
&DSLWROR �

(XULVWLFKH SHU OD VROX]LRQH GL
SUREOHPL GL RWWLPL]]D]LRQH
FRPELQDWRULD

,O WHUPLQH (XULVWLFD� GDO JUHFR HXULVWLNHLQ  VFRSULUH� LQGLFD XQ PHWRGR �DOJRULWPLFR� SHU OD ULFHUFD GL
VROX]LRQL DPPLVVLELOL �QRQ QHFHVVDULDPHQWH RWWLPH� GL XQ SUREOHPD GL RWWLPL]]D]LRQH� 6H L YLQFROL R
OD IXQ]LRQH RELHWWLYR GHO SUREOHPD KDQQR XQD TXDOFKH SDUWLFRODUH VWUXWWXUD VL tH WDOYROWD LQ JUDGR GL
VYLOXSSDUH DOJRULWPL HpFLHQWL FKH WURYDQR OD VROX]LRQH RWWLPD LQ WHPSL UDJLRQHYROL DQFKH SHU SUREOHPL
GL JUDQGH GLPHQVLRQH� (VHPSL GL VLmDWWL SUREOHPL VRQR LO SUREOHPD GHO FDPPLQR PLQLPR LQ XQ JUDIR
H LO SUREOHPD GHO PDVLLPR oXVVR� ,Q PROWL FDVL� WXWWDYLD� QRQ VRQR QRWL PHWRGL HpFLHQWL� H FL VL GHYH
DFFRQWDQWDUH GL DSSOLFDUH PHWRGL JHQHUDOL TXDOL DG HVHPSLR LO EUDQFK�DQG�ERXQG� 3XUWURSSR� TXDQGR OD
GLPHQVLRQH GHO SUREOHPD FUHVFH� LO PHWRGR GHO EUDQFK�DQG�ERXQG SRWUHEEH ULFKLHGHUH OD JHQHUD]LRQH GL
XQ QXPHUR WURSSR HOHYDWR GL VRWWRSUREOHPL� H TXLQGL QRQ FRQYHUJHUH LQ WHPSR UDJLRQHYROH�

3HU SUREOHPL GL TXHVWR WLSR� DOO
DXPHQWDUH GHOOH GLPHQVLRQL FL VL GHYH VSHVVR DFFRQWHQWDUH GL PHWRGL
FKH QRQ DVVLFXUDQR O
RWWLPDOLWtD GHOOH VROX]LRQL WURYDWH � OH HXULVWLFKH� DSSXQWR � PD FKH SURGXFRQR VROX]LRQL
GL �TXDOLWtD� UDJLRQHYROH� ,Q JHQHUDOH� VH =e tH LO YDORUH GHOOD VROX]LRQH RWWLPD GHO SUREOHPD GDWR �VXSSRVWR
GL PLQLPL]]D]LRQH� SHU nVVDUH OH LGHH� H =( tH LO YDORUH GHOOD VROX]LRQH WURYDWD GDOOD QRVWUD HXULVWLFD� VDUtD
=( w =e� ,O SXQWR FUXFLDOH tH FKH OD VROX]LRQH HXULVWLFD SRWUHEEH HVVHUH RWWLPD �RYYHUR =(  =e�� PD QRL
QRQ VLDPR LQ JUDGR GL GLPRVWUDUQH O
RWWLPDOLWtD� 4XHVWD tH OD GLmHUHQ]D VRVWDQ]LDOH IUD PHWRGL HXULVWLFL H
PHWRGL HVDWWL �FRPH LO EUDQFK�DQG�ERXQG�� VH LO PHWRGR HVDWWR KD LO WHPSR VXpFLHQWH D WHUPLQDUH OH VXH
LWHUD]LRQL� OD VROX]LRQH nQDOH tH XQD VROX]LRQH RWWLPD�

$OFXQL WLSL GL HXULVWLFKH IRUQLVFRQR XQ ULVXOWDWR JDUDQWLWR QHO VHQVR FKH tH SRVVLELOH GLPRVWUDUH FKH OD
VROX]LRQH SURGRWWD KD XQD YDORUH FKH tH DO SLtX m YROWH OD VROX]LRQH RWWLPD �FRQ m ! ��� RYYHUR =( � m=e�

3LtX VSHVVR LO ULVXOWDWR GHOOH HXULVWLFKH QRQ tH JDUDQWLWR� H OD VROX]LRQH SURGRWWD SRWUHEEH DYHUH XQ YDORUH
PROWR PDJJLRUH GHOOD VROX]LRQH RWWLPD� 3HU SRWHU YDOXWDUH OD TXDOLWtD GL XQ
HXULVWLFD SHU XQ SUREOHPD GDWR� L
ULFHUFDWRUL KDQQR PHVVR D SXQWR XQ PHWRGR GHWWR GL EHQFKPDUNLQJ� 6L WUDWWD VHPSOLFHPHQWH GL XWLOL]]DUH
GHOOH OLEUHULH GL LVWDQ]H GHO SUREOHPD FRQVLGHUDWR SHU OH TXDOL VRQR QRWL L ULVXOWDWL RWWHQXWL GDOOH DOWUH
HXULVWLFKH SURSRVWH QHOOD OHWWHUDWXUD� H YHULnFDUH FRPH VL SRVL]LRQDQR ULVSHWWR DG HVVL L ULVXOWDWL SURGRWWL
GDOOD QXRYD HXULVWLFD�

'L VHJXLWR FL RFFXSHUHPR GL HXULVWLFKH SHU XQD FODVVH SDUWLFRODUH GL SUREOHPL GL RWWLPL]]D]LRQH� LQ�
WURGRWWD QHO SURVVLPR SDUDJUDIR� H FKH FRPSUHQGH QXPHURVLVVLPL HVHPSL GL SUREOHPL UHDOL�
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��� /
RWWLPL]]D]LRQH FRPELQDWRULD

8QD SDUWLFRODUH FODVVH GL SUREOHPL GL RWWLPL]]D]LRQH tH UDSSUHVHQWDWD GDL FRVLGGHWWL SUREOHPL GL RWWLPL]�
]D]LRQH FRPELQDWRULD� $ TXHVWD FODVVH DSSDUWHQJRQR� IUD O
DOWUR� L SUREOHPL GL 3/��� LO SUREOHPD GHOO
DFFRSSLDPHQWR
H LO SUREOHPD GHO FDPPLQR PLQLPR VX JUDn YLVWL QHL FDSLWROL SUHFHGHQWL�
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)LJXUD ���� (VHPSLR GL FDPPLQR PLQLPR

8Q JHQHULFR SUREOHPD GL RWWLPL]]D]LRQH FRPELQDWRULD SXtR HVVHUH GHnQLWR FRPH VHJXH� 6LD %  
IE�� � � � � EQJ XQ TXDOVLDVL LQVLHPH nQLWR GHWWR LQVLHPH EDVH ��JURXQG VHW�� H VLD 6  I6�� � � � � 6PJ XQD
IDPLJOLD GL VRWWRLQVLHPL GL % ��6XEVHW 6\VWHP��� ,QnQH� VLD Z � 6 � ,5 XQD IXQ]LRQH RELHWWLYR FKH DVVRFLD
D FLDVFXQ LQVLHPH 6 � 6 XQ QXPHUR UHDOH Z�6�� $OORUD� GLUHPR 3UREOHPD GL 2WWLPL]]D]LRQH &RPELQDWRULD
LO VHJXHQWH SUREOHPD�

PLQ
6�6

Z�6�

�
6L RVVHUYL OD GLmHUHQ]D IUD OD GHnQL]LRQH GL SUREOHPD GL RWWLPL]]D]LRQH FRPELQDWRULD H OD SLuX JHQHUDOH

GHnQL]LRQH GL SUREOHPD GL RWWLPL]]D]LRQH LQWURGRWWD QHO &DSLWROR �� 1HOOD GHnQL]LRQH JHQHUDOH� O
LQVLHPH
GL VROX]LRQL DPPLVVLELOL 6 SXuR DVVXPHUH TXDOXQTXH IRUPD� PHQWUH QHL SUREOHPL GL RWWLPL]]D]LRQH 6 uH XQD
IDPLJOLD �nQLWD� GL VRWWRLQVLHPL GL XQ LQVLHPH nQLWR GL HOHPHQWL�

$G HVHPSLR� LO SUREOHPD GHO FDPPLQR PLQLPR GD V D W LQ XQ JUDIR RULHQWDWR *  �9�(�� FRQ XQ SHVR S
H

DVVRFLDWR D RJQL DUFR H � (� YLVWR QHO FDSLWROR SUHFHGHQWH� tH XQ SUREOHPD GL RWWLPL]]D]LRQH FRPELQDWRULD�
3HU TXHVWR SUREOHPD� O
LQVLHPH GL EDVH tH O
LQVLHPH GHJOL DUFKL� 3HU O
LVWDQ]D PRVWUDWD LQ nJXUD ����
O
LQVLHPH GL EDVH VDUtD %  I�V� ��� �V� ��� ��� ��� ��� W�� ��� W�J� /D IDPLJOLD GL VROX]LRQL tH O
LQVLHPH GL WXWWL L
VRWWRLQVLHPL GL DUFKL FKH FRUULVSRQGRQR D FDPPLQL RULHQWDWL GD V D W� ,Q SDUWLFRODUH� DYUHPR � SRVVLELOL
FDPPLQL GLVWLQWL GD V D W H TXLQGL 6  I6�  I�V� ��� ��� W�J� 6�  I�V� ��� ��� ��� ��� W�J� 6�  I�V� ��� ��� W�JJ�
/D IXQ]LRQH RELHWWLYR tH VHPSOLFHPHQWH OD VRPPD GHL SHVL DVVRFLDWL DJOL DUFKL� Z�6�  
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S
H

� 4XLQGL
Z�6��  ��� Z�6��  �� H Z�6��  ���

1HOOD PDJJLRUDQ]D GHL FDVL WUDWWDWL� D RJQL HOHPHQWR GHOO
LQVLHPH GL EDVH uH DVVRFLDWR XQ SHVR H OD
IXQ]LRQH RELHWWLYR uH VHPSOLFHPHQWH OD VRPPD GHL SHVL GHJOL HOHPHQWL FRQWHQXWL QHOOD VROX]LRQH� 7XWWDYLD
OD IXQ]LRQH RELHWWLYR SXuR DVVXPHUH LQ JHQHUDOH TXDOXQTXH IRUPD� 8Q HVHPSLR GL GLYHUVD IXQ]LRQH RELHWWLYR
YHUUuD PRVWUDWR LQ VHJXLWR�

1HL SURVVLPL SDUDJUDn LOOXVWUHUHPR DOFXQL HVHPSL LPSRUWDQWL GL SUREOHPL GL RWWLPL]]D]LRQH FRPELQD�
WRULD�
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����� ,O SUREOHPD GHOO
DFFRSSLDPHQWR PDVVLPR VX JUDn ELSDUWLWL

6LD GDWR XQ JUDIR *  �9�(� QRQ RULHQWDWR H ELSDUWLWR� RYYHUR L� 9  8 >: H : ? 8  � H RJQL DUFR
DSSDUWHQHQWH DG ( KD SHU HVWUHPL XQ QRGR X � 8 H XQ QRGR Y � : �FLRtH QRQ HVLVWRQR DUFKL FRQ DPER
JOL HVWUHPL LQ 8 R DPER JOL HVWUHPL LQ : �� ,QROWUH� FRQ RJQL DUFR �X� Y� � ( tH DVVRFLDWR XQ SHVR Z

XY

�
FKH UDSSUHVHQWD LO �YDQWDJJLR� GL DVVHJQDUH LO QRGR X DO QRGR Y� 8Q HVHPSLR GL JUDIR ELSDUWLWR �SHVDWR� tH
PRVWUDWR LQ nJXUD ����D� 2UD� D RJQL QRGR GHOO
LQVLHPH : YRJOLDPR DVVHJQDUH DO SLtX XQ QRGR GHOO
LQVLHPH
8 H YLFHYHUVD� LQ PRGR GD PDVVLPL]]DUH OD VRPPD GHL YDQWDJJL� 6L RVVHUYL FKH DVVHJQDUH XQ QRGR X � 8
D XQ QRGR Y � : tH HTXLYDOHQWH D VHOH]LRQDUH O
DUFR �X� Y� �GL SHVR Z

XY

�� ,QROWUH� VH tH VWDWR VHOH]LRQDWR
O
DUFR �X� Y�� H TXLQGL VH tH VWDWR DVVHJQDWR LO QRGR X D Y �H YLFHYHUVD�� QHVVXQ DOWUR DUFR LQFLGHQWH LQ X
SXtR HVVHUH VHOH]LRQDWR �SHUFKtH FLtR HTXLYDUUHEEH DG DVVHJQDUH X D SLtX GL XQ QRGR�� DQDORJDPHQWH� QHVVXQ
DOWUR DUFR LQFLGHQWH LQ Y SXtR HVVHUH VHOH]LRQDWR� 8Q VRWWRLQVLHPH 0 t ( GHJOL DUFKL GL * FKH JRGH GHOOD
SURSULHWtD FKH� FRPXQTXH SUHVL GXH DUFKL DSSDUWHQHQWL D 0 � HVVL QRQ KDQQR HVWUHPL LQ FRPXQH� tH GHWWR
DFFRSSLDPHQWR �LQ LQJOHVH �PDWFKLQJ��� 8Q HVHPSLR GL PDWFKLQJ �GL YDORUH ��� tH PRVWUDWR LQ nJXUD ����E�
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a. b.

)LJXUD ���� (VHPSLR GL DFFRSSLDPHQWR ELSDUWLWR

'XQTXH� LO SUREOHPD GHOO
DFFRSSLDPHQWR PDVVLPR SXtR HVVHUH FRVtr ULGHnQLWR� VHOH]LRQDUH XQ VRWWRLQ�
VLHPH 0 GHJOL DUFKL GL * WDOH FKH L� 0 VLD XQ PDWFKLQJ� H LL� OD VRPPD GHL SHVL GHJOL DUFKL LQ 0 VLD
PDVVLPD�

&RVtr IRUPXODWR LO SUREOHPD GHOO
DFFRSSLDPHQWR PDVVLPR VX JUDIR ELSDUWLWR tH FKLDUDPHQWH XQ SUREOHPD
GL RWWLPL]]D]LRQH FRPELQWDWRULD� RYH�

q O
LQVLHPH GL EDVH FRLQFLGH FRQ O
LQVLHPH GHJOL DUFKL (�
q OD IDPLJOLD GL VRWWRLQVLHPL GL DUFKL FRLQFLGH FRQ OD IDPLJOLD GL WXWWL L SRVVLELOL PDWFKLQJ GL *
q OD IXQ]LRQH RELHWWLYR DVVRFLD D RJQL PDWFKLQJ 0 OD VRPPD GHL SHVL GHJOL DUFKL LQ 0 �

����� ,O 3UREOHPD GHO &RPPHVVR 9LDJJLDWRUH�

8Q FRPPHVVR YLDJJLDWRUH GHYH YLVLWDUH XQ FHUWR QXPHUR GL FLWWtD� SDUWHQGR GDOOD VXD FLWWtD GL UHVLGHQ]D
H ULWRUQDQGRFL DOOD nQH GHO JLUR� 4XHVWR SUREOHPD SXtR HVVHUH XWLOPHQWH UDSSUHVHQWDWR VX XQ JUDIR *  
�9�(�� RYH RJQL QRGR X � 9 UDSSUHVHQWD XQD FLWWtD GD YLVLWDUH� PHQWUH JOL DUFKL UDSSUHVHQWDQR VWUDGH
�R YROL� FKH FROOHJDQR FRSSLH GL FLWWtD� 3HU VHPSOLnFDUH OD WUDWWD]LRQH VXSSRUUHPR FKH LO JUDIR * VLD QRQ
RULHQWDWR� O
HVWHQVLRQH DO FDVR RULHQWDWR GL TXDQWR YHUUtD GHWWR tH LPPHGLDWD� $ RJQL DUFR �X� Y� � ( VL
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DVVRFLD XQD GLVWDQ]D G
XY

� ,5� FKH UDSSUHVHQWD OD OXQJKH]]D GHO SHUFRUVR IUD OD FLWWtD X H OD FLWWtD Y� 6L
RVVHUYL FKH G

XY

SRWUHEEH DQFKH UDSSUHVHQWDUH LO WHPSR GL SHUFRUUHQ]D� R LO FRVWR GHO WUDVIHULPHQWR�
'XQTXH� LO FRPPHVVR YLDJJLDWRUH� SDUWHQGR GDOOD FLWWtD LQ FXL DELWD �VLD SHU HVHPSLR OD FLWWtD ��� YXROH

HmHWWXDUH WXWWH OH YLVLWH H ULWRUQDUH DOOD nQH DOOD FLWWtD GL SDUWHQ]D� SHUFRUUHQGR XQD VWUDGD GL OXQJKH]]D
FRPSOHVVLYD PLQLPD� 6L RVVHUYL LQWDQWR FKH LO �JLUR� GHO FRPPHVVR YLDJJLDWRUH FRUULVSRQGH D XQ FLFOR
GHO JUDIR * FKH DWWUDYHUVL RJQL QRGR XQD H XQD VROD YROWD� 8Q FLFOR VLmDWWR tH GHWWR FLFOR KDPLOWRQLDQR�
4XLQGL� LO 3UREOHPD GHO &RPPHVVR 9LDJJLDWRUH �LQGLFDWR DQFKH FRQ O
DFURQLPR 763� GDOO
LQJOHVH 7UDYHOOLQJ
6DOHVPDQ 3UREOHP� VL GHnQLVFH FRPH LO SUREOHPD GL VHOH]LRQDUH XQ SDUWLFRODUH FLFOR KDPLOWRQLDQR� TXHOOR
�R XQR GL TXHOOL� GL FRVWR �OXQJKH]]D� SHVR� PLQLPR�
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a. b. c.
)LJXUD ���� (VHPSL GL FLFOL KDPLOWRQLDQL

6L FRQVLGHUL DG HVHPSLR LO JUDIR LQ )LJ� ���� 8Q SRVVLELOH FLFOR KDPLOWRQLDQR tH� DG HVHPSLR� O
LQVLHPH
GL DUFKL +�  I��� ��� ��� ��� ��� ��� ��� ��� ��� ��J �)LJ� ����E�� H LO VXR FRVWR �VRPPD GHL FRVWL GHJOL DUFKL� tH
SDUL D ��� 8Q DOWUR FLFOR KDPLOWRQLDQR tH +�  I��� ��� ��� ��� ��� ��� ��� ��� ��� ��J �)LJ� ����F� GL FRVWR SDUL
D ���

8Q FLFOR KDPLOWRQLDQR SXtR GXQTXH HVVHUH UDSSUHVHQWDWR FRPH LQVLHPH GL DUFKL� 4XLQGL� O
LQVLHPH
GL EDVH GHO QRVWUR SUREOHPD GL RWWLPL]]D]LRQH FRPELQDWRULD tH O
LQVLHPH ( GHJOL DUFKL GL *� /
LQVLHPH
GHOOH VROX]LRQL tH XQD IDPLJOLD +  I+�� � � � � +P

J GL VRWWRLQVLHPL GL (� RYH +
L

tH O
LQVLHPH GL DUFKL GL XQ
FLFOR KDPLOWRQLDQR SHU L  �� � � � �P� /D IXQ]LRQH RELHWWLYR tH VHPSOLFHPHQWH� SHU RJQL + � +� Z�+�  3
�X�Y��+

G
XY

�

����� ,O SUREOHPD GHO SDUWL]LRQDPHQWR GL XQ JUDIR�

3UREOHPL GL TXHVWR WLSR DSSDLRQR RJQL TXDO YROWD VL GHEELD VFHJOLHUH XQD SDUWL]LRQH GL XQ LQVLHPH GL
HOHPHQWL LQ XQ FHUWR QXPHUR GL FODVVL LQ PRGR GD PLQLPL]]DUH �R PDVVLPL]]DUH� XQD IXQ]LRQH GL GLVWDQ]D
IUD JOL HOHPHQWL DSSDUWHQHQWL D XQD VWHVVD FODVVH� 6LD TXLQGL GDWR XQ JUDIR QRQ RULHQWDWR *  �9�(�� H VLD
DVVRFLDWR XQ SHVR Z

XY

FRQ RJQL DUFR XY � (� 6L YXROH WURYDUH OD SDUWL]LRQH GL 9 LQ N FODVVL �R FOXVWHU��
FRQ N SUHnVVDWR� FKH PLQLPL]]L OD VRPPD GHL SHVL GHJOL DUFKL LQFLGHQWL LQ QRGL DSSDUWHQHQWL D XQD VWHVVD
FODVVH� 6L ULFRUGL FKH VH {  I&�� &�� � � � � &N

J tH XQD N SDUWL]LRQH GL 9 VL KD >Q
L �

&
L

 9 H &
L

?&
M

 � SHU
L� M � I�� � � � � NJ� L� M� ,O FRVWR Z�&

L

� GL XQD FODVVH GL QRGL & tH GHnQLWR FRPH
3

X�&�Y�&

Z
XY

� ,O FRVWR GL

XQD SDUWL]LRQH Z�{�  Z�I&�� &�� � � � � &N

J� tH GHnQLWR FRPH 3N

L �
Z�&

L

�� ,O SUREOHPD GL 3DUWL]LRQDPHQWR
GL XQ *UDIR FRQVLVWH QHO VFHJOLHUH OD N�SDUWL]LRQH {e FKH PLQLPL]]D Z�{e��
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$QFKH LO SUREOHPD GL SDUWL]LRQDPHQWR GL XQ JUDIR SXtR HVVHUH LQVHULWR QHO IUDPHZRUN GHL SUREOHPL GL
RWWLPL]]D]LRQH� DQFKH VH O
DVVRFLD]LRQH QRQ tH FRVtr LPPHGLDWD� (VLVWRQR LQ UHDOWtD �DOPHQR� GXH GLYHUVH
UDSSUHVHQWD]LRQL GHO SUREOHPD FRPH SUREOHPD GL RWWLPL]]D]LRQH FRPELQDWRULD� /D SULPD FRQVLVWH QHO
GHnQLUH O
LQVLHPH GL EDVH FRPH O
LQVLHPH GHJOL DUFKL ( H OH VROX]LRQL DPPLVVLELOL FRPH TXHL VRWWRLQVLHPL
GL DUFKL FKH VRQR DUFKL FRPSOHWDPHQWH FRQWHQXWL LQ TXDOFKH FODVVH GL XQD N�SDUWL]LRQH GL *� &LRtH� 6 t (
tH XQD VROX]LRQH DPPLVVLELOH VH H VROR VH HVLVWH XQD N�SDUWL]LRQH {  I&�� � � � � &N

J WDOH FKH� SHU RJQL DUFR
XY � 6� LO QRGR X H LO QRGR Y VRQR HQWUDPEL FRQWHQXWL LQ XQD VWHVVD FODVVH GHOOD SDUWL]LRQH {� ,Q TXHVWR
FDVR� OD IXQ]LRQH GL FRVWR Z�6� tH VHPSOLFHPHQWH OD VRPPD GHJOL DUFKL FRQWHQXWL LQ 6�

8QD VHFRQGD UDSSUHVHQWD]LRQH tH LQ TXDOFKH VHQVR SLtX QDWXUDOH� SHUFKtH GLVFHQGH GLUHWWDPHQWH GDOOD
GHnQL]LRQH GL N�SDUWL]LRQH� ,QIDWWL� XQD N�SDUWL]LRQH SXtR HVVHUH GHnQLWD FRPH XQD IXQ]LRQH FKH DVVRFLD D
RJQL QRGR Y XQ LQWHUR DSSDUWHQHQWH DOO
LQWHUYDOOR >�� � � � � N@� H FLRtH �O
LQGLFH GHO� OD FODVVH GL DSSHUWHQ]D�
4XLQGL� XQD VROX]LRQH tH FRPSOHWDPHQWH GHnQLWD GD XQ LQVLHPH GL Q FRSSLH �Y�� L��� �Y�� L��� � � � � �YQ� LQ��
RYH FRQ L

M

VL tH LQGLFDWR OD FODVVH GL DSSDUWHQHQ]D GHO QRGR Y
M

� 4XLQGL� O
LQVLHPH GL EDVH tH O
LQVLHPH
%  I�Y� L� � Y � 9� L  � � � � � NJ� PHQWUH XQD VROX]LRQH 6 t % tH XQ LQVLHPH GL FRSSLH QRGR�FODVVH �Y� L�
FRQ OD SURSULHWtD FKH RJQL QRGR GL 9 tH FRQWHQXWR LQ HVDWWDPHQWH XQD FRSSLD GL 6� /D IXQ]LRQH RELHWWLYR�
LQ TXHVWR FDVR� QRQ tH XQD IXQ]LRQH OLQHDUH GHJOL HOHPHQWL GL 6� LQ HmHWWL� D FLDVFXQ HOHPHQWR GHOO
LQVLHPH
GL EDVH QRQ tH DVVRFLDWR DOFXQ SHVR� 7XWWDYLD� LO FRVWR GHOOD VROX]LRQH 6 GLSHQGH GDOOH FRSSLH DSDSUWHQHQWL
DG 6 QHO VHQVR FKH TXHVWH XOWLPH GHWHUPLQDQR JOL DUFKL FKH DSSDUWHQJRQR D XQD PHGHVLPD FODVVH GHOOD
SDUWL]LRQH H TXLQGL LO FRVWR GL 6� /D IXQ]LRQH GL FRVWR VDUtD TXLQGL Z�6�  

3
N

L �

3
�X�L��6��Y�L��6

Z
XY

�
4XHVWR uH XQ HVHPSLR GL IXQ]LRQH RELHWWLYR �DWLSLFD� DQWLFLSDWR QHOOD SDUWH LQL]LDOH GL TXHVWR FDSLWROR�

8QD LPSRUWDQWH IDPLJOLD GL SUREOHPL GL SDUWL]LRQDPHQWR SRQH XQD UHVWUL]LRQH VXOOD GLPHQVLRQH GHOOH
FODVVL� ,Q SDUWLFRODUH� FRQ RJQL FODVVH YLHQH DVVRFLDWD XQD FDUGLQDOLWtD PDVVLPD� H LO SUREOHPD GLYHQWD�
WURYDUH OD N�SDUWL]LRQH GL FRVWR PLQLPR� FRO YLQFROR FKH OD FDUGLQDOLWtD GHOOD M�HVLPD FODVVH QRQ HFFHGD OD
FDUGLQDOLWtD PDVVLPD U

M

� SHU M  �� � � � � N�

����� 3/��

/H VROX]LRQL DPPLVVLELOL GL XQ SUREOHPD GL SURJUDPPD]LRQH OLQHDUH ����� VRQR YHWWRUL ERROHDQL [ � I�� �JQ�
,Q JHQHUH� RJQL FRPSRQHQWH GL XQ YHWWRUH ERROHDQR UDSSUHVHQWD LO IDWWR FKH XQ FHUWR HOHPHQWR GL XQ
LQVLHPH GL EDVH %  IE�� � � � � EQJ tH VFHOWR RSSXUH QR� 7LSLFDPHQWH� VH OD FRPSRQHQWH L�HVLPD [L  � DOORUD
O
HOHPHQWR E

L

tH VFHOWR� VH [
L

 � DOORUD E
L

QRQ tH VFHOWR� $G HVHPSLR� QHO SUREOHPD GL VFHOWD GHL SURJHWWL
SLtX UHPXQHUDWLYL� O
LQVLHPH GL EDVH tH O
LQVLHPH GHL SRVVLELOL SURJHWWL DWWLYDELOL H [

L

 � VLJQLnFD FKH LO
SURJHWWR L�HVLPR tH DWWLYDWR� [

L

 � VLJQLnFD FKH LO SURJHWWR L�HVLPR QRQ tH DWWLYDWR� ,Q DOWUL WHUPLQL� XQ
YHWWRUH ERROHDQR LGHQWLnFD WXWWL JOL HOHPHQWL GHOO
LQVLHPH GL EDVH FKH VRQR VWDWL VFHOWL� H FLRtH XQ SDUWLFRODUH
VRWWRLQVLHPH 6 t %� $O FRQWUDULR� GDWR XQ TXDOXQTXH VRWWRLQVLHPH 6 t %� SRVVLDPR DVVRFLDUH D 6 XQ
YHWWRUH ERROHDQR [6 GHWWR YHWWRUH G
LQFLGHQ]D GL 6� WDOH FKH OD FRPSRQHQWH L�HVLPD [6

L

 � VH H VROR VH
E
L

� 6�
,Q GHnQLWLYD� XQ SUREOHPD GL SURJUDPPD]LRQH OLQHDUH ����� PLQIZ7[ � $[ w E� [ � I�� �JQJ SXtR

VHPSUH HVVHUH LQWHUSUHWDWR QHO VHJXHQWH PRGR�

q /H YDULDELOL [�� � � � � [Q VRQR LQ FRUULVSRQGHQ]D DJOL HOHPHQWL GL XQ LQVLHPH GL EDVH%  IE�� E�� � � � � EQJ�
q , YLQFROL GHO SUREOHPD GHnQLVFRQR OD UHJLRQH DPPLVVLELOH H TXLQGL FL GLFRQR TXDOL YHWWRUL ERROHDQL
VRQR DPPLVVLELOL H TXDOL QR� 3RLFKtH RJQL YHWWRUH ERROHDQR tH LQ FRUULVSRQGHQ]D FRQ XQ VRWWRLQVLHPH
GHOO
LQVLHPH GL EDVH� L YLQFROL GHnQLVFRQR TXDOL VRWWRLQVLHPL GHOO
LQVLHPH GL EDVH VRQR VROX]LRQL
DPPLVVLELOL GHO QRVWUR SUREOHPD H TXDOL QR�

q /D IXQ]LRQH RELHWWLYR �OLQHDUH� DVVRFLD XQ FRVWR Z
L

D RJQL YDULDELOH [
L

SHU L  �� � � � � Q H TXLQGL D
FLDVFXQ HOHPHQWR E

L

GHOO
LQVLHPH GL EDVH %� (
 IDFLOH YHGHUH FKH LO FRVWR GL XQD VROX]LRQH [6 � H FLRtH
GL XQ VRWWRLQVLHPH 6 GL %� tH VHPSOLFHPHQWH OD VRPPD GHL FRVWL GHJOL HOHPHQWL DSSDUWHQHQWL D 6�

���



��� 8Q VLVWHPD PXOWLWD[L SHU LO VHUYL]LR $UHRSRUWR )LXPLFLQR �
5RPD &HQWUR

'HVFULYHUHPR GL VHJXLWR XQ
DSSOLFD]LRQH UHDOH H UHFHQWH FKH KD ULFKLHVWR O
XWLOL]]D]LRQH GL GLYHUVH WHFQLFKH
GHOO
RWWLPL]]D]LRQH FRPELQDWRULD �DOJRUWLPL JUHHG\ H ULFHUFD ORFDOH� H GHOO
RWWLPL]]D]LRQH VX UHWL �FDPPLQL
PLQLPL H DVVHJQDPHQWR�� ,Q HmHWWL� JOL DOJRULWPL GL VROX]LRQH GHVFULWWL QHL SURVVLPL SDUDJUDn VRQR VWDWL
VFHOWL FRPH �HVHPSL� GL DOJRULWPL SURSULR SHUFKuH QHFHVVDUL DOOD VROX]LRQH GHOO
DSSOLFD]LRQH GHVFULWWD� $OWUH
DSSOLFD]LRQL DYUHEEHUR RYYLDPHQWH ULFKLHVWR DOJRULWPL GLYHUVL� 6L RVVHUYL LQROWUH FKH OD PDJJLRU SDUWH GHL
SUREOHPL GL RWWLPL]]D]LRQH SUHVHQWL LQ �QDWXUD� QRQ VRQR SXUL H OD VFHOWD GHL PRGHOOL GD XWLOL]]DUH QRQ tH
XQLYRFD GLSHQGHQGR GDOOD GLPHQVLRQH GHOOH LVWDQ]H G
LQWHUHVVH� GDOOD GLVSRQLELOLWtD GL DOJRULWPL HpFLHQWL�
HWF�

1HO ���� O
(QWH 1D]LRQDOH SHU OH (QHUJLH $OWHUQDWLYH �(1($� tH VWDWR LQFDULFDWR GDO PLQLVWHUR GHOO
DPELHQWH
GL VYLOXSSDUH VLVWHPL DOWHUQDWLYL SHU LO WUDVSRUWR XUEDQR� ,QYHVWLJDQGR XQD VHULH GL VWUDWHJLH SHU OD SROLW�
LFD GHL WUDVSRUWL� O
(1($ VL tH UHVD FRQWR GHOO
HVLVWHQ]D GL DOFXQL SUREOHPL GL RWWLPL]]D]LRQH FRQQHVVL DOOH
SURSRVWH DOOR VWXGLR� 6L WUDWWD GL XQ EXRQ HVHPSLR GL �VLQHUJLD� IUD GLYHUVH FRPSHWHQ]H� H VRSUDWWXWWR VL
WUDWWD GL XQ EXRQ HVHPSLR GL XWLOL]]D]LRQH GHOOH PHWRGRORJLH GHOO
RWWLPL]]D]LRQH LQWHVH QRQ FRPH VROXWRUL
XQLYHUVDOL� PD FRPH �PDWWRQFLQL� �LQ LQJOHVH �EXLOGLQJ EORFN�� SHU VYLOXSSDUH VLVWHPL FRPSOHVVL�

)UD OH YDULH VWUDWHJLH LQGLYLGXDWH GDOO
(1($� XQD FRQVLVWHYD QHOOR VYLOXSSR GL XQ VLVWHPD LQWHJUDWR
GL WD[L FROOHWWLYR �GHWWR DQFKH PXOWLWD[L� SHU LO WUDVSRUWR GL SHUVRQH GDOO
DUHRSRUWR GL )LXPLFLQR DOOH ORUR
GHVWLQD]LRQL FLWWDGLQH H YLFHYHUVD�

,O WD[L FROOHWWLYR tH XQ
LQWHUHVVDQWH DOWHUQDWLYD DL WUDGL]LRQDOL VLVWHPL GL WUDVSRUWR SXEEOLFR� /D SULQFL�
SDOH FDUDWWHULVWLFD GL TXHVWR WLSR GL VHUYL]LR ULVLHGH QHO IDWWR FKH L SHUFRUVL GHL YHLFROL QRQ VRQR SUHnVVDWL
�FRPH QHO FDVR GHOOH OLQHH GHJOL DXWREXV�� PD VRQR FDOFRODWL GL YROWD LQ YROWD LQ EDVH DOOD GRPDQGD� TXHVWD
oHVVLELOLWtD tH SURSULD GHO VHUYL]LR WD[L �FODVVLFR�� PD D GLmHUHQ]D GL TXHVW
XOWLPR� LO VHUYL]LR PXOWLWD[L QRQ
tH LQGLYLGXDOH� 8Q VLVWHPD GL WUDVSRUWR PXOWLWD[L tH FRPSRVWR GD�

q 8QD oRWWD GL YHWWXUH� QRQ QHFHVVDULDPHQWH XJXDOL WUD ORUR� LO FXL FRPSLWR tH SUHOHYDUH GHL FOLHQWL GDL
ORUR SXQWL GL SDUWHQ]D H WUDVSRUWDUOL FLDVFXQR QHOOH ULVSHWWLYH GHVWLQD]LRQL�

q 8QR R SLtX GHSRVLWL LQ FXL JOL DXWRPH]]L ULWRUQDQR DOOD nQH GHO WXUQR GL VHUYL]LR�
q 8QD FHQWUDOH GL JHVWLRQH FKH UDFFRJOLH OH ULFKLHVWH GL VHUYL]LR GHJOL XWHQWL H FRPXQLFD DOOH YHWWXUH L
SHUFRUVL GD VHJXLUH H L FOLHQWL GD VHUYLUH�

,O VHUYL]LR SXtR HVVHUH GL WLSR LPPHGLDWR R D SUHQRWD]LRQH� 1HO SULPR FDVR OH ULFKLHVWH GHL FOLHQWL VRQR
VRGGLVIDWWH DSSHQD SRVVLELOH� D SDUWLUH GDO PRPHQWR GHOOD ORUR IRUPXOD]LRQH� RSSXUH VRQR VXELWR ULnXWDWH
VH QRQ tH SRVVLELOH �R FRQYHQLHQWH� VRGGLVIDUOH� 1HO VHFRQGR FDVR OH GRPDQGH GHYRQR SHUYHQLUH DOOD FHQWUDOH
GL JHVWLRQH FRQ XQ FHUWR DQWLFLSR SHU HVVHUH VHUYLWH LQ XQ VHFRQGR PRPHQWR�

/H ULFKLHVWH GHJOL XWHQWL VRQR HVSUHVVH LQ WHUPLQL GL ORFDOLWtD GL SUHOLHYR� ORFDOLWtD GL GHVWLQD]LRQH H� QHO
FDVR GL VHUYL]LR D SUHQRWD]LRQH� RUDULR GHVLGHUDWR �GL SDUWHQ]D R GL DUULYR��

,O VHUYL]LR� LQROWUH� SXtR HVVHUH GHL VHJXHQWL WLSL�

q 0ROWL D PROWL� ,Q TXHVWR PRGR VL LQGLFD O
HVLVWHQ]D GL PROWHSOLFL �H GLVWLQWL� SXQWL GL UDFFROWD H GL
FRQVHJQD�4XHVWR LPSOLFD FKH OH YHWWXUH� GXUDQWH L ORUR YLDJJL� HmHWWXDQR VLD SUHOLHYL FKH FRQVHJQH
GL FOLHQWL�

q 8QR D PROWL� ,Q TXHVWR FDVR� LQYHFH� VL LQGLFD O
HVLVWHQ]D GL XQ XQLFR SXQWR GL UDFFROWD H GL PROWHSOLFL
�H GLVWLQWL� SXQWL GL FRQVHJQD� GL FRQVHJXHQ]D OH YHWWXUH HmHWWXDQR XQ VROR SUHOLHYR GL FOLHQWL�
DOO
LQL]LR GHO YLDJJLR� GRSRGLFKtH VL OLPLWDQR D SRUWDUH D GHVWLQD]LRQH WXWWL L SDVVHJJHUL D ERUGR�

q 0ROWL D XQR� /H YHWWXUH HmHWWXDQR XQD VHULH GL SUHOLHYL H FRQFOXGRQR LO ORUR YLDJJLR QHOO
XQLFR SXQWR
GL GLVFHVD SHU L FOLHQWL�
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8Q VLVWHPD GL WUDVSRUWR PXOWLWD[L tH SDUWLFRODUPHQWH DGDWWR LQ VLWXD]LRQL GL XWHQ]D GHEROH �DQ]LDQL H
GLVDELOL� H QHO FDVR GL GRPDQGD VFDUVD �WUDVSRUWR XUEDQR QRWWXUQR� VHUYL]LR LQ DUHH SRFR DELWDWH��

1HO FDVR VSHFLnFR GHO VHUYL]LR PXOWLWD[L GDOO
DUHRSRUWR GL )LXPLFLQR D 5RPD FHQWUR� VL WUDWWD GL XQ
VHUYL]LR LPPHGLDWR GL WLSR XQR D PROWL� &RORUR FKH LQWHQGRQR DYYDOHUVL GL TXHVWR VHUYL]LR VL SUHVHQWDQR DG
XQR VSRUWHOOR GL DFFHWWD]LRQH GRYH YHQJRQR UHJLVWUDWL L ORUR GDWL �QRPLQDWLYR� RUD GL DUULYR DOOR VSRUWHOOR�
LQGLUL]]R GL GHVWLQD]LRQH������ 7HUPLQDWD OD IDVH GL UHJLVWUD]LRQH� L FOLHQWL UHVWDQR LQ DWWHVD nQR DO PRPHQWR
LQ FXL YLHQH ORUR FRPXQLFDWR GL VDOLUH VX XQD YHWWXUD SHU SDUWLUH�

3HU VHPSOLFLWtD VXSSRUUHPR FKH WXWWH OH DXWRYHWWXUH DEELDQR OD VWHVVD FDSDFLWtD �DG HVHPSLR� SRVVRQR
WUDVSRUWDUH DO PDVVLPR � SDVVHJJHUL�� ,O VLVWHPD DXWRPDWLFR� DG LQWHUYDOOL UHJRODUL �DG HVHPSLR RJQL
PLQXWR�� VXGGLYLGH L FOLHQWL LQ DWWHVD LQ JUXSSL FRPSRVWL DO PDVVLPR GD FLQTXH SHUVRQH� DVVHJQD FLDVFXQ
JUXSSR D XQ WD[L VSHFLnFR� GHFLGH TXDOL JUXSSL GHEEDQR SDUWLUH H� LQnQH� FDOFROD SHU RJQL WD[L O
LWLQHUDULR
GD VHJXLUH� RYYHUR OD VHTXHQ]D GHOOH FRQVHJQH� , FOLHQWL FKH FRPSRQJRQR L JUXSSL VHOH]LRQDWL SHU OD
SDUWHQ]D YHQJRQR IDWWL VDOLUH VXOOH YHWWXUH H TXHVWH XOWLPH LQL]LDQR LO ORUR YLDJJLR� VHJXHQGR OH LQGLFD]LRQL
GL SHUFRUVR IRUQLWH GDOOD FHQWUDOH GL JHVWLRQH� , GDWL GHL FOLHQWL SDUWLWL YHQJRQR TXLQGL ULPRVVL GDO VLVWHPD�
,QnQH� OH YHWWXUH GHYRQR WRUQDUH DOOO
DUHRSRUWR SHU DFFRJOLHUH QXRYL SDVVHJJHUL� %LVRJQD TXLQGL GHFLGHUH
D� FRPH VL FRPSRQJRQR L JUXSSL �FLRtH JOL HTXLSDJJL GHL VLQJROL WD[L� H E� TXDOH VLD� SHU RJQL YHWWXUD� LO
SHUFRUVR PLJOLRUH GD VHJXLUH� %HQFKtH JOL RELHWWLYL SRVVRQR HVVHUH PROWHSOLFL� LQ SULPD DQDOLVL SRWUHPPR
DVVXPHUH FKH LO JHVWRUH GHEED VRGGLVIDUH OH ULFKLHVWH GHL FOLHQWL FHUFDQGR GL PLQLPL]]DUH LO WHPSR PHGLR
�R OH GLVWDQ]H� SHUFRUVH GDL VXRL WD[L� 6L WUDWWD HYLGHQWHPHQWH GL XQ SUREOHPD GL RWWLPL]]D]LRQH� (VLVWH
XQD QDWXUDOH GHFRPSRVL]LRQH GHO SUREOHPD LQ GXH IDVL� �� IDVH GL FOXVWHULQJ� R GL SDUWL]LRQDPHQWR� LQ FXL
L FOLHQWL DWWXDOPHQWH LQ DWWHVD YHQJRQR VXGGLYLVL LQ XQ QXPHUR GL JUXSSL GL GLPHQVLRQH DO SLtX SDUL DOOD
FDSDFLWtD GHL YHLFROL� 7LSLFDPHQWH VL SUHIHULVFH DJJHJDUH FOLHQWL FRQ GHVWLQL]LRQL LO SLtX SRVVLELOH YLFLQH IUD
ORUR� �� IDVH GL LVWUDGDPHQWR �LQ LQJOHVH �URXWLQJ��� ,Q TXHVWD IDVH VL GHFLGRQR L SHUFRUVL FKH L WD[L GHYRQR
VHJXLUH SHU VFDULFDUH L SDVVHJJHUL� , SHUFRUVL GHYRQR HVVHUH WDOL GD PLQLPL]]DUH� DG HVHPSLR� OH GLVWDQ]H
SHUFRUVH R L WHPSL GL YLDJJLR�

3HU SRWHU PRGHOODUH TXDQWR VRSUD GHVFULWWR LQ WHUPLQL GL SUREOHPD GL RWWLPL]]D]LRQH tH FRQYHQLHQWH
GHnQLUH XQD VWUXWWXUD PDWHPDWLFD DGHJXDWD SHU UDSSUHVHQWDUH VWUDGH� LQFURFL H GHVWLQD]LRQL�
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,O JUDIR GL 5RPD 7XWWH OH SRVVLELOL GHVWLQD]LRQL GL FOLHQWL VRQR UDSSUHVHQWDWH GDO JUDIR GL 5RPD� 6L
WUDWWD GL XQ JUDIR RULHQWDQWR 5  �:�$� GRYH O
LQVLHPH GHL QRGL: UDSSUHVHQWD JOL LQFURFL �R SLD]]H� GHOOD
FLWWtD PHQWUH JOL DUFKL VRQR L WUDWWL GL VWUDGD FRPSUHVL IUD FRSSLH GL LQFURFL �YHGL )LJ� ����� /D OXQJKH]]D
F
XY

GL RJQL DUFR �X� Y� � $ UDSSUHVHQWD OD OXQJKH]]D HmHWWLYD GHO WUDWWR GL VWUDGD FRUULVSRQGHQWH�
3HU VHPSOLnFDUH OD WUDWWD]LRQH VXFFHVVLYD� VXSSRUUHPR VHPSUH FKH OD GHVWLQD]LRQH GHL FOLHQWL FRLQFLGD

FRQ XQD SLD]]D R XQ LQFURFLR� FLRtH FRQ XQ QRGR GHO JUDIR GL 5RPD� 4XDORUD TXHVWD LSRWHVL VLD WURSSR
UHVWULWWLYD� LQ FRUULVSRQGHQ]D FLRtH D WUDWWL GL VWUDGD PROWR OXQJKL IUD GXH LQFURFL DGLDFHQWL� VL SXtR VHPSUH
DJJLXQJHUH XQ LQFURFLR nWWL]LR VXGGLYLGHQGR LO WUDWWR LQ GXH WUDWWL FRQVHFXWLYL VHSDUDWL �YHGL nJXUD �����

u v10000

u v5000 x 5000

)LJXUD ���� $JJLXQWD GL QRGL nWWL]L

3RLFKtH RJQL FOLHQWH KD XQD GHVWLQD]LRQH H RJQL GHVWLQD]LRQH tH XQ QRGR GHO JUDIR GL 5RPD� L FOLHQWL
DWWXDOPHQWH LQ DWWHVD VRQR LQ FRUULVSRQGHQ]D FRQ XQ VRWWRLQVLHPH GL QRGL GHO JUDIR GL 5RPD� 4XLQGL� LO
SUREOHPD GL SDUWL]LRQDUH L FOLHQWL LQ PRGR FKH OH GHVWLQD]LRQL GL FOLHQWL DSSDUWHQHQWL D XQD VWHVVD FODVVH
VLDQR IUD ORUR LO SLtX YLFLQR SRVVLELOH SXtR HVVHUH ULIRUPXODWR FRPH XQ SUREOHPD GL FOXVWHULQJ �SDUWL]LRQD�
PHQWR GHL QRGL� QHO VRWWRJUDIR GHO JUDIR GL 5RPD LQGRWWR GDL FOLHQWL LQ DWWHVD�

8QD YROWD FKH L FOLHQWL VLDQR VWDWL DVVHJQDWL DL YHLFROL VL GHYRQR RWWLPL]]DUH L SHUFRUVL GHL WD[L� (

IDFLOH YHGHUH FKH LO SUREOHPD GL PLQLPL]]DUH OD OXQJKH]]D GHO SHUFRUVR GL XQ WD[L FKH GHYH VFDULFDUH L
VXRL SDVVHJJHUL LQ DOFXQL QRGL GHO JUDIR GL 5RPD H TXLQGL WRUQDUH DO �QRGR GL� )LXPLFLQR tH HVDWWDPHQWH LO
SUREOHPD GL FDOFRODUH XQ FLFOR KDPLOWRQLDQR GL OXQJKH]]D PLQLPD QHO JUDIR LQGRWWR GDL QRGL GL GHVWLQD]LRQH
GHL SDVVHJJHUL H GDO QRGR GL )LXPLFLQR�

4XLQGL� LO SUREOHPD GL JHVWLRQH GL XQ VHUYL]LR PXOWLWD[L SXtR HVVHUH DmURQWDWR ULVROYHQGR LQ VHTXHQ]D
GXH SUREOHPL GL RWWLPL]]D]LRQH VX JUDn� LO SUREOHPD GL FOXVWHULQJ �VXO JUDIR LQGRWWR GD WXWWL L FOLHQWL LQ
DWWHVD� H LO SUREOHPD GHO FRPPHVVR YLDJJLDWRUH �763� VXO JUDIR LQGRWWR GDL QRGL GHVWLQD]LRQH GHL FOLHQWL
GL XQ WD[L� &KLDUDPHQWH� TXHVWR VHFRQGR SUREOHPD DQGUtD ULVROWR SHU RJQL YHWWXUD LQ SDUWHQ]D�

8Q
DOWUD DVVXQ]LRQH FKH IDUHPR GL VHJXLWR SHU VHPSOLnFDUH OH GHVFUL]LRQL GHJOL DOJRULWPL tH O
LSRWHVL GL
JUDIR FRPSOHWR�

'HnQL]LRQH ����� 8Q JUDIR 5  �:�$� VL GLFH FRPSOHWR VH� SHU RJQL FRSSLD GL QRGL GLVWLQWL X� Y � : �
O
DUFR �X� Y� DSSDUWLHQH DG $�

&KLDUDPHQWH� LO JUDIR GL 5RPD QRQ VRGGLVID O
LSRWHVL GL FRPSOHWH]]D� D FDXVD GHOOD SUHVHQ]D GL
PROWLVVLPH FRSSLH GL SLD]]H R LQFURFL �OD PDJJLRU SDUWH� QRQ FROOHJDWL GLUHWWDPHQWH GD DUFKL� 7XWWDYLD� SHU
L QRVWUL VFRSL tH SRVVLELOH FRPSOHWDUH LO JUDIR� H FLRtH DJJLXQJHUH JOL DUFKL PDQFDQWL� VIUXWWDQGR OH VHJXHQWL

���



FRQVLGHUD]LRQL� 4XDQGR XQ WD[L VL GHYH VSRVWDUH GD XQ JHQHULFR QRGR X D XQ QRGR Y GLVWLQWR H QRQ FROOH�
JDWR GLUHWWDPHQWH D X� GRYUHEEH SUHIHULELOPHQWH VFHJOLHUH LO SHUFRUVR SLtX EUHYH FKH GD X SRUWL D Y� H FLRtH
LO FDPPLQR RULHQWDWR GL OXQJKH]]D PLQLPD GD X D Y� 1HOO
LSRWHVL GL WD[L �LQWHOOLJHQWH�� TXLQGL� SRVVLDPR
ULPSLD]]DUH O
DUFR PDQFDQWH FRQ XQ DUFR nWWL]LR GL OXQJKH]]D SDUL DOOD OXQJKH]]D GHO FDPPLQLPR PLQLPR
GD X D Y� ,Q DOWUL WHUPLQL� SULPD GL DSSOLFDUH JOL DOJRULWPL GL RWWLPL]]D]LRQH� LO JUDIR GL 5RPD VXELUtD XQD
IDVH GL SUH�SURFHVVDPHQWR QHOOD TXDOH�

�� SHU RJQL FRSSLD �RULHQWDWD� GL QRGL GLVWLQWL X H Y YLHQH FDOFRODWR �H PHPRUL]]DWR LQ RSSRUWXQH
VWUXWWXUH GDWL� LO FDPPLQR PLQLPR GD X D Y� VLD Fe

XY

OD OXQJKH]]D GL WDOH FDPPLQR� $ WDO VFRSR
SXtR HVVHUH DGRSHUDWR O
DOJRULWPR GL 'LMNVWUD GHVFULWWR QHO &DSLWROR ""�

�� SHU RJQL FRSSLD �RULHQWDWD� GL QRGL GLVWLQWL X H Y VL DJJLXQJH O
DUFR �X� Y� DOO
LQVLHPH GL DUFKL $� OD
OXQJKH]]D DVVRFLDWD VDUtD SRVWD XJXDOH D Fe

XY

�

��� (XULVWLFKH GL WLSR �*UHHG\�

8QD SULPD FODVVH GL HXULVWLFKH SHU OD VROX]LRQH GL SUREOHPL GL RWWLPL]]D]LRQH FRPELQDWRULD YD VRWWR LO QRPH
GL HXULVWLFKH GL WLSR �JUHHG\�� ,O WHUPLQH LQJOHVH �JUHHG\� SXtR HVVHUH WUDGRWWR FRPH DYLGR HG tH VWDWR VFHOWR
SHU UDSSUHVHQWDUH XQD FDUDWWHULVWLFD IRQGDPHQWDOH GHOO
DOJRULWPR JUHHG\� DSSXQWR OD FRVLGGHWWD VFHOWD
JUHHG\� 3HU FRVWUXLUH OD VROX]LRQH nQDOH� FKH ULFRUGLDPR HVVHUH XQ VRWWRLQVLHPH 6 GHOO
LQVLHPH GL EDVH %�
O
DOJRULWPR SDUWH LQ JHQHUH GD XQD VROX]LRQH SDU]LDOH FKH HVWHQGH DJJLXQJHQGR XQ HOHPHQWR SHU YROWD nQR
D FRVWUXLUH OD VROX]LRQH nQDOH� /
HOHPHQWR VFHOWR GL YROWD LQ YROWD tH TXHOOR FKH PLQLPL]]D LO FRVWR GHOOD
IXQ]LRQH RELHWWLYR �GD FXL �DYLGR��� ,QROWUH� XQD YROWD VFHOWR XQ HOHPHQWR� TXHVWR QRQ YLHQH PDL ULPRVVR
GDOOD VROX]LRQH �DOWUD FDUDWWHULVWLFD GHOO
DYLGLWtD�� 'L VHJXLWR� GHQRWHUHPR FRQ %  IE�� � � � � EQJ O
LQVLHPH
GL EDVH H FRQ 6  I6�� � � � � 6PJ O
LQVLHPH GHOOH VROX]LRQL DPPLVVLELOL GHO SUREOHPD GL RWWLPL]]D]LRQH
FRPELQDWRULD� ,QROWUH� VXSSRQLDPR FKH XQ FRVWR VLD D VVRFLDWR D TXDOVLDVL VRWWRLQVLHPH GL % �QRQ VROR DOOH
VROX]LRQL DPPLVVLELOL�� ( FLRtH� LQGLFDQGR FRQ 7 OD IDPLJOLD GL WXWWL L VRWWRLQVLHPL GL %� VXSSRUUHPR FKH
VLD GHnQLWD XQD IXQ]LRQH Z � 7 � ,5 SHU RJQL VRWWRLQVLHPH 7 � %� /
RELHWWLYR tH VHPSUH TXHOOR GL WURYDUH
XQD VROX]LRQH DPPLVVLELOH 6 � 6 t 7 WDOH FKH Z�6� VLD PLQLPR�

3HU LQWURGXUUH IRUPDOPHQWH O
DOJRULWPR JUHHG\� DEELDPR ELVRJQR GHOOD VHJXHQWH GHnQL]LRQH�

'HnQL]LRQH ����� 8Q VRWWRLQVLHPH 7 GHOO
LQVLHPH GL EDVH % tH GHWWR VROX]LRQH SDU]LDOH �R DQFKH VRW�
WRVROX]LRQH�� VH HVLVWH XQD VROX]LRQH 6 � 6 WDOH FKH 7 t 6�

6L RVVHUYL FKH�

D� 6H 6 uH XQD VROX]LRQH� DOORUD 6 uH DQFKH XQD VROX]LRQH SDU]LDOH� ,QIDWWL 6 t 6�

E� 6H 7 uH XQD VROX]LRQH SDU]LDOH� DOORUD uH VHPSUH SRVVLELOH FRVWUXLUH XQD VROX]LRQH 6 WDOH FKH 7 t 6
VHPSOLFHPHQWH LQVHUHQGR HOHPHQWL D 7 �

/
DOJRULWPR JUHHG\ FRVWUXLVFH XQD VHTXHQ]D GL VROX]LRQL SDU]LDOL 7�� 7�� � � � � 7T FRQ OD SURSULHWtD FKH 7�
tH O
LQVLHPH YXRWR� 7

T

tH XQD VROX]LRQH DPPLVVLELOH GHO SUREOHPD H 7
L

 7
Lb� > IHJ� RYH H � % b 7

Lb� tH
O
HOHPHQWR WDOH FKH 7

Lb�>IHJ VLD DQFRUD XQD VROX]LRQH SDU]LDOH H DEELD FRVWR PLQLPR �IUD WXWWH OH VROX]LRQL
SDU]LDOL RWWHQLELOL DJJLXQJHQGR XQ HOHPHQWR D 7

Lb�� ,O VHJXHQWH VFKHPD IRUQLVFH XQD YHUVLRQH VHPSOLnFDWD
GHOO
DOJRULWPR JUHHG\�

$OJRULWPR *UHHG\

D� ,QL]LDOL]]D]LRQH� 3RQL 7�  �� 3RQL L  ��
E� ,WHUD]LRQH L�HVLPD� 6FHJOL H � %b7

Lb� WDOH FKH 7Lb�>IHJ VLD XQD VROX]LRQH SDU]LDOH H Z�7Lb�>IHJ�
VLD PLQLPR�

���



F� 3RQL 7
L

 7
Lb� > IHJ�

G� 7HUPLQD]LRQH 6H 7
L

tH XQD VROX]LRQH DPPLVVLELOH� 6723�

H� $OWULPHQWL 3RQL L  L� �� 9D DO SDVVR E�

6L RVVHUYL FKH LO SDVVR >E�@ SRVVLHGH XQ FHUWR JUDGR GL LQGHWHUPLQDWH]]D� ,Q SDUWLFRODUH� SRWUHEEHUR
HVLVWHUH SLtX HOHPWHQWL FKH PLQLPL]]DQR LO FRVWR GHOOD QXRYD VROX]LRQH SDU]LDOH� ,Q TXHVWR FDVR� tH QHFHVVDULD
XQD UHJROD SHU �GLULPLUH L SDUHJJL� �LQ LQJOHVH �WLH EUHDNLQJ UXOH��� $ YROWH tH VXpFLHQWH VFHJOLHUH D FDVR
�UDQGRP FKRLFH�� DOWUH YROWH tH SLtX RSSRUWXQR GHnQLUH XQD QXRYD IXQ]LRQH GL FRVWR� 9HGUHPR GL VHJXLWR
HVHPSL GHOOH GXH DOWHUQDWLYH�

3HU FRQFOXGHUH TXHVWD VH]LRQH� VL RVVHUYL FKH RJQL TXDO YROWD VL YRJOLD DSSOLFDUH O
DOJRULWPR JUHHG\ D
XQ TXDOXQTXH SUREOHPD GL RWWLPL]]D]LRQH FRPELQDWRULD� ELVJRQHUtD LQQDQ]LWXWWR GHnQLUH�

q O
LQVLHPH GL EDVH
q OD IDPLJOLD GHOOH VROX]LRQL
q OD IDPLJOLD GHOOH VROX]LRQL SDU]LDOL
q OD IXQ]LRQH RELHWWLYR

3RLFKtH LO QRVWUR HVHPSLR SUHYHGH OD VROX]LRQH LQ FDVFDWD GL XQ SUREOHPD GL SDUWL]LRQDPHQWR GL JUDn H
GL XQ SUREOHPD GL FRPPHVVR YLDJJLDWRUH� FRQVLGHUHUHPR DSSXQWR OH DSSOLFD]LRQL GHOO
DOJRULWPR JUHHG\ D
WDOL SUREOHPL� &RQVLGHULDPR LQQDQ]LWXWWR O
DSSOLFD]LRQH GHOO
DOJRULWPR JUHHG\ DO SUREOHPD GHO 763�

����� $SSOLFD]LRQH GHOO
DOJRULWPR JUHHG\ JHQHULFR DO SUREOHPD GHO &RPPHVVR
9LDJJLDWRUH�

&RQVLGHULDPR LO SUREOHPD GHO &RPPHVVR 9LDJJLDWRUH �763�� &RPH YLVWR QHO SDUDJUDIR ������ XQD VROX]LRQH
DPPLVVLELOH SHU LO 763 tH XQ LQVLHPH GL DUFKL FKH GHnQLVFH XQ FLFOR KDPLOWRQLDQR� 6L FRQVLGHUL DG HVHPSLR LO
JUDIR LQ )LJ� ���� /
LQVLHPH GHOOH VROX]LRQL tH UDSSUHVHQWDWR GD WXWWL L SRVVLELOL FLFOL KDPLOWRQLDQL GHO JUDIR�
8Q SRVVLELOH FLFOR KDPLOWRQLDQR tH� DG HVHPSLR 6�  I��� ��� ��� ��� ��� ��� ��� ��� ��� ��J� H LO VXR FRVWR �VRPPD
GHL FRVWL GHJOL DUFKL� tH SDUL D ��� 8Q DOWUR FLFOR KDPLOWRQLDQR tH 6�  I��� ��� ��� ��� ��� ��� ��� ��� ��� ��J
GL FRVWR SDUL D ��� (
 IDFLOH YHGHUH FKH L FLFOL KDPLOWRQLDQL LQ XQ JUDIR FRPSOHWR VRQR LQ FRUULVSRQGHQ]D
DL SRVVLELOL RUGLQDPHQWL FLUFRODUL GHL QRGL GHO JUDIR� $G HVHPSLR� OD VROX]LRQH 6� tH LQ FRUULVSRQGHQ]D
GHOO
RUGLQDPHQWR R�  ��� �� �� �� ��� PHQWUH 6� tH LQ FRUULVSRQGHQ]D D R�  ��� �� �� �� �� 4XLQGL� VH L QRGL
VRQR �� DEELDPR ��  �� FLFOL KDPLOWRQLDQL GLVWLQWL�

2VVHUYD]LRQH ����� ,O QXPHUR GL FLFOL KDPLOWRQLDQL LQ XQ JUDIR FRPSOHWR FRQ Q QRGL tH SDUL D �Qb ����

/D SUHFHGHQWH RVVHUYD]LRQH SHUPHWWH GL ULOHYDUH FKH LO QXPHUR GL FLFOL KDPLOWRQLDQL GL XQ JUDIR FRP�
SOHWR FUHVFH HVSRQHQ]LDOPHQWH FRO QXPHUR GL QRGL� ,Q DOWUL WHUPLQL� TXDQGR LO QXPHUR GL QRGL tH HOHYDWR�
O
HVSORUD]LRQH FRPSOHWD GHOO
LQVLHPH GHOOH VROX]LRQL GLYHQWD LPSUDWLFDELOH HG tH FUXFLDOH VYLOXSSDUH GHOOH
EXRQH HXULVWLFKH SHU OD VROX]LRQH GHO SUREOHPD�

9HGLDPR FRPH O
DOJRULWPR JUHHG\ VL DSSOLFD DO 763� ,QQDQ]LWXWWR GREELDPR ULVSRQGHUH DOOD GRPDQGD�
FKL VRQR OH VROX]LRQL SDU]LDOL GHO SUREOHPD GHO &RPPHVVR 9LDJJLDWRUH" 3HU YHGHUH FLtR FRQVLGHULDPR
LQQDQ]LWXWWR OH SURSULHWtD GL FXL GHYH JRGHUH XQ LQVLHPH GL DUFKL V SHUFKtH HVVR VLD XQ FLFOR KDPLOWRQLDQR�

2VVHUYD]LRQH ����� 'DWR XQ JUDIR *  �9�$� H XQ LQVLHPH 6 � $� 6 tH O
LQVLHPH GL DUFKL GL XQ FLFOR
KDPLOWRQLDQR VH H VROR VH�

�� LQ RJQL QRGR GL * LQFLGRQR HVDWWDPHQWH GXH DUFKL GL 6

�� 6 QRQ FRQWLHQH FLFOL GL FDUGLQDOLWtD LQIHULRUH D M9 M�

���
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a. b. c.
)LJXUD ���� (VHPSL GL FLFOL KDPLOWRQLDQL

3HU FDSLUH OD QDWXUD GHOOD FRQGL]LRQH ��� VL RVVHUYL OD nJXUD ���� ,Q JUDVVHWWR tH HYLGHQ]LDWR XQ LQVLHPH 6
GL DUFKL FKH VRGGLVID OD FRQGL]LRQH �� PD QRQ OD FRQGL]LRQH �� �O
LQVLHPH FRQWLHQH LQIDWWL FLFOL GL FDUGLQDOLWtD
LQIHULRUH D ��� ,Q HmHWWL� O
LQVLHPH 6 QRQ UDSSUHVHQWD LQ TXHVWR FDVR XQ FLFOR KDPLOWRQLDQR�

2

4

5

1

3

6

)LJXUD ���� (VHPSL GL FLFOL KDPLOWRQLDQL

(
 IDFLOH D TXHVWR SXQWR YHGHUH FKH 7 tH XQD VROX]LRQH SDU]LDOH SHU LO 763 VH H VROR VH

�� LQ RJQL QRGR GL * LQFLGRQR DO SLtX GXH DUFKL GL 7 �

�� 7 QRQ FRQWLHQH FLFOL GL FDUGLQDOLWtD LQIHULRUH D M9 M�
8Q DOWUR HOHPHQWR GD GHWHUPLQDUH tH OD IXQ]LRQH GL FRVWR� 6L tH GHWWR FKH LO FRVWR GL XQ FLFOR KDPLOWRQLDQR

tH SDUL DOOD VRPPD GHL FRVWL �R OXQJKH]]H� GHJOL DUFKL FKH OR FRPSRQJRQR� /
LPPHGLDWD HVWHQVLRQH tH OD
VHJXHQWH� LO FRVWR GL XQ VRWWRLQVLHPH GL DUFKL 7 tH SDUL DOOD VRPPD GHL FRVWL GHJOL DUFKL QHO VRWWRLQVLHPH�
H FLRtH Z�7 �  

3
H�7

Z
H

�

���



6LDPR RUD LQ JUDGR GL DSSOLFDUH O
DOJRULWPR JUHHG\ DO JUDIR GL )LJ� ����

,QL]LDOL]]D]LRQH�

D� 7�  � �Z�7��  ��� L  ��
,WHUD]LRQH ��

E� 3RLFKtH RJQL DUFR GHO JUDIR SXtR HVVHUH DJJLXQWR D 7� VRGGLVIDFHQGR OH FRQGL]LRQL GL VROX]LRQH SDU]LDOH�
VFHJOLDPR O
DUFR FKH FRVWD GL PHQR� FLRtH O
DUFR ��� �� GL FRVWR Z���  ��

F� 3RQL 7�  7� > I��� ��J �Z�7��  ���
G� 3RLFKtH 7� QRQ tH XQ FLFOR KDPLOWRQLDQR QRQ SRVVLDPR IHUPDUFL�

H� 3RQL L  ��

,WHUD]LRQH ��

E� $QFKH LQ TXHVWR FDVR RJQL DUFR �LQ $bI��� ��J� SXtR HVVHUH DJJLXQWR D 7� VRGGLVIDFHQGR OH FRQGL]LRQL
GL VROX]LRQH SDU]LDOH� VFHJOLDPR O
DUFR FKH FRVWD GL PHQR� FLRtH O
DUFR ��� �� GL FRVWR Z���  ��

F� 3RQL 7�  7� > I��� ��J  I��� ��� ��� ��J �Z�7��  ���
G� 7� QRQ tH XQ FLFOR KDPLOWRQLDQR�

H� 3RQL L  ��

,WHUD]LRQH ��

E� 7XWWL JOL DUFKL UHVLGXL SRVVRQR HVVHUH DJJLXQWL H TXLQGL VFHJOLDPR O
DUFR PHQR FRVWRVR LQ $ b 7��
O
DUFR ��� �� GL FRVWR Z���  �� 6L RVVHUYL FKH DQFKH O
DUFR ��� �� KD FRVWR Z���  �� /D VFHOWD IUD GXH
DUFKL HTXLYDOHQWL SXtR HVVHUH IDWWD FDVXDOPHQWH� 7XWWDYLD� LQ DOWUL FDVL VL SXtR GHFLGHUH XQ FULWHULR GL
ULVROX]LRQH GHL SDUHJJL ��WLH EUHDNLQJ UXOH��� OHJDWR RYYLDPHQWH DO WLSR GL SUREOHPD�

F� 3RQL 7�  7� > I��� ��J  I��� ��� ��� ��� ��� ��J �Z�7��  ���
G� 7� QRQ tH XQ FLFOR KDPLOWRQLDQR�

H� 3RQL L  ��

,WHUD]LRQH ��

E� 1RQ WXWWL JOL DUFKL LQ $b 7� SRVVRQR HVVHUH DJJLXQWL D 7� VRGGLVIDFHQGR OH FRQGL]LRQL GL VROX]LRQH
SDU]LDOH� LQIDWWL� VH DJJLXQJLDPR O
DUFR ��� �� VL FUHD LO FLFOR VX TXDWWUR QRGL ��� ��� ��� ��� ��� ��� ��� ���
YLRODQGR FRVtL OD FRQGL]LRQH ��� GL VROX]LRQH SDU]LDOH� 6H DJJLXQJLDPR O
DUFR ��� ��� LQYHFH� DYUHPR WUH
DUFKL LQFLGHQWL QHO QRGR �� 5DJLRQDPHQWL DQDORJKL YDOJRQR SHU JOL DUFKL ��� ��� ��� ��� ��� ��� 4XLQGL�
JOL XQLFL DUFKL FKH DJJLXQWL QRQ YLRODQR OH FRQGL]LRQL SHU OH VROX]LRQL SDU]LDOL� VRQR O
DUFR ��� �� H
O
DUFR ��� ��� )UD L GXH� VFHJOLDPR ��� �� FKH KD FRVWR PLQLPR�

F� 3RQL 7�  7� > I��� ��J  I��� ��� ��� ��� ��� ��� ��� ��J �Z�7��  ����
G� 7� QRQ tH XQ FLFOR KDPLOWRQLDQR�

H� 3RQL L  ��

,WHUD]LRQH ��

E� /
XQLFR DUFR VHOH]LRQDELOH tH O
DUFR ��� ���

F� 3RQL 7�  7� > I��� ��J  I��� ��� ��� ��� ��� ��� ��� ��� ��� ��J �Z�7��  ���
G� 7� tH XQ FLFOR KDPLOWRQLDQR� 6723�

���
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����� $SSOLFD]LRQH GHOO
DOJRULWPR JUHHG\ JHQHULFR DO SUREOHPD GHO 3DUWL]LRQ�
DPHQWR GL *UDn �FOXVWHULQJ��

6L tH YLVWR FRPH LO SUREOHPD GL FOXVWHULQJ FRQVLVWH QHO SDUWL]LRQDUH L QRGL GL XQ JUDIR *  �9�$� LQ N
FODVVL &  I&�� &�� � � � � &N

J LQ PRGR GD PLQLPL]]DUH OD VRPPD GHL FRVWL GHJOL DUFKL DSSDUWHQHQWL DOOD
VWHVVD FODVVH� 8QD VROX]LRQH 6 �GHWWD N�SDUWL]LRQH� SXtR HVVHUH UDSSUHVHQWDWD FRPH XQ LQVLHPH GL FRSSLH
�Y� F�� RYH Y � 9 tH XQ QRGR GHO JUDIR H F � I&�� � � � � &N

J tH XQ SRVVLELOH FOXVWHU� 4XLQGL� O
LQVLHPH GL
EDVH % tH O
LQVLHPH GL WXWWH OH FRSSLH �QRGR� FOXVWHU� H FLRtH %  I�Y� F� � Y � 9� F � &J� 8QD VROX]LRQH
6 t % tH TXLQGL XQ VRWWRLQVLHPH GL % FRQ OD SURSULHWtD FKH� SHU RJQL QRGR Y � 9 HVLVWH XQD H XQD VROD
FRSSLD �X� F� � 6 WDOH FKH X  Y� 8QD FRQVHJXHQ]D GL FLtR tH FKH 6 FRQWHUUtD HVDWWDPHQWH M9 M FRSSLH �FLRtH
M6M  M9 M�� ,QROWUH� SHU OD QRVWUD DSSOLFD]LRQH �RJQL FODVVH FRUULVSRQGH D XQD YHWWXUD�� OH FODVVL KDQQR XQD
FDUGLQDOLWtD PDVVLPD SUHnVVDWD� /H VROX]LRQL SDU]LDOL VRQR WXWWL L VRWWRLQVLHPL 7 GL % WDOL FKH� SHU RJQL
QRGR Y � 9 � HVLVWHUtD DO SLtX XQD FRSSLD �X� F� � 7 WDOH FKH X  Y� ,Q DOWUL WHUPLQL� OH VROX]LRQL SDU]LDOL
VRQR N�SDUWL]LRQL SDU]LDOL� FLRtH N�SDUWL]LRQL GL XQ VRWWRLQVLHPH GHL QRGL GL *� ,O FRVWR GL XQD VROX]LRQH
SDU]LDOH �SLtX LQ JHQHUDOH� GL XQ VRWWRLQVLHPH GL %� tH FDOFRODWR DQFRUD XQD XQD YROWD FRPH OD VRPPD GHL
FRVWL GHJOL DUFKL DSSDUWHQHQWL D XQD VWHVVD FODVVH�

6XSSRQLDPR DGHVVR GL DYHUH � SHUVRQH LQ DWWHVD H GXH WD[L GLVSRQLELOL� ,QROWUH� VXSSRQLDPR FKH RJQL
WD[L SRVVD RVSLWDUH DO PDVVLPR � SHUVRQH� 6XSSRQLDPR LQnQH FKH LO JUDIR GHL FOLHQWL VLD TXHOOR GL )LJXUD
���� 9HGLDPR DGHVVR FRPH VLD SRVVLELOH FDOFRODUH XQD ��SDUWL]LRQH �SDUWL]LRQH LQ GXH FODVVL� EL�SDUWL]LRQH�
GHO JUDIR LQ )LJXUD ����

3RLFKtH 9  I�� � � � � �J H &  I&�� &�J� O
LQVLHPH GL EDVH VDUtD %  I��� &��� ��� &��� ��� &��� ��� &���
��� &��� ��� &��� ��� &��� ��� &��� ��� &��� ��� &��J� (
 LPSRUWDQWH RVVHUYDUH FKH LQ TXHVWR FDVR L SDUHJJL YHQ�
JRQR ULVROWL LQGLYLGXDQGR XQD IXQ]LRQH GL FRVWR DG KRF SHU PRWLYL FKH YHUUDQQR GLVFXVVL GL VHJXLWR� ,QnQH�
SRLFKtH VFHJOLHUH XQD FRSSLD GL % FRUULVSRQGH DG DVVHJQDUH XQ QRGR D XQ FOXVWHU� GL VHJXLWR DGRWWHUHPR
XQD WHUPLQRORJLD �VHPSOLnFDWD� H D nDQFR GHOOD ORFX]LRQH �VFHJOLHUH OD FRSSLD �Y�&

M

��� GLUHPR DQFKH
�DVVHJQDUH LO QRGR Y DO FOXVWHU &

M

� H YLD GL VHJXLWR�

,QL]LDOL]]D]LRQH�

D� 7�  � �Z�7��  ��� L  ��
�(TXLYDOHQWHPHQWH� FUHD � FODVVL YXRWH &�� &���

,WHUD]LRQH ��

E� 3RLFKtH RJQL FRSSLD SXtR HVVHUH DJJLXQWD D 7� VHQ]D LQFUHPHQWDUH LO FRVWR GL 7� �RYYHUR� RJQL QRGR
SXtR HVVHUH DVVHJQDWR D XQD TXDOXQTXH FODVVH D FRVWR QXOOR�� KR ELVRJQR GL XQD UHJROD SHU GHFLGHUH
TXDOH QRGR DVVHJQDUH D TXDOH FODVVH� 1HOO
HVHPSLR GHO 763 VL HUD RSWDWR SHU XQD VFHOWD GL WLSR

���



�UDQGRP�� ,Q TXHVWR HVHPSLR VL SUHIHULVFH XQD UHJROD FKH WHQJD LQ FRQWR GHOOD SDUWLFRODUH VWUXWWXUD
GHO SUREOHPD� 8QD FRQVLGHUD]LRQH HXULVWLFD tH OD VHJXHQWH� FRQYLHQH LQQDQ]LWXWWR �VLVWHPDUH� LQ
TXDOFKH FODVVH GHOOD SDUWL]LRQH TXHL QRGL VX FXL LQFLGRQR JOL DUFKL SLtX FRVWRVL LQ PRGR GD SRWHU
VFHJOLHUH SHU HVVL FODVVL DEEDVWDQ]D �VH QRQ GHO WXWWR� YXRWH� 4XLQGL OD UHJROD GL WLH EUHDNLQJ VDUtD�
VFHJOL LO QRGR SHU FXL OD VRPPD GHJOL DUFKL LQFLGHQWL tH PDVVLPD� 'L VHJXLWR� LQGLFKHUHPR FRQ J�Y�
OD VRPPD GHL FRVWL GHJOL DUFKL LQFLGHQWL QHO QRGR Y� (
 IDFLOH YHULnFDUH FKH J���  ��� J���  ���
J���  ��� J���  ��� J���  ��� 6FHJOLDPR TXLQGL LO QRGR �� 3RLFKtH OH FRSSLH ��� �� H ��� ��
VRQR HTXLYDOHQWL GDO SXQWR GL YLVWD GHO FRVWR GHOOH SDUWL]LRQL FRUULVSRQGHQWL �H FLRtH tH LQGLmHUHQWH
DVVHJQDUH LO QRGR � DOOD FODVVH &� R DOOD FODVVH &�� SRVVLDPR VFHJOLHUH LQ PRGR FDVXDOH� 6FHJOLDPR
TXLQGL OD FRSSLD ��� &�� �DVVHJQDPR FLRtH LO QRGR � DOOD FODVVH &���

F� 3RQL 7�  7� > I��� &��J �Z�7��  ���
(TXLYDOHQWHPHQWH &�  I�J� &�  ��

G� 3RLFKtH 7� QRQ tH XQD SDUWL]LRQH �FRPSOHWD� GHL QRGL GL *� VL FRQWLQXD�

H� 3RQL L  ��

,WHUD]LRQH ��

E� 2JQL FRSSLD LQ % FKH QRQ FRQWLHQH LO QRGR � SXtR HVVHUH DJJLXQWD D 7� VRGGLVIDFHQGR OH FRQGL]LRQL
GL VROX]LRQH SDU]LDOH� 7XWWDYLD� RJQL FRSSLD GHO WLSR �Y� &��� FKH FRUULVSRQGH DG DVVHJQDUH LO QRGR
Y DOOD FODVVH &�� SURGXFH XQ LQFUHPHQWR GL FRVWR SDUL DO FRVWR GHOO
DUFR ��� Y� �LQIDWWL LO QRGR �
DSSDUWLHQH DOOD FODVVH ��� DO FRQWUDULR� RJQL QRGR SXtR HVVHUH DVVHJQDWR DOOD FODVVH � VHQ]D LQFUHPHQWL
GL FRVWR �LQIDWWL OD FODVVH &� tH DQFRUD YXRWD�� ,QnQH� SRLFKtH RJQL FRSSLD GL WLSR �Y� &�� SURGXFH
XQ LQFUHPHQWR GL FRVWR QXOOR� GREELDPR XVDUH DQFRUD XQD YROWD OD UHJROD GL WLH EUHDNLQJ H VFHJOLHUH
TXLQGL LO QRGR GL FRVWR PDVVLPR� RYYHUR LO QRGR � �J���  ���� 6FHJOLDPR TXLQGL OD FRSSLD ��� ���
DVVHJQDQGR LQ TXHVWR PRGR LO QRGR � DOOD FODVVH ��

F� 3RQL 7�  7� > I��� &��J  I��� &��� ��� &��J �Z�7��  ���
&�  I�J� &�  I�J�

G� 7� QRQ tH XQD SDUWL]LRQH GL 9 �

H� 3RQL L  ��

,WHUD]LRQH ��

E� ,Q TXHVWR FDVR� RJQL FRSSLD DJJLXQJLELOH D 7�� H FLRtH WXWWH TXHOOH FRSSLH FKH QRQ FRQWHQJRQR LO QRGR
� H LO QRGR �� SURGXFRQR XQ LQFUHPHQWR GL FRVWR SRVLWLYR� $G HVHPSLR� VH LO QRGR � YLHQH DVVHJQDWR
DOOD FODVVH �� O
LQFUHPHQWR GL FRVWR tH SDUL DO FRVWR GHOO
DUFR ������ RYYHUR �� (
 IDLFOH YHGHUH FKH LO
PLQLPR LQFUHPHQWR GL FRVWR VL RWWLHQH VFHJOLHQGR OD FRSSLD ��� &��� RYYHUR DVVHJQDQGR LO QRGR � DOOD
FODVVH &�� 1RQ FL VRQR SDUHJJL�

F� 3RQL 7�  7� > I��� &��J  I��� &��� ��� &��� ��� &��J �Z�7��  ���
&�  I�J� &�  I�� �J�

G� 7� QRQ tH XQD SDUWL]LRQH�

H� 3RQL L  ��

,WHUD]LRQH ��

E� 7XWWH OH FRSSLH FRQWHQHQWL L QRGL �� � H � QRQ SRVVRQR HVVHUH DJJLXQWH� /
LQFUHPHQWR GL FRVWR
DVVRFLDWR DOOD FRSSLD ��� &�� tH SDUL D �� SHU OD FRSSLD ��� &�� tH SDUL D ���  �� SHU OD FRSSLD ��� &��
tH SDUL D �� SHU OD FRSSLD ��� &�� tH SDUL D ���  �� )UD OD FRSSLD ��� &�� H OD FRSSLD ��� &�� VL VFHJOLH
��� &�� SHUFKtH J���  �� ! J���  ���

���
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C2

C1

Iterazione 1 Iterazione 2

)LJXUD ���� (YROX]LRQH GHOOH FODVVL ,

F� 3RQL 7�  7� > I��� &��J  I��� &��� ��� &��� ��� &��� ��� &��J �Z�7��  ����
&�  I�� �J� &�  I�� �J�

G� 7� QRQ tH XQD SDUWL]LRQH�

H� 3RQL L  ��

,WHUD]LRQH ��

E� /H XQLFKH FRSSLH VHOH]LRQDELOL VRQR ��� &�� H ��� &��� /
LQFUHPHQWR GL FRVWR FRUULVSRQGHQWH D ��� &��
tH SDUL D � HG tH XJXDOH DOO
LQFUHPHQWR SURGRWWR GDOOD FRSSLD ��� &��� 3RVVLDPR VFHJOLHUH LQGLmHUHQWH�
PHQWH�

F� 3RQL 7�  7� > I��� &��J  I��� &��� ��� &��� ��� &��� ��� &��� ��� &��J �Z�7��  ���
&�  I�� �J� &�  I�� �� �J�

G� 7� tH XQD SDUWL]LRQH� 6723�

8Q
XOWLPD RVVHUYD]LRQH ULJXDUGD OD IRUPD FRQ FXL YHQJRQR JHQHUDOPHQWH UDSSUHVHQWDWL JOL DOJRULWPL
JUHHG\� ,QIDWWL� UDUDPHQWH VL ID HVSOLFLWR ULIHULPHQWR DOO
LQVLHPH GL EDVH �R DOOH VROX]LRQL DPPLVVLELOL FRPH
VRWWRLQVLHPL GHOO
LQVLHPH GL EDVH�� 1RUPDOPHQWH JOL DOJRULWPL YHQJRQR SUHVHQWDWL LQ XQD IRUPD PROWR
SLtX YLFLQD DOOD GHVFUL]LRQH �QDWXUDOH� GHO SUREOHPD� &RPH YLVWR QHOO
HVHPSLR GHO SUREOHPD GL FOXVWHULQJ�
RJQL FRSSLD GHOO
LQVLHPH GL EDVH UDSSUHVHQWD LQ UHDOWtD O
DVVHJQD]LRQH GL XQ QRGR D XQ FOXVWHU� 8QD IRUPD
DOWHUQDWLYD H SLtX OHJJLELOH GHOO
DOJRULWPR JUHHG\ JHQHULFR DSSOLFDWR DO SUREOHPD GL FOXVWHULQJ tH OD VHJXHQWH�

3UREOHPD� 6LD GDWR XQ JUDIR *  �9�$�� FRQ FRVWL F
D

� ,5 DVVRFLDWL D FLDVFXQ DUFR D � $� 7URYDUH

OD SDUWL]LRQH GHOO
LQVLHPH GHL QRGL 9 LQ N FODVVL &�� � � � � &N

FKH PLQLPL]]D LO FRVWR
3

N

L �

3
X�&L�Y�&L

F
XY

�

$OJRULWPR *UHHG\ SDUWLFRODUL]]DWR SHU LO SUREOHPD GL FOXVWHULQJ
1RWH� O
LQVLHPH : XWLOL]]DWR QHOO
DOJRULWPR UDSSUHVHQWD O
LQVLHPH GHL QRGL JLtD DVVHJQDWL �QHOOH LWHU�

D]LRQL SUHFHGHQWL D TXHOOD FRUUHQWH� D TXDOFKH FOXVWHU�
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)LJXUD ����� (YROX]LRQH GHOOH FODVVL ,,,
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D� ,QL]LDOL]]D]LRQH� 3RQL &
L

 � SHU L  �� � � � � N� 3RQL :  �� 3RQL L  ��
E� ,WHUD]LRQH L�HVLPD� 6FHJOL XQ QRGR X � 9 b: H DVVHJQD X D XQ FOXVWHU &

M

LQ PRGR GD PLQLPL]]DUH
O
LQFUHPHQWR GL FRVWR GHOOD SDUWL]LRQH SDU]LDOH� H FLRtH OD TXDQWLWtD

3
Y�&M

F
XY

� ,Q FDVR GL SDUHJJL�

VFHJOL LO QRGR X FKH PDVVLPL]]D J�X��

F� 3RQL &
M

 &
M

> IXJ�
G� 7HUPLQD]LRQH 6H :  9 RJQL QRGR tH VWDWR DVVHJQDWR D XQ FOXVWHU� 6723�

H� $OWULPHQWL 3RQL L  L� �� 9D DO SDVVR E�

(
 LQ TXHVWD IRUPD FKH YHUUDQQR GL VHJXLWR GHVFULWWL JOL DOJRULWPL GL ULFHUFD ORFDOH SHU O
RWWLPL]]D]LRQH
FRPELQDWRULD�

����� 8QD GLYHUVD IRUPD GHO JHQHULFR DOJRULWPR JUHHG\�

*OL HVHPSL GL DSSOLFD]LRQH GHOO
DOJRULWPR JUHHG\ VRSUD HOHQFDWL KDQQR XQD VSHFLnFD VWUXWWXUD GHOOH VROX]LRQL
H GHOOH VROX]LRQL SDU]LDOL� ,Q SDUWLFRODUH� WXWWH OH VROX]LRQL SDU]LDOL JHQHUDWH GDO JUHHG\ � WUDQQH O
XOWLPD �
QRQ VRQR VROX]LRQL DPPLVVLELOL SHU LO SUREOHPD� ,QROWUH OD IXQ]LRQH RELHWWLYR SHJJLRUD D RJQL LWHUD]LRQH�
PD QRL VLDPR FRPXQTXH REEOLJDWL D FRQWLQXDUH L SDVVL nQFKtH OD VRWWRVROX]LRQH GLYHQWD XQD VROX]LRQH GHO
SUREOHPD�

3HU DOWUL SUREOHPL GL RWWLPL]]D]LRQH� FRPH LO SUREOHPD GHOO
DFFRSSLDPHQWR� OH VROX]LRQL SDU]LDOL VRQR
DQFKH VROX]LRQL GHO SUREOHPD RULJLQDULR� ,QIDWWL� VH 0  IH�� � � � � HTJ tH XQ PDWFKLQJ� DOORUD RJQL VRWWRLQ�
VLHPH GL 0 tH DQFRUD XQ PDWFKLQJ �H FLRtH XQD VROX]LRQH DPPLVVLELOH�� ,Q TXHVWR FDVR VL WHQGH LQ JHQHUDOH
D HVWHQGHUH OH VROX]LRQL SDU]LDOL SHUFKtH WLSLFDPHQWH OD IXQ]LRQH RELHWWLYR PLJOLRUD DOO
DXPHQWDUH GHO QX�
PHUR GL HOHPHQWL FRQWHQXWL QHOOD VROX]LRQH� 3HU SUREOHPL GL TXHVWR WLSR� LO JHQHULFR DOJRULWPR JUHHG\ �SHU
SUREOHPL GL PLQLPL]]D]LRQH� YLHQH ULVFULWWR QHO PRGR VHJXHQWH�

$OJRULWPR *UHHG\ ,,

D� ,QL]LDOL]]D]LRQH� 3RQL 7�  �� 3RQL L  ��
E� ,WHUD]LRQH L�HVLPD� 6FHJOL H � %b7

Lb� WDOH FKH 7Lb�>IHJ VLD XQD VROX]LRQH SDU]LDOH H Z�7Lb�>IHJ�
VLD PLQLPR�

F� 6H SHU RJQL H � % b 7
Lb�� 7Lb� > IHJ QRQ uH XQD VROX]LRQH DPPLVVLELOH� 6723� 7Lb� tH OD VROX]LRQH

JUHHG\�

G� $OWULPHQWL VH Z�7
Lb�� � Z�7

Lb� > IHJ�� 6723� 7Lb� tH OD VROX]LRQH JUHHG\�
H� $OWULPHQWL 3RQL 7

L

 7
Lb� > IHJ� 3RQL L  L� �� 9DL DO SDVVR E�

,O SDVVR >F�@ VHUYH DG DVVLFXUDUH FKH O
DOJRULWPR WHUPLQL TXDORUD RJQL HOHPHQWR UHVLGXR QRQ SXtR HVVHUH
DJJLXQWR DOOD VROX]LRQH SDU]LDOH FRUUHQWH VHQ]D YLRODUH LO YLQFROR GL HVVHUH VROX]LRQH SDU]LDOH� ,O SDVVR >G�@
DVVLFXUD LQYHFH FKH VH OD SURVVLPD VROX]LRQH SDU]LDOH tH SHJJLRUH GL TXHOOD DWWXDOH HVVD QRQ YHQJD JHQHUDWD H
O
DOJRULWPR WHUPLQL� 6L RVVHUYL LQnQH FKH LQ TXHVWD IRUPD O
DOJRULWPR JUHHG\ SXuR HVVHUH DSSOLFDWR DQFKH D
SUREOHPL LQ FXL OH VRWWRVROX]LRQL YLD YLD JHQHUDWH QRQ VRQR VROX]LRQL DPPLVVLELOL� 6L FRQVLGHUL DG HVHPSLR
LO SUREOHPD GHO &RPPHVVR 9LDJJLDWRUH� $ RJQL LWHUD]LRQH JHQHULDPR VRWWRVROX]LRQL FKH QRQ VRQR FLFOL
KDPLOWRQLDQL nQFKuH� DOO
LWHUD]LRQH Q�HVLPD� JHQHUHUHPR LO QRVWUR FLFOR KDPLOWRQLDQR� 6HFRQGR OR VFKHPD
TXL VRSUD ULSRUWDWR� DOO
LWHUD]LRQH Q� � O
DOJRULWPR WHUPLQHUuD LQ TXDQWR O
DJJLXQWD GL XQ TXDOXQTXH DUFR
D XQ FLFOR KDPLOWRQLDQR QRQ SURGXFH XQD VRWWRVROX]LRQH� TXLQGL VDUuD YHULnFDWR LO WHVW GL WHUPLQD]LRQH DO
SDVVR >F�@�

(
 IDFLOH YHGHUH FKH SHU DGDWWDUH LO SUHFHGHQWH DOJRULWPR D SUREOHPL GL PDVVLPL]]D]LRQH tH VXpFLHQWH
FDPELDUH LO SDVVR >E�@ VFHJOLHQGR O
HOHPHQWR H WDOH FKH Z�7

Lb� > IHJ� VLD PDVVLPR H LQYHUWHQGR LO VHQVR
GHOOD GLVHTXD]LRQH QHO WHVW DO SDVVR >G�@ FKH YD
 ULVFULWWR FRPH�

���
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)LJXUD ����� 8Q SUREOHPD GL DFFRSSLDPHQWR PDVVLPR

>G�@ $OWULPHQWL VH Z�7
Lb�� ! Z�7

Lb� > IHJ�� 6723� 7Lb� tH OD VROX]LRQH JUHHG\�
6L FRQVLGHUL O
HVHPSLR GL )LJ� ����� RYH VL YRJOLD FDOFRODUH O
DFFRSSLDPHQWR GL SHVR PDVVLPR�

,QL]LDOL]]D]LRQH�

D� 7�  � �Z�7��  ��� L  ��
,WHUD]LRQH ��

E� 3RLFKtH RJQL DUFR SXtR HVVHUH DJJLXQWR D 7� PDQWHQHQGR OD SURSULHWtD GL HVVHUH XQD VROX]LRQH SDU]LDOH�
VFHJOLDPR O
DUFR GL SHVR PDVVLPR ��� &��

F� /
DUFR HVLVWH� LO WHVW GL WHUPLQD]LRQH QRQ tH VRGGLVIDWWR�

G� ��  Z�7� > I��� &�J� ! Z�7�� H LO VHFRQGR WHVW GL WHUPLQD]LRQH QRQ tH VRGGLVIDWWR �VL ULFRUGL FKH VL
WUDWWD GL XQ SUREOHPD GL PDVVLPL]]D]LRQH��

H� 3RQL 7�  7� > I��� &�J �Z�7��  ���� 3RQL L  ��
,WHUD]LRQH ��

E� *OL DUFKL ��� &� H ��� &� QRQ SRVVRQR HVVHUH DJJLXQWL D 7� LQ TXDQWR LQFLGHQWL LQ & �HVLVWH JLtD XQ
DUFR LQ 7� LQFLGHQWH LQ &�� $QDORJDPHQWH� O
DUFR ��� %� QRQ SXtR HVVHUH DJJLXQWR SHUFKtH LQFLGHQWH
LQ �� )UD JOL DUFKL UHVLGXL� TXHOOR GL SHVR PDVVLPR tH O
DUFR ��� $�� GL SHVR ��

F� /
DUFR HVLVWH� LO WHVW GL WHUPLQD]LRQH QRQ tH VRGGLVIDWWR�

G� ��  Z�7� > I��� $�J� ! Z�7�� H LO VHFRQGR WHVW GL WHUPLQD]LRQH QRQ tH VRGGLVIDWWR�

H� 3RQL 7�  7� > I��� $�J �Z�7��  ���� 3RQL L  ��
,WHUD]LRQH ��

E� /
XQLFR DUFR FKH SXtR HVVHUH DJJLXQWR D 7� tH O
DUFR ��� %�� GL SHVR ��

���



F� /
DUFR HVLVWH� LO WHVW GL WHUPLQD]LRQH QRQ tH VRGGLVIDWWR�

G� ��  Z�7� > I��� %�J� ! Z�7�� H LO VHFRQGR WHVW GL WHUPLQD]LRQH QRQ tH VRGGLVIDWWR�

H� 3RQL 7�  7� > I��� %�J �Z�7��  ���� 3RQL L  ��
,WHUD]LRQH ��

E� 1HVVXQ DUFR SXtR HVVHUH DJJLXQWR D 7��

F� /
DUFR QRQ HVLVWH� LO WHVW GL WHUPLQD]LRQH tH VRGGLVIDWWR� 7� tH OD VROX]LRQH JUHHG\�

/D VROX]LRQH WURYDWD GDOO
DOJRULWPR JUHHG\ SHU LO JUDIR GL )LJ� ���� tH PRVWUDWD LQ )LJ� �����
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)LJXUD ����� 0DWFKLQJ PDVVLPR

��� 5LFHUFD /RFDOH

6L tH RVVHUYDWR FRPH XQR GHJOL HOHPHQWL FDUDWWHUL]]DQWL GHOO
DOJRULWPR JUHHG\ VLD OD QDWXUD LUUHYRFDELOH GHOOD
VFHOWD JUHHG\� 7XWWDYLD� DVVDL VSHVVR DSSRUWDQGR �SLFFROH� PRGLnFKH DOOD VROX]LRQH JUHHG\ VL SRVVRQR DYHUH
PLJOLRUDPHQWL QHO YDORUH GHOOD IXQ]LRQH RELHWWLYR� 6L FRQVLGHUL O
HVHPSLR GHO FLFOR KDPLOWRQLDQR GL )LJ�
�����D� FKH tH TXHOOR SURGRWWR GDOO
DOJRULWPR JUHHG\ �VL FRQIURQWL FRQ OD )LJ� ����� ,O FRVWR GHO FLFOR tH
SDUL D ��� 3HU FRPRGLWtD JOL DUFKL QRQ DSSDUWHQHQWL DO FLFOR QRQ VRQR VWDWL UDSSUHVHQWDWL QHOOD nJXUD� 6H
ULPXRYLDPR JOL DUFKL ��� �� H ��� �� RWWHQLDPR OD VROX]LRQH SDU]LDOH GL )LJ� �����E� (VLVWRQR GXH VROL PRGL
GL FRPSOHWDUH TXHVWR LQVLHPH GL DUFKL SHU UHQGHUOR XQ FLFOR KDPLOWRQLDQR� ,O SULPR tH UH�LQVHULUH JOL DUFKL
��� �� H ��� ��� ULRWWHQHQGR FRVtL LO FLFOR GL SDUWHQ]D� ,O VHFRQGR tH LQYHFH VFHJOLHUH JOL DUFKL ��� �� H ��� ���
RWWHQHQGR FRVtL LO FLFOR KDPLOWRQLDQR GL )LJ� �����F�

6L RVVHUYL FKH TXHVWR FLFOR KD FRVWR ��� FLRtH XQ FRVWR LQIHULRUH DO FLFOR GL SDUWHQ]D� 4XLQGL� FRQ
XQD SLFFROD PRGLnFD GHOOD VROX]LRQH JUHHG\ �FDPELDQGR VROR GXH DUFKL� VL tH RWWHQXWR XQ VRVWDQ]LDOH
PLJOLRUDPHQWR GHOOD IXQ]LRQH RELHWWLYR� 3URYLDPR RUD� VHPSUH SDUWHQGR GDO JUDIR GL )LJ����� D VRVWLWXLUH
OD FRSSLD ��� �� H ��� ��� ,Q TXHVWR FDVR� O
XQLFR PRGR SHU ULFRVWUXLUH XQ FLFOR KDPLOWRQLDQR GLYHUVR GD
TXHOOR GL SDUWHQ]D tH DJJLXQJHUH JOL DUFKL ��� ��� ��� �� �VL YHGD OD )LJ� ������
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)LJXUD ����� 7UDVIRUPD]LRQH GL XQ FLFOR KDPLOWRQLDQR
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)LJXUD ����� 8Q
DOWUD SRVVLELOH WUDVIRUPD]LRQH GHOOD VROX]LRQH JUHHG\
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4XHVWR QXRYR FLFOR WXWWDYLD KD OR VWHVVR FRVWR GL TXHOOR GL SDUWHQ]D� &HUFKLDPR GL JHQHUDOL]]DUH
FLtR FKH tH VWDWR IDWWR� ,QQDQ]LWXWWR RVVHUYLDPR FKH� VH ULPXRYLDPR GDO FLFOR GL SDUWHQ]D GXH DUFKL DGL�
DFHQWL �RYYHUR LQFLGHQWL LQ XQR VWHVVR QRGR�� HVLVWH XQ VROR PRGR SHU FRPSOHWDUH OD VROX]LRQH SDU]LDOH
FRVtL RWWHQXWD FRQVLVWHQWH QHO UH�LQVHULUH JOL DUFKL DSSHQD HOLPLQDWL� $O FRQWUDULR� VH ULPXRYLDPR GXH
DUFKL QRQ DGLDFHQWL �FLRtH GXH DUFKL FKH QRQ KDQQR QRGL LQ FRPXQH�� OD VROX]LRQH SDU]LDOH SXtR HVVHUH
FRPSOHWDWD LQ GXH PRGL GLVWLQWL� XQR GHL TXDOL SURGXFH XQ QXRYR FLFOR� ,Q JHQHUDOH� VH LQGLFKLDPR FRQ
+�  I�X�� X��� �X�� X��� � � � � �XTb�� XT�� �XT � X��J XQ JHQHULFR FLFOR KDPLOWRQLDQR� DOORUD LO PHFFDQLVPR GL
JHQHUD]LRQH GL XQ QXRYR FLFOR KDPLOWRQLDQR SXtR HVVHUH GHVFULWWR FRPH VHJXH �VL YHGD OD )LJ� ""��

�� 6FHJOL XQD FRSSLD GL DUFKL QRQ DGLDFHQWL �X
L

� X
L��� H �XM � XM����

�� 5LPXRYL OD FRSSLD GL DUFKL GDO FLFOR

�� $JJLXQJL L GXH QXRYL DUFKL �X
L

� X
M

� H �X
L��� XM����

3RLFKtH O
RSHUD]LRQH FRLQYROJH OR VFDPELR GL GXH DUFKL FRQ DOWUL GXH DUFKL� YHUUtD FKLDPDWD ��VFDPELR
�LQ LQJOHVH ���H[FKDQJH���

u1

u2

ui

ui+1

uj

uj+1

uk

u1

u2

ui

ui+1

uj

uj+1

uk

u1

u2

ui

ui+1

uj

uj+1

uk

)LJXUD ����� 6FDPELR GL DUFKL JHQHUDOL]]DWR

1HJOL HVHPSL GHOOH nJXUH ���� H ���� FL VLDPR OLPLWDWL D SURYDUH OD VRVWLWX]LRQH GL GXH FRSSLH GL
DUFKL GHO FLFOR RULJLQDULR +�� 8Q
RYYLD JHQHUDOL]]D]LRQH FRQVLVWH QHO SURYDUH WXWWL L SRVVLELOL ��VFDPEL �LQ
FRUULVSRQGHQ]D D WXWWH OH SRVVLELOL FRSSLH GL DUFKL QRQ DGLDFHQWL GL +�� H VFHJOLHUH DOOD nQH LO ��VFDPELR FKH
SURGXFH LO FLFOR KDPLOWRQLDQR GL FRVWR PLQLPR� )RUPDOPHQWH� SRVVLDPR GHnQLUH OD VHJXHQWH SURFHGXUD�

�� 3HU RJQL FRSSLD GL DUFKL QRQ DGLDFHQWL GL +� FDOFROD OD OXQJKH]]D GHO FLFOR KDPLOWRQLDQR FRUULVSRQ�
GHQWH

�� 6FHJOL LO PLJOLRUH GHL FLFOL FRVtr SURGRWWL�

6L RVVHUYL FKH LO QXPHUR GL FLFOL KDPLOWRQLDQL HVDPLQDWL QRQ tH PROWR JUDQGH� ,QIDWWL� LO FLFOR LQL]LDOH +�
FRQWLHQH HVDWWDPHQWH Q DUFKL �RYH Q  M9 M�� 4XDQWH VRQR OH FRSSLH GL DUFKL QRQ DGLDFHQWL" 3HU RJQL DUFR
�X� Y�� FL VRQR HVDWWDPHQWH GXH DUFKL DGLDFHQWL �XQ DUFR LQFLGHQWH LQ X H XQ DUFR LQFLGHQWH LQ Y�� 4XLQGL�
LO QXPHUR GL DUFKL QRQ DGLDFHQWL tH Qb �� 4XLQGL� SHU RJQXQR GHJOL Q DUFKL GHO FLFOR� HVLVWRQR HVDWWDPHQWH
Qb� ��VFDPEL GLVWLQWL� ,O QXPHUR GL FLFOL JHQHUDWL SHU ��VFDPELR D SDUWLUH GD +� tH TXLQGL PLQRUH R XJXDOH
D Q�Qb �� �HVDWWDPHQWH tH SDUL D Q�Qb �� ���

2UD� VH LQGLFKLDPR FRQ +� LO PLJOLRUH GHL FLFOL KDPLOWRQLDQL RWWHQLELOL SHU ��VFDPELR GD +� VDUDQQR
SRVVLELOL GXH FDVL�

���



D� Z�+�� � Z�+��� FLRtH LO FLFOR WURYDWR tH PLJOLRUH GL TXHOOR GL SDUWHQ]D�

E� Z�+�� w Z�+��� FLRtH LO FLFOR WURYDWR QRQ tH PLJOLRUH GL TXHOOR GL SDUWHQ]D�

6XSSRQLDPR DGHVVR GL WURYDUFL QHO FDVR D�� H FLRtH +� tH PLJOLRUH GL +�� 1XOOD FL LPSHGLVFH GL UL�
FRPLQFLDUH GD FDSR� QHOOD VSHUDQ]D GL PLJOLRUDUH XOWHULRUPHQWH LO FLFOR KDPLOWRQLDQR� 4XLQGL SRVVLDPR
ULDSSOLFDUH DG +� OD SURFHGXUD GL ULFHUFD GHO PLJOLRU ��VFDPELR� HYHQWXDOPHQWH LGHQWLnFDQGR XQ QXRYR
FLFOR +� PLJOLRUH GL +� �H TXLQGL GL +��� LQnQH� OD SURFHGXUD SXtR HVVHUH UH�LWHUDWD nQFKtH VL ULHVFH D
LGHQWLnFDUH XQ FLFOR PLJOLRUH GHO SUHFHGHQWH�

6LDPR LQ JUDGR GL GHVFULYHUH DGHVVR XQD GHOOH HXULVWLFKH SLtX HpFLHQWL SHU OD ULFHUFD GL XQ FLFOR KDPLO�
WRQLDQR GL FRVWR �OXQJKH]]D� PLQLPR� OD FRVLGGHWWD HXULVWLFD � b 2SW� 'L VHJXLWR� GHQRWLDPR FRQ 7 OD
IDPLJOLD GHL FLFOL KDPLOWRQLDQL GL *�

$OJRULWPR ��RSW SHU LO 763

,QL]LDOL]]D]LRQH

D� 6FHJOL XQ FLFOR KDPLOWRQLDQR LQL]LDOH +� � 7 �DG HVHPSLR PHGLDQWH O
HXULVWLFD JUHHG\�� 3RQL
L  ��

,WHUD]LRQH L�HVLPD

E� 6LD +
L

LO SLtX FRUWR FLFOR KDPLOWRQLDQR RWWHQLELOH GD +
Lb� SHU ��VFDPELR�

F� 6H Z�+
L

� w Z�+
Lb�� DOORUD 6723� +Lb� tH LO PLJOLRU FLFOR WURYDWR nQR D TXHVWR SXQWR�

G� $OWULPHQWL SRQL L  L� � D YD DO SDVVR E�

)LQH LWHUD]LRQH L�HVLPD

S

H0

)LJXUD ����� ,QVLHPH GHOOH VROX]LRQL DPPLVVLELOL

4XDQWR DEELDPR YLVWR nQRUD DSSOLFDWR DO FDVR GHO 763 SXtR HVVHUH JHQHUDOL]]DWR D RJQL SUREOHPD GL
RWWLPL]]D]LRQH FRPELQDWRULD� (VDPLQLDPR SLtX QHO GHWWDJOLR FLtR FKH tH VWDWR IDWWR� 6LDPR SDUWLWL GD XQ FLFOR
KDPLOWRQLDQR LQL]LDOH +� �VROX]LRQH LQL]LDOH� H DEELDPR HVDPLQDWR XQ FHUWR QXPHUR GL FLFOL KDPLOWRQLDQL
�QRQ WURSSR GLYHUVL� GD +�� ,Q SDUWLFRODUH� DEELDPR HVDPLQDWR WXWWL TXHL FLFOL FKH KDQQR HVDWWDPHQWH
Q b � DUFKL LQ FRPXQH FRQ +�� &KLDUDPHQWH� TXHVWR tH VROR XQ SLFFROR VRWWRLQVLHPH GHOO
LQVLHPH GL WXWWL
L FLFOL KDPLOWRQLDQL GHO JUDIR �FKH� FRPH VL tH GHWWR� KD GLPHQVLRQH Q��� , FLFOL KDPLOWRQLDQL DSSDUWHQHQWL
D TXHVWR VRWWRLQVLHPH KDQQR OD FDUDWWHULVWLFD GL WURYDUVL� LQ TXDOFKH VHQVR� �YLFLQR� D +�� *UDnFDPHQWH�

���



SRVVLDPR UDSSUHVHQWDUH WXWWL L FLFOL KDPLOWRQLDQL FRPH GHL SXQWL LQ XQR VSD]LR GL VROX]LRQL 6 �YHGL )LJ�
������

,O FLFOR+� VDUtD XQ SXQWR DSSDUWHQHQWH D TXHVWR VRWWRLQVLHPH� /
LQVLHPH GL WXWWL L FLFOL �YLFLQL� DG +� tH
HYLGHQ]LDWR LQ nJXUD ���� GD XQ RYDOH FHQWUDWR LQ +� H FRQWHQXWR LQ 6� 4XHVWR LQVLHPH tH GHWWR LQ JHQHUDOH
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6L FDSLVFH D TXHVWR SXQWR LO VLJQLnFDWR GHO WHUPLQH �5LFHUFD /RFDOH�� /D ULFHUFD �QHOOR VSD]LR GHOOH
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VROX]LRQL� 3HU HVHPSLR� QHOO
HXULVWLFD ��2SW SHU LO &RPPHVVR 9LDJJLDWRUH� OD PRVVD HUD LO FRVLGGHWWR ��
VFDPELR �VRVWLWX]LRQH GL GXH DUFKL QRQ DGLDFHQWL FRQ GXH QXRYL DUFKL�� &RQVLGHULDPR FRPH QXRYR HVHPSLR
LO SUREOHPD GL N�SDUWL]LRQDPHQWR� 3HU VHPSOLnFDUH OD WUDWWD]LRQH� FRQVLGHUHUHPR LO FDVR VHQ]D YLQFROL GL
FDUGLQDOLWtD VXOOH SDUWL]LRQL� /H VROX]LRQL GHO SUREOHPD GL N�FOXVWHULQJ VRQR GXQTXH WXWWH OH N�SDUWL]LRQL
GHOO
LQVLHPH GL QRGL 9 GHO JUDIR� 4XLQGL� XQD VROX]LRQH tH XQD VSHFLnFD N�SDUWL]LRQH� FKH SRVVLDPR LQGLFDUH
FRPH 6  I&�� � � � � &N

J� 8Q PRGR SHU GHnQLUH O
LQWRUQR GL XQD SDUWL]LRQH tH LO VHJXHQWH� O
LQWRUQR 1�6�
GL XQD SDUWL]LRQH 6 tH O
LQVLHPH GL WXWWH OH SDUWL]LRQL RWWHQLELOL GD 6 VSRVWDQGR XQR H XQ VROR QRGR GDOOD
VXD FODVVH GL DSSDUWHQHQ]D D XQD QXRYD FODVVH� /D PRVVD LQ TXHVWR FDVR FRQVLVWH LQ�

q VFHJOL XQ QRGR Y
M

� 9 � 6LD &
O

OD FODVVH GL DSSDUWHQHQ]D GL Y
M

�

q JHQHUD XQD QXRYD SDUWL]LRQH 6�  I& �

�
� & �

�
� � � � � & �

O

� � � � � & �

T

J QHO VHJXHQWH PRGR�
^ 6FHJOL XQ LQGLFH U FRQ U � I�� � � � � TJ H U � O�

^ 3RQL & �

L

 &
L

SHU L  �� � � � � T H L� U� L� O�

^ 3RQL & �

O

 &
O

b IY
M

J� & �

U

 &
U

> IY
M

J�
6H FRQVLGHULDPR DQFRUD O
HVHPSLR GL )LJ� ����� OD VROX]LRQH SURGRWWD GDOO
DOJRULWPR JUHHG\ tH� 6�  

I&�  I�� �J� &�  I�� �� �JJ� /
LQWRUQR GL 6� tH IRUPDWR GD FLQTXH VROX]LRQH 1�6��  I6�� 6�� 6�� 6�� 6�J�
RYH 6�  I&�  I�� �� �J� &�  I�� �JJ� 6�  I&�  I�� �� �J� &�  I�� �JJ� 6�  I&�  I�� �� �J� &�  
I�� �JJ� 6�  I&�  I�J� &�  I�� �� �� �JJ� 6�  I&�  I�J� &�  I�� �� �� �JJ� (
 IDFLOH DQFKH YHULnFDUH
FKH Z�6��  ��� Z�6��  ��� Z�6��  ��� Z�6��  ��� Z�6��  ��� Z�6��  ���

,QWURGRWWD OD GHnQL]LRQH GL LQWRUQR GL XQD VROX]LRQH� VLDPR nQDOPHQWH LQ JUDGR GL GHVFULYHUH IRUPDO�
PHQWH LO JHQHULFR DOJRULWPR GL ULFHUFD ORFDOH�

$OJRULWPR GL 5LFHUFD /RFDOH

,QL]LDOL]]D]LRQH

D� 6FHJOL XQD VROX]LRQH LQL]LDOH 6� � 6 �DG HVHPSLR PHGLDQWH O
HXULVWLFD JUHHG\�� 3RQL L  ��
,WHUD]LRQH L�HVLPD

E� 6LD 6
L

� 1�6
Lb�� OD PLJOLRUH VROX]LRQH QHOO
LQWRUQR GL 6Lb��

F� 6H Z�6
L

� w Z�6
Lb�� DOORUD 6723� 6Lb� tH LO PLQLPR ORFDOH�

G� $OWULPHQWL SRQL L  L� � D YD DO SDVVR E�

)LQH LWHUD]LRQH L�HVLPD

2YYLDPHQWH uH VHPSUH SRVVLELOH LQWHUURPSHUH OD ULFHUFD ORFDOH SULPD GL DYHU UDJJLXQWR XQ RWWLPR ORFDOH�
DG HVHPSLR GRSR DYHU HVHJXLWR XQ SUHnVVDWR PDVVLPR QXPHUR GL LWHUD]LRQL�

���



��� (VWHQVLRQH GHO PRGHOOR DO FDVR 5RPD &HQWUR � )LXPLFLQR
$UHRSRUWR

)LQRUD DEELDPR WUDWWDWR LO FDVR GHO VHUYL]LR GD )LXQPLFLQR $UHRSRUWR DO FHQWUR FLWWtD� ,Q TXHVWR FRQWHVWR
OH YHWWXUH� XQD YROWD ODVFLDWL L SDVVHJJHUL DOOH ORUR GHVWLQD]LRQL� WRUQDQR DOO
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