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�'HSDUWPHQW RI &KHPLVWU\� )DFXOW\ RI 6FLHQFH� 2ND\DPD 8QLYHUVLW\� 7VXVKLPD� 2ND\DPD ��������� -DSDQ

�'HSDUWPHQW RI &KHPLVWU\� )DFXOW\ RI 6FLHQFH� .XPDPRWR 8QLYHUVLW\� .XPDPRWR ��������� -DSDQ

�1DWLRQDO ,QVWLWXWH RI $GYDQFHG ,QGXVWULDO 6FLHQFH DQG 7HFKQRORJ\� 7VXNXED ��������� -DSDQ

�
5HVHDUFK ,QVWLWXWH RI 1DWXUDO 6FLHQFHV� 2ND\DPD 8QLYHUVLW\ RI 6FLHQFH� 5LGDL�FKR� 2ND\DPD ��������� -DSDQ

�'HSDUWPHQW RI 3K\VLFV� )DFXOW\ RI 6FLHQFH� 2ND\DPD 8QLYHUVLW\� 7VXVKLPD� 2ND\DPD ��������� -DSDQ

7KH VWUXFWXUH RI >)H,,�+�/�@�&O2���Â�+�2� ZKHUH +�/ LV D WULSRGDO KH[DGHQWDWH OLJDQG GHULYHG IURP

WKH ��� FRQGHQVDWLRQ RI WULV���DPLQRHWK\O�DPLQH DQG ��IRUP\OLPLGD]ROH� KDV EHHQ GHWHUPLQHG E\ ;�UD\

FU\VWDOORJUDSK\ DW ��� DQG ��� .� $ VSLQ WUDQVLWLRQ ZDV LQIHUUHG IURP WKH )H±1 ERQG GLVWDQFHV� 7KH

WHPSHUDWXUH GHSHQGHQFH RI WKH PDJQHWLF VXVFHSWLELOLW\ UHYHDOHG WKDW WKH FRPSOH[ XQGHUJRHV D JUDGXDO

VSLQ WUDQVLWLRQ LQ WKH WHPSHUDWXUH UDQJH RI ���±��� .� $ PL[HG�YDOHQFH FRPSOH[� >)H
,,�+�/�@>)H

,,,�/�@�

�%)���Â���+�2� ZDV SUHSDUHG E\ WKH FRQWUROOHG GHSURWRQDWLRQ RI WKH SURWRQDWHG VSHFLHV�

>)H
,,�+�/�@�%)���Â���+�2� XQGHU DHURELF FRQGLWLRQV� DQG WKH ;�UD\ VWUXFWXUH ZDV GHWHUPLQHG DW ��� .�

7ZR VSHFLHV� >)H
,,�+�/�@

�� DQG >)H,,,�/�@� DUH OLQNHG E\ LPLGD]ROH±LPLGD]RODWH �1+ÂÂÂ1� K\GURJHQ ERQGV

WR IRUP D SXFNHUHG VKHHW VWUXFWXUH� 0DJQHWLF VXVFHSWLELOLW\ PHDVXUHPHQWV DQG 0|VVEDXHU VSHFWUD SUR�

YLGHG DQ HYLGHQFH IRU VSLQ�FURVVRYHU DW ERWK WKH )H
,, DQG )H,,, VLWHV� 7KHUH DUH WKUHH DFFHVVLEOH HOHFWURQLF

VWDWHV� �/6 )H
,,±/6 )H,,,�� �+6 )H,,±/6 )H,,,�� DQG �+6 )H,,±+6 )H,,,� WKDW RFFXU LQ SDVVLQJ IURP ORZHU WR

KLJKHU WHPSHUDWXUHV�

.H\ZRUGV� VSLQ FURVVRYHU� K\GURJHQ ERQGV� WULSRGDO OLJDQG

���,QWURGXFWLRQ

,QFUHDVLQJ DWWHQWLRQ KDV EHHQ SDLG WR WKH V\QWKHVLV RI FRPSRXQGV VKRZLQJ ELVWDEOH

EHKDYLRXU� EHFDXVH WKH\ FDQ EH XVHG DV PROHFXODU VZLWFKHV LQ HOHFWURQLF GHYLFHV >�@�

BBBBBBBBB


 7KH SDSHU ZDV SUHVHQWHG DW WKH ��WK :LQWHU 6FKRRO RQ &RRUGLQDWLRQ &KHPLVWU\� .DUSDF]� 3RODQG�

�±�� 'HFHPEHU� �����


&RUUHVSRQGLQJ DXWKRU� H�PDLO� NRMLPD#FF�RND\DPD�X�DF�MS�
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7KH SKHQRPHQRQ RI VSLQ FURVVRYHU UHSUHVHQWV RQH RI WKH PRVW VSHFWDFXODU H[DPSOHV

RI PROHFXODU ELVWDELOLW\ >�@� &RRSHUDWLYH VSLQ FURVVRYHU� ZKHUH DQ LQWHUDFWLRQ EHWZHHQ

VSLQ FURVVRYHU VLWHV RFFXUV ZLWKLQ D FU\VWDO ODWWLFH� LV WKH GRPLQDQW IDFWRU JRYHUQLQJ

ELVWDELOLW\ >�@� $ SRO\PHULF VWUDWHJ\ KDV EHHQ ZLGHO\ XVHG WR REWDLQ D VSLQ FURVVRYHU

PDWHULDO WKDW KDV D ODUJH FRRSHUDWLYH HIIHFW� ZKHUH WKH VSLQ FURVVRYHU VLWHV DUH OLQNHG

WRJHWKHU E\ FKHPLFDO EULGJHV WR IRUP D OLQHDU FKDLQ VWUXFWXUH >�� �@� 0RQRQXFOHDU

VSLQ�FURVVRYHU )H
,,
FRPSRXQGV H[KLELWLQJ VWURQJ LQWHUPROHFXODU LQWHUDFWLRQV� VXFK DV

K\GURJHQ ERQGLQJ >�� �@ DQG S±S VWDFNLQJ >�� �� �@ LQWHUDFWLRQV DUH UDWKHU VFDUFH� DQG

WKH UHTXLUHPHQWV IRU VKDUS VSLQ WUDQVLWLRQ DUH GLIILFXOW WR FRQWURO� 2XU VWUDWHJ\ FRQ�

WUROOLQJ D VSLQ FURVVRYHU EHKDYLRXU LV EDVHG RQ WKH IRUPDWLRQ RI DQ H[WHQGHG WZR�

GLPHQVLRQDO ��'� VKHHW VWUXFWXUH� ZKLFK DULVHV IURP LQWHUPROHFXODU K\GURJHQ ERQGV�

)LJ� �� 7KH WULSRGDO +�/ OLJDQG �D�� WKH VWUXFWXUH RI >&R,,,�+�/�@
�� �E�� WKH VWUXFWXUH RI >&R,,,�/�@� �F�

DQG WKH KH[DQXFOHDU VWUXFWXUH DV UHSHDWLQJ XQLW RI WKH �' VKHHW FRQVWUXFWHG IURP LQWHUPROHFXODU

LPLGD]ROH±LPLGD]RODWH K\GURJHQ ERQGV EHWZHHQ >&R
,,,�+�/�@

�� DQG >&R,,,�/�@� �G�

:H KDYH IRFXVHG RQ WKH KRPRFKLUDO �' H[WHQGHG QHWZRUN VWUXFWXUH RI >&R
,,,
�+�/�@�

>&R
,,,
�/�@;� >�@� DULVLQJ IURP WKH LQWHUPROHFXODU LPLGD]ROH±LPLGD]RODWH K\GURJHQ ERQGV

EHWZHHQ >&R
,,,
�+�/�@

��
DQG >&R

,,,
�/�@

�
� ZKHUH +�/ GHQRWHV D WULSRGDO KH[DGHQWDWH OLJDQG

GHULYHG IURP WKH ��� FRQGHQVDWLRQ RI WULV���DPLQRHWK\O�DPLQH DQG ��IRUP\OLPLGD]ROH

�)LJ� ��� 7KLV IRUPDOO\ KHPL�GHSURWRQDWHG VSHFLHV� >&R
,,,
�+���/�@;��� �L�H�� >&R

,,,
�+�/�@�

>&R
,,,
�/�@;��� ZDV SUHSDUHG E\ WKH FRQWUROOHG GHSURWRQDWLRQ RI WKH SURWRQDWHG VSHFLHV�
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>&R
,,,
�+�/�@;�� $ VLPLODU V\QWKHWLF SURFHGXUH IRU WKH LURQ�,,� VSHFLHV JDYH D PL[HG�

YDOHQFH )H
,,
±)H

,,,
VSLQ FURVVRYHU FRPSRXQG ZLWK WKH IRUPXOD >)H

,,
�+�/�@>)H

,,,
�/�@�

�%)���Â���+�2 ���� 7KLV SDSHU UHSRUWV RQ WKH SUHSDUDWLRQ� VWUXFWXUH� DQG PDJQHWLF

SURSHUWLHV RI � DQG UHODWHG FRPSOH[HV�

���([SHULPHQWDO

���� 3UHSDUDWLRQ RI >)H
,,
�+�/�@�&O2���Â�+�2 ����

>)H
,,
�+�/�@�%)���Â���+�2 ���� DQG >)H

,,
�+�/�@>)H

,,,
�/�@�%)���Â���+�2 ���

7KH +�/ OLJDQG ZDV SUHSDUHG E\ WKH UHDFWLRQ RI WULV���DPLQRHWK\O�DPLQH DQG

��IRUP\OLPLGD]ROH LQ D ��� PRODU UDWLR LQ PHWKDQRO� 7KH VROXWLRQ FRQWDLQLQJ WKH +�/

OLJDQG ZDV WKHQ PL[HG ZLWK D PHWKDQRO VROXWLRQ RI )H&O�Â�+�2 LQ D ��� PRODU UDWLR�

7KH PL[WXUH ZDV KHDWHG XQGHU UHIOX[ IRU �� PLQ� DQG DIWHU FRROLQJ� 1D&O2� �� HTXLY�

ZDV DGGHG WR \LHOG D \HOORZ�RUDQJH SUHFLSLWDWH� 7KH SUHFLSLWDWH ZDV ILOWHUHG DQG UH�

FU\VWDOOL]HG IURP PHWKDQRO FRQWDLQLQJ D VPDOO YROXPH RI DVFRUELF DFLG� )RXQG�

&� ������ +� ����� 1� ������� &DOF� IRU &��+��&O�)H�1��2�� >)H
,,
�+�/�@�&O2���Â�+�2

���� &� ������ +� ����� 1� ������ >)H
,,
�+�/�@�%)���Â���+�2 ��� ZDV LVRODWHG E\ WKH

DGGLWLRQ RI H[FHVV 1D%)� WR D PHWKDQRO VROXWLRQ RI >)H
,,
�+�/�@&O�� )RXQG� &� ������

+� ����� 1� ������� &DOF� IRU &��+��%�)�)H�1��2���� &� ������ +� ����� 1� ������

7R D ZDUP PHWKDQRO VROXWLRQ RI �� DQ DTXHRXV VROXWLRQ RI 1D2+ ���� PRODU UDWLR�

ZDV DGGHG XQGHU DHURELF FRQGLWLRQV� 7KH FRORXU RI WKH VROXWLRQ JUDGXDOO\ FKDQJHG

IURP \HOORZ WR GDUN JUHHQ� DQG D PL[HG�YDOHQFH FRPSOH[ ZLWK WKH FKHPLFDO IRUPXOD

>)H
,,
�+�/�@>)H

,,,
�/�@�%)���Â���+�2 ��� ZDV SURGXFHG� )RXQG� &� ������ +� �����

1� ������� &DOF� IRU &��+��%�)�)H�1��2���� &� ������ +� ����� 1� �������

���� 3K\VLFDO PHDVXUHPHQWV

7KH VDPSOHV¶ PDJQHWLF VXVFHSWLELOLWLHV ZHUH PHDVXUHG XVLQJ D 4XDQWXP 'HVLJQ

0306� DQG 0306� 648,' VXVFHSWRPHWHU LQ WKH WHPSHUDWXUH UDQJH RI �±��� .

XQGHU DQ DSSOLHG PDJQHWLF ILHOG RI � 7� 0|VVEDXHU VSHFWUD ZHUH UHFRUGHG XVLQJ

D :LVVHO ���� VSHFWURPHWHU DQG D SURSRUWLRQDO FRXQWHU� $
��
&R�5K� UDGLRDFWLYH VRXUFH

PRYLQJ LQ D FRQVWDQW DFFHOHUDWLRQ PRGH ZDV XVHG� 7KH LVRPHU VKLIWV ZHUH FDOFXODWHG

UHODWLYH WR D PHWDOOLF LURQ IRLO�

���� ;�UD\ FU\VWDO VWUXFWXUH DQDO\VLV RI >)H
,,
�+�/�@�&O2���Â�+�2 ��� DQG

>)H
,,
�+�/�@>)H

,,,
�/�@�%)���Â���+�2 ���

;�UD\ PHDVXUHPHQWV ZHUH WDNHQ XVLQJ D 5LJDNX 5$;,6�,9 LPDJLQJ SODWH DUHD GHWHFWRU

HPSOR\LQJ JUDSKLWH PRQRFKURPDWHG 0R .D UDGLDWLRQ �O  ������� c�� 7KH VWUXFWXUH ZDV
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VROYHG XVLQJ GLUHFW PHWKRGV� DQG ZDV UHILQHG XVLQJ IXOO�PDWUL[ OHDVW�VTXDUHV SURFHGXUHV
HPSOR\LQJ WKH &U\VWDO6WUXFWXUH FU\VWDOORJUDSKLF VRIWZDUH SDFNDJH >��@� &U\VWDO GDWD DW
��� . IRU �� )RUPXOD >)H,,�+�/�@�&O2���Â�+�2  &��+��&O�)H1��2��� )Z  ������� RUDQJH�
SULVP� WULJRQDO� VSDFH JURXS 5���K� �1R� ����� D  E  ���������� F  ���������� c�
9  ��������� c�� =  �� 'FDOF  ����� J�FP±�� P  ����� PP±�� 1R� RI UHIOHFWLRQV
PHDVXUHG  ����� XQLTXH UHIOHFWLRQV  ����� 5  ����� >���� , ! �V�,�@�
5Z  ���������� &U\VWDO GDWD DW ��� . IRU �� )RUPXOD >)H,,�+�/�@�&O2���Â�+�2
 &��+��&O�)H1��2��� )Z  ������� RUDQJH� SULVP� WULJRQDO� VSDFH JURXS 5���K�
�1R� ����� D  E  ����������� F  ���������� c� 9  ��������� c�� =  �� )�����
 ����� 'FDOF  ����� J FP±�� P  ����� PP±�� 1R� RI UHIOHFWLRQV PHDVXUHG  �����
8QLTXH UHIOHFWLRQV  ����� 5  ����� >���� , ! �V�,�@� 5Z  ������ 7KH V\VWHPDWLF
H[WLQFWLRQ RI WKH ;�UD\ GLIIUDFWLRQ GDWD DW ERWK WHPSHUDWXUHV VXJJHVWHG HLWKHU WKH
VSDFH JURXS 5�� RU 5�P� 7KH VWUXFWXUH ZDV ZHOO GHWHUPLQHG ZKHQ 5�� ZDV DVVXPHG�
ZKLOH ZH FRXOG QRW GHWHUPLQH WKH VWUXFWXUH ZKHQ 5�P ZDV DVVXPHG� 7KXV� WKH VSDFH
JURXS 5�� ZDV VHOHFWHG�

&U\VWDO GDWD IRU � DW ��� .� )RUPXOD >)H,,�+�/�@>)H
,,,�/�@�%)���Â���+�2

 &��+��%�)�)H�1��2���� )Z  ������� GDUN JUHHQ� EORFN� WULJRQDO� VSDFH JURXS 3�
�1R� ����� D  E  ����������� F  ���������� c� 9  ���������� c�� =  �� 'FDOF

 ����� J�FP±�� 1R� RI UHIOHFWLRQV PHDVXUHG  ������ XQLTXH UHIOHFWLRQV  ���� �5LQW

 ������� 5  ����� >���� , ! �V�,�@� DQG 5Z  ������

���5HVXOWV�DQG�GLVFXVVLRQ

���� 3UHSDUDWLRQ� VWUXFWXUH DQG PDJQHWLF SURSHUWLHV

RI >)H
,,
�+�/�@�&O2���Â�+�2 ���

7KH WULSRGDO +�/ OLJDQG ZDV SUHSDUHG E\ WKH UHDFWLRQ RI WULV���DPLQRHWK\O�DPLQH

DQG ��IRUP\OLPLGD]ROH LQ D ��� PRODU UDWLR LQ PHWKDQRO� 7KLV OLJDQG VROXWLRQ ZDV XVHG

ZLWKRXW LVRODWLRQ IRU WKH V\QWKHVLV RI WKH LURQ�,,� FRPSOH[HV� 7KH >)H,,�+�/�@�
�&O2���Â�+�2 ��� FRPSOH[ ZDV REWDLQHG DV \HOORZ�RUDQJH FU\VWDOV E\ PL[LQJ WKH OL�
JDQG VROXWLRQ� )H&O�Â�+�2� DQG 1D&O2� LQ D ����� PRODU UDWLR� 7KH FUXGH SURGXFW ZDV
SXULILHG E\ UHFU\VWDOOL]DWLRQ IURP PHWKDQRO FRQWDLQLQJ D VPDOO DPRXQW RI DVFRUELF
DFLG DV D UHGXFLQJ DJHQW�

7KH VWUXFWXUH RI � ZDV GHWHUPLQHG E\ ;�UD\ FU\VWDOORJUDSK\ DW ��� DQG ��� .�
)LJXUH � VKRZV DQ 257(3 GUDZLQJ IRU WKH FDWLRQ RI FRPSOH[ �� 7KH LURQ DWRP LV LQ
DQ DSSUR[LPDWHO\ RFWDKHGUDO HQYLURQPHQW FRPSRVHG RI WKUHH IDFLDOO\ FR�RUGLQDWHG
LPLQH QLWURJHQ DWRPV DQG WKUHH LPLGD]ROH QLWURJHQ DWRPV� $W ��� .� WKH DYHUDJH
)H±1�LPLQH� DQG )H±1�LPLGD]ROH� ERQG GLVWDQFHV DUH ������� DQG ������� c� UHVSHF�
WLYHO\� 7KHVH YDOXHV DUH W\SLFDO RI D KLJK�VSLQ �+6� LURQ�,,� LRQ >�� ��� ��@� $W ��� .�
WKH )H±1 ERQG GLVWDQFHV VKRUWHQ E\ DERXW ��� c YHUVXV WKRVH DW ��� .� WKH DYHUDJH
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)H±1�LPLQH� DQG )H±1�LPLGD]ROH� ERQG GLVWDQFHV DUH ������� DQG ������� c� UHVSHF�
WLYHO\� VXJJHVWLYH RI D ORZ�VSLQ �/6� )H,, VSHFLHV�

)LJ� �� $Q 257(3 GUDZLQJ RI WKH FDWLRQ RI >)H,,�+�/�@�&O2���Â�+�2 ��� VKRZLQJ

WKH ��� SUREDELOLW\ HOOLSVRLG� 7KH K\GURJHQ DWRPV KDYH EHHQ RPLWWHG IRU FODULW\

)LJ� �� $ SORW RI F07 YHUVXV 7 IRU >)H,,�+�/�@�&O2���Â�+�2 ���

7KH PDJQHWLF SURSHUWLHV RI � DUH VKRZQ LQ )LJ� � LQ WKH IRUP RI D F07 YHUVXV 7

FXUYH� LQ ZKLFK F0 LV WKH PRODU PDJQHWLF VXVFHSWLELOLW\ DQG 7 LV WKH DEVROXWH WHP�

SHUDWXUH� &RPSOH[ � VKRZV D VSLQ WUDQVLWLRQ LQ WKH WHPSHUDWXUH UDQJH RI ���±��� .�

$ERYH ��� .� WKH FRPSOH[ LV LQ WKH +6 VWDWH� ZKLOH EHORZ ��� .� LW LV LQ WKH /6 VWDWH�

7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK WKH ;�UD\ VWUXFWXUH VWXG\�
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���� 3UHSDUDWLRQ� VWUXFWXUH DQG SURSHUWLHV RI

>)H
,,
�+�/�@>)H

,,,
�/�@�%)���Â���+�2 ���

7KH UHDFWLRQ RI >)H
,,
�+�/�@�%)���Â���+�2 ��� ZLWK 1D2+ ���� UDWLR� XQGHU DHURELF

FRQGLWLRQV \LHOGHG D GDUN JUHHQ� PL[HG�YDOHQFH FRPSOH[� >)H
,,
�+�/�@>)H

,,,
�/�@�

�%)���Â���+�2 ���� 'HSURWRQDWLRQ DQG R[LGDWLRQ RI >)H
,,
�+�/�@

��
WRRN SODFH GXULQJ WKH

FRXUVH RI WKH UHDFWLRQ WR JHQHUDWH WKH IXOO\�GHSURWRQDWHG VSHFLHV >)H
,,,
�/�@� ZKLFK

IXQFWLRQV DV D FRPSRQHQW RI WKH PL[HG YDOHQFH FRPSOH[� �� 7KXV� WKLV UHDFWLRQ LV DQ

H[DPSOH RI D SURWRQ�FRXSOHG HOHFWURQ WUDQVIHU UHDFWLRQ >��@�

)LJ� �� 7KH ;�UD\ FU\VWDO VWUXFWXUH RI >)H,,�+�/�@>)H
,,,�/�@�%)���Â���+�2 ��� VKRZLQJ WKH KRPRFKLUDO

�' VKHHW VWUXFWXUH IRUPHG E\ K\GURJHQ ERQGV EHWZHHQ >)H
,,�+�/�@

�� DQG >)H,,,�/�@�� 7KH FRXQWHU LRQV

DQG WKH ZDWHU PROHFXOHV KDYH EHHQ RPLWWHG IRU FODULW\� D� D WRS YLHZ VKRZLQJ WKH VKHHW VWUXFWXUH

LQ ZKLFK WKH VDPH HQDQWLRPHUV DUH OLQNHG E\ LQWHUPROHFXODU LPLGD]ROH±LPLGD]RODWH K\GURJHQ ERQGV�

E� D VLGH YLHZ VKRZLQJ WKDW WKHUH DUH WKUHH W\SHV RI OD\HUV� WKH ILUVW OD\HU FRQVLVWV RI +6 )H
,,�

DQG +6 )H
,,� FRPSOH[HV� WKH VHFRQG OD\HU FRQVLVWV RI /6 )H,,,� DQG /6 )H,,,� FRPSOH[HV�

DQG WKH WKLUG OD\HU FRQVLVWV RI +6 )H
,,,� DQG +6 )H,,� FRPSOH[HV� 7KH +6 )H,,� DQG /6 )H,,,�� /6 )H,,,�

DQG +6 )H
,,�� DQG +6 )H,,,� DQG +6 )H,,� FRPSOH[HV DUH FRQQHFWHG E\ K\GURJHQ ERQGV

7KH FU\VWDO VWUXFWXUH ZDV GHWHUPLQHG IURP VLQJOH�FU\VWDO ;�UD\ DQDO\VLV DW ��� .�

7KH VWUXFWXUH FRQVLVWV RI WKUHH SURWRQDWHG >)H
,,
�+�/�@

��
LRQV� WKUHH GHSURWRQDWHG

>)H
,,,
�/�@ VSHFLHV� VL[

�

�
%) FRXQWHU DQLRQV� DQG IRXU DQG D KDOI ZDWHU PROHFXOHV RI

FU\VWDOOL]DWLRQ� 7KH VWUXFWXUHV RI WKH FRPSRQHQW FRPSOH[HV� >)H
,,
�+�/�@

��
DQG

>)H
,,,
�/�@� DUH VLPLODU WR WKDW RI �� $GMDFHQW >)H

,,
�+�/�@

��
DQG >)H

,,,
�/�@ PROHFXOHV DUH

DUUD\HG LQ DQ DOWHUQDWH IDVKLRQ RQ D SODQH SHUSHQGLFXODU WR WKH PROHFXODU &� D[LV LQ DQ

XS�DQG�GRZQ DUUDQJHPHQW WR IRUP DQ H[WHQGHG �' SXFNHUHG VKHHW VWUXFWXUH ZLWK

D KH[DQXFOHDU XQLW �)LJ� �D�� 7KH WZR VSHFLHV DUH OLQNHG E\ LPLGD]ROH±LPLGD]RODWH

K\GURJHQ ERQGV� 7KH LQWHUPROHFXODU 1ÂÂÂ1 K\GURJHQ ERQG GLVWDQFHV DUH LQ WKH UDQJH

RI �������� ± �������� c� 7KH )H±1 GLVWDQFHV RI ��UHYHDO WKDW DOO WKH LURQ LRQV RI WKH
>)H,,�+�/�@

�� VSHFLHV �)H�� )H�� DQG )H�� DUH +6 )H,,� DQG WKRVH RI WKH >)H,,,�/�@ VSH�
FLHV �)H�� )H�� DQG )H�� LQGLFDWH WKDW WKH LURQ LRQV DW WKH )H� DQG )H� VLWHV DUH /6
)H,,,� ZKLOH WKH LURQ LRQ DW WKH )H� VLWH LV +6 )H,,,� $ VLGH YLHZ RI FU\VWDO VWUXFWXUH RI �

D�
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�)LJ� �E� UHYHDOV WKDW WKHUH DUH WKUHH W\SHV RI OD\HUV� WKH ILUVW OD\HU FRQVLVWV RI +6 )H,,�
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