
2WRPDV\RQXQ�7DQÕPÕ��6ÕQÕIODQGÕUÕOPDVÕ��.XOODQÕP�$ODQODUÕ��
2WRPDV\RQX�GDU�DQODPGD�RWRPDWLN�NRQWURO�RODUDN�WDQÕPOD\DELOLUL]��
*HQLú�DQODPGD�LVH�LúLQ�LQVDQ�LOH�HNLSPDQ�DUDVÕQGD�SD\ODúÕOPDVÕGÕU��
7RSODP�LúLQ�SD\ODúÕP�\�]GHVL�RWRPDV\RQ�G�]H\LQL�EHOLUOHU��'�ú�N�
G�]H\� LúOHULQ� oR÷XQOX÷XQXQ� LQVDQ� WDUDIÕQGDQ�� \�NVHN� G�]H\� LVH�
PDNLQDODU� WDUDIÕQGDQ� \DSÕOGÕ÷Õ� GXUXPX� DQODWÕU��$QFDN� LúOHULQ� QLWHO�
DoÕGDQ�SD\ODúÕPÕ�GD�|QHP�WDúÕU��øúL�\DSDELOPHN�LoLQ�HQHUMLQLQ�\DQÕ�
VÕUD� G�ú�QFH\H� GH� JHUHNVLQLP� EXOXQXU�� 2WRPDV\RQXQ� LON� RUWD\D�
oÕNÕúÕ� HQG�VWUL� GHYULPLQLQ�KHPHQ�DUGÕQGDQ�ROPXú� YH�NDV�J�F�Q�Q�
\HULQL�DODQ�G�]HQHNOHU�JHOLúWLULOPLúWLU��$QFDN�VDOW�NDV�J�F�Q��LNDPH�
HWPHN� LQVDQÕ� LúWHQ� VR\XWODPDPDNWDGÕU�� *�Q�P�]�Q� QLWHOLNOL� Lú�
RUWDPÕQÕ�RWRPDWL]H�HGHELOPHN� LoLQ� LQVDQ�\HULQH�G�ú�QHELOHQ��KDWWD�
EX� LúL� LQVDQGDQ� GDKD� L\L� \DSDELOHQ� VLVWHPOHU� ROXúWXUPDN�
JHUHNPHNWHGLU�� <DSD\� ]HND� RODUDN� LIDGH� HGLOHQ� EX� oDOÕúPD� DODQÕ�
VDGHFH��UHWLP�VHNW|U�Q��GH÷LO��VDYDú�HQG�VWULVLQL�YH�VRV\DO�\DúDPÕ�
GD�HWNLOH\HFHN�EXOXú�YH�X\JXODPDODUOD�LOJLOHQPHNWHGLU��
2WRPDV\RQ� |QFHVL� G|QHPGH� LúLQ� QLWHO� YH� QLFHO� VÕQÕUODUÕ� LQVDQ�
WDUDIÕQGDQ� EHOLUOHQPHNWH� LGL�� $QFDN� RWRPDV\RQ� YH\D� WHNQRORML�
LQVDQÕQ� ED]Õ� \HWHUVL]OLNOHULQL� JLGHUHELOHFHN�� E|\OHOLNOH� �UHWLP�
VÕQÕUODUÕQÕ� oRN�GDKD� JHQLúOHWPH\L� VD÷OD\DFDN�ELU� G�]H\H�JHOPLúWLU��
%X� \HWHUVL]OLNOHU� LQVDQÕQ� WHSNL� V�UHVLQLQ� X]XQOX÷X�� LQVDQÕQ� YHUL�
LúOHPH� NDSDVLWHVLQLQ� VÕQÕUOÕ� ROPDVÕ�� LQVDQÕQ� Lú� �UHWPH� KÕ]ÕQÕQ�
G�ú�NO�÷��� LQVDQÕQ� WHNUDUOÕ� LúOHUGH� WXWDUOÕ÷Õ� V�UG�UHPH\LS�
VDSPDODUD� QHGHQ� ROPDVÕ� YH� LQVDQÕQ� NRQVDQWUDV\RQ� V�UHVLQLQ�
NÕVDOÕ÷ÕGÕU�� *�Q�P�]GH� EX� \HWHUVL]OLNOHULQ� JLGHULOPHVLQL� VD÷OD\DQ�
SHN� oRN� o|]�P� X\JXODQPDNWDGÕU�� $QFDN� \LQH� GH� RWRPDV\RQ�
VLVWHPOHUL� oRN� EDVLW� LúOHUGH�� |UQH÷LQ� SRUWDNDO� VR\PD� YH� oRN�
NRPSOLNH� LúOHUGH��|UQH÷LQ�XoDN�NXOODQÕPÕ�� LQVDQÕQ�\HULQL� WDPDPHQ�
DODPDPDNWDGÕU���
2WRPDV\RQ� NRQXVXQD� ELUD]� GDKD� \DNÕQGDQ� EDNDELOPHN� LoLQ� JHQHO�
IDEULND� \DSÕVÕQÕ� G�ú�QHELOLUL]�� 1RUPDOGH� KHU� LPDODW� ILUPDVÕQGD�
PXKDVHEH�� ILQDQVPDQ�� LQVDQ� ND\QDNODUÕ�� VDWÕQ� DOPD�� SD]DUODPD��
VDWÕú�� P�KHQGLVOLN� GHSDUWPDQODUÕ�� �UHWLP�� GHSRODPD� IRQNVL\RQODUÕ�
JHUoHNOHúWLULOLU�� %X� IRQNVL\RQODU� KHU� LúOHWPHGH� IDUNOÕ� YH� |]J�Q�
|UJ�WVHO� \DSÕODU� DOWÕQGD� WRSODQÕUODU�� 2ILV� RUWDPODUÕQGD�
JHUoHNOHúWLULOHQ� PXKDVHEH�� ILQDQVPDQ�� LQVDQ� ND\QDNODUÕ�� VDWÕú��
SD]DUODPD� \|QHWLPL� YH� �UHWLP� SODQODPD� NRQXODUÕ� X]XQFD� ELU�
V�UHGHQ�EHUL�WHN�ELU�\D]ÕOÕP�LOH�RWRPDWL]H�HGLOPH\H�oDOÕúÕOPDNWDGÕU��
%X�\D]ÕOÕP�JUXEXQXQ�øQJLOL]FH�DGÕ�(QWHUSULVH�5HVRXUFHV�3ODQQLQJ��
NÕVDFD� (53
GLU�� 'LOLPL]H� øúOHWPH� .D\QDNODUÕ� 3ODQODPDVÕ� RODUDN�
oHYLUHELOHFH÷LPL]� EX� \D]ÕOÕPÕQ� RULMLQL� 053� �0DWHULDO�
5HTXLUHPHQWV� 3ODQQLQJ��� LNLQFL� DúDPDGDNL� LVPL� GH� 053� ,,�
�0DQXIDFWXULQJ�5HVRXUFHV�3ODQQLQJ��úHNOLQGHGLU��2ILV�RWRPDV\RQX�
ELOLQGL÷L� JLEL� oRN� E�\�N� RUDQGD� ELOJLVD\DU� \D]ÕOÕPODUÕ\OD�
JHUoHNOHúWLULOPHNWHGLU�� 'ROD\ÕVÕ\OD� EXJ�Q� KHSLPL]LQ� NXOODQGÕ÷Õ�
HGLW|U�� YHUL� WDEDQÕ�� VSUHDG� VKHHW� \D]ÕOÕPODUÕ� GD� LQVDQÕQ� LúLQL�
NROD\ODúWÕUPDODUÕ� QHGHQL\OH� RWRPDV\RQ� DUDoODUÕ� NDWHJRULVLQGH� \HU�
DOPDNWDGÕUODU���
'HSRODUGDNL� RWRPDV\RQ� X\JXODPDODUÕQD� EDNWÕ÷ÕPÕ]GD� NDUúÕPÕ]D�
\LQH� \D]ÕOÕPODU� oÕNPDNWDGÕU�� %DúOÕFD� GHSR� IRQNVL\RQX� HQYDQWHU�
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G�]H\OHULQLQ� DQOÕN� RODUDN� ELOLQPHVLGLU�� %X� ELOJL� VDWÕQ� DOPD� YH�
�UHWLP� SODQODPD� V�UHoOHULQL� EHVOHGL÷LQGHQ� oR÷XQOXNOD� GHSR�
RWRPDV\RQ� \D]ÕOÕPODUÕ� (53� \D]ÕOÕPODUÕQÕQ� PRG�OOHUL� úHNOLQGH�
SD]DUD� VXQXOPDNWD�� ED÷ÕPVÕ]� JHOLúWLULOHQ� D\QÕ� DPDoOÕ� \D]ÕOÕPODUÕQ�
LVH� (53� DUD\�]OHUL� EXOXQPDNWDGÕU�� $QFDN� GHSR� \|QHWLPLQGH�
HWNLQOLN� VD÷ODQPDVÕ� DPDoODQGÕ÷ÕQGD� VDOW� PDO� PLNWDUODUÕQÕQ�
ELOLQPHVL� \HWHUOL� ROPDPDNWD�� EXQD� HN� RODUDN� KDQJL� PDOÕQ� GHSR�
LoLQGH�QHUHGH�ROGX÷X�YH�KDQJL� WDULKWH�JHOPLú�ROGX÷X�JLEL�ELOJLOHUH�
GH� JHUHNVLQLP� GX\XOPDNWD� �VWHOLN� PDOODUÕQ� GHSRODPD� DODQODUÕQD�
\�NVHN� KÕ]� YH� GR÷UXOXNOD� \HUOHúWLULOPHVL� YH� JHUHNVLQLP�
GX\XOGX÷XQGD� \LQH� KÕ]OÕ� YH� GR÷UX� RODUDN� JHUL� DOÕQPDVÕ� GD�
JHUHNPHNWHGLU�� +DWWD� GHSR\D� KHUKDQJL� ELU� JLULúoÕNÕú� V|]� NRQXVX�
GH÷LONHQ� ELOH� |QFHNL� F�POHGH� EHOLUWLOHQ� JHUHNVLQLPOHULQ�
NDUúÕODQDELOPHVL�LoLQ�PHYFXW�PDOODUÕQ�\HQLGHQ��GDKD�X\JXQ�\HUOHUH�
\HUOHúWLULOPHVL� JHUHNPHNWHGLU�� %�W�Q� EXQODU� LQVDQ� NDSDVLWHVLQL�
]RUOD\DQ�LúOHU�ROGX÷XQGDQ�'HSR�2WRPDV\RQ�6LVWHPOHUL�DGÕ�DOWÕQGD�
o|]�POHU�JHOLúWLULOPLú�EXOXQPDNWDGÕU���
2WRPDWLN� GHSR� RODUDN� GD� DGODQGÕUDELOHFH÷LPL]� EX� VLVWHPOHULQ�
EDúOÕFD� LNL� WLSL� EXOXQPDNWDGÕU�� %XQODU� $XWRPDWHG� 6WRUDJH� DQG�
5HWULHYDO�6\VWHPV��$6�56�YH�&DURXVHO��$WOÕ�.DUÕQFD��PRGHOOHULGLU��
'HSRODUGD� GD� LPDODWWD� ROGX÷X� JLEL� �U�Q� NLPOLNOHQGLUPH�
LúOHPOHULQLQ�\DSÕOPDVÕ�JHUHNPHNWHGLU���
2WRPDV\RQ� GHQGL÷LQGH� SHN� oRN� LQVDQ� NDIDVÕQGD� LPDODW�
X\JXODPDODUÕQÕ� G�ú�Q�U�� øPDODW� RWRPDV\RQ� X\JXODPDODUÕ� LoLQ� oRN�
E�\�N� ELU� SRWDQVL\HO� VXQDU�� (VDVHQ� LPDODWWD� RWRPDV\RQXQ� KHU�
W�U�QH� UDVWODQÕODELOLU�� dRN� oHúLWOL� ELOJLVD\DU� \D]ÕOÕPODUÕQGDQ�� 3/&�
X\JXODPDODUÕQD�� J|P�O�� NRQWURO� VLVWHPOHULQH�� URERWODUD�� &1&�
WH]JDKODUD�� DNÕOOÕ� NRQYH\|UOHUH�� LQVDQVÕ]� WDúÕPD� DUDoODUÕQD� GH÷LQ�
\�]OHUFH�IDUNOÕ�DUDoOD�\DSÕODQ�oRN�GH÷LúLN�RWRPDV\RQ�X\JXODPDODUÕ�
LPDODW�W�U��LVWHU�V�UHNOL��LVWHU�NHVLNOL�ROVXQ�NDUúÕPÕ]D�oÕNDU������
OL�
\ÕOODUGD� |]HOOLNOH� ELOLPVHO� OLWHUDW�UGH� RWRPDV\RQ� NHOLPHVL� SHN�
NXOODQÕOPD]�� RQXQ� \HULQH� %LOJLVD\DU� %�W�QOHúLN� hUHWLP� �øQJ��
&RPSXWHU� ,QWHJUDWHG� 0DQXIDFWXULQJ�� NDYUDPÕQD� \HU� YHULOLUGL�� %X�
LIDGHQLQ�R�]DPDQNL�RWRPDV\RQ�X\JXODPDODUÕQD�EDNWÕ÷ÕPÕ]GD�\DQOÕú�
ROGX÷X�DoÕNWÕU��hUHWLP�RWRPDV\RQXQGD�ELOJLVD\DU�NXOODQÕPÕ� \DYDú�
\DYDú� JHOLúPHNWH� ROXS�� \XNDUÕGD� GD� LIDGH� HWPLú� ROGX÷XP� JLEL�
ELOJLVD\DU� GÕúÕQGD� SHN� oRN� DUDo� GH÷LúLN� \HUOHUGH� X\JXQ� ROPDODUÕ�
QHGHQL\OH�RWRPDV\RQ�G�]H\LQL�DUWÕUPDGD�NXOODQÕOPDNWDGÕU��%XQXQOD�
EHUDEHU� ELOJLVD\DU� SURVHV|UOHULQH� D\UÕODQ� $U*H� IRQODUÕQÕQ� GL÷HU�
DODQODUGDQ� oRN� GDKD� ID]OD� ROPDVÕ� YH� ELOJLVD\DUÕQ� DUWÕN� KHUNHVLQ�
RUWDN� GLOL� KDOLQH� JHOPLú� EXOXQPDVÕ� JLEL� QHGHQOHUOH� 3&� WDEDQOÕ�
X\JXODPDODUÕQÕQ� RWRPDV\RQXQ� JHOHFH÷LQL� ROXúWXUDFD÷ÕQD� NHVLQ�
J|]�\OH�EDNÕOPDNWDGÕU��'ROD\ÕVÕ\OD� \HQLGHQ�%LOJLVD\DU�%�W�QOHúLN�
hUHWLP�NDYUDPÕQD�G|Q�OHFH÷L�EHNOHQWLVL�\HULQGHQGLU���
7�UNL\H
GHNL�2WRPDV\RQ�8\JXODPDODUÕ�
hONHPL]GHNL� RWRPDV\RQ� X\JXODPDODUÕQD� EDNWÕ÷ÕPÕ]GD� V�U�F�V�]�
WDúÕPD� DUDoODUÕ� KDULo�� G�Q\DGD� YDU� RODQ� KHU� oHúLW� X\JXODPDGDQ�
|UQHNOHU� EXODELOLUL]�� $QFDN� |]HOOLNOH� GLNNDW� oHNHQ� KXVXV� W�P�
JHOLúPLú� �ONHOHUGH� EX� W�U� \DWÕUÕPODU� \DSÕOÕUNHQ� KHP� WHNQLN�� KHP�
HNRQRPLN�NULWHUOHULQ�ELUOLNWH�GLNNDWH�DOÕQPDVÕQD�NDUúÕQ���ONHPL]GH�
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2WRPDV\RQ�YH��H�
(OHFWURWHFK�'HUJLOHUL�
*HQHO�<D\ÕQ�
<|QHWPHQL��
hQLYHUVLWHGH�KDOHQ�
�hUHWLP�<|QHWLPLQGH�
*�QFHO�.RQXODU��
<|QHWLP�%LOLúLP�
6LVWHPOHUL��6LVWHP�
$QDOL]L�YH�3URGXFWLRQ�
6WUDWHJ\��GHUVOHULQL�
YHUL\RU��<|QHWPHNWH�
ROGX÷X�GHUJLOHULQ�YH�
YHUPHNWH�ROGX÷X�
GHUVOHUH�LOLúNLQ�NRQXODU�
LOJL�DODQÕQD�JLUL\RU���

\DSÕODQ� SHN� oRN� \DWÕUÕPGD� EX� DQOD\ÕúD� X\JXQ� KDUHNHW� HGLOPH\LS��
SVLNRORMLN� HWNLOHU� DOWÕQGD� NDOÕQDUDN� YH� \DOQÕ]FD� WHNQRORMLN� DoÕGDQ�
\DNODúÕOPDVÕGÕU�� gUQHN� YHUHELOHFH÷LPL]� (53� \D]ÕOÕPODUÕ� DODQÕQGD�
�ONHPL]GH�DGHWD�ELU�VR\JXQ�\DúDQPÕú�YH�úLUNHWOHULPL]�PLO\RQODUFD�
GRODUÕ�� PDDOHVHI� NDUúÕOÕNVÕ]� RODUDN� \XUWGÕúÕQD� DNWDUPÕúODUGÕU�� %X�
WXWDU� FDQOÕ� X\JXODPD\D� JHoPH� V�UHOHUL� oRN� X]XQ� V�UHQ� (53�
\D]ÕOÕPODUÕQÕQ� KD]ÕUOÕN� YH� H÷LWLP� G|QHPL� LoLQGH� \DúDQDQ� Lú�
ND\ÕSODUÕQÕ�GD�NDSVDPDPDNWDGÕU���
7LSLN�\DQOÕúODUD�\D\JÕQ�ELU�|UQHN�GH�&1&�WH]JDKODUÕQ�NXOODQÕPÕGÕU��
%XJ�Q� DoÕNOÕNOD� ELOLQHQ� JHUoHN� EX�PDNLQDODUÕQ� DQFDN�&$'�&$0�
VLVWHPOHUL� LOH� NXOODQÕOPDODUÕ� KDOLQGH� YHULPOL� RODELOHFHNOHULGLU��
hONHPL]GH�QH�\D]ÕN�NL�EX�NRQX\D�GD�JHUHNHQ�|QHP�YHULOPHPHNWH�
YH� SHN� oRN� &1&� WH]JDK� YDUGL\DODUÕQ� E�\�N� NÕVPÕQGD� ERú�
EHNOHWLOPHNWH� YH\D� NRQYDQVL\RQHO� WH]JDKODUOD� oRN� GDKD� G�ú�N�
ELULP� PDOL\HWOHUOH� LPDO� HGLOHELOHFHN� �U�QOHU� LoLQ� NXOODQÕOPDNWD��
GROD\ÕVÕ\OD�E�\�N�ND\QDN�LVUDIÕ�\DúDQPDNWDGÕU���
(VDVÕQGD�W�P�EX�KDWDODUÕQ�JHUoHNOHúPHVLQGH�WHNQRORML�VDWÕQ�DOPDGD�
ELOLPVHO� \DNODúÕP� RODQ� 7RSODP� 6DKLS� 2OPD�0DOL\HWL� �øQJ�� 7RWDO�
2ZQHUVKLS� &RVW�� YH\D� DOWHUQDWLI� \|QWHP� RODQ� 7RSODP� <DúDP�
'|QJ�V�� 0DOL\HWL� �øQJ�� 7RWDO� /LIH� &\FOH� &RVW�� \DNODúÕPODUÕQÕQ�
X\JXODQPDPDVÕ�GD�URO�R\QDPDNWDGÕU���
2WRPDV\RQ�\DWÕUÕPODUÕQGD�|QHPOL�ELU�QRNWD�X\JXODQDQ�o|]�POHULQ�
ELUELUOHULQGHQ�NRSXN��ED÷ÕPVÕ]� úHNOLQGH�NXOODQÕOPDVÕQÕQ� LúOHWPH\H�
oRN� ID]OD� \DUDU� VD÷ODPD\DFD÷ÕQÕ� GLNNDWH� DOPDN� JHUH÷LGLU��
<XUWGÕúÕQGDNL� EDúDUÕOÕ� |UQHNOHUH� EDNWÕ÷ÕPÕ]GD� RWRPDV\RQ� DGDODUÕ�
RODUDN� LIDGH� HGLOHQ� EX� \HWHUVL]� X\JXODPDODUÕQ� GDKD� ID]OD� ID\GD��
GL÷HU� GH\LúOH� VLQHUML� \DUDWPDVÕ� DPDFÕ\OD� HQWHJUH� HGLOGLNOHULQL�
J|UPHNWH\L]�� %X� DPDoOD� LPDODW� G�]H\LQGH� NXOODQÕODQ� RWRPDV\RQ�
VLVWHPOHUL� |QFH� NHQGL� DUDODUÕQGD� ELUD\D� JHWLULOPHNWH�� VRQUD� GD�
LPDODW� NDWPDQÕ� LOH� RILV�\|QHWLP�NDWPDQÕQGD�NXOODQÕODQ�RWRPDV\RQ�
o|]�POHUL�RODQ�(53�VLVWHPOHUL\OH�ELUOHúWLULOGLNOHULQL�J|UPHNWH\L]���
%LU� GL÷HU� |QHPOL� NRQX� GD� ELOJL� \|QHWLPLQL� NROD\ODúWÕUDQ�� KDWWD�
RODQDNOÕ� NÕODQ� YH� øQJLOL]FH� 0DQXIDFWXULQJ� ([HFXWLRQ� 6\VWHPV��
0(6� RODUDN� DQÕODQ� YH� IRQNVL\RQX� LPDODW� VLVWHPOHULQGH� ELOJL�
\|QHWLPL� RODQ� \D]ÕOÕP� JUXEXQXQ� KHQ�]� �ONHPL]GH� NXOODQÕOPÕ\RU�
ROXúXGXU��<LQH� JHOLúPLú� �ONH� HQG�VWULOHULQH� EDNWÕ÷ÕPÕ]GD� RUDODUGD�
oRN� |QFHOHUL� NXOODQÕOPD\D� EDúODQPÕú� RODQ� 6&$'$� VLVWHPOHUL� LOH�
WRSODQPÕú� RODQ� YHULOHULQ� DUWÕN� 0(6� \D]ÕOÕPODUÕQD� DNWDUÕODUDN�
HQIRUPDV\RQD� YH� ELOJL\H� G|Q�úPHVLQLQ� VD÷ODQGÕ÷Õ� YH� GR÷UX�
]DPDQGD� NDUDU� V�UHFLQGH� NXOODQÕOPDNWD� ROGX÷XQX� J|UPHNWH\L]��
%|\OHOLNOH� LPDODWD� LOLúNLQ� NDUDUODU� KHP� ]DPDQÕQGD�� KHP� GH�
JHUHNoHOL� RODUDN� DOÕQPDNWD� YH� NDUDU� NDOLWHVL� L\LOHúPHNWHGLU��
(QG�VWUL\HO� ILUPDODUÕQ� ELOJL� ILUPDODUÕQD� G|Q�ú�P�� RODQD÷ÕQÕ�
VD÷OD\DQ�EX�\D]ÕOÕP�JUXEX��U�QOHU� ILUPDODUÕPÕ]ÕQ�HFQHEL� UDNLSOHUL�
NDUúÕVÕQGD�J�oV�]�NDOPDNWDQ�NRUX\DFDNWÕU���
<LQH� �ONHPL]GH� \DSÕODQ� oRN� |QHPOL� PDNUR� ELU� \DQOÕú� GD� \XUWGÕúÕ�
ILUPDODUD� LKDOH� HGLOPLú� RODQ� DQDKWDU� WHVOLP� WHVLV� NXUXOXúODUÕQGD�
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\XUWLoLQGHQ�J�YHQLOLU�ELU�RWRPDV\RQ� ILUPDVÕQD�J|]HWPHQOLN�J|UHYL�
YHULOPHPHVLGLU�� %|\OH� \DSÕOGÕ÷Õ� WDNGLUGH� KHP� �ONH� LoL� ELOJL�
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