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3HQWUX� D� FUHD� VHQ]D@LD� GH� VXQHW�LQWHQVLWDWHD� VDX� SUHVLXQHD� DFXVWLF?

WUHEXLH� V?� GHS?>HDVF?� R� DQXPLW?� YDORDUH�PLQLP?��$FHDVW?� YDORDUH�PLQLP?

YDULD]?� FX� IUHFYHQ@D� >L� OD� IUHFYHQ@D� GH� ����+]� HVWH� HJDO?� FX
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QXPLW?� IIRQRQ�� FDUH�DUDW?� F?� W?ULD� VHQ]D@LHL� DXGLWLYH�SURGXV?�GH�XQ� VXQHW� FX�R

IUHFYHQ@?�RDUHFDUH�HVWH�LGHQWLF?�FX�W?ULD�SURGXV?�GH�XQ�VXQHW�GH�����+]�FX

QLYHO�GH�LQWHQVLWDWH�VRQRU?�FXQRVFXW?��3HQWUX�����+]��QXP?UXO�GH�IRQL�HVWH

GHFL� ÁQWRWGHDXQD� HJDO� FX� QXP?UXO� GH� GHFLEHOL�� /D� IUHFYHQ@H� GLIHULWH� GH

����+]�YDULD@LD�W?ULHL�ÁQ�IXQF@LH�GH�LQWHQVLWDWHD�VXQHWXOXL�QX�PDL�HVWH�OLQLDU?�

'H� H[HPSOX�� WRQXO� FX� IUHFYHQ@D� GH� ����� +]�� DYµQG� LQWHQVLWDWHD� HJDO?� FX
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GDU�DYµQG�IUHFYHQ@D�GH����+]�HVWH�SHUFHSXW�FX�R�W?ULH�PXOW�PDL�PLF?��GH���
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3ULQ� IRORVLUHD� P?ULPLL� gQLYHO� GH� W?ULHh� QX� DYHP� R� LPDJLQH� FODU?� D

JUDGXOXL� GH� P?ULUH� VDX� VF?GHUH� D� VHQ]D@LHL� GH� DX]�� FD� XUPDUH� D� P?ULULL�

UHVSHFWLY�PLF>RU?ULL�QLYHOXOXL�GH�LQWHQVLWDWH�VRQRU?��'H�DFHHD�VH�IRORVH>WH�SH

VFDU?� ODUJ?� P?ULPHD� QXPLW?� WW??UULLHH�� FDUH� VH� H[SULPD� ÁQ� VVRQRQLL�� 8Q� VRQ� HVWH

YDORDUHD�W?ULHL�XQXL�VXQHW�FX�R�IUHFYHQ@?�GH�����+]�>L�XQ�QLYHO�GH�W?ULH�GH���

IRQL��7?ULD�XQXL�VXQHW�HVWH�GH�Q�VRQL�GDF?�DFHVWD�HVWH�GH�Q�RUL�PDL�SXWHUQLF

GHFµW�VXQHWXO�D�F?UXL�W?ULH�HVWH�GH���VRQ��)XQF@LD�FDUH�OHDJ?�W?ULD�H[SULPDW?�ÁQ
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&DOLWDWHD� DQDOL]RUXOXL� DXGLWLY� XPDQ�GH� D� DWULEXL� R� ÁÁQQ??O@LO@LPPHH� VXQHWHORU

SHULRGLFH� DUH� R�PDUH� LPSRUWDQ@?� SHQWUX� SHUFHSHUHD� WRQXOXL� IXQGDPHQWDO� DO

YRUELULL��([SHULHQ@D�DUDW?�F?�ÁQ?O@LPHD�VHQ]D@LHL�VRQRUH�GHVFUH>WH�XQHRUL�SµQD

OD� ���� GLQ� IUHFYHQ@D� FRUHVSXQ]?WRDUH� VXQHWXOXL� IL]LF� DWXQFL� FµQG� FUH>WH

QLYHOXO� W?ULHL� VHQ]D@LHL�� $EDWHULOH� GH� OD� FRUHVSRQGHQ@D� SUHVXSXV?� LQL@LDO

SHUIHFW?� ÁQWUH� ÁQ?O@LPHD� VXQHWXOXL� >L� IUHFYHQ@?� DX� GHWHUPLQDW� LQWURGXFHUHD

XQLWD@LL� GH� ÁQ?O@LPH� VRQRU?�� QXPLW?� PPHHOO�� �GH� OD� PHORGLH��� 5HSHUXO� SHQWUX

GHILQL@LD�PHOXOXL�ÁO�FRQVWLWXLH�ÁQ?O@LPHD�GH������PHOL��FRUHVSXQ]?WRDUH�XQXL

VXQHW�D�F?UXL�IUHFYHQ@?�HVWH�GH�����+]�>L�DO�F?UXL�QLYHO�GH�SUHVLXQH�HVWH�GH
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��G%�� ¡Q?O@LPHD� XQXL� VXQHW� FDUH� SDUH� GH� Q� RUL� PDL� LQDOW� GHFµW� FHO

FRUHVSXQ]?WRU�XQXL�PHO�SRDWH�IL�H[SULPDW?�SULQ�Q�PHOL�

3µQ?�DFXP�QH�DP�UHIHULW�OD�YDORULOH�DEVROXWH�DOH�SDUDPHWULORU�DFXVWLFL�

OD� SUDJXULOH� LQWULQVHFL�� (VWH� LPSRUWDQW� ÁQV?� V?� FRQVLGHU?P� >L� SUDJXULOH

GLIHUHQ@LDOH�GH�DXGL@LH��DGLF?�YDULD@LLOH�PLQLPH�DOH�SDUDPHWULORU�DFXVWLFL�FDUH

SRW� IL� VHVL]DWH� GH� XUHFKH�� 6H� FRQVWDW?� F?� DX]XO� HVWH� PXOW� PDL� VHQVLELO� OD

PRGLILFDUHD�SDUDPHWULORU�DFXVWLFL�� ÁQ�JHQHUDO�YDORULOH�SUDJXULORU�GLIHUHQ@LDOH

VXQW�PDL�PLFL� GHFµW� YDORULOH� SUDJXULORU� LQWULQVHFL��$VWIHO�� GLIHUHQ@D�PLQLP?

SHUFHSWLELO?�D�GXUDWHL�GLQWUH�GRX?�VXQHWH�SRDWH�V?�DMXQJ?�OD����PV�

3UDJXO�GLIHUHQ@LDO�GH�LQWHQVLWDWH��GLIHUHQ@D�PLQLP?�GLQWUH�LQWHQVLW?@LOH�D

GRX?�VXQHWH�VXFFHVLYH��GHSLQGH�DWµW�GH�IUHFYHQ@?��FµW�>L�GH�QLYHOXO�GH�W?ULH�DO

VXQHWXOXL�SHUFHSXW� LQL@LDO� �ÁQDLQWH�GH�YDULD@LD� LQWHQVLWD@LL���3UDJXO�GLIHUHQ@LDO

GH�LQWHQVLWDWH�DUH�YDORDUHD�PLQLP?�OD�IUHFYHQ@H�PHGLL�DOH�EHQ]LL�DXGLR�>L� OD

YDORUL�PDUL�DOH�QLYHOXOXL�GH�W?ULH��$FHVW�SUDJ�DMXQJH�SµQ?�OD��G%�
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'LQ� DFHVW� JUDILF� UH]XOW?� F?� RUJDQXO� DXGLWLY� HVWH� PDL� VHQVLELO� OD

VFKLPE?ULOH�GH�IUHFYHQ@?�GLQ�GRPHQLXO�IUHFYHQ@HORU�VXSHULRDUH�OXL�����+]��ÁQ

WLPS�FH�VHQVLELOLWDWHD�VFDGH�SH�P?VXU?�FH�IUHFYHQ@D�VH�PLF>RUHD]?��¡Q�JHQHUDO�

VHQVLELOLWDWHD� OD� YDULD@LD� ÁQ?O@LPLL� GHVFUH>WH� RGDW?� FX� QLYHOXO� GH� LQWHQVLWDWH
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VRQRU?��6H�SRDWH�FRQVLGHUD�F?�ÁQ�FD]XO�QLYHOHORU�GH�LQWHQVLWDWH�VRQRU?�QX�SUHD

PLF?��GH�RUGLQXO�D���G%��R�SHUVRDQ?�SHUFHSH�VFKLPEDUHD�ÁQ?O@LPLL�XQXL�VXQHW

GDF?�IUHFYHQ@D�D�YDULDW�FX�DSUR[LPDWLY�∆I �+]�OD�IUHFYHQ@H�VXE�����+]�>L�FX

∆I�I ���OD�IUHFYHQ@H�SHVWH�����+]�

$QDOL]D�XQXL�PDUH�QXP?U�GH�RVFLORJUDPH�D�DU?WDW�F?�GXUDWD�YRFDOHORU

YDULD]?�DSUR[LPDWLY�ÁQWUH�����>L����PV��GXUDWHOH�PDL�PDUL�ILLQG�FDUDFWHULVWLFH

YRFDOHORU�DFFHQWXDWH��'XUDWD�FRQVRDQHORU�YDULD]?�ÁQ�OLPLWH�ODUJL�GH�OD����SµQ?

OD����PV�

1LYHOXO� LQWHQVLW?@LL� PD[LPH� DO� VXQHWHORU� VWULJDWH� DWLQJH� YDORDUHD� GH

��G%��ID@?�GH�YDORDUHD�GH�SUDJ���LDU�FHOH�PDL�VODEH�VXQHWH��VXQHWHOH�>RSWLWH�

DX�QLYHOXO�ÁQ�MXU�GH���G%�9DULD@LLOH�GH�QLYHO�FDUH�VH�SURGXF�ÁQ�WLPSXO�YRUELULL

QRUPDOH�VXQW�FRQVLGHUDWH�GH���G%��&RQVLGHUµQG�F?�SUDJXO�GLIHUHQ@LDO�SHQWUX

SHUFHSHUHD�YDULD@LLORU�GH�LQWHQVLWDWH�D�YRUELULL�HVWH�GH���G%�UH]XOW?�F?�XUHFKHD

SRDWH�V?�SHUFHDS?�GLQ�YRUELUHD�QRUPDO?�DSUR[LPDWLY������GH�YDORUL�GLVWLQFWH

GH�LQWHQVLWDWH�

��,QWHUYDOH�GH�IUHFYHQ@?,QWHUYDOH�GH�IUHFYHQ@?

8Q� LQWHUYDO� GH� IUHFYHQ@?� HVWH� UDSRUWXO� D� GRX?� IUHFYHQ@H��1XPHURDVH

LQWHUYDOH�GHILQLWH� ÁQ�PX]LF?�SRDUW?�QXPH�DVWIHO��RRFFWWDDYYDD�HVWH� LQWHUYDOXO�GH���

FFYYLLQQWWD�D�SSHHUIUIHFHFWW??�HVWH�GH������FFYYDDUUWWD�D�SSHHUIUIHFHFWW??�GH������WWHHUU@@D�D�PPDDMMRRUU??��GH������WUHLPH

GH�RFWDY?��HWF��¡Q�DFXVWLF?��XQ�LQWHUYDO�VH�H[SULP?�DGHVHD�SULQ�ORJDULWPXO�V?X

ÁQWU�R�ED]?�GDW?��([HPSOX��OD�OJ��ORJDULWP�]HFLPDO��FRUHVSXQGH�XQ�LQWHUYDO�GH

R�GHFDG?�� OD� OE� �ORJDULWP� ÁQ�ED]D���� ÁL� FRUHVSXQGH�XQ� LQWHUYDO�GH�R�RFWDY?�

7RQXO� >L� VHPLWRQXO� WHPSHUDW� VXQW� VXEPXOWLSOL� DL� RFWDYHL�� DYµQG� ����

UHVSHFWLY�����RFWDYH��2�RFWDY?�DUH�DSUR[LPDWLY�����GHFDGH��OJ���LDU�R�GHFDG?

DUH������RFWDYH�
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¡Q� VFRSXO� VLPSOLILF?ULL� SURFHGXULORU� GH� P?VXU?� >L� SHQWUX� D� SHUPLWH

FRPSDUDUHD� GLUHFW?� D� UH]XOWDWHORU� VH� XWLOL]HD]?� VHULL� GH� IUHFYHQ@H� QRUPDWH

�,62�������(OH�VXQW� VWDELOLWH�SH� LQWHUYDOH�VXFFHVLYH��GHDVXSUD�>L�GHGHVXEWXO

IUHFYHQ@HL�GH�UHIHULQ@?�GH�����+]��6XQW�GHILQLWH�WUHL�VHULL��ÁQ�RFWDY?��UDSRUWXO

D�GRX?�IUHFYHQ@H�VXFFHVLYH�HVWH�����ÁQ�VHPLRFWDY?��UDSRUWXO�D�GRX?�IUHFYHQ@H

VXFFHVLYH� HVWH 2 1 41= , �� >L� ÁQ� WUHLPH�GH� RFWDY?� �UDSRUWXO� D� GRX?� IUHFYHQ@H

VXFFHVLYH�HVWH� 2 1 263 = , ���'LQ�FRQVLGHUHQWH�SUDFWLFH�YDORULOH�VXQW�URWXQMLWH�

66HHUULLD�D�ÁÁQ�RQ�RFFWWDDYY??

����������������������������������������+]

�������������������������������������������������������+]

66HHUULLD�D�ÁÁQ�Q�MMXXPP??WWDDWWH�H�GGH�H�RRFFWWDDYY??

�������������������������������������������������������������������+]

����� �� ����� �� ����� �� ����� �� ����� �� ����� �� ����� �� ����.� �� ��.� �� ����.� �

����.+]

66HHUULLD�D�ÁÁQ�Q�WWUUHHLLPPH�H�GGH�H�RRFFWWDDYY??

����������������������������������������������������������������+]����

6H� VFKLPE?� ÁQ� FRQWLQXDUH� GRDU� RUGLQXO� GH� P?ULPH� �WUHLPHD� GH� RFWDY?

FRUHVSXQGH�DSUR[LPDWLY�]HFLPLL�GH�GHFDG?��

([WLQGHUHD�VF?ULORU�ORJDULWPLFH([WLQGHUHD�VF?ULORU�ORJDULWPLFH

1XP?UXO�GH�XQG?� k
c

= ⋅ =2 π
λ

ω
� �F� �� YLWH]D� GH� SURSDJDUH� D� XQGHORU�

ILLQG�SURSRU@LRQDO�FX�IUHFYHQ@D��QR@LXQHD�GH�LQWHUYDO�ÁQ�RFWDY?�VDX�GHFDG?�V�D

H[WLQV� >L� DVXSUD� SURGXVXOXL� k d⋅ � �G�R� GLVWDQ@?� [� VDX� U�� VDX� R� GLPHQVLXQH

FDUDFWHULVWLF?� D� XQXL� GLVSR]LWLY� DFXVWLF��� 9DORDUHD� k d⋅ = 1� VH� LPSXQH� FD
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UHIHULQ@?��HD�FRUHVSXQ]µQG�IURQWLHUHL�ÁQWUH�GRX?�GRPHQLL�ÁQ�FDUH�SURSULHW?@LOH

VXQW�IRDUWH�GLIHULWH��H[���LPSHGDQ@D�FDUDFWHULVWLF?�D�XQGHL�VIHULFH��

3ULQ�VLPHWULH�D�IRVW�H[WLQV?�QR@LXQHD�GH�LQWHUYDO�ÁQ�RFWDY?�VDX�GHFDG?�OD

UDSRDUWHOH� GH� GLVWDQ@H� VDX� GLPHQVLXQL�� 5HIHULQ@D� XQHL� VF?UL� ORJDULWPLFH� GH

GLVWDQ@?�WUHEXLH�SUHFL]DW?�

3HUIRUPDQ@HOH�LPSXVH�DSDUDWXULL�HOHFWURDFXVWLFH3HUIRUPDQ@HOH�LPSXVH�DSDUDWXULL�HOHFWURDFXVWLFH
*DPD�VXQHWHORU�QDWXUDOH��DGLF?�ÁQWLQGHUHD�FD�QLYHOH�GH�LQWHQVLWDWH��FµW

>L�FD�EDQG?�GH�IUHFYHQ@H�HVWH�IRDUWH�PDUH��ILJXUD������
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2
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1

10-2

10-4

10-6
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10-10

10-12

Intensitate
acustica
I [W/m2]

Presiune
acustica
Pa [Pa]

Nivel
LI, LP

[dB]

SUDJXO�GXUHURV�PHGLX

HPLVLH�XOWUDVRQRU?�D
XQXL�OLOLDF�OD�����P

FDPHU?�OLQL>WLW?

GLQDPLFD
YRUELULL

]JRPRW�bQWU�XQ�VWXGLR
GH�UDGLRGLIX]LXQH
IRDUWH�EXQ

SUDJXO�DXGLWLY�PHGLX
bQWUH���>L���.+]

GLQDPLFD
XQHL
RUFKHVWUH
VLPIRQLFH
bQWU�R�VDO?�GH
GLPHQVLXQL
PDUL

GLQDPLFD
DVFXOW?ULL
XQHL
bQUHJLVWU?UL
PX]LFDOH
�OD
GRPLFLOLX�

)LJXUD������1LYHOXUL�>L�JDPH�GLQDPLFH�X]XDOH
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5DSRUWXO� GLQWUH� SXWHUHD� PD[LP?� >L� SXWHUHD� PLQLP?� SHQWUX� YRFHD

FµQWDW?�VDX�SHQWUX�RUFKHVWUD�VLPIRQLF?��JDPD�GLQDPLF?��HVWH�GH������VDX����

GHFLEHOL�

¡Q�FHHD�FH�SULYH>WH�GRPHQLXO�GH�IUHFYHQ@H��WUHEXLH�I?FXW?�REVHUYD@LD�F?

DWµW� SHQWUX� YRFH�� FµW� >L� SHQWUX� LQVWUXPHQWHOH� PX]LFDOH�� FRPSRQHQWHOH

VSHFWUDOH� IXQGDPHQWDOH� VXQW� FXSULQVH� ÁQ� FHOH� �� RFWDYH� DOH� SLDQXOXL

�I
PD[
 ����+]��� GDU� FRPSRQHQWHOH� VSHFWUDOH� DUPRQLFH� DFRSHU?� R� EDQG?� GH

SµQ?� OD� ��.+]�� 6H� SRDWH� FRQVLGHUD� F?� EDQGD� GH� IUHFYHQ@H� SHQWUX� R

UHSURGXFHUH�QDWXUDO?�HVWH�FXSULQV?�ÁQWUH����>L������+]��FX�R�QHXQLIRUPLWDWH

GH�WUDQVPLWHUH�GH��G%��GHRDUHFH�DUPRQLFLOH�GH�RUGLQ�ULGLFDW�QX�LQIOXHQ@HD]?

KRW?UµWRU�DVXSUD�WLPEUXOXL�

3ULYLWRU� OD� GLVWRUVLXQL�� V�D� FRQVWDWDW� H[SHULPHQWDO� F?� LQIOXHQ@D

GLIHULWHORU�WLSXUL�GH�GLVWRUVLXQL�QX�HVWH�OD�IHO�GH�LPSRUWDQW?�

'LVWRUVLXQLOH� GH� QHOLQLDULWDWH� P?VXUDWH� ÁQ� SURFHQWH� WUHEXLH� V?� QX

GHS?>HDVF?� ����� SHQWUX� D� UHDOL]D� R� WUDQVPLVLH� gQDWXUDO?h� D� VXQHWXOXL�� ¡Q

WUDQVPLVLLOH�GH�FDOLWDWH�PHGLH�YDORDUHD�FRHILFLHQWXOXL�GH�GLVWRUVLXQL�QHOLQLDUH

SRDWH�DWLQJH��������

'LVWRUVLXQLOH� GH� ID]?� DX� R� LPSRUWDQ@?� PDL� PLF?� ÁQ� WUDQVPLWHUHD

VXQHWXOXL�DWµWD�WLPS�FµW�ÁQWµU]LHULOH�QX�GHS?>HVF���PV�

¡Q� VLVWHPHOH�GH� ÁQUHJLVWUDUH�UHGDUH�� FDUH�FRQ@LQ�GLVSR]LWLYH�PRELOH� VH

SURGXFH�XQ�DOW�WLS�GH�GLVWRUVLXQL��DQXPH�GLVWRUVLXQL�GH�YDULD@LH�D�IUHFYHQ@HL�

GDWRUDWH� SHQGXO?ULL� YLWH]HL� GH� DQWUHQDUH� D� DFHVWRU� GLVSR]LWLYH�� 3HQWUX� R

WUDQVPLVLH� QDWXUDO?� HVWH� QHFHVDU� FD� YDULD@LD� UHODWLY?� D� IUHFYHQ@HL� V?� QX

GHS?>HDVF?������

1RUPH1RUPH

3ULQFLSDOHOH�RUJDQL]D@LL�GH�QRUPDOL]DUH�SHQWUX�HOHFWURDFXVWLF?�VXQW�

�2UJDQL]D@LD�,QWHUQD@LRQDO?�GH�1RUPDOL]DUH��,,6622�

�&RPLVLD�GH�(OHFWURWHKQLF?�,QWHUQD@LRQDO?��&&((,,��
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�$XGLR�(QJLQHHULQJ�6RFLHW\��$$((66�

�$PHULFDQ�1DWLRQDO�6WDQGDUG�,QVWLWXWH��$1$166,,�

�$VVRFLDWLRQ�)UDQFDLVH�GH�1RUPDOLVDWLRQ��$$))121255�

�'HXWVFKHV�,QVWLWXW�IXU�1RUPXQJ��'',,11�

�5HFRUG�,QGXVWU\�$VVRFLDWLRQ�RI�$PHULFD��55,,$$$$�

��7$%(/�&8�)5(&9(1`(�35()(5$7(7$%(/�&8�)5(&9(1`(�35()(5$7(

I �RFW ���RFW ���RFW �RFW ���RFW ���RFW �RFW ���RFW ���RFW
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/8&5$5($�15���/8&5$5($�15���

5(35(=(17$5($��(/(&75,&�5(35(=(17$5($��(/(&75,&���$��$

6,67(0(/25��0(&$1,&(���,��$&867,&(6,67(0(/25��0(&$1,&(���,��$&867,&(

¡QWUH� FRPSRUWDUHD� FµPSXOXL� DFXVWLF� >L� D� FHOXL� HOHFWURPDJQHWLF� VH

SRDWH� VWDELOL� R� DQDORJLH� PDWHPDWLF?�� 'H� DLFL� GHFXUJH� LGHHD� UHSUH]HQW?ULL

VLVWHPHORU�PHFDQLFH�VDX�DFXVWLFH�FDUH�FUHD]?�VDX�PRGLILF?�FµPSXO�DFXVWLF

SULQ� VFKHPH� HOHFWULFH�� $FHDVW?� LGHH� VW?� OD� ED]D� DQDOL]HL� >L� SURLHFW?ULL

WUDGXFWRDUHORU�HOHFWURDFXVWLFH�

�����6LVWHPH�PHFDQLFH���6LVWHPH�PHFDQLFH

3ULQ� VLVWHP� PHFDQLF� VH� ÁQ@HOHJH� XQ� DQVDPEOX� GH� FRPSRQHQWH

PHFDQLFH��ÁQWU�R�FRQILJXUD@LH�GDW?��¡Q�HOHFWURDFXVWLF?�PDMRULWDWHD�VLVWHPHORU

PHFDQLFH� FDUH� WUHEXLH� OXDWH� ÁQ� FRQVLGHUD@LH� VXQW� ÁQ� PL>FDUH� UHFWLOLQLH�

YLEUDWRULH�>L�OLQLDU?�

9LWH]D� LPSULPDW?�XQXL� HOHPHQW� OD� DF@LXQHD� XQHL� IRU@H� H[WHULRDUH� YD

GHSLQGH�GH�PDVD��P��HOHPHQWXOXL��GH�HODVWLFLWDWHD�DFHVWXLD��&
P
��>L�GH�IRU@HOH

GH�IUHFDUH�FH�LQWHUYLQ��FDUDFWHUL]DWH�GH�R�UH]LVWHQ@?��5
P
���3HQWUX�XQ�VLVWHP

FDUH� FXSULQGH� WRDWH� DFHVWH� �� HOHPHQWH�� SULQFLSLXO� DF@LXQLL� >L� UHDF@LXQLL� QH

DUDW?�F?�

F m v R v
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$FHDVW?� H[SUHVLH� HVWH� DQDORDJ?� GLQ� SXQFW� GH� YHGHUH� PDWHPDWLF� FX

H[SUHVLD� WHQVLXQLL� OD� ERUQHOH� XQXL� FLUFXLW� UH]RQDQW�� 'H� DLFL� DSDUH� LGHHD

UHSUH]HQW?ULL� XQXL� DVWIHO� GH� VLVWHP� PHFDQLF� SULQWU�XQ� FLUFXLW� HOHFWULF�

5HSUH]HQWDUHD� SRDWH� IL� I?FXW?� ÁQ� GRX?�PRGXUL� �� SULQWU�XQ� FLUFXLW� UH]RQDQW

SDUDOHO� �DQDORJLH� LQYHUV?�� wL� SULQWU�XQ� FLUFXLW� UH]RQDQW� VHULH� �DQDORJLH

GLUHFW?���3ULQ�DQDORJLH�GLUHFW?�ÁQ@HOHJHP�UHSUH]HQWDUHD�XQHL�VFKHPH�ÁQ�FDUH

LPLWDQ@HOH� VXQW� UHSUH]HQWDWH� SULQ� LPSHGDQ@H�� LDU� SULQ� DQDORJLH� LQYHUV?

UHSUH]HQWDUHD�ÁQ�FDUH�DFHVWHD�VXQW�UHSUH]HQWDWH�SULQ�DGPLWDQ@H��/D�IHO�VH�YRU

QXPL�>L�VFKHPHOH�GLUHFW?�>L�LQYHUV?�>L�SHQWUX�XQ�VLVWHP�RVFLODQW�VXQW�

F

v

m Cm Rm F vm Cm Rm

6FKHPD�GLUHFWx 6FKHPD�LQYHUVx

)LJXUD�����

,GHQWLILFµQG� ÁQWU�XQ� VLVWHP� PHFDQLF� SXQFWHOH� FX� YLWH]H� GLIHULWH� >L

OXµQG�ÁQ�FRQVLGHUD@LH�>L�SXQFWXO�GH�YLWH]?�QXO?��VXSRUWXO��>DVLXO��VH�REVHUY?

F?�VH�SRDWH�VFRDWH�LPHGLDW�VFKHPD�HFKLYDOHQW?�LQYHUV?�>L�DSRL�SULQ�GXDOLWDWH

VH�SRDWH�WUHFH�>L�OD�FHD�GLUHFW?��3HQWUX�D�X>XUD�VWDELOLUHD�DFHVWRU�VFKHPH�VH

YD�SURFHGD�GXS?�FXP�XUPHD]?�

• 6H�VWDELOHVF�SXQFWHOH�GH�OHJ?WXU?�ÁQWUH�HOHPHQWH�

• )LHF?UXL�SXQFW�ÁL�YD�FRUHVSXQGH�R�YLWH]?��FDUH�VH�FRQVHPQHD]?��VH�YD�OXD

ÁQ�FRQVLGHUDUH�>L�YLWH]D�QXO?�D�VXSRUWXOXL�FDUH�YD�IL�YLWH]D�GH�UHIHULQ@?��

• )LHFDUH�HOHPHQW�LGHQWLILFDW�YD�IL�UHSUH]HQWDW�SULQ�VLPEROXO�V?X�ÁQWUH�GRX?

SXQFWH�GH�YLWH]?�GLIHULWH��0DVHOH�YRU�DYHD�ÁQWRWGHDXQD�R�H[WUHPLWDWH�OD

YLWH]D�GH�UHIHULQ@?�

• )RU@HOH� H[WHULRDUH� LQWHUYLQ� VXE� IRUPD� XQRU� JHQHUDWRDUH� GH� IRU@?

HFKLYDOHQWH�JHQHUDWRDUHORU�LGHDOH�GH�FXUHQW�
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• 'DF?�PL>FDUHD�VH�WUDQVPLWH�>L�PHGLXOXL��VH�YD�OXD�ÁQ�FRQVLGHUDUH�HIHFWXO

DFHVWXLD�SULQWU�R�DGPLWDQ@?�GH�UDGLD@LH�

6?�FRQVLGHU?P�VLVWHPXO�GLQ�ILJXU?��VH�QHJOLMHD]?�HIHFWXO�PDVHORU�GH

DHU�GLQWUH�SLVWRDQH��
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1 3

)LJXUD�����

3ULQ� GXDOLWDWH� �ILHFDUH� RFKL� GH� FLUFXLW� GHYLQH� XQ� QRG�� VH� RE@LQH

VFKHPD�GLUHFW?�SURFHGµQG�DVWIHO�

• 6H�DORF?�XQ�QRG�ILHF?UXL�RFKL�GH�FLUFXLW�SOXV�XQXO�H[WHULRU�

• 6H�XQHVF�QRGXULOH�SULQ�UDPXUL�DVWIHO�FD�ILHFDUH�UDPXU?�V?�WUDYHUVH]H�XQ

VLQJXU�HOHPHQW�
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• 6H�LQVHUHD]?�SH�ILHFDUH�UDPXU?�GXDOXO�HOHPHQWXOXL�WUDYHUVDW�GH�DFHVWD�

• P?ULPLOH�SULQ�UDPXUL�YRU�IL�LQGLFDWH�SULQ�VHPQ�DGHFYDW�

�����6LVWHPH�DFXVWLFH���6LVWHPH�DFXVWLFH

2�FRPSRQHQW?�DFXVWLF?�HVWH�XQ�GLVSR]LWLY�GHOLPLWµQG�>L� LQFOX]µQG�R

SRU@LXQH�GH� IOXLG��'LIHULWHOH� FRPSRQHQWH� DFXVWLFH� VH�GLVWLQJ� ÁQWUH� HOH�SULQ

IRUPD�SULQFLSDO?�GH�HQHUJLH�SXV?�ÁQ�MRF��$VWIHO��R�FDYLWDWH�FX�SHUH@LL�ULJL]L

FX�R�GHVFKLGHUH�SULQ�FDUH�VH�DSOLF?�R�SUHVLXQH�H[WHULRDU?�GDWRULW?�XQHL�IRU@H�

DSOLFDW?�SULQ�LQWHUPHGLXO�XQXL�SLVWRQ��VH�FRPSRUW?�FD�R�HODVWLFLWDWH�DFXVWLF?

IRU@D�ILLQG�GDW?�GH�H[SUHVLD�

( )F S E V vdts

t

=
−∞
∫2 / VDX�SUHVLXQHD� ( )p E V qdts

t

=
−∞
∫/

FX 6���VHF@LXQHD�GHVFKLGHULL� 9
6
���YROXPXO�VWDWLF�DO�FDYLWxyLL

(���PRGXOXO�GH�HODVWLFLWDWH� T���GHELWXO�GH�IOXLG�OD�LQWUDUH�

S���SUHVLXQH�DFXVWLF?�

5DSRUWXO� C E Va s= / � VH� QXPH>WH� HODVWLFLWDWH� DFXVWLF?� SULQ� DQDORJLH

FX�HODVWLFLWDWHD�PHFDQLF?�

6H�REVHUY?�F?�P?ULPLOH�FDUDFWHULVWLFH�VLVWHPHORU�DFXVWLFH��DQVDPEOXUL

GH� HOHPHQWH� DFXVWLFH�� VXQW� SUHVLXQHD� DFXVWLF?� >L� GHELWXO� DFXVWLF�� 7UHFHUHD

ÁQWUH� FHOH� GRX?� UHOD@LL� SUH]HQWDWH� V�D� I?FXW� @LQµQG� FRQW� Fx� F p S= ⋅ � wL

v q S= / �� $FHVWH� GLQ� XUP?� UHOD@LL� FDUDFWHUL]HD]?� FXSODMXO� PHFDQR�DFXVWLF

�GLQWUH� XQ� VLVWHP� PHFDQLF� >L� XQXO� DFXVWLF��� 'LQ� DFHVWH� UHOD@LL� VH� SRDWH

GHGXFH�F?�

p
F

S

mv

S

m

S
q m qa= = = =�
� �

2

6�D� QRWDW� FX� m m Sa = 2 PxULPHD� QXPLW?� PDV?� DFXVWLF?� FDUH� HVWH

HOHPHQWXO�LGHDO�GHOLPLWµQG�R�SRU@LXQH�GH�IOXLG�DIODW�ÁQ�PL>FDUH�RVFLODWRULH�>L

FDUH� VH� FRPSRUW?� FD� XQ� ULJLG� QHGHIRUPDELO�� (VWH� FD]XO� WXEXULORU� DFXVWLFH
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GHVFKLVH� OD� DPEHOH� FDSHWH�� ÁQ� FDUH� YLWH]D� �GHELWXO�� HVWH� DFHHD>L� ÁQ� WRDWH

SXQFWHOH�

)UHF?ULOH� IOXLGXOXL�GH�SHUH@L� VXQW�FDUDFWHUL]DWH�GH�DVHPHQHD�SULQWU�R

UH]LVWHQ@?� DFXVWLF?�� $FHVW� HOHPHQW� HVWH� SUHGRPLQDQW� ÁQ� GHVFKLGHULOH

�WXEXULOH�� VXE@LUL�FµQG�PDVD�DFXVWLF?�HVWH�PLF?��(YLGHQW�HOHPHQWHOH� LGHDOH

QX�H[LVW?��R�SRU@LXQH�GH�IOXLG�SXWµQG�IL�FDUDFWHUL]DW?�GH�PDL�PXOWH�HOHPHQWH

DFXVWLFH�

6WXGLXO� VLVWHPHORU� DFXVWLFH� QHFHVLW?� FXQRD>WHUHD� FRPSRQHQWHORU

DFXVWLFH�>L�D�LQWHUFRQH[LXQLORU�GLQWUH�HOH��3OHFµQG�GHFL�GH�OD�GHVFULHUHD�ORU

IL]LF?� YRU� WUHEXL� PDL� ÁQWµL� ORFDOL]DWH� HODVWLFLW?@LOH�� PDVHOH� >L� UH]LVWHQ@HOH

DFXVWLFH� >L� GH� DVHPHQHD� VXUVHOH� �GH� SUHVLXQH� VDX� GHELW�� >L� UDGLD@LLOH� ÁQ

PHGLX��>L�DSRL�FDOFXODWH�

¡Q�SUDFWLF?�VH�SURFHGHD]?�DVWIHO�

• 6H� UHSHUHD]?�PDL� ÁQWµL� HODVWLFLW?@LOH� DFXVWLFH� &DL� FDUH� VXQW� FDYLW?@L� VDX

YROXPH�>L�VH�DWULEXLH�ILHF?UHLD�GLQWUH�HOH�R�SUHVLXQH�DFXVWLF?�SL�

• 6H� J?VHVF� FRPXQLFD@LLOH� GLQWUH� HODVWLFLW?@L� �FRQGXFWH�� IDQWH�� J?XUL��� VH

GHFLGH�SHQWUX� ILHFDUH�FRPSRQHQWD�SRWULYLW?� �PD� VDX�5D�� >L� L� VH� DWULEXLH

ILHF?UHLD�XQ�GHELW�TL�GH�VHQV�DUELWUDU�

• 6H�WUDWHD]?�OD�IHO�FRPXQLFD@LLOH�FX�H[WHULRUXO�

• 3UHVLXQHD�H[WHULRDU?�HVWH�SUHVLXQHD�GH�UHIHULQ@?�S��

• &RQGL@LLOH� OD� OLPLW?� DVXSUD� MRQF@LXQLORU� FX� H[WHULRUXO� VXQW� UHSUH]HQWDWH

GXS?�FD]�SULQ�VXUVH�LGHDOH�VDX�LPSHGDQ@H�DFXVWLFH��$VWIHO�XQHL�MRQF@LXQL

UDGLDQWH�ÁL�FRUHVSXQGH�R�LPSHGDQ@?�GH�UDGLD@LH�=D5�LDU�XQHL�MRQF@LXQL�GH

LQWUDUH�R�LPSHGDQ@?�GH�LQWUDUH�5DL�

• 8QHL�MRQF@LXQL�VXSXVH�XQXL�FµPS�DFXVWLF�H[WHULRU�ÁL�FRUHVSXQGH�R�VXUV?

LGHDO?� GH� SUHVLXQH� >L� OD� IHO� XQ� GHELW� LPSXV� GH� XQ� GLVSR]LWLY� H[WHULRU�

FRUHVSXQ]?WRU�XQHL�VXUVH�LGHDOH�GH�GHELW�
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6FKHPD� GLUHFW?� D� XQXL� VLVWHP� DFXVWLF� VH� RE@LQH� ÁQ� FRQWLQXDUH

SURFHGµQG�DVWIHO�

• )LHFDUH� HODVWLFLWDWH� GHILQH>WH� XQ� QRG� F?UXLD� L� VH� DWULEXLH� SUHVLXQHD

DFXVWLF?�FRUHVSXQ]?WRDUH��SL�

• 8Q�QRG�H[WHULRU�VLVWHPXOXL�UHSUH]LQW?�SUHVLXQHD�GH�UHIHULQ@?�S��

• 6H� OHDJ?�QRGXULOH�SULQ� UDPXUL�� ILHFDUH� GLQWUH� DFHVWHD� WUDYHUVµQG� XQD� >L

QXPDL�XQD�GLQWUH�FRPXQLFD@LL�

• 6H�OHDJ?�GH�DVHPHQHD�QRGXULOH�FX�QRGXO�GH�UHIHULQ@?�S��

• 6H�DWULEXLH�ILHF?UHL�UDPXUL�GHELWXO�FRUHVSXQ]?WRU�

• 6H� LQWURGXFH�SH� ILHFDUH� UDPXU?� VLPEROXO� HOHPHQWXOXL� FRUHVSXQ]?WRU�SH

FDUH�ÁO�WUDYHUVHD]?��R�UDPXU?�SRDWH�FXSULQGH�XQ�VLPERO�VDX�PDL�PXOWH��

6H�FXSULQG�>L�LPSHGDQ@HOH�GH�UDGLD@LH�

• 6H�LQWURGXF�YDORULOH�HOHPHQWHORU�

)LH�GH�H[HPSOX�VLVWHPXO�XUP?WRU�
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�����6LVWHPH�PHFDQR�DFXVWLFH���6LVWHPH�PHFDQR�DFXVWLFH

$P�DU?WDW�F?�XQ�SLVWRQ�VDX�R�VXSUDID@?� ÁQ�PL>FDUH�FUHD]?�XQ�FXSODM

PHFDQR�DFXVWLF�� DGLF?� WUDQVIRUP?�R�P?ULPH�PHFDQLF?� ÁQ�P?ULPH�DFXVWLF?

VDX�LQYHUV�FRQIRUP�UHOD@LLORU�

F S p= ⋅ �wL�V S q= − ⋅−1

6H�REVHUY?�F?�DFHVWH�HFXD@LL�SRW�IL�DVHP?QDWH�FX�HFXD@LLOH�XQXL�ELSRUW

GH� WLS� WUDQVIRUPDWRU� VDX� JLUDWRU�� 6H� SRW� J?VL� GHFL� �� UHSUH]HQW?UL� SRVLELOH

@LQµQG� FRQW� GH� YDULDQWHOH� GLUHFWH� >L� LQYHUVH� DOH� VFKHPHORU� VLVWHPHORU

PHFDQLFH�>L�DFXVWLFH��$FHVWHD�VXQW�UHSUH]HQWDWH�ÁQ�ILJXUD�����

5DSRUWµQG�VLVWHPXO�PHFDQLF�OD�VLVWHPXO�DFXVWLF�VDX�LQYHUV�VH�RE@LQH

R�VFKHP?�I?U?�WUDQVIRUPDWRU�VDX�JLUDWRU�QXPDL�ÁQ�P?ULPL�GH�DFHHD>L�QDWXU?

>L�VH�SRDWH�IDFH�R�DQDOL]?�D�ÁQWUHJXOXL�DQVDPEOX��VLVWHP��
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)LH�GH�H[HPSOX�VLVWHPXO�GLQ�ILJXUD�����

q
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F

V Ca2,Ra2,ma2
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)LJXUD�����

$YHP� GH� D� IDFH� FX� XQ� VLVWHP� PHFDQLF� FDUDFWHUL]DW� GH� PDVD

PHPEUDQHL� P��� HODVWLFLWDWHD� VXVSHQVLHL� &P � >L� UH]LVWHQ@D� PHFDQLF?� GH

IUHFDUH� 5
P�
�� 0HPEUDQD� ÁQFKLGH� XQ� YROXP� GH� HODVWLFLWDWH� &

D�
� SULQ

LQWHUPHGLXO�XQHL�GHVFKLGHUL�FDUDFWHUL]DW?�GH�PDVD�DFXVWLF?�P
D�
�>L�UH]LVWHQ@D

DFXVWLF?�5
D�
��6H�DF@LRQHD]?�FX�R�IRU@?�)�

6FKHPD�HFKLYDOHQW?�HOHFWULF?�D�VLVWHPXOXL�PHFDQR�DFXVWLF�HVWH�
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/8&5$5($�15���/8&5$5($�15���

$03/,),&$72$5(��'($03/,),&$72$5(��'(

$8',2)5(&9(1`_��'(��387(5($8',2)5(&9(1`_��'(��387(5(

3$57($�,��352,(&7$5(3$57($�,��352,(&7$5(

&RQVLGHUDyLL�WHRUHWLFH&RQVLGHUDyLL�WHRUHWLFH

'H�FHOH�PDL�PXOWH�RUL�VHPQDOHOH�HOHFWULFH�QX�VXQW�VXILFLHQW�GH�LQWHQVH

SHQWUX� IUXFWLILFDUHD� LQIRUPD@LLORU� SH� FDUH� OH� SRDUW?�� IDSW� FDUH� LPSOLF?

QHFHVLWDWHD� DPSOLILF?ULL� DFHVWRUD� SµQ?� OD� QLYHOXO� FHUXW� bQWU�R� DSOLFD@LH� VDX

DOWD��&LUFXLWHOH�HOHFWURQLFH�FX�FDUH�VH�UHDOL]HD]x�RSHUDyLD�GH�DPSOLILFDUH�VH

QXPHVF�DPSOLILFDWRDUH��¡Q�FD]XO�JHQHUDO��XQ�DPSOLILFDWRU�HVWH�XQ�FXDGULSRO

DFWLY� SUHYx]XW� FX� R� SRDUWx� GH� LQWUDUH� wL� R� SRDUWx� GH� LHwLUH� FDSDELO� Vx

IXUQL]H]H�OD�LHwLUH�VHPQDOH�HOHFWULFH�LGHQWLFH�FX�FHOH�DSOLFDWH�OD�LQWUDUH��GDU

GH�SXWHUH�PXOW�PDL�PDUH�

$PSOLILFDWRDUHOH�GH�MRDVx�IUHFYHQyx��QXPLWH�wL�GH�DXGLRIUHFYHQyx��VH

FDUDFWHUL]HD]x�SULQWU�R�EDQGx�GH�IUHFYHQyx�FXSULQVx�DSUR[LPDWLY�ÁQWUH����+]

wL����.K]�

3HQWUX� ÁPEXQxWxyLUHD� SHUIRUPDQyHORU� �PxULUHD� VWDELOLWxyLL�� UHGXFHUHD

GLVWRUVLXQLORU�� ÁQ� DPSOLILFDWRDUH� HVWH� IRORVLWx� FXUHQW� UHDFyLD� QHJDWLYx

�DSOLFDUHD� XQHL� SxUyL� GLQ� VHPQDOXO� GH� LHwLUH�� FX� ID]x� LQYHUVDWx�� ÁQDSRL�� OD

LQWUDUH���'H�DFHHD��VFKHPD�EORF�D�XQXL�DPSOLILFDWRU�HVWH�FHD�GLQ�ILJXUD�����
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(WDM�GH
LQWUDUH

(WDM�SUH�
DPSOLILFDWRU

(WDM�GH
UHDFyLH

(WDM
SLORW

(WDM
ILQDO

&LUFXLW�GH
UHDFyLH

8
L

5
6

)LJXUD������6FKHPD�EORF�D�XQXL�DPSOLILFDWRU�

3HQWUX�SURLHFWDUHD�XQXL� DVWIHO� GH� DPSOLILFDWRU� VXQW� QHFHVDUH�R� VHULH

GH�GDWH�LQLyLDOH��$FHVWHD�FDUDFWHUL]HD]x�DWµW�DPSOLILFDWRUXO�FµW�wL�VDUFLQD�wL

VXUVD�GH�VHPQDO�wL�SRW�IL�

• 3XWHUHD�XWLOx�ÁQ�VDUFLQx�3�[W]

• 5H]LVWHQyD�GH�VDUFLQx�56�[Ω]

• 6HQVLELOLWDWHD�OD�LQWUDUH�6 [mV]

• 5H]LVWHQyD�GH�LQWUDUH�5,�[Ω]

• )DFWRUXO�GH�GLVWRUVLXQL�QHOLQLDUH�δ�[%]

• )UHFYHQyD�OLPLWx�LQIHULRDUx�IM�[Hz]

• )UHFYHQyD�OLPLWx�VXSHULRDUx�I6�[Hz]

• 'RPHQLXO�GH�WHPSHUDWXUx�∆7�[°C]

'HRDUHFH� HWDMHOH� GH� DPSOLILFDUH� VH� LQWHUFRQGLyLRQHD]x� UHFLSURF�

SURLHFWDUHD� XQXL� DPSOLILFDWRU� QX� SRDWH� ÁQFHSH� FX� RULFH� HWDM�� $YµQG

FXQRVFXWH� UH]LVWHQyD� GH� VDUFLQx� wL� SXWHUHD�PD[LPx� FH� WUHEXLH� GHELWDWx� SH

DFHDVWD��FDOFXOXO�DPSOLILFDWRUXOXL�YD�ÁQFHSH�FX�HWDMXO�ILQDO�

(WDMXO� ILQDO� WUHEXLH� Vx� GH]YROWH� ÁQ� VDUFLQx� SXWHUHD� FHUXWx� FX� XQ

UDQGDPHQW�FµW�PDL�EXQ�wL�FX�GLVWRUVLXQL�FµW�PDL�PLFL�

6DUFLQD�XQXL�HWDM�GH�SXWHUH�GH�MRDVx�IUHFYHQyx�SRDWH�IL�XQ�GLIX]RU��R

OLQLH�GH�WUDQVPLVLH��XQ�PRWRU�HOHFWULF��HWF���YDULLQG�GHFL�GH�OD�FµyLYD�RKPL�OD

FµWHYD�VXWH�GH�RKPL��SXWHUHD�FHUXWx�YDULLQG�GH�OD�]HFL�GH�PLOLZDyL�OD�VXWH�GH

ZDyL�
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(WDMXO�ILQDO�DO�XQXL�DPSOLILFDWRU�GH�MRDVx�IUHFYHQyx�OXFUHD]x�GH�UHJXOx

ÁQ�FODVHOH�$�VDX�$%�GH�DPSOLILFDUH��6�DX�PDL�LPSXV�ÁQ�XOWLPD�YUHPH�HWDMHOH

ILQDOH�ÁQ�UHJLP�GH�FRPXWDyLH��FODVD�'�GH�DPSOLILFDUH��

$PSOLILFDWRDUHOH� GH� SXWHUH� IXQFyLRQµQG� ÁQ� FODVx� %� VDX� $%� V�DX

LPSXV� SULQWU�XQ� UDQGDPHQW� PDL� EXQ�� GLVWRUVLXQL� PDL� PLFL�� DPSOLWXGLQHD

VHPQDOXOXL� PDL� PDUH� wL� SXWHUH� GLVLSDWx� PDL� PLFx� FRPSDUDWLY� FX� FHOH� ÁQ

FODVx�$��QHFHVLWµQG�ÁQVx�GRXx�WUDQ]LVWRDUH�

¡Q�FODVD�%�GH�DPSOLILFDUH��SXQFWXO�GH�IXQFyLRQDUH�HVWH�DOHV�ÁQ�RULJLQHD

D[HORU� GH� FRRUGRQDWH� ÁQ� SODQXO� FDUDFWHULVWLFLL� GH� LQWUDUH�� WUDQ]LVWRDUHOH

LQWUµQG� ÁQ� FRQGXFyLH� QXPDL� ÁQ� SUH]HQyD� VHPQDOXOXL� FH� XUPHD]x� D� IL

DPSOLILFDW�� 7UDQ]LVWRDUHOH� FRQGXF� DOWHUQDWLY�� IXQFyLH� GH� SRODULWDWHD

VHPQDOXOXL�GH�LQWUDUH�
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)LJXUD������(WDMXO�ILQDO�ÁQ�FODVx�%

$YDQWDMXO� SULQFLSDO� DO� DPSOLILFDWRDUHORU� ÁQ� FODVD� %� �VDX

DPSOLILFDWRDUH� FRPSOHPHQWDUH�� UH]XOWx� GLQ� ILJXUx�� ¡Q� OLSVD� VHPQDOXOXL

DPEHOH� WUDQ]LVWRDUH� VXQW� EORFDWH� GHFL� FXUHQWXO� GH� 36)� �SXQFW� VWDWLF� GH

IXQFyLRQDUH�� HVWH� QXO� FHHD� FH� GXFH� OD� FRQFOX]LD� Fx� UDQGDPHQWXO� HVWH�PDL

EXQ�� ¡Q� SOXV� ILHFDUH� WUDQ]LVWRU� FRQGXFH� QXPDL� SH� R� VHPLDOWHUQDQyx� D

VHPQDOXOXL�GHFL�YD�IL�GLPHQVLRQDW�OD�QXPDL�MXPxWDWH�GLQ�SXWHUHD�WRWDOx�
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'H]DYDQWDMXO�PDMRU�DO�DFHVWXL�HWDM�FRQVWx�ÁQ�H[LVWHQyD�XQXL�LQWHUYDO�GH

WHQVLXQH� ÁQ� FDUH� DPEHOH� WUDQ]LVWRDUH� VXQW� EORFDWH�� FHHD� FH� FRQGXFH� OD

DSDULyLD� XQRU� GLVWRUVLXQL� PDUL� OD� VFKLPEDUHD� SRODULWxyLL� VHPQDOXOXL�� 'LQ

DFHDVWx� FDX]x� VH� SUHIHUx� XWLOL]DUHD� HWDMXOXL� ÁQ� FODVx� $%� VDX

FYDVLFRPSOHPHQWDU��ILJXUD������

$FHVW� HWDM� PHQyLQH� DYDQWDMXO� DPSOLILFDWRUXOXL� ÁQ� FODVx� %� wL� DQXPH

UDQGDPHQW� PDL� EXQ�� ¡Q� SOXV� VH� UHDOL]HD]x� SUHSRODUL]DUHD� FHORU� GRXx

WUDQ]LVWRDUH� ILQDOH� wL� DQXPH�VH�DVLJXUx� ÁQ�36)�XQ�FXUHQW�PLF�GH� FROHFWRU�

$FHVW� FXUHQW� SRDWH� IL� QHJOLMDW� GLQ� SXQFWXO� GH� YHGHUH� DO� SXWHULL� GH� F�F�

FRQVXPDWH��ÁQVx�UHDOL]µQG�DFXP�FRPSXQHUHD�FDUDFWHULVWLFLORU�GH�LQWUDUH�DOH

FHORU� GRXx� WUDQ]LVWRDUH� ILQDOH� �ILJXUD� ������ YRP� REyLQH� R� FDUDFWHULVWLFx

DSURDSH� OLQLDUx��GHFL�GLVWRUVLXQL�PDL�PLFL�� UHGXVH�wL�PDL�PXOW�GH�SUH]HQyD

UHDFyLHL�QHJDWLYH�
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)LJXUD������$PSOLILFDWRU�FX�HWDM�ILQDO�ÁQ�FODVx�$%

¡Q�DOWHUQDQyD�SR]LWLYx�D�VHPQDOXOXL�GH�FRPDQGx�YD�FRQGXFH�7�
��SULQ

LQWHUPHGLXO� FxUXLD� wL� SULQ� UH]LVWHQyD� GH� VDUFLQx� 56
� VH� YD� ÁQFxUFD

FRQGHQVDWRUXO�&
6
� GH� OD� VXUVD� �(

F
�� GHWHUPLQµQG� XQ� FXUHQW� SULQ�5

6
�� GHFL� D

DFHOHLDwL� DOWHUQDQyH� DPSOLILFDWH�� ¡Q� DOWHUQDQyD� QHJDWLYx� D� VHPQDOXOXL� GH

FRPDQGx�7�
�VH�YD�EORFD��GDU�VH�YD�GHVFKLGH�7

�
�SULQ�LQWHUPHGLXO�FxUXLD�VH�YD

GHVFxUFD�&6
��FXUHQWXO�SULQ�5

6
�VFKLPEµQGX�wL�VHQVXO��6H�REVHUYx�Fx�&

6
� yLQH



/XFUDUHD�QU������$PSOLILFDWRDUH�GH�DXGLRIUHFYHQ@?�GH�SXWHUH����

��

ORFXO�VXUVHL�GH�DOLPHQWDUH�SH�WLPSXO�DFHVWHL�DOWHUQDQyH�wL�GH�DFHHD�HO�WUHEXLH

Vx�DLEx�R�YDORDUH�PDUH�DVWIHO�ÁQFµW�FRQVWDQWD�GH�WLPS� τ = ⋅R CS S�Vx�ILH�FµW

PDL�PDUH�IDyx�GH�SHULRDGD�VHPQDOXOXL�GH�IUHFYHQyD�FHD�PDL�MRDVx�FH�WUHEXLH

DPSOLILFDW�� $FHDVWD� FRQGXFH� OD� FUHwWHUHD� JDEDULWXOXL� wL� FRVWXOXL

FRQGHQVDWRUXOXL��GDU�VH�UHGXFH�R�VXUVx�GH�DOLPHQWDUH�VXSOLPHQWDUx�

3HQWUX�D�DYHD�DOWHUQDQyH�HJDOH�HVWH�QHFHVDU�FD�&6
� Vx�VH� ÁQFDUFH� OD�R

WHQVLXQH� HJDOx� FX� (
&
�� $FHDVWD� VH� UHDOL]HD]x� SULQ� SRODUL]DUHD

FRUHVSXQ]xWRDUH�D�ED]HORU�FHORU�GRXx�WUDQ]LVWRDUH�

¡Q� ILJXUx� &7� UHSUH]LQWx� XQ� FLUFXLW� GH� FRPSHQVDUH� WHUPLFx� wL� GH

OLQLDUL]DUH� D� FDUDFWHULVWLFLL� FRPSXVH�� 3UDFWLF� HO� UHDOL]HD]x� R� SRODUL]DUH� D

ED]HORU� FHORU� GRXx� WUDQ]LVWRDUH�� SHQWUX� D� PXWD� SXQFWXO� GH� IXQFyLRQDUH� DO

DFHVWRUD�XwRU� VSUH�FODVD�$�GH�DPSOLILFDUH��GH�XQGH� wL�GHQXPLUHD�GH� FODVx

$%��3RODUL]DUHD�WUHEXLH�Vx�GHSLQGx�FµW�PDL�SXyLQ�GH�WHPSHUDWXUx�

5H]LVWHQyHOH�DX�XUPxWRDUHOH�UROXUL�

• 5�
� �� UHDFyLH� ÁQ� F�F�� DVLJXUµQG� DXWRD[DUHD� SRWHQyLDOXOXL� SXQFWXOXL� $� OD

YDORDUHD�(F
�OD�YDULDyLD�WHQVLXQLL�GH�DOLPHQWDUH�

• 5
�
� �� UHDFyLH� ÁQ� VHPQDO� SHQWUX� D� VFxGHD� GLVWRUVLXQLOH� wL� D� ÁPEXQxWxyL

UxVSXQVXO�

6XUVD�D�IRVW�QRWDWx�FX��(F
�SHQWUX�D�SXWHD�XWLOL]D�UHODyLLOH�GH�SURLHFWDUH

wL�SHQWUX�VFKHPD�GH�HWDM�FX�VXUVx�VLPHWULFx��VSOLW�VXSSO\�YROWDJH��
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VDUFLQx��'XSx�SXQHUHD�VXE�WHQVLXQH�D�DPSOLILFDWRUXOXL��UHJODW�FD�OD�SXQFWXO

��� VH� FUHwWH� QLYHOXO� VHPQDOXOXL� GH� LQWUDUH� SµQx� FµQG� XQD� GLQ� DOWHUQDQyH
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WROHUDQyx�GH�PD[������GXSx�%ULWLVK�6WDQGDUG���QLYHOXO�GH�GLVWRUVLXQL�ILLQG

LQIHULRU� FHOXL� SUHFL]DW� FD� SDUDPHWUX� QRPLQDO�� JHQHUDWRUXO� GH� VHPQDO
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GLVWRUVLXQL��wL�FODVD�DPSOLILFDWRDUHORU�+L�)L��PD[LP������GLVWRUVLXQL��

6H�IDFH�PHQyLXQHD�Fx�PxVXUDUHD�GLVWRUVLXQLORU�VH�IDFH�GXSx�FHO�SXyLQ
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GLIX]RUXOXL� OLEHU�>L� bQ� LQFLQW?� bQFKLV?�GH�YROXP�FXQRVFXW�VH�SRW�GHWHUPLQD

WR@L�SDUDPHWULL�GH�VHPQDO�PLF�DL�GLIX]RUXOXL��FHL�SUH]HQWD@L�>L�RULFDUH�DO@LL�

&X�SDUDPHWULL�DVWIHO�GHWHUPLQD@L�VH�SRDWH�IDFH�XQ�FDOFXO�H[DFW�DO�LQFLQWHORU

DFXVWLFH�

0RGXO�GH�OXFUX0RGXO�GH�OXFUX

3HQWUX�D�VH�SXWHD�WUDVD�FDUDFWHULVWLFD�LPSHGDQ@HL�GH�LQWUDUH�IXQF@LH�GH

IUHFYHQ@?�VH�YD�WUDQVIRUPD�XQ�JHQHUDWRU�GH�VHPQDO�VLQXVRLGDO�bQ�JHQHUDWRU

GH�FXUHQW�bQVHULLQG�GLIX]RUXO�FX�R�UH]LVWHQ@?�PXOW�PDL�PDUH�GHFµW�LPSHGDQ@D

VD�FD�bQ�ILJXUD�XUP?WRDUH�
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)LJXUD������0RQWDMXO�H[SHULPHQWDO

D� 6H�IL[HD]?�SHQWUX�WHQVLXQHD�GH�LH>LUH�GLQ�JHQHUDWRUXO�GH�VHPQDO�R

YDORDUH�FXSULQV?� bQWUH����9��FDUH�VH�S?VWUHD]?�FRQVWDQW?� bQ� WRDW?�JDPD�GH

IUHFYHQ@?�
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0,&52)2$1(0,&52)2$1(

0LFURIRQXO� HVWH� XQ� WUDGXFWRU� HOHFWURDFXVWLF� GHVWLQDW� V?� WUDQVIRUPH

HQHUJLD�VRQRU?�ÁQ�HQHUJLH�HOHFWULF?��¡Q�PRG�REL>QXLW�PLFURIRQXO�VH�J?VH>WH

VLWXDW�ÁQWU�XQ�FµPS�VRQRU�FDUDFWHUL]DW�GH�SUHVLXQHD�3�>L�GHELWHD]?�OD�ERUQH�R

WHQVLXQH�HOHFWULF?�8�

,QGLIHUHQW�GH�SDUWLFXODULWD@LOH�FRQVWUXFWLYH��GH�PRGXO�GH� WUDQIRUPDUH

D� HQHUJLHL�� PLFURIRDQHOH� VH� SRW� FDUDFWHUL]D� GXS?� IXQF@LRQDUHD� DFXVWR�

PHFDQLF?��6H�GLVWLQJ�DVWIHO�

D���0LFURIRQXO� VHQVLELO� OD� SUHVLXQH�� SH� VFXUW� PLFURIRQXO� GH� SUHVLXQH� HVWH

FRQVWLWXLW�SULQFLSLDO�GLQWU�R�GLDIUDJP?��HFKLSDMXO�PRELO��DFFHVLELO?�SH�GH

R�SDUWH�FµPSXOXL�DFXVWLF�� ILLQG�FDSVXODW?�GH�FHDODOW?�SDUWH� �ILJXUD������

$VXSUD� GLDIUDJPHL� DF@LRQHD]?� R� IRU@?� FDUH� HVWH� SURSRU@LRQDO?� FX

SUHVLXQHD�DSOLFDW?�� ¡Q�GRPHQLXO� d λ ≥ 0 2, �PLFURIRQXO�GH�SUHVLXQH�HVWH

QHGLUHFWLY� �FDUDFWHULVWLFD�GH�GLUHFWLYLWDWH� HVWH� FHUF���0LFURIRQXO� VH�PDL

QXPH>WH�RPQLGLUHF@LRQDO�

FDSVXOx

JDXUx�GH�HJDOL]DUH

GLDIUDJPx

)LJXUD������0LFURIRQXO�RPQLGLUHFyLRQDO
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E���0LFURIRQXO� VHQVLELO� OD� YLWH]?� �FX� JUDGLHQW� GH� SUHVLXQH��� SH� VFXUW

PLFURIRQ� GH� YLWH]?�� HVWH� FRQVWLWXLW� SULQFLSLDO� GLQWU�R� GLDIUDJP?

DFFHVLELO?� GH� DPEHOH� S?U@L� FµPSXOXL� DFXVWLF�� $VXSUD� GLDIUDJPHL� VH

DSOLF?�SUHVLXQHD�GLUHFW?�S
�
� >L�SUHVLXQHD� UH]XOWDW?�GLQ�RFROLUH�S

�
� �ILJXUD

������ ¡Q� FD]XO� PLFURIRQXOXL� GH� YLWH]?� IRU@D� HVWH� SURSRU@LRQDO?� FX

SUHVLXQHD�>L�FX�XQ�IDFWRU��FRVθ��FDUH�DUDW?��SH�GH�R�SDUWH��F?�IRU@D�DSOLFDW?

FUH>WH� FX� IUHFYHQ@D� LDU�� SH� GH� DOW?� SDUWH�� F?� PLFURIRQXO� GH� YLWH]?� DUH

FDUDFWHULVWLFD�GH�GLUHFWLYLWDWH� ( )R θ θ= cos ��QXPLW?�FDUDFWHULVWLF?� ÁQ�RSW�

0LFURIRQXO�VH�PDL�QXPH>WH�ELGLUHF@LRQDO�

�

&

p1

&

p2
)LJXUD������0LFURIRQXO�ELGLUHFyLRQDO

F���0LFURIRQXO� FX� DFyLXQH� PL[Wx�� HVWH� R� FRPELQDyLH� D� FHORU� PHQyLRQDWH

DQWHULRU�� wL� GXFH� OD� REyLQHUHD� XQRU� FDUDFWHULVWLFL� XQLGLUHFyLRQDOH� SULQ

UHDOL]DUHD�DGHFYDWx�D�PxULPLORU�DFXVWLFH�GLQ�FLUFXLW�

,GHHD� GH� ED]?� SHQWUX� FRQVWLWXLUHD� PLFURIRDQHORU� XQLGLUHF@LRQDOH� VH

ED]HD]?�SH� IDSWXO� F?� GDF?� VH� VXPHD]?� GRX?� FDUDFWHULVWLFL� GH� GLUHFWLYLWDWH�

XQD� RPQLGLUHF@LRQDO?� LDU� FHDODOW?� ELGLUHF@LRQDO?�� VH� RE@LQH� R� FDUDFWHULVWLF?

GH� GLUHFWLYLWDWH� XQLGLUHF@LRQDO?�� &XUED� RE@LQXW?� DUH� H[SUHVLD

( ) ( )R θ θ= +1
2

1 cos � >L� VH� QXPH>WH� FDUGLRLG?� GHRDUHFH� DUH� IRUPD

DVHP?Q?WRDUH� FX� IRUPD� LQLPLL�� &DUDFWHULVWLFD� RE@LQXW?� QX� HVWH� VLQJXUD

SRVLELO?�� 6H� SRW� RE@LQH� >L� DOWHOH� SULQWU�R� GR]DUH� FRQYHQDELO?� D� SRQGHULORU

FHORU�GRX?�SRODUH�GH�ED]?�
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'DF?�OD�PLFURIRDQH�UDQGDPHQWXO�QX�HVWH�R�P?ULPH�FDUH�V?�LQWHUHVH]H�

HOH� WUHEXLH� ÁQ� VFKLPE� V?� QX� PRGLILFH� SURSULHW?@LOH� SURGXF@LHL� VRQRUH� >L

SHQWUX�DFHDVWD�WUHEXLH�V?�ÁQGHSOLQHDVF?�FRQGL@LLOH�

D���LQWURGXFHUHD�VD�ÁQ�FµPSXO�VRQRU�WUHEXLH�V?�SURGXF?�R�PRGLILFDUH�FµW�PDL

PLF?�D�VWUXFWXULL�DFHVWXLD�

E���IDFWRUXO�GH�WUDQVIHU�DO�PLFURIRQXOXL��GHILQLW�FD�UDSRUWXO�GLQWUH�WHQVLXQHD

RE@LQXW?�OD�ERUQH�>L�SUHVLXQHD�VRQRU?��V?�ILH�FRQVWDQW�ÁQWU�R�JDP?�FµW�PDL

PDUH�GH�IUHFYHQ@H�

F���VHQVLELOLWDWHD�WUHEXLH�V?�DLE?�R�YDORDUH�FµW�PDL�ULGLFDW?�

0?ULPL�FDUDFWHULVWLFH�PLFURIRDQHORU0?ULPL�FDUDFWHULVWLFH�PLFURIRDQHORU

¡Q� YHGHUHD� IRORVLULL� MXGLFLRDVH� ÁQWU�XQ� ODQ@� HOHFWURDFXVWLF� D

PLFURIRDQHORU� HVWH� QHFHVDU� V?� ILH� FXQRVFXWH� R� VHULH� GH�P?ULPL� FDUH� VXQW

LQGLFDWH�GH�RELFHL�ÁQ�SURVSHFWXO�PLFURIRQXOXL�

D���6HQVLELOLWDWHD� VDX� HILFDFLWDWHD� XQXL�PLFURIRQ� UHSUH]LQW?� UDSRUWXO� GLQWUH

WHQVLXQHD�OD�ERUQH���ÁQ�YDORUL�HILFDFH��>L�SUHVLXQHD�VRQRU?�ÁQ�FRQGL@LL�GH

OXFUX�VSHFLILFDWH���LPSHGDQ@?�HOHFWULF?�SUHFL]DW?���6H�QRWHD]?�FX�(�>L�DUH

GLPHQVLXQLOH� 9�1P���� 6H� PDL� H[SULP?� ÁQ� P9�µE� �PLFUREDUXO� �

�µE ���1�P���� ([SULPDW?� ÁQ� G%� ID@?� GH� (
UHI
 �9��µE� �

( )E E Eref= 20log �

E���5H]LVWHQ@D� GH� LH>LUH�� 5
H
�� H[SULPDW?� ÁQ� RKPL�� UHSUH]LQW?� UH]LVWHQ@D� OD

ERUQHOH� GH� LH>LUH� >L� FDUH� QX� HVWH� QHDS?UDW� UH]LVWHQ@D� SURSULH� 5
L
� D

PLFURIRQXOXL� FµQG� ÁQ� DQVDPEOXO� PLFURIRQ� HVWH� ÁQFRUSRUDW� XQ

WUDQVIRUPDWRU��GDW?�ÁQ�SURVSHFW��VH�FDOFXOHD]?�FX�IRUPXOD�

E

E

R

R
e

i

e

i

=
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D���5H]LVWHQ@D�GH� OXFUX�� H[SULPDW?� ÁQ�RKPL�� HVWH� UH]LVWHQ@D�SH� FDUH� WUHEXLH

FRQHFWDW�PLFURIRQXO�SHQWUX�D�RE@LQH�HILFDFLWDWHD�SUHVFULV?�

E���%DQGD�GH�IUHFYHQ@?�HVWH�GRPHQLXO�GH�IUHFYHQ@?�ÁQ�FDUH�VHQVLELOLWDWHD�QX

DUH�R�DEDWHUH� ÁQ�G%�PDL�PDUH�GHFµW�R�YDORDUH�SUHVFULV?� �GH�H[HPSOX��

G%��ID@?�GH�VHQVLELOLWDWHD�HYDOXDW?�OD�I ����+]��GDW?�ÁQ�SURVSHFW�

F���&DUDFWHULVWLFD� GH� GLUHFWLYLWDWH� HVWH� UHSUH]HQWDUHD� JUDILF?� D� VHQVLELOLW?@LL

IXQF@LH�GH�XQJKLXO�GH�LQFLGHQ@?�D�XQGHORU�VRQRUH�ÁQ�UDSRUW�FX�QRUPDOD�OD

GLDIUDJP?� �HFKLSDMXO� PRELO�� >L� FDUH�� DYµQG� VLPHWULH� GH� URWD@LH�� VH

UHSUH]LQW?�VXE�IRUPD�XQHL�SRODUH��5HODyLD�GH�GHILQLyLH�HVWH�XUPxWRDUHD�

( ) ( )
D

E

E
θ

θ
=

0

0LFURIRDQHOH�VH�ÁPSDUW�GXSx�FDUDFWHULVWLFD�GH�GLUHFWLYLWDWH�ÁQ�

• RPQLGLUHFyLRQDOH��
( )E

E

θ

0

1=

• ELGLUHFyLRQDO�GH�RUGLQ�Q��
( ) ( )E

E
nθ

θ
0

= cos ��ILJXUD�����
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• XQLGLUHFyLRQDO� GH� RUGLQ� Q��
( ) ( )[ ]( )E

E
nθ

β β θ θ
0

11= − + ⋅ −cos cos � �ILJXUD

�����wL�VH�QXPHVF�

��� FDUGLRLGH�SHQWUX�β ���

��� KLSHUFDUGLRLGH�SHQWUX�β ����
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3LVWRIRQXO3LVWRIRQXO

3LVWRIRQXO� HVWH� R� PLF?� VXUV?� VRQRU?� GH� SUHFL]LH� DOLPHQWDW?� GH� OD

EDWHULL�� SHQWUX� FDOLEUDUHD� UDSLG?� >L� SUHFLV?� D� DSDUDWHORU� GH� P?VXU?� D

VXQHWHORU�� VDX� SHQWUX� P?VXUDUHD� IDFWRUXOXL� GH� WUDQVPLWHUH� DO� SUHVLXQLL

VRQRUH�OD�PLFURIRDQH�

3ULQFLSLXO� GH� IXQF@LRQDUH� DUH� OD� ED]?� JHQHUDUHD� XQHL� SUHVLXQL

YDULDELOH�VLQXVRLGDOH�ÁQWU�R�FDPHU?�GH�SUHVLXQH��FX�DMXWRUXO�D�GRX?�SLVWRDQH

FLOLQGULFH� DF@LRQDWH� ÁQ� ID]?� SULQ� LQWHUPHGLXO� XQXL� GLVF� FX� FDPH�� GLVF

DQWUHQDW�GH�XQ�PRWRU�FX�FµPS�SHUPDQHQW��FX�UHJXODWRU�FHQWULIXJ�GH�WXUD@LH�

3LVWRIRQXO�HVWH�DVWIHO�GLPHQVLRQDW� ÁQFµW� OD�SUHVLXQHD�DWPRVIHULF?�GH

���� WRUUL� VH� RE@LQH� XQ� QLYHO� GH� SUHVLXQH� GH� FLUFD� ���G%� �V�D� FRQVLGHUDW

SHQWUX� �� G%� SUHVLXQHD� GH� 2 10 4⋅ − µbar��� 3HQWUX� ILHFDUH� H[HPSODU� HVWH

LQGLFDW�QLYHOXO�SHVLXQLL�VRQRUH�ÁQ�SURWRFROXO�GH�ÁQFHUFDUH�

/D� PRGLILFDUHD� SUHVLXQLL� DWPRVIHULFH� VH� PRGLILF?� >L� SUHVLXQHD

VRQRU?�� YDORDUHD� FRUHF@LHL� QHFHVDUH� SRDWH� IL� FLWLW?� GLUHFW� ÁQ� G%� OD� VFDOD

H[WHULRDU?�D�EDURPHWUXOXL�FX�FDUH�HVWH�OLYUDW�

¡QDLQWH� GH� XWLOL]DUH� WUHEXLH� FRQWURODW?� WHQVLXQHD� EDWHULLORU�� 3HQWUX

DFHDVWD��ÁQ�FRQGL@LD�ÁQ�FDUH�SXQFWXO�UR>X�HVWH�YL]LELO�VH�YD�DS?VD�VFXUW�WLPS

EXWRQXO� g&RQWUROXO� WHQVLXQLL� EDWHULLORUh�� /D� EDWHULL� EXQH� VH� DXGH� R� FODU?

FUH>WHUH� D� IUHFYHQ@HL�� &µQG� DFHDVW?� P?ULUH� GH� IUHFYHQ@?� QX� VH� VHVL]HD]?

WUHEXLH�VFKLPEDWH�EDWHULLOH�

0LFURIRDQHOH� FDUH� SRW� IL� P?VXUDWH� VXQW� GH� ′′1 �� LDU� FX� DGDSWRDUHOH

OLYUDWH� >L� FHOH� GH�
1
2

″
>L�

1
4

″
�� ¡Q� FD]XO� P?VXU?ULL� PLFURIRDQHORU� GH� DOWH

GLPHQVLXQL� WUHEXLH� V?� VH� @LQ?� VHDPD� GH� PRGLILFDUHD� SUHVLXQLL� GDWRULW?

PRGLILF?ULL�YROXPXOXL�FDPHUHL�GH�SUHVLXQH��9DORDUHD�FRUHF@LHL�QHFHVDUH�ÁQ

IXQF@LH�GH�PRGLILFDUHD�GH�YROXP�D�FDPHUHL�GH�SUHVLXQH�SRDWH�IL�VFRDV?�GLQ

GLDJUDPD���GLQ�FDUWHD�WHKQLF?�D�DSDUDWXOXL�
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9DORDUHD�H[DFW?�D�SUHVLXQLL�VRQRUH�IXUQL]DWH�GH�SLVWRIRQ�OD�SUHVLXQHD

DWPRVIHULF?� H[LVWHQW?� ÁQ� PRPHQWXO� HIHFWX?ULL� P?VXU?WRULL� VH� RE@LQH

DG?XJµQG�OD�YDORDUHD�GDW?�ÁQ�SURWRFROXO�GH�ÁQFHUFDUH��ÁQ�FD]XO�SLVWRIRQXOXL

GLQ� GRWDUH� ������ G%�� YDORDUHD� FLWLW?� SH� VFDUD� H[WHULRDU?�� QRWDW?� ÁQ� G%�� D

EDURPHWUXOXL��/D�FLWLUH�VH�EDWH�X>RU�SH�JHDPXO�GH�VWLFO?�FDUH�DFRSHU?�VFDOD�

([HPSOX��'DF?�DFXO�EDURPHWUXOXL� VW?�SH� VFDOD�H[WHULRDU?� OD� � �� ����

�FRUHVSXQ]?WRU� SUHVLXQLL� GH� ���� WRUUL��� DWXQFL� VH� DGDXJ?� OD� YDORDUHD

QRPLQDO?�GH�������G%�DFHDVW?�YDORDUH��5H]XOW?�YDORDUHD�UHDO?�GH�������G%�

'LQ� JUDILFXO� GLQ� ILJXUD� ���� �GLDJUDPD� �� GLQ� FDUWHD� WHKQLF?�� VH� RE@LQH

SUHVLXQHD�GH����µEDUL�������1�P���

��� ����� ����� ����� ����� ��� �����

���

���

���

���

���

���[ ]~p barµ

[ ]20log
~

~
p

p
dB

o

)LJXUD������'LDJUDPD��

0RGXO�GH�OXFUX0RGXO�GH�OXFUX

���0?VXUDUHD�VHQVLELOLW?@LL�PLFURIRDQHORU

0?VXUDUHD�VHQVLELOLW?@LL��D�HILFDFLW?@LL�VDX�D�IDFWRUXOXL�GH�WUDQVPLWHUH

D� SUHVLXQLL� VRQRUH�� VH� IDFH� FX� DMXWRUXO� SLVWRIRQXOXL� SUH]HQWDW� DQWHULRU�

3HQWUX�P?VXUDUH�VH�XWLOL]HD]?�VFKHPD�GLQ�ILJXUD�����
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PLFURIRQ�GH
PxVXUDW

 

a

P9

3LVWRIRQ VXUVx�GH
SRODUL]DUH
SHQWUX
PLFURIRQXO
FRQGHQVDWRU

)LJXUD������0xVXUDUHD�VHQVLELOLWxyLL

6H� YRU� HIHFWXD� P?VXU?WRUL� DVXSUD� XQXL� PLFURIRQ� FRQGHQVDWRU� >L

DVXSUD� XQXL� PLFURIRQ� HOHFWURGLQDPLF�� 0LFURIRQXO� FRQGHQVDWRU� WUHEXLH

SRODUL]DW�FX�R�WHQVLXQH�GH����9�OD�ILUXO�QHHFUDQDW��U?PDV�OLEHU���GH�FXORDUH

DOEDVWU?�� ID@?� GH� HFUDQ��/D�PLFURIRQXO� HOHFWURGLQDPLF�P?VXU?WRDUHD� VH� YD

HIHFWXD� OD� LH>LUHD� GLUHFW?� >L� OD� LH>LUHD� SULQ� WUDQVIRUPDWRU�� 6H� YRU� FRPSDUD

GDWHOH� FX� FHOH� GLQ� SURVSHFW�� ¡Q� WLPSXO� P?VXU?WRULORU� VH� YD� DYHD� JULM?� FD

SLVWRIRQXO�V?�ILH�@LQXW�YHUWLFDO�

3UHVLXQHD� VRQRU?� VH� YD� WUDQVIRUPD� GLQ� G%� ÁQ� µEDU� FX� DMXWRUXO

GLDJUDPHL���GLQ�FDUWHD�WHKQLF?�D�SLVWRIRQXOXL�>L�DSRL�ÁQ�1�P��

���%DQGD�GH�IUHFYHQ@?

'HRDUHFH� XQ� GLIX]RU� QX� DUH� XQ� U?VSXQV� FRQVWDQW� ÁQ� WRW� GRPHQLXO

DXGLR�� WUDVDUHD� FDUDFWHULVWLFLL� GH� IUHFYHQ@?� D� XQXL� PLFURIRQ� VH� IDFH� GXS?

VFKHPD�EORF�GLQ�ILJXUD�����

3HQWUX�D�PHQ@LQH�R�SUHVLXQH�FRQVWDQW?�ÁQ�YHFLQ?WDWHD�PLFURIRQXOXL�GH

P?VXUDW�VH�UHDOL]HD]?�XQ�FRQWURO�DXWRPDW�DO�SUHVLXQLL�

*HQHUDWRUXO�� SH� OµQJ?� SRVLELOLWDWHD� PRGLILF?ULL� QLYHOXOXL� GH� LH>LUH

IXQF@LH� GH� QLYHOXO� VHPQDOXOXL� GH� OD� LH>LUHD� PLFURIRQXOXL� HWDORQ� DUH� >L

SRVLELOLWDWHD�PRGLILF?ULL�FRQWLQXH�D�IUHFYHQ@HL�ÁQ�GRPHQLXO�DXGLR��'LIX]RUXO

VH� YD� H[FLWD� FX� R� SXWHUH� HJDO?� FX� ����� GLQ� SXWHUHD� QRPLQDO?�� 6H� YD� FLWL
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QLYHOXO� OD� LH>LUHD� PLFURIRQXOXL� GH� P?VXUDW� SHQWUX� WRDWH� IUHFYHQ@HOH� GLQ

JDPD� DXGLR� ÁQ� WUHLPH� GH� RFWDY?��0?VXU?WRULOH� VH� YRU� IDFH� SH� PDL� PXOWH

WLSXUL�GH�PLFURIRDQH�>L�VH�YRU�FRPSDUD�FX�FHOH�GLQ�SURVSHFWH�

9(�VDX
LQVFULSWRU

$PSOLI�

$PSOLI�

*HQHUDWRU
FX�5$$

&DPHUx�DQHFRLGx

PLFURIRQ

GH�PxVXUDW

HWDORQ

)LJXUD������0xVXUDUHD�FDUDFWHULVWLFLL�GH�IUHFYHQyx

���&DUDFWHULVWLFD�GH�GLUHFWLYLWDWH

5LGLFDUHD� FDUDFWHULVWLFLL� GH� GLUHFWLYLWDWH� VH� IDFH� WRW� ÁQ� FDPHUD

DQHFRLG?�PRQWµQGX�VH�PLFURIRQXO�GH�P?VXUDW�SH�R�PDV?�URWLWRDUH�

)UHFYHQ@D� DSOLFDW?� GLIX]RUXOXL� HVWH� FHD� SHQWUX� FDUH� VHQVLELOLWDWHD

PLFURIRQXOXL�HVWH�PD[LP?�VDX�IUHFYHQ@D�GH��.+]�>L�VH�SODVHD]?�OD����FP

GH� PLFURIRQ�� 6H� P?VRDU?� WHQVLXQHD� OD� LH>LUHD� PLFURIRQXOXL

�SUHDPSOLILFDWRUXOXL��SHQWUX�XQJKLXULOH�GLQWUH�D[D�LQFLQWHL�>L�D�PLFURIRQXOXL

GH�������������������������������������������������°�

0?VXU?WRULOH�VH�YRU�HIHFWXD�SH�PDL�PXOWH�WLSXUL�GH�PLFURIRDQH�
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6,67(0(�'(�a15(*,675$5(�5('$5(6,67(0(�'(�a15(*,675$5(�5('$5(

0(&$1,&_��3(�',6&��$�681(7(/250(&$1,&_��3(�',6&��$�681(7(/25

3XUW?WRUXO� GH� VXQHW� bQ� bQUHJLVWUDUHD� PHFDQLF?� �VDX� SH� GLVF�� D� IRVW

LQL@LDO�XQ�FLOLQGUX�GH�FHDU?�FDUH�DYHD�R�PL>FDUH�GH�URWD@LH�>L�GH�WUDQVOD@LH�FX

YLWH]?� FRQVWDQW?�� 'XS?� bQFHUF?UL� >L� H[SHULHQ@H� V�D� DMXQV� V?� VH� IRORVHDVF?

GUHSW� SXUW?WRU� GH� VXQHW� XQ� GLVF� VXE@LUH� FRQIHF@LRQDW� GLQ� PDWHULDO� SODVWLF

LQFDVDELO�

'LVSR]LWLYXO�GH�bQUHJLVWUDUH��QXPLW�JUDYRU��DSDV?�SH�GLVF�>L�FUHD]?�XQ

>DQ@�� 'LVFXO� VH� URWH>WH� FX� YLWH]?� XQJKLXODU?� FRQVWDQW?� LDU� JUDYRUXO� VH

GHSODVHD]?� VSUH� FHQWUXO� GH� URWD@LH� DVWIHO� bQFµW� >DQ@XO� HVWH� GH� IRUPD� XQHL

VSLUDOH�FDUH�bQFHSH�OD�PDUJLQHD�GLVFXOXL�>L�VH�WHUPLQ?�OD�R�DQXPLW?�GLVWDQ@?

GH� FHQWUX�� aQVFULHUHD� bQ� >DQ@� D� VHPQDOXOXL� VRQRU� VH� SRDWH� IDFH� bQ� GRX?

PRGXUL��aQ�SULPXO�FD]��DFXO�VH�GHSODVHD]?�ODWHUDO�SH�>DQ@�DGLF?�UDGLDO�ID@?�GH

GLVF� �bQUHJLVWUDUH� ODWHUDO?��� aQ� DO� GRLOHD� FD]� DFXO� VH� GHSODVHD]?� GXS?

DGµQFLPHD�>DQ@XOXL� bQ� ULWPXO� VHPQDOXOXL� VRQRU� �bQUHJLVWUDUH� bQ�DGµQFLPH��

)LHFDUH�GLQ�DFHVWH�SURFHGHH�SHUPLWH� bQUHJLVWUDUHD�XQXL� VLQJXU� VHPQDO� VDX�

FXP� VH� VSXQH�� VHPQDO� PRQRIRQLF�� aQ� SUH]HQW� GLVFXULOH� PRQRIRQLFH� VXQW

UHDOL]DWH�FX�bQUHJLVWUDUH�ODWHUDO?�SHQWUX�D�IL�FRPSDWLELOH�FX�GR]HOH�VWHUHR�

'DF?� VH� XUP?UH>WH� bQUHJLVWUDUHD� D� GRX?� VHPQDOH�� FDUH� YRU� FRQVWLWXL

FHOH�GRX?�FDQDOH�VWHUHRIRQLFH��DWXQFL�VH�IRORVHVF�DPEHOH�bQUHJLVWU?UL��,GHHD

FRQVW?� bQ� XUP?WRDUHOH�� DFXO� VH� SRDWH� GHSODVD� DWµW� ODWHUDO� FµW� >L� YHUWLFDO�

VHPQDOXO� ;� �GUHDSWD�� GHSODVHD]?� DFXO� OD� ��°� GH� YHUWLFDO?� SH� SHUHWHOH

H[WHULRU� >DQ@XOXL� LDU� VHPQDOXO�<� �VWµQJD�� GHSODVHD]?� DFXO� SH� R� GLUHF@LH� OD
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��u�GH�YHUWLFDO?�VSUH� LQWHULRUXO� >DQ@XOXL��3RODULW?@LOH� VXQW�DVWIHO�DOHVH� bQFµW

GDF?�; <�V?� VH�RE@LQ?�R�GHSODVDUH�QXPDL� ODWHUDO?�� aQ�DFHVW� IHO� UH]XOW?� F?

GHSODVDUHD� RUL]RQWDO?� �UDGLDO?�� D� DFXOXL� HVWH� HJDO?� FX� VHPQDOXO� VXP?

�0 ;�<��FDUH�HVWH�VHPQDOXO�FRPSDWLELO�LDU�GHSODVDUHD�YHUWLFDO?�HVWH�HJDO?

FX�VHPQDOXO�GLIHUHQ@?�

�

�

�

���FULVWDOH
���SLHVH�GH�IL[DUH�D
FULVWDOHORU

���EDUH�PRELOH

)LJXUD������7UDGXFWRU�SLH]RHOHFWULF

/D�GR]HOH�FDUH�IRORVHVF�SULQFLSLXO�SLH]RHOHFWULF�H[LVW?�bQ�PRG�QRUPDO

SHQWUX� UHSURGXFHUHD� VWHUHR� GRX?� HOHPHQWH� FHUDPLFH� VDX� GH� FULVWDO� �VDUH

6HLJQHWWH�VDX�WLWDQDW�GH�EDULX��FDUH�SURGXF�R�WHQVLXQH�FµQG�VXQW�FXUEDWH�VDX

U?VXFLWH�� (OHPHQWHOH� SRW� IL� IL[DWH� OD� XQ� FDS?W� >L� FXSODWH� FX� DMXWRUXO� XQHL

SXQ@L� GLQ�PDWHULDO� SODVWLF�� GXS?� FXP� VH� DUDW?� bQ� ILJXUD� �����$UDQMDPHQWXO

HVWH�DVWIHO�bQFµW�PL>FDUHD�bQ�GLUHF@LD�XQXL�FDQDO��YH]L�V?JH@LOH��YD�U?VXFL�XQ

HOHPHQW�� /D� R� DOW?� YDULDQW?� FXSODUHD� EDUHL� FX� DFXO� SRDWH� IL� I?FXW?� SULQ

LQWHUPHGLXO�XQHL�VWUXFWXUL�IOH[LELOH�bQ�IRUP?�GH�GLDPDQW�������������

([LVW?�>L�GR]H�PDJQHWLFH��OD�FDUH�EDUD�FX�DFXO�FRPSOHWHD]?�XQ�FLUFXLW

PDJQHWLF�FX� ILHFDUH�GLQ�SLHVHOH�SRODUH��SH�FDUH� VXQW� IL[DWH�ERELQHOH��3ROLL

VXQW�DUDQMD@L�DVWIHO�bQFµW�IOX[XO�GDWRUDW�XQHL�SHUHFKL�HVWH�bQ�XQJKL�GUHSW�FX

IOX[XO� GDWRUDW� FHOHLODOWH� SHUHFKL� �YH]L� ILJXUD� ������0L>FDUHD� EDUHL� GH� FDUH

HVWH�IL[DW�DFXO�PRGLILF?�OXQJLPHD�bQ�FLUFXLW�D�bQWUHILHUXOXL�
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�

� �

)LJXUD������'R]x�PDJQHWLFx

3URFHVXO� bQUHJLVWU?ULL� SH� GLVF� SUHVXSXQH� H[LVWHQ@D� XQXL� VLVWHP

HOHFWURPHFDQLF��QXPLW�JUDYRU��FDUH�FRPDQG?�PL>FDUHD�DFXOXL�GH�bQUHJLVWUDUH

�FDUH�HVWH�DVFX@LW��QX� URWXQMLW�� ODWHUDO� ID@?�GH�>DQ@��6H�SXQH�SUREOHPD�GH�D

SUHFL]D� FDUH� P?ULPH� bQUHJLVWUDW?� SH� GLVF�� GHSODVDUHD� ODWHUDO?� VDX� YLWH]D

ODWHUDO?� HVWH� QHFHVDU� V?� ILH� FRQVWDQW?� bQ� IXQF@LH� GH� IUHFYHQ@?�� 'HRDUHFH

PDMRULWDWHD� GLVSR]LWLYHORU� GH� UHGDUH�� QXPLWH� GR]H�� U?VSXQG� FX� WHQVLXQH

FRQVWDQW?� OD� YLWH]?� FRQVWDQW?�� VH� XUP?UH>WH� RE@LQHUHD� XQHL� YLWH]H� ODWHUDOH

FRQVWDQWH�� 9LWH]D� GH� GHSODVDUH� WDQJHQ@LDO?� D� DFXOXL� ID@?� GH� >DQ@� ILLQG

FRQVLGHUDW?�FRQVWDQW?��SHQWUX�D�S?VWUD�FRQVWDQW?�YLWH]D�GH�GHSODVDUH�D�DFXOXL

SHQWUX�R�IUHFYHQ@?�GDW?��WUHEXLH�FD� v f x= ⋅ ⋅2π ��[�DPSOLWXGLQHD�GHSODV?ULL

ODWHUDOH��HVWH�QHFHVDU�FD�SHQWUX�IUHFYHQ@H�bQDOWH�DPSOLWXGLQHD�V?�VFDG?�PXOW

�H[���SHQWUX�GHSODV?UL�PD[LPH�GH������µP�DOHVH�SHQWUX�R�EXQ?�XWLOL]DUH�D

VXSUDIH@HL�GLVFXOXL��OD�IUHFYHQ@D�GH����+]��UH]XOW?�R�DPSOLWXGLQH�GH�QXPDL

���µP�OD����.+]��FHHD�FH�DU�bQU?XW?@L�UDSRUWXO�VHPQDO�]JRPRW��GHSODVDUHD

ILLQG� FRPSDUDELO?� FX� QHXQLIRUPLW?@LOH� GH� JUDQXOD@LH� DOH� PDWHULDOXOXL� GLQ

FDUH� HVWH� FRQIHF@LRQDW� GLVFXO��� 3HQWUX� D� bPSLHGLFD� S?WUXQGHUHD� DFXOXL� bQ

>DQ@XO� YHFLQ� �VXSUDPRGXOD@LH��� FDUDFWHULVWLFD� GH� bQUHJLVWUDUH� YD� DWHQXD
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IUHFYHQ@HOH�bQDOWH��&DUDFWHULVWLFD�DPSOLILFDWRUXOXL�GH�UHGDUH�YD�WUHEXL�V?�ILH

LQYHUV?�

3DUDPHWULL�GH�SHUIRUPDQ@?�DL�VLVWHPHORU�GH�ÁQUHJLVWUDUH3DUDPHWULL�GH�SHUIRUPDQ@?�DL�VLVWHPHORU�GH�ÁQUHJLVWUDUH
PHFDQLF?PHFDQLF?

3HQWUX�D�DSUHFLD�FDOLW?@LOH�XQXL�VLVWHP�GH�UHGDUH�D�VHPQDOHORU�DXGLR

bQUHJLVWUDWH�SH�GLVF�VH�GHILQHVF�XUP?WRULL�SDUDPHWUL�

• 'HYLD@LD� GH� YLWH]?� �� HFDUWXO� PHGLX� DO� YLWH]HL� GH� URWD@LH� D� GLVFXOXL� bQ

UDSRUW�FX�YLWH]D�QRPLQDO?�

viteza medie -  viteza nominala
viteza medie

⋅100%

3RDWH� DYHD� VHPQ� ���� VDX� ����� GXS?� FXP� YLWH]D� UHDO?� HVWH� VXSHULRDU?

YLWH]HL�QRPLQDOH�

• )OXFWXD@LD� GH� YLWH]?� �� PRGXOD@LD� SDUD]LW?� bQ� IUHFYHQ@?� LQWURGXV?� bQ

VHPQDOXO� bQUHJLVWUDW�� SURYRFDW?� bQ� JHQHUDO� GH� R� YDULD@LH� D� YLWH]HL� GH

GHSODVDUH�D�VXSRUWXOXL�bQUHJLVWUDW�

• 6FLQWLOD@LH����HIHFW�SDUD]LW�GH�PRGXOD@LH�bQ�IUHFYHQ@?�LQWURGXV�bQ�VHPQDOXO

bQUHJLVWUDW� GH� R� YLWH]?� GH� URWD@LH� QHUHJXODW?� D� GLVFXOXL� bQ� WLPSXO

bQUHJLVWU?ULL�VDX�UHG?ULL��GDF?�GHYLD@LD�GH�IUHFYHQ@?�HVWH�VXSHULRDU?�OXL���

+]�

• (IHFW� GH� SORDLH� �� HIHFW� DVHP?Q?WRU� VFLQWLOD@LHL� bQ� FRQGL@LLOH� bQ� FDUH

GHYLD@LD�GH�IUHFYHQ@?�DS?UXW?�HVWH�FXSULQV?�bQWUH�����>L����+]�

• g5XPEOHh�KXUXLW�� �� YLEUD@LH� GH� MRDV?� IUHFYHQ@?� D� PHFDQLVPXOXL� GH

DQWUHQDUH�FDUH�VH�VXSUDSXQH�SHVWH�OHFWXUD�VHPQDOXOXL�bQUHJLVWUDW�

• 1LYHO� GH� YLEUD@LH� �UXPEOH�� �� UDSRUW� H[SULPDW� bQ� GHFLEHOL� DO� WHQVLXQLL

JHQHUDWH� GH� XQ� VHPQDO� GH� UHIHULQ@?�� P?VXUDW� OD� ERUQHOH� VSHFLILFDWH�� >L

WHQVLXQHD�JHQHUDW?� GH� R� YLEUD@LH� GH� MRDV?� IUHFYHQ@?� SURSULH� DSDUDWXOXL�

P?VXUDW?�OD�DFHOHD>L�ERUQH�
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• 6HQVLELOLWDWHD�XQXL�FDQDO���'DF?�VH�QRWHD]?�SULQ�8�WHQVLXQHD�OD�ERUQHOH

GH� LH>LUH� VSHFLILFDWH�� SURGXV?� OD� UHGDUHD� XQXL� VHPQDO� GH� UHIHULQ@?� GH

�����+]��bQUHJLVWUDW�OD�R�YLWH]?�Y�H[SULPDW?�bQ�FP�V��VHQVLELOLWDWHD�XQXL

FDQDO�OD������+]�HVWH�GDW?�GH�UDSRUWXO�8�Y��P9�FP
V����

• 'H]HFKLOLEUXO� FDQDOHORU� �� aQ� VWHUHRIRQLH�� GDF?� VH� GHVHPQHD]?� SULQ� 8
$

WHQVLXQHD�GH�LH>LUH�VWµQJD��SURGXV?�GH�XQ�VHPQDO�FX�IUHFYHQ@D������+]

DSOLFDW� LGHQWLF� SH� FDQDOXO� GLQ� GUHDSWD�� GH]HFKLOLEUXO� GLQWUH� FDQDOH� HVWH

GDW�GH�H[SUHVLD�bQ�G%�D�UDSRUWXOXL�8
$
�8

%
�

• 'LDIRQLD� >L� VHSDUD@LD� �� aQ� FHOH� FH� XUPHD]?�� VLPEROXO� �8
;
�
<
�� VSHFLILF?

IDSWXO� F?� WHQVLXQHD� GH� LH>LUH� SH� FDQDOXO� [� HVWH� SURGXV?� GH� XQ� VHPQDO

VLWXDW� SH� FDQDOXO� \�� 'LDIRQLD� HVWH� H[SULPDW?� bQ� G%� SULQ� UHOD@LD

( ) ( )( )20⋅ log U UA A B A
�� XQGH� �8

$
�
$
�� WHQVLXQHD� QRPLQDO?� GH� LH>LUH� SH

FDQDOXO� $�� 6HSDUD@LD� bQWUH� FDQDOH� HVWH� H[SULPDW?� SULQ� UHOD@LD

( ) ( )( )20⋅ log U UA A A B
�

• &DUDFWHULVWLFD� GH� IUHFYHQ@?� �� QLYHO� UHODWLY� GH� LH>LUH�� H[SULPDW� bQ� G%� bQ

IXQF@LH� GH� IUHFYHQ@?�� SHQWUX� R� FDOH� �FDQDO�� GDW?�� F?UHLD� L� VH� DSOLF?

VHPQDOH�FDUH�bL�VXQW�SURSULL��PRGLILFµQG�IUHFYHQ@D�DWµWD�WLPS�FµW�QLYHOHOH

UHODWLYH� DOH� VHPQDOXOXL� VH� S?VWUHD]?� FRQIRUP� QRUPHORU� bQ� YLJRDUH

�PRGLILF?ULOH�VXQW�bQ�OLPLWD�D���G%��GH�H[���

• $ELOLWDWHD�GH�FLWLUH���IRU@D�PLQLP?�GH�DS?VDUH�D�DFXOXL�SHQWUX�D�PHQ@LQH

FRQWDFWXO� bQWUH�YµUIXO�GH�FLWLUH�>L�FHOH�GRX?� IODQFXUL�DOH� >DQ@XOXL��SH�XQ

GLVF�GH�P?VXU?�GDW�

• (ODVWLFLWDWHD���UDSRUWXO�GLQWUH�GHSODVDUHD�H[WUHPLW?@LL�YµUIXOXL�GH�FLWLUH�>L

IRU@D� DSOLFDW?� DFHOXLD>L� YµUI�� FDUH� SRDWH� JHQHUD� DFHDVW?� GHSODVDUH

�PP�1��

• ,PSHGDQ@D� LQWHUQ?� D� XQXL� FDS� GH� FLWLUH� �GR]?�� �� PRGXOXO� LPSHGDQ@HL

LQWHUQH�D�GR]HL�P?VXUDW?�OD�ERUQH�
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• ,PSHGDQ@D�QRPLQDO?�D�XQXL�FDS�GH�FLWLUH��� LPSHGDQ@D�LQWHUQ?�D�FDSXOXL

GH�FLWLUH�VSHFLILFDW?�GH�FRQVWUXFWRU�

• ,PSHGDQ@D�QRPLQDO?�GH�VDUFLQ?���LPSHGDQ@D�VSHFLILFDW?�GH�FRQVWUXFWRU�OD

FDUH�WUHEXLH�FRQHFWDW?�LH>LUHD�DSDUDWXOXL�GH�FLWLUH�

• 'LVWRUVLXQLOH�DUPRQLFH�WRWDOH���UDSRUW�GLQWUH�WHQVLXQHD�HIHFWLY?��HILFDFH�

GH� LH>LUH� D� DQVDPEOXOXL� DUPRQLFHORU� >L� WHQVLXQHD� HIHFWLY?� WRWDO?� bQ

FRQGL@LLOH� FLWLULL� XQXL� VHPQDO� GH� UHIHULQ@?� GDW�� bQUHJLVWUDW� bQ� FRQGL@LL

VSHFLILFDWH��DSDUDWXO�OXFUµQG�bQ�FRQGL@LL�QRUPDOH�GH�IXQF@LRQDUH�

• 3XWHUHD�QRPLQDO?�GH� LH>LUH���SXWHUHD�VSHFLILFDW?�GH�FRQVWUXFWRU�SH�FDUH

DSDUDWXO�HVWH�VXVFHSWLELO�GH�D�R�GLVLSD�bQ�UHJLP�SHUPDQHQW�VLQXVRLGDO��SH

LPSHGDQ@D�QRPLQDO?�GH�VDUFLQ?��OD�R�IUHFYHQ@?�GDW?��I?U?�D�VH�GHS?>L�XQ

FRHILFLHQW� GH� GLVWRUVLXQL� QHOLQLDUH� VSHFLILFDW� GH� FRQVWUXFWRU�� (VWH

H[SULPDW?�bQ�ZD@L�>L�WUHEXLH�VSHFLILFDW?�SH�ILHFDUH�FDQDO�

• &XUED� GH� U?VSXQV� HOHFWURDFXVWLF� �� FXUED� UHSUH]HQWµQG�� bQ� IXQF@LH� GH

IUHFYHQ@?��YDULD@LLOH�H[SULPDWH�bQ�G%�DOH�QLYHOXOXL�SUHVLXQLL�DFXVWLFH�GDW?

GH� GLIX]RU�RDUH��� P?VXUDWH� bQWU�XQ� DPSODVDPHQW� VSHFLILFDW�� UDSRUWDW� OD

SXQFWXO�GH�UHIHULQ@?�>L�D[D�GH�UHIHULQ@?�bQ�FRQGL@LLOH�FLWLULL�XQRU�SODMH�GH

IUHFYHQ@H�GH�SH�XQ�GLVF�QRUPDOL]DW�GH�P?VXU?�

• 'RPHQLXO�XWLO�GH�IUHFYHQ@?���LQWHUYDOXO�PD[LP�GH�IUHFYHQ@?�bQ�LQWHULRUXO

F?UXLD�HFDUWXULOH��UDSRUWDWH�OD�R�FXUE?�GH�U?VSXQV�DPSOLWXGLQH�IUHFYHQ@?

VSHFLILFDW?�� QX� GHS?>HVF� OLPLWHOH� VSHFLILFDWH� bQ� FRQGL@LL� QRUPDOH� GH

IXQF@LRQDUH�

• 5DSRUWXO�VHPQDO�]JRPRW���UDSRUWXO��H[SULPDW�bQ�G%��DO�SXWHULL�QRPLQDOH

GH� LH>LUH� SH� VXPD�SXWHULORU� GH� LH>LUH� DOH� ]JRPRWXOXL�P?VXUDW� bQ� EDQG?

ODUJ?��VDX�SH�VXPD�SRQGHUDW?�D�SXWHULORU�GH�]JRPRW��VDX�SH�SXWHUHD�GH

LH>LUH� SURGXV?� GH� GLIHULWHOH� FRPSRQHQWH� DOH� ]JRPRWXOXL� FXSULQVH� bQ

EHQ]L�GH�R�RFWDY?�VDX�GH� IUDF@LXQL�GH�RFWDY?�� DSDUDWXO� ILLQG� bQ�FRQGL@LL

QRPLQDOH��bQ�DEVHQ@D�WRWDO?�D�VHPQDOXOXL�
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• 5HDF@LD� DFXVWLF?� QHGRULW?� �� LQIOXHQ@D� SUHMXGLFLDELO?� GH� RULJLQH� DFXVWLF?

DVXSUD� XQHL� S?U@L� D� XQXL� DSDUDW� FRPELQDW�� VXVFHSWLELO?� GH� D� SURYRFD

DQRPDOLL� bQ� FXUED� GH� U?VSXQV� bQ� IUHFYHQ@?�� VDX� R� DXWRRVFLOD@LH� �HIHFW

/DUVHQ�

• &µPSXO�PDJQHWLF�GH�GLVSHUVLH���FµPSXO�PDJQHWLF�SURGXV�GH�DSDUDW�OD�R

GLVWDQ@?� GDW?� GH� FXWLD� �FDUFDVD�� DFHVWXLD�� VDX� GH� XQ� DOW� HOHPHQW� FDUH� bL

HVWH�DVRFLDW��&µPSXO�PDJQHWLF�GH�GLVSHUVLH�SRDWH�V?�VH�SURGXF?�OD�RULFH

IUHFYHQ@?� VLWXDW?� bQ� GRPHQLXO� GH� IXQF@LRQDUH� DO� DSDUDWXOXL� >L� OD� WRDWH

IUHFYHQ@HOH�SURYHQLQG�GLQ�VLVWHPXO�GH�DOLPHQWDUH�

6SHFLILFD@LL�SHQWUX�P?VXU?6SHFLILFD@LL�SHQWUX�P?VXU?

$SDUDWHOH�GH�FLWLUH�D�GLVFXULORU�VH�LQFOXG�bQ�GRX?�FDWHJRULL�

• 3ODWDQ�GH�URWLUH�D�GLVFXOXL�>L�FDS�GH�OHFWXU?��GR]?��PRQR�VDX�VWHUHRIRQLF�

• 6LVWHP� HOHFWURDFXVWLF� PRQR� VDX� VWHUHRIRQLF� FDUH� FXSULQGH� SODWDQXO� GH

URWLUH�D�GLVFXOXL��FDSXO�GH�OHFWXU?��DPSOLILFDWRUXO�>L�XQXO�VDX�PDL�PXOWH

GLIX]RDUH��$FHVWH�VLVWHPH�SRW�IL� bQJOREDWH�bQWU�XQ�VLQJXU�DSDUDW� �VLVWHP

FRPSDFW��VDX�SRDWH�IL�IRUPDW�GLQ�HOHPHQWHOH�DPLQWLWH�VHSDUDWH�

`LQµQG�FRQW�GH�GLYHUVLWDWHD�DSDUDWHORU�GH�P?VXU?�XWLOL]DWH��PHWRGHOH

GH�P?VXU?�VH�bPSDUW�bQ�

D�� PHWRGH�GH�P?VXU?�DOH�FRQVXPXOXL�DSDUDWXOXL�

E�� PHWRGH�GH�P?VXU?�DSOLFDELOH�SODWDQXOXL�GH�URWLUH�D�GLVFXOXL�

F�� PHWRGH� GH� P?VXU?� DSOLFDELOH� DPSOLILFDWRDUHORU� GLQ� VLVWHPHOH

HOHFWURDFXVWLFH�

G�� PHWRGH�GH�P?VXU?�DSOLFDELOH�VLVWHPHORU�HOHFWURDFXVWLFH�FRPSDFWH�

aQ�FDGUXO�P?VXU?WRULORU�FDUH�VH�HIHFWXHD]?� bQ� ODERUDWRU� VH�XWLOL]HD]?

GLVFXO�WHVW�VWHUHR�(OHFWUHFRUG�FDUH�FXSULQGH�XUP?WRDUHOH�VHPQDOH�
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)D@D�,)D@D�,

• 6HF@LXQHD��6HF@LXQHD�����VHPQDO�bQUHJLVWUDW�$�%�ODWHUDO�FX�IUHFYHQ@HOH�

• ����+]����G%��VHPQDO�QRPLQDO������VHFXQGH

• ����+]������G%�����VHFXQGH

• ��.+]������G%�����VHFXQGH

• ����.+]������G%�����VHFXQGH

• ��.+]������G%�����VHFXQGH

• �.+]������G%�����VHFXQGH

• ���.+]������G%�����VHFXQGH

• �.+]������G%�����VHFXQGH

• �.+]������G%�����VHFXQGH

• ����+]������G%�����VHFXQGH

• ���+]������G%�����VHFXQGH

• ���+]������G%�����VHFXQGH

• ���+]������G%�����VHFXQGH

• ��+]������G%�����VHFXQGH

• 6HF@LXQHD��6HF@LXQHD�����VHPQDO�$�%�ODWHUDO������+]����G%����PLQXWH

• 6HF@LXQHD��6HF@LXQHD��

• ����+]����G%�����VHFXQGH��FDQDO�$��VWµQJD�

• ����+]����G%�����VHFXQGH��FDQDO�%��GUHDSWD�

• ����+]����G%�����VHFXQGH��$�%�ODWHUDO

• ����+]����G%�����VHFXQGH��$�%��YHUWLFDO�

• 6HF@LXQHD��6HF@LXQHD�����$�%�������+]����G%�����VHFXQGH

• 6HF@LXQHD��6HF@LXQHD��

• ���+]����G%�����VHFXQGH��$

• ���+]����G%�����VHFXQGH��%

• ���+]����G%�����VHFXQGH��$�%



(OHFWURDFXVWLF?���aQGUXPDU�GH�ODERUDWRU

��

• ���+]����G%�����VHFXQGH��$�%

• 6HF@LXQHD��6HF@LXQHD���������+]����G%�����VHFXQGH��$�%

)D@D�,,)D@D�,,

• 6HF@LXQHD��6HF@LXQHD���������+]�����G%�����VHFXQGH��$�%

• 66HFHF@L@LXQXQHD�HD������]JRPRW�DOE��WRDWH�IUHFYHQ@HOH�VHPQDOXOXL�DXGLR�����G%���

PLQXWH��$�%��ODWHUDO�

• 6HF@LXQHD��6HF@LXQHD�����I?U?�VHPQDO����PLQXWH

• 66HFHF@L@LXQXQHD�HD��������WUHL�JUXSH�GH�VHPQDOH�YREXODWH��FµWH�GRX?�VHPQDOH�FH�VH

VXFFHG�I?U?�SDX]?�XQXO�GXS?�DOWXO��UHSHWDWH�GH�WUHL�RUL�

• 6HF@LXQHD���6HF@LXQHD���

• ���+]�����G%����VHFXQGH��$�%

• ���+]�����G%����VHFXQGH��$�%

• ���+]�����G%����VHFXQGH��$�%

• ���+]������G%����VHFXQGH��$�%

• ���+]����G%����VHFXQGH��$�%

• ���+]�����G%����VHFXQGH��$�%

• ���+]�����G%����VHFXQGH��$�%

• ���+]�����G%����VHFXQGH��$�%

• 6HF@LXQHD���6HF@LXQHD������VHPQDO�SHQWUX�UHJODUHD�EDODQVXOXL

• 6HF@LXQHD���6HF@LXQHD������WH[W�PX]LFDO

• 6HF@LXQHD���6HF@LXQHD������HIHFWH�VWHUHRIRQLFH

0RGXO�GH�OXFUX0RGXO�GH�OXFUX

��$��0HWRGH�GH�P?VXU?�DSOLFDELOH�GR]HORU��FDSHWHORU�GH�FLWLUH�$��0HWRGH�GH�P?VXU?�DSOLFDELOH�GR]HORU��FDSHWHORU�GH�FLWLUH�
���6HQVLELOLWDWHD�XQXL�FDQDO

6H�SXQH�DSDUDWXO� bQ�FRQGL@LL�QRPLQDOH��6H�P?VRDU?�QLYHOXO� WHQVLXQLL

OD� LH>LUHD� GLQ� GR]?� bQ� XUPD� FLWLULL� XQXL� VHPQDO� FX� IUHFYHQ@D� GH� ����� +]
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bQUHJLVWUDW�FX�YLWH]D�GH��FP�V��QLYHO�GH�LH>LUH���G%��GH�SH�ID@D�,��VHF@LXQHD

���bQ�SODQ�VWµQJ��GUHSW��ODWHUDO�>L�YHUWLFDO��6HQVLELOLWDWHD�XQXL�FDQDO�YD�IL�

– bQ�VWHUHRIRQLH��8
$
�8

%
���Y��PY�FP·V���

– bQ�PRQRIRQLH��8
$�%

���Y��PY�FP·V���

���'H]HFKLOLEUXO�bQWUH�FDQDOH

6H� FLWH>WH� GLVFXO� WHVW� bQ� FRQGL@LL� QRPLQDOH�� VHPQDOXO� GH� SH� ID@D� ,�

VHF@LXQHD� ��� 6H� P?VRDU?� VXFFHVLY� OD� LH>LUHD� GLQ� GR]?� WHQVLXQHD� GH� LH>LUH

VWµQJD�8
$
� SURGXV?�GH�XQ� VHPQDO� VWµQJD� >L� WHQVLXQHD�GH� LH>LUH�GUHDSWD�8

%

SURGXV?� GH� XQ� VHPQDO� GUHDSWD� LGHQWLF�� 6H� FDOFXOHD]?� GH]HFKLOLEUXO� bQWUH

FDQDOH�FD�ILLQG�� ( ) [ ]20⋅ log U U dBA B

���'LDIRQLD�bQWUH�FDQDOH

6H� FLWH>WH� XQ� VHPQDO� GH� ����+]� bQUHJLVWUDW� SH� FDQDOXO� VWµQJ

�VHF@LXQHD�����6H�P?VRDU?��8
$
�
$
���WHQVLXQHD�SURGXV?�GH�VHPQDOXO�FDQDOXOXL

$�OD�LH>LUHD�$�D�GR]HL���8
%
�
$
���WHQVLXQHD�GDW?�GH�VHPQDOXO�SDUD]LW�LQWURGXV

GH� FDQDOXO� $� bQ� FDQDOXO� %� DO� GR]HL�� 6H� FDOFXOHD]?� GLDIRQLD� FD� ILLQG�

( ) ( )( ) [ ]20⋅ log U U dBA A B A

���6HSDUD@LD�bQWUH�FDQDOH

6H�DSOLF?�DFHHD>L�PHWRG?�GH�FLWLUH�FD�OD�SXQFWXO����6H�P?VRDU?��8
$
�
$

��WHQVLXQHD�SURGXV?�GH�VHPQDOXO�$�OD�LH>LUHD�$���8
$
�
%
���WHQVLXQHD�SDUD]LW?

LQWURGXV?� GH� VHPQDOXO� FDQDOXOXL� %� bQ� FDQDOXO� $� DO� GR]HL�� 6H� FDOFXOHD]?

VHSDUD@LD�bQWUH�FDQDOH�FX�� ( ) ( )( ) [ ]20⋅ log U U dBA A A B

11RRWW??��� 6HSDUD@LD� HVWH� GH� PXOWH� RUL� SUHIHUDW?� D� IL� OXDW?� bQ� FRQVLGHUD@LH� bQ

UDSRUW�FX�GLDIRQLD�GHRDUHFH�HVWH�LQGHSHQGHQW?�GH�VHQVLELOLWDWHD�FDQDOXOXL�

���&DUDFWHULVWLFD�GH�IUHFYHQ@?��FXUED�GH�U?VSXQV�DPSOLWXGLQH�

IUHFYHQ@?�

6H� SXQH� DSDUDWXO� bQ� FRQGL@LL� QRPLQDOH�� 6H� FLWHVF� VHPQDOHOH� GLQ

VHF@LXQHD���� ID@D� ,��6H�FRQHFWHD]?� OD� LH>LUHD�GR]HL�XQ�RVFLORVFRS� VDX�>L�XQ

YROWPHWUX� HOHFWURQLF� GH� F�D�� 6H� UHJOHD]?� DSDUDWXO� >L� RVFLORVFRSXO� SH
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VHPQDOXO�GH�UHIHULQ@?��6H�FLWHVF�QLYHOHOH�GH�LH>LUH�FRUHVSXQ]?WRDUH�ILHF?UHL

IUHFYHQ@H� bQ�SDUWH�>L�VH�YRU�H[SULPD�JUDILF��H[SULPDWH� bQ�G%� bQ� IXQF@LH�GH

IUHFYHQ@?�

/D� GR]HOH� VWHUHR� VH� UHSUH]LQW?� JUDILF� VHPQDOXO� RE@LQXW� SH� ILHFDUH

FDQDO�LDU�OD�FHOH�PRQR�VH�UHSUH]LQW?�JUDILF�VHPQDOXO�ODWHUDO�

���9HULILFDUHD�DELOLW?@LL��DSWLWXGLQLL��GH�FLWLUH

&X� DSDUDWXO� bQ� FRQGL@LL� QRPLQDOH� VH� FLWH>WH� GLVFXO� WHVW� SH� ID@D� ,�

VHF@LXQHD� �� >L� WHQVLXQHD� GH� LH>LUH� VH� FRQWUROHD]?� SULQ� LQWHUPHGLXO

GLIX]RUXOXL�VDX�D�XQXL�RVFLORVFRS�

2� VODE?� DELOLWDWH� GH� FLWLUH� VH� WUDGXFH� SULQWU�R� GLVWRUVLRQDUH� DXGLELO?

VDX� R� GHIRUPDUH� D� IRUPHL� GH� XQG?� YL]LELO?� FX� RVFLORVFRSXO�� 6H� UHJOHD]?

IRU@D�GH� DS?VDUH� �FRQWUDJUHXWDWHD�EUD@XOXL�� SµQ?� FµQG� VXQHWXO� >L� IRUPD�GH

XQG?� VXQW� SXUH�� I?U?� D� GHS?>L� bQV?� JUHXWDWHD� PD[LP?� UHFRPDQGDW?� GH

SURGXF?WRU�

6H� bQWRDUFH� GLVFXO� >L� VH� FLWH>WH� VHF@LXQHD� ����2� GR]?� FDUH� YD� SXWHD

UHSURGXFH�LQWHJUDO�DFHVW�WH[W�HVWH�R�GR]?�IRDUWH�EXQ?��aQ�JHQHUDO�R�GR]?�GH

FDOLWDWH�PHGLH�QX�YD�IL�FDSDELO?�V?�OH�UHSURGXF?�SH�WRDWH�

$ELOLWDWHD�GH�FLWLUH�VH�GHILQH>WH�FD�IRU@D�PLQLP?�GH�DS?VDUH�SHQWUX�R

DPSOLWXGLQH�YHUWLFDO?�GH�[�µP�>L�R�DPSOLWXGLQH�ODWHUDO?�GH�\�µP��/D�DFHVW

GLVF�QLYHOHOH�QX�VXQW�H[SULPDWH� bQ�µP��6H�YD� OXD� bQ�FRQVLGHUDUH�YLWH]D�GH

bQUHJLVWUDUH�SHQWUX�QLYHOXO�GH���G%��FDUH�HVWH�GH���FP�V��5H]XOW?�F?�OD����G%

FRUHVSXQGH� YLWH]D� GH� ���·� ���� FP�V�� OD� ��� G%� FRUHVSXQGH� �·� ��� FP�V

>�D�P�G�

���0?VXUDUHD�LPSHGDQ@HL�GR]HL��D�FDSXOXL�GH�FLWLUH�

6H� ODV?� GR]D� OLEHU?� GLQ� SXQFW� GH� YHGHUH� PHFDQLF�� 6H� PRQWHD]?� bQ

VHULH�bQWU�XQ�FLUFXLW�XQ�JHQHUDWRU�GH�MRDV?�IUHFYHQ@?��GR]D�D�F?UXL�LPSHGDQ@?

WUHEXLH�P?VXUDW?�>L�R�UH]LVWHQ@?�

3HQWUX� GR]HOH� GH� LPSHGDQ@?� PDUH� DFHDVW?� UH]LVWHQ@?� DUH� R� YDORDUH

IL[?� PXOW� PDL� PLF?� GHFµW� LPSHGDQ@D� GR]HL�� 6H� P?VRDU?� WHQVLXQHD� 9
5
� OD
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ERUQHOH� UH]LVWHQ@HL� >L� WHQVLXQHD� 9
*
� OD� ERUQHOH� JHQHUDWRUXOXL�� ,PSHGDQ@D

GR]HL�YD�IL�

Z R
V

V
G

R

=

3HQWUX� GR]HOH� GH� LPSHGDQ@?� PLF?� UH]LVWHQ@D� bQVHULDW?� YD� IL� R

UH]LVWHQ@?� YDULDELO?� FDOLEUDW?�� 6H� P?VRDU?� WHQVLXQHD� 9
5
� OD� ERUQHOH

UH]LVWHQ@HL� >L� WHQVLXQHD� 9
=
� OD� ERUQHOH� GH� LH>LUH� DOH� GR]HL�� 6H� UHJOHD]?

YDORDUHD� UH]LVWHQ@HL� SµQ?� VH� RE@LQH� 9
5
 9

=
�� aQ� DFHVW� PRPHQW� LPSHGDQ@D

GR]HL�YD�IL�HJDO?�FX�YDORDUHD�UH]LVWHQ@HL�

6H�IDF�P?VXU?WRUL�OD�IUHFYHQ@HOH�GH���+]������+]�����.+]����.+]

>L���.+]�
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%�0HWRGH�GH�P?VXU?�DSOLFDELOH�SODWDQXOXL�GH�URWLUH�DO�GLVFXOXL�%�0HWRGH�GH�P?VXU?�DSOLFDELOH�SODWDQXOXL�GH�URWLUH�DO�GLVFXOXL�

��0?VXUDUHD�HFDUWXOXL�PHGLX�DO�YLWH]HL�GH�URWD@LH

6H�SRUQH>WH�PRWRUXO�SODWDQXOXL�GH�URWLUH�DO�GLVFXOXL�>L�FX�DMXWRUXO�XQXL

FURQRPHWUX�VH�P?VRDU?�WLPSXO�W�ÁQ�FDUH�DFHVWD�IDFH�����GH�WXUH��&XQRVFµQG

GXUDWD�QRPLQDO?�7�SHQWUX�ILHFDUH�YLWH]?�ÁQ�SDUWH��GDW?�ÁQ�WDEHOXO�GH�PDL�MRV�

YLWH]D�QRPLQDO?�WU�PLQ� ����� ����� �����

GXUDWD�SHQWUX�����WXUH�7��V� �� ��� ���

�

VH�SRDWH�FDOFXOD�HFDUWXO�PHGLX�DO�YLWH]HL�GH�URWD@LH�FD�
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3HQWUX�EXQXULOH�GH�ODUJ�FRQVXP�+L�)L�GHYLD@LD�GH�YLWH]?�DGPLV?�HVWH�GH

�������>L�����
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��'HWHUPLQDUHD�HIHFWXOXL�GH�SORDLH�>L�D�VFLQWLOD@LLORU��D�IOXFWXD@LHL

GH�YLWH]?�VDX�D�SHQGXO?ULL�GH�YLWH]?�

6H� SXQH� DSDUDWXO� ÁQ� FRQGL@LL� QRPLQDOH� >L� VH� FLWH>WH� GH� SH� GLVFXO� WHVW

IUHFYHQ@D�GH������+]��ID@D� ,�� VHF@LXQHD�����6H�P?VRDU?� WHQVLXQHD� OD� LH>LUHD

GR]HL��VDX�DPSOLILFDWRUXOXL���GXS?�FH�VHPQDOXO�D�IRVW�WUHFXW�SULQWU�XQ�ILOWUX�FX

R�FDUDFWHULVWLF?�GH�DWHQXDUH�UHFRPDQGDW?�GH�SXEOLFD@LD�����&(,�

)OXFWXD@LD�GH�YLWH]?�YD�IL�GDW?�GH�UDSRUWXO�GLQWUH�GLIHUHQ@D�WHQVLXQLORU

GH� OD� LH>LUH� FLWLWH� FX� ILOWUX� >L� I?U?� ILOWUX� >L� WHQVLXQHD� GH� LH>LUH� I?U?� ILOWUX�� ÁQ

SURFHQWH�

6H�YRU� IDFH� FHO� SX@LQ���P?VXU?WRUL�� IOXFWXD@LD� �SHQGXODUHD�� GH� YLWH]?

FRQVLGHUµQGX�VH�FD�YDORDUH�PHGLH�D�FHORU���GHWHUPLQ?UL��3HQWUX�EXQXULOH�GH

ODUJ�FRQVXP�+L�)L�VH�DGPLWH�FHO�PXOW���������

&��0HWRGH�JOREDOH�DSOLFDELOH�VLVWHPHORU�HOHFWURDFXVWLFH&��0HWRGH�JOREDOH�DSOLFDELOH�VLVWHPHORU�HOHFWURDFXVWLFH

FRPSDFWH�FRPSDFWH�

��������

��&XUED�GH�U?VSXQV�DPSOLWXGLQH�IUHFYHQ@?

6H�FLWH>WH�VHF@LXQHD���GH�SH�GLVFXO�WHVW��6H�UHJOHD]?�DPSOLILFDUHD�DVWIHO

ÁQFµW� OD� IUHFYHQ@D� GH� �����+]� SXWHUHD� GH� LH>LUH� V?� ILH� FX� ��� G%�PDL�PLF?

GHFµW� SXWHUHD� QRPLQDO?�6H� P?VRDU?� WHQVLXQHD� GH� LH>LUH�� 6H� FLWHVF� WRDWH

IUHFYHQ@HOH� >L� VH� P?VRDU?� WHQVLXQHD� GH� LH>LUH�� 6H� UHSUH]LQW?� JUDILF�� FD� OD

DPSOLILFDWRDUH��UDSRUWXO�H[SULPDW�ÁQ�G%�GLQWUH�WHQVLXQLOH�GH�LH>LUH�OD�GLIHULWH

IUHFYHQ@H�>L�WHQVLXQHD�GH�LH>LUH�OD������+]�

��3XWHUHD�GH�LH>LUH�SHQWUX�XQ�FRHILFLHQW�GH�GLVWRUVLXQL�LPSXV

&X�DSDUDWXO�ÁQ�FRQGL@LL�QRPLQDOH�GH�DOLPHQWDUH�VH�FLWH>WH�GH�SH�GLVFXO

WHVW�XQ�VHPQDO�FX�IUHFYHQ@D�GH������+]�JUDYDW�FX�YLWH]D�GH����FP�V��ID@D�,,�
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VHF@LXQHD�����6H�P?VRDU?�FX�XQ�YROWPHWUX�HOHFWURQLF� WHQVLXQHD�GH� OD� LH>LUHD

GLQ� DPSOLILFDWRU�� 6H� SURFHGHD]?� ÁQ� FRQWLQXDUH� FD� OD� DPSOLILFDWRDUH�

0?VXU?WRDUHD�SRDWH�IL�UHSHWDW?�OD����+]�>L�����+]�

��(ILFDFLWDWHD�FRUHFWRDUHORU�GH�WRQ

6H�SXQH�DSDUDWXO�ÁQ�FRQGL@LL�QRPLQDOH��6H�PRQWHD]?�ÁQ�VHULH�FX�GR]D�XQ

JHQHUDWRU�GH�VHPQDO�FX�LPSHGDQ@D�GH�LH>LUH�PXOW�PDL�PLF?�GHFµW�D�GR]HL�>L�VH

UHJOHD]?� QLYHOXO� WHQVLXQLL� GH� LH>LUH� OD� ����� +]� ÁQ� D>D� IHO� ÁQFµW� OD� LH>LUHD

DSDUDWXOXL�QLYHOXO�V?�ILH�LQIHULRU�FX����G%�FHOXL�QRPLQDO��6H�QRWHD]?�DFHDVW?

YDORDUH�

6H� PRGLILF?� IUHFYHQ@D� JHQHUDWRUXOXL� ÁQ� OLPLWHOH� GRPHQLXOXL� XWLO� GH

IUHFYHQ@?� PHQ@LQµQG� FRQVWDQW� QLYHOXO� WHQVLXQLL� GH� LH>LUH�� 6H� P?VRDU?

WHQVLXQHD�OD�LH>LUHD�JHQHUDWRUXOXL�SHQWUX�ILHFDUH�IUHFYHQ@?�XWLOL]DW?�

6H�SXQ�FRUHFWRDUHOH�GH�WRQ�ÁQ�SR]L@LH�PD[LP?�>L�VH�UHSHW?�P?VXU?WRULOH

GXS?� FH� WHQVLXQHD� OD� LH>LUHD� JHQHUDWRUXOXL� D� IRVW� DMXVWDW?� FD� OD� ����� +]

QLYHOXO�WHQVLXQLL�GH�LH>LUH�V?�ILH�FX���G%�VXE�FHO�QRPLQDO�

6H� UHSUH]LQW?� JUDILF� UDSRUWXO� H[SULPDW� ÁQ� G%� DO� WHQVLXQLORU� OD� LH>LUHD

JHQHUDWRUXOXL�ÁQ�FHOH�GRX?�VLWXD@LL�ÁQ�IXQF@LH�GH�IUHFYHQ@?�

6H�SXQ�FRUHFWRDUHOH�GH�WRQ�ÁQ�SR]L@LH�PLQLP?��DWHQXDUH�PD[LP?��>L�VH

UHSHW?� P?VXU?WRULOH� ÁQ� FRQGL@LLOH� DOLQLDWXOXL� SUHFHGHQW� UHSUH]HQWµQG� JUDILF

DFHOD>L�UDSRUW�

��5DSRUW�VHPQDO��UXPEOH��KXUXLW�

6H�P?VRDU?� FLWLQG� DOWHUQDWLY� GH� SH� GLVFXO� WHVW� VHF@LXQHD� �� � �����+]�

$�%�ODWHUDO��>L�VHF@LXQHD����I?U?�VHPQDO���(VWH�SUHIHUDW?�YLWH]D�����URW�PLQ�D

GLVFXOXL��6H� FRQHFWHD]?� OD� ERUQHOH� GH� LH>LUH� DOH� DSDUDWXOXL� SULQ� LQWHUPHGLXO

XQXL�ILOWUX�WUHFH�MRV���G%�RFW��FX�IUHFYHQ@D�GH�W?LHUH�GH�����+]��XQ�YROWPHWUX

FX� FDUDFWHULVWLFD� GLQDPLF?� >L� GH� GHWHF@LH� FD� D� XQXL�98�PHWUX�� 6H�P?VRDU?
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VXFFHVLY� WHQVLXQHD� 8
�
� OD� LH>LUH� ÁQ� XUPD� FLWLULL� XQHL� SRU@LXQL� ÁQUHJLVWUDWH� >L

WHQVLXQHD� 8
�
� FRUHVSXQ]?WRDUH� XQHL� SRU@LXQL� QHÁQUHJLVWUDWH�� 6H� GHILQH>WH

UDSRUWXO�VHPQDO��UXPEOH��FD�

���������� [ ]S / R = 20 log(U1 / U2) dB⋅

��6HSDUD@LD�ÁQWUH�FDQDOH

6H� SURFHGHD]?� OD� IHO� FD� OD� GR]H�� P?VXUµQG� WHQVLXQLOH� OD� LH>LUHD

DSDUDWXOXL�

��'LDIRQLD�ÁQWUH�FDQDOH

6H�SURFHGHD]?�OD�IHO�FD�OD�GR]H�

��'H]HFKLOLEUXO�ÁQWUH�FDQDOH

6H�SURFHGHD]?�OD�IHO�FD�OD�GR]H�

��&XUED�GH�U?VSXQV�HOHFWURDFXVWLF

0?VXU?WRDUHD� WUHEXLH� HIHFWXDW?� ÁQWU�R� FDPHU?� DQHFRLG?� �I?U?� UHIOH[LL�

VXUG?���FX�DMXWRUXO�XQXL� ODQ@�GH�P?VXU?�FRPSXV�GLQ��PLFURIRQ�GH�SUHVLXQH�

DPSOLILFDWRU��ÁQUHJLVWUDWRU�ORJDULWPLF�GH�QLYHO�

&X� DSDUDWXO� ÁQ� FRQGL@LL� QRPLQDOH�� HFKLSDW� FX� XQ� GLIX]RU�� VH� FLWH>WH

GLVFXO�GH�P?VXU?��VHF@LXQHD�����6H�P?VRDU?�QLYHOXO�SUHVLXQLL�DFXVWLFH�SURGXV

SH�D[D�GLIX]RUXOXL�OD�R�GLVWDQ@?�GH����FP�GH�SXQFWXO�GH�UHIHULQ@?��LQGLFDW�ÁQ

JHQHUDO�GH�FRQVWUXFWRU��ÁQ�SULQFLSLX�FHQWUXO�JHRPHWULF�DO�SODQXOXL�GH�ED]?�DO

GLIX]RUXOXL��5H]XOWDWHOH�VXQW�DSRL�UDSRUWDWH�OD�GLVWDQ@D�GH�XQ�PHWUX�
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��,QIOXHQ@D�VXUVHL�GH�DOLPHQWDUH�DVXSUD�SHUIRUPDQ@HORU�DSDUDWXOXL

6H� DOLPHQWHD]?� DSDUDWXO� GH� OD� R� VXUV?� VWDELOL]DW?� >L� VH� UHJOHD]?

WHQVLXQHD�OD�YDORDUHD�VD�QRPLQDO?��6H�UHJOHD]?�DPSOLILFDUHD�SHQWUX�D�RE@LQH

OD� LH>LUH� SXWHUHD� QRPLQDO?� FRUHVSXQ]?WRDUH� FRHILFLHQWXOXL� GH� GLVWRUVLXQL

LPSXV��6H�QRWHD]?�FRHILFLHQWXO�GH�GLVWRUVLXQL�

6H� GLPLQXLD]?� SXQFW� FX� SXQFW� WHQVLXQHD� GH� DOLPHQWDUH� ÁQ� GRPHQLXO

VSHFLILFDW�>L�VH�P?VRDU?�SHQWUX�ILHFDUH�YDORDUH�D�DFHVWHL�WHQVLXQL�FRHILFLHQWXO

GH� GLVWRUVLXQL� DUPRQLFH� WRWDOH� >L� SXWHUHD� GH� LH>LUH�� I?U?� D� PRGLILFD

DPSOLILFDUHD�

6H�P?VRDU?�GH�DVHPHQHD�HFDUWXO�GH�YLWH]?�ÁQ�UDSRUW�FX�YLWH]D�QRPLQDO?

SHQWUX�R�WHQVLXQH�GH�DOLPHQWDUH�FRUHVSXQ]µQG�XQXL�FRHILFLHQW�GH�GLVWRUVLXQL

LPSXV�

���5HDF@LD�HOHFWURDFXVWLF?�QHGRULW?

0HWRGD�QX�HVWH�DSOLFDELO?�GHFµW�DSDUDWHORU�FDUH�DX�XQXO�VDX�PDL�PXOWH

GLIX]RDUH�ÁQFRUSRUDWH�>L�QHGHWD>DELOH�

6H� GHFRQHFWHD]?� GLIX]RUXO� >L� VH� OHDJ?� OD� LH>LUHD� DPSOLILFDWRUXOXL

LPSHGDQ@D� QRPLQDO?� GH� VDUFLQ?�� 6H� FRQHFWHD]?� GLIX]RUXO� OD� XQ� JHQHUDWRU

FDSDELO�V?�IXUQL]H]H�R�SXWHUH�HJDO?�FX�FHD�QRPLQDO?�OD�IUHFYHQ@D�GH�UHIHULQ@?�

/D�LH>LUHD�DPSOLILFDWRUXOXL��ÁQ�SDUDOHO�FX�LPSHGDQ@D�GH�VDUFLQ?��VH�FRQHFWHD]?

XQ�YROWPHWUX�GH�DXGLRIUHFYHQ@?�

6H� IDF� WUHL� P?VXUDWRUL� GLQ� SXQFW� GH� YHGHUH� DO� ORFXOXL� GH� FLWLUH�� OD

ÁQFHSXWXO�VXSUDIH@HL�JUDYDWH�D�GLVFXOXL�� OD�PLMORFXO�HL� >L� OD� VIµU>LWXO�DFHVWHLD

�SDUWHD�FHD�PDL�DSURSLDW?�GH�FHQWUX��

6H� PRGLILF?� IUHFYHQ@D� JHQHUDWRUXOXL� GH� DXGLRIUHFYHQ@?� ÁQ� OLPLWHOH

GRPHQLXOXL� XWLO� GH� IUHFYHQ@?�� 6H� QRWHD]?� WHQVLXQHD� FLWLW?� OD� YROWPHWUXO� GH

DXGLRIUHFYHQ@?� SH� LPSHGDQ@D� GH� VDUFLQ?�� ÁQ� IXQF@LH� GH� IUHFYHQ@D� GDW?� GH
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JHQHUDWRU�� UH]XOWDW?� SULQ� LQIOXHQ@D� LQGLUHFW?� D� GLIX]RUXOXL� DVXSUD

DPSOLILFDWRUXOXL�

5DSRUWXO�� H[SULPDW� ÁQ� G%�� DO� WHQVLXQLL� GH� LHVLUH� OD� ERUQHOH

DPSOLILFDWRUXOXL�SH�WHQVLXQHD�GH�LQWUDUH�OD�ERUQHOH�GLIX]RUXOXL��IXUQL]HD]?�R

P?VXU?�D�UHDF@LHL�HOHFWURDFXVWLFH�QHGRULWH�

9DORULOH� SR]LWLYH� DOH� DFHVWXL� UDSRUW� LQGLF?� SRVLELOLWDWHD� SURGXFHULL

DXWRRVFLOD@LLORU� DFXVWLFH�� ¡Q� PDUHD� PDMRULWDWH� D� FD]XULORU� DSDUDWXO� GHYLQH

LQXWLOL]DELO�I?U?�D�UHGXFH�Fµ>WLJXO�

9DORULOH�QHJDWLYH�DOH� DFHVWXL� UDSRUW�P?VRDU?�SURWHF@LD� FRQWUD� UHDF@LHL

HOHFWURDFXVWLFH�

'HWHUPLQDUHD� WUHEXLH� UHSHWDW?� SHQWUX� WRDWH� YLWH]HOH� GH� URWD@LH� DOH

GLVFXOXL�

6H�YRU�LQGLFD�FRQGL@LLOH�FHOH�PDL�QHIDYRUDELOH�FRUHVSXQ]?WRDUH�YLWH]HL

GH�URWD@LH�D�GLVFXOXL�>L�GLPHQVLXQLORU�DFHVWXLD�
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3ULPHOH�EHQ]L�PDJQHWLFH�HUDX�IRUPDWH�GLQWU�R�SXOEHUH�PDJQHWLFx�FDUH

HUD�UxVSµQGLWx�ÁQ�PRG�XQLIRUP�ÁQWU�XQ�PDWHULDO�FX�URO�GH�VXSRUW��SROLFORUXUx

GH� YLQLO��� &DOLWxyLOH� HUDX�PRGHVWH� GDWRULWx� FRQFHQWUDyLHL� YROXPLFH� VODEH� D

SXOEHULL� PDJQHWLFH�� ¡Q� SUH]HQW� FHOH� PDL� UxVSµQGLWH� EHQ]L� VXQW� FHOH� FX

VWUXFWXUx�PXOWLVWUDW�� IRUPDWH�GLQ�PDL�PXOWH�VWUDWXUL�DFWLYH��QHRPRJHQH�GLQ

SXQFW�GH�YHGHUH�DO�SURSULHWxyLORU�PDJQHWLFH��FDUH�SRW�IL�VHSDUDWH�FX�VWUDWXUL

QHPDJQHWLFH��0DWHULDOXO�SHQWUX�VXSRUW�HVWH�GLDFHWLO�VDX�WULDFHWLO�GH�FHOXOR]x�

SROLFORUXUx� GH� YLQLO� VDX� SROLHWLOHQ� WHUHIWDOLF� �DFHVWD� VXE� GHQXPLUHD

FRPHUFLDOx� GH� P\ODU�� KRVWDIDQ�� PLO\QH[�� OD[DYDQ� VDX� WHUIDQ��� 3XOEHULOH

PDJQHWLFH� IRORVLWH� VXQW� ÁQ� RUGLQH� FURQRORJLFx�� ILHUXO� FDUERQLF�� PDJQHWLWD

�)H
�
2

�
��� R[LGXO� GH� ILHU� JDPD� �)H

�
2

�
��� IHULWD� GH� FREDOW�� ELR[LGXO� GH� FURP

�&U2
�
��

%HQ]LOH�PDJQHWLFH� SUH]LQW?� WUHL� FDWHJRULL� GH� SURSULHW?@L��PDJQHWLFH�

PHFDQLFH�>L�HOHFWURDFXVWLFH�

3URSULHW?@L�PDJQHWLFH

6XQW� FDUDFWHUL]DWH� GH� LQGXF@LD� UHPDQHQWD� %
U
� >L� IRU@D� FRHUFLWLY?� +

F
�

3ULQ�P?ULUHD�LQGXFWDQ@HL�UHPDQHQWH�VH�P?UH>WH�IRU@D�HOHFWURPRWRDUH�LQGXV?

ÁQ�FDSXO�GH� UHGDUH��FHHD�FH�SHUPLWH�V?�VH�P?UHDVF?�GLQDPLFD� ÁQUHJLVWU?ULL�

GHFL� GLQ� DFHVW� SXQFW� GH� YHGHUH� HVWH� ELQH� FD� EHQ]LOH� V?� DLE?� R� LQGXF@LH

UHPDQHQW?� PD[LP?� FµW� PDL� PDUH�� 6H� SRDWH� GHPRQVWUD� F?� SH� R� EDQG?
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PDJQHWLF?� IUHFYHQ@HOH� ÁQDOWH� VH� ÁQUHJLVWUHD]?� FX� DWµW�PDL� ELQH� FX� FµW� HVWH

PDL�PDUH�UDSRUWXO�GLQWUH�IRU@D�FRHUFLWLY?�>L�LQGXF@LD�UHPDQHQW?��GHRDUHFH�FX

DWµW� HVWH� PDL� PLF?� GHPDJQHWL]DUHD�� 'H� DFHHD�� R� EDQG?� EXQ?� HVWH

FDUDFWHUL]DW?� QX� QXPDL� SULQWU�XQ�%
U
�PDUH�� FL� >L� SULQWU�XQ� UDSRUW�+

F
�%

U
� FµW

PDL�PDUH��$FHVW�FRQVLGHUHQW�OLPLWHD]?�ÁQWU�R�RDUHFDUH�P?VXU?�YDORULOH�OXL�%
U

ÁQWµOQLWH�ÁQ�SUDFWLF?��¡QWUDGHY?U��GHRDUHFH�IRU@D�FRHUFLWLY?�QX�DUH�YDORUL�SUHD

PDUL� �R� EDQG?� FX� YDORUL� DOH� IRU@HL� FRHUFLWLYH� SUHD� PDUL� QHFHVLW?� YDORUL

ULGLFDWH�DOH�FXUHQWXOXL�GH�SRODUL]DUH�>L�VWHUJHUH��IDSW�FH�DU�DWUDJH�GXS?�VLQH

P?ULUHD� SXWHULL� RVFLODWRUXOXL� GH� ÁQDOW?� IUHFYHQ@?��� UH]XOW?� F?� QLFL� LQGXF@LD

UHPDQHQW?� QX� SRDWH� IL� SUHD� PDUH�� /D� EHQ]LOH� H[LVWHQWH� DVW?]L� LQGXF@LD

UHPDQHQW?�PD[LP?�DUH�YDORUL�GH����������*V�>L�R�IRU@?�FRHUFLWLY?�GH�����

����2H�

3URSULHW?@L�PHFDQLFH

6H�H[SULP?�SULQ�P?ULPL�FD�

• OxyLPHD� EHQ]LL� �� FRQIRUP� QRUPHORU� DUH� YDORDUHD� GH� ������������ PP

SHQWUX�PDJQHWRIRDQH�>L�������������PP�SHQWUX�FDVHWRIRDQH�

• JURVLPHD�EHQ]LL���VXQW�VWDQGDUGL]DWH�XUP?WRDUHOH�WLSXUL��QRUPDO?���µP�

ORQJ�SOD\� ��µP� >L� VXSHU� ORQJ�SOD\� VDX� GXEO?� ��µP� SHQWUX

PDJQHWRIRDQH�>L���µP�SHQWUX�FDVHWHOH�&�������XP�SHQWUX�FDVHWHOH�&���

>L��µP�SHQWUX�FDVHWHOH�&�����

• UH]LVWHQ@D� OD� UXSHUH� �� DUDW?� YDORDUHD� IRU@HL� OD� FDUH� VH� UXSH� EDQGD� �GH

H[HPSOX� OD� EDQGD� GH� PDJQHWRIRQ� YDORDUHD� GH� ���.JI� VH� FRQVLGHU?�

DFFHSWDELO?��

• ÁQWLQGHUHD�HODVWLF?���UHSUH]LQWx�DOXQJLUHD�EHQ]LL��H[SULPDW?�ÁQ�SURFHQWH�

SURGXV?�DWXQFL�FµQG�EDQGD�FX�OXQJLPHD�GH��P�HVWH�VXSXV?�XQHL�ÁQWLQGHUL

FX�R�IRU@?�GDW?�OD�R�WHPSHUDWXU?�GH���R&��ÁQWLQGHUHD�HODVWLF?�GHSLQGH�GH

JURVLPHD�EHQ]LL�
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3URSULHW?@L�HOHFWURDFXVWLFH

6H� SRW� GHWHUPLQD� QXPDL� SH� PDJQHWRIRQ� VDX� FDVHWRIRQ�� LDU

FDUDFWHULVWLFLOH�DFHVWXLD�LQIOXHQ@HD]?�UH]XOWDWHOH��3HQWUX�D�HOLPLQD�LQIOXHQ@D

DSDUDWXOXL��SURSULHW?@LOH�HOHFWURDFXVWLFH�QX�VH�H[SULP?� ÁQ�P?ULPL�DEVROXWH�

FL� SULQ� P?ULPL� UHODWLYH� �G%�� UDSRUWDWH� OD� R� DQXPLW?� EDQG?� GH� HWDORQDUH�

3ULQFLSDOHOH�SURSULHW?@L�HOHFWURDFXVWLFH�VXQW�

• SRODUL]DUHD� SHQWUX� VHQVLELOLWDWHD� PD[LP?� �L
ÁI
�� �� FDUH� DUDW?� P?ULPHD

FXUHQWXOXL�GH�SRODUL]DUH�GH�ÁQDOW?�IUHFYHQ@?�SHQWUX�FDUH�VH�RE@LQH��FX�XQ

VHPQDO� DYµQG� IUHFYHQ@D� GH� �.+]�� WHQVLXQHD� PD[LP?� OD� LH>LUH�� 6H

UDSRUWHD]?� OD� P?ULPHD� FXUHQWXOXL� FRUHVSXQ]?WRU�� RE@LQXW� SH� EDQGD

HWDORQ�

• IOX[XO� OD� PRGXOD@LH� FRPSOHW?� �� DUDW?� P?ULPHD� WHQVLXQLL� RE@LQXWH� OD

UHGDUHD� XQXL� VHPQDO� GH� �.+]� SHQWUX� FDUH� VH� SURGXFH� XQ� IDFWRU� GH

GLVWRUVLXQL�GH�DUPRQLFD�D�WUHLD�HJDO�FX�����OD�����FP�V��>L�UHVSHFWLY���

�OD� ��FP�V� >L� ���FP�V��� 9DORDUHD� RE@LQXW?� VH� UDSRUWHD]?� OD� YDORDUHD

FRUHVSXQ]?WRDUH� XQXL� VHPQDO� ÁQUHJLVWUDW� FDUH� FUHHD]?� XQ� IOX[� GH� ���

P0[�SHQWUX�����FP�V��UHVSHFWLY�GH�����P0[�SHQWUX���FP�V�>L����FP�V�

• VHQVLELOLWDWHD� �� UHSUH]LQW?� P?ULPHD� WHQVLXQLL� GH� LH>LUH� UDSRUWDW?� OD

WHQVLXQHD�EHQ]LL�HWDORQ�RE@LQXW?�SHQWUX�DFHOD>L�FXUHQW�DXGLR�ÁQ�FDSXO�GH

ÁQUHJLVWUDUH��6H�GHWHUPLQ?�OD��.+]�SHQWUX�����FP�V�>L���FP�V��UHVSHFWLY

OD����+]�SHQWUX����FP�V�

• FDUDFWHULVWLFD� GH� IUHFYHQ@?� �� DUDW?� FDUH� HVWH� YDULD@LD� IOX[XOXL� FUHDW� SH

EDQG?� GH� XQ� FµPS� PDJQHWLF� DOWHUQDWLY�� GH� DPSOLWXGLQH� FRQVWDQW?� >L

IUHFYHQ@?� YDULDELO?�� 'HRDUHFH� IRUPD� FDUDFWHULVWLFLL� GH� IUHFYHQ@D� D

EHQ]LORU�HVWH�FXQRVFXW?��GHWHUPLQDW?�GH�HIHFWXO�GH�GHPDJQHWL]DUH���HVWH

VXILFLHQW?� R� VLQJXU?� YDORDUH� GH� SH� DFHDVW?� FDUDFWHULVWLF?� SHQWUX� D

FRPSDUD�EHQ]LOH�ÁQWUH�HOH�GLQ�DFHVW�SXQFW�GH�YHGHUH�
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• GLQDPLFD� EHQ]LL� �� HVWH� R� P?VXU?� D� UDSRUWXOXL� GLQWUH� WHQVLXQHD

FRUHVSXQ]?WRDUH� PRGXOD@LHL� FRPSOHWH� PD[LPH� D� EHQ]LL� >L� WHQVLXQHD

]JRPRWXOXL�GH�PRGXOD@LH�

/D�PDJQHWRIRDQH� ÁQUHJLVWUDUHD� VH� SRDWH� IDFH� SH� GRX?� VDX� SH� SDWUX

SLVWH�

¡QUHJLVWUDUHD�SH�GRX?�SLVWH� VH�H[HFXW?�FX�XQ�FDS�FDUH�DUH� ÁQ?O@LPHD

ÁQWUHILHUXOXL� SX@LQ� PDL� PLF?� GHFµW� MXP?WDWH� GLQ� OxyLPHD� EHQ]LL�� 3RDWH� IL

PRQRIRQLF?� VDX� VWHUHRIRQLF?�� &HD� PRQRIRQLF?� SUHVXSXQH� LPSULPDUHD

DPEHORU�WUDVHH�FX�SURJUDPH�VRQRUH�GLIHULWH��OXFUX�UHDOL]DW�SULQ�ÁQWRDUFHUHD

EHQ]LL�FµQG�SH�DFHDVWD�V�D�WHUPLQDW�SULPD�SLVW?��3HQWUX�ÁQUHJLVWUDUHD�VWHUHR�

FDSXO�YD�WUHEXL�V?�DLE?�GRX?�VHF@LXQL��GRX?�ÁQWUHILHUXUL��FDUH�YRU�GHVFULH�SH

EDQG?� GRX?� WUDVHH� SDUDOHOH� FRUHVSXQ]?WRDUH� FHORU� GRX?� FDQDOH� DXGLR�� 6H

XWLOL]HD]?�SHQWUX�ÁQUHJLVWU?UL�SURIHVLRQDOH�

¡QUHJLVWUDUHD�SH�SDWUX�SLVWH�FRPSRUW?�H[LVWHQ@D�D�SDWUX�WUDVHH�SDUDOHOH

SH�EDQG?��&DSXO�YD�DYHD�GRXD�VHF@LXQL�>L�ÁQxO@LPHD�XQXL�ÁQWUHILHU�YD�IL�SX@LQ

PDL�PLF?�GHFµW�XQ�VIHUW�GLQ�O?@LPHD�EHQ]LL��3LVWHOH�GH�SH�EDQG?��FD�GH�DOWIHO

>L�ÁQ�SULPXO�FD]��VXQW�VHSDUDWH�FX�XQ�PLF�VSD@LX�SHQWUX�D�HYLWD�GLDIRQLD�ÁQWUH

WUDVHH�

'LQ� PRWLYH� GH� FRPSDWLELOLWDWH� SR]L@LRQDUHD� WUDVHHORU� SH� EDQG?

�O?@LPHD�SLVWHORU�>L�VSD@LLOH�GLQWUH�HOH��HVWH�VWDQGDUGL]DW?�

¡Q�ILJXUD�������VH�SUH]LQW?�WUDVHHOH��SLVWHOH��SH�EDQG?�SHQWUX�VLWXD@LLOH

GHVFULVH�� 6H� SRDWH� REVHUYD� F?� GDWRULW?� VHQVXULORU� SLVWHORU�� ÁQUHJLVWUDUHD

VWHUHR�GLQ�FD]XO�G��QX�SRDWH�IL�UHGDW?�PRQR�SH�XQ�PDJQHWRIRQ�FX�GRX?�SLVWH

�FD]XO�D���$FHVW�LQFRQYHQLHQW�HVWH�ÁQO?WXUDW�OD�FDVHWRIRDQH�

&DVHWHIRDQHOH�FRPHUFLDOL]DWH�DFWXDOPHQWH�SH�SODQ�PRQGLDO�XWLOL]HD]?

GRXD�WLSXUL�GH�FDVHWH��FDVHWH�FRPSDFWH�>L�FDVHWH�&DUWULGJH�
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1
2

1
2

1
2
3
4
1
2
3
4

a

b

c

d

)LJXUD�������5HSDUWLyLD�SLVWHORU�OD�R�EDQGx�GH�PDJQHWRIRQ

&DVHWD� FRPSDFW?�� FX� GHQXPLUHD� RULJLQDO?� &203$&7� &$66(7(�

FRQ@LQH�R�EDQG?�PDJQHWLF?�FX�O?@LPHD�GH�����PP��LDU�JURVLPHD�YDULDELO?�ÁQ

IXQF@LH�GH�GXUDWD� ÁQVFULV?�SH� HD��9LWH]D�GH�GHSODVDUH� HVWH�GH�����FP�V��$

IRVW�FRQFHSXW?�GH�ILUPD�3KLOLSV��LDU�SULPHOH�PRGHOH�DX�IRVW�FRPHUFLDOL]DWH

ÁQFHSµQG� GLQ� ������ &DVHWHOH� GHVWLQDWH� ÁQUHJLVWU?ULORU� GH� ÁQDOW?� ILGHOLWDWH

SRDUW?�GHQXPLULOH��/2:�12,6(��]JRPRW�UHGXV��>L�+,*+�287387��QLYHO

PDUH��� (OH� VXQW�PDUFDWH� FX� OLWHUHOH� /�� UHVSHFWLY�+�� ¡QWUXFµW� GLQ� SXQFW� GH

YHGHUH� DO� SURSULHW?@LORU� PDJQHWLFH� ÁQWUH� EHQ]LOH� GH� ÁQDOW?� ILGHOLWDWH� H[LVW?

GHRVHELUL�LPSRUWDQWH��UH]XOW?�SHQWUX�FXUHQ@LL�GH�SUHPDJQHWL]DUH�>L�FRUHF@LLOH

OD� ÁQUHJLVWUDUH�UHGDUH� YDORUL� PXOW� GLIHULWH�� 'H� H[HPSOX� SHQWUX� EHQ]LOH� FX

&U2
�
�FXUHQWXO�GH�SUHPDJQHWL]DUH�HVWH�PDL�PDUH�FX����G%��UH]XOWµQG�DVWIHO

R�ULGLFDUH�SURSRU@LRQDO?�D�IUHFYHQ@HL� ÁQDOWH��GUHSW�XUPDUH�FDVHWRIRDQHOH�GH

FDOLWDWH�VXQW�GRWDWH�FX�FRPXWDWRDUH�VSHFLDOH��SULQ�FDUH�VH�UHDOL]HD]?�UHJLPXO

LPSXV�GH�WLSXO�EHQ]LL�

¡QUHJLVWUDUHD�SH�R�FDVHW?�FRPSDFW?�VH�SRDWH�H[HFXWD�PRQR�VDX�VWHUHR�

D>D�FXP�VH�UHSUH]LQW?�ÁQ�ILJXUD������
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2
1 a

2
2
1
1

b

)LJXUD�������5HSDUWLyLD�SLVWHORU�OD�FDVHWD�FRPSDFWx

¡Q� FD]XO� ÁQUHJLVWU?ULL� PRQR�� FDSXO� DUH� R� VLQJXU?� VHF@LXQH� >L� SULQ

ÁQWRDUFHUHD�FDVHWHL�VH�SRW�ÁQUHJLVWUD�GRX?�SLVWH�FX�SURJUDPH�VRQRUH�GLIHULWH�

¡QUHJLVWUDUHD� VWHUHR� QHFHVLW?� XQ� FDS� FX� GRX?� VHF@LXQL� DIHUHQWH� FHORU� GRX?

FDQDOH� DXGLR�� /D� GHUXODUHD� QRUPDO?� ÁQWU�XQ� VHQV� D� FDVHWHL�� SH� EDQG?� VH

LPSULP?� GRX?� SLVWH� VLPXOWDQ�� XUPµQG� FD� SULQ� ÁQWRDUFHUHD� FDVHWHL

ÁQUHJLVWUDUHD�V?�VH�FRQWLQXH�ÁQ�VHQV�RSXV�FX�FHOHODOWH�GRX?�SLVWH��6H�REVHUY?

F?�SLVWHOH�ÁQWU�XQ�VHQV�VXQW�DO?WXUDWH��VSUH�GHRVHELUH�GH�FD]XO�ÁQUHJLVWU?ULL�SH

EDQG?� OD�PDJQHWRIRDQH� XQGH� SLVWHOH� XQXL� VHQV� VXQW� ÁQWUH@HVXWH� FX� SLVWHOH

FHOXLODOW� VHQV�� 5H]XOW?�� ÁQ� FD]XO� FDVHWRIRDQHORU�� R� FRPSDWLELOLWDWH� ÁQWUH

ÁQUHJLVWU?ULOH�VWHUHR�>L�PRQR�
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PROGRAMUL 1 PISTA 1 PROGRAMUL 1

PROGRAMUL 2 PISTA 2 PROGRAMUL 2

PROGRAMUL 3 PISTA 3 PROGRAMUL 1

PROGRAMUL 4 PISTA 4 PROGRAMUL 2

PROGRAMUL 1 PISTA 5 PROGRAMUL 1

PROGRAMUL 2 PISTA 6 PROGRAMUL 2

PROGRAMUL 3 PISTA 7 PROGRAMUL 1

PROGRAMUL 4 PISTA 8 PROGRAMUL 2

SDWUX�SURJUDPH
VWHUHR

GRXx�SURJUDPH
TXDGURIRQLFH

)LJXUD�������5HSDUWLyLD�SLVWHORU�OD�FDVHWD�&DUWULGJH

&DVHWD� &DUWULGJH� VH� FDUDFWHUL]HD]?� SULQ� IDSWXO� F?� EDQGD� PDJQHWLF?

HVWH� ÁQI?>XUDW?�SH�XQ�VLQJXU�EXWXF� IRUPµQG� ÁQ� WLPSXO� IXQF@LRQ?ULL�R�EXFO?

I?U?� VIµU>LW�� 9LWH]D� GH� GHSODVDUH� HVWH� GH� ����FP�V�� LDU� O?@LPHD� HL� HVWH

LGHQWLF?�FX�FHD�D�EHQ]LORU�GH�PDJQHWRIRQ��DGLF?�GH�����PP��1XP?UXO�GH

SLVWH�ÁQUHJLVWUDWH�HVWH�GH�RSW��FHHD�FH�ÁQVHDPQ?�SDWUX�SURJUDPH�VWHUHRIRQLFH

VDX� GRX?� SURJUDPH� TXDGURIRQLFH� �ILJXUD� ������� %DQGD� DOF?WXLQG� R� EXFO?

I?U?�VIµU>LW� ÁQUHJLVWUDUHD�>L� UHGDUHD�VH�IDF�I?U?�RSULUH�>L� ÁQWRDUFHUHD�FDVHWHL

QX� PDL� HVWH� QHFHVDU?�� 'H� DFHHD� SHQWUX� SDUFXUJHUHD� VXFFHVLY?� D� SLVWHORU�

FDVHWRIRQXO�DUH�XQ�GLVSR]LWLY�DXWRPDW�FDUH�GHSODVHD]?�FDSHWHOH�

$FHVW� WLS�GH� FDVHW?�QX�SHUPLWH� GHUXODUHD� UDSLG?� D� EHQ]LL��'H� DFHHD

VLQJXUD�FRPDQG?�GH�FDUH�GLVSXQH�FDVHWRIRQXO�HVWH�XQ�EXWRQ�GH�ÁQUHJLVWUDUH�

5HGDUHD� >L� RSULUHD� VH� HIHFWXHD]?� DXWRPDW� SULQ� LQWURGXFHUHD� >L� UHVSHFWLY

VFRDWHUHD�FDVHWHL�GLQ�DSDUDW�

3H� OµQJx� DOWH� DSDUDWH� wL� GLVSR]LWLYH� GH� PxVXUDW� FD�� JHQHUDWRU� GH

VHPQDOH� GH� DXGLRIUHFYHQyx�� YROWPHWUX� HOHFWURQLF� GH� $�)��� GLVWRUVLRPHWUX�

RVFLORVFRS�� YROWPHWUX� VHOHFWLY� GH� $�)��� IOXFWXRPHWUX�� IUHFYHQyPHWUX�
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PLOLDPSHUPHWUX�YRP�XWLOL]D�SHQWUX�UHDOL]DUHD�OXFUxULL�wL�XUPxWRDUHOH�WLSXUL

GH�FDVHWH�

• &DVHWD�GH�UHIHULQ@?���VH�IRORVH>WH�SHQWUX�P?VXU?UL�GLQDPLFH�ÁQUHJLVWUDUH�

UHGDUH��%DQGD�PDJQHWLF?�XWLOL]DW?�WUHEXLH�V?�ILH�GH�FHD�PDL�EXQ?�FDOLWDWH�

• &DVHWD� ������� +]� �� VHUYH>WH� OD� YHULILFDUHD� GHYLD@LHL� >L� IOXFWXD@LHL� GH

YLWH]?�FX�DMXWRUXO�IOXFWXRPHWUXOXL��$FHDVW?�FDVHW?�HVWH�ÁQUHJLVWUDW?�FX�XQ

VHPQDO� GH� ����+]� OD� XQ� QLYHO� FX� ��� G%� VXE� QLYHOXO� QRPLQDO�� SH� XQ

FDVHWRIRQ� DYµQG� IOXFWXD@LL� VXE� ������ 8QHOH� IOXFWXRPHWUH� SHUPLW

XWLOL]DUHD� FDVHWHORU� ������+]�� FH� GLIHU?� GH� FHOH� GH�PDL� VXV� GRDU� SULQ

IUHFYHQ@D�VHPQDOXOXL�ÁQUHJLVWUDW�

• &DVHWD� HWDORQ� �� VH� XWLOL]HD]?� OD� P?VXUDUHD� FDUDFWHULVWLFLL� GH� IUHFYHQ@?�

3DUDPHWULL� DFHVWHL� FDVHWH� VXQW� VWDELOL@L� SULQ� VWDQGDUGXO� JHUPDQ� ',1

�������ILOD����(D�FXSULQGH�XUP?WRDUHD�VXFFHVLXQH�GH�ÁQUHJLVWU?UL�

��� 1LYHOXO� GH� UHIHULQ@?� �� UHDOL]DW� FX� XQ� VHPQDO� GH� ���+]����+]�

ÁQUHJLVWUDW� WLPS� GH� DSUR[LPDWLY� ��V�� FX� XQ� IDFWRU� GH� GLVWRUVLXQH� GH

PD[�����9DORDUHD�HIHFWLY?�D�IOX[XOXL�ÁQ�EDQG?�HVWH�GH�����S:E�PP���

���

���6HFYHQ@?�SHQWUX�UHJODUHD�SR]L@LHL� ÁQWUHILHUXOXL�FDSXOXL�GH�UHGDUH��

FH� FXSULQGH� GRX?� VHPQDOH��PDL� ÁQWµL� R� ÁQUHJLVWUDUH� GH� ���+]� DYµQG� R

GXUDW?�GH��V��DSRL�VHPQDOXO�GH����.+]�ÁQUHJLVWUDW�DSUR[LPDWLY���PLQXW�

)OX[XO� ÁQUHJLVWUDW� SH� EDQGD� HVWH� FX� ��� G%� PDL� PLF� GHFµW� QLYHOXO� GH

UHIHULQ@?� GHVFULV� DQWHULRU�

���6XFFHVLXQH�GH�VHPQDOH���DYµQG�XUP?WRDUHOH�IUHFYHQ@H�������������

����������������������������������������������������������������+]�

6HPQDOHOH� DX� R� DEDWHUH� ÁQ� IUHFYHQ@?� GH� PD[�� ��� >L� VXQW� DQXQ@DWH� ÁQ

SUHDODELO�� 'XUDWD� ILHFxUXL� VHPQDO� HVWH� GH� �V�� 1LYHOXO� GH� ���� +]� HVWH

ÁQUHJLVWUDW�FX����G%�VXE�QLYHOXO�GH�UHIHULQ@?��¡QUHJLVWU?ULOH�VXQW�I?FXWH�SH
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ÁQWUHJD� O?@LPH� D� EHQ]LL�� &DVHWD� HWDORQ� FXSULQGH� >L� R� SRU@LXQH

QHÁQUHJLVWUDW?�GHVWLQDW?�HIHFWX?ULL�XQRU�P?VXU?WRUL�GLQDPLFH�

• &DVHW?� ÁQUHJLVWUDW?� FX� VHPQDO�PX]LFDO� �� VH� IRORVH>WH� SHQWUX� DSUHFLHUHD

FDOLW?@LORU� DFXVWLFH� >L� IXQF@LRQDOH� DOH� FDVHWRIRQXOXL�� 6H� UHFRPDQG?� R

FDVHW?� FX� EDQGD� GH� FHD� PDL� EXQ?� FDOLWDWH� �GH� H[�� %$6)�� >L� V?� ILH

ÁQUHJLVWUDW?� FX� XQ� VHPQDO� GH� GLQDPLF?� PDUH� �PX]LF?� VLPIRQLF?

RUFKHVWUDO?��SH�XQ�FDVHWRIRQ�DYµQG�D]LPXWXO�UHJODW�FRUHFW�

3DUDPHWULL�FDVHWRIRDQHORU�>L�P?VXUDUHD�DFHVWRUD3DUDPHWULL�FDVHWRIRDQHORU�>L�P?VXUDUHD�DFHVWRUD

������''HHYYLLDD@L@LD�D�GGH�H�YYLWLWH]?H]?����P?ULPHD�SURFHQWXDO?�D�DEDWHULL�PHGLL�GH�DQWUHQDUH�D

EHQ]LL�ID@?�GH�YLWH]D�QRPLQDO?��6H�GHILQH>WH�FD�

δ = ⋅V

V
medie

nom

100

0HWRGH�GH�P?VXUDUH���6H�UHGx�SH�FDVHWRIRQ�R�FDVHWx�g����+]h��LDU�GHYLDyLD

GH� YLWH]x� VH� FLWHwWH� GLUHFW� ÁQ� SURFHQWH� SH� FDGUDQXO� LQVWUXPHQWXOXL� GH� SH

IOXFWXRPHWUX�

��9LWH]D�EHQ]LL�PDJQHWLFH��9LWH]D�EHQ]LL�PDJQHWLFH

0HWRGH� GH� P?VXUDUH� �� 6H� WDLH� EDQGD� ÁQUHJLVWUDW?� GLQWU�R� FDVHW?�� 6H

LQWHUFDOHD]?�ÁQWUH�FHOH�GRX?�W?LHWXUL�R�EXFDW?�GH�EDQG?�QHÁQUHJLVWUDW?�DYµQG

OXQJLPHD� GH� �����P� >L� VH� P?VRDU?� WLPSXO� VFXUV� ÁQWUH� FHOH� GRX?� UHG?UL�

7LPSXO�WUHEXLH�V?�ILH�GH���PLQXW�SHQWUX�YLWH]D�GH�����FP�V��3HQWUX�R�GXUDW?

PDL�PLF?�UH]XOW?�R�YLWH]?�PDL�PDUH�>L� LQYHUV��'DF?�WHVW?P�FDVHWRIRDQH�FX

YLWH]H� GLIHULWH� GH� ����FP�V� YD� WUHEXL� Vx� VFKLPE?P� OXQJLPHD� GH� EDQG?

QHÁQUHJLVWUDW?�

��7LPSXO�GH�ERELQDUH�UDSLG?��7LPSXO�GH�ERELQDUH�UDSLG?
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0HWRGH� GH� P?VXUDUH� �� 6H� LQWURGXFH� ÁQ� FDVHWRIRQ� R� FDVHW?� &��� >L� VH

GHUXOHD]?� FRPSOHW� EDQGD� SH� UROD� GHELWRDUH� �GLQ� VWµQJD��� 6H� DF@LRQHD]?

FRQFRPLWHQW� FODSD� SHQWUX� ERELQDUH� UDSLG?� >L� GHFODQ>DWRUXO� FURQRPHWUXOXL�

/D� WHUPLQDUHD� WUDQVIHUXOXL� GH� EDQG?� GH� SH� UROD� GLQ� VWµQJD� SH� UROD� GLQ

GUHDSWD��VH�RSUH>WH�FURQRPHWUXO�>L�VH�FLWH>WH�WLPSXO�ÁQUHJLVWUDW�

����))OOXXFFWWXXDD@L@LD�D� GGH�H� YYLWLWH]?H]?� �� VH� UHIHU?� OD� XQ� WLS� DSDUWH� GH� GLVWRUVLXQL� GH

LQWHUPRGXOD@LH� DVRFLDW� FDVHWRIRQXOXL� GDWRUDW� YDULD@LHL� ÁQ� YLWH]?� D� EHQ]LL� ÁQ

MXUXO�FDSXOXL�GH�ÁQUHJLVWUDUH�UHGDUH����$FHDVWD�YDULD@LH�SURYRDF?�R�PRGXOD@LH

ÁQ� IUHFYHQ@?� D� VHPQDOXOXL� ÁQUHJLVWUDW�� )OXFWXDyLD� GH� YLWH]x� UHSUH]LQWx

GHYLDyLD�PD[LPx�D�YLWH]HL� LQVWDQWDQHH�IDyx�GH�YLWH]D�QRPLQDOx�UDSRUWDWx� OD

YLWH]D�QRPLQDOx�

K
V

Vf
nom

= ∆ max

0xVXUDUHD� IOXFWXDyLHL� GH� YLWH]x� WUHEXLH� HIHFWXDWx� SHQWUX� ÁQFHSXWXO�

PLMORFXO�wL�VIµUwLWXO�EHQ]LL�GLQ�FDVHWx�

0HWRGH� GH� P?VXUDUH� �� 6H� UHGx� R� FDVHWx� g����+]h� VDX� g����+]h�� 3H

IOXFWXR�PHWUX�VH�VWDELOHwWH�VFDUD�GH�PxVXUx�wL�PRGXO�GH�OXFUX��SRQGHUDW�VDX

QHSRQGHUDW��6H� FLWHwWH�SH� FDGUDQXO� IOXFWXRPHWUXOXL� YDORDUHD� IOXFWXDyLHL� GH

YLWH]x��¡Q�FD]XO�ÁQ�FDUH�IOXFWXDyLD�HVWH�YDULDELOx�VH�FRQVLGHUx�YDORDUHD�PHGLH

DULWPHWLFx�

��1LYHOXO�GH�UHGDUH��OD�PXID�GH�LH>LUH�OLQLH���1LYHOXO�GH�UHGDUH��OD�PXID�GH�LH>LUH�OLQLH�

0HWRGH�GH�P?VXUDUH���6H�UHG?�SULPD�SDUWH�D�FDVHWHL�HWDORQ� ÁQUHJLVWUDW?�FX

XQ� QLYHO� QRPLQDO� >L� VH� P?VRDU?� WHQVLXQHD� OD� LH>LUHD� DPSOLILFDWRUXOXL� GH

UHGDUH�

��=JRPRWXO�GH�UHGDUH��=JRPRWXO�GH�UHGDUH
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0HWRGH�GH�P?VXUDUH���6H�P?VRDU?�WHQVLXQHD�OD�LH>LUHD�FDVHWRIRQXOXL�DFHVWD

ILLQG�FRQHFWDW�SH��UHGDUH��I?U?�D�DYHD�FDVHWD�SXV?��&RQWUROXO�GH�YROXP�VH

SR]LyLRQHD]x� OD� PD[LP�� LDU� FRPHQ]LOH� GH� WRQ� SH� SR]L@LD� GH� OLQLDULWDWH

PD[LPD�

��5DSRUWXO�VHPQDO�]JRPRW��5DSRUWXO�VHPQDO�]JRPRW

0HWRGH�GH�P?VXUDUH���6H�IRORVH>WH�R�FDVHW?�HWDORQ�GH�����+]��G%��6H�WUHFH

FDVHWRIRQXO� SH� �UHGDUH�� >L� GLQ� SRWHQ@LRPHWUXO� GH� YROXP� VH� UHJOHD]?

WHQVLXQHD�OD�LH>LUH�8
�
�FRUHVSXQ]?WRDUH�SXWHULL�QRPLQDOH��6H�DSDV?�SH�FODSD

�6723���VH�VFRDWH�FDVHWD�>L�DSRL�VH�FRPDQG?�FDVHWRIRQXO�SH��UHGDUH��I?U?

FDVHW?��6H�QRWHD]?�QRXD�WHQVLXQH�FX�8
�
��5DSRUWXO�VHPQDO�]JRPRW�H[SULPDW

ÁQ�G%�HVWH�20 1

2

⋅ lg U

U
�

��,PSHGDQ@D�GH�LQWUDUH��,PSHGDQ@D�GH�LQWUDUH

0HWRGH�GH�P?VXUDUH���6H�P?VRDU?�SULQ�PHWRGD�GH�FRPSDUD@LH�OD�IUHFYHQ@D

GH�����+]�

��&RQVXPXO�GH�FXUHQW��&RQVXPXO�GH�FXUHQW

0HWRGH� GH�P?VXUDUH� �� )RORVLQG� R� FDVHW?� HWDORQ� GH� ����+]��G%� >L� DYµQG

ÁQVHULDW�XQ�PLOLDPSHUPHWUX�ÁQ�FLUFXLWXO�GH�DOLPHQWDUH�FRQVXPXO�VH�P?VRDU?

ÁQ�SDWUX�FD]XUL�

�UHGDUH��UHG?P�FDVHWD�HWDORQ�>L�GLQ�SRWHQ@LRPHWUXO�GH�YROXP�UHJO?P�SXWHUHD

QRPLQDO?��

�UHGDUH��UHG?P�FDVHWD�HWDORQ�>L�SRWHQ@LRPHWUXO�GH�YROXP�OD�PLQLP��

�ÁQUHJLVWUDUH� �SH� R� FDVHW?� GH� OXFUX� VH� DSOLF?� XQ� VHPQDO� GH� ����+]� FX� XQ

QLYHO�QRPLQDO�OD�LQWUDUH��

�ERELQDUH�UDSLG?�
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���3XWHUHD�GH�LH>LUH���3XWHUHD�GH�LH>LUH

0HWRGH�GH�P?VXUDUH���)RORVLQG�R�FDVHW?�HWDORQ�GH�����+]��G%�VH�FRPXW?

FDVHWRIRQXO� SH� �UHGDUH�� >L� VH� UHJOHD]?� SRWHQ@LRPHWUXO� GH� YROXP� SHQWUX� D

RE@LQH� SH� VDUFLQD� DUWLILFLDO?� SXWHUHD� QRPLQDOD�� &X� GLVWRUVLRPHWUXO� GH

P?VXU?� VH�P?VRDU?� IDFWRUXO� GH�GLVWRUVLXQL� DUPRQLFH� FRUHVSXQ]?WRU�SXWHULL

QRPLQDOH�

������$$WWHHQXQXDDUUHD�HD� GGH�H� >>WWHHUUJJHHUUHH� �� HVWH� UDSRUWXO� GLQWUH� WHQVLXQHD� VHPQDOXOXL� GH

UHIHULQ@?�U?PDV�SH�EDQG?�GXS?�FH�DFHVWD�D�VXIHULW�RSHUD@LD�GH�>WHUJHUH��8
VW
�

>L�WHQVLXQHD�VHPQDOXOXL�GH�UHIHULQ@?��8
QRP

������A
U

Ust
st

nom

= ⋅20 lg �[G%]

0HWRGH�GH�P?VXUDUH���3H�R�FDVHW?�GH�UHIHULQ@?�LQMHFW?P�XQ�VHPQDO�GH�����

+]�GH�OD�XQ�JHQHUDWRU�GH�$)�OD�QLYHOXO�QRPLQDO�GH�LQWUDUH��DSRL�UHERELQ?P�

6H� GHFRQHFWHD]?� JHQHUDWRUXO� GH� $)�� O?VµQG� R� VHFYHQ@?� ÁQUHJLVWUDW?

FRQHFWµQG� FDVHWRIRQXO� SH� UHGDUH�� DSRL� >WHUJHP� XUP?WRDUHD� VHFYHQ@?� GLQ

ÁQUHJLVWUDUHD� LQL@LDO?��5HERELQ?P�� LDU�DSRL� UHG?P��)L[?P�SH�SULPD�SDUWH� D

UHG?ULL� �IUHFYHQ@D� QH>WHDUV?�� 8
LH>LUH

� FRUHVSXQ]?WRU� SXWHULL� QRPLQDOH� >L

FRQVLGHU?P� F?� DFHDVWD� HVWH� 8
QRP

� GLQ� IRUPXOD� GH� FDOFXO� D� DWHQX?ULL� GH

>WHUJHUH�� $SRL� P?VXU?P� FX� YROWPHWUXO� VHOHFWLY� SH� IUHFYHQ@D� >WHDUV?

WHQVLXQHD�OD�LH>LUH�>L�FRQVLGHU?P�DFHDVWD�FD�ILLQG�8
VW
�

���'LDIRQLD�ÁQWUH�SLVWH���'LDIRQLD�ÁQWUH�SLVWH

0HWRGH� GH�P?VXUDUH� �� 6H� ÁQUHJLVWUHD]?� SH� R� FDVHW?� GH� UHIHULQ@?� FX� QLYHO

QRPLQDO�GH�LQWUDUH��R�VHFYHQ@?�FX�IUHFYHQ@D�GH������+]��6H�UHG?�FDVHWD�>L�VH

P?VRDU?� FX� YROWPHWUXO� VHOHFWLY� 8
�
� FRUHVSXQ]?WRDUH� SXWHULL� QRPLQDOH�

¡QWRDUFHP� FDVHWD� >L� UHG?P� SRU@LXQHD� GH� SH� SLVWD� QHÁQUHJLVWUDW?� DIODW?� ÁQ

SDUDOHO�FX�ÁQUHJLVWUDUHD��P?VXUµQG�WHQVLXQHD�OD�LH>LUH�8
�
��5DSRUWXO�H[SULPDW

ÁQ�G%�ÁQWUH�DFHVWH�GRX?�WHQVLXQL�G?�GLDIRQLD�ÁQWUH�SLVWH�
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���)UHFYHQ@D�GH�SUHPDJQHWL]DUH���)UHFYHQ@D�GH�SUHPDJQHWL]DUH

0HWRGH� GH� P?VXUDUH� �� 6H� SODVHD]?� XQ� WUDGXFWRU� SH� FDSXO� GH� >WHUJHUH�

6HPQDOXO� SUHOXDW� HVWH� DPSOLILFDW�� /D� LH>LUHD� DPSOLILFDWRUXOXL� VH� DIO?� XQ

IUHFYHQ@PHWUX�SH�FDUH�VH�FLWH>WH�YDORDUHD�IUHFYHQ@HL�GH�SUHPDJQHWL]DUH�

�������� ''LLQQDDPPLLFDFD� �� HVWH� GLIHUHQ@D� H[SULPDW?� ÁQ� G%� ÁQWUH� QLYHOHOH� PD[LP� >L

PLQLP�DOH�XQXL�VHPQDO�ÁQWU�XQ�DQXPLW�LQWHUYDO�GH�WLPS�

0HWRGH�GH�P?VXUDUH���/D�LQWUDUHD�DPSOLILFDWRUXOXL�GH�ÁQUHJLVWUDUH�VH�DSOLF?

XQ� VHPQDO� DYµQG� IUHFYHQ@D� GH� ���+]� FX� XQ� QLYHO� QRPLQDO� SHQWUX

ÁQUHJLVWUDUH�� 6H� UHGXFH� WHQVLXQHD� JHQHUDWRUXOXL� GH�$)� OD� �� >L� VH� FRQWLQX?

ÁQUHJLVWUDUHD�� 6H� UHERELQHD]?� >L� VH� UHG?� ÁQUHJLVWUDUHD� RE@LQXW?�� 5DSRUWXO

GLQWUH�WHQVLXQHD�FLWLW?�OD�YROWPHWUXO�GH�LH>LUH�ÁQ�WLPSXO�UHG?ULL�ÁQUHJLVWU?ULL�>L

WHQVLXQHD�GH�]JRPRW�ÁQ�WLPSXO�UHG?ULL�SRU@LXQLL�QHÁQUHJLVWUDWH��H[SULPDW?�ÁQ

G%��UHSUH]LQW?�GLQDPLFD�JOREDO?�

����'LVWRUVLXQLOH�GH�DUPRQLFD�D���D����'LVWRUVLXQLOH�GH�DUPRQLFD�D���D

0HWRGH�GH�P?VXUDUH���¡Q�WLPSXO�UHG?ULL�XQHL�FDVHWH�GH�UHIHULQ@?�SH�FDUH�V�D

ÁQUHJLVWUDW�FX�QLYHO�QRPLQDO�GH�LQWUDUH�XQ�VHPQDO�GH����+]��VH�P?VRDU?�FX

XQ�YROWPHWUX�VHOHFWLY�WHQVLXQHD�FRUHVSXQ]?WRDUH�IXQGDPHQWDOHL�����+]��>L

FHOHL�GH�D���D�DUPRQLFL���.+]���GHWHUPLQµQGX�VH�GLVWRUVLXQHD�GH�DUPRQLFD

D���D�FX�IRUPXOHOH�

( ) ( )
( ) ( ) ( )

( )K
U KHz

U Hz
K dB

U KHz

U Hz
3

1

333
100 3 20

1

333
% lg= ⋅ = ⋅

����6HQVLELOLWDWHD�UHODWLY?�D�EHQ]LL����6HQVLELOLWDWHD�UHODWLY?�D�EHQ]LL

0HWRGH� GH� P?VXUDUH� �� 6H� P?VRDU?� WHQVLXQHD� OD� UHGDUHD� XQXL� VHPQDO� GH

���+]�ÁQUHJLVWUDW�FX�XQ�QLYHO�GH�����G%�ID@?�GH�VHQVLELOLWDWHD�GH�LQWUDUH�OD

ÁQUHJLVWUDUH� >L� WHQVLXQHD� OD� UHGDUHD� XQXL� VHPQDO� ÁQUHJLVWUDW� ÁQ� DFHOHD>L
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FRQGL@LL�SH�EDQGD�GH�FRPSDUDUH��5DSRUWXO�DFHVWRU�WHQVLXQL�H[SULPDWH�ÁQ�G%

QH�LQGLF?�VHQVLELOLWDWHD�UHODWLY?�D�EHQ]LL�

����&DUDFWHULVWLFD�GH�IUHFYHQ@?�D�EHQ]LL����&DUDFWHULVWLFD�GH�IUHFYHQ@?�D�EHQ]LL

0HWRGH�GH�P?VXUDUH� �� 6H�P?VRDU?� WHQVLXQHD� OD� UHGDUH� D� XQRU� VHPQDOH� ÁQ

EDQGD� ��+]÷��.+]�� ÁQUHJLVWUDWH� FX� XQ� QLYHO� GH� ���G%�� ID@?� GH� QLYHOXO

QRPLQDO�GH�LQWUDUH�

����&XUHQWXO�ÁQ�FDSXO�GH�ÁQUHJLVWUDUH����&XUHQWXO�ÁQ�FDSXO�GH�ÁQUHJLVWUDUH

0HWRGH�GH�P?VXUDUH���6H�VXEVWLWXLH�FDSXO�GH�ÁQUHJLVWUDUH�SULQWU�R�UH]LVWHQ@?

GH� VDUFLQ?�7HQVLXQHD� HVWH� SURSRU@LRQDO?� FX� FXUHQWXO� SULQ� FDSXO� GH

ÁQUHJLVWUDUH�
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11RRWW??��¡Q� FHHD� FH� SULYH>WH� P?VXUDUHD� FDVHWRIRDQHORU� >L� D� PDJQHWRIRDQHORU

VWHUHRIRQLFH� QX� IDFHP� PHQ@LXQL� VSHFLDOH�� GHRDUHFH� P?VXU?WRULOH� VXQW

LGHQWLFH� FD� OD� FHOH� PRQRIRQLFH�� FX� VSHFLILFDUHD� F?� VH� YRU� HIHFWXD

P?VXU?WRULOH� SHQWUX� ILHFDUH� FDQDO� ÁQ� SDUWH�� 3DUDPHWULL� VSHFLILFL� VWHUHR�

DWHQXDUHD�GH�GLDIRQLH�ÁQWUH�FDQDOH��HILFDFLWDWHD�EDODQVXOXL�>L�HJDOLWDWHD�ÁQWUH

FDQDOHOH� VWHUHR� VXQW� SDUDPHWULL� WLSLFL� SHQWUX� DPSOLILFDWRDUHOH� GH

DXGLRIUHFYHQ@?�>L�VH�J?VHVF�GHWDOLD@L�ÁQ�OLWHUDWXUD�GH�VSHFLDOLWDWH�
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/8&5$5($�15����/8&5$5($�15����

5(`(/(�&$5(�02',),&_5(`(/(�&$5(�02',),&_

6758&785$�6(01$/8/8,6758&785$�6(01$/8/8,

$PSOLILFDWRDUHOH�GH�$)�VXQW�SUHY?]XWH� bQ�PRG�REL>QXLW��FX�FLUFXLWH

DX[LOLDUH� DO� F?URU� URO� HVWH� DFHOD� GH� D� RSHUD�PRGLILF?UL� DVXSUD� VHPQDOXOXL

WUDQVIHUDW��'LQWUH�DFHVWHD�SXWHP�DPLQWL��FLUFXLWH�SHQWUX� UHJODMXO� WRQDOLW?@LL�

FLUFXLWH� GH� HJDOL]DUH�� ILOWUH� GH� VHSDUD@LH�� FLUFXLWH� SHQWUX� UHJODM� GH� YROXP

FRPSHQVDW��&LUFXLWHOH�GH�HJDOL]DUH��XWLOL]DWH�bQ�DPSOLILFDWRDUHOH�GH�UHGDUH�D

VXQHWXOXL� GH� SH� GLVF� >L� EHQ]L� PDJQHWLFH�� SUHFXP� >L� ILOWUHOH� GH� VHSDUD@LH

XWLOL]DWH�OD�FRQVWUXF@LD�LQFLQWHORU�VRQRUH�QX�YRU�IDFH�RELHFWXO�DFHVWHL�OXFU?UL�

&LUFXLWHOH� SHQWUX� UHJODMXO� WRQDOLW?@LL�� QXPLWH� >L� FRQWURO� GH� WRQ�� VXQW

UH@HOH�SDVLYH�FX�DMXWRUXO�F?URUD�VH�SRDWH�PRGLILFD�FXUED�GH�U?VSXQV�D�XQXL

DPSOLILFDWRU� bQ� GRPHQLXO� IUHFYHQ@HORU� MRDVH� >L� bQDOWH�� SXWµQG� SURYRFD

DFFHQWXDUHD�>L�VDX�DWHQXDUHD�VHPQDOXOXL�bQ�]RQD�DFHVWRU�IUHFYHQ@H��bQ�UDSRUW

FX�YDORDUHD�SH�FDUH�R�DUH�VHPQDOXO�OD�IUHFYHQ@H�PHGLL��$FHVWH�UH@HOH�SRW�IL

FRQHFWDWH�bQ�VFKHPD�DPSOLILFDWRUXOXL�FD�HOHPHQW�GH�FXSODM�VDX�bQ�EXFOD�GH

UHDF@LH�QHJDWLY?��6FKLPEDUHD�FXUEHL�GH�U?VSXQV�D�DPSOLILFDWRUXOXL�SRDWH�IL

I?FXW?� ILH� SURJUHVLY� �FRQWLQXX� VDX� bQ� WUHSWH�� SULQ� PRGLILFDUHD

FRUHVSXQ]?WRDUH� D� XQXL� HOHPHQW� D� UH@HOHL�� ILH� JOREDO�� SULQ� FRQHFWDUHD� VDX

GHFRQHFWDUHD� UH@HOHL� bQ� DQVDPEOX� OD� VFKHPD� DPSOLILFDWRUXOXL��$FHVW� XOWLP

PRG� GH� UHJODM� HVWH� FXQRVFXW� VXE� QXPHOH� GH� UHJLVWUX� GH� WRQ�� &X� DMXWRUXO

DFHVWXLD�VH�RE@LQH�R�FXUE?�GH�U?VSXQV�XQLF?��SUHVWDELOLW?�� aQ�SULPXO�FD]�VH

RE@LQH�XQ� IDVFLFRO� GH� FXUEH� GH� U?VSXQV� bQ� GRPHQLLOH� GH� IUHFYHQ@?� bQ� FDUH

DF@LRQHD]?� UHJODMXO�� $VSHFWXO� IDVFLFROXOXL� HVWH� GHSHQGHQW� GH� VWUXFWXUD
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UH@HOHL�� SHQWUX� XQHOH� UH@HOH� FXUEHOH� GLQ� IDVFLFRO� DX� IUHFYHQ@D� GH� W?LHUH

FRQVWDQW?� >L� SDQWD� GLIHULW?�� LDU� SHQWUX� DOWHOH� FXUEHOH� DX� SDQWD� FRQVWDQW?� >L

IUHFYHQ@D�GH�W?LHUH�YDULDELO?�

5H@HDXD� XWLOL]DW?� bQ

PDMRULWDWHD� DPSOLILFDWRDUHORU� bQ

GRPHQLXO� IUHFYHQ@HORU� bQDOWH� HVWH

UHSUH]HQWDW?� bQ� ILJXUD� ������ aQ

IXQF@LH� GH� SR]L@LD� FXUVRUXOXL

SRWHQ@LRPHWUXOXL� 3� VH� RE@LQH

WUHFHUHD� SURJUHVLY?� GH� OD� FXUED� GH

U?VSXQV� ULGLF?WRDUH� OD� FHD

FRERUµWRDUH�� &DUDFWHULVWLFD� ULGLF?WRDUH� H[WUHP?� VH� RE@LQH� bQ� SR]L@LD� �� D

FXUVRUXOXL�GDF?� P j C R+ >>1 1 1ω �LDU�FDUDFWHULVWLFD�FRERUµWRDUH�H[WUHP?�bQ

SR]L@LD���GDF?� P j C R+ >>1 2 2ω ��)XQF@LD�GH�WUDQVIHU�D�DFHVWXL�FLUFXLW�HVWH

R�IXQF@LH�FX���SROL�>L���]HURXUL�>L�DUH�IRUPD�JHQHUDO?�
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&X� DMXWRUXO� DFHVWRUD� VH� SRDWH� WUDVD� X>RU� FXUED� GH� U?VSXQV�� `LQµQG

FRQW�F?�)��� ���Q�����LDU�)�∞� W
��
W
�
��Q���W

��
W
�
�SHQWUX�α ��ULGLFDUHD�PD[LP?
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FXUVRUXOXL� SRWHQ@LRPHWUXOXL� �5
R
�� S?VWUµQGX�>L� bQV?� QHVFKLPEDW?� SDQWD�

'DWRULW?�DFHVWXL�IDSW�SODMD�SHQWUX�UHJODMXO�WRQDOLW?@LL�HVWH�PDL�PDUH�bQ�FD]XO

UH@HOHL�%D[DQGDOO�GHFµW�DO�FHOHL�DQWHULRU�SUH]HQWDWH�

&RPSRUWDUHD� UH@HOHORU� SHQWUX� UHJODMXO� WRQDOLW?@LL� HVWH� LQIOXHQ@DW?� GH

SDUDPHWULL�HWDMHORU�GH�DPSOLILFDUH�OD�FDUH�VH�FRQHFWHD]?��3HQWUX�PHQ@LQHUHD

SODMHL� GH� UHJODM� >L� D� P?ULPLL� DWHQX?ULL� LQWURGXVH� OD� IUHFYHQ@H� PHGLL� HVWH

QHFHVDU� FD� LPSHGDQ@HOH� HWDMHORU� >L� DPSOLILFDUHD� DFHVWRUD� V?� DLE?� YDORUL

FRUHVSXQ]?WRDUH�

3HQWUX� bQO?WXUDUHD� DFHVWRU� GH]DYDQWDMH� >L� SHQWUX� RE@LQHUHD� XQRU

FDUDFWHULVWLFL� GH� UHJODM� DSURDSH� LGHQWLFH� bQ� FD]XO� DPSOLILFDWRDUHORU

VWHUHRIRQLFH��DX�IRVW�UHDOL]DWH�FLUFXLWH�LQWHJUDWH�VSHFLDOL]DWH�SHQWUX�UHJODMXO
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GH� WRQ�>L� UHJODMXO�GH�YROXP�FRPSHQVDW��'LQWUH�FHOH�PDL� ODUJ�XWLOL]DWH�VXQW

FLUFXLWHOH� 7&$���$� bQ� FXSODM� FX� 7&$���$�� FDUH� DVLJXU?� XQ� GRPHQLX

VXILFLHQW� GH� UHJODUH� ����G%� SHQWUX� UHJODMXO� GH� YROXP��� XQ� UDSRUW� PDUH

VHPQDO�]JRPRW��GLDIRQLH�>L�GLVWRUVLXQL�IRDUWH�PLFL��$FHVWHD�VXQW�UHDOL]DWH�bQ

WHKQLF?�ELSRODU?� >L�SHUPLW� UHJODMXO�GH�YROXP��EDODQV� >L� WRQ�SHQWUX� DPEHOH

FDQDOH� VWHUHRIRQLFH��SULQ� LQWHUPHGLXO�XQRU� WHQVLXQL� FRQWLQXH� H[WHULRDUH�GH

FRPDQG?�� 3ULQFLSLXO� GH� UHJODUH� HVWH� SUH]HQWDW� bQ� VFKHPD� EORF� GLQ� ILJXUD

�����
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)LJXUD�����

3ULPXO� EORF�� UHDOL]DW� FX� R� SDUWH� D� FLUFXLWXOXL� LQWHJUDW� 7&$���$

SHUPLWH�UHJODUHD�YROXPXOXL�>L�EDODQVXOXL�bQ�ILHFDUH�GLQ�FHOH�GRX?�FDQDOH�FX

DMXWRUXO�XQRU� WHQVLXQL�FRQWLQXH�H[WHULRDUH�8
U9
� >L�8

U%
��$O�GRLOHD�EORF�� FDUH

FRQ@LQH�FLUFXLWXO�LQWHJUDW�7&$���$�SRDWH�UHDOL]D�UHJODMXO�GH�WRQ�FX�DMXWRUXO

WHQVLXQLORU�FRQWLQXH�GH�FRPDQG?�8UL�>L�8UM�bQ�ILHFDUH�FDQDO��&HO�GH�DO�WUHLOHD

EORF��UHDOL]DW�FX�D�GRXD�SDUWH�D�OXL�7&$���$�IDFH�FRUHF@LD�FDUDFWHULVWLFLL�GH

IUHFYHQ@?� SHQWUX� FRPSHQVDUHD� UHJODMXOXL� GH� YROXP� OD� IUHFYHQ@H� bQDOWH� >L

MRDVH� bQ� YHGHUHD� RE@LQHULL� XQXL� UHJODM� GH� YROXP� FµW� PDL� DSURSLDW� GH

FDUDFWHULVWLFD� IL]LRORJLF?� D� XUHFKLL� XPDQH�� $FHDVW?� FRUHF@LH� ILLQG
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GHSHQGHQW?� GH� YROXP�� HVWH� QHFHVDU� FD� DFHVW� HWDM� V?� ILH� FRPDQGDW� GH

DVHPHQHD�GH�WHQVLXQHD�H[WHULRDU?�8
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6HPQDOHOH� VWHUHRIRQLFH� DMXQJ� SULQ� LQWHUPHGLXO� FRQGHQVDWRDUHORU� GH

���µ)�OD�WHUPLQDOHOH����>L����DOH�&,�7&$���$�VXE�IRUPD�WHQVLXQLL�FXOHDV?

SH�UH]LVWHQ@HOH�GH����NΩ��,PSHGDQ@D�GH�LQWUDUH�D�DPSOLILFDWRDUHORU�ILLQG�GH

PLQLP� �0Ω�� VH� RE@LQH� R� LPSHGDQ@?� WRWDO?� GH� LQWUDUH� GH� FFD�� ���NΩ�� /D

WHUPLQDOXO����VH�DSOLF?� WHQVLXQHD�GH�FRPDQG?�D� UHJODMXOXL�GH�YROXP��FDUH

SULQ� LQWHUPHGLXO� XQXL� FLUFXLW� GH� FRQWURO� DF@LRQHD]?� DVXSUD� DPSOLILF?ULORU

FHORU�GRX?�DPSOLILFDWRDUH�GH�FDOH��&X�R�WHQVLXQH�GH�FRPDQG?�FXSULQV?�bQWUH

�9�>L����9�VH�GHWHUPLQ?�R�PRGLILFDUH�D�DPSOLILF?ULL�GH�OD����G%�OD����G%
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FXSULQV?�bQWUH����9�>L��9��$>D�FXP�VH�REVHUY?�bQ�JUDILFXO�GLQ�ILJXUD������VH

RE@LQH� XQ� UHJODM� FXSULQV� bQWUH� ��G%� >L� ��G%� SHQWUX� VHPQDOXO� VWµQJD
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�LQWUDUHD����>L�LH>LUHD����>L�UHVSHFWLY�GH�OD���G%�OD����G%�SHQWUX�VHPQDOXO

GUHDSWD��LQWUDUHD����>L�LH>LUHD������,PSHGDQ@D�GH�LH>LUH�OD�WHUPLQDOHOH���>L���

HVWH�GH���Ω��5HJODMXO� GH� WRQ� VH� UHDOL]HD]?� FX�&,�7&$���$��&XSODMXO� FX

LH>LULOH�GLQ�UHJODMXO�GH�YROXP�>L�EDODQV�VH�UHDOL]HD]?�SULQWU�XQ�FRQGHQVDWRU

GH� �µ)�� $FHVW� FLUFXLW� FRQ@LQH� �� SRWHQ@LRPHWUH� FRPDQGDWH� FX� WHQVLXQH

FRQWLQX?��GRX?�SHQWUX�UHJODMXO�OD�bQDOW?�IUHFYHQ@?�>L�GRX?�SHQWUX�UHJODMXO�bQ

MRDV?� IUHFYHQ@?� �FµWH� XQXO� SH� ILHFDUH� FDOH��� &X� WHQVLXQHD� H[WHULRDU?� GH

FRPDQG?� 8UL� DSOLFDW?� OD� WHUPLQDOXO� ��� SULQ� LQWHUPHGLXO� XQXL� FLUFXLW� GH

FRQWURO� VH� FRPDQG?� FRUHF@LD� GH� bQDOW?� IUHFYHQ@?�� LDU� FX� WHQVLXQHD� 8UM

DSOLFDW?�OD�WHUPLQDOXO���VH�FRPDQG?�FRUHF@LD�GH�MRDV?�IUHFYHQ@?��6H�DVLJXU?

DVWIHO��FRQIRUP�JUDILFXOXL�GLQ�ILJXUD�������OD�IUHFYHQ@HOH�GH����+]��UHVSHFWLY
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SHQWUX� ILHFDUH� FDQDO� FµWH� XQ� SRWHQ@LRPHWUX� HOHFWURQLF� FD� FHOH� GLQ� 7&$

���$��&RUHF@LD�GH�IUHFYHQ@?�QHFHVDU?��GHSHQGHQW?�GH�QLYHOXO�GH�YROXP��VH

RE@LQH� SULQ� LQWHUPHGLXO� XQXL� FLUFXLW� GH� FRQWURO�� WRW� GH� OD� WHQVLXQHD� GH

FRPDQG?�D�YROXPXOXL�8
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DOH� FLUFXLWHORU� GH� FRUHF@LH� SUH]HQWDWH� bQ� ILJXULOH� ������ ������ >L� ������
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3HQWUX�FLUFXLWXO�GLQ�ILJXUD�������SRWHQ@LRPHWUHOH�GH�UHJODM�VH�YRU�IL[D

bQ�D>D�IHO�bQFµW�V?�VH�RE@LQ?�YDORULOH�H[WUHPH�GH�FRPDQG?��/D�DFHVW�FLUFXLW�VH

YRU�ULGLFD�>L�FDUDFWHULVWLFLOH�GH�EDODQV��SHQWUX�YDORULOH�H[WUHPH�DOH�WHQVLXQLL

GH� FRPDQG?� >L� GH� YROXP�� SHQWUX� �� YDORUL� DOH� WHQVLXQLL� GH� FRPDQG?� �FHOH

H[WUHPH�>L�XQD�LQWHUPHGLDU?��

1RW?�1RW?��&DUDFWHULVWLFLOH�GLQ�DFHHD>L�IDPLOLH�VH�YRU�UHSUH]HQWD�SH�DFHOD>L�JUDILF�
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'HVWLQDyLD� XQXL� VWXGLR� VDX� D� RULFxUHL� ÁQFxSHUL� SURIHVLRQDOH� GH� WLS

HOHFWURDFXVWLF� HVWH� GH� D� IXUQL]D� XQ� SURJUDP� VRQRU� ÁQ� FRQGLyLL� SUHVFULVH�

6XUVHOH�SULPDUH�GH�VXQHW� VH�JxVHVF�DPSODVDWH� ÁQ� VWXGLR� wL� VXQW�GH�GLIHULWH

WLSXUL��&DSWDUHD� DFHVWRU� VXUVH� VH� IDFH�SULQ�PLFURIRDQH��'DWRULWx� FHULQyHORU

ULGLFDWH�GH�HOHFWURDFXVWLFD�SURIHVLRQDOx��QX�HVWH�SRVLELO�Vx�VH�IDFx�R�FDSWDUH

GH�FDOLWDWH�IRORVLQG�XQ�VLQJXU�PLFURIRQ��'H�DFHHD��ÁQWU�XQ�VWXGLR�H[LVWx�PDL

PXOWH�PLFURIRDQH��GH�H[HPSOX�PLFURIRDQHOH�SHQWUX�JUXSXUL�GH�LQVWUXPHQWH

�YLRUL�� VXIOxWRUL�� HWF���� PLFURIRQXO� GH� VROLVW�� PLFURIRQXO� FDUH� Gx� DPELDQyD

VxOLL��GH�DWPRVIHUx���¡Q�DOWH�FD]XUL�HVWH�QHFHVDU�Vx�VH�LQWURGXFx�VHPQDOH�GH

OD�DOWH�VXUVH�GH�VXQHW��PDJQHWRIRDQH��SLFN�XS�XUL��&'�XUL��HWF����5H]XOWx�Fx

SHQWUX� FDSWxUL� SURIHVLRQDOH� HVWH� QHYRLH� GH� PDL� PXOWH� FxL�� )LHFDUH� FDOH

WUHEXLH�Vx�SRDWx�IL�GR]DWx�GXSx�LQWHQyLLOH�DUWLVWLFH�DOH�UHJL]RUXOXL��2SHUDyLD

SRDUWx�QXPHOH�GH�PL[DUH�VDX�PL[DM��7UDVHXO�SDUFXUV�GH�VHPQDO�GH�OD�VXUVD

SULPDUx�SµQx�OD�SXQFWXO�GH�XWLOL]DUH�SRDUWx�QXPHOH�GH�ODQy�HOHFWURDFXVWLF�wL

HVWH�FRQyLQXW� ÁQ�SXSLWUXO�GH�PL[DM��FXQRVFXW�wL�VXE�DOWH�QXPH�FD��PDVx�GH

FRQWURO�� SXSLWUX� GH� FRQWURO� DXGLR�� FRQVROx� GH� VWXGLR�� SXSLWUX� GH� UHJLH

WHKQLFx�VDX��SXU�wL�VLPSOX��PL[HU��

)XQFyLLOH� GH� ED]x� DOH� XQXL� PL[HU� VXQW�� DPSOLILFDUHD� LQWUxULL

PLFURIRDQHORU�� FRQWUROXO� QLYHOXOXL� VXUVHORU�� DPHVWHFDUHD� �PL[DUHD�

GLIHULWHORU�VXUVH�SHQWUX�D�IRUPD�R�LPDJLQH�VRQRUx�HFKLOLEUDWx��PxVXUDUHD�wL

FRQWUROXO� QLYHOXOXL� GH� DQVDPEOX� D� SURJUDPXOXL� UH]XOWDQW�� DVLJXUDUHD� XQXL
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QXPxU�VXILFLHQW�GH�LHwLUL��wL�DQXPH�LHwLUL�SULQFLSDOH��LHwLUL�GH�FRQWURO�wL�LHwLUL

FX� IXQFyLL� SULQFLSDOH�� 0L[HUHOH� FRPSOH[H� DX� XQ� QXPxU� GH� IDFLOLWxyL

VXSOLPHQWDUH� ÁQWUH� FDUH�FLUFXLWH� VXSOLPHQWDUH�GH�FRPXQLFDyLH� LQWHUQx�� FDUH

FRQVWLWXLH�gLQWHUIRQXO�GH�VWXGLRh�

¡Q�DFHDVWx�OXFUDUH�VH�YD�VWXGLD�XQ�WLS�GH�PL[HU�SUHDPSOLILFDWRU�SURGXV

GH� ¡QWUHSULQGHUHD� EXFXUHwWHDQx� g(OHFWURQLFDh�� 0L[HUXO� SUHDPSOLILFDWRU

IXUQL]HD]x� VHPQDO� GH� LQWUDUH� VLPXOWDQ� SHQWUX� ��PRGXOH� DPSOLILFDWRDUH� GH

���:��3HQWUX�DFHDVWD�SH�SDQRXO�GLQ�VSDWH�GUHDSWD�VXQW�GLVSXVH�FHOH���PXIH

GH�LHwLUH��PXIH�PDPx�PDJQHWRIRQ��

$SDUDWXO� HVWH� DOFxWXLW� GLQ� GRXx� ODQyXUL� FRPSOHW� VHSDUDWH� GH

DPSOLILFDUH��DOH�FxURU�VHPQDOH�VXQW�DGXQDWH�DSRL�FX�DMXWRUXO�XQXL�PL[HU�FX

GRXx� LQWUxUL�� XUPDW� GH� XQ� UHJOHM� GH� YROXP� JHQHUDO�� 8UPHD]x� DSRL� XQ

DPSOLILFDWRU�GH�SXWHUH�PLFx�DYµQG�OD�LHwLUH�XQ�WUDQVIRUPDWRU�FX���VHFXQGDUH

LGHQWLFH��YH]L�ILJXUD�������

0L[HU��

LQWUxUL 7RQXUL 3UH]HQyx

$

9ROXP

JHQHUDO

PLFURIRQ

0LFURIRQ

0LFURIRQ

0LFURIRQ

0LFURIRQ

7RQXUL 3UH]HQyx

5HSHWRU

GLYL]RU

GLYL]RU

GLYL]RU

GLYL]RU

5,$$

%

38�PDJQ�

38�SLH]R�

5DGLR

0DJQHWRIRQ

/
�

/
�

9ROXP

0L[HU��

LQWUxUL

$PSOLI�

SXWHUH

9ROXP�JHQHUDO

98
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)LJXUD�������6FKHPD�EORF�D�PL[HUXOXL�SUHDPSOLILFDWRU
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3ULPXO� ODQy� GH� DPSOLILFDUH� VHUYHwWH� OD� DPSOLILFDUHD� LQGHSHQGHQWx� D

VHPQDOHORU� SURYHQLQG� GH� OD� �� LQWUxUL� GH�PLFURIRDQH��PL[DUHD� DFHVWRUD� FX

DMXWRUXO�XQXL�PL[HU�FX���LQWUxUL�wL�DSRL�SUHOXFUDUHD�VHPQDOXOXL�PL[DW�FX�XQ

FLUFXLW� SHQWUX� UHJODMXO� WRQXOXL� �VHSDUDW� SHQWUX� IUHFYHQyH� MRDVH� wL� ÁQDOWH��

SUHFXP�wL�GH�XQ�FLUFXLW�GH�SUH]HQyx��'H�UHPDUFDW�Fx�FLUFXLWHOH�GH�SUHOXFUDUH

�WRQXUL�wL�SUH]HQyx��SRW�IL�VFRDVH�VDX�LQWURGXVH�ÁQ�FLUFXLW��GXSx�GRULQyx��FX

DMXWRUXO� XQRU� FRPXWDWRDUH�� 9ROXPXO� VHPQDOXOXL� PL[DW� �SUHOXFUDW� VDX� QX�

HVWH� UHJODW� FX� DMXWRUXO� XQXL� SRWHQyLRPHWUX� GH� UHJODM� JHQHUDO� SHQWUX

PLFURIRDQH�

$PSOLILFDUHD� VHPQDOHORU� SURYHQLWH� GH� OD� FHOH� �� PLFURIRDQH� HVWH

UHDOL]DWx� FX� �� DPSOLILFDWRDUH� VHSDUDWH�� /D� ILHFDUH� DVWIHO� GH� DPSOLILFDWRU

SHQWUX�PLFURIRQ�H[LVWx�SRVLELOLWDWHD��LQWURGXFHULL�XQXL�FLUFXLW�SHQWUX�UHJODMXO

DXWRPDW� DO� DPSOLILFxULL� ÁQ� IXQFyLH� GH� QLYHOXO� GH� LQWUDUH� FX� DMXWRUXO� XQXL

FRPXWDWRU�� $PSOLILFDWRUXO� GH� PLFURIRQ� HVWH� XUPDW� GH� XQ� SRWHQyLRPHWUX

SHQWUX� UHJODMXO� YROXPXOXL� VHSDUDW� SHQWUX� ILHFDUH� PLFURIRQ�� $FHVWH� �

SRWHQyLRPHWUH�SODVDWH�GXSx�DPSOLILFDWRUXO�GH�PLFURIRQ�VHUYHVF�wL�OD�GR]DUHD

VHPQDOXOXL�ÁQ�FD]XO�PL[xULL�FHORU���PLFURIRDQH�

$O�GRLOHD�ODQy�GH�DPSOLILFDUH�SRDWH�SUHOXFUD�XQ�VLQJXU�VHPQDO�VHOHFWDW

FX�DMXWRUXO�XQXL�FRPXWDWRU�FX���EXWRDQH�GHSHQGHQWH�GH� OD�XQD�GLQ�FHOH��

PXIH� GH� LQWUDUH� wL� DQXPH�� SLFN�XS� PDJQHWLF�� SLFN�XS� FULVWDO�� UDGLR�

PDJQHWRIRQ��wL�GRXx�OLQLL�VWDQGDUG������9����Ω�

3HQWUX�LQWUxULOH�GH�SLFN�XS�PDJQHWLF�wL��FULVWDO��VHPQDOXO�SURYHQLW�GH

OD�PXID�GH�LQWUDUH�HVWH�SUHOXFUDW�GH�FxWUH�XQ�FLUFXLW�FRQHFWRU�5,$$�wL�GH�XQ

UHSHWRU�SH�HPLWRU��DSRL�LQWURGXV�ÁQ�FRPXWDWRUXO�VHOHFWRU�GH�LQWUxUL�

3HQWUX� LQWUxULOH� GH� UDGLR� wL� PDJQHWRIRQ�� VHPQDOXO� HVWH� PDL� ÁQWµL

SUHOXFUDW� GLQ� SXQFW� GH� YHGHUH� DO� QLYHOXOXL� FX� DMXWRUXO� XQRU� GLYL]RDUH

UH]LVWLYH�wL�WULPLV�DSRL�ÁQ�FRPXWDWRUXO�VHOHFWRU�
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3HQWUX� FHOH� GRXx� LQWUxUL� GH� OLQLH�� VHPQDOXO� VLPHWULF� SURYHQLW� GLQ

PXIHOH�GH� LQWUDUH� HVWH�GHVLPHWUL]DW� FX� DMXWRUXO� D� GRXx� WUDQVIRUPDWRDUH� GH

LQWUDUH�wL�SUHOXFUDW�FD�QLYHO�FX�GLYL]RDUH�UH]LVWLYH�

'DWRULWx�SUHOXFUxULORU�QLYHOXOXL�LQWUxULORU�ÁQDLQWH�GH�VHOHFWDUHD�ORU�FX

DMXWRUXO� FRPXWDWRUXOXL� VHOHFWRU�� ILHFDUH� LQWUDUH� SUH]LQWx� DFHODwL� QLYHO� SH

FRPXWDWRU��8UPHD]x�XQ�UHJODM�GH�YROXP��DSRL�XQ�DPSOLILFDWRU�GH�WHQVLXQH

FDUH�DGXFH�VHPQDOXO�OD�DFHODwL�QLYHO�FX�FHO�GH�OD�LHwLUHD�DPSOLILFDWRUXOXL�GH

PLFURIRQ�� ¡Q� FRQWLQXDUH� DO� GRLOHD� ODQy� GH� DPSOLILFDWRDUH� HVWH� LGHQWLF� FX

SULPXO��XUPHD]x�FRQWURO�GH� WRQXUL�wL�SUH]HQyx�� LQWURGXVH�VDX�VFRDVH��GXSx

GRULQyx��FX�DMXWRUXO�XQRU�FRPXWDWRDUH��

¡QWUHJXO� DSDUDW� HVWH� DOLPHQWDW� SULQWU�XQ� UHGUHVRU� VWDELOL]DW�� ¡Q

PRPHQWXO�FRQHFWxULL�OD�UHyHD�VH�LOXPLQHD]x�VFDOD�LQVWUXPHQWXOXL�GH�PxVXUx

�9�8��PHWUX���FDUH�LQGLFx�QLYHOXO�VHPQDOXOXL�GH�LHwLUH��GH�IDSW�OD�RULFDUH�GLQ

FHOH���LHwLUL��

9ROXP

JHQHUDO

0LF���

0LF���

0LF���

0LF��� 9RO�

JHQ�

PLF�
MRDVH

ÁQDOWH

7RQ
3UH]HQyx

9RO�

JHQ� MRDVH

ÁQDOWH

7RQ
3UH]HQyx

38

0DJQ�

38

3LH]R 5DGLR� 0DJ� /
�

/
�
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)LJXUD�������9HGHUH�IURQWDOx�D�DSDUDWXOXL

3H�PDVFD�GLQ�IDyx�VH�DIOx��GH�OD�VWµQJD�OD�GUHDSWD�

• &HOH� �� SRWHQyLRPHWUH� GH� YROXP� wL� PL[DM� SHQWUX� FHOH� �� PLFURIRDQH�

JUXSDWH�� 6XE� ILHFDUH� SRWHQyLRPHWUX� HVWH� XQ� EXWRQ� FRPXWDWRU� FDUH� SULQ

DSxVDUH�LQWURGXFH�GLVSR]LWLYXO�GH�UHJODM�DXWRPDW�DO�QLYHOXOXL�

• 8Q�JUXS�GH���SRWHQyLRPHWUH�FDUH�UHSUH]LQWx�ÁQ�RUGLQH�
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∗ SRWHQyLRPHWUXO�GH�YROXP�JHQHUDO�PLFURIRDQH��ÁQDLQWH�GH�PL[DUH��

∗ SRWHQyLRPHWUXO�SHQWUX�UHJODMXO�WRQXULORU�MRDVH�

∗ SRWHQyLRPHWUXO�SHQWUX�UHJODMXO�WRQXULORU�ÁQDOWH�

∗ SRWHQyLRPHWUXO�SHQWUX�UHJODMXO�SUH]HQyHL

6XE� SRWHQyLRPHWUXO� GH� YROXP� JHQHUDO� PLFURIRQ� VH� JxVHwWH� XQ

FRPXWDWRU� FDUH� SULQ� DSxVDUH� UDFRUGHD]x� SULPXO� ODQy� GH� DPSOLILFDUH� OD

PL[HUXO�ILQDO�FX�GRXx�LQWUxUL��LQWUDUH�$��

6XE�FHOH�GRXx�SRWHQyLRPHWUH�GH� WRQ� VH� DIOx�XQ� FRPXWDWRU� FDUH�SULQ

DSxVDUH�LQWURGXFH�UHJODMXO�GH�WRQ�ÁQ�FLUFXLWXO�ODQyXOXL�GH�DPSOLILFDUH�

6XE� SRWHQyLRPHWUXO� GH� UHJODM� DO� SUH]HQyHL� VH� DIOx� GH� DVHPHQHD� XQ

FRPXWDWRU�FDUH�SULQ�DSxVDUH�LQWURGXFH�ÁQ�FLUFXLW�FRQWUROXO�GH�SUH]HQyx�

'H� UHPDUFDW� Fx� QLYHOXO� FUHwWH� FµQG� EXWRDQHOH� SRWHQyLRPHWUHORU� GH

YROXP�VXQW�ÁPSLQVH�ÁQ�VXV�

3RWHQyLRPHWUHOH�SHQWUX�FRQWUROXO�SUH]HQyHL�ULGLFx�QLYHOXO�IUHFYHQyHORU

YRFDOH� �ÁQ� MXUXO� IUHFYHQyHL� GH� ����+]�� GH� DVHPHQHD� FµQG� EXWRQXO� HVWH

ÁPSLQV�ÁQ�VXV�

¡Q�FHHD�FH�SULYHwWH�WRQXULOH��IUHFYHQyHOH�MRDVH�wL�ÁQDOWH�VXQW�ULGLFDWH�ÁQ

MXPxWDWHD� GH� VXV� D� FXUVHL� SRWHQyLRPHWUXOXL� GH� WRQ� �PD[LPXO� GH� ULGLFDUH

ILLQG� ÁQ� SXQFWXO� H[WUHP� GH� VXV�� LDU� ÁQ� MXPxWDWHD� GH� MRV� D� FXUVHL� DFHVWH

IUHFYHQyH�VXQW�DWHQXDWH��PD[LPXP�GH�DWHQXDUH�ILLQG�ÁQ�SXQFWXO�H[WUHP�GH

MRV��

• 3RWHQyLRPHWUXO�GH�YROXP�JHQHUDO�DO�SUHDPSOLILFDWRUXOXL�

• 8Q�JUXS�GH���SRWHQyLRPHWUH� FDUH� UHSUH]LQWx� ÁQ�RUGLQH�� YROXPXO�SHQWUX

FHO� GH�DO� � GRLOHD� ODQy� GH� DPSOLILFDUH�� SRWHQyLRPHWUXO� SHQWUX� UHJODMXO

WRQXULORU� MRDVH�� SRWHQyLRPHWUXO� SHQWUX� UHJODMXO� WRQXULORU� ÁQDOWH� wL

SRWHQyLRPHWUXO�SHQWUX�UHJODMXO�SUH]HQyHL�
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6XE� DFHVW� JUXS� GH� SRWHQyLRPHWUH� VXQW� GLVSXVH� �� EXWRDQH� DOH� XQRU

FRPXWDWRDUH� FX� DFHOHDwL� IXQFyLXQL� FD� OD� ODQyXO� GH� DPSOLILFDUH� DO

PLFURIRDQHORU�

• ¡Q� SDUWHD� H[WUHPx� GUHDSWD� VXV� VH� JxVHwWH� EXWRQXO� ÁQWUHUXSxWRUXOXL� GH

UHyHD�� LDU� VXE� HO� LQVWUXPHQWXO� LQGLFDWRU� DO� QLYHOXOXL� GH� LHwLUH� �9�8��

PHWUX��

¡Q� SDUWHD� GLQ� GUHDSWD� MRV� VH� DIOx� FHOH� �� EXWRDQH� DOH� FRPXWDWRUXOXL

VHOHFWRU� DO� FHORU� �� LQWUxUL� �SLFN�XS� PDJQHWLF�� SLFN�XS� FULVWDO�� UDGLR�

PDJQHWRIRQ��/
�
��/

�
��

3H�PDVFD�GLQ�VSDWH�VH�JxVHVF�ÁQ�RUGLQH�GH�OD�GUHDSWD�OD�VWµQJD�

♦ ¡Q� wLUXO� GH� MRV�� XUPxWRDUHOH� PXIH�� PXID� LQWUDUH� 0LF���� PXID� LQWUDUH

0LF���� PXID� LQWUDUH� 0LF���� PXID� LQWUDUH� 0LF���� PXID� LQWUDUH� SLFN�XS

PDJQHWLF��PXID� LQWUDUH�SLFN�XS�SLH]RHOHFWULF��PXID� LQWUDUH� UDGLR��PXID

LQWUDUH�PDJQHWRIRQ��PXID�LQWUDUH�/
�
��PXID�LQWUDUH�/

�
�

♦ ¡Q�wLUXO�GH�VXV��ÁQ�SDUWHD�VWµQJx��VH�DIOx�FHOH���PXIH�GH�LHwLUH�

3ULQFLSDOHOH�SHUIRUPDQyH�HOHFWULFH3ULQFLSDOHOH�SHUIRUPDQyH�HOHFWULFH

��� ��LQWUxUL�GH�PLFURIRQ����P9���NΩ

��� ��LQWUDUH�GH�SLFN�XS�PDJQHWLF��P9����NΩ

��� ��LQWUDUH�GH�SLFN�XS�FULVWDO����P9���0Ω

��� ��LQWUDUH�UDGLR����P9�����NΩ

��� ��LQWUDUH�PDJQHWRIRQ����P9����NΩ

��� ��LQWUxUL�VLPHWULFH�GH�OLQLL�H[WHULRDUH������9�����Ω

��� ��LHwLUL�VLPHWULFH�GH�PLQLP�����9�����Ω

��� GLVWRUVLXQL�DUPRQLFH�PD[LP���

��� EDQGD�GH�IUHFYHQyx�ÁQ�SRUyLXQHD�OLQLDUx���+]÷��N+]��±�G%�

����UHJODM� SHQWUX� WRQXUL� MRDVH� wL� WRQXUL� ÁQDOWH� WLS� %D[DQGDOO� SHQWUX� ILHFDUH

ODQy�GH�DPSOLILFDUH�
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���

����XWLOL]DUHD�ÁQ�JDPD�GH�WHPSHUDWXUx���°&…���°&

0RGXO�GH�OXFUX0RGXO�GH�OXFUX

2GDWx�FX�DSxVDUHD�EXWRQXOXL� ÁQWUHUXSxWRUXOXL�GH� UHyHD�� DSDUDWXO� HVWH

DOLPHQWDW� wL� VH� LOXPLQHD]x� LQVWUXPHQWXO� LQGLFDWRU� DO� VHPQDOXOXL� GH� LHwLUH

�9�8��PHWUXO�

6H�LQWURGXF�PXIHOH�WDWx�SURYHQLQG�GH�OD�VXUVHOH�GH�VHPQDO�ÁQ�PXIHOH

PDPx�FRUHVSXQ]xWRDUH�ÁQ�VSDWHOH�DSDUDWXOXL�

3HQWUX� FD]XO� ÁQ� FDUH� � OXFUHD]x� FX� R� VXUVx� GH� PLFURIRQ� wL� FHOH� GLQ

VXUVHOH�GH�VHPQDO�3�8��PDJQHWLF��3�8��FULVWDO��5DGLR��0DJQHWRIRQ��/
�
��/

�
�

PRGXO�GH�PDQLSXODUH�YD�IL�XUPxWRUXO�

• VH� LQWURGXFH� ÁQ� XQD� GLQ�PXIHOH�PDUFDWH� GLQ� VSDWHOH� DSDUDWXOXL� SULPXO

VHPQDO�GH�PLFURIRQ�FH�XUPHD]x�D� IL� DPSOLILFDW� wL�SUHOXFUDW�� ¡Q�DFHDVWx

VLWXDyLH�VH�GLVWLQJ�GRXx�FD]XUL�

D�� FµQG� ÁQWUHUXSxWRUXO� FRUHVSXQ]xWRU� DFHVWHL� LQWUxUL� HVWH� SH� SR]LyLH

DSxVDW�wL�DYHP�XQ�UHJODM�DXWRPDW�DO�DPSOLILFxULL�IXQFyLH�GH�QLYHOXO

GH�LQWUDUH�

E�� FµQG� ÁQWUHUXSxWRUXO� DFHVWHL� LQWUxUL� QX� HVWH� SH� SR]LyLD� DSxVDW� wL

DWXQFL� UHJODMXO� QLYHOXOXL� VH� IDFH� PDQXDO� SULQ� LQWHUPHGLXO

SRWHQyLRPHWUXOXL�FH�VH�JxVHwWH�GHDVXSUD�DFHVWXLD�

¡Q� SULPXO� FD]� VH� LQWURGXFH� SH� SR]LyLD� DSxVDW� FHO� GH�DO� FLQFLOHD

FRPXWDWRU� GLQ� VWµQJD� SDQRXOXL� wL� VH� UHJOHD]x� SULQ� SRWHQyLRPHWUXO

FRUHVSXQ]xWRU� �SRWHQyLRPHWUXO� GH� YROXP� JHQHUDO� PLFURIRDQH��� FµW� wL� GLQ

SRWHQyLRPHWUXO�JHQHUDO�GH�UHJODM�DO�QLYHOXOXL��GLQ�PLMORFXO�SDQRXOXL�IURQWDO��

ÁQ�DwD�IHO�ÁQFµW�DFXO�9�8��PHWUXOXL�Vx�QX�GHSxwHDVFx�]RQD�YHUGH

¡Q� DO� GRLOHD� FD]� VH� SxVWUHD]x� SR]LyLD� DSxVDW� D� FHOXL� GH�DO� FLQFLOHD

FRPXWDWRU� wL� VH� UHJOHD]x� OD� IHO� FD� ÁQ� SULPXO� FD]�� ÁQ� SOXV� IRORVLQGX�VH� wL

FRPXWDWRUXO�FRUHVSXQ]xWRU�PLFURIRQXOXL�VHOHFWDW�
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���

2GDWx� VWDELOLW� QLYHOXO� GH� LHwLUH� SHQWUX� DFHVW� VHPQDO� GH�PLFURIRQ� VH

SURFHGHD]x�LGHQWLF�wL�SHQWUX�FHOHODOWH���LQWUxUL�GH�PLFURIRQ��REyLQµQGX�VH�ÁQ

ILQDO�PL[DUHD� ORU� FX� XQ� QLYHO� FDUH� Vx� QX� GHSxwHDVFx� ]RQD� YHUGH� D� 9�8��

PHWUXOXL�

3HQWUX�PL[DUHD�DFHVWXL�ODQy�GH�VHPQDOH�GH�PLFURIRQ�FX�XQXO�GLQ�FHOH

�� VHPQDOH� GH� FDUH� VH� GLVSXQH�� �3�8�� PDJQHWLF�� 3�8�� FULVWDO�� 5DGLR�

0DJQHWRIRQ��/
�
��/

�
��VH�SURFHGHD]x�DVWIHO�

• VH� VFRDWH� GH� SH� SR]LyLD� DSxVDW� FHO� GH�DO� FLQFLOHD� ÁQWUHUXSxWRU� �GH� VXE

SRWHQyLRPHWUXO�GH�UHJODM�DO�QLYHOXOXL�D�ODQyXOXL�GH�PL[DUH�wL�SUHOXFUDUH�D

VHPQDOXOXL� GH� PLFURIRQ��� ¡Q� SR]LyLD� gQHDSxVDWh�� ÁQWUHJ� VHPQDOXO� GH

PLFURIRQ�HVWH�SXV�OD�PDVx�

• VH�VHOHFWHD]x�VHPQDOXO�GRULW�D�IL�PL[DW�FX�FHO�GH�PLFURIRQ�SULQ�DSxVDUHD

EXWRQXOXL�FRUHVSXQ]xWRU�

• VH�DSDVx�SH�EXWRQXO�GH�VXE�SRWHQyLRPHWUXO�GH�UHJODM�DO�QLYHOXOXL�DFHVWXL

DO�GRLOHD�SURJUDP�

• VH� UHJOHD]x� GLQ� SRWHQyLRPHWUXO� GH� GHDVXSUD� DFHVWXL� EXWRQ�� FµW� wL� GLQ

SRWHQyLRPHWUXO� JHQHUDO� GH� YROXP� QLYHOXOGH� LHwLUH� DVWIHO� ÁQFµW� DFXO

LQVWUXPHQWXOXL�LQGLFDWRU�Vx�ILH�ÁQ�]RQD�YHUGH�

• ÁQ� ILQDO�� VH� DSDVx� SH� ÁQWUHUXSxWRUXO� DO� FLQFLOHD� GLQ� VWµQJD� SDQRXOXL

IURQWDO�� LQWURGXFµQGX�VH� VHPQDOXO� PL[DW� DO� FHORU� �� PLFURIRDQH�

UHJOµQGX�VH� QLYHOXO� JHQHUDO� ÁQ� DwD� IHO� ÁQFµW� DFXO� 9�8��PHWUXOXL� Vx� QX

LQWUH�ÁQ�]RQD�URwLH�

3UHOXFUDUHD�VHPQDOHORU�PL[DWH�GH�PLFURIRQ�wL�D�XQXL�VHPQDO�GLQ�FHOH

��LQWUxUL�VH�IDFH�SULQ�

• DSxVDUHD� ÁQWUHUXSxWRDUHORU� FDUH� SHUPLW� LQWURGXFHUHD� FLUFXLWHORU

FRUHFWRDUH�ÁQ�ODQyXULOH�UHVSHFWLYH�

• UHJODUHD�GLQ�SRWHQyLRPHWUHOH�UHVSHFWLYH�D�IUHFYHQWHORU�ÁQDOWH��MRDVH��FµW�wL

D�SUH]HQyHL��'DFx�OD�XQ�DVWIHO�GH�UHJODM�DFXO�9�8��PHWUXOXL�WUHFH�ÁQ�]RQD
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���

URwLH� VH� UHGXFH� YROXPXO� GLQ� SRWHQyLRPHWUXO� GH� UHJODM� DO� ODQyXOXL

UHVSHFWLY�

3ULQ�LQWURGXFHUHD�XQXL�VHPQDO�FDOLEUDW�GH�OD�XQ�JHQHUDWRU�GH�VHPQDO

VH�YRU�WUDVD�FDUDFWHULVWLFLOH�GH�IUHFYHQyx�DOH�FLUFXLWHORU�GH�FRUHFyLH�GH�WRQ�wL

GH� SUH]HQyx�� &DUDFWHULVWLFLOH� YRU� IL� WUDVDWH� SHQWUX� SR]LyLLOH� H[WUHPH� DOH

SRWHQyLRPHWUHORU��FµW�wL�SHQWUX�FµWHYD�SR]LyLL�LQWHUPHGLDUH��YL]XDOL]µQGX�VH

ÁQ� DFHODwL� WLPS� IRUPHOH� GH� XQGx� OD� LHwLUH� SH� HFUDQXO� XQXL� RVFLORVFRS�

&DUDFWHULVWLFLOH�GH�IUHFYHQyx�GLQ�DFHHDwL�IDPLOLH�VH�YRU�UHSUH]HQWD�SH�DFHODwL

JUDILF�
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/8&5$5($�15����/8&5$5($�15����

,1)/8(1�$��3$5$0(75,/25��$&867,&,,1)/8(1�$��3$5$0(75,/25��$&867,&,

$6835$�3(5)250$1�(/25$6835$�3(5)250$1�(/25

,QWURGXFHUH,QWURGXFHUH

$WXQFL�FµQG�R�GLDIUDJPx�YLEUHD]x�ÁQ�VSDyLX�OLEHU��VH�SURGXF�DOWHUQDWLY

SUHVLXQL� DFXVWLFH� SR]LWLYH� wL� QHJDWLYH� ÁQ� IDyD� wL� ÁQ� VSDWHOH� GLDIUDJPHL�

¡QWUXFµW�GLIX]RUXO� DUH�R�FDUDFWHULVWLFx�RPQLGLUHFyLRQDOx� ÁQ� MRDVx� IUHFYHQyx�

DSDU�DQXOxUL�ÁQWUH�SUHVLXQLOH�QHJDWLYH�wL�FHOH�SR]LWLYH�OD�DFHVWH�IUHFYHQyH�

$WXQFL� FµQG� VH� GLVSXQH� GLIX]RUXO� ÁQWU�R� LQFLQWx� VH� UHDOL]HD]x

VHSDUDUHD� UDGLDyLLORU�GH� IDyx� wL�GH� VSDWH�DOH�GLIX]RUXOXL��GHRDUHFH�QXPDL�R

IDyx� UxPµQH� ÁQ� FRQWDFW� FX� PHGLXO�� &HOH� WUHL� WLSXUL� GH� LQFLQWH� PDL� GHV

ÁQWµOQLWH�VXQW��LQFLQWD�ÁQFKLVx��LQFLQWD�FX�GHVFKLGHUH��EDVV�UHIOH[��wL�LQFLQWD

FX�UDGLDWRU�SDVLY�

¡Q� FHOH� FH� XUPHD]x� QH� YRP� RFXSD� GH� LQFLQWD� FX� GHVFKLGHUH� �EDVV�

UHIOH[��� FX� UHIHULUL� wL� OD� LQFLQWD� ÁQFKLVx�� 0DVD� DFXVWLFx� D� DHUXOXL� GLQ

LQWHULRUXO�WXEXOXL�wL�HODVWLYLWDWHD�DFXVWLFx�D�DHUXOXL�GLQ�LQFLQWx�IRUPHD]x�XQ

FLUFXLW� UH]RQDQW�� 'DFx� UH]RQDQyD� H� SRWULYLW� DOHDVx�� VXQHWXO� UDGLDW� SULQ

GHVFKLGHUHD�WXEXOXL�GLQ�LQWHULRUXO�LQFLQWHL�VH�SRDWH�DGxXJD�OD�VXQHWXO�GLUHFW

wL�DVWIHO�VH�SRDWH�ÁPEXQxWxyL�UxVSXQVXO�ÁQ�MRDVx�IUHFYHQyx�DO�VLVWHPXOXL�

6XE� IUHFYHQyD� GH� UH]RQDQyx� D� FXWLHL�� SUHVLXQHD� DFXVWLFx� HVWH� IRDUWH

VFx]XWx�GDWRULWx�LQWHUIHUHQyHORU�GLQWUH�VXQHWXO�GLUHFW�wL�FHO�LQGLUHFW�
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6LPXODUHD�IRORVLQG�SURJUDPXO�363,&(6LPXODUHD�IRORVLQG�SURJUDPXO�363,&(

8Q� PRGHO� JHQHUDOL]DW� GH� FLUFXLW� DQDORJLF� HVWH� SUH]HQWDW� ÁQ� ILJXUD

������ $FHVW� PRGHO� HVWH� REyLQXW� SULQ� UHIOHFWDUHD� WXWXURU� HOHPHQWHORU

PHFDQLFH� wL� HOHFWULFH� ÁQWU�XQ� FLUFXLW� DFXVWLF�� &XUHQyLL� UHSUH]LQWx� GHELWXO

YROXPLF� wL� WHQVLXQLOH� UHSUH]LQWx� SUHVLXQHD� DFXVWLFx�� $FHVW�PRGHO� DFRSHUx

FD]XO� LQFLQWHORU� ÁQFKLVH� wL� DO� FHORU� FX� GHVFKLGHUH� �EDVV�UHIOH[��� &D]XO

LQFLQWHL�ÁQFKLVH�VH�REyLQH�SULQ�m m mA AT AR2 2= + �wL�R RAT AR= = ∞2 �
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(OHPHQWHOH�GH�FLUFXLW�UHSUH]LQWx�

• S
*
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2
���UH]LVWHQyD�DFXVWLFx�FRUHVSXQ]xWRDUH�SLHUGHULORU

ÁQ� SDUWHD� HOHFWULFx� D� GLIX]RUXOXL� �XQGH� 5
(
� HVWH� UH]LVWHQyD� GH� FXUHQW

FRQWLQXX�D�ERELQHL�GLIX]RUXOXL��5
*
���UH]LVWHQyD�VXUVHL��6

'
���DULD�HIHFWLYx�D

ED]HL�FRQXOXL�GLIX]RUXOXL��%��IOX[XO�PDJQHWLF�ÁQ�ÁQWUHILHUXO�GLIX]RUXOXL��O

��OXQJLPHD�HIHFWLYx�D�FRQGXFWRUXOXL�ERELQHL�FH�LQWHUVHFWHD]x�IOX[XO��

• 5
$6
���UH]LVWHQyD�DFXVWLFx�GH�SLHUGHUL�GDWRUDWx�IUHFxULL�ÁQ�VXVSHQVLL�

• &
$6
���HODVWLFLWDWHD�DFXVWLFx�D�VXVSHQVLLORU�DFXVWLFH�

• P
$6
���PDVD�DFXVWLFx�VLVWHPXOXL�PRELO��PHPEUDQx��ERELQx��VXVSHQVLL��

• P
$5�

���PDVD�DFXVWLFx�GH�UDGLDyLH�D�GLDIUDJPHL�GLIX]RUXOXL�

• 5
$5�

���UH]LVWHQyD�DFXVWLFx�GH�UDGLDyLH�
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• 5
$&
���UH]LVWHQyD�DFXVWLFx�GDWRUDWx�SLHUGHULORU�SULQ�DEVRUEyLH�ÁQ�LQFLQWx�

• C
V

c
AC

C= ⋅
⋅

β
ρ0

2
� ��HODVWLFLWDWHD�DFXVWLFx�D�DHUXOXL� ÁQFKL� ÁQ� LQFLQWx� �XQGH�F

HVWH� YLWH]D� VXQHWXOXL� ÁQ� DHU� �� ���P�V�� ρ�
� �� GHQVLWDWHD� DHUXOXL� �

�����NJ�P��wL�β���R�FRQVWDQWx�UHDOx�FH�GHSLQGH�GH�PDWHULDOXO�FX�FDUH�VH

FxSWXwHwWH�LQFLQWD��

• P
$&
���PDVD�DFXVWLFx�D�FXWLHL�

• 5
$7
���UH]LVWHQyD�DFXVWLFx�GDWRUDWx�SLHUGHULORU�ÁQ�WXE�

• P
$7
���PDVD�DFXVWLFx�D�WXEXOXL�

• P
$5�

���PDVD�DFXVWLFx�GH�UDGLDyLH�D�WXEXOXL�

• 5
$5�

���UH]LVWHQyD�DFXVWLFx�GH�UDGLDyLH�D�WXEXOXL�

0DVD� DFXVWLFx� D� WXEXOXL� LQFOX]µQG� wL� PDVD� DFXVWLFx� GH� UDGLDyLH� D

WXEXOXL�HVWH�GDWx�GH��

m m m
S

b
S

A AT AR2 2
2

217= + = +








ρ
π

.

XQGH�6
�
�HVWH�VXSUDIDyD�GHVFKLGHULL�WXEXOXL�wL�E���OXQJLPHD�WXEXOXL�

5H]RQDQyD�LQFLQWHL�HVWH�GDWx�GH�2
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�wL�HVWH�DOHDVx

DSURDSH�GH�IUHFYHQyD�GH�UH]RQDQyx�D�GLIX]RUXOXL�ÁQ�VSDyLX�OLEHU�I
6
�GHSLQ]µQG

GH�SDUDPHWULL�GLIX]RUXOXL�wL�DL�LQFLQWHL�wL�GH�UxVSXQVXO�GRULW�

8WLOL]DUHD�PRGHOXOXL�GLQ�ILJXUD���SUHVXSXQH�R�VHULH�GH�DSUR[LPDyLL�

��� 'RPHQLXO�GH�IUHFYHQyx�GH�LQWHUHV�HVWH�VXE�IUHFYHQyD�OLPLWx�D�SLVWRQXOXL�

��� ,QWHUDFyLXQHD�PXWXDOx� ÁQWUH� GLIX]RU� wL� GHELWXO� YROXPLF� SULQ� GHVFKLGHUH

SRDWH�IL�QHJOLMDWx�

��� ,QGXFWDQyD� ERELQHL� GLIX]RUXOXL� /
(
�� UHVSHFWLY�&

$(
� �HODVWLFLWDWHD� DFXVWLFx

HFKLYDOHQWx��SRDWH�IL�QHJOLMDWx�

3XWHUHD� DFXVWLFx� GH� LHwLUH� D� VLVWHPXOXL� EDVV�UHIOH[� PRGHODW� FX

FLUFXLWXO� GLQ� ILJXUD� �� HVWH� SXWHUHD� GLVLSDWx� SH� UH]LVWHQyHOH� 5
$5�

� wL� 5
$5�

�
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3HQWUX� PRGHODUHD� DFHVWRU� UH]LVWHQyH� DFXVWLFH� FDUH� VXQW� GDWH� GH�

R R
c

fAR AR1 2
0 22= = ⋅ ⋅ ⋅π ρ

� �I� �� IUHFYHQyD��� DP� XWLOL]DW� GRXx� VXUVH� GH

FXUHQW�FRPDQGDWH�ÁQ�WHQVLXQH�GHILQLWH�FX�FRPDQGD�/$3/$&(�

/XFUDUHD� GH� IDyx� IRORVHwWH� SDUDPHWULL�PHFDQLFL�� DFXVWLFL� wL� HOHFWULFL

REyLQXyL� SULQ� PxVXUxUL� DVXSUD� XQXL� GLIX]RU� g(OHFWURQLFDh� 5�����$� FX

��9$�SXWHUH�QRPLQDOx�wL��Ω�LPSHGDQyx�QRPLQDOx��$SRL�V�D�ÁQFHUFDW�Vx�VH

YDGx�LQIOXHQyD�GLIHULyLORU�SDUDPHWUL�DVXSUD�SXWHULL�DFXVWLFH�GH�LHwLUH�

,QIOXHQyD� HODVWLFLWxyLL� DFXVWLFH� D� DHUXOXL� GLQ� LQFLQWx� �&
$&
�� �GH� IDSW� D

YROXPXOXL� LQFLQWHL�� HVWH� DUxWDWx� ÁQ� ILJXUD� ������ 6H� SRDWH� REVHUYD� FXP

SXWHUHD�DFXVWLFx�GH�LHwLUH�FUHwWH�DWXQFL�FµQG�HODVWLFLWDWHD�DFXVWLFx�D�DHUXOXL

GLQ�LQFLQWx�VFDGH��ÁQVx�FX�SUHyXO�PLFwRUxULL�OxUJLPLL�EHQ]LL�GH�IUHFYHQyx�

,QIOXHQyD� PDVHL� DFXVWLFH� D� WXEXOXL� LQFOX]µQG� wL� PDVD� DFXVWLFx� GH

UDGLDyLH��GH�IDSW�D�VXSUDIHyHL�GHVFKLGHULL�WXEXOXL�wL�D�VHFyLXQLL�DFHVWXLD��HVWH

DUxWDWx� ÁQ� ILJXUD� ������ 6H� SRDWH� REVHUYD� FXP� SXWHUHD� DFXVWLFx� GH� LHwLUH

FUHwWH� OD� VFxGHUHD� PDVHL� DFXVWLFH�� FX� DFHODwL� SUHy�� DO� VFxGHULL� EHQ]LL� GH

IUHFYHQyx�

¡Q� ILJXULOH� ����� wL� ����� VH� SRDWH� REVHUYD� HIHFWXO� PRGLILFxULL

UH]LVWHQyHORU�DFXVWLFH�FH�PRGHOHD]x�SLHUGHULOH�ÁQ�LQFLQWx��DEVRUEyLH��wL�ÁQ�WXE

�IUHFxUL��� (IHFWXO� DVXSUD� SXWHULL� DFXVWLFH� HVWH� DFHODwL�� ÁQ� VHQVXO� VFxGHULL

SXWHULL�OD�FUHwWUHD�UH]LVWHQyHORU�

&RQFOX]LL

3ULQ� DOHJHUHD� HODVWLFLWxyLL� DFXVWLFH� D� DHUXOXL� GLQ� LQFLQWx� wL� D� PDVHL

DFXVWLFH� D� WXEXOXL� LQFOX]µQG� wL� PDVD� DFXVWLFx� GH� UDGLDyLH� �ÁQ� IDSW�� SULQ

DOHJHUHD�YROXPXOXL� LQFLQWHL� wL� D�PDWHULDOXOXL� GH� FDSLWRQDUH� VDX�XPSOHUH� D

LQFLQWHL��UHVSHFWLY�D�GLPHQVLXQLORU�WXEXOXL��DGLFx�D�VXSUDIHyHL�GH�GHVFKLGHUH

D�DFHVWXLD�wL�D�OXQJLPLL�WXEXOXL��SXWHP�REyLQH�XQ�UxVSXQV�SXWHUH�DFXVWLFx�ÁQ
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IXQFyLH� GH� IUHFYHQyx� FµW� PDL� SODW� wL� R� EDQGx� GH� IUHFYHQyx� PDUH� SHQWUX

VLVWHPXO�EDVV�UHIOH[�

)LJXUD�������,QIOXHQyD�OXL�&
$&

)LJXUD�������,QIOXHQyD�OXL�P
$�
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)LJXUD�������,QIOXHQyD�OXL�5
$&

)LJXUD�������,QIOXHQyD�OXL�5
$7
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)LwLHUXO�FLUFXLW

*SIMULAREA INCINTEI CU DESCHIDERE (BASS-REFLEX)
V1 1 0 dc 0 ac 5 sin (0 0 500)
RAE 1 2 17K
RAS 2 3 13.68K
CAS 4 5 1.54u
LAS 3 4 13.4
LAC 5 6 2
**LAC 5 6 {X}
**.param X=2
**.step param X 0.1 5.1 0.5
G1 6 11 LAPLACE {V(6,11)}={-1/(0.0006*s*s+0.000000000000001)}
Rsurs1 6 11 10000000000T
LAR1 11 7 2
**LAR1 11 7 {H}
**.param H=3
**.step param H 0.1 5.1 0.5
RAC 7 8 25
**RAC 7 8 {Y}
**.param Y=50
**.step param Y 50 500 50
CAC 8 0 1.07u
** CAC 8 0 {Z}
**.param Z=0.6u
**.step param Z 0.5u 2.5u 0.5u
LAT 7 9 25
** LAT 7 9 {W}
**.param W=15
**.step param W 15 35 5
RAT 9 10 100
** RAT 9 10 {W}
**.param W=50
**.step param W 50 1600 300
LAR2 10 12 0.01
G2 12 0 LAPLACE {V(12,0)}={-1/(0.0006*s*s+0.000000000000001)}
Rsurs2 12 0 10000000000T
.ac dec 500 16 600;
.probe V(11,6) V(0,12) I(Lar1) I(Lar2)
.end
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6LPXODUHD�IRORVLQG�SURJUDPXO�$N$EDN6LPXODUHD�IRORVLQG�SURJUDPXO�$N$EDN

$N$EDN� HVWH� XQ� SURJUDP� GH� VLPXODUH� SURIHVLRQDOx� D� UHyHOHORU

HOHFWUR�PHFDQR�DFXVWLFH� UHDOL]DW� GH� -�:�� 3DQ]HU� 	� 3DUWQHU�� (VWH� VSHFLDO

UHDOL]DW� SHQWUX� DQDOL]D� wL� SURLHFWDUHD� VLVWHPHORU� FX� GLIX]RDUH�� VLPXOµQG

ÁQWUHJXO� VLVWHP��GH� OD�JHQHUDWRUXO�GH�VHPQDO�SµQx� OD�SXQFWXO�GH�DVFXOWDUH�

ILOWUH��GLIX]RDUH��UHyHOH�DFXVWLFH��HOHPHQWH�UDGLDQWH�wL�PHGLXO�ÁQFRQMXUxWRU�

$N$EDN�HVWH�XQ�SURJUDP�SHQWUX�VLVWHPXO�GH�RSHUDUH�:LQGRZV�����

QHFHVLWµQG���0ELyL�SH�GLVF�wL���0ELyL�GH�5$0��,QWHUIDyD�SULHWHQRDVx�IDFH�FD

LQWURGXFHUHD� HOHPHQWHORU� ÁQ� VLVWHP� Vx� VH� IDFx� IRDUWH� XwRU�� DSURDSH� WRDWH

FDOFXOHOH�QHFHVDUH�ILLQG�UHDOL]DWH�GH�SURJUDP�ÁQ�PRG�DXWRPDW��)LLQG�UHDOL]DW

SHQWUX�VLPXODUHD�FLUFXLWHORU�DFXVWLFH��HOHPHQWHOH�X]XDOH��GLIX]RDUH��LQFLQWH�

UDGLDWRDUH�� ILOWUH� HOHFWULFH� SHQWUX� GLIX]RDUH�� VXQW� IRDUWH� XwRU� GH� LQWURGXV

DYµQG�PRGHOHOH�SUHGHILQLWH�

3URJUDPXO� GLVSRQLELO� ÁQ� ODERUDWRU� HVWH� R� YDULDQWx� GHPRQVWUDWLYx�

7RDWH�IDFLOLWxyLOH�SURJUDPXOXL�VXQW� IXQFyLRQDOH� ÁQVx�YDORULOH�QXPHULFH�FDUH

SRW�IL�LQWURGXVH�VXQW�OLPLWDWH��6H�SRW�XWLOL]D�GRDU�YDORULOH���������������������

�����������������������wL�SXWHUL�DOH�QXPHUHORU�������������$FHVW�OXFUX�UHGXFH

GUDVWLF� YDORDUHD� SUDFWLFx� D� SURJUDPXOXL� ÁQVx� DFHVWD� UxPµQH� XQ� H[FHOHQW

PDWHULDO�GLGDFWLF�

3HQWUX�LQWURGXFHUHD�XQXL�GLIX]RU�GH�MRDVH�VXQW�QHFHVDUH�XUPxWRDUHOH

PxULPL�� I�6� �� IUHFYHQyD�GH� UH]RQDQyx�D�GLIX]RUXOXL� OLEHU��4HV
� �� IDFWRUXO�GH

FDOLWDWH�HOHFWULF���4PV���IDFWRUXO�GH�FDOLWDWH�PHFDQLF��5H���UH]LVWHQyD�HOHFWULFx

D� GLIX]RUXOXL�� /H� �� LQGXFWDQyD� GLIX]RUXOXL�� 9DV� �� HODVWLFLWDWHD� DFXVWLFx

HFKLYDOHQWx�D�DHUXOXL�GLQ�LQFLQWx��9E���YROXPXO�LQFLQWHL��4E�IE���IDFWRUXO�GH

FDOLWDWH�DO� LQFLQWHL�� IE� �� IUHFYHQyD�GH� UH]RQDQyx�D�GHVFKLGHULL� �EDVV�UHIOH[��

G'���GLDPHWUXO�ED]HL�FRQXOXL�GLIX]RUXOXL�
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7RyL�DFHwWL�SDUDPHWUL�SRW� IL�XwRU�GHWHUPLQDyL�SUDFWLF�SULQ�PxVXUxWRUL

DVXSUD�XQXL�GLIX]RU��YH]L�OXFUDUHD����

9RP� SUH]HQWD� ÁQ� FRQWLQXDUH� UH]XOWDWHOH� VLPXOxULL� XQXL� GLIX]RU� GH

MRDVH� FDUDFWHUL]DW� GH� IRV ��+]�� 4HV ����� 4PV ����� 5H �Ω�� /H �P+�

G' ��FP��H[FXUVLD�PD[LPx�ξPD[ �PP�

'HRDUHFH� SURJUDPXO� SUHYHGH� QXPDL� SRVLELOLWDWHD� XWLOL]xULL

GLIX]RDUHORU�ÁQ�LQFLQWH��SHQWUX�D�SXWHD�VLPXOD�GLIX]RUXO�OLEHU�YRP�FRQVLGHUD

GLIX]RUXO�SXV� ÁQWU�R� LQFLQWx�FX�YROXPXO�9E ����P
���5H]XOWDWHOH� VLPXOxULL

VXQW� FHOH� SUH]HQWDWH� ÁQ� ILJXUD� ����� �SUHVLXQHD� DFXVWLFx�� wL� ILJXUD� ����

�SXWHUHD�DFXVWLFx�WRWDOx��

23. EXEMPLU, Acoustic Pressure Level AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020

53

56
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61
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66
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71

74

76

79

Frequency Hz

dB
Uin=1V, Distance=1m

Horiz.=0, Vert.=0

)LJXUD�������3UHVLXQHD�DFXVWLFx�OD�LQFLGHQyx�QRUPDOx��OD�GLVWDQyD

GH���P��WHQVLXQH�GH�VHPQDO��9

3XWHUHD�DFXVWLFx� WRWDOx� OD�R�DQXPLWx� IUHFYHQyx�VH�REyLQH� yLQµQG�FRQW

GH�XQGHOH�VRQRUH�HPLVH�ÁQ�IDyx�GH�GLIX]RU��SH�XQ�IURQW�GH�XQGx�VHPLVIHULF�

OXµQG� ÁQ� FDOFXO� wL� FDUDFWHULVWLFD� GH� GLUHFWLYLWDWH� D� GLIX]RUXOXL�� $VWIHO� VH

H[SOLFx�FxGHUHD�PDL�EUXVFx� OD� IUHFYHQyH� ÁQDOWH� D�SXWHULL� DFXVWLFH� WRWDOH� �OD

IUHFYHQyH�PDUL�wL�XQJKLXUL�GH�LQFLGHQyx�GLIHULWH�GH���GLUHFWLYLWDWHD�HVWH�PXOW

UHGXVx��
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9. EXEMPLU, Total Acoustical Power Level AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020

43

47

50

54

57

61

65

68

72

75

79

Frequency Hz

dB
Uin=1V

Cross integral 50%

)LJXUD�������3XWHUHD�DFXVWLFx�WRWDOx��WHQVLXQH�GH�VHPQDO��9
26. EXEMPLU, Total Input Impedance Amplitude AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020
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)LJXUD�������,PSHGDQyD�GH�LQWUDUH�D�GLIX]RUXOXL�OLEHU
24. EXEMPLU, Total Input Impedance Amplitude AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020

4
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7

9

11

13

14
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Frequency Hz

ohm
Zin of all systems

)LJXUD�������,PSHGDQyD�GH�LQWUDUH�D�GLIX]RUXOXL�ÁQ�LQFLQWx�FX�9E ��GP
�
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¡Q� ILJXUD� ������ VH� SRDWH� REVHUYD� YDULDyLD� LPSHGDQyHL� GH� LQWUDUH�

REVHUYµQGX�VH� UH]RQDQyD� OD� ��+]� �YH]L� wL� OXFUDUHD� ���� ¡Q� FD]XO� ÁQ� FDUH

PRQWxP� GLIX]RUXO� ÁQWU�R� LQFLQWx� FX� YROXPXO� 9E ��GP
��� 6H� REVHUYx

PXWDUHD�UH]RQDQyHL�OD�R�IUHFYHQyx�PDL�PDUH��≈��+]���ILJXUD�������

9RP�DQDOL]D�ÁQ�FRQWLQXDUH�FD]XO�DFHOXLDwL�GLIX]RU��PRQWDW�ÁQVx�ÁQWU�R

LQFLQWx�FX�GHVFKLGHUH��9ROXPXO�LQFLQWHL�UxPµQH�OD�YDORDUHD�9E ��GP
��wL�VH

SUDFWLFx�R�GHVFKLGHUH�FRUHVSXQ]xWRDUH�XQHL�IUHFYHQyH�GH�UH]RQDQyx�IE ��+]

�SHUPLVx�GH�SURJUDP�wL�DSURSLDWx�GH� IUHFYHQyD�GH� UH]RQDQyx�D�GLIX]RUXOXL

OLEHU��
37. EXEMPLU, Total Input Impedance Amplitude AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020

4

6

7

9
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13

14

16
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21

Frequency Hz

ohm
Zin of all systems

)LJXUD��������,PSHGDQyD�GH�LQWUDUH�D�VLVWHPXOXL�EDVV�UHIOH[
41. EXEMPLU, Total Input Impedance Amplitude AkAbak (R)

200170140120100959080706050454035302520

4 4

6 6

7 7

9 9

11 11

13 13

14 14

16 16

18 18

19 19

21 21

Frequency Hz

ohm ohm
Zin of all systems

40. EXEMPLU, Total Input Impedance Amplitude
; Zin of all systems

)LJXUD��������5H]RQDQyHOH�SHQWUX�EDVV�UHIOH[�wL�SHQWUX�GLIX]RUXO�OLEHU
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6H�SUH]LQWx�ÁQ�ILJXUD�������LPSHGDQyD�GH�LQWUDUH�D�GLIX]RUXOXL�PRQWDW

ÁQ� LQFLQWD� FX� GHVFKLGHUH� REVHUYµQGX�VH� FHOH� GRXx� PD[LPH� SUHYx]XWH� ÁQ

WHRULH�� ¡Q� ILJXUD� ������ VXQW� VXSUDSXVH� UH]RQDQyHOH� DSxUXWH� ÁQ� JUDILFXO

LPSHGDQyHL� GH� LQWUDUH�SHQWUX�GLIX]RUXO� OLEHU� wL� SHQWUX�GLIX]RUXO�PRQWDW� ÁQ

LQFLQWD�FX�GHVFKLGHUH�

¡Q� FRQWLQXDUH� VH� SUH]LQWx� FDUDFWHULVWLFD� GH� IUHFYHQyx� D� SUHVLXQLL

DFXVWLFH� OD� GLVWDQyD� GH� �P�� LQFLGHQyx� QRUPDOx� �ILJXUD� ������� wL� D� SXWHULL

DFXVWLFH�WRWDOH��ILJXUD���������FX�DFHHDwL�REVHUYDyLH�FD�ÁQ�FD]XO�ILJXULL�������

DPEHOH�SHQWUX�R�WHQVLXQH�GH�VHPQDO�GH��9�
36. EXEMPLU, Acoustic Pressure Level AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020
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Frequency Hz

dB
Uin=1V, Distance=1m

Horiz.=0, Vert.=0

)LJXUD��������3UHVLXQHD�DFXVWLFx�DVLJXUDWx�GH�VLVWHPXO�EDVV�UHIOH[
7. EXEMPLU, Total Acoustical Power Level AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020

40

44

48

52

56
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64

68

72

76

80

Frequency Hz

dB
Uin=1V

Cross integral 50%

)LJXUD��������3XWHUHD�DFXVWLFx�WRWDOx�D�VLVWHPXOXL�EDVV�UHIOH[
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¡Q�ILJXUD�������SXWHP�REVHUYD�ÁPEXQxWxyLUHD�UxVSXQVXOXL�OD�IUHFYHQyH

MRDVH�ÁQ�FD]XO�XWLOL]xULL�VLVWHPXOXL�EDVV�UHIOH[��FDUDFWHULVWLFx�FDUH�FRQVWLWXLH

DYDQWDMXO�FH�GXFH�OD�XWLOL]DUHD�H[WLQVx�D�DFHVWHL�LQFLQWH�
47. EXEMPLU, Acoustic Pressure Level AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020

40 40

45 45

50 50

55 55

60 60

65 65

70 70

75 75

80 80

85 85

90 90

Frequency Hz

dB dB
Uin=1V, Distance=1m

Horiz.=0, Vert.=0

48. EXEMPLU, Acoustic Pressure Level
Uin=1V, Distance=1m; Horiz.=0, Vert.=0

)LJXUD��������¡PEXQxWxyLUHD�UxVSXQVXOXL�OD�MRDVx�IUHFYHQyx�ÁQ�FD]XO

XWLOL]xULL�VLVWHPXOXL�EDVV�UHIOH[
44. EXEMPLU, Directivity Pattern Level AkAbak (R)

0-15-30-45-60-75-90 0 15 30 45 60 75 90

75 -1

75.4 6.2

75.8 13.4

76.2 20.6

76.6 27.8

77 35

77.4 42.2

77.8 49.4

78.2 56.6

78.6 63.8

79 71

Listening angle °

dB dB
Uin=1V, Distance=1m

Horiz.-Frequ.=60Hz

Horiz.-Frequ.=1kHz

46. EXEMPLU, Directivity Pattern Level
Uin=1V, Distance=1m; Horiz.-Frequ.=10kHz

)LJXUD��������&DUDFWHULVWLFL�GH�GLUHFWLYLWDWH�DOH�VLVWHPXOXL�EDVV�UHIOH[

'HRDUHFH� DP� PHQyLRQDW� LPSRUWDQyD� FDUDFWHULVWLFLL� GH� GLUHFWLYLWDWH

SHQWUX�FDOFXOXO�SXWHULL�DFXVWLFH�WRWDOH�YRP�SUH]HQWD�FDUDFWHULVWLFD�GLQ�ILJXUD

�������6H�REVHUYx�FRPSRUWDUHD�RPQLGLUHFyLRQDOx�D�GLIX]RUXOXL�OD�IUHFYHQyH

MRDVH����+]���/D�IUHFYHQyH�PHGLL���.+]��HIHFWXO�HVWH�GHVWXO�GH�UHGXV�ÁQVx

OD� IUHFYHQyH� ÁQDOWH� ���.+]�� VH� REyLQ� YDORUL� DOH� SUHVLXQLL� DFXVWLFH� PXOW



(OHFWURDFXVWLF?���aQGUXPDU�GH�ODERUDWRU

���

UHGXVH� �RUGRQDWD� FRUHVSXQ]xWRDUH� HVWH� FHD� GLQ� GUHDSWD�� YDORULOH� QLYHOXOXL

ILLQG�PXOW�PDL�PLFL���DYµQG�SROL�SHQWUX�DQXPLWH�XQJKLXUL�GH�LQFLGHQyx�

¡Q� ILQDO� YRP� SUH]HQWD� FD]XO� VLPXOxULL� XQXL� VLVWHP� FRPSOH[�� FH

FRQyLQH�XQ�GLIX]RU�GH�MRDVH��gZRRIHUh���XQXO�GH�IUHFYHQyH�ÁQDOWH��gWZHHWHUh�

ÁPSUHXQx�FX�ILOWUHOH�GH�VHSDUDyLH�FRUHVSXQ]xWRDUH��PRQWDWH�ÁQWU�R�LQFLQWx�FX

GHVFKLGHUH��3HQWUX�DFHVW�VLVWHP�YRP�SUH]HQWD�FDUDFWHULVWLFD�GH�IUHFYHQyx�D

SXWHULL�DFXVWLFH� WRWDOH��ILJXUD��������wL�D�SUHVLXQLL�DFXVWLFH� �ILJXUD��������

9RP�SUH]HQWD�GH�DVHPHQHD�FDUDFWHULVWLFLOH�GH�LQWUDUH�D�LPSHGDQyHORU�FHORU

GRXx�GLIX]RDUH��FD�R�MXVWLILFDUH�D�XWLOL]xULL�FHORU�GRXx�GLIX]RDUH�OD�GRPHQLL

GH�IUHFYHQyx�GLIHULWH��ILJXUD��������
6. DEMO5, Total Acoustical Power Level AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020
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68

72
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Frequency Hz

dB
Uin=1V

Cross integral 50%

)LJXUD��������&DUDFWHULVWLFD�GH�IUHFYHQyx�D�SXWHULL�DFXVWLFH�WRWDOH
5. DEMO5, Acoustic Pressure Level AkAbak (R)
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Uin=1V, Distance=1m
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)LJXUD��������&DUDFWHULVWLFD�GH�IUHFYHQyx�D�SUHVLXQLL�DFXVWLFH��GLVWDQyD��P�
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2. DEMO5, Network Impedance Amplitude AkAbak (R)

20k14k9k6k4k3k2k1k70050030020010070503020
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)LJXUD��������,PSHGDQyHOH�GH�LQWUDUH�DOH�FHORU�GRXx�GLIX]RDUH

3UH]HQWxP� ÁQ� FRQWLQXDUH� ILwLHUXO� VXUVx� �VFULSW��� UHPDUFµQGX�VH

VLPSOLWDWHD�GHVFULHULL�XQXL�VLVWHP�GHVWXO�GH�FRPSOH[�

|Diffraction of finite baffle with
|width and height 20cm x 50cm

|Simulation e.g.: Sum/Acoustic Pressure

Def_BassUnit   'B1'
  fs=50Hz  Vas=10L
  Qms=1  Qes=0.5  Re=5ohm  Le=1mH
  dD=10cm   dD1=2cm  tD1=1cm fp=2000Hz
  Xmss=5mm
  Vb=10L  Qb/fo=0.1

Def_Speaker   'S1'
  dD=2cm  tD1=5mm   |Convex Dome
  t1=2mm  fp=10kHz
  fs=2kHz  Mms=0.5g
  Qms=1  Qes=1  Re=5ohm  Le=50uH

System 'woofer'
  BassUnit   Def='B1'
    Node=1=0
    x=0  y=-10cm  z=0  HAngle=0  VAngle=0
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    WEdge=20cm  HEdge=50cm
  Filter 
    fo=5kHz
    {b0=1;  |Changed in contrast to documentation
     a2=1;  a1=1.414214;  a0=1;  }

System  'tweeter'
  Speaker   Def='S1'
    Node=1=0
    x=0  y=0  z=0  HAngle=0  VAngle=0 
    WEdge=20cm  HEdge=50cm
  Filter 
    fo=5kHz
    {b2=1; 
     a2=1;  a1=1.414214;  a0=1;  }

&RQFOX]LL

3ULQ�VLPXOxULOH�SUH]HQWDWH�VH�SRDWH�YHULILFD�IXQFyLRQDUHD�XQXL�VLVWHP

EDVV�UHIOH[� REVHUYµQGX�VH� REyLQHUHD� FRPSRUWxULL� SUHYx]XWH� GH� WHRULH�� ÁQ

VHQVXO� ÁPEXQxWxyLULL� FRPSRUWxULL� OD� IUHFYHQyH� MRDVH�� 6H� SRDWH� REVHUYD� GH

DVHPHQHD� XwXULQyD� XWLOL]xULL� DFHVWXL� SURJUDP� SHQWUX� DQDOL]D� XQXL� VLVWHP

GHVWXO� GH� FRPSOH[��'HVFULHUHD� VH� IDFH� ÁQ� GHVWXO� GH� SXyLQH� LQVWUXFyLXQL�� OD

VFULHUHD� FxURUD� SURJUDPXO� $N$EDN� FRQWULEXLH� FX� QLwWH� gDVLVWHQyLh� IRDUWH

XwRU�GH�IRORVLW�
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/8&5$5($�15����/8&5$5($�15����

6,67(0(��'(��5('8&(5(��$��=*20278/8,6,67(0(��'(��5('8&(5(��$��=*20278/8,

6,67(08/��'2/%<6,67(08/��'2/%<

6LVWHPHOH� FRPSOHPHQWDUH� GH� UHGXFHUH� D� ]JRPRWXOXL� SUHOXFUHD]x

VHPQDOXO� DWµW� OD� ÁQUHJLVWUDUH�� FµW� wL� OD� UHGDUH�� /D� ÁQUHJLVWUDUH� VH� IDFH� R

FRPSUHVLH� D� VHPQDOXOXL�� UHGXFµQGX�VH� QLYHOHOH�PDUL�� /D� UHGDUH� DUH� ORF� R

SUHOXFUDUH� LQYHUVx� DWHQXµQGX�VH� QLYHOHOH� PLFL�� ¡Q� IHOXO� DFHVWD� HVWH� UHGXV

]JRPRWXO�IxUx�Vx�VH�DIHFWH]H�VSHFWUXO�VHPQDOXOXL��'LQ�DFHDVWx�FDWHJRULH�IDF

SDUWH� VLVWHPHOH� 'ROE\�� +,*+�&20� �FUHDW� GH� ILUPD� 7HOHIXQNHQ��� $156

�-9&���GE[��GE[�LQFRUSRUDWHG���6XSHU�'��6DQ\R���$GUHVV��7RVKLED���HWF�

9RP� SUH]HQWD� ÁQ� FRQWLQXDUH� ÁQ� GHWDOLX� VLVWHPXO� 'ROE\�� &UHwWHUHD

UDSRUWXOXL�VHPQDO�]JRPRW�DO�ÁQUHJLVWUxUXLL�GXSx�XQ�SURFHGHX�GH�FRPSUHVLH

OD� ÁQUHJLVWUDUH� wL� H[WHQVLH� OD� UHGDUH� HVWH� LOXVWUDWx� ÁQ� GLDJUDPD� GLQ� ILJXUD

������6H�REVHUYx�R�FUHwWHUH�FX�FLUFD��÷���G%�

'LQDPLFD
PRGXODyLHL

'LQDPLFD
EHQ]LL 'LQDPLFD

OD�UHGDUH

�G%

���

���

���

���

���
FRPSUHVLH
ÁQUHJLVWUDUH

H[WHQVLH
UHGDUH

]JRPRW

)LJXUD������'LQDPLFD�VLVWHPHORU�GH�UHGXFHUH�D�]JRPRWXOXL�FX
FRPSUHVLH�OD�ÁQUHJLVWUDUH�wL�H[WHQVLH�OD�UHGDUH
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8QXO�GLQ�VLVWHPHOH�GH�UHGXFHUH�D�]JRPRWXOXL�ED]DW�SH�FRPSDQGDUHD

QHOLQLDUx� VHOHFWLYx� HVWH� VLVWHPXO� 'ROE\� %�� $FHVWD� OXFUHD]x� ÁQ� GRPHQLXO

���÷������ +]� wL� SURGXFH� R� DPHOLRUDUH� D� UDSRUWXOXL� VHPQDO�]JRPRW� GH

�÷��G%��0RGXO�ÁQ�FDUH�DUH�ORF�H[SDQGDUHD�VHPQDOHORU�PHGLL�ÁQDOWH�IXQFyLH

GH�QLYHOXO�ORU�HVWH�UHSUH]HQWDW�ÁQ�ILJXUD������
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)LJXUD�������$OJRULWPXO�'ROE\

0xULUHD� VHPQDOXOXL� GH� LQWUDUH� HVWH� PD[LPx� SHQWUX� QLYHO� PLQLP� wL

IUHFYHQyH� ÁQDOWH� �XQGH� ]JRPRWXO� HVWH� PDL� LPSRUWDQW��� 3UHOXFUDUHD

VHPQDOHORU� ÁQ� DFHVW�PRG� SRDWH� IL� XUPxULWx� SH� VFKHPHOH� EORF� GLQ� ILJXULOH

����D�wL�����E�

&DOH�GLUHFWx

&LUFXLW�DX[LOLDU
'ROE\

%

$ $ $�%
&DOH�GLUHFWx

&LUFXLW�DX[LOLDU
'ROE\

�%

$�% $$�%

D��¡QUHJLVWUDUH E��5HGDUH

)LJXUD�������6FKHPD�EORF�D�VLVWHPXOXL�'ROE\

6HPQDOXO�RULJLQDO�FH�WUHEXLH�ÁQUHJLVWUDW�VH�DSOLFx�SH�R�FDOH�SH�R�FDOH

GLUHFWx��FDUH�UHDOL]HD]x�R�DPSOLILFDUH�XQLIRUPx��XQXL�VXPDWRU��VHPQDOXO�$��

¡Q�DFHODwL�WLPS�XQ�FLUFXLW�DX[LOLDU�VHOHFWHD]x�FRPSRQHQWHOH�FX�DPSOLWXGLQH
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PLFx�wL�IUHFYHQyx�PDUH��QRWDW�VHPQDOXO�%��wL�VH�DSOLFx�DFHOXLDwL�VXPDWRU��6H

YD�ÁQUHJLVWUD�SH�EDQGx�VHPQDOXO�$�%�

/D�UHGDUH�VHPQDOXO�YD�IL�DSOLFDW�WRW�SH�GRXx�FxL��XQD�GLUHFWx��FDUH�YD

IXUQL]D�VXPDWRUXOXL� VHPQDOXO�$�%��wL�XQD�HFKLSDWx�FX�XQ�FLUFXLW� DX[LOLDU�

FDUH�YD�IXUQL]D�VHPQDOXO��%��/D�LHwLUH�VH�YD�REyLQH�VHPQDOXO�RULJLQDO�$�FX

]JRPRW�UHGXV�

&LUFXLWXO�DX[LOLDU�VH�FRPSXQH��GXSx�FXP�VH�REVHUYx�GLQ�ILJXUD������

GLQWU�XQ�ILOWUX�WUHFH�VXV�)
�
��HOLPLQµQGX�VH�FRPSRQHQWHOH�GH�IUHFYHQyx�MRDVx

DOH�VHPQDOXOXL� DXGLR�XWLO��6HPQDOXO� FH�FRQyLQH�QXPDL�FRPSRQHQWH�PHGLL�

ÁQDOWH�HVWH�DSRL�DSOLFDW�XQXL�QRX�ILOWUX�WUHFH�VXV�)
�
���$FHVWD�DUH�DWHQXDUHD�ÁQ

EDQGx� FRPDQGDWx� ÁQ� IXQFyLH� GH� QLYHOXO� VHPQDOHORU� PHGLL�ÁQDOWH� �$
�

UHGUHVRU�� LQWHJUDWRU��� $VWIHO�� OD� QLYHOH� PDUL� WHQVLXQHD� OD� LHwLUHD

LQWHJUDWRUXOXL� HVWH�PDUH� wL� EORFKHD]x� ILOWUXO� )
�
�� OD� LHwLUHD� DPSOLILFDWRUXOXL

$
�
� VHPQDOXO� ILLQG� QXO�� 6HPQDOHOH� PLFL� FX� IUHFYHQyH� ÁQDOWH� GHWHUPLQx

GHVFKLGHUHD�DFHVWXL�ILOWUX�wL�VH�REyLQH�OD�LHwLUH�VHPQDOXO�%�

)76�

,QWHJUDWRU
QHOLQLDU

)76� $�

$�

)LJXUD�������6FKHPD�EORF�D�FLUFXLWXOXL�DX[LOLDU

$PSOLILFDWRUXO� GH� UHGDUH� WUHEXLH� UHJODW� OD� QLYHOXO� GH� UHIHULQyx� wL

FDUDFWHULVWLFD� GH� IUHFYHQyx� FX� R� EDQGx� HWDORQ�� 6H� SXQ� SUREOHPH� GH

FRPSDWLELOLWDWH�D�ÁQUHJLVWUxULORU�

6FKHPD�EORF�FRPSOHWx�D�VLVWHPXOXL�'ROE\�%�HVWH�SUH]HQWDWx�ÁQ�ILJXUD

������LDU�VFKHPD�HOHFWULFx�JHQHUDOx�ÁQ�ILJXUD������
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3HUIRUPDQyHOH� WLSLFH� DOH� VFKHPHL� HOHFWULFH� SUH]HQWDWH� VXQW

XUPxWRDUHOH�

• FXUHQW�PD[LP�DEVRUELW��YDULDQWD�VWHUHR�����P$�

• UHGXFHUHD�]JRPRWXOXL��≥��G%�

• QLYHOXO�GH�OLPLWDUH��GHDVXSUD�QLYHOXOXL�'ROE\�VWDELOLW������G%�

• UDSRUW�VHPQDO�]JRPRW��≥��G%�

• GLVWRUVLXQL�PD[LPH��7+'≤�����

�$�

�±%�

(WDM

,QWUDUH

)LOWUX

��.+]

(WDM��

$PSOLILFDUH

(WDM

,HwLUH

(WDM

6XPx�'LIHUHQyx

)76�FRPDQGDW

ÁQ�WHQVLXQH

(WDM��

$PSOLILFDUH

5HGUHVRU

,QWHJUDWRU

,QGLFDWRU

QLYHO

.
�

.
�

.
�

,QWUDUH

,HwLUH

)LJXUD�������6FKHPD�EORF�FRPSOHWx�D�VLVWHPXOXL�'ROE\

(WDMXO�GH�LQWUDUH�FRQyLQH�WUDQ]LVWRUXO�7��wL�DUH�XUPxWRDUHOH�IXQFyLXQL�

• DVLJXUx� DGDSWDUHD� GLQWUH� LPSHGDQyD� GH� LHwLUH� D� VXUVHL� GH� VHPQDO� wL

LPSHGDQyD�GH�LQWUDUH�

• DGDSWDUHD�GH�LPSHGDQyx�OD�ILOWUXO�GH���.+]��DGLFx�R�LPSHGDQyx�GH�LHwLUH

VFx]XWx��

• UHDOL]DUHD� XQHL� DPSOLILFxUL� LQLyLDOH� D� VHPQDOXOXL� ÁQ� VFRSXO� FRPSHQVxULL

DWHQXxULL�LQWURGXVH�GH�ILOWUXO�GH���.+]�

• SRVLELOLWDWHD� UHJODMXOXL� GH� QLYHO� DO� VHPQDOXOXL� DXGLR� XWLO� ÁQ� VFRSXO

VWDELOLULL�QLYHOXOXL�RSWLP�GH�SUHOXFUDUH�

6HPQDOXO�DXGLR�XWLO�DPSOLILFDW�GH�FxWUH�HWDMXO�GH�LQWUDUH�HVWH�SUHOXDW

GLQ� FROHFWRUXO� WUDQ]LVWRUXOXL� 7�� wL� SULQ� LQWHUPHGLXO� ERELQHL� /��� DSOLFDW

ILOWUXOXL�GH���.+]��(O�D� IRVW�SUHYx]XW� ÁQ�VFRSXO�HOLPLQxULL�FRPSRQHQWHORU

GH�IUHFYHQyx�XOWUDVRQRUx�GLQ�VSHFWUXO�VXUVHL�GH�VHPQDO�DXGLR�XWLO�
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'DWRULWx� DFHVWXL� IDSW�� FRQHFWDUHD� ÁQ� ODQyXO� EORFXULORU� IXQFyLRQDOH� D

ILOWUXOXL� GH� ��.+]� �DFyLRQDUHD� FRPXWDWRUXOXL� .�� SH� SR]LyLD� ����� HVWH

REOLJDWRULH� DWXQFL� FµQG� VXUVD� VHPQDOXOXL� DXGLR� XWLO� GHVWLQDW� ÁQUHJLVWUxULL

SRDWH�SUH]HQWD�FRPSRQHQWH�GH�IUHFYHQyx�XOWUDVRQRUx��)LOWUXO�GH���.+]�HVWH

UHDOL]DW�ÁQVHULLQG�/��&��FX�/��&�
�&

�
��&DUDFWHULVWLFD�ILOWUXOXL�HVWH�SUH]HQWDWx

ÁQ�ILJXUD������

6H� REVHUYx� Fx

DFyLXQHD� ILOWUXOXL

ÁQFHSH� GH� OD� IUHFYHQyD

GH����.+]��6H�REyLQH�R

DWHQXDUH� GH� ��G%� OD

��.+]� wL� GH� FLUFD� ��

G%� OD� ��� .+]

�DWHQXDUHD� VHPQDOXOXL

VWHUHR� SLORW� FDUH� DU

SXWHD� DSDUH� GH� OD� XQ

UDGLRUHFHSWRU��

7RWRGDWx�� ÁQ� ]RQD� EHQ]LL� GH� IUHFYHQyx� ������.+]� �SURSULH� FXUHQWXOXL� GH

SUHPDJQHWL]DUH�GH�OD�XQ�PDJQHWRIRQ�VDX�FDVHWRIRQ��DWHQXDUHD�IXUQL]DWx�GH

ILOWUX�HVWH�GH�FLUFD���G%�

)LOWUXO� GH� ���.+]� SRDWH� IL� GHPRQWDW� GLQ�PRQWDM� DWXQFL� FµQG� VXUVD

VHPQDOXOXL� DXGLR� XWLO� QX� GHyLQH� FRPSRQHQWH� GH� IUHFYHQyx� XOWUDVRQRUx� �GH

H[HPSOX� VHPQDOXO� DXGLR� IXUQL]DW� GH� SLFN�XS��� 'HFRQHFWDUHD� ILOWUXOXL� VH

UHDOL]HD]x�DFyLRQµQG�FRPXWDWRUXO�.�
�SH�SR]LyLD�����

6HPQDOXO�DXGLR�XWLO�HVWH�SUHOXDW�GH�OD�LHwLUHD�ILOWUXOXL�SULQ�LQWHUPHGLXO

FRQGHQVDWRUXOXL�&�
�wL�HVWH�DSOLFDW�HWDMXOXL�GH�DPSOLILFDUH�$

�
��$FHVWD�FRQyLQH

WUDQ]LVWRDUHOH�7
�
�wL�7

�
�wL�HVWH�SURLHFWDW�SHQWUX�XUPxWRDUHOH�IXQFyLXQL�
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)LOWUX���.+]
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)LJXUD�������&DUDFWHULVWLFLOH�ILOWUXOXL�GH����.+]
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• DPSOLILFDUH� IRDUWH�PDUH� ÁQ� ÁQWUHDJD�EDQGx�� DPSOLILFDUH� OLPLWDWx� ÁQ� ILQDO

GH�R�EXFOx�GH�UHDFyLH�QHJDWLYx��A
R

R
= 11

12

��

• LPSHGDQyx�GH�LHwLUH�UHGXVx�

• GLVWRUVLXQL�ÁQ�EDQGD�DXGLR�PLQLPH�

(WDMXO� GH� DPSOLILFDUH� $
�
� FRPSHQVHD]x� DWHQXDUHD� VHPQDOXOXL� DXGLR

XWLO� LQWURGXVx� GH� ILOWUXO� GH� ��� .+]�� DVLJXUµQG� ÁQ� DFHODwL� WLPS� QLYHOXO

WHQVLXQLL�SUHYx]XWH�SHQWUX�SUHOXFUDUHD�RSWLPx��QXPLW�QLYHO�'ROE\��FDUH�DUH

YDORDUHD�GH�����P9��SXQFWXO�0�GLQ�VFKHPD�HOHFWULFx���5HJODMXO�VHPQDOXOXL

DXGLR� XWLO� OD� DFHVW� QLYHO� VH� IDFH� FX� DMXWRUXO� SRWHQyLRPHWUXOXL� 5
�
�� ¡Q� DFHVW

VFRS�VH�XUPxUHwWH�LQGLFDyLD�98�PHWUHORU�SURSULL�EORFXOXL�LQGLFDWRU�GH�QLYHO�

3DUWHD� GH� VHPQDO� DXGLR� FDUH� XUPHD]x� D� IL� DGxXJDW� VDX� VFx]XW� GLQ

VHPQDOXO�LQLyLDO��ÁQ�VFRSXO�SUHOXFUxULL�DFHVWXLD�FRQIRUP�DOJRULWPXOXL�'ROE\�

HVWH�JHQHUDWx�GH�ILOWUXO� WUHFH�VXV�FRPDQGDW� ÁQ� WHQLXQH��)76&7���%DQGD�GH

WUHFHUH�D�)76&7�HVWH�UHJOHPHQWDWx�LQLyLDO�GH�XQ�ILOWUX�WUHFH�VXV�GH�WLS�5&�

IRUPDW�GLQ�5
�
��&

��
�wL�&

��
��)UHFYHQyD�GH�WxLHUH�D�DFHVWXL�ILOWUX�WUHFH�VXV�HVWH

GH�����.+]��6x�SUHVXSXQHP� LQLWLDO� OLSVD� OXL�&
��
��5H]LVWHQyD�5

�
� IRUPHD]x

ÁPSUHXQx�FX�UH]LVWHQyD�GUHQx�VXUVx� UGV� D� WUDQ]LVWRUXOXL�7�
� �GH� WLS�)(7��XQ

DWHQXDWRU�FRPDQGDW�ÁQ�WHQVLXQH��7HQVLXQHD�GH�FRPDQGx�D�DFHVWXL�DWHQXDWRU

VH� REyLQH� GH� OD� EORFXO� UHGUHVRU� LQWHJUDWRU�� )xUx� R� WHQVLXQH� FRQWLQXx� GH

FRPDQGx�DSOLFDWx�SH�JULOD� OXL�7
�
� VDX� OD�QLYHOH� IRDUWH�PLFL�GH� WHQVLXQH�� UGV

DUH�YDORUL�GH�RUGLQXO�D��÷��0Ω��SUDFWLF�LQILQLWx���¡Q�DFHVW�FD]��DWHQXDWRUXO

5
��
�� UGV� QX� OXFUHD]x�� 6HPQDOHOH� GH� IUHFYHQyx� ÁQDOWx� WUHF� QHPRGLILFDWH�

DPSOLILFDWH�XOWHULRU�GH�DPSOLILFDWRUXO�GH� WHQVLXQH�$
�
� wL�SDUWLFLSx�FX�DGLyLH

VDX� VXEVWUDFyLH� OD� VHPQDOXO� DXGLR� LQLyLDO� ÁQ� IXQFyLH� GH�PRGXO� GH� OXFUX� DO

VLVWHPXOXL��H[SDQVLXQH�VDX�FRPSUHVLH��
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6x�OXxP�DFXP�ÁQ�FRQVLGHUDyLH�wL�HIHFWXO�SODVxULL� OXL�&
��
� ÁQ�SDUDOH�FX

5
��
�� ¡Q� DFHDVWx� VLWXDyLH�� &

��
� IRUPHD]x� ÁPSUHXQx� FX� UGV� XQ� DO� GRLOHD� ILOWUX

WUHFH� VXV� FX� SDQWx� YDULDELOx�� FRPDQGDW� ÁQ� WHQVLXQH�� 2GDWx� FX� FUHwWHUHD

WHQVLXQLL�GH�FRPDQGx�SH�JULOD�OXL�7
�
��GHWHUPLQDWx�GH�R�FUHwWHUH�D�IUHFYHQyHL

VHPQDOXOXL� DXGLR� XWLO�� FRPELQDWx� GH� FHOH� PDL� PXOWH� RUL� FX� FUHwWHUHD

QLYHOXOXL� DFHVWXLD�� FDUDFWHULVWLFLOH� GH� IXQFyLRQDUH� DOH� )76&7� VH�PRGLILFx�

)UHFYHQyD�GH� WxLHUH�FUHwWH� �GH� OD�YDORDUHD�GH����.+]��� LDU� ÁQ�DFHODwL� WLPS

DWHQXDUHD� OXL� VFDGH�� 0RGXO� ÁQ� FDUH� VXQW� PRGLILFDWH� FDUDFWHULVWLFLOH� GH

IXQFyLRQDUH�DOH�)76&7��ÁQ�IXQFyLH�GH�IUHFYHQyD�VHPQDOXOXL�DXGLR�LQLyLDO�HVWH

SUH]HQWDW� ÁQ� ILJXUD� ������ $FHVW� PRG� GH� OXFUX� HVWH� IRDUWH� LPSRUWDQW� �

GHRDUHFH� VH� HYLWx� DFWLYDUHD� ILOWUXOXL� )76&7� GH� FxWUH� VHPQDOHOH� GH� QLYHO

PHGLX� wL� IUHFYHQyx� ÁQDOWx�� $FHVW� OXFUX� DUH� FD� UH]XOWDW� HYLWDUHD� PRGXOxULL

VHPQDOXOXL� DXGLR� XWLO� GH� QLYHO� PLF� wL� IUHFYHQyx� ÁQDOWx�� GHFL� SRVLELOD

PRGXODyLH�GH�]JRPRW�QXPLWx�HIHFW�gEUHWKLQJh�
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�.+]

)LJXUD�������5HGXFHUHD�]JRPRWXOXL�OD�GLYHUVH�IUHFYHQyH

¡Q� DFHODwL� WLPS�� GLDJUDPHOH� GLQ� ILJXUD� ����� UHSUH]LQWx� UHGXFHUHD

]JRPRWXOXL�ÁQ�SUH]HQyD�VHPQDOXOXL�DXGLR�XWLO�GH�IUHFYHQyx�PHGLH��(ILFLHQyD

GH� OXFUX� D� VLVWHPXOXL� HVWH� GH� FLUFD� ��G%�RFWDYx�� LDU� PRGXO� GH� OXFUX� DO

)76&7� FRPSOHW� UHIOHFWx� WRWRGDWx� LPXQLWDWHD� VLVWHPXOXL� OD� PRGXODyLD� GH

]JRPRW�
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3RODUL]DUHD� WUDQ]LVWRUXOXL� FX� HIHFW� GH� FµPS� 7
�
� HVWH� DVLJXUDWx� GH

JUXSXO�'
�
�5

�
�5

��
�'

�
�5

��
��'

�
� �GLRGx�=HQHU�3/�9���DUH�UROXO�GH�D�VWDELOL]D

VXSOLPHQWDU�WHQVLXQHD�GHVWLQDWx�SRODUL]xULL�OXL�7
�
��'

�
�HVWH�LQWURGXVx�SHQWUX

HYLWDUHD�SRODUL]xULL�DFFLGHQWDOH�LQYHUVH�D�OXL�7
�
�wL�SHQWUX�VSRULUHD�VWDELOLWxyLL

WHUPLFH� D� VLVWHPXOXL�� 5HJODMXO� WHQVLXQLL� GH� SRODUL]DUH� VH� UHDOL]HD]x� FX

SRWHQyLRPHWUXO�5��
��3ULQ� LQWHUPHGLXO�5

��
� wL�5

��
�� SRWHQyLDOXO� VWDWLF� DO� VXUVHL

OXL� 7
�
� HVWH� LGHQWLF� FX� FHO� DO� GUHQHL�� GHFL� 7

�
� OXFUHD]x� FD� R� UH]LVWHQyx

FRPDQGDWx�ÁQ�WHQVLXQH�

3ULQ� LQWHUPHGLXO� OXL� &��
� VHPQDOXO� DXGLR� HVWH� WUDQVPLV� EORFXOXL

DPSOLILFDWRU�GH� WHQVLXQH�$
�
� �ÁQ�ED]D� OXL�7

�
���$FHVWD�FRQyLQH� WUDQ]LVWRDUHOH

7
�
� wL� 7

�
�� DPSODVDWH� ÁQ� FRQILJXUDyLH� GH� GXEOHW� VXSHU�*�� )XQFyLLOH� EORFXOXL

VXQW�XUPxWRDUHOH�

• DPSOLILFDUHD� VHPQDOXOXL� DXGLR� SUHOXFUDW�� ÁQ� YHGHUHD� SUHOXFUxULL� GXSx

DOJRULWPXO�'ROE\�

• IXUQL]DUHD�FxWUH�EORFXO�UHGUHVRU�LQWHJUDWRU�D�VHPQDOXOXL�DXGLR�SUHOXFUDW�

GH� GLIHULWH� QLYHOH� GH� WHQVLXQH�� ÁQ� YHGHUHD� REyLQHULL� VHPQDOXOXL� GH

FRPDQGx�SH�JULOD�OXL�7�
��GLQ�)76&7�

'DWRULWx� EORFXOXL� GH� UHDFyLH� QHJDWLYx� �SULQ� 5��
�� DPSOLILFDUHD� IRDUWH

PDUH� D� EORFXOXL� $
�
� HVWH� UHJOHPHQWDWx� GH� UDSRUWXO�

R

R
22

20

� OD� R� YDORDUH� GH

��÷��G%�� 'LRGHOH� '�
� wL� '

�
� OLPLWHD]x� DPSOLWXGLQHD� VHPQDOXOXL� DXGLR

SUHOXFUDW� %� OD� ���9�� 5
��
� OLQLDUL]HD]x� FDUDFWHULVWLFLOH� GH� IXQFyLRQDUH� DOH

GLRGHORU�'�
�wL�'

�
�ÁQ�]RQD�GH�EORFDUH�

3ULQ�LQWHUPHGLXO�JUXSXOXL�5
��
�&

��
�VHPQDOXO�SUHOXFUDW�GH�)76&7�HVWH

DSOLFDW� EORFXOXL� UHGUHVRU�LQWHJUDWRU�� FDUH� FRQyLQH� WUDQ]LVWRUXO� 7
�
�

$PSOLILFDUHD� ÁQ� EORFXO� UHGUHVRU�LQWHJUDWRU� �FLUFD� ��G%�� D� VHPQDOXOXL� FH

XUPHD]x� D� IL� LQWHJUDW� HVWH� UHJOHPHQWDWx� GH� UDSRUWXO�
R

R
29

31

�� $FHVW� EORF
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���

GHWHUPLQx� IXQFyLRQDUHD� GLQDPLFx� D� EORFXOXL� )76&7�� SUDFWLF� IXQFyLRQDUHD

VLVWHPXOXL�'ROE\�ÁQ�UHJLP�FRQWLQXX�GH�OXFUX��'DWRULWx�DFHVWXL�IDSW��EORFXOXL

UHGUHVRU�LQWHJUDWRU� L� VH� LPSXQ� R� VHULH� GH� FHULQyH� IXQFyLRQDOH� GHRVHELW� GH

LPSRUWDQWH�

• HYLWDUHD�PRGXODyLHL�GH�SURGXV�D�VHPQDOXOXL�DXGLR�SUHOXFUDW��%��GDWRULWx

VFKLPExULORU� UDSLGH� DOH� WHQVLXQLL� FRQWLQXH� FDUH� VH� REyLQH� ÁQ� XUPD

SURFHVXOXL�GH�UHGUHVDUH�LQWHJUDUH��GHVWLQDWx�D�IL�DSOLFDWx�SH�JULOD�OXL�7��

• PLQLPL]DUHD�UHJLPXOXL�WUDQ]LWRULX�GH�VXSUDVDUFLQx�GDWRUDW�XQRU�VHPQDOH

GH� IUHFYHQyx� ÁQDOWx� FX� GXUDWx� IRDUWH� VFXUWx� wL� DPSOLWXGLQH� PDUH� FH� DU

GHUDQMD�IXQFyLRQDUHD�)76&7�

'HRDUHFH� SULPXO� FRQVLGHUHQW� LPSXQH� R� FRQVWDQWx� GH� WLPS� PDUH� D

FLUFXLWXOXL�LQWHJUDWRU��LDU�DO�GRLOHD�R�FRQVWDQWx�GH�WLPS�PLFx��VLQJXUD�VROXyLH

HVWH� IRORVLUHD� XQHL� FRQVWDQWH� GH� WLPS� FH� GHSLQGH� GH� UDWD� GH� VFKLPEDUH� wL

IUHFYHQyD�VHPQDOXOXL�DXGLR�SUHOXFUDW��¡Q�DFHVW�VFRS�V�D�SUHYx]XW�JUXSXO�5
��
�

&
��
� FH� GHWHUPLQx� R� FRQVWDQWx� GH� WLPS� PLFx� FLUFXLWXOXL� UHGUHVRU�� FDUH

VHVL]HD]x�DVWIHO�IRDUWH�UDSLG�PLFLOH�VFKLPExUL�GH�DPSOLWXGLQH�DOH�VHPQDOXOXL

DXGLR�SUHOXFUDW��7RWRGDWx�� FRQVWDQWD�GH� WLPS�GH� FLUFD����PV�D� FLUFXLWXOXL

LQWHJUDWRU�5
�
�&

��
� HVWH� GH� DMXQV� GH�PDUH� SHQWUX� SUHYHQLUHD�PRGXODyLHL� GH

SURFHV�DXGLELOH�D�VHPQDOXOXL�SUHOXFUDW�

3HQWUX� YDULDyLL�PDUL� wL� UDSLGH� DOH� VHPQDOXOXL� DXGLR� V�D� DPSODVDW� ÁQ

FLUFXLWXO� LQWHJUDWRU� JUXSXO�'�
�5

��
�� 7HQVLXQHD� GH� SH�&

��
� FUHwWH�� ÁQ� DFHDVWx

VLWXDyLH��PDL� UDSLG�GHFµW� WHQVLXQHD�GH�SH�&��
�� FD�XUPDUH�GLRGD�'

�
� LQWUx� ÁQ

VWDUH� GH� FRQGXFyLH� wL� DVWIHO� FRQVWDQWD� GH� WLPS� JHQHUDOx� D� FLUFXLWXOXL

UHGUHVRU�LQWHJUDWRU� VH� UHGXFH�GH� OD����PV� OD� FLUFD��PV�� ¡QWUH� DFHVWH�GRXx

VLWXDyLL� H[WUHPH�5
�
� GHWHUPLQx�� SµQx� OD� GHVFKLGHUHD� OXL�'

�
�� ÁQFxUFDUHD� OXL

&��
�

¡Q�PRG�FXUHQW��IXQFyLRQDUHD�ÁQ�UHJLP�WUDQ]LWRULX�HVWH�UHJOHPHQWDWx�GH

FRQVWDQWD�GH�WLPS�YDULDELOx�D�EORFXOXL�UHGUHVRU�LQWHJUDWRU��3HQWUX�UHJLPXUL
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���

GH�VXSUDVDUFLQx�IRDUWH�UDSLGH��DPSOLWXGLQH�PDUH�wL�GXUDWx�IRDUWH�VFXUWx���OD

FDUH�EORFXO� UHGUHVRU�LQWHJUDWRU�QX�SRDWH� UxVSXQGH� VXILFLHQW� GH� UHSHGH�� V�D

SUHYx]XW� OLPLWDUHD� VHPQDOXOXL� DXGLR�SUHOXFUDW�� IXUQL]DW� GH� EORFXO�$�
�� SULQ

DPSODVDUHD� OD� LHwLUHD� DFHVWXLD� �GXSx� JUXSXO� 5
��
�&

��
�� D� JUXSXOXL� GH� GLRGH

'�
�'

�
��(OH�OLPLWHD]x�YDORDUHD�VHPQDOXOXL�FH�D�GHSxwLW�DPSOLWXGLQHD�PD[LPx

VWDELOLWx�FX�FLUFD��G%�SHVWH�FHD�QRUPDOx��'RDU�ÁQ�DFHDVWx�VLWXDWLH�SRW�DSxUHD

GLVWRUVLXQL�DOH�VHPQDOXOXL�DXGLR��GH�PD[LP������GDU�GXUHD]x�GRDU��÷�PV�

$QDOL]µQG� PRGXO� GH� SUHOXFUDUH� DO� VHPQDOXOXL� IXUQL]DW� GH� EORFXO

UHGUHVRU�LQWHJUDWRU�� VH� REVHUYx� Fx�� GLQ� SXQFW� GH� YHGHUH� DO� FRPSRQHQWHL

DOWHUQDWLYH��DFHDVWD�VH�SUHLD�GLQ�HPLWRUXO� OXL�7
�
� �GLQ�GLYL]RUXO�GH� WHQVLXQH

5
��
�5

�
��� $FHVW� DUDQMDPHQW� D� IRVW� DOHV� SHQWUX� FD� VHPQDOXO� gDOWHUQDWLYh�

YDULDELO��DPSOLILFDW�SH�JULOD�OXL�7
�
�Vx�ILH�WRWGHDXQD�FD�YDORDUH�MXPxWDWH�GLQ

VHPQDOXO� DOWHUQDWLY� DSOLFDW� SH�GUHQx�� ¡Q� DFHVW� IHO� GLVWRUVLXQLOH� FH� DU� SXWHD

DSxUHD� OD� IXQFyLRQDUHD� FD� UH]LVWHQyx� FRPDQGDWx� ÁQ� WHQVLXQH� D� OXL� 7
�
� �ÁQ

VSHFLDO�DUPRQLFD�D���D��VXQW�UHGXVH�OD�PLQLPXP��7+'≤������

)XQFyLD� GH� FRPSDQGRU� D� VLVWHPXOXL� 'ROE\� HVWH� DVLJXUDWx� GH� HWDMXO

VXPx� GLIHUHQyx�� ¡Q� IXQFyLH� GH� YDULDQWD� GH� OXFUX� DOHDVx� �H[SDQVLXQH� VDX

FRPSUHVLH�� DFHVW� HWDM� UHDOL]HD]x� DGLyLD� VDX� VXEVWUDFyLD� VHPDQOXOXL� DXGLR

SUHOXFUDW� �%��� IXUQL]DW� GH� HWDMXO� DPSOLILFDWRU� GH� WHQVLXQH�$
�
�� OD� VHPQDOXO

DXGLR�LQLyLDO��$��

¡Q� ILJXUD� ����D� HVWH� SUH]HQWDWx� VFKHPD� EORF� D� FLUFXLWXOXL� GH� DGLyLH

'ROE\�� LDU� ÁQ� ILJXUD� ����E� FHD� D� FLUFXLWXOXL� GH� VXEVWUDFyLH�� 6H� REVHUYx� Fx

SHQWUX�DGLyLH�HVWH�QHFHVDUx�RSHUDyLD�GH�ÁQVXPDUH��FDUH�SUHVXSXQH�VHPQDOHOH

$�wL�%�ÁQ�ID]x��3HQWUX�VXEVWUDFyLH��VHPQDOXO�%�HVWH�VFx]XW�GLQ�VHPQDOXO�$�

DPEHOH�ILLQG�ÁQ�ID]x�VDX��HFKLYDOHQW��VHPQDOXO�%�VH�ÁQVXPHD]x�FX�VHPQDOXO

$��%�ILLQG�ÁQ�RSR]LyLH�GH�ID]x�IDyx�GH�$��$FHVW�SURFHGHX�LPSOLFx�IRORVLUHD

XQHL� EXFOH� GH� UHDFyLH� QHJDWLYx�� 6�D� DOHV� VROXyLD� FD� ÁQ� PRPHQWXO� DGLyLHL
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���

VHPQDOHOH� $� wL� %� Vx� ILH� ÁQ� ID]x�� LDU� ÁQ� PRPHQWXO� VXEVWUDFyLHL� Vx� ILH� ÁQ

RSR]LyLH�GH�ID]x�

2� PRGDOLWDWH� VLPSOx� GH� D� HYLWD� DPSODVDUHD� XQXL� EORF� IXQFyLRQDO

VFKLPExWRU�GH�ID]x�ÁQ�FD]XO�VXEVWUDFyLHL�HVWH�UHDOL]DUHD�VFKLPExULL�GH�ID]x�D

VHPQDOXOXL�DXGLR� UH]XOWDW� ÁQ�XUPD�SUHOXFUxULL� �DGLyLH� VDX�VXEVWUDFyLH��GXSx

HWDMXO� GH� ÁQVXPDUH� �HWDMXO� ILQDO��� ¡Q� DFHVW� IHO� SULQWU�R� VLPSOx� DFyLRQDUH� D

FRPXWDWRUXOXL�.
�
VH�UHDOL]HD]x�DOJRULWPXO�GH�FRPSDQGDUH�'ROE\��,QYHUVRUXO

GH� ID]x� �FDUH�HVWH� FKLDU� HWDMXO� ILQDO��SRDWH� UxPµQH�SHUPDQHQW� ÁQ�FLUFXLW� wL

WRWRGDWx�IDFH�SDUWH�GLQ�EXFOD�GH�UHDFyLH�QHJDWLYx�ÁQ�ID]x�GRDU�ÁQ�PRPHQWXO

VXEVWUDFyLHL�'ROE\��ILJXUD�����F��

)76&7 5HGUHVRU

,QWHJUDWRU

,QWUDUH ,HwLUH

D�

)76&75HGUHVRU

,QWHJUDWRU

,QWUDUH ,HwLUH

E�

,19

)76&75HGUHVRU

,QWHJUDWRU

,QWUDUH ,HwLUH

F�

$GLyLH

6XEVWUDFyLH

)LJXUD�������)XQFyLRQDUHD�EORFXOXL�VXPx�GLIHUHQyx��D��DGLyLH�'ROE\�

E��VXEVWUDFyLH�'ROE\��F��FRPSDQGDUH�'ROE\

'H� OD� EORFXO� VXPx�GLIHUHQyx�� SULQ� LQWHUPHGLXO� 5
�
� wL� 5

��
�� VHPQDOXO

DXGLR� SUHOXFUDW� FRQIRUP� DOJRULWPXOXL� 'ROE\� VH� DSOLFx� HWDMXOXL� GH� LHwLUH

�SULQ�LQWHUPHGLXO�&
�
���$FHVWD�FRQyLQH�7��wL�7���wL�DUH�XUPxWRDUHOH�IXQFyLXQL�

• HIHFWXHD]x� VFKLPEDUHD� GH� ID]x� D� VHPQDOXOXL� DXGLR� SUHOXFUDW� GXSx

DOJRULWPXO�'ROE\�

• UHDOL]HD]x�R�LPSHGDQyx�GH�LHwLUH�VFx]XWx��ÁQ�VFRSXO�DGDSWxULL�FX�XwXULQyx

OD� LPSHGDQyD� GH� LQWUDUH� D� EORFXULORU� IXQFyLRQDOH� GLQ� PDJQHWRIRQ
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���

�FDVHWRIRQ��� 7�� HVWH� DPSODVDW� ÁQWU�R� FRQILJXUDyLH� GH� UHSHWRU� SH� HPLWRU�

$PSOLILFDUHD� JHQHUDOx� D� HWDMXOXL� GH� LHwLUH� HVWH� UHOHPHQWDWx� GH� UDSRUWXO

R R

R
51 52

48

+
�

%ORFXO� GH� PxVXUx� FRQyLQH� DPSOLILFDWRUXO� RSHUDyLRQDO� β0�����

DPSODVDW� ÁQWU�R� FRQILJXUDyLH� GH� UHGUHVRU� IxUx� SUDJ�� 5HJODMXO� QLYHOXOXL� GH

�G%� VH� IDFH�SHQWUX�R� WHQVLXQH� DSOLFDWx� OD� LQWUDUHD�EORFXOXL� GH�PxVXUx�� GH

���PY�����+]���SULQ�DFyLRQDUHD�VHPLUHJODELOXOXL�5���

3HQWUX�UHDOL]DUHD�PRQWDMXOXL�VH�IRORVHVF�FRPSRQHQWH�HOHFWULFH�GH�FHD

PDL� EXQx� FDOLWDWH�� YHULILFDWH� ILHFDUH� ÁQDLQWH� GH� SODQWDUHD� SH� SOxFXyD� GH

FDEODM�� 0RQWDMXO� VH� SRDWH� UHDOL]D� ÁQ� YDULDQWD� VWHUHR� VDX� FXDGUR�� 7RDWH

WUDQ]LVWRDUHOH� VXQW� GLQ� FDWHJRULD� FHORU� FX� ]JRPRW� UHGXV�� FX� IDFWRU� GH

DPSOLILFDUH�ÁQ�FXUHQW�K��(≥�����7UDQ]LVWRUXO�7�
�DUH�XQ�IDFWRU�GH�DPSOLILFDUH

K
��(

≥����� &D� LQGLFDWRDUH� RSWLFH� GH� QLYHO� WLS� 98�PHWUH� VH� IRORVHwWH� XQ

PLFURDPSHUPHWUX�GH����µ$�FDS�GH�VFDOx�

0RGXO�GH�OXFUX0RGXO�GH�OXFUX

$OLPHQWDUHD�PRQWDMXOXL�VH�IDFH�GH�OD�R�VXUVx�GH�WHQVLXQH�VWDELOL]DWx�wL

IRDUWH� ELQH� ILOWUDWx� GH� ��9�� 5HJODMHOH� ÁQFHS� SULQ� PxVXUDUHD� WHQVLXQLL

SXQFWHORU�GH�IXQFyLRQDUH�VWDWLFx�D�ILHFxUXL�HWDM��0xVXUxWRULOH�VH�IDF�GXSx�FH

LQLyLDO� V�DX�SXV� OD�PDVD�PRQWDMXOXL� FHOH�GRXx� LQWUxUL� �SULQ� wWUDSDUH���'DFx

YDORULOH�PxVXUDWH�GLIHUx�GH�YDORULOH�PHQyLRQDWH�DOH�WHQVLXQLORU�VSHFLILFDWH�ÁQ

VFKHPD� HOHFWULFx� JHQHUDOx� FX� PDL� PXOW� GH� ���� VH� UHYHULILFx� PRQWDMXO� wL

HYHQWXDO�VH�ÁQORFXLHwWH�FRPSRQHQWD�GHIHFWx�

'XSx�YHULILFDUHD�WHQVLXQLORU�SHQWUX�ILHFDUH�HWDM�IXQFyLRQDO��VH�WUHFH�OD

HIHFWXDUHD�UHJODMHORU�SURSULX�]LVH�

• 5HJODUHD�QLYHOXOXL�GH���G%�DO�98�PHWUHORU�



/XFUDUHD�QU�������6LVWHPH�GH�UHGXFHUH�D�]JRPRWXOXL��6LVWHPXO�'ROE\

���

• 5HJODMXO�ILOWUXOXL�GH���.+]�

• 5HJODMXO�SHQWUX�IXQFyLRQDUHD�PRQWDMXOXL�GXSx�DOJRULWPXO�'ROE\�

5HJODMXO�QLYHOXOXL�GH��G%�VH�IDFH�SHQWUX�ILHFDUH�FDQDO�LQIRUPDyLRQDO

6� wL� '�� DSOLFµQG� OD� LQWUDUHD� PRQWDMXOXL� R� WHQVLXQH� DOWHUQDWLYx� GH� FLUFD

���P9�FX�IUHFYHQyD�GH����+]��GH�OD�XQ�JHQHUDWRU�GH�VHPQDO�FX�IRUPD�GH

XQGx�GUHSWXQJKLXODUx��¡Q�VLWXDyLD� LQLyLDOx�FXUVRUXO�SRWHQyLRPHWUXOXL�5
�
�HVWH

OD�PDVD�PRQWDMXOXL��LDU�ILOWUXO�GH���.+]�HVWH�GH]DFWLYDW��.
�
�SH�SR]LyLD������

6H�PxUHwWH�WUHSWDW�WHQVLXQHD�DFyLRQµQG�FXUVRUXO�SRWHQyLRPHWUXOXL�5
�
��DYµQG

JULMx� FD� DFXO�98�PHWUXOXL� Vx� QX� GHSxwHDVFx� FDSXO� GH� VFDOx�� 3HQWUX� DFHVW

OXFUX�VH�DFyLRQHD]x�FX�DWHQyLH�FXUVRUXO�SRWHQyLRPHWUXOXL�5
��
�� ¡Q�PRPHQWXO

ÁQ�FDUH�ÁQ�SXQFWXO�0�WHQVLXQHD�D�DWLQV�QLYHOXO�GH����P9��QLYHOXO�'ROE\��VH

DFyLRQHD]x� FXUVRUXO� SRWHQyLRPHWUXOXL�5
��
� DVWIHO� ÁQFµW�98�PHWUXO� Vx� LQGLFH

�G%�� 'XSx� DFHVWH� UHJODMH� FXUVRUXO� SRWHQyLRPHWUXOXL� 5
��
� VH� IL[HD]x� FX� R

SLFxWXUx�GH�YRSVHD�

5HJODMXO� ILOWUXOXL� GH� ��.+]� VH� IDFH� DSOLFµQG� OD� LQWUDUHD�PRQWDMXOXL

XQ� VHPQDO� VLQXVRLGDO� GH� FLUFD� ���P9� FX� IUHFYHQyD� ��.+]�� 6H� PxUHwWH

DPSOLWXGLQHD� VHPQDOXOXL� DFyLRQµQG� FXUVRUXO� SRWHQyLRPHWUXOXL� 5
�
�

FRPXWDWRUXO�.
�
��ILLQG�SH�SR]LyLD������¡Q�PRPHQWXO�ÁQFDUH�98�PHWUXO�LQGLFx

�G%� VH� DFyLRQHD]x� .
�
� SH� SR]LyLD� ���� �ILOWUXO� GH� ��� .+]� DFWLYDW�� wL� VH

UHJOHD]x� PLH]XO� ERELQHL� /
�
� SµQx� FµQG� LQGLFDyLD� YROWPHWUXOXL� SUH]LQWx� R

YDORDUH�PLQLPx��R�DWHQXDUH�GH�FLUFD����G%���5HJODMXO�SHQWUX�FHOxODOW�FDQDO

LQIRUPDyLRQDO�HVWH�VLPLODU��0LH]XO�ERELQHL�/
�
�VH�ULJLGL]HD]x�GH�DVHPHQHD�FX

R�SLFxWXUx�GH�YRSVHD�

5HJODMHOH� SHQWUX� IXQFyLRQDUHD� PRQWDMXOXL� FRQIRUP� DOJRULWPXOXL

'ROE\�FRQVWDX�ÁQ�UHDOL]DUHD�XQHL�DGLyLL�VDX�VXEVWUDFyLL�GH�VHPQDO�DVWIHO�ÁQFµW

PRQWDMXO� Vx� SUH]LQWH� FDUDFWHULVWLFLOH� VLPLODUH� FX� FHOH� SUH]HQWDWH� ÁQ� ILJXUD

������3HQWUX�DFHVW�OXFUX�HVWH�VXILFLHQW�FD�OD�R�DQXPLWx�IUHFYHQyx��SHQWUX�XQ

VHPQDO� HOHFWULF� GH� XQ� DQXPLW� QLYHO� Vx� ILH� UHDOL]DWx� DGLyLD� VDX� VXEVWUDFyLD
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'ROE\�FRQIRUP�FDUDFWHULVWLFLORU�GH�WUDQVIHU�SURSULL�DFHVWXL�VLVWHP��9DORULOH

FRPSRQHQWHORU� HOHFWULFH� DOH� PRQWDMXOXL� VXQW� FDOFXODWH� DVWIHO� ÁQFµW� ÁQ

ÁQWUHDJD� EDQGx� DXGLR� PRQWDMXO� UHVSHFWx� DOJRULWPXO� 'ROE\�� 3HQWUX

HIHFWXDUHD� UHJODMHORU� V�D� DOHV� IUHFYHQyD� VHPQDOXOXL� GH� �.+]�� $QDOL]µQG

GLDJUDPHOH� GLQ� ILJXUD� ����� VH� REVHUYx� Fx� SHQWUX� XQ� VHPQDO� HOHFWULF� FH

SUH]LQWx�R�DWHQXDUH�GH���G%�IDyx�GH�QLYHOXO�GH�UHIHULQyx�����P9���DGLyLD�VDX

VXEVWUDFyLD�'ROE\�DUH�YDORDUHD�GH����G%�

¡QDLQWH� GH� RULFH� LQWHUYHQyLH� ÁQ� PRQWDM� DFHVWD� VH� VFRDWH� GH� VXE

WHQVLXQH��SHQWUX�D�QX�SURYRFD�XQ�VFXUWFLUFXLW�DFFLGHQWDO��5HJODMXO�FRQVWx�ÁQ

XUPxWRDUHOH�RSHUDyLL�

��� 6H�SXQH�OD�PDVD�PRQWDMXOXL��SULQ�wWUDSDUH�FX�FRQGXFWRU�VFXUW��JULOD�7
�
�

��� 6H�DFyLRQHD]x�FRPXWDWRUXO�.
�
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