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$PDo� &HUUDKL JLULúLPOHU VLWRNLQ YH DNXW ID] SURWHLQ \DQÕWÕQD VHEHEL\HW YHULUOHU� %X \DQÕW
VLNORRNVLMHQD] LQKLELV\RQX\OD |QOHQHELOLU� %X oDOÕúPDGD FHUUDKL JLULúLP VRQUDVÕ VLWRNLQ YH
DNXW ID] SURWHLQ \DQÕWÕ �]HULQGH� EX NRQX\OD LOJLOL oHOLúNLOL VRQXoODUD VDKLS RODQ 3LUR[LFDP
WHGDYLVLQLQ HWNLQOLOL÷L LQFHOHQGL�
0DWHU\DO YH 0HWRW� (OHNWLI PDMRU JDVWULN YH\D UHNWXP FHUUDKLVLQH PDUX] NDODQ ��
KDVWDGD VLVWHPLN VLWRNLQ YH DNXW ID] SURWHLQ \DQÕWÕ LQFHOHQGL� +DVWDODU � JUXED D\UÕOGÕ�
+HU � JUXS �� KDVWDGDQ LEDUHW ROXS� �
 VÕQD VXEWRWDO GLVWDO JDVWUHNWRPL� �
 VÕQD LVH DúD÷Õ
DQWHULRU UH]HNVL\RQ \DSÕOGÕ� %LU VLNORRNVLMHQD] LQKLELW|U� RODQ 3LUR[LFDP ��� PJ�
LQWUDPXVNXOHU� *UXS , KDVWDODUD FHUUDKLGHQ �� VDDW |QFH YH � LOH �� VDDW VRQUD ROPDN
�]HUH WRSODP �� PJ X\JXODQGÕ� *UXS ,, KDVWDODUD LVH 3LUR[LFDP X\JXODQPDGÕ� &HUUDKL
JLULúLPGHQ � VDDW |QFH YH � LOH � J�Q VRQUD ,QWHUOHXNLQ��� 7�P|U QHNUR]LV IDNW|U DOID� &�
UHDNWLI SURWHLQ YH ILEULQRMHQLQ VHUXP VHYL\HOHULQL |OoPHN LoLQ NDQ |UQHNOHUL DOÕQGÕ�
%XOJXODU� *UXS , KDVWDODUGD ,QWHUOHXNLQ��� 7�P|U QHNUR]LV IDNW|U DOID� &�UHDNWLI SURWHLQ
YH ILEULQRMHQLQ SRVWRSHUDWLI �� J�QN� VHYL\HOHUL SRVWRSHUDWLI �� J�QGHNL GH÷HUOHUH J|UH
|QHPOL GHUHFHGH G�úP�úW� �S������� %X IDUNOÕOÕNODU *UXS ,, KDVWDODUGD J|U�OPHGL�
6RQXo� 3HURSHUDWLI G|QHPGHNL 3LUR[LFDP WHGDYLVL VLWRNLQ YH DNXW ID] SURWHLQ \DQÕWÕQÕ
D]DOWDELOLU� %X QHGHQOH 3LUR[LFDP WHGDYLVL PDMRU JDVWURLQWHVWLQDO FHUUDKL JLULúLPH PDUX]
NDODQ KDVWDODUGD VLWRNLQ YH DNXW ID] SURWHLQ \DQÕWÕQÕ D]DOWPDGD ID\GDOÕ RODELOLU�

$QDKWDU NHOLPHOHU� 6LWRNLQ� DNXW ID] SURWHLQOHUL� SLUR[LFDP

7KH (IIHFW RI &\FOR�R[\JHQDVH ,QKLELWLRQ RQ 6\VWHPLF &\WRNLQH�$FXWH 3KDVH

3URWHLQ 5HVSRQVH $IWHU *DVWURLQWHVWLQDO 6XUJHU\

2EMHFWLYHV� 6XUJLFDO RSHUDWLRQV KDYH EHHQ VKRZQ WR FDXVH D YDULHW\ RI FKDQJHV LQ
F\WRNLQHV DQG DFXWH SKDVH SURWHLQV� 7KHVH FKDQJHV FDQ EH PDUNHGO\ DWWHQXDWHG RU
SUHYHQWHG E\ F\FOR�R[\JHQDVH LQKLELWLRQ� 7KHUHIRUH WKH DXWKRUV DVVHVVHG WKH HIIHFW RI
SLUR[LFDP WUHDWPHQW� KDYLQJ WKH FRQWUDGLFWRU\ UHVXOWV UHJDUGLQJ WKLV VXEMHFW� RQ
F\WRNLQH DQG DFXWH SKDVH SURWHLQ FKDQJHV DIWHU VXUJHU\�
0DWHULDO DQG PHWKRGV� 7KH V\VWHPLF F\WRNLQH DQG DFXWH SKDVH SURWHLQ UHVSRQVHV WR
PDMRU JDVWURLQWHVWLQDO VXUJHU\ ZHUH VWXGLHG LQ �� SDWLHQWV XQGHUJRLQJ HOHFWLYH JDVWULF RU
UHFWDO VXUJHU\� 7KH SDWLHQWV ZHUH GLYLGHG LQWR WZR JURXSV� %RWK JURXSV KDG �� SDWLHQWV
DQG FRQVLVWHG RI VL[ SDWLHQWV XQGHUJRLQJ VXEWRWDO GLVWDO JDVWUHFWRP\ DQG VL[ SDWLHQWV
XQGHUJRLQJ ORZ DQWHULRU UHVHFWLRQ� 3LUR[LFDP ��� PJ� ,0�� D F\FOR�R[\JHQDVH LQKLELWRU�
ZDV DGPLQLVWHUHG WR JURXS ,, SDWLHQWV� EXW QRW WR JURXS , SDWLHQWV� �� KRXU EHIRUH
VXUJHU\ DQG � DQG �� KRXUV DIWHU VXUJHU\� %ORRG VDPSOHV ZHUH FROOHFWHG � KRXU EHIRUH
VXUJHU\ DQG RQH DQG ILYH GD\V DIWHU VXUJHU\ IRU LQWHUOHXNLQ��� WXPRU QHFURVLV IDFWRU�α�
&�UHDFWLYH SURWHLQ DQG ILEULQRJHQ GHWHUPLQDWLRQV�
5HVXOWV� ,QWHUOHXNLQ��� WXPRU QHFURVLV IDFWRU�α� &�UHDFWLYH SURWHLQ DQG ILEULQRJHQ
OHYHOV LQ ILIWK SRVWRSHUDWLYH GD\ ZHUH VLJQLILFDQWO\ ORZHU �S������ WKDQ WKRVH LQ ILUVW
SRVWRSHUDWLYH GD\ LQ JURXS ,,� ,Q FRQWUDVW� GHFUHDVHG OHYHOV ZHUH QRW REWDLQHG LQ JURXS
, SDWLHQWV�
&RQFOXVLRQ� 3LUR[LFDP WUHDWPHQW LQ WKH SHULRSHUDWLYH FRXUVH LV DEOH WR UHGXFH F\WRNLQH
DQG DFXWH SKDVH SURWHLQ UHVSRQVHV� 7KHUHIRUH� SLUR[LFDP PD\ EH XVHIXO LQ GHFUHDVLQJ
WKH VWUHVV UHVSRQVH UHJDUGLQJ F\WRNLQHV DQG DFXWH SKDVH SURWHLQV LQ SDWLHQWV
XQGHUJRLQJ PDMRU JDVWURLQWHVWLQDO VXUJHU\�

.H\ ZRUGV� &\WRNLQH� DFXWH SKDVH SURWHLQV� SLUR[LFDP
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2UWDODPD \Dú �� ������� �� �������

(UNHN � �

.DGÕQ � �

2SHUDV\RQ 7LSL

6XEWRWDO *DVWUHNWRPL � �

$úD÷Õ $QWHULRU 5H]HNVL\RQ � �

2SHUDWLI NDQ ND\EÕ �PO� ��� � �� ��� � ��

0DMRU 3RVWRSHUDWLI .RPSOLNDV\RQ � �

&HUUDKL WUDYPD� X\JXODQDQ RSHUDWLI SURVHG�U�Q
E�\�NO�÷�\OH RUDQWÕOÕ RODUDN KRUPRQDO YH VLWR�
NLQ \DQÕWÕQD VHEHEL\HW YHUPHNWHGLU���� %X \D�
QÕWWD ELUoRN VLWRNLQ VRUXPOX WXWXOPXúVD GD W��
P|U QHNUR]LV IDNW|U DOID �71)�α�� LQWHUOHXNLQ��
�,/��� YH LQWHUOHXNLQ�� �,/��� EXQODUÕQ EDúOÕFDOD�
UÕGÕU���������� &HUUDKL WUDYPD D\UÕFD DNXW ID] SUR�
WHLQ �& UHDNWLI SURWHLQ�&53� ILEULQRMHQ� KDSWR�
JOREXOLQ YV� �UHWLPL �]HULQGH GH |QHPOL HWNL�
OHUH VDKLSWLU������ +HSDWRVLWOHUGHQ DNXW ID] SUR�
WHLQOHULQLQ VHQWH]LQLQ G�]HQOHQPHVLQGH ,/��

QÕQ URO� RUWD\D NRQPXúWXU��� 7UDYPD VRQUDVÕ
VLWRNLQ YH DNXW ID] SURWHLQOHUL JLEL HQGRWHOLDO
K�FUH �U�QOHUL �QLWULN RNVLW�12� HQGRWKHOLQ YV��
LQWUDVHOO�OHU PHGLDW|UOHU �KHDW�VKRFN SURWHLQOHU
YV� YH GL÷HU LQIODPDWXDU PHGLDW|UOHULQ �HLFR�
VDQRLGOHU� VHURWRQLQ YV� VDOÕQÕPÕ GD DUWPDN�
WDGÕU��� 0HPEUDQ IRVIROLSLGOHULQGHQ GHULYH DUD�
úLGRQLN DVLWLQ RNVLGDV\RQ �U�QOHUL RODQ HLFR�
VDQRLGOHULQ YDVN�OHU JHoLUJHQOLN� O|NRVLW PLJUDV�
\RQX YH YD]RGLODWDV\RQ JLEL HWNLOHUL ELOLQPHN�
WHGLU� 6LNORRNVLMHQD] HQ]LPL LOH DUDúLGRQLN DVLW�
WHQ SURVWDJODQGLQOHU YH WURPERNVDQ ROXúPDN�
WDGÕU��� 6LNORRNVLMHQD] HQ]LP LQKLELW|UOHUL �62ø�
LOH SURVWDJODQGLQ YH WURPERNVDQ ROXúXPX HQ�
JHOOHQLS EX PDGGHOHUH ED÷OÕ HWNLOHU ]D\ÕIODWÕOD�
ELOPHNWH YH\D |QOHQHELOPHNWHGLU������ &HUUDKL
WUDYPD VRQUDVÕ VLWRNLQ YH DNXW ID] SURWHLQ G��
]H\OHULQLQ LQFHOHQPHVL LOH LOJLOL oDOÕúPDODU PHY�
FXWWXU���� $\UÕFD� VLWRNLQ YH\D HQGRWRNVLQ X\JX�
ODQPDVÕQÕ WDNLEHQ PH\GDQD JHOHELOHFHN LQIOD�
PDWXDU \DQÕWÕQ 62ø LOH D]DOWÕODELOHFH÷LQL J|VWH�
UHQ ELUoRN oDOÕúPD ELOLQPHNWHGLU��������� $QFDN
EX oDOÕúPDGD NXOODQÕODQ YH ELU 62ø RODQ 3LUR[L�
FDP LOH LOJLOL� VLWRNLQ \DQÕWÕQGD GH÷LúLNOLNOHUH VH�
EHEL\HW YHUPHGL÷L YH\D oRN D] YHUGL÷L \|Q�QGH
oDOÕúPDODU GD PHYFXWWXU������ %X NRQX\X LUGHOH�

PHN DPDFÕ\OD� PDMRU JDVWURLQWHVWLQDO FHUUDKL
JLULúLP JHoLUHQ ROJXODUD� ELU VLNORRNVLMHQD] HQ�
]LP LQKLELW|U� RODQ 3LUR[LFDP X\JXODPDVÕQÕQ�
VLWRNLQ YH DNXW ID] SURWHLQ \DQÕWÕ �]HULQGHNL HW�
NLOHULQL DUDúWÕUGÕN�

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

5DQGRPL]DV\RQ \DSÕOPDGDQ JHUoHNOHúWLULOHQ EX
NOLQLN SURVSHNWLI oDOÕúPDGD PDMRU JDVWURLQWHV�
WLQDO FHUUDKL JLULúLP JHoLUHQ �� ROJX LQFHOHPH
NDSVDPÕQD DOÕQGÕ� 2QLNL ROJXGDQ ROXúDQ *UXS ,
�NRQWURO JUXEX� PLGH NDUVLQRPX QHGHQL\OH
GLVWDO VXEWRWDO JDVWUHNWRPL X\JXODQDQ � ROJX LOH
UHNWXP NDUVLQRPX QHGHQL\OH DúD÷Õ DQWHULRU UH�
]HNVL\RQ X\JXODQDQ � ROJXGDQ ROXúX\RUGX� %X
JUXED 62ø YHULOPHGL� 3RVWRSHUDWLI �� J�QH ND�
GDU QDUNRWLN DQDOMH]LNOHU �0HSHULGLQ�� SRVWRSH�
UDWLI �� J�QGHQ LWLEDUHQ QDUNRWLN ROPD\DQ DQDO�
MH]LNOHUOH D÷UÕ WHGDYLVL \DSÕOGÕ� $\QÕ VD\ÕGD YH
D\QÕ WDQÕODU QHGHQL\OH D\QÕ RSHUDV\RQODUD PD�
UX] NDODQ *UXS ,, �62ø JUXEX� KDVWDODUD LVH ELU
62ø RODQ 3LUR[LFDP DPHOL\DWWDQ �� VDDW |QFH�
DPHOL\DWWDQ VRQUD LVH �� YH ��� VDDWWH ROPDN ��
]HUH �� PJ LQWUDPXVN�OHU WRSODP �� PJ X\JX�
ODQGÕ� *UXS ,, KDVWDODUD D\UÕFD SRVWRSHUDWLI G|�
QHPGH JHUHNLUVH QDUNRWLN ROPD\DQ DQDOMH]LNOHU
X\JXODQGÕ�

+HU LNL JUXS \Dú YH FLQV EDNÕPÕQGDQ EHQ]HU |�
]HOOLNOHUH VDKLSWL �7DEOR ���

7�P ROJXODUGD RSHUDV\RQGDQ � VDDW |QFH� RSH�
UDV\RQGDQ VRQUD �� YH �� J�QGH 71)�α� ,/�� LOH
DNXW ID] SURWHLQOHUL RODQ &53 YH ILEULQRMHQLQ
VHUXP G�]H\OHUL |Oo�OG��



*DVWURLQWHVWLQDO &HUUDKL 6RQUDVÕ 6LVWHPLN 6LWRNLQ�$NXW )D] 3URWHLQ <DQÕWÕ h]HULQGH 6LNORRNVLMHQD] øQKLELV\RQXQXQ (WNLVL
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ùHNLO �� ,QWHUOHXNLQ��� 7XPRU QHNUR]LV IDNW|U DOID� &�UHDNWLI SURWHLQ YH ILEULQRJHQLQ VLNORRNVLMHQD] YH NRQWURO JXUXEXQGDNL
GD÷HUOHULQLQ JUDILNVHO NDUúÕODúWÕUÕOPDVÕ�

6LWRNLQ G�]H\OHULQLQ |Oo�P�

6HUXP ,/�� NRQVDQWUDV\RQODUÕ KXPDQ (/,6$ NLWL
�(QGRMHQ� ,1&� 86$� LOH EHOLUOHQGL� 6WDQGDUW
H÷ULVL ����� SJ�PO DUDVÕQGD GR÷UXVDOOÕN J|VWH�
UHQ VHUXP ,/��
QÕQ WHVW |UQHNOHUL |Oo�PGHQ |Q�
FH X\JXQ GLO�HQW NXOODQÕODUDN EHú NDW GLO�H HGLO�
GL� 6HUXP 71)�α NRQVDQWUDV\RQODUÕQÕQ |Oo�P�
LoLQ (/,6$ NLWL �7 &HOO 'LDJQRVWLFV� &DPEULGJH�
86$� NXOODQÕOGÕ� 6WDQGDUW H÷ULVL ����� SJ�PO
DUDVÕQGD GR÷UXVDOOÕN J|VWHUPHNWH\GL� (/,6$ |O�
o�POHULQLQ VHQVLWLYLWHOHUL� ,/�� LoLQ �� SJ�PO�
71)�α LoLQ ��� � SJ�PO LGL�

+HVDSODPDODU LoLQ :LQGRZV DOWÕQGD oDOÕúDQ D�
UDúWÕUPD SURJUDPÕ NXOODQÕOPÕúWÕU� 6WDQGDUW H÷UL�

OHUL ,/�� LoLQ 5���� 71)�α LoLQ 5�� ���� RODUDN
EXOXQGX�

$NXW ID] SURWHLQOHULQLQ |Oo�P�

6HUXP &53 NRQVDQWUDV\RQODUÕ NDQWLWDWLI RODUDN
LPP�QRORMLN QHIHORPHWUL \|QWHPL LOH WDP RWR�
PDWLN QHIHORPHWULN FLKD]OD �%HKULQJ ����
*HUPDQ\�� ILEULQRMHQ G�]H\OHUL RNVDODWOÕ� YD�
NXPOX W�SOHU NXOODQÕODUDN D\UÕODQ SOD]PDGD RWR�
DQDOL]DW|UOH �$&/ ���� 3OXV� 86$� EHOLUOHQGL�

9HULOHULQ DQDOL]LQGH JUXSODU DUDVÕQGD NDUúÕODú�
WÕUPDODUGD LQGHSHQGHQW W�WHVW� JUXS LoL NDUúÕODú�
WÕUPDODUGD LVH SDLUHG W�WHVW NXOODQÕOGÕ� 9HULOHU D�
ULWPHWLN RUWDODPD YH VWDQGDUW VDSPDODUÕ LOH EH�
UDEHU J|VWHULOGL�
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6HUXP ,/�� G�]H\L� SUHRSHUDWLI G|QHPGH� NRQW�
URO JUXEXQGD RUWDODPD ���� SJ�PO � 62ø JUX�
EXQGD LVH ���� SJ�PO RODUDN EXOXQGX �S�������
+HU LNL JUXSWD GD SRVWRSHUDWLI �� J�Q ,/�� G��
]H\LQGH DQODPOÕ \�NVHOPHOHU RUWD\D oÕNWÕ �NRQW�
URO JUXEX LoLQ ����� SJ�PO� S������ 62ø JUXEX
LoLQ ����� SJ�PO� S������� $QFDN JUXSODU DUD�
VÕQGDNL SRVWRSHUDWLI �� J�QGHNL EX DUWÕú IDUNÕ LV�
WDWLNVHO |QHPH XOXúPDVD GD 62ø JUXEXQGD GD�
KD G�ú�NW�� 3RVWRSHUDWLI �� J�Q ,/�� G�]H\LQGH
DQODPOÕ G�úPHOHU J|U�OG�� .RQWURO JUXEXQGD
SRVWRSHUDWLI �� J�Q ,/�� G��]H\L RUWDODPD ����
SJ�PO LNHQ� 62ø JUXEXQGD LVH EX GH÷HU ����
SJ�PO
 \H NDGDU G�úP�úW� �ùHNLO �D�� $UDGDNL
IDUN LVWDWLVWLNVHO RODUDN DQODPOÕ LGL �S� ����� �

71)�α
71)�α G�]H\OHUL LVH SUHRSHUDWLI� SRVWRSHUDWLI ��
YH �� J�QOHUGH VÕUDVÕ LOH NRQWURO JUXEXQGD ����
SJ�PO� ���� SJ�PO YH ���� SJ�PO� 62ø JUX�
EXQGD LVH ��� SJ�PO� ���� SJ�PO YH ���� SJ�PO
RODUDN EXOXQGX� +HU LNL JUXS DUDVÕQGD 71)�
α
QÕQ SUHRSHUDWLI� SRVWRSHUDWLI �� YH �� J�Q GH�
÷HUOHUL DoÕVÕQGDQ DQODPOÕ IDUNOÕOÕNODU PHYFXWWX
�S������� $QFDN JUXSODUÕQ NHQGL LoLQGH ELU NDU�
úÕODúWÕUPD \DSÕOGÕ÷ÕQGD NRQWURO JUXEXQGDNL �� YH
�� LOH �� YH �� F� 71)�α G�]H\OHUL DUDVÕQGD DQ�
ODPOÕ GH÷LúLNOLNOHU VDSWDQGÕ �S� ������ <DQL EDú�
ND ELU GH\LúOH RSHUDV\RQ VRQUDVÕ �� YH �� J�Q�
GHNL 71)�α G�]H\OHUL DQODPOÕ RODUDN \�NVHOPLú�
WL� %X EXOJXODU 62ø JUXEXQGD GD VDSWDQGÕ
�S������� <DQL 62ø� 71)�α
 GDNL \�NVHOPHOHUH
HQJHO RODPDPÕúWÕ� )DNDW SRVWRSHUDWLI �� YH ��
J�Q 71)�α G�]H\OHUL NDUúÕODúWÕUÕOGÕ÷ÕQGD 62ø
JUXEXQGD EHOLUJLQ G�ú�úOHU VDSWDQÕUNHQ �S 
������ EX IDUNOÕOÕN NRQWURO JUXEXQGD VDSWDQ�
PDPÕúWÕ �S ������ �ùHNLO �E��

&53

$NXW ID] SURWHLQOHULQGHQ &53� NRQWURO JUXEXQGD
SUHRSHUDWLI � SRVWRSHUDWLI �� YH �� J�Q VÕUDVÕ LOH
��� PJ�/� ���� PJ�/ YH ���� PJ�/ LNHQ � 62ø
JUXEXQGD ��� PJ�/� ���� PJ�/ YH ���� PJ�/
LGL� +HU LNL JUXEXQ SRVWRSHUDWLI �� J�Q YH ��
J�Q GH÷HUOHUL DUDVÕQGD LVWDWLVWLNL |QHP DU]HGHQ
IDUNOÕOÕN PHYFXWWX �S������� *UXS LoL NDUúÕODúWÕU�
PDODUGD LVH SRVWRSHUDWLI �� J�Q &53 GH÷HUOHUL
SRVWRSHUDWLI �� J�QH J|UH 62ø JUXEXQGD EHOLU�

JLQ GH÷LúLNOLN J|V�WHULUNHQ �KHU QH NDGDU ELU DU�
WÕú V|]NRQXVX LVH GH�� � S ������ EX IDUNOÕOÕN
NRQWURO JUXEXQGD J|U�OPHPLúWL �S ������
�ùHNLO �F��

)LEULQRMHQ

)LEULQRMHQ G�]H\OHUL RUWDODPDVÕ SUHRSHUDWLI�
SRVWRSHUDWLI �� YH �� J�QGH VÕUDVÕ LOH NRQWURO
JUXEXQGD ����� PJ�G/� ����� PJ�G/ YH �����
PJ�G/ LNHQ 62ø JUXEXQGD ����� PJ�G/� �����
PJ�G/ YH ����� PJ�G/ LGL� %XUDGD JUXSODU DUD�
VÕ IDUNOÕOÕN \RNWX �S!������ *UXS LoL NDUúÕODúWÕU�
PDODUGD LVH NRQWURO JUXEXQGD SRVWRSHUDWLI ��
J�QGH SUHRSHUDWLI RUWDODPD GH÷HUH J|UH EHOLU�
JLQ ELU DUWÕú VDSWDQPÕúWÕ �S������� $QFDN SRVW�
RSHUDWLI �� YH SRVWRSHUDWLI �� J�Q GH÷HUOHUL DUD�
VÕQGD DQODPOÕ ELU G�ú�ú VDSWDQPDPÕúWÕ
�S ������ 62ø JUXEXQGD LVH EHOLUJLQ IDUNOÕOÕNODU
J|U�O�\RUGX� ù|\OH NL SUHRSHUDWLI GH÷HUOHUH J|�
UH SRVWRSHUDWLI �� YH �� J�Q EHOLUJLQ \�NVHOPH�
OHU RUWD\D oÕNPÕú �S������ IDNDW GDKD GD |�
QHPOLVL SRVWRSHUDWLI �� J�Q SRVWRSHUDWLI �� J��
QH J|UH DQODPOÕ G�úPHOHU HOGH HGLOPLúWLU
�S ������ �ùHNLO �G��

7$57,ù0$

&HUUDKL WUDYPD� KDVWD �]HULQGH PHWDEROLN GH÷L�
úLPOHUL KD]ÕUOD\DQ ELU HQIODPDWXYDU \DQÕW EDú�
ODWPDNWDGÕU� %X \DQÕWD VLWRNLQOHU DUDFÕOÕN HGHU�
OHU� g]HOOLNOH ,/�� EDúWD ROPDN �]HUH � 71)�α �YH
,/�� EX NRQXGDNL HQ |QHPOL VLWRNLQOHUGLU����������

(QGRWHO K�FUHOHUL� ILEUREODVWODU� PRQRVLW YH
PDNURIDMODU FHUUDKL WUDYPD YH LQIODPDV\RQ VRQ�
UDVÕ ,/�� YH 71)�α� LoLQ DQD ND\QDNODUGÕU� dHúLWOL
DUDúWÕUPDODUÕQ VRQXoODUÕQD J|UH ,/�� YH 71)�α*
DPHOL\DWÕ WDNLEHQ LON VDDWOHUGH HQ \�NVHN GH÷H�
UH XODúPDNWD YH FHUUDKL WUDYPDQÕQ E�\�NO�÷�
LOH RUDQWÕOÕ RODUDN� |]HOOLNOH ,/��� �� J�Q NDGDU
VHUXPGD VHEDW HGHELOPHNWHGLU����� ,/�� G�]H\LQ�
GHNL DUWÕúODUÕQ RSHUDV\RQ V�UHVL YH RSHUDV\R�
QXQ GHUHFHVL LOH LOLúNLOL ROGX÷X EHOLUWLOPHNWHGLU���
����

0HYFXW oDOÕúPDGD LQFHOHQHQ � SDUDPHWUH�QLQ�
SRVWRSHUDWLI �� YH SRVWRSHUDWLI �� J�QN� VHUXP
VHYL\HOHUL SUHRSHUD�WLI VHUXP VHYL\HOHUL�QLQ
�]HULQGH EXOXQPXúWXU� .RPSOLNDV\RQVX] SRVW�
RSHUDWLI VH\UH VDKLS RODQ ROJXODUGD VHUXP ,/��
VHYL\HOHULQLQ ����� VDDWWH EHOLUJLQ RODUDN DúD÷Õ
VHYL\HOHUH LQGL÷L ELOLQPHNWHGLU�� 0DMRU SRVWRSH�
UDWLI NRPSOLNDV\RQODUD �LQWUDDEGRPLQDO VHSVLV�



*DVWURLQWHVWLQDO &HUUDKL 6RQUDVÕ 6LVWHPLN 6LWRNLQ�$NXW )D] 3URWHLQ <DQÕWÕ h]HULQGH 6LNORRNVLMHQD] øQKLELV\RQXQXQ (WNLVL

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

SXOPRQHU HPEROL YV� UDVWODPDGÕ÷ÕPÕ] EX KDVWD�
ODUGD ,/��
QÕQ SRVWR�SHUDWLI �� J�QH J|UH
SRVWRSHUDWLI �� J�Q GH÷HUOHULQGH EHOLUJLQ ELU
G�úPH J|]OHQPLúWLU� $QFDN 62ø JUXEXQGD EX
VHYL\HOHULQ |QHPOL GHUHFHGH GDKD G�ú�N EX�
OXQPDVÕ� 3LUR[LFDP
ÕQ VLWRNLQ YH DNXW ID] SURWH�
LQ \DQÕWÕQGD ELU EDVNÕODPD ROXúWXUGX÷XQX G��
ú�QG�UPHNWHGLU�

,/��� ,/�� YH 71)�α �NRQVDQWUDV\RQODUÕ VHSWLN
KDVWDODUGD \�NVHN EXOXQXU� 6HSWLN KDVWDODU DUD�
VÕQGD GD PRUWDO VH\UHGHQ ROJXODUGD ,/�� YH ,/�
� VHYL\HOHUL GDKD \�NVHNWLU� <LQH EX JUXS KDV�
WDODUGD 71)�α �NRQVDQWUDV\RQODUÕ KDVWDOÕ÷ÕQ úLG�
GHWL\OH RUDQWÕOÕ RODUDN GDKD GD DUWDU� øQWUDDEGR�
PLQDO VHSVLV ROJXODUÕQGD SHULWRQHDO 71)�α �VHYL�
\HOHULQGH \�NVHOPHOHUGHQ EDKVHGLOPLúWLU� (QGR�
WRNVLQ LQI�]\RQX EX �o VLWRNLQLQ VHYL\HOHULQGH
DUWÕúD VHEHEL\HW YHULU�������� (QGRWRNVLQ X\JX�
ODQPDVÕQÕ WDNLEHQ PH\GDQD JHOHELOHFHN GH÷LúLN�
OLNOHULQ ELU 62ø RODQ ,EXSURIHQ LOH D]DOWÕODELOH�
FH÷L ELOGLULOPLúWLU���

<DUDODQPÕú GRNXGD HQIODPDWXYDU \DQÕWÕQ PDMRU
NRPSRQHQWL RODQ HLFRVDQRLGOHU GRNX \ÕNÕPÕQD�
LQIODPDV\RQXQ LOHUOHPHVLQH� YDVN�OHU SHUPHD�
ELOLWH\H� PLNURGRODúÕPGD KDUDEL\HW YH O|NRVLW
PLJUDV\RQXQD \RODoDELOPHNWHGLU� %X HWNLOHU
DUDúLGRQLN DVLWWHQ VLNORRNVLMHQD] \ROX\OD ROXúDQ
SURVWDJODQGLQOHU YH WURPERNVDQ LOH OLSRRNVL�
MHQD] \ROX\OD ROXúDQ KLGURNVLHLFRVDQRLNWHWUD�
QRLN DVLW �+(7$� YH OHXNRWULHQOHUH ED÷OÕGÕU�
6LWRNLQOHULQ� |]HOOLNOH ,/�� YH ,/��� SURVWDJODQ�
GLQOHULQ DUWÕúÕQD VHEHEL\HW YHUGL÷L ELOGLULOPLú�
WLU������ $\UÕFD GL÷HU ED]Õ oDOÕúPDODUGD VLWRNLQ
YH\D HQGRWRNVLQ X\JXODQÕPÕQÕ WDNLEHQ 62ø YH�
ULOPHVL LOH HLFRVDQRLGOHUH ED÷OÕ HWNLOHULQ D]DO�
GÕ÷Õ����� GROD\ÕVÕ\OD VLWRNLQOHULQ VLNORRNVLMHQD]
\ROXQX G�]HQOHGLNOHUL J|VWHULOPLúWLU� 2 KDOGH ELU
62ø RODQ 3LUR[LFDP LOH� EX oDOÕúPDGD GD J|VWH�
ULOGL÷L JLEL� VLWRNLQ \DQÕWÕQÕQ EDVNÕODQPDVÕ� HLFR�
VDQRLGOHU WDUDIÕQGDQ ROXúWXUXODQ VHPSWRPODUÕQ
RUWD\D oÕNPDVÕQD HQJHO RODELOLUGL� +HU QH NDGDU
EX oDOÕúPD\D GDKLO HGLOHQ ROJXODU DUDVÕQGD
SRVWRSHUDWLI PDMRU NRPSOLNDV\RQ YH PRUWDOLWH
\|Q�QGHQ KHUKDQJL ELU IDUNOÕOÕN J|]OHQPHGL\VH
GH� VLWRNLQ YH DNXW ID] SURWHLQ \DQÕWÕQÕQ 3LUR[L�
FDP
OD ]D\ÕIODWÕOPDVÕ� \XNDUGD GD EHOLUWLOGL÷L JLEL
HQIODPDWXYDU \DQÕWÕQ PDMRU NRPSRQHQWL RODQ

HLFRVDQRLGOHU WDUDIÕQGDQ ROXúWXUXODQ HWNLOHULQ
]D\ÕIODWÕOPDVÕ DQODPÕQD JHOPHNWHGLU�

ùLPGL\H NDGDU ELUoRN 62ø LOH VLWRNLQ G�]H\OHUL�
QLQ G�ú�U�OG�÷� J|VWHULOPLú LVH GH�������� SRWHQW
ELU 62ø RODQ 3LUR[LFDP LOH VLWRNLQ \DQÕWÕQGD
GH÷LúLNOLNOHULQ ROPDGÕ÷Õ YH\D oRN D] GH÷LúLNOLN�
OHULQ ROGX÷X \|Q�QGH GH oDOÕúPDODU PHYFXW�
WXU������ .OLQLN oDOÕúPDPÕ]GD JHUHN NRQWURO JUX�
EX� JHUHNVH 62ø X\JXODQDQ JUXSWD VLWRNLQ YH
DNXW ID] SURWHLQ G�]H\LQGH FHUUDKL VRQUDVÕ \�N�
VHOPHOHU J|U�OP�úW�U�$QFDN 62ø JUXEXQGD WH�
GDYL LOH EX \�NVHN GH÷HUOHU� |]HOOLNOH SRVWRSH�
UDWLI �� J�Q� NRQWURO JUXEXQD J|UH DQODPOÕ ROD�
UDN DúD÷Õ VHYL\HOHUH oHNLOPLúWLU� 6RQXo RODUDN
PDMRU JDVWURLQWHVWLQDO FHUUDKL JLULúLP X\JXODQD�
FDN ROJXODUGD� VLVWHPLN VWUHVV YH HQIODPDWXDU
\DQÕWÕ D]DOWPDN DPDFÕ LOH ELU 62ø RODQ 3LUR[L�
FDP NXOODQÕOPDVÕQÕQ FHUUDKL VLWRNLQ YH DNXW ID]
SURWHLQ \DQÕWÕQÕ D]DOWPDN VXUHWL\OH ID\GDOÕ ROD�
FD÷ÕQÕ G�ú�QPHNWH\L]� dDOÕúPDPÕ]ÕQ VRQXoODUÕ
FHVDUHW YHULFL ROPDNOD ELUOLNWH EX |QHPOL NRQX�
GD JHQLú SURVSHNWLI oDOÕúPDODUD JHUHNVLQLP RO�
GX÷X NDQÕVÕQGD\Õ]�

�

.$<1$./$5

�� /HQQDUG 7:� 6KHQWRQ %.� %RU]RWWD $� 'RQQHO\ 3.� :KLWH 0� *HUULH
/0� 3URXG *� 7D\ORU 50� 7KH LQIOXHQFH RI VXUJLFDO RSHUDWLRQV RQ
FRPSRQHQWV RI WKH KXPDQ LPPXQH V\VWHP� %U - 6XUJ ����� ��� ������

�� *U]HODN ,� 2OV]HZVNL :/� =DOHVND 0� 'XUOLN 0� /DJLHZVND %� 0XV]\QVNL
0� 5RZLQVN\ :� %ORRG F\WRNLQH OHYHOV ULVH HYHQ DIWHU PLQRU VXUJLFDO
WUDXPD� - &OLQ ,PPXQRO ����� ��� �������

�� 1DLWR <� 7DPDL 6� 6KLQJX .� 6KLQGR .� 0DWVXL 7� 6HJDZD +� 1DNDL <�
0RUL .� 5HVSRQVHV RI SODVPD DGUHQRFRUWLFRWURSLF KRUPRQH� FRUWLVRO�
DQG F\WRNLQHV GXULQJ DQG DIWHU XSSHU DEGRPLQDO VXUJHU\�
$QHVWKHVLRORJ\ ����� ��� �������

�� %DLJULH 5-� /DPRQW 30� .ZLDWNRZVNL '� 'DOOPDQ 0-� 0RUULV 3-�
6\VWHPLF F\WRNLQH UHVSRQVH DIWHU PDMRU VXUJHU\� %U - 6XUJ ����� ���
�������

�� -RULV -� &LJDULQL ,� /HJUDQG 0� -DFNXHW 1� 'H *URRWH '� )UDQFKLPRQW 3�
/DP\ 0� 0HWDEROLF DQG UHVSLUDWRU\ FKDQJHV DIWHU FKROHF\VWHFWRP\
SHUIRUPHG YLD ODSDURWRP\ RU ODSDURVFRS\� %U - $QDHVWK ����� ��� ����
��

�� 3DUU\�%LOLQJV 0� %DLJULH 5-� /DPRQW 30� 0RUULV 3-� 1HZVKROPH ($�
(IIHFWV RI PDMRU DQG PLQRU VXUJHU\ RQ SODVPD JOXWDPLQH DQG F\WRNLQH
OHYHOV� $UFK 6XUJ ����� ���� ��������

�� &LQDW 0(� :D[PDQ .� *UDQJHU *$� 3HDUFH :� $QQDV &� 'DXJKWHUV .�
7UDXPD FDXVHV VXVWDLQHG HOHYDWLRQ RI VROXEOH WXPRU QHFURVLV IDFWRU
UHFHSWRUV� - $P &ROO 6XUJ����� ���� �������

�� &UXLFNVKDQN $0� )UDVHU :'� %XUQV +-� 9DQ 'DPPH -� 6KHQNLQ $�
5HVSRQVH RI VHUXP LQWHUOHXNLQ�� LQ SDWLHQWV XQGHUJRLQJ HOHFWLYH
VXUJHU\ RI YDU\LQJ VHYHULW\� &OLQ 6FL ����� ��� ������

�� &UXLFNVKDQN $0� +DQVHOO '7� %XUQV +-� 6KHQNLQ $� (IIHFW RI QXWULWLRQDO
VWDWXV RQ DFXWH SKDVH SURWHLQ UHVSRQVH WR HOHFWLYH VXUJHU\� %U - 6XUJ
����� ��� ������

��� +DVVHOJUHQ 32� 3HGHUVRQ 3� 6D[ +&� :DUQHU %:� )LVFKHU -(� &XUUHQW
FRQFHSWV RI SURWHLQ WXUQRYHU DQG DPLQR DFLG WUDQVSRUW LQ OLYHU DQG
VNHOHWDO PXVFOH GXULQJ VHSVLV� $UFK 6XUJ ��������� ������



dD÷OÕN�UHNFL YH DUN 

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

��� 6FKXO]H 6� 6RPPHU 3� %LJOHU '� +RQQHQV 0� 6KHQNLQ $� &UXLFNVKDQN
$0� %XNKDYH .� .HKOHW +� (IIHFW RI FRPELQHG SUHGQLVRORQH� HSLGXUDO
DQDOJHVLD� DQG LQGRPHWKDFLQ RQ WKH V\VWHPLF UHVSRQVH DIWHU FRORQLF
VXUJHU\� $UFK 6XUJ ����� ���� �������

��� /LQ (� /RZU\ 6)� &DOYDQR 6(� 7KH V\VWHPLF UHVSRQVH WR LQMXU\�
,Q�6FKZDUW] 6,� HGLWRU� 3ULQFLSOHV RI 6XUJHU\� 1HZ <RUN� 0F*UDZ�+LOO
����� �����

��� 5HYKDXJ $� 0LFKLH +5� 0DQVRQ -0� :DWWHUV -0� 'LQDUHOOR &$� :ROII
60� :LOPRUH ':� ,QKLELWLRQ RI F\FOR�R[\JHQDVH DWWHQXDWHV WKH
PHWDEROLF UHVSRQVH WR HQGR[LQ LQ KXPDQV� $UFK 6XUJ ����� ��������
��

��� &KDPEULHU &� &KDVVDUG '� %LHQYHQX -� 6DXGLQ )� 3DWXUHO %� *DUULJXH &�
%DUELHU <� 3DXO %RXOHWUHDX 3� &\WRNLQH DQG KRUPRQDO FKDQJHV DIWHU
FKROHF\VWHFWRP\ � (IIHFW RI ,EXSURIHQ SUHWUHDWPHQW� $QQ 6XUJ �����
���� �������

��� 5XKO $� %HUH]LQ ,� &ROLQV 60� ,QYROYHPHQW RI HLFRVDQRLGV DQG
PDFURSKDJH�OLNH FHOOV LQ F\WRNLQH�PHGLDWHG FKDQJHV LQ UDW P\HQWHULF
QHUYHV� *DVWURHQWHURO ����� ���� ��������

��� (EHUOHLQ 7-� 6FKRRI ''� 0LFKLH +5� 0DVVDUR $)� %XUJHU 8� :LOPRUH
':� :LOVRQ 5(� ,EXSURIHQ FDXVHV UHGXFHG WR[LF HIIHFWV RI LQWHUOHXNLQ��
DGPLQLVWUDWLRQ LQ SDWLHQWV ZLWK PHWDVWDWLF FDQFHU� $UFK 6XUJ �����
���� ������

��� 0LFKLH +5� 0DM]RXE -$� 2
'Z\HU 67� 5HYKDXJ $� :LOPRUH ':� %RWK
F\FORR[\JHQDVH�GHSHQGHQW DQG F\FORR[\JHQDVH�LQGHSHQGHQW
SDWKZD\V PHGLDWH WKH QHXURHQGRFULQ UHVSRQVH LQ KXPDQV� 6XUJ �����
���� ������

��� %HUJ -� )HOOLHU +� &ULVWRSK 7� *UDUXS -� 6WLPPHGHU '� 7KH DQDOJHVLF
16$,' ORUQR[LFDP LQKLELWV F\FORR[\JHQDVH �&2;������� LQGXFLEOH QLWULF
R[LGH V\QWKDVH �L126�� DQG WKH IRUPDWLRQ RI LQWHUOHXNLQ �,/��� LQ YLWUR�
,QIODPP 5HV ����� ��� �������

��� 0F1LII 3$� /DOLEHUWH 5(� 6YHQVVRQ /� 3D]ROHV &-� *DEHO &$� ,QKLELWLRQ
RI F\WRNLQH DFWLYDWLRQ SURFHVVHV LQ YLWUR E\ WHQLGDS� D QRYHO DQWL�
LQIODPPDWRU\ DJHQW� &\WRNLQH ����� �� ��������

��� 3DWHO 57� 'HHQ .,� <RXQJV '� :DUZLFN -� .HLJKOH\ 05� ,QWHUOHXNLQ � LV
D SURJQRVWLF LQGLFDWRU RI RXWFRPH LQ VHYHUH LQWUD�DEGRPLQDO VHSVLV� %U
- 6XUJ ����� ��� �������

��� 'DPDV 3� &DQLYHW -/� GH *URRWH '� 9ULQGWV <� $OEHUW $� )UDQFKLPRQW 3�
/DP\ 0� 6HSVLV DQG VHUXP F\WRNLQH FRQFHQWUDWLRQV� &ULW &DUH 0HG
����� ��� �������

��� &DQQRQ -*� 7RPSNLQV 5*� *HOIDQG -$� 0LFKLH +5� 6WDQIRUG **� YDQ
GHU 0HHU -:� (QGUHV 6� /RQQHPDQQ *� &RUVHWWL -� &KHUQRZ %� HW DO�
&LUFXODWLQJ LQWHUOHXNLQ�� DQG WXPRU QHFURVLV IDFWRU LQ VHSWLF VKRFN DQG
H[SHULPHQWDO HQGRWR[LQ IHYHU� - ,QIHFW 'LV ����� ���� ������

��� %RHUPHHVWHU 0$� YDQ /HHXZHQ 3$� &R\OH 60� :ROELQN *-� +DFN &(�
/RZU\ 6)� ,QWHUOHXNLQ�� EORFNDGH DWWHQXDWHV PHGLDWRU UHOHDVH DQG
G\VUHJXODWLRQ RI WKH KHPRVWDWLF PHFKDQLVP GXULQJ KXPDQ VHSVLV� $UFK
6XUJ ��������� �������

��� %RHUPHHVWHU 0$� 6WUDDWVEXUJ ,+� +RXGLMN $3� 0H\HU &� )UHGHHULNV
:0� :HVGRUS 5,� YDQ 1RRUGHQ &-� YDQ /HHXZHQ 3$� (QGRWR[LQ DQG
LQWHUOHXNLQ�� UHODWHG KHSDWLF LQIODPPDWRU\ UHVSRQVH SURPRWHV OLYHU
IDLOXUH DIWHU SDUWLDO KHSDWHFWRP\� +HSDWRORJ\ ����� ��� ���������

��� YDQ %HUJH +HQHJRXZHQ 0,� YDQ GHU 3ROO 7� YDQ 'HYHQWHU 6-� *RXPD
'-� 3HULWRQHDO F\WRNLQH UHOHDVH DIWHU HOHFWLYH JDVWURLQWHVWLQDO VXUJHU\
DQG SRVWRSHUDWLYH FRPSOLFDWLRQV� $P - 6XUJ ����� ���� ������

��� YDQ GHU 3ROO 7� YDQ 'HYHQWHU 6-� +DFN &(� :ROELQN *-� $DUGHQ /$�
%XOOHU +5� WHQ &DWH -:� (IIHFWV RQ OHXNRF\WHV DIWHU LQMHFWLRQ RI WXPRU
QHFURVLV IDFWRU LQWR KHDOWK\ KXPDQV� %ORRG ����� ��� ������

��� &KHQJ -%� :DWVRQ -:� 3D]ROHV &-� (VNUD -'� *ULIILWKV 5-� &RKDQ 9/�
7XUQHU &5� 6KRZHOO +-� 3HWWLSKHU (5� 7KH SKRVSKRGLHVWHUDVH W\SH �
�3'(� LQKLELWRU &3������� HOHYDWHV SODVPD F\FOLF $03 OHYHOV DQG
GHFUHDVHV WXPRU QHFURVLV IDFWRU�DOSKD �71) DOSKD� SURGXFWLRQ LQ PLFH�
HIIHFW RI DGUHQDOHFWRP\� - 3KDUPDFRO ([S 7KHU ����� ����������

��� 0F0LOOHQ 0$� +XULEDO 0� 6XPSLR %� &RPPRQ SDWKZD\ RI HQGRWKHOLDO�
OHXNRF\WH LQWHUDFWLRQ LQ VKRFN� LVFKHPLD� DQG UHSHUIXVLRQ� $P - 6XUJ
����� ���� ������

 


