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VNR]L� WHRUHWVNR� UHGHILQLUD�� ]JRGRYLQVNR� IOXLGQR�PDUNLUD
LQ�]�YLGLND�HWQRJUDILMH� WXGL�NXOWXUQR�]QRYD� LQ�]QRYD� UH�
DNWLYLUD�� 6SHNWDNHO� MH� VYRMR� SRPHPEQR� ]QDQVWYHQR� RE�
UDYQDYR� ÌH� QDÊHO� Y� PQRJLK� GLVFLSOLQDK�� GHQLPR� Y� WH�
DWURORJLML��VRFLRORJLML��PX]LNRORJLML��DUKLWHNWXUL��VFHQRJUD�
ILML�� VFHQVNL� WHKQRORJLML�� ]JRGRYLQL� XPHWQRVWL�� NXOWXUQLK
LQ�PHGLMVNLK�ÊWXGLMLK��SULáXMRáH�GHOR�SD�JD�SRVWDYOMD�NRW
RVUHGQML�SUHGPHW�SUHXáHYDQMD�ÊH�Y�SROMH�DQWURSRORJLMH��9
DQWURSRORÊNL�SHUVSHNWLYL�VH�VSHNWDNHO�NDÌH�NRW�VSHFLILáQD
MDYQD� NXOWXUQD� SUDNVD�� NL� VNR]L� ]JRÊáHQH� GUXÌEHQH
PDWULFH� LQ� NXOWXUQH� REUD]FH� L]NRULÊáD� PRá� KLSHUWURIL�
UDQLK� SRGRE�� PRQWLUDQLK� VLPERORY� LQ� QMLKRYLK� HNUDQL�
]LUDQLK�SRPHQRY�� -H�YL]XDOQL�SUHYRGQLN��NL��NDNRU�DYWR�
ULFD� ]DSLÊH� QD� ]DáHWNX� NQMLJH�� SUHYDMD� L]YDMDQMH� Y� JOH�
GDQMH�� JOHGDQMH� Y� QDGJOHGDQMH�� QDGJOHGDQMH� Y� DGPLQL�
VWULUDQMH� LQ� NURJ� VH� VNOHQH�� 'D� EL� UD]XPHOL� WR� IOXLGQR
QDUDYR�NRQVWLWXFLMH�� UHSUH]HQWDFLMH�� UHSURGXNFLMH� LQ�PD�
QLIHVWDFLMH�VSHNWDNOD��UD]SUÊHQHJD�SR�]JRGRYLQL�UD]OLáQLK
GUXÌEHQLK�IHQRPHQRY��VLWXDFLM�LQ�GRÌLYHWLM��DQWURSRORÊNL
SULVWRS�0LURVODYH�/XNLß�.UVWDQRYLß�SRPHPEQR�SULVSHYD
N� SHUWLQHQWQL� UHIOHNVLML� NRQFHSWXDOQH� NRKHUHQFH� VSHN�
WDNOD�� V� áLPHU� L]NULVWDOL]LUD� QHNDWHUH� QMHJRYH� NOMXáQH
SRGREH�� IXQNFLMH� LQ� SRPHQH�� 'HOR� SULSRURáDP� YVDNR�
PXU�� NL� VH� ÌHOL� JOREOMH� LQ� UHOHYDQWQR� VH]QDQLWL� V� NRQ�
FHSWRP�LQ�IHQRPHQRP�VSHNWDNOD�
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%HRJUDG��6USVNL�JHQHDORÊNL�FHQWDU�	�2GHOMHQMH
]D�HWQRORJLMX�L�DQWURSRORJLMX�)LOR]RIVNRJ�IDNXOWHWD�
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.R� SRPLVOLPR� QD� IRONORUR�� WD� SRMHP� ÊH� GDQGDQHV
QDMSUHM� LQ�QDMUDMH�SRYHÌHPR�]�UXUDOQLP��SHULIHUQLP��QH�
VRILVWLFLUDQLP��FHOR�DUKDLáQLP�WLSRP�NXOWXUH�LQ�PRGHORP
ÌLYOMHQMD�� 7DNR� QH�PDQMND� DQWURSRORJRY�� VRFLRORJRY� LQ
GUXJLK� VSHFLDOLVWRY� V� SRGURáMD� GUXÌEHQLK� LQ� KXPDQL�
VWLáQLK� ]QDQRVWL�� NL� JRMLMR� GRORáHQR� VNHSVR� DOL� YVDM
]DGUÌHN�GR� WDNÊQLK�DNDGHPVNLK�SRGMHWLM��NDNUÊQR� MH� IRO�
NORULVWLND� R]LURPD� QDURGRSLVMH�� 7UDGLFLRQDOQD� HSLVWHPD
IRONORULVWLNH� MH�QDPUHá�ELOD�GHVHWOHWMD� WUGRYUDWQR�XMHWD�Y
SR]LWLYLVWLáQR�� HVHQFLDOLVWLáQR� LQ� DYWRKWRQLVWLáQR� ]DQNR
SRSLVRYDQMD� QDURGQHJD� EODJD�� ÊHJ�� QDYDG�� RELáDMHY�
OHJHQG��XVWQHJD�L]URáLOD�LQ�GUXJRYUVWQHJD�OMXGVNHJD�VORY�
VWYD��1HNDWHUL�VR�IRONORULVWRP�RáLWDOL��GD�VYRMH�SUHGPHWH
SUHXáHYDQMD�]JROM�GRNXPHQWLUDMR��NRQVWUXLUDMR� LQ�RSLVX�
MHMR��QH�SD�WXGL�GHNRQVWUXLUDMR��UHIOHNWLUDMR�LQ�DQDOL]LUDMR�
NDU�VHYHGD�QL�ELOR�GDOHá�RG�UHVQLFH��(QDNR�VH�IRONORULVWLNL
GROJR� áDVD� QL� SULSLVRYDOR� ]PRÌQRVWL� WHRUHWL]DFLMH�� 3R�
JRVWR�VH�MH�R�QMHM�JRYRULOR�NDNRU�R�DNDGHPVNL�DSOLNDFLML
QDURGQMDÊWYD��WRUHM�YUVWL�SVHYGR]QDQVWYHQH�DOL�FHOR�DQWL�
]QDQVWYHQH� LGHRORJLMH�� NL� VYRMHPX� GLVFLSOLQDUQHPX

SROMX��QDG�NDWHULP�VWD�LPHOL�PRQRSRO�WUDGLFLRQDOQD�ILOR�
ORJLMD� LQ� HWQRORJLMD�� QL� ]PRÌQD� ]DJRWRYLWL� ODVWQH� UHIOHN�
VLYQH� HSLVWHPRORJLMH�� DQDOLWLáQHJD� VSR]QDYQHJD� DSDUDWD
LQ� SHUWLQHQWQHJD� PHWRGRORÊNHJD� LQVWUXPHQWDULMD�� ,Q� Y
PQRJLK� DNDGHPVNLK� RNROMLK� MH� IRONORULVWLND� GHMDQVNR� ÊH
]PHUDM� UD]XPOMHQD� LQ� SUDNWLFLUDQD� QD� UDYQL� JROH� GH�
VNULSFLMH�LQ�LGHRORJLMH�SR]LWLYQLK�GHMVWHY��OMXGVNHJD�PD�
WHULDOQHJD�LQ�GXKRYQHJD�L]URáLOD��

.QMLJD� VUEVNH� DQWURSRORJLQMH� 'UDJDQH� $QWRQLMHYLá
2JOHGL� L]� DQWURSRORJLMH� L� VHPLRWLNH� IRONORUD� >6SLVL� L]
DQWURSRORJLMH� LQ� VHPLRWLNH� IRONORUH@�� L]GDQD� OHWD������Y
RNYLUX� 6UEVNHJD� JHQHDORÊNHJD� FHQWUD� LQ� 2GGHOND� ]D
HWQRORJLMR�LQ�DQWURSRORJLMR�)LOR]RIVNH�IDNXOWHWH�8QLYHU]H
Y� %HRJUDGX�� MH�� XSRÊWHYDMRá� JRUQMH� SULGUÌNH�� NULWLNH� LQ
VWHUHRWLSH� RNURJ� IRONORUH�� IRONORUL]PD� LQ� IRONORULVWLNH�
YVHNDNRU� GHOR�� NL� UD]EOLQMD� JRUQMR� SUHGVWDYR� R� IRONORUL
NRW� DUKDLáQHP� SUHÌLWNX�� SUHGYVHP� SD� VXYHUHQR� LQ� ]
PHWLNXOR]QR� ULJRUR]QRVWMR� SRNDÌH�� NDNR� MH� IRONORUD
ODKNR� SUHGPHW� UHVQH� WHRULMH�� PHWRGH� LQ� DQDOLWVNH� SHU�
VSHNWLYH��'HOR� MH�GHMDQVNR�PHWRGRORÈNL� VSLV�� Y� NDWHUHP
DYWRULFD�XWHPHOMXMH�VYRMR�NULWLáQR�SR]LFLMR�]�QDVORQLWYLMR
QD�ÊWHYLOQH� WHRUHWVNH�PHWRGRORÊNH� IRONORULVWLáQH�DQDOL]H�
NL� VR� VLFHU� L]EUDQH� QD� SRGODJL� DYWRULáLQH� RVHEQH� DILQL�
WHWH��D� KNUDWL� ]DGRYROMLYR� DUJXPHQWLUDQH� RE�GHMVWYX�� GD
L]KDMDMR� L]� UD]OLáQLK�]QDQVWYHQLK�GLVFLSOLQ�� L]� NDWHULK� MH
IRONORULVWLND�áUSDOD�VYRM� WHRUHWVNL�SRWHQFLDO� LQ� NRQFHSWH�
'HOR�WDNR�XSRÊWHYD�PHWRGRORÊNH�]DNRQLWRVWL�LQ�WHRUHWVND
VSR]QDQMD� V� SRGURáMD� DQWURSRORJLMH� LQ� VWUXNWXUDOQH� DQ�
WURSRORJLMH�� HWQRORJLMH�� VHPLRWLNH�� QDUDWLYQH� WHRULMH� LQ
VRFLRORJLMH�� $YWRULFD� YVWRSD� Y� SROMH� REUDYQDYH� ]
PXOWLGLVFLSOLQDUQH�� LQWHUGLVFLSOLQDUQH� LQ� WUDQVGLVFLSOL�
QDUQH� SHUVSHNWLYH� QD� NDUDNWHUL]DFLMR� IRONORULVWLNH� NRW
HNOHNWLáQH� YHGH� R� IRONORUL� LQ� SUL� WHP� SRQXGL� QHNDM
PHWRGRORÊNLK� SUHGORJRY�� NL� SULVSHYDMR� N� SHUWLQHQWQHMÊL
ÊWXGLML� LQ� LQWHUSUHWDFLML� IRONORUH� NRW� GUXÌEHQHJD� IHQR�
PHQD�LQ�VNORSD�VSHFLILáQLK�NXOWXUQLK�SUDNV�

9VHELQD�NQMLJH�MH�VWUXNWXULUDQD�Y�ÊWLUL�JODYQD�R]LURPD
QRVLOQD� SUREOHPVND� SRJODYMD�� NL� VH� QDGDOMH� QRWUDQMH
áOHQLMR� QD� SRGSRJODYMD�� 9� SUYHP� SRJODYMX� ]� QDVORYRP
�6RFLR�IRONORULVWLND��7HRUHWVNR�PHWRGRORÊNL�NRQFHSWL�*D�
U\MD�$ODQD�)LQHD��DYWRULFD�SUHGVWDYL�NULWLáQR�ÊWXGLMR�WHR�
UHWVNR�PHWRGRORÊNHJD� SULVWRSD� RPHQMHQHJD� DPHULÊNHJD
IRONORULVWD� LQ� VRFLRORJD�� NL� VL� MH� SUL]DGHYDO� VSUHPHQLWL
IRONORULVWLáQR�SDUDGLJPR�Y�=GUXÌHQLK�GUÌDYDK�$PHULNH�
.R� MH�)LQH�QDSLVDO� áODQHN��7UHWMD� VPHU� DPHULÊNH� IRONOR�
ULVWLNH�� /MXGVNH� QDUDFLMH� LQ� GUXÌEHQH� VWUXNWXUH�� OHWD
������MH�LPHO�SUYHQVWYHQR�Y�PLVOLK�PHWRGRORÊNR�RWRSH�
ORVW� LQ� RWUSORVW�� SRPDQMNDQMH� MDVQH� OLQLMH� LQ� RGVRWQRVW
NRQVHQ]XDOQH�LGHQWLWHWH�Y�VRGREQL�DPHULÊNL�IRONORULVWLáQL
VNXSQRVWL�� =DUDGL� WHJD� MH� ÌHOHO� SRVWUHáL� ]� QHNR� VNXSQR
PHWDWHRUHWLáQR� SRGODJR�� NL� EL� VSUHPHQLOD� GRWHGDQMR
XYHOMDYOMHQR� ]QDQVWYHQR� SDUDGLJPR� Y� IRONORULVWLNL�� 'UD�
JDQD� $QWRQLMHYLß� PHQL�� GD� ÌH� VDP� L]UD]� �WUHWMD� VPHU��
WKH� WKLUG� IRUFH�� NL� MR� MH� XSRUDELO� )LQH� ]D� RSLV� SDUD�
GLJPDWVNH� VSUHPHPEH� Y� GLVFLSOLQL�� QDSHOMXMH� QD� WR�� GD
DPHULÊNL� IRONORULVWL�QLVR�ELOL�QHGRY]HWQL�]D�DQDOLWLáQL� IR�
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NXV� LQ� SDUDGLJPDWVNR� NRKHUHQFR�� 3ROHJ� WUHWMH� VPHUL� MH
)LQH�RSUHGHOLO�WXGL�SUYR�LQ�GUXJR�VPHU��6�SUYR�VPHUMR�MH
PHULO�QD�GHVHWOHWMD�XYHOMDYOMHQR�SUHYODGR�NRPSDUDWLYQLK
ILORORÊNLK� LQ� ]JRGRYLQVNR�JHRJUDIVNLK� SULVWRSRY� N� SUH�
XáHYDQMX� IRONORUH� NRW� QDURGRSLVQR� XWHPHOMHQHJD� �OMXG�
VNHJD�PDWHULDOQHJD�LQ�GXKRYQHJD�L]URáLOD��3UYL�SUHREUDW
VH�MH�]JRGLO�Y�SHWGHVHWLK�LQ�ÊHVWGHVHWLK�OHWLK�����VWROHWMD�V
SURGRURP�VWUXNWXUDOLVWLáQH�SDUDGLJPH�LQ�NRPXQLNDFLMVNH
WHRULMH�� 7RGD� NOMXE� SRPHPEQHPX�YSOLYX�� NL� JD� MH� LPHO
VWUXNWXUDOL]HP� Y� DPHULÊNL� SRYRMQL� IRONORULVWLNL�� MH� )LQH
�GUXJR� VPHU��� WKH� VHFRQG� IRUFH�� SULSLVDO� W�� L�� SHUIRU�
PDQFH�WKHRU\��WHRULML�SHUIRUPDQFH��NL�MH�SRVWDOD�VODYQD�Y
VHGHPGHVHWLK� OHWLK�� 3RVOHGLFD� YVHK� WHK� LQWHOHNWXDOQLK
JLEDQM�LQ�SUHPLNRY�MH�ELOD��GD�VH�MH�SUHYODGXMRáL�VWDWLáQL�
OLWHUDUQL� SULVWRS� N� IRONORUL� NRW� �OMXGVNL� GXKRYQL� LQ� PD�
WHULDOQL�NXOWXUL��XPDNQLO�QRYHPX��EROM�GLQDPLáQHPX�SUL�
VWRSX�� NL� VH� MH� RVUHGRWRáLO� QD� IRONORUQR� NRPXQLNDFLMVNR
GHMDQMH�� NDNRU� VH� SRMDYL� Y� SUDNVL�� Y� SHUIRUPDQFL�� Y
NRQWHNVWX�� Y� VORJX� L]YUÊHYDOFD� IRONORUQLK� HOHPHQWRY�
.OMXE�YSOLYQRVWL� WHRULMH�SHUIRUPDQFH�Y� IRONORULVWLNL�DYWR�
ULFD�PHQL��GD�MH�WHRULMD�YHQGDUOH� LPHOD�QHNDM�]D]QDYQLK
SRPDQMNOMLYRVWL�� NDNRU� GHQLPR� RGVRWQRVW� GLDKURQH
R]LURPD�]JRGRYLQVNH�SHUVSHNWLYH��SUHYHá�GUREQMDNDUVNR
GHVNULSFLMR�LQ�SRPDQMNDQMH�UD]ODJDOQH�PHWRGH�WHU�QMHQH
LQWHUSUHWDFLMVNH� PRáL�� =DUDGL� SRáDVQRVWL� LQRYDWLYQLK
WHRUHWVNLK� LQ�PHWRGRORÊNLK�SRVHJRY�Y�SROMH� IRONORULVWLNH
NRW� SROMH� WHRULMH� MH� )LQH� SUHGODJDO� UD]YRM� IRONORULVWLNH� Y
VPHUL� PDNURNRQWHNVWXDOQH� LQWHUSUHWDFLMH� IRONORUH� ]� R]L�
URP�QD�GUXÌEHQH�VWUXNWXUH�LQ�PDWHULDOQR�GUXÌEHQR�NRQ�
VWLWXFLMR��6�WHP�QDM�EL�VH�IRONORUD�SUHVHOLOD�L]�LPDJLQDULMD
SUHWHNOH�ORNDOL]LUDQH�QDURGRSLVQH��PDWHULDOQH�LQ�GXKRY�
QH�NXOWXUH��Y�LPDJLQDULM�JOREDOQH�SRVWLQGXVWULMVNH�GUXÌEH
SR]QHJD�NDSLWDOL]PD�� 6YRM� WHRUHWVNL� LQ�PHWRGRORÊNL� SUL�
VWRS�MH�XWHPHOMLO�Y�NRQFHSWX��LPHQRYDQHP��IRONORUQL�GLD�
PDQW��� IRONORUH� GLDPRQG��*UH� ]D� YHáSODVWHQ� WHRUHWVNR�
PHWRGRORÊNL�RNYLU� ]D� SUHXáHYDQMH� GLQDPLNH� XVWYDUMDQMD
LQ� SUHQDÊDQMD� SRPHQRY� VRGREQLK� XUEDQLK� OHJHQG�� SUL
áHPHU� VH� XSRÊWHYD� ÊWLUL� HOHPHQWH�� LQ� VLFHU� GUXÌEHQR
VWUXNWXUR�� RVHEQH� LPSHUDWLYH�� GLQDPLNR� SHUIRUPDQFH� LQ
YVHELQR� QDUDFLMH� �VWU�� ����� $YWRULFD� PHQL�� GD� MH� )LQH
NOMXáHQ� WHRUHWLN� ]D� UD]XPHYDQMH� XVWQHJD� L]URßLOD� LQ
XUEDQLK�OHJHQG��VDM�QD�NRQWHNVWXDOQL�UDYQL�SRNDÌH��NDNR
MH�QHND�JRYRULFD�DOL�OHJHQGD��NL�VH�MH�SUHQDÊDOD�RG�XVW�GR
XVW��SULGRELOD�VYRM�SRPHQ��IXQNFLMR�LQ�YSOLY�QD�UDYQDQMH
OMXGL��NL�VR�MR�UHSURGXFLUDOL��)LQHRY�IRONORUQL�GLDPDQW�SR
DYWRULáLQHP� SUHSULáDQMX� ]DJRWDYOMD� LQRYDWLYHQ� RNYLU� ]D
SUHXáHYDQMH� UD]QRYUVWQLK�DVSHNWRY� IRONORUH� �VWU���������
.OMXE� XQLNDWQHPX� SRPHQX�� NL� JD� SULSLÊH� DPHULÊNHPX
IRONORULVWX�� DYWRULFD� SURYRNDWLYQR� VNOHQH�� GD� VWD� )LQH� LQ
QMHJRYD�WHRULMD�GR�QHGDYQHJD�ELOD�WDNR�UHNRá�QHSR]QDQD
VUEVNL�IRONORULVWLNL��DQWURSRORJLML�LQ�HWQRORJLML�

'UXJR� SRJODYMH�� QDVORYOMHQR� �2G� SRHWLNH� ÌDQUD� GR
VWUXNWXUH��3ULVSHYHN�1DGH�0LORÊHYLß���RUâHYLß�N�VUEVNL
VWUXNWXUDOQL� IRONORULVWLNL��� MH� SRVYHáHQR� DQWURSRORÊNHPX
LQ� VWUXNWXUDOLVWLáQHPX� DVSHNWX� OLWHUDUQR�WHRUHWVNLK� UD]LV�
NDY� WH� ]QDQH� VUEVNH� IRONORULVWNH�� NL� MR� DYWRULFD� XYUÊáD

PHG�GRDMHQH�VRGREQH�VUEVNH� IRONORULVWLNH� �VWU�������1MH�
QR�GHOR�MH�]D�DYWRULFR�]DQLPLYR�SUHGYVHP�]�YLGLND�SLR�
QLUVNH�DSOLNDFLMH�PHWRGH�9ODGLPLUMD�3URSSD������������
Y� VUEVNR� IRONORULVWLNR��1DGD�0LORÊHYLß� ��RUâHYLß� MH�SR
DYWRULáLQL�L]MDYL�ELOD�NOMXáQD�LQ�PRUGD�FHOR�SUYD��NL�MH�ÌH
Y� ]DáHWNX� ÊHVWGHVHWLK� OHW� SUHGVWDYLOD� 3URSSRYR� WHRULMR
VUEVNL� DNDGHPVNL� VFHQL�� 7R� MH� ELO� QDPUHá� áDV�� NR� VWD
VUEVND� LQ� MXJRVORYDQVND� IRONORULVWLND� ELOL� ÊH� YHGQR� JOR�
ERNR�]DNRUHQLQMHQL� Y� WUDGLFLRQDOQH� VSRQH� OLWHUDUQR�ILOR�
ORÊNLK� LQ� ]JRGRYLQVNR�JHRJUDIVNLK� SDUDGLJHP� LQ� PLVHO�
QLK�VKHP�WHU�EUH]�YLGQH�LQWHOHNWXDOQH�PRWLYDFLMH�]D�PR�
GHUQL]DFLMR��'RPDáD�IRONORULVWLND�MH�ELOD�GRFHOD�Y�URNDK
ILORORJRY�� NL� VR� YHáML� LQWHUHV� ND]DOL� ]D� SUHXáHYDQMH� GHO
9XND� .DUDGÌLßD� NDNRU� SD� ]D� WHNRáH� ÌLYH� IRONORUQH� WUD�
GLFLMH� LQ� SUDNVH�� 3UDY� VSULáR� WHJD� GHMVWYD� MH� ]DQLPDQMH
1DGH�0LORÊHYLß� ��RUâHYLß� ]D� 3URSSRYR� LQ� GUXJH�PR�
GHUQH� PHWRGH� LQRYDWLYQRVW�� NL� MH� SUHKLWHYDOD� WDNUDWQH
VUEVNH�LQ�MXJRVORYDQVNH�UD]PHUH�QD�SRGURáMX�QDURGRSLV�
QHJD�SUHXáHYDQMD��PDWHULDOQH� LQ�GXKRYQH�NXOWXUH���7D�
NR� MH� 3URSSRY� PRUIRORÊNL� SULVWRS� N� UD]QLP� QDUDWLYQLP
VWUXNWXUDP��NDNRU�VR�SUDYOMLFD��URPDQWLáQH�]JRGEH��VDJH�
SUHURNRYDQMD��UHOLJLR]QD�SULáHYDQMD�LSG���QH�OH�DGDSWLUDOD
LQ�DSOLFLUDOD�QD�VYRMH�ÊWXGLMH�SULPHURY��SDá�SD�MH�RE�WHP
UD]YLOD�VYRM�ODVWHQ�SULVWRS��NL�JD�MH�XSRUDELOD�QD�SULPHUX
DQDOL]H� VWUXNWXUH� XVWQHJD� L]URáLOD� LQ� SULSRYH�
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GRYDQMD� R� SUHURNRYDQMLK� XVRGH� RE� URMVWYX� RWURND� Y
6UELML��6WUXNWXUDOQL�SULVWRS�Y�VUEVNL�IRONORULVWLNL�VR�NDVQHMH
QDGJUDGLOL�LQ�PRGHUQL]LUDOL�HWQRORJL�LQ�DQWURSRORJL��PHG
QMLPL� ,YDQ�.RYDáHYLß��0LORÊ�0LOHQNRYLß� LQ�DYWRULFD�SUL�
áXMRáH�NQMLJH��6OHGQMD�MH�GHQLPR�DQDOLWLáHQ�PRGHO��NL�JD
MH�UD]YLOD�1DGD�0LORÊHYLß���RUâHYLß��XVSHÊQR�XSRUDELOD
SUL� VYRMHP� GHOX� LQ� JD� DSOLFLUDOD� QD� DQDOL]R� VWUXNWXUH
RVHEQLK� LQ� GUXÌLQVNLK� ]JRGE� R� QDFLRQDOL]DFLML� LQ� WUDQ�
]LFLML� Y� SRVWVRFLDOLVWLáQL� 6UELML�� .R� MH� DYWRULFD� WUDGLFLR�
QDOQH�IRONORUQH�QDUDWLYQH�ÌDQUH��GHQLPR�]JRGEH�R�XVRGL
DOL� OHJHQGH�� V� NDWHULPL� VH� MH� SUYHQVWYHQR�XNYDUMDOD� WXGL
1DGD� 0LORÊHYLß� �� RUâHYLß� RG� ÊHVWGHVHWLK� OHW� GDOMH�
SULPHUMDOD� ]� QRYRGREQLPL� ]JRGEDPL� LQ� SULSRYHGPL� R
VUEVNL� SRVWVRFLDOLVWLáQL� WUDQVIRUPDFLML�� MH� ]DQLPLYR
XJRWRYLOD��GD�]JRGEH�R�QDFLRQDOL]DFLML�NRW�NDSLWDOLVWLáQL
XUHGLWYL�6UELMH�YVHEXMHMR�YVH�HOHPHQWH�NODVLáQLK�]JRGE�R
XVRGL��(QDNR� MH� WXGL�Y�]JRGEDK�R� VUEVNL� WUDQ]LFLML� QDÊOD
HQDN�SULQFLS� RUJDQL]DFLMH� QDUDWLYQLK� VKHP��NDNRU� MLK� MH
PRJRáH�QDMWL�SUL�OHJHQGDK��VWU�����������

9� WUHWMHP� SRJODYMX� ]� QDVORYRP� �2� VWUXNWXUL� YUHG�
QRVWL�� ,QWHUSUHWDFLMD� PHWRGRORÊNHJD� SUHGORJD� %HYHUO\
&UDQH��DYWRULFD�REUDYQDYD�QHRELáDMHQ�LQ�]DQLPLY�PHWR�
GRORÊNL�SUHGORJ�RPHQMHQH�DPHULÊNH�SVLKRORJLQMH� LQ� IRO�
NORULVWNH� L]� OHWD� ������ 1MHQ� HNVSHULPHQW� MH� YVHERYDO
LQRYDWLYQR� ]DPLVHO�� GD� ]GUXÌL� VWUXNWXUDOL]PH� DQWURSR�
ORJD� &ODXGD� /pYL�6WUDXVVD� ������������ LQ� UD]YRMQHJD
NRJQLWLYQHJD�SVLKRORJD�-HDQD�3LDJHWD��&LOM�HNVSHULPHQWD
MH� ELO� XVWYDULWL� RGSUW� VWUXNWXUDOQL�PRGHO�� V� SRPRáMR� ND�
WHUHJD� SULGH� GR� NRQFHSFLMH� VWUXNWXUH� YUHGQRVWL�� 7RGD
áHSUDY� VWD� WDNR� /pYL�6WUDXVV� NDNRU� 3LDJHW� RED� ELOD� VR�
GREQLND� LQ� VWUXNWXUDOLVWD�� VWD� QMXQD� SULVWRSD� UD]OLáQD�
]DWR� MH� LGHMD�%HYHUO\�&UDQH��GD�]GUXÌL�RED�SULVWRSD�� ]D
DYWRULFR� NQMLJH� YUHGQD� SR]RUQRVWL� LQ� SUHPLVOHND�� .RW
SUHGPHW� VYRMH� DQDOL]H� MH� L]EUDOD� ]HOR� ]QDQR� LQ� SUL�
OMXEOMHQR� XUEDQR� OHJHQGR� �6RVWDQRYDONLQD� VPUW�� �VWU�
����������V�SRPRáMR�NDWHUH� MH�ÌHOHOD�SRND]DWL��NDNR�VH
ODKNR� SULGH� GR� YUHGQRVWL� VSRURáLOD� Y� EHVHGLOX� VNR]L
VWUXNWXUDOQR� SHUVSHNWLYR�� 2VQRYQR� LGHMR� R� LVNDQMX� QH�
RELßDMQHJD�Y�]JRGEL�NRW� DGDSWLYQHJD�SUREOHPD�� NL� MR�Y
OHJHQGL�R� VRVWDQRYDONLQL� VPUWL� UD]YLMD�&UDQRYD�� MH� DYWR�
ULFD� SULáXMRáH� PRQRJUDILMH� VDPD� XSRUDELOD� GHQLPR� QD
SULPHUX� DQDOL]H� XUEDQLK� OHJHQG� R� NUDML� áORYHÊNLK� RUJD�
QRY� Y� 6UELML�� àHSUDY� MH� VWUXNWXUDOQD�� DOL� EROMH� VWUXNWX�
UDOQR�IXQNFLRQDOLVWLáQD�DQDOL]D��NL�MR�MH�UD]YLOD�&UDQRYD�
Y� DPHULÊNL� IRONORULVWLáQL� VNXSQRVWL� QDOHWHOD� QD� GLVNXWD�
ELOHQ� XVSHK�� DYWRULFD� ]� GRPLVHOQLPL� DSOLNDFLMDPL� LGHM
&UDQRYH� QD� VYRMH� ÊWXGLMH� SULPHURY� UHFHQWQLK� VUEVNLK
XUEDQLK� OHJHQG� SRNDÌH� QD� LQRYDWLYQRVW� LQ� XSRUDEQRVW
VDPHJD� SULVWRSD� NRW� WDNHJD� NOMXE� QHNDWHULP� QMHJRYLP
PHWRGRORÊNLP� SRPDQMNOMLYRVWLP�� $YWRULFD� QH� SR]DEL
RPHQLWL�� GD� MH� PHWRGRORÊNL� HNVSHULPHQW� &UDQRYH� RVWDO
]DQHPDUMHQ�]QRWUDM�DPHULÊNH� IRONORULVWLNH��GRFHOD�QHSR�
]QDQ� SD� MH� RVWDO� WXGL� ]D� GUXJH� QDFLRQDOQH� WUDGLFLMH�
YNOMXáQR�V�VUEVNR��7R� MH� WXGL� UD]ORJ��GD� VH� DYWRULFD�SR�
VYHWL�NULWLáQL�DQDOL]L�PHWRGRORÊNH�LQ�HSLVWHPRORÊNH�YUHG�
QRVWL�SULVWRSD�%HYHUO\�&UDQH�LQ�FHOR�VDPD��QDYGDKQMHQD

]� QMHQR� DQDOL]R� OHJHQGH� R� VRVWDQRYDONLQL� VPUWL�� Y� áH�
WUWHP��]DGQMHP�SRJODYMX�SRQXGL�VYRMR�VWUXNWXUDOQR�LQWHU�
SUHWDFLMR�WH�DPHULÊNH�XUEDQH�OHJHQGH�L]�ÊHVWGHVHWLK�OHW�

àHWUWR� SRJODYMH�� SRLPHQRYDQR� �6HPLRWLND� XUEDQH
OHJHQGH��� MH� WRUHM�QDPHQMHQR�DYWRULáLQL�DQDOL]L� OHJHQGH
�6RVWDQRYDONLQD�VPUW���NL�VH�UD]OLNXMH�RG�DQDOL]H��NL�MR�MH
SRGDOD�%HYHUO\�&UDQH� �VWU�� ����������1D� WHP�PHVWX� QH
PRUHPR� SRGDWL� YVHELQVNHJD� RNYLUD� REUDYQDYH� WH� OH�
JHQGH��]DWR�YHOMD� OH�RPHQLWL�� GD� MH�QRYXP�DYWRULáLQHJD
HNVSHULPHQWD� PHWRGD�� NL� MR� MH� REOLNRYDOD� QD� SRGODJL
REVHÌQH� LQ�NRPSOHNVQH� VWUXNWXUDOQH� VHPDQWLNH� OLQJYLVWD
LQ� VHPLRWLND� $OJLUGDVD� -XOLHQD� *UHLPDVD� ������������
GR� NDWHUHJD� JRML� PRáQR� RVHEQR� DILQLWHWR�� $YWRULFD� SR�
QRYQR� NULWLáQR� RSR]RUL� QD� VODER� SR]QDYDQMH� *UHLPD�
VRYH�VHPLRWLáQR�VHPDQWLáQH�WHRULMH�Y�VUEVNL� IRONORULVWLNL�
HWQRORJLML� LQ� DQWURSRORJLML�� 7R� GHMVWYR� MH� ÊH� WROLNR� EROM
SUHVHQHWOMLYR��XJRWDYOMD�DYWRULFD��VDM�*UHLPDV�VSDGD�PHG
UHGNH� VWUXNWXUDOLVWH�� NL� VH� ODKNR� SRKYDOLMR� V� ÊWHYLOQLPL
QDVOHGQLNL� LQ� VYRMR� ODVWQR� �ÊROR��� W�� L�� SDULÈNR� ÈROR� VH�
PLRWLNH�� LQ� MH� UD]HQ� /pYL�6WUDXVVD� HGLQL� IUDQFRVNL� VHPL�
RWLN� LQ� VWUXNWXUDOLVW�� NL� PX� MH� QHN� DPHULÊNL� ]QDQVWYHQL
áDVRSLV�� QDPUHá�1HZ� /LWHUDU\�+LVWRU\�� SRVYHWLO� FHORWQR
WHPDWVNR�ÊWHYLONR�V�SULVSHYNL�XJOHGQLK�DYWRUMHY��NDNRU�VWD
GHQLPR� 3DXO� 5LF�XU� LQ� 8PEHUWR� (FR�� *UHLPDV� MH� ]
QDVOHGQLNL� UD]YLO� LQVWUXNWLYQR� VHPLRWLáQR� PHWRGR�� NL
RPRJRáD� SUHYHULWHY� LQ� SRQRYLWHY�� =�*UHLPDVRYR� VHPL�
RWLNR� DYWRULFD� SRNDÌH�� NDNR� VH� ODKNR� ]� XSRUDER� VWUXN�
WXUDOQH� DQDOL]H� SULGH� GR� LQRYDWLYQH� LQ� NYDOLWHWQH� LQWHU�
SUHWDFLMH�QHNH�IRONORUQH�QDUDFLMH�

&HORWQR� GHOR� LPD� VNXSQR�PHWRGRORÊNR� LQ� WHRUHWVNR
L]KRGLÊáH�� WR� MH� VWUXNWXUDOL]HP�� áHUDYQR� DSOLFLUDQ� QD
UD]OLáQH� QDáLQH� LQ� QDYGDKQMHQ� V� VWUDQL� UD]OLáQLK� VWUXN�
WXUDOLVWLáQLK� PLVOHFHY�� GHQLPR� 3URSSD�� /pYL�6WUDXVVD�
3LDJHWD� LQ� *UHLPDVD�� $YWRULFD� WDNR� SRNDÌH� SULPHU
DSOLNDFLMH� VWUXNWXUDOQH� DQDOL]H� Y� VUEVNR� IRONORULVWLNR� V
VWUDQL� IRONORULVWNH� LQ� ILORORJLQMH� 1DGH� 0LORÊHYLß� �� RU�
âHYLß�� QDGDOMH� SULPHU� DSOLNDFLMH� VWUXNWXUDOL]PD� V� VWUDQL
DPHULÊNH�IRONORULVWNH�LQ�SVLKRORJLQMH�%HYHUO\�&UDQH��LQ�Y
]DGQMHP�GHOX�SULPHU� DYWRULáLQH� ODVWQH� LQWHUSUHWDFLMH� OH�
JHQGH� R� VRVWDQRYDONLQL� VPUWL�� àH� REVWDMD� NDNÊQR� GLV�
FLSOLQDUQR�SROMH�� Y� NDWHUHP� MH� VWUXNWXUDOL]HP�QDÊHO� QDM�
YLGQHMÊR�� QDMGRVOHGQHMÊR�� QDML]áUSQHMÊR� REUDYQDYR�� SR�
WHP� MH� WR� SROMH� QHGYRPQR� IRONORULVWLND�� 5D]ORJ� ]D� SR�
PHPEHQ�SRORÌDM�VWUXNWXUDOL]PD�Y� IRONORULVWLNL� OHÌL�Y�NR�
OHNWLYQLK� REUD]FLK�� VWUXNWXUDK�� ]QDNRYQRVWL� LQ� IRUPDWLY�
QRVWL� IRONORUQLK�ÌDQURY��$YWRULFD� WDNR�SRNDÌH�QD�UD]QR�
OLNR�SHUVSHNWLYQRVW�VWUXNWXUDOQH�DQDOL]H�VDPH�NRW�WDNH��ÊH
SRVHEHM� SD� QD� NRQNUHWQHP�GLVFLSOLQDUQHP�SRGURáMX�� WR
MH� Y� IRONORULVWLNL�� NMHU� QDP� VWUXNWXUDOQD� DQDOL]D� UD]NULYD
SRPHQH� QHNH� IRONORUQH� QDUDFLMH� QD� GYHK� UDYQHK�� QD
GHNODUDWLYQL� UDYQL� DOL� QD� UDYQL� L]UD]D� R]LURPD� YVHELQH�
WHU� QD� JOREOML�� QHYLGQL� UDYQL� DOL� QD� UDYQL� GUXÌEHQHJD
VWUXNWXULUDQMD� QHNH� QDUDFLMH�� $YWRULFD� PHG� YUVWLFDPL
SUL]QDYD��GD�MH�GRVOHGQD�DSOLNDFLMD�VWUXNWXUDOL]PD�LQ�VH�
PLRWLNH�QD�SRGURáMH�IRONORULVWLNH�]DKWHYQD� WHRUHWVND�SD�
VLMDQVD� LQ� XWUXGOMLYD� PHWRGRORÊND� VHVWDYOMDQND� QDUDFLM�
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EHVHG��]QDNRY�LQ�SRPHQRY��YHQGDU�NOXE�WHPX�QH�VNULYD
XÌLWND�RE�L]YDMDQMX�WH�LQWHOHNWXDOQH�YDMH�

$QWURSRORÊNRVW�Y�EUDQMH�SUHGODJDQH�PRQRJUDILMH�MH�Y
WHP�� GD� GLVFLSOLQDUQR� SROMH� IRONORULVWLNH� SRGYUÌH� YHá�
SODVWQL� PHWRGRORÊNL�� WHRUHWVNL�� HSLVWHPRORÊNL� LQ� NRQ�
FHSWXDOQL� NULWLNL� QHNDWHULK� WUDGLFLRQDOQLK� SDUDGLJHP� LQ
SRNDÌH� QD� QHL]NRULÊáHQ� SRWHQFLDO� UHODFLMVNHJD� QDáLQD
PLÊOMHQMD�� NL� JD� YVHEXMHMR� LQWHUSUHWDFLMVNL� PRGHOL�� ND�
NUÊQH� VR� SRQXGLOL� )LQH�� 0LORÊHYLß� �� RUâHYLß�� &UDQH�
*UHLPDV� LQ� DYWRULFD� NQMLJH�� 9� WHP� YLGLPR� SUHVHÌHN�� NL
DYWRULFR� YRGL� RG� IRONORULVWLNH� N� DQWURSRORJLML� IRONORUH�
$QWURSRORJLMD�IRONORUH��NDNUÊQR�SUHGVWDYL�'UDJDQD�$QWR�
QLMHYLß�� VH� QDKDMD� Y� UHIOHNVLML� GLVFLSOLQDUQH� LQ� GUXÌEHQH
VNRQVWUXLUDQRVWL� IRONORULVWLNH�� QMHQLK� WHRULM�� LGHRORJLM� LQ
SUHGPHWRY�SUHXáHYDQMD��%LVWYR�DQWURSRORJLMH� IRONORUH� MH
RSUHGHOMHQR�]�ELVWYHQLP�VSR]QDYQLP�SRVWXODWRP�UD]áLÊ�
áHYDQMD�JHQHULáQHJD� UD]PHUMD� RSD]RYDOFD� GR�RSD]RYD�
QHJD�R]LURPD�R]DYHÊáDQMD�WHRUHWLND�GR�REMHNWD�WHRULMH��6
WHP� DYWRULFD� SUHVHÌH� ]OHSOMHQMH� R]LURPD� VSRMLWHY� UD]LV�
NRYDOFD� ]� REMHNWRP� UD]LVNRYDQMD�� NDU� VH� MH� YVH� SUHSR�
JRVWR� GRJDMDOR� IRONORULVWRP� Y� SUHWHNORVWL�� $QWURSRORJLMD
IRONORUH� DOL� IRONORULVWLNH� MH� WRUHM� QHNDNÊHQ� HSLVWHPRORÊNL
SUHPLN�Y�SHUVSHNWLYL�REUDYQDYDQMD�PHWRGRORÊNLK��WHRUHW�
VNLK�LQ�HPSLULáQLK�SUREOHPRY�Y�IRONORULVWLáQHP�SROMX�

)RONORULVWLND�MH�Y�SUHWHNORVWL�SRJRVWR�NRQVWUXLUDOD�VYR�
MH�SUHGPHWH�SUHXáHYDQMD��GHQLPR�XVWQR�L]URáLOR��GXKRY�
QR�LQ�PDWHULDOQR�NXOWXUR��ÊHJH�LQ�QDYDGH��EDMNH��OMXGVNH
OHJHQGH� LSG���� QH� GD� EL� UHIOHNWLUDOD� VYRMR� ODVWQR� VWUR�
NRYQMDÊNR�SR]LFLMR��VYRMH�SULMHPH�LQ�]QDQVWYHQH�PHWRGH
REMHNWLYDFLMH�� V� SRPRáMR� NDWHUH� VH� Y� ]QDQRVWLK� VSORK
ODKNR�PLVOLMR�GUXÌEHQL�IHQRPHQL��.QMLJD�'UDJDQH�$QWR�
QLMHYLß�QDV�SULSHOMH�Y�SROMH��NMHU�VH�IRONORULVWLND�NDÌH�NRW

GUXÌEHQR� VNRQVWUXLUDQD� DNDGHPVND� UHDOLWHWD�� ,Q� WX� MH
SRPHPEQD�HSLVWHPRORÊND�SRDQWD�DQWURSRORJLMH�IRONORUH�
WD� VH�QH�NRQVWLWXLUD�NRW� ]QDQRVW� LQ� YHGQRVW� ]JROM� V� WHP�
GD�UHIOHNWLUD��NRPHQWLUD�DOL�OH�GRNXPHQWLUD�OHJHQGH��EDM�
NH��SUDYOMLFH�DOL�NDNÊQR�GUXJR�VRGREQR�OMXGVNR�L]URáLOR�
SDá� SD� V� WHP�� NR� VL� ]DJRWRYL� XVWUH]HQ� LQWHUSUHWDWLYQL
KRUL]RQW�� V�NDWHUHJD� ODKNR�JOHGD�QD� VYRMR� ODVWQR� WHRUHW�
VNR�SUDNVR� LQ� MR�Y�SRVWRSNX�DYWRDQDOL]H�NULWLáQR�RYUHG�
QRWL�� 9� SULVWRSX� 'UDJDQH� $QWRQLMHYLß� N� IRONORULVWLNL� LQ
IRONORUL�MH�QHNDM�ERXUGLHXMHYVNHJD��3RNDÌH�QDPUHá��GD�QL
GUXÌEHQR�VNRQVWUXLUDQ�OH�VYHW�IRONORUQLK�ÌDQURY�LQ�QDUD�
WLYQLK� VWUXNWXU�� SDá� SD� WXGL� QMLKRYL� WHRUHWLNL� LQ� UD]LVNR�
YDOFL�� WRUHM� VDPL� IRONORULVWL�� NDWHULK� VNRQVWUXLUDQRVW� MH
RGYLVQD�RG�QMLKRYH�SR]LFLMH�Y��QDFLRQDOQR�]DPLÊOMHQHP�
GUXÌEHQHP�SURVWRUX��Y�SROMX�ODVWQH�GLVFLSOLQH�WHU�GUXJLK
GUXÌEHQLK� LQ� KXPDQLVWLáQLK� ]QDQRVWLK�� Y� ORNDOQL� DND�
GHPVNL� LQ� LQWHOHNWXDOQL� NOLHQWHOL�� Y� GLVWDQFL�� NL� MR� LPDMR
GR�VNXSQRVWQLK�LGHRORJLM�LQ�GUXJLK�HVHQFLDOL]LUDQLK�NDWH�
JRUL]DFLM��$YWRULFD�V�VYRMR�DQDOL]R�]QDQH�XUEDQH�OHJHQGH
R� VRVWDQRYDONLQL� VPUWL� LPSOLFLWQR�SRGD� WXGL�RGJRYRU� QD
YSUDÊDQMH��NDNR�VH�XáHQMDN��QDM�ER� WHRUHWLN� DOL�HPSLULN�
ODKNR� ]RSHUVWDYL� SRJRMHP� ODVWQH� GUXÌEHQH� VNRQVWUXLUD�
QRVWL�� ]RSHUVWDYL� VH� ODKNR� VDPR� WDNR�� GD� QHQHKQR
UHIOHNWLUD� VYRMH� ODVWQH� SR]LFLMH�� L]KRGLÊáD� LQ� SRáHWMD� Y
]QDQVWYHQHP�SRGMHWMX�� ,Q� WR� MH�DYWRULFL�SULáXMRáH�NQMLJH
]JOHGQR�XVSHOR��=D�YVH��NL�VH�]DQLPDMR�]D�IRONORUQH�QD�
UDFLMH�]�YLGLND�NXOWXUQH�R]LURPD�VRFLDOQH�DQWURSRORJLMH�
HWQRORJLMH��VRFLRORJLMH�DOL�VHPLRWLNH��MH�PRQRJUDILMD�'UD�
JDQH�$QWRQLMHYLß�]HOR�YUHGQR�UHIHUHQáQR�GHOR�
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