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� 5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\

.XPDWRUL�FKR� 6HQQDQ�JXQ� 2VDND ��������� -DSDQ


 9LVLWLQJ 6FLHQWLVW IURP 8QLYHUVLW\ RI 8OVDQ� .RUHD

� 7KH 2�DUDL (QJLQHHULQJ &HQWHU� -DSDQ 1XFOHDU &\FOH 'HYHORSPHQW ,QVWLWXWH�

2�DUDL�PDFKL� +LJDVKL�LEDUDNL�JXQ� ,EDUDNL ��������� -DSDQ

0DNLQJ XVH RI WKH .\RWR 8QLYHUVLW\ /HDG VORZLQJ�GRZQ 6SHFWURPHWHU �.8/6� GULYHQ E\ D

�� 0H9 HOHFWURQ OLQHDU DFFHOHUDWRU �OLQDF� DW WKH 5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\

�.855,�� WKH UHODWLYH FURVV VHFWLRQ IRU WKH
���
1S�Q�γ� UHDFWLRQ KDV EHHQ PHDVXUHG IURP ���� H9 WR �

NH9 ZLWK HQHUJ\ UHVROXWLRQ RI DERXW �� � �):+0�� 7KH QHXWURQ IOX[�VSHFWUXP KDV EHHQ PHDVXUHG

E\ D %)� FRXQWHU� 7KH FURVV VHFWLRQ RI WKH
��
%�Q�α� UHDFWLRQ LQ (1')�%�9, ZDV XVHG DV D UHIHUHQFH

RQH IRU WKH FURVV VHFWLRQ PHDVXUHPHQW� 7KH PHDVXUHG UHVXOW KDV EHHQ QRUPDOL]HG WR WKH UHIHUHQFH

YDOXH RI WKH
���
1S�Q�γ����1S UHDFWLRQ LQ (1')�%�9, DW ������ H9� DQG WKH PHDVXUHPHQW KDV EHHQ

FRPSDUHG ZLWK WKH H[SHULPHQWDO DQG WKH HYDOXDWHG GDWD LQ (1')�%�9, DQG -(1'/����� ZKRVH GDWD

ZHUH EURDGHQHG E\ WKH HQHUJ\ UHVROXWLRQ RI WKH .8/6�

�!� "���	����
	��

�

7KH QHSWXQLXP �1S������ ZKLFK LV DEXQGDQWO\ SURGXFHG LQ OLJKW ZDWHU UHDFWRUV� LV RQH RI WKH

PLQRU DFWLQLGHV ZLWK D ORQJ KDOI�OLIH� ,Q RUGHU WR PDNH QXFOHDU SRZHU PRUH DFFHSWDEOH DQG

SUDFWLFDO� PXFK LQWHUHVW KDV EHHQ SDLG WR WKH GLVSRVDO RI UDGLRDFWLYH ZDVWH PDWWHU
�����

� 2QH RI WKH

ZDVWH PDQDJHPHQW PHWKRGV IRU
���
1S LV WR DGRSW WKH QXFOHDU WUDQVPXWDWLRQ XVLQJ UHDFWRU QHXWURQV�

7KH 1S���� KDV D ODUJH FDSWXUH FURVV VHFWLRQ LQ WKH ORZ�UHVRQDQFH HQHUJ\ UHJLRQ� ,W KDV DOVR D

UHODWLYHO\ ODUJH ILVVLRQ FURVV VHFWLRQ LQ WKH 0H9 HQHUJ\ UHJLRQ� $FFXUDWH GHWHUPLQDWLRQ RI WKHVH

FURVV VHFWLRQV LV YHU\ LPSRUWDQW IRU WKH HYDOXDWLRQ RI WKH WUDQVPXWDWLRQ RI
���
1S ZKLFK LV SURGXFHG LQ

ODUJH TXDQWLWLHV LQ SRZHU UHDFWRUV�

$OWKRXJK VHYHUDO PHDVXUHPHQWV RI WKH
���
1S�Q�I� FURVV VHFWLRQ KDYH EHHQ UHSRUWHG DW KLJKHU

HQHUJLHV� WKH FDSWXUH FURVV VHFWLRQ KDV UDUHO\ EHHQ PHDVXUHG LQ WKH ORZHU�UHVRQDQFH HQHUJ\ UHJLRQ�

+RIIPDQ HW DO� PHDVXUHG WKH QHXWURQ FDSWXUH FURVV VHFWLRQ RI 1S���� E\ WKH QHXWURQ WLPH�RI�IOLJKW

�72)� PHWKRG DQG 0R[RQ�5DH GHWHFWRU
���
� :HVWRQ HW DO� PHDVXUHG WKH FDSWXUH FURVV VHFWLRQ

EHWZHHQ DERXW ��
��
H9 DQG ��� 0H9 E\ WKH QHXWURQ 72) PHWKRG XVLQJ DQ 2DN 5LGJH (OHFWURQ /LQHDU

$FFHOHUDWRU
���
� 7KH HYDOXDWHG ILVVLRQ FURVV VHFWLRQ GDWD DUH DSSHDUHG LQ (1')�%�9,

���
DQG

-(1'/����
� ��
�

,Q WKH SUHVHQW VWXG\� ZH PHDVXUH WKH QHXWURQ FDSWXUH FURVV VHFWLRQ RI 1S���� LQ WKH UDQJH RI



�

���� H9 WR � NH9 UHODWLYH WR WKDW RI WKH
��
%�Q� α� UHDFWLRQ E\ XVLQJ WKH OHDG VORZLQJ�GRZQ

VSHFWURPHWHU
���
FRXSOHG WR WKH �� 0H9 HOHFWURQ OLQHDU DFFHOHUDWRU �OLQDF� RI WKH 5HVHDUFK 5HDFWRU

,QVWLWXWH� .\RWR 8QLYHUVLW\ �.855,�� %HORZ � NH9� WKH UHODWLYH PHDVXUHPHQW KDV EHHQ FDUULHG RXW

ZLWK DQ $U�JDV FRXQWHU� DQG WKH QHXWURQ IOX[�VSHFWUXP KDV EHHQ PHDVXUHG ZLWK D %)� FRXQWHU� 7KH

UHODWLYH FURVV VHFWLRQ REWDLQHG KDV EHHQ QRUPDOL]HG WR WKH UHIHUHQFH YDOXH RI WKH WKHUPDO FURVV VHFWLRQ

DW ������ H9� 7KH SUHVHQW UHVXOW LV FRPSDUHG ZLWK WKH H[LVWLQJ H[SHULPHQWDO DQG HYDOXDWHG GDWD LQ

(1')�%�9, DQG -(1'/�����

�� ([SHULPHQWDO 0HWKRGV

���� /HDG 6ORZLQJ�GRZQ 6SHFWURPHWHU

$ OHDG VORZLQJ�GRZQ VSHFWURPHWHU KDV EHHQ LQVWDOOHG LQ FRXSOLQJ WR WKH �� 0H9 OLQDF DW

.855,� 7KLV .\RWR 8QLYHUVLW\ /HDG 6ORZLQJ�GRZQ 6SHFWURPHWHU �.8/6�
���
LV FRPSRVHG RI ����

OHDG EORFNV �HDFK VL]H � �� [ �� [ �� FP
�
� SXULW\ � ���� �� DQG WKH EORFNV DUH SLOHG XS WR PDNH D FXEH

RI ��� [ ��� [ ��� P
�
�DERXW �� WRQV LQ ZHLJKW� ZLWKRXW DQ\ VWUXFWXUDO PDWHULDOV� 7KH .8/6 LV

FRYHUHG ZLWK &G VKHHWV RI ��� PP LQ WKLFNQHVV WR VKLHOG LW DJDLQVW ORZ HQHUJ\ QHXWURQV VFDWWHUHG IURP

WKH VXUURXQGLQJV� $W WKH FHQWHU RI WKH .8/6� DQ DLU�FRROHG SKRWRQHXWURQ WDUJHW RI 7D LV VHW WR

JHQHUDWH SXOVHG IDVW QHXWURQV� 2QH RI WKH H[SHULPHQWDO KROHV LQ WKH .8/6 LV FRYHUHG E\ %L OD\HUV

RI �� WR �� FP LQ WKLFNQHVV WR VKLHOG IURP KLJK HQHUJ\ FDSWXUH γ�UD\V �� WR � 0H9� SURGXFHG E\ WKH

3E�Q�γ� UHDFWLRQ LQ WKH VSHFWURPHWHU�

&KDUDFWHULVWLFV RI EHKDYLRU RI QHXWURQV LQ WKH .8/6 KDYH EHHQ VWXGLHG E\ H[SHULPHQWV XVLQJ

WKH UHVRQDQFH ILOWHU PHWKRG
���
� 7KH VORZLQJ�GRZQ FRQVWDQW . LQ WKH UHODWLRQ RI ( .�W

�
ZDV

GHWHUPLQHG WR EH ���±� �NH9�μV�� IRU WKH %L KROH LQ WKH .8/6E\ WKH OHDVW VTXDUHV PHWKRG XVLQJ
WKH PHDVXUHG UHODWLRQ EHWZHHQ WKH QHXWURQ VORZLQJ�GRZQ WLPH W LQ μV DQG WKH DYHUDJH QHXWURQ

HQHUJ\ ( LQ NH9� 7KH HQHUJ\ UHVROXWLRQ IRU WKH H[SHULPHQWDO KROHV ZDV DOVR GHGXFHG IURP WKH

PHDVXUHG GDWD WR EH DERXW �� � DW HQHUJLHV EHWZHHQ D IHZ HOHFWURQ�YROWV DQG DERXW ��� H9 DQG ZDV

ZRUVH WKDQ WKDW EHORZ D IHZ HOHFWURQ�YROWV DQG DERYH DERXW ��� H9
���
� 7KH UHODWLRQ EHWZHHQ WKH

QHXWURQ VORZLQJ�GRZQ WLPH DQG WKH HQHUJ\� DQG LWV HQHUJ\ UHVROXWLRQ ZHUH DOVR YHULILHG E\ 0RQWH

&DUOR FDOFXODWLRQV
���
�

���� 7KH 1S���� VDPSOH

1HSWXQLXP R[LGH SRZGHU RI ���� JUDP ZDV SXUFKDVHG IURP $PHUVKDP� ZKLFK ZDV SDFNHG

LQ DQ DOXPLQXP GLVN FRQWDLQHU RI �� PP LQ GLDPHWHU DQG ��� PP LQ WKLFNQHVV� 7KH SXULW\ RI WKH

VDPSOH LV ���� � E\ ZHLJKW DQG WKH PDMRU LPSXULWLHV DUH DERXW � µJ LQ WRWDO ZHLJKW RI *D� .� 3� 5E�
DQG 6� 7KH JDPPD�UD\V RI ���� NH9 WR ���� ���� ��� NH9 IURP 3D����� ZKLFK ZDV SURGXFHG

WKURXJK WKH α�GHFD\ RI 1S����� ZHUH PHDVXUHG ZLWK D KLJK�SXULW\ JHUPDQLXP GHWHFWRU �+3*H��

7KH SXOVH KHLJKW GLVWULEXWLRQ RI WKH 1S���� LV VKRZQ LQ )LJ� �� 1R SHDN IURP WKH LPSXULWLHV LV

IRXQG LQ WKH ILJXUH�



�

���� $U�JDV FRXQWHU

7KH $U�JDV FRXQWHU� ZKLFK LV ILOOHG ZLWK D PL[HG JDV RI �� � $U DQG � � &2� DW WKH

SUHVVXUH RI � DWP�� ZDV RI D F\OLQGULFDO W\SH� ���� PP LQ GLDPHWHU� ��� FP LQ HIIHFWLYH OHQJWK� DQG

KLJK�YROWDJH ELDV ZDV ���� 9� 7KH 1S���� VDPSOH ZDV SXW WRJHWKHU E\ WKH VLGH RI WKH FRXQWHU DV

VHHQ LQ )LJ� � DQG LQVHUWHG LQWR WKH %L KROH RI WKH .8/6�

$ %)� FRXQWHU� ���� PP LQ GLDPHWHU DQG ��� FP LQ HIIHFWLYH OHQJWK ZDV DSSOLHG WR PHDVXUH

WKH QHXWURQ IOX[ � VSHFWUXP DW WKH %L KROH RI WKH .8/6� ,Q RUGHU WR PRQLWRU WKH QHXWURQ LQWHQVLWLHV

EHWZHHQ WKH H[SHULPHQWDO UXQV� DQRWKHU %)� FRXQWHU ZDV SODFHG LQ DQ H[SHULPHQWDO KROH RI WKH .8/6�

)LJ� �� 7KH SXOVH KHLJKW VSHFWUXP RI WKH 1S���� VDPSOH PHDVXUHG ZLWK D +3*H GHWHFWRU�

1S���� VDPSOH $U�JDV FRXQWHU

)LJ� �� 7KH $U�JDV FRXQWHU DQG WKH 1S���� VDPSOH�

�

�

��� ����!����������"��#��	��

���� &DSWXUH &URVV 6HFWLRQ 0HDVXUHPHQW

7KH UHODWLYH FURVV VHFWLRQ RI WKH
���
1S�Q�γ� UHDFWLRQ LV JLYHQ E\ WKH IROORZLQJ UHODWLRQ �
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&1S�(�
σ1S�(�   σ %�(� � ���

&%�(�

ZKHUH &1S�(� LV FDSWXUH FRXQWV RI 1S���� DW HQHUJ\ (� &%�(� LV FRXQWV IURP WKH %)� FRXQWHU DW HQHUJ\

(� DQG σ%�(� LV WKH HQHUJ\�GHSHQGHQW UHIHUHQFH FURVV VHFWLRQ RI WKH
��
%�Q�α� UHDFWLRQ� 7KH FURVV

VHFWLRQ RI WKH
��
%�Q�α� UHDFWLRQ LV D ZHOO�NQRZQ UHIHUHQFH RQH DQG KDV EHHQ XVHG WR GHWHUPLQH WKH

QHXWURQ IOX[ LQ WKH FXUUHQW PHDVXUHPHQW� 7KH FURVV VHFWLRQ YDOXHV RI σ%�(�� ZKRVH GDWD ZHUH

EURDGHQHG E\ WKH UHVROXWLRQ IXQFWLRQ RI WKH .8/6� ZHUH WDNHQ IURP (1')�%�9,
���
� 7KH W\SLFDO

RSHUDWLQJ FRQGLWLRQV WKDW WKH .8/6 ZDV GULYHQ ZHUH DV IROORZV � WKH SXOVH UHSHWLWLRQ UDWH ZDV ��� +]�

WKH SXOVH ZLGWK ��� QV� WKH HOHFWURQ SHDN FXUUHQW ��� P$� DQG WKH HOHFWURQ HQHUJ\ �� 0H9� $

EDFNJURXQG UXQ ZDV FDUULHG RXW ZLWKRXW WKH 1S2� SRZGHU XVLQJ WKH VDPH VL]H RI HPSW\ DOXPLQXP

GLVN FRQWDLQHU LQVWHDG RI WKH 1S���� VDPSOH�

���� (OHFWURQLFV DQG 'DWD 7DNLQJ

7KURXJK WKH DPSOLILHUV DQG WKH GLVFULPLQDWRUV� VLJQDOV IURP WKH $U�JDV FRXQWHU RU WKH %)�

FRXQWHU IRU WKH QHXWURQ IOX[�VSHFWUXP PRQLWRU ZHUH IHG LQWR WKH WLPH GLJLWL]HU� ZKLFK ZDV LQLWLDWHG E\

WKH OLQDF HOHFWURQ EXUVW� 7ZR VHWV RI ���� FKDQQHOV ZLWK D FKDQQHO ZLGWK RI ��� μV ZHUH DOORWWHG

WR WKH VORZLQJ�GRZQ WLPH PHDVXUHPHQWV IRU WKH $U�JDV FRXQWHU RU WKH %)� FRXQWHU DQG WKH %)� FRXQWHU

IRU WKH QHXWURQ LQWHQVLW\ PRQLWRU EHWZHHQ WKH H[SHULPHQWDO UXQV� 3XOVH KHLJKW GLVWULEXWLRQV IRU

WKHVH FRXQWHUV ZHUH DOVR PHDVXUHG WRJHWKHU ZLWK WKH VORZLQJ�GRZQ WLPH PHDVXUHPHQWV�

)RU WKH UHODWLYH PHDVXUHPHQW WR WKH
��
%�Q�α� FURVV VHFWLRQ� RXWSXW VLJQDOV IURP WKH %)�

FRXQWHU ZHUH DOVR IHG WR WKH WLPH GLJLWL]HU WKURXJK WKH DPSOLILHUV DQG WKH GLVFULPLQDWRUV� DQG ZHUH

VWRUHG LQ DOPRVW WKH VDPH ZD\ DV IRU WKH PHDVXUHPHQW ZLWK WKH $U�JDV FRXQWHU�

���� 6HOI�VKLHOGLQJ &RUUHFWLRQ

$V PHQWLRQHG DERYH� WKH 1S2� SRZGHU RI ���� JUDP ZDV HQFDSVXODWHG LQ WKH DOXPLQXP GLVN

FRQWDLQHU RI �� PP LQ GLDPHWHU DQG ��� PP LQ WKLFNQHVV� 7KHQ� WKH VHOI�VKLHOGLQJ HIIHFWV RI

QHXWURQV KDV WR EH WDNHQ LQWR DFFRXQW LQ WKH FDSWXUH FURVV VHFWLRQ PHDVXUHPHQWV� HVSHFLDOO\ QHDU WKH

ODUJH UHVRQDQFH UHJLRQ� :H KDYH DVVXPHG WKDW WKH VDPSOH LV LVRWRSLFDOO\ LUUDGLDWHG IURP WKH

VXUURXQGLQJ LQ WKH %L KROH RI WKH .8/6� 7KH VHOI�VKLHOGLQJ FRUUHFWLRQ LQ WKH 1S���� VDPSOH KDV

EHHQ FDOFXODWHG E\ WKH 0&13 0RQWH &DUOR &RGH XVLQJ WKH IROORZLQJ UHODWLRQ�
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∫∫
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ZKHUH� 1 LV DWRPLF GHQVLW\ RI WKH 1S���� VDPSOH� σF�(� LV FDSWXUH FURVV VHFWLRQ� ��U�(� LV QHXWURQ

HQHUJ\ VSHFWUXP DW WKH SRVLWLRQ U� 7KH FRUUHFWLRQ IXQFWLRQ KDV EHHQ REWDLQHG IURP WKH UDWLR RI WKH

HIIHFWLYH FDSWXUH FURVV VHFWLRQ IRU WKH 1S���� VDPSOH DQG WKDW IRU WKH LQILQLWH GLOXWHG VDPSOH �WKH

DWRPLF GHQVLW\ LV PXOWLSOLHG E\ ��
��
��



�

7KH FRUUHFWLRQ IXQFWLRQ EURDGHQHG E\ WKH UHVROXWLRQ IXQFWLRQ RI WKH .8/6 LV LOOXVWUDWHG LQ )LJ�

�� 7KH EURDGHQHG IXQFWLRQ KDV EHHQ DSSOLHG WR WKH VHOI�VKLHOGLQJ FRUUHFWLRQ IRU WKH SUHVHQW

PHDVXUHPHQW RI WKH
���
1S�Q�γ����1S UHDFWLRQ FURVV VHFWLRQ ZLWK WKH .8/6�

�

�

)LJ� �� 7KH VHOI�VKLHOGLQJ IDFWRU RI
���
1S� 7KH VROLG�OLQH LV VHOI�VKLHOGLQJ IDFWRU RI

���
1S DQG

GRW�OLQH LV EURDGHQHG E\ WKH UHVROXWLRQ IXQFWLRQ RI WKH .8/6�

)LJ� �� &RPSDULVRQ RI WKH PHDVXUHG DQG WKH HYDOXDWHG GDWD IRU WKH
���
1S�Q�γ����1S UHDFWLRQ� ZKRVH

YDOXHV DUH EURDGHQHG E\ WKH UHVROXWLRQ IXQFWLRQ RI WKH .8/6�
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JENDL-3.2 
Weston et al. 
Hoffman et al. 
Present
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0DNLQJ XVH RI WKH .8/6� WKH FURVV VHFWLRQ RI WKH
���
1S�Q�γ� UHDFWLRQ KDV EHHQ PHDVXUHG

UHODWLYH WR WKDW RI WKH
��
%�Q�α� UHDFWLRQ DW HQHUJLHV EHORZ � NH9�  7KH FURVV VHFWLRQ GDWD ZHUH

REWDLQHG E\ VXPPLQJ XS WKH VORZLQJ�GRZQ WLPH GDWD LQ LQWHUYDOV RI DERXW ���� OHWKDUJ\ ZLGWK� 7KH

UHVXOW REWDLQHG KDV EHHQ QRUPDOL]HG WR WKH UHIHUHQFH YDOXH RI WKH WKHUPDO QHXWURQ FURVV VHFWLRQ LQ

(1')�%�9, DW ������ H9� 7KH H[SHULPHQWDO XQFHUWDLQWLHV DUH LQ WKH UDQJH IURP � � WR �� �� DQG

WKH PDMRU XQFHUWDLQWLHV DUH GXH WR WKH VWDWLVWLFDO HUURU ��a�� �� DQG WKDW LQ WKH UHIHUHQFH FURVV VHFWLRQ

�a� ��� 6LQFH WKH 1S���� VDPSOH ZDV DOPRVW IUHH IURP LPSXULWLHV� QR FRUUHFWLRQ ZDV PDGH IRU WKH

LPSXULW\ HIIHFW�

7KH FDSWXUH FURVV VHFWLRQV PHDVXUHG E\ :HVWRQ HW DO� DUH LQ JRRG DJUHHPHQW ZLWK WKH SUHVHQW

PHDVXUHPHQW DV VHHQ LQ )LJ� �� EXW WKH GDWD PHDVXUHG E\ +RIIPDQ HW DO� DUH UHPDUNDEO\ ORZHU WKDQ WKH

SUHVHQW YDOXHV� ,Q )LJ� �� WKH H[SHULPHQWDO DQG WKH HYDOXDWHG GDWD DUH EURDGHQHG E\ WKH UHVROXWLRQ

IXQFWLRQ RI WKH .8/6� 7KH HYDOXDWHG GDWD LQ (1')�%�9, DQG -(1'/���� DUH FORVH WR WKH SUHVHQW

PHDVXUHPHQW LQ WKH UHOHYDQW HQHUJ\ UHJLRQ�

�

�

*���
��#��	
��

�

7KH FURVV VHFWLRQ RI WKH
���
1S�Q�γ� UHDFWLRQ KDV EHHQ PHDVXUHG IURP ���� H9 WR � NH9

UHODWLYH WR WKDW RI WKH
��
%�Q�α� UHDFWLRQ� PDNLQJ XVH RI WKH OHDG VORZLQJ�GRZQ VSHFWURPHWHU .8/6 DW

.855,� 7KH GDWD E\ :HVWRQ HW DO� DQG WKH HYDOXDWHG GDWD LQ (1')�%�9, DQG -(1'/���� DUH LQ

JRRG DJUHHPHQW ZLWK WKH SUHVHQW PHDVXUHPHQW LQ WKH UHOHYDQW HQHUJ\ UHJLRQ� +RZHYHU� WKH GDWD E\

+RIIPDQ HW DO� DUH ORZHU REYLRXVO\�

#��������
�

�

��� 0XNDL\DPD� 7�� HW DO�� ³&RQFHSWXDO 6WXG\ RI $FWLQLGH %XUQHU 5HDFWRUV´� 3URF� 2I WKH ���� ,QW�

5HDFWRU 3K\V� &RQI�� -DFNVRQ +DOH� 9RO� ,9� ��� �������

��� %HUZDOG� '� +� DQG 'XGHUVWDGW� -� -�� 1XFO� 7HFKQRO�� 9RO� ��� �� �������

��� 7DNDQR� +�� HW DO�� ³&RQFHSW RI $FWLQLGH 7UDQVPXWDWLRQ ZLWK ,QWHQVH 3URWRQ $FFHOHUDWRU´� �
WK
,QW�

&RQI� 2Q (PHUJLQJ 1XFOHDU (QHUJ\ 6\VWHP� 0RQWHUH\� 86$ �����

��� +RIIPDQ� 0� 0�� 6DQGHUV� :� 0� DQG 6HPRQ� 0� '�� ³)LVVLRQ� 6FDWWHULQJ DQG &DSWXUH &URVV

6HFWLRQV IRU ����1HSWXQLXP´� %$3� ��� ��� �-(�� �������

��� :HVWRQ� /� :� DQG 7RGG� -� +�� ³1HXWURQ &DSWXUH &URVV 6HFWLRQ RI 1S����´� 1XFO� 6FL� (QJ�� 9RO�

��� ��� �������

��� 5RVH� 5� )� �(G��� �(1')����� (1')�%�9, 6XPPDU\ 'RFXPHQWDWLRQ�� %1/�1&6������� �WK (G�

�(1')�%�9,� %URRNKDYHQ 1DWLRQDO /DERUDWRU\ ������� DQG �(1')�%�9,02' � (YDOXDWLRQ�� E\

3�*� <RXQJ �������

��� 6KLEDWD� .� DQG 1DULWD� 7� �(GV��� -$(5,�'DWD�&RGH ������ �SDUW ,,� �������

��� .RED\DVKL� .� HW DO�� 1XFO� ,QVWU� DQG 0HWK� LQ 3K\V� 5HVHDUFK $� ���� ��� �������


