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/XFUDUHD�GH�ID �UHSUH]LQW �R�FRQWULEX LH�OD�FUHDUHD�PHGLLORU�
LQWHUDFWLYH� SHQWUX� UHDOL]DUHD� GHVLJQ�XOXL� YHVWLPHQWDU�� SULQ�
H[WLQGHUHD� XQXL� PRWRU� JUDILF� ED]DW� SH� XQ� VLVWHP� GH�
SDUWLFXOH� FDUH� SHUPLWH� VLPXODUHD� HV WXULORU�� 3UREOHPHOH�
WUDWDWH� vQ� DFHDVW � OXFUDUH� VH� FRQFHQWUHD] � DVXSUD� RSHUD LHL�
GH� W LHUH�� FkWHYD� GLQWUH� VXELHFWHOH� DERUGDWH� ILLQG�
PRGDOLW LOH�GH�HIHFWXDUH�D�RSHUD LHL�GH�W LHUH�D� HV WXULORU��
WHKQLFLOH�GH� LQWHUDF LXQH�XWLOL]DELOH� vQ�SURFHVXO�GH� W LHUH� úL�
LPSOLFD LLOH� DFHVWRUD� SUHFXP� úL� PRGHODUHD� SURFHVXOXL� GH�
GLVWUXJHUH�D�FRQVWUkQJHULL�GLQWUH�GRX �SDUWLFXOH� vQ�RSHUD LD�
GH�W LHUH��
&DWHJRULL�úL�GHVFULSWRUL�DL�VXELHFWHORU�
,�����>6LPXODWLRQ�DQG�0RGHOLQJ@��$SSOLFDWLRQV��
7HUPHQL�JHQHUDOL�
'HVLJQ��([SHULPHQWDWLRQ��3HUIRUPDQFH��
&XYLQWH�FKHLH�
6LVWHP� GH� SDUWLFXOH�� W LHUH�� VLPXODUH�� FRQVWUkQJHUH��
LQWHUDF LXQH��
��� ,1752'8&(5(�
0RWRDUHOH� JUDILFH� ED]DWH� SH� VLVWHPHOH� GH� SDUWLFXOH� DX� R�
JDP �ODUJ �GH�DSOLFD LL��&KLDU�GDF �FHD�PDL�SRSXODU �GLQWUH�
HOH�HVWH�UHSUH]HQWDW �GH�MRFXULOH�SH�FDOFXODWRU��vQ�VSHFLDO�OD�
QLYHOXO� UHDOL] ULL� HIHFWHORU� VSHFLDOH��� GH� R� GHRVHELW �
LPSRUWDQ � VXQW� úL� FHOH� GLQ� GRPHQLXO�PHGLFDO� >�@� úL� QX� vQ�
XOWLPXO�UkQG�FHOH�GLQ�GRPHQLXO�GHVLJQ�XOXL�YHVWLPHQWDU�>�@��
5HDOL]DUHD�FkW�PDL� ILGHO �D�XQXL�DWHOLHU�GH�FURLWRULH�YLUWXDO�
LPSOLF � SH� OkQJ � YL]XDOL]DUH� úL� VLPXODUH� �GH� HOHPHQWH�
VSHFLILFH�� IDOGXUL�� F GHUH� OLEHU �� HODVWLFLWDWH�� GXULWDWH��
JURVLPH�� FROL]LXQH� FX� DOWH� RELHFWH��� RSHUD LL� DVXSUD�
HV WXULORU��XQD�GLQ�SULQFLSDOHOH�RSHUD LL�ILLQG�FHD�GH�W LHUH��
6LVWHPHOH� H[LVWHQWH� RULHQWDWH� F WUH� VLPXODUHD� GH� HV WXUL�
YDULD] � vQ� SULQFLSDO� vQ� XUP WRDUHOH� DVSHFWH�� UHSUH]HQWDUHD�
HV WXULORU� �UH HOH� UHJXODWH� VDX� QHUHJXODWH� >�@�� >�@�� FX�
HOHPHQWXO� GH� ED] � WULXQJKL� VDX� SDWUXODWHU��� WHKQLFLOH� GH�
LQWHUDF LXQH� IRORVLWH� vQ� GLIHULWHOH� RSHUD LL� LPSOHPHQWDWH�
�LQIOXHQ DWH�vQ�SULPXO�UkQG�GH�GLVSR]LWLYXO�SHULIHULF�XWLOL]DW��
ELGLPHQVLRQDO� VDX� WULGLPHQVLRQDO�� DGLF � PRXVH�� WDEOHW��
UHVSHFWLY� JORYH�� VW\OXV��� � PRGDOLW LOH� GH� PRGLILFDUH�

LQWHUDFWLY � D� RELHFWHORU� �vQ� GRX � HWDSH�� PDUFDUHD� XQXL�
FRQWXU�SH�RELHFW��XUPDW �GH�W LHUHD�HIHFWLY �D�RELHFWXOXL�>�@��
>�@��VDX�vQWU�R�VLQJXU �HWDS ��SULQ�GLVWUXJHUHD�LQVWDQWDQHH�D�
OHJ WXULORU�>�@���
3kQ �vQ�PRPHQWXO�GH�ID �QX�V�D�J VLW�R�VROX LH�FDUH�V �ILH�
HILFLHQW �� UDSLG � úL� SUHFLV � úL� FDUH� WRWRGDW � V � RIHUH�
XWLOL]DWRUXOXL�FRQWUROXO�XúRU�DVXSUD�RSHUD LLORU��/XFUDUHD�GH�
ID �UHSUH]LQW �R�QRX �vQFHUFDUH�vQ�DFHDVW �GLUHF LH���3OHFkQG�
GH�OD�LPSOHPHQWDUHD�XQXL�PRWRU�JUDILF�úL�UHDOL]kQG�R�WUHFHUH�
vQ�UHYLVW �D�RS LXQLORU��OXFUDUHD�vQFHDUF �V �DOHDJ �R�VROX LH�
FDUH�V �ILH�vQ�SULPXO�UkQG�LQWXLWLY �SHQWUX�XWLOL]DWRUXO�XPDQ�
úL�FDUH�V �PD[LPL]H]H�SHUIRUPDQ HOH��
$UWLFROXO� HVWH� VWUXFWXUDW� vQ� WUHL� VHF LXQL�� 6HF LXQHD� ��
FXSULQGH� R� SUH]HQWDUH� GH� DQVDPEOX� D� PRWRUXOXL� JUDILF�
XWLOL]DW�� 6HF LXQHD� �� GHVFULH� RSHUD LD� GH� W LHUH� vQ� GHWDOLX��
VXEOLQLLQG� RS LXQLOH� DYXWH� vQ� PRPHQWXO� GH]YROW ULL� úL�
VROX LLOH� DOHVH� VSUH� GH]YROWDUH�� &RQFOX]LLOH� VXQW� H[SXVH� vQ�
VHF LXQHD����
��� 027258/�*5$),&�
0RWRUXO� JUDILF� XWLOL]DW� D� IRVW� UHDOL]DW� vQ� &���� XWLOL]kQG�
ELEOLRWHFD�JUDILF �2SHQ*/��0RWRUXO�DUH� FD� úL�FRPSRQHQW �
ORJLF �FHQWUDO �VLVWHPXO�GH�SDUWLFXOH��FDUH�HVWH�R�FROHF LH�GH�
RELHFWH� �UHSUH]HQWDWH� FD� R�PXO LPH� GH� SDUWLFXOH� XQLWH� SULQ�
LQWHUPHGLXO�XQRU�OHJ WXUL��DVXSUD�F URUD�VH�LPSXQ�R�VHULH�GH�
UHJXOL�� 6LVWHPXO� HVWH� DOF WXLW� GLQ� XUP WRDUHOH� HOHPHQWH�
VWUXFWXUDOH�� SDUWLFXOH�� H[WHQVLL� GH� SDUWLFXOH�� FRQVWUkQJHUL�
JOREDOH� �WUHEXLH� UHVSHFWDWH�GH� WRDWH�SDUWLFXOHOH�VLVWHPXOXL���
FRQVWUkQJHUL�VLPSOH��VH�DSOLF �XQHL�VXEPXO LPL�GLVWLQFWH�GH�
SDUWLFXOH� GLQ� FROHF LD� VLVWHPXOXL�� úL� HIHFWH�� 0DQLSXODUHD�
HOHPHQWHORU�VDOH�FRPSRQHQWH�HVWH�UHDOL]DW �SULQ�LQWHUPHGLXO�
PRGHOXOXL� PDWHPDWLF� FDUH� SRDUW � GHQXPLUHD� GH� LQWHJUDUHD�
9HUOHW� >�@�� $FHVWD� WUDWHD] � FROL]LXQLOH� SULQ� SURLHF LH��
UH]ROY �FRQVWUkQJHULOH�SULQ�UHOD[DUH�úL�PRGHOHD] �FRUSXULOH�
ULJLGH� SULQ� SDUWLFXOH� FX� FRQVWUkQJHUL�� )XQF LRQDUHD�
VLVWHPXOXL�GH�SDUWLFXOH�SUHVXSXQH�H[HFXWDUHD�XQHL�VHFYHQ H�
GH� SDúL�� ÌQ� RUGLQH� FURQRORJLF �� DFHDVWD� FRQVW � vQ�
DFWXDOL]DUHD�VLVWHPXOXL�GH�SDUWLFXOH�úL�D�FRPSRQHQWHORU�VDOH�
R�GDW �FX�WUHFHUHD�WLPSXOXL��XUPDW �GH�GHVHQDUHD�VLVWHPXOXL�
vQ�QRXD�VWDUH��DFWXDOL]DW ��
0RWRUXO�JUDILF�FXUHQW�FRQVWLWXLH�SXQFWXO�GH�SOHFDUH�DO�XQXL�
DWHOLHU� GH� GHVLJQ� YLUWXDO�� 2ELHFWHOH� JHRPHWULFH� UHJXODWH�
�VIHU �� FXE�� RFWDHGUX�� DU� SXWHD� IL� XWLOL]DWH� OD� FUHDUHD� XQXL�
PDQHFKLQ� YLUWXDO�� LDU� RELHFWH� SUHFXP� PHVK� �UH HD�� SODV ��



VDX� FKDLQ� �ODQ �� DU� SXWHD� VLPXOD� HV WXULOH� QHFHVDUH� OD�
FUHDUHD�XQRU�YHVWLPHQWD LL�SHQWUX�DFHVWD��
��� 7 ,(5($� (6 785,,�
���� 7HKQLFL�GH�W LHUH�
7 LHUHD� HV WXULORU� vQ� VFRSXO� UHDOL] ULL� GHVLJQ�XOXL�
YHVWLPHQWDU�� VH� SRDWH� HIHFWXD� vQ� GRX �PRGXUL� >�@�� ILH� SULQ�
GHVHQDUHD� XQHL� IRUPH�ELGLPHQVLRQDOH� SH� HV WXU �� RSHUD LH�
XUPDW �GH�GLVFUHWL]DUHD�DFHVWHLD��ILH�SULQ�VHOHFWDUHD�PDUJLQLL�
IRUPHL�GRULWH��SH�XQ�PDWHULDO�FDUH�HVWH�GHMD�GLVFUHWL]DW��
$�GRXD�VROX LH�HVWH�XQ�SURFHV�PDL�DSURSLDW�GH�RSHUD LD�GH�
W LHUH� GLQ� OXPHD� UHDO �� SHUPLWH� PHQ LQHUHD� VWUXFWXULL�
UHJXODWH�D� HV WXULL�úL�SRDWH�IL�LPSOHPHQWDW �PXOW�PDL�XúRU��
0RWLYHOH�PHQ LRQDWH�DQWHULRU��OD�FDUH�VH�DGDXJ �IDSWXO�F �VH�
SRUQHúWH�GH�OD�R�LPSOHPHQWDUH�GLVFUHWL]DW �D� HV WXULL��IDF�FD�
FHD� GH� D� GRXD� RS LXQH� VD� ILH� FHD� SH� FDUH� DP� DOHV�R� vQ�
SURFHVXO�GH�GH]YROWDUH��
3URFHVXO� GH� W LHUH� SRDWH� IL� UHDOL]DW� GLUHFW�� FRQFRPLWHQW� FX�
PLúFDUHD�RELHFWXOXL�FDUH�UHDOL]HD] �RSHUD LD��IRDUIHF ��FX LW��
HWF��� VDX� SRDWH� IL� VLPXODW� SULQ� FUHDUHD� XQXL� WLSDU� SH�
VXSUDID D�PDWHULDOXOXL�úL�GLVWUXJHUHD�FRQFRPLWHQW �D�WXWXURU�
OHJ WXULORU�H[LVWHQWH�vQWUH�SDUWLFXOHOH�DIODWH�OD�JUDQL D�GLQWUH�
FHOH� GRX � UHJLXQL�� &HD� GH� D� GRXD� YDULDQW � DU� SXWHD� IL�
DVHPXLW � FX� RSHUD LD� DXWRPDW � GH� W LHUH� GLQ� DWHOLHUHOH� GH�
FURLWRULH��YH]L�)LJXUD�����GDU�QX�HVWH�R�RSHUD LH�HIHFWXDW �vQ�
WLPS�UHDO��

�
)LJXUD����7 LHUHD�SULQ�FUHDUHD�XQXL�WLSDU�

&kQG� VH� UHDOL]HD] � SURFHVXO� GH� W LHUH�� H[WUDJHUHD� IRUPHL�
GRULWH� VH� SRDWH� HIHFWXD� SULQ� VHOHFWDUHD� PDUJLQLL� WLSDUXOXL��
([LVW � WRWRGDW � úL� DOWH� RS LXQL� FXP� DU� IL� H[WUDJHUHD� XQRU�
S U L�VDX�FUHDUHD�XQRU�J XUL�SH�EXFDWD�GH�PDWHULDO��
���� 7HKQLFL�GH�LQWHUDF LXQH�
7HKQLFLOH�GH�LQWHUDF LXQH�FDUH�V�DU�SRWULYL�RSHUD LHL�GH�W LHUH�
VXQW� VLPXODUHD� XQXL� FX LW� >�@�� UHSUH]HQWDW� FD� XQ� RELHFW�
ELGLPHQVLRQDO� �JURVLPHD�DFHVWXLD��FDUH�UHSUH]LQW �FHD�GH�D�
WUHLD� GLPHQVLXQH�� HVWH� LJQRUDW �� vQWU�R� VFHQ �
WULGLPHQVLRQDO �� VDX� IRORVLUHD� FXUVRUXOXL� GLVSR]LWLYXOXL�
PRXVH��
������ &X LWXO�YLUWXDO�
&X LWXO�YLUWXDO�SDUH�V �PRGHOH]H�PDL�ELQH�OXPHD�UHDO ��'DU�
vQ�DFHVW�FD]��VXSUDID D�FDUH�UHDOL]HD] �SURSULX�]LV�W LHUHD�QX�
HVWH� XQ� SXQFW�� FL� XQ� VHJPHQW� GH� GUHDSW �� DFHDVWD� LPSOLF �
GLVWUXJHUHD� FRQFRPLWHQW � D� PDL� PXOWRU� OHJ WXUL� GLQWUH�
SDUWLFXOH�� ÌQ� VLWXD LLOH� UHDOH�� FkQG� W LHUHD� VH� UHDOL]HD] �

PDQXDO�� I U � GHVHQDUHD� vQ� SUHDODELO� D� XQXL� WLSDU�� RELHFWXO�
IRORVLW�HVWH�GH�RELFHL�R�IRDUIHF �úL�LPSOLF �GLVWUXJHUHD�OD�XQ�
PRPHQW�GDW�D�XQHL�VLQJXUH�FRQVWUkQJHUL���
������ &XUVRUXO�GLVSR]LWLYXOXL�PRXVH�
'LVSR]LWLYXO� PRXVH� HVWH� DOHJHUHD� FHD� PDL� GHV� vQWkOQLW � vQ�
PDMRULWDWHD� RSHUD LLORU� GLQ� VLVWHPHOH� H[LVWHQWH�� &XUVRUXO�
SHUPLWH� GLVWUXJHUHD� XQHL� VLQJXUH� OHJ WXUL� GLQWUH� GRX �
SDUWLFXOH� OD� XQ� PRPHQW� GDW�� 3UREOHPD� PDMRU � vQ� FD]XO�
GLVSR]LWLYXOXL�PRXVH�HVWH�F �SHUPLWH�GRDU�R�PLúFDUH�vQWU�XQ�
VSD LX� ELGLPHQVLRQDO�� LDU� QRL� DYHP� QHYRLH� GH� R� PLúFDUH�
WULGLPHQVLRQDO �� /D� DFHDVWD� VH� DGDXJ � PRGDOLWDWHD� GH�
PDSDUH� GLQ� VSD LXO� HFUDQ� vQ� VSD LXO� YLUWXDO�� PDSDUH� FDUH�
WUHEXLH� V � VH� IDF � GLIHUHQ LDW�� vQ� IXQF LH� GH� SR]L LD�
FXUVRUXOXL�vQ�FHD�GH�D�WUHLD�GLPHQVLXQH��
6LPXODUHD� PLúF ULL� FXUVRUXOXL� PRXVH� vQ� FHD� GH� D� WUHLD�
GLPHQVLXQH�V�DU�SXWHD�UHDOL]D�SULQ�LQWHUPHGLXO�UROHL��VFUROO��
GLVSR]LWLYXOXL� PRXVH�� 2� YL]XDOL]DUH� D� DFHVWHL� PLúF UL� DU�
LPSOLFD� FUHDUHD� XQHL� QRL� YHGHUL� D� VFHQHL�� 1RXD� YHGHUH� DU�
SXWHD�IL�RE LQXW �SULQ�URWLUHD�vQWUHJLL�VFHQH�FX���R�� vQ�MXUXO�
D[HL�2\���
,PSOHPHQWDUHD� DFHVWHL� VROX LL� D� vQWkPSLQDW� XUP WRDUHOH�
REVWDFROH�� QX� WRDWH� VLVWHPHOH� VXQW� GRWDWH� FX� PRXVH� FX��
VFUROO� úL� */87� $3,� >�@�� SH� ED]D� F UXLD� HVWH� FRQVWUXLW�
PRWRUXO�JUDILF��QX�DUH�IXQF LL�FDUH�V �SHUPLW �XWLOL]DUHD�UROHL�
GLVSR]LWLYXOXL� PRXVH�� 'LQ� PRWLYH� GH� SRUWDELOLWDWH� QX� V�D�
GRULW� XWLOL]DUHD� DOWHL� LQWHUIH H� SURJUDPDWRU� SHQWUX� FDSWDUHD�
HYHQLPHQWHORU� GH� OD� XWLOL]DWRU�� 7RWRGDW �� PDSDUHD�
FRRUGRQDWHORU�FXUVRUXOXL�GLQ�VSD LXO�HFUDQ�vQ�VSD LXO�YLUWXDO�
DU� IL� WUHEXLW� V � VH� UHDOL]H]H� GLIHUHQ LDW� úL� vQ� IXQF LH� GH�
GLPHQVLXQHD�IHUHVWUHL���
/XkQG�vQ�FRQVLGHUDUH�IDSWXO�F � HV WXULOH�VXQW�VXSUDIH H��VH�
SRDWH� UHDOL]D� R� PDSDUH� D� SXQFWHORU� GLQ� VLVWHPXO� GH�
FRRUGRQDWH�DO�FXUVRUXOXL�SH�SDUWLFXOHOH� HV WXULL�>�@��$FHDVW �
DERUGDUH� HFKLYDOHD] � FX� DQFRUDUHD� GLVSR]LWLYXOXL� GH� W LHUH�
GH� VXSUDID D� HV WXULL�� 'H]DYDQWDMXO� PDMRU� DO� DFHVWHL�
DERUG UL� HVWH� UHVWUkQJHUHD� VSD LXOXL� GH� DF LXQH� DO�
GLVSR]LWLYXOXL�OD�XOWLPD�FRPSRQHQW �FRQH[ �D� HV WXULL��
������ 6ROX LD�KLEULG ��FXUVRUXO�YLUWXDO�
3OHFkQG� GH� OD� WHKQLFLOH� SUH]HQWDWH� DQWHULRU�� FDUH� SUH]LQW �
ILHFDUH�DYDQWDMH�úL�GH]DYDQWDMH�HL��V�D�DMXQV�OD�FRQFOX]LD�F �
VROX LD�FHD�PDL�EXQ �DU�IL�R�FRPELQD LH�D�FHORU�GRX ��3HQWUX�
DFHDVWD� VH� VLPXOHD] � FXUVRUXO� PRXVH� SULQWU�XQ� RELHFW�
UHSUH]HQWDW� vQ� VFHQ � VXE� IRUPD� XQHL� VIHUH� PLFL�� GH�
GLPHQVLXQHD�FXUVRUXOXL��$FHDVW � VIHU �YD� IL�FXWWHU�XO�� FDUH�
YD�IL�PRGHODW�SXQFWLIRUP�vQ�RSHUD LD�GH�W LHUH��
7UDQVOD LD� vQ� SODQXO� ;<� VH� HIHFWXHD] � SULQ� LQWHUPHGLXO�
PLúF ULORU�GLVSR]LWLYXOXL�PRXVH��GXS �DFWLYDUHD�vQ�SUHDODELO�
D�XQXL�EXWRQ�GLQ�IHUHDVWUD�DSOLFD LHL��3H�DFHODúL�SULQFLSLX�VH�
ED]HD] �úL�PLúFDUHD�SH�D[D�2]��GDU�HVWH�QHFHVDU �DFWLYDUHD�
DOWXL�EXWRQ��
���� $SUR[LPDUHD�RSHUD LHL�
9RP� DQDOL]D� W LHUHD� XQHL� OHJ WXUL�� LJQRUkQG�



GLPHQVLRQDOLWDWHD� VSD LXOXL� vQ�FDUH� OXFU P��2� OHJ WXU �HVWH�
UHSUH]HQWDW � YL]XDO� FD� XQ� VHJPHQW� GH� GUHDSW �� FDUH�XQHúWH�
GRX � SDUWLFXOH�� ÌQ� FD]XO� UHDO�� R� OHJ WXUD� HVWH� GLVWUXV � vQ�
PRPHQWXO�vQ�FDUH�IRDUIHFD�VDX�GLVSR]LWLYXO�GH�W LHUH�XWLOL]DW�
LQWU � HIHFWLY� vQ� FRQWDFW� FX� UHVSHFWLYD� OHJ WXU �� ÌQ� FD]XO� vQ�
FDUH�GLVSR]LWLYXO�GH�W LHUH�HVWH�PRGHODW�SXQFWLIRUP��SHQWUX�
FD� FHOH� PHQ LRQDWH� DQWHULRU� V � ILH� DSOLFDELOH�� SR]L LD�
GLVSR]LWLYXOXL�WUHEXLH�V �DSDU LQ �HIHFWLY�OHJ WXULL��2SHUkQG�
vQWU�XQ� PHGLX� GLVFUHW�� DFHVW� OXFUX� HVWH� SRVLELO�� GDU� WRWXúL�
GLILFLO�GH�UHDOL]DW�SHQWUX�XWLOL]DWRUXO�XPDQ��&D�XUPDUH��VH�YD�
IRORVL� R� DSUR[LPDUH�� GLVWDQ D� GH� OD� SXQFWXO� GH� UHIHULQ � DO�
W LHULL� OD� OHJ WXU � WUHEXLH� V � ILH� PDL� PLF � GHFkW� XQ� SUDJ�
VWDELOLW� vQ� SUHDODELO� SHQWUX� D� SXWHD� DILUPD� F � GLVWUXJHUHD�
OHJ WXULL� UHVSHFWLYH� D� IRVW� UHDOL]DW � FX� VXFFHV�� $FHVW� SUDJ�
HVWH� GHWHUPLQDW� OXkQG� vQ� FRQVLGHUDUH� � DWkW� vQGHPkQDUHD�
XWLOL]DWRUXOXL� XPDQ� FkW� úL� JUDGXO� GH� SUHFL]LH� QHFHVDU�
RSHUD LHL�FDUH�VH�H[HFXW ��
5H]XOWDWXO� RSHUD LHL� HVWH� LQIOXHQ DW� WRWRGDW � GH� PRGXO� GH�
FDOFXODUH� DO� GLVWDQ HL� GH� OD� XQ� SXQFW� OD� XQ� VHJPHQW� GH�
GUHDSW ��&D]XO�vQ�FDUH�SHUSHQGLFXODUD�GLQ�SXQFWXO�GH�W LHUH�
SH� GUHDSW � DSDU LQH� VHJPHQWXOXL� HVWH� WUDWDW� LGHQWLF� vQ�
DPEHOH� PRGXUL�� 'LIHUHQ D� DSDUH� FkQG� DFHDVW � SHUSHQ�
GLFXODU �VH�VLWXHD] �vQ�H[WHULRUXO�VHJPHQWXOXL��R�PRGDOLWDWH�
DU� IL� FRQVLGHUDUHD� GLVWDQ HL� FD� LQILQLW �� LDU� D� GRXD� DU� IL�
FDOFXODUHD� GLVWDQ HL� GH� OD� GLVSR]LWLYXO� GH� W LHUH� SkQ � OD�
SXQFWXO� FHO�PDL� DSURSLDW� GH� DFHVWD�� FDUH� FRLQFLGH� FX� XQXO�
GLQ�FDSHWHOH�VHJPHQWXOXL��1XP UXO�GH�OHJ WXUL�GLVWUXVH�HVWH�
XQX�vQ�FD]XO�GLVWDQ HL�LQILQLWH�úL�SRDWH�DMXQJH�SkQ �OD�JUDGXO�
GH� FRQHFWLYLWDWH� DO� SDUWLFXOHL� FDUH� UHSUH]LQW � FDS WXO�
VHJPHQWXOXL�vQ�FHO�GH�DO�GRLOHD�FD]��GDF �GLVWDQ D�FDOFXODW �
HVWH� PDL� PLF � GHFkW� SUDJXO� DOHV�� ÌQ� VROX LD� SURSXV ��
XWLOL]DWRUXO�SRDWH�DOHJH�PRGDOLWDWHD�GH�FDOFXODUH��
���� &RQVHFLQ HOH�RSHUD LHL�GH�W LHUH�
0RGHODUHD� GLVWUXJHULL� OHJ WXULL� GLQWUH� GRX � SDUWLFXOH� VH�
SRDWH� UHDOL]D�ILH�SULQ�VLPSOD�GLVWUXJHUH�D�FRQVWUkQJHULL�� ILH�
SULQ� GLVWUXJHUHD� FRQVWUkQJHULL� XUPDW � GH� FUHDUHD� D� GRX ��
SDUWLFXOH� vQ� SXQFWXO� GH� W LHUH�� OD� FDUH� VH� DGDXJ � FUHDUHD�
FRQVWUkQJHULORU�FRUHVSXQ] WRDUH�LQWHJU ULL�QRLORU�SDUWLFXOH��
ÌQ�PRGXO�LGHDO��DOHJHUHD�RS LXQLL�V�DU�IDFH�DGDSWLY��OD�UXODUH��
vQ�IXQF LH�GH�GHQVLWDWHD�GH�SDUWLFXOH��$VWIHO��vQ�FD]XO�vQ�FDUH�
DYHP�GH�D� IDFH�FX�R�GHQVLWDWH�PDUH�GH�SDUWLFXOH��UHVSHFWLY�
GLVWDQ D� GLQWUH� GRX � SDUWLFXOH� HVWH� PLF �� VH� SRDWH� IRORVL�
VLPSOD�GLVWUXJHUH�D�FRQVWUkQJHULL��LDU�vQ�FD]XO�vQ�FDUH�DYHP�
GH�D�IDFH�FX�R�GHQVLWDWH�PLF �GH�SDUWLFXOH��VH�SRDWH�XWLOL]D�
FHD�GH�D�GRXD�YDULDQW ��
3HQWUX� ODQ XO� GH� SDUWLFXOH�� UHSUH]HQWDW� FD� XQ� WDEORX�
XQLGLPHQVLRQDO�� FUHDUHD� XQRU�QRL� SDUWLFXOH� úL� LQVHUDUHD� ORU�
vQ� WDEORX�VH�SRDWH�UHDOL]D� IDFLO��DúDGDU�DOHJHUHD�RS LXQLL�VH�
SRDWH� IDFH� vQWU�DGHY U� DGDSWLY��&UHDUHD� QRLORU� SDUWLFXOH� VH�
SRDWH�IDFH�OD�PLMORFXO�OHJ WXULL�GLVWUXVH�VDX�FKLDU�vQ�SXQFWXO�
GH� W LHUH�� 3HQWUX� D� HYLWD� FUHDUHD� XQHL� GHQVLW L� PDUL� GH�
SDUWLFXOH��D�IRVW�DOHDV �SULPD�PRGDOLWDWH��5H]XOWDWXO�SRDWH�IL�
YL]XDOL]DW�vQ�)LJXUD����

�
)LJXUD����5H]XOWDWH�H[SHULPHQWDOH��GLVWUXJHUHD�DGDSWLY �D�

FRQVWUkQJHULORU�vQ�FD]XO�ODQ XOXL�GH�SDUWLFXOH��
�
ÌQ� FD]XO� UH HOHL� GH� SDUWLFXOH� �PHVK��� GRDU� SULPD� RS LXQH�
SRDWH� IL� XWLOL]DW �� GHRDUHFH� UH HDXD� HVWH� UHSUH]HQWDW � FD� R�
PDWULFH�GH�SXQFWH��XQGH�ILHFDUH�SDUWLFXO �DUH�R�FRQHFWLYLWDWH�
GH� ��� ,QWURGXFHUHD� SDUWLFXOHORU� úL� D� FRQVWUkQJHULORU� FRUHV�
SXQ] WRDUH� DU� LPSOLFD� FRQHFWLYLWDWH� YDULDELO � �YH]L� )LJXUD�
�����

�
)LJXUD����&UHDUHD�FRQHFWLYLW LL�YDULDELOH��

�
5HJXODULWDWHD� UH HOHL�� QHFHVDU � SHQWUX� R� RSHUDUH� XúRDU � úL�
UDSLG � DVXSUD�HOHPHQWHORU��QX�SHUPLWH� LQWURGXFHUHD�GH�QRL�
SDUWLFXOH�GXS �PHWRGD�SUH]HQWDW �DQWHULRU���3DUWLFXOH�QRL�DU�
SXWHD�IL�DG XJDWH�GRDU�GDF �VH�UHQXQ �OD�UHSUH]HQWDUHD�VXE�
IRUPD� GH� PDWULFH� D� UH HOHL�� $SOLFDUHD� WH[WXULL� SH� HV WXU �
HVWH� SURFHVXO� FHO� PDL� DIHFWDW� GH� P ULUHD� FRQHFWLYLW LL�
SDUWLFXOHORU��
2SHUD LD� GH� W LHUH� DUH� FRQVHFLQ H� úL� DVXSUD� H[WHQVLLORU� GH�
SDUWLFXOH�� 2� H[WHQVLH� GH� SDUWLFXOH� HVWH� R� VXEPXO LPH� GH�
SDUWLFXOH� FDUH� SRDWH� IL� PDL� XúRU� PDQHYUDW �� 2� HV WXU �
UHSUH]HQWDW � VXE� IRUP � GH� UH HD� IRUPHD] � R� H[WHQVLH� GH�
SDUWLFXOH�� ÌQ� PRPHQWXO� vQ� FDUH� UHDOL] P� W LHUHD� XQXL�
PDWHULDO� SXWHP� DMXQJH� vQ� VLWXD LD� vQ� FDUH� DYHP� GRX �
VXEPXO LPL�GLVMXQFWH�GH�SDUWLFXOH��([LVW �GRX �RS LXQL��FHOH�
GRX � VXEPXO LPL� V � ILH� SULYLWH� vQ� FRQWLQXDUH� FD� R� VLQJXU �
H[WHQVLH�� VDX� R� QRX � H[WHQVLH� VD� ILH� FUHDW � SHQWUX�XQD� GLQ�
VXEPXO LPL��'DF �W LHUHD�DUH�FD�VFRS�UHDOL]DUHD�XQRU�IRUPH��
FUHDUHD�GH�QRL�H[WHQVLL�HVWH�IRDUWH�XWLO ��GHRDUHFH�SHUPLWH�R�
XúRDU � HOLPLQDUH� D� UHVWXULORU� �YH]L� )LJXUD� ���� 3H� GH� DOW �
SDUWH��DFHDVW �RSHUD LH�DU�SUHVXSXQH�R�YHULILFDUH�FRQWLQX �D�
DSDUL LHL� XQRU� VXEPXO LPL� GLVMXQFWH� DOH� PXO LPLL� LQL LDOH��
FHHD�FH�DU�FRQGXFH�OD�VF GHUHD�YLWH]HL�GH�SURFHVDUH��
ÌQ� FD]XO� GH� ID �� ILHFDUH� H[WHQVLH� HVWH� FDUDFWHUL]DW � GH� XQ�



QXPH�� FDUH� R� LGHQWLILF � XQLF�� 6HOHF LD� RELHFWXOXL� DVXSUD�
F UXLD� GRULP� V � DSOLF P� GLIHULWH� RSHUD LL� �GH� H[HPSOX�
W LHUHD�� VH� IDFH� SULQ� VHOHFWDUHD� QXPHOXL� H[WHQVLHL� GLQ� OLVWD�
FX�RELHFWHOH�H[LVWHQWH�vQ�LPDJLQH��&kQG� HV WXUD�LQL LDO �HVWH�
IRUPDW � GLQ� 1[0� SDUWLFXOH�� VH� SRW� RE LQH� SkQ � OD� 1[0�
H[WHQVLL��'DF �SHQWUX�ILHFDUH�H[WHQVLH�WUHEXLH�FUHDW�XQ�QXPH�
SH�FDUH�V �vO�DG XJ P�vQ�OLVWD�GH�RELHFWH��XWLOL]DWRUXO�XPDQ�
YD� IL� FRSOHúLW��'H�DFHHD� VH�SUHIHU �PHQ LQHUHD�SDUWLFXOHORU�
vQ�FDGUXO�DFHOHLDúL�H[WHQVLL��
���� 1HWH]LUHD�PDWHULDOXOXL�
'DF �GHQVLWDWHD�GH�SDUWLFXOH�GLQ� HV WXU �HVWH�GHVWXO�GH�PLF �
úL� VH� GRUHúWH� UHDOL]DUHD� XQHL� IRUPH� FDUH� VD� ILH� IRORVLW � SH�
XUP � OD� FUHDUHD� XQHL� KDLQH�� vQ� XQHOH� FD]XUL� HVWH� QHFHVDU �
QHWH]LUHD�PDUJLQLORU�PDWHULDOXOXL��YH]L�)LJXUD�����
>�@� SURSXQH� R� VROX LH� SHQWUX� QHWH]LUHD�PDUJLQLORU� ]LP DWH��
6H� VHOHFWHD] � SDUWLFXOHOH� GH� SH� PDUJLQHD� FDUH� QHFHVLW �
QHWH]LUH��DFHVWH�SXQFWH�YRU�UHSUH]HQWD�SXQFWH�GH�FRQWURO��3H�
ED]D� DFHVWRU� SXQFWH� VH� FDOFXOHD] � FXUED� %H]LHU� GH�
LQWHUSRODUH�� LDU� SDUWLFXOHOH� GH� SH� PDUJLQH� VXQW� PXWDWH� SH�
DFHDVWD�FXUE ��&XUEHOH�%H]LHU�VXQW�SUHIHUDWH�GHRDUHFH�VXQW�
XúRU� GH� LPSOHPHQWDW� úL� VXQW� QLúWH� LQVWUXPHQWH� SXWHUQLFH�
SHQWUX�GHVHQDUHD�FXUEHORU��'LQ�S FDWH��QHWH]LUHD�XQHL�IRUPH�
QX� SRDWH� IL� DXWRPDWL]DW � GHRDUHFH� QX� WRDWH� PDUJLQLOH�
QHFHVLW �QHWH]LUH���
1HWH]LUHD� HVWH� PXOW� PDL� XúRU� GH� UHDOL]DW� vQ� VLVWHPHOH� GH�
SDUWLFXOH� XQGH� VH� OXFUHD] � FX� FRQHFWLYLWDWH� GH� ��� VDX� vQ�
VLVWHPHOH� FDUH� VH� ED]HD] � SH� R� UH HD� WULXQJKLXODU �
QHUHJXODW � >�@��5H HOHOH� QHUHJXODWH� SHUPLW�PRGHODUHD� XQRU�
IRUPH� PDL� FRPSOLFDWH�� FDUH� SRW� FRQ LQH� FXUEXUL� FX� XQ�
QXP U�VF ]XW�GH�SDUWLFXOH��'H]DYDQWDMXO�FRQHFWLYLW LL�GH���
HVWH� WLPSXO� GH� SURFHVDUH� PDL� PDUH�� 'DF � VH� IRORVHúWH� R�
HV WXU � IRUPDW � GLQ� SDUWLFXOH� FX� R� GHQVLWDWH� IRDUWH� PDUH��
QHWH]LUHD�V�DU�SXWHD�V �QX�ILH�QHFHVDU ��

����������������� �
)LJXUD����5H]XOWDWH�H[SHULPHQWDOH��GLVWUXJHUHD�
FRQVWUkQJHULORU�vQ�FD]XO�UH HOHORU�GH�SDUWLFXOH�

���� $XWRPDWL]DUHD�W LHULL�
8QD� GLQ� FDUDFWHULVWLFLOH� DWHOLHUHORU� GH� FURLWRULH� HVWH�
DXWRPDWL]DUHD�RSHUD LHL�GH�W LHUH�GXS �XQ�úDEORQ�SUHVWDELOLW��

ÌQ� FD]XO� DWHOLHUXOXL� YLUWXDO�� DFHDVWD� V�DU� SXWHD� UHDOL]D� SULQ�
FLWLUHD� XQRU� ILúLHUH� FDUH� VD� FRQ LQ � GHVFULHUHD� JHRPHWULHL�
WLSDUXOXL�>�@��$FHVW�WLSDU�DU�IL�GHVHQDW�SH� HV WXUD�DOHDV ��LDU�
W LHUHD�HIHFWLY � V�DU� UHDOL]D�SULQ�DS VDUHD�XQXL�EXWRQ��FDUH�
DU�GLVWUXJH�LQVWDQWDQHX�OHJ WXULOH�PDUFDWH��
��� &21&/8=,,�
/XFUDUHD� D� SUH]HQWDW� R� PHWRG � GH� W LHUH� vQ� WLPS� UHDO� D�
HV WXULORU� YLUWXDOH� vQWU�XQ� VSD LX� JHRPHWULF� FRPSOH[��
8WLOL]kQG� XQ� PRWRU� JUDILF� ED]DW� SH� LQWHJUDUHD� 9HUOHW��
PHWRGD� D� IRVW� LPSOHPHQWDW � vQ� &���� IRORVLQG� OLEU ULD�
JUDILF �2SHQ*/� úL� SHQWUX� YL]XDOL]DUH�*/87�$3,�� 6FRSXO�
PHWRGHL�D�IRVW�R�VLPXODUH�FkW�PDL�ILGHO �D�RSHUD LHL�GH�W LHUH�
UHDOH�� HOLPLQkQG� QHFHVLWDWHD� GHILQLULL� vQ� SUHDODELO� D� XQXL�
FRQWXU� GH� W LHUH�� ,QWHUDF LXQHD� FX� XWLOL]DWRUXO� V�D� UHDOL]DW�
SULQ� LQWHUPHGLXO� XQXL� RELHFW� UHSUH]HQWDW� vQ� VSD LXO� YLUWXDO��
RELHFW�D�F UXL�PLúFDUH�HVWH�UHDOL]DW �FX�GLVSR]LWLYXO�PRXVH��
$FHDVW �VROX LH�QX�QHFHVLW �HFKLSDPHQWH�VXSOLPHQWDUH��GHFL�
HVWH�YLDELO �SHQWUX�RULFH�XWLOL]DWRU�vQ]HVWUDW�FX�XQ�3&��(WDSD�
XUP WRDUH� HVWH� UHDOL]DUHD� RSHUD LHL� GH� FRDVHUH� D� IRUPHORU�
JHQHUDWH�DQWHULRU��
��� 5()(5,1 (�
>�@� %UX\QV��&��'���6HQJHU��6���,QWHUDFWLYH�FXWWLQJ�RI��'�

VXUIDFH�PHVKHV��&RPSXWHU	*UDSKLFV������������
���������

>�@� 'XUXSQDU��)���$��'�JDUPHQW�GHVLJQ�DQG�VLPXODWLRQ�
V\VWHP�������0DVWHUV�GHJUHH�7KHVLV��%LONHQW�8QLYHUVLW\��
$QNDUD��7XUNH\�������

>�@� 6SDQODQJ��%���9DVVLOHY��7�,���(IILFLHQW�&ORWK�0RGHOLQJ�
IRU�'UHVVLQJ�$QLPDWHG�9LUWXDOO\�3HRSOH�������

>�@� 6]HOLVNL��7���7RQQHVHQ��'���6XUIDFH�0RGHOLQJ�ZLWK�
2ULHQWHG�3DUWLFOH�6\VWHPV��$&0�6\PS��&RPSXWHU�
*UDSKLFV��6LJJUDSK�����������������

>�@� 7KDOPDQQ��1�0���9ROLQR��3���'HYHORSLQJ�6LPXODWLRQ�
7HFKQLTXHV�IRU�DQ�,QWHUDFWLYH�&ORWKLQJ�6\VWHP��,Q�
3URFHHGLQJV�RI�WKH������,QWHUQDWLRQDO&RQIHUHQFH�RQ�
9LUWXDO�6\VWHPV�DQG�0XOWLPHGLD�������

>�@� 7KDOPDQQ��1�0���9ROLR��3���,QWHUDFWLYH�&ORWK�
6LPXODWLRQ��3UREOHPV�DQG�6ROXWLRQV��
KWWS���ZZZ�PLUDODE�XQLJH�FK�SDSHUV����SGI�

>�@� :RQJ.&��6LQ�7<��+HQJ�3��,QWHUDFWLYH�YROXPH�FXWWLQJ��
,Q�3URFHHGLQJV�RI�WKH�*UDSKLFV�,QWHUIDFH������
&RQIHUHQFH���9DQFRXYHU��&DQDGD��-XQH��������������
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