
,YDQD�?RNL`�

3UDLVWRULMVNL�NDPHQL�DODWL�VD�ORNDOLWHWD
X�AXaXJDPD

2YLP�UDGRP�REXKYD`HQL�VX�QDOD]L�NDPHQH�L�NUHPHQH�LQGXVWULMH�VD�ORNDOLWHWD�,OL`D
EUGR��AXaXJH��&LOM�DXWRUD�MH�GD�UH]XOWDWH�DQDOL]D�SUHQHVH�QD�VWUDWLJUDILMX�RYRJ
YLQaDQVNRJ�QDVHOMD��L�XWYUGL�VWUXNWXUX��UDVSURVWUDQMHQRVW�L�XNODSDQMH��RGQRVQR�RG�
VWXSDQMH�RG�WUDGLFLRQDOQH�NDPHQH�L�NUHPHQH�LQGXVWULMH�YLQaDQVNRJ�SHULRGD��5H]XO�
WDWL�DQDOL]H�GLVWULEXFLMH��WHKQR�PRUIROR^NH��WLSROR^NH�DQDOL]H��NDR�L�YHOLND�XaHVWD�
ORVW�QDOD]D�VYHGRaH�R�YHRPD�YLVRNRP�VWHSHQX�SR]QDYDQMD� WHKQRORJLMH�X� L]UDGL
NDPHQLK�DODWD��WHKQLaNLK�VYRMVWDYD�VLURYLQD�L�PRJX`QRVWL�QMLKRYRJ�NRUL^`HQMD�NDR
L�QD�RVWDOLP�YLQaDQVNLP�QDOD]L^WLPD�

.OMXaQH�UHaL��AXaXJH��LQGXVWULMD��NDPHQ��NUHPHQ��VLURYLQH��UDGLRQLFD�

8YRG

/RNDOLWHW�,OL`D�EUGR�QDOD]L�VH�QD�MXCQRP�RERGX�7DPQDYVNH�GROLQH��QD

SUHOD]X�ND�9DOMHYVNRM�3RGJRULQL��/HCL�QD�WRNX�UHNH�8E��QD�VDPRP�XOD]X

X�VHOR�AXaXJH��3RNULYHQ�MH�SODWRRP�EUHCXOMND�L]QDG�GHVQH�YLVRNH�UHaQH�WH �

UDVH�8ED��X�GHOX�VHOD�NRML�PH^WDQL�QD]LYDMX�*RUQML�NUDM��8GDOMHQ�MH�RG�UHNH

RNR�����P�
2YDM�ORNDOLWHW�MH�SR]QDW�DUKHROR^NRM�MDYQRVWL�MR^�RG�UDQLMH��3UYL�SXW�MH

SRPLQMDQ�SUH�'UXJRJ�VYHWVNRJ�UDWD��8�VWUXaQRM�DUKHROR^NRM�OLWHUDWXUL�]D �

EHOHCLOL�VX�JD�'UDJD�L�0LOXWLQ�*DUD^DQLQ��X�HGLFLML�$UKHROR^NL�VSRPHQLFL�L

QDOD]L^WD�X�6UELML�,��*DUD^DQLQ�L�*DUD^DQLQ��������NRML�JD�RSUHGHOMXMX�X

POD_X�ID]X�YLQaDQVNH�NXOWXUH��YLQaDQVNR�SORaQLaNX�ID]X��2YL�VWUXaQMDFL�

WRNRP�VLVWHPDWVNLK�UHNRJQRVFLUDQMD�������JRGLQH��YHULILNRYDOL�VX�ORNDOLWHW�

D�]DEHOHCHQR�MH�L�WR�GD�MH�YH`�GR�WDGD�SUHWUSHR�L�SUYX�YHOLNX�GHYDVWDFLMX�

QDLPH��]ERJ�SURELMDQMD�L�QDVLSDQMD�NDPHQRP�VHRVNRJ�SXWD��®SURVHaHQ¯�MH

GREDU�GHR�FHQWUDOQRJ�SODWRD�ORNDOLWHWD��X�^LULQL�YH`RM�RG���PHWDUD��7DNR�MH

QDVWDR�L�VNRUR�YHUWLNDOQL�SURILO��NRML�MDVQR�SRND]XMH�VWUDWLJUDILMX�RYRJ

QDVHOMD�

,YDQD�?RNL`��������
%HRJUDG�
'XUPLWRUVND���
VWXGHQW�,�JRGLQH
DUKHRORJLMH�
)LOR]RIVNL�IDNXOWHW
%HRJUDG
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/RNDOLWHW�,OL`D�EUGR��LVNRSDYDQ�MH�X�GYD�PDKD��������L�������JRGLQH�
8�SUYRM�NDPSDQML�������JRGLQH��QRVLRFL�SURMHNWD�ELOL�VX�)LOR]RIVNL�IDNXOWHW
X�%HRJUDGX��&HQWDU�]D�DUKHROR^ND�LVWUDCLYDQMD��L�,VWUDCLYDaND�VWDQLFD�3HW�
QLFD��D�XaHVWYRYDOL�VX�L�VWXGHQWL�DUKHRORJLMH��,VWUDCLYDQMD�������JRGLQH�YR�
GLR�MH�#HOMNR�-HC��DUKHRORJ�*UDGVNRJ�]DYRGD�]D�]D^WLWX�VSRPHQLND�NXOWXUH
L]�9DOMHYD��RVLP�QMHJD�X�LVNRSDYDQMLPD�VX�XaHVWYRYDOL�L�$QGUHM�6WDURYL`�
DUKHRORJ�,VWUDCLYDaNH�VWDQLFH�3HWQLFD��0RPLU�&HURYL`��DUKHRORJ��DUKHRORJ
1DURGQRJ�PX]HMD�X�>DSFX��NDR�L�VWXGHQWL�DUKHRORJLMH��7RNRP�������JRGLQH

RWYRUHQH�VX�GYH�VRQGH�XNXSQH�SRYU^LQH����P���VRQGD�$��GLPHQ]LMH���×��
P���RULMHQWDFLMH�LVWRN�]DSDG��L�VRQGD�%��XGDOMHQD�RNR�����P�QL]EUGR��WM�
LVWRaQR�RG�VRQGH�$��=D^WLWQD�DUKHROR^ND�LVNRSDYDQMD�SUHGX]HWD�VX������
JRGLQH��SUL�aHPX�MH�LVSLWDQD�QH^WR�YH`D�SRYU^LQD�QHJR�X�SUHWKRGQRM�NDP�
SDQML��=ERJ�OLQLMH�WUDVH�DVIDOWQRJ�SXWD��NRMD�QLMH�SUDYROLQLMVND��aLWDYD�]RQD
MH�ELOD�SRGHOMHQD�QD�WUL�VHNWRUD��YLGL�UDG�1HPDQMH�0U_L`D�X�LVWRP
]ERUQLNX���NRML�VH�SURWHCX�X�SUDYFX�]DSDG�LVWRN��VHNWRU�WUL�QLMH�LVNRSDYDQ��

RWYRUHQH�VX�L�GYH�VRQGH��VRQGD����GLPHQ]LMH���×���P��L�VRQGD����GLPHQ]LMH
���×���P���'RVDGD^QMD�LVNRSDYDQMD�SRND]DOD�VX�GRVWD�MHGQLVWDYQX�L
SUDYLOQX�YHUWLNDOQX�VWUDWLJUDILMX��VD�NXOWXUQLP�VORMHP�GHEOMLQH�RNR������P�

5DGQL�SUREOHP�L�PHWRGH�VLVWHPDWL]DFLMH�QDOD]D
RNUHVDQRJ�L�JODaDQRJ�NDPHQD

2YDM�SURMHNDW�SUHGVWDYOMD�VLQWH]X�SRGDWDND�GRELMHQLK�WHKQR�PRUIROR�
^NRP��IRUPDOQR�WLSROR^NRP��NDR�L�NRQWHNVWXDOQRP�DQDOL]RP��%LOR�MH�SUHG�
YL_HQR�GD�VH�XUDGL�L�IXQNFLRQDOQD�DQDOL]D��DOL�]ERJ�QHGRYROMQH�VWUXaQRVWL
XaHVQLND�QD�SURMHNWX�L�RWHCDQRJ�SULVWXSD�HOHNWURQVNRP�PLNURVNRSX��NRML�MH
RYRP�SULOLNRP�ELR�QHRSKRGDQ��QLMH�ELOR�PRJX`QR�REDYLWL�RYDM�GHR�]DGD�
WND��$XWRU�MH�QDL^DR�QD�MR^�MHGDQ�SUREOHP�SULOLNRP�UDGD�QD�SURMHNWX��1D�
LPH��FHORNXSQX�VHULMX�NUHPHQLK�QDOD]D�LVNRSDQLK�X�NDPSDQML�������JRGLQH
NRPSOHWQR�MH�DQDOLWLaNL�REUDGLOD�/MLOMDQD�?XULaL`��DOL�^LIUDUQLN�NRML�MH�QHR�
SKRGDQ�]D�aLWDQMH�SRGDWDND�GRELMHQLK�DQDOL]RP�ELR�MH�QHSULVWXSDaDQ��8SUD�
YR�]ERJ�WRJD�X�UDGX�VX�L]ORCHQL�UH]XOWDWL�DQDOL]H�NUHPHQLK�QDOD]D�VDPR�L]
������JRGLQH��D�QDOD]D�JODaDQH�NDPHQH�LQGXVWULMH�L]�������L�������JRGLQH�

'UDJDQD�$QWRQRYL`�MH�REUDGLOD�L�SXEOLNRYDOD�UH]XOWDWH�DQDOL]H�PDWHUL�
MDOD�NRML�MH�SULNXSOMHQ�WRNRP�LVWUDCLYDQMD�������JRGLQH��6WDWLVWLVWLaNL�L�DQD�
OLWLaNL�SRGDFL�GR�NRMLK�MH�RQD�GR^OD�NRUL^`HQL�VX�X�RYRP�UDGX�

.DNR�FHORNXSQD�VHULMD�NDPHQLK�L�NUHPHQLK�QDOD]D�SULNXSOMHQLK�WRNRP
NDPSDQMH�������JRGLQH�QLMH�ELOD�DQDOLWLaNL�REUD_HQD��QDMSUH�MH�WUHEDOR�XUD�
GLWL�WHKQR�PRUIROR^NX�L�WLSROR^NX�DQDOL]X��D�]DWLP�L�DQDOL]X�DUKHROR^NH�GLV�
WULEXFLMH��5DGL�WRJD��WUHEDOR�MH�IRUPLUDWL�VSHFLILaQX�PHWRGX�L�RGJRYDUDMX`L
UDGQL�PRGHO�GD�EL�VH�LQIRUPDFLMH�VLVWHPDWL]RYDOH��.DUWRQH�]D�DQDOL]X�L
^LIUDUQLN�IRUPLUDOL�VX�$OHNVDQGUD�-RYDQRYL`�L�DXWRU��X]�SRPR`�$QGUHMD
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6WDURYL`D�L�5DGLYRMD�$UVL`D��QD�RVQRYX�PRGHOD�NRML�MH�NRUL^`HQ�NRG�GUXJLK

DXWRUD��5DGRYDQRYL`�L�GU���������)RUPLUDQH�VX�GYH�YUVWH�NDUWRQD�L

^LIUDUQLND��]DYLVQR�RG�SULURGH�PDWHULMDOD��SRVHEQR�]D�DQDOL]X�JODaDQRJ

NDPHQD��NDUWRQ�&����SRVHEQR�]D�DQDOL]X�RNUHVDQRJ�NDPHQD��NDUWRQ�%���

6YL�SRGDFL�]QDaDMQL�]D�DQDOL]X�NDPHQLK�L�NUHPHQLK�QDOD]D�^LIURYDQL�VX�L

WDNYL�VX�XQHVHQL�X�NDUWRQ��1D�RVQRYX�GDWLK�NDUWRQD�PRJX`QD�MH�L]UDGD

DQDOLWLaNLK�WDEHOD�L�JUDILNRQD��QD�NRMLPD�VH�PRCH�XRaLWL�SRMDYD�QHNLK�RS^WLK
NDUDNWHULVWLND�L�SUDYLOQRVWL��

5DG�QD�DQDOLWLaNRM�REUDGL�PDWHULMDOD�SRGHOMHQ�MH�X�WUL�ID]H��

�� SUYD�ID]D�REXKYDWLOD�MH�WHKQR�PRUIROR^NX��WLSROR^NX�L�SUHOLPLQDUQX

SHWUROR^NX�DQDOL]X��3RGHOMHQD�MH�QD�GYH�HWDSH��V�RE]LURP�QD�UD]OL�

aLWH�YUVWH�QDOD]D�NRML�VX�SUHGPHW�3URMHNWD��D��RNUHVDQL�NDPHQ��E�

JODaDQL�NDPHQ
�� GUXJD�ID]D�SRGUD]XPHYD�DQDOL]X�DUKHROR^NH�GLVWULEXFLMH��RGQRVQR

NRQWHNVWXDOQX�DQDOL]X��7DNR_H�MH�UD_HQD�X�GYH�HWDSH��D��XQR^HQMH

SR]LFLMH�QDOD]D�QD�YHUWLNDOQX�VWUDWLJUDILMX�QDVHOMD��NDNR�EL�VH�GRELOD
LQIRUPDFLMD�R�XaHVWDORVWL�QDOD]D�X�SRMHGLQLP�RWNRSQLP�VORMHYLPD�

RGQRVQR�VWDPEHQLP�KRUL]RQWLPD��E��YH]LYDQMH�DUWHIDNWD�]D�DUKHROR�

^NH�VWUXNWXUH��NDNR�EL�VH�XSRUHGLOL�VD�KRUL]RQWDOQRP�VWUDWLJUDILMRP�

UDGL�GRELMDQMD�SRWSXQLMH�VOLNH�R�RUJDQL]DFLML�RYRJ�YLQaDQVNR�SORaQL�
aNRJ�QDVHOMD

�� WUH`D�ID]D�SUHGVWDYOMD�VLVWHPDWL]DFLMX�L�LQWHUSUHWDFLMX�GRELMHQLK�LQ�

IRUPDFLMD�

3UYD�HWDSD�SUYH�ID]H�REXKYDWD�DQDOLWLaNX�REUDGX�NUHPHQLK�DUWHIDNWD�

1D�RVQRYX�WRJD�IRUPLUDQ�MH�IRUPXODU��NDUWRQ�%���NRML�VDGUCL�GHYHW�RVQRY�

QLK�JUXSD�SRGDWDND��D�VYDND�RG�QMLK�VDGUCL�VYRMH�SRGHOHPHQWH��VOLND��D��
���WHKQLaNL�SRGDFL��NRML�SRGUD]XPHYDMX�UHGQL�EURM�DUWHIDNWD��WHNX`L

EURM���NRML�VH�DQDOLWLaNL�REUD_XMH��^LIURYDQX�R]QDNX�RGJRYDUDMX`HJ

ORNDOLWHWD��DUKHROR^NL�NRQWHNVW�QDOD]D��WHKQLaND�RGUHGQLFD�NRMD�GH�

ILQL^H�XVORYH�QDOD]D�L�]DYLVL�RG�GRNXPHQWDFLMVNRJ�VLVWHPD�LVWUD�

CLYDaD���VPH^WDM��WHKQLaND�RGUHGQLFD�NRMD�R]QDaDYD�NXWLMX��NHVX�X
NRMRM�VH�SUHGPHW�QDOD]L�

���RS^WL�SRGDFL�RGQRVH�VH�QD�VWDQMH�RaXYDQRVWL�SUHGPHWD�L�IRUPDOQX

NODVX�DUWHIDNWD
���SHWUROR^NL�SRGDFL�SUXCDMX�SRGDWNH�R�ERML��WUDQVSDUHQWQRVWL��RS^WL

NYDOLWHW�NRML�VH�PRCH�YL]XHOQR�RFHQLWL���SUR]LUQRVWL�VLURYLQH�L�]DV�

WXSOMHQRVWL�NRUWHNVD�
���PHWULaNL�SRGDFL�REXKYDWDMX�PDNVLPDOQX�GXCLQX��^LULQX��GHEOMLQX

�PHUH�VH�SRQLaQLP�PHULORP�L�L]UDCDYD�VH�X�PLOLPHWULPD��L�GRELMHQ

XJDR�L]PH_X�GRUVDOQH�L�YHQWUDOQH�VWUDQH��PHUL�VH�QD�UDGQRM�LYLFL

�R]QDaDYD�VH�X�VWHSHQLPD�
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���MH]JUR�XNOMXaXMH�IRUPDOQL�WLS�MH]JUD�SUHPD�EURMX�SODWIRUPL�L�QHJD�
WLY��RGQRVQR�WLS�RGELMHQLK�DODWNL�NRML�VH�PRCH�XRaLWL�QD�QHJDWLYLPD
MH]JUD

���JUXSD�SRGDWDND�NRML�VH�RGQRVH�QD�UHWX^�SRGUD]XPHYD�SRORCDM��VPHU
L�WRN�UHWX^D��NDR�L�GXCLQX�L�^LULQX�UHWX^LUDQH�LYLFH��L]UDCDYD�VH�X
PLOLPHWULPD��L�IRUPX�UHWX^LUDQH�LYLFH

���WLS�DODWNH�SUHPD�UHWX^X
���SRGDFL�R�R^WH`HQRVWL�SUXCDMX�SRGDWNH�R�IL]LaNLP�L�WHUPLaNLP�R^WH�

`HQMLPD
���QDSRPHQH�¬�XSLVXMX�VH�VYH�LQIRUPDFLMH�NRMH�VH�QH�PRJX�NRGLUDWL

LOL�SUHGVWDYOMDMX�L]X]HWQH�VOXaDMHYH��D�XQRVH�VH�WHNVWXDOQR�

0H_X�RYLP�SRGDFLPD��QDOD]H�VH�GYH�SRVHEQH�NDWHJRULMH�L]GYRMHQH
SUHPD�IRUPDOQRM�NODVL�DUWHIDNWD��NDWHJRULMH�NRMH�VH�RGQRVH�QD�MH]JUR�L�UH�
WX^��D�SRSXQMDYDMX�VH�SUHPD�SULSDGQRVWL�RGUH_HQRM�IRUPDOQRM�NODVL�

)RUPDOQD�NODVD�DUWHIDNWD�MH�RGUH_LYDQD�QD�RVQRYX�PRUIROR^NLK�NDUDN�
WHULVWLND��VYRMVWDYD�NRMD�VX�NDUDNWHULVWLaQD�]D�QMLKRY�L]JOHG���7D�VYRMVWYD�VH
RGQRVH�QD�RaXYDQRVW��GLPHQ]LMH��L]JOHG�GRUVDOQH�SRYU^LQH��OHYH�L�GHVQH�LYL�
FH�L�SURNVLPDOQRJ�GHOD��2YD�VYRMVWYD�VX�REUD_HQD�GD�EL�VH�LVWUDCLOH�VWD�
WLVWLaNH�NRUHODFLMH�

)RUPDOQD�NODVD�VHaLYD�RGUH_LYDQD�MH�QD�RVQRYX�GLPHQ]LMD��.DR�VHaLYD
VX�RSUHGHOMLYDQL�QDOD]L�aLMD�MH�GXCLQD�GYD�L�YL^H�SXWD�YH`D�RG�^LULQH��D�]D
RGELWNH�QDOD]L�aLMD�MH�GXCLQD�PDQMD�RG�GXSOH�^LULQH��0LKDMORYL`�������

$QDOL]D�JODaDQRJ�NDPHQD�REXKYDWLOD�MH�GUXJX�HWDSX�WHKQR�PRUIROR�
^NH��WLSROR^NH�L�SUHOLPLQDUQH�SHWUROR^NH�DQDOL]H��$QDOL]D�L�NODVLILNDFLMD��NDR
L�NRG�NUHPHQLK�QDOD]D��L]YU^HQD�MH�QD�RVQRYX�VYRMVWDYD�NDUDNWHULVWLaQLK�]D
QMLKRY�L]JOHG��WM��RaXYDQRVW��IRUPDOQH�NODVH��GLPHQ]LMD��L]JOHGD�SURNVLPDO�
QRJ��GLVWDOQRJ�L�PHGLMDOQRJ�GHOD��]DVWXSOMHQRVWL��RGQRVQR�QH]DVWXSOMHQRVWL
VHaLFH��WHPHQD�L�UDGQH�SRYU^LQH��NDR�L�DEUD]LYQLK�VYRMVWDYD�DODWNH��$XWRU
MH�RYD�VYRMVWYD�DQDOL]LUDR�L�REUDGLR�NDNR�EL�GRELR�VWDWLVWLaNH�SRGDWNH��>L�
IUDUQLN�]D�DQDOL]X�JODaDQRJ�NDPHQD�VDGUCL�GHYHW�RVQRYQLK�JUXSD�SRGDWDND�
D�VYDND�RG�QMLK�LPD�VYRMH�SRGHOHPHQWH��VOLND��E��

�� WHKQLaNL�SRGDFL��NRML�SRGUD]XPHYDMX�UHGQL�EURM�DUWHIDNWD��WHNX`L
EURM���NRML�VH�DQDOLWLaNL�REUD_XMH��^LIURYDQX�R]QDNX�RGJRYDUDMX`HJ
ORNDOLWHWD��DUKHROR^NL�NRQWHNVW�QDOD]D��SUHGVWDYOMD�WHKQLaNX�RGUHG�
QLFX�NRMD�GHILQL^H�XVORYH�QDOD]D�L�]DYLVL�RG�GRNXPHQWDFLMVNRJ
VLVWHPD�LVWUDCLYDaD���VPH^WDM��SUHGVWDYOMD�WHKQLaNX�RGUHGQLFX�NRMD
R]QDaDYD�NXWLMX��NHVX�X�NRMRM�VH�SUHGPHW�QDOD]L�

���RS^WL�SRGDFL�RGQRVH�VH�QD�VWDQMH�RaXYDQRVWL�SUHGPHWD�L�IRUPDOQX
NODVX�DUWHIDNWD

���WHKQR�PRUIROR^NL�SRGDFL�JRYRUH�R�ERML��WUDQVSDUHQWQRVWL��RS^WL�NYD�
OLWHW�NRML�VH�PRCH�YL]XHOQR�RFHQLWL���VMDMX��QDaLQX�REUDGH�SRYU^LQH
L�VWHSHQX�L]UDGH

6OLND����
�QDVSUDPQD�VWUDQD��
5DGQD�YHU]LMD�NDUWRQD
]D�DQDOLWLaNX�REUDGX
RNUHVDQLK��NDUWRQ�%��
L�JODaDQLK��NDUWRQ�&��
NDPHQLK�QDOD]D�
�

)LJXUH���
�RSSRVLWH�SDJH��
7KH�DQDOLWLFDO�VKHHW
IRU�FKLSSHG�VWRQH
DUWHIDFWV��VKHHW�%��
DQG�JURXQG�VWRQH
DUWHIDFWV��VKHHW�&���
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���IRUPDOQL�SRGDFL�SUXCDMX�SRGDWNH�R�IRUPL�SRSUHaQRJ�L�IRUPL�X]GX�
CQRJ�SUHVHND

���PHWULaNL�SRGDFL�REXKYDWDMX�PDNVLPDOQX�GXCLQX��^LULQX��GHEOMLQX
�PHUH�VH�SRQLaQLP�PHULORP�L�L]UDCDYDMX�VH�X�PLOLPHWULPD��L�XJDR
�R]QDaDYD�VH�X�VWHSHQLPD���NDR�L�PDNVLPDOQL�L�PLQLPDOQL�SUHaQLN
SHUIRUDFLMH

���SRGDFL�NRML�VH�RGQRVH�QD�GXCLQX��L]UDCDYD�VH�X�PLOLPHWULPD��L
REOLN�VHaLFH

���SRGDFL�R�SUHWSRVWDYOMHQRM�IXQNFLML�DUWHIDNWD�
���SRGDFL�R�R^WH`HQRVWL�SUHGPHWD�SUXCDMX�LQIRUPDFLMH�R�IL]LaNRP�L�WHU�

PLaNRP�R^WH`HQMX
���QDSRPHQH�¬�XSLVXMX�VH�VYH�LQIRUPDFLMH�NRMH�VH�QH�PRJX�NRGLUDWL

LOL�SUHGVWDYOMDMX�L]X]HWQH�VOXaDMHYH�XQRVH�VH�WHNVWXDOQR��
 

)RUPDOQD�NODVD�DUWHIDNWD�NRML�SULSDGDMX�LQGXVWULML�JODaDQRJ�NDPHQD
RGUH_LYDQD�MH�QD�RVQRYX�PRUIROR^NLK�NDUDNWHULVWLND��NDR�L�NRG�QDOD]D�LQ�
GXVWULMH�RNUHVDQRJ�NDPHQD�

���VHNLUD�¬�GLVWDOQL�NUDM�REOLNRYDQ�X�VHaLFX��NRMD�VH�QDOD]L�X�UDYQL�VL�
PHWULMH��D�SURNVLPDOQL�X�WHPH��aLML�REOLN�L�REUDGD�QH�XWLaX�QD�L]JOHG
DODWNH

���GOHWR�¬�DODWND�VD�VHaLFRP�QD�GLVWDOQRP�NUDMX��NRMD�QLMH�GXCD�RG����
FHQWLPHWUD

���WHVOD�¬�DODWND�VD�VHaLFRP�QD�GLVWDOQRP�NUDMX��NRMD�VH�QH�QDOD]L�X
UDYQL�VLPHWULMH��RGQRVQR�DODWND�NRMD�LPD�DVLPHWULaDQ�SURILO��VHaLFD
MH�XYHN�OXaQD

���SLMXN
���aHNL`�¬�]D�VYUVWDYDQMH�WRJ�SUHGPHWD�X�RYX�NDWHJRULMX�RGOXaXMX`L�VX

WUDJRYL�XSRWUHEH��SR�NRMLPD�VH�UD]OLNXMX�RG�RELaQRJ�NDPHQMD
���JODaDOLFD�¬�L]UD_HQD�RG�NDPHQD�VD�DEUD]LYQLP�VYRMVWYLPD��RG�NYD�

UFQRJ�SH^aDUD�L�RG�PDJPDWVNLK�VWHQD�VD�YH`LP�SURFHQWRP�NYDUFD
���EUXV�¬�DODWND�L]UD_HQD�RG�NDPHQD�VD�DEUD]LYQLP�VYRMVWYLPD��ILQLMHJ

]UQD�RG�RQRJ�NRUL^`HQRJ�]D�L]UDGX�JODaDOLFD
���CUYDQM�

5H]XOWDWL�DQDOL]D�L�GLVNXVLMD

3UHLVWRULMVNL�VWDQRYQLFL�QDVHOMD�,OL`D�EUGR�NRG�VHOD�AXaXJH�LPDOL�VX
YHRPD�UD]YLMHQX�NUHPHQX�L�NDPHQX�LQGXVWULMX��R�aHPX�VYHGRaL��SUH�VYHJD�
YHOLNL�EURM�RNUHVDQLK�DUWHIDNWD�L�QDOD]D�RG�JODaDQRJ�NDPHQD��%URM�DODWNL
NRML�SULSDGDMX�LQGXVWULML�JODaDQRJ�NDPHQD��PDWHULMDO�SULNXSOMHQ�������L
������JRGLQH���L]QRVL�����D�XNXSDQ�EURM�NUHPHQLK�QDOD]D�SULNXSOMHQLK�VDPR
WRNRP�LVWUDCLYDQMD�������JRGLQH��L]QRVL������%URMaDQD�]DVWXSOMHQRVW�SRMHGL�
QLK�NDWHJRULMD�DODWNL�SULND]DQD�MH�X�VOHGH`LP�SULOR]LPDQ��WDEHOH���L����
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5H]XOWDWL�DQDOL]H�RNUHVDQLK�NDPHQLK�QDOD]D

0HWULaNL�SRGDFL

$QDOLWLaNRP�REUDGRP�GRELMHQH�VX�LQIRUPDFLMH�R�GLPHQ]LMDPD�QDOD]D
RNUHVDQRJ�NDPHQD��'D�EL�VH�GRELR�UDVSRQ�GLPHQ]LMD��X]HWH�VX�QDMQLCH�L
QDMYL^H�YUHGQRVWL�GXCLQH�L�^LULQH�DODWNL��RGELWDND�L�MD]JDUD��5DVSRQ�GXCLQH
DODWNL�L]QRVL���¬���PP��D�^LULQH��¬���PP��5DVSRQ�GXCLQH�RGELWDND�MH���¬
���PP��GRN�MH�UDVSRQ�^LULQH��¬���PP��5DVSRQ�GXCLQH�MH]JDUD�L]QRVL���¬
���PP��UDVSRQ�^LULQH�MH���¬���PP��D�GHEOMLQD�MH]JDUD�L]QRVL�RNR����PP�

-H]JUR

5H]XOWDWL�DQDOLWLaNH�REUDGH�MH]JDUD�XND]XMX�GD�VX�QDMEURMQLML�VDPR�QD �
aHWL�REOXFL�NRMLK�LPD�����GYRSODWIRUPQLK�MH]JDUD�LPD�VHGDP��GRN�MHGQR �
SODWIRUPQLK�LPD�SHW��1DMPDQMH�VX�]DVWXSOMHQD�DPRUIQD�MH]JUD�����

7DEHOD����1DOD]L�RG�RNUHVDQRJ�NDPHQD�VD�AXaXJD��NDPSDQMD�������JRGLQH�

6HaLYD 6WUXJDaL 5HWX^�
RGELWDN

'OHWD 3HUIRUDWRU 6HNLUH -H]JUD 2GELFL 5HMXY�
RGELWDN

8NXSQR

�� �� ��� � �� � �� ��� �� ���

7DEHOD����1DOD]L�RG�JODaDQRJ�NDPHQD�VD�AXaXJD��NDPSDQMH�������L�������JRGLQH�

6HNLUH 'OHWD 7HVOH AHNL`L *ODaD�
OLFH

%UX�VHYL #UYQMHYL 3LMXFL 5DGQH
SORaH

8NXSQR

�� � �� �� �� �� �� � � ���

6OLND���
D��MHGQRSODWIRUPQR
MH]JUR�VD
QHJDWLYLPD�VHaLYD

E��MHGQRSODWIRUPQR
PLNURMH]JUR�VD
QHJDWLYLPD
PLNURVHaLYD
8PDQMHQR�����SXWD�

�&UWHC��5��$UVL`�

)LJXUH���
&RUHV�ZLWK�RQH
SODWIRUPH�IURP
AXaXJH
D��FRUH�ZLWK�EODGH
QHJDWLYHV

E��FRUH�ZLWK
PLFUREODGH
QHJDWLYHV�

a b
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3UHPD�WLSX�RGELMHQLK�DODWNL�QD�RVQRYX�QHJDWLYD�QD�MH]JUX��QDMEURMQLMD
VX�MH]JUD�VD�NRMLK�VX�RGELMDQD�VHaLYD�������QH^WR�PDQMH�LPD�MH]JDUD�VD�NR�
MLK�VX�RGELMDQL�RGELFL�������-H]JUD�VD�NRMLK�VX�RGELMDQL�PLNURRGELFL�LPD
VHGDP��D�VD�QHJDWLYRP�PLNURVHaLYD�LPD�SHW��3ULPHUL�MH]JDUD�VD�QHJDWLYLPD
VHaLYD�L�PLNURVHaLYD�SULND]DQL�VX�QD�VOLFL��

3RORCDM�UHWX^D�L�WLS�DODWNH�SUHPD�UHWX^X

8�WDEHOL���L�JUDILNRQX��VOLND�����QDOD]H�VH�UH]XOWDWL�WHKQR�PRUIROR^NH
DQDOL]H��NRML�VH�RGQRVH�QD�UHWX^��6YL�WL�SRGDFL�QDOD]H�VH�X�GRNXPHQWDFLML�

7DEHOD����3RORCDM�UHWX^D�QD�UHWX^LUDQLP�QDOD]LPD�RNUHVDQH�NDPHQH
LQGXVWULMH�VD�AXaXJD��NDPSDQMD�������JRGLQH��

3RORCDM�UHWX^D� %URM 3RORCDM�UHWX^D� %URM

'LVWDOQL �� FHOD�OHYD�L�GHVQD�LYLFD ��
0HGLMDOQL � SURNVLPDOQL�L�GLVWDOQL �
3URNVLPDOQL ¬ GLVWDOQL�L�OHYL�PHGLMDOQL �
OHYL�GLVWDOQL �� GLVWDOQL�L�GHVQL�PHGLMDOQL �
GHVQL�GLVWDOQL � PHGLMDOQL�L�SURNVLPDOQL ¬
FHOD�GHVQD�L�OHYD�LYLFD�
L�GLVWDOQL

�� FHOD�OHYD�LYLFD�L�GLVWDOQL �

FHOD�OHYD�LYLFD �� FHOD�OHYD�L�GHVQD�LYLFD��
GLVWDOQL�L�SURNVLPDOQL

�

FHOD�GHVQD�LYLFD ��

8NXSQR ���

6OLND���
=DVWXSOMHQRVW
SRMHGLQLK�VPHURYD
UHWX^D�QD�RNUHVDQLP
NDPHQLP�DODWNDPD�

)LJXUH���
'LUHFWLRQ�RI�WKH
UHWRXFK�RQ�WKH
UHWRXFKHG�FKLSSHG
VWRQH�DUWHIDFWV�
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5H]XOWDWL�DQDOLWLaNH�REUDGH�RNUHVDQLK�NDPHQLK�QDOD]D�XND]XMX�GD�QD�
MEURMQLMX�JUXSX�DODWNL�aLQH�VWUXJDaL�QD�RGELFLPD�������VOLND��D���UHWX^LUDQD
VHaLYD�������VOLND��F��L�UHWX^LUDQL�RGELFL�������VOLND��G���GRN�QDMPDQMX�JUX�
SX�aLQH�VWUXJDaL�QD�VHaLYX�������VOLNH��H��

5H]XOWDWL�DQDOL]H�JODaDQLK�NDPHQLK�QDOD]D

0HWULaNL�SRGDFL

$QDOLWLaNRP�REUDGRP�GRELMHQH�VX�LQIRUPDFLMH�R�GLPHQ]LMDPD�JODaDQLK
NDPHQLK�QDOD]D��'D�EL�VH�GRELR�UDVSRQ�GLPHQ]LMD��X]HWH�VX�QDMQLCH�L�QDM�
YL^H�YUHGQRVWL�GXCLQH�L�^LULQH�DODWNL�

5H]XOWDWL�WHKQR�PRUIROR^NH�DQDOL]H��NRML�VH�RGQRVH�QD�GLPHQ]LMH�L�VH�
aLFX��SULND]DQL�VX�X�WDEHODPD���L���

6OLND���
2NUHVDQL�NDPHQL
QDOD]L�VD�AXaXJD�
D��VWUXJDaL�QD
RGELFLPD

E��NUXCQL�VWUXJDa
F��VWUXJDaL�QD
VHaLYLPD

G��HWX^LUDQL�RGELWDN
H��VWUXJDaL�QD
VHaLYLPD�

)LJXUH���
7KH�FKLSSHG�VWRQH
DUWHIDFWV�IURP�AXaXJH�
D��HQGVFUDSHUV�RQ
IODNHV

E��VXEFLUFXODU�VFUDSHU
F��UHWRXFKHG�EODGHV
G��UHWRXFKHG�IODNH
H��HQGVFUDSHUV�RQ
EODGH�
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1DaLQ�REUDGH�L�VWHSHQ�L]UDGH

5H]XOWDWL�DQDOL]H�QDP�JRYRUH�R�WRPH�GD�VX�QDM]DVWXSOMHQLMH�DODWNH

NRMH�VX�REUD_HQH�VDPR�JODaDQMHP��L�QMLK�LPD�����$ODWD�NRML�VX�REUD_HQL

JODaDQMHP��D�LPDMX�L�SHUIRUDFLMX�LPD�]QDWQR�PDQMH��VYHJD�^HVW�
0H_X�JODaDQLP�NDPHQLP�QDOD]LPD��SUHPD�VWHSHQX�L]UDGH��QDMEURMQLML

VX�QDOD]L�VLURYLQD�NRMH�VX�NRUL^`HQH�X�L]UDGL�������JRWRYLK�SURL]YRGD��WM�

IDEULNDWD�LPD�����D�QHGRYU^HQLK�DODWNL�¬�SROXIDEULNDWD�LPD�GYD�

6HaLFD

7HKQR�PRUIROR^NRP�DQDOL]RP�GRELMHQH�VX�LQIRUPDFLMH�R�GLPHQ]LMDPD

VHaLFH��'D�EL�VH�GRELR�UDVSRQ�GXCLQH�VHaLFH��X]HWH�VX�QDMQLCH�L�QDMYL^H�QMH�

QH�YUHGQRVWL�NRG�JODaDQLK�NDPHQLK�DODWD��5DVSRQ�GXCLQH�VHaLFH�NRG�VHNLUD

L]QRVL���¬���PP��NRG�WHVOL���¬����PP��D�NRG�GOHWD���¬���PP��5H]XOWDWL

DQDOLWLaNH�REUDGH�NRML�VH�RGQRVH�QD�REOLN�VHaLFH�QDOD]H�VH�X�WDEHOL���

7DEHOD����2EOLN�VHaLFH�NRG�JODaDQLK�NDPHQLK�DODWNL�VD�VHaLFRP�VD
AXaXJD��NDPSDQMH�������L�������JRGLQH�

IRUPDOQD�NODVD
DUWHIDNWD�

REOLN�VHaLFH

NRQYHNVQD SUDYD NRVD

VHNLUH � ¬ ¬
WHVOH �� � ¬
GOHWD ¬ � �

'LVNXVLMD

3UHPD�SRGDFLPD�L]�OLWHUDWXUH��5DGRYDQRYL`�L�GUXJL�������VWU�������X

ID]L�9LQaD�SORaQLN�,�L�,,�QD�9LQaL��RUX_D�L�VHaLYD�VX�QDMGXCD��'LPHQ]LMH

VHaLYD�L]QRVH���¬���PP�GXCLQH�L���¬���PP�^LULQH��3UHPD�WRPH��PRCH�VH

]DNOMXaLWL�GD�MH�UD]OLND�X�GLPHQ]LMDPD�DODWNL�VD�AXaXJD�L�DODWNL�VD�9LQaH

]DQHPDUOMLYR�PDOD��7D�UD]OLND�MH�SURX]URNRYDQD�NYDOLWHWRP�VLURYLQH�L�YH�

7DEHOD����5DVSRQ�GLPHQ]LMD��X�PP��JODaDQLK�NDPHQLK�DODWD�VD�AXaXJD��NDPSDQMH�������L
������JRGLQH�

6HNLUH 7HVOH 'OHWD AHNL`L *ODaDOLFH %UXVHYL #UYQMHYL

'XCLQD ���¬����� ���¬����� ���¬���� ���¬����� ���¬����� ���¬����� ���¬�����
>LULQD ���¬���� ���¬���� ���¬���� ���¬��� ��� ���¬��� ���¬���
'HEOMLQD ���¬��� ���¬���� ���¬���� ���¬���� ���¬��� ��¬��� ���¬���
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OLaLQRP�NDPHQD�NRML�MH�RNUHVLYDQ��=D�YLQaDQVNR�SORaQLaNX�ID]X�NDUDNWHU�
LVWLaQD�MH�SRMDYD�VWUXJDaD�QD�VHaLYX��VWUXJDaD�QD�RGELWNX��NUXCQL�VWUXJDaL
�VOLND��G���UHWX^LUDQLK�VHaLYD��VYUGOD��1D�ORNDOLWHWX�,OL`D�EUGR�WH�NODVH�DODWNL
]DVWXSOMHQH�VX�X�YHOLNRP�EURMX��WDEHOD�����SD�VH�PRCH�]DNOMXaLWL�GD�RYDM
ORNDOLWHW��SUHPD�WRP�NULWHULMXPX��QH�RGVWXSD�RG�WUDGLFLRQDOQH�NUHPHQH�LQ�
GXVWULMH�YLQaDQVNR�SORaQLaNRJ�SHULRGD��

5H]XOWDWL�DQDOL]D�JODaDQLK�NDPHQLK�DODWNL�XND]XMX�QD�]DVWXSOMHQRVW�LV�
WLK�WLSRYD�DODWNL��NDR�L�QD�ORNDOLWHWX�%HOR�EUGR��9LQaD��0H_X�QMLPD�VX
VHNLUH��WHVOH��GOHWD��aHNL`L��JODaDOLFH��EUXVHYL��CUYQMHYL�L�UDGQH�SORaH��VD�L]X�
]HWNRP�EX]GRYDQD��VOLNH���L����

6OLND����
*ODaDQH�NDPHQH
DODWNH�VD�AXaXJD�
D��JODaDOLFD
E��EUXV
F��aHNL`
H��GOHWR�

)LJXUH����
7KH�JURXQG�VWRQH
WRROV�IURP�AXaXJH�
D��DQG�E��¬�JULQGLQJ
VWRQHV

F��DG]H
H��FKLVHO�

5$'29,�32/$=1,.$�2%5$=291,+�352*5$0$�±�� $5+(2/2*,-$��•�����



3HWUROR^ND�DQDOL]D�MH�XUD_HQD�QD�RVQRYX�DXWRURYRJ�SR]QDYDQMD�VLUR�
YLQD�X]�NRQVXOWDFLMH�VD�9��-RYDQRYL`HP��GRFHQWRP�QD�.DWHGUL�]D�IL]LaNX
JHRJUDILMX�QD�*HRJUDIVNRP�IDNXOWHWX�X�%HRJUDGX��L�VWXGHQWRP�JHRORJLMH�6�
3HURYL`HP��.RUL^`HQL�VX�L�SRGDFL�GR�NRMLK�MH�GR^OD�'��$QWRQRYL`�SULOLNRP
VYRMH�DQDOLWLaNH�REUDGH�JODaDQRJ�NDPHQD��$QWRQRYL`�������

2G�VLURYLQD�X�LQGXVWULML�RNUHVDQRJ�NDPHQD�YHRPD�VX�SULVXWQL�NYDOL�
WHWQL�URCQDFL��NYDUF�L�RSDO��NRML�VX�YD_HQL�L]�ORNDOQLK�PDMGDQD��=DVWXSOMHQL
VX�L�QDOD]L�RG�UHaQLK�REOXWDND�NUHPHQD�OR^LMHJ�NYDOLWHWD��=DVWXSOMHQ�MH�L
REVLGLMDQ��-HC�L�6WDURYL`��������0H_X�QDM]DVWXSOMHQLMLP�VLURYLQDPD�X�LQ�
GXVWULML�RNUHVDQRJ�L�LQGXVWULML�JODaDQRJ�NDPHQD�MHVWH�W]Y��®ODNL�EHOL�NDPHQ¯
¬�WXI��"��

3UHGPHWL�RG�JODaDQRJ�NDPHQD�VD�QDOD]L^WD�,OL`D�EUGR�L]UD_HQL�VX�RG
UD]QRYUVQLK�VWHQD��3UHPD�'��$QWRQRYL`��QDMYL^H�VX�NRUL^`HQH�aYUVWH�L�WYUGH
VWHQH��VD�L]X]HWNRP�®ODNRJ�EHORJ�NDPHQD¯��NRML�MH��]DMHGQR�VD�SH^aDURP�

6OLND����
*ODaDQH�NDPHQH�VHNLUH
VD�AXaXJD
�D�L�E��
IUDJPHQW�®]HOQH¯�VHNLUH
VD�SHUIRUDFLMRP��F��

6OLND����
7KH�JURXQG�VWRQH�D[HV
IURP�AXaXJH��D�DQG�E��
SDUW�RI�WKH�®JUHHQ¯
VKDIW�KROH�D[H��F��
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QDM]DVWXSOMHQLMD�VLURYLQD��2VLP�WLK�VWHQD��ELOL�VX�NRUL^`HQLL�ILOLW��JUDQLWL�L

JUDQRGLRULWL��JUDQLWSRUILUL��PLND^LVW��GLRULWL��URCQDFL��ILQR�VHGLPHQWQH�L�NRQ�

WDNWQRPHWDPRUIQH�VWHQH��NDR�L�QHNROLNR�YUVWD�QHSR]QDWLK�VWHQD�
���5RCQDFL�VX�VLOLFLMVNH�VWHQH��NRPSDNWQH�L�ILQR�]UQH��RNYLUQH�WYUGR`H

��SR�0RVRYRM�VNDOL��9HRPD�MH�SRJRGDQ�]D�RNUHVLYDQMH�MHU�VH�FHSD�X�VYLP

SUDYFLPD���LPD�R^WUH�LYLFH�QD�SUHORPX��L�YUOR�MH�UDVSURVWUDQMHQ��2G�NUHP

EHORJ�VLYRJ�URCQDFD�QD_HQD�VX�VHaLYD��VWUXJDaL��MH]JUD��JODaDQL�aHNL`L��VH�

NLUH�L�GOHWD�
���/DNL�EHOL�NDPHQ�NRUL^`HQ�MH�X�L]UDGL�UHWX^LUDQLK�VDaLYD�L�DODWNL�VD

VHaLFRP��/DNL�EHOL�NDPHQ�MH�EHOH��NUHP�L�EOHGRVLYH�ERMH��QH�VDGUCL�NDOFL�

MXP�NDUERQDW��9HRPD�MH�ODN�L�SRUR]DQ��RNYLUQH�WYUGR`H�����SR�0RVRYRM

VNDOL��VOLaDQ�PDJQH]LWX��0LNURVNRSVNRP�DQDOL]RP�RSUHGHOMHQ�MH�NDR�GLMD�

WRPHMVND�]HPOMD��'UDJDQD�$QWRQRYL`�VH�]DODCH�GD�VH�L]YU^L�YH`L�EURM�SUH�

FL]QLMLK�DQDOL]D�GD�EL�VH�XWYUGLOR�GD�OL�VH�VDY�ODNL�EHOL�NDPHQ�PRCH

RSUHGHOLWL�NDR�GLMDWRPHMVND�]HPOMD��LOL�VX�]DVWXSOMHQL�SULPHUFL�RG�PDJQH]LWD

LOL�SHSHOVNLK�WXIRYD��3URIHVRU�-RYDQRYL`�MH�QHNROLNR�SULPHUDND�DODWNL�RG

RYRJ��LOL�VOLaQRJ��NDPHQD�RSUHGHOLR�NDR�DODWNH�RG�WXID�
���7XI�MH�L]JUD_HQ�RG�VLWQLK�aHVWLFD�YXONDQVNRJ�SHSHOD�NRMH�PRJX�SX�

WRYDWL�KLOMDGDPD�NLORPHWDUD�NUR]�DWPRVIHUX��L�NDGD�SDGQX�QD�WOR��RaYU�

^`DYDQMHP��JUDGH�NDPHQ�]YDQL�WXI��1HMDVQR�MH�X�NRMHP�VH�EURMX�MDYOMDMX

DODWNH�RG�WXID��MHU�EH]�SHWUROR^NH�DQDOL]H�WH^NR�MH�XWYUGLWL�UD]OLNX�L]PH_X

GLMDWRPHMVNH�]HPOMH��PDJQH]LWD�L�WXID�
���3H^aDU�MH�VHGLPHQWQD�VWHQD�QDVWDOD�FHPHQWLUDQMHP�]UQD�SHVND��VD

L]X]HWQLP�DEUD]LYQLP�VYRMVWYRP��SD�VX�VWRJD�RG�QMHJD�L]UD_HQH�UD]QH�YUVWH

JODaDOLFD��CUYQMHYD��EUXVHYD��aHNL`D��1D�RYRP�ORNDOLWHWX�]DVWXSOMHQ�MH�X

UD]OLaLWLP�YDULMHWHWLPD�L�ERMDPD��XJODYQRP�VD�JOLQRYLWLP�L�JYRC_HYLWLP�FH�

PHQWRP��RNHU��QDUDQGCDVWH��PUNH��CXWH��FUYHQH�L�VLYH�ERMH��$ODWNH�VD�DEUD]�

LYQLP�VYRMVWYLPD�aLQH�L�QDMEURMQLMX�JUXSX�DODWNL�VD�AXaXJD��1D_HQD�MH

MHGQD�WHVOD�RG�ILQR]UQRJ�SH^aDUD�L�MHGDQ�aHNL`�RG�PHWDSH^aDUD�NRML�QLMH

REUD_LYDQ��YH`�MH�YHURYDWQR�UHa�R�MHGQRP�REOXWNX�RGJRYDUDMX`HJ�REOLND�

SD�MH�L�NRUL^`HQ�X�IXQNFLML�XGDUDQMD�
���2G�ILOLWD��XJODYQRP�WDPQRVLYH�ERMH��L]UD_HQL�VX�EUXVHYL�L�PDOL�EURM

VWDWLaQLK�JODaDOLFD�]D�NR^WDQD�^LOD�
���0LND^LVW�MH�PHWDPRUIQD�VWHQD�^NULOMDYH�WHNVWXUH��NDR�RVQRYQH�VDV�

WRMNH�VDGUCL�OLVNXQ�L�NYDUF��.RUL^`HQ�MH�NDR�UDGQD�SORaD�]D�L]UDGX�NDPHQLK

SUHGPHWD�
���*UDQLWL�L�JUDQRGLRULWL��YHRPD�aYUVWH�VWHQH��X�VYRP�VDVWDYX�VDGUCH

NYDUF��ELOL�VX�NRUL^`HQL�]D�L]UDGX�EUXVQLK�DODWNL��JODaDOLFD�
���2G�JUDQLWSRUILUD�VX�L]UD_HQL�CUYQMHYL�L�MHGQD�UDGQD�SORaD�
���)LQR�VHGLPHQWQH�L�NRQWDNWQRPHWDPRUIQH�VWHQH�QDMaH^`H�VH�MDYOMD�QD

YLQaDQVNLP�ORNDOLWHWLPD��D�SUHPD�RFHQL�'��$QWRQRYL`��QD�,OL`D�EUGX�QLVX

]DVWXSOMHQH��
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����2SVLGLMDQ�MH�YXONDQVNR�VWDNOR��QDVWDOR�KOD_HQMHP�ODYH��̂ LURNR�XSR�
WUHEOMDYDQ�QD�YLQaDQVNLP�ORNDOLWHWLPD�X�ID]DPD�9LQaD�$�L�%��

����'UDJDQD�$QWRQRYL`�MH�QDL^OD�L�QD�MHGQX�QHUDVSR]QDWOMLYX�VLWQR]UQX
VWHQX�RNHU�ERMH��RG�NRMH�MH�L]UD_HQD�MHGQD�JODaDOLFD��7X�VLURYLQX�RQD�MH
R]QDaLOD�NDR�QHGHILQLVDQD�VWHQD�

8�NDPSDQML�������JRGLQH�QD_HQD�VX�WUL�L]X]HWQR�]DQLPOMLYD�IUDJPHQWD
JODaDQLK�DODWNL�L]UD_HQLK�RG�QHSR]QDWLK�VLURYLQD��GYD�IUDJPHQWD�RG�GYH
JODaDQH�VHNLUH�VD�SHUIRUDFLMRP�RG�LVWRJ�]HOHQRJ�NDPHQD�NRML�SRGVH`D�QD
CDG��MHGDQ�IUDJPHQW�MH�ELR�X]�MXCQL�SURILO�SRUHG�VHNWRUD���¬�QHVX_HQL�VHN�
WRU����D�GUXJL�MH�ELR�X�NYDGUDWX�����VHNWRUD����X�RWNRSQRP�VORMX�����L�MHGDQ
IUDJPHQW�FUQRJ�JODaDQRJ�aHNL`D�X�VRQGL����]DSDGQR�RG�SRYU^LQH�VD�OHSRP�
7L�IUDJPHQWL�VX�GDWL�QD�SHWUROR^NX�DQDOL]X��)UDJPHQWL�RYLK�GYHMX�]HOHQLK
VHNLUD��EH]�LNDNYLK�DQDOL]D��X�SRaHWNX�VX�ELOL�RSUHGHOMHQL�NDR�]HOHQL�SRUILULW
NRML�QLMH�ORNDOQRJ�SRUHNOD��YH`�VH�VPDWUDOR�GD�MH�L]�$IULNH�LOL�,QGLMH��0H�
_XWLP��UH]XOWDWL�DQDOL]H�VX�QDP�GDOL�MDVQX�VOLNX�R�RYLP�VWHQDPD��1DLPH
NDPHQ�RG�NRJD�MH�QDaLQMHQ�aHNL`��X�SRaHWNX�R]QDaHQ�NDR�JQDMV���SHWUR�
OR^NRP�DQDOL]RP�MH�RSUHGHOMHQ�]D�DPILELROLW��PHWDPRUIQD�VWHQD���NRML�VH
PRCH�QD`L�X�UHODWLYQRM�EOL]LQL�VHOD�7HL`��QD�MXCQRP�REURQNX�3RYOHQD��HN�
VSHUWL]X�L]YU^LR�'U��9��-RYDQRYL`��7D�VLURYLQD�MH�UHODWLYQR�UHWND�X�RYRP
NUDMX��=HOHQL�NDPHQ�MH�DQDOL]RP�RSUHGHOMHQ�]D�VHUSHQWLQ���QH^WR�]DVWX�
SOMHQLMD�VLURYLQD��D�OHCL^WD�VH�QDOD]H�X�RNROLQL�0DOMHQD��6XYRERUD…�2YD
VWHQD�MH�YHRPD�WH^ND�]D�REUDGX�L�YHRPD�WH^NR�VH�QDOD]H�NRPDGL�SRJRGQL
]D�REUDGX�

.RQWHNVWXDOQD�DQDOL]D

1D�RVQRYX�NRQWHNVWXDOQH�DQDOL]H��XVWDQRYOMHQR�MH�GD�VH�X�RNYLUX�VWD�
PEHQRJ�KRUL]RQWD�X�VHNWRUX����NRML�]DKYDWD�L�GHR�VHNWRUD����X�SUHGHOX�NX`H
L�QHSRVUHGQH�RNX`QLFH�QDOD]L�QDMYH`D�NRQFHQWUDFLMD�SRNUHWQLK�QDOD]D��0H_X
QDOD]LPD��RVLP�JUXSH�NHUDPLaNLK�SRVXGD�L�DQWURSRPRUIQLK�ILJXULQD��L]UD]�
LWD�MH�L�NRQFHQWUDFLMD�NDPHQLK�L�NUHPHQLK�QDOD]D��8�YHUWLNDOQRM�VWUDWLJUDILML
QD�RYRP�SURVWRUX�XRaDYD�VH�^HVW�FHOLQD��NRMH�VX�SULND]DQH�QD�JUDILNRQLPD
�VOLND�����

6�RE]LURP�QD�NRQFHQWUDFLMX�MH]JDUD��VOLND�����RGELWDND�L�VHaLYD��PRJOR
EL�VH�]DNOMXaLWL�GD�MH�QD�RYRP�PHVWX�ELOD�PDQXIDNWXUQD�UDGLRQLFD�NUHPHQH
LQGXVWULMH��DOL�VH�VYDNDNR�QH�PRCHPR�]DVLJXUQR�WYUGLWL�

=DNOMXaDN

.DR�̂ WR�MH�YH`�SRPHQXWR��VLURYLQH�RG�NRMLK�VX�L]UD_HQL�SUHGPHWL�XJOD�
YQRP�VX�ORNDOQRJ�NDUDNWHUD��RVLP�GLMDWRPHMVNH�]HPOMH��/HCL^WD�GLMDWRPH�
MVNH�]HPOMH�QDOD]H�VH�X�RNROLQL�/D]DUHYFD��QD����NP�LVWRaQR�RG�QDOD]L^WD
,OL`D�EUGR�7R�GRND]XMH�GD�VX�VWDQRYQLFL�QDVHOMD�,OL`D�EUGR�ELOL�PRELOQL�L�GD
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VX�NRPXQLFLUDOL�VD�RVWDOLP�YLQaDQVNLP�QDVHOMLPD�L]�WRJ�GRED��=DQLPOMLYR

MH�GD�MH�QD_HQ�PDOL�EURM�SUHGPHWD�RG�RSVLGLMDQD��NDPSDQMD�������JRGLQH�

#��-HC��$��6WDURYL`��AXaXJH���,OL`D�%UGR��=D^WLWQD�DUKHROR^ND�LVNRSDYDQMD�

*ODVQLN�'.6�����%HRJUDG�������0DOD�NROLaLQD�DUWHIDNDWD�QDaLQMHQLK�RG

RYH�VLURYLQH�PRCH�XND]DWL�QD�QHSRVWRMDQMH�PDQXIDNWXUQH�UDGLRQLFH�X�NRMRM

MH�NRUL^`HQ�RSVLGLMDQ�]D�L]UDGX�DODWNL��RGQRVQR�PRCGD�VX�GRQR^HQD�JRWRYD

VHaLYD�QD�ORNDOLWHW��1H�WUHED��PH_XWLP�LVNOMXaLWL�PRJX`QRVW�SRVWRMDQMD�RYH

UDGLRQLFH�L]YDQ��GR�VDGD�LVWUDCHQH�SRYU^LQH�RYRJ�QDOD]L^WD��2VWDOH�VLURYLQH

NRMH�VX�NRUL^`HQH�QD�RYRP�ORNDOLWHWX�X]LPDQH�VX�L]�REOLCQMLK�SRWRND�LOL�

PRCGD��L]�PDOR�XGDOMHQLMH�UHNH�8E��NDG�MH�UHa�R�SH^aDULPD��UD]QLP�YUVWDPD

PDJPDWVNLK�L�PHWDPRUIQLK�VWHQD��URCQDaNLP�REOXFLPD�L�REOXFLPD�ILQR]UQLK

VHGLPHQWQLK�L�NRQWDNWQR�PHWDPRUIQLK�VWHQD�

6OLND����
=DVWXSOMHQRVW
SRMHGLQLK�NDWHJRULMD
RNUHVDQLK��D��L
JODaDQLK��E�
DUWHIDNDWD�SR
DQDOLWLaNLP�FHOLQDPD�

)LJXUH���
'LVWULEXWLRQ�RI
GLIIHUHQW�FDWKHJRULHV
RI�FKLSSHG�DQG
JURXQG�VWRQH
DUWHIDFWV�IURP�AXaXJH�
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9HOLNL�EURM�QDOD]D�LQGXVWULMH�RNUHVDQRJ�L�JODaDQRJ�NDPHQD��NDR�L�SUD�
YLOQD�RUJDQL]DFLMD�SURVWRUD�QD�SODWRX�QDVHOMD�XND]XMX�QD�VORCHQX�GUX^WYHQX
RUJDQL]DFLMX��YHRPD�UD]YLMHQX�LQGXVWULMX�RNUHVDQRJ�L�JODaDQRJ�NDPHQD�YL�
QaDQVNR�SORaQLaNRJ�ORNDOLWHWD�,OL`D�EUGR��)UDJPHQWL�]HOHQLK�JODaDQLK�VHNLUD
L�FUQRJ�JODaDQRJ�aHNL`D��V�RE]LURP�QD�WR�GD�VX�ELOL�YHRPDUHWNL��D�L]X]HWQR
ILQH�L]UDGH�L�OHSRWH��PRJOL�VX�VOXCLWL�X�VDNUDOQH�VYUKH�LOL�VX��PRCGD��ELOL
VWDWXVQL�VLPEROL�

3UHPD�SRGDFLPD�GRELMHQLP�L]�DQDOL]D��PRCHPR�]DNOMXaLWL�GD�VH�NUH�
PHQH�L�NDPHQH�DODWNH�SR�IRUPL��QDaLQX�L]UDGH�L�REUDGH��SR�GLPHQ]LMDPD�
NDR�L�SR�VLURYLQDPD�NRMH�VX�NRUL^`HQH�]D�QMLKRYX�L]UDGX�L�REUDGX��V�L]X]HW�
NRP�RSVLGLMDQD��NRML�MH�ELR�^LURNR�XSRWUHEOMDYDQ�QD�GUXJLP�ORNDOLWHWLPD�X
9LQaL�$�L�%����XNODSDMX�X�WUDGLFLRQDOQH�VLVWHPH�YLQaDQVNR�SORaQLaNH�LQGXV�
WULMH�RNUHVDQRJ�L�JODaDQRJ�NDPHQD�

=DKYDOQRVW��,VNUHQR�VH�]DKYDOMXMHP�/HSRVDYL�#XQML`��9HUL�%R�
JRVDYOMHYL`��9HOLPLUX�-RYDQRYL`X��6ORERGDQX�3HURYL`X��$OHNVDQGUL
-RYDQRYL`���0D^L��5DGLYRMX�$UVL`X���$UVL��6ORERGDQX�0DUNRYL`X��6WHYD�
QRYL`�3HWUX���6DQGCDPL�QD�SRPR`L�

6OLND���
D��YHUWLNDOQL�SURILO
VHNWRUD���L��

E��UDVSRUHG
DQDOLWLaNLK�FHOLQD�L
MH]JDUD�X
VHNWRULPD���L��

)LJXUH���
D��9HUWLFDO�SURILOH�RI
WKH�6HFWRUV���DQG��

E��'LVWULEXWLRQ�RI
DQDO\WLFDO�XQLWV
DQG�FRUHV�LQ�WKH
6HFWRUV���DQG��

a

b
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/LWHUDWXUD

$QWRQRYL`��'��������3UHGPHWL�RG�JODaDQRJ�NDPHQD�L]�9LQaH��%HRJUDG�
&HQWDU�]D�DUKHROR^ND�LVWUDCLYDQMD�)LOR]RIVNRJ�IDNXOWHWD

$QWRQRYL`��'��������3UHGPHWL�RG�JODaDQRJ�NDPHQD�VD�QDOD]L^WD�,OL`D
%UGR��*ODVQLN�6$'�������������

$Q_HONRYL`�'HVSRWRYL`��5HGCL`��0��������$UKHROR^ND�LVNRSDYDQMD�QHROLW�
VNRJ�ORNDOLWHWD�,OL`D�%UGR�X�VHOX�AXaXJH��=ERUQLN�1DURGQRJ�PX]HMD��;,9�
���������

%DKQ��3��DQG�5HQIHZ��&��������$UFKDHRORJ\��1HZ�<RUN��7KDPHV�DQG
+XGVRQ�

*DUD^DQLQ�0��������3UDLVWRULMD�6UELMH��WRP�,��%HRJUDG��6USVND�NQMLCHYQD
]DGUXJD

*UEL`��0��������1DOD]L^WD�VWDUaHYDaNRJ�L�YLQaDQVNRJ�QHROLWD�X�6UELML�L
0DNHGRQLML��8��1HROLW�FHQWUDOQRJ�%DONDQD��XU��/��7ULIXQRYL`���%HRJUDG�
1DURGQL�0X]HM�X�%HRJUDGX��VWU��������

?XULaL`��/M���������)XQNFLRQDOQD�DQDOL]D�RNUHVDQLK�NDPHQLK�DUWHIDNDWD�
*ODVQLN�6$'����������

-HC�#���6WDURYL`�$��������AXaXJH���,OL`D�%UGR��]D^WLWQD�DUKHROR^ND�LVN�
RSDYDQMD��*ODVQLN��'UX^WYD�NRQ]HUYDWRUD�6UELMH�����������

0LKDMORYL`��'��������2ULQMDVLMHQVND�NUHPHQD�LQGXVWULMD�VD�ORNDOLWHWD
&UYHQND���$W�X�EOL]LQL�9U^FD��%HRJUDG��&HQWDU�]D�DUKHROR^ND�LVWUDCLYDQMD
)LOR]RIVNRJ�IDNXOWHWD

5DGRYDQRYL`��,���.DF]DQRZVND��0���.R]ORZVNL��-��.���3DZOLNRZVNL��0��
9R\WHN��%��������7KH�&KLSSHG�6WRQH�,QGXVWU\�IURP�9LQaD��%HRJUDG��&HQ�
WDU�]D�DUKHROR^ND�LVWUDCLYDQMD�)LOR]RIVNRJ�IDNXOWHWD

6HPHQRY��6��$��������3UHKLVWRULF�7HKQRORJ\��DQ�H[SHULPHQWDO�VWXG\�RI
WKH�ROGHVW�WRROV�DQG�DUWLIDFW�IURP�WUDFHV�RI�PDQXIDFWXUH�DQG�ZHDU��/RQ�
GRQ��0RRQUDNHU�SUHVV

6UHMRYL`��'��L�-RYDQRYL`��%��������3UHJOHG�NDPHQRJ�RUX_D�L�RUXCMD�L]
9LQaH��$UKHROR^NL�YHVWQLN��9,,,�������������

6WDURYL`�$��������1RYD�DUKHROR^ND�RWNUL`D�X�YDOMHYVNRP�NUDMX��9DOMHYDF
�9HOLNL�QDURGQL�NDOHQGDU�]D�SUHVWXSQX��������9DOMHYR��9DOMHYDF��VWU������
���

9DVL`��0��������3UHLVWRULMVND�9LQaD��WRP�,,��%HRJUDG��'UCDYQD�^WDPSDULMD
.UDOMHYLQH�-XJRVODYLMH

9DVL`��0��������.DPHQR�RUX_H�X�9LQaL��6USVNL�.QMLCHYQL�JODVQLN�
;/,,��������
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,YDQD�?RNL`

3UHKLVWRULF�6WRQH�7RROV�IURP�AXaXJH

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�SUHVHQW�WKH�UHVXOWV�REWDLQHG�E\�WHFKQR�
PRUSKRORJLFDO��IRUPDO�W\SRORJLFDO�DQG�FRQWH[WXDO�DQDO\VHV�RI�WKH�REMHFWV
PDGH�RI�JURXQG�DQG�FKLSSHG�VWRQH�GLVFRYHUHG�GXULQJ�WKH�DUFKDHRORJLFDO
H[FDYDWLRQV�LQ�WKH�\HDU�RI������DQG������RQ�WKH�VLWH�RI�AXaXJH��7KH�UH �
VXOWV�DUH�VWLOO�SUHOLPLQDU\�

,QIRUPDWLRQ�DERXW�WKH�GLPHQVLRQ�RI�WRROV��DV�ZHOO�DV�WKH�PDQXIDFWXU �
LQJ�WHKQRORJ\�RI�PDNLQJ�WKHP�RQ�WKH�VLWH�RI�AXaXJH�VKRZV�XV�FHUWDLQO\
WKH�WUDGLWLRQ�RI�WKH�9LQaD�3ORaQLN�SKDVH��,Q�WKH�FKLSSHG�VWRQH�LQGXVWU\
WRROV�FRQVLVW�RI�UHWRXFKHG�DQG�QR�UHWRXFKHG�EODGHV��HQGVFUDSHUV��FKLVHOV�
HQGVFUDSHUV�RQ�IODNHV��VXEFLUFXODU�VFUDSHUV�DQG�D[HV��

*URXQG�VWRQH�LQGXVWU\�FRQVLVW�RI�WKH�D[HV��ZLWK�RU�ZLWKRXW�D�VKDIW
KROH��DG]HV��SLFNV��FKLVHOV��KDPPHUV��VKDIW�KROH�KDPPHUV��DQG�JULQGLQJ
VWRQHV��WKH�WRROV�ZLWK�DEUDVLYH�IHDWXUHV���7KRVH�JURXQG�DQG�FKLSSHG�VWRQH
WRROV�DUH�VSHFLILF�IRU�WKH�9LQaD�3ORaQLN�SKDVH��DQG�WKH\�DUH�W\SLFDO�IRU�WKH
VLWH�RI�%HOR�EUGR��9LQaD�

'LIIHUHQW�URZ�PDWHULDO�KDV�XVHG�IRU�WKH�SURGXFWLRQ�RI�VWRQH�REMHFWV�DW
AXaXJH��,PSOHPHQWV�ZHUH�PDGH�RI�ILQH�JUDLQHG�VHGLPHQW�DQG�FRQWDFW
PHWDUPRUSKLF�URFNV��VHUSHQWLQ��OLPVWRQH��PDJQHVLWH��SKLOLWH��KRUQVWRQH�
TXDUW]�SHEEOHV��ULYHU�SHEEOHV�RI�LQYDULRXV�FRORXUV��JUDQLWRLG�VDQG�VWRQH�
DPSKLELROLWH��REVLGLDQH�HWF�

5HVXOWV�RI�FRQWH[WXDO�DQDO\VLV�VKRZ�XV�KLJK�FRQFHQWUDWLRQ�RI�IODNHV��FRUHV
DQG�FKLSSHG�VWRQH�WRROV�LQ�WKH�DUHD�RI�WKH�KRXVH�DQG�KRXVKROG��WKDW�PLJKW
VKRZV�XV�H[LVWHQFH�RI�PDQXIDFWXUH�ZRUNVKRS��EXW�TDV�D�SUHOLPLQDU\�LGHD�

6WRQH�WRROV�VHULDO�IURP�AXaXJH�YHULILHV�WKH�KLJK�GHJUHH�RI�NQRZOHGJH
DERXW�WKH�WFKQLFDO�IHDWXUHV�RI�URFNV�DV�ZHOO�DV�WKH�VNLOO�LQ�WKHLU�XVH��
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