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,VSLWLYDQMH�XWLFDMD�JDOQH
NLVHOLQH�QD�QHUYQR�PL^L`QX
VLQDSVX

,VSLWLYDQ�MH�XWLFDM�JDOQH�NLVHOLQH�QD�DNFLRQL�SRWHQFL�
MDO�X�QHUYQR�PL^L`QRM�VLQDSVL��.DR�PRGHO�VLVWHP�MH
NRUL^`HQ�QHUYQR�PL^L`QL�SUHSDUDW�EDUVNH�CDEH��5DQD
(VFXOHQWD��� 0HUHQ� MH� DNFLRQL� SRWHQFLMDO� QHUYD� L
PL^L`D��.RUL^`HQD�MH�JDOQD�NLVHOLQD�X�UDVSRQX�NRQ�
FHQWUDFLMD�RG�����GR���P0��=D�SRUH_HQMH�HIHNWD�MH
NRUL^`HQ� NDOFLMXPVNL� DQWDJRQLVW�&RUWLD]HP� UHWDUG�
3RND]DQR�MH�GD�JDOQD�NLVHOLQD�SUL�VYLP�NRQFHQWUDFL�
MDPD�VQLCDYD�DNFLRQL�SRWHQFLMDO�QHUYD��NDR�L�GD�MH
HIHNDW�SUL�NRQFHQWUDFLMDPD�����������P0�XSRUHGLY
VD�HIHNWRP�&RUWLD]HP�D��,VSLWLYDQMHP�MH�XWYU_HQR�GD
JDOQD� NLVHOLQD� YH]XMH� HNVWUDFHOXODUQL� NDOFLMXP� L]
QHUYQR�PL^L`QH�VLQDSVH�L�QD�WDM�QDaLQ�UHPHWL�NRQ�
GXNWLYQRVW�VLQDSVH��^WR�SUHGVWDYOMD�QRYL�SRGDWDN�X
QHXURIL]LRORJLML�L�PRCH�ELWL�RG�]QDaDMD�]D�GDOMD�LV�
WUDCLYDQMD�

8YRG
1HUYQR�PL^L`QD�VLQDSVD�MH�PHVWR�SUHQRVD�DN�

FLRQRJ�SRWHQFLMDOD�QHUYQRJ�LPSXOVD�VD�WHUPLQDOQRJ
GXJPHWD�QHUYD�QD�PL^L`��3UHQRV�VH�RGYLMD�RWSX^WDQMHP
RGUH_HQH�NROLaLQH�QHXURWUDQVPLWHUD�L]�SUHVLQDSWLaNRJ
GHOD�QHUYD��1HXURWUDQVPLWHU�SUHQRVL�LQIRUPDFLMX�R�DN�
FLRQRP�SRWHQFLMDOX�QD�PL^L`QX�`HOLMX�L�WLPH�RPRJX�
`DYD�SURYRGMHQMH�VLJQDOD�HIHNWRUVNRP�RUJDQX�

8�IXQNFLRQLVDQMX�VLQDSVH�YDCQX�XORJX�LJUD�NDOFL�
MXP��(NVWUDFHOXODUQL�NDOFLMXP�QDNRQ�RWYDUDQMD�NDOFL�
MXP�VHOHNWLYQLK�YROWDCQR�]DYLVQLK�NDQDOD�XOD]L�X
SUHVLQDSWLaNL�GHR�QHUYD��2YL�NDQDOL�VH�RWYDUDMX�SUL
SURPHQL�SRWHQFLMDOD�PHPEUDQH�NRMD�MH�L]D]YDQD�DN�
FLRQLP�SRWHQFLMDORP��2WYDUDQMH�NDOFLMXP�VHOHNWLYQLK
YROWDCQLK�NDQDOD�VWYDUD�NDVNDGQX�UHDNFLMX�NRMD

RPRJX`DYD�LVSX^WDQMH�QHXURWUDQVPLWHUD�X�VLQDSWLaNX
SXNRWLQX�

7DQLQL�VX�VORCHQD��SROLIHQROQD�MHGLQMHQMD�EH]
D]RWD��PROHNXOVNH�PDVH�RG�����GR�������1D�RVQRYX
JUDGLYQLK�MHGLQLFD�L�KHPLMVNH�SULURGH��PRJX�VH�L]G�
YRMLWL�GYH�RVQRYQH�JUXSH�WDQLQD��KLGUROL]LUDMX`L��SLUR�
JDOQL��L�NRQGHQ]RYDQL��NDWHKLQVNL��WDQLQL�

8WLFDM�NRQGHQ]RYDQLK�WDQLQD�L]�]HOHQRJ�aDMD�QD
HQ]LPH�NRML�XaHVWYXMX�X�LQKLELFLML�QHXURWUDQVPLWHUD
LVSLWLYDQ�MH�QD�VHPLQDUX�KXPDQH�ELRKHPLMH�����
JRGLQH��7RPL`��������8�VYHWOX�UDQLMLK�LVWUDCLYDQMD
�.LP�������+LOOKRXVH��������X�RYRP�UDGX�VPR�SUHW�
SRVWDYLOL�GD�L�KLGUROL]LUDMX`L�WDQLQL�]ERJ�VYRMH�JUD_H
PRJX�LPDWL�XWLFDMD�QD�NRQGXNWLYQRVW�QHXURPL^L`QH
VLQDSVH�

*DOQD�NLVHOLQD��LOL�������WULKLGUREHQ]RHYD�NLVH�
OLQD��RVQRYQL�MH�JUDGLYQL�PROHNXO�KLGUROL]LUDMX`LK
WDQLQD��8VOHG�SULVXVWYD�QHNROLNR�NLVHRQLNRYLK�DWRPD
NRML�GRSULQRVH�QHJDWLYQRP�QDHOHNWULVDQMX�RYRJ�PR�
OHNXOD�PRJX`H�MH�YH]LYDQMH�SR]LWLYQLK�PHWDOQLK�MRQD�
NDR�^WR�VX�MRQL�NDOFLMXPD�LOL�PDJQH]LMXPD��*UXML`�
,QMDF��������-RQL�NDOFLMXPD�X�VLQDSVL�VX�HNVWUDFHOX�
ODUQL��WDNR�GD�SRVWRML�PRJX`QRVW�GD�VH�YHCX�]D�GRGDWX
JDOQX�NLVHOLQX��^WR�EL�PRJOR�GD�VH�XRaL�SURPHQDPD�X
SURYR_MHQMX�DNFLRQRJ�SRWHQFLMDOD�

�&LOM�RYRJ�LVWUDCLYDQMD�MH�NYDOLWDWLYQR�L�NYDQWLWD�
WLYQR�RGUH_LYDQMH�GHMVWYD�JDOQH�NLVHOLQH�QD�SUR�
YR_HQMH�DNFLRQRJ�SRWHQFLMDOD�NUR]�QHUYQR�PL^L`QX
VLQDSVX�

0DWHULMDO�L�PHWRGH
.DR�PRGHO�VLVWHP�NRUL^`HQ�MH�QHUYQR�PL^L`QL

SUHSDUDW�CDEH��Q��LVFKLDGLFXV�VD�P��JDVWURFQHPLXV��
,]RORYDQMH�QHUYD�YU^HQR�MH�SR�VWDQGDUGL]RYDQRP
SURWRNROX��ZZZ�ELRSDF�FRP���7RNRP�L]RODFLMH
SUHSDUDW�MH�SUHOLYDQ�5LQJHURYLP�UDVWYRURP�GD�EL�VH
RGUCDOD�IL]LROR^ND�DNWLYQRVW��=D�YUHPH�UDGD�SUHSDUDWL
VX�aXYDQL�X�5LQJHURYRP�UDVWYRUX�QD�VREQRM�WHPSHUD�
WXUL�QD�WDPQRP�PHVWX�

7LMDQD�-HYWL`���������9DOMHYR��6XYRERUVND����E�XaHQLFD����UD]UHGD�9DOMHYVNH�JLPQD]LMH
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.RUL^`HQ�MH�5LQJHURY�UDVWYRU�VDVWDYD�����P0
1D&O����P0�&D&O�����P0�7ULV�+&O�X�GHVWLORYDQRM
YRGL�

.RUL^`HQL�5LQJHURY�UDVWYRU�MH�PRGLILNRYDQ�X�RG�
QRVX�QD�VWDQGDUGQL�5LQJHURY�UDVWYRU��MHU�MH�]ERJ�VSH�
FLILaQRVWL�HNVSHULPHQWD�QHRSKRGQR�GD�QH�VDGUCL�MRQH
NDOFLMXPD�

5DVWYRUL�JDOQH�NLVHOLQH�SUDYOMHQL�VX�X�PRGLILN�
RYDQRP�5LQJHURYRP�UDVWYRUX�

.DR�UHIHUHQWQL�VWDQGDUG�NRUL^`HQ�MH�NRPHUFLMDOQL
OHN�&RUWLD]HP�UHWDUG���NRML�MH�DQWDJRQLVW�NDOFLMXPD�
=DMHGQLaNR�]D�VYH�NRPHUFLMDOQH�DQWDJRQLVWH�NDOFL�
MXPD�MH�PHKDQL]DP�GHORYDQMD�NRML�VH�RJOHGD�X�EORNL�
UDQMX�UHFHSWRUD�QD�SRYU^LQL�`HOLMH�

.DGLFD� ]D� PHUHQMH� DNFLRQRJ� SRWHQFLMDOD
SRVWDYOMHQD�MH�QD�PDVLYQL�VWDODN��VOLND�����3UYH�GYH�
RG�SHW�EDNDUQLK�CLFD�X�NDGLFL��SRYH]DQH�VX�VD�VWLPX�
ODWRUQLP�RVFLORVNRSRP��1HUY�MH�VWLPXOLVDQ�SUDYRX�
JDRQLP�VLJQDORP�QDL]PHQLaQH� VWUXMH�DPSOLWXGH
��������P9�L�IUHNYHQFLMH�����N+]��6WLPXOXV�MH�WUD�
MDR�����PV��'UHZHV�������

6WDQGDUGQH�RVFLORVNRSVNH�PHUQH�VRQGH�SRYH]DQH
VX�VD�SUHRVWDOH�WUL�CLFH�WDNR�GD�MH�L]PH_X�GYH�NRMH
PHUH�YROWDCX�SRVWDYOMHQR�X]HPOMHQMH��1HGRVWDWDN
NRUL^`HQLK�VRQGL�MH�YLVRN�QLYR�JHQHULVDQRJ�^XPD�
1LYR�^XPD�MH�RVODEOMHQ�SRVWDYOMDQMHP�FHORNXSQH
DSDUDWXUH�X�)DUDGHMHY�NDYH]�

�.DNR�QLYR�JHQHULVDQRJ�^XPD�QLMH�ELR�GRYROMQR
RVODEOMHQ�]D�NYDOLWHWQX�REUDGX�UH]XOWDWD��SUH�GDOMH
DQDOL]H�VLJQDO�MH�ILOWULUDQ�

3R^WR�MH�UHDOL]DFLMD�HILNDVQRJ�ILOWHUD�MHGQRVWDQLMD
DNR�MH�VLJQDO�GLVNUHWL]RYDQ�SR�YUHPHQX�L�DPSOLWXGL�
RGQRVQR�DNR�MH�UHa�R�GLJLWDOQRP�VLJQDOX��QHRSKRGQR
MH�NRQYHUWRYDWL�VLJQDOH�VD�PHUQLK�VRQGL��8�WX�VYUKX

MH�NRUL^`HQD�RVPRELWQD�NDUWLFD�*DJH6FRSH��NRMD
SUHGVWDYOMD�$�'�NRQYHUWRU��.DUWLFD�LPD�PRJX`QRVW
SRGH^DYDQMD�GLQDPLaNRJ�RSVHJD�XOD]QRJ�DQDORJQRJ
VLJQDOD��WDNR�GD�MH�PRJX`H�X�QHNRM�PHUL�NRPSHQ�
]RYDWL�NYDQWL]DFLRQH�HIHNWH�NRML�VX�SRVOHGLFD�QHGR�
YROMQRJ�EURMD�ELWD�]D�GLJLWDOQX�SUHGVWDYX�YUHGQRVWL
PHUHQRJ�VLJQDOD��8aHVWDQRVW�RGDELUDQMD��HQJO��VDP�
SOH�UDWH��RG���0+]�MH�VDVYLP�GRYROMQD�]D�HILNDVQX
REUDGX�VLJQDOD��

)LOWHU�MH�UHDOL]RYDQ�X�SURJUDPVNRP�SDNHWX�0DW�
ODE�����NRUL^`HQMHP�QMHJRYRJ�VDVWDYQRJ�GHOD�]D�GL�
]DMQ�L�DQDOL]X�GLJLWDOQLK�ILOWHUD��)LOWHU�'HVLJQ�DQG
$QDO\VLV�7RRO���3R^WR�MH�ELOR�SRWUHEQR�HOLPLQLVDWL�YL�
VRNRIUHNYHQWQL�^XP��NRUL^`HQ�MH�QLVNRIUHNYHQWQL�ILOWHU�

3UL�PHUHQMX�SUHSDUDW�MH�SRVWDYOMDQ�X�NDGLFX�WDNR
GD�QHUY�QDOHCH�QD�GYH�VWLPXODWRUQH��MHGQX�PHUQX
CLFX��L�X]HPOMHQMH��GRN�MH�QD�GUXJX�PHUQX�CLFX
SRVWDYOMDQ�PL^L`��$NFLRQL�SRWHQFLMDO�MH�PHUHQ�X�RG�
QRVX�QD�X]HPOMHQMH��3UYD�VRQGD�EHOHCL�QDSRQ�QHUYD�
D�GUXJD�QDSRQ�L]PH_X�WDaNH�QD�QHUYX�L�PL^L`X
�'UHZHV�������

6LQDSWLaNL�SUHQRV�DNFLRQRJ�SRWHQFLMDOD��NDR�L
VDP�DNFLRQL�SRWHQFLMDO��VSHFLILaQL�VX�]D�UD]OLaLWH�MHG�
LQNH�L�QHUYQR�PL^L`QH�SUHSDUDWH��=D�UD]OLaLWH�QHUYQR�
PL^L`QH�SUHSDUDWH�CDEH�RSVHJ�DPSOLWXGH�DNFLRQRJ
SRWHQFLMDOD�YDULUD�]D�������P9��̂ WR�QLMH�]DQHPDUOMLYR
X�RGQRVX�QD�VUHGQMX�YUHGQRVW�RG�������P9�

,]�WLK�UD]ORJD�DNFLRQL�SRWHQFLMDO�VYDNRJ�SUHSDUDWD
PHUHQ�MH�GYD�SXWD�L�WR��

¬ SUYR�PHUHQMH�MH�NRQWUROQR�PHUHQMH�SUHSDUDWD
¬ GUXJR�PHUHQMH�MH�PHUHQMH�SUHSDUDWD�WUHWLUD�

QRJ�RGJRYDUDMX`LP�UDVWYRURP�
1DNRQ�NRQWUROQRJ�PHUHQMD�SUHSDUDW�MH�SRVWDYOMDQ

X�QHSUR]LUQX�SRVXGX�VD�SULSUHPOMHQLP�UDVWYRURP
VXSVWDQFH��JGH�MH�LQNXELUDQ���PLQXWD�QD�VREQRM�WHP�
SHUDWXUL��6LYR�RYi�HW�DO��������

.RUL^`HQH�VX�NRQFHQWUDFLMH�JDOQH�NLVHOLQH�RG���
�������L�����P0��2YH�NRQFHQWUDFLMH�VX�L]DEUDQH�WDNR
GD�RGJRYDUDMX�NRQFHQWUDFLML�NDOFLMXPD�X�VLQDSVL��RNR
��P0���2G�UDVSRORCLYLK����SUHSDUDWD�SR���MH�L]�
DEUDQR�]D�PHUHQMH�VD�QDMYH`RP�L�QDMPDQMRP�NRQ�
FHQWUDFLMRP� JDOQH� NLVHOLQH�� GRN� MH� ]D
PH_XNRQFHQWUDFLMH�L]YU^HQR�SR���PHUHQMD�

,]YU^HQR�MH�L���PHUHQMD�QD�SUHSDUDWLPD�WUHWLUDQLP
UDVWYRURP�&RUWLD]HP�D��.RQFHQWUDFLMD�UDVWYRUD�&RU�
WLD]HP�D�NRMD�MH�NRUL^`HQD�L]QRVL�����PJ�P/�L�RGJR�
YDUD�WHUDSLMVNRM�GR]L�NRG�aRYHND��

3RVOH�REUDGH�L�ILOWULUDQMD�VLJQDOD�VD�PHUQLK�VRQGL
GRELMHQL�VX�JUDILFL�]DYLVQRVWL�YROWDCH�DNFLRQRJ�SR�
WHQFLMDOD�RG�YUHPHQD��1D�QMLPD�VH�MDVQR�L]GYDMD

6OLND����6NLFD�DSDUDWXUH

)LJXUH����,QVWUXPHQWDO�VHWXS
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REOLN�NULYH�NRML�RGJRYDUD�NULYL�DNFLRQRJ�SRWHQFLMDOD�
2aLWDYDQH�VX�YUHGQRVWL�DPSOLWXGH�DNFLRQRJ�SRWHQFL�
MDOD�L�YUHPHQD�QMHJRYRJ�WUDMDQMD��8SRUH_LYDQH��VX
DPSOLWXGH�DNFLRQRJ�SRWHQFLMDOD�SUH�L�SRVOH�WUHWLUDQMD
SRMHGLQDaQRJ�SUHSDUDWD�

�5H]XOWDWL�L�GLVNXVLMD
'RELMHQH�YUHGQRVWL�DPSOLWXGD�NRQWUROQLK�DN�

FLRQLK�SRWHQFLMDOD�L�DNFLRQLK�SRWHQFLMDOD�QD�QHUYLPD
QDNRQ�WUHWLUDQMD�SUHSDUDWD�UDVWYRULPD�JDOQH�NLVHOLQH
LPDMX�LVWX�YUHGQRVW��^WR�SRWYU_XMH�SUHWSRVWDYNX�GD
JDOQD�NLVHOLQD�XWLaH�QD�VLQDSWLaNH�SURFHVH��D�QH�XWLaH
QD�SURYR_HQMH�DNFLRQRJ�SRWHQFLMDOD�QHUYD��

2EUDGRP�YUHGQRVWL�DPSOLWXGH�DNFLRQRJ�SRWHQFL�
MDOD�NRQWUROQH�JUXSH�L�JUXSH�SUHSDUDWD�WUHWLUDQLK�&RU�
WLD]HP�RP��NRUL^`HQ�MH�:LOFR[RQ�RY�WHVW�YH]DQLK
SDURYD��GRELMHQD�MH�VWDWLVWLaNL�]QDaDMQD�UD]OLND
�S���������X�YUHGQRVWL�DPSOLWXGH�L]PH_X�DNFLRQRJ
SRWHQFLMDOD�NRQWUROQRJ�L�WUHWLUDQRJ�QHUYD�

,VWL�WHVW�SULPHQMHQ�MH�L�SUL�REUDGL�UH]XOWDWD�]D
UD]OLaLWH�NRQFHQWUDFLMH�JDOQH�NLVHOLQH��6WDWLVWLaNL�]QD�
aDMQD�UD]OLND��S���������GRELMHQD�MH�X�JUXSDPD�VD
NRQFHQWUDFLMDPD�JDOQH�NLVHOLQH���L�����P0��8�GUXJH
GYH�JUXSH��VD�NRQFHQWUDFLMDPD�RG�����L���P0�QLMH
GRELMHQD�VWDWLVWLaNL�]QDaDMQD�UD]OLND��S� ��������QDM�
YHURYDWQLMH�]ERJ�PDORJ�X]RUND��

=DYLVQRVW�SURPHQH�VUHGQMH�YUHGQRVWL�DPSOLWXGH
DNFLRQRJ�SRWHQFLMDOD�RG�NRQFHQWUDFLMH�JDOQH�NLVHOLQH
NRMRP�MH�SUHSDUDW�WUHWLUDQ�GDWD�MH�QD�VOLFL����

6D�JUDILND�QD�VOLFL���XRaDYD�VH�GD�VH�NULYD�EOLCL
DVLPSWRWL��]DVL`HQMX��SUL�YUHGQRVWLPD�JDOQH�NLVHOLQH
RG�RNR���P0��̂ WR�RGJRYDUD�NRQFHQWUDFLML�HNVWUDFHOX�
ODUQRJ�NDOFLMXPD�X�VLQDSVL��.RQFHQWUDFLMD�&RUWLD]HP
RG�����PJ�P/�GHORYDOD�MH�QD�QHUY�SULEOLCQR�SRGMHG�
QDNR�NDR�JDOQD�NLVHOLQD�NRQFHQWUDFLMH����������P0�

8NROLNR�EL�JDOQD�NLVHOLQD�EORNLUDOD�NDOFLMXP�]D�
YLVQH�NDQDOH��YUHGQRVW�]D�NRQFHQWUDFLMX�SUL�NRMRM�GR�
OD]L�GR�]DVL`HQMD�EL�YHURYDWQR�ELOD�]QDWQR�QLCD��XVOHG
PDORJ�EURMD�NDQDOD�X�RGQRVX�QD�NRQFHQWUDFLMX�NDOFL�
MXPD��1H�PRCH�VH�LVNOMXaLWL�PRJX`QRVW�GD�NDQDOL�]D
NDOFLMXP�LPDMX�QL]DN�DILQLWHW�]D�JDOQX�NLVHOLQX��SUL
aHPX�SRND]XMX�SULYLGQR�YHOLNX�YUHGQRVW�NRQFHQ�
WUDFLMH�QHRSKRGQX�]D�]DVL`HQMH��'D�EL�VH�RYD�KLSR�
WH]D�RGEDFLOD�QHRSKRGQR�MH�L]YU^LWL�SURWHLQ�OLJDQG
®GRFNLQJ¯�VLPXODFLMH�L�XVWDQRYLWL�DILQLWHW�NDQDOD�]D
JDOQX�NLVHOLQX�

'RELMHQL�UH]XOWDWL�JRYRUH�GD�JDOQD�NLVHOLQD�GR�
YRGL�GR�SURPHQD�X�SURYR_HQMX�DNFLRQRJ�SRWHQFLMDOD
QD�VLQDSVL��YH]LYDQMHP�MRQD�NDOFLMXPD�L]�VLQDSWLaNH

SXNRWLQH��6PDQMHQMHP�NRQFHQWUDFLMH�UDVSRORCLYRJ�NDO�
FLMXPD�GROD]L�GR�VPDQMHQRJ�RWSX^WDQMD�QHXURWUDQVPLW�
HUD�L�PDQMHJ�LQWHQ]LWHWD�VLJQDOD�X�PL^L`QRM�`HOLML��

=DNOMXaDN
8VWDQRYOMHQR�MH�GD�JDOQD�NLVHOLQD�UHPHWL�QRUPDO�

QR�SURYR_HQMH�DNFLRQRJ�SRWHQFLMDOD��^WR�LGH�X�SULORJ
QD^RM�SUHWSRVWDYFL�GD�KLGUROL]LUDMX`L�WDQLQL�LPDMX�XWL�
FDM�QD�NRQGXNWLYQRVW�QHUYQR�PL^L`QH�VLQDSVH��3UHW�
SRVWDYOMD�VH�GD�WR�GHMVWYR�RVWYDUXMH�YH]LYDQMHP�MRQD
NDOFLMXPD��.DR�UHIHUHQWQL�VWDQGDUG�NRUL^`HQ�MH�NRPHU�
FLMDOQL�OHN�&RUWLD]HP�UHWDUG�� X� NRQFHQWUDFLML����
PJ�P/��.RQFHQWUDFLMH�JDOQH�NLVHOLQH�RG�RNR���P0
L]D]LYDMX�]QDaDMDQ�SDG�YUHGQRVWL�DPSOLWXGH�DNFLRQRJ
SRWHQFLMDOD��8WYU_HQR�MH�GD�&RUWLD]HP�UHWDUG�� X
NRUL^`HQRM�NRQFHQWUDFLML�RVWYDUXMH�LVWL�HIHNDW�QD
SURPHQX�DNFLRQRJ�SRWHQFLMDOD�NDR�JDOQD�NLVHOLQD�X
NRQFHQWUDFLML�����������P0��

'RELMHQL�UH]XOWDWL�XND]XMX�GD�JDOQD�NLVHOLQD�XWLaH
QD�SURYR_HQMH�QHUYQRJ�LPSXOVD��2YR�RWYDUD�PRJX`�
QRVWL�]D�LVWUDCLYDQMD�X�NRMLP�EL�VH�UD]PRWULOD�HYHQWX�
DOQD�WHUDSLMVND�SULPHQD�JDOQH�NLVHOLQH�X�OHaHQMX
QHUYQLK�REROMHQMD��8�GDOMLP�LVWUDCLYDQMLPD�EL�WUHEDOR
SRYH`DWL�EURM�PHUHQMD�L�EURM�UD]OLaLWLK�NRQFHQWUDFLMD
JDOQH�NLVHOLQH��6HP�WRJD��SRWUHEQR�MH�L]YU^LWL�NRPSMXW�
HUVNH�VLPXODFLMH�GD�EL�VH�XWYUGLR�WDaDQ�PHKDQL]DP�GH�
MVWYD�JDOQH�NLVHOLQH�

6OLND����=DYLVQRVWL�SURPHQH�DPSOLWXGH�DNFLRQRJSRWHQFLMDOD�RG�NRQFHQWUDFLMH�JDOQH�NLVHOLQH�VDSULND]DQLP�GHMVWYRP�NRUWLD]HPD�L�SRMDVRP�JUH^NH

)LJXUH�����'HSHQGDQFH�RI�DPSOLWXGH�FKDQJH�RI�DFWLRQSRWHQWLDO�IURP�JDOLF�DFLG�FRQFHQWUDWLRQ�ZLWK�PDUNHGFRUWLDVHP�DFWLRQ
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/LWHUDWXUD
'UHZHV�&��������1RQ�LQYDVLYH�5HFRUGLQJ�RI*LDQW�1HUYH�)LEHU�$FWLRQ�3RWHQWLDOV�IURP�)UHHO\0RYLQJ�2OLJRFKDHWHV��'HSDUWPHQW�RI�=RRORJ\�DQG*HQHWLFV�,RZD�6WDWH�8QLYHUVLW\��'RVWXSQR�QD�KWWS���ZZZ�]RR�XWRURQWR�FD�DEOH�YROXPH�YRO������GUHZHV�SGI
*UXML`�,QMDF�%��������+HPLMD�SULURGQLK�SURL]YRGD�1L^��)LOR]RIVNL�IDNXOWHW
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7LMDQD�-HYWL`
(IIHFW�RI�*DOOLF�$FLG�RQ
1HXURPXVFXODU�6\QDSVH

1HXURPXVFXODU�V\QDSVH�LV�WKH�SODFH�ZKHUH�DQ
DFWLRQ�SRWHQWLDO�LV�WUDQVIHUUHG�IURP�QHUYH�WR�PXVFOH�
7KH�PRVW�LPSRUWDQW�LRQ�LQ�WKH�V\QDSVH�LV�FDOFLXP�
,W�FDXVHV�WKH�UHOHDVH�RI�QHXURWUDQVPLWWHUV�WKDW�FDUU\
LQIRUPDWLRQ�DERXW�DFWLRQ�SRWHQWLDO�WR�WKH�PXVFOH�

7DQQLQV�DUH�FRPSOH[��SRO\SKHQROLF�FRPSRXQGV
ZLWKRXW�QLWURJHQ��ZLWK�PROHFXODU�ZHLJKW�UDQJLQJ
IURP�����WR�������7DQQLQV�DUH�XVXDOO\�GLYLGHG�LQWR
K\GURO\VDEOH�WDQQLQV�DQG�FRQGHQVHG�WDQQLQV��*DOOLF
DFLG�LV�WKH�SULPDU\�EXLOGLQJ�EORFN�RI�K\GURO\VDEOH
WDQQLQV��*DOOLF�DFLG�FRQWDLQV�VHYHUDO�R[\JHQ�DWRPV
LQ�LWV�K\GUR[\O�JURXS��VR�LW�FDQ�ELQG�FDOFLXP�DQG
RWKHU�PHWDO�LRQV��1XPHURXV�SDSHUV�LQYHVWLJDWH�WKH
HIIHFW�RI�FRQGHQVHG�WDQQLQV�RQ�WKH�LQKLELWLRQ�RI�HQ�
]\PHV�WKDW�UHJXODWH�QHXUDO�WUDQVPLVVLRQ�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�GHWHUPLQH�WKH
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�HIIHFW�RI�*DOOLF�DFLG�RQ
WKH�FRQGXFWLYLW\�RI�QHXURPXVFXODU�V\QDSVH�

1HXURPXVFXODU�SUHSDUDWLRQ�RI�WKH�IURJ��Q��LV�
FKLDGLFXV�ZLWK�P��JDVWURFQHPLXV��LV� XVHG� DV� D
PRGHO�V\VWHP�IRU�PHDVXULQJ�DFWLRQ�SRWHQWLDO��&RP�
HUFLDO�PHGLFLQH�&RUWLD]HP�UHWDUG��ZKLFK�LV�D�FDO�
FLXP�DQWDJRQLVW��LV�XVHG�IRU�FRPSDULQJ�WKH�HIIHFW�RQ
V\QDSWLF�WUDQVPLVVLRQ�ZLWK�JDOOLF�DFLG��&RQFHQWUD�
WLRQV�RI�JDOOLF�DFLG�ZHUH���P0������P0����P0�����
P0��7KH�FRQFHQWUDWLRQ�RI�&RUWLD]HP�UHWDUG�ZDV
����PJ�P/��$FWLRQ�SRWHQWLDOV�ZHUH�UHFRUGHG�LQ�D
FXVWRP�PDGH�DSSDUDWXV�IRU�VLJQDO�GHWHFWLRQ�DQG�DP�
SOLILFDWLRQ��*DJH6FRSH�DQG�0DW/DE�WRRONLWV�ZHUH
XVHG�IRU�VLJQDO�ILOWHULQJ�DQG�SURFHVVLQJ�

:H�KDYH�FRQFOXGHG�WKDW�JDOOLF�DFLG�GRHV�QRW
DIIHFW�WKH�QHUYH��DQG�WKDW�WKH�FKDQJHV�LQ�DFWLRQ�SR�
WHQWLDO�DPSOLWXGH�UHVXOW�IURP�FKDQJHV�LQ�WKH�V\QDSWLF
WUDQVPLVVLRQ��$PSOLWXGHV�RI�DFWLRQ�SRWHQWLDO�GH�
FUHDVHG�VLJQLILFDQWO\��S���������DW��P0�FRQFHQWUD�
WLRQ��7KLV�FRQFHQWUDWLRQ�FRUHVSRQGV�WR�WKDW�RI
H[WUDFHOOXODU�FDOFLXP�LQ�V\QDSVH��$����±����P0
FRQFHQWUDWLRQ�RI�JDOOLF�DFLG�DFKLHYHG�WKH�VDPH�HI�
IHFW�DV�WKH�XVHG�FRQFHQWUDWLRQ�RI�&RUWLD]HP�UHWDUG�

,W�LV�SRVVLEOH�WKDW�JDOOLF�DFLG�ELQGV�H[WUDFHOOX�
ODU�FDOFLXP�IURP�WKH�V\QDSVH�DQG�GLVWXUEV�QRUPDO
FURVVLQJ�RI�DFWLRQ�SRWHQWLDO�WKURXJK�WKH�V\QDSVH�
)XUWKHU�DQDO\VHV�VKRXOG�EH�FDUULHG�RXW�LQ�RUGHU�WR
FODULI\�WKH�H[DFW�ELQGLQJ�PHKDQLVP�RI�JDOOLF�DFLG
DQG�FDOFLXP�
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