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$OJRULWDP� XSUDYOMDQMD� DVLQKURQLP� PRWRURP�� RSLVDQ� X� SRJODYOMX� �����

RPRJX`XMH� QH]DYLVQX� NRQWUROX� URWRUVNRJ� IOXNVD� L� HOHNWURPDJQHWQRJ� PRPHQWD�

%U]LQD� XVSRVWDYOMDQMD� PRPHQWD� ]DYLVL� RG� NDUDNWHULVWLND� UHJXODWRUD� VWDWRUVNH

VWUXMH�� 8� VOXaDMX� HNVSHULPHQWDOQRJ� SURWRWLSD�� PRWRU� VH� QDSDMD� L]� VWUXMQR

UHJXOLVDQRJ�QDSRQVNRJ�LQYHUWRUD��3UHNLGDaNL�DOJRULWDP�]D�XSUDYOMDQMH�LQYHUWRURP�

GDW�X�RNYLUX�SRJODYOMD�����RPRJX`DYD�XVSRVWDYOMDQMH�QRPLQDOQH� VWUXMH� L�PRPHQWD

]D�≅ ��� PV��.D^QMHQMH�L]PH_X�WUHQXWND�RGDELUDQMD�L�XVSRVWDYOMDQMD�NRPDQGRYDQLK

YUHGQRVWL� VWUXMD� L� PRPHQWD� MH� XYH`DQR� ]D� ≅ ��� PV�� ]ERJ� QHRSKRGQLK

L]UDaXQDYDQMD� X� GLJLWDOQRP� PLNURNRQWUROHUX�� %U]LQD� XVSRVWDYOMDQMD� VWUXMH� L

PRPHQWD� MH� ]D� GYD� UHGD� YHOLaLQH� PDQMD� RG� YUHPHQVNH� NRQVWDQWH� PHKDQLaNRJ

SRGVLVWHPD��$VLQKURQL�PRWRU��QDSDMDQ�L]�VWUXMQR�UHJXOLVDQRJ�QDSRQVNRJ�LQYHUWRUD

L� XSUDYOMDQ� SR� DOJRULWPX� YHNWRUVNH� NRQWUROH� PRCHPR� SRVPDWUDWL� NDR

SURSRUFLRQDOQL� L]YU^QL� RUJDQ� VD� ]DQHPDUOMLYLP� WUDQVSRUWQLP� ND^QMHQMHP�

0RJX`QRVW� GLUHNWQRJ�XSUDYOMDQMD�PRPHQWRP�RODN^DYD� VLQWH]X� UHJXODWRUD� EU]LQH�

MHU� VH� SUHQRVQD� IXQNFLMD� REMHNWD� VYRGL� QD� SUHQRVQX� IXQNFLMX� PHKDQLaNRJ

SRGVLVWHPD�SRJRQD��NRMD� MH�SUYRJ�UHGD��5DGL�SRVWL]DQMD�QXOWH�JUH^NH�VWDFLRQDUQRJ

VWDQMD�� XVYDMD� VH� SURSRUFLRQDOQR−LQWHJUDOQR� GHMVWYR� UHJXODWRUD�� .RPDQGRYDQD

YUHGQRVW�HOHNWURPDJQHWQRJ�PRPHQWD��NDR�XSUDYOMDaNH�SURPHQOMLYH�� L]UDaXQDYD�VH

QD� RVQRYX� UHIHUHQWQH� L� PHUHQH� EU]LQH�� 5HJXODWRU�� L]YU^QL� RUJDQ� L� SURFHV� VX

SULND]DQL� X� YLGX� EORN� GLMDJUDPD�� QD� VOLFL� ������ 'D� EL� VH� L]EHJDR� QDJOL� VNRN

XSUDYOMDaNH� SURPHQOMLYH� �PRPHQWD�� X� WUHQXWNX� GHORYDQMD� SRUHPH`DMD� QD� XOD]X�

SURSRUFLRQDOQR�GHMVWYR�VH� L]PH^WD� [���]� X�NROR� ORNDOQH�SRYUDWQH� VSUHJH��0RPHQW

NRML�VH�PRCH�UD]YLWL�MH�RJUDQLaHQ�VWUXMQLP�NDSDFLWHWRP�LQYHUWRUD��SD�EORN�GLMDJUDP

����� VDGUCL� OLPLWHU��3UHQRVQD� IXQNFLMD�+�V�� RGUH_HQD� MH� QDaLQRP�PHUHQMD� EU]LQH�

0HWRG� PHUHQMD� EU]LQH� SRPR`X� LPSXOVQRJ� GDYDaD�� RSLVDQ� X� SRJODYOMX� �����

RPRJX`XMH�RGUH_LYDQMH�VUHGQMH�YUHGQRVWL�EU]LQH�X�WRNX�LQWHUYDOD�RGDELUDQMD��^WR�VH

PRCH� SULEOLCQR� PRGHORYDWL� NDR� ND^QMHQMH� X� L]QRVX� RG� SRORYLQH� LQWHUYDOD

RGDELUDQMD�

6OLND�������3URSRUFLRQDOQRLQWHJUDOQL�UHJXODWRU�EU]LQH
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3RVWXSDN�RGUH_LYDQMD�SDUDPHWDUD�UHJXODWRUD�L]YHGHQ�MH�]D�GYD�UD]OLaLWD

VOXaDMD��8NROLNR� MH�PRPHQW� RSWHUH`HQMD� SURSRUFLRQDODQ�EU]LQL�� SUHQRVQD� IXQNFLMD

PHKDQLaNRJ�SRGVLVWHPD�:P�V��VH�PRCH�SUHGVWDYLWL�NDR�. � ���V⋅7����$NR�MH�WUHQMH
]DQHPDUOMLYR���D�PRPHQW�RSWHUH`HQMD�QH]DYLVDQ�RG�EU]LQH��SRWHQFLMDOQL��SXOVDFLRQL

LWG���� SUHQRVQD� IXQNFLMD� PHKDQLaNRJ� SRGVLVWHPD� MH� :P�V� � � �V⋅7��� 7DGD� VH
RSWHUH`HQMH� 7/� WUHWLUD� NDR� VSROMQL� SRUHPH`DM�� 2GUH_LYDQMH� SDUDPHWDUD� ]D� SUYL� L

GUXJL� VOXaDM� MH� GDWR� X� SRJODYOMLPD� ����� L� ������ 3ULOLNRP� L]YR_HQMD� NRULVWH� VH

QRUPDOL]RYDQH�YUHGQRVWL�PRPHQWD��EU]LQH�L�SR]LFLMH�
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9UHPHQVNH�NRQVWDQWH�PHKDQLaNRJ�SRGVLVWHPD�VX�]D�MHGDQ�LOL�GYD�UHGD�YHOLaLQH�YH`H

RG� ND^QMHQMD� XVOHG� L]UDaXQDYDQMD�� PHUHQMD� EU]LQH� L� XVSRVWDYOMDQMD� PRPHQWD�

,]YU^QL� RUJDQ� MH� SURSRUFLRQDODQ�� 8NROLNR� VH� CHOL� SRVWL`L� DSHULRGLaDQ� RG]LY� VD

YUHPHQRP� VPLUHQMD� τ � � λ�� SRGH^DYDQMH� SDUDPHWUD� SURSRUFLRQDOQRLQWHJUDOQRJ
UHJXODWRUD�EU]LQH�VH�PRCH�L]YU^LWL�SR�'DKOLQRYRP�DOJRULWPX�[���]�[���]��3UHQRVQD
IXQNFLMD�UHJXODWRUD�GDWD�MH�L]UD]RP�������3DUDPHWUL�.
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%URM� 1� SUHGVWDYOMD� PDNVLPDOQL� FHR� EURM� LQWHUYDOD� RGDELUDQMD� VDGUCDQLK� X

WUDQVSRUWQRP� ND^QMHQMX� 7
G
�� .D^QMHQMH� XVOHG� L]UDaXQDYDQMD� L� XVSRVWDYOMDQMD

PRPHQWD�YHNWRUVNL�NRQWUROLVDQRJ�DVLQKURQRJ�PRWRUD�MH�]QDWQR�PDQMH�RG�LQWHUYDOD

7�� $NR� VH� EU]LQD� PHUL� NDR� VUHGQMD� YUHGQRVW� X� WRNX� LQWHUYDOD� 7�� HNYLYDOHQWQR

ND^QMHQMH�L]QRVL�≅ 7����SD�MH�1 ��

��������

$VLQKURQL� PRWRU� VQDJH� � N:�� XSRWUHEOMHQ� NDR� SRJRQVNL� PRWRU� X

HNVSHULPHQWDOQRP� SURWRWLSX�� LPD� JXELWNH� XVOHG� WUHQMD� L� YHQWLODFLMH� NRML� SUL

QRPLQDOQRM� EU]LQL� RSWHUH`XMX� PRWRU� VD� ≅ ��� QRPLQDOQRJ� PRPHQWD�� 0HKDQLaND
YUHPHQVND� NRQVWDQWD� JUXSH�� NRMX� aLQH� DVLQKURQL� PRWRU� L� RSWHUHWQL� JHQHUDWRU�

L]QRVL� ���� VHF�� 8NROLNR� EL� SUHQRVQX� IXQNFLMX� PHKDQLaNRJ� SRGVLVWHPD� SRJRQD

SUHGVWDYLOL�NDR�:
P
�V�  . � � � � V⋅7

�
����NRHILFLMHQW�.�L�YUHPHQVND�NRQVWDQWD�7

�
�EL

LPDOL�YUHGQRVWL�. ���L�7
�
 ����VHF��2YR�]QDaL�GD�EL�LGHDOL]RYDQL�PRWRU��SRJRQMHQ

QRPLQDOQLP� PRPHQWRP�� GRVWLJDR� EU]LQX� ��� SXWD� YH`X� RG� QRPLQDOQH� X]

HNVSRQHQFLMDOQL�RG]LY�VD�YUHPHQVNRP�NRQVWDQWRP�RG������VHF��.RQVWDQWH�.�L�7
�
�QH

QRVH� LQIRUPDFLMX� R� NDUDNWHULVWLNDPD� SRJRQD� X� REODVWL� QRPLQDOQH� EU]LQH�� SD

SUHQRVQD�IXQNFLMD�:
P
�QLMH�SRJRGQD�NDR�SROD]QD�RVQRYD�]D�RGUH_LYDQMH�SDUDPHWDUD

UHJXODWRUD��8�XVORYLPD�NDGD�PRPHQW�RSWHUH`HQMD�QLMH�GLUHNWQR�RGUH_HQ�EU]LQRP�

SUHQRVQD� IXQNFLMD� PHKDQLaNRJ� SRGVLVWHPD� MH�� SUDNWLaQR�� � � �V⋅7
P
��� 0RPHQW

RSWHUH`HQMD�SUHGVWDYOMD�VSROMQL�SRUHPH`DM�

.DR� NULWHULMXP� ]D� SRGH^DYDQMH� SDUDPHWDUD�� XVYDMD� VH� SRVWL]DQMH

NULWLaQRJ�RG]LYD�X]�^WR�^LUL�SURSXVQL�RSVHJ��3RVPDWUDQR�X�]�UDYQL��SRORYL�IXQNFLMH

VSUHJQXWRJ�SUHQRVD�WUHED��SR�PRJX`VWYX��GD�EXGX�QD�SR]LWLYQRP�GHOX�UHDOQH�RVH��L

WR� ^WR� EOLCH� NRRUGLQDWQRP� SRaHWNX�� >LURN� SURSXVQL� RSVHJ� UHJXODWRUD� EU]LQH

RPRJX`XMH� SRWLVNLYDQMH� IOXNWXDFLMD� EU]LQH� XVOHG� SXOVDFLMD� PRPHQWD� RSWHUH`HQMD�

^LULQRP� SURSXVQRJ� RSVHJD� MH� XVORYOMHQ� L� L]ERU� XaHVWDQRVWL� RGDELUDQMD�� 3HULRGD



352-(.729$1-(�$'$37,912*�0,.52352&(6256.2*�835$9/-$1-$����352-(.729$1-(�$'$37,912*�0,.52352&(6256.2*�835$9/-$1-$����

��

RGDELUDQMD� EU]LQVNH� SHWOMH� HNVSHULPHQWDOQRJ� SRJRQD� MH� 7 ��� PV�� ^WR� MH� ]QDWQR

PDQMH�RG�YUHPHQVNH�NRQVWDQWH�7P�

7UDQVSRUWQR� ND^QMHQMH� XVOHG� L]UDaXQDYDQMD� L� RJUDQLaHQH� EU]LQH

XVSRVWDYOMDQMD� VWUXMD� MH� ]D� UHG� YHOLaLQH�PDQMH� RG� SHULRGH� RGDELUDQMD�� SD� VH�PRCH

VPDWUDWL� GD� YHNWRUVNL� NRQWUROLVDQL� PRWRU� WUHQXWQR� XVSRVWDYOMD� NRPDQGRYDQX

YUHGQRVW� HOHNWURPDJQHWQRJ� PRPHQWD� L� RGUCDYD� JD� NRQVWDQWQLP� GR� QDUHGQRJ

WUHQXWND�RGDELUDQMD��1H�PRCH�VH��PH_XWLP��]DQHPDULWL� aLQMHQLFD�GD�VH�PHUHQMHP

EU]LQH�SRPR`X� LPSXOVQRJ�GDYDaD� L�PHWRGH� L]� SRJODYOMD� ����� ]DSUDYR�PHUL� VUHGQMD

YUHGQRVW�EU]LQH�X�WRNX�SURWHNORJ�LQWHUYDOD�RGDELUDQMD�

8]�]DQHPDUHQMH�JXELWDND�XVOHG�YHQWLODFLMH�L�WUHQMD�X�OHCDMHYLPD��UHODFLMX

L]PH_X� HOHNWURPDJQHWQRJ� PRPHQWD� 7H�� PRPHQWD� RSWHUH`HQMD� 7/� L� EU]LQH� GDMX

L]UD]L������L�������=ERJ�NDUDNWHULVWLND�L]YU^QRJ�RUJDQD��HOHNWURPDJQHWQL�PRPHQW�MH

NRQVWDQWDQ�X�RNYLUX�SHULRGH�RGDELUDQMD��3RG�YHOLaLQRP�7/�VH�SRGUD]XPHYD�VUHGQMD

YUHGQRVW�PRPHQWD�RSWHUH`HQMD�X�LQWHUYDOX�7�
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S
� L� .

L
� WUHED� RGUHGLWL� WDNR� GD� VH� SRVWLJQH� RG]LY� EH]� SUHEDaDMD� X]

PDNVLPDOQL�PRJX`L� SURSXVQL� RSVHJ�� 7R� ]QDaL� GD� NRUHQL� SROLQRPD� ������ WUHED� GD

EXGX� UHDOQL� EURMHYL� ^WR� PDQMH� DSVROXWQH� YUHGQRVWL�� SR� PRJX`QRVWL� SR]LWLYQL�

-HGQDaLQD� WUH`HJ� UHGD� LPD� UHDOQH� NRUHQH� XNROLNR� MH� ' ≤ ��� ��������� 2SWLPDOQH

YUHGQRVWL� NRHILFLMHQDWD� .
�
� L� .

�
�� L]UDaXQDWH� SUHNR� UHODFLMH� ������� X]� XVORY� GD� VX

NRUHQL� SROLQRPD� ^WR� PDQML� SR]LWLYQL� EURMHYL�� GDWH� VX� MHGQDNRVWLPD� ������

2GUH_LYDQMH� SDUDPHWDUD� 3,� UHJXODWRUD� EU]LQH� ]D� SRJRQ� VD� PHKDQLaNRP

YUHPHQVNRP�NRQVWDQWRP�7
P
�L�SHULRGRP�RGDELUDQMD�7�GDWR�MH�UHODFLMDPD�������
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S ≅ ���L�.L ≅ �����1D�VOLFL�����
VX�SULND]DQL�UH]XOWDWL�VLPXODFLMH�HNVSHULPHQWDOQRJ�SRJRQD���0DNVLPDOQL�PRPHQW�

NRML� PRWRU� PRCH� UD]YLWL�� RJUDQLaHQ� MH� SURJUDPVNL� QD� YUHGQRVW� NRMD� RGJRYDUD

GYRVWUXNRP� QRPLQDOQRP� PRPHQWX�� *RUQML� WUDJ� QD� VOLFL� ����� SUHGVWDYOMD

XSUDYOMDaNX�SURPHQOMLYX� �HOHNWURPDJQHWQL�PRPHQW�� L�PRPHQW� RSWHUH`HQMD��'RQML

WUDJ�SULND]XMH�UHIHUHQWQX�X�DNWXHOQX�EU]LQX��7UDMDQMH�VLPXODFLMH�MH���� PV��1DMSUH

VH� UHIHUHQWQD� EU]LQD� VNRNRYLWR� SURPHQL� ]D� ���� S�X��� D� QDNRQ� VPLUHQMD� SUHOD]QRJ

SURFHVD�� GRJD_D� VH� VNRN� PRPHQWD� RSWHUH`HQMD� ]D� � S�X��� 6OLND� ����� SULND]XMH

UH]XOWDWH�VLPXODFLMH�EU]LQVNRJ�UHJXODWRUD�]D�YHOLNH�SRUHPH`DMH��5HIHUHQWQD�EU]LQD

VH�PHQMD�VD���QD���S�X���0RPHQDW�NRPDQGRYDQ�RG�VWUDQH�3,�UHJXODWRUD�SUHYD]LOD]L

GYRVWUXNL�QRPLQDOQL�� SD� MH� DNWLYLUDQR�SURJUDPVNR� RJUDQLaHQMH�PRPHQWD��8� WRNX

UDGD�X�REODVWL�RJUDQLaHQMD�PRPHQWD��GROD]L�GR�DNXPXODFLMH�JUH^NH�X�LQWHJUDWRUX�3,

UHJXODWRUD�� SD� GROD]L� GR� SUHEDaDMD� L� RVFLODWRUQRJ� RG]LYD�� XSUNRV� aLQMHQLFL� GD� VX

SRORYL�VSUHJQXWRJ�SUHQRVD�UHDOQL��2YD�QHUHJXODUQRVW� MH�SRVOHGLFD�SULPHQH�]DNRQD

XSUDYOMDQMD�X�SR]LFLRQRM�IRUPL��3UREOHP�VH�X�SRWSXQRVWL�UH^DYD�XNROLNR�VH�SULPHQL

LQNUHPHQWDOQD�IRUPD�3,�UHJXODWRUD�[���]��8�WUHQXFLPD�RGDELUDQMD��L]UDaXQDYDMX�VH
LQNUHPHQWL� XSUDYOMDaNH� SURPHQOMLYH�� YU^L� VDELUDQMH� VD� SUHWKRGQRP� YUHGQR^`X� D



352-(.729$1-(�$'$37,912*�0,.52352&(6256.2*�835$9/-$1-$����352-(.729$1-(�$'$37,912*�0,.52352&(6256.2*�835$9/-$1-$����

��

]DWLP� OLPLWLUD�UH]XOWDW��6OLND������ SULND]XMH� VLPXODFLMX� UDGD� RYDNR�PRGLILNRYDQRJ

UHJXODWRUD�EU]LQH�

3UHGORJ�VLQWH]H�EU]LQVNRJ�UHJXODWRUD��GDW�X�RNYLUX�RYRJ�SRJODYOMD��SROD]L

RG� ]DKWHYD� GD� VH� PLQLPL]LUD� XWLFDM� SXOVDFLMD� L� VUHGQMH� YUHGQRVWL� PRPHQWD

RSWHUH`HQMD� QD� UHJXOLVDQX� SURPHQOMLYX�� EU]LQX�� 3XOVDFLMH� RSWHUH`HQMD� X� RNYLUX

SURSXVQRJ�RSVHJD�UHJXODWRUD�`H�ELWL�NRPSHQ]RYDQH�SXOVDFLMDPD�HOHNWURPDJQHWQRJ

PRPHQWD�� 8NROLNR� VX� XVORYL� SRJRQD� WDNYL� GD� WROHUL^X� IOXNWXDFLMH� EU]LQH� D� QH

GR]YROMDYDMX� SXOVDFLMH� PRPHQWD�� WUHED� RGXVWDWL� RG� JUDGQMH� EU]RJ� UHJXODWRUD�

VPDQMLWL�SRMDaDQMD�L�XYH`DWL�SHULRGX�RGDELUDQMD�

'HWDOMQLMD� LVSLWLYDQMD� NDUDNWHULVWLND� UHJXODWRUD� EU]LQH� L]YU^HQD� VX

HNVSHULPHQWDOQR�� 7DODVQL� REOLFL� VQLPOMHQL� SUL� UDGX� UHJXODWRUD� EU]LQH�
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EU]LQH� RG� �� S�X�� SURX]URNXMH� SURPHQX� NRPDQGH�PRPHQWD� ]D�≅ ���� SD� MH� JUH^ND�
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