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8�UDGX�MH�LVSLWLYDQD�LQKLELFLMD�HQ]LPD�DFHWLOKROLQHVWHUD]H�L�EXWLULOKROLQHVWHUD]H
IHQROQLP�NLVHOLQDPD��JDOQRP�L�S�NXPDULQVNRP�NLVHOLQRP��6WHSHQ�LQKLELFLMH�HQ]LPD
MH�RGUH_HQ�VSHNWURIRWRPHWULMVNL��5HYHU]LELOQRVW�LQKLELFLMH�MH�LVSLWDQD�SXWHP�JHO�ILO�
WUDFLMH��2GUH_HQL� VX� NLQHWLaNL� SDUDPHWUL� LQKLELFLMH� EXWLULOKROLQHVWHUD]H� JDOQRP
NLVHOLQRP��5H]XOWDWL�VX�SRND]DOL�GD�JDOQD�L�S�NXPDULQVND�NLVHOLQD�LQKLELUDMX�DFHWLO�
KROLQHVWHUD]X�L�EXWLULOKROLQHVWHUD]X��S�NXPDULQVND�NLVHOLQD�MH�MDaL�LQKLELWRU�X�RG�
QRVX�QD�JDOQX�NLVHOLQX��*DOQD�NLVHOLQD�QHVHOHNWLYQR�LQKLELUD�KROLQHVWHUD]H��GRN
DFHWLOKROLQHVWHUD]D�SRND]XMH�YH`L�DILQLWHW�SUHPD�S�NXPDULQVNRM�NLVHOLQL��,QKLELFLMD
LVSLWLYDQLP�IHQROQLP�NLVHOLQDPD�MH�UHYHU]LELOQD��1D�RVQRYX�NLQHWLaNLK�SDUDPHWDUD
MH�]DNOMXaHQR�GD�MH�LQKLELFLMD�EXWLULOKROLQHVWHUD]H�JDOQRP�NLVHOLQRP�VORHQD�L�]D�
KWHYD�GHWDOMQLMD�LVWUDCLYDQMD��

8YRG
+LGURNVLEHQ]RHYH�L�KLGURNVLFLPHWQH�NLVHOLQH�VX�IHQROQH�NLVHOLQH��QH�

IODYRQRLGQH�IHQROQH�NRPSRQHQWH��^LURNR�]DVWXSOMHQH�X�SULURGQLP�SURL]�
YRGLPD��*DOQD�NLVHOLQD�MH�KLGURNVLEHQ]RHYD�NLVHOLQD�NRMD�aLQL�����¬����
SURFHQWD�VXYH�PDVH�]HOHQRJ�aDMD��&DPHOOLD�VLQHQLVLV���.XKU�DQG�(QJHO�
KDUGW�������GRN�MH�S�NXPDULQVND�NLVHOLQD�QDM]DVWXSOMHQLMD�KLGURNVLFLPHWQD
NLVHOLQD�X�SULURGQLP�SURL]YRGLPD��3RUHG�EURMQLK�ELROR^NLK�VYRMVWDYD�NRMH
SRVHGXMX�IHQROQH�NRPSRQHQWH��XWYU_HQR�MH�GD�SROLIHQROL�]HOHQRJ�aDMD�SRVH�
GXMX�LQKLELWRUQR�GHMVWYR�QD�DFHWLOKROLQHVWHUD]X��.LP�HW�DO��������

3RYH`DQMH�KROLQHUJLaNH�QHXURWUDQVPLVLMH�VH�VPDWUD�MHGQLP�RG�QDaLQD
X�WUHWPDQX�EROHVWL�NRG�NRMLK�SRVWRML�VQLCHQ�QLYR�DFHWLOKROLQD�L�WR�SUYHQ�
VWYHQR�XSRWUHERP�UHYHU]LELOQLK�LQKLELWRUD�DFHWLOKROLQHVWHUD]H��5HYHU]LELO�
QRP�LQKLELFLMRP�DFHWLOKROLQHVWHUD]H��(&���������� VH� SRYH`DYD� QLYR
DFHWLOKROLQD��^WR�RWYDUD�PRJX`QRVW�]D�WHUDSLMX�RYLK�REROMHQMD��0H_XWLP��VH�
OHNWLYQL�LQKLELWRUL�EXWLULOKROLQHVWHUD]H��(&�����������HQ]LPD�NRML�LPD����
LGHQWLaQX�VHNYHQFX�DPLQRNLVHOLQD�VD�DFHWLOKROLQHVWHUD]RP��6RUHT�DQG�=DNX
�������WDNR_H�GRYRGH�GR�SRYH`DQMD�QLYRD�DFHWLOKROLQD��*LDFRELQL�������
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,QKLELFLMD�RED�HQ]LPD�GRYRGL�GR�SREROM^DQMD�NRJQLWLYQLK�IXQNFLMD�X�RGQRVX
QD�SHULRG�X]LPDQMD�VHOHNWLYQLK�LQKLELWRUD�DFHWLOKROLQHVWHUD]H��%DUWRUHOOL�HW
DO���������=ERJ�EROMLK�UH]XOWDWD�X�OHaHQMX�NRJQLWLYQLK�GLVIXQNFLMD�WHCL�VH
SURQDODCHQMX�LQKLELWRUD�NRML�LQKLELUDMX�L�DFHWLOKROLQHVWHUD]X�L�EXWLULOKROL�
QHVWHUD]X�

,DNR�MH�XWYU_HQR�GD�SROLIHQROL�]HOHQRJ�aDMD�LQKLELUDMX�DFHWLOKROL�
QHVWHUD]X��GR�VDGD�QLVX�L]YHGHQD�LVSLWLYDQMD�DQWLKROLQHVWHUD]QH�DNWLYQRVWL
SRMHGLQDaQLK�IHQROQLK�NRPSRQHQWL�L]�ELOMDND��1LMH�SR]QDWR�GD�OL�LVSLWLYDQH
IHQROQH�NLVHOLQH��JDOQD�L�S�NXPDULQVND�NLVHOLQD�LQKLELUDMX�DFHWLOKROL�
QHVWHUD]X�L�EXWLULOKROLQHVWHUD]X�

&LOM�RYRJ�UDGD�MH�XWYU_LYDQMH�L�NDUDNWHUL]DFLMD�DQWLKROLQHVWHUD]QH�DN�
WLYQRVWL�JDOQH�NLVHOLQH�L�S�NXPDULQVNH�NLVHOLQH�

0DWHULMDO�L�PHWRGH
8�UDGX�VX�NRUL^`HQL�$FHWLOKROLQHVWHUD]D��7LS�9,�6��L]�HOHNWULaQH�MHJX�

OMH��(OHFWURSKRUXV�HOHFWULFXV���EXWLULOKROLQHVWHUD]D�L]�VHUXPD�NRQMD��DFHWLO�
WLRKROLQ�MRGLG��EXWLULOWLRKROLQ�MRGLG�����±�GLWLR�ELV�����QLWUREHQ]RMHYD�NLVHOLQD�
�'71%���*DOQD�NLVHOLQD�L�3�NXPDULQVND�NLVHOLQD��6LJPD�&KHPLFDO�&R��

2GUH_LYDQMH�DNWLYQRVWL�DFHWLOKROLQHVWHUD]H�L�EXWLULOKROLQHVWHUD]H��$N�
WLYQRVW�KROLQHVWHUD]D�MH�RGUH_HQD�VSHNWURIRWRPHWULMVNL��PHUHQMHP�NRQFHQ�
WUDFLMH� SURL]YRGD� UHDNFLMH�� ��WLR���QLWUREHQ]RDWD�� $SVRUEDQFD
��WLR���QLWUREHQ]RDWD�MH�UHJLVWURYDQD�QD�VYDNLK���VHNXQGL�X�SHULRGX�RG��
PLQXWD��QD�WDODVQRM�GXCLQL�RG�����QP��&LQWUD����89�9,6�6SHFWURSKRWRPH�
WHU��*%&�6SHFWUDO��0HOERXUQH���5DVWYRUL�VX�SULSUHPOMHQL�X�IRVIDWQRP
SXIHUX��������0��S+�������.DR�VXSVWUDW�]D�DFHWLOKROLQHVWHUD]X�MH�NRUL^`HQ
DFHWLOWLRKROLQ�MRGLG��GRN�MH�NDR�VXSVWUDW�]D�EXWLULOKROLQHVWHUD]X�NRUL^`HQ�EX�
WLULOWLRKROLQ�MRGLG��8�NLYHWX�MH�GRGDWR����µ/�UDVWYRUD�'71%�������0��
�����µ/�UDVWYRUD�LQKLELWRUD�RGJRYDUDMX`H�NRQFHQWUDFLMH�����µ/�UDVWYRUD
VXSVWUDWD�������P0�������µ/�UDVWYRUD�HQ]LPD������8�P/���$OLNYRW�RG
�����/�IRVIDWQRJ�SXIHUD�MH�NRUL^`HQ�NDR�NRQWUROD�]D�LQKLELWRU��)LQDOQD
]DSUHPLQD�UHDNFLRQH�VPH^H�L]QRVLOD�MH������µ/��.RQFHQWUDFLMD�VXSVWUDWD�X
UHDNFLRQRM�VPH^L�MH�L]QRVLOD�������P0��3URED�NRMD�VH�VDVWRMDOD�RG�VYLK
UHDJHQDVD��VHP�HQ]LPD��L]YHGHQD�MH�NDNR�EL�VH�X�UH]XOWDWLPD�HOLPLQLVDOD
QHHQ]LPVND�KLGUROL]D�VXSVWUDWD��(OOPDQ�HW�DO��������+LOOKRXVH�HW�DO��������

.RQFHQWUDFLMD�JDOQH�NLVHOLQH�X�UHDNFLRQRM�VPH^L�L]QRVLOD�MH������P0�
�����P0�������P0�������P0�L������P0��.RQFHQWUDFLMD�S�NXPDULQVNH
NLVHOLQH�X�UHDNFLRQRM�VPH^L�L]QRVLOD�MH������P0�������P0�������P0�����
P0�L�����P0��1LVX�PRJOH�ELWL�NRUL^`HQH�YH`H�NRQFHQWUDFLMH�S�NXPDULQVNH
NLVHOLQH�]ERJ�VODEH�UDVWYRUOMLYRVWL�X�NRUL^`HQRP�IRVIDWQRP�SXIHUX��6YDNR
PHUHQMH�MH�SRQRYOMHQR�WUL�SXWD��1D�RVQRYX�GRELMHQLK�DSVRUEDQFL�L]UDaXQDWH
VX�SRaHWQH�EU]LQH�UHDNFLMD�L�QDFUWDQH�NULYH�LQKLELFLMH�]D�VYDNL�LQKLELWRU�L
HQ]LP��
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2GUH_HQL�VX�NLQHWLaNL�SDUDPHWUL�LQKLELFLMH�EXWLULOKROLQHVWHUD]H�JDOQRP
NLVHOLQRP��=D�RGUH_LYDQMH�0LKDHOLVRYH�NRQVWDQWH��.P��L�PDNVLPDOQH
EU]LQH�UHDNFLMH��9PD[��NRQFHQWUDFLMD�EXWLULOWLRKROLQ�MRGLGD�MH�PHQMDQD�RG
�������P0�GR�������P0��0HUHQMD�RGUH_LYDQMD�.P�L�9PD[�VX�SRQRYOMHQD
GYD�SXWD�

,VSLWLYDQMH�UHYHU]LELOQRVWL�LQKLELFLMH��5HYHU]LELOQRVW�LQKLELFLMH�MH�SUR�
YHUHQD�JHO�ILOWUDFLMRP��=DSUHPLQD�NRORQH�L]QRVLOD�MH���P/��GLPHQ]LMD���
×�����FP��.RORQD�MH�LVSXQMHQD�6HSKDGH[�RP�*����HNYLOLEULVDQLP�X�IRV�
IDWQRP�SXIHUX��������0��S+�������1D�NRORQX�MH�QDQHW�X]RUDN�RG����µ/
UDVWYRUD�EXWLULOKROLQHVWHUD]H�L�LQKLELWRUD��6DNXSOMDQH�VX�IUDNFLMH�RG�����µ/�
$NWLYQRVW�HQ]LPD�X�GRELMHQLP�IUDNFLMDPD�MH�DQDOL]LUDQD�PHWRGRP�SR�(OO�
PDQ�X��CXWD�ERMD�MH�ELOD�LQGLNDWRU�DNWLYQRVWL�HQ]LPD�X�VSRW�WHVWX��1D�RYDM
QDaLQ�MH�NYDOLWDWLYQR�LVSLWDQD�UHYHU]LELOQRVW�LQKLELFLMH�

5H]XOWDWL�L�GLVNXVLMD
*DOQD�NLVHOLQD�L�S�NXPDULQVND�NLVHOLQD�LQKLELUDMX�DFHWLOKROLQHVWHUD]X�L

EXWLULOKROLQHVWHUD]X��*DOQD�NLVHOLQD�MH�L]D]YDOD�������LQKLELFLMX�DFHWLOKROL�
QHVWHUD]H�SUL�NRQFHQWUDFLML�RG������P0��,QKLELFLMD�EXWLULOKROLQHVWHUD]H�SUL
LVWRM�NRQFHQWUDFLML�JDOQH�NLVHOLQH�L]QRVLOD�MH������±�������,VSLWLYDQMH�LQ�
KLELFLMH�SUL�UD]OLaLWLP�NRQFHQWUDFLMDPD�JDOQH�NLVHOLQH�SRND]DOR�MH�GD�VD
SRYH`DQMHP�NRQFHQWUDFLMH�JDOQH�NLVHOLQH�GROD]L�GR�VPDQMHQMD�DNWLYQRVWL
RED�HQ]LPD��VOLND��$�L��%��

$FHWLOKROLQHVWHUD]D�L�EXWLULOKROLQHVWHUD]D�SRND]XMX�VOLaDQ�DILQLWHW
SUHPD�JDOQRM�NLVHOLQL�SUL�NRUL^`HQLP�NRQFHQWUDFLMDPD�RYRJ�LQKLELWRUD��1D
RVQRYX�WRJD�VH�PRCH�]DNOMXaLWL�GD�JDOQD�NLVHOLQD�QHVHOHNWLYQR�LQKLELUD�KROL�
QHVWHUD]H�^WR�MH�]QDaDMDQ�SRGDWDN�MHU�VH�L�WHCLOR�SURQDODCHQMX�QHVHOHNWLYQRJ
LQKLELWRUD�

3�NXPDULQVND�NLVHOLQD�MH�L]D]YDOD������±������LQKLELFLMX�DFHWLOKROL�
QHVWHUD]H�L������±������LQKLELFLMX�EXWLULOKROLQHVWHUD]H�SUL�NRQFHQWUDFLML�RG
�����P0��VOLND��&�L��'���

$FHWLOKROLQHVWHUD]D�SRND]XMH�YH`L�DILQLWHW�SUHPD�S�NXPDULQVNRM
NLVHOLQL�X�RGQRVX�QD�EXWLULOKROLQHVWHUD]X�^WR�XND]XMH�GD�MH�DFHWLOKROL�
QHVWHUD]D�SRGORCQLMD�LQKLELFLML�S�NXPDULQVNRP�NLVHOLQRP�

3RUH_HQMHP�SURFHQWD�LQKLELFLMH�DFHWLOKROLQHVWHUD]H�L�EXWLULOKROL�
QHVWHUD]H�SUL�LVWLP�NRQFHQWUDFLMDPD�JDOQH�L�S�NXPDULQVNH�NLVHOLQH�]DN�
OMXaHQR� MH�GD�S�NXPDULQVND�NLVHOLQD�SRVWLCH�YL^L� VWHSHQ� LQKLELFLMH
KROLQHVWHUD]D�X�SRUH_HQMX�VD�JDOQRP�NLVHOLQRP�WM��GD�MH�MDaL�LQKLELWRU�RG
JDOQH�NLVHOLQH�

8VOHG�QHVWDELOQRVWL�DFHWLOKROLQHVWHUD]H�GDOMD�NDUDNWHUL]DFLMD�LQKLELFLMH
IHQROQLP�NLVHOLQDPD�MH�L]YHGHQD�VDPR�QD�EXWLULOKROLQHVWHUD]L�
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6OLND���
$��.ULYD�LQKLELFLMH�DNWLYQRVWL�DFHWLOKROLQHVWHUD]H�JDOQRP�NLVHOLQRP
%��.ULYD�LQKLELFLMH�DNWLYQRVWL�EXWLULOKROLQHVWHUD]H�JDOQRP�NLVHOLQRP
&��.ULYD�LQKLELFLMH�DNWLYQRVWL�DFHWLOKROLQHVWHUD]H�S�NXPDULQVNRP�NLVHOLQRP
'��.ULYD�LQKLELFLMH�DNWLYQRVWL�EXWLULOKROLQHVWHUD]H�S�NXPDULQVNRP�NLVHOLQRP

)LJXUH���
$��&XUYH�RI�DFHW\OFKROLQHVWHUDVH�DFWLYLW\�LQKLELWLRQ�FDXVHG�E\�JDOOLF�DFLG
%��&XUYH�RI�EXW\U\OFKROLQHVWHUDVH�DFWLYLW\�LQKLELWLRQ�FDXVHG�E\�JDOOLF�DFLG
&��&XUYH�RI�DFHW\OFKROLQHVWHUDVH�DFWLYLW\�LQKLELWLRQ�FDXVHG�E\�S�FRXPDULF�DFLG
'��&XUYH�RI�EXW\U\OFKROLQHVWHUDVH�DFWLYLW\�LQKLELWLRQ�FDXVHG�E\�S�FRXPDULF�DFLG
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5HYHU]LELOQRVW�LQKLELFLMH�MH�NYDOLWDWLYQR�XWYU_HQD�JHO�ILOWUDFLMRP��3R^WR
EXWLULOKROLQHVWHUD]D�LPD�YHOLNX�PROHNXOVNX�PDVX�GRELMHQD�MH�PH_X�SUYLP
IUDNFLMDPD��,QGLNDWRU�HQ]LPVNH�DNWLYQRVWL�MH�ELOD�CXWD�ERMD�X�IUDNFLML�
(Q]LPVND�DNWLYQRVW�MH�XRaHQD�X�WUH`RM�IUDNFLML��VOLND������6OLND�MH�SULND]DQD
X�SODYRP�NDQDOX�UDGL�EROMHJ�XRaDYDQMD�HQ]LPVNH�DNWLYQRVWL�X�WUH`RM�IUDN�
FLML���'RELMHQL�UH]XOWDWL�XND]XMX�QD�UHYHU]LELOQR�YH]LYDQMH�PROHNXOD�S�NX�
PDULQVNH�NLVHOLQH�]D�PROHNXO�EXWLULOKROLQHVWHUD]H�

.DUDNWHUL]DFLMD�LQKLELFLMH�EXWLULOKROLQHVWHUD]H�JDOQRP�NLVHOLQRP�MH
L]YU^HQD�RGUH_LYDQMHP�NLQHWLaNLK�SDUDPHWDUD�.P�L�9PD[�SUL�UD]OLaLWLP�NRQ�
FHQWUDFLMDPD�VXSVWUDWD�L�LQKLELWRUD��WDEHOD����

7DEHOD����.P�L�9PD[�YUHGQRVWL�EXWLULOKROLQHVWHUD]H�SUL�UD]OLaLWLPNRQFHQWUDFLMDPD�JDOQH�NLVHOLQH
.RQF��JDOQH�NLVHOLQH
[P0�/]

.P�[P0�/] 9PD[�[P0�PLQ]

� �����±����� ������±������
���� �����±����� ������±������
���� �����±����� ������±������
���� �����±����� ������±������
���� �����±����� ������±������

6D�SRYH`DYDQMHP�NRQFHQWUDFLMH�JDOQH�NLVHOLQH�GROD]L�GR�SRVWHSHQRJ
VPDQMHQMD�PDNVLPDOQH�EU]LQH�UHDNFLMH��.P�YUHGQRVW�VH�SRYH`DYD�SUL�GR�
GDYDQMX�JDOQH�NLVHOLQH�NRQFHQWUDFLMH������P0�^WR�XND]XMH�QD�VPDQMHQMH
DILQLWHWD�HQ]LPD�SUHPD�VXSVWUDWX�X�SULVXVWYX�LQKLELWRUD�RYH�NRQFHQWUDFLMH�
3UL�GRGDYDQMX�JDOQH�NLVHOLQH�NRQFHQWUDFLMH������P0�L������P0�GROD]L�GR
VPDQMHQMD�.P�YUHGQRVWL��2YDM�UH]XOWDW�VH�PRCH�REMDVQLWL�WLPH�^WR�YH]LYDQ�
MHP�JDOQH�NLVHOLQH�X�RGUH_HQRP�RSVHJX�NRQFHQWUDFLMD�GROD]L�GR�SRUDVWD
DILQLWHWD�HQ]LPD�SUHPD�VXSVWUDWX�RGQRVQR�VPDQMHQMD�DILQLWHWD�HQ]LPD
SUHPD�LQKLELWRUX��8NROLNR�VH�X�RGUH_HQRP�RSVHJX�NRQFHQWUDFLMD�JDOQD
NLVHOLQD�YHCH�VD�MHGQX�VXEMHGLQLFX�WHWUDPHUD�EXWLULOKROLQHVWHUD]H�PRJX`H�MH
GD�WR�GRYRGL�GR�NRQIRUPDFLRQLK�SURPHQD�NRMH�VH�SUHQRVH�QD�RVWDOH�VXE�

6OLND����
)UDNFLMH�GRELMHQHQDNRQ�JHO�ILOWUDFLMHVPH^H
EXWLULOKROLQHVWHUD]H�LS�NXPDULQVNH�NLVHOLQH
)LJXUH����
*HO�ILOWUDWHG�IUDFWLRQVRIEXW\U\OFKROLQHVWHUDVHDQG�S�FRXPDULF�DFLGPL[WXUH
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MHGLQLFH��7R�UH]XOWXUD�SRYH`DQMHP�DILQLWHWD�RVWDOLK�VXEMHGLQLFD�SUHPD�VXS�
VWUDWX�LOL�VPDQMHQMHP�DILQLWHWD�RVWDOLK�VXEMHGLQLFD�SUHPD�LQKLELWRUX��'R�
GDYDQMHP�JDOQH�NLVHOLQH�NRQFHQWUDFLMH������P0�GROD]L�GR�SRYH`DQMD
YUHGQRVWL�.P��8�RYRP�VOXaDMX�MH�NRQFHQWUDFLMD�JDOQH�NLVHOLQH�WROLND�GD�GR�
YRGL�GR�VPDQMHQMD�DILQLWHWD�EXWLULOKROLQHVWHUD]H�SUHPD�VXSVWUDWX��'RELMHQL
UH]XOWDWL�SRND]XMX�GD�MH�LQKLELFLMD�EXWLULOKROLQHVWHUD]H�JDOQRP�NLVHOLQRP
VORCHQD�L�GD�VH�QH�PRCH�REMDVQLWL�SRVWRMH`LP�NLQHWLaNLP�PRGHOLPD��

=DNOMXaDN
5H]XOWDWL�SRND]XMX�GD�LVSLWLYDQH�IHQROQH�NLVHOLQH�SRVHGXMX�DQWLKROL�

QHVWHUD]QD�VYRMVWYD��*DOQD�L�S�NXPDULQVND�NLVHOLQD�LQKLELUDMX�DFHWLOKROL�
QHVWHUD]X�L�EXWLUKROLQHVWHUD]X��*DOQD�NLVHOLQD�GRYRGL�GR�������LQKLELFLMH
DFHWLOKROLQHVWHUD]H�L������±������LQKLELFLMH�DFHWLOKROLQHVWHUD]H�SUL�NRQFHQ�
WUDFLML�RG������P0��3�NXPDULQVND�NLVHOLQD�SRVHGXMH�MDaH�LQKLELWRUQR�GH�
MVWYR�QD�RED�HQ]LPD��3UL�NRQFHQWUDFLML�RG������P0�GRYRGL�GR������±�����
LQKLELFLMH�DFHWLOKROLQHVWHUD]H�L������±������LQKLELFLMH�EXWLULOKROLQHVWHUD]H�
*DOQD�NLVHOLQD�QH�SRND]XMH�VHOHNWLYQRVW�SUL�LQKLELFLML�KROLQHVWHUD]D�GRN
DFHWLOKROLQHVWHUD]D�SRND]XMH�YH`L�DILQLWHW�SUHPD�S�NXPDULQVNRM�NLVHOLQL
QHJR�EXWLULOKROLQHVWHUD]D��,QKLELFLMD�EXWLULOKROLQHVWHUD]H�JDOQRP�L�S�NXPD�
ULQVNRP�NLVHOLQRP�MH�UHYHU]LELOQD��3UL�LQKLELFLML�EXWLULOKROLQHVWHUD]H�JDOQRP
NLVHOLQRP�GROD]L�GR�SRVWHSHQRJ�RSDGDQMD�YUHGQRVWL�9PD[�GRN�VH�.P�YUHG�
QRVW�SRYH`DYD�SUL�NRQFHQWUDFLML�LQKLELWRUD�RG������P0��RSDGD�SUL�NRQFHQ�
WUDFLMDPD�RG������P0�L������P0�D�]DWLP�SRQRYR�UDVWH�SUL�NRQFHQWUDFLML
RG������P0��2YL�SRGDFL�XND]XMX�GD�X�RGUH_HQRP�RSVHJX�NRQFHQWUDFLMD
JDOQH�NLVHOLQH�GROD]L�GR�SRUDVWD�DILQLWHWD�HQ]LPD�SUHPD�VXSVWUDWX�LOL�VPDQ�
MHQMD�DILQLWHWD�HQ]LPD�SUHPD�LQKLELWRUX�

,QKLELFLMD�EXWLULOKROLQHVWHUD]H�JDOQRP�NLVHOLQRP�MH�VORCHQD�L�L]X]HWQR
LQWHUHVDQWQD�]D�GDOMH�LVWUDCLYDQMH��.RUL^`HQRP�PHWRGRP�VH�QLVX�PRJOL
UD]MDVQLWL�NLQHWLaNL�SDUDPHWUL�LQKLELFLMH��3RWUHEQR�MH�NRULVWLWL�SUHFL]QLMH�PH�
WRGH�NRMLP�EL�VH�UD]MDVQLR�PHKDQL]DP�LQKLELFLMH�QD�PROHNXOVNRP�QLYRX�
0RJX`H�MH�GD�SUL�LQKLELFLML�GROD]L�GR�NRQIRUPDFLRQLK�SURPHQD�PH_X�VXE�
MHGLQLFDPD�WHWUDPHUD�EXWLULOKROLQHVWHUD]H�L�GD�WH�LQWHUDNFLMH�GDMX�]D�SRVOH�
GLFX�RYDNYH�NLQHWLaNH�SDUDPHWUH��1HRSKRGQR�MH�REDYLWL�LVSLWLYDQMD�VD
RVWDOLP�SUHGVWDYQLFLPD�IHQROQLK�NLVHOLQD�NDNR�EL�VH�XWYUGLOR�GD�OL�SRVWRMH
VOLaQRVWL�X�LQKLELFLML�L�NRMD�IHQROQD�NLVHOLQD�LVSROMDYD�QDMMDaL�LQKLELWRUQL
HIHNDW�

=DKYDOQRVW��=DKYDOMXMHP�VH�1,6�5DILQHULML�QDIWH�3DQaHYR�QD�SRPR`L
X�QDEDYFL�KHPLNDOLMD��NDR�L�0LOR^X�5RNL`X�QD�VXJHVWLMDPD�L�SRPR`L�SUL
L]YR_HQMX�LVWUDCLYDQMD�
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/LWHUDWXUD
%DUWRUHOOL�/���*LUDOGL�&���6DFFDUGR�0���&XPPDUDWD�6���%RWWLQL�*��)DVDQDUR�$��0���7UHTXDWWULQL�$��������(IIHFWV�RI�VZLWFKLQJ�IURP�DQ$&K(�LQKLELWRU�WR�D�GXDO�$&K(�%X&K(�LQKLELWRU�LQ�SDWLHQWV�ZLWK$O]KHLPHU±V�GLVHDVH��&XUUHQW�0HGLFLQDO�5HVHDUFK�DQG�2SLQLRQ��������������������
(OOPDQ�*��/���&RXUWQH\�.��'���$QGUHV�%���)HDWKHUVWRQH�5��0��-U�������1HZ�DQG�UDSLG�FRORULPHWULF�GHWHUPLQDWLRQ�RI�DFHW\OFKROLQHVWHUDVH�DF�WLYLW\��%LRFKHPLFDO�3KDUPDFRORJ\�������¬���
*LDFRELQL�(��������&KROLQHVWHUDVHV�DQG�FKROLQHVWHUDVH�LQKLELWRUV��/RQ�GRQ��0DUWLQ�'XQLW]
+LOOKRXVH�%��-���0LQJ�'��6���)UHQFK�&��-���7RZHUV�*��+��1��������$FHW\O�FKROLQH�(VWHUDVH�,QKLELWRUV�LQ�5KRGLROD�URVHD��3KDUPDFHXWLFDO�%LRO�RJ\�������������¬���
.LP�+��.���.LP�0���.LP�6���.LP�0���&KXQJ�-��+��������(IIHFWV�RI*UHHQ�7HD�3RO\SKHQRO�RQ�&RJQLWLYH�DQG�$FHW\OFKROLQHVWHUDVH�$FWLYL�WLHV��%LRVFLHQFH��ELRWHFKQRORJ\��DQG�ELRFKHPLVWU\�������������������
.XKU�6���(QJHOKDUGW�8��+��������'HWHUPLQDWLRQ�RI�IODYDQROV��WKHRJDOOLQ�JDOOLF�DFLG�DQG�FDIIHLQH�LQ�WHD�XVLQJ�+3/&��6SULQJHU�%HUOLQ���+HLGHO�EHUJ������������������
6RUHT�+���=DNX�+��������+XPDQ�FKROLQHVWHUDVHV�DQG�DQWLFKROLQHVWHUDVHV�1HZ�<RUN��$FDGHPLF�3UHVV

*RUDQ�7RPL`

$QWLFKROLQHVWHUDVH�$FWLYLW\�RI�*DOOLF�$FLG�DQG�S�&RXPDULF
$FLG

3KHQROLF�DFLGV�DUH�QRQ�IODYRQRLG�SKHQROLF�FRPSRQHQWV�RI�SODQWV��,Q
DGGLWLRQ�WR�D�YDULHW\�RI�ELRORJLFDO�DFWLYLWLHV�RI�SKHQROLF�FRPSXQGV��LW�KDV
EHHQ�GHWHUPLQHG�WKDW�SRO\SKHQROV�KDYH�DQWLFKROLQHVWHUDVH�SURSHUWLHV��.LP
HW�DO���������EXW�DQWLFKROLQHVWHUDVH�SURSHUWLHV�RI�SKHQROLF�DFLGV�KDYH�QRW
EHHQ�GHWHUPLQHG�\HW�

(QKDQFHPHQW�RI�WKH�DFHW\OFKROLQH�OHYHO��DV�D�UHVXOW�RI�WKH�DSSOLFDWLRQ
RI�UHYHUVLEOH�DFHW\OFKROLQHVWHUDVH�LQKLELWRUV��LV�VHHQ�DV�D�SRWHQWLDO�WKHUDS\
IRU�GLVHDVHV�DFFRPSDQLHG�E\�D�UHVXOWLQJ�DFHW\OFKROLQH�OHYHO�GHFOLQH��$FH�
W\OFKROLQHVWHUDVH�DQG�EXW\U\OFKROLQHVWHUDVH�VKDUH�����RI�VHTXHQFH�KRPRO�
RJ\� �6RUHT� DQG� =DNX� ������� %XW\U\OFKROLQHVWHUDVH� FDQ� K\GUROLVH
DFHW\OFKROLQH�ZLWK�ORZHU�DILQLW\��,QKLELWLRQ�RI�ERWK�DFHW\OFKROLQHVWHUDVH�DQG
EXW\U\OFKROLQHVWHUDVH�LQFUHDVHV�FRJQLWLYH�IXQFWLRQ��%DUWRUHOOL�HW�DO��������

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�DQG�FKDUDFWHUL]H�DQWLFKROL�
QHVWHUDVH�SURSHUWLHV�RI�JDOOLF�DQG�S�FRXPDULF�DFLG�
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$FHW\OFKROLQHVWHUDVH�DQG�EXW\U\OFKROLQHVWHUDVH�DFWLYLWLHV�ZHUH�GHWHU�
PLQHG�XVLQJ�WKH�VSHFWURSKRWRPHWULF�PHWKRG�RI�(OOPDQ��5HYHUVLELOLW\�RI
EXW\U\OFKROLQHVWHUDVH�LQKLELWLRQ�ZDV�GHWHUPLQHG�E\�JHO�ILOWUDWLRQ�

$FFRUGLQJ�WR�WKH�UHVXOWV�REWDLQHG��JDOOLF�DQG�S�FRXPDULF�DFLG�KDYH�DQ�
WLFKROLQHVWHUDVH�SURSHUWLHV��*DOOLF�DFLG�VKRZHG�������DFHW\OFKROLQHVWHUDVH
LQKLELWLRQ�DW�D�FRQFHQWUDWLRQ�RI������P0��$W�WKH�VDPH�FRQFHQWUDWLRQ��JDOOLF
DFLG�VKRZHG������±������EXW\U\OFKROLQHVWHUDVH�LQKLELWLRQ��3�FRXPDULF�DFLG
VKRZHG������±������DFHW\OFKROLQHVWHUDVH�LQKLELWLRQ�DQG������±�����
EXW\U\OFKROLQHVWHUDVH�LQKLELWLRQ�DW�D�FRQFHQWUDWLRQ�RI������P0��6WDWLVWLFDO
DQDO\VLV�VKRZHG�WKDW�JDOOLF�DFLG�LV�D�QRQVHOHFWLYH�LQKLELWRU�RI�FKROL�
QHVWHUDVHV��$FHW\OFKROLQHVWHUDVH�VKRZHG�D�KLJKHU�DIILQLW\�IRU�S�FRXPDULF
DFLG��6WDWLVWLFDO�DQDO\VLV�VKRZHG�WKDW�S�FRXPDULF�DFLG�LV�D�VWURQJHU�LQKLEL�
WRU�RI�FKROLQHVWHUDVHV�WKDQ�JDOOLF�DFLG��%XW\U\OFKROLQHVWHUDVH�LQKLELWLRQ�E\
JDOOLF�DFLG�DQG�S�FRXPDULF�DFLG�LV�UHYHUVLEOH��.LQHWLF�DQDO\VLV�VKRZHG�WKDW
EXW\U\OFKROLQHVWHUDVH�LQKLELWLRQ�E\�JDOOLF�DFLG�LV�FRPSOLFDWHG�DQG�QHHGV
PRUH�GHWDLOHG�UHVHDUFK�

*DOOLF�DQG�S�FRXPDULF�DFLG�KDYH�DQWLFKROLQHVWHUDVH�SURSHUWLHV��,QKLEL�
WLRQ�LV�UHYHUVLEOH��3�FRXPDULF�DFLG�VKRZHG�KLJKHU�LQKLELWLRQ�WKDQ�JDOOLF
DFLG��%XW\U\OFKROLQHVWHUDVH�LQKLELWLRQ�PHFKDQLVP�LV�FRPSOH[��)XUWKHU
DQDO\VHV�VKRXOG�EH�FDUULHG�RXW�RQ�RWKHU�SKHQROLF�DFLGV��,QKLELWLRQ�PHFKD�
QLVP�VKRXOG�EH�FODULILHG�E\�PRUH�GHWDLOHG�UHVHDUFK�
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