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3RGJUXSD�����3ODQLUDZH�QD�UD]YRM�QD�HOHNWURHQHUJHWVNLRW�VLVWHP
������������������������VR���UHIHUDWD�L���LQIRUPDFLL�
3RGJUXSD�����3ODQLUDZH���QD���HOHNWURHQHUJHWVNL��L]YRUL
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������������������������VR���UHIHUDWD�L���LQIRUPDFLMD�

3RGJUXSD��

2G� SULVWLJQDWLWH� �� VWUXaQL� WUXGD� ]D� RYDD� SRGJUXSD�� �� WUXGD� VH� RFHQHWL� NDNR
UHIHUDWL��D���WUXGD�NDNR�LQIRUPDFLL�
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9R�WUXGRW�VH�LQLFLUDQL�SUD^DZD�SRYU]DQL�VR�UDERWDWD�L�SODQLUDZHWR�QD�((6�YR
VYHWOR�QD� GHUHJXOLUDQ�L� RWYRUHQ�SD]DU�QD� HOHNWULaQD� HQHUJLMD� �� D� YR�IXQNFLMD� QD
RWYRUDZH�QD� VRJOHGXYDZH� QD� VRVWRMELWH� YR� NRL� `H� VH� QDMGH�((6�QD�0DNHGRQLMD� YR
EOLVND�LGQLQD�



5HIHUDW�EURM������ 7UDMaH�AHUHSQDONRYVNL
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9R� UDPNLWH� QD� &UQRPRUVNLRW� 5HJLRQDOHQ� (QHUJHWVNL� &HQWDU� � �� BSREC) H
UHDOL]LUDQD�UDERWQD�]DGDaD�]D�HYLGHQWLUDZH�QD�PRCQL�SURHNWL�]D�LQWHUNRQHNFLMD
YR� %DONDQVNLRW� UHJLRQ�� NDNR� L� ]D� SRYU]XYDZH� QD� UHJLRQRW� VR� RNROQLWH� VLVWHPL�
7UXGRW�VH�RVYUQXYD��L�QD�VWUDWHJLMDWD�]D�UD]YRM�QD�7UDQV�(YURSVNLWH�0UHCL��7(1�p
Trans European Networks )�SRYU]DQD�VR�UHJLRQRW��,VWR�WDND�DQDOL]LUDQ�H�HQHUJHWVNLRW
EDODQV�YR�UHJLRQRW��RG�NRM�SURL]OHJXYDDW�SRWHQFLMDOQL�SURHNWL�]D�LQWHUNRQHNFLMD
YR�UHJLRQRW�L�SULPHQHWDWD�PHWRGRORJLMD�]D�QLYQR�UDQJLUDZH�

,QIRUPDFLMD�EURM������ 9DQJHO�)X^WL`
(OHNURWHKQLaNL�IDNXOWHW���6NRSMH
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9R� WUXGRW� VH� GDYD� SUHJOHG� QD� RaHNXYDQLRW� UD]YRM� QD� SRWUR^XYDaNDWD� L
SURL]YRGVWYRWR� QD� HOHNWULaQD� HQHUJLMD� YR� VYHWRW� SR� ����� JRGLQD�� NDNR� L
NDUDNWHULVWLaQL� UD]YRMQL� DVSHNWL� QD� HOHNWURHQHUJHWLNDWD� YR� VYHWRW� YR� RGQRV� QD
LVNRULVWXYDZH�QD�HQHUJHWVNLWH�UHVXUVL��RUJDQL]LUDQRVWD��GHUHJXODFLMDWD�L�QDaLQRW
QD�RGOXaXYDZH�YR� HOHNWURHQHUJHWVNLRW� VHNWRU��IXQNFLRQLUDZHWR� QD� HQHUJHWVNLRW
SD]DU��QLYRWR�QD�DYWRPDWL]DFLMD�L�UD]PHQDWD�QD�LQIRUPDFLL�

3UD^DZD�SRVWDYHQL�RG�DYWRURW�

• .RL� RG� QDEHOHCDQLWH� DVSHNWL� QD� UD]YRMRW� QD� VYHWVNRWR� HOHNWURVWRSDQVWYR� VH
LQWHUHVQL�]D�PDNHGRQVNRWR�HOHNWURVWRSDQVWYR"

• .DNRY� `H� ELGH� NDUDNWHURW� QD� LQYHVWLFLLWH� YR� ]DGRYROXYDZHWR� QD� QDUDVQDWLWH
SRWUHEL�QD�NRQ]XPRW�RG�DVSHNW�QD�VYHWVNDWD�FHQD�QD�NDSLWDORW"

5HIHUDW�EURM������ $OHNVDQGDU��'LPLWURYVNL
(OHNWURWHKQLaNL�IDNXOWHW����6NRSMH
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9R� WUXGRW� H� SULNDCDQ� HGHQ� QRY� SULVWDS� QD� HNRQRPVNR� YUHGQXYDZH� QD� YDULMDQWQL
UH^HQLMD�VR�QHVLJXUQL�YOH]QL�SRGDWRFL����1HVLJXUQRVWD�H�PRGHOLUDQD�VR�SULPHQD�QD
ID]L�EURHYL���)D]L�SULVWDSRW�H�LOXVWULUDQ�VR�SUDNWLaHQ�SULPHU��SUL�^WR�H�GRELHQ
RSVHJ�QD�VLWH�PRCQL�VFHQDULMD�^WR�SURL]OHJXYDDW�RG�QHVLJXUQLWH�YOH]QL�SRGDWRFL�
1D�WRM�QDaLQ�DQDOL]DWD�QD�RVHWOLYRVW�VH�YU^L�VLPXOWDQR�VR�ID]L�DQDOL]DWD�



,QIRUPDFLMD�EURM������ 7UDMDQ�0DYNRY
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3UHGORJRW� QD� QRYLRW� WDULIHQ� VLVWHP� VH� RaHNXYD� VWLPXODWLYQR� GD� YOLMDH� YU]
UDFLRQDOQDWD�SRWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD��6R�SRSRJRGQL�WDULIQL�REOLFL
L�VWLPXODWLYQL�RGQRVL�YR�WDULIQLWH�VWDYRYL�]D�HOHNWULaQD�PR`QRVW��L�HOHNWULaQD
HQHUJLMD� PX� VH� GDYD� PRCQRVW� QD� NRULVQLNRW� GD� RVWYDUL� QDPDOHQL� WUR^RFL�� 6H
RaHNXYD�GHND�SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�GD�NRUHVSRQGLUD�YR�SRJROHPD
PHUD� QD� RSWLPDOQLRW� SRJRQ� QD� SURL]YRGQLWH� NDSDFLWHWL�� 7DND� � NRULVQLFLWH� L
LVSRUDaXYDaLWH� QD� HOHNWULaQD� HQHUJLMD� Y]DHPQR� EL� RVWYDULOH� QDPDOHQL� YNXSQL
WUR^RFL�SR�KWh , VR��^WR�EL�VH�QDPDOLOH�WUR^RFLWH�L�EL�VH�VR]GDOH�PRCQRVWL�]D
SRVLJXUQR� IXQNFLRQLUDZH� QD� HOHNWURHQHUJHWVNLRW� VLVWHP� QD� 5HSXEOLND
0DNHGRQLMD�

5HIHUDW�EURM������ '�U�/HRQLG�*UaHY
P�U�0DULMD�.DFDUVND
(OHNWURWHKQLaNL�IDNXOWHW����6NRSMH
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9R�VRYUHPHQLRW�CLYRW�EURMRW�L�PR`QRVWD�QD�UD]QL�L]YRUL�QD�HOHNWURPDJQHWQR�SROH
SRVWRMDQR� VH� ]JROHPXYD��,VWUDCXYDZDWD� ]D� YOLMDQLHWR� QD� HOHNWURPDJQHWQRWR� SROH
YU]�CLYLWH�VX^WHVWYD��SUHG�VH�YU]�OX_HWR��RG�GHQ�QD�GHQ�VH�L�SREURMQL�L�SRREHPQL��QR
L�aHVWR�L�SURYRNDWLYQL�L�DODUPDQWQL��5HIHUDWRW�NDNR�L�SODQLUDQLWH�SRQDWDPR^QL
LVWUDCXYDZD�YR�RYRM�SUDYHF�SUHWVWDYXYDDW�GRSULQRV�YR�]JROHPXYDZHWR�QD�VYHWVNLWH
VR]QDQLMD� ]D� RYRM� SUREOHP� QD� FLYLOL]DFLMDWD� RG� NUDMRW� QD� ��� YHN�� 9R� UHIHUDWRW� H
GDGHQ� NXV� SUHJOHG� QD� SUREOHPLWH� NRL� QDVWDQXYDDW� SRUDGL� PRCQLWH� QHSRYROQL
YOLMDQLMD� QD� ((6� YU]� RNROLQDWD� L� QDYHGHQL� VH� LVNXVWYD� ]D� QLYQR� UH^DYDZH� YR
QD^DWD�VUHGLQD�

3RGJUXSD��

3ULVWLJQDWLWH�VH���VWUXaQL�WUXGD�]D�RYDD�SRGJUXSD�NRL�VH�RFHQHWL�NDNR�UHIHUDWL�

5HIHUDW�EURM������ 0�U�$WDQDV�,OLHY
(OHNWURWHKQLaNL�IDNXOWHW���6NRSMH
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9R� WUXGRW� H� SULNDCDQ� PHWRG� ]D� NUDWNRURaQD� RSWLPL]DFLMD� QD� SRJRQ� QD
WHUPRHOHNWUDQL�L�KLGURHOHNWUDQL�YR�VORCHQ�((6�ED]LUDQ�QD�SRYH`HNULWHULXPVND
IXQNFLMD� QD� FHO� NRMD� JL� SRYU]XYD� YNXSQLWH� WUR^RFL� ]D� JRULYR� L� HPLVLMDWD� QD
SROXWDQWL� YR� RNROLQDWD�� )XQNFLMDWD� VH� PLQLPL]LUD� VR� WHCLQVNL� IDNWRUL� ]D



SRRGHOQLWH�YOLMDQLMD��3ULNDCDQR�H�YOLMDQLHWR�QD�XVYRHQLWH�WHCLQVNL�IDNWRUL�

3UD^DZH�
• .RONX� H� GRYHUOLYD� NDUDNWHULVWLNDWD� QD� HPLVLMD� QD� SROXWDQWL� YR� IXQNFLMD� QD

PR`QRVWD�QD�7(&"

5HIHUDW�EURM������ '�U�7RPH�%R^HYVNL
P�U�$QWRQ�ADX^HYVNL
(OHNWURWHKQLaNL�IDNXOWHW��6NRSMH
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9R� WUXGRW� VH� DQDOL]LUDQL� XVORYLWH� YR� NRL� UDERWL� ((6� QD� 0DNHGRQLMD� L� VH
SUHGODJDDW� RGGHOQL� QHSRVUHGQL� DNWLYQRVWL� ]D� ]JROHPXYDZH� QD� VWDELOQRVWD� L
GRYHUOLYRVW� QD� ((6�� 9R� YWRULRW� GHO� RG� WUXGRW� VH� DQDOL]LUDDW� SUDYFLWH� QD
GROJRURaQLRW�UD]YRM�QD�((6�L�VH�]DNOXaXYD�GHND�QXNOHDUQDWD�RSFLMD�H�UHDOQRVW�

3UD^DZH�
• 1XNOHDUQDWD� RSFLMD� H� QHPLQRYQD�� QR� SUD^DZH� H� GLQDPLNDWD� QD� UHDOL]DFLMDWD�

'DOL� WDD� QHPD� GD� VH� UHDOL]LUD� GXUL� SR� LVFUSXYDZHWR� QD� VLWH� PRCQRVWL� ]D
SURL]YRGVWYR�QD�HOHNWULaD�HQHUJLMD�YR�JDVQL�HOHNWUDQL"
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9R�WUXGRW�VH�VSRUHGXYDDW��HIHNWLWH�QD�+(&�.R]MDN�L�KLSRWHWLaQD�*DVQD�HOHNWUDQD
YU]�((6�QD�0DNHGRQLMD����7LH�HIHNWL�VH��L�HNRQRPVNL�YDORUL]LUDQL��3ULNDCDQL�VH
L�YOLMDQLMDWD�QD�RGGHOQL�SDUDPHWUL�YU]�UHODWLYQDWD�HQHUJHWVNR�HNRQRPVND�YUHGQRVW
QD�UD]JOHGXYDQLWH�HOHNWUDQL�

3RGJUXSD��

2G� SULVWLJQDWLWH� �� VWUXaQL� WUXGD� ]D� RYDD� SRGJUXSD�� �� WUXGD� VH� RFHQHWL� NDNR
UHIHUDWL��D���WUXG�NDNR�LQIRUPDFLMD�

5HIHUDW�EURM������ '�U�9ODVWLPLU�*ODPRaDQLQ
0�U�'UDJDQ�$QGRQRY
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*,6� � � SUHWVWDYXYD� LQIRUPDFLVNL� VLVWHP� VR� JHRJUDIVND� GLPHQ]LMD� NDNR� YDCQD� L
NRULVQD� NDUDNWHULVWLND� QD� HQHUJHWVNLRW� VLVWHP�� QR� LVWR� WDND� VR� HOHNWULaQD
WLSROR^ND� GLPHQ]LMD�� NRL� JL� RYR]PRCXYDDW� L� SULNDCXYDDW� LQIRUPDFLLWH� ]D
REOLNRW�L�ORNDFLMDWD�QD�VHNRM�HOHPHQW�QD�PUHCDWD��*,6�RYR]PRCXYD�GREUD�RVQRYD
]D� UD]YLYDZH� QD� QRYL� DSOLNDFLL� ]D� XSUDYXYDZH� L� NRQWUROD� QD� GLVWULEXWLYQLWH
PUHCL�L�SUHGXVORY�]D�DYWRPDWL]DFLMD�QD�LVWLWH��9R�RYRM�WUXG�VH�L]ORCHQL�QD^LWH
LVNXVWYD� YR� NRULVWHZHWR� QD� PDSLWH�� LQWHJUDFLMDWD� QD� SRGDWRFLWH� QD� GHPR
SRGUDaMHWR�QD�6NRSMH�

5HIHUDW�EURM������ '�U�9ODVWLPLU�*ODPRaDQLQ
0�U�'UDJDQ�$QGRQRY
(OHNWURWHKQLaNLIDNXOWHW�6NRSMH
-HOLFD�7USaHYVND
6YHWODQD�,OLHYVND
-3�“(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD“
(OHNWURGLVWULEXFLMD���6NRSMH
%LTDQD�6WRMNRYVND
'X^NR�6UELQRYVNL
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9R� UHIHUDWRW� H� SULNDCDQ� WHNRW� QD� UHDOL]DFLMD� QD� SURHNWRW� “,QWHJULUDQD
NRPSMXWHUVND� *,6� RNROLQD� ]D� SODQLUDZH� L� UD]YRM� QD� HOHNWURHQHUJHWVNL
GLVWULEXWLYQL�VLVWHPL“ ��LVNXVWYDWD�RG� GRVHJD^QDWD�UDERWD�YU]�SURHNWRW�L�SUDYFL
]D�QDWDPR^QDWD�QHJRYD�QDGJUDGED�YR�IXQNFLMD�QD�NRULVQLaNLWH�SRWUHEL�

5HIHUDW�EURM������ µ�U�'UDJRVODY�5DMLaL`
(OHNWURWHKQLaNL�IDNXOWHW�6NRSMH
+ULVWDILO�*UR]GDQRVNL
-3�“(OHNWURVWRSDQVWYR�QD��0DNHGRQLMD“
(OHNWURGLVWULEXFLMD���2KULG
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9R�WUXGRW��H�RSL^DQD�SRVWDSND�]D�SUHVPHWND�QD�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQD
PUHCD� QD� SRYU^LQD� VR� SOR^WLQD� RG� HGHQ� NYDGUDWHQ� NLORPHWDU� �QDUHaHQL
VSHFLILaQL� JRGL^QL� WUR^RFL��� ,]ORCHQLRW� SULVWDS� PRCH� GD� VH� NRULVWL� SUL
HNRQRPVND� VSRUHGED� QD� UD]OLaQL� YDULMDQWL� QD� GLVWULEXWLYQL� PUHCL�� 'RELHQLWH
UH]XOWDWL�GDYDDW�SUDNWLaQL�QDVRNL�^WR�PRCDW�GD�ELGDW�NRULVQL�SUL�SODQLUDZH�L
SURHNWLUDZH�QD�GLVWULEXWLYQL�PUHCL�VR�QDMPDOL�VSHFLILaQL�JRGL^QL��WUR^RFL�

5HIHUDW�EURM������ '�U�9HVQD�%RUR]DQ
(OHNWURWHKQLaNL�IDNXOWHW�6NRSMH
D-r Mesut Baran



NCSU, Raleigh, NC,  USA
D-r Damir Novosel
D-r Khoi T. Vu
ESTI, ABB Power T&D Company, Raleigh, USA
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9R� WUXGRW� VH� SUH]HQWLUDQL� QHNRONX� SURWRWLSRYL� VLVWHPL� ]D� DYWRPDWVNL� QDG]RU� L
XSUDYXYDZH�VR�GLVWULEXWLYQL�VLVWHPL�NRL�VRRGYHWVWYXYDDW�QD�GHQH^QRWR�QLYR�QD�QD
WHKQROR^NLRW� UD]YRM� L� SRVWRMQDWD� L]JUDGHQRVW� QD� HOHNWURHQHUJHWVNDWD
GLVWULEXWLYQD�PUHCD�YR�0DNHGRQLMD�

5HIHUDW�EURM������ '�U�9HVQD�%RUR]DQ
(OHNWURWHKQLaNL�IDNXOWHW�6NRSMH
D-r Mesut Baran
NCSU, Raleigh, NC,  USA
D-r Damir Novosel
D-r Khoi T. Vu
ESTI, ABB Power T&D Company, Raleigh, USA
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9R� WUXGRW� H� SULNDCDQ� NRQFHSWRW� QD� � LQWHJULUDQD� DYWRPDWVND� UHJXODFLMD� QD
QDSRQLWH� L� UHDNWLYQLWH� PR`QRVWL� YR� GLVWULEXWLYQDWD� PUHCD�� NDNR� HGQD� RG
QDMYDCQLWH� L� QDMSRCHOQLWH� IXQNFLL� QD� PRGHUQLWH� VLVWHPL� QD� DYWRPDWVNR
XSUDYXYDZH�

,QIRUPDFLMD�EURM������ %ODJRM�*DMGDU[LVNL
-3�“(OHNWURVWRSDQVWYR�QD��0DNHGRQLMD“
(OHNWURGLVWULEXFLMD�6NRSMH
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9R�WUXGRW�H�QDSUDYHQ�RVYUW�QD�SULQFLSLWH�QD�GRVHJD^QRWR�SODQLUDZH�QD�UD]YRMRW�QD
HOHNWURGLVWULEXWLYQLWH� REMHNWL� YR� VNRSVNRWR� NRQ]XPQR� SRGUDaMH� L� UHDOL]DFLMDWD
QD�UD]YRMQLWH�SODQRYL��6H�QDPHWQXYD�SRWUHEDWD�RG�L]JRWYXYDZH�QD�QRYL�SODQRYL�]D
QDUHGQLRW�SHULRG�SR������JRGLQD�NRL�WUHED�YU]�RVQRYD�QD�DNWXHOQDWD�L]JUDGHQRVW�GD
XWYUGDW� RSWLPDOHQ� UD]YRM� QD� VNRSVNDWD� GLVWULEXWLYQD�PUHCD� L� GD� SUHGYLGDW� QRYL
SRVRYUHPHQL� UH^HQLMD� YRYHGXYDMNL� YNXSQD� PRGHUQL]DFLMD� QD
HOHNWURGLVWULEXWLYQLRW�VLVWHP�

,]YHVWLWHOL�
-��*UD^HVND�>HNHULQVND
,��$WDQDVNRY
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7UDMaH�AHUHSQDONRYVNL
,YDQ�$WDQDVNRY
'LPLWDU�6WRMDQRY
(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD��6NRSMH
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3URFHVLWH�]D�GHUHJXODFLMD�L�RWYDUDZH�QD�SD]DU�QD�HOHNWULaQD�HQHUJLMD�VH�YR�YUYRW
QD� LQWHUHVLUDZH� YR� HOHNWURHQHUJHWVNLRW� VHNWRU� YR� VYHWRW�� 3UHPLQRW� RG
PRQRSROVNR�NRQ�SD]DUQR�RUJDQL]LUDZH�QD�VHNWRURW�H�SURFHV�YR�NRM�`H�VH�SURPHQL�L
XVRJODVL�ILOR]RILMDWD�L�QDaLQRW�QD�UDERWD��XSUDYXYDZH��RSHUDWLYQR�SODQLUDZH�L
SODQLUDZH� QD� UD]YRMRW� QD� (OHNWURHQHUJHWVNLWH� VLVWHPL� �((6��� 9R� WUXGRW� VH
LQLFLUDQL�QHNRL�SUD^DZD�SRYU]DQL�VR�UDERWDWD�L�SODQLUDZHWR�QD�((6�YR�VYHWOR
QD� RYLH� SURPHQL�� D� YR� IXQNFLMD� QD� RWYDUDZH� QD� UD]PLVOXYDZDWD� ]D� SUDYFLWH� L
VRVWRMELWH�YR�NRL�`H�VH�QDMGH�L�QD^LRW�((6�YR�LGQLQD�

SUMMARY

The processes of deregulation and electricity market opening are on the top of interest in the
electric power sector worldwide. The transition from monopoly to market organization of the
sector is a process in which the philosophy of operation, control, operating planning and
expansion planning of electric power systems shall be changed. In this paper some questions
concerning the operation and planning of the electric power systems are initiated in accordance to
these changes, to open the discussions for possible alternatives of the future of our electric power
system.

.OXaQL�]ERURYL���'HUHJXODFLMD��SD]DU�QD�HOHNWULaQD�HQHUJLMD��VLVWHP�RSHUDWRU�
FHQD��HNVSORDWDFLMD�L�XSUDYXYDZH�QD�((6��VLJXUQRVW��GRYHUOLYRVW��LQWHUNRQHNFLL
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5HaLVL�YR�FHOLRW�VYHW�DNWXHOQL�VH�SURFHVL�QD�GHUHJXODFLMD�QD�HOHNWURHQHUJHWVNLRW
VHNWRU�L�RWYDUDZH�QD�NRQNXUHQFLMD�L�VORERGHQ�HOHNWURHQHUJHWVNL�SD]DU�



9HUWLNDOQR�LQWHJULUDQLWH� MDYQL� LOL� PRQRSROVNL� SUHWSULMDWLD� VH� UD]GYRMXYDDW� QD
SRVHEQL�FHOLQL��3URL]YRGVWYR��3UHQRV�L�'LVWULEXFLMD�
1H]DYLVQLWH� SURL]YRGLWHOL� QD� HOHNWULaQD� HQHUJLMD� �IPP� � Independent Power
Producers�� VH� VH� SRYH`H� SULVDWQL� YR� SRNULYDZHWR� QD� SRWUHELWH� QD� SRWUR^XYDaLWH�
0QRJX� aHVWR� VH� SRMDYXYDDW� WH^NRWLL� YR� XSUDYXYDZHWR� VR� IPP� RG� VWUDQD� QD
'LVSHaHULWH� VR� RJOHG� QD� UD]QL� RJUDQLaXYDZD� NRL� VH� SRMDYXYDDW� YR� UDERWHZHWR� QD
HOHNWURHQHUJHWVNLRW�VLVWHP��((6��
9R�(YURSVNDWD�8QLMD� �(8�� YR� SUYLRW� aHNRU� RNROX� ����RG�SD]DURW� QD� HOHNWULaQD
HQHUJLMD� WUHED� GD� ELGH� RWYRUHQ� W�H�� `H� VH� RVWYDUXYD� QDGYRU� RG� PRQRSROLWH�� 2YRM
SURFHQW� `H� SRUDVQH� YR� LGQLQD�� 6R� GLUHNWLYDWD� QD�(8� SRWUR^XYDaLWH� NRL� VHJD� VH
VQDEGXYDQL�RG�HGQR�PRQRSROVNR�SUHWSULDWLH��PRCDW�GD�ELGDW� VQDEGXYDQL�RG� GUXJL
SURL]YRGLWHOL��LOL�RG�VWUDQVWYR��SRNULYDM`L�JL�WUR^RFLWH�]D�SUHQRVQLWH�XVOXJL�
8SUDYXYDZHWR� QD� ((6� YR� XVORYL� QD� YDNYL� SURPHQL� H� ]DVQRYDQR� QD� NRQFHSWRW� QD
³Control Areá ��VDPRVWRHQ�GHO�QD�SR^LURNR�LQWHJULUDQ�((6���VRVWDYHQD�RG�SUHQRVQD
PUHCD�L�QHM]LQL�NRULVQLFL��SRYH`H�SURL]YRGLWHOL��YNOXaXYDM`L�JL� IPP�� JROHP�EURM
QD�SRWUR^XYDaL�QDSRMXYDQL�RG�UD]OLaQL�VQDEGXYDaLL��
³Control Areá �WUHED�GD�ELGH�VQDEGHQD�VR�RSUHPD�]D�QDG]RU�L�XSUDYXYDaNL�VUHGVWYD�GD
JL� XVRJODVL� SURL]YRGVWYRWR� L� SRWUR^XYDaNDWD� L� GD� JL� XSUDYXYD� WHNRYLWH� QD
PR`QRVWD� L� QDSRQVNLWH� SULOLNL� W�H�� GD� REH]EHGL� VLJXUQD� L� NYDOLWHWQD� UDERWD� QD
VLVWHPRW�� =D� VHNRMD� ³Control Areá� RYLH� DNWLYQRVWL�� SRPH_X� RVWDQDWRWR�� VH� SRG
QDGOHCQRVW�QD�W�Q��6LVWHP�2SHUDWRU��NRM�JL�L]YU^XYD�IXQNFLLWH�SUHNX�'LVSHaHUVNL
&HQWDU��Control Center).

�� $/7(51$7,91,�25*$1,=$&,21,�6&(1$5,-$

((6�PRCDW� GD� ELGDW� RUJDQL]LUDQL�QD� UD]OLaQL�QDaLQL��1HVNURPQR�EL� ELOR� GD� VH
VDND� GD� VH� QDSUDYL� FHORVHQ� SUHJOHG�� 9R� RYDD� SULOLND�� ]D� GD� VH� GRELH� SUHWVWDYD� L
SRGREUR� GD� VH� UD]EHUDW� QHNRL� QDWDPR^QL� REUD]ODJDZD� `H� JR� LVNRULVWLPH
VXEOLPLUDQRWR�SUHWVWDYXYDZH�GDGHQR�YR�[1]�

$� 0RGHO�QD�,QWHJULUDQR�SUHWSULMDWLH

7RD� H� NRQYHQFLRQDOHQ� PRGHO� QD� LQWHJULUDQR� SUHWSULMDWLH� NRH� SRNULYD
SURL]YRGVWYR� L� SUHQRVQL� XVOXJL�� 3URL]YRGVWYRWR� PRCH� GD� ELGH� RWYRUHQR� NRQ
NRQNXUHQFLMD� SUHNX� WHQGHUL� ]D� GROJRURaQR� VQDEGXYDZH�� 3UHWSULMDWLHWR� LPD
PRQRSRO� ]D� QDSRMXYDZH� ]D� GDGHQD� WHULWRULMD�� 7RD� H� SUHGPHW� QD� VWULNWQD
UHJXODWLYD�NRMD�SRNULYD�LQYHVWLUDZH�L�FHQD�QD�HO��HQHUJLMD�

%� 0RGHO�VR�2JUDQLaHQ�RWYRUHQ�SULVWDS

3RYWRUQR�� RYRM� PRGHO� VH� VRVWRL� RG� LQWHJULUDQR� LUHWSULMDWLH� NRH� SRNULYD
SURL]YRGVWYR�L�SUHQRV��QR�SUHWSULMDWLHWR�WUHED�GD� MD�RWYRUL�PUHCDWD�]D� IPP� VR
PRCQRVW�GD�VH�GRJRYDUDDW�GLUHNWQR�VR�L]EUDQLWH�SRWUR^XYDaL��2YRM�PRGHO�PRCH
GD� LPD� GYH� UD]OLaQL� IRUPL�� ]DYLVQR� RG� SULVWDSRW� NRM� `H� ELGH� RYR]PRCHQ� QD
WUHWDWD� VWUDQD�� 3URL]YRGLWHOLWH� QD� NRL� `H� LP� ELGH� RYR]PRCHQ� SULVWDS� GR
PUHCDWD�� `H� PRCDW� GD� SURGDYDDW� HO�HQHUJLMD� VDPR� QD� SUHWSULMDWLMD� ]D



GLVWULEXFLMD�LOL�QD�SUHWSULMDWLMD�]D�GLVWULEXFLMD�L�YR�LVWR�YUHPH�L�QD�GLUHNWQL
SRWUR^XYDaL�

&� 0RGHO�QD�³1H]DYLVHQ�6LVWHP�RSHUDWRU´

9R�RYRM�PRGHO�3URL]YRGVWYRWR�L�3UHQRVQLWH� XVOXJL� VH� L]YHGXYDDW� RGYRHQR��9R
RYRM� VOXaDM�PRCH�GD�VH�RUJDQL]LUD�HOHNWURHQHUJHWVND�EHU]D� �³spot market́��NDGH
PRCH�GD�VH�SUHJRYDUD�]D�XVORYL�L�FHQL�

3UHWKRGQLRW� SUHJOHG� QH� MD� SUH]HQWLUD� NRPSOHWQDWD� PRCQD� VWUXNWXUD�� 0RCQL� VH
UD]QL�NRPELQDFLL�L�WRD�]DYLVL�RG�ORNDOQLWH�XVORYL��LVWRULMD�L�RSUHGHOXYDZD�
1D� VO�� �� SUHWVWDYHQL� VH� ^HPDWVNL� PRCQD� RUJDQL]DFLMD�� WHN� QD� HQHUJLMD� L� PRCQL
YUVNL�]D�SURGDCED�W�H��GRJRYDUDZH��WUDQVDNFLL��

�� (.63/2$7$&,-$�,�835$989$:(�1$�((6

%H]� UD]OLND� QD� RUJDQL]DFLRQLWH� VFHQDULMD�� ((6� VH� XSUDYXYD� WDND� GD� REH]EHGL
VLJXUQD�L�QHSUHNLQDWD�UDERWD�SUL�VLWH�SURPHQL�QD�XVORYLWH�NRL�VH�VOXaXYDDW�L�WRD
QD�QDMHNRQRPLaHQ�QDaLQ��3UL�WRD��SRVHEQR�WUHED�GD�VH�LVWDNQDW�VOHGQLWH�WHKQLaNL
DVSHNWL�

• 3HUIRUPDQVL� QD� SUHQRVQLRW� VLVWHP� �YDULMDFLMD� QD� IUHNIHQFLMD�
YDULMDFLMD�IOXNWXDFLMD� QD� QDSRQ�� NRQWLQXLWHW� YR� QDSRMXYDZH�� NYDOLWHW� QD
VLQXVRLGD�L�W�Q��

• %DUDZD�NRQ�SURL]YRGQLWH�REMHNWL�
- 3HUIRUPDQVL� QD� ]D^WLWDWD� YR� VPLVRO� QD� JROHPL� RWVWDSXYDZD� QD

IUHNIHQFLMDWD� L� QDSRQRW�� JXELWRN� QD� VWDELOQRVWD�� ]QDaDHQ� GHEDODQV� YR
RSWRYDUXYDZHWR�L�VO�

- 8SUDYXYDZH� SRYU]DQR� VR�� UHJXODFLMD� QD� IUHNIHQFLMD� �SULPDUQD�
VHNXQGDUQD���XSUDYXYDZH�VR�UHNWLYQD�PR`QRVW�L�QDSRQ��SULODJRGXYDZH�NRQ
LQVWUXNFLLWH�QD�6LVWHP�RSHUDWRURW�

- 3HUIRUPDQVL� SRWUHEQL� ]D� UHDNFLMD� YR� WHN� QD� SRUHPHWXYDZD�� VWUHV� L
RSDVQL�VRVWRMEL

• 'LVWULEXWLYQL�L�SRVWURMNL�QD�SRWUR^XYDaLWH��SUDYLOD�L�RSUHPD�]D�DYWRPDWVNR
LVNOXaXYDZH�RG�((6��UDaQR�DYWRPDWVNR�SODQLUDZH�QD�SRWUR^XYDaNDWD

• 3RPR^QL�VHUYLVL��Ancillary Services���UHDNWLYQD�PR`��NRQWUROD�QD�IUHNIHQFLMD�
YRVSRVWDYXYDZH� QD� VLVWHPRW� SRVOH� UDVSDG� �black start) �� EU]R� DNWLYLUDZH� QD
JHQHUDWRUL�YR�UH]HUYD�� fast start of standby generators���REUWQD�UH]HUYD�L�W�Q�

• $VSHNWL� SRYU]DQL� VR� VRVWRMELWH� QD� SRHGLQL� ORNDFLL� �� site arrangements��
RGJRYRUQRVW�]D�VLJXUQRVW��RGJRYRUQRVW�]D�ORNDFLMDWD��GRNXPHQWDFLMD��SULVWDS�GR
RSUHPDWD�]D�RGUCXYDZH��WHVWLUDZH�L�GU�

%H]� UD]OLND� QD� RUJDQL]DFLRQDWD� VWUXNWXUD�� YRGHZHWR� L� XSUDYXYDZHWR� QD� ((6
RVWDQXYD�FHQWUDOL]LUDQD�IXQNFLMD��YR�QDGOHCQRVW�QD�W�Q��6LVWHP�RSHUDWRU� �62S��
62S� YR� UDPNLWH� QD� VYRMDWD� ³Control Areá� H� RGJRYRUHQ� ]D� RUJDQL]DFLMD� L� ]D� GREUR
YRGHZH� QD� ((6�� YRGHM`L� SUL� WRD� VPHWND� ]D� LVSROQXYDZH� QD� GRJRYRULWH� SRPH_X
QH]DYLVQLWH�SURL]YRGLWHOL�L�SRWUR^XYDaLWH�

• 6UHGQRURaQR�RSHUDWLYQR�SODQLUDZH���RG���QHGHOD�GR����JRGLQL���9R�RYRM�SHULRG
62S��YU]��RVQRYD��QD���LQIRUPDFLLWH��SRGQHVHQL��RG��NRULVQLFLWH��QD��VLVWHPRW



�SODQRYL�]D�L]JUDGED�QD�SURL]YRGQL�L�SUHQRVQL�REMHNWL��SODQRYL�]D�UHPRQWL�QD
REMHNWLWH�� NULYL�QD� SRWUR^XYDaND�� UH]HUYLUDZH�QD� SUHQRVQL�NDSDFLWHWL�L� VO��
L]YHGXYD� DQDOL]L�� GHWHNWLUD� SRWHQFLMDOQL� SUREOHPL�� SRWYUGXYD� LOL� SUHGODJD
GUXJ�SODQ�]D�UHPRQWL��W�H��JR�SRGJRWYXYD�VLVWHPRW�]D�QHJRYD�XVSH^QD�UDERWD�

• .UDWNRURaQR�RSHUDWLYQR�SODQLUDZH���RG���GHQ�GR���QHGHOD���62S�YU]�RVQRYD�QD
UDVSRORCLYLWH� LQIRUPDFLL�� ]DYLVQR� RG� RUJDQL]DFLRQDWD� SRVWDYHQRVW
�³Mandatory Pooĺ� LOL� ³Bilateral Contractś��� SUDYL� SODQ� ]D� DQJDCLUDZH� QD
SURL]YRGQLWH� NDSDFLWHWL� ]D� GD� VH� SRNULH� SURJQR]LUDQDWD� SRWUR^XYDaND�
YNOXaXYDM`L�JL�VLWH�GRJRYRUHQL�WUDQ]LWL�L�QHRSKRGQD�UH]HUYD�]D�VLJXUQD�UDERWD
QD� VLVWHPRW�� 'RNRONX� SRVWRL� SRWUHED� 62S� SUHJRYDUD� VR� NRULVQLFLWH� QD
VLVWHPRW�]D�GD�VH�REH]EHGL�VRRGYHWQD�L�VLJXUQD�UDERWD�QD�((6�

• 'QHYQR�SODQLUDZH��62S�WUHED�GD�JL�]HPD�SUHGYLG�ELODWHUDOQLWH�GRJRYRUL�LOL
GRJRYRULWH�UHDOL]LUDQL�QD�³spot market́�RW��62S�JL�]HPD�YR�SUHGYLG�RVWYDUHQLWH
GRJRYRUL�� ELODWHUDOQL� LOL� QD� ³spot market́�RW�� JR� XVRJODVXYD� SUHGYLGHQRWR
SURL]YRGVWYR� VR� SURJQR]LUDQRWR� RSWRYDUXYDZH�� SUDYL� UHSODQLUDZH� DNR� H
SRWUHEQR� L� YU^L� UH]HUYLUDZH� QD� VLVWHPVNLWH� VHUYLVL� �UH]HUYD� QD� DNWLYQD� L
UHDNWLYQD�PR`QRVW��

• 5DERWD�YR�UHDOQR�YUHPH��62S�YR�QRUPDOQL�XVORYL�JR�QDGJOHGXYD�UDERWHZHWR�QD
((6��.RULVQLFLWH�QD�VLVWHPRW�VH�GROCQL�GD�JL�QDMDYDW�L�GD�LQIRUPLUDDW�]D�VLWH
RWVWDSXYDZD�RG�SODQLUDQDWD�UDERWD��9R�VOXaDM�QD�SRUHPHWXYDZD�62S�H� GROCHQ
GD�JL�VSURYHGH�VLWH�VSHFLMDOQL�SURFHGXUL�]D�GD�JR�RGUCL�VLVWHPRW�YR�RSHUDWLYQD
VRVWRMED��UHSODQLUDZH�QD�RSWRYDUXYDZHWR��NRULVWHZH�QD�REUWQD�L�ODGQD�UH]HUYD�
L� VO���� 2G� VYRMD� VWUDQD� NRULVQLFLWH� VH� LVWR� WDND� GROCQL� GD� QDSUDYDW� VH� GD� VH
SRYUDWL� QRUPDOQDWD� UDERWD� QD� VLVWHPRW�� 0QRJX� ]QDaDHQ� VHJPHQW�� SUHWVWDYXYD
PHUHZHWR�L�IDNWXULUDZHWR��NRH�VR�YNOXaXYDZHWR�QD�JROHP�EURM�QD�XaHVQLFL�YR
³LJUDWD´�RG�SRYH`H�UD]OLaQL�VLVWHPL�VWDQXYD�LVNOXaLWHOQR�NRPSOHNVQR�L�SRUDGL
UD]OLaQLWH� FHQL�� =D� WDD� FHO� H� SRWUHEQR� GD� VH� UD]YLMDW� VLVWHPL� NRL� `H� MD
SRNULYDDW�RYDD�REODVW��SULELUDZH�QD�SRGDWRFL�L�QLYQD�REUDERWND��

3RWUHEQR� H� GD� VH� REH]EHGL� SRYLVRN� QLYR� QD� IRUPDOL]DFLMD� YR� NRPXQLNDFLMDWD
SRPH_X�62S�L�NRULVQLFLWH�QD�VLVWHPRW��3UREOHPDWLNDWD�QD�LVSDGL�QD�IPP��HOHPHQWL
RG�PUHCDWD�L�LQWHUNRQHNWLYQL�YRGRYL�GR�RYRM�PRPHQW�QH�H�GRYROQR�HODERULUDQD�
9R�QRYLWH�XVORYL�QD�OLEHUDOL]DFLMD�QD�HOHNWURHQHUJHWVNLRW�SD]DU�L�YNOXaXYDZH�QD
JROHP�EURM�VXEMHNWL�YR�³LJUD´��]D�GD�VH�RGUCL�VLJXUQR�UDERWHZH�QD�((6�L�SRWUHEQD�H
³on-line”�UD]PHQD�QD�PQRJX�SRGDWRFL�SRPH_X�XSUDYXYDaNLWH�FHQWUL�W�H��62S�WH��2YRM
SUREOHP�H�YR�RGUHGHQD�PHUND�YR�NRQWUDGLNFLMD�VR�IDNWRW�GHND�GHO�RG�WLH�SRGDWRFL
VH�WUHWLUDDW�NDNR��confidential��LQWHUQD�WDMQD�SUL�^WR�VH�SRMDYXYD��NRQIOLNW�SRPH_X
GRYHUOLYRVWD��confidential) L�VLJXUQRVWD (security).

�� ,17(5.21(.&,,

5D]YRMRW� QD� VORERGQLRW� HOHNWURHQHUJHWVNL� SD]DU� H� SRYU]DQ� VR� UD]YRMRW� QD
LQWHUNRQHNFLLWH�W�H��^WR�SR^LURNR�SRYU]XYDZH�QD�((6�L��7DNYD�H�LQLFLMDWLYDWD�]D
UD]YRM�QD�7(1��Trans European Network���9R�WLH�UDPNL�YH`H�IXQNFLRQLUD�TESIS (Trans
European Sinchronized Integrated Sistems)� YR� NRM� VH� SRYU]DQL� UCPTE� L� CENTREL�� =D
XVSH^QR� IXQNFLRQLUDZH� QD� SD]DURW� QD� HOHNWULaQD� HQHUJLMD� L� UD]YRMRW� QD
WUDQVDNFLLWH� QHRSKRGQR� H� GD� VH� RGUCXYD� L� SRGREUXYD� VLJXUQRVQRWR� QLYR� QD
LQWHUNRQHNWLUDQLWH� ((6�L�� 3UHGQRVWLWH� RG� LQWHUNRQHNFLLWH� WUHED� GD� ELGDW



SRYROQRVW� ]D� VLWH� SDUWQHUL�� D� HYHQWXDOQLWH� QHSRYROQRVWL� ]D� QHNRM� RG� SDUWQHULWH
WUHED�GD�VH�QDGRPHVWDW�
3UR^LUXYDZHWR�QD�LQWHUNRQHNWLUDQLRW�((6�QH�WUHED�GD�SUHGL]YLND�QDUX^XYDZH
QD� NYDOLWHWRW� QD� QDSRMXYDZHWR�� =DWRD� SRWUHEQR� H� GD� VH� SUHY]HPDW� VOHGQLWH
WHKQLaNL� PHUNL�� 0HUHZH� QD� PR`QRVW� L� HQHUJLMD� QD� LQWHUNRQHNWLYQLWH� YRGRYL
SRPH_X� ((6�L�� UHJLVWUDFLMD� L� RWVWUDQXYDZH� �offsetings)� QD� QHVDNDQLWH� HQHUJHWVNL
GHYLMDFLL�� NRULVWHZH� QD� LVWL� WDULIQL� SHULRGL� ]D� offsetings� QD� HQHUJHWVNLWH
RVWDSXYDZD�� UD]PHQD� QD� SRGHWDOQL� on-line� L� off-line� SRGDWRFL�� NRRUGLQDFLMD� QD
RGUCXYDZHWR� QD� JODYQLWH� LQWHUNRQHNWLYQL� YRGRYL�� NRRUGLQDFLMD� QD
SUR^LUXYDZHWR� QD� PUHCLWH� RG� DVSHNW� QD� SDUDOHOQD� UDERWD�� UDERWD� QD
LQWHUNRQHNWLYQLWH�YRGRYL�VR�VLJXUQD�L�GRYHUOLYD�]D^WLWD�L�VO��3RNUDM�WRD��QHNRL
GUXJL�WHKQLaNL�DVSHNWL�PRCDW�GD�ELGDW�UH^HQL�VR�ELODWHUDOQL�GRJRYRUL�
.DNR�UH]XOWDW�QD�GHUHJXODFLMDWD�L�SUR^LUXYDZHWR�QD�LQWHUNRQNFLLWH��PRCH�GD�VH
RaHNXYD�GHND�`H�UDVWH�EURMRW�QD�WUDQVDNFLLWH�SRPH_X�((6�L�W�H��WUJRYLMDWD�SRPH_X
NRULVQLFL�QD�UD]OLaQL�((6�L�`H�YOLMDH�QD�WHNRYLWH�QD�HQHUJLMD�SRPH_X�((6�L�SUL
^WR� `H� ELGDW� PRCQL� PQRJX� UD]OLaQL� NRPELQDFLL�� 9R� VHNRM� VOXaDM�� QHSKRGQR� H
UH]XOWDWLWH� RG� SUHJRYRULWH�� W�H�� ]D� SRVWLJQDWLWH� GRJRYRUL� GD� ELGDW� VRRGYHWQR
LQIRUPLUDQL�62S�WH�NDNR�EL�PRCHOH�GD�SODQLUDDW�VLJXUQD�UDERWD�QD�VLVWHPLWH�
9R�WRM�SUDYHF�PRCH�GD�VH�QDJODVDW�QHNRONX�ELWQL�SUD^DZD�

• 3UL� VUHGQRURaQRWR� SODQLUDZH�� ELWQR� H� GD� ELGDW� GRVWDSQL� ]D� VLWH� NRULVQLFL
LQIRUPDFLLWH� ]D� UDVSRORCLYLRW� NDSDFLWHW� QD� SUHQRVQLWH� YUVNL� VR� VRVHGQLWH
VLVWHPL�

• =D� NUDWNRURaQRWR� SODQLUDZH� 62S�RW� JL� DQDOL]LUD� VLWH� EDUDZD� ]D
PH_XVLVWHPVNL� WUDQVDNFLL� L� YR� VRJODVQRVW� VR� SUHWKRGQR� GHILQLUDQD
PHWRGRORJLMD�JL�RGREUXYD��SUHGODJD�PRGLILNDFLMD�LOL�JL�RGELYD�

• 9R� UHDOQR� YUHPH� QH� EL� WUHEDOR� GD� ELGH� GR]YROHQR� SURPHQD� QD� SODQLUDQLWH
PH_XVLVWHPVNL�WUDQVDNFLL��9R�RYRM�VOXaDM��VHNRH�RWVWDSXYDZH�62S�RW�WUHED�GD�JR
QDGRPHVWL�VR�VUHGVWYDWD�NRL�PX�VWRMDW�QD�UDVSRODJDZH��D�SULaLQLWHOLWH�WUHED�GD
ELGDW�VRRGYHWQR�SHQDOL]LUDQL�VSUHPD�XWYUGHQL�SUDYLOD�

�� 7(+1,.,�=$�$1$/,=$�1$�((6�L

• 2FHQND�QD�GRYHUOLYRVW��Reliability Assessment�

2UJDQL]DFLMDWD�QD�HOHNWURHQHUJHWVNLRW�VHNWRU�YOLMDH�L�QD�NRQNUHWQLWH�PHWRGL
L� QDaLQ� QD� VSURYHGXYDZH� QD� DQDOL]LWH�� ,QWHUNRQHNWLUDQ� ((6� QRUPDOQR� LPD
SRJROHPD�VLJXUQRVW�YR�UDERWD�RG�L]ROLUDQ��1R�RG�GUXJD�VWUDQD��WUDQVDNFLLWH�L
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1H]DYLVQR� RG� RUJDQL]DFLRQDWD� VWUXNWXUD� QD� HOHNWURHQHUJHWVNLRW� VHNWRU�
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2WYDUDZHWR� QD� SD]DURW� QD� HOHNWULaQD� HQHUJLMD� RWYDUD� SURFHV� QD� SURPHQD� QD
QDaLQRW� QD� UD]PLVOXYDZH� L� QD� UH^DYDZH� QD� SUREOHPLWH� YR� HOHNWURHQHUJHWVNLRW
VHNWRU��,DNR�SURPHQLWH�QH�VH�IL]LaNL�L�WHKQROR^NL��WLH�SUHGL]YLNXYDDW�SURPHQL
YR�ILOR]RILMDWD�QD�UD]PLVOXYDZHWR�
9R� QRYLWH� XVORYL�� WHKQLaNLWH� SUDYLOD� �SULNOXaXYDZH� QD� UD]OLaQL� NRULVQLFL� QD
((6��L�RSHUDWLYQLWH�SURFHGXUL��VUHGQRURaQR�L�NUDWNRURaQR�SODQLUDZH�L�real-time
UDERWD�� SRWUHEQR� H� GD� ELGDW� HNVSOLFLWQR� RGUHGHQL�� REMDYHQL� L� GRVWDSQL� GR� VLWH
SRWHQFLMDOQL�SDUWQHUL�]D�GD�LP�RYR]PRCL�UDPQRSUDYQD�NRQNXUHQFLMD�
1RYDWD�XORJD�QD�62S�H�PQRJX�NRPSOHNVQD��2G�HGQD�VWUDQD�H�DUELWDU�YR�³LJUDWD´��D
RG� GUXJD� VWUDQD� LPD� XORJD� YR� REH]EHGXYDZH� QD� VLJXUQR� L� HNRQRPLaQR� YRGHZH� QD
((6��3RNUDM�WRD��PRCH�GD�VH�VOXaL�GD�PX�ELGDW�GRGDGHQL�L�QHNRL�QRYL�IXQNFLL��=D
WDD�FHO��SRWUHEQR�H�GD�ELGH�RSUHPHQ� VR� VRRGYHWQD�RSUHPD�L� VRIWYHU�W�H�� UD]OLaQL
VUHGVWYD� VR� NRL� `H� PRCH� XVSH^QR� GD� JL� VRYODGD� QRYLWH� SUHGL]YLFL� L� GD� GRQHVXYD
VRRGYHWQL�RGOXNL�
9R�DQDOL]DWD�QD�((6�VH�UD]YLYDDW�QRYL�SULVWDSL��SRNUDM�GUXJRWR��L�SRUDGL�SRUDVWRW
QD�QHL]YHVQRVWD�L�QHSUHGYLGOLYRVWD�QD�SD]DURW�
6RUDERWNDWD�L�UD]PHQDWD�QD�LQIRUPDFLLWH�SRPH_X�((6�L�SRVWRMDQR�`H�VH�UD]YLYD�
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9R�WUXGRW�VH�GDYD�SUHJOHG�QD�UD]YRMRW�QD�VYHWVNLRW�HOHNWURHQHUJHWVNL�VLVWHP
YR� RGQRV� QD� HOHNWULaQDWD� PR`QRVW� L� SURL]YRGVWYRWR� QD� HOHNWULaQD� HQHUJLMD�
5D]JOHGDQL� VH� LVWR� WDND�L� XVORYLWH� ]D� VRRaXYDZH� QD� HOHNWURHQHUJHWVNLRW� VLVWHP� VR
LGQLRW� LQWHQ]LYHQ� HQHUJHWVNL� SHULRG� VRRWYHWQR�� QD� � SURPHQLWH� SUHGL]YLNDQL� RG
UD]YRMRW� QD� QRYLWH� WHKQRORJLL� L� UHJXODWRUQDWD� SROLWLND�� ,GHQWLILNXYDQLWH
NDUDNWHULVWLaQL� DVSHNWL� VH� LVNRULVWHQL� ]D� SRWHQFLUDZH� QD� YRGHaNLRW� NRQFHSW� L
SULQFLSLWH�QD�UD]YRMRW�QD�HOHNWURHQHUJHWVNLRW�VLVWHP�

.OXaQL�]ERURYL���(OHNWURHQHUJHWVNL�VLVWHP���1RYL�WHKQRORJLL���5HJXODWRUQD
��������������������������������SROLWLND

ABSTRACT

The paper presents an overview of the power system development worldwide in terms of
forecast power and energy production. The conditions of power system ability to meet the changes,
caused by the new technologies development and regulatory policy, in the next intensive energy
period are also considered. Identified key issues are used to emphasize the  guided concepts and
principles in power system evolution.

Keywords: Power System, New Technologies, Regulatory Policy
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3URL]YRGVWYRWR� QD� HOHNWULaQD� HQHUJLMD� L� EL]QLVRW� VYU]DQ� VR� QHJR� SUHWUSXYD
RJURPQL�L�]QDaLWHOQL�SURPHQL��3RUDVWRW�QD�SRSXODFLMDWD��NRMD�YR������J��`H�GRVWLJQH
���PLOLMDUGL�CLWHOL��L�JROHPLWH�SURPHQL�YR�QDaLQRW�QD�CLYRWRW�MDVQR�XNDCXYDDW�QD
QDWDPR^QR� ]JROHPXYDZH� QD� SRWUR^XYDaNDWD� QD� HOHNWULaQD� HQHUJLMD�� .DNR� `H� VH
]JROHPXYD�SRWUR^XYDaNDWD�D�VR�WRD�L�SURL]YRGQLWH�NDSDFLWHWL"
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SRNRQNXUHQWQL� L� QRYDWD� HNRQRPVND� L� SROLWLaND� UHDOQRVW� JL� REOLNXYD� VWUXNWXULWH
NRL�JL�RSNUXCXYDDW�RYLH�QRYL�WHKQRORJLL��1R��NDNR�`H�L]JOHGD�HOHNWURVWRSDQ�VWYRWR
YR�QDUHGQLWH����LOL����JRGLQL"�.RL�JRULYD�`H�VH�NRULVWDW"�'DOL�QXNOHDUQDWD�HQHUJLMD
`H�VH�YUDWL�SRYWRUQR"�'DOL�L�SRQDWDPX�`H�JL�LPDPH�HOHNWURVWRSDQVWYDWD�^WR�GHQHV�JL
SR]QDYDPH"� 1D� RYLH� L� PQRJX� GUXJL� SUD^DZD�� YR� VYHWVNDWD� LQCHQHUVND� � SUDNVD� RG
GRPHQRW�QD�HOHNWURHQHUJHWLNDWD��GHQHV�LP�VH�SRVYHWXYD�JROHPR�YQLPDQLH�L�VH�SUHGPHW
QD�LVWUDCXYDZD�L�GLVNXVLL�
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9U]�RVQRYD�QD�UHWURVSHNWLYQLWH�SRGDWRFL�]D�SHULRGRW�����������J��RG�VWUDQD�QD
VWUXaQL� WHOD� QD� 2UJDQL]DFLMDWD� QD� REHGLQHWLWH� QDFLL� �221��� NDNR� L� HNVSHUWQRWR
SUHGYLGXYDZH�QD�UD]YRMRW�QD�QDFLRQDOQLWH�HNRQRPLL��L�VRRWYHWQR�QD�WRD�UD]YRMRW�QD
HOHNWURHQHUJHWLNDWD�YR�QLY��YNXSQRWR�SURL]YRGVWYR�QD�HOHNWULaQD�HQHUJLMD�YR�VYHWRW
YR������J��VH�SURFHQXYD�QD�RNROX�������TWh��2YDD�EURMND�VH�GRELYD�]HPDM`L�MD�Y�SUHGYLG
VWDSNDWD�QD�SRUDVW��RG����]D�SHULRGRW�����������J��L����]D�SHULRGRW�����������J���9R
SHULRGRW�����������J��VH�RaHNXYD�VWDSNDWD�QD�SRUDVW�GD�ELGH�RG�����GR����JRGL^QR��9R
7DEHOD� I.� VH� GDGHQL� SUHGYLGXYDZDWD� ]D� DSVROXWQRWR� SURL]YRGVWYR� QD� HOHNWULaQD
HQHUJLMD�YR�VYHWRW�L�SURJQR]LUDQDWD�VWDSND�QD�SRUDVW�
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SURVHaQDWD JRGL^QD VWDSND QD SRUDVW π ]D SHULRGRW ���� � ���� J�

���� ���� ���� ����

3ULUDVW ]D � J� 3ULUDVW ]D � J� 3ULUDVW ]D � J
5HJLRQ 3URL]Y�

*E12
kWh

3URL]Y

*E12
 kWh

9NXSQR

*E12 kWh
π
������

3URL]Y�

*E12
kWh

9NXSQR

*E12
k Wh

π ������ 3URL]Y�

*E12
kWh

9NXSQR

*E12
kWh

π
������

$]LMD ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

(YURSD ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

E�6665 ��� ��� ��� ��� ��� � � ��� ��� ���

(YURD] ��� ��� ��� ��� ��� ��� ��� ���� ��� ���

6�$PHU
�

��� ��� ��� ��� ��� ��� ��� ��� ��� ���

2VWDQ� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

6YHW ��� ���� ��� ��� ���� ��� ��� ���� ��� ���

���325$67��1$�,167$/,5$1$7$�02@1267
����92�(/(.75,A1,7(�&(175$/,

=D� GD� VH� VRJOHGD� UD]YRMRW� QD� LQVWDOLUDQDWD� PR`QRVW� YR� VYHWRW�� RGQRVQR� YR
SRHGLQL� ]HPML� SRWUHEQR� H� GD� VH� DQDOL]LUD� JRGL^QLRW� SRUDVW� QD� LQVWDOLUDQDWD
PR`QRVW� L� SURL]YHGHQDWD� HOHNWULaQD� HQHUJLMD�� NDNR� L� XGHORW� QD� HOHNWULaQDWD
HQHUJLMD�YR�YNXSQDWD�SRWUHED�RG�HQHUJLMD��7DND��YR�7DEHOD�II. VH�GDGHQL�LQVWDOL�UDQLWH
PR`QRVWL�QD�HOHNWULaQLWH�FHQWUDOL�L�SURL]YRGVWYRWR�QD�HOHNWULaQD�HQHUJLMD�]D�����
J��NDNR�L�JRGL^QLRW�SRUDVW��YR�RGQRV�QD������J���YR�VYHWRW�L�SR�SRHGLQL�NRQWLQHQWL�
2S^WLWH�SRWUHEL�RG�HQHUJLMD�YR�VYHWRW�]D������J��YNXSQR�ELOH�351.5*E6 TJ,�SUL�^WR�RG
FHORWR�NROLaHVWYR�SRWUHEQD�HQHUJLMD�SRYH`H�RG�HGQD�aHWYUWLQD��QDG������VH�RGQHVXYD



QD� HOHNWULaQDWD� HQHUJLMD�� 6SRUHG� SURJQR]LWH� QD� YUYQLWH� VYHWVNL� HQHUJHWLaDUL� SR
�����J��WRM�XGHO�`H�ELGH�QDG������

7DEHOD  II. ,QVWDOLUDQD PR`QRVW L SURL]YRGVWYR QD

HOHNWULaQD HQHUJLMD SR UHJLRQL ]D ���� J�

5HJLRQ
,QVWDOLUDQD

PR`QRVW� GW
*RGL^HQ
SRUDVW�
�

3URL]YHGHQD
HO�HQHUJLMD�

TWh

*RGL^HQ
SRUDVW� �

(YURSD ����� ���� ������ ����

$]LMD ����� ���� ������ ����

6 �$PHULND ����� ���� ������ ����

-� $PHULND ����� ���� ����� ����

$IULND ���� ���� ����� ����

2NHDQLMD ���� ��� ����� ����

6YHW ������ ���� ������� ����

,VNRULVWXYDZHWR� QD� LQVWDOLUDQDWD� PR`QRVW� QD� FHQWUDOLWH� �7DEHOD� III. �� YR
SURVHN�PQRJX�PDONX�VH� ]JROHPLOR�RG������aDVD�YR������J�� GR������aDVD� YR������ J��7RD
YOLMDHOR�GD�SURL]YRGVWYRWR�QD�HOHNWULaQD�HQHUJLMD�VH�]JROHPLOR�QHNRONX�SDWL�SRYH`H
YR�RGQRV�QD�LQVWDOLUDQDWD�PR`QRVW�

7DEHOD III. 6WUXNWXUD QD SURL]YRGVWYRWR SR WLSRYL FHQWUDOL� QRYD LQVWDOLUDQD

PR`QRVW L EURM QD SURVHaQR LVNRULVWHQL VDDWL ]D SRJRQ YR ���� J�

7LS QD FHQWUDOD

� RG YNXSQRWR

SURL]YRGVWYR

1RYD LQVWDOLUDQD

PR`QRVW YR �����

�GW)
3RJRQVNL VDDWL �h�

9R VYHWRW ��� ���� ���� �SURVHaQR�

7HUPRFHQWUDOL ���� ���� ����

+LGURFHQWUDOL ���� ���� ����

1XNOHDUQL
FHQWUDOL

���� ��� ����

*HRWHUPDOQL L GU� ��� ��� ����

9R������ J�� NDM� ���� ]HPML� YR� VYHWRW�LQVWDOLUDQDWD�PR`QRVW� QD� FHQWUDOLWH�ELOD
HGQDNYD� LOL� QDGPLQXYDOD� ��GW�� 6HGXP� ]HPML� UDVSRODJDOH� VR� PR`QRVW� QDG� ���� GW:
6$'������ -DSRQLMD������ 5XVLMD������ .LQD������ *HUPDQLMD������ .DQDGD����� L� )UDQFLMD�
����GW���1DMJROHPR�SURL]YRGVWYR�QD�HOHNWULaQD�HQHUJLMD�]D������J��LPDOH�6$'������
TWh�� -DSRQLMD������ .LQD������ 5XVLMD������ .DQDGD����� L� *HUPDQLMD����� TWh�� 9R� RYLH
^HVW� ]HPML� H� SURL]YHGHQR� SRYH`H� RG� SRORYLQDWD� QD� VYHWVNRWR� SURL]YRGVWYR� QD
HOHNWULaQD� HQHUJLMD�� ,QWUHVHQ� H� L� WUHQGRW� QD� SRWUR^XYDaNDWD� QD� HOHNWULaQD
HQHUJLMD� SR� CLWHO�� NRM� LPD� WHQGHQFLMD� QD� SRVWHSHQ� SRUDVW�� RGQRVQR� YR� ����� J������
kWh/god��������J��������L������J��������1R��SR�RWGHOQL�]HPML�YR�VYHWRW�RYRM�SRGDWRN�PRCH
GD� VH� UD]OLNXYD� L� GR� ����� SDWL� �RG� ������ kWh/god.� YR� 1RUYH^ND� GR� ��� kWh/god� � YR
5HSXEOLND�ADG��

6R�SURJQR]LUDQR�SURL]YRGVWYR�QD� HOHNWULaQD� HQHUJLMD� YR� ����� J�� RG� RNROX� ��
TWh L� EURM� QD� LVNRULVWHQLWH� VDDWL� ������ ����� JRGL^QR�� QHRSKRGQDWD� PR`QRVW� QD
HOHNWULaQLWH�FHQWUDOL�YR�VYHWRW�EL�L]QHVXYDOD�����TW��$NR�VH�]HPDW�YR�SUHGYLG�VLWH
PRCQL� YDULMDFLL� QD� SURL]YRGVWYRWR� QD� HOHNWULaQD� HQHUJLMD� L� UDERWQLWH� aDVRYL�



LQVWDOLUDQRVWD� QD� HOHNWULaQLWH� FHQWUDOL� `H� VH� GYLCL� RG� �� GR� �� TW� �NDNR� ^WR� H
SULNDCDQR�YR�7DEHOD�IV.�

7DEHOD IV. 5D]YRM QD LQVWDOLUDQDWD PR`QRVW QD HOHNWULaQLWH FHQWUDOL YR TW
                   SR UHJLRQL YR VYHWRW ]D SHULRGRW RG ���� � ���� J�

5HJLRQ ���� J� ���� J� ���� J�

(YURD]LMD ���� ��� ���

6HY� $PHULND ���� ��� ���

2VWDQDWR ���� ��� ���

6YHW ���� ��� ���

1RYR�LQVWDOLUDQL

FHQWUDOL ]D SHULRGRW

���������

6UHGQRJRGL^QR

���

����

���

����

����.$5$.7(5,67,A1,�$63(.7,�1$��,'1,27��5$=92-

9R�VYHWRW�YH`H�SRVWRL�L]GLIHUHQFLUDQ�VWDY��NRL�VH�NDUDNWHULVWLaQLWH�DVSHNWL
QD� LGQLRW� UD]YRM� QD� HOHNWURHQHUJHWLNDWD�� ,VWLWH� VH� RG� WHKQROR^NL�� VRFLMDOHQ�
SROLWLaNL� L� HNRQRPVNL� NDUDNWHU��1R�� VHSDN� SRVWRL� JROHPD� SRGHOHQRVW� YR� RGQRV� QD
QDaLQRW�QD�VXSVWLWXFLMDWD�QD�QRYLWH�SRWUHEQL�NROLaHVWYD�HOHNWULaQD�HQHUJLMD��7RD
SUYHQVWYHQR� VH� GROCL� QD� HNRQRPVNDWD� PR`� QD� GUCDYLWH� �D� VR� WRD� L
HOHNWURVWRSDQVWYDWD��� GRVWLJQDWLRW� VWHSHQ� QD� SROLWLaNL� UD]YRM� L� YROMDWD� GD� VH
YUHGQXYDDW� L� GUXJL� QDGYRUH^QL� IDNWRUL�� NRL� YOLMDDW� QD� FHQDWD� QD� HOHNWULaQDWD
HQHUJLMD� D� QD� NRL� SRUDQR� QH� VH� QL� SRPLVOXYDOR�� .DNR� NDUDNWHULVWLaQL� DVSHNWL� QD
LGQLRW�UD]YRM�EL�PRCHOH�GD�VH�QDYHGDW�

� +LGURHOHNWULaQD� HQHUJLMD�� 5D]YRMRW� QD� KLGURHQHUJLMDWD� H� SURVOHGHQ� VR� QL]D
VRFLMDOQL� L� HNROR^NL� RJUDQLaXYDZD�� � NRL� VH� VHSDN� PDOL� YR� VSRUHGED� VR� RQLH� RG
GUXJLWH�YLGRYL�WHKQRORJLL��7DND��YR�QDUHGQLWH�WULHVHWLQD�JRGLQL��KLGURHQHUJLMDWD�`H
ELGH� JODYHQ� IDNWRU� NRM� `H� SULGRQHVH� ]D� SRUDVW� QD� VYHWVNRWR� SURL]YRGVWYR� QD
HOHNWULaQD�HQHUJLMD��)LQDQVLVNLWH�RJUDQLaXYDZD�VWDQXYDDW�VHULR]HQ�RJUDQLaXYDaNL
IDNWRU� YR� SRUDVWRW� QD� KLGURHOHNWULaQDWD� HQHUJLMD� L� L]JOHGD� GHND� L� YR� QDUHGQLWH
JRGLQL� `H� ELGH� WDND�� 1DMJROHPLRW� EURM� ]HPML� YR� UD]YRM� �L� 5XVLMD�� VR� ERJDW
KLGURHQHUJHWVNL�SRWHQFLMDO�VH�VRRaXYDDW�VR�RVWUL�HNRQRPVNL�SUREOHPL��NRL�JL�SUDYDW
LQYHVWLFLLWH�QHGRYROQL�L�LOL�QHGR]YROHQR�VNDSL��6SRUHG�LQYHVWLFLRQDWD�DNWLYQRVW
KLGURHQHUJLMDWD� ]D� YR� LGQLQD� H� YR� PQRJX� SHVLPLVWLaND� VLWXDFLMD��1DMJROHPLRW� EURM
HOHNWURVWRSDQVWYD�`H�ELGDW�SULQXGHQL�GD� �EDUDDW�UH^HQLMD� VR�SRPDOD�LQYHVWLFLRQD
DNWLYQRVW�� GXUL� L� DNR� QD� SRGROJ� SHULRG� RYLH� � RSFLL� VH� QH^WR� SRVNDSL�� ,� SRYH`H�
HOHNWURVWRSDQVWYDWD� `H� EDUDDW� SULYDWQR� QH�VWRSDQVNR� ILQDQVLUDZH�� NRH� H
GHVWLPXODWLYQR�]D�KLGURHQHUJLMDWD��RVYHQ�SURHNWL�QD�PDOLWH�FHQWUDOL�YR�L]ROLUDQL
L�RGDOHaHQL�SRGUDaMD���SRUDGL�IDNWRW�^WR�GLVNRQWQLWH�VWDSNL��YR�SULYDWQLRW�VHNWRU
QH�VH�EODJRSULMDWQL�]D�KLGURHQHUJHWVNLWH�SURHNWL��'XUL�L�YR�6$'��QDMJROHP�EURM�RG
JROHPLWH� KLGURHQHUJHWVNL� REMHNWL� VH� YR� VRSVWYHQRVW� QD� � GUCDYDWD�� � 3UHGYLGHQDWD
FHQD� QD� QDIWDWD� �NDNR� L� IRVLOQLWH� JRULYD� RS^WR�� YR� QDUHGQLYH� JRGLQL� � VH
GRSROQLWHOHQ�SUHGL]YLN�



� -DJOHQRW� NDNR� JRULYR�� 6H� RaHNXYD� GHND� MDJOHQRW� `H� SURGROCL� GD� ELGH� JRULYR� ]D
GRELYDZH�QD�SRORYLQD�RG�HQHUJLMDWD�SURL]YHGHQD� YR� QDUHGQLWH� ��� JRGLQL��3RYH`HWR
OX_H� VDNDDW� � HOHNWULaQDWD� HQHUJLMD� GD� MD� GRELMDW� QD� OHVHQ� QDaLQ� L� SRQLVNL� FHQL�� L
SRYH`HWR�OX_H�VDNDDW�aLVW�YR]GXK��QR�VDPR�PDO�EURM�RG�QLY�VH�VYHVQL�GHND�WLH�UDERWL�QH
VH�NRPSDWLELOQL�VR�^LURNRWR�LVNRULVWXYDZH�QD�MDJOHQRW��=D�GD�VH�RYR]PRCL�XORJDWD
QD� MDJOHQRW�NDNR�L]YRU�QD��aLVWD�� � L� HNRQRPLaQD� HOHNWULaQD� HQHUJLMD�� VH� UD]YLYDDW
QRYL� SURL]YRGQL� VLVWHPL� VR� GUCDYQD� SRGU^ND�� &HOLWH� QD� YDNRY� HGHQ� VLVWHP� H
]JROHPXYDZH�QD�HILNDVQRVWD�YR�NRQYHU]LMD�QD�HQHUJLMDWD�RG�����YR������J��GR�����YR
����� J��� SRWRD�QDPDOXYDZH�QD� HPLVLMDWD� QD�^WHWQL�PDWHULL�RG� WUHWLQD� YR� ����� J�� GR

GHVHWLQD�YR������J���NDNR�L�UHGXNFLMD�QD�CO2 ��D�SULWRD�WUR^RFLWH�GD�RVWDQDW�LVWL��=D

RVWYDUXYDZH�QD�RYLH�FHOL�VH�ILQDQVLUD�UD]YRMRW�QD�NRWOL�VR�QLVND�HPLVLMD�QD�^WHWQL
PDWHULL�� GREUL� SHUIRPDQVL� YR� RGQRV� QD� HOHNWURHQHUJHWVNLRW� VLVWHP�� � UD]YLHQL
VLVWHPL� VR� VRJRUXYDZH� YR� IOXLGL]LUDQ� VORM�� LQWHJULUDQL� VLVWHPL� QD� JDVQL�
NRPELQLUDQL�FLNOXVL�L�LQWHJULUDQL�VLVWHPL�QD�JDVQL�JRULYQL�`HOLL�YR�NRPELQLUDQ
FLNOXV�� 2YLH� VLVWHPL� YR� RSVHJ� RG� �������� MW VH� YH`H� YR� NRPHUFLMDOQD� XSRWUHED�
2YDNYLWH�VLVWHPL�`H�VH�QDMaLVWL�L�QDMHILNDVQL�HOHNWULaQL�FHQWUDOL�QD�MDJOHQ��7DND�
NDNR�`H�VH�]JROHPXYD�SREDUXYDaNDWD�]D�HOHNWULaQD�HQHUJLMD��VRRWYHWQR�QD�LVWDWD��`H�VH
QDPDOXYD�L�HPLVLMDWD�QD�^WHWQL�PDWHULL�]DHGQR�VR�WUR^RFLWH�

�3ULURGHQ�JDV��3ULURGQLRW�JDV�LPD�JROHPL�^DQVL�GD�VWDQH�PQRJX�EDUDQR�JRULYR�]D
QRYLWH� FHQWUDOL]LUDQL� L� GLVWULEXLUDQL� SURL]YRGQL� NDSDFLWHWL� YR� ��� YHN�� (GQD� RG
SULaLQLWH� ]D� NRQYHUJHQFLMD� QD� JDVRW� L� HOHNWUR� EL]QLVRW� � VH� WHKQRORJLLWH� QD� JDVQL
WXUELQL�L�RELOQLWH�L�HIWLQL�QDaLQL�QD�VQDEGXYDZD�VR�JDV��NRL�MD�UHGXFLUDD�FHQDWD�QD
RVQRYQDWD�HQHUJLMD�QD���c/kWh���&HQDWD�QD�LQVWDOLUDQ�NRPELQLUDQ�FLNOXV�VR�PR`QRVWL
RG�RNROX�����MW�H�QDPDOHQD�QD�����$/kW��GRGHND�FHORNXSQLWH�WUR^RFL�L]QHVXYDDW����
$/kW��3UL�WRD�HILNDVQRVWD�SRUDVQDOD�QD�����

�1XNOHDUQD�HQHUJLMD��,DNR�VH�SUHWSRVWDYXYD�GHND�JDVQLWH�GLVWULEXLUDQL�SURL]YRGQL
HGLQLFL�`H�ELGDW�NOXaHQ�HOHPHQW�QD�VWUDWHJLMDWD�]D�NRULVWHZH�QD�QDMHIWLQD�HQHUJLMD
YR�QDUHGQLWH���������JRGLQL��SUHRGRW�NRQ�SRWSROQD�]DPHQD�QD��VHJD^QLWH�JRULYD��QD�SU�
VR�REQRYOLYL�L]YRUL���EDUD�UHDOQL�RVQRYQL�HQHUJHWVNL�NRPSRQHQWL�]D�SURL]YRGVWYR�
2YD� SRYH`H� GRD_D� GR� L]UD]� SRUDGL� IDNWRW� GD� QH� H� PRCQD� WRWDOQD� GRYHUED� YR
REQRYOLYLWH� L]YRUL� L� WHKQRORJLL� GD� JL� ]DGRYRODW� HQHUJHWVNLWH� SREDUXYDZD� QD
YNXSQDWD� VYHWVND� SRSXODFLMD�� 3R� SHULRGRW� RG� RNROX� ��� �� ��� JRGLQL�� QXNOHDUQDWD
HQHUJLMD� `H� VH� MDYL� SRYWRUQR� NDNR� WHKQRORJLMD� QD� L]ERU� L� QHRSKRGQRVW� ]D� QRYR
SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD� QD^LURNR� YR� VYHWRW�� 7DND�� L� SROLWLaNL� L
VRFLROR^NL��SRYH`HWR�RG�LQGXVWULVNL�UD]YLHQLRW�VYHW�`H�JR�SULID`D�RSORGXYDaNLRW
UHDNWRU� ��“EULGHU�UHDNWRU”��QD�EU]L�QHXWURQL��NDNR�QDMVRRWYHWHQ�EORN�]D�SRVWLJDZH
QD� VXSVWLWXFLMD� YR� SURL]YRGVWYRWR� QD� HOHNWULaQD� HQHUJLMD�� � 3OXWRQLXPRW� `H� ELGH
SUL]QDHQ�LVNOXaLWHOQR�NDNR�HQHUJHWVNL�L]YRU��RGR^WR�NDNR�JRULYR��6HSDN��SRYROQLWH
HIHNWL�QD�QXNOHDUQDWD�HQHUJLMD�YU]�aRYHNRYDWD�RNROLQD�`H�ELGDW�NOXaHQ�IDNWRU�YR
WDD�QDVRND�

9R�SHULRGRW�SR����JRGLQL�SRYH`HWR�RG�VYHWVNLWH�VWUXaQL�OLFD�VH�YQLPDWHOQL�YR
SURFHQNLWH�� 3UHWSRVWDYND� H� GHND� QXNOHDUQDWD� HQHUJLMD� `H� RVWDQH� L]YRU� �
SUHGRPLQDQWHQ� ]D� QRYR� SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD� YR� JXVWR�QDVHOHQ�
YLVRNR�HGXFLUDQ�L��LQIRUPDWLaNL�SRYU]DQ�VYHW�



�2EQRYOLYL� L]YRUL�� 9R� SUHGYLGOLYDWD� LGQLQD�� PRCHEL� YR� QDUHGQLWH� ������ JRGLQL�
QHUHDOQR� H� GD� VH� RaHNXYD� NRPSOHWQR� QRYLWH� WHKQRORJLL� GD� SUHY]HPDW� JROHP� GHO� RG
VYHWVNRWR� SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD�� 7DND�� QHUHDOQR� H� GD� VH� XVYRL� GHND
VRQaHYDWD� HQHUJLMD� `H� JL� ]DPHQL� NRQYHQFLRQDOQLWH� � HQHUJHWVNL� L]YRUL�� 6HNDNR�
VRQaHYDWD�HQHUJLMD�`H�VH�SULPHQXYD�L�NRULVWL�YR�QRYLWH�DSOLNDFLL�L�PRCHEL�`H�LPD
SRJROHP�XGHO��RG�RVWDQDWLWH�QRYL�WHKQRORJLL��YR�YNXSQDWD�SURL]YHGHQD�PR`QRVW��NRMD
GHQHV� L]QHVXYD� RNROX� ������ � RG� YNXSQR� VYHWVNRWR� SURL]YRGVWYR�� ^WR� MDVQR� XNDCXYD
GHND�LVWDWD�`H�LPD�PDUJLQDOQD�XORJD�YR�HQHUJHWVNDWD�VXSVWLWXFLMD��)RWRYROWDLFLWH�
WHUPDOQDWD�VRQaHYD�L�HQHUJLMDWD�QD�YHWHURW�VH��L]YRUL�VR�SUHNLQ�QD�PR`QRVWD�L�EDUDDW
JROHPL�YORCXYDZD�YR�VNODGLUDZHWR�QD�HQHUJLMDWD���3HUVSHNWLYLWH�QD�ELRPDVDWD�NDNR
SULPDUHQ� HQHUJHWVNL� L]YRU� LPDDW� LVWR� WDND� QHGRVWDWRFL�� SUYHQVWYHQR� ]DUDGL
RJUDQLaXYDZD� YR� NRULVWHZHWR� QD� SRaYDWD� ]D� SURL]YRGVWYR� QD� KUDQD�� JROHPDWD
SDUD]LWVND� HQHUJLMD� L� PDWHULMDORW� SRWUHEHQ� ]D� � VDGHZH�� CHWYD� LWQ��� NDNR� L
QHHILNDVQRVWD�YR�IRWRVLQWHWLaNDWD�NRQYHU]LMD�QD�VRQaHYDWD�HQHUJLMD�YR�HOHNWULaQD�
YR�VSRUHGED�VR�IRWRYROWDLFLWH�

�9RGRURGRW�NDNR�HQHUJHWVNL�PHGLXP���1HNRL�VWUXaQL�NUXJRYL�VPHWDDW�GHND�GR�����
JRGLQD�JOREDOQLRW�HQHUJHWVNL�VLVWHP�`H�SRVWLJQH��]DPHQOLYRVW�LOL�YR�QDOPDOD�PHUND
`H� VH� GREOLCL� GR� QHD�� 5H]XOWDW� QD� RYRM� UD]YRM� QH� H� VDPR� SRUDGL� LVFUSXYDZH� QD
HNRQRPVNL� LVSODWOLYLWH� IRVLOQL� JRULYD� LOL� SRVWRHaNDWD� ]DJULCHQRVW� ]D
DQWURSROR^NLWH�NOLPDWVNL�SURPHQL��WXNX�SRUDGL�UD]YRMRW�QD�QRYL�LVSODWOLYL���cost-
effective�� L� HNROR^NL� EH]RSDVQL� HQHUJHWVNL� WHKQRORJLL� YR� VQDEGXYDZHWR�� SUHQRVRW�
VNODGLUDZHWR� L� NRULVWHZHWR� QD� HOHNWULaQDWD� HQHUJLMD�� 6H� SURFHQXYD� GHND� RYLH
WHKQRORJLL� `H� JR� SURPHQDW� JOREDOQLRW� HQHUJHWVNL� NRQFHSW� SRGUDPDWLaQR� RWNRONX
WHKQROR^NLRW� QDSUHGRN� YR� SRVOHGQLWH� ���� JRGLQL�� .OXaQL� HOHPHQWL� QD� RYDD
WUDQVIRUPDFLMD�`H�ELGDW�HOHNWULILNDFLMD�QD�QDMJROHP�EURM�VWDFLRQDUQL�HQHUJHWVNL
NRULVQLFL� L� SRVWHSHQD� ]DPHQD� QD� � JRULYDWD� ED]LUDQL� QD� QDIWD� VR� YRGRURG� RG� QH�
IRVLOQL� L]YRUL�� 9RGRURGRW� LVWR� WDND� `H� VWDQH� YDCHQ� HQHUJHWVNL� � PHGLXP� ]D
VNODGLUDZH� L� SUHQRV�� EODJRGDUHQLH� QD� PRCQDWD� NRQYHUWLELOQRVW� QD� � HOHNWULaQDWD
HQHUJLMD�RG� � QHSRVWRMDQLWH�L]YRUL�YR�YRGRURG� VR�SRPR^�QD�HOHNWUROL]D�QD� YRGDWD�L
SRYWRUQR�QD]DG�RG�YRGRURG�YR�HOHNWULaQD�HQHUJLMD�SUHNX�JRULYQL�`HOLL�

(OHNWULaQR� SRJRQXYDQLWH� YR]LOD� LPDDW� SRWHQFLMDO� GUDVWLaQR� GD� YOLMDDW� QD
SURL]YRGVWYRWR�SRWUR^XYDaNDWD�QD�HOHNWULaQDWD�HQHUJLMD���2ELaQLRW�GHQH^HQ�SD]DU
QH� H� GRYROQR� SRWWLNQXYDaNL� VLOHQ� ]D� GD� JR� RKUDEUL� RVPLVOXYDZHWR� QD� FHQWULWH
QHRSKRGQL� � ]D� LVWUDCXYDZH�� UD]YRM� L� RVWYDUXYDZH� QD� WHKQRORJLLWH� ]D� HOHNWULaQL
YR]LOD�� VH�GRGHND�FHQDWD�QD�EHQ]LQRW�RVWDQXYD�VHNDGH�EOLVND�GR�QHJRYLRW�LVWRULVNL
WUHQG�� �2YD�H�SULaLQD�]D�REH]EHGXYDZH�GRSROQLWHOQL�YODGLQL�SRWWLNQXYDZD�L�WRD�H
SULaLQD� ]R^WR� HNROR^NLWH� SUHGLPVWYD� QD� HOHNWULaQLWH� YR]LOD� PRUD� GD� ELGDW
GRYROQR�JROHPL�]D�GD�LP�REH]EHGDW�HNRQRPVND�FHQD�

'HFHQWUDOL]LUDQR� SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD�� 'HQH^QRWR
SURL]YRGVWYR�VH�NDUDNWHUL]LUD�VR� �JUXSLUDQL� � JROHPL�SURL]YRGQL�HGLQLFL�SRYU]DQL
VR�SRWUR^XYDaLWH�SUHNX�^LURNR�LQWHJULUDQD�SUHQRVQD�PUHCD�� �6LWH�RG� �GHQH^QLWH
SUD^DZD� NRL� VH� RGQHVXYDDW� QD�� SD]DURW� QD� HQHUJLMD�� SULVWDSRW� QD� PUHCD�� FHQLWH� L
UHJXOLUDQLWH�VWDYNL��SRWHNQXYDDW�RG�YRVSRVWDYHQDWD�WHKQRORJLMD�QD�SURL]YRGVWYR�QD
HOHNWULaQD� HQHUJLMD�� 6è� WRD� `H� LVaH]QH� NRJD� WHKQRORJLMDWD� ROLFHWYRUHQD� YR
FHQWUDOQL� HOHNWULaQL� FHQWUDOL� L� � SRYU]DQDWD� HOHNWULaQD� PUHCD�� QHPD� GD� ELGH
SRYH`H� HNRQRPVNL� GRPLQDQDWQD�� 7DND�� VR� SUHRG� QD� HOHNWURHQHUJHWVNLRW� VLVWHP� YR
GHFHQWUDOL]LUDQ� L� SRPDO�� LVWLRW� VWDQXYD� L� SRNRQNXUHQWHQ� YR� RGQRV� QD



FHQWUDOL]LUDQLRW�� SUL� ^WR� GRSROQLWHOQLWH� ILNVQL� WUR^RFL� QD� FHQWUDOL]LUDQLRW
VLVWHP� `H� MD� ]DEU]DDW� QHJRYDWD� GHVWUXNFLMD�� $NR� SRYH`H� L� SRYH`H� SRWUR^XYDaL� JR
QDSX^WDDW� FHQWUDOL]LUDQLRW� VLVWHP�� `H� UDVWH� L� FHQDWD� ^WR� SUHRVWDQDWLWH
SRWUR^XYDaL�`H�WUHED�GD�MD�SODWDW�]D�SRNULYDZH�QD�RYLH�WUR^RFL��6R�WRD�sè�SRYH`H
FHQWUDOL]LUDQLRW�VLVWHP�`H�VWDQH�SR�QHSRCHOQD�DOWHUQDWLYD�

� .RQNXUHQWVNL� � VORERGHQ� SD]DU� QD� HOHNWULaQD� HQHUJLMD�� 9R� NRQNXUHQWVNL� L
VORERGHQ� SD]DU� QHHILNDVQLWH� `H� ELGDW� LVIUOHQL�� 2YD� VH� RGQHVXYD� L� QD� UD]YRMQLRW
LQCHQHU�� NRM� QH� H� YR� VRVWRMED� GD� SRVWLJQH� SRYLVRND� SURGXNWLYQRVW� YR� UD]YRMQLWH� L
ILQDQVLVNLWH� SURHNWL�� SRWRD� QD� LQCHQHURW� �� SURHNWDQW�� NRM� WHCQHH� ]D� VWDUDWD
RNROLQD� EH]� UL]LN�� NDNR� L� NRPSDQLLWH� NRL� QH� VDNDDW� GD� YOH]DW� YR� QRYL� RGQRVL� VR
SRSURGXNWLYQLWH�NRPSDQLL��3RYU]XYDZHWR�QD�NRQNXUHQFLMDWD�SUHNX�VORERGHQ�SD]DU�
YLVRNDWD�SURGXNWLYQRVW�NDNR�L�QLVNDWD�FHQD�QD�HOHNWULaQDWD�HQHUJLMD� VH� HYLGHQWQL
YR� VLWH� VIHUL� QD� HOHNWURVWRSDQVWYRWR�� 7DND�� SULPHQDWD� QD� VORERGHQ� SD]DU�� MD
QDPDOLOD�SURVHaQDWD�LQGXVWULVND�FHQD�QD�HOHNWULaQDWD�HQHUJLMD�YR�6$'�RG����c/kWh
�YR������J���QD�����c/kWh��YR������J����.RQNXUHQFLMDWD�MD�QDPDOLOD�FHQDWD�QD�JRULYRWR�L
FHQDWD�]D�L]JUDGED�QD�HOHNWULaQD�FHQWUDOD��&HQDWD�QD�LVSRUDaDQ�MDJOHQ�VH�QDPDOLOD
]D�RNROX�����YR�SHULRGRW�RG������L� ������ L� YR� SRVOHGQLWH� �� JRGLQL�� FHQDWD� QD� QRYD
HOHNWULaQD� FHQWUDOD� VH� QDPDOLOD� ]D� ����� 3ULPHQDWD� QD� NRQNXUHQFLMDWD� YRGL� GR
GUDPDWLaQR�SRGREUXYDZH�QD�SURGXNWLYQRVWD�YR�HOHNWULaQLWH�FHQWUDOL��0RCH� GD� VH
]DNOXaL�GHND�EH]�RJOHG�QD�WRD�NRM�JUDGL��NRM�JL�SRVHGXYD�LOL�UDERWL�VR�HOHNWULaQDWD
FHQWUDOD�� HGQD� UDERWD� H� VLJXUQD�� YLVRNDWD� SURGXNWLYQRVW� `H� ELGH� QDMYDCQD
NDUDNWHULVWLND� L� WRD� `H� YRGL� NRQ� QLVNL� FHQL� QD� HOHNWULaQDWD� HQHUJLMD��3RQDWDPX�
QLVNDWD� FHQD� QD� HOHNWULaQDWD� HQHUJLMD� `H� ELGH� NOXaHQ� IDNWRU� YR� YRGHZHWR� QD
JOREDOQLWH�QDFLRQDOQL�HNRQRPLL�YR�VLWH�]HPML�

'HUHJXODFLMD��'HUHJXODFLMDWD�L� VRRWYHWQLWH� ]DNRQVNL�SURPHQL� VH� YDCHQ�IDNWRU� ]D
^LURNR� UDVSURVWUDQHWL� LQRYDFLL� YR� HOHNWURVWRSDQVWYRWR�� 6R� � YRVSRVWDYXYDZH� QD
GHUHJXODFLMD�YR�SD]DURW�QD�HOHNWULaQDWD�HQHUJLMD��HOHNWURVWRSDQVWYDWD�`H�VH�VWUHPDW
GD� JR� ]JROHPDW� EURMRW� QD� NRULVQLFLWH�� QDPDODW� FHQLWH� L� RYR]PRCDW� UD]OLaQR� SR
NYDOLWHW� RSVOXCXYDZH�� RGQRVQR� `H� JR� SURPHQDW� QDaLQRW� QD� UD]PLVOXYDZH� ]D� GD
RVWDQDW�YR�EL]QLVRW�L�GD�RYR]PRCDW�NRULVQLFLWH�GD�ELGDW�]DGRYROQL��.DNR�UH]XOWDW
QD� WRD�� VR� ]JROHPXYDZH� QD� DOWHUQDWLYLWH� ]D� SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD
LQYHVWLFLRQLWH� WUR^RFL� ]D� HOHNWULaQLWH� FHQWUDOL� `H� VH� QDPDOXYDDW�� 1H]DYLVQLWH
SURL]YRGLWHOL� QD� HOHNWULaQD� HQHUJLMD� `H� VWDQDW� SR� HNRQRPLaQL� DOWHUQDWLYL� ]D
LQYHVWLFLRQL�YORCXYDZD�RGR^WR�JUDGHZHWR�L�SUR^LUXYDZHWR�QD�LQVWDOLUDQRVWD��YR
VRSVWYHQLWH� FHQWUDOL�� 2VYHQ� WRD� HOHNWURVWRSDQVWYRWR� QHPD� SRYH`H� GD� LPD
HNVNOX]LYQR�SUDYR�GD�JR�RSVOXCXYD��VQDEGXYD��QDVHOHQLHWR�VR�HOHNWULaQD�HQHUJLMD�YR
VYRHWR� RSNUXCXYDZH� �WHULWRULMD��� .RQNXUHQFLMDWD� H� SRGREUR� UH^HQLH� ]D
SRWUR^XYDaLWH� JOHGDQR� YR� SRGROJ� SHULRG�� ELGHM`L� WLH� RaHNXYDDW� NYDOLWHW� L� GREUD
XVOXJD�YR�VQDEGXYDZHWR�VR�HOHNWULaQD�HQHUJLMD��7UHQGRW�YR�QDUHGQLRW�SHULRG�`H�ELGH
GD� VH� RYR]PRCL� QH^WR� ^WR� GUXJLWH� JR� QHPDDW�� 6R� HILNDVQD� UDERWD� L� SUR^LUHQR
RSVOXCXYDZH� QD� SRWUR^XYDaLWH�� HOHNWURVWRSDQVWYDWD� `H� EDUDDW� QRYL� SDWL^WD� GD� MD
]JROHPDW� HILNDVQRVWD�� JL� QDPDODW� FHQLWH� L� YHGQD^� GD� UHDJLUDDW� QD� SRWUHELWH� L
LQWHUHVLWH�QD�SRWUR^XYDaLWH��9R�WRD�GDOHaQR�EOLVNR�YUHPH��VH�RaHNXYD�VHNRM�GD�PRCH
GD�RGELUD�RG�GRPD��ORNDOQR��RG�NRJR�L�YR�NRM�L]QRV�VDND�GD�NXSL�HOHNWULaQD�HQHUJLMD�



� 3RYLVRN� VWDQGDUG� QD� CLYRWRW�� 0RPHQWDOQLWH� NRPXQLNDFLL� VHJD� GRVWLJDDW� GR
VHNRH�`R^H�QD�]HPMLQDWD�WRSND��RYR]PRCXYDM`L�LP�QD�VLWH�OX_H�VWUHPHC�NRQ�SRYLVRN
VWDQGDUG��-DNDWD�NRUHODFLMD�SRPH_X�HNRQRPVNLRW�SURJUHV�L�]JROHPHQDWD�SREDUXYDaND
]D� HOHNWULaQD� HQHUJLMD� H� GHQHV� GRNDCDQ� WUHQG�� 3RGJRWYHQRVWD� ]D� SURL]YRGVWYR� QD
HOHNWULaQD�HQHUJLMD�H�RVQRYD�]D�VHNRMD�HNRQRPVND�HNVSDQ]LMD��=QDaL��VR�QDSUHGRNRW�QD
HNRQRPLLWH�L�SRUDVWRW�QD�YUDERWHQRVWD��SREDUXYDZDWD�]D�HOHNWULaQD�HQHUJLMD�UDVWDW
JHRPHWULVNL��3REDUXYDaNDWD�H�SRJRQXYDQD�RG�VWUHPHCRW�NRQ� �GRVWLJDZH� �RGUCXYDZH
Vè�SRGREDU�NYDOLWHW�QD�CLYHHZH�

$YWRPDWL]DFLMD���$YWRPDWL]DFLMDWD�YR�LGQLRW�YHN�LVWR�WDND�`H�H�ELWHQ�IDNWRU�YR
QDVRND�QD�QDPDOXYDZH�QD�WUR^RFLWH��=D�GD�VH�ELGH�NRQNXUHQWHQ�L�XVSH^HQ��QHRSKRGQR
H� GD� VH� UHDOL]LUDDW� DYWRPDWL]LUDQL� VLVWHPL� NRL� VH�IOHNVLELOQL� L� DGDSWLELOQL� QD
WHKQROR^NLRW�QDSUHGRN�L�^LURNDWD�SULPHQD�QDVHNDGH��,]ROLUDQRVWD�L�UHDOL]DFLLWH
VDPR�]D�VHEH�`H�VH�VLJXUQL�aHNRUL�NRQ�LVIUODZH�RG�XSRWUHED�L�]DVWDUXYDZH��3RVHEHQ
QDSUHGRN� DYWRPDWL]DFLMDWD� GRCLYXYD� VR� UD]YRMRW� QD� LQIRUPDWLaNDWD� WHKQRORJLMD� L
NRPXQLNDFLLWH�� NDNR� YR� SRJOHG� QD� YLVRNR�VRILVWLFLUDQD� RSUHPD� L� GRYHUOLYL
NRPSRQHQWL�� WDND� L� VR� REH]EHGXYDZH� GDOHaLQVND� NRQWUROD�� 2G� DYWRPDWVNRWR
XSUDYXYDZH� L� UHJXODFLMDWD� � `H� VH� EDUD� � QDWDPR^QR� ]JROHPXYDZH� QD� NYDOLWHWRW� QD
HOHNWULaQDWD�HQHUJLMD�L�QDPDOXYDZH�QD�SRJRQVNLWH�WUR^RFL��2VREHQR�YQLPDQLH�`H�VH
SRVYHWL� QD� � HQHUJHWVNRWR� VNODGLUDZH� L� YR� YUVND� VR� WRD� SRYU]DQRVWD� L
IXQNFLRQDOQRVWD�QD�HGQRQDVRaQDWD�DNXPXOLUDQD�HQHUJLMD�L�PUHCDWD�QD�QDL]PHQLaQD
VWUXMD��,VWR�WDND��YH^WDaNDWD LQWHOLJHQFLMD�L�QHM]LQDWD�SULPHQD�YR�VLWH�GRPHQL�QD
DYWRPDWL]DFLMDWD�`H�GRYHGH�GR�Vè�X^WH�QHGRYROQR�SUHGYLGOLYL�SR]LWLYQL�HIHNWL�

� 5D]PHQD� QD� LQIRUPDFLL�� 6WDQGDUGL]DFLMDWD� YR� SURHNWLUDZHWR� `H� ELGH� RVREHQR
YDCQD� ]D� GD� VH� QDPDODW� WUR^RFLWH�� LDNR� DSVROXWQR� SRYWRUXYDZH� QD� NRQNUHWQD
FHQWUDOD� `H� H� UHWNR�� DNR� YRRS^WR� H� PRCQR��$YWRPDWL]LUDQLWH� SURHNWQL� DODWNL� `H
RYR]PRCDW�EU]D�LQWHJUDFLMD�QD�SRGDWRFLWH�RG�VSHFLILaQL�SURHNWL�L�LQIRUPDFLLWH
RG�VWDQGDUGQLWH�SURHNWL��2GQRVQR�SURFHVRW�QD�SURHNWLUDZH�`H�H�YVX^QRVW�YODGHHZH
VR�L�GRVWDSQRVW�GR�LQIRUPDFLLWH��3RUDQR��WUR^RFLWH�QD�SURHNWLUDZH�EHD��YRGHQL�RG
SRWUHEQRWR� � YUHPH� L� HILNDVQRVWD� � ]D� NRPXQLNDFLMD� L� UD]PHQD� QD� LQIRUPDFLL�� 1R�
GHQHV�� LGQLWH� � JOREDOQL� NRPXQLNDFLRQL� PUHCL�� RG� LQWHUQLWH� VLVWHPL� GR
QDGYRUH^QLWH�NDNR�,QWHUQHW��GR]YROXYDDW�PRPHQWDOHQ�SULVWDS�GR�LQIRUPDFLLWH�RG
VLWH� L]YRUL�� � 1DSUHGRNRW� YR� WHKQRORJLMDWD� ]D� UD]PHQD� QD� LQIRUPDFLLWH� JL� NU^L
SUHRVWDQDWLWH� EDULHUL� RG� SURWRNRORW�� L� � SULVWDSRW� NRQ� VLWH� L]YRUL� QD� SRGDWRFL
VWDQXYD� GRVWDSHQ� ]D� QDMNXVR� PRCQR� YUHPH�� 0RCQRVWD� GD� VH� VSUDYDW� VR� RYDD
SUHGL]YLNXYDaND� L� QRYD� VSRVREQRVW� H� HGHQ� RG� QDMJROHPLWH� SRHGLQHaQL� IDNWRUL� YR
RSUHGHOXYDZHWR� QD� XVSHKRW� QD� VWRSDQVWYDWD� YR� LGQLQD�� ,VWR� WDND�� IXQNFLLWH� QD
REH]EHGXYDZH�� RGOXND� L� JUDGED� QD� HOHNWULaQLWH� FHQWUDOL� VH� RSWLPLUDQL� QL]
NRPSOHWQD�LQWHJUDFLMD�VR�LQIRUPDWLaNLRW�PHQD[PHQW�VLVWHP�QD�SURHNWQDWD�ED]D�QD
SRGDWRFL�� � 2YDD� LQWHJUDFLMD� ]DHGQR� VR� PRCQRVWLWH� ]D� NRPXQLNDFLMD� VR� JOREDOQLWH
PUHCL��GDYD�PRCHQ�SULVWDS�NRQ�HIWLQLWH�L]YRUL�L�RSUHPD�L�PDWHULMDOL�^LURNR�YR
VYHWRW�� RVLJXUXYDM`L� WRaQRVW� L� NXVRURaQRVW� YR� LVSRUDNDWD�� � 7HKQRORJLLWH� QD
YLUWXHOQD� UHDOQRVW� RYR]PRCXYDDW� SURHNWQD� PR`� QD� SROHWR� QD� NRPSOHWQD
YL]XHOL]DFLMD�L�QDFUW�QD�VHNRM�aHNRU�RG��SURFHVRW�QD�SURHNWLUDZH�VR�FHO�GD�VH�GRELH
PDNVLPDOQD�HILNDVQRVW�

1DaLQ� QD� RGOXaXYDZH�� 'YDWD� PRCQL� SULQFLSD� QD� GRPLQDQWQR� FHQWUDOL]LUDQR� L
GRPLQDQWQR�GHFHQWUDOL]LUDQR�RGOXaXYDZH�YR�YRGHZHWR�QD�UHJXODWRUQDWD�SROLWLND�L
GRQHVXYDZHWR� RGOXNL� VH� SULPHQXYDDW� VSRUHG� VWHSHQRW� QD� SROLWLaNL� UD]YRM� YR



RS^WHVWYRWR�� 1R�� QD� NRM� SULQFLS� YR� RGUHGHQD� VLWXDFLMD� GD� PX� VH� GDGH� SUHGQRVW� L
]R^WR"� 6HNDNR� RGJRYRURW� QD� RYD� SUD^DZH� H� SRYU]DQR� L� VR� QDWDPR^QDWD
GHPRNUDWL]DFLMD� QD� LQIRUPDFLMDWD�� ]D� ^WR� HGLQVWYHQR� VH� VR]GDYDDW� XVORYL� YR
RS^WHVWYD�NDGH�VH�SUHIHULUD�GHFHQWUDOL]LUDQR�RGOXaXYDZH�

���=$./8A2.

5D]YRMRW� QD� VYHWVNRWR� HOHNWURVWRSDQVWYR� YR� SHULRGRW� SR� ����� J�� SUHWVWDYXYD
YDCHQ� VHJPHQW� QD� JOREDOQLRW� VYHWVNL� HQHUJHWVNL� VLVWHP�� 3URL]YRGVWYRWR� QD
HOHNWULaQD� HQHUJLMD� L� LQVWDOLUDQLWH� NDSDFLWHWL� YR� RGQRV� QD� PR`QRVWD�� RG
HOHNWULaQLWH�FHQWUDOL�QD�VYHWVNR�QLYR�VH�LQWHUHVQL�]D�DQDOL]D�SRUDGL�

D�� SHUPDQHQWQLRW� SRUDVW� QD� WUDQVIRUPLUDQDWD� HQHUJLMD� YR� SRO]D� QD
HOHNWULaQDWD� ^WR� VH� GROCL� QD� ]JROHPXYDZHWR� QD� SRSXODFLMDWD� L� SRGREUXYDZH� QD
NYDOLWHWRW�QD�CLYRWRW�

E���JROHPLWH�VRFLR�SVLKROR^NL�SURPHQL�RG�SROLWLaNL�DVSHNW��
������������Y���QDYOHJXYDZH�QD�QRYLWH�WHKQRORJLL�YR�VLWH�VIHUL�QD�HOHNWUR�EL]QLVRW��L
������������J�� YRYHGXYDZH� L� YUHGQXYDZH� QD� HNVWHUQDOLLWH� �QD� NRL� SRUDQR� QH� VH� QL
SRPLVOXYDOR��SUHNX�VRYUHPHQL� cost-benefit�DQDOL]L�

5D]UH^XYDZHWR�QD�VLWH�SULNDCDQL�NDUDNWHULVWLaQL�DVSHNWL�QD�LGQLRW�UD]YRM
VYHWVNR�L� ORNDOQR�QLYR� ]DYLVL�L� H� RGJRYRUQRVW� QD� VHNRMD� ]HPMD� SRVHEQR� L� VHNDNR� QD
VHNRM�QHM]LQ�SRHGLQHF���3UD^DZHWR�H�VDPR���.DNR��YR�NRM�SUDYHF�L�QD�NRM�QDaLQ�PRCH
VHNRM�RG�QDV��GD�SULGRQHVH�]D�WRD"
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9R� WUXGRW� H� SULNDCDQ� HGHQ� QRY� SULVWDS� ]D� HNRQRPVNR� YUHGQXYDZH� QD
YDULMDQWQL�UH^HQLMD�VR�QHVLJXUQL�YOH]QL�SRGDWRFL��1HVLJXUQRVWD�H�PRGHOLUDQD�VR
SULPHQD�QD�ID]L�EURHYL��9R�RYRM�VOXaDM��PDWHPDWLaNLWH�RSHUDFLL�VH�GHILQLUDQL�VR
SULQFLSRW� QD� HNVWHQ]LMD� L� GRELHQLWH� UH]XOWDWL�� LVWRWDND�� VH� YR� IRUPD� QD� ID]L
EURHYL��2G� SUDNWLaQL� SULaLQL�� VH� XSRWUHEXYDDW� WUDSH]RLGQL� LOL� WULDJROQL�ID]L
EURHYL�VR�^WR�SUHVPHWNLWH�VH�]QDaLWHOQR�SRHGQRVWDYHQL��2YRM�SULVWDS�PRCH�GD�VH
SUHWVWDYL�NDNR�SUR^LUXYDZH�YR�GODERaLQD�QD�RQRM�^WR�NRULVWL�LQWHUYDOQL�EURHYL
L�LQWHUYDOQD�DQDOL]D�]D�YNOXaXYDZH�QD�YDNYDWD�QHVLJXUQRVW�

.OXaQL� ]ERURYL�� LQCHQHUVND� HNRQRPLMD�� WHKQLND� QD� DNWXHOL]DFLMD�� ID]L
PQRCHVWYD��ID]L�EURHYL��QHVLJXUQRVW�

ECONOMIC ASSESSMENT OF ALTERNATIVE SOLUTIONS
WITH UNCERTAIN DATA

ABSTRACT

This paper presents a new approach for economic assessment of alternative solutions with
uncertain data. The uncertainty is modeled by using fuzzy numbers. In this case, the mathematical
operations are defined by the Extension Principle and the obtained results are also in a form of
fuzzy numbers. For practical purposes, trapezoidal or triangular fuzzy numbers are used and the
computation is much simpler. This approach can be seen as an extension in depth of the one that
uses interval numbers and interval analysis for including such uncertainties.

Keywords: engineering economics, present worth technique, fuzzy sets, fuzzy numbers,
uncertainty.
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9R� QD^DWD� SURIHVLRQDOQD� LQCHQHUVND� SUDNWLND�� NDNR� L� YR� VHNRMGQHYQLRW
CLYRW��aHVWRSDWL�VH�QDR_DPH�YR�VLWXDFLMD�NRJD�WUHED�GD�L]EHUHPH�HGQD�RG�QHNRONXWH
PRCQL�DOWHUQDWLYL�SRYU]DQL�VR�QHNDNYL�ILQDQVLVNL�VUHGVWYD��3ULWRD��WUR^RFLWH
L�SULKRGLWH�QD�DOWHUQDWLYLWH��QDMaHVWR��QH�VH�MDYXYDDW�YR�HGHQ�LVW�PRPHQW�QD�YUHPH�
QR�VH�UDVSUHGHOHQL�YR�RGUHGHQL�YUHPHQVNL�LQWHUYDOL��%LGHM`L�YUHGQRVWD�QD�SDULWH�
SRUDGL� QLYQRWR� VYRMVWYR� ]D� RSORGXYDZH�� LPD� YUHPHQVND� ]DYLVQRVW� �SR]QDWD� H
SRJRYRUNDWD��YUHPHWR�H�SDUL���� GD� VH� YU^L�GLUHNWQD� VSRUHGED�QD�DOWHUQDWLYLWH�H
QHNRUHNWQR��=D�WDD�FHO��SRWUHEQD�H�WHKQLND�VR�NRMD�`H�VH�L]YU^L�HNYLYDOHQWLUDZH
QD� YUHPHQVNL� UD]OLaQLWH� YUHGQRVWL�� (GQD� WDNYD� WHKQLND� NRMD� aHVWR� VH� NRULVWL� ]D
HNRQRPVND�VSRUHGED�QD�YDULMDQWQLWH�UH^HQLMD�H�WHKQLNDWD�QD�DNWXHOL]DFLMD��present
worth technique��[2, 5, 6]�

1HSRELWHQ�IDNW� H� GHND� QHVLJXUQRVWD� H� SULVXWQD� YR� VHNRM� UHDOHQ� SUREOHP� L
QHD�EL�WUHEDOR�t�GD�VH�SRVYHWL�YQLPDQLH�SUL�QHJRYR�DQDOL]LUDZH��3RQHNRJD^�RYRM
IDNW� VH� ]DQHPDUXYD� L� SUREOHPRW� VH� LGHDOL]LUD� ]DUDGL� XSURVWXYDZH� QD� DQDOL]LWH�
QR�� aHVWRSDWL�� QHVLJXUQRVWD� PRCH� GD� LPD� ]QDaLWHOQR� YOLMDQLH� L� WUHED� GD� VH� ]HPH
SUHGYLG� QD� HGHQ� LOL� QD� GUXJ� QDaLQ�� 9R� SRVOHGQR� YUHPH�� SRYH`HWR� LQCHQHUVNL� L
PHQD[HUVNL�DNWLYQRVWL�JR�SUHSR]QDYDDW�RYD�L�VWUHPDW�GD�JL�YNOXaDW�SRVOHGLFLWH�RG
QHVLJXUQRVWD� YR� SURFHVRW� QD� GRQHVXYDZH� SUDYLOQL� RGOXNL�� 2YRM� WUXG� SUH]HQWLUD
HGHQ� QRY� SULVWDS� QD� YNOXaXYDZH� QD� QHVLJXUQRVWD� YR� HNRQRPVNRWR� YUHGQXYDZH� QD
YDULMDQWQLWH�UH^HQLMD�SUL�WHKQLaNR�HNRQRPVNLWH�DQDOL]L�[11]�

7UDGLFLRQDOQR��YR�LQCHQHUVNDWD�HNRQRPLMD��L�QH�VDPR�YR�QHD��QHVLJXUQRVWD�VH
SUHWVWDYXYD� VR� SRPR^� QD� YHURMDWQRVWL� [2, 6]�� ,PHQR�� VH� SURFHQXYD� L]YHVQRVWD� QD
RGUHGHQL� VFHQDULMD� L� VH� GHILQLUDDW� VRRGYHWQL� YHURMDWQRVWL�� RGQRVQR�IXQNFLL� QD
UDVSUHGHOED� QD� YHURMDWQRVWD�� 3ULWRD�� SURFHQNDWD� L� GHILQLUDZHWR� QD
YHURMDWQRVWLWH�VH�YU^L�QD�HGHQ�RG�VOHGQLWH�GYD�QDaLQD��7LH�PRCH�GD�ED]LUDDW�YU]
SRGDWRFL�L�LVNXVWYR�RG�PLQDWRWR�L�YR�WRM�VOXaDM�VWDQXYD�]ERU�]D�W�QDU��REMHNWLYQL
YHURMDWQRVWL�LOL�PRCH�GD�ED]LUDDW�YU]�QHaLH�VXEMHNWLYQR�XEHGXYDZH��NRJD�VWDQXYD
]ERU�]D�W�QDU��VXEMHNWLYQL�YHURMDWQRVWL�

3UYLRW�VOXaDM��VOXaDMRW�QD�REMHNWLYQL�YHURMDWQRVWL��VRGUCL�SUHWSRVWDYND�]D
SRYWRUXYDZH�QD�QDVWDQLWH�SRG�GHMVWYR�QD�QHSURPHQHWL�XVORYL�L�]DNRQLWRVWL��2YDD
SUHWSRVWDYND� PRUD� GD� VH� GRYHGH� SRG� ]QDN� SUD^DZH� NRJD� VWDQXYD� ]ERU� ]D
SRGROJRURaQL� DQDOL]L�� 9R� YWRULRW� VOXaDM�� VOXaDMRW� QD� VXEMHNWLYQL� YHURMDWQRVWL�
SURFHQNDWD� YVX^QRVW� SUHWVWDYXYD� SRYH`H� RELG� GD� VH� SUHWVWDYL� QH^WR� QHGRYROQR
SR]QDWR��QHNDNYD�QHSUHFL]QD�LQIRUPDFLMD��RWNRONX�QHNDNYD�UHODWLYQD�IUHNYHQFLMD
QD� SRMDYXYDZH��1D� RYRM� QDaLQ�� VXEMHNWLYQLWH� YHURMDWQRVWL� SUHWVWDYXYDDW�PHUND� GR
NRM�VWHSHQ�QH^WR�PRCH�GD�VH�VOXaL��D�QH�NRONX�aHVWR�WRD�`H�VH�VOXaXYD��6OHGVWYHQR�
RYD�H�SUD^DZH�QD�VWHSHQ�QD�SULSDGQRVW�L�WXND�GRD_DPH�GR�W�QDU���ID]L�PQRCHVWYD��
QRSDIWXZE�OSM�HS^ZSPYZEEX�TEVGMNEPRE�TVMTEHRSWX�RE�RMZRMXI�IPIQIRXM�

8^WH�RG�QLYQDWD�SRMDYD�[1]�ID]L�PQRCHVWYDWD��)0��LJUDDW�]QDaDMQD�XORJD�YR
HNVSHUWVNLWH�VLVWHPL�L�VLVWHPLWH�]D�NRQWUROD�NDNR�SRSULJRGHQ�L�SRSULURGHQ�QDaLQ
]D�PRGHOLUDZH�QD�aRYHNRYRWR�QHSUHFL]QR�SR]QDYDZH�L�SHUFHSFLMD��2G�SRaHWRNRW�QD
’����D�SRVHEQR�YR�SRVOHGQDYD�GHFHQLMD��SULPHQDWD�QD�ID]L�PQRCHVWYD�H�SUR^LUHQD�L
YR�PQRJX�GUXJL�REODVWL�NDNR��QD�SULPHU��DQDOL]DWD�QD�((6�[9]�

3UHG�GD�SURGROCLPH�SRQDWDPX�VR�SRLPLWH�]D�ID]L�PQRCHVWYD�L�ID]L�EURHYL
L�QLYQDWD�SULPHQD�YR�HNRQRPVNRWR�YUHGQXYDZH�QD�YDULMDQWQLWH�UH^HQLMD��QDNXVR�GD
VSRPQHPH� HGHQ� VOLaHQ� SULVWDS� QD� YNOXaXYDZH� QD� QHVLJXUQRVWD� RG� QHVWDWLVWLaNL
NDUDNWHU� YR� HNRQRPVNLWH� DQDOL]L. 9R� [4]� DYWRULWH� JL� PRGHOLUDDW� QHVLJXUQLWH
YHOLaLQL�NDNR�LQWHUYDOL�QD�UHDOQL�EURHYL��*UDQLFLWH�QD�LQWHUYDOLWH�VH�YVX^QRVW



QDMPDOLWH� L� QDMJROHPLWH� PRCQL� YUHGQRVWL�^WR� QHVLJXUQLWH� YHOLaLQL� PRCH� GD� JL
SRSULPDW�� 6R� SULPHQD� QD� LQWHUYDOQDWD� PDWHPDWLND� YU]� RYLH� LQWHUYDOQL
SURPHQOLYL�VH�GRELYDDW�UH]XOWDWL�NRL��LVWRWDND��VH�YR�LQWHUYDOHQ�REOLN�

0H_XWRD�� LQWHUYDOQLWH� SURPHQOLYL� �EURHYL�� VH� VDPR� VSHFLMDOHQ� VOXaDM� QD
ID]L�EURHYLWH��)%��NRL�PRCH�GD�VH�UD]JOHGXYDDW�NDNR�JUXSLUDQL�L�YJQH]GHQL�HGHQ
YR�GUXJ�LQWHUYDOL��)%��RG�VYRMD�VWUDQD��VH�VSHFLMDOHQ�WLS�QD�)0�
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9R�WUDGLFLRQDOQDWD�WHRULMD�QD�PQRCHVWYD��]D�GDGHQ�XQLYHU]XP��VHYNXSQRVW�QD
UD]JOHGXYDQL�REMHNWL��X��PQRCHVWYRWR�$�H�GHILQLUDQR�VR�RQLH�HOHPHQWL�RG�X�NRL
SULSD_DDW�QD�$��7DND��]D�VHNRM�HOHPHQW�QD�X�PRCH�GD�VH�R]QDaL�SULSDGQRVWD�YR�$�VR
EURHYLWH���L����3ULWRD����R]QDaXYD�GHND�NRQNUHWQLRW�HOHPHQW�QH�SULSD_D�QD�$��D��
GHND� HOHPHQWRW�SULSD_D� QD�$��1D� RYRM� QDaLQ�� QLH� YVX^QRVW� MD� GHILQLUDYPH� W�QDU�
IXQNFLMD�QD�SULSDGQRVW�LOL�NDUDNWHULVWLaQD�IXQNFLMD�QD�PQRCHVWYRWR�$��2YDD
IXQNFLMD� ]D� WUDGLFLRQDOQLWH� PQRCHVWYD� H� ELQDUQD�� PRCH� GD� JL� SRSULPL� VDPR
YUHGQRVWLWH���LOL���
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HYLGHQWQR�
2YGH� `H� SUHWSRVWDYLPH� GHND� )0� VH� QRUPDOL]LUDQL�� W�H�� GHND� QDMJROHPDWD

PRCQD� YUHGQRVW� QD� IXQNFLMDWD� QD� SULSDGQRVW�� NRPSOHWQDWD� SULSDGQRVW�� LPD
YUHGQRVW� ��� 6HNRH� QHSUD]QR� )0� NRH^WR� QH� H� QRUPDOL]LUDQR�� PRCH� GD� VH
QRUPDOL]LUD�DNR�VH�SRGHOL�QHJRYDWD�IXQNFLMD�QD�SULSDGQRVW�VR�QHM]LQDWD�QDMJROHPD
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{ }α≥µ∈=α )x(,XxxA . (2)

2SHUDFLLWH� VR�)0�SUHWVWDYXYDDW� SUR^LUXYDZD�QD� RSHUDFLLWH� VR� RELaQLWH
PQRCHVWYD�L�]DLQWHUHVLUDQLRW�aLWDWHO�VH�XSDWXYD�QD�[1, 3, 7, 8]�L�GUXJD�OLWHUDWXUD
RG�RYDD�REODVW�

���� )D]L�EURHYL

)%�VH�QRUPDOL]LUDQL�L�NRQYHNVQL�)0�VR�IXQNFLL�QD�SULSDGQRVW�NRL^WR�VH
NRQWLQXLUDQL�SR�GHORYL��.RQYHNVQRVWD�IRUPDOQR�H�GHILQLUDQD�VR�����

( ) { } ]1,0[;)x(),x(minx)1(x 2121 ∈λµµ≥⋅λ−+⋅λµ (3)

7UHED� GD� VH� ]DEHOHCL� GHND� SUHWKRGQDWD� GHILQLFLMD� QH� ]QDaL� L� GHND

IXQNFLMDWD�QD�SULSDGQRVW�µ� H� NRQYHNVQD�IXQNFLMD� RG�x�� 7DD� HGQRVWDYQR� YHOL� GHND
IXQNFLMDWD� QD� SULSDGQRVW� QHPD� �GXSNL�� L�� VOHGVWYHQR�� α�SUHVHFLWH� VH� LQWHUYDOL
YJQH]GHQL�HGHQ�YR�GUXJ�NDNR�^WR�α�UDVWH�RG���NRQ����2YLH�LQWHUYDOL�EL�PRCHOH�GD�VH
WUHWLUDDW�NDNR�LQWHUYDOL�QD�GRYHUED�(intervals of confidence)� [3]��)0�QD�VOLNDWD���H
QHNRQYHNVQR�

AHVWRSDWL�� RG� SULaLQL� QD� SRHGQRVWDYXYDZH�� )%� VH� SUHWVWDYXYDDW� VR
WULDJROQD� LOL� WUDSH]RLGQD� IXQNFLMD� QD� SULSDGQRVW� NRL� VH�� YVX^QRVW�� VSHFLMDOQL
VOXaDL�QD�RS^WLRW�L-R�REOLN�QD�)%� [7]��2YGH�`H�ELGDW�NRULVWHQL�WUDSH]RLGQL�)%
NDNR�RQRM�^WR�H�SUHWVWDYHQ�QD�VOLNDWD���

(GHQ� WUDSH]RLGHQ� )%� PRCH� GD� VH� GHILQLUD� L� SUHNX� QHJRYLWH� NDUDNWHULV�
WLaQL� WRaNL� NDNR� SRGUHGHQD� aHWYRUND� [a1, a2, a3, a4]�� 7RM� PRCH� GD� VH� LQWHUSUHWLUD
NDNR� YHOLaLQD� NRMD� PRCH� GD� SRSULPL� YUHGQRVWL� SRPH_X� a1� L� a4�� QR� QDMPQRJX� VH
RaHNXYD�GHND�`H�ELGH�SRPH_X�YUHGQRVWLWH�a2�L�a3��1D�SULPHU��QHNRM�EL�PRCHO�GD�GDGH
SURFHQND�]D�NDPDWQDWD�VWDSND�NDNR�[8%, 9%, 10%, 11%]��^WR�EL�]QDaHOR�GHND�VSRUHG
QHJRYRWR� PLVOHZH� WDD� `H� ELGH� SRPH_X� 8% L 11%�� QR� QDML]JOHGQR� H� GHND� `H� ELGH
SRPH_X�9% L 10%��9R�SUHWKRGQLWH�L]UD]L�QDPHUQR�H�L]RVWDYHQ�]ERURW��QDMYHURMDWQR�
LDNR�UD]JRYRUQR�WRNPX�WRM�]ERU�EL�VH�XSRWUHELO���…QDMYHURMDWQR�`H�ELGH�SRPH_X�a2

L�a3�����…QDMYHURMDWQR�`H�ELGH�SRPH_X�9% L 10%�����9R�GDGHQLRW�NRQWHNVW�QHJRYDWD
XSRWUHED�EL�ELOD�QHSUHFL]QD��2YGH�QH�VWDQXYD�]ERU�]D�YHURMDWQRVW��probability���WXNX
]D�PRCQRVW��possibility���5D]OLNDWD�H�NYDOLWDWLYQD��2QD�^WR�H�PRCQR�QH�PRUD�GD�ELGH
L�YHURMDWQR��GRGHND�RQD�^WR�QH�H�PRCQR�QH�PRCH�GD�ELGH�L�YHURMDWQR�
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9R�VSHFLMDOQLRW�VOXaDM�NRJD�a2 = a3��RG�WUDSH]RLGQLRW�)%�VH�GRELYD�WULDJROHQ
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7UDGLFLRQDOQLRW� PDWHPDWLaNL� NRQFHSW� ]D� IXQNFLMD� H� SUR^LUHQ� L� YR� ID]L
GRPHQRW� VR� SRPR^� QD� W�QDU�� SULQFLS� QD� HNVWHQ]LMD� �extension principle� [7, 8]�� 6R
SULPHQDWD�QD�RYRM�SULQFLS�PRCH�GD�VH�SRNDCH�GHND�DULWPHWLaNLWH�RSHUDFLL�VR�)%
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9R� VSHFLMDOQLRW� VOXaDM� NRJD� HGQLRW� RG� )%� H� RELaHQ� UHDOHQ� EURM� k�
SUHWKRGQLWH�L]UD]L�VH�VYHGXYDDW�QD�

]ka,ka[k]a,a[]c,c[kAC 212121 ±±=±==±= αααααααα , (8)

]ka,ka[k]a,a[]c,c[kAC 212121 ⋅⋅=⋅==⋅= αααααααα , (9)

]b/k,b/k[]c,c[B/kC 1221
αααααα === . (10)

9R� JRUQLWH� L]UD]L� LPSOLFLWQR� H� SUHWSRVWDYHQR� GHND� LQWHUYDOLWH� Aα� L� Bα

VRGUCDW� VDPR� SR]LWLYQL� EURHYL�� *HQHUDOQR�� NRJD� WLH� VRGUCDW� SR]LWLYQL� L�LOL
QHJDWLYQL�EURHYL��L]UD]LWH�]D�SURL]YRGRW�L�NROLaQLNRW�QD�GYD�)%�VH�GDGHQL�VR�(11)
L�(12).
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2SHUDFLMDWD�YR������QH�H�GHILQLUDQD�DNR�LQWHUYDORW�Bα�MD�VRGUCL�QXODWD��SD
WDND��WRM�PRCH�GD�VRGUCL�VDPR�SR]LWLYQL�LOL�VDPR�QHJDWLYQL�EURHYL�



=ELURW� L� UD]OLNDWD�� NDNR� OLQHDUQL� RSHUDFLL�� JR� ]DGUCXYDDW� REOLNRW� QD
IXQNFLLWH� QD� SULSDGQRVW� L� UH]XOWLUDDW� VR� WUDSH]RLGHQ� )%� DNR� VH� L]YHGHQL� YU]
WUDSH]RLGQL�)%��*HQHUDOQR��RYD�QH�H�VOXaDM�VR�SURL]YRGRW�L�NROLaQLNRW��NDNR�L�VR
VLWH� RVWDQDWL� QHOLQHDUQL� WUDQVIRUPDFLL�� 6HSDN�� RG� SUDNWLaQL� SULaLQL�
UH]XOWDWLWH�YRRELaDHQR�VH�DSURNVLPLUDDW�VR�WUDSH]RLGQL��LOL�WULDJROQL��)%��1D

WRM�QDaLQ��SRWUHEQR�H�GD�VH�SUHVPHWDDW�VDPR�UH]XOWDQWQLWH�α�SUHVHFL�]D�α ���L�α ��
6SRPHQDWLRW� SULQFLS� QD� HNVWHQ]LMD� H� JHQHUDOHQ� L� PRCH� GD� VH� SULPHQL� YU]

VHNDNYD�IXQNFLMD� RG� HGHQ� LOL� SRYH`H� DUJXPHQWL� ]D� GD� VH� SUHVPHWD� IXQNFLMDWD� QD
SULSDGQRVW� QD� UH]XOWDQWQDWD� ]DYLVQD� SURPHQOLYD�� 2YD� PRCH� GD� VH� QDSUDYL� VR

SUHVPHWND� QD� SRHGLQLWH�α�SUHVHFL� QD� VOLaHQ� QDaLQ� NDNR� L� SRJRUH��1D� SULPHU�� VR
�����H�GDGHQ�α�SUHVHNRW�Cα�QD�UH]XOWDQWQLRW�)%�C

~
�GRELHQ�VR�VWHSHQXYDZH�QD�)%�A

~

QD�VWHSHQ�n, n�SULURGHQ�EURM�

{ } { }[ ]n
2

n
1

n
2

n
1 )a(,)a(max,)a(,)a(minC ααααα = (13)

9R� SUHWKRGQLRW� L]UD]� H� SUHWSRVWDYHQR� GHND� LQWHUYDORW� Aα� QH� MD� VRGUCL

QXODWD��9R�VSURWLYQR��GROQDWD�JUDQLFD�QD�LQWHUYDORW�Cα�`H�ELGH�QXOD�NRJD�n�H�SDUHQ
EURM�

9R� VSHFLMDOQLRW� VOXaDM� NRJD� )%� GHJHQHULUDDW� YR� RELaQL� UHDOQL� EURHYL�
QDUHaHQL�X^WH�L�ID]L�VLQJOWRQL��fuzzy singletons���VLWH�RSHUDFLL�L�IXQNFLL�JR�LPDDW
YRRELaDHQRWR� ]QDaHZH�� 9R� WDD� VPLVOD�� ID]L� DQDOL]DWD� L� ID]L� PDWHPDWLNDWD� JL
RSID`DDW�UHDOQDWD�L�LQWHUYDOQDWD�DQDOL]D�L�PDWHPDWLND�NDNR�VSHFLMDOQL�VOXaDL�

���� 3RGUHGXYDZH�QD�ID]L�EURHYL

0QRCHVWYRWR� QD� )%� QH� JR� SRVHGXYD� VYRMVWYRWR� QD� OLQHDUQR� SRGUHGXYDZH�
=DWRD�L� UDQJLUDZHWR� QD�)%�PRCH� GD� VH� L]YU^L� QD� UD]QL� QDaLQL�� YR� ]DYLVQRVW� RG
UD]OLaQRWR�YUHGQXYDZH�QD�QLYQLWH�SRHGLQL�NDUDNWHULVWLNL��,VFUSQD�GLVNXVLMD�QD
RYDD�WHPD�H�GDGHQD�YR�[10]�

9R�[3]�H�SUHGORCHQ�HGHQ�QDaLQ�]D�SRGUHGXYDZH�NRM�VH�VRVWRL�YR�SULPHQDWD�QD
VOHGQLWH�WUL�NULWHULXPL�VSRUHG�GDGHQLRW�UHGRVOHG�

�� �2WVWUDQXYDZH���removal��

�� 0HGLMDQD��median��

�� $PSOLWXGD��amplitude��

$NR� SULPHQDWD� QD� SUYLRW� NULWHULXP� ��RWVWUDQXYDZHWR��� QH� REH]EHGXYD
HGQR]QDaHQ� SRUHGRN� QD� )%�� WRJD^� VH� SULPHQXYDDW� YWRULRW� L� WUHWLRW� NULWHULXP�
VXNFHVLYQR�

9R� SURGROCHQLH� VH� GDGHQL� GHILQLFLLWH� QD� RYLH� WUL� NULWHULXPL� ]D
WUDSH]RLGQLRW�)%�SULNDCDQ�QD�VOLNDWD���

4

aaaa
Removal 4321 +++

= , (14)

2

aa
Median 32 +

= , (15)

14 aaAmplitude −= . (16)



�� 7(+1,.$�1$�$.78(/,=$&,-$

��� 7UDGLFLRQDOHQ�SULVWDS

.DNR� ^WR� H� SR]QDWR�� WHKQLNDWD� QD� DNWXHOL]DFLMD� MD� RGUHGXYD� VHJD^QDWD
�DNWXHOQDWD��YUHGQRVW�QD�GDGHQD�VXPD�QD�SDUL�F�NRMD�^WR�`H�VH�SRMDYL�YR�LGQLQD��n
JRGLQL�RG�PRPHQWRW�QD�UD]JOHGXYDZH��GHQHV���7DD�YUHGQRVW�R]QDaHQD�VR�P�H�GDGHQD�VR
VOHGQLRW�L]UD]�

n)i1(

F
P

+
= , (17)

NDGH�^WR�VR�i�H�R]QDaHQD�SULPHQHWDWD�VWDSND�QD�DNWXHOL]DFLMD��discount rate��
9R�VOXaDM�QD�SRYH`H�LGQL�VXPL�QD�SDUL��F1, F2, …,Fk,�UDVSUHGHOHQL�YR�JRGLQLWH

n1, n2, …,nk,� UHVSHNWLYQR�� YNXSQDWD� QLYQD� VHJD^QD� YUHGQRVW� P� `H� ELGH� ]ELU� RG
VRRGYHWQLWH�VHJD^QL�YUHGQRVWL��P1, P2, …,Pk,�L�`H�L]QHVXYD�

∑
= +

=
k

1j
n

j

j)i1(

F
P . (18)

��� )D]L�SULVWDS

)DNW�H�GHND�VXPLWH�QD�SDUL�NRL�VH�RaHNXYDDW�YR�LGQLQD�QHPRCH�RGQDSUHG�GD
ELGDW� SUHFL]QR�SR]QDWL��7LH� VRGUCDW� YR� VHEH� QHVLJXUQRVW��,VWRWDND��IDNW� H� GHND
VWDSNDWD� QD� DNWXHOL]DFLMD� H� LQKHUHQWQR� QHVLJXUQD� YHOLaLQD�� 1HM]LQDWD� YUHGQRVW
]DYLVL�RG�VHYNXSQRWR�HNRQRPVNR�RSNUXCXYDZH�L�QLNRM�SUHFL]QR�QH�PRCH�GD�MD�NDCH
QLWX� YR� VHJD^QLRW� PRPHQW� QD� YUHPH�� D� X^WH� SRPDONX� YR� LGQLQDWD�� =DWRD�� `H� MD
YRYHGHPH�VHJD�QHVLJXUQRVWD�YR�WHKQLNDWD�QD�DNWXHOL]DFLMD��NRULVWHM`L�JL�SUHWKRGQR
RSL^DQLWH�ID]L�EURHYL��W�H��`H�JL�SUHWVWDYLPH�LGQLWH�VXPL�QD�SDUL�L�VWDSNDWD�QD
DNWXHOL]DFLMD�VR�ID]L�EURHYL��1D�WRM�QDaLQ��NDNR�UH]XOWDW�`H�GRELHPH�ID]L�YNXSQD
VHJD^QD�YUHGQRVW��GDGHQD�VR�

∑
= +

=
k

1j
n

j

j)i
~

1(

F
~

P
~

. (19)

(GLQVWYHQL�SDUDPHWUL�NRL�VH�RVWDYHQL�NDNR�RELaQL�UHDOQL�EURHYL�YR������VH
JRGLQLWH�QD�SRMDYXYDZH�QD�LGQLWH�VXPL�QD�SDUL��2ELaQR�VH�WLH�SRPDONX�QHVLJXUQL
LOL� VH� SUHWKRGQR� VWURJR� GHILQLUDQL� LOL�� SDN�� VH� UHGRYQL�� =DWRD�� WLH� RYGH� QH� VH
ID]LILFLUDQL��D�L�RG�SULaLQL�GD�VH�]DGUCL�HGQRVWDYQRVWD�QD�DQDOL]DWD��6HSDN��RYD
RVWDQXYD�SUHGPHW�QD�SRQDWDPR^HQ�LQWHUHV�

�� 35,0(5

=D� LOXVWUDFLMD�� `H� JR� SULPHQLPH� SUHWKRGQR� L]QHVHQLRW� NRQFHSW� YU]� HGHQ
HGQRVWDYHQ�� QR� YR� SUDNVD� QDMaHVWR� VUH`DYDQ�� SUREOHP� NRM� VRGUCL� GYH� DOWHUQDWLYL�
$OWHUQDWLYDWD� $� H� GD� VH� LQYHVWLUD� YR� VLVWHPRW� VR� ^WR� `H� VH� QDPDODW� QHJRYLWH
RSHUDWLYQL�WUR^RFL��$OWHUQDWLYDWD�%�H�GD�VH�RVWDYL�VHJD^QDWD�VRVWRMED��W�H��GD�QH
VH� QDSUDYL� QL^WR� �do-nothing alternative��� 3HULRGRW� QD� UD]JOHGXYDZH� L]QHVXYD� ��



JRGLQL�� 1D^DWD� FHO� H� GD� JL� QDMGHPH� YNXSQLWH� DNWXHOL]LUDQL� WUR^RFL� QD� GYHWH
DOWHUQDWLYL�L�GD�MD�L]EHUHPH�RQDD�^WR�H�SRHNRQRPLaQD��3UREOHPRW�`H�JR�UH^LPH�QD
RELaHQ�L�ID]L�QDaLQ�

���� 2ELaQD�SUHVPHWND

9R� WDEHODWD� I� VH� SULNDCDQL� WUR^RFLWH� YR� SDULaQL� HGLQLFL� �S�H��� ]D� GYHWH
DOWHUQDWLYL��D�YR�WDEHODWD�II �SUHWSRVWDYHQLWH�HNRQRPVNL�SDUDPHWUL�YR�RYRM�VOXaDM�

7$%(/$ I� 752^2&, �3�(�� =$ '9(7( $/7(51$7,9, –2%,a(1 6/8a$-
,QYHVWLFLRQL 2SHUDWLYQL

$OWHUQDWLYD $ ��������� �������
$OWHUQDWLYD % � �������

7$%(/$ II � (.21206., 3$5$0(75, –2%,a(1 6/8a$-
(IHNWLYQD VWDSND QD DNWXHOL]DFLMD ������JRG�

5HDOQD VWDSND QD HVNDODFLMD �����JRG�

9R� WDEHODWD� III �� NDNR� L� QD� VOLNDWD� ��� VH� SULNDCDQL� UH]XOWDWLWH� ]D
NXPXODWLYQLWH�DNWXHOL]LUDQL�WUR^RFL�]D�GYHWH�DOWHUQDWLYL�

7$%(/$ III � .808/$7,91, 752^2&, �3�(�� –2%,a(1 6/8a$-
*RG� $OWHUQDWLYD $ $OWHUQDWLYD %

0 1,000,000 0
1 1,096,364 192,727
2 1,189,223 378,446
3 1,278,706 557,412
4 1,364,935 729,870
5 1,448,028 896,056
6 1,528,100 1,056,200
7 1,605,260 1,210,520
8 1,679,614 1,359,228
9 1,751,264 1,502,529

10 1,820,309 1,640,619
11 1,886,844 1,773,687
12 1,950,958 1,901,917
13 2,012,742 2,025,483
14 2,072,278 2,144,557
15 2,129,650 2,259,300
16 2,184,935 2,369,871
17 2,238,211 2,476,421
18 2,289,548 2,579,097
19 2,339,019 2,678,039
20 2,386,691 2,773,383

.XPXODWLYQL WUR^RFL �S�H��

���(��

���(��

���(��

���(��

���(��

���(��

� � �� �� ��
JRGLQL

$OWHUQDWLYD $

$OWHUQDWLYD %

6OLND �� .XPXODWLYQL DNWXHOL]LUDQL WUR^RFL ]D DOWHUQDWLYLWH $ L %6OLND �� .XPXODWLYQL DNWXHOL]LUDQL WUR^RFL ]D DOWHUQDWLYLWH $ L % – RELaHQ VOXaDM�RELaHQ VOXaDM�



2G� GRELHQLWH� UH]XOWDWL� H� RaLJOHGQR� GHND�� YR� WHNRW� QD� UD]JOHGXYDQLRW
YUHPHQVNL� SHULRG�� DOWHUQDWLYDWD� $� H� SRSRJRGQD� RG� DOWHUQDWLYDWD� %� SRUDGL
SRPDOLWH� YNXSQL� DNWXHOL]LUDQL� WUR^RFL�� 7RaNDWD� QD� YNUVWXYDZH� YR� NRMD� L� GYHWH
DOWHUQDWLYL�VH�HGQDNYL�RG�HNRQRPVNL�DVSHNW�H�RNROX�����JRGLQD�

���� )D]L�SUHVPHWND

9R� RYRM� VOXaDM� MD� XYDCXYDPH� QHVLJXUQRVWD� QD� SRGDWRFLWH� GHILQLUDM`L� JL� VR
)%��9R�WDEHODWD� IV �VH�GDGHQL�QHVLJXUQLWH�WUR^RFL��GHILQLUDQL�NDNR�WUDSH]RLGQL
)%�]D�GYHWH�DOWHUQDWLYL��1HVLJXUQLWH�HNRQRPVNL�SDUDPHWUL��LVWRWDND�GHILQLUDQL
VR�WUDSH]RLGQL�)%��VH�GDGHQL�YR�WDEHODWD�V�

5H]XOWDWLWH� RG� SUHVPHWNLWH� ]D� NXPXODWLYQLWH� DNWXHOL]LUDQL� WUR^RFL� VH
GDGHQL�YR�WDEHODWD�VI ��7LH�VH�VHJD�YR�IRUPD�QD�)%�L�YR�WDEHODWD�VH�GDGHQL�GROQLWH�L
JRUQLWH� JUDQLFL� QD� α�SUHVHFLWH� ]D� α �� L� α ��� 2YLH� WRaNL� VH� LVWRYUHPHQR� L
NDUDNWHULVWLaQLWH�WRaNL�RG�WUDSH]RLGQLWH�DSURNVLPDFLL�QD�WLH�)%�

7$%(/$ IV � 752^2&, �3�(�� =$ '9(7( $/7(51$7,9, –)$=, 6/8a$-
,QYHVWLFLRQL

$OWHUQDWLYD $ [850,000; 900,000; 1,100,000; 1,150,000]
$OWHUQDWLYD % 0

2SHUDWLYQL

$OWHUQDWLYD $ [90,000; 95,000; 105,000; 110,000]
$OWHUQDWLYD % [185,000; 190,000; 210,000; 215,000]

7$%(/$ V� (.21206., 3$5$0(75, –)$=, 6/8a$-
(IHNWLYQD VWDSND QD DNWXHOL]DFLMD [8.0%; 9.0%; 11.0%; 12.0%]/JRG�

5HDOQD VWDSND QD HVNDODFLMD [4.0%; 5.0%; 7.0%; 8.0%]/JRG.

7$%(/$ VI � .808/$7,91, 752^2&, �3�(�� –)$=, 6/8a$-
$OWHUQDWLYD $ $OWHUQDWLYD %

*RG� α = 0 α = 1 α = 1 α = 0 α = 0 α = 1 α = 1 α = 0
0 850,000 900,000 1,100,00 1150000 0 0 0 0
1 933,571 989,865 1,203,07 1,260,00 171,786 179,730 206,147 215,000
2 1,011,17 1,074,87 1,304,25 1,370,00 331,301 349,744 408,511 430,000
3 1,083,23 1,155,28 1,403,58 1,480,00 479,422 510,569 607,162 645,000
4 1,150,14 1,231,35 1,501,08 1,590,00 616,964 662,700 802,168 860,000
5 1,212,27 1,303,30 1,596,79 1,700,00 744,681 806,608 993,597 1,075,00
6 1,269,97 1,371,36 1,690,75 1,810,00 863,275 942,738 1,181,51 1,290,00
7 1,323,54 1,435,75 1,782,99 1,920,00 973,398 1,071,50 1,365,98 1,505,00
8 1,373,29 1,496,66 1,873,53 2,030,00 1,075,65 1,193,31 1,547,06 1,720,00
9 1,419,48 1,554,27 1,962,41 2,140,00 1,170,60 1,308,54 1,724,82 1,935,00
10 1,462,37 1,608,77 2,049,66 2,250,00 1,258,77 1,417,54 1,899,32 2,150,00
11 1,502,20 1,660,32 2,135,30 2,360,00 1,340,65 1,520,64 2,070,61 2,365,00
12 1,539,19 1,709,09 2,219,38 2,470,00 1,416,67 1,618,18 2,238,77 2,580,00
13 1,573,53 1,755,22 2,301,92 2,580,00 1,487,27 1,710,44 2,403,84 2,795,00
14 1,605,42 1,798,85 2,382,94 2,690,00 1,552,82 1,797,71 2,565,88 3,010,00
15 1,635,04 1,840,13 2,462,47 2,800,00 1,613,69 1,880,27 2,724,94 3,225,00
16 1,662,53 1,879,18 2,540,54 2,910,00 1,670,21 1,958,36 2,881,09 3,440,00
17 1,688,07 1,916,11 2,617,18 3,020,00 1,722,70 2,032,23 3,034,37 3,655,00
18 1,711,77 1,951,05 2,692,42 3,130,00 1,771,43 2,102,11 3,184,84 3,870,00
19 1,733,79 1,984,10 2,766,27 3,240,00 1,816,69 2,168,21 3,332,55 4,085,00
20 1,754,23 2,015,37 2,838,77 3,350,00 1,858,71 2,230,74 3,477,55 4,300,00

1D�VOLNDWD���VH�SULNDCDQL�UH]XOWDWLWH�RG�WDEHODWD�VI ��6LYLWH�SRYU^LQL�JL
SUHWVWDYXYDDW� SUHVHFLWH� ]D� α ��� D� FUQLWH� SUHVHFLWH� ]D� α ��� 2aLJOHGQR� H
]JROHPXYDZHWR�QD�QHVLJXUQRVWD�YR�UH]XOWDWLWH�VR�LVWHNRW�QD�YUHPHWR�



.XPXODWLYQL WUR^RFL �S�H��
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� � �� �� ��
JRGLQL

6OLND ��6OLND �� .XPXODWLYQL DNWXHOL]LUDQL WUR^RFL ]D DOWHUQDWLYLWH $ L %.XPXODWLYQL DNWXHOL]LUDQL WUR^RFL ]D DOWHUQDWLYLWH $ L % –ID]L VOXaDM�ID]L VOXaDM�

,�YR�RYRM�VOXaDM��SRYWRUQR��DOWHUQDWLYDWD�$�H�SRSRJRGQD�RG�DOWHUQDWLYDWD�%�
ELGHM`L�)%�^WR�JL�SUHWVWDYXYD�YNXSQLWH�DNWXHOL]LUDQL�WUR^RFL�]D�$�H�SRPDO�RG

LVWLRW�]D�%��(GHQ�)%�H�SRPDO�RG�GUXJ�)%��DNR�]D�VHNRM�α�SUHVHN�LPD�SRPDOL�GROQL�L
JRUQL� JUDQLFL��� 0H_XWRD�� VHJD� QLH� VPH� VLJXUQL� YR� RYRM� ]DNOXaRN�� YR� HGHQ� ^LURN
RSVHJ�QD�PRCQL�VFHQDULMD�]DGDGHQ�VR�QHVLJXUQLWH�YOH]QL�SRGDWRFL��9R�SUHWKRGQLRW
VOXaDM�� ]D� YDNYDWD� SRWYUGD� `H� WUHED^H� GD� VH� QDSUDYL� DQDOL]D� QD� RVHWOLYRVW� QD
UH]XOWDWLWH�YR�RGQRV�QD�YDULMDFLMDWD�QD�YOH]QLWH�SRGDWRFL��7DND��VR�SULPHQDWD�QD
)%�L�QD�ID]L�PDWHPDWLNDWD��DQDOL]DWD�QD�RVHWOLYRVW�VH�YU^L�VLPXOWDQR�VR�VDPLWH
SUHVPHWNL�

AHVWRSDWL�� ]DUDGL� VSRPHQDWRWR� RWVXVWYR� QD� OLQHDUQR� SRGUHGXYDZH� QD
PQRCHVWYRWR�QD�)%��UH]XOWDWLWH�QHPD�GD�QH�GRYHGXYDDW�GR�VLWXDFLMD�YR�NRMD�HGHQ�)%
H� MDVQR�SRPDO�RG�GUXJLWH��9R�WDNYLWH�VOXaDL��PRCH�GD�VH�XSRWUHEL�NULWHULXPRW�]D
SRGUHGXYDZH�RSL^DQ�YR�SRJODYLHWR�����

���=$./8A2.

)D]L�EURHYLWH�L�ID]L�PDWHPDWLNDWD�RYR]PRCXYDDW�QDaLQ� QD� YNOXaXYDZH� QD
VHNRJD^�SULVXWQDWD� QHVWDWLVWLaND� QHVLJXUQRVW� YR� VHNRMD� HNRQRPVND� DQDOL]D�� 7LH
SUHWVWDYXYDDW� SUR^LUXYDZH� QD� LQWHUYDOQLWH� EURHYL� L� LQWHUYDOQDWD� PDWHPDWLND�
$NR� LQWHUYDOQDWD� DQDOL]D� SUHWVWDYXYD� SUR^LUXYDZH� QD� RELaQDWD� UHDOQD� DQDOL]D
YR� ^LURaLQD�� ID]L� DQDOL]DWD� PRCH� GD� VH� SUHWVWDYL� NDNR� QHM]LQR� SRQDWDPR^QR
SUR^LUXYDZH�L�LQWHJUDFLMD�YR�GODERaLQD�

5H]XOWDWLWH�GRELHQL�VR�ID]L�DQDOL]DWD�LQWHJUDOQR�JL�VRGUCDW�VLWH�UH^HQLMD
]D� YNOXaHQLWH� QHVLJXUQRVWL�� 0H_XWRD�� NRONX� VH� SRGDWRFLWH� SRQHVLJXUQL� WRONX� VH
SRQHVLJXUQL�L��JHQHUDOQR��SRPDONX�XSRWUHEOLYL�L�UH]XOWDWLWH��=DWRD��RYRM�SULVWDS
QH�WUHED�GD�VH�UD]EHUH�NDNR�UH^HQLH�QD�VLWH�SUREOHPL�RG�DVSHNW�QD�QHVLJXUQRVWD�
$QDOLWLaDURW�WUHED�QHVLJXUQRVWD�GD� MD�VPDOL�NRONX�^WR�H�WRD�YR]PRCQR��RGQRVQR
GD� YNOXaL� NRONX� ^WR� H� PRCQR� SRYH`H� LQIRUPDFLL� YR� DQDOL]DWD�� ]D� GD� GRELH
NYDOLWHWQR�UH^HQLH�

�
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3UHGORJRW�QD�QRYLRW�WDULIHQ�VLVWHP�VH�RaHNXYD�VWLPXODWLYQR�GD�YOLMDH�YU]
UDFLRQDOQDWD� SRWUR^XYDaND� QD� HOHNWULaQDWD� HQHUJLMD�� 9R� QHJR� VR� SRSRJRGQL
WDULIQL� REOLFL� L� VWLPXODWLYQL� RGQRVL� YR� WDULIQLWH� VWDYRYL� ]D� HOHNWULaQD
PR`QRVW� �KW)� L� HOHNWULaQD� HQHUJLMD� �KWh) PX� VH� GDYD�PRCQRVW� QD� NRULVQLNRW� GD
RVWYDUL� QDPDOHQL� WUR^RFL�� 3UL� WRD� SRWUR^XYDaNDWD� QD� HOHNWULaQD� HQHUJLMD� VH
SULODJRGXYD�NRQ�SURL]YRGQLWH�PRCQRVWL�QD�((6�

7DND� NRULVQLFLWH� L� LVSRUDaXYDaLWH� QD� HOHNWULaQD� HQHUJLMD� Y]DHPQR� EL
RVWYDULOH� QDPDOHQL� YNXSQL� WUR^RFL� SR� KWh�� VR� ^WR� EL� VH� QDPDOLOH
LQYHVWLFLRQLWH�WUR^RFL�L�EL�VH�VR]GDOH�PRCQRVWL�]D�SRVLJXUQR�IXQNFLRQLUDZH�QD
(OHNWUR�(QHUJHWVNLRW�6LVWHP�QD�5HSXEOLND�0DNHGRQLMD�

A NEW TARIFF SYSTEM PROPOSAL FOR ELECTRICITY SELLING

CONTENTS

We expect that the new Tariff System proposal for electricity selling will have a
stimulating impact on the electricity consumption. It contains the more favorable tariff forms and
stimulating relations in the tariff rates as regards to the electric power (kW) and electric energy
(kWh) which shall give the user an opportunity to reduce the costs per kWh. Thus, electricity
consumption is adjusted to the generation capabilities of the electric power system and its rational
use.

This way the users and electricity producers achieve jointly reduced costs per kWh which
results in investment costs reduction and at the same time development of opportunities for a
more reliable operation of the electric power system in Republic of Macedonia.



929('

3RVWRMQLRW� WDULIHQ� VLVWHP� ]D� SURGDCED� QD� HOHNWULaQD� HQHUJLMD�� NRM� H� YR
SULPHQD�RG������JRGLQD��H�ED]LUDQ�QD�SURVHaQLWH�RGQRVL�QD�QLYR�QD�DVRFLMDFLMDWD�QD
HOHNWURVWRSDQVNLWH� SUHWSULMDWLMD� QD� 5HSXEOLNLWH� QD� SRUDQH^QD�6)5-�� RG� DVSHNW
QD� VWUXNWXUDWD� QD� SURL]YRGWYRWRWR�� SRWUR^XYDaNDWD� NDNR� L� WUR^RFLWH� YR
SURL]YRGVWYRWR��SUHQRVRW�L�GLVWULEXFLMDWD�

3R�RVDPRVWRMXYDZHWR�QD�0DNHGRQLMD�VSRPHQDWLWH�VWUXNWXUQL�RGQRVL�]QDaDMQR�VH
L]PHQLMD�L�WRD�SRG�GHMVWYR�QD�VOHGQLYH�QHNRONX�SURPHQL�

• 2GQRVRW� YR� SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD� RG� ������ �+(&�7(&�� VH
SURPHQL�QD�������YR�SRO]D�QD�7(&�

• =DYU^L����JRGL^QLRW�GRJRYRU�]D�NRULVWHZH�QD�����MW�NDSDFLWHW�YR�7(�.RVRYR
VR�JRGL^QR�SURL]YRGVWYR�RG������GWh� ]D�SRWUHELWH�QD�VNRSVNDWD�#HOH]DUQLFD
NDNR� L� GRJRYRURW� QD� ���� MW� JDUDQWLUDQD� HOHNWULaQD� PR`QRVW� VR� ���� MWh
JRGL^QD�HOHNWULaQD�HQHUJLMD�RG�=(3�%HOJUDG�

• 3RWUHELWH� QD� VNRSVNDWD� #HOH]DUQLFD� VR� ���� PLOLRQL� KWh� NDNR� L
UHVWDUWLUDZHWR� QD� )HQLPDN�.DYDGDUFL� VR� ���� PLOLRQL� KWh�� VH� SUHQHVRD� YR
(OHNWURHQHUJHWVNLRW� ELODQV� QD� 50� SUHGL]YLNXYDM`L� ELWQL� SURPHQL� YR
VWUXNWXUDWD�QD�SRWUR^XYDaNDWD�

• 2G� ����� JRGLQD� VH� VR]GDGH� HNRQRPVNR�WHKQLaNR� HGLQVWYR� YR� WULWH� GHMQRVWL
�SURL]YRGVWYR��SUHQRV�L�GLVWULEXFLMD��QD�QLYR�QD�50�

• 1HVRRGYHWHQ�H�RGQRVRW�QD�UHODWLYQLWH�RGQRVL�QD�YUHGQXYDZH�QD�WUR^RFLWH��SR
QDSRQVNL�QLYRL�

• ,PD�GYRMQL�WDULIQL�VWDYRYL�]D�LVWR�QDSRQVNR�QLYR�RGQRVQR�SRWUR^XYDaL�RG�LVWD
NDWHJRULMD�����KV��LWQ�

2G�L]QHVHQLWH�L]PHQL�VH�RFHQL�GHND�H�QHRSKRGQR�GD�VH�GRQHVH�QRY�WDULIHQ�VLVWHP
]D�SURGDCED�QD�HOHNWULaQD�HQHUJLMD�YR�5HSXEOLNDWD�

6RJODVQR� QRYLRW� =DNRQ� ]D� HQHUJHWLND�� 7DULIQLRW� VLVWHP� JR� L]JRWYXYD
0LQLVWHUVWYRWR� QDGOHCQR� ]D� UDERWLWH� YR� HQHUJHWLNDWD�� D� LVWLRW� JR� GRQHVXYD
9ODGDWD�QD�5HSXEOLND�0DNHGRQLMD�

3RMGRYQL�RVQRYL�YR�L]UDERWNDWD�QD�QRYLRW�WDULIHQ�VLVWHP�VH�

• 2VWYDUHQLWH�L�LGQLWH�HOHNWURHQHUJHWVNL�ELODQVL�QD�50�
• (NRQRPVNR�ILQDQVLVNLWH�UH]XOWDWL�QD�LVSRUDaXYDaRW�QD�HQHUJLMD�
• 5HDOQRWR� YUHGQXYDZH�QD� WUR^RFLWH� ]D� SURL]YRGVWYR�� SUHQRV� L� GLVWULEXFLMD� QD

HOHNWULaQDWD� HQHUJLMD� �QDSRQVNL� QLYRL�� NDWHJRULL� L� VO��� RGQRVQR� XSRWUHED� QD
5($/(1�752>.29(1�35,1&,3�

• 5DVSRORCOLYLWH� WHKQLaNL� VUHGVWYD� ]D� PHUHZH� L� UHJLVWULUDZH� QD� 7DULIQLWH
HOHPHQWL�

• ,VNXVWYR�YR�GRVHJD^QLRW�SHULRG�YR�QD^DWD�VUHGLQD�L�YR�VWUDQVNLWH�]HPML�LWQ�

6R�UH^HQLMDWD�YJUDGHQL�YR�QRYLRW�WDULIHQ�VLVWHP��YR�RVQRYD�VH�XWYUGXYD�LVW
WUHWPDQ� QD� VLWH� SRWUR^XYDaL�QD� HOHNWULaQD� HQHUJLMD�� SUL�^WR�LVWLWH� JL� SOD`DDW



WUR^RFLWH� VRJODVQR� QD� QDSRQVNRWR� QLYR� QD� NRH� VH� SULNOXaHQL� L� UHCLPRW� QD
NRULVWHZH�QD�HOHNWULaQDWD�HQHUJLMD�

2aHNXYDPH�1RYLRW�WDULIHQ� VLVWHP�GD�RYR]PRCL�SRGREUR�SULODJRGXYDZH�QD
SRWUR^XYDaNDWD� QD� HOHNWULaQD� PR`QRVW� L� HOHNWULaQD� HQHUJLMD� YR� RGQRV� QD
PRCQRVWLWH� QD� SURL]YRGVWYRWR� L� VRRGYHWQDWD� QDEDYND� QD� HO�� HQHUJLMD�� RGQRVQR
SRGREUR�LVNRULVWXYDZH�QD�SURL]YRGVYHQLWH�REMHNWL�L�UHVXUVL��1D�RYRM�QDaLQ�EL�VH
QDPDOLOH� LQYHVWLFLRQLWH� WUR^RFL� YR� ((6� �� YNXSQLWH� WUR^RFL� D� VR� WRD� L
WUR^RFLWH� SR� KWh�� 6HWR� WRD� `H� GRSULQHVH� ]D� ]JROHPXYDZH� QD� VLJXUQRVWD� QD
IXQNFLRQLUDZHWR�QD�((6�QD�5HSXEOLNDWD�

32=1$A$-1,� ,=0(1,� 1$35$9(1,� 92� 35('/2*27� 1$� 129,27
7$5,)(1�6,67(0�=$�352'$#%$�1$�(/(.75,A1$�(1(5*,-$

M� 1HUDPQRPHUQRWR� RSWRYDUXYDZH� QD� VLVWHPRW� SR� PHVHFL� YR� WHNRW� QD� JRGLQDWD
QDODJD� L]PHQL� QD� GRVHJD^QRWR� UH^HQLH� VR� GYH� VH]RQL� 9,62.$�=,06.$� L
1,6.$�/(71$�VR�SR�^HVW�PHVHFL�L�RGQRV����������,PHQR�� ]DEHOHCDQR�H� GHND� � YR
PHVHFLWH�-DQXDUL�L�'HNHPYUL��VOLND�����GRD_D�GR�]JROHPXYDZH�QD�SRWUR^XYDaNDWD�QD
HO��HQHUJLMD�GXUL�L�]D�����SDWL�YR�RGQRV�QD� �OHWQL�PHVHFL��RG�$SULO�GR�2NWRPYUL��
2YDD� SRMDYD� SRWHNQXYD� JODYQR� RG� NRULVWHZHWR� QD� HO�� HQHUJLMD� ]D� JUHHZH� YR
GRPD`LQVWYDWD�L�YR�PDORWR�VWRSDQVWYR�]D�YUHPH�QD�QDMODGQLWH�]LPVNL�PHVHFL�

6OLND����'LMDJUDP�QD�SURVHaHQ�YNXSHQ�NRQ]XP�YR�SHULRGRW������������JRG��

1RYLRW�SUHGORJ�H�YRYHGXYDZH�QD�75,�6(=21,�L�WRD�

9,62.$�6(=21$����–� YR�PHVHFLWH�-DQXDUL�L�'HNHPYUL�
65('1$�6(=21$�����–� YR�)HYUXDUL��0DUW��2NWRPYUL�L�1RHPYUL�L
1,6.$�6(=21$�������–� YR�RVWDQDWLWH�^HVW�PHVHFL��RG�$SULO�GR�2NWRPYUL�
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VR�YRYHGXYDZH�QD�QRYL�SRVRRGYHWQL�RGQRVL�]D�WDULIQLWH�HOHPHQWL�SRPH_X�VH]RQLWH�

9,62.$���65('1$���1,6.$� ����������������

6R� GYRMQR� SRYLVRNL� FHQL� YR� 9,62.$7$� 6(=21$� L� ���� SRYLVRNL� YR
65('1$7$�6(=21$�YR�RGQRV�QD�1,6.$7$�6(=21$�VH�RaHNXYD�QDPDOXYDZH�QD
SRWUR^XYDaNDWD�SRVHEQR�]D� JUHHZHWR�L�QDVRaXYDZH�QD�LQWHQ]LWHWRW�QD�NRULVWHZH
QD� LQGXVWULVNLWH� NDSDFLWHWL� YR� RYRM� YUHPHQVNL� LQWHUYDO�� SRUHDOQR� YUHGQXYDZH
NDNR� UH]XOWDW� QD� WUR^RFLWH� SUHGL]YLNDQL� VR� WDD� SRWUR^XYDaND�� QDPDOXYDZH� QD
YUYQLWH�RSWHUHWXYDZD�NRL�SUHGL]YLNXYDDW�YLVRNL�QDSUHJDZD�QD�((6��L]EHJQXYDZH
QD� PRCQL� UHGXNFLL� QD� SRWUR^XYDaNDWD� QD� HO�� HQHUJLMD�� XYR]� QD� VNDSD� HOHNWULaQD
HQHUJLMD� LOL� SURL]YRGVWYR� QD� VNDSD� HO�� HQHUJLMD� RG� 7(� 1HJRWLQR� NDNR� L
VXSVWLWXLUDZH�QD�HO��HQHUJLMD�VR�GUXJL�HQHUJHQWL�

M$QDOL]LWH�QD�RVWYDUHQLWH�GQHYQL�GLMDJUDPL�QD�RSWHUHWXYDZDWD�QDODJDD�L]PHQL�L
YR�YUHPHWUDHZHWR�QD�'1(91,7(�7$5,)1,�67$929,��6OLND���L����

6OLND���L����'QHYHQ�GLMDJUDP�]D�YNXSQLRW�NRQ]XP

9R� GRVHJD^QLWH� 1,6.,� GQHYQL� WDULIQL� VWDYRYL� RG� ������ GR� ������ aDVRW
������–������� VH� RVWYDUXYDDW� YLVRNL� RSWHUHWXYDZD�� ^WR� SRVRaXYD� QD� SRWUHEDWD� RG
SURPHQD�QD�GRVHJD^QLRW�RGQRV�������aDVRYL�9,62.$���1,6.$�GQHYQD�WDULID��6H
SUHGODJD�QRYLRW�RGQRV�GD� H� ����� YR� SRO]D� QD�9,62.$7$�WDULID�� RGQRVQR� VDPR� �
aDVD� RG� GRVHJD^QDWD�1,6.$�GQHYQD� WDULID� L� WRD� RG� ������ �������� SRPLQXYDDW� YR
9,62.$�GQHYQD�WDULID�

1DMJROHPD�GQHYQD�SRWUR^XYDaND�D�VR�WRD�L�VDDWQL�RSWHUHWXYDZD�YR�VLVWHPRW
VH� RVWYDUXYDDW� YR� 1HGHOLWH� SD� ]DWRD� VH� SUHGODJD� RYRM� GHQ� GD� VH� WUHWLUD� NDNR
UDERWQLWH�GHQRYL�VR�RGQRV������aDVRYL�9,62.$���1,6.$�GQHYQD�WDULID�
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6H�RaHNXYD�RYLH�L]PHQL�GD�GRYHGDW�GR�QDPDOXYDZH�QD�RSWHUHWXYDZHWR�YR�WLH
aDVRYL� YR� UDERWQLWH� GHQRYL� L� YR� 1HGHOD�� NDNR� L� GR� QDVRaXYDZH� QD� WHUPLaNDWD
SRWUR^XYDaND� �RG� 7$� L� ERMOHULWH�� YR� QR`QLWH� aDVRYL� NRJD� HJ]LVWLUDDW� QLVNLWH
RSWHUHWXYDZD�� 7RD� `H� RYR]PRCL� L� SRPDOR� DQJDCLUDZH� QD� KLGURHOHNWUDQLWH� D
VRRGYHWQR�SRJROHPR�DQJDCLUDZH�QD�WHUPRHOHNWUDQLWH�YR�QR`QLWH�aDVRYL�VR�^WR�VH
L]EHJQXYD�QLYQRWR�SRWLVQXYDZH��^WR�VHJD�YR�HOHNWURHQHUJHWVNLRW�VLVWHP�QH�aLQL�

M3RQHNRJD^�YR�WHNRW�QD�GHQRW�SRVHEQR�YR�]LPVNLWH�PHVHFL�VH�SRMDYXYDDW�HNVWUHPQR
YLVRNL�RSWHUHWXYDZD�QD�VLVWHPRW�L�WRD�RG�������������aDVRW��6R�FHO�GD�VH�SRVWLJQH
SRUDPQRPHUQR�UDVSRUHGXYDZH�QD�SRWUR^XYDaNDWD�YR�GQHYQLRW�GLMDJUDP�VH�SUHGODJD
YRYHGXYDZH�L�QD�75(7$�GQHYQD�WDULID��]D�^WR�H�SRWUHEQR�GD�VH�YJUDGL�QRYD�PHUQD
JDUQLWXUD� �QRYR� EURLOR� L� QRY� YNORSHQ� aDVRYQLN��� 9RYHGXYDZHWR� QD� WURWDULIQR
PHUHZH�H�PRCQRVW�YR�QRYLRW�WDULIHQ�VLVWHP��LVNOXaLYR�SR�L]ERU�QD�SRWUR^XYDaRW
VR�WDULIQL�VWDYRYL�YR�RGQRV�

9,62.$���65('1$���1,6.$�GQHYQD�WDULID� ����������������

SUL�^WR�LVWR�VR�FHO�GD�VH�QDVRaL�SRWUR^XYDaNDWD�]D�WHUPLaNLWH�SRWUHEL�YR�QLVNL
RSWHUHWXYDZD�YR�WHNRW�QD�GHQRW�VH�SRGHOHQL�SR�VOHGQDWD�^HPD�

����9,62.$� ���RG�������aDVRW� ������������VDDWD�
����65('1$���������RG������L�RG�������aDVRW� �����������VDDWD�
����1,6.$���� ����RG�������aDVRW� ������������VDDWD�

M6R�L]PHQDWD�YR�VWUXNWXUDWD�QD�SURL]YRGVWYRWR�QD�HOHNWULaQDWD�HQHUJLMD���������
YR�NRULVW�QD�7(&�GRD_D�L�GR�L]PHQL�YR�RGQRVRW�SRPH_X�SRVWRMDQLWH�L�SURPHQOLYLWH
WUR^RFL�YR�((6��3UL�GRVHJD^QLRW�RGQRV�������XSRWUHEXYDQ�YR�SRVWRMQLRW�WDULIHQ
VLVWHP� D� VR� ILQDQVRYL� DQDOL]L� QD� RVWYDUXYDZDWD� GRMGHQR� H� GR� ]DNOXaRN� GHND
SRVWRMDQL�SURPHQOLYL�WUR^RFL�VH�YR�RGQRV����������]JROHPHQL�SRVWRMDQL�WUR^RFL��

M2SUHGHOEDWD�]D�SRJROHPD�VLJXUQRVW�YR�RGUCXYDZHWR�L�IXQNFLRQLUDZHWR�QD�((6�
SRVRaXYD�QD�SRWUHEDWD�RG�]JROHPXYDZH�QD�XaHVWYRWR�QD�YUHGQRVWD�QD�DQJDCLUDQDWD
PR`QRVW� YR� YNXSQDWD� YUHGQRVW� QD� HOHNWULaQDWD� HQHUJLMD� L� WRD� NDNR� YR� 9LVRNLRW
WDND�L�QD�1LVNLRW�QDSRQ��7DND�VH�SUHGODJD�YR�QRYLRW�WDULIHQ�VLVWHP�XaHVWYRWR�QD
YUHGQRVWD� QD� PR`QRVWD� YR� YNXSQDWD� YUHGQRVW� QD� HOHNWULaQDWD� HQHUJLMD� GD� H
]DVWDSHQR�

����]D�9,62.,27�QDSRQ�VR�����������GRVHJD�����
��]D��1,6.,27���QDSRQ�VR�����������GRVHJD�����

M9R�QRYLRW�WDULIHQ�VLVWHP�VH�YJUDGHQL�SRYH`H�UH^HQLMD� ]D�PHUHZH�QD�WDULIQLRW
HOHPHQW� (/(.75,A1$� 02@1267� �KW��� NRMD� MD� DQJDCLUDDW� SRWUR^XYDaLWH
SRVHEQR� NDM� NDWHJRULMDWD� GRPD`LQVWYD� L� II�ULRW� WDULIHQ� VWHSHQ� QD� ���� KV �QDSRQ
�]DVHJD� HGLQVWYHQ� WDULIHQ� HOHPHQW� NRM� XaHVWYXYD� YR� IRUPLUDZHWR� QD� FHQDWD� QD
SRWUR^XYDaNDWD� EH]� GD� VH� PHUL��� 'RVHJD^QLRW� QDaLQ� QD� YUHGQXYDZHWR�� SR� SDW� QD
SUHVPHWND� QD� ������� RG� YUHGQRVWD� QD� DNWLYQDWD� HOHNWULaQD� HQHUJLMD�� QHGDYD
PRCQRVW� ]D� UDFLRQDOL]DFLMD� L� VWLPXOLUDZH� QD� PR`QRVWD�� NRMD� H� QDMJROHPD� YR
GLMDJUDPRW�QD�RSWHUHWXYDZH�L�LVWDWD�H�NRQVWDQWQR�YR�SRUDVW�VR�]QDaLWHOHQ�SURFHQW�



6H�SUHGYLGXYD��RGQRVQR�LP�GDYD�PRCQRVW�QD�SRWUR^XYDaLWH�GD�RGEHUDW�HGQR�RG
aHWLULWH�UH^HQLMD�

�� 6R�DSDUDW�]D�PHUHZH�QD�PR`QRVW��PDNVLJUDI�
�� $SDUDW�]D�RJUDQLaXYDZH�QD�VWUXMDWD��RVLJXUXYDa�
�� $SDUDW�]D�RJUDQLaXYDZH�QD�PR`QRVWD��OLPLWDWRU�
�� 6R�SUHVPHWND�RG� SUHY]HPHQDWD� DNWLYQD� HOHNWULaQD� HQHUJLMD�UD]OLaQD

RG�GRVHJD^QDWD��D�NDNR�SUHRGQR�UH^HQLH�
3UYRWR� UH^HQLH� VR� DSDUDW� ]D� PHUHZH� QD� PR`QRVWD–PDNVLJUDI� H� VNDSR� L

QHSULPHQOLYR�YR�QLVNLRW�QDSRQ�RG����KV.
9WRURWR� L� WUHWRWR� UH^HQLH� SR� RVQRYD� QD� RJUDQLaXYDZH� QD� VWUXMDWD

�RVLJXUXYDa�� L�RJUDQLaXYDZH�QD�PR`QRVWD� �OLPLWDWRU�� VH� SULEOLCQR�LVWL��,PHQR
PHUHZHWR� QD� PR`QRVWD� SR� SDW� QD� RVLJXUXYDa� H� SUY� aHNRU� NRQ� YRYHGXYDZH� QD
OLPLWDWRUL�

2SUHGHOEDWD� */$9(1�RVLJXUXYDa� H� PRCQRVW� GLVWULEXFLMDWD� GD� GRELH� XYLG
YR�SRHGLQHaQRWR�XaHVWYR�YR�SRWUR^XYDaNDWD�SUHNX�SRVWHSHQR�GRYHGXYDZH�YR�UHG�QD
*/$91,7(� RVLJXUXYDaL� �]DWYRUHQ� RUPDU� RG� VWUDQD� QD� (60��� ,PHQR�� JODYQLWH
RVLJXUXYDaL�VH�VHJD�SULVWXSDaQL�QD�SRWUR^XYDaRW��^WR�H�RVQRYQD�SULaLQD�]D�SRMDYD
QD�QHUHG�L�QH]QDHZH�QD�SRHGLQHaQRWR�XaHVWYR�QD�SRWUR^XYDaLWH� YR� GLMDJUDPRW�QD
RSWHUHWXYDZH� QD� HOHNWULaQDWD� PUHCD�� =DNOXaHQ� RUPDU� H� SUHGORCHQ� L� SUL
UH^HQLHWR� /,0,7$725�� /LPLWDWRURW� LVWR� NDNR� JODYQLWH� RVLJXUDaL� MD� “PHUL”
6758-$7$�� QR� H� SR� NRQIRUHQ� YR� RGQRV� QD� RVLJXUDaLWH�� ,PHQR�� SRYWRUQRWR
XNOXaXYDZH�JR�RVWYDUXYD�VDPLRW�SRWUR^XYDa��EH]�SRYLN�QD�GLVWULEXWHURW�

�5H^HQLHWR� JODYQL� RVLJXUDaL� SRUDGL� VHJD^QDWD� L]YHGED� QD� “SRVWRTHWR”–RG
��$� L� SRJROHPL� L� RG� ��$� NDM� RGGHOQL� SRWUR^XYDaL� `H� EDUDDW� SURPHQD�� 7DND�
SRWUR^XYDaLWH�NRL�`H�VH�RSUHGHODW�]D� “SDWURQ” SRG���$�JODYQL�RVLJXUXYDaL��PRUD
GD�YRGDW�VPHWND�]D�VHOHNWLYQRVWD��NRMD�PRCH�GD�ELGH�SULaLQD�]D�SUHJRUXYDZHWR�QD
*/$91,7(�RVLJXUDaL��NDNR�L�QD�VLPHWULaQRVWD�YR�RSWHUHWXYDZHWR�QD�ID]LWH�RST�
3RVWLJQXYDZHWR� QD� VLPHWULaQR� RSWHUHWXYDZH� SR� ID]LWH� H� OHVQR� RVWYDUOLYR�� VR
PLQLPDOQL�]DIDWL�]DG�WDEODWD�QD�“GRPD^QLWH” �RVLJXUDaL��^WR�`H�YQHVH�NYDOLWHW�YR
FHODWD�GRPD^QD�LQVWDODFLMD�

6SURYHGXYDZHWR�QD�UH^HQLHWR�“JODYHQ�RVLJXUXYDa” �PRCH�GD�SRaQH�YHGQD^�L�H
QDMHIWLQ�� 3DWURQLWH� QD� RVLJXUXYDaLWH� JL� ]DPHQXYD� L� ]DNOXaXYD� (60� QD� VYRM
WUR^RN�� YR� NRM� VSD_D� L� XVRJODVXYDZHWR� �GR� WUL� SUHJRUXYDZD� QD� SDWURQRW��� 9R
]DYLVQRVW� RG� MDaLQDWD� QD� RVLJXUXYDaRW�� NDNR� L� RG� QDSRQRW� QD� NRM� SRWUR^XYDaRW� H
SULNOXaHQ� �PRQRID]HQ� LOL� WURID]HQ�� VH� RGUHGXYD� L� PR`QRVWD� NRMD� LVWLRW� `H� MD
SOD`D�SUHNX�FHODWD�JRGLQD��7DEHOD�I��

7DEHOD�I���2GUHGXYDZH� �QD� �SUHVPHWNRYQDWD�� PR`QRVW� ��NDM�� �NDWHJRULMDWD
�������GRPD`LQDVWYD��SUHNX�DSDUDW�]D�RJUDQLaXYDZH�QD�VWUXMDWD�

35(60(7.291$02@1267 �KW �120,1$/1$ 6758-$
�$� (GQRID]HQ SULNOXaRN 7URID]HQ SULNOXaRN
6 1 2
10 2 4
16 3 6
20 4 8
25 5 10
35 7 14
50 10 20

63 - 26
80 - 34
100 - 44



3ULPHUL��3RWUR^XYDa�VR�JODYQL�RVLJXUXYDaL�RG���$�NRM�H�SULNOXaHQ�QD�PRQRID]HQ
QDSRQ� ���V� `H� SOD`D� ���KW� GRSULQRV� ]D� PR`QRVW�� D� DNR� LVWLRW� SRWUR^XYDa� H
SULNOXaHQ� QD� WURID]HQ� QDSRQ�� NDGH� LPD� PRCQRVW� GD� NRULVWL� SRJROHPD� PR`QRVW� L
HQHUJLMD�`H�SOD`D����KW�

'RNRONX� JODYQLRW� RVLJXUXYDa� RG� ��$� aHVWR� SUHJRUXYD� YR� ]DHGQLaND
NRQVXOWDFLMD�VR�SRWUR^XYDaRW��HOHNWURVWRSDQVWYRWR�`H�L]YU^L�]DPHQD�VR�QDUHGHQ��
SRVLOHQ�RVLJXUDa��SDWURQ��RG���$��1R�SUL�WRD�LVWLRW�SRWUR^XYDa�`H�SOD`D����KW
SUL�PRQRID]HQ�SULNOXaRN�D����KW�]D�WULID]HQ�SULNOXaRN��SUHVPHWNRYQD�PR`QRVW��

7DEHOD�II ��2GUHGXYDZH�����QD�����SUHVPHWNRYQDWD����PR`QRVW������NDM�����NDWHJRULMDWD�����QD
�������SRWUR^XYDaL�II �WDULIHQ�VLVWHP�SUHNX�DSDUDW�]D�RJUDQLaXYDZH�QD�VWUXMDWD�

35(60(7.291$02@1267 �KW �120,1$/1$ 6758-$
�$� (GQRID]HQ SULNOXaRN 7URID]HQ SULNOXaRN
6 1 4
10 2 6
16 3 10
20 4 13
25 5 16
35 7 23
50 10 33

63 - 41
80 - 53
100 - 66

8VRJODVHQDWD� MDaLQD� � QD� JODYQLWH� RVLJXUDaL� PH_X� SRWUR^XYDaRW� L
GLVWULEXFLMDWD�`H�VH�L]ELUD�HGQD^�JRGL^QR�D�`H�VH�SOD`D�SUHNX�FHOD�JRGLQD�

5H^HQLHWR�JODYQL�RVLJXUDaL�H�SULPHQOLY�YR�5��6ORYHQLMD�SRYH`H�RG����JRGLQL
D�VH�VUH`DYD�YR�((6�QD�>YHGVND��,]QHVHQLWH�SULPHQL�WUHED�GD�JR�]DY]HPDW�VYRHWR
PHVWR� L� YR� 23>7,7(� 86/29,� ]D� LVSRUDND� QD� HOHNWULaQD� HQHUJLMD� NRL� VH� YR
SURFHV�QD�SRGJRWRYND�

6HNRMD� SURPHQD� QD� QDaLQRW� QD� “PHUHZHWR” � L� SUHVPHWXYDZHWR� QD� WDULIQLRW
HOHPHQW� “PR`QRVW” � EDUD� ]JROHPHQL� �SUHOD]QL�� WUR^RFL� YR� SURGDCEDWD� QD
HOHNWULaQD�HQHUJLMD��QHL]EHCQD�VXGELQD�QD�VHNRMD�SURPHQD��

AHWYUWRWR�UH^HQLH�SR�SDW�QD�SUHVPHWND�H�35(2'12�L�EL�ELOR�YR�WUDHZH�RG
�� �GYH�� JRGLQL� VH� GR� FHORVQR� XVRJODVXYDZH� QD� PHUHZHWR� QD� WDULIQLRW� HOHPHQW
PR`QRVW�NDM�NDWHJRULMDWD�SRWUR^XYDaL�–�GRPD`LQVWYD�L� II �WDULIHQ�VWHSHQ�QD���KV
SR�SDW�QD����YWRUR��LOL����WUHWR��UH^HQLH��RVLJXUXYDa�LOL�OLPLWDWRU���3UHRGQRWR
UH^HQLH�H�SUHVPHWNRYQR�L�VHNRM�SRWUR^XYDa�`H�SOD`D�“PR`QRVW” �YR�“KW” �NRL�`H�VH
GRELMDW� NRJD� DNWLYQD� L]PHUHQD� HOHNWULaQD� HQHUJLMD� YR� PHVHFRW� `H� VH� SRGHOL� VR
“100”/100�WH� aDVRYL� NRULVWHZH� QD� LQVWDOLUDQD� PR`QRVW� YR� PHVHFRW� ]D� SURVHaQR
GRPD`LQVWYR� �D� NDM� II � WDULIHQ� VWHSHQ� DNWLYQDWD� L]PHUHQD� HOHNWULaQD� HQHUJLMD� YR
PHVHFRW� VH� SRGHOL� VR� “50”/50-WH� aDVRYL� NRULVWHZH� QD� LQVWDOLUDQD� PR`QRVW� YR
PHVHFRW��

M6R� QRYLRW� WDULIHQ� VLVWHP� VH� SUHGODJD� SRYLVRNR� YUHGQXYDZH� QD� UHDNWLYQDWD
HOHNWULaQD� HQHUJLMD� SRWRaQR� WDULIQLWH� VWDYRYL� ]D� SUHNRPHUQDWD� SUHY]HPHQD
UHDNWLYQD�HOHNWULaQD�HQHUJLMD�VH�����RG�WDULIQLWH�VWDYRYL�]D�DNWLYQD�HO��HQHUJLMD
^WR�GRVHJD��EH^H����GR������3UL�RYD�VH�]DGUCXYD�IDNWRURW�QD�PR`QRVW�QD�QLYR�NRM�H
L� VHJD� YR� SULPHQD� ����� VR� RaHNXYDZH� SRWUR^XYDaLWH� GRGDWQR� GD� YJUDGDW
NRQGHQ]DWRUVNL�EDWHULL�



M2SUHGHOEDWD�UHDOHQ�aLVW�L�REMHNWLYHQ�WUR^NRYHQ�SULQFLS�GDYD�PRCQRVW�]D�359
SDW�GD�VH�XWYUGDW�UHODWLYQLWH�RGQRVL�SR�QDSRQVNL�QLYRD��3UL�WRD�NDNR�UHIHUHQWQD
NDWHJRULMD� QD� SRWUR^XYDaL� VH� ]HPD� NDWHJRULMDWD� QD� SRWUR^XYDaL� RG� QDMYLVRNR
QDSRQVNR�QLYR�����KV ��NDNR�������SR�^WR�VOHGDW�WLH�QD����KV ���������QD����KV ��������
GRPD`LQVWYD� �������� I� WDULIHQ� VWHSHQ� �������� II WDULIHQ� VWHSHQ� ������� L� MDYQRWR
RVYHWOXYDZH� �������� 2VQRY� ]D� XWYUGXYDZH� QD� UHODWLYQLWH� RGQRVL� QD� WDULIQLWH
VWDYRYL� VH� YNXSQLWH� WUR^RFL� ]D� SURL]YRGVWYR�� QDEDYND�� SUHQRV� L� GLVWULEXFLMD� QD
HOHNWULaQDWD�HQHUJLMD��YNOXaXYDM`L�MD�L�UH]HUYDWD�YR�((6�

6OLND����3ULQFLSLHOQD�^HPD�QD�QDSRQVNL�QLYRD�L�NDWHJRULL�QD�SRWUR^XYDaL



5HODWLYQLWH� RGQRVL� QD� FHQLWH� SR� NDWHJRULL� QD� SRWUR^XYDaL� YR� RGQRV� QD
SRWUR^XYDaLWH�QD�QDSRQVNR�QLYR�����KV �L]QHVXYD�

• ]D�SRWUR^XYDaL�RG�UHGRW�����KV � ……………………………. 1,00
• ]D�SRWUR^XYDaL�RG�UHGRW������KV � ……………………………. 1,30
• ]D�SRWUR^XYDaL�RG�UHGRW������KV � ……………………………. 1,50
• GRPD`LQVWYD ……………………………. 1,80
• I�WDULIHQ�VWHSHQ ……………………………. 2,20
• II �WDULIHQ�VWHSHQ� ……………………………. 2,80
• MDYQR�RVYHWOXYDZH ……………………………. 1,75

1D� SRWUR^XYDaLWH� YR� NDWHJRULMDWD� QD� SRWUR^XYDaL� GRPD`LQVWYD� NDM� NRL
HOHNWULaQDWD� HQHUJLMD� VH� PHUL� VR� HGQRWDULIQL� EURLOD� WDULIQLWH� VWDYRYL� VH
SRQLVNL�]D�����RG�YLVRNLWH�GQHYQL�WDULIQL�VWDYRYL��NDM�GYRWDULIQR�PHUHZH�

6OLND����'QHYHQ�GLMDJUDP�QD�PDNVLPDOHQ�GQHYHQ�NRQ]XP��QD�������������JRG���SHWRN

$NWLYQDWD� HOHNWULaQD� HQHUJLMD� ]D� NDWHJRULMDWD� MDYQR� RVYHWOXYDZH� VH
SUHGODJD� GD� VH� SUHVPHWXYD� SR� YLVRNL� GQHYQL� WDULIQL� VWDYRYL� ]D� NDWHJRULMDWD
GRPD`LQVWYD�GYRWDULIQR�PHUHZH�

M9R� QRYLRW� WDULIHQ� VLVWHP� ]D� SUY� SDW� VH� GDGHQL� “RVQRYL� ]D� XWYUGXYDZH� QD
WDULIQLWH�VWDYRYL�L�IRUPLUDZH�QD�FHQL” ��9R�VRRGYHWQRWR�SRJODYMH� VH�REUDERWXYD
QLYRWR� QD� SURVHaQDWD� FHQD� NDNR� SRMGRYQD� SRGORJD� ]D� XWYUGXYDZH� QD� YLVLQDWD� QD
WDULIQLWH� VWDYRYL� ]D� SURGDCED� QD� HOHNWULaQD� HQHUJLMD�� UHODWLYQLWH� RGQRVL� SR
NDWHJRULL�QD�SRWUR^XYDaL�YR�RGQRV�QD�UHIHUHQWQDWD�NDWHJRULMD�QD�SRWUR^XYDaLWH
QD�QDSRQVNR�QLYR�����KV ��NDNR�L�PRCQLRW�SRSXVW�QD�LVWLWH�
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M9R� SRJODYMHWR� “(OHNWULaQD� HQHUJLMD� SURL]YHGHQD� RG� GUXJL� SURL]YRGLWHOL� QD
HOHNWULaQD�HQHUJLMD� ” �SUHGORCHQL�VH�WDULIQLWH�VWDYRYL�NRL�`H�VH�SULPHQXYDDW�]D
HOHNWULaQD� HQHUJLMD� NRMD� MD� SURL]YHGXYDDW� GUXJL� SURL]YRGLWHOL� L� LVWDWD� MD
SURGDYDDW� QD� ((6�� SRWRaQR� QD� -DYQRWR� SUHWSULMDWLH� ]D� SURL]YRGVWYR�� SUHQRV� L
GLVWULEXFLMD�QD�HO��HQHUJLMD�

7DULIQLWH� VWDYRYL� QD� HOHNWULaQDWD� HQHUJLMD� SURL]YHGHQD� RG� GUXJL
SURL]YRGLWHOL�]DYLVQR�QD�NRM�QDSRQ�MD�SUHGDYDDW�VH�SRQLVNL�RG�WDULIQLWH�VWDYRYL
XWYUGHQL�VR�RYRM�WDULIHQ�VLVWHP�L�WRD�

• QD����KV QDSRQ�–�WDULIQLWH�VWDYRYL�VH�QDPDOXYDDW�]D�����
• QD����KV QDSRQ�–�WDULIQLWH�VWDYRYL�VH�QDPDOXYDDW�]D�����
• QD����KV QDSRQ�–�WDULIQLWH�VWDYRYL�VH�QDPDOXYDDW�]D�����RG�WDULIQLWH

VWDYRYL�]D�GRPD`LQVWYDWD�

3URFHQWLWH�QD�QDPDOXYDZH�VH�REMHNWLYQLWH�]DJXEL�NRL�VH�RaHNXYD�GD�VH�SRMDYDW
YR�HOHNWULaQDWD�PUHCD�QD�VRRGYHWQLRW�QDSRQ�

321$7$02>1$�352&('85$�'2�'21(689$:(�1$�129,27�7$5,)(1
6,67(0�=$�352'$#%$�1$�(/(.75,A1$�(1(5*,-$

6R�FHO�UH^HQLMDWD�YR�3UHGORJRW�QD�QRYLRW�7DULIHQ�VLVWHP�]D�SURGDCED�QD
HOHNWULaQD� HQHUJLMD� GD� ELGDW� RFHQHWL� L� RG� SR^LURNDWD� MDYQRVW� YR� 5HSXEOLNDWD�
SUHG�GD�ELGH�GRQHVHQ�RG�9ODGDWD�QD�5��0DNHGRQLMD��0LQLVWHUVWYRWR� ]D� VWRSDQVWYR
LVWLRW�JR�GDGH�QD�MDYQD�UDVSUDYD�YR�SRYH`H�,QVWLWXFLL�

3R�]DYU^XYDZH�QD� MDYQDWD�UDVSUDYD�SODQLUDQR�H�.RPLVLMDWD�]D�L]JRWYXYDZH
QD� SUHGPHWQLRW� DNW�� FHQHM`L� JL� VLWH� VXJHVWLL� L� ]DEHOH^NL�� GD� L]YU^L� VRRGYHWQR
GRSROQXYDZH� L� L]PHQXYDZH� QD� SUHGORJ� WHNVWRW� QD� QRYLRW� 7DULIHQ� VLVWHP� ]D
SURGDCED�QD�HOHNWULaQD�HQHUJLMD�

2aHNXYDPH� 9725272� 629(789$:(� QD� 0$.2�6,*5(� GD� GDGH� VYRM
VWUXaHQ�GRSULQRV�NRQ�MDYQDWD�UDVSUDYD
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6R� QHSUHNLQDWRWR� ]JROHPXYDZH� QD� SULPHQDWD� QD� Vp� SRJROHPLRW� EURM� UD]QR�
YLGQL� HOHNWULaQL� XUHGL� L� VLVWHPL� YR� VRYUHPHQLRW� CLYRW� VH� ]JROHPXYD� L� SULVDW�
QRVWD�QD�VLVWHPLWH�]D�SUHQRV�L�GLVWULEXFLMD�QD�HOHNWULaQD�HQHUJLMD�YR�CLYRWQDWD
VUHGLQD��6R�WRD�VH�]JROHPXYD�EURMRW�L�PR`QRVWD�QD�UD]QL�L]YRUL�QD�HOHNWURPDJQHWQR
SROH��NRH��]DYLVQR�RG�LQWHQ]LWHWRW�L�WUDHZHWR�QD�L]ORCHQRVWD��PRCH�GD�LPD�^WHWQR
LOL�RSDVQR�YOLMDQLH�YU]�CLYLWH�VX^WHVWYD��D�SUHG�Vp�YU]�OX_HWR��9R�WUXGRW�H�GDGHQ
NXV�SUHJOHG�QD�SUREOHPLWH�NRL�QDVWDQXYDDW�SRUDGL�PRCQLWH�QHSRYROQL�YOLMDQLMD�QD
HOHNWURHQHUJHWVNLRW� VLVWHP� YU]� RNROLQDWD�� SUL� ^WR� VH� QDYHGHQL� LVNXVWYDWD� ]D
QLYQR� UH^DYDZH� YR� QD^DWD� VUHGLQD�� 8NDCDQR� H� GHND� RG� DVSHNW� QD� UH^DYDZH� QD
HNROR^NLRW�SUREOHP��QHRSKRGHQ�H�VLVWHPDWVNL�SULVWDS�]D�NRPSOHNVQR�VRJOHGXYDZH
QD� PH_XVHEQLWH� YOLMDQLMD� QD� HOHNWURHQHUJHWVNLWH� SUHQRVQL� L� GLVWULEXWLYQL� VLV�
WHPL�L�CLYRWQDWD�RNROLQD�

A B S T R A C T

Increasing consumption of electrical energy demands higher voltage level of electric
power system, which creates electromagnetic pollution and disturbs natural balance of ecosystem.
Impact analysis demonstrates negative effects of such electromagnetic pollution on people and
equipment in the environment. A system approach is needed for the analysis of the complex rela-
tion of the electric power transmission and distribution system and the environment. This paper
presents a survey of the main problems. Possible approaches for solution of mentioned problems
are discussed.

.OXaQL�]ERURYL� HOHNWURPDJQHWQR�SROH��HOHNWURPDJQHWQD�NRPSDWLELOQRVW�
CLYRWQD�VUHGLQD��HOHNWURHQHUJHWVNL�SUHQRVHQ�VLVWHP��SUHaNL��NRURQD��EXaDYD



�� 929('

9R�GHQH^QL�XVORYL�QD�EU]�UD]YRM�L�LQVWDOLUDZH�QD�XUHGL�� VLVWHPL�L�PUHCL
NRL� VORERGQR� ]UDaDW� HOHNWURPDJQHWQD� HQHUJLMD� YR� SURVWRURW�� HOHNWURPDJQHWQRWR
�(0��SROH�VH�MDYXYD�NDNR�YDCHQ�HNROR^NL�IDNWRU��6R�QHSUHNLQDWRWR�]JROHPXYDZH
QD�NRULVWHZHWR�QD�HOHNWULaQDWD�HQHUJLMD�YR�VRYUHPHQLRW�VYHW�VH�]JROHPXYD�EURMRW
L�PR`QRVWD�QD�UD]QL�L]YRUL�QD�HOHNWURPDJQHWQR�SROH�YR�CLYRWQDWD�RNROLQD��6R�WRD
YR�CLYRWQDWD� VUHGLQD� VH� YQHVXYD� HOHNWURPDJQHWQR� ]DJDGXYDZH� NRH� MD� UHPHWL� SUL�
URGQDWD�UDPQRWHCD�YR�HNRVLVWHPRW�

,]YRU� QD� QDMUDVSURVWUDQHWLWH� (0� SROLZD� VR� LQGXVWULVND� IUHNYHQFLMD� YR
CLYRWQDWD� RNROLQD� VH� WULID]QLWH� YLVRNRQDSRQVNL� GDOQRYRGL� NRL� VH� HOHPHQW� QD
HOHNWURHQHUJHWVNLRW�VLVWHP��((6���7LH�aHVWR�]DID`DDW�SRYU^LQL�RG�QDVHOHQL�PH�
VWD�L�REUDERWOLYD�SRYU^LQD�L�VR�VYRMDWD�UDERWD�JR�]JROHPXYDDW�SULURGQRWR�QLYR�QD
(0�SROLZD� QD� NRH� VH� SULODJRGLO� aRYHNRYLRW� RUJDQL]DP� YR� WHNRW� QD� HYROXFLMDWD�
1RYRQDVWDQDWLWH�SROLZD�MD�UHPHWDW�HNROR^NDWD�UDPQRWHCD�L�MD�PHQXYDDW�HOHNWUR�
PDJQHWQDWD�RNROLQD��5H]XOWDWLWH�RG�PQRJXEURMQL�QDXaQL�DQDOL]L��ODERUDWRULVNL�L
HSLGHPLROR^NL�LVWUDCXYDZD�� XNDCXYDDW� QD�PRCQRVWD� GHND�(0�SROLZD� RG� GDOQR�
YRGLWH�SUHWVWDYXYDDW�QHSRYROHQ�IDNWRU��D�SUL�SRGROJRWUDMQR�L]ORCXYDZH��L�PRCHQ
UL]LaHQ�IDNWRU�QD�CLYRWQDWD�RNROLQD�

9R� RYRM� WUXG� VH� RVYUQXYDPH� QD� SUREOHPLWH� SRYU]DQL� VR� PRCQLWH� RSDVQL� L
^WHWQL� HOHNWURPDJQHWQL� YOLMDQLMD� QD� HOHPHQWLWH� QD� HOHNWURHQHUJHWVNLRW� VLVWHP
YU]�RNROLQDWD��QR�SUHG�Vp�YU]�OX_HWR��6R�WDD�FHO��YR�WUXGRW�H�GDGHQ�NXV�RVYUW�QD�RV�
QRYQLWH�SUREOHPL�SUL�NRL�VH�MDYXYDDW�QHVDNDQL�QHSRYROQL�YOLMDQLMD�YU]�RNROLQDWD�
2G�SRVHEHQ�LQWHUHV�VH�GLUHNWQLWH�YOLMDQLMD�QD�HOHNWURPDJQHWQRWR�SROH�YU]�OX_HWR�
QR�L�LQGLUHNWQLWH�YOLMDQLMD�SUHNX�GUXJL�VLVWHPL��,QGLUHNWQLWH�YOLMDQLMD�PRCDW�GD
ELGDW�RSDVQL�SR�aRYHNRYLRW�CLYRW��NDNR�YR�VOXaDM�QD�YOLMDQLMDWD�YU]�WHOHNRPXQL�
NDFLRQLWH� LQVWDODFLL� L� YU]� FHYRYRGLWH� ]D� SULURGHQ� JDV�� QR� PRCDW� GD� ELGDW� L
^WHWQL� YOLMDQLMD�� NDNYL� VH� UDGLR� L� 79� SUHaNLWH� SRUDGL� SRMDYD� QD� NRURQD� L
YDUQLaHZH��'UXJL�SUREOHPL��NRL�PRCDW�GD�LPDDW�QHSRYROQR�YOLMDQLH�YR�CLYRWQDWD
VUHGLQD�VH�SRMDYDWD�QD�EXaDYD��NDNR�L�VR]GDYDZHWR�QD�MRQL�L�R]RQ�YR�YR]GXKRW�

9R�WUXGRW�H� XNDCDQR�GHND��RG� DVSHNW�QD� UH^DYDZH�QD� HNROR^NLRW�SUREOHP�
QHRSKRGHQ� H� VLVWHPDWVNL� SULVWDS� ]D� NRPSOHNVQR� VRJOHGXYDZH� QD�PH_XVHEQLWH� YOL�
MDQLMD�QD�HOHNWURHQHUJHWVNLWH�SUHQRVQL�L�GLVWULEXWLYQL�VLVWHPL�L�CLYRWQDWD�RNR�
OLQD��8NDCDQR�H�L�QD�QHNRONX�QDaLQL�]D�PRCQD�]D^WLWD�QD�CLYRWQDWD�RNROLQD�RG
QHSRYROQRWR� YOLMDQLH�QD�(0�SROH� RG� GDOQRYRGLWH� YR�((6� VR� SULPHQD� QD� SUHYHQ�
WLYQL�L�GUXJL�]D^WLWQL�PHUNL��9R�YUVND�VR�WRD�GDGHQ�H�NUDWRN�SUHJOHG�L�QD�LVNXVW�
YDWD�YR�QD^DWD�VUHGLQD�YR�UH^DYDZH�QD�VSRPQDWLWH�SUREOHPL�

�� (/(.7520$*1(71$�.203$7,%,/1267

(OHNWURPDJQHWQDWD� NRPSDWLELOQRVW� �(0.��� VSRUHG� GHILQLFLMDWD� QD
0H_XQDURGQDWD�HOHNWURWHKQLaND�NRPLVLMD��IEC��JR�RSID`D�L�PH_XVHEQRWR�HOHNWUR�
PDJQHWQR�YOLMDQLH�QD�XUHGLWH�L�OX_HWR��7DD�JODVL���(OHNWURPDJQHWQDWD�NRPSDWL�
ELOQRVW� H� VSRVREQRVW� QD� RSUHPDWD� LOL� QD� VLVWHPRW� ]DGRYROLWHOQR� GD� IXQN�
FLRQLUDDW� YR� VYRMDWD� HOHNWURPDJQHWQD� RNROLQD� EH]� SUL� WRD� GD� VR]GDYDDW� QHGRSXV�
WOLYL�HOHNWURPDJQHWQL�SUHaNL�YU]�ELOR�^WR�YR�WDD�RNROLQD���8WYUGHQRWR�QLYR�QD
SUHaNL� SUL� NRH� WUHED� GD� SRVWRL� SULIDWOLYR� JROHPD� YHURMDWQRVW� QD� (0.� VH
QDUHNXYD�QLYR�QD�HOHNWURPDJQHWQD�NRPSDWLELOQRVW��2G�GHILQLFLLWH� ]D�(0.�L



QLYR�QD�(0.� MDVQR� H� GHND�(0.�H� VRVWRMED� YR� SURVWRURW�NRJD� SRVWRL� HOHNWURPDJ�
QHWQD� LQWHUDNFLMD�PH_X� XUHGLWH� L�CLYLWH� RUJDQL]PL�� D� SUL� WRD� VLWH� QRUPDOQR� GD
IXQNFLRQLUDDW�

�� ',5(.712�9/,-$1,(�1$�(/(.75,A12�,�0$*1(712�32/(
95=�/8?(72

(OHNWURPDJQHWQRWR� SROH� NRH� YR� SURVWRURW� JR� ]UDaDW� GDOQRYRGLWH� H� VR
IUHNYHQFLMD� RG� ���Hz�� 9R� YDNRY� VOXaDM�� ]DUDGL� NYD]LVWDFLRQDUQRVWD� QD� (0� SROH�
HOHNWULaQRWR� L� PDJQHWQRWR� SROH� PRCDW� GD� VH� UD]JOHGXYDDW� NDNR� GYH� QH]DYLVQL
SROLZD��9R�EOL]LQDWD�QD�GDOQRYRG�MDaLQDWD�QD�HOHNWULaQRWR�L�PDJQHWQRWR�SROH�YR
VHNRMD�WRaND�RG�SURVWRURW�]DYLVL�RG�QDSRQRW�L�VWUXMDWD�^WR�WHaH�QL]�SURYRGQLFLWH
QD� GDOQRYRGRW�� UDVSRUHGRW� QD� SURYRGQLFLWH� L� RG� UDVWRMDQLHWR� QD� QDETXGXYDQDWD
WRaND�YR�SURVWRURW�RG�QLY�

2QD�^WR�YR�SRVOHGQR�YUHPH�VR]GDGH�JROHPD�]DJULCHQRVW�YR�MDYQRVWD�VH�UH]XO�
WDWLWH� QD� SRYH`H� HSLGHPLROR^NL� L� ODERUDWRULVNL� VWXGLL�� NRL� WYUGDW� GHND
L]ORCHQRVWD�QD�(0�SROHWR�QD����Hz�YR�CLYRWQDWD�L�UDERWQDWD�VUHGLQD�JR�]JROHPXYD
UL]LNRW� RG� SRMDYD� QD� UD]QL� EROHVWL�� YNOXaXYD`L� JR� UDNRW� L� OHXNHPLMDWD�� =D� GD� VH
SRWYUGL�LOL�RGUHNQH�RYRM�]DNOXaRN��YH`H�VR�JRGLQL�YR�VYHWRW�VH�VSURYHGXYDDW�PQRJX�
EURMQL�RSVHCQL�L�GROJRWUDMQL�HSLGHPLROR^NL�L�ODERUDWRULVNL�VWXGLL��6WHSHQRW�QD
VR]QDQLHWR�YR�RYRM�PRPHQW�H�WDNRY�GD�VR�VLJXUQRVW�QH�PRCH�QLWX�GD�VH�SRWYUGL�GHND
SRVWRL�YUVND�SRPH_X�L]ORCHQRVWD�QD�PDJQHWQLWH�SROLZD�YR�UDERWQDWD�L�CLYRWQDWD
RNROLQD�L�SRMDYDWD�QD�UDN�L�GUXJL�EROHVWL��QLWX�GD�VH�LVNOXaL�GHND�WDNYDWD�YUVND
SRVWRL��=D�GD�VH�GRMGH�GR�NRQHaHQ�]DNOXaRN�SRWUHEQR�H�GD�VH�GRaHND�NUDMRW�QD�GROJR�
WUDMQLWH� LVWUDCXYDZD� NRL� VH� YR� WHN� YR� VYHWRW�� 9R� PH_XYUHPH� ]DJULCHQRVWD� UDVWH
ELGHM`L� SRYH`H� QDMQRYL� HSLGHPLROR^NL� VWXGLL� [1,2]� SRYWRUQR� WYUGDW� GHND� SRVWRL
VWDWLVWLaNL� ]QDaDMQD� YUVND� SRPH_X� SRMDYD� QD� QHNRL� YLGRYL� UDN� L� $OFKDMPHURYD
EROHVW�L�PDJQHWQRWR�SROH�YR�CLYRWQDWD�RNROLQD��3RNUDM�WRD��QDMQRY�H�QDRGRW�GHND�L
HOHNWULaQRWR�SROH�LPD�VOLaQR�GHMVWYR�[2]�

3UHG�GD�PRCH�GD�VH�DQDOL]LUD�PRCQLRW�UL]LN�SR�]GUDYMH�YR�QD^DWD�VUHGLQD�
SRWUHEQR� H� GD� VH� XWYUGL� VWHSHQRW� QD� L]ORCHQRVW� QD� PDJQHWQRWR� L� HOHNWULaQRWR
SROH�� 1D� WRD� SROH� YR� WHN� VH� LVWUDCXYDZDWD� YR� UDPNL� QD� QDXaQRLVWUDCXYDaNLWH
SURHNWL� QD� (OHNWURWHKQLaNLRW� IDNXOWHW� YR� 6NRSMH�� 5H]XOWDWL� ]D� SUHOLPLQDUQL
PHUHZD�QD�PDJQHWQRWR�SROH�YR�CLYRWQD�L�UDERWQD�RNROLQD�NDM�QDV�VH�UHIHULUDQL�L
QD�RYD�6RYHWXYDZH�[3], NDNR�L�PHUHZDWD�QD�(0�SROH�SRG�SUHQRVQLWH�L�GLVWULEXWLY�
QLWH�YRGRYL�[4]�

�� 3265('12�9/,-$1,(�1$�(/(.75,A12�,�0$*1(712�32/(
95=�/8?(72�35(.8�7(/(.2081,.$&,21,7(�,167$/$�
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(OHNWURHQHUJHWVNLWH� �((�� YRGRYL� YOLMDDW� YU]� WHOHNRPXQLNDFLRQL� �7.�� YR�
GRYL�NRL� VH� YR� QLYQD�EOL]LQD�� SRUDGL�PH_XVHEQLWH�LQGXNWLYQL�� NDSDFLWLYQL�L� RW�
SRUQL�VSUHJL�



��� 2SDVQR�YOLMDQLH�SRUDGL�LQGXNWLYQL�VSUHJL�VR�GDOQRYRGLWH

2G�SRVHEHQ�LQWHUHV�H�LQGXNWLYQRWR�YOLMDQLH��NDNR�SRUDGL�YHOLaLQDWD�QD�LQ�
GXFLUDQLWH� QDSRQL�� WDND� L� SRUDGL� PRCQLRW� ^LURN� SRMDV� QD� GHOXYDZH� �QHNRONX
NLORPHWUL� RNROX� GDOQRYRGLWH��� 9OLMDQLMDWD� VH� PDQLIHVWLUDDW� SUHNX� SRMDYD� QD
QHSRCHOHQ�QDSRQ�VSUHPD�]HPMD�YR�WHOHNRPXQLNDFLRQLWH�YRGRYL��RSUHPDWD�L�XUHGL�
WH��NRM�SUL�RSUHGHOHQL�YUHGQRVWL�PRCH�

• GD�JR�]DJUR]L�CLYRWRW�QD�OLFDWD�NRL�`H�GRMGDW�YR�GRSLU�LOL�UDERWDW�QD�7.
SRVWURMNLWH�LOL�QLYQLWH�GHORYL��L

• GD�JL�R^WHWL�7.�SRVWURMNLWH�L�XUHGLWH�LOL�QLYQLWH�GHORYL�
1HPLQRYQLWH�YNUVWXYDZD��SDUDOHOQL�LOL�NRVL�YRGHZD�QD�((�L�7.�YRGRYL�RG

SURHNWDQWLWH� ]DKWHYDDW� SUHVPHWND� QD� PDNVLPDOQR� PRCQR� YOLMDQLH� L� GLPHQ]L�
RQLUDZH�QD�SRWUHEQLWH�PHUNL�L� VUHGVWYD�QD� ]D^WLWD��3ULPHQDWD�QD� ]D^WLWDWD�QD
7.�OLQLLWH�PRCH�]QDWQR�ILQDQVLVNL�GD�MD�RSWHUHWL�L]JUDGEDWD�QD�YRGRYLWH�

9R� WUXGRW� [5] H� SULNDCDQD� PHWRGRORJLMDWD� QD� SRWRaQR� SUHVPHWXYDZH� QD
SDUDPHWULWH� QD� ]D^WLWD� QD� WHOHNRPXQLNDFLRQLWH� YRGRYL�� NRMD� H� YR� VNODG� VR
YDCHaNLRW� VWDQGDUG� [6]� L� NRMD� RYR]PRCXYD� WHKQR�HNRQRPVNL� RSWLPDOHQ� SURHNW� QD
]D^WLWDWD�

��� 3UHaNL�YR�WHOHNRPXQLNDFLRQLWH�YRGRYL�SRUDGL�LQGXNWLYQL�L�NDSDFL�
WLYQL�VSUHJL�VR�GDOQRYRGLWH

3UL�SDUDOHOQR�YRGHZH��YNUVWXYDZH�LOL�NRVR�SULEOLCXYDZH�QD�((�YRGRYLWH�L
7.�OLQLLWH�PRCDW�GD�VH�SRMDYDW�SUHaNL�YR�7.�OLQLLWH�SUHGL]YLNDQL�RG�HOHNWUR�
PDJQHWQRWR�YOLMDQLH�QD�((�YRGRYLWH��%LGHM`L�SUHaNLWH�RG�RYRM�YLG�PRCDW�]QDWQR�GD
JR� YOR^DW� NYDOLWHWRW� QD� SUHQRVRW� SR�7.�OLQLLWH�� LVWLWH� VH� SUHGPHW� QD� YDCHaNL
VWDQGDUG�VR�REDYH]QD�SULPHQD�[7]��YR�NRM�H�SUHGYLGHQD�VRRWYHWQD�]D^WLWD�

9R�WUXGRW�[6] SULNDCDQD�H�PHWRGRORJLMD�QD�SUHVPHWND�QD�SUHaNLWH�SRUDGL�LQ�
GXNWLYQD�L�NDSDFLWYQD�VSUHJD�VR�((�YRGRYLWH�YR�VNODG�VR�YDCHaNLWH�SURSLVL�[8]�

��� 2SDVQR�YOLMDQLH�SRUDGL�SURYRGQL�VSUHJL�VR�]D]HPMXYDaNLWH�VLVWHPL�QD
HOHNWURHQHUJHWVNLWH�SRVWURMNL

.RJD�YR�HOHNWURHQHUJHWVNL�SRVWURMNL��NRL�SULSD_DDW� QD�PUHCD� VR� GLUHNWQR
]D]HPMHQD� QHXWUDOQD� WRaND�`H� VH� YRVSRVWDYL� VWUXMD� QD� HGQRID]QD� NXVD� YUVND� SUHNX
]D]HPMXYDZHWR�QD�SRVWURMNDWD��VH�MDYXYD�SRYL^HQ�SRWHQFLMDO�QD�SRVWURMNDWD�YR�RGQRV
QD�GDOHaQD�QHXWUDOQD�]HPMD��5DVSUHGHOEDWD�QD�SRYL^HQLRW�SRWHQFLMDO�YR�SRGUDaMHWR
YQDWUH� YR� RJUDGDWD� QD� SRVWURMNDWD�� NRH� VH� QDUHNXYD� �VHNWRU� QD� SRVWURMNDWD��� YR
VOXaDM�NRJD�VH�VSURYHGHQL�PHUNL�]D�L]HGQDaXYDZH�QD�SRWHQFLMDORW��VH�VPHWD�]D�NRQ�
VWDQWQD�� 9R� SRGUDaMHWR� QDGYRU� RG� RJUDGDWD� QD� SRVWURMNDWD�� NRH� VH� QDUHNXYD� YR
YDCHaNLRW�VWDQGDUG�[9] �RSDVHQ�VHNWRU���SRWHQFLMDORW�RSD_D�VR�]JROHPXYDZH�QD�UDV�
WRMDQLHWR�RG�SRVWURMNDWD�L�LVWLRW�VH�UDVSUHGHOXYD�SR�SRYU^LQDWD�QD�]HPMDWD�YR�YLG
QD� WDND� QDUHaHQD� �QDSRQVND� LQND��� *UDQLFD� QD� VHNWRURW� RSDVHQ� ]D� WHOHNRPXQL�
NDFLRQLWH�LQVWDODFLL�H�HNYLSRWHQFLMDOQDWD�OLQLMD�QD�RGUHGHQR�UDVWRMDQLH�RG�SRV�
WURMNDWD��NDGH�YUHGQRVWD�QD�SRWHQFLMDORW�QD�WORWR�YR�RGQRV�QD�QHXWUDOQD�]HPMD�GR�
ELYD�YUHGQRVW�SRPDOD�RG������V.�6HNWRURW�QD�SRVWURMNDWD�L�RSDVQLRW�VHNWRU�]DHGQR
VH� QDUHNXYDDW� �VHNWRU� QD� YLVRN� QDSRQ��� 3RGUDaMHWR� QDGYRU� RG� VHNWRURW� QD� YLVRN
QDSRQ�VH�QDUHNXYD��EH]RSDVHQ�VHNWRU��[9]�



(OHNWURHQHUJHWVNLWH� SRVWURMNL� SUHWVWDYXYDDW� RSDVQRVW� ]D� WHOHNR�
PXQLNDFLRQLWH�LQVWDODFLL�NRL�RG�EH]RSDVQLRW�VHNWRU�YOHJXYDDW�YR�VHNWRURW�QD�YL�
VRN�QDSRQ��%H]EHGQRVWD�QD�OX_HWR�L�RSUHPDWD�YR�NRQWDNW� VR�WHOHNRPXQLNDFLRQLWH
LQVWDODFLL��NDNR�YR�RSDVQLRW�VHNWRU��WDND�L�QD�GDOHaQL�ORNDFLL��PRCH�GD�ELGH�VH�
ULR]QR�]DJUR]HQD�YR�VOXaDM�QD�SRMDYD�QD�SRYL^HQ�SRWHQFLMDO�QD�SRVWURMNDWD��SRUDGL
VOHGQLWH�PRCQRVWL�

• L]QHVXYDZH� QD� SRYL^HQLRW� SRWHQFLMDO� QD� SRVWURMNDWD� QD� GDOHaQL�7.� XUHGL
NRL�QH�VH�YR�UDPNLWH�QD�VHNWRURW�QD�YLVRN�QDSRQ�

• YQHVXYDZH�QD�QL]RN�SRWHQFLMDO�YR�VHNWRURW�QD�YLVRN�QDSRQ�
• SRMDYD�QD�SRYL^HQ�QDSRQ�PH_X�WHOHNRPXQLNDFLRQLWH�SURYRGQLFL��SOD^WRW�L
DUPDWXUDWD�QD�NDEHORW�L�]HPMDWD�L

• WHUPLaNR�SUHRSWRYDUXYDZH�QD�7.�NDEOLWH�

9R�WUXGRW�[10] H�DQDOL]LUDQ�VOXaDMRW�NRJD�NRQ�HOHNWURHQHUJHWVNLRW�REMHNW�VH
SULNOXaHQL�SRYH`H�GDOQRYRGL��9R�WRM�VOXaDM�QD�JROHPLQDWD�L�REOLNRW�QD�RSDVQLRW
VHNWRU� ]QDaLWHOQR� YOLMDQLH� LPDDW� L� L]YH]HQLWH� SRWHQFLMDOL� SUHNX� ]D^WLWQLWH
MDCLZD�L�]D]HPMXYDaLWH�QD�EOLVNLWH�VWROERYL�QD�GDOQRYRGLWH��GRGHND�YR�WUXGRYLWH
[11]�L�[12] VH�DQDOL]LUDQL�VOXaDHYL�NRJD�L]YRQUHGQR�JROHPR�YOLMDQLH�YU]�JUDQLFDWD
QD� RSDVQLRW� VHNWRU� LPD� L]YH]HQLRW� SRWHQFLMDO� VR� ((� NDEORYL� VR� QHL]ROLUDQL
PHWDOQL� DUPDWXUL� L� SOD^WRYL�� 3RNDCDQR� H� GHND� ]DQHPDUXYDZH� QD� RYRM� HIHNW
GRYHGXYD�GR�SRJUH^QD�SURFHQND�]D�JROHPLQDWD�L�REOLNRW�QD�RSDVQLRW�VHNWRU�

�� 3265('12�9/,-$1,(�1$�(/(.75,A12�,�0$*1(712�32/(
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2SDVQLWH�YOLMDQLMD�RG�EOLVNLWH�HOHNWURHQHUJHWVNL�SRVWURMNL�YU]�PHWDOQLWH
FHYRYRGL�L�GUXJL�SRVWURMNL�QD�JDVRYRGQDWD�PUHCD�PRCDW�GD�SUHGL]YLNDDW�

• RSDVQRVW�SR�EH]EHGQRVWD�QD�OX_HWR�YR�NRQNWDNW�VR�SRVWURMNLWH�QD�JDVRYRG�
QDWD�PUHCD�

• R^WHWXYDZH�QD�L]RODFLMDWD�QD�FHYNDWD�L�QD�PDWHULMDORW�QD�VDPDWD�FHYND�L
• R^WHWXYDZH�LOL�XQL^WXYDZH�QD�RSUHPDWD�SRYU]DQD�VR�JDVRYRGRW��SRVHEQR

RSUHPDWD��]D�NDWRGQD�]D^WLWD�

2SDVQRVWD� ]D� OX_HWR� PRCH� GD� VH� MDYL� SUL� NRQWDNW� VR� PHWDOQLWH� GHORYL� QD
JDVRYRGQLWH�SRVWURMNL�YR�PRPHQWRW�NRJD�LVWLWH�VH�QDR_DDW�SRG�YOLMDQLH�QD�HOHNWUR�
HQHUJHWVNLWH�SRVWURMNL��9R�WDNYL�RNROQRVWL�aRYHNRYRWR�WHOR�PRCH�GD�ELGH�GHO�QD
HOHNWULaQR�NROR�YR�NRH�VH�YRVSRVWDYXYD�VWUXMD��2SDVQRVWD�]DYLVL�RG�JROHPLQDWD�QD
VWUXMDWD�L�YUHPHWR�QD�GHMVWYRWR�

1DaLQRW� QD� R^WHWXYDZHWR� QD� L]RODFLMDWD� QD� FHYRYRGRW� ]DYLVL� RG� YLGRW� QD
L]RODFLRQLRW� PDWHULMDO�� .RJD� H� L]RODFLMDWD� SRVODED�� QD� SULPHU� RG� ELWXPHQ�� LV�
WUDCXYDZDWD�SRNDCDD�SRMDYD�QD�SURERM�L�LVNUHZH�QD�JROHPL�SRYU^LQL�]D�UHODWLYQR
QLVNL�QDSRQL�(1000 – 1200 V)��9DNYLRW�SURERM��RG�VYRMD�VWUDQD��JR�RJUDQLaXYD�QDSR�
QRW�NRM�VH�MDYXYD�QD�JDVRYRGRW��9R�VOXaDM�QD�L]RODFLMD�ED]LUDQD�QD�SROLHWLOHQ�SUR�
ERMRW� VH� MDYXYD� QD� SRYLVRNL� QDSRQL� L� UH]XOWLUD� VR� R^WHWXYDZH� QD� RJUDQLaHQL
SRYU^LQL�

,]RODFLRQLWH�VSRMQLFL�XSRWUHEHQL�]D�L]ROLUDZH�QD�SRHGLQL�GHORYL�QD�JDVR�
YRGRW�PRCDW�GD�ELGDW�R^WHWHQL�L�GRNRONX�HOHNWULaQRWR�SROH�MD�QDGPLQH�JUDQLFDWD
QD�SURERMRW�QD�L]RODFLMDWD��,VWRWR�YDCL�]D�RSUHPDWD�NRMD�H�SULNOXaHQD�QD�JDVRYR�
YRGRW��SRVHEQR�]D�RSUHPDWD�]D�HOHNWURKHPLVND�NDWRGQD�]D^WLWD�



9R�WUXGRW�[13] H�SULNDCDQD�PHWRGRORJLMDWD�QD�RSUHGHOXYDZH�QD�SDUDPHWULWH
QD� ]D^WLWD�� NRMD� H� YR� VNODG� VR� YDCHaNLRW� VWDQGDUG� [14]� L� NRMD� RYR]PRCXYD� WHKQR�
HNRQRPVNL�RSWLPDOHQ�SURHNW�QD�]D^WLWDWD�

�� 5$',2�,�7(/(9,=,6.,�35(A.,

.DNR�UDGLR�SUHaND�VH�NODVLILFLUD�VHNRM�HIHNW�YU]�SULHPRW�QD�VDNDQLRW�UD�
GLR�VLJQDO�NDNR�SRVOHGLFD�RG�QHVDNDQL�SUHaNL�YR�UDGLR�IUHNYHQFLVNLRW� VSHNWDU�
7HOHYL]LVNLWH� �79�� SUHaNL� VH� VSHFLMDOHQ� VOXaDM� QD� UDGLR� SUHaNL�� YR� RSVHJRW� QD
IUHNYHQFLLWH�NRL�JL�NRULVWDW�WHOHYL]LVNLWH�PUHCL�

1DG]HPQLWH� YRGRYL� PRCDW� GD� SUHGL]YLNDDW� DNWLYQL� L� SDVLYQL� SUHaNL�� SUL
^WR�DNWLYQL�VH�SRUDGL�SRMDYL�QD�NRURQD��HOHNWULaQR�SUD]QHZH�L�YDUQLaHZH��D�SD�
VLYQL�SRUDGL�UDVHMXYDZH�

��� 3RMDYDWD�QD�NRURQD�QD�SRYU^LQDWD�QD�SURYRGQLFLWH�L�RSUHPDWD

.RURQDWD�NDNR�SUHGL]YLNXYDa�QD�UDGLR�SUHaNL�YRJODYQR�VH�MDYXYD�NDM�YRGRYL
VR�QDSRQVNL�QLYRD�SRJROHPL�RG�220 kV��1DVWDQDWRWR�(0�SROH�H� VR�IUHNYHQFLL�YR
RSVHJRW�RG�������GR����MHz��]DUDGL�^WR�WRD�YOLMDH�YR�UDGLRGLIX]QRWR�IUHNYHQFLVNR
SRGUDaMH��QR�QH�L�YR�79�SRGUDaMHWR��.DUDNWHULVWLaQR�H�GHND�RYLH�SUHaNL�VH�SURVWL�
UDDW�SR�GROCLQDWD�QD�GDOQRYRGLWH��6DPR�YR�VSHFLILaQL�VOXaDL��YR�QHSRYROQL�DW�
PRVIHUVNL� XVORYL� QD� VLOHQ� GRCG� LOL� VQHJ� QD� SURYRGQLFLWH�� SRMDYDWD� QD� NRURQD
PRCH�GD�YOLMDH�YU]�79�VLJQDOLWH��9R�WDNYL�XVORYL�]DEHOHCDQL�VH�SUHaNL�QD�79�VLJ�
QDOL�VR�IUHNYHQFLL�YR�RSVHJRW�RG����GR����MHz�

��� (OHNWULaQR�SUD]QHZH�L�YDUQLaHZH�QD�L]RODWRULWH�L�QD�OR^LWH
NRQWDNWL

3UD]QHZDWD� L� YDUQLaHZDWD� QD� L]RODWRULWH� SURL]YHGXYDDW� VOLaQL� SUHaNL
NDNR�L�SRMDYDWD�QD�NRURQD��QR�VR�QH^WR�SR^LURN�VSHNWDU��=JROHPHQ�LQWHQ]LWHW�QD
SUHaNL� XNDCXYD� QD� QHLVSUDYQRVW�� R^WHWXYDZH� L� RQHaLVWXYDZH� QD� SRYU^LQDWD� QD
L]RODWRULWH��.RJD� SRYU^LQDWD� QD� L]RODWRULWH� H� QHaLVWD�� YDUQLaHZHWR� H� SRVHEQR
L]UD]HQR�SUL�^WR�IUHNYHQFLVNLRW�VSHNWDU�QD�SUHaNLWH�H�SRYLVRN�RWNRONX�NDM�NR�
URQDWD�L�VH�GYLCL�GR�QDG�30 MHz�VR�^WR�YOLMDH�YU]�79�VLJQDOLWH�VR�QL]RN�IUHNYHQ�
FLVNL�RSVHJ��=D�YDNYL�YLVRNL�IUHNYHQFLL�SURVWLUDZHWR�QD�SUHaNLWH�YRJODYQR�H�GL�
UHNWQR�YR�SURVWRURW��QH�VH�SURVWLUDDW�SR�GROCLQDWD�QD�YRGRW�NDNR�NDM�NRURQDWD��L
]DUDGL�WRD�LPDDW�ORNDOHQ�HIHNW�YR�UDGLXV�RG�QHNRONX�VWRWLQL�PHWUL�RNROX�L]ROD�
WRURW�

6OLaQL� SR� NDUDNWHULVWLNL� VH� SUHaNLWH� SRUDGL� YDUQLaHZH� QD� OR^LWH� NRQ�
WDNWL��^WR�H�SUHG�Vp�NDUDNWHULVWLaQR�]D�VUHGQR��L�QLVNR�QDSRQVNDWD�RSUHPD��2YLH
SUHaNL�NDNR�L�SUHaNLWH�]DUDGL�SUD]QHZH�L�YDUQLaHZH�QD�L]RODWRULWH�PRCDW�GD�VH
QDPDODW�VR�QLYQR�VRRGYHWQR�GREUR�SURHNWLUDZH��LQVWDOLUDZH�L�RGUCXYDZH�
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JLWH�YRRELaDHQL�EXaDYL�YR�RNROLQDWD�VR�HQHUJLMD�NRQFHQWULUDQD�YR�QLVNLRW�RSVHJ
QD�aXMQL�IUHNYHQFLL�

'UXJ�YLG�QD�EXaDYD�YR�RNROLQDWD�QD�GDOQRYRG��NRMD�VH�SRMDYXYD�VDPR�SRG�RGUH�
GHQL�YUHPHQVNL�XVORYL��H�EXaDYDWD�SUHGL]YLNDQD�RG�VWUXHZH�QD�YR]GXKRW�PH_X�SUR�
YRGQLFLWH��L]RODWRULWH�L�VWROERYLWH��7DD�]DYLVL�RG�EU]LQDWD�L�QDVRNDWD�QD�YHWHURW
L�PRCH�GD�GRVWLJQH�L�GR�70 dB�

� -21,�,�2=21

3UL�SRMDYD�QD�NRURQD�RNROX�SURYRGQLFLWH�QD�GDOQRYRGRW��NDNR�SRVOHGLFD�QD
HOHNWULaQRWR�SUD]QHZH��YR]GXKRW�VH� MRQL]LUD�QR�PHUHZDWD�SRNDCDOH�GHND�NRQFHQ�
WUDFLMDWD�QD�MRQL�L�R]RQ�QD�QLYR�QD�]HPMDWD�]QDaLWHOQR�QH�VH�PHQXYD�SUL�SRMDYDWD�QD
NRURQD�
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,DNR��]D�CDO��HNROR^NL�VWDQGDUGL�]D�(0�SROLZD�VvX^WH�QH�SRVWRMDW��LDNR�QD
QLY�VH�UDERWL���QHRSKRGQR�H�SRWUHEQR�SUHYHQWLYQR�GD�VH�YRGL�VPHWND�]D�SRWUHEDWD�]D
QDPDOXYDZH�QD�HNROR^NLWH�QDUX^XYDZD��=D�UD]OLND�RG�VWDQGDUGLWH�RG�REODVWD�QD
(0.�NRL�VH�RGQHVXYDDW�QD�IXQNFLRQLUDZH�QD�HOHNWULaQL�XUHGL�L�VLVWHPL��NDNR�L
VWDQGDUGLWH�]D�EH]EHGQRVW��NDGH�SRVWRL�MDVQD�FHO�GD�VH�REH]EHGL�VRRWYHWHQ�QLYR�QD
NYDOLWHW� LOL� JUDQLFD� QD� EH]EHGQRVW�� NDM� VLVWHPRW� QD� HNROR^NR� XSUDYXYDZH� QH� VH
EDUD�NRQHaQD�FHO��WXNX�VH�WHCL�NRQ�NRQWLQXDOQR�SRGREUXYDZH��ELGHM`L�VNRUR�VLWH
aRYHNRYL�DNWLYQRVWL�GRYHGXYDDW�GR�QDUX^XYDZH�QD�SULURGQLWH�NDUDNWHULVWLNL�QD
aRYHNRYDWD�CLYRWQD�VUHGLQD���6SUHPD�WRD��FHO�QD�HNROR^NRWR�XSUDYXYDZH��D�VR�WRD
L�QD�VWDQGDUGLWH��QH�H�PRGHOLUDZH��WXNX�QDPDOXYDZH�QD�YOLMDQLMDWD�QD�SULURGQLWH
NDUDNWHULVWLNL�QD�CLYRWQDWD�VUHGLQD�

6R�FHO�GD�VH�]D^WLWL�CLYRWQDWD�RNROLQD�QHRSKRGHQ�H�SUHYHQWLYHQ�VLVWHPDW�
VNL�SULVWDS��QDUHaHQ�SUHYHQWLYQR�LQCLZHUVWYR��NDNR�GHO�RG�HNROR^NRWR�XSUDYX�
YDZH�VR�((6��3UHYHQWLYQRWR�LQCLZHUVWYR��NDNR�SULRULWHWHQ�GHO�QD�LCLZHULQJRW
QD� SUHQRVQLRW� L� GLVWULEXWLYQLRW� VLVWHP�� LPD� ]D� FHO� SRVWDYXYDZH�� UHDOL]DFLMD� L
RGUCXYDZH�QD�PHUNLWH�QD�]D^WLWD�QD�CLYRWQDWD�RNROLQD�RG�^WHWQLWH�YOLMDQLMD�QD
SUHQRVQLRW�VLVWHP��D�LVWRYUHPHQR�L�]D^WLWD�QD�SUHQRVQLRW�L�GLVWULEXWLYQLRW�VLV�
WHP�RG�RNROLQDWD�

3URFHVRW�QD�SURHNWLUDZHWR�QD�VLVWHPLWH�NRL�SURL]YHGXYDDW��SUHQHVXYDDW�L
NRULVWDW� HOHNWULaQD� HQHUJLMD� WUHED� VH� GD� VPHWD� ]D� QHRGYRLY� GHO� QD� VLVWHPRW� QD
HNROR^NRWR�XSUDYXYDZH��7RD�SUHG�Vp�]QDaL�GHND�YR�WHNRW�QD�SURHNWLUDZHWR��SRNUDM
NULWHULXPLWH�]D�QDGHCQRVW�L�EH]EHGQRVW�QD�IXQNFLRQLUDZH�L�SRNUDM�ILQDQVLVNLWH
HIHNWL�� WUHED� GD� VH� YNOXaL� L� NULWHULXP� ]D�^WR� SRPDOR� PHQXYDZH� QD� SULURGQDWD
HOHNWURPDJQHWQD� VUHGLQD�� *UH^NLWH� �RG� HNROR^NL� DVSHNW�� NRL� VH� SUDYDW� SUL� L]�



JUDGEDWD�QD�VLVWHPLWH�QDMaHVWR�QH�PRCDW�GD�VH�VDQLUDDW�EH]�JROHPL�WH^NRWLL�L�EH]
JROHPL�ILQDQVLVNL�RSWHUHWXYDZD�

9R�YUVND�VR�WRD��WUHED�GD�VH�REUQH�SRVHEQR�YQLPDQLH�QD�L]UDERWNDWD�QD�VWDQ�
GDUGLWH��NRL�YR�QHSRVUHGQD�LGQLQD�`H�ELGDW�GRQHVHQL�YR�(YURSD��L�QD�NRL�YR�LGQLQD
`H�ELGHPH�REYU]QL�GD�VH�SULODJRGLPH�
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9R�WUXGRW�H�GDGHQ�NXV�SUHJOHG�QD�SUREOHPLWH�NRL�VH�MDYXYDDW�SRUDGL�HOHNWUR�
PDJQHWQLWH� YOLMDQLMD� QD� HOHNWURHQHUJHWVNLWH� VLVWHPL� YU]� RNROLQDWD�� RG� ^WR� QD�
M]QDaDMQR�H�YOLMDQLHWR�QD�QDG]HPQLWH�YRGRYL��8NDCDQR�H�QD�QL]D�RSDVQL�YOLMDQLMD�
NRNR�^WR�H�PRCQRWR�GLUHNWQR�RSDVQR�YOLMDQLH�YU]�]GUDYMHWR�QD�OX_HWR��NDNR�L�LQ�
GLUHNWQLWH� RSDVQL� YOLMDQLMD� SUHNX� LQVWDODFLLWH� ]D� WHOHNRPXQLNDFLL� L� SULURGHQ
JDV��8NDCDQR�H�L�QD�GUXJL�QHRSDVQL��QR�^WHWQL�YOLMDQLMD�NRL�SUHG�Vp�SUHGL]YLNXYDDW
SUHaNL�

2G�L]QHVHQRWR�PRCH�GD�VH�]DNOXaL�GHND�(0.�VH�UHDOL]LUD�QL]�LVWRYUHPHQR
XSUDYXYDZH� VR� NYDOLWHWRW� QD� SURL]YRGLWH� L� QD� CLYRWQDWD� RNROLQD�� 6H� SRNDCXYD
GHND� YR� SHULRG� QD� QHGRYU^HQRVW� QD� VWDQGDUGLWH� VR� EH]EHGQRVQD� IXQNFLMD� L� NRJD
VHX^WH�QH�H�UHDOL]LUDQR�QLYQRWR�XVRJODVXYDZH��NDNR�QD�PH_XQDURGQR��WDND�L�QD�UH�
JLRQDOQR� QLYR�� SRVWRL� SRWUHED� RG� VLVWHPDWVNL� SULRG� NRQ� HNROR^NLRW� DVSHNW� QD
(0.��7RD��SUHG�Vv��]QDaL�GHND�SURHNWLUDZHWR�QD�VLVWHPLWH�]D�SURL]YRGVWYR��SUHQRV
L� NRULVWHZH� QD� HOHNWURPDJQHWQDWD� HQHUJLMD� WUHED� GD� VH� VPHWD� ]D� QHRGYRLY� GHO� QD
VLVWHPRW�QD�HNROR^NRWR�XSUDYXYDZH��SUL�^WR��SRNUDM�NULWHULXPLWH�]D�GRYHUOLYRVW
YR�IXQNFLRQLUDZHWR�L�ILQDQVLVNLWH�HIHNWL�� WUHED� GD� VH� YQHVDW� L� NULWHULXPL� ]D
^WR�SRPDOD�SURPHQD�QD�SULURGQDWD�HOHNWURPDJQHWQD�VUHGLQD�

3RVHEQR� VH� YDCQL� VWDQGDUGLWH� RG� REODVWD� QD�(0.�� NRL� VH� GRQHVHQL� LOL� YR
QHSRVUHGQD� LGQLQD� `H� ELGDW� GRQHVHQL� YR� (YURSD�� D� QD� NRL� YR� LGQLQD� `H� ELGHPH
REYU]QL�GD�VH�SULODJRGLPH�
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Vo trudot e prika`an metod za kratkoro~na optimizacija na pogonot na
termoelektranite i hidroelektranite vo slo`en elektroenergetski sistem baziran na
pove}ekriteriumska funkcija na cel. Funkcijata na cel {to se minimizira e do-
biena so davawe te`ina (prednost) na pooddelnite vlijatelni faktori: vkupnite
tro{oci za gorivo kaj termoelektranite i ekolo{koto zagaduvawe na termoelektra-
nite na okolnata sredina. Zemeni se predvid i ograni~uvawa vo odnos na proiz-
vodstvoto na elektri~na i maksimalno dozvolenata emisija na {tetni polutanti
energija na generatorskite edinici kaj termoelektranite,

Modelot e primenet na konkreten elektroenergetski sistem. Analizirano e
vlijanieto na usvoenite te`inski faktori vrz optimalnata raspredelba na optova-
ruvawe, ekonomskite za{tedi i namaluvaweto na emisijata na {tetnite polutanti.

ABSTRACT

This paper presents a method for a short-term optimisation of complex hydro-thermal
electric power system which is based on a multiobjective goal function. The objective function is
formulated as the weighted sum of cost of generation and pollution level of thermal power plants.

The model is applied on a concrete example of electric power system. The analysis of
dependencies of chosen weighting factors on the economic cost and emission of pollutants are
also included.
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Tradicionalnata definicija na problemot na optimalna raspredelba na op-
tovaruvawe gi minimizira vkupnite tro{oci za gorivo kaj termoelektri~nite cen-
trali  vo tekot na periodot na optimizacija [1], [7]. Me|utoa, dramati~niot porast
na zagaduvaweto vo atmosferata, na koe pokraj soobra}ajot i hemiskata
industrija, zna~ajno vlijanie imaat i termoenergetskite postrojki, doveduva do
redefinirawe na funkcijata na cel. Pri toa, osven ekonomskiot se voveduva i t.n.
"ekolo{ki'' kriterium koj vodi smetka za isfrlenata koli~ina na {tetni gasovi i
~esti~ki vo atmosferata [2], [3], [4], [5], [6]. Tuka, pred s#, se misli na sulfurnite
oksidi xSO , azotnite oksidi xNO , jaglen dioksidot 2CO  i drugi sitni ~esti~ki.
Ovie kriteriumi po pravilo se me|usebno konfliktni, pa zatoa se pojavuva potre-
ba za razvoj na metodi koi na planerot, vrz osnova na postignatiot kompromis }e
mu pomognat da izvr{i izbor na najpovolnoto re{enie.

Kako metod za re{avawe na ovoj problem mo`e da se upotrebi pove}ekrite-
riumskata optimizacija i kompromisnoto programirawe [9]. Karakteristi~no za
pove}ekriteriumskata optimizacija e pojavata na pove}e alternativni re{enija. Za-
toa i re{avaweto na ovie zada~i se sostoi vo dve fazi: analiza na rezultatite od
optimizacijata i donesuvawe odluka. Generalna prednost na pove}ekriteriumski-
ot priod e toa {to na planerot mu nudi pogolem broj na informacii vo sporedba
so klasi~niot ednokriteriumski pristap (parcijalnite re{enija se samo varijantni
re{enija vo pove}ekriteriumskiot priod). Ovie informacii dokolku se pravilno
struktuirani i selektirani mo`at da bidat od isklu~itelna va`nost za planerot pri
donesuvaweto na kone~nata odluka.

Ovdeka treba da se naglasi i ulogata na lu|eto - eksperti koi }e izvr{at ko-
ne~en izbor od ponudenite re{enija. Tie sekako treba da imaat isklu~itelni poz-
navawa vo oblasta na koja se odnesuva optimizacijata, dobra procenka na oset-
livosta na modelot vo odnos na vleznite podatoci, kako i mo`nite posledici od
prifa}aweto ili otfrlaweto na odredena varijanta.

Razvieniot metod vr{i optimalna raspredelba na optovaruvawe vo slo`en
elektroenergetski sistem sostaven od termoelektrani i hidroelektrani. Optimiza-
cijata se vr{i vrz baza na pove}ekriteriumska funkcija na cel koja vo sebe go
vklu~uva i ekonomskiot i ekolo{kiot kriterium so odnapred utvrdena te`ina. So
varijacija na te`inite so koi se vrednuva sekoj kriterium se dobiva mno`estvo na
optimalni re{enija. Razvieniot model spa|a vo t.n. sistemi za podr{ka vo
odlu~uvaweto (DCC - Decision support System) koj nema pretenzija da dade kone~no
re{enie na problemot, tuku da mu pomogne na ~ovekot - ekspert, koj pret-
stavuva aktiven u~esnik vo procesot na planirawe, vo donesuvaweto na
kone~nata odluka.  
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    Prvata funkcija koja treba da se minimizira vrz baza na ekonomskiot kri-
terium pretstavuva sumata na tro{ocite za gorivo kaj termoelektranite koi se na-
o|aat vo pogon vo tekot na periodot na optimizacija (T ) :

∑∑
= =

=
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t

NT

i
tgiti tPKF

1 1
1 )( ∆ (1)

kade {to e:
)( giti PK - tro{kovna karakteristika na i -tata termoelektrana )/( hpe  vo fun-

kcija od nejzinata mo}nost gitP ;

∆tt - vremetrawe na vremenskiot interval t  vo ~asovi, i
NT- broj na termoelektrani vklu~eni vo optimizacionata procedura.

Vtorata funkcija koja treba da se minimizira e vkupnata emitirana koli~i-
na na polutanti nastanata pri sogoruvawe na gorivoto kaj termoelektranite.
Ovaa funkcija direktno zavisi od izleznata mo}nost na termoelektranite. Vo
slu~ajov e formirana kompozitna funkcija koja vo sebe go vklu~uva vlijanieto na
site {tetni polutanti:

∑∑
= =

=
T

t

NT

i
tgiti tPEF

1 1
2 )( ∆ (2)

kade {to:
)( giti PE - karakteristika na emisija na polutantite )/..( hup  na i -tata termo-

elektrana vo funkcija od mo}nosta na termoelektranata gitP .

Kompromisnata funcija na cel *F  {to treba da se minimizira pretstavuva
zbir na funkciite 1F  i 2F :

2211
* FwFwF += (3)

Izborot na te`inskite faktori go odreduva prioritetot {to timot na eksperti i
go dava na opredelena funkcija. Taka, na primer, pri 21 ww >> , mnogu pogolem
prioritet mu se dava na ekonomskiot kriterium, dodeka pri 21 ww <<  prioritetot e
na strana na ekolo{kiot kriterium.

Re{avaweto na ovoj problem vo sebe mora da gi vklu~i i ograni~uvawata
vo obli na ravenstvo i ograni~uvawata vo oblik na neravenstvo koi proizleguvaat
od realniot pogon na elektroenergetskiot sistem.

Za site vremenski intervali vo tekot na periodot na optimizacija ( Tt ,1= )
mora da bide ispolnet uslovot za bilans na aktivni i reaktivni mo}nosti za site
sobirnici od elektroenergetskiot sistem. Ovie uslovi izrazeni vo funkcija od ak-
tivnoto optovaruvawe na sobirnicite na elektroenergetskiot sistem Plit  ( ),1 NBi = ,
proizvedenata mo}nost na termoelektranite gitP  ( NTi ,1= ) i hidroelektranite

HitP ( NHi ,1= ), i naponite itV  ( NBi ,1= ) i aglite itθ  ),1( NBi =  na sobirnicite, za
generatorskite sobirnici se izrazeni preku slednite ravenstvata:

0),( =+− lititttit PPP θV   ̂ E�� i NT t T= 1 1, ;  = , (4)



0),( )( =+− − littNTiHttit PPP θV   ̂ E�� i NT NT NH t T= + +1 1, ;  = , (5)

dodeka ravenkite za bilans na mo}nosti na ~isto potro{uva~kite  sobirnici  se:

0),( t =+ Littit PP θV    ̂ E� i NT NH NB= + + 1, ;  t = 1,T (6)

   Ravenkite koi go definiraat bilansot na reaktivni mo}nosti na sobirnicite
so promenliv napon se:

0),( =+− litgitttit QQQ θV   ̂ E  i MB NB= +1, ;  t = 1,T (7)

Upotrebenite oznaki go imaat slednovo zna~ewe:

NH - broj na hidroelektrani vo elektroenergetskiot sistem,
NB− vkupen broj na sobirnici vo elektroenergetskiot sistem,
MB− broj na sobirnici so kontroliran napon,

tV  - vektor na naponi na sobirnicite vo vremenski interval t ,

tθ  - vektor na agli na sobirnicite vo vremenski interval t ,

 ),( titP θV  - injektirani aktivna mo}nost na i − tata sobirnica vo vremenski-
ot interval t , i

),( ttitQ θV - injektirana reaktivna mo}nosti na i − tata sobirnica vo vremen-
skiot interval t ;

Vo presmetkite treba da se vklu~i i raspolo`ivata koli~ina na voda za pro-
izvodstvo na elektri~na energija kaj hidroelektranite, a pogonot kaj niv treba da
se vodi taka da se potro{i celokupnata raspolo`iva koli~ina na voda vo tekot na
optimizacioniot period:

NHiWVtPq
T

t
itHitHi ....2,1=     0)(

1
∑

=
=−∆  (8)

kade {to e:
 )( HitHi Pq  - funkcija na potro{uva~ka na voda kaj i -tata hidroelektrana,

WVi - raspolo`liva koli~ina na voda vo tekot na periodot na optimizacija,
kaj  i -tata hidroelektrana.

Ako pretpostavime deka tro{kovnite karakteristiki na termoelektranite   se
polinomni funkcii od stepen NPT od mo}nosta na termoelektranite,  karakteris-
tikite na emisija na polutanti polinomni funkcii od stepen NPE od mo}nostite na
termoelektranite, a energetskite karakteristiki na hidroelektranite polinomni
funkcii od stepen NPH od mo}nosta na  hidroelektranite, soodvetnata kompro-
misna Lagrange-ova funkcija na cel, ~ija vrednost treba da se minimizira go dobi-
va sledniot oblik:
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Ograni~uvawato vo forma na neravenstva vo odnos na maksimalnata i
minimalnata mo}nost na generatorskite edinici, se vklu~uvaat  dopolnitelno  vo
funkcijata na cel so pomo{ na Kuhn-Tucker-ovite uslovi.

-WXS�XEOE��ZS�JYROGMNEXE�RE�GIP�WI�ZOPYbIRM�M�SKVERMbYZE[I�^E�QEOWMQEPRS
HS^ZSPIREXE�KVERMGE�RE�IQMWMNE�RE�TSPYXERXM�RE� i�XEXE�XIVQSIPIOXVERE�ZS�XIOSX�RE
TIVMSHSX�RE�STXMQM^EGMNE�

∑
=

≤∆=
T

t
itititi EtPEE

1
max;)(  NTi ....2,1= (10)

kako i ograni~uvawe vo odnos na maksimalnoto ( iW ) i minimalnoto ( iW ) proiz-
vodstvoto na elektri~na energija na termoelektranite:

;max,
1

min, TPWtPWTP i

T

t
ititii ≤≤∆≤≤ ∑

=
  NTi ....2,1= (11)

Ograni~uvawata vo forma na neravenstvo (10) i (11), vo funkcijata na cel
(9) se vklu~uvaat dopolnitelno so metodata na kazneni (penalni) funkcii.

Uslov za ekstrem na Lagrange-ovata funkcija (9) e prvite parcijalni izvodi
po soodvetnite promenlivi NBiNBMBiVNHiPNTiP ititHitgit ,2 , ;,1 , ;,1 , ;,1 ,( =+=== θ ),  i

soodvetni Lagrange-ovi mno`iteli ( )1 , ;,1 , ;1 , ,NHmNBMBi,NBi mqitpit =+== µλλ  bidat

ednakvi na 0 za sekoj vremenski interval Tt ,1= .
6I_EZE[IXS�RE�HSFMIRMSX�WMWXIQ�RIPMRIEVRM�VEZIROM�WI�ZV_M�WS�TSQS_�RE

;YXR�6ETWSRSZEXE�QIXSHE�WS�OSVMWXI[I�RE�ZXSVM�TEVGMNEPRM�M^ZSHM�TS�WSSHZIXRMXI
TVSQIRPMZM� M�QEXVMbRE� IPMQMREGMNE� ^E� VI_EZE[I� RE� PMRIEVM^MVERMSX� WMWXIQ� VE�
ZIROM��WPMbRS�OEOS�ZS�[1]�

�� 291)6-B/%�6)%0->%'-.%�-�%2%0->%�2%�(3&-)2-8)
6)>908%8-

Vrz baza na razraboteniot metod e izrabotena kompjuterska programa na
programskiot jazik FORTRAN. Programata e testirana na konkreten elektro-
energetski sistem sostaven od 4 termoelektrani, dve hidroelektrani, so 25 sobir-
nici i 43 jazli. Podatocite za tro{kovnite karakteristiki za gorivo i  emisionite
karakteristiki na termoelektranite [2], kako i podatocite za hidroelektranite se
dadeni vo Tabela  1 i vo Tabela 2 od Prilogot.

-^ZZV_IRE�I�EREPM^MVE�RE�ZPMNERMIXS�RE�M^FSVSX�RE�XIDMRWOMXI�JEOXSVM� 1w

M� 2w �ZV^�ZOYTRMXI�XVS_SGM�^E�KSVMZS��ZOYTREXE�OSPMbMRE�RE�IQMXMVERM�TSPYXERXM�M

TVSWIbRMXI�^EKYFM�RE�QSaRSWX�ZS�TVIRSWREXE�QVIDE�TVM�STXMQEPRE�VEWTVIHIPFE�RE
STXSZEVYZE[I�HSFMIRS�WTSVIH�OSQTVSQMWREXE�JYROGMNE�RE�GIP��:S�8EFIPE���WI�TVM�
OEDERM� TVSGIRXYEPRMXI� ^KSPIQYZE[E� RE� ZOYTRMXI� XVS_SGM� RE� KSVMZS�� ZOYTREXE
IQMWMNE�RE�TSPYXERXM�M�^EKYFMXI�RE�EOXMZREXE�QSaRSWX�ZS�SHRSW�RE�QMRMQEPRMXI�ZS



^EZMWRSWX�SH�M^FSVSX�RE�XIDMRWOMXI�OSIJMGMIRXM�OSKE�RI�WI�ZOPYbIRM�SKVERMbYZE�
[EXE�ZS�SFPMO�RE�RIVEZIRWXZS�

3H�VI^YPXEXMXI�TVMOEDERM�ZS�8EFIPE���WI�^EFIPIDYZE�HIOE�WS�^KSPIQYZE[I�RE
IOSRSQWOMXI�XVS_SGM�^E������	�ZS�SHRSW�RE�STXMQEPRMXI�VI^YPXEXM�WTVIQE�bMWXS
IOSRSQWOMSX� OVMXIVMYQ�� IQMWMNEXE� RE� TSPYXERXM� WI� REQEPYZE� ^E� ����	�� HSHIOE� WS
^KSPIQYZE[I�RE�IOSRSQWOMXI�XVS_SGM�^E�����	�IQMWMNEXE�RE�TSPYXERXM�WI�REQEPYZE
^E� �����	�� 4VM� XSE�� ^EKYFMXI� ZS� TVIRSWREXE� QVIDE� ZS� SHRSW� RE� VIJIVIRXRMXI� WI
^KSPIQYZEEX�^E�����	�SHRSWRS������	��:S�SZSN�WPYbEN��QMRMQEPRMXI�IOSRSQWOM�XVS�

_SGM� 1( 1 =w � 02 =w �M^RIWYZEEX� p.e. 28,96703min1 =F ��E�IQMWMNEXE�I�QEOWMQEPRE�M�M^RI�

WYZE� p.u. 80070max2 =F ��1MRMQEPREXE� IQMWMNE� RE� TSPYXERXM� � 11 =w � ∞=2w � M^RIWYZE

p.u. 21,69201min2 =F ��E�ZS�XSN�WPYbEN�IOSRSQWOMXI�XVS_SGM�WI�QEOWMQEPRM�M�M^RIWYZE�

EX� 100668max1 =F �p.u.

8EF�� 4VSGIRXYEPRE ZEVMNEGMNE RE XVS_SGMXI ^E KSVMZS� IQMWMNEXE RE TSPYXERXM M ^EKYFMXI

RE EOXMZRE QSaRSWX ZS ^EZMWRSWX SH M^FSVSX RE XIDMRWOMXI JEOXSVM �FI^ SKVERMbYZE[E

1w 2w (%)1F∆ (%)2F∆ (%)zagP∆
1 0 0.000 0.000 0.000
1 0.01 0.003 -0.743 0.012
1 0.05 0.061 -3.167 0.050
1 0.1 0.295 -5.324 0.205
1 0.5 1.352 -11.181 2.063
1 1 2.167 -12.599 3.650
1 5 3.539 -13.509 6.824
1 10 3.804 -13.557 7.482
1 100 4.069 -13.574 8.178
0 ∞ 4.100 -13.574 8.275

-WXEXE� EREPM^E� I� M^ZV_IRE� M� OSKE� ZM� TVIWQIXOMXI� WI� ZOPYbIRM� SKVERMbYZE�
[EXE�ZS�SFPMO�RE�RIVEZIRWXZS��E�HSFMIRMXI�VI^YPXEXM�WI�TVMOEDERM�ZS�8EFIPE���

8EF�� 4VSGIRXYEPRE ZEVMNEGMNE RE XVS_SGMXI ^E KSVMZS� IQMWMNEXE RE TSPYXERXM M ^EKYFMXI

RE EOXMZRE QSaRSWX ZS ^EZMWRSWX SH M^FSVSX RE XIDMRWOMXI JEOXSVM �WS SKVERMbYZE[E

1w 2w (%)1F∆ (%)2F∆ (%)zagP∆
1 0 0.000 0.000 0.000
1 0.01 0.001 -0.215 -0.019
1 0.05 0.027 -1.154 -0.065
1 0.1 0.124 -2.758 0.081
1 0.25 0.566 -6.120 1.770
1 0.5 1.163 -8.224 4.236
1 0.75 1.510 -8.935 4.621
1 1 1.710 -9.225 6.160
1 5 2.325 -9.653 7.353
1 10 2.418 -9.674 7.546
1 100 2.503 -9.677 7.661
1 ∞ 2.517 -9.679 7.699



7I�^EFIPIDYZE�HIOE��GIREXE�RE�bMRI[I���^E�REQEPYZE[I�IQMWMNEXE�RE�TSPYXER�
XM�I�YWPSZRS�TSKSPIQE��ZS�WTSVIHFE�WS�TVIXLSHRMSX�WPYbEN��8EOE��RE�TVMQIV��^KSPI�
QYZE[IXS� RE� IOSRSQWOMXI� XVS_SGM� ^E� ����	� ZS� SHRSW� RE� STXMQEPRMXI� VI^YPXEXM
WTVIQE�bMWXS�IOSRSQWOMSX�OVMXIVMYQ��HSZIHYZE�HS�REQEPYZE[I�RE�IQMWMNEXE�RE�TS�
PYXERXM�^E�����	��4VSWIbRMXI�^EKYFMXI�ZS�TVIRSWREXE�QVIDE�WI�HZMDEX�ZS�KVERMGM�

XI������������MW ��:S�SZSN�WPYbEN��QMRMQEPRMXI�IOSRSQWOM�XVS_SGM� 1( 1 =w �� 02 =w 

M^RIWYZEEX� p.e. 16,96770min1 =F ��E�IQMWMNEXE�I�QEOWMQEPRE�M�M^RIWYZE� 69,78023max2 =F

p.u.��1MRMQEPREXE�IQMWMNE�RE�TSPYXERXM�� 11 =w � ∞=2w �M^RIWYZE� p.u. 70472min2 =F ��E

ZS�XSN�WPYbEN�IOSRSQWOMXI�XVS_SGM�WI�QEOWMQEPRM�M�M^RIWYZEEX� 18,99206max1 =F �p.u.

:OYTRSXS� HRIZRS� TVSM^ZSHWXZSXS� RE� IPIOXVMbRE� IRIVKMNE� RE� RE� TVZEXE
LMHVSIPIOXVERE�WI�HZMDM�ZS�KVERMGMXI�SH�����������������MWh ��E�RE�ZXSVEXE�LMHVS�
IPIOXVERE�ZS�KVERMGMXI�SH�����������������MWh �

:S�TSREXEQS_RMSX�HIP�SH�XVYHSX�I�M^ZV_IRE�EREPM^E�RE�IOSRSQWOEXE�^E_XI�
HEXE�M�REQEPYZE[IXS�RE�IQMWMNEXE��8EOE��RE�TVMQIV�

)OSRSQWOE�^E_XIHE�!�:VIHRSWX�RE� 1F �OSKE�WI�QMRMQM^MVE�WEQS� 2F ��

�����ZVIHRSWXE�RE� 1F �OSKE�WI�QMRMQM^MVEEX�^EIHRS 1F �M� 2F

2EQEPYZE[I�RE�IQMWMNE!�:VIHRSWX�RE� 2F �OSKE�WI�QMRMQM^MVE�WEQS� 1F ��

�����������ZVIHRSWXE�RE� 2F �OSKE�WI�QMRMQM^MVEEX�^EIHRS� 1F �M� 2F
2E�WP���I�TVIXWXEZIRE�TVSGIRXYEPREXE�IOSRSQWOEXE�^E_XIHE�ZS�^EZMWRSWX�SH

TVSGIRXYEPRSXS�REQEPYZE[I�RE�IQMWMNEXE�RE�TSPYXERXM�

7P����>EZMWRSWX�RE�TVSGIRXYEPRSXS�REQEPYZE[I�RE�IQMWMNEXE�RE�TSPYXERXM�SH
TVSGIRXYEPRMXI�IOSRSQWOM�^E_XIHM

1EOWMQEPREXE�IOSRSQWOE�^E_XIHE�SH�XVS_SGMXI�^E�KSVMZS�OEN�XIVQSIPIOXVE�
RMXI�WI�HIJMRMVERM�WS�VEZIROEXE�����

),1()0;1(),1( 2112112111 ∞==−==−∞=== wwFwwFwwFF zasteda∆ (12)
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HSHIOE�QEOWMQEPRSXS�REQEPYZE[I�RE�RMZSXS�RE�IQMWMNE�RE�TSPYXERXMXI�WI�TVIWQIXY�
ZE�WTSVIH�VEZIROEXE�

),1()0,1( 2122122 ∞==−=== wwFwwFF nam∆ (13)

3H�WPMOEXE� NEWRS�WI�^EFIPIDYZE�HIOE�REQEPYZE[IXS�RE�XVS_SGMXI�^E� KSVMZS
HSZIHYZE� HS� ^KSPIQYZE[I� RE� IQMWMNEXE� RE� TSPYXERXM� M� SFVEXRS�� REQEPYZE[IXS� RE
IQMWMNEXE�RE�TSPYXERXM�HS�^KSPIQYZE[I�RE�XVS_SGMXI�^E�KSVMZS�TVM�TVSM^ZSHWXZS
RE�IPIOXVMbRE�IRIVKMNE�OEN�XIVQSIPIOXVERMXI��-WXS�XEOE�WI�^EFIPIDYZE�HIOE�WS�TVM�
FPMDYZE[I�RE�QSHIPSX�HS�VIEPRMXM�YWPSZM�RE�VEFSXE�RE�IPIOXVSIRIVKIXWOMSX�WMW�
XIQ�� WS�ZSZIHYZE[I�RE�SKVERMbYZE[EXE�ZS�SFPMO�RE�RIVEZIRWXZS� WI� ^KSPIQYZE�OSR�
JPMOXRSWXE�RE�TVSFPIQSX�

&MHINaM�MWXSZVIQIRS�RI�I�QSDRE�QEOWMQEPRE�^E_XIHE�RE�KSVMZS�M�QEOWMQEP�
RS�REQEPYZE[I�RE�IQMWMNEXE�RE�TSPYXERXM��RE�TPERIVSX�QY�WI�SWXEZE�ZV^�SWRSZE�RE
HSFMIRMXI�EREPM^M�M�ZV^�FE^E�RE�HVYKM�VIPIZERXRM�JEOXSVM�M�WMWXIQWOM�FEVE[E��HE
M^ZV_M�M^FSV�RE�TVMJEXPMZS�VI_IRMI�

�� >�%�/�0�9�B�3�/

6E^ZMIR�I�QEXIQEXMbOM�QSHIP�M�TEOIX�TVSKVEQM�OSN�WS�QIXSHSX�RE�TSZIaIOVM�
XIVMYQWOE�STXMQM^EGMNE�FE^MVER�RE�XIDMRWOM�OSIJMGMIRXM�ZV_M�OVEXOSVSbRE�ST�
XMQM^EGMNE�RE�VEFSXE�WPSDIR�IPIOXVSIRIVKIXWOM�WMWXIQ�WSWXEZIR�SH�XIVQSIPIOXVE�
RM�M�LMHVSIPIOXVERM��1SHIPSX�ZS�WIFI�KM�ZOPYbYZE�IOSRSQWOMSX��XVS_SGM�^E�KSVMZS
OEN�XIVQSIPIOXVERMXI�M�IOSPS_OMSX�OVMXIVMYQ��REQEPYZE[I�RE�IQMWMNEXE�RE�TSPY�
XERXM�OEN�XIVQSIPIOXVERMXI��(SFMIRMXI�VI^YPXEXM� NE�TSOEDYZEEX�STVEZHERSWXE�RE
ZSZIHYZE[IXS�RE�IOSPS_OMSX�OVMXIVMYQ��FMHINaM�WS�SXOEDYZE[I�RE�SOSPY���	�TVS�
GIRXM�SH�^E_XIHMXI�^E�KSVMZS��WI�HSFMZEEX�SOSPY���	�ZS�REQEPYZE[IXS�RE�IQMWMNEXE
RE�_XIXRMXI�TSPYXERXM�

6EZMIRMSX�QSHIP�WTE`E�ZS�X�R��WMWXIQM�^E�TSHV_OE�TVM�SHPYbYZE[IXS�M�MQE�^E
GIP�HE�QY�TSRYHM�RE�TPERIVSX�OZEPMXIXRM�TSHEXSGM��HSFMIRM�ZV^�WPSDIRM�EREPM^M�
OSM�aI�RY�TSQSKREX�ZS�OSRIbREXE�SHPYOE�

�� 0�-�8�)�6�%�8�9�6�%
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�� 6��2SULFRYL`��2SWLPL]DFLMD�VLVWHPD��*UD_HYLQVNL�IDNXOWHW���%HRJUDG�����

��� 4�6�-�0�3�+

Tab.1 Koeficienti na tro{kovnata i emisionata karakteristika na termoelektranite [2]

a0 a1 a2 e0 e1 e2 )MW(maxP )MW(minP

TE 1 105,0 2,45 0,005 122,983 -1.355 0.0176 300,0 160,

TE 2 44,1 3,51 0,005 137,37 -1,249 0.01375 350,0 140,0

TE 3 = TE 4 40,6 3,89 0,005 363,704 0.8051 0.00765 210,0 140,0

Tab.2 Koeficienti na energetskata karakteristika i rapolo`liv volumen na voda kaj HE

b0 b1 b2 PH max PH min WV / 3600

HE 1 1.980 0.506 0.000216 160 0 680

HE 2 0.936 0.612 0.000196  100 0  700
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.DNR ((6 RG FHQWUDOQLRW UHJLRQ QD %DONDQRW� NDGH SRPLQXYDDW SUHQRVQLWH VLVWHPL

QD GUXJLWH %DONDQVNL ]HPML� YR EOLVND LGQLQD 0DNHGRQVNLRW ((6 VLVWHP WUHED GD VH SRYU]H

VR (YURSVNLRW ((6� 6R FHO GD VH ]DGRYROL SRWUHEDWD RG HOHNWULaQD HQHUJLMD QD SRaHWRNRW

YR ���RW YHN� NRJD UH]HUYLWH QD MDJOHQ `H ELGDW LVFUSHQL� 0DNHGRQLMD PRUD GD ]DSRaQH VR

DNWLYQRVWL ]D ]DPHQD QD SRVWRMQLWH WHUPRFHQWUDOL VR QXNOHDUQL FHQWUDOL� 9R RYRM WUXG VH

]ERUXYD ]D DNWLYQRVWLWH RNROX UD]YRMRW QD SURL]YRGVWYHQLWH NDSDFLWHWL ]D HOHNWULaQD

HQHUJLMD YR 0DNHGRQLMD YR SRaHWRNRW QD �� YHN�

ABSTRACT

The Macedonian Power System (MPS) used to be a part of the former Yugoslav Power System,
and it was connected to the European system by 400 kV transmission lines. At the present time, the MPS
works isolated from the UCPTE,  only connected to the Yugoslav and Greek power systems. The
connections with the Bulgarian and Albanian power systems are on a lower voltage level. The reliability
and stability of the MPS needs to be improved .

Macedonia is located in the central area of the Balkan, where the transmission systems from
other Balkan countries are crossing. In the near future, the Macedonian Power System needs to be linked
to the European system. To prepare for the energy demand at the beginning of the 21-st century, when the
local coal reserves get exhausted, Macedonia needs to start with activities for substitution of the existing
coal-fired thermal power plants with nuclear plants. This paper discusses the activities for global
development solutions in the area of power generation.

.OXaQL ]ERURYL� (OHNWURHQHUJHWVNL 6LVWHP� NRQ]XP� KLGUR� WHUPR� QXNOHDUQD

1. 929('

3R SURJODVXYDZHWR QH]DYLVQRVW YR ���� JRGLQD� HOHNWURHQHUJHWVNLRW VLVWHP �((6�

QD 0DNHGRQLMD IRUPDOQR VH RGYRL RG HGLQVWYHQLRW MXJRVORYHQVNL ((6� 0RPHQWDOQR ((6

QD 0DNHGRQLMD UDERWL YR IXQNFLRQDOQD SRYU]DQRVW VR ((6 QD 65 -XJRVODYLMD L *UFLMD VR

L]UD]LWD HNRQRPVND VDPRVWRMQRVW� 9R QRYLWH XVORYL� VWDELOQRVWD L GRYHUOLYRVWD QD

IXQNFLRQLUDZHWR VH ]DRVWUHQL L YRJODYQR ]DYLVDW RG VRSVWYHQLWH PRCQRVWL�

9R RYRM WUXG SUH]HQWLUDQL VH RGUHGHQL SUREOHPL YR YUVND VR QDVWDQDWLWH SURPHQL L

SUHGORCHQL VH SRWUHEQL DNWLYQRVWL ]D QLYQR HOHPLQLUDZH� ,VWRWDND DQDOL]LUDQL VH

PRCQRVWLWH ]D GROJRURaHQ UD]YRM� SRVHEQR QD SURL]YRGVWYHQLWH NDSDFLWHWL� 3RVWRMQLWH

SURL]YRGVWYHQL NDSDFLWHWL PRCDW GD JL ]DGRYRODW SRWUHELWH RG HOHNWULaQD HQHUJLMD GR

NUDMRW QD RYRM YHN� 6R SRaHWRNRW QD ���WR VWROHWLH� 0DNHGRQLMD `H PRUD GD ]DSRaQH VR



LQWHQ]LYQD L]JUDGED QD QRYL HOHNWULaQL FHQWUDOL� 'RNDCDQLWH UH]HUYL QD OLJQLW `H ELGDW

LVWUR^HQL YR SHULRGRW RG ���� GR ���� JRGLQD� =HPDM`L YR SUHGYLG GHND QD PRCQLWH

ORNDFLL `H ELGDW L]JUDGHQL KLGURFHQWUDOL L GHND LQWHQ]LYHQ XYR] QD IRVLOQL JRULYD H

QHUDFLRQDOHQ� QXNOHDUQDWD RSFLMD RVWDQXYD NDNR QDMUHDOQD PRCQRVW ]D ]DPHQD QD

SRVWRMQLWH WHUPRFHQWUDOL� NDNR L ]D SRNULYDZH QD QDUDVQDWLWH SRWUHEL RG HOHNWULaQD

HQHUJLMD�

2. 352,=92'6792 1$ (/(.75,A1$ (1(5*,-$

3RVWRMQRWR SURL]YRGVWYR QD HOHNWULaQD HQHUJLMD YR 0DNHGRQLMD VH ED]LUD QD�

a) WHUPRFHQWUDOL QD OLJQLW VR YNXSQD LQVWDOLUDQD PR`QRVW RG 800 MWe,
b) WHUPRFHQWUDOL QD PD]XW VR YNXSQD LQVWDOLUDQD PR`QRVW RG 210 MWe,
c) KLGURFHQWUDOL VR YNXSQD LQVWDOLUDQD PR`QRVW RG 422 MWe.

, SRNUDM WRD ^WR VNRUR VLWH KLGURFHQWUDOL YR 0DNHGRQLMD VH DNXPXODFLRQL� QLYQLRW

SULGRQHV YRJODYQR ]DYLVL RG KLGUROR^NLWH SULOLNL NRL VH QHSUHGYLGLOLYL� 9R 7DE� �

GDGHQL VH RVQRYQLWH LQIRUPDFLL ]D SRVWRMQLWH L SODQLUDQLWH HOHNWULaQL FHQWUDOL�

7DEHOD �� ,QIRUPDFLL ]D SRVWRMQL L SODQLUDQL HOHNWULaQL FHQWUOL

(OHNWULaQL

FHQWUDOL

,QVWDOLUDQD

PR`QRVW

(MW)

3ODQLUDQR

SURL]YRGVWYR

(GWh)

3URL]YRGVWYR YR

����

(GWh)

5HDOL]LUDQR�S

ODQLUDQR

���

3RVWRMQL KLGURFHQWUDOL

��9UEHQ ���� ���� ���� ����

��9UXWRN ����� ����� ����� �����

��5DYHQ ���� ���� ���� �����

��*ORERaLFD ���� ����� ����� �����

��>SLTH ���� ����� ����� �����

��7LNYH^ ���� ����� ����� ����

0DOL KLGUR ���� ����� ����� �����

9NXSQR ����� ������� ������� �����

3ODQLUDQL KLGURFHQWUDOL

��.R]MDN ���� �����

��0DWND II ���� ����

��*DOL^WH ����� �����

��9HOHV ���� �����

��*UDGHF ���� �����

��%R^NRY 0RVW ���� �����

9NXSQR ������ �������

3RVWRMQL WHUPRFHQWUDOL

/LJQLW ����� ������� ������� ����

��%LWROD (3 X 225)    675,0 ������� ������� ����

��2VORPHM (1 X 125)    125,0 ����� ����� ����

0D]XW ����� ������� ��� ���

��1HJRWLQR (1 X 210)    ����� ������� ��� ���

9NXSQR ������ ������� ������� ����

3ODQLUDQL WHUPRFHQWUDOL

*DV ����� �������

��6NRSMH (1 X 150)    150,0 �������

1XNOHDUQL ������ �������

��0DULRYR (2 X 600)  1,200,0 �������

9NXSQR ������� �������



=D GD VH ]DGRYRODW SRWUHELWH RG HOHNWULaQD HQHUJLMD GR NUDMRW QD ���RW YHN�

SODQLUDQR H GD VH ]JROHPL LQVWDOLUDQDWD PR`QRVW QD RGUHGHQL SRVWRMQL HOHNWULaQL

FHQWUDOL� L GD VH ]DYU^L L]JUDGEDWD QD +(& .R]MDN� 6R RYLH DNWLYQRVWL YR ]QDaDMQD PHUND

`H VH ]JROHPL IOHNVLELOQRVWD L UDVSRORCLYRVWD QD L]YRULWH YR ((6 QD 0DNHGRQLMD�

9R SHULRGRW GR NUDMRW QD RYRM YHN� QHWR SURL]YRGVWYRWR QD HOHNWULaQD HQHUJLMD YR

WHUPRFHQWUDOLWH QD OLJQLW PRCH GD ELGH RNROX 5,2 TWh JRGL^QR� GRGHND VRRGYHWQRWR

SURL]YRGVWYR NDM KLGURFHQWUDOLWH VH RaHNXYD SRPH_X 0,8 - 1,5 TWhJRGL^QR� RGQRVQR YNXSQR
SURL]YRGVWYR RG 6,0 - 6,7 TWhJRGL^QR� 7HUPRFHQWUDODWD QD PD]XW 1HJRWLQR RG ODGQD

UH]HUYD `H SUHPLQH YR WRSOD UH]HUYD� D QDM]LQLRW YNXSHQ DQJDCPDQ EL ELO REUDWQR

SURSRUFLRQDOHQ QD SULGRQHVRW RG KLGURFHQWUDOLWH�

*RGL^QRWR SURL]YRGVWYR L XYR] QD HOHNWULaQD HQHUJLMD YR SRVOHGQLWH �� JRGLQL H

SULNDCDQ QD 6O��� 3UYLWH �� JRGLQL VH NDUDNWHUL]LUDDW VR GRPLQDQWHQ XYR] QD HOHNWULaQD

HQHUJLMD� GRGHND YR SRVOHGQLWH �� JRGLQL ]QDaDMQR H ]JROHPHQR VRSVWYHQRWR SURL]YRGVWYR�

9R QDUHGQLRW SHULRG `H ELGH GRVWLJQDWR PDNVLPDOQRWR PRCQR SURL]YRGVWYR QD HOHNWULaQD

HQHUJLMD YR WHUPRFHQWUDOLWH QD OLJQLW� WDND ^WR SRUDVWRW QD SRWUHELWH `H PRCH GD ELGH

SRNULHQ HGLQVWYHQR VR DQJDCLUDZH QD WHUPRFHQWUDODWD QD PD]XW 7(& 1HJRWLQR�

OLJQLW PD]XW XYR] KLGUR

TWh
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6O� � *RGL^HQ XYR] L SURL]YRGVWYR QD HOHNWULaQD HQHUJLMD �����������

�� 35(126

/RNDFLLWH QD SRVWRMQLWH L QD SODQLUDQLWH HOHNWULaQL FHQWUDOL� NDNR L SUHQRVQDWD
PUHCD YR 0DNHGRQLMD� VH SULNDCDQL QD 6O���

3UHQRVQDWD PUHCD YR SUDYHF VHYHU�MXJ VH ]DVQRYXYD QD 400 kV GDOHNXYRG� NRM H
VRVWDYHQ GHO QD WUDQVYHU]DOQDWD YUVND 65-XJRVODYLMD�0DNHGRQLMD�*UFLMD� 'RPLQDQWQLRW
L]YRU QD HOHNWULaQD HQHUJLMD� 7(& %LWROD H SRYU]DQD QD LVWR QDSRQVNR QLYR VR GLUHNWQD
YUVND VR GRPLQDQWQLRW SRWUR^XYDa JUDGRW 6NRSMH� NDNR L VR WUDIRVWDQLFDWD 'XEURYR RG

PDJLVWUDOQLRW SUDYHF VHYHU�MXJ� 9R EOLVND LGQLQD VH RaHNXYD L]JUDGED QD QRYD ��� kV
SUHQRVQD YUVND SRPH_X WUDIRVWDQLFLWH %LWROD L $PLQGHYR YR *UFLMD�

1HPD GLUHNQD SUHQRVQD YUVND VR ((6 QD $OEDQLMD� UD]PHQDWD QD HOHNWULaQD
HQHUJLMD VH UHDOL]LUD SUHNX YUVNLWH VR ((6 QD 65 -XJRVODYLMD� ((6 QD 0DNHGRQLMD H

SRYU]DQ VR ((6 QD %XJDULMD SUHNX GYD ORNDOQL ��� kV GDOHNXYRGL� NRL QHPDDW ]QDaDMQR
YOLMDQLH YU] UDERWHZHWR QD GYDWD VLVWHPL�

9R ]DSDGQLRW GHO QD ]HPMDWD� NDGH ^WR VH ORFLUDQL VNRUR VLWH KLGURFHQWUDOL L YR
LVWRaQLRW GHO RG ]HPMDWD NDGH ^WR LPDPH ]QDaDMQL SRWUR^XYDaL QD HOHNWULaQD HQHUJLMD� QH

SRVWRL SUHQRVQD PUHCD QD ��� kV QLYR� 2YRM IDNW H LVWR WDND QHSRYROHQ ]D UHDOL]DFLMD QD



YLVRNRQDSRQVNLWH YUVNL VR VRVHGQLWH VLVWHPL QD $OEDQLMD L %XJDULMD� RGQRVQR ]D
UHDOL]DFLMD QD LQWHUNRQHNWLYQDWD YUVND YR SUDYHFRW LVWRN�]DSDG�
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6O� � >HPD QD ((6 QD 0DNHGRQLMD �HOHNWULaQL FHQWUDOL L SUHQRVQD PUHCD�
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,QGXVWULVNLRW UD]YRM YR L]PLQDWLRW SHULRG YR 0DNHGRQLMD QH EH^H YR VRJODVQRVW VR
UD]YRMRW QD HQHUJHWVNLWH L]YRUL� SRUDGL ^WR VH MDYXYD NXVRN RG HOHNWULaQD HQHUJLMD�
8aHVWYRWR QD PHWDOXUJLMDWD NDNR SRWUR^XYDa QD HOHNWULaQD HQHUJLMD YR RGQRV QD YNXSQLRW
NRQ]XP YR L]PLQDWLRW SHULRG NRQVWDQWQR RSD_D� L WRD RG ����� YR ���� JRGLQD QD ����� YR
���� JRGLQD� 2YRM WUHQG VH RaHNXYD GD SURGROCL L YR VOHGQLWH QHNRONX JRGLQL �6O�� L
7DE���� ,VWR WDND VH RaHNXYD GHND GR NUDMRW QD RYRM YHN LQGXVWULVNLWH NDSDFLWHWL YR
0DNHGRQLMD `H LPDDW SUREOHPL SUL VQDEGXYDZHWR VR HOHNWULaQD HQHUJLMD�

9R SRVOHGQLWH �� JRGLQL ����������� GLVWULEXWLYQDWD SRWUR^XYDaND QD HOHNWULaQD
HQHUJLMD VH ]JROHPXYD^H VR VWDSND RG RNROX �� JRGL^QR� 2G ���� GR ���� JRGLQD LPDPH
PDOL SURPHQL NDNR SRVOHGLFD RG SROLWLaNLWH L HNRQRPVNLWH QDVWDQL� .DNR ^WR PRCH GD VH
YLGL QD 6O��� RG ���� JRGLQD SRUDVWRW QD GLVWULEXWLYQDWD SRWUR^XYDaND QD HOHNWULaQD
HQHUJLMD VH VWDELOL]LUD SRYWRUQR QD RNROX ���

LQWHUSRO� PHWDOXU�GLVWULE�
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TWh TWh

11,3%

 5,9%

 4,1%

 5,6%

6O�� *RGL^QL SRWUHEL RG HOHNWULaQD HQHUJLMD YR 0DNHGRQLMD �����������



7DEHOD � %LODQV L SURJQR]D ]D ((6 QD 0DNHGRQLMD

*RGLQD ���� ���� ���� ���� ���� ����

E(GWh)

$�� 352,=92'6792 ����� �������� �������� �������� �������� �������� ��������

�� 7HUPRFHQWUDOL ������ �������� �������� �������� �������� ��������

�� 6RSVWY� SRWUR^� RG 7(& ����� ������ ������ ������ ������ ������

�� +\GURFHQWUDOL �������� �������� ������ ������ �������� ��������

$�� 1(72 352,=92'6792

�������

�������� �������� �������� �������� �������� ��������

%� 892= �������� �������� ����� ������ ����� ����

%587202#1267 �$��%� �������� �������� �������� �������� �������� ��������

9� (/(.7526723$16792 ������ ������ ������ ������ ������ ��������

��5XGQLFL� 7UDIRVWDQLFL ����� ����� ����� ������ ������ ������

��=DJXEL ������ ������ ������ ������ ������ �������

*�1(7202#1267 �$��%�9� �������� �������� �������� �������� �������� ��������

'� ,=92= ���� ���� ���� ���� ���� ����

(� .21=80 ��������� �������� �������� �������� �������� �������� ��������

�� 'RPD`LQVWYD �������� �������� �������� �������� �������� ��������

�� ,QGXVWULMD �������� �������� �������� ������ �������� ��������

�� 0HWDOXUJLMD �������� �������� �������� �������� �������� ��������

�� 7UDQVSRUW ����� ����� ����� ����� ����� �����

3URGROCHQRWR ]JROHPXYDZH QD GLVWULEXWLYQDWD SRWUR^XYDaND `H SUHGL]YLND L

GRGDWQL SUREOHPL RG DVSHNW QD IOHNVLELOQRVWD QD ((6 QD 0DNHGRQLMD� 2G GUXJD VWUDQD

YRYHGXYDZHWR QD NOLPDWL]DFLMD YR UDERWQLWH SURVWRULL L GRPRYLWH `H SUHGL]YLND

]JROHPXYDZH QD GQHYQLWH PLQLPXPL YR OHWQLRW SHULRG� 2YD H ELWQR ]D RGUHGXYDZH QD

JROHPLQLWH QD QRYLWH HGLQLFL ^WR WUHED GD ELGDW JUDGHQL YR ((6 QD 0DHNGRQLMD� 6HWR RYD

XNDCXYD QD SRWUHEDWD ]D L]JUDGED QD QRYL HOHNWULaQL FHQWUDOL X^WH YR SUYDWD GHNDGD RG

LGQLRW YHN�

5. 352*12=$ =$ 3275(%,7( , 352,=92'679272 1$ (/(.75,A1$
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.R]MDN H HGLQVWYHQDWD KLGURFHQWUDOD �7DEHOD �� ^WR VH JUDGL L `H ELGH YR SRJRQ GR

���� JRGLQD� $NR SUHWSRVWDYLPH GHND YR VOHGQLWH GYH GHNDGL QD VHNRL � JRGLQL `H VH JUDGL

SR HGQD KLGURFHQWUDOD � QD SRWHQFLMDOQLWH ORNDFLL YR 0DNHGRQLMD�� YNXSQLRW SULGRQHV RG

QRYLWH KLGURFHQWUDOL `H ELGH RNROX ���� GWh JRGL^QR�
3RUDGL SROLWLaNL SULaLQL� YR L]PLQDWLWH JRGLQL QH EH^H L]JUDGHQ QDIWRYRGRW RG

6ROXQ GR UDILQHULMDWD YR 6NRSMH� ^WR SRYOHNXYD GHND QH H ]D RaHNXYDZH GHND WRD `H ELGH

VWRUHQR YR EOLVND LGQLQD� $NR JL GRGDGHPH L FHQLWH QD PD]XWRW� NDNR L WUDQVSRUWQLWH

SUREOHPL� WRJD^ L]JUDGEDWD QD QRYD WHUPRFHQWUDOD QD PD]XW `H ELGH QHUDFLRQDOQR

UH^HQLH� 7DND� 1HJRWLQR RVWDQXYD NDNR HGLQVWYHQD WHUPRFHQWUDOD QD PD]XW NRMD EL

UDERWHOD YR ((6 QD 0DNHGRQLMD�

2G SRVWRMQLRW NDSDFLWHW QD JDVRYRGRW� ]D SURL]YRGVWYR QD HOHNWULaQD HQHUJLMD

PRCQR H NRULVWHZH QD RNROX ���� RGQRVQR 320 PLOLRQL  m3
JRGL^QR� ^WR RGJRYDUD QD 1000

GWhSURL]YHGHQD HOHNWULaQD HQHUJLMD JRGL^QR�
2WYRUDZHWR QD QRYRWR OHCL^WH QD OLJQLW 2VORPHM�]DSDG `H RYR]PRCL VQDEGXYDZH

VR OLJQLW QD WHUPRFHQWUDODWD ]D QDUHGQLWH �� JRGLQL� NRJD L HNVSORDWDFLRQLRW YHN QD

RSUHPDWD YR WHUPRFHQWUDODWD `H VH GREOLCL GR �� JRGLQL�

3URFHQNLWH ]D UH]HUYLWH QD OLJQLW QD SRVWRHaNRWR OHCL^WH 6XYRGRO

RYR]PRCXYDDW VQDEGXYDZH VR JRULYR GR ���� JRGLQD� 6R RWYRUDZH QD QRYLRW NRS “%URG
*QHRWLQR” NRM H �� NP RG SRVWRHaNLWH WHUPRFHQWUDOL %LWROD� PRCQR H GD VH REH]EHGL



GRSROQLWHOQR NROLaHVWYR OLJQLW ]D VLWH WUL EORND GR ���� JRGLQD� 3R ]DWYRUDZHWR QD

NRSRW 6XYRGRO� OHCL^WHWR %URG *QHRWLQR `H PRCH GD REH]EHGL OLJQLW ]D GRGDWQL � JRGLQL

VDPR ]D HGHQ EORN �225 MW)YR 7(& %LWROD�

=HPDM`L JL YR SUHGYLG UH]HUYLWH QD MDJOHQ YR 0DNHGRQLMD� PRCH GD VH NDCH GHND QH

SRVWRL ]QDaDMQR SRYU^LQVNR QRYR OHCL^WH QD OLJQLW ]D SURL]YRGVWYR QD HOHNWULaQD

HQHUJLMD� 2YD SRYOHNXYD GHND QH H PRCQR GD VH JUDGL QRYD WHUPRFHQWUDOD QD FYUVWR

IRVLOQR JRULYR� ,VWR WDND L XYR]RW QD MDJOHQ QH H UDFLRQDOQD RSFLMD ELGHM`L 0DNHGRQLMD
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2G GUXJD VWUDQD SRWUHELWH ]D HOHNWULaQD HQHUJLMD NRQWLQXLUDQR UDVWDW� D SRVHEQR

GLVWULEXWLYQDWD SRWUR^XYDaND VR VWDSND QD SRUDVW RG RNROX �� JRGL^QR ]D SHULRGRW RG

���� GR ���� JRGLQD� $NR SUHWSRVWDYLPH GHND SURVHaQLRW JRGL^HQ SRUDVW `H ELGH ���� ���

]D GLVWULEXFLMD L ���� ]D LQGXVWULMD�� SRWUHELWH ]D HOHNWULaQD HQHUJLMD GR ���� JRGLQD `H
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=HPDM`L JL YR RE]LU SUREOHPLWH VR WUDQVSRUW QD JRULYR� FHQLWH QD IRVLOQLWH

JRULYD� QHVWDELOQRVWD QD SD]DURW QD HQHUJHQVL� 0DNHGRQLMD QH H YR SR]LFLMD GD NRULVWL

IRVLOQL JRULYD NDNR ED]HQ HQHUJHQV ]D SURL]YRGVWYR QD HOHNWULaQD HQHUJLMD� 2SFLMDWD ]D

L]JUDGED QD QDIWRYRG QH JR UH^DYD HQHUJHWVNLRW SUREOHP YR 0DNHGRQLMD� ,VWR WDND

SULRULWHW QD UDILQHULMDWD WUHED GD ELGH SRJROHPR SURL]YRGVWYR QD OHVQL GHULYDWL ]D GD VH

]JROHPL QHM]LQDWD HNRQRPVND HILNDVQRVW� 5HGXFLUDQRWR SURL]YRGVWYR QD PD]XW `H VR]GDGH

PRCQRVW ]D NRULVWHZH QD JDVRW ]D ]DWRSOXYDZH�

.DNR SRVOHGLFD RG RWIUODZH QD PRCQRVWD ]D L]JUDGED QD WHUPRFHQWUDOL QD PD]XW�

HGLQVWYHQL GYH PRCQRVWL ]D SURL]YRGVWYR QD HOHNWULaQD HQHUJLMD YR 0DNHGRQLMD VH�

NRULVWHZH QD OLJQLWRW RG GRPD^QLWH UH]HUYL� LOL L]JUDGED QD QXNOHDUQD FHQWUDOD�

2VWDQDWLWH UH]HUYL QD OLJQLW VH SURFHQXYDDW ]D HNVSORDWDFLMD RG ��� PLOLRQL WRQL

JRGL^QR� ^WR JL ]DGRYROXYDDW GHQH^QLWH SRWUHEL YR 0DNHGRQLMD� =JROHPHQDWD

HNSORDWDFLMD QD OLJQLW� NDNR L L]JUDGEDWD QD QRYD WHUPRFHQWUDOD QD OLJQLW� EL JR VNUDWLOD

YUHPHWR QD HNVSORDWDFLMD QD SRVWRMQLWH UH]HUYL� 6R GHQH^QR WHPSR QD HNVSORDWDFLMD�

UH]HUYLWH VH SURFHQXYDDW QD �� JRGLQL� (NVSORDWDFLRQLRW YHN QD QRYLWH QDR_DOL^WD QD

OLJQLW� VR ]QDaLWHOQR SROR^L XVORYL ]D HNSORDWDFLMD RG SRVWRMQLWH� VH SURFHQXYD QD ��

JRGLQL VR PRCQRVW ]D VQDEGXYDZH QD HGHQ ���MW EORN RG 7(& %LWROD�

3RG SUHWSRVWDYND GHND YR SHULRGRW ��������� `H ELGH ]DVWDSHQD QXNOHDUQDWD RSFLMD�

XaHVWYRWR QD L]YRULWH YR SURL]YRGVWYRWR QD HOHNWULaQD HQHUJLMD EL L]QHVXYDOR� ��� RG



7(& QD OLJQLW� ��� RG QXNOHDUQD FHQWUDOD L ��� RG KLGURFHQWUDOL� 7(& QD JDV L PD]XW

]DHGQR�

9QHVXYDZHWR QD QXNOHDUQDWD HQHUJHWLND YR 0DNHGRQLMD YR SRaHWRNRW QD ���RW YHN `H

UH]XOWLUD VR QHNRONX SUHGQRVWL� `H JR SURORQJLUD YHNRW QD HNVSORDWDFLMD QD OLJQLWRW L `H

RYR]PRCL SRVWHSHQR YRYHGXYDZH QD QXNOHDUQDWD WHKQRORJLMD YR 0DNHGRQLMD� ,VWR WDND�

QXNOHDUQDWD FHQWUDOD LPD L QHVSRUHGOLYL SUHGQRVWL RNROX ]DJDGXYDZHWR QD RNROLQDWD YR

RGQRV QD WHUPRFHQWUDOLWH QD IRVLOQR JRULYR ^WR `H MD YQHVDW 0DNHGRQLMD YR PRPHQWDOQR

VYHWVNLWH WUHQGRYL YR ERUEDWD ]D ]DaXYXYDZH QD CLYRWQDWD VUHGLQD�
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9R� WUXGRW� VH� VSRUHGXYDDW� HIHNWLWH� RG� QD� +(&� .R]MDN� L� KLSRWHWLaQD� *DVQD
HOHNWUDQD� YU]� ((6� QD� 0DNHGRQLMD�� 7LH� HIHNWL� VH� L� HNRQRPVNL� YDORUL]LUDQL�
3ULNDCDQL� VH� L� YOLMDQLMDWD� QD� RGGHOQL� SDUDPHWUL� YU]� UHODWLYQDWD� HQHUJHWVNR�
HNRQRPVND�YUHGQRVW�QD�UD]JOHGXYDQLWH�HOHNWUDQL�

.OXaQL� ]ERURYL�� +(&� .R]MDN�� *DVQD� HOHNWUDQD�� (NYLYDOHQWQD� WHUPRHOHNWUDQD�
HQHUJHWVNL� GRSULQRV�� QHWR� VHJD^QD� YUHGQRVW�� UHODWLYQD� HQHUJHWVNR�HNRQRPVND
YUHGQRVW

S U M M A R Y

The paper compares the effects of HPP Kozjak and hypothetical Gas PP to the Electric Power
System of Macedonia. These effects are valorized. The influence of  some parameters to the
relative energy – economic value of the studied plants are shown too.

Keywords: HPP Kozjak, Gas Power Plant, Equivalent Thermal Power Plant, Energy
Contribution, Net Present Value, Relative Energy-Economic Value
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• 6SHFLILaQLWH� LQYHVWLFLL� VH� SRQLVNL� YR� RGQRV� QD� RVWDQDWLWH� PRCQL� WLSRYL
HOHNWUDQL��9R�SRVOHGQLWH�SHW�JRGLQL�FHQLWH�]D�SRWUHEQDWD�RSUHPD�VH�QDPDOHQL
]D�����
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SRWUHEQDWD� UH]HUYD� YR� ((6� �YR� 6$'� SURVHaQDWD� UH]HUYD� YR� SRVOHGQLWH� SHW
JRGLQL�SDGQDOD�RG�����QD������^WR�VR]GDYD�XVORYL�]D�SRQLVND�SURL]YRGQD�FHQD
QD�HOHNWULaQDWD�HQHUJLMD
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]HPMLQDWD� DWPRVIHUD� ^WR� YR� SRVOHGQR� YUHPH� VH� QDPHWQXYD� NDNR� LPSHUDWLYQD
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 5DVSRORCLYRVWD� QD� SULURGQLRW� JDV� YR� 0DNHGRQLMD� R]QDaXYD� RWYRUDZH� QD� QRYL
PRCQRVWL� L� SUHGL]YLFL� ]D� PRCQLWH� NRULVQLFL�� .RULVWHZHWR� QD� JDVRW� ]D
SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD� H� DNWXHOQD� VWXGLVNR� LVWUDCXYDaND� WHPD� YR
SRVOHGQLWH� GYH� JRGLQL� L� YR� -3� (OHNWURVWRSDQVWYR� QD� 0DNHGRQLMD�� 9R� WHN� H
L]UDERWND� QD� )LVLELOLWL� VWXGLMD� ]D� L]JUDGED� QD� JDVQD� HOHNWUDQD� YR� 6NRSMH� ]D
NRPELQLUDQ�FLNOXV�]D�SURL]YRGVWYR�QD�HOHNWULaQD�L�WRSOLQVND�HQHUJLMD�
 9R�WHN�QD�RYLH�GYH�JRGLQL��VH�VOHGDW�VYHWVNLWH�LVNXVWYD�]D�NRULVWHZHWR�QD�JDVRW�]D
SURL]YRGVWYR� QD� HOHNWULaQD� HQHUJLMD�� VH� DQDOL]LUDDW� NDUDNWHULVWLNLWH� QD
L]JUDGEDWD� L� HNVSORDWDFLMDWD� QD� RYRM� YLG� HOHNWUDQL�� VH� VRELUDDW� LQIRUPDFLL� ]D
RSUHPD�L��WUR^RFLWH�]D�SURL]YRGVWYR�
 9R� SRaHWRNRW� QD� ����� JRGLQD�� VH� L]UDERWL� DQDOL]D� ]D� UHODWLYQDWD� HQHUJHWVNR
HNRQRPVND� YUHGQRVW� QD�+(&�.R]MDN� L� QD� KLSRWHWLaQD� JDVQD� HOHNWUDQD� NRMD� EL� JR
SURL]YHGXYDOD�LVWRWR�NROLaHVWYR�HOHNWULaQD�HQHUJLMD�NDNR�+(&�.R]MDN��1DPHUDWD
EH^H�� RG� HGQD� VWUDQD�� GD� VH� SRGJRWYL� PDWHULMDO� ]D� HYHQWXDOQLWH� SRWHQFLMDOQL
ILQDQVLHUL�QD�+(&�.R]MDN��D�RG�GUXJD�VWUDQD�GD�VH�RFHQDW�UHOHYDQWQLWH�IDNWRUL�]D
HQHUJHWVNR�HNRQRPVNR�YUHGQXYDZH�QD�QRY�YLG�HOHNWUDQD�NRMD�VR�SULVWLJQXYDZHWR�QD
JDVRW�YR�0DNHGRQLMD�VWDQXYD�PRCQR�UH^HQLH�
 3ULPHQHWDWD� PHWRGRORJLMD�� YOH]QLWH� SDUDPHWUL�� UH]XOWDWLWH� ]D� HQHUJHWVNLWH
HIHNWL�L�YDORUL]DFLMDWD�QD�HQHUJHWVNLRW�GRSULQRV�VH�SULNDCDQL�YR�RYRM�UHIHUDW�
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 3ULPHQHWD� H� 0HWRGDWD� ]D� UHODWLYQD� HQHUJHWVNR�HNRQRPVND� YUHGQRVW� UD]YLHQD� RG
”,QVWLWXWRW� � ]D� HOHNWURSULYUHGD” � –� =DJUHE�� 6R� QHD� VH� VSRUHGXYDDW� VHJD^QLWH
YUHGQRVWL� QD� WUR^RFLWH� YR� SURL]YRGQLRW� GHO� QD� ((6� ^WR� VH� SUHGL]YLNXYDDW� VR
YNOXaXYDZHWR�QD�UD]QL�DOWHUQDWLYQL�SURL]YRGQL�NDSDFLWHWL�
 5HIHUHQWHQ�VOXaDM�H�NRJD�YR�((6�QH�H�YNOXaHQ�QRY�SURL]YRGHQ�REMHNW��D�SRWUHEDWD
RG� GRSROQLWHOHQ� SURL]YRGHQ� NDSDFLWHW� VH� ]DGRYROXYD� SUHNX� LPDJLQDUQD
GRSROQLWHOQD�WHUPRHOHNWUDQD�aLMD�LQVWDOLUDQRVW�L�DQJDCLUDQRVW�]DYLVL�RG�REHPRW
L�NDUDNWHULVWLNLWH�QD�NRQ]XPRW�
 9NOXaXYDZHWR� QD� HOHNWUDQDWD�NDQGLGDW� SUHGL]YLNXYD� � QDPDOXYDZH� QD� SRWUHEQDWD
LQVWDOLUDQRVW� L� DQJDCLUDQRVW� QD� GRSROQLWHOQD� WHUPRHOHNWUDQD�� NDNR�L� UD]OLaQR
DQJDCLUDZH�QD�RVWDQDWLWH�SURL]YRGQL�NDSDFLWHWL�
(QHUJHWVNLRW�HIHNW�QD�HOHNWUDQDWD�NDQGLGDW�SUHWVWDYXYD�UD]OLND�PH_X�VRVWRMELWH
YR�((6��NRJD�YR�((6�H�YNOXaHQD��HOHNWUDQDWD�NDQGLGDW�L�NRJD�LVWDWD�QH�H�YNOXaHQD
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5D]OLNDWD� PH_X� LQVWDOLUDQRVWD� QD� SRWUHEQDWD� GRSROQLWHOQD� WHUPRHOHNWUDQD� YR
VOXaDM� NRJD� QH� H� YNOXaHQD� HOHNWUDQDWD�NDQGLGDW� L� LQVWDOLUDQRVWD� QD� SRWUHEQDWD
GRSROQLWHOQD� WHUPRHOHNWUDQD� YR� VOXaDM� NRJD� HOHNWUDQDWD�NDQGLGDW� H� YNOXaHQD�
SUHWVWDYXYD� LQVWDOLUDQRVW� QD� HNYLYDOHQWQD� WHUPRHOHNWUDQD� NRMD� PRCH� GD� MD
QDGRPHVWL��HOHNWUDQDWD�NDQGLGDW�
,]JUDGEDWD� QD� HOHNWUDQDWD�NDQGLGDW� ]QDaL� ]D^WHGD� YR� L]JUDGED� QD� HNYLYDOHQWQD
WHUPRHOHNWUDQD� L� VLWH� WUR^RFL� ^WR� SURL]OHJXYDDW� RG� QHM]LQRWR� DQJDCLUDZH
�SRJRQVNL� ILNVQL� WUR^RFL� L� WUR^RFL� ]D� JRULYR��� NDNR� L� SURPHQD� �]D^WHGD� LOL
WUR^RN��YR�RVWDQDWLRW�GHO�QD�SURL]YRGQLRW�VLVWHP�SUHGL]YLNDQL�RG�YNOXaXYDZHWR
QD� HOHNWUDQDWD� �NDQGLGDW� YR� ((6� �WUR^RFL� ]D� JRULYR� YR� SRVWRMQL� 7(&�� REHP� QD
UHGXNFLL��URWLUDaND�UH]HUYD�YR�((6��
2G�GUXJD�VWUDQD��YNOXaXYDZHWR�QD�HOHNWUDQDWD�NDQGLGDW�]QDaL�WUR^RN�]D�QHM]LQDWD
L]JUDGED�NDNR�L�WUR^RFL�]D�QHM]LQD�HNVSORDWDFLMD�
2GQRVRW�QD�]D^WHGLWH�NRL�VH�SRVWLJQXYDDW�VR�YNOXaXYDZHWR�QD�HOHNWUDQWD�NDQGLGDW
L� WUR^RFLWH� SUHGL]YLNDQL� VR� QHM]LQRWR� YNOXaXYDZH�� SUHWVWDYXYD� HQHUJHWVNR�
HNRQRPVND�YUHGQRVW�QD�UD]JOHGXYDQDWD�HOHNWUDQD�
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 =D� SRWUHELWH� QD� RYDD� DQDOL]D� QDSUDYHQL� VH� HOHNWURHQHUJHWVNL� ELODQVL� ]D
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• SRVWRMQL�SURL]YRGQL�NDSDFLWHWL�EH]�L]JUDGED�QD�QRY�SURL]YRGHQ�NDSDFLWHW
• SRVWRMQL�SURL]YRGQL�NDSDFLWHWL�L�+(&�.R]MDN
• SRVWRMQL�SURL]YRGQL�NDSDFLWHWL�L�JDVQD�HOHNWUDQD
6LPXODFLRQLRW� PRGHO� ]D� HOHNWURHQHUJHWVNLWH� ELODQVL� NRULVWL� REHPQD� ED]D� QD
SRGDWRFL�NRL�VH�RGQHVXYDDW�QD�NDUDNWHULVWLNLWH�QD�SRWUHELWH��QD�NDUDNWHULVWLNLWH
QD� SRVWRMQLWH� SURL]YRGQL� REMHNWL�� QD� WHKQLaNLWH� NDUDNWHULVWLNL� QD� +(&�.R]MDN
^WR� SURL]OHJXYDDW� RG� SRGJRWYHQDWD� SURHNWQD� GRNXPHQWDFLMD�� NDNR� L� QD
SUHWSRVWDYHQL�NDUDNWHULVWLNL�]D�JDVQDWD�HOHNWUDQD�
9U]� RVQRYD� QD� UH]XOWDWLWH� RG� VFHQDULRWR� YR� NRH� YR� ((6� QH� H� YNOXaHQ� QRY
SURL]YRGHQ� NDSDFLWHW�� ]D� ]DGDGHQLRW� VWHSHQ� QD� REH]EHGXYDZH� QD� SRWUHELWH�� H
XWYUGHQD� SRWUHED� RG� � GRSROQLWHOQD� WHUPRHOHNWUDQD� VR� LQVWDOLUDQRVW� RG� ���MW�
6FHQDULRWR� ]D� RYRM� VOXaDM� MD� YNOXaXYD� GRSROQLWHOQDWD� WHUPRHOHNWUDQD� VR� VLWH
NDUDNWHULVWLNL� YR� RGQRV� QD� WHKQLaNLRW� PLQLPXP�� GRYHUOLYRVWD� L� YUHPHWR� ]D
SRWUHEQLRW�UHPRQW�
9R� VFHQDULRWR� ]D� YNOXaXYDZH� QD� +(&� .R]MDN� � YR� ((6� ]HPHQL� VH� KLGUROR^NLWH
SRGDWRFL�]D�SHULRG�����������JRGLQD��REYUVNLWH�]D�LVSX^WDZH�QD�YRGD�YR�U�7UHVND
SRUDGL� GUXJLWH� YRGRVWRSDQVNL� L� HNROR^NL� SRWUHEL� L� NDUDNWHULVWLNLWH� QD� +(&
.R]MDN��2G�ELODQVLWH�VH�RFHQXYD�GHND�YR�RYRM�VOXaDM�QHPD�SRWUHED�RG�GRSROQLWHOQD
WHUPRHOHNWUDQD�
9R� VFHQDULRWR� VR� JDVQD�HOHNWUDQD��LVWDWD�H� VLPXOLUDQD�NDNR� HOHNWUDQD� VOLaQD�QD
+(&�.R]MDN�W�H��HOHNWUDQD�NRMD�`H�VH�NRULVWL�YR�YUHPH�QD�YUYQLWH�RSWRYDUXYDZD��VR
LQVWDOLUDQD� PR`� RG� ��� MW� VR� IOHNVLELOQL� NDUDNWHULVWLNL� L� VR� PRCQRVWL� ]D
QHSUHaHQR� VQDEGXYDZH� VR� JDV�� 2G� ELODQVLWH� VH� RFHQXYD� GHND� QHPD� SRWUHED� RG
GRSROQLWHOQD�WHUPRHOHNWUDQD�
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S U M M A R Y

GIS is an information system with a geographical dimension as an important and useful
characteristic  of the power system, but also with an electrical topology dimension, which allows
to manage and present information about the shape and location of each network object. The
database level includes an open spatial database and a set of non−graphic information, such as
connectivity rules and specifications about individual facilities. Individual graphic objects in the
map can be assigned variuos attributes, including  a choice of colours, numerous line styles, and
thousands layers known as data level. Rather than exhaust in huge data, we started reasonably
with a well−documented, well−understood data foundation that meets today's needs and provides
a path for future enhancements. GIS offers a good basis for developing new applications for



distribution network management as an efficient way of managing more information than just the
documentation of where the components of the distribution system are located.
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GHWDOHQ� SUHJOHG� QD� JROHP� EURM� *,6� SURHNWL�� L]YH^WDL� �UNIPEDE��� SUHJOHGL�
�INTERNET��� SRVHWLYPH� HONWURVWRSDQVNL� RUJDQL]DFLL� VR� YH`H� L]YHGHQL� UH^HQLMD
�-DSRQLMD��$QJOLMD�� -XJRVODYLMD��� QDSUDYLYPH� OLVWD� QD� QHGRVWDWRFL� L� SUHGQRVWL� QD
RGGHOQLWH� UH^HQLMD�� VH� LQIRUPLUDYPH� ]D� WX_LWH� LVNXVWYD�� GLOHPL� L� ID]L� YR
UD]YRMRW�QD�QLYQLWH�SURHNWL�

,DNR� *,6� SUHWVWDYXYD� WHKQRORJLMD� RG� SRQRY� GDWXP� �LQWHQ]LYQD� SULPHQD
]DSRaQXYD�RG�NUDMRW�QD�RVXPGHVHWLWH�JRGLQL��SRVWRMDW�QL]D�VRYHWXYDZD��L]YH^WDL�L
SUHJOHGL�RG�NRL�VH�]DNOXaXYD�GHND�VHNRM�L�PDONX�SRUD]YLHQ�((6��VH�SRWSLUD�QD�*,6
VLVWHPLWH�� 9R� RYDD� SROH� SRYH`HJRGL^QR� LVNXVWYR� LPDDW� ((6� QD� 6$'�� (YURSD�
-DSRQLMD�� 7DMYDQ�� .RUHD� LWQ�� .DNR� LOXVWUDFLMD� QHND� SRVOXCDW� SRGDWRFLWH� ]D
LPSOHPHQWDFLMD�QD�*,6�YR�VOHGQLYH�((6�

• Illinois Power Company, USA; SURHNWRW�]DSRaQDO 1990��SULPHQHW�NDNR�SRGU^ND
QD�SRVWRHaNLRW�SDNHW�]D�HOLPLQDFLMD�QD�GHIHNWL

• Portland General Electric� �Portland, Oregon, USA��� SULVWDS� QD� NRULVQLFLWH� NRQ
CAD� ^HPL� L� PDSL� QD� 76�� ]DUDGL� VPDOXYDZH� QD� WUR^RFLWH� ]D� NUHLUDZH�
DCXULUDZH�L�GLVWULEXLUDZH��SHaDWHZH��QD�RGGHOQLWH�PDSL



• Puget Power, USA; 1986−1993� DYWRPDWL]LUDQR� PDSLUDZH�� 1993�� UDERWQL
QDOR]L��SODQLUDZH�QD�VLVWHPRW��GHIHNWL�L�QLYQD�HOLPLQDFLMD��1994��DQDOL]D
QD�GLVWULEXWLYQLRW�VLVWHP��ORFLUDZH�QD�GHIHNWL�QD�RSUHPDWD��UDVSRUHG�QD
WHKQLaNL�SUHJOHGL

• NRECA Pierce−Pepin Project, USA; SLORW� SURHNW� QD� UDGLMDOHQ� L]YRG� 200
SRWUR^XYDaL�YR�SUYD�ID]D��D�SRWRD�5200�QRYL�SRWUR^XYDaL

• Boston Edison Co.;� 650�000� SRWUR^XYDaL�� YR� SRaHWQD� ID]D� 100�000
SRWUR^XYDaL��[2]

• Madison Gas and Electric Company, USA; ]DSRaQDW�1987�� ]DYU^LO�1993;�110�000
SRWUR^XYDaL

• Snohomish County District,WA�, USA; �1991−1994��� 225�000� SRWUR^XYDaL�� �3�5
PLOLRQL� SUHGYLGHQL� ]D� SUYDWD� ID]D� QD� SURHNWRW�� FHOWD� QD� SURHNWRW
VDPOXYDZH�QD�QDSRQLWH�YR�SURJUDPDWD�]D�]D^WHGD�QD�HO��HQHUJLMD

• Georgia Power Com. , USA; �1991−1994���365�367�SRWUR^XYDaL
• PacifiCorp, Salt Lake City, Utah, USA;�1�3�PLOLRQL�SRWUR^XYDaL
• Southern California Edison, CA, USA; 4�2�PLOLRQL�SRWUR^XYDaL
• (YURSD�78�NRPSDQLL�RG�UD]OLaQL�]HPML�[3]��VRVWRMED�1996���*ODYQL�]DNOXaRFL
RG� VSURYHGHQDWD� DQNHWD�� VLWH� NRPSDQLL� VH� YR� ID]D� QD� LPSOHPHQWDFLMD�
SRGREUHQ�RSLV�QD�GLVWULEXWLYQLRW�VLVWHP�]DUDGL�GRQHVXYDZH�QD�RSWLPDOQL
RGOXNL�� LQWHJUDFLMD� VR� VWDQGDUGQLRW� LQIRUPDFLRQHQ� VLVWHP�� SRGREUR� L
SREU]R�GHOXYDZH�]D�]DGRYROXYDZH�QD�SRWUR^XYDaLWH��23��RG�DQNHWLUDQLWH
VH�QHXVSH^QL�YR�SULPHQDWD�QD�*,6�

'HQHV�YR�VYHWRW�SRVWRMDW�GHVHWLFL�LOMDGL�*,6�DSOLNDFLL�YR� VLWH�YLGRYL�QD
GHMQRVWL��VR�JRGL^HQ�SRUDVW�RG�30%� [4]��=JROHPHQ�LQWHUHV�]D�*,6�WHKQRORJLMDWD�VH
MDYXYD�L�YR�QD^DWD�]HPMD−YR�WHN�VH�SURHNWL�YR�377��7RSOLILNDFLMD��*DVLILNDFLMD
LWQ�

�� 0$3,−26129$�1$�*,6

$QDOL]DWD�QD�SRVWRHaNRWR�UDERWHZH�QD�GLVWULEXWLYQLWH�RUJDQL]DFLL�SRNDCD
GHND�GQHYQR�YRRELaDHQR�VH�SURGXFLUDD�JROHP�EURM�NRSLL��HGQRSROQL�^HPL��PDSL�L
VO��]D�SRWUHELWH�QD�RGGHOQLWH�VHNWRUL��UDERWQL�JUXSL��UDERWQL�]DGDaL��1D�SULPHU
YR� (OHNWURGLVWULEXFLMD� 6NRSMH� PHVHaQR� VH� SURGXFLUDDW� SULEOLCQR�� 20� OLVWRYL
WUDQVSDUHQW�LOL�SDXV�A1�IRUPDW��100�NRSLL�R]ROLW� VR�IRUPDW�A0,A3� LOL�A4��3000
NRSLL�WHNVW�FUWHCL�RG�NRSLU�DSDUDW�VR�IRUPDW�A3�LOL�A4��9R�WUR^RFLWH� ]D�RYDD
SURGXNFLMD� QH� WUHED� GD� VH� RJUDQLaLPH� VDPR� QD� SRWUR^HQLRW� PDWHULMDO�� WXNX� L
WUR^RFLWH� QD� DQJDCLUDQLWH� OLFD�� SRWUHEQRWR� YUHPH�� NDNR� L� WUXGRW� RNROX
DCXULUDZHWR� QD� RYLH� NRSLL� VR� "QRYDWD" VRVWRMED�� ]DYLVQR� RG� GDWXPRW� QD
SURL]YRGVWYR� QD� SRGORJLWH�� RGQRVQR� RULJLQDOQLWH� GRNXPHQWL�� 3RWUHED� ]D
JHQHULUDZH�QD�JROHPLRW�EURM�NRSLL�RWSD_D�YR�XVORYL�QD�SRVWRHZH�QD�*,6�RNROLQD�
NRJD�QD�RGGHOQLWH�ORNDFLL��PC�SODWIRUPD��YR�SRYU]DQD�NRPSMXWHUVND�PUHCD�VWRMDW
QD�UDVSRODJDZH�WRaQL��DCXULUDQL�SRGDWRFL��WHNVWXDOQL�]DEHOH^NL�L�VOLNL�]D�VLWH
NUDMQL�NRULVQLFL�

7XND�QHND�ELGH�LVWDNQDW�SUREOHPRW�QD�WRaQRVWD�QD�PDSLWH�QD�HGHQ�JUDG�NRM�VH
QDR_D� YR� SRVWRMDQR� PHQXYDZH�� ,PHQR�� ]DVWDUHQLWH� PDSL� �]DYLVQR� RG� JRGLQDWD� QD
QLYQRWR� VR]GDYDZH�� VRGUCDW� REMHNWL�� ]JUDGL� L� XOLFL� NRL� YR� GHQH^QR� YUHPH� L� QH
SRVWRMDW�� =DPLVOHWH� ^WR� `H� VH� VOXaL� VR� SRVWRHaNLWH� PDSL� VR� YQHVHQL� REMHNWL� QD



GLVWULEXWLYQLRW�VLVWHP�NRJD�`H�VH�SURGXFLUDDW�JUDGVNLWH�PDSL�VR�QDMQRYD�VRVWRMED
QD�REMHNWLWH�YR�JUDGRW��9R�GHQH^QR�YUHPH�SRVWDSNDWD�]D�NUHLUDZH�PDSL�QD�JUDGRW�VH
]DEU]XYD� SUHNX� SULPHQDWD� QD� DYLRQVNR� VQLPDZH�� VDWHOLWVNL� VQLPNL�� .DNR
LOXVWUDFLMD� ]D� REHPRW� QD� UDERWLWH� QHND� ELGH� LVWDNQDW� SRGDWRNRW� GHND� JUDGRW
6NRSMH�H�VQLPHQ�QD�SULEOLCQR�RNROX�400�PDSL��A0�IRUPDW��VR�UD]PHU�1�1000���.DNR
GRGDWHQ� DUJXPHQW� ]D� REHPRW� QD� UDERWDWD� QHND� VH� VSRPHQDW� RVQRYQLWH� SRGDWRFL� ]D
GLVWULEXWLYQDWD� PUHCD� QD� 6NRSMH�� YLVRNRQDSRQVNL� �91�� YRGRYL� 35 kV:
29�NDEOL�+92�QDG]HPQL��L�110 kV: 64km�� VUHGQRQDSRQVNL� �61�� YRGRYL�10(6) kV: 625
�NDEOL�+570� �QDG]HPQL�� km�� QLVNRQDSRQVNL� �11�� YRGRYL� 836 �NDEOL��1146
�QDG]HPQL��km;�MDYQR�RVYHWOXYDZH�425 �NDEOL��31 �QDG]HPQL��km;�LWQ�

6O���*,6�RNROLQD

3URGXNFLMDWD� QD� PDSLWH� EH^H� RG� SRVHEHQ� ]QDaDM� ]D� UHDOL]DFLMDWD� QD
RGGHOQLWH� ID]L� QD� SURHNWRW� [5]�� .RQNUHWQDWD� UHDOL]DFLMD� QD� SURHNWRW�� RGQRVQR
VR]GDYDZHWR� QD� RGGHOQLWH� VRIWYHUVNL� UH^HQLMD�� SUDNWLaQR� ]DSRaQD� RG� PRPHQWRW
NRJD�VH�QDFUWDD�SUYLWH�YRGRYL�QD�61�PUHCD�QD�GHPR�SRGUDaMHWR�QD�6NRSMH��7X_LWH
LVNXVWYD� SRNDCDD� GHND� FUWDZHWR� QD� WUDVLWH� QD� YRGRYLWH� � PRCH� GD� VH� QDSUDYL� VR
RGUHGHQD� JUH^ND�� NRMD� H� SULIDWOLYD� VR� RJOHG� QD� GYRGLPHQ]LRQDOQLRW� SULND]� QD
GLVWULEXWLYQDWD� PUHCD�� 9R� WDNYLWH� XVORYL�� WRSROR^NLWH� DODWNL� �NDNR� QD� SU�
RGUHGXYDZH� YNXSQL� GROCLQL� QD� L]YRGL�� VXPDUQL� GROCLQL� QD� YRGRYL� VR� HGHQ� LVW
SUHVHN� L� VO��� EL� VH� SRWSLUDOH� QD� ED]DWD� QD� SRGDWRFL� ]D� GROCLQDWD� QD� RGGHOQLWH
VHNFLL�� 0H_XWRD�� RGOXNDWD� � ]D� ]JROHPHQD� SUHFL]QRVW� YR� QDQHVXYDZHWR� QD
GLVWULEXWLYQDWD�PUHCD�EH^H�GRQHVHQD�RG�NUDMQLRW�NRULVQLN�QD�WLH�PDSL��,PHQR��VH
]DNOXaL�GHND�H�SRHILNDVQR�YHGQD^�GD�VH�RGL�VR�SUHFL]QR�FUWDZH�QD�WUDVLWH�X^WH�YR
SRaHWRNRW�� RGNRONX� GD� VH� YU^L� SRGRFQH^QD� NRUHNFLMD�� ^WR� EL� SUHGL]YLNDOR



GRGDWQR� RSWRYDUXYDZH� L� YU^HZH� QD� HGQD� LVWD� UDERWD�� 1D� WDNRY� QDaLQ� X^WH� RG
VDPLRW� SRaHWRN� VH� ]DSRaQD� VR� SUHFL]QR� FUWDZH� QD� YRGRYLWH�� VH� UD]ELUD� VSRUHG
SRGDWRFLWH�NRL�VWRHMD�QD�UDVSRODJDZH�� VSRUHG�NRWLWH��RGGDOHaHQRVWD�RG� VRVHGQLWH
REMHNWL��VR�SUHFL]QRVW�NRMD�MD�RYR]PRCXYD^H�UD]PHURW�QD�PDSLWH��1�1000��

��� 3URGXNFLMD�QD�PDSLWH

6HNRJD^� NRJD� VH� RGL� YR� SRaHWQDWD� ID]D� QD� LPSOHPHQWDFLMD� QD� *,6
WHKQRORJLMDWD� VH� VUHWQXYD� SUREOHPRW� QD� L]ERU� QD� PDSLWH�� 9R� NRONX� VH� L]EHUH
YDULMDQWDWD�VR�VNHQLUDQL�LOL�WQ�"UDVWHUVNL"�PDSL���NDNR�^WR�EH^H�VOXaDMRW�VR�GHPR
]RQDWD�QD�6NRSMH�� WRJD^� VYHVQR� VH� RJUDQLaXYDDW�PRCQRVWLWH�QD� SULPHQWLRW�*,6�
1DMaHVWR� RYD� VH� VOXaXYD� YR� JUDGRYL� NDGH� QH� SRVWRL� RUJDQL]LUDQD�� WHKQROR^NL
RSUHPHQD� LQVWLWXFLMD� NRMD� `H� L]JRWYXYD� YLVRNR� NYDOLWHWQL� L� SUHFL]QR
YHNWRUL]LUDQL�PDSL��VR]QDQLMD�VWHNQDWDL�SUL�SRVHWDWD�QD�7RNLR��6DSRUR�LWQ����9R
VLVWHPRW�QD�SRYU]DQD�L�RULHQWLUDQD�PDSD�QD�FHOLRW�JUDG�VH�SRVWDYXYD�SUREOHPRW�QD
YHNWRUL]DFLMD�L�SRYU]XYDZHWR�QD�RGGHOQLWH�REMHNWL��]JUDGL��XOLFL�L�GU���VR�ED]DWD
QD� SRGDWRFL� �EURHYL�� NDWDVWDUVNL� SRGDWRFL� ]D� XOLFL�� ]JUDGL� L� GUXJL� REMHNWL���2G
LQWHUHV�QD�GLVWULEXWLYQLWH�RUJDQL]DFLL�SUHWVWDYXYD�RVQLYDZH�QD�LQVWLWXFLMD�NRMD
EL�ELOD�PHURGDYQD�YR�NUHLUDZH�QD�WDNYL�PDSL�L�YR�aLH�ILQDQVLUDZH�EL�XaHVWYXYDOH
VLWH�NRPXQDOQL�RUJDQL]DFLL��NRL�VYRMDWD�GHMQRVW�MD�ED]LUDDW�QD�*,6�WHKQRORJLMDWD�
VR�VLWH�PRCQRVWL�]D�PH_XVHEQD�UD]PHQD�QD�SRGDWRFL�

9R� SUYDWD� ID]D� QD� SURHNWRW� VH� RGOXaLYPH� GD� JR� DQDOL]LUDPH� FHQWUDOQRWR
JUDGVNR� SRGUDaMH� NRH� VH� VRVWRL� RG�20� NDUWL� YR� UD]PHU�1�1000��3UYLRW� aHNRU� EH^H
VNDQLUDZH�QD�SRGORJLWH��RGQRVQR�PDSLWH���7RD�VH� *.tif � VOLNL�NRL�VH�YLNDDW�X^WH�L
UDVWHUL�� 2VQRYQD� RGOLND� QD� UDVWHULWH� H� GHND� WDND� GRELHQDWD� VOLND� VH� VRVWRL� RG
SUDYRDJROQLFL�� NYDGUDWL�� OLQLL�� WRaNL� L� GU�� 6OHGQLRW� aHNRU� YR� SURFHGXUDWD� H
GLJLWDOL]DFLMD�QD�JHRJUDIVNLWH�REMHNWL��'HO�RG�VRIWYHURW�NRM�RYR]PRCXYD�GLUHNQD
GLJLWDOL]DFLMD�QD�NDUWLWH�H�VRIWYHUVNLRW�SDNHW�RX� IMAGE��)D]DWD�QD�SRGJRWRYND
QD� JHRJUDIVNLWH� SRGORJL� H� PRCHEL� QDMPDONX� NUHDWLYQD� UDERWD�� QR� SRUDGL
SUHFL]QRVWD�QD�L]UDERWND�H�QDMGROJRWUDMQD�

6R� *,6� VRIWYHURW� RGGHOQLWH� PDSL� �QD�� SU�� A0� ]D� UD]PHU� 1�1000�� VH
RULHQWLUDDW� YR� JOREDOQLRW� NRRUGLQDWHQ� VLVWHP�� SD� VSRUHG� WRD� L� VH� YU^L
YU]XYDZHWR�QD� RGGHOQLWH�PDSL� YR� ]DHGQLaND�PDSD� ]D� FHODWD� WHULWRULMD� QD� JUDGRW�
=QDaL� NUDMQLRW� SURGXNW� H� QRYR� IRUPLUDQ� ]DSLV� �VOLND��� YR� NRM� VH� RUHQWLUDQL� L
PH_XVHEQR� VH� SRYU]DQL� RGGHOQLWH� A0� PDSL�� 1D� WDNRY� QDaLQ� VH� HOLPLQLUD
IUXVWUDFLMDWD�QD�NRULVQLFLWH�QD�PDSLWH��SUL�YU^HZH�XYLG�YR�NRQILJXUDFLMDWD�QD
PUHCDWD�� ELGHM`L� SRYH`H� QHPD� SRWUHED� RG� SUHEDUXYDZH� SR� SDW� QD� SRYU]XYDZH� QD
LYLFLWH�QD�RGGHOQLWH�PDSL��UD]PHU�1�1000��]D�GD�VH�WUDVLUD�HGHQ�L]YRG�QD�SRJROHPR
SRGUDaMH�QD�JUDGRW�VR�VLWH�76�NRL�VH�QDSRMXYDDW�RG�QHJR�

2WNDNR� MD� ]DYU^LYPH� REUDERWNDWD� QD� NDUWLWH�� JR� IRUPLUDYPH� SUYRWR
WHPDWVNR�QLYR��NRH�JR�QDUHNRYPH�PLAN−1000��LPHWR�QD�WHPDWVNRWR�QLYR�LOL� layer H
SURL]YROQR��QDMaHVWR�VSRUHG�WHPDWVNDWD�VRGUCLQD���3RQDWDPX��RGGHOQLWH�SURVWRUQL
REMHNWL�NRL�WUHED�GD�VH�SULNDCDW�QD�NDUWDWD�ORJLaNL� VH�RUJDQL]LUDDW�YR�RGGHOQL
WHPDWVNL�QLYRD�

9WRURWR�WHPDWVNR�QLYR�NRH�QL�H�SRWUHEQR�H�QLYRWR�QD�GLVWULEXWLYQDWD��10kV
PUHCD�� NRH� JR� QDUHNRYPH VODOVI�� 1DMHGQRVWDYHQ� SULVWDS� EL� ELO� SUHNX
NRRUGLQDWLWH� QD� YRGRYLWH� YR� PUHCDWD,� QR� YR� QHGRVWDWRN� QD� WDD� LQIRUPDFLMD
PUHCDWD� H� FUWDQD� VR� RJOHG� QD� NRWLWH� VSUHPD� REMHNWLWH�� XOLFLWH� L� ]JUDGLWH� QD
JHRJUDIVNLWH� SRGORJL�� 6RIWYHURW� RYR]PRCXYD� GD� VH� FUWD� VR� ERMD� SR� L]ERU�� GD� VH



SULPHQDW� UXWLQL� YR� FUWDZHWR� NDNR� NUXCQL� ODNRYL�� ]DREOXYDZD�� RGQRVQR
RYR]PRCHQR�^WR�SRYHURGRVWRMQR�SULNDCXYDZH��QD�YRGRW�RQDND�NDNR�^WR�H�SRVWDYHQ
YR�UHDOQRVWD�

7UHWRWR�WHPDWVNR�QLYR�RG�RVREHQR�]QDaHZH�H�WHPDWVNR�QLYR�TRAFOSTANICI�
.DM� WHPDWVNRWR� QLYR� TRAFOSTANICI� VH� NRULVWHYPH� VR� VRIWYHUVNDWD� DODWND� ]D
YQHVXYDZH� QD� LVWL� IRUPL� YR� YLG� QD� EORNRYL�� %ORNRYLWH� JL� IRUPLUDYPH� YR� HGHQ
SRVHEHQ�]DSLV�NDNR�JRWRYL�VOLNL�L�NDNR�WDNYL�JL�SRYLNXYDYPH�YR�FUWHCRW�NDGH�^WR
VH� QDR_D^H� JHRJUDIVNDWD� ORNDFLMD� QD� WUDQVIRUPDWRUVNDWD� VWDQLFD��3ULaLQDWD� ]D
NRULVWHZH� QD� EORNRW� H� MDVQD��$NR� YR� HGQR� SRGUDaMH� QD� NDUWDWD� LPDPH� JROHP� EURM
WUDQVIRUPDWRUVNL�VWDQLFL�10�0�4 kV/kV��YR�QD^LRY�VOXaDM�QD�GHPR�]RQDWD�RNROX�����
WRJD^� SRHGQRVWDYQR� H� � VDPR� GD� VH� YPHWQXYD� YH`H� JRWRY� VLPERO� QD� VRRGYHWQDWD
ORNDFLMD�� ,VWRWR� VH� RGQHVXYD� L� ]D� VLPERORW� ]D� UDVWDYXYDa� NDNR� VRVWDYHQ� GHO� RG
SULND]RW�QD�WUDQVIRUPDWRUVNDWD�VWDQLFD�10�0�4 kV/kV�

=D� VHNRM� REMHNW� YR� RGGHOQLWH� WHPDWVNLWH� QLYRD� VH� SULGUXCHQL� RSLVQL
SRGDWRFL� QDUHaHQL� �DWULEXWL��� =D� QD^LRW� VOXaDM� WHPDWVNRWR� QLYR� � YRGRYL� L
WUDQVIRUPDWRUVNL� VWDQLFL� LPDDW� VYRL� RSLVQL� DWULEXWL�� 7LH� DWULEXWL� VH
RUJDQL]LUDQL� YR� QDGYRUH^QD� ED]D� QD� SRGDWRFL�� YR� VOXaDMRY� QD� 6NRSMH�� YR� ED]D
RUJDQL]LUDQD� YR�ACCESS�� RGQRVQR�ORACLE� UDERWQD� RNROLQD�� )OHNVLELOQRVWD� QD
VRIWYHURW� H� L� SRYU]XYDZHWR� VR� QDGYRUH^QDWD� ED]D� QD� SRGDWRFL�� RGQRVQR
LQWHJUDFLMD� QD� SRVWRHaNLWH� ED]L� YR� *,6� UDERWQDWD� RNROLQD�� .RPXQLNDFLMDWD� VR
ED]DWD� VH� L]YHGXYD� SUHNX� NOXaQLWH� ]ERURYL� ]D� REMHNWLWH�� � VR� WRD�^WR� SUHWKRGQR� H
SRWUHEQR� GD� VH� L]U^L� SRYU]XYDZH� QD�AutoDesk�Map� VR� QDGYRUH^QDWD� ED]D�� VSRUHG
RGUHGHQD�SURFHGXUD��1D�SULPHU��QHND�H�SRWUHEQR�GD�SRYU]H�REMHNWRW�RG�WHPDWVNRWR
QLYR� TRAFOSTANICA� VR� EURM� 3� �SUHWKRGQR� YR� ED]DWD� VH� R]QDaXYD� EURMRW� QD
WUDIRVWDQLFLWH�NDNR�NOXaHQ�]ERU���7DD�WUDIRVWDQLFD�`H�ELGH�SRYU]DQD�VR�UHGRW�YR
QDGYRUH^QDWD�ED]D�NDGH�VH�QDR_D�WUDIRVWDQLFD�VR�EURM�3��,VWRWR�SRYU]XYDZH�`H�VH
L]YU^L� L� ]D� YRGRYLWH�� YR� RYRM� VOXaDM� SRYU]XYDZHWR� PRCH� GD� VH� L]YU^XYD� SUHNX
NOXaHQ�]ERU��VOD�OD..... DO).

��� 8SRWUHED�QD�PDSLWH

1DMJROHPLRW�DGXW�QD�*,6�WHKQRORJLMDWD�SUHWVWDYXYD�HYROXFLMDWD�RG� "PUWYL"
PDSL�NRQ�"LQWHOLJHQWQL��RGQRVQR�CLYL"�PDSL��NRL�SUHNX�*,6�VRIWYHURW�VH�YU]XYDDW
]D� PRPHQWDOQLWH� SRGDWRFL� YR� UHDOQR� YUHPH�� 1D� WDNRY� QDaLQ� VH� L]EHJQXYD
IUXVWUDFLMDWD� QD� NRULVQLFLWH� NRL� LPDDW� PDSL� VWDUL� QHNRONX� PHVHFL� LOL� JRGLQL�
LDNR� ]QDDW� GHND� "QHJGH"� SRVWRL� DCXULUDQD� "QDMQRYD" VRVWRMED� QD� GLVWULEXWLYQLRW
VLVWHP�� 3ULRWD�� WUHED� GD� VH� UD]YLH� PHKDQL]DP� QD� NRQWLQXLUDQR� DCXULUDZH� QD
VRVWRMELWH� YR� GLVWULEXWLYQLRW� VLVWHP� VR� RJOHG� QD� VHNRMGQHYQLWH� LQWHUYHQFLL�
LVNOXaXYDZD�� RWaLWXYDZD�� UHNRQVWUXNFLL�� L]JUDGED�� 7XND� WUHED� GD� VH� LVWDNQDW
VYHWVNLWH�LVNXVWYD��NRL�SRNDCXYDDW�GHND�H�NRULVQR�SR�SDW�QD�LQVSHNFLMD�QD�WHUHQRW�
SRVHEQR�SR�L]YU^HQL�LQWHUYHQFLL�GD�VH�YU^L� "GQHYQR"�NRQWLQXLUDQR�DCXULUDZH�L
]JROHPHQD� SUHFL]QRVW� YR� SRGDWRFLWH� L� YR� SULNDCXYDZHWR� QD� HOHPHQWLWH� QD
GLVWULEXWLYQLRW� VLVWHP�� $CXULUDZHWR� WUHED� GD� VH� YU^L� YR� HGQD� ED]D�� QD� HGQR
PHVWR��VR�PRCQRVWL�QD�SULVWDS�QD�VLWH�NRULVQLFL�GR�WDD�"PRPHQWDOQD"�VRVWRMED�

0RCQRVWLWH� QD� *,6� VRIWYHURW� HGQRVWDYQR� PRCDW� GD� VH� RSL^DW� SUHNX
SULVWDSRW�L�SULNDCXYDZHWR�QD�SRGDWRFLWH��3UHEDUXYDZHWR�QD�SRGDWRFLWH�PRCH�GD
ELGH�QDSUDYHQR�VR�SULPHQD�QD� "SRGDWRaQL�QLYRD"�� VR�VRRGYHWQD�ERMD�]D�VHNRH�QLYR�
3ULWRD�� ]DYLVQR� RG� SRWUHELWH�� VHNRH� RG� RYLH� QLYRD� PRCH� GD� VH� SULNDCH� RGGHOQR�
LOL�YR�ELOR�NRMD�NRPELQDFLMD�VR�GUXJLWH�QLYRD��7RD�H�RYR]PRCHQR�VR�DNWLYLUDZH�L



GHDNWLYLUDZH�YR�SULND]RW�QD�HNUDQRW�QD�WHPDWVNLWH�QLYRD�NRL�VH�RG�LQWHUHV��7DND
QD�SULPHU��DNR�QH�LQWHUHVLUD�LQIRUPDFLMDWD�NDGH�VH�SURVWRUQR�SRVWDYHQL�YRGRYLWH�
D� GD� QH� ELGH� RSWRYDUHQD� VOLNDWD� QD� HNUDQRW� VR� R]QDNLWH� L� ORNDFLLWH� QD
WUDQVIRUPDWRUVNLWH� VWDQLFL�� `H� VH� SULNDCDW� WHPDWVNLWH� QLYRD� PLAN−100� L
VODOVI�� 'LQDPLaNLRW� SRJOHG� QD� PDSLWH� VR� VHOHNWLUDQL� GHWDOL� L� RSUHPD
RYR]PRCXYD� OHVQR� ORFLUDZH� QD� RSUHPDWD�� SUHNX� QDYLJDFLRQLWH� PRCQRVWL� QD
]XPLUDZH� L� SRPHVWXYDZH� GD� VH� SUDWL� SUDYHFRW� QD� QDSRMXYDZHWR�� GD� VH� JUXSLUDDW
SRWUR^XYDaLWH�L�VO��2YD�VH�UHDOQL�SUHGQRVWL�QD�*,6�WHKQRORJLMDWD��PRCQRVWL�NRL
JR�SUDYDW�VRIYWYHURW�SULIDWOLY�]D�NUDMQLWH�NRULVQLFL�

=QDaDMQLRW�GRSULQRV�QD�*,6�WHKQRORJLMDWD�H�REHGLQXYDZH�QD�LQIRUPDFLLWH
]D� ORNDFLMDWD� QD� RSUHPDWD� QD� UD]QL� NRPXQDOQL� GHMQRVWL� QD� HGQD� LVWD� PDSD�� 7RD
SUHWVWDYXYD� SUHGXVORY� ]D� ]JROHPHQD� HILNDVQRVW� YR� QLYQRWR� UDERWHZH� SUHNX
NRRUGLQDFLMD� QD� RGGHOQLWH� DNWLYQRVWL� QD� HGQD� LVWD� ORNDFLMD� �XOLFD�� SDUFHOD��� VR
HOLPLQDFLMD� QD� R^WHWXYDZH� QD� WX_LWH� LQVWDODFLL�� L]GDYDZH� VRJODVQRVWL� ]D
LQWHUYHQFLL�� HGQRVWDYQD� UD]PHQD� QD� SRGDWRFL�� XYLG� QD� UD]OLaQL� LQVWDODFLL
SRVWDYHQL�QD�LVWL�PDSL��LWQ�

�� $5*80(17,�=$�,�3527,9�,03/(0(17$&,-$�1$�*,6

1DMaHVWR�VH�SRVWDYXYD�SUD^DZHWR�GDOL�HGHQ�YDNRY�VLVWHP�H�SRWUHEHQ�QD�RYDD
QLYR� QD� UD]YRM� QD� GLVWULEXWLYQLWH� RUJDQL]DFLL� YR�0DNHGRQLMD�� =D� GD� PRCH� GD� VH
RGJRYRUL�QD�RYDD�SUD^DZH�SRWUHEQR�H�GD�VH�L]YU^L�DQDOL]D�QD�UDERWQLWH�SURFHVL
YR� RGGHOQLWH� VHNWRUL�� VR� SRVHEHQ� RVYUW� QD� HILNDVQRVWD� YR� UHDOL]DFLMDWD� QD
RGGHOQLWH�GHMQRVWL��3ULWRD��QH�VH�SRVWDYXYD�SUD^DZHWR� "GDOL�SRVWRHaNLRW�VLVWHP
GREUR�IXQNFLRQLUD��SRVHEQR�RG�DVSHNW�QD�SRGDWRFLWH"−�WRM�XVSH^QR�IXQNFLRQLUD�L
EH]� *,6� WHKQRORJLMDWD�� NRMD� QD� SUY� SRJOHG� VDPR� GRGDWQR� EL� MD� RSWRYDULOD
RUJDQL]DFLMDWD�QD�UDERWHZHWR��9LVWLQVNRWR�SUD^DZH�EL�WUHEDOR�GD�VH�IRUPXOLUD
NDNR�� ".RONDYD� H� YUHGQRVWD� QD� WUR^RFLWH� NRL� VH� VR]GDYDDW� VR� GRVHJD^QDWD
RUJDQL]DFLMD� QD� UDERWHZHWR"�� 0H_XWRD� QH� VHNRJD^� WUR^RFLWH� PRCDW� GD� VH
NYDQWL]LUDDW��7DND�QD�SU��WH^NR�H�GD�VH�YDORUL]LUD�FHQDWD�]D�

• QHNRPSOHWQL�L�QHWRaQL�SRGDWRFL
• QHGRVWDWRN� QD� LQIRUPDFLL� �SRUDGL� RJUDQLaHQ� L� GROJRWUDHQ� SULVWDS� NRQ
SRGDWRFLWH��]D�QDYUHPHQD�L�LVSUDYQD�RGOXND

• SRYWRUQR�YQHVXYDZH�QD�HGQL�WH�LVWL�SRGDWRFL�YR�REHP�L�]D�SRWUHEL�QD�QRYL
SURHNWL��DQDOL]L��SURJUDPL

• SRJUH^QL�RGOXNL�L�UH^HQLMD�NRL�VH�ED]LUDDW�QD�HGQD�ED]D�QD�SRGDWRFL��NRMD
QH�H�DCXULUDQD��VR�QDMQRYLWH�SRGDWRFL�RG�GUXJLWH�VHNWRUL

• IUXVWUDFLMD� SUHGL]YLNDQD� RG� SUHEDUXYDZH� QD� UD]QL� ED]L� �]DSL^DQL� YR
UD]QL�PHGLXPL��]DUDGL�GRELYDZH�QD�RGUHGHQD�LQIRUPDFLMD

• IUXVWUDFLMD� SUHGL]YLNDQD� RG� HIHNWRW� GHND� HGHQ� LVW� SRGDWRN� NRM� H
SRYH`HNUDWQR� ]DSL^DQ� RG� GUXJL� OLFD�� PRUD� RGQRYR� GD� VH� ]DSL^XYD� �QD� SU�
SULELUDZHWR� QD� SRGDWRFL� ]D� SURHNWRW� ]D� UHYLWDOL]DFLMD� QD
GLVWULEXWLYQLWH�VLVWHPL��

.DNR� PHURGDYQL� NULWHULXPL� YR� RFHQXYDZH� QD� NRULVQRVWD� QD� SURHNWRW� JL
L]GYRMXYDPH�VOHGQLWH�PRCQRVWL�QD�*,6�VRIWYHURW�

• ]D�UD]YLYDZH�QD�NRULVQLaNL�SULIDWOLY�SURGXNW



• JROHP�EURM�GLUHNWQL�NRULVQLFL�GD�NRPXQLFLUDDW�SUHNX�HGQD�]DHGQLaND�ED]D
QD�SRGDWRFL

• JROHP� EURM� GLUHNWQL� NRULVQLFL� GD� UD]PHQXYDDW� LQIRUPDFLL� ]D� RGGHOQLWH
SRGUDaMD�QD�GHOXYDZH

• ]D�]D^WHGDWD�QD�YUHPH��SDUL�LWQ�
.DNR�GRGDWQR�RSUDYGXYDZH�VH� MDYXYD�SRWUHEDWD�RG�UHSURGXFLUDZH�QD�EURMQL

NRSLL�� UDERWQL� aDVRYL� ]D� NRSLUDZH�� SRSROQXYDZH� L� VNODGLUDZH� QD� NRSLLWH�
RGUCXYDZH� QD� NODVLaQDWD� RSUHPD� L� VO��� VH� VR� FHO� GD� VH� ]DEHOHCDW� SUHWKRGQR
]DSL^DQLWH� SRUDNL�� ]DEHOH^NL�� L]PHQL� NRL� QH� VHNRJD^� VH� SUHQHVXYDDW� QD� QRYLWH
PDSL��2YR]PRCXYDM`L�GLUHNWHQ�SULVWDS�NRQ�GLJLWDOQLWH�PDSL��VH�HOLPLUD�QH�VDPR
WUR^RNRW�]D�PDWHULMDOLWH��WXNX�L�WUR^RNRW�]D�NRRUGLQDFLMD�QD�DCXULUDQLWH�NDUWL
L�QLYQDWD�GLVWULEXFLMD�

=D�UHDOHQ�VOXaDM�QD�LPSOHPHQWDFLMD� �Puget Power��� SURFHQDWD�SRNDCXYD�GHND
SURGXNWLYQRVWD� YR� PDSLUDZHWR� L� RGUCXYDZHWR� QD� SRGDWRFLWH� VH� SRGREUXYD� WUL
SDWL� SUL� SULPHQWD� QD� *,6� WHKQRORJLMDWD� YR� RGQRV� QD� NODVLaQLWH� PHWRGL��0QRJX
SRJROHP� SRUDVW� QD� SURGXNWLYQRVWD� �SRYH`H� RG� 20� SDWL�� VH� SRVWLJQXYD� SUL
LQCLQHUVNRWR�SURHNWLUDZH�QD�QRYL�NDEHOVNL�PUHCL�

=D� GD� PRCH� GD� VH� QDSUDYL� REMHNWLYQD� SURFHQD� ]D� XVSH^QRVWD� YR
LPSOHPHQWDFLMDWD� QD� *,6� RNROLQDWD� WUHED� GD� ELGDW� QDYHGHQL� L� VOHGQLWH
RJUDQLaXYDaNL�IDNWRUL�

• JROHPD�FHQD�L�SRWH^NRWLL�YR�NRQYHU]LMD�QD�SRGDWRFLWH
• RWHCQDWR�HNRQRPVNR�YUHGQXYDZH�QD�SULGRELYNLWH�YR�RGQRV�QD�WUR^RFLWH�RG
YRYHGXYDZHWR� QD� *,6�� SRVHEQR� ]D� VOXaDLWH� QD� SURPHQHWD� RUJDQL]DFLMD� QD
RSHUDWLYQRWR�IXQNFLRQLUDZH�QD�GLVWULEXWLYQLRW�VLVWHP

• WUR^RFL��VRIWYHU��KDUGYHU��REXND��SURVWRUQL�SURPHQL��OLWHUDWXUD��FHQD�QD
SLORW�SURHNWRW��LWQ�

• SRWUHEQD� H� VRJODVQRVW� RG� UDNRYRGQLWH� OLFD�� NRH�^WR� H� SRYU]DQR� VR� QLYQD
XYHUHQRVW� YR� LVSUDYQRVWD� QD� YRYHGXYDZH� QD� QRYL� WHKQRORJLL� YR
VHNRMGQHYQLRW�SURFHV

• VRIWYHURW�WUHED�GD�ELGH�SULIDWOLY�L�HGQRVWDYHQ�]D�XSRWUHED�NDM�NUDMQLRW
NRULVQLN��WDND�GD�VR�NUDWND�REXND�GD�ELGH�YR�VRVWRMED�GD�MD�RVWYDUXYD�VYRMDWD
GHMQRVW�� ,VWR� WDND�� VRIWYHURW� WUHED� GD� ELGH� REQRYXYDQ� VR� QDMQRYLWH
WHKQROR^NL�UH^HQLMD�L�DODWNL�

• WUDQVIHU� L� LQWHJUDFLMD� QD� SRGDWRFLWH� SUHWVWDYXYD� QHRSKRGHQ� XVORY� ]D
NRPXQLNDFLMDWD� VR� GUXJLWH� NRPXQDOQL� SUHWSULMDWLMD� YR� UD]PHQDWD� QD
SRGDWRFL�L�PDSL�

�� =$./8A2.

*,6� WHKQRORJLMDWD� SUHWVWDYXYD� SUHGXVORY� ]D� DYWRPDWL]DFLMD� QD
GLVWULEXWLYQLWH�VLVWHPL��*HQHULUDZH�QD�PDSLWH�VR�LQWHJULUDQD�ED]D�QD�JHRJUDIVNL
L� QH�JUDILaNL� SRGDWRFL� ]D� RGGHOQLWH� HOHPHQWL� QD� GLVWULEXWLYQLRW� VLVWHP�
RYR]PRCXYD� VR]GDYDZH� UDERWQD� RNROLQD� ]D� SULPHQD� QD� DSOLNDWLYQLWH� IXQNFL� YR
XSUDYXYDZHWR�L�NRQWURODWD�QD�GLVWULEXWLYQLWH�VLVWHPL��9R�RYRM�WUXG�VH�L]ORCHQL
QD^LWH�LVNXVWYD� YR� NRULVWHZHWR�QD�PDSLWH�� LQWHJUDFLMDWD� QD� SRGDWRFLWH� QD� GHPR
SRGUDaMH�QD�6NRSMH�
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(GQD� RG� JODYQLWH� SULGRELYNL� RG� SULPHQDWD� QD� *,6� YR� GLVWULEXWLYQLWH
VLVWHPL� H� ]JROHPXYDZH� QD� PRCQRVWLWH� ]D� SULNDCXYDZH�� DQDOL]D�� RGUCXYDZH� L
RUJDQL]DFLMD�QD�SRGDWRFLWH��QR�LVWR�WDND�L�HILNDVQRVWD�L�SURGXNWLYQRVWD�VR�RJOHG
QD�SULVWDSRW�L�UD]PHQDWD�QD�SRGDWRFLWH�VR�GUXJLWH�VHNWRUL�L�NRPXQDOQL�XVWDQRYL�
1LH�VH�VXGULYPH�VR�SUHGL]YLNRW�GD�VH�UD]YLH�LQWHJULUDQ�NRULVQLaNL�LQWHUIHMV�NRM
HGQRVWDYQR� VH� XSRWUHEXYD� L� NRM^WR� RYR]PRCXYD� WUDQVSDUHQWQR� NRULVWHZH� QD
DSOLNDFLLWH�

2VQRYQD�LGHMD�YR�VRVWDYXYDZHWR�QD�*,6�SURHNWQLRW�WLP�EH^H�GD�VH�RIRUPL
PXOWL�GLVFLSOLQDUQD� JUXSD� QD� aOHQRYL�� VHNRM� VR� UD]OLaQD� SURIHVLRQDOQD
HNVSHUWL]D� L� VR� UD]OLaQL� NRPSMXWHUVNL� SUHG]QDHZD�� 3URIHVLRQDOQDWD
VSHFLMDOL]LUDQRVW� QD� aOHQRYLWH� QD� SURHNWQLRW� WLP� RSID`D^H� SR]QDYDZD� RG
UDERWHZHWR� QD� VLVWHPRW�� SURGXNFLMDWD� QD� PDSLWH�� SODQLUDZH�� GL]DMQ�� L]JUDGED�
DQDOL]D�� HNVSORDWDFLMD�� RGUCXYDZH� L� LQIRUPDFLRQLRW� VLVWHP� ]D� SRWUR^XYDaLWH�
8^WH� YR� SRaHWQDWD�ID]D�� SURHNWQLRW� WLP� JL� VRJOHGD� PRCQRVWLWH� QD� SULPHQHWDWD
WHKQRORJLMD�� L� XaHM`L� RG� WX_LWH� LVNXVWDYD�� OHVQR� JL� SULIDWL� L� JL� VRYODGXYD^H
JODYQLWH�FHOL�SRVWDYHQL�YR�*,6�SURHNWRW�

S U M M A R Y

One of the main benefits of implementing a GIS in a distribution system is enhancing the
utility's ability to view, analyze, maintain and manage the data, as well as the efficiency and
productivity with respect to accessing data and sharing data with other departments and utilities.
We face the challenge of developing an integrated user interface that is easy to use and allows the
users to move between applications transparently.

Project philosophy in assembling its GIS Team was to bring together a multy-disciplined
group of individuals, each with their practical expertise and different computer knowledge. The
occupational specialties of the team representattives included knowledge of the work order
system, mapping products, planing, design, construction, analysis, system operation, maintenance
and customer information system. Early on, GIS Team realized the power of the technology being



studied, and by learning from the experience of others, the main goals presented by a GIS project
become familiar to deal with and evidently more manageable.

.OXaQL�]ERURYL��GLVWULEXWLYQL�VLVWHPL��*,6��DYWRPDWL]DFLMD��SCADA
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3UL� ]DSRaQXYDZH� QD� SURHNWRW� ",QWHJULUDQD� NRPSMXWHUVND� *,6� RNROLQD� ]D
SODQLUDZH� L� UD]YRM� QD� HOHNWURHQHUJHWVNL� GLVWULEXWLYQL� VLVWHPL" [1],� SUL� YH`H
GHILQLUDQD�SURHNWQD�]DGDaD��QDMJROHPL�SUREOHPL�NRL�WUHED^H�GD�VH�VRYODGDDW��QR
NRL�RG]HPDD�L�QDMPQRJX�YUHPH��EHD�

• SURFHVRW�QD�RWNULYDZH�^WR�RaHNXYDDW�NUDMQLWH�NRULVQLFL�GD�ELGH�UH^HQR�L
SRGUCDQR�VR�SURHNWRW�

• ̂ WR�EL�SULIDWLOH�NUDMQLWH�NRULVQLFL�RG�SULPHQDWD�QD�SURHNWRW��L

• NRL�VH�NULWLaQLWH�SRGUDaMD�L�ID]L�QD�SURHNWRW�
.DNR� SRaHWQD� SODWIRUPD� QD� SURHNWRW� MD� XVYRLYPH� WHNRYQDWD� SUDNVD� YR

RSHUDWLYQRWR�UDERWHZH�QD�RGGHOQLWH�VHNWRUL�QD�HGQD�GLVWULEXWLYQD�NX`D��1D�WDNRY
QDaLQ��GUCHM`L�VH�GR�WHNRYQDWD�SUDNVD�MD�REH]EHGLYPH�SRGU^NDWD�L�SULID`DZHWR�QD
SURHNWRW�� QR� LVWRYUHPHQR� VR]GDGRYPH� RVQRYD� ]D� PDOL� QR� ]QDaDMQL� aHNRUL� YR
SRNDaXYDZH� QD� HILNDVQRVWD� QD� UDERWHZHWR�� 2YLH� PRCQRVWL� QD� SURHNWRW� VH
REMDVQHWL�SRGRFQD�YR�RYRM�WUXG��2G�GUXJD�VWUDQD��NUDMQLWH�NRULVQLFL�EHD�QDYLNQDWL
QD� RGUHGHQL� SURFHGXUL� L� IRUPL� QD� UDERWHZH�� RG� NRPSMXWHUVNR� YQHVXYDZH� QD
SRGDWRFL� GR� UDaQR� SRSROQHWL� IRUPXODUL�� ]DSLVL�� FUWHCL�� ^HPL� LWQ�� 2G� WDD
VHNRMGQHYQD�SUDNVD�WUHED^H�GD�VH�SUHMGH�YR�QRYD�UDERWQD�RNROLQD��NRPSMXWHUVND��]D
NRMD� WLH� QHPDD� QLNDNYR� SUHWKRGQR� LVNXVWYR�� 1LYQLRW� VNHSWLFL]DP� L� GLOHPL� VH
RELGRYPH� GD� JL� VRYODGDPH� REH]EHGXYDM`L� JL� LVWLWH� IRUPXODUL�� ]DSLVL�� FUWHCL� L
^HPL�� VR� NRL� WLH� VH� VUH`DYDD� VHNRMGQHYQR�� 1H� RGHM`L� YR� ULJRUR]QL� SURPHQL� YR
RELGRW� ]D� SHUIHNFLMD� L� ]JROHPHQD� HILNDVQRVW�� NDM� NUDMQLWH� NRULVQLFL� JR
REH]EHGXYDYPH� SULID`DZHWR� QD� SURHNWRW�� QLYQDWD� VRUDERWND� SD� GXUL� L� GRELYPH
SRGU^ND�L�SUHGOR]L�]D�QRYL�UH^HQLMD��NRL�WLH�JL�RaHNXYDD�RG�QDV�

,PDM`L� MD� SUHGYLG� JROHPLQDWD� QD� SURHNWRW� ]D� QHJRYDWD� UHDOL]DFLMD� EH^H
SRWUHEQR� GD� VH� REH]EHGL�� NRPSMXWHUVNL� KDUGYHU� L� VRIWYHU�� UDERWHQ� SURVWRU�� GD
ELGDW�L]EUDQL�aOHQRYL�QD�SURHNWQLRW�WLP�NRL�SR�]DYU^XYDZH�QD�SURHNWRW�EL�ELOH
YNOXaHQL�YR�QHJRYDWD�SULPHQD�YR�(60��NDNR�L�GD�VH�REH]EHGL�ILQDQVLUDZH�QD�VLWH
DNWLYQRVWL�

�� &(/,�1$�352(.727

9R� SODQLUDZHWR� QD� SURHNWRW� JL� SRVWDYLYPH� YUHPHQVNLWH� URNRYL� ]D
UHDOL]DFLMD� QD� RGGHOQLWH� ID]L�� VR� RJOHG� QD� QD^DWD� CHOED� GD� JR� NRPSOHWLUDPH
SURHNWRW� YR� GRJRYRUHQRWR� YUHPH� RG� HGQD� JRGLQD�� 9R� WRM� SHULRG� JL� UHDOL]LUDYPH
VOHGQLWH�DNWLYQRVWL�

• JL�SREDUDYPH�L�JL�REH]EHGLYPH�GRNXPHQWLWH��UDERWQLWH�IRUPL�L�SRGDWRFL
• MD� REH]EHGLYPH� NRPSMXWHUVNDWD� RSUHPD� �GYH� UDERWQL� VWDQLFL�� HGQDWD
ORFLUDQD�YR�VHNWRURW�]D�UD]YRM�QD�(60��D� YWRUDWD�YR�(ONWURGLVWULEXFLMD
6NRSMH���RSUHPD�]D�SRYU]XYDZH�YR�PUHCD



• MD�REH]EHGLYPH�VRIWYHUVNDWD�RSUHPD��AutoDesk MAP, Visual Studio, Oracle�
• REH]EHGLYPH�NRQVXOWDQWVNL�XVOXJL�L�REXND��NRPELQDFLMD�AutoCAD L Map��]D
aOHQRYLWH�QD�SURHNWDQVNLRW�WLP�L�]D�NUDMQLWH�NRULVQLFLWH�QD�SURHNWRW

• ]DSRaQDYPH�GD�JL�SURGXFLUDPH�PDSLWH��HGQRSROQLWH�^HPL
• SULSUHPDYPH�NRULVQLaNL�LQWHUIHMV�]D�YQHV�QD�SRGDWRFL
• SULSUHPDYPH�IRUPL��QDOR]L��L]YH^WDL��VWDWLVWLaNL�REUDERWNL
• SULND]L�QD�VOLNL��WHNVWRYL��JUDILFL��L
• SODQLUDYPH� GD� JL� VLVWHPDWL]LUDPH� VLWH� RYLH� DNWLYQRVWL� YR� HGQD
LQWHJULUDQD�NRPSMXWHUVND�*,6�RNROLQD�

�� =2>72�3,/27−352(.7"

6R�SURHNWQDWD�]DGDaD�EH^H�SUHGYLGHQR�*,6�WHKQRORJLMDWD�GD�ELGH�UD]YLHQD�L
LPSOHPHQWLUDQD� SUHNX� SLORW� SURHNW�� ]HPDM`L� JR� HOHNWURHQHUJHWVNLRW
GLVWULEXWLYHQ�VLVWHP�QD�GHO�RG�FHQWUDOQRWR�SRGUDaMH�QD�JUDG�6NRSMH�

=R^WR�VH�UH^LYPH�]D�SULPHQD�QD�SLORW�SURHNW"�3UHG�Vv�WRD�H�SULURGDWD�QD
GLVWULEXWLYQDWD�GHMQRVW���SUHPQRJX� �NRPSOHNVQD�]D�GD�ELGH�NRPSOHWQR�RSIDWHQD�L
YHULILFLUDQD� YR� QRYDWD� *,6� WHKQRORJLMD�� QR� LVWR� WDND� L� ]DKWHYQD� YR� SRJOHG� QD
YUHPH�L�ILQVLVNL�YORCXYDZD��.RQYHU]LMDWD�QD�SRVWRHaNLWH�SRGDWRFL��GRSROQXYDZH
L� NUHLUDZH� QD� QRYL� ED]L� QD� SRGDWRFL� ]D� WDND� NRPSOHNVHQ� VLWHP� SUHWVWDYXYD
SRYH`HJRGL^HQ�SURFHV��3LORW�SURHNWRW�WUHED�GD�SRNDCH�NRL�VH�JODYQLWH�SURPHQL
YR�RSHUDWLYQRWR�UDERWHZH�SRVHEQR�NRJD�WUHED�GD�VH�GRELH�VRJODVQRVW�L�SULID`DZH
QD� NUDMQLWH� NRULVQLFL��,]UDERWNDWD� QD� SLORW� SURHNW� EH^H� QHPLQRYHQ� ELGHM`L� VH
YU^L� XVYRMXYDZH� QD� QRY� SURGXNW�� SRVHEQR� SRUDGL� VNHSWLFL]PRW� VSUHPD� QRYLWH
WHKQRORJLL��$QDOL]DWD�QD�VRIWYHURW��]D�*,6�L�]D�ED]D�QD�SRGDWRFL���PRCQRVWLWH�L
SULIDWOLYRVWD� YR� UDERWQL� XVORYL�� LGHQWLILNDFLMD� L� DGUHVLUDZH� QD� SUHaNLWH� ]D
NRSOHWQDWD�SULPHQD��NDNR�L�ILQDQVLVNDWD�RSUDYGDQRVW�]D�QHJRYD�LPSOHPHQWDFLMD�YR
RGGHOQL� JUDGRYL� YR�0DNHGRQLMD�� PRCH^H� GD� VH� UHDOL]LUD� HGLQVWYHQR� SUHNX� SLORW
SURHNW��6R�UHDOL]DFLMDWD�QD�SLORW�SURHNWRW�QLH�VPHWDYPH�GHND�H�PQRJX�YDCQR�GD�VH
RVWDYL� PRCQRVW� ]D� LGQRWR� NRPSOHWLUDZH� QD� *,6� VR� DSOLNDWLYQLWH� IXQNFLL� ]D
SRGU^ND�QD�DQDOL]DWD�L�SODQLUDZHWR�QD�GLVWULEXWLYQLRW�VLVWHP�

9R� UHDOL]DFLMDWD� QD� SLORW� SURHNWRW� VL� SRVWDYLYPH� FHO� GD� SURGXFLUDPH
RGUHGHQL�VRIWYHUVNL�UH^HQLMD�VR�NRL�`H�PRCH�OHVQR�GD�VH�NRPXQLFLUD��D�GD�QH�VH
SUHRWRYDUXYDPH� VR� UHDOL]DFLMDWD� QD� NRPSOHWQDWD� ED]D� QD� SRGDWRFL�� 3URHNWQLRW
WLP� LPD^H� CHOED� GD� MD� XVPHUL� VYRMDWD� DNWLYQRVW� L� HQHUJLMD� NRQ� PDOR
UHSUH]HQWDWLYQR�SRGUDaMH�QD�FHQWUDOQDWD�JUDGVND�PUHCD�QD�6NRSMH�

.DNR� ]QDaDHQ�IDNWRU�YR�L]ERURW�QD�RYDD�SRGUDaMH�EH^H�UDVSRORCLYRVWD� QD
PDSLWH� QD� JUDGRW�� ]D� NRL� GRELYPH� LQIRUPDFLL� RG� *HRGHWVNDWD� XSUDYD� L
7RSOLILNDFLMD��9R�L]ERURW�QD�SRGUDaMHWR�VH�YRGH^H�VPHWND�GD�ELGDW�RSIDWHQL�VLWH
WLSRYL� SRGDWRFL�� GD� SRVWRL� XPHUHQR� JROHPD� ED]D� QD� SRGDWRFL�� VR� PRCQRVW� ]D
NRQYHU]LMD� QD� SRVWRHaNLWH� SRGDWRFL� RG� SUHWKRGQLWH� DQDOL]L� �VRIWYHUVNL� SDNHW
9,'�[2]���,VWR�WDND�VDNDYPH�GD�LPDPH�SRJOHG�SR]DGL�76�10�0�4�QD�QLVNRQDSRQVNDWD
PUHCD�L�NUDMQLWH�SRWUR^XYDaL�RG�GYD�DVSHNWL�� HQHUJHWVNL� VRJODVQRVWL�� QDSODWD� L
WHKQLaND� LVSUDYQRVW�� RGQRVQR� GHIHNWL�� ,]EUDQRWR� SRGUDaMH� WUHED^H� GD� ELGH
SRGDWQR�]D�NUHLUDZH�L�SULPHQD�QD�DSOLNDWLYQLWH�SURJUDPL�



�� 35('86/29,�=$�5($/,=$&,-$�1$�*,6

3UDYLOHQ� L]ERU� QD� KDUGYHURW� L� VRIWYHURW� EH^H� VWUDWH^NL� SUHGL]YLN� YR
UHDOL]DFLMDWD�QD�SURHNWRW�

��� +DUGYHU

=D�UHDOL]DFLMD�QD�*,6�RNROLQDWD�VWRMDW�QD�UDVSRODJDZH�QHNRONX�SODWIRUPL�

• NOLHQW� VHUYHU� ED]LUDQ� QD� UNIX � RSHUDWLYHQ� VLVWHP�� =DUDGL� YROXPHQRW� QD
SRGDWRFLWH� NDNR� L� EU]LQDWD� QD� VAX �� D� SRGRFQD� UNIX �� QHNRL� VYHWVNL
LVNXVWYD� VH� SRWSLUDDW� QD� VRIWYHU� ]D� YQHVXYDZH� QD� SRGDWRFL� VR� VRRGYHWQL
UXWLQL�]D�REH]EHGXYDZH�NYDOLWHW�QD�YQHVHQLWH�SRGDWRFL�QD�PC��NRM�SRGRFQD
H�SUHQHVHQ�QD�VAX �

• JUDILaNL� UDERWQL� VWDQLFL� ED]LUDQL� QD� NT Windows� RSHUDWLYHQ� VLVWHP�
0QRJX�NRULVQLFL�NRL�LPDDW�SULVWDS�NRQ�PDSLWH�L�ED]LWH�QHPDDW�SRWUHED�RG
NRPSOHWQRVWD� YR� DCXULUDZHWR�L� HGLWLUDaNLWH�IXQNFLL��1LYQLRW�SULVWDS
NRQ� VLVWHPRW� QH� H� PQRJX� aHVW� L� QDMaHVWR� H� ]D� SRWUHELWH� QD� L]YH^WDL��PC
SODWIRUPDWD�RYR]PRCXYD�SULVWDS�NRQ�SRWUHEQLWH�SRGDWRFL��]D�UD]OLND�RG
VNDSLWH�UDERWQL�VWDQLFL�VR�NRPSOHWQLWH�UDERWQL�IXQNFLL��9R�L]ERURW�QD
SODWIRUPDWD� ]D� UD]YRM� QD� *,6� RNROLQDWD� WUHED� GD� VH� YRGL� VPHWND� GD� VH
L]EHUH�VLVWHP�NRM�`H�RYR]PRCL�HGQRVWDYQD�SRQDWDPR^QD�QDGRJUDGED�

• QD^�L]ERU��PC�SODWIRUPD�SRG�NT Windows�

��� 6RIWYHU

6YHWVNLWH� LVNXVWYD� SRNDCXYDDW� GHND� YR� UHDOL]DFLMDWD� QD� YDNYL� SURHNWL
SRVWRMDW�VOHGQLWH�UH^HQLMD�

• UHODFLRQD�ED]D�QD�SRGDWRFL�SRG�VAX (UNIX)
• ORACLE
• *,6� VRIWYHU��Auto�CAD Map, InterGraph, ARC INFO� �NRL� VH� SUHGYLGHQL� ]D
JRUH�QDYHGHQLWH�SODWIRUPL�

• CableCad�SRG�IBM OS2
• Visual Studio 97.
=D� GD� RGJRYRULPH� QD� VLWH� SUHGL]YLFL� L� DPELFLR]QL� EDUDZD� NRL� VL� JL

SRVWDYLYPH�YR�SURHNWQDWD�]DGDaD�LPDYPH�GYH�PRCQRVWL��3UYDWD�EH^H�GD�IRUPLUDPH
VRIWYHUVNL�WLP�RG�50 GR 100�LVWUDCXYDaL�NRL�EL�UD]YLOH�VYRM�SURGXNW�YR�WHNRW�QD
QL]D� JRGLQL� VR� VLWH� RJUDQLaXYDZD� YR�SRJOHG� QD� NYDOLWHWRW� L� WHVQL� JUOD� QD� WDNYL
SURGXNWL�� 1LH� VH� RGOXaLYPH� ]D� YWRUDWD� PRCQRVW�� GD� RGLPH� NRQ� LQWHJUDFLMD� QD
ED]LWH� QD� SRGDWRFL� L� DYWRPDWL]DFLVNLWH� IXQNFLL� SULPHQXYDM`L� � "JRWRYL"
UHQRPLUDQL�VRIWYHUVNL�*,6�SURGXNWL�

,]ERU�QD�*,6�VRIWYHURW�SUHWVWDYXYD^H�VWUDWH^NR�UH^HQLH��NRH�WUHED^H�GD
UH^L�QL]D�GLOHPL�

• NRSOHWQRVW��SRNULYDZH�QD�VLWH�SUHGYLGHQL�IXQNFLL��
• SULIDWOLYL� NRULVQLaNL� DODWNL� �Visual� Studio�� OHVQD� NRPXQLNDFLMD� QD
NRULVQLNRW�VR�*,6�DODWNLWH��

• SRGU^ND� QD� LQWHJULUDQLWH� ED]L� QD� SRGDWRFL� �SRVWRHaNL� L� QRYL� ED]L�
REHGLQHWL�YR�ORACLE�RNROLQD��

• FHQD��VR�RJOHG�QD�EURMQLWH�NRULVQLaNL�OLFHQFL��



• SULPHQOLYL�QD�HIWLQL�L�EU]L�SODWIRUPL��SRVWRHaNL�LOL�QRYL��
• SULIDWOLY� VR� RJOHG� QD� SRWUHELWH� QD� LQCHQHUVNLWH� DSOLNDFLL� �CAD
DSOLNDFLL��

• NRQWLQXLUDQ�UD]YRM�L�REQRYD�VR�QDMQRYL�VRIWYHUVNL�UH^HQLMD��YR�WHNRW�QD
SURHNWRW�SRPLQDYPH�QL]�EU]�UDYRM��Map1, Map2�GR Map3��

• UHQRPLUDQ�SURGXNW�SUHSR]QDWOLY�YR�LQCHQHUVNLWH�VUHGLQL��LQCHQHULWH�QD
(60� ELOH� REXaXYDQL� QD� VHPLQDUL� ]D� AutoCad�SUHG� QHNRONX� JRGLQL� L
ORACLE�PDM�1998��QH]DYLVQR�RG�QDSUDYHQLRW�L]ERU�QD�VRIWYHUVNLWH�DODWNL
YR�RYRM�SURHNW��

6SRUHG�WRD�YR�RYDD�SUYD�ID]D�QD�SURHNWRW�VH�RSUHGHOLYPH�UDERWQDWD�RNROLQD
]D�SULNDCXYDZH��DQDOL]D�L�SODQLUDZH�QD�GLVWULEXWLYQL�VLVWHPL�GD�ELGH�AutoDesk
MAP��ED]LWH�QD�SRGDWRFL�GD�ELGDW�LQWHJULUDQL�L�SRGUCDQL�VR�ORACLE��D�RGGHOQLWH
DODWNL�GD�ELGDW�UD]YLYDQL�YR�Visual�Studio�
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9R�NRQFLSLUDZHWR�QD�PHWRGLWH�]D�UHDOL]DFLMD�QD�SURHNWRW�QLH�YOHJRYPH�YR
IRUPDOQL�SDUWQHUVNL�RGQRVL�VR�QDUDaDWHORW�QD�SURHNWRW��SUHG�VH�YRGHM`L�VPHWND�]D
NRPSOHNVQRVWD� QD� SURHNWRW�� QR� L� ]D� SRWUHELWH� QD� NUDMQLWH� NRULVQLFL�� ^WR
LVWRYUHPHQR�REH]EHGXYD^H�L�GREUD�UDERWQD�RNROLQD�]D�XVSH^QR�NRPSOHWLUDZH�QD
SURHNWRW��%OLVNDWD�VRUDERWND�QD�GYHWH�VWUDQL�RYR]PRCXYD^H�SRVWRMDQR�PH_XVHEQR
LQIRUPLUDZH� ]D� RVWYDUHQLWH� ]DGDaL�� QHIRUPDOQLWH� UH^HQLMD� EHD� LVWUDCXYDQL�
GLVNXWLUDQL��SULID`DQL�LOL�RWIUODQL��SRVWRMDQR�VH�LPD^H�XYLG�GR�NDGH�H�SURHNWRW�
YR� NRM� SUDYHF� VH� GYLCLPH�� JUDGHM`L� MD� VDPRGRYHUEDWD� QD� aOHQRYLWH� QD� SURHNWQLRW
WLP�YR�XVSH^QRVWD�QD�SURHNWRW��=DWRD�QLH�L�JR�L]EUDYPH�SDUWQHUVNLRW�RGQRV�NDNR
UDPND�]D�UHDOL]DFLMD�QD�YDNRY�JROHP�L�WHCRN�SURHNW��QH^WR�^WR�QH�PRCH^H�GD�JR
REH]EHGL� NODVLaQLRW� RGQRV� QDUDaDWHO�L]JRWYXYDa� QD� SURHNW�� 2G� GUXJD� VWUDQD�
RVWYDUXYDZH� L� RGUCXYDZH� QD� WHVQDWD� VRUDERWND� VR� JROHP� EURM� SUHWVWDYQLFL�
HNVSHUWL�QD�(60�REH]EHGXYD^H�SUHGXVORYL� ]D�EU]R�SULID`DZH�QD�UH]XOWDWLWH�RG
SURHNWRW�� SR� ]DYU^XYDZHWR� QD� QHJRYDWD� SLORW�ID]D�� QR� LVWR� WDND� EH^H� RWYRUHQD
NRPXQLNDFLMDWD�]D�VRUDERWND�YR�SRGRFQH^QLWH�ID]L�QD�SURHNWRW�

6RVWDYXYDZHWR� QD� SURHNWQLRW� WLP� VH� ED]LUD^H� QD� EDUDZHWR� ]D
PXOWLGLVFLSOLQDUQL� HNVSHUWL� �� RG� REODVWD� QD� LQIRUPDWLND�� HOHNWURHQHUJHWLND�
JHRGH]LMD��SD�GXUL�L�IRWRJUDI�VR�SUHWKRGQL�LVNXVWYD�YR�VQLPDZHWR�QD�HQHUJHWVNLWH
REMHNWL�� %URMRW� QD� XaHVQLFLWH� YR� SURHNWQLRW� WLP� VH� PHQXYD^H� YR� WHNRW� QD
SURHNWRW�� ]DYLVQR� RG� ID]LWH� QD� SURHNWRW�� WDND� GD� GR� ]DYU^XYDZH� QD� RYRM� WUXG
QLYQLRW� EURM� GRVWLJQD� 26� XaHVQLFL�� 9R� UHDOL]DFLMDWD� QD� SURHNWRW� EHD� YNOXaHQL
SUHWVWDYQLFL�RG�RGGHOQLWH�VHNWRUL�QD�(60��NRL�SRNUDM�XaHVWYRWR�YR�RYRM�SURHNW�JL
L]YU^XYDD�L�VYRLWH�VHNRMGQHYQL�UDERWQL�REYUVNL��$GPLQLVWUDWLYQDWD�SRGU^ND�YR
SULELUDZHWR� QD� SRQXGLWH� ]D� RGGHOQLWH� SRWUHEL� QD� SURHNWRW�� SOD`DZHWR� QD
VQDEGXYDaLWH�QD�RSUHPDWD��GRNXPHQWLUDZH�QD�EDUDZDWD��UHDOL]DFLMDWD�L�VWDWXVRW�QD
RGGHOQLWH� ID]L� QD� SURHNWRW� EH^H� UHDOL]LUDQD� RG� aOHQRYLWH� QD� UDERWQDWD� JUXSD
XaHVQLFL� RG� (60�� 9R� RGUHGHQL�ID]L� QD� SURHNWRW�� NRJD� EH^H� SRWUHEQR� SRJROHPR
YUHPHQVNR� DQJDCLUDZH�� XaHVQLFLWH� QD� SURHNWQLRW� WLP� EHD� GHOXPQR� LOL� FHORVQR
UDVWRYDUHQL� RG� VYRLWH� UDERWQL� REYUVNL�� ,DNR� UDERWHD� YR� RWHCQDWL� XVORYL�
SRNDCXYDM`L�LQWHUHV�L�HQWX]LMD]DP�]D�VRYODGXYDZH�QD�QRYLWH�WHKQRORJLL�OX_HWR�QD
(60� XVSH^QR� VRUDERWXYDD� YR� UHDOL]DFLMDWD� QD� SURHNWRW�� 6HSDN� HGQD� YDNYD
NRPELQDFLMD�QD�LVWUDCXYDaL�L�HNVSHUWL�RG�UD]QL�SRGUDaMD�L�UDERWQL�RUJDQL]DFLL



�(7)�� 1HRNRP� L� (60�� JR� REH]EHGL� YLVRNLRW� NYDOLWHW� QD� UHDOL]LUDQLWH
VRIWYHUVNL�SURGXNWL��.RPXQLNDFLMDWD� VR�aOHQRYLWH�QD�UDERWQLRW�WLP�RG�(60�VR
RJOHG� QD� QLYQLWH� UDERWQL� REYUVNL�� ROHVQDWRWR� GRJRYDUDZH� VR� UDNRYRGLWHORW� QD
SURHNWRW� L� RVWDQDWLWH� aOHQRYL� RG�(7)� JR� GHILQLUDD� REHPRW� QD� DNWLYQRVWLWH� YR
UDPNLWH�QD�SURHNWRW�

2G� NUXFLMDOQR� ]QDaHQLH� ]D� XVSH^QRVWD� QD� SURHNWRW� EH^H� DQJDCLUDZHWR� QD
SUHWVWDYQLFLWH� QD� RGGHOQL� VHNWRUL� �SRPODGL� LQCHQHUL�� NRL� VH� IDPLOLMDUQL� VR
UDERWQLWH� SURFHVL�� QR� LVWRWDND� L� UDNRYRGQL� OLFD� NRL� EHD� YR� VRVWRMED� GD
RUJDQL]LUDDW�UDERWQL�JUXSL�YR�UHDOL]DFLMD�QD�RGGHOQLWH�]DGDaL��6LJXUQR�H�GHND�EH]
XaHVWYRWR�L�VRUDERWNDWD�QD�RYLH�NUDMQL�NRULVQLFL�YR�SURHNWRW�QH�`H�PRCHD�GD�VH
NUHLUDDW�PHURGDYQL� � L�IXQNFLRQDOQL�UH^HQLMD��7RD� H� L� QDMJROHPLRW� GRSULQRV� QD
SURHNWRW�� SULODJRGXYDZH� QD� VRIWYHUVNDWD� RNROLQD� QD� SRWUHELWH� L� UXWLQLWH� QD
UDERWHZH�QD�NUDMQLWH�NRULVQLFL��2YD�EDUDZH�QH�H�YR�VRVWRMED�GD�JR�REH]EHGL�QLWX
HGHQ� NRPHUFLMDOHQ� HOHNWURGLVWULEXWLYHQ� � *,6� SURGXNW�� ,PHQR�� NDM� WDNYLWH
RS^WRQDPHQVNL� SURGXNWL� NUDMQLWH� NRULVQLFL� VH� SULODJRGXYDDW� NRQ� SURFHGXULWH�
ED]LWH�� QDOR]LWH�� L]YH^WDLWH� NRL� VH� RVPLVOHQL� ]D� ILNWLYQL� GLVWULEXWLYQL
RUJDQL]DFLL��QH�PQRJX�UHWNR�SUHGL]YLNXYDM`L�GHOXPQD�LOL�FHORVQD�UHRUJDQL]DFLMD
QD�UDERWHZHWR�QD�NUDMQLWH�NRULVQLFL�

1LH� VPHWDYPH� GHND� UHJXODUQL� �HGQD^� QHGHOQR�� VRVWDQRFL� VR� QDMEOLVNLWH
aOHQRYL� QD� UDERWQDWD� JUXSD� RYR]PRCXYDD� XYLG� YR� RVWYDUXYDQLWH� UH]XOWDWL� YR
RGGHOQLWH� HWDSL� QD� SURHNWRW�� NDNR� L� VHNRM� SRHGLQHaHQ� GRSULQRV� QD� aOHQRYLWH� QD
JUXSDWD�� ,VWR� WDND� EHD� RUJDQL]LUDQL� VRVWDQRFL� L� LQWHUYMXD� VR� PHURGDYQL� OLFD
�UDNRYRGLWHOL�QD�RGGHOL�L�VHNWRUL��LQCHQHUL�L�WHKQLaNL�OLFD��VR�FHO�GD�VH�GRELH
GLUHNWQD� LQIRUPDFLMD� ]D� QDaLQRW� QD� UDERWHZHWR� L� QLYQLWH� SRWUHEL�� QR� L
REH]EHGXYDZH� SRGU^ND� YR� UHDOL]DFLMD� QD� SURHNWRW�� NDNR� L� XYLG� YR� QLYQLWH
RaHNXYDZD� RG� *,6� SURHNWRW�� SD� GXUL� L� SUHLVSLWXYDZH� QD� QHNRL� RG� SUHGKRGQR
GHILQLUDQLWH� UH^HQLMD�� *ROHPLRW� EURM� VRVWDQRFL� VR� XaHVWYRWR� QD� JROHP� EURM
HNVSHUWL�EHD�SUHGXVORY�GD�PRCH�GD�VH�VLQKURQL]LUDDW�DNWLYQRVWLWH�L�RaHNXYDZDWD
QD�NRULVQLFLWH��LVWUDCXYDaLWH�L�UDNRYRGVWYRWR�
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9R� RGGHOQL� ID]L� QD� SURHNWRW� EHD� GRQHVXYDQL� RGOXNL� L� UH^HQLMD� NRL� EHD
RVQRYD� ]D� SRGRFQH^QLWH� ID]L� QD� SURHNWRW�� 1LH� QH� VDNDYPH� GD� GRQHVHPH� "EU]L
RGOXNL"�NRL�PRPHQWDOQR�`H�VH�VSUDYDW�VR�RGUHGHQL�VLPSWRPL�QD�HGHQ�SUREOHP��WXNX
VDNDYPH�GD�GRQHVHPH�VWUDWHJLVNL�UH^HQLMD�VR�NRL�WUDMQR�`H�JR�UH^LPH�SUREOHPRW�
EH]�VWUDY�]D�SRYWRUXYDZH�QD�SUHWKRGQDWD�REHPQD�UDERWD��7DND�QD�SU��XVYRMXYDZHWR
QD�UDVWHUVNL�PDSL�QD�JUDGRW�EH^H�UH^HQLH�NRH�YR�RGUHGHQ�PRPHQW�VH�QDPHWQD��EH]
RJOHG� QD� QD^DWD�RULHQWDFLMD� GD� VH� RGL�NRQ� YHNWRUL]LUDQL�PDSL� QD� JUDGRW�� ]D� NRL
LPDYPH� YHWXYDZH� GHND� `H� PRCHPH� GD� JL� GRELHPH� YR� UD]XPQR� YUHPH�� .DNR� ^WR
RGPLQXYD^H�YUHPHWR��URNRYLWH�]D�VWDUWXYDZH�QD�RGUHGHQLWH�ID]L�QD�SURHNWRW�EHD
QDGPLQDWL��SD�VH�GRQHVH�RGOXND�]D�YUHPHQD�XSRWUHED�QD�UDVWHUVNL�PDSL��6H�UD]ELUD�
YR� SUHJRYRULWH� VH� RGJRYRUQLWH� OX_H� VH� GRMGH� GR� ]DNOXaRN� GHND� H� SRWUHEQD
NRRUGLQLUDQD�DNFLMD�QD�JUDGRW�L�VLWH�NRPXQDOQL�RUJDQL]DFLL�NRQ�VR]GDYDZH�XVORYL
]D� NUHLUDZH� QD� YHNWRUL]LUDQL� PDSL� VR� VRRGYHWQD� ED]D� QD� SRGDWRFL� ]D� RGGHOQLWH
REMHNWL�� �0H_XWRD��NRULVWHZHWR�QD� VNHQLUDQLWH�PDSL��RULHQWLUDQL� YR� JOREDOQLRW
NRRUGLQDWHQ�VLVWHP�RYR]PRCXYD�QLYQD�SRGRFQH^QD�]DPHQD�VR�YHNWRUL]LUDQL�PDSL�
7RD� ]QDaH^H�GHND� HGQD^�YQHVHQLWH�61�L�11�YRGRYL� YR� SLORW�SURHNWRW�� `H� ELGDW



LVNRULVWHQL�L�YR�SRGRFQH^QDWD�ID]D�NRJD�`H�ELGDW�XSRWUHEXYDQL�YHNWRUL]LUDQLWH
PDSL�

.ULWLaQD�ID]D�YR�SURHNWRW�EH^H�L�GRQHVXYDZHWR�QD�RGOXNDWD�]D�NRULVWHZH
QD�HGQRSROQLWH�^HPL�QD�76�10�0�4�kV/kV ���,PHQR��GLOHPDWD�EH^H�GDOL�GD�VH�SULPHQL
LQWHUIHMVRW��NRULVWHQ�YR�SUHWKRGQLRW�SURHNW�9,'��]D�YQHV�QD�HGQRSROQLWH�^HPL
QD�76�NRM�EH^H�L]UDERWHQ�YR�Visual Basic� RNROLQDWD��LOL�GD� VH�SULPHQL�YQHVXYDZH
SUHNX�DODWNLWH�QD�AutoCAD��NRL�VH�VRVWDYHQ�GHO�QD�AutoDesk�MAP�RNROLQDWD��1LH�VH
UH^LYPH�GD�VH�RVWDQHPH�YR�RNROLQDWD�QD�AutoDesk��NRMD�^WR�YR�VYHWRW�H�VWDQGDUGQD
RNROLQD�QD�VLWH�LQCHQHUVNL�DSOLNDFLL��6SRUHG�RYDD�RGOXND�VYHVQR�VH�RWNDCDYPH�RG
JRWRY� NRULVQLaNL� LQWHUIHMV� NRM� SUHWVWDYXYD� YUYQD� DSOLNDFLMD�� LPDM`L� MD� SUHGYLG
QD^DWD� RULHQWDFLMD� GD� UD]YLYDPH� HGQD� UDERWQD� RNROLQD� ]D� NUHLUDZH� QD� QD^LWH
LGQL�VRIWYHUVNL�DODWNL�]D�SODQLUDZH�L�DQDOL]D�QD�GLVWULEXWLYQLWH�VLVWHPL�

3RYUHPHQR� GRD_DYPH� GR� ]DNOXaRN� GHND� RGUHGHQL� XaHVQLFL� JR� GRVWLJQXYDD
VYRMRW�SURGXNWLYHQ�PDNVLPXP��NRM�QH�EH^H�GRYROHQ�]D�QDSUHGRNRW�QD�SURHNWRW��9R
WDNYL�XVORYL�EH^H�SRWUHEQR�GD�VH�LQWHUYHQLUD�L�GD�VH�PHQXYDDW�UDERWQLWH�]DGDaL�
GD� VH� DQJDCLUDDW� GUXJL� XaHVQLFL�� GD� VH� PHQXYDDW� RGUHGHQL� UH^HQLMD�� 6H� UD]ELUD
GHND� VHNRMD� YDNYD� SRJROHPD� SURPHQD� SUHGL]YLNXYD^H� VRRGYHWQR� GRFQHZH� QD
RGUHGHQL�ID]L�QD� SURHNWRW��9DNYLWH� XVSRUXYDZD�� NDNR� L� ]DGRFQHWDWD� LVSRUDND� QD
SRWUHEQLRW�VRIWYHU�GRYHGH�GR�]JROHPHQR�DQJDCLUDZH�YR�ID]LWH�NRL�VOHGHD��]D�GD�VH
]DSD]DW�URNRYLWH�L�NRQWLQXLWHWRW�QD�SURHNWRW�

3RQHNRJD^� L� PDOLWH� GHWDOL� JR� RJUDQLaXYDD� ]DYU^XYDZHWR� QD� RGGHOQLWH
ID]L�� 7DND� QD� SU�� NRPXQLNDFLMDWD� QD� HNVWHUQLWH� SURJUDPVNL� DODWNL� VR� AutoDesc
MAP� VUHGLQDWD�� MD�RJUDQLaXYD^H�SULPHQDWD�QD� LQWHUIHMVRW� ]D� YQHV� QD� SRGDWRFL�L
SULSUHPDZH�L]YH^WDL�RG�RGGHOQLWH�XSLWL�

9RRELaDHQR�H�]D�*,6�WHKQRORJLMDWD�GD�QDPHWQXYD�LQIRUPDWLaNL�SURFHGXUL
VSRUHG� NRL� VH� PLQXYDDW� JUDQLFLWH� QD� RGGHOQLWH� VHNWRUL�� SD� VSRUHG� WRD� L� GD� VH
PHQXYDDW�SRGUDaMDWD�QD�RGJRYRUQRVWL��9R�UD]YRMRW�QD�*,6�SURHNWRW�QLH�SRVWDYLYPH
RJUDQLaXYDZH� QD� QD^HWR� QDYOHJXYDZH� YR� RGGHOQLWH� ID]L� QD� GLVWULEXWLYQDWD
GHMQRVW�� D� WRD� H� GD� QH� JL� PHQXYDPH� SRVWDSNLWH�� SURFHGXULWH� L� YRRELaDHQRWR�
VHNRMGQHYQR� UDERWHZH�� 1LH� VDNDYPH�� EDU� YR� RYDD� SUYD� ID]D� QD� SURHNWRW�� YR� *,6
RNROLQDWD�GD�JL�SUHVOLNDPH�RVQRYQLWH�LQIRUPDWLaNL�SURFHGXUL��SUHG�VH�YRGHQL�VR
RVQRYQDWD�LGHMD�GD�MD�ROHVQLPH�L�DYWRPDWL]LUDPH�GHMQRVWD�QD�RGGHOQLWH�VHNWRUL�

�� .$5$.7(5,67,A1,�$3/,.$&,,

2YGH�`H�ELGDW�QDEURMDQL�RQLH�PRCQRVWL�L�SUHGQRVWL�NRL�SURHNWQLRW�WLP�JL
VRJOHGD�YR�UHDOL]DFLMDWD�QD�RGGHOQLWH�DSOLNDFLL�QD�*,6�SURHNWRW�

• ,QWHJUDFLMD� QD� SRGDWRFLWH�� 9R� GHQH^QR� YUHPH�� VR� SHUVSHNWLYD� QD
GHUHJXODFLMD� L� ]JROHPHQD� SURGXNWLYQRVW�� GXSOLFLUDZH� QD� SRGDWRFLWH� QH
PRCH�GD�VH�GRSX^WL��,VWR�WDND�VH�SRVWDYXYD�SUD^DZH�NRM� �VHNWRU��OLFH�� H
VRSVWYHQLN� QD� SRGDWRFLWH�� L� NRMD� YHU]LMD� QD� SRGDWRFLWH� PRCH� GD� VH� VPHWD
NDNR� RILFLMDOQD�� 'XSOLFLUDQL� SRGDWRFL� NRL� QH� VHNRJD^� VH� PH_XVHEQR
LGHQWLaQL�� SUXCDDW� UD]OLaQL� RGJRYRUL� QD� HGQR� LVWR� SUD^DZH�� 3D� VSRUHG
WRD� VH� SRVWDYXYD� SUD^DZH� NRM� SRGDWRN� H� WRaQLRW"� (GLQVWYHQLRW� RGJRYRU
OHCL� YR� LQWHJULUDQD� ED]D� QD� SRGDWRFL�� 6SRUHG� WRD� HILNDVQRVW� YR
UDERWHZHWR� QH� PRCH� GD� VH� SRVWLJQH� EH]� RYR]PRCHQD� VORERGQD� UD]PHQD� QD
LQIRUPDFLL��RGQRVQR�EH]�HGLQVWYHQD�LQWHJULUDQD�ED]D�QD�SRGDWRFL�NRMD�`H
PRCH�GD�VH�VPHWD�NDNR�RILFLMDOQD�YHU]LMD�



• .RRUGLQDFLMD� L� VLVWHPDWL]DFLMD� QD� SRGDWRFLWH�� 2YDD� RNROLQD� QH
RYR]PRCXYD� VDPR� JUDILaNL�DODWNL� ]D�SULNDCXYDZH�� WXNX�GDYD� SRGU^ND� YR
UD]PHQD�QD�SRGDWRFLWH�SRPH_X�RGGHOQLWH�DSOLNDFLL��3RWUHEQR�H�GD�VH�XVYRL
HGLQVWYHQD� ^LIUD� �NDUDNWHULVWLaHQ� EURM�� ]D� VHNRM� HOHPHQW� QD
GLVWULEXWLYQLRW� VLVWHP�� VR� ^WR� VH� RVWYDUXYD� OHVQD� LGHQWLILNDFLMD� L
SUHEDUXYDZH� QD� ED]LWH� QD� SRGDWRFL�� 7RD� ]QDaL� GHND� HGQD^� YRYHGHQLWH
DSOLNDFLL� PRCDW� GD� VH� SULIDWDW� L� SRGUCDW� VR� VRRGYHWQD� ED]D� YR� *,6
RNROLQDWD��SRG�XVORY�GD�H�REH]EHGHQ�HGQRVWDYHQ�SULVWDS�NRQ�SRGDWRFLWH�QD
VLWH�QLYRD�L�VHNWRUL�QD�GLVWULEXWLYQDWD�RUJDQL]DFLMD�

6O���2UJDQL]DFLMD�QD�SRGDWRFLWH

• )L]LaND�L�HOHNWULaQD�SRYU]DQRVW�QD�HOHPHQWLWH��6R�*,6�VH�RYR]PRCXYD
GD� VH� SUDWL� SDWRW� QD� QDSRMXYDZHWR� SRD_DM`L� RG� SRWUR^XYDaRW� �QD� SU�
GRPD`LQVWYD���SUHNX�GLVWULEXWLYQDWD�11�PUHCD�GR�76�61�11��L�SRQDWDPX
SUHNX�61�PUHCD�GR�76�91�61��2YDD�DSOLNDFLMD�RYR]PRCXYD�QD�SU��OHVQR�GD
VH� ORFLUDDW� VLWH� SRWUR^XYDaL� NRL� `H� RVWDQDW� EH]� QDSRMXYDZH� SUL
DNWLYLUDZHWR�QD�SUHNLQXYDaRW�QD�HGHQ�61�L]YRG��RGQRVQR�SUL�LVNOXaXYDZH
QD�76��6H�UD]ELUD�PRCH�GD�VH�XWYUGL�GDOL�MDYXYDZHWR�QD�QHNRM�SRWUR^XYDa
NRM�RVWDQDO�EH]�QDSRMXYDZH�H�GHO�RG�VWUXMQLRW�NUXJ�NRM�H�LVNOXaHQ��LOL�SDN
GR�SUHNLQ�YR�QDSRMXYDZHWR�QDVWDQDOR�SRUDGL�GHIHNW�LWQ��,QIRUPDFLLWH�]D
ORNDFLMDWD� QD� SRWUR^XYDaRW�� QHJRYDWD� HOHNWULaQD� SRYU]DQRVW� VR� 76�
WUDVDWD� QD� NDEHOVNLRW� YRG� YRRELaDHQR� VH� VNODGLUDQL� QD� UD]QL� PHVWD�� YR
UD]QL� IRUPL�� 7RD� ]QDaL� GHND� `H� ELGH� SRWUHEQR� ]QDaDMQR� DQJDCLUDZH� QD
OX_H�YUHPH�]D�GD�VH�ORFLUD�L�WUDVLUD�HGHQ�SRWUR^XYDa��RGQRVQR�GD�VH�XWYUGL



EURMRW�QD�VRRGYHWQDWD�PDSD��GD�VH�ORFLUD�NDEHORW��SUDYHFRW�QD�QDSRMXYDZHWR
LWQ�� 6R� *,6� VLVWHPRW� RYRM� SUREOHP� VH� UH^DYD� VR� HGQRVWDYHQ� XSLW� NRM
PRPHQWDOQR� JR� ORFLUD� SRWUR^XYDaRW� L� JL� SULNDCXYD� VLWH� PHURGDYQL
LQIRUPDFLL�YR�QHJRYRWR�WUDVLUDZH��NDNR�L�VLWH�LQWHUYHQFLL�QDSUDYHQL�YR
PLQDWRWR� QD� WDND� L]GYRHQDWD� RSUHPD�� 1D� WDNRY� QDaLQ� PRCH� GD� VH
LQWHJULUDDW� SRGDWRFLWH� ]D� JHRJUDIVNDWD� ORNDFLMD� �XOLFD�� EURM�� ]JUDGD�� VR
SRGDWRFLWH� ]D� HOHNWULaQDWD� SRYU]DQRVW� L� SUDYFLWH� � QD� QDSRMXYDZH� QD
RGGHOQLWH�SRWUR^XYDaL�LOL�JUXSD�QD�SRWUR^XYDaL�

• 5DVSRUHG�L�SURFHVLUDZH�QD�UDERWQL�DNWLYQRVWL��3URFHVLUDZH�QD�GHMQRVWL
RG�UD]OLaHQ�NDUDNWHU��NDNYL�^WR�VH��UDERWQL�QDOR]L��LQVSHNFLVNL�SUHJOHGL
QD�GLVWULEXWLYQLWH�NRPSRQHQWL��QD�SU��WHUPRYL]LMD��EDCGDUHZH��UHJXODUQL
SHULRGLaQL�SUHJOHGL�LWQ����L]YH^WDL�]D�GHIHNWL��ORNDFLMD��YUHPH��WUDHZH�
YLG�� SULaLQD�� KURQRORJLMD� QD� QDVWDQL��� VWDWLVWLaND� REUDERWND� �GHIHNWL�
SUHJOHGL��RSUHPD��SURL]YRGLWHO��JRGLQD�QD�PRQWLUDZH���LWQ�

• &UWDZH�QD�^HPL��5D]QL�^HPL�QD�GHOXYDZH��HGQRSROQL�^HPL�NRL�WUHED�GD�VH
QDFUWDDW� ]D� VHNRMD� 76� L� GD� VH� L]ORCDW� QD� YLGQR� PHVWR�� &UWDZHWR� H
SRHGQRVWDYHQR�]D�GHILQLUDQL�WLSRYL�QD�76��GRGHND�SRGDWRFLWH�`H�VH�FUSDW
RG� ]DHGQLaNDWD� ED]D�� 7RD� ]QDaL� GHND� HGHQ� LVW� SRGDWRN� QHPD� GD� VH� YQHVXYD
UDaQR�YR�VHNRMD�^HPD��FUWHC��PDSD�WXNX�WRD�`H�VH�SUDYL�DYWRPDWL]LUDQR��9U]
RVQRYD� QD� DWULEXWLWH� QD� RGGHOQLWH� REMHNWL� PRCH� GD� VH� VHOHNWLUDDW
RGUHGHQL� REMHNWL� L� GD� VH� SULNDCXYDDW� VR� ]DHGQLaND� ERMD�� VSRUHG� QDSRQVND
VRVWRMED��QDSRQVNR�QLYR��IXQNFLRQDOQL�NDUDNWHULVWLNL��LWQ�

• *UDILaNL� NRULVQLaNL� LQWHUIHMV�GUI��� ,QWHJULUDaNLRW� NRQFHSW� VH
UHDOL]LUD� SUHNX� JUDILaNL� NRULVQLaNL� LQWHUIHMV� ]D� SRJOHG� QD� SRGDWRFL�
IXQNFLL��DSOLNDWLYQL�SURJUDPL��UH]XOWDWL��L]YH^WDL�LWQ� [3].�*UDILaNLRW
RULHQWLUDQLRW� LQWHUIHMV� �PHQLMD�� SULND]L� L� IXQNFLL�� H� NUHLUDQ� VSRUHG
SRWUHELWH�L�EDUDZDWD�QD�NRULVQLFLWH�RG�GLVWULEXWLYQDWD�RUJDQL]DFLMD�

�� 5$=92-1,�)$=,

6YHWVNLWH� LVNXVWYD� SRNDCXYDDW� GHND� YR� UHDOL]DFLMDWD� QD� YDNYL� SURHNWL
QDMaHVWR�VH�RGL�YR�VOHGQLWH�UD]YRMQL�ID]L�

• 2YR]PRCXYDZH� QD� LQWHOLJHQWQL� IXQNFLL� QD� DYWRPDWL]LUDQ
GLVWULEXWLYHQ� VLVWHP�� HVWLPDFLMD� QD� WRYDULWH� QD� HGHQ� L]YRG�
NRRUGLQDFLMD� QD� ]D^WLWDWD�� L]YH^WDL� ]D� JUH^NL� SR� L]YRGL�� 76� LOL� SR
UD]OLaQL� SURL]YRGLWHOL� QD� RSUHPDWD�� WUHQG� DQDOL]D� ]D� WRYDULWH� VSRUHG
L]YRGL��76�LOL�JHRJUDIVNL�SURVWRUL��3ULPHQDWD�QD�XSLWL�]D�UD]QL�SRWUHEL
VR�JHQHULUDZH�QD�L]YH^WDL��'HWDOQLWH�L]YH^WDL�VH�IRUPLUDDW�YR�UD]OLaQL
IRUPL� VSRUHG� SRWUHELWH� QD� RGGHOQLWH� VHNWRUL�� ELGHM`L� VHNRM� RG� QLY� LPD
SRWUHED� RG� UD]OLaQL� GHWDOL� L� WLSRYL� QD� SRGDWRFL�� %D]LUDM`L� VH� QD
PRCQRVWLWH� QD� *,6� SURHNWRW� YR� SRJOHG� QD� LQWHJUDFLMD� QD� SRGDWRFL� YR
UHDOQR�YUHPH��SCADA���PRCH�GD�VH�YRVSRVWDYDW�DYWRPDWL]LUDQL�SURFHGXUL
]D� SHULRGLaQR� DCXULUDZH� QD� ED]DWD� VR� GQHYQL�� PHVHaQL� LOL� JRGL^QL
L]YH^WDL�

• 3RYU]XYDZH�VR�Supervisory Control and Data Acquisition��SCADA���3RYU]XYDZHWR
PRCH�GD�VH�UHDOL]LUD�ELOR�NDNR�SR]DGLQD��ELOR�NDNR�LQWHUIHMV�]D�SRGDWRFL
YR�UHDOQR�YUHPH��RGQRVQR�GD�MD�LQWHJULUD�SCADA�YR�VYRMDWD�RNROLQD�



�� =$./8A2.

*HRJUDIVNL�LQIRUPDFLRQHQ�VLVWHP��*,6��H�WHKQRORJLMD�VR�NRMD�VH�VRELUDDW�
PHPRULUDDW�� DCXULUDDW�� REUDERWXYDDW�� DQDOL]LUDDW� L� SULNDCXYDDW� SURVWRUQL� L
GUXJL�SRGDWRFL��1DMYDCHQ� DUJXPHQW� QD� RYDD� WHKQRORJLMD� H�PRCQRVWD� ]D� SURVWRUQD
DQDOL]D��=D�WDNRY�YLG�DQDOL]D�SRWUHEQR�H�SURVWRUQLWH�SRGDWRFL�GD�VH�SUHQHVDW�YR
GLJLWDOQD�IRUPD�

2VQRYQLWH�SUHGQRVWL�QD�*,6�WHKQRORJLMDWD�VH�

• 9L]XHOL]DFLMD� QD� SRGDWRFLWH�� *ROHPD� NROLaLQD� QD� SRGDWRFL�� PH_X� NRL
VSD_DDW� L� � DWULEXWLWH� QD� REMHNWLWH�� VH� PHPRULUDDW� YR� NRPSMXWHURW� L� VH
SULNDCXYDDW�YR�YL]XHOQD��HGQRVWDYQD�L�VOLNRYLWD�IRUPD�NRMD�PX�H�EOLVND�QD
NUDMQLRW�NRULVQLN�

• 3RYU]XYDZH� QD� SRGDWRFLWH� VR� JHRJUDIVNLWH� REHOHCMD�� 9QHVXYDZH� QD
JHRJUDIVNL� REHOHCMD� � NRL� VH� SRYU]XYDDW� VR� DWULEXWQLWH� SRGDWRFL� GDYDDW
PRCQRVWL� ]D� DQDOL]D�� GRQHVXYDZH� ]DNOXaRFL� L� FHORVHQ� SUHJOHG� QD
SURVWRUQDWD�VRVWRMED�

.UHLUDZHWR� QD� VRIWYHUVNLWH� DODWNL� YR� *,6� RNROLQD� WUDH^H� GROJR� YUHPH�
WRM� `H� HYROXLUD� L� SR� ]DYU^XYDZHWR� QD� RYRM� SURHNW�� QHJRYDWD� QDGRJUDGED� �GRGDWQL
ED]L��L]YH^WDL��XSLWL�L�DQDOLWLaNL�IXQNFLL��`H�VH�LQLFLUD�RG�VDPLWH�NRULVQLFL�QD
*,6�RNROLQDWD��6YHWVNLWH�LVNXVWYD�SRNDCXYDDW�GHND�H�SRWUHEHQ�L]YHVHQ�SHULRG�QD
DGDSWDFLMD� QD� NRULVQLFLWH� QD� RYDD� QRYD� UDERWQD� RNROLQD� L� IDPLMDOL]LUDZH� VR
PRCQRVWLWH�QD�VRIWYHUVNLWH�DODWNL�

��� /,7(5$785$
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9R�WUXGRW�H�RSL^DQD�SRVWDSND�]D�SUHVPHWND�QD�JRGL^QL�WUR^RFL�]D�GLVWUL�
EXWLYQD�PUHCD�QD�SRYU^LQD�VR�SOR^WLQD�RG�HGHQ�NYDGUDWHQ�NLORPHWDU� �QDUHaHQL
VSHFLILaQL�JRGL^QL�WUR^RFL���3ULWRD�H�SUHWSRVWDYHQR�GHND�QD�FHODWD�SRYU^LQD�
SRYU^LQVNDWD� JXVWLQD� QD� RSWRYDUXYDZHWR� H� HGQDNYD�� VLWH� WUDQVIRUPDWRUL
VUHGHQ�QL]RN� QDSRQ� VH� VR� HGQDNYL� QRPLQDOQL� PR`QRVWL�� VLWH� WUDQVIRUPDWRUL� VH
QRPLQDOQR�RSWRYDUHQL��VLWH�QLVNRQDSRQVNL�L]YRGL�VH�L]YHGHQL�VR�NDEOL�RG�LVW�WLS
L� SUHVHN� L� YR� QLVNRQDSRQVNLWH� L]YRGL� �EH]� RWFHSL�� ]DJXEDWD� QD� QDSRQRW� QH� H
SRJROHPD�RG����

,]ORCHQLRW� SULVWDS� PRCH� GD� VH� NRULVWL� SUL� HNRQRPVND� VSRUHGED� QD
UD]OLaQL� YDULMDQWL� QD� GLVWULEXWLYQL� PUHCL�� 'RELHQLWH� UH]XOWDWL� GDYDDW
SUDNWLaQL�QDVRNL�^WR�PRCDW� GD� ELGDW� NRULVQL�SUL�SODQLUDZH�L� SURHNWLUDZH�QD
GLVWULEXWLYQL�PUHCL�VR�QDMPDOL�VSHFLILaQL�JRGL^QL�WUR^RFL�

S U M M A R Y

A procedure for calculation annual expense per square kilometre of a distribution network
is described in this paper. It is supposed that: load per square kilometre is constant, all
transformers medium/low voltage have the same ratings, all transformers have nominal loading,
all low voltage cables are of the same type and the same cross section, voltage drop at main low
voltage cable does not exceed 3%.

Considering results some conclusions were made. They can help in comparison different
distribution network variants and can be useful in planning and designing distribution networks
with minimal annual expense per square kilometre.

.OXaQL�]ERURYL��3RYU^LQVND�JXVWLQD�QD�RSWRYDUXYDZH��2SWLPDOQD�JXVWLQD�QD
VWUXMD��*RGL^QL�WUR^RFL�]D�GLVWULEXWLYQD�PUHCD��6SHFLILaQL�JRGL^QL�WUR^RFL
]D�GLVWULEXWLYQD�PUHCD�



���929('

*RGL^QLWH� WUR^RFL� ]D� GLVWULEXWLYQLWH� PUHCL� SUHWVWDYXYDDW� ]QDaLWHOHQ
GHO� RG� JRGL^QLWH� WUR^RFL� ]D� FHOLRW� HOHNWURHQHUJHWVNL� VLVWHP�� 3RUDGL� WRD� H
QHRSKRGQR�SUL�SODQLUDZHWR��SURHNWLUDZHWR�L�HNVSORDWDFLMDWD�QD�GLVWULEXWLYQLWH
PUHCL�GD�VH�LVNRULVWDW�VLWH�PRCQRVWL�VR�NRL�JRGL^QLWH�WUR^RFL�]D�WLH�PUHCL�VH
VYHGXYDDW�QD�RSWLPDOQD�YUHGQRVW�

9R� RYRM� WUXG� H� REMDVQHWD� SRVWDSND� ]D� SUHVPHWND� QD� JRGL^QLWH� WUR^RFL� ]D
GLVWULEXWLYQD� PUHCD� SR� HGLQLFD� SRYU^LQD�� QDUHaHQL� VSHFLILaQL� JRGL^QL
WUR^RFL�]D�GLVWULEXWLYQD�PUHCD��7LH�WUR^RFL�]DYLVDW�RG�SRYH`H�SDUDPHWUL��=D
GD�VH� VRJOHGD�YOLMDQLHWR�QD�RGGHOQL�SDUDPHWUL�QDSUDYHQL�VH� VRRGYHWQL�SUHVPHWNL
QD�PRGHORW��3ULWRD�H�SUHWSRVWDYHQR�GHND�QD�FHODWD�SRYU^LQD�

− SULYLGQRWR�RSWRYDUXYDZH�H�UDPQRPHUQR�UDVSUHGHOHQR�SR�SRYU^LQDWD�

− VLWH�WUDQVIRUPDWRUVNL�VWDQLFD�VUHGHQ�QL]RN�QDSRQ�LPDDW�WUDQVIRUPDWRUL
VR�HGQDNYL�QRPLQDOQL�PR`QRVWL�L�VLWH�VH�QRPLQDOQR�RSWRYDUHQL�

− VHNRMD� WUDQVIRUPDWRUVND� VWDQLFD� VUHGHQ�QL]RN� QDSRQ� QDSRMXYD� SRWUR^X�
YDaL�QD�SRYU^LQD�YR�YLG�QD�NYDGUDW�

− VLWH�QLVNRQDSRQVNL�L]YRGL�QD�HGQD�WUDQVIRUPDWRUVND�VWDQLFD�VH� VR�PH_X�
VHEQR�HGQDNYL�GROCLQL�L�L]YHGHQL�VH�VR�NDEOL�RG�LVW�WLS�L�SUHVHN�

9NXSQDWD� GROCLQD� QD� VUHGQRQDSRQVNLWH� NDEOL� SUDNWLaQR� QH� ]DYLVL� RG
QRPLQDOQDWD�PR`QRVW�QD�L]EUDQLRW�WUDQVIRUPDWRU�L�WUR^RFLWH�]D�QLY�QH�VH�]HPHQL
SUHGYLG��3UL� SUHVPHWNLWH� VH� NRULVWHQL� FHQLWH� ]D� QLVNRQDSRQVNL� YRGRYL� L� WUDQV�
IRUPDWRUVNL�VWDQLFL VR�NRL�VH�UDERWL�YR�-3�ìElektrostopanstvo�QD�0DNHGRQLMDí�

=D� SRWUHELWH� QD� RYD� LVWUDCXYDZH� H� VRRGYHWQR� PRGLILFLUDQ� SR]QDWLRW
PDWHPDWLaNL�PRGHO�]D�SUHVPHWND�QD�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQD�PUHCD��6R
QHJRYD�SRPR^�VH�GRELHQL�UH]XOWDWL�]D�SRJROHP�EURM�UD]OLaQL�VOXaDL���9U]�RVQRYD�QD
GRELHQLWH� UH]XOWDWL� VH� L]YOHaHQL� ]DNOXaRFL� ^WR� PRCDW� GD� ELGDW� NRULVQL� YR
SUDNWLNDWD�

���,19(67,&,21,�752>2&,�=$�1,6.21$3216.,�92'29,

,QYHVWLFLRQLWH�WUR^RFL� ]D� HGHQ�QLVNRQDSRQVNL�YRG�PRCDW�GD� VH� SULNDCDW
VRVWDYHQL� RG� GYD� GHOD�� =D� YRGRYLWH� VR� HGQDNYR� QDSRQVNR� QLYR� L� VR� SULEOLCQR
HGQDNYL� XVORYL� QD� JUDGED� L]QRVRW� QD� SUYLRW� GHO� RG� WUR^RFLWH� QH� H� ]DYLVHQ� RG
SOR^WLQDWD� QD� QDSUHaQLRW� SUHVHN� QD� ID]QLWH� VSURYRGQLFL� QD� YRGRW�� =D� YRG� VR
HGLQLaQD� GROCLQD� WRM� GHO� QD� WUR^RFLWH� `H� JR� R]QDaLPH� VR� d. � 3UL� QDYHGHQLWH
XVORYL�YWRULRW�GHO�QD�WUR^RFLWH�H�SURSRUFLRQDOHQ�QD�SOR^WLQDWD�QD�QDSUHaQLRW
SUHVHN�QD�ID]QLWH�VSURYRGQLFL�QD�YRGRW��=D�YRG�VR�HGLQLaQD�GROCLQD�VRRGYHWQLRW
NRHILFLHQW� QD� SURSRUFLRQDOQRVW� `H� JR� R]QDaXYDPH� VR� h. � 6R� WRD� YNXSQLWH
LQYHVWLFLRQL�WUR^RFL� ]D� YRG� VR�GROCLQD� l � L�SOR^WLQD�QD�QDSUHaQLRW�SUHVHN�QD
VSURYRGQLFLWH�F �PRCDW�GD�VH�QDSL^DW�YR�YLG�

( )E d h F l
YRG

= + ⋅ ⋅ . ����� �����������

9UHGQRVWLWH� QD� SDUDPHWULWH� d L� h� RG� UDYHQNDWD� ������ VH� RSUHGHOXYDDW� YU]
RVQRYD�QD�UDVSRORCLYLWH�SRGDWRFL�]D�YNXSQLWH�WUR^RFL�SUL�L]JUDGED�QD�YRGRYL��9R
RYRM� WUXG� VH� NRULVWHQL� SRGDWRFL� ]D� YNXSQLWH� LQYHVWLFLRQL� WUR^RFL� ]D� QHNRL
QLVNRQDSRQVNL�NDEHOVNL�YRGRYL�VR�VSURYRGQLFL�RG�DOXPLQLXP��GDGHQL�YR�WDEHOD�I�



��7DEHOD�I   ,QYHVWLFLL�]D�QLVNRQDSRQVNL�NDEHOVNL�YRGRYL

&HQD�]D�WULID]HQ�NDEHOVNL�YRG�YR�GHQDUL�]D�PHWDU
6WDQGDUGQD�R]QDND

QD�NDEHORW
)DEULaQD

FHQD
0DQLSX�
ODWLYQL
WUR^RFL

>WLWQLFL
RG�39+

,VNRS�L
SRODJDZH 9NXSQR

PP 41 A 4×95 0,6/1 kV ������ ����� ����� ������ ������

PP 41 A 4×120 0,6/1 kV ������ ����� ����� ������ �������

PP 41 A 4×150 0,6/1 kV ������ ������ ����� ������ �������

PP 41 A 4×185 0,6/1 kV ������ ������ ����� ������ �������

PP 41 A 4×240 0,6/1 kV ������� ������ ����� ������ �������

PP 41 A 4×300 0,6/1 kV ������� ������ ����� ������ �������

9U]�RVQRYD�QD�SRGDWRFLWH�]D�YNXSQLWH�LQYHVWLFLRQL�WUR^RFL�]D�NDEHOVNLWH
YRGRYL� VR� UD]OLaQD� SOR^WLQD� QD� QDSUHaQLRW� SUHVHN� QD� ID]QLWH� VSURYRGQLFL�
GDGHQL� YR� WDEHODWD� I,� VR� SULPHQD� QD� PHWRGRW� SR]QDW� SRG� LPHWR� PHWRG� QD� QDMPDOL
NYDGUDWL�VH�RSUHGHOHQL��d = 218,39�GHQDUL�m  L�� h = 7 214, �GHQDUL��m⋅mm2��

�� ,19(67,&,21,�752>2&,�=$�75$16)250$7256.,

67$1,&,��������kV/kV

9NXSQLWH� LQYHVWLFLRQL� WUR^RFL� ]D� HGQD� WUDQVIRUPDWRUVND� VWDQLFD
�������kV/kV �PRCDW�GD�VH�SULNDCDW�NDNR�VXPD�RG�GYD�GHOD��(GQLRW�GHO�JR�VRaLQXYDDW
WUR^RFLWH�^WR� VH� QH]DYLVQL�RG� QRPLQDOQDWD�PR`QRVW� QD� YJUDGHQLRW� WUDQVIRUPD�
WRU��7RM�GHO�QD�WUR^RFLWH�`H�JR�R]QDaLPH�VR� d' .�'UXJLRW�GHO�VH�WUR^RFLWH�aLM�L]QRV
H� SURSRUFLRQDOHQ� QD� QRPLQDOQDWD� PR`QRVW� QD� YJUDGHQLRW� WUDQVIRUPDWRU�� S

QRP. �

$NR�VRRGYHWQLRW�NRHILFLHQW�QD�SURSRUFLRQDOQRVW�JR�R]QDaLPH�VR� h' ,�]D�YNXSQLWH
LQYHVWLFLRQL�WUR^RFL�]D�HGQD�WUDQVIRUPDWRUVND�VWDQLFD�PRCH�GD�VH�QDSL^H�

E d h S
W�V� QRP

= + ⋅' ' .. �����

3RGDWRFLWH�]D�YNXSQLWH�LQYHVWLFLL�]D�UD]OLaQL�WUDQVIRUPDWRUVNL�VWDQLFL
�������kV/kV, �VH�GDGHQL�YR�WDEHOD�II �

7DEHOD�II   ,QYHVWLFLL�]D�WUDQVIRUPDWRUVNL�VWDQLFL��������kV/kV

SQRP��QD
WUDQV�
IRUP�
kVA

*UDGHC�
�QL�UD�
ERWL
GHQ�

=D]HP�
MXYDa

GHQ�

'YH�L]Y�
`HOLL
���kV
GHQ�

7UDIR
`HOLMD
���kV
GHQ�

1LVNR�
QDSRQVND
WDEOD
GHQ�

7UDQV�
IRUPD�
WRU
GHQ�

0RQ�
WDCD
���
GHQ�

=DYU^�
QL�UD�
ERWL
GHQ�

9NXSQR

GHQ�

��� ������ ����� ������ ������ ��������� ������ ������ ������ �������
��� ������ ����� ������ ������ ���������

���������

������ ������
������

������ �������
�������

���� ������ ����� ������ ������ ���������

���������

������ ������
������

������ �������
�������

���� ������ ����� ������ ������ ��������� ������� ������ ������ �������
��� 6R � QLVNRQDSRQVNL L]YRGL
��� 6R � QLVNRQDSRQVNL L]YRGL



3RGDWRFLWH� YR� WDEHODWD� II VH� RGQHVXYDDW� QD� WUDQVIRUPDWRUVNL� VWDQLFL� VR
PRQWDCQR�EHWRQVNL�JUDGHCHQ�GHO��VR�GYH����kV L]YRGQL�`HOLL��VR�HGQD����kV WUDIR
`HOLMD� L� QLVNRQDSRQVND� WDEOD�� =D� WUDQVIRUPDWRUVNL� VWDQLFL� VR� WUDQVIRUPDWRUL
aLMD� QRPLQDOQD� PR`QRVW� H� ���� L� �����kVA VH� GDGHQL� SR� GYD� L]QRVD� QD� YNXSQLWH
LQYHVWLFLRQL� WUR^RFL��3RPDOLRW� VH� RGQHVXYD� QD� QLVNRQDSRQVND� WDEOD� VR� aHWLUL
QLVRQDSRQVNL�L]YRGL��D�SRJROHPLRW�QD�QLVNRQDSRQVND�WDEOD�VR�RVXP�QLVNRQDSRQVNL
L]YRGL��&HQLWH�YR�WDEHOLWH�I L�II �VH�RG����PDUW������JRGLQD�

.RULVWHM`L�JL�SRGDWRFLWH�RG�WDEHODWD� II, VR�SULPHQD�QD�PHWRGRW�QD�QDMPDOL
NYDGUDWL�� ]D� WUDQVIRUPDWRUVNL� VWDQLFL� VR� SR� RVXP� QLVNRQDSRQVNL� L]YRGL VH
RSUHGHOHQL�� ′ =d 1960777GHQDUL�L� ′ =h 793 092, �GHQDUL�kVA.

�� *2',>1,�752>2&,�=$�75$16)250$7256.$�67$1,&$
,�35,3$'1$7$�1,6.21$3216.$�05(#$

*RGL^QLWH�WUR^RFL�]D�HGHQ�QLVNRQDSRQVNL�YRG��D
YRG

� PRCDW�GD�VH�SULNDCDW

NDNR�VXPD�RG�GYD�YLGD�WUR^RFL�[�]��3UYLRW�YLG�WUR^RFL�� ′D
YRG

��QH�]DYLVL�RG�QDaLQRW

QD� NRULVWHZHWR� QD� YRGRW� L� QHJRYLRW� L]QRV� H� SURSRUFLRQDOHQ� QD� YNXSQLWH
LQYHVWLFLRQL� WUR^RFL� ]D� YRGRW�� 6RRGYHWQLRW� NRHILFLHQW� QD� SURSRUFLRQDOQRVW
�W�H�� SURVHaQDWD� JRGL^QD� WUR^NRYQD� NYRWD�� `H� JR� R]QDaXYDPH� VR� pY� � 2YRM� YLG
WUR^RFL� JR� VRaLQXYDDW� WUR^RFLWH� ]D�� DPRUWL]DFLMD�� WHNRYQR� L� LQYHVWLFLRQR
RGUCXYDZH��SULGRQHVL��SUHPLL�]D�RVLJXUXYDZH��UD]QL�aOHQDULQL�L�GHO�]D�SODWLWH�QD
SHUVRQDORW��7XND�QH�YOHJXYDDW�HYHQWXDOQLWH�WUR^RFL�]D�RWSODWD�QD�NUHGLWLWH�DNR
WLH�VH�NRULVWHQL�]D�JUDGED�QD�YRGRW��QR�YOHJXYDDW�NDPDWLWH�QD�WLH�NUHGLWL��6SRUHG
WRD��]D�RYRM�YLG�WUR^RFL�PRCH�GD�VH�QDSL^H�

′ = ⋅ = ⋅ + ⋅ ⋅D p E p d h F l
YRG Y� YRG Y�

( ) � �����

9WRULRW� YLG� QD� JRGL^QLWH� WUR^RFL� � ′′D
YRG
�� H� ]DYLVHQ� RG� QDaLQRW� QD

NRULVWHZHWR�QD�YRGRW��3RWRaQR��WRM�H�HGQDNRY�QD�JRGL^QLWH�WUR^RFL�]D�]DJXEHQDWD
HOHNWULaQD�PR`QRVW�L�HQHUJLMD�YR�YRGRW�

1HND�VR� ∆PY� �JL�R]QDaLPH�]DJXELWH�QD�PR`QRVW�YR�YRGRW�SUL�JRGL^QRWR�YUYQR
RSWRYDUXYDZH��7RJD^�JRGL^QLWH�]DJXEL�QD�HOHNWULaQD�HQHUJLMD�YR�YRGRW�PRCDW�GD
VH�SUHVPHWDDW�VR�UDYHQNDWD�

∆ ∆W P= ⋅
Y�

τ � �����

NDGH�^WR�τ�H�W�Q��YUHPH�QD�]DJXEL�^WR�VH�RSUHGHOXYD�VR�UDYHQNDWD�

( )
τ =

∆

∆

P dt

P

t ⋅∫
0

8760

Y�

. �����

1HND� VR� c
P�
� MD� R]QDaLPH� SURVHaQDWD� PHVHaQD� FHQD� QD� L]JXEHQLRW� kW SUL� YUYQD

HOHNWULaQD�PR`QRVW�YR�YRGRW��D�VR�c
H�
�MD�R]QDaLPH�SURVHaQDWD�FHQD�QD�kWh L]JXEHQD

HOHNWULaQD� HQHUJLMD� YR� YRGRW�� 6PHWDM`L� GHND� YUYQDWD� PR`QRVW� H� HGQDNYD� YR� VLWH
PHVHFL�RG�JRGLQDWD��]D�YWRULRW�YLG�JRGL^QL�WUR^RFL�PRCHPH�GD�QDSL^HPH�



� ′′ = ⋅ ⋅ + ⋅ ⋅ = ⋅ ⋅ + ⋅D P c P c P c c
YRG Y� P� Y� H� Y� P� H�

12 12∆ ∆ ∆τ τ( )� �����

,PDM`L�JL�SUHGYLG�UDYHQNLWH�������L��������SR�YRYHGXYDZH�

C c c= ⋅ + ⋅12
P� H�

τ � �����

]D�YNXSQLWH�JRGL^QL�WUR^RFL�QD�YRGRW�VOHGXYD�

( )D D D p d h F l P C
YRG YRG YRG Y Y�

= ′ + ′′ = ⋅ + ⋅ ⋅ + ⋅
�

∆ . �����

3UHWSRVWDYXYDPH� GHND� VR� GLVWULEXWLYQDWD� PUHCD� VH� QDSRMXYD� SRGUDaMH� VR
NRQVWDQWQD�SRYU^LQVND�JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH��3UL�YUYQRWR�RSWRYD�
UXYDZH� QD�PUHCDWD� WDD� JXVWLQD� `H� MD� R]QDaLPH� VR� σ ��3ULWRD�� VHNRMD� WUDQVIRUPD�
WRUVND�VWDQLFD�VUHGHQ�QL]RN�QDSRQ�QDSRMXYD�SRGUDaMH�VR�SRYU^LQD�YR�YLG�QD�NYDGUDW
L�VH�QDR_D�YR�QHJRYRWR�VUHGL^WH��2VYHQ�WRD��`H�SUHWSRVWDYLPH�GHND�RG�WUDQVIRUPD�
WRUVNDWD�VWDQLFD�L]OHJXYDDW� n �HGQDNYL�QLVNRQDSRQVNL�YRGRYL��LOL�L]YRGL��L�GHND
VLWH� YRGRYL� VH� HGQDNYR�RSWRYDUHQL��2SWRYDUXYDZHWR�QD� VHNRM� RG� QLVNRQDSRQVNLWH
YRGRYL� H� VR� OLQHDUQR� UDVWHaND� UDVSUHGHOED� QD� RSWRYDUXYDZHWR�� $NR� YNXSQDWD
DNWLYQD� RWSRUQRVW� QD� HGHQ� RG� L]YRGLWH� H� R�� D� VWUXMDWD� QD� QHJRYLRW� SRaHWRN� H� I1 �

WRJD^��VSRUHG�[2] �VWUDQLFD������]DJXEDWD�QD�DNWLYQDWD�PR`QRVW�YR�YRGRW�H�16 1
2, ⋅ ⋅R I �

6R�WRD��UDYHQNDWD�������PRCH�GD�VH�QDSL^H�YR�YLG�

( )D p d h F l R I C
YRG Y

= ⋅ + ⋅ ⋅ + ⋅ ⋅ ⋅
�

1 6 1
2, . �����

,PDM`L�SUHGYLG�GHND� VR� F � H�R]QDaHQD�SOR^WLQDWD�QD�QDSUHaQLRW�SUHVHN�QD

HGHQ�RG�ID]QLWH�VSURYRGQLFL�QD�YRGRW��DNR�VR�ρ VH�R]QDaL�VSHFLILaQDWD�RWSRUQRVW
QD�PDWHULMDORW�RG�NRM� VSURYRGQLFLWH� VH�QDSUDYHQL��RG�UDYHQNDWD� ������ ]D� YNXSQLWH
JRGL^QL�WUR^RFL�QD�HGHQ�YRG�VOHGXYD�

( )D p d h F l C I
l

FYRG Y�
= ⋅ + ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅1 6 1

2, ρ �� �����

*RGL^QLWH� WUR^RFL� ]D� VLWH� n � QLVNRQDSRQVNL� YRGRYL� �L]YRGL�� QD� HGQD
WUDQVIRUPDWRUVND�VWDQLFD�VUHGHQ�QL]RN�QDSRQ�`H�ELGDW�

( )D n p d h F l n C I
l

FYRGRYL Y�
= ⋅ ⋅ + ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅ ⋅1 6 1

2, ρ �� �����

$NR�YNXSQLWH�JRGL^QL�WUR^RFL�]D�VLWH� n �YRGRYL�VH�GLIHUHQFLUDDW�SR� F �L
GRELHQLRW�L]UD]�VH�SULUDPQL�QD�QXOD��`H�VH�GRELH�UDYHQNDWD�

p h C I
FY�

⋅ − ⋅ ⋅ ⋅ ⋅ =1 6
1

01
2

2, .ρ ������

2G�UDYHQNDWD��������]D�RSWLPDOQLRW�QDSUHaHQ�SUHVHN�VOHGXYD�

F I
C

p hRSW�

Y�
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⋅ ⋅

⋅1

1 6, ρ
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RGQRVQR��RSWLPDOQDWD�JXVWLQD�QD�VWUXMD�L]QHVXYD�
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F

p h

CRSW�

RSW�

Y= =
⋅

⋅ ⋅
1

1 6
�

,
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ρ
������

.DNR�^WR�PRCH�GD�VH� ]DEHOHCL�RG�UDYHQNDWD� ��������RSWLPDOQDWD�JXVWLQD�QD
VWUXMDWD�H�LVWD�]D�VLWH�QLVNRQDSRQVNL�L]YRGL�NRL�VH�L]YHGHQL�VR�VSURYRGQLFL�RG�LVW
PDWHULMDO�� QH]DYLVQR� RG� QLYQLRW� EURM� L� QDSUHaHQ� SUHVHN�� 7DD�� JODYQR�� ]DYLVL� RG
HNRQRPVNLWH�SDUDPHWUL�

$QDORJQR�QD�SUHWKRGQRWR�L�YNXSQLWH�JRGL^QL�WUR^RFL�]D�WUDQVIRUPDWRUVND
VWDQLFD� VUHGHQ�QL]RN� QDSRQ�PRCDW� GD� VH� SUHWVWDYDW� NDNR� VXPD� RG� GYD� GHOD�� 'HORW
^WR� QH� ]DYLVL� RG� UHCLPRW� QD� NRULVWHZHWR� QD� WUDQVIRUPDWRUVNDWD� VWDQLFD� VH
GRELYD� NRJD� VR� SURVHaQDWD� JRGL^QD� WUR^NRYQD� NYRWD� ]D� RYRM� YLG� RSUHPD�� p

W�V�
�� VH

SRPQRCDW�YNXSQLWH�LQYHVWLFLRQL�WUR^RFL�]D�WUDQVIRUPDWRUVNDWD�VWDQLFD��GDGHQL
VR� UDYHQNDWD� ������� 9WRULRW� GHO� JR� VRaLQXYDDW� JRGL^QLWH� WUR^RFL� ]D� ]DJXEHQDWD
HQHUJLMD� YR� WUDQVIRUPDWRURW�� 7DND� ]D� YNXSQLWH� JRGL^QL� WUR^RFL� ]D� HGQD
WUDQVIRUPDWRUVND�VWDQLFD�PRCH�GD�VH�QDSL^H�

( )D p d h S P C
W�V� W�V� QRP� WU�

= ⋅ + ⋅ + ⋅' ' ∆ � ������

NDGH�^WR� VR� ∆P
WU�
� H� R]QDaHQD� ]DJXEDWD� QD� DNWLYQDWD� PR`QRVW� YR� WUDQVIRUPDWRURW

SUL�YUYQRWR�RSWRYDUXYDZH�
9U]� RVQRYD� QD� UDYHQNLWH� ������ L� �������� YNXSQLWH� JRGL^QL� WUR^RFL� ]D� HGQD

WUDQVIRUPDWRUVND� VWDQLFD� VUHGHQ�QL]RN� QDSRQ� L� ]D� SULSDGQDWD� QLVNRQDSRQVND
PUHCD�PRCDW�GD�VH�QDSL^DW�YR�YLG�
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p E S P C1 1
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Y� YRG W�V� W�V� QRP� WU�

, ρ ∆ � ������

NDGH�^WR�VR�E
YRG

(F) VH�R]QDaHQL�LQYHVWLFLRQLWH�WUR^RFL��SR�HGLQLFD�GROCLQD��]D
NDEHOVNL� YRG� VR� SUHVHN�F�� D� VR�E

W�V�
(S

QRP�
) VH� R]QDaHQL� LQYHVWLFLRQLWH� WUR^RFL� ]D

WUDQVIRUPDWRUVND�VWDQLFD��������kV/kV VR�WUDQVIRUPDWRU�aLMD�QRPLQDOQD�PR`QRVW
H�S

QRP�
��6WUXMDWD�QD�SRaHWRNRW�QD�QLVNRQDSRQVNLRW�L]YRG�H�RSUHGHOHQD�VR�UDYHQNDWD�
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QRP�
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,GHDOQDWD�GROCLQD�QD�QLVNRQDSRQVNLWH�L]YRGL��EH]�RWFHSLWH��H�

l
S

= ⋅
1

2
QRP�

σ
� ������

7DD� H� HGQDNYD� QD� SRORYLQD� RG� GROCLQDWD� QD� SRYU^LQD� YR� YLG� QD� NYDGUDW��^WR� VH
QDSRMXYD�RG�HGHQ�WUDQVIRUPDWRU�VUHGHQ�QL]RN�QDSRQ��3RUDGL�RJUDQLaXYDZDWD�^WR
YR� SUDNWLNDWD� VH� MDYXYDDW� SUL� QLYQDWD� L]JUDGED�� GROCLQLWH� QD� QLVNRQDSRQVNLWH
L]YRGL� VH� SRJROHPL� RG� LGHDOQDWD� GROCLQD�� =D� GD� JR� XYDCLPH� JR� WRM� IDNW�� SUL
QDWDPR^QLWH� UD]JOHGXYDZD� YR� WUXGRW� `H� ]HPHPH� GHND� YLVWLQVNDWD� GROCLQD� QD
QLVNRQDSRQVNLWH�L]YRGL��EH]�RWFHSL��H�]D�� k = 1 2, �SDWL�SRJROHPD�RG�LGHDOQDWD�
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'D�QDETXGXYDPH�HGQR�SRGUDaMH�aLMD�JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH�H�σ �
1D� SRGUDaMHWR� QHND� LPD� N WUDQVIRUPDWRUVNL� VWDQLFL� VUHGHQ�QL]RN� QDSRQ�
3OR^WLQDWD� QD� SRGUDaMHWR� QHND� H� A�� 9NXSQLWH� JRGL^QL� WUR^RFL� ]D� VLWH
WUDQVIRUPDWRUVNL�VWDQLFL�L�VRRGYHWQLWH�QLVNRQDSRQVNL�YRGRYL�QD�FHORWR�SRGUDaMH
`H�ELGDW�
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F
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Y� YRG W�V� W�V� QRP� WU�

1 6 1
2, ρ ∆ � ������

3UHWSRVWDYLYPH� GHND� VLWH� WUDQVIRUPDWRUL� VH� RSWRYDUHQL� VR� QRPLQDOQD
PR`QRVW��7RJD^�YNXSQRWR�RSWRYDUXYDZH�QD�FHODWD�SRYU^LQD�H�HGQDNYR�QD�VXPDWD�QD
QRPLQDOQLWH�PR`QRVWL�QD�VLWH�WUDQVIRUPDWRUL�L�PRCH�GD�VH�QDSL^H�

N S A⋅ = ⋅
QRP�

σ �

RG�NDGH�^WR�]D�EURMRW�QD�WUDQVIRUPDWRUVNLWH�VWDQLFL�VOHGXYD�
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S

= ⋅
σ
QRP�

� ������

$NR� L]UD]RW� ]D�N� RG� UDYHQNDWD� ������� L� L]UD]RW� ]D� I1 RG� UDYHQNDWD� ������� VH
]DPHQDW�YR�UDYHQNDWD���������SR�GHOHZHWR�VR�A�� ]D�VSHFLILaQLWH�JRGL^QL�WUR^RFL
]D�GLVWULEXWLYQD�PUHCD�GRELYDPH�
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W�V� W�V� QRP� WU�
1 6

3
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NDGH� VR�R(F) H� R]QDaHQD� DNWLYQD� RWSRUQRVW� QD� YRGRW� SR� HGLQLFD� GROCLQD�� aLM^WR
QDSUHaHQ�SUHVHN�H�F�

�� 5(=8/7$7,�2'�35(60(7.,7(

.RULVWHM`L�JR�UD]YLHQLRW�PDWHPDWLaNL�PRGHO�QDSUDYHQL�VH�SUHVPHWNL�VR�FHO
GD�VH�LVWUDCL�YOLMDQLHWR�QD�RGGHOQL�JROHPLQL�YU]�VSHFLILaQLWH�JRGL^QL�WUR^RFL
]D�GLVWULEXWLYQD�PUHCD�

9R�QDSUDYHQLWH�SUHVPHWNL�VH�NRULVWHQL�SRGDWRFLWH�]D�DNWLYQD�RWSRUQRVW�QD
NDEHOL� SR� HGLQLFD� GROCLQD� �W�H�� SRGDWRFLWH� ]D� R(F)) GDGHQL� YR� NDWDOR]LWH� QD
SURL]YRGLWHOLWH��VYHGHQL�QD�WHPSHUDWXUDWD�RG����C��9UHGQRVWLWH�]D�E

YRG
(F) VH�L]EL�

UDQL�VSRUHG�WDEHODWD� I�� D�YUHGQRVWLWH�]D�E
W�V�

(S
QRP�

)� VH�L]ELUDQL� VSRUHG�WDEHODWD� II �
2VYHQ� YUHGQRVWLWH� QD� JROHPLQLWH� ^WR� SRUDQR� EHD� QDYHGHQL�� NRULVWHQL� VH� L
VOHGQLYH�YUHGQRVWL��U

QRP�
= 400 V �� p

Y�
= 0,12�� p

W�V�
= 0 15, �

3UHVPHWNLWH�QD�VSHFLILaQL�JRGL^QL�WUR^RFL�VH�QDSUDYHQL�]HPDM`L�
Á UD]OLaQL�SRYU^LQVNL�JXVWLQL�QD�SULYLGQRWR�YUYQR�RSWRYDUXYDZH�
Á UD]OLaQL�QRPLQDOQL�PR`QRVWL�QD�WUDQVIRUPDWRULWH�VUHGHQ�QL]RN�QDSRQ�



Á UD]OLaQL� FHQL� ]D� kW YUYQD� PR`QRVW�� UD]OLaQL� FHQL� ]D� kWh ]DJXEHQD
HOHNWULaQD�HQHUJLMD�YR�PUHCDWD�L�UD]OLaQL�ìvremiwa�QD�]DJXELí�

− ]DJXEDWD�QD�QDSRQRW�YR�QLVNRQDSRQVNLWH�L]YRGL��QH�VPHWDM`L�JL�RWFHSLWH�
GD�QH�ELGH�SRJROHPD�RG����

6R� SRPR^� QD� UDYHQNDWD� �������� ]HPDM`L� GHND� SUL� WHPSHUDWXUDWD� RG� ���C H
ρ = 0 0324, Ω / m / mm2 ��]D�UD]QL�YUHGQRVWL�QD�C VH�SUHVPHWDQL�RSWLPDOQL�JXVWLQL�QD
VWUXMD��'RELHQLWH�YUHGQRVWL�VH�SULNDCDQL�YR�WDEHODWD�III.

7DEHOD�III  2SWLPDOQL�JXVWLQL�QD�VWUXMD�]D�UD]QL�YUHGQRVWL�QD�C

C ��GHQDUL�(kW⋅JRGLQD) ���� ����� ����� �����

2SWLPDOQD�JXVWLQD�QD�VWUXMD 1,828 A/mm2 1,292 A/mm2 0,914 A/mm2 0,746 A/mm2

5H]XOWDWLWH� RG� SUHVPHWNLWH� QD� VSHFLILaQL� JRGL^QL� WUR^RFL� ]D� GLVWULEX�
WLYQL� PUHCL� VR� UD]OLaQL� QRPLQDOQL� PR`QRVWL� QD� WUDQVIRUPDWRUL� VH� JUXSLUDQL
WDND�^WR� YR� HGQD� JUXSD� VH�PUHCLWH� NDM� NRL� EURMRW� QD� QLVNRQDSRQVNLWH� L]YRGL� SR
WUDQVIRUPDWRU�� EURMRW� QD� NDEOL� SR� L]YRG� L� QDSUHaQLRW� SUHVHN� QD� NDEOLWH� H
RSUHGHOXYDQ�VR�FHO�GD�VH�SRVWLJQH�SULEOLCQR�HGQDNYD�JXVWLQD�QD�VWUXMD�YR�NDEOLWH�
QH]DYLVQR�RG�QRPLQDOQDWD�PR`QRVW�QD�WUDQVIRUPDWRURW�VUHGHQ�QL]RN�QDSRQ�

3UHVPHWDQLWH� YUHGQRVWL� QD� VSHFLILaQLWH� JRGL^QL� WUR^RFL� ]D� GLVWULEX�
WLYQD� PUHCD� VH� SULNDCDQL� YR� WDEHOLWH� IV � L� V�� 9R� WDEHOLWH� IV L� V� ]D� VHNRMD
QRPLQDOQD� PR`QRVW� QD� WUDQVIRUPDWRU� VUHGHQ�QL]RN� QDSRQ� H� GDGHQ� EURMRW� QD

QLVNRQDSRQVNLWH�L]YRGL�L�EURMRW�QD�NDEOLWH�SR�L]YRG��3ULWRD��×����R]QDaXYD�GHND
LPD���QLVNRQDSRQVNL�L]YRGL�SR�WUDQVIRUPDWRU�L�GHND�VHNRM�L]YRG�H�L]YHGHQ�VR�SR
HGHQ� NDEHO� aLM� QDSUHaHQ� SUHVHN� QD� ID]QLWH� CLOL� H� ����mm2�� $NR� YR� SROHWR
SUHGYLGHQR�]D�VSHFLILaQLWH�JRGL^QL�WUR^RFL�VWRL�FUWLaND�WRD�R]QDaXYD�GHND�VR
L]EUDQLWH�SDUDPHWUL�]DJXEDWD�QD�QDSRQRW�YR�QLVNRQDSRQVNLWH�L]YRGL��EH]�RWFHSL��H
SRJROHPD�RG����

5H]XOWDWLWH�YR�WDEHODWD�IV �VH�RGQHVXYDDW�QD�PUHCLWH�VR�UD]OLaQL�QRPLQDOQL
PR`QRVWL�QD�WUDQVIRUPDWRUL��.DM�VLWH�UD]JOHGXYDQL�VOXaDL�EURMRW�QD�QLVNRQDSRQ�
VNLWH�L]YRGL�L�QLYQLRW�QDSUHaHQ�SUHVHN�VH�L]ELUDQL�WDND�^WR�JXVWLQDWD�QD�VWUXMDWD
YR�NDEOLWH�GD�ELGH�SULEOLCQR�HGQDNYD�L�PQRJX�GD�QH�VH�UD]OLNXYD�RG�RSWLPDOQDWD�
9R�WDEHODWD�IV �VH�SULNDCDQL�GYH�JUXSL�UH]XOWDWL��(GQLWH�VH�GRELHQL�]HPDM`L�GHND�H
C=1����� GHQDUL��kW⋅JRGLQD��� GRGHND� GUXJLWH� VH� GRELHQL� ]HPDM`L� GHND� H� C=2����
GHQDUL��kW⋅JRGLQD���6SRUHG�RFHQNDWD�QD�DYWRULWH�� YR� QD^LWH� XVORYL� YUHGQRVWD� QD
RYRM�SDUDPHWDU�PRCH�GD�VH�SURFHQL�QD�RNROX�������GHQDUL��kW⋅JRGLQD���1R��UHDOQR�H
GD� VH� RaHNXYD� GD� UDVWDW� NDNR� FHQLWH� ]D� HOHNWULaQDWD� PR`QRVW� L� HQHUJLMD� WDND� L

YUHPHWR�QD�]DJXEL��5H]XOWDWLWH�]D�C=2�����GHQDUL��kW⋅JRGLQD��VH�SULNDCDQL�VR�FHO
GD� VH� VRJOHGD� GDOL� SUL� ]QDaLWHOQR� L]PHQHWLWH� XVORYL� GRD_D� GR� SURPHQL� YR
SULRULWHWRW�QD�WUDQVIRUPDWRULWH�

5H]XOWDWLWH�YR�WDEHODWD�V� VH�RGQHVXYDDW�QD�GYH�JUXSL�GLVWULEXWLYQL�PUHCL
^WR� VH� RGOLNXYDDW� VR� ]QDaLWHOQD� UD]OLND� SRPH_X� QLYQLWH� JXVWLQL� QD� VWUXMD�� 9R
SUYDWD� JUXSD� JXVWLQLWH� QD� VWUXLWH� YR� NDEOLWH� VH� SRJROHPL� RG� RSWLPDOQDWD� L
L]QHVXYDDW� RNROX� �����A/mm2 �RVYHQ� ]D� WUDQVIRUPDWRURW� VR� QRPLQDOQD� PR`QRVW
�����kVA��� D� YR� YWRUDWD� JUXSD� WLH� VH� SRPDOL� RG� RSWLPDOQDWD� L� L]QHVXYDDW� RNROX
�����A/mm2�� 9R� GYDWD� VOXaDMD� H� VPHWDQR� VR�C=1����� GHQDUL��kW⋅JRGLQD��� .DNR� ^WR
PRCH� GD� VH� YLGL� RG� WDEHODWD� III �� ]D� RYLH� VOXaDL� RSWLPDOQDWD� JXVWLQD� QD� VWUXMD
L]QHVXYD�������A/mm2�



7DEHOD�IV 6SHFLILaQL�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQL�PUHCL
VR�PH_XVHEQR�HGQDNYL�JXVWLQL�QD�VWUXMD�L�UD]OLaQL�YUHGQRVWL�]D�C
�YR�LOMDGL�GHQDUL�km2�

C=������GHQDUL��kW⋅JRGLQD� C=2�����GHQDUL��kW⋅JRGLQD�
1RPLQDOQD�PR`QRVW�QD�WUDQVIRUPDW� 1RPLQDOQD�PR`QRVW�QD�WUDQVIRUPDW�

σ ����kVA ����kVA �����kVA �����kVA ����kVA ����kVA �����kVA �����kVA

kVA/ %URM�L�SUHVHN�QD�L]YRGLWH %URM�L�SUHVHN�QD�L]YRGLWH
km2

�×��� �×��� �×��� �×��� �×��� �×��� �×��� �×���
3RVWLJQDWD�JXVWLQD�QD�VWUXMD��A/mm2) 3RVWLJQDWD�JXVWLQD�QD�VWUXMD��A/mm2)
����� ����� ����� ����� ����� ����� ����� �����

���� − − − − − − − −
���� − − − − − − − −
���� ���� − − − ���� − − −
���� ���� − − − ���� − − −
���� ���� ���� − − ���� ���� − −
���� ���� ���� − − ���� ���� − −
���� ���� ���� − − ����� ���� − −
���� ���� ���� ���� − ����� ����� ����� −
���� ����� ���� ���� − ����� ����� ����� −
����� ����� ����� ���� − ����� ����� ����� −
����� ����� ����� ����� − ����� ����� ����� −
����� ����� ����� ����� ����� ����� ����� ����� �����

7DEHOD�V 6SHFLILaQL�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQL�PUHCL
VR�UD]OLaQL�JXVWLQL�QD�VWUXMD�L�HGQDNYL�YUHGQRVWL�QD�C
�YR�LOMDGL�GHQDUL�km2�

C=������GHQDUL��kW⋅JRGLQD� C=1�����GHQDUL��kW⋅JRGLQD�
1RPLQDOQD�PR`QRVW�QD�WUDQVIRUPDW� 1RPLQDOQD�PR`QRVW�QD�WUDQVIRUPDW�

σ ����kVA ����kVA �����kVA �����kVA ����kVA ����kVA �����kVA �����kVA

kVA/ %URM�L�SUHVHN�QD�L]YRGLWH %URM�L�SUHVHN�QD�L]YRGLWH

km2
�×�� �×��� �×��� �×��� �×��� �×��� �×��� �×���

3RVWLJQDWD�JXVWLQD�QD�VWUXMD��A/mm2) 3RVWLJQDWD�JXVWLQD�QD�VWUXMD��A/mm2)
����� ����� ����� ����� ����� ����� ����� �����

���� − − − − − − − −
���� − − − − ���� − − −
���� − − − − ���� ���� − −
���� ���� − − − ���� ���� − −
���� ���� − − − ���� ���� ���� −
���� ���� − − − ���� ���� ���� −
���� ���� ���� − − ���� ���� ���� −
���� ����� ���� − − ����� ���� ���� ����

���� ����� ���� − − ����� ���� ���� ����

����� ����� ����� ���� − ����� ����� ���� ����

����� ����� ����� ����� − ����� ����� ����� �����

����� ����� ����� ����� ����� ����� ����� ����� �����
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,]ORCHQLRW� PHWRG� H� XSRWUHEHQ� ]D� SUHVPHWND� QD� VSHFLILaQL� JRGL^QL� WUR�
^RFL� ]D� GLVWULEXWLYQL� PUHCL� SUL� UD]OLaQL� SRYU^LQVNL� JXVWLQL� QD� RSWRYDUXYD�
ZHWR�L�VR�UD]OLaQL�WHKQLaNL�L�HNRQRPVNL�SDUDPHWUL��'RELHQLWH�UH]XOWDWL�RYR]PR�
CXYDDW�GD�VH�L]YOHaDW�QHNRONX�RS^WL�]DNOXaRFL�

�� 2G�WDEHOLWH�IV L V VH�JOHGD�GHND�RG�GYH�GLVWULEXWLYQL�PUHCL�VR�HGQDNYL
QRPLQDOQL� PR`QRVWL� QD� WUDQVIRUPDWRULWH� VUHGHQ�QL]RN� QDSRQ� L� VR
HGQDNYL� VLWH�RVWDQDWL�SDUDPHWUL�� RVYHQ�QDSUHaQLWH�SUHVHFL�QD� QLVNRQD�
SRQVNLWH�L]YRGL��SRQLVNL�VSHFLILaQL�JRGL^QL�WUR^RFL�LPD�PUHCDWD�NDM
NRMD� JXVWLQDWD� QD� VWUXMDWD� YR� QLVNRQDSRQVNLWH� L]YRGL� SRPDONX� VH
UD]OLNXYD� RG� RSWLPDOQDWD�� 1R�� L� SUL� JROHPD� UHODWLYQD� SURPHQD� QD
JXVWLQLWH�QD�VWUXLWH��NDNYD�^WR�H�SULNDCDQD�YR�WDEHODWD�V��QH�VH�MDYXYDDW
JROHPL�UHODWLYQL�SURPHQL�QD�VSHFLILaQLWH�JRGL^QL�WUR^RFL��LDNR�LPD
SURPHQL�YR�SULRULWHWRW�QD�WUDQVIRUPDWRULWH��7RD�]QDaL�GHND�PLQLPXPRW
QD�VSHFLILaQLWH�WUR^RFL�QH�H�L]UD]HQ�

��� 2G�VLWH�YDULMDQWL�QD�GLVWULEXWLYQL�PUHCL�^WR�VH�QDYHGHQL�YR�WDEHOLWH
IV �L�V��]D�C=1000 GHQDUL��kW·JRGLQD���SUL�SRYU^LQVNL�JXVWLQL�QD�RSWRYD�
UXYDZHWR� SRJROHPL� RG� ������kVA/km2�� QDMPDOL� VSHFLILaQL� JRGL^QL
WUR^RFL�LPDDW�PUHCLWH�YR�NRL�VH�NRULVWDW�WUDQVIRUPDWRUL�VUHGHQ�QL]RN
QDSRQ�VR�QRPLQDOQD�PR`QRVW�RG������kVA �

��� =D� VHNRMD� SRYU^LQVND� JXVWLQD� QD� RSWRYDUXYDZHWR� L� ]D� JXVWLQL� QD� VWUXMD
EOLVNL� GR� RSWLPDOQLWH� SRVWRL� QRPLQDOQD� PR`QRVW� QD� WUDQVIRUPDWRU
VUHGHQ�QL]RN� QDSRQ� VR� NRM� VH� SRVWLJQXYDDW� QDMPDOL� VSHFLILaQL� JRGL^QL
WUR^RFL�]D�GLVWULEXWLYQDWD�PUHCD��1R�� ]DVOXCXYD�GD�VH�QDJODVL�GHND�YR
PQRJX�VOXaDL�UHODWLYQR�H�PDOD�UD]OLNDWD�SRPH_X�VSHFLILaQLWH�JRGL^QL
WUR^RFL� ]D� PUHCL� VR� UD]OLaQL� WUDQVIRUPDWRUL�� 7RD� XNDCXYD� GHND
PLQLPXPRW�QD�VSHFLILaQLWH�JRGL^QL�WUR^RFL�QH�H�L]U]HQ�

��� 2G�WDEHODWD�IV VH�JOHGD�GHND�SUL�GYRMQR�]JROHPXYDZH�QD�YUHGQRVWD�QD�C� RG
1�����GHQDUL��kW⋅JRGLQD��QD�������GHQDUL��kW⋅JRGLQD���QDVWDQXYDDW�]QDaL�
WHOQL� SURPHQL� NDNR� YR� VSHFLILaQLWH� JRGL^QL� WUR^RFL� ]D� RGGHOQL
GLVWULEXWLYQL�PUHCL�WDND�L�YR�SULRULWHWRW�QD�WUDQVIRUPDWRULWH�

���%/$*2'$51267

$YWRULWH�PX�]DEODJRGDUXYDDW�QD�SURI��G�U�5LVWR�$aNRYVNL� ]D�SRPR^WD�SUL
UHDOL]DFLMD�QD�GHO�RG�LVWUDCXYDZHWR�
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$YWRPDWL]DFLMDWD� QD� GLVWULEXWLYQLWH� VLVWHPL� SRPLQD� YH`H� GROJ� SDW� RG
VYRLWH�SRaHWRFL�YR�UDQLWH� ’80�WL�JRGLQL��6R�UDSLGQLRW�UD]YRM�QD�NRPSMXWHUVNDWD�L
WHOHNRPXQLNDFLRQDWD�WHKQRORJLMD�PQRJX�QRYL�IXNFLL�QD�DYWRPDWVNRWR�XSUDYXYDZH
VR� GLVWULEXWLYQLWH� VLVWHPL� VWDQDD� WHKQLaNL� L]YRGOLYL� L� HNRQRPVNL� SULIDWOLYL�
0H_XWRD��RaHNXYDQLWH�JROHPL�SURPHQL�YR�GLVWULEXWLYQDWD�SUDNVD�L�RSHUDWLYQRWR
YRGHZH� QD� VLVWHPLWH� QH� VH� VHX^WH� GRVWLJQDWL�� 9R� WUXGRY� H� L]QHVHQ� GHO� RG
UH]XOWDWLWH� QD� LVWUDCXYDZHWR�� [1]�� VSURYHGHQR� VR� FHO� GD� VH� L]YU^L� VHOHNFLMD� QD
QDMSRCHOQLWH� L� HNRQRPVNL� QDMLVSODWOLYLWH� IXQNFLL� QD� DYWRPDWL]DFLMDWD�� 3R
L]YU^HQDWD�HYDOXDFLMD�QD�EDUDZDWD�L�NRULVWLWH�RG�SRHGLQLWH�IXQNFLL��YR�WUXGRY
VH� SUH]HQWLUDQL� QHNRONX� SURWRWLSRYL� VLVWHPL� ]D� DYWRPDWVND� NRQWUROD� L
XSUDYXYDZH�VR�GLVWULEXWLYQLWH�VLVWHPL��NRL�VRRGYHWVWYXYDDW�QD�GHQH^QLRW�VWHSHQ
QD�UD]YRM�QD�WHKQRORJLMDWD�L�SRWUHELWH�QD�GLVWULEXWLYQLWH�RUJDQL]DFLL�

ABSTRACT

Distribution automation has come a long way since its start in early ’80s. The rapid development
of computer and telecommunication technology has already made new automation functions of
distribution power systems technically possible and economically feasible. It is to be expected,
however, that the largest changes in the practices and operation of distribution companies are still
ahead. This paper shows some of study results, [1], that was carried out in order to select the most
desirable and economically effective automation functions. The evaluation of the functions’
requirements and benefits led to the several prototype distribution automation systems, that are
also shown in the paper. These prototype distribution automation systems are created to meet the
technical and economical requirements of the distribution companies.

.OXaQL� ]ERURYL�� GLVWULEXWLYHQ� VLVWHP�� DYWRPDWL]DFLMD�� IXQNFLL� QD� DYWRPDWVND
NRQWUROD��QDGJOHGXYDZH���IXQNFLL�QD�DYWRPDWVNR�XSUDYXYDZH�
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$YWRPDWL]DFLMDWD� QD� GLVWULEXWLYQLWH� VLVWHPL� SUHWVWDYXYD� NRPELQDFLMD� QD
GDOHaLQVNR�QDGJOHGXYDZH�YR�UHDOQR�YUHPH��GHWDOQR�PRGHOLUDZH�L�RSWLPL]LUDZH�QD
RSHUDWLYQLWH�VRVWRMEL�QD�GLVWULEXWLYQLRW�VLVWHP��PRGHOLUDZH�QD�QHNRL�VYRMVWYD�QD
SURL]YRGQR�SUHQRVQLRW� VLVWHP� L� SRWUR^XYDaNDWD� L� GDOHaLQVNR� XSUDYXYDZH� VR
XUHGLWH�L�SRGHVXYDZDWD�QD�ORNDOQLWH�UHJXODWRUL��1HNRL� VWUXaZDFL�YR�SRLPRW�QD
DYWRPDWL]DFLMDWD� QD� GLVWULEXWLYQLWH� VLVWHPL� JL� YNOXaXYDDW� L� IXQNFLLWH� QD
UDNRYRGHZH� VR� RSWRYDUXYDZDWD� QD� NUDMQLWH� SRWUR^XYDaL� YR� GLVWULEXWLYQLRW
NRQ]XP��PH_XWRD�DYWRULWH�QD�RYRM�WUXG�MD�SRGUCXYDDW�SRWHVQDWD�GHILQLFLMD��*ODYQL
FHOL� QD� DYWRPDWL]DFLMDWD� YR� GLVWULEXWLYQLWH� VLVWHPL� VH� NRQ]HUYDFLMDWD� QD
HQHUJLMD�� NRMD� JL� YNOXaXYD� QDPDOXYDZDWD� QD� SRWUR^XYDaNDWD� L� ]DJXELWH� YR
GLVWULEXFLMDWD� L� SUHQRVRW�� QDPDOXYDZHWR� QD� YUYQRWR� RSWRYDUXYDZH�� SRGREUX�
YDZHWR� QD� GRYHUOLYRVWD� L� NYDOLWHWRW� QD� VQDEGXYDZHWR� VR� HOHNWULaQD� HQHUJLMD�
RGODJDZHWR�QD�L]JUDGEDWD�QD�QRYL�REMHNWL�L�QDGRNQDGXYDZHWR�QD�L]JXEHQLRW�SULKRG�

3RVWRHaNDWD� VRVWRMED� YR� REODVWD� QD� DYWRPDWL]DFLMDWD� QD� GLVWULEXWLYQLWH
VLVWHPL� H� WDNYD� GD� SRVWRL� RJURPQD� NROLaLQD� QD� SL^DQL� LQIRUPDFLL� L
LGHQWLILNXYDQL� IXQNFLL� QD� DYWRPDWL]DFLMDWD�� ,VSRUDaDWHOLWH� QD� KDUGYHU� L
VRIWYHU� QXGDW� ^LURN� VSHNWDU� QD� VYRL� SURL]YRGL� ]D� DYWRPDWL]DFLMD� QD
GLVWULEXFLLWH��SRVHEQR�SCADA�VLVWHPL�L�NUDMQL�VWDQLFL��0H_XWRD��LDNR�NRULVWD�RG
RGGHOQLWH� IXQNFLL� YH`H� H� GHPRQVWULUDQD� QL]� UD]OLaQL� SLORW�SURHNWL�� JODYQDWD
SULaLQD� ^WR� GLVWULEXFLLWH� QH� JR� XVYRMXYDDW� NRPSOHWQLRW� SURJUDP� QD
DYWRPDWL]DFLMD�H�FHQDWD�QD�YDNYLRW�SURJUDP�

1DMJROHPLRW� EURM� RG� GLVWULEXFLLWH� LPDDW� QHNDNYR� QLYR� QD� DYWRPDWL]DFLMD�
$YWRPDWL]DFLMDWD� PRCH� GD� VH� SURWHJD� RG� SUHYNORSQL� aDVRYQLFL� ]D� YNOXaXYDZH�
LVNOXaXYDZH�QD�XOLaQRWR�RVYHWOHQLH�GR�SRWSROQR�NRPSMXWHUL]LUDQR�QDGJOHGXYDZH�
]D^WLWD� L� RSHUDWLYQR� XSUDYXYDZH� QD� VLVWHPRW�� =DUDGL� WRD�� ]D� VHNRMD� RGGHOQD
GLVWULEXFLMD��UD]YLYDZHWR�QD�VLVWHP�]D�DYWRPDWVND�NRQWUROD�L�XSUDYXYDZH�WUHED�GD
SUHWVWDYXYD�SULURGQR�SUR^LUXYDZH�L�SRGREUXYDZH�QD�VWHSHQRW�QD�DYWRPDWL]DFLMD
NRM�YH`H�SRVWRL�YR�WDD�GLVWULEXFLMD��8^WH�SRYH`H��VHNRMD�GLVWULEXFLMD��GXUL�L�VHNRM
VSHFLILaHQ� GHO� RG� HGQD� GLVWULEXFLMD�� SUHWVWDYXYD� HGLQVWYHQ� VOXaDM� ]D
LPSOHPHQWDFLMD� QD� UD]OLaQLWH� IXQNFLL� QD� DYWRPDWL]DFLMDWD�� 3ULIDWOLYRVWD� QD
HGQD� IXQNFLMD� ]DYLVL� QDMPQRJX� RG� QHM]LQDWD� FHO� L� REHP� QD� GHOXYDZH�� RG
JHRJUDIVNLWH� L� GHPRJUDIVNLWH� VYRMVWYD� QD� NRQ]XPRW� NRM� VH� UD]JOHGXYD� L� RG
NDUDNWHULVWLNLWH�QD�SRVWRMQLRW�GLVWULEXWLYHQ�VLVWHP�

�� 352>,5(1�352727,3�6,67(0�=$�$9720$76.$�.21752/$�,
835$989$:(�62�',675,%87,91,7(�6,67(0,

3URXaXYDM`L� MD�OLWHUDWXUDWD��GHO�RG�NRMD�H�FLWLUDQ�YR�UHIHUHQFLWH� [2-11]�L
VXPLUDM`L� JL� SULRULWHWLWH�� LGQLWH� SRWUHEL� L� RaHNXYDQLWH� NRULVWL�� QD� PQRJX
VHYHUQRDPHULNDQVNL� L� HYURSVNL� GLVWULEXFLL�� QLH� NUHLUDYPH� HGHQ� SUR^LUHQ
SURWRWLS�VLVWHP�]D�DYWRPDWVND�NRQWUROD�L�XSUDYXYDZH�VR�GLVWULEXWLYQLWH�VLVWHPL�
2YRM�SUR^LUHQ�SURWRWLS�VLVWHP�H�SUHWVWDYHQ�VR�VOLNDWD���L�WDEHODWD�I�

6LVWHPRW�NRM�VH�]DVWDSXYD�YR�RYRM�WUXG�VSD_D�YR�JUXSDWD�QD�GHFHQWUDOL]LUDQL
VLVWHPL�]D�DYWRPDWVND�NRQWUROD�L�XSUDYXYDZH�VR�GLVWULEXWLYQLWH�VLVWHPL��9R�QHJR�
WUDQVIRUPDWRUVNLWH� VWDQLFL� 91�61� SUHWVWDYXYDDW� DYWRQRPQL� NRQWUROQL� L
XSUDYXYDaNL�HGLQLFL�NRL�VH�QDGJOHGXYDQL�RG�FHQWUDOHQ�SCADA�VLVWHP��VPHVWHQ�QD



QLYR� QD� GLVSHaHUVNL� FHQWDU�� .RQWUROQR�XSUDYXYDaNLWH� HGLQLFL�� QD� QLYR� QD
WUDQVIRUPDWRUVNLWH� VWDQLFL� 91�61�� JL� VRGUCDW� QDMSRCHOQLWH� L� HNRQRPVNL
GRNDCDQLWH� IXQNFLL� QD� DYWRPDWL]DFLMDWD�� NDNR� ^WR� VH� SCADA� VLVWHPRW�
ORNDFLMDWD� L� L]RODFLMDWD� QD� JUH^NLWH� L� LQWHJULUDQDWD� UHJXODFLMD� QD� QDSRQLWH� L
UHDNWLYQLWH� PR`QRVWL� �LQWHJULUDQD� Volt/Var� UHJXODFLMD��� 2YLH� IXQNFLL� VH
SRWSROQR� DYWRPDWL]LUDQL�� LOL� QDPHQHWL� GD� GHMVWYXYDDW� YR� UHDOQR� YUHPH�� ^WR
SRGUD]ELUD� QDGJOHGXYDZH� QD� NRQWUROQLWH� JROHPLQL�� GRQHVXYDZH� QD� RGOXND� L
L]YU^XYDZH�QD�UHJXODFLRQRWR�GHMVWYR�

3RYH`HWR� RG� IXQNFLLWH� QD� DYWRPDWL]DFLMDWD� NRL� QRVDW� SRQDWDPR^QR
SRGREUXYDZH� YR� UDERWDWD� QD� GLVWULEXWLYQLRW� VLVWHP�� NDNR� HVWLPDFLMDWD� QD
QDSRQLWH� L� PR`QRVWLWH�� UHNRQILJXUDFLMDWD� L� GUXJL�� SUHSRUDaDQL� VH� GD� ELGDW
LPSOHPHQWLUDQL� QD� QLYRWR� QD� GLVSHaHUVNLRW� FHQWDU� L� GD� GHMVWYXYDDW� QDGYRU� RG
UHDOQRWR� YUHPH�� 9DNYLRW� VWDY� VH� SRWNUHSXYD� VR� VOHGQLYH� REMDVQXYDZD�� i�� RYLH
IXQNFLL� VH� QDMHIHNWLYQL� NRJD� VH� SULPHQXYDDW� QD� ]RQDWD� QD� SRYH`H
WUDQVIRUPDWRUVNL� VWDQLFL� 91�61� LOL� QD� FHODWD� 61� PUHCD�� L�LOL� ii�� QLYQRWR
SRWSROQR� DYWRPDWVNR� GHMVWYXYDZH� VHX^WH� QH� PRCH� GD� VH� RSUDYGD� RG� HNRQRPVNL
DVSHNW�� 0H_XWRD�� LPSOHPHQWLUDQL� QD� YDNRY� QDaLQ�� QDYHGHQLWH� IXQNFLL
RYR]PRCXYDDW� SRHILNDVQR� LVNRULVWXYDZH� QD� SRVWRHaNDWD� LQIUDVWUXNWXUD� L� QD
UDVSRORCLYLWH�SRGDWRFL�

7DEHODWD� I�� SRNUDM� LPLZDWD� QD� RGGHOQLWH� IXQNFLL� QD� DYWRPDWL]DFLMDWD� L
QLYRWR�QD�QLYQDWD�LPSOHPHQWDFLMD��JR�VRGUCL�L�L]YRURW�QD�YOH]QL�LQIRUPDFLL�YR
IXQNFLMDWD��RGQRVQR�VRRGYHWQDWD�DSOLNDFLMD�

7DEHODWD�II �H�QDPHQHWD�GD�SRVOXCL�]D�VRJOHGXYDZH�QD�NRULVWLWH�RG�SRHGLQLWH
IXQNFLL� QD� DYWRPDWL]DFLMDWD� SUL� QLYQL� L]ERU�� 3URXaXYDZHWR� QD� SRWUHELWH� QD
GLVWULEXFLLWH�NRL�EHD� RSIDWHQL� VR� LVWUDCXYDZHWR�SRNDCDD� GHND�QLYQLWH� JODYQL
RaHNXYDZD�RG�YRYHGXYDZHWR�QD�DYWRPDWL]DFLMDWD�VH�VOHGQLYH� i��GRYHUOLYD�LVSRUDND
QD� HQHUJLMDWD� �PLQLPL]DFLMD� QD� EURMRW� L�LOL� YUHPHWUDHZHWR� QD� LVSDGLWH��� ii�
EH]EHGQRVWD� QD� WHUHQVNLWH� HNLSL� L� QD� JUD_DQLWH�� iii �� NDYDOLWHW� QD� LVSRUDaDQDWD
HQHUJLMD�� iv�� PLQLPL]LUDZH� QD� RSDVQRVWD� RG� R^WHWXYDZH� QD� RSUHPDWD�� v�
PLQLPL]LUDZH�QD�WUR^RFLWH� ��PDNVLPL]LUDZH�QD�SURILWRW��2G�GUXJD�VWUDQD��SDN�
SRWHQFLMDOQLWH� NRULVWL� RG� DYWRPDWL]DFLMDWD� QD� GLVWULEXWLYQLWH� VLVWHPL� VH
PQRJXEURMQL��2GUHGXYDZHWR�QD�NRULVWLWH�H�YDCHQ�GHO�RG�HNRQRPVNDWD�HYDOXDFLMD�]D
VHOHNFLMD� QD� IXQNFLLWH� QD� DYWRPDWL]DFLMDWD� NRL� `H� ELGDW� LPSOHPHQWLUDQL� YR
RGUHGHQD�GLVWULEXFLMD��=D�SUHFL]QR�GD�VH�RGUHGDW�NRULVWLWH�QD�SRHGLQLWH�IXQNFLL
L�L]YU^L�QLYQD�SUDYLOQD�VHOHNFLMD��SRWUHEQR�H�GREUR�GD�VH�UD]EHUDW�PRCQRVWLWH�L
EDUDZDWD� QD� WLH� IXQNFLL�� ,PHQR�� VHNRMD� IXQNFLMD� QXGL� VSHFLILaQD� NRULVW� YR
]DYLVQRVW�RG�NDUDNWHULVWLNLWH�QD�RGQRVQDWD�GLVWULEXFLMD��D��YR�JROHP�EURM�VOXaDL�
NRULVWD�QH�PRCH�GD�SURL]OH]H�RG�SULPHQDWD�VDPR�QD�HGQD�IXQNFLMD�� WXNX�PRCH�GD
ELGH� UH]XOWDW� QD� SRYH`H� IXQNFLL� NRL� GHMVWYXYDDW� NRRUGLQLUDQR�� =DUDGL� WRD�
LQIRUPDFLLWH�YR�WDEHODWD�II �WUHED�GD�VH�VIDWDW�VDPR�NDNR�JHQHUDOQL�QDVRNL�]D�WRD
NRL� NRULVWL� PRCDW� GD� VH� RaHNXYDDW� RG� VHNRMD� RG� IXQNFLLWH� QD� DYWRPDWL]DFLMDWD�
QDYHGHQL�SUHWKRGQR�YR�WDEHODWD�I�



'LVSHaHUVNL FHQWDU

7UDQVIRUPDWRUVND VWDQLFD 91�61

6OLND �� 6WUXNWXUQD ^HPD QD SUR^LUHQLRW SURWRWLS VLVWHP ]D DYWRPDWVND NRQWUROD L XSUDYXYDZH
VR GLVWULEXWLYQLWH VLVWHPL

G U I

  AM/FM/GIS         ,VWRULVNL SRGDWRFL          3URJQR]D QD RSWRYDUXYDZDWD
3RGDWRFL ]D RSUHPDWD

6RVWRMED QD
PUHCDWD

(VWLPDFLMD QD QDSRQLWH�PR`QRVWLWH

5XWLQVNR
SULELUDZH QD
SRGDWRFL

S C A D A

9./8A89$:$�,6./8A89$:$

• 5XWLQVNL GDOHaLQVNL 9�,

• 5HNRQILJXUDFLMD QD L]YRGLWH
5HVWDYUDFLMD QD SRJRQRW
%DODQVLUDZH QD RSWRYDUXYDZDWD
0LQLPL]DFLMD QD ]DJXELWH

'DOHaLQVNR SRGHVXYDZH QD ]D^WLWDWD
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QD JUH^ND

S C A D A

,QGLNDWRUL
QD JUH^ND

,QWHJULUDQD

Volt/Var UHJXODFLMD

/RNDFLMD QD
JUH^ND

,]RODFLMD QD
JUH^ND



7DEHOD I� )XQNFLL QD DYWRPDWL]DFLMDWD LPSOHPHQWLUDQL YR SUR^LUHQLRW SURWRWLS VLVWHP ]D
DYWRPDWVND NRQWUROD L XSUDYXYDZH VR GLVWULEXWLYQLWH VLVWHPL

)XQNFLMD QD
DYWRPDWL]DFLMDWD

1LYR QD
LPSOHPHQWDFLMD

3RGDWRFL�
,]YRU QD LQIRUPDFLL

�� AM/FM/GIS 'LVSHaHUVNL
FHQWDU

3RGDWRFL ]D RSUHPDWD� LVWRULVNL SRGDWRFL�
SRGDWRFL ]D VWDWXVRW QD RSUHPDWD �VRVWRMED QD
PUHCDWD�

�� SCADA � .RQWUROD QD
WUDQVIRUPDWRUVNLWH
VWDQLFL 91�61

'LVSHaHUVNL
FHQWDU

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNLWH
VWDQLFL 91�61� RG�
� 'LJLWDOQLWH UHOLZD �NRQWUROD L XSUDYXYDZH
VR SUHNLQXYDaLWH� UHJXODWRULWH SRG WRYDU QD
WUDQVIRUPDWRULWH� NRQGHQ]DWRUVNLWH
EDWHULL�

� ,QWHOLJHQWQLWH HOHNWURQVNL PHUQL

LQVWUXPHQWL �PHUHZH QD kW, kVar, kVA�
IDNWRU QD PR`QRVW� YNXSHQ kVAh� YNXSHQ kWh�
IUHNYHQFLMD� 9+ GLVWRU]LMD�

� 1DGJOHGXYDZH QD VRVWRMEDWD QD
WUDQVIRUPDWRULWH �SRGDWRFL ]D
NRQWDPLQDFLMD QD PDVORWR� WHPSHUDWXUD QD
PDVORWR� WHPSHUDWXUD QD MDGURWR�QDPRWNLWH�

�� SCADA � .RQWUROD QD
L]YRGLWH

7UDQVIRUPDWRUVND
VWDQLFD 91�61

Real-timeSRGDWRFL ]D L]YRGLWH� RG�
� 'LJLWDOQLWH UHOLZD �NRQWUROD L XSUDYXYDZH
VR SUHNLQXYDaLWH VR $39� UHJXODWRULWH QD
QDSRQ� NRQGHQ]DWRUVNLWH EDWHULL�
VHNFLRQDOL]DWRULWH� OLQLVNLWH UDVWDYXYDaL�
LQGLNDWRULWH QD JUH^ND�

� ,QWHOLJHQWQLWH HOHNWURQVNL PHUQL

LQVWUXPHQWL �PHUHZH QD kW, kVar, kVA�
IDNWRURW QD PR`QRVW� YNXSHQ kVAh� YNXSHQ
kWh� IUHNYHQFLMD�

�� ,QWHJULUDQD Volt/Var
UHJXODFLMD

7UDQVIRUPDWRUVND
VWDQLFD 91�61

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61 L L]YRGLWH

�� /RNDFLMD QD JUH^ND 7UDQVIRUPDWRUVND
VWDQLFD 91�61

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61 L L]YRGLWH

�� ,]RODFLMD QD JUH^ND 7UDQVIRUPDWRUVND
VWDQLFD 91�61

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61 L L]YRGLWH

�� (VWLPDFLMD QD
QDSRQL�PR`QRVWL

'LVSHaHUVNL
FHQWDU

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61� LVWRULVNL SRGDWRFL� SURJQR]D
QD RSWRYDUXYDZDWD

�� 5HVWDYUDFLMD QD SRJRQ 'LVSHaHUVNL
FHQWDU

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61� SRGDWRFL ]D VWDWXVRW QD
RSUHPDWD� HVWLPDFLMD QD QDSRQLWH�PR`QRVWLWH�
SURJQR]D QD RSWRYDUXYDZDWD� LVWRULVNL
SRGDWRFL

�� 5HNRQILJXUDFLMD ]D
EDODQVLUDZH QD PR`�
QRVWLWH L PLQLPL]D�
FLMD QD ]DJXELWH

'LVSHaHUVNL
FHQWDU

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61� HVWLPDFLMD QD QDSRQLWH�
PR`QRVWLWH� SURJQR]D QD RSWRYDUXYDZDWD�
LVWRULVNL SRGDWRFL

��� 5XWLQVNR GDOHaLQVNR
YNOXaXYDZH�
LVNOXaXYDZH

'LVSHaHUVNL
FHQWDU

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61� HVWLPDFLMD QD QDSRQLWH�
PR`QRVWLWH� SURJQR]D QD RSWRYDUXYDZDWD�
LVWRULVNL SRGDWRFL

��� 'DOHaLQVNR SRGHVX�
YDZH QD ]D^WLWDWD

'LVSHaHUVNL
FHQWDU

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61

��� 5XWLQVNR SULELUDZH
QD SRGDWRFL

'LVSHaHUVNL
FHQWDU

Real-timeSRGDWRFL ]D WUDQVIRUPDWRUVNDWD
VWDQLFD 91�61



7DEHOD II � )XQNFLLWH QD DYWRPDWL]DFLMDWD RG SUR^LUHQLRW SURWRWLS VLVWHP �WDEHOD I� L VRRGYHWQLWH
NRULVWL

)XQNFLMD QD DYWRPDWL]DFLMDWD 1 2 3 4 5 6 7 8 9 10 11 12
.RULVW

�� .RQWUROQL L XSUDYXYDaNL
PRCQRVWL ]D RSHUDWRURW

x

�� 6NODGLUDZH QD JROHP REHP QD
SRGDWRFL

x

�� 3RGREUL SRGDWRFL ]D
LQCHQHUVNL DQDOL]L L
SODQLUDZH

x x x x x

�� 3RGREUD HILNDVQRVW SUL
RGUCXYDZHWR

x x

�� 1DPDOXYDZH QD EURMRW QD
YUDERWHQLWH

x x x x x x x

�� 2GODJDZH QD L]JUDGEDWD QD QRYL
REMHNWL

x x x x x x x

�� 3RGREUXYDZH QD GRYHUOLYRVWD L
VLJXUQRVWD

x x x x x x x

�� 3RGREUXYDZH QD NYDOLWHWRW YR
VQDEGXYDZHWR VR HOHNWULaQD
HQHUJLMD

x x x x x x

�� 3RGREUXYDZH QD NUHGLELOLWHWRW
NDM NOLHQWLWH

x x x x x

��� 1DPDOXYDZH QD WUR^RFLWH ]D
UXWLQVNLWH RSHUDFLL

x x x x x

��� 1DGRNQDGXYDZH QD L]JXEHQLRW
SULKRG

x x x x x

��� 3RGREUXYDZH QD NYDOLWHWRW QD
HOHNWULaQDWD HQHUJLMD

x

��� 6PDOXYDZH QD ]DJXELWH QD
PR`QRVW L HQHUJLMD

x x

��� 6PDOXYDZH QD YUYQRWR
RSWRYDUXYDZH

x x

��� 6PDOXYDZH QD SRWUR^XYDaNDWD
NDM JROHP EURM HOHNWULaQL
SRWUR^XYDaL

x

��� 3URYHUND QD YHURGRVWRMQRVWD QD
PHUHZDWD L QD PRGHORW QD
PUHCDWD

x

��� 1DMGREUR SUH]HQWLUDZH L
LVNRULVWXYDZH QD

UDVSRORCLYLWH real-timeSRGDWRFL

x

��� 2YR]PRCXYDZH XVORYL ]D
SULPHQD QD RSLPL]DFLRQLWH
DOJRULWPL

x
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7UJQXYDM`L� RG� SUR^LUHQLRW� SURWRWLS� VLVWHP� ]D� DYWRPDWVND� NRQWUROD� L
XSUDYXYDZH� VR� GLVWULEXWLYQLWH� VLVWHPL� L� NRQFHQWULUDM`L� VH� QD� VSHFLILaQRVWLWH
QD�VHYHUQRDPHULNDQVNLWH�GLVWULEXWLYQL�VLVWHPL��NUHLUDQ�H�SURWRWLS�VLVWHP�NRM�`H
ELGH� IXNFLRQDOQR� L� HNRQRPVNL� QDMHIHNWLYHQ� ]D� QLYQLWH� GLVWULEXFLL�� 2YRM
SURWRWLS�VLVWHP�JL�]DGRYROXYD�RVQRYQLWH�EDUDZD�QD�VHNRMD�GLVWULEXFLMD�YR�6HYHUQD
$PHULND�L�QXGL�QDMJROHPD�NRULVW�YR�RGQRV�QD�LQLFLMDOQLWH�WUR^RFL�]D�YRYHGXYDZH
QD�DYWRPDWL]DFLMDWD��3RQDWDPX��WRM�SUHWVWDYXYD�RGOLaQD�RVQRYD�]D�UD]YRM�QD�VLVWHP
]D�DYWRPDWVND�NRQWUROD�L�XSUDYXYDZH�VR�GLVWULEXWLYQLWH�VLVWHPL�VR�IOHNVLELOQD
L� NRPSDWLELOQD� VWXNWXUD�� 7DND�� GLVWULEXFLLWH� `H� PRCDW� GD� MD� SULPHQXYDDW
DYWRPDWL]DFLMDWD� VSRUHG� SULQFLSRW� aHNRU�SR�aHNRU�� QD� QDMHNRQRPLaHQ� L
QDMHIHNWLYHQ�QDaLQ�

3UHGORCHQLRW� SURWRWLS� VLVWHP� ]D� DYWRPDWVND� NRQWUROD� L� XSUDYXYDZH� VR
GLVWULEXWLYQLWH�VLVWHPL�YR�6HYHUQD�$PHULND��NRM�H�SUHWVWDYHQ�QD�VOLNDWD����H�YR
VRJODVQRVW�VR�YH`H�XVYRHQDWD�VWXNWXUD�QD�GHFHQWUDOL]LUDQL�VLVWHPL��9R�VUFHWR�QD
RYRM� VLVWHP� VH� GYH� IXQNFLL�� ORNDFLMDWD� QD� JUH^ND� L� LQWHJULUDQDWD� Volt/Var
UHJXODFLMD��NRL�VH�VQDEGXYDDW�VR�LQIRUPDFLL�RG�SCADA� VLVWHPLWH�]D�NRQWUROD�QD
WUDQVIRUPDWRUVNLWH�VWDQLFL�91�61�L�QD�61�L]YRGLWH��,]ERURW�H�VRRGYHWHQ�LPDM`L
JL�YR�SUHGYLG�NDUDNWHULVWLaQLWH�VHYHUQRDPHULNDQVNLWH�VUHGQRQDSRQVNL�PUHCL��VR
UDVSURVWUDQHWD� VWUXNWXUD�� JROHP� EURM� QD� WUDQVIRUPDWRUVNL� VWDQLFL� 61�11� SR
L]YRG� L� UHODWLYQR� JROHPD� GROCLQD� QD� SUHWHCQR� QDG]HPQL� YRGRYL�� SRGORCQL� QD
aHVWL�SRMDYL�QD�JUH^NL�L�JROHPL�SDGRYL�QD�QDSRQRW�
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9R�GHQH^QR�YUHPH��DYWRPDWL]DFLMDWD�QD�GLVWULEXWLYQLWH�VLVWHPL�H�SRPDONX
]DVWDSHQD�YR�(YURSD��RWNRONX�YR�6HYHUQD�$PHULND��,VNOXaRN�VH�QHNRL�GLVWULEXFLL
YR� ]HPMLWH� NDGH� HOHNWURVWRSDQVWYDWD� VH� GHUHJXOLUDQL� L�LOL� SULYDWL]LUDQL�� NDNR
^WR�VH�9HOLND�%ULWDQLMD�L�SRYH`HWR�6NDQGLQDYVNL�]HPML��1R�� GXUL�L� YR�RYLH�GLV�
WULEXFLL��L]ERURW�QD�IXQNFLLWH�]D�DYWRPDWL]DFLMD� VH�UD]OLNXYD�RG�RQRM� YR� VHYHU�
QRDPHULNDQVNLWH�GLVWULEXFLL��,PHQR��JODYQR�VYRMVWYR�QD�GLVWULEXWLYQLWH�VLVWHPL
YR� SRYH`HWR� HYURSVNL� ]HPML� H� UHODWLYQR� YLVRNLRW� VWHSHQ� QD� GRYHUOLYRVW�� 7RD� H
REH]EHGHQR� VR� ]DVWDSHQRVWD� QD� NDEHOVNLWH� 61� PUHCL� YR� XUEDQLWH� FHQWUL�� 'UXJR
VYRMVWYR� H� UDVSURVWUDQHWRVWD� QD� 11� PUHCD�� ^WR� SUHGL]YLNXYD� SRYH`HWR� RG
HNVSORDWDFLRQLWH� SUREOHPL�� NDNR� L� ]DJXELWH�� GD� VH� MDYDW� YR� RYRM� GHO� RG� PUHCLWH�
=DUDGL�WRD��UH^HQLMDWD�]D�DYWRPDWL]DFLMD�QD�VLVWHPLWH�LPD�VPLVOD�GD�VH�NRQFHQWUL�
UDDW� QD� 91� GLVWULEXWLYQD� PUHCD� L� QD� WUDQVIRUPDWRUVNLWH� VWDQLFL� 91�61�� 9R
WDNYL�XVORYL��NRQWUROD�QD�SRWUR^XYDaNDWD� VH�REH]EHGXYD� VR�SULPHQD�QD�PHWRGLWH
QD� UDNRYRGHZH� VR� RSWRYDUXYDZDWD� QD� NUDMQLWH� SRWUR^XYDaL�� NRL� VH� aLQL� GHND� VH
SRSRCHOQL�DSOLNDFLL�YR�(YURSD��RWNRONX�SRWHVQLRW�NRQFHSW�QD�DYWRPDWL]DFLMDWD�

2YRM� WUXG� SUHGODJD� GYD� SURWRWLS� VLVWHPD� ]D� DYWRPDWVND� NRQWUROD� L
XSUDYXYDZH�VR�GLVWULEXWLYQLWH�VLVWHPL��(GQLRW��]D�SULPHQD�YR�UXUDOQLWH�REODVWL�
H�SRWSROQR�LVW�VR�SURWRWLS�VLVWHPRW�]D�6HYHUQD�$PHULND��SULNDCDQ�QD�VOLNDWD���
'UXJLRW��]D�SULPHQD�YR�HYURSVNLWH�JUDGRYL��H�SULNDCDQ�QD�VOLNDWD���



'LVSHaHUVNL FHQWDU

7UDQVIRUPDWRUVND VWDQLFD 91�61

6OLND �� 6WUXNWXUQD ^HPD QD SURWRWLS VLVWHPRW ]D DYWRPDWVND NRQWUROD L XSUDYXYDZH VR
GLVWULEXWLYQLWH VLVWHPL YR 6HYHUQD $PHULND

G U I

AM/FM/GIS     ,VWRULVNL SRGDWRFL          3RGDWRFL ]D RSUHPDWD

6RVWRMED QD
PUHCDWD

S C A D A

,QGLNDWRUL
QD JUH^ND

S C A D A
,QGLNDWRUL
QD JUH^ND

,QWHJULUDQD

Volt/Var UHJXODFLMD
/RNDFLMD QD
JUH^ND



'LVSHaHUVNL FHQWDU

7UDQVIRUPDWRUVND VWDQLFD 91�61

6OLND �� 6WUXNWXUQD ^HPD QD SURWRWLS VLVWHPRW ]D DYWRPDWVND NRQWUROD L XSUDYXYDZH VR
GLVWULEXWLYQLWH VLVWHPL YR (YURSD

G U I

AM/FM/GIS     ,VWRULVNL SRGDWRFL          3RGDWRFL ]D RSUHPDWD

(VWLPDFLMD QD QDSRQLWH�PR`QRVWLWH

SCADA

• 0LQLPL]DFLMD QD
]DJXELWH

• %DODQVLUDZH QD
RSWRYDUXYDZDWD

• 6UHGXYDZH QD LVSDGLWH

,QWHJULUDQD

Volt/Var UHJXODFLMD
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9R�WUXGRY�VH�SUH]HQWLUDQL�SRYH`H�^HPL�QD�SURWRWLS�VLVWHPL�]D�DYWRPDWVND
NRQWUROD� L� XSUDYXYDZH� VR� GLVWULEXWLYQLWH� VLVWHPL�� 3RVWRMDW� SRYH`H� QDaLQL� ]D
LPSOHPHQWDFLMD� QD� RYLH� ^HPL�� 1DaLQRW� NRM� ^WR� VH� SUHSRUDaXYD� YR� RYRM� WUXG� H
VHNRMD�GLVWULEXFLMD�GD�RGEHUH�SRaHWQD�^HPD��NRMD�QDMGREUR�`H�RGJRYRUL�QD�QHM]LQLWH
PRPHQWDOQL� SRWUHEL� L� `H� REH]EHGL� PDNVLPXP� NRULVWL� YR� RGQRV� QD� LQLFLMDOQLWH
WUR^RFL��,]EUDQDWD�SRaHWQD�^HPD�PRUD� GD� SUHWVWDYXYD� RVQRYD� QD�IOHNVLELOHQ�L
NRPSDWLELOHQ� VLVWHP� ]D� DYWRPDWVND� NRQWUROD� L� XSUDYXYDZH�� ^WR� YR� LGQLQD� `H
RYR]PRCL� UD]YRM� QD� VLVWHPRW� GR� SRWSROQD� DYWRPDWL]DFLMD�� 3UHGORCHQLWH� ^HPL�
XVORYQR� QDUHaHQL� ^HPL� ]D� SULPHQD� YR� 6HYHUQD� $PHULND� L� (YURSD�� VH� VROLGQL
SULPHUL�QD�RVQRYQL��SRaHWQL��^HPL�QD�SURWRWLS�VLVWHPL�]D�DYWRPDWVND�NRQWUROD�L
XSUDYXYDZH� VR� GLVWULEXWLYQLWH� VLVWHPL�� 3RQDWDPX�� ]D� UD]YRM� QD� VLVWHPRW�
GLVWULEXFLMDWD� WUHED� GD� L]JRWYL�QHNRONX� VFHQDULMD� ]D� aHNRU�SR�aHNRU� YRYHGXYDZH
QD�SRHGLQLWH�IXQNFLL�QD�DYWRPDWL]DFLMDWD��6HNRM�aHNRU�PRCH�GD�VRGUCL�HGQD�LOL
SRYH`H�PH_X]DYLVQL�IXQNFLL��=D�VHNRH�RG�VFHQDULMDWD��SRWUHEQR�H�GD�VH�REUDERWDW
VSHFLILaQLWH�PRGHOL�]D�RSHUDWLYQLWH�XVORYL��GRYHUOLYRVWD�L�HNRQRPLNDWD��NRL�`H
ELGDW� RVQRYD� ]D� HYDOXDFLMD� QD� VRRGYHWQLWH� NRULVWL�WUR^RFL�� 6HULR]QDWD
NRPSDUDWLYQD�DQDOL]D�QD�NRULVWLWH�WUR^RFLWH�]D�SRHGLQLWH�VFHQDULMD�`H�MD�RGUHGL
GLQDPLNDWD�QD�UD]YRMRW�QD�DYWRPDWL]DFLMDWD�YR�VSHFLILaQDWD�GLVWULEXFLMD�

�� /,7(5$785$
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,QWHJULUDQDWD� UHJXODFLMD� QD� QDSRQLWH� L� UHDNWLYQLWH� PR`QRVWL�� LOL�� LQ�
WHJULUDQDWD�Volt/Var�UHJXODFLMD��H�YDCQD�L�HGQD�RG�QDMSRCHOQLWH�IXQNFLL�QD�PRGHU�
QLWH� VLVWHPL� QD� DYWRPDWVNR� XSUDYXYDZH� VR� GLVWULEXWLYQLWH� VLVWHPL�� 2YDD� IXQN�
FLMD�NRPSOHNVQR�JL�RSID`D�UHJXODFLLWH�QD�QDSRQLWH�L�QD�UHDNWLYQLWH�PR`QRVWL�YR
GLVWULEXWLYQLWH�VLVWHPL�L�REH]EHGXYD�QLYQD�NRRUGLQDFLMD��'RGHND��XVSH^QRVWD�QD
YRRELaDHQLWH� ORNDOQL� DYWRPDWVNL� UHJXODWRUL�� NRL� QH]DYLVQR� JL� NRQWUROLUDDW
UHJXODWRULWH� QD� QDSRQ�� RGQRVQR� SUHYNOXaOLYLWH� NRQGHQ]DWRUVNL� EDWHULL�� H
RJUDQLaHQD� VR�PH_X]DYLVQRVWD�QD� NRQWUROLUDQLWH� JROHPLQL��9R� WUXGRY� H� RSL^DQD
UDERWDWD�YU]�UD]YLYDZHWR�QD�LQWHJULUDQ�Volt/Var�UHJXODWRU��QDPHQHW�]D�YNORSXYDZH
YR�GHFHQWUDOL]LUDQ�VLVWHP�]D�DYWRPDWVNR�XSUDYXYDZH�VR�GLVWULEXWLYQLWH�VLVWHPL�
[1]�� 6R� UHJXODFLMDWD� SUHGYLGHQR� H� GD� ELGDW� RSIDWHQL� HGQD� WUDQVIRUPDWRUVND
VWDQLFD�91�61�L�SULSDGQLWH�61�L]YRGL��9R�WUXGRY��LVWR�WDND��VH�QDYHGHQL�QHNRL�RG
UH]XOWDWLWH�RG�WHVWLUDZDWD�QD�UD]JOHGXYDQLWH�UHJXODFLRQL�^HPL�

ABSTRACT

An Integrated Volt/Var control is an important and one of the most desirable functions of
a modern distribution automation system. This function deals with the complexity of voltage and
reactive power control in distribution systems. This complexity usually limits the capabilities of
local automatic controllers which typically monitor voltage regulators and switched capacitors.
This paper describes the development of an Integrated Volt/Var controller for integration in a
decentralized Substation Based Distribution Automation System. The paper also includes some of
the testing results of the control schemes concurrently considered.

.OXaQL� ]ERURYL�� GLVWULEXWLYHQ� VLVWHP�� DYWRPDWVNR� XSUDYXYDZH�� LQWHJULUDQD
Volt/Var�UHJXODFLMD��LQWHJULUDQ�Volt/Var�UHJXODWRU�
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9R� GLVWULEXWLYQLWH� PUHCL� H� YRRELaDHQD� SUDNVD� GD� VH� SRVWDYXYDDW
WUDQVIRUPDWRUL�91�61�VR�SURPHQOLY�SUHQRVHQ�RGQRV�SRG�WRYDU�L�LOL�UHJXODWRUL
QD�QDSRQRW��VR�FHO�GD�VH�UHJXOLUD�QDSRQRW�QD�VHNXQGDUQDWD�VWUDQD�RG�WUDQVIRUPD�
WRUVNDWD� VWDQLFD� 91�61� L�LOL� YR� SRHGLQL� WRaNL� RG� PUHCDWD�� 9DNYLWH� XUHGL�� VR
]DHGQLaNR� LPH�� `H� JL� QDUHNXYDPH� UHJXODWRUL� QD� QDSRQRW�� �51��� ,VWR� WDND�
YRRELaDHQD� SUDNVD� H� GD� VH� SRVWDYXYDDW� L� SUHYNOXaOLYL� NRQGHQ]DWRUVNL� EDWHULL�
�3.%��� QD� VHNXQGDUQDWD� VWUDQD� RG� WUDQVIRUPDWRUVNDWD� VWDQLFD� 91�61� L�LOL� SR
GROCLQDWD� QD� 61� L]YRGL�� VR� FHO� GD� VH� NRQWUROLUD� IDNWRURW� QD� PR`QRVW� QD� 91
VWUDQD�RG�WUDQVIRUPDWRUVNDWD�VWDQLFD��RGQRVQR�UHDNWLYQLWH�PR`QRVWL��D�VR�WRD�L
]DJXELWH��YR�PUHCDWD�

.RQYHQFLRQDOQR��RYLH�GYD�YLGD�QD�XUHGL��51�L�3.%��VH�XSUDYXYDDW�RGGHOQR�
51� QDMaHVWR� VH� XSUDYXYDQL� RG� DQDORJQL� XSUDYXYDaL�� NRL� NRULVWDW� PHUHZD� QD
QDSRQRW�NDNR�SRYUDWHQ�VLJQDO��3.%�VH�XSUDYXYDQL�VR�SRPR^�QD�PHKDQLaNL�VNORSNL�
YU]�RVQRYD�QD�YNXSQDWD�YUHGQRVW�QD�RSWRYDUXYDZHWR�LOL�VSRUHG�RGQDSUHG�SRGHVHQL
SUHYNORSQL�aDVRYQLFL��3RWUHEQR�H�GD�VH� ]DEHOHCL�GHND��SUL�VHNRH�GHMVWYXYDZH�QD
RYLH� GYD� YLGD� QD� XUHGL� WLH� YOLMDDW� HGQL� QD� GUXJL�� ELGHM`L� QLYQLWH� NRQWUROQL
JROHPLQL��QDSRQRW�L�UHDNWLYQDWD�PR`QRVW��VH�PH_X]DYLVQL��,PDM`L�YR�SUHGYLG�X^WH
GHND�SULOLNLWH�QD�61�GLVWULEXWLYQL�L]YRGL�aHVWR�VH�PHQXYDDW�VR�WHNRW�QD�YUHPHWR�
PQRJX�H�WH^NR�GD�VH�RGUHGL�RSWLPDOQD�XSUDYXYDaND�VWUDWHJLMD�]D�RYLH�XUHGL��=DUDGL
WRD��YR�SUDNVD��RYLH�XUHGL�VH�XSUDYXYDDW�QD�NRQ]HUYDWLYHQ�QDaLQ�� ]D� GD� VH�L]EHJQH
QLYQRWR� SUHNXPHUQR� L� QHSRWUHEQR� GHMVWYXYDZH�� 3UHNXPHUQRWR� GHMVWYXYDZH� QD
XUHGLWH� JR� VNUDWXYD� QLYQLRW� CLYRWHQ� YHN� L� EDUD� aHVWR� RGUCXYDZH�� 2VREHQR�
SUHNXPHUQRWR�GHMVWYXYDZH�QD�3.%�SUHGL]YLNXYD�SRMDYD�QD�IOLNHUL�L�WUDQ]LHQWQL
SUHQDSRQL�� 2G� GUXJD� VWUDQD�� SDN�� NRQ]HUYDWLYQRWR� XSUDYXYDZH� QD� RYLH� XUHGL
]QDaLWHOQR�MD�QDPDOXYD�QLYQDWD�HIHNWLYQRVW�

=DUDGL� VHWR� GRVHJD� L]QHVHQR�� PQRJX� H� SRCHOQR� GD� VH� LPD� LQWHJULUDQD
XSUDYXYDaND�SURFHGXUD��NRMD�`H�YRGL�VPHWND�]D�LQWHUDNWLYQRWR�GHMVWYXYDZH�QD�51�L
3.%�L�NRMD�`H�JL�XSUDYXYD�RYLH�XUHGL�]DHGQR��QD�RSWLPDOQR�HIHNWLYHQ�QDaLQ��9DNYL
XSUDYXYDaNL�SURFHGXUL��YR�OLWHUDWXUDWD��VH�QDUHNXYDDW�LQWHJULUDQL�UHJXODWRUL�QD
QDSRQLWH� L� UHDNWLYQLWH� PR`QRVWL�� LOL�� LQWHJULUDQL� Volt/Var� UHJXODWRUL�� 7UXGRY
SUH]HQWLUD� L]YDGRFL� L� UH]XOWDWL� RG� LVWUDCXYDaNDWD� VWXGLMD� NRMD� LPD^H� ]D� FHO
UD]YLYDZH�QD�HGHQ�LQWHJULUDQ�Volt/Var�UHJXODWRU��[1]�

1HNRL�GLVWULEXFLL�YH`H�LPDDW�SULPHQHWR�LQWHJULUDQL�Volt/Var� UHJXODWRUL�
RGQRVQR��IXQNFLMDWD�LQWHJULUDQD�Volt/Var�UHJXODFLMD�MD�LPDDW�YNOXaHQR�YR�QLYQLWH
VLVWHPL�]D�DYWRPDWVND�NRQWUROD�L�XSUDYXYDZH��8^WH�SRYH`H��WLH�YH`H�JL�REMDYXYDDW
LVNXVWYDWD� L� NRULVWLWH� RG� SULPHQDWD� QD� RYDD� IXQNFLMD� QD� DYWRPDWL]DFLMDWD�� 9R
WHNRW�QD�UDERWDWD��QLH�JL�UD]JOHGXYDYPH�LVNXVWYDWD�QD�GLVWULEXFLLWH�QD�B.C.Hydro,
[2], Northern States Power Company, [3]�L [4], Public Service Company of Colorado, [5], United
Illuminating Co., [6],�L�Soutern California Edison Company, [7]��3ULWRD��QDMYDCQR�EH^H�GD
VH� VRJOHGDDW� SRWUHELWH� QD� RGGHOQL� GLVWULEXFLL� L� PRCQRVWLWH� LQWHJULUDQDWD
Volt/Var�UHJXODFLMD�SUDNWLaQR�GD�JL�]DGRYROL�SRVWDYHQLWH�EDUDZD�

9R� UDPNLWH� QD� 6WXGLMDWD� [1]�� UD]YLHQ� H� LQWHJULUDQ� Volt/Var� UHJXODWRU�� aLH
IXQNFLRQLUDZH�VH�]DVQLYD�QD�RGQDSUHG�XWYUGHQL�SUDYLOD��WDNDQDUHaHQ� “rule based”
UHJXODWRU��7RM�H�QDPHQHW�GD�ELGH�YNORSHQ�YR�GHFHQWUDOL]LUDQ�VLVWHP�]D�DYWRPDWVND
NRQWUROD�L�XSUDYXYDZH�VR�GLVWULEXWLYQLWH�VLVWHPL��YR�NRM�RVQRYQLWH�XSUDYXYDaNL
FHQWUL� VH� VPHVWHQL� QD� QLYRWR� QD� WUDQVIRUPDWRUVNLWH� VWDQLFL� 91�61�� 9R� RYRM
VOXaDM�VR�UHJXODFLMDWD�EL�ELOH�RSIDWHQL�HGQD�WUDQVIRUPDWRUVND�VWDQLFD�91�61�L
SULSDGQLWH�61�L]YRGL�



�� ,17(*5,5$1�Volt/Var �5(*8/$725

���� &HO�QD�RSWLPL]DFLMDWD

3R]QDWR�H�GHND�LQWHJULUDQDWD�Volt/Var�UHJXODFLMD��YR�UDPNLWH�QD�VLVWHPRW�]D
DYWRPDWVND� NRQWUROD� L� XSUDYXYDZH� VR� GLVWULEXWLYQLWH� VLVWHPL�� RYR]PRCXYD
QDPDOXYDZH�QD�SRWUR^XYDaNDWD�L�LOL�]DJXELWH�QD�HQHUJLMD��NDNR�L�SRGREUXYDZH�QD
QDSRQVNLRW�SURILO��,QWHJULUDQLRW�Volt/Var�UHJXODWRU��]D�NRM�RYGHND�VWDQXYD�]ERU�
H� L]YHGHQ� VR� FHO� ]D� PDNVLPDOQR� QDPDOXYDZH� QD� ]DJXELWH� QD� HQHUJLMD�� GRGHND
QDSRQLWH�VH�aXYDDW�YR�RGUHGHQL�JUDQLFL�

&HO�

• 0DNVLPDOQR�QDPDOXYDZH�QD�]DJXELWH�

2JUDQLaXYDZD�

• V V t Vmin max( )≤ ≤ �

• %URM�QD�RSHUDFLL�QD�HGQD�3.%�YR�WHNRW�QD�GHQRW�≤ 4,

• )DNWRURW�QD�PR`QRVW�QD�91�VWUDQD�RG�WUDQVIRUPDWRUVNDWD
VWDQLFD�91�61�≥ 0 95,

���� 5DVSRORCLYL�SRGDWRFL�YR�UHDOQR�YUHPH

1D^LRW� LQWHJULUDQ� Volt/Var� UHJXODWRU� PRCH� GD� VH� SULPHQL� QD� GYD� PRGHOD
UDVSRORCLYL�SRGDWRFL�YR�UHDOQR�YUHPH�

'6�0RGHO����'LUHNWQL�PHUHZD�QD�QDSRQRW�QD�NUDMRW�RG�L]YRGRW���Vend�

• kW��kVar��QDSRQ��QD�SULPDUDQDWD�VWUDQD�RG�WUDQVIRUPDWRUVNDWD�VWDQLFD�
91�61�

• kW��kVar��NDM�LQVWDOLUDQLWH�3.%�
• QDSRQ��NDM�QHNRONX�L]EUDQL�SRWUR^XYDaL�

'6�0RGHO����1HPD�GLUHNWQL�PHUHZD�QD�QDSRQRW�QD�NUDMRW�RG�L]YRGRW

• kW��kVar��QDSRQ��QD�SULPDUDQDWD�VWUDQD�RG�WUDQVIRUPDWRUVNDWD�VWDQLFD�
91�61�

• kW��kVar��QDSRQ��NDM�LQVWDOLUDQLWH�3.%�

���� 5D]YRM�QD�LQWHJULUDQLRW�Volt/Var �UHJXODWRU

.RJD� SUREOHPRW� QD� UHJXODFLMDWD� QD� QDSRQLWH� L� UHDNWLYQLWH� PR`QRVWL� YR
GLVWULEXWLYQLWH� VLVWHPL� VH� RELGXYDPH� GD� JR� UH^LPH� VR� SRPR^� QD� HGQRVWDYHQ
DOJRULWDP�� aLH� IXQNFLRQLUDZH� VH� ]DVQLYD� QD� RGQDSUHG� XWYUGHQL� SUDYLOD�� WH^NR
PRCH� GD� VH� RaHNXYD� GRVWLJQXYDZH� QD� JOREDOQRWR� RSWLPDOQR� UH^HQLH�� 9R� YDNRY
VOXaDM��SRYDCQR�H�GD�VH�LQVLVWLUD�QD�HGQRVWDYQRVWD�L�HILNDVQRVWD�QD� DOJRULWPRW�
RWNRONX�QD�SUHFL]QD�RSWLPL]DFLMD�

3R]QDYDM`L� MD� SULURGDWD� QD� SUREOHPRW�� SUY� aHNRU� NRQ� SRVWLJQXYDZH� QD
QDYHGHQDWD� FHO� H� UD]GYRMXYDZH� QD� SUREOHPLWH� QD� UHJXODFLMDWD� QD� QDSRQRW� L� UHJX�



ODFLMDWD�QD�UHDNWLYQLWH�PR`QRVWL��6WDYRW��GHND�RYLH�GYD�SUREOHPD�PRCDW�GD�ELGDW
UD]GYRHQL�� EH]� SRJROHPL� SRVOHGLFL� SR� WRaQRVWD� QD� UH]XOWDWRW�� GRNDCDQ� H�� PH_X
GUXJRWR�L�YR�OLWHUDWXUDWD�[8]�

3UL� UD]GYRHQRWR� SUHWVWDYXYDZH� QD� SUREOHPRW�� UHJXODFLMDWD� QD� QDSRQLWH� H
]DGDaD�QD�51��5HJXODFLRQRWR�GHMVWYR�QD�51�H�RGUCXYDZH�QD�QDSRQVNLRW�SURILO�SR
GROCLQDWD� QD� 61� L]YRG�� YR� WHVQL� JUDQLFL�� 9R� SRYH`HWR� SUDNWLaQL� VOXaDL
UDERWQLRW�QDSRQ��Vop��YR�VHNRM�SRWUR^XYDaNL�MD]RO� i��Vi(t)��PRCH�GD�ELGH�UHJXOLUDQ
WDND��YR�ELOR�NRH�YUHPH�t��GD�ELGH�]DGRYROHQ�VOHGQLRY�XVORY�

( )V t V V V Vi op op= ≤ ≤, min max (1)

3RGHVXYDZHWR�QD�UDERWQLRW�QDSRQ�NDM�SRWUR^XYDaLWH�QD�UD]OLaQL�YUHGQRVWL
PRCH�GD�LJUD�XORJD�QD�UDNRYRGHZH�VR�RSWRYDUXYDZDWD��3UL�WRD��WUHED�GD�VH�LPD�YR
SUHGYLG�]DYLVQRVWD�QD�RSWRYDUXYDZHWR�RG�QDSRQRW��7DND��DNR�FHOWD�QD�UHJXODFLMDWD
H�PLQLPL]DFLMD� QD� SRWUR^XYDaNDWD�� UDERWQLRW�QDSRQ�NDM� SRWUR^XYDaLWH� WUHED� GD
ELGH� ^WR� SRQL]RN�� WHVQR� SULEOLCXYDM`L� VH� NRQ� YUHGQRVWD� Vmin�� 'RGHND�� SDN�
PLQLPL]DFLMDWD�QD�]DJXELWH�EDUD�SRLQDNYR�SRGHVXYDZH�QD�UDERWQLRW�QDSRQ��,PHQR�
]DYLVQRVWD� QD� ]DJXELWH�RG� QDSRQRW� H� WDNYD�^WR� ]DJXELWH�PRCDW� GD� VH�PHQXYDDW� YR
LVWD�� LOL� YR� VSURWLYQD�� QDVRND� RG� SURPHQDWD� QD� QDSRQRW�� =DJXELWH� NRL� VH
SULGUXCHQL� QD� NRPSRQHQWDWD� RG� RSWRYDUXYDZHWR�� NRMD� VH� QDUHNXYD� “NRQVWDQWQD
LPSHGDQVD” �� ]DYLVDW� SUDYRSURSRUFLRQDOQR� RG� QDSRQRW�� ]DJXELWH� SULGUXCHQL� QD
NRPSRQHQWDWD� “NRQVWDQWQD� PR`QRVW” �� REUDWQRSURSRUFLRQDOQR�� D� ]DJXELWH� SULGUX�
CHQL� QD� NRPSRQHQWDWD� “NRQVWDQWQD� VWUXMD” �� YRRS^WR� QH� ]DYLVDW� RG� QDSRQRW�
=DNOXaRNRW� RG� RYDD� NYDOLWDWLYQD� DQDOL]D� H� GHND� ]D� VHNRM� GLVWULEXWLYHQ� VLVWHP
SRVWRL�RGUHGHQD�WRaND�GR�NRMD�]JROHPXYDZHWR�QD�QDSRQRW�UH]XOWLUD�VR�QDPDOXYDZH
QD� ]DJXELWH�� 2YDD� WRaND� JR� RGUHGXYD� UDERWQLRW� QDSRQ�� NRM� ^WR� H� FHO� QD� 51
UHJXODFLMDWD�

2GUCXYDZHWR� QD� QDSRQLWH� QD� VNRUR� NRQVWDQWQD� YUHGQRVW�� YR� RNROLQDWD� QD
]DGDGHQDWD� YUHGQRVW� Vop�� SUHWVWDYXYD� XVORY� ]D� UD]GYRMXYDZH� QD� SUREOHPLWH� QD
UHJXODFLMDWD� QD� QDSRQRW� L� UHJXODFLMDWD� QD� UHDNWLYQLWH� PR`QRVWL�� 9R� XVORYL� QD
UHJXOLUDQL� QDSRQL�� UHJXODFLMDWD� QD� UHDNWLYQLWH� PR`QRVWL� PRCH� GD� VH� UD]JOHGXYD
RGYRHQR�� 2YDD� UHJXODFLMD� VH� SRVWDYXYD� NDNR� ]DGDaD� QD� LQVWDOLUDQLWH� 3.%�
2SWLPDOQRWR� YNOXaXYDZH�LVNOXaXYDZH� QD� 3.%� REH]EHGXYD� XSUDYXYDZH� VR
UHDNWLYQLWH�PR`QRVWL��NRL�VH�NRQWUROLUDQL�YR�SRYH`H�WRaNL�RG�L]YRGRW��3UL�WRD�
FHOWD�QD�RSWLPL]DFLMDWD��YR�VHNRH�YUHPH�t��H�VOHGQDYD�

( )MINIMUM P tloss (2)

NDGH��Ploss(t)�H�YUHPHQVNDWD�IXQNFLMD�QD�]DJXELWH�QD�DNWLYQD�PR`QRVW�YR�L]YRGRW�
%ORN� GLMDJUDPRW� QD� LQWHJULUDQLRW� Volt/Var� UHJXODWRU�� ED]LUDQ� QD� UD]GYRH�

QRWR�SUHWVWDYXYDZH�QD�SUREOHPRW��H�SULNDCDQ�QD�VOLNDWD���

���� 51�UHJXODWRU

5D]YLHQL�VH�GYH�51�NRQWUROQL�^HPL��NRL�RGJRYDUDDW�QD�QDYHGHQLWH�PRGHOL�QD
UDVSRORCLYRVW�QD�SRGDWRFLWH�YR�UHDOQR�YUHPH��>HPDWD�SULNDCDQD�QD�VOLNDWD���VH
SULPHQXYD� NRJD� SRVWRMDW� PHUHZD� QD� QDSRQLWH� YR� L]EUDQL� SRWUR^XYDaNL� ORNDFLL�
�'6�PRGHO�����>HPDWD�SULNDCDQD�QD�VOLNDWD����VRRGYHWVWYXYD�QD�PRGHORW�YR�NRM�QH
SRVWRMDW� YDNYL� PHUHZD�� �'6� PRGHO� ���� 1D� VOLNLWH�� VR� &5� H� R]QDaHQ� FHQWUDOQLRW
Volt/Var�UHJXODWRU��D�VR�/5��ORNDOQLWH�UHJXODFLRQL�XUHGL�VR�L]YHVQD�LQWHOLJHQFLMD�



6OLND �� %ORN GLMDJUDP QD LQWHJULUDQLRW Volt/Var UHJXODWRU
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Vend2
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Vend
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6OLND �� 51 UHJXODWRU ]D '6 PRGHORW �

3.% 5(*8/$725

( )MINIMUM P tloss

YR VHNRH YUHPH t

VR RJOHG QD� 67$78627� 9./8a(1�,6./8a(1� 1$ 3.%
SRG RJUDQLaXYDZD� %52-27 1$ 23(5$&,,7( 1$ ('1$3.%

92 7(.27 1$ '(127≤�

51 5(*8/$725

NAP ONI T E NA P OT RO[ UVA^ I T E VO OKOL I NA

Z ADADE NAT A VRE DNOS T
YR VHNRH YUHPH t

VR RJOHG QD� 32=,&,-$7$ 1$ 27&(3,7( 1$ 5(*8/$72527

SRG RJUDQLaXYDZD �Vmin ≤ V(t) ≤ Vmax

5(*8/,5$1, 1$321, Vop( )1(5(*8/,5$1, 1$321,
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6OLND �� 51 UHJXODWRU ]D '6 PRGHORW �

���� 3.%�UHJXODWRU

=D�RSWLPDOQD�NRPSHQ]DFLMD�QD�UHDNWLYQLWH�PR`QRVWL��SR�SDW�QD�YNOXaXYDZH�
LVNOXaXYDZH� QD� 3.%�� SUL� ^WR� WUHED� PDNVLPDOQR� GD� VH� QDPDODW� ]DJXELWH� QD
HQHUJLMD��LVSUREDQL�VH�WUL�NRQWUROQL�^HPL�

3UYDWD� ^HPD�� 3.%5��� QH� EDUD� NRPXQLNDFLMD� SRPH_X� FHQWUDOQLRW� Volt/Var
UHJXODWRU���&5��L�ORNDOQLWH�UHJXODWRUL���/5���QD�SRHGLQLWH�3.%��ELGHM`L�RGOXNDWD
]D�YNOXaXYDZH��LVNOXaXYDZH�QD�3.%�VH�GRQHVXYD�RG�VWUDQD�QD�ORNDOQLRW�UHJXODWRU�
2YDD�^HPD�H�QDUHaHQD�“ORNDOQD�NRQWUROD” �L�WDD�H�SULNDCDQD�QD�VOLNDWD����9R�QHD
FHQWUDOQLRW� UHJXODWRU� MD� YU^L� IXQNFLMDWD�� VDPR�� QD� NRQWUROD� QD� IL]LaNRWR
GHMVWYXYDZH�QD�SRHGLQLWH�3.%��VOHGHM`L�JL�SURPHQLWH�QD�UHDNWLYQDWD�PR`QRVW�QD
SULPDUQDWD�VWUDQD�RG�WUDQVIRUPDWRUVNDWD�VWDQLFD�91�61�
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RN

m
L R

L R

i zvod
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6OLND �� 3.% UHJXODWRU QDUHaHQ “ORNDOQD NRQWUROD” � �3.%5��

9WRUDWD�^HPD��3.%5��� VH� QDUHNXYD� “FHQWUDOQD� NRQWUROD� QD� PR`QRVWD”. 9R
RYDD�^HPD�� VLWH�SUHVPHWNL��NDNR�L� GRQHVXYDZHWR�QD� RGOXNL�� VH� YU^L�RG� VWUDQD�QD
FHQWUDOQLRW� UHJXODWRU�� D� QD� RVQRYD� QD� PHUHZDWD� QD� UHDNWLYQDWD� PR`QRVW� QD
SULPDUQDWD� VWUDQD� RG� WUDQVIRUPDWRUVNDWD� VWDQLFD� 91�61�� 3RQDWDPX�
NRQWUROQLRW� VLJQDO�� �'$�1(��� VH� LVSUD`D� GR� ORNDOQLWH� UHJXODWRUL��2YDD�^HPD� H
SULNDCDQD�QD�VOLNDWD���
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6OLND �� 3.% UHJXODWRU QDUHaHQ “FHQWUDOQD NRQWUROD QD PR`QRVWD” � �3.%5��

8SUDYXYDaNDWD� SURFHGXUD� QD� WUHWDWD� ^HPD�� 3.%5��� NRMD� VH� QDUHNXYD
“ORNDOQD�NRQWUROD�QD�PR`QRVWD” �� VH� L]YU^XYD� L� QD� FHQWUDOQR� L� QD� ORNDOQR� QLYR�
7DD�H�SULNDCDQD�QD�VOLNDWD����=D�RVWYDUXYDZH�QD�RYDD�^HPD�SRWUHEQD�H�GYRQDVRaQD
NRPXQLNDFLVND�YUHVND�SRPH_X�FHQWUDOQLRW�UHJXODWRU�L�ORNDOQLWH�UHJXODWRUL�

m i zvod

RN

m
L R

L R

kW
kVars

CR

 (1) / (2)

da / ne

QbrQsub

6OLND �� 3.% UHJXODWRU QDUHaHQ “ORNDOQD NRQWUROD QD PR`QRVWD” � �3.%5��

�� 7(67,5$:$�,�5(=8/7$7,

)XQNFLRQDOQRVWD�QD�UD]YLHQLWH�UHJXODFLRQL�^HPL�H�LVSLWXYDQD�VR�SRPR^�QD
VLPXODWRU� QD� UDERWDWD� QD� GLVWULEXWLYQD�PUHCD�� UD]YLHQ� SUHWKRGQR� QD�EPRC�� SUL
NCSU�� =D� ]DGDGHQL� SURPHQL� QD� RSWRYDUXYDZDWD� QD� SRWUR^XYDaLWH�� �WUDQVIRUPD�
WRUVNLWH�VWDQLFL�61�11���YR�WHNRW�QD����aDVD��VLPXODWRURW�JR�HPXOLUD�GHMVWYRWR�QD
UHJXODWRURW� L� QD� UHJXODFLRQLWH� XUHGL�� SUL� WRD�� RGUHGXYDM`L� JR� VWUXMQLRW� L
QDSRQVNLRW�SURILO�YR�PUHCDWD�

.DNR�WHVW�SULPHUL�VH�NRULVWHQL�PUHCLWH�IEEE 34�L�IEEE 123��RG�OLWHUDWXUDWD
[9]�� =D� SRWUHELWH� QD� VLPXODFLLWH�� WLH� VH� OHVQR� PRGLILFLUDQL�� WDND� GD� VH
IRUPXOLUDQL�VOHGQLYH�WHVW�VOXaDL�



• 0���IEEE�WHVW�VLVWHP��VR����MD]OL
��RSWRYDUXYDZD�RG�WLSRW�“NRQVWDQWQD�VWUXMD” �
����3.%�SUL�75�91�61����3.%�SR�GROCLQDWD�QD�61�L]YRGLWH�
��QDMJROHP�SDG�QD�QDSRQRW�YR�QHUHJXOLUDQDWD�PUHCD�0,14�pu�

• 0���IEEE�WHVW�VLVWHP��VR����MD]OL�L�L]PHQHWL�RSWRYDUXYDZD
��RSWRYDUXYDZD�RG�WLSRW���D��“NRQVWDQWQD�VWUXMD” �

�E��“NRQVWDQWQD�PR`QRVW” �
����3.%�SUL�75�91�61����3.%�SR�GROCLQDWD�QD�61�L]YRGLWH�
��QDMJROHP�SDG�QD�QDSRQRW�YR�QHUHJXOLUDQDWD�PUHCD�0,065�pu�

• 0���IEEE�WHVW�VLVWHP��VR�����MD]OL
��RSWRYDUXYDZD��NRPELQDFLMD�RG�VLWH�WUL�WLSRYL�
����3.%�SR�GROCLQDWD�QD�61�L]YRGLWH�
��QDMJROHP�SDG�QD�QDSRQRW�YR�QHUHJXOLUDQDWD�PUHCD�0,095�pu�

7HCLQDWD�QD�]DGDaDWD��SRVWDYHQD�SUHG�UHJXODWRULWH��PRCH�GD�VH�QDVHWL��DNR�VH
]QDH�GHND�GR]YROHQLRW�SDG�QD�QDSRQ�YR�PUHCLWH�L]QHVXYD^H�RNROX�0,065�pu��,PHQR�
QDMYLVRNLRW� GR]YROHQ� QDSRQ� YR� PUHCDWD� EH^H� 1,05�pu, (Vmax=1,05 pu)�� D� QDMQLVNLRW
0,985� pu, (Vmin=0,985 pu)�� 6SRUHG� WRD�� UHJXODFLMDWD� QD� WHVW�PUHCLWH� 0�� L� � 0�
SUHWVWDYXYD�YLVWLQVNL�SUHGL]YLN��3RNUDM�RGUCXYDZHWR�QD�QDSRQRW�YR�GR]YROHQLWH
JUDQLFL�� FHO� QD� UHJXODFLMDWD� EH^H� L� PLQLPL]DFLMDWD� QD� ]DJXELWH� QD� HQHUJLMD� YR
WHNRW�QD�UD]JOHGXYDQLRW�SHULRG�

1DYHGHQLWH�FHOL�VH�RELGXYDYPH�GD�JL�SRVWLJQHPH�VR�SRPR^�QD�VOHGQLYH�^HPL�

• .RQYHQFLRQDOQD�UHJXODFLMD��[10]
��515�]D�QDSRQRW�QD�75�91�61�
��ORNDOQD�UHJXODFLMD�QD�3.%�SUL�75�91�61��YR�RGQRV�QD�UHDNWLYQDWD�
���PR`QRVW�
��ORNDOQD�UHJXODFLMD�QD�3.%�SR�GROCLQDWD�QD�61�L]YRGLWH��YR�RGQRV�
���QD�QDSRQRW�

• 3.%�UHJXODFLMD
��3.%5��
��3.%5��
��3.%5��

• ,QWHJULUDQD�Volt/Var �UHJXODFLMD
��515�3.%5��
��515�3.%5��
��515�3.%5��

5H]XOWDWLWH�RG�EURMQLWH�L]YHGHQL�VLPXODFLL�VH� VXPLUDQL�YR�WDEHOLWH� I�L� II �
7DEHODWD� I� JL� VRGUCL� ]DJXELWH� QD� HQHUJLMD�� L]UD]HQL� YR� kWh�� NRL� VH� MDYXYDDW� YR
SRHGLQLWH� WHVW�PUHCL� NDNR� UH]XOWDW� QD� GHMVWYXYDZHWR� QD� UD]OLaQLWH� LVSUREDQL
^HPL�QD�UHJXODFLMD��0H_XWRD��]D�GD�VH�SURFHQL�XVSH^QRVWD�QD�SRHGLQLWH�UHJXODFLL�
UH]XOWDWLWH�RG�WDEHODWD�I�PRUDDW�GD�VH�UD]JOHGXYDDW�YR�NRPELQDFLMD�VR�UH]XOWDWLWH
L]QHVHQL�YR�WDEHODWD� II ��2YLH�UH]XOWDWL� VH�RGQHVXYDDW�QD�QDMQLVNLWH�YUHGQRVWL�QD
QDSRQLWH� YR� RGQRVQLWH� PUHCL�� L]UD]HQL� YR� pu�� 3RGDWRN� NRM� ^WR� MD� GRSROQXYD
WDEHODWD� II �H�GHND�QDMYLVRNDWD�GR]YROHQD�YUHGQRVW�QD�QDSRQRW�QH�H�QDGPLQDWD�QLWX
YR�HGQD�RG�VLPXODFLLWH�



7DEHOD I� =DJXEL QD HQHUJLMD YR WHVW�PUHCLWH� NRL UH]XOWLUDDW RG UD]OLaQLWH UHJXODFLRQL GHMVWYD

7HVW

PUHCD

1HUHJXO�

PUHCD

.RQYHQF�

UHJXODF�

3.% UHJXODFLMD

3.%5� 3.%5� 3.%5�

,QWHJULUDQD Volt/Var UHJXODFLMD

515�3.%5� 515�3.%5�

515�3.%5�

0� ����� ����� ����� ����� ����� ����� ����� �����

0�D ����� ����� ����� ����� ����� ����� ����� �����

0�E ����� ����� ����� ����� ����� ����� ����� �����

0� ����� ����� ����� ����� ����� ����� ����� �����

7DEHOD II � 1DMQLVNL YUHGQRVWL QD QDSRQRW YR WHVW�PUHCLWH� NRL UH]XOWLUDDW RG UD]OLaQLWH
UHJXODFLRQL GHMVWYD

7HVW

PUHCD

1HUHJXO�

PUHCD

.RQYHQF�

UHJXODF�

3.% UHJXODFLMD

3.%5� 3.%5� 3.%5�

,QWHJULUDQD Volt/Var UHJXODFLMD

515�3.%5� 515�3.%5�

515�3.%5�

0� 0,834 0,9156 0,8684 0,8676 0,8684 0,9358 0,9313 0,9409

0�D 0,9041 0,9788 0,9284 0,9350 0,9284 0,9901 0,9867 0,9901

0�E 0,9041 0,9776 0,9283 0,9350 0,9283 0,9894 0,9846 0,9898

0� 0,8976 0,9618 0,9071 0,9013 0,9071 0,9722 0,9621 0,9808

�� =$./8A2.

9R� WUXGRY� H� RSL^DQR� UD]YLYDZHWR� QD� HGHQ� LQWHJULUDQ�Volt/Var� UHJXODWRU�
QDPHQHW�]D�SULPHQD�YR�UDPNLWH�QD�GHFHQWUDOL]LUDQ�VLVWHP�]D�DYWRPDWVND�NRQWUROD
L�XSUDYXYDZH�VR�GLVWULEXWLYQLWH� VLVWHPL��6R�UHJXODFLMDWD�SUHGYLGHQR�H� GD�ELGDW
RSIDWHQL� HGQD� WUDQVIRUPDWRUVND� VWDQLFD� 91�61� L� SULSDGQLWH� 61� L]YRGL�
)XQNFLRQLUDZHWR�QD�UHJXODWRURW�VH�]DVQLYD�QD�RGQDSUHG�XWYUGHQL�SUDYLOD�

9R�WHNRW�QD�UDERWDWD�UD]YLHQL�VH�SRYH`H�UHJXODFLRQL�^HPL�]D�SRVWLJQXYDZH
QD�FHOWD��NRMD�VH�VRVWRL�YR�RGUCXYDZH�QD�QDSRQRW�YR�]DGDGHQLWH�JUDQLFL�L�PLQLPL�
]DFLMD� QD� ]DJXELWH� QD� HQHUJLMD� YR�61� GLVWULEXWLYQL� PUHCL��)XQNFLRQDOQRVWD� QD
SRHGLQLWH�^HPL�H�LVSLWDQD�SR�SDW�QD�VLPXODFLMD�QD�GHMVWYDWD�QD�UHJXODWRULWH�YU]
QHNRONX�WHVW�PUHCL��5H]XOWDWLWH� RG� VLPXODFLLWH� SRNDCXYDDW� GHND� LQWHJULUDQLRW
Volt/Var�UHJXODWRU��LOL�SRSUHFL]QR��UHJXODFLRQDWD�^HPD�515�3.%5���H�DSVROXWQR
QDMXVSH^QD�YR�SRVWLJQXYDZH�QD�SRVWDYHQDWD�FHO�

5H]XOWDWRW� RG� LVSLWXYDZDWD� QH� H� QHRaHNXYDQ�� NRJD� VH� LPD� YR� SUHGYLG� GHND
UHJXODFLRQDWD�^HPD�515�3.%5��VRGUCL�QDMJROHPL�EDUDZD�YR�SRJOHG�QD�RSUHPLWH
]D�NRPXQLNDFLL�L�PHUHZD��1R��YORCXYDZHWR�YR�RSUHPDWD��SRNUDM�SRVWLJQXYDZHWR�QD
RVQRYQDWD�FHO��GRQHVXYD�L�QHNRL�GRGDWQL�NRULVWL��NDNR�^WR�VH�

• 5DNRYRGHZH� VR� RSWRYDUXYDZDWD� �� PRCQRVW� ]D� PHQXYDZH� QD� FHOWD� QD
UHJXODFLMDWD�� �QDPDOXYDZH� QD� SRWUR^XYDaNDWD�� LOL�� QDPDOXYDZH� QD
]DJXELWH���VR�SURPHQD�QD�QHNRL�SDUDPHWUL��RG�FHQWUDOQLRW�NRPSMXWHU�

• .YDOLWHW� QD� LVSRUDaDQDWD� HOHNWULaQD� HQHUJLMD� �� RGUCXYDZH� QD� UDPHQ
QDSRQVNL�SURILO�SR�FHODWD�GROCLQD�QD�L]YRGRW�



• 1DPDOXYDZH� QD� RSHUDWLYQLWH� WUR^RFL� �� GDOHaLQVNR� GLMDJQRVWLaNR
WHVWLUDZH�QD�LVSUDYQRVWD�QD�3.%�

• 2GODJDZH�QD�WUR^RFLWH�]D�RGUCXYDZH���NRRUGLQDFLMD�QD�UDERWDWD�QD�51�L
3.%�L�RGEHJQXYDZH�QD�QHSRWUHEQLWH�SUHYNOXaXYDZD�
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9R� UHIHUDWRW� H� QDSUDYHQ� RVYUW� QD� GRVHJD^QLRW� SRYH`HJRGL^HQ� UD]YRM� QD
HOHNWURGLVWULEXWLYQLWH�REMHNWL�YR�6NRSVNRWR�NRQ]XPQR�SRGUDaMH��5D]YRMRW�YR�RVQRYD
VH�ED]LUD�QD�NRQFHSFLLWH�XWYUGHQL�VR�VWXGLMDWD�m�,GHHQ�3URHNW�m�]D�UD]YRM�]D�SHULRG
����������L�6WXGLMDWD�]D�UD]YRM�]D�SHULRG�RG�����������
5HDOQLWH� RVWYDUXYDZD� YR� RGQRV� QD� SURJQR]LUDQLWH� SRWUHEL� RG� HQHUJLMD� L
SURJQR]LUDQDWD� PR`QRVW� VH� ]QDaLWHOQR� SRQLVNL�� 7DND� YR� ����� J�� RSWRYDUXYDZDWD� VH
RNROX������RG�SURJQR]LUDQLWH�
'RVHJD^QDWD� L]JUDGEDWD� QD� REMHNWLWH� SRD_D^H� RG� XWYUGHQLWH� UHDOQL� SRWUHEL� QD
SRWUR^XYDaLWH�L�GRLVNRULVWXYDZH�QD�SRVWRHaNLWH�REMHNWL�
6R� RJOHG� GHND� YUHPHWR� ]D� NRH� VH� L]UDERWHQL� VWXGLLWH� YH`H� LVWHNXYD�� VH� QDPHWQXYD
SRWUHEDWD� RG� L]JRWYXYDZH� QD� QRYL� SURJQR]L� NRL� ^WR� `H� REH]EHGDW� YNOXaXYDZH� QD
SRVWRHaNLWH� VR� QRYLWH� REMHNWL�� D� VHNDNR� L� QRYL� SRVRYUHPHQL� UH^HQLMD� YRYHGXYDMNL
YNXSQD�PRGHUQL]DFLMD�QD�HOHNWURGLVWULEXWLYQLRW�VLVWHP�

CONTENTS

In this work we have made a rewiew of the accomplished development of the
elektrodistributive objects in the consumers area of Skopje. The Development is based on
the concepts established with the study “ Future Project “ for development which is made
for the period between 1973-2000 and the study for the development from 1985-2000. The
real accomplishments in relation to the prognosed needs of energy and the prognosed



power are considerably lower. For example 1995 the overlowdings are abot 56% from the
prognoses. The recent building of objects was performed according to the established and
realistic needs of the consumers and the maximal using of the available objects. Taking
into consideration the facts that the period that was covered by the studies is coming to it’s
end, there is a need to make new forecast which will enable connection between the
present and the new objects. It will also give some new contemporary solutions and an
introduction of complete modernisation of the elektrodistributive system.

NOXaQL�]ERURYL��VWXGLMD��SURJQR]D��SRWUR^XYDaND��PR`QRVW��HQHUJLMD
key words : study, forecast, consumption, power, energy,
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1D� SRWUR^XYDaLWH� RG� VNRSVNRWR� NRQ]XPQR� SRGUDaMH� PLQDWDWD� JRGLQD� H� LVSRUDaDQR
���������� MWh� HOHNWULaQD� HQHUJLMD� RGQRVQR� RNROX� ���� RG� YNXSQDWD
HOHNWURGLVWULEXWLYQD� SRWUR^XYDaND� YR� ]HPMDYD�� .DNR� JODYHQ� JUDG� QD� GUCDYDWD� VH
QDPHWQXYDDW�L�SRVHEQL�REYUVNL�]D�UHGRYQR�L�NYDOLWHWQR�VQDEGXYDZH�QD�SRWUR^XYDaLWH
VR�HOHNWULaQD�HQHUJLMD�

352*12=$�,�2679$589$:$

3RYH`HJRGL^QLRW� UD]YRM� QD� HOHNWURGLVWULEXWLYQLWH� REMHNWL� ]D� RVQRYQR
VQDEGXYDZH�QD�VNRSVNRWR�NRQ]XPQR�SRGUDaMH�SRD_D^H�RG�]DGRYROXYDZH�QD�SRWUHELWH�QD
SRWUR^XYDaLWH�� D� YU]�6WXGLVNLWH� NRQFHSFLL� XWYUGHQL� VR�,GHMQLRW�3URHNW� ]D� UD]YRM
L]UDERWHQ�YR�ID]L�VR�ED]QL�SRND]DWHOL�RG������JRG��L�SURJQR]D�GR������JRGLQD�NDNR�L
6WXGLMDWD�]D�UD]YRM�QD�YLVRNRQDSRQVNDWD�PUHCD�]D�SHULRG�����������JRGLQD��0RCHPH�GD
NRQVWDWLUDPH� GHND� SUHGYLGHQRWR� YUHPH� VR� VWXGLMDWD� L� LGHMQRWR� UH^HQLH� YH`H
L]PLQXYD���RGQRVQR�SURHNWRW�H�QDGPLQDW�

.DNR� JODYQL� VWXGLVNL� NRQFHSFLL� SULPHQXYDQL� YR� SUDNVDWD� VH� �� GLUHNWQDWD
WUDQVIRUPDFLMD� RG� ������� kV�� GRLVNRULVWXYDZH� QD� SRVWRHaNLWH� REMHNWL�� HNRQRPLaHQ
L]ERU� QD� PR`QRVWLWH� QD� HQHUJHWVNLWH� WUDQVIRUPDWRUL�� NRQFHSFLVNR� UH^HQLH� ]D
SRVWURMNLWH� ]D� RVQRYQR� VQDEGXYDZH�� L]ERU� L� SUHVHN� QD� HQHUJHWVNLWH� NDEOL�� L]ERU� L
QDJRGXYDZH�QD�]D^WLWDWD�L�L]ERU�QD�RVWDQDWLWH�HOHPHQWL�RG�HQHUJHWVNDWD�PUHCD�

=DUDGL� VLJXUQRVW� YR� QDSRMXYDZHWR� QD� SRWUR^XYDaLWH� YR� VWXGLLWH� VH
UD]JOHGXYDQL� VOXaDL� QD� WDNDQDUHaHQ� m� VDPRVWRHQ� SRJRQ� m� QD� QDSRMQLWH� WRaNL� NRJD
LQVWDOLUDQDWD�PR`QRVW���VR�PRCHQ�SUHWRYDU���LPD�UH]HUYD�GD�JL�VQDEGL�SRWUR^XYDaLWH�
D�SUL�LVNOXaHQD�HGQD�HGLQLFD�L�WDNDQDUHaHQ�mQHVDPRVWRHQ�SRJRQn�NRJD�WUDIRVWDQLFDWD
PRUD�GD�VH�UDVWHUHWL�SUHNX����kV�HOHNWULaQD�PUHCD�YR�VOXaDM�QD�LVSD_DZH�QD�HGHQ�RG
WUDQVIRUPDWRULWH��n-���SULQFLS�

3R]QDWR�H�GHND�]D�GHILQLUDZH�QD�LGQLRW�UD]YRM�QD�HOHNWULaQDWD�PUHCD�QXCQR�H
SRWUHEQR�GD�VH�RSUHGHOL�SRWUHEQDWD�HOHNWULaQD�PR`QRVW�L�HQHUJLMD��3UL�SURJQR]DWD
VH� NRULVWHQL� SRGDWRFL� ]D� RVWYDUXYDZDWD� YR� L]PLQDWLRW� SHULRG�� SURJQR]D� SR
PHWRGRORJLL� SR]QDWL� YR� OLWHUDWXUDWD�� VSRUHGXYDZD� VR� SURJQR]L� YR� GUXJL� NRQ]XPQL
SRGUDaMD� YR� VWUDQVWYR�� XUEDQLVWLaNLWH� SODQRYL�� RFHQL� ]D� GRKRGRW� QD� QDVHOHQLHWR�
YRYHGXYDZH� QD� GUXJL� DOWHUQDWLYQL� L]YRUL� L� GUXJR�� .DUDNWHULVWLaQR� ]D� UD]YRMRW� QD



SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�QD�6NRSMH�SRVOH�RVORERGXYDZHWR�H�JRGL^QLRW
SRUDVW� RG� QDG� ��� ��� D� YR� SUYLWH� JRGLQL� SRVOH� ]HPMRWUHVRW� L� SRYH`H� RG� ��� ��� ^WR
SUHGL]YLNDOR� L]JUDGED� QD� EU]L� VDQDFLRQL� UH^HQLMD� EH]� VRRGYHWQL� WHKQRHNRQRPVNL
DQDOL]L�
1HNRONX�JRGLQL�SUHG�ED]QDWD������J��NRQ]XPRW�VH�VPLUXYD�QD�RNROX�����JRGL^HQ�SRUDVW
QD�HOHNWULaQD�HQHUJLMD�L�����SRUDVW�QD�PR`QRVWD� ��9R�GDOHaQDWD�ED]QD������JRGLQD�H
RVWYDUHQD�SRWUR^XYDaND�RG���������MWh�L�YUYQR�RSWRYDUXYDZH�RG�����MW�
,� SUL� L]HPDZH� QD� HNVWUHPQLWH� VNRNRYL� QD� SRUDVW� QD� SRWUR^XYDaNDWD� VHSDN� L� ]D
WULHVHW�JRGL^QLRW�SHULRG�SUHG�ED]QDWD������J��VH�GRELYD�SURVHaHQ�JRGL^HQ�SRUDVW�RG
QDG� ���� ^WR� YR� GLQDPLaHQ� VWRSDQVNL� L� HNRQRPVNL� UD]YRM� QH� PRCH� OHVQR� GD� VH
]DQHPDUL��6R�SULPHQD�QD�PHWRGRORJLMDWD�]D�SURJQR]D�H�GRELHQ�HGHQ�SURVHaHQ�JRGL^HQ
SRUDVW� RG� RNROX� ��� ��� RGQRVQR� YR� SHVLPLVWLaNDWD� YDULMDQWD� SRWUR^XYDaNDWD� QD
HOHNWULaQD�HQHUJLMD�YR������JRGLQD�GD�L]QHVXYD������ MWh��L�PR`QRVW�����MW��6SUHPD
LGHMQRWR�UH^HQLH�YR������JRGLQD�H�SURJQR]LUDQ�NRQ]XP�RG�������MWh��L�YUYQD�PR`QRVW
RG� ����MW, VR� XSRWUHEQR� YUHPH 5.500h. �YR� YDUMDQWLWH� LPD� L� ]QDaLWHOQR� SRJROHPL
YUHGQRVWL���=DJXELWH�QD�HOHNWULaQDWD�PR`QRVW�VH�SURJQR]LUDQL�QD�����

.DNR�LQIRUPDFLMD�GD�L]QHVDP�GHND�SURHNWDQWLWH�VH�RGOXaLOH�]D�WDNYD�SURJQR]D
ELGHMNL� GRWRJD^QLRW� SURVHaHQ� SRUDVW� YR� ^HHVHWLWH� JRGLQL� SR� ]HPML� L]QHVXYDO� �
*HUPDQLMD��������)UDQFLMD��������6RYHWVNL�6RMX]���������%XJDULMD���������3ROVND����
���5RPDQLMD��������L�-XJRVODYLMD��������
5H]XOWDWLWH� RG� SURJQR]LWH� VH� VSRUHGXYDQL� VR� SURJQR]LWH� ]D� UD]YRM� QD
HOHNWURGLVWULEXWLYQLWH� NRQ]XPL� QD� 6DUDMHYR� L� %HOJUDG� L� RFHQHWL� NDNR� UHDOQL�� 'D
VSRPHQHPH�GHND�VSRUHG�LGHMQLWH�SURJQR]L�]D�%HOJUDG�H�SURJQR]LUDQR�����kW�SR�CLWHO�
]D�6DUDMHYR���kW�SR�CLWHO�L�]D�6NRSMH�����kW�SR�CLWHO�

6R�LGHMQRWR� UH^HQLH� VH� SURJQR]LUD� GHND� YR� SODQLUDQLRW� SHULRG� `H� VH� ]DGUCL
LVWRWR�SURFHQWXDOQR�XaHVWYR�QD�NDWHJRULLWH�QD�SRWUR^XYDaND�L�WRD���LQGXVWULMD������
GRPD`LQVWYD�������MDYQR�RVYHWOHQLH����L�RVWDQDWR������

.DNR�^WR�UHNRYPH�RVQRYQD�NRQFHSFLMD�QD�SURHNWRW�H�GLUHNWQD�WUDQVIRUPDFLMD
�������kV��SUL�^WR�VH�SUHGYLGHQL�GYH�RVQRYQL�L]YHGEL�QD�WUDQVIRUPDWRUVNLWH�VWDQLFL
L� WRD� �� NDNR� NODVLaHQ� WLS� �� YR]GX^QR� L]ROLUDQ� ]D� QDGYRUH^QD� PRQWDCD� �� L� PHWDOQR
RNORSHQL� VR�SF6�L]RODFLMD� ]D� YQDWUH^QD�PRQWDCD��,]ERURW�QD� YLGRW�QD� SRVWURMNDWD
]DYLVL� SUHG� VH� RG� SURVWRUQLWH� PRCQRVWL� VSRUHGHQL� VR� HNRQRPVNL� ILQDQVLVNLWH
SUHVPHWNL� L� XUEDQLVWLaNLWH� XVORYL�� 3UL� HNRQRPVNR� ILQDQVLVNLWH� SUHVPHWNL
SUHGYLGHQR�H�CLYRWQLRW�YHN�QD�WUDQVIRUPDWRUVNDWD�VWDQLFD�GD�L]QHVXYD����JRG�

9R� GRVHJD^QLRW� UD]YRM� SF6� L]ROLUDQL� �� PHWDOQR� RNORSHQL� SRVWURMNL� QH� VH
L]JUDGHQL�� %U]LRW� SRUDVW� QD� NRQ]XPRW� L� JXVWLQDWD� QD� SRWUR^XYDaLWH� VSRUHG� QRYLWH
XUEDQLVWLaNL�SODQRYL��QHPDZHWR�QD�VORERGHQ�SURVWRU�L�SRWUHEDWD�QDSRMQDWD�WRaND�GD
ELGH�YR�FHQDWURW�QD�NRQ]XPRW�SRVHEQR�YR�FHQWUDOQRWR�JUDGVNR�SRGUDaMH�MD�QDPHWQXYDDW
SRWUHEDWD�]D�JUDGED�QD�YDNYL�QDSRMQL�WRaNL�
�=D�]DGRYROXYDZH�QD�SURJQR]LUDQLWH�PR`QRVWL�QD�NRQ]XPRW�DQDOL]LUDQL�VH�YDULMDQWL
VHNRMD�WUDQVIRUPDWRVND�VWDQLFD�GD�LPD�LQVWDOLUDQR���HGLQLFL�RG����MWA��SUL�^WR�YR
NUDMQD�HWDSD�EL�WUHEDOR�GD�VH�L]JUDGDW����WUDIRVWDQLFD� �������kV��3UL�YDUMDQWD�RG��
WUDIR� HGLQLFL� RG� ��� MVA� YR� NUDMQD� HWDSD� WUHED� GD� VH� L]JUDGDW� ��� WUDIR� HGLQLFL�
3RVOH� UD]JOHGXYDZH� QD� SRYH`H� YDUMDQWL� VR� UD]OLaQD� HGLQHaQD� PR`QRVW� QD
WUDQVIRUPDWRULWH� SURHNWRW� VH� RSUHGHOXYD� YR� NUDMQD� ID]D� GD� UHDOL]LUD� ��� WUDIR



VWDQLFL� RG� NRL� �� VR� WUL� WUDQVIRUPDWRUL� RG� ��� MVA�� L� �� WUDIR� VWDQLFL� VR� �
WUDQVIRUPDWRUL�RG����MVA.�3UL�RYDD�YDUMDQWD�LQYHVWLFLRQLWH�YORCXYDZD�VH�QDMQLVNL�

6HSDN� UHDOL]DFLMDWD� QD� SURHNWRW� QH� VH� RGYLYD� VSRUHG� SUHGYLGXYDZDWD� WXNX
VRJODVQR� VR� UHDOQLWH� WHNRYL� SUL� ^WR� VLWH� SRWUHEL� QD� SRWUR^XYDaLWH� EHD� FHORVQR
]DGRYROHQL��3URHNWRW�VR�GROJRURaQD�SURJQR]D�PRCH�GD�VH�RaHNXYD�GHND�YR�NUDMQD�ID]D
WUJQXYD� RG� VNHSWLaQL� SUHWSRVWDYNL� SD� QHPD� GD� JL� ]DGRYROL� SRWUHELWH� QD
SRWUR^XYDaLWH�LOL�`H�ELGH�SRRSWLPLVWLaNL�D�GD�REYU]XYD�]D�GRQHVXYDZH�QD�RGOXNL�]D
JODYQL�SURHNWL�L�L]YHGED�GD�VH�LPDDW�YR�SUHGYLG�UHDOQLWH�VRVWRMEL�

5HDOQDWD�RVWYDUHQD�VRVWRMED�YR������JRGLQD�L]QHVXYD��
�YNXSQD� SRWUR^HQD� NROLaLQD� QD� HOHNWULaQD� HQHUJLMD� ]D� VNRSVNRWR� GLVWULEXWLYQR
SRGUDaMH������ MWh
�HGQRYUHPHQD�YUYQD�PR`QRVW�RG�����MW�

9R� ����� JRGLQD� YR� SRJRQ� VH� �� WUDQVIRUPDWRUVNL� VWDQLFL� VR� WUDQVIRUPDFLMD
���������� kV�� �� WUDQVIRUPDWRUVNL� VWDQLFL� VR� SUHQRVHQ� RGQRV� ������� kV� L� ��� 76� VR
SUHQRVHQ�RGQRV�������kV��9NXSQDWD� LQVWDOLUDQD�PR`QRVW� YR� 76� ���������� kV�L]QHVXYD
������ MVA� GRGHND� YR� 76� ������ kV� LPD� LQVWDOLUDQD� PR`QRVW� RG� ���� MVA�� 9R
WUDQVIRUPDWRUVNLWH� VWDQLFL� ������� kV� LPDPH� LQVWDOLUDQR� ����MVA��1HNRL� RG� RYLH
WUDIRVWDQLFL� VH� ]QDaLWHOQR� RSWHUHWHQL� NDNR� QD� SULPHU� WUDIRVWDQLFDWD� m� 9DVLO
*ODYLQRY�m�YR�YUHPHWR�QD�PDNVLPDOH�WRYDU�H�RSWRYDUHQD�VR��������SRWRD�m�?��3HWURYn�L
m�.R]OH�m�VR������

.DUDNWHULVWLaHQ�SRND]DWHO�H�YUHPHWUDHZHWR�QD�PDNVLPDOQRWR�RSWRYDUXYDZH�YR
GHQRW�NRJD�ELOD�PDNVLPDOQDWD�SRWUR^XYDaND�NRH�L]QHVXYDOR�FHOL����aDVD�

'RLVNRULVWXYDZHWR� QD� VWDULWH� WUDQVIRUPDWRUL� QHNRL� WURQDPRWDMQL�� L
QXCQRVWD�RG�]DGRYROXYDZH�QD�YRQJUDGVNLRW�NRQ]XP�VR����kV�WUDIRVWDQLFL�PRCH�GD�VH
VRJOHGD� QL]� IDNWRURW� QD� QLYQRWR� LVNRULVWXYDZH� SUL� PDNVLPDOHQ� WRYDU�� 7DND
m�&HQWUDOQD�m�H�RSWRYDUHQD�VR�RNROX�������m�8VMH�m�VR�������m�,QGXVWULVND�m�VR������
m�.LVHOD�9RGD�m�VR�������m�0D[DUL�m�VR��������,OLQGHQ�VR��������m�'UDaHYR���m�VR������
m�3HWURYHF�m� VR��������m�.RQGRYR�m� VR� �������SUL�^WR�WUHED�GD� VH�QDSRPHQH�GHND�NDM
QHNRL� RG� RYLH� REMHNWL� YH`H� VH� SUHY]HPHQL� PHUNL� ]D� ]JROHPXYDZH� QD� LQVWDOLUDQDWD
PR`QRVW�� *ROHPR� YOLMDQLH� ]D� QHNRL� RG� RYLH� JUDGVNL� WUDQVIRUPDWRUVNL� VWDQLFL� `H
LPDDW� QDSRMQLWH� VWDUL� NDEORYVNL� YUVNL�� 6LWH� GRVHJD� SUHY]HPHQL� PHUNL� SRVHEQR� YR
SRVOHGQR�YUHPH��REH]EHGLMD�SRWUR^XYDaLWH�GD�ELGDW�]DGRYROQL�YR�VQDEGXYDZHWR�VR�HO�
HQHUJLMD�

1D� RQLH� PLNURORNDOLWHWL� NDGH� WUDIRVWDQLFLWH� ������ kV� VH� VR� JROHPL
LQVWDOLUDQL� PR`QRVWL� VSRUHG� SURHNWRW� L� QD^LWH� GHQH^QL� VR]QDQLMD� VR]UHDQL� VH
XVORYLWH�]D�GRQHVXYDZH�QD�����kV�QDSRQ�

2G�SODQLUDQLWH�VR�SURHNWRW�PDNURORNDFLL�]D�WUDIRVWDQLFL��������kV�GRVHJD�QH
VH�UHDOL]LUDQL�VOHGQLWH�NRQ]XPQL�UHRQL���m�&HQWUDOQD�m��VR�HYHQWXDOQR�SUR^LUXYDZH
QD� PLNURORNDFLMDWD� ��� m,QGXVWULVND� II� L� III m �� DNR� XaHVWYRWR� QD� GRPD`LQVWYDWD� YR
SRWUR^XYDaNDWD� H� RNROX� ��� �� L� WHQGHQFLMDWD� GD� VH� JUDGDW� PDOL� IDEULNL� L� SRJRQL
RGDOHaHQL�RG�LQGXVWULVNDWD�]RQD���QXCQD�H�DQDOL]D����m=DMaHY�5LGn� ��6RJODVQR�QRYLWH
LGHL�YR�XUEDQLVWLaNLRW�SODQ�NRM�VH�L]JRWYXYD�����m�7RSDDQVNR�3ROH�m�L�m�0D[DUL�m�

3UL�LGQLWH�SURJQR]L�QD�NRQ]XPRW�WUHED�GH�VH�LPD�SUHGYLG�L�6WXGLMDWD�]D�UD]YRM
QD�HQHUJHWLNDWD�YR�0DNHGRQLMD�GR������J��^WR�MD�L]UDERWL�0DNHGRQVNDWD�$NDGHPLMD�QD
1DXNLWH�



=$./8A2.��
1D� NUDM� GD� ]DNOXaDP� GHND� YH`H� QHPDPH� ,GHHQ� SURHNW� ]D� UD]YRM� QD

HOHNWURGLVWULEXWLYQDWD� PUHCD� QD� 6NRSMH�� 9R� L]JRWYXYDZH� H� QRYLRW� XUEDQLVWLaNL
SODQ� SRUDGL� ^WR� H� SRMDYHQD� SRWUHED� RG� L]JRWYXYDZH� QD� SURHNWL� ]D� LGQLRW
HOHNWURGLVWULEXWLYHQ� UD]YRM� NRM� `H� SULGRQHVH� ]D� RSWLPDOQR� XVRJODVXYDZH� QD
SRVWRMQLWH� L� LGQLWH� PUHCL�� 5HDOL]DFLMDWD� VHNDNR� `H� SURL]OH]H� L� RG� NRQNUHWQLWH
VRJOHGXYDZD� NRL� VH� GLNWLUDQL� RG� VHNRMGQHYQLRW� CLYRW�� $NR� VH� LPD� SUHGYLG� GHND� ]D
L]JRWYXYDZH�QD� VWXGLMD� LOL�LGHHQ�SURHNW� H� SRWUHEQR� YUHPH� RG� QDMPDONX� HGQD� JRGLQD�
WRD� ]QDaL� GHND� WUHED� GD� SODQLUDPH� UDERWLWH� GD� JL� ]DSRaQHPH� VHJD�� 1RYLWH� VWXGLL
VHNDNR�WUHED�GD�SUHGYLGDW�QRYL�VRYUHPHQL�UH^HQLMD��PRGHUQL]LUDZH�L�DYWRPDWL]DFLMD
QD�SURFHVRW�QD�GLVWULEXFLMD�QD�HOHNWULaQDWD�HQHUJLMD�

.RULVWHQD�OLWHUDWXUD��
�,GHMQR� UH^HQLH� QD� HOHNWULaQDWD� PUHCD� QD� JUDG� 6NRSMH� �� � ,QVWLWXW� ]D
(OHNWURSULYUHGD�=DJUHE������J�
�6WXGLMD�]D�UD]YRM�QD�HOHNWULaQDWD�PUHCD�QD�6NRSMH�p�(OHNWURPDNHGRQLMD������J�
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