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%\XQJ +\XQ $KQ


'LYLVLRQ RI 0DWHULDO (QJLQHHULQJ� 3XN\RQJ 1DWLRQDO 8QLYHUVLW\� 3XVDQ �������� .RUHD

'DH :RR /HH DQG -LQ .RRN /HH

'LYLVLRQ RI &KHPLFDO (QJLQHHULQJ� 3XVDQ 1DWLRQDO 8QLYHUVLW\� 3XVDQ �������� .RUHD

5HFHLYHG 0DUFK ��� ����

$EVWUDFW � 7ULF\FOLF DOLSKDWLF GLDQK\GULGH PRQRPHU� WULF\FOR>�������@GHF���HQH�H[R�HQGR���������WHWUD�

FDUER[\OLFGLDQK\GULGH �7&''$�� ZDV V\QWKHVL]HG E\ SKRWRFKHPLFDO UHDFWLRQ DQG SRO\�DPLF DFLG�V IURP

7&''$ DQG GLDPLQHV VXFK DV ����ELV����DPLQRSKHQR[\�EHQ]HQH �%$%�� ����ELV������DPLQRSKHQR[\� SKH�

Q\O� SURSDQH �%$33�� ����ELV������DPLQRSKHQR[\�SKHQ\O�KH[DIOXRURSURSDQH �%$3+)�� ELV������DPL�

QRSKHQR[\� SKHQ\O�VXOIRQH �%$36�� DQG ����ELV����DPLQRSKHQR[\�ELSKHQ\O �%$%3� ZHUH SUHSDUHG�

7KH LQKHUHQW YLVFRVLWLHV RI WKH SRO\�DPLF DFLG�V ZHUH EHWZHHQ ���� DQG ���� G/�J� 7KH SRO\�DPLF DFLG�V

ZHUH FRQYHUWHG WR SRO\LPLGH ILOPV E\ WKHUPDO LPLGL]DWLRQ� 7KH JODVV WUDQVLWLRQ WHPSHUDWXUHV �7J� RI WKH

SRO\LPLGHV ZHUH LQ WKH UDQJH RI ���a���
R

&� 7KH WKHUPRJUDYLPHWULF DQDO\VLV �7*$� WKHUPRJUDP RI

WKHVH SRO\LPLGHV VKRZHG WKH WHPSHUDWXUHV RI �� ZHLJKW ORVVHV EHWZHHQ ��� DQG ���
R

& LQ QLWURJHQ

DWPRVSKHUH� 7R VKRZ WKHLU XWLOLW\ IRU LPDJH JHQHUDWLRQ� GHJUDGDWLRQV RI WKHVH SRO\LPLGHV LQ 89 H[SRVXUH

ZHUH LQYHVWLJDWHG E\ 89 VSHFWURVFRS\�

,QWURGXFWLRQ

3RO\LPLGHV KDYH IRXQG XVDJH DV ILOPV� FRDWLQJV�

DGKHVLYHV� DQG PDWUL[ UHVLQV GXH WR WKHLU H[FHOOHQW

HOHFWULFDO DQG PHFKDQLFDO SURSHUWLHV� KLJK WKHUPDO

DQG FKHPLFDO VWDELOLW\� JRRG VROYHQW UHVLVWDQFH�

DQG GLPHQVLRQDO VWDELOLW\�
�
$WWHPSWV DUH EHLQJ

PDGH WR XVH SRO\LPLGHV IRU GLIIHUHQW DSSOLFDWLRQV

LQ YDULHW\ RI DGYDQFHG WHFKQRORJLHV� ,QWHUHVW LQ

WKHVH PDWHULDOV LV SDUWLFXODUO\ KLJK LQ DUHDV UHODWHG

WR HOHFWURQLFV� ZKHUH PLQLDWXUL]DWLRQ� ODUJH�VFDOH

LQWHJUDWLRQ� DQG KLJK VSHHG VLJQDO SURFHVVLQJ LQ

VHPLFRQGXFWRU�EDVHG FRPSRQHQWV DUH LPSRUWDQW

WHFKQLFDO LVVXHV� ,Q RUGHU WR VDWLVI\ WKHVH KLJK H[�
H�PDLO � EKDKQ#SNQX�DF�NU



%� +� $KQ HW DO�

��� .RUHD 3RO\P� -�� 9RO� �� 1R� �� ����

SHFWDWLRQV� VWULQJHQW DQG KLJKO\ YDULHG UHTXLUHPHQWV

KDYH EHHQ SODFHG RQ WKH SURSHUWLHV RI SRO\LPLGH�

LQFOXGLQJ� KLJK WKHUPDO UHVLVWDQFH� KLJK SXULW\�

KLJK FKHPLFDO UHVLVWDQFH� KLJK DGKHVLRQ� KLJK SOD�

QDULW\� ORZ GLHOHFWULF FRQVWDQW� ORZ WKHUPDO H[SDQ�

VLRQ� DQG� LQ VRPH FDVHV� KLJK WUDQVSDUHQF\ DQG

KLJK UHIUDFWLYLW\� ,W LV LPSRVVLEOH IRU D VLQJOH V\VWHP

WR VDWLVI\ DOO RI WKHVH UHTXLUHPHQWV� VR DW SUHVHQW

SRO\LPLGHV KDYLQJ GLIIHUHQW FKDLQ VWUXFWXUHV DUH

XVHG� DFFRUGLQJ WR WKH SDUWLFXODU DSSOLFDWLRQ�
���

,Q PDQ\ DSSOLFDWLRQV� SRO\LPLGH OD\HUV PXVW EH

SDWWHUQHG WR RSHQ FRQQHFWLRQ RU ERQGLQJ ZLQGRZV�

RU WR GHOLQHDWH GLHOHFWULF RU PDVNLQJ VWUXFWXUHV�

6HYHUDO RSWLRQV DUH DYDLODEOH WR SDWWHUQ SRO\LP�

LGHV� 7KHVH RSWLRQV LQFOXGH GLUHFW XOWUDYLROHW �89�

ODVHU SKRWRDEODWLRQ� UHDFWLYH LRQ HWFKLQJ �5,(� RU

VFDQQLQJ ODVHU DEODWLRQ �6/$� WKURXJK D VRIW RU D

KDUG PDVN� ZHW HWFKLQJ� DQG WKH XVH RI D SKRWR�

VHQVLWLYH SRO\LPLGH� 7KH FKRLFH RI D SDWWHUQLQJ

WHFKQRORJ\ LV D WUDGH�RII EHWZHHQ WKH TXDOLW\ RI WKH

GHVLUHG SDWWHUQ �UHVROXWLRQ� VKDSH� VLGHZDOO VORSH�

DQG URXJKQHVV� DQG SUDFWLFDELOLW\ LQ WKH LQGXVWULDO

HQYLURQPHQW� )LQDO SURSHUW\ RI WKH FXUHG SRO\PHU

LV DOVR DQ LPSRUWDQW SDUDPHWHU� VLQFH 5,( DQG

SKRWRDEODWLRQ FDQ EH SHUIRUPHG RQ DQ\ W\SH RI

SRO\LPLGH� EXW ZHW HWFKLQJ DQG GLUHFW SKRWRSDW�

WHUQLQJ UHTXLUH VSHFLILF IRUPXODWLRQV�
���

7KH XVH RI SKRWRVHQVLWLYH SRO\LPLGH LV D JURZ�

LQJ WUHQG IRU VRPH DSSOLFDWLRQV RI SRO\LPLGHV� LQ

ZKLFK SURFHVVLQJ FRVW LV DQ RYHUULGLQJ IDFWRU DQG

SDWWHUQ JHRPHWULHV DUH FRPSDWLEOH ZLWK WKHLU SHU�

IRUPDQFHV�
�
7KLV LV HVSHFLDOO\ WKH FDVH IRU SURWHF�

WLRQ OD\HUV DQG KLJK�GHQVLW\ LQWHUFRQQHFWV� ,W LV

HYLGHQW WKDW SDWWHUQ GHILQLWLRQ LV VLPSOHU ZLWK D

SKRWRVHQVLWLYH SRO\LPLGH� VLQFH LW RQO\ QHHGV 89

OLJKW H[SRVXUH DQG GHYHORSPHQW RI WKH ILOP EHIRUH

IXOO FXUH� 3KRWRVHQVLWLYH SRO\LPLGH SDWWHUQLQJ FDQ

EH SHUIRUPHG RQ H[LVWLQJ HTXLSPHQW XVHG IRU XVXDO

SKRWRUHVLVW SDWWHUQLQJ� %\ HOLPLQDWLQJ WKH XVH RI D

UHVLVW� WKH SRO\LPLGH SDWWHUQLQJ SURFHVV FDQ EH

VKRUWHQHG E\ XS WR RQH�KDOI� ,W LV D VLPSOLILHG SUR�

FHVV DQG WKXV LQFUHDVHV SURFHVV VWDELOLW\ DQG \LHOG�

3DWWHUQLQJ SKRWRVHQVLWLYH SRO\LPLGH LV LQKHUHQWO\

D FOHDQ SURFHVV FRPSDUHG WR SDUWLFOH�JHQHUDWLQJ

SURFHVVHV VXFK DV 5,( RU SKRWRDEODWLRQ� 3KRWR�

VHQVLWLYH SRO\LPLGH SURFHVV GRHV QRW QHHG WR[LF

HWFKDQWV FRPSDUHG WR ZHW HWFKLQJ� 3KRWRVHQVLWLYH

SRO\LPLGH SDWWHUQLQJ LV DQ RSHQ�DLU SURFHVV DQG�

XQOLNH 5,(� LV FRPSDWLEOH ZLWK ODUJH DUHD SURFHVV�

LQJ�

7KH ILUVW SKRWRVHQVLWLYH SRO\LPLGH ZDV D V\VWHP

REWDLQHG E\ DGGLQJ ELFKURPDWH WR SRO\�DPLF

DFLG� UHSRUWHG E\ .HUZLQ DQG *ROGULFN LQ �����
�

+RZHYHU� VLQFH WKH VKHOI�OLIH RI WKH VROXWLRQ ZDV

H[WUHPHO\ VKRUW DQG PHWDOOLF UHVLGXH ZDV SUHVHQW

LQ WKH SRO\LPLGH ILOP DIWHU FXULQJ� WKH ELFKURPDWH

W\SH SRO\LPLGH ZDV QRW SUDFWLFDO� /DWHU� 5XEQHU HW

DO� UHSRUWHG D SUDFWLFDO V\VWHP� WKH SRO\�DPLF

DFLG� ZDV HVWHULILHG E\ VRPH DFU\OR\O JURXSV�
�����

7KH V\VWHP VKRZHG H[FHOOHQW VWRUDJH VWDELOLW\� ,W

ZDV DOVR SRVVLEOH WR PDNH D SDWWHUQ IURP WKLFN

ILOP�

+RZHYHU FRPPHUFLDOO\ DYDLODEOH SKRWRVHQVLWLYH

SRO\LPLGHV DUH DOO RI QHJDWLYH W\SH� 3RVLWLYH ZRUN�

LQJ SKRWRVHQVLWLYH SRO\LPLGHV ZRXOG EH PRUH

GHVLUDEOH IRU KLJKHU UHVROXWLRQ� XVH RI DONDOLQH

DTXHRXV GHYHORSHUV� DQG KLJK WKURXJKSXW SDW�

WHUQLQJ SURFHVVHV VXFK DV GLUHFW ODVHU ZULWLQJ�
��

.XERWD HW DO� UHSRUWHG WKH ILUVW SRVLWLYH LPDJLQJ

SKRWRVHQVLWLYH SRO\�DPLF DFLG�� LQ ZKLFK DQ RU�

WKRQLWUREHQ]\O JURXS ZDV OLQNHG WR WKH FDUER[\OLF

DFLG E\ HVWHU ERQG� ,W LV DOVR SRVVLEOH ZLWK SRVLWLYH

UHVLVWV WR LUUDGLDWH DJDLQ DIWHU D ILUVW GHYHORSPHQW

VWHS LQ RUGHU WR FRUUHFW RU PRGLI\ WKH LPDJHG SDW�

WHUQ�
��
6HYHUDO DWWHPSWV WR V\QWKHVL]H SRVLWLYH

ZRUNLQJ SKRWRVHQVLWLYH SRO\LPLGHV
��
RU UHODWHG

SRO\PHUV VXFK DV SRO\EHQ]R[D]ROHV KDYH EHHQ

UHSRUWHG�

7KH SULPDU\ DLP RI WKH ZRUN UHSRUWHG KHUH ZDV

WR V\QWKHVL]H QHZ SRO\LPLGHV IRU SRVLWLYH ZRUNLQJ

SKRWRVHQVLWLYH SRO\LPLGH� 7ULF\FOLF DOLSKDWLF GLDQ�

K\GULGH PRQRPHU� WULF\FOR>�������@GHF���HQH�H[R�

HQGR���������WHWUDFDUER[\OLFGLDQK\GULGH �7&''$��

ZDV V\QWKHVL]HG E\ SKRWRFKHPLFDO UHDFWLRQ DQG

VROXEOH SRO\�DPLF DFLG�V IURP 7&''$ DQG VHYHUDO

GLDPLQHV FRQWDLQLQJ GLSKHQ\O HWKHU JURXS ZHUH

SUHSDUHG� 3KRWRLPDJLQJ FDQ EH DFFRPSOLVKHG�

HYHQ DIWHU FRPSOHWH WKHUPDO FXULQJ WR IRUP WKH

SRO\LPLGH VWUXFWXUH� 7R VKRZ WKHLU XWLOLW\ IRU LPDJH

JHQHUDWLRQ� GHJUDGDWLRQV RI WKHVH SRO\LPLGHV LQ 89

H[SRVXUH ZHUH LQYHVWLJDWHG E\ 89 VSHFWURVFRS\�

([SHULPHQWDO

0DWHULDOV� ����%LV������DPLQRSKHQR[\�SKHQ\O�

SURSDQH �%$33�� ����ELV������DPLQRSKHQR[\�
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SKHQ\O�KH[DIOXRURSURSDQH �%$3+)�� ELV������

DPLQRSKHQR[\�SKHQ\O�VXOIRQH �%$36�� ����ELV�

���DPLQRSKHQR[\�EHQ]HQH �%$%�� DQG ����ELV�

���DPLQRSKHQR[\�ELSKHQ\O �%$%3� ZHUH SXU�

FKDVHG IURP 7&, &R�� /WG� DQG XVHG ZLWKRXW IXU�

WKHU SXULILFDWLRQ DIWHU YDFXXP GU\LQJ DW ���
R
& IRU

� GD\� 0DOHLF DQK\GULGH DQG EHQ]HQH �WKLRSKHQH�

IUHH� ZHUH SXUFKDVHG IURP $OGULFK &KHP� &R��

/WG� ��0HWK\O���S\UUROLGLQRQH �103� �$OGULFK

&KHP� &R�� /WG�� ZDV GULHG ZLWK FDOFLXP K\GULGH

�&D+�� DQG VXEVHTXHQWO\ GLVWLOOHG XQGHU UHGXFHG

SUHVVXUH� 2WKHU FKHPLFDOV ZHUH UHDJHQW JUDGH DQG

XVHG ZLWKRXW IXUWKHU SXULILFDWLRQ�

6\QWKHVLV RI 7ULF\FOR>�������@GHF���HQH�

H[R�HQGR���������WHWUDFDUER[\OLF GLDQK\GULGH

�7&''$�� 7&''$ ZDV SUHSDUHG DFFRUGLQJ WR D

PHWKRG RI *URYHQVWHLQ� -U� DQG FR�ZRUNHUV�
��
$

VROXWLRQ RI PDOHLF DQK\GULGH ���� J� ���� PRO� LQ

DFHWRQH ���� P/� DQG EHQ]HQH ���� P/� WKLRSKHQH�

IUHH� ZDV SODFHG LQ D ZDWHU�FRROHG TXDUW] FHOO

ZKLFK HQFLUFOHV D PHGLXP�SUHVVXUH +DQRYLD ODPS�

$IWHU �� K RI LUUDGLDWLRQ� ZKLWH FU\VWDOV GHSRVLWHG

RQ WKH ZDOO RI WKH FHOO ZHUH FROOHFWHG DQG ZDVKHG

ZLWK DFHWRQH WR JLYH ���� J RI SURGXFW� $QRWKHU

��� J RI SURGXFW ZDV UHFRYHUHG E\ HYDSRUDWLRQ RI

WKH UHDFWLRQ VROXWLRQ� ERLOLQJ WKH UHVLGXH ZLWK

��� P/ RI DFHWRQH WR GLVVROYH XQUHDFWHG PDOHLF

DQK\GULGH� DQG VHSDUDWLRQ RI WKH DGGXFW E\ ILOWUD�

WLRQ� 7KH WRWDO \LHOG ZDV DERXW ���� J ������ PS

���a���
R
&�

6\QWKHVLV RI 3RO\�DPLF DFLG�V� 7R D �� P/�

� QHFN� URXQG ERWWRP IODVN HTXLSSHG ZLWK DQ

RYHUKHDG VWLUUHU DQG 1� LQOHW� ZHUH DGGHG ����ELV

���DPLQRSKHQR[\�EHQ]HQH �%$%� ������ J� �����

PPRO� DQG 103 ��� P/�� $IWHU %$% ZDV GLV�

VROYHG FRPSOHWHO\� 7&''$ ���� J� ����� PPRO� ZDV

DGGHG VORZO\ ZLWK VWLUULQJ� 7KH UHDFWLRQ PL[WXUH

ZDV VLWUUHG IRU �� K DW URRP WHPSHUDWXUH� 7KH

SRO\�DPLF DFLG� VROXWLRQ VKRXOG EH NHSW LQ D

UHIULJHUDWRU LQ RUGHU WR SUHYHQW LWV GHFRPSRVLWLRQ�

2WKHU SRO\�DPLF DFLG�V ZHUH SUHSDUHG LQ WKH VDPH

PDQQHU�

3UHSDUDWLRQ RI 3RO\LPLGH )LOPV� 7KH SRO\

�DPLF DFLG�V ZHUH FRDWHG RQ WKH JODVV VXEVWUDWH�

IROORZHG E\ VRIWEDNLQJ RQ D KRW SODWH DW ��
R
& IRU

� K� 7KH VRIWEDNHG SUHFXUVRU ILOPV ZHUH WKHUPDOO\

LPLGL]HG LQ D GU\LQJ RYHQ XQGHU GULHG 1� JDV IORZ

E\ D VWHS LPLGL]DWLRQ SURWRFRO� ���
R
& IRU �� PLQ�

���
R
& IRU �� PLQ� DQG ���

R
& IRU �� PLQ� 7KH

KHDWLQJ UDWH ZDV �
R
&�PLQ IRU DOO SURFHVVHV� $IWHU

WKH WKHUPDO LPLGL]DWLRQ� WKH VDPSOHV ZHUH FRROHG

WR URRP WHPSHUDWXUH� 7KH SRO\LPLGH ILOPV ZHUH

LVRODWHG ZLWK WKH DLG RI GHLRQL]HG ZDWHU� IROORZHG

E\ GU\LQJ IRU � GD\V DW ��
R
& LQ D YDFXXP RYHQ�

0HDVXUHPHQWV�
�
+�105 DQG

��
&�105 VSHF�

WUD ZHUH PHDVXUHG XVLQJ D 9DULDQ 8QLW\ 3OXV ���

105 VSHFWURPHWHU LQ '062�G� DQG &'&O�� &KH�

PLFDO VKLIWV ZHUH FDOLEUDWHG ZLWK WKH FKHPLFDO VKLIW

RI WKH XVHG VROYHQW� )7�,5 VSHFWUD ZHUH PHDVXUHG

XVLQJ D %UXNHU ,)6 �� )7�,5 VSHFWURPHWHU ZLWK WKH

.%U SHOOHW GLVF� 7KH LQKHUHQW YLVFRVLW\ RI SRO\

�DPLF DFLG�V ZDV PHDVXUHG LQ 103 DW ��
R
& XVLQJ

D &DQQRQ�)HQVNH FDSLOODU\ YLVFRPHWHU� '6& WKHU�

PRJUDPV RI SRO\LPLGH ILOPV ZHUH PHDVXUHG XVLQJ

D 7$ ,QVWUXPHQWV ���� GLIIHUHQWLDO VFDQQLQJ FDOR�

ULPHWHU� 'XULQJ WKH PHDVXUHPHQW� GULHG 1� JDV

ZDV SXUJHG ZLWK D FRQVWDQW IORZ UDWH� 7KH ��
R
&�

PLQ RI UDPSLQJ UDWH ZDV HPSOR\HG� 7KHUPRJUDYL�

PHWULF DQDO\VLV �7*$� ZDV FDUULHG RXW IRU WKH

SRO\LPLGH ILOPV XVLQJ D 6KLPD]X 7*$��� WKHUPR�

JUDYLPHWHU XQGHU D GU\ QLWURJHQ IORZ� 7KH VDPSOH

ZDV KHDWHG XS WR ���
R
& ZLWK D KHDWLQJ UDWH RI

��
R
&�PLQ� 89 VSHFWUD ZHUH REWDLQHG XVLQJ D 3HU�

NLQ�(OLPHU /DPEGD��� VSHFWURPHWHU�

5HVXOWV DQG 'LVFXVVLRQ

6\QWKHVLV RI 7&''$� 7&''$ ZDV V\QWKHVL]HG

WKURXJK WKH SKRWRFKHPLFDO UHDFWLRQ IURP PDOHLF

DQK\GULGH DQG EHQ]HQH DV VKRZQ LQ 6FKHPH ,�
��

�
+�105 DQG

��
&�105 VSHFWUD RI 7&''$ REWDLQHG

ZHUH LQ DJUHHPHQW ZLWK WKH VWUXFWXUH DV VKRZQ LQ

)LJXUH �� 7KH 89 VSHFWUXP RI 7&''$ LV VKRZQ LQ

)LJXUH �� 7&''$ VKRZHG DEVRUSWLRQ PD[LPXP DW

��� QP�

6\QWKHVLV RI 3RO\�DPLF DFLG�V� 7KH SRO\�

PHUL]DWLRQ RI WKH 7&''$ PRQRPHU DQG VHYHUDO

GLDPLQHV FRQWDLQLQJ GLSKHQ\O HWKHU JURXSV WKURXJK

WKH VWDQGDUG SRO\�DPLF DFLG� V\QWKHWLF URXWH W\SL�

FDOO\ SURFHHGHG ZHOO WR JLYH D KLJKO\ YLVFRXV VROX�

6FKHPH ,
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WLRQ �6FKHPH ,,�� $OWKRXJK WKH YLVFRVLWLHV RI SRO\

�DPLF DFLG�V ZHUH GLIIHUHQW DW WKH VDPH ZHLJKW

SHUFHQW GXH WR GLIIHUHQW FKHPLFDO DQG VWUXFWXUDO

QDWXUH RI GLDPLQHV� DOO SRO\�DPLF DFLG�V JDYH WRXJK

ILOPV ZKHQ WKHUPDOO\ LPLGL]HG WR FRUUHVSRQGLQJ

SRO\LPLGHV� 7DEOH , VKRZV WKH FKHPLFDO VWUXFWXUHV

RI GLDPLQHV DQG LQKHUHQW YLVFRVLWLHV RI WKH SRO\

�DPLF DFLG�V�

3UHSDUDWLRQ RI 3RO\LPLGH )LOPV� $OO SRO\

�DPLF DFLG�V WKHUPDOO\ FRQYHUWHG WR SRO\LPLGHV E\

D VWHS LPLGL]DWLRQ SURFHVV� )7�,5 VSHFWUD RI DOO

SRO\LPLGHV DUH VKRZQ LQ )LJXUH �� 6HYHUDO FKDUDF�

WHULVWLF DEVRUSWLRQ EDQGV ZHUH XVHG IRU WKH TXDQWL�

ILFDWLRQ RI ILYH�PHPEHUHG DURPDWLF LPLGHV� 7KH

VWURQJHVW DEVRUSWLRQ RFFXUUHG DW ���� FP
��
�& 2

V\PPHWULFDO VWUHWFKLQJ�� 6HYHUDO FKDUDFWHULVWLF DE�

VRUSWLRQ EDQGV RI LPLGH JURXSV ZHUH REVHUYHG DW

���� FP
��
�& 2 DV\PPHWULFDO VWUHWFKLQJ�� ����

FP
��
�&�1 VWUHWFKLQJ�� DQG ��� FP

��
�& 2EHQGLQJ��

6FKHPH ,,

7DEOH ,� 9LVFRVLWLHV RI 3RO\�DPLF DFLG�V

'LDQK\GULGH 'LDPLQH ,QKHUHQW 9LVFRVLW\ �G/�J�

7&''$ �%$%� ����

7&''$ �%$%3� ����

7&''$ �%$33� ����

7&''$ �%$36� ����

7&''$ �%$3+)� ����

)LJXUH �� 89 VSHFWUXP RI 7&''$�

)LJXUH ��
�

+�105 DQG
��

&�105 VSHFWUD RI 7&''$�
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7KHUPDO SURSHUW\ ZDV GHSHQGHQW XSRQ WKH

VWUXFWXUH RI WKH GLDPLQH PRLHW\� 7KHLU WKHUPDO VWD�

ELOLWLHV ZHUH QRW VR JRRG� EHFDXVH WKH\ KDG DOLSKDWLF

VWUXFWXUH DQG HWKHU OLQNDJHV LQ SRO\PHU FKDLQ�

'6& WKHUPRJUDPV RI SRO\LPLGH ILOPV DUH VKRZQ

LQ )LJXUH �� 7KH JODVV WUDQVLWLRQ WHPSHUDWXUHV �7J�

ZHUH LQ WKH UDQJH RI ���a���
R
&�7DEOH ,,�� 7KHLU

JODVV WUDQVLWLRQ EHKDYLRUV GHSHQG RQ WKH GLDPLQH

VWUXFWXUHV� DQG 7&''$�%$%3 SRO\LPLGH KDG WKH

KLJKHVW 7J DPRQJ WKHP GXH WR ULJLG PDLQ FKDLQ

VWUXFWXUH� 7KHUPRJUDYLPHWULF FXUYHV RI SRO\LPLGHV

DUH VKRZQ LQ )LJXUH �� 'HFRPSRVLWLRQ RFFXUUHG LQ

WKH UDQJH RI ���a���
R
&� 7KHVH UHVXOWV LQGLFDWH

WKDW SRO\LPLGHV FRQWDLQLQJ 7&''$ PRQRPHU

KDYH UHODWLYHO\ ORZ WKHUPDO VWDELOLW\ FRPSDUHG

ZLWK FRQYHQWLRQDO DURPDWLF SRO\LPLGHV �7DEOH ,,��
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