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7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

$%675$&7

$ SURFHGXUH KDV EHHQ GHYHORSHG IRU HYDOXDWLRQ RI WKH VWUHVV�VWUDLQ VWDWH RI ,�VKDSHG VWHHO FROXPQV DW DOO WKH VWDJHV RI

ORDGLQJ� LQFOXGLQJ WKH K\SHUFULWLFDO UHJLRQ� 'HVLJQ KDV EHHQ SHUIRUPHG DOORZLQJ IRU WKH ILHOGV RI UHVLGXDO VWUHVVHV� DULVLQJ
LQ WKH FURVV�VHFWLRQV RI WKHVH FROXPQV�

.H\ ZRU G V � ORDG�FDUU\LQJ FDSDFLW\� ,�VKDSHG FROXPQ� UH�
VLGXDO VWUHVVHV� GHVLJQ

)DEULFDWLRQ RI PHWDO VWUXFWXUHV DQG LWHPV� LUUHVSHFWLYH

RI WKH WHFKQRORJLFDO SURFHVVHV� LQYDULDEO\ OHDGV WR GH�

YHORSPHQW RI UHVLGXDO VWUHVVHV WKDW ODWHU RQ DIIHFW WKH

HOHPHQW SHUIRUPDQFH XQGHU ORDG� )RU WKLV UHDVRQ� WKH

SUREOHP RI UHVLGXDO VWUHVVHV GLVWULEXWLRQ LQ WKH FURVV�

VHFWLRQV RI ,�VKDSHG FROXPQV DQG WKHLU LQIOXHQFH RQ

WKH VWUXFWXUH SHUIRUPDQFH XQGHU ORDG� LV WKH VXEMHFW

RI QXPHURXV LQYHVWLJDWLRQV� ERWK LQ )68 DQG DEURDG�

6WXG\ >�@ JLYHV WKH UHVXOWV RI H[SHULPHQWDO LQYHV�
WLJDWLRQV RI WKH LQIOXHQFH RI WKH UHVLGXDO VWUHVV ILHOGV

RQ WKH ORDG�FDUU\LQJ FDSDFLW\ RI FROXPQV ORDGHG E\

FRPSUHVVLRQ� WKDW KDYH DQ ,�VKDSH LQ WKH FURVV�VHFWLRQ�

/RQJLWXGLQDO GHIRUPDWLRQV �VWUHVVHV� DUH GHWHUPLQHG

LQ WKH PHGLDQ VHFWLRQ RI WZR NLQGV RI VDPSOHV� QDPHO\

ZHOGHG ,�VKDSHG HOHPHQWV DQG VLPLODU VDPSOHV� VXE�

MHFWHG WR KLJK�WHPSHUDWXUH DQQHDOLQJ� 'HIRUPDWLRQV

ZHUH PHDVXUHG ZLWK VWUDLQ JDXJHV ORFDWHG RSSRVLWH

HDFK RWKHU �PHDQ DULWKPHWLF YDOXH ZDV XVHG�� 7KH

GHULYHG GDWD ZHUH WKH EDVLV IRU SORWWLQJ WKH FKDUDF�
WHULVWLF JUDSKV RI VWUHVV YDULDWLRQ DQG OHG WR WKH FRQ�

FOXVLRQ RQ WKH LQIOXHQFH RI LQKHUHQW VWUHVVHV RQ WKH

ORDG�FDUU\LQJ FDSDFLW\ RI ZHOGHG HOHPHQWV ZLWK PH�
GLXP YDOXHV RI VOHQGHUQHVV UDWLR� 7KH UHVXOWV RI FRP�

SUHVVLYH WHVWLQJ RI WKH FROXPQV VKRZHG WKDW WKH ORDG�

FDUU\LQJ FDSDFLW\ RI ZHOGHG FROXPQV LV ORZHU WKDQ D

VLPLODU YDOXH IRU WKH FROXPQV VXEMHFWHG WR KLJK�WHP�

SHUDWXUH DQQHDOLQJ DIWHU IDEULFDWLRQ� 7KLV LV FDXVHG

E\ D KLJK OHYHO RI UHVLGXDO FRPSUHVVLYH VWUHVVHV LQ WKH
ZHOGHG FROXPQ IODQJHV�

7KH DXWKRUV RI >�@ KDYH FRQGXFWHG D VHULHV RI WHVWV

RI ZHOGHG FROXPQ VDPSOHV RI ORZ�DOOR\HG VWHHO� 7KUHH

W\SHV RI VDPSOHV ZHUH WDNHQ� QDPHO\ WKRVH VXEMHFWHG

WR SRVW�ZHOG DQQHDOLQJ �$�� UHJXODU ZHOGHG FROXPQV
�:�� VDPSOHV ZLWK LQLWLDO WHQVLOH VWUHVVHV DW WKH HGJHV
�5�� 'XULQJ WHVWLQJ� LW ZDV IRXQG WKDW WKHLU ORDG�FDU�
U\LQJ FDSDFLW\ GHSHQGV RQ WKH YDOXH DQG QDWXUH RI

GLVWULEXWLRQ RI UHVLGXDO VWUHVVHV� DV ZHOO DV WKH VKDSH
RI WKH VDPSOHV FURVV�VHFWLRQ� $V ZDV DQWLFLSDWHG� :

W\SH VDPSOHV KDG ORZHU ORDG�FDUU\LQJ FDSDFLW\� EH�

FDXVH RI WKH SUHVHQFH RI UHVLGXDO FRPSUHVVLYH VWUHVVHV

LQ WKH IODQJHV� FRPSDUHG WR VDPSOHV RI W\SH $ DQG 5�

ZKLFK KDG QR UHVLGXDO FRPSUHVVLYH VWUHVVHV LQ WKH

IODQJHV�
6WXG\ >�@ GHVFULEHV WKH UHVXOWV RI LQYHVWLJDWLRQV�

FRQGXFWHG WR GHWHUPLQH WKH H[WHQW RI UHVLGXDO VWUHVVHV

LQIOXHQFH RQ WKH YDOXH RI FULWLFDO ORDG� 7HVWHG ZHUH

WKH UROOHG DQG ZHOGHG SURILOHV� ZKHUH WKH FKRUGV GH�

YHORSHG UHVLGXDO FRPSUHVVLYH VWUHVVHV� DV ZHOO DV FRO�

XPQV ZLWK GHSRVLWV RQ WKH HGJHV� 6XUIDFLQJ RI WKH

HGJHV LQGXFHG DGGLWLRQDO WHQVLOH UHVLGXDO VWUHVVHV WKDW

DFWHG VLPXOWDQHRXVO\ ZLWK WKH LQLWLDO FRPSUHVVLYH

VWUHVVHV� 'XULQJ LQYHVWLJDWLRQV LW ZDV IRXQG WKDW DW

IOH[LELOLW\ λ  ��� WKH ORDG FDUU\LQJ FDSDFLW\ RI WKH

UROOHG VDPSOHV ZDV ��� WRQV� DQG LQ ZHOGHG VDPSOHV

ZLWK WKH VDPH FURVV�VHFWLRQDO DUHD� LW ZDV �� WRQV� ,Q

VDPSOHV ZLWK GHSRVLWHG ZHOGV� WKH ORDG�FDUU\LQJ FD�

SDFLW\ ZDV ��� WRQV�

6WXG\ >�@ JLYHV WKH UHVXOWV RI WHVWLQJ WKH FROXPQV
PDGH WR GHWHUPLQH WKH UHVLGXDO VWUHVV LQIOXHQFH RQ

WKHLU ORDG�FDUU\LQJ FDSDFLW\� 5LYHWHG DQG ZHOGHG FRO�

XPQV ZLWK WKH VDPH FURVV�VHFWLRQDO DUHD ZHUH WHVWHG�

,W ZDV IRXQG WKDW WKH ORDG�FDUU\LQJ FDSDFLW\ RI ZHOGHG
FROXPQV LV ORZHU WKDQ WKDW RI WKH ULYHWHG FROXPQV�

7KLV LV DWWULEXWDEOH WR WKH SUHVHQFH RI KLJK�OHYHO UH�

VLGXDO FRPSUHVVLYH VWUHVVHV RQ WKH IODQJH HGJHV� $V

ZDV DQWLFLSDWHG� WKH YDOXHV RI WHQVLOH VWUHVVHV LQ WKH

UHJLRQ LPPHGLDWHO\ DGMDFHQW WR WKH ZHOG� DUH FORVH WR

WKH VWHHO \LHOG SRLQW� ZKLOH WKH VWUHVVHV DW WKH IODQJH

HQGV UHDFK WKH OHYHO RI ���� 03D�

7KH DERYH UHVHDUFK UHVXOWV DOORZHG GHWHUPLQDWLRQ

RI WKH UHVLGXDO VWUHVV LQIOXHQFH RQ WKH ORDG�FDUU\LQJ

FDSDFLW\ RI FROXPQV ORDGHG E\ FRPSUHVVLRQ� WKDW DUH

GHIRUPHG LQ WKH SODQH RI ORZHU ULJLGLW\� 6WXG\ >�@
JLYHV H[SHULPHQWDO GDWD RQ WKH LQIOXHQFH RI UHVLGXDO

VWUHVVHV RQ WKH VWDELOLW\ RI FROXPQV RI WKH ,�EHDP DQG

ER[ SURILOH DW RII�FHQWHU FRPSUHVVLRQ� ,W ZDV IRXQG
WKDW WKH FROXPQV ZLWK D ZHOG RI D VPDOOHU FURVV�VHF�

WLRQ� DUH OHVV VXVFHSWLEOH WR GHIRUPDWLRQ� /RZHULQJ RI

WKH GHIRUPDWLRQ VXVFHSWLELOLW\ FDQ EH DFKLHYHG E\ GH�

SRVLWLQJ EHDGV RQ WKH FROXPQ HGJHV� %HDG GHSRVLWLRQ

FDQ EH UHSODFHG E\ KHDWLQJ WKH HGJHV WR WKH WHPSHUD�

WXUH KLJKHU WKDQ $F�
�� $�,� *2/2'129� ����
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7KH GHULYHG H[SHULPHQWDO GDWD �WKLV SDSHU GRHV

QRW JLYH WKH UHVXOWV RI RWKHU VWXGLHV� ZHUH WKH EDVLV

IRU GHYHORSLQJ LQ WKH 'RQEDVV 0LQLQJ�0HWDOOXUJLFDO

,QVWLWXWH D SURFHGXUH IRU GHWHUPLQDWLRQ RI WKH VWUHVV�

VWUDLQ VWDWH LQ WKH VHFWLRQV RI FRPSRVLWH DQG UROOHG

,�VKDSHG FROXPQV� KDYLQJ UHVLGXDO VWUHVV ILHOGV� DV ZHOO

DV D SURFHGXUH RI HYDOXDWLRQ RI WKH ORDG�FDUU\LQJ FD�

SDFLW\ DQG GHIRUPDWLRQ VXVFHSWLELOLW\ RI FROXPQV FRP�

SUHVVHG ZLWK GLIIHUHQW HFFHQWULFLW\� DOORZLQJ IRU WKH

ILHOGV RI UHVLGXDO VWUHVVHV LQ WKHLU FURVV�VHFWLRQV� 7KHVH

SURFHGXUHV DUH EDVHG RQ WKH FRPPRQ SULQFLSOHV DQG

DVVXPSWLRQV RI WKH PHFKDQLFV RI GHIRUPDEOH ERGLHV�

DQG DOORZ GHWHUPLQDWLRQ RI WKH SDUDPHWHUV RI WKH GH�

IRUPHG FROXPQ �UHIHUHQFH SRLQWV RI WKH ORDGwGHIOHF�

WLRQ GLDJUDP� DW DOO WKH VWDJHV RI WKH ORDG DSSOLFDWLRQ�

DOVR LQ WKH K\SHUFULWLFDO �DIWHU DFKLHYHPHQW RI WKH

PD[LPXP RQ WKH VWDWH FXUYH� UHJLRQ�

6ROXWLRQ RI WKH SUREOHP RI GHWHUPLQDWLRQ RI WKH

VWUHVV�VWUDLQ VWDWH RI WKH FROXPQ LQ WKH H[SOLFLW IRUP

LV LPSRVVLEOH� EHFDXVH RI WKH SUHVHQFH RI D JUHDWHU

QXPEHU RI WKH XQNQRZQV� WKDQ LQ WKH HTXLOLEULXP

HTXDWLRQ� ,W LV VROYHG E\ WKH LWHUDWLRQ PHWKRG XVLQJ

D VSHFLDOO\ GHYHORSHG DOJRULWKP >�@�

7KH SURFHGXUH RI HYDOXDWLRQ RI WKH ORDG�FDUU\LQJ

FDSDFLW\ RI FRPSUHVVHG ,�VKDSHG FROXPQV DOORZLQJ IRU

WKH SUHVHQFH RI UHVLGXDO VWUHVVHV RI GLIIHUHQW NLQG ZDV

XVHG LQ GHVLJQ RI H[SHULPHQWDO VDPSOHV >� w �@�

([SHULPHQWDO GDWD �DEVROXWH RU UHODWLYH YDOXHV RI

FULWLFDO IRUFHV� ZHUH FRPSDUHG ZLWK VLPLODU GDWD� GH�

ULYHG WKURXJK FRPSXWDWLRQ� 7KH UDWLRV RI WKHRUHWLFDO

YDOXHV RI WKH ORDG�FDUU\LQJ FDSDFLW\ WR H[SHULPHQWDO

GDWD� H[SUHVVHG E\ FRHIILFLHQW .S� ZHUH VXEMHFWHG WR

VWDWLVWLFDO SURFHVVLQJ� $ VDWLVIDFWRU\ ILW RI WKH PDJQL�

WXGHV RI WKH FRPSDUHG YDOXHV ZDV DFKLHYHG� 6R� PDWKH�

PDWLFDO H[SHFWDWLRQ RI FRHIILFLHQW .S LQ SURFHVVLQJ ��

UHVXOWV� WXUQHG RXW WR EH HTXDO WR ������ ZKLOH WKH

PHDQ URRW VTXDUH GHYLDWLRQ ZDV σ  ����� 7KH JLYHQ

UHVXOWV DUH LQGLFDWLYH RI D VXIILFLHQW UHOLDELOLW\ RI WKH

GHVLJQ SURFHGXUH�

7KH DERYH SURFHGXUH ZDV XVHG WR FRQGXFW D PDWKH�

PDWLFDO H[SHULPHQW� WKDW DOORZHG VROYLQJ WKH IROORZ�

LQJ SUREOHPV�

�� 'HWHUPLQH WKH DUHD RI D UDWLRQDO DSSOLFDWLRQ RI

WKH GHYHORSHG DQDO\WLFDO HTXDWLRQV�

�� 'HWHUPLQH WKH H[WHQW RI LQIOXHQFH RI GLIIHUHQW

IDFWRUV �VWUHQJWK SURSHUWLHV RI WKH PDWHULDO 5V� IOH[L�

ELOLW\ λ� NLQG DQG ZLGWK G RI WKH ]RQHV RI WKH UHVLGXDO
WHQVLOH VWUHVVHV�� GHYHORSLQJ LQ WKH FURVV�VHFWLRQV RI

,�VKDSHG FROXPQV LQ ZHOGLQJ RU ORFDO KHDW WUHDWPHQW�

RQ WKH YDOXHV RI WKH FULWLFDO IRUFHV DW HFFHQWULFLWLHV H

RI ORDG DSSOLFDWLRQ FORVH WR WKH UDQGRP YDOXHV�

�� 'HULYH GHSHQGHQFLHV RI WKH FKDQJH RI WKH FRHI�

ILFLHQW RI ORQJLWXGLQDO EHQGLQJ ϕ  I �λ� H� G� 5V� DQG

XVLQJ WKH SURFHGXUHV UHFRPPHQGHG E\ WKH VWDQGDUGV�

SUHSDUH WKH SURSRVDOV RQ GHVLJQ RI FROXPQV ORDGHG E\

FRPSUHVVLRQ DQG KDYLQJ WKH UHVLGXDO VWUHVV ILHOGV�

:KHQ WKH ILUVW WZR SUREOHPV ZHUH VROYHG� PRUH

WKDQ ��� PRGHOV RI WKH FROXPQV ZHUH FRPSXWHG WR

ILQG WKDW�

�� LQIOXHQFH RI WKH VWUHVV ILHOGV RQ EHKDYLRXU RI
FROXPQV XQGHU ORDG IRU WKH HQWLUH UDQJH RI YDULDWLRQ
RI WKH PDWHULDO VWUHQJWK SURSHUWLHV� LV FKDUDFWHUL]HG
E\ VLPLODU GHSHQGHQFLHV� QDPHO\ WKH ]RQHV RI UHVLGXDO
WHQVLOH VWUHVVHV� ORFDWHG DW WKH FKRUG HGJHV� LQFUHDVH�
DQG WKRVH ORFDWHG LQ WKH DUHD RI FKRUG ZHOGV GHFUHDVH
WKH YDOXHV RI WKH FULWLFDO IRUFHV�

�� VLJQLILFDQW GLVFUHSDQFLHV LQ WKH YDOXHV RI FULWLFDO
IRUFHV IRU WKH FROXPQV ORDGHG E\ FRPSUHVVLRQ ZLWK
FKRUG ZHOGV DUH REVHUYHG LQ WKH IOH[LELOLW\ UDQJH IURP
�� WR ��� �DW FROXPQV IOH[LELOLW\ EHORZ �� DQG DERYH
���� WKHVH GLVFUHSDQFLHV DUH PLQRU�� ,Q WKH FROXPQV
ZLWK WKH ]RQHV RI WHQVLOH VWUHVVHV RQ FKRUG HGJHV� WKH
GLVFUHSDQFLHV LQ WKH YDOXHV RI FULWLFDO IRUFHV EHJLQ DW
WKH IOH[LELOLW\ KLJKHU WKDQ ���

�� LQ WKH FROXPQV� LQ ZKLFK WKH ZLGWK RI WKH ]RQH
RI KHDWLQJ WKH FKRUG HGJHV XS WR WKH WHPSHUDWXUH�
H[FHHGLQJ $F�

� LV PRUH WKDQ ��� FP� WKH GLVFUHSDQFLHV

LQ WKH YDOXHV RI FULWLFDO IRUFHV� DUH QHJOLJLEOH�
�� IRU WKH GHWHUPLQHG IOH[LELOLW\ UDQJH ��� � λ �

� ���� WKH GHSHQGHQFLHV RI YDULDWLRQ RI WKH ORQJLWX�
GLQDO EHQGLQJ FRHIILFLHQW ϕ �λ � H� G� 5V� DUH QRQOLQHDU�

7KH VFRSH RI PDWKHPDWLFDO H[SHULPHQW IRU VROYLQJ
WKH WKLUG SUREOHP ZDV GHWHUPLQHG SURFHHGLQJ IURP
WKH UHVXOWV RI WKH SHUIRUPHG FRPSXWDWLRQV� DV ZHOO DV
DOORZLQJ IRU WKH IRUPDW RI SUHVHQWDWLRQ RI WKH ORQJL�
WXGLQDO EHQGLQJ FRHIILFLHQW YDULDWLRQ LQ 61L3 ,,���w
��� $OWRJHWKHU ��� FROXPQ PRGHOV ZHUH FRPSXWHG�
IRU ZKLFK WKH UHODWLYH YDOXHV RI FULWLFDO IRUFHV ZHUH
GHWHUPLQHG� 7KH GHULYHG GDWD ZHUH VXEMHFWHG WR VXF�
FHVVLYH DSSUR[LPDWLRQ E\ WKH OHDVW VTXDUHV PHWKRG�
)LUVW DQ DSSUR[LPDWLRQ IXQFWLRQ ZDV GHULYHG� DOORZ�
LQJ IRU WKH FKDQJH RI WKH ORQJLWXGLQDO EHQGLQJ FRHI�
ILFLHQW ϕ�� SURYLGHG WKH UHVLGXDO VWUHVV ]RQHV ZHUH
DEVHQW� )RU WKH VOHQGHUQHVV UDWLRV �� � λ � ��� DQG
GHVLJQ YDOXHV RI UHVLVWDQFH RI VWHHO ��� � 5V �
� ��� 03D� WKLV IXQFWLRQ KDV WKH IRUP RI

ϕ� = (�����5
__

w �����) λV

� + (����� w �����5

__
) λV +

+ (����5
__
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ZKHUH 5

__
 5V���� LV WKH UHODWLYH UHVLVWDQFH RI VWHHO

�5V LV WKH GHVLJQ UHVLVWDQFH RI VWHHO LQ PHJDSDVFDOV��
λV LV WKH UHODWLYH VOHQGHUQHVV UDWLR RI WKH FROXPQ� HTXDO
WR λ����

7KLV ZDV IROORZHG E\ VXFFHVVLYH DSSUR[LPDWLRQ RI
DGGLWLRQDO VXPPDQGV LQ WKH HTXDWLRQ RI WKH ORQJLWX�
GLQDO EHQGLQJ FRHIILFLHQW� GHULYHG DV WKH GLIIHUHQFH
EHWZHHQ WKH UHODWLYH YDOXHV RI ORDG�FDUU\LQJ FDSDFLW\
DW GN�GS� ≠ � DQG GN�GS�  � �GN DQG GS DUH LQWHUSUHWHG
LQ H[SOLFDWLRQV WR WKH HTXDWLRQV JLYHQ EHORZ�� $GGL�
WLRQDO IXQFWLRQV ZHUH GHULYHG WKDW KDYH WKH IROORZLQJ
IRUP�

IRU ]RQHV RI WHQVLOH VWUHVVHV DW FKRUG HGJHV
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ZKHUH GN  �GW�EI �KHUH GW LV WKH ZLGWK RI WKH +$=�
GHWHUPLQHG E\ D VSHFLDOO\ GHYHORSHG DOJRULWKP >�@�
EI LV WKH IODQJH ZLGWK��

IRU FKRUG ZHOGV
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ZKHUH GS  �NI � δ��WZ �NI LV WKH ZHOG OHJ� δ LV WKH
EDVH PHWDO SHQHWUDWLRQ GHSWK� WZ LV WKH WKLFNQHVV RI
WKH ,�EHDP ZDOO��

7KHQ� WKH UHODWLYH ORDG�FDUU\LQJ FDSDFLW\ �ORQJL�
WXGLQDO EHQGLQJ FRHIILFLHQW� LV

ϕI = ϕ� + ϕG� ���

ZKHUH ϕG LV GHWHUPLQHG E\ VXEVWLWXWLQJ WKH YDOXHV RI
ϕG� � RU ϕG� �� IRXQG IURP HTXDWLRQ ��� RU ���� UHVSHF�
WLYHO\� GHSHQGLQJ RQ WKH NLQG RI WKH UHVLGXDO VWUHVV
ILHOG�

7KH GHULYHG DSSUR[LPDWLRQ IXQFWLRQV ZHUH VXE�
MHFWHG WR VXEVHTXHQW VWDWLVWLFDO SURFHVVLQJ WR GHWHU�
PLQH WKH PDWKHPDWLFDO H[SHFWDWLRQ RI FRHIILFLHQW .  
 ϕI�ϕP �ϕI� ϕP DUH WKH UHODWLYH YDOXHV RI ORDG�FDU�
U\LQJ FDSDFLW\ RI WKH FROXPQV� GHULYHG IURP HTXDWLRQ
���� UHVSHFWLYHO\� DQG GXULQJ WKH PDWKHPDWLFDO H[�
SHULPHQW� DQG LWV PHDQ URRW VTXDUH GHYLDWLRQ� $V
VKRZQ E\ WKH SHUIRUPHG FRPSXWDWLRQV �D VDPSOLQJ RI
��� YDOXHV RI ϕI DQG ϕP ZDV SURFHVVHG�� PDWKHPDWLFDO
H[SHFWDWLRQ RI WKH FRHIILFLHQW ZDV.  ��������� ZKLOH
LWV PHDQ URRW VTXDUH GHYLDWLRQ σ  ������� &RQVLGHU�
LQJ� WKDW DW SUREDELOLW\ 3  ����� WKH YDOXHV RI PHDQ
URRW VTXDUH GHYLDWLRQ σ DUH LQ WKH UDQJH RI
± ���⋅������  ± ������� WKH UHFRPPHQGDWLRQ ZDV WR
DVVLJQ WKH YDOXHV RI WKH ORQJLWXGLQDO EHQGLQJ FRHIIL�

FLHQWV ϕ� DOORZLQJ IRU FRUUHFWLRQ IDFWRU γG  �������� �
 ������ ≅ ����� L�H�

ϕ = ϕI�γG = �����ϕI� ���

7KXV� WKH LQIOXHQFH RI WKH UHVLGXDO VWUHVV ILHOGV RQ
WKH ORDG�FDUU\LQJ FDSDFLW\ RI FRPSUHVVHG ,�VKDSHG FRO�
XPQV� GHIRUPHG LQ WKH ORZHU ULJLGLW\ SODQH� FDQ EH
WDNHQ LQWR DFFRXQW E\ PXOWLSO\LQJ WKH YDOXHV RI GHVLJQ
UHVLVWDQFH RI VWHHO 5V E\ WKH ORQJLWXGLQDO EHQGLQJ FR�
HIILFLHQW� FDOFXODWHG E\ ��� w ���� )RU VRPH YDOXHV RI
YDULDEOHV 5

__
� λV� GN� GS� WKH YDOXHV RI FRHIILFLHQWV KDYH

EHHQ FRPSXWHG DQG WDEXODWHG >�@� &RPSXWDWLRQV E\
WKH SURSRVHG HTXDWLRQV FDQ EH SHUIRUPHG LQ WZR YDUL�
DQWV� QDPHO\ WKH VSHFLILHG JHRPHWULFDO SDUDPHWHUV�
VWUHQJWK SURSHUWLHV RI PDWHULDOV DQG SDWWHUQV RI WKH
UHVLGXDO VWUHVV ]RQHV DUH XVHG WR GHWHUPLQH WKH ORDG�
FDUU\LQJ FDSDFLW\ RI WKH FROXPQ �7FHQWU�� DOJRULWKP��
DVVLJQHG YDOXHV RI ORQJLWXGLQDO IRUFH� VWUHQJWK SURS�
HUWLHV RI WKH PDWHULDO DQG SDWWHUQV RI UHVLGXDO VWUHVV
]RQHV DUH XVHG WR VHOHFW WKH FURVV�VHFWLRQDO GLPHQVLRQV
RI D ZHOGHG ,�VKDSHG HOHPHQW �7]HQWU�� DOJRULWKP��

5()(5(1&(6

�� 6KHOHVWHQNR� /�3� ������ ,QIOXHQFH RI LQKHUHQW UHVLGXDO
VWUHVVHV RQ WKH RYHUDOO VWDELOLW\ RI FRPSUHVVHG ZHOGHG +�
VKDSHG HOHPHQWV� =KHOH]QRGRUR]KQR\H 6WURLWHOVWYR� �� �� w
���

�� .LKDUD� +�� )XMLWD� <X� ������ 7KH LQIOXHQFH RI UHVLGXDO
VWUHVVHV RQ WKH LQVWDELOLW\ SUREOHPV� ,Q� 3URF� RI ;,,, &RQ�
JUHVV RI WKH ,,:� /LHJH� -XQH �� w ��� 0RVFRZ� 0DVKJL]�

�� /XL� .K�� 0DVVRQH� &K� ������ ,QIOXHQFH RI UHVLGXDO VWUHVVHV
RQ WKH SKHQRPHQD RI PHWDO VWUXFWXUH LQVWDELOLW\� ,ELG�

�� 7ROO� /�� +XEHUW� $�� %LGOH� /� ������ 5HVLGXDO VWUHVVHV DQG
LQVWDELOLW\ RI FROXPQV DW D[LDO ORDGV RI FROXPQV� ,ELG�

�� ,JQDWLHYD� 9�6� ������ 0HWKRG RI �ILFWLWLRXV� WHPSHUDWXUHV
DV WKH EDVLV IRU LQYHVWLJDWLRQV LQWR WKH VWUHVV�VWUDLQ VWDWH RI
ZHOGHG MRLQWV� ,Q� 7UDQVDFW� RI 0,6,� 0RVFRZ�

�� *RORGQRY� $�,�� .KYRUWRYD� 0�<X� ������ $QDO\VLV DQG GH�
VLJQ RI HOHPHQWV RI PHWDO VWUXFWXUHV EDVHG RQ ,�VKDSHG
EHDPV ZLWK VSHFLILHG ILHOGV RI LQLWLDO VWUHVVHV� 0DQXDO� $O�
FKHYVN� '*0,�
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