
��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � .\X +R &KDH HW DO�

3UHSDUDWLRQ�DQG�3URSHUWLHV�RI�(SR[\�&RSRO\PHUV�&RQWDLQLQJ

2[LPH�XUHWKDQH�*URXSV�DV�3KRWREDVH�*HQHUDWRUV

.\X +R &KDH� +HXL %RQJ 6RQJ� +R <RQJ 6XQ� DQG -L <RXQJ &KDQJ�

'HSDUWPHQW RI 3RO\PHU (QJLQHHULQJ DQG WKH 3RO\PHU 6FLHQFH 	 7HFKQRORJ\ 5HVHDUFK &HQWHU�

&KRQQDP 1DWLRQDO 8QLYHUVLW\� .ZDQJMX �������� .RUHD
�'HSDUWPHQW RI )LEHU DQG 3RO\PHU 6FLHQFH� 6HRXO 1DWLRQDO 8QLYHUVLW\� 6HRXO �������� .RUHD

5HFHLYHG -DQXDU\ ��� ����

(SR[\ FRSRO\PHUV FRQWDLQLQJ R[LPH XUHWKDQH JURXSV ZHUH SUHSDUHG E\ WKH SRO\PHUL]DWLRQ RI JO\FLG\O PHWK�

DFU\ODWH DQG 1�>���EHQ]RSKHQRQHR[LPLQRFDUERQ\ODPLQR�SHQWDQ\O@PDOHLPLGH �%230�� 7KHLU SK\VLFDO SURS�

HUWLHV ZHUH FKDUDFWHUL]HG E\ *3&� '6& DQG 7*$ DQDO\VHV� 3KRWRFKHPLFDO FKDQJHV RI WKH FRSRO\PHUV ZHUH

VWXGLHG E\ 89� ,5 VSHFWURVFRS\� DQG FRQWDFW DQJOH PHDVXUHPHQWV� $ SKRWRLQGXFHG FURVV�OLQNLQJ UHDFWLRQ LQ

FRSRO\PHU ILOPV ZDV REVHUYHG E\ PHDVXULQJ WKH LQVROXEOH IUDFWLRQ� ,UUDGLDWLRQ RI WKH FRSRO\PHUV DW ��� QP

89 OLJKW OHDGV WR WKH IRUPDWLRQ RI SHQGDQW DPLQR JURXSV E\ SKRWRGLVVRFLDWLRQ RI WKH R[LPH�XUHWKDQH JURXSV�

7UHDWPHQW RI WKH DPLQR JURXSV ZLWK +&O UHVXOWHG LQ WKH IRUPDWLRQ RI DPPRQLXP VDOWV� ZKLFK FKDQJHG WKH SRO\�

PHU VXUIDFH WR EH K\GURSKLOLF� $Q LQVROXEOH IUDFWLRQ RI WKH FRSRO\PHUV LQFUHDVHG ZLWK LUUDGLDWLRQ WLPH� KHDWLQJ

WLPH� DQG KHDWLQJ WHPSHUDWXUH� &URVV�OLQNLQJ RI WKH HSR[\ UHVLQ HIIHFWLYHO\ FDWDO\]HG E\ WKH SKRWRJHQHUDWHG

SHQGDQW DPLQHV XSRQ KHDWLQJ�

,QWURGXFWLRQ

7KH OLJKW LQGXFHG SRO\PHUL]DWLRQ SURFHVV LV ZLGHO\ XVHG

LQ LQGXVWULHV VXFK DV SKRWRFXUDEOH FRDWLQJV� 89 LQNV� SDLQWV�

SULQWLQJ LQNV DQG DGKHVLYHV� 0RVW RI WKH WHFKQLFDOO\ DSSOLHG

SKRWRFKHPLFDO SURFHVVHV DUH EDVHG RQ IUHH UDGLFDO SKRWR�

UHDFWLRQV� +RZHYHU� WKH LRQLF SKRWRSRO\PHUL]DWLRQ SURFHVV

KDV VHYHUDO DGYDQWDJHV RYHU WKH UDGLFDO SKRWRSRO\PHUL]DWLRQ

SURFHVV VXFK DV QR R[\JHQ LQKLELWLRQ� LQGXFWLRQ RI ULQJ

RSHQLQJ SRO\PHUL]DWLRQ� DQG QR YROXPH FRQWUDFWLRQ GXULQJ

SRO\PHUL]DWLRQ� ,W DSSHDUV WKDW LQ DGGLWLRQ WR WKH IUHH UDGLFDO

SURFHVV� WKH LRQLF SKRWRSRO\PHUL]DWLRQ SURFHVV ZLOO EH

LQFUHDVLQJO\ DSSOLHG LQ WKH IXWXUH�

$PLQHV DUH YHU\ LPSRUWDQW FRPSRXQGV IRU WKHUPDO FURVV�

OLQNLQJ UHDFWLRQV RI HSR[\ UHVLQV LQ DGKHVLYHV� SDLQWV� DQG

FRDWLQJV DSSOLFDWLRQV� +RZHYHU� WKH PL[WXUH RI HSR[\ UHVLQV

DQG DPLQHV LV YHU\ XQVWDEOH GXH WR WKH KLJK UHDFWLYLW\ RI WKH

DPLQHV� 7KHUHIRUH� SKRWRLQGXFHG DPLQH IRUPDWLRQ DQG LWV

DSSOLFDWLRQ WR HSR[\ UHVLQV DUH D YHU\ LPSRUWDQW QHZ FRQFHSW

LQ DGYDQFHG LQGXVWULDO WHFKQRORJ\���� +RZHYHU� RQO\ D IHZ

KDYH EHHQ UHSRUWHG LQ WKH WKHUPDO FXULQJ UHDFWLRQ RI HSR[\

FRSRO\PHUV E\ WKH XVH RI SKRWRFKHPLFDOO\ SURGXFHG DPLQHV�

7KH FKHPLFDO V\VWHPV VXFK DV FREDOW�DPLQH FRPSOH[��

DPPRQLXP VDOWV�� R�QLWUREHQ]R\O FDUEDPDWHV DQG XUHWKDQHV����

R�DF\OR[LPHV�� EORFNHG DQLOLQH��D DQG EHQ]RLQ FDUEDPDWH�

KDYH EHHQ VWXGLHG WR SURGXFH IUHH DPLQHV SKRWRFKHPLFDOO\�

ZKLFK LQLWLDWH DQLRQLF SRO\PHUL]DWLRQ UHDFWLRQV� VXFK DV FXU�

LQJ UHDFWLRQV RI HSR[\ UHVLQV� .XWDO DQG :LOOVRQ� UHSRUWHG D

WKHUPDO FURVVOLQNLQJ UHDFWLRQ RI SRO\�JO\FLG\O PHWKDFU\ODWH�

FR�HWK\O PHWKDFU\ODWH� E\ WKH SKRWRFKHPLFDOO\ SURGXFHG

DPPRQLD IURP D FREDOW�DPLQH FRPSOH[� 7VXQRRND HW DO���

UHSRUWHG FURVVOLQNLQJ RI JO\FLG\O PHWKDFU\ODWH FRSRO\PHU

ILOPV FRQWDLQLQJ R�DF\OR[\LPLQR JURXSV E\ WKH XVH RI SKRWR�

FKHPLFDOO\ SURGXFHG SHQGDQW DPLQR JURXSV� 1LVKLNXER HW

DO�� UHSRUWHG WKH WKHUPDO FXULQJ UHDFWLRQ RI HSR[\ UHVLQV DQG

SRO\XUHWKDQH ROLJRPHUV XVLQJ SKRWRJHQHUDWHG SRO\IXQFWLRQDO

DPLQH RU WKLRO�

,Q SUHYLRXV VWXGLHV� ZH UHSRUWHG WKDW WKH SKRWRO\VLV RI

R[LPH�XUHWKDQH GHULYDWLYHV OHG WR WKH SKRWRFKHPLFDO IRUPD�

WLRQ RI DPLQHV ZKLFK LQGXFH D FURVV�OLQNLQJ UHDFWLRQ RI

HSR[\ UHVLQ XSRQ KHDWLQJ������ 7KH SKRWRFKHPLFDO DQG SKRWR�

SK\VLFDO SKHQRPHQD RI WKH R[LPH�XUHWKDQH GHULYDWLYH ZDV

LQYHVWLJDWHG XVLQJ D ODVHU IODVK SKRWRO\VLV VWXG\��� 7KH FRSR�

O\PHU FRQWDLQLQJ R[LPH�XUHWKDQH JURXSV� ZKLFK OHG WR WKH

IRUPDWLRQ RI SHQGDQW DURPDWLF DPLQHV SKRWRFKHPLFDOO\� ZDV

XVHG IRU DQ LPDJH UHFRUGLQJ PDWHULDO YLD D GLD]R FRXSOLQJ

UHDFWLRQ���

7KH FRSRO\PHUV RI JO\FLG\O PHWKDFU\ODWH �*0$� DQG EHQ�

]RSKHQRQHR[LPH DOO\O XUHWKDQH �%$8�� D PRQRPHU FRQWDLQ�

LQJ R[LPH�XUHWKDQH JURXS� HIIHFWLYHO\ FURVV�OLQNHG E\ WKH SKRWR�

FKHPLFDOO\ SURGXFHG SHQGDQW DPLQHV��� +RZHYHU� QR PRUH

WKDQ �� RI R[LPH�XUHWKDQH JURXSV FRXOG EH LQFRUSRUDWHG

LQWR WKH SRO\PHU FKDLQV GXH WR WKH ORZ SRO\PHUL]DWLRQ UHDF�

WLYLW\ RI DOO\O JURXSV� ,Q RUGHU WR XQGHUVWDQG PRUH DERXW WKH

SKRWRLQGXFHG WKHUPDO FXULQJ UHDFWLRQ RI HSR[\ UHVLQ FRQ�

WDLQLQJ R[LPH�XUHWKDQH JURXSV� ZH SUHSDUHG 1�>���EHQ]R�

SKHQHR[LPLQRFDUERQ\ODPLQR�SHQWDQ\O@PDOHLPLGH �%230��

D PRQRPHU FRQWDLQLQJ R[LPH�XUHWKDQH DQG PDOHLPLGH SRO\�

PHUL]DEOH JURXS��� DQG VWXGLHG WKH WKHUPDO FXULQJ UHDFWLRQ RI

WKH FRSRO\PHU� SRO\�*0$�FR�%230�� E\ WKH XVH RI SKRWR�

FKHPLFDOO\ SURGXFHG SHQGDQW DPLQHV�

([SHULPHQWDO 6HFWLRQ

0DWHULDOV� ��DPLQRFDSURLF DFLG DQG EHQ]RSKHQRQH ZHUH

SXUFKDVHG IURP $OGULFK &KHPLFDO &R� 0DOHLF DQK\GULGH DQG

VRGLXP D]LGH ZHUH REWDLQHG IURP <DNXUL DQG :DNR &KHPL�

&RUUHVSRQGLQJ DXWKRU� 7HO� ���������������� )D[� �����������
����� (�PDLO� NKRFKDH#FKRQQDP�DF�NU



3RO\PHULF 3KRWREDVH *HQHUDWRU %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

FDO &R�� UHVSHFWLYHO\� 7KLRQ\O FKORULGH ZDV SXULILHG E\ GLVWLO�

ODWLRQ LQ WKH SUHVHQFH RI TXLQROLQH� *0$ ZDV SXUFKDVHG

IURP )OXND &KHPLFDO &RPSDQ\ DQG XVHG DIWHU YDFXXP GLV�

WLOODWLRQ� *HQHUDO VROYHQWV VXFK DV HWK\O DFHWDWH� FKORURIRUP�

PHWKDQRO� 7+) ZHUH SXULILHG E\ GLVWLOODWLRQ� %HQ]RSKHQRQH

R[LPH �%32� ZDV SUHSDUHG E\ WKH UHSRUWHG SURFHGXUH���

,QVWUXPHQWV� �+ QXFOHDU PDJQHWLF VSHFWUD ZHUH UHFRUGHG

RQ D %UXNHU ��� 0+] $6;��� )7�105 VSHFWURPHWHU� ,QIUD�

UHG �,5� VSHFWUD ZHUH REWDLQHG ZLWK WKH XVH RI 6KLPDG]X

PRGHO )7,5����� VSHFWURSRWRPHWHU� 8OWUD�YLROHW �89� VSHF�

WUD ZHUH WDNHQ RQ D -DVFR PRGHO 9���� VSHFWURSKRWRPHWHU�

'LIIHUHQWLDO VFDQQLQJ FDORULPHWU\ �'6&� PHDVXUHPHQWV ZHUH

FDUULHG RXW ZLWK 'XSRQW PRGHO ��� WKHUPDO DQDO\]HU XQGHU

1� DWPRVSKHUH DW D KHDWLQJ UDWH RI ��
R&�PLQ� 7KHUPDO VWD�

ELOLW\ ZDV H[DPLQHG RQ D 7$ LQVWUXPHQWV PRGHO ���� DW D

KHDWLQJ UDWH RI �� R&�PLQ XQGHU QLWURJHQ DWPRVSKHUH� *HO

SHUPHDWLRQ FKURPDWRJUDSK\ �*3&� ZDV FDUULHG RXW ZLWK D

<RXQJ�LQ PRGHO ��� VROYHQW GHOLYHU\ PRGXOH HTXLSSHG ZLWK

D 6KLPDG]X 89'�� GHWHFWRU� ,QWULQVLF YLVFRVLW\ ZDV PHD�

VXUHG ZLWK DQ 2VWZDOG YLVFRPHWHU �VL]H ��� 1R� ��� RU ����

LPPHUVHG LQ D FRQVWDQW WHPSHUDWXUH EDWK DW �� R&� &RQWDFW

DQJOH ZDV PHDVXUHG ZLWK DQ (50$PRGHO *�, FRQWDFW DQJOH�

PHWHU� ,UUDGLDWLRQV ZHUH FDUULHG RXW LQ D 5D\RQHW SKRWR�

FKHPLFDO UHDFWRU �7KH 6RXWKHUQ 1HZ (QJODQG 89 &RPSDQ\

PRGHO 535���� RU ���� HTXLSSHG ZLWK ��� QP IOXRUHVFHQW

ODPSV� /LJKW LQWHQVLW\ PHDVXUHG E\ D 9LOEHU /RXUPDW UDGL�

RPHWHU PRGHO 9/;��: ZDV ��� P:�FP� DW ��� QP�

6\QWKHVLV RI 0RQRPHU�

1����&DUER[\SHQWDQ\O�PDOHDPLF DFLG �&30$�� $ VROX�

WLRQ RI ��DPLQRFDSURLF DFLG ����� J� �� PPRO� LQ �� P/ RI

ZDWHU ZDV DGGHG GURSZLVH WR D VROXWLRQ RI PDOHLF DQK\GULGH

����� J� �� PPRO� LQ �� P/ RI '0) DQG VWLUUHG IRU � KRXUV

DW URRP WHPSHUDWXUH� 7KH UHDFWLRQ PL[WXUH ZDV SRXUHG LQWR

��� P/ RI GLVWLOOHG ZDWHU� 7KH SUHFLSLWDWH ZDV ILOWHUHG DQG

GULHG� 7KH SURGXFW ZDV SXULILHG E\ UHFU\VWDOOL]DWLRQ IURP

PHWKDQRO� 7KH \LHOG DQG PHOWLQJ SRLQW ZHUH ��� ���� J� DQG

������� R&� UHVSHFWLYHO\� ,5 �.%U SHOOHW� FP−��� ���� �V� 1�

+�� ��������� �V� &22+�� ���� �Z� DOLSKDWLF &�+�� ���� �V�

DFLG & 2�� ���� �P� DPLGH ,, EDQG�� ���� �Z� YLQ\O�� ����

�V� DPLGH ,,, EDQG�� �+ 105 �'062�G�� δ� SSP�� ���� �1+�
�+�� ����� ���� �GRXEOHW�  &+� �+�� ����� ���� �GRXEOHW�  &+�

�+�� ���� �TXDUWHW� �&+��1+&2� �+�� ���� �WULSOHW� �&+��

&22+� �+�� ��������� �PXOWLSOHW� ��&+����� �+�� ���������

�PXOWLSOHW� �&+��� �+��

1����&DUER[\SHQWDQ\O�PDOHLPLGH �&30,�� $ PL[WXUH

RI &30$ ����� J� �� PPRO� DQG VRGLXP DFHWDWH ����� J� ��

PPRO� LQ �� PO RI DFHWLF DQK\GULGH ZDV VWLUUHG IRU �� KRXUV

DW ��� R& XQGHU 1� DWPRVSKHUH� $IWHU WKH UHDFWLRQ ZDV ILQ�

LVKHG� H[FHVV DFHWLF DQK\GULGH ZDV UHPRYHG E\ YDFXXP GLV�

WLOODWLRQ DW �� R&� 7KH UHPDLQLQJ VPDOO DPRXQW RI DFHWLF

DQK\GULGH ZDV IXUWKHU UHPRYHG E\ YDFXXP GLVWLOODWLRQ DIWHU

DGGLWLRQ RI �� P/ RI WROXHQH� 7KH FUXGH SURGXFW ZDV LVR�

ODWHG E\ FROXPQ FKURPDWRJUDSK\ RQ VLOLFD JHO �Q�KH[DQH �

HWK\O DFHWDWH  � � �� DQG WKHQ UHFU\VWDOOL]HG IURP PHWK\OHQH

FKORULGH � Q�KH[DQH �� � ��� 7KH \LHOG DQG PHOWLQJ SRLQW ZHUH

��� ����� J� DQG ����� R&� UHVSHFWLYHO\� ,5 �.%U SHOOHW� FP−���

��������� �V� &22+�� ����� ���� �P� DOLSKDWLF &�+�� ����

�Z� LPLGH & 2�� ���� �V� & 2�� �+ 105 �&'&O�� δ� SSP��
����� �EURDG� �&22+� �+�� ���� �VLQJOHW�  &+� �+�� ����

�WULSOHW� 1�&+��� �+�� ���� �WULSOHW� �&+��& 2� �+�� ���������

�PXOWLSOHW� ��&+����� �+�� ��������� �PXOWLSOHW� �&+��� �+��

1�>���&KORURFDUERQ\O�SHQWDQ\O@PDOHLPLGH �&&30,��

$ PL[WXUH RI &30, ����� J� � PPRO� DQG WKLRQ\O FKORULGH ��

P/� � PPRO� ZDV UHIOX[HG IRU � KRXUV DW �� R& XQGHU 1�

DWPRVSKHUH� $IWHU WKH UHDFWLRQ ZDV ILQLVKHG� WKLRQ\O FKORULGH

ZDV UHPRYHG E\ GLVWLOODWLRQ XQGHU UHGXFHG SUHVVXUH DW �� R&�

7KH VPDOO DPRXQW RI UHPDLQLQJ WKLRQ\O FKORULGH ZDV IXUWKHU

UHPRYHG E\ YDFXXP GLVWLOODWLRQ DIWHU GLVVROYLQJ WKH UHDFWLRQ

PL[WXUH LQ �� P/ RI SHWUROHXP HWKHU� 7KH UHVLGXH ZDV XVHG

IRU WKH QH[W UHDFWLRQ VWHS ZLWKRXW IXUWKHU SXULILFDWLRQ� 7KH

\LHOG DQG PHOWLQJ SRLQW ZHUH ��� ����� J� DQG ����� R&�

UHVSHFWLYHO\�

1�>���$]LGRFDUERQ\O�SHQWDQ\O@PDOHLPLGH �$&30�� $

VROXWLRQ RI VRGLXP D]LGH ����� J� ��� PPRO� LQ � P/ RI +�2

ZDV DGGHG GURSZLVH WR D VROXWLRQ RI &&30, ���� J� � PPRO�

LQ � P/ RI PHWK\HQH FKORULGH DW � R& DQG VWLUUHG IRU � KRXUV

DW WKH VDPH WHPSHUDWXUH XQGHU QLWURJHQ� 7KH UHDFWLRQ PL[WXUH

ZDV ZDVKHG ZLWK ZDWHU ��� P/� WKUHH WLPHV� DQG GULHG RYHU

DQK\GURXV PDJQHVLXP VXOIDWH� $IWHU ILOWUDWLRQ DQG HYDSRUD�

WLRQ� WKH FUXGH SURGXFW ZDV SXULILHG E\ FROXPQ FKURPDWRJUD�

SK\ RQ VLOLFD JHO �HWK\O DFHWDWH � Q�KH[DQH  � � �� DQG WKHQ

UHFU\VWDOOL]DWLRQ IURP PHWK\OHQH FKORULGH � Q�KH[DQH� 7KH \LHOG

DQG PHOWLQJ SRLQW ZHUH ��� ���� J� DQG ����� R&� UHVSHF�

WLYHO\� ,5 �.%U SHOOHW� FP−��� ���� �P� 1��� ���� �V� D]LGH

& 2�� ����� ����� ����� ����� ���� ���� �+ 105 �&'&O��

δ� SSP�� ���� �VLQJOHW�  &+� �+�� ��������� �WULSOHW� 1�&+��

�+�� ��������� �PXOWLSOHW� �&+�&21�� �+�� ��������� �PXO�

WLSOHW� ��&+����� �+�� ��������� �PXOWLSOHW� �&+��� �+��

1�>���%HQ]RSKHQRQHR[LPLQRFDUERQ\ODPLQR�SHQWDQ\O@�

PDOHLPLGH �%230�� $&30 ���� J� � PPRO� ZDV DGGHG WR D

VROXWLRQ RI %32 �� J� � PPRO� DQG GLEXW\OWLQ GLODXUDWH

�'%7'/� ���� P/� DQG WKH VROXWLRQ ZDV UHIOX[HG IRU �

KRXUV DW ��� R&� $IWHU HYDSRUDWLRQ RI VROYHQW� WKH SURGXFW

ZDV LVRODWHG E\ UHFU\VWDOOL]DWLRQ IURP DFHWRQH� 7KH \LHOG DQG

PHOWLQJ SRLQW ZHUH ��� ����� J� DQG �� R&� UHVSHFWLYHO\� ,5

�.%U SHOOHW� FP−��� ���� �VKDUS� 1�+�� ���� �P� DOLSKDWLF &�

+�� ���� �V� LPLGH & 2�� ���� �V� XUHWKDQH & 2�� ���� �V�

DURPDWLF�� ���� �P� &�1�� ���� ���� ��� �V� DURPDWLF�� �+

105 �&'&O�� δ� SSP�� ��������� �PXOWLSOHW� DURPDWLF� ��+��
���� �VLQJOHW�  &+� �+�� ���� �1�+� �+�� ��������� �WULSOHW�

1�&+��� �+�� ��������� �TXDUWHW� 1+�&+�� �+�� ���������

�PXOWLSOHW� ��&+����� �+�� ��������� �PXOWLSOHW� �&+��� �+��

&RSRO\PHUL]DWLRQ� 7KH W\SLFDO SURFHGXUH LV DV IROORZV� $

VROXWLRQ RI *0$ ����� P/� �� PPRO�� D FRUUHVSRQGLQJ

DPRXQW RI %230 DV VKRZQ LQ 7DEOH �� DQG $,%1 �� ZW��

LQ 7+) ZDV FKDUJHG LQWR D FDSSHG WXEH ��� P/�� 7KH PL[�

WXUH ZDV SXUJHG ZLWK QLWURJHQ IRU �� PLQ DQG WKH WXEH ZDV

VHDOHG XQGHU QLWURJHQ� 3RO\PHUL]DWLRQ ZDV FDUULHG RXW DW ��
R& IRU �� KRXUV� 7KH UHVXOWLQJ SRO\PHU ZDV LVRODWHG E\ SUH�

FLSLWDWLRQ LQWR PHWKDQRO DQG SXULILHG E\ UHSUHFLSLWDWLRQ IURP

7+) ��� P/� LQWR PHWKDQRO� <LHOG� �������

0HDVXUHPHQWV�

,QVROXEOH IUDFWLRQ� $ VROXWLRQ RI FRSRO\PHU ���� J� LQ ���

P/ RI 7+) ZDV SUHSDUHG DQG � GURSV �FD� ���� P/� RI WKLV



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � .\X +R &KDH HW DO�

VROXWLRQ ZHUH SODFHG RQ WKH DOXPLQXP SODWH �� × � FP�� ,W

ZDV VSUHDG HYHQO\ E\ SXVKLQJ DQRWKHU DOXPLQXP SODWH� 7KH

ILOP RQ WKH DOXPLQXP SODWH ZDV GULHG LQ D YDFXXP DW URRP

WHPSHUDWXUH DQG LUUDGLDWHG ZLWK ��� QP 89 OLJKW� 7KH ILOP

ZDV KHDWHG DQG LPPHUVHG LQ 7+) IRU �� VHF�

7KH ZHLJKW RI WKH SODWH �:�� ZDV PHDVXUHG DIWHU GU\LQJ DW

UHGXFHG SUHVVXUH� 7KH LQVROXEOH IUDFWLRQ RI WKH FRSRO\PHU

ILOP ZDV GHWHUPLQHG IURP WKH IROORZLQJ HTXDWLRQ�

,QVROXEOH IUDFWLRQ ���  

:KHUH� :�� ZHLJKW RI WKH XQFRDWHG SODWH� :�� ZHLJKW RI WKH

FRDWHG SODWH� DQG :�� ZHLJKW RI WKH FRDWHG SODWH DIWHU FXULQJ

DQG GHYHORSPHQW�

&RQWDFW DQJOH� � GURSV RI � ZW� RI FRSRO\PHU ���� J� LQ

7+) ���� P/� ZHUH FRDWHG RQ VOLGH JODVV ���� × � FP�� 7KH

ILOP RQ WKH JODVV SODWH DIWHU GU\LQJ XQGHU UHGXFHG SUHVVXUH

ZDV LUUDGLDWHG� 7KH LUUDGLDWHG ILOP RQ WKH JODVV SODWH ZDV

GLSSHG ��� 1 +&O IRU � PLQ� ZDVKHG � WLPHV ZLWK GLVWLOOHG

ZDWHU� DQG WKHQ GULHG XQGHU UHGXFHG SUHVVXUH� ���� P/ RI

GLVWLOOHG ZDWHU ZDV GURSSHG RQ WKH VXUIDFH RI WKH ILOP DQG

FRQWDFW DQJOH EHIRUH DQG DIWHU GLSSLQJ LQ +&O ZDV PHDVXUHG

DIWHU �� VHF� 7KH FRQWDFW DQJOH ZDV PHDVXUHG DW ILYH GLIIHU�

HQW VLWHV RQ HDFK VSHFLPHQ� DQG WKH PHDQ YDOXH ZDV FDOFX�

ODWHG�

89 DQG ,5 DEVRUSWLRQ VSHFWUDO FKDQJHV� $ FRSRO\PHU

ZDV GLVVROYHG LQ 7+) DQG WKH DEVRUEDQFH DW ��� QP ZDV

DGMXVWHG WR ���� 89 DEVRUSWLRQ VSHFWUD ZHUH REWDLQHG ZLWK

YDULRXV LUUDGLDWLRQ WLPHV DW ��� QP 89 OLJKW� $ WUDQVSDUHQW

.%U SHOOHW FRQWDLQLQJ FRSRO\PHU ,, ZDV LUUDGLDWHG ZLWK ���

QP DQG ,5 DEVRUSWLRQ VSHFWUD ZHUH REWDLQHG ZLWK YDULRXV

LUUDGLDWLRQ WLPHV�

5HVXOWV DQG 'LVFXVVLRQ

0RQRPHU 6\QWKHVLV DQG 3RO\PHUL]DWLRQ� 1�6XEVWLWXWHG

PDOHLPLGHV EHDULQJ SHQGDQW SKRWRIXQFWLRQDO JURXS DUH UHDGLO\

FRSRO\PHUL]HG ZLWK YLQ\O PRQRPHUV XQGHU WKH UDGLFDO SRO\�

PHUL]DWLRQ FRQGLWLRQV� 7KH UHVXOWDQW SRO\PHUV DUH NQRZQ WR

H[KLELW KLJK 7JV GXH WR WKH ULJLG LPLGH ULQJV LQ WKHLU EDFN�

ERQHV� %HFDXVH RI WKH IHDVLELOLW\ RI WKHLU UDGLFDO SRO\PHUL]D�

WLRQ DQG WKH H[FHOOHQW WKHUPDO VWDELOLW\ RI WKH UHVXOWDQW SRO\PHUV�

PDQ\ LQWHUHVWLQJ FRPSRXQGV KDYH EHHQ DWWDFKHG WR WKHP DQG

WKHLU SRO\PHUL]DWLRQ ZDV VWXGLHG H[WHQVLYHO\���

$ V\QWKHWLF URXWH IRU WKH SUHSDUDWLRQ RI D PRQRPHU FRQ�

WDLQLQJ R[LPH�XUHWKDQH JURXSV LV VKRZQ LQ 6FKHPH �� &KHPL�

FDO VWUXFWXUH RI WKH FRPSRXQGV ZDV FKDUDFWHUL]HG E\ VSHFWUR�

VFRSLF PHWKRGV� &30$ ZDV SUHSDUHG E\ WKH UHDFWLRQ RI

PDOHLF DQK\GULGH DQG ��DPLQRFDSURLF DFLG� 7KHPL[WXUH VKRXOG

EH FRROHG WR URRP WHPSHUDWXUH VLQFH VRPH KHDW ZDV JHQHU�

DWHG GXULQJ WKH UHDFWLRQ� &30$ ZDV SUHFLSLWDWHG LQ WKH

FRXUVH RI WKH UHDFWLRQ� DQG LW ZDV SXULILHG E\ UHFU\VWDOOL]D�

WLRQ IURP PHWKDQRO�

&30, ZDV SUHSDUHG E\ WKH GHK\GUDWLRQ UHDFWLRQ RI &30$

ZLWK DFHWLF DQK\GULGH DQG VRGLXP DFHWDWH� $FHWLF DQK\GULGH

FDQ EH UHPRYHG E\ D]HRWURSLF GLVWLOODWLRQ ZLWK WROXHQH RU

[\OHQH� $FHWLF DQK\GULGH VKRXOG EH FRPSOHWHO\ UHPRYHG VLQFH

LW LQFRUSRUDWHG WR WKH SURGXFW GXULQJ FROXPQ FKURPDWRJUD�

SK\� $URPDWLF PDOHLPLGH GHULYDWLYHV FDQ EH VHSDUDWHG E\

SUHFLSLWDWLRQ IURP WKH UHDFWLRQ PL[WXUH LQWR ZDWHU TXDQWLWD�

WLYHO\� EXW DOLSKDWLF PDOHLPLGH GHULYDWLYHV FDQQRW EH VHSD�

UDWHG E\ WKLV PHWKRG�

&&30, ZDV SUHSDUHG E\ D FKORULQDWLRQ UHDFWLRQ RI &30,

ZLWK WKLRQ\O FKORULGH� 8QUHDFWHG WKLRQ\O FKORULGH ZDV UHPRYHG

XQGHU UHGXFHG SUHVVXUH DQG WKH UHPDLQLQJ VROLG ZDV XVHG

ZLWKRXW IXUWKHU SXULILFDWLRQ VLQFH &&30, LV PRLVWXUH VHQVL�

WLYH� $&30 ZDV SUHSDUHG E\ WKH UHDFWLRQ RI &&30, ZLWK

VRGLXP D]LGH� $&30 LQ PHWK\OHQH FKORULGH ZDV UHDFWHG

ZLWK VRGLXP D]LGH LQ ZDWHU� 5HDFWLRQ WHPSHUDWXUH VKRXOG EH

PDLQWDLQHG EHORZ � R&� 5HDFWLRQ RFFXUUHG DW WKH LQWHUIDFH RI

DQ DTXHRXV DQG DQ RUJDQLF OD\HU� $&30 ZDV LVRODWHG DV D

ZKLWH VROLG DW URRP WHPSHUDWXUH� EXW VORZO\ GHFRPSRVHV DERYH

�� R&�

%230� D PRQRPHU FRQWDLQLQJ R[LPH�XUHWKDQH JURXS� ZDV

SUHSDUHG E\ D UHDFWLRQ RI $&30 ZLWK EHQ]RSKHQRQHR[LPH

LQ WKH SUHVHQFH RI '%7'/ DV D FDWDO\VW� 7KH SURGXFW ZDV

LVRODWHG E\ FROXPQ FKURPDWRJUDSK\� DQG FU\VWDOOL]DWLRQ IURP

DFHWRQH \LHOGHG ZKLWH FU\VWDOV� '6& DQDO\VLV RI %230 VKRZV

:
�

:
�

–

:
�

:
�

–
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D VKDUS HQGRWKHUP �∆+  ����� -�J� DW �� R& GXH WR WKH PHOW�

LQJ RI WKLV FRPSRXQG�

&RSRO\PHUL]DWLRQ RI %230 ZLWK *0$ ZDV FDUULHG RXW

ZLWK � ZW� RI $,%1 LQ 7+) �6FKHPH ��� 7KH SRO\PHUV DUH

VROXEOH LQ 7+) DQG SXULILHG E\ GRXEOH SUHFLSLWDWLRQ LQ0H2+�

7KH SRO\PHUL]DWLRQ FRQGLWLRQV DQG SK\VLFDO SURSHUWLHV RI WKH

FRSRO\PHUV DUH VXPPDUL]HG LQ 7DEOH �� ,QWULQVLF YLVFRVLW\

PHDVXUHG LQ '0) ZDV LQ WKH UDQJH RI ���������� 7KH PROH�

FXODU ZHLJKWV DQG SRO\GLVSHUVLW\ PHDVXUHG E\ *3& LQ 7+)

UDQJHG EHWZHHQ ����������� DQG �������� UHVSHFWLYHO\� 7KH

FRQWHQWV RI %230 XQLWV LQ WKH FRSRO\PHU PHDVXUHG E\ ���

0+] 105 VSHFWURVFRS\ ZDV QHDUO\ VLPLODU WR WKH DPRXQWV

RI %230 LQ IHHG� &RQYHUVLRQ RI %230 UDQJHG ������

LQGLFDWLQJ WKH KLJK UHDFWLYLW\ RI %230 PRQRPHU LQ FRSRO\�

PHUL]DWLRQ ZLWK *0$�

7KHUPDO VWDELOLW\ RI WKH FRSRO\PHU ZDV H[DPLQHG E\ '6&

DQG 7*$� 7KH JODVV WUDQVLWLRQ WHPSHUDWXUH RI WKH FRSRO\�

PHUV ZDV LQ WKH UDQJH RI ����� R&� 7P ZDV QRW REVHUYHG DQG

DOO FRSRO\PHUV EHJDQ WR GHFRPSRVH DURXQG ��� R&� 7KH

DPRXQW RI PDOHLPLGH XQLWV LQ WKH FRSRO\PHU GRHV QRW VLJQL�

ILFDQWO\ FKDQJH WKHUPDO SURSHUWLHV RI WKH FRSRO\PHUV�

3KRWRFKHPLFDO &KDQJHV� 3KRWRFKHPLFDO FKDQJHV RI WKH

FRSRO\PHUV ZHUH VWXGLHG E\ 89� ,5 VSHFWURVFRS\ DQG FRQ�

WDFW DQJOH PHDVXUHPHQWV� )LJXUH � VKRZV 89 VSHFWUDO FKDQJHV

RI FRSRO\PHU ,,, LQ 7+) XSRQ LUUDGLDWLRQ ZLWK ��� QP 89

OLJKW� $Q LVRVEHVWLF SRLQW ZDV REVHUYHG DW ��� QP� $Q DE�

VRUSWLRQ EDQG DURXQG ��� QP GXH WR π�π WUDQVLWLRQ GHFUHDVHG
ZLWK LUUDGLDWLRQ� ZKLOH WKDW DURXQG ��� QP LQFUHDVHG� 7KLV LV

GXH WR WKH IRUPDWLRQ RI D]LQH W\SH RI FRPSRXQGV DV UHSRUWHG

SUHYLRXVO\������ 7KH VSHFWUDO FKDQJHV LQ VROXWLRQ DUH VLPLODU

WR WKDW RI WKH ILOP VWDWH�

$ GLIIHUHQFH ,5 VSHFWUXP RI FRSRO\PHU ,,, ILOP RQ WKH

.%U SHOOHW EHWZHHQ EHIRUH DQG DIWHU LUUDGLDWLRQ RI ��� QP

89 OLJKW IRU �� PLQ VKRZHG WKDW WKH DEVRUSWLRQ EDQG DW

����� ���� FP−� LQFUHDVHG� ZKLOH WKDW RI ���� FP−� GHFUHDVHG�

)LJXUH � VKRZV WKH FKDQJHV LQ DEVRUEDQFH RI FRSRO\PHU ,,

ILOP DV D IXQFWLRQ RI LUUDGLDWLRQ WLPH LQ DHURELF FRQGLWLRQV�

$Q LQFUHDVH LQ WKH DEVRUSWLRQ EDQG DW ���� FP−� LQGLFDWHV

WKH IRUPDWLRQ RI DPLQR JURXSV RQ LUUDGLDWLRQ� 7KH DEVRUSWLRQ

EDQG DW ���� FP−� GXH WR FDUERQ\O JURXS DQG ���� FP−� GXH

WR XUHWKDQH JURXS LQFUHDVHG JUDGXDOO\ RQ 89 LUUDGLDWLRQ�

7KLV LV GXH WR WKH SKRWRR[LGDWLRQ UHDFWLRQ RI WKH FRSRO\PHU�

$EVRUSWLRQ EDQG DW ���� FP−� UHVXOWV IURP LQWHUDFWLRQ EH�

WZHHQ WKH 1�+ EHQGLQJ DQG &�1 VWUHWFKLQJ�� GHFUHDVHG RQ

LUUDGLDWLRQ LQGLFDWLQJ SKRWRFOHDYDJH RI XUWKDQH &�1 ERQG�

&KDQJHV RI WKH VXUIDFH SURSHUWLHV RI WKH FRSRO\PHU ILOP

RQ LUUDGLDWLRQ ZHUH VWXGLHG E\ FRQWDFW DQJOH PHDVXUHPHQWV�

)LJXUH � VKRZV WKH FRQWDFW DQJOH RI FRSRO\PHU ,,, ILOP DV D

IXQFWLRQ RI LUUDGLDWLRQ WLPH� 7KH FRQWDFW DQJOH GHFUHDVHG

IURP �� WR �� ZLWK �� PLQ RI LUUDGLDWLRQ� LQGLFDWLQJ WKDW WKH

SRO\PHU VXUIDFH FKDQJHG WR D K\GURSKLOLF SURSHUW\� 7KLV GDWD

VKRZV WKDW WKH DPLQR JURXSV SURGXFHG E\ SKRWRGHFRPSRVL�

6FKHPH �

7DEOH �� 3RO\PHUL]DWLRQ FRQGLWLRQV DQG SK\VLFDO SURSHUWLHV RI FRSRO\PHUV

&RSRO\PHU
*0$ %230 $,%1 7+) %230 �PROH�� <LHOG

>η@F
0Z

E

0Q�0Z

7J 7G

�P/� �J� �PJ� �P/� LQ IHHG LQ FRSRO\PHUD ��� �× ���� �R&� �R&�

, ���� ���� ���� ��� ��� ��� �� ���� ���� ���� �� ���

,, ���� ���� ���� ��� ��� ��� �� ���� ���� ���� �� ���

,,, ���� ���� ���� ��� ���� ���� �� ���� ���� ���� �� ���

D'HWHUPLQHG IURP ��� 0+] 105 VSHFWUD� E0HDVXUHG E\ *3& LQ 7+)� &DOLEUDWHG E\ XVLQJ SRO\VW\UHQH VWDQGDUGV� F0HDVXUHG LQ '0)� ��� J�GO�

)LJXUH �� 89 DEVRUSWLRQ VSHFWUDO FKDQJHV RI FRSRO\PHU ,,, LQ 7+)
ZLWK LUUDGLDWLRQ WLPH RI �� �� �� �� �� ��� ��� ��� �� PLQ LQ WKH
GLUHFWLRQ RI WKH DUURZV� UHVSHFWLYHO\�



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � .\X +R &KDH HW DO�

WLRQ RI R[LPH�XUHWKDQH JURXSV FKDQJH WKH VXUIDFH RI WKH

SRO\PHU ILOP WR EHFRPH PRUH K\GURSKLOLF� &RQWDFW DQJOH RI

WKH LUUDGLDWHG SRO\PHU ILOP DIWHU WUHDWPHQW ZLWK ��� 1 +&O

GHFUHDVHG IURP ���� WR �� ZLWK �� PLQ RI LUUDGLDWLRQ� 7KXV�

WKH FRQWDFW DQJOH RI WKH FRSRO\PHU ILOP DIWHU WUHDWPHQW RI

+&O GHFUHDVHG PRUH HIIHFWLYHO\ WKDQ WKDW EHIRUH WUHDWPHQW�

7KLV LV EHFDXVH WKH SRO\PHULF DPPRQLXP VDOWV SURGXFHG E\

WKH UHDFWLRQ RI DPLQR JURXSV ZLWK +&O HIIHFWLYHO\ FKDQJH

WKH VXUIDFH SURSHUW\ RI WKH SRO\PHU PDNLQJ LW PRUH K\GUR�

SKLOLF�

&URVV�OLQNLQJ 5HDFWLRQ� 6ROXELOLW\ FKDQJHV RQ LUUDGLDWLRQ

RI FRSRO\PHUV FRQWDLQLQJ R[LPH�XUHWKDQH JURXSV ZHUH VWXG�

LHG E\ WKH PHDVXUHPHQWV RI LQVROXEOH IUDFWLRQV�

)LJXUH � VKRZV WKH HIIHFW RI KHDWLQJ WHPSHUDWXUH RQ WKH

LQVROXEOH IUDFWLRQ RI FRSRO\PHU ,, ILOP LQ 7+) EHIRUH DQG

DIWHU LUUDGLDWLRQ ZLWK ��� QP RI 89 OLJKW IRU �� PLQ� ,QVROX�

EOH IUDFWLRQ RI WKH QRQ�LUUDGLDWHG ILOP VOLJKWO\ LQFUHDVHG

EHWZHHQ �� WR �� R&� ZKLOH LW LQFUHDVHV GUDPDWLFDOO\ EHWZHHQ

������ R& DQG UHPDLQV FRQVWDQW DERYH ��� R&� 7KH LQFUHDVH

RI WKH LQVROXEOH IUDFWLRQ EHWZHHQ ������ R& LV GXH WR WKH

PRELOLW\ FKDQJHV RI WKH SRO\PHU FKDLQ DW WHPSHUDWXUHV EHORZ

DQG DERYH 7J�
�� +RZHYHU� WKH LQVROXEOH IUDFWLRQ RI WKH LUUDGL�

DWHG ILOP ZDV LQ WKH UDQJH RI ������ DW ������ R&� 7KLV

LQGLFDWHV WKDW D WKHUPDO FURVVOLQNLQJ UHDFWLRQ RI WKH FRSRO\�

PHU ZDV FDWDO\]HG E\ WKH DPLQHV SURGXFHG IURP WKH SKRWRO�

\VHG SHQGDQW R[LPH�XUHWKDQH JURXSV�

,QVROXEOH IUDFWLRQ RI FRSRO\PHU ,,, ILOP DV D IXQFWLRQ RI

KHDWLQJ WLPH DW D GLIIHUHQW LUUDGLDWLRQ WLPH LV VKRZQ LQ )LJXUH

�� $Q LQVROXEOH IUDFWLRQ RI WKH ILOPZLWKRXW LUUDGLDWLRQ UHDFKHG

)LJXUH �� &KDQJHV LQ DEVRUEDQFH RI FRSRO\PHU ,, DV D IXQFWLRQ RI
LUUDGLDWLRQ WLPH LQ DLU �.%U SHOOHW��

)LJXUH �� &KDQJHV RI FRQWDFW DQJOH RI FRSRO\PHU ,,, ILOP DV D
IXQFWLRQ RI LUUDGLDWLRQ WLPH RQ LUUDGLDWLRQ ZLWK ��� QP 89 OLJKW�
GLSSLQJ VROYHQW� ��� 1 +&O� GLSSLQJ WLPH� � PLQ�

)LJXUH �� (IIHFW RI KHDWLQJ WHPSHUDWXUH RQ WKH LQVROXEOH IUDFWLRQ
RI FRSRO\PHU ,, ILOP� LUUDGLDWLRQ WLPH� �� PLQ� KHDWLQJ WLPH� ��
PLQ�

)LJXUH �� ,QVROXEOH IUDFWLRQ RI FRSRO\PHU ,,, ILOP DV D IXQFWLRQ RI
KHDWLQJ WLPH DW YDULRXV LUUDGLDWLRQ WLPH� KHDWLQJ WHPSHUDWXUH� �� R&�



3RO\PHULF 3KRWREDVH *HQHUDWRU %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

������ DERYH �� PLQ RI KHDWLQJ WLPH DW �� R&� +RZHYHU� LW

LQFUHDVHG ZLWK LUUDGLDWLRQ WLPH DQG KHDWLQJ WLPH� $IWHU ��

PLQ RI KHDWLQJ� DQ DSSUHFLDEOH LQFUHDVH LQ WKH LQVROXEOH IUDF�

WLRQ� XS WR ���� ZDV REVHUYHG IRU WKH ILOP LUUDGLDWHG IRU ��

PLQ�

)LJXUH � VKRZV WKH HIIHFW RI KHDWLQJ WHPSHUDWXUH RQ WKH

FURVVOLQNLQJ RI WKH WKUHH FRSRO\PHU ILOPV XSRQ LUUDGLDWLRQ

IRU �� PLQ� ,QVROXEOH IUDFWLRQ JUDGXDOO\ LQFUHDVHG ZLWK KHDW�

LQJ WHPSHUDWXUH� 7KH UHODWLYH UDWH RI WKH FURVV�OLQNLQJ UHDF�

WLRQ LQFUHDVHV LQ WKH RUGHU� FRSRO\PHU , � ,, � ,,,� 7KLV VKRZV

WKDW WKH DPRXQW RI %230 XQLWV LQ WKH FRSRO\PHU LQFUHDVHV

WKH UDWH RI WKH FURVVOLQNLQJ UHDFWLRQ� EXW WKH GLIIHUHQFH LV QRW

VLJQLILFDQW DW D KLJKHU WHPSHUDWXUH�

,QVROXEOH IUDFWLRQ RI FRSRO\PHU ,, ILOP DV D IXQFWLRQ RI

LUUDGLDWLRQ WLPH DW GLIIHUHQW KHDWLQJ WHPSHUDWXUHV LV VKRZQ LQ

)LJXUH �� 7KH LQVROXEOH IUDFWLRQ LQFUHDVHV ZLWK KHDWLQJ WHP�

SHUDWXUH DQG LUUDGLDWLRQ WLPH� ,W LQFUHDVHV GUDPDWLFDOO\ EH�

WZHHQ ���� PLQ RI LUUDGLDWLRQ WLPH� EXW UHPDLQV FRQVWDQW

DERYH �� PLQ� 7KH GLIIHUHQFH RI WKH LQVROXEOH IUDFWLRQ LV VLJ�

QLILFDQW EHWZHHQ ������ R& IRU WKH QRQ�LUUDGLDWHG ILOP� EXW LW

EHFRPHV VLPLODU DIWHU LUUDGLDWLRQ�

,QVROXEOH IUDFWLRQV RI WKH WKUHH FRSRO\PHUV XSRQ LUUDGLD�

WLRQ ZHUH VLPLODU HDFK RWKHU� 7KLV LQGLFDWHV WKDW WKH ODUJHU

)LJXUH �� (IIHFW RI KHDWLQJ WHPSHUDWXUH RQ SKRWR�FURVVOLQNLQJ RI
FRSRO\PHU ILOPV� LUUDGLDWLRQ WLPH� �� PLQ� KHDWLQJ WLPH� �� PLQ�

)LJXUH �� ,QVROXEOH IUDFWLRQ RI FRSRO\PHU ,, ILOP DV D IXQFWLRQ RI
LUUDGLDWLLRQ WLPH DW GLIIHUHQW KHDWLQJ WHPSHUDWXUH� KHDWLQJ WLPH� ��
PLQ�

6FKHPH �



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � .\X +R &KDH HW DO�

DPRXQW RI %230 XQLWV LQ WKH FRSRO\PHU GRHV QRW JUHDWO\

DIIHFW FURVV�OLQNLQJ UHDFWLRQV� EHFDXVH WKH ORZ GHJUHH RI

FURVV�OLQNLQJ HYHQ GHFUHDVHV WKH VROXELOLW\ RI WKH SRO\PHU

HIIHFWLYHO\�

7KH SKRWRFKHPLFDO UHDFWLRQ RI WKH FRSRO\PHU FRQWDLQLQJ

R[LPH�XUHWKDQH JURXSV LV VXPPDUL]HG LQ 6FKHPH �� ,UUDGLD�

WLRQ RI ��� QP 89 OLJKW WR WKH FRSRO\PHU OHDGV WR WKH

KRPRO\WLF FOHDYDJH RI WKH 1�2 ERQG� UHVXOWLQJ LQ DQ LPLQ\O

UDGLFDO DQG D SRO\PHULF DPLQ\O UDGLFDO SDLU ZLWK JHQHUDWLRQ

RI &2��
�� 7KH LPLQ\O UDGLFDO FDQ XQGHUJR K\GURJHQ DEVWUDF�

WLRQ WR IRUP DQ LPLQH� RU GLPHUL]DWLRQ WR IRUP DQ D]LQH� 7KH

DPLQ\O UDGLFDO FDQ XQGHUJR K\GURJHQ DEVWUDFWLRQ WR IRUP D

SHQGDQW DPLQH� 7UHDWPHQW RI WKHVH DPLQR JURXSV ZLWK +&O

UHVXOWV LQ WKH IRUPDWLRQ RI DPPRQLXP VDOWV ZKLFK FKDQJH WKH

SRO\PHU VXUIDFH WR EHFRPH PRUH K\GURSKLOLF� 7KRVH SKRWR�

JHQHUDWHG SHQGDQW DPLQHV HIIHFWLYHO\ FDWDO\]HG WKH FURVVOLQN�

LQJ UHDFWLRQ RI HSR[\ JURXSV LQ WKH SRO\PHU FKDLQ XSRQ KHDW�

LQJ�

&RQFOXVLRQ

&RSRO\PHUL]DWLRQ RI %230 DQG *0$ UHVXOWV LQ QHDUO\

TXDQWLWDWLYH DPRXQW RI %230 XQLWV EHLQJ LQFRUSRUDWHG LQWR

WKH FRSRO\PHU� 7KH DPRXQW RI %230 XQLWV GRHV QRW VLJQLIL�

FDQWO\ FKDQJH WKH WKHUPDO SURSHUWLHV RI WKH FRSRO\PHU� ,UUD�

GLDWLRQ RI WKH FRSRO\PHU ZLWK ��� QP 89 OLJKW OHDGV WR WKH

IRUPDWLRQ RI SHQGDQW DPLQR JURXSV ZKLFK FKDQJHV WKH SRO\�

PHU VXUIDFH WR EH PRUH K\GURSKLOLF� 7UHDWPHQW RI WKH LUUDGL�

DWHG FRSRO\PHU ILOP ZLWK +&O UHVXOWV LQ WKH IRUPDWLRQ RI

DPPRQLXP VDOWV ZKLFK PDNH WKH SRO\PHU VXUIDFH PRUH

K\GURSKLOLF WKDQ ZLWKRXW WUHDWPHQW� 7KH LQVROXEOH IUDFWLRQ RI

WKH FRSRO\PHU LQFUHDVHG ZLWK LUUDGLDWLRQ WLPH� KHDWLQJ WLPH

DQG WHPSHUDWXUH� +RZHYHU� WKH ODUJHU DPRXQW RI %230

XQLWV LQ WKH FRSRO\PHU GRHV QRW JUHDWO\ DIIHFW SKRWR�LQGXFHG

FURVV�OLQNLQJ UHDFWLRQ� FURVV�OLQNLQJ RI WKH HSR[\ UHVLQ HIIHF�

WLYHO\ FDWDO\]HG E\ ORZ DPRXQW RI SKRWREDVH JHQHUDWRU� HYHQ

EHORZ ��� PROH� RI %230 XQLWV LQ WKH SRO\PHU FKDLQV�

$FNQRZOHGJPHQW� 7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH WKH

ILQDQFLDO VXSSRUW IURP WKH .RUHD 6FLHQFH 	 (QJLQHHULQJ

)RXQGDWLRQ �*UDQW 1R� �������������� DQG WKH %UDLQ .RUHD

�� SURMHFW�
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