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5HVXPR 2�UHDWRU�GH�OHLWR�IL[R��WULFNOH�EHG��WHP�VLGR�DPSODPHQWH�HVWXGDGR�DWXDOPHQWH�GHYLGR�D�H[LJrQFLDV�GH�
XP�PDLRU�FRQWUROH�QD�HPLVVmR�GH�SROXHQWHV�QD�LQG~VWULD�GR�SHWUyOHR��1HVVH�LQWXLWR�HVVH�WUDEDOKR�WHP�
FRPR�IRFR�D�H[SRVLomR�GR�IXQFLRQDPHQWR�GHVWH�UHDWRU�WULIiVLFR�EHP�FRPR�RWLPL]DomR�GR�PHVPR DWUD�
YpV�GH�PRGHORV�PDWHPiWLFRV�GLQkPLFRV�JHUDLV�H�VLPSOLILFDGRUHV�TXH�SRVVDP�IRUQHFHU�GH�IRUPD�VH�
JXUD�H�FRQILiYHO�RV�UHVXOWDGRV�GD�IHQRPHQRORJLD�UHDOLVWD�GR�UHJLPH�GH�HVFRDPHQWR� 3DODYUDV�FKDYH��
OHLWR�IL[R��PRGHODJHP��RWLPL]DomR�

$EVWUDFW 7KH�IL[HG�EHG�UHDFWRU��WULFNOH�EHG��KDV�EHHQ�H[WHQVLYHO\�VWXGLHG�FXUUHQWO\�GXH�WR�GHPDQGV�IRU�D�EHWWHU�
FRQWURO�RI�WKH�HPLVVLRQ�RI�SROOXWDQWV�LQ�WKH�RLO�LQGXVWU\��7KLV�SURMHFW�KDV�DV�D�JRDO�H[SODLQ�WKH�RSHUDWLRQ�
RI�WKLV WKUHH�SKDVH�UHDFWRU�ERWK�RSWLPL]DWLRQ�WKURXJK�JHQHUDO�DQG�VLPSOLILHUV�G\QDPLF�PDWKHPDWLFDO�
PRGHOV�WKDW�FDQ�SURYLGH�VDIHO\�DQG�UHOLDEO\�WKH�UHVXOWV�RI�SKHQRPHQRORJ\�UHDOLVWLF�RI�WKH�IORZ�UHJLPH�
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$VSHFWRV�GLQkPLFRV�UHODFLRQDGRV�j�DQiOLVH�GH�VLVWHPDV�
WULIiVLFRV�FRP�FRQWDWR�IOXLGR�VyOLGR� WrP�UHFHELGR�JUDQGH�
DWHQomR��WHQGR�HP�YLVWD�DV�SRVVLELOLGDGHV�GD�TXDQWLILFDomR�
GRV�IHQ{PHQRV�RFRUUHQGR�QDV�RSHUDo}HV�GH�VLVWHPDV�JiV�
OtTXLGR�VyOLGR��)HQ{PHQRV�GH�WUDQVIHUrQFLD�GH�PDVVD�JiV�
OtTXLGR��OtTXLGR�VyOLGR�H�JiV�VyOLGR��GLVSHUVmR�D[LDO��GLIX�
VmR�LQWUDSDUWLFXODU��DGVRUomR�H�UHDomR�QD�VXSHUItFLH�FDWDOt�
WLFD�SRGHP�VHU�TXDQWLILFDGRV�DWUDYpV�GH�SDUkPHWURV�UHSUH�
VHQWDWLYRV�H�LQFOXtGRV�QRV�PRGHORV�TXH�YHQKDP�D�GHVFUH�
YHU�R�FRPSRUWDPHQWR�GRV�VLVWHPDV�WULIiVLFRV�JiV�OtTXLGR�
VyOLGR��&RPSOHPHQWDo}HV�D�PRGHODJHP�SRGHP�VHU�LQWUR�
GX]LGDV��IUXWR�GH�H[WHQVLYRV�WUDEDOKRV�H[SHULPHQWDLV��IRU�
QHFHQGR� FRUUHODo}HV�� SDUkPHWURV� DGLPHQVLRQDLV� H�PDSH�
DQGR�UHJL}HV�GH�RSHUDo}HV�UHODWLYDV�DR�HVFRDPHQWR�GH�IOX�
LGRV�HP�FRQWDWR�FRP�RV�VyOLGRV��$�GHVFULomR�FRPSOHWD�GR�
FRPSRUWDPHQWR�GH�RSHUDomR�GH�SURFHVVRV�HP�UHDWRUHV�WUL�
IiVLFRV�GH�OHLWR�IL[R�VRE�UHJLPH�GH�OHLWR�JRWHMDQWH��FRP�HV�
FRDPHQWR�FRQFRUUHQWH�GHVFHQGHQWH�GDV�IDVHV�JDVRVD�H� Ot�
TXLGD�VREUH�SDUWtFXODV�VyOLGDV��HQYROYH�DVSHFWRV�UHODFLRQD�
GRV� j� KLGURGLQkPLFD� GDV� IDVHV� IOXLGDV�� WUDQVIHUrQFLD� GH�
PDVVD�LQWHUIDVHV�JiV�OtTXLGR��JiV�VyOLGR�H�OtTXLGR�VyOLGR��j�
GLIXVmR�QRV�SRURV�GR�FDWDOLVDGRU�H�jV�LQWHUDo}HV�IOXLGR�Vy�
OLGR� FRPR� DGVRUomR�� UHDomR� H� GHVVRUomR�� (QIDWL]DQGR� D�
DQiOLVH�GHVVHV�UHDWRUHV�WULIiVLFRV��UHFRUUH�VH�j�DSOLFDomR�GH�
PRGHORV�GLQkPLFRV�FDSD]HV�GH�GHVFUHYHU�D�IHQRPHQRORJLD�
UHDOLVWD�GRV�UHJLPHV�WUDQVLHQWH�H�HVWDFLRQiULR��SHUPLWLQGR�
DYDOLDo}HV�VHJXUDV�H�FRQILiYHLV�HP�FRQWUROH�H�RWLPL]DomR�
GR�SURFHVVR�>�@�>�@�>�@�

� 0RGHODJHP 0DWHPiWLFD

&RP�R�REMHWLYR�GH�GHVFUHYHU�GH�IRUPD�VLPSOLILFDGD�RV�
SURFHVVRV� TXH� RFRUUHP� QD� UHJLmR� GH� FRQWDWR� GR� 5HDWRU�
7ULIiVLFR�GH�/HLWR�)L[R��HVWH�IRL�PRGHODGR�H�VLPXODGR�XWL�
OL]DQGR�DUWLItFLRV�PDWHPiWLFRV��0pWRGRV�GH�GLIHUHQFLDomR�
IRUDP�DSOLFDGRV�jV�HTXDo}HV�GLIHUHQFLDLV��2V�PRGHORV�HQ�
FRQWUDGRV�SRGHP�VHU�GHSRLV�GHYLGDPHQWH�FRPSDUDGRV�FRP�
GDGRV� GLVSRQtYHLV� QD� OLWHUDWXUD�� 3DUD� R� PRGHOR� GHVHQ�
YROYLGR�FRQVLGHUD�VH�XPD�JHRPHWULD�FLOtQGULFD��FRQVLGHU�
DQGR�R�HIHLWR�GH�GLVWULEXLomR��DOLPHQWDomR�QD�EDVH�GR�UHD�
WRU� H� SURGXWRV� UHWLUDGRV� QR� WRSR��� $� SHVTXLVD� TXH� YLVD�
PHOKRUDU�R�GHVHPSHQKR�GRV�UHDWRUHV�GH�OHLWR�JRWHMDQWH�WHP�
VLGR�HVWLPXODGD�SULQFLSDOPHQWH�SHOD�QHFHVVLGDGH�GR�PHU�
FDGR� GH� GHULYDGRV� GR� SHWUyOHR�� EXVFDQGR�PDLRUHV� TXDQ�
WLGDGHV�GH�SURGXWRV�GH�IUDo}HV�OHYHV�GH�SHWUyOHR�HP�UHIL�
QDULDV��'HVWD�IRUPD��R�PRGHOR�PDWHPiWLFR�DEDL[R�p�GHVWL�
QDGR�SDUD�HVWD�SHVTXLVD��

x %DODQoR�GH�HQHUJLD�SDUD�D�IDVH�JDVRVD�
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� 5HVXOWDGRV

$WUDYpV� GD� GLVFUHWL]DomR� GDV� HTXDo}HV� GH� EDODQoR��
IRUDP�GHVHQYROYLGDV�HTXDo}HV�LWHUDWLYDV�SDUD�DV�WHPSHUD�
WXUDV�GDV�IDVHV�JDVRVD�H�VyOLGD�H�SDUD�DV�FRQFHQWUDo}HV�GDV�
IDVHV�JDVRVD��VyOLGD�H�GH�DGVRUomR��7DLV�HTXDo}HV�VHULDP�
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3DUD� D� LPSOHPHQWDomR GR� PpWRGR� IRUDP� IHLWDV� GXDV�
FRQVLGHUDo}HV�PDWHPiWLFDV��2V�YDORUHV�GH�ǻ]��TXH�FRUUH�
VSRQGH�D�YDULDomR�GD�GLVWkQFLD�D[LDO�GR�UHDWRU��H�ǻU��YDU�
LDomR�GD�GLVWkQFLD�UDGLDO�GD�SDUWtFXOD��IRUDP�UHSUHVHQWDGRV�
FRP�RV�YDORUHV�����H������UHVSHFWLYDPHQWH��$SOLFDQGR�LW�
HUDo}HV� VXFHVVLYDV� �XP�YDORU� WRWDO�GH����� LWHUDo}HV�SDUD�
FDGD�YDULiYHO���IRUDP�REWLGRV�RV�VHJXLQWHV�UHVXOWDGRV�
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)LJ� �� &RPSRUWDPHQWR� GD� 7HPSHUDWXUD� GD� )DVH� *DVRVD�
FRPR�)XQomR�GR�7HPSR�FRP�XPD�9HORFLGDGH�6XSHUILFLDO�
GR�)OXLGR��9VI� �����[�����P�V���

� �� ��� ��� ��� ��� ���
��

���

���

���

���

���

���

���

���

7
V��

R &
�

W��6HJ�

�7
I��
� ���R&

)LJ� �� &RPSRUWDPHQWR� GD� 7HPSHUDWXUD� GD� )DVH� 6yOLGD�
FRPR�)XQomR�GR�7HPSR�FRP�XPD�9HORFLGDGH�6XSHUILFLDO�
GR�)OXLGR�� 9VI� �����[�����P�V���
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�7HPSHUDWXUD�GD�)DVH�)OXLGD
�7HPSHUDWXUD�GD�)DVH�6yOLGD

)LJ��� &RPSDUDomR�HQWUH�DV�7HPSHUDWXUDV�GD�)DVH�)OXLGD�
H�6yOLGD�FRPR�)XQomR�GR�7HPSR�FRP�XPD�9HORFLGDGH�6X�
SHUILFLDO�GR�)OXLGR��9VI� �����[�����P�V���
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)LJ� �� &RPSDUDomR� GDV� FRQFHQWUDo}HV� GDV� IDVHV� JDVRVD��
VyOLGD�� H� GH� FRQFHQWUDomR� GH� DGVRUomR� FRPR� )XQomR GR�
7HPSR�FRP�7HPSHUDWXUD�GH�(QWUDGD�GH�7I� ����&�

� &RQFOXV}HV

)RUDP� REWLGRV� RV� VHJXLQWHV� UHVXOWDGRV� WRPDQGR�
SRU�EDVH�RV�HVWXGRV��PRGHODJHP�H�VLPXODomR�GRV�EDODQoRV�
GH�HQHUJLD�H�PDVVD�GH�XP�UHDWRU�WULIiVLFR�GH�OHLWR�IL[R�����
$QiOLVH�GR�FRPSRUWDPHQWR�GDV�WHPSHUDWXUDV�GH�DPEDV�DV�
IDVHV� JDVRVD� H� VyOLGD�� ���2EVHUYDomR�GR� FRPSRUWDPHQWR�
GDV� FRQFHQWUDo}HV� GDV� IDVHV� VyOLGD� H� OtTXLGD�GH� XP�SUR�
FHVVR�FDWDOtWLFR�EHP�FRPR�GD�FRQFHQWUDomR�GH�DGVRUomR�

$�HODERUDomR�GR�FyGLJR�FRPSXWDFLRQDO�SDUD�SUR�
FHVVDU�H�DQDOLVDU�R�FRPSRUWDPHQWR�GDV�YDULiYHLV�HP�HVWXGR�
GHVWD� SHVTXLVD� SHUPLWLX� D� FRQGX]LU� DV� VHJXLQWHV� FRQ�
FOXV}HV�
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x $QDOLVDU� RV� FRPSRUWDPHQWRV� GDV� WHPSHUDWXUDV�
QDV�IDVHV�JDVRVD�H�VyOLGD�EHP�FRPR�XPD�DQiOLVH�
FRPSDUDWLYD�HQWUH�DV�WHPSHUDWXUDV�GDV�GXDV�IDVHV�

x 2EVHUYDU�RV�FRPSRUWDPHQWRV�GDV�FRQFHQWUDo}HV�
QDV� IDVHV� IOXLGD� H� VyOLGD� FRPR� WDPEpP� D�
FRQFHQWUDomR� GR� FRPSRQHQWH� DGVRUYLGR� QRV�
SRURV� GD� IDVH� OtTXLGD�� $OpP� GLVVR�� WDPEpP� IRL�
REVHUYDGR�� XVDQGR� XPD� DQiOLVH� FRPSDUDWLYD��
HYROXomR� GDV� FRQFHQWUDo}HV� QDV� IDVHV� IOXLGD� H�
VyOLGD�EHP�FRPR�D�FRQFHQWUDomR�GR�FRPSRQHQWH�
DGVRUYLGR�

� $QRWDo}HV

&I����������&RQFHQWUDomR�GD�IDVH�IOXLGD��NJ�P�

&V &RQFHQWUDomR�GD�IDVH�VyOLGD��NJ�P�

&DG &RQFHQWUDomR�DGVRUYLGD��PROH�NJ
&I�� &RQFHQWUDomR�LQLFLDO�GD�IDVH�JDVRVD�NJ�P�

&V�� &RQFHQWUDomR�LQLFLDO�GD�IDVH�VyOLGD�NJ�P�

.DG��������&RQVWDQWH�GH�DGVRUomR��P��NJ
7I�� 7HPSHUDWXUD�LQLFLDO�GD�IDVH�JDVRVD��.�������
&DG�� &RQFHQWUDomR�LQLFLDO�GH�DGVRUomR��NJ�P�

9VI����������9HORFLGDGH�VXSHUILFLDO�GR�IOXLGR��P�V
ĮĮ[� 'LVSHUVmR�GD�IDVH�WpUPLFD

� $JUDGHFLPHQWRV

*RVWDUtDPRV� GH� DJUDGHFHU� SHOR� DSRLR� ILQDQFHLUR� j�
(VFROD� 3ROLWpFQLFD� GH� 3HUQDPEXFR� TXH� SHUPLWLX�
LQWHJUDOPHQWH�D�UHDOL]DomR�GD�SHVTXLVD�QR�/DERUDWyULR�GH�
7HFQRORJLD�(QHUJpWLFD�H�$PELHQWDO�± /$7($

5HIHUrQFLDV

>�@ ,OLXWD��,���%LOGHD��6��&���,OLXWD��0��&���/DUDFKL��)��
$QDO\VLV�RI�7ULFNOH�%HG�DQG�3DFNHG�%XEEOH�&RO�
XPQ�%LRUHDFWRUV�IRU�&RPELQHG�&DUERQ�2[LGDWLRQ�
DQG�1LWULILFDWLRQ��%UD]LOLDQ� -RXUQDO� RI�&KHPLFDO�
(QJLQHHULQJ������������������

>�@ 6LOYD��-��'��'\QDPLF�HYDOXDWLRQ�IRU�OLTXLG�WUDFHU�
LQ�D�WULFNOH�EHG�UHDFWRU��-��%UD]��6RF��0HFK� 6FL��	�
(QJ��� Y�� ���� Q�� ��� ������ '2,�� ��������6�����
������������������

>�@ 6LOYD�� -�'��� /LPD�� )�5�$��� $EUHX�� &�$�0�� DQG�
.QRHFKHOPDQQ�� $�� ([SHULPHQWDO� DQDO\VLV� DQG�
HYDOXDWLRQ� RI� WKH� PDVV� WUDQVIHU� SURFHVV� LQ D�
WULFNOH�EHG� UHDFWRU�� %UD]�� -�� &KHP�� (QJ��� ������
YRO����� Q���� SS�� ��������� '2,�� ��������6�����
������������������

>�@ '(&.:(5�� :��'�� %XEEOH� FROXPQ� UHDFWRUV��
1HZ�<RUN��-RKQ�:LOH\�������

>�@ :(67(57(53��.��5��YDQ�6:$$,-��:��3��0���
%((1$&.(56��6��$�&�1��&KHPLFDO�UHDFWRU�GH�
VLJQ� DQG� RSHUDWLRQ�� 1HZ� <RUN�� -RKQ� :LOH\� 	�
6RQV�������

>�@ '25$,6:$1<��/��.��6+$50$��0��0��+HWHURJHQH�
RXV�UHDFWLRQV�� DQDO\VLV��H[DPSOHV��DQG�UHDFWRU�GHVLJQ��
1HZ�<RUN��-RKQ�:LOH\�	�6RQV��Y���������

>�@ +$1�� 6��� =+28�� -��� -,1�� <��� /2+�� .� &��� :�
$1*��=��/LTXLG�GLVSHUVLRQ�LQ�JDV�OLTXLG�VROLG�FLU�
FXODWLQJ�IOXLGL]HG�EHGV��&KHP��(QJ��-���Y�����S���
���������


