
6\QWKHVLV DQG &KDUDFWHUL]DWLRQ RI 1HZ &DOL[DUHQHV IURP %LVSKHQRO $ %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

6\QWKHVLV�DQG�&KDUDFWHUL]DWLRQ�RI�1HZ�&DOL[DUHQHV�IURP�%LVSKHQRO�$

.\R +DQ $KQ� 6XQJ�*RQ .LP� DQG -RQJ 6XQ 8�

'HSDUWPHQW RI &KHPLVWU\ DQG 'LYLVLRQ RI 0ROHFXODU 	 /LIH 6FLHQFH� 3RKDQJ 8QLYHUVLW\ RI 6FLHQFH DQG

7HFKQRORJ\� 6DQ �� +\RMD�GRQJ� 3RKDQJ �������� .RUHD
�&HQWHU IRU 6XSHUIXQFWLRQDO 0DWHULDOV �3267(&+�� 6DQ �� +\RMD�GRQJ� 3RKDQJ �������� .RUHD

5HFHLYHG -XQH ��� ����

7KH V\QWKHVLV RI ELVSKHQRO $�GHULYHG FDOL[DUHQHV KDV EHHQ VWXGLHG E\ FKDQJLQJ WKH SURWHFWLQJ JURXS RI WKH SKH�
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,QWURGXFWLRQ

&DOL[DUHQHV DUH F\FOLF ROLJRQXFOHDU SKHQROLF FRPSRXQGV�
ZKLFK KDYH EHHQ ZLGHO\ XVHG DV KRVW PROHFXOHV LQ WKH
PROHFXODU UHFRJQLWLRQ�� 7\SLFDOO\� ROLJRPHUV VXFK DV WHWUDP�
HUV� KH[DPHUV� RU RFWDPHUV DUH PRVW YDOXDEOH IUDPHZRUNV
IRU WKH FRQVWUXFWLRQ RI PRUH FRPSOH[ VWUXFWXUHV� 7KDQNV WR
WKH ZRUN RI *XWVFKH� RSWLPDO FRQGLWLRQV IRU WKH RQH�SRW V\Q�
WKHVLV RI WKHVH FDOL[DUHQHV IURP S�WHUW�EXW\OSKHQRO DUH HVWDE�
OLVKHG�� 6WUXFWXUDOPRGLILFDWLRQ RI WKHVH FDOL[DUHQHV� VSHFLILFDOO\
DW WKH K\GUR[\ RU WHUW�EXW\O JURXSV� KDV SURYLGHG D YDULHW\ RI
GHULYDWLYHV� &DOL[DUHQHV KDYLQJ S�VXEVWLWXHQWV RWKHU WKDQ WHUW�
EXW\O KDYH DOVR EHHQ V\QWKHVL]HG E\ ROLJRPHUL]DWLRQ RI WKH
FRUUHVSRQGLQJ SKHQROLF PRQRPHU� $ FRQVLGHUDEOH GHYLDWLRQ
LQ WKH SURGXFW GLVWULEXWLRQ� KRZHYHU� KDV EHHQ IRXQG GHSHQG�
LQJ RQ WKH S�VXEVWLWXHQW� :KHQ S�WHUW�SHQW\OSKHQRO LV XVHG DV
WKH VWDUWLQJ PDWHULDO� WKH FRUUHVSRQGLQJ FDOL[>�@DUHQH LV
REWDLQHG LQ VRPHZKDW ORZHU \LHOGV FRPSDUHG WR WKH FDVH RI
S�WHUW�EXW\OSKHQRO�� )URP ���SKHQ\OPHWK\O�SKHQRO� WKH FRU�
UHVSRQGLQJ FDOL[>�@DUHQH LV SURGXFHG DV WKH PDMRU SURGXFW
DORQJ ZLWK WKH KH[DPHU DQG RFWDPHU�� )URP ��DGDPDQW\O�
SKHQRO� WKH FRUUHVSRQGLQJ RFWDPHU LV IRUPHG DV WKH PDMRU
SURGXFW�� )URP S�FUHVRO RU S�HWK\OSKHQRO� WKH FRUUHVSRQGLQJ
FDOL[>�@DUHQH LV REWDLQHG�� $ ORZ \LHOG RI FDOL[>�@DUHQH LV
REWDLQHG ZKHQ S�SKHQ\OSKHQRO LV XVHG�� 7KH UHDVRQ LV QRW
NQRZQ WKDW GLIIHUHQW SURGXFW GLVWULEXWLRQ UHVXOWV GHSHQGLQJ
RQ WKH S�VXEVWLWXHQW RI WKH VWDUWLQJ SKHQRO� :H ZHUH LQWULJXHG
ZLWK SRVVLEOH ROLJRPHULF FDOL[DUHQHV IURP PRQR�SURWHFWHG
ELVSKHQRO $ ������LVRSURS\OLGHQHGLSKHQRO� GHULYDWLYHV� 7KH
PRQRPHU KDV D K\EULG VWUXFWXUH RI S�WHUW�EXW\OSKHQRO DQG
S��SKHQ\OPHWK\O�SKHQRO� 7KH UHVXOWLQJ FDOL[DUHQHV ZRXOG EH
LQWHUHVWLQJ VLQFH WKH WZR SKHQ\O ULQJV RI ELVSKHQRO $ FRQVWL�
WXWH D WHWUDKHGUDO GLKHGUDO DQJOH DQG WKXV FRXOG SURYLGH
K\GURSKRELF DURPDWLF ZDOOV VXLWDEOH IRU WKH PROHFXODU UHFRJ�
QLWLRQ WKDW LQYROYHV FDWLRQ�π LQWHUDFWLRQV���� $PROHFXODU PRGHO�

LQJ VWXG\ XVLQJ 30� FDOFXODWLRQV VXJJHVWHG WKDW WKH FRUUH�
VSRQGLQJ FDOL[>�@DUHQH KDYH D SVHXGR�FDOL[DUHQH IHDWXUH ZLWK D
GHHS K\GURSKRELF DURPDWLF SRFNHW WR LQFOXGH WHWUDPHWK\O�
DPPRQLXP FDWLRQ �)LJ� ��� ZKLOH WKH DURPDWLF ULQJV RI WKH
FDOL[>�@DUHQH DUH VRPHZKDW IODWWHQHG� 5HFHQWO\� 7XQJ DQG -L
UHSRUWHG WKH V\QWKHVLV DQG FRPSOH[LQJ SURSHUWLHV RI D
FDOL[>�@DUHQH GHULYHG IURP ELVSKHQRO $� 7KH\ REWDLQHG RQO\
WKH FDOL[>�@DUHQH VWDUWLQJ IURP S�>�����PHWKR[\SKHQ\O����PHWK\O�
HWK\O@SKHQRO DQG IRUPDOGHK\GH ZLWK SRWDVVLXP K\GUR[LGH LQ
UHIOX[LQJ [\OHQH��� :H KDYH H[DPLQHG VHYHUDO DSSURDFKHV WR
V\QWKHVL]H WKH F\FOLF WHWUDPHU RI ELVSKHQRO $ GHULYDWLYHV� WKH
UHVXOWV RI ZKLFK DUH GHVFULEHG KHUHLQ�

5HVXOWV DQG 'LVFXVVLRQ

:H FKRVH D VLO\O�SURWHFWLQJ JURXS IRU WKH PRQR�SURWHFWLRQ
RI ELVSKHQRO $� 7KXV� PRQR�SURWHFWLRQ RI ELVSKHQRO $ ZLWK
WHUW�EXW\OGLPHWK\OVLO\OFKORULGH JDYH SKHQRO � LQ ��� \LHOG�
6WDUWLQJ IURP SKHQRO �� ZH VWXGLHG WKH FDOL[DUHQH IRUPDWLRQ
DFFRUGLQJ WR WKH SURFHGXUHV HVWDEOLVKHG IRU S�WHUW�EXW\OFDOL[�
DUHQHV�� $ SURFHGXUH IRU WKH WHWUDPHU ZDV H[DPLQHG� $
VOXUU\ RI SKHQRO � ���� PJ� ���� PPRO�� IRUPDOGHK\GH ���
ZW� VROXWLRQ LQ ZDWHU� ��� PJ� ���� PPRO�� DQG 1D2+ ����
PJ� ����� PPRO� LQ GLSKHQ\O HWKHU ZDV UHIOX[HG XQGHU QLWUR�
JHQ� $ WDU�OLNH UHVLGXH REWDLQHG DIWHU VROYHQW UHPRYDO� KRZ�
HYHU� GLG QRW H[KLELW W\SLFDO FDOL[DUHQH�W\SH VLJQDOV RQ 105
DQDO\VLV� $OVR� XQGHU WKH FRQGLWLRQV RI WKH KH[DPHU IRUPD�
WLRQ ���� PJ� ���� PPRO RI SKHQRO �� ��� PJ� ���� PPRO RI
SDUDIRUPDOGHK\GH� �� PJ� ���� PPRO RI .2+� ���� P/ RI

&RUUHVSRQGLQJ DXWKRU� 7HO� ���������������� )D[� �����������
����� (�PDLO� DKQ#SRVWHFK�DF�NU

)LJXUH �
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ZDWHU� � P/ RI S�[\OHQH� UHIOX[�� DJDLQ D WDU�OLNH PDWHULDO
ZDV PDLQO\ REVHUYHG� +RZHYHU� D VOLJKW PRGLILFDWLRQ RI WKH
ODWWHU SURFHGXUH ���� PRO� RI �� 1.2+ VROXWLRQ� ZDWHU FRO�
OHFWLRQ E\ D 'HDQ�6WDUN WUDS� SURGXFHG D PL[WXUH RI FDOL[DUH�
QHV� 7KUHH PDMRU SURGXFWV FDQ EH VHSDUDWHG DV KRPRJHQHRXV
VWDWH �5I  ����� ��� PJ� 5I  ����� ��� PJ� 5I  ����� ���
PJ� LQ &+�&O��KH[DQHV ��� E\ YROXPH� E\ FROXPQ FKURPD�
WRJUDSK\ RQ VLOLFD JHO �HOXDQW� EHQ]HQH�KH[DQHV ������ E\
YROXPH�� (DFK SURGXFW FDQ EH IXUWKHU SXULILHG E\ UHFU\VWDOOL�
]DWLRQ IRU WKH VWUXFWXUDO LGHQWLILFDWLRQ� $QDO\VHV E\ �+ DQG
��& 105 VXJJHVWHG WKDW WKH\ ZHUH FDOL[DUHQH ROLJRPHUV�
$FFRUGLQJ WR WKH 0$/',�72) PDVV VSHFWUD� WKH\ DUH DVVLJQHG
DV WKH FRUUHVSRQGLQJ FDOL[>�@DUHQH� FDOL[>�@DUHQH� DQG FDOL[>�@
DUHQH� UHVSHFWLYHO\� 7KHUHIRUH� ��� RI FDOL[>�@DUHQH �� ��� RI
FDOL[>�@DUHQH �� DQG ��� RI FDOL[>�@DUHQH � DUH REWDLQHG
XQGHU WKH UHDFWLRQ FRQGLWLRQV� ZLWK RYHUDOO ��� LVRODWHG \LHOG�
6LQFH WKHUH KDV EHHQ OLWWOH ORVV LQ WKH LVRODWLRQ SURFHVV� WKH
UDWLR LV HTXDO WR WKH SURGXFW GLVWULEXWLRQ� 7KH V\QWKHVLV LV
DPHQDEOH WR D SUHSDUDWLYH VFDOH� DQG ���� J ���� \LHOG� RI WKH
FDOL[>�@DUHQH FDQ EH LVRODWHG� VWDUWLQJ IURP ����� J RI SKHQRO
� XQGHU WKH VDPH FRQGLWLRQV���

,W LV RI LQWHUHVW WKDW RWKHU LVRPHUV VXFK DV WKH FDOL[>�@DUHQH
DQG FDOL[>�@DUHQH DUH REWDLQHG LQ DGGLWLRQ WR WKH FDOL[>�@DUHQH�
,Q RXU FDVH� WKH SURWHFWLQJ JURXS DQG WKH UHDFWLRQ VROYHQW DUH
GLIIHUHQW IURP WKRVH RI 7XQJV FDVH� 7R ILQG WKH HIIHFW RI WKH
SURWHFWLQJ JURXS RQ WKH SURGXFW GLVWULEXWLRQ� ZH FKDQJHG WR
RWKHU SURWHFWLQJ JURXSV� 7KXV� ELVSKHQRO $ ZDV PRQR�SUR�
WHFWHG DV D WULV�LVRSURS\O�VLO\O HWKHU RU EHQ]\O HWKHU� ZKLFK LV
PRUH VWDEOH LQ EDVLF FRQGLWLRQV WKDQ WKH WHUW�EXW\OGLPHWK\O�
VLO\O JURXS� DQG LW ZDV VXEMHFWHG WR WKH FRQGLWLRQV RI WHWUDPHU
IRUPDWLRQ� ,Q HDFK FDVH� WKH FRUUHVSRQGLQJ FDOL[>�@DUHQH ZDV
WKH PDMRU SURGXFW� EXW WKH SURGXFW GLVWULEXWLRQ ZDV GLIIHUHQW
IURP HDFK RWKHU� ,Q WKH FDVH ZKHUH ELVSKHQRO $ LV PRQR�SUR�
WHFWHG DV WKH WULV�LVRSURS\O�VLO\O HWKHU� WKH FDOL[>�@DUHQH ZDV
LVRODWHG LQ ��� \LHOG� DORQJ ZLWK XQLGHQWLILHG ROLJRPHUV�

7KH SUHYLRXV KH[DPHU SURFHGXUH DJDLQ SURGXFHG D PL[WXUH
RI FDOL[DUHQHV� EXW ZLWK D PRUH FRPSOH[ SDWWHUQ� $OWKRXJK
ZH FRQILUPHG WKH LVRPHU GLVWULEXWLRQ GHSHQGLQJ RQ WKH SUR�
WHFWLQJ JURXS� ZH FRXOG QRW REWDLQ WKH GHVLUHG FDOL[>�@DUHQHV
RI ELVSKHQRO $ GHULYDWLYHV XQGHU YDULRXV UHDFWLRQ FRQGL�
WLRQV� $WWHPSWV DW WKH IRUPDWLRQ RI WKH GHVLUHG FDOL[>�@DUHQHV
WKURXJK VHYHUDO VWHSZLVH DSSURDFKHV ZHUH DOVR XQVXFFHVVIXO�
7KH VLO\O JURXS RI FDOL[DUHQHV ��� FDQ EH UHDGLO\ GHSUR�

WHFWHG ZLWK WHWUDEXW\ODPPRQLXP IOXRULGH� JLYLQJ FDOL[DUHQHV
��� LQ KLJK \LHOGV� $IWHU D FRQVLGHUDEOH HIIRUW� ZH FRXOG
REWDLQ VLQJOH FU\VWDOV E\ GLIIXVLQJ LVRSURS\O HWKHU LQWR DQ
DFHWRQH VROXWLRQ RI FDOL[>�@DUHQH � LQ WKH SUHVHQFH RI DQ
HTXLPRODU DPRXQW RI Q�%X�1�%)�

−� 7KH ;�UD\ FU\VWDO VWUXF�
WXUH RI FDOL[DUHQH � DGRSWV D SOHDWHG ORRS FRQIRUPDWLRQ�
ZKLFK LV VWDELOL]HG E\ LQWUDPROHFXODU K\GURJHQ ERQGLQJ
EHWZHHQ WKH LQQHU SKHQROLF K\GUR[\ JURXSV��� (DFK RI WKH
DGMDFHQW 2���2 GLVWDQFH LV ZLWKLQ ��������� c� FRUUHVSRQG�
LQJ WR 2�+���2 K\GURJHQ ERQGLQJ GLVWDQFHV��� 7KH GLVWDQFHV
EHWZHHQ WKH TXDWHUQDU\ FDUERQV LQ WKH RSSRVLWH SRVLWLRQV
UDQJH IURP ��������� c� VKRZLQJ D QDQR�VFDOH VWUXFWXUH� 7KH
GLVWDQFHV EHWZHHQ WKH LQQHU SKHQROLF R[\JHQV LQ WKH RSSR�
VLWH SRVLWLRQV UDQJH IURP ������� c� 6ROYHQW PROHFXOHV LQ
WKLV KROH DUH KDUGO\ REVHUYHG� $FHWRQH PROHFXOHV UHVLGH
EHWZHHQ FDOL[DUHQH XQLWV� EXW LRQV VXFK DV Q�%X�1� RU %)�

−

DUH DEVHQW LQ WKH VWUXFWXUH��� 2YHUDOO� WKH SDUWLDO VWUXFWXUH
FRPSRVHG RI WKH LQQHU SKHQ\O XQLWV LV FORVH WR WKDW RI S�WHUW�
EXW\OFDOL[>�@DUHQH���

3DUWLFXODU VWDELOL]DWLRQ RI S�WHUW�EXW\OFDOL[>�@DUHQH WKURXJK
SOHDWHG K\GURJHQ ERQGLQJ LV ZHOO DQDO\]HG E\ 105 FRDOHV�
FHQFH WHPSHUDWXUH VWXGLHV IRU D VHULHV RI S�WHUW�EXW\OFDOL[>��
��@DUHQHV LQ D UHFHQW ZRUN RI *XWVFKH DQG FR�ZRUNHUV���

$FFRUGLQJ WR WKHLU VWXG\� RQO\ WKH FDOL[>�@DUHQH H[KLELWV SDU�
WLFXODU VWDELOLW\ VLPLODU WR WKDW RI S�WHUW�EXW\OFDOL[>�@DUHQH
EXW LWV LPPHGLDWH QHLJKERUV FDOL[>�� �� DQG �@DUHQHV GR QRW�
2XU DWWHPSWV WR JURZ VLQJOH FU\VWDOV RI FDOL[DUHQHV � DQG

6FKHPH � )LJXUH �� &U\VWDO VWUXFWXUH RI FDOL[>�@DUHQH ��
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� IDLOHG� SRVVLEO\ GXH WR WKHLU FRQIRUPDWLRQDO IOH[LELOLW\�
,QVWHDG� ZH REWDLQHG D OD\HUHG SDFNLQJ VWUXFWXUH RI FDOL[
>�@DUHQH ����

&RQFOXVLRQ

:H KDYH VWXGLHG WKH V\QWKHVLV RI ELVSKHQRO $�GHULYHG
FDOL[DUHQHV E\ FKDQJLQJ WKH SURWHFWLQJ JURXSV RI WKH SKHQRO
PRLHW\ DQG UHDFWLRQ FRQGLWLRQV� 'HSHQGLQJ RQ WKH SURWHFWLQJ
JURXS� WKH FRUUHVSRQGLQJ FDOL[>���@DUHQHV ZHUH REWDLQHG LQ
GLIIHUHQW UDWLRV� )RU H[DPSOH� VWDUWLQJ IURP �� FDOL[>�����@DUHQHV
��� ZHUH REWDLQHG LQ WKH UDWLR RI DERXW � � � � � DQG ZLWK
RYHUDOO ��� \LHOG� 7KHVH FDOL[DUHQHV ZHUH FKDUDFWHUL]HG E\
VSHFWURVFRSLF DQG PDVV DQDO\VHV� $PRQJ WKHVH� WKH FU\VWDO
VWUXFWXUH RI WKH FDOL[>�@DUHQH ZDV REWDLQHG� 7KH ;�UD\
DQDO\VLV VKRZV D SOHDWHG ORRS FRQIRUPDWLRQ� VWDELOL]HG E\
LQWUDPROHFXODU K\GURJHQ ERQGLQJ EHWZHHQ WKH LQQHU SKHQROLF
K\GUR[\ JURXSV� 7KH FDOL[>�@DUHQH KDV DQ H[WHQGHG VWUXFWXUH�
ZKLFK ZRXOG EH XVHIXO DV WKH VWDUWLQJ IUDPHZRUN IRU PRUH
H[WHQGHG PROHFXOHV OLNH GHQGULPHUV� ,Q DGGLWLRQ� LI WKH
FDOL[>�@DUHQH FDQ EH V\QWKHVL]HG� LW ZRXOG OHDG WR DQ LQWHU�
HVWLQJ UHFHSWRU PROHFXOH�

([SHULPHQWDO 6HFWLRQ

*HQHUDO 0HWKRGV� �+ 105 VSHFWUD DUH UHSRUWHG DV IRO�
ORZV� FKHPLFDO VKLIW LQ SSP IURP LQWHUQDO WHWUDPHWK\OVLODQH
RQ WKH GHOWD VFDOH� PXOWLSOLFLW\ �V  VLQJOHW� G  GRXEOHW� EU�
V  EURDG VLQJOHW�� LQWHJUDWLRQ� DQG FRXSOLQJ FRQVWDQW �LQ
+HUW]�� 0$/',�72) PDVV DQDO\VHV ZHUH SHUIRUPHG E\ WKH
6HRXO EUDQFK RI WKH $QDO\WLFDO /DERUDWRU\ RI .RUHD %DVLF
6FLHQFH ,QVWLWXWH� (OHPHQWDO DQDO\VHV ZHUH SHUIRUPHG E\ WKH
&HQWHU IRU %LRIXQFWLRQDO 0ROHFXOHV �&%0�� 0HOWLQJ SRLQWV
DUH XQFRUUHFWHG RQHV� &KURPDWRJUDSK\ PHDQV IODVK FROXPQ
FKURPDWRJUDSK\ ZKLFK ZDV FDUULHG RXW RQ 0HUFN VLOLFD JHO
�� �������� PHVK�� $QDO\WLFDO WKLQ OD\HU FKURPDWRJUDSK\ ZDV
FDUULHG RXW RQ0HUFN VLOLFD JHO )��� JODVV SODWHV� $OO UHDFWLRQV
ZHUH UXQ XQGHU DQ DWPRVSKHUH RI DUJRQ�
��WHUW�%XW\OGLPHWK\OVLO\OR[\������LVRSURS\OLGHQHGLSKHQRO

���� 7R D VROXWLRQ RI ELVSKHQRO $ ����� J� �� PPRO� LQ '0)
��� P/� ZDV DGGHG LPLGD]ROH ����� J� �� PPRO� DQG WHUW�
EXW\OGLPHWK\OVLO\O FKORULGH ����� J� �� PPRO� VHTXHQWLDOO\�
DQG WKH PL[WXUH ZDV VWLUUHG IRU � K DW URRP WHPSHUDWXUH� 7KH
UHDFWLRQ PL[WXUH ZDV TXHQFKHG ZLWK ZDWHU ���� P/� DQG
VXEMHFWHG WR H[WUDFWLRQ ZLWK GLHWK\O HWKHU ���� P/�� 7KH FRP�
ELQHG RUJDQLF H[WUDFWV ZHUH GULHG RYHU DQK\GURXV 0J62�

DQG FRQFHQWUDWHG LQ YDFXR� 7KH FUXGH UHVLGXH ZDV SXULILHG
E\ FKURPDWRJUDSK\ �HOXDQW� ��� HWK\O DFHWDWH LQ KH[DQHV� WR
DIIRUG WKH GHVLUHG PRQR�VLO\ODWHG GLSKHQRO ����� J� ����� 5I

 ���� �HWK\O DFHWDWH�KH[DQHV ���� Y�Y�� PS ����� R&� �+
105 ���� 0+]� &'&O�� δ ���� �G� -  ����� �+�� ���� �G� -
 ����� �+�� ���� �G� -  ����� �+�� ���� �G� -  ����� �+��
���� �V� �+�� ���� �V� �+�� ���� �V� �+�� ���� �V� �+�� ��&
105 ��� 0+]� &'&O�� δ ������ ������ ������ ������ ������
������ ������ ������ ����� ����� ����� ����� ����� 7KH UHPDLQ�
LQJ PL[WXUH FRQWDLQHG ����ELV�WHUW�EXW\OGLPHWK\OVLO\OR[\�����©�
LVRSURS\OLGHQHGLSKHQRO ����� J� ���� 5I  ���� LQ HWK\O DFH�

WDWH�KH[DQHV ���� DQG VWDUWLQJ ELVSKHQRO $ ����� J� ���� 5I

 ���� LQ HWK\O DFHWDWH�KH[DQHV �����
�����������������������2FWDNLV^>�����WHUW�EXW\OGLPHWK�

\OVLO\OR[\�SKHQ\O@�SURSDQ���\O`�������������������������

RFWDK\GUR[\FDOL[>�@DUHQH ���� $ VOXUU\ RI ��WHUW�EXW\OGLPH�
WK\OVLO\OR[\�����LVRSURS\OLGHQHGLSKHQRO � ����� J� ���� PPRO��
SDUDIRUPDOGHK\GH ���� PJ� ���� PPRO� DQG �� 1 DTXHRXV
.2+ VROXWLRQ ���µ/� �����PPRO� LQ [\OHQH ���P/�� HTXLSSHG
ZLWK D 'HDQ�6WDUN ZDWHU FROOHFWRU� ZDV UHIOX[HG ZLWK HIIL�
FLHQW VWLUULQJ IRU �� K� 7KH UHDFWLRQ PL[WXUH ZDV FRROHG DQG
FRQFHQWUDWHG LQ YDFXR� 7KH FUXGH UHVLGXH ZDV SXULILHG E\
FKURPDWRJUDSK\ �HOXDQW� ��� EHQ]HQH LQ KH[DQHV� WR DIIRUG
FDOL[>�@DUHQH � ���� PJ� ����� FDOL[>�@DUHQH � ���� PJ�
����� DQG FDOL[>�@DUHQH � ���� PJ� ����� &DOL[>�@DUHQH ��
5I  ���� �&+�&O��KH[DQHV ���� Y�Y�� PS ������� R& �GHF��
�+ 105 ���� 0+]� &'&O�� δ ���� �V� �+�� ���� �G� -  
����� ��+�� ���� �V� ��+�� ���� �G� -  ����� ��+�� ���� �G� -
 ������ �+�� ���� �G� -  ������ �+�� ���� �V� ��+�� ���� �V�
��+�� ���� �V� ��+�� ��& 105 ��� 0+]� &'&O�� δ ������
������ ������ ������ ������ ������ ������ ������ ����� �����
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