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9R�WUXGRW�H�QDSUDYHQ�RVYUW�YU]�SDUDPHWULWH�QD�GRYHUOLYRVW�QD�UDERWDWD
QD� REMHNWLWH� ]D� YLVRN� QDSRQ� L]ORCHQL� QD� GHMVWYR� QD� SUHQDSRQL�� 3RVYHWHQR� H
YQLPDQLH�QD�SURFHGXUDWD�]D�SUHVPHWND�QD�QDMYDCQLWH�SDUDPHWUL�QD�GRYHUOLYRVW
L� WRD� UL]LNRW� ]D� SUHVNRN�� YUHPHWR� GR� RWND]� L� EURMRW� QD� RWND]L��9U]� RVQRYD� QD
VYHWVNLWH�LVNXVWYD��SUHGORCHQL�VH�YUHGQRVWLWH�QD�SDUDPHWULWH�QD�GRYHUOLYRVW
]D�YLVRNRQDSRQVNLWH�PUHCL�

3UD^DZD�]D�GLVNXVLMD��'DOL�YR�QD^LRW�((6�VH�UDVSRODJD�VR�NYDOLWHWQL
VWDWLVWLaNL� SRGDWRFL� ]D� EURMRW� QD� LVSDGLWH� L� RWND]LWH� QD� REMHNWLWH� ]D� YLVRN
QDSRQ��'DOL�SUHGORCHQLWH�SDUDPHWUL�QD�GRYHUOLYRVW�PRCH�GD�VH� VPHWDDW�NDNR
UHDOQL�]D�QD^LRW�((6�
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9R� WUXGRW� H� SUHGORCHQ� PHWRG� ]D� SURFHQD� QD� QLYRWR� QD� SUHVNRFL� QD
QDG]HPQLWH� GLVWULEXWLYQL� YRGRYL� NDNR� UH]XOWDW� QD� XGDU� QD� PROZD� YR� QLYQDWD
EOL]LQD��0HWRGRW�JL�]HPD�SUHGYLG�VLWH�SDUDPHWUL�QD�DWPRVIHUVNRWR�SUD]QHZH�
UHOHYDQWQL�]D�RYLH�SUHVPHWNL��6H�SRNDCXYD�GHND�QLYRWR�QD�SUHVNRFL�QDMPQRJX
]DYLVL� RG� QLYRWR� QD� L]RODFLMDWD� QD� YRGRW� L� RG� QHJRYDWD� YLVLQD�� 3RWYUGHQR� H
VRJODVXYDZHWR�VR�PDOXEURMQLWH�HNVSHULPHQWDOQL�SRGDWRFL�

3UD^DZD�]D� GLVNXVLMD��'DOL�NRQVWUXNFLLWH�QD� VUHGQRQDSRQVNLWH�YRGRYL
NRL� VH� YR� XSRWUHED� YR� QD^LRW� ((6� LPDDW� GRYROQD� GRYHUOLYRVW� RG� DVSHNW� QD
LQGXFLUDQL�DWPRVIHUVNL�SUHQDSRQL��'DOL�VH�SUHGODJD�QH^WR�GD�VH�SUHY]HPH�
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1DMQRYDWD� WHKQLaND� UHJXODWLYD� ]D� JURPREUDQLWH� YR� 5�� 0DNHGRQLMD� MD
]DEUDQXYD�XSRWUHEDWD�QD�UDGLRDNWLYQLWH�JURPREUDQL��RGQRVQR�SRVWRMQLWH�WUHED



GD�VH�]DPHQDW�VR�VRRGYHWQL�GUXJL�UH^HQLMD��.DNR�WHKQLaNR��HNRQRPVNR�QDMRSUD�
YGDQR�VH�MDYXYD�UH^HQLHWR�VR�UDQRVWDUWXYDaNL�JURPREUDQL�

9R� WUXGRW� VH� L]QHVHQL� RVQRYQLWH� NDUDNWHULVWLNL� QD� UDQRVWDUWXYDaNLWH
JURPREUDQL�� D� QD� HGHQ� NRQNUHWHQ� SULPHU� VH� L]ORCHQD� PHWRGRORJLLWH� ]D
]D^WLWDWD� RG� GLUHNWQL� XGDUL� VR� UD]QL� YLGRYL� JURPREUDQL� L� QDSUDYHQD� H
HNRQRPVND�VSRUHGED�]D�SRHGLQLWH�UH^HQLMD�

3UD^DZD�]D�GLVNXVLMD��'DOL�UH^HQLMDWD�VR�UDQRVWDUWXYDaNL�JURPREUDQL
VH�RSUDYGDQL�]D�VHNRM�QRYRL]JUDGHQ�REMHNW���'DOL�PRCH�GD�VH�SRQXGL�UH^HQLH�QD
JURPREUDQVNDWD�]D^WLWD�VR�RGQDSUHG�GDGHQD�HILNDVQRVW�]D�]D^WLWDWD�
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9R�WUXGRW�VH�L]QHVHQL�L]YRGL�RG�SUHSRUDNDWD�]D�L]ERU�L�SULPHQD�QD�MO
RGYRGQLFL� ]D� SUHQDSRQL� YR� YLVRNRQDSRQVNLWH� PUHCL� VR� QRPLQDOHQ� QDSRQ
≥ 110 kV ��NRMD�H�XVYRHQD�YR�-3��(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD��

3UD^DZD� ]D� GLVNXVLMD��MO� RGYRGQLFL� ]D�SUHQDSRQL�YH`H�QDMGRD� SULPHQD
YR� QD^LRW� ((6�� 9R� WHNRW� QD� ����� JRGLQD� YJUDGHQL� VH� SUYLWH� 10� L� 35 kV MO
RGYRGQLFL�YR�QD^LWH�GLVWULEXWLYQL�PUHCL��'DOL�LPD�QHNRL�LVNXVWYD�RG�QLYQDWD
HNVSORDWDFLMD�� 9R� VYHWOR� QD� L]QHVHQRWR� YR� WUXGRW�� GDOL� QH� H� QHRSKRGQR� GD� VH
L]YU^L� QHNRMD� UHYL]LMD� QD� QHNRL� SRVWRMQL� UH^HQLMD� QD� ]D^WLWDWD� QD� 53� RG
XSDGQL�EUDQRYL�
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20 kV�PUHCD�YR�GLVWULEXFLMD�*RVWLYDU�YR������JRGLQD�SUHPLQD�QD�UHCLP
QD� UDERWD� VR� ]D]HPMHQD� QHXWUDOQD� WRaND�� 9R� WUXGRW� VH� L]QHVHQL� NRPSDUDWLYQL
SRGDWRFL� RG� HNVSORDWDFLMDWD� QD� QDYHGHQDWD� PUHCD� SUL� QHM]LQD� UDERWD� VR
L]ROLUDQD� QHXWUDOQD� WRaND� L� VR� ]D]HPMHQD� QHXWUDOQD� WRaND� SUHNX� PDO� RWSRU�
5H]XOWDWLWH�VH�PQRJX�RKUDEUXYDaNL�

3UD^DZD� ]D� GLVNXVLMD�� %LGHM`L� SRVWHSHQR� HGHQ� GHO� RG� GLVWULEXWLYQLWH
RUJDQL]DFLL� YR� QD^LRW� ((6� SUHPLQXYD� QD� ]D]HPMXYDZH� QD� QHXWUDOQLWH� WRaNL
SUHNX�PDO�RWSRU��GREUR�EL�ELOR�GD�VH�L]QHVDW�VOLaQL�NRPSDUDWLYQL�SRND]DWHOL�
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,VNXVWYDWD�RG�SULPHQDWD�QD�YLVRNLWH�QDSRQL�]D�YUHPH�QD�SURILODNWLaNL�
WH�LVSLWXYDZD�QD�L]RODFLMDWD�QD�JHQHUDWRULWH�YR�QD^LRW�((6��QL�JRYRUL�GHND�]D
YUHPH�QD�WLH�LVSLWXYDZD�VH�PRCQL�SURERL�QD�L]RODFLMDWD��3UHG�VWUXaQLRW�NDGDU
NRM� JL� YRGL� WLH� LVSLWXYDZD� VH� MDYL� GLOHPDWD�� GDOL� QH� WUHED� GD� VH� SUHNLQH� VR
YLVRNRQDSRQVNL�LVSLWXYDZD�QD�L]RODFLMDWD�QD�JHQHUDWRULWH"



9R� WUXGRW� H� QDSUDYHQ� HGHQ� RVYUW� YU]� SRWUHEDWD� RG� LVSLWXYDZH� QD
L]RODFLMDWD�QD�JHQHUDWRULWH�VR�YLVRN�QDSRQ��5D]JOHGDQL�VH�SR]LWLYQLWH�VWUDQL
QD�LVSLWXYDZDWD�VR�YLVRNL�QDSRQL�VR�HGQRQDVRaHQ�L�QDL]PHQLaHQ�QDSRQ�

3UD^DZD� ]D� GLVNXVLMD��'DOL�SRQXGHQLWH� YUHGQRVWL� QD� LVSLWQLWH� QDSRQL
NRL�VH�GDGHQL�YR�]DNOXaRNRW�RG�WUXGRW�VH�SULIDWOLYL�NDNR�LVSLWQL�]D�QD^LWH
JHQHUDWRUL��YRGHM`L�VPHWND�]D�EURMRW�QD�JHQHUDWRUVNLWH�HGLQLFL�NRL�VH�YJUDGHQL
YR�QD^LRW�((6�NDNR�L�QLYQLRW�SRPLQDW�HNVSORDWDFLRQHQ�YHN�
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9R�WUXGRW�VH�L]QHVHQL�RVQRYQLWH�SDUDPHWUL�]D�GRYHUOLYRVW�QD�UDERWDWD�QD
REMHNWLWH� ]D� YLVRN� QDSRQ� L]ORCHQL� QD� GHMVWYR� QD� SUHQDSRQL�� 3RVYHWHQR� H
YQLPDQLH�QD�SURFHGXUDWD�]D�SUHVPHWND�QD�QDMYDCQLWH�SDUDPHWUL�QD�GRYHUOLYRVW
L� WRD� UL]LNRW� ]D� SUHVNRN�� YUHPHWR� GR� RWND]� L� EURMRW� QD� RWND]L��9U]� RVQRYD� QD
VYHWVNLWH�LVNXVWYD��SUHGORCHQL�VH�YUHGQRVWLWH�QD�SDUDPHWULWH�QD�GRYHUOLYRVW
]D�YLVRNRQDSRQVNLWH�PUHCL�

ABSTRACT

The scope of this paper is to present the basic knowledge and instructions related to
the reliability od the HV elements to the overvoltage. The most important parametars, such as
flashover- breakdown rate, failure rate and failure duration were considered. Relyed an the
world experience, the values for the reliability parameters of the HV systems, were proposed.

.OXaQL�]ERURYL� ,]RODFLMD� GRYHUOLYRVW��SUHQDSRQL��UL]LN��RWND]�
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,]RODFLMDWD� QD� YLVRNRQDSRQVNLWH� REMHNWL� H� L]ORCHQD� QD� QDSUHJDZD� NRL
VH�UH]XOWDW�QD�GHMVWYRWR�QD�EURMQL�PQRCHVWYD�QD�SUHQDSRQL��1LY�JL�JHQHULUDDW
SULaLQVNLWH�QDVWDQL��NRPXWDFLL�QD�NRPXWDFLRQLWH�DSDUDWL��XGDUL�QD�PROZD�YR
SRHGLQL�WRaNL�RG�REMHNWRW�L�VO���L�QD�VHNRM�RG�QLY�PX�RGJRYDUD�HGQR�LOL�SRYH`H
PQRCHVWYD�SUHQDSRQL�

6SRVREQRVWD� QD� L]RODFLMDWD� GD� JL� SRGQHVXYD� QDSRQVNLWH� QDSUHJDZD�
RGQRVQR�SUHQDSRQLWH�VR�UD]OLaHQ�REOLN��DPSOLWXGD�L�SRODULWHW�VH�L]UD]XYD�VR
IXQNFLMDWD�QD�YHURMDWQRVW�GD�QDVWDQH�SUHVNRN��SURERM���NULYD�QD�HIHNW�P(u)��

.DNR� SRVOHGLFD� QD� GHMVWYRWR� QD� PQRCHVWYDWD� QD� SUHQDSRQL� PRCH� GD� VH
SRMDYDW� SUHVNRFL� LOL� SURERL� QD� L]RODFLMDWD�� 9R� SUDNVD� WLH� QH� PRCDW� YR
SRWSROQRVW� GD� VH� L]EHJQDW�� L� ]DWRD� PRCH� GD� GRMGH� GR� SUHNLQ� QD� UDERWDWD� QD
REMHNWLWH�RG�YLVRN�QDSRQ��=D�GD�VH�XWYUGL�GRYHUOLYRVWD�QD�UDERWD�QD�L]RODFLMDWD
SRWUHEQR� H� GD� VH� ]QDH� VR� NRMD� YHURMDWQRVW� PRCH� GD� VH� MDYDW� SUHVNRFL� QD
L]RODFLMDWD�SUL�GHMVWYXYDZH�QD�PQRCHVWYD�QD�SUHQDSRQL��NRONDY�H�RaHNXYDQLRW



EURM�QD�SUHVNRFL�YR�RSUHGHOHQ�SHULRG�QD�YUHPH��SRWRD�NRONDY�H�EURMRW�QD�LVSDGL
L� RWND]L� L� NRONX� VH� SHULRGLWH� QD� YUHPH� PH_X� GYD� SRVOHGRYDWHOQL� SUHVNRFL�
LVSDGL�L�RWND]L��1D�WRM�QDaLQ�VH�GRD_D�GR�VOHGQLWH�SDUDPHWUL�YU]�RVQRYD�QD�NRL
PRCH� GD� VH� VRJOHGD� GRYHUOLYRVWD� QD� UDERWDWD� QD� L]RODFLMDWD� QD� REMHNWLWH� ]D
YLVRN�QDSRQ��UL]LN�]D�SUHVNRN��RaHNXYDQLRW�JRGL^HQ�EURM�QD�SUHVNRFL��LVSDGL�L
RWND]L� L� SURVHaQL� LQWHUYDOL� QD� YUHPH� PH_X� GYD� SRVOHGRYDWHOQL� SUHVNRFL�
LVSDGL�L�RWND]L�
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����� 5L]LN�]D�SUHVNRN

,]RODFLMDWD� QD� REMHNWLWH� ]D� YLVRN� QDSRQ� PRCH� GD� ELGH� SUHVNRaHQD� SRG
GHMVWYR� QD� VOXaDMQL� YHOLaLQL� NRL� LOL� MD� QDPDOXYDDW� QHM]LQDWD� HOHNWULaQD
FYUVWLQD��LOL�MD�]JROHPXYDDW�MDaLQDWD�QD�HOHNWULaQRWR�SROH�YGROC�SUHVNRaQLRW
SDW��6SRUHG�WRD�� YHURMDWQRVWD� ]D� GD� QDVWDQH�SUHVNRN� H� HGQDNYD�QD� YHURMDWQRVWD
LVWRYUHPHQR� GD� VH� RVWYDUDW� GYD� VOXaDMQL� QDVWDQL�� GD� VH� SRMDYL� SUHQDSRQ�U�� VR
JXVWLQD� QD� YHURMDWQRVW�p(u)� NRM� MD� QDSUHJQXYD� L]RODFLMDWD� L� SRVOHGRYDWHOQR� GD
SURELH� L]RODFLMDWD� SUL� YUHGQRVW� QD� SUHQDSRQRW� u�� RGQRVQR� H� HGQDNYD� QD
SURL]YRGRW� p u du P u( ) ( ) �� NDGH� P(u)�� YHURMDWQRVW� GD� SURELH� L]RODFLMDWD� SUL

YUHGQRVW�u�QD�VOXaDMQLRW�SUHQDSRQ�U��D�VH�RSUHGHOXYD�RG�NULYDWD�QD�HIHNW�
5L]LNRW�]D�SUHVNRN�R�H�RVQRYHQ�SDUDPHWDU�]D�GRYHUOLYRVWD�QD�UDERWDWD�QD

L]RODFLMDWD� QD� REMHNWLWH� ]D� YLVRN�QDSRQ�L� YU]� RVQRYD� QD� QHJR� VH� SUHVPHWXYDDW
RVWDQDWLWH� SDUDPHWUL� QD� GRYHUOLYRVW�� 6H� RSUHGHOXYD� RG� NULYLWH� QD� HIHNW� QD
HGLQHaQLWH�L]RODFLL�P(u)�L�JXVWLQDWD�QD�UDVSUHGHOED�QD�PQRCHVWYRWR�SUHQDSRQL
p(u)�NRL�VH�MDYXYDDW�QD�WLH�L]RODFLL��

R p u P u du=
−∞
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,]UD]RW� ���� JR� RSUHGHOXYD�PDWHPDWLaNRWR� RaHNXYDZH� QD� YHURMDWQRVWD� ]D
SUHVNRN�QD�L]RODFLMDWD�NRJD�YU]�L]RODFLMDWD�GHMVWYXYD�SUHQDSRQRW�U��VO����

6OLND����*UDILaNR�RSUHGHOXYDZH�QD�UL]LNRW�

�� NULYDWD H GDGHQD YR UD]PHUD ^WR GR]YROXYD GD ELGH YLGOLYD� 5HDOQR YR FHOLRW

WHN LVWDWD WUHED GD OHCL SRG NULYLWH p(u)L P(u)�
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����� .ULYD�QD�HIHNW�QD�L]RODFLRQLRW�VLVWHP

,]RODFLMDWD�QD�HGHQ�YLVRNRQDSRQVNL�REMHNW�H�VRVWDYHQD�RG�QL]D�HGLQHaQL
L]RODFLRQL� HOHPHQWL�L� QLYQLWH� NDUDNWLULVWLNL� MD� GHILQLUDDW� L]RODFLMDWD� YR
FHORVW��(NVSHULPHQWDOQR�H�XWYUGHQR�GHND�NULYLWH�QD�HIHNW�P(u)�QD�HGLQHaQLWH
HOHPHQWL�RG�QHNRMD�L]RODFLRQD�NRQVWUXNFLMD�GREUR�VH�VORCXYDDW�VR�QRUPDOQLRW
]DNRQ�QD�UDVSUHGHOED�
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9R�JRUQLWH�L]UD]L�SRHGLQLWH�SDUDPHWUL�JR�LPDDW�VOHGQRWR�]QDaHQLH��u50% �

���� SUHVNRaHQ� QDSRQ�� σ �� VWDQGDUGQR� RWVWDSXYDZH�� D� VH� RSUHGHOXYDDW
HNVSHULPHQWDOQR�]D�VHNRM�L]RODFLRQHQ�VRVWDY�L�REOLN�QD�QDSRQRW�

.ULYDWD�QD� HIHNW�QD�HGHQ�REMHNW�YR�FHOLQD�PRCH�GD� VH�RSUHGHOL� VSRUHG
NDUDNWHULVWLNLWH� QD� HGLQHaQLRW� HOHPHQW� RG� WDD� L]RODFLMD� LVSLWDQ� YR
ODERUDWRULVNL� XVORYL�� 7UHED� GD� VH� LPD� SUHGYLG� GHND� SUHVNRN� PDNDU� QD� HGHQ
HOHPHQW�]QDaL�SUHVNRN�QD�L]RODFLMDWD�YR�FHORVW��$NR��QDSULPHU��YHURMDWQRVWD�]D
SUHVNRN�QD�HGHQ�HOHPHQW�SUL�QDSRQ�u�H�HGQDNYD� P u1( ) ��WRJD^�YHURMDWQRVWD�GD�QH
VH�MDYL�SUHVNRN�H�1� P u1( ) ��9HURMDWQRVWD�QD�WRD��GD�QD�QLHGHQ�RG�m�HOHPHQWL�QH�VH
MDYL� SUHVNRN� �QH� QDVWDQH� SUHVNRN� QD� L]RODFLMDWD� YR� FHORVW�� H� HGQDNYD� QD
SURL]YRGRW�RG�YHURMDWQRVWLWH�GD�QH�QDVWDQH�SUHVNRN�QD�VLWH�HOHPHQWL��RGQRVQR
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NDGH�H� P um( ) �� YHURMDWQRVW� ]D� GD�QDVWDQH�SUHVNRN�QD�L]RODFLMDWD� �EDUHP�QD�HGHQ
HOHPHQW���VRVWDYHQD�RG�m�HGLQHaQL�HOHPHQWL�

2GWXND��YHURMDWQRVWD�]D�GD�QDVWDQH�SUHVNRN�QD�L]RODFLMDWD�QD�REMHNWRW�H
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$NR� VLWH� HGLQHaQL� HOHPHQWL� VH� HGQDNYL� P u P u P u P um1 2 1( ) ( ) ... ( ) ( )= = = =b g�
WRJD^�����VH�XSURVWXYD

P u P um
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( ) ( )= − −1 1 1 � ���

$NR�H�LVSROQHW�XVORYRW� P u m1 1( ) ( / )<< �WRJD^�����PRCH�GD�VH�QDSL^H�NDNR

P u mP um( ) ( )≈ 1 �� ���



RGQRVQR� YHURMDWQRVWD� ]D� SUHVNRN� QD� HGHQ� RG� m� HOHPHQWLWH� SUL� QDSRQ� u� VH
RSUHGHOXYD�VR�SURVWR�VRELUDZH�QD�YHURMDWQRVWLWH�]D�SUHVNRN�QD�VHNRM�HOHPHQW�

9HURMDWQRVWD� ]D� SUHVNRN� QD� FHODWD� L]RODFLMD� H� SRPHUHQD� YR� QDVRND� QD
SRPDOL�YUHGQRVWL�QD�QDSRQRW�YR�RGQRV�QD�YHURMDWQRVWD�]D�SUHVNRN�QD�HGLQHaHQ
HOHPHQW��7RD�PRCH�GD�VH�SURFHQL�VSRUHG�YHOLaLQDWD�QD�50%�RW�SUHVNRaHQ�QDSRQ
QD�L]RODFLMDWD��U m50%, ��1DYLVWLQD��]DPHQXYDM`L�YR����� P Um m( ) ,50%, 0 5= ��VH�GRELYD

P u m
m

1 50%, 1 0 5( ) ,= − �� ����

RG�NDGH�VSRUHG�NULYDWD� P u1( ) ��PRCH�GD�VH�RSUHGHOL� u m50%, ��1HND� P u1( ) � VH�PHQXYD

VSRUHG� QRUPDOQLRW� ]DNRQ� P t
t

dt
t

1

21

2 2
( ) exp( )= −

−∞
zπ

�� WRJD^� RGQRVRW� PH_X� 50%�WH

SUHVNRaQL�QDSRQL�QD�HGLQHaQLRW�HOHPHQW� u50%,1�L�QD�REMHNWRW�� u m50%, �PRCH�GD�VH

XWYUGL� RG� QRUPDOQDWD� UDVSUHGHOED� P t1( ) �� NDGH� H� t u u= −( ) /50%,1 1σ � L� σ 1 �

VWDQGDUGQR�RWVWDSXYDZH�QD� P t1( ) �
�$NR�VH�SUHWSRVWDYL�GHND� P um( ) �VH�PHQXYD�VSRUHG�QRUPDOQLRW

]DNRQ�PRCH�GD�VH�GRELH�RGQRVRW�PH_X�RWVWDSXYDZDWD�σ �QD�REMHNWRW�L�HGLQHaQLRW
HOHPHQW��5H]XOWDWLWH�RG�WLH�SUHVPHWNL�VH�GDGHQL�YR�WDEHOD�I�

7DEHOD I
m 1 2 4 10 20 50 100 200 500

z
u u m

50%
50%,1 50%,

1

=
−
σ 0 0,55 1 1,5 1,84 2,2 2,45 2,7 3

β σ
σ

= m

1

1 0,81 0,7 0,6 0,54 0,47 0,42 0,38 0,35

6SRUHGXYDM`L� JL� UH]XOWDWLWH� RG� SUHVPHWNLWH� QD� P um( ) � L]YU^HQL� VSRUHG
����L�QRUPDOQLRW�]DNRQ�QD�UDVSUHGHOED�VR�SDUDPHWUL� u m50%, �L� σ m ��NRL�VH�GDGHQL

YR�WDEHOD�I��VH�SRNDCXYD�GHND�SUL� u u m m≥ −50%, 2σc h�QRUPDOQLRW�]DNRQ�GDYD�GREUR
VRYSD_DZH�VR�VWYDUQDWD�]DYLVQRVW� P um( ) ��

���� 9RRS^WXYDZH�QD�SRLPRW��UL]LN�

9U]� RVQRYD� QD� ����� ���� L� ���� ]D� UL]LNRW� QD� SUHVNRN� QD� L]RODFLRQD
NRQVWUXNFLMD� VRVWDYHQD� RG� m� HGLQHaQL� HOHPHQWL�� NRL� VH� L]ORCHQL� QD� LVWR
PQRCHVWYR�SUHQDSRQL��VH�GRELYDDW�L]UD]LWH

R p u P u duj
j

m

= − −
L
NM

O
QP=−∞

∞

∏z( ) ( )1 1
1

d i � ���

LOL

R p u P u du
m= − −

−∞

∞z( ) ( )1 1 1{ } � ����



,]UD]LWH����������L�����LPDDW�RJUDQLaHQD�SULPHQD�L�QH�PRCH�GD�VH�NRULVWDW
]D� VLVWHP� VRVWDYHQ� RG� m� HGLQHaQL� L]RODFLRQL� HOHPHQWL� QD� NRL� GHMVWYXYDDW
UD]OLaQL� PQRCHVWYD� SUHQDSRQL�� ^WR� YR� SUDNVD� H� UHGRYHQ� VOXaDM�� 2S^WLRW
VOXaDM�� NRM� JL� RSID`D� VLWH� YLGRYL� L]RODFLL�� VH� UH^DYD� VR� SULPHQD� QD
XQLYHU]DOQLRW�L]UD]�

R
N

P ui j i j
j

m

i

N

= − −
RST

UVW==
∏∑1

1 1
11

, ,( ) � ����

NDGH�VH�� P ui j i j, ,( ) ��YHURMDWQRVW�]D�SUHVNRN�RSUHGHOHQD�RG�NULYDWD�QD�HIHNW�QD�j�RW

HGLQHaHQ�HOHPHQW�]D�SUHQDSRQRW�ui j, ��NRM�VH�MDYXYD�QD�QHJR��NRJD�VH�SULPHQXYD�i�RW

SULaLQVNL�QDVWDQ��D�N�EURM�QD�SULPHQHWL�SULaLQVNL�QDVWDQL�

'D�MD�UD]JOHGDPH�SULPHQDWD�QD������]D�QHNRL�VOXaDL�
1D� VO��� H� QDYHGHQD� UDVSUHGHOEDWD� QD� DPSOLWXGLWH� QD� SUHQDSRQL� YGROC

HGHQ� 220 kV�HQ� YRG� YR� SURFHVRW� QD� �$39�� 7DD� UDVSUHGHOED� H� LVNRULVWHQD� ]D
SUHVPHWND� QD� YHURMDWQRVWD� ]D� SUHVNRN� QD� L]RODFLMDWD� QD� YRGRW� YR�IXQNFLMD� RG
YHURMDWQRVWD�]D�SUHVNRN�QD�L]RODFLMDWD�QD�HGLQHaHQ�HOHPHQW��NRMD�H�SRGORCHQD
QD� GHMVWYR� QD� QDMJROHPDWD� YUHGQRVW� QD� SUHQDSRQLWH� �QD� NUDM� RG� YRGRW�� SUL
YDULMDFLMD�QD�GROCLQDWD�QD�UDVSRQRW��D�YHOLaLQDWD�σ 1 5%= �

2G� VO��� VH� JOHGD� GHND�� DNR� YHURMDWQRVWD� ]D� SUHVNRN� H� P um( ) ,≤ 0 5�� WRJD^
RGQRVRW� P u P um( ) / ( )1 100≈ �

6RJODVQR� ����� SULEOLCQRWR� UDYHQVWYR� P u P um( ) ( )≈ 100 1 � ]QDaL�� GHND� SUL

LVWUDCXYDZH�QD�GRYHUOLYRVWD�QD�L]RODFLMDWD�QD�YRGRW�VWYDUQDWD�UDVSUHGHOED�QD
SUHQDSRQLWH� YGROC� YRGRW� PRCH� GD� ELGH� XVORYQR� ]DPHQHWD� VR� UDPQRPHUQD
UDVSUHGHOED�� NRMD� RGJRYDUD� QD� QDMJROHPDWD� YUHGQRVW� QD� SUHQDSRQLWH� QD� YRGRW�
3ULWRD�VWYDUQLRW�EURM�QD�HGLQHaQLWH�L]RODFLRQL�PHVWD�QD�YRGRW��m�WUHED�GD�VH
]DPHQL�VR�HNYLYDOHQWHQ�mekv = 100�

6O���5DVSUHGHOED�QD
DPSOLWXGLWH�QD�SUHQDSRQLWH
GROC�220 kV�YRG�VR�GROCLQD�200
km��NULYD����

6O���� =DYLVQRVW� QD� YHURMDWQRVWD� ]D
SUHVNRN� QD� L]RODFLMDWD� QD� YRGRW� RG
SUHVNRNRW� QD� L]RODFLMDWD� QD� HGLQLaHQ
HOHPHQW�� NRM� H� SRGORCHQ� QD� GHMVWYR� QD
QDMJROHPLWH� SUHQDSRQL�� 220 kV�HQ� YRG�
GROCLQD� 200 km�� GROCLQD� QD� UDVSRQRW
350 m��NULYD����
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3UHVPHWNLWH�QD�DWPRVIHUVNLWH�SUHQDSRQLWH�SUL�GLUHNWHQ�XGDU�QD�PROZD
QD�400 kV�YRG��SRNDCXYDDW�GHND�YR�]RQDWD�QD�GHMVWYXYDZH�QD�WLH�SUHQDSRQL�PRCH
GD�VH�QDR_DDW�L]RODWRULWH�VDPR�QD�HGHQ�VWROE��RGQRVQR�WUL�L]RODWRUVNL�VLQ[LUL�

�2S^WR� ]HPHQR�� ]D� WRM� VOXaDM� H� P u P u P upr pr pr, , ,( ) ( ) ( )1 2 3≠ ≠ �� ELGHM`L� VHNRM�RG

WULWH�L]RODWRUVNL�VLQ[LUL�H�QDSUHJQDW�RG�SUHQDSRQL��NRL�LDNR�VH�UH]XOWDW�QD
HGHQ� LVW� XGDU� QD� PROZD�� VHSDN� VH� UD]OLaQL� �UD]OLaQL� NRHILFLHQWL� QD� VSUHJD�
UD]OLaQL� PRPHQWDOQL� YUHGQRVWL� QD� SRJRQVNLRW� QDSRQ��� 7RJD^�� UL]LNRW� RG
SUHVNRN�QD�L]RODFLMDWD�QD�VWROERW��PRCH�GD�VH�RSUHGHOL�VSRUHG������

R P upr i i
i

3
1

3

1 1= − −
=

∏ , ( ) �� ����

$NR� SULOLNLWH� QD� VWROERYLWH� VH� UD]OLaQL�� QDSULPHU�� VH� UD]OLNXYDDW
RWSRULWH� QD� ]D]HPMXYDZH�� WRJD^� PRCH� GD� VH� RaHNXYD� L� VUHGQLWH� UL]LFL� ]D
SUHVNRN�QD�SRHGLQLWH�VWROERYL�GD�ELGDW�UD]OLaQL��2G�WLH�SULaLQL�PRCH�GD�VH
YRYHGH�VUHGHQ�UL]LN�]D�SUHVNRN�QD�L]RODFLMDWD�QD�FHOLRW�YRG��SUL�GHMVWYRWR�QD
DWPRVIHUVNL�SUHQDSRQL

R
m

P um pr i j i j
ij

m

= − −L
NM

O
QP==

∏∑1
1 1

1

3

1
, , ,( )d i � ����

NDGH�H�m��EURM�QD�VWROERYL�QD�YRGRW�

����� 6UHGQR�YUHPH�PH_X�GYD�QDVWDQL

5L]LNRW� ]D� SUHVNRN� VH� X^WH� QH� H� GRYROHQ� ]D� SURFHQND� QD� GRYHUOLYRVWD�
ELGHM`L�VDPR�YU]�RVQRYD�QD�QHJR�QH�H�PRCQR�GD�VH�XWYUGL�EURMRW�QD�RaHNXYDQLWH
SUHVNRFL��SUHNLQL�QD�NRQWLQXLWHWRW�QD�UDERWDWD�L� RWND]L�QD� REMHNWLWH��7RD� H
ORJLaQR��ELGHM`L�UL]LNRW�]D�SUHVNRN�H�SURL]YRG�QD�VDPR�GYD�VOXaDMQL�IDNWRUL�
QDVWDQXYDZH�QD�SUHQDSRQRW�L�QDVWDQXYDZH�QD�SUHVNRNRW�QH]DYLVQR�RG�YUHPHWR�
7XND� QH� H� RSIDWHQ� WUHWLRW� YDCHQ� IDNWRU�� EURMRW� QD� SULaLQVNL� QDVWDQL� YR
RSUHGHOHQ�YUHPHQVNL�LQWHUYDO��RELaQR�YR�WHN�QD�HGQD�JRGLQD�

.RJD�YR�WHN�QD�HGQD� JRGLQD� VH�SRMDYDW� Ng � SULaLQVNL�QDVWDQL�RG� LVW� YLG

� Ng �� EURM� QD� XGDUL� QD� � PROZD�� Ng �� EURM� QD� NRPXWDFLRQL� RSHUDFLL� YR� QHNRMD

NRQILJXUDFLMD� L� VO��� WRONX� SDWL� VH� MDYXYDDW� SUHQDSRQL� QD� HGLQHaQDWD� LOL
VORCHQDWD�L]RODFLMD�QD�UD]JOHGXYDQDWD�NRQILJXUDFLMD��$NR�H�SR]QDW�UL]LNRW�]D
SUHVNRFL�R, WRJD^�JRGL^QLRW�EURM�QD�SUHVNRFL�� Np �QD�L]RODFLMDWD��L]QHVXYD

N N Rp g= �� ����

3UHVNRNRW� QD� QDGYRUH^QDWD� L]RODFLMD� QH� SUHGL]YLNXYD� R^WHWXYDZD�� L
L]RODFLMDWD�� SR�SUHVNRNRW�L� JDVHZH�QD�ODNRW�� VDPRVWRMQR�PRCH�GD� VH�REQRYL�� L
SRQDWDND��EH]�LQWHUYHQFLMD�H�VSRVREQD�]D�UDERWD�

6R� LQWHUYHQFLMDWD� SUHNX� $39� VDPR� GHO� RG� SUHVNRFLWH� SUHGL]YLNXYDDW
LVSDG�QD�REMHNWRW��%URMRW�QD�JRGL^QLWH�LVSDGL��YR�WRM�VOXaDM�� Nis �H�

N N R Pis g APV= −1b g. � �����



9R�RYRM�EURM�QD�LVSDGL�VH�QDR_D�L�JRGL^QLRW�EURM�QD�LVSDGL�VR�R^WHWXYDZH
QD�L]RODFLMDWD��EURM�QD�RWND]L�� Not ��

Not  � P N P P N Rot is ot APV g= −( )1 �� ����

9HURMDWQRVWD� ]D� XVSH^QRVW� QD� $39�� PAPV � ]DYLVL� RG� QDSRQVNRWR� QLYR� L

PRCH�GD�VH�FHQL�GHND� PAPV!�����9HURMDWQRVWD�]D�R^WHWXYDZH�QD�L]RODFLMDWD� Pot �H

UHODWLYQR�PDO��LDNR�]D�QHJR�SRVWRL�PDO�EURM�QD�VWDWLVWLaNL�SRGDWRFL��PRCH�GD
VH�SURFHQL�QD�EURMND�����

3URVHaQLWH� LQWHUYDOL� QD� YUHPH� PH_X� GYD� SRVOHGRYDWHOQL� SUHVNRFL�
RGQRVQR� PH_X� GYD� SRVOHGRYDWHOQL� LVSDGL� L� SUHNLQL� QD� NRQWLQXLWHWRW� QD
UDERWDWD� QD� REMHNWRW�� NDNR� L� PH_X� GYD� SRVOHGRYDWHOQL� RWND]L�� SUHGVWDYXYDDW
SURVHaQL�YUHPLZD�QD�WUDHZH�QD�UDERWDWD�EH]�SUHVNRN��EH]�LVSDG�L�EH]�RWND]�

T
N R

T
N R P

T
N R P Pp

g
is

g APV
ot

g APV ot

= =
−

=
−

1 1

1

1

1
;

( )
;

( )
����

9R� VOXaDM� QD� YQDWUH^QD� L]RODFLMD�� SURERMRW� SUHWVWDYXYD� RWND]
�R^WHWXYDZH�� L� JRGL^QLRW� EURM� QD� SURERL� L� SURVHaQRWR� YUHPH� PH_X� GYD
SRVOHGRYDWHOQL�SURERL�VH�GDGHQL�VR�L]UD]LWH������L�SUYLRW�RG������

� 6R� RSUHGHOXYDZHWR� QD� RYLH� ^HVW� SDUDPHWUL�� ]DHGQR� VR� UL]LNRW� R� ]D
SUHVNRN� VH� RSUHGHOXYD� L� GRYHUOLYRVWD� QD� UDERWD� QD� GHORYL� RG� VLVWHPRW� L
VLVWHPRW�NDNR�FHOLQD��

$NR�YR�VLVWHPRW�LPD�r�REMHNWL�aLL�UL]LFL�VH�RGUHGHQL�SUL�GHMVWYXYDZH�QD
LVWRYUVQL�SULaLQVNL�VRELWLMD��SDUDPHWULWH�QD�GRYHUOLYRVW�QD�VLVWHPRW�VH�

N N Rs p g j j
j

r

, ,=
=

∑
1

��� N P N Rs is APU j g j j
j

r

, , ,( )= −
=

∑ 1
1

��� N P P N Rs ot APU j ot j g j j
j

r

, , , ,( )= −
=

∑ 1
1

����

L�VRRGYHWQLWH�YUHPLZD�PH_X�GYD�SRVOHGRYDWHOQL�QDVWDQL��

��� 95('1267,�1$�3$5$0(75,7(�1$�'29(5/,9267�=$�
05(#,7(�110, 220�,�400 kV

1RYLWH� SRVWURMNL� VH� SURHNWLUDDW� LOL� GRWUDHQLWH� VH� UHNRQVWUXLUDDW
SRD_DM`L�RG�GRYHUOLYRVWD��RGQRVQR��SDUDPHWULWH�QD�GRYHUOLYRVW�NRL�RYLH�PRUD
GD� JL� LPDDW��3RVWRMDW� QL]D�IDNWRUL� RG� NRL� ]DYLVL� L]ERURW� QD� YUHGQRVWLWH� QD
SDUDPHWULWH�QD�GRYHUOLYRVW�QD�L]RODFLMDWD�QD�YLVRNRQDSRQVNLWH�REMHNWL�

0H_X� QLY� WUHED� GD� VH� LPDDW� YR� SUHGYLG�� QDSRQVNRWR� QLYR� QD� REMHNWRW�
QHJRYLRW�YHN��FHQDWD�QD�REMHNWRW�L�QD�QHJRYLWH�NOXaQL�HOHPHQWL��YHOLaLQDWD�L
]QDaDMRW�QD�NRQ]XPRW�NRM�VH�QDSRMXYD�SUHNX�QDYHGHQLRW�REMHNW��NDNR�L�PRCQRVWD
]D�QHJRYR�SRYH`HVWUDQR�QDSRMXYDZH�� VSHFLILaQRVW�QD�NRQ]XPRW��QHSUHNLQDWRVW
QD� QDSRMXYDZHWR�� ^WHWL� NRL� QDVWDQXYDDW� VR� SUHNLQ� QD� WHKQROR^NLRW� SURFHV�
RS^WHVWYHQ� ]QDaDM� QD� NRQ]XPRW� �EROQLFL�� YRMQL� REMHNWL� L� VO���� PRCQRVW� ]D
DOWHUQDWLYQR� NRULVWHZH� QD� GUXJL� REMHNWL� YR� VOXaDM� QD� LVSDG� QD� SRVPDWUDQLRW
REMHNW�L�VO�



6YHWVNDWD�SUDNVD�SUHIHULUD�
��]D�QDGYRUH^QDWD�L]RODFLMD�QD�QDG]HPQLWH�YRGRYL�VH�GR]YROXYD���SUHVNRN

NDNR�UH]XOWDW�QD�SUHQDSRQL�YR�WHN�QD���JRGLQL��]D�QDSRQL�≥ 300 kV ��

�� ]D�QDGYRUH^QD�L]RODFLMD�QD�SRVWURMNLWH�RG�YLVRN�QDSRQ� VH� GR]YROXYD��
SUHVNRN�NDNR�SRVOHGLFD�QD�SUHQDSRQL�YR�WHN�QD����JRGLQL�

�� ]D� YQDWUH^QDWD� L]RODFLMD� QD� WUDQVIRUPDWRULWH� RG� YLVRN� QDSRQ� VH
GR]YROXYD���SURERM�NDNR�SRVOHGLFD�QD�SUHQDSRQL�YR�WHN�QD�����JRGLQL�

9R� UDERWQLWH� PDWHULMDOL� QD� IEC 71-2, 28/11/FDIS� RG� ����� JRGLQD� VH
QDYHGXYD� GHND� H� SULIDWOLY� JRGL^HQ� EURM� QD� RWND]L� RG� SUHQDSRQL� RG� 0,001� GR
0,004�� ^WR� ]DYLVL� RG� YUHPHWR� L� FHQDWD� QD� RWNORQXYDZH� QD� JUH^NLWH�� ]D
QDG]HPQLWH� YRGRYL� H� SULIDWOLY� JRGL^HQ� EURM� QD� SUHVNRFL� RG� DWPRVIHUVNLWH
SUHQDSRQL�QD�100 km�RG�YRGRW�RG�0,1�GR�20��SRJROHPLWH�YUHGQRVWL�VH�RGQHVXYDDW
QD� GLVWULEXWLYQLWH� YRGRYL��� ]D� NRPXWDFLRQLWH� SUHQDSRQL� SULIDWOLY� EURM� QD
SUHVNRFL�SR�HGQD�RSHUDFLMD�H�RG 0,001�GR�0,01�

=D� QHSUHNLQDWD� UDERWD� QD� L]RODFLMDWD� QD� REMHNWRW� RG� YLVRN� QDSRQ� RG
SUHVXGQR� ]QDaHQLH� VH� YUHPLZDWD� QD� RWND]L� QD� QHJRYLWH� HOHPHQWL� �L]RODFLRQL
NRQVWUXNFLL�� L� QD� JUXSD� HOHPHQWL�� 9UHPHWR� QD� WUDHZH� GR� RWND]RW� QD
UD]JOHGXYDQLRW�HOHPHQW�LOL�JUXSD�HOHPHQWL�H�VOXaDMQD�YHOLaLQD�aLMD�JXVWLQD�QD
UDVSUHGHOEDWD�JR�VOHGL�HNVSRQHQFLMDOQLRW�]DNRQ�

a t
T

t

T
( ) exp= −FHG

I
KJ

1
�� ����

NDGH�VH�
t��YUHPH�GR�RWND]RW���JRGLQL
T��VUHGQD�YUHGQRVW�QD�YUHPHWR�GR�RWND]RW�
,QWHJUDOQDWD�IXQNFLMD�QD�RYD�UDVSHUHGHOED�MD�RSUHGHOXYD�NXPXODWLYQDWD

YHURMDWQRVW�]D�QDVWDQXYDZH�QD�YUHPHWR�GR�RWND]RW��RGQRVQR�UL]LNRW�QD�RWND]�

R t t T( ) exp /= − −1 b g�� ����

GRGHND� GRYHUOLYRVWD� QD� UDERWD� Q(t)�� YHURMDWQRVWD� ]D� UDERWD� EH]� RWND]�� VH
RSUHGHOXYD�RG������

Q t R t t T( ) ( ) exp( / )= − = −1 �� ����

2G� RYRM� L]UD]�� ]D� VUHGQDWD� YUHGQRVW� QD� YUHPHWR� GR� RWND]RW� �Tot �� L

JRGL^QLRW�EURM�QD�RWND]L�� Not ��QD�HOHPHQWLWH�LOL�JUXSDWD�HOHPHQWL��YR�WHN�QD

UD]JOHGXYDQLRW�SHULRG� tv ��VH�GRELYD�

T t Q tot v v= − / ln ( ) �� N Tot ot= −1/ �� ����

=D� GD� VH� UD]JOHGD� JOREDOQR� L]ERURW� QD� SDUDPHWULWH� QD� GRYHUOLYRVW� QD
L]RODFLMDWD�QD�REMHNWLWH�UDFLRQDOQR�H�REMHNWLWH�GD�VH�VYUVWDW�YR�

D�� JUXSD� QD� PQRJX� VNDSL�� VORCHQL� L� QDM]QDaDMQL� REMHNWL� VR� YQDWUH^QD
L]RODFLMD��HQHUJHWVNL�WUDQVIRUPDWRU��

E��JUXSD�HGQRVWDYQL�NRQVWUXNFLL�VR�YQDWUH^QD�L]RODFLMD��NRL�SROHVQR�VH
]DPHQXYDDW��PHUQL�WUDQVIRUPDWRUL��SUHNLQXYDaL��NRQGHQ]DWRUL�L�VO���

Y�� JUXSD� REMHNWL� VR� QDGYRUH^QD�� RELaQR� VDPRREQRYOLYD� L]RODFLMD� YR
SRVWURMNDWD��L]RODWRUVNL�VLQ[LUL��SRWSRUQL�L�DSDUDWQL�L]RODWRUL�L�VO����L



J�� JUXSD� REMHNWL� VR� QDGYRUH^QD� VDPRREQRYOLYD� L]RODFLMD�� QDG]HPQL
YRGRYL��L]RODWRUVNL�VLQ[LUL�L�VO���

=D�HQHUJHWVNLWH�WUDQVIRUPDWRUL��JUXSD�D���VH�SRD_D�RG�GRYHUOLYRVWD��NRMD
VH�VPHWD�GHND�H�]DGRYROLWHOQD�SUL� Q tv( ) ≥ 95%��6R�RYDD�GRYHUOLYRVW�VH�RaHNXYD

GHND� YR� WHN� QD� RSUHGHOHQ� SHULRG�� RELaQR� YR� WHN� QD� FHOLRW� CLYRWHQ� YHN� QD
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9R�WUXGRY�H�SUHGORCHQ�HGHQ�PHWRG�]D�SURFHQD�QD�QLYRWR�QD�SUHVNRFL�QD
QDG]HPQLWH� GLVWULEXWLYQL� YRGRYL� ^WR� VH� SUHGL]YLNDQL� RG� XGDU� QD� JURP� YR
QLYQDWD�QHSRVUHGQD�EOL]LQD��0HWRGRW�JL�]HPD�YR�RE]LU�VLWH�SDUDPHWUL�NRL�VH
RGQHVXYDDW�QD�REOLNRW�QD�VWUXMDWD�QD�SUD]QHZHWR��VWDWLVWLaNDWD�UDVSUHGHOED
QD� DPSOLWXGDWD� L� VWUPLQDWD� QD� QD� VWUXMDWD� QD� SUD]QHZHWR�� YLVLQDWD� QD
YRGRYLWH�NDNR�L�YROW�VHNXQGQDWD�NDUDNWHULVWLND�QD�L]RODWRULWH�
1LYRWR� QD� SUHVNRFL� QDMPQRJX� ]DYLVL� RG� QLYRWR� QD� L]RODFLMD� QD� YRGRW� L� RG
QHJRYDWD�YLVLQD��6RJODVXYDZHWR�VR�PDOXEURMQLWH�HNVSHULPHQWDOQL�UH]XOWDWL
H�PQRJX�GREUR�

ABSTRACT

A new method is proposed to estimate the flashover rates of the overhead
distribution lines caused by lightning stroke to nearby ground. The method takes into
consideration all parameters related to the stroke current waveshape, statistical
distributions of the stroke peak current and its rise time, line height and V-t characteristic
of insulators. The flashover rates depend mostly on the line insulation withstand and the
line height. A very good agreement was found between computed results and field
observations.
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.RJD� DWPRVIHUVNRWR� SUD]QHZH� `H� SRJRGL� WRaND� YR� EOL]LQDWD� QD
QDG]HPHQ� YRG�� SRVOH� RGUHGHQR� ]DNDVQXYDZH�� QDUHaHQR� YUHPH� QD� UHWDUGDFLMD�
HPLWLUDQLRW� HOHNWURPDJQHWHQ� EUDQ� SRaQXYD� GD� JR� HQHUJL]LUD� YRGRW�
3UHRGHQ�� LPSXOVHQ� SUHQDSRQ� SRaQXYD� GD� SDWXYD� NRQ� QHJRYLWH� NUDHYL�
,QGXFLUDQLRW�QDSRQ�JR�GRVWLJQXYD� VYRMRW�PDNVLPXP�WRaQR�LOL�PQRJX�EOLVNX
GR�WRaNDWD�^WR�H�QDMEOLVNX�GR�PHVWRWR�QD�SUD]QHZHWR��7RM�PDNVLPXP�PRCH�GD
H�GRYROQR�YLVRN�]D�GD�SUHGL]YLND�SUHVNRN�QD�L]RODFLMDWD�QD�YRGRW��=DYLVL�RG
SDUDPHWULWH� QD� VWUXMDWD� QD� SUD]QHZHWR� �QHJRYDWD� SURVWRUQD� L� YUHPHQVND
UDVSUHGHOED� SR� GROCLQDWD� QD� NDQDORW� QD� PROZDWD��� QRUPDOQRWR� UDVWRMDQLH
SRPH_X� YRGRW� L� PHVWRWR� QD� SUD]QHZHWR�� NDNR� L� RG� YLVLQDWD� QD� YRGRW�
*HQHUDOQR�� SUREOHPRW� QD� LQGXFLUDQLWH� QDSRQL� H� VORCHQ�� L� H� SUHGPHW� QD
SRYH`H�UD]OLaQL�VWXGLL�YR�SRVOHGQLYH�GYH�GHFHQLL�[1-5]�

(NVSHULPHQWDOQLWH�L�WHRUHWVNLWH�VWXGLL� [6-8]�SRNDCXYDDW�GHND�XGDURW
QD� JURP� YR� EOL]LQDWD� QD� QDG]HPHQ� GLVWULEXWLYHQ� YRG� PRCH� GD� SUHGL]YLND
SUHVNRN�QD�L]RODFLMDWD�QD�YRGRW�� D� VR�WRD�L� GD�SUHGL]YLND�LVSDG��=DYLVQR�RG
QLYRWR� QD� L]RODFLMDWD� QD� YRGRW�� EOLVNLWH� DWPRVIHUVNL� SUD]QHZD� PRCH� GD
SUHGL]YLNXYDDW� SRJROHP� EURM� QD� SUHVNRFL�� D� VR� WRD� L� LVSDGL�� RWNRONX
GLUHNWQLWH� XGDUL�� (GHQ� RG� JODYQLWH� LQWHUHVL� QD� SURHNWDQWRW� QD
GLVWULEXWLYQLWH�YRGRYL�H�GD� MD�SUHGYLGL�GRYHUOLYRVWD�QD�VLVWHPRW��0HWRGRW
SUHGORCHQ� YR� RYRM� WUXG� LP� GDYD� PRCQRVW� GD� UD]JOHGXYDDW� L� ]HPDW� YR� RE]LU
SRYH`H�HOHPHQWL�NRL�YOLMDDW�QD�UL]LNRW�]D�SUHVNRN�L�LVSDG�QD�YRGRW�

�� 261291,�35('3267$9.,

���� 1LYR�QD�LQGLUHNWQL�XGDUL�QD�PROZD�YR�QDG]HPHQ�GLVWULEXWLYHQ�YRG

1H� VLWH� XGDUL� QD� PROZD� NRL� ^WR� QDLGXYDDW� YR� REODVWD� RNROX
GLVWULEXWLYQLRW� YRG� VH� LQWHUHVQL� ]D� RYDD� VWXGLMD� �VO����� 3UD]QHZDWD� ^WR
LPDDW�SRYLVRND�DPSOLWXGD�L�^WR�QDLGXYDDW�SREOLVNX�GR�YRGRW�� YR�SURVWRURW
Ad�� `H� ]DYU^DW� NDNR� XGDU� GLUHNWQR� YR� YRGRW�� 3UD]QHZDWD� VR� LVWDWD
PDNVLPDOQD� YUHGQRVW� QD� VWUXMDWD�� NRL� QDLGXYDDW� QDGYRU� RG� SURVWRURW� QD
GLUHNWQL� XGDUL�� QR� VHX^WH� YR� UDPNLWH� QD� Ai�� `H� ]DYU^DW� YR� WORWR� L� `H
LQGXFLUDDW� QDSRQ� SRYLVRN� RG� L]RODFLRQRWR� QLYR� QD� YRGRW�� ,� QD� NUDMRW�
SUD]QHZDWD� NRL� QDLGXYDDW� QDGYRU� RG� ]RQDWD� QD� LQGLUHNWQL� SUD]QHZD� Ai�� `H
LQGXFLUDDW�QDSRQVNL�LPSXOVL��QR�QLYQDWD�DPSOLWXGD�QHPD�GD�ELGH�GRYROQD�]D
GD�SUHGL]YLNDDW�SUHVNRN�

%URMRW� �QLYRWR�� QD� SUHVNRFL� QD� GROCLQD� RG� ���� km�� SUHGL]YLNDQL� RG
LQGLUHNWQR�SUD]QHZH�VH�
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6H� SUHGSRVWDYXYD� GHND� RVQRYQRWR� L]RODFLRQR� QLYR� NRUHVSRQGLUD� VR
NRQVWDQWQLRW� GHO� RG� NDUDNWHULVWLNDWD� L� GHND� REOLNRW� QD� NDUDNWHULVWLNDWD
QH� VH� PHQXYD� PQRJX� ]D� UD]OLaQL� L]RODFLRQL� QLYRL�� 9UHPHWR� QD� SRUDVW� QD
LQGXFLUDQLRW�QDSRQ�H�SUHGSRVWDYHQR�GHND�H�HGQDNYR�VR�YUHPHWR�QD�SRUDVW�QD
VWUXMDWD�QD�SRYUDWQRWR�SUD]QHZH�

9DCQR� H� GD� VH� QDSRPHQH� GHND� ]D� RGUHGHQL� SDURYL� QD� SDUDPHWUL� (I, tf)�
^LULQDWD�QD�]RQDWD�QD�GLUHNWQL�SUD]QHZD�Dd�VWDQXYD�SR^LURND�RG�^LULQDWD
QD� ]RQDWD� QD� LQGLUHNWQL� SUD]QHZD�Di�� L� YR� WRM� VOXaDM� ]RQDWD� QD� LQGLUHNWQL
SUD]QHZD�Ai� H� HGQDNYD� QD� QXOD�� )L]LaNL�� WRD� ]QDaL� GHND� SUD]QHZHWR�^WR� JL
LPD�WLH�SDUDPHWUL�`H�]DYU^L�YR�WORWR�EH]�GD�SUHGL]YLND�SUHVNRN�
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ZAMENA NA RADIOAKTIVNITE SO RANOSTARTUVA^KITE
GROMOBRANI. TEHNI^KO-EKONOMSKA OPRAVDANOST

KRATKA SODR@INA

Vo ovoj trud obrabotena e za{titata od atmosferski praznewa na eden konkre-
ten objekt vo Skopje, koj dosega se za{tituval so radioaktiven gromobran. Poradi za-
branata za upotreba na radioaktivnite gromobrani potrebno e da se izvede nova gro-
mobranska za{tita za istiot objekt. So cel da se pronajde najoptimalnoto re{enie
t.e. da se sogleda negovata tehni~ko-ekonomska opravdanost obrabotena e za{titata
od atmosferski praznewa na spomnatiot objekt so primena na: klasi~nata izvedba
(zazemjen Faradeev kafez), Franklinovite stapesti gromobrani i ranostartuva~kite
fa}a~i.

Vo trudot poseben akcent e staven na za{titata so ranostartuva~kiot fa}a~
(gromobran), kako relativno novo sovremeno re{enie koe ve}e se primenuva vo svetot.

SUMMARY

In this paper, a lightning protection of a certain building in Skopje will be treated. So far
radioactive lightning protectors has been used. The latest regulations require their replacement with
different lightning conductors.

In order to provide the most optimal solution for this problem, emphasizing its technicalcost
effectiveness, we analyzed three directions: Mashed Cage lightning conductors, Single Rods light-
ning conductors and Early Streamer Emission lightning conductors.

In this paper a special consideration will be given to Early Streamer Emission lightning con-
ductor as a contemporary solution, widely used in he world.

Klu~ni zborovi: Atmosfersko praznewe, gromobranska za{tita, tehni~ko–ekonomska
opravdanost, gromobran, ranostaruva~ki fa}a~, Faradeev kafez, Franklinovi
stapesti gromobrani.



1. VOVED

Celta na gromobranskata instalacija e da gi za{titi lu|eto i imotite od
direkten udar na grom, a pretstavuva imperativ na sovremenoto op{testvo i se vr{i
od socijalni i ekonomski pri~ini.

Spored propisite na pove}e svetski standardi postojat slednive koncepti za
izvedba na gromobranska instalacija:

- klasi~na izvedba (Faradeev kafez),
- Franklinovi stapesti gromobrani,
- gromobrani so izvori na jonizira~ko zra~ewe (radioaktivni gromobrani),
- ranostartuva~ki gromobrani (fa}a~i).

Sekoja gromobranska instalacija se sostoi od prifaten del koj ima uloga da gi
primi praznewata, odvoden del i zazemjuva~ za da mo`e strujata na prazneweto
bezbedno da se sprovede do zemjata.

Vo periodot od 1968-1979 god vo Republika Makedonija se instalirani preku
200 par~iwa radioaktivni gromobrani. Naj~esto kaj niv kako jonizira~ki del se ima
koristeno radioaktivniot element SO60 so poluperiod na raspa|awe T=5 godini, {to
zna~i da zonata na nivnoto dejstvo so tekot na vremeto se namaluva i posle odredeni
vremenski periodi tie treba da se zamenuvaat so novi.

Poradi ovoj nedostatok, a i poradi {tetnoto radioaktivno zra~ewe i to~no
nedefiniraniot nivo na za{titata radioaktivnite gromobrani vo pove}eto zemji se
zabraneti za upotreba (kaj nas od dekemvri 1996 god.). Zatoa potrebno e site tie da se
zamenat so drugi izvedbi na gromobranska za{tita.

Konceptite so Faradeev kafez i Franklinovi stapesti gromobrani baraat
izvedba na golem broj prifatni elementi, odvodni sprovodnici i zazemjuva~i
prosledeni so pogolemi grade`ni zafati {to e neekonomi~no i mo`e da dovede do
naru{uvawe na izgledot na fasadite od objektite {to se {titat. Kaj objektite so
golema visina, samata izvedba e osobeno te{ka i opasna za lu|eto koi rabotat.

Izvedbata so ranostartuva~ki fa}a~ bara izvedba na eden do dva odvodni
sprovodnika i isto tolku zazemjuva~i. Toa zna~i da pri zamenata na radioaktivnite
gromobrani, ova re{enie pretstavuva najoptimalno bidej}i se iskoristuvaat
postoe~kite odvodni vodovi i zazemjuva~i, a se menuva samo prifatniot element i
nema nikakvi grade`ni intervencii na samiot objekt.

Za da mo`e da se sogleda tehni~ko-ekonomskata opravdanost na zamenata na
radioaktivnite so ranostartuva~kite gromobrani vo ovoj trud }e bide obrabotena
za{titata od atmosferski praznewa na eden konkreten objekt so primena na spomna-
tite tri re{enija.



2. ZAMENA NA RADIOAKTIVEN GROMOBRAN NA OBJEKTOT
"FAKULTET ZA MUZI^KA UMETNOST I MBUC - SKOPJE"

Objektot "Fakultet za muzi~ka umetnost i MBUC - Skopje" e izgraden od
armiran beton i e so mnogu stakleni povr{ini po strani~nite fasadi. Krovnata
konstrukcija mu e ramna terasa so hidroizolacioni sloevi, a del od nea neodamna
poradi tehni~ka neispravnost e pokriena so trapezen plastificiran lim. Samiot
objekt se sostoi od pove}e funkcionalni celini so razli~ni visini, a opkru`en e so
betonski povr{ini pod koj se nao|aat gara`i . Negovata vkupna dol`ina e 90 metri,
{irina 53 metri, a najvisoka to~ka 23,4 metri. Namenata mu e {koluvawe na u~enici
i studenti. Izgledot na objektot "FMU i MBUC-Skopje" e prika`an na sl.1.

Objektot do sega e {titen od atmosferski praznewa so radioaktiven gromobran,
koj se sostoi od radio-
aktiven jonizira~ki
element SO60 kako pri-
faten del, dva odvodni
sprovodnika i dva za-
zemjuva~a (po eden za
sekoj odvod). Potrebno
e istiot da se zameni i
izvede nova gromo-
branska instalacija.
So cel da se izbere naj-
optimalnoto re{enie
na negovata zamena vo
ponatamo{niot del }e
bide razgledana gromo-
branskata za{tita na
ovoj objekt so primena
na ostanatite tri
koncepta.

2.1. Za{tita od atmosferski praznewa so primena na Faradeev kafez

Spored se u{te kaj nas va`e~kite tehni~ki JUS propisi za klasi~na gro-
mobranska instalacija (Sl.list SFRJ br.13/68) ovoj objekt dovolno }e bide za{titen
od atmosferski praznewa ako e opkolen so zazemjena mre`a koja ja sozdavaat prifatni
i odvodni vodovi. Pri toa {irinata na "okcata" na mre`ata ne smee da bide pogolema
od 20 m. Prifatnite vodovi se polagaat na soodvetni krovni potpori me|usebno
najmnogu odale~eni 1,5 m. Odvodnite vodovi se polagaat na yidni potpori najmnogu
odale~eni 2 m i treba preku merni spoevi da se povrzat so gromobranskiot zazemjuva~
koj vo oblik na prsten go opkru`uva objektot.

Imaj}i gi vo predvid dimenziite i formata na objektot ne e te{ko da se poka`e
deka potrebniot broj na prifatni i odvodni vodovi e 26. Dol`inite na prifatnite,
odvodnite vodovi i zazemjuva~ot mo`at da se odredat spored slednite relacii:

- za prifatni vodovi L
1
 = 4a + 6b,

- za odvodni vodovi L
2
 = 16h,

- za zazemjuva~ L
3
 = 2(a+6) + 2(b+6).

Sl.1 Fakultet za muzi~ka umetnost i MBUC-Skopje



kade se:
a = 90 m- dol`ina na objektot,
b = 53 m - {irina na objektot,
h = 20 m - prose~na visina na objektot.

Spored ova pri izvedbata na vakov vid gromobranska instalacija }e se upotre-
bat: 1308 metri pocinkuvana lenta za prifatni, odvodni vodovi i zazemjuva~, 600 par-
~iwa potpori (dr`a~i) za lenta, 16 par~iwa merni spoevi so soodvetni mehani~ki
za{titi i drug siten nepredviden materijal.

Treba da se napomene deka e potreben i dosta golem obem na grade`ni raboti
kako {to se: razbivawe na betonski povr{ini za iskop na zemja, iskop na zemja za
kanali za polagawe na zazemjuva~ot (okolu 100 m3), izrabotka na skeliwa i dr.

2.2. Za{tita od atmosferski praznewa so Franklinovi stapesti gromobrani

Franklinovite stapesti gromobrani se formirani od fa}alki, odvodi i
zazemjuva~. Za{titnata zona na eden stapest gromobran pretstavuva prostor ograni~en
so rotacionata povr{ina ~ija generatrisa mo`e da se opredeli so relacijata:

(1)

kade se:
h - visina na gromobranot,
h

x
 - posmatrano nivo nad povr{inata na zemjata, so za{titen radius r

x
,

r
x
 - radius na za{titnata zona na visina h

x
.

Za da bide za{titen od direktni udari na grom, objektot vo potpolnost treba
da se nao|a vo konusnoformiraniot prostor, koj pretstavuva za{titna zona na
gromobranot. Pri presmetkata na za{titnata zona }e se koristi metodot so dva konusa
pri koj generatrisata na povr{inata mo`e da se prika`e so iskr{ena linija.

Edna od otse~kite na taa iskr{ena linija, prestavuva del od pravata koja go
soedinuva vrvot na gromobranot so to~kata na povr{inata na zemjata odale~ena za 0, 75 h od
oskata na gromobranot, a drugata ose~ka pretstavuva del od prvata koja ja povrzuva
to~kata na gromobranot na viso~ina 0,8 h, so to~kata na povr{inata na zemjata
odale~ena od gromobranot 1,5 h.

Spored toa za{titniot radius na nivo h
x
 < 2/3 h e

(2)

Na nivo h ≥ 2/3 h za{titniot radius e:

(3)



Kvalitetot na za{titata vo slu~aj na pove}e gromobrani se ocenuva so spore-
duvawe na dijametarot na krugot koj minuva niz vrvovite na gromobranite so 8 (h-h

x
).

Ako e D ≤ 8 (h-hx) toga{ objektot e za{titen od atmosferski praznewa.
Poradi svojot obem, presmetkite za potrebniot broj na stapesti gromobrani i

nivnata zona na za{tita za objektot koj e predmet na ovoj rakopis ne se prika`ani.
Potrebniot broj na stapesti fa}a~i (gromobrani) za da objektot vo celost bide
za{titen od atmosferski praznewa e 22. Nivnata za{titna zona e prika`ana na sl.2.

Za izvedba na vakov vid gromobranska za{tita potrebni se: 22 ~eli~ni stolba
za monta`a na gromobranski fa}alki i isto tolku fa}alki, potoa 500 metri pocin-
kuvana lenta, 250 par~iwa dr`a~i za lenta, vkrsni par~iwa, merni spoevi, mehani~ki
za{titi i dr.

Isto taka i ovde se neminovni grade`no-zemjanite raboti za monta`a na
odvodnite vodovi i zazemjuva~ite. Neminovni se zemjenite iskopi i razbivaweto na
betonskite povr{ini {to go opkru`uvaat objektot za izvedba na zazemjuva~ite.

2.3. Za{tita od atmosferski praznewa so ranostartuva~ki gromobran (fa}a~)

Gromobranskata za{tita so ranostartuva~ki fa}a~ e vo mnogu poefikasna od
prethodno izlo`enite tipovi na za{tita {to e i eksperimentalno potvrdeno vo spe-
cijaliziraniot kamp za ispituvawe na atmosferski praznewa i gromobrani vo Florida,
SAD (Camp Blanding - Florida - USA). Od druga strana samata izvedba na celokupnata
gromobranska instalacija e poednostavna i poekonomi~na, a nejzinoto proektirawe e
pokompleksno. Prednostite na ranostartuva~kiot fa}a~ se slednite:

- {irok izbor na radius na za{tita,
- maksimalna efikasnost,
- totalna avtomatika,

Sl. 2. Za{titna zona od Franklinovi stapesti gromobrani
na objektot "FMU i MBUC" - Skopje



- aktiven e samo koga ima rizik od atmosfersko praznewe.

Sovremenite standardi predviduvaat razli~ni nivoa na za{tita od atmosferski
praznewa pri {to za sekoj objekt se odbira soodvetno nivo na za{tita vo zavisnost od:

- materijalot od koj e izgraden objektot,
- prisutnosta na lu|e vo objektot,
- prisutnosta na zapalivi i ostanati opasni materii,
- vrednost na sodr`inata na objektot,
- lokacija na objektot i visina na objektite vo negovata okolina.
Vo standardot IEC 1024-1-1 od 1993 god i francuskiot standard NFC 17-102 od 1995

god se razlikuvaat pove}e nivoa na za{tita i vo niv e opi{ana postapkata kako za eden
objekt se izbira potrebnoto nivo na za{tita. Vo tabelata I dadeni se nivoata na za{tita
spored standardot NFC 17-102.

Νι ϖο να ζα[ τι τα Εφ ι κασνοστ Ε Υδαρνο ραστοϕανι ε     
D, m

 Στρυϕα να πραζνεωε      
I, kA

Πρϖο νι ϖο σο δοδατνι  
µερκι  να ζα[ τι τα Ε>0,98

Πρϖο νι ϖο 0,98≥Ε>0,95 20 2,8
ς τορο νι ϖο 0,95≥Ε>0,80 45 9,5
Τρετο νι ϖο 0,80≥Ε>0 60 14,7

Iako vo svetot dosega ima instalirano nad 150.000 par~iwa fa}a~i "PREVEC-
TRON" ovaa za{tita vo R. Makedonija e relativno nova, pa zatoa }e dademe kratok opis
na samiot fa}a~ i principot na negovata rabota.

Kako site gromobrani taka i ovoj tip se sostoi od prifaten del, odvoden del i
zazemjuva~.

Prifatniot del e sostaven od dva sistema na elektrodi i toa:
- niskoenergetski sistem za sobirawe na elektricitetot,
- sistem na elektrodi koj go osloboduva nagorniot lider.
Vo ku}i{teto od prifatniot del na fa}a~ot e zalien t.n. startuva~ki del koj

ovozmo`uva osloboduvawe na jonite (nagoren lider) vo mnogu kratko vreme i precizen
moment t.e. pred site drugi objekti vo negovata okolina. Fa}a~ot se montira na jarbol
i treba da se nao|a najmalku 2 metri nad objektite koi gi za{tituva.

Sekoj fa}a~ treba da ima najmalku eden odvoden sprovodnik. Dva odvodni spro-
vodnika se potrebni koga visinata na objektot {to se za{tituva e pogolema od 28 m ili
koga horizontalnata dol`ina na odvodnikot e pogolema od negovata vertikalna dol-
`ina. Sekoj odvoden sprovodnik treba da e povrzan so ovoj zazemjuva~, a negoviot otpor
na raspostrirawe treba da e pomal od 10 Ω.

Pribli`uvaj}i se vo skokovi sprema zemjata, nadolniot lider vertikalno pod
sebe sozdava silno elektri~no pole. Vakvoto pole predizvikuva od ranostartuva~kiot
fa}a~ da se oslobodi nagoren lider. Dvata lidera se sudiraat pri {to se vospostavuva
joniziran kanal niz koj strujata na gromot }e go isprazni svojot elektri~en polne`.
Efikasnosta na ovie gromobrani se izrazuva preku ∆T-vreme na predna~ewe, koe
poka`uva za kolku pobrzo ovoj fa}a~ }e reagira pred site drugi tipovi gromobrani t.e.
toa e vreme za koe ranostartuva~kiot fa}a~ porano }e go isfrli nagorniot lider vo
odnos na obi~en stapest gromobran so ista geometrija i pri isti uslovi.

Tabela I



Baranata vrednost na efikasnosta na za{titata od atmosferski praznewa se pre-
smetuva spored izrazot:

(4)

kade se:
N

c
 - prifatliva maksimalna vrednost na prose~niot godi{en broj na udari na

grom koi mo`at da predizvikaat o{tetuvawa na objektot.
N

d
 - za~estenost na direkni udari na grom vo objektot, odnosno prose~en broj di-

rektni udari na grom vo objektot vo edna godina.
Standardot IEC 1024-1-1 ne dava vrednosti za N

c
 {to bi mo`ele da se smetaat za

prepora~ani nitu dava postapka kako tie bi mo`ele da se opredelat. Vo toj standard se
ostava proektantot ili investitorot da ja odredi vrednosta za N

c
. Me|utoa standardot

NFC 17-102 predlaga postapka za procenka na N
c
 i postapka za odreduvawe na efikasnosta

E.
Za taa cel se koristat slednite ravenki:
N

d
 = N

g
.
 
C

1 
.A

e
.
 
10-6 (5)

N
c
 = 5,5 .10-3/S (6)

S = S2 
. S3 

. S4 
. S5 (7)

kade {to e:
N

g
 - prose~na godi{na za~estenost na udari na grom po km2 za regionot vo koj se

nao|a {titeniot objekt,
Ae - ekvivalentna izlo`ena povr{ina na {titeniot objekt i se definira kako

povr{ina koja ima ista za~estenost na direkni udari na grom kako i samiot objekt,
S1 - koeficient koj zavisi od okolinata na za{tituvaniot objekt,
S2 - koeficient koj zavisi od karakteristikata na konstrukcijata na objektot,
S3 - koeficient koj zavisi od sodr`inata na {titeniot objekt,
S4 - koeficient koj zavisi od namenata na objektot,
S5 - koeficient koj zavisi od posledicite na atmosferskoto praznewe vo

objektot.
Prose~nata godi{na za~estenost na udari na grom mo`e da se presmeta so

relacijata:

N
g
 = 0,04 . N

k
1,25 (8)

kade e:
N

k
 - broj na denovi so grmotevici vo tekot na godinata.

Spored podatocite dobieni od Hidrometeorolo{kiot zavod na Republika
Makedonija za Skopskata oblast:

N
k
 = 34 dena/godina

N
g
 = 0,04 . 341,25 = 3,3 udari/km2 godina



Presmetuvaj}i ja ekvivalentnata izlo`ena povr{ina i izbiraj}i gi koe-
ficientite C

1
 ÷ C

5
 od soodvetnite standardi, so koristewe na relaciite (5) i (6) se

dobiva:
N

c
 = 1,83 .  10-3   udari/godina

N
d
 = 12,76 .10-3   udari/godina.

Spored (4) baranata efikasnost za konkretniot objekt e: E = 1 - 1,83/12,76 = 0,85
ili spored tabelata I odgovara vtoro nivo na za{tita na koe odgovara udarno rastojanie
D = 45 m. Pojavata na nagoren lider od vrvot na ranostartuva~kiot fa}a~  }e bide
zna~itelno porano od eventualnite nagorni lideri od drugite objekti od okolinata.
Ako se zeme vo predvid minimalnata brzina za razvoj na nagoren traser od ν = 1 m/µs i
podatokot da od ranostartuva~ki fa}a~ PREVECTRON-2 model S 4.50 zapo~nuva nagoren
traser za ∆T=50 µs porano otkolku od drugite delovi vo okolinata, za negovata dol`ina
se dobiva: ∆L = ν·∆T = 1·50 = 50 m

Radiusot na za{titna zona na nivo h, m pod vrvot na fa}a~ot se presmetuva prema
izrazot

R
p
=√ h(2D-h)+∆L(2D+∆L) (10)

kade:
h - visina od to~kata {to se {titi do fa}a~ot,
D - udarno rastojanie koe za vtoro nivo na za{tita e D=45 m.
Vo slednata tabela dadeni se vrednostite na maksimalniot za{titen radius Rp, m

za najodale~enite kriti~ni to~ki na {titeniot objekt za koi e potrebno da se proek-
tira za{titata.

Ναϕοδαλε∼ενα 
κρι τι ∼να [ τι τενα 
το∼κα οδ φ α] α∼οτ

Ηορι ζονταλνο 
ραστοϕανι ε να το∼κατα 

οδ φ α] α∼οτ R, m

ς ερτι καλνο 
ραστοϕανι ε να το∼κατα 

οδ φ α] α∼οτ h, m

Μακσι µαλνο ζα[ τι τνο 
ραστοϕανι ε R, m

A 45 3,9 69
B 23 6,2 87
C 66 13,8 89
D 48 23,4 92,5
E 46 18,8 91,3
F 42 13,8 89
G 35 6,2 87
H 55 9,9 88
I 46 19,9 92

Bidej}i maksimalnoto za{titno rastojanie na analiziranite to~ki e pogolemo
od horizontalnoto rastojanie na tie to~ki od fa}a~ot, toa zna~i da site analizirani
karakteristi~ni to~ki }e bidat opfateni so za{titata, a so toa i celiot objekt }e bide
za{titen od atmosferski praznewa.

Tabela II .



Pri izvedbata na ovoj vid na za{tita mo`at da se iskoristat postojnite vodovi
i zazemjuva~i od radiaktivniot gromobran i ne se potrebni nikakvi grade`ni raboti.
Izvedbata bi se sostoela samo so zamena na radioaktivniot so ranostartuva~kiot
fa}a~ na postoe~kiot ~eli~en stolb.

Upotrebuvaj}i relativni edinici na ~inewe za obemot na rabotite, za koli~i-
nata na materijalite, za rabotnata raka, pri eventualna izvedba na opi{anite re{e-
nija za zamena na radioaktivniot gromobran na "FMU i MBUC" - Skopje i me|usebno
sporeduvaj}i gi proizleguva da: re{enieto so ranostartuva~ki fa}a~ e 3 pati
poeftino otkolku re{enieto so Franklinovi stapesti gromobrani, a skoro 6 pati
poeftino od re{enieto so Faradeev kafez.

3. ZAKLU^OK

Od iznesenoto i tehni~ko-ekonomskata analiza za konkretniot objekt mo`e da
se zaklu~i pri zamena na radioaktivnite gromobrani najadekvatno re{enie e
re{enieto so ranostartuva~kiot gromobran. Za razlika od drugite vidovi za{titi,
izvedbata na za{titata od atmosferski praznewa so ranostartuva~ki gromobran e
poefikasna i ima najmal obem na raboti, a so toa i najmala cena na ~inewe.

Prednosta na ranostartuva~kite gromobrani se sostoi i vo toa {to poradi
svojata golema za{titna zona se {titat ne samo objektite tuku i prostorot okolu niv.
Zatoa tie se mnogu pogodni i pri za{tita na otvoreni prostori kako {to se teniski,
fudbalski i dr. igrali{ta, pla`i, plo{tadi, pazari, bazeni, t.e. sekade kade postoi
masoven sobir na lu|e.

Sl. 3. Za{titna zona od ranostartuva~ki fa}a~ PREVECTRON-2 S4.50 na
objektot "FMU i MBC" - Skopje
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9R� WUXGRW� VH� L]QHVHQL� L]YRGL� RG� SUHSRUDNDWD� ]D� L]ERU� L� SULPHQD� QD� MO
RGYRGQLFL� ]D� SUHQDSRQL� YR� YLVRNRQDSRQVNLWH� PUHCL�� L]UDERWHQD� RG� 5*� SUL
(OHNWURVWRSDQVWYRWR�QD�0DNHGRQLMD�

ABSTRACT
This article contains brief description of the recommendations for cloosing and

implementing metal oxid (MO) surge arresters in HV networks. These recomentadions are
developed by a team "Elektrostopanstvo na Makedonija" (ESM).

.OXaQL�]ERURYL� 0HWDORNVLGQL�RGYRGQLFL�]D�SUHQDSRQL��NRRUGLQDFLMD�QD�
L]RODFLMDWD

��� 892'

1D� I�WR�6RYHWXYDZH�� 1 ��EHD�SUH]HQWLUDQL�UH]XOWDWLWH�RG�UDERWDWD�QD�5*�]D
L]ERU� QD� MO� RGYRGQLFL� ]D� VUHGQRQDSRQVNLWH� PUHCL�� 0H_XYUHPH�� LVWDWD� 5*� MD
SULSUHPL� L� MD� GDGH� QD� VWUXaQD� UDVSUDYD� 3UHSRUDNDWD� �,]ERU� L� SULPHQD� QD� MO
RGYRGQLFL�]D�SUHQDSRQL���3UHSRUDNDWD�NRMD�H�SUHGPHW�QD�RYRM�WUXG��VH�RGQHVXYD�QD
PUHCLWH�110, 220�L�400 kV��NRL�YR�QD^L�XVORYL�UDERWDW�VR�]D]HPMHQL�QHXWUDOQL�WRaNL
L�JL�GHOL�QD��SRGUDaMH���� 110=nU �L�220�kV���SRGUDaMH���� kVU n 400= �

=D� VLVWHPLWH� RG� SRGUDaMHWR� ��� QDSUHJDZDWD� ]D� L]RODFLMDWD� QD� RSUHPDWD
SRWHNQXYDDW� SUHG� VH� RG� DWPRVIHUVNL� SUD]QHZD� NRL� VH� MDYXYDDW� QD� YRGRYLWH
SULNOXaHQL�QD�SRVWURMNDWD��9R�VLVWHPLWH�RG�SRGUDaMHWR����SRNUDM�DWPRVIHUVNLWH��YR
YDCQRVW�GRELYDDW�NRPXWDFLRQLWH�SUHQDSRQL�

3UHQDSRQLWH��NRL�PRCH�GD�SUHGL]YLNDDW�R^WHWXYDZD�QD�RSUHPDWD�� WUHED�GD
VH� QDPDODW� VR� VRGYHWQD� NRRUGLQDFLMD� QD� NDUDNWHULVWLNLWH� QD� RGYRGQLFLWH� ]D
SUHQDSRQL��YR�SRQDWDPR^QLRW�WHNVW�23��L�QD�L]RODFLMDWD�QD�RSUHPDWD�

��� .$5$.7(5,67,.,�1$�2'92'1,&,7(�=$�35(1$321,



=D� SUHGQRVWLWH� QD� PHWDORNVLGQLWH� 23� EH]� LVNUL^WD� QDG� NODVLaQLWH
RGYRGQLFL�SRGHWDOQR�PRCH�GD�VH�YLGL�YR� 1 ��2YGH�JL�QDYHGXYDPH�NDUDNWHULVWLNLWH
QD� PHWDORNVGLQLWH� 23�� NRL� YR� ]QDaLWHOQD� PHUND� VH� UD]OLNXYDDW� RG� RQLH� QD
NODVLaQLWH�RGYRGQLFL�

2VQRYQLWH�NDUDNWHULVWLNL�QD�23�VH��WUDHQ�UDERWHQ�QDSRQ��QRPLQDOHQ�QDSRQ�
QRPLQDOQD� VWUXMD� QD� RGYHGXYDZH� L� SUHRVWDQDW� QDSRQ� SUL� QRPLQDOQD� VWUXMD� QD
RGYHGXYDZH��3RNUDM� WRD�� WUHED� GD� VH� LPDDW� YR� SUHGYLG� HQHUJHWVNDWD� SRGQRVOLYRVW�
YOLMDQLHWR�QD�]DJDGXYDZHWR�YU]�NDUDNWHULVWLNLWH�QD�23�L�GU�

7UDHQ� UDERWHQ� QDSRQ�� −≡ COVUc ( continuous operating voltage�� H� GR]YROHQD

HIHNWLYQD� YUHGQRVW� QD� QDSRQRW� VR� LQGXVWULVND� IUHNYHQFLMD�� NRM� PRCH� WUDMQR� GD
ELGH�SULNOXaHQ�QD�NUDHYLWH�QD�23�

� 1RPLQDOHQ� QDSRQ�� rU � �rated voltage�� H� GR]YROHQD� HIHNWLYQD� YUHGQRVW� QD
QDSRQRW� VR� LQGXVWULVND�IUHNYHQFLMD� VR� RJUDQLaHQR� YUHPH� QD� WUDHZH� �10 sec��� NRM
PRCH�GD�VH�SULORCL�QD�NUDHYLWH�QD�RGYRGQLNRW�RG�NRJD�WRM�SUHWKRGQR�DSVRUELUDO
QRPLQDOHQ�L]QRV�QD�HQHUJLMD���

� 1RPLQDOQD�VWUXMD�QD�RGYHGXYDZH�� nI ��H�WHPHQD�YUHGQRVW�QD�XGDUQDWD�VWUXMD

VR�REOLN�8/20�µs��NRMD�VOXCL�]D�NODVLILNDFLMD�QD�23�YR�SRJOHG�QD�QLYQRWR�VWUXMQR
RSWHUHWXYDZH�
� =D^WLWQRWR� QLYR� YR� RGQRV� QD� DWPRVIHUVNL� LPSXOV� H� PDNVLPDOQLRW� SUH�
RVWDQDW� QDSRQ� QD�23�SUL� QRPLQDOQD� VWUXMD� QD� RGYHGXYDZH�� =D^WLWQRWR� QLYR� SUL
NRPXWDFLRQHQ�LPSXOV�VH�SULPHQXYD�]D�]D^WLWD�QD�RSUHPDWD�RG�NRPXWDFLRQL�SUHQD�
SRQL�L�WRD�H�SUHRVWDQDWLRW�QDSRQ�SUL�VWUXL��]D�110 kV� 0,5 kA; �]D�220 kV�� 1 kA��D�]D
400�kV�PUHCL��2�kA�

6SRVREQRVWD� ]D� DEVRUSFLMD� QD� HQHUJLMD� JR� RSUHGHOXYD� PDNVLPDOQLRW� GR]YR�
OHQ�L]QRV�QD�HQHUJLMD�NRM�23�H�YR�VRVWRMED�GD�JR�DEVRUELUD�EH]�GD�VH�ODGL�D�SULWRD�GD
QH�VH�SURPHQDW�QHJRYLWH�JDUDQWLUDQL�NDUDNWHULVWLNL��2YDD�YUHGQRVW���wr �VH�L]UD]X�

YD�YR�kJ/kV�RG�QRPLQDOQLRW�QDSRQ�� rU ��L�JR�GHILQLUD�RGQHVXYDZHWR�QD�23�SUL�RJUD�

QLaXYDZH�QD�SUHQDSRQLWH�
1DSUHJDZHWR� QD�23� SUL� NRPXWDFLMD� QD� GROJL� QHRSWHUHWHQL� YRGRYL�� VSRUHG

IEC 99-1� H� GHILQLUDQD� NDNR� NODVD� QD� RGYHGXYDZH� QD� YRGRW� QD� 23� L�� NDNR
NDUDNWHULVWLND�QD�HGHQ�23�SUHWVWDYXYD�EURM�NRM�MD�RGUHGXYD�VSRVREQRVWD�QD�23�RG
10�L�20 kA�GD�MD�DSVRUELUD�HQHUJLMDWD�NRJD�QL]�QHJR�VH�SUD]QDW�GROJL�YRGRYL�

�6SRVREQRVW�]D�DPRUWL]LUDZH�QD�SULWLVRNRW�H�VSRVREQRVW�QD�23�YR�VOXaDM
QD� QHJRYD� SUHRSWHUHWHQRVW�� GD� MD� VSURYHGH� VWUXMDWD� QD� NXVD� YUVND� EH]� VLOQD
HNVSOR]LMD�NRMD�PRCH�GD�MD�R^WHWL�EOLVNDWD�RSUHPD�LOL�GD�JL�SRYUHGL�OX_HWR���

2WSRUQRVWD� VSUHPD� ]DJDGXYDZHWR�� NRQVWUXNWLYQR� H� WHVQR� SRYU]DQD� VR
GROCLQDWD�QD�VWUXMQDWD�SDWHND�QD�NX`L^WHWR�QD�23��NRH�WUHED�GD�JL�L]GUCL����VLWH
WHVWRYL�QD�]DJDGXYDZH�EH]�GD�QDVWDQH�SURERM�� �VLWH�PRCQL�SRNDaXYDZD�QD�WHPSHUD�
WXUDWD� NRL� VH� UH]XOWDW� QD� SURPHQL� YR� UDVSUHGHOEDWD� QD� QDSRQRW� SUHGL]YLNDQL� RG
]DJDGXYDZHWR�� EH]� GD� VH� R^WHWDW� RWSRUQLaNLWH� EORNRYL�� YQDWUH^QLWH� SDUFLMDOQL
SUD]QHZD��SUHGL]YLNDQL�RG�SRUHPHWHQDWD�UDVSUHGHOED�QD�QDSRQRW��EH]�GD�VH�R^WHWDW
RWSRUQLFLWH�

� 23� ]D� QRUPDOQL� XVORYL� QD� UDERWD� WUHED� GD� L]GUCDW� VUHGQL� ]DJDGXYDZD
VSUHPD� NODVD� �� RG� IEC 71-2�� =D� SRHGLQLWH� NODVL� QD� ]DJDGXYDZH� VH� SUHGYLGHQL
PLQLPDOQL� VSHFLILaQL� GROCLQL�QD� VWUXMQDWD� SDWHND� dcd,min�� VSRUHG�NDWDOR]LWH�QD

SURL]YRGLWHOLWH�
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����� 3ULYUHPHQLWH�SUHQDSRQL�� TOVU �VH�NDUDNWHUL]LUDDW�VR�DPSOLWXGDWD�� TOVU ��L

WUDHZHWR�� TOVt ���.DM�SUDYLOQR�SURHNWLUDQLWH�PUHCL�SRVWRL�PLQLPDOQD�PRCQRVW�]D

SRMDYD� QD� SULYUHPHQL�SUHQDSRQL�NDNR�UH]XOWDW� QD� UH]RQDQWQL� SRMDYL��3RUDGL� WRD
NDNR�QDMaHVWL�SUHGL]YLNXYDaL�QD�SULYUHPHQLWH�SUHQDSRQL�VH�SRMDYLWH�QD�VSRHYL�VR
]HPMD�L�LVSDGLWH�QD�WRYDU�

3ULYUHPHQL� SUHQDSRQL� SUHGL]YLNDQL� RG� VSRHYL� VR� ]HPMD� � 1 ��� 7UDHZHWR� QD
RYLH�SUHQDSRQL�]DYLVL�RG�SULPHQHWDWD�]D^WLWD�L�]D�L]ERURW�QD�23��]D�RYDD�NODVD�QD
QDSRQL�� SULEOLCQR�PRCH� GD� VH� NRULVWDW� YUHGQRVWLWH�� �]D^WLWD� QD� YRGRW�0,2 sec; �
SRPR^QD�]D^WLWD�1�sec.

3ULYUHPHQL� SUHQDSRQL� SUHGL]YLNDQL� RG� LVSDG� QD� WRYDU�� 6R� LVSD_DZH� QD
WRYDU� VH� PHQXYD� NRQILJXUDFLMDWD� QD� PUHCDWD�� VH� MDYXYDDW� VLPHWULaQL� SUHQDSRQL�
aLMD�DPSOLWXGD�VH�PHQXYD�YR�WHN�QD�QLYQRWR�WUDHZH��9R�NRONX�H�SR]QDWD�]DYLVQRVWD

QD�WDD�DPSOLWXGD�RG�YUHPHWR��NDNR�UHSUH]HQWDWLYQD�� TOVU ��VH�XVYRMXYD�PDNVLPDOQR

RVWYDUHQDWD� DPSOLWXGD�� D� SDN� NDNR� UHSUH]HQWDWLYQR� WUDHZH� � � TOVt �� VH� XVYRMXYD

YUHPHWR�YR�WHNRW�QD�NRH�GRELHQLWH�DPSOLWXGL�VH�SRJROHPL�RG����UTOV �

$PSOLWXGDWD�QD�SULYUHPHQLWH�SUHQDSRQL�SUHGL]YLNDQL�RG�LVSDG�QD�WRYDU�VH
RSUHGHOXYD�VSRUHG��L]UD]RW�

[ ]kV
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kU m
itTOV ,
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NDGH��kit ���NRHILFLHQW��QD�SUHQDSRQL�SUL�LVSDG�QD�WRYDURW�

�9RRELaDQR�VH�QXGDW�VOHGQLWH�YUHGQRVWL�]D�RYLH�NRHILFLHQWL�
���,VNOXaXYDZH�QD�WRYDU�RG�PUHCHQ�75
.RHILFLHQWL�QD�SUHQDSRQL

3RVWURMNL�VR�JROHPD�PR`QRVW�QD�NXVD�YUVND� 1,05
3RVWURMNL�VR�PDOD�PR`QRVW�QD�NXVD�YUVND� 1,20.

7UDHZHWR� QD� RYLH� SUHQDSRQL� H� ]DYLVQR� RG� RSHUDFLMDWD� QD� UHJXOLUDZHWR� QD
QDSRQRW�VR�UHJXODFLRQDWD�VNORSND�QD�75� 10- 100�sec

���,VNOXaXYDZH�QD�WRYDU�RG�JHQHUDWRUVNL�75
.RHILFLHQWL�QD�SUHQDSRQL

7XUERJHQHUDWRUL� 1,4
+LGURJHQHUDWRUL� 1,5

7UDHZH� 3�sec.

����� 7UDHQ�UDERWHQ�QDSRQ�QD�23� � cU ��2VQRYQR�EDUDZH�H��YR�VLVWHPL�VR�DYWRPDW�

VNR�LVNOXaXYDZH�QD�VSRM�VR�]HPMD��PDNVLPDOQDWD�YUHGQRVW�QD�WUDMQLRW�UDERWHQ�QDSRQ

� cU2 �� GD� ELGH� HGQDNYD� LOL� SRJROHPD� RG� PDNVLPDOQLRW� UDERWHQ� QDSRQ� max,fU �� 2G

QDYHGHQRWR� VOHGL� GHND� WUDMQLRW� UDERWHQ� QDSRQ� QD� 23� PRUD� GD� MD� ]DGRYROXYD

QHUDYHQNDWD�
3
m

c

U
U ≥ �� ���



����� 1RPLQDOQLRW� QDSRQ� QD� 23�� rU � VH� L]ELUD� YU]� RVQRYD� QD� SULYUHPHQLWH

SUHQDSRQL�� TOVUTOV ≡( ��� ]HPDM`L� JL� YR� SUHGYLG� QLYQLWH� DPSOLWXGL� L� WUDHZH�

2VQRYQR�EDUDZH�H�NDUDNWHULVWLNDWD��QDSRQ�VR�LQGXVWULVND�IUHNYHQFLMD��YUHPH��]D
23� GD� ELGH� QDG� VRRGYHWQDWD� YUHPHQVND� NDUDNWHULVWLND� QD�TOV� YR� WRaNDWD� NDGH� H
SRVWDYHQ�23�

2WNDNR� VH� XWYUGL� TOVU � NDNR�IXQNFLMD� RG� YUHPHWR�� WRJD^� HQHUJHWVNDWD� SRG�

QRVOLYRVW� QD� 23�� GDGHQ� SUHNX� VOLaQD� NULYD�� WUHED� GD� H� YR� FHORVW� QDG� QHD�
$SURNVLPDWLYQR��DPSOLWXGDWD�L�WUDHZHWR�QD�TOV�aLH�WUDHZH�H�SRPH_X�0,1 sec�L�100
sec��PRCH�GD�ELGH�NRQYHUWLUDQD�YR�HNYLYDOHQWQD�DPSOLWXGD�VR�WUDHZH�RG�10�sec�
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iTOVieq
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iTOVU , ��DPSOLWXGD�QD�i�RW�TOV,� tTOV i, ��WUDHZH�QD�i�RW�TOV��sec��� ieqU , ��DPSOLWXGD

QD�i�RW�HNYLYDOHQWHQ�10 sec�HQ�TOV��m��HNVSRQHQW�NRM�JR�SRNDCXYD�RGQRVRW�QD�NDUDN�
WHULVWLNDWD� SUL� LQGXVWULVND�IUHNYHQFLMD� VSUHPD� YUHPHQVNDWD� NDUDNWHULVWLND� QD
23��2YRM�HNVSRQHQW�YDULUD�SRPH_X�0,022�L�0,018�VR�VUHGQD�YUHGQRVW��0,02�

1RPLQDOQLRW�QDSRQ�QD�23�WUHED�GD�ELGH�HGQDNRY�LOL�SRJROHP�RG�GRELHQLRW
QDMYLVRN�HNYLYDOHQWHQ�TOV��RGQRVQR

( )neqeqeqr UUUU ,2,1, ,...,,max≥ �� ���

����� 1RPLQDOQDWD� VWUXMD� QD� RGYHGXYDZH� VH� L]ELUD� VSUHPD� VWUXMDWD� QD� DWPRVIHU�
VNR� SUD]QHZH� QL]� 23�� 3R� SUDYLOR�� PRCH� GD� VH� XSRWUHEDW� VOHGQLWH� YUHGQRVWL� ]D
QRPLQDOQDWD�VWUXMD�QD�RGYHGXYDZH�

3RGUDaMH����� 123=mU �L�245 kV��-10 kA�

3RGUDaMH���� kVU m 420= ��10 kA�LOL�20 kA.

����� 3UHOLPLQDUHQ�L]ERU�QD�23��9U]�ED]D�QD�SUHVPHWDQLWH�YUHGQRVWL�QD�WUDMQL�

RW�UDERWHQ�QDSRQ� cU ��QRPLQDOQLRW�QDSRQ� rU �L�QRPLQDOQDWD�VWUXMD�QD�RGYHGXYDZH� In

QD�23��RG�NDWDORJRW�QD�SURL]YRGLWHORW�VH�L]ELUD�23�VR�RSUHGHOHQL�SRGDWRFL�

����� 3URYHUND� QD� L]EUDQLRW� QRPLQDOHQ� QDSRQ� QD� 23� VSRUHG� XSDWVWYDWD� QD
SURL]YRGLWHORW��3URL]YRGLWHOLWH�QD�23�YR�VYRMRW�NDWDORJ�GDYDDW�NULYD��VO����NRMD
MD� SULNDCXYD� L]GUCOLYRVWD� QD� 23� VSUHPD� SULYUHPHQLWH� SUHQDSRQL� ]DYLVQR� RG

QLYQRWR�WUDHZH��.ULYDWD�H�RG�NDUDNWHU� )( TOVr tfT = ��3ULWRD�� rT �H�NRHILFLHQW�QD�L]�

GUCOLYRVW�QD�23�L�SUHWVWDYXYD�RGQRV�QD�DPSOLWXGDWD�QD�SULYUHPHQLWH�SUHQDSRQL
VSUHPD�QRPLQDOQLRW�QDSRQ�QD�23��GDGHQ�VR�UHODFLMDWD�
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�=D�SR]QDWL�YUHPLZD�QD�WUDHZH�QD�SULYUHPHQLWH�SUHQDSRQL� tTOV �� RG� VO��� VH

GRELYD� NRHILFLHQWRW� rT �� .RQHaQR� RG�
r
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r U

U
T = �� SUL� SR]QDWL� iTOVU , �� VOHGL
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,

,
, = ��1RPLQDOQLRW�QDSRQ�QD�23�PRUD�GD�MD�]DGRYROL�UHODFLMDWD

,...),max( 21 rrr UUU ≥ � ���

=DPHQXYDM`L�MD�YUHGQRVWD�]D� irU , �YR�SUHWKRGQDWD�IRUPXOD��VH�GRELYD� rU ��$NR

LVWLRW�H�SRPDO�RG�YH`H�L]EUDQLRW�QRPLQDOHQ�QDSRQ��WRJD^�WRM�RVWDQXYD�NDNR��QRPL�
QDOHQ�QDSRQ�QD�23�

6O��� .DUDNWHULVWLNL QD L]GUCOLYRVW QD� MO� RGYRGQLN ]D SUHQDSRQL SUL

GHMVWYXYDZH QD SULYUHPHQLWH SUHQDSRQL��A� 23 YH`H LPD DSVRUELUDQR QRPLQDOQD VSHFL�

ILaQD HQHUJLMD� B��EH] SUHWKRGQR HQHUJHWVNR RSWHUHWXYDZH�

����� 2VWDQDWL�SDUDPHWUL�QD�SUHOLPLQDUQR�L]EUDQLRW�23
9R� NDWDORJRW� QD� SURL]YRGLWHORW� ]D� L]EUDQLRW� 23� VH� QDR_DDW� L� VOHGQLWH

NDUDNWHULVWLNL�
��NODVD�QD�RGYHGXYDZH�QD�YRGRW��line discharg class�
��QRPLQDOQD�VSHFLILaQD�HQHUJHWVND�SRGQRVOLYRVW� [ ]kVkJwr / �

,VWR� WDND� VH� QDR_DDW� L� ]D^WLWQLWH� NDUDNWHULVWLNL� QD� L]EUDQLRW� 23�� YR

REOLN� )( odp IfU = �

��������(QHUJHWVND�SRGQRVOLYRVW�QD�23
D� 3URYHUND��QD��NODVDWD��QD��RGYHGXYDZH��QD��YRGRW��QD�23���=DUDGL�PDOLWH

UD]OLNL� PH_X� SUHRVWDQDWLWH� QDSRQL� SUL� NRPXWDFLRQLWH� RSHUDFLL�� PRCH� GD� VH

XVYRL� min,2,1, ... pspsps UUU ≈≈≈ ��NDGH�H� min,psU �SUHRVWDQDW�QDSRQ�NRM�]D�VRRGYHWQLRW�23

RGJRYDUD�QD�PLQLPDOQDWD�YUHGQRVW�QD�VSHFLILFLUDQDWD�NRPXWDFLRQD�VWUXMD�

8VYRMXYDM`L� min,psps UU = �VH�GRELYD�SRJROHPD�YUHGQRVW�QD�HQHUJLMDWD�W�NRMD�MD

DSVRUELUD�23��QR�L�SRJROHPD�VLJXUQRVW�YR�RGQRV�QD�HQHUJHWVNRWR�QDSUHJDZH�
�=D�GD�VH�RSUHGHOL�HQHUJHWVNRWR�QDSUHJDZH�QD�23��IEC 37��SUL�RSHUDFLLWH�QD

NRPXWDFLMD�VH�NRULVWL�UHODFLMD�

Z

T
UUUW pssps )(2 −= � ���
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W�� HQHUJLMDWD� NRMD� MD� DSVRUELUD� 23�� kJ �� psU �� ]D^WLWQR� QLYR� QD� 23� SUL

NRPXWDFLRQL� LPSXOVL�� kV �� sU �� DPSOLWXGD� QD� NRPXWDFLRQLRW� SUHQDSRQ�� kV �� Z�

EUDQRYD� LPSHGDQVD� QD� YRGRW� Ω �� T�� YUHPH� QD� SURVWLUDZH� QD� EUDQRW� YGROC� YRGRW�
sec ��l��GROCLQD�QD�YRGRW�� km ��v��EU]LQD�QD�SURVWLUDZH�QD�EUDQRW� km/ sec �

9RYHGXYDM`L�JL�
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.RJD�VH�SURYHUXYD�NODVDWD�QD�RGYHGXYDZH�QD�YRGRW�QD�23�VH�NRULVWL�NULYDWD
QD� VO��� NRMD� MD� SULNDCXYD� ]DYLVQRVWD� QD� VSHFLILaQDWD� HQHUJLMD� wr � RG� RGQRVRW� QD

SUHRVWDQDWLRW�QDSRQ�SUL�NRPXWDFLRQHQ�LPSXOV� psU �VSUHPD�QRPLQDO�QLRW�QDSRQ� rU

]D�UD]OLaQL�NODVL�QD�RGYHGXYDZH�QD�YRGRW�

6O��� =DYLVQRVW QD VSHFLILaQDWD HQHUJLMD� wr � RG RGQRVRW� psU � rU �� ]D UD]OLaQL

NODVL QD RGYHGXYDZH QD YRGRW�

=D�WRaNDWD� 





max,

min, , r
r

ps w
U

U
�PRCH�GD�VH�L]EHUH�NODVDWD�QD�RGYHGXYDZH�QD�YRGRW�

NRMD�H�GDGHQD�VR�HGQD�RG�NULYLWH�D�NRMD�OHCL�QDG�QHM]H��=D�SR]QDWD�YUHGQRVW�QD� psU �L

rU ��VH�RSUHGHOXYD�DSVFLVDWD� rps UU / �

2UGLQDWDWD� max,rw �VH�RSUHGHOXYD�YU]�ED]D�RG�QDSUHJDZDWD�QD�23�SUL�QHNRMD�RG

NRPXWDFLRQLWH�RSHUDFLL�QD�QHNRM�RG�YRGRYLWH�SULNOXaHQL�NRQ�SRVWURMNDWD��
9UHGQRVWLWH�QD�DSVRUELUDQDWD�VSHFLILaQD�HQHUJLMD�QD�23�VH�RGQHVXYDDW�QD

23�NRL�EL�ELOH�SRVWDYHQL�QD�GDOHNXYRGQLWH�SROLZD�QD�VRRGYHWQLWH�YRGRYL��]DWRD�L
VH�NRULVWHQL�NRHILFLHQWLWH�QD�SUHQDSRQL�]D�SUD]HQ�RG�QD�YRGRW�



E� 3URYHUND� QD� HQHUJHWVNDWD� SRGQRVOLYRVW� QD� RGYRGQLNRW� ]D� SUHQDSRQL�
2aHNXYDQRWR� HQHUJHWVNR� QDSUHJDZH� QD� SUHOLPLQDUQR� L]EUDQLRW� 23� ]D� YUHPH� QD
DWPRVIHUVNL�SUD]QHZD�QD�YRGRW�VH�YU^L�YU]�RVQRYD�QD�L]UD]RW

Z

TU

U

U
nUUW pl

pl

pr
plpr

12
ln12






















+−= � ���

NDGH�

W�HQHUJLMD� DSVRUELUDQD� RG�23�� [ ]kJ �� plU �� SUHRVWDQDW� QDSRQ� SUL� QRPLQDOQD

VWUXMD�QD�RGYHGXYDZH�� [ ]kV �� prU ��50%�HQ� SUHVNRaHQ�QDSRQ�QD� L]RODFLMDWD� QD� YRGRW�

SUL�QHJDWLYHQ�SRODULWHW�� kV ��n��EURM�QD�YRGRYL�SULNOXaHQL�QD�SRVWURMNDWD�NDGH�H

SRVWDYHQ� 23�� 1T �� HNYLYDOHQWQR� WUDHZH� QD� VWUXMDWD� QD� PROZDWD�� NRH� JL� YNOXaXYD

SUYLRW�L�QDUHGQLWH�XGDUL��[ ]secm ��7LSLaQD�YUHGQRVW�H�30 msec�
1DMQHSRYROHQ� H� VOXaDMRW� ]D� n=1�� 3ULWRD�� RG� SUHVPHWDQRWR� W� PRCH� GD� VH

RSUHGHOL� rr UWw /= �� NRH� PRUD� GD� ELGH� SRPDOR� RG� GHNODULUDQDWD� YUHGQRVW� ]D

SUHOLPLQDUQR�L]EUDQLRW�23�

������� 3URYHUND�QD�RVWDQDWLWH�NDUDNWHULVWLNL�QD�23
D�� .ODVD� QD� DPRUWL]LUDZH� QD� SULWLVRNRW�� ,VSUDYQLRW� L]ERU� QD� 23� YR

SRJOHG� QD� VSRVREQRVWD� QD� QHJRYLRW� SULWLVHQ� RVLJXUDa� WUHED� GD� MD� ]DGRYROL

QHUDYHQND� 3kII ≥ ��

E�� 1DGYRUH^QD�L]RODFLMD��NX`L^WH��� 23�YR�SRJOHG�QD�QHJRYDWD�QDGYRUH^QD
L]RODFLMD��NX`L^WH��PRUD�GD�JL�L]GUCL�VOHGQLWH�SRGQRVOLYL�QDSRQL�

��]D�23�RG�VLWH�QRPLQDOQL�QDSRQL�� plap UU 3,1≥ ��

��]D�23�VR� kVU r 200≥ �� pssp UU 25,1≥ �
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apU ��SRGQRVOLY�DWPRVIHUVNL�QDSRQ�QD�23�� [ ]kV �� plU �� ]D^WLWQR�QLYR�QD�23

YR�RGQRV�QD�DWPRVIHUVNL�LPSXOV�� kV �� spU ��SRGQRVOLY��NRPXWDFLRQHQ�QDSRQ�QD�23�

[ ]kV �� psU ��]D^WLWQR�QLYR�QD�23�YR�RGQRV�QD�NRPXWDFLRQLRW�LPSXOV�� [ ]kV �

=D�RSUHGHOHQD�VWUXMD�VH�RSUHGHOXYD� psU ��GRGHND� plU �YH`H�H�RSUHGHOHQ�YR�W���

=DPHQXYDM`L�JL� psU �L� plU �YR� plap UU 3,1≥ �RGQRVQR� pssp UU 25,1≥ � VH�GRELYD� apU �L� spU �

9U]�RVQRYD�QD�RYLH�SRGDWRFL�VH�L]ELUD�RG�NDWDORJRW�QD�SURL]YRGLWHORW�VRRGYHWQR

NX`L^WH��VR�VRRGYHWQL�SRGDWRFL�]D� apU �L� spU �

Y� 'ROCLQD�QD�VWUXMQDWD�SDWHND���,]ERURW�QD�GROCLQDWD�QD�VWUXMQDWD�SDWHND
QD�23�]DYLVL�RG�HNROR^NLWH�L�NOLPDWVNLWH�XVORYL�QD�NRL�PRCH�GD�ELGH�L]ORCHQ
23�YR�VYRMDWD�UDERWD��

9R� NDWDORJRW� QD� SURL]YRGLWHORW� QD� 23� ]D� L]EUDQRWR� NX`L^WH� VH� GDYDDW
VOHGQLWH� SRGDWRFL� ]D� NX`L^WHWR�� SULSDGQRVW� QD� RSUHGHOHQD� NODVD� QD� ]DJDGXYDZH�
YLVLQDWD��l0���GLMDPHWDU�D���GROCLQD�QD�VWUXMQDWD�SDWHND�Dcd ��creapage dinstance��

'ROCLQDWD� QD� VWUXMQDWD� SDWHND� QD� NX`L^WHWR� PRUD� GD� JR� ]DGRYROL� XVORYRW

mcdcd UdD min,≥ �� NDGH� H� min,cdd � PLQLPDOQD� VSHFLILaQD� GROCLQD� QD� VWUXMQDWD� SDWHND

NRMD�VH�GRELYD�RG�NDWDORJRW�QD�SURL]YRGLWHORW�



J�� 0HKDQLaNR� RSWHUHWXYDZH�� 3RG� YOLMDQLH� QD� YHWHU� UDVWH� PHKDQLaNRWR
RSWHUHWXYDZH�YR�KRUL]RQWDOQD�QDVRND��L�QD�SRYU^LQDWD�RG�23�VH�MDYXYD�VLOD�F�NRMD
VH�SUHVPHWXYD�RG�UHODFLMDWD�

wDkplF 0= �� ����
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p�� SULWLVRN�QD� YHWHURW�QD� SRYU^LQDWD�RG�23�� 2/ mN �� l0�� GROCLQD�YLVLQD� QD
23�� [ ]m ��D�� VUHGHQ� GLMDPHWDU� QD�23�� [ ]m �� wk �� NRHILFLHQW� QD� NRUHNFLMD� QD� SULWL�

VRNRW�]D�REMHNWL�VR�FLOLQGULaHQ�REOLN�
G�� 3RGQRVOLYD�JROHPD�VWUXMD���6R�RYDD�VWUXMD�VH�NDUDNWHUL]LUD�VSRVREQRVWD�QD

23�GD�MD�RGYHGH�VWUXMDWD�QD�PROZDWD�SUL�QHSRVUHGHQ�XGDU�QD�PROZD��7DD�H�GDGHQD�YR
NDWDORJRW�QD�SURL]YRGLWHORW�

����35,0(1$�1$�2'92'1,&,7(��=$�35(1$321,

������3ULQFLS�QD�NRRUGLQDFLMD�QD�L]RODFLMDWD

� 1DaHORWR�QD�NRRUGLQDFLMD�QD�L]RODFLMDWD�SRGQRVOLYLRW�QRPLQDOHQ�QDSRQ�JR
RSUHGHOXYD�YR�aHWLUL�aHNRUL�

���2SUHGHOXYDZH�QD�UHSUH]HQWDWLYQLRW�SUHQDSRQ�� rpU

���2SUHGHOXYDZH�QD�NRRUGLQDFLRQLRW�SRGQRVOLY�QDSRQ�QD�RSUHPDWD�YR�WHN�QD

QHM]LQLRW�CLYRWHQ�YHN�� cwU � RG�UHODFLMDWD� rpccw UKU = �� NDGH� H� cK �� � NRHILFLHQW�QD

NRRUGLQDFLMD�D� cwU �H�QDMQLVND�SRWUHEQD�YUHGQRVW�QD�SRGQRVOLYLRW�QDSRQ�QD�L]ROD�

FLMDWD�YR�XVORYL�NRJD�GHMVWYXYD�UHSUH]HQWDWLYQLRW�SUHQDSRQ� rpU �

���2SUHGHOXYDZH� QD� EDUDQLRW� SRGQRVOLY� QDSRQ� QD� RSUHPDWD� SUL� VWDQGDUGQL

XVORYL�QD�LVSLWXYDZH�� rwU �RG�L]UD]RW� cwsrw UKU = ��NDGH�H� sK �H�]D^WLWHQ�NRHILFLHQW

]D�NRM�VH�XVYRMXYD�Ks �1,15��]D�QDGPRUVND�YLVRaLQD�GR�1000� m �� rwU �H�UD]OLaHQ�RG�NR�

RUGLQDFLRQLRW� SRGQRVOLY� QDSRQ� cwU � ]DUDGL� VWDUHHZH� QD� L]RODFLMDWD� YR� SRJRQ�

RGVWDSXYDZDWD�SUL�L]YHGEDWD�L�VO�

���,]ERU� QD� QRPLQDOQLRW� SRGQRVOLY� QDSRQ� QD� RSUHPDWD�� wU �� NRM� PRUD� GD� MD

]DGRYROXYD� QHUDYHQNDWD� rww UU ≥ � �� SUL� LVW� REOLN� QD� EDUDQLRW� L� QRPLQDOQLRW�

VWDQGDUGHQ�SRGQRVOLY�QDSRQ�

���� �=D^WLWQD�]RQD�QD�23

23� LPD� ]D� FHO� GD� MD� ^WLWL� RSUHPDWD� QD� SRVWURMNDWD� RG� SUHQDSRQL�
*URPREUDQVNDWD� ]D^WLWD� QD� SULRGLWH� RG� YRGRYLWH� L� QD� SRVWURMNDWD� MD� QDPDOXYD
PRCQRVWD� ]D� SRMDYD� QD� YLVRNL� QDSRQL� L� EUDQRYL� VR� VWUPL� aHOD�� SUHGL]YLNDQL� RG
GLUHNWQL�XGDUL�VR�JROHPL�VWUXL��$PSOLWXGLWH�QD�VWUXLWH�QL]�23�VH�SRPDOL��VSRUHG
WRD��L�SUHRVWDQDWLWH�QDSRQL�QD�23�D�]D^WLWDWD�QD�RSUHPDWD�H�SRHILNDVQD�

23� WUHED� GD� VH� SRVWDYL� ^WR� H� PRCQR� SREOLVNX� GR� QDMVNDSLRW� HOHPHQW� QD
SRVWURMNDWD� D� WRD� H� HQHUJHWVNLRW� 75� ]D� WRM� GD� ELGH� ^WR� SRGREUR� ]D^WLWHQ� RG
SUHQDSRQL�RG�DWPRVIHUVNR�SRWHNOR��3RNUDM�75�23�`H�^WLWL�L�GHO�RG�SRVWURMNDWD�
RGQRVQR�SRVWRL�]D^WLWQD�]RQD�QD�RGYRGQLNRW�

=D^WLWQDWD�]RQD�QD�23�PRCH�GD�VH�GRELH�VSRUHG�IRUPXODWD�
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NDGH�VH�

pL �� GROCLQD�QD� ]D^WLWQDWD� ]RQD�� [ ]m �� rwU �� QRPLQDOHQ�SRGQRVOLY� DWPRVIHU�

VNL�QDSRQ�QD�RSUHPDWD�� kV �� plU �� �]D^WLWQR�QLYR�QD�23�SUL�DWPRVIHUVNL�LPSXOV�

[ ]kV �� A �4500; 7000��� VRRGYHWQR� ]D� YRG� VR� HGHQ� VSURYRGQLN� RGQRVQR� VQRS� RG� GYD

VSURYRGQLFL�� [ ]kV ��n�� EURM� QD� YRGRYL�SULNOXaHQL�NRQ�SRVWURMNDWD�� rL �� GROCLQD�QD

SURVHaQLRW�UDVSRQ�QD�YRGRW�� [ ]m �� aL ��GROCLQD�QD�YRGRW�NRM�^WR�LPD�EURM�QD�LVSDGL

HGQDNRY�QD�XVYRHQLRW��SULIDWOLYLRW���[ ]m �

'ROCLQDWD�QD�YRGRW�NRM�H�L]ORCHQ�QD�XGDUL�QD�PROZD�]D�n=1� VH�L]UD]XYD� VR
UHODFLMDWD� 1/ rRL aa = �� NDGH� VH�� aR �� SULIDWOLY� EURM� QD� LVSDGL� QD� HGLQLFD� YUHPH� ]D

^WLWHQDWD�RSUHPD���1/god��� 1r ��EURM�QD�LVSDGL�QD�YRGRW�QD�HGLQLFD�GROCLQD�L�YUHPH
NDNR�SRVOHGLFD�QD�DWPRVIHUVNLWH�SUD]QHZD� 1 / m god∗ ��=D�n=2�SUHWKRGQDWD�UHODFLMD

JODVL� 12/ rRL aa = �� %URMRW� QD� RWND]L� QD� UD]JOHGXYDQDWD� RSUHPD� YR� HGLQLFD� YUHPH

PRCH�GD�VH�L]UD]L�NDNR� [ ]godRa /1/1 τ= ��$NR�H�SR]QDWD�RaHNXYDQDWD�QHSRJRGQD�GHM�

QRVW�YR�SRGUDaMHWR�NRH�VH�UD]JOHGXYD��PRCH�GD�VH�SURFHQL�JRGL^QLRW�EURM�QD�LVSDGL

]D�100 km �RG�YRGRW��r1
* ��^WR�MD�GDYD�YUHGQRVWD� [ ]godmrr ∗⋅= − /110 5*

11 ��

3UHVPHWNLWH�]D�PDNVLPDOQDWD�]D^WLWQD�GROCLQD�QD�23�PRCH�GD�VH�L]YU^DW

QDSULPHU�]D� τ =���� [ ]god �� τ =��� god �� τ =��� god �L� τ =���� god ��3RWRD��YU]�RVQRYD
QD�XVYRHQRWR��PRCH�GD�VH�SUHVPHWD� Ra �L�SUL�YH`H�SUHVPHWDQR� r1��PRCH�GD� VH� GRELH

1/ rRL aa = �L� 12/ rRL aa = ��NDNR�GROCLQD�QD�YRGRW�L]ORCHQ�QD�XGDUL�

5DVWRMDQLHWR�QD�]DWH]QLRW� VWROE�RG�SRUWDORW�YR�GDOQRYRGQLWH�SROLZD�H� Lr �

=D^WLWQRWR�QLYR�QD�23� plU �H�YH`H�SR]QDWD��2G�VWHSHQRW�QD�L]RODFLMD�QD�YJUDGHQDWD

RSUHPD�VH�GRELYD�L�QRPLQDOQLRW�SRGQRVOLY�DWPRVIHUVNL�SUHQDSRQL� wlU ��QDSULPHU

550, 1425��
6RJODVQR�EDUDZHWR�23�GD�VH�SRVWDYL�^WR�H�PRCQR�SREOLVNX�GR�HQHUJHWVNLRW

75��WRM�VH�SRVWDYXYD��GRNXPHQWDFLMD��QD�UDVWRMDQLH�l �VO����

6O��� >HPDWVNL SULND] QD SULNOXaXYDZHWR QD 23��� 021 laalL +++= ��

6HJD� VH� VSRUHGXYD� GROCLQDWD� pL � VR� GRELHQDWD� GROCLQD� L� �]D� HQHUJHWVNLRW

75�� LOL� QHNRMD� GUXJD� GROCLQD� ipL , � NRMD� RGJRYDUD� QD� i�RW� DSDUDW�� =D� GD� i�RW� DSDUDW

YOH]H�YR�]D^WLWQDWD�]RQD�QD�23�WUHED�GD�ELGH�]DGRYROHQ�XVORYRW� pL ≥ ipL , �



���� �.RRUGLQDFLMD�YR�RGQRV�QD�NRPXWDFLRQL�SUHQDSRQL

3UL� GHMVWYXYDZH� QD� NRPXWDFLRQLWH� SUHQDSRQL� QDSRQLWH� QD� NUDHYLWH� RG
RSUHPDWD� VH� HGQDNYL� VR� SUHRVWDQDWLRW� QDSRQ� QD�23��2G� WLH� SULaLQL� PRCH� GD� VH
XVYRL��UHSUH]HQWDWLYQLRW�NRPXWDFLRQHQ�SUHQDSRQ�GD�H�HGQDNRY�QD�]D^WLWQRWR�QLYR

QD�23�YR�RGQRV�QD�NRPXWDFLRQLWH�SUHQDSRQL��RGQRVQR�H�QD�VLOD� psrp UU = ��NDGH� psU �H

SUHRVWDQDW�QDSRQ�QD�23�SUL�NRPXWDFLRQL�SUHQDSRQL�

2G� rpccw UKU = � L� psrp UU = � VOHGL� GHND� NRRUGLQDFLRQLRW� SRGQRVOLY� QDSRQ� QD

RSUHPDWD�H� pscdcw UKU = ��

9HOLaLQDWD� Kcd �SUHWVWDYXYD�GHWHUPLQLVWLaNL�NRHILFLHQW�QD�NRRUGLQD�FLMD

NRM�VH�SUHVPHWXYD�QD�VOHGHQ�QDaLQ�
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NDGH� 2sU � SUHWVWDYXYD� DPSOLWXGD� QD� RaHNXYDQLRW� NRPXWDFLRQHQ� SUHQDSRQ� SUHPD

]HPMDWD�NRMD�`H�ELGH�VDPR�YR�2%�RG�VOXaDLWH�SUHaHNRUHQD�
3URL]YROQR� VH� L]ELUDDW� QL]D� NRHILFLHQWL� QD� SUHQDSRQL� 2pk �� =D� VHNRM

NRHILFLHQW�kp2 �VH�SUHVPHWXYD� 2sU �VSRUHG�L]UD]RW�
3

2
22

m
ps

U
kU = ��

3UL� YH`H�SR]QDW� psU � VH� SUHVPHWXYD� RGQRVRW� psU � 2sU �� D� SRWRD� RG� ����� L� cdK �

.RULVWHM`L� JR� pscdcw UKU = � VH� GRELYD�NRRUGLQDFLRQLRW�SRGQRVOLY�QDSRQ� cwU �� D� RG

cwsrw UKU = �L�SUL�Ks 1,15�L�EDUDQLRW�SRGQRVOLY�QDSRQ� rwU ��.RQHaQR�NRULVWHM`L�VH

VR� rww UU ≥ �VH�GRELYD�L�QRPLQDOQLRW�SRGQRVOLY�QDSRQ�QD�RSUHPDWD�

$NR� H� SR]QDW� QRPLQDOQLRW� SRGQRVOLY� NRPXWDFLRQHQ� QDSRQ� QD� RSUHPDWD�

LVWLRW� VH� VSRUHGXYD� VR� SRGQRVOLYLRW� QDSRQ� wU �� $NR� H� ]DGRYROHQ� XORYRW� wU � sU �

WRJD^�L]EUDQLRW�23�JR�]DGRYROXYD�NULWHULXPRW�]D�NRRUGLQDFLMD�QD�L]RODFLMDWD�YR
RGQRV�QD�NRPXWDFLRQL�SUHQDSRQL�

����� .RRUGLQDFLMD�YR�RGQRV�QD�DWPRVIHUVNL�SUHQDSRQL

3UL� GHMVWYXYDZHWR� QD� DWPRVIHUVNL� SUHQDSRQL� QDSRQLWH� QD� RSUHPDWD� VH
SRJROHPL�RG�SUHRVWDQDWLRW�QDSRQ�QD�23�L�WDD�UD]OLND�VH�]JROHPXYD�VR�]JROHPXYDZH
QD� VWUPLQDWD� QD� DWPRVIHUVNLWH� SUHQDSRQL�� 2G� QDYHGHQRWR� VOHGL� GHND� VRVWRMEDWD
SUHGL]YLNDQD� RG� EOLVNLWH� XGDUL� QD� PROZD� H� PHURGDYQD� ]D� SURYHUND� QD� NRRUGLQD�
FLMDWD�QD�L]RODFLMD�YR�RGQRV�QD�DWPRVIHUVNL�SUHQDSRQL��.RRUGLQDFLRQLRW�SRGQRV�

OLY�QDSRQ�QD�RSUHPDWD� cwU �YR�RGQRV�QD�DWPRVIHUVNLWH�SUHQDSRQL�VH�RSUHGHOXYD�VR

UHODFLMDWD�������NRMD�JL�]HPD�SUHGYLG�RVQRYQLWH�NDUDNWHULVWLNL�QD�RGQHVXYDZHWR�QD
DWPRVIHUVNLWH�SUHQDSRQL�YR�SRVWURMNLWH�
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3ULWRD��VH�

cwU ��NRRUGLQDFLRQHQ�SRGQRVOLY�DWPRVIHUVNL�QDSRQ�� kV �� plU ���]D^WLWQR�QL�

YR�QD�23�SUL�DWPRVIHUVNL�LPSXOV�� [ ]kV ��3URYHUNDWD�VH�YU^L�]D�QHNRONX�NDUDNWH�

ULVWLaQL�DSDUDWL�YR�SRVWURMNDWD�
6H�UD]JOHGXYDDW�VRVWRMEL�VR�HGHQ�LOL�SRYH`H�YRGRYL��NDNR�L�UD]OLaQL�YUHPLZD

τ �QD�CLYRWQLRW�YHN�QD�RSUHPDWD��.RULVWHM`L�JL�YH`H�SR]QDWLWH�YUHGQRVWL�]D� plU ��A�

Lr ��r1�L�L��UHODFLLWH�]D� La�L�]DPHQXYDM`L�JL�YR�UDYHQNDWD�]D� cwU ��VH�GRELYD�NRRUGLQD�

FLRQLRW�QDSRQ�QD�RSUHPDWD��2G�UHODFLMDWD� cwsrw UKU = �L�Ks 1,15�VH�GRELYD�EDUDQLRW

SRGQRVOLY� QDSRQ� SUL� VWDQGDUGQL� XVORYL� QD� LVSLWXYDZH� �� rwU �� D� RG� UHODFLMDWD

rww UU ≥ �VH�GRELYD�QRPLQDOQLRW�SRGQRVOLY�QDSRQ�

��� =$./8A2.

.RULVWHM`L�JL�QDMQRYLWH�VR]QDQLMD�]D�L]ERURW�L�SULPHQDWD�QD�02�RGYRGQLFL
]D� SUHQDSRQL� 5*� RG� (OHNWURVWRSDQVWYRWR� QD� 0DNHGRQLMD� L]UDERWL� VRRGYHWQD
SUHSRUDND�L� MD�SUH]HQWLUD�YR�WUXGRY��,VWDWD� �PRCH�GD�SRVOXCL�NDNR�SULUDaQLN�]D
L]ERU�QD�02�RGYRGQLFL��NRL�SRVWHSHQR�QR�FYUVWR�YOHJXYDDW�YR�QD^DWD�SUDNVD�

��� /,7(5$785$

1 � 5�0LQRYVNL�L�GU��0HWDORNVLGQL�RGYRGQLFL�QD�SUHQDSRQL��L]ERU�QD�

SDUDPHWUL�]D�VUHGQRQDSRQVNL�PUHCL��I�YR�VRYHWXYDZH�QD�0$.2�6,*5(��
.QLJD�II, III �6HNFLMD�05(#,������������6WUXJD����������������

2 . ,]ERU�L�SULPHQD�QD�02�RGYRGQLFL�]D�SUHQDSRQL��3ULYUHPHQD�SUHSRUDND�

(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD�������J�
3 � Surge Aresters. Part 5: Guide for the selection and aplication. 37(Secretariat)93, IEC.
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=DUH�7USHVNL��GLSO�LQC�
9DVNR�>WHUMRYVNL��LQC�
(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD��HOHNWURGLVWULEXFLMD��*RVWLYDU�

,6.8679$�2'�5$%27$7$�1$����kV�05(#$�92

',675,%8&,-$�*267,9$5�62�=$=(0-(1$�1(875$/1$�72A.$

62'5#,1$

9R�WUXGRW�VH�L]QHVHQL�QHNRL�LVNXVWYD�QD�GLVWULEXFLMD�*RVWLYDU��SRYU]DQL
VR�� HNVSORDWDFLMD� QD� ��� kV� PUHCD� SUL� QHM]LQD� UDERWD� VR� L]ROLUDQD� QHXWUDOQD
WRaND�� SUHPLQRW� QD� ]D]HPMXYDZH� QD� QHXWUDOQDWD� WRaND� SUHNX� PDO� RWSRU� L
GYHJRGL^QD�HNVSORDWDFLMD�QD�WDD�PUHCD�VR�]D]HPMHQR�]YH]GL^WH�

ABSTRACT

In this work are presentet some of the ehperiences of the Gostivar elektrical
distribution organizasion, related to :

Exploitation of the 20 KV network during its work with isolated neutral point; the
transition to the earthing of the neutral point through a law resistance and the two year
expoitation of that network with an earthed neutral.

��� 892'

'RYHUOLYRVWD�QD�UDERWDWD�QD�L]RODFLMDWD�QD�HOHNWULaQDWD�PUHCD�]DYLVL
SUHG�VH�RG�QDaLQRW�QD�]D]HPMXYDZH�QD�QHM]LQDWD�QHXWUDOQD�WRaND�

'LVWULEXWLYQLWH�PUHCL�QD�5HSXEOLND�0DNHGRQLMD�GR�SUHG�NXV�SHULRG�EH]
LVNOXaRN�UDERWHOH�VR�L]ROLUDQD�QHXWUDOQD�WRaND�ELGHM`L�WRM�UHCLP�QD�UDERWD
QXGHO�L�QXGL�VRVHPD�GRYHUOLYD�UDERWD�QD�QLYQDWD�L]RODFLMD�

7DND�� LVSLWQLRW� QDSRQ� QD� L]RODFLMD� QD� ���� ��� L� ��� kV� PUHCL� VRRGYHWQR
L]QHVXYD�� ���� ��� L� ��� kVeff �� RGQRVQR� NRHILFLHQWLWH� QD� SUHQDSRQL� ]D� YUHPH� QD

LVSLWXYDZHWR� QD� L]RODFLMDWD� VRRGYHWQR� L]QHVXYDDW� VRRGYHWQR�� ������ ����� L� �����
2YLH� NRHILFLHQWL� QD� SUHQDSRQL� VH� SUHVPHWXYDQL� YR� RGQRV� QD� PDNVLPDOQLWH
YUHGQRVWL�QD�QDSRQLWH��RGQRVQR��������L����kV��D�QDSRQLWH�YR�SUDNVD�SR�SUDYLOR
VH� SRPDOL� RG� QDYHGHQLWH� PDNVLPDOQL�� VSRUHG� WRD� L� UHDOQLWH� NRHILFLHQWL� QD
UH]HUYD� QD� L]RODFLMDWD� VH� SRJROHPL�� 0DNVLPDOQLWH� SUHQDSRQL�� VR� UHODWLYQR
PDOD�YHURMDWQRVW�]D�QLYQD�SRMDYD��]D�YUHPH�QD�VSRM�VR�]HPMD�SUHNX�LQWHUPLWLUDQ
ODN� QH� SRVWLJQXYDDW� SRJROHPL� YUHGQRVWL� RG� ( , ) ,max3 5 4÷ U f �� $NR� VH� VSRUHGDW

LVSLWQLWH� QDSRQL� L� RQLH� NRL� YR� UDERWDWD�PRCH� GD� VH� RaHNXYDDW�� VH� SULPHWXYD
GHND� L]RODFLMDWD� QD� VUHGQRQDSRQVNLWH� PUHCL� VR� L]ROLUDQD� QHXWUDOQD� WRaND�
PRCH� UHODWLYQR� GRYHUOLYR� GD� UDERWL� YR� RGQRV� QD� SUHQDSRQLWH� SUL� VSRHYL� VR
]HPMD�



6SRUHG�WRD��UDERWDWD�QD�PUHCDWD�VR�L]ROLUDQD�QHXWUDOQD�WRaND��L�SRNUDM
WRD� ^WR� QHM]LQDWD� L]RODFLMD� PRCH� GD� ELGH� L]ORCHQD� QD� � UHODWLYQR� MDNL
HOHNWULaQL� QDSUHJDZD� ]D� YUHPH� QD� LQWHUPLWHQWQL� VSRHYL� VR� ]HPMD�� VHSDN� QXGL
PQRJX�SRYROQRVWL�L�QHM]LQLRW�UHCLP�QD�UDERWD�PRCH�GD�VH�RFHQL�NDNR��GRYHUOLY�

0H_XWRD�� JRUH� L]QHVHQRWR� H� YR� UHG� VH� GRGHND� PUHCDWD� QH� SRUDVQH� WRONX
^WR� QH� H� PRCQR� L� SRQDWDND� GD� VH� NRULVWDW� GREULWH� VWUDQL� QD� UDERWDWD� VR
L]ROLUDQR�]YH]GL^WH�

7DND�� ]D� YUHPH� QD� VSRMRW� VR� ]HPMD� QL]� PHVWRWR� QD� VSRMRW� WHaH� YR� RVQRYD
NDSDFLWLYQD� VWUXMD� VR� L]QRV� I C Uc f= 3 0ω �� NDGH� H� C0� YNXSQLRW� NDSDFLWHW� QD

PUHCDWD� VSUHPD� ]HPMD��2aLJOHGQR� GHND� VR� SRUDVW� QD� PUHCDWD�� UDVWH� QHM]LQLRW
NDSDFLWHW�� VSRUHG� WRD� L� VWUXMDWD� QD� VSRM� VR� ]HPMD��2YRM� SRUDVW� H� SRL]UD]HQ� NDM
NDEHOVNLWH� PUHCL�� NDGH� NDSDFLWHWRW� SR� HGLQLFD� GROCLQD� H� RNROX� ��� SDWL
SRJROHP�RG�NRONX�NDM�YR]GX^QLWH�PUHCL��$NR��NDM�YR]GX^QLWH�PUHCL�PRCH�GD�VH
VPHWD�VR�NDSDFLWHW�RG��������������pF/km��WRJD^�NDM�NDEHOVNLWH�PUHCL��HGQRID]QL
NDEOL�� PRCH� GD� VH� VPHWD� VR� NDSDFLWHW� RG� �������� pF/km�� 1D� WRM� QDaLQ�� ��� kV
NDEHOVND� PUHCD�� VR� GROCLQD� RG� ����� km�� NRONX� ^WR� H� GROJD� PUHCDWD� QD
GLVWULEXFLMD� *RVWLYDU�� EL� WUHEDOR� GD� LPD� NDSDFLWHW� RG� UHGRW� QD� 8 5 10 6, ⋅ − F �
RGQRVQR�VWUXMDWD�SUL�VSRM�VR�]HPMD��SUL�PDNVLPDOHQ�SRJRQVNL�QDSRQ��EL�WUHEDOR

GD�L]QHVXYD��3 314 24 10 8 5 10 3 1113 6⋅ ⋅ ⋅ ⋅ ⋅ =−, / A���������SUL�QDSRQ�RG����kV�������$��

3UDNVDWD� RG� HNVSORDWDFLMD� QD� PUHCLWH� SUL� UD]OLaQL� QDaLQL� QD
]D]HPMXYDZH� QD� QHXWUDOQDWD� WRaND� JRYRUL� GHND� SUL� SRJROHPL� VWUXL� QD� VSRM� VR
]HPMD�ODNRW�YR�PHVWRWR�QD�VSRM�VR�]HPMD�UHODWLYQR�WH^NR�VH�JDVL�L�SRVWRL�JROHPD
YHURMDWQRVW�LVWLRW�GD�SUHPLQH�QD�VRVHGQLWH�ID]L��RGQRVQR��HGQRSROQLRW�VSRM�VR
]HPMD�GD�SUHPLQH�YR�GYR��L�WULID]QD�NXVD�YUVND�

7DNYLRW�UHCLP�QD�UDERWD� YH`H�QH� H� GRYHUOLY�� D� JROHPLRW� EURM� QD� GYR�� L
WULID]QL�NXVL�YUVNL�GRYHGXYD�GR�JROHP�EURM�QD�R^WHWXYDZD�QD�RSUHPDWD�

0QRJX� WLSLaHQ� SULPHU� QD� WDNRY� UHCLP� QD� UDERWD� QD� PUHCDWD�� VR� VLWH
SRVOHGLFL�^WR�LVWDWD�JL�QRVL�H�SULPHURW�QD�HOHNWRGLVWULEXFLMD��RG�*RVWLYDU�

=DaHVWHQLWH� JUH^NL� SURSUDWHQL� VR� JROHPL� PDWHULMDOQL� ^WHWL�� NDNR� L
aHVWL�L�QHKXPDQL�SUHNLQL�VR�HOHNWULaQD�HQHUJLMD�QD�SRWUR^XYDaLWH�EHD�WRONX
JROHPL�� ^WR� YUDERWHQLWH� YR� GLVWULEXFLMD� *RVWLYDU� EHD� SULQXGHQL� GD� EDUDDW
UH^HQLMD�]D�L]OH]�RG�WDD�VLWXDFLMD�

9R�RYRM�WUXG�VH�GDYD�HGHQ�SULVWDS�]D�UD]UH^XYDZH�QD�LVNUVQDWLRW�SUREOHP
VR� QHDGHNYDWQRWR� WUHWLUDZH� QD� QHXWUDOQDWD� WRaND� YR� ��� kV� PUHCD� YR
GLVWULEXFLMDWD� YR� *RVWLYDU�� ,]QHVHQL� VH� QHNRL� LVNXVWYD� RG� GYHJRGL^QRWR
UDERWHZH�QD�PUHCDWD�VR�]YH]GL^WH�]D]HPMHQR�SUHNX�PDO�RWSRU�

�� 352*5$0$� =$� 5($/,=$&,-$� 1$� 352(.727� =$

=$=(0-89$:(� 1$�1(875$/1$7$�72A.$�1$�20 kV�05(#$

5HDOL]DFLMDWD� QD� SURHNWRW� ]D� ]D]HPMXYDZH� QD� QHXWUDOQDWD� WRaND� YR� 76
����������kV��*RVWLYDU���]D����kV�PUHCD�QD�WHULWRULMDWD�]D�JUDGVNRWR�SRGUDaMH�VH
RGYLYD^H�VSRUHG�VOHGQLRW�UHGRVOHG�

��DQDOL]D�QD�VRVWRMEDWD�YR����kV�PUHCD�
��L]UDERWND�QD�WHKQLaND�GRNXPHQWDFLMD�
��L]ERU�QD�RSUHPD�
��SULODJRGXYDZH�QD�]D]HPMXYDZHWR�QD�GLVWULEXWLYQLWH�L�RVWDQDWLWH�
WUDIRVWDQLFL� ]D� EH]RSDVQD� UDERWD� YR� PUHCD� VR� ]D]HPMHQD� QHXWUDOQD

WRaND�



����� $1$/,=$�1$�62672-%$7$�92�20 kV�05(#$

9R������JRGLQD�VR�SX^WDZH�YR�UDERWD�QD�76�����������kV�*RVWLYDU���VWDYHQ
H� SRG� QDSRQ� L� SUYLRW� ��� kV� NDEHO� RG� QDYHGHQDWD� 76� VSUHPD� 76� ������� kV
�6WDNODUD��� 9R� QDUHGQLRW� SHULRG� VH� L]JUDGHQL� SRYH`H� WUDIRVWDQLFL� VR� QDSRQ
�������kV��SRYU]DQL�VR�����kV�PUHCD�VR�NDEOL�

=JROHPXYDZHWR�QD�GROCLQDWD�QD�JDOYDQVNL�SRYU]DQDWD����kV�PUHCD�XVORYL
L� ]JROHPXYDZH� QD� YUHGQRVWD� QD� NDSDFLWLYQDWD� VWUXMD� QD� VSRM� VR� ]HPMD�� 2G
SULEOLCQLWH�SUHVPHWNL�SULNDCDQL�YR�XYRGRW�VH�JOHGD�GHND�RaHNXYDQDWD�VWUXMD
SUL�VSRM�VR�]HPMD�YR����kV�PUHCD�QD�HOHNURGLVWULEXFLMD�*RVWLYDU�L]QHVXYD�RNROX
���$��^WR�SUHWVWDYXYD�VNRUR�WULVWUXND�YUHGQRVW�RG�GR]YROHQDWD�VWUXMD��RGQRVQR
RG� ��� $�� ,VNXVWYRWR� RG� HNVSORDWDFLMDWD� QD� ��� kV� PUHCL� YHOL� GHND� WLH� PRCH
VRVHPD�GRYHUOLYR�GD�UDERWDW�VR�L]SOLUDQD�QHXWUDOQD�WRaND�SUL�VWUXMD�QD�VSRM��VR
]HPMD�QH�SRJROHPD�RG����$�

1D� WRD� QH� QDYHGXYD� L� HQRUPQR� JROHPLRW� EURM� QD� KDYDULVNL� VRVWRMEL� YR
GLVWULEXFLMDWD�*RVWLYDU� ]D� YUHPH� QD� VSRHYLWH� VR� ]HPMD�� NRL� EHD� SURVOHGHQL� VR
R^WHWHQL� EORNRYL� YR� WUDIRVWDQLFLWH�� QDSROQR� L]JRUHQL� WUDIRVWDQLFL�
SURELHQL�NDEOL��R^WHWHQL�JROHP�EURM�NDEHOVNL�]DYU^QLFL�L�VSRMQLFL�L�W�Q��

3UHNLQLWH� YR� VQDEGXYDZHWR� VR� HOHNWULaQD� HQHUJLMD� EHD� VH� SRaHVWL�
PDWHULMDOQLWH�^WHWL� VWDQXYDD� VH� SRJROHPL� WDND�^WR� HNVSORDWDFLMDWD� QD� ��� kV
REMHNWL�VWDQXYD^H�VH�SRQHVLJXUQD��SURSUDWHQD�VR�JROHPL�WUR^RFL�YR�PDWHULMDOL
L�DQJDCLUDZH�QD�UDERWQD�VLOD�

$QDOL]LUDM`L� JL� VRVWRMELWH� YR� ��� kV� PUHCD� L� QDVWDQDWLWH� SUREOHPL� YR
HNVSORDWDFLMD� ]DNOXaHQR� H� GHND� VH� LVFUSHQL� VLWH� SR]LWLYQL� VWUDQL� ^WR� JL
QXGH^H� NRULVWHZHWR� QD� L]ROLUDQDWD� QHXWUDOQD� WRaND� L� RGOXaHQR� H� GD� VH
SULPHQL�WHKQLaNR�UH^HQLH� ]D�UD]UH^XYDZH�QD�QDVWDQDWLWH�SUREOHPL�� RGQRVQR
GD�VH�]D]HPML�QHXWUDOQDWD�WRaND�QD����kV�PUHCD�SUHNX�PDO�RWSRU�

���� ,=*27989$:(�1$�7(+1,A.$�'2.80(17$&,-$

9UD� ED]D� QD� GDGHQLWH� SRND]DWHOL� L� SURHNWQDWD� ]DGDaD�� RG� VWUDQD� QD
,QVWLWXWRW� ]D� HQHUJHWLND� �(02��� YR� ����� JRGLQD�� L]UDERWHQ� H� SURHNW� ]D
]D]HPMXYDZH�QD�QHXWUDOQDWD�WRaND�QD����kV�VWUDQD�YR�76�����������kV���*RVWLYDU��

6RJODVQR�L]UDERWHQLRW�SURHNW�EH^H�QDEDYHQD�L�PRQWLUDQD�SUHGYLGHQDWD
RSUHPD�YR�76�����������kV�

����� ,=%25�1$�235(0$

������� 2VQRYQL�NDUDNWHULVWLNL

3UL�L]ERURW�QD�RSUHPDWD� VH�NRULVWHQL� SUHG� VH� QDVREUDQLWH� LVNXVWYD� RG
HOHNWURGLVWULEXWLYQLWH� RUJDQL]DFLL� YR� SRUDQH^QD� -XJRVODYLMD�� VSRUHG� NRL� H
RGOXaHQR� QHXWUDOQDWD� WRaND� GD� VH� ]D]HPML� SUHNX� PDO� RWSRU� NRM� MD� RJUDQLaXYD
VWUXMDWD�QD�VSRM�VR�]HPMD�QD�����$�



=D�]D]HPMXYDZH�QD�QHXWUDOQDWD�WRaND�H�L]EUDQ�RWSRUQLN�WLS�Ou- 12 kV- 300
$��SURL]YHGHQ�YR��5DGH�.RQaDU���=DJUHE��VR�VOHGQLWH�NDUDNWHULVWLNL�
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2WSRUQLNRW� H� PRQWLUDQ� YR� NX`L^WH� VR� ]D^WLWD� IP��� ]D� PRQWDCD� QD
RWYRUHQ�SURVWRU�

����� =D^WLWD�QD�RWSRUQLNRW

2WSRUQLNRW�VH�^WLWL�VR�VOHGQLWH�]D^WLWL�
��RVQRYQD�SUHNXVWUXMQD�]D^WLWD�
��NUDWNRVWUXMQD�]D^WLWD��SUHPRVWXYDZH�QD�VHNFLL��
��UH]HUYQD�]HPMRVSRMQD�]D^WLWD�QD����kV�VRELUQLFL�
��UH]HUYQD�]HPMRVSRMQD�]D^WLWD�QD�L]YRGL�

3ULNOXaRNRW� QD� RWSRUQLNRW� QD� QHXWUDOQDWD� WRaND� QD� HQHUJHWVNLRW
WUDQVIRUPDWRU�H�L]YU^HQ�VSRUHG�HGQRSROQDWD�^HPD�QD�VO���

=D^WLWDWD�RG�VSRM�VR�]HPMD�QD�VRELUQLFLWH�QD����kV�SRVWURMND�VH�YU^L�VR
SRPR^� QD� YJUDGHQRWR� UHOH� 7,�� ����� ���� ���� $�� VR� YUHPH� QD� ]DGU^ND� ������ sek�
SRYU]DQR�VR�]YH]GL^WHWR�RG�VWUXMQLWH�WUDQVIRUPDWRUL�YR����kV�WUDIR�`HOLL�

=D^WLWDWD� RG� QDVWDQDW� VSRM� VR� ]HPMD� QD� ��� kV� L]YRGL� H� L]YHGHQR� VR
KRPRSRODUQD�]D^WLWD�VR�UHOH�7�,���������������$��aLMD�VWUXMQD�JUDQND�H�SRYU]DQD
QD�RSIDWHQ�PHUHQ�WUDQVIRUPDWRU�7.������
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'HILQLUDZHWR� L� XVRJODVXYDZHWR� QD� NULWHULXPLWH� ]D� UDERWD� QD� ��� kV
PUHCD�SUHWVWDYXYD^H�SRVHEHQ�SUREOHP�RG�VOHGQLWH�SULaLQL�

�� ]D� SRUDQR� L]JUDGHQLWH� WUDIRVWDQLFL� QH� VH� UDVSRODJD^H� VR� WRaQL
SRND]DWHOL�]D�L]YHGHQLWH�]D]HPMXYDZD��GROCLQL��ORNDFLL��PDWHULMDO�L�GU���

��SRVWRHZHWR�QD�SRG]HPQLWH�LQVWDODFLL��YRGRYRG��377�L�GU���MD�RWHCQXYDD
UDERWDWD� ]D� HILNDVQR� RGYRMXYDZH� QD� UDERWQRWR� L� ]D^WLWQRWR� ]D]HPMXYDZH� QD
WUDIRVWDQLFLWH�

�� SRVWRHZHWR� QD� SRJROHPLRW� EURM� QD� NDEHOVNL� VSRMQLFL� L� QDaLQRW� QD
QLYQDWD�L]UDERWND��SRVHEQR�SRYU]XYDZH�QD�EDNDUQLWH�SOD^WRYL�

�� YR� SRHGLQL� WUDIRVWDQLFL� RWSRURW� QD� UDERWQRWR� L� ]D^WLWQRWR
]D]HPMXYDZH�EH^H�HQRUPQR�YLVRN�

1DMSUYLQ� EH^H� SRWUHEQR� GD� VH� GHILQLUD� SURFHGXUDWD� ]D� RGUHGXYDZH� QD
SDUDPHWUL� RG� NRL� PRCH� GD� VH� SURFHQL� GDOL� VH� LVSROQHWL� NULWHULXPLWH� ]D
EH]RSDVQD�UDERWD�QD�PUHCDWD�YR�XVORYL�QD�]D]HPMHQD�QHXWUDOQD�WRaND�

1D� ED]D� QD� RYDD� SURFHGXUD� H� RGUHGHQR� GHND� H� SRWUHEQR� GD� VH� L]UDERWDW
GRVLMHD� ]D� VLWH� GLVWULEXWLYQL� WUDIRVWDQLFL� NRL� `H� UDERWDDW� YR� PUHCDWD� VR
]D]HPMHQD�QHXWUDOQD�WRaND��YR�NRL�WUHED�GD�VH�RSIDWL�VOHGQRWR�

��ORNDFLMD�QD�WUDIRVWDQLFDWD�
�� L]QRV� QD� RWSRURW� QD� ]D^WLWQRWR� ]D]HPMXYDZH� L� QHJRYDWD� IL]LaND

VRVWRMED�
��L]QRV�QD�RWSRURW�QD�UDERWQRWR�]D]HPMXYDZH�L�QHJRYDWD�IL]LaND�VRVWRMED�
��VRVWRMED�QD�YUVNLWH�QD����kV�PUHCD�YR�SR^LURNRW�JUDGVNR�SRGUDaMH�
2G� L]YU^HQLWH� NRQWUROL� ]D� IL]LaNDWD� VRVWRMED� QD� ]D]HPMXYDZDWD� L

YUHGQRVWD� QD� RWSRULWH� QD� LVWLWH� VH� GRMGH� QD� VR]QDQLH� GHND� H� QHRSKRGQD
PRGLILNDFLMD� QD� ]D]HPMXYDZDWD� QD� VNRUR� VLWH� GLVWULEXWLYQL� WUDIRVWDQLFL� VR
FHO�GD�VH�GRYHGDW�YR�WHKQLaNL�LVSUDYQD�VRVWRMED�

,]YU^HQL�VH�VOHGQL�LQWHUYHQFLL�]D�GD�VH�GRYHGDW�]D]HPMXYDaNLWH�VLVWHPL
YR�LVSUDYQD�VRVWRMED�

��� 3RVWRHZHWR� QD� SRJROHP� EURM� SRG]HPQL� LQVWDODFLL� VR� JUDGVNRWR
SRGUDaMH� EH^H� XVORY� GD� VH� GRQHVH� UH^HQLH� ]D� VSRMXYDZH� QD� UDERWQRWR� L
]D^WLWQRWR�]D]HPMXYDZH�NDM�GLVWULEXWLYQLWH�WUDIRVWDQLFL�

���1D�WLH�WUDIRVWDQLFL�H�L]YU^HQR�HILNDVQR�RGYRMXYDZH�L�SRGREUXYDZH
QD�UDERWQRWR�L�]D^WLWQRWR�]D]HPMXYDZH�

���9R�VLWH�WUDIRVWDQLFL�VH�SRVWDYHQL�VRELUQL�^LQL�QD�NRMD�VH�SRYU]DQL
VLWH�]D]HPMXYDZD��UDERWQR��]D^WLWQR��EDNDUQLWH�MDCLZD�SRVWDYHQL�SDUDOHOQR�VR
���N9�NDEOL��EDNDUQLWH�SOD^WRYL�QD�91�NDEOL�L�]D]HPMXYDaLWH�SRORCHQL�VR�11
NDEOL���2YDD�SUHY]HPHQD�PHUND�VH�SRNDCD�NDNR�GRVWD�HILNDVQD�L�NRULVQD�

��� 2NROX� VLWH� WUDIRVWDQLFL� VH� SRVWDYHQL� SR� GYD� SUVWHQL� L� WRD� SUYLRW
RGGDOHaHQ� �� P� L� QD� GODERaLQD� ����m�� D� YWRULRW� SUVWHQ� QD� RGGDOHaHQRVW� RG� GYD
PHWUL�L�GODERaLQD��������m�

3R�L]YU^XYDZH�QD�QDYHGHQLWH�LQWHUYHQFLL�QD�]D]HPMXYDaNLWH�VLVWHPL�NDM
GLVWULEXWLYQLWH� WUDIRVWDQLFL�� YU]� ED]D� QD� GDGHQLWH� SRGDWRFL� L� L]YU^HQLWH
PHUHZD� RG� VWUDQD� QD� ,QVWLWXWRW� ]D� HOHNWULaQL� PHUHZD� SUL� (7)�� 6NRSMH�
L]UDERWHQD� H� VWXGLMD� ]D� UDERWD� QD� VUHGQRQDSRQVNDWD� PUHCD� YR� GLVWULEXFLMD
*RVWLYDU�YR�XVORYL�QD�]D]HPMHQD�QHXWUDOQD�WRaND�

'RELHQLWH�UH]XOWDWL�RG�6WXGLMDWD��SRNDCDD�GHND�XVORYLWH�]D�EH]RSDVQRVW
RG� QDSRQ� QD� aHNRU� L� GRSLU� YR� ��� kV� PUHCD� VR� ]D]HPMHQD� QHXWUDOQD� WRaND�� VH
LVSROQHWL�L�QD������������JRGLQD�L]YU^HQR�H�]D]HPMXYDZH�QD�QHXWUDOQDWD�WRaND



QD����kV� VWUDQD�YR�76�����������kV� �*RVWLYDU���QD�75�EU�� II��2G�WRM�PRPHQW���� kV
PUHCD�YR�JUDGRW�L�SR^LURNRWR�JUDGVNR�SRGUDaMH�UDERWL�VR�]D]HPMHQD�QHXWUDOQD
WRaND�

'D�QDYHGHPH�X^WH�QHNRL�SRND]DWHOL�]D����kV�PUHCD�NRMD�UDERWL�YR�XVORYL
VR�]D]HPMHQD�QHXWUDOQD�WRaND�

��NDEHOVND�PUHCD� L ������km�
��YR]GX^QD�PUHCD� L ������km,
���������kV�WUDIRVWDQLFL�����
��L]YRGL� ����

6O� � 2SRCDUHQD GLVWULEXWLYQD WUDIRVWDQLFD

��� ,6.8679$�2'�(63/2$7$&,-$7$

=D� GD� VH� RFHQDW� UH]XOWDWLWH� RG� UDERWDWD� QD� ��� kV� PUHCD� VR� ]D]HPMHQD
QHXWUDOQD� WRaND� `H� ELGH� QHRSKRGHQ� SRGROJ� YUHPHQVNL� SHULRG�� 6HSDN�� L� RYRM
GYRJRGL^HQ� SHULRG� PRCH� GD� QL� GDGH� NRULVQL� SRND]DWHOL� ]D� HILNDVQRVWD� QD
L]PHQHWLRW�UHCLP�QD�UDERWDWD�QD�QHXWUDOQDWD�WRaND�QD�PUHCDWD�

.DNR�VSRUHGED��YR�WDEHOLWH�I�L�II�VH�QDYHGHQL�
�� VWDWLVWLaNLWH�SRGDWRFL�]D�QHNRL�^WHWL�QD�RSUHPDWD�YR�SHULRGRW������

�����JRGLQD�
�� LVSDGLWH� QD� SRHGLQLWH� L]YRGL� YR� LVWLRW� SHULRG�� D� NRL� VHJD� UDERWDW� YR

PUHCDWD�VR�]D]HPMHQD�QHXWUDOQD�WRaND�
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7DEHOD �� 2^WHWHQD �� kV RSUHPD

*RGLQD .DEOL 2VWDQDWR

1994 24 18
1995 18 13
1996 29 14
1997 2 1

I - V 1998

1D� QDUHGQLWH� VOLNL� VH� LOXVWULUDQL� QHNRL� WLSLaQL� SULPHUL� RG
KDYDULVDQDWD�RSUHPD�]D�YUHPH�QD�VSRHYLWH�VR�]HPMD�YR����kV�PUHCD�NRMD�UDERWH^H
VR�QH]D]HPMHQR�]YH]GL^WH�

'D�QDEURLPH�L�QHNRONX�SRJROHPL�^WHWL�QD�HOHNWURHQHUJHWVNLWH�REMHNWL
SUHG�]D]HPMXYDZHWR�QD�QHXWUDOQDWD�WRaND�

���1DSROQR�R^WHWHQL����kV�EORNRYL�YR�GLVWULEXWLYQL�WUDIRVWDQLFL����
���1DSROQR�RSRCDUHQL�WUL�GLVWULEXWLYQL�WUDIRVWDQLFL
���1D�NDEHOVNDWD����kV�YUVND��76�����������kV��*RVWLYDU����6WDNODUD��YR�
GROCLQD�RG���km�SR�QDVWDQDWLWH����R^WHWXYDZD�NDEHORW�H�QDSX^WHQ�L�
L]YHGHQD�H�QRYD�YUVND�
������kV�YUVND�VSUHPD�76��������kV��0OHNDUD��SRUDGL�JROHP�EURM�QD�
R^WHWXYDZD�H�LVWR�WDND�QDSX^WHQD�L�L]YHGHQD�H�QRYD�YUVND�
���2^WHWHQL�VH�L�]DPHQHWL�VH�JROHP�EURM�QD�NDEHOVNL�]DYU^QLFL�

9R�WDEHODWD�I�VH�JOHGD�GHND�]D�SHULRGRW�SRVOH������������JRGLQD��RGQRVQR�SR
]D]HPMXYDZHWR� QD� QHXWUDOQDWD� WRaND� VH� UHJLVWULUDQL� VDPR� �� �GYH�� JUH^NL� VR
SRVOHGRYDWHOQL�R^WHWXYDZD�QD����kV�NDEHOVNL�]DYU^QLFL�

I !! I0 !! I !! I0 !! I !! I0 !! I !! I0 !! I !! I0 !!

� � � � � � � - - -
� � � � � �� � - - -
� �� � �� � � � 1 - -
� � � � � � � - - -
� � � � � � � - - -
� �� � �� � � � 2 - -
� � � � � � � - - -
� � � � � � � - - -
�� �� �� �� �� �� � 3 - -
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7DEHOD �� 3UHJOHG QD LVNOXaXYDZD QD �� .Y� ,]YRGL NRL UDERWDDW YR XVORYL VR

]D]HPTHQD QHXWUDOQD WRaND GR ���������� JRG�

�� .9 �7HK� 8aLOL^WH�

���� ���� ���� ����

�� .9 �67$./$5$�

�� .9 �*�3D]DU I�

�� .9 �*�3D]DU II�

�� .9 �0/,1�

�� .9 �/$',/1,.�

�� .9 �0�67$1,&$�

�� .9 �.8/$�

9 . 8 3 1 2 �
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3UREOHPLWH�QD�WUHWLUDZHWR�QD�QHXWUDOQDWD�WRaND� VH�SULVXWQL�YR� VNRUR
VLWH�GLVWULEXWLYQL�RUJDQL]DFLL�QD�-3��(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD���9R



WUXGRY� H� QDSUDYHQ� RVYUW� YU]� RUJDQL]LUDQLRW� SULRG� ]D� UD]UH^XYDZH� QD� RYRM
SUREOHP�YR�GLVWULEXFLMD�*RVWLYDU�

3RNUDM�WRD���L]QHVHQL�VH�QHNRL�LVNXVWYD�RG�GYHJRGL^QRWR�UDERWHZH�QD���
N9�PUHCD�YR�GLVWULEXFLMD�*RVWLYDU��NRMD�UDERWL�VR�]D]HPMHQD�QHXWUDOQD�WRaND�

3UD^DZD� ]D� GLVNXVLMD�� ,PD� OL� QHNRL� LVNXVWYD� RG� HNVSORDWDFLMDWD� QD
GLVWULEXWLYQLWH�PUHCL�YR�-3��(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD��VR�]D]HPMHQL
QHXWUDOQL�WRaNL��.DNYL�VH�WLH"

�� /,7(5$785$

1 � -��1DKPDQ��8]HPTHZH�QHXWUDOQH�WDaNH�GLVWULEXWLYQLK�PUHCD��9G������e�

2 � 7UHWPDQ�QD�QHXWUDOQDWD�WRaND�YR�VUHGQRQDSRQVNDWD�PUHCD�YR�5HSXEOLND�

0DNHGRQLMD��6WXGLMD��(7)��6NRSMH�����e
3 � 1��%XFLORY��$QDOL]D�XVORYD�]D�X]HPTHZH�QHWUDOQH�WDaNH�X����N9�PUHCL�

JUDGVNRJ�SRGUXaMD�7UVWHQLN
4 � ,��'OJDaHY��1DaLQ�QD�UDERWD�QD�]YH]GLQLRW�FHQWUD��%ODJRHYJUDG

5 � '��5DMLaL`��(OHNWULaQL�PUHCL���(7)�p�6NRSMH�������JRG�

6 � 5��$aNRYVNL��9LVRNRQDSRQVNL�PUHCL�L�VLVWHPL��(7)�p�6NRSMH�������JRG�

7 � 5��0LQRYVNL��7HKQLND�QD�YLVRN�QDSRQ�II ��(7)�6NRSMH�



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

6.23-(�

97252 629(789$:( 1$0$.2 6,*5(

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

5LVWR�0LQRYVNL
'LRQLV�0DQRY
9RLVODY�-DQNRY
(OHNWURWHKQLaNL�IDNXOWHW��6NRSMH
7RPH�$QJHONRVNL��5(.��%LWROD���%LWROD

'$/,�,=2/$&,-$7$�1$�*(1(5$725,7(�'$�6(�
,63,789$�62�9,62.�1$321

62'5#,1$

9R�WUXGRW�H�QDSUDYHQ�RVYUW�YU]�SRWUHEDWD�RG�LVSLWXYDZH�QD�L]RODFLMDWD
QD� JHQHUDWRULWH� VR� YLVRN� QDSRQ� VR� LQGXVWULVND� IUHNYHQFLMD� L� HGQRQDVRaHQ
QDSRQ�� 5D]JOHGDQL� VH� SR]LWLYQLWH� VWUDQL� QD� LVSLWXYDZDWD� VR� VHNRM� RG� RYRL
QDSRQL��6XPLUDQL� VH� LVNXVWYDWD� ]D� YLVLQDWD� L�IUHNYHQFLMDWD� QD� SULPHQDWD� QD
YLVRNLWH�QDSRQL�NDNR�SURILODNWLaNL�LVSLWXYDZD�

ABSTRACT

The scope of the paper is to consider the need of AC and DC HV tests. The experience
related to the voltage altitude and frequebcy were sumarired.

.OXaQL�]ERURYL�� *HQHUDWRU��L]RODFLMD��LVSLWHQ�QDSRQ

��� 892'

,VSLWXYDZHWR� VR� QDSRQ� VR� LQGXVWULVND� IUHNYHQFLMD� H� RVQRYHQ� YLG� QD
LVSLWXYDZD�QD�L]RODFLMDWD�QD�JHQHUDWRULWH�D�QHJRYD�RVQRYQD�SUHGQRVW�H�^WR�LPD
LVW�REOLN� VR�UDERWQLRW�QDSRQ��2G�WLH� SULaLQL�� UDVSUHGHOEDWD�QD� QDSRQLWH� YR
L]RODFLMDWD� L� NDUDNWHURW� QD� SURERMRW� SUL� LVSLWXYDZHWR� H� LVW�� NDNR� L� SUL
UDERWDWD� QD� JHQHUDWRURW�� 3RNUDM� WRD�� VDPR� SUL� LVSLWXYDZH� VR� QDSRQ� VR
LQGXVWULVND�IUHNYHQFLMD�PRCH�GD�ELGH�SURYHUHQD�GRYHUOLYRVWD�QD�L]RODFLMDWD
RG�DVSHNW�QD�MRQL]DFLRQLRW�SURERM�

,]RODFLMDWD� ]D� YUHPH� QD� UDERWD� `H� UDERWL� GRYROQR� GRYHUOLYR� DNR
QHM]LQLRW� SURERHQ� QDSRQ� ELGH� SRJROHP� RG� QDSRQRW�� NRM� PRCH� GD� GHMVWYXYD� QD
QHM]LQLWH�NUDHYL��L�HGLQVWYHQ�GRYHUOLY�QDaLQ�GD�VH�SURYHUL�QDYHGHQLRW�XVORY�H
GD�VH�SULORCL�QD�L]RODFLMDWD�QDSRQ�NRM�QH�H�SRQL]RN�RG�WRM��NRM�PRCH�GD�VH�MDYL
]D� YUHPH� QD� HNVSORDWDFLMD� QD� JHQHUDWRURW�� 2VWDQDWLWH� LVSLWQL� PHWRGL� VH
GRSROQLWHOQL�

%L� ELOR� QDMGREUR�� DNR� SURERMQLRW� QDSRQ� QD� L]RODFLMDWD� ]D� YUHPH� QD
UDERWD� QD� JHQHUDWRURW� RVWDQH� HGQDNRY� LOL� SRYLVRN� RG� QLYRWR� QD� PRCQLWH



HOHNWULaQL�GHMVWYLMD�QH�VDPR�]D�YUHPH�QD�LVSLWXYDZDWD��WXNX�L�YR�WHN�QD�FHOLRW
SHULRG�QD�UDERWD�QD�JHQHUDWRURW�GR�QDUHGQLWH�LVSLWXYDZD�

,VSLWXYDZHWR� QD� L]RODFLMDWD� VR� HGQRQDVRaHQ� QDSRQ� JL� LPD� VOHGQLWH
SUHGQRVWL�YR�VSRUHGED�VR�QDL]PHQLaQLRW�QDSRQ�VR�LQGXVWULVND�IUHNYHQFLMD�

��SRHILNDVQR�VH�LVSLWXYD�L]RODFLMDWD�QD�aHOQLWH�GHORYL�NDNR�SRVOHGLFD
QD� SRUDPQRPHUQDWD� UDVSUHGHOED� QD� QDSRQRW� SR� SRYU^LQDWD� QD� L]RODFLMDWD� YR
RYRM�GHO��YR�RGQRV�QD�RQRM�SUHGL]YLNDQ�RG�NDSDFLWLYQDWD�VWUXMD�

��SRVWRL�PRCQRVW�GD�VH�PHUL�VWUXMDWD�QD�RGYHGXYDZH�
7HNRW�QD�VWUXMDWD�QD�RGYHGXYDZH�SUL�YLVRNL�HGQRQDVRaQL�QDSRQL�PRCH�GD

GDGH� NRULVQL� LIRUPDFLL� ]D� VWHSHQRW� QD� QDYODCQXYDZH� QD� L]RODFLMDWD� NDNR� L
QHM]LQRWR�]DJDGXYDZH�

9R� SRVOHGQR� YUHPH�� YR� QD^DWD� VWUXaQD� MDYQRVW�� VH� L]UD]XYD� L]YHVQD
UH]HUYD� YR� HILNDVQRVWD� QD� XSRWUHEDWD� QD� YLVRNLWH� QDSRQL� NDNR� PHUNL� ]D
SURILODNWLaNL� LVSLWXYDZD� QD� JHQHUDWRULWH�� 3UHG� VH�� VH� SUHIHULUDDW
�QHGHVWUXNWLYQLWH�� PHWRGL�� 2YRM� WUXG� LPD� ]D� FHO� GD� JL� RWNORQL� WLH� ]DEOXGL�
GDYDM`L�RVYUW�YU]�QHRSKRGQRVWD�L�NRULVQRVWD�RG�WDNYLWH�LVSLWXYDZD�

��� 32672-1,�35(325$.,

9U]� RVQRYD� QD� 1 �� NDUDNWHULVWLNLWH� QD� L]RODFLRQLRW� VLVWHP� �IS) QD
VWDWRURW� QD� JHQHUDWRULWH� VH� RSUHGHOXYDDW� VR� SULPHQD� QD� YLVRN� QDL]PHQLaHQ
RGQRVQR�HGQRQDVRaHQ�QDSRQ�D�YU]�RVQRYD�QD�VOHGQLWH�PHUHZD�L�LVSLWXYDZD�

�� PHUHZH� QD� VWUXMDWD� QD� RGYHGXYDZH� �SRVOHGQDWD� RG� SHWWH� VWHSHQLFL� QD
LVSLWQLRW�QDSRQ�L]QHVXYD�U Uisp n= 1 5, ��HGQRQDVRaHQ�

�� PHUHZH� QD� IDNWRURW� QD� GLHOHNWULaQLWH� ]DJXEL� �SRVOHGQDWD� RG� SHWWH
VWHSHQLFL�QD�LVSLWQLRW�QDSRQ�L]QHVXYD�U Uisp n= ��50 Hz��

�� PHUHZH� QD� LQWHQ]LWHWRW� QD� SDUFLMDOQLWH� SUD]QHZD� �LVSLWXYDZHWR� VH
YU^L�VR�QDSRQ�U Uisp n f≥ , ��

��LVSLWXYDZH�VR�YLVRN�QDL]PHQLaHQ�QDSRQ�50 Hz,�U Uisp n= 1 5, ��LOL

��LVSLWXYDZH�VR�YLVRN�HGQRQDVRaHQ�QDSRQ��SUL�U Uisp n= 2 2, �

(GLQVWYHQR�� RWSRURW� QD� L]RODFLMDWD� VH� PHUL� VR� UHODWLYQR� QL]RN� QDSRQ
�1000 V���D�VH�SULPHQXYD�]D�RWNULYDZH�QD�JUXEL�JUH^NL�

2EHPRW� L� VRGUCLQDWD� QD� PHUHZDWD� VH� ]DYLVQL� RG� SHULRGLaQRVWD� QD
SUHJOHGLWH�QD�JHQHUDWRULWH�L�]D�YRRELaDHQ�EURM�QD�SRNUHQXYDZD��UP<200 (1/JRG))
WLH VH� GDGHQL� YR� WDEHOD� I��$NR� IS� VH� SUDWL� YR� WHN� QD� SRJRQRW� RG� SRaHWRNRW� QD
SX^WDZH�YR�UDERWD��]D�VHNRM�JHQHUDWRU�SRVOH�RNROX����JRGLQL�UDERWD�LOL�RNROX
�������aDVD�WUHED�GD�VH�RSUHGHOL�SRVHEHQ�SURJUDP�QD�SUDWHZH��PP��

6WUXMD� QD� RGYHGXYDZH�� 9U]� RVQRYD� QD� PHUHZDWD� VH� XWYUGXYDDW
SDUDPHWULWH�( , . .)k i pa ��$NR�RYLH�SDUDPHWUL�L�NDM�VLWH�WUL�ID]L�QH�]DGRYROXYDDW

�i.p.>1,3�� ka < 2�� LOL� DSVROXWQLRW� L]QRV� QD� VWUXMDWD� GRYROQR� UDVWH� �i> 1 mA��
SURPHQL� NRL� SR� SUDYLOR� XNDCXYDDW� QD� SRMDYD� QD� YLVRND� QDYODCQHWRVW�
QHSRYROQD�SRYU^LQVND�VRVWRMED�QD�IS�LOL�VODER�PHVWR�YR�IS��SULNOXaXYDZHWR�QD
JHQHUDWRURW� SRG� QDSRQ� LOL� SULVWDSXYDZH� QD� YLVRNRQDSRQVNR� LVSLWXYDZH� QH� H
SUHSRUDaOLYR��$NR�H�YR�SUD^DZH�QRY�JHQHUDWRU�WUHED�GD�VH�SUHY]HPH� VX^HZH�
YHQWLOLUDZH��RGQRVQR�GD�VH�SURGROCL�VR�QHJR�

9R�VOXaDM�IS�VDPR�QD�HGQD�ID]D��LOL�JUDQND��GD�LPD�QHSRYROQL�SDUDPHWUL�
WUHED�GD�VH�SUR^LUDW�LVSLWXYDZDWD��RGQRVQR�GD�VH�NRQVXOWLUD�SURL]YRGLWHORW�L



GD� VH� SULVWDSL� NRQ� YLVRNRQDSRQVNR� LVSLWXYDZH�� 2YR� H� YR� VLOD� L� ]D� QRY
JHQHUDWRU�SUL�SX^WDZH�YR�SRJRQ�L�SRNDVQR�YR�WHN�QD�SUDWHZHWR�

)DNWRU� QD� GLHOHNWULaQL� ]DJXEL�tgδ �� 9UHGQRVWD� QD� tgδ � ]D� NRPSOHWQDWD
ID]D� QD� QDPRWNDWD� QH� XNDCXYD� QD� ORNDOQL� VODEL� PHVWD�� WXNX� GDYD� VOLND� ]D
QHM]LQDWD�RS^WD�VRVWRMED�

AHVW� H� VOXaDM� NRJD� QLYRWR� L� SULUDVWRW� QD� tgδ � SRYH`HVWUXNR� SRUDVQD� YR
RGQRV�QD�UHIHUHQWQLWH�YUHGQRVWL��D�GLHOHNWULaQDWD�FYUVWLQD�QD�L]RODFLMDWD�L
SUL�WULVWUXNR�QDSRQVNR�RSWHUHWXYDZH��kV/mm��]DGRYROXYD�

$NR�YR�WHN�QD�SUDWHZHWR�VH�XWYUGDW�QHRaHNXYDQL�SURPHQL�QD�SDUDPHWULWH
tgδ �L� ∆tgδ �� VH�SUHSRUDaXYDDW�GRSROQLWHOQL�PHUHZD��k p pa , . .��L� GU���L�QDSRQVNR

LVSLWXYDZH�VR�1,5Un ��50 Hz��YR�WUDHZH�RG���min�
,VSLWXYDZD� VR� YLVRN� QDSRQ�� 6H� SUHSRUDaXYD� GD� VH� SULVWDSL� NRQ

YLVRNRQDSRQVNL� LVSLWXYDZD� NDNR� H� QD]QDaHQR� YR� WDEHODWD� I�� DNR� VR� SRVHEHQ
SURJUDP�QH�H�SRLQDNX�SUHGYLGHQR��,VSLWXYDZHWR�VR�YLVRN�QDL]PHQLaHQ�QDSRQ��50
Hz� SRQHNRJD^� VH� YRYHGXYD� NDNR� VWDOQD� PHUND� ]D� SRWYUGD� QD� GLHOHNWULaQDWD
FYUVWLQD�QD�NRPSOHWQLRW�IS�QD�ID]DWD��JUDQND���6H�SUHSRUDaXYD�RYR�LVSLWXYDZH
GD�VH�YU^L�VHNRMD�WUHWD�JRGLQD��RGQRVQR�NDNR�H�QD]QDaHQR�YR�WDEHODWD�I��DNR�QH�H
SRLQDNX�RSUHGHOHQR�VR�PP�

9R�WDEHODWD�I��YR�NRORQDWD�SX^WDZH�YR�SRJRQ��H�QD]QDaHQR�LVSLWXYDZH�VR
QDSRQ�YR�L]QRV�RG�����2 1000Un + ��SUHG�YNOXaXYDZH�QD�JHQHUDWRURW�YR�((6��.RQ

RYLH�LVSLWXYDZD�VH�SULVWDSXYD�YR�VOHGQLWH�VOXaDL�
�� NRJD� QDPRWNDWD� H� SRVWDYHQD� L� LVSLWDQD� YR� IDEULNDWD� L� NRPSOHWQLRW

VWDWRU�VH�WUDQVSRUWLUD�YR�HOHNWUDQDWD�
�� NRJD� QDPRWNDWD� H� YORCHQD� L� LVSLWDQD� QD� PRQWDCQLRW� SURVWRU� YR

HOHNWUDQDWD��D�SRWRD�VWDWRURW�VH�SUHQHVXYD�L�JHQHUDWRURW�VH�PRQWLUD�
7DEHOD I

3UYR SX^WDZH

YR UDERWD

(2-5).
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PR� SRWSROQ SUHJOHG� UHPRQW� DR� GHOXPHQ SUHJOHG� UHPRQW� SV� VX^HZH� YHQWLOLUDZH QD

QDPRWNDWD� PP� SRVHEHQ SURJUDP� PI� SURJUDP ]D LVSLWXYDZH� SX^WDZH YR SRJRQ

�VSHFLILaHQ ]D VHNRMD PD^LQD�

�� QDPRWND ODGHQD VR YRGD� VH LVSLWXYD EH] SULVXVWYR QD YRGD�

�� Riz � �� ka� �� tgδ � �� p.p�� �� VN, 50 Hz� �� VN� HGQRQDVRaHQ�

6HNRL ���� UDERWQL aDVRYL VH YU^L DR �GHOXPHQ UHPRQW�� VR SURJUDPD QD LVSLWXYDZH� ��

.UDWNLRW� RVYUW� YU]� SULPHQDWD� QD� YLVRNLRW� QDSRQ� ]D� XWYUGXYDZHWR� QD
VRVWRMEDWD�QD�IS�QD�VWDWRULWH�QD�JHQHUDWRULWH�JRYRUL�

�� YR� VLWH� PHWRGL� NRL� VH� NRULVWDW� ]D� LVSLWXYDZH� QD� IS� QD� VWDWRURW� VH
SULPHQXYD� YLVRN� QDSRQ�� 'DOL� H� WRM� QDL]PHQLaHQ� LOL� HGQRQDVRaHQ�� QHJRYLRW
L]QRV�H�SRJROHP�RG�Un ��LVNOXaRN�VH�PHUHZDWD�QD�LQWHQ]LWHWRW�QD�p.p.��

��PHWRGLWH��i f Uod = ( ) ��GR�1 5, Un��HGQRQDVRaHQ��L�tg f Uδ = ( ) ��GR�U Hzn, 50 ��QH

VH� RGOXaXYDaNL�� $NR� UH]XOWDWLWH� RG� SULPHQDWD� QD� WLH� PHWRGL� VH� QHJDWLYQL



WRJD^� YR� VHNRM� VOXaDM� VH� SUHPLQXYD� QD� LVSLWXYDZH� VR� YLVRN� QDSRQ�� NDNR
RGOXaXYDaNR�LVSLWXYDZH�

��� ,63,789$:(�62�9,62.�1$,=0(1,A(1�1$321

����� .DNR�GD�VH�QRUPLUDDW�LVSLWQLWH�QDSRQL
1D� L]YRGLWH� RG� L]RODFLMDWD� QD� JHQHUDWRURW�� aLL� QDPRWNL� VH� VSRHQL� YR

\YH]GD��WUDMQR�GHMVWYXYD�ID]QLRW�UDERWHQ�QDSRQ�U f ��D�SUL�VSRM�VR�]HPMD�QD�HGQD�RG

ID]LWH� QD� PUHCDWD� QDSRQRW� QD� L]YRGLWH� QD� GYHWH� GUXJL� ID]L� GRVWLJQXYD
YUHGQRVW�Un ��2G� WXND� VOHGL� GHND�LVSLWQLRW�QDSRQ� VR� LQGXVWULVND�IUHNYHQFLMD

WUHED�GD�ELGH�YR�VHNRM�VOXaDM�QH�SRPDO�RG�Un �

$PSOLWXGLWH�QD�YQDWUH^QLWH�SUHQDSRQL�YR�NRORWR�QD�VDPLRW� JHQHUDWRU

PRCH�GD�GRVWLJQDW�YUHGQRVWL����� 2Un ��=D�GD�VH�SURYHUL�GDOL�L]RODFLMDWD�`H�JL

L]GUCL� WLH� SUHQDSRQL� WUHED� LVWDWD� GD� VH� WHVWLUD� VR� QDSRQ� VR� LQGXVWULVND
IUHNYHQFLMD�L�LVWD�WDNYD�WHPHQD�YUHGQRVW�

� =D� CDO�� QH� SRVWRMDW� SRGDWRFL� ]D� YHURMDWQRVWD� VR� NRMD� VH� SRMDYXYDDW
SUHQDSRQL�VR�RYD�LOL�GUXJD�YHOLaLQD��,VWR�WDND�QHPD�SRGDWRFL�]D�UDVSUHGHOED
QD� SURERMQLWH� QDSRQL� QD� VWDSRYLWH� QD� JHQHUDWRULWH�� NRL� VH� QDR_DDW� YR
HNVSORDWDFLMD��6R�RYLH�SRGDWRFL�EL�PRCHOD�GD�VH�RSUHGHOL�YUVNDWD�PH_X�QLYRWR
QD� LVSLWQLWH� QDSRQL�� YHURMDWQRVWD� ]D� R^WHWXYDZH� QD� JHQHUDWRULWH� NDNR
SRVOHGLFD�QD�SUHQDSRQLWH��D�L�YHURMDWQRVWD�]D�SURERM�QD�QDPRWNDWD�]D�YUHPH�QD
LVSLWXYDZDWD�� 2 ���

.DNR�RVQRYQL�SUD^DZD�VH�QDPHWQXYDDW�VOHGQLWH��
���'DOL�LVSLWXYDZDWD�VR�QDSRQ��NRM�H�HGQDNRY�SR�YUHGQRVW�QD�QDMJROHPLRW

PRCHQ�SUHQDSRQ�D�NRM�VH�MDYXYD�PQRJX�UHWNR��H�HNRQRPVNL�RSUDYGDQR"�
���$NR�SDN� VH� QDPDODW�LVSLWQLWH�QDSRQL� GR� YUHGQRVWL��PQRJX� SRPDOL� RG

PDNVLPDOQLRW� SUHQDSRQ�� GDOL� QH� PRCH� GD� VH� RaHNXYDDW� SRaHVWL� SURERL� QD
L]RODFLMDWD�QD�JHQHUDWRULWH�YR�SRJRQ"

=D� GD� VH� RSUHGHOL� SRWUHEQLRW� LVSLWHQ� QDSRQ�� QHRSKRGHQ� ]D� GRYHUOLYD
UDERWD� QD� JHQHUDWRURW�� SUHG� VH� WUHED� GD� VH� ]QDH� EU]LQDWD� VR� NRMD� VH� QDPDOXYD
SURERMQLRW�QDSRQ�QD�L]RODFLMDWD�YR�SHULRGRW�PH_X�GYH�LVSLWXYDZD�LOL��SRWRaQR�
YHURMDWQRVWD�]D�GD�VH�SRMDYDW�RGUHGHQL�VODERVWL�QD�L]RODFLMDWD��7LH�YHOLaLQL�VH
QHSR]QDWL��L�WH^NR�VH�RGUHGXYDDW��=DWRD�SUD^DZHWR�]D�YHOLaLQLWH�QD�LVSLWQLWH
QDSRQL�GR�GHQHV�VH�UH^DYD�VDPR�YU]�RVQRYD�QD�RSLWRW�QD�HNVSORDWDFLMD�

$NR�H�SRJROHP�LVSLWQLRW�QDSRQ��WRJD^�YR�SRUDQ�VWDGLXP�QD�UD]YRM�PRCH
GD� VH� RWNULMDW� JUH^NLWH� QD� L]RODFLMDWD� L�� VSRUHG� WRD�� WRONX� SRGRYHUOLYD� H
L]RODFLMDWD�YR�UDERWDWD�SUL�HGQDNYL�GUXJL�XVORYL�

9UHGQRVWLWH� QD� LVSLWQLWH� QDSRQL� WUHED�� RaLJOHGQR�� GD� VH� SRYU]XYDDW� VR
SHULRGRW� QD� LVSLWXYDZH�� NRONX� SRUHWNR� VH� LVSLWXYD� L]RODFLMDWD�� WRONX
SRJROHPL� WUHED� GD� ELGDW� LVSLWQLWH� QDSRQL�� 2G� GUXJD� VWUDQD�� VR� SRUDVW� QD
LVSLWQLRW� QDSRQ� VH� ]JROHPXYD� EURMRW� QD� SURERL�� VR� ^WR� VH� ]JROHPXYDDW
WUR^RFLWH� ]D� SODQVNLWH� UHPRQWL�� D� WRD� JL� RJUDQLaXYD� PRCQRVWLWH� ]D
]JROHPXYDZH�QD�LVSLWQLWH�QDSRQL��2aLJOHGQR�GHND�]JROHPHQLRW�LVSLWHQ�QDSRQ
HNRQRPVNL�H�RSUDYGDQ�VDPR�GRWRJD^�GRGHND�FHQLWH�QD�UHPRQWLWH��SUHGL]YLNDQL
RG� SURERLWH� SUL� LVSLWXYDZDWD�� QH� VH� SRJROHPL� RG� RQLH� SUHGL]YLNDQL� RG
KDYDULLWH��0QRJX�WH^NR�H�GD�VH�XWYUGL�YUVNDWD�PH_X�LVSLWQLWH�QDSRQL��FHQLWH



QD�UHPRQWLWH�L�PRCQLWH�WUR^RFL�RG�KDYDULLWH�NRL�EL� VH�L]EHJQDOH�SR�SDW� QD
SURILODNWLaNL�LVSLWXYDZD�

���� 9UHGQRVWL�]D�LVSLWQLWH�QDSRQL�VSRUHG�UXVNLWH�QRUPL

9R�QD^LRW�((6�QDMJROHPLWH�JHQHUDWRUVNL�HGLQLFL�VH�RG�UXVNR�SRWHNOR��D
QLYQLWH�QRUPL�]D�YUHPH�QD�SURILODNWLaNLWH�LVSLWXYDZD�SUHIHULUDDW�SULPHQD
QD�LVSLWQL�QDSRQL�VR�LQGXVWULND�IUHNYHQFLMD�HGQDNYL�1,5�LOL�1,7Un � 3 ���

��� ,VSLWHQ� QDSRQ� 1,5Un � VH� SULPHQXYD� ]D� VLWH� JHQHUDWRUL�� NRL� VH

LVSLWXYDDW� VHNRMD� JRGLQD� L� ]D� WXUERJHQHUDWRULWH� VR� PR`QRVW� HGQDNYD� LOL
SRJROHPD�RG�150 MW�VR�QHSRVUHGQR�ODGHZH�QD�QDPRWNDWD�QD�VWDWRURW��QH]DYLVQR
RG�SHULRGLaQRVWD�QD�LVSLWXYDZDWD���

��� 6H� GR]YROXYD� SULPHQD� QD� LVSLWQLRW� QDSRQ� RG� 1,5Un � ]D� RGGHOQL

JHQHUDWRUL��NRL�UDERWDW�QDG����JRGLQL��
���2VWDQDWLWH�JHQHUDWRUL�VH�LVSLWXYDDW�VR�QDSRQ�1,7Un �

2EUD]ORCHQLH��1DPDOXYDZHWR�QD�LVSLWQLRW�QDSRQ�GR�1,5Un �SUL�]JROHPHQD

SHULRGLaQRVW� QD� LVSLWXYDZDWD� VRRGYHWVWYXYD� QD� SRUDQR� L]ORCHQLRW� SULQFLS�
NRONX� SRUHWNR� VH� LVSLWXYD� L]RODFLMDWD�� WRONX� SRYLVRNL� WUHED� GD� ELGDW
LVSLWQLWH�QDSRQL�

�� =D� JHQHUDWRUL�� NRL� VH� QDR_DDW� YR� UDERWD� SRYH`H� RG� ��� JRGLQL�� NRL� VH
LVSLWXYDDW�SRUHWNR�RG�HGQD^�YR�JRGLQDWD��QDPDOXYDZHWR�QD�LVSLWQLRW�QDSRQ�GR
1,5Un � VH� GR]YROXYD� NDNR� LVNOXaRN�� 6H� LPDDW� YR� SUHGYLG� VOXaDLWH�� NRJD� H

L]RODFLMDWD� MDNR� RVWDUHQD� L� SRVWRMDW� VHULR]QL� VRPQHYDZD� GHND� SULORCHQLRW
QDSRQ�RG�1,7Un �WRONX�`H�JR�]JROHPDW�EURMRW�QD�SURERLWH�SUL�LVSLWXYDZDWD��^WR

`H�ELGH�QHRSKRGQR�GD�VH�L]YHGL�QHSODQLUDQR�FHORVQR�LOL�GHOXPQR�SUHPRWXYDZH�
�� =D� NUXSQL� WXUERJHQHUDWRUL� VR� QHSRVUHGQR� ODGHZH� QD� VWDWRURW

SULPHQDWD�QD�QDSRQRW�RG�1,5Un �PRCH�GD�ELGH�RSUDYGDQR�RG�GUXJL�DVSHNWL��SUYR�

WLH�VR�UHGRN�LVNOXaRN�UDERWDW�SUL�]QDaLWHOHQ�QDGSULWLVRN�QD�YRGRURGRW���������
MPa��� YWRUR�� WLH� LPDDW� QRPLQDOHQ� QDSRQ� QH� SRPDONX� RG� �5,75 kV�� 2G� SUYRWR
VOHGL��GHND�NDM�WDNYL�JHQHUDWRUL�QH�WUHED�GD�VH�RaHNXYD�VX^WLQVNR�WRSORWQR�LOL
HOHNWULaQR� VWDUHHZH� QD� L]RODFLMDWD� L� EURMRW� QD� JUH^NLWH� NRL� VSRUR� VH
UD]YLYDDW� D� NRL� VH� RWNULYDDW� VR� LVSLWXYDZHWR�� NDM� QLY� H� SRPDOR�� RG� NRONX� NDM
JHQHUDWRULWH� VR� YR]GX^QR� ODGHZH�� 2G� YWRURWR� VOHGL�� GHND� MDaLQLWH� QD
HOHNWULaQRWR�SROH�YR�QL]D�PHVWD�QD�L]RODFLRQLRW�VLVWHP�NDM�RYLH�JHQHUDWRUL�
VSRUHG�WRD�L�SR�SDWRW�QD�PRCQLWH�SUHVNRFL�H�SRJROHP��RG�NRONX�NDM�GUXJLWH��VR
^WR� VH� ]JROHPXYD� PRCQRVWD� ]D� SRMDYD� QD� OL]JDaNL� SUD]QHZD� RVREHQR� SUL
]DJDGHQD�SRYU^LQD�QD�L]RODFLMDWD�

���2G�NRJD�`H�VH�]DYU^L�NDSLWDOQLRW�UHPRQW�L�VH�PRQWLUD�JHQHUDWRURW�VH
VSURYHGXYD� SRYWRUQR� LVSLWXYDZH� QD� L]RODFLMDWD� VR� QDSRQ� VR� LQGXVWULVND
IUHNYHQFLMD�Un ��6R�WRD�LVSLWXYDZH�VH�SURYHUXYD�GDOL�SRVWRL�QHNRH�VODER�PHVWR�

NRH�PRCHOR�GD�QDVWDQH�]D�YUHPH�QD�UHPRQWQLWH�UDERWL�
���3RNUDM�RELaQLWH�SURILODNWLaNL�LVSLWXYDZD��VSURYHGXYDQL�]D�YUHPH�QD

NDSLWDOQLWH�UHPRQWL�QD�JHQHUDWRURW��VH�YRYHGHQL�L�PH_XUHPRQWQL�LVSLWXYDZD�
NRL�VH�VSURYHGXYDDW��DNR�LQWHUYDORW�QD�YUHPH�PH_X�NDSLWDOQLWH�UHPRQWL�H�QDG��
JRGLQL�� 7LH� LVSLWXYDZD�� SRYU]DQL� VR� WHNX^WLWH� UHPRQWL�� SUL� NRL� QH� H
SUHGYLGHQR� YUHPH� ]D� PRCQL� ]DPHQL� QD� VWDSRYLWH�� LPDDW� ]D� FHO� GD� JL� RWNULMDW
VDPR�JUXELWH�JUH^NL�QD�L]RODFLMDWD��DNR�WDNYL�VH�MDYLOH��3UL�WLH�LVSLWXYDZD�VH
GR]YROXYD� GD� VH� QDPDOL� LVSLWQLRW� QDSRQ� VR� LQGXVWULVND� IUHNYHQFLMD� QR� QH
SRPDONX�RG�NRONX�]D�0,2Un �YR�VSRUHGED�VR�SULPHQHWLRW�SUL�NDSLWDOHQ�UHPRQW�



���'D�JL�FLWLUDPH�X^WH�SUHSRUDNLWH�QD�SURL]YRGLWHORW�QD�JHQHUDWRULWH
YR� 5(.� �%LWROD�� � 4 5, �� D� NRL� VH� RGQHVXYDDW� QD� YLVLQDWD� L� aHVWLQDWD� QD

LVSLWXYDZDWD�VR�YLVRN�QDSRQ�VR�LQGXVWULVND�IUHNHYHQFLMD�
��,VSLWHQ� QDSRQ� VR� L]QRV� RG� 1,5Un � VH� SULPHQXYD� ]D� WXUERJHQHUDWRUL� VR

PR`QRVW�SRJROHPD�RG�150 MW� VR�QHSRVUHGQR�ODGHZH�QD� QDPRWNLWH�RG� VWDWRURW
�NODVLaHQ�JRGL^HQ�UHPRQW����.RPHQWDU��LVWL�XVORYL�NDNR�RQLH�SRG�WRaND���

�,VSLWXYDZH� VR� L]QRV� RG� 1,7Un � VH� SULPHQXYD� ]D� WXUERJHQHUDWRULWH� VR

PR`QRVW�SRJROHPD�RG�150 MW�L�LVSLWXYDZD�SRUHWNL�RG�HGQD^�YR�JRGLQDWD�QR�QH
SRGROJR� RG� �� JRGLQL��� .RPHQWDU�� 2YLH� XVORYL�� JHQHUDOQR� VH� YR� VRJODVQRVW� VR
QDYHGHQRWR�YR�W���

���3RVOH�UHPRQW�QD�PD^LQDWD� VR�GHOXPQR�LOL�FHOD� ]DPHQD�QD� QDPRWNDWD
WUHED� GD� VH� VSURYHGH� ��� PLQXWQR� LVSLWXYDZH� VR� QRPLQDOHQ� QDSRQ� L� GHWDOHQ
SUHJOHG�QD�SRYHGHQLHWR�QD�L]RODFLMDWD��3RVOH�RELaHQ�UHPRQW�VH�VSURYHGXYD�VDPR
HGQRPLQXWQR�LVSLWXYDZH�VR�QRPLQDOHQ�QDSRQ�SUL�QDSROQR�]DWYRUHQD�PD^LQD�

2EUD]ORCHQLH��.RJD�VH�SRGLJD�LVSLWQLRW�QDSRQ�PQRJX�aHVWR�VH�SULPHWXYD
NRURQVNR� SUD]QHZH� YR� YLG� QD� VLQR� VYHWHZH� QD� L]OH]RW� RG� NDQDORW� L� PH_X
VWDSRYLWH� QD� UD]QL� ID]L� YR� aHOQLWH� GHORYL� RG� QDPRWNDWD�� 7RD� VYHWHZH�� DNR
SRaQXYD�SUL�QDSRQL�QH�SRPDOL�RG�ID]QLRW�L�QH�MD�PHQXYD�ERMDWD�VR�]JROHPXYDZH
QD� LVSLWQLRW� QDSRQ�� QH� SUHWVWDYXYD� RSDVQRVW�� 0H_XWRD� LPD� VOXaDL�� NRJD� VR
SRUDVW�QD�QDSRQRW�YR�aHOQLRW�GHO� VH� MDYXYDDW� VYHWOHaNL� MDUNR�EHOL�WRaNL��NRL
SRQDWDND�MD�PHQXYDDW�VYRMDWD�ERMD�YR�CROWD�LOL�FUYHQD��7DNYL�SRMDYL�VYHGRaDW�]D
SRMDYD� QD� PLNURODNRYL� RG� WHaHZH� QD� NDSDFLWLYQDWD� VWUXMD�� NRL� PRCH� GD� MD
R^WHWDW�L]RODFLMDWD�

$NR� SRMDYDWD� QD� PLNURODNRYLWH� SRaQXYD� SUL� QDSRQ�� EOL]RN� GR
QRPLQDOQLRW��WRJD^��VOHGVWYHQR��PRCH�GD�VH�MDYDW�L�SUL�UDERWD�QD�JHQHUDWRURW�
3RVOHGQRWR�H�PQRJX�RSDVQR��ELGHM`L�UDERWDWD�QD�YHQWLODFLMDWD�YR�JHQHUDWRURW
NRMD�UDERWL�VR�YR]GX^QR�ODGHZH�PX�SRJRGXYD�QD�UD]YLYDZH�QD�WOHHZHWR�

�� �,63,789$:(�62�('121$62A(1�1$321

���� 'DOL�GD�VH�SULPHQXYD�YLVRN�HGQRQDVRaHQ�QDSRQ

=D�UDVSUHGHOED�QD�QDSRQLWH�YGROC�SRYU^LQDWD�QD�aHOQLRW�GHO�PRCH�GD�VH
NRULVWL� IRUPXODWD� ]D� VRRGYHWQDWD� UDVSUHGHOED� YGROC� EHVNUDMQR� GROJ� YRG� YR
REOLN�U U l= −0 exp( )α ��NDGH�H�U��QDSRQ�YR�WRaNDWD�RG�YRGRW�VR�NRRUGLQDWD� l��U0�

QDSRQ�QD� SRaHWRN�RG� YRGRW��α = r R/ �� ]D� HGQRQDVRaHQ�QDSRQ��α = r XC/ ( )2 �� ]D

QDL]PHQLaHQ�QDSRQ��r��SRYU^LQVNLRW�RWSRU�QD�L]RODFLMDWD�QD�HGLQLFD�GROCLQD
RG� VWDSRW�� R�� RWSRU� QD� L]RODFLMDWD� QD� HGLQLFD� GROCLQD� RG� VWDSRW�� XC�

NDSDFLWLYHQ� RWSRU� QD� L]RODFLMDWD� QD� HGLQLFD� GROCLQD� RG� VWDSRW� SUL� GDGHQD
IUHNYHQFLMD�

1D�VO���SULNDCDQD�H�UDVSUHGHOEDWD�QD�QDSRQRW�YGROC�HGHQ�VWDS��.DNR�^WR
VH�JOHGD�YH`H�QD�UDVWRMDQLH�30 mm�RG�L]OH]RW�QD�NDQDORW��YR�VOXaDM�QD�QDSRQ�VR
LQGXVWULVND� IUHNYHQFLMD�� YUHGQRVWD� QD� QDSRQRW� RSD_D� GR� 12%� RG� LVSLWQLRW
QDSRQ�� WDNRY� QDSRQ� PRCH� GD� QH� ELGH� GRYROHQ� ]D� GD� VH� SURELH� VODER� PHVWR� YR
L]RODFLMDWD�� 3UL� HGQRQDVRaHQ� QDSRQ�� QDSRQRW� YR� WDD� WRaND� L]QHVXYD� 85%� RG
LVSLWQLRW�QDSRQ�



3UL� ]DJDGXYDZH� QD� SRYU^LQDWD� QD� L]RODFLMDWD� �VO���� UDVSUHGHOEDWD� QD
QDSRQRW� SRVWDQXYD� SRUDPQRPHUQD�� PH_XWRD� UD]OLNLWH� PH_X� UDVSUHGHOEDWD� SUL
QDL]PHQLaHQ�L�HGQRQDVRaHQ�QDSRQ�RVWDQXYDDW�L�SRQDWDND�]QDaLWHOQL�

3RUDPQRPHUQDWD� UDVSUHGHOED� QD� QDSRQRW� RYR]PRCXYD� GD� VH� RWNULMDW
JUH^NL� QD� L]RODFLMDWD�� NRL� VH� SRGDOHNX� RG� PHVWRWR� QD� L]OH]RW� QD� VWDSRW� RG
NDQDORW��3RWYUGD�QD�WRD�VH�VWDWLVWLaNLWH�SRGDWRFL�GDGHQL�YR�WDEHODWD�II ��RG�NRL
VH� JOHGD� GHND� SRJROHP� EURM� QD� SURERL� YR� aHOQLWH� YUVNL� QD� QDPRWNDWD
QDVWDQXYDDW�SUL�LVSLWXYDZH�VR�HGQRQDVRaHQ�QDSRQ�

7DEHOD II
0HVWR QD SURERM (GQRQDVRaHQ QDSRQ 1DL]PHQLaHQ QDSRQ

.DQDOVNL GHO �� ��

AHOQL GHO �� ��

1HNRL� YLGRYL� JUH^NL� QD� L]RODFLMDWD� YR� SRaHWRNRW�� QH� JR� QDPDOXYDDW
SURERMQLRW� QDSRQ� QD� L]RODFLMDWD� SUL� YUHGQRVWL� SRPDOL� RG� LVSLWQLRW� QDSRQ�
PH_XWRD�JR�QDPDOXYDDW�RWSRURW�YR�PHVWRWR�QD�JUH^NDWD��2YLH�JUH^NL�PRCH�GD
ELGDW�RWNULHQL�VR�PHUHZH�QD�VWUXL�QD�RGYHGXYDZH�SUL�GRYROQR�YLVRN�QDSRQ�

3RGDWRFLWH� RG� WDEHOD� II JRYRUDW� GHND� LDNR� LPD� EURMQL� SUHGQRVWL�
LVSLWXYDZHWR� VR� HGQRQDVRaHQ� QH� PRCH� GD� JR� ]DPHQL� LVSLWXYDZHWR� VR
QDL]PHQLaHQ� QDSRQ�� 3UL� LVSLWXYDZH� VR� HGQRQDVRaHQ� QDSRQ� L]RODFLMDWD� QD
NDQDOVNLRW� GHO� H� SRGORCHQD� QD� SRVODER� GHMVWYR� RG� NRONX� SUL� LVSLWXYDZH� VR
QDSRQ� VR� LQGXVWULVND� IUHNYHQFLMD� VR� LVWD� DPSOLWXGD�� ]QDaLWHOQR� SRVODERWR
GHMVWYR� QD� SDUFLMDOQLWH� SUD]QHZD� QD� SURERMRW� QH� L� GDYD� MRQL]DFLRQD� IRUPD�
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UDVSUHGHOEDWD� QD� QDSRQRW� SR� VORMRW� QD� L]RODFLMDWD� QH� H� LVWD� NDNR� RQDD� SUL
QDL]PHQLaHQ�QDSRQ�L�SRPDO�QDSRQ�`H�ELGH�RGORCHQ�QD�VORHYLWH�VR�SRPDO�RWSRU�

=D�HGQRQDVRaQLRW�LVSLWHQ�QDSRQ�� 3 ��VH�SUHGODJD�YUHGQRVW�HGQDNYD�QD�1,6
RG�LVSLWQLRW�QDSRQ�VR�LQGXVWULVND�IUHNYHQFLMD�NRM�QH�WUHED�GD�ELGH�SRJROHP�RG
HGQRQDVRaQLRW� QDSRQ�� VR� NRM� VH� LVSLWXYD� L]RODFLMDWD� SUL� YOHJXYDZH� QD
JHQHUDWRURW�YR�HNVSORDWDFLMD��%LGHM`L�YR�SRVOHGQLRW�VOXaDM�LVSLWQLRW�QDSRQ�VR
LQGXVWULVND� IUHNYHQFLMD� L]QHVXYD� 80%� RG� IDEULaNLRW� LVSLWHQ� U fabr �� WRJD^

VRRGYHWQLRW�HGQRQDVRaHQ�LVSLWHQ�QDSRQ�L]QHVXYD�1 6 0 8 1 28, , ,⋅ =U Ufabr fabr�

.DM� JHQHUDWRULWH� VR� YRGHQR� ODGHZH� LVSLWXYDZHWR� QD� L]RODFLMDWD� VR
HGQRQDVRaHQ�QDSRQ�H�PRCQR�VDPR�YR�VOXaDL��NRJD�L]RODFLMDWD�QD�NROHNWRULWH�H
SUHVPHWDQD�]D�LVSLWHQ�QDSRQ�D�SRVWRL�PRCQRVW�GD�VH�LVNRULVWDW�WLH�NROHNWRUL
NDNR�HNUDQLUDaNL�HOHNWURGL�LOL��DNR�NRQVWUXNFLMDWD�QD�NROHNWRULWH�GR]YROXYD
QLYQR�GHOHZH�SR�ID]L�]D�GD�VH�LVSLWDW�]DHGQR�VR�VRRGYHWQLWH�ID]L�QD�QDPRWNDWD�

���� 1HNRL�VSHFLILaQRVWL�SUL�LVSLWXYDZHWR�L�RFHQND�QD�UH]XOWDWLWH

.RJD�VH�LVSLWXYD�JHQHUDWRU�VR�YRGHQR�ODGHZH�VH�SULPHQXYD�^HPDWD�VSRUHG
VO����6SRUHG�RYDD�^HPD�VH�LVNOXaXYD�PRCQRVWD�]D�SUHVNRN�QD�FHYNLWH�L�QLYQRWR
YOLMDQLH�YU]�VWUXLWH�QD�RGYHGXYDZH��GYDWD�NUDMD�QD�VLVWHPRW�FHYNL�VH�QDR_DDW�QD
LVW� SRWHQFLMDO�� PH_XWRD� QH� H� PRCQR� GD� VH� LVSLWD� PH_XID]QDWD� L]RODFLMD� L
UH]XOWDWLWH� RG� PHUHZDWD� QH� PRCH� GD� ELGDW� LVNRULVWHQL� ]D� GD� VH� RSUHGHODW
HYHQWXDOQLWH�JUH^NL�YR�PH_XID]QDWD�L]RODFLMD�

.RJD�NRQVWUXNDFLMDWD�QD�JHQHUDWRURW�GR]YROXYD�GD�VH�RWVSRMDW�ID]LWH�QD
QDPRWNDWD� RG� ]DHGQLaNLWH� NROHNWRUL� ]D� YRGD�� LVSLWXYDZHWR� QD� QDPRWNDWD� VR
HGQRQDVRaHQ� QDSRQ� VH� YU^L� VSRUHG� WLH� LVWL�^HPL�� NDNR� L� ]D� JHQHUDWRULWH� VR
YR]GX^QR�ODGHZH�

6O���� >HPD� QD� LVSLWXYDZH� VR� HGQRQDVRaHQ� QDSRQ� QD� L]RODFLMDWD� QD
JHQHUDWRURW�VR�YRGHQR�ODGHZH�QD�QDPRWNLWH�

��� LVSUDYXYDa�� ��� PLNURDPSHUPHWUL�� ��� NROHNWRUL�� A,B,C�� ID]L� QD
QDPRWNLWH��RK ��RWSRU�QD�FHYNLWH�

1HNRL� ]DEHOH^NL�� 1DJOLRW� SRUDVW� QD� VWUXLWH� QD� RGYHGXYDZH� QD� HGQD� RG
ID]LWH� YR� VSRUHGED� VR� YUHGQRVWLWH�� GRELHQL� ]D� YUHPH� QD� SUHWKRGQLWH� PHUHZD
VYHGRaL�]D�SRVWRHZH�QD�QHNRMD�JUH^ND�
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'REDU� GHO� RG� NULYDWD� �VWUXMD� QD� RGYHGXYDZH�� QDSRQ�� � I f Uod = ( )�� H
SUDYROLQLVND�LOL�PDONX�LVNULYHQD� �VO�����$NR�VWUXMDWD�QD�RGYHGXYDZH�SRaQXYD
GD� UDVWH� MDNR� QHSURSRUFLRQDOQR� YR� RGQRV� QD� SULORCHQLRW� QDSRQ�� WRD� RELaQR
VYHGRaL� ]D� JUH^NL� LOL� QDYODCQXYDZH� QD� L]RODFLMDWD�� 9R� QL]D� VOXaDL� WDNRY
QHSURSRUFLRQDOHQ� SRUDVW� QD� VWUXLWH� QD� RGYHGXYDZH� VH� VRJOHGXYD� VDPR� QD
SRVOHGQLWH�WRaNL�RG�NULYDWD��RGQRVQR�SUL�QDSRQL�( , )2 2 5− Un�

6O����=DYLVQRVWD� I f Uod = ( ) �]D�HGHQ�VLQKURQ�NRPSHQ]DWRU�5 MVA, 6,3 kV����

SR�PRQWDCD�QD�NRPSHQ]DWRURW��200C�����SR�HGQD�JRGLQD�QD�UDERWD��520C�� 3 ��

=DYLVQRVWD� I f Uod = ( ) � YR� GYDWD� VOXaDL� LPD� UD]OLaHQ� NDUDNWHU�� .RJD
VWUXMDWD�PLQXYD�QL]�QHNRM�FYUVW�GLHOHNWULN��NDNRY�^WR�H�L�OLVNXQRW��VH�XRaXYD
QHM]LQ�QHOLQHDUHQ�SRUDVW�VR�SRUDVWRW�QD�QDSRQRW��0H_XWRD�WDD�QHOLQHDUQRVW�QH
H�PQRJX� JROHPD� L� VSURYRGOLYRVWD� QD� L]RODFLMDWD� GR� QHM]LQLRW� SURERM� UDVWH� QH
SRYH`H�RG�GHVHW�SDWL�

$NR� VWUXMDWD� WHaH� SR� SRYU^LQDWD� RG� L]RODFLMDWD�� QDSULPHU� SUL� WUDMQD
JUH^ND� QD� aHOQLWH� GHORYL� RG� QDPRWNDWD�� ]DYLVQRVWD� QD� VSURYRGOLYRVWD� RG
SULORCHQLRW�QDSRQ�`H�]DYLVL�RG�SURFHVLWH�YR�VORMRW�RG�YR]GXK��NRM�QDOHJQXYD�QD
SRYU^LQDWD� RG� L]RODFLMDWD�� =DYLVQRVWD� I f Uod = ( ) � GRELYD� NDUDNWHULVWLaHQ
SUHYRM��NRM�H�RSUHGHOHQ�VR�SRaHWRNRW�QD�XGDUQDWD� MRQL]DFLMD��SRVOH�NRM�SRaQXYD
MDNR�QHSURSRUFLRQDOHQ�SRUDVW�QD�VWUXMDWD�RG�QDSRQRW�

%L�VH�UHNOR�GHND�DQDORJQL�RGQRVL�PRCH�GD�VH�GRELMDW�SUL�WUDMQL�JUH^NL
YR�NDQDOVNDWD�L]RODFLMD�QD�QDPRWNDWD��0H_XWRD�� VPHWDM`L�QD�UHODWLYQR�PDODWD
HOHNWULaQD�FYUVWLQD�QD�YR]GXKRW��30�kV/cm�L�UDPQRPHUQR�SROH�SUL�DWPRVIHUVNL
SULWLVRN��� WUHED� GD� VH� RaHNXYD�� GHND� SUL� WDNYL� JUH^NL� SURERM� `H� QDVWDQH� SUL
QDSRQL�SRQLVNL�RG�LVSLWQLWH�

���� 2FHQND�QD�YODCQRVWD�QD�L]RODFLMDWD�QD�JHQHUDWRULWH�VSRUHG�
NDUDNWHURW�QD�SURPHQDWD� I f Uod = ( )

$NR� L]RODFLMDWD� H� MDNR� QDYODCQHWD�� WRJD^� QD� NULYDWD� I f Uod = ( ) � QHPD
SUHYRMQL� WRaNL��PH_XWRD�SUL�QHNRM� QDSRQ�� QD� aHOQLWH� YUVNL� VH� MDYXYD� GLP��^WR
VYHGRaL�]D�]DaHWRNRW�QD�WOHHZH�QD�GHORYL�RG�L]RODFLMDWD��$NR�L]RODFLMDWD�QH�H
QDYODCQHWD�L�QHPD�JUH^NL��WRJD^�VWUXLWH�QD�RGYHGXYDZH�VH�SURSRUFLRQDOQL�QD
QDSRQRW��YR�GLDSD]RQ�QD�QRUPDOQLWH�LVSLWQL�QDSRQL���$NR�QDYODCQXYDZHWR�H�RG
SULYUHPHQ� NDUDNWHU� YR� NULYDWD� I f Uod = ( ) � VH� SULPHWXYD� SUHYRM�� SRVOH� NRM� YR
QHNRL�VOXaDL�SRaQXYD�WOHHZH�QD�L]RODFLMDWD�
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1HOLQHDUQRVWD�QD�NULYDWD� I f Uod = ( ) �SUL�QDYODCQHWD�L]RODFLMD�PRCH�GD
VH�REMDVQL� VR� MRQL]DFLMDWD�QD� YR]GXKRW�YR� ]D]RULWH��NRL� VH� QDR_DDW� QD� SDWRW�QD
RGYHGXYDZH�QD�VWUXMDWD��$NR�SRYU^LQDWD�QD�L]RODFLMDWD�H�MDNR�QDYODCQHWD��VLWH
YR]GX^QL�]D]RUL�YR�PH_XID]QDWD�L]RODFLMD�VH�^DQWLUDDW�VR�WLH�QHM]LQL�GHORYL�L
QD� L]RODFLMDWD� VSUHPD� NX`L^WHWR�� $NR� L]RODFLMDWD� QH� H� QDYODCQHWD�� WRJD^
PRCQL�VH� MRQL]DFLRQL�SURFHVL�YR�PDOL� ]D]RUL�NRL�PDONX�YOLMDDW�YU]� YNXSQDWD
VWUXMD�QD�RGYHGXYDZH��ELGHM`L�LVWLWH�VH�YNOXaHQL�VHULVNL�VR�GHORYLWH��NRL�LPDDW
JROHP�RWSRU�QD�L]RODFLMD��

$NR�L]RODFLMDWD�H�QHNRQWLQXLUDQR�QDYODCQHWD�^DQWLUDaNRWR�GHMVWYR�QD
GHORYLWH� RG� L]RODFLMDWD� NRL� VH� GRSLUDDW� QH� H� GRYROQR� ]D� GD� VH� HOLPLQLUD
MRQL]DFLMDWD� YR� YR]GX^QLWH� ]D]RUL�� 3ULWRD�� YR� SUY� UHG� QD� MRQL]DFLMD� VH
SRGORCHQL� ]D]RULWH�QD�PH_XID]QDWD�L]RODFLMD�� VWUXMDWD�NRQ� ]D]RULWH�GRWHaXYD
SR�QDYODCQHWDWD�SRYU^LQD�QD�L]RODFLMDWD��NRMD�LPD�PDO�RWSRU��.DNR�UH]XOWDW
QD� WRD� MRQL]DFLMDWD� YR� PDOLWH� ]D]RUL� GRYHGXYD� GR� SRUDVW� QD� VWUXMDWD� QD
RGYHGXYDZH�� D� VH� MDYXYDDW� L� PLNURODNRYL�� NRL� VH� SUR^LUXYDDW� VR� SRUDVW� QD
QDSRQRW�

3UD^DZHWR�]D�VX^HZH�QD�JHQHUDWRULWH�VH�UH^DYD�SRD_DM`L�RG�VWHSHQRW�QD
QHOLQHDUQRVW� QD� NULYDWD� I f Uod = ( ) �� .ULWHULXP� ]D� QDYODCQXYDZH� SUHWVWDYXYD
NRHILFLHQWRW� QD� QHOLQHDUQRVW� NDNR� RGQRV� QD� RWSRULWH� QD� L]RODFLMDWD� SUL

QDSRQ�� EOL]RN� GR� 0,5Un � L� SUL� QRUPLUDQ� LVSLWHQ� QDSRQ�� K
I

I

U

UU = max

min

min

max

�� NDGH

U Imax max, �� SROQ� LVSLWHQ� QDSRQ� L� VWUXMD� QD� RGYHGXYDZH� SUL� WRM� QDSRQ��U Imin min, �

QDSRQ�SUL�SUYLRW�VWHSHQ��EOL]RN�GR�0,5Un��L�VWUXMD�QD�RGYHGXYDZH�SUL�WRM�QDSRQ�

'DOL� JHQHUDWRULWH� `H� VH� YNOXaDW� YR� UDERWD� EH]� VX^HZH� VH� RFHQXYD� YU]
RVQRYD� QD� PHUHZDWD� QD� WULWH� YHOLaLQL�� RWSRURW� QD� L]RODFLMDWD�� YHOLaLQDWD
R R60 15" "/ � L� NRHILFLHQWRW� QD� QHOLQHDUQRVW�� .RHILFLHQWRW� QD� QHOLQHDUQRVW�

PHUHQ�YR�GLMDSD]RQRW�QD�QDSRQL�SRJRUH�QDYHGHQL��QH�WUHED�GD�ELGH�SRPDO�RG�3�
3UL� MDNR� QDYODCQXYDZH� NRHILFLHQWRW� QD� QHOLQHDUQRVW� H� EOL]RN� QD

HGLQLFD�L�SUL�LVSLWXYDZH�VR�HGQRQDVRaHQ�QDSRQ�L]RODFLMDWD�SRaQXYD�GD�WOHH��2G
WLH�SULaLQL�VH�XWYUGHQL�JUDQLaQLWH�YUHGQRVWL�QD�VWUXLWH�QD�RGYHGXYDZH�QDG�NRL
QH�VH�SUHSRUDaXYD�GD�VH�SURGROCL�VR�LVSLWXYDZHWR��VO�����*UDQLaQLWH�YUHGQRVWL
QD� VWUXLWH� QD� RGYHGXYDZH�� XWYUGHQL� ]D� SUYLWH� VWHSHQL� QD� QDSRQRW� �GR� 1,5Un��

VDPL� SR� VHEH� X^WH� VH� QHRSDVQL�� PH_XWRD� XNDCXYDDW� QD� PRCQRVWD� ]D� SRUDVW� QD
VWUXMDWD�QD�RGYHGXYDZH�GR�RSDVQL�YUHGQRVWL�YR�VOXaDM�QD�SRQDWDPR^HQ�SRUDVW�

6O����1RUPLUDQL�JUDQLaQL�YUHGQRVWL�QD�VWUXLWH�QD�RGYHGXYDZH�

Iod[µA]

3

2

1

0           1            2            3  Uisp/Un



�� =$./8A2.

��'DOL� LVSLWXYDZDWD� VR� YLVRN� QDSRQ� WUHED� GD� SUHWVWDYXYDDW� RVQRYD� QD
SURILODNWLaNLWH�LVSLWXYDZD�QD�JHQHUDWRULWH"

2GJRYRURW�H�SRWYUGHQ��ELGHM`L�VLWH�PHWRGL�]D�SURFHQND�QD�VRVWRMEDWD�QD
IS�L�WDND�NRULVWDW�YLVRN�QDSRQ�

���.RL�YLGRYL�QD�YLVRN�QDSRQ�WUHED�GD�VH�NRULVWL�NDNR�LVSLWHQ�QDSRQ"
7UHED�GD�VH�NRULVWDW�L�QDL]PHQLaHQ�L�HGQRQDVRaHQ�QDSRQ��ELGHM`L�VHNRM�]D

VHEH�LPD�RSUHGHOHQL�SUHGQRVWL�
���.RMD�WUHED�GD�ELGH�YHOLaLQDWD�QD�LVSLWQLWH�QDSRQL"
1DL]PHQLaHQ���1,5Un �SUL�NDSLWDOHQ�UHPRQW

����(1,2-1,3)Un �SUL�QRUPDOHQ�UHPRQW�

(GQRQDVRaHQ����(2,2-2,5)Un��SUL�PHUHZH�QD�VWUXMDWD�QD�RGYHGXYDZH�VR�FHO�

RWNULYDZH�JUH^NL�QD�aHOQLWH�YUVNL�L�QDYODCQXYDZH
����(2,5-3,0)Un��HGQRPLQXWQR�LVSLWXYDZH�

��� 'DOL� LVSLWXYDZDWD� VR� HGQRQDVRaHQ� QDSRQ� PRCH� GD� JL� ]DPHQDW
LVSLWXYDZDWD�VR�QDL]PHQLaHQ�QDSRQ��NDNR�^WR�H�WRD�SUHGYLGHQR�YR� 1 " 1H�

��� /,7(5$785$

1 � Tehnicke preporuke za prijem i pracenje stanja izolacije visokonaponskih rotacionih
strojeva u hidroelektranama i termoelektranama. JUGEL. Zagreb, 1981

2 �� 5�0LQRYVNL��=��=GUDYNRYL`��5��1DXPRY��3�9XNHOMD��=D�GRYHUOLYRVWD�QD�

UDERWDWD�QD� L]RODFLMDWD�QD�REMHNWLWH�]D�YLVRN�QDSRQ�SUL�GHMVWYR�QD�
SUHQDSRQL��II�UR�VRYHWXYDZH�QD�0$.2�6,*5(��6WUXJD�������JRGLQD

3 � 9�%��.XODNRYVNLθ��5DERWD�L]ROζFLL�Y�JHQHUDWRUDK��9R]QLNQRYHQLH�L�
PHWRGL�YLζYOHQLζGHIHNWRY���∀QHUJRL]GDW�������

4 � 2EµHP�L�QRUPL�LVSLWDQLζ�HOHNWURRERURGXYDQLζ��0LQLVWHUVWYR�

∋QHUJHWLNL�L�HOHNWULILNDFLL�6665�������JRG�
5 � 3DVSRUW�� 6LQKURQQLθ� WUHKID]QLθ� WXUERJHQHUDWRU� WLS� 799������$8=

����
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