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5HVXPR� $� QHFHVVLGDGH� GH� GLDJQyVWLFRV UiSLGRV� SDUD� GHWHFomR� GH� GRHQoDV� YHWHULQiULDV� PRWLYRX�
SHVTXLVDGRUHV D�GHVHQYROYHU�ELRVVHQVRUHV�VHOHWLYRV�GH�EDL[R�FXVWR��8PD�GHVVDV�GRHQoDV�p�D�PDVWLWH��
TXH� OHYD� D� SHUGDV� FRQVLGHUiYHLV� GHYLGR� j� SURGXomR� UHGX]LGD� GH� OHLWH� H� SRVVtYHLV� PRUWHV�� 1HVWH�
WUDEDOKR�� ELRVVHQVRUHV� PLFURIOXLGLFRV� IRUDP� IDEULFDGRV FRP� ILOPHV� SROLPpULFRV� FRP� GLIHUHQWHV�
Q~PHURV�GH�ELFDPDGDV� (VVDV�DUTXLWHWXUDV�IRUDP�IXQFLRQDOL]DGDV�FRP�FDPDGD�DWLYD SDUD�GHWHFomR�
GH�EDFWpULDV HP�DPRVWUDV FRPHUFLDLV�H�GH� OHLWH� XVDQGR�HVSHFWURVFRSLD�GH� LPSHGkQFLD�HOpWULFD��2V�
OLPLWHV�GH�GHWHFomR�IRUDP�VXILFLHQWHV�SDUD�GHWHFomR�GH�UDVWURV�GH�EDFWpULDV�H�PRGHODGD�SHOD�LVRWHUPD�
GH� /DQJPXLU�)UHXQGOLFK�� 7pFQLFDV� GH� YLVXDOL]DomR� GH� LQIRUPDo}HV� IRUDP� XVDGDV� SDUD� YHULILFDU� D�
VHOHWLYLGDGH�GRV�ELRVVHQVRUHV��&RP�R�,'0$3��IRL�REWLGD�PDLRU�GLVWLQomR�HQWUH�DPRVWUDV�FRPHUFLDLV�
H� OHLWH� FRQWHQGR� EDFWpULDV FRP� R� ILOPH� /E/� GH PDLRU� Q~PHUR� GH� ELFDPDGDV�� 2� PHFDQLVPR� GH�
GHWHFomR�IRL�HOXFLGDGR�XVDQGR�HVSHFWURVFRSLD�30�,55$6��PRQLWRUDQGR�DV�EDQGDV�GH�DPLGD�,�H�,,��
UHVSHFWLYDPHQWH��(VVHV�ELRVVHQVRUHV�GH�EDL[R�FXVWR�IRUDP HILFD]HV�QR�GLDJQyVWLFR�H�SURJQyVWLFR�GD�
PDVWLWH�H SRGHP�VHU�LPSOHPHQWDGRV�QD�SHFXiULD FRP�WUDQVIHUrQFLD�GH�WHFQRORJLD

3DODYUDV�FKDYH� ELRVVHQVRU��WpFQLFDV�PLFURIOXtGLFDV��PDVWLWH�ERYLQD
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$EVWUDFW� 7KH�QHHG� IRU� UDSLG� GLDJQRVLV� RI� YHWHULQDU\� GLVHDVHV� KDV�PRWLYDWHG� UHVHDUFK� WR� GHYHORS�
ORZ� FRVW�� VHOHFWLYH ELRVHQVRUV��2QH� RI� VXFK� GLVHDVHV� LV�0DVWLWLV WKDW� OHDGV� WR� FRQVLGHUDEOH� ORVVHV�
RZLQJ� WR� UHGXFHG PLON� SURGXFWLRQ DQG� SRVVLEOH� DQLPDO� GHDWKV�� ,Q� WKLV� ZRUN�� ZH� GHYHORSHG�
PLFURIOXLGLF�ELRVHQVRUV PDGH�ZLWK�/E/ ILOPV�ZLWK�GLIIHUHQW�QXPEHUV�RI�ELOD\HUV��7KHVH�PROHFXODU�
DUFKLWHFWXUHV ZHUH� IXQFWLRQDOL]HG� ZLWK� DFWLYH� OD\HU WR� GHWHFW� EDFWHULDO� FRORQLHV� LQ� PLON� DQG�
FRPPHUFLDO� VDPSOHV� XVLQJ� HOHFWULFDO� LPSHGDQFH� VSHFWURVFRS\�� 7KH� OLPLWV� RI� GHWHFWLRQ ZHUH�
VXIILFLHQW� IRU� GHWHFWLRQ� RI� EDFWHULDO� WUDFHV� DQG� PRGHOHG� E\� WKH� /DQJPXLU�)UHXQGOLFK� LVRWKHUP��
,QIRUPDWLRQ�YLVXDOL]DWLRQ�WHFKQLTXHV ZHUH�XVHG�WR�DQDO\]H�WKH�VSHFWUD�DQG�YHULI\�WKH�VHOHFWLYLW\�RI�
ELRVHQVRUV�� :LWK� ,'0$3 WHFKQLTXH�� KLJKHU� GLVWLQFWLRQ� RI� FRPPHUFLDO� VDPSOHV� DQG� PLON� ZLWK�
EDFWHULDV� ZDV� REWDLQHG� ZLWK� WKH� PRVW� ELOD\HU QXPEHU /E/� ILOP�� 7KH� GHWHFWLRQ� PHFKDQLVP� ZDV�
HOXFLGDWHG� XVLQJ� 3RODUL]DWLRQ� 0RGXODWHG�,QIUDUHG� 5HIOHFWLRQ�$EVRUSWLRQ� 6SHFWURVFRS\� �30�
,55$6� E\� PRQLWRULQJ� WKH� DPLGH� ,� DQG� ,,� EDQGV� UHVSHFWLYHO\�� 7KHVH� ORZ�FRVW� ELRVHQVRUV� DUH�
HIIHFWLYH� IRU PDVWLWLV GLDJQRVWLFV� DQG�SURJQRVWLFV� LQ� FDWWOH��ZKLFK�PD\�EH� IXUWKHU� LPSOHPHQWHG� LQ�
DJULFXOWXUH ZLWK�WHFKQRORJ\�WUDQVIHU

.H\ZRUGV��ELRVHQVRU��PLFURIOXLGLF�WHFKQLTXHV��PDVWLWLV

�� ,QWURGXomR
$� QHFHVVLGDGHGH GLDJQyVWLFRV� SDUD� GHWHFomR� GH GRHQoDV� YHWHULQiULDV� FRP� DOWR� ULVFR� GH�

WUDQVPLVVmR� WHP� PRWLYDGR� SHVTXLVDV� HP� QDQRWHFQRORJLD� H� LQVWUXPHQWDomR� DJURSHFXiULD� SDUD
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GHVHQYROYHU�ELRVVHQVRUHV�DOWDPHQWH�VHOHWLYRV��GH�EDL[R�FXVWR H�TXH�GHWHFWH�D�GRHQoD�UDSLGDPHQWH��
1HVWH�FHQiULR��R� UiSLGR�GLDJQyVWLFR GD�PDVWLWH p�D�~QLFD�SRVVLELOLGDGH�GH�DXPHQWDU�DV�FKDQFHV�GH�
FXUD�GR�DQLPDO�H�GLPLQXLU�SUHMXt]RV�HFRQ{PLFRV�DR�SURGXWRU�UHODWLYRV�jV�DOWHUDo}HV�ILVLROyJLFDV�GR�
UHEDQKR� H� DOWHUDomR� GD� TXDOLGDGH� GR� OHLWH�� TXH� SRGH� OHYDU� R� VHU� KXPDQR� DR� DGRHFLPHQWR� ItVLFR�
DWUDYpV�GH�JUDYHV�LQIHFo}HV��

8P� GRV� GLDJQyVWLFRV� PDLV� YHUViWHLV� SDUD� GHWHFomR� GD� 0DVWLWH�� PDV� TXH� FDUHFHP� GH�
DSHUIHLoRDPHQWR�H�TXDOLGDGH�VmR�RV�ELRVVHQVRUHV�HOHWURTXtPLFRV�H�HOpWULFRV��FRQVWUXtGRV�D�SDUWLU�GH�
ILOPHV� QDQRHVWUXWXUDGRV� SROLPpULFRV� �$5,*$� HW� DO��� ������� 6mR� GLVSRVLWLYRV� PLQLDWXUL]DGRV� TXH�
IXQFLRQDP�FRP�EDVH�QD�GHWHFomR�GH�LQWHUDo}HV�HVSHFtILFDV��QR�TXDO�XP�HOHPHQWR GH�UHFRQKHFLPHQWR�
ELROyJLFR LQWHUDJH� GH�PRGR� VHOHWLYR� HP� XP�PHLR� FRPSOH[R� FRP� D� VXEVWkQFLD� GH� LQWHUHVVH� H� XP�
WUDQVGXWRU� FRQYHUWH� D� UHVSRVWD� HP� XP� VLQDO� PHQVXUiYHO� �0286$�� ������ 2V� ELRVVHQVRUHV�
DSUHVHQWDP� YiULDV� YDQWDJHQV� HP� UHODomR� DRV� PpWRGRV� FRQYHQFLRQDLV� GH� VHQVRULDPHQWR�
�FURPDWRJUDILD�H�ELRTXtPLFRV���WDLV FRPR�FURPDWRJUDILD�JDVRVD�DFRSODGD�j�HVSHFWURPHWULD�GH�PDVVD�
�&*�06��H�R�WHVWH�(/,6$��(Q]\PH�/LQNHG�,PPXQRVRUEDQW�$VVD\���GHQWUH�HODV�R PHQRU�WHPSR�GH�
DQiOLVH�� IiFLO� PDQXVHLR�� PHQRU� FXVWR�� SRVVLELOLGDGH� GH� PLQLDWXUL]DomR�� SRGHQGR� VHU� SRUWiWHLV� H�
XVDGRV�HP DQiOLVH�HP�WHPSR�UHDO��SRGHQGR�DX[LOLDU�QD�UiSLGD�GHWHFomR�GH�GRHQoDV��1HVWH�WUDEDOKR��
ELRVVHQVRUHV�GH�DILQLGDGH IRUDP�GHVHQYROYLGRV D�SDUWLU�GH�ILOPHV�QDQRHVWUXWXUDGRV SROLPpULFRV�SDUD�
GHWHFomR GH�UDVWURV GH�EDFWpULDV�SUHVHQWHV HP�DPRVWUDV�GH�OHLWH�RULJLQiULDV�GH�JDGRV�LQIHFWDGRV�SRU�
0DVWLWH�

�� 0DWHULDLV�H�0pWRGRV
���� 3UHSDUDomR�GRV�)LOPHV�1DQRHVWUXWXUDGRV

)LOPHV� QDQRHVWUXWXUDGRV� IRUDP SUHSDUDGRV� VREUH� HOHWURGRV PLFURIOXtGLFRV HPSUHJDQGR� D
WpFQLFD�GH DXWRPRQWDJHP��3ULPHLUDPHQWH��D�VROXomR�GH�XP�SROLFiWLRQ�IRL LQMHWDGD�QR�PLFURFDQDO�GR�
HOHWURGR��XWLOL]DQGR�ERPEDV�GH VHULQJD�FRP�IOX[R�FRQVWDQWH��VHJXLGR�GD�LPRELOL]DomR�GR�SROLkQLRQ��
XVDQGR�DV�PHVPDV�FRQGLo}HV�DQWHULRUHV��$PEDV�DV�HWDSDV�VmR�SUHFHGLGDV�GD�ODYDJHP�SDUD�UHPRomR�
GH�FDPDGDV�IUDFDPHQWH�DGVRUYLGDV��$SyV�HVWD�HWDSD� D�FDPDGD�DWLYD�p�LPRELOL]DGD�H�RV�VtWLRV�DWLYRV�
QmR�HVSHFtILFRV�VmR�EORTXHDGRV�SRU�XPD�VROXomR�GH�DOEXPLQD�GH�VRUR�ERYLQR��%6$���62$5(6�HW�
DO�������D������E���

���� 'HWHFomR�GH�0DVWLWH
$�GHWHFomR�GH�PDVWLWH� IRL� UHDOL]DGD�SRU�PHGLGDV�GH�HVSHFWURVFRSLD�GH� LPSHGkQFLD�HOpWULFD��

$SyV�D�LPRELOL]DomR�GD�FDPDGD�DWLYD��VROXo}HV�DTXRVDV�GH EDFWpULDV��FRP�GLIHUHQWHV�FRQFHQWUDo}HV�
IRUDP�LQMHWDGDV�QRV�HOHWURGRV�FRPR�FRQWUROH�SRVLWLYR��VHJXLGR GH�ODYDJHP�FRP�iJXD�XOWUDSXUD�SDUD�
UHPRomR�GH PROpFXODV�QmR�DGVRUYLGDV��2�PHVPR�SURFHGLPHQWR�IRL�XWLOL]DGR�SDUD�DYDOLDU�R�FRQWUROH�
GH� TXDOLGDGH� GR� OHLWH�� QR� TXDO� DPRVWUDV� GH� OHLWH� FRP� GLIHUHQWHV� FRQFHQWUDo}HV� GH� EDFWpULDV H�
H[SHULPHQWRV� GH� FRQWUROH� FRP� GLIHUHQWHV� LQWHUIHUHQWHV� IRUDP� DGVRUYLGRV� QR� HOHWURGR� GH� WUDEDOKR�
SDUD�DYDOLDU�D�HILFLrQFLD�GR�ELRVVHQVRU��2V�HVSHFWURV�GH�FDSDFLWkQFLD�IRUDP�XWLOL]DGRV�SDUD�FRQVWUXLU�
DV� FXUYDV�GH� FDOLEUDomR�� DQDOLVDU�RV�SDUkPHWURV� DQDOtWLFRV�GRV�ELRVVHQVRUHV� �OLPLWH�GH�GHWHFomR�� H�
GHVHQYROYHU PDSDV�GH�YLVXDOL]DomR�TXH�DYDOLDP�D�VHOHWLYLGDGH GR�ELRVVHQVRU�

�� 5HVXOWDGRV�H�'LVFXVVmR
$�HVSHFWURVFRSLD�GH�LPSHGkQFLD�HOpWULFD�IRL�UHDOL]DGD�SDUD�GHWHFWDU�EDFWpULDV GHYLGR�j�IRUWH�

LQWHUDomR�HVSHFtILFD�HQWUH�D�PHVPD�H�D FDPDGD�DWLYD��$OWHUDo}HV HOpWULFDV�IRUDP�PHOKRU�REVHUYDGDV�
HP�IUHTXrQFLDV�DEDL[R�GH������+]��QDV�TXDLV�DV�DOWHUDo}HV�QD�GXSOD�FDPDGD�HOpWULFD VmR�LQGX]LGDV�
SHOD� LQWHUDomR� FDPDGD� DWLYD�EDFWpULD�� (VVD� LQWHUDomR� DOWHUD� DV� PHGLGDV� HOpWULFDV�� GDV� TXDLV� VmR�
XVDGDV QD�FRQVWUXomR�GDV�FXUYDV�GH�FDOLEUDomR��PRVWUDQGR�TXH�R�Q~PHUR�GH�VLWLRV DWLYRV GLVSRQtYHLV
SDUD�DGVRUomR�GDV�EDFWpULDV WHQGH�D�]HUR�FRP�D�FRQFHQWUDomR��SRUTXH�VXD�LQWHUDomR�FRP�D�FDPDGD�
DWLYD� p� LUUHYHUVtYHO�� 2V� ELRVVHQVRUHV� DSUHVHQWDUDP� /R'� VXILFLHQWHV� SDUD� GHWHFomR� GH� UDVWURV� GH�
EDFWpULDV� HP� DPRVWUDV� GH� OHLWH�� XPD� YH]� TXH� R� YDORU� p LQIHULRU� j� RXWURV� ELRVVHQVRUHV� VLPLODUHV�
�:,/621�HW�DO����������'LVSRVLWLYRV�FRPR�HVWHV�GHWHFWDP�LQWHUDo}HV�TXtPLFDV�HQWUH�D�FDPDGD�DWLYD
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H� DV� EDFWpULDV� D� SDUWLU� GH� WUDQVGXomR�GR� VLQDO��(VVDV� LQWHUDo}HV� JHUDP� H[FHOHQWH� GHVHPSHQKR�GRV�
ELRVVHQVRUHV��SRUpP�p QHFHVViULR�HOXFLGDU�R�PHFDQLVPR�GH�ELRUHFRQKHFLPHQWR�HQWUH�FDPDGD�DWLYD�H�
EDFWpULDV�� 0HGLGDV� GH� 30�,55$6� LQGLFDP� TXH� R� PHFDQLVPR� GH� GHWHFomR� p� JRYHUQDGR� SRU�
LQWHUDo}HV�HVSHFtILFDV�TXH�RFRUUHP�QDV�UHJL}HV�GH�DPLGD�,�H� ,,��VHP�KDYHU�PXGDQoD�QD�RULHQWDomR�
PROHFXODU�GRV�GLSRORV�

$� RWLPL]DomR� GR� GHVHPSHQKR� p� IXQGDPHQWDO� SDUD HVFROKD� GDV� PHOKRUHV� FRQGLo}HV� GH�
IDEULFDomR� GRV� ELRVVHQVRUHV�� 3DUD� LVVR� SURMHo}HV� PXOWLGLPHQVLRQDLV� D� SDUWLU� GD� WpFQLFD� ,'0$3�
IRUDP�XVDGDV SDUD�DYDOLDU D�VHOHWLYLGDGH H�FRPSDUDU�R�GHVHPSHQKR�GRV�GLVSRVLWLYRV��%LRVVHQVRUHV�
Q~PHUR�PDLRU�GH�ELFDPDGDV SRVVXL�PHOKRU�VHOHWLYLGDGH�H�GLVWLQomR�HQWUH GLIHUHQWHV�FRQFHQWUDo}HV�
GH�EDFWpULDV��7DO� VHOHWLYLGDGH�SRGH� VHU�TXDQWLILFDGD�SHOR� FRHILFLHQWH�GH�6LOKXHWD� �6���QR�TXDO�6a��
LQGLFD� TXH� R� VLVWHPD� ID]� H[FHOHQWH� GLVWLQomR� GDV� DPRVWUDV�� 6a�� H� 6a��� LQGLFDP� TXH� R� VLVWHPD� p�
LQHILFLHQWH� QD� GLVWLQomR� GDV� DPRVWUDV�� 3DUD� RV� ELRVVHQVRUHV�� RV� FRHILFLHQWHV� GH� VLOKXHWD� IRUDP�
SUy[LPRV�D����FRUURERUDQGR�D�HILFLrQFLD�GRV�VHQVRUHV�QDV�GLVWLQo}HV�GH�DPRVWUDV�GH�EDFWpULDV�

�� &RQFOXV}HV
)LOPHV�QDQRHVWUXWXUDGRV SROLPpULFRV�IRUDP�XVDGRV�QR GHVHQYROYLPHQWR�GH�ELRVVHQVRUHV�SDUD�

DQiOLVH�GD�TXDOLGDGH�GR�OHLWH�D�SDUWLU�GD�GHWHFomR�GH�PDVWLWH�ERYLQD��$�RWLPL]DomR�GR�ILOPH�PRVWURX�
VH�DGHTXDGD��SRLV SHUPLWLX�D�HVFROKD�GD�PHOKRU�DUTXLWHWXUD�SDUD�LPRELOL]DomR�GD�FDPDGD�DWLYD��1D�
GHWHFomR� QmR� IRUDP� REVHUYDGRV� IDOVRV� SRVLWLYRV� TXDQGR� R� ELRVVHQVRU� IRL� H[SRVWR� j� GLIHUHQWHV�
FRQFHQWUDo}HV� GH� EDFWpULDV� $OpP� GLVVR�� D� VHQVLELOLGDGH� p� VXILFLHQWH� SDUD DSOLFDo}HV� HP� DQiOLVHV�
YHWHULQiULDV�� VHQGR� VXSHULRU� j� PDLRULD� GRV ELRVVHQVRUHV� GLVSRQtYHLV� SDUD� HVWH� ILP�� 2XWUDV�
FRQWULEXLo}HV� LPSRUWDQWHV� HVWmR� UHODFLRQDGDV� DR� XVR� GH�PpWRGRV� GH� YLVXDOL]DomR� GH� LQIRUPDo}HV�
SDUD�FRPSDUDU�R�GHVHPSHQKR�GH�VHQVRUHV�H�ELRVVHQVRUHV�H�D� LGHQWLILFDomR�GR�PHFDQLVPR�GH�QtYHO�
PROHFXODU�UHVSRQViYHO�SHOD�GHWHFomR��&RP�UHODomR�j�FRPSDUDomR�GH�XQLGDGHV�VHQVRULDLV���PDSDV�GH�
YLVXDOL]DomR�GH�LQIRUPDo}HV�IRUQHFHUDP XPD�TXDQWLILFDomR�GD�VHOHWLYLGDGH�GDV�XQLGDGHV�VHQVRULDLV�
$OpP�GLVWR�YHULILFRX�VH�TXH�R�PHFDQLVPR�GH�GHWHFomR�HVWi�DVVRFLDGR�j� LQWHUDomR�HVSHFtILFD� HQWUH�
FDPDGD�DWLYD�H�EDFWpULD��VHQGR�FRPSURYDGR�SRU�PHGLGDV�GH�30�,55$6�

$JUDGHFLPHQWRV
(VWH� WUDEDOKR� p� ILQDQFLDGR�SHOD� )XQGDomR�GH�$PSDUR� j�3HVTXLVD� GR�(VWDGR�GH�6mR�3DXOR�

�)$3(63�� �3URFHVVR� Q�� ��������������� &13T� �3URFHVVR� Q� �������������� 6,61$12�0&7,� H�
5HGH�$JUR1DQR��2V�DXWRUHV�VmR�JUDWRV�DR�*UXSR�GH�3ROtPHURV�%HUQKDUG�*URVV��,)6&�863��H�DRV�
SHVTXLVDGRUHV�GR�&13(0�0DULD�+HOHQD�3LD]]HWWD�H�$QJHOR�*REEL�SHOR�DX[tOLR�QD�FRQIHFomR�GRV�
HOHWURGRV�

5HIHUrQFLDV
$5,*$��.��HW�DO��/D\HU�E\�/D\HU�$VVHPEO\��5HFHQW�3URJUHVV�IURP�/D\HUHG�$VVHPEOLHV�WR�/D\HUHG�

1DQRDUFKLWHFWRQLFV��&KHPLVWU\�± $Q�$VLDQ�-RXUQDO��Y������Q������S������±������DJR��������
0286$�� 6�� %LRVHQVRUV�� WKH� QHZ� ZDYH� LQ� FDQFHU� GLDJQRVLV�� 1DQRWHFKQRORJ\�� 6FLHQFH� DQG�

$SSOLFDWLRQV��S�����GH]��������
62$5(6��$��&��HW�DO��&RQWUROOHG�)LOP�$UFKLWHFWXUHV�WR�'HWHFW�D�%LRPDUNHU�IRU�3DQFUHDWLF�&DQFHU�

8VLQJ�,PSHGDQFH�6SHFWURVFRS\��$&6�$SSOLHG�0DWHULDOV�	�,QWHUIDFHV��Y�����Q������S�������±
����������QRY������D��

62$5(6�� $�� &�� HW� DO�� $� VLPSOH� DUFKLWHFWXUH� ZLWK� VHOI�DVVHPEOHG� PRQROD\HUV� WR� EXLOG�
LPPXQRVHQVRUV�IRU�GHWHFWLQJ�WKH�SDQFUHDWLF�FDQFHU�ELRPDUNHU�&$������7KH�$QDO\VW��Y�������Q��
����S������±������������

62$5(6��-��&��HW�DO��6XSUDPROHFXODU�&RQWURO� LQ�1DQRVWUXFWXUHG�)LOP�$UFKLWHFWXUHV� IRU�'HWHFWLQJ�
%UHDVW� &DQFHU��$&6� $SSOLHG�0DWHULDOV� 	� ,QWHUIDFHV�� Y�� ��� Q�� ���� S�� �����±������� ��� MXQ��
����E��

:,/621��'�� HW� DO��(OHFWULFDO� GHWHFWLRQ�RI�SDWKRJHQLF�EDFWHULD� LQ� IRRG� VDPSOHV�XVLQJ� LQIRUPDWLRQ�
YLVXDOL]DWLRQ� PHWKRGV� ZLWK� D� VHQVRU� EDVHG� RQ� PDJQHWLF� QDQRSDUWLFOHV� IXQFWLRQDOL]HG� ZLWK�
DQWLPLFURELDO�SHSWLGHV��7DODQWD��Y�������S�����±�����PDU��������


