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1HGRNURPLO VRG\XP �1'6��KDILI SHUVLVWDQ DVWÕPGD VHPSWRP NRQWURO�Q� VD÷ODPDN
DPDFÕ\OD NXOODQÕODQ J�YHQLOLU YH HWNLOL ELU DQWL�LQIODPDWXDU DMDQGÕU�
$PDo� %X oDOÕúPD� RUWD SHUVLVWDQ DVWÕPOÕ KDVWDODUÕQ WHGDYLVLQGH 1'6¶QLQ URO�Q�
DUDúWÕUPDN DPDFÕ LOH UDQGRPL]H� SURVSHNWLI YH SODVHER NRQWUROO� RODUDN \DSÕOPÕúWÕU�
0DWHU\DO YH 0HWRW� 3ROLNOLQL÷LPL]H DUGÕúÕN RODUDN EDúYXUDQ RUWD SHUVLVWDQ DVWÕPOÕ ��
KDVWD� UDQGRPL]H �o JUXED D\UÕOPÕúWÕU� %LULQFL JUXED �Q ��� LQKDOH ���� PFJ�J�Q
EXGHVRQLG YH X]XQ HWNLOL LQKDOH ELU β� DJRQLVWLQ �6DOPHWHURO� \DQÕ VÕUD O�]XPX KDOLQGH
NXOODQDFDNODUÕ NÕVD HWNLOL LQKDOH β� DJRQLVWWHQ �7HUEXWDOLQ� ROXúDQ VWDQGDUW WHGDYL YHULOLUNHQ�
LNLQFL JUXED �Q ���� ELULQFL JUXEXQ NXOODQGÕNODUÕQD HN RODUDN SODVHER 1'6� �o�QF� JUXED
�Q �� ELULQFL JUXEXQ WHGDYLVLQH LODYHWHQ 1'6 YHULOGL� +DVWDODUÕQ W�P��ELULQFL KDIWD� ELULQFL
D\ YH �o�QF� D\GD NRQWUROOHUH oD÷UÕODUDN EDúODQJÕoWD YH NRQWUROOHULQGH VSLURPHWULN
|Oo�POHUL \DSÕOGÕ� 7�P KDVWDODUGDQ�VHPSWRPODUÕQÕ YH NÕVD HWNLOL β� DJRQLVW LKWL\DoODUÕQÕ
\D]PDODUÕ LoLQ J�QO�N ELU IRUP GROGXUPDODUÕ LVWHQHUHN� KHU NRQWUROGH VHPSWRP VNRUODPDODUÕ
\DSÕOGÕ�
%XOJXODU� *UXSODU DUDVÕQGD \Dú RUWDODPDODUÕ YH RUWDODPD KDVWDOÕN V�UHOHUL DoÕVÕQGDQ IDUN
\RNWX �S!������ %LULQFL� LNLQFL YH �o�QF� JUXSODUGD EDúODQJÕo VHPSWRP VNRUODUÕ VÕUDVÕ\OD
������ ����� YH ����� LNHQ �S!������ �o�QF� D\ÕQ VRQXQGD VHPSWRP VNRUODUÕ ����� ����
YH ���� EXOXQGX �S!������ *UXSODU DUDVÕQGD KHP EDúODQJÕo� KHP GH WHGDYL VRQXoODUÕ J|]
|Q�QH DOÕQGÕ÷ÕQGD L\LOHúPH RUDQODUÕ DoÕVÕQGDQ )9&� )(9�� )(9��)9& YH )()�����
SDUDPHWUHOHULQGH LVWDWLVWLNL RODUDN DQODPOÕ IDUNODU VDSWDQDPDGÕ �S!������
6RQXo� %DúODQJÕoWDNL YH oDOÕúPDQÕQ VRQXQGDNL VHPSWRP VNRUODUÕ�VROXQXP IRQNVL\RQ
WHVWOHUL NÕ\DVODQGÕ÷ÕQGD� 1'6¶QLQ RUWD SHUVLVWDQ DVWÕPOÕ KDVWDODUÕQ WHGDYLVLQH ROXPOX ELU
NDWNÕVÕ EXOXQPDPÕúWÕU�

$QDKWDU NHOLPHOHU� $VWÕP� QHGRNURPLO VRG\XP� HWNLQOLN

8WLOLW\ RI QHGRFURP\O VRGLXP LQ WKH WUHDWPHQW RI PRGHUDWH SHUVLVWHQW

DVWKPDWLF SDWLHQWV

1HGRFURP\O VRGLXP �1'6�� XVHG WR FRQWURO V\PSWRPV LQ WKH WUHDWPHQW RI PLOG SHUVLVWHQW
DVWKPD� LV D VDIH DQG HIIHFWLYH DQWL�LQIODPPDWRU\ DJHQW�
2EMHFWLYH� 7KLV VWXG\ ZDV SODQQHG DV SURVSHFWLYH� UDQGRPLVHG DQG SODFHER FRQWUROOHG
WR GHWHUPLQH WKH HIILFDF\ RI 1'6 LQ SDWLHQWV ZLWK PRGHUDWH SHUVLVWHQW DVWKPD�
0DWHULDO DQG 0HWKRG� 7KLUW\ SDWLHQWV ZLWK PRGHUDWH SHUVLVWHQW DVWKPD� ZKR
FRQVHFXWLYHO\ DSSOLHG WR RXU FOLQLFV� ZHUH UDQGRPLVHG LQWR WKUHH JURXSV� :KLOH SUHVFULELQJ
WKH ILUVW JURXS �Q ��� D VWDQGDUG UHJLPHQ LQFOXGLQJ EXGHVRQLGH ���� PFJ�GD\� ORQJ
DFWLQJ β� PLPHWLF �VDOPHWHURO�� DQG D VKRUW DFWLQJ β� PLPHWLF �WHUEXWDOLQ� ZKHQ
QHFHVVDU\� WKH VHFRQG JURXS �Q ��� ZDV JLYHQ WKH VDPH WUHDWPHQW RI WKH ILUVW JURXS DQG
DGGLWLRQDO SODFHER 1'6 DQG WKH WKLUG JURXS �Q �� ZDV JLYHQ WKH VDPH WUHDWPHQW RI WKH
ILUVW JURXS DQG 1'6 LWVHOI� $OO SDWLHQWV ZHUH FDOOHG IRU WKH FRQWUROV DW WKH ILUVW ZHHN� WKH
ILUVW PRQWK DQG WKH WKLUG PRQWK� DQG WKHLU VSLURPHWULF H[DPLQDWLRQ ZDV GRQH GXULQJ WKHVH
FRQWUROV DQG DW WKH EHJLQQLQJ� $OO SDWLHQWV ZHUH DVNHG WR ILOO D GDLO\ UHJLVWU\ FDUG
TXHVWLRQLQJ WKHLU V\PSWRPV DQG QHHG IRU VKRUW DFWLQJ β� PLPHWLF� WKHQ WKHLU V\PSWRP
VFRULQJ ZDV GRQH DW HYHU\ FRQWURO�
5HVXOWV� 5HJDUGLQJ WKH PHDQ DJH DQG PHDQ GXUDWLRQ RI WKH GLVHDVH� WKHUH ZDV QRW DQ\
VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH JURXSV �S!����� :KLOH WKHLU PHDQ
V\PSWRP VFRUHV ZHUH ������ ������ DQG ����� UHVSHFWLYHO\ DW WKH EHJLQQLQJ� LW EHFDPH
����� ����� ���� UHVSHFWLYHO\ DW WKH DQG RI WKH WKLUG PRQWK �S!������ &RQVLGHULQJ WKHLU
LQLWLDO DQG ILQDO YDOXHV RI )9&� )(9�� )(9��)9& DQG )()������ WKHUH ZDV QR VWDWLVWLFDO
VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH JURXSV �S!������
&RQFOXVLRQV�FRPSDULQJ LQLWLDO DQG ILQDO V\PSWRP VFRUHV DQG VSLURPHWULF SDUDPHWHUV� QR
DGGLWLRQDO SRVLWLYH HIIHFW RI 1'6 LQ WKH WUHDWPHQW RI WKH SDWLHQWV ZLWK PRGHUDWH SHUVLVWHQW
DVWKPD FRXOG QRW EH GHPRQVWUDWHG�

.H\ ZRUGV� $VWKPD� QHGRFURP\O VRGLXP� HIILFDF\
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7DEOR �� +DVWDODUÕQ VHPSWRP VNRUODPD WDEORVX�

� SXDQ � SXDQ � SXDQ � SXDQ
*�QG�] DVWÕP
VHPSWRPODUÕ

+Lo ROPX\RU +DIWDGD �¶GHQ D]
+DIWDGD � YH\D GDKD
ID]OD� J�QGH �¶GHQ D]

+HU J�Q VHPSWRPODUÕ YDU�
IDNDW V�UHNOL GH÷LO

*HFH DVWÕP
VHPSWRPODUÕ

+Lo ROPX\RU $\GD �¶GHQ D]
$\GD � YH\D GDKD

ID]OD� KDIWDGD �¶GHQ D]
+DIWDGD �¶GHQ ID]OD� J�QGH

�¶GHQ D]

β� DJRQLVW LKWL\DFÕ +Lo ROPX\RU +DIWDGD �¶GHQ D]
+DIWDGD � YH\D GDKD
ID]OD� J�QGH �¶GHQ D]

+HU J�Q LKWL\DFÕ ROX\RU IDNDW
J�QGH �¶WHQ D]

*�QO�N \DúDP
NDOLWHVL

7DPDPHQ QRUPDO
$WDNODU KDULFLQGH

QRUPDO
$úÕUÕ DNWLYLWHOHUGH

]RUODQPD
*�QO�N DNWLYLWHOHUGH

]RUODQPD

$VWÕP EURQúLDOH �$%� KDYD\ROODUÕQÕQ NURQLN
LQIODPDWXDU ELU KDVWDOÕ÷ÕGÕU� .URQLN LQIODPDV\RQ�
KDVWDOÕ÷ÕQ SDWRJHQH]LQGH oRN |QHPOL ELU \HUH
VDKLS ROGX÷X LoLQ LQKDOH VWHURLGOHU $%¶QLQ
WHGDYLVLQGHNL WHPHO LODoODUGÕU����

1HGRNURPLO 6RG\XP �1'6�� KHPHQ KLoELU \DQ
HWNLVL ROPD\DQ |]HOOLNOH KDILI SHUVLVWDQ DVWÕPGD
YH oRFXNODUGD $% WHGDYLVLQGH NXOODQÕODQ� LQKDOH
VWHURLGOHUH J|UH ]D\ÕI HWNLOL QRQVWHURLGDO DQWL�
LQIODPDWXDU ELU LODoWÕU� (WNL PHNDQL]PDVÕ WDP
RODUDN DQODúÕODPDPÕú ROPDNOD ELUOLNWH� 1'6¶QLQ
oHúLWOL LQIODPDWXDU K�FUHOHULQ DNWLYDV\RQXQX YH
EX K�FUHOHUGHQ PHGLDW|U VDOÕQÕPÕQÕ LQKLEH HWWL÷L
J|VWHUHQ oDOÕúPDODU PHYFXWWXU���� øQVDQODUGD
LQG�NOHQPLú EURQNRVSD]PÕQ |QOHQPHVLQGH
EHQ]HU ELU LODo RODQ VRG\XP NURPRJOLNDWWDQ ��
�� NDW GDKD J�oO�G�U�� g]HOOLNOH KDILI SHUVLVWDQ
$%¶OL \HWLúNLQ KDVWDODUGD \DSÕODQ NOLQLN oDOÕú�
PDODU� 1'6 LOH \DSÕODQ WHGDYLQLQ VHPSWRPODU
�]HULQGH HWNLVLQLQ KÕ]OÕ ROGX÷XQX� DNFL÷HU
IRQNVL\RQODUÕQÕ L\LOHúWLUGL÷LQL YH KDYD \ROODUÕQÕQ
QRQVSHVLILN GX\DUOÕOÕ÷ÕQÕ D]DOWWÕ÷ÕQÕ J|VWHUPHN�
WHGLU����

%XJ�QH NDGDU 1'6¶QLQ RUWD SHUVLVWDQ DVWÕPOÕ
KDVWDODUGD HWNLQOL÷LQL DUDúWÕUDQ oRN D] VD\ÕGD
oDOÕúPD \DSÕOPÕúWÕU� %X oDOÕúPDQÕQ
DPDFÕ�\�NVHN GR] LQKDOH VWHURLG NXOODQDQ RUWD
SHUVLVWDQ DVWÕPOÕ KDVWDODUÕQ PHYFXW WHGDYLOHULQH
1'6 LODYH HGLOPHVLQLQ� KDVWDODUÕQ VHPSWRP
NRQWURO�QH YH VROXQXP IRQNVL\RQODUÕQÕQ G�]HO�
PHVLQH LODYH ELU NDWNÕVÕ ROXS ROPD\DFD÷ÕQÕ
SURVSHNWLI YH SODVHER NRQWUROO� RODUDN DUDúWÕU�
PDNWÕU�

0$7(5<$/ YH 0(727

%X SURVSHNWLI NOLQLN oDOÕúPD� SROLNOLQL÷LPL]H
DUGÕúÕN RODUDN EDúYXUDQ� �� RUWD SHUVLVWDQ
DVWÕPOÕ KDVWD �]HULQGH +D]LUDQ�(\O�O ����
WDULKOHUL DUDVÕQGD \DSÕOGÕ�

2UWD SHUVLVWDQ DVWÕP WDQÕVÕ LoLQ�KDVWDODUÕQ VRQ
ELU D\GD KHU J�Q URQNRGLODWDW|U LODo NXOODQÕPÕQD
LKWL\Do GX\PDVÕ� JHFH VHPSWRPODUÕQÕQ KDIWDGD
ELUGHQ ID]OD ROPDVÕ� VHPSWRPODUÕQ J�QO�N
DNWLYLWH\L YH X\NX\X HWNLOHPHVL� 3() YH\D
)(9�¶LQ QRUPDOLQ ������ DUDVÕQGD ROPDVÕ YH
J�QO�N 3() GH÷LúNHQOL÷LQLQ ��� YH �]HULQGH
ROPDVÕ NULWHUOHULQGHQ HQ D] ELULQLQ PHYFXGL\HWL
úDUW NRúXOGX��

5DQGRPL]H RODUDN �o JUXED D\UÕODQ KDVWDODUÕQ
KHSVL GDKD |QFHGHQ G�]HQOL RODUDN ���������
�J�J�Q LQKDOH EXGHVRQLG YH X]XQ HWNLOL ELU β�

DJRQLVWL NXOODQÕ\RU ROPDODUÕQD UD÷PHQ VHPSWRP
NRQWURO� VD÷ODQDPDPÕú KDVWDODUGÕ� %LULQFL JUXED
LQKDOH ���� �J�J�Q EXGHVRQLG� X]XQ HWNLOL β�

DJRQLVW �6DOPHWHURO� YH OX]XPX KDOLQGH
NXOODQDFDNODUÕ LQKDOH NÕVD HWNLOL ELU β� DJRQLVWWHQ
�7HUEXWDOLQ� ROXúDQ WHGDYL YHULOLUNHQ� LNLQFL
JUXED ELULQFL JUXEXQ NXOODQGÕ÷Õ WHGDYL\H HN
RODUDN SODFHER 1'6� �o�QF� JUXED LVH ELULQFL
JUXEXQ NXOODQGÕ÷Õ WHGDYL\H HN RODUDN VWDQGDUW
�� PJ�J�Q GR]XQGD 1'6 EDúODQGÕ� +HU �o
KDVWD JUXEX GD ELULQFL KDIWD� ELULQFL D\ YH
�o�QF� D\GD DUD NRQWUROOHUH oD÷ÕUÕODUDN�
VROXQXP IRQNVL\RQ WHVWOHUL \DSÕOGÕ� 7�P
KDVWDODUGDQ�VHPSWRPODUÕQÕ YH NÕVD HWNLOL β�

DJRQLVW LKWL\DoODUÕQÕ \D]PDODUÕ LoLQ J�QO�N ELU
IRUP GROGXUPDODUÕ LVWHQGL� *�QG�] YH JHFH QH
VÕNOÕNWD DVWÕP VHPSWRPODUÕ \DúDGÕNODUÕ� NDo NH]
NÕVD HWNLOL β� DJRQLVW LODFD LKWL\Do GX\GXNODUÕ YH
VRQ RODUDN DVWÕP VHPSWRPODUÕQÕQ J�QO�N
\DúDPÕQÕ QDVÕO HWNLOHGL÷L NRQXVXQGDNL VRUXODU
L\LGHQ N|W�\H�ELUGHQ G|UGH NDGDU SXDQODQDUDN
VHPSWRP VNRUODUÕ ROXúWXUXOGX �7DEOR ���

dDOÕúPDQÕQ W�P VD\ÕVDO YHULOHUL RUWDODPD
±VWDQGDUW VDSPD RODUDN YHULOPLúWLU� *UXSODUÕQ
EDúODQJÕoWDNL YH NRQWURO SHUL\RWODUÕQGDNL
VHPSWRP VNRUODUÕ LOH VROXQXP IRQNVL\RQ WHVWOHUL
GH÷HUOHUL JUXSODU DUDVÕQGD KHU SHUL\RW LoLQ D\UÕ
D\UÕ NDUúÕODúWÕUÕOGÕ� dDOÕúPDQÕQ LVWDWLVWLNVHO
DQDOL]OHULQGH 6366 SURJUDPÕ \DUGÕPÕ LOH .UXVNDO
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:DOOLV 9DU\DQV $QDOL]L WHVWL NXOODQÕOÕUNHQ�
����¶WHQ N�o�N S GH÷HUOHUL LVWDWLVWLNVHO RODUDN
DQODPOÕ NDEXO HGLOGL�

%8/*8/$5

%LULQFL JUXSWD �Q ��� KDVWDODUÕQ \Dú RUWDODPDVÕ
�����±������ LNLQFL JUXSWD �Q ��� �����±�����
YH �o�QF� JUXSWD �Q �� �����±����� \ÕO
EXOXQGX �S!������ %LULQFL JUXSWDNL KDVWDODU
�����±������ LNLQFL JUXSWDNL KDVWDODU
�����±����� �o�QF� JUXSWDNL KDVWDODU
�����±����� \ÕOGÕU KDVWD\GÕODU �S!������ %LULQFL
JUXSWDNL KDVWDODUÕQ VHNL]L� LNLQFL JUXSWDNL
KDVWDODUÕQ \HGLVL� �o�QF� JUXSWDNL KDVWDODUÕQ
DOWÕVÕ NDGÕQGÕ� +HU �o JUXEXQ EDúODQJÕo� ELULQFL
KDIWD� ELULQFL D\ YH �o�QF� D\ VHPSWRP VNRUODUÕ
7DEOR �¶GH J|U�OPHNWHGLU� +DVWDODUÕQ VROXQXP
IRQNVL\RQ WHVWOHULQGHNL EHNOHQHQ GH÷HUOHU
�]HULQGHQ KHU NRQWURO SHUL\RGXQGD PH\GDQD
JHOHQ GH÷LúLNOLNOHU 7DEOR �¶WH J|VWHULOPLúWLU�
+DVWDODUÕQ \DúÕ� KDVWDOÕN V�UHOHUL� EDúODQJÕoWDNL
VROXQXP IRQNVL\RQ WHVWOHUL YH VHPSWRP VNRUODUÕ
NDUúÕODúWÕUÕOGÕ÷ÕQGD JUXSODU DUDVÕQGD DQODPOÕ ELU
IDUN \RNWX �S!������ %XQGDQ EDúND NRQWURO�
OHUGHNL YH oDOÕúPDQÕQ VRQXQGDNL VHPSWRP
VNRUODUÕQGD YH VROXQXP IRQNVL\RQ SDUDPHWUH�

OHULQGH PH\GDQD JHOHQ G�]HOPHOHU KHU JUXS
LoLQ D\UÕ D\UÕ KHVDSODQÕS L\LOHúPH RUDQODUÕ
NDUúÕODúWÕUÕOGÕ÷ÕQGD JUXSODU DUDVÕQGD .UXVNDO
:DOOLV 9DU\DQV $QDOL]L WHVWLQH J|UH DQODPOÕ IDUN
EXOXQPDGÕ �S!������

7$57,ù0$
 
+DILI DVWÕPGD 1'6 WHN EDúÕQD NXOODQÕOGÕ÷ÕQGD�
DVWÕP VHPSWRPODUÕQÕQ JLGHULOPHVLQGH YH KDYD
\ROX DúÕUÕ GX\DUOÕOÕN LOH 3()¶WHNL GLXUQDO
YDU\DV\RQXQ D]DOWÕOPDVÕQGD ROGXNoD HWNLOL ELU
LODoWÕU�� dHOLNHO YH DUNDGDúODUÕQÕQ \DSWÕ÷Õ ELU
oDOÕúPDGD� 1'6¶QLQ KDILI DVWÕPÕQ \DQÕVÕUD� RUWD
DVWÕPOÕ HULúNLQ KDVWDODUÕQ WHGDYLVLQGH GH
NXOODQÕOPDVÕQÕQ ��� RUDQÕQGD REMHNWLI YH
VXEMHNWLI G�]HOPH VD÷ODGÕ÷Õ J|VWHULOPLúWLU��

2UWD GHUHFHOL SHUVLVWDQ DVWÕPGD KHU J�Q G�]HQOL
RODUDN ELU DQWL�LQIODPDWXDU LODFÕQ NXOODQÕOPDVÕ
JHUHNWL÷L NRQXVXQGD J|U�ú ELUOL÷L YDUGÕU�
%XQXQOD ELUOLNWH LQKDOH VWHURLGOHULQ ����
�J�J�Q¶�Q �]HULQGHNL GR]ODUGD |]HOOLNOH \DúOÕ YH
KDVVDV KDVWDODUGD G�ú�N GH ROVD RVWHRSRUR]�
NDWDUDNW YH KLSRWDODPR�SLWXLWDU\�DGUHQDO �+3$�
DNVÕ EDVNÕODPD JLEL VLVWHPLN \DQ HWNLOHUH VHEHS
ROPD ULVNL ELOLQPHNWHGLU��

7DEOR �� 6HPSWRP VNRUODUÕQÕQ JUXSODUD YH ]DPDQD J|UH GD÷ÕOÕPÕ LOH JUXSODU DUDVÕ VHPSWRP VNRUODUÕQÕQ NDUúÕODúWÕUPDODUÕ�

*UXS � �Q ��� *UXS � �Q ��� *UXS � �Q �� 3
6HPSWRP VNRUX EDúODQJÕo ����� ����� ����� !����
6HPSWRP VNRUX �� +DIWD ���� ���� ���� !����
6HPSWRP VNRUX �� $\ ���� ���� ���� !����
6HPSWRP VNRUX �� $\ ���� ���� ���� !����

7DEOR �� +DVWDODUÕQ VROXQXP IRQNVL\RQ WHVWOHUL SDUDPHWUHOHULQGHNL EHNOHQHQ GH÷HUOHU �]HULQGHQ PH\GDQD JHOHQ GH÷LúLPOHULQLQ
NRQWURO SHUL\RWODUÕQD J|UH GD÷ÕOÕPÕ�

*UXS �
��EHNOHQHQ�

*UXS �
��EHNOHQHQ�

*UXS �
��EHNOHQHQ�

)9& EDúODQJÕo ����� ����� �����
)9& �� +DIWD ����� ����� �����
)9& �� $\ ������ ����� ������

)9& �� $\ ������ ����� �����

)(9� EDúODQJÕo ����� ����� �����
)(9� �� +DIWD ����� ����� �����
)(9� �� $\ ����� ����� �����
)(9� �� $\ ����� ����� �����

)(9��)9& EDúODQJÕo ����� ����� �����
)(9��)9& �� +DIWD ����� ����� �����
)(9��)9& �� $\ ����� ����� �����
)(9��)9& �� $\ ����� ����� �����

)()����� EDúODQJÕo ����� ����� �����
)()����� �� +DIWD ����� ����� �����
)()����� �� $\ ����� ����� �����
)()����� ��D\ ����� ����� �����
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7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ����� ���� ���

2UWD SHUVLVWDQ DVWÕPOÕ KDVWDODUGD 1'6¶QLQ
VWDQGDUW WHGDYL\H HNOHQPHVL\OH LODYH ELU
G�]HOPH\H QHGHQ ROXS RODPD\DFD÷Õ� WDNLS
VÕUDVÕQGD LQKDOHU VWHURLG GR]XQXQ G�ú�O�S
G�ú�OHPH\HFH÷LQL �]HULQGH J|U�ú ELOGLUHQ
oDOÕúPD VD\ÕVÕ ROGXNoD NÕVÕWOÕGÕU� 6XQXODQ
oDOÕúPD 1'6¶QLQ EX \|QGHNL PXKWHPHO
SRWDQVL\HO HWNLVL J|] |Q�QH DOÕQDUDN
G�]HQOHQPLúWLU� %|\OHFH \�NVHN GR] LQKDOH
VWHURLG NXOODQDQ ED]Õ KDVWDODUÕQ LODo \DQ
HWNLVLQGHQ NÕVPHQ GH ROVD NRUXQDELOHFH÷L
YDUVD\ÕOPÕúWÕU�

1'6¶QLQ KDILI SHUVLVWDQ DVWÕPÕQ DQD WHGDYL
LONHOHULQGHQ ELULVL ROGX÷X DUWÕN DoÕNoD NDEXO
HGLOPHNWHGLU� $NSÕQDU YH DUNDGDúODUÕQÕQ��

\DSWÕNODUÕ ELU oDOÕúPDGD 1'6�VRG\XP
NURPRJOLNDW YH SODVHER LOH NDUúÕODúWÕUÕOPÕú� KHU
LNL LODFÕQGD SODVHER\D J|UH )(9�� 3() YH
VHPSWRP VNRUODUÕQGD DQODPOÕ G�]HOPHOHUH \RO
DoWÕNODUÕ J|VWHULOPLúWLU�

øQKDOHU VWHURLGOHULQ \�NVHN GR]ODUGDNL
SRWDQVL\HO VLVWHPLN \DQ HWNLOHUH \RO DoPD
ULVNLQGHQ GROD\Õ \�NVHN GR] LQKDOHU VWHURLG
NXOODQPDN ]RUXQGD RODQ |]HOOLNOH \DúOÕ YH
KDVVDV KDVWDODUGD VWHURLG GR]XQX G�úHELOPHN
LoLQ KDVWDODUÕQ WHGDYLOHULQH 1'6 LODYH HGLOPHVLQL
|QHUHQ D] VD\ÕGD oDOÕúPD YDUGÕU��� �� PJ�J�Q
GR]X LOH YHULOHQ 1'6 LOH ��� �J�J�Q LQKDOH
EHNODPDWR]RQ GLSURSULDQDWÕQ HúLW RUDQGD
KLVWDPLQH GX\DUOÕOÕ÷Õ D]DOWWÕ÷Õ DQFDN� DNFL÷HU
IRQNVL\RQODUÕQGDNL G�]HOPHQLQ� J�QO�N 3()
GH÷LúNHQOL÷LQLQ YH NÕVD HWNLOL β� DJRQLVW
LKWL\DFÕQGDNL D]DOPDQÕQ EHNODPDWR]RQ GLSUR�
SULDQDW JUXEXQGD GDKD EHOLUJLQ ROGX÷X *URRW
YH DUN� WDUDIÕQGDQ GDKD |QFH J|VWHULOPLúWL���

dDOÕúPDPÕ]ÕQ VRQXFXQGD� \�NVHN GR] LQKDOH
VWHURLG NXOODQDQ RUWD SHUVLVWDQ DVWÕPOÕ
KDVWDODUÕQ WHGDYLOHULQH 1'6 HNOHQPHVLQLQ
KDVWDODUÕQ L\LOHúPHVLQH LODYH ELU NDWNÕ
VD÷ODPDGÕ÷Õ NDQÕVÕQD YDUGÕN� %XQXQOD ELUOLNWH�

oDOÕúPDPÕ]GD ROJX VD\ÕVÕQÕQ D] ROPDVÕ� LQKDOHU
VWHURLGOHULQ ���� �J�J�Q JLEL \�NVHN GR]ODUGD
NXOODQÕOPDVÕ ]RUXQOXOX÷X 1'6¶QLQ SRWDQVL\HO
HWNLVLQL PDVNHOHPLú RODELOLU� $VWÕPOÕ KDVWDODUGD
LODYH LODo HNOHQPHVLQLQ KDVWDQÕQ WHGDYL\H
X\XPXQX ROXPVX] HWNLOHGL÷L ELOLQPHVLQH
UD÷PHQ LQKDOHU VWHURLGL \�NVHN GR]GD
NXOODQPDVÕ JHUHNHQ |]HOOLNOH \DúOÕ YH KDVVDV
KDVWDODUGD VWHURLG GR]XQXQ G�ú�N WXWXOXS
1'6¶QLQ HWNLVLQL LUGHOH\HQ GDKD ID]OD oDOÕúPD\D
JHUHNVLQLP ROGX÷XQX G�ú�Q�\RUX]�
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�� 9DQ (VVHQ�=DQGYOLHW ((� +XJKHV 0'� :DDONHQV +-� 'XLYHUPDQ
(-� 3RFRFN 6-� .HUUHELMQ .)� (IIHFWV RI �� PRQWKV RI WUHDWPHQW
ZLWK LQKDOHG FRUWLFRVWHURLGV DQG�RU β� DJRQLVWV RQ OXQJ
IXQFWLRQ� DLUZD\ UHVSRQVLYHQHVV� DQG V\PSWRPV LQ FKLOGUHQ
ZLWK DVWKPD� $P 5HY 5HVSLU 'LV ��������� �������

�� 7RUDNV 'HUQH÷L %URQú $VWPDVÕ YH 3HGLDWUL *UXSODUÕ� %URQú
$VWPDVÕ 7DQÕ YH 7HGDYL .ODYX]X� øVWDQEXO� �����

�� +RDJ -(� 0F)DGGHQ (5� /RQJ�WHUP HIIHFW RI FURPRO\Q VRGLXP
RQ QRQVSHFLILF EURQFKLDO K\SHUUHVSRQVLYHQHVV� D UHYLHZ� $QQ
$OOHUJ\ �������� ������

�� 7KRPVRQ 1&� 1HGRFURP\O VRGLXP� DQ RYHUYLHZ� 5HVSLU 0HG
�������� �������

�� $XW\ 50� +ROJDWH 67� 1HGRFURP\O VRGLXP� D UHYLHZ RI LWV
DQWL�LQIODPPDWRU\ SURSHUWLHV DQG FOLQLFDO DFWLYLW\ LQ WKH
WUHDWPHQW RI DVWKPD� ,Q� .D\ $% �HG�� $OOHUJ\ DQG $VWKPD
1HZ $SSURDFKHV WR WKHUDS\� 2[IRUG� %ODFNZHOO 6FLHQWLILF�
����� �������

�� %HO (+� 7LPPHUV 0&� +HUPDQV -� 'LMNPDQ -+� 6WHUN 3-� 7KH
/RQJ�WHUP HIIHFWV RI QHGRFURP\O VRGLXP DQG EHFODPDWDVRQH
GLSURSLRQDWH RQ EURQFKLDO UHVSRQVLYHQHVV WR PHWKDFKROLQH LQ
QRQDWRSLF DVWKPDWLF VXEMHFWV� $P 5HY 5HVSLU 'LV ���������
�����

�� &KHUQLDFN 50� :DVVHUPDQ 6,� 5DPVGHOO -:� 6HOQHU -&�
.RHSNH -: HW DO� $ GRXEOH� EOLQG PXOWL�FHQWHU JURXS
FRPSDUDWLYH VWXG\ RI WKH HIILFDF\ DQG VDIHW\ RI QHGRFURP\O
VRGLXP LQ WKH PDQDJHPHQW RI DVWKPD� &KHVW �������� �����
����

�� dHOLNHO 7� &H\KDQ %� 1HGRNURPLO VRG\XPXQ KDILI�RUWD
GHUHFHGHNL DVWPDGDNL HWNLQOL÷L� 7RUDNV ����� ������

�� 3HWU -%� 6|UHQ 3� (IILFDF\ DQG VDIHW\ RI LQKDOHG FRUWLFRVWHURLGV
LQ DVWKPD� $P 5HY 5HVSLU 'LV ��������� 6��6���

��� $NSÕQDU 2� $NNRoOX $� dÕPUÕQ $� 8oDQ (6� %URQú DVWPDVÕQGD
DQWLLQIODPDWXDUODUÕQ HWNLQOL÷L� 7h6$' 6ROXQXP �������� ����
��

��� 6YHQGVHQ 8*� -RUJHQVHQ +� ,QKDOHG 1HGRFURP\O VRGLXP DV
DGGLWLRQDO WUHDWPHQW WR KLJK GRVH LQKDOHG FRUWLFRVWHURLGV LQ WKH
PDQDJHPHQW RI EURQFKLDO DVWKPD� (XU 5HVSLU - ������� ����
��

��� *URRW &$5� /DPPHUV -�:-� 0ROHPD -� )HVWHQ - HW DO� (IIHFW RI
LQKDOHG EHFORPHWKDVRQH DQG QHGRFURP\O VRGLXP RQ EURQFKLDO
K\SHU UHVSRQVLYHQHVV WR KLVWDPLQH DQG GLVWLOOHG ZDWHU� (XU
5HVSLU - ������� ��������


