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2NVLMHQ RUJDQL]PDGD FDQOÕOÕ÷ÕQ GHYDPÕ LoLQ W�P
K�FUHOHULQ YD]JHoLOPH] JHUHNVLQLPLGLU�
+LSHUEDULN RNVLMHQ �+%2� X\JXODPDVÕ� VRQ
\ÕOODUGD NXOODQÕOPD\D EDúODQDQ ELU WHGDYL úHNOL
ROXS� GHQL] VHYL\HVLQGHNL DWPRVIHULN EDVÕQoWDQ
GDKD \�NVHN EDVÕQoODUGD RNVLMHQ NXOODQÕPÕQÕ
NDSVD\DQ ELU WHGDYL \|QWHPLGLU� <DNÕQ ]DPDQGD
�ONHPL]GH GH ED]Õ PHUNH]OHUGH NXOODQÕP
DODQÕQD JLUPLúWLU� $QFDN� ROXPOX YH\D ROXPVX]
HWNLOHUL KHQ�] \HWHULQFH ELOLQPHPHNWHGLU�
%XQXQOD ELUOLNWH� +%2
QXQ DNFL÷HU� NDUDFL÷HU YH
PHUNH]L VLQLU VLVWHPLQGH OLSLG SHURNVLGDV\RQXQD
ED÷OÕ WRNVLN HWNLOHU ROXúWXUGX÷X EHOLUOHQPLúWLU����

2NVLGDQ VWUHVH NDUúÕ� RUJDQL]PDQÕQ NRUX\XFX
PHNDQL]PDODUÕ YDUGÕU� 2OXúDQ RNVLMHQ
UDGLNDOOHUL� LON DúDPDGD DQWLRNVLGDQ HQ]LPOHUOH

RUWDGDQ NDOGÕUÕOPDNWDGÕU� $QWLRNVLGDQ
VDYXQPDQÕQ oRN |QHPOL LNLQFL NÕVPÕQÕ� OLSLG
SHURNVLGDV\RQ ]LQFLUOHULQL NÕUDQ DQWLRNVLGDQ
PDGGHOHU ROXúWXUXUODU� ( YH & YLWDPLQL EXQODU�
GDQ HQ J�QFHO RODQODUÕGÕU���� %X oDOÕúPD� \�NVHN
EDVÕQoOÕ RNVLMHQH PDUX] EÕUDNÕODQ VÕoDQODUÕQ
WUDNHD YH DNFL÷HU GRNXODUÕQGD PH\GDQD
JHOHELOHFHN GH÷LúLNOLNOHUL YH EXQXQ �]HULQH ( YH
& YLWDPLQL NRPELQDV\RQX X\JXODPDVÕQÕQ
HWNLOHULQL J|VWHUPHN DPDFÕ\OD SODQODQPÕúWÕU�
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$PDo� %X oDOÕúPDGD� VÕoDQ VROXQXP VLVWHPLQGH KLSHUEDULN RNVLMHQ �+%2� X\JXODPDVÕ\OD
ROXúDQ \DSÕVDO GH÷LúLNOLNOHU YH EX GH÷LúLNOLNOHUH ( YH & YLWDPLQOHULQLQ HWNLOHUL DUDúWÕUÕOGÕ�
0DWHU\DO YH 0HWRW� 2WX] \HWLúNLQ VÕoDQ� NRQWURO� +%2 YH +%2�9LW JUXSODUÕ úHNOLQGH �o
D\UÕ JUXSWD LQFHOHQGL� +%2 YH +%2�9LW JUXSODUÕQD �� J�Q V�UH\OH +%2 X\JXODQGÕ�
+%2�9LW JUXEXQD LVH HN RODUDN LQWUDSHULWRQHDO \ROGDQ ( YH & YLWDPLQOHUL YHULOGL�
%XOJXODU� +%2 JUXEXQD DLW GRNXODUÕQ KLVWRORMLN LQFHOHPHOHULQGH� WUDNHDGD HSLWHO NDOÕQ�
ODúPDVÕ� DNFL÷HUGH LVH DOYHROHU VHSWXPGD NDOÕQODúPD� DPIL]HP YH PRQRQ�NOHHU K�FUH
LQILOWUDV\RQODUÕ L]OHQGL� +%2 LOH EHUDEHU YLWDPLQ X\JXODPDVÕQÕQ WUDNHD YH DNFL÷HUGH
ROXúDQ ROXPVX] HWNLOHUL D]DOWWÕ÷Õ J|]OHQGL�
6RQXo� ( YH & YLWDPLQ NRPELQDV\RQXQXQ +%2¶\D ED÷OÕ JHOLúHQ WUDNHD YH DNFL÷HU GRNX
KDVDUÕQÕ D]DOWPDGD HWNLOL RODELOHFH÷L VRQXFXQD YDUÕOGÕ�

$QDKWDU NHOLPHOHU� +%2� DNFL÷HU� WUDNHD� DQWLRNVLGDQ WHGDYL�

7KH HIIHFWV RI YLWDPLQ ( DQG & FRPELQDWLRQ RQ K\SHUEDULF R[\JHQ�LQGXFHG

OXQJ WR[LFLW\ LQ UDWV

2EMHFWLYHV� :H H[DPLQHG WKH KLVWRSDWKRORJLFDO FKDQJHV LQ WKH UHVSLUDWRU\ V\VWHP RI
WKH UDWV LQGXFHG E\ K\SHUEDULF R[\JHQ �+%2� DGPLQLVWUDWLRQ DQG WKH HIIHFWV RI YLWDPLQ
( DQG & RQ WKHVH DOWHUDWLRQV�
0DWHULDOV DQG 0HWKRGV� 7KLUW\ DGXOW UDWV ZHUH GLYLGHG LQWR WKUHH JURXSV DV FRQWURO�
+%2 DQG +%2�9LW JURXSV� 7ZHQW\ DQLPDOV LQ +%2 DQG +%2�9LW JURXSV ZHUH H[SRVHG
WR +%2 RQ D GDLO\ EDVLV IRU �� GD\V� $GGLWLRQDOO\� YLWDPLQ ( DQG & ZHUH DGPLQLVWHUHG WR
WKH UDWV LQ WKH +%2�9LW JURXS LQWUDSHULWRQHDOO\ GXULQJ +%2 H[SRVXUH�
5HVXOWV� +LVWRORJLF H[DPLQDWLRQ LQ +%2 JURXS GHPRQVWUDWHG HSLWKHOLDO WKLFNHQLQJ LQ
WKH WUDFKHD� LQFUHDVH LQ WKH WKLFNQHVV RI DOYHRODU VHSWDH� HPSK\VHPD DQG PRQRQXFOHDU
FHOO LQILOWUDWLRQ LQ OXQJ WLVVXH� 9LWDPLQ DGPLQLVWUDWLRQ LQ DGGLWLRQ WR +%2 VHHPHG WR
UHGXFH WKH QHJDWLYH HIIHFWV RI +%2 RQ WKH WUDFKHD DQG OXQJV RI WKH UDWV�
&RQFOXVLRQV� ,W LV FRQFOXGHG WKDW YLWDPLQ ( DQG & KDYH SRVLWLYH HIIHFW RQ OLPLWLQJ WKH
WLVVXH GDPDJH FDXVHG E\ +%2�

.H\ ZRUGV� +%2� OXQJ� WUDFKHD� DQWLR[LGDQW WUHDWPHQW� 
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�+%2�9LW��� *UXS ,, YH ,,,
GHNL VÕoDQODUD ��
J�Q V�UH\OH J�QGH �� GDNLND � 0XWODN
$WPRVIHU %DVÕQFÕQGD �$7$� +%2 X\JXODQGÕ�

+%2 '�]HQH÷L� dDOÕúPDGD� X]XQOX÷X �� FP�
Lo oDSÕ ���� FP RODQ VLOLQGLU úHNOLQGH ELU EDVÕQo
RGDVÕ NXOODQÕOGÕ� <�NVHN EDVÕQoOÕ RNVLMHQ� WLFDUL
DPDoOD GROGXUXOPXú W�SOHUGHQ VD÷ODQGÕ�
'�]HQHN LoHULVLQGHNL RNVLMHQ EDVÕQFÕ� VHDQV
EDúODQJÕFÕQGD J|UHFHOL RODUDN DUWWÕUÕODUDN ��
GDNLND VRQXQGD � $7$¶\D D\DUODQGÕ� �� GDNLND
V�UH\OH EDVÕQo VDELW WXWXOXS� oDOÕúPD ELWLPLQGH
\LQH J|UHFHOL RODUDN D]DOWÕODUDN EHú GDNLND
VRQXQGD QRUPREDULN úDUWODUD G|Q�OG��
9HQWLODV\RQ VRQXFXQGD ELULNHFHN NDUERQGLRNVLWL
WXWPDN DPDFÕ\OD VRGD�OLPH� QHPL DEVRUEH
HGHELOPHN DPDFÕ\OD VLOLND MHOL NXOODQÕOGÕ� *UXS
,,,
GHNL VÕoDQODUD� +%2 X\JXODPDODUÕQGDQ �o
J�Q |QFHVLQGHQ EDúOD\DUDN GHQH\ V�UHVLQFH
KDIWDGD �o GHID ( YLW� �DOID�WRNRIHURO DVHWDW� ��
PJ�NJ� YH & YLW� �VRG\XP DVNRUELN DVLW� ���
PJ�NJ� LQWUDSHULWRQHDO �L�S�� RODUDN HQMHNWH
HGLOGL� .RQWURO JUXEX KD\YDQODUD� GHQH\
V�UHVLQFH D\QÕ V�UHOHUGH QRUPREDULN DWPRVIHU
KDYDVÕ X\JXODQGÕ� %XQXQ LoLQ� VDELW DNÕP
SRPSDVÕ LOH VROXQXP KDYDVÕ YHULOGL� $\UÕFD� HúLW
KDFLPOHUGH VHUXP IL]\RORMLN L�S� RODUDN
X\JXODQGÕ� 'HQH\ VRQXQGD IRUPDOLQOH SHUI�]H
HGLOHQ KD\YDQODUÕQ WUDNHD YH DNFL÷HU GRNXODUÕ
oÕNDUWÕODUDN SDUDILQ EORNODPD LoLQ UXWLQ WDNLSOHUL
\DSÕOGÕ� (OGH HGLOHQ SDUDILQ NHVLWOHU ����
PLNURPHWUH� KHPDWRNVLOHQ�HR]LQ YH WROXLGLQ
PDYLVL LOH ER\DQDUDN ÕúÕN PLNURVNRSLN
LQFHOHPH\H DOÕQGÕ�
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.RQWURO JUXEXQGDNL KD\YDQODUD DLW WUDNHD YH

DNFL÷HU GRNXODUÕQÕQ PLNURVNRSLN LQFHOHPHOH�
ULQGH� EX RUJDQODUD |]J� QRUPDO \DSÕODU L]OHQGL�
'HQH\ V�UHVLQFH KHU J�Q �� GDNLND V�UH\OH �
$7$
OÕN +%2 X\JXODQDQ VÕoDQODUÕQ WUDNHD YH
DNFL÷HU GRNXODUÕQGD LVH |QHPOL \DSÕVDO
GH÷LúLNOHU VDSWDQGÕ� 7UDNHD GRNXVXQGD�
HSLWHOGH \HU \HU NDOÕQODúPDODU� ED]Õ HSLWHO
K�FUHOHULQGH G|N�OPHOHU YH ODPLQD SURSULDGD
GLII�] OHQIRLG LQILOWUDV\RQODU L]OHQGL �ùHNLO ���

$NFL÷HU GRNXVXQGD LVH� DOYHROHU GXYDU NDOÕQODú�
PDVÕ� DPIL]HPDW|] GH÷LúLNOLNOHU� SHULYDVN�OHU�
SHULEURQúL\DO DODQODUGD YH DOYHROHU VHSWXPODUGD
PRQRQ�NOHHU K�FUH LQILOWUDV\RQODUÕ J|]OHQGL
�ùHNLO ���

+%2 YH LQWUDSHULWRQHDO DQWLRNVLGDQ YLWDPLQ
X\JXODQDQ JUXSWD LVH� +%2
\D ED÷OÕ RODUDN
RUWD\D oÕNDQ KLVWRSDWRORMLN WDEORQXQ W�P
GHQHNOHUGH |QHPOL RUDQGD D]DOGÕ÷Õ VDSWDQGÕ�
7UDNHDGD \HU \HU HSLWHO\DO G�]HQVL]OLNOHU
J|U�OPHVLQH UD÷PHQ� NDOÕQODúPD YH VLO
G|N�OPHOHUL J|]OHQPHGL� %XQXQOD ELUOLNWH� KDILI
G�]H\GH GH ROVD GLII�] OHQIRLG LQILOWUDV\RQODUD
UDVWODQGÕ �ùHNLO ���

$NFL÷HU GRNXVXQGD LVH� |QFHNL GHQH\ JUXEXQGD
J|]OHQHQ W�P \DSÕVDO GH÷LúLNOLNOHULQ GDKD KDILI
úLGGHWWH ROGX÷X EHOLUOHQGL �ùHNLO ���
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+LSHUEDULN RNVLMHQ �+%2� X\JXODPDVÕ� SHULIHUDO
YDVN�OHU LVNHPL� NDUERQPRQRNVLW ]HKLUOHQPHVL
YH ORNDOL]H DQDHURELN HQIHNVL\RQODU EDúWD

ùHNLO �� 'HQH\ V�UHVLQFH J�QGH �� GDNLND V�UH\OH �
$7$
OÕN +%2 X\JXODQPÕú JUXED DLW WUDNHD J|U�QW�V��
6ROXQXP HSLWHOLQGH \HU \HU NDOÕQODúPDODU �RNODU�� ED]Õ
E|OJHOHUGH LVH G|N�OPHOHU L]OHQL\RU �7ROXLGLQ PDYLVL�
[����  

ùHNLO �� <DOQÕ] +%2 X\JXODQPÕú GHQH\ JUXEXQGD�
DOYHROOHUGH JHQLúOHPHOHU YH \HU \HU DOYHRO GXYDU
NDOÕQODúPDODUÕ\OD NDUHNWHUL]H LOHUL GHUHFHGH KDVDUODQPÕú
DNFL÷HU GRNXVX L]OHQPHNWHGLU �+	(� [���� 
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ROPDN �]HUH ELU oRN ROJXQXQ WHGDYLVLQGH
NXOODQÕOPDNWDGÕU� $QFDN +%2� X\JXODPD V�UHVL�
QH ED÷OÕ RODUDN� NDUDFL÷HU� EH\LQ YH DNFL÷HU
GRNXVXQGD WRNVLVLWH\H QHGHQ ROPDNWDGÕU�
0HUNH]L VLQLU VLVWHPL WRNVLVLWHVL NRQY�O]L\RQOD�
DNFL÷HU WRNVLVLWHVL KHPRUDML YH DWDOHNWD]L LOH
NDUHNWHUL]HGLU���� )LVFKHU YH DUN��� ���� VDDW
V�UH\OH � $7$
OÕN RNVLMHQ VROX\DQODUGD DNFL÷HU
GLQDPLNOHULQLQ ��� D]DOGÕ÷ÕQÕ ELOGLUPLúWLU�
%DúND ELU oDOÕúPDGD� �� GDNLND V�UH\OH �
$7$
OÕN RNVLMHQ VROXWXODQ GHQHNOHULQ DNFL÷HU
IRQNVL\RQODUÕQGD D]DOPD VDSWDQPÕúWÕU��

$UDúWÕUPDFÕODU� EX GH÷LúLNOLNOHULQ RUWDGDQ
NDOGÕUÕODELOPHVL LoLQ RNVLMHQ X\JXODPD G|QHPOHUL
DUDVÕQGD �� VDDWOLN GLQOHQPH SHUL\RWODUÕ
|QHUPLúOHUGLU� 'L÷HU WDUDIWDQ� �o D\ V�UH\OH
KDIWDGD LNL��o NH] �� GDNLNDOÕN V�UH\OH ���
$7$
OÕN +%2 X\JXODQGÕ÷ÕQGD� JHoLFL DNFL÷HU
IRQNVL\RQ ER]XNOXNODUÕ VDSWDQPÕúWÕU�� 'DYLV YH
DUN��� KLSHURNVL\H ED÷OÕ LQVDQ DOYHROHU
\DSÕODUÕQGDNL HUNHQ JHoLFL GH÷LúLNOLNOHUL
WDQÕPODPÕúODU YH ���
OLN RNVLMHQL �� VDDW
V�UH\OH VROX\DQODUGD DQODPOÕ ELU DOYHROHU
NDSLOOHU VÕ]ÕQWÕ WHVSLW HWPLúOHUGLU� %X GH÷LúLN�
OLNOHULQ� ILEUR]LV LOH VRQXoODQDELOHQ GH÷LúLNOLNOHUL
EDúODWDELOHFH÷L G�ú�Q�OP�úW�U� +%2
X\JXODPDVÕ\OD ROXúDQ DNFL÷HU GRNXVXQGDNL
GH÷LúLNOLNOHULQ� +%2 X\JXODPD V�UHVLQH YH
G�]H\LQH ED÷OÕ ROGX÷X UDSRU HGLOPLúWLU��� 7�P
EX oDOÕúPDODUÕQ VRQXoODUÕ� EL]LP VRQXoODUOD
X\JXQOXN J|VWHUPHNWHGLU� +%2 X\JXODPD�
ODUÕQGD DNFL÷HU GRNXVXQGD� HQGRWHO YH HSLWHO
JHoLUJHQOL÷LQGHNL DUWÕú� LQWHUVWLVL\HO YH DOYHROHU
|GHP YH KHPRUDML\H QHGHQ ROPDNWDGÕU������ 6RQ
\ÕOODUGD� +%2 X\JXODPDODUÕQD ED÷OÕ RODUDN
JHOLúHQ DNFL÷HU WRNVLVLWHVLQLQ PHNDQL]PDVÕ\OD
LOJLOL RODUDN oHúLWOL J|U�úOHU LOHUL V�U�OP�úW�U�
+%2
QLQ E�\�N RUDQGD V�UIDNWDQ VHQWH]L
�]HULQH RODQ HWNLVLQGHQ V|] HGLOPLúWLU�
+LSHUEDULN RNVLMHQLQ� V�UIDNWDQ VHQWH]LQGH URO

R\QD\DQ HQ]LPOHUL YH V�UIDNWDQÕQ DOYHROOHUH
WDúÕQPDVÕQÕ LQKLEH HWWL÷L LOHUL V�U�OP�úW�U���
$\UÕFD� ROXúDQ DNFL÷HU KDVD�UÕQGD� VHURWRQLQ
NOLUHQVLQGH YH SURVWDJODQGLQ PHWDEROL]PDVÕQGD
G�ú�úOHU V|] NRQXVXGXU��� +LSHURNVLQLQ EX
PHWDEROLN HWNLOHUL DNFL÷HU KDVDUÕQÕQ E�\�N
EHOLUWLOHULQGHQ |QFH ROXúPDNWD YH DNFL÷HULQ
RNVLMHQ WRNVLVLWHVLQH DLW KDVVDV ELU J|VWHUJHVL
RODELOPHNWHGLU� <DNÕQ ]DPDQGD JHUoHNOHúWLULOHQ
YH +%2
QLQ QHGHQ ROGX÷X WRNVLVLWHQLQ
PHNDQL]PDVÕQÕ DoÕNODPD\D \|QHOLN ELUoRN
DUDúWÕUPDQÕQ VRQXoODUÕ� VHUEHVW RNVLMHQ UDGLNDO
WHRULVL �]HULQGH \R÷XQODúPÕúWÕU������ +%2
\D
ED÷OÕ RNVLMHQ WRNVLVLWHVLQLQ JHOLúLPLQGH VHUEHVW
RNVLMHQ UDGLNDOOHUL \D GD UHDNWLI RNVLMHQ
PHWDEROLWOHULQLQ UROOHUL ELUNDo úHNLOGH
J|VWHULOPLúWLU� +LSHURNVL\H PDUX] EÕUDNÕODQ
GHQH\ KD\YDQODUÕQÕQ DNFL÷HUOHULQGH V�SHURNVLW
L\RQODUÕ� KLGURMHQ SHURNVLW YH OLSLG
SHURNVLWOHULQLQ DUWWÕ÷Õ J|VWHULOPLúWLU���
+LSHURNVLN úDUWODUGD� VÕoDQ DNFL÷HU GRNXVXQGD
DQWLRNVLGDQ VDYXQPD HOHPDQODUÕ RODQ
JOXWDW\RQ� JOXNR]���IRVIDW GHKLGURJHQD]�
JOXWDW\RQ UHG�NWD]� JOXWDW\RQ SHURNVLGD] YH
V�SHURNLG GLVPXWD] �62'�
ÕQ KLSHURNVL\H \DQÕW
RODUDN DUWWÕ÷Õ VDSWDQPÕúWÕU������ *OXWDW\RQGDQ
\RNVXQ EÕUDNÕODQ IDUHOHUGH KLSHURNVL\H ED÷OÕ
|O�P RUDQÕQÕQ DUWWÕ÷Õ J|]OHQPLúWLU��� +%2
\D
ED÷OÕ DNFL÷HU KDVDUÕQÕQ� NDWDOD] YH 62' LOH
WHGDYL HGLOPLú VÕoDQODUGD |QHPOL RUDQGD
D]DOGÕ÷Õ YH RUWDODPD \DúDP V�UHOHULQLQ GH
DUWWÕ÷Õ ELOGLULOPHNWHGLU������ +%2 X\JXODPDVÕ
\DSÕOPÕú GHQH\ KD\YDQODUÕQGD� 62'
ÕQ LQKLEH
HGLOPHVL\OH NRQYXO]L\RQ DUWÕúÕ YH RUWDODPD
\DúDP V�UHOHULQGH D]DOPD VDSWDQPÕúWÕU� 62'
YH NDWDOD] |Q�WHGDYLVL \DSÕOPÕú VÕoDQODUGD LVH

ùHNLO �� 'HQH\ V�UHVLQFH +%2 YH DQWLRNVLGDQ YLWDPLQ
WHGDYLVL X\JXODPDVÕ \DSÕOPÕú JUXED DLW WUDNHD GRNXVXQXQ
J|U�Q�P�� (SLWHOGH NDOÕQODúPD YH G|N�OPHOHU
L]OHQPHPHNWHGLU �7ROXLGLQ PDYLVL� [���� 

ùHNLO �� ( YH & YLWDPLQ NRPELQDV\RQX LOH WHGDYL HGLOPLú
JUXSWD� DPIL]HPDW|] GH÷LúLNOLNOHU GÕúÕQGD GL÷HU EXOJXODUÕQ
|QHPOL RUDQGD D]DOGÕ÷Õ J|]OHQL\RU �+	(� [���� 
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EX GXUXPXQ |QHPOL RUDQGD G�]HOGL÷L
VDSWDQPÕúWÕU��� øODYHWHQ� 3XJOLD YH DUN���� ELU
62' LQKLELW|U� RODQ GLHWLOGLWLRNDUEDPDWÕQ�
+%2
\D ED÷OÕ RODUDN JHOLúHQ PHUNH]L VLQLU
VLVWHPL WRNVLVLWHVLQL DUWÕUGÕ÷ÕQÕ J|VWHUPLúOHUGLU�
+%2 X\JXODPDODUÕQÕQ� \DOQÕ]FD DNFL÷HU YH EH\LQ
GRNXODUÕQGD GH÷LO� GL÷HU RUJDQ YH GRNXODUGD
�NDQ� NDV� NDUDFL÷HU JLEL� GD VHUEHVW RNVLMHQ
UDGLNDO G�]H\OHULQL DUWÕUGÕ÷Õ YH EXQD ED÷OÕ
RODUDN DQWLRNVLGDQ VDYXQPD HQ]LP G�]H\OHULQL
G�ú�UG�÷� J|VWHULOPLúWLU������������� <LQH EX
oDOÕúPDODUGD� +%2 X\JXODPDVÕ\OD EHUDEHU
DQWLRNVLGDQ YLWDPLQ �( YH & YLWDPLQOHUL� X\JXOD�
PDODUÕQÕQ +%2
QXQ QHGHQ ROGX÷X UDGLNDO
WRNVLVLWHVLQL |QOHGL÷L VDSWDQPÕúWÕU� %RDGL YH
DUN���� +%2
QXQ VÕoDQ DNFL÷HULQGH QHGHQ
ROGX÷X EL\RORMLN RNVLGDWLI KDVDUD NDUúÕ (
YLWDPLQL� ULERIODYLQ YH VHOHQ\XP JLEL DQWLRNVL�
GDQODUÕQ oHúLWOL NRPELQDV\RQODUÕQÕQ HWNLOHULQL
DUDúWÕUPÕú YH VRQXo RODUDN� NXOODQÕODQ EX
NRPELQDV\RQODUÕQ W�P�Q�Q +%2
QXQ QHGHQ
ROGX÷X KDVDUD NDUúÕ |QHPOL RUDQGD NRUX\XFX
HWNLVL ROGX÷XQX J|VWHUPLúWLU� %X DQWLRNVLGDQ
WHGDYL� |]HOOLNOH SRWHQW DQWLRNVLGDQ HQ]LP
VHQWH]LQL DUWÕUPÕú YH RNVLWOHQPH VRQXFX RUWD\D
oÕNDQ KLGURMHQ SHURNVLW YH OLSLG SHURNVLWOHULQL
VX\D YH WRNVLN ROPD\DQ OLSLG KLGURNVLWOHUH
G|Q�úW�UP�úW�U� %L]LP oDOÕúPDPÕ]GD� �� J�Q
V�UH\OH J�QGH �� GDNLND � $7$
OÕN +%2
\D
PDUX] EÕUDNÕODQ VÕoDQODUÕQ WUDNHD YH DNFL÷HU
GRNXODUÕQÕQ KLVWRORMLN LQFHOHPHOHULQGH� |QFHNL
oDOÕúPDODUD EHQ]H\HQ EXOJXODU J|]OHQGL� 7UDNHD
HSLWHOLQGHNL NDOÕQODúPD� \�NVHN EDVÕQoOÕ RNVLMH�
QH PDUX] NDODQ HSLWHO K�FUHOHULQGHNL SUROLIHUDV�
\RQGDQ ND\QDNODQÕ\RU RODELOLU� 9LWDPLQ
JUXEXQGDNL HSLWHO NDOÕQOÕ÷ÕQÕQ +%2 JUXEXQD
QD]DUDQ GDKD D] EXOXQPDVÕ GD YLWDPLQOHULQ
+%2 WRNVLVLWHVLQL D]DOWWÕ÷ÕQÕ J|VWHUHELOLU�
$NFL÷HUGHNL HQ EHOLUJLQ |]HOOLNOHU LVH DOYHROHU
VHSWXP NDOÕQODúPDVÕ� DPIL]HPDW|] GH÷LúLNOLNOHU
YH PRQRQ�NOHHU K�FUH LQILOWUDV\RQODUÕ\GÕ�
$NFL÷HU KDVDUÕQD \RO DoDQ PHNDQL]PDODUGDQ
ELUL� E|OJH\H JHOHQ O|NRVLWOHUGHQ DoÕ÷D oÕNDQ
UHDNWLI RNVLMHQ PHWDEROLWOHULQLQ WRNVLN HWNLVLGLU�
g]HOOLNOH� +%2 X\JXODPDVÕQGD� RNVLMHQLQ
DNFL÷HUOHUGH \�NVHN RUDQGD EXOXQPDVÕ� EX
K�FUHOHULQ WRNVLN HWNLOHULQL GDKD GD DUWÕUÕ\RU
RODELOLU� 9LWDPLQOHU GH� HWNLOHULQL EX
PHWDEROLWOHULQ WRNVLN HWNLOHULQL JLGHUHUHN
J|VWHUL\RU RODELOLU� 6RQXo RODUDN� oHúLWOL RUJDQ
YH GRNXODUGD RNVLGDWLI KDVDUD QHGHQ ROGX÷X
ELOLQHQ +%2
QXQ� EX oDOÕúPDGD GD VROXQXP

VLVWHPLQGH |QHPOL WRNVLN HWNL J|VWHUGL÷L
VDSWDQGÕ� øODYHWHQ� EX oDOÕúPDGD WHGDYL DPDoOÕ
NXOODQÕODQ DQWLRNVLGDQ YLWDPLQ NRPEL�
QDV\RQXQXQ +%2
\D ED÷OÕ WRNVLVLWH\L |QHPOL
RUDQGD D]DOWWÕ÷Õ J|VWHULOGL� %X YH GL÷HU
oDOÕúPDODUÕQ VRQXoODUÕQD GD\DQDUDN� WHGDYL
DPDoOÕ +%2 X\JXODPDVÕ \DSÕODQ ELUH\OHUGH
G�]HQOL DQWLRNVLGDQ YLWDPLQ WHGDYLVLQLQ \DUDUOÕ
RODELOHFH÷L VRQXFXQD YDUÕOGÕ�

.$<1$./$5

�� %HUWHOOL $� &HUUDWL $� *LRYDQQLQL /� 0LDQ 0� +\SHUEDULF R[\JHQ�
DQG HWKDQRO� LQGXFHG LQILOWUDWLRQ RI UDW KHSDWLF WULJO\FHULGHV DQG
WKH SURWHFWLYH DFWLRQ RI FRHQ]\PH $� ,QW - 7LVV 5HDF �����
����������

�� %HUWHOOL $� &HUUDWL $� *LRYDQQLQL /� 0LDQ 0� 3URWHFWLYH DFWLRQ RI
/�FDUQLWLQH DQG FRHQ]\PH 4�� DJDLQVW KHSDWLF WULJO\FHULGH
LQILOWUDWLRQ LQGXFHG E\ K\SHUEDULF R[\JHQ DQG HWKDQRO� 'UXJV
([SWO &OLQ 5HV ����� ��������

�� 'HQHNH 60� )DQEXUJ %.� 2[\JHQ WR[LFLW\ RI WKH OXQJ� $Q
XSGDWH� %U - $QDHVWK ����� ����������

�� ,UPDN 0.� (WOLN g� 'DOoÕN +� g]FDQ 2� 7RPXU $� .|NVDO 9�
(IIHFWV RI 9LWDPLQ ( RQ WKH VXOSKXU GLR[LGH WR[LFLW\ LQ WKH
UHVSLUDWRU\ WUDFW RI JXLQHD SLJV� 7XUNLVK - 0HG 6FL ����� ���
������

�� 3DFNHU /� /DQGYLN 6� 9LWDPLQ (� ,QWURGXFWLRQ WR ELRFKHPLVWU\
DQG KHDOWK EHQHILWV� $QQ 1< $FDG 6FL ����� ���������

�� )LVKHU $%� +\GH 5:� 3X\ 5-0� (IIHFWV RI 2� DW WZR DWPRVSKHUHV
RQ WKH SXOPRQDU\ PHFKDQLFV RI QRUPDO PDQ� - $SSO 3K\VLRO
����� ����������

�� *HUEHUVKDJHQ +9� .XIIQHU +� 5RFNHU +� /XQJHQPHFKDQLN XQG
SXOPRQDOHU JDVDXVWDXVFK QDFK K\SHUEDUHU R[\JHQLHUXQJ�
$QDHVWKHVLVW ����� ����������

�� $GDPLHF /� .DPLQVNL %� .ZLDWNRZVNL +� +\SHUEDULF R[\JHQ LQ
WUHDWPHQW RI DFXWH FDUERQ PRQR[LGH SRLVRQLQJ� $QDHVWK 5HV ,QW
7KHU ����� ���������

�� 'DYLV :%� 5HQQDUG 6,� %LWWHUPDQ 3%� 3XOPRQDU\ R[\JHQ
WR[LFLW\� HDUO\ UHYHUVLEOH FKDQJHV LQ KXPDQ DOYHRODU VWUXFWXUHV
LQGXFHG E\ K\SHUR[LD� 1 (QJO - 0HG ����� �����������

���%RNHU\D /$� 'RURVKHYLFK 91� 5DEDORY $*� 2Q WKH SDWKRJHQHVLV
RI VWUXFWXUDO OXQJ FKDQJHV LQ QRUPREDULF DQG K\SHUEDULF
R[\JHQDWLRQ� $QHVWH]LRO 5HDQLPDWRO ����� �������

���+DUDELQ $/� %UDLVWGHG -&� )O\QQ (7� 5HVSRQVH RI DQWLR[LGDQW
HQ]\PHV WR LQWHUPLWWHQW DQG FRQWLQXRXV K\SHUEDULF R[\JHQ� -
$SSO 3K\VLRO ����� ����������

���-DLQ ..� +\SHUEDULF FKDPEHUV� HTXLSPHQW� WHFKQLTXH� DQG
VDIHW\� 7H[WERRN RI +\SHUEDULF 0HGLFLQH� +RJUHIH�+XEHU
SXEOLVKHUV� ����� ������

���*LOGHU +� 0F6KHUU\ &.� 0HFKDQLVP RI R[\JHQ LQKLELWLRQ RI
SXOPRQDU\ VXUIDFWDQW V\QWKHVLV� 6XUJHU\ ����� ��������

���6DLG 6,� (QYLURPHQWDO LQMXU\ RI WKH OXQJ� 5ROH RI PHGLDWRUV�
)HGHUDWLRQ SURFHHGLQJV� ����� ����������

���%RDGL :<� 7KDLUH /� .HUHP '� <DQQDL 6� (IIHFWV RI GLHWDU\
VXSSOHPHQWDWLRQ ZLWK YLWDPLQ (� ULERIODYLQ DQG VHOHQLXP RQ
FHQWUDO QHUYRXV V\VWHP R[\JHQ WR[LFLW\� 3KDUPDFRO 7R[LFRO
����� ���������

���&URXFK /6� 3URXJK 5$� .HQQHG\ .$� 6Q\GHU -%� 5DW OXQJ
DQWLR[LGDQW HQ]\PH DFWLYLWLHV DQG WKHLU VSHFLILF SURWHLQV GXULQJ
K\SHUR[LD� - $SSO 3K\VLRO ����� �����������

���/XW] -� 6WDUN 0� $GPLQLVWUDWLRQ RI SHUIOXRURFKHPLFDOV XQGHU
K\SHUEDULF R[\JHQ SUHVVXUH DQG WUHDWPHQW ZLWK IUHH R[\JHQ
UDGLFDO VFDYHQJHUV� %LRPDW $UW &HOO $UG 2UJ ����� ������� ����

���1LVKLNL .� -DPLHVRQ '� 2VKLQR 1� &KDQFH %� 2[\JHQ WR[LFLW\ LQ
WKH SHUIXVHG UDW OLYHU DQG OXQJ XQGHU K\SHUEDULF FRQGLWLRQV�
%LRFKHP - ����� ��������

���1\ODQGHU *� 2WDPLUL 7� /HZLV '+� /DUVVRQ -� /LSLG SHUR[LGDWLRQ
SURGXFWV LQ SRVWLVFKHPLF VNHOHWDO PXVFOH DQG DIWHU WUHDWPHQW
ZLWK K\SHUEDULF R[\JHQ� 6FDQG - 3ODVW 5HFRQVWU 6XUJ �����
����������

���3XJOLD &'� /RHE *$� ,QIOXHQFH RI UDW EUDLQ VXSHUR[LGH GLVPXWDVH
E\ LQKLELWLRQ E\ GLHWK\OGLWKLRFDUEDPDWH XSRQ WKH UDWH RI



.ÕEUÕVOÕ YH DUN
 

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ���

GHYHORSPHQW RI FHQWUDO QHUYRXV V\VWHP R[\JHQ WR[LFLW\� 7R[LFRO $SSO 3KDUPDFRO ����� ����������
���3XUXFNHU (� /XW] -� (IIHFW RI K\SHUEDULF R[\JHQ WUHDWPHQW DQG

SHUIOXRURFKHPLFDO DGPLQLVWUDWLRQ RQ JOXWDWKLRQH VWDWXV RI WKH
OXQJ� 2[\JHQ WUDQVSRUW WR WLVVXH ;,9� 1HZ <RUN� 3OHQXP 3UHVV�
�����

���7XUUHQ -)� &UDSR -'� )UHHPDQ %$� 3URWHFWLRQ DJDLQVW R[\JHQ
WR[LFLW\ E\ LQWUDYHQRXV LQMHFWLRQ RI OLSRVRPH WUDSSHG FDWDODVH
DQG VXSHUR[LGH GLVPXWDVH� - &OLQ ,QYHVW ����� ���������

���<XVD 7� &UDSR -'� )UHHPDQ %$� /LSRVRPH�PHGLDWHG
DXJPHQWDWLRQ RI EUDLQ� 62' DQG FDWDODVH LQKLELWV &16 R[\JHQ
WR[LFLW\� - $SSO 3K\VLRO ����� �����������

���0DUXED\DVKL 6� 'RKL .� 2FKL .� .DZDVDNL 7� 7KH UROH RI IUHH
UDGLFDOV LQ LVFKHPLF UDW OLYHU FHOO LQMXU\� 3UHYHQWLRQ RI GDPDJH
E\ DOSKD�WRFRSKHURO DGPLQLVWUDWLRQ� 6XUJHU\ ����� �����������
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