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7KH FRPSOH[DWLRQ UHDFWLRQ EHWZHHQ 3E��� 7,� DQG &G�� LRQV DQG PDFURF\FOLF OLJDQGV� ���FURZQ�� ���&�� DQG

GLEHQ]R����FURZQ�� �'%��&��� ZDV VWXGLHG LQ GLPHWK\OVXOIR[LGH �'062��QLWURPHWKDQH �10� DQG GLPHWK\O�

IRUPDPLGH �'0)��QLWURPHWKDQH ELQDU\ V\VWHPV E\ VTXDUH ZDYH SRODURJUDSK\ �6:3� WHFKQLTXH� 7KH VWRLFKL�

RPHWU\ DQG VWDELOLW\ RI WKH FRPSOH[HV ZHUH GHWHUPLQHG E\ PRQLWRULQJ WKH VKLIWV LQ KDOI�ZDYHV RU SHDN SRWHQWLDOV

RI WKH SRODURJUDSKLF ZDYHV RI PHWDO LRQV DJDLQVW WKH OLJDQG FRQFHQWUDWLRQ� ,Q PRVW FDVHV� WKH VWDELOLW\ FRQVWDQWV

RI FRPSOH[HV LQFUHDVH ZLWK LQFUHDVLQJ DPRXQWV RI WKH QLWURPHWKDQH LQ PL[HG ELQDU\ VROYHQWV XVHG LQ WKLV VWXG\�

7KH FRPSOH[HV IRUPHG EHWZHHQ ��&� DQG '%��&� DQG WKHVH PHWDO FDWLRQV LQ DOO FDVHV KDG D VWRLFKLRPHWU\ RI

� � �� 7KH UHVXOWV REWDLQHG VKRZ WKDW WKHUH LV DQ LQYHUVH UHODWLRQVKLS EHWZHHQ WKH IRUPDWLRQ FRQVWDQW RI FRP�

SOH[HV DQG WKH GRQRU QXPEHU RI VROYHQWV EDVHG RQ D *DWPDQQ GRQRFLW\ VFDOH DQG WKH VWDELOLW\ FRQVWDQWV VKRZ

D KLJK VHQVLWLYLW\ WR WKH FRPSRVLWLRQ RI WKH PL[HG VROYHQW V\VWHPV� $ OLQHDU EHKDYLRU ZDV REVHUYHG IRU YDULDWLRQ

RI ORJ .I RI ��&� FRPSOH[HV YV WKH FRPSRVLWLRQ RI WKH PL[HG VROYHQW V\VWHPV LQ 10�'062 DQG 10�'0)�

EXW D QRQ�OLQHDU EHKDYLRU ZDV REVHUYHG LQ WKH FDVH RI '%��&� FRPSOH[HV LQ WKHVH ELQDU\ V\VWHPV� ,Q PRVW RI

WKH V\VWHPV LQYHVWLJDWHG� WKH 3E�� FDWLRQ IRUPV D PRUH VWDEOH FRPSOH[ ZLWK WKH ��&� WKDQ RWKHU WZR FDWLRQV DQG

WKH RUGHU RI VHOHFWLYLW\ RI WKLV OLJDQG IRU FDWLRQV LV� 3E��! 7O�� &G���

,QWURGXFWLRQ

6HYHUDO KXQGUHG SDSHUV KDYH EHHQ ZULWWHQ RQ FURZQ HWKHU

PROHFXOHV VLQFH 3HGHUVHQ� SXEOLVKHG KLV SLRQHHULQJ ZRUN� LQ

ZKLFK KH GHVFULEHG WKH SUHSDUDWLRQ DQG FRPSOH[LQJ SURSHU�

WLHV RI WKHVH OLJDQGV ZLWK PHWDO FDWLRQV LQ VROXWLRQV� 7KH GLV�

FRYHU\ WKDW FDWLRQV DQG DQLRQV IRUP VWDEOH FRPSOH[HV ZLWK

PDFURF\FOLF SRO\HWKHUV��� KDV RSHQHG D QHZ GRRU WR VHYHUDO

EURDG DQG IUXLWIXO DUHDV RI FKHPLFDO LQYHVWLJDWLRQV� 7KH

LQWHUHVW LQ WKHVH PDFURF\FOLF OLJDQGV ZDV VWLPXODWHG ZKHQ LW

ZDV IRXQG WKDW FHUWDLQ FURZQ HWKHUV IRUPHG VWDEOH FRP�

SOH[HV ZLWK DONDOL DQG DONDOLQH HDUWK PHWDO FDWLRQV DQG WKDW

SUHIHUHQWLDO FDWLRQ FRPSOH[DWLRQ UHVXOWHG ZKHQ WKH UHODWLYH

VL]HV RI FDWLRQV DQG OLJDQG FDYLWLHV ZHUH PDWFKHG� ,Q DGGL�

WLRQ� WKHVH V\QWKHWLF OLJDQGV DUH VLPLODU LQ WKHLU VWUXFWXUHV

DQG UHDFWLRQV WR PDQ\ QDWXUDOO\ RFFXUULQJ PDFURF\FOLF FRP�

SRXQGV� ZKLFK DUH NQRZQ WR H[KLELW VHOHFWLYH FDWLRQ FRP�

SOH[DWLRQ��

0DFURF\FOLF OLJDQGV KDYH EHHQ XVHG VXFFHVVIXOO\ IRU GLYHUVH

SURFHVVHV VXFK DV VHSDUDWLRQ RI LRQV E\ WUDQVSRUW WKURXJK

DUWLILFLDO DQG QDWXUDO PHPEUDQHV�� OLTXLG�OLTXLG RU VROLG�OLT�

XLG SKDVH�WUDQVIHU UHDFWLRQV� GLVVROXWLRQ LQ DSRODU VROYHQWV RI

PHWDO DQG RUJDQLF VDOWV���� SUHSDUDWLRQ RI LRQ�VHOHFWLYH HOHF�

WURGHV�� LVRWRSH VHSDUDWLRQV� LQ WKH XQGHUVWDQGLQJ RI VRPH

QDWXUDO SURFHVVHV WKURXJK PLPLFU\ RI PHWDOORHQ]\PHV� DV D

VWDWLRQDU\ SKDVH LQ FKURPDWRJUDSK\��� DQG LQ SUHSDUDWLRQ DQG

SUHFRQFHQWUDWLRQ RI PHWDO FDWLRQV DQG WKH UHFRYHU\ RI UDUH

PHWDOLF HOHPHQWV������

:KLOH WKH LQYHVWLJDWLRQV RI FURZQ HWKHU FRPSOH[HV KDYH

EHHQ VWHDGLO\ JDLQLQJ SRSXODULW\ GXULQJ WKH SDVW \HDUV� LW

VHHPV WKDW VR IDU PRVW RI WKH UHVHDUFK KDV EHHQ IRFXVHG RQ

DONDOL DQG DONDOLQH HDUWK PHWDO LRQ FRPSOH[DWLRQ DQG OLWWOH

DWWHQWLRQ KDV EHHQ SDLG WR KHDY\ PHWDO LRQ FRPSOH[HV� ,Q

DGGLWLRQ� WKH FRPSOH[DWLRQ UHDFWLRQV RI FURZQ HWKHUV ZLWK

PHWDO FDWLRQV LQ PL[HG VROYHQW V\VWHPV KDYH EHHQ VWXGLHG

RQO\ WR D YHU\ OLPLWHG H[WHQW DQG WKHVH LQYHVWLJDWLRQV KDYH

EHHQ SUHGRPLQDQWO\ UHVWULFWHG WR ZDWHU�PHWKDQRO PL[WXUHV���

7KH DYDLODEOH LQIRUPDWLRQ RI VXFK FRPSOH[DWLRQ UHDFWLRQV LQ

VROYHQW PL[WXUHV� ZKLFK GR QRW FRQWDLQ ZDWHU� DSSHDUV WR EH

YHU\ VSDUVH�

7KH VWDELOLW\ DQG VHOHFWLYLW\ RI FRPSOH[DWLRQV VWURQJO\

GHSHQG RQ WKH VROYDWLQJ DELOLW\ RI WKH VROYHQW QRW RQO\ ZLWK

UHVSHFW WR FDWLRQ� EXW DOVR ZLWK UHVSHFW WR WKH OLJDQG DQG WKH

UHVXOWLQJ FRPSOH[� ,W VKRXOG EH QRWHG WKDW WKH VROYDWLQJ DELOL�

WLHV RI VROYHQWV LQ PL[WXUHV FDQ EH YHU\ GLIIHUHQW IURP WKRVH

RI QHDW PHGLD���

:H KDYH UHSRUWHG SUHYLRXVO\ WKH UHVXOWV REWDLQHG LQ LQYHV�

WLJDWLRQV LQYROYLQJ FRPSOH[DWLRQ RI WKH DONDOL DQG D IHZ

KHDY\ PHWDO LRQV ZLWK VRPH RI PDFURF\FOLF FURZQ HWKHUV LQ

VHYHUDO QRQ�DTXHRXV PHGLD��� :H KDYH QRZ H[WHQGHG WKHVH

VWXGLHV WR FRPSOH[ IRUPDWLRQ EHWZHHQ ��&� DQG '%��&�

�ERWK ZLWK WKH VDPH FDYLW\ VL]H� DQG 3E��� 7O� DQG &G�� LRQV

LQ '062�10 DQG '0)�10 ELQDU\ PL[WXUHV LQ RUGHU WR VHH

KRZ WKH YDULDWLRQ LQ WKH QDWXUH DQG FRPSRVLWLRQ RI WKH VRO�

YHQW� WKH UHODWLYH VL]H DQG W\SH RI WKH FDWLRQ DQG WKH HIIHFW RI

WKH VLGH ULQJV RQ WKH SRO\HWKHU ULQJ DIIHFW WKH VWDELOLW\ DQG

VHOHFWLYLW\ RI FRPSOH[DWLRQ� 6LQFH WKHVH PHWDO FDWLRQV DUH

YHU\ WR[LF��� LQYHVWLJDWLRQ RI UHDFWLRQ FRQGLWLRQV DQG WKH

GHVLJQ RI D KLJKO\ VHOHFWLYH OLJDQG IRU UHPRYDO RI WKHVH

KDUPIXO FDWLRQV LV RI SDUWLFXODU LPSRUWDQFH�

$PRQJ YDULRXV SK\VLFRFKHPLFDO PHWKRGV� ZKLFK KDYH

EHHQ XVHG IRU VWXG\LQJ WKH VWDELOLW\ FRQVWDQWV DQG VWRLFKLRP�



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � $� 1H]KDGDOL HW DO�

HWU\ RI F\FOLF SRO\HWKHU FRPSOH[HV������ SRODURJUDSKLF WHFK�

QLTXHV DUH YHU\ XVHIXO PHDQV IRU VXFK LQYHVWLJDWLRQV� 'XH WR

WKH KLJKHU VSHHG� KLJKHU UHVROXWLRQ DQG DOVR ORZ FRQVXPS�

WLRQ RI PHUFXU\ LQ 6:3� ZH SUHIHUUHG WR XVH WKLV WHFKQLTXH

IRU WKH SUHVHQW LQYHVWLJDWLRQ�

([SHULPHQWDO 6HFWLRQ

5HDJHQWV DQG 6ROYHQWV� 5HDJHQW JUDGH ���FURZQ��

�5LHGHO�� '%��&� �)OXND� DQG OHDG QLWUDWH� WKDOOLXP QLWUDWH�

FDGPLXP QLWUDWH DQG WHWUDHWK\ODPPRQLXP SHUFKORUDWH� 7($3

�DOO IURP 0HUFN�� ZHUH XVHG ZLWKRXW IXUWKHU SXULILFDWLRQ

H[FHSW IRU GU\LQJ RYHU 3�2� LQ YDFXXP IRU ��K� 7KH RUJDQLF

VROYHQWV� GLPHWK\OIRUPDPLGH� QLWURPHWKDQH DQG GLPHWK\O�

VXOIR[LGH �DOO IURP0HUFN� ZLWK WKH KLJKHVW SXULW\� ZHUH XVHG

IRU WKH SUHSDUDWLRQ RI WKH GHVLUHG PL[HG VROYHQWV�

$SSDUDWXV� 7KH SRODURJUDSKLF PHDVXUHPHQWV� VTXDUH

ZDYH SRODURJUDSK\� F\FOLF YROWDPPHWU\ �&9� DQG GLUHFW FXU�

UHQW SRODURJUDSK\ �'&3� ZHUH FDUULHG RXW RQ DQ (* 	 *

3ULQFWRQ DSSOLHG UHVHDUFK �3$5�� ���% SRODURJUDSKLF DQD�

O\]HU ZLWK D VWDWLF PHUFXU\ GURS HOHFWURGH �60'(� LQ D

WKUHH�HOHFWURGH DUUDQJHPHQW �(* 	 * 3$5 ���$�� $Q $J�

$J&, HOHFWURGH ZLWK D EULGJH FRQWDLQLQJ WKH EDVH HOHFWURO\WH

�D VROXWLRQ RI ����� 0 7($3� RI WKH HOHFWURO\]HG VROXWLRQ

ZDV HPSOR\HG� 7KH FRXQWHU HOHFWURGH ZDV D 3W ZLUH� 7KH

LQVWUXPHQWDO SDUDPHWHUV ZHUH� SXOVH KHLJKW� �� P9� HTXLOL�

EUDWLRQ WLPH� �V� DQG VFDQ UDWH� ��� P9�V� $OO VROXWLRQV ZHUH

GHDHUDWHG IRU � PLQXWHV ZLWK SXUH KHOLXP DQG DQ LQHUW DWPR�

VSKHUH ZDV PDLQWDLQHG RYHU WKH VROXWLRQ GXULQJ WKH UHDFWLRQ�

,Q DOO H[SHULPHQWV WKH FRQFHQWUDWLRQ RI PHWDO FDWLRQV ZHUH

��� × ��−�P0�

5HVXOWV DQG 'LVFXVVLRQ

$GGLWLRQ RI FURZQ HWKHUV ���&� DQG '%��&�� WR D VROX�

WLRQ FRQWDLQLQJ D GHVLUHG FDWLRQ LQ ����� 0 WHWUDHWK\ODPPR�

QLXP SHUFKORUDWH LQ GLIIHUHQW PL[WXUHV RI '062�10 DQG

'0)�10 ELQDU\ V\VWHPV� VKLIWV WKH 6:3 KDOI�ZDYH �(����

RU SHDN SRWHQWLDOV �(S� IRU WKH UHGXFWLRQ RI WKH FRPSOH[HG

LRQ WRZDUGV PRUH QHJDWLYH YDOXHV� 7KH UHYHUVLELOLW\ RI WKH

V\VWHPV ZDV VWXGLHG E\ &9 RU '&3� DQG WKH RQH RU WZR

HOHFWURQ UHGXFWLRQ RI FDWLRQV ZDV VWXGLHG E\ WKH SORWV RI

('0( YV� /RJ �L��LG−L��� 7KH UHGXFWLRQ ZDYHV IRU WKH FRP�

SOH[HV LQ PRVW FDVHV ZHUH UHYHUVLEOH DQG GLIIXVLRQ�FRQ�

WUROOHG� 7KH YDULDWLRQ RI WKH KDOI�ZDYH SRWHQWLDO DV D IXQF�

WLRQ RI WKH ORJDULWKP RI WKH OLJDQG FRQFHQWUDWLRQ ZDV OLQHDU

IRU DOO FDVHV� VKRZLQJ WKDW D VLQJOH FRPSOH[ LV IRUPHG LQ

VROXWLRQ� WKH VORSHV RI WKH VWUDLJKW OLQHV VXJJHVW WKDW � � �

FRPSOH[HV ZHUH IRUPHG EHWZHHQ ��&� DQG '%��&� ZLWK

3E��� 7,� DQG &G�� LRQV� $V DQ H[DPSOH� WKH YDULDWLRQV RI

∆(��� DV D IXQFWLRQ RI ORJ >/@W IRU WKH FRPSOH[ IRUPDWLRQ

EHWZHHQ ��&� DQG 7,� LRQ LQ '0)�10 ELQDU\ V\VWHPV LV

VKRZQ LQ )LJXUH ��

)RU GHWHUPLQDWLRQ RI VWRLFKLRPHWU\ DQG WKH VWDELOLW\ FRQ�

VWDQWV RI FRPSOH[HV IRUPHG EHWZHHQ 3E��� 7,�� DQG &G�� FDW�

LRQV DQG OLJDQGV LQ WKHVH ELQDU\ QRQ�DTXHRXV VROXWLRQV� ZH

XVHG WKH /LQJDQH HTXDWLRQ���

∆(��� �(����& − �(����0 − �57�Q)��OQ.I �P�OQ>/@W� ���

ZKHUH �(����0 DQG �(����& DUH WKH KDOI�ZDYH SRWHQWLDO RI IUHH

DQG FRPSOH[HG PHWDO LRQ� UHVSHFWLYHO\� Q LV WKH QXPEHU RI

HOHFWURQV WUDQVIHUUHG� >/@W LV WKH DQDO\WLFDO FRQFHQWUDWLRQ RI

WKH OLJDQG� .I LV WKH FRPSOH[ IRUPDWLRQ FRQVWDQW DQG P LV WKH

VWRLFKLRPHWU\ RI WKH FRPSOH[� 7KH YDOXHV RI ORJ .I DQG P

FDQ EH REWDLQHG IURP WKH LQWHUFHSW DQG VORSH RI WKH OLQHDU

SORWV RI ∆(�����57�Q)� YV ORJ >/@W� UHVSHFWLYHO\�

,Q PRVW RI WKH ELQDU\ PL[HG VROYHQW V\VWHPV XVHG LQ WKLV

LQYHVWLJDWLRQ� DGGLWLRQ RI WKH ��&� RU '%��&� OLJDQGV WR WKH

FDWLRQ VROXWLRQV LQ WKH SUHVHQFH RI 7($3� VKLIWV WKH UHGXFWLRQ

SRWHQWLDO RI WKH PHWDO LRQV WRZDUGV D PRUH QHJDWLYH YDOXH�

)LJXUH �� /LQHDU SORWV RI ∆(�����57�Q)� YHUVXV ORJ >��&�@W IRU WKH
��&��7,� FRPSOH[ LQ '0)�10 ELQDU\ PL[WXUHV�

)LJXUH �� 6TXDUH ZDYH SRODURJUDPV RI ����� P0 3E�� LRQ LQ
'062�10 ������� 10 � ������ '062� ELQDU\ V\VWHP ZLWK
GLIIHUHQW FRQFHQWUDWLRQ RI ��&� OLJDQG� ��� �� ��� ����� ��� ����� ���
����� ��� ���� DQG ��� ���� P0�



6WXG\ RI &RPSOH[ )RUPDWLRQ��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

HQFH RI GLIIHUHQW FRQFHQWUDWLRQV RI ��&� LQ D '062�10

ELQDU\ V\VWHP DUH VKRZQ LQ )LJXUH �� 6LPLODU SRODURJUDPV

ZHUH REWDLQHG IRU RWKHU V\VWHPV� ,Q WKHVH SRODURJUDPV WKH

GLIIHUHQFH EHWZHHQ WKH KDOI�ZDYH SRWHQWLDOV RI WKH IUHH DQG

FRPSOH[HG PHWDO LRQV LV D PHDVXUH RI WKH FRPSOH[ VWDELO�

LW\���

)URP 7DEOH �� LW LV VHHQ WKDW WKH VWDELOLW\ RI WKH FRPSOH[HV

RI WKHVH KHDY\ PHWDO LRQV ZLWK ��&� GHFUHDVHV LQ WKH RUGHU

3E�� ! 7,�� &G�� LQ DOO RI WKH ELQDU\ QRQ�DTXHRXV PL[WXUHV

XVHG LQ WKLV VWXG\� 7KH 3E�� LRQ� ZLWK WKH OHDVW VRIW FKDUDFWHU��

DQG ZLWK D JRRG ILW FRQGLWLRQ IRU WKH ��&� FDYLW\� IRUPV WKH

PRVW VWDEOH FRPSOH[ ZLWK ��&� DV D KDUG GRQDWLQJ OLJDQG�

7KH JUHDWHU SRODUL]DWLRQ DQG WKH LQFUHDVHG QDWXUH RI WKH

FRYDOHQW ERQGLQJ RI WKH 3E�� LRQ DOVR H[SODLQ WKH ODUJHU YDOXH

RI WKH VWDELOLW\ FRQVWDQW RI WKH ��&��3E�� FRPSOH[ WKDQ WKH

RWKHU WZR FRPSOH[HV LQ WKHVH V\VWHPV� $V LV HYLGHQW IURP

7DEOH � DQG )LJXUH �� WKH 7O� LRQ IRUPV D PRUH VWDEOH FRP�

SOH[ ZLWK ��&� WKDQ &G�� LRQ LQ '0)�10 ELQDU\ V\VWHPV�

7KLV UHVXOW VHHPV UHDVRQDEOH� VLQFH WKH 7,� LRQ LV ERXQG LQ

WKH FRPSOH[ E\ DQ LRQ�GLSROH LQWHUDFWLRQ ZLWK D FRYDOHQW

FRQWULEXWLRQ���

7KH VWDELOLW\ RI D FRPSOH[ IRUPHG LQ D VROXWLRQ VWURQJO\

GHSHQGV RQ WKH QDWXUH RI VROYHQW PHGLXP� 'XULQJ WKH FRP�

SOH[DWLRQ VWHS� WKH OLJDQG VKRXOG EH DEOH WR UHSODFH WKH VRO�

YHQW PROHFXOHV DV FRPSOHWHO\ DV SRVVLEOH LQ WKH ILUVW

VROYDWLRQ VKHOO RI WKH FDWLRQ� RU WKH FDWLRQ VKRXOG EH DEOH WR

UHSODFH WKH VROYHQW PROHFXOH ZLWK WKH OLJDQG� 7KHUHIRUH� WKH

YDULDWLRQ RI WKH VROYHQW SURGXFHV D VLJQLILFDQW FKDQJH LQ WKH

ELQGLQJ SURSHUWLHV DQG VHOHFWLYLW\ RI WKH OLJDQG IRU D FHUWDLQ

FDWLRQ RYHU WKH RWKHUV� 9HU\ IHZ GDWD DERXW WKH FRPSOH[DWLRQ

UHDFWLRQV EHWZHHQ FURZQ HWKHUV DQG KHDY\ PHWDO FDWLRQV LQ

QRQ�DTXHRXV DV ZHOO DV PL[HG VROYHQWV DUH DYDLODEOH LQ OLWHU�

DWXUH� $V ,]DWW HW DO� KDYH VXJJHVWHG��� PRUH GDWD YDOLG LQ D

YDULHW\ RI VROYHQW V\VWHPV DUH QHHGHG LQ RUGHU WR XQGHUVWDQG

WKH HIIHFW RI VROYHQW SDUDPHWHUV RQ WKHUPRG\QDPLF DQG

NLQHWLF YDOXHV IRU FRPSOH[DWLRQ UHDFWLRQV� $V LW LV HYLGHQW

IURP 7DEOH �� LQ JHQHUDO WKH VWDELOLW\ RI DOO FRPSOH[HV

LQFUHDVHV ZLWK DQ LQFUHDVLQJ FRQFHQWUDWLRQ RI 10 LQ 10�

'062 DQG 10�'0) ELQDU\ V\VWHPV� ,Q D ZHDNO\ VROYDWLQJ

VROYHQW VXFK DV QLWURPHWKDQH� ZKLFK KDV D ORZ *XWPDQQ

GRQRFLW\ �'1  ����� WKH VROYDWLRQ RI WKH PHWDO FDWLRQV DQG

SRVVLEO\ RI WKH OLJDQG VKRXOG EH ZHDNHU WKDQ LQ VROYHQWV ZLWK

D VWURQJ VROYDWLQJ DELOLW\ VXFK DV IRU GLPHWK\OVXOIR[LGH �'1

 ����� DQG GLPHWK\OIRUPDPLGH �'1  ������ 7KHUHIRUH� OHVV

HQHUJ\ LV QHFHVVDU\ IRU WKH GHVROYDWLRQ VWHS RI WKH 3E��� 7O�

DQG &G�� FDWLRQV DQG SUREDEO\ RI WKH OLJDQG GXULQJ WKH FRP�

SOH[ IRUPDWLRQ LQ WKH FDVH RI 10 WKDQ LQ '062 DQG '0)�

7KH YDULDWLRQ RI WKH VWDELOLW\ FRQVWDQWV RI '%��&� FRP�

SOH[HV ZLWK 3E��� 7O� DQG &G�� LRQV ZLWK VROYHQW FRPSRVL�

WLRQV LQ 10�'062 ELQDU\ PL[WXUHV LV LOOXVWUDWHG LQ )LJXUH

�� ,W LV LQWHUHVWLQJ WR QRWH WKDW D QRQ�OLQHDU EHKDYLRU LV

REVHUYHG IRU YDULDWLRQ RI WKH VWDELOLW\ FRQVWDQW �ORJ .I� RI

FRPSOH[HV YHUVXV WKH FRPSRVLWLRQ RI 10�'062 ELQDU\

V\VWHPV� $V LW LV HYLGHQW IURP WKLV )LJXUH� ZKHQ WKH FRQFHQ�

WUDWLRQ RI 10 LQFUHDVHV� WKH VWDELOLW\ FRQVWDQWV RI FRPSOH[HV

ILUVW LQFUHDVH JUDGXDOO\� DQG WKHQ LQFUHDVH VXGGHQO\ DIWHU

DERXW �� PRO� RI 10� 7KLV EHKDYLRU PD\ E\ GXH WR VRPH

NLQG RI VROYHQW�VROYHQW LQWHUDFWLRQV EHWZHHQ WKHVH DSURWLF

VROYHQWV ZKHQ WKH\ DUH PL[HG ZLWK RQH DQRWKHU RU LW PD\ EH

GXH WR SUHIHUHQWLDO VROYDWLRQ RI WKH FDWLRQV LQ WKHVH ELQDU\

V\VWHPV� $V LW LV HYLGHQW IURP )LJXUH � WKH RUGHU RI VWDELOLW\

RI '%��&� FRPSOH[HV LQ DOO 10�'062 ELQDU\ PL[WXUHV LV�

&G���'%��&� ! 3E���'%��&� ! 7O��'%��&��

&RPSDULVRQ RI WKH UHVXOWV LQ 7DEOH � VKRZV WKDW� LQ PRVW

7DEOH �� /RJ .IYDOXHV RI 3E
��� 7O� DQG &G��FRPSOH[HV ZLWK ��&�

�7 �� R&� DQG '%��&� �7 �� R&� LQ VRPH ELQDU\ VROYHQW PL[WXUHV

0HGLXP
6ROYHQW

&RPSRVLWLRQ
D/RJ .I
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��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � $� 1H]KDGDOL HW DO�

FDVHV WKH YDOXHV RI .I RI '%��&� FRPSOH[HV RI 3E��� 7O�

DQG &G�� LRQV DUH VPDOOHU WKDQ WKRVH RI ��&� FRPSOH[HV�

6XFK GLIIHUHQFHV UHIOHFW ERWK WKH HOHFWURVWDWLF DQG WKH VWHULF

HIIHFWV RI WKH VLGH ULQJV� WKH VWUHQJWK RI WKH &�2 GLSROHV LV

DIIHFWHG E\ WKH QDWXUH RI WKH VXEVWLWXHQW �H�J�� OHVV IRU DUR�

PDWLF WKDQ IRU DF\FOLF VLGH ULQJV�� DQG WKH HDVH RI PRWLRQ DQG

WKH DWWDLQDEOH FRQIRUPDWLRQV RI WKH SRO\HWKHU ULQJ GHSHQG RQ

WKH VWUXFWXUH QHDU WKH LQWHU�ULQJ EULGJHV��� 7KH DURPDWLF ULQJ

OHQGV ULJLGLW\ WR WKH OLJDQG DQG ZLWKGUDZV HOHFWURQV IURP WKH

EDVLF R[\JHQ GRQRU� WKXV GHFUHDVLQJ WKH VWUHQJWK RI WKH

PHWDO�OLJDQG LQWHUDFWLRQ� RU GHFUHDVLQJ WKH VWDELOLW\ RI WKH

FRPSOH[HV�

$V LW LV HYLGHQW IURP 7DEOH �� LQ VRPH FDVHV WKH IRUPDWLRQ

FRQVWDQWV RI '%��&� FRPSOH[HV DUH ELJJHU WKDQ WKRVH RI

��&� LQ VRPH ELQDU\ PL[HG VROYHQWV� ,Q WKHVH FDVHV� WKH

'%��&� OLJDQG PD\ EH OHVV VWDELOL]HG LQ WKHVH VROXWLRQV

WKDQ ��&�� $OWHUQDWLYHO\� WKH VROYDWLRQ RI WKH '%��&� FDW�

LRQ FRPSOH[HV PD\ PDNH D VWDELOL]LQJ FRQWULEXWLRQ WR FRP�

SOH[ IRUPDWLRQ UHODWLYH WR ��&� XQGHU WKH VDPH FRQGLWLRQ���

,W PD\ DOVR EH H[SODLQHG LQ WHUPV RI OLJDQG EXONLQHVV OHDGLQJ

WR WKH LVRODWLRQ RI WKH FDWLRQ IURP WKH VROYHQW� 6LPLODU HIIHFWV

KDYH EHHQ REVHUYHG LQ FRPSDULQJ WKH VHOHFWLYLW\ RI ��&� WR

'%��&� DQG DOVR IRU >�����@ FU\SWDQG DV ZHOO DV IRU LWV

EHQ]R GHULYDWLYH� ZLWK VRPH DONDOL DQG DONDOLQH HDUWK PHWDO

FDWLRQV LQ PHWKDQRO DQG LWV ���PL[WXUH ZLWK ZDWHU��� 6RPH�

ZKDW VLPLODU EHKDYLRU ZDV REVHUYHG LQ WKH FDVH RI '%��&�

FRPSOH[HV LQ 10�'0) ELQDU\ V\VWHPV �)LJXUH ��� $V LW LV

HYLGHQW IURP )LJXUH �� VHYHUDO UHYHUVDOV RI VWDELOLW\ FRQVWDQWV

FDQ EH REVHUYHG LQ VRPH FRPSRVLWLRQV RI 10�'0) ELQDU\

PL[HG VROYHQWV� 7KHVH UHYHUVDOV RI VWDELOLWLHV LQGLFDWH WKH

SRVVLELOLW\ RI FKDQJHV LQ VWDELOLWLHV DQG� WKHUHIRUH� UHYHUVDOV

RI FDWLRQ VHOHFWLYLWLHV� ZKLFK PD\ EH REWDLQHG LQ FHUWDLQ

VHOHFWHG PL[HG VROYHQW V\VWHPV�

$FNQRZOHGJPHQW� 7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH

WKH VXSSRUW RI WKLV UHVHDUFK E\ 1DWLRQDO 5HVHDUFK &RXQFLO� RI

,� 5� ,UDQ �15&,� DV D 1DWLRQDO 5HVHDUFK 3URMHFW XQGHU WKH

JUDQW QXPEHU ����
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