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$PDo� +Õ]OÕ HQW�EDV\RQXQ DPDFÕ� DVSLUDV\RQ ULVNLQL D]DOWPDN LoLQ� DQHVWH]LN YH NDV JHYúHWLFL LODoODUÕQ
ELUOLNWH X\JXODQDUDN� KÕ]OÕ YH X\JXQ HQW�EDV\RQ NRúXOODUÕ VD÷ODPDNWÕU� dDOÕúPDPÕ]GD� KÕ]OÕ YH NÕVD HWNLOL
ELU QRQGHSRODUL]DQ NDV JHYúHWLFL RODQ URN�URQ\XP EURP�U�Q ���� PJ�NJ���� DOIHQWDQLO ��� µJ�NJ���
LODYHVL YH WL\RSHQWDO �� PJ�NJ��� YH\D SURSRIRO ���� PJ�NJ��� LOH ELUOLNWH KHPRGLQDPL YH ���� ���
VDQL\HOHUGHNL �VQ� HQW�EDV\RQ NRúXOODUÕ �]HULQH HWNLOHUL NDUúÕODúWÕUÕOGÕ�
0DWHU\DO YH PHWRW� $6$ ,�,, ULVN JUXEX� HOHNWLI FHUUDKL JLULúLP JHoLUHFHN �� ROJX� G|UW JUXED D\UÕOGÕ�
<DYDú KÕ]OD DOIHQWDQLO YHULOPHVLQL WDNLEHQ W�P ROJXODUD� VSRQWDQ VROXQXPOD SUHRNVLMHQDV\RQ \DSÕOGÕ�
*UXS ,¶GH WL\RSHQWDO YH URN�URQ\XP EURP�U YHULOLS ��� VQ¶GH� *UXS ,,¶GH WL\RSHQWDO YH URN�URQ\XP
EURP�U YHULOLS ���VQ¶GH� *UXS ,,,¶WH SURSRIRO YH URN�URQ\XP EURP�U YHULOLS ��� VQ¶GH YH *UXS ,9¶WH
SURSRIRO YH URN�URQ\XP EURP�U YHULOLS ��� VQ¶GH HQW�EDV\RQ \DSÕOGÕ� 2OJXODU HQW�EDV\RQ |QFHVL
PDVNH LOH ���� RNVLMHQ DOPD\D GHYDP HWWL� .DV JHYúHWLFL YHULOPHVLQL WDNLEHQ �� �� � YH ���
GDNLNDODUGD �GN� NDQ EDVÕQFÕ� NDOS DWÕP KÕ]Õ� SHULIHULN RNVLMHQ VDWXUDV\RQODUÕ ND\GHGLOGL� (QW�EDV\RQ
GXUXPX� P�NHPPHO� L\L� ]D\ÕI YH \HWHUVL] RODUDN GH÷HUOHQGLULOLS� P�NHPPHO YH L\L� X\JXQ HQW�EDV\RQ
NRúXOODUÕ RODUDN NDEXO HGLOGL� 6RQXoODU 2QH�:D\ $QDOL] YH &KL�VTXDUH WHVWOHUL LOH NDUúÕODúWÕUÕOGÕ� S�����
LVWDWLVWLNVHO RODUDN DQODPOÕ NDEXO HGLOGL�
%XOJXODU� 3URSRIRO JUXSODUÕQGD GDKD ID]OD ROPDN �]HUH W�P JUXSODUGD X\JXQ HQW�EDV\RQ NRúXOODUÕ
VD÷ODQGÕ� (Q P�NHPPHO HQW�EDV\RQ GXUXPX *UXS ,9¶WH VDSWDQGÕ YH EX LVWDWLVWLNVHO RODUDN DQODPOÕ LGL
�S�������
6RQXo� 2OJXQXQ NOLQLN GXUXPX J|] |Q�QGH EXOXQGXUXODUDN� DFLO HQW�EDV\RQ GXUXPODUÕQGD HQ X\JXQ
NRPELQDV\RQ �� VQ¶GH SURSRIRO�URN�URQ\XP LOH ROPDNOD ELUOLNWH� DUDúWÕUPDPÕ]GDNL W�P VHoHQHNOHU
X\JXODQDELOLU NDQÕVÕQGD\Õ]�

$QDKWDU NHOLPHOHU� øQWUDYHQ|] DQHVWHWLN� WL\RSHQWDO� SURSRIRO� $QHVWH]L WHNQL÷L� KÕ]OÕ HQW�EDV\RQ�
(QW�EDV\RQ� WUDNHDO� 1|URP�VN�OHU NDV JHYúHWLFL� URN�URQ\XP EURP�U�

(YDOXDWLRQ RI WKH HIIHFWV RI YDULRXV LQGXFWLRQ GUXJV ZLWK URFXURQLXP EURPLGH RQ

KHPRG\QDPLFV DQG LQWXEDWLRQ FRQGLWLRQV GXULQJ UDSLG VHTXHQFHG LQWXEDWLRQ

2EMHFWLYHV� 7KH DLP RI UDSLG VHTXHQFH LQWXEDWLRQ LV WR FUHDWH IDVW DQG VDWLVIDFWRU\ LQWXEDWLRQ
FRQGLWLRQV WR GHFUHDVH ULVN RI DVSLUDWLRQ ZLWK DQHVWKHWLF DQG PXVFOH UHOD[DQW GUXJV� ,Q RXU VWXG\� ZH
FRPSDUHG WKH HIIHFWV RI URFXURQLXP EURPLGH ���� PJ�NJ���� D IDVW DQG VKRUW HIIHFWLYH QRQ�
GHSRODUL]LQJ PXVFOH UHOD[DQW ZLWK DGGLWLRQ RI DOIHQWDQ\O ��� �J� NJ��� DQG WKLRSHQWDO �� PJ�NJ��� RU
SURSRIRO ���� PJ�NJ��� IRU UDSLG VHTXHQFH LQWXEDWLRQ RQ KHPRG\QDPLFV DQG LQWXEDWLRQ FRQGLWLRQV DW
�� WR �� VHFRQGV�
0DWHULDO DQG 0HWKRGV� �� FDVHV LQ $6$ ,�,, FODVVLILFDWLRQ XQGHUJRLQJ HOHFWLYH VXUJHU\ ZHUH GLYLGHG
LQWR IRXU JURXSV� $IWHU VORZ DGPLQLVWUDWLRQ RI DOIHQWDQ\O� DOO RI WKH SDWLHQWV ZHUH SUHR[\JHQDWHG ZLWK
VSRQWDQHRXV EUHDWKLQJ� 7KH LQWXEDWLRQ KDG EHHQ SHUIRUPHG DW �� V DIWHU DGPLQLVWUDWLRQ RI WKLRSHQWDO
DQG URFXURQLXP EURPLGH LQ JURXS ,� DW �� V DIWHU DGPLQLVWUDWLRQ RI WKLRSHQWDO DQG URFXURQLXP
EURPLGH LQ JURXS ,,� DW �� V DIWHU DGPLQLVWUDWLRQ RI SURSRIRO DQG URFXURQLXP EURPLGH LQ JURXS ,,, DQG
DW �� V DIWHU DGPLQLVWUDWLRQ RI SURSRIRO DQG URFXURQLXP EURPLGH LQ JURXS ,9� 7KH SDWLHQWV FRQWLQXHG
WR UHFHLYH ���� R[\JHQ E\ PDVN EHIRUH LQWXEDWLRQ� $IWHU WKH DGPLQLVWUDWLRQ RI QHXURPXVFXODU
UHOD[DQW WKH EORRG SUHVVXUH� KHDUW UDWH� SHULSKHUDO R[\JHQ VDWXUDWLRQ DW �� �� � DQG �� PLQXWHV ZHUH
UHFRUGHG� 7KH LQWXEDWLRQ VWDWH HYDOXDWHG DV H[FHOOHQW� JRRG� SRRU DQG LPSRVVLEOH� H[FHOOHQW DQG JRRG
ZHUH FRQVLGHUHG WR EH VDWLVIDFWRU\� 5HVXOWV ZHUH FRPSDUHG ZLWK 2QH�:D\ DQDO\VLV DQG &KL�6TXDUH
WHVWV� S����� ZDV VWDWLVWLFDOO\ VLJQLILFDQW�
5HVXOWV� 6XLWDEOH LQWXEDWLRQ FRQGLWLRQV ZHUH SURYLGHG LQ DOO JURXSV EXW ZHUH PRUH SURQRXQFHG LQ
SURSRIRO JURXSV� 7KH PRVW H[FHOOHQW LQWXEDWLRQ FRQGLWLRQV ZHUH IRXQG LQ JURXS ,9 DQG WKLV ZDV
VWDWLVWLFDOO\ VLJQLILFDQW �S�������
&RQFOXVLRQ� 3URYLGLQJ WKH FOLQLFDO VWDWH RI WKH FDVH� DW HPHUJHQ\ FRQGLWLRQV� SURSRIRO ZLWK
URFXURQLXP LQ �� VHFRQGV LV WKH EHVW ZD\ RI UDSLG LQWXEDWLRQ� +RZHYHU� ZH DOVR FRQVLGHU RWKHU
DOWHUQDWLYHV VDWLVIDFWRU\�

.H\ ZRUGV� $QDHVWKHWLFV LQWUDYHQRXV� WKLRSHQWDO� SURSRIRO� $QDHVWKHVLD WHFKQLTXHV� UDSLG VHTXHQFH
LQWXEDWLRQ� ,QWXEDWLRQ� WUDFKHDO� 1HXURPXVFXODU UHOD[DQWV� URFXURQLXP EURPLGH�
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6�NVLQLO NROLQ �VN�� LVWHQPH\HQ YH ED]ÕODUÕ
KD\DWÕ WHKGLW HGHQ \DQ HWNLOHULQH �EUDGLDULWPL�
DVLVWROL� KLSHUSRWDVHPL� UD÷PHQ X]XQ V�UHGLU
KÕ]OÕ LQG�NVL\RQ DPDFÕ\OD NXOODQÕODQ WHN DMDQGÕU�
$PLQRVWHURLG \DSÕOÕ \HQL ELU QRQGHSRODUL]DQ NDV
JHYúHWLFL RODQ URN�URQ\XP EURP�U LVH� KÕ]OÕ
LQG�NVL\RQGD VN¶H DOWHUQDWLI RODFDN JLEL
J|U�QPHNWHGLU����

+Õ]OÕ LQG�NVL\RQGD ROXúDQ HQW�EDV\RQ NRúXOODUÕ�
NXOODQÕODQ DMDQODUÕQ FLQVLQH� GR]XQD YH HWNL
HWPH V�UHVLQH J|UH GH÷LúHELOPHNWHGLU� 3URSR�
IRO� ODULQJHDO UHIOHNVOHUL WL\RSHQWDOGHQ GDKD
ID]OD GHSUHVH HWPHVL QHGHQL LOH KÕ]OÕ LQG�NVL\RQ
WHNQL÷LQGH URN�URQ\XP LOH NXOODQÕODELOHFHN GDKD
X\JXQ ELU DMDQGÕU���� 1RQGHSRODUL]DQ NDV
JHYúHWLFLOHUGH GR] DUWÕUÕOPDVÕ LOH HQW�EDV\RQ
V�UHVL KÕ]ODQGÕUÕOPDNWDGÕU� 5RN�URQ\XPXQ \�N�
VHN GR]ODUÕ �������� PJ�NJ��� VN¶H EHQ]HU HWNL
ROXúWXUPDNWDGÕU���� $QFDN ED]Õ KDVWDODUGD EX
GR]ODUGD UHDNVL\RQ ROXúDELOLU YH\D HWNL V�UHVL
GH X]DGÕ÷Õ LoLQ ]RU HQW�EDV\RQ NRúXOODUÕQGD
SUREOHP \DUDWDELOLU��� (QW�EDV\RQD KHPRGLQD�
PLN \DQÕWÕ EDVNÕODPDN DPDFÕ LOH NXOODQÕODQ
RSL\RLGOHU� URN�URQ\XPXQ Q|URP�VN�OHU HWNLOH�
ULQL GH÷LúWLUPHVHOHU GH�� HQW�EDV\RQ NRúXOODUÕQÕ
L\LOHúWLUHELOPHNWHGLUOHU���

dDOÕúPDPÕ]ÕQ DPDFÕ� KÕ]OÕ LQG�NVL\RQGD� URN��
URQ\XP EURP�U ���� PJ�NJ��� YH DOIHQWDQLO ���
µJ�NJ��� NXOODQÕODQ ROJXODUGD� IDUNOÕ LQG�NVL\RQ
DMDQODUÕQÕQ �WL\RSHQWDO� SURSRIRO�� IDUNOÕ ]DPDQ�
ODUGDNL ������ VQ� KHPRGLQDPLN SDUDPHWUHOHU
YH HQW�EDV\RQ NRúXOODUÕ �]HULQH HWNLOHULQL
NDUúÕODúWÕUPDOÕ RODUDN LQFHOHPHNWL�

0$7(5<$/ 9( 0(727

+DVWDQHPL] (WLN .XUXOX¶QXQ RQD\Õ DOÕQGÕNWDQ
VRQUD� HQGRWUDNHDO HQW�EDV\RQ JHUHNHQ YH
HOHNWLI úDUWODUGD RSHUDV\RQ SODQODQDQ $6$ ,�,,
ULVN JUXEX� ����� \DúODUÕ DUDVÕQGD �� ROJX
oDOÕúPD NDSVDPÕQD DOÕQGÕ� )L]LN PXD\HQHGH ]RU
HQW�EDV\RQX EHNOHQHQ� |]HIDJHDO UHIO�V�
EXOXQDQ� Q|URP�VN�OHU LOHWLPL HWNLOH\HFHN LODo
NXOODQDQ� E|EUHN� NDUDFL÷HU� PHWDEROLN YH\D
Q|URP�VN�OHU KDVWDOÕ÷Õ EXOXQDQODU oDOÕúPD GÕúÕ
EÕUDNÕOGÕ�

3UHPHGLNDV\RQ \DSÕOPD\DQ ROJXODU� DPHOL\DW
PDVDVÕQD DOÕQDUDN �� * NDQ�O LOH GDPDU \ROX

DoÕOGÕ YH UXWLQ PRQLWRUL]DV\RQ �(.*� QRQLQYD]LY
NDQ EDVÕQFÕ� SXOV RNVLPHWUH� \DSÕOGÕ� NRQWURO
GH÷HUOHU ND\GHGLOGL�
øQG�NVL\RQ |QFHVL W�P ROJXODUD DOIHQWDQLO ���
µJ�NJ��� LQWUDYHQ|] RODUDN X\JXODQGÕ� ho GN
SUHRNVLMHQDV\RQX WDNLEHQ ROJXODU ��¶úHU NLúLOLN
G|UW JUXED D\UÕOGÕ� *UXS ,¶GH WL\RSHQWDO ��
PJ�NJ��� YH URN�URQ\XP EURP�U ���� PJ�NJ���
YHULOPHVLQL WDNLEHQ ���VQ¶GH� *UXS ,,¶GH
WL\RSHQWDO �� PJ�NJ��� YH URN�URQ\XP EURP�U
���� PJ�NJ��� YHULOPHVLQL WDNLEHQ ��� VQ¶GH�
*UXS ,,,¶WH WL\RSHQWDO � PJ�NJ±�¶ÕQ HúGH÷HU
GR]X RODQ����� SURSRIRO ��� PJ�NJ±� YH URN�URQ�
\XP EURP�U ���� PJ�NJ��� YHULOPHVLQL WDNLEHQ
��� VQ¶GH� *UXS ,9¶WH LVH SURSRIRO ���� PJ�NJ±��
YH URN�URQ\XP EURP�U ���� PJ�NJ��� YHULOPHVL�
QL WDNLEHQ ��� VQ¶GH HQW�EDV\RQ LúOHPL JHUoHN�
OHúWLULOGL� .DV JHYúHWLFL úXXU ND\EROGXNWDQ VRQ�
UD� � VQ LoLQGH KÕ]OD YHULOHUHN� \DUGÕPFÕ ELU NLúL�
WUDNHDO W�S�Q GR÷UX \HUOHúWLULOGL÷L NHVLQOHúLS�
NDI úLúLULOHQH NDGDU NULNRLG EDVÕ X\JXODGÕ�
(QW�EDV\RQ |QFHVL ���� RNVLMHQ YHULOPH\H
GHYDP HGLOGL� +HU JUXSWD EHOLUOHQHQ HQW�EDV�
\RQ ]DPDQÕQGDQ �� VQ |QFH� X\JXODQDQ DMDQ
LOH X\JXODPD ]DPDQÕQÕ ELOPH\HQ YH HQW�EDV�
\RQX \DSDFDN RODQ NLúL\H V|]HO RODUDN WUDNHDO
W�S� NRUG YRNDOOHULQ DUDVÕQGDQ JHoLUPHVL
V|\OHQGL� .DV JHYúHWLFL YHULOGLNWHQ �� �� � YH ��
GN VRQUD VLVWROLN �6$%�� GL\DVWROLN �'$%� YH
RUWDODPD �2$%� DUWHU EDVÕQoODUÕ� NDOS DWÕP
KÕ]ODUÕ �.$+� YH SHULIHULN RNVLMHQ VDWXUDV\RQ
�6S2�� GH÷HUOHUL ND\GHGLOGL�

(QW�EDV\RQ GXUXPXQXQ GH÷HUOHQGLULOPHVLQGH
'REVRQ YH DUN��¶QÕQ EHOLUOHGL÷L VÕQÕIODQGÕUPD
NXOODQÕOGÕ �7DEOR ��� 8\JXQ NRúXO RODUDN *UDGH ,
YH ,, NDEXO HGLOGL�

9HULOHULQ GH÷HUOHQGLULOPHVLQGH� \Dú YH D÷ÕUOÕN
LoLQ 2QH�:D\ $QDOL] WHVWL� FLQVL\HW YH
HQW�EDV\RQ GXUXPX NDUúÕODúWÕUÕOPDVÕQGD LVH
&KL�VTXDUH WHVWL NXOODQÕOGÕ� S����� DQODPOÕ
NDEXO HGLOGL�

%8/*8/$5

2OJXODUÕQ GHPRJUDILN |]HOOLNOHUL NDUúÕODúWÕUÕOGÕ�
÷ÕQGD LVWDWLVWLNVHO RODUDN DQODPOÕ IDUNOÕOÕN \RNWX
�S!����� �7DEOR ���
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7DEOR �� (QW�EDV\RQ GXUXPXQXQ VÕQÕIODQGÕUÕOPDVÕ���

*UDGH 7DQÕPODPD
, 0�NHPPHO� oHQH JHYúHN� NRUGODU KDUHNHWVL] YH ELUELULQGHQ D\UÕ� NHQDUODUGD� HQW�EDV\RQD FHYDS \RN
,, ø\L� oHQH JHYúHN� NRUGODU KDUHNHWVL] YH NHQDUGD� VDGHFH PLQLPDO GLDIUDP KDUHNHWL YDU
,,, =D\ÕI� oHQH JHYúHN� NRUGODU KDUHNHWOL� HQW�EDV\RQD |NV�U�N� KÕoNÕUÕN FHYDEÕ
,9 <HWHUVL]� oHQH JHYúHPHVLQLQ \HWHUVL]OL÷LQH ED÷OÕ HQW�EDV\RQ \DSÕODPD]� YRNDO NRUGODU NDSDOÕ YH\D GH÷LO

7DEOR �� *UXSODUD DLW GHPRJUDILN YHULOHU �2UW±6'��

*UXS , �Q ��� *UXS ,, �Q ��� *UXS ,,, �Q ��� *UXS ,9 �Q ���
<Dú �\ÕO� �����±����� ������� �����±����� ������� �����±����� ������� �����±����� �������
$÷ÕUOÕN �NJ� �����±����� �������� �����±����� ������� �����±����� ������� �����±����� ��������
&LQVL\HW �.�(� ����� ���� ���� ����

6LVWROLN DUWHU EDVÕQo GH÷LúLNOLNOHUL� EDúODQJÕo
GH÷HU LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD *UXS ,¶GH ��� *UXS
,,¶GH �� � YH ���� *UXS ,9¶WH LVH �� �� � YH ���

GN�ODUGD LVWDWLVWLNVHO RODUDN DQODPOÕ LGL �S������
�ùHNLO ���

ùHNLO �� 2OJXODUÕQ JUXSODUD J|UH VLVWROLN DUWHU EDVÕQo GH÷HUOHUL �6$%� �* *UXS�� S����� EDúODQJÕo
GH÷HUL LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD�

'L\DVWROLN DUWHU EDVÕQo GH÷LúLNOLNOHUL� EDúODQJÕo
GH÷HUL LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD *UXS ,¶GH ��� *UXS
,,¶GH � YH ���� *UXS ,,,¶WH ��� *UXS ,9¶GH LVH �

YH ��� GN¶ODUGD LVWDWLVWLNVHO RODUDN DQODPOÕ LGL
�S������ �ùHNLO ���

ùHNLO �� 2OJXODUÕQ JUXSODUD J|UH GL\DVWROLN DUWHU EDVÕQo GH÷HUOHUL �'$%� �* *UXS�� S����� EDúODQJÕo
GH÷HUL LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD�
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2UWDODPD DUWHU EDVÕQo GH÷LúLNOLNOHUL� EDúODQJÕo
GH÷HUL LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD� *UXS ,¶GH � YH ���
*UXS ,,¶GH � YH ���� *UXS ,,,¶WH ��� *UXS ,9¶WH

LVH � YH �� GN¶ODUGD LVWDWLVWLNVHO RODUDN DQODPOÕ
LGL �S������ �ùHNLO ���

ùHNLO �� 2OJXODUÕQ JUXSODUD J|UH RUWDODPD DUWHU EDVÕQo GH÷HUOHUL �2$%� �* *UXS�� S����� EDúODQJÕo
GH÷HUL LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD�

.DOS DWÕP KÕ]Õ GH÷LúLNOLNOHUL� EDúODQJÕo GH÷HUL LOH
NDUúÕODúWÕUÕOGÕ÷ÕQGD� *UXS ,¶WH � YH ��� *UXS ,,¶GH
�� YH ���� *UXS ,,, YH *UXS ,9¶WH LVH � YH ��

GN¶ODUGD LVWDWLVWLNVHO RODUDN DQODPOÕ LGL �S������
�ùHNLO ���

ùHNLO �� 2OJXODUÕQ JUXSODUD J|UH NDOS DWÕP KÕ]Õ GH÷HUOHUL �.$+� �* *UXS�� S����� EDúODQJÕo GH÷HUL LOH
NDUúÕODúWÕUÕOGÕ÷ÕQGD�

(QW�EDV\RQ GXUXPODUÕ� *UXS ,¶GH � ROJXGD
P�NHPPHO� �� ROJXGD L\L� � ROJXGD ]D\ÕI� *UXS
,,¶GH �� ROJXGD P�NHPPHO� � ROJXGD L\L� *UXS
,,,¶WH �� ROJXGD P�NHPPHO� � ROJXGD L\L YH
*UXS ,9¶WH �� ROJXGD P�NHPPHO� � ROJXGD L\L
RODUDN GH÷HUOHQGLULOGL� *UXSODUÕQ &KL�VTXDUH
WHVWL LOH NDUúÕODúWÕUÕOPDVÕQGD IDUNÕ \DUDWDQ JUXS�
*UXS ,9 RODUDN VDSWDQGÕ �ùHNLO ���

3HULIHULN RNVLMHQ VDW�UDV\RQX� KLoELU ROJXGD
���¶ÕQ DOWÕQD G�úPHGL�

+HPRGLQDPLN YHULOHU� W�P JUXSODUGD YH W�P
]DPDQODUGD EDúODQJÕo GH÷HUL LOH NDUúÕODúWÕUÕOGÕ�
÷ÕQGD� ���¶GHQ ID]OD GH÷LOGL�
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%DNDQ YH DUN 

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

7$57,ù0$

5RN�URQ\XP EURP�U�Q� IDUNOÕ LQG�NVL\RQ DMDQ�
ODUÕ LOH IDUNOÕ HQW�EDV\RQ ]DPDQODUÕQGD HQW��
EDV\RQ NRúXOODUÕ �]HULQH HWNLOHULQLQ NDUúÕODúWÕUÕO�
GÕ÷Õ EX oDOÕúPDGD� URN�URQ\XP EURP�U�Q

SURSRIRO LOH ELUOLNWH X\JXODQÕS� ��� VQ�GH
HQW�EDV\RQXQ \DSÕOGÕ÷Õ *UXS ,9¶WH P�NHPPHO
HQW�EDV\RQ NRúXOODUÕQÕQ HQ ID]OD �� ���
ROGX÷X VDSWDQGÕ�

ùHNLO �� 2OJX VD\ÕVÕQD J|UH JUXSODUGD J|]OHQHQ HQW�EDV\RQ GXUXPX GH÷HUOHUL�

+Õ]OÕ LQG�NVL\RQGD� DQHVWH]LN LODoODUOD NDV JHY�
úHWLFL LODoODU ELUOLNWH HQW�EDV\RQ úDUWODUÕQÕ VD÷OD�
PDNWDGÕUODU� %X LOLúNL VHoLOHQ DMDQÕQ VD\ÕVÕ YH
GR]X QHGHQL LOH GH÷LúLN NRPELQDV\RQODU ROXúWX�
UDELOPHNWHGLU�

.�o�N GR]ODUGD URN�URQ\XP EURP�U LOH HWNL
EDúODPD KÕ]Õ ODULQJHDO DGGXNWRU NDVÕQGD� DG�
GXNWRU SROOLVLV NDVÕQGDQ GDKD V�UDWOLGLU���������
(QW�EDV\RQ GXUXPXQXQ NDOLWHVL YH DGGXNWRU
SROOLVLV NDVÕQÕQ HWNLOHQPH ]DPDQÕ DUDVÕQGD ]D\ÕI
ELU LOLúNL ROGX÷X |QFHNL oDOÕúPDODUGD ELOGLULO�
PLúWLU�������� dDOÕúPDPÕ]GD EX QHGHQOHUOH Q|UR�
P�VN�OHU PRQLWRUL]DV\RQ \DSPDGÕN�

3URSRIRO�Q KÕ]OÕ HQW�EDV\RQ WHNQL÷LQGH WL\R�
SHQWDOGHQ GDKD X\JXQ ELU DMDQ ROGX÷X ELOGLULO�
PHNWHGLU����� %L] GH oDOÕúPDPÕ]GD SURSRIRO
X\JXODQDQ JUXSODUGD� Hú ]DPDQOÕ WL\RSHQWDO
JUXSODUÕQD J|UH GDKD ID]OD ROJXGD P�NHPPHO
HQW�EDV\RQ NRúXOXQXQ VD÷ODQGÕ÷ÕQÕ VDSWDGÕN�

2SLRLGOHU� KÕ]OÕ LQG�NVL\RQXQ ELU SDUoDVÕ RODUDN
HQW�EDV\RQD KHPRGLQDPLN FHYDEÕ D]DOWPDN
DPDFÕ\OD NXOODQÕOPDNWD YH EX GD VN¶QLQ
ROXúWXUGX÷X HQW�EDV\RQ úDUWODUÕQD XODúPDGD
RSLRLG NXOODQÕPÕQÕ JHUHNWL÷L LOHUL V�U�OVH GH���

KÕ]OÕ LQG�NVL\RQ UHMLPLQGH G�ú�N GR] URN�URQ�
\XPD RSLRLG LODYHVLQLQ JHUHNOLOL÷L WDUWÕúPDOÕGÕU�
+Õ]OÕ LQG�NVL\RQ LoLQ ��� PJ�NJ�� URN�URQ\XP
EURP�U LOH � PJ�NJ�� VN¶LQ HúLW HWNLOL ROPDGÕ�
÷Õ��������� DQFDN ELU RSLRLG LODYHVL LOH X\JXQ
HQW�EDV\RQ NRúXOODUÕQÕQ VD÷ODQDELOHFH÷LQL ELOGL�
UHQ oDOÕúPDODU PHYFXWWXU��������� dDOÕúPDPÕ]GD�
DOIHQWDQLO X\JXODPDVÕ LOH W�P JUXSODUGD
J|]OHQHQ KHPRGLQDPLN GH÷LúLNOLNOHU ���¶GHQ
ID]OD GH÷LONHQ� LVWDWLVWLNVHO RODUDN DQODPOÕ ROVD
GD� W�P YHULOHU QRUPDO VÕQÕUODUGD LGL� 3URSRIRO
YH\D WL\RSHQWDOH DUWDQ GR]ODUGD DOIHQWDQLO
LODYHVL HQW�EDV\RQ NRúXOODUÕQÕ L\LOHúWLULU������
KDWWD VN¶H EHQ]HU \DSDU������ 6SDUU YH DUN���
\DSWÕNODUÕ oDOÕúPDGD VN �� PJ�NJ��� LOH URN�URQ�
\XP EURP�U ���� PJ�NJ��� DUDVÕQGD HQW�EDV�
\RQ ]DPDQÕ DoÕVÕQGDQ IDUN \RNNHQ� HQW�EDV\RQ
NRúXOODUÕ� WL\RSHQWDO YH\D SURSRIRO NXOODQÕOÕS
NXOODQÕOPDGÕ÷ÕQD EDNPDNVÕ]ÕQ �� µJ�NJ�� DOIHQ�
WDQLO HNOHQHQ JUXSWD VN¶H EHQ]HU EXOXQPXúWXU�
%L] GH DOIHQWDQLO ��� µJ�NJ��� X\JXODGÕ÷ÕPÕ] W�P
JUXSODUGD X\JXQ HQW�EDV\RQ NRúXOODUÕQÕ VD÷OD�
GÕN� $QFDN SURSRIRO NXOODQÕODQ ROJXODUGD P��
NHPPHO HQW�EDV\RQ NRúXOODUÕQÕQ GDKD ID]OD
ROPDVÕQÕ� NXOODQÕODQ DOIHQWDQLO GR]XQXQ� 6SDUU
YH DUN��¶QÕQ NXOODQGÕ÷Õ GR]GDQ GDKD G�ú�N
ROPDVÕ LOH DoÕNOD\DELOLUL]�
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7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ��

'REVRQ YH DUN�� LVH� KÕ]OÕ HQW�EDV\RQ JHUHNWL÷L
YH VN¶QLQ NRQWUHQGLNH ROGX÷X GXUXPODUGD� ���
PJ�NJ�� SURSRIRO YH ��� PJ�NJ�� URN�URQ\XP
EURP�U LOH �� VQ�GH X\JXQ HQW�EDV\RQ NRúXO�
ODUÕQÕ VD÷ODGÕNODUÕQÕ DQFDN EX DPDoOD WL\RSHQ�
WDOLQ �� PJ�NJ��� X\JXQ ROPDGÕ÷ÕQÕ ELOGLUPLú�
OHUGLU� dDOÕúPDPÕ]GD WL\RSHQWDO YH\D SURSRIRO
X\JXODQDQ W�P JUXSODUGD YH W�P ]DPDQODUGD
X\JXQ HQW�EDV\RQ NRúXOODUÕQÕQ VD÷ODQPDVÕQÕ�
'REVRQ YH DUN��¶QGDQ IDUNOÕ RODUDN DOIHQWDQLO
NXOODQÕOPDVÕQD ED÷OD\DELOLUL]�

5RN�URQ\XP EURP�U ���� PJ�NJ��� VRQUDVÕ
ODULQJHDO DGGXNWRU NDVODUGD HWNL EDúODPD ]DPD�
QÕ ����±��� GN�� VN¶QLQ ���� PJ�NJ��� HWNL
EDúODPD ]DPDQÕQD ����±��� GN� \DNÕQGÕU����� %X
LVH URN�URQ\XP EURP�U�Q ����� VQ�GH QLoLQ L\L
YH\D P�NHPPHO HQW�EDV\RQ NRúXOODUÕQÕ VD÷OD�
GÕ÷ÕQÕ DoÕNOD\DELOLU� .DUDND\D YH DUN��� ���
PJ�NJ�� SURSRIRO YH � �J�NJ�� IHQWDQLOH �������
PJ�NJ�� URN�URQ\XP LODYHVLQLQ �� VQ¶GH X\JXQ
HQW�EDV\RQ NRúXOODUÕQÕ VD÷ODGÕ÷ÕQÕ ELOGLUPLúOHU�
GLU� $ERXOHLVK YH DUN��� VH]DU\HQOHUGH � PJ�NJ�
� WL\RSHQWDO YH ��� PJ�NJ�� URN�URQ\XP EURP�U
LOH �� VQ¶GH LON G|UW ROJXGD EDúDUÕVÕ] ROXQFD�
SURWRNRO� WL\RSHQWDO GR]X � PJ�NJ�� YH
HQW�EDV\RQ ]DPDQÕQÕ �� VQ RODUDN GH÷LúWLUPLú�
OHU YH ROJXODUÕQ ���¶ÕQGD P�NHPPHO HQW�EDV�
\RQ NRúXOODUÕQÕ VD÷ODPÕúODUGÕU� )HOGPDQ���
URN�URQ\XP EURP�U�Q EDúODQJÕo ]DPDQÕ YH
HQW�EDV\RQ GXUXPODUÕQD HWNLVLQL NDUúÕODúWÕUGÕ÷Õ
oDOÕúPDVÕQGD� URN�URQ\XP EURP�U LOH ���VQ¶GH
P�NHPPHO HQW�EDV\RQ NRúXOODUÕ VD÷ODQGÕ÷ÕQÕ
����� YH EXQXQ DFLO GXUXPODUGD KÕ]OÕ HQW�EDV�
\RQ DPDFÕ\OD VN�QLQ ������ VQ¶GHNL X\JXODPDVÕ�
QD DOWHUQDWLI RODELOHFH÷LQL ELOGLUPLúWLU� %L] GH
W�P ROJXODUGD X\JXQ HQW�EDV\RQ NRúXOODUÕQÕ
VD÷ODVDN GD� HQ ID]OD P�NHPPHO HQW�EDV\RQ
GXUXPXQX SURSRIRO X\JXODQDQ JUXSWD YH
���VQ¶GH J|]OHPOHGLN�

6RQXo RODUDN� KÕ]OÕ HQW�EDV\RQ GXUXPODUÕQGD
VN�¶H ED÷OÕ \DQ HWNLOHUGHQ NRUXQPDN DPDFÕ LOH�
��� PJ�NJ�� URN�URQ\XP EURP�U YH DOIHQWDQLO
LOH ELUOLNWH� LQG�NVL\RQ DMDQÕ RODUDN WL\RSHQWDO
YH\D SURSRIRO X\JXQ HQW�EDV\RQ NRúXOODUÕQÕ
VD÷ODVD GD� P�NHPPHO HQW�EDV\RQ NRúXOODUÕ
VD÷ODPDGD� DQHVWHWLN DMDQ RODUDN SURSRIRO�
V�UH RODUDN �� VQ GDKD X\JXQ J|U�QPHNWHGLU�
$QFDN KÕ]OÕ HQW�EDV\RQ DPDFÕ LOH URN�URQ\XP
EURP�U�Q NXOODQÕOÕS NXOODQÕOPD\DFD÷ÕQD� \D GD
X\JXQ GR] YH ]DPDQÕQ VHoLPLQGH KDVWDQÕQ

NOLQLN GXUXPX L\LFH GH÷HUOHQGLULOHUHN NDUDU
YHULOPHOLGLU�

.$<1$./$5
 
�� &RRSHU 5� 0LUDNKXU 5.� &ODUNH 56-� %RXOHV =� &RPSDULVRQ RI LQWXEDWLQJ

FRQGLWLRQV DIWHU DGPLQLVWUDWLRQ RI 2UJ ���� �URFXURQLXP� DQG
VX[DPHWKRQLXP� %U - $QDHVWK ����� ��� �������

�� 3XKULQJHU ).� .KXHQO�%UDG\ .6� .ROOHU -� HW DO� (YDOXDWLRQ RI WKH
HQGRWUDFKHDO LQWXEDWLQJ FRQGLWLRQV RI URFXURQLXP �25* ����� DQG
VXFFLQ\OFKROLQH LQ RXWSDWLHQW VXUJHU\� $QHVWK $QDOJ ����� ��� ������

�� +XL]LQJD $&7� 9DQGHQEURP 5+*� :LHUGD -0.+� HW DO� ,QWXEDWLQJ
FRQGLWLRQV DQG RQVHW RI QHXURPXVFXODU EORFN RI URFXURQLXP �2UJ ������
D FRPSDULVRQ ZLWK VX[DPHWKRQLXP� $FWD $QDHVWK 6FDQG ����� ��� ����
��

�� 6WHYHQV -%� 9HVFRYR 09� +DUULV .&� HW DO� 7UDFKHDO LQWXEDWLRQ XVLQJ
DOIHQWDQLO DQG QR PXVFOH UHOD[DQW� LV WKH FKRLVH RI K\SQRWLF LPSRUWDQW"
$QHVWK $QDOJ ����� ��� �������

�� 0DFNHQ]LH 1� *UDQW ,6� &RPSDULVRQ RI WKH QHZ HPXOVLRQ IRUPXODWLRQ RI
SURSRIRO ZLWK PHWKRKH[LWRQH DQG WKLRSHQWRQH IRU LQGXFWLRQ RI
DQDHVWKHVLD LQ GD\ FDVHV� %U - $QDHVWK ����� ��� �������

�� 0F.HDWLQJ .� %DOL ,0� 'XQGHH -:� 7KH HIIHFWV RI WKLRSHQWRQH DQG
SURSRIRO RQ XSSHU DLUZD\ LQWHJULW\� $QDHVWKHVLD ����� ��� �������

�� %DUNHU 3� /DQJWRQ -$� :LOVRQ ,*� HW DO� 0RYHPHQWV RI WKH YRFDO FRUGV RQ
LQGXFWLRQ RI DQDHVWKHVLD ZLWK WKLRSHQWRQH RU SURSRIRO� %U - $QDHVWK
����� ��� �����

�� 0DJRULDQ 7� )ODQQHU\ .%� 0LOOHU 5'� &RPSDULVRQ RI URFXURQLXP�
VXFFLQ\OFKROLQH� DQG YHFXURQLXP IRU UDSLG�VHTXHQFH LQGXFWLRQ RI
DQHVWKHVLD LQ DGXOW SDWLHQWV� $QHVWKHVLRORJ\ ����� ��� ������

�� &UXO -)� 9DQEHOOHJKHP 9� %X\VH /� 5RFXURQLXP ZLWK DOIHQWDQLO DQG
SURSRIRO DOORZV LQWXEDWLRQ ZLWKLQ �� VHFRQGV� (XU - $QDHVWKHVLRO �����
��� ������

��� (QJE N -� 9LE\�0RJHQVHQ -� &DQ URFXURQLXP UHSODFH VXFFLQ\OFKROLQH LQ D
UDSLG�VHTXHQFH LQGXFWLRQ RI DQDHVWKHVLD" $FWD $QDHVWKHVLRO 6FDQG �����
��� ����

��� 2ONNROD .7� 7DPPLVWR 7� 4XDQWLI\LQJ WKH LQWHUDFWLRQ RI UXFXURQLXP �2UJ
����� ZLWK HWRPLGDWH� IHQWDQ\O� PLGD]RODP� SURSRIRO� WKLRSHQWDO� DQG
LVXIOXUDQH XVLQJ FORVHG�ORRS IHHGEDFN FRQWURO RI URFXURQLXP LQIXVLRQ�
$QHVWK $QDOJ ����� ��� ������

��� 6SDUU +-� *LHQVLQJHU 6� 8OPHU +� ,QIOXHQFH RI LQGXFWLRQ WHFKQLTXH RQ
LQWXEDWLQJ FRQGLWLRQV DIWHU URFXURQLXP LQ DGXOWV� FRPSDULVRQ ZLWK UDSLG�
VHTXHQFH LQGXFWLRQ XVLQJ WKLRSHQWRQH DQG VX[DPHWKRQLXP� %U - $QDHVWK
����� ��� �������

��� 0F&ROOXP -6� 'XQGHH MZ� &RPSDULVRQ RI LQGXFWLRQ FKDUDFWHULFV RI IRXU
LQWUDYHQRXV DQDHVWKHWLF DJHQW� $QDHVWKHVLD ����� ��� ���������

��� 9DQ +HPHOULMFN -� 0XOOHU 3� 9DQ $NHQ +� HW�DO� 5HODWLYH SRWHQF\ RI
HOWDQRORQH� SURSRIRO DQG WKLRSHQWDO IRU LQGXFWLRQ RI DQHVWKHVLD�
$QHVWKHVLRORJ\ ����� ��� ������

��� 'REVRQ $3� 0F&OXVNH\ $� 0HDNLQ *� HW�DO� (IIHFWLYH WLPH WR VDWLVIDFWRU\
LQWXEDWLRQ FRQGLWLRQV DIWHU DGPLQLVWUDWLRQ RI URFXURQLXP LQ DGXOWV�
&RPSDULVRQ RI SURSRIRO DQG WKLRSHQWRQH IRU UDSLG VHTXHQFH LQGXFWLRQ RI
DQDHVWKHVLD� $QDHVWKHVLD ����� ��� �������

��� :ULJKW 30� &DOGZHOO -(� 0LOOHU 5'� 2QVHW DQG GXUDWLRQ RI URFXURQLXP DQG
VXFFLQ\OFKROLQH DW WKH DGGXFWRU SROOLFLV DQG ODU\QJHDO DGGXFWRU PXVFOHV LQ
DQHVWKHWL]HG KXPDQV� $QHVWKHVLRORJ\ ����� ��� �����

��� 6FKHOOHU 06� =RUQRZ 0+� 6DLGPDQ /-� 7UDFKHDO LQWXEDWLRQ ZLWKRXW WKH
XVH RI PXVFOH UHOD[DQWV� $ WHFKQLTXH XVLQJ SURSRIRO DQG YDU\LQJ GRVHV RI
DOIHQWDQLO� $QHVWK $QDOJ ����� ��� �������

��� 0HLVWHOPDQ &� 3ODXG %� 'RQDWL )� $ FRPSDULVRQ RI WKH QHXURPXVFXODU
EORFNLQJ HIIHFWV RI URFXURQLXP EURPLGH DW WKH DGGXFWRU SROOLFLV DQG
ODU\QJHDO DGGXFWRU PXVFOHV� (XU - $QDHVWK ����� �� �6XSSO� ��� �����

��� 0HLVWHOPDQ &� 3ODXG %� 'RQDWL )� 5RFXURQLXP �25* ����� QHXURPXVFXODU
EORFNDGH DW WKH DGGXFWRU PXVFOHV RI WKH ODU\Q[ DQG DGGXFWRU SROOLFLV LQ
KXPDQV� &DQ - $QDHVWK ����� ��� ������

��� 3ROODUG %-� &KHWW\ 06� :LOVRQ $� HW�DO� ,QWXEDWLRQ FRQGLWLRQV DQG WLPH�
FRXUVH RI DFWLRQ RI ORZ�GRVH URFXURQLXP EURPLGH LQ GD\�FDVH GHQWDO
VXUJHU\� (XU - $QDHVWK ����� �� �6XSSO����� �����

��� 6SDUU +-� /XJHU 7-� +HLGHJJHU 7� HW�DO� &RPSDULVRQ RI LQWXEDWLQJ
FRQGLWLRQV DIWHU URFXURQLXP DQG VX[DPHWKRQLXP IROORZLQJ �UDSLG�
VHTXHQFH LQGXFWLRQ� ZLWK WKLRSHQWRQH LQ HOHFWLYH FDVHV� $FWD $QDHVWK
6FDQG ����� ��� �������

��� 7U\ED 0� =RUQ $� 7KROH +�HW�DO� 5DSLG�VHTXHQFH RURWUDFKHDO LQWXEDWLRQ
ZLWK URFXURQLXP� D UDQGRPL]HG GRXEOH�EOLQG FRPSDULVRQ ZLWK
VX[DPHWKRQLXP�SUHOLPLQDU\ FRPPXQLFDWLRQ� (XU - $QDHVWK �����
��6XSSO�� �����

��� 0LUDNKXU 5.� &RRSHU $5� &ODUNH 56-� 2QVHW DQG LQWXEDWLQJ FRQGLWLRQV RI
URFXURQLXP EURPLGH FRPSDUHG WR WKRVH RI VX[DPHWKRQLXP� (XU -
$QDHVWK ����� �� �6XSSO���� �����

��� 'H 0H\ -&� 'HEURFN 0� 5ROO\ *� (YDOXDWLRQ RI WKH RQVHW DQG LQWXEDWLRQ
FRQGLWLRQV RI URFXURQLXP EURPLGH� (XU - $QDHVWK ����� �� �6XSSO���� ���
���



%DNDQ YH DUN 

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

��� +HOER�+DQVHQ 6� 5DYOR 2� 7UDS�$QGHUVHQ 6� 7KH LQIOXHQFH RI DOIHQWDQLO
RQ WKH HQWXEDWLQJ FRQGLWLRQV DIWHU SULPLQJ ZLWK YHFXURQLXP� $FWD
$QDHVWKHVLRO 6FDQG ����� ��� �����

��� %HFN %1� 0DVWHUVRQ *5� 5LFKDUGV -� HW�DO� &RPSDULVRQ RI HQWXEDWLRQ DIWHU
SURSRIRO DQG DOIHQWDQLO ZLWK LQWXEDWLRQ DIWHU WKLRSHQWRQH DQG
VX[DPHWKRQLXP� $QDHVWKHVLD ����� ��� �������

��� 2ULV %� &UXO -)� 9DQGHUPHHUVFK (� 9DQ $NHQ +� HW�DO� 0XVFOH SDUDO\VLV E\
URFXURQLXP GXULQJ KDORWKDQH� HQIOXUDQH� LVRIOXUDQH� DQG WRWDO LQWUDYHQRXV
DQHVWKHVLD� $QHVWK $QDOJ ����� ��� ������

��� .DUDND\D %� %DUÕú 6� .RFDPDQR÷OX 6� 6DUÕKDVDQ %� 7�U $� (ULúNLQOHUGH LNL
IDUNOÕ URNXURQ\XP GR]XQXQ HQW�EDV\RQ NRúXOODUÕ YH Q|URP�VN�OHU EORN
EDNÕPÕQGDQ NDUúÕODúWÕUÕOPDVÕ� $QHVWH]L 'HUJLVL ����� ����� ������

��� $ERXOHLVK (� $EERXQG 7� /HFKHYDOLHU 7� HW�DO� 5RFXURQLXP �2UJ ����� IRU
&HVDUHDQ VHFWLRQ� %U - $QDHVWK ����� ��� �������

��� )HOGPDQ 6$� 5RFXURQLXP�RQVHW WLPHV DQG LQWXEDWLQJ FRQGLWLRQV� (XU -
$QDHVWK ����� ���6XSSO���� ������

 
 
 
 
 
 

 
 
 
 


