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m(OHNWUROL]QD�VWDQLFD�YR�7(�%LWROD�DYWRQRPQR�SURL]YRGVWYR�QD�YRGRURGn
RG�DYWRULWH��-RYDQ�-DQNRY��1LNROaH�-RYDQRYVNL�L�'LPaH�&XFXORYVNL�p�5(.�%LWROD

9R�WUXGRW�H�GDGHQ�RSLV�QD�SRVWURHZHWR�L�RSUHPDWD�]D�SURL]YRGVWYR�QD�YRGRURG�SR
SVWDSND�³HOHNWUROL]D´�NRM�VH�XSRWUHEXYD�]D�ODGHZH�QD�JHQHUDWRULWH�YR�7(&�%LWROD�
SULQFLSRW�QD�UDERWD�QD�SRVWURMNDWD�L�SUDYLODWD�]D�WHKQLaND�HNVSORDWDFLMD�

3UD^DZD�]D�GLVNXVLMD�

�� .DNYL�VH�PRCQRVWLWH�]D�NRULVWHZH�QD�NLVORURGRW�NDNR�WHKQLaNL�JDV
�� .DNRY� H� VWHSHQRW� QD� SRaLWXYDZH� QD� WHKQLaNR�WHKQROR^NDWD� GLVFLSOLQD� RG

EH]EHGQRVHQ�DVSHNW�

5�������

��0RCQDWD� SURGXNWLELOQRVW� QD� KLGURHOHNWUDQLWH� NDNR� NULWHULXP� ]D� UDFLRQDOQR
NRULVWHZH�QD�DNXPXODFLLWH�
RG�DYWRURW�P�U�'UDJDQ�0LKDMORYVNL��(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD���6NRSMH�

9R� WUXGRW� �0RCQDWD� SURGXNWLELOQRVW� QD� KLGURHOHNWUDQLWH� NDNR� NULWHULXP
]D�UDFLRQDOQR�NRULVWHZH�QD�DNXPXODFLLWH��H�SULNDCDQD�PHWRGD�]D�VRJOHGXYDZH�QD
XVORYLWH� ]D� UDERWD� QD� DNXPXODFLRQLWH� KLGURHOHNWULaQL� FHQWUDOL� L� QLYQR
SRHILNDVQR� NRULVWHZH� YR� HOHNWURHQHUJHWVNLRW� VLVWHP�� 0HWRGDWD� ED]LUD� YU]
RSUHGHOXYDZH� QD� SRYH`H� VWDWLVWLaNL� SRND]DWHOL� ]D� GRWHFLWH�� NDNR� ^WR� VH�
DULWPHWLaND� VUHGLQD�� VWDQGDUGQD� GHYLMDFLMD��PDWHPDWLaND�QDGHC�� JXVWLQD� QD� YHUR�
MDWQRVW�L�GU��6R�SRPR^�QD�QDYHGHQLWH�VWDWLVWLaNL�SRND]DWHOL��DYWRURW�RSUHGHOXYD
SURGXNWLELOQRVW� QD� KLGURHOHNWULaQLWH� FHQWUDOL�� RGGHOQR� L� YNXSQR�� 6R
SR]QDYDZHWR�QD�SURGXNWLELOQRVWD�QD�GDGHQD�KLGURHOHNWULaQD�FHQWUDOD�]D�VHNRH�RG
PRCQLWH� QLYRL� QD� QHM]LQDWD� DNXPXODFLMD�� PRCQR� H� GD� VH� SURFHQL� JROHPLQDWD� QD
RaHNXYDQLWH� SURL]YRGQL� HIHNWL�� D� VR� WRD� GD� VH� GRQHVXYDDW� L� VRRGYHWQL� RGOXNL� ]D
QDaLQRW� QD� SROQHZH� L� SUD]QHZH� QD� VRRGYHWQLWH� DNXPXODFLL�� 9NXSQDWD� SURGXNWL�
ELOQRVW� QD� KLGURHOHNWULaQDWD� FHQWUDOD� DYWRURW� MD� SUHVPHWXYD� NDNR� ]ELU� QD
SURL]YRGL�RG�YHURMDWQRVWLWH�QD�SRMDYD�QD�RGGHOQL�SURGXNWLELOQRVWL��^WR�VHNDNR�H
YR� UHG�� 1H� H� MDVQR�� PH_XWRD�� NDNR� DYWRURW� JL� SUHVPHWXYD� RGGHOQLWH
SURGXNWLELOQRVWL�� ,VWR� WDND�� QH� H� MDVQR� GDOL� SUL� SUHVPHWXYDZHWR� QD



SURGXNWLELOQRVWLWH� VH� ]HPDDW�SUHGYLG�YOLMDWHOQL�IDNWRUL��NDNR�^WR� VH�� REOLNRW
QD� DNXPXODFLRQLWH� ED]HQL�� NDUDNWHULVWLNLWH� QD� GRYRGLWH� L� RGYRGLWH�
NDUDNWHULVWLNLWH�QD�KLGURWXUELQLWH�

3UD^DZD�]D�GLVNXVLMD�

��� 'DOL� NULWHULXPRW� ]D� NRM� VWDQXYD� ]ERU� YR� RYRM� WUXG� LPD� SUHGQRVWL� YR� RGQRV� QD
RVWDQDWLWH� NULWHULXPL� ]D� YUHGQXYDZH� QD� UDERWDWD� QD� DNXPXODFLRQLWH
KLGURHOHNWULaQL�FHQWUDOL�L�NRL�VH�WLH�SUHGQRVWL"

5������

m6SRUHGXYDZH�QD�WUR^RFLWH�]D�HOHNWULaQD�L�WRSOLQVND�HQHUJLMDn
RG�DYWRURW�7ROHYVNL�0LKDMOR��2+,6���(QHUJHWLND��6NRSMH

9R�WUXGRW�VH�YU^L�VSRUHGED�SRPH_X�WUR^RFLWH�]D�HOHNWULaQD�L�WRSOLQVND�HQHUJLMD�
3ULWRD��VRVHPD�H�MDVQR�GHND�YR�VSRUHGEDWD�QD�WUR^RFLWH�QD�GYDWD�UHCLPD���L]UD]�����
PRCDW�GD�VH�VOXaDW�VLWH�VRVWRMEL�]DYLVQR�RG�FHQLWH�QD�RGGHOQLWH�HQHUJHQWL�

3UD^DZD�]D�GLVNXVLMD�

�� 2G� WHNVWRW� QHPRCH� GD� VH� ]DNOXaL� NDNR� H� RGUHGHQD� YUHGQRVWD� QD�&HHJ�� RGQRVQR
NDNR� H� L]EUDQ� IDNWRURW� . ��� 6H� UD]ELUD� GHND� VLWH� UDYHQVWYD�QHUDYHQVWYD� ]D
VSRUHGED� QD� WUR^RFLWH� QD� GYDWD� UHCLPD�� NRL� VOHGDW� SRQDWDPX� YR� WHNVWRW�� VH
ED]LUDDW�QD�WDD�FHQD��RGQRVQR�QD�IDNWRURW�.�

�� 3RQDWDPX��]D�GD�PRCH�GD�VH�L]YHGH�UHDOQD�FHQD�]D�&HHJ��GDOL�EL�VH�GRELOD�UHDOQD
VSRUHGED� YR� NRONX� VH� YNOXaDW� DNWXDOL]LUDQLWH� WUR^RFL� ]D�� NXSXYDZH� QD
RSUHPDWD��DPRUWL]DFLMD��RGUCXYDZH�L�W�Q�

5������

m%LODQV�QD�DNWLYQL�PR`QRVWL�YR�76���������kV �%LWROD�p��SUL�XVORYL�QD�QDPDOHQL
PRCQRVWL�]D�PHUHZHn
RG�DYWRURW�-RYDQ�-DQNRY��GLSO��LQC��(60�5(.�m%LWRODn�p�%LWROD

7UXGRW� GDYD� DQDOL]D� QD� DNWLYQLWH� PR`QRVWL� YR� 76� �������� kV %LWROD��� ]D� ����
JRGLQD�NDNR�L]YHGHQL�JROHPLQL��SUL�UDVSRODJDZH�VR�SRGDWRFL�]D�DNWLYQDWD�HQHUJLMD
RG� EURLODWD� L� YUHPHWR� ]D� UDERWD�� 'RELHQLWH� SRGDWRFL� VH� SULEOLCQL�� QR� VHSDN
GRYROQL�]D�RGUHGHQR�VRJOHGXYDZH�QD�PR`QRVWD�NRJD� VH�QHPD�PHUQL�LQVWUXPHQWL� ]D
PR`QRVW�� 2YDD� DQDOL]D� PRCH� GD� ELGH� SULPHQHWD� L� QD� GUXJL� REMHNWL� YR� (60�
1HGRVWDWRN� QD� YDNYDWD� DQDOL]D� H� ^WR� GDYD� RGUHGHQL� VRJOHGXYDZD� QD� L]PLQDWL
GHMVWYLMD��D�QH�VHJD^QL�VR�NRL�EL�PRCHOR�L�RSHUDWLYQR�GD�VH�GHOXYD�

3UD^DZD�]D�GLVNXVLMD�

�� .RMD�H�SUDNWLaQDWD�SULPHQD�QD�RYDD�DQDOL]D�]D�YRGHZH�QD�REMHNWRW�76���������kV
%LWROD�p��



�� .RONDYD� H� WRaQRVWD� QD� GRELHQLWH� SRGDWRFL]D� PR`QRVW� YR� VSRUHGED� VR
YLVWLQVNLWH�PR`QRVWL�NRL� VH�PHUDW� VR� VRVHGQLWH�REMHNWL� �76�L�7(&�� VR� NRL� H
SRYU]DQD�RYDD�76�

5������

��5DVSUHGHOED� QD� UDERWQLWH� PR`QRVWL� QD� DNXPXODFLRQLWH� KLGURHOHNWUDQL� YR
GQHYQLRW�GLMDJUDP�QD�RSWRYDUXYDZH�

$YWRU��0�U�'UDJDQ�0LKDMORYVNL��GLSO�LQC���(OHNURVWRSDQVWYR�QD�5��0DNHGRQLMD

7UXGRW� �5DVSUHGHOED� QD� UDERWQLWH� PR`QRVWL� QD� DNXPXODFLRQLWH
KLGURHOHNWUDQL� YR� GQHYQLRW� GLMDJUDP� QD� RSWRYDUXYDZH�� ED]LUD� YU]� SUHWSRVWDYND
GHND�WHUPRHOHNWULaQLWH�FHQWUDOL�WUHED�GD�UDERWDW� YR� W�Q�� �EDQG��� W�H�� ED]LUD� YU]
SUHWSRVWDYNDWD�GHND�SURVWRU�]D�RSWLPL]DFLMD�SRVWRL�VDPR�NDM�KLGUR�HOHNWULaQLWH
FHQWUDOL�� 0H_XWRD�� WUHED� GD� VH� QDSRPHQH� GHND� GHQHVND�� NRJD� VWDQXYD� ]ERU� ]D
RSUHGHOXYDZH�RSWLPDOHQ�UHCLP�QD�UDERWD�QD�HOHNWURHQHUJHWVNL�VLVWHP��HGLQVWYHQ
SUL]QDW�NULWHULXP�]D�RSWLPL]DFLMD�YR�VYHWRW�H�NULWHULXPRW�]D�PLQLPDOQL�WUR^R�
FL��9R� RYRM� VOXaDM� RVWDQXYD� GD� VH� PLQLPL]LUD� YNXSQDWD� SRWUR^XYDaND� QD� YRGD� NDM
KLGURHOHNWULaQLWH� FHQWUDOL� ]D� GD� VH� ]DGRYROL� RGUHGHQ� GHO� RG� GLMDJUDPRW� QD
RSWRYDUXYDZH�QD�HOHNWURHQHUJHWVNLRW�VLVWHP��=D�WDD�FHO��IRUPLUDQD�H�/DJUDQCRYD
IXQNFLMD� L� YRYHGHQL� /DJUDQCRYL� PXOWLSOLNDWRUL� �� ]D� VHNRH� RJUDQLaXYDZH� YR
IRUPD� QD� UDYHQVWYD� SR� HGHQ�PXOWLSOLNDWRU��2JUDQLaXYDZDWD� YR�IRUPD� QD� UDYHQ�
VWYD�VH�VYU]DQL�VR�ELODQVLWH�QD�HQHUJLMD�NDM�VHNRMD�KLGUR�HOHNWULaQD�FHQWUDOD�L�]D
ELODQVLWH�QD�PR`QRVW�YR�VHNRM�YUHPHQVNL�LQWHUYDO��NRQ]XPRW�H�GLVNUHWL]LUDQ�VR���
YUHPHQVNL�LQWHUYDOL�YR�NRL�NRQ]XPRW�VH�VPHWD�]D�NRQVWDQWHQ���3RWRD��SRVWDYHQL�VH
XVORYLWH�]D�HNVWUHP��D�GRELHQLRW�VLVWHP�QD�UDYHQNL�H�UH^HQ�QD�RULJLQDOHQ�QDaLQ�
5H^HQLHWR� H� GRELHQR� YR� DQDOLWLaNL� REOLN�� D� H� WHVWLUDQR� QD� SULPHURW� QD
KLGURHOHNWULaQLWH� FHQWUDOL� YR� 5HSXEOLND� 0DNHGRQLMD�� 5H]XOWDWLWH� RG
SUHVPHWNLWH�VH�SULNDCDQL�WDEHODUQR��D�YRHGQR�L�JUDILaNL�

2G�DQDOL]DWD�QD�SULNDCDQLRW�PRGHO�QD�RSWLPL]DFLMD�QD�YRGLWH�NDM�KLGURHOHN�
WULaQLWH�FHQWUDOL�PRCH�GD�VH� ]DNOXaL�GHND�WRM�QH� JL� YNOXaXYD� JRUQLWH�L� GROQLWH
JUDQLFL� QD� SURPHQOLYLWH� YR� IXQNFLMDWD� QD� /DJUDQC�� W�H�� QH� YRGL� VPHWND� ]D
PDNVLPDOQLWH�L�PLQLPDOQLWH�PR`QRVWL�QD�KLGURHOHNWULaQLWH�FHQWUDOL��,PHQR��QH
H�MDVQR�^WR�VH�VOXaXYD�NRJD�WLH�`H�L]OH]DW�RG�GR]YROHQLWH��]D�QLY��JUDQLFL�

3ULNDCDQLRW�PRGHO��LVWR�WDND��QH�RYR]PRCXYD�RSUHGHOXYDZH�QD�/DJUDQCRYLWH
PXOWLSOLNDWRUL�λh �L�µt �

$NR�VH�LPD�SUHGYLG�GHND�RSWLPL]DFLMDWD�QD�UDERWDWD�QD�HOHNWURHQHUJHWVNLRW
VLVWHP�H�NRQWLQXLUDQ�SURFHV��RG�HGQD�VWUDQD��NDNR�L�WRD�^WR�DYWRURW� JL� XVORYXYD
KLGURHOHNWULaQLWH� FHQWUDOL� VHNRM� GHQ� GD� SURL]YHGDW� WRaQR� RGUHGHQR� NROLaHVWYR
HQHUJLMD��W�H��GD�SRWUR^DW�WRaQR�RGUHGHQR�NROLaHVWYR�YRGD��RG�GUXJD�VWUDQD��WRJD^
JOHGDQR�QD�SRGROJ�YUHPHQVNL�SHULRG�QH�PRCH�GD�VH�RaHNXYD�QHNRM�SRJROHP�HIHNW�RG
YDNYDWD� RSLPL]DFLMDWD�� ELGHM`L� DYWRURW� QDPHVWR� GD� L� GR]YROL� VORERGD� QD� KLGUR�
HOHNWULaQLWH� FHQWUDOL� YR� WUR^HZHWR� QD� UDVSRORCOLYDWD� YRGD� ]D� HGHQ� SRGROJ
YUHPHQVNL�SHULRG� �QD�SULPHU�HGQD�QHGHOD�L� VO���� WRM� LVWDWD� MD� RJUDQLaXYD� ]D� VHNRM
GHQ�SRVHEQR��3ULWRD��SUD^DZH�H�NRONX�GREUR�PRCH�GD�VH�SUHGHOL�NRMD�RG�KLGURHOHN�
WULaQLWH�FHQWUDOL�SR�NRONX�YRGD�WUHED�GD�WUR^L�GQHYQR"�=DWRD��SRGREUR�EL�ELOR
RJUDQLaXYDZDWD�RG�WLSRW�
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3UD^DZD�]D�GLVNXVLMD�

�� 'DOL� QD� DYWRURW� PX� H� SR]QDW� HOHNWURHQHUJHWVNL� VLVWHP� YR� NRM
RSWLPL]DFLMDWD�QD�UDERWDWD� VH�UHDOL]LUD� VSRUHG�QDaLQRW�QD� NRM� WRM� WRD� JR
SUDYL�YR�WUXGRW�

�� 'DOL�YR�L]ORCHQLRW�PRGHO�PRCDW�GD�VH�YQHVDW�RJUDQLaXYDZDWD�YR�IRUPD�QD
QHUDYHQVWYD� EH]� SRJROHPL� ]DIDWL� L� QD� NRM� QDaLQ�� >WR� `H� VWDQH� WRJD^� VR
DQDOLWLaNLRW�NDUDNWHU�QD�UH^HQLHWR�

�� .DNYL� SURPHQL� WUHED� GD� SUHWUSL� SULNDCDQLRW� PRGHO� DNR� YR� QHJR
RJUDQLaXYDZDWD�RG�WLSRW�����WUHED�GD�VH�]DPHQDW�VR�RJUDQLaXYDZD�RG�WLSRW
����

�� .RONX�L]QHVXYD�]D^WHGDWD�QD�YRGD�YR�UD]JOHGXYDQLRW�SULPHU��YR�WUXGRW��YR
RGQRV� QD� VOXaDMRW� NRJD� QH� EL� SRVWRHOD� RSWLPL]DFLMD�� WXNX� WUR^HZHWR� QD
YRGDWD�EL�ELOR�VSRUHG�SURL]YROHQ�UHCLP�

5������

n9OLMDQLH� QD� REOLNRW� QD� HQHUJHWVNLWH� NDUDNWHULVWLNL� QD� HOHNWULaQLWH� FHQWUDOL
YU]�RSWLPDOQDWD�UDVSUHGHOED�QD�DNWLYQLWH�PR`QRVWL�YR�((6ll
RG�DYWRULWH�G�U�$UVHQ�$UVHQRY��(OHNWURWHKQLaNL�IDNXOWHW���6NRSMH�L�P�U�%ODJRMD
6WHYDQRYVNL��7HKQLaNL�IDNXOWHW��%LWROD

9R�WUXGRW�VH�DQDOL]LUD�YOLMDQLHWR�QD�REOLNRW�QD�HQHUJHWVNLWH�NDUDNWHULVWLNL�QD
HOHNWULaQLWH� FHQWUDOL� YU]� RSWLPDOQDWD� UDVSUHGHOED� QD� DNWLYQLWH� PR`QRVWL� YR
((6�� 3UL� L]QDR_DZHWR� QD� UH^HQLHWR� VH� NRULVWL� PHWRGDWD� QD� GLQDPLaNR
SURJUDPLUDZH��9R�WUXGRW�H�DQDOL]LUDQ�NRQNUHWHQ�QXPHULaNL�SULPHU�VR�SRPR^�QD
NRM�VH�LOXVWULUD�VSRPHQDWRWR�YOLMDQLH��6H�XNDCXYD�NDNR�QD�SRVWRHZH�QD�]QDaLWHOQL
UD]OLNL� YR� GRELHQRWR� UH^HQLH� YR� ]DYLVQRVW� RG� WRD� NDNR� VH� DSURNVLPLUDDW
HQHUJHWVNLWH� NDUDNWHULVWLNL� QD� FHQWUDOLWH�� WDND� L� QD� PRCQRVWD�� YR� RGUHGHQL
VOXaDL��GD�VH�L]JXEDW�HIHNWLWH�RG�RSWLPL]DFLMDWD�

3UD^DZD�]D�GLVNXVLMD�

�� 'DOL�YOLMDQLHWR�QD�QDaLQRW�QD�DSURNVLPLUDZH�QD�HQHUJHWVNLWH�NDUDNWHULVWLNL
H� WRONX� JROHPR� ^WR� RGGHOQL� SRVWRMQL� PHWRGL� ]D� RSWLPDOQD� UDVSUHGHOED� QD
DNWLYQL�PR`QRVWL�PRCDW�GD�MD�]DJXEDW�VYRMDWD�SULPHQOLYRVW�



�� .DNR� YOLMDH� GLVNRQWLQXLUDQLRW� NDUDNWHU� QD� HQHUJHWVNLWH� NDUDNWHULVWLNL� YU]
GRELYDZHWR�QD�RSWLPDOQRWR�UH^HQLH�

5������

m2SWLPDOQL�WRNRYL�QD�UHDNWLYQD�PR`QRVWn
RG�DYWRULWH�9ODVWLPLU�*ODPRaDQLQ��(7)���6NRSMH��'UDJDQ�$QGRQRY��(7)���6NRSMH�
%LOMDQD�6WRMNRYVND��VWXGHQW�L�'LPLWDU�7UDMDQRY��VWXGHQW

.DNR� HGQD� RG� RVQRYQLWH� FHOL� QD� XSUDYXYDZHWR� QD� HOHNWURHQHUJHWVNLWH� VLVWHPL� H
RSWLPDOHQ�UHCLP�QD�UDERWD��RGQRVQR�WUR^RFLWH�QD�VLVWHPRW�GD�ELGDW�PLQLPDOQL�
9R�WUXGRW�NDNR�IXQNFLMD�QD�FHOWD�NRMD�VH�PLQLPL]LUD�VH�]HPHQL��YNXSQLWH�]DJXEL�QD
VLVWHPRW�� FHQDWD� QD� aLQHZHWR� QD� LQYHVWLFLLWH� YR� QRYL� L]YRUL� QD� UHDNWLYQD
PR`QRVW�� RSHUDWLYQLWH� WUR^RFL� YR� L]YRULWH� QD� UHDNWLYQD� PR`QRVW� L� YR
JHQHUDWRULWH�]D�GRGDWQR�DQJDCLUDZH�VR�UHDNWLYQD�PR`QRVW�
.DNR� L]OH]QL� UH]XOWDWL� VH� GRELYD�� SRNUDM� WRNRYLWH� QD� PR`QRVW� SR� YRGRYLWH� L
QDSRQRW� QD� VRELUQLFLWH�� DQJDCLUDZHWR� QD� JHQHUDWRULWH� L� L]YRULWH� QD� UHDNWLYQD
PR`QRVW�L�SRORCEDWD�QD�UHJXODWRURW�QD�UHJXODFLRQLWH�VNORSNL�

3UD^DZD�]D�GLVNXVLMD�

�� .RL� VH� SUHGQRVWLWH� QD� RYRM� SURJUDPVNL� SDNHW� VR� NRULVWHZH� QD� YH^WDaND
LQWHOLJHQFLMD�YR�RGQRV�QD�NODVLaHQ�SURJUDPVNL�SDNHW�]D�RYDNYL�RSWLPL]DFLRQL
IXQNFLL

�� .DNYD�H�SULPHQOLYRVWD�QD�RYRM�SURJUDPVNL�SDNHW�YR�GRPHQRW�QD� VLPXODFLMD� QD
VRVWRMELWH�QD�VLVWHPRW�SUL�UD]OLaQL�SURPHQL�QD�NRQILJXUDFLMDWD�QD�PUHCDWD�]D
RVWYDUXYDZH�QD�IXQNFLMDWD�QD�WUHQLQJ�QD�GLVSHaHUL�

5�������

m6WDWLVWLaND� SUH]HQWDFLMD� QD� NYDOLWHWRW� QD� UDERWHZHWR� QD� WHUPRFHQWUDOLWH
VSRUHG�QRUPLWH�QD�81,3('(n
RG�DYWRURW�'X^DQ�,ORVNL��5(.�%LWROD�p�%LWROD

9R� WUXGRW� VH� VLVWHPDWL]LUDQL� L� GHILQLUDQL� VWDWLVWLaNLWH� SRGDWRFL� NRL� VH
RGQHVXYDDW� QD� UDVSRORCLYRVW�� QHUDVSRORCLYRVW� L� YNXSQLWH� SHUIRUPDQVL� QD
UDERWHZHWR� QD� WHUPRFHQWUDOLWH�� ,]QHVHQDWD� VWDWLVWLaND� WHUPLQRORJLMD
RYR]PRCXYD� SURFHQD� QD� NYDOLWHWRW� QD� XVSH^QRWR� UDERWHZH�� D� QD� WDD� RVQRYD� L
PH_XVHEQR� VSRUHGXYDZH� L� SRGREUXYDZH� QD� UDERWHZHWR� QD� WHUPRFHQWUDOLWH� RG
RGGHOQLWH�((6�aOHQNL�QD�81,3('(

5�������

m9OLMDQLH� QD� XUHGLWH� ]D� NOLPDWL]DFLMD� YU]� SRUDVWRW� QD� SRWUR^XYDaNDWD� QD
HOHNWULaQD� HQHUJLMD� YR� OHWQLWH� PHVHFL� RG� DVSHNW� QD� XSUDYXYDZHWR� VR� ((6� QD� 5�
0DNHGRQLMDn
RG�DYWRULWH�*RUDQ�L�#DQD�ARJHTD��m/LUDn�p�6NRSMH

9R� WUXGRW� H� DQDOL]LUDQD� SRWUR^XYDaNDWD� QD� HOHNWULaQDWD� HQHUJLMD� YR� 5�
0DNHGRQLMD� YR� WUHWDWD� VHGPLFD� RG� PHVHF� MXQL� ]D� SHULRGRW� ���������� JRGLQD�� VR



VRJOHGXYDZH� QD� YOLMDQLHWR� QD� WHPSHUDWXULWH� YR� LVWLRW� SHULRG�� 9U]� RVQRYD� QD
GLMDJUDPRW� QD� NRM� H� SULNDCDQD� WHPSHUDWXUQDWD� SURPHQD� L� SRWUR^XYDaNDWD� QD
HOHNWULaQDWD�HQHUJLMD�YR�WHNRW�QD������JRGLQD��NDNR�L�YU]�RVQRYD�QD�³DQDOL]LWH´�]D
SURGDCEDWD� QD� NOLPDWL]DWRULWH� YR� 5�� 0DNHGRQLMD�� DYWRULWH� L]YHGXYDDW� ]DNOXaRN
GHND� ³JOREDOQLRW� SRUDVW� QD� SRWUR^XYDaND� QD� HOHNWULaQD� HQHUJLMD�� WDND� L� YU]
]JROHPXYDZHWR� QD� GQHYQLWH� YUYQL� RSWRYDUXYDZD� L� ]JROHPHQRWR� DQJDCLUDZH� QD
KLGURHOHNWULaQLWH�FHQWUDOL´�SRNUDM�GUXJRWR��PRCH�GD�VH�REMDVQL�VR�mVH�SRJROHPDWD
SULPHQD�QD�XUHGLWH�]D�NOLPDWL]DFLMDn�

5�����
m$YWRPDWL]DFLMD� L� GDOHaLQVNR� XSUDYXYDZH� QD�0+(&�YR� KLGURVLVWHPRW�6WUHCHYR
%LWRODn

9R� WUXGRW� VH� GDYD� SULND]� QD� L]YU^HQLWH� UDERWL� ]D� RIRUPXYDZH� QD
DYWRPDWL]DFLMDWD� QD� PDOLWH� KLGURFHQWUDOL� YR� VLVWHPRW� 6WUHCHYR�� 3ULNDCDQDWD
NRQFHSFLMD� QD� GDOHaLQVNL� QDG]RU� L� PRCQRVW� ]D� PLNURSURFHVRUVNR� XSUDYXYDZH
RYR]PRCXYD� SULPHQD� QD� VRYUHPHQL� EDUDZD� NRQ� DYWRPDWVNRWR� XSUDYXYDZH� L
NRPSMXWHUVNDWD� DQDOL]D� QD� SRJRQRW� YR� PDOLWH� KLGURFHQWUDOL�� 7UXGRW� PRCH� GD� VH
SUH]HQWLUD�QD�9WRURWR�VRYHWXYDZH�QD�0$.2�6,*5(�
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.RPSDUDWLYQLWH� NDUDNWHULVWLNL� QD� UD]QL� JDVRYL�� NRL� PRCDW� GD� ELGDW
XSRWUHEHQL� ]D� ODGHZH� QD� WXUERJHQHUDWRULWH�� JR� SRVRaXYDDW� YRGRURGRW�� 7RM
REH]EHGXYD� SRGREUR� RGYHGXYDZH� QD� WRSOLQDWD�� VR� PQRJX� SRPDOL� ]DJXEL�� 1D^LWH
JHQHUDWRUL� VH� ODGHQL� VR� YRGRURG��7RD� ]QDaL�� GD� VH� LPD� VRSVWYHQR�SURL]YRGVWYR� YR
(OHNWUROL]QD� VWDQLFD�� 3ULNDCDQ� H� NUDWRN� RSLV� VR� JODYQLWH� GHORYL� L� UDERWD� QD
(OHNWUROL]QDWD�VWDQLFD�YR�7(�%LWROD�

S U M M A R Y

The comparative charakteristics of varions gases that might for cooling AC generators,
show the hydrgen.It provides better heat transfer with much less windage loss. Our generators are
cooled by hidrogen. It is mean to have own producion in “ Water Elektrolyzer Station”. It
presented a short desription with the main parts and work in Water Elektrolyzer Station in Power
Plant Bitola.

.OXaQL�]ERURYL�����(OHNWUROL]QD�VWDQLFD��YRGRURG�WHKQLaNL�SUDYLOD��EH]EHGQRVW�

�� 9�2�9�(�'

(OHNWUROL]QD� VWDQLFD� YR� 7(�%LWROD�� SURL]YHGXYD� YRGRURG� �1��SRWUHEHQ� ]D
ODGHZH�QD�QDPRWNLWH�QD�URWRURW�RG�JHQHUDWRURW��7HKQRORJLMDWD�QD�SURL]YRGVWYR�VH
RGYLYD� SR� SULQFLS� QD� HOHNWUROL]D� QD� YRGD�� �1�2�� YR� SRVWURMNL� QDUHaHQL
HOHNWUROL]HUL�� SUL� ^WR� YRGDWD� VH� UD]ODJD� QD� YRGRURG� �1��� L� NLVORURG�2���
.DSDFLWHWRW� QD� HOHNWUROL]HURW� H� �� K� �� � �P��a�� YRGRURG� L� �� K� �� �P��a�� NLVORURG�
.LVORURGRW�QH�VH�NRULVWL��VH�LVSX^WD�YR�DWPRVYHUDWD��9RGRURGRW�SRG�SULWLVRN�RG
��� �EDUL�� VH� VRELUD� YR� aHWLUL�UH]HUYRDUL�RG� SR� ��� �P���� RG� NDGH�^WR� VR� VLVWHP� QD
FHYRYRGL�L�YHQWLOL�VH�QRVL�GR�JHQHUDWRURW�



9RGRURGRW� YR� NLVORURGRW� �YR� ^LURN� RSVHJ� QD� NRQFHQWUDFLMD� RG� ������� �
YRGRURW� YR� YR]GXKRW�� H� PQRJX� HNVSOR]LYHQ� L� ]DWRD� VHNDNYL� PDQLSXODFLL� L
LQWHUYHQFLL� VR� RSUHPDWD� YR� HOHNWUROL]QD� VWDQLFD� L� LQVWDODFLLWH�� GR� L� RNROX
JHQHUDWRURW�� WUHED� GD� VH� YU^DW� VR� SRVHEQR� YQLPDQLH� L� VSHFLMDOHQ� DODW� ^WR� QH
LVNUL��=DEUDQHWR�H�VHNDNYR�SULEOLCXYDZH�VR�SODPHQ�L�VOLaQR�

3UL� ELOR� NDNYL� SRMDYL� QD� RSDVQRVW� RG� SRCDU�� LOL� SRCDU� YR� EOL]LQD� QD
JHQHUDWRURW��YRGRURGRW�RG�FHYRYRGLWH�L�WHORWR�QD�JHQHUDWRURW�WUHED�PQRJX�EU]R�GD
VH� RWVWUDQL�� 2YDD� RSHUDFLMD� YR� WHUPRHOHNWUDQLWH� VH� YU^L� VR� LVWLVQXYDZH� QD
YRGRURGRW�VR�MDJOHQRURGHQ�GYRRNVLG���62�����JDV�NRM�QH�JRUL�

3RWUHEQLRW� MDJOHQRURGHQ� GYRRNVLG� YR� 7(� %LWROD� VH� REH]EHGXYD� RG
WUJRYLMDWD�� YWHaQHW� YR� ERFL� SRG� YLVRN� SULWLVRN�� 9R� HOHNWUROL]QD� VWDQLFD� LPD
SRVWURMND��SUHNX�NRMD�VH�YU^L�SROQHZH�QD�WUL�UH]HUYRDUL�VR�MDJOHQRURGHQ�GYRRNVLG
SRG�SULWLVRN�RG������EDUL���L�NDSDFLWHW��SR������P����

�� *�/�$�9�1�,��'�(�/�2�9�,��,��3�5�,�1�&�,�3��1�$

����������5�$�%�2�7�$��1$���3�2�6�7�5�2�-�.�$�7�$

��� *ODYQL�GHORYL�QD�HOHNWUROL]QDWD�SRVWURMND

(OHNWUROL]QD�VWDQLFD�YR�7(���%LWROD�VH�QDR_D�YR�SRVHEQD�]JUDGD�

7HKQROR^NDWD�^HPD�QD�HOHNWUROL]QD�VWDQLFD�JL�LPD�VOHGQLWH�JODYQL�VRVWDYQL
GHORYL�

 �� (OHNWUROL]HU� � �� �YR�NRM�VH�YU^L�HOHNWUROL]D�QD�YRGDWD��1�2��QD�QHM]LQLWH�VRVWDYQL
HOHPHQWL���YRGRURG��1���L�NLVORURG��2���

�� 5H]HUYRDU�]D�ED]D��.21������YR�NRM�VH�YU^L�SRGJRWRYND�QD�HOHNWUROLW�

�� $]RWQD� UDPSD� � �� � RG� NRMD� VH� RYR]PRCXYD� SURGXYXYDZH� VR� D]RW�� QD� VLWH
LQVWDODFLL�L�VDGRYL�YR�SRVWURMNDWD�SUL�VWDUWXYDZH�L�]DSLUDZH�QD�LVWDWD�

�� 5D]GHOQL� NRORQNL� �� YR� NRL� VH� YU^L� RGGHOXYDZH� QD� JDVRYLWH� �� 1� L� 2�� �� RG
HOHNWUROLWRW�L�ODGHZH�QD�HOHNWUROLWRW�

�� 3URaLVWXYDaL�QD�JDVRYL���� �YR�NRL�VH�YU^L�L]GYRMXYDZH�QD�DONDOQDWD�PDJOD�RG
JDVRYLWH��1�L�2���L�QLYQRWR�ODGHZH�

�� 5HJXODWRUL�QD�SULWLVRN����YR�NRL�VH�YU^L�SRGGUCXYDZH�QD�HGQDNRY�SULWLVRN�QD
YRGRURGRW� �1��� L� NLVORURGRW� �2��� YR� DSDUDWLWH� QD� HOHNWUROL]QD� SRVWURMND�� EH]
UD]OLND�RG�WRD�SUL�NDNRY�SULWLVRN�VH�NRULVWL�VHNRM�JDV�

�� /DGLOQLFL�]D�JDVRYL����YR�NRL�VH�YU^L�NRQHaQR�UD]ODGXYDZH�QD�YRGRURGRW���1��
L�NLVORURGRW���2����



��� +LGUR]DWYRU���NRM�H�QDPHQHW�]D�LVSX^WDZH�QD�NLVORURGRW���2����YR�DWPRVYHUD�L
VSUHaXYDZH�QD�QDYOHJXYDZH�QD�YR]GXK�YR�VLVWHPRW�QD�HOHNWUROL]QDWD�SRVWURMND�

��� 2JQRSUHJUDGXYDa���NRM�H�QDPHQHW�]D�VSUHaXYDZH�QD�SUHVNRNQXYDZH�QD�SODPHQ�YR
VLVWHPRW�QD�HOHNWUROL]QDWD�SRVWURMND��SUL�SODPQXYDZH�QD�YRGRURGRW���1����QD�L]OH]
RG�LVWLRW�

��� �1DSRMQL�UH]HUYRDUL� �� NRL� VH� QDPHQHWL� ]D� aXYDZH�QD� UH]HUYD�QD� GHPL� YRGD� ]D
QDSRMXYDZH�QD�HOHNWUROL]HULWH�

���� /DGLOQLN�QD�IUHRQ� ��YR�NRM� VH�YU^L�NRQGHQ]DFLMD�L�RGYRMXYDZH�QD�YODJDWD�RG
YRGRURGRW���1����

��� 2GYRMXYDa� QD� YODJD� �� YR� NRM� VH� YU^L� GRSROQLWHOQR� PHKDQLaNR� RGYRMXYDZH� QD
YODJDWD�RG�JDVRYLWH�

���� 5H]HUYRDUL�]D�YRGRURG���1� ����YR�NRL�VH�YU^L�VNODGLUDZH�QD�UH]HUYD�QD�YRGRURG
]D�SRWUHELWH�QD�EORNRYLWH�

���� 3DOHWL�VR�ERFL�VR�YRGRURG���1������YR�NRL�VH�aXYD�UH]HUYD�QD�YRGRURG����1����YR
VOXaDM�QD�SRGROJ�]DVWRM�QD�HOHNWUROL]QDWD�SRVWURMND�

��� ,�RVWDQDWL�SRPR^QL�XUHGL�L�FHYRYRGL�

2.2  (OHNWUR���KHPLVNL�SURFHVL�SUL�HOHNWUROL]DWD�QD�YRGDWD

(OHNWUROL]DWD� H� SURFHV�� QD� SRPLQXYDZH�QD� HOHNWULaQD� VWUXMD� QL]� UDVWYRU� QD
HOHNWUROLW� L� RNVLGDFLRQR� �� UHGXNFLVNL� UHDNFLL�� NRL� SUL� WRD� VH� YU^DW� QD
HOHNWURGLWH��.DWMRQLWH�RGDW�QD�NDWRGDWD��D�DQMRQLWH�QD�DQRGDWD�

9R�QD^LRW�VOXaDM��VWDQXYD�]ERU�]D�HOHNWUROL]D�QD�YRGD��YR�XVORYL�QD�UDVWYRU�RG
NDOLHYD�ED]D���.21���VR�YRGD���121���YR�HOHNWUROL]HU��SRG�GHMVWYR�QD�HGQRQDVRaQD
HOHNWULaQD�VWUXMD��5HDNFLLWH�SUL�HOHNWUROL]DWD�YR�RYRM�VOXaDM�VH�VOHGQL�

QD�NDWRGDWD−
����1

�
2�����H�→�↑��1

�
����21

−
������������������������������������������������[���]

QD�DQRGDWD+�����21−�→�↑2�����1�2����H����������������������������������������������������[���]

9R� PRPHQWRW� QD� SURWHaXYDZH� QD� HOHNWULaQD� VWUXMD� YR� HOHNWUROL]HURW�� �YR
UDVWYRU�L�HOHNWURGLWH��SRVWRL�VOHGQDWD�HOHNWURKHPLVND�VLWXDFLMD�
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3RQDWDPX�SURFHVRW�VH�SRYWRUXYD�

2.3  ����3ULQFLS�QD�UDERWD�QD�HOHNWUROL]QDWD�SRVWURMND

7HKQROR^NLRW� SURFHV� QD� SURL]YRGVWYR� QD� YRGRURG� �� 1��� NLVORURG� �� 2� �
JODYQR�VH�RGYLYD�QD�VOHGQLRW�QDaLQ�

9R� UH]HUYRDURW� ]D� ED]D� VH� YU^L� SRGJRWRYND� QD� HOHNWUROLWRW�� UDVWYRU� QD
NDOLHYD�ED]D���.21���VR�GHPLQHUDOL]LUDQD�YRGD��VH�YU^L�QLYQR�GR]LUDZH�L�PH^DZH
YR� SURSL^DQ� VRRGQRV�� 5H]HUYRDURW� VH� SROQL� SULEOLCQR� HGQD� aHWYUWLQD� VR� GHPL
YRGD��D�SRWRD�SRVWHSHQR�VH�SX^WD�NDOLHYD�ED]D���.21���GR�������NJ��L�VH�PH^D�UDaQR
VR� GUYHQD� ORSDWD�� 3RWRD�� VR� LQVWUXPHQW� �� ERPPHWDU� �� VH� PHUL� JXVWLQDWD� QD
UDVWYRURW��NRMD�WUHED�GD�ELGH�YR�JUDQLFL�RG�������������JU�VP���L�SR�SRWUHED�VH�GRGDYD
GHPL� YRGD� ]D� SRVWLJQXYDZH� QD� VRRGYHWQDWD� JXVWLQD�� 2GNDNR� `H� VH� SRVWLJQH
SURSL^DQDWD� JXVWLQD�� YR� UDVWYRURW� VH� GRGDYD� NDOLXPELKURPDW� �� K26r2O7 �� YR
NROLaLQD�RG����� �NJ� ���1DYHGHQLWH�NROLaLQL� VH�RGQHVXYDDW� ]D� ]DSROQXYDZH�QD�HGHQ
VLVWHP�QD�HOHNWUROL]QDWD�SRVWURMND�



(OHNWUROL]HURW�6(8�� �0�� H� KRUL]RQWDOHQ� DSDUDW�� RG�ILOWHUQR� SUHVXYDaNL
WLS��NRM�UDERWL�SRG�SULWLVRN�RG�����EDUL����6H�VRVWRL�RG�GYH�PRQRSRODUQL�HOHNWURGL
�� DQRGD� L� NDWRGD�� NRL� JL� SUHVWDYXYDDW� NUDMQLWH� SORaL� QD� HOHNWUROL]HURW� L� VH
L]ROLUDQL�RG�]HPMDWD�L����ELSRODUQL�HOHNWURGL�SRVWDYHQL�SRPH_X�NUDMQLWH�SORaL�
RGGHOHQL�HGQL�RG�GUXJL�VR�L]RODFLRQL�]DSWLYNL�L�GLMDIUDJPQL�UDPNL�

3UHG� VWDUWXYDZH�� HOHNWUROL]HURW� WUHED� GD� ELGH� ]DSROQHW� VR� HOHNWUROLW�
=DSROQXYDZHWR� VH� YU^L� VR� UDaQD� SXPSD� RG� UH]HUYRDURW� ]D� ED]D�� VR� SUHGKRGQR
SULSUHPHQD�^HPD�

3UL� PLQXYDZH� QD� HGQRQDVRaQD� VWUXMD� QL]� HOHNWUROL]HURW�� ELSRODUQLWH
HOHNWURGL� JR� L]GYRMXYDDW� QD� HGQD� VWUDQD� YRGRURGRW� �� NDWRGD� ��� D� QD� GUXJD� VWUDQD
NLVORURGRW� �� DQRGD� ���2GGHOHQLWH� JDVRYL� QD� HOHNWURGLWH�� VH� UD]GHOHQL� VR� D]EHVQL
GLMDIUDJPL��NRL�VH�SRVWDYHQL�QD�GLMDIUDJPHQLWH�UDPNL��]DNRYDQL�VR�]DNRYFL�

*DVRYLWH� �� 1� L� 2�� �� RG� SURaLVWXYDaLWH� QD� JDVRYL�� SUHNX� FHYRYRGL� RGDW� YR
UHJXODWRULWH� ]D� SULWLVRN� �� 1�� L� 2�� �� YR� NRL� SUHNX� VLVWHP� QD� SORYND� VR� LJOD
�UHJXODFLRQHQ�YHQWLO���VH��YU^L��SRGGUCXYDZH��QD��HGQDNRY��SULWLVRN���QD��JDVRYLWH
��1��L�2� ��YR�DSDUDWLWH�QD�HOHNWUROL]QDWD�SRVWUHRMND��QH]DYLVQR�RG�WRD�SUL�NDNRY
SULWLVRN�VH�NRULVWL�VHNRM�JDV��5HJXODWRULWH�QD�SULWLVRN�LPDDW�SULNOXaRFL�]D�GRYRG
QD�JDV��]D�RGYRG�QD�JDV��]D�YUVND�VR�QDSRMQLWH�UH]HUYRDUL��]D�VLJXUQRVWHQ�YHQWLO��]D
PDQRPHWDU�L�]D�QLYRND]QR�VWDNOR�

9RGRURGRW���1����RG�ODGLOQLNRW�QD�IUHRQ�SUHNX�FHYRYRGL�RGL�YR�RGYRMXYDaRW
QD�YODJD���1� L�2����YR�NRM�VH�YU^L�GRSROQLWHOQR�RGYRMXYDZH�QD�YODJD�RG�YRGRURGRW�
2GYRMXYDaRW�QD�YODJD�]D�NLVORURG���2����QH�H�YR�IXQNFLMD�ELGHM`L�LVWLRW�VH�LVIUOD
YR�DWPRVYHUD��1D�RGYRMXYDaRW�QD�YODJD�LPD�SULNOXaRFL�]D�GRYRG�QD�JDV��]D�RGYRG�QD
JDV��L�]D�GUHQDCD�

2G� RGYRMXYDaRW� QD� YODJD�� YRGRURGRW� �� 1�� �� SUHNX� FHYRYRGL� VH� YRGL� YR
UH]HUYRDUVNLRW�SURVWRU�QDGYRU�RG�SRVWURMNDWD��RG�NDGH�PRCH�GD�VH�GLVWULEXLUD�GR
HOHNWULaQLWH�JHQHUDWRUL�QD�EORNRYLWH�YR�7(�

9RGRURGRW�RG�ODGLOQLNRW�QD�IUHRQ��PRCH�GD�RGL�L�YR�RJQRSUHJUDGXYDaRW�L�RG
QHJR�YR�DWPRVIHUDWD�GRGHND�QH�VH�SRVWLJQH�SURSL^DQDWD�aLVWRWD�

=D� GRGDYDZH� QD� GHPLQDOL]LUDQD� YRGD� YR� VLVWHPRW� QD� HOHNWUROL]QDWD
SRVWURMND� VOXCDW� QDSRMQLWH� UH]HUYRDUL�� 5H]HUYRDULWH� VH� KRUL]RQWDOQR
UDVSRORCHQL� VR� SULNOXaRFL� ]D� YOH]� L� L]OH]� QD� GHPLQDOL]LUDQD� YRGD�� ]D� YUVND� VR
SURaLVWXYDaLWH�QD�JDVRYL��VR�UHJXODWRURW�QD�SULWLVRN�L�]D�QLYRND]QR�VWDNOR�

=D� SURGXYXYDZH� QD� FHYRYRGLWH� L� VDGRYLWH� QD� HOHNWUROL]QDWD� SRVWURMND�� ]D
SRWUHED�QD�UHPRQW�LOL�]D�SRGROJ�]DVWRM��VH�SULPHQXYD�D]RW���N2����NRM�VH�GLVWULEXLUD
RG�ERFL�SUHNX�D]RWQDWD�UDPSD�



��� �3�5�$�9�,�/�$��=�$��7�(�+�1�,�A�.�$��(�.�6�3�/�2�$�7�$�&�,�-�$

 

��� 5DERWQL�SDUDPHWUL

(OHNWUROL]QDWD� VWDQLFD�UDERWL�SRG�SULWLVRN�GR���� ��EDUL� ��SRUDGL�^WR�� ]D
QHD� VH� SULPHQXYD� SUDYLOD� QD� WHKQLaND� HNVSORDWDFLMD� ]D� VDGRYL� NRL� UDERWDDW� SRG
SULWLVRN�

3UL� HNVSORDWDFLMD� QD� HOHNWUROL]QD� VWDQLFD�� SRWUHEQR� H� GD� VH� NRQWUROLUD
QDSRQRW� L� VWUXMDWD� QD� HOHNWUROL]HURW�� UD]OLND� QD� SULWLVRN� PH_X� YRGRURGRW� L
NLVORURGRW��QLYRWR�QD�WHaQRVWD�YR�DSDUDWXUDWD��WHPSHUDWXUDWD�QD�HOHNWUROLWRW�L
JDVRYLWH��aLVWRWDWD�QD�JDVRYLWH��VRGUCLQD�QD�2� YR�1��L�1�YR�2��

�1DSRQRW� QD� HOHNWUROL]HURW� VH� NRQWUROLUD� SR� YROWPHWDURW�� SRVWDYHQ� QD
SXOWRW� ]D� HGQRVPHUQD� VWWUXMD�� 1DSRQRW� QD� NHOLLWH� QD� HOHNWUROL]HURW� VH
NRQWUROLUD�VR�SUHQRVHQ�YROWPHWDU�

�1DSRQRW�QD�HOHNWUROL]HURW�H�UDYQR�QD��VXPDWD�QD�QDSRQLWH�QD�SRHGLQHaQLWH
NHOLL�

�1DSRQRW�QD�NHOLLWH�VH�SUHVPHWXYD�SR�VOHGQDWD�IRUPXOD�
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 ΣI⋅P �VXPD�QD�DNWLYQLWH�]DJXEL�QD�HQHUJLMD�YR�HOHNWUROLWRW�L�GLMDIUDJPLWH�
2VQRYQR�]QDaHZH�LPD�JXVWLQDWD�QD�VWUXMDWD��WHPSHUDWXUDWD�QD�HOHNWUROLWRW�

UDVWRMDQLHWR� PHJX� HOHNWURGLWH�� PDWHULMDORW� L� QDaLQRW� QD� REUDERWND� QD
HOHNWURGLWH�

=DYLVQRVWD� QD� QDSRQRW� QD� HOHNWUROL]HURW�� RG� JXVWLQDWD� QD� VWUXMDWD� �
WHPSHUDWXUDWD�L�SULWLVRNRW�H�L]UD]HQD�VR�VOHGQDWD�IRUPXOD�

U J J t P t J= + − − − − −1 65 2 86 0 025 80 0 3 1 0 015 80. . . ( ) . lg [ . ( )]  -----------------------------------[ 4 ]

U��QDSRQ�QD�HOHNWUROL]HURW�[ V ] ;
- ��JXVWLQD�QD�VWUXMDWD��[$�VP� ];
t �����WHPSHUDWXUD�QD�HOHNWUOLWRW�[��6�]�
5���SULWLVRN�YR�HOHNWUROL]HURW��[ EDUL�]�

.RONX� H� SRQL]RN� QDSRQRW� QD� HOHNWUROL]HURW�� WRONX� WRM� SRHNRQRPLaQR
UDERWL�� 6R� SRUDVW� QD� WHPSHUDWXUDWD�� QDSRQRW� QD� HOHNWUROL]HURW� VH� QDPDOXYD�� 6R
]JROHPXYDZH�QD�WHPSHUDWXUDWD�QD�HOHNWUROLWRW��VH�]DEU]XYD�NRUR]DFLRQLRW�SURFHV
L� GRYHGXYD� GR� VWDUHHZH� QD� PDWHULMDORW� QD� HOHNWUROL]HURW�� SDURQLWQLWH�� 3RUDGL
WRD���QDMGREUR�H�WHPSHUDWXUDWD�QD�HOHNWUROLWRW�GD�VH�RGUCXYD�YR�JUDQLFLWH�RG�����
��26��D�NRJD�HOHNWUROL]HURW�QH�UDERWL�SRG�SROQ�WRYDU��SRCHOQR�H�WHPSHUDWXUDWD�QD
HOHNWUROLWRW� GD� VH� RGUCDYD� YR� JUDQLFL� RG� ��� �� ��� 26��3UL� WRD�� ]D� GD� VH� GRVWLJQL
SRWUHEQRWR�SURL]RGVWYR��SRWUHEQR�H�GD�VH�SRGLJQL�QDSRQRW�QD�HOHNWUROL]HURW�



��� 3URL]YRGQRVW�QD�HOHNWUROL]HURW

3URL]YRGQRVWD� QD� HOHNWUROL]HURW� SRYU]DQD� H� VR� VWUXMDWD� SUHNX� VOHGQDWD
IRUPXOD�
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7�      ----------------------------------------------------[ 5 ]

3��SURL]YRGQRVW�QD�HOHNWUROL]HURW��P��a�VXY��YRGRURG�SUL�DWPRVYHUVNL�SULWLVRN�
I���VWUXMD�$�
n���EURM�QD�NHOLL�YR�HOHNWUROL]HURW�
9Q

7��L]OH]�SR�YRGRURG��GHO�RG�WHNRW�QD�YRGRURGRW�NRM�VH�L]GYRMXYD�YR�NDWRGQLWH�]RQL
QD�NHOLLWH�YR�HOHNWUROL]HURW����9R�]DYLVQRVW�RG�NRQVWUXNFLMDWD�QD�HOHNWUROL]HURW
L�UHCLPRW�QD�QHJRYDWD�UDERWD�VH�GYLCL�RG�������������

3ULWLVRNRW�QD�YRGRURGRW�L�NLVORURGRW�]DYLVL�RG�REUDERWNDWD�L�JXELWRNRW�QD
YRGRURGRW��3ULWLVRNRW�QD�YRGRURGRW�YR�VLVWHPRW��WUHED�GD�H�SRJROHP�RG�SULWLVRNRW
YR�UH]HUYRDULWH�QH�SRYH`H�RG������ EDUL )��%ODJRGDUHQLH�QD�UDERWDWD�QD�SORYNDWD�RG
UHJXODWRULWH� ]D� SULWLVRN� QD� NLVORURG�� QHJRYLRW� SULWLVRN� YR� VLVWHPRW� H� LVW� VR
SULWLVRNRW�QD�YRGRURGRW��'RNRONX�NLVORURGRW�VH�LVSX^WD�YR�DWPRVYHUD��QHJRYLRW
SULWLVRN� RG� UHJXODWRULWH� QD� SULWLVRN�� GR� KLGUR]DWYRURW�� H� SRJROHP� RG
DWPRVYHUVNLRW�SULWLVRN�]D�SULEOLCQR�����  EDUL����

(GQDNYRVWD� QD� SULWLVRFLWH� QD� YRGRURGRW� L� NLVORURGRW�� YR� SURPLYDaLWH� QD
JDVRYL� L� UHJXODWRULWH� QD� SULWLVRN�� VH� MDYXYD� NDNR� SUY� XVORY� ]D� EH]RSDVQD
HNVSORDWDFLMD� QD� HOHNWUROL]QD� VWDQLFD�� *ROHPD� UD]OLND� QD� SULWLVRFLWH� QD
YRGRURGRW�L�NLVORURGRW���PRCH�GD�GRYHGL�GR�SUHOLYDZH�QD�YRGDWD�RG�YRGRURGQLRW�YR
NLVORURGQLRW�VLVWHP��LOL�REUDWQR���VPH^XYDZH�QD�JDVRYLWH�L�VWYDUDZH�QD�]DSDOLYD
VPH^D�

3ULWLVRNRW�QD�JDVRYLWH�VH�NRQWUROLUD�QD�PDQRPHWULWH��NRL�VH�SRVWDYHQL�QD
FHYQLRW�VLVWHP�L�DSDUDWXUDWD�

��� 7HKQROR^ND�]D^WLWD

7HKQROR^NDWD� ]D^WLWD� QD� HOHNWUROL]QDWD� VWDQLFD� WUHED� GD� JR� LVNOXaL
PRWRU�JHQHUDWRURW��SUL�VOHGQLWH�RWNORQXYDZD�RG�WHKQROR^NLRW�UHCLP�

• UD]OLND�QD�SULWLVRN�YR�UHJXODWRULWH�QD�SULWLVRN�]D�YRGRURG�L
�����NLVORURG�SRYH`H�RG������ mm VS )�
• VRGUCLQD�QD�YRGRURG��YR�NLVORURGRW�SRYH`H�RG����

• VRGUCLQD�QD�NLVORURG��YR�YRGRURGRW�SRYH`H�RG����

• SULWLVRN�YR�VLVWHPRW�SRYH`H�RG�QRPLQDOQLRW�

• NXVD�YUVND�SRPH_X�SRORYLWH�

• QHVWDQRN� QD� QDSRQ�� QD� PRWRU�JHQHUDWRURW�� RG� VWUDQD� QD� QDL]PHQLaQLRW
QDSRQ�

3UL�DYWRPDWVNR�LVNOXaXYDZH�QD�HOHNWUROL]QD�VWDQLFD��SRWUHEQR�H�GD�VH�MDYL
VLJQDO�

3RYWRUQR� SX^WDZH� QD� HOHNWUROL]QD� VWDQLFD�� H� PRCQR� VDPR� SRVOH
REMDVQXYDZH�L�RWVWUDQXYDZH�QD�SULaLQDWD�]D�LVSDGRW�



,VNOXaXYDZH� QD� HOHNWUROL]QD� VWDQLFD�� SUL� ]JROHPXYDZH� QD� UD]OLNDWD� QD
SULWLVRFLWH�SRPH_X�YRGRURGRW�L�NLVORURGRW�H�NDNR�SUHYHQWLYD�GD�QH�EL�GR^OR�GR
PH^DZH�QD�JDVRYLWH��D�VR�WRD�REH]EHGXYDZH�QD�EH]RSDVQD�HNVSORDWDFLMD�

3RVOH� LVNOXaXYDZH� QD� SRVWURMNDWD� RG� ]D^WLWD�� DSDUDWXUDWD� RVWDQXYD� SRG
SULWLVRN� VR� YRGRURG� L� NLVORURG�� 1LYRDWD� QD� WHaQRVWLWH� YR� UHJXODWRULWH� QD
SULWLVRN� PRCDW� GD� VH� SRPH^DDW� L� QD� LVNOXaHQD� DSDUDWXUD�� =D� RGEHJQXYDZH� QD
PRCQRVWD� ]D� VPH^XYDZH� QD� YRGRURGRW� L� NLVORURGRW�� RSHUDWLYQLRW� SHUVRQDO� H
GROCHQ�� GD� JL� SURYHUL� SULERULWH� L� DSDUDWXUDWD� SR� SDGQDWLWH� EOLQNHUL�� GD� MD
XVWDQRYL� SULaLQDWD� ]D� VUDERWXYDZH� QD� ]D^WLWDWD� L� RWSRaQH� VR� SURGXYND� QD
VLVWHPRW�VR�D]RW�

3ULaLQDWD� ]D� LVNOXaXYDZH� QD� HOHNWUROL]QD� VWDQLFD� VH� JOHGD� SR� SDGQDWLWH
EOLQNHUL��NRL�VH�SRVWDYHQL�QD�SXOWRW�]D�VLJQDOL]DFLMD�

1DMJROHPD� RSDVQRVW�� SUHWVWDYXYD� EU]RWR� QDPDOXYDZH� QD� aLVWRWDWD� QD
YRGRURGRW�L�NLVORURGRW�VR�REUD]XYDZH�QD�]DSDOLYD�VPH^D�YR�HGQD�RG�DSDUDWXULWH�
7RD�H�PRCQR�SUL�QHSUDYLOQR�SULNOXaXYDZH�QD�SRODULWHWRW�NRQ�HOHNWUROL]HURW��=D
LVNOXaXYDZH�QD�WDD�PRCQRVW��SRWUHEQR�H�SUHG�YNOXaXYDZH�QD�HOHNWUROL]QD�VWDQLFD�
GD� VH� SURYHUL� SRODULWHWRW� QD� HOHNWUROL]HURW�� D� YR� NRODWD� QD� HGQRQDVRaQD� VWUXMD
SRWUHEQR� H� GD� LPD� UHOH� ]D� LQYHU]QD� VWUXMD�� NRH� QH� RYR]PRCXYD� UDERWD� QD
HOHNWUROL]HURW�VR�REUDWQD�SRODULWHW�

2SDVQR�QDPDOXYDZH�QD�aLVWRWDWD�PRCH�GD�VH�MDYL�L�SUL�SUHVNRN�QD�HGHQ�JDV�YR
GUXJ��D�NRH�H�PRCQR�SUL�QDPDOXYDZH�QD�QLYRWR�QD�YRGDWD�YR�VLVWHPRW�

9R�VLWH�VOXaDHYL�QD�QDPDOXYDZH�QD�aLVWRWDWD�QD�NLVORURGRW�SRPDOD�RG������
L�QDPDOXYDZH�QD�aLVWRWDWD�QD�YRGRURGRW�SRPDOD�RG��������HOHNWUL]HURW�SRWUHEQR�H
GD�VH�LVNOXaL��SULWLVRNRW�YR�VLVWHPRW�GD�VH�QDPDOL�GR�����������( EDUL )�L�VLVWHPRW�GD
VH�SURGXYD�VR�D]RW�

3UHG� YNOXaXYDZH� QD� HOHNWUROL]HULWH� YR� UDERWD�� VLVWHPRW� WUHED� GD� VH
SURGXYD�VR�D]RW��ALVWRWDWD�QD�D]RWRW�]D�SURGXYND��SRWUHEQR�H�GD�ELGH�QH�SRPDOD�RG
������� 3URGXYNDWD� VH� VPHWD� GHND� H� ]DYU^HQD� DNR� VRGUCLQDWD� QD� D]RW� ELGH� ����
3URGXYNDWD� QD� VLVWHPRW� VR� MDJOHQRURGHQ� GYRRNVLG� VH� ]DEUDQXYD�� ELGH`L� VR
HOHNWUROLWRW�VWYDUD�NDUERQDWL�

3URGXYNDWD�VR�D]RW�QD�VLWH�DSDUDWXUL�YR�HOHNWUROL]QD�VWDQLFD�SUHG�SX^WDZH
H� QHRSKRGQR� SRUDGL� L]EHJQXYDZH� QD� HNVSOR]LYQD� VPH^D� QD� YRGRURG� VR� YR]GXK�� =D
SURGXYND�PRCH�GD�VH�NRULVWL�D]RW��VR�VRGUCLQD�QD�NLVORURG�QH�SRYH`H�RG������

3ULNOXaXYDZH�QD�HOHNWUROL]HULWH�NRQ�UH]HUYRDULWH�NRL�VH�SRG�SULWLVRN�VH
YU^L�WRJD^��NRJD�SULWLVRNRW�QD�YRGRURGRW�YR�VLVWHPRW��H��]D�������EDUL���SRJROHP�RG
SULWLVRNRW�YR�UH]HUYRDULWH�

3UL� REVOXCXYDZH� QD� HOHNWUROL]QD� VWDQLFD�� WUHED� GD� VH� L]EHJQXYDDW� QDJOL
SURPHQL�QD�SULWLVRNRW�YR�VLVWHPRW��3RUDGL�WRD��QH�H�SUHSRUDaDQR�SULNOXaXYDZH�QD
UH]HUYRDULWH� NRQ� VLVWHPRW� SUL� SRJROHPD� UD]OLND� QD� SULWLVRFLWH�� ,VWR� WDND�
SULWLVRNRW�QD�YRGRURGRW�YR�VLVWHPRW��QDG�SULWLVRNRW�YR�UH]HUYRDULWH�QH�WUHED�GD
ELGH�SRPDO�RG�������EDUL����ELGHMNL�SUL�QH]DSWLYQRVW�QD�QHSRYUDWQDWD�NODSQD��PRCH
GD� LPD� SRYUDWRN� QD� YRGRURG� RG� UH]HUYRDULWH� NRQ� VLVWHPRW� L� QDUX^XYDZH� QD
UDERWDWD�QD�UHJXODWRULWH�QD�SULWLVRN�
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�(OHNWUROL]QD�VWDQLFD�YR�UDPNLWH�QD�7(��%LWROD��VR�VYRHWR�SURL]YRGVWYR�QD
YRGRURG� �� 1�� �� SRWUHEHQ� ]D� ODGLOQLRW� VLVWHP� QD� WXUERJHQHUDWRULWH�� RYR]PRCXYD
WHKQROR^ND�L�WHKQLaND�VDPRVWRMQRVW�QD�REMHNWRW�

�3URL]YRGQLRW� SURFHV� VH� RGYLYD� YR� SRVHEHQ� L]GYRHQ� REMHNW�� L]YHGHQ� SR
VWDQGDUGQD��UXVND��SURHNWQD�GRNXPHQWDFLMD�

�3URFHVRW�QD�SURL]YRGVWYR�L�SURL]YRGRW���YRGRURG��VH�LVNOXaLWHOQR�RSDVQL�
SRUDGL�^WR�WRD�SURL]YRGVWYR�SRGOHCL�QD��VWURJL�SURSLVL�L�SUDYLOD�

�3UDYLODWD�QD�WHKQLaNDWD�HNVSORDWDFLMD��QH�VPHDW�GD�VH�]DQHPDUDW�QL�YR�HGHQ
PRPHQW�EH]�ELOR�NDNYL�NRPSURPLVL�L�OHCHUQRVW�YR�SULPHQDWD�

�,]ORCHQLRW� GHO� RG� � SUDYLODWD� � H� VDPR� L]YRG�� 9NXSQLRW� VRVWDY� H� YR� PQRJX
SRJROHP�REHP�

�� /�,�7�(�5�$�7�8�5�$

• 3URHNWQD�GRNXPHQWDFLMD�]D�(OHNWUROL]QD�VWDQLFD���(QHUJRSURHNW��%HRJUDG�65-
��SRGORJL�RG�5XVLMD���

• 7HKQLaND�GRNXPHQWDFLMD�RG�LVSRUDaDWHORW�QD�RSUHPDWD���8UDOKLPPD^��0RVNYD��
5XVLMD�

• 1�� -RYDQRYVNL�� 6�� 3HFDNRY� �� /RNDOQD� LQVWUXNFLMD� ]D� HNVSORDWDFLMD� QD
HOHNWUROL]QD�VWDQLFD�6(8����0�K����(60���%LWROD������JRG�

• 8SDWVWYR�]D�UDERWD�VR�YRGRURG�YR�HOHNWUROL]QD�VWDQLFD��7(�%LWROD�EU�������

• 2VWDQDWL�XSDWVWYD�L�SURSLVL�]D�YDNRY�YLG�REMHNWL�RG�7(�%LWROD�

• /LaQL�VR]QDQLMD�L�LVNXVWYD�QD�DYWRULWH�
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� .ULWHULXPLWH� ]D� NRULVWHZH� QD� DNXPXODFLRQLWH� HOHNWUDQL� WUHED� GD
REH]EHGDW� UDFLRQDOQR� UDERWHZH� QD� HOHNWURHQHUJHWVNLRW� VLVWHP� NDNR� SRVHEQD
FHOLQD��VR��UHVSHNWLUDZH�QD�VLWH�QHJRYLWH�VSHFLILaQRVWL�

0HWRGRORJLLWH�]D�RSUHGHOXYDZH�QD�RSWLPDOQDWD�UDERWD�QD�HOHNWUDQLWH��NRL
VH�GRVHJD�UD]YLHQL�� �VH�SRJRGQL�]D�UHODWLYQR�SRJROHPL�HOHNWURHQHUJHWVNL�VLVWHPL
YR�NRL�YOLMDQLHWR�QD��DNXPXODFLRQLWH�HOHNWUDQL�L�YRRS^WR�QD�KLGURHOHNWUDQLWH�H
UHODWLYQR�PDOR�� =D� SRPDOL� HOHNWURHQHUJHWVNL� VLVWHPL�� QR� VR� UHODWLYQR� ]QDaDMQR
XaHVWYR�QD�KLGURHQHUJHWVNLWH�L]YRUL���QLYQDWD�XSRWUHEOLYRVW�H�RJUDQLaHQD�

8SRWUHEOLYRVWD� QD� GRVHJD� UD]YLHQLWH� PHWRGRORJLL�� NRL� VH� ]DVQLYDDW� YU]
JRGL^QL�SUHVPHWNL�]D�RSWLPDOQD�UDERWD�QD�HOHNWUDQLWH��H�SRVHEQR�RJUDQLaHQD�]D
SRPDOLWH� HOHNWURHQHUJHWVNL� VLVWHPL� NDM� NRL� GRWHFLWH� YR� KLGURHOHNWUDQLWH� VH
RGOLNXYDDW�VR�JROHPL�L�QHSUHGYLGOLYL�YDULMDFLL�QD�QLYQLRW�L]QRV�

����������1RYLWH� SD]DUQL� XVORYL� QD� VWRSDQLVXYDZH� YR� ]QDaLWHOQD� PDUD� JR� PHQXYDDW
REHPRW�� � VWUXNWXUDWD� L� NDUDNWHURW� QD� SRWUR^XYDaNDWD� QD� HOHNWULaQD� HQHUJLMD� YR
0DNHGRQLMD�� � 3URPHQLWH� VH� GLQDPLaQL� L� YR� QDVRND� NRMD� VH� SRYH`H� MD� � ]JROHPXYD
SRWUR^XYDaNDWD� QD� GQHYQDWD� YDULMDELOQD� HQHUJLMD�� VR� ^WR� X^WH� SRYH`H� VH
SRWHQFLUD� SRWUHEDWD� RG� ^WR� SRUDFLRQDOQR� NRULVWHZH� QD� � DNXPXODFLRQLWH
KLGURHOHNWUDQL��NDNR�QDM]QDaDHQ�L]YRU�QD�WDNYD�HQHUJLMD�

����������9R�RYRM�WUXG�`H�ELGH�L]ORCHQD�HGQD�QRYD�PHWRGD�]D�VRJOHGXYDZH�QD�XVORYLWH�]D
UDERWD� QD� DNXPXODFLRQLWH� HOHNWUDQL� � L� QLYQR� SRHILNDVQR� NRULVWHZH� YR
HOHNWURHQHUJHWVNLRW�VLVWHP�

0HWRGDWD� LPD� VWRKDVWLaNL� SULRG� L� VH� ]DVQLYD� YU]� SUHVPHWNLWH� QD� PRCQDWD
SURGXNWLELOQRVW�QD�KLGURHOHNWUDQLWH�



���352'8.7,%,/1267�1$�+,'52(/(.75$1,7(

����������6SRUHG� WHUPLQRORJLMDWD� QD� 81,3('(� � �� 0H_XQDURGQR� ]GUXCHQLH� QD
SURL]YRGLWHOLWH�� SUHQHVXYDaLWH� L� GLVULEXWHULWH� QD� HOHNWULaQD� HQHUJLMD�
352'8.7,%,/1267� �ENERGY  CAPABILITY, ARBAITDARGEBOT�
PRODUCTIBILITE���QD�KLGURHOHNWUDQLWH�YR�RGUHGHQ�YUHPHQVNL�SHULRG��VH�GHILQLUD
NDNR�PDNVLPDOQD�NROLaLQD�QD�HOHNWULaQD�HQHUJLMD�NRMD�PRCH�GD�ELGH�LVNRULVWHQD
RG�GRWHFLWH�YR�WRM�YUHPHQVNL�SHULRG�

����������3RG� LVNRULVWXYDZH� QD� GRWHFLWH�� SULWRD�� VH� SRGUD]ELUD� LOL� RG� QLY� GD� VH
SURL]YHGH�HQHUJLMD�LOL�WLH�GD�ELGDW�VPHVWHQL�YR�DNXPXODFLMDWD�QD�HOHNWUDQDWD�

����������=D� UD]OLND� RG� KLGUDXOLFLWHWRW�� NRM� SUHWVWDYXYD� HQHUJLMD� QD� SULURGQLWH
GRWHFL� YR� HOHNWUDQDWD�� SURGXNWLELOQRVWD� SUHWVWDYXYD� RQRM� GHO� RG� HQHUJLMDWD� QD
GRWHFLWH� NRM� ^WR� � HOHNWUDQDWD� PRCH� GD� JR� LVNRULVWL� VR� VYRLWH� LQVWDODFLL�� SRG
QDMSRYROQL� RNROQRVWL�� 3UL� WRD� VH� SRGUD]ELUD� GHND� HOHNWUDQDWD� QHPD� QLNDNYL
RJUDQLaXYDZD� RG� VWUDQD� QD� ((6� ]D� NROLaLQDWD� QD� SURL]YHGHQDWD� HQHUJLMD� LOL
]DKWHYL�]D�RSUHGHOHQR�SURL]YRGVWYR�]DUDGL�UHJXODFLMD�QD�IUHNYHQFLMDWD��REDYXYDZH
QD�LVSLWXYDZD�L�VO�

����������3RPH_X�PRCQRWR�SURL]YRGVWYR�QD�HOHNWULaQD�HQHUJLMD�L�SURGXNWLELOQRVWD�QD
HOHNWUDQLWH�SRVWRL�ELWQD�UD]OLND��7DD�UD]OLND�VH�VRVWRL�YR�WRD�^WR�SUHVPHWNLWH
]D� PRCQRWR� SURL]YRGVWYR� VH� RSUHGHOXYDDW� ]D� RSUHGHOHQ� QDaLQ� QD� NRULVWHZH� QD
DNXPXODFLLWH�� GLNWLUDQ� RG� XVORYLWH� YR� HOHNWURHQHUJHWVNLRW� VLVWHP�� 3RG� WDNYL
RNROQRVWL� JROHPLQDWD� QD� PRCQRWR� SURL]YRGVWYR� NRUHVSRQGLUD� VR� UHJXOLUDQLWH
LVWHFL� QL]� WXUELQLWH� QD� HOHNWUDQDWD�� D� QH� VR� GRWHFLWH� YR� HOHNWUDQDWD� VR� NRL
NRUHVSRQGLUD�SURGXNWLELOQRVWD�

����������.DM�DNXPXODFLRQLWH�HOHNWUDQL�SRVWRL�UD]OLND�SRPH_X�PRCQRWR�SURL]YRGVWYR
L�SURGXNWLELOQRVWD��NDNR�YR�QLYQDWD�JROHPLQD�WDND�L�YR�QLYQLRW�UDVSRUHG�YR�WHNRW
QD� JRGLQDWD�� 6DPR� NDM� SURWHaQLWH� KLGURHOHNWUDQL�� NDM� NRL� QH� SRVWRL� YR]YRGQD
DNXPXODFLMD�SURL]YRGVWYRWR�L�SURGXNWLELOQRVWD�VH�LGHQWLaQL�

����������2VQRYQD�UHODFLMD�]D�SUHVPHWND�QD�SURGXNWLELOQRVWD�H�VOHGQDWD��

          W  =  a  +  b  +  c  +  d           -   -   -   -   -   -   -   -   -   -   -   -   -   -   -  -   -   -   -   -  (1)

YR�NRMD�H��
�����������D���3URL]YHGHQD�HOHNWULaQD�HQHUJLMD�
�����������b���(QHUJLMD�VNODGLUDQD�YR�DNXPXODFLMDWD�����LOL�RG]HPHQD�RG�QHD�����
�����������c ��(QHUJLMD�SURL]YHGHQD�YR�QHHQHUJHWVNL�FHOL��SUD]HQ�RG�L�VO���
�����������d���(QHUJLMD�NRMD�H�SUHOLHQD�SRUDGL�QHSUHGYLGHQL�SRJRQVNL�VRELWLMD�

����������(QHUJLMDWD� NRMD� RGJRYDUD� QD� SUHOLHQLWH� YRGL� NRL� QHPRCH� GD� VH� L]EHJQDW
�HOHNWUDQDWD� UDERWL� VR� SROQD� LQVWDOLUDQRVW� L� DNXPXODFLMDWD� H� SROQD�� �� QH� VH
YEURMXYD�YR�SURGXNWLELOQRVWD�

����67$7,67,A.,7�32.$=$7(/,�1$�'27(&,7(



����������9R�]HPMLWH�aOHQNL�QD�UCPTE���]D�VWDWLVWLaND�REUDERWND�QD�GRWHFLWH��QDMaHVWR
VH�XSRWUHEXYD��ORJ�QRUPDOQDWD�UDVSUHGHOED�QD�YHURMDWQRVWLWH�]D�QLYQD�SRMDYD�

����������6SRUHG� WDNYDWD� UDVSUHGHOED�� RVQRYQLWH� VWDWLVWLaNL� SRND]DWHOL� VH
RSUHGHOXYDDW��VR��VOHGQLWH�UHODFLL��

�YR�NRL�R]QDNLWH�JL�LPDDW�VOHGQLWH�]QDaHQLMD��
���n ����9NXSHQ�EURM�QD�SRMDYL
���di����'RWHN�YR�SHULRGRW�i
��log���3ULURGHQ�ORJDULWDP
��a�����6UHGHQ�ORJDULWDPVNL�L]QRV
  σ����6WDQGDUGQD�GHYLMDFLMD�QD�ORJDULWDPVNLWH�L]QRVL�
��cv���.RHILFLHQW�QD�YDULMDFLMD
��ca���.RHILFLHQW�QD�DVLPHWULMD
���z ���1H]DYLVQD�SURPHQOLYD�YR�ORJDULWDPVNLRW�NRRUGLQDWHQ�VLVWHP�
���v���9HURMDWQRVW�VOXaDMQDWD�JROHPLQD�z�GD�GRELH�YUHGQRVW�SRPDOD�LOL��HGQDNYD�QD�z0

����������=D�GD�VH�RSUHGHOL�YHURMDWQRVWD�]D�SRMDYD�QD�GRWHN�^WR�H�SRPDO�LOL�HGQDNRY�QD
]DGDGHQD�JROHPLQD��QD�SULPHU�D��VH�SRVWDSXYD�QD�VOHGQLRW�QDaLQ���

������������ 6SRUHG� UHODFLLWH� ���� L� ���� VH� RSUHGHOXYDDW� RVQRYQLWH� VWDWLVWLaNL
SRND]DWHOL�QD�GRWHFLWH�YR�SHULRGRW�]D�NRM�VH�REDYXYDDW�DQDOL]LWH���D�L�σ���

- 6SRUHG�UHODFLMDWD��6��VH�RSUHGHOXYD�YUHGQRVWD�QD�z0�]D�]DGDGHQRWR�D.

������������6SRUHG�UHODFLMDWD�����VH�RSUHGHOXYD�EDUDQDWD�YHURMDWQRVW�
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������������2SUHGHOXYDZHWR� SDN� QD� GRWHN� ^WR� VH� SRMDYXYD� VR� GDGHQD� YHURMDWQRVW� VH
REDYXYD�VR�VSURWLYHQ�UHG�QD�SUHVPHWNLWH��1DMQDSUHG�]D�]DGDGHQRWR�v,�RG�UHODFLMDWD
����VH�RSUHGHOXYD�YUHGQRVWD�QD�z0���D�SRWRD�RG�UHODFLMDWD��6��YUHGQRVWD�QD�EDUDQLRW
GRWHN�

������������3RNUDM� SUHVPHWNLWH� ]D� L]QRVRW� QD� YHURMDWQRVWD� ]D� RGUHGHQD� SRMDYD�� RG
RVREHQD�YDCQRVW�VH�L�L]QRVLWH�QD�VUHGQLWH�YUHGQRVWL�QD�SRMDYLWH��RGQRQR�QLYQRWR
PDWHPDWLaNR� RaHNXYDZH�� 6R� GUXJL� ]ERURYL�� YDCQR� H� GD� VH� ]QDH� NRONDYD� H
YHURMDWQRVWD��GD�VH�SRMDYL��GRWHN��NRM��QD�SULPHU��H�SRJROHP�RG�RSUHGHOHQD�YUHGQRVW�
QR�X^WH�SRYDCQR�H�GD�VH�]QDH�NRONDY�H�VUHGQLRW�L]QRV�QD�GRWHFLWH�NRL�VH�SRJROHPL
RG�WDD�]DGDGHQDWD�YUHGQRVW�

������������9R�RYRM�WUXG�`H�ELGH�SULNDCDQ�QDaLQRW�QD�SUHVPHWND�QD�VUHGQLWH�YUHGQRVWL
QD�JROHPLQLWH�NRL�LPDDW�ORJ�QRUPDOQD�UDVSUHGHOED�QD�YHURMDWQRVWLWH�

������������$NR� GRWHFLWH� YR� QHNRMD� HOHNWUDQD�� LPDDW� ORJ�QRUPDOQD� UDVSUHGHOED� QD
YHURMDWQRVWLWH��WRJD^�QLYQDWD�JXVWLQD�QD�YHURMDWQRVWLWH��VRJODVQR�VR�UHODFLLWH�]D
IXQNFLRQDOQR�SRYU]DQL�VOXaDMQL�JROHPLQL��PRCH�GD�VH�SULNDCH�VR�L]UD]RW��

YR�NRM��VH��
�����������g ����*XVWLQD�QD�YHURMDWQRVWLWH�]D�SRMDYD�QD�GRWHFLWH�
�����������D����'RWHN
�����������a �����6UHGHQ�ORJDULWDPVNL�L]QRV�QD�GRWHFLWH��RSUHGHOHQ�VSRUHG����
�����������σ ����6WDQGDUGQD�GHYLMDFLMD�QD�ORJDULWDPVNLWH�L]QRVL��QD�GRWHFLWH��VSRUHG����

������������9HURMDWQRVWD�GD�VH�SRMDYL�QHNRM�GRWHN�SRPH_X�GYD�GDGHQL�L]QRVL�D1 �L�D2� � VH
SUHVPHWXYD�VR�UHODFLMDWD��

���$NR�YR�UHODFLMDWD�����VH�L]YU^L�W�Q��*DOWRQ�RYD�]DPHQD�QD�SURPHQOLYLWH�VSRUHG
UHODFLMDWD��6��VH�GRELYD�UH^HQLHWR��

YR�NRH�z1 �L�z�
�VH�VRRWYHWQL�YUHGQRVWL�GRELHQL�RG�D1�L�D2���VSRUHG�UHODFLMDWD��6���D

v(z1)�L�v(z2)��VRRWYHWQL�YUHGQRVWL�QD�LQWHJUDORW�����

�����������6UHGQDWD� YUHGQRVW�� RGQRVQR� XVORYQRWR� PDWHPDWLaNR� RaHNXYDZH� QD� GRWHFLWH
NRL�VH�RVWYDUXYDDW�SRPH_X�GDGHQLWH�YUHGQRVWL�D1 �L�D2 �VH�SUHVPHWXYD�SUHNX�L]UD]RW
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������������$NR� YR� JRUQLRW� LQWHJUDO� VH� YQHVH� L]UD]RW� ]D� g(D)� VSRUHG� ���� L� SRWRD� VH
L]YU^L�]DPHQDWD���

��SRVOH�NXVR�SRGUHGXYDZH�VH�GRELYD�L]UD]RW��

RG�NRM�VH�GRELYD�UH^HQLHWR��

������������$NR�VH�VWDYL�D1  ���L�D2  ��∞ ��SD�SRWRD�RG�QLY�VH�RSUHGHODW�z1 �L�z2 ,�VR�SRPR^
QD�������`H�VH�GRELH�VUHGQDWD�YUHGQRVW�QD�GRWHNRW�]D�FHOLRW��GLMDSD]RQ�QD�QHJRYLWH
PRCQL�SRMDYL�RGQRVQR��

������������$NR� YR� ����� VH� ]DPHQL� L]UD]RW� ����� �� ]D� SUHVPHWND� QD� VUHGQDWD� YUHGQRVW� QD
GRWHFLWH� NRL� VH� SRMDYXYDDW� YR� JUDQLFLWH�D1 � L�D2 � VH� GRELYD� VOHGQLRW� UHODWLYQR
HGQRVWDYHQ�L]UD]��

YR�NRM�VH��
�������M���������������6UHGQD�YUHGQRVW�QD�GRWHFLWH�NRL�VH�SRMDYXYDDW�YR�JUDQLFLWH�D1 L�D2 .

�������D1  L�D2 �����'RWHFL�YR�aLL�JUDQLFL�VH�LVWUDCXYD�PRCQDWD�SRMDYD�QD�GRWHN�
�������z1 �L�z2     ����3RPR^QL�SURPHQOLYL��RSUHGHOHQL�RG�D1 �L�D2 �VSRUHG�YUVNDWD��6��
������Dsr�������������6UHGQD�YUHGQRVW�QD�VLWH�GRWHFL��VSRUHG�����
       σ���������������6WDQGDUGQD�GHYLMDFLMD�QD�RVWYDUHQLWH�GRWHFL��RSUHGHOHQD�VSRUHG��3��
       v����������������9UHGQRVW�QD�LQWHJUDORW�����

�����������������5HODFLMDWD� ����� � LPD� YRQUHGQR� ]QDaHQLH� ]D� RFHQND� QD� JROHPLQDWD� QD
PRCQLWH� SRMDYL� QD� GRWHFLWH� L� VRRWYHWQR� QD� QHD�� RFHQND� QD� PRCQLWH� HQHUJHWVNL�
YRGRVWRSDQVNL�L�GUXJL�SRVOHGLFL�RG�WDNYLWH�GRWHFL�

����35(60(7.$�1$�02#1$7$�352'8.7,%,/1267
������1$�$.808/$&,21,7(��+,'52(/(.75$1,

����������9R� XVORYL� NRJD� GRWHFLWH� QH� VH� SR]QDYDDW� RGQDSUHG� L� NRJD� QH� SRVWRMDW
SRND]DWHOL� VR� NRL� PRCH� GD� VH� SURFHQL� QLYQDWD� RaHNXYDQD� JROHPLQD� VR
]DGRYROLWHOHQ� VWHSHQ� QD� VLJXUQRVW�� RVREHQR� H� L]RVWUHQ� SUREOHPRW� QD� SROQHZH� L
SUD]QHZH�QD�DNXPXODFLRQLWH�ED]HQL�� �2WVHNRJD^�SRVWRHOD�GLOHPDWD�GDOL�L�NRONX
GD� VH�SROQL�QHNRMD� DNXPXODFLMD��    6R� ]JROHPXYDZH�QD� QLYRWR�QD� DNXPXODFLMDWD� VH
]JROHPXYD� SDGRW� VR� NRM� EL� VH� NRULVWHOH� LGQLWH� GRWHFL� L� RG� QLY� EL� VH� GRELOD
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SRJROHPD�NROLaLQD��HQHUJLMD��2G�GUXJD�VWUDQD�VH�]JROHPXYD�RSDVQRVWD�RG�SRMDYD�QD
SUHOLYL�L�GHO�RG�YRGLWH�GD�ELGDW�]DJXEHQL�]D�HQHUJHWVNL�FHOL��^WR�QH�EL�ELOR�VOXaDM
NRJD�QLYRWR�QD�DNXPXODFLMDWD�EL�ELOR�SRQLVNR�

�����������$NR� VH� SR]QDYD� SURGXNWLELOQRVWD� QD� QHNRMD� HOHNWUDQD� ]D� VHNRH� RG�PRCQLWH
QLYRL� QD� QHM]LQDWD� DNXPXODFLMD�� PRCH� GD� VH� SURFHQL� JROHPLQDWD� QD� RaHNXYDQLWH
SURL]YRGQL� HIHNWL�L� ]DYLVQR�RG� WRD�SROHVQR� GD� VH� GRQHVH� RGOXND� ]D� SROQHZH� LOL
SUD]QHZH�QD�DNXPXODFLMDWD�

�����������3UHVPHWNLWH�QD� SURGXNWLELOQRVWD� VH� VSURYHGXYDDW� ]D� VLWH�PRCQL� SRMDYL� QD
GRWHN�L��VH�REDYXYDDW�SR�VOHGQLRW�UHGRVOHG��

������������� 6H� RSUHGHOXYDDW� VWDWLVWLaNLWH� JROHPLQL� QD� GRWHFLWH� D� L� σ , YR
LVWUDCXYDQLRW�SHULRG��VSRUHG�UHODFLLWH�����L������
������������� 6H� RSUHGHOXYD� JUDQLaQDWD� YUHGQRVWL� Da� QD� PRCQLWH� � GRWHFL� NRL� ^WR
HOHNWUDQDWD�PRCH�GD� JL�SURSX^WL�QL]� WXUELQLWH�� EH]� GD� VH� YU^L�DNXPXOLUDZH�QD
YRGD�
�������������=D�WDNYLWH�GRWHFL�VH�SUHVPHWXYD�YHURMDWQRVWD�]D�QLYQDWD�SRMDYD�L�VUHGQDWD
YUHGQRVW�� 6R� WDD� VUHGQD� YUHGQRVW� VH� SUHVPHWXYD� PRCQRWR� SURL]YRGVWYR� QD
HOHNWUDQDWD��NRH�SUHWVWDYXYD�SURGXNWLELOQRVW�VR�SUHVPHWDQDWD�YHURMDWQRVW�

�������������6H�SUHVPHWXYD�JUDQLaQDWD�YUHGQRVW�Db QD�GRWHFLWH�NRL�VH�SRJROHPL�RG�Da��QR
EH]�GD�VH�SRMDYDW�SUHOLYL��NRJD�HOHNWUDQDWD�UDERWL�VR�PDNVLPDOHQ�SURWHN�
������������� 6H� SUHVPHWXYD� YHURMDWQRVWD� ]D� SRMDYD� L� VUHGQDWD� YUHGQRVW� QD� GRWHFLWH
SRJROHPL�RG�Da��D�SRPDOL�RG��Db�

=D�WDNYD�VUHGQD�YUHGQRVW�QD�GRWHFLWH��SRVHEQR�VH
SUHVPHWXYD� GHORW� RG� HQHUJLMDWD� ^WR� `H� ELGH� SURL]YHGHQ�� D� SRVHEQR� HQHUJHWVNDWD
YUHGQRVW�QD�GHORW�RG�GRWHNRW�^WR�`H�ELGH�DNXPXOLUDQ��=ELURW�QD�WLH�GYH�HQHUJLL�MD
GDYD� SURGXNWLELOQRVWD� QD� HOHNWUDQDWD� ^WR� EL� VH� RVWYDULOD� VR� SUHVPHWDQDWD
YHURMDWQRVW�

6��6H�RSUHGHOXYD�YHURMDWQRVWD�L�VUHGQDWD�YUHGQRVW�QD�VLWH�GRWHFL�SRJROHPL
RG�Db ��3UL�SRMDYD�QD�WDNYL�GRWHFL��HOHNWUDQDWD�`H�UDERWL�VR�PDNVLPDOQD�PR`QRVW�
DNXPXODFLMDWD�`H�VH�QDSROQL�L�GHO�RG�YRGLWH�`H�ELGDW�SUHOLHQL�

��� 6H� SUHVPHWXYD� HQHUJLMDWD� ^WR� `H� VH� SURL]YHGH� L� HQHUJLMDWD� ^WR� `H� VH
DNXPXOLUD��aLL�]ELU�MD�GDYD�SURGXNWLELOQRVWD��(QHJLMDWD�QD�SUHOLHQLWH�YRGL�QH�VH
YEURMXYD�YR�SURGXNWLELOQRVWD�

��������������2WNRJD� `H� VH� � SUHVPHWDDW� VLWH� PRCQL� SRMDYL� QD� GRWHFL� YR� HOHNWUDQDWD� L
VRRWYHWQLWH� YHURMDWQRVWL� L� SURGXNWLELOQRVWL�� YNXSQDWD� SURGXNWLELOQRVW� QD
HOHNWUDQDWD� VH� GRELYD� NDNR� ]ELU� QD� SURL]YRGLWH� SRPH_X� YHURMDWQRVWLWH� L
SURGXNWLELOQRVWLWH��RGQRVQR�VSRUHG�UHODFLMDWD��

             W = v1 ·W1  + v2 · W2  + v3 · W3           -   -   -   -   -   -   -   -   -   -   -   -   -     -   -   -   (15)

YR�NRMD�VR�v�VH�R]QDaHQL�YHURMDWQRVWLWH���D�VR�W�VRRWYHWQLWH�SURGXNWLELOQRVWL�
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9R� UDERWDWD� QD� HOHNWURHQHUJHWVNLRW� VLVWHP� SRVWRMDQR� VH� SRMDYXYD
SUD^DZHWR� ]D� WRD� GDOL� L� NDGH� GD� VH� DNXPXOLUDDW� HQHUJHWVNLWH� UH]HUYL�� RGQRVQR
NDNR� GD� VH� UDVSUHGHODW� SR� DNXPXODFLL�� NROLaLQLWH� RG� HQHJLMD� ^WR� WUHED� GD� VH
NRULVWDW�YR�QDUHGQLRW�SHULRG�

�'DOL�L�NRONX�YNXSQR�HQHUJLMD�WUHED�GD�VH�DNXPXOLUD�]DYLVL�RG�NRQNUHWQLWH
XVORYL�YR�((6�L�QD�WRD�SUD^DZH�VH�GRELYD�RGJRYRU�SUHNX�ELODQVQL�SUHVPHWNL�

�������������.RJD� H� SR]QDWD� YNXSQDWD� HQHUJLMD� ^WR� WUHED� GD� ELGH� RVWDYHQD� YR
DNXPXODFLLWH� ]D� NRULVWHZH� YR� QDUHGQLRW� SHULRG�� WRJD^� YR� XVORYL� QD� QHSR]QDWL
LGQL�GRWHFL��VHNDNR�GHND�H�QDMSRYROQR�HQHUJHWVNLWH�UH]HUYLWH�GD�ELGDW�UDVSRUHGHQL
QD�QDaLQ�VR�NRM� � `H�LP� VH�RYR]PRCL�QD�HOHNWUDQLWH�QDMHILNDVQR�GD� JL�LVNRULVWDW
LGQLWH�GRWHFL�

9R� RS^W� VOXaDM�� NDNR� PHUND� ]D� HILNDVQR� NRULVWHZH� QD� GRWHFLWH� PRCH� GD
SRVOXCL�JROHPLQDWD�QD�YNXSQDWD�SURGXNWLELOQRVW�RG�VLWH�DNXPXODFLRQL�HOHNWUDQL
L�]D�IXQNFLMD�QD�FHOWD�GD�VH�XSRWUHEL�VOHGQLRW�L]UD]��

����������W(E) = W1(E1) + W2(E2) +  . . .  + Wn(En)          -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  (16)

          ]D�����E1 + E2 + . . . + En = E      L�    Eimin ≤ Ei ≤ Eimax       ]D�VHNRH���i = 1, n
���

YR�NRM�H�R]QDaHQR��

�����������W����3URGXNWLELOQRVW�QD�VLWH�HOHNWUDQL�
�����������Wi ��3URGXNWLELOQRVW�QD�HOHNWUDQDWD�i��
�����������n�����%URM�QD�HOHNWUDQLWH�
�����������E ����(QHUJLMD�VPHVWHQD�YR�VLWH�DNXPXODFLL�
�����������Ei  ��(QHUJLMD�VPHVWHQD�YR�DNXPXODFLMDWD�i��
�����������Eimin , Eimax���*UDQLaQL�YUHGQRVWL�QD�HQHUJHWVNLWH�UH]HUYL�

3UHVPHWNLWH�]D�PRCQDWD�SURGXNWLELOQRVW�RELaQR�VH�REDYXYDDW�YR�]DYLVQRVW
RG�NRWDWD� QD� DNXPXODFLMDWD��(QHUJHWVNDWD� YUHGQRVW� QD� DNXPXOLUDQDWD� YRGD� H� LVWR
WDND�]DYLVQD�RG�NRWDWD�L�PRCH�GD�VH�RSUHGHOL�]DYLVQRVWD�QD�SURGXNWLELOQRVWD�RG
HQHUJHWVNDWD� VRGUCLQD� QD� DNXPXODFLMDWD�� YR� YLG� QD� DSURNVLPDWLYHQ� DQDOLWLaNL
L]UD]�LOL�VR�SRPR^�QD�GLVNUHWQL�JROHPLQL�

2SUHGHOXYDZHWR� QD� RQLH� YUHGQRVWL� ]D� Ei �� VR� NRL� YNXSQDWD� PRCQD
SURGXNWLELOQRVW�QD�VLVWHPRW�W�H�PDNVLPDOQD���SRG�QDYHGHQLWH�XVORYL��SUHWVWDYXYD
NODVLaHQ� SUREOHP� QD� GLQDPLaNRWR� SURJUDPLUDZH� L� SRVWRMDW� SRYH`H� QDaLQL� ]D
QHJRYR�UH^DYDZH�

���������3UL� UH^DYDZHWR� QD� SUREOHPRW� ]D� UDVSUHGHOED� QD� HQHUJHWVNLWH� UH]HUYL� SR
DNXPXODFLLWH�WUHED�GD�VH� ]HPDW�YR�SUHGYLG�VLWH�NRQNUHWQL�XVORYL�NRL�YODGHDW�YR
HOHNWURHQHUJHWVNLRW� VLVWHP�� � GHQHYQLRW� GLMDJUDP� QD� SRWUHELWH�� PRCQRVWLWH� QD
WHUPRHOHNWUDQLWH�� SURL]YRGVWYRWR� QD� SURWHaQLWH� KLGURHOHNWUDQL�� SRaHWQLWH



VRVWRMEL�YR�DNXPXODFLLWH��GRWHFLWH�RG�YRGD�L�GU���5H^HQLHWR�]D�NUDMQLWH�VRVWRMEL�QD
DNXPXODFLLWH�GRELHQR�VSRUHG�UHODFLMDWD��16��WUHED�GD�ELGH�WDNYR�^WR�YR�WHNRYQLRW
SHULRG�EL�ELOH�]DGRYROHQL�SRWUHELWH�QD�SRWUR^XYDaLWH�L�YR�HQHUJLMD�L�YR�PR`QRVW�

������������.DNR� RVQRYHQ� YUHPHQVNL� SHULRG� ]D� VRJOHGXYDZH� QD� VRVWRMELWH� PRCH� GD� VH
NRULVWL� VHGPLFD�� GHNDGD�� PHVHF� LOL� VH]RQD�� 3UHWSRVWDYND� H� GHND� ]D� YUHPHQVNLRW
SHULRG� ]D�NRM� VH� RSUHGHOXYD� UDERWDWD� QD� HOHNWUDQLWH�SRVWRMDW� GRYROQR� GRYHUOLYL
SRGDWRFL�]D�GRWHFLWH�L�UDVSRORCLYRVWD�QD�HOHNWUDQLWH��&HOWD�QD�SUHVPHWNLWH�H�GD
VH�RSUHGHOL�WDNYR�NRULVWHZH�QD�HOHNWUDQLWH�YR�WHNRYQLRW�SHULRG�]D�GD�QD�NUDMRW�RG
WRM� SHULRG� VRVWRMEDWD� YR� DNXPXODFLLWH� ELGH� WDNYD� ^WR� WLH� EL� ELOH� PDNVLPDOQR
SRGJRWYHQL� GD� JL� REUDERWDW� GRWHFLWH� RG� QDUHGQLRW� SHULRG�� ]D� NRM� SRVWRMDW� VDPR
VWDWLVWLaNL�VR]QDQLMD�

� 5H^HQLHWR�]D�UDVSUHGHOED�QD�HQHUJLMDWD�SR�DNXPXODFLL�PRCH�GD�LPD�SRYH`H
SUDNWLaQL� SULPHQL�� *ODYQD� NRULVQRVW� H� WDD� ^WR� PRCH� GD� SRVOXCL� ]D� SROHVQR
RSUHGHOXYDZH�QD�VWUDWHJLMDWD�]D�NRULVWHZH�QD�DNXPXODFLLWH�

���35,0(5

����������1DaLQRW�L�WHNRW�QD�SUHVPHWNLWH�]D�SURGXNWLELOQRVWD�`H�ELGH�LOXVWULUDQ�YU]
SULPHURW�QD�+(�>SLTH�

����������9R�SHULRGRW�����������JRG��YR�PHVHF�PDM�RVWYDUHQL�VH�VOHGQLWH�VUHGQRPHVHaQL
GRWHFL�YR�DNXPXODFLMDWD�>SLTH��

1946 78.3 1956 75.6 1966 82.2 1976 61.8 1986 134.8
1947 65.8 1957 61.2 1967 84.3 1977 62.1 1987 74.3
1948 91.8 1958 89.4 1968 69.0 1978 168.3 1988 43.2
1949 38.6 1959 65.7 1969 138.6 1979 118.5 1989 42.0
1950 48.3 1960 105.8 1970 126.2 1980 106.2 1990 26.1
1951 96.6 1961 83.1 1971 96.7 1981 96.1 1991 91.9
1952 51.4 1962 94.4 1972 62.1 1982 84.4 1992 30.8
1953 122.4 1963 213.0 1973 97.4 1983 56.6 1993 34.5
1954 63.6 1964 64.8 1974 128.1 1984 132.9 1994 48.8
1955 74.1 1965 113.1 1975 46.5 1985 98.3

���������6SRUHG�UHODFLLWH�����L������VH�GRELYD��

          a� �����������L�����σ  ������

������������������������$NR�QD�SRaHWRNRW�RG�PHVHFRW�DNXPXODFLMDWD�H�QD�QLYR�RG�577 P�Q�Y����YR�XVORYL
NRJD�QH�VH�SR]QDYDDW�LGQLWH�GRWHFL�PRCH�GD�VH�VOXaDW�VOHGQLWH�VRELWLMD��

���'D�VH�SRMDYL�GRWHN�NRM�^WR�HOHNWUDQDWD�PRCH�FHOLRW�GD�JR�REUDERWL��7DNYL
VH� � VLWH� GRWHFL� SRPDOL� RG� 90 m3/ sek�� NRONX� ^WR� L]QHVXYD� LQVWDOLUDQRVWD� QD
HOHNWUDQDWD��RGQRVQR�SRPDOL�RG�PDNVLPDOQLRW�LVWHN�QD�WDD�NRWD�

9HURMDWQRVWD� ]D� SRMDYD� QD� WDNYL� GRWHFL�� SUHVPHWDQD� SUHNX� UHODFLMDWD� ����
L]QHVXYD�0.6393�� VR� VUHGQD� YUHGQRVW�� SUHVPHWDQD�SUHNX�UHODFLMDWD� ����� YR� L]QRV� RG



62.0 m3/sek��6R� WDNRY� GRWHN�SURSX^WHQ�QL]� WXUELQLWH�QD� HNHNWUDQDWD�� QD� WDD� NRWD
`H�VH�RVWYDUL�SURVHaQD�VSHFLILaQD�PR`QRVW�RG���������MW/ (m3/sek),�RGQRVQR�`H�VH
SURL]YHGH�YR�PHVHFRW�SURVHaQR�34.2 GWh��7RM�L]QRV�SUHWVWDYXYD�L�SURGXNWLELOQRVW
QD�HOHNWUDQDWD�YR�VOXaDM�QD�SRMDYD�QD�GRWHFL�SRPDOL�RG�LQVWDOLUDQLRW�SURWHN�

��� 3RPH_X� NRWLWH� 577� L� 580� P�Q�Y� DNXPXODFLMDWD� >SLTH� UDVSRODJD� VR
DNXPXODFLQHQ�SURVWRU�NRM� �PRCH� GD� VH� QDSROQL� VR� GRWHN�RG�13.8 m3/sek�� 7RD� ]QDaL
GHND�SUL�SRMDYD�QD�GRWHFL�^WR�VH�SRJROHPL�RG�90�QR�SRPDOL�RG�103.8 m3/sek��QHPD�GD
GRMGH�GR�SUHOHYDZH�QD�YRGL��DNR�HOHNWUDQDWD�UDERWL�VR�PDNVLPDOHQ�SURWHN�

9HURMDWQRVWD� ]D� SRMDYD� QD� GRWHN� YR� JUDQLFLWH� SRPH_X� 90� L� 103.8 m3/sek
L]QHVXYD�0.1133���VR�VUHGQD�YUHGQRVW�od 96.5 m3/sek���9R�RYRM�VOXaDM�QL]�WXUELQLWH�YR
SURVHN� EL� ELOH� � SURSX^WHQL� 90� L� YR� DNXPXODFLMDWD� EL� ELOH� VPHVWHQL�6.5 m3/sek�� �
RGQRVQR�QD�NUDMRW�RG�PHVHFRW�DNXPXODFLMDWD�EL�GRVWLJQDOD�QLYR�RG�578.4�P�Q�Y�

����3URVHaQDWD� UDERWQD� NRWD� QD� DNXPXODFLMDWD� EL� L]QHVXYDOD� 577.7� P�Q�Y� �
HOHNWUDQDWD�EL�UDERWHOD�VR�SURVHaQD�VSHFLILaQD�PR`QRVW�RG�0.74825 MW/ (m3/sek)�L
EL� ELOH� SURL]YHGHQL� 50.2 GWh�� 1D� NRWD� RG� 577.7� P�Q�Y�� HOHNWUDQDWD� RVWYDUXYD
SURVHaQD�VSHFLILaQD�PR`QRVW�RG�0.75609 MW/ (m3/sek)� �RG�^WR�SURL]OHJXYD�GHND�YR
DNXPXODFLMDWD�EL�ELOH�DNXPXOLUDQL�GRSROQLWHOQL�3.6 GWh����RGQRVQR�GHND�YNXSQDWD
SURGXNWLELOQRW�QD�HOHNWUDQDWD��YR�RYRM�VOXaDM��EL�L]QHVXYDOD� 53.8 GWh�

��� 9R� VOXaDM� QD� SRMDYD� QD� GRWHN� NRM� EL� ELO� SRJROHP� RG� 103.8 m3/sek� L� SRNUDM
UDERWD� VR� PDNVLPDOHQ� SURWHN�� EL� VH� QDSROQLOD� DNXPXODFLMDWD� L� EL� GR^OR� GR
SUHOHYDZH�QD�GHO�RG�YRGLWH���9HURMDWQRVWD�]D�SRMDYD�QD�GRWHN�SRJROHP�RG�103.8 m3/sek
L]QHVXYD� 0.2474�� D� QHJRYDWD� SURVHaQD� YUHGQRVW� 138.0 m3/sek�� 3UL� UDERWD� VR
PDNVLPDOHQ�SURWHN��HOHNWUDQDWD�EL�SURL]YHOD�50.8 GWh�L�EL�ELOH�DNXPXOLUDQL�7.8
GWh���RGQRVQR�SURGXNWLELOQRVWD�QD�HOHNWUDQDWD��YR�RYRM�VOXaDM��EL�L]QHVXYDOD�58.6
GWh�

$NR�QD�SRaHWRNRW�RG�PHVHF�PDM�DNXPXODFLMDWD�QD��+(�>SLTH�H�QD�QLYR�RG����
P�Q�Y����VSRUHG�UHODFLMDWD�������PRCH�GD�VH�RaHNXYD�SURGXNWLELOQRVW�RG��

W = 0.6393 · 34.2 + 0.1133 · 53.8 + 0.2474 · 58.6 = 42.44 GWh.

.RJD� EL� VH� VSURYHOH� SUHVPHWNL� ]D� SURGXNWLELOQRVWD� QD�+(�>SLTH� ]D� VLWH
PRCQL�NRWL�QD� QHM]LQDWD� DNXPXODFLMD�� EL� VH� GRELOD�RaHNXYDQD�SURGXNWLELQRVW� YR
PHVHF�PDM��VSRUHG��GLMDJUDPRW�SULNDCDQ�QD�QDUHGQDWD�VWUDQLFD�

'LMDJUDP�SRNDCXYD�NDNR� VH�PHQXYD�PRCQDWD�LVNRULVWOLYRVW� QD� GRWHFLWH� YR
+(�>SLTH�YR�PHVHF�PDM��YR�]DYLVQRVW�RG�NRWDWD�QD�DNXPXODFLMDWD�QD�SRaHWRNRW�RG
PHVHFRW�

6R�]JROHPXYDZHWR�QD�NRWDWD�VH�]JROHPXYD�YHURMDWQRVWD�]D�SRMDYD�QD�SUHOLY�QR
HGQRYUHPHQR� VH� ]JROHPXYD� L� VWHSHQRW� QD� LVNRULVWXYDZH� QD� UDVSRORCLYLWH� YRGL
SRUDGL�UDERWD�QD�SRJROHP�SDG��6H�GR�NRWD�����NRULVWD�RG�UDERWHZHWR�VR�]JROHPHQ
SDG�H�SRJROHPD�RG�^WHWLWH�SRUDGL�SUHOLYL��D�QDG�WDD�NRWD��VSURWLYQRWR�

1DMPQRJX�HQHUJLMD�RG�GRWHFLWH�YR�PHVHF�PDM��YR�+(�>SLTH�EL�PRCHOR�GD�VH
RaHNXYD�DNR�NRWDWD�QD�DNXPXODFLMDWD�QD�SRaHWRNRW�RG�PHVHFRW��L]QHVXYD�����P�Q�Y����D
NULYDWD�QD�PRCQDWD�SURGXNWLELOQRVW�LPD�VYRM�PDNVLPXP�SRG�PDNVLPDOQDWD�NRWD�QD
DNXPXODFLMDWD����=D�GUXJL�PHVHFL�LOL�GUXJL�HOHNWUDQL���PRCQDWD�SURGXNWLELOQRVW�H



aHVWR�QDMJROHPD�NRJD�QD�SRaHWRNRW�QD�PHVHFRW�DNXPXODFLMDWD�H�QD�VYRHWR�QDMYLVRNR
QLYR.
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�����������3R]QDYDZHWR�QD�NULYLWH�QD�PRCQDWD�SURGXNWLELOQRVW�YR�]DYLVQRVW�RG�NRWLWH
QD� DNXPXODFLLWH� H� NRULVQR� ]DUDGL� VRJOHGXYDZH� QD� QDMSRYROQLWH� NRWL� L� RVREHQR
]DUDGL� VRJOHGXYDZH� QD� VWUPLQDWD� �JUDGLHQWRW�� QD� SURPHQDWD� QD
SURGXNWLELOQRVWLWH�YR�]DYLVQRVW�RG�VRVWRMELWH�QD�DNXPXODFLLWH��^WR�RYR]PRCXYD
GD�VH�RSUHGHOL�QDMUDFLRQDOQD��UDVSUHGHOHED�QD�HQHUJHWVNLWH�UH]HUYL�

/,7(5$785$��

 -  Terminologie utilisée dans les statistiques de l’industrie électrique  - UNIPEDE
����6WRKDVWLaNL�SULVWXS�SUREOHPX�NRUL^�HZD�VH]RQVNLK�DNXPXODFLRQLK�ED]HQD���
����.HJOHYL��-���6RYHWXYDZH�&,*5(��%OHG������
����(OHPHQWL�WHRULMH�YHURYDWQR�H�L�PDWHPDWLaNH�VWDWLVWLNH����9XNDGLQRYL��6�
����3ULYUHGQL�SUHJOHG��%HOJUDG������
����3URGXNWLELOQRVW�KLGURHOHNWUDQD�X�-XJRVODYLML��PRGHO������
����(1(5*2352-(.7��%HOJUDG�������
���2SWLPDOQR�LVNRULVWXYDZH�QD�YRGLWH�YR�DNXPXODFLRQLWH�KLGURHOHNWUDQL�VR
���SURPHQOLY�SDG�SR�NULWHULXPRW�]D�PDNVLPDOQR�SURL]YRGVWYR�QD�HQHUJLMD�
���0DJLVWHUVNL�WUXG���'�0LKDMORYVNL��6NRSMH������
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6RGUCLQD

9R�QHNRL�WHKQROR^NL�SURFHVL�VH�WUR^DW�]QDaLWHOQL�NROLaHVWYD�QD�HQHUJLMD�
WRSOLQVND�L�HOHNWULaQD��3RQHNRJD^�SRVWRMDW�PRCQRVWL�GD�VH�SUHIHULUD�HGQDWD
HQHUJLMD�QD�VPHWND�QD�GUXJDWD�NDNR�EL�VH�SRVWLJQDO�WUR^NRYHQ�RSWLPXP�

9R�RYRM�WUXG�VH�UD]UDERWXYD�HGHQ�SURL]YRGHQ�SURFHV�YR�2+,6�L�VH�RSUHGHOXYD
NULWHULXP�]D�RSWLPL]LUDZH�SUL�UD]OLaQL�FHQL�QD�HOHNWULaQDWD�L�WRSOLQVNDWD
HQHUJLMD�

9R�VOXaDMRW�H�RSIDWHQR�VRSVWYHQRWR�NRJHQHUDWLYQR�SURL]YRGVWYR�QD�GYHWH�HQHUJLL
SUL�^WR�HOHNWULaQDWD�HQHUJLMD�H�YR�IXQNFLMD�QD�VLJXUQRVQD��YWRUR�QDSRMXYDZH�]D
GUXJ�SURFHV�VR�SRVHEQD�SRWUHED�RG�³NULWLaQR´��QDSRMXYDZH�

./8A1,�=%2529,��PHKDQLaND�UHNRPSUHVLMD��VLJXUQRVQD�HQHUJLMD��NRJHQHUDFLMD�
WUR^RFL�

In certain technological procedures significant quantities of energies: thermal and electrical are
consumed. In some cases one of the energies is preferred on the account of the other one in order
to achieve cost optimum.

This article treats a production process in the Chemical Plant “OHIS” determining the
optimization criteria when different prices of thermal and electrical energies are present.

This case covers as well the cogenerative production of the both energies, when the electrical
energy plays a role of a critical energy of the plant, meaning a second source.

KEY WORDS: mechanical recompression, critical energy, cogeneration, costs.



929('�

9R�SURFHVRW�QD�SURL]YRGVWYR�QD�SROLDNULOQR��VLQWHWVNR�YODNQR�YR�IDEULNDWD
“0DORQ”�YR�2+,6�6NRSMH��PRCH�GD�VH�NRULVWDW�GYD�SURFHVL��HGQLRW�H�PHKDQLaND
UHNRPSUHVLMD��0.���D�GUXJLRW�VR�WHUPR�NRPSUHVRU��7.���9R�SUYLRW�VOXaDM�VH
YORCXYD�SRYH`H�HOHNWULaQD�HQHUJLMD�VSRUHGHQD�VR�YWRULRW��7.��NDGH�SR]QDaDMQD�H
SRWUR^XYDaNDWD�QD�WRSOLQVND�HQHUJLMD��2G�GUXJD�VWUDQD�YR�LQGXVWULVNDWD�HQHUJDQD
RYLH�SURFHVL�LPDDW�VYRH�YOLMDQLH�L�NRJHQHUDWLYQRWR�SURL]YRGVWYR�QD�HOHNWULaQD
HQHUJLMD�NRMD�LPD�IXQNFLMD�NDNR�DOWHUQDWLYHQ�VLJXUQRVHQ�LOL�UH]HUYHQ�L]YRU�QD
HOHNWULaQD�HQHUJLMD�YR�SRJRQRW�]D�SURL]YRGVWYR�QD�SROLYLQLO�KORULGL��PVC��YR
IDEULNDWD�“3ODVWLaQL�PDVL”�

2YLH�SURFHVL�JOHGDQL�NDNR�FHOLQD�QD�QLYR�QD�NRPELQDW�2+,6�LPDDW�SRYH`HNUDWQL
]QDaHZD�RG�NRPHUFLMDOHQ��VLJXUQRVHQ�L�HNRQRPVNL�DVSHNW�DQDOL]LUDQL�SUHNX
SRWUR^XYDaNDWD�QD�WRSOLQVND�HQHUJLMD��PD]XW���HOHNWULaQD�HQHUJLMD�QDEDYHQD�RG
HOHNWURHQHUJHWVNLRW�VLVWHP��((6��L�HOHNWULaQD�HQHUJLMD�RG�VRSVWYHQR
SURL]YRGVWYR�NDNR�VLJXUQRVHQ�

9R�RYRM�WHNVW�`H�VH�]DGUCL�YQLPDQLHWR�QD�WRD��NRL�RGQRVL�QD�FHQLWH�QD�WRSOLQVNDWD
L�HOHNWULaQDWD�HQHUJLMD��QD�SD]DURW��RYR]PRCXYDDW�SRPDOD�HQHUJHWVND
SRWUR^XYDaND�]D�NRPELQDWRW�NDNR�FHOLQD��RGQRVQR�RYR]PRCXYDDW�SRJROHP�SURILW
]D�RSUHGHOHQR�SURL]YRGVWYR�

�� '(),1,5$:(�1$�352%/(027

=D�RVWYDUXYDZH�QD�RSUHGHOHQR�SURL]YRGVWYR�YR�)�NDWD�0DORQ��VHNFLMDWD�PRCH�GD
UDERWL�YR�WUL�UHCLPL��3UL�WRD�SRWUHELWH�QD�WRSOLQVND�HQHUJLMD�VH�LVNDCDQL�NDNR
NROLaLQL�QD�SDUHD�VR�RSUHGHOHQL�SDUDPHWUL��SULWLVRN�L�WHPSHUDWXUD��2S^WDWD
SRWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD�VH�]DGUCXYD�LVWD�RVYHQ�RQDD�NRMD�VH�QDYHGXYD
SRVHEQR�]D�NRPSUHVRURW�SUL�PHKDQLaNDWD�UHNRPSUHVLMD��5D]OLaLWL�UHCLPL�QD
UDERWD�RYR]PRCXYDDW�UD]OLaQR�SURL]YRGVWYR�QD�NRJHQHULUDQD�HOHNWULaQD�HQHUJLMD
YR�HQHUJDQDWD��3RGDWRFLWH�VH�QDYHGXYDDW�YR�VOHGQDWD�WDEHOD�

0HKDQLaND
UHNRPSUHVLMD

7HUPR
NRPSUHVLMD

.ODVLaQD

3DUHD�(t/h) �����bar �� �� �
���bar � �� ��
9NXSQR� �� �� ��

(OHNWULaQD�HQHUJLMD�RG�((6�(MW) ��� � �
3URL]YRGVWYR�RG�JHQHUDWRU�YR
(QHUJHWLND�(MW)

��� ��� ���

9R�RYRM�WHNVW�`H�VH�VSRUHGXYDDW�VDPR�UHCLPLWH�QD�UDERWD��PHKDQLaND�UHNRPSUHVLMD
VR�WHUPR�NRPSUHVLMD��NDNR�DNWXHOQL�UHCLPL��.ODVLaQDWD�WHKQRORJLMD�YH`H�H
QDSX^WHQD�SR�L]JUDGEDWD�QD�SRYH`HVWHSHQVNDWD�LVSDULWHOQD�VWDQLFD�
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3URL]YHGHQDWD�HOHNWULaQD�HQHUJLMD�RG�JHQHUDWRURW�YR�(QHUJHWLND��QDYHGHQR�YR
JRUQDWD�WDEHOD��H�]DYLVQD�RG�NROLaLQDWD�SDUHD�NRMD�MD�SUH]HPD�0DORQ�LVWR�WDND
SRVRaHQR�YR�WDEHODWD��0RCQR�H�SRJROHPR�SURL]YRGVWYR�QD�HOHNWULaQD�HQHUJLMD�NDNR
SRVOHGLFD�RG�SRWUR^XYDaNDWD�QD�GUXJLWH�SRWUR^XYDaL��1D�^HPDWVNLRW�SULND]
SULNDCDQL�VH�SRYU]DQRVWLWH�QD�WHKQROR^NLWH�FHOLQL�“(QHUJHWLND”-“0DORQ”-
“3ODVWLaQL�PDVL”�VR�WHNRYLWH�QD�HQHUJLLWH�NDNR�IDNWRUL�NRL�LPDDW�YOLMDQLH�]D
DQDOL]DWD�

$NR�JL�VSRUHGXYDPH�VDPR�UD]OLNLWH�RG�WRSOLQVNDWD�L�HOHNWULaQDWD�HQHUJLMD�SRPH_X
UD]OLaQLWH�UHCLPL�QD�UDERWDWD�QD�0DORQ�L�SURL]YRGVWYRWR�QD�HOHNWULaQDWD
HQHUJLMD�YR�(QHUJHWLND�NDNR�NULWHULXP�SRVWDYXYDPH�ELODQV�

ΣE = GTE + GEG + EES – EEG (1)

^WR�WUHED�GD�]QDaL�YQHVHQD�HQHUJLMD�YR�VLVWHPRW�“(QHUJHWLND”-“0DORQ”�VR�]QDN
“SOXV”�L�SURL]YHGHQD�HOHNWULaQD�HQHUJLMD��NULWLaQD��VR�]QDN�“PLQXV”�
2]QDNLWH�]QDaDW�
GTE�JRULYR�]D�WRSOLQVND�HQHUJLMD�]D�0DORQ
GEG�JRULYR�]D�HOHNWULaQD�HQHUJLMD�RG�JHQHUDWRU��NULWLaQD�HOHNWULaQD�HQHUJLMD
TE�WRSOLQVND�HQHUJLMD�]D�0DORQ
EES�HOHNWULaQD�HQHUJLMD�RG�VLVWHP�]D�0DORQ��]D�NRPSUHVRURW�
EEG�HOHNWULaQD�HQHUJLMD�SURL]YHGHQD�RG�(QHUJHWLND

5DYHQNDWD�����YDCL�]D�GYDWD�UHCLPD�QD�UDERWD���MK�L�TK���VR�WRD�GD�SUL�TK,
HOHNWULaQDWD�HQHUJLMD�RG�EES�H�QXOD�

6R�SRPR^QL�UHODFLL�VRELURFLWH�YR�UHODFLMDWD�����L�NRQNUHWQLWH�YUHGQRVWL�RG
WDEHODWD�VH�GRELYD�

GTE

GEG G
EESTE

2+,6

0$/21
(1(5*(7,.$

3/� 0$6,
�NUL� HQUJLMD�

EEG



=D�PHKDQLaND�NRPSUHVLMD�0.�

ΣMK = TE • Nk • Cm + Pg • Ng • Cm + Pees • Cees - Pg • Cees (GHQ/h) (2)

.DGH�H�

Nk�QRUPDWLYQD�SRWUR^XYDaND�QD�JRULYR��PD]XW��SUL�SURL]YRGVWYR�QD�SDUHD��80 kg/t�
Ng�QRUPDWLYQD�SRWUR^XYDaND�QD�JRULYR�]D�SURL]YRGVWYR�QD�HOHNWULaQD�HQHUJLMD�RG
JHQHUDWRU����125�kg�kWh�
Cees�FHQD�QD�HOHNWULaQD�HQHUJLMD�RG�HQHUJHWVNLRW�VLVWHP��GHQ�kWh�
Ceeg�FHQD�QD�HOHNWULaQD�HQHUJLMD�RG�JHQHUDWRURW��GHQ�kWh�
Cm�FHQD�QD�PD]XWRW��GHQ�kg�
Pg�SURL]YHGHQD�HOHNWULaQD�PR`QRVW�RG�JHQHUDWRURW��kW�
Pees�SUHY]HPHQD�PR`QRVW�RG�HQHUJHWVNLRW�VLVWHP�]D�NRPSUHVRURW�YR�0DORQ��kW�

$NR�VH�SULPHQDW�YUHGQRVWLWH�]D�PHKDQLaND�UHNRPSUHVLMD�LPDPH�

ΣMK = 22 • 80 • Cm + 1500 • 0,125 • Cm + 1500 • Cees - 1500 • Ceeg
���������

ΣMK = 1760 • Cm + 187,5 • Cm + 1500 • Cees - 1500 • Ceeg

$NR�VH�SULPHQDW�YUHGQRVWLWH�]D�WHUPRNRPSUHVLMD�VSRUHG�����LPDPH�

ΣΤK = 31 • 80 • Cm + 1600 • 0,125 • Cm + 0 - 1600 • Cees
���������

ΣTK = 2480 • Cm + 200 • Cm  - 1600 • Cees

.ULWHULXPRW�]D�SRYROQRVW�QD�HGHQ�UHCLP�VSUHPD�GUXJ�JR�GHILQLUDPH�NDNR�

<
                                                                   ΣMK = ΣTK                                                         (5)

>

5HODFLMDWD�����PRCH�GD�JL�LPD�WULWH�]DQDFL���� ��!��3UL�^WR�

D� ���]QDaL�GHND�SUL�WHUPRNRPSUHVLMD�VH�SUDYL�SRJROHP�WUR^RN�YR�VSRUHGED�VR
PHKDQLaNDWD�UHNRPSUHVLMD

E�  ��]QDaL�UDPQRSUDYQRVW�YR�WUR^RFLWH�QD�0.�L�7.��SUL�^WR�YR�L]ERURW
RGOXaXYDDW�GUXJLWH�SRYROQRVWL��D�QH�FHQLWH�QD�HQHUJHQWLWH

F� !��]QDaL�SRPDO�WUR^RN�SUL�WHUPRNRPSUHVLMD�YR�VSRUHGED�VR�PHKDQLaNDWD
UHNRPSUHVLMD�



$NR�YR�QHUDYHQNDWD�����VH�YQHVDW�L]UD]LWH�����L�����VR�VRGYHWQLWH�YUHGQRVWL��VH
SUHIUDODW�OHYR�L�GHVQR�aOHQRYLWH�RG�QHUDYHQVWYRWR�L�VH�SRGHOL�VR�������`H�VH�GRELH
VOHGQLRW�L]UD]�

        <
1,5 • Cees + 0,1 • Ceeg  = 0,7325 • Cm                             (6)

        >

���$1$/,=$�1$�0(?8=$9,61267$

2G�QHUDYHQNDWD�����YLGOLYL�VH�VOHGQLWH�PRPHQWL�

• WUR^RFLWH�]D�WRSOLQVND�L�HOHNWULaQD�HQHUJLMD�VH�PH_XVHEQR�]DYLVQL�RG�FHQLWH
QD�HQHUJHQWLWH�L�SUHY]HPHQDWD�PR`QRVW��WRSOLQVND�L�HOHNWULaQD�

• HOHNWULaQDWD�PR`QRVW�RG�VRSVWYHQLRW�JHQHUDWRU��W�Q��NULWLaQD��YR�GYDWD�VOXaDL�H
SULEOLCQR�LVWD��1.5MW�SUL�0.��RGQRVQR���6MW�SUL�WHUPRNRPSUHVLMD��=DWRD�QH
YOLMDH�]QDaDMQR�YR�RFHQNDWD

• FHQDWD�QD�HO��HQHUJLMD�RG�JHQHUDWRURW�WUHED�GD�VH�WUHWLUD�SRVHEQR��1DMaHVWR�VH
YRYHGXYD�IDNWRU�]D�SURFHQND�NRM�NDCXYD�NRONX�WUHED�GD�ELGH�SRYLVRND�YR
VSRUHGED�VR�HQHUJLMDWD�RG�HOHNWUR�VLVWHPRW�

$NR�YRYHGHPH�IDNWRU�.�NDNR�VRRGQRV�SRPH_X�FHQDWD�QD�HO��HQHUJLMD�QD
HOHNWURHQHUJHWVNLRW�VLVWHP�L�FHQDWD�QD�HO��HQHUJLMD�RG�VRSVWYHQLRW�JHQHUDWRU��VH
GRELYD�

                                  Ceeg = K • Cees (GHQ/kWh)                                               (7)

%LGHMNL�VWDQXYD�]ERU�]D�FHQD�QD�HOHNWULaQD�HQHUJLMD�SURL]YHGHQD�QD�QLYR�QD
HQHUJHWVNLRW�VLVWHP���NDNR�RYRM�QD�5�0��NDGH�SULEOLCQR�85��H�RG�WHUPR�FHQWUDOL
QD�OLJQLW�VR�NODVLaQD�WHKQRORJRMD��PRCH�GD�VH�]HPH�GHND�JODYQD�NRPSRQHQWD�YR
VWUXNWXUDWD�QD�FHQDWD�H�GHORW�]D�HQHUJLMD��VSUHPD�RQRM�]D�PR`QRVW��2YD�]DQDaL��YR
QD^LRW�VOXaDM�VR�VWHSHQ�QD�SROH]QRVW�QD�WHUPRFHQWUDODWD��η 0.32,�LPDPH
SRWUR^XYDaND�RG��3.600/0.32 = 11.250 (kJ/kWh).�$NR�H�NRJHQHUDWLYHQ��QDMVRYUHPHQ
SURFHV�LPDPH�SRWR^XYDaND�RG�3.600/0.64 = 5.625 (kJ/kWh).

9R�PDOD�LQGXVWULVND��VWDUD��HQHUJDQD�VH�YHULILFLUDQL�SRWUR^XYDaNL�L�GR�21.000
kJ/kWh��DNR�SRVWURMNDWD�H�QHNRONX�MW�GR 4.400 kJ/kWh�DNR�H�NRJHQHUDWLYHQ
QDMVRYUHPHQ�SURFHV�

$NR�H�GRPLQDQWHQ�NULWHULXPRW�QD�UHDOQR�SRWUR^HQDWD�WRSOLQD�WRJD^�IDNWRURW�.
PRCH�GD�ELGH�

. ��SUL�LVWD�SRWUR^XYDaND�QD�WRSOLQD�YR�GYDWD�VOXaDL

.���DNR�LQGXVWULVNDWD�HQHUJDQD�H�NRJHQHUDWLYQD

.!��DNR�LQGXVWULVNDWD�HQHUJDQD�H�NRQGHQ]DFLRQD

1DMaHVWR�VH�GRGDYD�QD�.�IDNWRURW��X^WH�L�“VLJXUQRVQDWD”�GLPHQ]LMD��NDNR�YWRU
DOWHUQDWLYHQ�L�SRVWRMDQ�L]YRU�QD�HO��HQHUJLMD��7RJD^�QHJRYLRW�L]QRV�PRCH�GD�ELGH



SRYH`HNUDWHQ��QD�SULPHU������GR���SDWL�SRVNDSD�HOHNWULaQD�HQHUJLMD�RG�VRSVWYHQLRW
L]YRU�YR�VSRUHGED�VR�RQDDD�RG�HQHUJHWVNLRW�VLVWHP�

6R�YRYHGXYDZH�QD�UDYHQNDWD�����YR�����LPDPH�

<
Cees • (1,5 + 0,1K)  = 0,7325 • Cm (103 GHQ/h)                            (8)

>

3ULID`DPH�GHND�IDNWRURW�.�SR�GYDWD�NULWHULXPD��HQHUJHWVNL�L�VLJXUQRVHQ
L]QHVXYD����7RJD^�UHODFLMDWD�����JR�GRELYD�VOHGQLRW�REOLN�

<
1,7 • Cees  = 0,7325 • Cm (103 GHQ/h)                            (9)

>

$NR�MD�UD]JOHGDPH�UHODFLMDWD�����NDNR�HGQDNYRVW��VH�JOHGD�GHND�WRD�H�SUDYD�NRM
SURD_D�QL]�NRRUGLQDWQLRW�SRaHWRN�VR�QDNORQ�YR�RGQRV�QD�DSFLVDWD�(Cm)�HGQDNRY�QD
tgα = 0,7325:1,7 = 0.43�

1D�VOLND����SULNDCDQD�H�REODVWD�QD�SRYROQRVW�QD�WHUPRNRPSUHVLMDWD��SRJROHPD
]DVWDSHQRVW�QD�WRSOLQVND�HQHUJLMD���VSUHPD�PHKDQLaNDWD�UHNRPSUHVLMD��SRJROHPD
]DVWDSHQRVW�QD�HOHNWULaQD�HQHUJLMD���SUL�RSUHGHOHQL�FHQL�QD�PD]XWRW��WRSOLQVND
HQHUJLMD��L�HOHNWULaQD�HQHUJLMD�RG�HOHNWURHQHUJHWVNLRW�VLVWHP�

6OLND����*UDILaNL�SULND]�QD�UHODFLMDWD����

0
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Cees
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Cm (GHQGHQ/kg)

α



���.20(17$5�1$�9263267$9(1,7(�=$9,61267,

3RVOHGQDWD�PDWHPDWLaND�UHODFLMD�����SULNDCDQD�YR�JUDILaND�IRUPD�QD�VOLND����`H
MD�UD]JOHGDPH�YR�]DYLVQRVW�RG��]QDNRW�YR�QHUDYHQNDWD�

3UL�HGQDNRYRVW�QD�GYHWH�VWUDQL�QD�QHUDYHQNDWD��VOLND�����LPDPH�SUDYD�VR�Cees =
0.43Cm�NRMD�SURD_D�QL]�SRaHWRNRW�QD�NRRUGLQDWQLRW�VLVWHP�L�LPD�QDNORQ�tga=0.43�
2YD�SUHGVWDYXYD�JUDQLaHQ�VOXaDM�NRJD�QH�SRVWRL�IDYRUL]DFLMD�QD�HGQLRW�LOL
GUXJLRW�SURFHV��7.�LOL�0.���SUL�^WR�RGOXNDWD�]D�HGQLRW�LOL�GUXJLRW�SURFHV�VH
QRVL�QH�SR�NULWHULXP�QD�FHQD�WXNX�RG�GUXJL�WHKQLaNR�WHKQROR^NL�PRPHQWL��1D
SULPHU��VLJXUQRVWD�YR�VQDEGXYDZHWR��NYDOLWHWRW�QD�HQHUJLMDWD��VLJXUQRVWD�QD
SRVWURMNLWH��NYDQWLWDWLYQLWH�VRVWRMEL��GUXJL�ILQDQVLVNL�SRJRGQRVWL�

$NR�]D�RSUHGHOHQL�FHQL�QD�HQHUJHQWLWH�VH�GRELH�]DQDNRW�!��YR�UDYHQNDWD������]DQDaL
GHND�WUR^RNRW�]D�HOHNWULaQD�HQHUJLMD�H�SRJROHP��RGQRVQR�VH�QDRJDPH�YR�REODVW
SRPH_X�SUDYDWD�Cees + 0.34 Cm�L�RUGLQDWDWD��6OLND������NDGH�PHKDQLaNDWD
UHNRPSUHVLMD�H�SRQHSRYROQD�RG�WHUPRNRPSUHVLMDWD�

5HODFLMDWD�����Cees > 0.43Cm�PRCHPH�GD�MD�QDSL^HPH�YR�REOLN�

       Cees - ∆e  = 0,43 • Cm                                               (10)

^WR�]DQDaL�VH�RVWYDUXYD�SRJROHP�WUR^RN�]D�HOHNWULaQD�HQHUJLMD�

3U� �FHQD�QD�PD]XWRW�Cm = 5��GHQ�kg�
�FHQD�QD�HO��HQHUJLMD�Cees = 3��GHQ�kWh�

WRJD^��∆e = Cees – 0,43 • Cm = 3 – 0,43 • 5 = 0,85 (GHQ/kWh)

0RCH�GD�VH�RSUHGHOL�GHND�WUR^RNRW�SRUDGL�YLVRNDWD�FHQD�QD�HOHNWULaQD�HQHUJLMD�H
SRQHSRYROHQ�]D 1,7 • 0.85 = 1,445 (103�GHQ�h��

$NR�LPDPH�]DQDN����SUL�SULPHQD�QD�FHQLWH�QD�HQHUJHQWLWH�RG�QHUDYHQNDWD������]QDaL
SRYROQD�PHKDQLaND�UHNRPSUHVLMD�YR�RGQRV�QD�WHUPRNRPSUHVLMDWD�
1D�JUDILNRW�QD�VOLND����WRD�H�REODVWD�SRPH_X�SUDYDWD�Cees = 0.43Cm�L�DSFLVDWD�

9R�RYRM�VOXaDM�PRCHPH�GD�QDSUDYLPH�UHODFLMD�

Cees/0,43 = Cm - ∆m      (11)

3U� �FHQD�QD�PD]XWRW�Cm = 8��GHQ�kg�
�FHQD�QD�HO� HQHUJLMD�Cees = 2��GHQ�kWh�

WRJD^��∆m = Cees/0,43 = 8 – 2/0,43 = 3,348 �GHQ�kg��

7UR^RNRW�]DUDGL�YLVRNDWD�FHQD�QD�PD]XWRW�Cm��H�SRJROHP�RG�
�������• 3,348 = 2,45  (103�GHQ�h��



���=$./8A2.

(QHUJHWVNDWD�RSWLPDOQRVW�QDMaHVWR�VH�EDUD�YR�SURFHVL�NDGH�VH�NRULVWDW�SRYH`H
HQHUJHQWL�NRL�PH_XVHEQR�PRCDW�GD�VH�VXSVWLWXLUDDW�

9R�WUXGRW�H�SRNDCDQR�QD�NRQNUHWHQ�SULPHU�QD�HGHQ�SURFHV��NDNR�PRCH�GD�VH
RSUHGHOL�L�YR�NRL�UHCLPL�QD�UDERWD�VH�SRVWLJQXYD�SRPDO�WUR^RN�QD�HQHUJLMD�

=D�SURFHVL�NRL�VH�HQHUJHWVNL�LQWHQ]LYQL��WUR^RNRW�NRM�SRWHNQXYD�RG�HQHUJLMDWD
PRCH�PQRJX�aHVWR�GD�ELGH�SUHVXGHQ�]D�RFHQNDWD�QD�HNRQRPLaQRVWD�NRQNXUHQWQRVWD�

,VWR�WDND��SUL�SURHNWLUDZHWR�QD�QHNRM�SURFHV�]D�QHNRH�RSUHGHOHQR�SRGUDaMH��SD]DU
QD�HQHUJLL���L]ORCHQLRW�PHWRG�PRCH�GD�ELGH�]JRGQR�SULPHQHW�SUL�RFHQND�QD
HNRQRPLaQRVWD�

3RGDWRFL�

3RJRQVNL�WHKQLaNL�SRGDWRFL
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.RQWURODWD� QD� SURWRNRW� QD� HOHNWULaQD� HQHUJLMD� L� PR`QRVW� YR� VHNRM� SRYU]DQ
VLVWHP� H� HGQD� RG� RVQRYQLWH� NRPSRQHQWL� � ]D� GREUD� UDERWD�.RQWUROD� L� GRQHVXYDZH
]DNOXaRFL�]D�WRD�EDUD�DSDUDWL��PHUHZH��LQVWUXPHQWL��EURLOD�
3ULNDCDQ�H�SRJOHG�YR�76���������kV�%LWROD���VR�SURVHaQL�PHVHaQL�WRNRYL�QD�PR`QRVW
]D� ����� JRG�� ]D� GD� VH� YLGDW� XVORYLWH� YR� RYRM� GHO� RG� ���� kV� PUHCD� YR� 5HSXEOLND
0DNHGRQLMD��2VQRYD�]D�]DNOXaRFL�VH�PHUHZDWD�RG�VLWH�HOHNWULaQL��DNWLYQL��EURLOD�YR
SRVWURMNDWD�

S U M M A R Y

The control the flowing of the electric energy and power in every interconnected
system, is one of basic component for good servicing. Control and making considerations
aboute it, needs a lot of devices, measuring, instruments, counters. It is presented, a wiew
in SY  400/110 kV Bitola 2, with monthly average power flow for 1997, to see conditions in
this part of 400 kV network in Republic of Macedonia. The base for considerations are
measurement of all electric (active) counters in the yard.

.OXaQL�]ERURYL���7UDIRVWDQLFD��ELODQV��SURVHaQL
DNWLYQL�PR`QRVWL



��� 9�2�9�(�'

(OHNWURHQHUJHWVNLRW� VLVWHP� QD� 50�� UH]LGXDOHQ� GHO� QD� QHNRJD^� HGLQVWYHQ
SRJROHP�VLVWHP��LPD�UHODWLYQR�HGQRVWDYQD�^HPD��$NWLYLUDZHWR�QD�'9�����SRPH_X�76
%LWROD���L�76�6NRSMH����ELWQR�MD�SRGREUL�VRVWRMEDWD�VR�IRUPLUDZH�QD�WULDJROQLN�QD
����NV  VR�LQWHUNRQHNFLL�NRQ�65-�L�*UFLMD�

1HVRPQHQR� H� GHND� HILNDVQDWD� UDERWD�QD�76��������� NV %LWROD� �� NDNR� � DJROQD
WRaND�QD�NRMD�VH�SULPD�JODYQLRW�GHO�RG�SURL]YRGVWYRWR�QD�HOHNWULaQD�HQHUJLMD�YR�50�
ELWQR�SULGRQHVXYD�]D�RS^WDWD�VRVWRMED�YR�HOHNWURHQHUJHW�VNLRW�VLVWHP�]D�QHSUHaHQD�L
EH]EHGQD� UDERWD�� 3UDWHZHWR� QD� WHaHZHWR� QD� HOHNWULaQD� HQHUJLMD� L� PR`QRVW� YR
VLVWHPRW�H�RVQRYHQ�SRGDWRN�NRM�VR�YNORS�QDWD�VRVWRMED�L�JR�GHILQLUD�NDNR�WDNRY�

3URVHaQLWH� PR`QRVWL� L]YHGHQL� RG� L]PHUHQDWD� HOHNWULaQD� HQHUJLMD� L� EURM� QD
VDDWL� YR� PHVHFRDW� GDYDDW� SULND]� QD� VRVWRMEDWD� QD� WRNRYLWH� ^WR� VR� L]YHVQL
RJUDQLaXYDZD�VH�EOLVNX�GR�UHDOQDWD�VRVWRMED�

�� 62672-%$�92�76�%,72/$��

9LVRNRQDSRQVNDWD� ���� NV PUHCD� YR� 76� %LWROD� �� WHKQLaNL� H� “QDMERJDWD” VR
L]YRGL�YR�50��,PHQR�SRNUDM�GYDWD�GDOQRYRGL�]D�76�'XEURYR�������L�76�6NRSMH���������
SULPD� HQHUJLMD� RG� 7(� %LWROD� RG� EORN� �� ������ L� EORN� �� ������� 2VWDQDWLWH� WHKQLaNL
SROLZD�YR�76��VSRMQR��WUDQVIRUPDWRUL��VH�]DHGQLaNL�]D�VLWH�WUDIRVWDQLFL�RG�YDNRY
YLG�� 9R� RGQRV� QD� RVWDQDWLWH� GYH� WUDIRVWDQLFL� YR� 50� QHGRVWDVXYD� PH_XQDURGQD
LQWHUNRQHNFLMD�^WR�YR�VHNRM�VOXaDM�VR�SULURGHQ�UD]YRM�PRUD�GD�VH�UHDOL]LUD�YR�EOLVND
LGQLQD�

1HGRVWDWRNRW� QD� SRPR^QD� VRELUQLFD� �SRNUDM� GYHWH� JODYQL� VRELUQLFL�� YR
GRVHJD^QDWD�HNVSORDWDFLMD�QH�VH�SRaXVWYXYDOD�NDNR�SRVHULR]HQ�SUREOHP�

.RQFHSFLVNRWR� UH^HQLH� YR� 76�� VLWH� VHNXQGDUQL� LQVWDODFLL� GD� ELGDW
NRQFHQWULUDQL� YR� W�Q�� UHOHMQL� NXNLaNL� RYR]PRCXYD� WHKQLaND� DYWRQRPLMD� QD� VHNRM
SRHGLQLaHQ�L]YRG��'DOHaLQVNRWR�XSUDYXYDZH�L�QDG]RU��VDPR�H�QDGJUDGED�

1RUPDOQR�REMHNW�RG�YDNYD�YDCQRVW�LPD�SRWUHED�RG�SRVWRMDQ�QDG]RU�L�RSUHPD�L
DSDUDWXUD�YR�VHNXQGDUQLWH�^HPL�]D�]D^WLWD��XSUDYXYDZH��VLJQDOL]DFLMD�L�PHUHZH��NRMD
RYR]PRCXYD�YLVRN�VWDQGDUG�QD�NRQWUROD�L�XSUDYXYDZH�

0HUHZHWR� QD� HOHNWULaQLWH� �L� WHKQROR^NL� QHHOHNWULaQL�� YHOLaLQL� H� ELWHQ
HOHPHQW�YR�NUHLUDZHWR�QD�RS^WDWD�VOLND�QD�UDERWDWD�QD�76�

������������9R� XVORYL� QD� QDPDOHQL� PRCQRVWL� ]D� PHUHZH� QD� PRPHQWDOQLWH� YUHGQRVWL�� EH]
UHJLVWUDFLMD�LOL�PHPRULUDZH�QD�SRGDWRFLWH��HGLQVWYHQ�SUDNWLaHQ�SULPHQOLY�PHWRG�]D
DQDOL]D� QD� VRVWRMEDWD�� H� WRNRYLWH� QD� HOHNWULaQD� HQHUJLMD� L� PR`QRVW� VH� EURLODWD� ]D
HOHNWULaQD�HQHUJLMD��DNWLYQD�L�UHDNWLYQD���NRL�VH�PRQWLUDQL�YR�UHOHMQLWH�NXNLaNL��YR
QHSRVUHGQD�EOL]LQD�QD�”VYRHWR�SROH”.
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6RJODVQR� ]DNRQVNLWH� SURSLVL� L� VWDQGDUGL�� UHGRYQR� VH� NRQWUROLUDDW� L� EDCGDUDW� �YR
VRUDERWND� VR� QDGOHCQDWD� VOXCED� YR� (60��� 6R� VDPDWD� VYRMD� NRQVWUXNFLMD� L� UDERWD�
EURLORWR�GDYD�RJUDQLaHQL�PRCQRVWL�]D�DQDOL]D��]QDHMNL�MD�QHJRYDWD�RVQRYQD�QDPHQD�

3UDNVDWD� SRNDCXYD� GHND� YR� XVORYL� QD� QDPDOHQL� PRCQRVWL� ]D� PHUHZH�
VUHGQRVDWQLWH� SURVHaQL� RSWRYDUXYDZD� QD� SRHGLQL� L]YRGL� GRELHQL� VR� SHUL�RGLaQL
RaLWXYDQD� RG� EURLODWD�� LPDDW� LVNOXaLWHOQD� YDCQRVW� ]D� GRQHVXYDZH� QD� ]DNOXaRFL
VSRUHG�WHNRYQDWD�SRJRQVND�VRVWRMED�

3URVHaQLWH� PHVHaQL� PR`QRVWL�� L]YHGHQL� RG� SUHVPHWNRYQLWH� NROLaLQL� QD
L]PHUHQDWD�HOHNWULaQD�HQHUJLMD�L�VDDWLWH�YR�WHNRYQLRW�PHVHF�SUH]HQWLUDDW�SRGDWRFL�
SULPHQOLYL�]D�DQDOL]D�QD�VRVWRMED�L�]DNOXaRFL�]D�HNVSORDWDFLMD�L�RGUCXYDZH

����������.YDOLWHW�L�SULPHQOLYRVW�QD�SRGDWRFLWH

(OHNWURHQHUJHWVNL� VLVWHP�NRM� UDERWL� YR� VWDELOHQ�UHCLP�EH]� QDUX^XYDZD� LPD
WHNRYL� QD� HO�HQHUJLMD� L� PR`QRVW� NRL� VH� PQRJX� EOLVNL� GR� SURVHaQLWH�� =DYLVQR� RG
SRWUHED��RGQRVQR�]D�NDNYD�DQDOL]D�VH�UDERWL��SRGDWRFLWH�VH�SULPHQOLYL�LOL�SRPDONX
SULPHQOLYL�� 1HSUHNLQDWDWD� UDERWD� QD� L]YRGRW� VR� UHODWLYDQR� VWDELOHQ� UHCLP� GDYD
VRVHPD� VROLGQL� SRGDWRFL�� 1HGRVWDWRN� H� NRJD� L]YRGRW� SRYUHPHQR� VH� LVNOXaXYD� LOL� H
WUDMQR� LVNOXaHQ� ]D� SHULRG� SRPDO� RG� HGHQ� PHVHF�� ,VWR� WDND� L� NRJD� LVNOXaHQRVWD� VH
SUHQHVXYD�RG�HGHQ�PHVHF�YR�GUXJ�

1HSUHFL]QRVWL� YQHVXYDDW� L� L]YRGL� VR� UHYHU]LELOQD� UDERWD�� =DYLVQR� RG� UD]QL
IDNWRUL� YR� HOHNWURHQHUJHWVNLRW� VLVWHP� �NDNR� WUDQ]LW� QD� HO�� HQHU�JLMD�� VH� PHQXYDDW
WRNRYLWH�QD�PR`QRVWLWH�VR�GLQDPLND�NRMD�QH�PRCH�WRaQR�GD�VH�UHJLVWULUD��WDND�^WR�L
SRGDWRFLWH�]D�SURVHaQD�PR`QRVW�QHPDDW�VRRGYHWQD�SULPHQOLYRVW�

5D]QL� WHKQROR^NL� SULaLQL�� SRNUDM� UHGRYQLWH� JRGL^QL� UHPRQWL� NDNR� JODYHQ
IDNWRU�� SULaLQXYDDW� QDUX^XYDZH� QD� RVQRYQDWD� HQHUJHWVND� UDERWD� L� UDERWD� YR
SULYUHPHQD� YUVND�� =D� 76� %LWROD� �� YDNRY� VOXaDM� H� LVNOXaHQLRW� WUDQVIRUPDWRU� ]D
VRSVWYHQL� SRWUHEL� QD� 7(� � %LWROD�� %ORN� �� YR� SUYDWD� SRORYLQD� QD� JRGLQDWD� �NRM� H
SULNOXaHQ�QD�RWFHS�RG�YUVNDWD�JHQHUDWRU�EORN�WUDQVIRUPDWRU��WDND�^WR�VRSVWYHQLWH
SRWUHEL�QD�EORN���VH�QDSRMXYDW�SUHNX�W�Q�� “GRPD^QL�SRWUHEL” ]D�7(�^WR�H�YLGOLYR�QD
WDEHODWD���
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%LODQVRW� QD� SURVHaQLWH� PHVHaQL� DNWLYQL� PR`QRVWL� YR� 76� %LWROD� ��� SUL
QDPDOHQL�PRCQRVWL�]D�PHUHZH� VH�ED]LUD�QD�SUHVPHWNRYQLWH�EURLOD� ]D� HO�� HQHUJLMD�L
EURMRW� QD� VDDWL� YR� PHVHFRW�� 6H� ELODQVLUD� YOH]� L� L]OH]� QD� DN�WLYQL� �L� UHDNWLYQD� YR
WUDQVIHU��PR`QRVW��^WR�SUL�]DQHPDUHQL��PLQLPDOQL��]DJXEL�YR�76�YR�VHNRM�VOXaDM�VH
HGQDNYL���7DEHOD���
������������9OH]RW�H�GHILQLUDQ�VR�SURL]YRGVWYRWR�QD�WULWH�EORNRYL��]ELUQR��

,]OH]RW�VH�VRVWRL�RG��
��0UHCD�����NV �76�'XEURYR�L�76�6NRSMH�
��0UHCD�����NV �'RP�SRWRUHEL�5XGQLN�L�7(��76�%LWROD���L�76�%LWROD����'LMDJUDP���
�6RSVWYHQLWH�SRWUHEL�QD�76�VH�YNORSHQL�YR�VRSVWYHQLWH�QD�7(�%LWROD�

1DWDPX��YR�IXQNFLMD�QD�SRFHORVHQ� �SULND]�]D�SRGHWDOQL�QDWDPR^QL�DQDOL]L�VH
GDYD� WUDQVIRUPDFLMDWD� QD� DNWLYQD� L� UHDNWLYQD� PR`QRVW� RG� ���� NV NRQ� ���� NV� L
REUDWQR��NDNR�L�WUDQ]LWRW�QD�����NV�]D�65�-XJRVORYLMD�L�*UFLMD���7DEHOD���

����� ����2JUDQLaXYDZD�L�DSURNVLPDFLL

=D� YDNRY� YLG� ELODQV�� QHL]EHCQL� VH� RJUDQLaXYDZD� RG� DVSHNW� WRaQRVW� QD
SRGDWRFLWH�L�DSURNVLPDWLYQL�SUHVPHWNL�
2JUDQLaXYDZDWD�YR�WRaQRVWD� VH�QDJODVHQL�SUL� ]DVWRL�L� LVNOXaHQL�L]YRGL�� ]DWRD�^WR
NROLaLQLWH� HO�� HQHUJLMD� YR� SRPDO� YUHPHQVNL� SHULRG� VH� WUHWLUDDW� NDNR� ]D� FHO
PHVHF�GRGHND�DSURNVLPDFLMDWD�QH�PRCH�GD�VH�L]EHJQH�]D�L]YRGL�L�WUDQVIHU�QD�HQHUJLMD
QDURaQR�SRPH_X�PUHCLWH�QD�����NV�L�����NV�

6HSDN� ]D� YDNRY� ELODQV� L� YR� SRVWRMQLWH� XVORYL�� RJUDQLaXYDZDWD� L� DSUR�
NVLPDFLLWH��VH�SULIDWOLYL��QR�QH�L�]DERUDYHQL�LOL�]DQHPDUHQL�

����������%LODQV�YR�76

.DNR�L�^WR�PRCH�GD�VH�RaHNXYD�EH]�LQWHUNRQHNFLMD��DJRORW�QD�����NV�PUHCD�QD
50� YR� 76� %LWROD� �� L� VSRM� VR� ]DSDGQLRW� GHO� QD� PUHCDWD� ���� NV, YOH]RW� ]D� DNWLYQD
PR`QRVW� H� GHILQLUDQ� VDPR� VR� SURL]YRGVWYRWR� QD� 7(� %LWROD�� GRGHND� ]D� UHDNWLYQDWD
PR`QRVW�PRCH�GD�VH�RaHNXYD�WUDQVIHU�NRQ�����NV PUHCD�

1DJODVHQL� � VH� OHWQLRW� SHULRG� VR� QDMPDOL� PR`QRVWL� �WDEHOD� ��� ���� 0W� YR
VHSWHPYUL� VR� WUDQVYHU� QD� HO� HQHUJLMD� NRQ� SRQLVNLRW� QDSRQ� �6O�� ��� L� ]LPVNLRW� VR
QDMJROHPL� � YR� GHNHPYUL� ����MW� �6O�� ���2G� � WDEHODWD� H� YLGOLYR� L� “GLVWULEXWLYQRWR”
RSWRYDUXYDZH�QD�����NV���������0W���NDNR�L�GRPD^QLWH�SRWUHEL�QD�5(.�%LWROD������
0W��6RSVWYHQLWH�SRWUHEL�QD�EORNRYLWH�VH�SRVHEQD�NDWHJRULMD��SULNOXaHQL�QD�RWFHSHQ
WUDQVIRUPDWRU��
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=$%(/(>.,1D PUHCD ��� kV SRVWRMDQ SURVHaHQ XYR] �� MW RG 65-

1D PUHCD ��� kV SRVWRMDQ SURVHaHQ L]YR] �� MW YR *UFLMD



   M r e` a  110 k V
   B t.  3     B t.  1  S R J

T S   B i to l a 2

M W    9   71 V ku p n o:  402 M W 150

       110 k V

             96 M W               47M V A r

400 k V

M W 13 3 0 200 202 217 89 142

R T E            B l .  1  B l .  2   B l .  3 D ubr ovo    S k opj e 4 G r c i ja
             D om a{ n i          P r o i zvod stvo      M r e` a  400 k V

S l .  1   B i l an s n a p r ose~ n i  m ese~n i  m o}n osti  (S ep tem vr i  1997 g. -n ajm al )

   M re` a  110 k V
   B t.  3     B t.  1  S R J

T S   B i tol a 2

M W    15    131 V kupn o:  610 M W 47

       110  kV

             38 MW               47M VAr

400k V

M W 14 5 203 203 204 239    206 55

R T E              B l .  1  B l .  2   B l .  3 D ubr ovo    S kopj e 4 G rc i ja
             D om a{ n i          P roi zvodstvo      M re` a  400 k V

S l .  2   B i lan s n a p rose~n i  m ese~n i  m o}n osti  (D ekem vr i  1997 g. -n ajgolem )
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9DCHQ� VHJPHQW� YR� FHODWD� DQDOL]D� QD� ELODQVRW� H� WUDQ]LWRW� QD� HOHNWULaQD
HQHUJLMD�L�VQDJD�RG�65-�NRQ�*UFLMD��GR�����0W�SURVHaQR�QD�PUHCDWD�����kV, NRM�QH�H
GLUHNWQR� YU]DQ� ]D� 76� %LWROD� �� QR� YOLMDH� QD� ELODQVRW�� 1H� VH� ]D� RGPLQXYDZH� L
SRGDWRDFLWH�]D�SURWRFL�QD�PR`QRVWL�QD�YUVNLWH�����NV VR�65-��XYR]����0W SURVHaQR�
L�����NV VR�*UFLMD��L]YR]����0W-SURVHaQR����7DEHOD���

2G�WDEHOLWH�VH�YLGOLYL�L�GUXJL�SRGDWRFL�NRL�SRNUDM�WRD�^WR�RWVOL�NXYDDW�HGQD
SURVHaQD�HQHUJHWVND�VRVWRMED�L�MD�GHILQLUD�UDERWDWD�QD�76��PRCDW�GD�SRVOXCDW�L�NDNR
ED]D�]D�QDWDPR^QL�DQDOL]L��SUHGYLGXYDZD�L�UD]YRM�

������������=�$�.�/�8�A�2�.

��76���������NV %LWROD���L]YHVHQ�SHULRG�UDERWL�VR�QDPDOHQL�PRCQRVWL�]D
���PHUHZH��VLJQDOL]DFLMD��XSUDYXYDZH�L�UHJLVWUDFLMD�

��.DNR�YDCHQ�VHJPHQW�YR�((6�QD�50��DJROQD�WRaND�QD�����NV VLVWHP��QHRSKRG�
���QD�H�DQDOL]D��QDMPDONX�]D�ELODQVRW�QD�“YOH]RW“ L�”L]OH]RW” YR�76�%LWROD���
���]D�GD�VH�GHILQLUD�QHM]LQRWR�PHVWR�L�WHNRYQD�XORJD�

��3UDNWLaHQ�SULIDWOLY�PHWRG��VR�RJUDQLaXYDZD�L�DSURNVLPDFLL��H�VR�SUR�
���VHaQL�VQDJL�GRELHQL�RG�PHVHaQLWH�SUHVPHWNRYQL�RaLWXYDZD�QD�EURLODWD�L
���VDDWL�YR�PHVHFRW�

��'RELHQLWH�UH]XOWDWL��NODVLUDQL�YR�WDEHOL�L�GLMDJUDPL���SRNUDM�WHNRYQDWD
���VRVWRMED��PRCDW�GD�ELGDW�SRGORJD�]D�QDWDPR^QL�DQDOL]L�L�UD]YRM�]D�RYRM�GHO
���RG�((6��RGQRVQR�FHOLRW�((6�

��2VSRVREXYDZHWR�QD�76�%LWROD���VR�PRGHUQR�UH^HQLH�]D�GDOHaLQVNL�QDG]RU
���L�XSUDYXYDZH��RYR]PRCXYD�HILNDVQR�L�EU]R�L]JRWYXYDZH�QD�VLWH�SRWUHEQL
���DQDOL]L�YR�76��

�� /�,�7�(�5�$�7�8�5�$

��3URHNWQD�GRNXPHQWDFLMD�]D�76
��“6RVWRMED�QD�EURLOD”��GRNXPHQWDFLMD�RG�76
�*RGL^HQ�L]YH^WDM�RG�6OXCED�]D�PHUHZH�QD�(60�������JRG�
��/LaQL�VR]QDQLMD�L�RSVHUYDFLL�QD�DYWRURW�
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9R� YUVND� VR� UDVSUHGHOEDWD� QD� PR`QRVWLWH� QD� HOHNWUDQLWH� YR� GQHYQLRW
GLMDJUDP�QD�RSWRYDUXYDZH�SRVWRMDW�SRYH`H�UD]YLHQL�PHWRGL���6LWH�WLH���SRPDONX�LOL
SRYH`H��XVSH^QR���JR�UH^DYDDW�SUREOHPRW�QD�UDVSUHGHOEDWD��SUHNX�PLQLPL]DFLMD�QD
WUR^RFLWH�]D�JRULYR�YR�WHUPRHOHNWUDQLWH�� �0H_XWRD�� �YR�UHDOQL�XVORYL�QD�UDERWD�
RG� WHUPRHOHNWUDQLWH� QDMaHVWR� VH� ]DKWHYD� GD� UDERWDW� mYR� EDQGn� L� GD� SURL]YHGXYDDW
PDNVLPDOQL� NROLaLQL� HQHUJLMD�� � 9R� WRM� VOXaDM� SULPHQDWD� QD� GRVHJD� UD]YLHQLWH
PHWRGL�H�QHVRRWYHWQD�L�VR�QLY�QH�PRCH�GD�VH�RSUHGHOL�UDVSUHGHOEDWD�QD�PR`QRVWLWH
QD�KLGURHOHNWUDQLWH�

0HWRGDWD� UD]YLHQD� YR� RYRM� WUXG�� RYR]PRCXYD� GD� VH� RSUHGHOL� UDFLRQDOQD
aDVRYQD� UDVSUHGHOED� QD� UDERWDWD� QD� DNXPXODFLRQLWH� KLGURHOHNWUDQL�� YR� XVORYL
NRJD�H�RGQDSUHG�RSUHGHOHQD�GQHYQDWD�NROLaLQD�HQHUJLMD�^WR�WUHED�GD� MD�SURL]YHGH
VHNRMD�RG�KLGURHOHNWUDQLWH��3UL�WRD��SUHWSRVWDYHQR�H�GHND�]DJXELWH�YR�SUHQRVQDWD
PUHCD�LPDDW� ]DQHPDUOLYR� YOLMDQLH� YU]� UDVSUHGHOEDWD�QD�PR`QRVWLWH�� NDNR�L� GHND
SRWUR^RNRW� QD� YRGD� YR� KLGURHOHNWUDQLWH� PRCH� GD� VH� RSUHGHOL� VR� ]DGRYROLWHOQD
WRaQRVW�VR�SRPR^�QD�SROLQRP�RG�YWRU�VWHSHQ�
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&HO� QD� ]DGDaDWD� H� GD� VH� RSUHGHODW�PR`QRVWLWH� QD� VHNRMD� RG� HOHNWUDQLWH� YR
VHNRM� RG� YUHPHQVNLWH� LQWHUYDOL� �Pht��� WDND� GD� VH� SRVWLJQH� PLQLPDOQD� YUHGQRVW� QD
LVUD]RW��
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YR�NRM�H�R]QDaHQR��

h�p�,QGHNV�QD�HOHNWUDQDWD

t p�,QGHNV�QD�YUHPHQVNLRW�LQWHUYDO

Nh�p�9NXSHQ�EURM�QD�HOHNWUDQL

Nt�p�9NXSHQ�EURM�QD�YUHPHQVNLWH�LQWHUYDOL

�ah , bh , ch�p�.RHILFLHQWL�QD�WUR^NRYQDWD�NDUDNWHULVWLND�QD�HOHNWUDQDWD�h�

Pht�p�0R`QRVW�QD�HOHNWUDQDWD�h YR�YUHPHQVNLRW�LQWHUYDO�t�

5H^HQLHWR�QD�]DGDaDWD��WUHED�GD�JL�]DGRYROXYD�XVORYLWH��

8VORYRW� ���� SUHWVWDYXYD� REYUVND� VHNRMD� HOHNWUDQD� YNXSQR� GD� SURL]YHGH
RGQDSHG� ]DGDGHQD� � NROLaLQD� HQHUJLMD� �Wh� �� �� D� XVORYRW� ���� YR� VHNRM� YUHPHQVNL
LQWHUYDO� VLWH� HOHNWUDQL� GD� SURL]YHGDW� RQRONX� HQHUJLMD� NRONX� ^WR� L]QHVXYD
SREDUXYDaNDWD�YR�WRM�LQWHUYDO��Rt��

6R�SULPHQD�QD�/DJUDQCRYLWH�PXOWLSOLNDWRUL�IXQNFLMDWD�QD�FHO�PRCH�GD�VH
L]UD]L�YR�REOLN��

YR�NRM�PXOWLSOLNDWRURW�λh�VH�RGQHVXYD�]D�YNXSQRWR�SURL]YRGVWYR�QD�HOHNWUDQDWD�h��D
PXOWLSOLNDWRURW�µt�]D�YNXSQLWH�SRWUHEL�RG�HQHUJLMD�YR�YUHPHQVNLRW�LQWHUYDO�t�

���5(>(1,(�1$�=$'$A$7$

6R��GLIHUHQFLUDZH�QD�UHODFLMDWD�����SR�λh VH�GRELYD�UHDODFLMDWD�������D�SR�µt

UHODFLMDWD��������$NR�UHODFLMDWD�����VH�GLIHUHQFLUD�SR�Pht�L�GRELHQLRW�L]UD]�VH
L]HGQDaL�VR�QXOD�VH�GRELYD��
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6R��VXPLUDZH�QD�OHYDWD�L�GHVQDWD�VWUDQD�QD�L]UD]RW������SR�VLWH�YUHPHQVNL
LQWHUYDOL���t=1,Nt�, VH�GRELYD��

/HYDWD� VWUDQD� QD� JRUQLRW� L]UD]� SUHWVWDYXYD� YNXSQR� SURL]YRGVWYR� QD
HOHNWUDQDWD� h� L� VRJODVQR� VR� UHODFLMDWD� ���� L]QHVXYD� Wh�� � $NR� ]ELURW� QD
PXOWLSOLNDWRULWH�µ VH�R]QDaL�VR�0���RGQRVQR��

JRUQLRW�L]UD]�PRCH�GD�VH�QDSL^H�YR�REOLN��

D�RG�QHJR�SURL]OHJXYD��

.RJD�RYRM�L]UD]�`H�VH�]DPHQL�YR�L]UD]RW�����VH�GRELYD��

$NR�YU]�OHYDWD�L�GHVQDWD�VWUDQD�QD�L]UD]RW�����VH�VSURYHGH�VXPLUDZH�SR�VLWH
HOHNWUDQL��h=1,Nh��VH�GRELYD��

/HYDWD� VWUDQD� QD� RYRM� L]UD]� SUHWVWDYXYD� YNXSQRWR� SURL]YRGVWYR� QD� VLWH
HOHNWUDQL�YR�YUHPHQVNLRW�LQWHUYDO�t�L�VRJODVQR�VR�UHODFLMDWD�����L]QHVXYD�Rt����$NR
]ELURW� QD� SURL]YRGVWYRWR� QD� VLWH� HOHNWUDQL� VH� R]QDaL� VR� W� �� D� ]ELURW� QD
UHFLSURaQLWH�YUHGQRVWL�QD�NRHILFLHQWLWH�ch�VH�R]QDaL�VR�S���RGQRVQR��

,]UD]RW�����PRCH�GD�VH�QDSL^H�YR�REOLN��
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2G�QHJR�SURL]OHJXYD�YUVNDWD��

�RG�NRMD�VR�]DPHQD�YR�UHODFLMDWD�����L��NXVR�SRGUHGXYDZH�VH�GRELYD�NRQHaQLRW�L]UD]�

.DNR�^WR�PRCH�GD�VH�YLGL��GRELHQD�H�PQRJX�HGQRVWDYQD�UHODFLMD�]D�SUHVPHWND
QD�PR`QRVWLWH�QD�HOHNWUDQLWH�VR�NRL�VH�REH]EHGXYDDW�aDVRYQLWH�SRWUHEL�RG�HQHUJLMD
L� VR� NRL� QDMUDFLRQDOQR� VH� NRULVWL� YRGDWD�� RGQRVQR� VNODGLUDQDWD� HQHUJLMD� YR
DNXPXODFLLWH�

3RVOH�REDYXYDZHWR�QD�VLWH�SUHVPHWNL��YR�QHNRL�VOXaDL��GRELHQLWH�UH]XOWDWL
]D� UDERWQLWH� PR`QRVWL� QD� HOHNWUDQLWH� PRCH� GD� VH� YRQ� JUDQLFLWH� QD� GR]YROHQLWH
YUHGQRVWL�� 9R� WDNRY� VOXaDM� VH� SULPHQXYD� QHNRMD� RG� SR]QDWLWH� PHWRGL� ]D
RJUDQLaXYDZH� QD� L]OH]QLWH� UH^HQLMD� YR� JUDQLFLWH� QD� GR]YROHQLWH� YUHGQRVWL
�PHWRGL� QD� )OHaHU�� 3DXHO�� =RXWHQGLMN�� YRYHGXYDZH� QD� IXQNFLMD� QD� ND]QD� L� GU��� L
SURYHUND�]D�LVSROQXYDZH�QD�.XQ�7DNHURYLWH�XVORYL�

���35,0(5

3RVWDSNDWD� `H� ELGH� LOXVWULUDQD� YU]� UHDOQLWH� � VRVWRMEL� YR� ((6� QD
0DNHGRQLMD��.DNR�SRMGRYQD�RVQRYD�NRULVWHQL�VH�SRGDWRFLWH�RG������������JRGLQD�

9U]� RVQRYD� QD� VUHGQRaDVRYQLWH� SRWUHEL�� GRWHFLWH� YR� +(� 9UEHQ� L
UDVSRORCLYDWD� � PR`QRVW� QD� WHUPRHOHNWUDQLWH� �� RSUHGHOHQR� H� SRWUHEQRWR
SURL]YRGVWYR�RG�DNXPXODFLRQLWH�KLGURHOHNWUDQL���VSRUHG�VOHGQDYD�WDEHOD�

��ADV��������3RWUEL������9UEHQ����7HUPRHO����$NXP��+(
  1       691       10       681        0
  2       614       10       604        0
  3       576       10       566        0
  4       568       10       558        0
  5       558       10       548        0
  6       605       10       595        0
  7       687       10       677        0
  8       826       10       714      102
  9       865       10       714      141
 10       880       10       714      156
 11       858       10       714      134
 12       865       10       714      141
 13       829       10       714      105
 14       830       10       714      106
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 15       856       10       714      132
 16       876       10       714      152
 17       958       10       714      234
 18       955       10       714      231
 19       938       10       714      214
 20       922       10       714      198
 21       912       10       714      188
 22       870       10       714      146
 23       857       10       714      133
 24       836       10       714      112
9NXSQR  19232      240     16367     2625

9NXSQLWH�SRWUHEL�QD������������JRG��L]QHVXYDOH�������MWh��RG�NRL���� MWh
PRCH�GD�VH�]DGRYRODW�VR�SURWHaQDWD�+(�9UEHQ��D������ MWh�VR�UDVSRORCLYLWH�7(
%LWROD�L�7(�2VORPHM��$NXPXODFLRQLWH�KLGURHOHNWUDQL�WUHED�GD�SURL]YHGDW�YNXSQR
�����MWh�

=DYLVQR� RG� UDVSRORCLYRVWD� QD� YRGLWH� L� VWUDWHJLMDWD� ]D� QLYQR� VH]RQVNR
NRULVWHZH��QHND�H�RSUHGHOHQR�GHND�+(�>SLTH��YR�WRM�GHQ��WUHED�GD�SURL]YHGH�����
+(�7LNYH^������+(�9UXWRN��]DHGQR�VR�+(�5DYHQ�������L�+(�*ORERaLFD�����MWh.

$NR�NRWLWH�QD�DNXPXODFLRQLWH�H]HUD�L]QHVXYDDW� ����� ����� � �����L� � ����P�Q�Y�
UHVSHNWLYQR� ]D� �>SLTH��7LNYH^��0DYURYR� L�*ORERaLFD�� VRJODVQR� VR� HQHUJHWVNLWH
SDUDPHWUL� � QD� HOHNWUDQLWH� PRCH� GD� VH� RSUHGHODW� VOHGQLWH� DSURNVLPDWLYQL
WUR^NRYQL�NDUDNWHULVWLNL��

 Q =  2.52332 + 1.22351 P + 0.00305 P2

Q =  2.45990 + 1.24324 P + 0.00193 P2

Q =  0.77615 + 0.16220 P + 0.00033 P2

Q =  3.55836 + 0.77583 P + 0.00873 P2

YR� NRL� Q� SUHWVWDYXYD� SRWUR^RN� QD� YRGD� YR� m3/s� �� D� P� PR`QRVW� NRMD� MD� SODVLUD
HOHNWUDQDWD�YR�((6�YR�MW�

6R�FHO�GD�ELGDW�VSRUHGOLYL���WUR^RFLWH�QD�YRGD�VH�SUHREUD]HQL�YR�WUR^RFL
QD� HQHUJLMD� SUHNX� PQRCHZH� QD� JRUQLWH� YUHGQRVWL� VR� QDMJROHPDWD� HQHUJHWVND
YUHGQRVW�QD� YRGDWD� YR� VRRWYHWQDWD� DNXPXODFLMD�QD� GDGHQDWD�NRWD�� RGQRVQR� VR�0.715
0.724   5.149  L  0.886 MW/(m3/s)�� UHVSHNWLQR� ]D� >SLTH�� 7LNYH^�� 0DYURYR� L
*ORERaLFD�� 1D� WRM� QDaLQ� VH� GRELHQL� VOHGQLWH� WUR^NRYQL� NDUDNWHULVWLNL� QD
HOHNWUDQLWH�L]UD]HQL�NDNR�SRWUR^RN�RG�HQHUJLMD��

�������=D�+(��>SLTH�����������E =  1.80370 + 0.87458 P + 0.00218 P2            (5 ≤ P ≤ 72) ���������������������
�+(�7LNYH^�����������E =  1.78119 + 0.90022 P + 0.00140 P2            (5 ≤ P ≤ 94)

�������������+(��9UXWRN���������  E =  3.99649 + 0.83519 P + 0.00170 P2            (5 ≤ P ≤ 165)
�+(�*ORERaLFD�����E =  3.15365 + 0.68759 P + 0.00774 P2            (5 ≤ P ≤ 40)

9R� SUHWKRGQLWH� YUVNL� (� SUHWVWDYXYD� SRWUR^RN� QD� HQHUJLMD� YR� MWh� �� D� P
VUHGQRaDVRYQR�SURL]YRGVWYR�QD�HOHNWUDQDWD�YR�MWh�

6SRUHG� QDSUHG� REDYHQLWH� SUHVPHWNL� DNXPXODFLRQLWH� HOHNWUDQL� WUHED� GD
SURL]YHGXYDDW�VDPR�YR�YUHPHWR�RG���p����aDVRW�RGQRVQR�YR����HGQRaDVRYQL�YUHPHQVNL
LQWHUYDOL���6R�SULPHQD�QD�UHODFLMDWD������VH�GRELYDDW�VOHGQLWH�UH]XOWDWL��



���������,QWUYDO��ADV����������������>SLTH�����7LNYH^�����9UXWRN��*ORERaLFD�����9NXSQR
  1      8          16.7      21.4      42.5     21.4      102.0
  2      9          26.2      36.1      54.7     24.1      141.0
  3     10          29.8      41.8      59.3     25.1      156.0
  4     11          24.5      33.5      52.5     23.6      134.0
  5     12          26.2      36.1      54.7     24.1      141.0
  6     13          17.4      22.5      43.5     21.6      105.0
  7     14          17.7      22.9      43.8     21.7      106.0
  8     15          24.0      32.7      51.9     23.5      132.0
  9     16          28.8      40.3      58.1     24.8      152.0
 10     17          48.7      71.3      83.6     30.4      234.0
 11     18          48.0      70.1      82.6     30.2      231.0
 12     19          43.9      63.7      77.4     29.1      214.0
 13     20          40.0      57.7      72.4     28.0      198.0
 14     21          37.6      53.9      69.3     27.3      188.0
 15     22          27.4      38.0      56.2     24.4      146.0
 16     23          24.2      33.1      52.2     23.5      133.0
 17     24          19.1      25.1      45.6     22.1      112.0
9NXSQR SURL]Y�     500.0     700.0    1000.0    425.0     2625.0
7UR^RN MWh                  503.9       706.7    1008.0    429.1     2647.7
7UR^RN 0LO m3 YRGD   2.538      3.514     0.705    1.743

7UR^RNRW� QD� HQHUJLMD� NDM� VLWH� HOHNWUDQL� H� SRJROHP� RG� SURL]YHGHQDWD
HQHUJLMD� ELGHM`L� YUHGQRVWD� QD� YRGDWD� H� YDORUL]LUDQD� VR� QHM]LQDWD� QDMJROHPDWD
HQHUJHWVND�YUHGQRVW�QD�UDERWQDWD�NRWD�QD�DNXPXODFLMDWD�

6RJODVQR�VR�REDYHQLWH�SUHVPHWNL��UDERWHZHWR�QD�HOHNWUDQLWH�YR�GQHYQLRW
GLMDJUDP�QD�RSWRYDUXYDZH�]D������������PRCH�GD�VH�SUHWVWDYL�VR�VOHGQLRW�GLMDJUDP��

=DUDGL�VSRUHGED�QD�UH]XOWDWLWH�RG�RYLH�SUHVPHWNL� �� �RSUHGHOHQD�H�UDERWDWD
QD� HOHNWUDQLWH� YR� GQHYQLRW� GLMDJUDP� QD� RSWRYDUXYDZH� L� VSRUHG� HGHQ� RG� GRVHJD
YRRELaDHQLWH� QDaLQL�� 6RJODVQR� VR� REOLNRW� QD� GLMDJUDPRW�� � SODQLUDQLWH� GQHYQL



NROLaLQL��L�LQVWDOLUDQLWH�PR`QRVWL�QD�HOHNWUDQLWH���+(�*ORERaLFD��+(�>SLTH�L
+(�7LNYH^�EL�PRCHOH�GD�UDERWDW� VR�NRQVWDQWQD�PR`QRVW� ��UHVSHNWLYQR�VR�SR�����
������L�������MW��YR�FHOLRW�SHULRG�RG���p����aDVRW��D�UHJXODFLMDWD�QD�PR`QRVWD�GD�VH
REDYXYD� VDPR� VR�+(�9UXWRN��9R� WRM� VOXaDM� EL� ELOH� SRWUR^HQL� VOHGQLWH� NROLaLQL
YRGD��RGQRVQR�HQHUJLMD�RG�DNXPXODFLLWH��

����������������������������������>SLTH����7LNYH^����9UXWRN��*ORERaLFD��9NXSQR
PLO�m3

    2.520         3.486          0.737         1.739
            MWh             500.5         701.1        1053.7         428.0           2683.3

9R� VSRUHGED� VR� SUHWKRGQR� REDYHQLWH� SUHVPHWNL� �� QD� RYRM� QDaLQ� EL� ELOD
SRWUR^HQD� SRYH`H� HQHUJLMD� ]D� ����� MWh� ^WR� L]QHVXYD� RNROX� ���� �� RG� YNXSQRWR
GQHYQR�SURL]YRGVWYR�QD�DNXPXODFLRQLWH�KLGURHOHNWUDQL�

���=$./8A2.

5D]YLHQDWD� SRVWDSND� RYR]PRCXYD� QD� UHODWLYQR� HGQRVWDYHQ� QDaLQ� GD� VH
RSUHGHOL�aDVRYQRWR�DQJDCLUDZH�QD�DNXPXODFLRQLWH�KLGURHOHNWUDQL��NRJD�QLYQLWH
WUR^NRYQL�NDUDNWHULVWLNL�VH�DSURNVLPLUDQL�VR�NYDGUDWQL�SROLQRPL��3RVWDSNDWD
GDYD� RVQRYD�� SUHNX� LWHUDWLYQL� SRVWDSNL�� GD� VH� REDYXYDDW� SUHVPHWNL� L� VR� SRYLVRN
VWHSHQ�QD�DSURNVLPDFLMD�QD�WUR^NRYQLWH�NDUDNWHULVWLNL��^WR�EL�RYR]PRCLOR�GD�VH
RSUHGHOL�X^WH�SRUDFLRQDOHQ�QDaLQ�]D�NRULVWHZH�QD�YRGLWH�YR�DNXPXODFLLWH�
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9R WUXGRW H UD]JOHGDQR YOLMDQLHWR QD REOLNRW QD HQHUJHWVNLWH NDUDNWHULVWLNL QD
HOHNWULaQLWH FHQWUDOL YU] RSWLPDOQDWD UDVSUHGHOED QD PR`QRVWL YR ((6� =D L]QDR_DZH QD
RSWLPDOQRWR UH^HQLH NRULVWHQD H PHWRGDWD QD GLQDPLaNR SURJUDPLUDZH� 9U] HGHQ
NRQNUHWHQ SULPHU QDSUDYHQD H VSRUHGED QD RSWLPDOQDWD UDVSUHGHOED QD PR`QRVWL YR VOXaDM
NRJD HQHUJHWVNLWH NDUDNWHULVWLNL VH GDGHQL YR REOLN QD SUHNLQDWD OLQHDUQD IXQNFLMD L YR
VOXaDM NRJD H QDSUDYHQD DSURNVLPDFLMD QD WDD IXQNFLMD VR SROLQRP RG YWRU VWHSHQ�
$SURNVLPDFLMDWD H QDSUDYHQD VR SRPR^ QD VWDQGDUGQDWD PHWRGD QD QDMPDOL NYDGUDWL�

CONTENTS

In this paper is presented the influence of energetic characteristics shape of  electrical plants on
the optimal power distribution in electrical power system. Method of dynamic programming is used for
finding the optimal solution. On a example is made a comparison of optimal power solution when the
energetic characteristics are linear interrupt function and when this functions are approximated with 2-nd
order polynomials. Method of the minimal squares is used for approximation.

�� .OXaQL ]ERURYL.OXaQL ]ERURYL

'LQDPLaNR SURJUDPLUDZH� HQHUJHWVNL NDUDNWHULVWLNL� PHWRGD QD QDMPDOL NYDGUDWL�
RSWLPDOQD UDVSUHGHOED�
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���� 3ULPHQD QD GLQDPLaNRWR SURJUDPLUDZH SUL RSWLPL]DFLMD QD DORNDFLRQL
SUREOHPL

������ 'HILQLFLMD QD SUREOHPRW

'D SUHWSRVWDYLPH GHND H ]DGDGHQD VOHGQDWD VHSDUDELOQD IXQNFLMD� �
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NDGH ^WR . H ]DGDGHQ EURM� D x i Ki ( , ,..., )= 1 2  SURPHQOLYL NRL JR ]DGRYROXYDDW VOHGQRYR
RJUDQLaXYDZH �

g x bi i
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)XQNFLLWH f xi i( ) L g xi i( ) VH IXQNFLL RG UHDOQL DUJXPHQWL �]DGDGHQL JUDILaNL LOL
DQDOLWLaNL�� D b H ]DGDGHQD NRQVWDQWD� 3RWUHEQR H GD VH RSUHGHOL PDNVLPXP �LOL PLQLPXP�
QD IXQNFLMDWD P.

3ULWRD� WUHED GD VH QDSRPHQH GHND QHPD QLNDNYL RJUDQLaXYDZD YR SRJOHG QD
SRWUHEDWD RG QHSUHNLQDWRVW QD IXQNFLLWH f xi i( ) L g xi i( ) L SRNUDM WRD ^WR PRCH GD VH
SRNDCH GHND VH PRCQL L]YHVQL SRHGQRVWDYXYDZD DNR RYLH IXQNFLL VH QHSUHNLQDWD� ,VWR
WDND� RG JOHGQD WRaND QD GLQDPLaNRWR SURJUDPLUDZH� SRVWRL L]YHVQR SRHGQRVWDYXYDZH QD
SUHVPHWNLWH DNR SURPHQOLYLWH xi L IXQNFLLWH g xi i( ) PRCDW GD VH VPHWDDW ]D VDPR
QHQHJDWLYQL integer�FHOL � EURHYL�

9UVNDWD SRPH_X GHILQLFLMDWD QD JRUHVSRPHQDWLRW SUREOHP L ]ERURW DORNDFLMD PRCH
GD VH VRJOHGD SUHNX VOHGQLYH SULPHQL �

3ULPHQD � � ,]QRVRW b �SDULaQL HGLQLFL� QD SULPHU� GHQDUL LOL GRODUL� WUHED GD VH
LQYHVWLUDDW YR . UD]OLaQL PHVWD� xi H EURMRW QD GRODUL ^WR WUHED GD VH DORFLUD QD i - WRWR
PHVWR NRH YUD`D f xi i( ) SDULaQL HGLQLFL� QD SULPHU� GRODUL� 9R RYRM VOXaDM NRQVWDQWDWD b YR
UDYHQNDWD ��� H SUHWVWDYHQD YR VOHGQLRY REOLN �

( )x bi
i

K

≤
=
∑

1

3ULPHQD � � 0DWHULMDO VR JDEDULW YR L]QRV b �m3) H QDPHQHW ]D WRYDUHZH QD EURG NRM
WUHED GD JR WUDQVSRUWLUD GR QHNRH RGUHGHQR PHVWR� xi H EURMRW QD GHORYL RG WLSRW i ^WR
WUHED GD ELGDW L]YH]HQL VR SUHGYLGHQ SURILW f xi i( ) � *DEDULWRW QD HGQD HGLQLFD RG i - WLRW
WLS L]QHVXYD ai (m

3), SRUDGL ^WR RJUDQLaXYDZHWR ��� MD LPD VOHGQDYD IRUPD �

a x bi i
i

K

⋅ ≤
=
∑

1

7DND JDEDULWRW ai ⋅ x  H DORFLUDQ NRQ i - WLRW HOHPHQW�
3ULPHQD � � ,QGXVWULVNL NRPSOHNV SUHWVWDYXYD NRQ]XPQR SRGUDaMH VR b (kW).

3RVWRMDW . SURL]YRGQL HGLQLFL � f xi i( ) SUHWVWDYXYD aLQHZHWR� SR HGLQLFD YUHPH� QD
REH]EHGXYDZHWR xi (kW) RG VWUDQD QD i - WDWD HGLQLFD ^WR WUHED GD JR SODWL LQGXVWULVNLRW
NRPSOHNV� 9R RYRM VOXaDM� WUHED GD VH PLQLPL]LUD P WDND ^WR `H VH L]YU^L DORNDFLMD QD
SURL]YRGVWYRWR QD RGGHOQL HGLQLFL� D SUL WRD `H ELGH ]DGRYROHQ XVORYRW �

x bi
i

K

=
=
∑

1

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

� 6HNRMD f xi i( ) H IXQNFLMD RG VRRGYHWQR xi
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9R SURGROCHQLH� YQLPDQLHWR `H JR IRNXVLUDPH QD SULRGRW QD GLQDPLaNRWR SURJUD�
PLUDZH NRQ UH^DYDZH QD DORNDFLRQLRW SUREOHP ��� L ���� ]D VOXaDM NRJD P WUHED GD VH
PDNVLPL]LUD� 'D MD UD]JOHGDPH � QH^WR SRRS^WD� IRUPD QD RJUDQLaXYDZDWD ��� �

g x bi i k
i

K

( ) ≤ ≤
=
∑ β

1

���

NDGH ^WR β
N
H W�Q� L]YRUQD YDULMDEOD �LOL YDULMDEOD QD VRVWRMED� NRMD WUHED GD VH DORFLUD�

@H VPHWDPH GHND SRVWRL RJUDQLaXYDZH YDULMDEOLWH xi GD QH VH QHJDWLYQL� D YRHGQR
IXQNFLLWH g xi i( ) GD QH PRCDW GD LPDDW QHJDWLYQL YUHGQRVWL� 1HND PDNVLPXPRW QD
IXQNFLMDWD P � SUL ]DGRYROHQ XVORY ���� JR R]QDaLPH VR �

,
ℑ = +









=

−

∑K K
x x

K K i i
i

K

K

f x f x( ) max ( ) ( )
,...,

β
1 1

1

���

NDGH ^WR ℑK K( )β H IXQNFLMD RG β
N
� ℑK K( )β H QDUHaHQD PDNVLPDOQR SRYUDWQD IXQNFLMD LOL

NUDWNR SRYUDWQD IXQNFLMD� =D NRQNUHWQLRW SUREOHP� SULGUXCHQ NRQ ��� L ���� WUHED GD ELGH

SUHVPHWDQD YUHGQRVWD ℑK b( ) �
0RPHQWDOQD FHO H GD VH YRVSRVWDYL UHODFLMD SRPH_X PDNVLPDOQDWD SRYUDWQD

IXQNFLMD ℑK K( )β L UH^HQLHWR QD QHNRM SRHGQRVWDYHQ SUREOHP� =D WDD FHO� QHND

�( )x Kβ R]QDaXYD W�Q� YDULMDEOD QD RGOXND SULGUXCHQD NRQ xK  . ,PHQR� ]D NRMD L GD H

YUHGQRVW QD βK � VRRGYHWQDWD YUHGQRVW �( )x Kβ H RSWLPDOQD YUHGQRVW QD xK . 3RVHEQR�

YDULMDEODWD QD RGOXND �( )x b `H MD R]QDaLPH VR xK
∗
� 6R RYLH R]QDNL� UDYHQNDWD ��� PRCH GD VH

QDSL^H YR VOHGQLRY REOLN �

,
ℑ = +









− =

−

∑K K
x x

K K k i i
i

K

K

f x f x( ) max [� ( )] ( )
,...,

β β
1 1 1

1

���

YR NRMD PDNVLPL]DFLMDWD H RJUDQLaHQD VR �

g x g xi i k K K
i

K

( ) [ � ( )]≤ −
=

−

∑ β β
1

1

���

7UHED GD VH QDSRPHQH GHND PDNVLPL]LUDZHWR QD ��� VR RJOHG QD ��� H SRHGQRVWDYQR

L]YRGOLYR RG PDNVLPL]LUDZHWR QD ���� ]DWRD ^WR YR RYRM VOXaDM SRVWRL HGQD YDULMDEOD

SRPDONX� , X^WH QH^WR � RJUDQLaXYDZDWD ��� LPDDW LVWD IRUPD NDNR L RULJLQDOQLWH

RJUDQLaXYDZD ���� 7DND� UH^HQLHWR QD SROHVQLRW SUREOHP PRCH GD VH L]UD]L VR LVWD

QRWDFLRQD UDERWQD PUHCD NDNYD ^WR EH^H NRULVWHQD SUL RULJLQDOQLRW SUREOHP� ,PHQR �

{ } ,ℑ − = +







−

=

−

−

∑K K K K K
x x

K K k i i
i

K

g x f x f x
K

1
1

1

1 1

β β β[ � ( )] max [ � ( )] ( )
,...,

���

(NYLYDOHQWQR�

, [ ]{ }ℑ = + ℑ −−K K
x

K K K K K K

K

f x g x( ) max ( ) ( )β β1 ���

VR RJOHG QD g xK K K( ) ≤ β �

1HND� ]DUDGL NRPSOHWQRVW� YR UDYHQNDWD ��� MD YRYHGHPH VOHGQDYD ]DPHQD �

β βK K K Kg x− = −1 ( ) ���

6R RJOHG QD SRVOHGQRYR� RG UDYHQNDWD ���� SURL]OHJXYD �

,
ℑ =− −

=

−

−

∑K K
x x

i i
i

K

K

f x1 1
1

1

1 1

( ) max ( )
,...,

β ����

SUL ^WR PDNVLPL]DFLRQLRW SURFHV H RJUDQLaHQ VR �



g xi i K
i

K

( ) ≤ −
=

−

∑ β 1
1

1

����

2G DQDOL]DWD QD UDYHQNDWD ��� PRCH GD VH ]DNOXaL GHND UH^HQLHWR QD RULJLQDOQLRW

SUREOHP �NRM H QDUHaHQ . � VWHSHQ SUREOHP� ELGHM`L VH YNOXaHQL . QH]DYLVQR SURPHQOLYL

YHOLaLQL xi ) H SRYU]DQR VR UH^HQLHWR QD �.��� � VWHSHQ SUREOHP� 5H^HQLHWR QD . �

VWHSHQLRW SUREOHP H UHODWLYQR HGQRVWDYQR� RWNDNR `H VH UH^L �.��� � VWHSHQLRW SUREHP�

6OHGRYDWHOQR� UH^HQLHWR QD �.��� � VWHSHQLRW SUREHP [GHILQLUDQ VR UDYHQNLWH ���� L

����] H VYU]DQR VR UH^HQLHWR QD �.��� � VWHSHQLRW SUREHP� D NDUDNWHURW QD YUVNDWD H LVW

NDNR YR UDYHQNDWD ���� 2S^WR� YDNYLRW QDaLQ QD UH]RQLUDZH GRYHGXYD GR VOHGQDYD

UHNXU]LYQD UHODFLMD �

, [ ]{ }ℑ = + ℑ −−k k
x

k k k k k k

k

f x g x( ) max ( ) ( )β β1 ����

g x k Kk k k( ) ; , ,...,≤ =β 1 2
DNR VH XVYRL GRJRYRURW GHND ℑ =0 0 0( )β � 6R RJOHG QD XVYRHQDWD SUHWSRVWDYND ℑ =0 0 0( )β � RG

����� ]D SUYRWR UH^HQLH VH GRELYD �

, { }ℑ =1 1 1 1

1

( ) max ( )β
x

f x ����

g x1 1 1( ) ≤ β

6R SRPR^ QD UH^HQLHWR ���� L UDYHQNDWD ���� PRCH GD VH RSUHGHOL ℑ2 2( )β � SRWRD �

ℑ3 3( )β L W�Q� 0RCH GD VH ]DNOXaL GHND RULJLQDOQLRW . � VWHSHQ SUREOHP� QD RYRM QDaLQ � H

]DPHQHW VR VHULMD RG . � HGQRVWHSHQL SUREOHPL�

%DUDQLRW UHGRVOHG QD SUHVPHWNLWH SUL RGUHGXYDZH QD ℑ1 1( )β H VOHGQLRY � ���

QDMQDSUHG VH VSHFLILFLUD β1 0= � ��� VR VSHFLILFLUDQR β1 0= � VH YU^L PDNVLPL]DFLMD �LOL

PLQLPL]DFLMD� QD ���� SR SURPHQOLYDWD x1 � ��� YUHGQRVWD �LOL YUHGQRVWLWH� QD x1 ^WR MD

PDNVLPL]LUDDW �LOL PLQLPL]LUDDW� IXQNFLMDWD ℑ1 1( )β VH R]QDaXYDDW VR � ( )x1 1β � ��� VH

]JROHPXYD YUHGQRVWD QD β1 ]D HGLQLFD � ��� SURFHGXUDWD� RSL^DQD YR aHNRURW � SRJRUH� VH

SRYWRUXYD GR β1 = b � 0DNVLPXP�SRYUDWQDWD IXQNFLMD ℑ1 1( )β ]D RYRM SUY HGQR�VWHSHQ

SUREOHP QD RGOXaXYDZH VH WDEHOLUD SRVOHGRYDWHOQR� VR RQLH YUHGQRVWL ]D x1 L � ( )x1 1β � NRL

NRUHVSRQGLUDDW QD ℑ1 1( )β � 0RCH GD VH ]DEHOHCL GHND �x1 H IXQNFLMD RG YOH]RW β1 � WRD H

“SROLWLND” ^WR `H ELGH XVYRHQD ]D x1 SUL ]DGDGHQR β1 � SD SRUDGL WRD WDD IXQNFLMD H

QDUHaHQD IXQNFLMD QD SROLWLND�
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=D LOXVWUDFLMD QD JRUHL]QHVHQRWR `H JR UD]JOHGDPH VOHGLRY SULPHU �

3RWUHEQR H GD VH PLQLPL]LUD IXQNFLMDWD �

P f xi i
i

=
=
∑ ( )

1

3

����

NDGH ^WR x ii ( , , )= 1 2 3 VH FHOL �integer) EURHYL� 3ULWRD� WUHED GD ELGH ]DGRYROHQR VOHGQRYR

RJUDQLaXYDZH �

x bi
i

=
=
∑

1

3

����

9R UDYHQNDWD ���� b H FHO �integer)EURM� 5H^HQLMDWD WUHED GD VH GRELMDW ]D UD]OLaQL
YUHGQRVWL QD b, YR RSVHJRW RG � GR ��� )XQNFLLWH f xi i( ) VH GHILQLUDQL YR WDEHOD I �



7DE� I

f xi i( ) xi = 0 0 5≤ ≤xi 5 15≤ ≤xi

f x1 1( ) = 0 5 + 10⋅x1    15 + 8⋅x1

f x2 2( ) = 0 2 + 8⋅x2      -18 + 12⋅x2

f x3 3( ) = 0 1 + 9⋅x3      - 4 + 10⋅x3

=D GD VH UH^L QDYHGHQLRW SUREOHP VR SRPR^ QD PHWRGRW QD GLQDPLaNR

SURJUDPLUDZH� SUY aHNRU SUHWVWDYXYD RSUHGHOXYDZHWR QD VRRGYHWQLWH UHNXUHQWQL L]UD]L�

7LH L]UD]L VH DQDORJQL QD UDYHQNDWD ����� 9R NRQNUHWQLRW VOXaDM H �

[ ]ℑ = + ℑ −
≤ ≤

3
0

3 3 2 3
3

( ) min ( ) (b f x b x
x b

����

[ ]ℑ = + ℑ −
≤ ≤

2 2
0

2 2 1 2 2
2 2

( ) min ( ) (β β
βx

f x x ����

ℑ = =
=

1 1 1 1 1 1
1 1

( ) min ( ) ( )β β
βx

f x f ����

9U] ED]D QD SRJRUH L]ORCHQDWD PHWRGD L]UDERWHQD H NRPSMXWHUVND SURJUDPD� D YR

WDE� II  VH SULNDCDQL UH]XOWDWLWH GRELHQL VR JHQHULUDZH NRULVWHM`L JL UDYHQNLWH ����� ����
L �����

7DE� II

    k 1                        2   3
βk ℑ1 1( )β � ( )x1 1β ℑ2 2( )β � ( )x2 2β ℑ3 3( )β � ( )x3 3β b

0         0   0 0           0      0   0         0 

    1        15   1 10           1      10             
0

1









       10

 2        25   2 18           2      18   0         2
 3        35   3 26           3      26   0         3
    4        45   4 34           4      34   0         4
    5        55   5 42           5      42   0         5
    6        63   6 54           6      52   1         6
    7        71   7 66           7      61   2         7
    8        79   8 77           5      70   3         8

    9        87   9 87        
0

5









     79   4         9

  10        95 10 95           0      88   5        10
  11      103 11 103           0      98   6        11
  12      111 12 111           0     108   7        12
  13      119 13 119           0     118   8        13
  14      127 14 127           0     127   0        14
  15      135 15 135           0     135   0        15

=D LOXVWUDFLMD QD QDaLQRW QD GRELYDZH QD UH]XOWDWLWH YR WDE� II  `H JR UD]JOHGDPH

SUHVPHWXYDZHWR QD PLQLPDOQRWR aLQHZH ℑ3 7)( L YDULMDEODWD QD VRVWRMED � ( )x3 7 VR SRPR^ QD

UDYHQNDWD ���� �



[ ]
{ }

ℑ = + ℑ − =

= =
≤ ≤

3
0 7

3 3 2 37 7

66 64 61 63 64 66 66 61
3

( ) min ( ) (

min , , , , , ,

x

f x x
����

2G UDYHQNDWD ���� VH JOHGD GHND PLQLPDOQDWD YUHGQRVW� NRMD L]QHVXYD 61 ]D b = 7,
VRRGYHWVWYXYD QD �

x x x3 3 37 2= = =∗
� ( )

β2 37 7 2 5∗ ∗= − = − =x

� ( )x x2 25 5= =∗

β β1 2 2 5 5 0∗ ∗ ∗= − = − =x

� ( )x x1 10 0= =∗

1D VOLaHQ QDaLQ L ]D GUXJLWH YUHGQRVWL QD b� RG � GR �� �UD]OLaQL RG �� VH GRELHQL

VRRGYHWQLWH� SRJRUH QDYHGHQL� RSWLPDOQL YUHGQRVWL NRL VH SULNDCDQL YR WDE� III.

7DE� III.

b Pmin            x3
∗            x2

∗                     x1
∗

1 10           
0

1









                  
0

1









0

2 18 0 2 0
3 26 0 3 0
4 34 0 4 0
5 42 0 5 0
6 52 1 5 0
7 61 2 5 0
8 70 3 5 0
9 79 4 5 0

           10 88 5 5 0
           11 98 6 5 0
           12            108 7 5 0
           13            118 8 5 0

14            127 0 0            14
15            135 0 0            15

=DUDGL DQDOL]D QD YOLMDQLHWR QD REOLNRW QD HQHUJHWVNLWH NDUDNWHULVWLNL YU]

RSWLPDOQDWD UDVSUHGHOED� IXQNFLLWH GHILQLUDQL YR WDE� I  VH DSURNVLPLUDQL VR SROLQRPL
RG YWRU VWHSHQ VR SRPR^ QD VWDQGDUGQD PHWRGD QD QDMPDOL NYDGUDWL� 3UL WRD� GRELHQL VH

VOHGQLWH L]UD]L �

f x x x1 1 1 1
25 687 10 02 01( ) , , ,= + ⋅ − ⋅

f x x x2 2 2 2
20 626 7 959 0 2( ) , , ,= + ⋅ + ⋅

f x x x3 3 3 3
20 657 8 99 0 05( ) , , ,= + ⋅ + ⋅

SUL ^WR 0 ≤ xi ≤ 15. 6R YDND GHILQLUDQL IXQNFLL� QDSUDYHQD H RSWLPDOQD UDVSUHGHOED ]D

YUHGQRVWL QD b NDNR YR WDE� III. 'RELHQLWH UH]XOWDWL VH SULNDCDQL YR WDE� IV.



7DE� IV.

b Pmin            x3
∗            x2

∗                     x1
∗

1 15,1 0 1 0
2 23,7 0 2 0
3 32,6 0 3 0
4 41,7 1 3 0
5 50,8 2 3 0
6 60,1 3 3 0
7 69,4 4 3 0
8 78,8 4 4 0
9 88,2 5 4 0

           10 97,2 0 0            10
           11           105,1 0 0            11
           12           112,8 0 0            12
           13           120,3 0 0            13

14           127,7 0 0            14
15           134,8 0 0            15

���� =$./8A2.=$./8A2.

9OLMDQLHWR QD REOLNRW QD HQHUJHWVNLWH NDUDNWHULVWLNL QD HOHNWULaQLWH FHQWUDOL

YU] RSWLPDOQDWD UDVSUHGHOED QD PR`QRVWL YR ((6 H VXEOLPLUDQR YR WDEHOLWH III  L IV  NDGH
H  ]DEHOHCLWHOQD ]QDaLWHOQD UD]OLND SRPH_X RSWLPDOQLWH YUHGQRVWL QD xi  L PLQLPDOQLWH
YUHGQRVWL QD IXQNFLMDWD P  YR VOXaDLWH NRJD HQHUJHWVNLWH NDUDNWHULWLNL VH SULNDCDQL YR
REOLN QD SUHNLQDWL OLQHDUQL IXQNFLL L YR VOXaDM NRJD WLH IXQNFLL VH DSURNVLPLUDQL VR

SROLQRPL RG YWRU VWHSHQ� 7RD MDVQR XNDCXYD QD ]DNOXaRN GHND JUH^NLWH NRL VH SUDYDW SUL

YDNYLWH DSURNVLPDFLL QH VH ]DQHPDUOLYL L WUHED GD VH ]HPDW YR SUHGYLG NRJD VH EDUDDW

SRWRaQL DQDOL]L L SUHVPHWNL�
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9R� RYRM� WUXG� VH� SUH]HQWLUDQL� LVNXVWYDWD� YR� SULPHQDWD� QD� WHKQLNLWH� QD
YH^WDaNDWD� LQWHOHJHQFLMD� YR� RSWLPDOQRWR� SODQLUDZH� QD� WHNRYL� QD� PR`QRVWL�
2SWLPL]DFLMDWD� NDNR� HGHQ� RG� QDM]QDaDMQLWH� HOHPHQWL� QD� WHKQLaNLRW� VLVWHP� QD
XSUDYXYDZH��768��LPD�]D�FHO�GD�L]YU^L�RSWLPL]DFLMD�QD�IXQNFLLWH�QD�FHO��NRL�SDN
VH� RJUDQLaHQL� VR� NULWHULXPLWH� � ]D� EH]EHGQRVWD� L� NYDOLWHWQRWR� VQDGEXYDZH� QD
VLVWHPRW�� 5D]YRMRW� QD� JROHP� EURM� RSWLPL]DFLRQL� WHKQLNL� NDNR� ^WR� H� JHQHWVNLRW
DOJRULWDP�� NDNR� L� SULPHQDWD� QD� REMHNWQR� RULHQWLUDQLRW� QDaLQ� QD� UH^DYDZH� QD
SUREOHPLWH� GDYDDW� ^LURND� PRCQRVW� ]D� UD]YRM� QD� UD]QL� YLGRYL� VRIWYHUL� NRL� VR
VYRMDWD� VWUXNWXUD� RYR]PRCXYDDW� OHVQR� SRYU]XYDZH� VR� UD]QL� IXQNFLL� ]D
RSWLPL]DFLMD��SUHVPHWND�L�GU��6LWH�RYLH�GRVWLJQXYDZD�VH�LVNRULVWHQL�SUL�UD]YRMRW
QD�VRIWYHURW�QDUHaHQ�GANOS��5D]YLYDM`L�JL�WHKQLNLWH�]D�RSWLPL]DFLMD� VR�SRPR^
QD�YH^WDaND�LQWHOHJHQFLMD�AI �VH�GRMGH�GR�RGUHGHQL�HNVSHULPHQWDOQL�]DNOXaRFL�

S U M M A R Y

In this paper is presented the authors' experience in the application of AI technique to
Optimal Power Flow (OPF) planning. The purpose of an OPF function, as a fundamental tool of
Energy Management System (EMS), is to schedule the power system controls to optimize an
objective function while meeting defined standards of security and quality of supply. The
development of new optimization techniques, such as genetic algorithms, as well as the
implementation of object oriented approaches, provides conceptual framework for innovative
software environments with unified modular structure to include computational, optimization and
intelligent functions. This approach was used for the development of the GANOS software
environment, where power management experts and AI technique developers experiment with the
innovative algorithms and their interactions.

.OXaQL�]ERURYL�� 2SWLPDOQL�WRNRYL�QD�PR`QRVW��JHQHWVNL�DOJRULWDP��9H^WDaND
LQWHOLJHQFLMD�
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8SUDYXYDZHWR�QD�HQHUJHWVNLWH�VLVWHPL�RG�HNRQRPVND�JOHGQD�WRaND�PRCH�GD�VH
SRGHOL�QD�GYD�GHOD�

¾ NDNR�UHJXODFLMD�QD�DNWLYQDWD�PR`QRVW����P�UHJXODFLMD�
¾ WRNRYL�QD�UHDNWLYQD�PR`QRVW�YR�PUHCDWD����Q�UHJXODFLMD��
2SWLPDOHQ� WHN� QD� PR`QRVWL� H� JOREDOHQ� RSWLPL]DFLRQHQ� SUREOHP� QD

GLVNXQWLXQLUDQD�QHOLQHDUQD�IXQNFLMD��6DPRWR�UH^HQLH�H�RJUDQLaHQR�VR�YUHGQRVWD
QD� QDSRQRW�� SRORCEDWD� QD� UHJXODWRURW� QD� UHJXODFLRQLWH� WUDQVIRUPDWRUL�
DNWLYQDWD�L�UHDNWLYQDWD�PR`QRVW�QD�L]YRULWH��NDNR�L�GUXJL�NRQWUROQL�SURPHQOLYL
[1], [2].� 6R� QDJRGXYDZH� QD� SUHQRVQLRW� RGQRV� QD� WUDQVIRUPDWRULWH�� SURPHQD� QD
QDSRSRQRW� QD� VRELUQLFLWH� QD� L]YRULWH�� NDNR� L� QDJRGXYDZHWR� QD�VAR� L]YRULWH� VH
SRVWLJQXYD�

¾ SRGREUXYDZH�QD�QDSRQVNDWD�VRVWRMED�QD�VLVWHPRW
¾ QDPDOXYDZH�QD�]DJXELWH�YR�VLVWHPRW�
9NXSQLWH� WUR^RFL� YR� VLVWHPRW� PRCDW� GD� VH� QDPDODW� VR� PLQLPL]LUDZH� QD

IXQNFLMDWD�QD�FHO�NRMD�VH�VRVWRL�RG�
¾ ]DJXELWH�YR�VLVWHPRW
¾ FHQDWD�QD�aLQHZH�QD�QRYL�L]YRUL�QD�UHDNWLYQD�HQHUJLMD
¾ RSHUDWLYQLWH�WUR^RFL�L]YRULWH�QD�UHDNWLYQD�HQHUJLMD
¾ RSHUDWLYQLWH� WUR^RFL� NRL� SURL]OHJXYDDW� RG� JHQHULUDZH� GRGDWQD

UHDNWLYQD�PR`QRVW�QD�JHQHUDWRULWH�
3URPHQDWD� QD� QDSRQLWH� QD� VRELUQLFLWH� VH� SUHWVWDYXYD� SUHNX� UDYQNLWH� QD

((6��SUL^WR�VH�EDUD�GD�VH�RGUHGDW�WDNYL�QDJRGXYDZD�QD�SURPHQOLYLWH�QD�((6�SUL
NRL� VH� PLQLPL]LUD� IXQNFLMDWD� QD� FHO�� D� GD� SUL� WRD� ELGDW� ]DGRYROHQL� VLWH
RJUDQLaXYDZD�QD�((6��2JUDQLaXYDZDWD�VH�SULNDCXYDDW�PDWHPDWLaNL�QD�GYD�QDaLQD�
VR�UDYHQVWYD�L�QHUDYHQVWYD�

3RVWRL� JROHP� EURM� DOJRULWPL� ]D� HILNDVQD� SUHVPHWND� QD� WRNRYLWH� QD� QD
PR`QRVWLWH� YR� PUHCD� QD�((6�� QHNRL� RG� QLY� VH� GRVWDSQL� NDNR� VRIWYHUVNL� SDNHWL
�QDSULPHU�POWERWORLD [3]��

2G� GUXJD� VWUDQD�� REHPQDWD� RSWLPL]DFLRQD� SURFHGXUD� VH� SRWSLUD� QD� UD]QL
RSWLPL]DFLRQL�PHWRGL��NDNR�^WR�H�SULPHQWD�QD�JHQHWVNLRW�DOJRULWDP�[2-5].

,QWHJUDFLMDWD� QD� SUHVPHWNDWD� QD� ((6� L� RSWLPL]DFLMDWD� ED]LUDQD� QD
SULPHQDWD�QD�JHQHWVNLRW�DOJRULWDP�YR�LQWHJULUDQD�REMHNWQR�RULHQWLUDQD�RNROLQD
SUHWVWDYXYD^H�JROHP�SUHGL]YLN��QR�LVWRYUHPHQR�L�SRaHWHQ�aHNRU�QD�LVWUDCXYDZDWD
SULNDCDQL�YR�RYRM�WUXG�

2. 0$7(0$7,A.$�)2508/$&,-$�1$�352%/(027

(GQRVWDYQRVWD� QD� SULVWDSRW� NRQ� SUHVPHWNLWH�� RSWLPL]DFLMDWD� NDNR� L
SULND]RW�QD�HQHUJHWVNDWD�PUHCD�SUHWVWDYXYD�HGQD�RG�RVQRYQLWH�]DGDaL�QD�RYRM�WUXG�
6DNDYPH�GD�GRELHPH�JHQHUDOHQ�PRGHO�]D�RSWLPL]DFLMD�QD�((6��SODQLUDZH�L�WUHQLQJ
QD�GLVSHaHULWH�QD�VLVWHPRW�

3UYR�]D�VDPLRW�VLVWHP�EH^H�SRWUHEQR�GD�VH�GHILQLUD�PDWHPDWLaNLRW�PRGHO
QD� VLVWHPRW�� NDNR� L� VWUXNWXUDWD� QD� SRGDWRFLWH� SRWUHEQL� ]D� PRGXODUDQD
LPSOHPHQWDFLMD�QD�UD]QL�SUHVPHWNL�L�RSWLPL]DFLRQL�WHKQLNL�

.DNR�VOHGHQ�aHNRU�EH^H�GHILQLUDZHWR�QD�SRVWRHaNLWH�RJUDQLaXYDZD�YR�YLG
QD�UDYHQVWYD�L�QHUDYHQVWYD��2JUDQLaXYDZDWD�YR�YLG�QD�UDYHQVWYD�EHD�GHILQLUDQL�]D



PR`QRVWLWH�YR�RGHOQLWH�VRELUQLFL�QD�((6��2JUDQLaXYDZDWD�YR�YLG�QD�QHUDYHQVWYD
SURL]OHJRD�RG�VOHGQLWH�XVORYL�

¾ YUHGQRVWD�QD�QDSRQRW�YR�RGGHOQLWH�MD]OL�GD�ELGH�YR�]DGDGHQLWH�JUDQLFL

Vimin   ≤  Vi  ≤  Vimax (1)

¾ YUHGQRVWD� QD� JHQHULUDQDWD� DNWLYQD� PR`QRVW� QD� L]YRULWH� GD� ELGH� YR
GDGHQLWH�JUDQLFL

PG
imin  <  PGi  < PGimax (2)

¾ YUHGQRVWD� QD� JHQHULUDQDWD� UHDNWLYQD� PR`QRVW� QD� L]YRULWH� GD� ELGH� YR
GDGHQLWH�JUDQLFL

QG
imin  <  QG

i  < QG
imax                               (3)

¾ YUHGQRVWD�QD�UHJXODWRURW�QD�UHJXODFLRQHQ�WUDQVIRUPDWRU�WUHED�GD�ELGH
YR�GDGHQLWH�JUDQLFL

timin  <  ti  < timax (4)

9R�RSWLPL]DFLRQDWD�ID]D�QD�QDJRGXYDZH�QD�RGGHOQLWH�SDUDPHWUL�QD�VLVWHPRW
JR�NRULVWHYPH�JHQHWVNLRW�DOJRULWDP�

3. 352&(6�1$�237,0,=$&,-$

6R� FHO� GD� VH� RFHQL� SULPHQOLYRVWD� QD� JHQHWVNLRW� DOJRULWDP� (GA)� YR
RSWLPL]DFLMDWD�QD�((6�JR�UD]YLYPH�VRIWYHUVNLRW�SDNHW�GANOS �Genetic Algorithm
Network Optimizacion System) [5].� 2VQRYDWD� QD� VRIWYHURW� SUHWVWDYXYD� GALib
ELEOLRWHNWD�QD�SURJUDPL�[4].

5D]YRMQDWD� RNROLQD� H� WDND� RUJDQL]LUDQD� ^WR� VHNRM� RG� SRHGLQHaQLWH
RJUDQLaXYDZD�NRL�VH� MDYLMD�PRCHD�GD� VH�UD]JOHGXYDDW�NDNR�SRVHEQL�NODVL��QR�LVWR
WDND�L�VDPLRW�GA�EH^H�WUHWLUDQ�NDNR�SRVHEQD�NODVD�

(YLGHQWQL�VH�SUHGQRVWLWH�^WR�VH�SURL]OHJXYDDW�RG�RYRM�NRQFHSW�
¾ 768�HNVSHUW�PRCH�GD�UD]YLYD�VRRGYHWQL�DOJRULWPL�]D�DQDOL]D�QD�((6
¾ *$�RSWLPL]DFLRQLRW�HNVSHUW�PRCH�GD�UD]YLH�OHSH]D�QD�NODVL�L�REMNHWL�]D

JHQHUDOQL�WLSRYL�QD�SUREOHPL
¾ HNVSHULPHQWLWH�VR��LQWHOHJHQWQL��IXQNFLL�QD�FHO�REH]EHGXYDDW�XaHZH�L

DGDSWLYHQ�NRQFHSW�
=D�UH^DYDZH�QD�SUREOHPRW�VR�SULPHQD�QD�JHQHWVNL�DOJRULWDP�SRWUHEQR�H�GD

VH�GHILQLUDDW�VOHGQLYH�NRPSRQHQWL�
¾ UHSUH]HQWDFLMD
¾ JHQHWVNL�RSHUDWRULWH
¾ IXQNFLMD�QD�FHO�
5D]OLaQL� NRQILJXUDFLL� QD� SDUDPHWULWH� QD� ((6� SUHWVWDYXYDDW� JHQRPL

�REMHNWL�� aOHQRYL� QD� �SUHCLYHDQL�� HGLQNL�� RG� NRM� JHQHWVNLRW� DOJRULWDP� JL
VHOHNWLUD� SUHCLYHDQLWH� �ED]LUDQ� QD� QLYQDWD� VSUHPQRVW�� NRMD� SURL]OHJXYD� RG
IXQNFLMDWD� QD� FHO�� NDNR� L� VOHGQLWH� JHQHUDFLL� QD� YNUVWXYDZH� LOL� SDN� PXWLUDQL



JHQRPL�� 3UHCLYHDQLWH� HGLQNL� VR� QDMGREUD� VSUHPQRVW� VH� VHOHNWLUDDW� ]D
UHSURGXNFLMD�VR�PXWLUDQLWH�HGLQNL�NRL�SUL�PXWDFLMDWD�VH�]GRELOH�VR�QRYL�NRULVQL
RVRELQL�

=QDaL�QRYLWH�HGLQNL�NRL�VH�GRELYDDW�RG�JHQHWVNLWH�RSHUDWRUL��VRGUCDQL�YR
JHQRPLWH�� L� RG� VWUDWHJLLWH� QD� VHOHNFLMD�]DPHQD� �VRGUCDQL� YR� JHQHWVNLRW
DOJRULWDP��

4. 35,0(1$�1$�*(1(76.,�$/*25,70,

4.1 6WUXNWXUD�QD�GA �L�SDUDPHWUL

=D� SULPHQD� QD� SULVWDSRW� VR� JHQHWVNL� DOJRULWPL� YR� UH^DYDZH� QD� SUREOHPL
SRWUHEQR�H�QDMSUYR�GD�VH�L]EHUH�VRRGYHWQD�SRGDWRaQD�VWUXNWXUD�]D�UHSUWH]HQWDFLMD
QD� SUREOHPRW� L� QD� QHJRYRWR� UH^HQLH�� 3RGDWRaQDWD� VWUXNWXUD� QD� UH^HQLHWR� JR
SUHWVWDYXYD� SUHVOLNXYDZHWR� QD� SDUDPHWULWH� QD� UH^HQLHWR� YR� JHQHWVND� VWUXNWXUD
NRMD�PRCH�OHVQR�GD�VH�SURFHVLUD�VR�SRPR^�QD�GA�

5H^HQLHWR� YR� GANOS� RNROLQDWD� H� SUHWVWDYHQR� NDNR� ]ELU� RG� REMHNWL� aLL
NODVL�VH�SRGNODVL�QD�NODVDWD�PWParameters��6OLND�����2YLH�REMHNWL�VH�JUXSLUDQL�VR
SRPR^� QD� NRQWHMQHU� NODVDWD� PWContainerParameter�� 6HNRM� RG� RYLH� REMHNWL� JL
SUHWVWDYXYD��HQNDSVXOLUD��VYRMVWYDWD�QD�VRRGYHWQLRW�SDUDPHWDU�NRM�JR�SUHWVWDYXYD�

T1 T2 C1 M V R 1 M W 1 M W 2

PWParametersTrans

PWParametersTrans

PWParametersCap

PWParamete rsGenMVR

PWParamete rsGenMW

PWParamete rsGenMW

6OLND����5HSUH]HQWDFLMD�QD�UH^HQLHWR

=D� GD� VH� RYR]PRCL� HILNDVQD� XSRWUHED� YR� JHQHWVNLRW� DOJRULWDP�� RYD
PQRCHVWYR� RG� REMHNWL� VH� NRQYHQUWLUD� YR� YHNWRU� RG� UHDOQL� EURHYL�� %URHYLWH
SULSD_DDW� QD� SUHGHILQLUDQR� PQRCHVWYR� �VR� VSHFLILFLUDQL� JUDQLFL�� L� VH
GLVNUHWL]LUDQL� VR� RGUHGHQ� aHNRU�� *UDQLFLWH� L� aHNRURW� ]DYLVDW� RG� WLSRW� QD
SDUDPHWDURW�NRM�VH�SUHWVWDYXYD�VR�GDGHQLRW�HOHPHQW�RG�YHNWRURW��D�SRVWRL�PRCQRVW
]D�QLYQR�GLQDPLaNR�PHQXYDZH��9DND�GHILQLUDQLRW�YHNWRU�PRCH�GD�VH�SUHWVWDYL�VR
NODVDWD� � GA1DArrayGenome�IORDW!�� NRMD� H� GHO� RG� ELEOLRWHNDWD� GALib�� 6R� WRD�
SDUDPHWULWH�NRL� VH� VSHFLILaQL�QD� GDGHQLRW�SUREOHP� VH� SUHVOLNDQL� YR� VWUXNWXUD
NRMD�PRCH�GD�MD�PDQLSXOLUD�JHQHWVNLRW�DOJRULWDP�

9R�WHNRYQDWD�LPSOHPHQWDFLMD�SRVWRMDW�aHWLUL�UD]OLaQL�SDUDPHWUL�YU]�NRL�VH
YOLMDH� SUL� RSWLPL]DFLMDWD� QD� PUHCDWD�� 7RD� VH� WDS�SR]LFLLWH� �QD� UHJXODWRURW�� QD
WUDQVIRUPDWRULWH�� DNWLYQDWD� PR`QRVW� QD� JHQHUDWRULWH�� UHDNWLYQDWD� PR`QRVW� QD
JHQHUDWRULWH�L� JROHPLQDWD� QD� NRQGHQ]DWRUVNLWH� EDWHULL� YR� RGGHOQLWH� VRELUQLFL
QD�((6��=D�VHNRM�RG�RYLH�SDUDPHWUL�SRVWRL�SRVHEQD�NODVD�YR�NRMD�VH�HQNDSVXOLUDQL
VYRMVWYDWD� QD� GDGHQLRW� SDUDPHWDU�� 7RD� VH� NODVLWH� PWParametersTrans�



PWParametersGenMW, PWParametersGenMVR L�PWParametersCap� VRRGYHWQR��6LWH�RYLH
NODVL�QDVOHGXYDDW�RG�NODVDWD�PWParameters��NRMD�H�DSVWUDNWQD�NODVD���2YLH�NODVL�VH
JUXSLUDDW� YR� container� NODVDWD�PWContainerParameter�� VR� ^WR� VH� IRUPLUD� VWUXNWXUD
NRMD�RGJRYDUD�QD�JHQRPRW�NRM�VH�NRULVWL�YR�JHQHWVNLRW�DOJRULWDP�

1D� 6OLND� �� H� GDGHQ� SULPHU� YR� NRM� VH� UHJXOLUDDW� WDS� SR]LFLLWH� QD� GYD
WUDQVIRUPDWRUD��NDSDFLWHWRW�QH�HGHQ�NRQGHQ]DWRU��UHDNWLYQDWD�PR`QRVW�QD�HGHQ�RG
JHQHUDWRULWH��NDNR�L�DNWLYQDWD�PR`QRVW�QD�GYD�JHQHUDWRUL�

4.2 3UHVPHWNDWD�QD�IXQNFLMDWD�QD�FHO

3UHVPHWNDWD�QD� FHOQDWD�IXQNFLMD�PRCH� GD� VH� YU^L� YU]� RVQRYD�QD� UD]OLaQL
NULWHULXPL��6R�L]GYRMXYDZH�QD� GHILQLFLMDWD� QD� FHOQDWD�IXQNFLMD� VH� RYR]PRCXYD
SULPHQD� QD� UD]OLaQL� RSWLPL]DFLRQL� SULVWDSL�� 7DND�� RSWLPL]DFLMDWD� PRCH� GD� VH
YU^L� SUHNX� ELOR� NRM� RG� QDYHGHQLWH� NULWHULXPL�� NDNR� L� SUHNX� ELOR� NRMD� QLYQD
NRPELQDFLMD�

¾ RSWLPL]DFLMD�QD�]DJXELWH�QD�DNWLYQD�PR`QRVW
¾ FHQDWD�QD�aLQHZH�QD�NRQGHQ]DWRUVNLWH�EDWHULL
¾ FHQDWD�QD�aLQHZH�QD�DNWLYQDWD�HQHUJLMD�RG�JHQHUDWRULWH
¾ ]DJXEL�QD�HQHUJLMD�YR�((6
¾ QDUX^XYDZH�QD�QDSRQVNLWH�RJUDQLaXYDZD�
3RVOHGQLWH�GYD�NULWHULPL�SUHWVWDYXYDDW�SHQDOQL�IXNFLL�
6LWH� RYLH� IDNWRUL� NRL� YOHJXYDDW� YR� RSLPL]DFLMDWD� VH� SUHWVWDYHQL� VR

VRRGYHWQL� NODVL� L� WRD�� PWCommandLosses,� PWCommandCapCost�
PWCommandGenActivCost,� PWCommandBranchActiv� L� PWCommandBusVoltViolation
VRRGYHWQR�� 2YLH� NODVL� QDVOHGXYDDW� RG� DSVWUDNWQDWD� NODVDWD� PWCommand�� 9R
ED]QDWD�NODVD�PWCommand�SRVWRL�IXQNFLMDWD�objective����7DD�MD�SUHVPHWXYD�objective
YUHGQRVWD�]D�GDGHQLRW�HOHPHQW�NRM�H�UHSUH]HQWLUDQ�RG�RGUHGHQD�NODVD��2YLH�NODVL
VH� JUXSLUDDW� SUHNX� container� NODVDWD  PWContainerCommand,� NRMD� LVWR� WDND� LPD
objective()� IXQNFLMD� ^WR� VH� GRELYD� NDNR� ]ELU� RG� QRUPDOL]LUDQLWH� YUHGQRVWL� QD
objective�IXQNFLWH��SRPQRCHQL�VR�RGUHGHQL�NRHILFLHQWL��

&HOQDWD�IXQNFLMD�QD�NRQWHMQHU�NODVDWD�VH�NRULVWL�]D�SUHVPHWND�QD�objective
QD�JHQRPLWH��9DNYLRW�SULVWDS�LPD�GYH�SUHGQRVWL�

¾ RYR]PRCXYD�HNVSHULPHQWL�VR�UD]QRYLGQL�FHOQL�IXQNFLL
¾ RYR]PRCXYD� HNVSHULPHQWL� VR� SURPHQOLYR� �WHCLQVNR�� YOLMDQLH� QD

SRHGLQHaQLWH�FHOQL�NRPSRQHQWL�
2G� SUYRQDYHGHQDWD� SUHGQRVW� SURL]OHJXYD� PRCQRVWD� ]D� JHQHUDOL]DFLMD� QD

SULVWDSRW� YR� GUXJL� RSWLPL]DFLRQL� SUREOHPL�� NDGH� HNVSHUWRW� ]D� VRRGYHWQDWD
SUREOHPDWLND� L]ELUD� QDMSRYROQL� FHOQL� IXQNFLL�� EH]� GD� LPD� SRWUHED� RG
UHSURJUDPLUDZH�QD�JHQHWVNLRW�DOJRULWDP�

9WRURQDYHGHQDWD� SUHGQRVW� UH]XOWLUD� YR� UD]YRM� QD� HNVSHUWQL� REMHNWQL
IXQNFLL�]D�QRYL�SUREOHPL�� VOLaQR�QD�UD]YRMRW�QD� VWUDWHJLL�YR�LJUDZHWR�QD�LJUL�
9RYHGXYDZHWR� QD� WHCLQVND� REMHNWQD� IXQNFLMD� RYR]PRCXYD� SUHWVWDYXYDZH� QD
UH^HQLHWR� QD� GA� NDNR� PUHCD� QD� PH_XSRYU]DQL� HOHPHQWL�� NRL� PRCDW� GD� VH
SUHVPHWXYDDW�SDUDOHOQR��9UVNLWH�VR�VRRGYHWQL�WHCLQL�JR�UHDOL]LUDDW�SURFHVRW�QD
VHOHNFLMD�QD�JHQRPL�VOLaQR�QD�YUVNLWH�YR�QHYURQVNLWH�PUHCL�



4.3 *$�RSHUDWRUL

3UYD�ID]D�H�ID]DWD�QD�LQLFLMDOL]DFLMD��SUL�^WR�VH�XSRWUHEXYD�SUHGHILQLUDQ
LQLFLMDOL]DWRUVNL� RSHUDWRU�� 7RM� QDMSUYR� JL� LQLFLMDOL]LUD� VR� VOXaDMQL� YUHGQRVWL
REMHNWLWH� NRL� JL� SUHWVWDYXYDDW� L]EUDQLWH� SUREOHPVNL� SDUDPHWUL�� 2YRM� RSHUDWRU
SRWRD�JR�NRQYHUWLUD�PQRCHVWYRWR�RG�REMHNWL�YR�YHNWRU�

.DNR�RSHUDWRU�]D��crossover� �VH�NRULVWL�SUHGHILQLUDQLRW�GA1DArrayGenomH�
�!��OnePointCrossover�RG�ELEOLRWHNDWD�

.DNR�RSHUDWRU�]D�PXWDFLMD�VH�NRULVWL�PXWDWRU�NRM�L]ELUD�RGUHGHQ�HOHPHQW�RG
YHNWRURW� QD� JHQRPRW� L� PX� GRGHOXYD� VOXaDMQR� L]EUDQD� YUHGQRVW� RG� GHILQLFLRQRWR
SRGUDaMH�QD�YUHGQRVWL�L�RJUDQLaXYDZD�]D��VRRGYHWQLRW�HOHPHQW�

4.4 ,QWHUIHMV�SRPH_X�GANOS�L�PW

0RCQL� VH� GYD� SULVWDSD� ]D� LQWHJUDFLMD� QD�GA� RSWLPL]DFLRQDWD� WHKQLND� VR
NODVLaQL�SUREOHPL�]D�RSWLPLUDZH�QD�PUHCL�

¾ UD]YRM�QD�LQWHJULUDQ�VRIWYHUVNL�SDNHW
¾ PH_XSRYU]XYDZH�QD�GYD�SRVWRHaNL�JHQHUDOL]LUDQL�VRIWYHUVNL�SDNHWL�
3UYLRW� SULVWDS� GDYD� NRPSDNWQR� L� HILNDVQR� UH^HQLH�� QR� WRD� H� PQRJX

VSHFLMDOL]LUDQR��9WRULRW�SULVWDS�GDYD�SRPDONX�HILNDVQR�UH^HQLH�
*ODYQD�SUHGQRVW�QD�YWRULRW�SULVWDS�H�PRCQRVWD�GD�VH�UD]YLH�PHWRGRORJLMD�]D

JHQHUDOL]DFLMD� QD� GANOS� L� QHJRYD� LPSOHPHQWDFLMD� ]D� UD]OLaQL� RSWLPL]DFLRQL
SUREOHPL�� 9R� RYRM� VOXaDM� NDNR� NRULVQLFL� VH� MDYXYDDW� L� HNVSHUWL� ]D� SRRGGGHOQL
SUREOHPDWLNL�� D� NRL� QH� VH� SURJUDPHUL�� SUL� ^WR� PRCDW� GD� JL� VSRUHGXYDDW
UH]XOWDWLWH�VR�GUXJL�RSWLPL]DFLRQL�WHKQLNL�L�SRVWHSHQR�GD�VH�]DSR]QDYDDW�VR�GA
SULVWDSRW�]D�RSWLPL]DFLMD�

9DNYRWR� UD]PLVOXYDZH� JR� GLNWLUD^H� L]ERURW� QD� YWRULRW� SULVWDS�� SUL�^WR
LQWHUDNFLMDWD� SRPH_X� GANOS� L� PW� VH� RGYLYD� SUHNX� UD]PHQD� QD� SRGDWRFL� VR
PHKDQL]DP�QD�GDWRWHNL��6OLND�����9DNYDWD�NRPXQLNDFLMD�VR�YOH]QR�L]OH]QL�GDWRWHNL
H� VYRMVWYHQD� NDM� VNRUR� VLWH� JHQHUDOL]LUDQL� VRIWYHUVNL� SDNHWL�� NDNRY� ^WR� H� L
SDNHWRW� PW�� 'RSROQLWHOQR�� GANOS� RNROLQDWD� VRGUCL� L� PRGXO� objective()� ]D
UHDOL]DFLMD� QD� FHOQD�IXQNFLMD� ]D� GD� RYR]PRCL� HNVSHULPHQWL� VR� NULWHULXPLWH� ]D
RSWLPL]DFLMD��3ULPHQHWLRW�LQWHUIHMV�H�SULNDCDQ�QD�6OLND���



P W

Dat. inu

G A N O S

Dat.out

T1 T2 C 1 M V R 1 M W 1 M W 2

objective()

6OLND���,QWHUIHMV�QD�PW, objective()�L�GANOS

)XQNFLRQLUDZHWR�QD�VRIWYHURW�L�PH_XNRPXQLNDFLMDWD�VH�RGYLYD�QD�VOHGQLRW
QDaLQ�

¾ 1DMSUYR�� YU]� RVQRYD� QD� YHNWRURW� NRM� JR� SUHWVWDYXYD� UH^HQLHWR�� VH
IRUPLUD� VRRGYHWQDWD� VWUXNWXUD� RG� REMHNWL�� 6HNRM� RG� RYLH� REHMHNWL
SRVHGXYD� IXQNFLMD� NRMD� PX� RYR]PRCXYD� GD� JL� ]DSL^H� SDUDPHWULWH� YR
GDWRWHND�YR�VRRGYHWHQ�IRUPDW�(Dat.inu).

¾ )RUPLUDQDWD�GDWRWHND�VR�VLWH�SDUDPHWUL�SUHWVWDYXYD�YOH]QD�GDWRWHND�]D
PW�� NRM� YU^L� SUHVPHWNL� ]D� QRYRQDVWDQDWDWD� NRQILJXUDFLMD� QD� PUHCDWD
�PRCH�GD�VH�NRULVWDW�L�GUXJL�UXWLQL�]D�HYDOXDFLMD�QD�PUHCL��

¾ PW� JL� ]DSL^XYD� GRELHQLWH� UH]XOWDWL� YR� L]OH]QD� GDWRWHND� (Dat.out),� NRMD
SUHWVWDYXYD� YOH]QD� GDWRWHND� ]D� VOHGQLRW� FLNOXV� QD� PRGXORW� objective().
5H]XOWDWLWH�RG�SURFHQDWD�JL�aLWD�GANOS�]D�IRUPLUDZH�QD�VWUXNWXUD�RG
REMHNWL� NRL� `H� VOXCDW� ]D� SUHVPHWND� QD� REMHFWLYH� � QD� GDGHQRWR� UH^HQLH
�SURFHQD�QD�QRYDWD�JHQHUDFLMD��

¾ 9R� UDPNLWH� QD� GANOS�� VHNRM� RG� RYH� REMHNWL� ]QDH� NDNR� GD� JR� SUHVPHWD
VYRMRW� GHO� RG� FHOQDWD� IXQNFLMD�� .UDMQDWD� REMHFWLYH� IXQNFLMD� VH� GRELYD
NDNR�OLQHDUQD�NRPELQDFLMD�RG�FHOQLWH�IXQNFLL�QD�VHNRM�RG�REMHNWLWH�

4.5 ,PSOHPHQWDFLMD

&HODWD� RYDD� VWUXNWXUD� YU]� NRMD� VH� SRWSLUD�GANOS� SURJUDPDWD� H� SRWSROQR
REMHNWQR�RULHQWLUDQD��VR�^WR�H�RYR]PRCHQR�QHM]LQR�OHVQR� �SUR^LUXYDZH��NDNR�VR
QRYL�SDUDPHWUL�]D�PUHCDWD��WDND�L�VR�QRYL�QDaLQL�QD�RSWLPL]DFLMD�

3URJUDPDWD� H� UHDOL]LUDQD� YR� MS Visual C++,� SUL� ^WR� H� NRULVWHQD� L
VRIWYHUVNDWD�ELEOLRWHND�GALib��,VWLRW�SULVWDS�EH^H�XSRWUHEHQ�L�YR�UD]YRMRW�QD
GANOS�RNROLQDWD��VR�SUR^LUXYDZH�L�QDGJUDGED�QD�RVQRYQLWH�ELEOLRWHaQL�UXWLQL�



5. 5(=8/7$7,�2'�7(6729,7(

2SWLPL]DFLMD�QD�UHDNWLYQL�PR`QRVWL�EH^H�SULPHQHWD�YR�VWDQGDUGQLRW� IEEE
VLVWHP� VR� ��� MD]OL�� ,]YU^HQL� VH� L]YHVQL� PRGLILNDFLL� QD� VLVWHPRW� NRL� VH
SULNDCDQL�YR�VOHGQDYD�WDEHOD�

7DEHOD I 0RGLILNDFLMD QD IEEE VLVWHPRW VR �� MD]OL

L]YRUL�QD�UHDNWLYQD�HQHUJLMD, 5MVA, 5
steps, (bus No.)

10,24,12,15,17,20,21,23,29

JUDQLFL�QD�QDSRQRW 0.95 -- 1.10
JUDQLFL�QD�UHJXODWRULWH�NDM

WUDQVIRUPDWRULWH
0.9 -- 1.1

P1 (MW) ; Q1 (MVAr) 50(max200);-20(max200)

P2 (MW) ; Q2 (MVAr) 20(80) ; -20(max100)

P5 (MW) ; Q5 (MVAr) 15(50) ; -15(max80)

P8 (MW) ; Q8 (MVAr) 10(35) ; -15(max60)

P11 (MW) ; Q11 (MVAr) 10(30) ; -10(max50)

P13 (MW) ; Q13 (MVAr) 12(40) ; -15(max60)

2G�GRELHQLWH�UH]XOWDWL�PRCH�GD�VH�VRJOHGD�GHND�]DJXELWH�VH�QDPDOHQL�RG�����
QD� ����� p.u� SUL� ^WR� LPDPH� GLVNUHWQD� SURPHQD� QD� YUHGQRVWLWH� QD�MW� L�MVar� NDM
JHQHUDWRULWH�� JUDQLFDWD� QD� UHJXODWRULWH� NDM� UHJXODFLRQLWH� WUDQVIRUPDWRUL� VH
GYLCH^H�RG����������D�QDSRQRW�QD�YUYQLRW�MD]HO�VH�RGUCXYD^H�QD���05�p.u��

6. 32'2%589$:$

>WR� VH� RGQHVXYD� GR� SRGREUXYDZHWR� QD� SHUIRUPDQVLWH� QD�GA�� PHVWRWR� NDGH
^WR� PRCH� GD� VH� LQWHUYHQLUD� H� YR� RSHUDWRURW� ]D� PXWDFLMD�� 1DPHVWR� VOXaDMQL
SURPHQL� QD� RSHUDWRURW�� PRCH� GD� VH� YRYHGH� QHNRM� SRVRILVWLFLUDQ� PHWRG�� VR� aLMD
SRPR^� `H� VH� ]JROHPL� EU]LQDWD� QD� NRQYHUJHQFLMD� QD� VDPLRW� JHQHWVNL� DOJRULWDP�
2SWLPL]DFLRQDWD�WHKQLND�QD�WDEX�SUHEDUXYDZH�VH�NRULVWL�]D�]DEUDQD�QD�VSDUXYDZH
QD�HGLQNL�NRL�GRYHGXYDDW�GR�YROWDJH�YLRODWRQ��LOL�SDN�YUHGQRVWLWH�NRL�GRYHGXYDDW
GR�QHGR]YROHQR�JROHPD�]DJXED�YR�YRGRYLWH�

*ROHPR� SRGREUXYDZH� QD� SHUIRUPDQVLWH� EL� VH� GRELOR� VR� L]EHJXQYDZH� QD
NRPXQLNDFLMDWD� SUHNX� GDWRWHNL� VR� PW�� 1DMGREUR� EL� ELOR� DNR� �SUHVPHWNDWD� QD

PUHCDWD�� VH� YU^L� SUHNX� IXQNFLL� NRL� VH� QDR_DDW� YR� RGUHGHQD� 6��� ELEOLRWHND�
9DNYLRW�QDaLQ�QD�SUHVPHWND�EL�RWYRULO�L�GRGDWQL�PRCQRVWL�]D�SDUDOHOL]DFLMD�QD
SUHVPHWNLWH�L�QLYQR�GLVWULEXLUDZH�



7. =$./8A2.

5D]YRMRW�QD�RSWLPL]DFLRQLWH�WHKQLNL�NDNR�^WR�VH�JHQHWVNL�DOJRULWDP��NDNR
L� GRVWLJQXYDZDWD� L� QDSUHGRNRW� QD� REMHNWQR�RULHQWLUDQ� QDaLQ� QD� SURJUDPLUDZH
GDYDDW� PRCQRVW� ]D� UD]YRM� QD� VRIWYHUVNL� RNROLQL� OHVQR� SULODJRGOLYL� NRQ� UD]QL
RSWLPL]DFLRQL�� SUHVPHWNRYQL� L� GUXJL� LQWHOHJHQWQL� IXQNFL�� 2YRM� SULVWDS� VH
SULPHQL�SUL�UD]YRM�QD�VRIWHUVNDWD�RNROLQD�GANOS,�NDGH�^WR�HNVSHUWLWH�QD�768�L
AI �PRCDW�GD�HNVSHULPHQWLUDDW�L�LQWHJULUDDW�UD]QL�RJUDQLaXYDZD��IXQNFLL�QD�FHO
L�RSWLPL]DFLRQL�WHKQLNL�

8. /,7(5$785$
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'DGHQ� H� DOJRULWDP� �QDaLQ�� QD� SULND]� QD� VWDWLVWLaNLWH� SRGDWRFL� RG
UDERWHZHWR�QD�WHUPRFHQWUDOLWH��9U]�RVQRYD�QD��SULPHQD�QD��HGQDNRY�DOJRULWDP�YR
FHQWUDOLWH� � PRCQD� H� NYDOLWHWQD� RFHQD� QD� UDERWHZHWR� L� UDQJLUDZH� QD� LVWLWH�
6WDWLVWLaNDWD� WHUPLQRORJLMD� VH� NRULVWL� YR� HOHNWURVWRSDQVWYDWD� QD� ]HPMLWH� NRL
DVRFLUDDW�YR�81,3('(�

S U M M A R Y

An algorithm is given showing data of working of the thermal power plant. According to
applying of the same algorithm in the power plants it is possible to give good estimate of the
working and ranging them. Statistical terminology is used in the countries, which associated in
UNIPEDE

.OXaQL� ]ERURYL��PDNVLPDOQD� HOHNWULaQD�PR`QRVW�� UDVSRORCLYD� HOHNWULaQD
PR`QRVW�� YNXSQD� QHUDVSRORCLYD� PR`QRVW�� IDNWRU� QD� UDVSRORCLYRVW� QD� HQHUJLMD�
IDNWRU�QD�UDVSRORCLYRVW�QD�EORN�

���� 9�2�9�(�'

9R�VYHWRW�SRVWRMDW�PQRJX�HOHNWURHQHUJHWVNL�VLVWHPL�]D�SURL]YRGVWYR��SUHQRV
L�GLVWULEXFLMD�QD� HOHNWULaQD�HQHUJLMD��(GQRVWDYQDWD� NRPXQLNDFLMD�SRPH_X� QLY� YR
VPLVRO�QD�PH_XVHEQR� VSRUHGXYDZH�QD� VWDWLVWLaNLWH�SRGDWRFL�RG� UD]QL�REODVWL�RG
UDERWHZHWR� H� REH]EHGHQD� � RG� UNIPEDE (UNION INTERNACIONALE DES
PRODUCTEURS ET DISTRIBUTEURS D’ ENERGIE ELECTRIQUE ��
2YDD� VYHWVND� DVRFLMDFLMD� ]D� SURL]YRGVWYR�� SUHQRV� L� GLVWULEXFLMD� QD� HOHNWULaQD
HQHUJLMD��L]GDGH�SXEOLNDFLMD�YR�NRMD�SUHFL]QR�VH�GHILQLUDQL�VLWH�WHUPLQL�RG�RYDD
REODVW�
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3XEOLNDFLMDWD�H�VRVWDYHQD�RG�VOHGQLWH�SRJODYLMD�
�2S^WL�WHUPLQL��QD�SU�� GHILQLFLMD�QD�SUHWSULMDWLH�L�NODVLILNDFLMD

]D�UD]OLaQL�HQHUJHWVNL�L]YRUL�
�.DUDNWHULVWLNL� QD� RSUHPDWD� NRL� JL� GHILQLUDDW� VWDWLVWLaNLWH

SRGDWRFL� NRL� QRUPDOQR� YUHPHQVNL� QH� VH� PHQXYDDW� QD� SULPHU� PDNVLPDOQD
HOHNWULaQD� PR`QRVW�� PDNVLPDOQD� WRSORWQD� PR`QRVW� QD� SDURJHQHUDWRU�� VOLYQD
SRYU^LQD�QD�HGQD�KLGURHOHNWULaQD�FHQWUDOD�L�GU�

�7HUPLQL� SRYU]DQL� VR� SHUIRUPDQVLWH� RGQRVQR� L]UD]LWH�� ]D� NRL
VWDWLVWLaNLWH�SRGDWRFL�`H�VH�SURPHQDW�VR�WHNRW�QD�YUHPHWR��NDNR�QD�SULPHU�IDNWRU
QD�RSWHUHWXYDZH��UDVSRORCLYRVW��WRSORWHQ�NRHILFLHQW�QD�NRULVQR�GHMVWYR�L�GU��9R
RYD�SRJODYMH�YNOXaHQL�VH�L�WHUPLQLWH�XSRWUHEXYDQL�]D�VWDWLVWLND�QD�PUHCLWH�NDNR
L�]D�HQHUJHWVNLWH�ELODQVL�

9R�RYRM�UHIHUDW��VH�L]ORCHQL��WHUPLQLWH�NRL�VH�RGQHVXYDDW�QD�SHUIRPDQVLWH
QD�WHUPRHOHNWULaQLWH�FHQWUDOL��UDVSRORCLYRVW�L�QHUDVSRORCLYRVW�

���� 5$632/2#,9267��1$�7(502(/(.75,A1$�&(175$/$

��� 0DNVLPDOQD�HOHNWULaQD�PR`QRVW�QD�HGQD�7(&

0DNVLPDOQD� HOHNWULaQD� PR`QRVW� QD� HGHQ� EORN� LOL� HGQD� WHUPRFHQWUDOD� H
PDNVLPDOQDWD�PR`QRVW� NRMD� VH� RGQHVXYD� QD� � DNWLYQDWD� PR`QRVW� NRMD� PRCH� GD� ELGH
SURL]YHGHQD�NRQWLQXLUDQR��YR�SRGROJ�YUHPHQVNL�SHULRG�SRG�SUHWSRVWDYND�GHND�VLWH
SRVWURMNL�VH�YR�UDERWQD�VRVWRMED��D�UDVSRORCLYLWH�JRULYD�VH�YR�SRWUHEQD�NROLaLQD
L�VR�QRUPDOHQ�NYDOLWHW�

������ 5DVSRORCLYD�HOHNWULaQD�PR`QRVW��QD�WHUPR HOHNOWULaQD�FHQWUDOD

 5DVSRORCLYD� HOHNWULaQD� PR`QRVW� �Pd�� QD� HGQD� WHUPRFHQWUDOD� H
PDNVLPDOQD� HOHNWULaQD� PR`QRVW� NRMD� PRCH� GD� VH� SURL]YHGH� RG� RYDD� RSUHPD� YR
UHDOQL� XVORYL� � NDGH� WDD� VH� QDR_D�� SRG� SUHWSRVWDYND� � EH]� � � � � RJUDQLaXYDZD� YR
SUHQRVQDWD�PUHCD�
 

 5DVSRORCLYDWD� HOHNWULaQD� PR`QRVW� PRCH� GD� ELGH� EUXWR� L� QHWR� NDNR� � L
PDNVLPDOQD�HOHNWULaQD�PR`QRVW�
 
 2YDD�UDVSRORCLYD�PR`QRVW�]DYLVL�VDPR�RG�WHKQLaNDWD�VRVWRMED��QD�SRVWURMNLWH�L
RG�QLYQDWD��UDERWQD�VSRVREQRVW��WDD�QH�]DYLVL��RG�LQVWUXNFLLWH�QD�GLVSHaHURW�
 5DVSRORCLYD� PR`QRVW� QD� HGHQ� EORN� �Pd�� � H� HGQDNYD� QD� PDNVLPDOQDWD� � HOHNWULaQD
PR`QRVW��PM����QDPDOHQD��]D�1HUDVSRORCLYD�HOHNWULaQD�PR`QRVW��Pit��
 

 3RLPRW�UDVSRORCLYD� HOHNWULaQD�PR`QRVW� � PRCH� GD� ELGH� XSRWUHEXYDQ� � L� ]D
HOHNWULaQD� FHQWUDOD� � L� ]D� EORN�� NDNR� � L� ]D� JUXSD� EORNRYL� LOL� � HOHNWULaQL
FHQWUDOL�

 5DVSRORCLYDWD�PR`QRVW� �QD� HGHQ� VLVWHP�FHQWUDOL� � WUHED� � GD� JL�SUHGVWDYXYD
VLWH�FHQWUDOL�QD�RYDD�JUXSD��ELOR�WLH�GD�VH��YR�SRJRQ�LOL�]DVWRM�
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 �� 1(5$632/2#,9267�1$�7(502(/(.75,A1$�&(175$/$
 
 
��� 9NXSQD�QHUDVSRORCLYD�PR`QRVW

9NXSQD� QHUDVSRORCLYD� PR`QRVW� � �Pit�� QD� HGQD� SRVWURMND� � H� UD]OLND� PH_X
PDNVLPDOQDWD��HOHNWULaQD�PR`QRVW��PM��L�UDVSRORCOLYDWD�PR`QRVW���Pd��
,�GYDWD�WHUPLQL�QD�RYDD�IXQNFLMD��WUHED�GD�ELGDW�RG�LVWD�SULURGD��EUXWR�LOL�QHWR�
 
 �  Pit = PM – Pd
 

 9NXSQDWD�QHUDVSRORCLYD�PR`QRVW��RGJRYDUD�QD�]ELURW�QD�QHUDVSRORCLYRVWL
SUHGL]YLNDQL��RG�RJUDQLaXYDZD�SRG�NRQWUROD�QD�UDNRYRGVWYRWR
�RG�HGQD��VWUDQD��L
QHUDVSRORCLYRVWL�SUHGL]YLNDQL�RG�RJUDQLaXYDZDWD�NRL�QH�VH�SRG�QHJRYD�NRQWUROD�
RG�GUXJD�VWUDQD��=D�SURFHQXYDZH�QD�SHUIRUPDQVLWH��QD�HGQD�SRVWURMND�WUHED�GD�ELGH
]HPHQ���SUHGYLG���SUL�XWYUGXYDZHWR�QD�ELODQVLWH��VDPR�GHORW�QD�QHUDVSRORCLYRVWL
NRL�VH�QDGYRU�RG�NRQWURODWD��QD�UDNRYRGVWYRWR��L�NRM�JR�QDGPLQXYD�QDPDOXYDZHWR�QD
RQLH�SRG�QHJRYD�NRQWUROD�

���� 1HUDVSRORCLYRVW� SUHGL]YLNDQD� RG� RJUDQLaXYDZD� � SRG� NRQWUROD� QD
UDNRYRGVWYRWR
 

 =D� QHUDVSRORCLYRVW� SUHGL]YLNDQD� RG� RJUDQLaXYDZD� � SRG� NRQWUROD� QD
UDNRYRGVWYRWR� � SULaLQDWD�PRCH�GD�ELGH�ELOR� �RG� WHKQLaND�SULURGD�� � ELOR�RG�QH
WHKQLaND�SULURGD�
 

 =D�XWYUGXYDZH�QD�ELODQVLWH��QD�UDVSRORCLYRVW��RJUDQLaXYDZDWD�RG�WHKQLaND
SULURGD� �PRCDW�GD�ELGDW�PQRJX�UD]OLaQL��NDNR�^WR�VH�UHSDUDFLLWH��RGUCXYDZDWD�
VODERVWLWH� QD� RSUHPDWD� LOL� QDPDOXYDZHWR� QD� SURL]YRGVWYRWR�� REQRYXYDZHWR� � QD
JRULYRWR�LOL�QHNRL�LVSLWXYDZD��8^WH�SRYH`H��RJUDQLaXYDZDWD�RG�WHKQLaND�SULURGD
JL� RSID`DDW� L� QHUDVSRORCLYRVWLWH� � SUHGL]YLNDQL� GLUHNWQR� LOL� LQGLUHNWQR� RG
aRYHaNLRW�IDNWRU��3ULPHULWH�RG�RJUDQLaXYDZDWD�RG�QHWHKQLaND�SULURGD�VH�GDGHQL
SRGROX�
 
 
����� 2JUDQLaXYDZD�RG�WHKQLaND�SULURGD

 1HUDVSRORCLYDWD� � PR`QRVW� NDNR� UH]XOWDW� QD� RYLH� RJUDQLaXYDZD� � PRCL� GD
ELGH�SULSL^DQD�QD�HGQD�RG�GROXQDYHGHQLWH�NDWHJRULL��YLGL�GLMDJUDP��
 

 3ODQLUDQL�RJUDQLaXYDZD
 ��GROJRWUDMQL
 ��NUDWNRWUDMQL
 ��LVSLWXYDZD

 
 �������������������
 
 
� �UDNRYRGQLRW� WLP�� � RSHUDWLYQLRW� SHUVRQDO�� SHUVRQDORW� YR� RGUCXYDZH�� RGQRVQR
VLRW�SHUVRQDO�NRM�JL�QRVL�RGOXNLWH�]H�UDERWHZHWR�QD�7(&�
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 1HSODQLUDQL�RJUDQLaXYDZD
 �SODQLUDQR�SURGROCXYDZH�QD�]DVWRMRW
 �SUHGYUHPHQ�SODQLUDQ�]DVWRM
 �R^WHWXYDZH�QD�RSUHPDWD��L�GUXJL�RJUDQLaXYDZD�RG�WHKQLaND�SULURGD

 
 2YLH�NDWHJRULL�VH�GHILQLUDQL�YR�GHWDOL�YR�SRQDWDPR^QLRW�WHNVW��]DHGQR�VR

QHNRONX�SULaLQVNL�SULPHUL�
 =DVWRMRW� LOL� RSD_DZHWR� � QD� RSWRYDUXYDZHWR� � WUHED� GD� ELGDW� QDMDYHQL� �VR

SRaHWRN�L� YUHPHWUDHZH��QDMPDONX�aHWLUL�QHGHOL�RGQDSUHG� ]D� GD� ELGH�WUHWLUDQR
NDNR�SODQLUDQR�

 0H_XWRD�� DNR� HGQD� SURPHQD� QD� GDWXPRW� � QD� SRaHWRNRW� H� SREDUDQD� � RG
GLVSHaHURW� RG� aLVWR� HNRQRPVNL� SULaLQL�� ]DVWRMRW� LOL� QDPDOXYDZHWR� QD
RSWRYDUXYDZHWR�RVWDQXYDDW�WUHWLUDQL�NDNR�SODQLUDQL�

 1H�H�GR]YROHQR��HGQD�QHUDVSRORCLYRVW��GD�VH�GHNODULUD�NDNR�SODQLUDQD�SRVOH
SRMDYDWD� QD� HGQD� QHSUHGYLGHQD� QHUDVSRORCLYRVW� �VODERVW� QD� RSUHPDWD�� L� GD� VH
SULVWDSL� NRQ� VRRGYHWQD� VDQFLMD�� $NR� HGQD� SODQLUDQD� QHUDVSRORCLYRVW� ELOD� YH`H
SUHGYLGHQD��L�YNORSHQD�]D�YUHPH�QD�WDD�QHSUHGYLGHQD�QHUDVSRORCLYRVW��HGLQVWYHQR
UD]OLNDWD� SRPH_X� GYHWH� QHUDVSRORCLYRVWL� � WUHED� GD� ELGH� WUHWLUDQD� � NDNR
QHUDVSRORCLYRVW�
 
 
 ������� 3ODQLUDQL�RJUDQLaXYDZD�RG�WHKQLaND�SULURGD
 

 3ODQLUDQD�GROJRWUDMQD�QHUDVSRORCOLYRVW
 

 1HUDVSRORCLYRVW�VRRWYHWQD�QD�SODQLUDQLRW�GROJRWUDHQ�]DVWRM��]DVWRMRW���LOL
QDPDOXYDZH� QD� RSWRYDUXYDZHWR�� WUHED� GD� LPD� PRCQRVW� � GD� ELGH� LVSODQLUDQ
RGQDSUHG�� RELaQR� QD� SRaHWRNRW� � QD� JRGLQDWD�� LOL� NRJD� VH� XWYUGXYD� � JRGL^QDWD
SURJUDPD�]D�RGUCXYDZH��SRaHWRNRW�QD�RYLH�]DVWRL��LOL�RSD_DZD�QD�RSWRYDUXYDZHWR�
PRCH� GD� ELGH� ]DGRFQHW�LOL� DYDQVLUDQ�L�RELaQR�SULSUHPHQ� ]D� GD� VH� SULODJRGL� � QD
XVORYLWH�]D�HNVSORDWDFLMD��QD�SURL]YRGQLRW�VLVWHP��RYDD�IOHNVLELOQRVW��NRMD�YRGL
NRQ� SUHNXYUHPHQRVW� � QH� WUHED� GD� VH� VSRUHGXYD� VR� SUHGYUHPHQLRW� ]DVWRM� � SUHG
SUHGYLGHQLRW� GDWXP� � QD� SODQLUDQLRW� ]DVWRM�� � RG� SULaLQD� QD� SU�� VODERVW� QD
PDWHULMDORW��
 

 7UDHZHWR� QD� ]DVWRMRW� LOL� RSD_DZHWR� � QD� RSWHUHWXYDZHWR� WUHED� GD� ELGH
RGQDSUHG� RSUHGHOHQR�� 3ODQLUDQLWH� GROJRWUDMQL� QHUDVSRORCLYRVWL� � VH� RELaQR
SRYU]DQL� � VR� VWUDWHJLMDWD� QD� UDNRYRGVWYRWR� ]D� GROJRWUDMQR� RGUCXYDZH�� 9RRS^WR�
SODQLUDQLWH�]DVWRL��LPDDW�SHULRGLaQRVW��RG�HGQD�JRGLQD��SD�L�SRYH`H�
 

 3ODQLUDQD�NUDWNRWUDMQD�QHUDVSRORCLYRVW
 

 3ODQLUDQL� NUDWNRWUDMQL� QHUDVSRORCLYRVWL� � VH� RQLH� NRL� VH� SUHGPHW� QD
VRJODVQRVW�SRPH_X�UDNRYRGVWYRWR�L�GLVSHaHURW�GRJRYRUHQL�QDMPDONX�aHWLUL�QHGHOL
RGQDSUHG��2YGH�SULSD_D�L�GRSROQLWHOQLRW�]DVWRM��LOL�RSD_DZH�QD�RSWHUHWXYDZHWR��
NRM� QH� H� YNOXaHQ� YR� JRGL^QDWD� SURJUDPD� ]D� RGUCXYDZH�� 7UDHZHWR� QD� RYRM� ]DVWRM
WUHED�GD�ELGH�RGQDSUHG�RGUHGHQR�
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 ,VSLWXYDZD
 

 1HUDVSRORCLYRVWD� NRMD� VH� GROCL� QD� LVSLWXYDZDWD� `H� ELGH� WUHWLUDQD� NDNR
SODQLUDQD��DNR�WDD�H�XWYUGHQD��QDMPDONX�aHWLUL�QHGHOL�RGQDSUHG�L�SUHWVWDYXYD�GHO
RG� UHGRYQDWD� SURJUDPD�� GXUL� L� DNR� XWYUGHQLRW� � PRPHQW� ]D� YU^HZH� � QD� RYLH
LVSLWXYDZD�QH�H�GRJRYRUHQ�aHWLUL�QHGHOL�RGQDSUHG�
 
 
 ������� 1HSODQLUDQL�RJUDQLaXYDZD�RG�WHKQLaND�SULURGD�
 

 1H�SODQLUDQR�SURGROCXYDZH�QD�]DVWRMRW
 6HNRH�SURGROCXYDZH�QD�NUDWNRWUDMQLRW�LOL�GROJRWUDMQLRW�SODQLUDQ�]DVWRM��L�SRVOH
RGQDSUHG� GRJRYRUHQLRW� � URN� ]D� ]DYU^XYDZH� � QD� UDERWLWH�� VH� WUHWLUD� NDNR� QH
SODQLUDQR�SURGROCXYDZH�QD�]DVWRMRW�

 2YD�SURGROCXYDZH�WUHED�GD�ELGL�SULIDWHQR�NDNR�QHSODQLUDQ�]DVWRM�
 

 3UHGYUHPHQ�SODQLUDQ�]DVWRM
 
 � 2YGH� VH� UDERWL� ]D� QHUDVSRORCLYRVW� SUHGL]YLNDQD� RG� SUHGYUHPHQRWR
]DSRaQXYDZH� QD� ]DVWRM�� SUHG� SODQLUDQLRW� ]DVWRM� NDNR� SRVOHGLFD� RG� VODERVWD� QD
QHNRMD�RSUHPD�
 $NR�EORNRW� JR� ]DSRaQXYD� � VYRMRW� ]DVWRM� � LOL� VYRMDWD� UHGXNFLMD� QD�RSWRYDUXYDZHWR
SUHG� QDMDYHQLRW� GDWXP�� WUHWLUDQDWD� QHUDVSRORCLYRVW� � NDNR� �� UHDOHQ� SRaHWRN� QD
]DVWRMRW���SODQLUDQ�SRaHWRN�QD�]DVWRMRW���H�VR�NDUDNWHU�QD�QHSODQLUDQRVW�
 

 2^WHWXYDZH�QD�RSUHPDWD��GUXJL�RJUDQLaXYDZD�RG�WHKQLaND�SULURGD
 

 7XND� VH� RSIDWHQL� VLWH� ]DJXEL� QD� UDVSRORCLYRVW� RG� WHKQLaNL� SULaLQL�� NRL
SUHWKRGQR� QH� VH� QDYHGHQL�� 0RCH� GD� VH� UDERWL�� QD� SU�� ]D� ]DVWRM� YR� UDERWDWD� LOL
VPDOXYDZH� QD� NDSDFLWHWRW� � QD� SURL]YRGVWYRWR� NRH� H� � SUHGL]YLNDQR� RG� QHNRH
R^WHWXYDZH� �QD�RSUHPDWD�LOL�RG�YOR^HQLWH� �XVORYL�YR�NRL�VH�QDR_D�SRVWURMNDWD�L
NRL� QH� PRCDW� GD� ELGDW� SRSUDYHQL� YR� GRYROQD� PHUD� ]D� GD� ELGDW� VWDYHQL� YR
NDWHJRULMDWD��QD�NUDWNRWUDMQD�SODQLUDQD�QHUDVSRORCLYRVW�
 
 
�������2JUDQLaXYDZD�RG�QHWHKQLaND�SULURGD

 1HUDVSRORCLYRVWL� SUHGL]YLNDQL� RG� RJUDQLaXYDZD� SRG� NRQWUROD� QD
UDNRYRGVWYRWR��YQDWUH^QR�YR�SRVWURMNDWD��QR�QH�RG�WHKQLaNL�SULaLQL�
 
 �RWVXVWYR�QD�SHUVRQDORW�RG�]GUDYVWYHQL�SULaLQL�
 
 �^WUDMNRYL�L�EDUDZD�QD�ORNDOQLWH�GYLCHZD�
 
 �SUREOHPL� VR� JRULYRWR�� OR^� NYDOLWHW�� YODCQRVW�� QHGRVWLJ� QD� JRULYR�� �HGLQVWYHQR
VDPR�DNR�VH�UDERWL�]D�YQDWUH^QD�UHNRQVWUXNFLMD��
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 ���� ��1HUDVSRORCLYRVW�SUHGL]YLNDQD�RG�RJUDQLaXYDZD�NRL�QH�VH� GDGHQL� SRG
NRQWUROD�QD�UDNRYRGVWYRWR
 

 2YGH�VH�UDERWL�]D�QHUDVSRORCLYRVW�SULaLQHWD� �RG�RJUDQLaXYDZD�NRL�PRCDW
GD�ELGDW�FHORVQR�QDGYRU�RG�NRQWURODWD� �QD�UDNRYRGVWYRWR��7LH� VH� WUHWLUDQL�NDNR
QDGYRUH^QL�RJUDQLaXYDZD�QD�SRVWURMNDWD�
 

 .DNR� SULPHUL�� PRCDW� GD� VH� QDYHGDW� VOHGQLWH� QDGYRUH^QL� RJUDQLaXYDZD� QD
SRVWURMNDWD�
 ��SUREOHPL�SRYU]DQL��VR�UD]ODGQDWD�YRGD���NDNR�QLVNRWR�QLYR��QD�YRGDWD��UHND��PRUH�
WDND�L�WHPSHUDWXULWH�QD�YRGDWD�YR�UD]ODGQLWH�XUHGL� �UHJXODFLRQL�RJUDQLaXYDZD��
L]OHJXYDZH�RG�UDPNLWH�QD�NRQFHSWRW��
 
 ��UHVWULNFLL�YR�VQDEGXYDZHWR�VR�JRULYR��YR��WHUPRFHQWUDODWD���NDNR�L�UH]XOWDWL�RG
QDGYRUH^QLWH� RJUDQLaXYDZD� NDNR� QD� SU�� UDFLRQDOL]DFLMD�� ^WUDMNRYL� YR
LQGXVWULMDWD�QD�JRULYD�
 
 ��VHNRH�RJUDQLaXYDZH�QDPHWQDWR�YR�SURL]YRGVWYRWR�RG�QHNRM�QDGYRUH^HQ�RUJDQ���YU]
SRVWURMNDWD��EH]�QHNDNYD�WHKQLaND�SULaLQD�
 

 3RVWRMDW�UD]QL�RNROQRVWL�YR�NRL�RYLH�RJUDQLaXYDZD�VH�QHJDWLYQL���QD�SU��YR
VOXaDMRW�NRJD�WHPSHUDWXUDWD�QD�UD]ODGQDWD�YRGD�H�PQRJX�QLVND�
 
 
 
��� 352&(1.$� 1$� 9.831,7(� 3(5)250$16,� � 1$� ('1$

326752-.$

 =D� SURFHQXYDZH� QD� YNXSQLWH� SHUIRUPDQVL� � QD� UDVSRORCLYRVWD� LOL
QHUDVSRORCLYRVWD� � QD� HGQD� SRVWURMND� L� NRJD� UD]OLaQLWH� SULaLQL� RJUDQLaXYDZD
NDNR� QD� QHUDVSRORCLYRVW� � VH� HGQRYUHPHQR� SUH]HQWLUDQL�� QDSUDYHQ� H� � VOHGQLRW
KLHUDUKLVNL�UDVSRUHG�QD�WHUPLQL�
 
  
 ���QHUDVSRORCLYRVW�QDVWDQDWD  ���SODQLUDQD
 ����=DUDGL�QHGRVWDWRFL�YR  ���QHSODQLUDQD����QHSODQLUDQL
 ���8SUDYXYDZHWR��UDNRYRGHZHWR�  ���������������������������������WHKQLaNL�RJUDQLaXYDZD�
  ���QHSODQLUDQL�RJUDQLaXYDZD�NRL�QH�VH�RG
  ���������������������������������WHKQLaND�SULURGD

 
 L�SRWRD
 
 �������������QHUDSRORCLYRVWL�NRL�QH�VH
 �� ��SRG�NRQWUROD�QD�UDNRYRGVWYRWR
 ��� ���QDGYRUH^QL�RJUDQLaXYDZD�
 
 
 
 
 



7

 �� )$.725�1$�5$632/2#,9267
 
 
 �����)DNWRU�QD��UDVSRORCLYRVW�QD�HQHUJLMD�]D�HGHQ�GDGHQ�YUHPHQVNL�SHULRG
 

 )DNWRURW�QD�UDVSRORCLYRVW�QD�HQHUJLMD�]D�HGHQ�GDGHQ�YUHPHQVNL�SHULRG��f��H
NROLaQLN� RG� HQHUJLMDWD�B� NRMD� EL� PRCHOD� GD� ELGH� SURL]YHGHQD� VR� UDVSRORCLYDWD
PR`QRVW��Pd��]D�YUHPH�QD�RYRM�SHULRG��L�RG�HQHUJLMDWD�$�^WR�PRCH�GD�VH�SURL]YHGH�VR
PDNVLPDOQD�HOHNWULaQD�PR`QRVW��PM���]D�YUHPH�QD�LVWLRW�SHULRG�
 

 
 ������($)���HQHUJ\�DYDLODELOLW\�IDFWRU

 
 (QHUJLMDWD��B�SURL]YHGHQD��RG�UDVSRORCLYDWD�PR`QRVW��Pd��PRCH�LVWR�WDND�GD

ELGL� SUHVPHWDQD� NDNR� UD]OLND� � SRPH_X� HQHUJLMDWD� � $� NRMD� EL� PRCHOD� GD� ELGH
SURL]YHGHQD� � VR� PDNVLPDOQDWD� HOHNWULaQD� PR`QRVW� �PM��� L� QHUDVSRORCLYDWD
HQHUJLMD� C� NRMD� QH� PRCH^H� � GD� ELGH� SURL]YHGHQD� RG� YNXSQDWD� QHUDVSRORCLYD
PR`QRVW�Pit��
 

 �������
 
��� )DNWRU�QD�UDVSRORCLYRVW�QD�EORN�]D�HGHQ�GDGHQ�YUHPHQVNL�SHULRG��UCF�

)DNWRURW�QD��UDVSRORCLYRVW�QD�EORN�]D�HGHQ�GDGHQ�YUHPHQVNL�SHULRG� �h��H
HGQDNRY�QD�IDNWRURW�QD�UDVSRORCLYRVW� �QD�HQHUJLMD�]D�YUHPH�QD�LVWLRW�SHULRG��VR
NRUHNFLMD��NRMD�JR�]HPD�SUHGYLG�IDNWRW�GHND�EORNRW�SRVWRMDQR�UDERWL�YR�VWDQGDUGQL
XVORYL� QD� RNROLQDWD� � �WHPSHUDWXUD� QD� YR]GXKRW� � LOL� YRGDWD� � ]D� UD]ODGXYDZH��
HOLPLQLUDM`L� JL� YR� SUHVPHWXYDZHWR� QHUDVSRORCLYRVWLWH� � SUHGL]YLNDQL� RG
RJUDQLaXYDZDWD� � NRL� VH� QDGYRU� RG� NRQWUROD� � QD� UDNRYRGVWYRWR� �QDGYRUH^QL
RJUDQLaXYDZD��L�YQDWUH^QLWH�QH�WHKQLaNL�UDVSRORCOLYRVWL�

 
 

 
 �������������������

    UCF�� ��Unit  capability factor
 
 3RMDVQXYDZH��

 81,3('(���RYLRW�L]UD]�IDNWRU�QD��UDVSRORCLYRVW�QD�HQHUJLMD�SR�VYRMDWD
GHILQLFLMD� YR� SULQFLS� RGJRYDUD� QD� SRLPRW� QDUHaHQ� HNYLYDOHQWHQ� � IDNWRU� QD
UDVSRORCLYRVW��NRULVWHQ�YR�6$'��Equivqlent Availability Factor���6H�XSRWUHEXYD��NDNR

A

B
  f : EAF = �L]UD]HQ�YR���RG�HQHUJLMDWD�NRMD�EL�PRCHOD�GD

ELGH�SURL]YHGHQD�

A

CA

A

B −==     f

A

B*
 h   :  UCF =

�NDGH�B H�NRUHJLUDQ�YR�9
�]D�GD�VH�]HPDW
SUHGYLG�NRUHJLUDQLWH
IDNWRUL�LOL�HOLPLQLUDQLWH�IDNWRUL�
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QD�SU��YR�EDQNDWD�QD�SRGDWRFL�QD�GADS - NERC (Generating Availability Data System -
North American Electric Reliability Council).

 3RMDVQXYDZH��
 9
�RELaQR�H�SRJROHP�RG�9��]QDaL�L��IDNWRURW��QD�UDVSRORCLYRVW�QD�EORNRW��H

SRJROHP� RG� IDNWRURW� QD� UDVSRORCOLYRVW� QD� HQHUJLMD�� 3ULWRD� L� GYHWH� PHWRGL� QD
SUHVPHWXYDZHWR� � XSRWUHEHQL� ]D� GD� VH� GRELH� � B�� VH� XSRWUHEXYDDW� LVWR� L� ]D
SUHVPHWXYDZH�QD�9�
�

 
 
 

����=$./8A2&,

6WDWLVWLNDWD� QD� WHUPRHOHNWULaQLWH� FHQWUDOL� � YR� 0DNHGRQLMD� � RSID`D� YR
REUDERWND� GHO� RG� SRJRUH� QDYHGHQLWH� SRND]DWHOL� NRL� YRJODYQR� VH� QDVOHGHQL� RG
SUHSRUDNLWH�QD�-8*(/��1R�]D�CDO�WLH�YR�SRVOHGQLWH�GHVHWLQD�JRGLQL�QH�JL�SUDWHD
VRYUHPHQLWH�VYHWVNL�GYLCHZD�YR�RYDD�REODVW��9HURMDWQR�SULaLQDWD�OHCL�YR�PQRJXWH
SROLWLaNL� SURPHQL� ^WR� VH� VOXaLMD� QD� RYLH� SURVWRUL�� 6HNRMD� NRPSDUDFLMD� QD
GRVHJD^QLRW�QDaLQ�QD�YRGHZH�QD�VWDWLVWLNDWD�RGQRVQR�SRND]DWHOLWH�QD�UDERWHZHWR
VH�QHSUDNWLaQL�VR�RJOHG�QD��VRYUHPHQLWH�WUHQGRYL�

6SRUHG�WRD�QHRSKRGQR�H�

�� 6WDWLVWLNDWD� QD� SURL]YRGVWYR� L� SRND]DWHOLWH� QD� UDERWHZHWR� YR
WHUPRHOHNWULaQLWH� FHQWUDOL� YR� 0DNHGRQLMD� GD� VH� YRGDW� SUHPD
WHUPLQRORJLMDWD�L�QRUPLWH�QD�81,3('(�

� 3R�REUDERWNDWD�QD� SRGDWRFLWH� GD� VH� QDSUDYL� VSRUHGED� VR�SRGDWRFLWH
RG�GUXJLWH�WHUPRHOHNWULaQL�FHQWUDOL���aOHQNL�QD�81,3('(��D�SRWRD�GD�VH
GRQHVH�RFHQND��]D�NYDOLWHWRW�L�XVSH^QRVWD�QD�UDERWHZHWR�

� 3ULPHQDWD�QD�VWDWLVWLaNDWD�WHUPLQRORJLMD�L�RFHQND�QD�NYDOLWHWRW�QD
UDERWHZHWR� VH� SUHSRUDaXYD� L� QD� RVWDQDWLWH� VHJPHQWL� RG
HOHNWURVWRSDQVWYRWR�� KLGURHOHNWULaQLWH� FHQWUDOL�� SUHQRVQDWD� L
GLVWULEXWLYQDWD�PUHCD�

����/,7(5$785$�

1. Statistical terminology employed in the electricity supply industry :
A.G. MORE , Swindon, England
M. DUCRUIT, Pariz, France
M.M SANCHEZ – FORNIE, Madrid, Espana
R. BERTOLINO, Roma, Italia
DR. A. REICHL, Viena ,Austria
L. PAULISSEN, Bloemendaal, Pays - Bas

��6WDWLVWLaND�GRNXPHQWDFLMD�5(.�%LWROD
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9NXSQD QHUDVSRORCLYD

3UHIUOXYDZH YR UH]HUYD 7HKQLaNL

UDVSRORCLYD YR ]DVWRM 2JUDQLaXYDZD

QFLMDWD

0DNVLPDOQD HOHNWULaQD PR`QRVW

5HIHUHQWQD PR`QRVW

6OHGHZH QD RSWHUHWXYDZHWR

UHJXOLUDZH QD IUHNIUH�

QD ]DVWRMRW

3URGROCXYDZH

PR`QRVW

3URL]YHGHQD

1HSURL]YHGHQD

5DVSRORCOLYD PR`QRVW

5DVSRORCLYD PR`QRVW

'ROJRWUDMQR

1H H SRG NRQWUROD

�QDGYRUH^QD�

QD UDNRYRGVWYRWR

0R`QRVW

3RG NRQWUROD QD

UDNRYRGVWYRWR

9QDWUH^QD

2^WHWXYDZD

RJUDQLaXYDZD

1H WHKQLaNL

RJUDQLaXYDZD

1HSODQLUDQR

3UHGYUHPHQ

SODQLUDQ

]DVWRM

.UDWNRWUDMQR ,VSLWXYDZD

3ODQLUDQR
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5DVSRORCOLYD

PR`QRVW

3URL]YHGHQD

PR`QRVW

5DVSRORCLYD

PR`QRVW QR

QHSURL]YHGHQD

3UHIUOXY� YR UH]HU�

�UDVSRORCLYD YR

]DVWRM�

3ODQLUDQR

9NXSQD

QHUDVSRORCLYD

PR`QRVW

3RG NRQUWROD QD

UDNRYRGVWYRWR

�YQDWUH^QD�

1H H SRG NRQWURODQD

UDNRYRGVWYRWR

�QDGYRUH^QD�

7HKQLaNL

RJUDQLaLYDZD

1H WHKQLaNL

RJUDQLaXYDZD

1H SODQLUDQR

0DNVLPDOQD HOHNWULaQD PR`QRVW

LOL 5HIHUHQWQD PR`QRVW

6OHGHZH QD RSWHU�

UHJXOLUDZH QD

IUHNIUHQFLMD



0$.('216.,�.20,7(7�=$�*2/(0,�(/(.75,A1,�6,67(0,�
6,*5(��6.23-(

97252�629(789$:(�1$�0$.2�6,*5(

'�U�9ODVWLPLU�*ODPRaDQLQ��(OHNWURWHKQLaNL�IDNXOWHW
0�U�0DULMD�.DFDUVND��(OHNWURWHKQLaNL�IDNXOWHW
0�U�'UDJDQ�$QGRQRY��(OHNWURWHKQLaNL�IDNXOWHW

$ 1$ / , = $ � 1 $ � 0 2#1, 7 ( � 6 2 6 7 2 - % , � 1 $ � , 6 3 $ '
1 $ 32 ( ' , 1 ( A 1 , � ( / ( 0 ( 1 7 , � 9 2 � ( ( 6

. 5 $ 7 . $ � 6 2 ' 5#,1$

9R�RYRM�WUXG�H�SULNDCDQ�HILNDVHQ�DOJRULWDP�]D�SRYH`HNUDWQR�UH^DYDZH�QD
UHWNL� OLQHDUQL� UDYHQNL�� $QDOL]DWD� QD� ((6� � VH� ED]LUD� QD� PXOWLSURFHVRUVNL
SURWRaHQ�VLVWHP��QR�LVWRYUHPHQR�L�QD�HILNDVQR�SURWRaQR�PDSLUDZH�QD�KLSHUNRFND�
*ODYQDWD� NUDNWHULVWLND� QD� PXOWLSURFHVRUVNLRW� SURWRaHQ� VLVWHP� SUHWVWDYXYD� RS�
WLPL]DFLMDWD�QD�EDODQVRW�QD�RSWRYDUXYDZHWR�QD�SURFHVRULWH��SUHNX�����RG�DNWLY�
QRWR�YUHPH�QD�SURFHVRULWH���3RVWLJQDWLWH�]DEU]XYDZD�VH�EOLVNL�GR�OLQHDUQR�]DEU�
]XYDZH�� GRGHND� HILNDVQRVWD� QD� VLVWHPRW� RVWDQXYD� YR� UDPNLWH� RG� ���� GR� ����
2JUDQLaXYDZDWD� YR� NRPXQLNDFLMDWD� VH� ]DQHPDUOLYL�� D� SUHVPHWNLWH� QD� HJ]HNXWLY�
QLWH�YUHPLZD�VH�ED]LUDQL�QD�SUHVPHWNRYQLWH�RSHUDFLL��3UHGORCHQLRW�DOJRULWDP
XVSH^QR�H�SULPHQHW�QD�NRQWURODWD�QD�VRYSD_DZDWD�QD�SURPHQOLYLWH�YR�SURFHVRW�QD
UH^DYDZHWR�QD�]DEU]DQDWD�UD]GYRHQD�SRVWDSND�]D�RGUHGXYDZH�QD�QDSRQLWH�YR�((6�
NRH�^WR�VH�ED]LUD�QD�SRYWRUXYDaNL�SUHVPHWNL�QD�((6�VR�SULPHQD�QD�UHWNL�PDWULFL�
3UHNX� HNVSHULPHQWLWH� VH� SRWYUGL� XVSH^QRVWD� QD� SRVWDSNDWD� ]D� VXERSWLPDOQR
SURWRaQR�PDSLUDZH�QD�KLSHUNRFND�RG�SRYLVRN�UHG��VR�SULEOLCQR�OLQHDUQR�]DEU]X�
YDZH�

S U M M A R Y

In this paper an efficient algorithm for repetitive sparse simultaneous linear equations so-
lution is proposed. It features fast power system analysis based on multiprocessor pipeline, as
well as efficient pipeline mapping on a hypercube architecture. A major characteristic of  the pro-
posed multiprocessor pipeline approach is the optimization of  processor load balance (over 95%
active time of  processors). Achieved speedups are close to linear, while the system efficiency
remains within the range of 95% to 97%. The communication overheads are neglectable and the
execution times are calculated on the basis of the computing operations. The proposed algorithm
has been successfully applied for power mismatch calculations arising in the solution phase of
Fast Decoupled Power Flow (FDPF) which involves typical repeated sparse power network com-
putations. The experiments supported the approach for suboptimal pipeline mapping on a higher
order hypercube, with almost linear speed-up.

.OXaQL�]ERURYL�� 3URWRaQD�DUKLWHNWXUD��SDUDOHOQL�PXOWLSURFHVRUL��KLSHUNRFND�
UHWNL�PDWULFL��DQDOL]D�QD�((6
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2SHUDWLYQDWD��VLJXUQRVW��YR�UDERWHZHWR�QD�HOHNWURHQHUJHWVNLWH�VLVWHPL�−
((6� WUHED� GD� REH]EHGL� NRQWLQXLUDQR� QDSRMXYDZH� QD� SRWUR^XYDaLWH� SUHNX� RSWL�
PDOQD� NRQWUROD� � QD� UDERWHZHWR� QD� L]YRULWH� L� SUHQRVQDWD� PUHCD� SUL� PLQLPDOQL
RSHUDWLYQL�WUR^RFL��=D�GD�VH�REH]EHGL�HNRQRPVNL�GRYHUOLYR�UDERWHZH�QD�((6�VH
SULPHQXYDDW�VRYUHPHQL�IXQNFLL�QD�DQDOL]D��RSWLPL]DFLMD�L�NRQWUROD��NRL�VH�REH�
GLQHWL�YR�HGLQVWYHQ�7HKQLaNL�6LVWHP�QD�8SUDYXYDZH���768��'YH�RVQRYQL�VUHGVWYD
]D� SUHVPHWXYDZH� YR� 768� VH�� DQDOL]D� QD� PRCQLWH� VRVWRMEL� QD� LVSDG� �contingency
analalysis��L�DQDOL]D�QD�RSWLPDOQLRW�WHN�QD�PR`QRVWLWH�

$QDOL]DWD�QD�PRCQLWH� VRVWRMEL�QD� LVSDG� QD� SRHGLQHaQL� HOHPHQWL� JL� L]GYR�
MXYD�PRCQLWH�NULWLaQL��YRQUHGQL��VRVWRMEL�QD�((6�SR�SDW�QD�HNVWHQ]LYQD�VLPXOD�
FLMD�QD�RGGHOQLWH�LVSDGL��((6�VH�QDR_D�QD�RGUHGHQR�QLYR�QD�NULWLaQD�VRVWRMED�YR
]DYLVQRVW� RG� QDGPLQXYDZHWR� QD� RSHUDWLYQLWH� RJUDQLaXYDZD� �QD� SU�� SUHRSWRYDUX�
YDZH��QDSRQVND� VRVWRMED��� YR�RYRM� VOXaDM�SUHGL]YLNDQL�RG�LVSDGRW�QD� YLVRNRQDSRQ�
VNLRW�YRG��WUDQVIRUPDWRU�LOL�JHQHUDWRU��$QDOL]DWD�QD�PRCQLWH�VRVWRMEL�QD�LVSDG
VH� L]YHGXYD� ]D� VRVWRMEDWD� QD� � PRPHQWDOQRWR� RSHUDWLYQR� IXQNFLRQLUDZH� QD� ((6
�DQDOL]D�YR�UHDOQR�YUHPH���QR�LVWR�WDND�L�]D�SUHGYLGXYDQLWH�RSHUDWLYQL�NRQILJX�
UDFLL� QD� ((6�� 2VQRYQD� FHO� QD� RYD� DQDOL]D� H� LGHQWLILNDFLMD� QD� SRWHQFLMDOQLWH
NULWLaQL� VRVWRMEL� VR� JROHPD� YHURMDWQRVW� QD� SRMDYXYDZH�� 3ULWRD�� RSHUDWRURW� QD
((6�PRUD�GD�RGJRYRUL�QD�SRMDYDWD�QD�VHNRMD�NULWLaQD�VRVWRMED�SUL�LVSDG�QD�HOHPHQW
QD�VLVWHPRW�VR�

�� UD]YLYDZH�QD�SODQRYL�]D�RGEHJQXYDZH�QD�QHVLJXUQL�VRVWRMEL��L

�� UD]YLYDZH�QD�UDERWQL�VWUDWHJLL�]D�VSUDYXYDZH�VR�SRWHQFLMDOQLWH�VRVWRMEL
QD�LVSDG�

�� $1$/,=$�1$�02#1,�62672-%,�1$�,63$'

$QDOL]DWD� QD�PRCQLWH� VRVWRMEL� QD� LVSDG� VH� L]YU^XYD� YR� GYH�ID]L��ID]D� QD
SUHEDUXYDZH�L�ID]D�QD�HYDOXDFLMD�

$� )D]D� QD� SUHEDUXYDZH�� � 9R� SUYDWD� ID]D� VH� RWNULYDDW� SRWHQFLMDOQLWH
VRVWRMEL�QD�LVSDG�NRL�SUHGL]YLNXYDDW�NULWLaQL�VRVWRMEL�QD�((6��SUL�^WR�LVWRYUH�
PHQR�VH�HOLPLQLUDDW�PQRJX�VOXaDL�QD�LVSDG�NDNR�QHSUREOHPDWLaQL��3UHVPHWNLWH�QD
WHNRW�QD�PR`QRVWLWH�]D�QRUPDOQD��]GUDYD��VRVWRMED�QD�HQHUJHWVNDWD�PUHCD�MD�GDYDDW
SRaHWQDWD� VRVWRMED� QD� ((6� ]D� SUHVPHWXYDZH� QD� VLPXOLUDQLWH� VRVWRMEL� QD� LVSDG�
6LWH� JHQHUDWRUL� L� VLWH� JUDQNL� �RVYHQ� JUDQNLWH� QD� SUHNLQ� NRL� SUHGL]YLNXYDDW
L]ROLUDZH�QD�GHO�RG�PUHCDWD��RGQRVQR�VR]GDYDZH�QD�RVWURYL��HGQD�SR�HGQD�SRVWDSQR
VH� HOLPLQLUDW��)D]DWD� QD� SUHEDUXYDZH� VH� SRWSLUD� QD� �EU]D�UD]GYRHQD�� PHWRGD� ]D
SUHVPHWND�QD�WRNRYLWH��RGQRVQR�VH�VRVWRL�RG�HGQD�LWHUDFLMD�QD�UDYHQNDWD

′ =•B P∆ ∆θ ���

NDGH� ∆P�−�YHNWRU�QD�UD]OLNDWD�YR�UHDOQLWH�PR`QRVWL��UHWNR�LVSROQHW�YHNWRU�]D�
VOXaDM�QD�LVSDG�QD�JUDQND�

∆ΘΘ�−�YHNWRU�QD�SURPHQLWH�QD�ID]QLRW�DJRO�QD�MD]OLWH�YR�RGQRV�QD�QRUPDOQDWD
VRVWRMED�QD�((6��SUHG�QDVWDQXYDZH�QD�LVSDGRW�



B'�−�PDWULFD�QD�VLVWHPRW��NRMD�H�UHWNR�LVSROQHWD��VLPHWULaQD�PDWULFD�VR�
UHDOQL�HOHPHQWL�

5DYHQNDWD� ���� SUHWVWDYXYD� VLVWHP� OLQHDUQL� UDYHQNL� VR� UHWNR� LVSROQHWD�PD�
WULFD�QD�VLVWHPRW�RG�WLSRW

Ax=b�� ��D�

9R�RYDD�ID]D�VH�]DEHOHCXYDDW�WUL�RVQRYQL�SRWH^NRWLL��3UYDWD�SURL]OHJXYD
RG� YRYHGXYDZHWR� QD� VRRGYHWHQ� PRGHO� QD� ((6� YR� ]DYLVQRVW� RG� SUHWVWDYDWD� QD
RJUDQLaXYDZDWD�NRL�WUHED�GD�ELGDW�]DGRYROHQL�YR�VLPXODFLMDWD�QD�LVSDGLWH��.DNR
YWRU� SUREOHP� VH� MDYXYD� L]ERURW� NRL� VOXaDL� QD� LVSDG� `H� WUHED� GD� VH� UD]JOHGXYDDW�
.DNR� WUHW� SUREOHP� NRM� WUHED� GD� VH� UH^L� VH� MDYXYD� SUHVPHWNDWD� QD� WRNRYLWH� QD
PR`QRVWL� ]D� RJURPQLRW� EURM� QD� PRCQL� LVSDGL� VR� SRYWRUXYDZH� QD� SUHVPHWNLWH� YR
NUDWNL� YUHPHQVNL� LQWHUYDOL� ]DYLVQR� RG� GLQDPLaNLRW� NDUDNWHU� QD� VRVWRMELWH� QD
((6��2G�WXND�L�SURL]OHJXYD�IDNWRW�GHND�SUHEDUXYDZHWR�QD�VRVWRMELWH�QD�((6�SUL
PRCQLWH�LVSDGL�H�SURFHV�NRM�QDMGROJR�WUDH�YR�FHOLRW�768�

%� )D]D�QD� HYDOXDFLMD�� �9WRUDWD�ID]D� VH� ]DQLPDYD� VR� NULWLaQLWH�PRCQL
VRVWRMEL�QD�LVSDG��2WNRJD�PRCQDWD�VRVWRMED�QD�LVSDG�H�R]QDaHQD�NDNR�SRWHQFLMDOQR
^WHWQD��]D�]DEU]XYDZH�QD�SUHVPHWXYDZHWR�QD�NRPSOHWQLRW�WHN�QD�RSWRYDUXYDZD�YR

PUHCDWD� SULPHQHW� H� 3URWRaHQ� 3RYH`HSURFHVRUVNL� $OJRULWDP−33$�� 3RQDWDPX�
SURFHQNDWD�QD�PRCQLWH�VRVWRMEL�QD�LVSDG�VH�L]YHGXYD�QD�SRVOHGRYDWHOQL�LQGLYLGX�
DOQL� VOXaDL� VSRUHG� RSD_DaNL� UHGRVOHG� QD� ^WHWQRVWD�� $QDOL]DWD� QD� QDM^WHWQLWH
PRCQL� VRVWRMEL� QD� LVSDG� VR� NRPSOHWQD� SUHVPHWND� QD� WRNRYLWH� QD� PR`QRVWLWH� `H
RWNULH�SRVWRHZH�QD�HYHQWXDOQR�GRSROQLWHOQR�SUHRSWRYDUXYDZH�YR�PUHCDWD��3DUD�
OHOL]PRW�YR�UH^DYDZHWR�H�LVNRULVWHQ�VR�UDVSUHGHOED�QD�PRCQLWH�VRVWRMEL�QD�LVSDG
PH_X� SURFHVRULWH� YR� SURYHUNDWD� QD� RJUDQLaXYDZDWD� QD� VWUXLWH� NRL� WHaDW� YR� SUH�
QRVQLWH�YRGRYL�L�WUDQVIRUPDWRULWH�

=D�WHVWLUDZH�QD�HILNDVQRVWD�QD�QDYHGHQDWD�SRVWDSND��((6�VH� DQDOL]LUD�YR
UHCLPLWH�QD�NULWLaQL�PRCQL�VRVWRMEL�QD�LVSDG�NRL�WUHED�GD�VH�LVSLWDDW�VSRUHG�GR�
SROQLWHOQLWH�QHGR]YROHQL�SUHRSWRYDUXYDZD�� SUHGL]YLNDQL�RG� NULWLaQLWH�LVSDGL�
2GGHOQLWH�VOXaDL�YR�OLVWDWD�QD�PRCQLWH�VOXaDMQL�VRVWRMEL�PRCDW�GD�VH�UD]JOHGDDW
QH]DYLVQR� HGQD� RG� GUXJD�� 6R� WRD�� OHVQR� PRCDW� GD� VH� UDVSUHGHODW� ]D� REUDERWND� YR
SRYH`HSURFHVRUVNL�NRPSMXWHUVNL�VLVWHP�

�� 35272A(1�329(@(352&(6256.,�$/*25,7$0

33$�H�SULPHQHW�YR�UH^DYDZHWR�QD�VLVWHPRW�UDYHQNL�����L�WHVWLUDQ�H�QD�IEEE
�������L�����VRELUQLFL��WUL�VWDQGDUGQL�WHVW�VLVWHPL��]D�VWR�PRCQL�VRVWRMEL�QD�LVSDG
YR�PUHCDWD�

2VQRYD� QD�33$� H� SRWUHEDWD� RG� SRYH`HNUDWQR� UH^DYDZH� QD� VLVWHPRW� OLQH�
DUQL�UDYHQNL������1DSUDYHQD�H�PRGLILNDFLMD�QD�Crout�RYLRW�VHNYHQFLMDOHQ�DOJRUL�
WDP�]D�UH^DYDZH�VLVWHP�OLQHDUQL�UDYHQNL��VR�FHO�VLVWHPRW�UDYHQNL�����OHVQR�GD�VH
UH^L� QD� SURWRaHQ� SRYH`HSURFHVRUVNL� VLVWHP� LOL� QD� ELOR� NRM� GUXJ� SRYH`HSURFH�
VRUVNL�VLVWHP�VR�UDVSUHGHOHQD�PHPRULMD� ��$OJRULWPRW�VH�ED]LUD�QD�IDNWRUL]DFLMD
QD�PDWULFDWD�A�RG�VLVWHPRW���D��QD�WUL�PDWULFL�

A=LDU ���



NDGH�L �H�GROQR�WULDJROQD�PDWULFD��D�H�GLMDJRQDOQD�PDWULFD�L�U�H�JRUQRWULDJROQD
PDWULFD� VR� HGLQLFL� QD� GLMDJRQDODWD�� 3RWRD� UH^HQLHWR� QD� VLVWHPRW� VH� GRELYD� VR
SRVWDSQR�UH^DYDZH�QD�PDWULaQLWH�UDYHQNL�

LDy=b ��D�

Ux=y� ��E�

5DYHQNDWD� ��D�� VH� UH^DYD� VR� SRVWDSQD� ]DPHQD� QD� SURPHQOLYLWH� YR� VLVWHPRW
QDQDSUHG��D���E��VR�SRVWDSQD�]DPHQD�QDQD]DG�

)DNWRULWH�L �L�U� VH�UHWNR�LVSROQHWL�PDWULFL��LVWR�NDNR�L�PDWULFDWD�A��9R
PHPRULMDWD�QD�NRPSMXWHURW�VH�]DSL^XYDDW�VDPR�QHQXOWLWH�HOHPHQWL�QD�VLWH�PDWULFL
L�YHNWRUL��YR�SRGUHGHQL�OLVWL�QD�VRVHGQL�HOHPHQWL�

9DCQR� H� GD� VH� QDSRPQH� GHND� YR� VOXaDM� QD� YHNWRU� b� VDPR� VR� HGHQ� HOHPHQW
UD]OLaHQ�RG�QXOD��VR�SRJRGQR�SUHPHVWXYDZH�QD�UHGLFLWH�L�NRORQLWH�YR�PDWULFDWD�A
PRCH� GD� VH� L]EHJQH� SRVWDSQRWR� UH^DYDZH� QD� UDYHQNDWD� ��D��� %URMRW� QD� QRYRVR]�
GDGHQL�QHQXOWL�HOHPHQWL�YR�PDWULFDWD�A�H�QH]QDaLWHOHQ�YR�VSRUHGED�VR�]D^WHGDWD
YR�RSHUDFLL�NRL�QHPD�GD�VH�L]YU^XYDDW�

3R� VYRMDWD� SULURGD�� L� IDNWRUL]DFLMDWD� L� SRVWDSQRWR� UH^DYDZH� VR� ]DPHQD
QDQD]DG��VH�UHNXU]LYQL�SURFHVL��1DSUDYHQDWD�PRGLILNDFLMD�QD�RULJLQDOQLRW�Crout�
RY�DOJRULWDP�H�WRNPX�YR�RYRM�GHO��33$�LPD�GYH�ID]L�� VHNRMD� VR�L=N-1�UHNXU]LYQL
aHNRUL�

���LDU�IDNWRUL]DFLMD��GHILQLUDQL�NDNR�LUP�SURFHVL�

���SRVWDSQD�]DPHQD�QDQD]DG��GHILQLUDQL�NDNR�REP�SURFHVL��

6R�WRD�FHODWD�SRVWDSND�QD�UH^DYDZH�VH�VYHGXYD�QD�2L�SRVOHGRYDWHOQL�SURFHVL
�LUP� L� REP�� NRL� VH� UDVSUHGHOXYDDW� ]D� REUDERWND� YR� m<<N� SURFHVRUL�� 3RYH`H�
SURFHVRUVNLRW�VLVWHP�VRGUCL�RJUDQLaHQ�EURM�QD�LVWL�SURFHVRUL�NRL�WUHED��HILND�
VQR�GD�VH�LVNRULVWHQL��GD�LPDDW�PLQLPDOHQ�QHDNWLYHQ�SHULRG���3URWRaQDWD�LPSOH�
PHQWDFLMD�QD�DOJRULWPRW�H�SUHWVWDYHQD�QD�VOLNDWD���

6OLND����3URWRaQD�LPSOHPHQWDFLMD�QD�33$

=D� SRVWLJQXYDZH� QD� SRJROHPD� HILNDVQRVW� QD� SRYH`HSURFHVRUVNLRW� VLVWHP
UD]YLHQ�H�DOJRULWDP�]D�RSWLPDOQD�UDVSUHGHOED�QD�LUP�L�REP�SURFHVLWH�YR�VRVHGQL
SURFHVRUL� QD� VLVWHPRW�� %LGHM`L� UD]OLaQL� SURFHVRUL� LPDDW� UD]OLaQL� YUHPLZD� QD
L]YU^XYDZH�QD�RSHUDFLLWH��NDNR�PHUND�]D�DNWLYQRWR�YUHPH�QD�HGHQ�SURFHVRU�]HPHQ
H�EURMRW�QD�RSHUDFLL�NRL�WRM�WUHED�GD�JL�L]YU^L�

tlN-1

LUP

tli

LUP

tl1

 LUP

REP
tr1

REP
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REP
trN-1

AA

A

A

A

A

x(1) x(N)



9R�7DEHODWD���GDGHQL�VH�UH]XOWDWLWH�GRELHQL�VR�LPSOHPHQWDFLMD�QD�33$�QD
OLQLVNL�SURWRaHQ�SRYH`HSURFHVRUVNL�VLVWHP�]D�RGUHGXYDZH�QD�VWR�PRCQL�VRVWRMEL
QD�LVSDG�YR�((6��6SRUHGXYDQL�VH�

N Á�EURMRW�QD�MD]OL�YR�((6�L�UHGRW�QD�VLVWHPRW�OLQHDUQL�UDYHQNL
L ÁEURMRW�QD�SRVOHGRYDWHOQL�SURFHVL�NRL�VH�UDVSUHGHOHQL�YR�m�SURFHVRUL
m Á�EURMRW�QD�SURFHVRUL�YR�SURWRaQDWD�OLQLMD

∆t Á�UDERWQLRW�LQWHUYDO�QD� SURFHVRULWH� YR� SRYH`HSURFHVRUVNLRW� VLVWHP�
YR�UHODWLYQL�YUHPHQVNL�HGLQLFL

t Á�SURVHaQRWR�QHDNWLYQR�YUHPH�RG� UDERWQLRW�LQWHUYDO�QD� SURFHVRULWH�
YR�SURFHQWL

Sp Á�]DEU]XYDZHWR�QD�VLVWHPRW��GHILQLUDQR�NDNR
Sp� YUHPH�]D�UH^DYDZH�SUREOHPRW�QD�VHNYHQFLMDOHQ�SURFHVRU�

YUHPH�]D�UH^DYDZH�QD�SUREOHPRW�QD�SRYH`HSURFHVRUVNL�VLVWHP
Ef Á�HILNDVQRVWD�QD�VLVWHPRW��GHILQLUDQD�NDNR

Ef�� ]DEU]XYDZH�EURMRW�QD�SURFHVRUL�YR�SRYH`HSURFHVRUVNLRW�VLVWHP

7DEHOD��

3ULPHU N L m t [%] Sp Ef [%]

IEEE 30 30 35 2 0.00 1.94 97.08

IEEE 57 57 69 3 2.10 2.82 93.94

IEEE 118 118 130 6 1.11 5.36 89.30

5H]XOWDWLWH�SRNDCXYDDW�GHND�OLQLVNLRW�SURWRaHQ�SRYH`HSURFHVRUVNL�VLVWHP
H� GREUR� EDODQVLUDQ�� VR� SURVHaQR� QDMJROHPR� QHDNWLYQR� YUHPH� RG� ����� � GRELHQR� YR
SULPHURW�IEEE�����2SWLPDOQDWD�UDVSUHGHOED�QD�SURFHVLWH�H�YR�PDO�EURM�SURFHVRUL
�m≤���YR�VLVWHPRW��=DEU]XYDZHWR�PLQLPDOQR�RWVWDSXYD�RG�OLQHDUQRWR��QDMPQRJX�]D
����YR�SULPHURW�IEEE�������(ILNDVQRVWD�QD�VLVWHPRW�H�QDG�����

6OLNLWH���L���JUDILaNL�JR�SULNDCXYDDW�SRVWLJQDWRWR�]DEU]XYDZH�L�HILNDV�
QRVW�]D�WHVW�VLVWHPLWH�VR�33$�

IEEE 30 IEEE 57 IEEE 118
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6

S
p 

IEEE 30 IEEE 57 IEEE 118

33$

OLQHDUQR

6OLND����=DEU]XYDZHWR�QD�VLVWHPRW



IEEE 30 IEEE 57 IEEE 118
60

70

80

90

100

E
f [

%
] 

IEEE 30 IEEE 57 IEEE 118

6OLND����(ILNDVQRVWD�QD�VLVWHPRW

3UHGORCHQLRW�33$�HILNDVQR�VH�PDSLUD�L�QD�KLSHUNRFND�VR�2n�SURFHVRUL��9R
7DEHODWD���VH�UH]XOWDWLWH�GRELHQL�VR�LPSOHPHQWDFLMD�QD�DOJRULWPRW�QD�KLSHUNRFND
VR���������L����SURFHVRUL�

7DEHOD��

3ULPHU L T1
m ∆t t [%] Sp Ef  [%]

2 92 0.00 1.94 97.08

IEEE 30 35 184 4 50 10.67 3.45 86.24

8 26 13.19 6.21 77.55

16 14 19.05 10.26 64.10

2 284 2.11 1.92 96.08

IEEE 57 69 562 4 154 11.69 3.42 85.55

8 80 13.93 6.16 77.01

16 50 31.73 8.9 55.65

2 486 1.85 1.92 96.21

IEEE 118 130 963 4 246 2.85 3.66 91.54

8 126 5.10 6.67 83.33

16 66 9.34 11.26 70.37

'RELHQLWH� UH]XOWDWL� XNDCXYDDW� GHND� ]D� m=2� SURFHVRUL� �RSWLPDOQDWD� LOL
VXERSWLPDOQDWD�GROCLQD�QD�SURWRaQDWD�OLQLMD��VH�SRVWLJQXYD�VNRUR�OLQHDUQR�]DEU�
]XYDZH�L�HILNDVQRVW�SRJROHPD�RG������6R�]JROHPXYDZH�QD�UHGRW�QD�KLSHUNRFNDWD��L
]DEU]XYDZHWR�L�HILNDVQRVWD�QD�VLVWHPRW�EU]R�RSD_DDW�

(ILNDVQRVWD�QD�KLSHUNRFNLWH�VR�SRYLVRN�UHG��n>4��]QDaLWHOQR�VH�]JROHPXYD
VR�UD]ORCXYDZH�QD�KLSHUNRFND�VR�2n�SURFHVRUL�QD�QHNRONX����KLSHUNRFNL��0H_X�QLY

H�UDVSUHGHOHQR�UH^DYDZHWR�QD�VLVWHPRW������D�VR�WRD�VH�GRELYD�VNRUR��(n-1)�−�NUDWQR



]DEU]XYDZH�QD�FHOLRW�SURFHV�QD�UH^DYDZH��9R�WDEHODWD���GDGHQL�VH�UH]XOWDWLWH�RG
LPSOHPHQWDFLMDWD� QD� UH^DYDZHWR� QD� . ���� PRCQL� VRVWRMEL� QD� LVSDG� ]D� IEEE� ���
UD]ORCHQL� QD� KLSHUNRFND� VR� i=2(n-1)� SURWRaQL� OLQLL�� NRJD� n=1,2,3,4�� 'ROCLQDWD� QD
VHNRMD�SURWRaQD�OLQLMD�H�m=2=21��3UHVPHWDQL�VH�GRELHQRWR�]DEU]XYDZH�YR�RGQRV�QD
KLSHUNRFND�VR�m=2�SURFHVRUL�L�HILNDVQRVWD�QD�FHOLRW�VLVWHP�

7DEHOD��

UHG�QD
KLSHUNRFNDWD

EURM�QD
SURFHVRUL

EURM�QD
SURWRaQL
OLQLL

Sp Ef  [%])

1 2 1 1 96.21

2 4 2 1.89 94.50

3 8 4 3.11 77.71

4 16 8 3.54 44.26

�� =$./8A2.

=DEHOHCLWHOQR� H� RSD_DZHWR� QD� ]DEU]XYDZHWR� ]D� PDSLUDZH� QD� SRYH`H� SUR�
WRaQL� OLQLL�� 7RD� H� ]DWRD�^WR� VR� ]JROHPXYDZHWR� QD� EURMRW� QD� SURWRaQL� OLQLL� VH
QDPDOXYD�EURMRW�QD�]DGDaL�NRL�VH�UH^DYDDW�YR�HGQD�OLQLMD��VWDQXYD�K/i���=D�KLSHU�
NRFND� VR� UHG� SRJROHP� RG� �� QDJOR� VH� QDPDOXYDDW� L� ]DEU]XYDZHWR� L� HILNDVQRVWD� QD
VLVWHPRW�

�� /,7(5$785$
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6RGUCLQD
9R� RYRM� WUXG� H� DQDOL]LUDQD� SRWUR^XYDaNDWD� QD� HOHNWULaQD� HQHUJLMD� YR

SHULRGRW�����������JRG���NDNR�L�WHPSHUDWXULWH�YR�SHULRGRW�RG������GR������JRG�YR�5�
0DNHGRQLMD��9R�OHWQLWH�PHVHFL�VH� ]DEHOHCXYD�]JROHPXYDZH�QD�SRWUR^XYDaNDWD�QD
HOHNWULaQD� HQHUJLMD� L� SRUDVW� QD� GQHYQLWH� YUYQL� RSWRYDUXYDZD� YR
HOHNWURHQHUJHWVNLRW� VLVWHP� QD� 5�� 0DNHGRQLMD�� ^WR� SRNUDM� GUXJRWR�� PRCH� GD� VH
REMDVQL� VR� Vè� SRJROHPDWD� SULPHQD� QD� XUHGLWH� ]D� NOLPDWL]DFLMD�� 6RJOHGXYDM`L� JR
WUHQGRW�QD�SRUDVW�QD�SURGDCEDWD�QD�NOLPD�XUHGLWH�XNDCDQR�H�QD�RYD�YOLMDQLH�NDNR
SUREOHP�NRM�VH�SRYH`H�VH�QDPHWQXYD�]D�UH^DYDZH�

.OXaQL�]ERURYL��GLMDJUDP�QD�RSWRYDUXYDZH��XUHGL�]D�NOLPDWL]DFLMD�
YUYQR�RSWRYDUXYDZH

Abstract
In this paper the electricity consumption in the period of 1995 – 1997, as well as the

ambient temperatures in the period of 1990 – 1997 in R. Macedonia are analyzed. In the summer
months, it can be noticed increasing of consumption and daily peak loads within the power
system of R. Macedonia, which partialy can be explained by expansion of air-conditioning units
usage. In this contens, looking the increasing seal of air-conditioning units, this influence is
problem which is more actual for searching possible solution.

Key words: load profile, air-conditioning units, peak load
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3RWUR^XYDaNDWD� QD� HOHNWULaQD� HQHUJLMD� YR� 5�� 0DNHGRQLMD�� YR� WHNRW� QD
JRGLQDWD� YDULUD� YR� JROHP� GLMDSD]RQ� �VOLND� ���� 2GQRVRW� QD� SRWUR^XYDaNDWD� QD
HOHNWULaQD�HQHUJLMD�YR�SRHGLQL�GHQRYL�YR�]LPVNLWH�L�YR�OHWQLWH�PHVHFL�VH�GYLCL�YR
JUDQLFLWH������–�������7RD�SUHG�Vè�VH�GROCL�QD�IDNWRW�^WR�WDD�YR�]LPVNLRW�SHULRG�YR
JROHPD� PHUND� VH� NRULVWL� ]D� JUHHZH�� ,PDM`L� JR� SUHGYLG� WRD�� XSUDYXYDZHWR� VR
HOHNWURHQHUJHWVNLRW�VLVWHP�H�SULODJRGHQ�NRQ�WDNYLRW�UHCLP�

0H_XWRD�� RYRM� RGQRV� YR� SRVOHGQLWH� JRGLQL� LPD� WUHQG� QD� RSD_DZH�� 7RD� QH� VH
GROCL�QD�QDPDOXYDZHWR�QD�NRULVWHZH�QD�HOHNWULaQD�HQHUJLMD�]D�JUHHZH��WXNX�QD�Vè
SRJROHPDWD� SULPHQD� QD� XUHGL� ]D� NOLPDWL]DFLMD�� ^WR� YR� SRUD]YLHQLWH� ]HPML� H
L]UD]HQD� YR� JROHPD� PHUND�� ,PHQR�� YR� JROHP� GHO� RG� ]DSDGQLWH� ]HPML�� YUYQRWR
RSWRYDUXYDZH�VH� MDYXYD�YR�WHNRW�QD�OHWQLWH�PHVHFL�SRUDGL�L]UD]HQR�NRULVWHZH�QD
NOLPD� �� XUHGLWH�� 7DNRY� SULPHU� LPDPH� L� NDM� QD^LRW� MXCHQ� VRVHG� NRM� QHPD� WDND
L]UD]HQD� UD]OLND� SRPH_X� OHWQDWD� L� ]LPVNDWD� SRWUR^XYDaND�� QR� VHSDN� YUYQRWR
RSWRYDUXYDZH�VH�MDYXYD�YR�OHWQLRW�SHULRG�

�3ULPHQDWD� QD� NOLPDWL]HULWH� GRYHGXYD� GR� SRJROHPD� SRWUR^XYDaND� QD
HOHNWULaQD�HQHUJLMD�YR�WHNRW�QD�OHWQLRW�SHULRG�L�WRD�VDPR�YR�RGUHGHQL�aDVRYL�YR
WHNRW� QD� GHQRW�� 6R� RYD� VH� ]JROHPXYD� YDULDELOQLRW� GHO� RG� GQHYQLRW� GLMDJUDP� QD
RSWRYDUXYDZHWR�� NRM� VH� QDGRSROQXYD� VR� ]JROHPHQR� SURL]YRGVWYR� QD� HOHNWULaQD
HQHUJLMD� RG� KLGURHOHNWULaQLWH� FHQWUDOL�� 2YD� SDN� GRYHGXYD� GR� ]JROHPHQD
SRWUR^XYDaND� QD� YRGD�� D� VR� RJOHG� L� QD� PDOLRW� GRWHN� YR� RYRM� SHULRG� L� ]DEU]DQR
SUD]QHZH�QD�DNXPXODFLLWH�
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1D�VOLND���VH�SULNDCDQL�aDVRYQLWH�YUHGQRVWL�QD�YNXSQDWD�SRWUR^XYDaND�QD
HOHNWULaQD� HQHUJLMD� YR� 5�� 0DNHGRQLMD� YR� WUHWDWD� VHGPLFD� RG� PHVHFRW� MXQL� ]D
SHULRGRW� ����� –� ����� JRGLQD�� 3RWUR^XYDaNDWD� QD� HOHNWULaQD� HQHUJLMD� YR
UD]JOHGXYDQLWH� VHGPLFL� RG� ����� L� ����� JRGLQD� YR� VSRUHGED� VR� SRWUR^XYDaNDWD� YR
�����JRGLQD�H�]QDaLWHOQR�SRJROHPD�L�YR�RGUHGHQL�PRPHQWL�UD]OLNDWD�L]QHVXYD�SUHNX
������

,VWR� WDND� VH� ]DEHOHCXYD� GHND� RGQRVRW� QD� PDNVLPDOQRWR� L� PLQLPDOQRWR
GQHYQR� RSWRYDUXYDZH� L]QHVXYD� UHaLVL� �� �� ��� =HPDM`L� SUHGYLG� GHND� PLQLPDOQRWR
RSWRYDUXYDZH�H�SRG�����MW,�YR�WRM�SHULRG�RG�JRGLQDWD�LPDPH�XVORYL�]D�DQJDCLUDZH
VDPR� QD� GYD� WHUPR� EORND� YR� 5(.� %LWROD�� 2G� GUXJD� VWUDQD�� YUYQRWR� GQHYQR
RSWRYDUXYDZH�GRVWLJQXYD�YUHGQRVWR�L�GR�����MW��^WR�XNDCXYD�QD�L]UD]LWR�JROHPR
DQJDCLUDZH�QD�KLGURHOHNWUDQLWH�L�JROHPD�SRWUR^XYDaND�QD�YRGD�

9R� GQHYQLRW� GLMDJUDP� QD� RSWRYDUXYDZH� QD� SRWUR^XYDaNDWD� QD� HOHNWULaQD
HQHUJLMD� QD� 0DNHGRQLMD� �VOLND����� VH� ]DEHOHCXYD� HGQD� LQWHUHVQD� SRMDYD�� ,PHQR�
SRNUDM�YUYQRWR�RSWRYDUXYDZH�YR�YHaHUQLWH�aDVRYL��NRH�WUDH�HGHQ�GR�GYD�aDVD��L�YR
GQHYQLWH�aDVRYL�LPD�X^WH�HGHQ��^SLF��VR�SULEOLCQR�LVWR�RSWRYDUXYDZH�NDNR�L�YR

YHaHUQLWH� aDVRYL�� %LGHM`L� GQHYQLRW� �^SLF�� WUDH� ]QDaLWHOQR� SRGROJR� �RG� �� GR� ��
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aDVRW��� HOHNWULaQDWD� HQHUJLMD� SURL]YHGHQD� ]D� SRNULYDZH� QD� RYRM� �^SLF��
SUHWVWDYXYD�]QDaLWHOQR�SRJROHP�GHO�RG�YNXSQR�SURL]YHGHQDWD�HOHNWULaQD�HQHUJLMD
]D�SRNULYDZH�QD�FHOLRW�YDULMDELOHQ�GHO�RG�GQHYQLRW�GLMDJUDP�QD�SRWUR^XYDaNDWD�
2YD� ]QDaLWHOQR� YOLMDH� SUL� SODQLUDZHWR� QD� DQJDCPDQRW� QD� KLGURHOHNWULaQLWH
FHQWUDOL��NRL�SR�SUDYLOR�JR�SRNULYDDW�YDULMDELOQRWR�RSWRYDUXYDZH��^WR�VR�GUXJL
]ERURYL� XNDCXYD� QD� JROHPD� SRWUR^XYDaND� QD� YRGD� YR� OHWQLWH� PHVHFL�� ,PDM`L� JL
SUHGYLG� � PDOLWH� GRWHFL� YR� RYRM� VX^HQ� SHULRG� GRD_D� GR� EU]R� SUD]QHZH� QD
DNXPXODFLLWH�

=QDaL�� ]JROHPXYDZHWR� QD� YDULMDELOQLRW� GHO� RG� SRWUR^XYDaNDWD� QD
HOHNWULaQD� HQHUJLMD�� YR� NRM� ^WR� GHQVNLRW� �^SLF�� NDNR� SR� PR`QRVWD� QD� YUYQRWR
RSWRYDUXYDZH�� WDND� L� SR� YUHPHWUDHZHWR�� YOLMDH� YR� QDMJROHP� GHO� QD� ]JROHPHQD
SRWUR^XYDaND�QD�YRGD�YR�OHWQLWH�PHVHFL��QDPHWQXYDM`L�JR�SUREOHPRW�]D�VRRGYHWQR
UH^DYDZH�QD�RYRM�SRUDVW�

�� $1$/,=$�1$�7(03(5$785,7(

1D� VOLND��� VH� GDGHQL� GLMDJUDPLWH� QD� PLQLPDOQLWH� L� PDNVLPDOQLWH
WHPSHUDWXUL�L�QD�SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�YR�WHNRW�QD������JRGLQD�
3RUDGL� QLVNLWH� WHPSHUDWXUL� YR� WHNRW� QD� ]LPVNLWH� PHVHFL� LPD� ]JROHPHQD
SRWUR^XYDaND� QD� HOHNWULaQD� HQHUJLMD� ^WR� H� UH]XOWDW� QD� QHM]LQRWR� NRULVWHZH� ]D

JUHHZH��0H_XWRD��L�YR�OHWQLWH�PHVHFL�LPD�SRUDVW�QD�SRWUR^XYDaNDWD�QD�HOHNWULaQD
HQHUJLMD�� ^WR� QH� H� VOXaDM� VR� SUHGKRGQLWH� JRGLQL�� 3URPHQDWD� QD� WHPSHUDWXULWH� H
UHaLVL� LVWD� YR� WHNRW� QD� FHOLRW� UD]JOHGXYDQ� SHULRG� RG� ����� GR� ����� �VOLND����� SD
VSRUHG�WRD�SRUDVWRW�QD�SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�YR�OHWQLWH�PHVHFL
QD������JRGLQD��SRNUDM�GUXJRWR��VH�GROCL�L�QD�Vè�SRJROHPDWD�SULPHQD�QD�XUHGLWH�]D
NOLPDWL]DFLMD�

6SRUHG�VSURYHGHQLWH�DQDOL]L��YR�5��0DNHGRQLMD�LPD�LQVWDOLUDQR�RNROX�������
���������XUHGL�]D�NOLPDWL]DFLMD��QHVPHWDM`L�JL�JROHPLWH�NOLPDWL]HUL�VR�PR`QRVW�QDG
���kW��,QVWDOLUDQDWD�PR`QRVW��SURVHaQR�VH�GYLCL�YR�JUDQLFL�RG���GR���kW.�*RGL^QR
YR� 0DNHGRQLMD� VH� SURGDYDDW� RG� ���� �� �� ���� NOLPDWL]HUL� YR� split� L]YHGED�� D
VWDWLVWLNDWD�SRNDCXYD�GHND�YR�VHNRMD�QDUHGQD�JRGLQD�SURGDCEDWD�UDVWH�]D�c.c.a.����
YR� RGQRV� QD� SUHGKRGQDWD�� 6RJOHGXYDM`L� JL� RYLH� SRGDWRFL�� QHVRPQHQR� H� GHND� RYLH
XUHGL�YOLMDDW�L�Vè�SRYH`H�`H�YOLMDDW�YU]�SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�YR
5��0DNHGRQLMD�
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3RVWRL� GLUHNWQD� ]DYLVQRVW� PH_X� WHPSHUDWXUDWD� QD� RNROLQDWD� L� GQHYQDWD
SRWUR^XYDaND� QD� HOHNWULaQD� HQHUJLMD�� =D� DQDOL]D� VH� ]HPHQL� SRYH`H� GHQRYL� YR
OHWQLRW�SHULRG�VR�L]UD]LWR�YLVRNL�L�SRQLVNL�WHPSHUDWXUL�RG�SURVHaQLWH��7DND�QD
SULPHU�QD���MXQL������JRGLQD��NRJD�WHPSHUDWXULWH�YR��������������L�������VH�SRQLVNL
RG� WHPSHUDWXULWH� YR� LVWLWH� aDVRYL� QD� ��� MXQL� LVWDWD� JRGLQD�� SRWUR^XYDaNDWD� QD
HOHNWULaQD� HQHUJLMD� H� SRPDOD� �VOLND� �D� L� �E��� 6H� ]DEHOHCXYD� GHND� YR� OHWQLWH
GHQRYL�� VR�SRUDVWRW�QD� WHPSHUDWXUDWD� ]QDaLWHOQR�SRUDVQXYD�L� SRWUR^XYDaNDWD�QD
HOHNWULaQD� HQHUJLMD� L� REUDWQR�� VR� QDPDOXYDZH� QD� WHPSHUDWXULWH� SRWUR^XYDaNDWD
QD�HOHNWULaQD�HQHUJLMD�VH�QDPDOXYD��7UHED�GD�VH�QDJODVL�GHND�YR�L]EUDQLWH�GHQRYL
]D� NRL� H� QDSUDYHQD� DQDOL]DWD�� SUHY]HPDZHWR� QD� HOHNWULaQD� HQHUJLMD� RG� VWUDQD� QD
GLUHNWQLWH� SRWUR^XYDaL� H� SULEOLCQR� LVWR�� 2G� WXND� VH� ]DNOXaXYD� GHND� YLVRNLWH
OHWQL� WHPSHUDWXUL� YOLMDDW� YU]� ]JROHPHQRWR� DQJDCLUDZH� QD� XUHGLWH� ]D

NOLPDWL]DFLMD�� ^WR� SDN� GLUHNWQR� VH� RGUD]XYD� YU]� SRWUR^XYDaNDWD� QD� HOHNWULaQD
HQHUJLMD�

0
100
200
300
400
500
600
700
800

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24aDV

P [MW]

0

5

10

15

20

25

30

35
T [°C]

6OLND��D:�'QHYHQ�GLMDJUDP�SUL�SRQLVNL�GQHYQL�WHPSHUDWXUL�����-XQL������

0
100
200
300
400
500
600
700
800

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24aDV

P [MW]

0

5

10

15

20

25

30

35
T [°C]

6OLND��E:�'QHYHQ�GLMDJUDP�SUL�YLVRNL�GQHYQL�WHPSHUDWXUL�����MXQL������



��� 'LMDJUDP�QD�SRWUR^XYaND�QD�HOHNWULaQD�HQHUJLMD�QD�XUHGL�]D�NOLPDWL]DFLMD

1D� VOLND� �� H� SULNDCDQ� SULPHU� ]D� GQHYHQ� GLMDJUDP� QD� SRWUR^XYDaND� QD
HOHNWULaQD�HQHUJLMD�RG�XUHGL�]D�NOLPDWL]DFLMD�YR�DGPLQLVWUDWLYQL�SURVWRULL��aLL
YUHGQRVWL�VH�RGQHVXYDDW�QD�VLVWHP�RG���WDNYL�XUHGL��VHNRM�VR�PR`QRVW�RG�SR���� kW
�LOL�YNXSQR����kW���3UHWSRVWDYHQR�H�GHND�VLWH�XUHGL�UDERWDW�YR�SHULRGRW�RG�GHQRW
NRJD� WHPSHUDWXUDWD� GRVWLJQXYD� QDMYLVRNL� YUHGQRVWL� �������–��������� 9R
SUHRVWDQDWLWH� aDVRYL� ]HPHQR� H� GHND� LPD� QDPDOHQR� NRULVWHZH� QD� XUHGLWH� ]D
NOLPDWL]DFLMD� SRUDGL� SRQLVNLWH� WHPSHUDWXUL�� GROCLQDWD� QD� UDERWQLRW� GHQ�
RULHQWLUDQRVWD�QD�QHNRL�SURVWRULL�NRQ�VHYHUQDWD�VWUDQD��LWQ��1D�LVWLRW�GLMDJUDP
VH�SULNDCDQL�SURVHaQLWH�aDVRYQL�YUHGQRVWL�QD�DPELHQWQDWD�WHPSHUDWXUD�YR�WHNRW
QD�OHWQLRW�SHULRG�

6OLND��:�'QHYHQ�GLMDJUDP�QD�SRWUR^XYDaND�QD�XUHGL�]D�NOLPDWL]DFLMD
LQVWDOLUDQL�YR�HGHQ�LQGXVWULVNL�REMHNW

1D� VOLND� �� VH� GDGHQ� GQHYHQLWH� GLMDJUDPL� QD� SRWUR^XYDaND� QD� HOHNWULaQD
HQHUJLMD�QD�REMHNWRW��QD�XUHGLWH�]D�NOLPDWL]DFLMD��NDNR�L�YNXSQLRW�GQHYHQ�GLMDJUDP
QD�SRWUR^XYDaND��6H�]DEHOHCXYD�GHND�IXQNFLRQLUDZHWR�QD�XUHGLWH�NOLPDWL]DFLMD
GRYHGXYD�GR�GRSROQLWHOQR�]JROHPXYDZH�QD�SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD
L�WRD�YR�SHULRGRW�NRJD�LPD�YUYQR�RSWRYDUXYDZH�RG�GUXJLWH�SRWUR^XYDaL�
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6RJOHGXYDM`L� JL� VLWH� SUHWKRGQL�SUREOHPL� NRL� VH� MDYXYDDW� VR� Vè� SRJROHPRWR
NRULVWHZH� QD� XUHGLWH� ]D� NOLPDWL]DFLMD�� NDNR� YU]� JOREDOQLRW� SRUDVW� QD
SRWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD��WDND�L�YU]�]JROHPXYDZHWR�QD�GQHYQLWH�YUYQL
RSWRYDUXYDZD�L�]JROHPHQRWR�DQJDCLUDZH�QD�KLGURHOHNWULaQLWH�FHQWUDOL��PRCH�GD
VH�]DNOXaL�GHND�RYDD�SRMDYD�]DVHJD�YR�5��0DNHGRQLMD�H�YR�SRaHWQD�ID]D�

%H]�UD]OLND�RG�L]ERURW�QD�PRCQR�UH^HQLH�QD�XUHG�]D��SHJODZH��QD�YUYQRWR
RSWRYDUXYDZH�� SUREOHPRW� VR� QHJDWLYQRWR� YOLMDQLH� QD� XUHGLWH� ]D� NOLPDWL]DFLMD
VWDQXYD� Vè� SRJROHP� VR� VHNRMD� QDUHGQD� JRGLQD� L� SRWUHEQR� H� GD� VH� UD]JOHGXYD� NDNR
SUREOHP�]D�NRM�WUHED�GD�VH�EDUDDW�VRRGYHWQL�UH^HQLMD�

5()(5(1&,�

�� *�� ARJHTD�� =JROHPXYDZH� QD� LQVWDOLUDQDWD� PR`QRVW� QD� +(� >SLOMH� RG
GLVSHaHUVNL� DVSHNW�� VHPLQDUVND� UDERWD� RG� SRVGLSORPVNLWH� VWXGLL� QD
(OHNWURWHKQLaNL�IDNXOHW�–�6NRSMH�������

=DEHOH^ND�

3RGDWRFLWH�]D�NRQ]XPLWH�VH�]HPHQL�RG�GLVSHaHUVNDWD�VOXCED�QD�-�3��(60�
3RGDWRFLWH� ]D� WHPSHUDWXULWH� L� VRQaHYRWR� ]UDaHZH� VH� ]HPHQL� RG� 5HSXEOLaNLRW
KLGURPHWHRUROR^NL�]DYRG�
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3UHGPHW QD WUXGRW H SULND] QD L]YHGHQD VRVWRMED QD 0+(& YR KLGUR VLVWHPRW
�6WUHCHYR�� NDNR L QHNRL VRJOHGXYDZD SURL]OH]HQL RG GRVHJD^QDWD HNVSORDWDFLMD�
3ULNDCDQD H DYWRPDWLNDWD� QDG]RURW L GDOHaLQVNRWR XSUDYXYDZH NRM VH YU^L RG
NRPSMXWHUVNLRW FHQWDU� 0+(& UDERWDW SRWSROQR DYWRPDWL]LUDQR EH] SRVDGD�

ABSTRACT

A subject of this paper is a presentation of performed state of small hydroelectric power plants in the
hydrosystem "Strezevo"., as well as some considerations which resulted from the exploitation up to the
date. It is shown the automation, supervision and the remote control done by the command computer
centre. The small hydroelectric power plants work completely automatically without any staff.

�� 9 2 9 ( '9 2 9 ( '

2VQRYQDWD QDPHQD QD +6�6WUHCHYR� H QDYRGQXYDZH QD GHO RG 3HODJRQLMD ��� ���
KD� REUDERWOLYD SRYU^LQD� NDNR L VQDEGXYDZH VR YRGD ]D SLHZH QD JUDGRW %LWROD L
WHKQROR^ND YRGD ]D LQGXVWULMDWD L 5(. %LWROD� 1R� SRNUDM RVQRYQDWD QDPHQD X^WH YR
NRQFHSLUDZHWR QD VLVWHPRW VH UD]PLVOXYDOR L ]D HQHUJHWVNR LVNRULVWXYDZH QD
KLGURSRWHQFLMDORW� 7DND� YR UDPNLWH QD +6�6WUHCHYR� GRVHJD VH L]JUDGHQL L SX^WHQL YR
UDERWD aHWLUL KLGURHOHNWULaQL FHQWUDOL� D X^WH GYH VH YR ID]D QD SURHNWLUDZH�

9R WDEHODWD EU� � H GDGHQ SUHJOHG QD PDOLWH KLGURHOHNWULaQL FHQWUDOL � 0+(& YR
+LGURVLVWHPRW �6WUHCHYR� VR QLYQLWH RVQRYQL NDUDNWHULVWLNL�
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=DNOXaQR VR ���� JRG� RG L]JUDGHQLWH 0+(& GRELHQR H SURL]YRGVWYR QD HOHNWULaQD
HQHUJLMD ��������� Nwh D LQVWDOLUDQDWD PR@QRVW L]QHVXYD ����� NW � 6R L]JUDGEDWD QD X^WH
GYHWH KLGURHOHNWULaQL FHQWUDOL �/HUD� L �.DCDQL� EL VH GRELOR YNXSQR JRGL^QR
SURL]YRGVWYR RG RNROX �� PLOLRQL Nwh, NRH SUHWVWDYXYD �� � RG YNXSQLWH JRGL^QL SRWUHEL
QD JUDGRW %LWROD ]DHGQR VR 'HPLU +LVDU� ^WR QH H ]D SRWFHQXYDZH� 6HSDN� ]D UHDOL]DFLMD
QD RYLH GYD REMHNWL SRWUHEQD H HGQD SRVWLPXODWLYQD JOREDOQD SROLWLND L VWUDWHJLMD ]D
JUDGED QD PDOL KLGURHOHNWULaQL FHQWUDOL YR GUCDYDWD� VR FHO GD VH LVNRULVWDW VLWH
UDVSRORCLYL KLGURSRWHQFLMDOL�

=DUDGL ]JROHPXYDZH QD HNRQRPLaQRVWD QD SURL]YRGVWYRWR 0+(& VH SRWSROQR
DYWRPDWL]LUDQL L GDOHaLQVNL XSUDYXYDQL RG FHQWUDOQLRW NRPSMXWHUVNL VLVWHP� NRM H
VPHVWHQ YR XSUDYQDWD ]JUDGD QD +6�6WUHCHYR� YR %LWROD�
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9R RYDD FHQWUDOD VH LQVWDOLUDQL VLQKURQL VDPRYR]EXGQL JHQHUDWRUL EH] aHWNLFL
VR PR@QRVW RG ���� NVA L )UDQFLVRYL WXUELQL VR LQVWDOLUDQ SURWRN RG ��� P�� s L QHWR SDG
RG �� P� 3UHGDYDZHWR QD HO� HQHUJLMD H SUHNX GYD HQHUJHWVNL WUDQVIRUPDWRUL ������ NV L
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2YD FHQWUDOD H HGQRDJUHJDWQD L MD NRULVWL YRGDWD ^WR VH LVSX^WD RG DNXPXODFLMDWD
�6WUHCHYR� NDNR REDYH]HQ %LROR^NL PLQLPXP YR UHNDWD ^HPQLFD� =DWRD L JR QRVL LPHWR
ELROR^NL PLQLPXP� ,QVWDOLUDQ H DVLQKURQHQ JHQHUDWRU RG ��� NVA VR )UDQFLVRYD
WXUELQD RG ��� kW, QHWR SDG RG �� � �� P L SURWRN ��� l/s. 5DERWL QHSUHNLGQR SUHNX FHODWD
JRGLQD� 3R LVWHNRW� YRGDWD RG FHQWUDODWD VH NRULVWL ]D ULEQLN� NRM H YR QHSRVUHGQD
EOL]LQD QD 0+(&�

���� 0+(& �)LOWHUQLFD� � K ��� NW
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2YLH GYH FHQWUDOL NRQFHSFLVNL VH LGHQWLaQR UH^HQL� VDPR ^WR VH UD]OLNXYDDW SR
PR@QRVWLWH L ORNDFLLWH� ,]YHGHQL VH VR SR HGHQ DJUHJDW VR 3HOWRQRYL WXUELQL VR VOHGQLWH
NDUDNWHULVWLNL�
1n  ��� P L Qinst   ����� P� �s ]D ILOWHUQLFD� 1n  ��� P L Q inst = �����m3/s ]D 'RYOH[LN�
7XND WUHED GD VH QDSRPHQH GHND ]D 0+(& �'RYOH[LN� VH NRULVWL SRVWRHaNLRW FHYNRYRG RG
ILOWHUQLFD YR V� 'LKRYR GR SXPSQDWD VWDQLFD �'RYOH[LN� ]D SLWND YRGD�

(GQRSROQDWD ^HPD H SULNDCDQD QD SULORJRW EU� �
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8SUDYXYDZHWR VR UDERWDWD QD 0+(& H WDND UH^HQR ^WR REH]EHGXYD PDNVLPDOQD
QDGHCQRVW� VR RJOHG QD WRD ^WR 0+(& UDERWDW EH] SRVDGD� $YWRPDWVNDWD UDERWD QD
DJUHJDWLWH H RVWYDUHQD SUHNX VLVWHPRW ]D WXUELQVND UHJXODFLMD� VLVWHPRW ]D YR]EXGD VR
QDSRQVND UHJXODFLMD� START - STOP - DYWRPDWRW NDNR L QHRSKRGQLWH PHUHZD� VLJQDOL]DFLMD�
HOHNWULaQD ]D^WLWD VR VLQKURQL]DFLMD�

1D VOLND EU� � H GDGHQD EORN ^HPD QD DYWRPDWL]DFLMD QD 0+(& VR GDOHaLQVNR
XSUDYXYDZH�

6LVWHPRW QD WXUELQVNDWD UHJXODFLMD VH RVWYDUXYD SUHNX HOHNWURQVNLRW WXUELQVNL
UHJXODWRU L PDVOR � KLGUDXOLaNLRW DJUHJDW NRM REH]EHGXYD SRJRQ ]D VLWH ]DGYLCXYDZD QD
YHQWLOL L UHJXODFLRQL RUJDQL� ,VWLRW H VQDEGHQ VR UH]HUYQR QDSRMXYDZH� 5HJXODFLRQLWH
RUJDQL QD WXUELQLWH� NDNR ^WR VH VSURYRGQLRW DSDUDW� LJOD L GHIOHNWRU REH]EHGXYDDW�
SRNUDM RVQRYQDWD IXQNFLMD � QRUPDOQD UDERWD QD WXUELQDWD� L ]D^WLWQD IXQNFLMD YR VOXaDM
QD QHUHJXODUQR UDERWHZH QD DJUHJDWRW�

6R DYWRPDWL]DFLMDWD QD 0+(& XSUDYXYD PLNURSURFHVRUVNL UHJXODWRU NRM RSHULUD
VR VOHGQLWH YOH]QL VLJQDOL ]D�

- EU]LQD QD YUWHZD QD WXUELQDWD�
- SR]LFLMD QD RWYRUHQRVW QD UHJXODFLRQLWH RUJDQL QD WXUELQDWD�
- VWUXL L QDSRQL RG JHQHUDWRURW L HOHNWULaQDWD PUHCD�
- PR`QRVWD QD WXUELQDWD�
- SREXGHQ QDSRQ QD JHQHUDWRURW�
- IUHNYHQFLMD QD HOHNWULaQDWD PUHCD
- QLYR QD YRGDWD YR YRGQDWD NRPRUD�



3RNUDM JRUH QDYHGHQLWH YOH]QL VLJQDOL� PLNURSURFHVRUVNLRW UHJXODWRU REH]EHGXYD L
VLJQDOL]DFLMD ]D SRORCEDWD QD�

- RWYRUHQRVW L ]DWYRUHQRVW QD UHJXODFLRQLWH RUJDQL QD WXUELQDWD�
- YNOXaHQRVW LOL LVNOXaHQRVW QD JHQHUDWRUVNLRW SUHNLQXYDa�
- $ODUPQD VLJQDOL]DFLMD ]D SUHYLVRND WHPSHUDWXUD QD WXUELQVNLWH L

JHQHUDWRUVNLWH OHCL^WD� HOHNWULaQLWH ]D^WLWL� �SREHJ� QD WXUELQDWD�

0LNURSURFHVRUVNLRW UHJXODWRU L]GDYD L GLJLWDOQL NRPDQGL ]D RWYRUDZH L
]DWYRUDZH QD YHQWLOLWH� ]D YNOXaXYDZD L LVNOXaXYDZD QD UD]QL SUHNLQXYDaL L
UHOHL� ,]GDYDZD QD DQDORJQL UHIHUHQWQL YUHGQRVWL ]D�

- 3R]LFLRQLUDZH QD UHJXODFLRQL RUJDQL QD WXUELQDWD�
- =DGDYDZH QD UHIHUHQWQL QDSRQL QD QDSRQVNLRW UHJXODWRU QD JHQHUDWRURW
- ,]OH]L QD DQDORJQLWH PHUHZD ]D SRQDWDPR^QR SURFHVLUDZH ]D SULND] LOL

GDOHaLQVNL SUHQRV YR NRPSMXWHUVNLRW FHQWDU�

)XQNFLL QD PLNURSURFHVRUVNLRW UHJXODWRU�

- VWDUWXYDZH QD DJUHJDWRW L VLQKURQL]DFLMD�
- RSWHUHWXYDZH QD DJUHJDWRW�
- UDVWHUHWXYDZH QD DJUHJDWRW�
- ]DVWDQXYDZH QD DJUHJDWRW L LVNOXaXYDZH RG HOHNWULaQDWD PUHCD�
- KDYDULVNR LVNOXaXYDZH L ]DVWDQXYDZH QD DJUHJDWRW�

.RPXQLNDFLMDWD QD 0+(& VR FHQWUDOQLRW NRPSMXWHUVNL VLVWHP VH YU^L SUHNX
PRGHPVND OLQLMD L UDGLR YUVND� 3ULQFLSRW QD NRPXQLNDFLMDWD H WDNRY GD VHNRJD^
PLNURSURFHVRUVNLRW UHJXODWRU RGJRYDUD QD SUD^DZD RG NRPSMXWHUVNLRW FHQWDU�

9R VHNRM PRPHQW VH SUDWL VRVWRMEDWD QD DJUHJDWRW L YR VOXaDM QD GHOXYDZD QD
QHNRMD ]D^WLWD� PLNURSURFHVRUVNLRW UHJXODWRU JR L]YU^XYD UHCLPRW QD ]DSLUDZH
QD DJUHJDWRW�

9R NRONX EL SRVWDYLOH SRVDGD YR VLWH FHQWUDOL� SRWUHEQR H PLQLPXP ��
UDERWQLFL� D WRD EL SUHWVWDYXYDOR�VSRUHG QD^LWH SUHVPHWNL� L]GDWRN ��� RG
YNXSQDWD UHDOL]DFLMD RG PLQDWDWD JRGLQD�

9R SULORJ H GDGHQ HNUDQVNL SULND] QD NRPSMXWHUVNRWR XSUDYXYDZH VR 0+(&
�6WUHCHYR��
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2G GRVHJD^QRWR QHNRONX JRGL^QR LVNXVWYR QD UDERWD QD RYLH 0+(& YR +6
�6WUHCHYR� PRCH GD VH ]DNOXaL GHND GRVWD QDGHCQR UDERWDW� 1DMaHVWL LVSDGL LPD
]DUDGL LVSDGLWH QD HOHNWULaQDWD GLVWULEXWLYQD PUHCD� 9R YDNRY VOXaDM GRD_D GR
DNWLYLUDZH QD SRYH`H ]D^WLWL QD SRVWURMNDWD� SD WXUELQDWD RGL YR UHCLP QD EU]R
]DWYRUDZH� =D SRYWRUQR VWDUWXYDZH SRWUHEHQ H aRYHN ]D SURYHUND QD VRVWRMEDWD L
SRYWRUQR VWDUWLUDZH QD 0+(&�



,VWR WDND� SUL LVSDG QD HOHNWULaQDWD GLVWULEXWLYQD PUHCD GRD_D GR
SUREOHP L YR UDGLR YUVNLWH �LVSDG QD UHSHWLWRUVNLRW SXQNW��

.DNR SRQDWDPR^QR SRGREUXYDZH QD UDERWDWD QD 0+(& SUHWVWDYXYD
YRYHGXYDZHWR QD GDOHaLQVNL SUHQRV QD YLEUDFLLWH QD DJUHJDWRW L WRD DPSOLWXGVNL L
IUHNYHQWQR� ,VWR WDND L GDOHaLQVNR SUDWHZH QD NDYLWDFLRQLRW UHCLP QD
WXUELQDWD�

�� ./�� ./88AA11, =%2529,, =%2529,

$YWRPDWL]DFLMD� GDOHaLQVNR XSUDYXYDZH� PLNURSURFHVRUVNL UHJXODWRU� WXUELQVND
UHJXODFLMD� YR]EXGD� QDSRQVND UHJXODFLMD� ]D^WLWD� VLQKURQL]DFLMD� VVWWDUW�VWDUW�VWRRSS
DYWRPDW�
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