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LVWDWLVWLNL RODUDN DQODPOÕ GHUHFHGH G�ú�N
VHYL\HGH\GL �S<������ )3 NXOODQDQ KDVWDODUÕQ
�¶�QGH �������� % NXOODQDQ KDVWDODUÕQ LVH
�¶VÕQGD ������� VDEDK EDNÕODQ SOD]PD NRUWL]RO
VHYL\HVL NOLQLN RODUDN |QHPOL RODELOHFHN úHNLOGH
QRUPDOLQ DOW VÕQÕUÕQGDQ DúD÷ÕGD |Oo�OG�� .RQWURO
JUXEXQGD EX GHUHFHGH G�ú�N NRUWL]RO GH÷HULQH
UDVWODQPDGÕ�

7$57,ù0$

dDOÕúPDQÕQ VRQXFXQGD \�NVHN GR] LQKDOH )3
NXOODQDQ DVWÕPOÕ KDVWDODUÕQ VDEDK SOD]PD
NRUWL]RO G�]H\OHUL NRQWURO JUXEXQD J|UH
LVWDWLVWLNL RODUDN DQODPOÕ GHUHFHGH EDVNÕODQPÕú
EXOXQXUNHQ �S<������ )3 YH % NXOODQDQ JUXSODU
DUDVÕQGD NRUWL]RO EDVNÕODQPDVÕ DoÕVÕQGDQ IDUN
VDSWDQPDGÕ �S>������ $\UÕFD NRQWURO JUXEXQGD
QRUPDOLQ DOWÕQGD SOD]PD NRUWL]RO G�]H\LQH
UDVWODQPD]NHQ )3 NXOODQDQ � KDVWDGD YH %
NXOODQDQ � KDVWDGD NOLQLN RODUDN |QHPOL
RODELOHFHN GHUHFHGH SOD]PD NRUWL]RO VHYL\HVLQLQ
EDVNÕODQGÕ÷Õ J|U�OG��

øQKDOH .6¶OHULQ VLVWHPLN HWNLOHULQL DUDúWÕUPDN
DPDFÕ LOH VD\ÕVÕ] oDOÕúPD \DSÕOPÕúWÕU�������������

dDOÕúPDODUÕQ oR÷XQOX÷XQXQ NRQWURO JUXEXQXQ
ROPDPDVÕ� KDVWDODUÕQ D\QÕ DQGD ELU YH\D ELUGHQ
oRN VLVWHPLN LODo NXOODQÕ\RU ROPDODUÕ� \DNÕQ
]DPDQGD VLVWHPLN .6 NXOODQPÕú ROPDODUÕ� LQKDOH
.6 NXOODQÕP V�UHOHULQLQ GH÷LúNHQOL÷L YH\D NÕVD
ROPDVÕ� IDUNOÕ GR] YH DOHWOHUOH� GH÷LúLN .6¶OHUOH
\DSÕODQ X\JXODPDODU QHGHQL\OH VRQXoODU
ELUELUL\OH oHOLúPHNWHGLU��� 7�P EXQODUD UD÷PHQ
PHWD DQDOL] VRQXoODUÕQD EDNÕOGÕ÷ÕQGD HúLW
GR]ODUGD VLVWHPLN \DQ HWNL LQVLGDQVÕ \|Q�QGHQ
)3 YH % GL÷HU LQKDOH .6
OHUH J|UH GDKD DYDQWDMOÕ
J|U�QPHNWHGLU�������

%L]LP oDOÕúPDPÕ]GD GDKD |QFHNL oDOÕúPDODUGDQ
IDUNOÕ RODUDN NRQWURO JUXEXQXQ ROPDVÕ�
KDVWDODUÕQ X]XQ V�UHGLU LQKDOH .6 NXOODQÕ\RU YH
VLVWHPLN LODo NXOODQPÕ\RU ROPDODUÕ VRQXoODUÕPÕ]Õ
ELUD] GDKD J�YHQLOLU NÕOPDNWDGÕU� 6DGHFH VDEDK
EDNÕODQ SOD]PD NRUWL]RO G�]H\LQLQ \HWHULQFH
GX\DUOÕ ROPDGÕ÷ÕQÕ ELOGLUHQ DUDúWÕUPDFÕ
J|U�úOHULQH UD÷PHQ�������� �� YH\D �� VDDW
ER\XQFD VÕN DUDOÕNODUOD \DSÕODQ |Oo�P
VRQXoODUÕQGD GR÷DO RODUDN GDKD GHWD\OÕFD
VDSWDQDQ LQLú YH oÕNÕú WUHQGOHULQLQ NOLQLN |QHPL
KHQ�] LVSDWODQDPDPÕúWÕU� +DOHQ \DSÕODQ
oDOÕúPDODUÕQ E�\�N oR÷XQOX÷XQGD W�P
HOHúWLULOHUH UD÷PHQ VDEDK � NH] EDNÕODQ SOD]PD

NRUWL]RO VRQXoODUÕ \HWHUOL NDEXO HGLOPHNWHGLU������
��

6DEDK |Oo�OHQ SOD]PD NRUWL]RO G�]H\LQL
EDVNÕODPD J�F� \|Q�QGHQ GH÷HUOHQGLULOGL÷LQGH�
JHQHO RODUDN \HWLúNLQ DVWÕPOÕODUGD ���� PFJ¶QLQ
DOWÕQGD NXOODQÕODQ LQKDOH .6 GR]ODUÕQÕQ VLVWHPLN
\DQ HWNLOHUH VDKLS ROPDGÕ÷Õ J|U�ú� KDNLPGLU���
������� %XQXQOD ELUOLNWH EX GR]ODUÕQ �]HULQGH YH
|]HOOLNOH ���������PFJ DUDOÕ÷ÕQGD NXOODQÕODQ
GR]ODUGDNL VRQXoODU oHOLúPHNWHGLU� %D]Õ
oDOÕúPDODUGD KLoELU VLVWHPLN HWNL VDSWDQPD]NHQ�
ED]ÕODUÕQGD NRQWURO JUXSODUÕQD J|UH LVWDWLVWLNL
RODUDN DQODPOÕ GHUHFHGH G�ú�N DPD KDOD
QRUPDO DUDOÕNWD NRUWL]RO EDVNÕODQPDVÕ�
ED]ÕODUÕQGD LVH FLGGL DQODPGD NOLQLN |QHP DU]
HGHQ NRUWL]RO EDVNÕODQPD VRQXoODUÕ PHYFXWWXU���
������� )3 YH %¶QLQ NDUúÕODúWÕUÕOGÕ÷Õ oDOÕúPDODU
LoLQGH GXUXP D\QÕ ROPDNOD ELUOLNWH D\QÕ
GR]ODUGD % GDKD D] \DQ HWNL\H VDKLS
J|U�QPHNWHGLU���������� 7�P EX VRQXoODUÕ
GH÷HUOHQGLULUNHQ GDKD |QFHGH EHOLUWLOGL÷L �]HUH
\DSÕODQ oDOÕúPDODUÕQ ELUELULQGHQ oRN IDUNOÕ
PHWRWODUOD� IDUNOÕ KDVWD JUXSODUÕQGD YH oR÷X NH]
GH NRQWUROV�] \DSÕOGÕ÷ÕQÕQ DOWÕQÕQ oL]LOPHVL
JHUHNWL÷LQL G�ú�Q�\RUX]� %L]LP oDOÕúPDPÕ]GD
)3 YH % NXOODQDQ JUXSODU NHQGL DUDODUÕQGD YH
NRQWURO JUXEX LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD RUWDODPD
VDEDK SOD]PD NRUWL]RO G�]H\OHUL EDNÕPÕQGDQ )3
YH % NXOODQDQ JUXSODU DUDVÕQGD IDUN
VDSWDQPD]NHQ �S>������ )3 NXOODQDQ DVWÕPOÕ
KDVWD JUXEXQXQ NRUWL]RO VHYL\HOHUL NRQWURO
JUXEXQD J|UH DQODPOÕ GHUHFHGH EDVNÕODQPÕú
EXOXQGX �S<������ %X LVWDWLVWLNL DQODPOÕOÕ÷D
UD÷PHQ� RUWDODPD GH÷HUOHU NRQWURO JUXEXQD
J|UH GDKD G�ú�N GH ROVD QRUPDO VÕQÕUODU
LoLQGHGLU� 6RQXoODU GDKD GHWD\OÕ RODUDN
GH÷HUOHQGLULOGL÷LQGH )3 NXOODQDQ � �������
KDVWDQÕQ� % NXOODQDQ � ������� KDVWDQÕQ
NRUWL]RO VHYL\HOHUL NOLQLN RODUDN |QHPOL NDEXO
HGLOHQ QRUPDOLQ DOW VÕQÕUÕQGDQ GDKD G�ú�N
VHYL\HGH LGL� %X VRQXoODU LOHULVL LoLQ ULVN
J|VWHUJHVL RODUDN NDEXO HGLOHELOLU� .RQWURO
JUXEXQGD EX GHUHFHGH G�ú�N ELU GH÷HUH
UDVWODQPDGÕ� 3OD]PD NRUWL]RO G�]H\L G�ú�N
EXOXQDQ ULVN JUXEX KDVWDODUGD LQKDOH .6
GR]ODUÕQÕQ G�ú�U�O�S \HULQH LQKDOH X]XQ HWNLOL β�

PLPHWLN GR]ODUÕQÕQ DUWWÕUÕOPDVÕ YH\D WHGDYL\H
O|NRWULHQ DQWDJRQLVWOHUL LOH LQKDOH QHGRNURPLO
1D HNOHQPHVL LON DNOD JHOHQ DOWHUQDWLI
\DNODúÕPODU ROPDNOD EHUDEHU� EX NRQX �]HULQGH
\DSÕODFDN GHWD\OÕ SURVSHNWLI oDOÕúPDODUD LKWL\Do
YDUGÕU�
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g]HW RODUDN VDEDK SOD]PD NRUWL]RO G�]H\LQL
EDVNÕODPD J�F� LOH |OoW�÷�P�] VLVWHPLN \DQ
HWNL \DSPD SRWDQVL\HOL DoÕVÕQGDQ )3 YH %
NXOODQDQ KDVWDODU DUDVÕQGD IDUN VDSWDPDGÕN�
%XQXQOD ELUOLNWH )3 NXOODQDQ KDVWDODUÕQ
RUWDODPD NRUWL]RO G�]H\OHUL QRUPDO VÕQÕUODU
LoHULVLQGH ROPDNOD ELUOLNWH NRQWURO JUXEXQD J|UH
LVWDWLVWLNL RODUDN DQODPOÕ GHUHFHGH EDVNÕODQPÕú
EXOXQGX� dDOÕúPDQÕQ VRQXFXQGD \�NVHN GR]
LQKDOH )3 YH % NXOODQÕPÕQÕQ D\QÕ RUDQGD NOLQLN
RODUDN |QHPOL VLVWHPLN \DQ HWNLOHUH \RO DoPD
ULVNL WDúÕGÕ÷Õ YH KDVVDV KDVWDODUÕQ |QFHGHQ
VDSWDQDELOPHVL DPDFÕ\OD EHOOL DUDOÕNODUOD VDEDK
SOD]PD NRUWL]RO G�]H\OHULQH EDNÕOPDVÕ JHUHNWL÷L
NDQDDWLQH YDUGÕN�
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�� 3DXZHOV 5� 7KH FXUUHQW SODFH RI QHGRFURPLO LQ WKH WUHDWPHQW
RI DVWKPD� - $OOHUJ\ &OLQ ,PPXQRO ����� ��� ������

�� 2¶%\UQH 30� 3HGHUVHQ 6� 0HDVXULQJ HIILFDF\ DQG VDIHW\ RI
GLIIHUHQW LQKDOHG FRUWLFRVWHURLG SUHSDUDWLRQV� - $OOHUJ\ &OLQ
,PPXQRO ����� ���� �������

�� %DUQHV 1&� 0DURQH *� 'L 0DULD *8� HW DO� $ FRPSDULVRQ RI
IOXWLFDVRQH SURSLRQDWH� � PJ GDLO\� ZLWK EHFORPHWKDVRQH
GLSURSLRQDWH� � PJ GDLO\� LQ WKH WUHDWPHQW RI VHYHUH DVWKPD�
(XU 5HVSLU - ����� �� �������

�� .DPDGD $.� 6]HIOHU 6-� 0DUWLQ 5-� HW DO� ,VVXHV LQ WKH XVH RI
LQKDOHG JOXFRFRUWLFRLGV� $P - 5HVSLU &ULW &DUH 0HG ����� ����
��������

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

�� 'HURP (� 6FKRRU -9� 9HUKDHJKH :� HW DO� 6\VWHPLF HIIHFWV RI
LQKDOHG IOXWLFDVRQH SURSLRQDWH DQG EXGHVRQLGH LQ DGXOW
SDWLHQWV ZLWK DVWKPD� $P - 5HVSLU &ULW &DUH 0HG ����� ����
�������

�� :DOHV '� 0DNNHU +� .DQH -� HW DO� 6\VWHPLF ELRDYDLODELOLW\ DQG
SRWHQF\ RI KLJK�GRVH LQKDOHG FRUWLFRVWHURLGV� &KHVW ����� ����
��������

�� d|SO� /� 6LYUL $� %DUÕú <ø� (IIHFW RI ORQJ�WHUP XVH RI LQKDOHG
FRUWLFRVWHURLG RQ ERQH PLQHUDO GHQVLW\ LQ DVWKPDWLF ZRPHQ�
(56 .RQJUHVL ����� 3����� ���V�

�� $EXHNWHLVK )� .LUNSDWULFN -13� 5XVVHO *� 3RVWHULRU VXEFDSVXODU
FDWDUDFW DQG LQKDOHG FRUWLFRVWHURLG WKHUDSK\� 7KRUD[ ����� ���
�������

��� &XPPLQJ 5*� 0LWFKHOO 3� /HHGHU 65� 8VH RI LQKDOHG
FRUWLFRVWHURLGV DQG WKH ULVN RI FDWDUDFWV� 1 (QJ - 0HG �����
���� �����

��� *DUEH (� /H/RULHU -� %RLYLúQ -)� HW DO� ,QKDOHG DQG QDVDO
JOXFRFRUWLFRLGV DQG WKH ULVNV RI RFXODU K\SHUWHQVLRQ RU RSHQ�
DQJOH JODXFRPD� -$0$ ����� ���� ������

��� &DSHZHOO 6� 5H\QROGV 6� 6KXWWOHZRUWK '� HW DO� 3XUSXUD DQG
GHUPDO WKLQQLQJ DVVRFLDWHG ZLWK KLJK GRVH LQKDOHG
FRUWLFRVWHURLGV� %U 0HG - ����� ���� ��������

��� )HUJXVRQ $&� 6SLHU 6� 0DQMUD $� HW DO� (IILFDF\ DQG VDIHW\ RI
KLJK�GRVH LQKDOHG VWHURLGV LQ FKLOGUHQ ZLWK DVWKPD� - 3HGLDWU
����� ���� ������

��� 6RUNQHVV &$� (VWDEOLVKLQJ D WKHXUDSHXWLF IRU WKH LQKDOHG
FRUWLFRVWHURLGV� - $OOHUJ\ &OLQ ,PPXQRO ����� ���� ������

��� :LOVRQ $0� &ODUN '-� 'HYOLQ 00� HW DO� $GUHQRFRUWLFDO DFWLYLW\
ZLWK UHSHDWHG DGPLQLVWUDWLRQ RI RQH�GDLO\ LQKDOHG IOXWLFDVRQH
SURSLRQDWH DQG EXGHVRQLGH LQ DVWKPDWLF DGXOWV� (XU - &OLQ
3KDUPDFRO ����� ��� �������

��� &ODUN '-� *URYH $� &DUJLOO 5,� /LSZRUWK %-� &RPSHUDWLYH
DGUHQDO VXSSUHVVLRQ ZLWK LQKDOHG EXGHVRQLGH DQG IOXWLFDVRQH
SURSLRQDWH LQ DGXOW DVWKPDWLF SDWLHQWV� 7KRUD[ ����� ��� ����
��

��� +HLQLJ -+� %RXOHW /3� &URRQHQERUJKV /� 0ROOHUV 0-� 7KH HIIHFW
RI KLJK�GRVH IOXWLFDVRQH SURSLRQDWH DQG EXGHVRQLGH RQ OXQJ
IXQFWLRQ DQG DVWKPD H[DFHUEDWLRQV LQ SDWLHQWV ZLWK VHYHUH
DVWKPD� 5HVSLU 0HG ����� ��� �������

��� 3DXZHOV 5$� <HUQDXOW -&� 'HPHGWV 0*� *HXVHQV 3� 6DIHW\ DQG
HIILFDF\ RI IOXWLFDVRQH DQG EHFORPHWKDVRQH LQ PRGHUDWH WR
VHYHUH DVWKPD� $P - 5HVSLU &ULW &DUH 0HG ����� ���� �������

��� 6LPRQ 5$� 8SGDWH RQ LQKDOHG FRUWLFRVWHURLGV� $OOHUJ\ $VWKPD
3URF ����� ��� ������

��� .HOO\ +:� &RPSDULVRQ RI LQKDOHG FRUWLFRVWHURLGV� $QQ
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