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,VSLWLYDQMH�RVRELQD
PLNURVRaLYD�GRELMHQLK�X
WDQNRP�VORMX�CHODWLQD

#HODWLQ� VD� GRGDWLP� VXEVWUDNWLPD� VH� SRND]DR� NDR
RGOLaDQ�PDWHULMDO�]D�SURL]YRGQMX�PLNURVRaLYD��'R�
GDFL� QLVX� RWURYQL�� MHGDQ� RG� JODYQLK� GRGDWDND� MH
PHWLOHQ��SODYL�SLJPHQW��NRML�MH�SRYH`DR�RVHWOMLYRVW
CHODWLQD� QD� ODVHUVNL� VQRS� VYHWORVWL� FUYHQRJ� GHOD
VSHNWUD��D�GUXJL�MH�WRWKHPD��MHGLQMHQMH�JYRC_D��NRMD
MH� VPDQMLYDOD� LVSDUDYDQMH� YRGH�� D� VDPLP� WLP� L
SURPHQX�VWUXNWXUH�CHODWLQD��,]ODJDQMHP�WDQNRJ�VORMD
CHODWLQD�]D�NXYDQMH�ODVHUVNRP�VQRSX��WDODVQH�GXCLQH
������QP��XRaDYD�VH�IRUPLUDQMH�SDUDEROLaQRJ�XGXE�
OMHQMD� ]D� NRMH� MH� GDOMLP� LVSLWLYDQMHP� XWYU_HQR� GD
SRVHGXMH�RVRELQH�VRaLYD��8�L]YHGHQRP�HNVSHULPHQ�
WX��QD�VORMX�CHODWLQD�GHEOMLQH�����PP��GRELMHQR�MH
PLNURVRaLYR�aLML�MH�SUHaQLN�NRQWXUH�����PP��'R�IRU�
PLUDQMD� VRaLYD�GROD]L� YHRPD�EU]R��QDNRQ�HNVSR]�
LFLMH�RG����VHNXQGL�PRJX`H�MH�YLGHWL�QDVWDQDN�GL�
IUDNFLRQH� VOLNH�� 3RUHG� MHGQRVWDYQLMHJ�� MHIWLQLMHJ� L
EUCHJ�QDaLQD�SUDYOMHQMD�VRaLYD�X�RYRP�SURMHNWX�VX
L� LVSLWLYDQH� NDUDNWHULVWLNH� WDNR� GRELMHQRJ� VRaLYD�
=QDaDM�RYDNR�GRELMHQLK�VRaLYD�MHVWH�PRJX`QRVW�QML�
KRYH� SULPHQH� X� QDQRWHKQRORJLML�� PHGLFLQL� L� VYLP
REODVWLPD�SULPH�QMHQH�RSWLNH�

8YRG
0LNURVRaLYLPD�VPDWUDPR�VYD�VRaLYD�aLMH�VX�GL�

PHQ]LMH�UHGD�YHOLaLQH�QHNROLNR�PLOLPHWDUD��0LNUR�
VRaLYD�VX�VYH�]DVWXSOMHQLMD�L�SRWUHEQLMD�VD�UD]YRMHP
PHGLFLQH��QDQRWHKQRORJLMH��SULPHQMHQH�RSWLNH��NDR�L
XPHWQRVWL��8�VYLP�WLP�REODVWLPD�PLNURVRaLYD�VX
SRWUHEQD�]D�ELOR�NRML�YLG�SULPHQH�X�PLNURNDPHUDPD
LOL�VDVWDYQLP�GHORYLPD�PLNURDSDUDWXUH��3RVWRML�QHNR�
OLNR�QDaLQD�]D�QMLKRYR�GRELMDQMH��PHKDQLaNLP�EUX�
^HQMHP��WRSOMHQMHP��IRWROLWRJUDILMRP�LOL�GLUHNWQLP

ODVHUVNLP�®]DSLVLYDQMHP¯��'RELMDQMH�PLNURVRaLYD
YU^L�VH�QD�UD]OLaLWLP�PDWHULMDOLPD��RG�ELROR^NLK�SROL�
PHUD�GR�IRWRRVHWOMLYRJ�VWDNOD�L�UD]QLK�YUVWD�SODVWLNH�
8�RGQRVX�QD�PDWHULMDO�RG�NRMHJ�VH�GRELMD�PLNURVRaL�
YR�UD]OLNXMX�VH�L�NDUDNWHULVWLNH�SURL]YRGQMH�VRaLYD�SR
HNVSR]LFLML��NYDOLWHWX��MHGQRVWDYQRVWL�SUDYOMHQMD��SRV�
WRMDQRVWL�VDPRJ�VRaLYD�L�QMHJRYRM�SULPHQL��5D]OR]L
QD^HJ�RGDELUD�CHODWLQD�VX�ODNR�L�MHIWLQR�QDEDYOMDQMH�
YHOLND�RVHWOMLYRVW�QD�SURPHQX�WHPSHUDWXUH�L�YHOLND
EU]LQD�IRUPLUDQMD�VRaLYD�X�VORMX�CHODWLQD��8�CHODWLQ�MH
GRGDW�SODYL�SLJPHQW�PHWLOHQ��NDR�L�WRWKHPD��&LOM�QD�
^HJ�UDGD�MH�SURQDODCHQMH�HILNDVQLMHJ��HNRQRPLaQLMHJ
QDaLQD�GRELMDQMD�PLNURVRaLYD��LVSLWLYDQMH�RVRELQD�WRJ
VRaLYD�NDR�L�LVSLWLYDQMH�PHWRGD�]D�SREROM^DQMH�NDUDN�
WHULVWLND�VRaLYD�

2SLV�DSDUDWXUH�L�PHWRGD
$SDUDWXUD��VOLND����NRMD�MH�NRUL^`HQD�]D�GRELMDQMH

PLNURVRaLYD�VH�VDVWRMDOD�L]�DQWLYLEUDFLRQRJ�RSWLaNRJ
VWROD��+H�1H�ODVHUD�WDODVQH�GXCLQH�������QP��PLN�
URVNRSVNH�SORaLFH�VD�WDQNLP�VORMHP�CHODWLQD�L�]DN�
ORQD�QD�NRMHP�MH�EHOHCHQD�GLIUDNFLRQD�VOLND��VOLND���
NDR�SRVOHGLFD�SRQD^DQMD�VORMD�CHODWLQD�NDR�VRaLYR�

8�WRNX�NXYDQMD�CHODWLQD�X�CHODWLQ�MH�GRGDW�PHWL�
OHQ�L�WRWKHPD��0HWLOHQ�MH�]ERJ�SODYH�ERMH�SRYH`DR
DSVRUSFLMX�ODVHUVNRJ�VQRSD��D�WRWKHPD�XVSRULOD�LV�
SDUDYDQMH�YRGH��7RWKHPD��MHGLQMHQMH�JYRC_D�NRMH�VH
NRULVWL�X�PHGLFLQVNH�VYUKH��NRG�OHaHQMD�DQHPLMH��
RGUCDYD�VORM�CHODWLQD�QHSURPHQMHQLP��1D�SRaHWNX
UDGD�WRWKHPD�QLMH�NRUL^`HQD�L�SRVPDWUDQL�HIHNDW�ELR

-HOHQD�3DMRYL`���������%HRJUDG��.DUD_RU_HY�WUJ
���XaHQLFD����UD]UHGD�0DWHPDWLaNH�JLPQD]LMH�X%HRJUDGX
$OHNVDQGUD�$ORUL`���������%HRJUDG��/LaND����
XaHQLFD����UD]UHGD�0DWHPDWLaNH�JLPQD]LMH�X%HRJUDGX
6WRMDQ�?RU_HYL`���������.UDJXMHYDF��6SDVHQLMH
&DQH�%DERYL`�9�����XaHQLN����UD]UHGD�3UYHNUDJXMHYDaNH�JLPQD]LMH
0(1725��
.ULVWLQD�0LOLQNRYL`��VWXGHQW�)L]LaNRJ�IDNXOWHWD�X
%HRJUDGX
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MH�NUDWNRWUDMDQ��GRN�MH�QMHQLP�GRGDYDQMHP�X�UDVWYRU
QRYRQDVWDOR�VRaLYR�]DGUCDYDOR�VYRMH�RVRELQH��8VSR�
UDYDQMHP�LVSDUDYDQMD�YRGH�WRWKHPD�]QDaDMQR�SURGX�
CDYD�SRVWRMDQRVW�VRaLYD�

�1DNRQ�NXYDQMD�CHODWLQD��SRWUHEQR�MH�RNR����PL�
QXWD����J�CHODWLQD�]D�NXYDQMH�L����P/�YRGH���SLSHWRP
VH�QD�PLNURVNRSVNX�SORaLFX�QDQRVL�UDYQRPHUDQ�VORM�
GHEOMLQH�UHGD�YHOLaLQH�SDU�PLNURPHWDUD��,]X]HWQR�PD�
OD�GHEOMLQD�VORMD�GRELMD�VH�WDNR�^WR�VH�QD�VWDNOHQX
SORaLFX�SULaYU^`XMH�NDOXS�X�NRML�VH�]DWLP�QDNDSD�PDOD
NROLaLQD�CHODWLQD�NRML�VH�UD]OLMH�L�SRG�XWLFDMHP�VLOH�SR�
YU^LQVNRJ�QDSRQD�REORCL�UXERYH��2G�YHOLNH�YDCQRVWL�MH

GD�SORaLFD�EXGH�YHRPD�aLVWD�GD�QH�EL�GROD]LOR�GR
QHCHOMHQRJ�SUHODPDQMD�VYHWORVWL��NDR�L�]ERJ�ODN^HJ
RGYDMDQMD�VRaLYD��EH]�QMHJRYRJ�GHIRUPLVDQMD��RG
SORaLFH�X�GDOMHP�UDGX��1D�VOLFL���MH�SULND]DQ�L]JOHG
SORaLFH�VD�CHODWLQRP�SUHNR�PLOLPHWDUVNRJ�SDSLUD�

1DNRQ����PLQXWD�VX^HQMD�CHODWLQD��SORaLFD�VH
SRVWDYL�QD�XVSUDYDQ�VWDODN��QD�UD]GDOMLQL����FP�RG
ODVHUD��7DGD�SRaLQMHPR�HNVSRQLUDQMH�VORMD�CHODWLQD�
8�WRNX�HNVSR]LFLMH��XVOHG�SURPHQH�WHPSHUDWXUH�
CHODWLQ�QD�PHVWX�DSVRUERYDQMD�ODVHUVNRJ�VQRSD
PHQMD�VYRM�REOLN��QD�UDYQRPHUQRP�VORMX�QDVWDMH
SDUDEROLaQR�XGXEOMHQMH��3URPHQRP�VWUXNWXUH�CHODWLQD
GROD]L�L�GR�SURPHQH�VOLNH�QD�]DNORQX��2G�FUYHQH
WDaNH�QDVWDMH�GLIUDNFLRQD�VOLND�VD�GLIUDNFLRQLP�PDN�
VLPXPLPD�L�PLQLPXPLPD��NRMD�VH�^LUL�WRNRP�YUH�
PHQD��1DNRQ�����PLQXWD�^LULQD�GLIUDNFLRQH�VOLNH
GRVWLCH�VYRM�PDNVLPXP��%U]LQD�IRUPLUDQMD�GLIUDN�
FLRQH�VOLNH�]DYLVL�RG�LQWHQ]LWHWD�ODVHUVNRJ�VQRSD�
$NR�VQRS�IRNXVLUDPR��VOLND�̀ H�QDVWDWL�]QDWQR�EUCH�DOL
`H�ELWL�PDQMH�MDVQD��WDNR�GD�VX�]D�REUDGX�NRUL^`HQH
VOLNH�GRELMHQH�QHIRNXVLUDQLP�VQRSRP��2QR�^WR�MH
NDUDNWHULVWLaQR�NRG�GRELMHQH�GLIUDNFLRQH�VOLNH�MH�WR
GD�VX�SUVWHQRYL�NRML�VX�EOLCL�FHQWUX�PDQMH�LQWHQ]LYQL
QHJR�RQL�QD�SHULIHULML��.RG�GLIUDNFLMH�QD�NUXCQRP
RWYRUX�UDVSRGHOD�LQWHQ]LWHWD�LPD�VXSURWDQ�UDVSRUHG�
WM��SUVWHQRYL�VX�QDMVMDMQLML�X�FHQWUX��D�VYH�PDQMH�VMDMQL
ND�SHULIHULML��'R�GLIUDNFLMH�GROD]L�]ERJ�PDORJ�SURP�
HUD�NRQWXUH�VRaLYD��PH_XWLP��UD]OLND�X�GLIUDNFLRQLP
VOLNDPD�QDVWDMH�]DWR�^WR�ODVHUVNL�VQRSRYL�QH�SUHOD]H
LVWH�GXCLQH�RSWLaNLK�SXWHYD�NUR]�CHODWLQ�L�NUR]
YD]GXK��SD�SR�SURODVNX�NUR]�VORM�CHODWLQD�LPDMX
UD]OLaLWH�ID]H�XVOHG�aHJD�LQWHUIHULUDMX�

6OLND����>HPDWVNL�SULND]�DSDUDWXUH�RGR]JR�L�VD�ERaQHVWUDQH
)LJXUH����([SHULPHQWDO�VHWXS

6OLND����'LIUDNFLRQD�VOLND�QD�]DNORQX
)LJXUH����'LIIUDFWLRQ�SDWWHUQ�RQ�WKH�SODQH�EDUULHU

6OLND����0LNURVRaLYR�QD�PLNURVNRSVNRM�SORaLFL
)LJXUH����0LFUROHQV�RQ�WKH�PLFURVFRSLF�SODWH
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$QDORJQR�L]YR_HQMX�]DYLVQRVWL�LQWHQ]LWHWD�NRG
GLIUDNFLMH�QD�NUXCQRP�RWYRUX��GRELMHQD�MH�VOHGH`D
IRUPXOD��
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JGH�MH�I([)�¬�MHGQDaLQD�NULYH�VRaLYD��QR�¬�LQGHNV
SUHODPDQMD�YD]GXKD��Q�¬�LQGHNV�SUHODPDQMD�CHODWLQD�
aODQ�(R�G[

�U �SUHGVWDYOMD�DPSOLWXGX�GHOL`D�WDODVD�NRML
SDGD�L]PH_X�[�L�[�+�G[��G�¬�GHEOMLQD�VORMD�CHODWLQD�
U�¬�SROXSUHaQLN�NRQWXUH�VRaLYD��ψ�¬�XJDR�NRML�]UDN
]DNODSD�VD�KRUL]RQWDORP�SR�SURODVNX�NUR]�CHODWLQ
�VOLND����

.DGD�MH�UHa�R�GLIUDNFLML��L]UD]�RYRJ�WLSD�VH�LQWH�
JUDOL�L�GRELMD�VH�DQDOLWLaNL�L]UD]�
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JGH�VX�$�L�%�L]UD]L�NRML�VX�QDVWDOL�NDGD�VH�SRaHWQD
MHGQDaLQD�LQWHJUDOL�

6�RE]LURP�GD�MH�I([)�MHGQDaLQD�NULYH�GUXJRJ�VWH�
SHQD��SRVWRMH`L�LQWHJUDO�(�VH�VYRGL�QD�LQWHJUDFLMX
NRVLQXVD��aLML�MH�DUJXPHQW�NYDGUDWQD�IXQNFLMD�SR�[�
0H_XWLP��LQWHJUDO�WRJ�REOLND�QHPD�DQDOLWLaNR�UH^HQMH�
SD�VH�UDVSRGHOD�LQWHQ]LWHWD�QH�PRCH�DQDOLWLaNL�SUHGVWD�
YLWL�

3UREOHP�UDVSRGHOH�LQWHQ]LWHWD�UH^HQ�MH�X]�SRPR`
SURJUDPD�0DW/DE��)RUPLUDQMH�VRaLYD��WDaQLMH�IRUPL�
UDQMH�GLIUDNFLRQH�VOLNH�QD�]DNORQX��VQLPDQR�MH�GLJL�
WDOQRP�NDPHURP��D�QDMMDVQLMH�VOLNH�VX�NRUL^`HQH�]D
REUDGX��6RIWYHU�0DWODE�SUXCD�PRJX`QRVW�GD�VH�X]
SRPR`�IXQNFLMH�5*%�SORW�GXC�MHGQH�OLQLMH�VOLNH�RG�
UHGL�UDVSRGHOD�5*%�LQWHQ]LWHWD��3ULVXVWYR�]HOHQH�L
SODYH�ERMH�MH�]DQHPDUOMLYR��WDNR�GD�VH�GRELMD�UDVSR�
GHOD�LQWHQ]LWHWD�ODVHUVNH�VYHWORVWL�GXC�SUHaQLND�GL�
IUDNFLRQH�VOLNH��1DNRQ�IRUPLUDQMD�VRaLYD��VRaLYR�MH
VWDYOMDQR�X�QDSDUHQX�SRVXGX�UDGL�GRGDWQRJ�RGUCDYD�
QMD�YODCQRVWL�VORMD�]ERJ�NDVQLMLK�PHUHQMD��1D�IRUPL�
UDQRP�VRaLYX�PRJX�VH�YU^LWL�PHUHQMD��8�QD^HP
VOXaDMX�L]PHUHQ�MH�LQGHNV�SUHODPDQMD�VRaLYD��NDR�L
GHEOMLQD�VORMD�CHODWLQD��

3RVPDWUDQMHP�PLNURVRaLYD�SRG�PLNURVNRSRP
RPRJX`HQR�MH�PHUHQMH�SUHaQLND�NRQWXUH�VRaLYD��X]
SRPR`�PLNURPHWDUVNH�PUHCH�NRMD�MH�SRVWDYOMHQD�LV�
SRG�VRaLYD�D�NRG�NRMH�VX�SR]QDWH�GXCLQH�LYLFD�NYDG�
UDWL`D��,]JOHG�NUR]�PLNURVNRS�SRND]DQ�MH�QD�VOLFL���

5H]XOWDWL
3DUDPHWUL�PLNURVRaLYD�NRML�VX�L]PHUHQL�VX��GH�

EOMLQD�VORMD�CHODWLQD��RGQRVQR�GHEOMLQD�VRaLYD��SUHa�
QLN�NRQWXUH�VRaLYD��LQGHNV�SUHODPDQMD�L�UDVSRGHOD
LQWHQ]LWHWD�VQRSD�GXC�SUHaQLND�VRaLYD��

3ULOLNRP�PHUHQMD�GHEOMLQH�VRaLYD�VORM�CHODWLQD�MH
PRUDR�ELWL�RGYRMHQ�RG�PLNURVNRSVNH�SORaLFH�L

6OLND����0LNURVNRSVNL�VQLPDN�PLNURVRaLYD
)LJXUH����0LFURVFRSLF�LPDJH�RI�WKH�PLFUROHQV

6OLND����2SWLaND�^HPD�HNVSHULPHQWD
)LJXUH����2SWLFDO�VFKHPH�RI�WKH�H[SHULPHQW
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RVWDYOMHQ�GD�VH�RVX^L��1DNRQ�VX^HQMD��SRPR`X�GLJL�
WDOQRJ�QRQLMXVD�GRELMHQD�MH�GHEOMLQD�VORMD�NRMD�MH
L]QRVLOD�����±�����PP��

3UHaQLN�NRQWXUH�VRaLYD�MH�PHUHQ�SRPR`X�PLN�
URVNRSD�L�PLNURPHWDUVNH�PUHCLFH��3R^WR�VX�QDP�ELOH
SR]QDWH�GLPHQ]LMH�NYDGUDWL`D�QD�PUHCLFL��D�NRQWXUD
VRaLYD�MH�ELOD�MDVQR�XRaOMLYD��SUHEURMDYDQMHP�NYDG�
UDWL`D�NRMH�MH�WD�NRQWXUD�REXKYDWDOD�L]PHUHQ�MH�SUHa�
QLN�VRaLYD��3UHaQLN�WDNR�L]PHUHQRJ�VRaLYD�L]QRVLR�MH
���±����PP�

,QGHNV�SUHODPDQMD�CHODWLQD�PHUHQ�MH�SRPR`X�UH�
IUDNWRPHWUD�SR�$EHX��3RVWXSDN�PHUHQMD�MH�VOHGH`L�
CHODWLQ�VH��GRN�MH�MR^�X�WHaQRP�VWDQMX��QDNDSD
L]PH_X�GYH�SUL]PH��D�VD�LQVWUXPHQWD�VH�GLUHNWQR
RaLWDYD�YUHGQRVW�LQGHNVD�SUHODPDQMD��8�QD^HP
VOXaDMX��GRELMHQD�MH�YUHGQRVW�����±�����

5DVSRGHOD�LQWHQ]LWHWD�ODVHUVNRJ�VQRSD�SURSX^�
WHQRJ�NUR]�VRaLYR�GXC�SUHaQLND�VRaLYD��RGUH_LYDQD�MH
VD�GRELMHQLK�GLIUDNFLRQLK�VOLND�L�QMLKRYRP�REUDGRP�X
0DWODE�X��$QDOL]LUDQD�MH�GLIUDNFLRQD�VOLND�SULND]DQD
QD�VOLFL���

*UDILN�UDVSRGHOH�LQWHQ]LWHWD�SULND]DQ�MH�QD�VOLFL���

'LVNXVLMD
3UL�IRUPLUDQMX�PLNURVRaLYD�X�VORMX�CHODWLQD�SUL�

PHWLOL�VPR�GD�MH�YHRPD�ELWQR�YUHPH�VX^HQMD�CHODWLQD�
NDR�L�GHEOMLQD�QDQHWRJ�VORMD��SUH�L]ODJDQMD�ODVHUVNRP
VQRSX��$NR�VH�CHODWLQ�QH�RVX^L�GRYROMQR��VORM�QH`H
ELWL�VWDELODQ�L�VRaLYR��DNR�XRS^WH�GR_H�GR�QMHJRYRJ

VWYDUDQMD��QH`H�ELWL�SRVWRMDQR��$NR�VH�VORM�CHODWLQD
SUHYL^H�RVX^L�YHOLNL�GHR�YRGH�`H�LVSDULWL�L�SUL�HN�
VSRQLUDQMX�ODVHUVNL�VQRS�QH`H�PR`L�XRaOMLYR�GD
SURPHQL�VWUXNWXUX�CHODWLQD�WDNR�GD�GR�VWYDUDQMD
VRaLYD�WDNR_H�QH`H�GR`L��2SWLPDOQR�YUHPH�NRMH�MH
RGUH_HQR�]D�VX^HQMH�CHODWLQD�MH����PLQXWD��-R^�MHGDQ
RG�YDCQLK�IDNWRUD�MH�L�YUHPH�WUDMDQMD�HNVSR]LFLMH�
$NR�CHODWLQ�QH�RVYHWOMDYDPR�GRYROMQR��ODVHUVNL�VQRS
QH`H�XVSHWL�GD�]DJUHMH�VORM�CHODWLQD�L�WLPH�PX�SURPH�
QL�VWUXNWXUX��D�VDPLP�WLP�QH`HPR�GRELWL�VRaLYR��$NR
VH�VORM�CHODWLQD�SUHYL^H�HNVSRQLUD��ODVHUVNL�VQRS�`H
WROLNR�XWLFDWL�QD�CHODWLQ�GD�`H�YRGD�SRWSXQR�LVSDULWL�
7DNR�EL�VH�L�PLNURPHWDUVNL�VORM�QD�WRP�GHOX�SRYXNDR
VD�SORaLFH�L�XQL^WLR�EL�GRELMHQR�VRaLYR��2SWLPDOQR
YUHPH�HNVSR]LFLMH�L]QRVLOR�MH����PLQXWD�

3ULOLNRP�IRUPLUDQMD�VRaLYD�XRaHQD�MH�MR^�MHGQD
LQWHUHVDQWQD�SRMDYD��3RUHG�GLIUDNFLRQH�VOLNH�NRMD
QDVWDMH�RG�]UDND�NRML�SUROD]H�NUR]�VRaLYR��SRVWRML�MR^
MHGQD�NRMD�QDVWDMH�LQWHUIHUHQFLMRP�]UDND�NRML�VH�RG�
ELMDMX�RG�VRaLYD��7D�VOLND�MH�PDQMH�MDVQD��VWRJD�QH�
SRJRGQLMD�]D�REUDGX��3RaHWQR�VWDQMH�RYH�GLIUDNFLRQH
VOLNH�VX�GYH�WDaNH�L]�NRMLK�VH�GLIUDNFLRQH�VOLNH�^LUH�
PH_XWLP��UD]OLaLWLP�EU]LQDPD��SD�SR�VWDSDQMX�WLK
VOLND�GRELMD�VH�MHGQD�GLIUDNFLRQD�VOLND�NRMD�VH�^LUL
MHGQRP�EU]LQRP��D�X�FHQWUDOQRP�GHOX�VH�SULPH`XMH
GHR�NRML�SXOVLUD��^WR�QDVWDMH�NDR�SRVOHGLFD�UD]OLaLWLK
EU]LQD�^LUHQMD�NRMH�VX�GYH�SRaHWQH�WDaNH�LPDOH�
8]URN�RYH�SRMDYH�MH�SDUDEROLaDQ�REOLN�VRaLYD�NRMH�VH
VWYDUD�

6OLND����'LIUDNFLRQD�VOLND�DQDOL]LUDQD�X�SURJUDPX0DWODE
)LJXUH����'LIIUDFWLRQDO�SDWWHUQ�DQDO\VHG�LQ�0DWODE

6OLND����,QWHQ]LWHW�VYHWORVWL��X�DUELWUDUQLP�MHGLQLFDPD�GXC�SRSUHaQRJ�SUHVHND�GLIUDNFLRQH�VOLNH
)LJXUH����7KH�SURILOH�RI�OLJKW�LQWHQVLW\��LQ�DUELWUDU\XQLWV��RQ�WKH�GLIIUDFWLRQ�SDWWHUQ
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3UL�PHUHQMX�GHEOMLQH�VORMD�CHODWLQD�WUHED�ELWL�SDC�
OMLY�GD�QH�EL�GR^OR�GR�R^WH`HQMD�VDPRJ�VORMD�L�WLPH�GR
IL]LaNH�SURPHQH�QMHJRYH�GHEOMLQH��=ERJ�RJUDQLaHQMD
NRMD�NRUL^`HQL�PHUQL�LQVWUXPHQWL�QDPH`X��]D�RGUH�
_LYDQMH�GHEOMLQH�VORMD�WUHED�L]YU^LWL�̂ WR�YH`L�EURM�PH�
UHQMD��NDNR�EL�VH�QMLKRYLP�XVUHGQMDYDQMHP�GRELR�̂ WR
WDaQLML�UH]XOWDW��=D�RGUH_LYDQMH�UDVSRGHOH�LQWHQ]LWHWD
GXC�SUHaQLND�VRaLYD�ELWDQ�MH�SRORCDM�DSDUDWD�NRMLP�VH
IRWRJUDIL^H�GLIUDNFLRQD�VOLND�QD�]DNORQX��GD�QH�EL
GR^OR�GR�DVLPHWULaQRVWL�X�RGQRVX�QD�FHQWDU�VRaLYD�
7DaQLMH��DSDUDW�PRUD�ELWL�SRVWDYOMHQ�XSUDYQR�X�RG�
QRVX�QD�]DNORQ�QD�NRPH�VH�QDOD]L�GRELMHQD�GLIUDN�
FLRQD�VOLND��

6�RE]LURP�QD�WR�GD�MH�UHa�R�PLNURVRaLYX��VWDQ�
GDUGQL�PHWRGL�RGUH_LYDQMD�CLCQH�GDOMLQH��VDPLP�WLP
XYH`DQMD�L�SROXSUHaQLND�NULYLQH��QLVX�PRJOL�ELWL�LV�
NRUL^`HQL��SD�MH�MHGQD�RG�PRJX`QRVWL�NRUL^`HQMHP
VRIWYHUD�2VOR�/LJKW��6RIWYHU�PRCH�L]UDaXQDWL�CLCQX
GDOMLQX�VLVWHPD�RSWLaNLK�HOHPHQDWD��]D�]DGDWH�SDUD�
PHWUH��LQGHNV�SUHODPDQMD��GHEOMLQD�VRaLYD��WDODVQD
GXCLQD�ODVHUD��SUHaQLN�NRQWXUH…���0H_XWLP��RQR�̂ WR
MH�QDV�VSUHaLOR�X�L]UDaXQDYDQMX�LVWH�MH�QHGRVWXSQRVW
RYRJ�VRIWYHUD��1D�LQWHUQHWX�MH�GRVWXSQD�YHU]LMD�2VOR
(GX�NRMD�QHPD�PRJX`QRVW�]DGDYDQMD�VRaLYD�VD
SDUDEROLaQLP�SURILORP�

'RELMHQH�UH]XOWDWH�MH�WH^NR�XSRUHGLWL�VD�YH`�SRV�
WRMH`LP�MHU�MH�IRUPLUDQMH�PLNURVRaLYD�X�CHODWLQX�UH�
ODWLYQR�QRYD�REODVW�LVWUDCLYDQMD�L�QMLK�SRVWRML�YHRPD
PDOR��5H]XOWDWH�NRMH�VPR�PRJOL�XSRUHGLWL�MHVX�GL�
PHQ]LMH�VRaLYD��L�WL�UH]XOWDWL�VH�VODCX�VD�YH`�SRVWRMH�
`LP�UH]XOWDWLPD��®3URSHUWLHV�RI�PLFUROHQVHV�SURGXFHV
LQ�D�OD\HU�RI�WRWKHPD�DQG�HRVLQ�VHQVLWL]HG�JHODWLQ®�
%��'��0XUL`��'��9��3DQWHOL`��'��0��9DVLOMHYL`��%��0�
3DQL`���7DNR_H��GRGDWQH�SUHSUHNH�X�XSRUH_LYDQMX
UH]XOWDWD�MHVX�QDVWDOH�]ERJ�aLQMHQLFH�GD�VX�VH�X�RVWD�
OLP�HNVSHULPHQWLPD�NRULVWLOL�DUJRQVNL�ODVHUL�GDOHNR
YH`H�MDaLQH�QHJR�RQDM�NRML�VPR�PL�LPDOL�QD�UDVSROD�
JDQMX��

=DNOMXaDN
5DG�MH�XVPHUHQ�QD�SURQDODCHQMH�HILNDVQLMHJ�L�HN�

RQRPLaQLMHJ�QDaLQD�GRELMDQMD�PLNURVRaLYD�L�LVSLWLYDQMH
QMHJRYLK�RVRELQD��NDR�L�LVSLWLYDQMH�PHWRGD�]D�SR�
EROM^DQMH�NDUDNWHULVWLND�VDPRJ�PLNURVRaLYD��8
QD^HP�UDGX�MH�]D�GRELMDQMH�PLNURVRaLYD�X�WDQNRP
VORMX�CHODWLQD�SUYL�SXW�NRUL^`HQ�+H�1H�ODVHU��2VLP
WRJD��SULUHPD�CHODWLQD��X]�GRGDYDQMH�VDPR�SLJPHQWD

L�WRWKHPH��EH]�̂ WHWQLK�L�RWURYQLK�PDWHULMD��ELOD�MH�MHG�
QRVWDYQLMD�RG�GR�VDGD�NRUL^`HQRJ�SRVWXSND��0H_X�
WLP��QHGRVWDWDN�QD^HJ�SRVWXSND�MH�VODED�SRVWRMDQRVW
GRELMHQLK�VRaLYD��8�GDOMHP�UDGX�WUHEDOR�EL�NRULVWLWL
MDaL� ODVHU�� NDR� L� SUHFL]QLMH� LQVWUXPHQWH� ]D
RGUH_LYDQMH�GLPHQ]LMD�VRaLYD��7DNR_H��ELOR�EL
]DQLPOMLYR�QD`L�SRVWXSDN�]D�RGUH_LYDQMH�SUHaQLND
VRaLYD�EH]�NRUL^`HQMD�QXPHULaNLK�PRGHOD�

=DKYDOQRVW��=DKYDOMXMHPR�VH�GU�'HMDQX�3DQWH�
OL`X�VD�,QVWLWXWD�]D�IL]LNX�X�=HPXQX�QD�LGHML��VWUSOMH�
QMX�L�SUXCHQRM�SRPR`L��NDR�L�.ULVWLQL�0LOLQNRYL`�
VWXGHQWX�)L]LaNRJ�IDNXOWHWD�X�%HRJUDGX�L�,JRUX�3D^�
WLMX��VWXGHQWX�)DNXOWHWD�]D�IL]LaNX�KHPLMX�X�%HRJUDGX
QD�QHSRVUHGQRM�SRPR`L�WRNRP�UHDOL]DFLMH�HNVSHUL�
PHQWD�

-HOHQD�3DMRYL`��$OHNVDQGUD�$ORUL`�
DQG�6WRMDQ�'MRUGMHYL`
([DPLQLQJ�3URSHUWLHV�RI�0LFUROHQVHV
3URGXFHG�LQ�D�/D\HU�RI�*HODWLQ

*HODWLQ�ZLWK�DGGHG�V\EVWUDWHV�KDV�SURYHQ�WR�EH
DQ�H[FHOOHQW�PDWHULDO�IRU�FUHDWLQJ�PLFUROHQVHV��$GGL�
WLYHV�DUH�QRW�SRLVRQRXV��DQG�RQH�RI�WKH�PDLQ�DGGL�
WLYHV�LV�PHWK\O��EOXH�SLJPHQW��WKDW�LQFUHDVHV�WKH
VHQVLWLYLW\�RI�JHODWLQ�WR�WKH�ODVHU�EHDP�RI�OLJKW�RI�WKH
UHG�SDUW�RI�VSHFWUXP��DQG�WKH�RWKHU�LV�WRWKHPD��LURQ
FRPSRXQG��ZKLFK�GHFUHDVHV�ZDWHU�HYDSRUDWLRQ�DQG
ZLWK�WKDW�WKH�FKDQJH�RI�WKH�JHODWLQ�VWUXFWXUH��%\�H[�
SRVLQJ�WKH�WKLQ�OD\HU�RI�FRRNLQJ�JHODWLQ�WR�WKH�ODVHU
EHDP��������QP��ZH�FDQ�VHH�WKH�IRUPLQJ�RI�WKH
SDUDEROLF�GLS�ZKLFK�SRVVHVVHV�OHQV�SURSHUWLHV��,Q�WKH
SHUIRUPHG�H[SHULPHQW�RQ�WRS�RI�WKH�JHODWLQ�OD\HU
����PP�ZLGH��ZH�JRW�D�PLFUR�OHQV�ZKRVH�FRQWRXU�GL�
DPHWHU�LV�����PP��/HQV�IRUPDWLRQ�LV�D�YHU\�TXLFN
SURFHVV�¬�DIWHU����VHFRQGV�RI�H[SRVLWLRQ�LW�LV�SRVVLEOH
WR�VHH�WKH�FRPPHQFHPHQW�RI�D�GLIIUDFWLRQ�LPDJH�
$SDUW�IURP�D�VLPSOHU��FKHDSHU�DQG�TXLFNHU�ZD\�RI
PDNLQJ�OHQVHV��LQ�WKLV�SURMHFW�ZH�DOVR�H[DPLQH�FKDU�
DFWHULVWLFV�RI�GLIIHUHQW�ZD\V�RI�PDNLQJ�OHQV��7KH�LP�
SRUWDQFH�RI� WKLV�ZD\�RI�PDNLQJ� OHQVHV� LV� WKH
SRVVLELOLW\�RI�WKHLU�XVH�LQ�QDQR�WHFKQRORJ\��PHGLFLQH
DQG�LQ�DOO�IRUPV�RI�DSSOLHG�RSWLFV�
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