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5HVXPR� 2�DXPHQWR�QD SURGXWLYLGDGH�GH�DOLPHQWRV�HVWi�GLUHWDPHQWH�OLJDGR�DR�DXPHQWR�QR FRQVXPR�
GH�IHUWLOL]DQWHV�QD�DJULFXOWXUD��(QWUHWDQWR��RV�PpWRGRV�FOiVVLFRV�GH�SURGXomR�GH�IHUWLOL]DQWHV�SRGHP
FDXVDU� LPSDFWRV� DPELHQWDLV� H� D� VD~GH� GR� VHU� KXPDQR�� 3RUWDQWR�� HVWH� HVWXGR� WHP� SRU� REMHWLYR�
DSUHVHQWDU� XP� PpWRGR� DOWHUQDWLYR� SDUD� D� SURGXomR� GH� ELRIHUWLOL]DQWHV�� EDVHDGR� QR� XVR� GH�
PLFURUJDQLVPRV SURPRWRUHV� GH� VROXELOL]DomR� GH IRQWHV� GH� QXWULHQWHV� GH� EDL[D� UHDWLYLGDGH� 1HVVH�
FRQWH[WR SRGHP� VHU� XWLOL]DGRV PLQHUDLV� IRVIDWDGRV�� PLQHUDLV� GH� SRWiVVLR�� DVVLP� FRPR� y[LGRV�
PLQHUDLV� HQWUH� RXWURV�PLQHUDLV� GH� EDL[D� UHDWLYLGDGH�VROXELOLGDGH� 2V� UHVXOWDGRV�PRVWUDP� R� IXQJR�
ILODPHQWRVR� $VSHUJLOOXV� QLJHU &� FRPR� XP� ERP� DJHQWH� SURPRWRU� GH� VROXELOLGDGH� GH� PLQHUDLV�
IRVIDWDGRV�H�GH�SRWiVVLR��&RPSyVLWRV� IHUWLOL]DQWHV� IRUDP�GHVHQYROYLGRV�D�SDUWLU�GH�XP�SURFHVVR�GH�
JHODWLQL]DomR�GH�DPLGR�FRP�VLPXOWkQHD�GLVSHUVmR�GH�XP�PLQHUDO�IRVIDWDGR�H�HQFDSVXODPHQWR�GHVVH�
PLFURUJDQLVPR�� (VWH� FRPSyVLWR� DXPHQWRX� D� VROXELOLGDGH� GR� IRVIDWR� SUHVHQWH� QR� PLQHUDO� TXDQGR�
ELRDWLYDGR� HP� VROR�� (VWHV UHVXOWDGRV� VXSRUWDP� R� GHVHQYROYLPHQWR� GH� XPD� QRYD� FODVVH� GH�
ELRIHUWLOL]DQWHV�LQWHOLJHQWHV��SRVVLELOLWDQGR QRYDV DSOLFDo}HV�H�HVWXGRV�SDUD DYDOLDU IRUPXODo}HV�FRP
PLQHUDLV�SRXFR�VRO~YHLV�FRPR�IRQWH�GH�QXWULHQWHV�SDUD�DV�SODQWDV�

3DODYUDV�FKDYH� 6ROXELOL]DomR� ELROyJLFD�� iFLGRV� RUJkQLFRV�� $VSHUJLOOXV� QLJHU�� IHUWLUULJDomR��
FRPSyVLWRV�IHUWLOL]DQWHV��
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$EVWUDFW� 7KH� LQFUHDVH� LQ� IRRG� SURGXFWLYLW\� LV� GLUHFWO\� OLQNHG� WR� WKH� LQFUHDVH� LQ� IHUWLOL]HU�
FRQVXPSWLRQ� LQ� DJULFXOWXUH�� +RZHYHU�� FODVVLFDO� IHUWLOL]HU� SURGXFWLRQ� PHWKRGV� FDQ� KDYH�
HQYLURQPHQWDO� LPSDFWV� DQG� KXPDQ� KHDOWK� 7KHUHIRUH�� WKLV� VWXG\� DLPV� WR� SUHVHQW� DQ� DOWHUQDWLYH�
PHWKRG� IRU� WKH� SURGXFWLRQ� RI� ELRIHUWLOL]HUV�� EDVHG� RQ� XVH� RI� PLFURRUJDQLVPV� WKDW� SURPRWH�
VROXELOL]DWLRQ� RI� ORZ� UHDFWLYH� QXWULHQW� VRXUFHV� ,Q� WKLV� VWUDWHJ\� FDQ EH� XVHG� SKRVSKDWH� PLQHUDOV��
SRWDVVLXP�PLQHUDOV��DV�ZHOO�DV�PLQHUDO�R[LGHV�DPRQJ�RWKHU� ORZ�UHDFWLYLW\�VROXELOLW\�PLQHUDOV� 7KH�
UHVXOWV�VKRZ�WKDW�WKH�ILODPHQWRXV�IXQJXV�$VSHUJLOOXV�QLJHU &�DV�D�JRRG�DJHQW�WR�SURPRWH�LQFUHDVHG�
VROXELOLW\� RI� SKRVSKDWH� DQG� SRWDVVLXP� PLQHUDOV� &RPSRVLWHV� IHUWLOL]HU� ZHUH� GHYHORSHG� EDVHG� LQ�
VWDUFK� JHODWLQL]DWLRQ� SURFHVV� ZLWK� VLPXOWDQHRXV� GLVSHUVLRQ� RI� JURXQG� SKRVSKDWH� PLQHUDO� DQG�
HQFDSVXODWLRQ�RI�WKLV�PLFURRUJDQLVP��WKHVH�FRPSRVLWHV�LQFUHDVHG�WKH�VROXELOLW\�RI�SKRVSKDWH�PLQHUDO�
GLVSHUVHG�ZHUH� ELRDFWLYHG� LQ� VRLO��7KHVH UHVXOWV� VXSSRUW� WKH� GHYHORSPHQW� RI� D� QHZ�FODVV� RI� VPDUW�
ELRIHUWLOL]HU��ZKLFK�FRXOG�RSHQ�XS�QHZ�DSSOLFDWLRQV�IRU�IRUPXODWLRQV�DQG�VWXGLHV�FRQWDLQLQJ�SRRUO\�
VROXEOH�PLQHUDO�DV�VRXUFH�RI�QXWULHQWV�WR�SODQWV�

.H\ZRUGV� %LRORJLFDO� VROXELOL]DWLRQ� 2UJDQLF� DFLGV�� $VSHUJLOOXV� QLJHU�� )HUWLJDWLRQ� &RPSRVLWHV
IHUWLOL]HUV�

���,QWURGXomR
2� DXPHQWR� GD� SRSXODomR� PXQGLDO� JHUD� XPD� PDLRU� GHPDQGD� SRU� DOLPHQWRV�� H�

FRQVHTXHQWHPHQWH� D� EXVFD� SHOR� GHVHQYROYLPHQWR� GH� WHFQRORJLDV� SDUD� DXPHQWR GD� SURGXWLYLGDGH��



���

(VWXGRV�PRVWUDP�TXH�D�SURGXWLYLGDGH�DJUtFROD�QR�%UDVLO�HQWUH�RV DQRV�GH������H������DXPHQWRX�����
YH]HV�HQTXDQWR�D�iUHD�FXOWLYDGD�DXPHQWRX�DSHQDV�����YH]HV��HP�SDUDOHOR�D�SURGXomR�GH�IHUWLOL]DQWHV�
DXPHQWRX� ���� YH]HV� �)$2�� ������� 3RUWDQWR� REVHUYD�VH XPD� UHODomR� GLUHWD� GR� DXPHQWR� GH�
SURGXWLYLGDGH� FRP� R� DXPHQWR� GR� XVR GH� IHUWLOL]DQWHV� QD� DJULFXOWXUD�� 2V PpWRGRV� FOiVVLFRV� GH�
SURGXomR�GH�IHUWLOL]DQWHV�VmR�GDQRVRV�DR�PHLR�DPELHQWH�FDXVDQGR LPSDFWRV SUHMXGLFLDLV�D�DWPRVIHUD�
D� SDUWLU� GD� JHUDomR� GH� UHVtGXRV� VyOLGRV� H� HIOXHQWHV� JDVRVRV� �&21/(<� HW� DO��� ������ 1(0(5<�
*$51,(5�� ������� 1HVWH� WUDEDOKR�� PRVWUDPRV� XP� PpWRGR� DOWHUQDWLYR� EDVHDGR� QR� XVR� GH�
PLFURUJDQLVPRV�SURPRWRUHV�GH�VROXELOL]DomR�SDUD�D�SURGXomR�GH� IHUWLOL]DQWHV D�SDUWLU�GH� IRQWHV�GH�
QXWULHQWHV�GH�EDL[D�UHDWLYLGDGH�FRPR�PLQHUDLV�IRVIDWDGRV��SDUD�SURGXomR�GH�ELRIHUWLOL]DQWHV�IRQWH�GH�
3���PLQHUDLV�GH�SRWiVVLR��SDUD�SURGXomR�GH�ELRIHUWLOL]DQWHV�IRQWH�GH�.��H�y[LGRV�PLQHUDLV�TXH�SRGHP�
VHU�XWLOL]DGRV�FRPR�IRQWH�GH�PLFURQXWULHQWHV�

1HVVH�SURFHVVR�R PLFURUJDQLVPR�GHVHPSHQKD�SDSHO�IXQGDPHQWDO�QD�VROXELOL]DomR�GR�PLQHUDO�
H�QD�OLEHUDomR�GR�FRPSRVWR QD�IRUPD�TXtPLFD�DVVLPLOiYHO SHODV�SODQWDV��2�SULQFLSDO�PHFDQLVPR�GH�
VROXELOL]DomR� p� D� DFLGXODomR� QDWXUDO� SURGX]LGD� SRU� PLFURUJDQLVPRV� SHOD� SURGXomR� GH� iFLGRV�
RUJkQLFRV�� 3DUD� RV� PLQHUDLV� IRVIDWDGRV�� JHUDOPHQWH� SHUWHQFHQWHV� DR� JUXSR� GDV� DSDWLWDV�
�&D��32����2+��)��&O����RV�iFLGRV�RUJkQLFRV�SRGHP�TXHODWDU�R�FiOFLR�SUHVHQWH�QD�HVWUXWXUD�TXtPLFD�
GR�PLQHUDO�H�OLEHUDU�R�JUXSR�IRVIDWR�SDUD�R�PHLR��SURPRYHQGR�DVVLP�D�VROXELOL]DomR��0(1'(6�HW�
DO���������./$,&�HW DO�������D���8P�SURFHVVR�VLPLODU�DFRQWHFH�SDUD�RV�PLQHUDLV� IRQWH�GH�SRWiVVLR�
�0((1$��0$85<$�H�9(50$��������H�SDUD�RV�y[LGRV�PLQHUDLV��./$,&�HW�DO�������E���3RUWDQWR��
SDUWLQGR�GR�SULQFtSLR�GH�SURGXomR�GH�iFLGRV�RUJkQLFRV�SHORV�PLFURUJDQLVPRV�SRGH�VH FRQGX]LU�XP�
SURFHVVR�GH�FXOWLYR�VXEPHUVR��&6��SDUD�SURPRYHU�D�VROXELOL]DomR�GH�XP�PLQHUDO�DOYR� DGLFLRQDGR�
MXQWR� DR�PHLR� GH� FXOWLYR�� FRPR� SRU� H[HPSOR� D� URFKD� IRVIiWLFD� �./$,&� HW� DO��� ����D�� ����D��� 2�
SURGXWR� UHVXOWDQWH� p� XP� PHLR� OLTXLGR ULFR� QR� PDFURQXWULHQWH� 3�� TXH� SRGH� VHU� XWLOL]DGR� SDUD�
IHUWLUULJDomR�� 2� FXOWLYR� HP� HVWDGR� VyOLGR� �&(6� WDPEpP� SRGH� VHU� XWLOL]DGR� SDUD� SURPRYHU� D�
VROXELOL]DomR�GHVWHV�PLQHUDLV� �./$,&�HW�DO�������D���(VWHV�SURFHVVRV� WDPEpP�WrP�SRU�YDQWDJHP�D�
XWLOL]DomR� GH� UHVtGXRV� DJURLQGXVWULDLV� FRPR� IRQWH� GH� FDUERQR�HQHUJLD� SDUD� R� FUHVFLPHQWR� GRV�
PLFURUJDQLVPRV H�D SURGXomR�GH�iFLGRV�RUJkQLFRV��)$5,1$6��������

8PD� VHJXQGD� HVWUDWpJLD� TXH� YHP� VHQGR GHVHQYROYLGD� HP� QRVVR� JUXSR� GH� SHVTXLVD� p� R�
GHVHQYROYLPHQWR�GH�FRPSyVLWRV�IHUWLOL]DQWHV�ELRDWLYDGRV SRU�PLFURUJDQLVPRV��./$,&�HW�DO�������E��
*8,0$5(6� HW� DO��� ������� (QWUHWDQWR�� R� GHVDILR� p� GHVHQYROYHU� XP� PDWHULDO� TXH� IDYRUHoD� D�
LQWHUDomR� GH� SDUWtFXODV� GH� PLQHUDLV� FRP� VLPXOWkQHR� HQFDSVXODPHQWR� GH� PLFURUJDQLVPRV�
VROXELOL]DGRUHV�HP�XP�~QLFR�JUkQXOR��D�ILP�GH�SURPRYHU�PDLRU�YLDELOLGDGH�jV�FpOXODV�PLFURELDQDV��
'HVWH� PRGR�� HVWH� WUDEDOKR� WHP� SRU� REMHWLYRV�� ���� VHOHFLRQDU XP� PLFURUJDQLVPR� HILFLHQWH� SDUD�
SURPRYHU�D�VROXELOL]DomR�WDQWR�GH�PLQHUDLV�GH�IRVIDWR�FRPR�GH�SRWiVVLR����� PRVWUDU�XPD�SRWHQFLDO�
IRUPD�GH SURGXomR�H�DSOLFDomR�GHVVHV�PLFURUJDQLVPRV�QD�DJULFXOWXUD�SRU�SURFHVVRV�IHUPHQWDWLYRV�H�
GHVHQYROYLPHQWR� GH� QRYRV� PDWHULDLV� �FRPSyVLWRV� IHUWLOL]DQWHV��� H� ���� FRQWH[WXDOL]DU� D� DWXDomR� GR�
JUXSR�GH�SHVTXLVD�QD�iUHD�GD�SURGXomR�GH�ELRIHUWLOL]DQWHV�

���0DWHULDLV�H�0pWRGRV
�����0DWHULDLV�H�PLFURUJDQLVPRV

$�URFKD�IRVIiWLFD������3�2���XWLOL]DGD�p�SURYHQLHQWH�GD�UHJLmR�GH�6HFKXUD �3HUX��H�D�URFKD�
SRWiVVLFD �������.�2��p�QDWXUDO�GD�UHJLmR�GH�3RoRV�GH�&DOGDV��0LQDV�*HUDLV��%UDVLO���2V�LVRODGRV�
XWLOL]DGRV� QHVWH� WUDEDOKR� IRUDP� $VSHUJLOOXV� QLJHU &� �%50&7$$� ����� $VSHUJLOOXV� QLJHU �7�%���
$VSHUJLOOXV� QLJHU )��� H� $VSHUJLOOXV ���� �SHUWHQFHQWHV� D� FROHomR� (PEUDSD� $JURLQG~VWULD� GH�
$OLPHQWRV� � 5LR�GH�-DQHLUR��5-��H�$VSHUJLOOXV�QLJHU $7&&������ �FROHomR�GH�FXOWXUDV� WURSLFDLV�GD�
)XQGDomR� $QGUp� 7RVHOOR��� 7ULFKRGHUPD� KDU]LDQXP /4&� ��� H� 7ULFKRGHUPD� DVSHUHOOXP /4&���
�SHUWHQFHQWHV�D�(PEUDSD�0HLR�$PELHQWH�� -DJXDUL~QD��63��

���� 6ROXELOL]DomR�ELROyJLFD�SRU�FXOWLYR�VXEPHUVR
2� SURFHVVR� GH� VROXELOL]DomR� ELROyJLFD� GD� URFKD� IRVIiWLFD� H� GH� SRWiVVLR� IRL� FRQGX]LGD�

FRQIRUPH� GHVFULWR� SRU� .ODLF HW� DO�� �����D��� 2� PHLR� QXWULHQWH� XWLOL]DGR� QR� SUp�FXOWLYR� GD� URFKD�



���

IRVIiWLFD� IRL� R� 3LNRYRVND\D� ������� H� QR� FXOWLYR�� DGLFLRQRX�VH� ����� GH� URFKD� %D\yYDU� DR� PHLR�
1%5,3�GHVFULWR�SRU��1$87,<$/���������3DUD�R�SUp�FXOWLYR�H�VROXELOL]DomR�GD�URFKD�SRWiVVLFD�IRL�
XWLOL]DGR� XPD� DGDSWDomR� GR�PHLR� OtTXLGR� $OHNVDQGURY� �$/(.6$1'529�� %/$*2'<5� ,/(9�
����������JOLFRVH��������0J62���+�2����������)H&O���������&D&2��������&D32� H�S+������H�
SDUD�R�FXOWLYR�VXEPHUVR�IRL�DGLFLRQDGR����GH�URFKD�SRWiVVLFD��2�SUp�FXOWLYR�GH�DPEDV�DV�URFKDV�IRL�
UHDOL]DGR�FRP���� HVSRURV�PO SRU����K�HP�XPD�LQFXEDGRUD�DJLWDGRUD�RUELWDO��D������&�H�����USP��$V�
VROXELOL]Do}HV�GDV URFKDV�IRUDP�LQLFLDGDV�WUDQVIHULQGR�����GD�VXVSHQVmR�SUp�FXOWLYR�SDUD�RV�PHLRV�
FRQWHQGR�DV�URFKDV�

�����&RPSyVLWRV�IHUWLOL]DQWHV
&RPSyVLWRV� FRQWHQGR� DPLGR�� URFKD� IRVIiWLFD� %D\RYDU�� H� HVSRURV� GH� $VSHUJLOOXV� QLJHU &�

IRUDP�SUHSDUDGRV�D�SDUWLU�GR�SURFHVVR�GH�JHODWLQL]DomR�GR�DPLGR����S�Y�HP�XPD�VROXomR�GH�iJXD�
GHVWLODGD�FRP����S�Y�GH�JOLFHURO��FRQIRUPH�D�PHWRGRORJLD�GHVFULWD�SRU�.ODLF�HW�DO��������

�����$QiOLVHV�TXtPLFDV
$�TXDQWLILFDomR�GR�3�VROXELOL]DGR�IRL�UHDOL]DGD�FRQIRUPH�D�PHWRGRORJLD�GH�0XUSK\ H�5LOH\

�������� VHQGR� VXD� FRQFHQWUDomR� GHWHUPLQDGD� SRU� HVSHFWURPHWULD� 89�9LV� HP� ���� QP�� $�
GHWHUPLQDomR� GR� .� VROXELOL]DGR� IRL� UHDOL]DGR� SRU� HVSHFWURPHWULD� GH� DEVRUomR� DW{PLFD� GH� FKDPD�
�)$$6���XWLOL]DQGR�XP�LQVWUXPHQWR�3HUNLQ�(OPHU�3LQ$$FOH����7�RSHUDGR�QR�PRGR�GH�DWRPL]DomR�
GD�FKDPD�QR�FRPSULPHQWR�GH�RQGD�GH��������QP��ODUJXUD�GH�IHQGD�GH�����QP�H�PLVWXUD�GH�FKDPD�GH�
DU�VLQWpWLFR�D����/�PLQ���H�DFHWLOHQR�D������/�PLQ����

���5HVXOWDGRV�H�'LVFXVVmR
�����6ROXELOL]DomR�ELROyJLFD�GH�QXWULHQWHV�GH�EDL[D�UHDWLYLGDGH

2V� H[SHULPHQWRV� UHDOL]DGRV QHVWH� HVWXGR HYLGHQFLDUDP� R� SRWHQFLDO� GD� FHSD� GH�$�� QLJHU &�
FRPR� XP�PLFURUJDQLVPR� SURPRWRU� GH� VROXELOL]DomR�� WDQWR� SDUD�PLQHUDLV IRVIiWLFRV� FRPR� SDUD� RV�
PLQHUDLV� GH� SRWiVVLR �)LJXUD� ���� (VWXGRV� VLPLODUHV� WDPEpP� GHPRVWUDUDP� R� SRWHQFLDO� GHVVH�
PLFURUJDQLVPR�QD�SURPRomR�GR�DXPHQWR�GD�VROXELOLGDGH�GH�y[LGRV�PLQHUDLV��./$,&�HW�DO�������E���
DVVLP�FRPR�RXWURV�WLSRV�GH�PLQHUDLV� IRVIDWDGRV�WDQWR�SRU�FXOWLYR�VXEPHUVR��&6��FRPR�SRU�FXOWLYR�
HVWDGR�VyOLGR��&(6���./$,&�HW�DO������D��./$,&�HW�DO�������D��

7��KDU]LDQXP 7��DVSHUHOOXP $��QLJHU����� $��QLJHU�&
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)LJXUD����6HOHomR�GH�PLFURUJDQLVPRV�VROXELOL]DGRUHV�GH�URFKDV�QDWXUDLV���D��5RFKD�%D\yYDU��������
SRU� ���K�� �E�� 5RFKD� 3RoRV� GH� &DOGDV ������ SRU� ��K�� ([SHULPHQWRV� UHDOL]DGRV� HP� WULSOLFDWD��
FDOFXODQGR�PpGLD���GHVYLR�SDGUmR��HP�VKDNHU�D����&�H�����USP�

&RP�EDVH�QRV�S+V�ILQDLV�GH�FXOWLYR�REVHUYD�VH�TXH�R�$��QLJHU & IRL�FDSD]�GH SURGX]LU�XPD�
PDLRU�DFLGLILFDomR�QR�PHLR�TXDQGR�FRPSDUDGR�DRV RV�GHPDLV�IXQJRV�DYDOLDGRV��FRPSURYDQGR�TXH�R�
PHFDQLVPR�GH�VROXELOL]DomR�GHVVHV�PLQHUDLV�VH�Gi�SHOD�SURGXomR�GH�iFLGRV�RUJkQLFRV�DVVLP�FRPR�



���

GHVFULWR�HP�RXWURV� WUDEDOKRV�QD� OLWHUDWXUD��1$87,<$O��������./$,&�HW�DO�������D��./$,&�HW�DO���
����D�� 3RUWDQWR�� UHVVDOWD�VH� R� SRWHQFLDO� GHVWD� FHSD� GH� $� QLJHU FRPR� DJHQWH� VROXELOL]DGRU� GH�
GLIHUHQWHV� WLSRV� GH�PLQHUDLV� GH� EDL[D� UHDWLYLGDGH� H� D� YHUVDWLOLGDGH� SDUD� VHU� XWLOL]DGD� WDQWR� HP�&6�
FRPR� HP� &(6�� $� GLUHWD� DSOLFDomR� GHVWHV� PLFURUJDQLVPRV SUp�VHOHFLRQDGRV� DR� VROR�� FRPR
LQRFXODQWHV�DJUtFRODV� WDPEpP�SRGH�DMXGDU�D�DXPHQWDU�GD�GLVSRQLELOLGDGH�GH�QXWULHQWHV�SUHVHQWHV�QR�
SUySULR�VROR� PDV�TXH�VH�HQFRQWUDP�HP�IRUPDV�TXtPLFDV�LQVRO~YHLV�

�����&RPSyVLWRV�IHUWLOL]DQWHV�ELRDWLYDGRV�SRU PLFURUJDQLVPRV
8PD� YH]� HYLGHQFLDGR� R� $VSHUJLOOXV� QLJHU &� FRPR� XP� PLFURUJDQLVPR� HILFLHQWH� SDUD�

SURPRYHU�R�DXPHQWR�GH�VROXELOLGDGH�GH�GLIHUHQWHV�PLQHUDLV�H�QD�SURGXomR�GH�IHUWLOL]DQWHV�OtTXLGRV�
SDUD�IHUWLUULJDomR��SURGX]LX�VH��XWLOL]DQGR�R�PHVPR�SULQFtSLR� IHUWLOL]DQWHV�JUDQXODUHV � FRPSyVLWRV�
IHUWLOL]DQWHV�ELRDWLYDGRV�SRU�PLFURUJDQLVPRV��)LJXUD�����2 PLQHUDO�DOYR��QHVWH�FDVR�URFKD�IRVIiWLFD�
%D\yYDU��IRL GLVSHUVDGR HP�XPD PDWUL]�GH�DPLGR� SURGX]LGD�SRU�SURFHVVR�GH�JHODWLQL]DomR�RQGH�RV
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