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&LOM�RYRJ�UDGD�MH�ELR�GD�VH�LVSLWD�HIHNDW�YRGHQRJ
HNVWUDNWD� GLPD� QD� NOLMDQMH� VDODWH� �/DFWXFD�VDWLYD�
VRUWD� PDMVND� NUDOMLFD�� L� GYH� VRUWH� HQGLYLMH
�&LFKRULXP�HQGLYLD��VRUWD�CXWD�L�]HOHQD���9RGHQL�HN�
VWUDNW�GLPD�PHQMD�GLQDPLNX�NOLMDQMD�VHPHQD�VDODWH
L�GYH�VRUWH�HQGLYLMH�WDNR�^WR�SRPHUD�YUHPH�GRVWL�
]DQMD�PDNVLPXPD��1DML]UDCHQLMD�SURPHQD�GLQDPLNH
NOLMDQMD�MH�]DEHOHCHQD�NRG�HQGLYLMH�CXWH��9RGHQL�HN�
VWUDNW�GLPD�LPD�LQKLELWRUQR�GHMVWYR�QD�NOLMDQMH�VH�
PHQD� VYH� WUL� LVSLWLYDQH� VRUWH�� 1DMQLCL� VWHSHQ� LQ�
KLELFLMH� NRG� VYH� WUL� LVSLWLYDQH� VRUWH� ]DEHOHCHQ� MH
SULOLNRP� SULPHQH� ������ YRGHQRJ� HNVWUDNWD� GLPD�
7DPQRFUYHQD�VYHWORVW�SRWSXQR�LQKLELUD�NOLMDQMH�VH�
PHQD�VYH�WUL�LVSLWLYDQH�YUVWH��)X]LNRNFLQ�SUHYD]LOD]L
HIHNDW� WDPQRFUYHQH�VYHWORVWL�QD�NOLMDQMH� VHPHQD� L
VQDCQR�VWLPXOL^H�NOLMDQMH�VHPHQD�NRG�VYH�WUL�LVSLWL�
YDQH�VRUWH��7DNR_H��JLEHUHOLQL�VWLPXOL^X�NOLMDQMH�VH�
PHQD�NRG�VYH�WUL�LVSLWLYDQH�VRUWH��DOL�XSROD�HIHNWQLMH
RG� IX]LNRNFLQD�� .RQFHQWUDFLMH� YRGHQRJ� HNVWUDNWD
GLPD� RG� ������ L� ����� SUHYD]LOD]H� HIHNDW� WDP�
QRFUYHQH�VYHWORVWL�QD�NOLMDQMH�VHPHQD�L�VWLPXOL^X�NOL�
MDQMH�VHPHQD�
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.OLMDQMH�MH�GHR�NRPSOHNVQRJ�SURFHVD�UDVWD�NOLFH

VHPHQD��.OLMDQMH�MH�YHRPD�RVHWOMLY�SURFHV�L�QD�QMHJD
XWLaX�UD]OLaLWL�XQXWUD^QML�L�VSROMD^QML�IDNWRUL��2G�XQX�
WUD^QMLK�IDNWRUD�]QDaDMQR�MH�SRPHQXWL�HQGRJHQX
ULWPLaQRVW��ID]X�UD]YL`D��PLURYDQMH�VHPHQD��GRN�VH
VSROMD^QML�aLQLRFL�PRJX�SRGHOLWL�QD�QHRSKRGQH�XV�
ORYH�]D�NOLMDQMH�NDR�^WR�VX�YODJD��WHPSHUDWXUD�L
NLVHRQLN��L�QD�GRGDWQH�IDNWRUH�NRML�VX�XVORY�NOLMDQMD
RQLK�VHPHQD�NRMD�QH�NOLMDMX�NDGD�LP�VH�REH]EHGH

QHRSKRGQL�XVORYL��GRUPDQWQD�VHPHQD���8�GRGDWQH
IDNWRUH��L]PH_X�RVWDOLK��VSDGDMX�L�VYHWORVW�L�QLVND
WHPSHUDWXUD��6DUL`�L�VDU��������

6HPHQD�NRMLPD�MH�QHRSKRGQD�VYHWORVW�]D�NOLMDQMH
QD]LYDMX�VH�SR]LWLYQR�IRWREODVWLaQD�VHPHQD��3RMDYD
IRWREODVWLaQRVWL�REMD^QMDYD�VH�SULVXVWYRP�ILWRKURPD
NRML�DSVRUEXMH�VYHWORVW�NDR�VLJQDO�SURPHQH�L�SUHNR
ODQFD�SUHQRVD�VLJQDOD�GRYRGL�GR�UD]OLaLWLK�IL]LROR^NLK
RGJRYRUD�NRML�RGUH_XMX�PRUIRJHQH]X�NRG�ELOMDND��)L�
WRKURP�MH�SLJPHQW�NRML�LPD�GYH�IRUPH��7R�VX�LQDN�
WLYQD�IRUPD�ILWRKURPD��5������NRMD�LPD�PDNVLPXP
DSVRUSFLMH�QD�����QP��L�DNWLYQD�IRUPD�ILWRKURPD
�5������NRML�LPD�PDNVLPXP�DSVRUSFLMH�QD�����QP�
'YH�QDYHGHQH�IRUPH�ILWRKURPD�VX�LQWHUNRQYHUWLELOQH�
WM��X�]DYLVQRVWL�RG�WRJD�NRMX�WDODVQX�GXCLQX�VYHWORVWL
DSVRUEXMX�PRJX�GD�SUHOD]H�L]�DNWLYQH�X�QHDNWLYQX
IRUPX� L�REUQXWR��.DGD�5����DSVRUEXMH�VYHWORVW
WDODVQH�GXCLQH�����QP��VYHWORFUYHQD�VYHWORVW���SUH�
OD]L�X�DNWLYQX�IRUPX�L�SRVOH�WRJD�VOHGL�IL]LROR^NL
RGJRYRU��D�NDGD�5����DSVRUEXMH�VYHWORVW�WDODVQH
GXCLQH�����QP��WDPQRFUYHQD�VYHWORVW���SUHOD]L�X
QHDNWLYQX�IRUPX�5����L�IL]LROR^NL�RGJRYRU�L]RVWDMH
�6DUL`�L�VDU��������

%LOMQL�KRUPRQL�JLEHUHOLQL�PRJX�GD�]DPHQH�]D�
KWHY�SR]LWLYQR�IRWREODVWLaQLK�VHPHQD�]D�VYHWOR^`X�
/RQD�MH�MR^�SUH�aHWUGHVHW�JRGLQD�SRND]DR�GD�HJ]R�
JHQL�JLEHUHOLQL�VWLPXOL^X�NOLMDQMH�VDODWH��^WR�XND]XMH
QD�WR�GD�MH�X�SULURGQLP�XVORYLPD�NOLMDQMD�VLQWH]D�HQ�
GRJHQLK�JLEHUHOLQD�MHGDQ�RG�NRUDND�X�ODQFX�SUHQRVD
VLJQDOD�NRML�SUHGVWDYOMD�VYHWORVW��8�VHPHQX�VDODWH
JLEHUHOLQL�VWLPXOL^X�UDVW�HPEULRQD��SUHYD]LOD]H�LQ�
KLELFLMX�L]D]YDQX�DEFLVLQVNRP�NLVHOLQRP�L]�SHULNDUSD
L�LQGXNXMX�ELRKHPLMVNH�L�VWUXNWXUQH�SURPHQH�X�HQ�
GRVSHUPX��3RUHG�JLEHUHOLQD��IX]LNRNFLQ�MH�MHGDQ�RG
VWLPXODWRUD�NOLMDQMD�L�DJHQDVD�NRML�SUHNLGDMX�GRUPDQ�
FLMX�VHPHQD��)X]LNRNFLQ�SRGVWLaH�NOLMDQMH�WDNR�̂ WR�LPL�
WLUD�HIHNDW�JLEHUHOLQD��DOL�MH�PQRJR�HILNDVQLML�RG�QMLK�
3UHWSRVWDYOMD�VH�GD�IX]LNRNFLQ�X�NOLMDQMX�SRGVWLaH�UDG
SURWRQVNLK�$73�D]D��6LPRQRYL`�L�VDU��������
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3ULPH`HQR�MH�GD�NOLMDQMH�VHPHQD�QHNLK�YUVWD�]D�
YLVL�RG�GLPD�QDVWDORJ�X�SULURGQLP�SRCDULPD��8�HNR�
VLVWHPLPD�$IULNH�L�$XVWUDOLMH�SRCDUL�VX�LQGXNRYDOL
QDJOR�EXMDQMH�L�UDVW�YHJHWDFLMH�X�NUDWNRP�SHULRGX��'H
/DQJ��'H�/DQJH��L�%RKHU��%RXFKHU��VX�������JRGLQH
SUYL�XND]DOL�QD�XWLFDM�GLPD�QD�NOLMDQMH�VHPHQD��3RVOH
WRJD�MH�SRND]DQ�XWLFDM�GLPD�QD�NOLMDQMH�VHPHQD�NRG
PQRJLK�ELOMQLK�YUVWD�]D�aLMH�VH�NOLMDQMH�QLMH�]QDOR�GD
MH�SRWUHEDQ�GLP��7RGRURYL`�L�VDU���������6SRUR
VDJRUHYDQMH�VXYLK�LOL�VYHCLK�ELOMQLK�PDWHULMDOD�SURL]�
YRGL�MHGLQMHQMD�UDVWYRUQD�X�YRGL�NRMD�VWLPXOL^X�NOL�
MDQMH�NRG�YHOLNRJ�EURMD�UD]OLaLWLK�VHPHQD��'LP�MH
VDP�SR�VHEL�VPH^D�YHOLNRJ�EURMD�MHGLQMHQMD��1H�]QD
VH�WDaQR�NRMD�MHGL�QMHQMD�L]�GLPD�LPDMX�VWLPXODWRUQL
HIHNDW��D�NRMD�LPDMX�LQKLELWRUQL�HIHNDW�L�NDNYL�VX
NROLaLQVNL�RGQRVL�WLK�MHGLQMHQMD�X�GLPX�

&LOM��RYRJ�UDGD�MH�ELR�GD�VH�LVSLWD�HIHNDW�YRGH�
QRJ�HNVWUDNWD�GLPD�QD�NOLMDQMH�VDODWH��/DFWXFD�VDWLYD
VRUWD� PDMVND� NUDOMLFD�� L� GYH� VRUWH� HQGLYLMH
�&LFKRULXP�HQGLYLD�VRUWD��VRUWD�CXWD�L�]HOHQD��

0DWHULMDO�L�PHWRGH
8�RYRP�UDGX�VX�NRUL^`HQD�VHPHQD�VDODWH�L�HQGL�

YLMH��$JURNRS��EHUED��������=D�SUYL�HNVSHULPHQW�RG�
EURMDQR�MH�SR����VHPHQD�VYDNH�VRUWH�X�3HWUL�NXWLMH
SUHaQLND���FP�L�GRGDWR�SR���P/�GHVWLORYDQH�YRGH
�NRQWUROD��LOL�YRGHQRJ�HNVWUDNWD�GLPD�X�RSVHJX�NRQ�
FHQWUDFLMD� RG� ������ GR� ���� 5D_HQD� VX� WUL
SRQDYOMDQMD�]D�VYDNX�NRQFHQWUDFLMX�L�NRQWUROX��6H�
PHQD�VX�GUCDQD�QD�VREQRM�WHPSHUDWXUL�RG���~&�GR
��~&��QD�GQHYQRM�VYHWORVWL��%URM�SURNOLMDOLK�VHPHQD
MH�RGUH_LYDQ�QD�VYDND���VDWD��D�FHR�HNVSHULPHQW�MH
WUDMDR����VDWL��1DNRQ����VDWL�L]UDaXQDW�MH�NXPXODWLYQL
HIHNDW�YRGHQRJ�HNVWUDNWD�GLPD�QD�NOLMDQMH�VHPHQD�

=D�GUXJL�HNVSHULPHQW�WDNR_H�MH�RGEURMDYDQR�SR
���VHPHQD�VYDNH�VRUWH�X�3HWUL�NXWLMH�SUHaQLND���FP
L�GRGDYDQR�MH�SR���P/�GHVWLORYDQH�YRGH��NRQWUROD��
��µ0�IX]LNRNFLQD����P0�JLEHUHOLQD��*$��� LOL
UDVWYRUD�YRGHQRJ�HNVWUDNWD�GLPD�NRQFHQWUDFLMH
������LOL�������3RVWDYOMHQD�VX�SR���SRQDYOMDQMD�]D
VYDNX�NRQFHQWUDFLMX�L�NRQWUROX��6YH�SRVWDYNH�ELOH�VX
RVYHWOMDYDQH�WRNRP����VDWL�NRQWLQXDOQRP�WDP�
QRFUYHQRP�VYHWOR^`X��.DR�L]YRU�WDPQRFUYHQH�VYHW�
ORVWL�NRUL^`HQD�MH�VLMDOLFD�VD�XCDUHQLP�YODNQRP
����:���NRMD�HPLWXMH�VYH�WDODVQH�GXCLQH�YLGOMLYH
VYHWORVWL�SD�L�VYHWORVW�WDODVQH�GXCLQH�L]QDG�����QP��L
NRPELQDFLMD�FUYHQRJ�L�SODYRJ�ILOWUD�NRML�SURSX^WDMX
VDPR�VYHWORVW�WDODVQH�GXCLQH�YH`H�RG�����QP
�XJODYQRP�WDPQRFUYHQD�VYHWORVW���3R�LVWHNX����VDWL

RGUH_LYDQ� MH� EURM� SURNOLMDOLK� VHPHQD� X� VYLP
SRVWDYNDPD�

5H]XOWDWL�GRELMHQL�X�HNVSHULPHQWLPD�VX�VWDWLVWLaNL
REUD_HQL�L�SUHGVWDYOMHQL�JUDILaNL�L�WDEHODUQR��

5H]XOWDWL�L�GLVNXVLMD
6D�VOLNH���PRCH�VH�YLGHWL�GD�NULYH�GLQDPLNH�NOL�

MDQMD�VHPHQD�X�NRQWURODPD�]D�VYH�WUL�VRUWH�L]JOHGDMX
VOLaQR��NULYH�VD�PDNVLPXPRP���(QGLYLMD�]HOHQD�L
VDODWD�LPDMX�VOLaQX�GLQDPLNX�NOLMDQMD��WM��QDNRQ���
VDWL�GRVWLCX�PDNVLPXP�NOLMDQMD��(QGLYLMD�CXWD�UDQLMH
GRVWLCH�PDNVLPXP�NOLMDQMD��QDNRQ����VDWL���QMHQ
PDNVLPXP�LPD�YH`X�YUHGQRVW�QHJR�PDNVLPXP�]D
HQGLYLMX�]HOHQX�L�VDODWX��6HPHQD�REH�VRUWH�HQGLYLMH
SRaLQMX�GD�NOLMDMX�QDNRQ����VDWD��GRN�VHPHQD�VDODWH
SRaLQMX�GD�NOLMDMX�SRVOH����VDWL��7DNR_H��QDNRQ���
VDWD�VHPHQD�HQGLYLMH�CXWH�YL^H�QH�NOLMDMX��GRN�VH�
PHQD�HQGLYLMH�]HOHQH�L�VDODWH�L�QDNRQ����VDWD�NOLMDMX
X�PDORP�EURMX��9HURYDWQR�GD�HQGLYLMD�CXWD�GRVWLCH
PDNVLPXP�SUH�GUXJH�GYH�VRUWH��SD�RQGD�L�SUH
]DYU^DYD�VD�NOLMDQMHP�

5H]XOWDWL�VD�VOLNH���XND]XMX�QD�WR�GD�SULPHQD
������YRGHQRJ�HNVWUDNWD�GLPD�PHQMD�GLQDPLNX�NOL�
MDQMD�L�VHPHQD�VDODWH�L�VHPHQD�GYH�VRUWH�HQGLYLMH��6H�

PHQD�HQGLYLMH�SRaLQMX�GD�NOLMDMX�SRVOH����VDWD��D�VH�
PHQD�VDODWH�SRVOH����VDWL�NDR�L�X�NRQWUROL��3ULPHQD
QLVNH�NRQFHQWUDFLMH�YRGHQRJ�HNVWUDNWD�GLPD�RGODCH
GRVWL]DQMH�PDNVLPXPD�NOLMDQMD�VHPHQD�NRG�VYLK
VRUWL��0DMVND�NUDOMLFD�L�HQGLYLMD�CXWD�LPDMX�VOLaQX�GL�

6OLND����'LQDPLND�NOLMDQMD�NRQWUROQLK�JUXSD�VHPHQDVDODWH�L�VHPHQD�GYH�VRUWH�HQGLYLMH
)LJXUH����*HUPLQDWLRQ�G\QDPLFV�IRU�FRQWURO�JURXSV�RIOHWWXFH�VHHGV������\HOORZ�HQGLYLD�VHHGV������DQG�JUHHQHQGLYLD�VHHGV����
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QDPLNX�NOLMDQMD��WM��SRVOH����VDWL�GRVWLCX�PDNVLPXP
NOLMDQMD��GRN�HQGLYLMD�]HOHQD�GRVWLCH�PDNVLPXP
SRVOH����VDWL��2GODJDQMH�GRVWL]DQMD�PDNVLPXPD�NOL�
MDQMD�NDR�L�VPDQMHQMH�YUHGQRVWL�PDNVLPXPD�QDM�
XRaOMLYLML�VX�NRG�HQGLYLMH�CXWH��GRN�VH�PDNVLPXP
NOLMDQMD�VHPHQD�HQGLYLMH�]HOHQH�QLMH�ELWQR�SRPHULR�X
RGQRVX�QD�NRQWUROX��QLWL�MH�ELWQR�SURPHQLR�YUHGQRVW
SRG�XWLFDMHP�YRGHQRJ�HNVWUDNWD�GLPD��6HPHQD�HQGL�
YLMH�CXWH�SRVOH����VDWD�YL^H�QH�NOLMDMX��GRN�VHPHQD
HQGLYLMH�]HOHQH�L�VDODWH�L�SRVOH����VDWL�NOLMDMX�X
PDORP�EURMX�NDR�X�NRQWUROL��

1D� VOLFL� �� MH� SULND]DQ�NXPXODWLYQL� HIHNDW
UD]OLaLWLK�NRQFHQWUDFLMD�YRGHQRJ�HNVWUDNWD�GLPD�QD
NOLMDQMH�VHPHQD�VDODWH�L�GYH�VRUWH�HQGLYLMH�QDNRQ���
VDWL��5H]XOWDWL�SRND]XMX�GD�VDODWD�L�HQGLYLMD�CXWD
VOLaQR�UHDJXMX�QD�WUHWPDQ�YRGHQLP�HNVWUDNWRP�GLPD�

.RG�VDODWH�L�HQGLYLMH�CXWH�MH�YH`�QD�QDMQLCRM�SUL�
PHQMHQRM�NRQFHQWUDFLML�YRGHQRJ�HNVWUDNWD�GLPH�]D�
EHOHCHQ�]QDaDMDQ�SDG�SURFHQWD�SURNOLMDOLK�VHPHQD�X
RGQRVX�QD�NRQWUROX��GRN�MH�NRG�HQGLYLMH�]HOHQH�RYDM
SDG�PQRJR�PDQMHJ�LQWHQ]LWHWD��.RG�VYH�WUL�LVSLWLYDQH
VRUWH�]DEHOHCHQ�MH�VNRUR�OLQHDUDQ�SDG�SURFHQWD�SURN�
OLMDOLK�VHPHQD��DOL�VH�RQ�XRaDYD�SUL�YL^LP�NRQFHQ�
WUDFLMDPD�YRGHQRJ�HNVWUDNWD�GLPD��������NRG
VHPHQD�HQGLYLMH�]HOHQH��QHJR�^WR�MH�VOXaDM�NRG�VH�
PHQD�HQGLYLMH�CXWH�L�VDODWH����������2YR�XND]XMH�QD
WR�GD�VX�VHPHQD�HQGLYLMH�]HOHQH�PDQMH�RVHWOMLYD�QD
YRGHQL�HNVWUDNW�GLPD��QHJR�VHPHQD�HQGLYLMH�CXWH�L
VDODWH��8�WURSURFHQWQRP�UDVWYRUX�YRGHQRJ�HNVWUDNWD
GLPD�QLMH�XRaHQR�NOLMDQMH�VHPHQD�QL�NRG�MHGQH�VRUWH�

WM��WD�NRQFHQWUDFLMD�X�SRWSXQRVWL�]DXVWDYOMD�NOLMDQMH
LVSLWLYDQLK�VHPHQD��*HQHUDOQR�NRG�VYLK�YUVWD�SUL�
PHQD�YRGHQRJ�HNVWUDNWD�GLPD�VQLCDYD�SURFHQDW
SURNOLMDOLK�VHPHQD��7DNR_H��PRCH�VH�YLGHWL�GD�VX
VDODWD�L�HQGLYLMD�CXWD�RVHWOMLYLMH�QD�YRGHQL�HNVWUDNW
GLPD�QHJR�HQGLYLMD�]HOHQD��MHU�MH�NRG�QMLK�X�VYLP
NRQFHQWUDFLMDPD�YRGHQRJ�HNVWUDNWD�GLPD�SURFHQDW
SURNOLMDOLK�VHPHQD�PQRJR�PDQML�QHJR�NRG�HQGLYLMH
]HOHQH��3UHPD�UH]XOWDWLPD�%UDXQD��%URZQ������
YRGHQL�HNVWUDNW�GLPD�LPD�VWLPXODWRUQR�GHMVWYR�QD
PQRJR�YUVWH�L]�IDPLOLMH�$VWHUDFHDH��NRMRM�SULSDGDMX�L
LVSLWLYDQH�YUVWH�X�RYRP�UDGX��,QKLELWRUQL�HIHNDW
YRGHQRJ�HNVWUDNWD�GLPD��NRML�MH�GRELMHQ�X�RYRP
UDGX��PRCH�VH�REMDVQLWL�WLPH�GD�MH�YRGHQL�HNVWUDNW
GLPD�VPH^D�L�VWLPXODWRUQLK�L�LQKLELWRUQLK�MHGLQMHQMD�L
GD�VH�QH�]QDMX�WDaQL�NROLaLQVNL�RGQRVL�WLK�MHGLQMHQMD�
WDNR_H�GD�OL�GLP�QD�NOLMDQMH�VHPHQD�LPD�VWLPXODWRUQL
LOL�LQKLELWRUQL�HIHNDW�]DYLVL�RG�ELOMQH�YUVWH��

5H]XOWDWL�SULND]DQL�QD�VOLFL���XND]XMX�QD�WR�GD
WDPQRFUYHQD�VYHWORVW�X�NRQWUROL�NRG�VYH�WUL�LVSLWLYDQH
VRUWH�SRWSXQR�LQKLELUD�NOLMDQMH��.RG�VYH�WUL�VRUWH�WUH�
WLUDQH�IX]LNRNFLQRP�]DEHOHCHQR�MH�SUHYD]LODCHQMH
HIHNWD�WDPQRFUYHQH�VYHWORVWL�L�YHOLND�VWLPXODFLMD�NOL�
MDQMD�VHPHQD��)X]LNRNFLQ�MH�ELR�QDMMDaL�VWLPXODWRU
NOLMDQMD�NRG�VYH�WUL�LVSLWLYDQH�VRUWH��^WR�VH�VODCH�VD
UH]XOWDWLPD�GUXJLK�LVWUDCLYDaD�NRML�SRND]XMX�GD�IX]L�
NRNFLQ�SUHYD]LOD]L�LQKLELFLMX�NOLMDQMD�L]D]YDQX�WDP�
QRFUYHQRP�VYHWOR^`X��6LPRQRYL`�L�VDU���������3RVOH
IX]LNRNFLQD�QDMYH`H�GHMVWYR�QD�NOLMDQMH�VHPHQD�WUHWL�
UDQLK�WDPQRFUYHQRP�VYHWOR^`X�MH�LPDR�JLEHUHOLQ
�*$����2Q�MH�LPDR�XSROD�HIHNWQLMH�GHMVWYR�RG�IX]L�
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)LJXUH����
(IIHFW�RI�OLTXLG�VPRNH�H[WUDFW�RQ�VHHG�JHUPLQDWLRQ�IRUOHWWXFH������\HOORZ�HQGLYLD������DQG�JUHHQ�HQGLYLD����DIWHU����KRXUV
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NRNFLQD�NRG�VYH�WUL�LVSLWLYDQH�VRUWH��2YL�UH]XOWDWL�
NRML�SRND]XMX�GD�JLEHUHOLQL�LPDMX�VODELMH�GHMVWYR�QD
NOLMDQMH�VHPHQD�RG�IX]LNRNFLQD��WDNR_H�SRWYU_XMX
UH]XOWDWH�GUXJLK�LVWUDCLYDaD��6LPRQRYL`�L�VDU��������
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