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FRS\ �,5� LQ WKH SURFHVV RI K\GURO\VLV DQG FRQGHQVDWLRQ� 7KH H[WHQW RI WKH FRQGHQVDWLRQ LQ WKH LQWHUPHGLDWHV

ZDV HOXFLGDWHG E\ JHO SHUPHDWLRQ FKURPDWRJUDSK\ �*3&� DQG ��6L�105 VSHFWURVFRS\� 7KH KDUG FRDWLQJ ILOPV

ZHUH FKDUDFWHUL]HG E\ ,5� VFDQQLQJ HOHFWURQ PLFURVFRSH �6(0�� WKHUPR JUDYLPHWULF DQDO\]HU �7*$� DQG GLI�

IHUHQWLDO VFDQQLQJ FDOURLPHWHU �'6&�� 7KH V\QWKHWLF FRQGLWLRQ IRU WKH FUDFN�IUHH DQG WUDQVSDUHQW VLOLFD ILOP IRU�

PDWLRQ ZDV RSWLPL]HG LQ WHUPV RI VWDUWLQJ PDWHULDOV IRU WKH SUHFXUVRU VROXWLRQ DV ZHOO DV SUHSDUDWLRQ PHWKRG RI

WKH VLOLFD ILOP�

,QWURGXFWLRQ

3ODVWLFV DQG SRO\PHU KDYH EHHQ ZLGHO\ XVHG DV PDWHULDOV

IRU RSWLFV� HOHFWURQLFV� FRQVWUXFWLRQ� DQG FDU SDUWV GXH WR LWV

FKDUDFWHULVWLFV RI OLJKW ZHLJKW� HDV\ SURFHVVDELOLW\� DQG QRQ�

FRUURGLQJ EHKDYLRU�� 7KRVH PDWHULDOV RIWHQ QHHG SRVW�SURFHVVLQJ

VXFK DV DSSO\LQJ KDUG FRDWLQJ RQ WKH VXUIDFH� WR LQFUHDVH WKH

FKHPLFDO DQG PHFKDQLFDO GXUDELOLW\ RU WR LQWURGXFH VSHFLILF

IXQFWLRQDOLW\� 7KHUH DUH WKUHH GLIIHUHQW W\SHV RI IXQFWLRQDO

FRDWLQJ PDWHULDOV� 2QH LV RUJDQLF FRDWLQJ PDWHULDO DV PHODPLQH�

DFU\O� DQG XUHWKDQH� $QRWKHU LV LQRUJDQLF PDWHULDO DV VLOLFRQ

FRPSRXQGV� 7KH RWKHU LV RUJDQLF�LQRUJDQLF K\EULG FRPSR�

VLWH���� ZKLFK KDYH VKRZQ PDQ\ LQWHUHVWLQJ PHFKDQLFDO� RSWL�

FDO� DQG WKHUPDO SURSHUWLHV� 2QH RI WKH VLPSOHVW V\VWHP LQ WKH

K\EULG PDWHULDOV� PHWK\O�PRGLILHG VLOLFDWH PDWHULDOV ZHUH

XVHG WR REWDLQ D FUDFN�IUHH� ZHOO�GHILQHG� DQG FKDUDFWHUL]HG

PLFURSRURXV WKLQ ILOPV��0DQ\ GLIIHUHQW PHWKRGV IRU WKH V\Q�

WKHVLV RI SRZGHU� RU EXON SRURXV PDWHULDOV RU PLFURSRURXV WKLQ

ILOPV KDYH EHHQ GHYHORSHG� KRZHYHU� WKHVH FDQ QRW EH XVHG

WR SUHSDUH FRQWLQXRXV� SLQKROH�IUHH� WUDQVSDUHQW� DQG FUDFN�

IUHH KDUG FRDWLQJ WKLQ ILOP� 6RO�JHO SURFHVV LQ WKH SUHSDUDWLRQ

RI WKH FRDWLQJ ILOPV LV NQRZQ WR EH UHODWLYHO\ HDV\ WR SUHSDUH�

,Q DGGLWLRQ� LW SURYLGHV XQLIRUP VXUIDFH WKURXJKRXW WKH VXE�

VWUDWH� DQG LPSURYHV WKH VXUIDFH SURSHUW\ E\ FKDQJLQJ PHFKDQL�

FDO RU FKHPLFDO SURSHUWLHV DQG WKHUHE\ SURYLGLQJ RSWLF� HOHFWUR�

PDJQHWLF� RU FDWDO\WLF TXDOLWLHV� $OVR LW ZDV IRXQG HDV\ WR

SURGXFH FHUDPLF WKLQ ILOPV UDQJLQJ LQ FKDUDFWHULVWLFV GHQVH

WR KLJKO\ SRURXV OD\HUV�� 7KH FRQWURO RI SRURVLW\ KDV D VSHFLDO

LQWHUHVW RQ WKH SUHSDUDWLRQ RI FKHPLFDOO\ HQIRUFHGPDWHULDOV��� RU

VHOHFWLYH FKHPLFDO VHQVRUV��� RU PHPEUDQH����� 2Q WKH RWKHU

KDQG� KLJK GHQVLW\ DQG KDUGQHVV DUH WKH UHTXLUHG SURSHUWLHV

IRU WKH SXUSRVH RI SURWHFWLRQ DV D KDUG FRDWLQJ PDWHULDO� +HUH

ZH IRFXVHG RQ ILQGLQJ WKH V\QWKHVLV FRQGLWLRQ RI SUHFXUVRU

VROXWLRQ WR SURGXFH WKH WUDQVSDUHQW FUDFN�IUHH KDUG FRDWLQJ

ILOP VWDUWLQJ IURP WKH WZR NLQGV RI VLOLFRQ DONR[LGH� WHWUD�

HWKR[\VLODQH DQG PHWK\OPHWKR[\VLODQH�

,W KDV EHHQ ZLGHO\ VWXGLHG DERXW WKH YDULRXV V\QWKHWLF

SDUDPHWHUV LQ WKH VRO�JHO V\QWKHVLV� XVXDOO\ IRFXVHG RQ KRZ

WR EH FRUUHODWHG ZLWK UDWH DQG GHJUHH RI K\GURO\VLV DQG FRQ�

GHQVDWLRQ DV ZHOO DV GHQVLW\ DQG SRURVLW\ RI WKH ILQDO ILOP�����

7KHVH V\QWKHWLF SDUDPHWHUV RI SUHFXUVRU VROXWLRQ DUH WKH NLQG

RI VLOLFRQ DONR[LGH� WKH FRQFHQWUDWLRQ DQG PRODU UDWLR RI

VWDUWLQJ UHDJHQWV� FDWDO\VW� S+ �ZKLFK GHSHQGV RQ WKH NLQG DQG

DPRXQW RI FDWDO\VW�� WHPSHUDWXUHV DQG WLPH �UHDFWLRQ� DJHLQJ�

DQG GU\LQJ�� DQG YLVFRVLW\ DW WKH PRPHQW RI GHSRVLWLRQ� ZKLFK

ZHUH H[DPLQHG WR VHH KRZ WR HIIHFW RQ WKH IRUPDWLRQ RI

FUDFN�IUHH WUDQVSDUHQW KDUG FRDWLQJ ILOP LQ WKLV VWXG\� 2WKHU

SRVVLEOH IDFWRUV LQ WKH VWHS RI FRDWLQJ SURFHGXUH� VXFK DV WKH

FRDWLQJ PHWKRG� GU\LQJ� DQG KHDWLQJ FRQGLWLRQV� ZHUH VWXG�

LHG WR FKDUDFWHUL]H WKH PRUSKRORJ\ RI WKH ILOP VXUIDFH DQG WR

FRUUHODWH ZLWK WKH FUDFN IRUPDWLRQ� )LQDOO\� ZH LQYHVWLJDWHG

WKH VLOLFD IUDPHZRUN RI WKH ILQDO KDUG FRDWLQJ ILOP DQG LWV

WKHUPDO VWDELOLW\�

([SHULPHQWDO 6HFWLRQ

3UHFXUVRU VROXWLRQ RI FRDWLQJ ILOPV ZDV SUHSDUHG DV IRO�

ORZV� 7HWUDHWKR[\VLODQH �7(26� :DNR� ���� DQG PHWK\OWUL�

PHWKR[\VLODQH� �0706� 6KLQHWVX� ������ ZHUH FRPELQHGZLWK

PHWKDQRO �0H2+� $OGULFK� ���� DQG LVRSURS\ODOFRKRO �,3$�

)LVKHU 6FLHQWLILF� DQG VWLUUHG XVLQJ PDJQHWLF VWLUUHU� 7KHPL[WXUH

RI GLVWLOOHG ZDWHU DQG D FDWDO\VW ZDV FDUHIXOO\ DQG VORZO\

DGGHG� XVLQJ D GURSSLQJ IXQQHO� IRU �� PLQ WR WKH DERYH PL[�

WXUH RI VLOLFRQ DONR[LGHV DQG DOFRKROV XQGHU YLJRURXV VWLUULQJ

LQ LFH EDWK� 7KHPRODU UDWLR RI 7(26 �0706 � ,3$ �0H2+ �

FDWDO\VW � GLVWLOOHG ZDWHU ZDV � � ����� � ����� � [� ZKHUH [  

����� ����� DQG ����� 7KH PRODU UDWLR RI 7(26 � 0706 ZDV

� � �� � � �� DQG � � � DQG ,3$ �0H2+ZDV � � ����� 7KUHH GLIIHU�

HQW FDWDO\VWV� DFHWLF DFLG �-XQVHL� ����� +&O� DQG 1+�2+

ZHUH XVHG� $OO UHDJHQWV ZHUH XVHG ZLWKRXW D IXUWKHU SXULILFD�



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � 6XQ�,O .LP HW DO�

WLRQ� 7KH PL[WXUH VROXWLRQ DIWHU DGGLWLRQ RI WKH FDWDO\VW ZDV

UHPRYHG IURP LFH EDWK DQG VWLUUHG DW URRP WHPSHUDWXUH IRU

�� PLQ DIWHU WKH WHPSHUDWXUH ZDV HTXLOLEUDWHG WR URRP WHP�

SHUDWXUH� ZKLFK WRRN DERXW �� PLQ� 7KH VROXWLRQ ZDV KHDWHG

VORZO\ WR �� R& IRU �� PLQ �VSHHG RI � R&�PLQ� DQG UHIOX[ DW

�� R& IRU �� PLQ� DQG FRROHG WR URRP WHPSHUDWXUH� ZKLFK

WRRN DQRWKHU �� PLQ� )RU WKH FRQYHQLHQFH RI QRPLQDWLRQ RI

VDPSOHV� LW ZDV GLVWLQJXLVKHG ZLWK RYHUDOO UHDFWLRQ WLPH� 7KH

LQLWLDO SRLQW RI UHDFWLRQ ZDV FRQVLGHUHG DV WKH PRPHQW ZKHQ

WKH DFLG FDWDO\VW ZDV DGGHG WR WKH PL[WXUH RI DONR[LGHV DQG

DOFRKROV� 7KHUHIRUH� WKH RYHUDOO UHDFWLRQ WLPH ���� PLQ LV

GXULQJ DGGLWLRQ RI WKH FDWDO\VW� ����� PLQ GXULQJ WKH WHPSHU�

DWXUH HTXLOLEUDWHG WR URRP WHPSHUDWXUH� ������ PLQ DW URRP

WHPSHUDWXUH� ������� PLQ GXULQJ KHDWLQJ WR �� R& DQG ����

��� PLQ KHDWLQJ DW �� R&� (DFK VWHS ZDV FDUULHG RXW XQGHU

QLWURJHQ JDV IOX[� 7KH SUHFXUVRU VROXWLRQ ZDV VWRUHG DW � R&

WR H[DPLQH WKH DJHLQJ HIIHFW EHIRUH GHSRVLWLRQ RQ D VXEVWUDWH�

$ FDWDO\VW� GLEXW\OWLQ GLODXUDWH �'%7'/� $OGULFK� ���� ZDV

DGGHG WR WKH SUHFXUVRU VROXWLRQ E\ ���� DQG VWLUUHG IRU ��

PLQ DW URRP WHPSHUDWXUH YLJRURXVO\� MXVW EHIRUH GHSRVLWLRQ

WR WKH JODVV SODWHV�

*ODVV SODWH ZDV XVHG DV D VXEVWUDWH IRU WKH FRDWLQJ� 7KH

JODVV SODWH ZDV XOWUDVRQLFDOO\ FOHDQHG ZLWK 7+)� EHQ]HQH�

DQG ZDWHU IRU � PLQ UHVSHFWLYHO\� &RDWLQJ ILOPV RQ WKH JODVV

SODWH ZHUH SUHSDUHG E\ IORZ FRDWLQJ RU GLS FRDWLQJ PHWKRG�

DIWHU ILOWHULQJ ZLWK D V\ULQJH ILOWHU �'$( +$ 0(',&$/

&RUS�� ���� µP�� 7KH IORZ FRDWLQJ ZDV SHUIRUPHG RQFH RU

PDQ\ WLPHV DQG GULHG LQ YHUWLFDO GLUHFWLRQ� EXW WKH GLS FRDW�

LQJ ZDV GRQH RQO\ RQFH IRU HDFK ILOP DQG GULHG RQ KRUL]RQWDO

GLUHFWLRQ DIWHU LW ZDV ZLWKGUDZQ LQ D YHUWLFDO GLUHFWLRQ� 7KH

FRDWLQJ ILOPV RQ JODVV SODWH ZHUH W\SLFDOO\ GULHG DW URRP

WHPSHUDWXUH IRU �� PLQ DQG KHDWHG DW ��� R& IRU �� PLQ�

$IWHU KHDWLQJ WKH ILOPV DW ��� R&� WKH\ ZHUH FRROHG WR URRP

WHPSHUDWXUH VORZO\�

,QIUDUHG �,5� DEVRUSWLRQ VSHFWUD RI WKH SUHFXUVRU VROXWLRQ

DW YDULRXV UHDFWLRQ WLPH DQG WKH FRDWLQJ ILOPV ZHUH PHDVXUHG

XVLQJ DQ )7�,5 VSHFWURSKRWRPHWHU �,)6��� %UXNHU�� $ GURS�

OHW RI WKH SUHFXUVRU VROXWLRQ ZDV VDPSOHG RQ 1D&O FHOO DQG

VSUHDGHG HYHQO\� 2Q WKH RWKHU KDQG� D VPDOO SRUWLRQ RI WKH

ILOP ZDV VFUDSSHG RII� JURXQGHG� PL[HG ZLWK .%U� DQG SHO�

OHWL]HG IRU ,5 DQDO\VLV IRU WKH FRDWLQJ ILOP VDPSOHV� 7KH GLV�

WULEXWLRQ RI PROHFXODU ZHLJKW IRU UHDFWLRQ LQWHUPHGLDWHV ZDV

VWXGLHG E\ JHO SHUPHDWLRQ FKURPDWRJUDSK\ �*3&�� )OX[ UDWH

DQG FRQFHQWUDWLRQ RI WKH VDPSOH ZDV ��� P/�PLQ DQG ����

PJ�P/ RI WHWUDK\GURIXUDQ� 7KH 2+ JURXS LQ WKH LQWHUPHGL�

DWH PL[WXUH VROXWLRQV DW RYHUDOO UHDFWLRQ WLPH ��� PLQ DQG

��� PLQ ZDV FDSSHG E\ DGGLWLRQ RI WKH PL[WXUH RI WULPHW\O�

FKORURVLODQH �70&6� $FURV RUJDQLFV� DQG S\ULGLQH LQ � � �

UDWLR� 7KHQ� SUHFLSLWDWHV ZHUH VHSDUDWHG E\ FHQWULIXJH� ��6L105

VSHFWUXP ZDV WDNHQ ZLWK ��� 0+] )7�105 �9DULDQ� 81,7<

SOXV ���� DW ������ 0+] IRU WKH SUHFXUVRU VROXWLRQ DW RYHUDOO

UHDFWLRQ WLPH ��� PLQ DIWHU FDSSLQJ SURFHGXUH� 7KH VXUIDFH

PRUSKRORJ\ RI FRDWLQJ ILOPV ZHUH H[DPLQHG E\ D VFDQQLQJ

HOHFWURQ PLFURVFRSH �6(0� -60���$�� 7KH WKLFNQHVV RI WKH

FRDWLQJ ILOPV ZDV HYDOXDWHG E\ REVHUYLQJ WKH FURVV VHFWLRQ

RI WKH ILOPV RQ JODVV VXEVWUDWH XVLQJ 6(0� 7KHUPDO DQDO\VLV

ZDV SHUIRUPHG E\ WKHUPR JUDYLPHWULF DQDO\]HU �7*$� DQG

GLIIHUHQWLDO VFDQQLQJ FDOURLPHWHU �'6&� WR LQYHVWLJDWH WKH WKHU�

PDO VWDELOLW\ RI FRDWLQJ ILOPV DW D KHDWLQJ UDWH RI �� R&�PLQ

XQGHU R[\JHQ JDV IOX[ IURP ��� R& WR ��� R&�

5HVXOWV DQG 'LVFXVVLRQ

2SWLPL]DWLRQ RI WKH V\QWKHWLF FRQGLWLRQ DQG WKH FRDWLQJ

SURFHGXUH� 7KH WUDQVSDUHQW DQG FUDFN IUHH FRDWLQJ ILOP ZDV

REWDLQHG RQO\ ZKHQ DFHWLF DFLG ZDV XVHG DV FDWDO\VW LQ WKLV

VWXG\� 6HYHUDO W\SLFDO FRQGLWLRQV JLYHQ LQ 7DEOH � UHSUHVHQW

PRODU UDWLR RI VWDUWLQJ PDWHULDO DQG W\SH RI FDWDO\VW� :KHQ

WKH +&O ZDV XVHG DV FDWDO\VW LQ WKH VDPH FRQFHQWUDWLRQ DV

DFHWLF DFLG� WKH SUHFXUVRU VROXWLRQ RI &+&O ORVW LWV WUDQVSDU�

HQF\ DIWHU FRPSOHWH DGGLWLRQ RI +&O� ,Q WKH FDVH RI 1+�2+

FDWDO\VW� LW ORVW WUDQVSDUHQF\ VRRQ DIWHU LQLWLDO DGGLWLRQ RI WKH

FDWDO\VW� 7KH K\GURO\VLV LQ VDPSOH &D�D� ZDV VORZHG GRZQ

ZLWK DFHWLF DFLG� DQG DOVR LW ZDV IXUWKHU HTXLSSHG ZLWK LFH

EDWK WR FRQWURO WKH VSHHG RI K\GURO\VLV� 7KH ZDWHU FRQWHQW LQ

WKH V\QWKHVLV RI SUHFXUVRU VROXWLRQ ZDV IRXQG RSWLPL]HG

ZKHQ WKH PRODU UDWLR RI ZDWHU ZDV ����� DPRQJ WKUHH GLIIHU�

HQW UDWLRV WULHG LQ WKLV H[SHULPHQW� 7KH FUDFN DSSHDUHG LQ WKH

FDVH RI ORZHU ZDWHU FRQWHQW DQG WKH FOHDUQHVV ZDV ORZHU LQ

WKH FDVH RI KLJKHU ZDWHU FRQWHQW� GXH WR WKH IDVW K\GURO\VLV��

7KH UDWLR RI 7(26 DQG 0706 ZDV NQRZQ WR HIIHFW RQ WKH

KDUGQHVV RI WKH ILOP� 7KH � � � UDWLR JDYH PRUH EULWWOH ILOP

WKDQ � � � UDWLR� HYHQ WKRXJK LW ZDV VWLOO WUDQVSDUHQW� 7KH ZHW�

WLQJ SURSHUW\ RQ WKH JODVV VXEVWUDWH RI VDPSOHV ZDV QRW DV

JRRG DV WKDW RI &D�D� VDPSOH� 7KH YLVFRVLW\ ZDV IRXQG WR EH

LPSRUWDQW IDFWRU RQ WKH IRUPDWLRQ RI FUDFN� ,Q JHQHUDO� WRR

ORZ RU WRR KLJK YLVFRVLW\ FDXVHG FUDFN HDVLO\� 1RW RQO\ WKHVH

IDFWRUV IURP WKH SUHFXUVRU VROXWLRQ� EXW DOVR WKH FRDWLQJ SUR�

FHGXUH RU DIWHU�WUHDWPHQW DIIHFWHG RQ WKH IRUPDWLRQ RI FUDFN�

7KH WKLFNQHVV RI WKH ILOP ZDV RQH RI ZHOO NQRZQ IDFWRUV LQ

WKH IRUPDWLRQ RI FUDFN� 7KH WKLFNHU WKH ILOP� WKH PRUH EULWWOH

WKH ILOP����� ,W ZDV VXJJHVWHG WKDW WKH HIIHFW RI VXEVWUDWH GXU�

LQJ WKH GU\LQJ RI WKH VXSSRUWHG WKLQ OD\HUV RSSRVH WKH VKULQN�

DJH RI WKH FRDWLQJ��$ WKLFN ILOP SUHSDUHG ZLWK KLJK YLVFRVLW\

SUHFXUVRU VROXWLRQ ZDV IRXQG EULWWOH LQ WKH FXUUHQW H[SHUL�

PHQW� DQG LW PD\ OHDG WR WKH VDPH FRQFOXVLRQ WKDW WKH WKLFN

ILOP LV OHVV HIIHFWLYH RI SUHYHQWLQJ D FUDFN� 7KH FRDWLQJ

PHWKRG LWVHOI JLYHV VRPH GLIIHUHQFH LQ WKH FUDFN IRUPDWLRQ�

)URP WKH SUHFXUVRU VROXWLRQ LQ WKH VDPH YLVFRVLW\� WKH IORZ

FRDWLQJ PHWKRG FRXOG UHVXOW WR WKH OHVV EULWWOH ILOP WKDQ WKH

GLS FRDWLQJ PHWKRG� :KHQ WKH ILOP ZDV SUHSDUHG ZLWKRXW

7DEOH �� 0RODU UDWLR RI SUHFXUVRU VROXWLRQ VDPSOHV SUHSDUHG LQ WKLV
H[SHULPHQW� &DWDO\VW ZDV DFHWLF DFLG �D�D��� +&O� DQG 1+�2+

6DPSOH

QDPH
7(26 � 0706 ,3$ � 0H2+ &DWDO\VW :DWHU

&D�D� � ����� ����� �������� ����� �D�D�� ����

&+&O � ����� ����� �������� ����� �+&O� ����

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

:ORZ � ����� ����� �������� ����� �D�D�� ����

:KLJK � ����� ����� �������� ����� �D�D�� ����

6� � ����� ����� �������� ����� �D�D�� ����

6� � ����� ����� �������� ����� �D�D�� ����



&UDFN�)UHH DQG 7UDQVSDUHQW 6LOLFD )LOP %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

DJHLQJ� WKH FUDFN ZDV VRPHWLPHV IRUPHG LQ WKH ILOP SUHSDUHG

E\ WKH GLS FRDWLQJ PHWKRG� +RZHYHU� WKH IORZ FRDWLQJ

PHWKRG ZDV IRXQG WR SUHYHQW FUDFNV PRUH HIIHFWLYHO\ VLQFH LW

SUREDEO\ JLYHV D WKLQQHU ILOP WKDQ WKH GLS FRDWLQJ PHWKRG LQ

WKLV H[SHULPHQW�

,QIUDUHG DQG ��6L�105 LQYHVWLJDWLRQV RI WKH VLOLFDWH

SUHFXUVRU VROXWLRQ� 7KH SUHFXUVRU VROXWLRQ IRU WKH &D�D VDP�

SOH ZDV VWXGLHG E\ LQIUDUHG VSHFWUD LQ WKH SURFHVV RI K\GURO\�

VLV DQG FRQGHQVDWLRQ� 7KH VSHFWUD DW YDULRXV UHDFWLRQ WLPH

KDYH EHHQ SORWWHG LQ )LJXUH �� 7KH ILUVW VSHFWUXP� )LJXUH ��D�

ZDV WDNHQ IRU WKH PL[WXUH VROXWLRQ RI 7(26� 0706�

0H2+� DQG ,3$� MXVW EHIRUH WKH DGGLWLRQ RI DFLG DQG ZDWHU

PL[WXUH� 7KH VXFFHVVLYH VSHFWUD ZHUH WDNHQ DIWHU WKH DGGLWLRQ

RI DFLG� ZKHUH FKDUDFWHULVWLF SHDNV IRU K\GURO\VLV DQG FRQ�

GHQVDWLRQ FKDQJHG ZLWK WLPH� 7KH EURDG DEVRUSWLRQ EDQG DW

DERXW ��������� FP−� FRUUHVSRQGV WR WKH IXQGDPHQWDO VWUHWFK�

LQJ YLEUDWLRQV RI LVRODWHG DQG +�ERQGHG 6L2�+ DQG K\GUR�

JHQ�ERQGHG PROHFXODU ZDWHU��� 7KH VKDUS SHDN DW ���� FP−�

LV DVVLJQHG WR VWUHWFKLQJ YLEUDWLRQV IRU DOLSKDWLF &�+ ERQGV�

��������� FP−� SHDNV DUH DVVLJQHG WR &�+ DQG +�2� $EVRUS�

WLRQ EDQGV DW ���� DQG ��������� FP−� DUH DVVLJQHG WR 6L�2�

6L DV\PPHWULF PRGHV� 7KH DEVRUSWLRQ EDQG DW ��� FP−� LV

DVVRFLDWHG ZLWK V\PPHWULF 6L�2�6L VWUHWFKLQJ RU YLEUDWLRQDO

PRGHV RI ULQJ VWUXFWXUHV��� 7KH SHDN DSSHDUHG DERXW �� PLQ

DIWHU DFLG DGGLWLRQ DW ��� FP−� DQG LW PD\ EH DVVLJQHG WR 6L�

2+ VWUHWFKLQJ YLEUDWLRQ� ,W ZDV UHSRUWHG WR EH IRXQG DW ���

FP−� LQ WKH V\VWHP RI K\GURO\VLV RI 7(26�� DQG VKLIWHG WR

��� FP−� LQ WKH K\EULG ILOP SUHSDUHG IURP D FRDWLQJ VROXWLRQ

GHULYHG IURP 7(26 DQG0706PL[WXUH LQ � � � UDWLR�� 6LQFH

LW ZDV IRXQG IXUWKHU VKLIWHG WR ��� FP−� LQ WKH FXUUHQW K\EULG

ILOP SUHSDUHG IURP 7(26 DQG 0706 LQ � � � UDWLR� WKH

ODUJHU DPRXQW RI 0706 LQ WKH K\EULG VLOLFDWH� WKH ORZHU

ZDYHQXPEHU RI 6L�2+ VWUHWFKLQJ YLEUDWLRQ� $IWHU DOO� LQIUD�

UHG VSHFWUXP RI WKH FRDWLQJ ILOP� SUHSDUHG DV FRQGLWLRQ JLYHQ

LQ 7DEOH ��H� LV VKRZQ LQ )LJXUH ��I�� ZKHUH WKH JUHDWHVW 6L�

2�6L SHDNV WHOO WKDW WKH FRQGHQVDWLRQ SURFHVV ZDV IXUWKHU

SURJUHVVHG DIWHU WKH GHSRVLWLRQ RQ WKH JODVV�

7KH UHODWLYH DEVRUEDQFH RI VHYHUDO FKDUDFWHULVWLF SHDNV

FRPSDUHG WR &+ DEVRUEDQFH �DW ���� FP−�� LQ WKH SURFHVV RI

V\QWKHVLV DUH VXPPDUL]HG LQ 7DEOH � DQG )LJXUH �� 7KH VDP�

SOH VWRUHG DW � R& IRU D ZHHN ZDV ODEHOOHG DV WKH VDPSOH DW

RYHUDOO UHDFWLRQ WLPH ��� PLQ DQG WKH ILQDO ILOP VDPSOH DV

RYHUDOO UHDFWLRQ WLPH ��� PLQ LQ )LJXUH �� ,W VKRZV WKDW WKH

UHODWLYH DEVRUEDQFH FKDQJHV LQ WKH SURFHVV RI UHDFWLRQ�

ZKLFK PLJKW JLYH VRPH LQVLJKW RI UHDFWLRQ PHFKDQLVP� 7KH

DEVRUEDQFH IRU 6L2�+ SHDN DW ��������� FP−� LQFUHDVHG

ZLWK WKH DGGLWLRQ RI DFLG LQ ZDWHU� ZKLFK LQGLFDWH WKH SURFHV�

VLRQ RI K\GURO\VLV� $IWHU FRPSOHWLRQ RI GURSSLQJ DFLGV LQ WKH

PL[WXUH RI 7(26 �0706 �0H2+ � ,3$� WKHUH LV VOLJKW

GHFUHDVH LQ WKH 6L2�+ SHDN WKURXJKRXW WKH SHULRG WR WKH IRU�

PDWLRQ RI FRDWLQJ ILOP� ZKLFK LQGLFDWH WKDW WKH DPRXQW RI

6L2�+ GHFUHDVHG ZLWK WLPH ZKLOH WKH FRQGHQVDWLRQ SUR�

JUHVVHG DIWHU FRPSOHWLRQ RI DGGLWLRQ RI DFLG� 7KHUH LV DOVR

VRPH GHFUHDVH LQ WKH 6L�2+ SHDN LQ WKH ILQDO ILOP� 7KHUH LV

RQO\ VOLJKW LQFUHDVH LQ DEVRUEDQFH DW ���� FP−� WKURXJKRXW

WKH UHDFWLRQ� +RZHYHU� WKH FKDUDFWHULVWLF SHDNV IRU 6L�2�6L DW

����� ���������� DQG ��� FP−� LQFUHDVHG WKURXJKRXW WKH SUR�

FHVV� HVSHFLDOO\ LQFUHDVHG JUHDWHU GXULQJ WKH SURFHVV RI DFLG

DGGLWLRQ DQG KHDWLQJ� 7KH 6L�2�6L DV\PPHWULF SHDN LQ WKH

UDQJH RI ��������� FP−� DSSHDUV DIWHU �� PLQ LQ LFH EDWK

DQG VKLIWV WRZDUG ORZHU ZDYHQXPEHU ZLWK WLPH� 'XULQJ WKH

SHULRG RI DJHLQJ WKH SUHFXUVRU VROXWLRQ DW � R& IRU D ZHHN�

FRQGHQVDWLRQ SURFHHGHG YHU\ VORZO\ DV VKRZQ LQ 7DEOH ��

7KH 2+ JURXS LQ WKH SUHFXUVRU VROXWLRQ DW WKH RYHUDOO UHDF�

WLRQ WLPH ��� PLQ ZDV FDSSHG E\ WULPHWKR[\VLODQH JURXS

DQG FDSSLQJ ZDV FKHFNHG E\ ,5 VSHFWUD LQ )LJXUH �� 7KH

FKDUDFWHULVWLF SHDNV RI 6L2�+ DQG 6L�2+ VWUHWFKLQJ YLEUD�

WLRQV DW ��������� FP−� DQG ��� FP−� GLVDSSHDUHG DIWHU WKH

FDSSLQJ SURFHGXUH� ZKLFK FRQILUP WKH 2+ JURXS LQ WKH SUH�

FXUVRU VROXWLRQ ZDV HIIHFWLYHO\ UHGXFHG DQG WKH FRQGHQVDWLRQ

)LJXUH �� ,5 VSHFWUD DW YDULRXV RYHUDOO UHDFWLRQ WLPH� �D� � PLQ� �E�
�� PLQ� �F� �� PLQ� �G� �� PLQ� �H� ��� PLQ� �I� ��� PLQ� �J� ILQDO
ILOP SUHSDUHG DV LQ 7DEOH ��

7DEOH �� 7KH UHODWLYH DEVRUEDQFH RI VHYHUDO FKDUDFWHULVWLF SHDNV
FRPSDUHG WR &+ DEVRUEDQFH �DW ���� FP−�� LQ WKH SURFHVV RI
V\QWKHVLV

6DPSOH 5HODWLYH DEVRUEDQFH DW JLYHQ ZDYHQXPEHU� FP−�

5HDFWLRQ

FRQGLWLRQ

2YHUDOO

UHDFWLRQ

WLPH �PLQ�

����

a����
���� ����

����

a����
��� ���

,FH EDWK �� ���� ���� ���� ���� ���� �

�� ���� ���� ���� ���� ���� ����

�� ���� ���� ��� ���� ���� ����

5RRP

WHPS�

�� ���� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ���� ����

�� R& ��� ���� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ���� ����

� R& � ZHHN ���� ���� ���� ���� ���� ����

&RDWLQJ ILOP ���� ���� ���� ���� ���� ����
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PXVW KDYH QRW SURJUHVVHG IXUWKHU� :HLJKW PHDQ PROHFXODU

ZHLJKW IRU WKH FDSSLQJ VROXWLRQV ZDV IRXQG WR EH ��� DQG

��� IRU VDPSOHV DW WKH RYHUDOO UHDFWLRQ WLPH ��� PLQ DQG ���

PLQ�

7KH GHJUHH RI FRQGHQVDWLRQ FRXOG EH DQDO\]HG E\ ��6L�

105 VSHFWURVFRS\ LQ )LJXUH �� ZKLFK UHYHDOHG ILYH GLIIHU�

HQW W\SHV RI ��6L SHDNV� 7�� 7�� 7�� 4�� DQG 4�� ZKHUH 7Q

GHQRWHV IRU &+��6L��26L�Q2��Q DQG 4Q GHQRWHV IRU 6L�

�26L�Q2��Q IURP 0706 DQG 7(26 RULJLQ� UHVSHFWLYHO\� ,W

ZDV WDNHQ DW URRP WHPSHUDWXUH IRU WKH SUHFXUVRU VROXWLRQ DW

RYHUDOO UHDFWLRQ WLPH ��� PLQ DIWHU FDSSLQJ� 7KH UHODWLYH

DUHD RI 7�� 7�� 7� � 4�� 4� LV DERXW � � � DV WKH UDWLR RI

0706 DQG 7(26 DV VWDUWLQJ PDWHULDO� ,W LV ZRUWK WR QRWH

WKDW WKH GLVWULEXWLRQV RI 7Q DQG 4Q DUH GLIIHUHQW� ZKHUH DYHU�

DJH RI Q LV KLJKHU LQ WKH FDVH RI 4Q� ,W FDQ EH FRQFOXGHG WKDW

WKH FRQGHQVDWLRQ GHJUHH RI 7(26 ZDV JUHDWHU WKDQ WKDW RI

0706 IURP WKH GLVWULEXWLRQ RI 7Q DQG 4Q SHDNV�

6XUIDFH PRUSKRORJ\ DQG WKHUPDO VWDELOLW\ RI WKH VLOLFD

ILOP� :H IDLOHG PDQ\ WULDOV WR REWDLQ WKH ILOP ZLWKRXW D

FUDFN� ,Q PRVW FDVHV� WKH ILOP UHYHDOHG D FUDFN LQ WKH SURFHVV

RI KHDWLQJ LI WKH ILOP ZDV SUHSDUHG E\ GLS FRDWLQJ PHWKRG�

)LJXUH � VKRZV YDULRXV PRUSKRORJ\ RI WKH FRDWLQJ ILOP VXU�

IDFHV SUHSDUHG IURP WKH SUHFXUVRU VROXWLRQ ¨&D�D© ZLWKRXW DQ\

FUDFN LQ GLIIHUHQW DJHLQJ� GU\LQJ� KHDWLQJ FRQGLWLRQV DQG E\

GLIIHUHQW FRDWLQJ PHWKRGV DV VXPPDUL]HG LQ 7DEOH �� 7KH

VXUIDFH RI WKH FRDWLQJ ILOP GHSHQGV RQ WKH FRDWLQJ PHWKRG

DQG DIWHU�WUHDWPHQW DV ZHOO DV WKH V\QWKHVLV FRQGLWLRQ RI WKH

SUHFXUVRU VROXWLRQ� 7KH KHDW WUHDWPHQW ��� PLQ DW ��� R&�

UHVXOWHG WKH GLIIHUHQFH LQ D SRUH VL]H DQG VKDSH DV FDQ EH

FRPSDUHG LQ )LJXUH ��D� DQG ��E�� 7KH SRUHV ZHUH IRUPHG

VSKHULFDO DQG ODUJHU WKDQ WKRVH LQ WKH ILOP DIWHU KHDWLQJ DW

��� R& IRU �� PLQ� 7KH SRUHV VWDUWHG WR HYROYH LQ WKH SUHFXU�

VRU VROXWLRQ LQ WKH GU\LQJ SURFHVV DIWHU LW ZDV DSSOLHG RQ WKH

VXEVWUDWHV� ,W VHHPV WKDW WKH KHDWLQJ VWRSSHG WKH SURFHVV RI

SRUH HYROXWLRQ DQG WKH SRUHV� ZKLFK ZDV XQGHU WKH SURFHVV RI

IRUPLQJ� ZDV IL[HG DW D FHUWDLQ PRPHQW RI KHDWLQJ DQG HQGHG

XS ZLWK QRQVSKHULFDO VKDSH� 7KH HIIHFW RI DJHLQJ RI VROXWLRQ

DW � R& EHIRUH GHSRVLWLRQ RQ WKH VXEVWUDWH FDQ EH VKRZQ LQ

)LJXUH ��G� DQG ��I�� $IWHU DJHLQJ WKH SUHFXUVRU VROXWLRQ IRU

D ZHHN DW � R&� WKH VXUIDFH RI WKH FRDWLQJ ILOP GLG QRW VKRZ

DQ\ SRUHV� +RZHYHU� DIWHU DJHLQJ WZR ZHHNV� WKH SURWXEHU�

DQFHV ZHUH REVHUYHG� 7KHUHIRUH� ZH FRXOG DVVXPH WKH GHQVL�

ILFDWLRQ RI WKH PLFURVWUXFWXUH GXULQJ WKH DJHLQJ SURFHVV� 7KH

GLIIHUHQFH RI FRDWLQJ PHWKRG FDXVHG H[SHFWHG GLIIHUHQFH LQ

WKH VL]H DQG VKDSH RI SRUHV DV VKRZQ LQ )LJXUH ��F� DQG ��G��

7KH GLS FRDWLQJ PHWKRG SURGXFHG WKH ODUJHU SRUH RQ WKH VXU�

IDFH RI WKH ILOP� 7KH WKLFNQHVV RI WKH ILOP ZDV PHDVXUHG WR

)LJXUH �� ,5 VSHFWUD RI LQWHUPHGLDWHV �D� EHIRUH DQG �E� DIWHU WKH
FDSSLQJ SURFHGXUH�

)LJXUH �� ��6L�105 VSHFWUXP RI WKH SUHFXUVRU VROXWLRQ V\QWKH�
VL]HG IURP 7(26 � 0706 �� � �� � ,3$ � 0H2+ �� � ������

)LJXUH �� 7KH UHODWLYH DEVRUEDQFH RI VHYHUDO FKDUDFWHULVWLF SHDNV
FRPSDUHG WR &+ DEVRUEDQFH �DW ���� FP−��� 7KH RYHUDOO UHDFWLRQ
WLPH LV PHDVXUHG IURP WKH PRPHQW RI DGGLWLRQ RI DFLG FDWDO\VW� 7KH
VDPSOH DW RYHUDOO UHDFWLRQ WLPH ��� PLQ LV IRU WKH SUHFXUVRU VROXWLRQ
VWRUHG DW � R& IRU D ZHHN DQG RQH DW ��� PLQ LV IRU WKH ILOP VDPSOH�
7KH FXUYH LV MXVW WR JXLGH DQ H\H IRU WKH WUHQG�
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EH �� µP DQG � µP IRU WKH ILOP �F� DQG �G� E\ REVHUYLQJ D

FURVV VHFWLRQ RI WKH ILOP RQ D VXEVWUDWH XVLQJ 6(0� (YHQ

ZLWK WKH VDPH GLS FRDWLQJ PHWKRG� WKH SRUHV DUH ODUJHU LQ WKH

FDVH WKDW WKH ILOP ZDV ZLWKGUDZQ PRUH VORZO\ DV VKRZQ LQ

)LJXUH ��H�� ZKHUH WKH WKLFNQHVV RI WKH ILOP ZDV �� µP� ,W LV
DVVXPHG WKDW WKH SRUHV DUH JHWWLQJ ODUJHU ZLWK WKH WKLFNQHVV

RI WKH ILOP� 6LQFH WKH IORZ FRDWLQJ PHWKRG ZDV IRXQG WR EH

PRUH HIIHFWLYH WR SUHYHQW D FUDFN� LW LV RSSRVHG WR D JHQHUDO

WUHQG WKDW WKH ODUJHU WKH SRUH� LW LV HDVLHU WR SUHYHQW D FUDFN

IRUPDWLRQ� ,W LV LQWHUHVWLQJ WR QRWH WKDW WKH VXUIDFH RI WKH ILOP�

SUHSDUHG DV WKH ILOP LQ 7DEOH ��F� EXW GULHG DW URRP WHPSHUD�

WXUH LQ YHUWLFDO SRVLWLRQ� LV WKH VDPH DV )LJXUH ��I�� 7KLV VXJ�

JHVWV WKDW WKH JUDYLWDWLRQDO IRUFH SUHYHQW WKH SRUH HYROXWLRQ

LQ DGGLWLRQ WR WKDW� GLS FRDWLQJ PHWKRG DOORZ WKH VXUIDFH

SURSHUW\ GLIIHUHQW IURP IORZ FRDWLQJ PHWKRG� 7KH WKLFNQHVV

RI WKH ILOP SUHSDUHG E\ GLS FRDWLQJ DQG GULHG LQ YHUWLFDO SRVL�

WLRQ ZDV � µP DV ZDV SUHSDUHG E\ IORZ FRDWLQJ PHWKRG�

7KHUHIRUH� WKH GLIIHUHQFH RI SRUH VL]HV LQ )LJXUH ��F�� ��G��

��H� ZDV QRW VROHO\ IURP WKH GLIIHUHQFH RI WKLFNQHVV RI WKH

ILOPV� 7KH KLJKHU SRURVLW\ RI WKH ILOP ZDV REVHUYHG LQ WKH

WKLQ ILOP UDWKHU WKDQ LQ WKLFN VHOI VXSSRUWHG ILOP LQ WKH FDVH

RI .ORW] HW DO�
V H[SHULPHQW� EXW WKH RSSRVLWH WUHQG ZDV

REVHUYHG LQ RXU H[SHULPHQW DV VKRZQ LQ )LJXUH ��F�� �G�� �H��

,Q VSLWH RI WKH VXEVWUDWH HIIHFW RI SUHYHQWLQJ VKULQNDJH RI WKH

SUHFXUVRU VROXWLRQ� WKH SRUHV DUH WKH VPDOOHVW LQ WKH WKLQQHVW

ILOP� ,W LQGLFDWH WKDW WKHUH ZHUH QRW RQO\ VXEVWUDWH HIIHFW EXW

DOVR WKH IRUFH HYROYLQJ D SRUH LQ WKH WKLFNHU ILOP ZKLOH FRQ�

GHQVDWLRQ SURJUHVV�

7*$ DQG '6& FXUYHV RI WKH FRDWLQJ ILOP� SUHSDUHG DV LQ

7DEOH ��I�� DUH VKRZQ LQ )LJXUH �� ,W LQGLFDWHG D ODUJH H[R�

WKHUP DQG ZHLJKW ORVV EHWZHHQ ������� R&� ,Q PDQ\ RWKHU

VLOLFD ILOPV� ODUJH ZHLJKW ORVV ZDV IRXQG DURXQG ��� R&�

ZKLFK ZDV DVFULEHG WR WKH RUJDQLF VXUIDFWDQWV GXULQJ FDOFLQD�

WLRQ������ ,Q RXU H[SHULPHQW� WKH ZHLJKW ORVV ZDV ����� DW

��� R&� ���� DW ��� R&� DQG ILQDOO\ ODUJH RYHUDOO ZHLJKW ORVV

EHWZHHQ ������� ZDV DERXW ������ 7KH FRDWLQJ ILOP UHYHDOHG

WKHUPDO VWDELOLW\ XS WR ��� R&� :H DWWULEXWH WKH VPDOO ZHLJKW

ORVV DW ��� R& WR WKH GHFRPSRVLWLRQ RI UHVLGXDO VROYHQWV DQG

WKH ODUJH H[RWKHUP DERYH ��� R& WR WKH GHFRPSRVLWLRQ RI

DON\O JURXSV RI RUJDQRVLODQH� UHVSHFWLYHO\�

&RQFOXVLRQ

7KH V\QWKHVLV FRQGLWLRQ ZDV RSWLPL]HG IRU D WUDQVSDUHQW

FUDFN�IUHH KDUG FRDWLQJ ILOP� ZKLFK ZDV SUHSDUHG E\ VRO�JHO

SURFHVV IURP WKH PL[HG VLOLFRQ DONR[LGHV� 7KH PRODU UDWLR RI

7(26 �0706 � ,3$ �0H2+ � DFHWLF DFLG � GLVWLOOHG ZDWHU

ZDV � � ����� � ����� � ����� ZKHUH 7(26 � 0706 ZDV � � �

DQG ,3$ � 0H2+ ZDV � � ����� 7KH WKLFNQHVV RI WKH ILOP

REWDLQHG ZLWKRXW D FUDFN ZDV ���� µP� 7KH GHJUHH RI FRQ�
GHQVDWLRQ RI 7(26 ZDV JUHDWHU WKDQ WKDW RI 0706 IURP WKH

GLVWULEXWLRQ RI 7Q DQG 4Q SHDNV LQ
��6L�105 VSHFWUXP� 7KH

FRQWURO RI LQLWLDO K\GURO\VLV VWHS GXULQJ DFLG DGGLWLRQ ZDV

LPSRUWDQW IDFWRU WR REWDLQ FUDFN�IUHH DQG WUDQVSDUHQW KDUG

FRDWLQJ ILOP� 7KH FUDFN RQ WKH KDUG FRDWLQJ ILOP ZDV HIIHF�

)LJXUH �� 6(0 LPDJHV RI WKH FRDWLQJ ILOPV SUHSDUHG LQ YDULRXV
DJHLQJ� GU\LQJ� KHDWLQJ FRQGLWLRQV� DV VXPPDUL]HG LQ 7DEOH ��

7DEOH �� 3UHSDUDWLRQ WLPH DQG FRDWLQJ PHWKRG RI ILOPV RQ D JODVV
VXEVWUDWH SUHSDUHG IURP WKH SUHFXUVRU VROXWLRQ ¨&D�D©

6DPSOH
$JHLQJ DW

� R&

'U\LQJ DW

57

+HDWLQJ DW

��� R&
&RDWLQJ PHWKRG

D � RYHU � GD\ � IORZ FRDWLQJ �UHSHDWHG�

E � �� PLQ �� PLQ IORZ FRDWLQJ �UHSHDWHG�

F � �� PLQ �� PLQ GLS FRDWLQJ �IDVW ZLWKGUDZ�

G � �� PLQ �� PLQ IORZ FRDWLQJ �RQFH�

H � �� PLQ �� PLQ GLS FRDWLQJ �VORZZLWKGUDZ�

I � ZHHN �� PLQ �� PLQ IORZ FRDWLQJ �RQFH�

)LJXUH �� �D� 7*$ DQG �E� '6& FXUYHV RI WKH FRDWLQJ ILOP DW D
KHDWLQJ UDWH RI �� R&�PLQ�
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WLYHO\ SUHYHQWHG ZKHQ WKH SUHFXUVRU VROXWLRQ ZDV DSSOLHG RQ

D VXEVWUDWH DW DQ DSSURSULDWH YLVFRVLW\� 1RW RQO\ WKH YLVFRVLW\

EXW DOVR WKH FRDWLQJ PHWKRG DQG DIWHU�WUHDWPHQW ZDV IRXQG WR

JLYH HIIHFW RQ WKH IRUPDWLRQ RI FUDFN� 7KHUPDO VWDELOLW\ RI

WKH ILOP ZDV IRXQG WR EH TXLWH JRRG XS WR WKH WHPSHUDWXUH

��� R&�

$FNQRZOHGJPHQW� :H DUH JUHDWO\ LQGHEWHG WR WKH .RUHD

5HVHDUFK )RXQGDWLRQ IRU WKH ILQDQFLDO VXSSRUW PDGH IRU WKLV

ZRUN LQ WKH SURJUDP \HDU RI ���� DQG DOVR VXSSRUWHG LQ SDUW

E\ UHVHDUFK IXQGV RI &KRVXQ 8QLYHUVLW\ �������

5HIHUHQFHV

�� 3DXO� 6�� ,Q 6XUIDFH &RDWLQJV� 3DXO� 6�� (G�� -RKQ :LOH\ 	

6RQV /WG� :HVW 6XVVH[� (QJODQG� ����� S ����

�� 6FKEHUW� 8�� +XVLQJ� 1�� /RUHQ]� $� &KHP� 0DWHU� ����� ��
�����

�� .UXJ� +�� 0HUO� 1�� 6FKPLGW� +� -� 1RQ�&U\VW� 6ROLGV
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�� <DQ� <�� +RVKLQR� <�� 'XDQ� =�� &KDXGKXUL� 5�� 6DUNDU� $�

&KHP� 0DWHU� ����� �� �����

�� .ORW]� 0�� $\UDO� $�� *XL]DUG� &�� &RW� /� %XOO� .RUHDQ
&KHP� 6RF� ����� ��� ����

�� 0RQGH� 7�� )XNXEH� +�� 1HPRWR� )�� <RNR� 7�� .RQDND�

KDUD� 7� -� 1RQ�&U\VW� 6ROLGV ����� ���� ���
�� 7DGDQDJD� .�� $]XWD� .�� 0LQDPL� 7� -� &HUDPLF 6RF� -DS�

����� ���� ����

�� +RHNVWUD� .� -�� %HLQ� 7�� &KHP� 0DWHU� ����� �� �����
�� �D� 1DLU� %� 1�� (OIHULQN� :� -�� .HL]HU� .�� 9HUZHLM� +� -�

&ROORLG ,QWHUIDFH 6FL� ����� ���� ���� �E� 1DLU� %� 1� O�

<DPDJXFKL� 7�� 2NXER� 7�� 6XHPDWVX� +�� .HL]HU� .��

1DNDR� 6��,� -� 0HP� 6FL� ����� ���� ����
��� 3LDJJLR� 3� %RWWLQR� $�� &DSDQQHOOL� *�� &DURVLQL� (� /DQJPXLU
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�� �����
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