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

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

$/.2/h1 0ø'( 08.2=$6,1$ (7.ø/(5ø ��

$ONROO� LoNLOHULQ �UHWLPL ���� \ÕO |QFHVLQH NDGDU
GD\DQPDNWDGÕU� $ONRO� DVLW YH RNVLMHQ UDGLNDOOHUL
�UHWLPLQL YH PXNXV \DSÕVÕQÕ HWNLOH\HUHN PLGHGH
QHNURWLN RGDNODUÕQ� PXNR]DO YH VXEPXNR]DO
NDQDPDODUÕQ YH |GHPOHULQ JHOLúPHVLQH QHGHQ
ROXU����

2UDO \ROOD DOÕQDQ DONRO PLGH�EDUVDN NDQDOÕQGDQ
KÕ]OD DEVRUEH HGLOLU� $EVRUEVL\RQ KÕ]ÕQÕQ \�NVHN
ROPDVÕ� VÕYÕ ROPDVÕQD� N�o�N PROHN�OO� ROPDVÕ�

QD YH L\RQL]H ROPDPDVÕQD ED÷OÕGÕU� 'HQH\VHO
oDOÕúPDODUGD SLORU OLJDV\RQX X\JXODQPÕú N|SHN
PLGHVLQGH ��� PO ��� HWDQRO�Q WDPDPÕQÕQ
������� GDNLNDGD DEVRUEH HGLOGL÷L RUWD\D
NRQXOPXúWXU� øQVDQ PLGHVLQGH GH ��� PO
HWDQRO�Q ������ LQLQ �� GDNLND LoHULVLQGH
DEVRUEH HGLOGL÷L DoÕNODQPÕúWÕU� $ONRO \�]GHVL LOH
HPLOLP KÕ]Õ DUDVÕQGD GD GLUHNW ELU ED÷ODQWÕ
YDUGÕU� <�NVHN RUDQGD DONRO DOÕQGÕ÷ÕQGD SLORU
VSD]PÕ JHOLúHELOLU YH EDUVD÷D JHoLú HQJHOOHQ�
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$PDo� 6ÕoDQODUGD GHQH\VHO ELU PRGHO �]HULQGHQ NURQLN DONROL]P ROXúWXUXODUDN� DONRO�Q
PLGH PXNR]DVÕQD HWNLOHUL KLVWRORMLN YH KLVWRNLP\DVDO \|QWHPOHUOH DUDúWÕUÕOGÕ�
0DWHU\DO YH 0HWRW� 'HQH\ PDWHU\DOL YH DUDúWÕUPD G�]HQH÷L LoLQ �QLYHUVLWHPL] 'HQH\
+D\YDQODUÕ <HWLúWLUPH YH 'HQH\VHO $UDúWÕUPD 0HUNH]L¶QGHQ WHPLQ HGLOHQ ������� J
D÷ÕUOÕ÷ÕQGD \HWLúNLQ :LVWDU $OELQR HUNHN VÕoDQODU NXOODQÕOGÕ� 'HQHNOHU GHQH\ V�UHVLQFH 8]ED\
YH DUNDGDúODUÕ WDUDIÕQGDQ JHOLúWLULOHQ YH ���� DONRO LKWLYD HGHQ PRGLIL\H ELU VÕYÕ GL\HWOH ���
J�Q V�UH\OH EHVOHQGLOHU� 6�UHQLQ VRQXQGD VHUYLNDO GLVORNDV\RQOD VDNULIL\H HGLOHQ
KD\YDQODUÕQ PLGHOHUL oÕNDUÕOÕS N�o�N SDUoDODUD D\UÕODUDN %RXLQ VRO�V\RQXQGD WHVSLW HGLOGL�
5XWLQ GRNX WDNLEL LúOHPOHUL X\JXODQDUDN SDUDILQH J|P�OHQ GRNXODUGDQ DOÕQDQ NHVLWOHUH
+HPDWR[\OLQ�(RVLQ �+	(� � 0DVVRQ¶XQ �oO� ER\DPDVÕ� 3HULRGLF DFLG 6FKLII �3$6� YH $OFLDQ
EOXH�.HUQHFKWURW ER\DPDODUÕ X\JXODQGÕ� .HVLWOHU 2O\PSXV %+�� ÕúÕN PLNURVNREXQGD
LQFHOHQGL�
%XOJXODU� +	( YH 0� �oO� ER\DPD \|QWHPOHUL X\JXODQPÕú SUHSDUDWODUGD \DSÕODQ
LQFHOHPHOHUGH� NRQWURO JUXSODUÕ QRUPDO \DSÕODUÕ LOH L]OHQLUNHQ� DONROLN JUXSODUGD SDUL\HWDO
K�FUHOHUGH \R÷XQODúPD GLNNDW oHNLFL QLWHOLNWH\GL� ORNDO NDQDPD RGDNODUÕ YH HSLWHO HUR]�
\RQODUÕ J|]OHQGL� 'HQH\ YH NRQWURO JUXSODUÕQÕQ KHU LNLVLQGH PLGH \�]H\ HSLWHOL YH LVWKPXV
PXNXV K�FUHOHUL 3$6 LOH ER\DQPD |]HOOL÷L J|VWHULUNHQ� GDKD ED]DOGHNL ER\XQ PXNXV
K�FUHOHUL $OFLDQ EOXH�.HUQHFKWURW LOH ER\DQGÕODU�
6RQXo� 0LGH PXNR]DVÕQÕQ DONROH GX\DUOÕ ROGX÷X� DONRO�Q PLGH PXNR]DVÕQGD ROXPVX]
GH÷LúLNOLNOHUH QHGHQ RODELOHFH÷L NDQÕVÕQGD\Õ]�
$QDKWDU NHOLPHOHU� $ONRO� PLGH� VÕoDQ

7KH HIIHFWV RI DOFRKRO RQ UDW JDVWULF PXFRVD

 
$LP� 7R HYDOXDWH WKH JDVWULF PXFRVDO FKDQJHV LQ UDWV LQ FKURQLF HWKDQRO LQWDNH ZLWK OLTXLG
GLHW�
0DWHULDOV DQG 0HWKRGV� ,Q WKLV VWXG\ DGXOW PDOH :LVWDU UDWV ZHUH XVHG� 7KH\ ZHUH IHG
E\ D PRGLILHG OLTXLG GLHW FRQWDLQLQJ ���� RI HWKDQRO IRU ��� GD\V� 7KH UDWV LQ WKH FRQWURO
JURXS ZHUH DOVR IHG E\ WKH VDPH OLTXLG GLHW ZLWKRXW DOFRKRO� $W WKH HQG RI WKH H[SHULPHQW
WKH UDWV ZHUH VDFULILHG E\ FHUYLFDO GLVORFDWLRQ� 6WRPDFK ZDV GLVVHFWHG� FXW DQG IL[HG LQ
%RXLQ¶V VROXWLRQ� 7KH VHFWLRQV ZHUH VWDLQHG ZLWK +HPDWR[\OLQ DQG (RVLQ� 0DVVRQ¶V
WULFKURPH� 3$6 �3HULRGLF DFLG ± 6FKLII� DQG $OFLDQ EOXH±.HUQHFKWURW VWDLQLQJ WHFKQLTXHV�
5HVXOWV� +LVWRFKHPLFDO VWDLQLQJV GHPRQVWUDWHG QRUPDO PRUSKRORJ\ LQ WKH FRQWURO JURXS�
,Q DOFRKRO JURXS WKH SDULHWDO FHOOV ZHUH LQFUHDVHG� $GGLWLRQDOO\� ORFDO KHPRUUDJLF DUHDV DQG
VXUIDFH HSLWKHOLDO FHOOXODU H[IROLDWLRQV ZHUH REVHUYHG� 6XUIDFH HSLWKHOLDO FHOOV DQG LVWKPXV
PXFXV FHOOV ZHUH SRVLWLYH IRU 3$6 VWDLQ� ZKHUHDV PXFXV FHOOV RI WKH QHFN RI WKH JODQGV
ZHUH VWDLQHG E\ $OFLDQ EOXH�.HUQHFKWURW� ERWK LQ FRQWURO DQG H[SHULPHQWDO JURXSV�
&RQFOXVLRQ� ,W LV VXJJHVWHG WKDW PXFRVD RI WKH VWRPDFK LV VHQVLWLYH WR DOFRKRO DQG
DOFRKRO FDXVHV JDVWULF PXFRVDO GHJHQHUDWLRQV�
.H\ ZRUGV� $OFRKRO� VWRPDFK� UDW
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GL÷LQGHQ HPLOLP X]D\DELOLU���� *DVWULN ERúDOPD�
QÕQ JHFLNPHVLQGH� SHSWLN �OVHUOHULQ úHNOLQLQ YH
VÕNOÕ÷ÕQÕQ GH÷LúLNOLN J|VWHUPHVLQGH YH JDVWULW
ROXúXPXQGD DONRO�Q |QHPOL ELU URO�Q�Q ROGX÷X
G�ú�Q�OPHNWHGLU��

0LGH PXNR]DVÕ DONRO� DVLW� DONDOL� KLSHUR]PRODU
VROXV\RQODU� DVSLULQ YH GL÷HU QRQ VWHURLGDO DQWL�
LQIODPDWXDU LODoODUÕQ YH VWUHVLQ HWNLOHULQH NDUúÕ
GLUHQFLQL DUWWÕUDELOLU� 1LWULN RNVLW YH SURVWDJODQ�
GLQOHU DVLW �UHWLPLQL EDVNÕOD\DUDN� PXNXV �UHWL�
PLQL X\DUDUDN YH PDVW K�FUHOHULQLQ DNWLYLWHOH�
ULQL G�]HQOH\HUHN PLGH PXNR]DVÕQÕ NRUX\XFX
URO R\QDU��

dDOÕúPDPÕ]GD DONRO�Q PLGH PXNR]DVÕQD HWNL�
OHULQL LQFHOH\HELOPHN DPDFÕ\OD� VÕoDQODUGD GH�
QH\VHO RODUDN NURQLN DONROL]P JHOLúWLULOHUHN PLGH
PXNR]DVÕ KLVWRORMLN YH KLVWRNLP\DVDO \|QWHP�
OHUOH LQFHOHQGL�
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'HQH\ PDWHU\DOL YH DUDúWÕUPD G�]HQH÷L LoLQ
øQ|Q� hQLYHUVLWHVL 'HQH\ +D\YDQODUÕ <HWLúWLUPH
YH 'HQH\VHO $UDúWÕUPD 0HUNH]L¶QGHQ WHPLQ
HGLOHQ ������� JU D÷ÕUOÕ÷ÕQGD \HWLúNLQ �� DGHW
:LVWDU $OELQR HUNHN VÕoDQ NXOODQÕOGÕ� 5DVWJHOH
VHoLOHQ GHQHNOHUGHQ GHQH\ �Q �� YH NRQWURO
�Q �� JUXSODUÕ ROXúWXUXOGX� $ONRO JUXEXQGDNL
GHQHNOHU 8]ED\ YH DUN�� WDUDIÕQGDQ JHOLúWLULOHQ
YH ���� DONRO LoHUHQ PRGLIL\H VÕYÕ GL\HWOH ���
J�Q EHVOHQPH\H WDEL WXWXOGXODU� .RQWURO JUX�
EXQGDNL GHQHNOHUH D\QÕ V�UH LoLQGH L]RHQHUMLN
VÕYÕ GL\HW X\JXODQGÕ� 'HQHNOHULQ NDQ DONRO VHYL�
\HOHUL 1$'��1$'+ HQ]LP VSHNWURIRWRPHWULN
\|QWHPOH WD\LQ HGLOGL��

6�UHQLQ VRQXQGD VHUYLNDO GLVORNDV\RQOD VDNUL�
IL\H HGLOHQ GHQHNOHUGHQ HOGH HGLOHQ PLGH GRNX�
ODUÕ %RXLQ¶V VROXV\RQXQGD WHVELW HGLOGLNWHQ VRQ�
UD UXWLQ GRNX WDNLEL LúOHPOHULQGHQ JHoLULOLS SDUD�
ILQH J|P�OG��

'RNXODUGDQ HOGH HGLOHQ ��� ËP NDOÕQOÕ÷ÕQGDNL
NHVLWOHUH JHQHO KLVWRORMLN \DSÕ\Õ J|]OHPOHPHN
DPDFÕ LOH� +	( YH 0DVVRQ¶V WULFKURPH ER\DPD
\|QWHPOHUL� PXNXV NDUDNWHUOHULQLQ WD\LQL LoLQ
3$6 YH $OFLDQ EOXH � .HUQHFKWURW ER\DPD \|Q�
WHPOHUL X\JXODQGÕ�� %R\DOÕ GRNX NHVLWOHUL 2O\P�
SXV %+ � JHQLú VDKDOÕ DUDúWÕUPD PLNURVNRSX LOH
LQFHOHQGL�

%8/*8/$5

$ONRO JUXEX GHQHNOHULPL]GH J�QO�N HWDQRO W�NH�
WLPL ���������� JU�NJ� RUWDODPD VHUXP HWDQRO
VHYL\HOHUL ������ PJ�GO RODUDN WHVELW HGLOGL�

*HQHO KLVWRORMLN \DSÕ\Õ GH÷HUOHQGLUPHN DPDFÕ\OD
X\JXODGÕ÷ÕPÕ] +	( YH 0DVVRQ¶XQ �oO� ER\DPD�
VÕQGD� NRQWURO JUXSODUÕQD DLW GRNX NHVLWOHULQGH
SOLND JDVWULNDODU EHOLUJLQGL� 0LGH \�]H\L WHN NDWOÕ
SUL]PDWLN HSLWHO LOH G|úHOL\GL� 0LGH HSLWHOLQLQ
LQYDJLQDV\RQODUÕ LOH ROXúDQ IRYHRODODUD ODPLQD
SURSUL\DGDNL PLGH EH]OHUL DoÕOÕ\RUGX� /DPLQD
SURSUL\DQÕQ ED÷ GRNXVX EH]OHULQ VÕNÕ SDNHWOHQ�
PHVLQGHQ GROD\Õ oRN D] VHoLOL\RUGX� /� SURSUL�
\DQÕQ DOWÕQGD ELU KDW ER\XQFD O� PXVFXODULV
PXFRVD YH DOWÕQGD VXEPXNRVD EXOXQX\RUGX� 7�
PXVFXODULV YH 7� VHURVD QRUPDO \DSÕODUÕ\OD L]�
OHQGLOHU� /DPLQD SURSUL\DGD \HU \HU OHQIRVLW LQ�
ILOWUDV\RQODUÕ YH O� PXVNXODULV PXNR]DGDQ JHOHQ
G�] NDV OLIOHUL L]OHQL\RUGX �ùHNLO ���

ùHNLO �� .RQWURO� JDVWULN SLOL� PE� PLGH EH]OHUL� OS� ODPLQD SURSUL\D�
RN� O� 0XVNXODULV PXNR]D� 6P� VXEPXNR]D� 7P� WXQLND PXVNXODULV�
0� hoO�� [ � REM�

%H]OHULQ ED]DO E|O�P�QGH HVDV K�FUHOHU ED]RILO
ER\DQPD NDUDNWHUOHUL LOH VHoLOL\RUODUGÕ� 3DUL\HWDO
K�FUHOHU NR\X DVLGRILO VLWRSOD]PDODUÕ LOH ROGXNoD
EHOLUJLQ L]OHQL\RUODUGÕ�
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ùHNLO �� 1|WUDO PXNXV� 3$6� [ �� REM�

ùHNLO �� 3DUL\HWDO K�FUH DUWÕúÕ� (VDV K�FUH� RN� GL÷HUOHUL SDUL\HWDO
K�FUH� 0� �oO�� [ ��

'HQH\ YH NRQWURO JUXSODUÕQÕQ KHU LNLVLQGH PLGH
\�]H\ HSLWHOL YH LVWPXV PXNXV K�FUHOHUL 3$6 LOH
ER\DQPD |]HOOL÷L J|VWHULUNHQ� GDKD ED]DOGHNL

ER\XQ PXNXV K�FUHOHUL $OFLDQ EOXH±.HUQHFKWURW
LOH ER\DQGÕODU �ùHNLO ���

ùHNLO �� $ONROLN JUXSWD \�]H\ HSLWHOLQGH HUR]\RQODU� +	(� [�� REM�

ùHNLO �� $ONROLN JUXSWD PXNR]DO NDQDPDODU� 0� hoO�� [ �� REM�



$ONRO�Q PLGH PXNR]DVÕQD HWNLOHUL
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$ONROLN GHQHNOHUH DLW PLGH GRNXODUÕQGD� SDUL\H�
WDO K�FUHOHULQ \R÷XQOX÷XQGD EHOLUJLQ ELU DUWÕú
L]OHQGL� 3DUL\HWDO K�FUHOHU W�P EH] X]DPÕQFD
DVLGRILOLN VLWRSOD]PDODUÕ LOH GLNNDW oHNLFL LGLOHU�
(VDV K�FUHOHU EH]OHULQ ED]DOLQGH D] VD\ÕGD
EXOXQX\RUODUGÕ YH ED]RILOLN ER\DQPD |]HOOL÷L
J|VWHUL\RUODUGÕ �ùHNLO ���

<�]H\ HSLWHOLQGH ORNDO HUR]\RQODU �ùHNLO �� YH
PXNR]DGD N�o�N NDQDPD RGDNODUÕ DONROLN JUXS�
WD L]OHQHQ GH÷LúLNOLNOHU DUDVÕQGD\GÕ �ùHNLO ���
$ONRO JUXEXQGD PLGH EH]OHULQGH PLWR] ILJ�UOH�
ULQH NRQWURO JUXEXQGDQ GDKD VÕN UDVWODQÕOGÕ
�ùHNLO ���

ùHNLO �� $ONROLN JUXSWD PLWRWLN ILJ�UOHUGH DUWÕú� +	(� [ �� REM�

$ONRO JUXEXQGD� ODPLQD SURSUL\DQÕQ RUWDVÕQGD�
PXNXV ER\DODUÕ LOH ER\DQPD\DQ� KDW úHNOLQGH
EHOLUJLQ ELU E|OJH VDSWDQGÕ �ùHNLO ���

7$57,ù0$ 9( 6218d

*DVWULN LQW�EDV\RQOD ���� JU�NJ J�QO�N GR]OD
DONRO W�NHWHQ KD\YDQODUGD G|UW J�QGH DONRO ED�
÷ÕPOÕOÕ÷ÕQÕQ YH \RNVXQOXN VHQGURPXQXQ JHOLúWL÷L
ELOGLULOPLúWLU��

ùHNLO �� $ONROLN JUXSWD ³&OHDU ]RQH´� 0� hoO�� [�� REM�

$ONRO�Q PLGHGHQ DEVRUEH HGLOHELOGL÷L X]XQ
]DPDQGDQ EHUL ELOLQPHNWHGLU� 2UDO YH\D SDUHQ�
WHUDO \ROOD DOÕQGÕ÷ÕQGD DVLW VHNUHV\RQXQX X\DU�
GÕ÷Õ GD RUWD\D NRQXOPXúWXU������ $ONRO� PLGHGH�
DVLWWHQ ]HQJLQ� SHSVLQGHQ IDNLU PLGH VÕYÕVÕ
VDOJÕODQPDVÕQD \RO DoDU� $ONRO NRQVDQWUDV\RQX
LOH PLGH DVLGLWHVL DUDVÕQGD GD ELU NRUHODV\RQ
J|]OHQPLúWLU� $VLGLWHGH L]OHQHQ DUWÕú LOH PLGH
EH]OHULQLQ SDUL\HWDO K�FUHOHULQLQ VD\ÕVÕQGDNL
DUWÕú X\XPOXGXU�� %L] GH oDOÕúPDPÕ]GD� DONRO
JUXEXQGD SDUL\HWDO K�FUHOHUGH EHOLUJLQ ELU DUWÕú
L]OHGLN� %X DUWÕúÕQ PLGH DVLGLWHVLQLQ DUWPDVÕQD
VHEHS RODFD÷ÕQÕ G�ú�QG�N� 'H÷LúLN KD\YDQ
W�UOHULQGH YH LQVDQODUGD DONRO�Q DNXW KHPRUDMLN
JDVWULN HUR]\RQODUÕQ YH PLGH YH EDUVDN PXNR�
]DVÕQGD PXNR]DO KDVDUODUÕQ ROXúPDVÕQD QHGHQ
ROGX÷X ELOGLULOPLúWLU������ &KH\� YH /DQJPDQ�

W�NHWLOHQ DONRO PLNWDUÕQD ED÷OÕ RODUDN \DQJÕVDO
GH÷LúLNOLNOHU YH GH÷LúLN JDVWULW WLSOHUL ELOGLUPLú�
OHUGLU� %XOJXODUÕPÕ]GD ORNDO RODUDN L]OHGL÷LPL]
HSLWHO HUR]\RQX YH N�o�N NDQDPD RGDNODUÕ JHOL�
úHQ JDVWULWH ED÷OÕ RODELOLU� <LQH DONROLN JUXSWD
L]OHGL÷LPL] PLWRWLN ILJ�UOHUGHNL DUWÕú� PXNR]DO
KDVDUODQPD\Õ WDNLEHQ KÕ]OÕ ELU UHMHQHUDV\RQX
G�ú�QG�UPHNWHGLU�

/DF\ YH DUN���� PLGHGH NURQLN \�]H\HO KDVDUOD
ROXúDQ� ″FOHDU ]RQH″ RODUDN DGODQGÕUÕODQ ELU
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E|OJH ELOGLUPLúOHU YH EX E|OJHGHNL SDUL\HWDO
K�FUHOHULQ� ER\XQ PXNXV K�FUHOHULQLQ KLVWRORMLN
NDUDNWHUOHULQH VDKLS K�FUHOHU RODELOHFHNOHUL
YH\D EX E|OJHGH JDVWULN KDVDUOD ROXúDQ \HQL ELU
K�FUH WLSL RODELOHFH÷L WH]LQL RUWD\D DWPÕúODUGÕU�
dDOÕúPDPÕ]GD� DONRO�Q HWNLVL LOH ROXúWX÷XQX G��
ú�QG�÷�P�] EXUDGD \HU DODQ K�FUHOHULQ
KLVWRNLP\DVDO |]HOOLNOHULQL EHOLUOHPHN LoLQ X\JX�
ODGÕ÷ÕPÕ] 3$6 YH $OFLDQ EOXH�.HUQHFKWURW ER\D�
PD \|QWHPOHUL VRQXFXQGD E|OJHGH VSHVLILN ELU
ER\DQPD L]OHPHGLN� %X QHGHQOH EX E|OJHGHNL
K�FUHOHULQ DONRO�Q HWNLVL\OH GH÷LúLNOL÷H X÷UDPÕú
SDUL\HWDO K�FUHOHU RODELOHFH÷L VDYÕQÕ GDKD ID]OD
GHVWHNOL\RUX]�

6RQXo RODUDN DONRO�Q� PLGH PXNR]DVÕQGD� PLGH
\�]H\ HSLWHOLQGH HUR]\RQ� ORNDO NDQDPD RGDN�
ODUÕ YH PLGH EH]OHULQLQ SDUL\HWDO K�FUHOHULQGH
EHOLUJLQ DUWÕú JLEL GH÷LúLNOLNOHUH QHGHQ ROGX÷X
G�ú�Q�OG��

.$<1$./$5
�� %XOXW 5� hQO�oHUoL <� %HUNSÕQDU 6� .XQWVDO /� 1LWULF R[LGH PHGLDWHG

UHJXODWLRQ RI JDVWULF +�� .�� $73 DVH DQG DOFRKRO GHK\GURJHQDVH
IROORZLQJ HWKDQRO�LQGXFHG LQMXU\ LQ UDWV� 'LJHVWLYH 'LVHDVH DQG 6FLHQFHV
����� ��� ��������

�� )LJXHUHGR 90� 7KH HIIHFWV RI DOFRKRO RQ WKH KHDUW� 3RVWJUDGXDWH
0HGLFLQH ����� ���� ������

�� &KH\ :<� $OFRKRO DQG JDVWULF PXFRVD� 'LJHVWLRQ ����� �� �������
�� .D\DDOS 62� $QNDUD� +DFHWWHSH 7Dú .LWDSoÕOÕN /WG� ùWL� �� %DVNÕ� �����
�� /DQJPDQ 0-6� $OFRKRO DQG JDVWURLQWHVWLQDO WUDFW� %ULWLVK 0HGLFDO %XOWHLQ

����� ��� �����
�� 8]ED\ ,7� .D\DDOS 6$� $ PRGLILHG OLTXLG GLHW RI FKURQLF HWKDQRO

DGPLQLVWUDWLRQ� YDOLGDWLRQ E\ HWKDQRO ZLWKGUDZDO V\QGURPH LQ UDWV�
3KDUPDFRORJLFDO 5HVHDUFK ����� ��� ������

�� 3LQFXV 05� $EUDKDP 1= -U� 7R[LFRORJ\ DQG WKHUDSHXWLF GUXJ PRQLWRULQJ�
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