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3RPSH�VRODUH�FX�DF LRQDUH�HOHFWURPDJQHWLF�3203(�62/$5(�&8�$&�,21$5(�(/(&7520$*1(7,&�
,VPDLO�$EGHO�:DKKDE8QLYHUVLWDWHD�7HKQLF��D 0ROGRYHL��GRFWRUDQG��)DFXOWDWHD��(QHUJHWLF�

,1752'8&(5(
1R LXQHD� GH�SRPS� VRODU��� vQ� IUDQFH]� �� SRPSHVRODLUH VDX� SRPSH� DX� ILO� GX� VROHLO�� vQ� HQJOH]� ±VRODU� SXPS�� D� DS�UXW� OD� PLMORFXO� � DQLORU� � ¶��� DLYHDFXOXL� WUHFXW� RGDW� FX� vQFHSXWXO� DSOLFD LLORUWHUHVWUH�D�HOHFWULFLW� LL�IRWRYROWDLFH��39��úL�VH�UHIHU�OD� SRPSHOH� HOHFWULFH� FD� SDUWH� FRPSRQHQW� D� XQXLVLVWHP�39�GH�SRPSDUH��3ULQ�DG�XJDUHD�DGMHFWLYXOXL³VRODU´� VH� � SXQH� DFFHQWXO� SH� XQHOH� FDUDFWHULVWLFLWHKQLFH� SH� FDUH� WUHEXLH� V� OH� DVLJXUH� � SRPSD�LQGLIHUHQW� GH� WLSXO� DFHVWHLD�� 'LQ� DFHVW� SXQFW� GHYHGHUH�� SRPSHOH� VRODUH� WUHEXLH� V� DLE� XQUDQGDPHQW�PDL�PDUH� úL� R� SRUQLUH� IDFLO���2� SRPS�VRODU� FX�DVWIHO�GH�FDUDFWHULVWLFL�WHKQLFH�YD�FRQGXFHOD� PLFúRUDUHD� SXWHULL� LQVWDODWH� D� PRGXOXOXL� 39� úLPLFúRUDUHD�LQYHVWL LLORU�LQL LDOH�
3RPSHOH� FHQWULIXJH� DX� FXSOXO� GH� SRUQLUH� PLF� úLLQYHUV��SRPSHOH�YROXPHWULFH�VDX�FX�SLVWRQ�±�PDUH�7RWXúL�� UDQGDPHQWXO� SRPSHL� FX� SLVWRQ� HVWH� PDLPDUH� vQ� FRPSDUD LH� FX� SRPSD� FHQWULIXJ� úL� QXYDULD]� FX� YLWH]D�� $FHVW� DVSHFW� HVWH� XQ� KDQGLFDSSHQWUX� VLVWHPHOH� 39� GH� SRPSDUH� SHQWUX� F� YLWH]DPRWRUXOXL� YDULD]� SH� SDUFXUVXO� ]LOHL� úL� SRPSDFHQWULIXJ� IRDUWH� UDU� YD� IXQF LRQD� OD� UDQGDPHQWRSWLPDO�� 'HFL�� UDQGDPHQWXO� úL� FXSOXO� GH� SRUQLUHSHQWUX�SRPSHORU�VRODUH�X]XDOH�±��FHQWULIXJ� VDX�FXSLVWRQ�±�VXQW�vQ�FRQWUDGLF LH��UDQGDPHQW�PDL�PLF�úLFXSOX�GH�SRUQLUH�PLF��SRUQLUH�IDFLO���SHQWUX�SRPSDFHQWULIXJ���UDQGDPHQW�PDL�PDUH�úL�FXSOX�GH�SRUQLUHPDUH��SRUQLUH�GLILFLO���SHQWUX�SRPSD�FX�SLVWRQ�
([LVW� R� YDULDQW� DOWHUQDWLY� GH� SRPS� VRODU� ±SRPSD� FX� RUJDQ� GH� OXFUX� HODVWLF� úL� � DF LRQDUHHOHFWURPDJQHWLF� ��úL�FDUH�vPELQ� DYDQWDMXO��SRPSHLFHQWULIXJH� �SRUQLUH� IDFLO��� úL� DYDQWDMXO� SRPSHL� FXSLVWRQ� �UDQGDPHQW� PDUH��� $FHVWH� SRPSH� DVLJXU�GHELWH� vQWUH� � ���� ±� ���� P��K� úL� � vQ�O LPLPDQRPHWULFH� WRWDOH� �Ì�0�7��� GH� SkQ� OD� ���� P�$QXPH� vQ� DFHVW� VHJPHQW�� DYDQWDMHOH� � SRPSHL� � FXDF LRQDUH�HOHFWURPDJQHWLF� VXQW�PDL�HYLGHQ LDWH��ÌQFRQGL LLOH� FOLPDWHULFH� DOH� 0ROGRYHL� R� DVWIHO� GHSRPS� SRDWH�SRPSD�vQWU�R�]L��VRODU� SkQ� OD����P�GH�DS� GH�OD�DGkQFLPHD�GH����P�
ÌQ� OLWHUDWXUD� GH� VSHFLDOLWDWH� SUREOHPD� � XWLOL]�ULLSRPSHL�FX�DF LRQDUH�HOHFWURPDJQHWLF� vQ�FDOLWDWH�GH

SRPS� VRODU� HVWH� SX LQ� UHIOHFWDW��� ÌQ� SUH]HQWDOXFUDUH� � VH� DQDOL]HD]� GRX� FRQVWUXF LL� QRL� GHSRPSH�FX�DF LRQDUH�HOHFWURPDJQHWLF���3ULPD�DUH��vQFRPSDUD LH� FX� FHD� WUDGL LRQDO� XQ� UDQGDPHQW� PDLPDUH�� D�GRXD� ��GH]YROW� R�SUHVLXQH�GH� FLUFD� �GRX�RUL� PDL� PDUH�� R� FRPSHQVDUH� DSURDSH� WRWDO� DYLEUD LLORU�FRUSXOXL�úL�R�GLPLQXDUH�VHPQLILFDWLY� D]JRPRWXOXL�SURGXV��� 3203� &8�$&�,21$5((/(&7520$*1(7,&� '(�7,3�8�,
7RDWH�SRPSHOH�GH�FRQVWUXF LH�WUDGL LRQDO� DX�FLUFXLWPDJQHWLF� GH� WLS� 8� ±,�� 2� DVWIHO� GH� SRPS� HVWHSUH]HQWDW� vQ�ILJXUD���

)LJXUD����3RPS� FX�DF LRQDUH�HOHFWURPDJQHWLF� GHWLS�8���,����± FRUSXO�HOHFWURPDJQHWXOXL����± FRUSXOSRPSHL����±�DUP�WXU� IL[�����±�DUP�WXU� PRELO����±� vQI�úXUDUHD� HOHFWURPDJQHWXOXL�� �� ± WLM��� �� ±VXVSHQVLH�� �� ± FRUSXO� FDPHUHL� LQWHUPHGLDUH�� �� ±PHPEUDQ��� ��� ±� RUJDQ� GH� OXFUX� HODVWLF�� ��� ±VXSDSD�GH�DGPLVLH�����±�FRQGXFWD�GH�UHIXODUH�
'H]DYDQWDMXO�SULQFLSDO�DO�DFHVWHL�FRQVWUXF LL�FRQVW�vQ� IRORVLUHD� QHUD LRQDO� D� FLUFXLWXOXL� PDJQHWLF� GHIRUPD� 8�,� DO� � HOHFWURPDJQHWXOXL� GH� DF LRQDUH�
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3HQWUX�GHELWXO�4 úL� Ì�0�7��+ VSHFLILFDWH� vQ� FDLHWXOGH� VDUFLQ��� SRPSD� VH� SURLHFWHD]� DVWIHO� FDGLDPHWUXO� H[WHULRU� V� ILH� PDL� PLF� GHFkW� GLDPHWUXOVWDQGDUGL]DW�DO� HYLL�XWLOL]DWH�vQ�FRQVWUXF LD�IkQWkQHL

DUWH]LHQH�� $FHDVWD� LPSXQH� FRQVWUXFWRUXO� V�SURLHFWH]H�DUP�WXUD�IL[� ��D�HOHFWURPDJQHWXOXL�FX�RGLVWDQ ��UHODWLY�PLF� vQWUH�FRORDQH��FHHD�FH�FRQGXFHOD�R�GLVSHUVDUH�PDUH�D�FkPSXOXL�PDJQHWLF�vQWUH�HOH�

6WXGLLOH� WHRUHWLFH� úL� H[SHULPHQWDOH� � HIHFWXDWH� vQ>���@ DX� GHPRQVWUDW� � F� SHQWUX� OXQJLPHD� X]XDO� DvQWUHILHUXOXL� �G �YH]L� ILJXUD� ��� GH� �� ±� � PP

UDSRUWXO� GLQWUH� IOX[XO� PDJQHWLF� vQ� MXJXOHOHFWURPDJQHWXOXL� úL� IOX[XO� PDJQHWLF� XWLO� GLQvQWUHILHU� HVWH� �� úL� GHFL� FLUFD� ��� �� GLQ� IOX[� VHGLVSHUVHD]� vQWUH� FRORDQH�� ÌQ� FRQVHFLQ ��� � VHPLFúRUHD]� UDQGDPHQWXO�HOHFWURPDJQHWXOXL��GHFL� úLD� SRPSHL�� FUHVF� FKHOWXLHOLOH� GH� PDWHULDOH� DFWLYH�R HO�HOHFWURWHKQLF�úL�FXSUX�
�� 3203� &8�$&�,21$5((/(&7520$*1(7,&� '(�7,3�8�8

ÌQ�>�@�D IRVW�SURSXV� R�QRX� FRQVWUXF LH�D�SRPSHL�vQFDUH�FLUFXLWXO�PDJQHWLF�HVWH�GH�WLS�8�±�8��ILJXUD���ÌQ� FRQVWUXF LD� SRPSHL� V�D� VFKLPEDW� QXPDL� IRUPDFLUFXLWXOXL� PDJQHWLF�� $FHDVWD� D� FRQGXV� ODPLFúRUDUHD� OXQJLPLL� FRORDQHORU� DUP�WXULL� IL[H� �� úLPRELOH� ���úL� OD�PLFúRUDUHD� IOX[XOXL�GH�GLVSHUVLH�GHFLUFD�GRX� RUL��)OX[XO�XWLO�GLQ�vQWUHILHU�N,� FUHúWH�úLYD� FUHúWH� IRU D� HOHFWURPDJQHWLF� FDUH� HVWHSURSRU LRQDO� FX� S�WUDWXO� IOX[XOXL� vQ� vQWUHILHU�� ÌQFRQGL LD�S�VWU�ULL�GHELWXOXL�úL�Ì�0�7��FRQVWDQWH�SRW�ILPLFúRUDWH� FKHOWXLHOLOH� GH� R HO� úL� FXSUX�� 3HQWUX� RSRPS� VRODU� HVWH�UD LRQDO�V� PHQ LQHP��FKHOWXLHOLOHGH� R HO� úL� FXSUX� OD� DFHODúL� QLYHO�� vQ� VFKLPE�� YDFUHúWH�UDQGDPHQWXO�
ÌQ� ILJXUD� � �� � � VXQW� SUH]HQWDWH� FDUDFWHULVWLFLOHSULQFLSDOH� DOH� SRPSHL� FX� DF LRQDUHHOHFWURPDJQHWLF� WLS� 8� ±� ,�� vQ� ILJXUD� �� �� � FXDF LRQDUH� HOHFWURPDJQHWLF� WLS�8� ±�8�� DOLPHQWDW�GH�OD�XQ�PRGXO�39�FX�SXWHUHD�����:F��&RQVWDW�P

F� vQ�]RQD��QRPLQDO� GH�IXQF LRQDUH��Ì�0�7�� ����±��� P�� 4�  � ���±���� O�K�� UDQGDPHQWXO� SRPSHL
)LJXUD� �� &DUDFWHULVWLFLOH� SRPSHL� FXDF LRQDUH�HOHFWURPDJQHWLF� WLS�8�±�,�

�
�
��
��
��
��
��

��� ��� ��� ��� ��� ��� ��� 4��O�K

,�0�7
���P

��
��
���
����
����
��

5DQGD
PHQWX

O���

,�0�7� 5DQGDPHQWXO

,

�

)LJXUD �� 3RPS� FX� DF LRQDUHHOHFWURPDJQHWLF� GH� WLS� 8� ±� 8�� &LIUHOH� DXDFHHDúL�VHPQLILFD LH�FD�úL�vQ�ILJXUD���

)LJXUD� �� &DUDFWHULVWLFLOH� SRPSHL� FXDF LRQDUH�HOHFWURPDJQHWLF� WLS�8�±�8�
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VRODUH� �WLS� 8�8�� � HVWH� � ��� ��� LDU� D� SRPSHL� GHFRQVWUXF LH�WUDGL LRQDO� �WLS�8�,��QX�GHS�úHúWH �����3RPSD� WLS� 8�,� � DEVRDUEH� GLQ� UH HD ���� :�UHVSHFWLY� ���:� ±� SRPSD� WLS� 8�8�� 'HFL�� vQ� FD]XOXWLOL]�ULL� SRPSHL� 8�8� YD� IL� QHYRLH� GH� XQ� PRGXOVRODU�FX�R�SXWHUH�GH�����:F��LDU�vQ�FD]XO�SRPSHL�8�,� SXWHUHD� QHFHVDU� D�PRGXOXOXL� YD� IL� GH� FLUFD� ���:F�� ÌQ� FRQVHFLQ ��� LQYHVWL LLOH� vQ� FD]XO� IRORVLULLSRPSHL� WLS� 8� ±,� vQWU�XQ� VLVWHP� VRODU� GH� SRPSDUHYRU�IL�GH�FLUFD�GRX� RUL�PDL�PDUL�
�� 0,&ù�5$5($�9,%5$�,,/25�=*20278/8,�ù,�0$-25$5($Ì�0�7��$�3203(,��&8�$&�,21$5((/(&7520$*1(7,&�

'H]DYDQWDMHOH� SRPSHL� FX� DF LRQDUHHOHFWURPDJQHWLF� VXQW�YLEUD LD�FRUSXOXL�úL�SUHVLXQHDPLF� GH]YROWDW� vQ�FDPHUD�GH�OXFUX�FHHD�FH�FRQGXFHOD�PLFúRUDUHD� ILDELOLW� LL� úL� D� vQ�O LPLL�GH� SRPSDUHFDUH�QX�GHS�úHúWH����P��9LEUD LD�FRUSXOXL�DSDUH�FDR� UHDF LH� OD� YLEUD LD� DUP�WXULL�PRELOH� úL� GHSODV�ULLFHQWUXOXL� GH� JUHXWDWH� D� SRPSHL�� SURYRDF� ]JRPRW�FRQWULEXLH� OD� UXSHUHD� FDEOXOXL� GH� DOLPHQWDUH� úL� DFRQGXFWHL�FDUH�XQHúWH�SRPSD�FX�UH]HUYRUXO�GH�DS��7RWRGDW���vQ�]RQHOH�DULGH�� LQFOXVLY�vQ�,RUGDQLD�VXQWQHFHVDUH� SRPSH� VRODUH� GH� PLF� GHELW� FDUH� DVLJXU�Ì�0�7��GH�FLUFD�R�����P�
$FHVWH� GH]DYDQWDMH� DOH� SRPSHL� FX� YLEUDWRUHOHFWURPDJQHWLF� DX� IRVW� VHPQLILFDWLY� GLPLQXDWH� vQFRQVWUXF LD� FX� GRX� WUHSWH� � OD� UHDOL]DUHD� F�UHLD� � DSDUWLFLSDW�úL�DXWRUXO�SUH]HQWHL�OXFU�UL��ILJXUD����
3RPSD�IXQF LRQHD]� vQ�IHOXO�XUP�WRU��ÌQ�FRQGL LD�F�SRPSD� HVWH� VFXIXQGDW� vQWU�XQ� OLFKLG� RDUHFDUH�XOWLPXO� S�WUXQGH� SULQ� VXSDSD� ���� FDQDOXO� �� úLVXSDSD���� vQ�FDPHUHOH��GH�OXFUX���úL�����YH]L�OLQLLOHFX� V�JH L��� 'DF� ERELQHOH� ��� ��� ��� úL� ��� VHDOLPHQWHD]� FX� FXUHQW� DOWHUQDWLY�� VH� FUHHD]� IOX[XOPDJQHWLF����FDUH�VH�vQO�Q XLH�SULQ�DUP�WXUD�PRELO����� vWUHILHUXO����úL�PLH]XO� IHURPDJQHWLF���úL� IOX[XOPDJQHWLF����FDUH�VH�vQO�Q XLH�SULQ�DUP�WXUD�PRELO����� vWUHILHUXO� ��� úL� PLH]XO� IHURPDJQHWLF� ��� 6XEDF LXQHD� IRU HORU� HOHFWURPDJQHWLFH� DUP�WXULOHPRELOH����úL����RVFLOHD]� FRQFRPLWHQW�FX�IUHFYHQ �GXEO� ID � GH� FHD� GH� DOLPHQWDUH�� /D� GHSODVHD]�DUP�WXULORU� PRELOH� ��� úL� ��� GH� OD� � PLH]XULOHIHURPDJQHWLFH���úL���VXSDSHOH�GH�DGPLVLH����úL���VH� vQFKLG�� OLFKLGXO� GLQ� FDPHUD� �� HVWH� U�VSLQV� GHRUJDQXO� GH� OXFUX� ��� VSUH� FDPHUD� GH� OXFUX� ���� LDURUJDQXO�GH�OXFUX����U�VSLQJH�OLFKLGXO�VSUH�úWX XO�GHDFXDUH�����/D��GHSODVHD]� DUP�WXULORU�PRELOH����úL��� VSUH� PLH]XULOH� IHURPDJQHWLFH��� úL� �� VXSDSHOHDGPLVLH� ��� úL� ��� VH� GHVFKLG�� OLFKLGXO� GLQ� PHGLXO

vQFRQMXU�WRU�S�WUXQGH�vQ�FDPHUD�GH�OXFUX���úL FLFOXOVH�UHSHW���'HRDUHFH�OLFKLGXO�QX�VH�FRPSULP��
PLúFDUHD�DUP�WXULORU�PRELOH� ��� úL����� WLMHORU���� úL

����RUJDQHORU�GH�OXFUX����úL����HVWH�FRQFRPLWHQW� úLvQ�GLUHF LL�RSXVH� � úL�GHFL�QX�VH�VFKLPE� FHQWUXO�GHJUHXWDWH� D� SRPSHL�� RVFLOD LLOH� QX� VH� YRU� WUDQVPLWHFRUSXOXL���FHHD�FH�úL�GXFH�OD�PLFúRUDUHD�YLEUD LLORU�&DPHUD�GH�OXFUX���HVWH�XQLW� FRQVHFXWLY�FX�FDPHUDGH�OXFUX����SULQ�LQWHUPHGLXO�FDQDOXOXL���úL�VXSDSHL��� úL� DVWIHO� SUHVLXQHD� GLQ� FDPHUD� �� VH� DGXQ� FXSUHVLXQHD� GLQ� FDPHUD� ���� &D� UH]XOWDW� VH� RE LQH� RFUHúWHUH� D� vQ�O LPHL� GH� SRPSDUH� DSUR[LPDWLY� GHGRX� RUL�
&DUDFWHULVWLFLOH� H[SHULPHQWDOH� +�4� D� WUHL� SRPSHVXQW�SUH]HQWDWH�vQ�ILJXUD����3RPSD�FX�GRX� WUHSWH�DIRVW�UHDOL]DW� OD�FDWHGUD�GH�HOHFWURPHFDQLF� D�870úL�DUH�DF LRQDUH�HOHFWURPDJQHWLF� 8�8��3RPSHOH

)LJXUD �� 3RPS� FX� DF LRQDUHHOHFWURPDJQHWLF� úL� GRX� WUHSWH�� �� ±� FRUS������±�FDPHUH�GH�OXFUX�����������±�ERELQHOHHOHFWURPDJQHWXOXL�� ���� �� � PLH]XUL� IHUR�PDJQHWLFH����± U�úLQ� SHQWUX� LPSUHJQDUH���±�FDQDO�������±�VXVSHQVLL���������± VXSDSH�GHDGPLVLH�� ��� ±� úWX � GH� HYDFXDUH�� ������ ±RUJDQH�GH�OXFUX��������±�WLMH��������DUP�WXULPRELOH����������±�vQWUHILHUXUL�
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]YRUDú úL�0DOHWNR VXQW�SRPSH�SURGXVH�vQ�VHULH�úL�DXDF LRQDUH�HOHFWURPDJQHWLF� WLX�8�,��3RPSD� ,]YRUDúDUH� GHELWXO� QRPLQDO� � 4Q  ���� O�K�� +Q  � ��� P�SRPSD� 0DOHWNR� �� UHVSHFWLY� ���� O�K� úL� ��� P�&RQVWDW�P��F� SHQWUX�GHELWH�SkQ� OD�����O�K�SRPSDFX�GRX� WUHSWH�DVLJXU� R�SUHVLXQH�GH�FLUFD�GRX� RULPDL�PDUH�
ÌQ�ILJXUD���HVWH�SUH]HQWDW� VFKHPD�GH�FDOFXO�D�S�U LLPHFDQLFH� D� SRPSHL� FX� GRX� WUHSWH�� 3H� ED]DHFXD LLORU� /DJUDQJH� � >�@ V�DX� VFULV� HFXD LLOH� GHPLúFDUH�D�S�U LL�PHFDQLFH�� � ����������� JPYE))[[FGWGYP SH ��� �� ���� � ����������� JP))YE[[FGWGYP SH ��� �� ���� � � � ���������� JP[[F[[FGWGYP � ���� ���
'LQ� ���� úL� ���� GHWHUPLQ�P� � ���� [[F � �� ���� [[F � úL��OH�VXEVWLWXLP�vQ�����
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3HQWUX�XQ�VLVWHP� LGHDO�VLPHWULF��)H� )H���)S� )S��E�Y� E�Y��� P� P��� GY��GW �GY��GW�� � ÌQ� FRQGL LDQHJOLMHULL�IRU HORU�GH�JUHXWDWH��FDUH�VXQW�FX�PXOW�PDLPLFL�GHFkW�IRU HOH�HOHFWURPDJQHWLFH�úL�GH�HODVWLFLWDWHGLQ�����RE LQHP� ����  GWGYP ���FHHD�FH�vQVHDPQ� F� FRUSXO�SRPSHL�QX�RVFLOHD]��
%LEOLRJUDILH
�� 6RERU�,���1XF� ,���$PEURVLL�6��&DOFXODWLRQ�RIPDJQHWLF� FHUFXLW� IRU� HOHFWURPDJQHWLF� GULYHV���%XOHWLQXO�,QVWLWXWXOXL�3ROLWHKQLF�GLQ�,DúL��WRPXO;/,��;/9���SDJ������������������ 6RERU� ,��� .REvOHD NLL� 1� &RQWULEX LL� ODvPEXQ�W� LUHD� SHUIRUPDQ HORU� YLEUDWRUXOXLHOHFWURPDJQHWLF���� &RQIHULQ D� GH� 6LVWHPH(OHFWURPHFDQLFH�6,(/0(1���������RFWRPEULH�&KLúLQ�X��YROXPXO�,,��SDJ������±������� 6RERU�,���.REvOHD NLL�1� %UHYHW�GH�LQYHQ LH�QU������0'��%23,�QU������������� 6WRFNHU�+���-XQGW�)���*XLOODXPH�*� 7RXWH� ODSK\VLTXH��'XQRG��3DULV������
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,]YRUDV 0DOHWNR &X�GRXD�WUHSWH
)LJXUD����&DUDFWHULVWLFLOH�H[SHULPHQWDOH�+�4D�SRPSHORU�

)LJXUD� �� 6FKHPD� GH� FDOFXO� D� SRPSHL� FXGRX� WUHSWH�� Y��Y��Y�� ±� YLWH]HOH� DUP�WXULLPRELOH�GH�MRV��GH�VXV�úL�D�FRUSXOXL��P��P��P�±�PDVHOH�DQVDPEOXULORU�PRELOH�GH�MRV��GH�VXVúL� D� FRUSXOXL�� F��F�� ±� HODVWLFLW� LOHVXVSHQVLLORU�� E��E�� ±� IDFWRULL� GH� DWHQXDUH� DRVFLOD LLORU� vQ� PHGLX� OLFKLG�� )H��)H�� ± IRU HHOHFWURPDJQHWLFH�)S��)S��±�IRU H�GH�SUHVLXQH�)E��)E� �� IRU H� GH� UH]LVWHQ �� KLGUDXOLF��)J��)J��)J�±�IRU H�GH�JUHXWDWH�


