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0RGHOLUDQMH�QDUDYQH�NRQYHNFLMH
Y�WDOLQL�VUHGLFH�MHGUVNHJD�UHDNWRUMD

.OMXþQH�EHVHGH

��MHGUVND�YDUQRVW�
��WHåNH�QHVUHþH�
��VSRGQML�SOHQXP�
��WDOMHQMH�
��QDUDYQD�NRQYHNFLMD�
��SUHQRV�WRSORWH�
��QXPHULþQD�VLPXODFLMD�

3RY]HWHN

3UL� RGSRYHGL� KODMHQMD� MHGUVNH� VUHGLFH� LQ� ]DWDMLWYL� YHþLQH� YDUQRVWQLK�PHKDQL]PRY� ODKNR
SULGH�Y�VUHGLFL�MHGUVNHJD�UHDNWRUMD�GR�WDOMHQMD�JRULYD�LQ�RSUHPH��7DOLQD�RGWHND�Y�VSRGQML�SOHQXP
UHDNWRUVNH� SRVRGH�� NMHU� VH� DNXPXOLUD�� 9� SUHWHNORVWL� MH� YHOMDOR� SUHSULþDQMH�� GD� EL� ODKNR� WDOLQD
VUHGLFH�MHGUVNHJD�UHDNWRUMD�SUHWDOLOD�UHDNWRUVNR�SRVRGR�LQ�]DþHOD�SURGLUDWL�VNR]L�EHWRQVNL� WHPHOM
HOHNWUDUQH��1RYHMãD� UD]LVNRYDQMD� VR� SRND]DOD�� GD� MH�PRJRþH� WDOLQR� YDUQR� ]DGUåDWL� Y� VSRGQMHP
SOHQXPX��þH�JD�XVWUH]QR�KODGLPR�

3URFHVL� Y� WDOLQL� Y� VSRGQMHP� SOHQXPX� VR� ]HOR� UD]QROLNL� LQ� MLK� ãHOH� VSR]QDYDPR��2EVHåHQ
SUHJOHG� SUREOHPDWLNH� KODMHQMD� VSRGQMHJD� SOHQXPD� MH� SRND]DO�� GD� MH� QDUDYQD� NRQYHNFLMD
QDMSRPHPEQHMãL� PHKDQL]HP�� NL� NRQWUROLUD� RGYRG� WRSORWH� L]� WDOLQH�� 3UL� QDUDYQL� NRQYHNFLML� MH
JLEDQMH� NDSOMHYLQH� SRVOHGLFD� YROXPHWULþQLK� VLO� LQ� JUDGLHQWRY� JRVWRWH�� 7HUPLþQH� QHVWDELOQRVWL
ODKNR�RE�]DGRVWQL�MDNRVWL�YRGLMR�GR�KLGURGLQDPLþQLK�QHVWDELOQRVWL��8JRWRYOMHQR�MH�ELOR��GD�ODKNR
SULþDNXMHPR� SUHKRG� Y� WXUEXOHQWQL� UHåLP� WRND� Y� SULPHUX� 5D\OHLJK� �� %pQDUGRYH� NRQYHNFLMH� SUL
YUHGQRVWL�5D\OHLJKRYHJD�ãWHYLOD�5D �ï���� LQ�Y�SULPHUX�NDSOMHYLQH�]�YROXPHWULþQLP�JUHWMHP�SUL
YUHGQRVWL�5D\OHLJKRYHJD�ãWHYLOD�5D ����

3UREOHP�PRGHOLUDQMD� WXUEXOHQWQLK�SRMDYRY� MH�PDMKQRVW� VWUXNWXU� WXUEXOHQWQHJD� WRND��NL� MLK
QH�PRUHPR�GRYROM�QDWDQþQR�RSLVDWL�]�GLVNUHWQR�QXPHULþQR�PUHåR��2VQRYD�PRGHOD�6PDJRULQVN\
MH� SUHGSRVWDYND�� GD� ]� XSRUDEOMHQLP� ILOWURP� L]ORþLPR� LQ� ]GUXåLPR� Y� PRGHOLUDQ� RVWDQHN� OH
QDMPDQMãH�VWUXNWXUH�NDSOMHYLQH��NL�VR�L]RWURSQH�LQ�KRPRJHQH��=DUDGL�WHJD�MH�YLVNR]QD�GLVLSDFLMD
WXUEXOHQWQH� NLQHWLþQH� HQHUJLMH� HQDND� QMHQL� SURGXNFLML�� .HU� MH� PRGHO� 6PDJRULQVNHJD� SUHYHþ
GLVLSDWLYHQ�Y�EOLåLQL�VWHQ�� MH�SRWUHEQR�WXUEXOHQWQR�YLVNR]QRVW�QHNROLNR�]QLåDWL�]�XSRUDER�]LGQLK
IXQNFLM�

1DUDYQR� NRQYHNFLMR� Y� WDOLQL� VUHGLFH� MHGUVNHJD� UHDNWRUMD� VHP� PRGHOLUDO� NRW� QDUDYQR
NRQYHNFLMR� NDSOMHYLQH� ]� QRWUDQMR� JHQHUDFLMR� WRSORWH� Y� NYDGUDWQL� SRVRGL� SUL� YUHGQRVWLK
5D\OHLJKRYHJD�ãWHYLOD�5D �����LQ�3UDQGWORYHJD�ãWHYLOD�3U �����=DUDGL�UDþXQDOQLãNLK�]PRJOMLYRVWL
VHP�VH�RPHMLO� QD�GYRGLPHQ]LRQDOQR� VLPXODFLMR�JLEDQMD�NDSOMHYLQH��0HWRGR�NRQþQLK�YROXPQRY
VHP� XSRUDELO� ]D� NUDMHYQR� GLVNUHWL]DFLMR��PHWRGR�$GDP�%DVKIRUG� LQ� SURMHNFLMVNR� VKHPR� SD� ]D
þDVRYQR�LQWHJUDFLMR� ��

,]UDþXQDQ� SUHQRV� WRSORWH� QD� VWHQDK� Y� REOLNL� EUH]GLPHQ]LMVNHJD� 1XVVHOWRYHJD� ãWHYLOD� MH
SRND]DO�� GD� VWD� WRSORWQR� QDMEROM� REUHPHQMHQL� VWUDQVNL� VWHQL� WLN� SRG� YUKRP� SRVRGH�� ,]UDþXQDQH
YUHGQRVWL�SUHQRVD�WRSORWH�ODKNR�YDUQR�HNVWUDSROLUDPR�QD�YLãMH�YUHGQRVWL�5D\OHLJKRYHJD�ãWHYLOD�
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0RGHOLQJ�RI�QDWXUDO�FRQYHFWLRQ�SKHQRPHQD
LQ�QXFOHDU�UHDFWRU�FRUH�PHOW

.H\ZRUGV

��QXFOHDU�VDIHW\�
��VHYHUH�DFFLGHQWV�
��ORZHU�SOHQXP�
��PHOWLQJ�
��QDWXUDO�FRQYHFWLRQ�
��KHDW�WUDQVIHU�
��QXPHULFDO�VLPXODWLRQ�

$EVWUDFW

$�IDLOXUH�RI�UHDFWRU�FRUH�FRROLQJ�DQG�PDMRU�VDIHW\�V\VWHPV�PD\�FDXVH�PHOWLQJ�RI�QXFOHDU
IXHO� DQG� UHDFWRU� YHVVHO� HTXLSPHQW�� ,Q� WKH� UHDFWRU� YHVVHO�� WKH� PHOW� IORZV� GRZQ� LQWR� WKH� ORZHU
SOHQXP��ZKHUH�LW�LV�DFFXPXODWHG��,Q�WKH�SDVW��WKH�FRPPRQ�RSLQLRQ�ZDV�WKDW�WKH�PHOW�ZRXOG�EUHDN
WKURXJK� WKH� UHDFWRU� YHVVHO� DQG� VWDUW� WR� GHVLQWHJUDWH� WKH� UHDFWRU� FRQFUHWH� EDVH��+RZHYHU�� UHFHQW
LQYHVWLJDWLRQV� UHYHDOHG� WKDW� WKH� FRUH� PHOW� FDQ� EH� VDIHO\� UHWDLQHG� LQ� WKH� UHDFWRU� YHVVHO� ORZHU
SOHQXP�LI�LW�LV�SURSHUO\�FRROHG�

7KH�SURFHVVHV� LQ� WKH� UHDFWRU�FRUH�PHOW� LQ� WKH� ORZHU�SOHQXP�DUH� VSHFLILF�DQG�QRW�\HW� IXOO\
XQGHUVWRRG��$V� UHYHDOHG� E\� D� FRPSUHKHQVLYH� RYHUYLHZ� RI� WKH� ORZHU� SOHQXP� FRROLQJ� SUREOHP�
QDWXUDO�FRQYHFWLRQ�LV�WKH�PRVW�LPSRUWDQW�SKHQRPHQRQ�WKDW�FRQWUROV�KHDW�WUDQVIHU�IURP�WKH�PHOW��,Q
WKH�FDVH�RI�QDWXUDO�FRQYHFWLRQ��IOXLG�PRWLRQ�LV�FDXVHG�E\�YROXPHWULF�IRUFHV�DQG�GHQVLW\�JUDGLHQWV�
,I�WKHVH�DUH�VWURQJ�HQRXJK��WKHUPDO�LQVWDELOLWLHV�PD\�UHVXOW�LQ�K\GURG\QDPLF�LQVWDELOLWLHV�� ,W�ZDV
GLVFRYHUHG�WKDW�WUDQVLWLRQ�IURP�ODPLQDU�WR�WXUEXOHQW�IORZ�RFFXUV�DW�WKH�YDOXH�RI�5D\OHLJK�QXPEHU
5D �ï���� LQ� WKH� FDVH� RI� 5D\OHLJK�%pQDUG� FRQYHFWLRQ� DQG� DW� 5D ���� LQ� WKH� FDVH� RI� IOXLG� ZLWK
LQWHUQDO�KHDW�JHQHUDWLRQ�

7KH�PDLQ� SUREOHP� RI� WXUEXOHQW� SKHQRPHQD�PRGHOLQJ� LV� WKH� VL]H� RI� WXUEXOHQW� IOXLG� IORZ
VWUXFWXUHV��ZKLFK�DUH�LQ�JHQHUDO�WRR�VPDOO�WR�EH�GHVFULEHG�DFFXUDWHOO\�XVLQJ�D�GLVFUHWH�QXPHULFDO
PHVK��7KH�EDVH�RI� WKH�6PDJRULQVN\�PRGHO� LV� WKH� DVVXPSWLRQ� WKDW� WKH� VPDOOHVW� IORZ� VWUXFWXUHV�
ZKLFK�DUH�VHSDUDWHG�DQG�PRGHOHG�DV�D�VXEJULG�WHUP��DUH�LVRWURSLF�DQG�KRPRJHQHRXV��7KHUHIRUH�
YLVFRXV�GLVVLSDWLRQ� LV� HTXDO� WR� WKH�SURGXFWLRQ�RI� WXUEXOHQW�NLQHWLF� HQHUJ\��$V� WKH�6PDJRULQVN\
PRGHO�LV�WRR�GLVLSDWLYH�LQ�WKH�YLFLQLW\�RI�WKH�ZDOOV��WXUEXOHQW�YLVFRVLW\�ZDOO�IXQFWLRQV�KDYH�WR�EH
LPSOHPHQWHG�

1DWXUDO�FRQYHFWLRQ�LQ�WKH�PHOW�RI�QXFOHDU�UHDFWRU�FRUH�ZDV�PRGHOOHG�DV�QDWXUDO�FRQYHFWLRQ
LQ�D�IOXLG�ZLWK�LQWHUQDO�KHDW�JHQHUDWLRQ�LQ�D�UHFWDQJXODU�FDYLW\��7KH�YDOXH�RI�5D\OHLJK�QXPEHU�ZDV
5D �����DQG�WKH�YDOXH�RI�3UDQGWO�QXPEHU�ZDV��3U �����1XPHULFDO�VLPXODWLRQV�ZHUH�UHVWULFWHG�WR
WZR�GLPHQVLRQDO� VSDFH�� GXH� WR� FRPSXWHU� KDUGZDUH� OLPLWDWLRQV�� 7KH� ILQLWH� YROXPH�PHWKRG�ZDV
XVHG� IRU� VSDWLDO� GLVFUHWLVDWLRQ� DQG� D� FRPELQDWLRQ� RI� $GDP�%DVKIRUG� PHWKRG� DQG� SURMHFWLRQ
VFKHPH�ZDV�XVHG�IRU�WLPH�LQWHJUDWLRQ�

$V�WKH�FDOFXODWLRQ�RI�KHDW�WUDQVIHU�LQ�WKH�IRUP�RI�GLPHQVLRQOHVV�1XVVHOW�QXPEHU�UHYHDOHG�
WKH� PRVW� VHYHUH� WKHUPDO� ORDGV� RFFXU� RQ� WKH� VLGH� ZDOOV� LQ� WKH� YLFLQLW\� RI� WKH� FDYLW\� XSSHU
ERXQGDU\�� &DOFXODWHG� YDOXHV� RI� KHDW� WUDQVIHU� FDQ� EH� VDIHO\� H[WUDSRODWHG� WR� KLJKHU� YDOXHV� RI
5D\OHLJK�QXPEHU�
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6OLND���� 2EUHPHQMHQRVW�VWHQH�]DUDGL�SODVWL�NRYLQVNH�WDOLQH ��

6OLND���� *RVWRWD� WRSORWQHJD� WRND� QD� VWHQL� UHDNWRUVNH� SRVRGH� Y� RGYLVQRVWL� RG
HPLVLYQRVWL�JODGLQH

��

6OLND���� 1DþUWRYDQH�PRGLILNDFLMH�RNROLFH�UHDNWRUVNH�SRVRGH�UHDNWRUMD�/RYLLVD ��
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��

6OLND���� 3ROMH� QRUPLUDQH� WXUEXOHQWQH� YLVNR]QRVWL� Y� NDSOMHYLQL� ]� QRWUDQMR� JHQHUDFLMR
WRSORWH�SUL�L]RWHUPQLK�UREQLK�SRJRMLK��5D� �������3U� ����

��

6OLND���� ýDVRYQL�UD]YRM�WRSORWQH�ELODQFH�NDSOMHYLQH�]�QRWUDQMR�JHQHUDFLMR�WRSORWH�
5D� �������3U� ����

��

6OLND���� 3RWHN� YHOLNRVWL� GRYROMHQLK� þDVRYQLK� NRUDNRY� VWDELOQRVWQLK� SRJRMHY� PHG
þDVRYQR�LQWHJUDFLMR

��



YLLL ��

6H]QDP�WDEHO

7DEHOD��� 9UHGQRVWL�1XVVHOWRYHJD�ãWHYLOD�QD� VWHQDK�Y�RGYLVQRVWL�RG�YUHGQRVWL�&
V�
LQ

3U
UHV

��

7DEHOD���� 9UHGQRVWL� 1XVVHOWRYHJD� ãWHYLOD� QD� VWHQDK� SUL� YUHGQRVWLK� &
V�
 � ������ LQ

3U
UHV
� �����

��



L[ ����

6H]QDP�VSUHPHQOMLYN�LQ�R]QDN

/DWLQVNH�YHOLNH�WLVNDQH�þUNH
�$ SDUDPHWHU
& NRQVWDQWD
&Q NRQYHNFLMVNL�þOHQ�>P��V@
'I GLIX]LMVNL�þOHQ�>P��V@
( WULGLPHQ]LRQDOQD�IXQNFLMD�HQHUJLMVNHJD�VSHNWUD
( WHQ]RU�HQHUJLMVNHJD�VSHNWUD
) R]QDþED�IOXNVD
*Q JHQHUDFLMVNL�þOHQ�>P��V@
, VSHFLILþQD�JHQHUDFLMD�WRSORWH�>:�P�@
/ VNDOD�GROåLQH�>P@
3U EUH]GLPHQ]LMVNR�3UDQGWORYR�ãWHYLOR
4 VSHFLILþQL�WRSORWQL�WRN�>:�P�@
4 NRUHODFLMVNL�WHQ]RU�VWDWLVWLþQHJD�SRYSUHþMD�GYHK�YHNWRUMHY

5 ORNDFLMD�WRþNH�Y�SURVWRUX�>P@
5D EUH]GLPHQ]LMVNR�5D\OHLJKRYR�ãWHYLOR
5+6 GHVQD�VWUDQ�HQDþEH
6 WHQ]RU�GHIRUPDFLMVNLK�KLWURVWL�>V��@

QDSHWRVWQL�WHQ]RU�>V��@

/DWLQVNH�PDMKQH�WLVNDQH�þUNH
�E PRGLILFLUDQ�%RXVVLQHVTRY�WODN�>3D@

� �F VNDOD�KLWURVWL�>P�V@
� �I R]QDND�SROMXEQH�IXQNFLMH

J
r

JUDYLWDFLMVNL�SRVSHãHN�>P�V�@
�K R]QDþED�]D�SROMXEHQ�VNDODU��WHPSHUDWXUD�>.@
�N NLQHWLþQD�HQHUJLMD�WXUEXOHQWQLK�IOXNWXDFLM�>-@
l YDORYQD�GROåLQD�>P@��NUDMHYQD�VNDOD�>P@
�S WODN�>3D@
T
r

JRVWRWD�WRSORWQHJD�WRND�>:�P�@
U

r UDGLDOQD�RGGDOMHQRVW�>P@
�W þDV�>V@
WU'I WXUEXOHQWQL�GLIX]LMVNL�þOHQ�>P��V@
Y
r

KLWURVW�>P�V@
�[ SURVWRUVND�NRRUGLQDWD�>P@
�\ SURVWRUVND�NRRUGLQDWD�>P@
�] SURVWRUVND�NRRUGLQDWD�>P@



[ ������

*UãNH�YHOLNH�WLVNDQH�þUNH
D NRQþQD�UD]OLND
G )RXULHUMHYD�WUDQVIRUPLUDQND�ILOWUD�*
F EUH]GLPH]LMVNL�%RXVVLQHVTRY�WODN���NLQHWLþQD�HQHUJLMD�UHVLGXXPD�>3D@
P NRUHODFLMVNL�WHQ]RU�UHVLGXXPRY�KLWURVWL�>P��V�@

W
r

NRUHODFLMVNL�YHNWRU�UHVLGXXPD�KLWURVWL�LQ�WHPSHUDWXUH�>P.�V@

*UãNH�PDOH�WLVNDQH�þUNH
a WRSORWQD�SUHVWRSQRVW�>:�P�.@
b WHPSHUDWXUQD�UD]WH]QRVW�>.��@
g
r

VWHQD�NRQþQHJD�YROXPQD�>P@
d 'LUDFRYD�GHOWD�IXQNFLMD
e VNXSQD�GLVLSDFLMD�NLQHWLþQH�HQHUJLMH�UHVLGXXPD�>P��V�@
z VSHFLILþQD�WRSORWD�>-�NJ.@
J NRUHODFLMD�RVWDQNRY�GYHK�VNDODUMHY
k YDORYQR�ãWHYLOR�>��P@
l WRSORWQD�SUHYRGQRVW�>:�P.@
m GLQDPLþQD�YLVNR]QRVW�>NJ�PV@
n NLQHPDWLþQD�YLVNR]QRVW�>P��V@
p /XGROIRYR�ãWHYLOR��L]YRU�NLQHWLþQH�HQHUJLMH�UHVLGXXPD�>P��V�@
r JRVWRWD�>NJ�P�@
u WRSORWQD�GLIX]LYQRVW�>P��V@
w (YNOLGVNL�VLPXODFLMVNL�SURVWRU��NRQþQL�YROXPHQ�>P�@

,QGHNVL
� VNDOLUQD�YHOLþLQD�DOL�]DþHWQR�VWDQMH
E PHMD�VLPXODFLMVNHJD�SURVWRUD
( Y]KRGQD�VPHU
FQ NRQYHNFLMVNL�IOXNVL
GI GLIX]LMVNL�IOXNVL
UHV UHVLGXXP�DOL�RVWDQHN�YHOLþLQH�SR�ILOWULUDQMX
0 NRQþQL�YROXPHQ�RKUDQLWYH�VNDODUMD
1 VHYHUQD�VPHU
6 MXåQD�VPHU
WU VOHG�WHQ]RUMD
WU'I IOXNVL�WXUEXOHQWQH�GLIX]LMH
8 NRQþQL�YROXPHQ�SURMHNFLMH�YHNWRUVNH�YHOLþLQH�Y�VPHUL�[
9 NRQþQL�YROXPHQ�SURMHNFLMH�YHNWRUVNH�YHOLþLQH�Y�VPHUL�\
Y' YDQ�'ULHVWRYD�NRQVWDQWD�GXãLOQH�IXQNFLMH
: ]DKRGQD�VPHU
[ VPHU�[
\ VPHU�\



[L ����

6LPEROL

 KLWURVWQR�SROMH�EUH]�XSRãWHYDQMD�WODND
C RGVWRSDQMH�RG�VWDWLVWLþQHJD�SRYSUHþMD

VHSDUDELOQL�GHO�YHOLþLQH

VWDWLVWLþQR�SRYSUHþQL�GHO�YHOLþLQH

�
r

YHNWRU
Í +DPLOWRQRY�RSHUDWRU
Í� /DSODFHRY�RSHUDWRU
� WHQ]RUVNL�SURGXNW
: GLDGQL�SURGXNW
� VNDODUQL�SURGXNW

DEVROXWQD�YUHGQRVW

¹

PDNVLPDOQD�QRUPD�GHILQLUDQD�Y�+LOEHUWRYHP�SURVWRUX�/
�

.UDWLFH
$/:5 $GYDQFHG�/LJKW�:DWHU�5HDFWRU���������ODKNRYRGQL�UHDNWRU�QRYH�JHQHUDFLMH�
&+) &ULWLFDO�+HDW�)OX[ �����������NULWLþQL�WRSORWQL�WRN�
&<%/ &\OLQGULFDO�%RLOLQJ �����������YUHQMH�QD�YDOMQHP�VHJPHQWX�
+:5 +HDY\�:DWHU�5HDFWRU �����������WHåNRYRGQL�UHDNWRU�

������������135 1HZ�3URGXFWLRQ�5HDFWRU �����������SURGXNFLMVNL�UHDNWRU�QRYH�JHQHUDFLMH�
6%/% 6WHDG\�%RXQGDU\�/D\HU�%RLOLQJ���������VWDFLRQDUQR�YUHQMH�PHMQH�SODVWL�



PDJLVWUVNR�GHOR

�

���8YRG

9�MHGUVNL�LQGXVWULML�MH�SRVHEQD�SR]RUQRVW�SRVYHþHQD�MHGUVNL�YDUQRVWL��9VDN�MHGUVNL�REMHNW
JUH��SUHGHQ�MH�VSXãþHQ�Y�SRJRQ��VNR]L�GROJ�LQ�]DPXGHQ��YHQGDU�QDWDQþHQ�SRVWRSHN�OLFHQFLUDQMD�
/H�WD� MH� RGYLVHQ� RG� YDUQRVWQR�WHKQLþQLK� VSHFLILNDFLM� REMHNWD�� 9� SULPHUX� MHGUVNH� FHQWUDOH�� NL
SURL]YDMD� HOHNWULþQR� HQHUJLMR�� MH� HGHQ� WLSLþQLK� NULWHULMHY� VSUHMHPOMLYRVWL� ]DJRWRYLWHY� YDUQH
XVWDYLWYH� Y� SULPHUX� SURMHNWQH� QH]JRGH�� 1DMKXMãD� REOLND� SURMHNWQH� QH]JRGH� MH� GYRMQL� ]ORP
GRWRþQH� FHYL� SULPDUQHJD� WRNRNURJD�� 9� WHP� SULPHUX� SULGH� GR� PRþQHJD� SXãþDQMD� SULPDUQHJD
VLVWHPD�� YDUQRVWQL�PHKDQL]PL� MHGUVNH� FHQWUDOH� SD�PRUDMR� ELWL� VSRVREQL� XVWDYLWL� MHGUVNL� UHDNWRU
EUH]� WDOLWYH� MHGUVNH�VUHGLFH��9Hþ�R�NULWHULMLK� VSUHMHPOMLYRVWL�SUL�SURMHNWQLK�QH]JRGDK� MH�PRJRþH
SUHEUDWL�Y���&)5��������

.OMXE� WHPX��GD� MH�YHUMHWQRVW�QDVWRSD�QHVUHþH��NL�SUHVHJD�RNYLUH�SURMHNWQLK�QH]JRG��]HOR
PDMKQD� �������� UHDNWRU� OHW��� SD� VNXãDMR� VWURNRYQMDNL� XJRWRYLWL�� NDNR� EL� VH� SRVDPH]QH
NRPSRQHQWH�VLVWHPD�REQDãDOH�RE�PRUHELWQL�WHåNL�QHVUHþL��2�WHåNL�QHVUHþL�EL�ELOR�PRJRþH�JRYRULWL
WDNUDW��NR�EL�SULãOR�]DUDGL�RGVRWQRVWL�KODMHQMD�GR�SUHJUHYDQMD�LQ�WDOMHQMD�MHGUVNH�VUHGLFH��1DMWHåMD
REOLND�WHJD�VFHQDULMD�MH�SRSROQD�UD]WDOLWHY�MHGUVNH�VUHGLFH��9�WHP�SULPHUX�VH�WDOLQD�QDEHUH�QD�GQX
UHDNWRUVNH�SRVRGH���VH�RKODMD�LQ�SUL�WHP�UD]WDOMXMH�MHNOHQR�VWHQR�

9� SUHWHNORVWL� MH� YHOMDOR� SUHSULþDQMH�� GD� EL� Y� SULPHUX� WHåNH� QHVUHþH� SULãOR� GR� WDOMHQMD
MHGUVNH� VUHGLFH�� NL� EL� SUHWDOLOD� UHDNWRUVNR� SRVRGR� LQ� ]DþHOD� SURGLUDWL� VNR]L� EHWRQVNL� WHPHOM
HOHNWUDUQH� �<DPDQR� HW� DO��� ������� ,]� WHJD� UD]ORJD� VWURNRYQMDNL� QLVR� SRVYHþDOL� YHþMH� SR]RUQRVWL
RKUDQLWYL� WDOLQH� MHGUVNH� VUHGLFH� Y� UHDNWRUVNL� SRVRGL� V� KODMHQMHP� VWHQ� UHDNWRUVNH� SRVRGH�� âHOH
GRJRGNL�RE�QHVUHþDK�QD�2WRNX�WUHK�PLOM��������LQ�Y�ýHUQRELOX��������VR�SRND]DOL�QRYD�GHMVWYD��9
SULPHUX��GD�EL�GR�WDOMHQMD�SULãOR��EL�VH�WDOLQD�]DGUåDOD�QD�RNVLGQL�VNRUML��NL�EL�QDVWDOD�åH�Y�VDPL
MHGUVNL� VUHGLFL�� 9� SULPHUX� SRUXãLWYH� WH� VNRUMH� EL� VH� WDOLQD� L]OLOD� Y� VSRGQML� SOHQXP�� 3UDNWLþQR
QHPRJRþH�MH��GD�EL�SULãOR�GR�SRSROQH�UD]WDOLWYH�VUHGLFH�LQ�L]OLYD�WDOLQH�Y�VSRGQML�SOHQXP��1HVUHþD
Y�ýHUQRELOVNL�HOHNWUDUQL� MH�SRND]DOD��GD�VH�WDOLQD�MHGUVNH�VUHGLFH�VWUGL�åH�SR�NUDMãL�SRWL��þH�MH� OH
L]SRVWDYOMHQD� FLUNXODFLML� ]UDND�� NOMXE� PRþQL� JHQHUDFLML� WRSORWH� ]DUDGL� UDGLRDNWLYQHJD� UD]SDGD
�6LFK���������7R�MH�RYUJOR�WHRULMR�R�SURGLUDQMX�WDOLQH�VNR]L�EHWRQVNL�WHPHOM�UHDNWRUMD��RVUHGRWRþLOR
SR]RUQRVW�QD�]DMHWMH� WDOLQH�Y�VSRGQMHP�SOHQXPX�UHDNWRUVNH�SRVRGH� LQ�QMHQR�SRþDVQR�RKODMDQMH�
9SUDãDQMH��NL�VH�SRVWDYOMD�� MH��NDNãQR�QDM�ER�]DGRVWQR�KODMHQMH��GD�ER�RVWDOD� UHDNWRUVND�SRVRGD
FHOD��UDGLRDNWLYQD�WDOLQD�SD�YDUQR�]DGUåDQD�

7DOLQD� Y� VSRGQMHP� SOHQXPX� VH� RKODMD� V� WRSORWQLP� VHYDQMHP� Y� UHDNWRUVNR� SRVRGR� LQ� V
SUHYRGRP�VNR]L�VWHQR�UHDNWRUVNH�SRVRGH��'D�EL�SUHSUHþLOL�SUHWDOLWHY�UHDNWRUVNH�SRVRGH�LQ�YDUQR
]DGUåDOL� UDGLRDNWLYQR� WDOLQR�� MH� SRWUHEQR� VWHQR� VSRGQMHJD� SOHQXPD� GRGDWQR� KODGLWL�� $QDOL]H� VR
SRND]DOH�� GD� MH� SRWDSOMDQMH� VSRGQMHJD� SOHQXPD� Y� YRGR�� Y� SULPHUX� YRGQRKODMHQLK� UHDNWRUMHY�
QDMEROM�XþLQNRYLW�SRVWRSHN��7KHRIDQRXV�HW�DO����������

.ROLNãHQ�MH�SUHVWRS�WRSORWH�VNR]L�VWHQR�LQ�NDNãQD�MH�WRSORWQD�REUHPHQLWHY�VWHQH�UHDNWRUVNH
SRVRGH��MH�RGYLVQR�RG�YUVWH�IL]LNDOQLK�LQ�NHPLþQLK�SURFHVRY��XSDUMDQMD�QD�]XQDQML�VWHQL�VSRGQMHJD
SOHQXPD��VWUMHYDQMD�WDOLQH�LQ�WYRUEH�HYWHNWLNRY��JHQHUDFLMH�WRSORWH�LQ�QDUDYQH�NRQYHNFLMH�Y�WDOLQL�
2EVHåHQ�SUHJOHG�SUREOHPDWLNH�KODMHQMD�VSRGQMHJD�SOHQXPD�MH�SRND]DO��GD�MH��QDUDYQD�NRQYHNFLMD
]HOR�SRPHPEHQ�PHKDQL]HP��NL�NRQWUROLUD�RGYRG�WRSORWH��+RUYDW��������

=DUDGL�YHOLNH�JRVWRWH�HQHUJLMH�QDNRSLþHQH�Y�WDOLQL�MHGUVNHJD�JRULYD�Y�VSRGQMHP�SOHQXPX�RE
KLSRWHWLþQL� WHåNL� QHVUHþL� LQ� UDþXQVNH� ]DKWHYQRVWL� SURFHVRY�� VR� HNVSHULPHQWDOQD� SUL]DGHYDQMD
QDSUHGRYDOD�KLWUHMH�NRW�PDWHPDWLþQR�PRGHOLUDQMH�
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8VSHãQR� PDWHPDWLþQR� PRGHOLUDQMH� QDUDYQH� NRQYHNFLMH� QDPUHþ� SUHSUHþXMHMR� QHVWDELOQRVW
WRND� LQ� QDVWRS� WXUEXOHQFH�� NL� ]PDQMãD� VNDOR� VSUHPHPE�YHOLþLQ� WRND� SRG� YHOLNRVW�PHGWRþNRYQH
UD]GDOMH� QXPHULþQH� PUHåH�� NDNUãQR� ]PRUHMR� GDQDãQML� UDþXQDOQLNL�� =DUDGL� WHJD� MH� SRWUHEQR
YHOLþLQH�SRYSUHþLWL��]D�RGVWRSDQMD�RG�SRYSUHþHQLK�YHOLþLQ�SD�SRLVNDWL�XVWUH]HQ�WXUEXOHQWQL�PRGHO�
NL�SRYHåH�IOXNWXDFLMH�YHOLþLQ�]�QMLKRYLPL�SRYSUHþHQLPL�YUHGQRVWPL�

'RVHGDQML� UDþXQVNL� SRVWRSNL� REUDYQDYH� WXUEXOHQFH� Y� NDSOMHYLQDK� ]� QRWUDQMR� JHQHUDFLMR
WRSORWH�VR�WHPHOMLOL�QD�þDVRYQHP�SRYSUHþHQMX��RGVWRSDQMD�RG�SRYSUHþMD�SD�VR�ELOD�PRGHOLUDQD�]
HQLP� RG� WDNRLPHQRYDQLK� e-N � PRGHORY�� 3UL� e-N � PRGHOLK� VH� WUHP� WUDQVSRUWQLP� HQDþEDP
SULGUXåLWD�ãH�GYH�LQ�VLFHU�]D�WXUEXOHQWQR�NLQHWLþQR�HQHUJLMR�N�LQ�QMHQR�GLVLSDFLMR� e ��9�QRYHMãHP
þDVX� VH� Y� SUDNVR� LQGXVWULMVNHJD� PRGHOLUDQMD� WRND� NDSOMHYLQH� YVH� EROM� SUHELMDMR� PRGHOL�� NL
WHPHOMLMR� QD� NUDMHYQHP� SRYSUHþHQMX� R]�� ILOWULUDQMX�� 7R� VR� WDNRLPHQRYDQL� PRGHOL� VLPXODFLMH
YHOLNLK� YUWLQFHY� �/DUJH� (GG\� 6LPXODWLRQ��� 7L� PRGHOL� WHPHOMLMR� QD� GHMVWYX�� GD� RVWDQHMR� SUL
ILOWULUDQMX�SROMD�NUDMHYQH�VSUHPHPEH��NL�VR�YHþMH�RG�ILOWULUQH�UD]GDOMH��QHVSUHPHQMHQH��.UDMHYQH
YDULDFLMH�� NL� VR� PDQMãH� RG� ILOWULUQH� UD]GDOMH�� SD� MH� SRWUHEQR� YNOMXþLWL� Y� WXUEXOHQWQL� PRGHO�
1DMYHþNUDW�MH�]D�ILOWULUQR�UD]GDOMR�L]EUDQD�GYDNUDWQD�PHGWRþNRYQD�UD]GDOMD�QXPHULþQH�PUHåH�

3UHGQRVW� WHK� PRGHORY� MH�� GD� VR� QDWDQþQHMãL�� ]DKWHYDMR� QDMYHþ� GYH� HPSLULþQR� GRORþOMLYL
NRQVWDQWL�� YHQGDU� VR� UDþXQVNR� SRWUDWQHMãL� �)HU]LJHU�� ������� 0RGHOLUDQMH� WXUEXOHQWQH� QDUDYQH
NRQYHNFLMH�]�PHWRGR�VLPXODFLMH�YHOLNLK�YUWLQFHY�MH�SULVWRS��NL�VHP�JD�L]EUDO�]D�UHãLWHY�SUREOHPD
QDUDYQH�NRQYHNFLMH�Y�VSRGQMHP�SOHQXPX��PHG�WHåNR�QHVUHþR�

9�]DþHWNX�PDJLVWUVNHJD�GHOD�MH�RSLVDQ�SRWHN�WDOMHQMD�UHDNWRUVNH�VUHGLFH�RE�PRUHELWQL�WHåNL
QHVUHþL�� 9� WUHWMHP� SRJODYMX� MH� QDSUDYOMHQ� REVHåHQ� SUHJOHG� VNR]L� SUREOHPDWLNR�� RSLVDQL� VWD
SHVWURVW�IL]LNDOQLK�PHKDQL]PRY�LQ�]DKWHYQRVW�PRGHOLUDQMD�WHK�SRMDYRY��=DUDGL�REVHåQRVWL�MH�ELOR
QXMQR� NODVLILFLUDWL� IL]LNDOQH� PHKDQL]PH� JOHGH� QD� QMLKRYR� SRPHPEQRVW�� .RW� QDMSRPHPEQHMãL
PHKDQL]HP� VHP� L]SRVWDYLO� QDUDYQR� NRQYHNFLMR�� NL� GRPLQDQWQR� YSOLYD� QD� RGYRG� WRSORWH� Y
RNROLFR��2SLVDO�VHP�QMHQH�SRMDYQH�REOLNH�LQ�SRGDO�PDWHPDWLþQL�RSLV��QD�NDWHUHP�VORQLMR�NDVQHMãH
VLPXODFLMH�

9�þHWUWHP�SRJODYMX�PDJLVWUVNHJD�GHOD�VHP�UD]ORåLO�SUHQRV�NLQHWLþQH�HQHUJLMH�Y�NDSOMHYLQL�]
YHþMLK�VWUXNWXU�QD�PDQMãH�LQ�QMHQR�NRQþQR�GLVLSDFLMR�Y�WRSORWR��2SLVDO�VHP�QDVWDQHN�WXUEXOHQFH�LQ
Y�SHWHP�SRJODYMX�SRGDO� WHRUHWLþQH�RVQRYH�PRGHOLUDQMD� WXUEXOHQWQHJD� WRND� ]�PHWRGR� VLPXODFLMH
YHOLNLK�YUWLQFHY��/DUJH�(GG\�6LPXODWLRQ�0HWKRG��

1XPHULþQH�PHWRGH��NL�VHP�MLK�XSRUDELO�]D�REUDYQDYR�HQDþE�JLEDQMD�NDSOMHYLQH��VR�RSLVDQH
Y� ãHVWHP� SRJODYMX�� =D� RSLV� WXUEXOHQWQHJD� JLEDQMD� NDSOMHYLQH� MH� ELO� XSRUDEOMHQ� PRGHO
6PDJRULQVNHJD�� 1D� RVQRYL� REMDYOMHQLK� UH]XOWDWRY� 1RXUJDOLHYD� HW� DO�� ������� ]D� YUHGQRVWL
5D\OHLJKRYHJD� ãWHYLOD� 5D ����� LQ� 3UDQGWORYHJD� ãWHYLOD� 3U ���� MH� ELOD� RSUDYOMHQD� DQDOL]D� ]D
GRORþLWHY�XVWUH]QH�NRQVWDQWH�6PDJRULQVNHJD�&V�LQ�XVWUH]QHJD�WXUEXOHQWQHJD�3UDQGWORYHJD�ãWHYLOD
3UUHV��=�GREOMHQLPL�YUHGQRVWPL� MH�ELOD�QDWR� L]YHGHQD� VLPXODFLMD� LQ� L]UDþXQDQ�SUHQRV� WRSORWH� QD
VWHQDK��5H]XOWDWL�VR�SULND]DQL�Y�VHGPHP�SRJODYMX�

,]UDþXQDQ�SUHQRV�WRSORWH�QD�VWHQDK�GDMH�NYDOLWDWLYQR�RFHQR� WRSORWQH�REUHPHQMHQRVWL�VWHQH
VSRGQMHJD� SOHQXPD�� NDU� MH� RVUHGQMH� YSUDãDQMH� SUREOHPDWLNH� KODMHQMD� VSRGQMHJD� SOHQXPD� PHG
WHåNR�QHVUHþR�LQ�QDPHQ�SUHGVWDYOMHQHJD�PDJLVWUVNHJD�GHOD�
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���7DOMHQMH�UHDNWRUVNH�VUHGLFH

1HVUHþD��NL�YRGL�GR�WDOLWYH�MHGUVNH�VUHGLFH��VH�ODKNR�VSURåL�QD�YHþ�QDþLQRY��9]URN�MH�ODKNR
Y� QHSUDYLOQHP� GHORYDQMX� SRVDPH]QLK� UHDNWRUVNLK� NRPSRQHQW� LQ� YDUQRVWQLK�PHKDQL]PRY� R]�� Y
RSHUDWHUMHYLK�QDSDNDK��2E�QH]DGRVWQHP�KODMHQMX�RVWDQH�VUHGLFD�QHSRNULWD��NDU�QDGDOMH�SRY]URþL
QMHQR�SUHJUHYDQMH�LQ�WDOMHQMH�]DUDGL�UD]SDGQH�WRSORWH�MHGUVNHJD�JRULYD��(NVSHULPHQWL�/2)7�)3��
LQ�3%)�6)'�VR�SRND]DOL��GD�WDOMHQMH�VUHGLFH�QL�PRþQR�RGYLVQR�RG�WODND�Y�UHDNWRUVNL�SRVRGL��6LFK�
�������=DSRUHGMH�GRJRGNRY�Y�RGYLVQRVWL�RG�WHPSHUDWXUH�MH�SULND]DQR�QD�VOLNL���

6OLND����=DSRUHGMH�GRJRGNRY�Y�RGYLVQRVWL�RG�WHPSHUDWXUH���'RXJODV�HW�DO��������LQ�6LFK�������

����1DUDãþDQMH�WHPSHUDWXUH

2E�SRYLãDQMX�WHPSHUDWXUH�SULGH�GR�SRYLãDQMD�WODND�]DUDGL�SOLQVNLK�UD]SDGQLK�SURGXNWRY�Y
VUDMþNL� MHGUVNHJD� JRULYD�� 1RWUDQML� WODN� Y� VUDMþNL� SUHUDVWH� ]XQDQMHJD�� NDU� SRY]URþL� QDSLKRYDQMH
VUDMþNH��]PDQMãHYDQMH�QMHQH�WUGQRVWL�LQ�NRQþQR�SRUXãLWHY�SUL�a����.�����03D��R]��SUL�a����.
�����03D���*RULOQH�WDEOHWH�VH�UD]VXMHMR�Y�SUHWRþQH�NDQDOH�
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�

3UL�QDGDOMQMHP�YLãDQMX�WHPSHUDWXUH�SULGH�GR�WYRUEH�HYWHNWLND�PHG�VUDMþNR�LQ�SRGSRUQLPL
SORãþDPL� L]� ,QFRQHOD� LQ� QDGDOMH� GR� RNVLGDFLMH� =LUFDOR\HYH� VUDMþNH� ]DUDGL� SULVRWQRVWL� SDUH�
2NVLGDFLMD� =LUFDOR\HYLK� VUDMþN� ]DUDGL� HNVRWHUPQRVWL� SRVSHãXMH� ]YLãHYDQMH� WHPSHUDWXUH� Y
UHDNWRUVNL�VUHGLFL��QD�GUXJL�VWUDQL�SD�]DUDGL�YLãMHJD�WDOLãþD�=U�2���a����.�GR�a����.��R]��=U2

�

�a����.��RNVLGQD�VNRUMD�]DGUåXMH�WDOLQR�=U�LQ�V�WHP�]DYLUD�QDGDOMQMR�UHORNDFLMR�MHGUVNH�VUHGLFH�
3UL� REUDYQDYDQLK� WHPSHUDWXUDK� 82

�

� LQ� =U2
�

� WYRULWD� WUGQR� UD]WRSLQR�� NL� LPD� WDOLãþH� ãHOH� SUL
a����.�

����1DVWRS�WDOMHQMD

(NVSHULPHQWL��&25$��+RKRUVW��$OOLVRQ��������VR�QDGDOMH�SRND]DOL��GD�MH�SUYD�WDOLQD��NL�VH
SRMDYL� Y� MHGUVNL� VUHGLFL� SRVOHGLFD� LQWHUDNFLMH� PHG� SRGSRUQLPL� SORãþDPL� L]� ,QFRQHOD� LQ
=LUFDOR\HYLPL� VUDMþNDPL�� 7DOLQD� VH� ODKNR� SRMDYL� NRW� UH]XOWDW� HYWHNWLþQH� UHDNFLMH� )H�=U� åH� SUL
a����.�R]��1L�=U�SUL�a����.�

7ODþQRYRGQL�UHDNWRUML�UHJXOLUDMR�UHDNWLYQRVW�V�NRQWUROQLPL�SDOLFDPL�L]�$J�,Q�&G�Y�VUDMþNL
L]� QHUMDYHþHJD� MHNOD�� 9RGLOD� VR� L]GHODQD� L]� =LUFDOR\D�� .RQWUROQH� SDOLFH� VH� ]DþQHMR� WRSLWL� SUL
a����.�� =DUDGL� L]KODSHYDQMD� &G� VH� WODN� Y� NRQWUROQLK� SDOLFDK� SRYHþD�� SULGH� GR� QDSLKRYDQMD
MHNOHQLK�VUDMþN��GR�QMLKRYH�SRUXãLWYH�LQ�QDGDOMH�GR�WDOMHQMD��7R�VH�]JRGL�SUL�a����.�R]��a����.
SUL�SRYLãDQHP�WODNX��7DOLQD�NRQWUROQLK�SDOLF�$J�,Q�&G�UD]WDSOMD�=LUFDOR\�LQ�UD]GLUDOQR�GHOXMH�QD
YRGLOD�NRQWUROQLK�SDOLF�WHU�QD�VUDMþNH�JRULOQLK�HOHPHQWRY�

.RQWUROQH� SDOLFH� YUHOQLK� UHDNWRUMHY� YVHEXMHMR� SUDãQDWL� %
�

&� Y� MHNOHQLK� SDOLFDK�� NL� VR
SRYH]DQH�Y�REOLNR�NULåD��3UL�SRYLãDQL� WHPSHUDWXUL� �����.��%

�

&�UHDJLUD�]� MHNORP��NDU�SRY]URþL
WDOMHQMH� NRQWUROQLK� SDOLF�� (NVSHULPHQWL� VR� SRND]DOL�� GD� WDOLQD� QDSDGH� LQ� UHDJLUD� V� VUDMþNDPL
JRULOQLK� HOHPHQWRY� LQ� JRULOQLPL� NDQDOL� L]� =LUFDOR\D�� %

�

&� VH� SRYHåH� ]� =LUFDOR\HP� LQ� WYRUL
NDSOMHYLWR�ID]R�SUL�WHPSHUDWXUDK��YLãMLK�RG�����.�

7ODþQRYRGQL�UHDNWRUML�YVHEXMHMR�WXGL�NRQWUROQH�SDOLFH�]�JRUOMLYLPL�QHYWURQVNLPL�VWUXSL��NL
YVHEXMHMR� ���� RGVWRWND� %

�

&� Y� $O
�

2
�

�� REGDQLP� ]� � =LUFDOR\HYR� VUDMþNR�� (NVSHULPHQWL� &25$
�+REELQV�HW�DO��������� LQ�SUHJOHG�RVWDQND� VUHGLFH� HOHNWUDUQH�QD�2WRNX� WUHK�PLOM� VR�SRND]DOL�� GD
SULVRWQRVW� $O

�

2
��

� QLåD� WHPSHUDWXUR� QDVWRSD� WDOLQH�� 3ROHJ� WHJD� $O
�

2
��

� NHPLþQR� UHDJLUD� ]
=LUFDOR\HP�SUL�a����.��NDU�SULSHOMH�GR�SRUXãLWYH�VUDMþN�JRULOQLK�HOHPHQWRY��,]�YVHJD�SRYHGDQHJD
MH�PRJRþH�]DNOMXþLWL��GD�]DUDGL�QHNRPSDWLELOQRVWL�,QFRQHO�SRGSRUQLK�SORãþ��$J�,Q�&G�NRQWUROQLK
SDOLF�� %

�

&� NRQWUROQLK� SDOLF� LQ� %
�

&�$O
�

2
�� �

JRUOMLYLK� VWUXSRY� ]� =LUFDOR\HP� ]DQHVOMLYR� SULGH� GR
SRMDYD�WDOLQH�Y�VUHGLFL�MHGUVNHJD�UHDNWRUMD��NR�WHPSHUDWXUD�QDUDVWH�QDG�a�����.��+REELQV�HW�DO��
������

����5HORNDFLMD�WDOLQH

=DUDGL�QL]NH�YLVNR]QRVWL�WDOLQD��VHVWDYOMHQD�L]�NRYLQVNLK�PDWHULDORY��RGWHND�QDY]GRO�LQ�VH
SUL� WHP�RKODMD��.R� WHPSHUDWXUD�SDGH�SRG� WHPSHUDWXUR� WDOLãþD��VH� WDOLQD�]DþQH�VWUMHYDWL� LQ� WYRULWL
EORNDGR�]D�QDGDOMQML�WRN��.RW�VR�SRND]DOL�HNVSHULPHQWL�3%)�6)'������3%)�6)'�����LQ�/2)7�)3�
��� VH� WR� SRQDYDGL� ]JRGL� QD� HQL� L]PHG� SRGSRUQLK� SORãþ�� 6NRUMD�� NL� VH� SUL� WHP� WYRUL�� VH� ]DUDGL
UD]OLþQLK�HYWHNWLNRY�SRSROQRPD�VWUGL�ãHOH�SUL�a�����.��6NRUMD�QDPUHþ�Y�SULPHUX�WODþQRYRGQHJD
UHDNWRUMD�YVHEXMH�NRPSOHNVH�NRYLQVNLK� HOHPHQWRY�=U�)H��=U�1L��=U�$J��=U�$J�,Q� LQ�$J�,Q�&G�
3ULVRWQRVW�NULVWDORY�82

�

�SD�NDåH�QD�UD]WRSOMHQR�MHGUVNR�JRULYR�FHOR�SUL�QL]NLK�WHPSHUDWXUDK�
3UL� YLãMLK� WHPSHUDWXUDK� VH� 82

�

� �WDOLãþH� a����.�� SULþHQMD� UD]WDSOMDWL� Y� WDOLQL� =LUFDOR\D
�WDOLãþH�a����.���7DNR� MH� WDOLQD�� NL� MH� ERJDWD� ]�=LUFDOR\HP�� VSRVREQD� UD]WDSOMDWL�82

�

� FHOR� SUL
WHPSHUDWXUL� a����.�� .ROLþLQR� UD]WRSOMHQHJD� 82

�

� RPHMXMH� VWRSQMD� RNVLGDFLMH� =LUFDOR\D�� ýLP
YHþMD�MH�RNVLGDFLMD�=LUFDOR\D��WHP�QLåMD�MH�VWRSQMD�QDVLþHQMD�]�82

�

�
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3UHJOHG�VUHGLFH�Y�MHGUVNL�HOHNWUDUQL�QD�2WRNX�WUHK�PLOM�MH�SRND]DO��GD�ODKNR�UD]WRSLQD�=LUFDOR\D�LQ
82

�

�YVHEXMH�NDU����RGVWRWNRY�SUHPHãþHQHJD�82
�

��$NHUV��0F&DUGHOO���������7D�RNVLGQD�]PHV�VH
SRPLND� QDY]GRO� LQ� VH� ]DUDGL� YLVRNHJD� WDOLãþD� RNVLGQLK�PDWHULDORY� LQ�PRþQHJD� RGYRGD� WRSORWH
KLWUR�VWUMXMH�

����1DVWDQHN�EORNDGH

1D� NRYLQVNL� VNRUML� SUHGKRGQR� UD]WRSOMHQHJD� PDWHULDOD� VH� WDNR� L]REOLNXMH� RNVLGQL� þHS�
=DUDGL�UD]SDGQH�WRSORWH�LQ�VODEH�SUHYRGQRVWL�VH�RNVLGQD�]PHV��VHVWDYOMHQD�SUHWHåQR�L]�NHUDPLþQH
ID]H� �8�=U�2

�

� �� SRQRYQR� VWDOL�� SUL� þHPHU� ODKNR� WHPSHUDWXUD� WDOLQH� QDUDVWH� WXGL� GR� WDOLãþD�82
�

�a�����.���1DG�NRYLQVNR�VNRUMR�VH�WDNR�XVWYDUL�ED]HQ�RNVLGQH�WDOLQH�
=DUDGL� QHKRPRJHQLK� UD]PHU� Y� MHGUVNL� VUHGLFL� SRQHVUHþHQHJD� UHDNWRUMD� �QHKRPRJHQRVW

WHPSHUDWXUH�� SULVRWQRVW� SDUH�� UD]OLþQRVW� PDWHULDORY�� WDOMHQMH�� UHORNDFLMD� LQ� RNVLGDFLMD� WDOLQH
SRWHNDMR� QD� YHþ� ORþHQLK�PHVWLK��'HOQH� DOL� VNXSQH� EORNDGH�� NL� QDVWDQHMR� NDVQHMH� V� VWUMHYDQMHP
PDWHULDOD�� ]DWR� QH� PRUHMR� SUHSUHþLWL� R]�� ]DMH]LWL� SUHWRND� SDUH� LQ� QDGDOMQMH� RNVLGDFLMH� MHGUVNH
VUHGLFH��3RVOHGLFD�WHJD�MH��GD�VH��NOMXE�QDVWRSX�þHSRY�R]��þHSD��RNVLGDFLMD�QDGDOMXMH��7HPSHUDWXUD
VH�ãH�SRYHþXMH��SUDY�WDNR�SD�VH�WYRUL�YRGLN��3URFHV�SUHQHKD��NR�MH�YHV�PDWHULDO�Y�MHGUVNL�VUHGLFL
RNVLGLUDQ�DOL�þH�]DUDGL�Y]SRVWDYLWYH�KODMHQMD�WHPSHUDWXUD�SDGH��+REELQV�HW�DO���������

����,]OLWMH�Y�VSRGQML�SOHQXP

2NVLGQD� WDOLQD� Y� ED]HQX� QDG� NRYLQVNR� VNRUMR� VH� SRþDVL� RKODMD� LQ� SUL� WHP� UD]WDOMXMH
RNROLãQML�PDWHULDO�� =DUDGL� YLVNR]QRVWL� LQ� QDGDOMQH� UXãLWYH� VUHGLFH� VH� QD� YUKX� ED]HQD� L]REOLNXMH
RNVLGQD�VNRUMD��QDG�QMR�SD�þHS�L]�GHOQR�UD]WDOMHQHJD�PDWHULDOD�MHGUVNH�VUHGLFH��$NHUV��0F&DUGHOO�
�������=DUDGL� WHåH�PDWHULDOD�� WHUPLþQLK�QDSHWRVWL� LQ� WDOMHQMD�ER� VNRUMD�SRSXVWLOD� LQ� WDOLQD� VH� ER
L]OLOD�VNR]L�VSRGDM�OHåHþR�VWUXNWXUR�Y�VSRGQML�SOHQXP�

6OLND� ���5HDNWRUVND� SRVRGD� SRQHVUHþHQHJD� UHDNWRUMD� QD� 2WRNX� WUHK� PLOM�� �$NHUV�� 0F&DUGHOO�
�����
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3UL�WHP�ER�RVWDOD�VSRGQMD�SRGSRUQD�VWUXNWXUD�VUHGLFH�VNRUDM�QHGRWDNQMHQD�]DUDGL�RNVLGQH
L]RODFLMVNH�VNRUMH��NL�VH�WYRUL��7DOLQD�SD�ODKNR�SURGUH�WXGL�VNR]L� WHUPLþQR�LQ�QHYWURQVNR�]DãþLWR
RE�VWUDQL�LQ�VH�L]OLMH�SR�UDGLDOQHP�NDQDOX��NRW�VH�MH�WR�]JRGLOR�Y�SULPHUX�QHVUHþH�QD�2WRNX�WUHK
PLOM���VOLND����

9�VSRGQMHP�SOHQXPX�VH�WDOLQD�VUHþD�V�KODGLORP��YRGR���9RGD�UD]SUãL�FXUHN�WDOLQH��NL�VH
]DUDGL�YLVRNH�WHPSHUDWXUH�REGD�V�SODVWMR�SDUH��9�SULPHUX��GD�VH�]�UD]ELWMHP�FXUND�SRYUãLQD�WDOLQH
GRYROM� SRYHþD�� REVWDMD� QHYDUQRVW� SDUQH� HNVSOR]LMH�� NL� ODKNR� SRUXãL� UHDNWRUVNR� SRVRGR� LQ
]DGUåHYDOQL� KUDP�� 9HUMHWQRVW� QDVWRSD� WDNR� VLOQH� SDUQH� HNVSOR]LMH� MH� PDMKQD�� SRJRML� SD� VR
SRGUREQHMH�RSLVDQL�Y�%HUPDQ�HW�DO���������
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���3URFHVL�Y�VSRGQMHP�SOHQXPX

3URFHVL� Y� WDOLQL� VSRGQMHJD� SOHQXPD� VR� ]HOR� UD]QROLNL� LQ� MLK� ãHOH� VSR]QDYDPR�
1HSR]QDYDQMH� ORNDOQLK�SRJRMHY��VWDQMD� LQ�VHVWDYH� WDOLQH�Y�VSRGQMHP�SOHQXPX�LPD�]D�SRVOHGLFR
QHSR]QDYDQMH� NHPLþQLK� LQ� IL]LNDOQLK� ODVWQRVWL� WDOLQH� �QSU�� YLVNR]QRVWL�� WRSORWQH� NDSDFLWLYQRVWL�
WHUPLþQH� UD]WH]QRVWL� LSG���� NDU� RQHPRJRþD� QDWDQþQHMãH� PRGHOLUDQMH� REQDãDQMD� WDOLQH� MHGUVNH
VUHGLFH�QD�QLYRMX�NRQWLQXPD�

����.HPLþQD�VHVWDYD�LQ�SURFHVL

.HPLþQD� VHVWDYD� WDOLQH� MH� NYDOLWDWLYQR� ]QDQD� L]� QHVUHþH� QD� 2WRNX� WUHK� PLOM�� (OHPHQWL
]DVWRSDQL� Y� MHGUVNL� VUHGLFL��8�� =U�� )H��&U��1L��0E��$J�� ,Q�� &G� LQ� 6Q�� VH� SRG� YSOLYRP� YLVRNLK
WHPSHUDWXU��a�����.��SRYHåHMR�Y�YUVWR�NRPSOHNVRY�LQ�VSRMLQ��=DUDGL�PQRåLFH�VHVWDYLQ�MH�ID]QL
GLDJUDP� WDOLQH� MHGUVNH� VUHGLFH� YHþGLPHQ]LRQDOHQ� LQ� GR� GDQHV� QHUD]LVNDQ�� 3R]QDQL� VR� OH� ID]QL
GLDJUDPL� SRVDPH]QLK� GYRMLF� PDWHULDORY�� NL� SUHGVWDYOMDMR� YHþLQR� WDOLQH� VUHGLFH� MHGUVNHJD
UHDNWRUMD��1D�VOLNL���MH�SUHGVWDYOMHQ�ID]QL�GLDJUDP�NRYLQVNLK�NRPSRQHQW�)H�=U��QD�VOLNL���SD�ID]QL
GLDJUDP� RNVLGQLK� NRPSRQHQW�82

�

�=U2
�

�� 7L� GLDJUDPL� GDMHMR� VOXWLWL� YVR� ]DSOHWHQRVW� SURFHVRY� Y
YHþNRPSRQHQWQL�]PHVL�

6OLND����)D]QL�GLDJUDP�NRYLQVNLK�NRPSRQHQW�)H�=U���7KHRIDQRXV�HW�DO�������E�
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6OLND����)D]QL�GLDJUDP�RNVLGQLK�NRPSRQHQW�82
�

�=U2
�

���7KHRIDQRXV�HW�DO�������D�

.OMXE�WHPX��GD�WH�PHãDQLFH�VSRMLQ�QL�PRJRþH�REUDYQDYDWL�NRW�KRPRJHQR�]PHV��SD�ODKNR
VSRMLQH� JOHGH� QD� REQDãDQMH� Y� VSRGQMHP� SOHQXPX� UD]GHOLPR� QD� NRYLQVNH� NRPSRQHQWH� LQ� QD
RNVLGQH� NRPSRQHQWH�� =DUDGL� UD]OLþQLK� JRVWRW� LQ� WHPSHUDWXU� WDOLãþD� SULGH� QDPUHþ� GR� ORþLWYH
NRYLQVNLK� LQ� RNVLGQLK� VSRMLQ��1D� GQX� VH� QDEHUH� RNVLGQD� SODVW�� VHVWDYOMHQD� SUHWHåQR� L]�82

�

� LQ
=U2

�

��QD�YUKX�SD�SODVW��VHVWDYOMHQD�SUHWHåQR�L]�NRYLQVNLK�NRPSRQHQW�)H��LQ�=U���NRW�WR�SULND]XMH
VOLND���

������
6OLND� ���/RþLWHY� RNVLGQLK� LQ� NRYLQVNLK� NRPSRQHQW� Y� VSRGQHMP� SOHQXPX�� �7KHRIDQRXV� HW� DO��
����E�

'RJDMDQMH�Y�VSRGQMHP�SOHQXPX�XUDYQDYDMR�WRSORWQL�SRMDYL��9�RVQRYL�MLK�ODKNR�UD]GHOLPR
QD�JHQHUDFLMR�WRSORWH�LQ�RGYRG�WRSORWH��9LU�HQHUJLMH�MH�UD]SDGQD�WRSORWD�UDGLRDNWLYQHJD��PDWHULDOD
Y�RNVLGQL� WDOLQL� MHGUVNHJD�JRULYD��PHGWHP�NR�VH�HQHUJLMD�SRUDEOMD�]D�VHYDQMH�V�SRYUãLQH�ED]HQD
WDOLQH� QD]DM� Y� VUHGLFR�� RGYRG� WRSORWH� VNR]L� VWHQH� UHDNWRUVNH� SRVRGH� LQ� QDUDYQR� NRQYHNFLMR�
3RVWDYOMD� VH� VHYHGD� LQåHQLUVNR� YSUDãDQMH�� NDNãQR� LQ� NROLNãQR� QDM� ER� ]DGRVWQR� KODMHQMH�� GD� ER
RVWDOD�UHDNWRUVND�SRVRGD�FHOD��UDGLRDNWLYQH�VQRYL�SD�YDUQR�]DGUåDQH�"
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����*HQHUDFLMD�WRSORWH�Y�RNVLGQL�WDOLQL

7DOLQD� VH� Y� VSRGQML� SOHQXP� L]OLMH� Y� REOLNL� FXUND� WHPSHUDWXUH� QDG� ����.� � �6XK��+HQU\�
����������D���2ELOLFD�YRGH�Y�VSRGQMHP�SOHQXPX�WDOLQR�IUDJPHQWLUD�LQ�RKODMD��YRGD�SD�VH�SUL�WHP
XSDUMD�� 9HþLQD� UD]LVNRYDOFHY� SUHGYLGHYD�� GD� VH� WDOLQD� VWUGL� LQ� RKODGL� QD� YVHJD� ���� GR� ���.
�7KHRIDQRXV�HW�DO�������D��6XK���������âHOH�NR�YVD�YRGD�L]SDUL��VH�PDWHULDO�Y�VSRGQMHP�SOHQXPX
]DþQH� VHJUHYDWL� LQ� WDOLWL�� .ROLNãQR� WHPSHUDWXUR� GRVHåH� WDOLQD�� QL� RGYLVQR� VDPR� RG� JHQHUDFLMH
WRSORWH��DPSDN�WXGL�RG�RGYRGD�WRSORWH��=DUDGL�WHJD�VH�WHPSHUDWXUD�GYLJQH�OH�QHNROLNR�QDG�WDOLãþH
82

��

��GR�a����.��$UWQLN�HW�DO���������

.ROLþLQD�JHQHULUDQH�WRSORWH

.ROLþLQD� JHQHULUDQH� WRSORWH� MH� RGYLVQD� RG� SRWHND� QHVUHþH� LQ� RG�PDVH� WDOLQH�� NL� VH�PHG
QHVUHþR�QDEHUH�QD�GQX�VSRGQMHJD�SOHQXPD��*OHGH�QD�UD]OLþQH�VFHQDULMH�MHGUVNH�QH]JRGH�MH�QDPUHþ
SUHGYLGHQD�UHORNDFLMD�PDWHULDOD�MHGUVNH�VUHGLFH�UD]OLþQR�PRþQD�LQ�KLWUD��ýLP�GDOM�þDVD�ER�MHGUVNR
JRULYR� ]DGUåDQR� Y� MHGUVNL� VUHGLFL�� WHP� PDQMãD� ER� ]DRVWDOD� UD]SDGQD� WRSORWD� WDOLQH� MHGUVNHJD
JRULYD�Y�VSRGQMHP�SOHQXPX�

6OLND����ýDVRYQD�RGYLVQRVW�UD]SDGQH�WRSORWH�]D�UHDNWRU�$3������$/:5����7KHRIDQRXV�HW�DO��
����D�

2FHQMHQR�MH�ELOR��GD�VH�SUYD�UHORNDFLMD�SR�QDMEROM�NRQVHUYDWLYQHP�VFHQDULMX�SULþQH���GR��
XUH�SR�]DXVWDYLWYL�UHDNWRUMD�Y�QH]JRGQL�VLWXDFLML��6XK��+HQU\���������=D�UHDNWRU�$3�����$/:5�
MH�ELOD�YHOLNRVW�UD]SDGQH�WRSORWH�RFHQMHQD�QD����GR����0:��5D]SDGQD�WRSORWD�WDOLQH�VH�QDGDOMH
]PDQMãXMH�WXGL�]DUDGL�KODSOMLYLK�UHDNWLYQLK�SURGXNWRY��NL�]DSXãþDMR�WDOLQR��VOLND����

0DVD�WDOLQH

0DVD�WDOLQH��NL�VH�]EHUH�QD�GQX�UHDNWRUVNH�SRVRGH��MH�RGYLVQD�WDNR�RG�SRWHND�QHVUHþH�NRW
RG� YHOLNRVWL� MHGUVNH� VUHGLFH�� =DUDGL� WHJD� YHþLQD� VWURNRYQMDNRY� SUL� VYRMLK� L]UDþXQLK� XSRãWHYD
QDMNRQVHUYDWLYQHMãH�RFHQH��2EVHJ�RNVLGDFLMH�=LUFDOR\D�MH�RFHQMHQ�QD����GR����RGVWRWNRY��NDU�LPD
]D� SRVOHGLFR� UHORNDFLMR� FHORWQH� PDVH� MHGUVNH� VUHGLFH� �VOLND� ��� Y� SULPHUX� WODþQRYRGQHJD
�7KHRIDQRXV�HW�DO�������D��7KHRIDQRXV�HW� DO�������D�� LQ�SUDY� WDNR�Y�SULPHUX�YUHOQHJD� UHDNWRUMD
�6XK��+HQU\���������2�NRQVHUYDWLYQRVWL� WH�RFHQH�JRYRUL�GHMVWYR��GD� VH� MH�Y�SULPHUX�QHVUHþH�QD
2WRNX�WUHK�PLOM�Y�VSRGQML�SOHQXP�L]OLOR�OH�RNROL����RGVWRWNRY�VNXSQH�PDVH�MHGUVNH�VUHGLFH�LQ�WR
SUHWHåQR�RNVLGQH�WDOLQH��$NHUV��0F&DUGHOO��������
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6OLND����5D]SRUHGLWHY�PDWHULDOD�Y�UHDNWRUVNL�SRVRGL�SR�WDOMHQMX�MHGUVNH�VUHGLFH���7KHRIDQRXV�HW
DO��������

%ROM�NRW�GHMDQVNH�YUHGQRVWL�PDVH�WDOLQH�MH�SRPHPEQD�JHRPHWULþQD�UD]SRUHMHQRVW�WDOLQH�Y
VSRGQMHP�SOHQXPX��7DOLQD�VH�QDPUHþ�ORþL�QD�RNVLGQR�LQ�NRYLQVNR�SODVW��SUL�þHPHU�MH�Y�RNVLGQL
SODVWL� ]EUDQD� YHþLQD� UDGLRDNWLYQHJD� PDWHULDOD�� NRYLQVND� SODVW� SD� MH� OH� SUHQRVQLN� WRSORWH�
,]UDþXQDQR�MH�ELOR��GD�ODKNR�WDOLQD�]DOLMH�FHORWHQ�VSRGQML�SOHQXP��NDU�]QDãD�Y�SULPHUX�UHDNWRUMD
$3���� �$/:5�� GR� ���� WRQ� PDWHULDOD�� 3UHGYLGHQR� MH�� GD� VH� RNROL� ��� WRQ� PDWHULDOD� ORþL� Y
NRYLQVNR�SODVW��NL�SRNULMH�RNVLGQR�SODVW��7KHRIDQRXV�HW�DO�������D��

1DVWDQHN�VNRUMH

9LVRNR�WDOLãþH�RNVLGQLK�NRPSRQHQW��a����.��7KHRIDQRXV�HW�DO�������D��SRY]URþL��GD�VH
RNVLGQD� SODVW� WDOLQH� REGD� V� VNRUMR�� 3URFHVL� WDOMHQMD� LQ� VWUMHYDQMD� ]DJRWDYOMDMR� L]RWHUPQH� UREQH
SRJRMH�QD�PHMDK�ED]HQD�RNVLGQH�WDOLQH�

6OLND����8MHWRVW�KODGLOD�PHG�VNRUMR�LQ�VWHQR�UHDNWRUVNH�SRVRGH���6XK��+HQU\������E�
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.HU� MH� WDOLãþH� MHNOHQH� SRVRGH� QL]NR� �a����.��� WDOLãþH� RNVLGD� SD� YLVRNR� �a����.��
QDVWDMDMR� Y� VNRUML� YHOLNH� WHPSHUDWXUQH� UD]OLNH�� NDU� LPD� ]D� SRVOHGLFR� YHOLNH� WHUPLþQH� QDSHWRVWL�
=DUDGL�WHJD�MH�VNRUMD�RNVLGQH�WDOLQH�QHVWDELOQD�LQ�VH�UXãL��6XK��+HQU\������E���3RMDY�ãH�GRGDWQR
]DSOHWD� GHMVWYR�� GD� ]DUDGL� SRYUãLQVNH� KUDSDYRVWL�� RGSUWLQ� QD� GQX� UHDNWRUVNH� SRVRGH� LQ
SODVWLILNDFLMH� UHDNWRUVNH�SRVRGH�RVWDQH�GHO�KODGLOD�XMHW�PHG�RNVLGQR� VNRUMR� LQ� VWHQR� UHDNWRUVNH
SRVRGH�� NRW� SULND]XMH� VOLND� ��� 7R� KODGLOR� VH� EXUQR� XSDUMD�� KODGL� RNROLFR�� LVWRþDVQR� SD� UXãLOQR
GHOXMH�QD�VDPR�VNRUMR��6XK��+HQU\������D���

����3UHQRV�WRSORWH�Y�NRYLQVNL�SODVWL�WDOLQH

1D� ]DþHWNX� SUHXþHYDQMD� GRJDMDQMD� Y� VSRGQMHP� SOHQXPX� MH� YHOMDOR� SUHSULþDQMH�� GD� MH
QDMEROM� REUHPHQMHQR� GQR�� 1DUHMHQH� VR� ELOH� ãWXGLMH� �'LQK� HW� DO��� ������ LQ� FHOR� HNVSHULPHQWDOQL
SURJUDPL� �6HKJDO� HW� DO��� ������� NL� VR� REUDYQDYDOL� SUHWDOLWHY� GQD� VSRGQMHJD� SOHQXPD�� 2VQRYQH
JHRPHWULþQH� ]QDþLOQRVWL� VR� SULND]DQH� QD� VOLNL� ���9� WHK� HNVSHULPHQWLK� MH� ELOD� NRW� GHORYQD� VQRY
XSRUDEOMHQD�WHUPLWQD�PDVD�

�����

6OLND����3UHWDOLWHY�GQD�VSRGQMHJD�SOHQXPD���'LQK�HW�DO��������

âHOH� QDGDOMQML� ãWXGLM� QDUDYQH� NRQYHNFLMH� NDSOMHYLQH� ]� QRWUDQMR� JHQHUDFLMR� WRSORWH� LQ
L]RWHUPQLPL� UREQLPL� SRJRML� MH� SRND]DO�� GD� MH� WHUPLþQR� QDMEROM� REUHPHQMHQ� YUK� VSRGQMHJD
SOHQXPD��NMHU�VIHULþQL�GHO�SUHKDMD�Y�FLOLQGULþQHJD��VOLND�����

6OLND�����2EUHPHQMHQRVW�VWHQH�]DUDGL�SODVWL�NRYLQVNH�WDOLQH���6XK��+HQU\�������
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3R]RUQRVW� VH� MH� WDNR� ]� ED]HQD� RNVLGQH� WDOLQH� SUHXVPHULOD� QD� SODVW� NRYLQVNH� WDOLQH�� NL
SRNULYD�OH�WHJD��.RYLQVND�SODVW� WDOLQH� MH�VHVWDYOMHQD� L]� UD]WRSLQH�=U� LQ� MHNOD� WHU�SUHGVWDYOMD�a��
RGVWRWNRY� VNXSQH� PDVH� Y� VSRGQMHP� SOHQXPX�� *OHGH� QD� VHVWDYR� R]�� UD]PHUMD� NRPSRQHQW� VH
WDOLãþH�PRþQR�VSUHPLQMD�LQ�VLFHU�RG�����.�GR�����.��7KHRIDQRXV�HW�DO�������E��

.ULWLþQD�YLãLQD

3ODVW� NRYLQVNH� WDOLQH� GHOXMH� NRW� WHUPLþQD� OHþD� QD� VWHQH� UHDNWRUVNH� SRVRGH�� 1D� VSRGQML
VWUDQL�VH�NRYLQVND�SODVW�WDOLQH�VHJUHYD��QD�]JRUQML�SD�VH�RKODMD�V�VHYDQMHP��ýH�VH�RGYRG�WRSORWH�V
VHYDQMHP�]PDQMãXMH� ]DUDGL� ]PDQMãDQH� HPLVLYQRVWL� JODGLQH�� VH� WHPSHUDWXUD� WDOLQH� YLãD��7DNR� VH
YHGQR�YHþ� WRSORWH�SUHOLYD�VNR]L� L]RWHUPQH�VWHQH�UHDNWRUVNH�SRVRGH��*RVWRWD� WRSORWQHJD� WRND�QD
VWHQL� UHDNWRUVNH� SRVRGH� ãH� GRGDWQR� QDUDVWH�� þH� VH� YLãLQD� NRYLQVNH� WDOLQH� ]QLåD�� =DUDGL� WHJD� VR
WDQNH�SODVWL�NRYLQVNH�WDOLQH�QDG�ED]HQRP�RNVLGQH�WDOLQH�QHYDUQHMãH�NRW�GHEHOH�SODVWL�

1DSRYHGDWL��NROLNãQD�MH�NULWLþQD�GHEHOLQD�SODVWL��MH�WHåNR��2GYLVQD�MH�RG�GYHK�GHMDYQLNRY�
RG�VHYDQMD�V�SRYUãLQH�NRYLQVNH�WDOLQH�LQ�SURFHVD�QDUDYQH�NRQYHNFLMH��=DUDGL�WHJD�Y�WHP�WUHQXWNX
REVWDMDMR�VDPR�SDUDPHWULþQH�RFHQH��7KHRIDQRXV�HW�DO�������D��7KHRIDQRXV�HW�DO�������D��$UWQLN�HW�
DO�� ������ NULWLþQH� GHEHOLQH� NRYLQVNH� WDOLQH�� *ODYQD� SUHSUHND� RVWDMD� ]DQHVOMLYR� PRGHOLUDQMH
QDUDYQH�NRQYHNFLMH�Y�HNVWUHPQLK�QH]JRGQLK�VLWXDFLMDK�

����7RSORWQR�VHYDQMH

7RSORWQR�VHYDQMH�MH�HGHQ�� L]PHG�SRMDYRY��NL�VNUELMR�]D�RGYRG� WRSORWH�V�SRYUãLQH� WDOLQH�
'D� EL� ODKNR� GRORþLOL� NROLþLQR� L]VHYDQH� WRSORWH�� MH� SRWUHEQR� SR]QDWL� WHPSHUDWXUR� WDOLQH�� QMHQR
JHRPHWULþQR�UD]SRUHGLWHY�LQ�WHPSHUDWXUR�RNROLFH�� WR�MH�RVWDQND�VUHGLFH�LQ�UHDNWRUVNH�SRVRGH�SR
SURFHVX� WDOMHQMD� MHGUVNH� VUHGLFH�� 3ROHJ� WHJD� MH� SRWUHEQR� SR]QDWL� ãH� HPLVLYQRVW� LQ� UHIOHNWLYQRVW
JODGLQH� WDOLQH�R]�� RNROLFH� WHU�SURVRMQRVW�SDUH�Y� UHDNWRUVNL� SRVRGL��.HU� MH� HNVSHULPHQW�� NL� EL� VH
SRSROQRPD�XMHPDO�]�UHDOLVWLþQLP�VWDQMHP��QHPRJRþH�L]YHVWL��VH�MH�SRWUHEQR�]DWHþL�N�SULEOLåNRP�
=DUDGL�WHJD�VH�QDSRYHGL�RGYRGD�WRSORWH�]�YUKD�ED]HQD�WDOLQH�UD]OLNXMHMR�WXGL�]D�YHþ����RGVWRWNRY��

3UYH�RFHQH�YHOLNRVWL�WRSORWQHJD�VHYDQMD

*DERU� HW� DO�� ������� QD� RVQRYL� HNVSHULPHQWDOQLK� SRGDWNRY� WUGLMR�� GD� ]QDãD� RGYHGHQD
WRSORWD� V� VHYDQMHP� NDU� ��� GR� ��� RGVWRWNRY� JHQHULUDQH� WRSORWH� Y� ED]HQX� WDOLQH�� PHGWHP� NR
L]UDþXQL� 0D\LQJHUMD� HW� DO�� ������� NDåHMR� QD� ��� GR� ��� RGVWRWQR� L]JXER�� =DUDGL� HNVWUHPQLK
WHPSHUDWXU�WDOLQH�MH�YHURGRVWRMQRVW�HNVSHULPHQWDOQL�UH]XOWDWRY�]HOR�WHåNR�]DJRWRYLWL�

1RYHMãL�L]UDþXQL�YHOLNRVWL�WRSORWQHJD�VHYDQMD

1RYHMãL�L]UDþXQL���7KHRIDQRXV�HW�DO�������D��åH�XSRãWHYDMR�UD]VORMHQRVW�WDOLQH�QD�NRYLQVNR
LQ�RNVLGQR�SODVW��2NROLFR�REUDYQDYDMR�SRHQRVWDYOMHQR�NRW� VIHUR�R]�� QDWDQþQHMH�NRW� L]SUD]QMHQR
UHDNWRUVNR�SRVRGR��7HPSHUDWXUD�RNROLFH�MH�SRVWDYOMHQD�GRYROM�QL]NR��GD�MH�YSOLY�VHYDQMD�RNROLFH
QD�WHPSHUDWXUR�ED]HQD�WDOLQH�]DQHPDUMHQ��(PLVLYQRVW�SRYUãLQH�VORMD�NRYLQVNH�WDOLQH�MH�RFHQMHQD
QD� e = � ��� ��NDU�XVWUH]D�HPLVLYQRVWL�RJOMLNRYHJD�MHNOD�SUL�WHPSHUDWXUL�WDOLãþD�����.��7KHRIDQRXV
HW� DO��� ����E���1D� VOLNL� ��� MH�SULND]DQR��NDNR� YLãLQD� L]EUDQH� HPLVLYQRVWL� e � YSOLYD� QD� QDMYHþMR
JRVWRWR�WRSORWQHJD�WRND�QD�VWHQL�UHDNWRUVNH�SRVRGH�
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6OLND� ���� *RVWRWD� WRSORWQHJD� WRND� QD� VWHQL� UHDNWRUVNH� SRVRGH� Y� RGYLVQRVWL� RG� HPLVLYQRVWL
JODGLQH���7KHRIDQRXV�HW�DO�������D�

=�YLãLQR�HPLVLYQRVWL�QDMYHþMD�JRVWRWD�WRSORWQHJD�WRND�XSDGD�VNRUDM�OLQHDUQR��,]UDþXQDQR�MH�ELOR�
GD�]QDãD�VHYDQMH�Y�SULPHUX�SRSROQH�UD]WDOLWYH�UHDNWRUVNH�VUHGLFH�RG����GR����RGVWRWNRY�RGYRGD
WRSORWH�L]�ED]HQD�WDOLQH��7KHRIDQRXV�HW�DO�������D��

����2GYRG�WRSORWH�VNR]L�VWHQR�UHDNWRUVNH�SRVRGH

3ROHJ�VHYDQMD� VH� WRSORWD� L]�ED]HQD� WDOLQH�RGYDMD� V�SRPRþMR�SUHYRGD� WRSORWH� VNR]L� VWHQH
UHDNWRUVNH�SRVRGH��.ROLNR�WRSORWH�VH�ER�RGYHGOR��MH�RGYLVQR�RG�GRJDMDQMD�QD�REHK�VWUDQHK�VWHQ��,]
WHJD� UD]ORJD� VR� ELOL� RSUDYOMHQL� HNVSHULPHQWL�� NMHU� VR� ELOL� NRW� KODGLOQL�PHGLML� XSRUDEOMHQL� YRGD�
GYRID]QD�PHãDQLFD�LQ�]UDN��+HQU\��)DXVNH���������3RND]DOR�VH�MH��GD�MH�YRGD�]DUDGL�YHOLNH�JRVWRWH
LQ� YHOLNH� XSDUMDOQH� WRSORWH� GDOHþ� QDMEROM� ]DQHVOMLYR� KODGLOQR� VUHGVWYR�� NOMXE� WHPX�� GD� EL� RE
GRORþHQLK� SRJRMLK� WXGL� PRþQD� SULVLOQD� FLUNXODFLMD� ]UDND� ]DGRVWRYDOD� ]D� ]DGRVWQR� RKODGLWHY�
=DUDGL�WHJD�YHþLQD�DYWRUMHY�REUDYQDYD�VSRGQML�SOHQXP�SRWRSOMHQ�Y�YRGR�

*HRPHWULþQD�UD]SRUHGLWHY�KODGLOD

3ROHJ� VQRYVNLK� ODVWQRVWL� KODGLOD� MH� SRPHPEQD� ãH� JHRPHWULþQD� UD]SRUHGLWHY� KODGLOD� RE
]XQDQML� VWHQL� UHDNWRUVNH� SRVRGH�� 8SRãWHYDMRþ� NULWHULM� KODMHQMD� VSRGQMHJD� SOHQXPX� RE� WHåNL
QHVUHþL� LPDMR� QRYL� UHDNWRUML� WLSD� $/:5� LQ� +:5� 135� SURVWR� ]XQDQMR� SRYUãLQR� UHDNWRUVNH
SRVRGH� EUH]� GRGDWQH� WHUPLþQH� ]DãþLWH�� QL]HN� QLYR� UHDNWRUVNH� SRVRGH� LQ� GRYROM� RNROLãNHJD
SURVWRUD�]D�QHPRWHQ�GRWRN�KODGLOD�LQ�RGYRG�SDUH��+HQU\��)DXVNH��������

9�QDVSURWMX�SD�ER�SRWUHEQR�JHRPHWULMR�RNROLFH�UHDNWRUVNH�SRVRGH�SUL�VWDUHMãLK�UHDNWRUMLK
SULUHGLWL�WDNR��GD�ERGR�XSRãWHYDQL�WXGL�YDUQRVWQL�NULWHULML�KODMHQMD�VSRGQMHJD�SOHQXPD��3UYL�WDNãHQ
SURMHNW�MH�åH�SUHãHO�Y�L]YHGEHQR�ID]R�LQ�VLFHU�]D�UHDNWRU�/RYLLVD�QD�)LQVNHP��.\PlOlLQHQ�HW�DO��
�������1DþUWRYDQH�PRGLILNDFLMH�MH�PRJRþH�YLGHWL�QD�VOLNL����
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6OLND�����1DþUWRYDQH�PRGLILNDFLMH�RNROLFH�UHDNWRUVNH�SRVRGH�UHDNWRUMD�/RYLLVD���.\PlOlLQHQ�HW
DO��������

3UHGVWDYLWHY�HNVSHULPHQWRY

0HKDQL]HP� XSDUMDQMD� MH� SUL� KODMHQMX� VSRGQMHJD� SOHQXPD� VSHFLILþHQ�� 'R� VHGDM� MH� ELOR
UD]LVNRYDQMH� XVPHUMHQR� QD� XSDUMDQMH� SUL� GRYRGX� WRSORWH� RG� VSRGDM� LQ� RG� VWUDQL�� 9� WDNãQLK
SULPHULK�QD�PHKXUþNH�YVHVNR]L�GHOXMHMR�Y]JRQVNH�VLOH��NL� MLK�RGQDãDMR�V�NUDMD�QDVWDQND� LQ� WDNR
SUHSUHþXMHMR�VSDMDQMH�PHKXUþNRY�Y�NRQWLQXLUDQR�SODVW�SDUH�

3UL� REUDYQDYL� VSRGQMHJD� SOHQXPD� SD� QDVWRSD� XSDUMDQMH� SUL� GRYRGX� WRSORWH� RG� ]JRUDM�
9]JRQVNH�VLOH�SRVSHãXMHMR�QDVWDQHN�NRQWLQXLUDQH�SODVWL�SDUH��.HU�NRUHODFLMVNL�QDVWDYNL�]D�SUHQRV
WRSORWH� ]D� VSHFLILþQR� JHRPHWULMR� VSRGQMHJD� SOHQXPD� QLVR� REVWDMDOL�� MH� ELOD� L]YHGHQD� FHOD� YUVWD
HNVSHULPHQWRY��)$,��+HQU\��)DXVNH���������8/38��7KHRIDQRXV�HW�DO�������D���&<%/��&KX�HW�DO��
����D��&KX�HW�DO�������E���6%/%��&KXHQJ�HW�DO���������&KXHQJ�HW�DO���������LQ�68/7$1��������
(NVSHULPHQWDOQH�QDSUDYH�VR�SULND]DQH�QD�VOLNDK����������������LQ����

6OLND�����(NVSHULPHQWDOQD�QDSUDYD�)$,���+HQU\��)DXVNH�������
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6OLND�����(NVSHULPHQWDOQD�QDSUDYD�8/38�����7KHRIDQRXV�HW�DO��������

6OLND�����(NVSHULPHQWDOQD�QDSUDYD�&<%/���&KX�HW�DO�������E�

6OLND�����(NVSHULPHQWDOQD�QDSUDYD�6%/%���&KXHQJ�HW�DO��������
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6OLND�����(NVSHULPHQWDOQD�QDSUDYD�68/7$1���5RXJH�������

.OMXE�YVHPX�SD� HNVSHULPHQW�� NL� EL� SRYH]DO� QRWUDQMH� REQDãDQMH� NDSOMHYLQH� SRG� YSOLYRP
QDUDYQH�NRQYHNFLMH�LQ�KODMHQMH�UHDNWRUVNH�SRVRGH�]�XSDUMDQMHP�QD�]XQDQML�VWHQL��ãH�QL�ELO�L]YHGHQ�
9� SULPHUX� HNVSHULPHQWRY� 8/38�� L]YHGHQLK� ]D� JHRPHWULMR� UHDNWRUVNH� SRVRGH� ILQVNH� MHGUVNH
HOHNWUDUQH� Y� /RYLLVL�� VR� VH� WHPX� QDMEROM� SULEOLåDOL� NOMXE� WHPX�� GD� MH� ELO� FHORWHQ� HNVSHULPHQW
RPHMHQ�OH�QD�GYRGLPHQ]LRQDOQR�QDSUDYR��.DVQHMãH�UD]LVNDYH��HNVSHULPHQWL�&<%/�LQ�6%/%��VR
QDPUHþ� SRND]DOL�� GD� MH� XSDUMDQMH� QD� VWHQDK� VSRGQMHJD� SOHQXPD� L]UD]LWR� WULGLPHQ]LRQDOHQ
SUREOHP��NL�JD�GYRGLPHQ]LRQDOQH�DSURNVLPDFLMH�SUHYHþ�SRHQRVWDYLMR��&KHXQJ�HW�DO���������

(NVSHULPHQWL�&<%/��VOLND�����LQ�6%/%��VOLND�����VR�ELOL� L]YHGHQL�QD�WULGLPHQ]LRQDOQLK
JHRPHWULMDK� V� VIHULþQR� R]�� HOLSWLþQR� REOLNR�� 7HOR� MH� ELOR� VHJUHWR� QD� WHPSHUDWXUR� QDG� SRMDYRP
SODVWQHJD� XSDUMDQMD� LQ� QDWR� SRWRSOMHQR� Y� KODGLOR�� SUL� þHPHU� VR� WHUPRþOHQL� QD� SRYUãLQL� WHOHVD
EHOHåLOL�WHPSHUDWXUR��1D�WD�QDþLQ�MH�ELOR�PRJRþH�XJRWRYLWL�YUHOQH�NULYXOMH�]D�SRVDPH]QH�ORNDFLMH
VSRGQMHJD�SOHQXPD�Y�SRGKODMHQL�YRGL��W����R&��LQ�Y�YUHOL�YRGL��W ���R&��

=QDþLOQRVWL�SURFHVD�XSDUMDQMD

3RND]DOR�VH�MH��GD�VH�SURFHV�XSDUMDQMD�VSUHPLQMD�QH�VDPR�þDVRYQR��DPSDN�WXGL�NUDMHYQR�
WDNR�Y�DNVLDOQL�NRW�Y�NRWQL�VPHUL��NDU�MH�PRJRþH�YLGHWL�QD�VOLNL����

6OLND�����9UHOQH�NULYXOMH�QD�UD]OLþQLK�ORNDFLMDK�VIHULþQH�SRVRGH���&KXHQJ�HW�DO��������
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3UDY� WDNR� MH� ELOR� RSD]LWL� FLNOLþQRVW� SURFHVD��1DMSUHM� SULGH� GR� GLUHNWQHJD� NRQWDNWD�PHG
KODGLORP� LQ� WUGQR� VWHQR� VSRGQMHJD� SOHQXPD��.R�PHMQD� SODVW� GRVHåH� WHPSHUDWXUR� XSDUMDQMD�� VH
SRMDYLMR� SDUQL�PHKXUþNL�� NL� UDVWHMR� V� þDVRP�� 3ULþQH� VH� NRDOHVFHQFD�PHKXUþNRY� Y� HQRWQR� SODVW
SDUH��NL�SUL�NULWLþQL�YHOLNRVWL�UD]SDGH�Y�REURþ�SDUH��7D�VH�SRG�YSOLYRP�Y]JRQD�SRPLND�QDY]JRU�
=DUDGL�GLYHUJLUDMRþH�SRYUãLQH�REURþ�SURWL�YUKX�UD]SDGH�QD�SRVDPH]QH�þHSH�SDUH��NRW�MH�SULND]DQR
QD�VOLNL����

6OLND�����&LNOXV�XSDUMDQMD�QD�GQX�VIHULþQH�SRVRGH���&KXHQJ�HW�DO��������

ýH� JRVWRWR� WRSORWQHJD� WRND� SRYHþDPR� SURWL� NULWLþQL� JRVWRWL� WRSORWQHJD� WRND� �T&+)��� VH
GRJDMDQMH� SRVSHãL�� 7UDMDQMH� FLNORY� VH� VNUDMãD� WDNR�� GD� WUDMD� SRVDPH]QL� FLNHO� YVHJD� ����V�
1DVWDQHN� LQ�NRDOHVFHQFD�PHKXUþNRY�VH�SRVSHãLMR��þHSL�SDUH�SD�VH�HNVSOR]LYQR�ãLULMR�SURWL� UREX
VSRGQMHJD�SOHQXPD��&KXHQJ�HW�DO���������&KX�HW�DO�������D��

9� SULPHUX� SRGKODMHQRVWL� KODGLOD� QD� ]XQDQML� VWHQL� VSRGQMHJD� SOHQXPD�� VH� Y� UHåLPX
SODVWQHJD� XSDUMDQMD� RSD]L� UHGXNFLMD� YHOLNRVWL� PHKXUþNRY� LQ� SRYHþDQMH� IUHNYHQFH� QMLKRYHJD
QDVWDMDQMD��ýLP�YHþMD�MH�SRGKODMHQRVW��WHP�PDQMãD�MH�YHOLNRVW�PHKXUþNRY�LQ�WHP�NDVQHMH�SULGH�GR
NULWLþQH�JRVWRWH�WRSORWQHJD�WRND��T&+)���8JRWRYOMHQR�MH�ELOR��GD�YLãLQD�NULWLþQH�JRVWRWH�WRSORWQHJD
WRND�QDUDãþD�VNRUDM�OLQHDUQR�V�VWRSQMR�SRGKODMHQRVWL�YRGH��.RW�NDåH�VOLND�����]QDãD�YLãLQD�NULWLþQH
JRVWRWH� WRSORWQHJD� WRND�Y�SULPHUX�YRGH�SUL� WHPSHUDWXUL� YUHOLãþD�����0:�P�� QD�GQX� VSRGQMHJD
SOHQXPD��Y�SULPHUX�SRGKODGLWYH�]D����R&�SD������0:�P��

6OLND�����9UHOQH�NULYXOMH�]D�UD]OLþQH�VWRSQMH�SRGKODGLWYH�QD�GQX�VIHULþQH�SRVRGH���&KXHQJ�HW�DO��
�����
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.UDMHYQH�VSUHPHPEH�WRSORWQHJD�WRND

.OMXE�WHPX��GD�HNVSHULPHQWL��L]YHGHQL�Y�6DQGLD�1DWLRQDO�/DERUDWRULHV��&<%/��LQ�QD�3HQQ
6WDWH�8QLYHUVLW\��6%/%���RPRJRþDMR�NRQVWUXNFLMR�NULYXOM�YUHQMD�]D�SRVDPH]QR�WRþNR�QD�]XQDQML
VWHQL�VSRGQMHJD�SOHQXPD��QMLKRYLK�]DNOMXþNRY�YVHHQR�QH�PRUHPR�SUHSURVWR�XSRUDELWL�Y�SULPHUX
KODMHQMD�VSRGQMHJD�SOHQXPD��9�SULPHUX�KODMHQMD�VSRGQMHJD�SOHQXPD�MH�QDPUHþ�JRVWRWD�WRSORWQHJD
WRND� RGYLVQD� WXGL� RG� SURFHVRY� QDUDYQH� NRQYHNFLMH� Y� QMHJRYL� QRWUDQMRVWL�� =DUDGL� WHJD� JRVWRWD
WRSORWQHJD�WRND�Y]GROå�VIHULþQH�VWHQH�QL�NRQVWDQWQD�

9DULDFLMH� JRVWRWH� WRSORWQHJD� WRND� Y]GROå� VWHQH� VSRGQMHJD� SOHQXPD� VR� HNVSHULPHQWDOQR
RSD]RYDOL� QD� )LQVNHP� Y� VHULML� HNVSHULPHQWRY� 8/38�� .RW� JUHOQL� HOHPHQW� MH� ELO� XSRUDEOMHQ
]DNULYOMHQ� QRVLOHF� ]� XSRURYQLPL� HOHPHQWL�� NL� VR� SRVNUEHOL� ]D� SUDYLOQR� UD]SRUHGLWHY� JRVWRWH
WRSORWQHJD� WRND� �VOLND� ����� .OMXE� YVHPX� SD� VR� HNVSHULPHQWL� 8/38� SRSROQRPD� ]DQHPDULOL
WULGLPHQ]LRQDOQL�XþLQHN�XSDUMDQMD��3RND]DOL�VR��GD�MH�NULWLþQD�JRVWRWD�WRSORWQHJD�WRND��T&+)���SUL
NDWHUL�QDVWRSL�NUL]D�YUHQMD��QDMQLåMD�QD�GQX�VSRGQMHJD�SOHQXPD�LQ�QDMYLãMD�QD�QMHQHP�UREX��VOLND
����

6OLND������.ULWLþQD�JRVWRWD�WRSORWQHJD�WRND�QD�VWHQL�XNULYOMHQHJD�QRVLOFD��8/38���HNVSHULPHQW�
�7KHRIDQRXV��6\UL�������

'D� EL� QHGYRXPQR� RGJRYRULOL� QD� YSUDãDQMH�� NDWHUL� GHO� VSRGQMHJD� SOHQXPD� UHDNWRUVNH
SRVRGH� ER� QDMSUHM� L]SRVWDYOMHQ� NULWLþQL� JRVWRWL� WRSORWQHJD� WRND� T&+)�� ERGR� PRUDOL� ERGRþL
HNVSHULPHQWL� KNUDWL� XSRãWHYDWL� UD]SRUHGLWHY� QRWUDQMH� HQHUJLMH� V� SRPRþMR� QDUDYQH� NRQYHNFLMH� Y
VDPHP�VSRGQMHP�SOHQXPX�LQ�SURFHVH�XSDUMDQMD�QD�QMHJRYL�]XQDQML�VWHQL�

����1DUDYQD�NRQYHNFLMD

1DMSRPHPEQHMãL� PHKDQL]HP�� NL� NRQWUROLUD� RGYRG� WRSORWH� L]� WDOLQH� VUHGLFH� MHGUVNHJD
UHDNWRUMD��MH�QDUDYQD�NRQYHNFLMD��1DUDYQD�NRQYHNFLMD�GRORþXMH�RVQRYQL�WRNRYQL�Y]RUHF��V�WHP�SD
WXGL� SUHQRV� WRSORWQH� HQHUJLMH� Y� VSRGQMHP� SOHQXPX� LQ� WRSORWQR� REUHPHQLWHY� VWHQ�� =DUDGL
SRPHPEQRVWL�YORJH�QDUDYQH�NRQYHNFLMH�Y�WDOLQL��SUL�SUREOHPX�RKODMDQMD�VSRGQMHJD�SOHQXPD��MR�MH
SRWUHEQR�SRGUREQHMH�RSLVDWL�

'HILQLFLMD

9�VSORãQHP�QDUDYQR�NRQYHNFLMR�GHILQLUDPR�NRW�SRMDY��NMHU�MH�JLEDQMH�NDSOMHYLQH�SRVOHGLFD
YROXPHWULþQLK�VLO�LQ�JUDGLHQWRY�JRVWRWH��9ROXPHWULþQD�VLOD�MH�ODKNR�JUDYLWDFLMVND��FHQWULIXJDOQD�DOL
&RULROLVRYD��JUDGLHQWL�JRVWRWH�SD�VR�RELþDMQR�SRVOHGLFD�WHPSHUDWXUQLK�UD]OLN��9�YHþLQL�SULPHURY
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VH� JRVWRWD� NDSOMHYLQ� LQ� SOLQRY� ]� YLãDQMHP� WHPSHUDWXUH� ]PDQMãXMH� �� � ��r �K < � �� 7RSORWD� VH� Y
NDSOMHYLQL�SUHQDãD�QD���QDþLQH�LQ�VLFHU�V�SUHYRGRP�WRSORWH��NRQYHNWLYQLP�JLEDQMHP�LQ�WRSORWQLP
VHYDQMHP��3RVDPH]QL�UHåLPL�SUHQRVD�WRSORWH�SUHKDMDMR�PHG�VHERM�SUDYLORPD�QH]YH]QR�LQ�KLSQR�
7DNãQH�WRþNH�QHVWDELOQRVWL�SURFHVRY�Y�NDSOMHYLQL�VH�LPHQXMHMR�ELIXUNDFLMVNH�WRþNH�

6OLND�����1DUDYQD�NRQYHNFLMD�RE�VHJUHWL�VWHQL���,QFURSHUD��'H:LWW�������

ýH� NDSOMHYLQR� L]SRVWDYLPR� WHPSHUDWXUQL� UD]OLNL�� MH� SUHQRV� WRSORWH� VNR]L� NDSOMHYLQR
SRVOHGLFD� SUHYRGD� WRSORWH� PHG� VROHåQLPL� NDSOMHYLQVNLPL� GHOFL�� âHOH� NR� WHPSHUDWXUQD� UD]OLND
SUHLGH� NULWLþQR� YUHGQRVW� LQ� Y]JRQ� SUHPDJD� YLVNR]QH� VLOH�� VH� NDSOMHYLQD� SULþQH� JLEDWL�� 7RSOHMãD
NDSOMHYLQD�]�PDQMãR�JRVWRWR�VH�SULþQH�GYLJDWL��KODGQHMãD�NDSOMHYLQD�]�YHþMR�JRVWRWR�SD�VSXãþDWL�
7RNRYQL�SURILO�RE�VHJUHWL�QDYSLþQL�SORãþL�SRWRSOMHQL�Y�NDSOMHYLQR�MH�SULND]DQ�QD�VOLNL����

6WHQD� ]DUDGL� WHPSHUDWXUQH� UD]OLNH� �K
V�

!�K¹�� VHJUHYD� NDSOMHYLQR��.DSOMHYLQD� RE� VWHQL� LPD
]DWR� PDQMãR� JRVWRWR� QDSUDP� RNROLãNL� NDSOMHYLQL� LQ� VH� SULþQH� GYLJRYDWL�� 7RNRYQL� SURILO�� NL� JD
XVWYDUL� QDUDYQD� NRQYHNFLMD� MH� WDNR� ELVWYHQR� GUXJDþHQ� NRW� WRNRYQL� SURILO� Y� SULPHUX� SULVLOQH
NRQYHNFLMH�� 1DMYHþMD� KLWURVW� NDSOMHYLQH� Y�PHMQL� SODVWL� QL� QD� UREX�PHMQH� SODVWL� DPSDN� Y� QMHQL
QRWUDQMRVWL�� ýLP� EROM� VH� RGGDOMXMHPR� RG� VWHQH�� WHP� EROM� SUHYODGXMHMR� YLVNR]QH� VLOH� RNROLãNH
NDSOMHYLQH�� NL� ]DYLUDMR� JLEDQMH� NDSOMHYLQH�� QDG� Y]JRQVNLPL� VLODPL�� 7R� GHMVWYR� MH� ãH� SRVHEHM
SRPHPEQR� SUL� PRGHOLUDQMX� PHMQH� SODVWL� WXUEXOHQWQLK� WRNRY�� NMHU� MH� SRWUHEQR� ]LGQR� IXQNFLMR
WXUEXOHQWQH�YLVNR]QRVWL�SULUHGLWL�]D�UD]PHUH�QDUDYQH�NRQYHNFLMH��+RUYDW��.OMHQDN��������

0DWHPDWLþQL�RSLV

9�VSORãQHP�MH�JLEDQMH�NDSOMHYLQH�SUL�QDUDYQL�NRQYHNFLML�PRJRþH�]DSLVDWL�]�HQDþEDPL��
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r
� JRVWRWD� WRSORWQHJD� WRND� LQ� ,� YROXPHWULþQL� WRSORWQL� L]YRU�� VQRYVNH

ODVWQRVWL�SD�VR�WHPSHUDWXUQR�RGYLVQH��
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3UL� UHãHYDQMX� ãWHYLOQLK� SUDNWLþQLK� SUREOHPRY� VH� HQDþEH� ����� ����� ���� LQ� ���� ELVWYHQR
SRHQRVWDYLMR��þH�XSRUDELPR�QDVOHGQMH�SUHGSRVWDYNH��

� �1HZWRQRY�]DNRQ��YLVNR]QHJD�WHþHQMD�

� �)RXULHUMHY�]DNRQ�SUHYRGD�WRSORWH�

� �QHVWLVOMLYRVW�NDSOMHYLQH�

� �%RXVVLQHVTRYD�DSURNVLPDFLMD�Y]JRQVNLK�VLO�

� �OLQHDUQD�WHPSHUDWXUQD�RGYLVQRVW�JRVWRWH�� ( )KDb-r=r
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� �� ��������������

7DNR�MH�VHGDM��
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%UH]GLPHQ]LMVND�REOLND�HQDþE

=DUDGL� ODåMH�PHGVHERMQH� SULPHUMDYH�PRGHORY� QDUDYQH� NRQYHNFLMH� VR� HQDþEH� QDMYHþNUDW
SUHYHGHQH�Y�EUH]GLPHQ]LMVNR�REOLNR��NMHU�VR�NRW�VNDOH�XSRUDEOMHQH�QDVOHGQMH�RVQRYQH�YHOLþLQH��

YLãLQD�VLPXOLUDQHJD�SRGURþMD��
�
/ � ���

VQRYVNH�ODVWQRVWL�Y�L]EUDQL�UHIHUHQþQL�WRþNL��
�����

���� brzln � ����

WHPSHUDWXUQD�UD]OLND��
�

� KK ��R]��D �� ����

JHQHUDFLMD�WRSORWH��
�
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3UL� SUREOHPD� KODMHQMD� VSRGQMHJD� SOHQXPD� �VOLND� ��� ODKNR� JLEDQMH� NRYLQVNH� WDOLQH
R]QDþLPR�NRW�5D\OHLJK���%pQDUGRY�WLS�QDUDYQH�NRQYHNFLMH��VOLND������NMHU�MH�NDSOMHYLQD�JUHWD�RG
VSRGDM��JLEDQMH�RNVLGQH�WDOLQH�SD�NRW�QDUDYQR�NRQYHNFLMR�]�YROXPHWULþQR�UD]SRUHMHQLP�L]YRURP
WRSORWH� �VOLND� ����� 9� SULPHUX� YROXPHWULþQHJD� JUHWMD� NDSOMHYLQH� �VOLND� ���� MH� RVQRYQD� VNDOLUQD
YHOLþLQD�YROXPHWULþQD�JHQHUDFLMD�WRSORWH�,����L]�NDWHUH�MH�PRJRþH�L]UDþXQDWL�WHPSHUDWXUQR�VNDOR�K��
9�SULPHUX��NR�YROXPHWULþQR�JUHWMH�QL�SULVRWQR�LQ�VH�NDSOMHYLQD�VHJUHYD�VNR]L�VWHQH��VOLND������SD
MH�RVQRYQD�VNDOLUQD�YHOLþLQD�WHPSHUDWXUQD�UD]OLND�PHG�WRSOR�LQ�KODGQR�VWHQR�DK�

�
6OLND������*UHWMH�NDSOMHYLQH�VNR]L�VWHQH�

6OLND������9ROXPHWULþQR�JUHWMH�NDSOMHYLQH�

,]�RVQRYQLK�VNDO�GROåLQH��VQRYVNLK�ODVWQRVWL�LQ�WHPSHUDWXUH�R]��YROXPHWULþQH�JHQHUDFLMH�WRSORWH�MH
PRJRþH�L]SHOMDWL�RVWDOH�YHOLþLQH�VNDOLUDQMD�

WRSORWQD�GLIX]LYQRVW�
��

�

� rz
l

=u � ����

KLWURVW�
���

�

�

�

� //
F

rz
l

=
u

= � ����



PDJLVWUVNR�GHOR

��

þDV�
�

�

�

��

�

�

� l
zr==
/

F

/
W �� ����

WODN�
�

�

�

��

�

��

��� zr
l

=r=
/

FE �� ����

WRSORWQL�WRN�
�

�

�

������ l
zr==
/

,W,4 �� ����

WHPSHUDWXUD�
�

�

�

�

��

��

��

�

� l
=

rz
=

rz
=

/
,

W,4
K ��� ����

LQ�EUH]GLPHQ]LMVND�ãWHYLOD�

3UDQGWORYR�ãWHYLOR�
�

�

��

�

�3U
l
n

rz=
u
n

=� � ����

5D\OHLJKRYR�ãWHYLOR�
�

�

�

�

���

��

��

�

��

�� nl

b
rz

nl

Db
rz=

/,JK/J �
����R]�����

�
5D

rr

� ����

3UYD�REOLND�5D\OHLJKRYHJD�ãWHYLOD�YHOMD�Y�SULPHUX�JUHWMD�NDSOMHYLQH�VNR]L�VWHQH��GUXJD�REOLND�SD
]D�YROXPHWULþQR�JHQHUDFLMR�WRSORWH��'HFNHU���������3UDQGWORYR�ãWHYLOR������SRGDMD�UD]PHUMH�PHG
GLIX]LMR� JLEDOQH� NROLþLQH� LQ� WRSORWH�� 5D\OHLJKRYR� ãWHYLOR� ����� SD� UD]PHUMH� PHG� NRQYHNFLMR
JLEDOQH�NROLþLQH�]DUDGL�Y]JRQVNLK�VLO�LQ�QMHQR�GLIX]LMR�

8SRUDELPR� ]JRUDM� ]DSLVDQD� VSR]QDQMD� ��������� LQ� SUHYHGLPR� HQDþEH� ����� ���� LQ� ���� Y
EUH]GLPHQ]LMVNR�REOLNR��

� HQDþED�RKUDQLWYH�PDVH��

�=£Í Y
r

� ����

� HQDþED�RKUDQLWYH�JLEDOQH�NROLþLQH��

( ) ( )
J
J

K7EYY
W
Y

r

r
rr

r

5D3U
�
�

-£Í+-Í=�£Í+
�
�

3U
���

����

� HQDþED�RKUDQLWYH�HQHUJLMH��

( ) �� +Í=£Í+
�
�

KYK
W
K r

�
�
�

���

����

3RMDY�ELIXUNDFLMVNLK�WRþN�Y�NDSOMHYLQL

*OHGH�QD�YUHGQRVWL�REHK�VNDODUQLK�SDUDPHWURY�������������VH�UD]OLNXMHMR�WXGL�UHãLWYH�VLVWHPD
WUDQVSRUWQLK�HQDþE������������LQ�������7R�VWD�SUYD�RGNULOD�+HQUL�%pQDUG�OHWD�������NR�MH�VSUHPOMDO
JLEDQMH� ROMD�� JUHWHJD� VNR]L� GQR� SRVRGH�� LQ� /RUG� 5D\OHLJK�� NL� MH� WHRUHWLþQR� REGHODO� QMHJRYH
UH]XOWDWH�SR�QDþHOLK�OLQHDUQH�VWDELOQRVWQH�WHRULMH��'HFNHU��������

(NVSHULPHQWDOQR�MH�PQRåLFR�UD]OLþQLK�SRMDYRY�QDUDYQH�NRQYHNFLMH�WHåNR�]DMHWL�LQ�RSLVDWL�
âHOH�Y�VRGREQHP�þDVX�VR�UDþXQDOQLNL�RPRJRþLOL�QDWDQþQR�VSUHPOMDQMH�SRMDYD�QDUDYQH�NRQYHNFLMH



PDJLVWUVNR�GHOR

��

SUL� UD]OLþQLK� YUHGQRVWLK� EUH]GLPHQ]LMVNLK� SDUDPHWURY� �5D� LQ� 3U� ãWHYLOD�� LQ� SUL� UD]OLþQLK� UREQLK
SRJRMLK��1RYD�VSR]QDQMD� MH�SRYH]DOD� WHRULMD�QHOLQHDUQLK�GLQDPLþQLK�VLVWHPRY�R]�� WHRULMD�NDRVD�
NMHU�MH�ELOD�RVUHGQMD�SR]RUQRVW�RVUHGRWRþHQD�QD�LVNDQMH�SUHKRGQLK�WRþN��ELIXUNDFLMVNLK�WRþN��PHG
SRVDPH]QLPL�UHåLPL�

5D\OHLJK�%pQDUGRYD�NRQYHNFLMD��VOLND�����MH�QDMEROMH�UD]LVNDQ�LQ�RSLVDQ�SULPHU�QDUDYQH
NRQYHNFLMH��3UL�PDMKQLK�YUHGQRVWLK�5D\OHLJKRYHJD�ãWHYLOD�SRWHND�Y�NDSOMHYLQL� OH�SUHYRG�WRSORWH
LQ�NDSOMHYLQD�PLUXMH��.R�YUHGQRVW�5D\OHLJKRYHJD�ãWHYLOD�SUHVHåH�NULWLþQR�WRþNR�LQ�Y]JRQVNH�VLOH
SUHPDJDMR�YLVNR]QH�VLOH��VH�NDSOMHYLQD�SULþQH�JLEDWL��NDSOMHYLQD�MH�SUHãOD����ELIXUNDFLMVNR�WRþNR�
,]REOLNXMH�VH�NURåQR�JLEDQMH�]�YHþ�Y]SRUHGQR�OHåHþLPL�YDOML��VOLND�����

��������������������������������������������������������������������

6OLND�����5D\OHLJK���%pQDUGRYD�NRQYHNFLMD���,QFURSHUD��'H:LWW�������

.ROLNãQD�MH�NULWLþQD�YUHGQRVW�5D\OHLJKRYHJD�ãWHYLOD�MH�RGYLVQR�RG�JHRPHWULMH�SRVRGH��ýLP�YHþMH
MH� UD]PHUMH�GROåLQH�QDSUDP�YLãLQL�SRVRGH�� WHP�QLåMD� MH�NULWLþQD�YUHGQRVW�5D\OHLJKRYHJD�ãWHYLOD
�VOLND������=D�GYH�Y]SRUHGQL�QHVNRQþQL�SORãþL�]QDãD��5D

NULW
= �������,QFURSHUD��'H:LWW��������

âWHYLOR�YDOMHY� MH�RGYLVQR�RG� � JHRPHWULMH�SRVRGH��9HþMH�NRW� MH� UD]PHUMH�PHG�GROåLQR� LQ
YLãLQR�SRVRGH��YHþMH�ãWHYLOR�YUWLQFHY�VH�SRMDYL�RE�SUHNRUDþLWYL� 5D

NULW
��9�SULPHUX�NRFNDVWH�SRVRGH

�VOLND�����VH�SUL�SUHNRUDþLWYL����ELIXUNDFLMVNH�WRþNH�� ����=5D ��SRMDYL�OH�HQ�YDOM��3UL�SUHKRGX���
ELIXUNDFLMVNH�WRþNH�� ����=5D ��MH�SUDY�WDNR�PRJRþD��VWDELOQD��UHãLWHY�]�GYHPD��YUWLQFHPD��NL�SD
VH�OH�UHGNR�SRMDYL��3RMDY����ELIXUNDFLMVNH�WRþNH�RVWDQH�WDNR�QHL]UDåHQ��'HFNHU��������

6OLND�����1DVWRS�SUYH�LQ�GUXJH�ELIXUNDFLMVNH�WRþNH�SUL�5D\OHLJK�%pQDUGRYL�NRQYHNFLML�� �'HFNHU�
�����
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9� QDVSURWMX� ]� 5D\OHLJK�%pQDUGRYR� NRQYHNFLMR� �VOLND� ���� SD� MH� R� QDUDYQL� NRQYHNFLML
NDSOMHYLQH�]�QRWUDQMR�YROXPHWULþQR�JHQHUDFLMR� WRSORWH� LQ� UREQLPL�SRJRML�� SULND]DQL�QD� VOLNL� ���
PDOR� ]QDQHJD�� 3UHGVWDYOMHQL� UREQL� SRJRML� VR� QDPUHþ� SULUHMHQL� SUREOHPX� KODMHQMD� VSRGQMHJD
SOHQXPD��NL� MH�DNWXDOHQ�ãHOH�Y�]DGQMHP�þDVX��=DUDGL� WHJD� VR�]QDQL� OH� VSORãQL� WRNRYQL�Y]RUFL� LQ
YUHGQRVWL�SUHQRVD�WRSORWH�VNR]L�VWHQR��L]UDåHQH�Y�REOLNL�1XVVHOWRYHJD�ãWHYLOD��

��
la= /1X � ����

SUL� VSHFLILþQLK� YUHGQRVWL� 5D� ãWHYLOD�� 3R� SUHKRGX� ��� ELIXUNDFLMVNH� WRþNH� SUHLGH� NDSOMHYLQD� Y
JLEDQMH�� =DUDGL� HQDNRPHUQHJD� YROXPHWULþQHJD� JUHWMD� LQ� RGVRWQRVWL� RGYRGD� WRSORWH� VH� SULþHQMD
NDSOMHYLQD�Y�VUHGLQL�SRVRGH�GYLJRYDWL��9�VWLNX�V�KODGQLPL�VWHQDPL�VH�NDSOMHYLQD�RKODMD�LQ�VSXãþD�
NRW�SULND]XMH�WRNRYQR�SROMH�QD�VOLNL�����6�SRYHþHYDQMHP�UD]PHUMD�GROåLQH�QDSUDP�YLãLQL�SRVRGH
VH� NULWLþQD� YUHGQRVW� 5D\OHLJKRYHJD� ãWHYLOD� 5D

NULW
� ]PDQMãXMH� LQ� Y]SRVWDYL� VH� YHþMH� ãWHYLOR

FLUNXODFLMVNLK�YDOMHY��'LQK�HW�DO���������

�

���

���

���

���

���

���

���

���

���

�

��� ��� ��� ��� ��� ��� ��� ��� ��� �

[�/

6OLND�����7RNRYQR�SROMH�NDSOMHYLQH�SUL�YROXPHWULþQHP�JUHWMX����+RUYDW��.OMHQDN�������

3UHKRG�Y�WXUEXOHQWHQ�UHåLP�WRND

1DUDYQD� NRQYHNFLMD� L]YLUD� L]� WHUPLþQH� QHVWDELOQRVW� NDSOMHYLQH�� NL� MH� L]SRVWDYOMHQD
WHPSHUDWXUQHPX�JUDGLHQWX��7RSOD��ODåMD�NDSOMHYLQD�VH�JLEOMH�QDY]JRU��KODGQD��WHåMD�NDSOMHYLQD�SD
QDY]GRO�� 7HUPLþQH� QHVWDELOQRVWL� ODKNR� RE� ]DGRVWQL� MDNRVWL� YRGLMR� GR� KLGURGLQDPLþQLK
QHVWDELOQRVWL�

6OLND�����3UHKRG�ODPLQDUQHJD�UHåLPD�WRND�Y�WXUEXOHQWQL���,QFURSHUD��'H:LWW�������
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7R�SRPHQL�� GD� VH�PRUHELWQD�PRWQMD� Y� NDSOMHYLQL� RMDþXMH� LQ� QH� ]DPUH� ]DUDGL� YLVNR]QLK� VLO�� NDU
YRGL�GR�SUHKRGD�Y�WXUEXOHQWQL�UHåLP�WRND��VOLND������3UHKRG�L]�ODPLQDUQHJD�Y�WXUEXOHQWQL�UHåLP
WRND� MH� QDMEROM� RGYLVHQ� RG� UD]PHUMD� Y]WUDMQRVWQLK� �Y]JRQVNLK�� LQ� GLIX]LMVNLK� VLO� Y� NDSOMHYLQL�
=DUDGL�WHJD�VH�QDVWRS�WXUEXOHQFH�Y�SULPHUX�QDUDYQH�NRQYHNFLMH�QDMYHþNUDW�SRYH]XMH�]�YUHGQRVWPL
5D\OHLJKRYHJD� ãWHYLOD��8JRWRYOMHQR� MH� ELOR�� GD� ODKNR� SULþDNXMHPR� SUHKRG� Y� WXUEXOHQWHQ� UHåLP
WRND�� Y� SULPHUX� JUHWMD� YHUWLNDOQH� VWHQH�� SUL� ���Ì5D � �,QFURSHUD�� 'H:LWW�� ������� Y� SULPHUX
5D\OHLJK� �� %pQDUGRYH� NRQYHNFLMH� �VOLND� ����� SUL� ���� £>5D �'HFNHU�� ������� LQ� Y� SULPHUX
NDSOMHYLQH� ]�YROXPHWULþQLP�JUHWMHP� �VOLND������ SUL� ���>5D �'HFNHU�� ����� LQ�+RUYDW��.OMHQDN�
������

1DUDYQD�NRQYHNFLMD�Y�WDOLQL�MHGUVNH�VUHGLFH

3UL� SUREOHPX� KODMHQMD� VSRGQMHJD� SOHQXPD� VWD� ELOL� VWUXNWXUD� WRND� NDSOMHYLQH� LQ� QMHQR
WHPSHUDWXUQR� SROMH� SUYLþ� SULND]DQL� Y� 0D\LQJHU� HW� DO�� ������� LQ� *DERU� HW� DO�� �������
9HURGRVWRMQHMãR�VOLNR�MH�PRJRþH�QDMWL�Y�þODQNLK��$VILD��'KLU���������LQ�$VILD�HW�DO�����������NMHU�VR
HNVSHULPHQWL� L]YHGHQL� V� IUHRQRP� 5����� JUHWLP� ]� PLNURYDORYL�� (NVSHULPHQWDOQD� QDSUDYD� MH
SULND]DQD�QD�VOLNL����

6OLND�����(NVSHULPHQW�QDUDYQH�NRQYHNFLMH�NDSOMHYLQH�]�QRWUDQMR�JHQHUDFLMR�WRSORWH���$VILD�HW�DO��
�����

.OMXE�WHPX��GD�MH�ELOD�YUHGQRVW�3UDQGWORYHJD�ãWHYLOD����YUHGQRVW�5D\OHLJKRYHJD�ãWHYLOD�SD
MH� GRVHJOD� ������ MH� PRJRþH� ]DNOMXþLWL� JODYQH� ]QDþLOQRVWL� FLUNXODFLMH� Y� VSRGQMHP� SOHQXPX�
.DSOMHYLQD�VH�]DUDGL�QRWUDQMH�JHQHUDFLMH�WRSORWH�Y�VUHGLQL�SRVRGH�GYLJXMH��RE�VWUDQHK�VH�RKODMD�LQ
VH�WHåMD�VSXãþD�SURWL�GQX��7DNR�VH�NDSOMHYLQD�UD]VORML�SURWL�GQX�QD�YHGQR�KODGQHMãH�LQ�SRVOHGLþQR
WXGL�JRVWHMãH�SODVWL��VOLND������*UDGLHQWL� WHPSHUDWXUQHJD�SROMD� LQ�YUHGQRVWL�1XVVHOWRYHJD�ãWHYLOD
VR�QDMYHþML�QD�YUKX��WLN�SRG�JODGLQR��LQ�QDMPDQMãL�QD�GQX��=DUDGL�WHJD�EL�Y�SULPHUX�WHåNH�QHVUHþH
QDMYHþMR� WRSORWQR� REUHPHQLWHY� QRVLO� SUHGHO� RNROL� HNYDWRUMD� VSRGQMHJD� SOHQXPD� LQ� QH� QMHJRYR
GQR�
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6OLND�����7HPSHUDWXUQR�SROMH�IUHRQD�5����Y�R&�SUL�KODMHQL�]JRUQML�VWUDQL���$VILD��'KLU�������

7D�VSR]QDQMD�QLVR�ELOD�RYUåHQD�QLWL�NDVQHMH��NR�VR�]�HNVSHULPHQWL�$&232�YHURGRVWRMQHMH
SRQD]RULOL� SRJRMH� Y� ED]HQX� RNVLGQH� WDOLQH�� 7XGL� Y� WHK� HNVSHULPHQWLK� MH� ELO� NRW� GHORYQD� VQRY
XSRUDEOMHQ� IUHRQ�5����R]�� YRGD��1DPHVWR�� GD�EL� GHORYQR� VQRY�YROXPHWULþQR� VHJUHYDOL�� VR� UDMH
RKODMDOL� VWHQH� HNVSHULPHQWDOQH� SRVRGH�� 7DNR� VR� GRVHJOL� YUHGQRVWL� 5D\OHLJKRYHJD� ãWHYLOD� GR
� ����£ �� NDU� SRSROQRPD� XVWUH]D� QH]JRGQLP� SRJRMHP�� 3UHQRV� WRSORWH� QD� VIHULþQL� VWHQL
HNVSHULPHQWDOQH�QDSUDYH�MH�SULND]DQ�QD�VOLNL����

2VQRYQD� VSR]QDQMD� VR�RVWDOD� QHVSUHPHQMHQD�� NRUHODFLMVNL� QDVWDYNL� ]D� SUHQRV� WRSORWH� QD
VSRGQML�VWHQL�LQ�QD�]JRUQML�JODGLQL�SD�VR�ELOL�YVOHG�QRYLK�PHUVNLK�UH]XOWDWRY�SRSUDYOMHQL��YHQGDU
QDMYHþ� ]D� ��� RGVWRWNRY�� 3UDY� WDNR� MH� ELOR� XJRWRYOMHQR�� GD� 3UDQGWORYR� ãWHYLOR� QH� YSOLYD� QD
SRYSUHþHQ� SUHQRV� WRSORWH�� DPSDN� LPD� OH� ORNDOHQ� YSOLY� QD� WRNRYQR� SROMH� �7KHRIDQRXV� HW� DO��
����D��7KHRIDQRXV�HW�DO�������E��

6OLND�����5D]SRUHGLWHY�SUHQRVD�WRSORWH��1X�ãWHYLOD��QD�VWHQL�HNVSHULPHQWDOQH�QDSUDYH�$&232�
�7KHRIDQRXV�HW�DO�������E�

9]SRUHGQR�]�HNVSHULPHQWDOQLP�GHORP�VR�WHNOD�WXGL�QXPHULþQD�SUL]DGHYDQMD�]D�RFHQR�LQ
SRGUREQHMãL� RSLV� QDUDYQH� NRQYHNFLMH� Y� QRWUDQMRVWL� VSRGQMHJD� SOHQXPD�� 3UL� WHP� MH� SRJODYLWHQ
SUREOHP�PRGHOLUDQMH�WXUEXOHQFH�Y�SRJRMLK�Y]JRQVNLK�WRNRY��9�WXUEXOHWQHP�WRNRYQHP�UHåLPX�MH
QDPUHþ�VNDOD�VSUHPHPE�YHOLþLQ�WRND�NDSOMHYLQH�PQRJR�PDQMãD�NRW�Y�SULPHUX�ODPLQDUQLK�WRNRY�
'D�EL�ODKNR�RSLVDOL�WD�GHO�JLEDQMD�WHNRþLQH��EL�ELOR�SRWUHEQR�QXPHULþQR�PUHåR�XVWUH]QR�]JRVWLWL�]
XSRUDER� GRGDWQLK� GLVNUHWL]DFLMVNLK� WRþN�� þDVRYQL� NRUDN� QXPHULþQH� LQWHJUDFLMH� SD� XVWUH]QR
]PDQMãDWL�� 0HMH� UDþXQDOQLãNLK� ]PRJOMLYRVWL� VR� JODYQD� RPHMLWHY� ãWHYLOD� GLVNUHWL]DFLMVNLK� WRþN�
=DWR� VL� SRQDYDGL� SRPDJDPR� ]� UD]OLþQLPL� WXUEXOHQWQLPL� PRGHOL�� 2VQRYH� SRVWDYLWYH� UD]OLþQLK
WXUEXOHQWLK�PRGHORY�VR�RSLVDQH�Y�QDVOHGQMHP�SRJODYMX� ��
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���.DVNDGQL�SUHQRV�HQHUJLMH�Y�WRNX�NDSOMHYLQH

9�WHP�SRJODYMX�VR�SRGDQH�RVQRYH�SUHQRVD�HQHUJLMH�PHG�VWUXNWXUDPL�Y�NDSOMHYLQL��*LEDQMH
NDSOMHYLQH�ODKNR�Y�VSORãQHP�UD]GHOLPR�JOHGH�QD�YHOLNRVW�VWUXNWXU��NL�VH�SRMDYOMDMR�Y�WRNX��*OHGH
QD�SRJRVWRVW�SRMDYD�SRVDPH]QLK�YHOLNRVWL�ORþLPR�UD]OLþQH�WRNRYQH�UHåLPH�NDSOMHYLQH��ODPLQDUQL�
SUHKRGQL� LQ� WXUEXOHQWQL� UHåLP� WRND�� 1DMSRJRVWHMH� MH� ]JRUDM� RSLVDQD� UD]GHOLWHY� SUHGVWDYOMHQD� Y
)RXULHUMHYHP�VSHNWUDOQHP�SURVWRUX�

����0DWHPDWLþQL�RSLV

=DSLãLPR�NRUHODFLMR�GYHK�ORNDOQR�ORþHQLK�RGVWRSDQM�VNDODUMD�RG�VWDWLVWLþQHJD�SRYSUHþMD�

( ) ( )WU5KW5K �C�C
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.RUHODFLMR� GYHK� YHNWRUVNLK� YHOLþLQ� �KLWURVWL�� MH� SRWUHEQR� ]DSLVDWL� NRW� WHQ]RUVNL� SURGXNW�
6WDWLVWLþQR�SRYSUHþMH�NRUHODFLMVNHJD�WHQ]RUMD�RGVWRSDQM�]DSLãHPR�NRW��
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.RUHODFLMVNL� WHQ]RU� VWDWLVWLþQHJD� SRYSUHþMD� KLWURVWL� SUHVOLNDPR� Y� )RXULHUMHY� SURVWRU�� 7DNR� VPR
SULGRELOL�WHQ]RU�HQHUJLMVNHJD�VSHNWUD��
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=DUDGL� ODåMH� NDVQHMãH� XSRUDEH� MH� SULURþQHMH� L]SRVWDYLWL� VNDODUQR� YHOLþLQR�� 7DNR� MH� QDVWDOD
WULGLPHQ]LRQDOQD� IXQNFLMD� HQHUJLMVNHJD� VSHNWUD�� NL� MH� GHILQLUDQD� V� SRPRþMR� VOHGL� WHQ]RUMD
HQHUJLMVNHJD�VSHNWUD�
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7R�YHOLþLQR� MH�]�YHOLNRVWMR� VWUXNWXU� WRND�NDSOMHYLQH�SUYL�SRYH]DO�.ROPRJRURY��2G� WHGDM� MH�ELOD
WULGLPHQ]LRQDOQD� IXQNFLMD� HQHUJLMVNHJD� VSHNWUD� LQWHQ]LYQR� HNVSHULPHQWDOQR� LQ� WHRUHWLþQR
SUHXþHYDQD�

����(QHUJLMVNL�VSHNWHU�JLEDQMD�NDSOMHYLQH

� (NVSHULPHQWL� VR� UD]NULOL�� NDNR� MH� HQHUJLMVNL� VSHNWHU� RGYLVHQ� RG� YDORYQHJD� ãWHYLOD
SRVDPH]QLK�VWUXNWXU�WRND��VOLND������.OMXE�WHPX�SD�YVH�GR�GDQHV�ãH�QL�ELOR�WHRULMH��NL�EL�Y�FHORWL
WHRUHWLþQR�SRYH]DOD�HNVSHULPHQWDOQD�GRJQDQMD�]D�YVH�YHOLNRVWL�YDORYQLK�ãWHYLO� k �

.RW�YLGLPR�QD�VOLNL����VH�VSHNWHU�SUHFHM�VSUHPLQMD�þH]�FHORWQR�REPRþMH�YDORYQHJD�ãWHYLOD
k ��1D�OHYL�VWUDQL�GLDJUDPD�VR�QDMYHþMH�VWUXNWXUH��NL� LPDMR�WXGL�QDMYHþMR�YDORYQR�GROåLQR� l �R]�
QDMPDQMãH� YDORYQR� ãWHYLOR k �� 7DNR� MH� QD� VNUDMQL� OHYL� VWUDQL� GLDJUDPD� ODPLQDUQL� WRN�� 1D� GHVQL
VWUDQL� GLDJUDPD� VR� QDMPDQMãH� VWUXNWXUH�� NL� LPDMR� QDMPDQMãH� YDORYQR� GROåLQR� l � R]�� QDMYHþMH
YDORYQR�ãWHYLOR k ��1DMPDQMãL�YUWLQFL�QD�VNUDMQL�GHVQL�VWUDQL�GLDJUDPD�L]JLQMDMR�]DUDGL�YLVNR]QH
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GLVLSDFLMH�Y�NDSOMHYLQL��NLQHWLþQD�HQHUJLMD�NDSOMHYLQH�SD�VH�VSUHPLQMD�Y�WRSORWR��9PHVQR�SRGURþMH�
NMHU� VH� HQHUJLMD� SUHQDãD� ]� YHOLNLK� VWUXNWXU� QD�PDQMãH� MH� HNVSHULPHQWDOQR� LQ� WHRUHWLþQR� QDMEROM
]DKWHYQR�� 9� VSORãQHP� LPHQXMHPR� WXUEXOHQWQR� JLEDQMH� NDSOMHYLQH� FHORWQR� SRGURþMH� VSORãQHJD
UDYQRYHVMD��XQLYHUVDO�HTXLOLEULXP�UDQJH���NMHU�YHOMD�]DNRQ�.ROPRJRURYD��

( ) ������� -ke=k $W(
�

����

SUL� þHPHU� MH�$� SDUDPHWHU�� e � YLVNR]QD� GLVLSDFLMD� LQ� k YDORYQR� ãWHYLOR�� 3UHGVWDYOMHQD� GRJQDQMD
�VOLND�����VR�RPHMHQD�OH�QD�KRPRJHQR�LQ�L]RWURSQR�WXUEXOHQWQR�JLEDQMH�

6OLND�����2GYLVQRVW�WULGLPHQ]LRQDOQH�IXQNFLMH�HQHUJLMVNHJD�VSHNWUD�(�RG�YDORYQHJD�ãWHYLOD� k
WRNRYQLK�VWUXNWXU���+LQ]H�������

(NVSHULPHQWDOQR� VR� ELOH� XJRWRYOMHQH� SUHFHM� UD]OLþQH� ]DNRQLWRVWL� ]D� SRVDPH]QD� REPRþMD
YDORYQLK� ãWHYLO� k �� 9HOLNL� YUWLQFL� UD]SDGDMR� QD�PDQMãH�� NDU� LPD� ]D� SRVOHGLFR� SUHQRV� NLQHWLþQH
HQHUJLMH� V� VWUXNWXU� ]�PDMKQLP� YDORYQLP� ãWHYLORP� QD� VWUXNWXUH� ]� YHOLNLP� YDORYQLP� ãWHYLORP k �
3UREOHP� PRGHOLUDQMD� WXUEXOHQWQLK� SRMDYRY� OHåL� Y� PDMKQRVWL� VWUXNWXU� WXUEXOHQWQHJD� WRND
�SUHYHOLND� YDORYQD� ãWHYLOD��� NL� MLK� QH� PRUHPR� GRYROM� QDWDQþQR� RSLVDWL� ]� GLVNUHWQR� QXPHULþQR
PUHåR�� 7LSLþQD� QDSDND�� NL� VH� SUL� WHP� SRMDYOMD�� MH� RGYLVQRVW� UH]XOWDWRY� RG� JRVWRWH� XSRUDEOMHQH
QXPHULþQH�PUHåH��=DUDGL�WHJD�MH�SRWUHEQR�SUHQRV�NLQHWLþQH�HQHUJLMH�WRND�NDSOMHYLQH�UD]GHOLWL�QD
YHþ�QLYRMHY�DOL�NDVNDG�

����'HOLWHY�QD�HQHUJLMVNH�NDVNDGH

9� SUDNVL� QXPHULþQHJD� PRGHOLUDQMD� WXUEXOHQFH� Y� NDSOMHYLQL� MH� SUHQRV� NLQHWLþQH� HQHUJLMH
UD]GHOMHQ� SRQDYDGL� OH� QD� GYD� QLYRMD� LQ� VLFHU� QD� QLYR�� NL� JD� EUH]� WHåDY� RSLãHPR� ]� QXPHULþQR
GLVNUHWL]DFLMR��VHSDUDELOQL�GHO��LQ�QLYR��NL�MH�]D�QXPHULþQR�GLVNUHWL]DFLMR�´QHYLGHQ���UHVLGXXP��
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1D� WD� QDþLQ� GRELPR� GYH� ORþHQL� SUHQRVQL� HQDþEL� LQ� VLFHU� ]D� SUHQRV� NLQHWLþQH� HQHUJLMH
VHSDUDELOQHJD�GHOD�KLWURVWL�LQ�SUHQRV�NLQHWLþQH�HQHUJLMH�UHVLGXXPD�KLWURVWL�

,]YHGLPR� VSORãQR� SRYSUHþHQMH� HQDþEH� RKUDQLWYH� JLEDOQH� NROLþLQH� ������ QHRGYLVQR� RG
SRVDPH]QH�PHWRGH�SRYSUHþHQMD��
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(QDþER� SUHQRVD� NLQHWLþQH� HQHUJLMH� VHSDUDELOQHJD� GHOD� KLWURVWL� GRELPR�� þH� SRYSUHþHQR
HQDþER�RKUDQLWYH�JLEDOQH�NROLþLQH������SRPQRåLPR�V�VHSDUDELOQLP�GHORP�KLWURVWL� Y
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8RNYLUMHQ� þOHQ� SUHGVWDYOMD� SRQRU� NLQHWLþQH� HQHUJLMH� p � QD� QLYRMX� PDMKQLK� YDORYQLK� ãWHYLO� LQ
SUHQRV�QD�QLYR�YHOLNLK�YDORYQLK�ãWHYLO� k �

(QDþER�SUHQRVD�NLQHWLþQH�HQHUJLMH�UHVLGXXPD�KLWURVWL�GRELPR��þH�HQDþER�RKUDQLWYH�JLEDOQH
NROLþLQH������SRPQRåLPR�V�KLWURVWMR��
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2G�QMH�RGãWHMHPR�HQDþER�SUHQRVD�NLQHWLþQH�HQHUJLMH�VHSDUDELOQHJD�GHOD�KLWURVWL�������
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.HU�MH�NLQHWLþQD�HQHUJLMD�UHVLGXXPD�VOHG�NRUHODFLMVNHJD�WHQ]RUMD�
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3UL� UHãHYDQMX� SUREOHPD� QDUDYQH� NRQYHNFLMH� Y� NDSOMHYLQL� ]� QRWUDQMR� YROXPHWULþQR
JHQHUDFLMR� WRSORWH� VHP� VH� RPHMLO� QD� GYRGLPHQ]LRQDOQR� VLPXODFLMR�� ,]� WHJD� UD]ORJD� VR� HQDþEH
L]SHOMDQH�Y�YHNWRUVNL�REOLNL�]DSLVDQH�OH�]D�GYH�NRRUGLQDWQL�RVL��[�LQ�\�

����0HWRGD�NRQþQLK�YROXPQRY

=D� SURVWRUVNR� GLVNUHWL]DFLMR� VHP� XSRUDELO�PHWRGR� NRQþQLK� YROXPQRY�� NL� MH� OH� QHNROLNR
VSUHPHQMHQD� PHWRGD� NRQþQLK� UD]OLN�� 2VQRYQD� UD]OLND� PHG� REHPD� PHWRGDPD� MH� Y� ]DSLVX
IL]LNDOQLK� YHOLþLQ�� 0HGWHP�� NR� PHWRGD� NRQþQLK� UD]OLN� REUDYQDYD� HQDþEH� ������ ����� LQ� ����� Y
QMLKRYL� GLIHUHQFLDOQL� REOLNL�� SD� Y� SULPHUX� PHWRGH� NRQþQLK� YROXPQRY� SUHYHGHPR� HQDþEH
RKUDQLWYHQLK�]DNRQRY�Y�QMLKRYR�LQWHJUDOQR�REOLNR��2KUDQLWYH�PDVH��JLEDOQH�NROLþLQH�LQ�HQHUJLMH
VR� ]DWR� REUDYQDYDQH� ]D� YVDN� NRQþQL� YROXPHQ�SRVHEHM�� IOXNVL�PHG� FHOLFDPL� SD� MDVQR� GRORþHQL�
9Hþ�R�PHWRGL�NRQþQLK�YROXPQRY�MH�PRJRþH�SUHEUDWL�Y�9HUVWHHJ�HW�DO���������
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NRQþQL� YROXPQL�� NL� VH� GHOQR� SUHNULYDMR� �VOLND� ����� 9� VUHGLQL� YVDNHJD� NRQþQHJD� YROXPQD� MH
GHILQLUDQD� QXPHULþQD� WRþND� SRVDPH]QH� IL]LNDOQH� YHOLþLQH�� 9� VUHGLQL� RVUHGQMHJD� NRQþQHJD
YROXPQD��SRLPHQRYDQHJD�]�0��VR�GHILQLUDQH�VNDODUQH�YHOLþLQH��WODN� f ��WHPSHUDWXUD�K���Y�VUHGLQL
NRQþQHJD� YROXPQD�8� � MH� GHILQLUDQD� KLWURVW� Y� VPHUL� [� �Y[��� LQ� Y� VUHGLQL� NRQþQHJD� YROXPQD�9
KLWURVW�Y�VPHUL�\��Y\��
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(QDþEH� RKUDQLWYHQLK� ]DNRQRY� ������ ����� LQ� ������ ]DSLVDQH� Y� ]YH]QHP� SURVWRUX�
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/
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�
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=D� NUDMHYQR� GLVNUHWL]DFLMR� IOXNVRY� VHP� L]EUDO� FHQWUDOQR�VLPHWULþQR� VKHPR� ��� UHGD
QDWDQþQRVWL��+DUORZ��:HOVK��������Y�RKUDQLWYHQL�REOLNL��3UREOHP�YVDNH�NUDMHYQH�GLVNUHWL]DFLMH�MH
QH]DGRVWQD�UD]SRUHGLWHY�QXPHULþQLK�UDþXQVNLK�WRþN��7R�SRPHQL��GD�WRþNH�QLVR�GHILQLUDQH�QD�YVHK
PHVWLK�� NMHU� EL� MLK� SRWUHERYDOL�� =DWR� MH� SRWUHEQR� Y� SULPHUX� QHHNYLGLVWDQþQH� PUHåH�� NDNUãQR
L]GHODQL� SURJUDP� GRSXãþD�� YUHGQRVWL� LQWHUSROLUDWL�� *OHGH� QD� VKHPR� ��� UHGD� QDWDQþQRVWL� MH� ELOD
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ýDVRYQD� GLVNUHWL]DFLMD� MH� SRSROQRPD� ORþHQD� RG� NUDMHYQH� GLVNUHWL]DFLMH�� =D� HQDþER
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������3URMHNFLMVND�VKHPD
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MH� ELOD� XSRUDEOMHQD� PHWRGD� $',� �$OWHUQDWLQJ� 'LUHFW� ,PSOLFLW��� 5HODNVDFLMVNL� SDUDPHWUL� VR� ELOL
GRORþHQL� SR� SRVWRSNX� 3HDFHPDQ�5DFKIRUG� RSLVDQHP� Y� 6WRHU�� %XOLUFK� �������� 3R� L]UDþXQX
WODþQHJD� SROMD� MH� SRWUHEQR� NRULJLUDWL� KLWURVW�� NRW� MH� SULND]DQR� Y� HQDþEDK� ����� LQ� ������ 9Hþ� R
PHWRGL�$',�MH�PRJRþH�SUHEUDWL�Y�3UHVV�HW�DO���������

������0HWRGD�$GDP�%DVKIRUG

=D� SULGRELWHY� YUHGQRVWL� �

 � +Q
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KYY LQ������ � MH� ELOD� XSRUDEOMHQD� YHþNRUDþQD� PHWRGD� $GDP�

%DVKIRUG����UHGD�QDWDQþQRVWL��SULUHMHQD�]D�REUDYQDYR�QHHQDNRPHUQLK�þDVRYQLK�NRUDNRY��3RVWRSHN
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NMHU�MH� �-D QW �þDVRYQL�NRUDN�PHG� �-QW �LQ� QW �� QWD �SD�þDVRYQL�NRUDN�PHG� QW �LQ� �+QW �
(NVSOLFLWQD�PHWRGD�$GDP�%DVKIRUG�VH�MH�L]ND]DOD�]D�EROM�UREXVWQR�LQ�]DQHVOMLYR�RG�VHPL�

LPSOLFLWQH�PHWRGH�&UDQN�1LFROVRQ��+LUVFK���������LQ�]D�KLWUHMãR�RG�PHWRGH�5XQJH�.XWWD��)ULQN
HW��DO�����������*RWWOLHE�HW��DO�����������+X�HW��DO����������NDU�VHP�WXGL�SUHL]NXVLO�

����6WDELOQRVWQL�NULWHULML

=D� GRORþLWHY� YHOLNRVWL� þDVRYQHJD� NRUDND� QXPHULþQH� LQWHJUDFLMH� VHP� XSRUDELO� 9RQ
1HXPDQQRYR�VWDELOQRVWQR�DQDOL]R���5H]XOWDWL�WH�DQDOL]H�VR�VWDELOQRVWQL�SRJRML��QD�RVQRYL�NDWHULK
VHP�L]UDþXQDO�GRYROMHQ�þDVRYQL�NRUDN��2SR]RULP�QDM��GD�SULGREOMHQL�VWDELOQRVWQL�SRJRML�YHOMDMR�]D
OLQHDUQH� GLIHUHQFLDOQH� HQDþEH� V� NRQVWDQWQLPL� NRHILFLHQWL� LQ� ]DWR� OH� GHOQR� YHOMDMR� ]D� QHOLQHDUQH
HQDþEH�RKUDQLWYHQLK�]DNRQRY�����������

9RQ� 1HXPDQQRYD� DQDOL]D� VORQL� QD� GHMVWYX�� GD� MH� PRJRþH� SROMH� SROMXEQH� IL]LNDOQH
NROLþLQH�� RSLVDQH� ]� QXPHULþQLPL� WRþNDPL�� UD]VWDYLWL� QD� SRVDPH]QH� YDORYH� V� )RXULHUMHYLP
SRVWRSNRP�� 6WDELOQRVWQL� NULWHULML� PRUDMR� ]DJRWRYLWL�� GD� VH� QREHQHPX� YDOX� DPSOLWXGD
QHQDG]RURYDQR�QH�SRYHþXMH��,]�WHJD�SRJRMD�VOHGL��GD�WXGL�QDSDND�þDVRYQR�NUDMHYQH�GLVNUHWL]DFLMH
V�þDVRYQLP�UD]YRMHP�QH�QDUDãþD�



PDJLVWUVNR�GHOR

��

6WDELOQRVWQH� NULWHULMH�� NL� RPHMXMHMR� þDVRYQL� NRUDN�� VHP� L]SHOMDO� ]D� GYRGLPHQ]LRQDOQL
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9Hþ� R� VWDELOQRVWQLK� PHWRGDK� NRQYHNFLMVNR�GLIX]LMVNLK� HQDþE� Y� YHþGLPHQ]LRQDOQHP
SURVWRUX�MH�PRþ�QDMWL�Y�+LQGPDUVK�HW�DO���������



PDJLVWUVNR�GHOR

��

���� 5H]XOWDWL�LQ�UD]SUDYD

1DUDYQR� NRQYHNFLMR� Y� WDOLQL� VUHGLFH� Y� VSRGQMHP� SOHQXPX� UHDNWRUVNH� SRVRGH� VHP
PRGHOLUDO�NRW�QDUDYQR�NRQYHNFLMR�NDSOMHYLQH�]�QRWUDQMR�JHQHUDFLMR�WRSORWH�Y�NYDGUDWQL�SRVRGL�SUL
YUHGQRVWLK� 5D\OHLJKRYHJD� ãWHYLOD� ����=5D � LQ� 3UDQGWORYHJD� ãWHYLOD� ���=3U �� 9UHGQRVW
5D\OHLJKRYHJD� ãWHYLOD� ����=5D � VHP� L]EUDO�� GD� EL� ODKNR� VYRMH� L]UDþXQH� SULPHUMDO� ]� L]UDþXQL� Y
1RXUJDOLHY�HW�DO����������7R�MH�HGLQL�UD]SRORåOMLYL�YLU��NL�SROHJ�SRYSUHþQH�YUHGQRVWL�1XVVHOWRYHJD
ãWHYLOD� SRGDMD� WXGL� LQIRUPDFLMR� R� QMHJRYL� ORNDOQL� UD]SRUHGLWYL� LQ� WDNR� RPRJRþD� NYDQWLWDWLYQR
SULPHUMDYR�ORNDOQHJD�SUHQRVD�WRSORWH�QD�VWHQL�

9UHGQRVW�3UDQGWORYHJD�ãWHYLOD� ���=3U ��SR�]DJRWRYLOX�VWURNRYQMDNRY��'LQK�HW�DO��������
1RXUJDOLHY� HW� DO��� ������� XVWUH]D� WDOLQL� MHGUVNH� VUHGLFH�Y� VSRGQMHP�SOHQXPX� ãH� SUHG� SULþHWNRP
UD]VORMHYDQMD� QD� NRYLQVNR� LQ� RNVLGQR� SODVW�� 7DOLQD� VH� WDNUDW� YHGH� NRW� KRPRJHQD� ]PHV�� =DUDGL
NRYLQVNLK�NRPSRQHQW�)H��LQ�=U��MH�YUHGQRVW�3UDQGWORYHJD�ãWHYLOD�WDNR�QL]NR�RFHQMHQD�

����=DþHWQL��LQ�UREQL�SRJRML

=DþHWQL� SRJRML� HQDþE� RKUDQLWYHQLK� ]DNRQRY� ���������� VR� ELOL� SRVWDYOMHQL� QD� RVQRYL
SUHGSRVWDYNH��GD�VH�WDOLQD�SR�]DþHWNX�L]OLYD�Y�VSRGQML�SOHQXP�]DUDGL�RELOLFH�YRGH�RKODGL�QD�YVHJD
����GR����.��âHOH��NR�YVR�KODGLOR�L]SDUL��VH�WHPSHUDWXUD�]DþQH�GYLJRYDWL��,]�WHJD�UD]ORJD�MH�ELOD
EUH]GLPHQ]LMVND�WHPSHUDWXUD�K�QD�]DþHWNX�SRVWDYOMHQD�QD����SUDY�WDNR�KRUL]RQWDOQD�KLWURVW�Y

[

� LQ
YHUWLNDOQD�KLWURVW�Y

\

��7DOLQD�SUHG�QDVWRSRP�QDUDYQH�NRQYHNFLMH�PLUXMH�

6OLND������5REQL�SRJRML�VLPXODFLMVNHJD�SRGURþMD�

=D�UHãHYDQMH�HQDþE�RKUDQLWYHQLK�]DNRQRY�����������SRWUHEXMHPR�SROHJ�]DþHWQLK�SRJRMHY
ãH� UREQH� SRJRMH�� 'RORþLWL� MLK� MH� SRWUHEQR� QD� UREX� FHORWQHJD� VLPXODFLMVNHJD� SRGURþMD� ]D
WHPSHUDWXUR�K��KRUL]RQWDOQR�KLWURVW�Y

[

�LQ�YHUWLNDOQR�KLWURVW�Y
\

�



PDJLVWUVNR�GHOR

��

=D� WODþQR�SROMH� VR� UREQL�SRJRML� GRORþHQL� ]� HQDþER�RKUDQLWYH� JLEDOQH� NROLþLQH� ���������� Y� REHK
VPHUHK�NRRUGLQDWQHJD�VLVWHPD�

5REQL�SRJRML�VLPXODFLMVNHJD�SRGURþMD�VR�SULND]DQL� WXGL�QD� VOLNL�����=D�REH�NRPSRQHQWL
KLWURVWL�Y

[

��Y
\

�VR�]QDQL�L]�PHKDQLNH�YLVNR]QLK�WHNRþLQ��NMHU�SUHGSRVWDYLPR��GD�RE�VWHQL�QL�]GUVD�LQ
]DWR�WHNRþLQD�WDP�PLUXMH���Y

[�

 ���LQ�Y
\�

 ����=D�WHPSHUDWXUR�VR�ELOL�L]EUDQL�L]RWHUPQL�UREQL�SRJRML�
7DOLQD�VH�QDPUHþ�QD�VWHQL�VSRGQMHJD�SOHQXPD�RKODMD�LQ�VWUMXMH��7R�]DJRWDYOMD�QD�UREX�NRQVWDQWQR
WHPSHUDWXUR��NL�]QDãD�Y�EUH]GLPHQ]LMVNL�REOLNL�K� ���

����'RORþLWHY�NRQVWDQW�WXUEXOHQWQHJD�PRGHOD

7XUEXOHQWHQ� PRGHO� VLPXODFLMH� YHOLNLK� YUWLQFHY� ]DKWHYD� GYH� HPSLULþQR� GRORþOMLYL
NRQVWDQWL��7R�VWD�NRQVWDQWD�6PDJRULQVNHJD�&

V

�LQ�WXUEXOHQWQR�3UDQGWORYR�ãWHYLOR�3U
UHV

��.RQVWDQWD
6PDJRULQVNHJD� &

V

� SULODJDMD� WXUEXOHQWQR� YLVNR]QRVW� n
UHV

� YHOLNRVWL� YLVNR]QH� GLVLSDFLMR� e
QDMPDQMãLK� VWUXNWXU� NDSOMHYLQH�� 7R� UD]PHUMH� MH� SRGDQR� ]� HQDþER� ������ 7XUEXOHQWQR� 3UDQGWORYR
ãWHYLOR� 3U

UHV

� R]QDþXMH� UD]PHUMH� PHG� WXUEXOHQWQR� YLVNR]QRVWMR� n
UHV

� LQ� WXUEXOHQWQR� WRSORWQR
GLIX]LYQRVWMR�u

UHV

�
5D]OLþQL�DYWRUML�SRGDMDMR�]D�SRVDPH]QH�SULPHUH�UD]OLþQH�YUHGQRVWL�NRQVWDQW�&

V�
LQ�3U

UHV

��7H
VH�JLEOMHMR�]D�NRQVWDQWR�&

V

�RG������'HDUGRUII��������GR�������)LHGOHU��.KDLURXWGLQRY��������LQ�]D
NRQVWDQWR� 3U

UHV

� RG� ����� QDY]JRU� �1LHXZVWDGW�� ������� .HU� YUHGQRVWL� ]D� SULPHU� NDSOMHYLQH� ]
QRWUDQMR�JHQHUDFLMR�WRSORWH�QL�ELOR�PRJRþH�QLNMHU�]DVOHGLWL��VHP�DQDOL]LUDO�RGYLVQRVW�UH]XOWDWRY�RG
UD]OLþQLK�YUHGQRVWL�&

V�
LQ�3U

UHV

��=D�NRQVWDQWR�6PDJRULQVNHJD�&
V

�VHP�L]EUDO�YUHGQRVWL�����������LQ
����LQ�]D�3UDQGWORYR�WXUEXOHQWQR�ãWHYLOR�3U

UHV

�YUHGQRVWL�����������LQ������
5H]XOWDW� DQDOL]H� YSOLYD� YUHGQRVWL�&

V�
LQ�3U

UHV

� VR� ELOH� SRYSUHþQH� YUHGQRVWL� 1XVVHOWRYHJD
ãWHYLOD�QD�SRVDPH]QLK�VWHQDK�VLPXODFLMVNHJD�REPRþMD��9UHGQRVWL�VR�QDãWHWH�Y��WDEHOL���

7DEHOD�����9UHGQRVWL�1XVVHOWRYHJD�ãWHYLOD�QD�VWHQDK�Y�RGYLVQRVWL�RG�YUHGQRVWL�&
V�
LQ�3U

UHV

�

&
V

� ���� &
V

� ����� &
V

� ���� 1RXUJDOLHY�HW�DO������
3U

UHV

� �����
VSRGDM ������ ����� ����� �����
]JRUDM ����� ����� ����� �����

RE�VWUDQL ����� ����� ����� �����
3U

UHV

� �����
VSRGDM ����� ����� ����� �����
]JRUDM ����� ����� ����� �����

RE�VWUDQL ����� ����� ����� �����
3U

UHV

� �����
VSRGDM ����� ����� ����� �����
]JRUDM ����� ����� ����� �����

RE�VWUDQL ����� ����� ����� �����

.HU�YUHGQRVWL�SUHQRVD�WRSORWH�RE�VWHQDK�QLKDMR�RNROL�VWDFLRQDUQHJD�VWDQMD��]DUDGL�L]PHQMXMRþLK�VH
WRNRYQLK�VWUXNWXU��MH�ELOR�SRWUHEQR�YUHGQRVWL�1XVVHOWRYHJD�ãWHYLOD�SRYSUHþLWL��3RYSUHþHQMH�MH�ELOR
L]YHGHQR�þH]�������LWHUDFLM�SR�GRVHåHQHP�WRSORWQHP�UDYQRYHVMX�

3ROHJ�WHJD�VHP�SULPHUMDO�UD]SRUHGLWHY�1XVVHOWRYHJD�ãWHYLOD�QD�VSRGQML�VWHQL�]�YUHGQRVWPL
REMDYOMHQLPL�Y�1RXUJDOLHY�HW�DO����������5H]XOWDWL�VR�SULND]DQL�QD�VOLNL����]D�YUHGQRVW�&

V�

 ������QD
VOLNL����]D�YUHGQRVW�&

V�

 ������LQ�QD�VOLNL����]D�YUHGQRVW�&
V�

 �����
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6OLND� ���� 5D]SRUHGLWHY� SUHQRVD� WRSORWH� �1XVVHOWRYHJD� ãWHYLOD�� QD� VSRGQML� VWHQL� SUL� YUHGQRVWL
NRQVWDQWH�6PDJRULQVNHJD�&

V

� ������

6OLND� ���� 5D]SRUHGLWHY� SUHQRVD� WRSORWH� �1XVVHOWRYHJD� ãWHYLOD�� QD� VSRGQML� VWHQL� SUL� YUHGQRVWL
NRQVWDQWH�6PDJRULQVNHJD�&

V

� �������
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6OLND� ���� 5D]SRUHGLWHY� SUHQRVD� WRSORWH� �1XVVHOWRYHJD� ãWHYLOD�� QD� VSRGQML� VWHQL� SUL� YUHGQRVWL
NRQVWDQWH�6PDJRULQVNHJD�&

V

� ������

'D�EL�NYDQWLWDWLYQR�ODåMH�SULPHUMDO�UH]XOWDWH�LQ�GRORþLO�RSWLPDOQH�YUHGQRVWL�NRQVWDQW�&
V

�LQ
3U

UHV

�VHP�SRYSUHþQH�YUHGQRVWL�1XVVHOWRYHJD�ãWHYLOD�QD�SRVDPH]QLK�VWHQDK��WDEHOD����VHãWHO��YVRWR
SD�SULPHUMDO�]�UH]XOWDWL�1RXUJDOLHYD�HW�DO����������5D]OLND�Y�RGYLVQRVWL�RG�YUHGQRVWL�NRQVWDQW�&

V

LQ�3U
UHV��

MH�SULND]DQD�QD�VOLNL���� �

6OLND������5D]OLND�YVRWH�1XVVHOWRYHJD�ãWHYLOD�]D�UD]OLþQH�YUHGQRVWL�NRQVWDQW�&
V

�LQ�3U
UHV

��

1D� VOLNL� ��� þUWD� R]QDþXMH� YUHGQRVWL� NRQVWDQW� &
V

� LQ� 3U
UHV

�� NMHU� MH� GRVHåHQR� XMHPDQMH� PHG
L]UDþXQDQLPL� UH]XOWDWL� LQ� UH]XOWDWL� REMDYOMHQLPL� Y� 1RXUJDOLHY� HW� DO�� �������� .RW� RSWLPDOQR
YUHGQRVW�3UDQGWORYHJD�WXUEXOHQWQHJD�ãWHYLOD�3U

UHV

�VHP�L]EUDO�������NL�MR�QDMGHPR�WXGL�GUXJMH�Y
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OLWHUDWXUL��(LGVRQ��������1LHXZVWDGW���������7HM�YUHGQRVWL�VHP�JOHGH�QD�þUWR�XMHPDQMD��VOLND����
SULODJRGLO�YUHGQRVW�NRQVWDQWH�6PDJRULQVNHJD�&

V�

 �������

����3UHQRV�WRSORWH�QD�VWHQDK

=D�SULGREOMHQH�RSWLPDOQH�YUHGQRVWL�NRQVWDQWH�6PDJRULQVNHJD�&
V�

 �������LQ�WXUEXOHQWQHJD
3UDQGWORYHJD� ãWHYLOD� 3U

UHV

�  � ����� VHP� SRQRYLO� L]UDþXQH� SUL� YUHGQRVWLK� 5D\OHLJKRYHJD� ãWHYLOD
����=5D �LQ�3UDQGWORYHJD�ãWHYLOD� ���=3U �
=D�SRVDPH]QH�VWHQH�MH�SUHQRV�WRSORWH�Y�REOLNL�1XVVHOWRYHJD�ãWHYLOD�SULND]DQ�QD�VOLNDK����

��� LQ� ���� .HU� YUHGQRVWL� SUHQRVD� WRSORWH� RE� VWHQDK� QLKDMR� RNROL� VWDFLRQDUQHJD� VWDQMD�� MH� ELOR
L]YHGHQR�SRYSUHþHQMH�þH]�������LWHUDFLM�SR�GRVHåHQHP�WRSORWQHP�UDYQRYHVMX�

6OLND�����5D]SRUHGLWHY�SUHQRVD�WRSORWH��1XVVHOWRYHJD�ãWHYLOD��QD�VSRGQML�VWHQL�

6OLND�����5D]SRUHGLWHY�SUHQRVD�WRSORWH��1XVVHOWRYHJD�ãWHYLOD��QD�VWUDQVNL�VWHQL�
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6OLND�����5D]SRUHGLWHY�SUHQRVD�WRSORWH��1XVVHOWRYHJD�ãWHYLOD��QD�]JRUQML�VWHQL�

,]�VOLN��������LQ����MH�UD]YLGQR��GD�MH�QDMPDQMãL�SUHQRV�WRSORWH�QD�GQX��VOLND������NMHU�SORVNL�SURILO
PRWLWD�YUKRYD��NL�VWD�SRVOHGLFD�YUWLQþHQMD�SRYUDWQHJD�WRND��9UHGQRVW�1XVVHOWRYHJD�ãWHYLOD�VH�QDWR
RE�VWUDQVNL�VWHQL�GYLJXMH� �VOLND����� LQ�GRVHåH�QDMYLãMR�YUHGQRVW�QHNROLNR�SRG�]JRUQMR�PHMR��1D
]JRUQML�PHML� MH�SUHQRV�WRSORWH�QHNROLNR�QLåML� LQ�QHVWDFLRQDUHQ��3RYSUHþQH�YUHGQRVWL�VR�]EUDQH�Y
WDEHOL���LQ�SULPHUMDQH�]�YUHGQRVWPL�L]�1RXUJDOLHY�HW�DO���������

7DEHOD�����9UHGQRVWL�1XVVHOWRYHJD�ãWHYLOD�QD�VWHQDK�SUL�YUHGQRVWLK�&
V�

 ��������LQ�3U
UHV

� ������

VWHQD &
V

� ���� 1RXUJDOLHY�HW�DO������ UD]OLND����

VSRGDM ����� ����� �����
]JRUDM ����� ����� �����
RE�VWUDQL ����� ����� �����

1D�RVQRYL�UD]SRUHGLWYH�SUHQRVD�WRSORWH�VNR]L�VWHQH�MH�PRJRþH�SRGDWL�NYDOLWDWLYQR�RFHQR�WRSORWQH
REUHPHQMHQRVWL�VWHQH�VSRGQMHJD�SOHQXPD��7D�MH�QDMYLãMD�Y�EOLåLQL�]JRUQMH�VWHQH��7RSORWQL� WRN�MH
WDP�SULEOLåQR�ãHVWNUDW�YHþML�NRW�QD�VSRGQML�VWHQL�

3ULPHUMDYD�YUHGQRVWL�1XVVHOWRYHJD�ãWHYLOD�QD�VWHQDK�NYDGUDWDVWH�SRVRGH�]�YUHGQRVWPL�QD
VWHQDK� SRONURåQH� JHRPHWULMH� NDåH�� GD� VR� QDMYLãMH� YUHGQRVWL� QD� ]JRUQML� VWUDQL� SRONURåQH� SRVRGH
QHNROLNR�QLåMH�LQ�QD�VSRGQML�VWUDQL�QHNROLNR�YLãMH�NRW�Y�SULPHUX�NYDGUDWDVWH�SRVRGH��3RYSUHþQH
YUHGQRVWL�SUHQRVD�WRSORWH��1XVVHOWRYHJD�ãWHYLOD��SD�VH�OH�PDOR�UD]OLNXMHMR��$VILD��'KLU��������

����ýDVRYQD�VWDELOQRVW�SUHQRVD�WRSORWH

3ROHJ� SULND]DQLK� EUH]GLPHQ]LMVNLK� YUHGQRVWL� MH� SRPHPEQD� WXGL� VWDELOQRVW� SUHQRVD
WRSORWH��=DUDGL�WHJD�VHP�VSUHPOMDO�UD]YRM�SUHQRVD�WRSORWH�PHG�þDVRYQR�RGYLVQR�VLPXODFLMR��.HU
MH�ELOD�þDVRYQD�VNDOD�VSUHPHPE�YHþMD�RG������ LWHUDFLM� LQ� MH�SULND]�YUHGQRVWL�SUL�YVHK�þDVRYQLK
NRUDNLK�SUDNWLþQR�QHPRJRþ�� VHP� L]UDþXQDQH� YUHGQRVWL� LQWHJULUDO� þH]� ����� þDVRYQLK� LQWHUYDORY�
5H]XOWDWL�þDVRYQHJD�UD]YRMD�UD]SRUHGLWYH�1XVVHOWRYLK�ãWHYLO�VR�SULND]DQL�QD�VOLNDK��������LQ����
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6OLND�����ýDVRYQL�UD]YRM�1XVVHOWRYHJD�ãWHYLOD�QD�VSRGQML�VWHQL��5D� �������3U� �����

6OLND�����ýDVRYQL�UD]YRM�1XVVHOWRYHJD�ãWHYLOD�QD�VWUDQVNL�VWHQL��5D� �������3U� �����

6OLND�����ýDVRYQL�UD]YRM�1XVVHOWRYHJD�ãWHYLOD�QD�]JRUQML�VWHQL��5D� �������3U� �����
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3UHQRV�WRSORWH�MH�þDVRYQR�VWDELOHQ�QD�VSRGQML�VWHQL��VOLND�����LQ�QD�VWUDQVNLK�VWHQDK��VOLND
�����1D�]JRUQML�VWHQL�VOLND����RGNULYD�SRSROQR�QHVWDFLRQDUQRVW�SUHQRVD�WRSORWH��7D�QHVWDELOQRVW�MH
SRVOHGLFD� YGRURY� KODGQH� NDSOMHYLQH�� NL� QDNOMXþQR� QDVWDMDMR� LQ� VH� VSXãþDMR� Y� VUHGLãþH
VLPXODFLMVNHJD� SRGURþMD�� 1DM� RPHQLP�� GD� MH� VWDELOQRVW� SUHQRVD� WRSORWH� PRþQR� RGYLVQD� RG
YUHGQRVWL� 3UDQGWORYHJD� ãWHYLOD�� 3RYHþHYDQMH� 3UDQGWORYHJD� ãWHYLOD� SRY]URþD� ]PDQMãHYDQMH
QHVWDELOQRVWL� WRNRYQHJD�SROMD� LQ�V� WHP�QHVWDELOQRVWL�SUHQRVD� WRSORWH�QD�]JRUQML� LQ�VSRGQML�VWHQL�
3RYHþXMHMR� SD� VH� QHVWDELOQRVWL� QD� VWUDQVNLK� VWHQDK� ]DUDGL� QDVWRSD� .HOYLQ�+HOPKRO]RYLK
QHVWDELOQRVWL� PHG� WRSOLP�� GYLJDMRþLP� VH� WRNRP�� LQ� KODGQLP�� RE� VWHQL� VSXãþDMRþLP� VH� WRNRP
�+RUYDW��.OMHQDN��������

.OMXE� ORNDOQLP� QHVWDELOQRVWLP�� MH� VSORãQL� FLUNXODFLMVNLK� Y]RUHF� Y� NDSOMHYLQL� ]� QRWUDQMR
JHQHUDFLMR�WRSORWH��SUL�UHDNWRUVNLK�SRJRMLK��VWDELOHQ��9�SRVRGL�]�UD]PHUMHP�VWUDQLF���SURWL����SUL
L]RWHUPQLK� UREQLK� SRJRMLK� LQ� YUHGQRVWLK� 5D\OHLJKRYHJD� ãWHYLOD� ����<5D �� QDUDYQD� NRQYHNFLMD
NDSOMHYLQH�]�QRWUDQMR�JHQHUDFLMR�WRSORWH�QH�L]UDåD����ELIXUNDFLMVNH�WRþNH��7R�RPRJRþD��GD�ODKNR
YUHGQRVWL� SUHQRVD� WRSORWH�QD� VWHQDK� SRVRGH� �1XVVHOWRYR� ãWHYLOR�� YDUQR� HNVWUDSROLUDPR�QD� YLãMH
YUHGQRVWL�5D\OHLJKRYHJD�ãWHYLOD��NRW�VR�SRND]DOL�QHGDYQL�HNVSHULPHQWL�$&$32��7KHRIDQRXV�HW
DO���������

����7RSORWQH�LQ�GLQDPLþQH�UD]PHUH

9�WHP�SRGSRJODYMX�ERP�SUHGVWDYLO�WRSORWQH�LQ�GLQDPLþQH�UD]PHUH�Y�NDSOMHYLQL�]�QRWUDQMR
JHQHUDFLMR� WRSORWH� RE� L]RWHUPQLK� UREQLK� SRJRMLK�� 7H� UD]PHUH� QDUHNXMHMR� WRNRYQL� Y]RUHF� LQ
SRVOHGLþQR� YHOLNRVW� SUHQRVD� WRSORWH� VNR]L� VWHQH�� =DUDGL� EROMãH� YLGOMLYRVWL� SRMDYRY� YHOLþLQ� WRND
QLVHP�SRYSUHþLO� ��

6OLND�����7RNRYQR�SROMH�Y�NDSOMHYLQL�]�QRWUDQMR�JHQHUDFLMR�WRSORWH�SUL�L]RWHUPQLK�UREQLK�SRJRMLK�
5D� �������3U� �����
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1D� VOLNL� ��� MH� NYDOLWDWLYQR� SULND]DQR� WRNRYQR� SROMH� NDSOMHYLQH�� ,]YHGHQH� QXPHULþQH
VLPXODFLMH� VR� SRND]DOH�� GD� VH� SRG� YSOLYRP� QDUDYQH� NRQYHNFLMH�� SR� SUHKRGX� ��� ELIXUNDFLMVNH
WRþNH�� REOLNXMH� VSORãHQ� Y]RUHF�� NL� VH� VNR]L� þDV� WUDMDQMD� WRSORWQHJD� SUHKRGQHJD� SRMDYD� QH
VSUHPHQL�� .DSOMHYLQD� VH� ]DUDGL� QRWUDQMH� JHQHUDFLMH� WRSORWH� Y� VUHGLQL� VLPXODFLMVNHJD� SRGURþMD
GYLJXMH�� VH� RE� VWHQDK� RKODMD� LQ� VH� Y� WDQNL� PHMQL� SODVWL� VSXãþD� RE� YHUWLNDOQLK� VWHQDK� QDY]GRO�
2KODMDQMH� NDSOMHYLQH� QD� ]JRUQML� VWHQL� SRY]URþD� YGRUH� KODGQH� NDSOMHYLQH� JORERNR� SURWL� VUHGLQL
VLPXODFLMVNHJD� SRGURþMD�� 7L� YGRUL� KODGQH� NDSOMHYLQH� VR� HGHQ� RG� JODYQLK� SRY]URþLWHOMHY
WXUEXOHQFH�

7RN�MH�SRVHEHM�WHåNR�PRGHOLUDWL�RE�YHUWLNDOQLK�VWHQDK��NHU�VR�KLWURVWL�LQ�QMLKRYL�JUDGLHQWL
WDP�QDMYHþML��+LWUR�ODKNR�SULGH�GR�QHNRQVLVWHQFH�QXPHULþQH�PUHåH��NDU�SRPHQL��GD�MH�QXPHULþQD
PUHåD� SUHYHþ� UHGND� ]D� SRSLV� WRNRYQLK� VWUXNWXU� RE� VWHQL� VLPXODFLMVNHJD� SRGURþMD�� 7R� LPD� ]D
SRVOHGLFR�QDSDþQH�YUHGQRVWL�SUHQRVD�WRSORWH�

1D�VOLNL����MH�]�L]RWHUPDPL�SULND]DQR�SROMH�EUH]GLPHQ]LMVNH�WHPSHUDWXUH��5D]GDOMD�PHG
L]RWHUPDPL�MH���������9LGQR�MH�WRSORWQR�UD]VORMHYDQMH�NDSOMHYLQH��1D�GQX�MH�WRN�NDSOMHYLQH�GRVWL
EROM�PLUHQ�LQ�VWDFLRQDUHQ��L]RWHUPH�SD�VR�VNRUDM�YRGRUDYQH�]�HQDNRPHUQLPL�UD]PLNL��=JRUQML�GHO
VLPXODFLMVNHJD� SRGURþMD� MH� ]DUDGL� YGRURY� KODGQH� NDSOMHYLQH� L]SRVWDYOMHQ� PRþQHPX� YUWLQþHQMX
KODGQLK� LQ� WRSOLK� WRNRY�� (QDNR� MH� Y� VSRGQMLK� NRWLK�� NMHU� RE� VWHQDK� YGLUD� KODGQD� NDSOMHYLQD�
,QWHQ]LYQRVW�YUWLQþHQMD�MH�OHSR�YLGQD�WXGL�QD�VOLNL�����NL�SULND]XMH�SUHQRV�WRSORWH�QD�VSRGQML�VWHQL�
3UL�YLãMLK�YUHGQRVWLK�3UDQGWORYHJD�ãWHYLOD�MH�WRSORWQD�UD]VORMHQRVW�NDSOMHYLQH�SURWL�GQX�SRVRGH�ãH
EROM�RþLWQD��LQWHQ]LYQRVW�YUWLQþHQMD�Y�]JRUQML�SRORYLFL�VLPXODFLMVNHJD�REPRþMD�LQ�Y�VSRGQMLK�NRWLK
SD�PDQMãD��+RUYDW��.OMHQDN��������

6OLND� ���� 3ROMH� EUH]GLPHQ]LMVNH� WHPSHUDWXUH� Y� NDSOMHYLQL� ]� QRWUDQMR� JHQHUDFLMR� WRSORWH� SUL
L]RWHUPQLK�UREQLK�SRJRMLK��5D� �������3U� �����

1D�VOLNL����MH�]�L]ROLQLMDPL�SULND]DQR�SROMH�WXUEXOHQWQH�YLVNR]QRVWL��3ULND]DQH�YUHGQRVWL
VR�QRUPLUDQH�]�YUHGQRVWMR�3UDQGWORYHJD�ãWHYLOD��5D]GDOMD�PHG�L]ROLQLMDPL�MH������
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6OLND�����3ROMH�QRUPLUDQH�WXUEXOHQWQH�YLVNR]QRVWL�Y�NDSOMHYLQL�]�QRWUDQMR�JHQHUDFLMR�WRSORWH�SUL
L]RWHUPQLK�UREQLK�SRJRMLK��5D� �������3U� �����

3ROMH� WXUEXOHQWQH� YLVNR]QRVWL� NDåH�� GD� MH� WXUEXOHQFD� Y� NDSOMHYLQL� ]� QRWUDQMR� JHQHUDFLMR
WRSORWH� LQ� L]RWHUPQLPL� UREQLPL�SRJRML�� ORNDOQR�RPHMHQ�YHQGDU� LQWHQ]LYHQ�SRMDY��7XUEXOHQFD� MH
YH]DQD�QD�SRGURþMD�PRþQHJD�PHãDQMD�KODGQLK�LQ�WRSOLK�WRNRY��'RGDWQD�WXUEXOHQWQD�YLVNR]QRVW��NL
MH�SRVOHGLFD�WXUEXOHQWQHJD�PRGHOD�GRVHJD�ORNDOQR�����YUHGQRVWL�3UDQGWORYHJD�ãWHYLOD�LQ�MH�]DWR�QH
VPHPR�]DQHPDULWL��'LQK�HW�DO���������1RXUJDOLHY�HW�DO���������

����7RSORWQD�ELODQFD�LQ�VWDELOQRVWQH�]DKWHYH�QXPHULþQH�LQWHJUDFLMH

0HG� QXPHULþQR� LQWHJUDFLMR� SULND]DQHJD� SULPHUD� VHP� VSUHPOMDO� YUVWR� IL]LNDOQLK� LQ
QXPHULþQLK� SDUDPHWURY�� 7L� SDUDPHWUL� GDMHMR� YSRJOHG� Y� þDVRYQL� UD]YRM� WRSORWQLK� LQ� GLQDPLþQLK
YHOLþLQ�NDSOMHYLQH�]�QRWUDQMR�JHQHUDFLMR�WRSORWH��3ULND]DO�ERP�OH�QDMYDåQHMãH�

6SUHPOMDO�VHP�WRSORWQR�ELODQFR�NDSOMHYLQH��GD�EL�XJRWRYLO�SUHQHKDQMH�SUHKRGQHJD�SRMDYD
JUHWMD�LQ�QDVWRS�JOREDOQHJD�VWDFLRQDUQHJD�VWDQMD��7RSORWQD�ELODQFD�MH�GHILQLUDQD�JOHGH�QD�HQDþER
]DNRQD�RKUDQLWYH�HQHUJLMH������NRW
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NMHU�E�R]QDþXMH�VWHQH��M�L�SD�YROXPHQ�VLPXODFLMVNHJD�SRGURþMD��,]SLV�MH�PRJRþH�YLGHWL�QD�VOLNL����
�1D�]DþHWNX�YVD�VSURãþHQD�WRSORWQD�HQHUJLMD�RVWDMD�Y�NDSOMHYLQL��3UHQRV�WRSORWH�VH�YUãL�OH�V

SUHYRGRP�� WHPSHUDWXUD� SRþDVL� QDUDãþD�� 7D� UHåLP� MH� PRJRþH� VSUHPOMDWL� GR� EUH]GLPHQ]LMVNHJD
þDVD���������7DP�NDSOMHYLQD�SUHLGH����ELIXUNDFLMVNR�WRþNR�LQ�QDVWRSL�NRQYHNFLMD��3UHQRV�WRSORWH
SRVWDQH�PQRJR�EROM� LQWHQ]LYHQ�� ]DWR� VH�YHGQR�YHþ� WRSORWH�RGYDMD� VNR]L� VWHQH��.ULYXOMD�ELODQFH
SRVWDQH�EROM�VWUPD�
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3UL� YUHGQRVWL� EUH]GLPHQ]LMVNHJD� þDVD� ������ NDåH� WRSORWQD� ELODQFD� SROHJ� VYRMHJD� JOREDOQHJD
WUHQGD�ãH�SHULRGLþQR� VSUHPLQMDQMH�� NDU� MH�SRVOHGLFD�SRQDYOMDMRþLK� VH�YGRURY�KODGQH�NDSOMHYLQH�
3R�SUHKRGX�Y�WRSORWQR�UDYQRYHVMH�SRVWDQH�QLKDQMH�WRSORWQH�ELODQFH�YHGQR�EROM�QDNOMXþQR��7R�MH
]QDN�]D�SUHKRG�Y�WXUEXOHQWQL�WRNRYQL�UHåLP�

6OLND� ����ýDVRYQL� UD]YRM� WRSORWQH� ELODQFH� NDSOMHYLQH� ]� QRWUDQMR� JHQHUDFLMR� WRSORWH��5D�  � �����
3U� �����

6LPXOLUDQMH� JLEDQMD� NDSOMHYLQH� ]� QRWUDQMR� JHQHUDFLMR� WRSORWH� SUL�5D�  � ������ 3U�  � ���� MH
]DKWHYDOR����XU�SURFHVRUVNHJD�þDVD�QD�UDþXQDOQLNX�6XQ�8OWUD�6WDWLRQ����*ODYQD�RPHMLWHY�KLWURVWL
VLPXODFLMH� MH� L]ELUD� YHOLNRVWL� þDVRYQHJD� NRUDND�� 6WDELOQRVWQH� SRJRMH�� NL� RPHMXMHMR� YHOLNRVW
þDVRYQHJD�NRUDND�]D�L]EUDQR�þDVRYQR�NUDMHYQR�GLVNUHWL]DFLMR��VHP�REUDYQDYDO�Y�����

6OLND� ���� 3RWHN� YHOLNRVWL� GRYROMHQLK� þDVRYQLK� NRUDNRY� VWDELOQRVWQLK� SRJRMHY� PHG� þDVRYQR
LQWHJUDFLMR�
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6OLND����SULND]XMH�SRWHN�YHOLNRVWL�þDVRYQLK�NRUDNRY��NRW�MLK�QDUHNXMHMR�VWDELOQRVWQL�NULWHULML������
������ ����� LQ� ����� PHG� þDVRYQR� LQWHJUDFLMR�� =D� L]YHGER� SRVDPH]QH� LWHUDFLMH� MH� L]EUDQ� YHGQR
QDMEROM�UHVWULNWLYHQ��WR�VH�SUDYL�QDMPDQMãL�þDVRYQL�NRUDN�

6OLND����QDP�GDMH�YSRJOHG�Y�þDVRYQR�VNDOR�SRVDPH]QLK�PHKDQL]PRY�QDUDYQH�NRQYHNFLMH
NDSOMHYLQH�]�QRWUDQMR�JHQHUDFLMR�WRSORWH�RE�L]EUDQLK�SRJRMLK��5D� �������3U� ������9LGLPR��GD�MH
QD�]DþHWNX�LQWHJUDFLMH�QDMEROM�RPHMXMRþ�þDVRYQL�NRUDN��NL�NDUDNWHUL]LUD�þDVRYQR�VNDOR�GLIX]LMH�LQ
MH� R]QDþHQ� ]� PH'I'W�� 9HOLNRVW� WHJD� þDVRYQHJD� NRUDND� GRORþXMH� SRJRM� ������ =DUDGL� QDVWRSD
WXUEXOHQWQH� GLIX]LMH� VH� WD� þDVRYQL� NRUDN� ãH� QHNROLNR� ]PDQMãD�� 6� þDVRYQLP� UD]YRMHP� SRVWDQH
PQRJR� EROM� RPHMXMRþ� þDVRYQL� NRUDN�PH&Q'W�� NL� NDUDNWHUL]LUD� þDVRYQR� VNDOR� NRQYHNFLMH� LQ� JD
GRORþXMH� SRJRM� ������ 1DMEROM� RPHMXMRþ� MH� þDVRYQL� NRUDN�PH&Q'I'W�� NL� RSLVXMH� UD]PHUMH� PHG
YHOLNRVWMR�NRQYHNFLMH�LQ�GLIX]LMH�JLEDOQH�NROLþLQH��9HOLNRVW�WHJD�þDVRYQHJD�NRUDND�GRORþXMH�SRJRM
������ =DUDGL� QMHJRYH� PDMKQRVWL�� VLPXODFLMH� QDUDYQH� NRQYHNFLMH� SUL� YLãMLK� YUHGQRVWLK
5D\OHLJKRYHJD�ãWHYLOD��RE�UD]SRORåOMLYL�UDþXQDOQLãNL�RSUHPL��QLVR�ELOH�PRJRþH�

����2GSUWD�YSUDãDQMD

3UHGVWDYOMHQD� PHWRGRORJLMD� SRQXMD� HQRVWDYHQ� LQ� QDWDQþHQ� PRGHO� WXUEXOHQWQHJD� WRND
NDSOMHYLQH� ]� QRWUDQMR� JHQHUDFLMR� WRSORWH�� .OMXE� GREOMHQLP� UH]XOWDWRP� SD� RVWDMD� SUHFHM� RGSUWLK
YSUDãDQM��QD�NDWHUD�EL�åHOHO�RSR]RULWL��

D�� 9� SULPHUX� Y]JRQVNHJD� WRND� QLVR� SRSROQRPD� UD]LVNDQH� SRUD]GHOLWYH� KLWURVWL�� WHPSHUDWXUH� LQ
WODND� Y�PHMQL� SODVWL� Y]GROå� ]LGX�� =DUDGL� WHJD� WXGL� QL� ]QDQR�� NDNR� VH� VSUHPLQMD� WXUEXOHQWQD
YLVNR]QRVW��9�SULND]DQL�VLPXODFLML�MH�XSRUDEOMHQD�YDQ�'ULHVWRYD�GXãLOQD�IXQNFLMD�������NL�SD�MH
ELOD�UD]YLWD�]D�PHMQR�SODVW�Y�SULPHUX�SULVLOQH�NRQYHNFLMH�

E��=D�EROMãL�SRSLV�UD]PHU�RE�VWHQL�EL�ELOD�ORNDOQD�]JRVWLWHY�PUHåH�QDMHQRVWDYQHMãD�UHãLWHY��YHQGDU
NUDMHYQR�ILOWULUDQMH�LQ�NUDMHYQR�RGYDMDQMH�QLVWD�Y�VSORãQHP�NRPXWDWLYQD�RSHUDWRUMD��7R�GHMVWYR
]DSOHWH�NUDMHYQR�RGYDMDQMH�ILOWULUDQLK�YHOLþLQ��*KRVDO��0RLQ��������

F�� =D� YHURGRVWRMQHMãL� SULND]� REQDãDQMD� WDOLQH� MHGUVNHJD� JRULYD� EL� ELOR� SRWUHEQR� YVWDYLWL� Y
SURJUDP�VQRYVNH�ODVWQRVWL�WDOLQH�RNVLGQLK�LQ�NRYLQVNLK�NRPSRQHQW��NL�SD�VR�Y�YHOLNL�YHþLQL�ãH
QHREMDYOMHQH�

G��.HU�MH�V�VWDOLãþD�XSDUMDQMD�QD�]XQDQML�VWHQL�VSRVREQRVW�KODMHQMD�VSRGQMHJD�SOHQXPD�PDQMãD�QD
QMHJRYHP� GQX� LQ� YHþMD� QD� RERGX�� EL� ELOR� Y� SULKRGQRVWL� ]D� GRNRQþQR� UD]MDVQLWHY� YSUDãDQMD
QXMQR�]GUXåLWL�PRGHOLUDQMH�REHK�PHKDQL]PRY�
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��� =DNOMXþHN

9� SULPHUX� WHåNH� QHVUHþH� SULGH� Y� MHGUVNHP� UHDNWRUMX� GR� WDOMHQMD� MHGUVNH� VUHGLFH�� 7DOLQD
RGWHND� VNR]L� VSRGQMR� SRGSRUQR� SORãþR� QD� GQR� VSRGQMHJD� SOHQXPD�� 7DP� VH� RKODMD� LQ� SUL� WHP
UD]WDOMXMH�MHNOHQR�VWHQR��9�QRYHMãHP�þDVX�VH�MH�SULVWRS�MHGUVNH�YDUQRVWL�GR�RSLVDQHJD�SUREOHPD
ELVWYHQR�VSUHPHQLO��1RYHMãD� VWUDWHJLMD� WHPHOML�QD�RKODMDQMX� ]XQDQMH� VWHQH� VSRGQMHJD�SOHQXPD� V
SUHVHåNRP�YRGH�

2� SURFHVLK� Y� VSRGQMHP� SOHQXPD� MH� PDOR� ]QDQHJD�� 2VQRYQH� PHKDQL]PH� QDUDYQH
NRQYHNFLMH� Y� WDOLQL�� VWUMHYDQMD� WDOLQH�� XSDUMDQMD� QD� ]XQDQMLK� VWHQDK� VSRGQMHJD� SOHQXPD� LQ
WRSORWQHJD�VHYDQMD�V�SRYUãLQH�WDOLQH��ãHOH�RGNULYDPR��=DUDGL�QHSRSROQHJD�UD]XPHYDQMD�SURFHVRY
Y�VSRGQMHP�SOHQXPX�LQ�UDþXQDOQLãNLK�RPHMLWHY�GR�VHGDM�QL�ELOR�PRGHORY��NL�EL�RSLVRYDOL�FHORWHQ
SUREOHP�QD�QLYRMX�NRQWLQXXPD��2EVWDMDMR� OH� LQWHJUDOQL�PRGHOL�� NDWHULK�QDSRYHGL�R� VSRVREQRVWL
KODMHQMD�VSRGQMHJD�SOHQXPD�PHG�WHåNR�QHVUHþR�VR�Y]SRGEXGQH�

9�PDJLVWUVNHP�GHOX�VHP�VH�RPHMLO�QD�SUREOHP�QDUDYQH�NRQYHNFLMH�Y�WDOLQL�MHGUVNH�VUHGLFH
LQ�VNXãDO�RGJRYRULWL�QD�YSUDãDQMH�R�WRSORWQL�REUHPHQMHQRVWL�VWHQH�VSRGQMHJD�SOHQXPD�UHDNWRUVNH
SRVRGH�� NDU� MH� RVUHGQMH� YSUDãDQMH� SUREOHPDWLNH� KODMHQMD� VSRGQMHJD� SOHQXPD�� 'D� EL� GRORþLO
YUHGQRVWL�SUHQRVD�WRSORWH�VNR]L�VWHQH��VHP�L]YHGHO�QXPHULþQH�VLPXODFLMH�JLEDQMD�NDSOMHYLQH�SRG
YSOLYRP� QDUDYQH� NRQYHNFLMH�� =DUDGL� SRMDYD� ORNDOQH� WXUEXOHQFH� LQ� SRWUHEQH� JRVWRWH� QXPHULþQH
PUHåH� MH� ELOR� QXMQR� XSRUDELWL� XVWUH]HQ� WXUEXOHQWQL� PRGHO�� 8SRUDELO� VHP� PHWRGR� VLPXODFLMH
YHOLNLK� YUWLQFHY�� NL� VHP� MR� SULUHGLO� ]D� REUDYQDYR� SUREOHPD� QDUDYQH� NRQYHNFLMH� Y� NDSOMHYLQL� ]
QRWUDQMR�YROXPHWULþQR�JHQHUDFLMR�WRSORWH��3UHJOHG�]EUDQH�OLWHUDWXUH�NDåH��GD�GRVOHM�WDNãHQ�SULVWRS
ãH�QL�ELO�XSRUDEOMHQ�
� 5H]XOWDWL� VR�SULND]DQL�Y�SRJODYMX����8MHPDQMH�SUHQRVD� WRSORWH�QD�PHMDK� VLPXODFLMVNHJD
REPRþMD� ]� YUHGQRVWPL� GUXJLK� DYWRUMHY� �1RXUJDOLHY� HW� DO��� ����� �� MH� ]DGRYROMLYR�� 8SRUDEOMHQ
PRGLILFLUDQ� PRGHO� 6PDJRULQVNHJD� VH� MH� L]ND]DO� NRW� ]HOR� UREXVWHQ� LQ� HQRVWDYHQ� PRGHO
WXUEXOHQWQHJD�WRND��NL�]PRUH�]�]DGRYROMLYR�QDWDQþQRVWMR�PRGHOLUDWL�QDUDYQR�NRQYHNFLMR�

8JRWRYOMHQR� MH� ELOR�� GD� MH� SUHQRV� WRSORWH� QDMYHþML� WLN� SRG� YUKRP� ED]HQD� WDOLQH� LQ
QDMPDQMãL� QD� QMHJRYHP� GQX�� 5D]OLND� MH� SULEOLåQR� ãHVWNUDWQD�� =DUDGL� WHJD� MH� WRSORWQD
REUHPHQMHQRVW� SRVRGH� PQRJR� YHþMD� QD� YUKX� NRW� QD� GQX�� 3ULND]DQR� GHOR� REUDYQDYD� QDUDYQR
NRQYHNFLMR�Y�NDSOMHYLQL�]�QRWUDQMR�JHQHUDFLMR� WRSORWH�SUL�YUHGQRVWL�5D\OHLJKRYHJD�ãWHYLOD��NL� MH
QLåMD�RG�YUHGQRVWL�Y� WDOLQL�VUHGLFH��YHQGDU�SD� ODKNR�YUHGQRVWL�SUHQRVD� WRSORWH�QD�VWHQDK�SRVRGH
�1XVVHOWRYR� ãWHYLOR�� YDUQR� HNVWUDSROLUDPR� QD� YLãMH� YUHGQRVWL�� NRW� VR� SRND]DOL� QHGDYQL
HNVSHULPHQWL�$&$32��7KHRIDQRXV�HW�DO���������

3ULPHUMDYD�YUHGQRVWL�1XVVHOWRYHJD�ãWHYLOD�QD�VWHQDK�NYDGUDWDVWH�SRVRGH�]�YUHGQRVWPL�QD
VWHQDK� SRONURåQH� JHRPHWULMH� NDåH�� GD� VR� QDMYLãMH� YUHGQRVWL� QD� ]JRUQML� VWUDQL� SRONURåQH� SRVRGH
QHNROLNR�QLåMH�LQ�QD�VSRGQML�VWUDQL�QHNROLNR�YLãMH�NRW�Y�SULPHUX�NYDGUDWDVWH�SRVRGH��3RYSUHþQH
YUHGQRVWL�SUHQRVD�WRSORWH��1XVVHOWRYHJD�ãWHYLOD��SD�VH�OH�PDOR�UD]OLNXMHMR��$VILD��'KLU�������� �

.OMXE� XVSHãQRVWL� SUHGVWDYOMHQH� PHWRGRORJLMH� PRGHOLUDQMD� WXUEXOHQWQHJD� WRND� Y� WDOLQL
VUHGLFH� MHGUVNHJD� UHDNWRUMD�� SD� RVWDMD� SUHFHM� RGSUWLK� YSUDãDQM�� 9VHNDNRU� ER� Y� SULKRGQRVWL� ]D
GRNRQþQR� UD]UHãLWHY� SUREOHPD� KODMHQMD� VSRGQMHJD� SOHQXPD� RE� WHåNL� QHVUHþL� QXMQR�PRGHOLUDQMH
SURFHVRY� WXUEXOHQWQH� QDUDYQH� NRQYHNFLMH� Y� WDOLQL� LQ� XSDUMDQMD� KODGLOD� QD� RERGX� VSRGQMHJD
SOHQXPD�
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���� /LWHUDWXUD

$EERWW�� 0�� %��� %DVFR�� '�� 5��� ������ �&RPSXWDWLRQDO� )OXLG� '\QDPLFV�� $Q� ,QWURGXFWLRQ� IRU
(QJLQHHUV���/RQJPDQ�+RXVH��%XUQW�0LOO��+DUORZ��SS����������

$NHUV�� '�� :��� 0F&DUGHOO�� 5�� .��� ������ �&RUH� 0DWHULDOV� ,QYHQWRU\� DQG� %HKDYLRXU��� 1XFOHDU
7HFKQRORJ\��9RO������SS����������

$NVHQRYD�� $��� &KXGDQRY�� 9��� 6WUL]KRY�� 9��� $ELVKFKHYLFK�� 3�� 9��� &KXUEDQRY�� $��� �����
�&RPSXWDWLRQDO� 6WXGLHV� RI� +\GURG\QDPLF� 3URFHVVHV��� &6$53� 6HPLDQQXDO� 5HYLHZ� 0HHWLQJ�
%HWKHVGD��0DU\ODQG��86$�������

$UWQLN��-���&DUROL��&���&HQHULQR��*���3DUR]]L��)���3LQL�$���6DLUDQHQ��5���7XUODQG��%��'����������0ROWHQ
3RRO� %HKDYLRXU� &DOFXODWLRQV� IRU� 5HDFWRU� &DVHV��� ),6$� ���(8� 5HVHDUFK� RQ� 6HYHUH� $FFLGHQWV�
/X[HPEXUJ��������3URFHHGLQJV��SS����������

$VILD��)��-���'KLU��9��.����������$Q�([SHULPHQWDO�6WXG\�RI�1DWXUDO�&RQYHFWLRQ�LQ�D�9ROXPHWULFDOO\
+HDWHG�6SKHULFDO�3RRO�%RXQGHG�RQ�7RS�ZLWK�D�5LJLG�:DOO���1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ�����
��������SS����������

$VILD��)��-���)UDQW]�%���'KLU�9��.����������([SHULPHQWDO�,QYHVWLJDWLRQ�RI�1DWXUDO�&RQYHFWLRQ�+HDW
7UDQVIHU�LQ�9ROXPHWULFDOO\�+HDWHG�6SKHULFDO�6HJPHQWV���-RXUQDO�RI�+HDW�7UDQVIHU��7UDQVDFWLRQV�RI
WKH�$60(��9RO�������SS��������

%DJJHWW��-��6����������1RQ�QRUPDO�'\QDPLFV�DQG�+\GURG\QDPLF�6WDELOLW\���3K��'��'LVVHUWDWLRQ�
&RUQHOO�8QLYHUVLW\�

%HKEDKDQL��$����������/RZHU�+HDG�,QWHJULW\���&6$53�0HHWLQJ��%HWKHVGD��0DU\ODQG��86$�������

%HOO�� -�� %��� &ROHOOD�� 3��� *OD]�� +�� 0��� ������ �$� 6HFRQG� 2UGHU� 3URMHFWLRQ� 0HWKRG� IRU� WKH
,QFRPSUHVVLEOH�1DYLHU�6WRNHV�(TXDWLRQ���-��&RPS��3K\V���������9RO������1R�����SS����������

%HUPDQ� 0��� 6ZHQVRQ�� '�� 9��� :LFNHWW�� $�� -��� ������ �$Q� 8QFHUWDLQW\� 6WXG\� RI� 3:5� 6WHDP
([SORVLRQV���185(*�&5�������6$1'���������5���SS��������

%XFN��0���0D\U��3���%�UJHU��0���6FKDW]��$����������0RGHOOLQJ�RI�/DWH�3KDVH�0HOW�3URJUHVVLRQ�DQG
0HOW�%HKDYLRXU� LQ�/RZHU�539�3OHQXP�ZLWKLQ� WKH�.(66�&RGH��� -DKUHVWDJXQJ�.HUQWHFKQLN� C���
1�UQEHUJ��*HUPDQ\��������7DJXQJVEHULFKW�3UHFHHGLQJV��SS����������

&KHXQJ�� )�� %��� +DGGDG�� .�� +��� /LX�� <�� &��� ������ �6WHDG\�6WDWH� %RXQGDU\� /D\HU� %RLOLQJ� RQ
'RZQZDUG�)DFLQJ�&XUYHG�+HDWLQJ�6XUIDFHV���&6$53�6HPLDQQXDO�0HHWLQJ��%HWKHVGD��0DU\ODQG�
86$�������
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&KHXQJ�� )�� %��� +DGGDG�� .�� +��� /LX�� <�&��� ������ �&ULWLFDO� +HDW� )OX[� �&+)�� 3KHQRPHQD� RQ� D
'RZQZDUG�)DFLQJ�&XUYHG�6XUIDFH���185(*�&5�������368�0(���������

&KX��7��<���:LWW��5��-���3LOFK��0��0���%HQW]��-��+��������� �6FDOLQJ�DQG�'HVLJQ�RI�D�/RZHU�+HDG
)DLOXUH�([SHULPHQW���&6$53�6HPLDQQXDO�0HHWLQJ��%HWKHVGD��0DU\ODQG��86$�������

&KX�� 7�<�� %DLQEULGJH�� %�� /��� 6LPSVRQ�� 5�� %��� %HQW]�� -�� +��� ������ �([�YHVVHO� %RLOLQJ
([SHULPHQWV��/DERUDWRU\��DQG�5HDFWRU�6FDOH�7HVWLQJ�RI�WKH�)ORRGHG�&DYLW\�&RQFHSW�IRU�,Q�YHVVHO
&RUH� 5HWHQWLRQ� 3DUW� ,�� 2EVHUYDWLRQ� RI� 4XHQFKLQJ� RI� 'RZQZDUG�)DFLQJ� 6XUIDFHV�� 1XFOHDU
(QJLQHHULQJ�DQG�'HVLJQ������SS�������

&KX��7�<��%HQW]�� -��+��� 6OH]DN�� 6��(��� 3DVHGDJ��:��)��� ������ �([�YHVVHO�%RLOLQJ�([SHULPHQWV�
/DERUDWRU\�� DQG� 5HDFWRU�6FDOH� 7HVWLQJ� RI� WKH� )ORRGHG� &DYLW\� &RQFHSW� IRU� ,Q�YHVVHO� &RUH
5HWHQWLRQ� 3DUW� ,,�� 5HDFWRU� 6FDOH� %RLOLQJ� ([SHULPHQWV� RI� WKH� )ORRGHG� &DYLW\� &RQFHSW� IRU� ,Q�
YHVVHO�&RUH�5HWHQWLRQ���1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ������SS�������

&RGH�RI�)HGHUDO�5HJXODWLRQV��������7KH�2IILFH�RI�WKH�)HGHUDO�5HJLVWHU��9RO�������S�����

&XUU\��-��+���+HUULQJ��-�5���/RQFDULF��-���2UV]DJ��6��$���������³2UGHU�DQG�'LVRUGHU� LQ�7ZR��DQG
7KUHH�GLPHQVLRQDO�%pQDUG�&RQYHFWLRQ´��-��)OXLG�0HFK���9RO������������

'HDUGRUII�� -��:��������� �$�1XPHULFDO�6WXG\�RI�7KUHH�GLPHQVLRQDO�7XUEXOHQW�&KDQQHO�)ORZ�DW
/DUJH�5H\QROGV�1XPEHUV���-��)OXLG�0HFK���9RO������3DUW����SS����������

'HFNHU��:��-����������³1XPHULFDO�6WXGLHV�RI�%LIXUFDWLRQV�DQG�&KDRV�LQ�1DWXUDO�&RQYHFWLRQ´�3K�
'��7KHVLV��8QLYHUVLW\�RI�9LUJLQLD�

'LQK��7��1���%XL��9��$���1RXUJDOLHY��5��5���2NNRQHQ��7���6HKJDO��%��5����������0RGHOOLQJ�RI�+HDW
DQG� 0DVV� 7UDQVIHU� 3URFHVVHV� 'XULQJ� &RUH� 0HOW� 'LVFKDUJH� IURP� D� 5HDFWRU� 3UHVVXUH� 9HVVHO��
1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ������SS����������

'LQK�� 7�1��� 1RXUJDOLHY�� 5�5��� ������ �7XUEXOHQFH� 0RGHOOLQJ� IRU� /DUJH� 9ROXPHWULFDOO\� +HDWHG
/LTXLG�3RROV���1XFO�(QJ�'HVLJQ��9RO��������SS����������

'LQK��7�1���1RXUJDOLHY��5�5���6HQJDO��%�5����������2Q�+HDW�7UDQVIHU�&KDUDFWHULVWLFV�RI�5HDO�DQG
6LPXODQW�0HOW�3RRO�([SHULPHQW���1XFO�(QJ�'HVLJQ��9RO��������SS����������

(LGVRQ�� 7��� ������ ³1XPHULFDO� 6LPXODWLRQ� RI� WKH� 7XUEXOHQW� 5D\OHLJK�%pQDUG� 3UREOHP� XVLQJ
6XEJULG�0RGHOOLQJ´��-��)OXLG��0HFK����������YRO�������SS����������

)DQ��7��+���&KHXQJ�� )��%��� ������ �0RGHOLQJ� RI�7UDQVLHQW�7XUEXOHQW�1DWXUDO�&RQYHFWLRQ� LQ�0HOW
/D\HU�ZLWK�6ROLGLILFDWLRQ��� ����� ,QWHUQDWLRQDO�0HFKDQLFDO�(QJLQHHULQJ�&RQJUHVV� DQG�([SRVLWLRQ�
$WODQWD��*HRUJLD��+7'�9RO�� �����3URFFHGLQJV�RI�$60(�+HDW�7UDQVIHU�'LYLVLRQ��9RO���� SS� ����
����

)HU]LJHU�� -�� +��� ������ �6XEJULG�6FDOH� 0RGHOLQJ��� /DUJH� (GG\� 6LPXODWLRQ� RI� &RPSOH[
(QJLQHHULQJ�DQG�*HRSK\VLFDO�)ORZV���&DPEULGJH�8QLYHUVLW\�3UHVV��������SS��������
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)LHGOHU�� %��� .KDLURXWGLQRY�� 0��� ������ �&HOO� %URDGHQLQJ� LQ� 7KUHH�GLPHQVLRQDO� 7KHUPDO
&RQYHFWLRQ� %HWZHHQ� 3RRUO\� &RQGXFWLRQJ� %RXQGDULHV�� /DUJH� (GG\� 6LPXODWLRQ��� %HLWU�� 3K\V�
$WPRVSK�������SS����������

)OHWFKHU�� &�� $�� -��� ������ �&RPSXWDWLRQDO� 7HFKQLTXHV� IRU� )OXLG� '\QDPLFV��� 6SULQJHU�9HUODJ�
������9RO�����SS����������

)ULQN�� 1�� 7��� 3DULNK�� 3��� 3LU]DGHK�� 6��� ������ �� $� )DVW� 8SZLQG� 6ROYHU� IRU� (XOHU� (TXDWLRQV� RQ
7KUHH�'LPHQVLRQDO�8QVWUXFWXUHG�0HVKHV���3DSHU�$,$$���������

*DERU�� -�� '��� (OOLVRQ�� 3�� *��� &DVVXOR�� -�� &��� ������ �+HDW� 7UDQVIHU� IURP� ,QWHUQDOO\� +HDWHG
+HPLVSKHULFDO�3RROV�����WK�1DWLRQDO�+HDW�7UDQVIHU�&RQIHUHQFH��2UODQGR��)ORULGD��������

*HUPDQR��0�����������7XUEXOHQFH��WKH�)LOWHULQJ�$SSURDFK���-��)OXLG�0HFK����������9RO�������SS�
��������

*KRVDO��6���0RLQ��3��������� �7KH�%DVLF�(TXDWLRQV� IRU� WKH�/DUJH�(GG\�6LPXODWLRQ�RI�7XUEXOHQW
)ORZV�LQ�&RPSOH[�*HRPHWU\���-��&RPS��3K\V���������������SS��������

*RWWOLHE� 6��� 6KX�� &��� ������ �7RWDO� 9DULDWLRQ� 'LPLVKLQJ� 5XQJH�.XWWD� 6FKHPHV��� 5HSRUW� XQGHU
FRQWUDFW�1$*��������LQ�1$6���������1$6$�/DQJOH\�5HVHDUFK�&HQWHU��+DPSWRQ��9$�

+DQMDOLü��.���������³$GYDQFHG�7XUEXOHQFH�&ORVXUH�0RGHOV��D�9LHZ�RI�&XUUHQW�6WDWXV�DQG�)XWXUH
3URVSHFWV´��,QW��-��+HDW�DQG�)OXLG�)ORZ��9RO������1R�����-XQH�������SS����������

+DUORZ�� )�� +��� :HOFK�� -�� (��� ������ �1XPHULFDO� &DOFXODWLRQ� RI� 7LPH�'HSHQGHQW� 9LVFRXV
,QFRPSUHVVLEOH�)ORZ�RI�)OXLG�ZLWK�)UHH�6XUIDFH���3K\V��)OXLGV���������9RO�����1R������SS�������
�����

+HQU\��5��(���)DXVNH��+��.����������([WHUQDO�&RROLQJ�RI�D�5DFWRU�9HVVHO�XQGHU�6HYHUH�$FFLGHQW
&RQGLWLRQV���1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ��������������SS��������

+HQU\��5��(���6XK��.��<����������,QWHJUDO�$QDO\VLV�RI�'HEULV�0DWHULDO�DQG�+HDW�7UDQVSRUW�LQ�5HDFWRU
9HVVHO�/RZHU�3OHQXP���1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ������SS����������

+HUQDQGH]�� 5��� ������ ³,QIOXHQFH� RI� WKH� +HDWLQJ� 5DWH� RQ� 6XSHUFULWLFDO� 5D\OHLJK�%pQDUG
&RQYHFWLRQ´��,QW��-��+HDW�0DVV�7UDQVIHU��9RO������1R������SS�����������

+LQGPDUVK��$��&���*UHVKR��3��0���*ULIILWKV��'��)����������7KH�6WDELOLW\�RI�([SOLFLW�(XOHU�7LPH
,QWHJUDWLRQ� IRU� &HUWDLQ� )LQLWH� 'LIIHUHQFH� $SSUR[LPDWLRQV� RI� WKH�0XOWLGLPHQVLRQDO� $GYHFWLRQ�
'LIIXVLRQ�(TXDWLRQ���,QW��-RXUQDO�IRU�1XPHULFDO�0HWKRGV�LQ�)OXLGV�����SS����������

+LQ]H��-��2����������7XUEXOHQFH����QG�(GLWLRQ��0F*UDZ�+LOO�%RRN�&RPSDQ\�

+LUVFK�� &��� ������ �1XPHULFDO� &RPSXWDWLRQ� RI� ,QWHUQDO� DQG� ([WHUQDO� )ORZV��� :LOH\� 	� 6RQV�
9RO����S������
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+REELQV��5��5���3HWWL��'��$���2VHWHN��'��-����������5HYLHZ�RI�([SHULPHQWDO�5HVXOWV�RQ�/LJKW�:DWHU
5HDFWRU�&RUH�0HOW�3URJUHVVLRQ���1XFOHDU�7HFKQRORJ\��9RO������SS����������

+RKRUVW��-��.���$OOLVRQ��&�0����������,QWHUSUHWDWLRQ�RI�WKH�([SHULPHQWDO�5HVXOWV�IURP�WKH�&25$
&RUH�0HOW�3URJUHVVLRQ�([SHULPHQWV���7UDQV��$P��1XFO��6RF�������SS����������

+RO]EHFKHU��0���6WHLII��$����������/DPLQDU�DQG�7XUEXOHQW�)UHH�&RQYHFWLRQ� LQ�9HUWLFDO�&\OLQGHUV
ZLWK�,QWHUQDO�+HDW�*HQHUDWLRQ���,QW��-��+HDW�0DVV�7UDQVIHU��9RO������1R������SS������������

+RUYDW��$��� ������ �3UREOHPDWLND� KODMHQMD� VSRGQMHJD� SOHQXPD�PHG� WHåNR� QH]JRGR��� ��� VHPLQDU
SRGLSORPVNHJD�ãWXGLMD�MHGUVNH�WHKQLNH��5HDNWRUVNL�FHQWHU�3RGJRULFD��6ORYHQLD��1RY����������

+RUYDW�� $��� .OMHQDN�� ,��� ������ �1XPHULFDO� ,QYHVWLJDWLRQ� RI� 7XUEXOHQW� 1DWXUDO� &RQYHFWLRQ� LQ
5HDFWRU�3UHVVXUH�9HVVHO�/RZHU�3OHQXP�'XULQJ�0HOWGRZQ�6FHQDULR���7KH��UG�5HJLRQDO�0HHWLQJ
�1XFOHDU�(QHUJ\�LQ�&HQWUDO�(XURSH���%OHG��6ORYHQLD��6HSW�������������3URFHHGLQJV��SS��������

+X��)��4���+XVVDLQL��0��<���0DQWKH\��-����������/RZ�'LVVLSDWLRQ�DQG��'LVSHUVLRQ�5XQJH�.XWWD
6FKHPHV� IRU� &RPSXWDWLRQDO� $FRXVWLFV��� 5HSRUW� XQGHU� FRQWUDFW� 1$6��������� 1$6$� /DQJOH\
5HVHDUFK�&HQWHU��+DPSWRQ��9$�

,QFURSHUD��)��3���'H:LWW��'��3���������³)XQGDPHQWDOV�RI�+HDW�DQG�0DVV�7UDQVIHU´��-RKQ�:LOH\�	
6RQV��,QF����WK�(GLWLRQ��SS����������

.UH\V]LJ��(����������$GYDQFHG�(QJLQHHULQJ�0DWKHPDWLFV���-RKQ�:LOH\�	�6RQV��,QF����WK�(GLWLRQ�
SS������

.QLHI��5��$�����������1XFOHDU�(QHUJ\�7HFKQRORJ\���+HPLVSKHUH�3XEOLVKLQJ�&RUSRUDWLRQ��S����

.\PlOlLQHQ��2���7XRPLVWR��+���7KHRIDQRXV��7��*����������,Q�YHVVHO�5HWHQWLRQ�RI�&RULXP�DW� WKH
/RYLLVD�3ODQW���1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ������SS����������

/DQJHUPDQ��0��$���0DF.LQQRQ��5��-����������(VWLPDWLQJ�1DWXUDO�&RQYHFWLRQ�LQ�/RZ�3UDQGWO�&DYLW\
)ORZV���1XPHULFDO�+HDW�7UDQVIHU��3DUW�$��9RO�����SS����������

0DGDEKXVKL�� 5�� .��� 9DQND�� 6�� 3��� ������ �/DUJH�(GG\� 6LPXODWLRQ� RI� 7XUEXOHQFH�'ULYHQ
6HFRQGDU\�)ORZ�LQ�D�6TXDUH�'XFW���3K\V��)OXLGV�$����������������SS�����������

0D\LQJHU��)���-DKQ��0���5HLQHNH��+���6WHLQEUHQQHU��9����������([DPLQDWLRQ�RI�7KHUPRK\GUDXOLF
3URFHVVHV�DQG�+HDW�7UDQVIHU�LQ�D�&RUH�0HOW���%0)7���������,QVWLWXWH�I�U�9HUIDQKUHQVWHFKQLF�GHU
7��8���+DQRYHU��*HUPDQ\�

1LHXZVWDGW�� )�� 7�� 0��� ������ �'LUHFW� DQG� /DUJH�(GG\� 6LPXODWLRQ� RI� )UHH� &RQYHFWLRQ��� �WK
,QWHUQDWLRQDO�+HDW�7UDQVIHU�&RQIHUHQFH��-HUXVDOHP��,]UDHO��������3URFFHGLQJV��SS��������

1RXUJDOLHY�� 5�� 5��� 'LQK�� 7��1��� 6HQJDO�� %�� 5��� ������ �(IIHFW� RI� )OXLG� 3UDQGWO� 1XPEHU� RQ�+HDW
7UDQVIHU� &KDUDFWHULVWLFV� LQ� ,QWHUQDOO\� +HDWHG� /LTXLG� 3RROV� ZLWK� 5D\OHLJK� 1XPEHUV� XS� WR� ������
1XFO��(QJ��'HVLJQ��9RO��������SS����������
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3DGRZVNL��0��=���.XUXO��1���.LP��6��:����������$�0RGHO�RI�&RULXP�6WUXFWXUH� ,QWHUDFWLRQ� LQ� WKH
/RZHU�3OHQXP�RI�%:5V���&6$53�7HFKQLFDO�5HYLHZ�0HHWLQJ��%HWKHVGD��0DU\ODQG��86$�������

3DUR]]L�� )��� )LRUDYDQWL�� '��� /RFDWHOOL�� 6��� /RPEDUGL�� &��� 0DJDOORQ�� '��� ������ �&RULXP� 'HEULV
&RRODELOLW\�ZLWKLQ�WKH�539�RU�&RQILQHPHQW�6WUXFWXUHV���,QWHUQDWLRQDO�&RQIHUHQFH�RQ�1HZ�7UHQGV
LQ� 1XFOHDU� 7KHUPRK\GUDXOLFV�� ������ 3LVD�� ,WDO\�� 3URFHHGLQJV�� 9RO�� ��� 7KHUPRK\GUDXOLFV� RI
&RQWDLQPHQW�DQG�6HYHUH�$FFLGHQWV��SS����������

3LRPHOOL�� 8��� ������ �+LJK� 5H\QROGV� 1XPEHU� &DOFXODWLRQV� 8VLQJ� WKH� '\QDPLF� 6XEJULG�6FDOH
6WUHVV�0RGHO���3K\V��)OXLGV�$���������������SS������������

3UHVV��+��:���)ODQQHU\��%��3���7HXNROVN\��6��$���9HWWHUOLQJ��:��7����������1XPHULFDO�5HFLSHV�LQ
3DVFDO���&DPEULGJH�8QLYHUVLW\�3UHVV��S������

5RXJH�� 6��� ������ �68/7$1� 7HVW� )DFLOLW\� IRU� /DUJH�6FDOH� 9HVVHO� &RRODELOLW\� LQ� 1DWXUDO
&RQYHFWLRQ�DW�/RZ�3UHVVXUH���1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ������SS����������

5XELQ�� $��� ������ �,Q�9HVVHO� &RUH� 0HOW� 3URJUHVVLRQ� 6XPPDU\��� &6$53� 7HFKQLFDO� 5HYLHZ
0HHWLQJ��%HWKHVGD��0DU\ODQG��86$�������

6FKPLGW��5��&���.HONDU��.���������0ROWHQ�3RRO�+HDW�7UDQVIHU�0RGHOLQJ�ZLWK�N� �/51�7XUEXOHQFH
0RGHOV��5HVXOWV�)URP�5HFHQW�$QDO\VLV�DQG�$VVHVPHQW�$FWLYLWLHV���&6$53�6HPLDQQXDO�0HHWLQJ�
%HWKHVGD��0DU\ODQG��86$�������

6HKJDO�� %�� 5��� $QGHUVVRQ�� -��� 'LQK�� 7�� 1��� DQG� 2NNRQHQ�� 7��� ������ �6FRSLQJ� ([SHULPHQWV� RQ
$EODWLRQ� RI� 9HVVHO� )DLOXUH� /RFDWLRQ� 'XULQJ� 0HOW� 'LVFKDUJH��� 6SULQJ� C��� &6$53� 0HHWLQJ� RI
8615&��:DVKLQJWRQ�'�&���86$�������

6LFK��$��5�����������&KHUQRE\O�$FFLGHQW�0DQDJHPHQW�$FWLRQV���1XFOHDU�6DIHW\��9RO������1R����
SS������

6WHYHQV��$��:����������1DWXUDO�&RQYHFWLRQ�LQ�D�/LTXLG�0HWDO�(QFORVXUH�ZLWK�)ORRU�&RROLQJ���,QW��-�
+HDW�0DVV�7UDQVIHU��9RO�����1R������SS������������

6WRHU��-���%XOLUVFK��5����������1XPHULVFKH�0DWKHPDWLN��������$XIODJH��6SULQJHU�/HKUEXFK��S�����

6XK�� .�� <��� ������ �5RG� %XQGOH� 7KHUPDO�+\GUDXOLF� DQG� 0HOW� 3URJUHVVLRQ� $QDO\VLV� RI� &25$
6HYHUH�)XHO�'DPDJH�([SHULPHQWV���1XFOHDU�6FLHQFH�DQG�(QJLQHHULQJ�������������SS����������

6XK��.��<����������/RZHU�+HDG�&RRODELOLW\�DQG�.$(5,�3URJUDPV���&6$53�6HPLDQQXDO�0HHWLQJ�
%HWKHVGD��0DU\ODQG��86$�������

6XK��.��<���+HQU\�5��(����������,QWHJUDWHG�0RGHOLQJ�RI�'HEULV�%HG�+HDW�DQG�0DVV�7UDQVIHU�LQ�WKH
3:5�/RZHU�3OHQXP�IRU�6HYHUH�$FFLGHQW�$QDO\VLV���$16������:LQWHU�0HHWLQJ��6DQ�)UDQFLVFR�
&DOLIRUQLD��86$���������WK�3URFHHGLQJV�RI�1XFOHDU�7KHUPDO�+\GUDXOLFV��SS��������

6XK��.��<��+HQU\��5��(����������'HEULV�,QWHUDFWLRQ�LQ�5HDFWRU�9HVVHO�/RZHU�3OHQD�'XULQJ�D�6HYHUH
$FFLGHQW�,��3UHGLFWLYH�0RGHO���1XFOHDU�(QJLQHHULQJ�DQG�'HVLJQ�������������SS����������
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6XK�� .�� <��� +HQU\�� 5�� (��� ������ �'HEULV� ,QWHUDFWLRQV� LQ� 5HDFWRU� 9HVVHO� /RZHU� 3OHQD� 'XULQJ� D
6HYHUH�$FFLGHQW�,,��,QWHJUDO�$QDO\VLV���1XFOHDU�6FLHQFH�DQG�(QJLQHHULQJ�������������SS���������

7KHRIDQRXV�� 7�� *��� /LX�� &��� $QJHOLQL�� 6��� .\PlOlLQHQ�� 2��� 7XRPLVWR�� +��� $GGLWRQ�� 6��� �����
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