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ELU X\JXODPD� DODQODUÕQD� UDVWODPDGÕN�� %XQXQ� VHEHEL� ED]Õ� IL]LNVHO� |]HOOLNOHULQLQ� KHQ�]� WDP�
RODUDN�DQODúÕOPDPDVÕ�RODELOLU��%X�oDOÕúPDQÕQ�DPDFÕ�1L7H�YH�1L7H�� � \DUÕ� LOHWNHQOHULQLQ�VWDWLN�
\DSÕODUÕQÕ�HULPH�VÕFDNOÕ÷ÕQD�\DNÕQ�ELU�VÕFDNOÕNWD�VÕYÕ�ID]GD�LQFHOHPHNWLU��
6DI VÕYÕ� WHOO�U\XPXQ� �7H�� HOHNWURQLN� YH� \DSÕVDO� |]HOOLNOHUL� �]HULQH� \DNODúÕN� ������ \ÕO� |QFH�
\DSÕODQ�DUDúWÕUPDODU�HOHNWULN�|]HOOLNOHULQLQ� WHOOXU\XPX�LOHWNHQ�PDO]HPHOHU� VÕQÕIODQGÕUPDVÕQGD�
PHWDOLN�YH� \DUÕ� LOHWNHQ� DUDVÕQGD�ELU� \HUGH�ROGX÷XQX�J|VWHUPHNWHGLU��6WDWLN� \DSÕ� � LVH�PHWDOLN�
VÕYÕODUÕQNLQGHQ�oRN�IDUNOÕGÕU��6DI�VÕYÕ�WHOO�ULGLQ�EX�LOJLQo�|]HOOLNOHULQLQ�\DQÕ�VÕUD��WHO\XP��7H���
J�P�ú �$J�� YH\D� EDNÕU� �&X�� � JLEL� HOHPHQWOHUGH� oRN� JHQLú� ELU� VÕYÕ� \DUÕLOHWNHQ� JUXEXQX�
ROXúWXUXU�� <DUÕLOHWNHQ� IL]L÷LQLQ� WHPHOLQH� ÕúÕN� WXWPDN� DPDFÕ\OD� ����� \ÕOÕQGD�9�7�1JX\HQ� YH�
DUDúWÕUPD�DUNDGDúODUÕ�VÕYÕ�1L7H�YH�1L7(�¶QLQ�VWDWLN�\DSÕVÕQÕ��Q|WURQ�VDoÕOPDVÕ�GHQH\LQL�QLNHOLQ�
�o D\UÕ�LVRWRSXQXQ�ROXúWXUGX÷X���IDUNOÕ�VLVWHPH�X\JXOD\DUDN�LQFHOHPLú�NÕVPL�\DSÕ�IDNW|UOHULQL�
HOGH HGLOPLúOHUGLU��%X�oDOÕúPDGDQ�X]XQ�\ÕOODU�VRQUD������\ÕOÕQGD�%HORVKFKHQNR�YH�2VWURYVNL�
EX VÕYÕ� QLNHO� WHOOXULGOHUL� WHNUDU� HOH� DOPÕú� YH� 1JX\HQ� YH� DUNDGDúODUÕQÕQ� Q|WURQ� VDoÕOPDVÕ�
VRQXoODUÕQGDQ�\DUDUODQDUDN�WHUV�0RQWH�&DUOR�VLP�ODV\RQX�YH�6FKRPPHUV�%HOÕRQ�DOJRULWPDVÕ�
NXOODQDUDN�EX�VLVWHPOHULQ�\DSÕODUÕQÕ�oDOÕúPÕúODU��%XQODUÕQ�\DSWÕ÷Õ�oDOÕúPDGD�1L�YH�7H�L\RQODUÕ�
DUDVÕQGDNL HWNLOHúPH�SRWDQVL\HOL�GHQH\VHO�YHULOHUGHQ�\DUDUODQDUDN�WHVSLW�HGLOPLú�YH�VLP�ODV\RQ�
VRQXFXQGD�EXOXQDQ�oLIW�GD÷ÕOÕP�IRQNVL\RQODUÕ�GHQH\VHO�VRQXoODUOD�NDUúÕODúWÕUÕOPÕú��
%X oDOÕúPDGD� VÕYÕ� 1L7H� YH� 1L7H�� \DUÕ� LOHWNHQOHULQLQ� VWDWLN� \DSÕODUÕ� VÕYÕ� KDO� WHRULOHULQGHQ�
+\SHUQHWWHG�&KDLQ� �+1&�� � \DNODúÕPÕ� YDVÕWDVÕ\OD� LQFHOHQPLúWLU�� $UDúWÕUPDODU� LNL� DQD� JUXSWD�
WRSODQDELOLU���
� 1LNHO� WHOOXULG� VLVWHPOHULQGHNL� LNLOL� HWNLOHúPHOHULQ� X\JXQ� ELU� HWNLQ� SRWDQVL\HO� IRUPX� LOH�
PRGHOOHQPHVL��'HQH\VHO�VRQXoODU�EX�VLVWHPOHULQGHNL�L\RQODU�DUDVÕ�ED÷ODQPDQÕQ�NÕVPHQ�L\RQLN�
ROGX÷XQX� J|VWHUGL÷L� LoLQ�� � GDKD� |QFH� NÕVPHQ� L\RQLN� NDUDNWHUOL� VLVWHPOHUGHNL� HWNLOHúPHOHUL�
ROGXNoD�L\L�PRGHOOH\HQ�9DQLVKWD�±5DPDQ�SRWDQVL\HO�IRUPXQX�NXOODQPD\Õ�WHUFLK�HWWLN��
� 1LNHO�WHOOXULGOHULQ�VÕYÕ�KDOGHNL�\DSÕODUÕQÕ�NXUDPVDO�RODUDN�LQFHOHQPHVL��%X�DúDPDGD�GD�E�W�Q�
VÕYÕKDO�WHRULOHULQLQ�WHPHOLQL�ROXúWXUDQ�2UQVWHLQ�=HUQLFNH�LQWHJUDO�GHQNOHPLQL��L\RQLN�VLVWHPOHU�
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LoLQ�L\L�VRQXoODU�YHUGL÷L�ELOLQHQ�+1&�\DNODúÕPÕ�LOH�o|]�OG���%X�GHQNOHPLQ�o|]�P��GDKD�|QFH�
\D]ÕOPÕú�RODQ�ELOJLVD\DU�SURJUDPÕQÕQ�EX�VLVWHPOHU�LoLQ�G�]HQOHQPHVL�LOH�\DSÕOPÕúWÕU��
(OGH� HGLOHQ� VRQXoODU� KHP� Q|WURQ� VDoÕOPDVÕ� GHQH\L� KHP� GH� WHUV� PRQWH� FDUOR� VRQXoODUÕ� LOH�
NDUúÕODúWÕUÕOPÕúWÕU��

��� 6ÕYÕ�+DO�)L]L÷L�
0DGGHQLQ�IL]LNVHO�KDOOHUL�EDVLWoH�NDWÕ��VÕYÕ�YH�JD]�ID]Õ�ROPDN��]HUH��oH�D\UÕOÕU��.DWÕ�KDOGH�DWRP�
YH\D�PROHN�OOHU� NULVWDO� \DSÕ\Õ� ROXúWXUDQ� |UJ�� QRNWDODUÕQGD� EXOXQPDNWDGÕU� YH� WDP� ELU� G�]HQ�
KDNLPGLU��0ROHN�OOHU� |UJ�� QRNWDODUÕQGD� WLWUHúLP� \DSDUODU� YH� WLWUHúLP� JHQOLNOHUL� PROHN�OHULQ��
\DUÕ� oDSODUÕQD�J|UH�oRN�N�o�NW�U��*D]� IRUPXQGD� LVH�DWRPODU� UDVWJHOH�GD÷ÕOÕUODU�YH�DWRPODUÕQ�
KDUHNHWL WDPDPHQ�G�]HQVL]GLU�� øGHDO� JD]ODUGDNL� G�]HQVL]OLN� YH� NDWÕ� KDOGHNL� G�]HQOL� \DSÕGDQ�
GROD\Õ�EX�KDOOHUL�PDWHPDWLNVHO�YH�IL]LNVHO�RODUDN�WDQÕPOD\DELOLUL]���
%LU NDWÕ�ÕVÕWÕOGÕ÷Õ�]DPDQ�SDUoDFÕNODU�E�\�N�JHQOLNOHUOH�WLWUHúPH\H�EDúODU�³HULPH�QRNWDVÕ´�GHQHQ�
ELU VÕFDNOÕNWD� NRQXPODUÕQGDQ� D\UÕOÕUODU�� (ULPH� QRNWDVÕQÕQ� �]HULQGH� PROHN�OOHU� oRN� ID]OD�
KDUHNHW HGHUOHU�YH�DUWÕN�NULVWDO�\DSÕQÕQ�|QHPL�\RNWXU��0DGGH� W�P�\OH�KDUHNHWOLGLU�YH�KHPHQ�
KHPHQ�\DSÕVÕ]�DNÕúNDQ�RODUDN�KDUHNHW�HGHU���6ÕFDNOÕN�DUWWÕNoD�SDUoDFÕNODU�GDKD�HQHUMLN�KDUHNHW�
HGHUOHU�YH�\DNÕQ�NRPúXODUÕQGD�GDKD�NROD\�D\UÕOÕUODU��
6ÕYÕODU� NDWÕ� ID]� YH� JD]� ID]Õ� DUDVÕQGD� ELU� \DSÕ\D� VDKLSWLU��.ÕVD�PHVDIHGH� ELU� G�]HQ� KDNLPGLU���
IDNDW PHVDIH�E�\�G�NoH�PROHN�OOHU�DUDVÕ�NRUHODV\RQ�ND\EROXU�YH�G�]HQVL]��ELU�KDOH�G|Q�ú�U��
%X DoÕN�ROPD\DQ�DUD�GXUXP�VÕYÕ�KDOLQ�\DSÕVÕQÕ�WHPVLO�HGHFHN�PRGHOLQ�NXUXOPDVÕQÕ�HQJHOOHU�YH�
EX QHGHQOH�VÕYÕ�KDO�NXUDPÕ��JD]�YH�NDWÕ�KDO�NXUDPODUÕQD�J|UH�\DYDú�JHOLúPH�ND\GHWPHNWHGLU��
6ÕYÕ YH� JD]� ID]ODUÕQGD� PROHN�OOHU� \HU� GH÷LúWLUPHGH� VHUEHVWWLU�� 6ÕYÕODU� YH� NDWÕODUÕ�
NDUúÕODúWÕUGÕ÷ÕPÕ]GD� VÕYÕODUÕQ� YL]NR]LWHOHULQLQ� oRN� G�ú�N� GLI�]OHQPHOHULQLQ� oRN� \�NVHN�
ROGX÷XQX� J|U�U�]�� IDNDW� NDWÕODU� YH� VÕYÕODUÕQ� \R÷XQOXNODUÕ� EHQ]HUGLU�� +HU� LNLVL� GH� RUWDODPD�
DWRPODU�DUDVÕ�PHVDIHOHULQH� �YH� VD\Õ� \R÷XQOXNODUÕQD� VDKLSWLU�� \R÷XQOXNODUÕ�JHQHO� �RODUDN�����
GHQ D]�IDUNOÕGÕU��
0ROHN�OOHU� DUDVÕ� SRWDQVL\HO� HQHUMLQLQ� PROHN�OOHULQ� KDUHNHWLQL� NRQWURO� HWPH� GHUHFHVL� NLQHWLN�
HQHUML\H� ED÷OÕGÕU�� '�ú�N� VÕFDNOÕODUGD� RUWDODPD� SRWDQVL\HO� HQHUML� RUWDODPD� NLQHWLN� HQHUMLGHQ�
E�\�NW�U� YH� PDGGH� G�]HQOL� ELU� NDWÕGÕU�� (÷HU� RUWDODPD� NLQHWLN� HQHUML� RUWDODPD� SRWDQVL\HO�
HQHUMLGHQ�E�\�N�LVH�PROHN�OOHU�ELUELULQGHQ�ED÷ÕPVÕ]�KDUHNHW�HGHU�YH�PDGGH�GH�LGHDO�JD]ODUGD�
ROGX÷X JLEL�G�]HQVL]OLN�KDNLPGLU��2UWDODPD�NLQHWLN�HQHUML�RUWDODPD�SRWDQVL\HO�HQHUML�LOH�D\QÕ�
PHUWHEH�GH�GH÷HUOHUH�VDKLSVH�PDGGH�VÕYÕ�KDOGHGLU��
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'HQH\VHO� RODUDN� ELU� VÕYÕ� G�]HQLQ� PHUWHEHVLQL� DQODPDN� LoLQ� ;� ÕúÕQÕ�� Q|WURQ� YH\D� HOHNWURQ�
VDoÕOPDVÕ� GHQH\OHULQGH� ID\GDODQÕUÕ]��.ULVWDO� NDWÕQÕQ�;� ÕúÕQÕQ� � NÕUÕQÕP�GHVHQL� VLPHWULN� RODUDN�
NHVLQ SLNOHUGHQ�ROXúXU��%X�SLNOHU�\DSÕQÕQ�|UJ��QRNWDODUÕQD�NDUúÕOÕN��JHOPHNWHGLU��*D]�GXUXPX�
LoLQ� ;� ÕúÕQÕ� NÕUÕQÕP� GHVHQL� PDNVLPXP� ROPD\DQ� V�UHNOL� ELU� VDoÕOPD� úLGGHWLQL� J|VWHULU�� \DQL�
SLNOHU�ND\EROXU��%X�GXUXP�G�ú�N�\R÷XQOXNWD�ELU� JD]GDNL�DWRPLN�\HUOHúLPLQ�G�]HQVL]OL÷L� LOH�
DoÕNODQDELOLU��
�6ÕYÕODUÕQ� GHQH\VHO� RODUDN� HOGH� HGLOHQ� NÕUÕQÕP� GHVHQLQGH� ELUNDo� PDNVLPXP� YH� PLQLPXP��
YDUGÕU��%XQODU�ED]Õ�G�]HQOL�VÕNÕ�LVWLIOHQPLú�\DSÕODUGDNLQH�NDUúÕOÕN�JHOHQ�PHVDIHOHUGH�PH\GDQD�
oÕNDUODU�� %X� GXUXP� VÕYÕODUÕQ� ELU� GHUHFH\H� NDGDU� NÕVD� PHQ]LOOL� G�]HQH� IDNDW� X]XQ� PHQ]LOOL�
G�]HQVL]OL÷H� VDKLS� ROGXNODUÕQÕ� J|VWHULU�� 6ÕYÕ� KDOLQ� \DSÕVÕQÕ� DQODWPDN� � LoLQ� � IDUNOÕ� J|U�ú�
QRNWDODUÕ\OD� ELUNDo� \|QWHP� JHOLúWLULOPLúWLU�� =DPDQGDQ� ED÷ÕPVÕ]� YH\D� VWDWLN� DQODWÕP� VDGHFH�
WHUPRGLQDPLN�YH\D�GHQJH�|]HOOLNOHULQL�GH÷LO�D\QÕ�]DPDQGD�VHOI�GLI�]\RQ�NDWVD\ÕVÕ�YH�YLVNR]LWH�
NDWVD\Õ� JLEL� � NDUDUOÕ� KDO� WUDQVSRUW� NDWVD\ÕODUÕQÕ� WHPHO� RODUDN� DOÕU�� %X� NDWVD\ÕODU� PROHN�O�
|OoH÷LQGH� X]XQ� RODQ� ]DPDQODU� YH� PHVDIHOHU� �]HULQGH� |Oo�O�UOHU� YH� GH÷HUOHUL� ]DPDQOD�
GH÷LúPH]� 'LQDPLN�DQODWÕP�|Oo�OHQ�GH÷HUOHUL�]DPDQ�|OoH÷LQH�YH\D�J|]OHPLQ�IUHNDQVÕQD�ED÷OÕ�
RODQ�|]HOOLNOHUL�WHPHO�RODUDN�DOÕU��
6ÕYÕ VLVWHPOHU�IL]L÷LQLQ�DPDFÕ��QHGHQ�|]HOOLNOH�ED]Õ�ID]ODUÕQ�|]HO�VÕFDNOÕN�YH�\R÷XQOXNWD�NDUDOÕ�
ROGX÷XQX� DQODPDN�� VÕYÕQÕQ� NDUDUOÕ÷ÕQÕ�� VWDWLN� \DSÕVÕQÕ� YH� GLQDPLN� |]HOOLNOHULQL�PROHN�OOHULQ��
DWRPODUÕQ� YH\D� L\RQODUÕQ� ER\XW� YH� úHNLOOHUL� LOH� YH� EXQODU� DUDVÕQGDNL� HWNLOHúPH� NXYYHWOHULQLQ�
GR÷DVÕ LOH�LOLúNLOHQGLUPHNWHGLU��
1 SDUoDFÕNOÕ� VÕYÕQÕQ� PDNURVNRELN� |]HOOLNOHULQLQ� PLNURVNRELN� |]HOOLNOHULQGHQ� \DUDUODQDUDN�
LQFHOHQPHVL���1�NRRUGLQDW�YH��1�PRPHQWXP�ROPDN��]HUH��1�WDQH�KDPLOWRQLHQ�GHQNOHPLQLQ�
o|]�P�Q��JHUHNWLULU��dRN�E�\�N�VD\ÕGDNL�SDUoDFÕN����PRO¶GH� | ���� WDQH��EX�W�U�ELU�o|]�P��
]RUODúWÕUÕU��øVWDWLVWLN�PHNDQLN�]DPDQ�YH\D�WRSOXOXN�RUWDODPDODUÕ�DODUDN��VÕFDNOÕN��EDVÕQo��KDFLP�
JLEL PDNURVNRELN� E�\�NOHUL� VLVWHPLQ� PLNURVNRELN� |]HOOLNOHUL� LOH� LOLúNLOHQGLULS� \XNDUÕGD�
]RUOX÷XQ��VWHVLQGHQ�JHOLU��'L\DJUDPDWLN�DQDOL]�YH� \R÷XQOXN� IRQNVL\RQHO� WHRULVL�JLEL�ELU� oRN�
PHWKRG�\DUGÕPÕ�LOH�VLVWHPLQ�WHUPRGLQDPLN�IRQNVL\RQX�YH�VÕYÕQÕQ�PLNURVNRELN�\DSÕVÕQÕ�WHPVLO�
HGHQ GHQJH�GD÷ÕOÕP�IRQNVL\RQODUÕ��YH\D�NRUHODV\RQ�IRQNVL\RQX���EHOLUOHQHELOLU��
>������@
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��� $NÕúNDQODUÕQ�<DSÕVÕ�
$NÕúNDQ�PHWDOOHUGH�DWRPLN�GD÷ÕOÕPÕQ�WDULILQGH�VÕNOÕNOD�GD÷ÕOÕP�IRQNVL\RQX�J�U��NXOODQÕOÕU��J��U��
EHOLUOHQHQ�ELU�DWRPXQ�U�X]DNOÕ÷ÕQGD�GL÷HU�ELU��DWRPX�EXOPD��RODVÕOÕ÷ÕQÕ�|OoHU��%X�ELOJL�NULVWDO�
ROPD\DQ��\DSÕODUÕQ�|]HOOLNOHULQL�YH�\DSÕODUÕ�LQFHOHPHGH�|QHPOL�ELU�URO�R\QDU�o�QN��EX�GD÷ÕOÕP�
IRQNVL\RQX�GLIUDNVL\RQ�VRQXoODUÕ�LOH�LOLúNLOHQGLULOLU��'D÷ÕOÕP�IRQNVL\RQX��NULVWDO�\DSÕGDQ�LGHDO�
JD]ODUD��oRN�ELOHúHQOL�VLVWHPOHUH���NXDQWXP�DNÕúNDQODUÕQD�NDGDU�JHQLúOHWLOHELOLU��
'D÷ÕOÕP�IRQNVL\RQXQ�NDYUDQPDVÕQÕ�NROD\ODúWÕUPDN�LoLQ�WHN�ER\XWOX��VLVWHPGHQ�EDúOD\DOÕP��
����� 7HN�%R\XWWD�6D\Õ�<R÷XQOX÷X�

ùHNLO�����7HN�SDUoDFÕN�VD\Õ�\R÷XQOX÷X�GL\DJUDPÕ�>��@��
[ HNVHQL��]HULQGH�NRQXPX� L[ RODQ�ELU�DWRP�G�ú�QHOLP�EXUDGDQ�WHN�ER\XWWD�VD\Õ�\R÷XQOX÷XQX�
NROD\FD�EXODELOLUL]��6D\Õ�\R÷XQOXN�IRQNVL\RQX� ���� [Y
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%X IRQNVL\RQX�NXOODQDUDN�WHN�ER\XWWD�VD\Õ�\R÷XQOX÷X�WHNUDU�úX�úHNLOGH�\D]DELOLU��
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[ HNVHQLQGH��NH\IL��NRQXPODUGD�EXOXQDQ�1�DWRP�LoLQ�VD\Õ��\R÷XQOX÷X�úX�úHNLOGH�YHULOLU��
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%XUDGD�1�WDQH�DWRP� 1[[[ ����������� ��� NRQXPODUÕQGD�ROVXQ�EX�GXUXPGD��DWRPODUÕ�oLIW�úHNOLQGH�
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��� GHQNOHPLQLQ���GDQ�/�\H�NDGDU�RODQ�PHVDIH�LoLQ�LQWHJUDOL� LM3 QLQ�GH÷HULQL�YHULU��%X�\�]GHQ�
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³ ³ � / / 11G[G[[[Y
� �


�� ������ ������

����� *HUoHN�8]D\GD�6D\Õ�<R÷XQOX÷X�)RQNVL\RQX�
ùLPGL JHUoHN�X]D\GD�VD\Õ�\R÷XQOX÷XQX�G�ú�QHOLP��DWRPODUÕQ�NRQXPODUÕQÕ� QUUUU ���������� ��� LOH�
EHOLUWHOLP��%XQD�J|UH���YH���ER\XWWD�VD\Õ�\R÷XQOX÷XQX�úX��úHNLOGH�\D]DELOLUL]��
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P�PN�QG�U�� %X� PHWRWODUD� ELOJLVD\DU� EHQ]HWLPOHUL� GHQLU�� %LOJLVD\DU� VLP�ODV\RQ� PHWRWODUÕ�
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NDEXNODUÕ�Lo�LoH�JHoPH\H�EDúOD\ÕQFD�RUWD\D�oÕNDU��%X�HWNLOHúLPLQ�NXDQWXP�PHNDQLNVHO�RODUDN�
VHEHEL� 3DXOL� GÕúDUODPD� LONHVLGLU� YH� KHVDEÕ� NDUÕúÕNWÕU�� $QFDN� EX� KHVDS� PDWHPDWLNVHO� RODUDN�
X\JXQ�ELU� LWLFL� SRWDQVL\HOH� \|QOHQGLULU��%XQD� UD÷PHQ� VRQXo� \DNODúÕN�RODUDN� úX� úHNLOGH� LIDGH�
HGLOHELOLU��
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VDELWLQH�HúLWWLU��%X�ED÷ODPGD�\HWHUOL�U�X]DNOÕ÷Õ�LoLQ������GHQNOHPL�\DNODúÕN�oHNLFL�SRWDQVL\HOLQ�
PXWODN�GH÷HULQLQ�����µ��QH�HúLWWLU��%X�VDGHFH�DWRPODUÕQ�WHUPDO�HQHUMLOHUL�LoLQ�HWNLOL�E|OJHGLU��
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����� %D]Õ�SRWDQVL\HO�øIDGHOHUL�
(WNLQ�oLIWOL�SRWDQVL\HOLQ�\R÷XQ�PDGGH�oDOÕúPDODUÕQGD�NXOODQÕOPDVÕ��SRWDQVL\HOLQ�EHOLUOHQPHVL�
YH\D�\DNODúÕN�RODUDN�LIDGH�HGLOHELOPHVL�LoLQ�L\L�YH�WHUFLKHQ�EDVLW�ELU�EDúODQJÕo�WDKPLQL�\DSPDN�
JHUHNLU��%DVLW� ELU� VÕYÕ� J|]�|Q�QH� DODOÕP��EXUDGD� DWRPODUÕQ� oHNLUGH÷L�ELU� HOHNWURQ�NDEX÷X� LOH�
VDUÕOPÕú�ROVXQ��WDKPLQ�HGLOHFHN�HWNLOHúPH�SRWDQVL\HOL�úX�LNL�HWNL\L�LoHUPHN�]RUXQGDGÕU��
�� $WRPODUÕQ� Lo� LoH� JHoPHVLQL� HQJHOOH\HQ�� oRN� KÕ]OÕ� GH÷LúHQ� NÕVD�PHVDIHOHUGH� HWNLQ� LWLFL� ELU�
HWNLOHúPH�WHULPL�
�� 8]XQ�PHVDIHOHUGH�HWNLOL�\DYDúoD�GH÷LúHQ��]D\ÕI�ELU�oHNLFL�HWNLOHúPH�WHULPL��
ùLPGL EX�SRWDQVL\HO�PRGHOOHULQGHQ�VDGHFH�ED]ÕODUÕQÕ�LIDGH�HGHOLP��
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ùHNLO�����.DWÕ�N�UH�SRWDQVL\HOL�JUDIL÷L�>�@��.DWÕ� N�UH� SRWDQVL\HOL� E�W�Q� SRWDQVL\HO�PRGHOOHUL� LoLQGH� HQ� EDVLW� RODQGÕU�� $VOÕQGD� NDWÕ� N�UH�
PRGHOL� JHUoHN� VÕYÕODUÕQ� \DSÕODUÕ� LoLQ� X\JXQ� GH÷LOGLU�� %XQD� UD÷PHQ� NDWÕ� N�UH� PRGHOL� VÕYÕ�
WHRULOHUL� LoLQ� oRN� |QHPOL� ELU� \HU� WXWDU�� %XQXQ� HQ� |QHPOL� QHGHQL� E�W�Q� DNÕúNDQODU� LoLQ� NÕVD�
PHVDIHOHUGH� J�oO�� HWNLOHúPHOHUH� VDKLSWLU� YH� NDWÕ� N�UH� PRGHOL� EXQX� VD÷ODPDNWDGÕU�� $\QÕ�
]DPDQGD� \�NVHN� \R÷XQOXNOX� ]D\ÕI� HWNLOHúPHOL� DNÕúNDQODU�� NDWÕ� N�UHGHNL� LWLFL� HWNLOHúPH� LOH�
X\XPOXGXU��
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'�+XJJLQV�0D\HU�3RWDQVL\HOL��
+XJJLQV�0D\HU� SRWDQVL\HOL� JHQHOOLNOH� WDP� L\RQLN� VLVWHPOHU� LoLQ� NXOODQÕODQ� YH� DONDOL�
KDORMHQ�UOHU�GHNL� HWNLOHúPHOHUL� EDúDUÕOÕ� ELU� úHNLOGH� WDQÕPODPÕú�RODQ�ELU� SRWDQVL\HO�PRGHOLGLU��
*HQHO�LIDGHVL��
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ROPDN� �]HUH�� H[SRQDQVL\HO� ELU� �VW��VWH� ELQPH� LWLFL� WHULPLQGHQ�� ELU� &RXORPE� WHULPLQGHQ� YH�
9DQGHUZDOOV�oHNLFL�HWNLOHúPH�WHULPOHULQGHQ�ROXúXU��>��@�
(�9DVKLVWD�5DPDQ�SRWDQVL\HOL�
%X oDOÕúPDGD� VÕYÕ� 1L7H� \DUÕ� LOHWNHQLQGHNL� L\RQODU� DUDVÕ� HWNLOHúPHOHUL� LIDGH� HWPHNWH�
NXOODQDFD÷ÕPÕ]�9DQLVKWD�5DPDQ�SRWDQVL\HOL�
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RODUDN�LIDGH�HGLOLU��
9DVKLVWD�YH�5DPDQ� WDUDIÕQGDQ� D �$J,�QLQ� L\RQLN�KDUHNHWOLOL÷LQL� oDOÕúPDN� LoLQ�EX�SRWDQVL\HO�
LIDGH\L� |QHUPLúWLU� YH� JHQHOOLNOH� NRYDOHQW� NDUDNWHUOL� HWNLOHúPHOHULQ� EDVNÕQ� ROGX÷X� ELU� oRN�
VLVWHPLQ� KHP� NDWÕ� KHP� GH� VÕYÕ� KDOGHNL� |]HOOLNOHULQLQ� LQFHOHQPHVLQGH� EDúDUÕOÕ� ROPXúWXU�� %X�
SRWDQVL\HO� LIDGHVL� NDUDUOÕ� ELU� NULVWDOGH� \DSÕQÕQ� DQ\RQ�NDW\RQ� YH� DQ\RQ�DQ\RQ� WHPDVÕQGDQ�
ROXúWX÷XQX�YDUVD\DU��%XUDGD��
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%X� SRWDQVL\HOGH� LON� WHULP� LWLFL� HWNLOHúPH\L� LIDGH� HGHU�� DE$ YH DEK LWLFL� HWNLOHúPHQLQ�
NXYYHWOLOL÷LQL� YH� VHUWOL÷LQL� EHOLUOHPHNWHGLU�� $Q\RQ� YH� NDW\RQODUÕQ� L\RQLN� \DUÕoDSODUÕ� EDV � úX�
úHNLOGH�KHVDSODQÕU���

 � �� VV DQ\RQ�NDW\RQ�HQ�\DNÕQ�NRPúX�X]DNOÕ÷Õ�
 � �� VV DQ\RQ�DQ\RQ�HQ�\DNÕQ�NRPúX�X]DNOÕ÷Õ��

øNLQFL� WHULP�&RORXPE�HWNLOHúPHOHULQL� J|VWHULU� YH� ED �= HWNLQ� \�N�GH÷HUOHULGLU��ho�QF�� WHULP�
PRQRSRO�LQG�NOHQPLú�GLSRO�HWNLOHúPHOHULQL�WHPVLO�HGHQ�oHNLFL�HWNLOHúPHGLU��%X�HWNLOHúPH�ELU�
L\RQXQ� EDúND� ELU� L\RQXQ� &RORXPE� DODQÕ� LOH� HWNLOHúPHVLQGHQ� ROXúDQ� SRODUL]DV\RQ� LOH�
ROXúPDNWDGÕU��.DWÕ�\DSÕGD�EX�WHULPLQ�RUWD\D�oÕNPDPDVÕQÕ�QHGHQL�NULVWDOOHULQ�NDUDUOÕ÷ÕGÕU��6RQ�
WHULP�LVH�9DQ�'HU�:DOOV�HWNLOHúPH�WHULPLGLU��>�@�
�
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��� 6ÕYÕ�1LNHO�7HOO�U�G¶��Q�<DSÕVÕ��
<XNDUÕGD� GD� EDKVHWWL÷LPL]� JLEL� 1L7H� \DUÕ� LOHWNHQLQ� VÕYÕ� \DSÕVÕQÕ� LQFHOHPHN� LoLQ� EL]LP�
|QHUGL÷LPL]� SRWDQVL\HO� 95� WDUDIÕQGDQ� VXQXODQ� SRWDQVL\HO� LIDGHVLGLU�� 1L7H� VLVWHPLQGHNL�
HWNLOHúPHOHULQ� PRGHOOHQPHVLQGH�� 95� WLSL� SRWDQVL\HO� IRQNVL\RQX� WHUFLK� HWPHPL]LQ� QHGHQL��
GHQH\VHO�\DSÕ��1L7H¶QLQ�NRYDOHQW�\DSÕGD�ED÷�ROXúWXUGX÷X��VRQXFXQX�oÕNDUPDPÕ]GÕU�>��@�
�
%X SRWDQVL\HOGH� EHOLUOHQPHVL� JHUHNHQ� EDúOÕFD� JHUHNHQ� SDUDPHWUHOHU�� LWLFL� HWNLOHúPHQLQ�
NXYYHWOLOL÷L� DE$ � VHUWOL÷L� DEK � HWNLQ� \�NOHU� ED�= YH� L\RQLN� \DUÕoDSODU� DEV GLU�� ø\RQLN�
\DUÕoDSODU� �V YH� �V NULVWDO� \DSÕQÕQ� DQ\RQ�NDW\RQ� YH� DQ\RQ�DQ\RQ� WHPDVÕQGDQ� ROXúWX÷X�
G�ú�QFHVL� LOH� NULVWDO� \DSÕGDQ� KHVDSODQPÕú� YH� oL]HOJH� ���� GH� YHULOPLúWLU��+HU� L\RQLN� WHPDVÕQ�
LWLFL�SRWDQVL\HOH�NDWNÕVÕQÕQ�D\QÕ�ROGX÷X�YDUVD\ÕODUDN�\DQL� $$  DE YH� K KDE � ELOLQPH\HQ�
SDUDPHWUHOHULQ� VD\ÕVÕ� D]DOWÕOPÕúWÕU�� ùLPGL� EHOLUOHQPHVL� JHUHNHQ� �o� SDUDPHWUH� YDU� =�$�� YHK �
%XQODUGDQ� HWNLQ� \�N� IRQRQ� VDoÕOPD� GHQH\OHUL� VRQXoODUÕQÕQ� DQDOL]LQGHQ� EXOXQDELOLU�� %X�
SRWDQVL\HO�\DUÕ�HPSLULN�ELU�SRWDQVL\HO�ROGX÷X�LoLQ�=�D\QÕ�]DPDQGD�D\DUODQDELOLU�ELU�SDUDPHWUH�
RODUDN�WD��JHQHOOLNOH��HOH�DOÕQDELOLU��
'L÷HU�SDUDPHWUHOHUL� �� KYH$ EHOLUOHPHN� LoLQ�NHVLQ�ELU�\|QWHP�ROPDPDNOD�ELUOLNWH��EXQODUGDQ�
ELUL D\DUODQÕUVD� JHUL\H� NDODQ� VRQ� SDUDPHWUH�� JHQHOOLNOH� $�� � DúD÷ÕGDNL� LOLúNLOHUGHQ� \DOQÕ]FD�
ELULQGHQ�YH\D��o�Q�Q�NRPELQDV\RQXQGDQ�\DUDUODQDUDN�EXOXQDELOLU��
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%XUDGD� (�D�� ELULP� K�FUH� EDúÕQD� G�úHQ� HQHUML� ROPDN� �]HUH�� GHQNOHP� ��NRKHVLI� HQHUML\L�� ���
GHQNOHP�|UJ��NDUDUOÕOÕ÷ÕQÕ�YH����GHQNOHP�GH�G�ú�N�VÕFDNOÕNODUGD�|UJ��HQHUMLVL�LOH�VÕNÕúDELOLUOLN�
DUDVÕQGDNL� LOLúNL\L� LIDGH�HGHU��%L]�EXUDGDNL�SDUDPHWUHOHUL�EHOLUOHUNHQ�GHQH\VHO� \DSÕ�VRQXoODUÕ�
LOH� HQ� L\L� X\XPX�YHUHFHN�RODQ�SDUDPHWUH�NRPELQDV\RQXQX� VHoWLN��3RWDQVL\HO�SDUDPHWUHOHULQ�
WD\LQLQGH� NXOODQÕODQ� ED]Õ� YHULOHU� oL]HOJH� ���� GH� VXQXOPXú� KHVDSODQDQ� ED]Õ� SDUDPHWUHOHU� LVH�
dL]HOJH����¶�GH�YHULOPLúWLU��
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%XUDGD� DED SRODUL]DELOLWH\L��(�HOHNWURQ�DIILQLWH�YH\D�L\RQODúPD�HQHUMLVLQL��D��YH�E��GD�NULVWDO�
\DSÕQÕQ� SULPLWLI� K�FUH� X]XQOXNODUÕQÕ� LIDGH� HGHU�� %X� oL]HOJHGHNL� YHULOHUGHQ� KHVDSODQDQ� 9�5�
SRWDQVL\HO� SDUDPHWUHOHUL� oL]HOJH� ���� GH� VXQXOPXúWXU�� %X� oDOÕúPDGD� HWNLQ� \�NOHU� DUDVÕQGD�

��== �  �� RODUDN� VHoLOPLú� YH� HOHNWULNVHO� Q|W�UO�N� úDUWÕQÕ� VD÷ODPDN� LoLQ� ��F  �

��F  � DOÕQPÕúWÕU��
dL]HOJH�������1L7H�6LVWHPL�3RWDQVL\HO�SDUDPHWUHOHUL�

DEI DEK $ � + 3 &
1L�1L� �� ������ ����� ���� ���� ����

7H�7H� �� ������ ����� ������� ���� ������

1L�7H� �� ������ ����� ����� ����� ����

dL]HOJH� � ���� GH� YHULOHQ� SDUDPHWUHOHUOH� ROXúWXUXODQ� SRWDQVL\HO� úHNLO� ���¶GH� YHULOPLúWLU�� ùHNLO�
���¶�GH�D\UÕFD�NÕ\DVODPD�LoLQ�� LNL�D\UÕ�SRWDQVL\HO�GDKD�J|VWHULOPLúWLU��%XQODUGDQ�NHVLNOL�oL]JL�
LOH J|VWHULOHQ�\LQH�9�5�SRWDQVL\HOL�IDNDW�\�N�= ����DOÕQPÕúWÕU�%XQXQ�VHEHEL�%HODVKFKHQNR�YH�
2VWURYVNL¶� QLQ� 5HYHUVH�0RQWH� &DUOR� \|QWHPL� VDoÕOPD� GDWDODUÕQÕ� NXOODQDUDN� HOGH� HWWL÷L� \DSÕ�
VRQXoODUÕ�GHQH\VHO�VRQXoODUOD�HQ�L\L�X\XP�VD÷ODGÕ÷Õ�\�N�GH÷HULQLQ�����ROPDVÕGÕU��%X�JUDILNOHU�
LQFHOHQGL÷LQGH� ��I YH ��I \DNÕQ��PHVDIHGH�IDUNOÕ�ROGX÷XQX�J|UPHNWH\L]�EXQX��QHGHQL�DWRPLN�
\DUÕoDSODUÕQÕQ� IDUNOÕ� ROPDVÕGÕU�� )DNDW� HWNLQ� \�NOHUL� D\QÕ� ROGX÷X� LoLQ� X]XQ� PHVDIHOHUGH� \�N�
VLPHWULVLQGHQ�GROD\Õ�YH�EXUDODUGD�&RORXPE�HWNLOHúPHOHU�EDVNÕQ�ROGX÷X�LoLQ�� ��I YH��� ��I ¶ QLQ�
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EHQ]HGL÷LQ�J|UPHNWH\L]�� ��I PLQLPXP�ROGX÷X�GXUXPGDNL�U�PHVDIH�GH÷HUL�������$� G�U��%X�
oL]HOJH����¶�GHQ�GH�J|UHFH÷L�JLEL�EX�GH÷HU�KHPHQ�KHPHQ�HQ� \DNÕQ� DQ\RQ�±NDW\RQ�PHVDIHVL�
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ùHNLO������3RWDQVL\HO�GH÷HUOHULQLQ�IDUNOÕ�\�NOHUOH�NDUúÕODúWÕUÕOPDVÕ�
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��� (ULPLú��1L7H�<DUÕ�øOHWNHQOHULQLQ�6WDWLN��<DSÕVÕ�
%X NÕVÕPGD� 2UQVWHLQ�=HUQLNH� LQWHJUDO� GHQNOHPLQLQ� ELU� |QFHNL� E|O�PGH� VXQGX÷XPX]�
SRWDQVL\HO� PRGHOL� LOH� GHQNOHP� ������� � LOH� YHULOHQ� +1&� \DNODúÕN� GHQNOHPL� NXOODQÕODUDN�
o|]�OPHVL� VRQXFX� VÕYÕ� 1L7H� \DSÕVÕ� HOGH� HGLOPLúWLU�� 2=� GHQNOHPL� +1&� LOH� ELUOLNWH� *LOODQ�
WDUDIÕQGDQ� |QHULOHQ� \|QWHP� LoLQ� GDKD� EDúND� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� \D]ÕODQ� ELOJLVD\DU�
SURJUDPÕ� NXOODQÕODUDN� VD\ÕVDO� RODUDN� o|]�OP�úW�U�� (OGH� HGLOHQ� VRQXoODU� Q|WURQ� VDoÕOPDVÕ�
GHQH\L� YH� 5HYHUVH� 0RQWH� &DUOR� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕOPÕúWÕU�� +HVDSODU� 1L7H¶� QLQ� HULPH�
VÕFDNOÕ÷ÕQÕQ� KHPHQ� �VW�QGH� �7P ������ � � 7 ����� .¶� GH� \DSÕOPÕúWÕU�� %X� VÕFDNOÕNWDNL� VD\Õ�
\R÷XQOX÷X�Q ����� �$
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ùHNLO ����1L7H��VLVWHPOHUL�LoLQ�GHQH\�YH�+1&�LoLQ�UDG\DO�GD÷ÕOÕP������� IRQNVL\RQODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ��

+1&¶�GHQ�HOGH�HGLOHQ�oLIW�GD÷ÕOÕP�IRQNVL\RQX� �U�J úHNLO����¶�GH�Q|WURQ�VDoÕOPDVÕ�VRQXoODUÕ�
LOH�ELUOLNWH�J|VWHULOPLúWLU��ùHNLO¶GHQ�GH�KHPHQ�J|U�OHFH÷L�JLEL�+1&�µGHQ�HOGH�HGLOHQ�7H�7H�YH�
1L�7H oLIW� GD÷ÕOÕP� IRQNVL\RQX� GHQH\VHO� YHULOHUGHQ� HOGH� HGLOHQ� VRQXoODUOD� QHUHGH\VH�
P�NHPPHO� X\XP�J|VWHUPHNWHGLU��%XQD� NDUúÕOÕN�� |]HOOLNOH� RUWD�PHQ]LOH� NDGDU� \DNODúÕN� ��$�

G�U��
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+1&� µLQ� �U�J1L1ø ¶ OL� LOH� GHQH\VHO� VRQXoODUÕ� X\XPVX]� � JLEL� J|]�NPHNWHGLU�� ��UJ1L1ø � EX�
NÕVPÕQD� ELUD]� GDKD� GLNNDW� HGLOHFHN� ROXUVD� GHQH\VHO� 1L1LJ ELUL� \DNODúÕN� ����� $� GL÷HUL� LVH�
\DNODúÕN� ���� $� GH� RODQ� LNL� EHOLUJLQ� SLNH� VDKLSWLU�� 2\VD� ��UJ+1&1L1L ¶ QLQ� \DNODúÕN� ���¶� GDQ�
EDúOD\DQ�YH�����$�� �GH�VRQD�HUHQ�VDGHFH�JHQLú�ELU�SLNH�VDKLSWLU��%X�IDUNOÕ�GDYUDQÕú�EL]H�J|UH�
VÕYÕ 1L7H� VLVWHPLQGH� HWNLOHúPHOHU� PRGHOOHQLUNHQ� L\RQODUÕQ� úHNLO� GH÷LúWLUPH\HQ� NDWÕ� L\RQODU�
RODUDN J|]�|Q�QH�DOÕQPDVÕQGDQ�ND\QDNODQÕU��
dL]HOJH����¶�GH�YHULOHQ�NRRUGLQDV\RQ�VD\ÕODUÕQD�EDNÕOÕUVD��1L�7H�YH�7H�7H�oLIWOHUL� LoLQ�+1&�
VRQXoODUÕQÕQ� GHQH\VHO� VRQXoODUD� oRN� \DNÕQ� ROPDVÕQD� UD÷PHQ� GHQH\VHO� 1L1LJ ¶� LQ� ELULQFL�
SLNLQGHQ�HOGH� HGLOHQ�NRRUGLQDV\RQ� VD\ÕVÕ� LOH� LNLQFLVLQGHQ�EXOXQDQÕQ� WRSODPÕ� \DNODúÕN�RODUDN�
�� GLU�� ��UJ+1&1L1L LON�JHQLú�SLNLQGHQ�EXOXQDQ�LVH�\DNODúÕN����G�U�

%XUDGDQ� ��UJ+1&1L1L ¶ QLQ� JHQLú� SLNLQLQ� DVOÕQGD� GHQH\VHO� 1L1LJ LON� LNL� SLNLQ� JLEL� LNL� SLNLQ�
ELUOHúLPLQGHQ�ROXúWX÷X� \RUXPX�\DSÕODELOLU��dL]HOJH����¶�GH�YHULOHQ�NRRUGLQDV\RQ� VD\ÕODUÕQÕQ�
KHVDEÕQGD� NÕVÕP� ���¶� GH� YHULOHQ� G|UW� \|QWHPGHQ� > @��UJU� �

�SU H÷ULVLQLQ� LON� PLQLPXPXQ�
LQWHJUDOL�NXOODQÕOPÕúWÕU��

dL]HOJH�����.RRUGLQDV\RQ�VD\ÕODUÕ�
�

1L�1L 1L�7H 7H�7H.$7,� �� � �
6,9,�
'(1(<

��3ø. ����
��3ø. ��

��3ø. ���� ��3ø. ���
6,9,�+1&�
����

��3ø. ������ ��3ø. ����� ��3ø. ������

��J�U� � ��J�U� � � ��J�U� ¶ QLQ� VÕUDVÕ\OD������������������ � U�PHVDIHVLQGH� LON�SLNH�XODúWÕNODUÕQÕ�
J|UPHNWH\L]�� ����UJ ¶ QLQ� GDKD� NÕVD� PHVDIHGH� YH� GDKD� \�NVHN� SLN� GH÷HULQH� XODúWÕ÷ÕQÕ��
J|UPHNWH\L]��%X�GD�EL]H�EX�JLEL�VLVWHPOHUGH�LWLFL�HWNLOHúPHQLQ�GDKD�EDVNÕQ�ROGX÷XQX�J|VWHULU��
\DQL�D\QÕ�ROPD\DQ�L\RQODU�DUDVÕQGDNL�NÕVD�PHVDIH�NRUHODV\RQXQ��D\QÕ�L\RQODU�DUDVÕQGDNL�NÕVD�
PHVDIH NRUHODV\RQXQGDQ�GDKD�J�oO��ROGX÷XQX� LIDGH�HGHU��$\QÕ�]DPDQGD�D\QÕ� L\RQODU�YH�]ÕW�
\�NO�� L\RQODU�ELUELULQL�JHoHUVL]�NÕOPD\D�oDOÕúWÕ÷ÕQÕ�J|UPHNWH\L]� ����UJ ¶ QÕQ� LON�SLNL� � ����UJ
GHQ� GDKD� G�ú�NW�U�� %X� NDW\RQ� L\RQODUÕQÕQ� NRQXPVDO� NRUHODV\RQ� GHUHFHOHULQLQ� G�ú�N�
ROGX÷XQXQ�NDQÕWÕGÕU�YH�NDW\RQ�L\RQODUÕQÕQ�GDKD�KDUHNHWOL�ROGX÷XQX�J|VWHULU��



����
$\UÕFD� ùHNLO� ���¶GH� oLIW� GD÷ÕOÕP� IRQNVL\RQX� = ���� LoLQ� +1&� VRQXoODUÕ� YHULOPHNWHGLU��
*|U�OHFH÷L�JLEL�EX�\�N�GH÷HUL�LoLQ�EXOXQDQ�VRQXoODU�GHQH\VHO�VRQXoODUOD�X\XPVX]�ROPDVÕ�LOH�
ELUOLNWH�J�U�� OHULQ�GDYUDQÕúÕ�GDKD�oRN�NÕVD�PHVDIHOHUGH�NDWÕ�J�U��GDYUDQÕúÕ�J|VWHUPHNWHGLU��%X�
UHYHUVH�0RQWH�&DUOR� KHVDSODUÕQGD� � \�N�Q� \D� \DQOÕú� WDKPLQ� HGLOGL÷L� \D� GD� EHOLUOHUNHQ� WDNLS�
HGLOHQ�\|QWHPLQ�KDWDOÕ�ROGX÷X�DQODPÕQD�JHOLU��

�
� � � � � ��

�

�

�

�

�

��

�1L�1L�+1&�
7H�7H�+1&�
�1L�7H�+1&�
�1L�1L��'1<�
�1L�7H�'1<�
7H�7H�'1<�

J�
U�

U�$� �ùHNLO �����= ����DOÕQDUDN�1L7H��VLVWHPOHUL�LoLQ�GHQH\�YH�+1&�LoLQ�UDG\DO�GD÷ÕOÕP���� IRQNVL\RQODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ��.ÕVPL \DSÕ�IDNW|UOHUL�+1&�\DNODúÕPÕ��LOH�HOGH�HGLOHQ�NRUHODV\RQ�IRQNVL\RQXQ�*LODQ�PHWKRGX�
\DUGÕPÕ\OD�IRXULHU�WUDQVIRUPX�DOÕQDUDN�KHVDSODQPÕúWÕU��(OGH�HGLOHQ�NÕVPL�\DSÕ�IDNW|UOHUL�úHNLO�
���¶ GH� YHULOPLúWLU�� %XUDGD� )DEHU�=LPDQ� \DSÕ� IDNW|UOHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD� X\XP� LoHULVLQGH�
ROGX÷XQX V|\OH\HELOLUL]� ��6 YH� ��6 LON�oXNXUX�D\QÕ�U�PHVDIHVLQH�GHQN�JHOPHNWHGLU�� ��6 QLQ�
DQD oXNXUX�EXQODUÕQ�DUDVÕQGDNL�ELU�GH÷HUH�NDUúÕOÕN�JHOLU�� ��6 \DNODúÕN�����$�� � JLEL� V|Q�PH�
X÷UDU�� ��6 LVH� \DNODúÕN� RODUDN� ���� $� U X]DNOÕ÷ÕQGD� V|Q�PH� X÷UDU�� ��6 QÕQ� � ��6 LOH�
NDUúÕODúWÕUÕOGÕ÷ÕQGD��GDKD�oDEXN�V|Q�PH�X÷UDGÕ÷ÕQÕ�J|UPHNWH\L]�EX�GXUXP�EX�JLEL�VLVWHPOHULQ�
NDUDNWHULVWLN�|]HOOL÷LGLU��$\QÕ�]DPDQGD�EX�GXUXP�NDW\RQ�L\RQODUÕQÕ�GDKD�KDUHNHWOL�ROGX÷XQXQ�
NDQÕWÕGÕU�� 'HQH\VHO� GDWDODUOD� NDUúÕODúWÕUÕODQ� VRQXoODUD� J|UH� 1L�1L� VLVWHPOHULQGH� IDUNOÕOÕNODU�
ROGX÷XQX J|UPHNWH\L]��YH�X\XPVX]OXN�DQD�SUREOHPGLU��9�5�SRWDQVL\HOL�EX�VRUXQD�ELU�o|]�P�
VD÷OD\DPDPÕúWÕU��
�
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�1L�1L�+1&�
7H�7H�+1&�
�1L�7H�+1&�
�1L�1L��'1<�
�1L�7H�'1<�
7H�7H�'1<�

U�$� �
ùHNLO�����1L7H��VLVWHPOHUL�LoLQ�GHQH\�YH�+1&�LoLQ�)=�NÕVPL�\DSÕ�IDNW|UOHUL�NDUúÕODúWÕUÕOPDVÕ��
��� (ULPLú��1L7H� <DUÕ�øOHWNHQOHULQLQ�<DSÕVÕ�
%LU� |QFHNL�E|O�PGH�GH� � EDKVHWWL÷LPL]�JLEL�1L7H� \DUÕ� LOHWNHQLQ� VÕYÕ� \DSÕVÕQÕ� LQFHOHPHN� LoLQ�
EL]LP�|QHUGL÷LPL]�SRWDQVL\HO�95�WDUDIÕQGDQ�VXQXODQ�SRWDQVL\HO�LIDGHVLGLU��1L7H� VLVWHPLQGHNL�
HWNLOHúPHOHULQ� PRGHOOHQPHVLQGH�� 95� WLSL� SRWDQVL\HO� IRQNVL\RQX� WHUFLK� HWPHPL]LQ� QHGHQL���
1L7H�VLVWHPL�LoLQ�LoLQGH�WHUFLK�VHEHELPL]�RODQ�GHQH\VHO�\DSÕ��1L7H�¶QLQ�NRYDOHQW�\DSÕGD�ED÷�
ROXúWXUGX÷X��VRQXFXQX�oÕNDUPDPÕ]GÕU�>��@�
3RWDQVL\HO�SDUDPHWUHOHULQ�WD\LQLQGH�NXOODQÕODQ�ED]Õ�YHULOHU�oL]HOJH�����GH�VXQXOPXú�KHVDSODQDQ�
ED]Õ� SDUDPHWUHOHU� LVH� dL]HOJH� ���¶� GH� YHULOPLúWLU�� %X� oDOÕúPDGD� GD� HWNLQ� \�NOHU� DUDVÕQGD�

��== �  �� RODUDN� VHoLOPLú� YH� HOHNWULNVHO� Q|W�UO�N� úDUWÕQÕ� VD÷ODPDN� LoLQ� ��F  �
��F  � DOÕQPÕúWÕU��

dL]HOJH������1L7H� 6LVWHPL��'DWD�WDEORVX�
.ULVWDO�\DSÕ�X]XQOXNODUÕ��$��>��@ ���D� � ����������������
(1ø�H��$������>�@�(7(�H��$�������������������������

�����������
�= ����
DD
ED

��������



����
dL]HOJH�������1L7H� 6LVWHPL��3RWDQVL\HO�SDUDPHWUHOHUL�

DEI DEK $ � + 3 &

1L�1L� ��� ������ ����� ���� ���� ����

7H�7H� �� ������ ����� ������� ���� ������

1L�7H� �� ������ ����� ����� ����� ����

dL]HOJH������GH�YHULOHQ�SDUDPHWUHOHUOH�ROXúWXUXODQ�SRWDQVL\HO�úHNLO����¶GH�YHULOPLúWLU��ùHNLO�����GH J|VWHULOPLúWLU��
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U�$��

�1L�1L
�7H�7H
1L�7H

�
ùHNLO �����= ����DOÕQDUDN�1L7H� VLVWHPOHUL�LoLQ�SRWDQVL\HO�GH÷HUOHUL��

%X JUDILNOHU�LQFHOHQGL÷LQGH�1L7H�VLVWHPLQGH�ROGX÷X�JLEL�� ��I YH ��I \DNÕQ��PHVDIHGH�IDUNOÕ�
ROGX÷XQX J|UPHNWH\L]�EXQX��QHGHQL�DWRPLN�\DUÕoDSODUÕQÕQ�IDUNOÕ�ROPDVÕGÕU��)DNDW�HWNLQ�\�NOHUL�
D\QÕ� ROGX÷X� LoLQ� X]XQ� PHVDIHOHUGH� \�N� VLPHWULVLQGHQ� GROD\Õ� YH� EXUDODUGD� &RORXPE�
HWNLOHúPHOHU�EDVNÕQ�ROGX÷X�LoLQ� � ��I YH�� � ��I ¶ QLQ�EHQ]HGL÷LQ�J|UPHNWH\L]�� ��I PLQLPXP�
ROGX÷X�GXUXPGDNL�U�PHVDIH�GH÷HUL�������$� G�U��%X�oL]HOJH����¶�GHQ�GH�J|UHFH÷L�JLEL�EX�GH÷HU�
KHPHQ�KHPHQ�HQ�\DNÕQ�DQ\RQ�±NDW\RQ�PHVDIHVL�NDGDUGÕU����
�



����
��� (ULPLú��1L7H���<DUÕ�øOHWNHQOHULQLQ�6WDWLN��<DSÕVÕ�
%X� NÕVÕPGD� 2UQVWHLQ�=HUQLNH� LQWHJUDO� GHQNOHPLQLQ� ELU� |QFHNL� E|O�PGH� VXQGX÷XPX]�
SRWDQVL\HO� PRGHOL� LOH� GHQNOHP� ������� � LOH� YHULOHQ� +1&� \DNODúÕN� GHQNOHPL� NXOODQÕODUDN�
o|]�OPHVL� VRQXFX� VÕYÕ�1L7H� \DSÕVÕ� HOGH� HGLOPLúWLU�� +HVDSODU�1L7H�¶ QLQ� HULPH� VÕFDNOÕ÷ÕQÕQ�
KHPHQ� �VW�QGH� �7P ������ � � 7 ����� .¶� GH� \DSÕOPÕúWÕU�� %X� VÕFDNOÕNWDNL� VD\Õ� \R÷XQOX÷X�
Q ����� �$

LRQ G�U��
+1&¶�GHQ�HOGH�HGLOHQ�oLIW�GD÷ÕOÕP�IRQNVL\RQX� �U�J úHNLO����¶�GH�Q|WURQ�VDoÕOPDVÕ�VRQXoODUÕ�
LOH�ELUOLNWH�J|VWHULOPLúWLU��

��J�U� � ��J�U� � � ��J�U� ¶ QLQ� VÕUDVÕ\OD� ������ ����� ����� � U�PHVDIHVLQGH� LON� SLNH� XODúWÕNODUÕQÕ�
J|UPHNWH\L]�� ����UJ ¶ QLQ� GDKD� NÕVD� PHVDIHGH� YH� GDKD� \�NVHN� SLN� GH÷HULQH� XODúWÕ÷ÕQÕ��
J|UPHNWH\L]��%X�GD�EL]H�ELU�|QFHNL�VLVWHPGH�NL�JLEL�LWLFL�HWNLOHúPHQLQ�GDKD�EDVNÕQ�ROGX÷XQX�
J|VWHULU� � \DQL� D\QÕ� ROPD\DQ� L\RQODU� DUDVÕQGDNL� NÕVD� PHVDIH� NRUHODV\RQXQ� � D\QÕ� L\RQODU�
DUDVÕQGDNL�NÕVD�PHVDIH�NRUHODV\RQXQGDQ�GDKD�J�oO��ROGX÷XQX�LIDGH�HGHU��$\QÕ�]DPDQGD�D\QÕ�
L\RQODU�YH�]ÕW�\�NO��L\RQODU�ELUELULQL�JHoHUVL]�NÕOPD\D�oDOÕúWÕ÷ÕQÕ�J|UPHNWH\L]� ����UJ ¶ QÕQ�LON�
SLNL ����UJ GHQ� GDKD� G�ú�NW�U�� %X� NDW\RQ� L\RQODUÕQÕQ� NRQXPVDO� NRUHODV\RQ� GHUHFHOHULQLQ�
G�ú�N�ROGX÷XQXQ�NDQÕWÕGÕU�YH�NDW\RQ�L\RQODUÕQÕQ�GDKD�KDUHNHWOL�ROGX÷XQX�J|VWHULU��
$\QÕ�]DPDQGD�ELU�|QFHNL�E|O�PGH�NDUúÕODúWÕ÷ÕPÕ]� ��J�U� JUDIL÷LQGH�LON���SLN�ELUOHúLN�WHN�GDKD�
\D\ÕN�YH�JHQLú�ELU�SLN�RODUDN�NDUúÕPÕ]D�oÕNPDNWDGÕU��
�



����

ùHNLO�����1L7H� VLVWHPOHUL�LoLQ�GHQH\�YH�+1&�LoLQ�UDG\DO�GD÷ÕOÕP��IRQNVL\RQODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ�
.ÕVPL�\DSÕ�IDNW|UOHUL�+1&�\DNODúÕPÕ�LOH�HOGH�HGLOHQ�NRUHODV\RQ�IRQNVL\RQXQ�*LODQ�PHWKRGX�
\DUGÕPÕ\OD�IRXULHU�WUDQVIRUPX�DOÕQDUDN�KHVDSODQPÕúWÕU��(OGH�HGLOHQ�NÕVPL�\DSÕ�IDNW|UOHUL�úHNLO�
���¶ GH� YHULOPLúWLU�� %XUDGD� )DEHU�=LPDQ� \DSÕ� IDNW|UOHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD� \DNODúÕN� RODUDN�
X\XP�LoHULVLQGH�ROGX÷XQX�V|\OH\HELOLUL]�
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%X JUDILNOHUGHQ� GH� � ��6 QÕQ� � ��6 LOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD� GDKD� oDEXN� V|Q�PH� X÷UDGÕ÷ÕQÕ�
J|UPHNWH\L]�EX�GXUXP�EX�JLEL�VLVWHPOHULQ�NDUDNWHULVWLN�|]HOOL÷LGLU��$\QÕ�]DPDQGD�EX�GXUXP�
NDW\RQ�L\RQODUÕQÕ�GDKD�KDUHNHWOL�ROGX÷XQXQ�NDQÕWÕGÕU���
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�ùHNLO ����1L7H� VLVWHPOHUL�LoLQ�GHQH\�YH�+1&�LoLQ�)=�NÕVPL�\DSÕ�IDNW|UOHUL�NDUúÕODúWÕUÕOPDVÕ�
�
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�� 6218d/$5�
%X E|O�PGH�HOGH�HGLOHQ�VRQXoODUÕ�WHNUDU�oRN�NÕVD�ELU�J|]GHQ�JHoLULUVHN�HWNLQ�\�N�����FLYDUÕQGD�
HOGH�HGLOHQ�VRQXoODUOD�Q|WURQ�VDoÕOPD�GHQH\OHULQGHQ�HOGH�HGLOHQ�VRQXoODUOD�X\XP�J|VWHUGL÷LQL�
J|UPHNWH\L]��%X�GD�EL]H�EX�JLEL� \DUÕ� LOHWNHQ�VLVWHPOHUGH�NRYDOHQW� \DSÕQÕQ�KDNLPL\HWLQLQ�ELU�
VRQXFX ROGX÷XQX�J|VWHUPHNWHGLU��%X�GXUXP�EL]H�SRWDQVL\HOL�EHOLUOHUNHQ�\DSWÕ÷ÕPÕ]�NRYDOHQW�
\DSÕ�\RUXPXQX�GHVWHNOHU��
$\QÕ�]DPDQGD�HOGH�HGLOHQ�NRUHODV\RQ�IRQNVL\RQODUÕ�YH�\DSÕ�IDNW|UOHUL�EL]H�NDW\RQ�L\RQODUÕQÕQ�
PRELOLWHOHULQLQ�DQ\RQ�L\RQODUÕQÕQ�PRELOLWHOHULQGHQ��GDKD�ID]OD�ROGX÷XQX�J|UPHNWH\L]��
$\UÕFD� NXOODQGÕ÷ÕPÕ]� 9DQLVKWD� 5DPDQ� SRWDQVL\HOL� L\L� VRQXoODU� YHUPHVLQH� UD÷PHQ� 1L�1L��
VLVWHPOHULQGH NDUúÕODúWÕ÷ÕPÕ]� VRUXQX� JLGHUPHNWH� \HWHUOL� ROPDPÕúWÕU�� %XQXQ� VHEHEL�
SRODUL]DV\RQ� \DNODúÕPODUÕ� RODELOLU�� )DNDW� GDKD� L\L� DQODúÕODELOPHVL� LoLQ� VLVWHPLQ� PROHN�OHU�
GLQDPLN�VLP�ODV\RQXQD�LKWL\Do�YDUGÕU�
�



����
.$<1$./$5�
�� $NGHUH�h��82��YH�8&O� �Q�6ÕYÕ�<DSÕVÕ�YH�+DORMHQ�U�7X]ODUGD�'RQPD��'RNWRUD�7H]L��<7h�)HQ %LOLPOHUL�(QVWLW�V����
�� &KDUOHV�.LWWHO���������.DWÕ�+DO�)L]L÷LQH�*LULú��øVWDQEXO�
�� dLOOL�$���������3HUFXV�<HYLFN�'HQNOHPLQLQ�7HN�%R\XWWD�$QDOLWLN�d|]�P���<�NVHN�/LVDQV�7H]L��<7h�)HQ�%LOLPOHUL�(QVWLW�V����
�� '�.��%HODVKFKHQNR�DQG�2�,�2VWURYVNL����������´&RPSXWHU�6LPXODWLRQ�RI��7KH�6WUXFWXUH�RI�/LTXLG�1LFNHO�7HOOXULGHV�IURP�'LIIUDFWLRQ�'DWD´��,661�����������øQRUJDQLF�0DWHULDOV��������9RO�����1R���SS���������
�� (JHOVWDII��3�$���³$Q�øQWURGXFWLRQ�WR�WKH�/LTXLG�6WDWH�³�$F��3UHV���1HZ�<RUN�DQG�/RQGRQ��������
�� -�$�%DUNHU�DQG�'�+HQGHUVRQ��5HY�0RGHUQ�3K\V����������������
�� -�(�(QGHUE\��5�-�1HZSRUW�DQG�5�$�+RZH�����������´7KH�VWXFWXUH�DQG�HOHFWULFDO�SURSHUWLHV�RI OLTXLG�VHPLFRQGXFWRUV�,,�(OHNWURQ�WUDQVSRUW�LQ�/LTXLG�1L7H�DOOR\V´�
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