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�$XWRU�FRUUHVSRQGHQWH��H�PDLO��PDUFHODSLDVVLE#JPDLO�FRP

5HVXPR� e�QRWiYHO�R�DXPHQWR�GR�Q~PHUR�GH�SDFLHQWHV�FRP�LQM~ULDV�QR�WHFLGR�yVVHR�TXH�UHTXHUHP�
SURFHGLPHQWRV� FLU~UJLFRV�� FRPR� HQ[HUWRV� yVVHRV�� QR� HQWDQWR� GDQRV� yVVHRV� H[WHQVRV� VmR� UHDLV�
GHVDILRV� j� FLUXUJLD� UHFRQVWUXWLYD�� $� HQJHQKDULD� GH� WHFLGRV� SRVVLELOLWD� D� REWHQomR� GH� VFDIIROGV�
�PDWHULDLV�GH�VXSRUWH��TXH�DWXDP�FRPR�VXEVWLWXLQWHV�VLQWpWLFRV�GH�RVVRV�H�GH�HQ[HUWRV��$�IDEULFDomR�
OLYUH�GH�IRUPDV�VyOLGDV�SHUPLWH�D�FRQIHFomR�GH�HVWUXWXUDV��'�FRPSOH[DV��HVSHFtILFDV�SDUD�VLWXDomR�
H�RX�SDFLHQWH��2�REMHWLYR�GHVWH�WUDEDOKR�IRL�GHWHUPLQDU�D�LQIOXrQFLD�TXH�GLIHUHQWHV�FRQFHQWUDo}HV�GH�
KLGUR[LDSDWLWD� SRGHP� WHU� QDV� SURSULHGDGHV� WpUPLFDV� GH� ILODPHQWRV� FRPSyVLWRV� EDVHDGRV� HP�
SROL�iFLGR� OiWLFR��XWLOL]DGRV�SDUD� LPSUHVVmR��'�GH�VXEVWLWXLQWHV�yVVHRV��2V� ILODPHQWRV�FRPSyVLWRV�
DSUHVHQWDUDP� GLVWULEXLomR� KRPRJrQHD� GD� KLGUR[LDSDWLWD� QD� PDWUL]� SROLPpULFD� H� HIHWLYD� LQWHUDomR�
HQWUH�RV�FRPSRQHQWHV�HYLGHQFLDGDV�SHOR�DXPHQWR�GD�WHPSHUDWXUD�GH�GHJUDGDomR�GR�SROtPHUR�H�GD�
WHPSHUDWXUD�GH�WUDQVLomR�YtWUHD��UHVSHFWLYDPHQWH��1R�HQWDQWR��QmR�IRUDP�REVHUYDGDV�GLIHUHQoDV�QDV�
WHPSHUDWXUDV� GH� WUDQVLomR� WpUPLFD� GRV� ILODPHQWRV� FRPSyVLWRV� HP� GHFRUUrQFLD� GR� DXPHQWR� GD
FRQFHQWUDomR�GH�KLGUR[LDSDWLWD�

3DODYUDV�FKDYH� &RPSyVLWRV�ELRDWLYRV��PRGHODJHP�SRU�IXVmR��HQ[HUWRV�yVVHRV�

3+<6,&2�&+(0,&$/� $66(660(17� 2)� %,2$&7,9(� &20326,7(6� %$6('�
32/<�/$&7,&�$&,'��$1'�+<'52;<$3$7,7(�)25 �'�35,17,1*

$EVWUDFW� ,W� LV� UHPDUNDEOH� WKH� LQFUHDVH� RI� QXPEHU� RI� SDWLHQWV� ZLWK� ERQH� LQMXULHV� WKDW� UHTXLUHV�
VXUJLFDO�SURFHGXUHV��VXFK�DV�ERQH�JUDIWV��KRZHYHU�H[WHQVLYH�ERQH�GDPDJHV�DUH�UHDO�FKDOOHQJHV�IRU�
UHFRQVWUXFWLYH�VXUJHULHV��7LVVXH�HQJLQHHULQJ�DOORZV�WKH�FRQVWUXFWLRQ�RI�VFDIIROGV�ZKLFK�PD\�DFW�DV�
V\QWKHWLF�VXEVWLWXHQWV�RI�ERQH�DQG�JUDIWV��7KH�IXVHG�GHSRVLWLRQ�PRGHOOLQJ�SHUPLWV�WKH�PDQXIDFWXUH�
RI�FRPSOH[��'�VWUXFWXUHV��VSHFLILF�IRU�HDFK�VLWXDWLRQ�DQG�SDWLHQWV��7KH�PDLQ�JRDO�RI�WKLV�ZRUN�ZDV�
WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�K\GUR[\DSDWLWH�FRQFHQWUDWLRQ�RQ�WKH�WKHUPDO�SURSHUWLHV�RI�FRPSRVLWH�
ILODPHQWV�EDVHG�RQ�SRO\�ODFWLF�DFLG��IRU��'�SULQWLQJ�RI�ERQH�VXEVWLWXHQWV��7KH�FRPSRVLWH�ILODPHQWV�
VKRZHG� KRPRJHQHRXV� GLVWULEXWLRQ� RI� K\GUR[\DSDWLWH� SDUWLFOHV� ZLWKLQ� WKH� SRO\PHU� PDWUL[�� $Q�
HIIHFWLYH�LQWHUDFWLRQ�EHWZHHQ�WKH�FRPSRQHQWV�ZDV�HYLGHQFHG�E\�WKH�LQFUHDVHV�RI�WKH�GHJUDGDWLRQ�DQG�
JODVV� WUDQVLWLRQ� WHPSHUDWXUHV�RI�SRO\PHU�� UHVSHFWLYHO\��+RZHYHU��QR�GLIIHUHQFHV�ZHUH�REVHUYHG�RQ�
WKH�WKHUPDO�SURSHUWLHV�RI�WKH�FRPSRVLWH�ILODPHQWV�GXH�WR�WKH�LQFUHDVLQJ�K\GUR[\DSDWLWH FRQWHQW

.H\ZRUGV��%LRDFWLYH�FRPSRVLWHV��IXVHG�GHSRVLWLRQ�PRGHOOLQJ��JUDIW�ERQHV�

���,QWURGXomR
e�QRWiYHO� R� DXPHQWR� GR� Q~PHUR� GH� SDFLHQWHV� FRP� LQM~ULDV� QR� WHFLGR� yVVHR� TXH� UHTXHUHP�

SURFHGLPHQWRV� FLU~UJLFRV�� FRPR� HQ[HUWRV� yVVHRV�� e� HVWLPDGR� TXH� FHUFD� GH� ��PLOKmR� GH� FDVRV� GH�
GDQRV�yVVHRV�RFRUUDP�SRU� DQR�QR�&DQDGi��2�FXVWR� DQXDO� DR� VLVWHPD�QDFLRQDO�GH� VD~GH�GRV�(8$�



���

FRP� SDFLHQWHV� TXH� VRIUHUDP� SHUGDV� GH� WHFLGRV�� LQFOXLQGR� R� WHFLGR� yVVHR�� H[FHGH� ���� ELOK}HV� GH�
GyODUHV��2� FHQiULR� QmR� p� GLIHUHQWH� QR�%UDVLO�� HP� ����� R� 686� WHYH� WRWDO� GH� JDVWRV� FRP� FLUXUJLDV�
RUWRSpGLFDV� GH� ���� PLOK}HV� GH� UHDLV�� VHQGR� ���� PLOK}HV� GHVWLQDGRV� j� DTXLVLomR� GH� SUyWHVHV�
RUWRSpGLFDV��/$1*(5��9$&$17,��������6$/*$'2�HW�DO���������

([WHQVRV� GDQRV� yVVHRV� VmR� UHDLV� GHVDILRV� j� FLUXUJLD� UHFRQVWUXWLYD�� 3UHIHUHQFLDOPHQWH�� VmR�
XVDGRV�HQ[HUWRV�yVVHRV�DXWyORJRV��GR�SUySULR�SDFLHQWH��RX�DORJrQLFRV��GH�XP�GRDGRU�H[WHUQR��FRPR�
WUDWDPHQWR�� 1R� HQWDQWR�� R� IRUQHFLPHQWR� GH� RVVRV� FRPSDWtYHLV� p� OLPLWDGR�� $OpP� GLVVR�� D� FROHWD�
DXWyORJD� p� GRORURVD�� FRP� JUDQGH� ULVFR� GH� LQIHFomR�� KHPRUUDJLD�� GDQRV� H� SHUGD� GD� DWLYLGDGH� GRV�
QHUYRV �3(7,7(� HW� DO��� ������ '$0,(1�� 3$56216�� ������� $� HQJHQKDULD� GH� WHFLGRV� WHP� VH�
PRVWUDGR�FRPR�HVWUDWpJLFD�DOWHUQDWLYD�DRV�PpWRGRV�FRQYHQFLRQDLV�GH�FLUXUJLDV�UHFRQVWUXWLYDV��FRP�
GHVWDTXH� DR� GHVHQYROYLPHQWR� GH� PDWHULDLV� SDUD� DSOLFDomR� HP� JUDQGHV� iUHDV� yVVHDV� DIHWDGDV� SRU�
WUDXPDV��%85*�HW�DO���������%52:1�HW�DO��������� 2V�FKDPDGRV�³VFDIIROGV´��PDWHULDLV�GH�VXSRUWH��
VmR�VXEVWLWXLQWHV� VLQWpWLFRV�GH�RVVRV�� WLGRV�FRPR� LQVWUXPHQWRV�GH�VXEVWLWXLomR�DRV� HQ[HUWRV�� VHMDP�
HOHV� DXWRHQ[HUWRV� RX� HQ[HUWRV� DOyJHQRV�� $VVLP�� GHYHP� DSUHVHQWDU� DOJXPDV� SURSULHGDGHV�
FRPSDWtYHLV�D�VXD�DSOLFDomR��FRPR�ELRFRPSDWLELOLGDH��ELRDWLYLGDGH��RVWHRFRQGXomR��RVWHRLQGXomR�H�
ELRGHJUDGDELOLGDGH�� 3RU� VHUHP� PXOWLGLPHQVLRQDLV� ��'�� RV� VFDIIROGV SRGHP� VHU� XWLOL]DGRV� QD�
UHVWDXUDomR� GH� JUDQGHV� SURSRUo}HV� GH� WHFLGRV� yVVHRV� �*(/7,/( HW� DO��� ������:,1'(5�� %,%%��
������&2/,1�%2,5(��������

1R� HQWDQWR�� D� IDEULFDomR� GH� VFDIIROGV SHUPDQHFH� FRPR� JUDQGH� GHVDILR� WHFQROyJLFR� j�
HQJHQKDULD�GH�WHFLGRV�yVVHRV��8PD�DOWHUQDWLYD�p�D�IDEULFDomR�OLYUH�GH�IRUPDV�VyOLGDV�SHOD�FRQIHFomR�
GH�HVWUXWXUDV��'�FRPSOH[DV��HVSHFtILFD�SDUD�FDGD�VLWXDomR�H�RX�SDFLHQWH��$�LPSUHVVmR��'�GH�REMHWRV�
WHP� SURJUHGLGR�PXLWR� FRP� D� LQWHJUDomR� GH� WpFQLFDV� GH� LPDJHP� DYDQoDGDV� SHUPLWLQGR� R� FRQWUROH�
WDQWR� GD� PDFURHVWUXWXUD� TXDQWR� GD� PLFURHVWUXWXUD� GR� GLVSRVLWLYR�� GH� IRUPD� TXH� D� IDEULFDomR� GH�
GLVSRVLWLYRV��'�VHMD�SHUVRQDOL]DGD�

2�REMHWLYR�GHVWH�WUDEDOKR�IRL�GHWHUPLQDU�D�LQIOXrQFLD�GD�FRQFHQWUDomR�GH�KLGUR[LDSDWLWD��+$��
VREUH� DV� SURSULHGDGHV� WpUPLFDV� GH� ILODPHQWRV� FRPSyVLWRV� SROL�iFLGR� OiWLFR�� �3/$��+$� XWLOL]DGRV�
SDUD�LPSUHVVmR��'�GH�VXEVWLWXLQWHV�yVVHRV�

���0DWHULDLV�H�0pWRGRV
����2EWHQomR�GH�ILODPHQWRV�SRU�H[WUXVmR

+LGUR[LDSDWLWD��6LJPD�$OGULFK��IRL�PLVWXUDGD�ILVLFDPHQWH�D�3/$�����'��1DWXUH:RUNV��HP�
Sy�� HP� GLIHUHQWHV� SURSRUo}HV� ���� 3/$�+$� ������� D� �������� $� PLVWXUD� IRL� VHFDGD� HP� HVWXID� H�
VXEPHWLGD� D� H[WUXVRUD� GXSOD� URVFD� ���PP��%DUNHU�	�3HUNLQV� 3URFHVV� (TXLSDPHQWV� DQG� 6\VWHPV
FRP� WRGDV� DV� ]RQDV� D�����&�� URWDomR�GH����� USP�H� WD[D�GH� DOLPHQWDomR�����NJ�K��)RUDP�REWLGRV�
ILODPHQWRV�FRP�HVSHVVXUD�GH������PP�

����&DUDFWHUL]Do}HV
2�SHUILO�GH�GHJUDGDomR�WpUPLFD�GDV�DPRVWUDV�IRL�UHDOL]DGR�SRU�WHUPRJUDYLPHWULD��7*�'7*��

HP� DQDOLVDGRU� WHUPRJUDYLPpWULFR� 7*$� 4����� 7$� ,QVWUXPHQWV�� VRE� DWPRVIHUD� GH� QLWURJrQLR�� DWp�
����&� FRP� UDPSD� GH� DTXHFLPHQWR� GH� ���&�PLQ��2V� GLIHUHQWHV� HYHQWRV� WpUPLFRV� GRV� FRPSyVLWRV�
IRUDP�DQDOLVDGRV�SRU� FDORULPHWULD�H[SORUDWyULD�GLIHUHQFLDO� �'6&���HP�XP�FDORUtPHWUR�'6&�4�����
7$� ,QVWUXPHQWV�� HP� WUrV� HWDSDV�� D� SULPHLUD� GH� DTXHFLPHQWR� �DWp� ����&�� VHJXLGD� SRU� UHVIULDPHQWR�
�DWp�����&��H�QRYDPHQWH�DTXHFLPHQWR�DWp�����&��FRP�WD[D�GH�DTXHFLPHQWR�GH�����PLQ�

���5HVXOWDGRV�H�'LVFXVVmR
2V�SHUILV� WHUPRJUDYLPpWULFRV�GRV�PDWHULDLV�PRVWUDUDP�TXH�DSyV�D�FRPSOHWD�GHJUDGDomR�GR�

3/$�HQWUH�����H������&�� UHVWRX�XPD�JUDQGH�TXDQWLGDGH�GH� UHVtGXR�VyOLGR� LQRUJkQLFR��FRPSDWtYHO�
FRP�D�PDVVD�GH�KLGUR[LDSDWLWD HP�FDGD�FRPSyVLWR��FRPR�PRVWUDGR�GD�)LJ�����
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�3/$�SXUR

)LJXUD��� 7*�'7*�SDUD�3/$�SXUR�H�ILODPHQWRV�FRPSyVLWRV�3/$�+$�HP�VXDV�GLIHUHQWHV�SURSRUo}HV��

$OpP�GLVVR��QRV�FRPSyVLWRV��D�WHPSHUDWXUD�GH�Pi[LPD�WD[D�GH�GHJUDGDomR�GR�3/$�IRL�����&�
PDLRU�TXH�DTXHOD�GR�3/$�SXUR�� LQGHSHQGHQWH�GD�FRQFHQWUDomR�GD�KLGUR[LDSDWLWD��$V�SDUWtFXODV�GH�
KLGUR[LDSDWLWD�SRGHP�HVWDU�GLVSHUVDV�KRPRJHQHDPHQWH�QD�PDWUL]�SROLPpULFD�HP�IXQomR�GD�PLVWXUD�
LQWHQVLYD�QD�H[WUXVRUD�GXSOD�URVFD�H�SHOD�FDSDFLGDGH�FDORUtILFD�GD�+$�VHU�PDLRU�TXH�GR�3/$� D�+$�
DWXD�FRPR� LVRODQWH� WpUPLFR�QR�FRPSyVLWR��R�TXH� OHYD�D�PDLRU� WHPSHUDWXUD�GH�GHJUDGDomR�SDUD�RV�
ILODPHQWRV�HP�FRPSDUDomR�DR�3/$�SXUR�

2V�GDGRV�GH� WHPSHUDWXUD�GH� WUDQVLomR�YtWUHD��7J���FULVWDOL]DomR�D� IULR��7FF��H�GH�IXVmR� �7P��
REWLGRV�SRU�'6&�SDUD�R�3/$�SXUR�H�SDUD�RV�ILODPHQWRV�FRPSyVLWRV�HVWmR�DSUHVHQWDGRV�QD�7DEHOD����
$GLFLRQDOPHQWH��D�FXUYD�GH�'6&�SDUD�R�3/$�SXUR�HVWi�UHSUHVHQWDGD�QD�)LJ���

7DEHOD��� 7HPSHUDWXUDV� GRV� HYHQWRV� WpUPLFRV� SDUD�3/$�SXUR� H� ILODPHQWRV� FRPSyVLWRV�3/$�+$�HP� VXDV�
GLIHUHQWHV�SURSRUo}HV��GXUDQWH�VHJXQGR�DTXHFLPHQWR�
3/$�+$ 7J ��&� 7P���&� 7FF���&�
�������3/$�SXUR� �� ��� ���
����� �� ��� ���
����� �� ��� ���
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)LJXUD��� &XUYD�GH�FDORULPHWULD�H[SORUDWyULD�GLIHUHQFLDO��'6&��SDUD�3/$�SXUR



���

2V�UHVXOWDGRV�GH�'6&�LQGLFDUDP�TXH�D�SUHVHQoD�GH�KLGUR[LDSDWLWD�GLPLQXLX�GLVFUHWDPHQWH�D�
WHPSHUDWXUD�GH�WUDQVLomR�YtWUHD��HP�DSUR[LPDGDPHQWH����&�HP�UHODomR�DR�3/$�SXUR��SDUD�WRGRV�RV�
ILODPHQWRV� FRPSyVLWRV�� SURYDYHOPHQWH� GHYLGR� D� LQWHUDomR� HQWUH� RV� FRPSRQHQWHV�� 3/$� H�+$��'H�
PDQHLUD� RSRVWD�� D� WHPSHUDWXUD� GH� FULVWDOL]DomR� D� IULR� DXPHQWRX� OLJHLUDPHQWH� SDUD� WRGRV� RV�
ILODPHQWRV�FRPSyVLWRV��QHVWH�FDVR��D�KLGUR[LDSDWLWD�DWXD�FRPR�EDUUHLUD�SDUD�D�QXFOHDomR�GRV�FULVWDLV�
GR�SROtPHUR��3RU�RXWUR�ODGR��D�WHPSHUDWXUD�GH�IXVmR�QmR�DSUHVHQWRX�YDULDo}HV�FRQVLGHUiYHLV�HQWUH�DV�
DPRVWUDV��$.,1'2<2<�HW�DO���������/,8�HW�DO����������

���&RQFOXV}HV
$WUDYpV� GD� H[WUXVmR� GD�PLVWXUD� ItVLFD� GRV� SyV� GH� 3/$� H� KLGUR[LDSDWLWD� IRL� SRVVtYHO� REWHU�

ILODPHQWRV�FRP������PP��(VWHV�FRPSyVLWRV�DSUHVHQWDUDP�GLVWULEXLomR�KRPRJrQHD�GRV�FRPSRQHQWHV�
HYLGHQFLDGD�SHORV�WHRUHV�GH�UHVtGXRV�REWLGRV�SRU�WHUPRJUDYLPHWULD��$OpP�GLVVR��D�HIHWLYD�LQWHUDomR�
HQWUH�RV�FRPSRQHQWHV�DXPHQWRX�D�WHPSHUDWXUD�GH�GHJUDGDomRH�UHGX]LX�D�WHPSHUDWXUD�GH�WUDQVLomR�
YtWUHD� GRV� FRPSyVLWRV�� $� KLGUR[LDSDWLWD� DWXD� FRPR� EDUUHLUD� j� FULVWDOL]DomR� D� IULR� GR� 3/$�� 1R�
HQWDQWR�� QmR� IRUDP� REVHUYDGDV� GLIHUHQoDV� VLJQLILFDWLYDV� QDV� WUDQVLo}HV� WpUPLFDV� FRP� UHODomR� D�
FRQFHQWUDomR� GH� KLGUR[LDSDWLWD� QR� FRPSyVLWR�� (P� RXWUDV� SDODYUDV�� XPD� PDLRU� FRQFHQWUDomR� GH�
KLGUR[LDSDWLWD�QmR�DOWHUD�DV�SURSULHGDGHV�WpUPLFDV�GRV�FRPSyVLWRV�SHUPLWLQGR��SRUWDQWR��R�DXPHQWR�
GD�SURSRUomR�GD�FHUkPLFD�FRP�SURSULHGDGHV�RVWHRLQGXWRGRUDV�QR�ILODPHQWR�VHP�FRPSURPHWLPHQWR�
GH�VXDV�SURSULHGDGHV� WpUPLFDV��$VVLP�� IRL�SRVVtYHO�REWHU�XP ILODPHQWR�ELRDWLYR�FRP�SRWHQFLDO�GH�
SURPRYHU�D�UHJHQHUDomR�GH�WHFLGR�yVVHR�H�FRPSDWtYHO�FRP�LPSUHVVRUD��'�

$JUDGHFLPHQWRV
2V�DXWRUHV�DJUDGHFHP�D�)$3(63��3URFHVVR����������������6,61$12�0&7,��&13T�H�UHGH�

$JUR1DQR�

5HIHUrQFLDV
$.,1'2<2�� -� 2�� HW� DO� ,PSDFW�PRGLILHG� 3/$�K\GUR[\DSDWLWH� FRPSRVLWHV±7KHUPR�PHFKDQLFDO�

SURSHUWLHV� &RPSRVLWHV�3DUW�$��$SSOLHG�6FLHQFH�DQG�0DQXIDFWXULQJ��Y�������S����������������
%52:1��.�/��HW�DO�� %RQH�DQG�FDUWLODJH�WUDQVSODQWDWLRQ�LQ�RUWKRSDHGLF�VXUJHU\��$�UHYLHZ� -%-6��Y��

����S� ��������������
%85*��.� -� HW� DO� %LRPDWHULDO� GHYHORSPHQWV� IRU�ERQH� WLVVXH�HQJLQHHULQJ� %LRPDWHULDOV�� Y�� ���� S��

�����������������
&2/,1��$���%2,5(��-�<��$�QRYHO�WRRO�IRU�UDSLG�SURWRW\SLQJ�DQG�GHYHORSPHQW�RI�VLPSOH��'�PHGLFDO�

LPDJH� SURFHVVLQJ� DSSOLFDWLRQV� RQ� 3&V�� &RPSXW� 0HWKRGV� 3URJUDPV� %LRPHG�� Y�� ���� S���±����
�����

'$0,(1�� &� -��� 3$56216�� -�5� %RQH� JUDIW� DQG� ERQH� JUDIW� VXEVWLWXWHV�� D� UHYLHZ� RI� FXUUHQW�
WHFKQRORJ\�DQG�DSSOLFDWLRQV� -�$SSO�%LRPDWHU��S����������������

*(17,/(��3� HW� DO��$Q�RYHUYLHZ�RI�SRO\� �ODFWLF�FR�JO\FROLF�� DFLG� �3/*$��EDVHG�ELRPDWHULDOV� IRU�
ERQH�WLVVXH�HQJLQHHULQJ� ,QWHUQDWLRQDO�MRXUQDO�RI�PROHFXODU�VFLHQFHV��Y������S������������������

/$1*(5��5���9$&$17,��-�3��7LVVXH�(QJLQHHULQJ� 6FLHQFH��S���������� �����
/,8� ;� HW�DO� (IIHFWV�RI� LQRUJDQLF� ILOOHUV�RQ� WKH� WKHUPDO�DQG�PHFKDQLFDOSURSHUWLHV�RI�SRO\� �ODFWLF�

DFLG�� ,QWHUQDWLRQDO�MRXUQDO�RI�SRO\PHU�VFLHQFH��Y�������������
3(7,7(��+��HW�DO��7LVVXH�HQJLQHHUHG�ERQH�UHJHQHUDWLRQ� 1DWXUH�ELRWHFKQRORJ\��Y�������S������������
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