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&DQGLGD W�UOHUL GR÷DO úDUWODUGD LQVDQ GHUL YH
PXNR]D IORUDVÕQGD EXOXQDQ RUJDQL]PDODUGÕU�
$QFDN ED]Õ KD]ÕUOD\ÕFÕ IDNW|UOHULQ YDUOÕ÷ÕQGD
NDQGLGR] RODUDN WDQÕPODQDQ \�]H\HO YH\D GHULQ
VLVWHPLN HQIHNVL\RQODUD QHGHQ ROXUODU� 6LVWHPLN
PXNR]DODUGDQ HQ VÕN J|U�OHQ NDQGLGR]GXU� 6RQ
\ÕOODUGD J|]OHQHQ EX HQIHNVL\RQODUGDNL DUWÕú
&DQGLGD N�OW�U� oDOÕúPDODUÕQÕ KÕ]ODQGÕUPÕúWÕU�
g]HOOLNOH N�OW�U oDOÕúPDODUÕQGD L]ROH HGLOHQ
SDWRMHQ &DQGLGD
ODUÕQ DGODQGÕUÕOPDODUÕGD |QHP
ND]DQPÕúWÕU� &�DOELFDQV E�\�N RUDQGD NDQGLGR]
HQIHNVL\RQODUÕQÕQ HWNHQL ROPDVÕQD DUJPHQ
&�SDUDSVLORVLV� &�WURSLFDOLV� &�JXHOOLHUPRQGLL�

&�JODEUDWD� &�NHI\U VRQ \ÕOODU HQIHNVL\RQ HWNHQL
RODUDN VÕNOÕNOD UDVWODQDQ W�UOHUGLU�

.XúWLPXU� NDQGLGLRVLV SDWRJHQH]LQGH NRQDNoÕ
VDYXQPD PHNDQL]PDODUÕQGDNL oHúLWOL ER]XNOXN�
ODUÕQ \DQÕVÕUD PD\D\D DLW ED]Õ |]J�O IDNW|UOHULQ
|QHP ND]DQGÕ÷ÕQÕ EHOLUWPLú� EX IDNW|UOHUGHQ
SURWHLQD]ÕQ SDWRMHQ &DQGLGD¶ODUGD� PD\DQÕQ
\D\ÕOÕPÕQÕ GHVWHNOHGL÷L PXNR] PHPEUDQODUGD
GHYDPOÕ NDOPDVÕQÕ VD÷ODGÕ÷Õ YH PD\D\Õ RUJDQL]�
PDQÕQ VDYXQPD VLVWHPLQH NDUúÕ NRUXGX÷XQX
EHOLUWPLúWLU��

.DUDEÕoDN YH DUNDGDúODUÕ \DSWÕNODUÕ oDOÕúPDGD�
��� &DQGLGD L]RODWÕQGDQ &�DOELFDQV� &�SDUDSVL�

ORVLV� &�WURSLFDOLV� &�JODEUDWD W�UOHULQL L]ROH
HWPLúOHU YH EX W�UOHULQ SURWHROLWLN DNWLYLWHOHULQLQ
SDWRMHQLWHGH |QHPOL ROGX÷XQX YXUJXODPÕú�
ODUGÕU��
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$PDo� $UDúWÕUPDPÕ]GD NOLQLN PLNUREL\RORML ODERUDWXYDUODUÕQD JHOHQ KDVWDODUÕQ oHúLWOL
N�OW�UOHUL LQFHOHQPLúWLU�
0DWHU\DO YH PHWRW� .OLQLN PDWHU\DOOHUGHQ ��� &DQGLGD L]ROH HGLOPLúWLU� ø]ROH HGLOHQ
&DQGLGD W�UOHULQLQ WDQÕPODQPDVÕQGD *HUP W�S WHVWL� &RUQPHDO�7ZHHQ �� DJDUGD �UHPH
YH NODPLGRVSRU ROXúXPX� SVHXGRKLI EXOXQXúX� NDUERQKLGUDW IHUPDQWDV\RQ YH
DVLPLODV\RQ WHVWOHUL� �UHD] WHVWL� VDERXUDXG EHVL\HULQGH ]DU ROXúXPX� QLWUDW WHVWL�
VLNORKHN]LPLWOL RUWDPGD JHOLúLP YH DVNRVSRU WHVWOHUL oDOÕúÕOPÕúWÕU�
%XOJXODU YH 6RQXo� <DSÕODQ WHVWOHU VRQXFXQGD ��
L �������� &�DOELFDQV� ��
L
�������� &�VWHOODWRLGHD� ��
� �������� &�WURSLFDOLV� �
L ������� &�NHI\U� �
VL �������
&�JXLOOLHUPRQGLL� �
� ������� &�SDUDSVLORVLV YH �
VÕ ������� &�NUXVHL ROPDN �]HUH�
WRSODP ��� &DQGLGD WDQÕPODQPÕúWÕU�
$QDKWDU NHOLPHOHU� &DQGLGD W�UOHUL� NOLQLN |UQHNOHU

&DQGLGD VSHFLHV LVRODWHG IURP YDULRXV FOLQLFDO VSHFLPHQV

2EMHFWLYHV� 7KH YDULRXV FXOWXUH VSHFLPHQV RI SDWLHQWV ZHUH LQYHVWLJDWHG LQ RXU
UHVHDUFK�
0DWHULDO DQG PHWKRGV� ��� &DQGLGD VWUDLQV ZHUH LVRODWHG� ,Q LGHQWLILFDWLRQ RI
&DQGLGD VSHFLHV WKDW ZHUH LVRODWHG� JHUP WXEH WHVW� JURZWK LQ &RUQPHDO�7ZHHQ ��
DJDU DQG IRUPDWLRQ RI FODP\GRVSRUH� SUHVHQFH RI SVHXGRK\SKDH� FDUERQK\WUDWH
IHUPHQWDWLRQ DQG DVVLPLODWLRQ WHVWV� IRUPDWLRQ RI PHPEUDQHV LQ VDERXUDXG PHGLXP�
DQG WKH WHVWV RI DVFRVSRUH LQ WKH PHGLXPV ZLWK F\FORKH[LPLGH DQG WKH WHVW RI QLWUDWH
ZHUH VWXGLHG�
5HVXOWV DQG &RQFOXVLRQ� )LQDOO\� ��� &DQGLGD VWUDLQV ZHUH LGHQWLILHG DV IROORZV� ��
VWUDLQV EHORQJLQJ WR &�DOELFDQV ��������� �� VWUDLQV EHORQJLQJ WR &�VWHOODWRLGHD
��������� �� VWUDLQV EHORQJLQJ WR &�WURSLFDOLV ��������� � VWUDLQV EHORQJLQJ WR &�NHI\U
�������� � VWUDLQV EHORQJLQJ WR &�JXLOOLHUPRQGLL �������� � VWUDLQV EHORQJLQJ WR
&�SDUDSVLORVLV ������� DQG � VWUDLQV EHORQJLQJ WR &�NUXVHL ��������
.H\ ZRUGV� &DQGLGD VSHFLHV� FOLQLFDO VSHFLPHQV
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7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ��

6RQ \ÕOODUGD &�DOELFDQV GÕúÕ W�UOHU VLVWHPLN
NDQGLGR] ROJXODUÕQGD ���¶OÕN RUDQOD GDKD VÕN
J|U�OPHNWHGLU� %X JLEL ROJXODUGDQ VÕNOÕN VÕUDVÕQD
J|UH &�WURSLFDOLV ���� &�JODEUDWD ��� &�SDUR�
SVLORVLV ��� &�NUXVHL �� YH GL÷HU W�UOHU L]ROH
HGLOPHNWHGLU��

%X W�UOHULQ ED]Õ NOLQLN VHQGURPOD LOLúNLVL VDSWDQ�
PÕúWÕU� &�WURSLFDOLV RWLWLV� HQGRNDUGLW� DUWULW YH
SHULWRQLW� &�SDUDSVLORVLV YXOYDYDMLQLW� ED÷ÕUVDN
HQIHNVL\RQODUÕ� &�JXLOOLHUPRQGLL GHUL YH WÕUQDN
HQIHNVL\RQODUÕ� HQGRNDUGLW� &�NUXVHL YDMLQLW YH
HQGRNDUGLW� D\UÕFD O|VHPLOL KDVWDODUGD &�DOEL�

FDQV YH\D &�WURSLFDOLV NHPLN LOL÷L DOÕFÕODUÕQGD
&�NUXVHL HQIHNVL\RQODUÕ VÕN J|U�OPHNWHGLU�

.DQGLGR] HWNHQL RODUDN &�DOELFDQV GÕúÕ W�UOHULQ
DUWPDVÕ N�OW�U oDOÕúPDODUÕQGD L]ROH HGLOHQ
&DQGLGD¶ODUÕQ DGODQGÕUÕOPDODUÕ JHUH÷LQL YXUJXOD�
PDNWDGÕU� %X QHGHQOH GH oHúLWOL NOLQLN
|UQHNOHUGHQ L]ROH HWWL÷LPL] ��� &DQGLGD VXúX
DGODQGÕUÕOPÕúWÕU�
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dHúLWOL KDVWDQHOHUGHQ DOÕQDQ �� ER÷D]� ��
EDOJDP� � LGUDU� � YDMHQ� LNL EXUXQ� ELU NXODN�
ELU GLúHWL V�U�QW�V� |UQHNOHULQGHQ &DQGLGD

L]RODV\RQX JHUoHNOHúWLULOGL� %X DPDoOD NOLQLN
PDWHU\DO KHU KDVWD LoLQ 6DERUDXG EHVL\HUL YH
NDQOÕ DJDUD HNLOPLúWLU� ��°&¶GH ����� VDDW
LQN�EDV\RQ VRQXFXQGD &DQGLGD ú�SKHVL RODQ
NRORQLOHUGHQ \HQLGHQ 6DERXUDXG EHVL\HULQH
HNLP \DSÕOGÕ�

'DKD VRQUD EX SODNODUGD �UH\HQ PD\DODU JUDP
ER\DVÕ LOH ER\DQDUDN PLNURVNRS DOWÕQGD NRQWURO

HGLOGL� &DQGLGD ú�SKHVL RODQ |UQHNOHU oDOÕúPD\D
DOÕQGÕ� ø]ROH HGLOHQ PLNURRUJDQL]PDODU LON RODUDN
*HUP W�S WHVWLQH WDEL WXWXOGX� *HUP W�S ROXú�
WXUDQ PD\D L]RODWODUÕQÕ ELUELULQGHQ D\ÕUW HWPHN
LoLQ V�NUR] DVLPLODV\RQ WHVWL X\JXODQGÕ����

'DKD VRQUD JHUP W�S ROXúWXUPD\DQ PD\D
L]RODWODUÕ PÕVÕU XQX�7ZHHQ �� DJDUD DOÕQDUDN�
��°&¶GH ����� VDDW LQN�EDV\RQD EÕUDNÕOGÕ� 0ÕVÕU
XQX 7ZHHQ �� DJDUGD �UH\HQ &DQGLGD
ODUÕQ
SVHXGRKLI YH EODVWRVSRUODUÕ J|]OHQGL� &DQGLGD

FLQVLQH DLW W�UOHULQ DGODQGÕUÕODELOPHOHUL DPDFÕ\OD
NDUERQKLGUDW IHUPDQWDV\RQ YH DVLPLODV\RQ
WHVWOHUL \DSÕOGÕ� .DUERQKLGUDW IHUPHQWDV\RQ
WHVWOHUL LoLQ JOXNR]� PDOWR]� V�NUR]� ODNWR] YH
JDODNWR] NDUERQKLGUDWODUÕ� DVLPLODV\RQ WHVWOHUL
LoLQGH JOLNR]� PDOWR]� V�NUR]� ODNWR]� JDODNWR]�
UDILQR] YH NVLOR] NDUERQKLGUDWODUÕ NXOODQÕOGÕ�
$\UÕFD �UHD] WHVWL� VDERXUDXG EHVL\HULQGH ]DU
ROXúXPX� VLNORKHN]LPLWOL RUWDPGD �UHPH� QLWUDW
YH DVNRVSRU WHVWOHUL GH \DSÕODUDN &DQGLGD
ODU
DGODQGÕUÕOGÕ����

%8/*8/$5

.DGÕQ YH HUNHN KDVWDODUGDQ DOÕQDQ oHúLWOL NOLQLN
|UQHNOHU LQFHOHQPLú YH EXQODUGDQ ��� &DQGLGD

L]ROH HGLOPLúWLU� $UDúWÕUPDPÕ]GD ��� &DQGLGD

L]RODV\RQX LoHULVLQGH HQ ID]OD PLNWDUGD &DQGLGD

DOELFDQV �� �������� RUDQÕQGD WHVSLW HGLOPLú�
WLU� 'L÷HUOHUL VÕUDVÕ LOH� �� �������� &DQGLGD

VWHOODWRLGHD� �� �������� &DQGLGD WURSLFDOLV� �
������� &DQGLGD NHI\U� � ������� &DQGLGD

NUXVHL� �o ������� &DQGLGD SDUDSVLORVLV� LNL
������� &DQGLGD JXLOOLHUPRQGLL L]ROH HGLOPLú YH
GD÷ÕOÕPODUÕ 7DEOR �
GH YHULOPLúWLU�

7DEOR �� dHúLWOL PDWHU\DOOHUGHQ L]ROH HGLOHQ &DQGLGD¶ODUÕQ W�UOHUH J|UH GD÷ÕOÕPÕ�
$GODQGÕUÕODQ &DQGLGD W�UOHUL ø]RODV\RQ VD\ÕVÕ �

&DQGLGD DOELFDQV

&DQGLGD VWHOODWRLGHD

&DQGLGD WURSLFDOLV

&DQGLGD NHI\U

&DQGLGD NUXVHL

&DQGLGD SDUDSVLORVLV

&DQGLGD JXLOOLHUPRQGLL
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7RSODP ��� �����

��� &DQGLGD W�U�Q�Q �� ��������
L ER÷D]� ��
��������¶L EDOJDP� � �������¶VL LGUDU� �
�������
VÕ YDMHQ� LNL �������VL EXUXQ DNÕQWÕVÕ�
ELU �������¶L NXODN DNÕQWÕVÕ� ELU �������¶L GLú HWL

V�U�QW�V� |UQHNOHULQGHQ ROXúPDNWDGÕU� 7DEOR
�
GH EX GH÷HUOHU J|VWHULOPLúWLU�
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ùHNLO �
GH oHúLWOL |UQHNOHUGHQ L]ROH HWWL÷LPL] ���
&DQGLGD W�U�Q�Q \Dú JUXSODUÕQD J|UH GD÷ÕOÕP�
ODUÕ J|VWHULOPLúWLU�

(ULúNLQOHUGH YH oRFXNODUGD HQ ID]OD &�DOELFDQV�
HQ D] &�JXLOOLHUPRQGLL L]ROH HGLOLUNHQ� &�WURSLFD�
OLV KHU LNL JUXSWD GD HúLW RUDQODUGD L]ROH
HGLOPLúWLU�

7DEOR �� $UDúWÕUPDPÕ]GD L]ROH HGLOHQ &DQGLGD W�UOHULQLQ KDVWD PDWHU\DOOHULQH J|UH GD÷ÕOÕPÕ�
dHúLWOL KDVWD

|UQHNOHUL
&�DOELFDQV &�VWHOODWRLGHD &�WURSLFDOLV &�NHI\U &�JXLOOLHUPRQGLL &�SDUDSVLORVLV &�NUXVHL 7RSODP

%R÷D] �� �� �� � � � � ��
%DOJDP �� � � � � � � ��
øGUDU � � � � � � � �
9DMHQ � � � � � � � �
%XUXQ � � � � � � �
.XODN � � � � � � � �
'LúHWL � � � � � � � �
7RSODP �� �� �� � � � � ���

ùHNLO �� dHúLWOL |UQHNOHUGHQ L]ROH HGLOHQ ���
&DQGLGD¶OÕ KDVWDQÕQ \Dú RUDQODUÕQD J|UH GD÷ÕOÕPODUÕ�
&�D &DQGLGD DOELFDQV� &�V� &DQGLGD VWHOODWRLGHD� &�W�
&DQGLGD WURSLFDOLV� &�NU� &DQGLGD NUXVHL� &�N� &DQGLGD
NHI\U� &�SDUD &DQGLGD SDUDSVLORVLV� &�J� &DQGLGD
JXLOOLHUPRQGLL

ùHNLO �� dHúLWOL |UQHNOHUGHQ L]ROH HGLOHQ ���
&DQGLGD¶OÕ KDVWDQÕQ FLQVL\HWH J|UH GD÷ÕOÕPÕ�
&�D� &DQGLGD DOELFDQV� &�V� &DQGLGD VWHOODWRLGDH� &�W�
&DQGLGD WURSLFDOLV� &�N� &DQGLGD NHI\U� &�NU� &DQGLGD
NUXVHL�&�SDUD &DQGLGD SDUDSVLORVLV� &�J� &DQGLGD
JXLOOLHUPRQGLL

(ULúNLQOHUGH �� &�DOELFDQV� � &�WURSLFDOLV� �
&�VWHOODWRLGHD� �o &�NHI\U� LNL &�NUXVHL� ELU
&�JXLOOLHUPRQGLL YH &�SDUDSVLORVLV ROPDN �]HUH

WRSODP �� &DQGLGD L]RODV\RQX JHUoHNOHúWLULOPLú�
WLU� *HUL\H NDODQ �� &DQGLGD L]RODV\RQXQXQ
oRFXN KDVWDODUGD GD÷ÕOÕPÕ LVH �� &�DOELFDQV� ��
&�VWHOODWRLGHD� � &�WURSLFDOLV� � &�NHI\U� �
&�NUXVHL� LNL &�SDUDSVLORVLV YH ELU &�JXLOOHUPRQ�

GLL RODUDN WHVSLW HGLOPLúWLU�

%R÷D] N�OW�UOHULQLQ ID]OD oDOÕúÕOPDVÕ oRFXN YH
HULúNLQ GD÷ÕOÕPÕQÕ E�\�N RUDQGD HWNLOHPLúWLU�
%XQXQOD EHUDEHU &�DOELFDQV ER÷D] N�OW�UOHULQ�
GHQ VÕNOÕNOD L]ROH HGLOPLúWLU�

��� &DQGLGD W�U�Q�Q KDVWD FLQVL\HWLQH J|UH
GD÷ÕOÕPÕ ùHNLO �¶GH YHULOPLúWLU�

ùHNLO �
GH J|U�OG�÷� JLEL NDGÕQODUGD �� &DQGL�

GD DOELFDQV� � &�VWHOODWRLGHD� � &�WURSLFDOLV� �
&�NHI\U� � &�NUXVHL� ELU &�SDUDSVLORVLV YH ELU
&�JXLOOLHUPRQGL EXOXQPXúWXU� (UNHNOHUGH LVH ��
&�DOELFDQV� � &�VWHOODWRLGHD� � &�WURSLFDOLV� �o

&�NHI\U� ELU &�NUXVHL YH &�JXLOOLHUPRQGLL� LNL
&�SDUDSVLORVLV L]ROH HGLOPLúWLU�

ùHNOLPL]GHQ DQODúÕODFD÷Õ JLEL &�DOELFDQV KHU LNL
FLQVL\HWWHGH HQ ID]OD RUDQGD EXOXQPDVÕQD
NDUúÕQ &�JXLOOLHUPRQGLL ELUHU L]RODV\RQOD HQ D]
RUDQGD EXOXQPXúWXU� 5DVJHOH |UQHN DOÕQÕPÕ
\DSÕOPÕú YH GDKD oRN UXWLQ ODERUDWXYDUODUGDQ
JHOHQ |UQHNOHU oDOÕúÕOGÕ÷Õ LoLQ HUNHN YH NDGÕQ
KDVWDODU DUDVÕQGD GD÷ÕOÕP DoÕVÕQGDQ oRN E�\�N
IDUNOÕOÕN WHVSLW HGLOPHPLúWLU�

7$57,ù0$

øPP�Q VLVWHPL ]D\ÕIODPÕú RODQ KDVWDODUÕQ� W�P
IÕUVDWoÕ PD\D HQIHNVL\RQODUÕQD ROGX÷X JLEL
&DQGLGD¶ODUD GD GX\DUOÕOÕ÷Õ DUWPDNWDGÕU� %XQXQ
\DQÕQGD GL÷HU IÕUVDWoÕ HQIHNVL\RQODUGD &DQGL�

GD¶ODUD VÕNOÕNOD UDVWODQPDNWDGÕU� %X PD\DODU
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LoHULVLQGH &�DOELFDQV� &�WURSLFDOLV� &�SDUDSVL�

ORVLV YH &�JODEUDWD HQ \D\JÕQ HQIHNVL\RQ HWNH�
QLGLU� $QFDN VRQ \ÕOODUGD &DQGLGD W�UOHUL DUD�
VÕQGD &�JXLOOLHUPRQGLL� &�NUXVHL� &�NHI\U� &�OLSR�

O\WLFD� &�UXJRVD� &�IDPDWD YH &�XWLOLV JLEL \HQL
HWNHQOHU JLGHUHN DUWDQ VÕNOÕNWD J|]OHQPHNWHGLU�
&DQGLGD SDWRMHQOHULQLQ VDSWDQDELOPHVLQGH HQ
|QHPOL QRNWD ODERUDWXYDUGD NOLQLN |UQHNOHUGHQ
�UHWLOHQ PD\DODUÕQ DGODQGÕUÕOPDODUÕGÕU� $\UÕFD
&DQGLGD¶ODUÕQ W�U GD÷ÕOÕPODUÕ oDOÕúÕOPÕúWÕU�

ø]ROH HGLOHQ ��� &DQGLGD¶GDQ HQ ID]OD PLNWDUGD
&�DOELFDQV �� �������� WHVSLW HGLOPLúWLU� 'L÷HU
W�UOHU� �� �������� &�VWHOODWRLGHD� ��
�������� &�WURSLFDOLV� � ������� &�NHI\U� �
������� &�NUXVHL� �o ������� &�SDUDSVLORVLV YH
LNL ������� &�JXLOOLHUPRQGLL¶GLU�

9D]TXH] YH DUN� \DSWÕNODUÕ oDOÕúPDODUÕQGD ��
KDVWDGDQ &+() �FRQWRXU�FODPSHG KRPRJHQRXV
HOHFWULF ILHOG HOHFWURSKRUHVLV� YH 5($ �UHVWULF�
WLRQ HQ]\PH DQDO\VLV� PHWRGX\OD &DQGLGD YH
7RUXORSVLV W�UOHULQL DGODQGÕUPÕúODUGÕU� %X W�UOHU
&�WURSLFDOLV� &�SDUDSVLORVLV� &�NHI\U� &�OXVLWDQLDH

YH 7RUXORSVLV JODEUDWD¶GÕU�

=DQJ YH DUN� oDOÕúPDODUÕQGD &�DOELFDQV GÕúÕQGD
HQ \D\JÕQ &DQGLGD W�U� RODUDN &�WURSLFDOLV¶L
EHOLUOHPLúOHU YH HSLGHPL\RORML YH DQWLIXQJDO
KDVVDVL\HWLQL WHVW HWPLúOHUGLU�

(UPHUWFDQ YH DUN�� DUDúWÕUPDODUÕQGD �� &DQGLGD

W�U�Q� NDQ N�OW�UOHULQGHQ L]ROH HWPLúOHUGLU�
%XQODUÕQ ��¶VL &�DOELFDQV� ��¶� &�WURSLFDOLV� ��¶X
&�SDUDSVLORVLV RODUDN DGODQGÕUÕOPÕúWÕU�

<LQH *�OHo YH DUN�� oDOÕúPDODUÕQGD NOLQLN
|UQHNOHUGHQ PD\D L]ROH HWPLúOHUGLU� øQFHOHQHQ
PD\DODUÕQ �����¶L &�DOELFDQV� ���¶X &�JODEUD�

WD� ����¶L &�NHI\U� ����¶� &�SDUDSVLORVLV�
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