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$EVWUDFW� ,Q WKLV SDSHU ZH SUHVHQW D nUVW DQDO\VLV RI WKH FRPSOH[ VWUXF�
WXUH RI WKH JDVHRXV HQYHORSH RI WKH %H � ,,, VWDU +' ����� �$; 0RQR�
FHURWLV�� 2XU VWXG\ LV EDVHG RQ WKH FRURQDO PRGHO SURSRVHG E\ 'DQH]LV
HW DO�� DQQRXQFHG IRU WKH nUVW WLPH DW WKH -(1$0 ���� LQ 3UDJXH� DOVR
SUHVHQWHG LQ ,$8 6\PSRVLXP ��� �8SSVDOD� ������ 7KLV PRGHO VXJJHVWV
WKDW WKH UHJLRQV ZKHUH WKH LRQV WKDW SUHVHQW '$&V DUH FUHDWHG� DUH QRW
FRQWLQXRXV EXW WKH\ FRQVLVW RI PDQ\ LQGHSHQGHQW DEVRUELQJ GHQVLW\ OD\�
HUV RI PDWWHU� IROORZHG E\ DQ HPLWWLQJ DQG nQDOO\ E\ DQ H[WHUQDO JHQHUDO
DEVRUSWLRQ UHJLRQ� 7KH PRGHO UHSURGXFHV WKH SURnOHV RI DOO WKH VSHFWUDO
OLQHV RI 2H DQG %H VWDUV� WKDW ZH KDYH VWXGLHG XQWLO QRZ� ,Q WKLV SDSHU ZH
LQWHQG WR WHVW WKH SURSRVHG PRGHO E\ FRPSDULQJ WKH UHVXOWV GHULYLQJ IURP
LW ZLWK WKH UHVXOW RI SUHYLRXVO\ SXEOLVKHG SDSHUV� DV ZHOO DV WR H[WUDFW
VRPH nUVW JHQHUDO FRQFOXVLRQV DERXW WKH DFFXUDWH YDOXHV RI WKH H[SDQVLRQ
� FRQWUDFWLRQ YHORFLWLHV DQG WKH URWDWLRQ YHORFLWLHV RI WKH DWPRVSKHULF
VKHOOV RI WKH VWDU�

�� ,QWURGXFWLRQ

$; 0RQRFHURWLV �+'�����  %' � �p� ����  6$2������ m �K��P��V� p  
��p� ���� � ������� 9 ����^���� PDJ� LV D ELQDU\ V\VWHP �0HUULOO ������ FRQVLVW�
LQJ RI D %�H ,,, VWDU DQG D VRPHZKDW IDLQWHU .� ,,, VWDU� ZLWK DQ RUELWDO SHULRG
RI ����� GD\V �0DJDODVKYLOL 	 .XPVLVKYLOL ����� 3DSRX�VHN ����� DQG D YDULDEOH
VSHFWUXP �0HUULOO ����� 3ODVNHWW ����� ������

&RZOH\ ������ REVHUYHG WKH 3 &\JQL SURnOH RI K\GURJHQ OLQHV DQG YDULDELOLW\
LQ DEVRUSWLRQ OLQHV ZKLFK DOVR DUH EOHQGHG� 7KHUH LV D PHWDOOLF VKHOO VSHFWUXP
ZLWK VKDUS DEVRUSWLRQ OLQHV RI )H,,� 7L,,� &U,,� 0Q,, DQG 1L,,� 6RPH RI WKHP
H[KLELW IDLQW HPLVVLRQ OLQHV LQ ERWK VLGHV RI WKH OLQHV� 6KH DOVR� SURSRVHG WKH
H[LVWHQFH RI D JDVHRXV UHJLRQ RI JUHDW GHQVLW\ DQG D PDVV WUDQVIHU EHWZHHQ WKH
WZR VWDUV ZLWK D YHORFLW\ RI �� NPV

b�� (OLDV HW DO� ������� DOVR� GHULYHG D
PDVV�ORVV UDWH RI RUGHU ��b�0n\U

b�� LI WKH UDGLR HPLVVLRQ LV WKHUPDO�
3HWRQ ������ DQQRXQFHG WKH H[LVWHQFH RI D VDWHOOLWH FRPSRQHQW DW WKH UHG RU

YLROHW VLGH RI )H ,, DW ���� y$ DQG SURSRVHG D PRGHO ZLWK WZR DEVRUELQJ VKHOOV�
DQ H[WHUQDO K\GURJHQ VKHOO DQG DQ LQWHUQDO PHWDOOLF VKHOO� 6DKDGH HW DO� ������
DQG 6DKDGH 	 %UDQGL ������ LGHQWLnHG PDQ\ DEVRUSWLRQ OLQHV DQG LQGLFDWHG WKH

�
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H[LVWHQFH RI VDWHOOLWH FRPSRQHQWV RI PDQ\ LRQV LQ KLJK GLVSHUVLRQ ,8( VSHFWUD DW
SKDVH ������ 7RGD\� WKHVH VDWHOOLWH FRPSRQHQWV DUH QDPHG GLVFUHWH DEVRUSWLRQ
FRPSRQHQWV �'$&V��

+DUPDQHF 	 7DUDVRY ������ VXJJHVWHG WKDW WKH RYHUDOO SURnOHV GHULYH IURP
WKH PHUJLQJ RI PDQ\ ORFDO SURnOHV RI FLUFXPVWHOODU JDV HOHPHQWV� 7KLV PHDQV WKDW
WKH OLQH SURnOHV DUH PXFK VPDOOHU DQG WKH URWDWLRQ YHORFLW\ FDQQRW EH FDOFXODWHG
E\ WKH OLQHV
 ZLGWK� 7KH\� DOVR� QRWHG WKDW WKH OLQH SURnOHV DUH SKDVH GHSHQGHQW
DQG FRQVLVWHQW ZLWK DV\PPHWULF PDVV PRWLRQV� ZKLFK PHDQV WKDW WKH VWDU
V VKHOO
LV QRW V\PHWULF�

'DQH]LV ������ ������ 'DQH]LV HW DO� ������� DQG /DVNDULGHV HW DO� ������
VWXGLHG WKH 89 VSHFWUXP RI WKH V\VWHP DW ����� DQG GHWHFWHG WKH H[LVWHQFH RI
'$&V LQ D JUHDW QXPEHU RI VSHFWUDO OLQHV RI GLmHUHQW LRQL]DWLRQ SRWHQWLDO� (DFK
RI WKHVH VSHFWUDO OLQHV SUHVHQWV WZR VDWHOOLWH FRPSRQHQWV �'$&V� DW WKH YLROHW
VLGH DQG RQH DW WKH UHG VLGH RI D PDLQ FRPSRQHQW� 7KLV IDFW OHG 'DQH]LV HW DO� WR
FRQFOXGH WR WKH H[LVWHQFH RI LQGHSHQGHQW GHQVLW\ OD\HUV RI PDWWHU LQ WKH UHJLRQV
ZKHUH WKHVH VSHFWUDO OLQHV DUH FUHDWHG� 7KHVH OD\HUV RI PDWWHU FDQ URWDWH DQG
PRYH ZLWK GLmHUHQW DSSDUHQW YHORFLWLHV� 7KH H[LVWHQFH RI WKHVH OD\HUV DV ZHOO
DV WKH H[LVWHQFH RI WKH VSHFWUDO OLQHV RI & ,9 DQG 6L ,9� OHG WKHP WR DFFHSW D
PRGHO IRU WKH VWUXFWXUH RI WKH HQYHORSH� ZKLFK SUHVXSSRVHV WKH H[LVWHQFH RI D
FRURQD OD\HU �'RD]DQ ����� DV ZHOO DV D QXPEHU RI UHJLRQV RI GLmHUHQW LRQL]DWLRQ
SRWHQWLDO� ZKHUH '$&V DUH FUHDWHG� 'DQH]LV HW DO� �����D�E�F� ����� VXJJHVWHG
D PRGHO RI WKH UHJLRQV ZKHUH WKH VSHFWUDO OLQHV WKDW SUHVHQW '$&V DUH FUHDWHG
DQG FRQFOXGHG WR D IXQFWLRQ ZKLFK UHSURGXFHV VXFFHVVIXOO\ WKH FRPSOH[ SURnOH
RI WKH VSHFWUDO OLQHV WKDW SUHVHQW '$&V�

,Q WKLV SDSHU ZH DSSO\ WKH DERYH PHQWLRQHG PRGHO� ZKLFK LV DOVR SUHVHQWHG
DW ,$8 6\PSRVLXP ��� �'DQH]LV HW DO� ������ WR WKH VWDU +' ����� �$; 0RQ�
DQG ZH SUHVHQW VRPH nUVW UHVXOWV GHULYLQJ IURP WKLV DSSOLFDWLRQ�

�� 7KH PRGHO ^ 0DWKHPDWLFDO H[SUHVVLRQ

&RQVLGHULQJ DQ DUHD RI JDV FRQVLVWLQJ RI L LQGHSHQGHQW DEVRUELQJ VKHOOV IROORZHG
E\ D VKHOO WKDW ERWK DEVRUEV DQG HPLWV DQG DQ RXWHU VKHOO RI JHQHUDO DEVRUSWLRQ�
ZH FRQFOXGH WR WKH IXQFWLRQ�
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l|GV LV DQ H[SUHVVLRQ RI WKH RSWLFDO GHSWK ~ � ZKHUH l LV DQ H[SUHVVLRQ

RI Nw DQG KDV WKH VDPH XQLWV Nw�

6wH � WKH VRXUFH IXQFWLRQ� ZKLFK� DW WKH PRPHQW ZKHQ WKH VSHFWUXP LV WDNHQ� LV
FRQVWDQW DQG
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VSHFWUDO OLQH DQG w�  wODE � cwH[S� ZLWK wODE EHLQJ WKH ODERUDWRU\
ZDYHOHQJWK RI WKH VSHFWUDO OLQH SURGXFHG E\ D SDUWLFXODU LRQ DQG cwH[S
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ZKHUH 9URW LV WKH DSSDUHQW URWDWLRQ YHORFLW\ RI WKH L GHQVLW\ VKHOO

RI PDWWHU DQG

cw  MwL b w�M � ZKHUH WKH YDOXHV RI wL DUH WDNHQ LQ WKH ZDYHOHQJWK UDQJH
ZH ZDQW WR UHSURGXFH�

7KH VSHFWUDO OLQH
V SURnOH� ZKLFK LV IRUPHG E\ WKH L GHQVLW\ VKHOO RI PDWWHU�
PXVW EH DFFXUDWHO\ UHSURGXFHG E\ WKH IXQFWLRQ H

b/LzL E\ DSSO\LQJ WKH DSSUR�
SULDWH YDOXHV RI 9URWL� 9H[SL DQG zL� 8VLQJ WKH EHVW PRGHO
V nW IRU D FRPSOH[
VSHFWUDO OLQH� ZH FDQ FDOFXODWH WKH DSSDUHQW H[SDQVLRQ �RU FRQWUDFWLRQ� YHORFLW\
�9H[SL�� WKH DSSDUHQW URWDWLRQ YHORFLW\ �9URWL� DQG DQ H[SUHVVLRQ RI WKH RSWLFDO
GHSWK �zL� RI WKH UHJLRQ LQ ZKLFK WKH VSHFWUDO OLQH DQG LWV VDWHOOLWH FRPSRQHQWV
DUH FRQVWUXFWHG�

�� 'DWD

7KH GDWD ZH XVHG DUH WKH VSHFWURJUDSKV 6:3 ����� DQG /:5 ����� RI WKH
VWDU +' ����� �$; 0RQ�� WDNHQ ZLWK ,8( VDWHOOLWH RQ 0DUFK ��� ����� %\ WKH
VWXG\ RI WKH LQWHUVWHOODU OLQHV ZH FRQFOXGHG WR WKH IDFW WKDW WKH OLQHV DSSHDU WR
EH GLVSODFHG DERXW ��� NP�V LQ WKH 6:3 ����� VSHFWURJUDSK DQG ���� NP�V
LQ WKH /:5 ����� VSHFWURJUDSK� 2XU UHVXOWV KDYH XQGHUJRQH WKH DSSURSULDWH
FRUUHFWLRQV�

�� $SSOLFDWLRQ RI WKH PRGHO WR WKH VSHFWUDO OLQHV RI WKH %H VWDU +'
����� �$; 0RQ�

���� 7KH PRGHO
V nW

,Q nJXUHV � DQG � ZH SUHVHQW WZR RI WKH VSHFWUDO OLQHV ZH VWXGLHG �EODFN OLQH� DV
ZHOO DV WKHLU nWWLQJ DV LW GHULYHG IURP WKH PRGHO �JUH\ OLQH�� 7KH GLmHUHQFHV EH�
WZHHQ WKH UHDO VSHFWUD DQG WKHLU nWWLQJV DUH KDUG WR VHH� DV ZH KDYH DFFRPSOLVKHG
WKH EHVW nW� $ERYH HDFK VSHFWUDO UDQJH RI WKH VWDU ZH VWXGLHG� ZH JLYH WKH VDPH
VSHFWUDO UDQJH RI D FODVVLF VWDU RI WKH VDPH VSHFWUDO W\SH DQG OXPLQRVLW\ FODVV�
LQ RUGHU WR LQGLFDWH WKH OLQHV EOHQGHG ZLWK WKH RQHV ZH VWXG\�
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)LJXUH �� 7KH )H ,, w �������� y$ VSHFWUDO OLQH LV IRUPHG DV D FRP�
SRVLWLRQ RI WKUHH LQGHSHQGHQW DEVRUSWLRQ FRPSRQHQWV�
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)LJXUH �� (DFK RI $O ,,, ww ��������� �������� y$ UHVRQDQFH OLQHV LV
IRUPHG DV D FRPSRVLWLRQ RI WKUHH LQGHSHQGHQW DEVRUSWLRQ FRPSRQHQWV�
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���� 7DEOHV DQG nJXUHV RI H[SDQVLRQ�FRQWUDFWLRQ DQG URWDWLRQ YHORF�
LWLHV

%\ DSSO\LQJ WKH PRGHO WR WKH VSHFWUDO OLQHV /\D� $O ,,� 0J ,,� )H ,,� & ,,� $O ,,,
DQG 6L ,9 RI +' ����� ZH FDOFXODWHG WKH DSSDUHQW H[SDQVLRQ � FRQWUDFWLRQ DQG
URWDWLRQ YHORFLWLHV� 2XU UHVXOWV DSSHDU LQ WDEOHV � DQG � DQG LQ nJXUHV � DQG ��

7DEOH ��
([SDQVLRQ�&RQWUDFWLRQ YHORFLWLHV RI WKH HQYHORSH UHJLRQV RI +' ����� �NP�V�
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7DEOH ��
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6SHFWUDO ,RQL]DWLRQ D
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OLQH SRWHQWLDO FRPS FRPS FRPS FRPS FRPS (PLVVLRQ
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�� &RQFOXVLRQV

�� %\ DSSO\LQJ WKH SURSRVHG E\ 'DQH]LV HW DO� ������ ����� ����� ������
PRGHO ZH DUH DEOH WR UHSURGXFH WKH SURnOHV RI WKH VWXGLHG VSHFWUDO OLQHV
RI WKH VWDU +' ����� �$;0RQ� ZLWK JUHDW DFFXUDF\� 7KLV PHDQV WKDW
WKH FRURQDO PRGHO DOORZLQJ WKH H[LVWHQFH RI VXFFHVVLYH� LQGHSHQGHQW GHQVHU
VKHOOV RI PDWWHU UHSUHVHQWV DFFXUDWHO\ WKH VWUXFWXUH RI WKH JDVHRXV HQYHORSH
RI $; 0RQ�

�� :H FRQnUP WKH H[LVWHQFH RI WKH WKUHH LQGHSHQGHQW VKHOOV RI PDWWHU� SUR�
SRVHG E\ 'DQH]LV ������ ������ /DVNDULGHV� 'DQH]LV 	 7KHRGRVVLRX ������
DQG 6DKGH 	 %UDQGL ������ LQ WKH HQYHORSH RI $;0RQ� ZLWK VLPLODU H[�
SDQVLRQ YHORFLWLHV� 7KH YDOXHV WKDW GHULYHG E\ WKH PRGHO
V DSSOLFDWLRQ DUH



&RPSOH[ VWUXFWXUH RI H[SDQGLQJ JDVHRXV HQYHORSH RI %H VWDU +' ����� �

)LJXUH �� ([SDQVLRQ � FRQWUDFWLRQ YHORFLWLHV RI HDFK '$& DV D IXQF�
WLRQ RI WKH LRQL]DWLRQ SRWHQWLDO �JHRPHWULFDO GHSWK��

)LJXUH �� 7KH YDOXHV RI PHDQ� PD[ DQG PLQ URWDWLRQ YHORFLW\ FDOFX�
ODWHG E\ WKH VSHFWUDO OLQHV RI HDFK LRQ DV D IXQFWLRQ RI WKH LRQL]DWLRQ
SRWHQWLDO �JHRPHWULFDO GHSWK��
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)LJXUH �� ([SDQVLRQ � FRQWUDFWLRQ �9H[S� DQG URWDWLRQ YHORFLW\ �9URW�
RI WKH nUVW '$& RI HDFK LRQ DV D IXQFWLRQ RI WKH LRQL]DWLRQ SRWHQWLDO
�JHRPHWULFDO GHSWK��

)LJXUH �� ([SDQVLRQ � FRQWUDFWLRQ �9H[S� DQG URWDWLRQ YHORFLW\ �9URW�
RI WKH VHFRQG '$& RI HDFK LRQ DV D IXQFWLRQ RI WKH LRQL]DWLRQ SRWHQWLDO
�JHRPHWULFDO GHSWK��



&RPSOH[ VWUXFWXUH RI H[SDQGLQJ JDVHRXV HQYHORSH RI %H VWDU +' ����� �

)LJXUH �� ([SDQVLRQ � FRQWUDFWLRQ �9H[S� DQG URWDWLRQ YHORFLW\ �9URW�
RI WKH WKLUG '$& RI HDFK LRQ DV D IXQFWLRQ RI WKH LRQL]DWLRQ SRWHQWLDO
�JHRPHWULFDO GHSWK��

)LJXUH �� ([SDQVLRQ � FRQWUDFWLRQ �9H[S� DQG URWDWLRQ YHORFLW\ �9URW�
RI WKH IRUWK '$& RI HDFK LRQ DV D IXQFWLRQ RI WKH LRQL]DWLRQ SRWHQWLDO
�JHRPHWULFDO GHSWK��
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)LJXUH �� ([SDQVLRQ � FRQWUDFWLRQ �9H[S� DQG URWDWLRQ YHORFLW\ �9URW�
RI WKH nIWK '$& RI HDFK LRQ DV D IXQFWLRQ RI WKH LRQL]DWLRQ SRWHQWLDO
�JHRPHWULFDO GHSWK��

)LJXUH ��� ([SDQVLRQ � FRQWUDFWLRQ �9H[S� DQG URWDWLRQ YHORFLW\
�9URW� RI WKH HPLVVLRQ FRPSRQHQW RI HDFK LRQ DV D IXQFWLRQ RI WKH LRQ�
L]DWLRQ SRWHQWLDO �JHRPHWULFDO GHSWK��



&RPSOH[ VWUXFWXUH RI H[SDQGLQJ JDVHRXV HQYHORSH RI %H VWDU +' ����� ��

����h�� NP�V� ����h�� NP�V DQG ���h�� NP�V� :H DOVR IRXQG RQH PRUH
LQGHSHQGHQW VKHOO ZLWK H[SDQVLRQ YHORFLW\ ����h�� NP�V�

�� :H FRQnUP WKH H[LVWHQFH RI WKH FRQWUDFWLQJ VKHOO ZKLFK ZDV SURSRVHG E\
/DVNDULGHV� 'DQH]LV 	 7KHRGRVVLRX ������� ZLWK UDGLDO YHORFLW\ RI ����
NP�V� EXW WKH YDOXH ZH FDOFXODWHG LV ����h�� NP�V� ,W VKRXOG EH XQGHU�
OLQHG WKDW WKH HPLWWLQJ VKHOO RI 0J,, LV D FRQWUDFWLQJ RQH PRYLQJ ZLWK ���
NP�V� ZKHUHDV WKH HPLWWLQJ VKHOO RI WKH /\D UHJLRQ FRQWUDFWV ��� NP�V�

�� 7KH DSSDUHQW URWDWLRQ YHORFLWLHV �YVLQL� RI WKH LQGHSHQGHQW VKHOOV RI PDWWHU
oXFWXDWH EHWZHHQ �� NP�V DQG ��� NP�V DQG� DV LW ZDV H[SHFWHG� WKH\
GHFUHDVH DV WKH GLVWDQFH RI WKH VKHOO IURP WKH VWDU LQFUHDVHV� 7KH YDULDELOLW\
RI WKH DSSDUHQW URWDWLRQDO YHORFLWLHV RI GLmHUHQW VKHOOV RFFXUULQJ LQ UHJLRQV
ZKHUH D SDUWLFXODU LRQ LV ERUQ LV SUREDEO\ GXH WR WKH GLmHUHQW GHQVLWLHV RI
WKHVH VKHOOV�

�� )LQDOO\ ZH FRQnUP +DUPDQHF 	 7DUDVRY
V VXJJHVWLRQ WKDW WKH RYHUDOO SUR�
nOHV GHULYH IURP WKH PHUJLQJ RI PDQ\ ORFDO SURnOHV RI FLUFXPVWHOODU JDV
HOHPHQWV� DV ZHOO DV WKDW WKH HGJH YDULDELOLW\ LV GLUHFWO\ UHODWHG WR WKH
'$&V� ZKLFK DFWXDOO\ KDYH DQ LPSDFW RQ WKH SRVLWLRQ RI WKH HGJH �.DSSHU
HW DO�� ����� ������

$FNQRZOHGJPHQWV� 'U 'DQH]LV (� DQG 'U 7KHRGRVVLRX (� ZRXOG OLNH WR
H[SUHVV WKHLU JUDWLWXGH WR 'U 9� 'RD]DQ DQG 'U 5� 6WDOLR IRU WKHLU FRQVWDQW
HQFRXUDJHPHQW DQG VWLPXODWHG GLVFXVVLRQV LQ WKH nUVW VWHSV RI WKH FRQVWUXFWLRQ
RI WKLV PRGHO�

:H ZRXOG OLNH WR WKDQN 3URI� 6� 6YRORSRXORV RI WKH 8QLYHUVLW\ RI $WKHQV
�6FKRRO RI 3K\VLFV� IRU KLV KHOSIXO FRPPHQWV�

7KLV UHVHDUFK SURMHFW LV SURJUHVVLQJ DW WKH 8QLYHUVLW\ RI $WKHQV� 'HSDUWPHQW
RI $VWURSK\VLFV � $VWURQRP\ DQG 0HFKDQLFV� XQGHU WKH nQDQFLDO VXSSRUW RI WKH
6SHFLDO $FFRXQW IRU 5HVHDUFK *UDQWV� ZKLFK ZH WKDQN YHU\ PXFK�

5HIHUHQFHV

&RZOH\� $�3� ����� $S-� ���� ���

'DQH]LV� (� ����� 7KH QDWXUH RI %H 6WDUV� 3K' 7KHVLV� 8QLYHUVLW\ RI $WKHQV

'DQH]LV� (� ����� LQ ,$8 &ROORT� �� 3URF�� 3K\VLFV RI %H 6WDUV� &DPEULGJH
8QLYHUVLW\ 3UHVV

'DQH]LV� (�� 7KHRGRVVLRX� (�� 	 /DVNDULGHV� 3�*� ����� $S	66� ���� ���

'DQH]LV� (�� 7KHRGRVVLRX� (�� 	 /DVNDULGHV� 3�*� ����� LQ �QG +HOOHQLF $VWUR�
QRPLFDO &RQIHUHQFH 3URF�� $ nUVW DSSURDFK WR WKH VKHOO VWUXFWXUH RI %H
ELQDU\ VWDUV� �7KHVVDORQLNL� *UHHFH�

'DQH]LV� (�� 1LNRODLGLV� '�� 7KHRGRVVLRX� (�� .RVVLRQLGLV� $�� 6WDWKRSRXORX� 0��
/\UDW]L� (�� 'UDNRSRXORV� &�� 	 %RXUPD 3� ����D� LQ -(1$0 ����� $
VLPSOH PRGHO IRU WKH FRPSOH[ VWUXFWXUH RI PRYLQJ DWPRVSKHULF VKHOOV LQ
2H DQG %H VWDUV� 7KH H[DPSOH RI +' ������ VRPH nUVW FRQFOXVLRQV�
�0RVFRZ� 5XVVLD�



�� /\UDW]L HW DO�

'DQH]LV� (�� 1LNRODLGLV� '�� 7KHRGRVVLRX� (�� .RVVLRQLGLV� $�� 6WDWKRSRXORX� 0��
/\UDW]L� (�� 'UDNRSRXORV� &�� 	 %RXUPD 3� ����E� LQ -(1$0 ����� $
VLPSOH PRGHO IRU WKH FRPSOH[ VWUXFWXUH RI PRYLQJ DWPRVSKHULF VKHOOV LQ
2H DQG %H VWDUV� 7KH H[DPSOH RI +' ������ VRPH nUVW FRQFOXVLRQV�
�0RVFRZ� 5XVVLD�

'DQH]LV� (�� 1LNRODLGLV� '�� 7KHRGRVVLRX� (�� .RVVLRQLGLV� $�� 6WDWKRSRXORX� 0��
/\UDW]L� (�� 'UDNRSRXORV� &�� 	 %RXUPD 3� ����F� LQ -(1$0 ����� $
VLPSOH PRGHO IRU WKH FRPSOH[ VWUXFWXUH RI PRYLQJ DWPRVSKHULF VKHOOV LQ
2H DQG %H VWDUV� 7KH H[DPSOH RI +' ������� VRPH nUVW FRQFOXVLRQV�
�0RVFRZ� 5XVVLD�

'DQH]LV� (�� 1LNRODLGLV� '�� /\UDW]L� (�� 6WDWKRSRXORX� 0�� 7KHRGRVVLRX� (��
.RVVLRQLGLV� $�� 'UDNRSRXORV� &�� &KULVWRX� *�� 	 .RXWVRXULV� 3� ����� LQ
,$8 6\PS� ���� $ QHZ PRGHO RI GHQVLW\ OD\HUV RI PDWWHU LQ WKH H[SDQGLQJ
JDVHRXV HQYHORSH RI 2H DQG %H VWDUV� �8SSVDOD� 6ZHGHQ�

'RD]DQ� 9� ����� % 6WDUV ZLWK DQG ZLWKRXW HPLVVLRQ OLQHV� 1$6$ 63����

(OLDV� 1�0�� ,,� :LOVRQ� 5�(�� 2OVRQ� (�&�� $XIGHQEHUJ� -�3�� *XLQDQ� (�)��
*XGHO� 0�� YDQ +DPPH� :�9�� 	 6WHYHQV� +�/� ����� $S-� ���� ���

+DUPDQHF� 3�� 	 7DUDVRY� $�(� ����� %XOO� $VWURQ� ,QVW� &]HFKRVORYDNLD� ���
���

.DSHU� /�� +HQULFKV� +� )�� 1LFKROV� -� 6�� 6QRHN /� &�� 9ROWHQ +�� 	 =ZDUWKRHG
*� $� $� ����� $	$6� ���� ���

.DSHU� /�� +HQULFKV� +� )�� 1LFKROV� -� 6�� 	 7HOWLQJ� -� +� ����� $	$� ���� ���
/DVNDULGHV� 3�*�� 'DQH]LV� (�� 	 7KHRGRVVLRX� (� ����� $S	66� ���� ��

0DJDODVKYLOL� 1�/�� 	 .XPVLVKYLOL� <D�,� ����� %XOO� $EDVWXPDQL $VWURSK\V�
2EV�� ��� �

0HUULOO� 3�:� ����� 3$63� ��� ���

0HUULOO� 3�:� ����� $VWURSK\V� -�� ���� ���

3DSRX�VHN� -�� ����� 6FULSWD )DF� 6FL� 1DW� 3XUN\QH <QLY� %UXQHQVLV� 3K\VLFD
�� �� ��

3HWRQ� $� ����� $S	66� ��� ���

3ODVNHWW� -�6� ����� 3$63� ��� ���

3ODVNHWW� -�6� ����� 3XEO� 'RP� $S� 2EV� 9LFWRULR� �� �

6DKDGH� -� %UDQGL� (�� 	 )RQWHOD� -�0� ����� $	$6� ��� ��

6DKDGH� -�� 	 %UDQGL� (� ����� 5HY� 0H[�� ��� ���


