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(ULWURPLVLQ##JDVWURLQWHVWLQDO##VLVWHP#�]HULQGH#SURNLQHWLN#HWNLVL#RODQ#PDNUROLG#
JUXEXQGDQ#ELU#DQWLEL\RWLNWLU1%X# oDOÕúPDQÕQ#DPDFÕ# #HULWURPLVLQ# NXOODQÕPÕ# LOH#
NROHOLWLDVLVOL#KDVWDODUGD# VDIUD#NHVHVL#DoOÕN# YRO�P�/# UH]LG�HO#YRO�P#YH# VDIUD#
NHVHVL# HMHNVL\RQ# IUDNVL\RQODUÕQGDNL# GH÷LúLNOLNOHUL# # XOWUDVRQRJUDILN# RODUDN#
GH÷HUOHQGLUPHNWLU1# dDOÕúPD\D# NROHOLWLDVLVOL# 45# ROJX# DOÕQGÕ1# 2OJXODUD#
|Oo�POHUGHQ# |QFH# DNúDP# YH# |Oo�P# J�Q�# VDEDK# 833#PJ# RUDO# HULWURPLVLQ##
X\JXODQGÕ1#+DVWDODU#HULWURPLVLQ#YHULOPHGHQ#YH#HULWURPLVLQ#YHULOGLNWHQ#VRQUD#
ROPDN#�]HUH#LNL#D\UÕ#VHDQVWD#GH÷HUOHQGLULOGL17�P#ROJXODUGD#VDIUD#NHVHVL#DoOÕN#
YRO�P�/# UH]LG�HO# YRO�P# YH# HMHNVL\RQ# IUDNVL\RQODUÕ# D\UÕ# D\UÕ# ND\GHGLOGL1#
(ULWURPLVLQ#NXOODQÕOGÕNWDQ#VRQUD#\DSÕODQ#GH÷HUOHQGLUPHOHUGH# UH]LG�HO#YRO�P#
D]DOPÕúWÕ1#3RVWSUDQGLDO#431/#831/#931/#:31/#;31/#<311#GDNLNDODUGDNL#HMHNVL\RQ#
IUDNVL\RQODUÕ#HULWURPLVLVQ#NXOODQPDNVÕ]ÕQ#\DSÕODQ#|Oo�POHUGHQ##GDKD#\�NVHN#
EXOXQGX1# $QFDN# SDUDPHWUHOHULQ# KLoELULQGH# HULWURPLVLQ# |QFHVL# YH#
VRQUDVÕQGDNL# GH÷HUOHU# NDUúÕODúWÕUÕOGÕ÷ÕQGD# LVWDWLNVHO# RODUDN# DQODPOÕ# IDUN#
EXOXQDPDGÕ1##
#
$QDKWDU#NHOLPHOHU=#(ULWURPLVLQ/#VDIUD#NHVHVL/#PRWLOLWH/#NROHOLWLDVLV##
#
#
,QIOXHQFH# # RI# HU\WKURP\FLQ# RQ# JDOOEODGGHU# #PRWLOLW\# LQ# SDWLHQWV##
ZLWK#FKROHOLWKLDVLV#
#
#
(U\WKURP\FLQ# LV#RQH#RI# WKH#DQWLELRWLFV#RI#PDFUROLGH#JURXS# #ZKLFK# #KDV# #D#
SURNLQHWLF# # HIIHFW# # RQ# JDVWURLQWHVWLQDO# V\VWHP17KH# DLP# RI# WKH# VWXG\# LV# WR#
LQYHVWLJDWH##WKH#XVH#RI##HU\WKURP\FLQ##RQ#WKH#YROXPH#DQG##FRQWUDFWLOLW\#RI#
JDOOEODGGHU# # LQ# SDWLHQWV# ZLWK# FKROHOLWKLDVLV1# 7ZHOYH# SDWLHQWV# ZLWK#
FKROHOLWKLDVLV#ZHUH#HYDOXDWHG# #EHIRUH#DQG#DIWHU##WKH#XVH#RI# #HU\WKURP\FLQ1#
3ULRU# WR# FDOFXODWLRQV#RI#JDOOEODGGHU#PRWLOLW\/# 833#PJ#RI#RUDO#HU\WKURP\FLQ##
ZDV# WDNHQ1# )DVWLQJ# JDOOEODGGHU# YROXPH/# UHVLGXDO# YROXPH# # DQG# HMHFWLRQ#
IUDFWLRQV#ZHUH# UHFRUGHG1# 7KHVH# SDUDPHWHUV#ZHUH# FRPSDUHG# # EHIRUH# DQG#
DIWHU# # HU\WKURP\FLQ# # XVDJH1# $IWHU# HU\WKURP\FLQ# DGPLQLVWUDWLRQ/# # UHVLGXDO#
YROXPH#ZDV# IRXQG# # WR#EH#GHFUHDVHG# #DQG#HMHFWLRQ# IUDFWLRQV# WDNHQ#RQ# WKH#
WHQWK# #PLQXWH# #DQG#DIWHU# # ILIWLHWK/#VL[WLHWK/#VHYHQWLHWK/#HLJKWLHWK/#QLQHWLHWK#
PLQXWHV#ZHUH#KLJKHU# # WKDQ#ZLWKRXW#HU\WKURP\FLQ# #XVDJH1#+RZHYHU/# WKHUH#
ZHUH#QR#VWDWLWLFDOO\#LPSRUWDQW##GLIIHUHQFHV##LQ#SDUDPHWHUV##EHIRUH#DQG#DIWHU##
WKH#HU\WKURP\FLQ##XVDJH1#
#
.H\#ZRUGV=#(U\WKURP\FLQ/#JDOOEODGGHU/#PRWLOLW\/#FKROHOLWKLDVLV#
#
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(ULWURPLVLQ# JDVWURLQWHVWLQDO# # VLVWHP# YH# VDIUD
NHVHVL# �]HULQH# SURNLQHWLN# # HWNLVL# RODQ# PDNUROLG
JUXEXQGDQ# ELU# DQWLEL\RWLNWLU1(ULWURPLVLQLQ# VDIUD
NHVHVL# �]HULQGHNL# NRQWUDNWLO# HWNLVL# WDPDPHQ
DoÕNOÕ÷D# NDYXúWXUXODPDPÕúWÕU1# 6DIUD# NHVHVL
NRQWUDNVL\RQX# # NROLQHUMLN# YH# KRUPRQDO# NRQWURO
DOWÕQGDGÕU41# 6DIUD# NHVHVLQGHNL# NROHVLVWRNLQLQ
UHVHSW|UOHULQLQ# D]DOPDVÕ# # VDIUD# NHVHVLQLQ
ERúDOPDVÕQGD# YH# NRQWUDNWLOLWHVLQGH# ER]XOPD\D
\RODoDU1# $WURSLQ# # NROHVLVWRNLQLQ# VDIUDNHVHVL
�]HULQGHNL#NRQWUDNWLO#HWNLVLQL#D]DOWÕU51#/R[LJOXPLGH
SRVWSUDQGLDO# VDIUD# NHVHVL# ERúDOPDVÕQÕ# YH
NRQWUDNVL\RQXQX# LQKLEH# HGHQ# VHOHNWLI
NROHVLVWRNLQLQ# DQWDJRQLVWLGLU6/7/8/91# # 6DIUD# NHVHVL
IRQNVL\RQODUÕ# # �]HULQH# HWNLOL# RODQ# KRUPRQODU
DUDVÕQGD#PRWLOLQLQ#VW�P�ODW|U#YH##VRPDWRVWDWLQLQ
LQKLELW|U# HWNLVL# VD\ÕODELOLU1# (ULWURPLVLQLQ# # �VW
JDVWURLQWHVWLQDO#VLVWHP#YH#VDIUD#NHVHVL#�]HULQGHNL
SURNLQHWLN#HWNLOHULQLQ#PRWLOLQ# UHVHSW|UOHUL#DUDFÕOÕ÷Õ
LOH# #PH\GDQD# JHOGL÷L# # LOHUL# V�U�OPHNWHGLU;/</43/441
6DIUD#NHVHVL#NRQWUDNVL\RQXQGD#D]DOPD#VDSWDQDQ
QRQ�OVHU# GLVSHSVLOL# # ROJXODUGD# # GÕúDUGDQ
HULWURPLVLQ# X\JXODPDVÕ# LOH# # VDIUD# NHVHVL
NRWUDNVL\RQXQGD# DUWPD# VDSWDQÕUNHQ# ROJXODUÕQ
GLVSHSWLN# úLND\HWOHULQGH# # GH# G�]HOPH
J|U�OP�úW�U:1#
#
'ÕúDUÕGDQ##HULWURPLVLQ###YHULOPHVL#LOH##NROHOLWLDVLVOL
KDVWDODUGD##VDIUD#NHVHVL##KLSRPRWLOLWHVLQ#G�]HOGL÷L
LOHUL# V�U�OP�úW�U1# %X# oDOÕúPD# LOH# NROHOLWLDVLVOL
KDVWDODUGD##HULWURPLVLQ##NXOODQÕPÕQÕQ#VDIUD#NHVHVL
YRO�P# YH# NRQWUDNWLOLWHVL# �]HULQGHNL# HWNLOHULQLQ
DUDúWÕUÕOPDVÕ#DPDoODQPÕúWÕU1###
#
0$7(5<$/#9(#0(72'#
#
dDOÕúPD\D##NROHOLWLDVLV#GÕúÕQGD#KHUKDQJL#ELU#VD÷OÕN
VRUXQX>VLJDUD/# DONRO# YH# LODo# NXOODQÕP# |\N�V�
ROPD\DQ# /# \Dú# RUWDODPDVÕ# # 89# # +7509:# \DúODU
DUDVÕ,# RODQ# # 45# # # ROJX# # +\HGLVL# NDGÕQ# YH# EHúL
HUNHN,# # DOÕQGÕ1# dDOÕúPD# VÕUDVÕQGD# EDúND# ELU
PHGLNDV\RQ#NXOODQÕOPDGÕ1#+DVWDODUÕQ#W�P�QH#D\QÕ
NDORUL# GH÷HUL# YH# LoHUL÷LQH# VDKLS# +(88
NDUERQKLGUDW/# (58# OLSLG/# (53# SURWHLQ,# WHVW
\HPH÷L# YHULOGLNWHQ# VRQUD# SRVWSUDQGLDO# |Oo�POHU
\DSÕOGÕ11#+DVWDODUD#|QFH#KLoELU# LODo#YHULOPHGHQ##;
VDDWOLN##JHFH#DoOÕ÷ÕQÕ##WDNLEHQ##DoOÕN#NHVH#YRO�P�
YH#SRVWSUDQGLDO# 43/#53/#63/#73/#83/#93/#:3/#;3/
<31# GDNLNDODUGD# VDIUD# NHVHVL# VDJLWWDO/# WUDQVYHUV
YH# ORQJLWXGLQDO# oDSODUÕ# XOWUDVRQRJUDIL# LOH
GH÷HUOHQGLULOGL1# $\UÕFD# KHU# GDNLND# LoLQ# HMHNVL\RQ
IUDNVL\RQX# D\UÕ# D\UÕ# KHVDSODQGÕ11# øNLQFL# VHDQVWD
LVH##KDVWDODUD##|Oo�P##|QFHVL###DNúDP##YH##|Oo�P##

\DSÕODFD÷Õ# J�Q# # VDEDK# ROPDN# �]HUH# # LNL# NH]
SHURUDO# # 833# PJ# HULWURPLVLQ# X\JXODQDUDN# # ;
VDDWOLN# JHFH# DoOÕ÷ÕQÕ# WDNLEHQ# DoOÕN# NHVH# YRO�P�
YH#SRVWSUDQGLDO# 43/#53/#63/#73/#83/#93/#:3/#;3/
<31# GDNLNDODUGD# VDIUD# NHVHVL# # oDSODUÕ
XOWUDVRQRJUDIL# LOH# GH÷HUOHQGLULOGL# YH# KHU# GDNLND
LoLQ#HMHNVL\RQ# IUDNVL\RQX# #KHVDSODQGÕ1#(Q# N�o�N
SRVWSUDQGLDO#VDIUD#NHVHVL#YRO�P�##UH]LG�HO#YRO�P
RODUDN# NDEXO# # HGLOGL1# 6DIUD# NHVHVL# YRO�P�
(YHUVRQ#IRUP�O�;#LOH#KHVDSODQGÕ=#
##
##########9 4#29#×#+DEF,####
D VDJLWWDO#oDS#
E WUDQVYHUV#oDS#
F ORQJLWXGLQDO#oDS#
#
(MHNVL\RQ#IUDNVL\RQX#LoLQ#NXOODQÕODQ#IRUP�O=#
############(W #+9309W293,#×433###
(W |Oo�P# \DSÕODQ# GDNLNDGDNL# HMHNVL\RQ
IUDNVL\RQX#
93 DoOÕN#NHVH#YRO�P�#
9W |Oo�P# \DSÕODQ# GDNLNDGDNL# VDIUD# NHVHVL
YRO�P�#
#
øVWDWLNVHO# DQDOL]OHU# # LoLQ#:LOFR[RQ# 5DQN# 6XP#:
7HVWL##NXOODQÕOGÕ1#3?3138##GH÷HUL##LVWDWLNVHO#RODUDN
DQODPOÕ#NDEXO#HGLOGL1#
#
#
%8/*8/$5#
#
dDOÕúPDPÕ]GD# HULWURPLVLQ# |QFHVL# +5419:±46199,
YH# VRQUDVÕQGD# +5519:±67163,# VDIUD# NHVHVL# DoOÕN
YRO�P�# GH÷HUOHUL# EHQ]HU# RODUDN# EXOXQGX1
(ULWURPLVLQ#NXOODQÕPÕQGDQ#VRQUD##|Oo�OHQ#UH]LG�HO
YRO�P# +81;6±5156,/# HULWURPLVLQ# NXOODQPDGDQ
|QFHNL# UH]LG�HO# YRO�PGHQ# +<175±91:4,# GDKD
N�o�NW�# YH#EX#GD#HULWURPLVLQ#NXOODQÕPÕ# LOH# VDIUD
NHVHVLQGHNL# PDNVLPXP# NDVÕOPDQÕQ# DUWWÕ÷ÕQD
LúDUHW#HWPHNWHGLU1(ULWURPLVLQ##NXOODQÕPÕQGDQ#|QFH
\DSÕODQ# GH÷HUOHQGLUPHGH# HQ# N�o�N# HMHNVL\RQ
IUDNVL\RQX# 431GDNLNDGD/# HQ# E�\�N# HMHNVL\RQ
IUDNVL\RQX# LVH# <31GDNLNDGD# |Oo�OG�1# (ULWURPLVLQ
NXOODQÕPÕQGDQ# VRQUD# # HQ# N�o�N# HMHNVL\RQ
IUDNVL\RQ# GH÷HUL# 631GDNLNDGD/# HQ# E�\�N
HMHNVL\RQ# IUDNVL\RQX# GH÷HUL# LVH# ;31GDNLNDGD
VDSWDQGÕ1# dDOÕúPDPÕ]GD# 43/# 93/# :3/# ;3/# <31
GDNLNDODUGDNL# HMHNVL\RQ# IUDNVL\RQ# GH÷HUOHUL
HULWURPLVLQ# NXOODQÕPÕ\OD# # DUWPÕú# RODUDN# EXOXQGX1
%X# VRQXoODUOD# HULWURPLVLQ# NXOODQÕPÕ# LOH# HUNHQ# YH
JHo# G|QHPGH# VDIUD# NHVHVL# NRQWUDNWLOLWHVLQGH
DUWPD# ROGX÷X# WHVSLW# HGLOPLú# ROPDVÕQD# UD÷PHQ
LVWDWLNVHO##RODUDN###DUDGDNL###IDUN####J|VWHULOHPHGL1#
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#
7$57,ù0$#
#
(ULWURPLVLQ# # JDVWURLQWHVWLQDO# # VLVWHP# YH# VDIUD
NHVHVL# �]HULQGH# SURNLQHWLN# HWNLVL# RODQ# PDNUROLG
JUXEX# DQWLEL\RWLNOHUGHQ#ELULGLU1#(ULWURPLVLQLQ# #EX
HWNLVLQLQ# PRWLOLQ# UHVHSW|UOHUL# �]HULQGHQ# DJRQLVW
HWNL\OH##RUWD\D#oÕNWÕ÷Õ#\D\JÕQ#RODUDN##NDEXO#HGLOHQ
J|U�úW�U1)LRUXFFL# YH# DUNDGDúODUÕ# 4<<8# \ÕOÕQGD
\DSWÕNODUÕ# oDOÕúPD<# LOH# HULWURPLVLQLQ# VDIUD# NHVHVL
�]HULQGHNL# \HPHN# VÕUDVÕQGD# YH# \HPHN
VRQUDVÕQGDNL# NRQWUDNWLO# # HWNLVLQLQ# # QLWULN# R[LGH
�]HULQGHQ# # G�]HQOHQHELOHFH÷LQL# G�ú�QP�úOHUGLU1
)X#YH#DUNDGDúODUÕ43#HULWURPLVLQ#NRQVDQWUDV\RQXQD
ED÷OÕ#VDIUD#NHVHVL#NRQWUDNWLOLWHVLQL#DUDúWÕUPDN#LoLQ
VÕoDQODU# �]HULQGH# \DSWÕNODUÕ# oDOÕúPD# LOH# QRUPDO
GL\HW# DODQ# JUXS# LOH# VDIUD# NHVHVL# NRUX\XFX# GL\HW
DODQ#JUXEX#NDUúÕODúWÕUPÕúODUGÕU1#%X#oDOÕúPDGD#HOH
DOÕQDQ#KHU#LNL#JUXS#LoLQ#PD[LPXP#NRQWUDNWLOLWH#YH
PLQXPXP# HIIHNWLI# NRQVDQWUDV\RQ# GH÷HUOHUL

EHQ]HU##EXOXQPXúWXU1##.OLQLN##oDOÕúPDODUGD##LVH#
NROHOLWLDVLVOL#KDVWDODUGD##DoOÕN#YRO�P�#YH##UH]LG�HO
YRO�P�Q# D]DOGÕ÷Õ# # EXQD# NDUúÕOÕN# # HMHNVL\RQ
IUDNVL\RQX#YH#VDIUD#NHVHVL#ERúDOPD#KÕ]ÕQÕQ#DUWWÕ÷Õ
J|VWHULOPLúWLU1# 6KDUPD# YH# DUNDGDúODUÕ# 4<<8
\ÕOÕQGD44# HULWURPLVLQLQ# NRORQ# �]HULQGHNL# HWNLOHULQL
RUWD\D# NR\PDN# LoLQ# 44# LGLRSDWLN# NRQVWLSDV\RQOX
KDVWD\D# 4# JU2J�Q# GR]XQGD# LNL# KDIWD# V�UH\OH
HULWURPLVLQ# YHUHUHN# NRORQLN# WUDQVLW# ]DPDQÕQÕQ
NÕVDOGÕ÷ÕQÕ# J|VWHUPLúOHU# YH# LGLRSDWLN
NRQVWLSDV\RQOX# KDVWDODUGD# WHURSDWLN# DPDoOÕ
HULWURPLVLQ# NXOODQÕODELOHFH÷LQL# |QH# V�UP�úOHUGLU1
4<<8#\ÕOÕQGD#HULWURPLVLQLQ#VDIUD#NHVHVL#�]HULQGHNL
NRQWUDNWLO# HWNLVLQLQ# NROLQHULN# VLVWHP# �]HULQGHQ
RUWD\D# oÕNDELOHFH÷LQL# G�ú�QHUHN# 0DVFOHH# YH
DUNDGDúODUÕ45# WUXQNDO# YDJRWRPL/# DQWUHNWRPL\H
LODYHWHQ# %LOOURWK0,# DQDVWRPR]X# \DSÕOPÕú# YH
DQWUHNWRPL\H# LODYHWHQ# %LOOURWK0,,# DQDVWRPR]X
\DSÕOPÕú# �o# JUXS# LOH# VD÷OÕNOÕ# NRQWURO# JUXEXQX
NDUúÕODúWÕUPÕúODUGÕU1#2OJXODUÕQ# WDPDPÕQD#6#PJ2NJ
LQWUDYHQ|]# HULWURPLVLQ# LQI�]\RQX# \DSDUDN
XOWUDVRQRJUDILN# RODUDN# |Oo�P# \DSPÕúODUGÕU1
*UXSODUÕQ# KHSVLQGH# ED]DO# VDIUD# NHVHVL# YRO�P
GH÷HUOHUL# EHQ]HU# EXOXQPDVÕQD# UD÷PHQ
HULWURPLVLQH# ED÷OÕ# HQ# \�NVHN# NRQWUDNWLOLWH
VÕUDVÕ\OD# NRQWURO# JUXEXQGD/# # VRQUD# WUXQNDO
YDJRWRPLOL# JUXSWD# # HQ# D]# RODUDN# LVH
DQWUHNWRPL\H# LODYHWHQ# # %LOOURWK0,# # DQDVWRPR]X
\DSÕODQ# JUXSWD# VDSWDQPÕúWÕU1# $QWUHNWRPL\H
LODYHWHQ# %LOOURWK0,,# DQDVWRPR]X# X\JXODQPÕú
JUXSWD#LVH#HULWURPLVLQ#X\JXODPDVÕ#LOH#VDIUD#NHVHVL
NRQWUDNWLOLWHVLQGH# KHUKDQJL# ELU# HWNL
VDSWDQPDPÕúWÕU1#
#
%L]LP# \DSWÕ÷ÕPÕ]# EX# oDOÕúPDGD# GD# HULWURPLVLQ
X\JXODQÕNWDQ# VRQUD# # UH]LG�HO# YRO�P# D]DOPÕúWÕ1
3RVWSUDQGLDO##431#GDNLND#HMHNVL\RQ#IUDNVL\RQX#YH
831GDNLNDGDQ# VRQUDNL# HMHNVL\RQ# IUDNVL\RQX
\�NVHN#EXOXQGX1(ULWURPLVLQ#NXOODQÕPÕ\OD##UH]LG�HO
YRO�P�Q# D]DOPDVÕ# VDIUD# NHVHVLQGH# # HOGH# HGLOHQ
PD[LPXP# NDVÕOPDQÕQ# HULWURPLVLQ# NXOODQÕPÕQGDQ
VRQUD# DUWWÕ÷ÕQÕ# J|VWHUPHNWHGLU1# 3RVWSUDQGLDO# 431
GDNLNDGDNL# YH# |]HOOLNOH# 831# GDNLNDGDQ# VRQUDNL
HMHNVL\RQ# # IUDNVL\RQODUÕQGD# J|U�OHQ# DUWÕú# # VDIUD
NHVHVLQLQ# EX# GDNLNDODUGD# GDKD# L\L# # NDVÕOGÕ÷ÕQD
LúDUHW# HWPHNWHGLU1# øVWDWLNVHO# DoÕGDQ# DQODPOÕ# IDUN
ROPDPDVÕ# LVH# YDND# VD\ÕVÕQÕQ# # D]# ROPDVÕQD# ED÷OÕ
RODELOLU1########
#
.$<1$./$5#
#
41# /XQGJUHQ#2/#6YDQYLN#-/#-LYHJDUG#/#1#(QWHULF#QHUYRXV#V\VWHP#LL1#3K\VLRORJ\##

DQG#SDWKRSK\VLRORJ\#RI#WKH##JDOOEODGGHU1#'LJ1#'LV1#6FL1#4<;<>67=5;70:1#

7DEOR#41#(ULWURPLVLQ#|QFHVLQGH#YH#VRQUDVÕQGD#|Oo�OHQ#VDIUD#
NHVHVL# DoOÕN/# UH]LG�HO# YRO�POHUL# YH# SRVWSUDQGLDO# # HMHNVL\RQ#
IUDNVL\RQ#GH÷HUOHUL1#

# (ULWURPLVLQ#
|QFHVL#

PHDQ±6(0#

(ULWURPLVLQ#
VRQUDVÕ#

PHDQ#±6(0#

S#
GH÷HUL#

$oOÕN# YRO�P�#
+PO,##

5419:±46199# 5519:±67163# !138#

5H]LG�HO#YRO�P#
+PO,#

<175±91:4# 81;6±5156# !138#

431#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,#

59133±5<137# 69166±6715<# !138#

531#GDNLND#
HMDNVL\RQ#
IUDNVL\RQX#+(,#

6514:±57185# 5:19:±76153# !138#

631#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,##

7319:±561<7# 581;6±7314;# !138#

731#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,##

73175±581;3# 6:13;±5<138# !138#

831#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,##

731<5±591;<# 6:13;±69177# !138#

931#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,##

771:8±5518<# 7:133±63146# !138#

:31#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,##

7918;±4<1:3# 7:14:±661:4# !138#

;31#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,##

7;158±55166# 87133±5;18<# !138#

<31#GDNLND#
HMHNVL\RQ#
IUDNVL\RQX#+(,##

8514:±55144# 86175±591:;# !138#



6DUÕ#YH#DUN#

7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+4,=4<<<########################6:######################

#

#

51# +RSPDQ#:30/#-DQVHQ#-%0-/#5RVHQEXVFK#*#HW#DO1#5ROH#RI#FKROHF\VWRNLQLQ
DQG# WKH# # FKROLQHUJLF# V\VWHP# LQ# LQWHVWLQDO# VWLPXODWLRQ# # RI# JDOOEODGGHU
FRQWUDFWLRQ#LQ#PDQ#1#-1#+HSDWRO1#4<<3>44=5980:1#

61# 7DNDRND#0/# .XERWD# </# )XMLPXUD# .# HW# DO1# # (IHFW# RI# VLQJOH# DQG#PXOWLSOH
DGPLQLVWUDWLRQV# RI# FLVDSULGH# RQ# SRVWSUDQGLDO# JDOOEODGGHU# HPSW\LQJ# # LQ
KHDOWK\#KXPDQV1##,QWHUQ1#0HG1#4<<7>66=6;4061#

71# *ODVEUHQQHU# %/# # 'RPøQJXH]00XQR]# -(/# 1HOVRQ# '.# HW# DO1# 3RVWSUDQGLDO
UHOHDVH#RI# FKROHF\VWRNLQLQ#DQG#SDQFUHDWLF#SRO\SHSWLGH# # LQ#KHDOWK# #DQG# LQ
JDOOVWRQH# # GLVHDVH# =# UHODWLRQVKLSV# # ZLWK# JDOOEODGGHU# FRQWUDFWLRQ# 1# $P# -
*DVWURHQWHURORJ\#4<<7>;<=7370:1#

81# 3LORW# 0$1# # 0DFUROLGHV# # LQ# UROHV# EH\RQG# # DQWLELRWLF# WKHUDS\1# %U# -# 6XUJ1
4<<7>;4=4756071#

91# *ODVEUHQQHU#%/#0DOIHUWKHLQHU#3/#3LHUDPLFR#2#HW#DO1##6RQRJUDSKLF#VWXG\#RI
JDOOEODGGHU# # IXQFWLRQ=#H[RJHQRXV# #RU#HQGRJHQRXV#VWLPXODWLRQ"#8OWUDVFKDOO
0HG1#4<<4>45=4:5091##

#

:1# /LX# # <*/# 1LH# # <4/# 4LDQ#:1# &OLQLFDO# VWXG\# # RI# HU\WKURP\FLQ# DFWLRQ# RQ
JDOOGODGGHU# #PRWLOLW\# LQ# SDWLHQWV#ZLWK# QRQ0XOFHU# G\VSHSVLD1# #&KXQJ# #+XD
1HL#.R##7VD##&KLK1#4<<7>66=6:90<1##

;1# (YHUVRQ#*7/#%UDYHUPDQ#'=/#-RKQVRQ#0/#HW#DO1#$#FULWLFDO#HYDOXDWLRQ#RI#UHDO
WLPH#XOWUDVRQRJUDSK\#IRU#WKH#VWXG\#RI#JDOOEODGGHU#YROXPH#DQG#FRQWUDFWLRQ1
*DVWURHQWHURORJ\1#4<;3>:<=#73091##

<1# )LRUXFFL# 6/# 'LVWUXWWL# (/# # %DVVRWWL# *# HW# DO1# # (IIHFW# RI# HU\WKURP\FLQ
DGPLQLVWUDWLRQ# # RQ# XSSHU# # JDVWURLQWHVWLQDO# # PRWLOLW\# # LQ# VFOHURGHUPD
SDWLHQWV1#6FDQG#-#*DVWURHQWHURO1##4<<7>5<=;3:0441#

431# )X# '/# =KDQJ# </# :DQJ# =1# &RQWUDFWLOH# HIIHFW# RI# # HU\WKURP\FLQ# RQ# WKH
JDOOEODGGHU1#-1#&KXQJ##+XD#:DL##.R#7VD##&KLK1#4<<8>66=:8:0<1##

441# 6KDUPD#66/#%KDUJDYD#1/#0DWKXU#6&1#(IIHFW#RI#RUDO#HU\WKURP\FLQ#RQ#FRORQLF
WUDQVLW# LQ# SDWLHQWV# # ZLWK# # LGLRSDWKLF# FRQVWLSDWLRQ1# 'LJ1# 'LV1# 6FL1
4<<8>73=57790<1#

451# 0DVVFOH#$$/#/HGHERHU#0//#*LHONHQV#+*#HW#DO1#(IIHFW#RI##HU\WKURP\FLQ##RQ
JDOOEODGGHU#HPSW\LQJ# LQ#SDWLHQWV#ZLWK# #DQWUHFWRP\#RU# WUXQFDO# #YDJRWRP\1
$P1#-1#*DVWURHQWHURO1#4<<8><3=<:6081#


