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3HQWDNORURIHQRO +3&3, HQG�VWUL\HO ELU oRN DODQGD \D\JÕQ NXOODQÕPÕ RODQ JHQHO EL\RVLW DMDQGÕU1
%DNWHULVLG/ IXQJLVLG/ LQVHNWLVLG/ KHUELVLG YH PROOXVNLVLG HWNLOHUH VDKLSWLU1 3&3 YH WX]ODUÕ
J�Q�P�]GH/ EDúOÕFD D÷Do NRUX\XFX YH GDKD D] RUDQODUGD GHUL YH WHNVWLO NRUX\XFX RODUDN
X\JXODQPDNWDGÕU1 3&3 IDUNOÕ DPDoODUOD oRN oHúLWOL X\JXODPD DODQODUÕQD VDKLS ROPDVÕ QHGHQL\OH/
HNRVLVWHPGH JHQLú ELU GD÷ÕOÕP J|VWHUPHNWHGLU1 $NXW YH NURQLN ]HKLUOHQPHOHUH \RO DoPDNWDGÕU1
7RNVLN HWNLOHUL> RNVLGDWLI IRVIRULODV\RQX HQJHOOH\HUHN YH '1$ KDVDUÕQD VHEHS RODUDN ROXúWXUGX÷X
LOHUL V�U�OPHNWHGLU1 3&3¶QLQ E�W�Q \ROODUGDQ Y�FXGD NROD\FD DOÕQDELOHFH÷L EHOLUWLOPHNWHGLU1

%X oDOÕúPDGD> 3&3¶QLQ/ Y�FXGD GHUL \ROX\OD DOÕQPDVÕ YH LGUDUOD DWÕOÕPÕ DUDúWÕUÕOPÕúWÕU1 %X DPDoOD
:LVWDU $OELQR ÕUNÕ UDWODUD 4/ 6/ 8/ 83/ 433 YH 533 SSP +1D3&32D[RQJH, GHULúLPOHULQGH
KD]ÕUODQPÕú SRPDWODU GHUPDO RODUDN ELU KDIWD V�UH LOH X\JXODQGÕ1 3&3¶QLQ LGUDUOD DWÕOÕPODUÕ 83 SSP
YH �]HULQGH GR] X\JXODPDODUÕQGD HOGH HGLOGL1 $WÕOÕPÕQ/ 57069 VDDWOHU DUDVÕQGD WRSODQDQ LGUDUODUGD
HQ \�NVHN G�]H\OHUGH ROGX÷X VDSWDQGÕ1 8\JXODPDQÕQ :1 J�Q�QGH GHQH\ KD\YDQODUÕ RWRSVL\H
DOÕQDUDN/ GRNX YH RUJDQODUÕQGD NDOÕQWÕ G�]H\OHUL DUDúWÕUÕOGÕ1 .DV GRNXGD> 8 SSP ≤ 3&3/
NDUDFL÷HUGH/ 83 SSP ≤ 3&3 YH E|EUHNOHUGH 533 SSP GR] X\JXODPDODUÕQGD NDOÕQWÕ VDSWDQGÕ1
%H\LQGH NDOÕQWÕ\D UDVWODQPDGÕ1 dDOÕúPDGD D\UÕFD/ 45 SSP 3&3 LoHUHQ 6×9 FP ER\XWODUÕQGD
LúOHQPLú JL\VLOLN GHUL |UQH÷L UDWODUÕQ WÕUDúODQDUDN W�\OHULQGHQ DUÕQGÕUÕOPÕú DUND VÕUW GHUL E|OJHVLQH
ELU KDIWD V�UH LOH GLUHNW RODUDN WHPDV HWWLULOGL1 %X KD\YDQODUÕQ 6907; VDDWOHU DUDVÕQGD WRSODQDQ
LGUDUODUÕQGD <9±4; QJ2PO 3&3 NDOÕQWÕVÕ EXOXQGX1 8\JXODPDQÕQ :1 J�Q�QGH GRNX YH RUJDQODUGDNL
NDOÕQWÕ DUDúWÕUPDVÕQGD VDGHFH/ NDV GRNXGD 83±48 QJ2J 3&3 VDSWDQGÕ1

dHYUHVHO ELU NLUOHWLFL RODQ 3&3¶QLQ/ G�ú�N G�]H\OHUGH NLUOLOLN LoHUHQ LúOHQPLú JL\VLOLN GHULOHUGHQ
FLOGH WHPDV \ROX\OD Y�FXGD DOÕQDELOHFH÷L J|U�OPHNWHGLU1 7RSOXP VD÷OÕ÷Õ �]HULQH LVWHQPH\HQ
HWNLOHULQGHQ GROD\Õ 3&3 NXOODQÕPÕ/ |]HOOLNOH GHUL VDQ\LLQGH \DVDO GHQHWLPH DOÕQPDOÕGÕU1
$QDKWDU .HOLPHOHU= 3HQWDNORURIHQRO/ GHUPDO HPLOLP/ NDOÕQWÕ/ LGUDU/ GRNX YH RUJDQ/ UDW/ GHUL1

,QYHVWLJDWLRQ RI 5HVLGXH /HYHOV LQ 8ULQH DQG 7LVVXHV RI 5DWV 7KDW 7UHDWHG
3HQWDFKORURSKHQRO +3&3, DV ([SHULPHQWDO E\ 'HUPDO ZLWK *DV &KURPDWRJUDK\
3HQWDFKORURSKHQRO +3&3, LV D JHQHUDO ELRFLGH XVHG ZRUOGZLGH LQ D YDULHW\ RI LQGXVWULDO DUHDV1 ,W
KDV EDFWHULFLGDO/ IXQJLFLGDO/ LQVHFWLFLGDO/ KHUELFLGDO DQG PROOXVFLFLGDO SURSHUWLHV1 1RZDGD\V 3&3
DQG LWV VDOW DUH PDLQO\ DSSOLHG LQ ZRRG/ IROORZHG E\ WH[WLOH DQG OHDWKHU SUHVHUYDWLRQ1 %HFDXVH RI
LWV QXPHURXV DQG GLIIHUHQW DSSOLFDWLRQV 3&3 KDV EHFRPH ZLGHO\ GLVWUXEXWHG LQ HFRV\VWHP1 ,WV
DFXWH DQG FKURQLF WR[LFLW\ LV GXH WR LQWHUIHUHQFH ZLWK R[LGDWLYH SKRVSKRU\ODWLRQ DQG '1$
GDPDJH1

,Q WKLV VWXG\/ WKH DEVRUEWLRQ ULVN RI 3&3 E\ GHUPDO DGPLQLVWUDWLRQ ZDV LQYHVWLJDWHG1 7KH
SRPDGHV ZKLFK SUHSDUHG DW WKH OHYHOV 4/ 6/ 8/ 83/ 433 DQG 533 SSP 1D3&32D[RQJH ZDV
WUHDWHG WR WKH :LVWDU $OELQR UDWV DV D VLQJOH GRVH E\ GHUPDO DGPLQLVWUDWLRQ GXULQJ RQH ZHHN1
7KH XULQDU\ H[FUHDWLRQ RI 3&3 ZDV GHWHFWHG DW WKH 83 SSP DQG XSSHU GRVHV1 $W 57069 KU/ WKH
H[FUHDWLRQ LV LQFUHDVHG WKH KLJKHVW OHYHOV1 $W WKH : WK RI WUHDWPHQW/ WKH H[SHULPHQWDO DQLPDOV
ZHUH DXWRSVLHG DQG WKDQ OLYHU/ NLGQH\V/ PXVFOH DQG EUDLQ WLVVXHV ZHUH DQDO\]HG1 3&3 UHVLGXHV/
WKHUH ZHUH LQ WKH PXVFOH/ OLYHU DQG NLGQH\V IRU 8/ 83 DQG 533 SSP RU XSSHU DSSOLFDWLRQ GRVHV
UHVSHFWLYHO\1 ,Q WKLV VWXG\ DOVR/ ZHDULQJ OHDWKHU VDPSOHV FRQWDLQLQJ 45 SSP 3&3 ZDV NHSW LQ
FRQWDFW WR WKH EDFN RI WKH UDW VNLQ ZKLFK ZDV SUHSDUHG E\ UHPRYDO RI IXU IRU D SHULRG RI RQH
ZHHN1 ,Q WKH XULQDU\ RI UDWV/ LW LV GHWHFWHG <9±4; QJ2PO 3&3 DW WKH 6907; KU1 7LVVXHV ZHUH
DQDO\]HG DW WKH : WK GD\1 7KH UHVLGXH/ WKHUH ZDV RQO\ WKH PXVFOH WLVVXH DV 83±48 QJ2J1

3&3 KDV OHG WR D VXEVWDQWLDO HQYLURQPHQW FRQWDPLQDWLRQ LV HVWDELOLVKHG WKDW FDQ EH DEVRUEHG LQ
WKH ERG\ E\ GHUPDO IURP OHDWKHU1 %HFDXVH RI WKH SRWHQWLDO WR[LF HIIHFWV RQ WKH SXSOLF KHDOWK/ LWV
DSSOLFDWLRQV VKRXOG EH SURKLELWHG1
.H\ :RUGV= 3HQWDFKORURSKHQRO/ UDWV/ GHUPDO DEVRUSWLRQ/ UHVLGXH/ XULQH/ WLVVXHV/ OHDWKHU1
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3HQWDNORURIHQRO +3&3,/ 4<69 \ÕOÕQGDQ EHUL/
LQVHNWLVLG/ IXQJLVLG/ EDNWHULVLG/ KHUELVLG/
PROOXVNLVLG/ YE HWNLOHULQGHQ \DUDUODQPDN
DPDFÕ\OD/ D÷Do YH D÷Do �U�QOHUL/ ND÷ÕW/ GHUL/
WHNVWLO/ ER\D YH WXWNDO/ SODVWLN/ IRWR÷UDIoÕOÕN/ LSOLN
YH QD\ORQ JLEL VDQD\L DODQODUÕ\OD/ JHQLú WDUÕP
DODQODUÕQÕQ LODoODQPDVÕQGD E�\�N PLNWDUODUGD
NXOODQÕOPDNWDGÕU1 %XQXQOD EHUDEHU HQ \D\JÕQ
NXOODQÕP DODQÕ D÷Do YH D÷Do �U�QOHUL/ GHUL YH
WHNVWLO VDQD\LOHULGLU4/ 5/ 6/ 7/ 8/ 9/ :/ ; 1 3&3¶QLQ G�Q\D
oDSÕQGDNL \ÕOOÕN �UHWLPLQLQ 830<3 ELQ WRQ ROGX÷X
ELOGLULOPHNWHGLU< 1 %X GHUHFH \D\JÕQ NXOODQÕPÕ/
WRSUDN/ VX/ KDYD YH KHU W�UO� JÕGD PDGGHVLQGH
NDOÕQWÕVÕQÕQ EXOXQPDVÕQD \RO DoPDNWDGÕU4/ 8/ :/ ;/ 43/
44/ 45/ 46 1 %X QHGHQOH LQVDQ YH KD\YDQODU/ 3&3¶QLQ
IDUNOÕ G�]H\OHULQH GLUHNW RODUDN KHU DQ PDUX]
NDOPD GXUXPX\OD \�] \�]HGLUOHU1

7HNQLN \D GD WLFDUL 3&3 +W3&3, JHQHOOLNOH IHQRO�Q
NORUODQPDVÕ\OD ( ;70;; VDIOÕNWD �UHWLOLU1 3&3¶QLQ
VHQWH]OHQPHVL DúDPDVÕQGD/ WHWUDNORURIHQRO/
WULNORURIHQRO/ \�NVHOWJHQPLú NORURIHQROOHU LOH
GLRNVLQ YH IXUDQ¶ODU RODUDN DGODQGÕUÕODQ \DQ
�U�QOHU DoÕ÷D oÕNDU1 3&3/ SRODU RUJDQLN
o|]�F�OHUGH o|]�Q�U1 7X]OX ELOHúLNOHUL VXGD
o|]�Q�U1 0ROHN�O D÷ÕUOÕ÷Õ 599/ |]J�O D÷ÕUOÕ÷Õ
41<:;/ HULPH QRNWDVÕ 4<4 &/ ND\QDPD QRNWDVÕ
643 &¶GLU4/; 1

3&3/ D÷Õ]/ VROXQXP/ GHUL YH GL÷HU W�P \ROODUGDQ
Y�FXGD NROD\OÕNOD DOÕQDELOPHNWHGLU 9 1 3OD]PD
SURWHLQOHULQH \�NVHN RUDQGD ED÷ODQÕU47/ 48 1 %X
DúDPDGD WLURLG KRUPRQODUÕQÕQ SOD]PD
SURWHLQOHULQH ED÷ODQPDVÕQÕ \DUÕúPDOÕ RODUDN
HQJHOOHU49 1 .ÕVPHQ NDUDFL÷HU YH E|EUHNOHUGH 49/
4:/ 4;/ 4</ 53 / G�ú�N G�]H\OHUGH \D÷ GRNXGD ELULNPH
H÷LOLPL J|VWHULU4;/ 54 1 $WÕOÕPÕ \�NVHN RUDQGD
E|EUHNOHUGHQ/ oRN G�ú�N RUDQGD EDUVDNODUGDQ
JHUoHNOHúLU4/5/;1 $÷Õ]GDQ DOÕQGÕ÷ÕQGD
HQWHURKHSDWLN G|QJ�\H X÷UDU1 0HWDEROL]DV\RQX>
NDUDFL÷HUGH RNVLGDV\RQ/ UHG�NVL\RQ YH NRSPD
JLEL ELULQFL ID] UHDNVL\RQODUÕ \DQÕQGD/ EX
UHDNVL\RQODU VRQUDVÕQGD DoÕ÷D oÕNPÕú
PHWDEROLWOHULQ NRQMXJDV\RQ ELOHúLNOHULQLQ
ROXúWX÷X LNLQFL ID] UHDNVL\RQODUOD JHUoHNOHúPHNWH
ROXS/ W�UOHUH J|UH GH÷LúNHQOLN J|VWHUHELOPHNWHGLU
;/ 47/ 55 1 0HWDEROLWOHULQLQ JHQHOLNOH GDKD D] HWNLQ
ROGX÷X EHOLUWLOPHNOH EHUDEHU/ RNVLGDV\RQ VRQXFX
ROXúDQ WHWUDNORURKLGURTXLQRQ PHWDEROLWLQLQ FDQOÕ
RUJDQL]PD K�FUHOHUL �]HULQH WRNVLN HWNLVLQLQ GDKD
NXYYHWOL ROGX÷X ELOGLULOPHNWHGLU56/ 57 1 3&3
PHWDEROL]DV\RQX/ EDUELW�UDWODU WDUDIÕQGDQ
NDUDFL÷HU PLNUR]RPDO HQ]LPOHULQ LQG�NOHQPHVL\OH

DUWÕUÕOÕU5 1 <DUÕODQPD |PU� W�UOHUH J|UH GH÷LúLNOLN
J|VWHULS/ UDWODUGD 318041847/ ; / VÕ÷ÕUODUGD 418 58 /
PD\PXQODUGD 507 < / NDQDWOÕODUGD 45 53 YH
LQVDQODUGD 53 59 J�QG�U1

3&3 YH PHWDEROLWOHUL/ KHN]DNORUREHQ]HQ ++&%,/
SHQWDNORUREHQ]HQ +3&%, YH
SHQWDNORURQLWUREHQ]HQ +3&1%, JLEL IXQJLVLGOHULQ
GH EL\RWUDQVIRUPDV\RQ �U�QOHULGLU55/ 57 1

3&3/ DGHQR]LQ WULIRVIDWD] HQ]LPLQL HWNLOH\HUHN
HOHNWURQ WUDQVIHU ]LQFLULQL NRSDUPDNVÕ]ÕQ $73
�UHWLPLQL D]DOWÕU \D GD GXUGXUXU1 %|\OHFH/
RNVLGDWLI IRVIRULODV\RQXQ HQJHOOHQPHVL
VRQXFXQGD HWNLVLQLQ úHNLOOHQGL÷L ELOGLULOPHNWHGLU 5/
; 1

$NXW YH NURQLN 3&3 ]HKLUOHQPHVLQLQ NOLQLN
EXOJXODUÕ/ VLVWHPDWLN RODUDN/ GHUL/ PHWDEROL]PD
+DWHú,/ KHPDWRSRHWLN GRNXODU/ VROXQXP VLVWHPL/
VHQWUDO YH SHULIHULN VLQLU VLVWHPL/ E|EUHNOHU YH
VLQGLULP VLVWHPL �]HULQH HWNLOHU úHNOLQGH
|]HWOHQHELOLU5; 1 =HKLUOHQPHQLQ EDúODPDVÕ YH
GHYDP HWPHVL/ NOLQLN EHOLUWLOHU J|U�OPHNVL]LQ oRN
KÕ]OÕ ELU úHNLOGH JHOLúHELOLU1 $NXW ROD\ODUGD/
KX]XUVX]OXN/ GHULQ VROXQXP YH\D QHIHV GDUOÕ÷Õ/
X\XúXNOXN/ WHUOHPH/ VXVX]OXN KLVVL/ KDOVL]OLN/
\�NVHN DWHú/ VL\DQR]/ WDúLNDUGL/ LQNRRUGLQDV\RQ/
NROODSV/ NRQY�OVL\RQ YH HUNHQ |O�P J|U�O�U1
=HKLUOHQPH RUDO \ROOD ROPXúVD JDVWURLQWHVWLQDO
VLVWHPLQ WDKULú HGLOPHVLQH ED÷OÕ EHOLUWLOHU DoÕ÷D
oÕNDELOLU1 2WRSVL EXOJXVXQGD NDUDFL÷HU YH
E|EUHNOHUGH \D÷ GHMHQHUDV\RQODUÕ J|]OHQLU1 gO�P
VHUWOL÷L oRN oDEXN JHOLúLU1 .URQLN ROD\ODUGD/
DERUWODU/ I|WDO ER]XNOXNODU/ D÷ÕUOÕN ND\EÕ/ V�W
VDOJÕVÕQGD D]DOPD YH DQHPL JLEL EHOLUWLOHU J|U�O�U1
øQVDQODUGD J|U�OHQ NURQLN ]HKLUOHQPHOHUGH/
GHUPDWLW/ SROLQHXULW/ EURQúLW/ VLQX]LW/ NRQMXNWLYLW/
EDú D÷UÕVÕ/ EDú G|QPHVL/ GHSUHV\RQ/ JHQHO
KDOVL]OLN/ X\XúXNOXN/ VDOGÕUJDQ GDYUDQÕúODU/
LúWDKVÕ]OÕN/ EXODQWÕ/ NXVPD/ LVKDO/ NRUNX YH
HQGLúH/ \�NVHN DWHú YH FLOWWH VLYLOFH/ XUWLNHU YH\D
DNQH ER\XWODUÕQGD OH]\RQODU J|]OHQGL÷L
DoÕNODQPDNWDGÕU1 %XQODUÕQ \DQÕ VÕUD HULWURVLW/
KHPRJORELQ YH DOEXPLQGH D]DOPD JLEL NDQ
EL\RNLP\DVÕQGD GH÷LúLNOLNOHU GH
J|]OHQHELOPHNWHGLU5/ 6/ 7/ ;/ 49/ 5</ 63/ 64/ 65/ 66/ 67/ 68/ 69/
6:/ 6;/ 6< 1 $\UÕFD/ N|W� KX\OX W�P|UOHU YH DSODVWLN
DQHPL J|U�OHQ ED]Õ KDVWDODUGDNL VHUXP 3&3
G�]H\OHUL/ EX KDVWDOÕNODUOD LOLúNLOHQGLULOPHVLQH
QHGHQ ROPXúWXU73/ 74 1 6RQ ]DPDQODUGD \DSÕODQ
GHQH\VHO oDOÕúPDODUGD NDQVHURMLN HWNLQOL÷LQGHQ
V|] HGLOPHNWHGLU</ 75/ 76 1 3&3¶QLQ LPPXQ VLVWHPL
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EDVNÕODGÕ÷Õ \|Q�QGH J|U�úOHU GH YDUGÕU77 1

3&3¶QLQ OHWDO GR]X/ DOÕQPD \ROX/ W�U YH ÕUNODUD
J|UH GH÷LúPHNOH EHUDEHU/ /'83 LoLQ 630833
PJ2NJ DUDVÕQGDGÕU5/ ;/ < 1 %DOÕNODUGDNL OHWDO GR]XQ
LVH VXGDNL 4 SSP¶GHQ GDKD G�ú�N \R÷XQOXNODU
ROGX÷X EHOLUWLOPHNWHGLU5 1

3&3 QRUPDOGH LQVDQ YH KD\YDQ GRNX YH
VÕYÕODUÕQGD EXOXQPD]1 6DSWDQDQ EHOLUOL 3&3
\R÷XQOXNODUÕ/ NOLQLN EXOJXODU LOH DQHPQH]LQ
X\XPOXOXN J|VWHUGL÷L GXUXPODUGD DQODPOÕ RODELOLU1
6ROXQXP ER]XNOX÷X YH KÕ]OD DUWDQ Y�FXW ÕVÕVÕQÕQ
J|U�OPHVL YH EXQODUD LODYH RODUDN NR\X UHQNOL
NDQ/ |O�P VHUWOL÷LQLQ oRN oDEXN JHOLúPHVL WDKPLQL
ELU WDQÕQÕQ NRQPDVÕQD \DUGÕPFÕ ROXU1 $NXW
ROD\ODUGD HWNLQ ELU VD÷DOWÕP \|QWHPL YH VSHVLILN
ELU DQWLGRWX \RNWXU1 6D÷DOWÕP WDPDPHQ
VHPSWRPDWLNWLU1 'RNXODUÕQ RNVLMHQ LKWL\DFÕ KHPHQ
NDUúÕODQÕU1 9�FXW ÕVÕVÕ/ VR÷XN VX/ EX] \D GD
PHWDQRO LOH G�ú�U�O�U1 *HQHO ]HKLUOHQPH WHGDYLVL
X\JXODQÕU5/ 9/ 64/ 6; 1

3&3 DQDOL]OHUL RSWLN YH NURPDWRJUDILN \|QWHPOHUOH
\DSÕODELOPHNWHGLU1 (Q J�YHQLOLU DQDOL]OHUL HOHNWURQ
WXWXFX GHGHNW|UO� JD] NURPDWRJUDILVL +(&'2*&,
LOH \DSÕODELOPHNWHGLU4/ 78 1

+D\YDQODUGD HQ |QHPOL EXODúPD QHGHQL/ 3&3¶OL
D÷Do WDODúODUÕQÕQ DOWOÕN RODUDN NXOODQÕOPDVÕGÕU44/ 4:/
53 1 7DODúODUÕQ |]HOOLNOH NDQDWOÕODUGD DOWOÕN RODUDN
NXOODQÕPÕ oRN \D\JÕQGÕU1 øQVDQODU 3&3¶\H/ PHVOHNL
X÷UDú7/ 73 / NDOÕQWÕ LoHUHQ JÕGDODUOD43/ 44/ 45/ 79 /
LODoODQPÕú D÷Do YH PRELO\DODUOD GRQDQÕPOÕ DKúDS
\DSÕODUGD \DúDPDODUÕ\OD PDUX] NDODELOLUOHU1
hONHPL]GH 3&3 EDúOÕFD GHUL VDQD\LLQGH
NXOODQÕOPDNWDGÕU1 %X DUDúWÕUPDGD> GHQH\VHO
oDOÕúPDODU HúOL÷LQGH/ LQVDQODUÕQ/ 3&3 NLUOLOL÷L
LoHUHQ JL\VLOLN GHULOHUGHQ FLOGH WHPDV \ROX\OD
PDUX] NDOPD ULVNL WDUWÕúÕOPDNWDGÕU1

*(5(d 9( <g17(0

$OHW YH 0DO]HPHOHU=

41 *D] .URPDWRJUDIL +*&/ 3DFNDUG 75:,
51 (OHNWURQ 7XWXFX 'HGHNW|U +(&',
61*D].URPDWRJUDIL .RORQX +&DP/ 315 FP×533FP,
71 .RORQ 'ROJX 0DGGHVL= ( 4 63 4573 '$
+6XSHOFR/ 6$,
81 6DI D]RW JD]Õ GROGXUXOPXú JD] W�S� ++DEDú,
91 <D]ÕFÕ +'X 3RQW 537649,

:1 0LNURHQMHNW|U ++DPLOWRQ,
;1+RPRMHQL]DW|U +%UDXQ 0HOVXQJHQ $*1 ;86535,
<1 6DQWULI�M ++HUDXV 3<35,
431 6X %DQ\RVX +.|WWHUPDQQ,
441 7�S dDONDOD\ÕFÕ +(OHNWURPDJ P 49,
451 .XUXWPD 'RODEÕ ++HUDXV,
461 +DVVDV 7HUD]L +0HWWOHU 4543 YH 6DXWKHU
5:56,
471 9LEUDW|U +0RD 434 FG,
481 0HWDEROL]PD .DIHVOHUL
491 &DP PDO]HPHOHU

.LP\DVDO 0DGGHOHU=

1.  1D03HQWDNORURIHQRO +0HUFN <:5385,
2.  503URSDQRO + ³ <<8,

3.  Q0+HN]DQ + ³ 769;,

4.  6�OI�ULN DVLW + ³ :46,

5.  'LHWLO HWHU + ³ <63,

6.  6�OI�ULN DVLW o|]HOWLVL +45 0= 99 PO \R÷XQ
V�OILULN DVLW 663 PO GLVWLOH VX\D \DYDú \DYDú
LODYH HGLOHUHN KD]ÕUODQGÕ1,

7.  )RVIRULN DVLW +<HUOL,

3&3 6WDQGDUW d|]HOWLOHUL=

1.  6WRN VWDQGDUW o|]HOWLVL= 4333 SSP 3&3
o|]HOWLVL +58 PJ258 PO 1D3&32503URSDQRO,

2.  6WRN VWDQGDUW o|]HOWLVL= 53 SSP 3&3 o|]HOWLVL
+4¶GHQ 318 PO DOÕQÕS Q0KHN]DQ LOH 58 PO¶\H
WDPDPODQGÕ,

3.  dDOÕúPD VWDQGDUW o|]HOWLOHUL= 4031338 SSP 3&3
oDOÕúPD VWDQGDUW o|]HOWLOHUL +5¶GHQ GH÷LúLN
PLNWDUODU DOÕQÕS/ Q0KHN]DQ LOH GLO�H HGLOHUHN
KD]ÕUODQGÕ,

'HQH\ +D\YDQODUÕ YH 8\JXODPDODUÕQ
<DSÕOÕúÕ=

'HQH\ KD\YDQÕ RODUDN '(7$0 +øVWDQEXO
hQLYHUVLWHVL/ 'HQH\VHO 7ÕS $UDúWÕUPD
0HUNH]L,¶GDQ VD÷ODQDQ/ D÷ÕUOÕNODUÕ RUWDODPD 533
JUDP RODQ 607 D\OÕN :LVWDU $OELQR UDWODUÕ
NXOODQÕOGÕ1 'HQH\H EDúODPDGDQ |QFH/ ELU D\
ER\XQFD EDNÕP YH EHVOHPHOHUL \DSÕODUDN RUWDPD
X\XPODUÕ VD÷ODQGÕ1 %DNÕPODUÕQGD DOWOÕN RODUDN
NXOODQGÕ÷ÕPÕ] WDODúODUÕQ/ RODVÕ 3&3
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NRQWDPLQDV\RQXQX |QOHPHN LoLQ DQDOL]L \DSÕOGÕ1
.LUOLOLN LoHUPH\HQ WDODúODU NXOODQÕOGÕ1 dDOÕúPDGD/
6¶HU DGHWWHQ ROXúDQ : X\JXODPD JUXEX/ 9
DGHWWHQ ROXúDQ 4 NRQWURO JUXEX ROPDN �]HUH
WRSODP 5: DGHW KD\YDQ NXOODQÕOGÕ1

øON 9 JUXED 4/ 6/ 8/ 83/ 433 YH 533 SSP
1D3&32$[RQJH GHULúLPOHULQGH KD]ÕUODQDQ
SRPDWODUGDQ 3158 JUDP +4158/ 61:8/ 9158/ 9518/
458 YH 583 µJ 1D3&32NJ2FD, FLOW �]HULQH
X\JXODQGÕ1 'L÷HU ELU JUXED/ JL\VLOLN RODUDN
LúOHQPLú YH LúOHQWL VÕUDVÕQGD DQWLIXQJDO DMDQ
RODUDN 3&3 NXOODQÕOGÕ÷Õ VDSWDQDQ +45 SSP, 6[9
FP ER\XWODUÕQGDNL GHUL |UQH÷L JL\GLULOHUHN FLOGH
GLUHNW WHPDV úHNOLQGH X\JXODPD \DSÕOGÕ1
8\JXODPD VÕUDVÕQGD GHQH\ KD\YDQODUÕ GLHWLO HWHU
LOH DQHVWH]L\H DOÕQGÕ1 6ÕUW E|OJHOHUL WÕUDú HGLOGL1
3RPDWODU FLOW �]HULQH \HGLULOHUHN X\JXODQGÕ1
(PLOLP VÕUDVÕQGD/ V�UW�QPHGHQ YH KD\YDQÕQ D÷Õ]
\ROX\OD \DSDFD÷Õ P�GDKDOH VRQUDVÕ RUWD\D
oÕNDFDN LODo ND\EÕQÕ |QOHPHN LoLQ/ X\JXODPD
E|OJHVL PÕND NRUX\XFXODU LOH NDSDWÕOGÕ YH IODVWHU
LOH NDUÕQ E|OJHVLQL GH NXúDWDFDN úHNLOGH VDUÕOGÕ1
$QHVWH]LGHQ X\DQDQ UDWODUÕQ KHU ELUL D\UÕ D\UÕ
PHWDEROL]PD NDIHVOHULQH EÕUDNÕOGÕ1

gUQHNOHULQ $OÕQPDVÕ=

'HQH\ KD\YDQODUÕQÕQ 8 J�Q ER\XQFD 45¶HU VDDWOLN
]DPDQ GLOLPOHULQGH LGUDUODUÕ WRSODQGÕ1
8\JXODPDQÕQ :1 J�Q�QGH DQHVWH]L DOWÕQGD/
VHUXP/ NDUDFL÷HU/ E|EUHN/ NDV/ EH\LQ YH 3&3
X\JXODQDQ YH X\JXODQPD\DQ E|OJHOHUGHQ GHUL
|UQHNOHUL DOÕQGÕ1 $OÕQDQ |UQHNOHULQ D\QÕ J�Q
DQDOL]OHUL \DSÕOGÕ1

gUQHNOHULQ (NVWUDNVL\RQX=

øGUDU YH VHUXP |UQHNOHUL 4 PO/ RUJDQ YH GRNX
|UQHNOHUL 4 JUDP DOÕQGÕ1 2UJDQ YH GRNX |UQHNOHUL
KRPRMHQL]H HGLOGL1 $OÕQDQ |UQHNOHU NDSDNOÕ FDP
W�SOHUH NRQXOGX1 h]HULQH 45 0 +5627
o|]HOWLVLQGHQ 518 PO LODYH HGLOGL1 7�SOHU 433 &
ÕVÕGD VX EDQ\RVXQD NRQDUDN 4 VDDW ER\XQFD 43
GDNLND DUDOÕNODUOD NDUÕúWÕUPDN VXUHWL\OH KLGUROL]
LúOHPL JHUoHNOHúWLULOGL1 6X EDQ\RVXQGDQ DOÕQDQ
W�SOHU RGD ÕVÕVÕQGD VR÷XPD\D EÕUDNÕOGÕ1 6R÷X\DQ
W�SOHUH 8 PO Q0KHN]DQ LODYH HGLOGL1 +HU ELUL 48
GDNLND W�S oDONDOD\ÕFÕGD NDUÕúWÕUÕOGÕ1 2UJDQLN
o|]�F� WDEDNDQÕQ D\UÕOPDVÕ LoLQ ELU V�UH EHNOHQGL1
2UJDQLN o|]�F� WDEDNDVÕ D\UÕOPD\DQODU VDQWULI�M
W�SOHULQH DNWDUÕODUDN VDQWULI�MH HGLOGL1 hVWWHNL Q0
KHN]DQ WDEDNDVÕQÕQ 513 PO¶VL ELU EDúND D÷]Õ

h

D÷]Õ NDSDNOÕ W�SH DNWDUÕOGÕ1 h]HULQH 318 PO \R÷XQ
+5627 LODYH HGLOGL1 +HU ELU W�S 5 GDNLND W�S
oDONDOD\ÕFÕGD NDUÕúWÕUÕOGÕ1 )D]ODUÕQ ROXúPDVÕ LoLQ 63
GDNLND EHNOHQGL1 hVW ID]GDQ 4 PO DOÕQDUDN 57
VDDW LoHUVLQGH DQDOL]L \DSÕOPDN �]HUH VDNODQGÕ1

*D] NURPDWRJUDILQLQ dDOÕúPD .RúXOODUÕ=
7DúÕ\ÕFÕ JD] ( <<1<<< VDIOÕNWD D]RW JD]Õ
$NÕú KÕ]Õ 73 PO2GN
6DELW ID] ( 4 63 4573 '$
'HGHNW|U (OHNWURQ WXWXFX GHGHNW|U +(&',
(QMHNVL\RQ ÕVÕVÕ 4;3 &
)ÕUÕQ ÕVÕVÕ 488 &
'HGHNW|U ÕVÕVÕ 5;3 &
(&' &XUUHQW 8
$WWHQXDWLRQ 97
.D÷ÕW KÕ]Õ 3158 FP2GN

&LKD] KHU DQDOL]GH |QFH 5 VDDW V�UH LOH
oDOÕúWÕUÕODUDN VWDELOL]DV\RQX VD÷ODQGÕ1 6WDQGDUW
o|]HOWLOHUGHQ 4¶HU O JD] NURPDWRJUDILVLQH HQMHNWH
HGLOHUHN \|QWHPLQ GX\DUOÕOÕ÷Õ YH 3&3¶QLQ 5I GH÷HUL
VDSWDQGÕ1 'DKD VRQUD |UQHN HNVWUDNWODUÕQGDQ 4 µO
DOÕQDUDN JD] NURPDWRJUDILVLQH HQMHNWH HGLOGL1
(OGH HGLOHQ NURPDWRJUDPODU VWDQGDUW SLNOHUL LOH
RUDQWÕODQDUDN PLNWDUVDO RODUDN GH÷HUOHQGLULOGL1
<|QWHPLQ GX\DUOÕOÕN OLPLWL 58 SSE RODUDN EXOXQGX1

6RQXoODUÕQ øVWDWLNVHO 'H÷HUOHQGLULOPHVL=

(OGH HGLOHQ EXOJXODUÕQ LVWDWLVWLNVHO
GH÷HUOHQGLULOPHVLQGH/ RUWDODPD GH÷HU/ RUWDODPD
GH÷HULQ VWDQGDUW VDSPDVÕ YH RUWDODPD GH÷HULQ
VWDQGDUW KDWDVÕ EXOXQPXúWXU1

%8/*8/$5

<|QWHPH J|UH \DSÕODQ JHUL ND]DQPD
oDOÕúPDODUÕQGD> VHUXP ( <;/ LGUDU ( <5 /
NDUDFL÷HU ( ;7 YH GHUL ( ;4 RODUDN VDSWDQGÕ1
*HUL ND]DQPD oDOÕúPDODUÕQGD VDSWDQDQ RUWDODPD
( GH÷HUOHULQLQ VWDQGDUW KDWDVÕ \DNODúÕN 5 RODUDN
KHVDSODQGÕ1

3&3¶QLQ FLOGH WHPDV \ROX\OD HQ G�ú�N KDQJL
GHULúLPOHULQGH DEVRUEH HGLOHELOHFH÷LQL VDSWDPDN
DPDFÕ\OD 9 GHQH\ KD\YDQÕ JUXEXQD 4/ 6/ 8/ 83/
433 YH 533 SSP 1D3&32$[RQJH +4158/ 61:8/
9158/ 95/8/ 458 YH 583 J 1D3&32NJ2FD,
SRPDWODUÕ X\JXODQGÕ1 8\JXODPD\Õ WDNLS HGHQ 8
J�Q ER\XQFD 45 VDDWOLN ]DPDQ GLOLPOHUL\OH GHQH\
KD\YDQODUÕQÕQ LGUDUODUÕ WRSODQGÕ1 8\JXODPDQÕQ :1
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J�Q�QGH/ JHQHO DQDVWH]L DOWÕQGD/ VHUXP/
NDUDFL÷HU/ E|EUHNOHU/ EH\LQ/ NDV/ X\JXODPD
\DSÕODQ YH \DSÕOPD\DQ E|OJHOHUGHQ FLOW GHULVL
|UQHNOHUL DOÕQDUDN 3&3 NDOÕQWÕODUÕ DUDúWÕUÕOGÕ1

øGUDU DQDOL]OHULQLQ EXOJXODUÕ 7DEOR 4¶GH
VXQXOPXúWXU1 $\UÕFD HOGH HGLOHQ EXOJXODU
GR÷UXOWXVXQGD 0LFURVRIW ([HO SURJUDPÕQGD
IRQNVL\RQHO GH÷HUOHQGLUPH \DSÕODUDN JUDILN 4
oÕNDUWÕOPÕúWÕU1

7DEOR 4= 3&3¶QLQ IDUNOÕ GHULúLPOHUGH UDWODUÕQ
WÕUDúODQPÕú DUND VÕUW E|OJHVLQH SRPDW RODUDN
X\JXODQPDVÕ VRQUDVÕQGD/ 45 VDDWOLN ]DPDQ GLOLPOHUL LOH
LGUDUGD DWÕOÕP G�]H\OHUL +QJ2318 J�Q,1

*UDILN 4= 3&3¶QLQ/ SRPDW RODUDN GHQH\ KD\YDQODUÕQÕQ
FLOGLQH X\JXODQPDVÕ VRQUDVÕQGD LGUDUGDNL DWÕOÕPÕ1
3RPDWODU D[RQJH WDúÕW PDGGHVL LOH GH÷LúLN GHULúLPOHUGH
KD]ÕUODQPÕúWÕU1

7DEOR 4¶GH J|U�OG�÷� JLEL/ 4/ 6 YH 8 SSP 3&3
\R÷XQOXNODUÕ LoHUHQ SRPDWODUÕQ GHQH\
KD\YDQODUÕQÕQ FLOGLQH \HGLULOHUHN X\JXODQPDVÕ
VRQUDVÕQGD/ LGUDUGD NDOÕQWÕ VDSWDQDPDPÕúWÕU1
øGUDUGDNL NDOÕQWÕODU 83 SSP VRQUDVÕ
X\JXODPDODUGD HOGH HGLOPLúWLU1 3&3 NDOÕQWÕODUÕ/ 450
57 VDDWOHUGH WRSODQDQ LGUDUGD J|U�OPH\H
EDúODQGÕ/ 57069 VDDWOHUGH WRSODQDQ LGUDUGD
PDNVLPXP G�]H\H XODúWÕ YH X\JXODPD GR]XQD
ED÷OÕ RODUDN 931 VDDWWHQ VRQUD VDSWDPD OLPLWLQLQ

7DEOR 4¶GH J|U�OG�÷� JLEL/ 4/ 6 YH 8 SSP 3&3
\R÷XQOXNODUÕ LoHUHQ SRPDWODUÕQ GHQH\
KD\YDQODUÕQÕQ FLOGLQH \HGLULOHUHN X\JXODQPDVÕ
VRQUDVÕQGD/ LGUDUGD NDOÕQWÕ VDSWDQDPDPÕúWÕU1
øGUDUGDNL NDOÕQWÕODU 83 SSP VRQUDVÕ
X\JXODPDODUGD HOGH HGLOPLúWLU1 3&3 NDOÕQWÕODUÕ/ 450
57 VDDWOHUGH WRSODQDQ LGUDUGD J|U�OPH\H
EDúODQGÕ/ 57069 VDDWOHUGH WRSODQDQ LGUDUGD
PDNVLPXP G�]H\H XODúWÕ YH X\JXODPD GR]XQD
ED÷OÕ RODUDN 931 VDDWWHQ VRQUD VDSWDPD OLPLWLQLQ
DOWÕQD G�úW�1 83 SSP X\JXODPDVÕQGD 45 VDDWOLN
]DPDQ GLOLPOHUL LoLQ/ LON 571 VDDWWH NDOÕQWÕ
EXOXQDPDGÕ/ 691 VDDWWH 43: QJ/ 7;1 VDDWWH :5 QJ
YH VRQ RODUDN 931 VDDWWH 73 QJ NDOÕQWÕ EXOXQGX1
433 SSP X\JXODPDVÕQGD/ 571 VDDWWH 68 QJ/ 691
VDDWWH 4:8 QJ/ 7;1 VDDWWH :: QJ/ 931 VDDWWH 7;
QJ YH :51 VDDWWH 67 QJ NDOÕQWÕ EXOXQGX1 533 SSP
X\JXODPDVÕQGD/ 571 VDDWWH ;7 QJ/ 691 VDDWWH :63
QJ/ 7;1 VDDWWH 684 QJ/ 931 VDDWWH 49; QJ/ :51
VDDWWH 93 QJ YH ;71 VDDWWH 6: QJ NDOÕQWÕ EXOXQGX1

'RNX YH RUJDQ DQDOL]OHULQLQ EXOJXODUÕ 7DEOR 5 YH
JUDILN 5¶GH VXQXOPXúWXU1 *|U�OG�÷� �]HUH/
X\JXODPDQÕQ :1 *�Q�QGH VHUXPGD NDOÕQWÕ
EXOXQPDPÕúWÕU1 $\UÕFD E�W�Q X\JXODPDODUGD/
EH\LQ GRNXVXQGD NDOÕQWÕ \RNWXU1 %|EUHNOHUGH
VDGHFH/ HQ \�NVHN X\JXODPD GR]X RODQ 533 SSP
GR]XQGD NDOÕQWÕ +84 QJ2J, EXOXQGX1 3&3
NDOÕQWÕODUÕQÕQ HQ JHQLú UDVWODQGÕ÷Õ GRNXODU NDV YH
NDUDFL÷HU GRNXODUÕ\GÕ1 .DV GRNXVXQGD> 8/ 83/ 433
YH 533 SSP GR] X\JXODPDODUÕQGD VÕUDVÕ\OD 69/
6</ 65 YH 9: QJ2J/ NDUDFL÷HUGH LVH> 83/ 433 YH
533 SSP GR] X\JXODPDODUÕQGD VÕUDVÕ\OD 5;/ 94 YH
74 QJ2J G�]H\OHULQGH NDOÕQWÕ EXOXQGX1

'HQH\ KD\YDQODUÕQÕQ :1 JUXEXQGD/ JL\VLOLN
GHULOHUGHQ FLOGH WHPDV \ROX\OD 3&3
NRQWDPLQDV\RQX DUDúWÕUÕOGÕ1 %X KD\YDQODUD/
\|QWHPGH DoÕNODQGÕ÷Õ úHNLOGH 45 SSP 3&3 LoHUHQ
LúOHQPLú JL\VLOLN GHUL JL\GLULOGL1 'DKD VRQUD
\XNDUÕGD EHOLUWLOGL÷L úHNLOGH GL÷HU KD\YDQODUGD
X\JXODQDQ SURVHG�U WDNLS HGLOGL1 <DSÕODQ LGUDU
DQDOL]LQGH HQ \�NVHN GH÷HU <9 ± 4; QJ2318 J�Q
+6907; VDDWOHU LoLQ, RODUDN EXOXQGX1 'RNX YH
RUJDQODUÕQ DQDOL]LQGH VDGHFH GHUL YH NDV
GRNXVXQGD 3&3 NDOÕQWÕVÕ VDSWDQPÕúWÕU1 'HUL
GRNXVXQGD 47: ± 64 QJ2J/ NDV GRNXVXQGD LVH 83
± 48 QJ2J NDOÕQWÕ VDSWDQPÕúÕU1

7$57,ù0$ 9( 6218d

3HVWLVLGOHU/ X\JXODPD NXUDOODUÕQD X\XOPDPDVÕ YH
V�UHNOL NXOODQÕOPDODUÕ VRQXFX oHYUH YH EHVLQ

8\JXODQDQ 3RPDW 'HULúLPOHUL +3&32$[RQJH,
=DPDQ
+VDDW,

.RQWURO 4
SSP

6
SSP

8
SSP

83
SSP

433
SSP

533
SSP

45 0 0 0 0 0 0 0
57 0 0 0 0 0 68 ± 7 ;7 ± 43
69 0 0 0 0 43: ± 54 4:8 ± 47 :63 ± 54
7; 0 0 0 0 :5 ± ; :: ± 4; 684 ± 49
93 0 0 0 0 73 ± 6 7; ± 5 49; ± :
:5 0 0 0 0 0 67 ± 4 93 ± ;
;7 0 0 0 0 0 0 6: ± 9
<9 0 0 0 0 0 0 0
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NLUOLOL÷LQH/ oHYUHGH EL\RORMLN GHQJHQLQ
ER]XOPDVÕQD/ LQVDQ YH KD\YDQODUGD DNXW YH
NURQLN ]HKLUOHQPH\H/ PXWDMHQLN/ NDQVHURMHQLN YH
WHUDWRMHQLN HWNL ULVNLQLQ GR÷PDVÕQD \RO
DoPDNWDGÕU1 3HQWDNORURIHQRO/ VD\ÕODQ EX
VDNÕQFDODUÕQ ELUoR÷XQX �]HULQGH WDúÕ\DQ ELU
SHVWLVLGWLU1 .URPD]RPODUGD YH '1$ \DSÕVÕQGD
PXWDV\RQD \RO DoDFDN VLWRWRNVLN HWNL\H VDKLS
ROGX÷X ELOGLULOPHNWHGLU;/ </ 56 1 .DQVHURMHQ ROGX÷X
\|QGHNL J|U�úOHU D÷ÕUOÕN ND]DQPÕúWÕU</ 48/ 73/ 75/ 76 1
7HUDWRMHQ ROPDPDNOD EHUDEHU/ HPEUL\R0
IHWRWRNVLN HWNLOLGLU7:/ 7; 1 øQVDQ YH KD\YDQODU
�]HULQGH DNXW YH NURQLN ]HKLUOHQPHOHU LOH oRN
\|QO� NOLQLN EHOLUWLOHULQ YH SDWRORMLN ER]XNOXNODUÕQ
RUWD\D oÕNPDVÕQD QHGHQ RODELOPHNWHGLU1

%X oDOÕúPDGD> UDWODUÕQ WÕUDú HGLOHQ GHULOHULQH/ 40
533 SSP 1D3&32D[RQJH GHULúLPOHULQGH
KD]ÕUODQDQ SRPDWODUGDQ 3158 JUDP +4158/ 61:8/
9158/ 9518/ 458 µJ2NJ2FD2, PLNWDUÕQGD \HGLULOHUHN
X\JXODQGÕ1 45 VDDWOLN ]DPDQ GLOLPOHULQGH

ELOGLULOPHNWHGLU59 1 %X DUDúWÕUPDQÕQ EXOJXODUÕ/
UDWODUGD GHUL \ROX\OD HPLOLP VRQUDVÕ \DUÕODQPD
|PU�Q�Q 40418 J�Q ROGX÷XQX J|VWHUPHNWHGLU1
%DúND DUDúWÕUPDODUGD 3&3¶QLQ UDWODUGDNL
\DUÕODQPD |PU�Q�Q/ ED]Õ IDNW|UOHUH ED÷OÕ RODUDN
45063 VDDW DUDVÕQGD GH÷LúLNOLNOHU J|VWHUHUHN
úHNLOOHQGL÷L ELOGLULOPHNWHGLU;/4< 1 'HQH\
KD\YDQODUÕQGD KÕ]OD X]DNODúWÕUÕODQ 3&3/ LQVDQ
GRNX YH VÕYÕODUÕQGD ROGXNoD X]XQ ELU V�UH
NDODELOGL÷L J|U�OPHNWHGLU1

<DSÕODQ oRN VD\ÕGD DUDúWÕUPDGD/ GH÷LúLN G�]H\GH
NLUOLOLN LoHUHQ oHYUHVHO XQVXUODUGDQ PDUX]
NDOÕQPD LOH 3&3 WRNVLVLWHVL ROXúWX÷X RUWD\D
NRQXOPXúWXU1 'H÷LúLN \HUOHúLP \HUOHULQGH/ IDUNOÕ
G�]H\OHUGH NLUOLOLN LoHUHQ oHYUHVHO XQVXUODUGDQ
PDUX] NDOÕQPD LOH LQVDQ GRNX YH VÕYÕODUÕQGD
NDOÕQWÕODUD UDVWODQPDNWDGÕU1 6ÕUDGDQ LQVDQODUGD
\DSÕODQ NDOÕQWÕ WDUDPDODUÕQGD> $WXPD YH
DUNDGDúODUÕ7< > VHUXPGD 3054 QJ2PO/ LGUDUGD 30
563 QJ2PO/ &OLQH YH DUNDGDúODUÕ +6,> VHUXPGD 480

7DEOR 5= 3&3¶QLQ IDUNOÕ GHULúLPOHUGH 5DWODUÕQ FLOGLQH SRPDW RODUDN X\JXODQPDVÕ
VRQUDVÕQGD/ GRNX YH RUJDQODUGDNL NDOÕQWÕ G�]H\OHUL +QJ2J,1 'HUL 4= 3&3
X\JXODQDQ E|OJH/ 'HUL 5= 3&3 X\JXODQPD\DQ E|OJH1

8\JXODQDQ 3RPDW 'HULúLPOHUL +3&32$[RQJH,
'RNX YH 2UJDQ .RQWURO 4 SSP 6 SSP 8 SSP 83 SSP 433 SSP 533 SSP
'HUL 5 0 0 0 0 0 0 0
'HUL 4 0 456 ± 44 69< ± < :3 ± : 536 ± 46 44: ± 5< 563 ± 54
.DV 0 0 0 69 ± 7 6< ± 8 65 ± 4 9: ± :

.DUDFL÷HU 0 0 0 0 5; ± 5 94 ± 4< 74 ± ;
%|EUHN 0 0 0 0 0 0 84 ± 4
%H\LQ 0 0 0 0 0 0 0
6HUXP 0 0 0 0 0 0 0

*UDILN 5= 3&3¶QLQ/ IDUNOÕ GHULúLPOHUGH UDWODUÕQ FLOGLQH X\JXODQPDVÕ VRQUDVÕQGD/
:1 J�QGH Y�FXW GRNXODUÕQGDNL NDOÕQWÕ G�]H\OHUL + 'HUL 4= 3&3 X\JXODQDQ E|OJH,1

PLNWDUÕQGD \HGLULOHUHN
X\JXODQGÕ1 45 VDDWOLN ]DPDQ
GLOLPOHULQGH WRSODQDQ
LGUDUODUGD \DSÕODQ
DQDOL]OHUGH/ 83 SSP YH
\XNDUÕVÕ X\JXODPD
GR]ODUÕQGD 3&3 EXOXQGX1
øGUDUGDNL 3&3 YDUOÕ÷Õ/ LON 45
VDDWWH VDSWDPD OLPLWLQLQ +58
QJ2J,�]HULQGH EXOXQDPD\ÕS/
45057 VDDWOHUGH J|U�OPH\H
EDúODQGÕ/ 57069 VDDWOHUGH
PDNVLPXP G�]H\OHUH XODúWÕ
YH GDKD VRQUD KÕ]OD
G�úPH\H EDúODGÕ1 øGUDUGDNL
PDNVLPXP DWÕOÕP G�]H\OHUL/
83/ 433 YH 533 SSP
X\JXODPD GR]ODUÕ LoLQ
VÕUDVÕ\OD 43:/ 4:8 YH :63
QJ2318 J�Q RODUDN
JHUoHNOHúWL1 gWH \DQGDQ ELU
DUDúWÕUPDGD/ 7333 SSP¶OLN
3&3 VROXV\RQXQD 43 GDNLND
HOOHULQL GDOGÕUDQ ELU LQVDQÕQ
LGUDUÕQGD/ 5 J�Q VRQUD/ 569
QJ2PO 3&3 VDSWDQGÕ÷Õ
DoÕNODQPDNWDGÕU1 $\QÕ
LQVDQÕQ LGUDUÕQGDNL 3&3
G�]H\L/ 841 J�Q�QGH 4:
QJ2PO¶\H G�úW�÷� YH E|\OHFH
LQVDQGD \DUÕODQPD |PU�Q�Q
48053 J�Q ROGX÷X



GHQH\VHO RODUDN GHUL \ROX\OD SHQWDNORURIHQRO +SFS, X\JXODQDQ UDWODU

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL 8+5/6,=4<<; 124

480:8 QJ2PO/ LGUDUGD 404: QJ2PO/ &DWDODQ YH
DUNDGDúODUÕ83 > VHUXPGD 5180 44918 QJ2PO/
LGUDUGD 70469 QJ2PO 3&3 EXOGXNODUÕQÕ
DoÕNODPDNWDGÕUODU1 6ÕUDGDQ LQVDQODUÕQ GRNXODUÕQGD
GD G�ú�N G�]H\OHUGH ROPDN �]HUH 3&3
NDOÕQWÕODUÕQD UDVWODQGÕ÷Õ GH÷LúLN oDOÕúPDODUGD
DoÕNODQPDNWDGÕU7/ :/ ;/ 4;/ 84 1 %X GRNXODU/ EDúWD
NDUDFL÷HU YH E|EUHNOHU ROPDN �]HUH/ NDV/ WHVWLV/
NDOS/ DNFL÷HU/ \D÷ GRNX YH EH\LQ RODUDN
ELOGLULOPHNWHGLU1 6WHGPDQ YH DUNDGDúODUÕ53 /
NDQDWOÕODUGD \DSWÕNODUÕ GHQH\VHO oDOÕúPDGD 3&3
DN�P�ODV\RQXQXQ VÕUDVÕ\OD E|EUHNOHU/ NDUDFL÷HU/
NDOS/ NDV YH \D÷ GRNXGD úHNLOOHQGL÷LQL
DoÕNODPDNWDGÕU1 %X GHQH\VHO oDOÕúPDGD/ NDV/
NDUDFL÷HU YH E|EUHNOHUGH 3&3 NDOÕQWÕVÕ VDSWDQGÕ1
%X GRNXODUGD VDSWDQDQ NDOÕQWÕODU/ NDV GRNXVXQGD
8 SSP X\JXODPD GR]XQGD/ NDUDFL÷HUGH 83 SSP
X\JXODPD GR]XQGD YH E|EUHNOHUGH 533 SSP
X\JXODPD GR]ODUÕQGD HOGH HGLOPH\H EDúODQPÕúWÕU1
3&3¶QLQ PHWDEROL]DV\RQX W�UOHUH J|UH GH÷LúLNOLN
J|VWHUPHNWHGLU1

<DSÕODQ oDOÕúPDGD D\UÕFD 45 SSP 3&3 LoHUHQ
LúOHQPLú GHUL |UQH÷L GHQH\ KD\YDQODUÕQD
JL\GLULOGL1 8\JXODPDQÕQ 51 J�Q�QGH LGUDUGD
<9±4; QJ2318 J�Q 3&3 VDSWDQGÕ1 $\QÕ
KD\YDQODUÕQ :1 J�QGH NDV GRNXVXQGD 83±48 QJ2J
YH FLOW GRNXVXQGD 47:±64 QJ2J NDOÕQWÕ VDSWDQGÕ1
%LU DUDúWÕUPDGD/ 3136045 SSP DUDVÕQGD 3&3
LoHUHQ WDODúODUÕQ DOWOÕN RODUDN NXOODQÕOPDVÕ VRQXFX/
GRPX]ODUÕQ NDUDFL÷HULQGH 675 QJ2J G�]H\OHULQGH
3&3 ELULNLPLQLQ VDSWDQGÕ÷Õ DoÕNODQPDNWDGÕU4: 1
<LQH 3&3 NLUOLOL÷L LoHUHQ WDODúODUÕQ NDQDWOÕ
VHNW|U�QGH NXOODQÕOPDVÕ VRQXFX\OD/ \XPXUWDODUGD
RUWDODPD 68±77 QJ2J G�]H\OHULQGH NDOÕQWÕ
VDSWDQGÕ÷Õ DoÕNODQPDNWDGÕU 85 1 %X
DUDúWÕUPDODUGDNL |QFHOLNOL EXODúPD úHNOLQLQ/ FLOGH
WHPDV \ROX\OD ROGX÷X G�ú�Q�OPHNWHGLU1

7RNVLVLWHQLQ GHUHFHVL DOÕQPD V�UHVL YH GR]XQD
ED÷OÕ RODUDN úHNLOOHQLU1 øQVDQODUGD VHUXPGDNL 483
SSE YH LGUDUGDNL 93 SSE¶OLN 3&3 NDOÕQWÕODUÕ NDEXO
HGLOHELOLU G�]H\OHU RODUDN \RUXPODQPDNWDGÕU84 1
%XQXQOD EHUDEHU/ 3&3¶QLQ GL÷HU NVHQRELRWLNOHUOH
VLQHUMLVWLN HWNLOHúLPGH EXOXQDUDN/ X]XQ V�UHQ
DOÕPODUGD LVWHQPH\HQ HWNLOHULQ DoÕ÷D oÕNPDVÕQD/
G�ú�N NDOÕQWÕ G�]H\OHULQLQ GH \RO DoDELOHFH÷L J|]
|Q�QGH EXOXQGXUXOPDOÕGÕU1

3HQWDNORURIHQRO G�ú�N GHULúLPOHUGH GH ROVD/
NLUOLOLN LoHUHQ LúOHQPLú GHULOHUGHQ FLOGH WHPDV
\ROX\OD NROD\ ELU úHNLOGH DOÕQDELOPHNWHGLU1 dRN
\|QO� VD÷OÕN VDNÕQFDODUÕ GLNNDWH DOÕQDUDN/ 3&3¶QLQ

GHUL VDQD\LLQGHNL NXOODQÕPÕ WHUNHGLOPHOLGLU1

.$<1$./$5

41 %H\QRQ .,/ &URVE\ '*/ .RUWH )/ 6WLOO **/ 9RQN -:/ *UHYH 3$ +4<;4,=
(QYLURQPHQWDO FKHPLVWU\ RI SHQWDFKORURSKHQRO1 3XUH $SSOLHG &KHPLVWU\/
86= 4384043;31

51 %RRWK 1+/ 0F'RQDOG /(= 9HWHULQDU\ SKDUPDFRORJ\ DQG WKHUDSHXWLFV1 9 WK
HG/ ,RZD 6WDWH 8QLYHUVLW\ 3UHVV2$PHV/ +4<;;,1

61 &OLQH 5(/ +LOO 5+/ 3KLOOLSV '// 1HHGKDP // +4<;<,= 3HQWDFKORURSKHQRO
PHDVXUHPHQWV LQ ERG\ IOXLGV RI SHDSOH LQ ORJ KRPHV DQG ZRUNSODFHV1
$UFK1 (QYLURQ1 &RQWDP1 7R[LFRO1/ 4;= 7:807;41

71 *LOEHUW ),/ 0LQQ &(/ 'XQFDQ 5&/ :LONLQVRQ -= (IIHFWV RI SHQWDFKORURSKHQRO
DQG RWKHU FKHPLFDO SUHVHUYDWLYHV RQ WKH KHDOWK RI ZRRG0WUHDWLQJ ZRUNHUV
LQ +DZDLL1 $UFK (QYLURQ &RQWDP 7R[LFRO/ 4<= 936093</ +4<<3,1

81 /HZLV 5*/ )RUWPDQQ 5&= (YDOXDWLRQ RI PHWKRGV IRU PRQLWRULQJ WKH
SRWHQWLDO H[SRVXUH RI VPDOO FKLOGUHQ WR SHVWLFLGHV LQ WKH UHVLGHQWLDO
HQYLURQPHQW1 (QYLURQ &RQWDP 7R[LFRO/ 59= 6:079/ +4<<7,1

91 5H\QROGV ()= 0DUWLQGDOH WKH H[WUD SKDUPDFRSRHLD/ WKLUWLHWK HG/ 7KH
SKDUPDFHXWLFDO SUHVV/ /RQGRQ/ SS=4733/ +4<<6,1

:1 :LOG 65/ -RQHV .& +4<<5,= 3HQWDFKORURSKHQRO LQ WKH 8. HQYLURQPHQW1 ,,1
+XPDQ H[SRVXUH DQG DQ DVVHVPHQW RI SDWKZD\V1 &KHPRVSKHUH/ 57 +:,=
;7:0;881

;1 :LOOLDPV 3/ +4<;5,= 3HQWDFKORURSKHQRO/ DQ DVVHVPHQW RI WKH RFFXSDWLRQDO
KD]DUG1 $P1 ,QG1 +\J1 $VVRF1 -1/ 76= :<<0;431

<1 6HLOHU -3 +4<<4,= 3HQWDFKORURSKHQRO1 0XWDWLRQ 5HVHDUFK/ 58:= 5:07:1
431 %RUVHWWL $3= 'HWHUPLQDWLRQ RI SHQWDFKORURSKHQRO LQ PLON DQG EORRG RI

'DLU\ &DWWOH1 - $JULF )RRG &KHP/ 5;= :430:47/ +4<;3,1
441 )UDQN 5/ %UDXQ +(/ 6LURQV *+/ :DUG **= 2UJDQRFKORULQH DQG

RUJDQRSKRVSKRUXV LQVHFWLFLGHV DQG LQGXVWULDO SROOXWDQWV LQ WKH PLON
VXSSOLHV RI 2QWDULR04<;61 - )RRG 3URWHFW/ 7;+9,= 7<<0837/ +4<;8,1

451 0XLQR 0$)/ /R]DQR -6= 0DVV VSHFWURPHWULF GHWHUPLQDWLRQ RI
SHQWDFKORURSKHQRO LQ KRQH\1 $QDO\WLFD &KLPLFD $FWD/ 57:=4540456/ +4<<4,1

461 :HJPDQ 5&/ +RIVWHO $:0= &KORURSKHQROV LQ VXUIDFH ZDWHUV RI WKH
1HWKHUODQGV +4<:904<::,1 :DWHU 5HVHDUFK/ 46= 984098:/ +4<:<,1

471 %UDXQ :+/ <RXQJ -'/ %ODX *(/ *HKULQJ 3-= 7KH SKDUPDFRNLQHWLFV DQG
PHWDEROLVP RI SHQWDFKORURSKHQRO LQ UDWV1 7R[LFRO $SSO 3KDUP/ 74=6<80739/
+4<::,1

481 5HLJQHU %*/ 5LJRG -)/ 7R]HU 71= 'LVSRVLWLRQ/ ELRDYDLODELOLW\ DQG VHUXP
SURWHLQ ELQGLQJ RI SHQWDFKORURSKHQRO LQ WKH %9&6)4 PRXVH1 3KDUP 5HV/
<+;,= 43860438:/ +4<<5,1

491 +XJKHV %-/ )RUVHO -+/ 6OHLJKW 6'/ .XR &/ 6KXO /5 +4<;8,= $VVHVPHQW RI
SHQWDFKORURSKHQRO WR[LFLW\ LQ QHZERUQ FDOYHV1 &OLQLFRSDWKRORJ\ DQG WLVVXH
UHVLGXHV1 -1 $QLPDO 6FLHQFH/ 94 +9,= 48;:049361

4:1 %XWOHU .0/ )UDQN 5= 3HQWDFKORURSKHQRO UHVLGXHV LQ SRUFLQH WLVVXH IROORZLQJ
SUHVODXJKWHU H[SRVXUH WR WUHDWHG ZRRG VKDYLQJV1 - )RRG 3URWHFW/ 87+9,=
77;0783 +4<<4,1

4;1 5DXKDPDD +0/ 3\\VDOR +/ $QWHUYR .= 7KH SUHVHQFH RI FKORURSKHQROV DQG
WKHLU FRQMXJDWHV LQ )LQQLVK KXPDQ DGLSRVH DQG OLYHU WLVVXHV1 7KH 6FLHQFHV
RI WKH 7RWDO (QYLURQPHQW/ ;6= 49404:5/ +4<;<,1

4<1 9LOOHQH )/ 0RQWR\D */ .ODDVHQ 5/ )OHFNHQVWHLQ 5/ 6XZDOVN\ 0 +4<<5,=
0RUSKRORJLFDO FKDQJHV RQ QHUYHV DQG KLVWRSDWKRORJLFDO HIIHFWV RQ OLYHU
DQG NLGQH\ RI UDWV E\ SHQWDFKORURSKHQRO +3&3,1 &RPS1 %LRFKHP1 3K\VLRO1/
434& +5,= 68606961

531 6WHGPDQ 70/ %RRWK 1+/ %XVK 3%/ 3DJH 5./ *RHWVFK '' +4<;3,= 7R[LFLW\
DQG ELRDFFXPXODWLRQ RI SHQWDFKORURSKHQRO LQ EURLOHU FKLFNHQV1 3RXOWU\
6FLHQFH/ 8<= 434;043591

541 2KH 7= 3HQWDFKORURSKHQRO UHVLGXHV LQ KXPDQ DGLSRVH WLVVXH1 %XOO (QYLURQ
&RQWDP 7R[LFRO/ 55= 5;:0 5<5/ +4<:<,1

551 5HQQHU */ 0�FNH := 7UDQVIRUPDWLRQ RI SHQWDFKORURSKHQRO1 7R[LFRO
(QYLURQ &KHP/ 44= <05</ +4<;9,1

561 :LWWH ,/ -XKO 8/ %XWWH := '1$0GDPDJLQJ SURSHUWLHV DQG F\WRWR[LFLW\ LQ
KXPDQ ILEUREODVWV RI WHWUDFKORURK\GURTXLQRQH/ D SHQWDFKORURSKHQRO
PHWDEROLWH1 0XWDWLRQ 5HV/ 478=:40:8/ +4<;81

571 &DUVWHQV &3/ %OXP -./ :LWWH ,= 7KH UROH RI K\GUR[\O UDGLFDOV LQ
WHWUDFKORURK\GURTXLQRQH LQGXFHG '1$ VWUDQG EUHDN IRUPDWLRQ LQ 305 '1$
DQG KXPDQ ILEUREOHVWV1 &KHP %LRO ,QWHUHFWLRQV/ :7= 6380647/ +4<<3,1

581 )UHVWRQH '/ &ORZHU 0/ %RUVHWWL $3/ 7HVNH 5+/ /RQJ 3(= 3ROLFKORURGLEHQ]R0
S0GLR[LQ DQG SHQWDFKORURSKHQRO UHVLGXHV LQ PLON DQG EORRG RI FRZ IHG
WHFKQLFDO SHQWDFKORURSKHQRO1 - $JULF )RRG &KHP/ 5:+9,= 44:4044::/
+4<:<,1

591 8KO 6/ 6FKPLG 3/ 6FKODWWHU &= 3KDUPDFRNLQHWLFV RI SHQWDFKORURSKHQRO LQ
PDQ1 $UFK 7R[LFRO/ 8;= 4;504;9/ +4<;9,1

5:1 %HVWHQ &/ %HQQLN 00+/ ,HUVHO 0/ 3HWHUV 0$:/ 7HXQLV &/ %ODGHUHQ 3-=
&RPSDULVRQ RI WKH XULQDU\ PHWDEROLWH SURILOHV RI KH[DFKORUREHQ]HQH DQG
SHQWDFKORUREHQ]HQH LQ WKH UDW1 &KHPLFR0%LRORJLFDO ,QWHUHFWLRQV/ <3= 4540
46:/ +4<<7,1

5;1 -RUHQV 3*/ 6FHKHSHQV 3- +4<<7,= +XPDQ SHQWDFKORURSKHQRO SRLVRQLQJ1
+XP1 ([S1 7R[LFRO1/ 45 +9,= 7:<07<91

5<1 $UPVWURQJ 5:/ (LFKQHU (5/ .OHLQ '(/ %DUWKHO :)/ %HQQHWW -9/ -RQVVRQ -/
%UXFH +/ /RYROHVV /( +4<9<,= 3HQWDFKORURSKHQRO SRLVRQLQJ LQ D QXUVH\ IRU
QHZERUQ LQIDQWV1 ,,1 (SLGRPLRORORJLF DQG WR[LFRORJLF VWXGLHV1 7KH -RXUQDO
RI 3HGLDWULFV/ :8 +5,= 64:06581

631 .XW] ):/ &RRN %7/ &DUWHU03RNUDV 2'/ %URG\ '/ 0XUSK\ 56 +4<<5,=
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631 .XW] ):/ &RRN %7/ &DUWHU03RNUDV 2'/ %URG\ '/ 0XUSK\ 56 +4<<5,=
6HOHFWHG SHVWLFLGH UHVLGXHV DQG PHWDEROLWHV LQ XULQH IURP D VXUYH\ RI WKH
86 JHQHUDO SRSXODWLRQ1 7R[LFRO1 (QYLURQ1 +HDOWK/ 6: +5,= 5::05<41

641 &KDSPDQ -%/ 5REVRQ 3= 3HQWDFKORURSKHQRO SRLVRQLQJ IURP EDWKZDWHU1
/DQFHW/ 45990459:/ +4<98,1

651 *UD\ 5(/ *LOOLODQG 5'/ 6PLWK ((/ /RFNDUG 9*/ +XPH $6= 3HQWDFKORURSKHQRO
LQWR[LFDWLRQ= 5HSRUW RI D IDWDO FDVH/ ZLWK FRPPHQWV RQ WKH FOLQLFDO FRXUVH
DQG SDWKRORJLF DQDWRP\1 $UFK (QYLURQ +HDOW/ 73+6,= 4940497/ +4<;8,1

661 ,JLVX += +DHPRO\VLV RI KXPDQ HU\WKURF\WHV E\ SHQWDFKORURSKHQRO DQG LWV
VXSSUHVVLRQ DOEXPLQ1 %ULWLVK -RXUQDO RI ,QGXVWULDO 0HGLFLQH/ 83= 6:;06:</
+4<<6,1

671 .LQ]HOO/ -+/ $PHV 1./ 6OHLJKW 6'/ .UHKELHO -'/ .XR &/ =DEÕN 0-/ 6KXOO /5=
6XEFKURQLF DGPLQLVWUDWLRQ RI WHFKQLFDO SHQWDFKORURSKHQRO WR ODFWDWLQJ GDLU\
FDWWOH1 - 'DLU\ 6FLHQFH/ 97= 75084/ +4<;4,1

681 /DPEHUG -/ 6FKHSHQV 3/ -DQVVHQV )/ 'RFN[ 3 +4<;9,= 6NLQ OHVLRQV DV D
VLJQ RI VXEDFXWH SHQWDFKORURSKHQRO LQWR[LFDWLRQ1 $FWD1 'HUP1 9HQHUHRO1/
99= 4:304:51

691 0F&RQQHOO ((/ 0RRUH -$/ *XSWD %1/ 5DNHV $+/ /XVWHU 0,/ *ROGVWHLQ -$/
+DVHPDQ -./ 3DUNHU /&= 7KH FKURQLF WR[LFLW\ RI WHFKQLFDO DQG DQDO\WLFDO
SHQWDFKORURSKHQRO LQ FDWWOH1 7R[LFRO $SSO 3KDUP/ 85= 79;07<3/ +4<;3,1

6:1 3DUNHU &(/ -RQHV :$/ 0DWWKHZV +%/ 0F&RQQHO ((/ +DVV -5 +4<;3,= 7KH
FKURQLF WR[LFLW\ RI WHFKQLFDO DQG DQDO\WLFDO SHQWDFKORURSKHQRO LQ FDWWOH1
7R[LFRO1 $SSO1 3KDUP1/ 88=68<069<1

6;1 5REVRQ $0/ .LVVDQH -0/ (OYLFN 1+/ 3XQGDYHOD /= 3HQWDFKORURSKHQRO
SRLVRQLQJ LQ D QXUVH\ IRU QHZERUQ LQIDQWV1 ,1 &OLQLFDO IHDWXUHV DQG
WUHDWPHQW1 7KH -RXUQDO RI 3HGLDWULFV/ :8+5,= 63<0649/ +4<9<,1

6<1 :DLG\DQDWKD 6/ 0F'RQDOG 7$/ /LQ 3+/ 5DSSDSRUW 60= 0HDVXUHPHQW RI
KHPRJODELQ DQG DOEXPLQ DGGXFWV RI WHWUDFKORUREHQ]RTXLQRQH1 &KHP 5HV
7R[LFRO/ := 796079;/ +4<<7,1

731 *DOODJKHU 53/ 7KUHOIDOO :-= &DQFHU DQG RFFXSDWLRQDO H[SRVXUH WR
FKORURSKHQROV1 /DQFHW/ ;9= ;40;5/ +4<;7,1

741 5XJPDQ )3/ &RVVWLFW 5= $SODVWLF DQHPLD DVVRFLDWHG ZLWK RUJDQRFKORULQH
SHVWLFLGH= &DVH UHSRUWV DQG UHYLHZ RI HYLGHQFH1 - &OLQ 3DWKRO/ 76+5,= <;0
434/ +4<<3,1

751 0LUYLVK 66/ 1LFNROV -/ :HLVHQEXUJHU ''/ -KRQVRQ '/ -RVKL 66/ .DSODQ 3/
*URVV 0/ 7RQJ +<= (IIHFWV RI 5/ 7/ 80WULFKORURSKHQR[\DFHWLF DFLG/
SHQWDFKORURSKHQRO/ PHWK\OSUHGQLVRORQH/ DQG )UHXQG¶V DGMXYDQW RQ 50
K\GUR[\HWK\OQLWURVRXUHD FDUFLQRJHQHVLV LQ 05&0:,67$5 UDWV1 - 7R[LFRO
(QYLURQ +HDOW/ 65= 8<0:7/ +4<<4,1

761 5HLJQHU %*/ %RLV )</ 7R]HU 71= 3HQWDFKORURSKHQRO FDUFLQRJHQLFLW\=
([WUDSRODWLRQ RI ULVN IURP PLFH WR KXPDQV1 +XP ([S 7R[LFRO/ 45= 5480558/
+4<<6,1

771 .HUNYOLHW 1/ %UDXQHU -$/ 0DWORFN -3= +XPRURO LPPXQRWR[LFLW\ RI
SROLFKORULQDWHG GLSKHQ\O HWKHUV/ SKHQR[\SKHQROV/ GLR[LQV DQG IXUDQV
SUHVHQW DV FRQWDPLQDQWV RI WHFKQLFDO JUDGH SHQWDFKORURSKHQRO1
7R[LFRORJ\/ 69= 63:0657/ +4<;8,1

781 *LOODUG '/ (SVWHLQ 5// $VKZRUWK 5%/ &XUU\ ./ 1DWKDQ 4= 9DOLGDWLRQ VWXG\ RI
JDV FKURPDWRJUDSKLF GHWHUPLQDWLRQ RI SHQWDFKORURSKHQRO LQ DQLPDO OLYHU1 -
$VVRF 2II $QDO &KHP/ :4+8,= <590<5</ +4<;;,1

791 1RUFURVV 0$/ %URZQ -/= )RRG VDIHW\ DQG LQVSHFWLRQ VHUYLFH LQLWDWLYHV IRU
WLVVXH UHVLGXH UHGXFWLRQ LQ PHDW DQG SRXOWU\1 -$90$/ 4<;+8,= ;4<0;57/
+4<<4,1

7:1 +LQNOH '. +4<:6,= )HWRWR[LF HIIHFW RI SHQWDFKORURSKHQRO LQ WKH *ROGHQ
6\ULDQ +DPVWHU1 7R[LFRO $SSO1 3KDUP1/ 58= 7881

7;1 6FKZHW] %$/ .HHOHU/ 3$/ *HKULQJ/ 3-= 7KH HIIHFW RI SXULILHG DQG
FRPPHUFLDO JUDGH SHQWDFKORURSKHQRO RQ UDW HPEU\RQDO DQG IHWDO
GHYHORSPHQW1 7R[LFRO $SSO 3KDUP/ 5;= 4840494/ +4<:7,1

7<1 $WXPD 66/ 2NRU ',= *DV FKURPDWRJUDSKLF GHWHUPLQDWLRQ RI
SHQWDFKORURSKHQRO LQ KXPDQ EORRG DQG XULQH1 %XOO (QYLURQ &RQWDP
7R[LFRO/ 68= 7390743/ +4<;8,1

831 *RPH]0&DWDODQ -/ 7R0)LJXHUDV -/ 3ODQDV -/ 5RGDPLODQV 0/ &RUEHOOD -=
3HQWDFKORURSKHQRO DQG XULQH RI WKH SRSXODWLRQ RI %DUFHORQD1 +XPDQ
7R[LFRO/ 9= 6<:07331

841 7ULHELJ */ &VX]GD ,/ .UHNHOHU +-/ 6FKDOOHU .+ +$<;:,= 3HQWDFKORURSKHQRO
DQG WKH SHULSKHUDO QHUYRXV V\VWHP= D ORQJLWXGLQDO VWXG\ LQ H[SRVHG
ZRUNHUV1 %ULWLVK -RXUQDO RI ,QGXVWULDO 0HGLFLQH/ 77= 96;09741


