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#
<D]ÕúPD#$GUHVL=##
'U1+DPGL#g=&$1#
øQ|Q�#hQLYHUVLWHVL#7ÕS#
)DN�OWHVL#'HUPDWRORML#
$QDELOLP#'DOÕ#
0$/$7<$#
7HO=#755#674#39#93#2#683<#
#
.#;,,,1#3URI1#'U1#$1#/�WI�#7DW#
6HPSR]\XPX/#90<#(NLP#
4<<:/#$QNDUD¶GD#V|]HO#ELOGLUL#
RODUDN#VXQXOPXúWXU1####

#

øPP�Q#VLVWHPL#EDVNÕODQPÕú#NLúLOHUGH#IÕUVDWoÕ#PDQWDU#HQIHNVL\RQODUÕQÕQ#HQ#VÕN#
QHGHQL# NDQGLGDODUGÕU1# %X# oDOÕúPDGD/# SHGLDWULN# RQNRORMLN# KDVWDODUGD# RUDO#
NDQGLGD# IORUDVÕ# YH# SURILODNWLN# WHGDYLQLQ# HWNLQOL÷LQLQ# LQFHOHQPHVL#
DPDoODQPÕúWÕU1#%X#DPDoOD#oDOÕúPD\D#KHPDWRORMLN#YH\D#VROLG#W�P|U�#EXOXQDQ#
67# KDVWD# DOÕQGÕ1# 2OJXODUÕQ# RUDO# PXNR]DVÕQGDQ# DOÕQDQ# V�U�QW�OHU#
NORUDPIHQLNROO�# 6DERXUDXG# EHVL\HULQH# HNLOGL1# .DQGLGD# WLSOHQGLULOPHVL# NODVLN#
YH# GLVN# GLII�]\RQ# \|QWHPL# LOH# \DSÕOGÕ1# 2OJXODUÕQ# 47¶�QGH# PD\D# �UHPHVL#
J|U�OG�1# .ODVLN# \|QWHPOH# \DSÕODQ# WLSOHQGLUPH# VRQXQXQGD# EXQODUÕQ# 44#
+(:;19,¶LQLQ#&DQGLGD#DOELFDQV/# LNLVLQLQ# +(4716,#&1#NHI\U/#ELULQLQ# +(:14,#&1#
+7RUXORSVXV,#JODEUDWD#ROGX÷X/#GLVN#GLII�]\RQ#\|QWHPL#LOH#LVH/#45#+;81:,¶VLQLQ#
&1#DOELFDQV#YH#LNLVLQLQ#+(4716,#&1#JODEUDWD#ROGX÷X#J|U�OG�1#3URILODNWLN#WHGDYL#
DODQODUÕQ#(6616¶�QGH#PD\D#K�FUHVL#�UHUNHQ#SURILODNWLN#WHGDYL#DOPD\DQODUGD#
EX#RUDQ#(#77#LGL1##
6RQXo# RODUDN/# RQNRORMLN# ROJXODUÕQ# RUDO# PXNR]DVÕQGDQ# NDQGLGD# LoLQ# N�OW�U#
DOÕQDUDN# WDNLS# HGLOPHVLQLQ# YH# SURILODNWLN# RODUDN# VLVWHPLN# IOXNRQD]RO#
YHULOPHVLQLQ#X\JXQ#RODFD÷ÕQÕ#G�ú�QPHNWH\L]1#
#
$QDKWDU#NHOLPHOHU=#3HGLDWULN#RQNRORML/#RUDO#NDQGLGLD]LV/#SURILODNVL###
#
2UDO#FDQGLGLDO#IORUD#DQG#HIIHFWLYHQHVV#RI#SURSK\ODFWLF#WUHDWPHQW#LQ#
SHGLDWULF#RQFRORJLF#SDWLHQWV#
#
&DQGLGD# VSHFLHV# DUH# WKH# PRVW# FRPPRQ# FDXVHV# RI# IXQJDO# LQIHFWLRQV# LQ#
LPPXQRFRPSURPLVHG#SDWLHQWV1#7KH#SXUSRVH#RI#WKLV#VWXG\#ZDV#WR#LQYHVWLJDWH#
RUDO# FDQGLGLDO# IORUD# DQG# HIIHFWLYHQHVV# RI# WKH# SURSK\ODFWLF# WUHDWPHQW# LQ#
SHGLDWULF#RQFRORJLF#SDWLHQWV1#7KLUW\#IRXU#SDWLHQWV#ZLWK#KDHPRWRORJLF#RU#VROLG#
PDOLJQDQF\#HQUROOHG# LQ# WKH#VWXG\1#7KH#VDPSOHV#ZHUH# WDNHQ# IURP#SDWLHQW¶V#
RUDO#PXFRVD# DQG# LQFXEDWHG# LQ# 6DERXUDXG¶V# DJDU1# ,VRODWHG# \HDVW# FRORQLHV#
ZHUH#W\SHG#ZLWK#FODVVLFDO#DQG#GLVF#GLIIXVLRQ#PHWKRGV1#)RXUWHHQ#SDWLHQWV#KDG#
SRVLWLYH#FXOWXUH#IRU#FDQGLGLDVLV1#7KH#GLVWULEXWLRQ#RI#FDQGLGDO#VSHFLHV#ZLWK#WKH#
FODVVLFDO#PHWKRG#ZDV# 44# +:;/9(,#&1# DOELFDQV/# WZR# +47/6(,#&1# NHI\U# DQG#
RQH# +:/4(,#&1# +7RUXORSVXV,#JODEUDWD1#7KH#GLVF#GLIIXVLRQ#PHWKRG# LGHQWLILHG#
45#+;8/:(,#&1#DOELFDQV#DQG#WZR#+47/6(,#&1#JODEUDWD#IURP#WKH#VSHFLPHQV1#
7KH# UDWLR# RI# \HDVW# FRORQ\# SURGXFWLRQ# ZHUH# 66/6(# LQ# SDWLHQWV# ZLWK#
SURSK\ODFWLF#WUHDWPHQW#DQG#77(#LQ#SDWLHQWV#ZLWKRXW#SURSK\OD[LV1##
$V#D#UHVXOW/#WKH#IROORZ0XS#RI#RQFRORJLF#SDWLHQWV#ERWK#ZLWK#PXFRVDO#FDQGLGDO#
FXOWXUH#DQG#V\VWHPLF#IOXFRQDVROH#DGPLQLVWUDWLRQ#DV#D#SURSK\OD[LV#ZRXOG#EH#
VXLWDEOH1#
#
.H\#ZRUGV=#3HGLDWULF#RQFRORJ\/#RUDO#FDQGLGLDVLV/#SURSK\OD[LV#######
#
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#

$QWLQHRSODVWLN# NHPRWHUDSL# DODQ# KDVWDODUGD
SULPHU# KDVWDOÕNWDQ# VRQUD# HQ# VÕN# |O�P# QHGHQL
HQIHNVL\RQODUGÕU1# )XQJDO# HQIHNVL\RQODU# WDQÕ# YH
WHGDYL#J�oO�÷�#DoÕVÕQGDQ#EXQODU#DUDVÕQGD#|QHPOL
\HU# WXWDU1# øPP�Q#VLVWHPL#EDVNÕODQPÕú#NLúLOHUGHNL
IÕUVDWoÕ# PDQWDU# HQIHNVL\RQODUÕQÕQ# HQ# VÕN# QHGHQL
NDQGLGD#W�UOHULGLU1#&1#DOELFDQV#EX#HQIHNVL\RQODUGD
LON# VÕUDGD# \HU# DOÕUNHQ/# &1# WURSLFDOLV/# &1
+7RUXORSVXV,#JODEUDWD#YH#GL÷HU#NDQGLGD#W�UOHUL#GH
HWNHQ#RODELOLUOHU41#
#
%X#oDOÕúPDGD#SHGLDWULN#RQNRORMLN#KDVWDODUGD#RUDO
PXNR]D# NDQGLGD# IORUDVÕ# YH# SURILODNWLN# WHGDYLQLQ
HWNLQOL÷LQLQ#LQFHOHQPHVL#DPDoODQPÕúWÕU1##
#
0$7(5<$/#9(#0(72'#
#
(UFL\HV# hQLYHUVLWHVL# 7ÕS# )DN�OWHVL# 3HGLDWULN
+HPDWRORML02QNRORML# hQLWHVL¶QGH# \DWDQ
KHPDWRORMLN# YH# VROLG# W�P|U�# RODQ# 67# ROJX
oDOÕúPD\D# DOÕQGÕ1# +DVWDODUÕQ# \DúODUÕ/# FLQVOHUL/
RQNRORMLN#WDQÕODUÕ/#YH#SURILODNWLN#RODUDN#DQWLIXQJDO
WHGDYL#DOÕS#DOPDGÕNODUÕ#ND\GHGLOGL1#
#
2UDO# PXNR]D# NDQGLGD# HQIHNVL\RQX# \|Q�QGHQ
NOLQLN# RODUDN# LQFHOHQGL1# $\UÕFD# VWHULO# HN�Y\RQOD
RUDO#PXNR]DGDQ#V�U�QW�#DOÕQDUDN#NORUDPIHQLNROO�
6DERXUDXG# EHVL\HULQH# HNLOHUHN# RGD# ÕVÕVÕQGD
EHNOHWLOGL1# hUHPH# RODQ# YDVDWODUGDQ# NDQGLGD
WLSOHQGLULOPHVL# NODVLN# \|QWHP# YH# GLVN# GLII�]\RQ
\|QWHPL# LOH# \DSÕOGÕ1# .ODVLN# \|QWHPGH# NDQGLGDODU
JHUP# W�S# WHVWL# YH# VÕYÕ# EHVL\HULQGH# GH÷LúLN
úHNHUOHUOH# DVLW# YH# JD]# \DSPDODUÕQD# J|UH
WLSOHQGLULOGL51# 'LVN# GLII�]\RQ# WHVWLQGH# IDUNOÕ
NDQGLGD# W�UOHULQLQ# �UHPHVLQLQ# IDUNOÕ# ER\DODU# LOH
LQKLEH# ROPDVÕQGDQ# ID\GDODQÕODUDN# NDQGLGDODUÕQ
WLSOHQGLULOPHVL#\DSÕOGÕ61#
#
6RQXoODUÕQ# LVWDWLVWLNL#DQDOL]LQGH#)LVKHU¶LQ#NHVLQ#NL
NDUH#WHVWL#NXOODQÕOGÕ1#
#
%8/*8/$5#
#
dDOÕúPD\D# 55¶VL# HUNHN/# 45¶VL# NÕ]/# WRSODP# 67# NLúL
DOÕQGÕ1#2OJXODUÕQ#\DúODUÕ#8D\04;\ÕO#+;1:6�7196#\ÕO,
DUDVÕQGD# GH÷LúPHNWH# LGL1# 9DNDODUÕQ# 58¶LQGH
KHPDWRORMLN# PDOLJQHQVL/# GRNX]XQGD# VROLW# W�P|U
PHYFXWWX#+7DEOR#4,1#
#
.OLQLN#RODUDN#ELU#KDVWDGD#RUDO#PXNR]DGD#YH#GLOGH
ELUOHúPH#H÷LOLPL#J|VWHUHQ#EH\D]#SODNODU#J|]OHQGL1
0LNRORMLN# LQFHOHPHGH# KDVWDODUÕQ# RUDO
PXNR]DVÕQGDQ#\DSÕODQ#N�OW�UOHULQ#47¶�QGH#�UHPH

#
#
#
#
#
#
#
#
#
#
#
#
#
J|U�OG�1# .ODVLN# \|QWHP# LOH# \DSÕODQ# WLSOHQGLUPH
VRQXFXQGD/# 44# +(:;19,¶LQLQ#&1#DOELFDQV/# LNLVLQLQ
+(4716,# &1# NHI\U/# ELULQLQ# +(:14,# &1# JODEUDWD
ROGX÷X# EHOLUOHQGL1# $\QÕ# NRORQLOHU# GLVN# GLII�]\RQ
\|QWHPL# LOH# WLSOHQGLULOGLNOHUL# ]DPDQ# YDVDWODUÕQ
45¶VLQGH# +(;81:,# &1# DOELFDQV/# LNLVLQGH# +(4716,
&1#JODEUDWD#�UHGL÷L#WHVSLW#HGLOGL#+7DEOR#5,1#+HU#LNL
\|QWHPOH# \DSÕODQ# WLSOHQGLUPHGH# &1# DOELFDQV¶ÕQ
IORUDGD#GDKD#VÕN#RODUDN#\HU#DOGÕ÷Õ#J|U�OPHNWHGLU1
'LVN# GLII�]\RQ# WHVWL/# NODVLN# NDQGLGD# WLSOHQGLUPH
\|QWHPL# LOH#NDUúÕODúWÕUÕOGÕ÷Õ#]DPDQ#&1#DOELFDQV#YH
&1# JODEUDWD# LoLQ# KDVVDVL\HWLQLQ# \�NVHN# ROGX÷X
J|U�OG�1# 'L÷HU# WDUDIWDQ# &1# NHI\U# LoLQ# D\QÕ
KDVVDVL\HWH#VDKLS#ROPDGÕ÷Õ#EHOLUOHQGL1#
#
#
#
#
#
#
#
+DVWDODUGD# SURILODNWLN# RODUDN# WRSLNDO# ELNDUERQDW
VRO�V\RQX/# SRYLGRQ# L\RW# +(:18,/# QLVWDWLQ/
VLVWHPLN# IOXNRQD]RO# YH\D# IOXNDQR]ROOH# ELUOLNWH
WRSLN# WHGDYL# YH\D# LNL# WRSLN# WHGDYL# ELUOLNWH
NXOODQÕOPDNWD# LGL1# 3URILODNWLN# WHGDYL# DODQ
KDVWDODUGD# NOLQLN#EXOJX#J|]OHQPH]NHQ/#PLNRORMLN
RODUDN# RODUDN# (6616# RUDQÕQGD# �UHPH# J|U�OG�1
3URILODNWLN#WHGDYL#DOPD\DQ#JUXEXQ#(7¶�QGH#NOLQLN
RODUDN# NDQGLGLD]LV#EHOLUOHQLUNHQ/#PLNRORMLN#RODUDN
(77¶�QGH# RUDO#PXNR]DGD# NDQGLGD# YDUOÕ÷Õ# WHVSLW
HGLOGL# +7DEOR# 6,1# 3URILODNWLN# WHGDYL# DODQODUOD
DOPD\DQODU# DUDVÕQGD/# N�OW�UGH# NDQGLGD# �UHPHVL
\|Q�QGHQ# LVWDWLVWLNVHO# RODUDN# DQODPOÕ# IDUN# \RNWX
+S 3/:37,1#
#
7RSLNDO# YH# VLVWHPLN# DQWLIXQJDO# WHGDYL# DODQODUGD
NOLQLN#EXOJX\D# UDVWODQÕOPDGÕ1#0LNRORMLN#RODUDN# LVH
SURILODNWLN# WRSLNDO# DQWLIXQJDO# WHGDYL# DODQODUÕQ
(83¶VLQGH/# VLVWHPLN# SURILODNWLN# DQWLIXQJDO
NXOODQDQODUÕQ# LVH# (58¶LQGH# �UHPH# J|U�OG�1

7DEOR#4=#+DVWDODUÕQ#W�P|U#W�UOHULQH#J|UH#GD÷ÕOÕPODUÕ1#
#

#
#

-$NXW#PL\RORLG#O|VHPL/#:LOPV#W�P|U�/#+RGJNLQ#OHQIRPD/#KLVWLRVLWR]LV/
HQGRGHUPDO# VLQ�V# W�P|U�/# QD]RIDULQJHDO# NDUVLQRPD/# NRURLG# SOHNVXV
NDUVLQRPX/#SULPLWLI#Q|URHNWRGHUPDO#W�P|U/#RYHU#GLVJHUPLQRPX>#+ELUHU
ROJX,1#

7DEOR#51##0LNRORMLN#EXOJXODU1#
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#
øVWDWLVWLNVHO# LQFHOHPHGH# oDOÕúPD\D# DOÕQDQ# KDVWD
VD\ÕVÕQÕQ# D]# ROPDVÕ# QHGHQL\OH# SURILODNWLN# WHGDYL
DODQ/#DOPD\DQ#JUXSODU#YH#VLVWHPLN/#WRSLNDO#WHGDYL
DODQ# JUXSODU# DUDVÕQGD# DQODPOÕ# IDUN# VDSWDQPDGÕ
+S 4,#+7DEOR#7,1##
#
#
#
#
#
#
#
#
7$57,ù0$#
#
$QWLQHRSODVWLN# NHPRWHUDSL# VRQXFX# JUDQ�ORVLWR0
SHQL# ROXúDELOLU# YH# EX# GXUXP# IXQJDO
HQIHNVL\RQODUÕQ# ROXúPDVÕQGD# HQ# |QHPOL# ULVN
IDNW|U�G�U41#.HPLN# LOL÷L#WUDQVSODQWDV\RQX#\DSÕODQ
SHGLDWULN# KDVWD# JUXEXQGD# PLNRWLN# HQIHNVL\RQ
(5063#DUDVÕQGD#ELOGLULOPLúWLU71#(WNHQ#&1#DOELFDQV
YH# GL÷HU# NDQGLGD# W�UOHUL# ROXS/# JLULú# NDSÕVÕQÕQ# HQ
VÕN#JDVWURLQWHVWLQDO#NDQDO#ROGX÷X#ELOGLULOPHNWHGLU1
<�NVHN#ULVN#JUXEX#RODQ#EX#KDVWDODUGD#DQWLIXQJDO
SURILODNVL# LoLQ#433#PJ2P5# IOXNRQD]RO#NXOODQÕOPDVÕ
|QHULOPHNWHGLU71# 3URILODNWLN# WHGDYL# oR÷X# NH]# &1
DOELFDQV¶D# NDUúÕ# HWNLOL# ROPDVÕQD# NDUúÕQ# GL÷HU
NDQGLGD# W�UOHULQH# ED]HQ# \HWHULQFH# HWNLOL
ROPDPDNWDGÕU1# %HQ]HU# GXUXP# VLVWHPLN
NHWRNRQD]RO#SURILODNVLVLQGH#GH#J|U�OPHNWH#YH#&1
DOELFDQV# NRORQL]DV\RQX# D]DOÕUNHQ# &1# JODEUDWD
NRORQL]DV\RQX# DUWPDNWDGÕU71# &1# JODEUDWD# GÕúÕQGD
&1# WURSLFDOLV# GH# IOXNRQD]ROH# GLUHQo# J|VWHUHELOLU81
'LUHQoOL# ROJXODUGD# DPIRWHULVLQ# %# |QHULOPHNWHGLU1
$PIRWHULVLQ#%¶\H#J|UH# WRNVLVLWHVL#GDKD#G�ú�N#YH
\DQ# HWNLVL#PLQLPDO#RODQ# OLSR]RPDO# DPIRWHULVLQ#%
(;9# PLNRORMLN# N�U# VD÷ODPDNWD# YH# |]HOOLNOH
SHGLDWULN# RQNRORMLN# KDVWDODUGD# |QHULOPHNWHGLU91
$QFDN# DPIRWHULVLQ# %# SURILODNWLN# RODUDN# GH÷LO/
KD\DWÕ# WHKGLW# HGLFL# VLVWHPLN# HQIHNVL\RQODUGD
NXOODQÕOPDOÕ/# SURILODNVLGH# LVH# IOXNRQD]RO# WHUFLK
HGLOPHOLGLU:1# 0XFNH# YH# DUNDGDúODUÕ# GD# EDú# YH
ER\XQ# W�P|UOHUL# QHGHQL\OH# UDG\RWHUDSL# YH
UDG\RNHPRWHUDSL# X\JXODQDQ# KDVWDODUGD# NDQGLGD
VWRPDWLWL# JHOLúLPLQL# D]DOWPDN# YH# JHOLúHELOHFHN

HQIHNVL\RQ# QHGHQL\OH# WHGDYL\H# DUD# YHUPHPHN
LoLQ# SURILODNWLN# IOXNRQD]RO# NXOODQÕOPDVÕQÕ
|QHUPHNWHGLUOHU;1#'L÷HU# WDUDIWDQ# KHPDWRORMLN# YH
RQNRORMLN# KDVWDOÕ÷Õ# RODQ# YDNDODUGD# KDVWDQH\H
\DWÕUÕOGÕNWDQ#VRQUD# LQWUDYHQ|]#DPIRWHULVLQ#%#YH\D
RUDO# DPIRWHULVLQ# %# LOH# ELUOLNWH# QHEXOL]HUOH
DPIRWHULVLQ# %¶QLQ# SURILODNWLN# RODUDN
NXOODQÕOPDVÕQÕQ# LQYD]LY#PDQWDU# HQIHNVL\RQODUÕQÕQ
JHOLúPHVLQL# |QOH\HFH÷L# ELOGLULOPHNWHGLU<1# 7RSLNDO
SURILODNVL# LoLQ# HPLOLPL# ROPD\DQ# QLVWDWLQ# GH
|QHULOPHNWHGLU431# $QFDN# SURILODNVLQLQ# JHUHNOLOL÷L
YH# HWNLQOL÷L# NRQXVXQGD# ILNLU# ELUOL÷L# \RNWXU1
dDOÕúPDPÕ]GD# SHGLDWULN# RQNRORMLN# KDVWDODUGD
SURILODNWLN#WHGDYL#DOVÕQ#YH\D#DOPDVÕQ#67#KDVWDQÕQ
(7414:¶VLQGH/# SURILODNWLN# WHGDYL# DODQODUÕQ
(6616¶�QGH# YH# SURILODNWLN# WHGDYL# DOPD\DQODUÕQ
(7713¶ÕQGD# PLNRORMLN# RODUDN# NDQGLGD
NRORQL]DV\RQXQXQ# EXOXQGX÷X# EHOLUOHQPLúWLU1# %X
RUDQ/# NHPLN# LOL÷L# WUDVSODQWDV\RQX# \DSÕODQ
ROJXODUGD# (5063# DUDVÕQGD7/# DNXW# PL\HORLG
O|VHPLOL# KDVWDODUGD# (;344/# SHULQDWDO# +,9
HQIHNVL\RQX# RODQ# oRFXNODUGD# (93# RODUDN
ELOGLULOPHNWHGLU451# $QWLQHRSODVWLN# WHGDYL# DODQ# YH
DOPD\DQ# KDVWDODU# DUDVÕQGD# NDQGLGD# HQIHNVL\RQX
\|Q�QGHQ# DQODPOÕ# IDUN# J|]OHQPHPLúWLU1# )DNDW
NOLQLN# L]OHPOHULPL]GH#|]HOOLNOH#VLVWHPLN#DQWLIXQJDO
SURILODNVL# DODQ# KDVWDODUGD# NDQGLGD
NRORQL]DV\RQXQXQ# GDKD# D]# ROGX÷XQX
J|]OHPOHPHNWH\L]1#
#
$QWLIXQJDO# SURILODNVL# WRSLNDO# D÷Õ]# EDNÕPÕ# YH\D
QLVWDWLQOH# \DSÕODQ# KDVWDODUGD# NDQGLGDODUÕQ
NRORQL]DV\RQXQGD# ELU# GH÷LúLNOLN# VDSWDQPDGÕ÷Õ
KDOGH# VLVWHPLN# WHGDYL# DODQODUGD# ELU# PLNWDU
NRORQL]DV\RQGD# D]DOPD# EHOLUOHQPLúWLU1# %HQ]HU
úHNLOGH# LPP�Q# GLUHQFL# G�ú�N# RODQ# ROJXODUGD
SURILODNWLN# QLVWDWLQ# NXOODQÕPÕQÕQ# HWNLOL# ROPDGÕ÷Õ
ELOGLULOPHNWHGLU461#
#
6RQXo# RODUDN/# SHGLDWULN# RQNRORMLN# KDVWDODUGD
DQWLQHRSODVWLN# WHGDYL# DOVÕQ# YH\D# DOPDVÕQ# RUDO
PXNR]D# OH]\RQX# EXOXQPDVD# ELOH# N�OW�U# LOH
NDQGLGDODUÕQ# YDUOÕ÷ÕQÕQ# DUDúWÕUÕOPDVÕ# YH
WLSOHQGLULOPHVLQLQ# LODo# VHoLPLQGH# \DUGÕPFÕ
RODELOHFH÷LQL# YH# SURILODNVL# \DSÕOPDVÕ
G�ú�Q�O�\RUVD# |]HOOLNOH# Q|WURSHQLN# ROJXODUGD
VLVWHPLN# IOXNDQR]RO#YHULOPHVLQLQ#X\JXQ#RODFD÷ÕQÕ
G�ú�QPHNWH\L]1#
#
5()(5$16/$5#
#
41# +RSSH# -(/# )ULHVV# '/# 1LHWKDPPHU# '1# 2URLQWHVWLQDO# \HDVW# FRORQL]DWLRQ# RI

SDHGLDWULF# RQFRORJLF# SDWLHQWV# GXULQJ# DQWLIXQJDO# SURSK\OD[LV=# UHVXOW# RI
TXDQWLWDWLYH# FXOWXUH# DQG# FDQGLGD# VHURORJ\# DQG# FRPSDULVRQ# RI# WKUHH
SRO\HQHV1#0\FRVHV#4<<8>#6;=#740<1#

7DEOR#61#3URILODNWLN#WHGDYLQLQ#HWNLQOL÷L1#
#
# .OLQLN#EXOJX# 0LNUREL\RORMLN#EXOJX#
# +.,# +0,# +.,# +0,#
3URILODNWLN#WHGDYL#
DODQODU#+Q=<,#

0# <# 6#+(6616,# 9#+(991:,#

3URILODNWLN#WHGDYL#
DOPD\DQODU#+Q=58,#

4+(7,# 57#+(<9<# 44#+(77,# 47#+(89,#

3 31:37#

#

7DEOR#71#$QWLIXQJDO#WHGDYLQLQ#HWNLQOL÷L1#
#
# .OLQLN#EXOJX# 0LNUREL\RORMLN#EXOJX#
# +.,# +0,# +.,# +0,#
7RSLNDO#WHGDYL# 0# 7# 5#+(#83,# 5#+(#83,#
6LVWHPLN#WHGDYL# 0# 7# 4#+(#58,# 6#+(#:8,#
7RSLNDO.6LVWHPLN#WHGDYL# 0# 4# 0# 4#

3 4#



8NúDO#YH#DUN#

7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+4,=4<<<##########################78######################

#

#

51# :DUUHQ#1*/# 6KDGRP\#+-1# <HDVWV# RI#PHGLFDO# LPSRUWDQFH1# ,Q=# %DORZV#$/
+DXVOHU#:-/#+HUUPDQQ#.//#+HUUPDQQ#.//#,VHQEHUJ#+'/#6KDGRP\#+-/#HGV1
0DQXDO#RI#&OLQLFDO#0LFURELRORJ\1#8WK#(G1#:DVKLQJWRQ=#$PHULFDQ#6RFLHW\#IRU
0LFURELRORJ\#4<<4=#94:05<1#

61# 6REF]DF#+1#$#VLPSOH#GLVN0GLIIXVLRQ#WHVW#IRU#GLIIHUDQWLDWLRQ#RI#\HDVW#VSHFLHV1
-#0HG#0LFURELRO#4<;8>#53=#63:0491#

71# +RSSH#-(/#.OLQJHELHO#7/#1HLWKDPPHU#'1#2URLQWHVWLQDO#\HDVW#FRORQL]DWLRQ#RI
SDHGLDWULF#ERQH#PDUURZ#WUDQVSODQW#UHFLSLHQWV=#VXUYHLOODQFH#E\#TXDQWLWDWLYH
FXOWXUH#DQG#VHURORJ\1#0\FRVHV#4<<8>#6;=#840:1#

81# +RHJO# //# 7KRPD0*UHEHU# (/# 5RFNHQ# 0/# .RUWLQJ# +&1# 3HUVLVWHQW# RUDO
FDQGLGRVLV#E\#QRQ0DOELFDQV#FDQGLGD#VWUDLQV#LQFOXGLQJ#FDQGLGD#JODEUDWD#LQ#D
KXPDQ#LPPXQRGHILFLHQF\#YLUXV0LQIHFWHG#SDWLHQW#REVHUYHG#RYHU#D#SHULRG#RI
9#\HDUV1#0\FRVHV#4<<;>#74=#6680;1#

91# 5LGJGHQ# 2/# 7ROOHPDU# -1# /LSRVRPDO# DPSKRWHULFLQ# %# +$P%LVRPH�,
WUHDWPHQW# RI# LQYDVLYH# IXQJDO# LQIHFWLRQV# LQ# LPPXQFRPSURPLVHG# FKLOGUHQ1
0\FRVHV#4<<6>#69=#4;:0<51#

:1# 6FKXOHU# 8/# 0|OOH# 0/# (KQLQJHU# *1# 3URSK\OD[H# XQG# WKHUDSLH# YRQ
SLO]LQIHNWLRQHQ#LQ#GHU#RQNRORJLH1#0\FRVHV#4<<8>#6;#+6XSSO1#4,=#780831#

#

;1# 0XFNH# 5/# .DEHQ# 8/# /LEHUD# 7/# .QDXHUKDVH# +/# =LHJOHU# 3*/# +DPDQQ# '/
6WULHW]HO# 01# )OXFRQD]ROH# SURSK\OD[LV# LQ# SDWLHQWV# ZLWK# KHDG# DQG# QHFN
WXPRXUV#XQGHUJRLQJ#UDGLDWLRQ#DQG#UDGLRFKHPRWKHUDS\1#0\FRVHV#4<<;>#74=
754061#

<1# 'H# /DXUHQ]L# $/#0DWWHRFFL# $/# /DQWL# $/# 3HVFDGRU# //# %ODQGLOR# )/# 3DSHWWL#&1
$PSKRWHULFLQ# %# SURSK\OD[LV# DJDLQVW# IXQJDO# LQIHFWLRQV# LQ# QHXWURSHQLF
SDWLHQWV=#D#VLQJOH#FHQWHU#H[SHULHQFH# IURP#4<;3# WR#4<<81# ,QIHFWLRQ#4<<9>
57=#694091#

431# $UQLQJ#0/#$XO#&1#0\NRVH0SURSK\OD[H#EHL#QHXWUR]\WRSHQLVFKHQ#SDWLHQWHQ1
0\FRVHV#4<<8>#6:#+6XSSO1#5,=#:3091#

441# %HUJPDQQ#2-1# 7KH# GHPRQVWUDWLRQ# RI# FDQGLGDO# SVHXGRK\SKDH# LQ# VDOLYDU\
VPHDUV#DV#D#PHWKRG#RI#HDUO\#GLDJQRVLV#RI#RUDO#FDQGLGLDVLV#LQ#SDWLHQWV#ZLWK
DFXWH#P\HORLG#OHXNHPLD1#2UDO#0LFURELRO#,PPXQRO#4<<9>#44=#695071#

451# 1LFRODWRX# 2/# 7KHRGRULGRX#0/#0RVWURX# */# 9HOHJUDNL# $/# /HJDNLV# 1-1#2UDO
OHVLRQV#LQ#FKLOGUHQ#ZLWK#SHULQDWDOO\#DFTXLUHG#KXPDQ#LPPXQRGHILFLHQF\#YLUXV
LQIHFWLRQ1#-#2UDO#3DWKRO#0HG#4<<<>#5;=#7<0861#

461# 7D\ORU# 7/1# 1\VWDWLQ# SURSK\OD[LV# LQ# LPPXQRFRPSURPLVHG# FKLOGUHQ1# $QQ
3KDUPDFRWKHU#4<<9>#63=#867081#

#


