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*�Q�P�]� WHNQRORMLVL� \DúDQWÕPÕ]Õ� NRQIRUOX�� HNRQRPLN� YH� J�YHQLOLU� ELU� úHNLOGH� V�UG�UHELOPHPL]L�
VD÷OD\DQ� ELU� oRN� VLVWHPL� NXOODQPDPÕ]D� RODQDN� VD÷ODPDNWDGÕU�� *HQHOOLNOH� �<|QHWLP� 6LVWHPOHUL��
EDúOÕ÷Õ\OD�DQÕODQ�oHúLWOL�VLVWHPOHU�J�QO�N�\DúDPÕPÕ]D�JLUPLú�GXUXPGDGÕU���%LQD�<|QHWLP�6LVWHPOHUL���
ELU� \DSÕGD� YH\D� NRPSOHNVWH� NXOODQÕODQ�� ELOLQHQ� RWRPDWLN� NRQWURO� VLVWHPOHULQLQ� �ÕVÕWPD�� VR÷XWPD��
KDYDODQGÕUPD�YH�LNOLPOHQGLUPH�NRQWURO�VLVWHPOHUL��\DQÕ�VÕUD�NRQWURO�HGLOHELOLU�GL÷HU�SDUDPHWUHOHULQ�YH�
ROD\ODUÕQ��D\GÕQODWPD�NRQWURO���J�o�GHQHWLPL��DVDQV|U�NRQWURO���]DPDQ�SURJUDPOÕ�NRQWUROOHU��NXOODQÕFÕ�
\R÷XQOX÷XQD� J|UH� HQHUML� RSWLPL]DV\RQX����� YE��� WHN� ELU� PHUNH]GHQ� YH\D� GD÷ÕWÕOPÕú� QRNWDODUGDQ�
L]OHQPHVLQH�YH�NRQWURO�HGLOPHVLQH�RODQDN�VD÷OD\DQ�VLVWHPOHUGLU���$ODUP�<|QHWLP�6LVWHPOHUL��\DQJÕQ�
DOJÕODPD�� LKEDU�� ELQD� ERúDOWPD�X\DUÕ� YH� NRQWURO�� YH� V|QG�UPH� NRQWURO� VLVWHPOHULQLQ� ELU�PHUNH]GHQ�
YH\D�GD÷ÕWÕOPÕú�QRNWDODUGDQ�L]OHQPHVL�YH�NRQWURO�QH�\|QHOLN�VLVWHPOHUGLU��
<XNDUÕGD�EDKVHGLOHQ�LNL�D\UÕ�\|QHWLP�VLVWHPL�W�U���NRQIRUOX��HNRQRPLN�YH�\DQJÕQD�NDUúÕ�J�YHQOL�ELU�
NXOODQÕP� DPDFÕQD� \|QHOLN� JHOLúWLULOPLú� VLVWHPOHUGLU�� øQVDQ� \DúDPÕQGD� NRQIRU� YH� \DQJÕQD� NDUúÕ�
J�YHQOL÷LQ� \DQÕ� VÕUD� |QHPOL� ELU� NRQX� GDKD� YDUGÕU�� J�YHQOLN�� *�YHQOLN� NHOLPHVL� JHQHOOLNOH� NLúLVHO�
J�YHQOLN�YH�PDO�J�YHQOL÷L�DQODPODUÕQÕ�\�NOHQPHNWHGLU��%X�DPDFD�\|QHOLN�JHOLúWLULOPLú�VLVWHPOHULQ�ELU�
PHUNH]� YH\D� GD÷ÕWÕOPÕú� QRNWDODUGDQ� L]OHPH� YH� NRQWURO�Q�Q� \DSÕODELOGL÷L� VLVWHPOHU� GH� JHQHOOLNOH�
�*�YHQOLN�<|QHWLP�6LVWHPOHUL��EDúOÕ÷Õ�DOWÕQGD�\HU�DOPDNWDGÕU���
%X� \D]ÕPÕ]ÕQ� DPDFÕ�� J�Q�P�]� JHOLúPLú� WHNQRORMLVLQLQ� EL]H� VXQPXú� ROGX÷X� �*�YHQOLN� <|QHWLP�
6LVWHPOHUL��EDúOÕ÷Õ�DOWÕQGD�LQFHOH\HELOHFH÷LPL]�VLVWHPOHU�KDNNÕQGD�J�QFHO�ELOJLOHU�VXQPDN�YH�oHúLWOL�
VHQDU\RODU�GDKLOLQGH��\XNDUÕGD�EDKVL�JHoHQ�GL÷HU�VLVWHPOHUOH�HQWHJUDV\RQ�NRQXVXQGD�ELOJL�YHUPHNWLU���
*�YHQOLN�<|QHWLP�6LVWHPOHUL�
.LúLVHO� J�YHQOLN� YH� PDO� J�YHQOL÷LQH� \|QHOLN� VLVWHPOHU� SURMH� DoÕVÕQGDQ� HOH� DOÕQGÕ÷ÕQGD� NLúLQLQ�
NXOODQÕPÕQD� DoÕN� RODQ� ELQDODUGD� YH\D� NRPSOHNVOHUGH� NXUXODELOHFHN� VDELW� VLVWHPOHU� DNOD� JHOPHOLGLU��
*�YHQOLN� \|QHWLP� VLVWHPOHUL�� ELU� NRPSOHNVWH� HQ� GÕúWDQ� �JHQHO� NXOODQÕP� DODQODUÕ�� LoH� �HQ� ID]OD�
NRUXQPD\D� LKWL\Do� GX\DQ� E|OJHOHU�� GR÷UX� NRUXPD� VHYL\HVLQLQ� DUWÕUÕOPDVÕ� SUHQVLELQH� J|UH�
SURMHOHQGLULOLU�� 3URMHOHQGLUPHGH� NRPSOHNV� PLPDUL� DoÕGDQ� LQFHOHQLU�� NXOODQÕP� VHQDU\RODUÕ� KDNNÕQGD�
ELOJL� HGLQLOLU� YH� ]D\ÕI� QRNWDODU� EHOLUOHQLU��(OGH� HGLOHQ� ELOJLOHULQ� ÕúÕ÷Õ� DOWÕQGD�PLPDUL\H� YH� NXOODQÕP�
VHQDU\RODUÕQD� J|UH� HQ� X\JXQ� VLVWHPOHU� VHoLOLU� YH� IL]LELOLWH� VRQXoODUÕ� X\JXQ� J|U�O�UVH� X\JXODPD\D�
JHoLOLU��'ÕúWDQ�LoH�GR÷UX�ELU�NRPSOHNVLQ�NRUXQPDVÕQGD�NXOODQÕODELOHFHN�VLVWHPOHU�DúD÷ÕGDNL�EDúOÕNODU�
DOWÕQGD�LQFHOHQHELOLU���

� dHYUH�*�YHQOLN�6LVWHPOHUL��
� +ÕUVÕ]�$ODUP�6LVWHPOHUL��
� *HoLú�.RQWURO�6LVWHPOHUL��
� .DSDOÕ�'HYUH�7HOHYL]\RQ�6LVWHPOHUL��&&79���
� ø]OHPH�YH�.RQWURO�øVWDV\RQODUÕ��
� <DUGÕPFÕ�6LVWHP�YH�&LKD]ODU��

%X�VLVWHPOHU�KDNNÕQGD�WDVDUÕP�YH�X\JXODPD\D�\|QHOLN�ELOJLOHU�DúD÷ÕGDNL�E|O�POHUGH�YHULOPHNWHGLU��
dHYUH�*�YHQOLN�6LVWHPOHUL�
'Õú�VDKDGDQ�Lo�PDKDOOHUH�GR÷UX�NRUXPDQÕQ�KHU�DúDPDGD�\DSÕODELOPHVL�LoLQ�NRPSOHNV�oHYUHVLQLQ�L\L�
DQDOL]� HGLOPHVL� YH� ELUELUL\OH� X\XPOX� X\JXQ� VLVWHPOHULQ� VHoLOPHVL� JHUHNOLGLU�� 'Õú� oHYUH� NRUXPDGD�
ELOLQHQ�HQ�\D\JÕQ�X\JXODPD�|UQHNOHUL�IL]LNVHO�HQJHOOHPH\H�\|QHOLN�|UQHNOHU�ROXS��\�NVHN�GXYDU�YH\D�
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WHO�oLW� LOH�oHYUHOHPH��HQ�VÕN�NXOODQÕODQODUGÕU��%X�HQJHOOHULQ�GH�oR÷X�]DPDQ�NROD\�DúÕODELOLU�ROPDODUÕ��
ED]Õ�HQWHJUH�VLVWHPOHULQ�JHOLúWLULOPHVL�JHUHNOLOL÷LQL�GR÷XUPXúWXU��%XQODUGDQ�ED]ÕODUÕ� WHO�oLW�YH�GXYDU�
DúÕP�ILEHU�RSWLN�DOJÕODPD�VLVWHPOHUL��\HUDOWÕ�J|P�O��ILEHU�RSWLN�DOJÕODPD�VLVWHPOHUL��GÕú�VDKD�,5��,QIUD�
5HG��DOJÕODPD�VLVWHPOHUL�� GÕú� VDKD�3,5� �3DVVLYH� ,QIUD�5HG��GHWHNW|UO�� DOJÕODPD�VLVWHPOHUL�� GÕú� VDKD�
PLNURGDOJD�DOJÕODPD�VLVWHPOHUL��GÕú�VDKD�,5�D\GÕQODWPD�YH�KDUHNHW�DOJÕODPDOÕ�NDSDOÕ�GHYUH�WHOHYL]\RQ�
VLVWHPOHULGLU���
7HO� oLW� YH� GXYDU� DúÕP� ILEHU� RSWLN� DOJÕODPD� VLVWHPOHUL�� XOWUDVRQLF� DOJÕODPD� SUHQVLELQH� J|UH� oDOÕúDQ�
VLVWHPOHUGLU��1RUPDO�oDOÕúPD�NRQXPXQGD�ELU�ILEHU�RSWLN�YHULFLGHQ�oÕNDQ�EHOLUOL�ELU�GDOJD�ER\XQGDNL�
ÕúÕQ�� EHOLUOL� ELU� SDWHUQGH� ILEHU� RSWLN� DOÕFÕGD� HOGH� HGLOLU�� 8\JXODPD� DODQÕQGD� oDUSPD�� NHVPH� YH�
GHIRUPDV\RQD�\RO�DoDELOHFHN�ELU�KDUHNHW�VRQXFX�SDWHUQGH�\DUDWÕODQ�GH÷LúLP�DOÕFÕ�WDUDIÕQGDQ�DOJÕODQÕU�
YH� DODUP� ELOJLVL� PHUNH]L� NRQWURO� FLKD]ÕQD� LOHWLOLU�� <DSD\� ]HND� WHNQLNOHUL� LOH� GXYDUGD� YH\D� WHO� oLW�
�]HULQGH� QDVÕO� ELU� GDUEH� YH\D� ROD\� ROXúWX÷XQX� DOJÕOD\DELOHQ� YH� J�YHQOLN� \|QHWLP� VLVWHPL�
ELOJLVD\DUÕQGD� NXOODQÕODQ� REMH� LOH� LOJLOL� VSHNWUXP� DQDOL]L� GHWD\ÕQGD� ELOJL� YHUHELOHQ� VLVWHPOHU� YDUGÕU��
g]HW�RODUDN�WHO�oLWLQ�ELU�WHO�PDNDVÕ�LOH�PL�NHVLOGL÷L��ELU�WHVWHUH�LOH�PL�NHVLOPHNWH�ROGX÷X�YH\D�ELU�GDUEH�
PL� DOPDNWD� ROGX÷X� LOJLOL� ELOJLVD\DUGDQ� L]OHQHELOPHNWH� YH� DODUP� ELOJLVL� DOÕQDELOPHNWHGLU�� %D]Õ�
X\JXODPDODUGD� WHO� oLW� �]HULQH� ILEHU� RSWLN� DOJÕOD\ÕFÕ� \HULQH� NHVLFL� NDQDWODU� LoHUHQ� ILEHU� RSWLN�
DOJÕOD\ÕFÕODUÕQ�GLUHNOHU�DUDVÕQD�JHULOPHVL�LOH�WHO�oLW�JHUHNWLUPH\HQ��KHP�IL]LNVHO�FD\GÕUÕFÕOÕ÷Õ�RODQ��KHP�
GH� DOJÕODPD� VLVWHPL� LúOHYLQL� J|UHQ� VLVWHPOHU� NXOODQÕOPDNWDGÕU�� 8\JXODPD� |UQHNOHUL� ùHNLO� �
GH�
J|U�OPHNWHGLU���
<HUDOWÕ�J|P�O��ILEHU�RSWLN�DOJÕOD\ÕFÕOÕ�VLVWHPOHU�LVH��WHO�oLW�YH\D�GXYDU�GÕúÕQGD�\DNODúÕN��P�YH\D�GDKD�
ID]OD�JHQLúOL÷H�VDKLS�ELU�úHULW�úHNOLQGHNL�DODQGD�\HUDOWÕQD�ILEHU�RSWLN�NDEORQXQ�J|P�OPHVL�YH�EX�DODQ�
�]HULQH�EDVÕOGÕ÷ÕQGD�\LQH�DOÕFÕQÕQ�SDWHUQ�GH÷LúLNOL÷LQL� KLVVHWPHVL�YH� DODUP�YHUPHVL�SUHQVLELQH�J|UH�
oDOÕúDQ�VLVWHPOHUGLU��gUQHN�ùHNLO��
GH�J|U�OPHNWHGLU���
'Õú�VDKD�NRUXPDGD�KDUHNHW�DOJÕODPD\D�\|QHOLN�,5��PLNURGDOJD�YH�3,5�GHWHNW|UO��DOJÕODPD�VLVWHPOHUL�
GH� \D\JÕQFD� NXOODQÕOPDNWDGÕU�� ,5� YH� PLNUR� GDOJD� VLVWHPOHUL� ELU� YHULFL� YH� ELU� DOÕFÕ� DUDVÕQD� JLUHQ�
REMHQLQ� D\DUODQDELOLU� ELU� V�UH� ER\XQFD� NDOPDVÕ� LOH� ÕúÕQ� LOHWLPLQLQ� NHVLOPHVL� VRQXFX� DOJÕODQPDVÕ�
SUHQVLELQH�J|UH�oDOÕúDQ�VLVWHPOHUGLU��3,5�GHWHNW|UO��VLVWHPOHU�LVH��KDUHNHW�HGHQ�REMHQLQ�3,5�GHWHNW|U��
DOJÕODPD�DODQÕQD�JLUPHVL�VRQXFX� WHUPDO�GH÷LúLPLQ�KLVVHGLOPHVL� LOH�DOJÕODPD�SUHQVLELQH�J|UH�oDOÕúDQ�
VLVWHPOHUGLU��%D]Õ�VLVWHP�|UQHNOHUL�ùHNLO��
WH�J|U�OPHNWHGLU���
<XNDUÕGD�EDKVL�JHoHQ�oHYUH�J�YHQOLN�VLVWHPOHUL��WHN�EDúÕQD�NXOODQÕOGÕNODUÕQGD�LOJLOL�DODUP�ELOJLOHULQL�
PHUNH]H� ELOGLULUOHU�� PHUNH]� WDUDIÕQGDQ� DOÕQDQ� DODUP� ELOJLVLQLQ� GR÷UXOX÷X� DFLO� RODUDN� NRQWURO�
HGLOPHOLGLU��øOJLOL�J�YHQOLN�J|UHYOLVLQLQ�PDKDOL�LQFHOHPHVL�ELU�SURVHG�U�ROXS��X]DNOÕ÷D�J|UH�JHFLNPH�
VRQXFX�WHKGLWLQ�EHOLUOHQHPHPHVL�VRQXFX�RUWD\D�oÕNDELOLU��%X�VHEHSOH�EX�VLVWHPOHUH�HN�RODUDN�ELU�GÕú�
VDKD�&&79� VLVWHPLQLQ� NXUXOPDVÕQGD� E�\�N� ID\GD� YDUGÕU��$ODUP� DQÕQGD� LOJLOL� E|OJHQLQ�PHUNH]GHQ�
NROD\FD�L]OHQHELOPHVL��LVWH÷H�ED÷OÕ�YH\D�RWRPDWLN�RODUDN�J|U�QW��ND\GÕQÕQ�\DSÕODELOPHVL��ROD\ÕQ�JHFH�
JHUoHNOHúPHVL� GXUXPXQGD� ,5� VSRWODUOD� D\GÕQODWPDQÕQ� \DSÕOPDVÕ� LOH� GR÷UX� WDQÕPODPDQÕQ�
\DSÕODELOPHVL�JLEL�ID\GDODUÕ�VHEHEL�LOH�PLQLPXP�ELU�VLVWHP�YH�&&79�VLVWHPLQLQ�NXOODQÕOPDVÕ�GR÷UX�
o|]�P�RODFDNWÕU���
7HO� oLW� �]HULQH� JHULOLP� X\JXODPD� LOH� NRUXPD\D� \|QHOLN� VLVWHPOHU� GH� JHOLúWLULOPLú� ROPDNOD� ELUOLNWH�
�ONHPL]GH�SHN�ID]OD�X\JXODPD�|UQH÷L�J|U�OPHPHNWHGLU���
dHYUH� J�YHQOL÷LQLQ� VD÷ODQPDVÕQGD� GÕú� VDKDGDQ� Lo� E|O�POHUH� JHoLúWH� VÕQÕU� QRNWDODUÕQGD�
NXOODQÕODELOHFHN� FLKD]ODU�GD�PHYFXWWXU��%XQODU�|]HOOLNOH�NDSÕ� NRQWURO�QRNWDODUÕQGD�NXOODQÕODQ�;5D\�
FLKD]ODUÕ��PHNWXS��NDUJR�NRQWURO�FLKD]ODUÕ��NDSÕ�WLSL�PHWDO�GHWHNW|UOHUL�YH\D�HO�WLSL�PHWDO�GHWHNW|UOHUL�
JLEL� FLKD]ODUGÕU�� %X� WLS� FLKD]ODU�� GÕúDUÕGDQ� LoHUL\H� JL]OLFH� VRNXOPDN� LVWHQHELOHFHN�� VLODK�� SDWOD\ÕFÕ�
YH\D� WHKGLW�XQVXUX�PDWHU\DOOHULQ� WHVSLW�HGLOPHVL� LoLQ�NXOODQÕODQ�FLKD]ODUGÕU��%D]Õ�|UQHNOHU�ùHNLO��
WH�
J|U�OPHNWHGLU���
+ÕUVÕ]�$ODUP�6LVWHPOHUL�
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+ÕUVÕ]� DODUP� VLVWHPOHULQGH�� \LQH� ED]Õ� GÕú� VDKD� J�YHQOLN� VLVWHPL� HOHPDQODUÕ� LOH� ELUOLNWH� ELQD� LoL�
X\JXODPDODUD� \|QHOLN� DOJÕODPD� FLKD]ODUÕ� NXOODQÕOPDNWDGÕU�� %XQODUGDQ� ED]ÕODUÕ�� KDUHNHW� DOJÕODPD\D�
\|QHOLN�3,5�GHWHNW|UOHUL�� VÕQÕU�E|O�POHULQGH�|]HOOLNOH�JLULú� NDWODUÕQGD�NXOODQÕODQ�FDP�NÕUÕOPD� VHVLQL�
DOJÕOD\DQ� FDP� NÕUÕOPD� WLS� GHWHNW|UOHU��PDWNDS� LOH� GHOPH�� NÕUPD� JLEL� ROD\ODUÕ� DOJÕODPDGD� NXOODQÕODQ�
VLVPLN�GHWHNW|UOHU��NDSÕ�YH�SHQFHUHOHULQ�NDSDOÕ�ROXS�ROPDGÕNODUÕQÕQ�NRQWURO�QGH�NXOODQÕODQ�PDQ\HWLN�
NRQWDNODUGÕU��%D]Õ�VLVWHP�HOHPDQODUÕ�ùHNLO��
WH�J|U�OPHNWHGLU���
.RQYDQVL\RQHO� ]RQOX� KÕUVÕ]� DODUP� NRQWURO� SDQHOOHUL� EX� DOJÕODPD� FLKD]ODUÕQÕQ� DODUP� YH� KDWD�
ELOJLOHULQLQ� L]OHQPHVLQGH� YH� DODUP� NRQWURO�� LoLQ� NXOODQÕOÕUODU��.DEORVX]� LOHWLúLPH� VDKLS� SDQHOOHU� YH�
DODUP� FLKD]ODUÕ� GD� J�Q�P�]GH� NXOODQÕPÕ� DUWDQ� FLKD]ODUGÕU�� <�NVHN� NDSDVLWHOL� VLVWHPOHUGH� DOJÕODPD�
FLKD]ODUÕ�J�YHQOLN�\|QHWLP�VLVWHPL�,�2�NDUWODUÕQÕQ�EXOXQGX÷X��QLWHOHUH�ED÷OÕGÕUODU��ø]OHPH�YH�NRQWURO�
PHUNH]L�YH\D�GD÷ÕWÕOPÕú�LVWDV\RQODU�WDUDIÕQGDQ�\DSÕOÕU���
*HoLú�.RQWURO�6LVWHPOHUL�
ùLPGL\H� NDGDU� NXOODQÕFÕQÕQ� J�YHQOL÷L� LoLQ� NXOODQÕODQ� IDNDW� NXOODQÕFÕ� WDUDIÕQGDQ� DNWLI� RODUDN�
NXOODQÕOPD\DQ� VLVWHPOHUGHQ� EDKVHGLOGL�� %X� WLS� VLVWHPOHULQ� \DQÕ� VÕUD� NXOODQÕFÕQÕQ� GD� ELU� WHKGLW�
ROXúWXUDELOHFH÷L� G�ú�Q�OHUHN� JHOLúWLULOPLú�� NXOODQÕP� E|OJHOHULQLQ� RWRULWH� VHYL\HOHULQH� J|UH�
NÕVÕWODQGÕ÷Õ�� NXOODQÕFÕQÕQ� JHoLú� QRNWDODUÕQGDNL� KDUHNHWOHULQLQ� ]DPDQ� SURJUDPOÕ� ND\GHGLOGL÷L� JHoLú�
NRQWURO�VLVWHPOHUL�GH�NXOODQÕOPDNWDGÕU��*HoLú�NRQWURO�VLVWHPOHUL��NDSÕODU��WXUQLNHOHU�YH�EDUL\HUOHU�JLEL�
JHoLú� QRNWDODUÕQGD�� SLQOL� YH� úLIUHOL� WLS� FLKD]ODU�� NDUW� RNX\XFXODU�� SDUPDN� L]L� RNX\XFXODU�� J|]� LULV�
RNX\XFXODU��\�]�WDQÕPD�FLKD]ODUÕ�JLEL�FLKD]ODUOD�JHoLú�L]QLQLQ�NRQWUROO��RODUDN�YHULOGL÷L�VLVWHPOHUGLU��
.XOODQÕFÕ\D� |]HO� WDQÕPODQPÕú� úLIUH�� NDUW�� WDJ�� SDUPDN� L]L� YH\D� LULV� ND\ÕWODUÕ�� YHUL� L]OHPH�YH�NRQWURO�
PHUNH]LQGH� KDQJL� ]DPDQ� GLOLPLQGH� KDQJL� E|OJHOHUH� JLUHELOHFH÷L� ELOJLOHULQH� J|UH� SURJUDPODQÕU�� %X�
VD\HGH� NXOODQÕFÕQÕQ� LVWHQPH\HQ� ELU� ]DPDQGD� LVWHQPH\HQ� ELU� E|OJH\H� JLUPHVL� HQJHOOHQLU�� .LúLQLQ�
KDQJL�]DPDQ�GLOLPLQGH�\DSÕQÕQ�KDQJL�E|OJHVLQGH�ROGX÷X�L]OHQHELOLU�YH�ND\GHGLOHELOLU��&&79�VLVWHPL�
LOH�HQWHJUH�oDOÕúWÕ÷ÕQGD�EHOLUOL�JHoLú�QRNWDODUÕQGD�NXOODQÕFÕ�J|U�QW�V��LOH�ND\GHGLOPLú�J|U�QW��NRQWURO�
HGLOHUHN�GR÷UXODPDOÕ�JHoLú�L]QL�YHULOHELOLU��%D]Õ�VLVWHP�YH�FLKD]�|UQHNOHUL�ùHNLO��
GD�YHULOPLúWLU���
.DSDOÕ�'HYUH�7HOHYL]\RQ�6LVWHPOHUL��&&79��
'DKD�|QFHNL�E|O�POHUGH�GH�EHOLUWLOGL÷L�JLEL�&&79�VLVWHPOHULQLQ�GL÷HU�J�YHQOLN�VLVWHPOHUL�LOH�HQWHJUH�
HGLOPHVLQGH�E�\�N�ID\GD�YDUGÕU��6LVWHP��VL\DKEH\D]�YH\D�UHQNOL��VDELW�YH\D�KDUHNHWOL��37=���Lo�YH\D�
GÕú�VDKD�WLSL�NDPHUDODU��JL]OL�NDPHUDODU�JLEL�J|U�QW��DOPD�FLKD]ODUÕ�LOH�PXOWLSOH[HU��PDWUL[�VZLWFKHU��
WHOHPHWU\�FRQWURO�FLKD]ODUÕ�JLEL�J|U�QW��\|QOHQGLUPH�DODUP�YH�NRQWURO�FLKD]ODUÕ��9&5�YH�GLMLWDO�ND\ÕW�
FLKD]ODUÕ�� VL\DK� EH\D]� YH\D� UHQNOL� PRQLW|UOHU� JLEL� J|U�QW�� L]OHPH� FLKD]ODUÕQGDQ� ROXúPDNWDGÕU��
.DPHUDODU��NXOODQÕODFDNODUÕ�\HUH�J|UH� ÕúÕN��X]DNOÕN��DoÕ�JLEL�SDUDPHWUHOHU�NRQWURO�HGLOHUHN�VHoLOLUOHU��
2WR�LULV�YH\D�PDQXHO�LULV�OHQVOHU��KDUHNHWOL�LVH�SDQ��WLOW�YH�]RRP��QLWHOHUL��NDPHUD�NDVDODUÕ�YH�ED÷ODQWÕ�
DSDUDWÕ��GÕú�VDKD�WLSL�LVH�GÕú�VDKD�WLSL�ÕVÕWÕFÕOÕ��EX÷X�|QOH\LFLOL�NDVD�JLEL�HOHPDQODU�VWDQGDUW�NDPHUDQÕQ�
DQD� SDUoDODUÕGÕU�� .DPHUDODU� ED]Õ� |]HOOLNOHULQH� J|UH� oHúLWOLOLN� J|VWHULUOHU�� ,úÕN� \R÷XQOX÷XQD� ED÷OÕ�
RODUDN� J|U�QW�� DOPDN� LVWHGL÷LPL]� REMHQLQ� |Q� \�]�Q�Q� GDKD� L\L� VHoLOHELOPHVL� LoLQ� NXOODQÕODQ� %/&�
�%DFN� /LJKW� &RPSHQVDWLRQ�� |]HOOL÷LQH� VDKLS� NDPHUDODU� YDUGÕU�� *L]OLOL÷LQ� |QHPOL� ROGX÷X� \HUOHUGH�
37=�� 6SHHG� 'RPH� NDPHUDODUOD� NXOODQÕFÕ� IDUNÕQGD� ROPDGDQ� J|U�QW�� DOPDN� P�PN�QG�U�� 7HUPDO�
NDPHUDODUOD�KDUHNHWL�YH�NDoÕú�\|Q�Q��WHVSLW�HWPHN�P�PN�QG�U��0XOWLSOH[HU��NDPHUD�VD\ÕVÕQD�ED÷OÕ�
RODUDN�J|U�QW��DQDOL]L��NDPHUD�VHoLPL�YH�\|QOHQGLUPH��DODUP�ED]OÕ�J|U�QW��DOPD�YH\D�ND\ÕW�EDúODWPD�
DPDFÕQD�\|QHOLN�JHOLúWLULOPLú�FLKD]ODUGÕU��6DGHFH�J|U�QW��\|QOHQGLUHQ��J|U�QW��\|QOHQGLULUNHQ�ND\ÕW�
\DSÕOÕS�� ND\ÕW� DQÕQGD� L]OHPH� \DSÕOPDVÕQD� RODQDN� YHUHQ� WLSOHUL� YDUGÕU�� %D]Õ� WLSOHUL� KDUHNHW� DOJÕODPD�
�0RWLRQ� 'HWHFWLRQ�� |]HOOL÷LQH� VDKLSWLU�� HNUDQGD� KHU� NDPHUD� LoLQ� VHoLOPLú� ELU� E|OJHGHNL� J|U�QW��
GH÷LúLPLQL� DOJÕOD\DUDN� DODUP� ELOJLVLQL� YHUHQ� YH� D\QÕ� DQGD� ND\ÕW� EDúODWÕS� DQD� PRQLW|UH� J|U�QW��
LOHWHELOHQ�WLSWH�FLKD]ODUGÕU���
0DWUL[�VZLWFKHU�FLKD]ODUÕ� LVH�oRN�VD\ÕGD�NDPHUDQÕQ�IDUNOÕ�VD\ÕGD�PRQLW|UOHUH�YH\D�ND\ÕW�FLKD]ODUÕQD�
LVWH÷H� ED÷OÕ� oRN� oHúLWOL� DOWHUQDWLI� NRQILJ�UDV\RQODUGD� \|QOHQGLULOHELOPHVLQH� RODQDN� VD÷OD\DQ�
FLKD]ODUGÕU��&&79�\D]ÕOÕPÕ�LOH�3&�NRQWUROO��VLVWHPOHU�NXUPDN�P�PN�QG�U��/$1�YH�:$1��]HULQGHQ�
J|U�QW�� HOGH� HWPHN�� NDPHUD� NRQWURO� HWPHN� P�PN�QG�U�� ,QWHUQHW� RUWDPÕQGD� &&79� X\JXODPDVÕ�
\DSPD\D� HOYHULúOL� VLVWHPOHU� GH� PHYFXWWXU�� %X� VD\HGH� EXOXQGX÷XQX]� QRNWDGDQ� G�Q\D� �]HULQGH�
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KHUKDQJL�ELU�QRNWDGDNL�VLVWHPLQ�LúOHYOHULQL�NRQWURO�HGHELOLU�YH�GHQHWOH\HELOLUVLQL]���
.DEORVX]�&&79� VLVWHPOHUL� GH� GÕú� VDKDGD� YH\D� NXUXOX� ELQDODUGD� WHUFLK� HGLOHQ� VLVWHPOHUGLU�� &&79�
VLVWHPOHULQGH�ILEHU�RSWLN�NDEOR�LOH�GDWD�YH�J|U�QW��WDúÕPDN�YH�EX�VD\HGH�KÕ]OÕ�ELU�LOHWLúLP�VD÷ODPDN�
P�PN�QG�U���
7HOHPHWU\�FRQWURO�FLKD]ODUÕ� LVH�SDQ�� WLOW�YH�]RRP��QLWHVLQH�VDKLS�NDPHUDODUGD�SDQ�YH�WLOW�KDUHNHWOHUL�
YH�]RRP�KDUHNHWLQLQ�VD÷ODQPDVÕQGD�NRQWURO�NODY\HVLQGHQ�JHOHQ�NRPXWODUÕQ�37=��QLWHVLQH�LOHWLOPHVL�
YH�JHUL�EHVOHPH�DOÕQPDVÕQD�\DUD\DQ�FLKD]ODUGÕU���
&&79� VLVWHPOHUL� D÷ÕUOÕNOÕ� RODUDN� V�UHNOL� J|U�QW�� L]OHPH�� V�UHNOL� ND\ÕW� YH\D� DODUP� DQÕQGD� ND\ÕW�
LúOHYOHUL� LOH� ROD\ODUÕQ� \DNÕQGDQ� WDNLS� HGLOHELOPHVLQH� \DUD\DQ� VLVWHPOHUGLU�� 'L÷HU� VLVWHPOHULQ� DODUP�
LúOHYOHUL�LOH�NLOLWOHPHOL�RODUDN�oDOÕúWÕNODUÕQGD�oRN�EDúDUÕOÕ�VRQXoODU�DOÕQPDNWDGÕU��%D]Õ�VLVWHP�YH�FLKD]�
|UQHNOHUL�ùHNLO��
GH�J|U�OPHNWHGLU���
ø]OHPH�YH�.RQWURO�øVWDV\RQODUÕ�
<D]ÕPÕ]ÕQ�EDúÕQGD�GD�EHOLUWLOGL÷L�JLEL�J�YHQOLN�\|QHWLP�VLVWHPOHUL�ELU�oRN�J�YHQOLN�VLVWHPLQLQ�WHN�ELU�
PHUNH]GHQ�YH\D�GD÷ÕWÕOPÕú�QRNWDODUGDQ�L]OHPH�YH�NRQWURO�Q�Q�EHOLUOL�ELU�VHQDU\R�GDKLOLQGH�\DSÕOPDVÕ�
DPDFÕQD� \|QHOLN� JHOLúWLULOPLú� VLVWHPOHUGLU�� ø]OHPH� YH� NRQWURO� LVWDV\RQODUÕ� EX� LúOHYOHUL� �VWOHQHQ�
FLKD]ODUGDQ� ROXúPDNWDGÕU��'Õú� VDKD� ILEHU� RSWLN� DOJÕODPD� VLVWHPOHULQLQ� NRQWURO� �QLWHOHUL�� ,5��3,5�YH�
PLNURGDOJD� VLVWHPOHULQLQ� ,�2� NDUWODUÕQÕQ� ED÷OÕ� ROGX÷X� �QLWHOHU�� JHoLú� NRQWURO� VLVWHPOHULQLQ� NRQWURO�
�QLWHOHUL�� &&79� PDWUL[� VZLWFKHU� �QLWHOHUL�� KÕUVÕ]� DODUP� VLVWHPL� HOHPDQODUÕQÕQ� ED÷OÕ� ROGX÷X� ,�2�
NDUWODUÕ� |]HO� ELU� D÷� YH� SURWRNRO� �]HULQGHQ� ELUELUOHUL� LOH� YH� L]OHPH� LVWDV\RQX� 3&� GRQDQÕPÕ� LOH�
KDEHUOHúHUHN�W�P�L]OHPH�YH�NRQWURO�LúOHYOHULQLQ�\�U�W�OPHVLQL�VD÷ODUODU��2WRPDV\RQ�VLVWHPOHULQGHNL�
JLEL� VDKD� HOHPDQODUÕ�� RWRPDV\RQ� LVWDV\RQODUÕ� YH� YHUL� L]OHPH� YH� NRQWURO� PHUNH]OHUL� \DSÕVÕQD� oRN�
EHQ]H\HQ� EX� \DSÕ�� EHQ]HU� LúOHYOHULQ� J�YHQOLN� DoÕVÕQGDQ� \�U�W�OPHVLQL� VD÷OD\DFDN� úHNLOGH�
WDVDUODQPÕúWÕU��gUQHN�ELU�J�YHQOLN�\|QHWLP�VLVWHPL�\DSÕVÕ�ùHNLO��
GH�J|U�OPHNWHGLU��6HQDU\RODU�
.DUúÕODúDELOHFH÷LPL]�� DNOD� JHOHQ� ED]Õ� VHQDU\RODU� YH� VLWHPOHULQ� oDOÕúPD� úHNOL� DúD÷ÕGD� LQFHOHQPLúWLU��
*HFH�\DUÕVÕ�GÕú�VDKDGD�WHO�oLWH�\DNODúÕOPDVÕ� LOH�YH\D�oLWLQ�NHVLOPHVL�LOH�ILEHU�RSWLN�DOJÕOD\ÕFÕ�NRQWURO�
�QLWHVLQH� DODUP� ELOJLVLQL� LOHWLU�� YHULOHU� J�YHQOLN� PHUNH]LQGH� EXOXQDQ� 3&
\H� LOHWLOLU�� dLW� NHVLOPHVL�
GXUXPXQGD� JHOHQ� YHUL� DQDOL]� HGLOLU� YH�$,� WHNQLNOHUL� LOH� oLW� �]HULQGHQ� JHOHQ� ELOJLQLQ� NHVPH� VRQXFX�
ROXúWX÷XQD� NDUDU� YHULOLU�� øOJLOL� NRQWURO� ELULPL� &&79� VLVWHPLQL� DNWLYH� HGHU�� D\QÕ� DQGD� ,5� VSRWODU�
YDVÕWDVÕ� LOH� LOJLOL� E|OJHGH� GDKD� QHW� J|U�QW�� DOÕQPDVÕ� VD÷ODQÕU�� øOJLOL� NDPHUD� H÷HU� KDUHNHW� DOJÕODPD�
|]HOOL÷LQH�VDKLS�ELU�NDPHUD�LVH�D\QÕ�DQGD�WHO�oLW�\DNÕQÕQGDNL�KDUHNHW�NDPHUD�WDUDIÕQGDQ�GD�DOJÕODQPÕú�
YH� DODUP� GR÷UXODQPÕú� ROXU�� %X� |]HOOLN� NDPHUDGD� \RN� LVH� VDGHFH� J|U�QW�� DOÕQÕU�� $\QÕ� DQGD� LOJLOL�
NDPHUD� J|U�QW�V�Q�Q�ND\GÕ� EDúODU��$ODUP�ELOJLVL� �]HULQH� RWRPDWLN� DUD\ÕFÕ� LOH� |QFHGHQ�EHOLUOHQPLú�
WHOHIRQODUD�ELOJL�XODúWÕUÕODELOLU�YH\D�|]HO�oD÷UÕ� VLVWHPLQH�PHVDM�J|QGHULOHELOLU��&D\GÕUÕFÕOÕN� LoLQ� VHVOL�
YH�ÕúÕNOÕ�X\DUÕ�FLKD]ODUÕ�VHQDU\R�GDKLOLQGH�DODUP�GX\XUXVX�\DSÕODELOLU���
%HQ]HU� úHNLOGH� ELQD\D� \DNODúPÕú� ELU� NLúL� FDPÕ� NÕUDUDN� ELQD\D� JLUPH\H� NDONDELOLU�� &DP� NÕUÕOPD�
GHWHNW|U��LOH�GXUXP�DOJÕODQÕU��.DSÕ\Õ�]RUOD\DUDN�JLUPH\H�NDONDELOLU��*HoLú�NRQWURO�VLVWHPL�KHUKDQJL�
ELU� JLUGL� DOPDGDQ� NDSÕ� DoÕOGÕ÷Õ� LoLQ� NDSÕ� ]RUODQDUDN� DoÕOGÕ� ELOJLVLQL� PHUNH]H� LOHWLU�� &DP� DoÕODUDN�
JLULOLUVH� LOJLOL�PDQ\HWLN�NRQWDNODU�YDVÕWDVÕ� LOH�YH\D�3,5�GHWHNW|UOHUL� LOH�GXUXP�DOJÕODQÕU��+HU�GXUXP�
LoLQ�&&79�VLVWHPL��LOJLOL�DODUP�QRNWDVÕQGD�J|U�QW��DOPD�YH�ND\ÕW�LúOHPLQL�EDúODWÕU��'L÷HU�DODUP�LOHWLP�
VHQDU\RVX�D\QÕGÕU���
*�QO�N�NXOODQÕP�VÕUDVÕQGD�ELU�NXOODQÕFÕ� WDQÕPODQPDPÕú�ROGX÷X�ELU�PDKDOH�JLUPH\H�NDONÕúÕUVD�JHoLú�
L]QL� YHULOPH]�� 7DQÕPOÕ� ROGX÷X� PDKDOH� L]LQ� YHULOPH\HQ� ELU� VDDWWH� JLUPH\H� NDONÕúÕUVD� JHoLú� L]QL�
YHULOPH]�� *LUHELOGL÷L� PDKDOLQ� NDSÕVÕ� DoÕN� NDOÕUVD� NDSÕ� DoÕN� NDOGÕ� VLQ\DOL� JHoLú� NRQWURO� VLVWHPL�
�]HULQGHQ�PHUNH]H� LOHWLOLU�� %DúNDVÕQÕQ� NDUWÕ� LOH� GR÷UXODPD� |]HOOLNOL� NDPHUDOÕ� ELU� NDSÕGDQ� JHoPH\H�
NDONÕúÕUVD�NLPOLN�ELOJLVL�LoHUL÷LQGH�YDU�RODQ�J|U�QW��ND\GÕ� LOH�NDPHUD�J|U�QW�V��NDUúÕODúWÕUÕOÕU��JHoLú�
L]QL�YHULOPH]���
'L÷HU�6LVWHPOHUOH�(QWHJUDV\RQ�

6D\ID������

����������ILOH���??(PRRWR?08%(55$?ZHE?GHUJL?���?WRNHU�KWPO



%LU� J�YHQOLN� \|QHWLP� VLVWHPLQGH� NDUúÕODúÕODELOHFHN� ED]Õ� VHQDU\RODU� YH� VLVWHPOHULQ� ELUELUL\OH�
NLOLWOHPHOHUL� KDNNÕQGD� ELU� NDo� JHQHO� |UQHN� VXQPD\D� oDOÕúWÕN��%X� |UQHNOHUGH� J�YHQOLN� VLVWHPOHULQLQ�
ELUELUOHUL\OH�HWNLOHúLPOL�oDOÕúPDVÕ�YH�NRQWURO��KDNLPGL��<D]ÕPÕ]ÕQ�EDúÕQGD�EDKVL�JHoHQ�GL÷HU�\|QHWLP�
VLVWHPOHUL�LOH�GH�ED]Õ�NLOLWOHPHOHU�\DSDUDN�VLVWHPOHUL�GDKD�HWNLQ�NXOODQPDN�P�PN�QG�U���
<DQJÕQ� DODUP� \|QHWLP� VLVWHPOHUL� DoÕVÕQGDQ� EDNWÕ÷ÕPÕ]GD�� KDUHNHW� DOJÕODPD� |]HOOL÷LQH� VDKLS� ELU�
&&79� VLVWHPLQL� GXPDQ� DOJÕODPD� VLVWHPLQH� GHVWHN� VLVWHP� RODUDN� J|UPHN� YH\D� \DQJÕQ� DODUP�
VLVWHPLQLQ�GR÷UXODPDOÕ�oDOÕúPD\D�J|UH�SURJUDPODQGÕ÷Õ�X\JXODPDODUGD�J|U�QW��L]OHPH�LOH�GDKD�oDEXN�
KDUHNHW�HWPHN�P�PN�QG�U��<DQJÕQ�DOJÕODPD�VLVWHPOHULQGH�\DQJÕQ�DODUP�E|OJHVLQH�J|UH�LOJLOL�NDoÕú�
\ROODUÕQGDNL� NDSÕODUÕQ� YH� DQD� NDSÕODUÕQ� JHoLú� NRQWURO� VLVWHPL� LOH� NLOLWOHPHOL� ELU� úHNLOGH� NRQWURO�� YH�
DoÕOPDVÕ�EDúND�|QHPOL�ELU�NRQXGXU���
*HQHOOLNOH�RWRPDV\RQ� VLVWHPOHULQLQ�NRQWURO�� DOWÕQGD�EXOXQDQ� D\GÕQODWPD� VLVWHPOHULQLQ� ]RQ�ED]ÕQGD�
J�YHQOLN� YH� &&79� VLVWHPOHULQH� KL]PHW� HGHFHN� úHNLOGH� WDVDUODQPDVÕ� YH� JHUHNOL� NLOLWOHPHOHULQ�
\DSÕOPDVÕ� P�PN�QG�U�� %XQXQ� \DQÕQGD� JHoLú� NRQWURO� VLVWHPL� YHUL� WDEDQÕQGD� ND\ÕWOÕ� RODQ�� ELQDQÕQ�
KDQJL� E|O�P�QGH� NDo� NLúLQLQ� EXOXQGX÷X� YHULVLQLQ�� RWRPDV\RQ� VLVWHPLQGH� ÕVÕWPD� YH\D� VR÷XWPD�
\DSÕODFDN� E|OJHOHUGH� LQVDQ� \R÷XQOX÷XQD� J|UH� RSWLPL]DV\RQ� \DSÕOPDVÕQD� RODQDN� YHUHFHN� úHNLOGH�
NXOODQÕOPDVÕ�P�PN�QG�U���
<XNDUÕGD� EHOLUWLOHQ� NLOLWOHPHOHUL� VHQDU\RODUD� J|UH� YH� VHoLOPLú� VLVWHPOHULQ� SD\ODúWÕNODUÕ� NRQWURO�
QRNWDODUÕQD�J|UH� oHúLWOHQGLUPHN�P�PN�QG�U��gQHPOL�RODQ�� L\L�ELU� DQDOL]�YH�GR÷UX�ELU� WDVDUÕPOD�EX�
WHNQRORMLN�VLWHPOHULQ�EL]H�VXQDELOGLNOHUL�IRQNVL\RQODUÕQ�RSWLPXP�GH÷HUOHQGLULOHELOPHVL�YH�PDNVLPXP�
YHULPLQ�DOÕQDELOPHVLGLU���
<DQJÕQGDQ�X]DN��NRQIRUOX�YH�J�YHQOL�ELU�JHOHFHN�GLOH÷L\OH����
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