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3�2� %R[ ���� <XVXQJ� 'DHMHRQ �������� .RUHD


'HSW� RI &KHPLFDO (QJLQHHULQJ� .RUHD 8QLYHUVLW\� 6HRXO �������� .RUHD

�5HFHLYHG � 0DUFK ���� � DFFHSWHG �� -XO\ �����

$EVWUDFW−%LRPDVV KDV EHFDPH DQ LPSRUWDQW UHQHZDEOH DOWHUQDWLYH HQHUJ\ UHVRXUFH� 0LOOLRQ WRQV RI IRRG VOXGJH�

ZKLFK LV GLIILFXOW WR KDQGOH EHFDXVH RI LWV UDQN VPHOO DQG ZDWHU FRQWHQW� LV JHQHUDWHG LQ .RUHD� 7KHUPRFKHPLFDO FRQ�

YHUVLRQ LV RQH ZD\ WR FRQYHUW ELRPDVV WR HQHUJ\� LW FDQ EH GLYLGHG LQWR FDUERQL]DWLRQ� OLTXHIDFWLRQ� DQG JDVLILFDWLRQ�

&DUERQL]DWLRQ RI IRRG ZDVWH ZDV FDUULHG RXW LQ D FRQYHQWLRQDO VWDLQOHVV VWHHO DXWRFODYH RI � / FDSDFLW\ DW GLIIHUHQW WHP�

SHUDWXUHV� 6LQFH JDVLILFDWLRQ SURGXFHV K\GURJHQ�ULFK V\QWKHVLV JDV� ZKLFK FDQ EH XVHG IRU PHWKDQRO V\QWKHVLV� JDVLILFD�

WLRQ RI FDUERQL]HG VROLG ZDV VWXGLHG LQ WKH IOXLGL]HG�EHG JDVLILHU� 7KH UHDFWLRQ SDUDPHWHUV LQ WKH JDVLILFDWLRQ RI

FDUERQL]HG VROLGV ZHUH LQYHVWLJDWHG�

.H\ ZRUGV� %LRPDVV� )RRG :DVWH� *DVLILFDWLRQ� )OXLGL]HG %HG

,1752'8&7,21

%LRPDVV� VXFK DV ZRRG� EDUN PLOO UHVLGXH� DJULFXOWXUDO DQG IRRG

ZDVWHV� PDQXUH� DQG RFHDQ SODQWV HWF�� KDV EHHQ DQ LPSRUWDQW UHQHZ�

DEOH DOWHUQDWLYH HQHUJ\ UHVRXUFH� 0LOOLRQ WRQV RI IRRG VOXGJH� ZKLFK

LV DERXW �� SHUFHQW RI ZDVWH IURP KRPHV� LV JHQHUDWHG LQ .RUHD DQG

YDULRXV PHWKRGV WR WUHDW WKLV ZDVWH KDYH EHHQ GHYHORSHG >)XQJ DQG

.LP� ����� .LP HW DO�� ����� <RRQ� ����@� /DQGILOOLQJ SRVHV D SURE�

OHP RI JURXQG ZDWHU SROOXWLRQ DQG GLIILFXOW\ RI UHFDODPDWLRQ� $OWHU�

QDWLYH PHWKRGV WR WUHDW WKH SUREOHP DUH FRQYHUVLRQ WR DOFRKRO� DQG

RUJDQLF IHUWLOL]HU E\ ELRWUHDWPHQW� EXW WKHVH PHWKRGV KDYH OLPLWD�

WLRQV IRU ODUJH DPRXQWV RI ZDVWH DQG PRUH HIIHFWLYH PHWKRGV QHHG

WR EH GHYHORSHG�

7KHUPRFKHPLFDO FRQYHUVLRQ� ZKLFK LV RQH RI WKHPHWKRGV WR FRQ�

YHUW ELRPDVV WR HQHUJ\� FDQ EH GLYLGHG LQWR FDUERQL]DWLRQ� OLTXHIDF�

WLRQ DQG JDVLILFDWLRQ >'RWH� ����� *DUJ HW DO�� �����0DOO\D DQG+HOW�

����� 0DQLDWLV DQG %XFNHQV� ����� /HH HW DO�� ����@� *DVLILFDWLRQ

KDV WKH PHULW RI SURGXFLQJ K\GURJHQ�ULFK V\QWKHVLV JDV� ZKLFK FDQ

EH XVHG DV IHHGVWRFN IRU LQWHUPHGLDWH RI ILQH FKHPLFDOV >&KHQ� �����

*DQHVK HW DO�� ����� *DUFLD HW DO�� ����� /HH HW DO�� ����@�

7KH DLP RI WKLV ZRUN ZDV WKH GHYHORSPHQW RI D QHZ JDVLILFDWLRQ

V\VWHP IURP IRRG ZDVWH� )LUVW� WKLV VWXG\ ZDV LQWHQGHG WR GHYHORS

D WKHUPDO PHWKRG WR WUHDW ZDVWH REWDLQHG IURP PHVV KDOOV WR FDU�

ERQL]HG VROLG� 6HFRQG� V\QWKHWLF JDV ZDV SUHSDUHG E\ JDVLILFDWLRQ RI

FDUERQL]HG VROLG LQ D IOXLGL]HG�EHG� 7KH HIIHFWV RI YDULRXV IDFWRUV RQ

FDUERQL]HG VROLGV DQG IRUPDWLRQ RI V\QWKHVLV JDV ZHUH LQYHVWLJDWHG�

(;3(5,0(17$/

7KH VFKHPDWLF GLDJUDP RI WKH H[SHULPHQWDO DSSDUDWXV LV VKRZQ

LQ )LJ� �� ,W FRQVLVWHG RI DQ DXWRFODYH �3DUUPRGHO ����� ZLWK DPDJ�

QHWLF GULYH V\VWHP� DQG WKH SUHVVXUH FRQWURO FLUFXLW PDLQO\ FRQ�

VLVWHG RI D FRROHU� D EDFN SUHVVXUH UHJXODWRU �7HVFRPPRGHO �������

DQG D JDV UHVHUYRLU� )RRG ZDVWHV IRU WKH WKHUPDO GHJUDGDWLRQ WR FDU�

ERQL]HG VROLG ZHUH LQWURGXFHG LQWR WKH DXWRFODYH�

5HDFWLRQ FRQGLWLRQV ZHUH DV IROORZV� UHDFWLRQ WHPSHUDWXUH RI ���
R&� ��PLQ KROGLQJ WLPH DQG ��� SVL QLWURJHQ� 5HDFWLRQ PL[WXUH LQ

WKH DXWRFODYH ZDV VHSDUDWHG E\ ILOWUDWLRQ� 'DUN EURZQ KHDY\ RLO DQG

VROYHQW�VROXEOH PDWHULDO ZHUH REWDLQHG IURP WKH ILOWUDWH� 7KH DPRXQW

RI IRUPHG JDV ZDV PHDVXUHG ZLWK D JDV PHWHU DQG WKH FRPSRVL�

WLRQV RI HYROYHG JDVHV ZHUH GHWHUPLQHG E\ JDV FKURPDWRJUDSK\ ZLWK

7&' �VLOLFD JHO FROXPQ RI ����� PHVKHV��

$IWHU WKH DXWRFODYH ZDV GHDHUDWHG� WKH WHPSHUDWXUH ZDV UDLVHG

E\ KHDWLQJ WKH DXWRFODYH ZLWK DQ HOHFWULFDO KHDWHU� :LWK LQFUHDVH RI

WKH WHPSHUDWXUH EHWZHHQ �� DQG ��� R&� WKH ZRUNLQJ SUHVVXUH EH�

WZHHQ �� DQG ��� NJ�FP� ZDV LQFUHDVHG JUDGXDOO\ DQG ZDV PDLQ�

WDLQHG DW D FRQVWDQW YDOXH E\ UHOHDVLQJ WKH H[FHVV SUHVVXUH WKURXJK

WKH EDFN SUHVVXUH UHJXODWRU WR WKH JDV UHVHUYRLU�

$IWHU WKH PL[WXUH ZDV DOORZHG WR VWDQG IRU VHYHUDO KRXUV DQG WKH

UDIILQDWH ZDV ILOWHUHG� 7KHQ� 7KH FDUERQL]HG VROLG UHVLGXH ZDV RE�

WDLQHG E\ GU\LQJ WKH FDNH RQ WKH ILOWHU JODVV DW ��� R& IRU � KUV� 7KHQ

ILOWUDWHZDV LQWHQVLYHO\ H[WUDFWHGZLWK GLFKORURPHWKDQH �-XQVHL &KHP�

LFDO &R���� 'LFKORURPHWKDQH ZDV ZDV UHFRYHUHG E\ XVLQJ D URWDU\

HYDSRUDWRU �%XFKL 5( ����� 7KH KHDY\ RLO HDV REWDLQHG DV D GDUN

)LJ� �� ([SHULPHQWDO VFKHPH IRU WKH FDUERQL]DWLRQ RI IRRGZDVWH�

�� 1LWURJHQ F\OLQGHU �� $XWRFODYH
�� (OHFWULF KHDWHU �� %DFN SUHVVXUH UHJXODWRU
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EURZQ YLVFRXV RLO�

7KHVH FDUERQL]HG VROLGV ZHUH JDVLILHG LQ WKH JDVLI\LQJ V\VWHP

VKRZHG LQ )LJ� �� 7KH V\VWHP FRQVLVWHG RI D IOXLGL]HG�EHG JDVLILHU ���

PP ,' DQG ���P KHLJKW� ZLWK FRQWLQXRXV ELRPDVV IHHGLQJ V\VWHP�

VWHDP VXSSO\ V\VWHP ZLWK KHDWLQJ OLQH DQG OLTXLG PHWHULQJ SXPS� D

FRROLQJ V\VWHP� D JDV UHVHUYRLU� D JDV PHWHU� D WHPSHUDWXUH FRQWURO�

OHU� DQG JDV DQDO\]HU� 7KH UHDFWRU ZDV NHSW DW WKH RSHUDWLQJ WHPSHU�

DWXUH E\ PHDQV RI HOHFWULF IXUQDFHV ORFDWHG DORQJ WKH IOXLGL]HG FRO�

XPQ� 7KH WHPSHUDWXUH RI WKH UHDFWRU UDQJHG EHWZHHQ ��� DQG �����
R&� 7KH SUHKHDWHG QLWURJHQ�R[\JHQ IOXLGL]HG WKH ELRPDVV WKURXJK D

GLVWULEXWRU� 7KH ELRPDVV EHWZHHQ �� DQG ���PHVK VL]H ZDV IHG

FRQWLQXRXVO\ LQVLGH WKH IOXLGL]HG EHG E\ PHDQV RI D VFUHZ IHHGHU

DW D IL[HG UDWH RI ��� J�PLQ� 7KH IOXLGL]LQJ PHGLXP ZDV QLWURJHQ�

R[\JHQ� WKH IORZ UDWH RI ��� OLWHU�PLQ �����P�V�� $IWHU WKH GXVW UH�

PRYDO VHFWLRQ� VDPSOHV IRU WKH JDV FRPSRVLWLRQ ZHUH WDNHQ� +�� &2�

&2�� DQG &+� ZDV PHDVXUHG ZLWK D JDV FKURPDWRJUDSK >'RQDP

'6 ����@�

7KH FRQYHUVLRQ ZDV GHILQHG DV IROORZV�


 7KHUPDO GHJUDGDWLRQ RI )RRG ZDVWH


 )OXGL]HG JDVLILFDWLRQ RI FDUERQL]HG VROLG

5(68/76 $1' ',6&866,21

�� 7KHUPRFKHPLFDO 'HJUDGDWLRQ RI )RRG :DVWH

7KHUPDO GHJUDGDWLRQ RI IRRG ZDVWH ZDV FRQGXFWHG LQ WKH UHDF�

WLRQ V\VWHP DV LQ )LJ� �� 7KH RSHUDWLQJ SUHVVXUH ZDV PDLQWDLQHG DW

WKH VDWXUDWHGZDWHU YDSRU SUHVVXUH DW UHTXLUHG WHPSHUDWXUH�<RNR\DPD

HW DO� >����@ UHSRUWHG WKDW WKH UHDFWLRQ WHPSHUDWXUH ��� R& VKRZHG

WKH PRVW H[FHOOHQW UHVXOWV IRU WKH WKHUPDO OLTXHIDFWLRQ RI WKH VHZ�

DJH VOXGJH DV IHHG VWRFN� .RUHDQ IRRG VOXGJH FRQWDLQV ODUJH DPRXQWV

RI UDGLVKV� 7KXV� WKH UDGLVK LV VHOHFWHG DV D VWDQGDUG IHHG PDWHULDO

WR REWDLQ WKH RSWLPXP FRQGLWLRQ LQ WKLV VWXG\� 7KHVH UHVXOWV VKRZHG

WKH GLIIHUHQW DVSHFWV IURP WKRVH REWDLQHG E\ <RNR\DPD IURP WKH

VHZDJH VOXGJH� $OWKRXJK<RNR\DPD HW DO� >����@ REWDLQHG WKH FUXGH

RLO DV D PDMRU SURGXFW� RXU UHVXOW VKRZHG WKH FDUERQL]HG VROLG DV

VKRZQ LQ )LJ� ��

7KH \LHOG RI FDUERQL]HG VROLG ZDV EHWZHHQ �� DQG ���� $OVR�

WKH KHDWLQJ YDOXHV ZHUH LQFUHDVHG ZLWK LQFUHDVLQJ UHDFWLRQ WHPSHU�

DWXUHV DQG VKRZHG ORZ YDOXHV EHORZ ��� R&� 7KH LQIUDUHG VSHFWUR�

VFRSLFPHWKRG DQG HOHPHQWDO DQDO\VLV ZHUH H[DPLQHG WR XQGHUVWDQG

WKHVH SKHQRPHQD� $V VKRZQ LQ 7DEOH �� HOHPHQWDO DQDO\VLV VKRZHG

DQ LQFUHDVH LQ DPRXQWV RI FDUERQ ZLWK LQFUHDVLQJ WKH UHDFWLRQ WHP�

SHUDWXUH�

$OVR� )LJ� �� RI WKH LQIUDUHG DQDO\VLV VKRZV D GHFUHDVH RI δ&�+ EDQG
DW ����� FP−� DQG δ2�+ EDQG DW ����� FP−� ZLWK LQFUHDVLQJ WKH UHDF�

WLRQ WHPSHUDWXUH� &RQYHUVLRQ WR FDUERQL]HG VROLG VKRZHG D PD[L�

&RQYHUVLRQ  
:HLJKW RI PDWHULDOV REWDLQHG LQ HDFK SKDVH

:HLJKW RI YRODWLOH PDWHULDOV LQ IRRG ZDVWH
��������������������������������������������������������������������������������������������������������
��� �( )

&RQYHUVLRQ  
:HLJKW RI JDV SURGXFW

:HLJKW RI FDUERQL]HG VROLG
�����������������������������������������������������������������
��� �( )

)LJ� �� ([SHULPHQWDO VFKHPH IRU IOXLGL]HG�EHG JDVLILFDWLRQ RI FDUERQL]HG VROLG�

)LJ� �� (IIHFW RI UHDFWLRQ WHPSHUDWXUH RQ WKH WKHUPDO GHJUDGDWLRQ

RI UDGLVK�



*DVLILFDWLRQ RI )RRG :DVWH ZLWK 6WHDP LQ )OXLGL]HG %HG ���
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PXP YDOXH DW ���
R

&�

7KHUPDO GHJUDGDWLRQ RI IRRG ZDVWH REWDLQHG IURP D PHVV KDOO

ZDV VWXGLHG DW WKH UHDFWLRQ WHPSHUDWXUH RI ��� R&� 7KH FRPSRVLWLRQ

RI ZDVWH IRRG VOXGJH VKRZQ LQ 7DEOH � ZDV XVHG LQ WKH UHDFWLRQ�

5DGLVK DQG IRRG VOXGJH ZHUH FRPSDUHG LQ WKLV UHDFWLRQ V\VWHP�

$V VKRZQ LQ 7DEOH �� LQ WKH FDVH RI IRRG ZDVWH� DPRXQWV RI FDU�

ERQL]HG VROLG� RLO DQG JDV ZHUH LQFUHDVHG VLJQLILFDQWO\� 7KLV GLIIHU�

HQFH ZDV FDXVHG E\ DPRXQWV RI ZDWHU FRQWDLQHG LQ WKH IHHG�

�� )OXLGL]HG *DVLILFDWLRQ RI &DUERQL]HG 6ROLG

*DVLILFDWLRQ XVLQJ FDUERQL]HG VROLG �FDUERQ� ���� K\GURJHQ� ���

QLWURJHQ� ��� R[\JHQ� ���� REWDLQHG IURP IRRG ZDVWH ZDV FDUULHG

RXW LQ D IOXLGL]HG JDVLILFDWLRQ V\VWHP� 7KH PDLQ SDUDPHWHUV LQ WKH

JDVLILFDWLRQ RI FDUERQL]HG VROLG� ZKLFK LV LQYHVWLJDWHG� ZHUH UHDF�

WLRQ WHPSHUDWXUH� DPRXQW RI VWHDP DQG R[\JHQ�

7KH UHDFWLRQ WHPSHUDWXUH ODUJHO\ DIIHFWHG WKH FRQYHUVLRQ RI FDU�

ERQL]HG VROLG LQWR JDV SURGXFW DQG WKH FRPSRVLWLRQ RI IRUPHG JDV�

$V VKRZQ LQ )LJ� � FRQYHUVLRQ WR JDV ZDV VKDUSO\ LQFUHDVHG ZLWK

UHDFWLRQ WHPSHUDWXUH�

$PRXQW RI ZDWHU QRW RQO\ HQKDQFHV WKH UHDFWLYLW\ RI JDVLILFDWLRQ

E\ LQFUHDVLQJ E\ VWHDP UHIRUPLQJ UHDFWLRQ� EXW DOVR GLPLQLVKLQJ

DPRXQWV RI FDUERQ PRQR[LGH E\ ZDWHU JDV VKLIW UHDFWLRQ� 7KH UH�

VXOWV REWDLQHG DUH UHSUHVHQWHG LQ )LJ� �� ,W VKRZV WKH HIIHFW RI WKH

DPRXQW RI VWHDP RQ WKH UHDFWLRQ DW FDUERQL]HG VROLG IHHGLQJ UDWH

��� J�PLQ DQG ��� R&� DQG DOVR WKH PD[LPXP JDV FRPSRVLWLRQ RI

K\GURJHQ DQG FDUERQ PRQR[LGH DW WKH ��� UDWLR RI VWHDP SHU FDU�

ERQL]HG VROLG� )URP WKLV HYLGHQFH� WKH UDWLR RI ���� ZDWHU�WR�FDUERQ�

PD\ EH DQ HTXLOLEULXP UDQJH IRU WKH WKUHH JDVHV� +�� &2 DQG &2��

DW D JLYHQ FRQGLWLRQ�

7DEOH �� (OHPHQWDO DQDO\VLV RI FDUERQL]HG VROLG REWDLQHG IURP YDU�
LRXV WHPSHUDWXUHV LQ WKHUPDO GHJUDGDWLRQ RI UDGLVK

5[� WHPS �R&�
(OHPHQWV ���

&DUERQ +\GURJHQ 1LWURJHQ 2[\JHQ

��� ����� ���� ���� �����

��� ����� ���� ���� �����

��� ����� ���� ���� �����

)LJ� �� ,5 VSHFWUD RI VROLGV REWDLQHG DW YDULRXV UHDFWLRQ WHPSHUD�
WXUHV �.%U GLVN��

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

7DEOH �� &RPSRVLWLRQ RI IRRG VOXGJH REWDLQHG IURP D PHVV KDOO

7HVWLQJ LWHP ��� :HLJKW SHUFHQW ���

:DWHU FRQWHQW ����

&DUERQL]HG VROLG ����

&RPSRVLWLRQ RI FDUERQL]HG VROLG �ZW���

)DW ����

3URWHLQ ����

)LEHU ����

&DUERK\GUDWH ����

$VK ���

7DEOH �� 3URGXFWV REWDLQHG LQ WKH WKHUPDO GHJUDGDWLRQ RI IRRG

ZDVWH

3URGXFWV 5DGLVK )RRG VOXGJH

6ROLG �JU� ��� ����

2LO �JU� ���� ���

*DV �PO� ��� ����

7RWDO HQHUJ\ �FDO� ����� ������

)LJ� �� &RQYHUVLRQ RI JDV REWDLQHG DW GLIIHUHQW UHDFWLRQ WHPSHUD�

WXUHV� 5[� &RQGLWLRQ� &DUERQL]HG VROLG ������J�PLQ��:DWHU

���� PO�PLQ�� 1� ������PO�PLQ��

)LJ� �� (IIHFW RI DPRXQWV RI ZDWHU RQ JDVLILFDWLRQ RI FDUERQL]HG

VROLG�
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$OVR� WKLV KLJK WHPSHUDWXUH JDVLILFDWLRQ V\VWHP KDV D KLJK HQHUJ\

UHTXLUHPHQW WR RSHUDWH DERYH ��� R&� 7KXV� HIIHFW RI R[\JHQ ZDV

H[DPLQHG WR XVH H[RWKHUPLF KHDW SURGXFHG IURP IRUPDWLRQ RI &2

DQG &2��

�&�2�ç�&2 ∆+5 −�� NFDO�PROH
&�2�ç&2� ∆+5 −�� NFDO�PROH

7KH HIIHFW RI R[\JHQ RQ WKH JDVLILFDWLRQ RI FDUERQL]HG VROLG DW

WKH IL[HG UDWLR RI VWHDP�WR�FDUERQ����� LV SUHVHQWHG LQ )LJ� �� $V

H[SHFWHG� WKH IRUPDWLRQ RI FDUERQ GLR[LGH ZDV LQFUHDVHG DQG WKH

IRUPDWLRQ RI K\GURJHQ� FDUERQ PRQR[LGH ZDV GHFUHDVHG ZLWK LQ�

FUHDVH RI R[\JHQ� %XW PHWKDQH VKRZHG D ODUJH LQFUHDVH ZLWK LQ�

FUHDVH RI R[\JHQ� 7KLV UHVXOW LV FDXVHG IURP FUDFNLQJ RI FDUERQ FKDLQ

DW SDUWLDO R[LGDWLRQ XVLQJ ORZ FRQFHQWUDWLRQ RI R[\JHQ�

&21&/86,216

,Q WKLV VWXG\� RSWLPDO WHPSHUDWXUH IRU WKHUPDO GHJUDGDWLRQ RI IRRG

ZDVWH ZDV DW ��� R& DQG WKH PDLQ SURGXFW REWDLQHG IURP WKHUPDO

GHJUDGDWLRQ RI ZDVWH IRRG ZDV FDUERQL]HG VROLG� 7KH FRQYHUVLRQ WR

FDUERQL]HG VROLG ZDV DERXW ������ DW ��� R&�

$OVR� JDVLILFDWLRQ RI FDUERQL]HG VROLG ZDV FDUULHG RXW LQ WKH IOX�

GL]HG�EHG UHDFWRU� 9DULRXV UHDFWLRQ SDUDPHWHUV RQ WKH JDVLILFDWLRQ

RI FDUERQL]HG VROLGV ZHUH LQYHVWLJDWHG� 7KH UHDFWLRQ WHPSHUDWXUH

ODUJHO\ DIIHFWHG WKH FRQYHUVLRQ RI FDUERQL]HG VROLG LQWR JDV SURGXFW

DQG WKH FRPSRVLWLRQ RI IRUPHG JDV� &RQYHUVLRQ WR JDV ZDV VKDUSO\

LQFUHDVHG ZLWK UHDFWLRQ WHPSHUDWXUH�

*DV FRPSRVLWLRQ RI K\GURJHQ DQG FDUERQ PRQR[LGH IRUPDWLRQ

VKRZHG WKH PD[LPXP DW WKH ��� UDWLR RI VWHDP SHU FDUERQL]HG VROLG�

7KH HIIHFW RI DPRXQWV RI R[\JHQ ZDV VWXGLHG DQG WKH IRUPDWLRQ RI

K\GURJHQ DQG FDUERQ PRQR[LGH GHFUHDVHG ZLWK LQFUHDVH RI R[\�

JHQ� %XW PHWKDQH ZDV VOLJKWO\ LQFUHDVHGZLWK LQFUHDVH RI R[\JHQ�

5()(5(1&(6

&KHQ� *�� ³&R�JDVLILFDWLRQ RI %LRPDVV DQG &RDO RQ D 3UHVVXUL]HG )OX�

GL]HG%HG5HDFWRU�́ %LRPDVV IRU(QHUJ\�(QYLURQPHQWDO�$JULFXOWXUH

DQG ,QGXVWU\� �WK (�&� &RQIHUHQFH� 3HUJDPRQ� 2[IRUG� �� ����

�������

'RWH� <�� <RNR\DPD� 6�� 0LQRZDV� 7� DQG 0DVXWD� ³7KHUPRFKHPLFDO

/LTXHIDFWLRQ RI'HZDWHUHG 6HZDJH�́ %LRPDVV DQG%LRHQHUJ\� �� ���

�������

)XQJ� '� 3� &� DQG .LP� 6� '�� ³*DVLILFDWLRQ .LQHWLFV RI &RDOV DQG

:RRG�́ .RUHDQ -� &KHP� (QJ�� �� ��� �������

*DQHVK� $�� *URYHU� 3� '� DQG 5DPDFKDQGUDO\HU� 3�9�� ³&RPEXVWLRQ

DQG*DVLILFDWLRQ&KUDFWHULVWLFV RI5LFH+XVN�́ )XHO� ��� ��� �������

*DUFLD� /�� 6DOYDGRU�0�/��%LOEDR�5� DQG$UDX]R� ³,QIOXHQFH RI&DOFL�

QDWLRQ DQG 5HGXFWLRQ &RQGLWLRQ RQ WKH &DWDO\VW 3HUIRUPDQFH LQ WKH

3\URO\VLV 3URFHVV RI %LRPDVV�́ (QHUJ\ 	 )XHOV� ��� ��� �������

*DUJ�0�� 3LVNRU]� -�� 6FRWW� '� 6� DQG5DGOHLQ� '�� ³7KH+\GURJDVLILFD�

WLRQ RI:RRG�́ ,QG� (QJ� &KHP� 5HV�� ��� ��� �������

.LP� 6�%�� 3DUN� ,�+�� &KRL�0� -�� /HH� 6�%� DQG/HH�.�:�� ³&DWDO\WLF

DQG 7KHUPDO 'HJUDGDWLRQ RI.RUHDQ )RRG 6OXGJH�́ ,QG� (QJ� &KHP�

5HV�� ��� ��� �������

/HH� 6�:�� .LP� 6�%�� /HH� .�:� DQG&KRL� &� 6�� ³&DWDO\WLF *DVLILFD�

WLRQ RI 5LFH 6WUDZ DW /RZ 7HPSHUDWXUH�́ (QYLURQ (QJ� 5HV�� �� ���

�������

/HH� 6�:�� 1DP� 6� 6�� .LP� 6� %�� /HH� .�:� DQG &KRL� &� 6�� ³7KH

(IIHFW RI 1D�&2� RQ WKH &DWDO\WLF *DVLILFDWLRQ RI 5LFH 6WUDZ RYHU

1LFNHO FDWDO\VWV 6XSSRUWHG RQ .LHVHOJXKU�́ .RUHDQ -� &KHP� (QJ��

��� ��� �������

0DOO\D�1� DQG+HOW� -� (�� ³(IIHFW RI )HHGVWRFN &RPSRQHQWV RQ0XQLF�

LSDO 6ROLG :DVWH 3\URO\VLV�́ 5HVHDUFK LQ 7KHUPRFKHPLFDO %LRPDVV

&RQYHUVLRQ� ��� �������

0DQLDWLV�.� DQG%XFNHQV�$�� ³)DVW 3\URO\VLV RI%LRPDVV�́ 5HVHDUFK LQ

7KHUPRFKHPLFDO %LRPDVV &RQYHUVLRQ� ��� �������

<RRQ�+�+�� ³3UHWUHDWPHQW RI/LTQRFHOOXORVLF%LRPDVVE\$XWRK\GURO�

\VLV DQG$TXHRXV$PPRQLD 3HUFRODWLRQ�́ ,QG� (QJ�&KHP�5HV�� ���

��� �������

)LJ� ��(IIHFWV RI UDWLR RI R[\JHQ RQ WKH JDVLILFDWLRQ RI FDUERQL]HG

VROLG�


