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�$XWRU�FRUUHVSRQGHQWH� H�PDLO��NEU�WHRGRUR#JPDLO�FRP

5HVXPR� $�FRQWDPLQDomR�GH�UHFXUVRV�KtGULFRV�GHYLGR�j�SUHVHQoD�GH�PHWDLV�SHVDGRV�WrP�VH�WRUQDGR�
XP�SUREOHPD�UHFRUUHQWH�QR�%UDVLO�H�QR�PXQGR��2�DF~PXOR�GHVWHV�FRPSRVWRV�HP�RUJDQLVPRV�YLYRV�
SRGH� RFDVLRQDU� VpULRV� SUREOHPDV� GH� VD~GH�� &RPR� FRQVHT�rQFLD�� R� DSULPRUDPHQWR� GH� WpFQLFDV�
FDSD]HV�GH�IRUQHFHU�XP�UiSLGR�H�FRQILiYHO�GLDJQyVWLFR�GD�TXDOLGDGH�GH�UHFXUVRV�KtGULFRV�p�DOWDPHQWH�
GHVHMiYHO�� 2V� DYDQoRV� QDQRWHFQROyJLFRV� DSOLFDGRV� DR� GHVHQYROYLPHQWR� GH� QRYRV� PDWHULDLV�
SURSRUFLRQDP� PHOKRULDV� FRQVLGHUiYHLV� HP� GLVSRVLWLYRV� VHQVRUHV� FDSD]HV� GH� GHWHFWDU� GLIHUHQWHV�
SROXHQWHV�� PHVPR� VRE� FRQFHQWUDo}HV� H[WUHPDPHQWH� EDL[DV�� 1HVWH� WUDEDOKR�� DYDOLDPRV� R�
GHVHPSHQKR�GH�XP�DUUDQMR�VHQVRULDO�GR�WLSR�/tQJXD�(OHWU{QLFD�IXQFLRQDOL]DGR�FRP�QDQRFRPSyVLWRV�
D EDVH�GH�QDQRILEUDV�SROLPpULFDV�REWLGDV�SRU�HOHWURILDomR��QDQRFULVWDLV�GH�FHOXORVH�H�QDQRSDUWtFXODV�
GH�SUDWD��QD�GHWHFomR�HOpWULFD�GH�PHWDLV�SHVDGRV�HP�iJXD��(VVHV�WUrV�PDWHULDLV�IRUDP�FRPELQDGRV�GH�
PDQHLUD� GLVWLQWD�� UHVXOWDQGR� HP� VHLV� VHQVRUHV� GLIHUHQWHV� GLVSRVWRV� SDUD� FRPSRU� XPD� OtQJXD�
HOHWU{QLFD�LPSHGLPpWULFD��$�HVWUXWXUD�GRV�QDQRFRPSyVLWRV�SRGH�VHU�HOXFLGDGD�SRU�PHLR�GH�WpFQLFDV�
FRPR� PLFURVFRSLD� HOHWU{QLFD� GH� YDUUHGXUD� FRP� HPLVVmR� GH� FDPSR� �0(9�)(*��� 2� DMXVWH� GRV�
SDUkPHWURV� GH� VHQVRULDPHQWR� H� FRP� DX[tOLR� GH� DQiOLVH� HVWDWtVWLFD� IRL� SRVVtYHO� GLVFULPLQDU�VH� GH�
PRGR� HILFLHQWH� DPRVWUDV� GH� iJXD� SXUD� GH� VROXo}HV� FRQWDPLQDGDV� FRP� FKXPER�� FiGPLR�� FREUH� H�
QtTXHO�

3DODYUDV�FKDYH� &RQWDPLQDQWHV�KtGULFRV��6HQVRUHV��(OHWURILDomR��&HOXORVH��3ROLDPLGD���
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$EVWUDFW� &RQWDPLQDWLRQ�RI�ZDWHU�UHVRXUFHV�ZLWK�KHDY\�PHWDO�LRQV�KDV�EHFRPH�D�ELJ�LVVXH�LQ�%UD]LO�
DQG�LQ�WKH�ZRUOG��7KH�DFFXPXODWLRQ�RI�WKHVH�FRPSRXQGV�LQ�OLYLQJ�RUJDQLVPV�FDXVHV VHULRXV�KHDOWK�
SUREOHPV��$V�D�FRQVHTXHQFH��WKH�GHYHORSPHQW�RI�VHQVLWLYH DQG�UHOLDEOH�VHQVRUV�FDSDEOH�WR�SURYLGH�
IDVW�DQG�DFFHVVLEOH�DQDO\VLV�RI�ZDWHU�TXDOLW\�UHJDUGLQJ�KHDY\�PHWDOV�LV KLJKO\�NHHQ��1DQRPDWHULDOV�
DGYDQFHPHQWV� KDYH� SURYLGHG� FRQVLGHUDEOH� LPSURYHPHQWV� LQ� WKHVH� VHQVRUV�� HQDEOLQJ HIILFLHQW�
GHWHFWLRQ� RI� GLIIHUHQW� ZDWHU� SROOXWDQWV� HYHQ� DW� H[WUHPHO\� ORZ� FRQFHQWUDWLRQ�� ,Q� WKLV� ZRUN�� ZH�
HYDOXDWHG WKH�SHUIRUPDQFH�RI�DQ�(OHFWURQLF�7RQJXH�IXQFWLRQDOL]HG�ZLWK�QDQRFRPSRVLWHV�EDVHG�RQ�
HOHFWURVSXQ� QDQRILEHUV�� FHOOXORVH� QDQRZKLVNHUV� �&1:�� DQG VLOYHU� QDQRSDUWLFOHV� LQ� HOHFWULFDO�
GHWHFWLRQ�RI�KHDY\�PHWDOV��7KHVH�WKUHH�PDWHULDOV�ZHUH GLVWLQFWO\�FRPELQHG��UHVXOWLQJ�LQ�VL[�GLIIHUHQW�
VHQVRUV��ZKLFK�ZHUH�DUUDQJHG�WR�FRPSRVH�DQ�LPSHGLPHWULF�HOHFWURQLF WRQJXH��7KH�QDQRFRPSRVLWHV�
VWUXFWXUH�ZDV� HOXFLGDWHG� E\� WHFKQLTXHV� DV� VFDQQLQJ� HOHFWURQ�PLFURVFRS\�ZLWK� ILHOG� HPLVVLRQ� JXQ�
�)(*�6(0��� $GMXVWPHQWV� RI� VHQVRUV� SDUDPHWHUV� DQG� DSSOLFDWLRQ� RI� SURSHU� VWDWLVWLFDO� DQDO\VLV�
HQDEOHG�WKH�HIILFLHQW�GLVFULPLQDWLRQ�RI�SXUH�ZDWHU�IURP�VROXWLRQV�FRQWDPLQDWHG�ZLWK�OHDG��FDGPLXP��
FRSSHU�DQG�QLFNHO��

.H\ZRUGV��:DWHU�FRQWDPLQDQWV��6HQVRUV��(OHFWURVSLQQLQJ��&HOOXORVH��3RO\DPLGH���
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���,QWURGXomR
8P�SUREOHPD�JOREDO�UHODFLRQDGD�j�GHJUDGDomR�GRV�UHFXUVRV�KtGULFRV� UHFDL�VREUH�D�TXDQWLGDGH�

H[FHVVLYD� GH� HVSpFLHV� GH�PHWDLV� SHVDGRV�� (VWH� SUREOHPD� JHUDOPHQWH� HVWi� UHODFLRQDGR� DR� GHVFDUWH�
LQDGHTXDGR�GH�UHVtGXRV�LQGXVWULDLV��$�LPSRUWkQFLD�GR�PRQLWRUDPHQWR�GD�SUHVHQoD�H�TXDQWLILFDomR�GH�
PHWDLV� SHVDGRV� HP� UHFXUVRV�GHVWLQDGRV�SDUD�R� FRQVXPR�DWUDLX�JUDQGH� DWHQomR�QR�%UDVLO� GHYLGR� D�
UHFHQWHV� GHVDVWUHV� HFROyJLFRV� HQYROYHQGR� UXSWXUDV� GH� EDUUDJHQV� GH� PLQHUDomR�� TXH� OHYDUDP� j�
FRQWDPLQDomR� GH� LPSRUWDQWHV� EDFLDV� KLGURJUiILFDV� GR� SDtV� FRP� XPD� TXDQWLGDGH� SUHRFXSDQWH� GH�
ODPD�FRQWHQGR�tRQV�GH�PHWDLV�FRPR�IHUUR��PDQJDQrV��FKXPER��PHUF~ULR��FREUH��HQWUH�RXWURV��&RPR�
HVVHV� SROXHQWHV� QmR� VmR� ELRGHJUDGiYHLV�� RV� RUJDQLVPRV� YLYRV� H� D� VD~GH� KXPDQD� SRGHP� VHU�
VHULDPHQWH� DIHWDGRV� FRPR� FRQVHTXrQFLD� GD� ELRDFXPXODomR �-26(�� 5$<�� ������ (PERUD� DOJXQV�
GHVVHV�FRPSRVWRV�WHQKDP�XP�SDSHO�LPSRUWDQWH�QRV�PHFDQLVPRV�ELROyJLFRV��D�PDLRULD�GHOHV�p�Wy[LFD�
PHVPR� HP� EDL[DV� FRQFHQWUDo}HV�� UHVXOWDQGR� HP� GRHQoDV� JUDYHV�� PXWDo}HV H� DWp� PRUWH� SRU�
HQYHQHQDPHQWR��7&+281:28�HW�DO���������

2V� DYDQoRV� UHODFLRQDGRV� DR� GHVHQYROYLPHQWR� H� PHOKRUDPHQWR� GH� GLVSRVLWLYRV� VHQVRUHV� WrP�
DWUDtGR� JUDQGH� DWHQomR�FRPR�XPD� IHUUDPHQWD�SDUD� DSOLFDomR�GHVWHV�QR�PRQLWRUDPHQWR� DPELHQWDO��
IRUQHFHQGR� GLDJQyVWLFRV� UiSLGRV� H� FRQILiYHLV� FRPR� DOWHUQDWLYD� j� WpFQLFDV� HVSHFWURVFySLFDV� H�
FURPDWRJUiILFDV� FRQYHQFLRQDLV�� SHUPLWLQGR� D� GHWHFomR� GH� SROXHQWHV� VRE� FRQFHQWUDo}HV�
H[WUHPDPHQWH� EDL[DV �7(55$�HW� DO��� ������� ,VVR� RFRUUH� FRPR� FRQVHT�rQFLD� GR� DXPHQWR� GD� iUHD�
VXSHUILFLDO� GD� FDPDGD� VHQVRDWLYD� H� D� DPSOLILFDomR� GRV� VLQDLV�� R� TXH� SRGH� VHU� DOFDQoDGR� FRP�
DSOLFDomR�GH�QRYRV�PDWHULDLV�H�WpFQLFDV�DGYLQGDV�GRV�DYDQoRV�QDQRWHFQROyJLFRV�

1HVWH�WUDEDOKR��QDQRFRPSyVLWRV�j�EDVH�GH�ILEUDV�GH�SROLDPLGD��3$����QDQRFULVWDLV�GH�FHOXORVH�
�&1&�� H� QDQRSDUWtFXODV� GH� SUDWD� �$J13�� IRUDP� XWLOL]DGRV� QD� IXQFLRQDOL]DomR� GH� FDPDGDV�
VHQVRDWLYDV� YLVDQGR� D� GHWHFomR� GH� EDL[DV� FRQFHQWUDo}HV� GH� PHWDLV� SHVDGRV� HP� iJXD�� 3RXFDV�
SHVTXLVDV�SRGHP�VHU�HQFRQWUDGDV�QD�OLWHUDWXUD�UHODWDQGR�D�LQVHUomR�GR�&1&�HP�VHQVRUHV�HOpWULFRV�H�
HOHWURTXtPLFRV�� FRP� D� QDWXUH]D� QmR� FRQGXWRUD� GHVVDV� QDQRHVWUXWXUDV�� 1R� HQWDQWR�� XP� Q~PHUR�
FUHVFHQWH�GH�HVWXGRV�HVWi�LQYHVWLJDQGR�DV�SURSULHGDGHV�GH�FRPSyVLWRV�EDVHDGRV�QR�&1&�H�HP�YiULRV�
QDQRPDWHULDLV�IXQFLRQDLV��R�TXH�SHUPLWH�XPD�DOWD�GLVSHUVmR�GR�PDWHULDO�IXQFLRQDO�SHOD�VXSHUItFLH�GR�
&1&�� FRQWULEXLQGR� VLJQLILFDWLYDPHQWH� SDUD� D� H[SORUDomR� GH� VXDV� SURSULHGDGHV �025$/(6�
1$59È(=�HW�DO���������7(2'252�HW�DO�������D��

���0DWHULDLV�H�0pWRGRV
�����3URGXomR�H�FDUDFWHUL]DomR�GRV�QDQRFRPRSyVLWRV�

&1:��$J13�H�&1:��$J�IRUDP�VLQWHWL]DGRV�FRPR�GHVFULWR�HP�WUDEDOKR�SUpYLR��7(2'252�
HW�DO����������2V�QDQRFRPSyVLWRV�IRUDP�SURGX]LGRV HPSUHJDQGR�VH�HOHWURILDomR��FRPELQDQGR�VH�DV�
GLIHUHQWHV�QDQRHVWUXWXUDV�GD�VHJXLQWH�PDQHLUD��L��ILEUDV�3$���LL��ILEUDV�GH�3$��H &1: QR�EXON�GD�
ILEUD�� LLL�� ILEUDV�GH�3$�� FRP�&1:�$J�QR�EXON�� LY�� ILEUDV�GH�3$�� UHYHVWLGDV� FRP�&1:�$J� H�Y��
3$��&1:�UHYHVWLGDV FRP $J13��$V�DPRVWUDV��L�� LLL��IRUDP�SURGX]LGDV�SRU�HOHWURILDomR�GD�VROXomR�
GH�3$�������P�Y��H�XPD�PLVWXUD�GD�VROXomR�GH�3$��H�&1:�RX�&1:�$J�����P�Y���HPSUHJDQGR�
VH iFLGR�IyUPLFR�FRPR�VROYHQWH��2V�SDUkPHWURV�H[SHULPHQWDLV�DSOLFDGRV�IRUDP��WD[D GH�LQMHomR�GH�
VROXomR�GH����ȝ/�PLQ����FDPSR�HOpWULFR�GH��� P9��GLVWkQFLD�GH�WUDEDOKR�HQWUH�R�FROHWRU�H�D�SRQWD�GR�
FDSLODU�GH�����FP��WHPSR�GH GHSRVLomR�HP�HOHWURGR�GH���PLQXWRV��$V�DPRVWUDV��LY�±Y��IRUDP�REWLGDV�
SRU�LPHUVmR�GDV�QDQRILEUDV��L��H��LL��HP�VROXo}HV�DTXRVDV�GH�&1:�$J�H $J13��2V�QDQRFRPSyVLWRV�
IRUDP�FDUDFWHUL]DGRV�HP�WHUPRV�PRUIROyJLFRV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�FRP�HPLVVmR�
GH�FDPSR��0(9�)(*��

�����0RQWDJHP�GD�/tQJXD�(OHWU{QLFD�H�GHWHFomR�GH�PHWDLV�SHVDGRV�HP�iJXD
2V� QDQRFRPSyVLWRV IRUDP� GHSRVLWDGRV� VREUH� HOHWURGRV� LQWHUGLJLWDGRV �(,� GH� RXUR�� RV� TXDLV�

HOHWURGRV�VmR�FRPSRVWRV�GH����SDUHV�GH�GtJLWRV��FRP����ȝP�GH�ODUJXUD�H����ȝP�GH�GLVWkQFLD�HQWUH�RV�
GtJLWRV����PP�GH�FRPSULPHQWR�H�HVSHVVXUD�GH�����QP� 2�DUUDQMR�VHQVRULDO�GR�WLSR�OtQJXD�HOHWU{QLFD�
IRL� FRQVWLWXtGR� GDV� VHJXLQWHV� XQLGDGHV� L�� (,� VHP� ILOPH�� LL�� 3$�� LLL�� �3$��&1&�EXON�� LY��
�3$��&1&�$J�EXON��Y���3$��PRG�&1&�$J H�YL���3$��&1&�PRG�$J�
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$V� VROXo}HV� LQYHVWLJDGDV IRUDP�SUHSDUDGDV� D� SDUWLU� GD� DGLomR�� HP� VROXomR�WDPSmR� DFHWDWR�� GH�
GLIHUHQWHV�PHWDLV�SHVDGRV������[����� PRO�/�����FRQIRUPH�PRVWUDGDV�D�VHJXLU� L��+�2��GHLRQL]DGD���LL��
FKXPER�3E��� LLL�� FiGPLR &G��� LY�� FREUH�&X�� H�Y��QtTXHO�1L�� $V�SODWDIRUPDV� UHVXOWDQWHV� IRUDP�
DQDOLVDGDV� SRU� HVSHFWURVFRSLD� GH� LPSHGkQFLD�� XVDQGR� XP� DQDOLVDGRU� GH� IUHTXrQFLD� H� IDVH�
62/$57521�� PRGHOR� ����� $�� H� R� VRIWZDUH� 60D57 ������� �6RODUWURQ 0DWHULDOV 5HVHDUFKD QG�
7HVW���)RL�UHDOL]DGR�R�PRGR�GH�YDUUHGXUD�GH�IUHTXrQFLD����0+]�± ��+]���DSOLFDQGR�VH�WHQVmR�GH����
P9�� )RUDP� UHDOL]DGDV� WUrV�PHGLGDV� SRU� HOHWURGR�� XWLOL]DQGR�VH� WUrV� XQLGDGHV� GH� FDGD� SODWDIRUPD�
'DGRV�GH�FDSDFLWkQFLD IRUDP�H[WUDtGRV�H�LQWHUSUHWDGRV�HVWDWLVWLFDPHQWH�XWLOL]DQGR�VH�DV�WpFQLFDV�GH�
UHJUHVVmR�SRU�PtQLQRV�TXDGUDGRV�SDUFLDLV��3/6��H�FRRUGHQDGDV�SDUDOHODV��3&�� XWLOL]DQGR R�VRIWZDUH�
3([�6HQVRUV�

���5HVXOWDGRV�H�'LVFXVVmR
$V PLFURJUDILDV�GH�0(9�)(*�DSUHVHQWDGDV�QD�ILJXUD����7(2'252�HW�DO�������E� UHIHUHP�VH�

jV�PRUIRORJLDV GRV�QDQRFRPSyVLWRV�SURGX]LGRV�SHODV�GLIHUHQWHV�FRPELQDo}HV�GH�QDQRILEUDV�GH�3$���
&1&� H� $J13�� )RL� YHULILFDGD� D� GLPLQXLomR� GRV� GLkPHWURV� GDV ILEUDV�� FRPR� UHVXOWDGR� GD�
LQFRUSRUDomR� GH� &1&� H� &1&�$J�� GDGR� SHOR� DXPHQWR� GD� FRQGXWLYLGDGH� GD� VROXomR�� GHYLGR� j�
SUHVHQoD� GH� QDQRHVWUXWXUDV� FRP� FDUJDV� VXSHUILFLDLV� QHJDWLYDV �'21*� HW� DO��� ������� ,VWR� WDPEpP�
UHVXOWD� HP� XPD� VXSHUItFLH� PDLV� UHJXODU�� FRPR� REVHUYDGR� SDUD� DV� DPRVWUDV� �3$��&1&�EXON H�
�3$��&1&�$J�EXON�� HP� UHODomR� j� UXJRVLGDGH� &1& H� &1&�$J� QmR� IRUDP� YLVXDOL]DGRV� QHVWDV�
DPRVWUDV�� LQGLFDQGR� TXH� HVVDV� QDQRHVWUXWXUDV� HQFRQWUDP�VH LQFRUSRUDGDV� DR� SROtPHUR�� GDGR� j
FRPSDWLELOLGDGH &1:�H�3$�� �&255($�HW�DO��������� $�ILJXUD���G��HYLGHQFLD�R�UHFREULPHQWR�GDV�
ILEUDV�SHOR�KtEULGR�&1&�$J�� H�D�DXVrQFLD�GH� � DJORPHUDGRV�GH�$J1S� UHYHODP�D�ERD�GLVSHUVmR�GR�
PDWHULDO� QR�QDQRFRPSyVLWR� �3$��LP&1:�� $J��(P�FRQWUDSDUWLGD�� QR�QDQRFRPSyVLWR� �3$��&1:�LP$J

VmR�HQFRQWUDGRV�$J13�DJORPHUDGDV�HP�UHJL}HV�DOHDWyULDV�GDV�ILEUDV�

)LJXUD� �� 0LFURJUDILDV� GDV� ILEUDV� GH� 3$�� SXUR� �D�� H� GRV� QDQRFRPSyVLWRV� �3$��&1&�EXON �E���
�3$��&1&�$J�EXON �F����3$��PRG�&1&�$J �G��H��3$��&1&�PRG�$J �H���0DJQLILFDomR�GH�������[��D�F��H�
������[��G�H�� )LJXUD�UHSURGX]LGD�FRP�DXWRUL]DomR�GH��7(2'252�HW�DO�������E���&RS\ULJKW��������
(OVHYLHU�

6LVWHPDV� GR� WLSR OtQJXD� HOHWU{QLFD� VmR� FRQVWLWXtGRV� GH� XP� DUUDQMR� GH� XQLGDGHV� VHQVRULDLV�
HPSUHJDGR SDUD GLVFULPLQDU� DPRVWUDV� OtTXLGDV RX� HP� VROXomR�� $V� GLIHUHQWHV� XQLGDGHV� VHQVRULDLV�



���

SUHSDUDGDV� XVDQGR RV� QDQRFRPSyVLWRV� IRUDP� HPSUHJDGDV� SDUD� GHWHFWDU� GLIHUHQWHV tRQV� GH�PHWDLV�
SHVDGRV�HP�VROXo}HV�DTXRVDV��3RUWDQWR��RV�GDGRV�H[SHULPHQWDLV�UHIHUHQWHV�j�GHWHFomR�GH�GLIHUHQWHV�
PHWDLV FRPR� VROXomR� L{QLFD� GH� &G�� ��� &X���� 1L�� H� 3E�� D� �� PPRO�/��� $QiOLVH� HVWDWtVWLFD�
HPSUHJDQGR�VH� D� WpFQLFD� GH 3/6 JHURX� R� JUiILFR� DSUHVHQWDGR� QD� )LJXUD� �� �7(2'252� HW� DO���
����E���H�R�HOHYDGR�FRHILFLHQWH�GH�VLOKRXHWD��&6�� LJXDO�D������ LQGLFD IRUWH�FODVVLILFDomR�GH�GDGRV
�52866((8:���������

)LJXUD��� *UiILFR�3/6�UHSUHVHQWDWLYR�GD�FODVVLILFDomR�GH DPRVWUDV�GH�iJXD�SXUD�H�FRQWDPLQDGDV�FRP�
tRQV� GH� GLIHUHQWHV� PHWDLV� SHVDGRV�� QD� FRQFHQWUDomR� GH� �� PPRO�/���� 2� FRHILFLHQWH� GH� VLOKXHWD�
GHWHUPLQDGR� IRL� GH ����� )LJXUD� UHSURGX]LGD� FRP� DXWRUL]DomR� GH� �7(2'252� HW� DO��� ����E���
&RS\ULJKW��������(OVHYLHU�

���&RQFOXV}HV
1DQRFRPSyVLWRV� WHUQiULRV� IRUDP� SURGX]LGRV� SRU� GLVWLQWDV� FRPELQDo}HV� GH QDQRILEUDV�

HOHWURILDGDV� GH� 3$�� IXQFLRQDOL]DGDV� FRP� &1:� H� $J13�� $� DQiOLVH� PRUIROyJLFD� UHYHORX� TXH� DV�
QDQRHVWUXWXUDV�&1&�H�&1&�$J�IRUDP�HILFLHQWHPHQWH�LQFRUSRUDGDV�DR�EXON�GDV�ILEUDV�QDV�DPRVWUDV�
�3$��&1&�EXON H� �3$��&1&�$J�EXON� 3DUD� DV� DPRVWUDV� �3$��PRG�&1&$J YHULILFRX�VH� TXH� DV� ILEUDV�
IRUDP� UHFREHUWDV� SHOR� KtEULGR� &1&�$J�� R� TXH� SURPRYHX� XPD� PHOKRU� GLVSHUVmR� GR� PDWHULDO�
IXQFLRQDO� QR� ILOPH�� HP� FRPSDUDomR� j� DPRVWUD� �3$��&1&�PRG$J�� XPD� YH]� TXH�� QHVWD DPRVWUD�� DV�
QDQRSDUWtFXODV�GH�SUDWD� DJORPHUDUDP�VH�HP�UHJL}HV�DOHDWyULDV� $�GHSRVLomR�GHVWHV�QDQFRPSyVLWRV�
VREUH� HOHWURGRV� LQWHUGLJLWDGRV� SRVVLELOLWRX� D� FRQILJXUDomR� GH� XP� DUUDQMR� VHQVRULDO� GR� WLSR� OtQJXD�
HOHWU{QLFD��(VWD�HVWUDWpJLD�SRVVLELOLWRX�R�GHVHPSHQKR�DGHTXDGR�GD�OtQJXD�HOHWU{QLFD�QD�DYDOLDomR�H�
FODVVLILFDomR�GH� iJXD�SXUD� H� VROXo}HV� FRQWDPLQDGDV� FRP�GLIHUHQWHV�PHWDLV� SHVDGRV�� GHQWUH� HOHV�R�
FKXPER��FiGPLR��FREUH�H�QtTXHO�

5LJKWV�DQG�FRQWHQWV
2� FRQWH~GR� GHVWH� WUDEDOKR IRL DGDSWDGR GR� DUWLJR� FLHQWtILFR� LQWLWXODGR�� �7HUQDU\�

QDQRFRPSRVLWHV�EDVHG�RQ�FHOOXORVH�QDQRFU\VWDOV��VLOYHU�QDQRSDUWLFOHV�DQG�HOHFWURVSXQ�ILEHUV��XVH�LQ�
DQ� HOHFWURQLF� WRQJXH� IRU� KHDY\�PHWDO� GHWHFWLRQ��� SURGX]LGR SRU�.%5�7HRGRUR�� )0�6KLPL]X��93�
6FDJLRQ�� '6� &RUUHD� H� UHFHQWHPHQWH� SXEOLFDGR� QD� UHYLVWD� FLHQWtILFD 6HQVRUV� DQG� $FWXDWRUV� %��
&KHPLVWU\ �������������������

$JUDGHFLPHQWRV
2V� DXWRUHV� DJUDGHFHP� R� DSRLR� ILQDQFHLUR� GD� )$3(63� ��������������� ������������� H�

��������������� &13T �����������������0&7,�6LV1DQR�� ),1(3� H� (PEUDSD�$JUR1DQR�� 7DPEpP�
DJUDGHFHPRV� D� $QJHOR� /�� *REEL� H� 0DULD� +�� 2�� 3LD]]HWWD� SHOD� DVVLVWrQFLD� QR� ODERUDWyULR� GH�
PLFURIDEULFDomR�GR�/0)���/11DQR���&13(0��H�DR�'U��2VPDQGR�)HUUHLUD�/RSHV�SHOD�DVVLVWrQFLD�QD�
REWHQomR�GH�LPDJHQV�GH�0(9�)(*�
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5HIHUrQFLDV
&255($��$��&��HW�DO��2EWDLQLQJ�QDQRFRPSRVLWHV�RI�SRO\DPLGH���DQG�FHOOXORVH�ZKLVNHUV�YLD�

H[WUXVLRQ�DQG�LQMHFWLRQ�PROGLQJ��&HOOXORVH��Y������Q�����S�����±�����������
'21*��+��HW�DO��+\GURJHO��DHURJHO�DQG�ILOP�RI�FHOOXORVH�QDQRILEULOV�IXQFWLRQDOL]HG�ZLWK�VLOYHU�

QDQRSDUWLFOHV��&DUERK\GUDWH�3RO\PHUV��Y������Q�����S�����±�����������
-26(��$���5$<��-��*��7R[LF�KHDY\�PHWDOV�LQ�KXPDQ�EORRG�LQ�UHODWLRQ�WR�FHUWDLQ�IRRG�DQG�

HQYLURQPHQWDO�VDPSOHV�LQ�.HUDOD��6RXWK�,QGLD��(QYLURQPHQWDO�6FLHQFH�DQG�3ROOXWLRQ�
5HVHDUFK��Y������Q�����S������±������������

025$/(6�1$59È(=��(��HW�DO��1DQRSDSHU�DV�DQ�2SWLFDO�6HQVLQJ�3ODWIRUP��$&6�1DQR��Y�����Q�����
S������±������������

52866((8:��3��-��6LOKRXHWWHV��$�JUDSKLFDO�DLG�WR�WKH�LQWHUSUHWDWLRQ�DQG�YDOLGDWLRQ�RI�FOXVWHU
DQDO\VLV��-RXUQDO�RI�&RPSXWDWLRQDO�DQG�$SSOLHG�0DWKHPDWLFV��Y������S����±����������

7&+281:28��3��%��HW�DO��+HDY\�0HWDOV�7R[LFLW\�DQG�WKH�(QYLURQPHQW��0ROHFXODU��&OLQLFDO�DQG�
(QYLURQPHQWDO�7R[LFRORJ\��Y�������S�����±�����������

7(2'252��.��%��5��HW�DO��&HOOXORVH�:KLVNHUV�,QIOXHQFH�WKH�0RUSKRORJ\�DQG�$QWLEDFWHULDO�
3URSHUWLHV�RI�6LOYHU�1DQRSDUWLFOHV�&RPSRVLWHV��-RXUQDO�RI�1DQRVFLHQFH�DQG�1DQRWHFKQRORJ\��
Y������Q�����S���±���������

7(2'252��.��%��5��HW�DO��&RQGXFWLYH�HOHFWURVSXQ�QDQRILEHUV�FRQWDLQLQJ�FHOOXORVH�QDQRZKLVNHUV�
DQG�UHGXFHG�JUDSKHQH�R[LGH�IRU�WKH�HOHFWURFKHPLFDO�GHWHFWLRQ�RI�PHUFXU\�,,���&DUERK\GUDWH�
3RO\PHUV��Y�������S�����±���������D��

7(2'252��.��%��5��HW�DO��7HUQDU\�QDQRFRPSRVLWHV�EDVHG�RQ�FHOOXORVH�QDQRZKLVNHUV��VLOYHU�
QDQRSDUWLFOHV�DQG�HOHFWURVSXQ�QDQRILEHUV��8VH�LQ�DQ�HOHFWURQLF�WRQJXH�IRU�KHDY\�PHWDO�GHWHFWLRQ��
6HQVRUV�DQG�$FWXDWRUV��%��&KHPLFDO��Y�������S�����±���������E��

7(55$��,��$��$��HW�DO��2SWLFDOO\�DFWLYH�HOHFWURVSXQ�QDQRILEHUV�IRU�KHDY\�PHWDOV�VHQVLQJ��S���±����
������


