV IURP PROHFXODU LRQ� UHVSHFWLYHO\� +RZHYHU� WKH IUDJ�

PHQW LRQV ORVW IRUPDOGHK\GH PROHFXOH IURP0� DQG >0�&O@�

LRQV DUH QRW SURGXFHG� DV VKRZQ LQ 7DEOH �� 7KH &,' %�(�

OLQNHG VFDQ VSHFWUXP RI SUHFXUVRU LRQ DW P�] ��� H[KLELWV

GLYHUVH IUDJPHQW LRQV DW P�] ��� �E\ WKH ORVV RI &+� UDGL�

FDO�� ��� �E\ WKH ORVVHV RI &+�2 DQG 6 DWRP� DQG ���� +RZ�

HYHU� WKH SURGXFW LRQ DW P�] ��� LV QRW REVHUYHG LQ (, PDVV

VSHFWUXP RI FKORURS\ULIRV�PHWK\O� 7KH LRQ FOXVWHU �P�] ����

��� DQG ���� FDQ EH DVVLJQHG WULFKORURS\ULRO LRQ ZKLFK LV

IRUPHG WKURXJK γ�K\GURJHQ UHDUUDQJHPHQW� 7KH &,' %�(�

OLQNHG VFDQ VSHFWUXP RI WKH LRQ DW P�] ��� SURGXFHV WKH

SURGXFW LRQV DW P�] ��� DQG ��� ZKLFK DUH JHQHUDWHG E\ WKH

ORVVHV RI 2+ DQG &+2 UDGLFDO� UHVSHFWLYHO\� 7KHVH SURGXFW

LRQV DUH DOVR REVHUYHG LQ WKH &,' %�(�OLQNHG VFDQ VSHFWUXP

RI WKH LRQ DW P�] ��� IRU FKORURS\ULIRV� ,Q DGGLWLRQ� WKH FKDU�

DFWHULVWLF LRQV RI GLPHWK\O SKRVSKRURWKLRDWH PRLHW\� DW P�]

���� ��� DQG �� DUH DOVR REVHUYHG LQ (,�PDVV VSHFWUXP RI

FKORURS\ULIRV�

&KORURS\ULIRV� 7KH FKHPLFDO VWUXFWXUH RI FKORURS\ULIRV

LV YHU\ VLPLODU WR WKDW RI FKORURS\ULIRV�PHWK\O� ZKLOH LWV IUDJ�

PHQWDWLRQ SDWWHUQ LV VLJQLILFDQWO\ GLIIHUHQW IURP WKDW RI ODWWHU�

DV VKRZQ LQ )LJXUH ��E� DQG �F�� 7KH IUDJPHQWDWLRQ SDWK�

ZD\V DUH GHSLFWHG LQ 6FKHPH �� 7KH EDVH SHDN LV DSSHDUHG

WKH LRQ DW P�] ��� E\ WKH ORVV RI &O UDGLFDO IURP PROHFXODU

LRQ� 7KH VLJQLILFDQWO\ DEXQGDQW LRQV DW P�] ��� DQG ��� DUH

IRUPHG E\ WKH VXFFHVVLYH HOLPLQDWLRQ RI HWKHQH PROHFXOHV

IURP >0�&O@� LRQ� 7KH SURGXFW LRQ DW P�] ��� PD\ EH

IRUPHG E\ WKH FRQFHUWHG ORVVHV RI 2&�+� UDGLFDO DQG 6 DWRP

IURP WKH LRQ DW P�] ���� 8QIRUWXQDWHO\� WKH IRUPDWLRQ PHFK�

DQLVP RI WKLV LRQ FDQ QRW EH FOHDUO\ H[SODLQHG DW WKH PRPHQW�

3DUWLFXODUO\� WKH ORVV RI 2&�+� UDGLFDO IURP PROHFXODU LRQ

SURGXFHV WKH LRQ DW P�] ���� 7KH IUDJPHQW LRQ DW P�] ��� LV

SURGXFHG E\ WKH ORVV RI HWKHQH PROHFXOH IURP WKH LRQ P�]

���� 6XEVHTXHQW ORVV RI 6 DWRP PD\ \LHOG WKH IUDJPHQW LRQ

7DEOH �� &,' %�(�OLQNHG VFDQ VSHFWUD RI SURGXFW LRQV IRU FKORUR�
S\ULIRV�PHWK\O
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DW P�] ���� 7KH WULFKORURS\ULRO LRQ� DOVR DSSHDUHG ZLWK

ORZ LQWHQVLW\ LQ WKH PDVV VSHFWUXP RI FKORURS\ULIRV�PHWK\O�

H[KLELWV SURPLQHQWO\ LQ WKLV PDVV VSHFWUXP� ,W FDQ EH

H[SODLQHG WKDW WULFKORURS\ULRO IURP FKORURS\ULIRV LV IRUPHG

E\ K\GURJHQ PLJUDWLRQ IURP GLHWK\O JURXS WR R[\JHQ DWRP

DWWDFKHG WR EHQ]HQH ULQJ YLD VWHULFDOO\ IDYRUDEOH VL[�

PHPEHUHG F\FOLF WUDQVLWLRQ VWDWH ZKHUHDV WKDW IURP FKORUR�

S\ULIRV�PHWK\O LV JHQHUDWHG E\ K\GURJHQ PLJUDWLRQ IURP

GLPHWK\O JURXS WR R[\JHQ WKURXJK IRXU�FHQWHUHG F\FOLF WUDQ�

VLWLRQ VWDWH� )XUWKHUPRUH� IUDJPHQWDWLRQV RI GLHWK\O SKRVSKR�
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