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9R� UHIHUDWRW� H� L]ORCHQ� PWHPDWLaNL� PRGHO� QD� YDNXXPVNL� SUHNLQXYDa�� SUL
LVNOXaXYDZH�QD�PDOL�LQGXNWLYQL�VWUXL�

0DWHPDWLaNLRW�PRGHO�QD�YDNXXPVNLRW�SUHNLQXYDa�JL�]HPD�SUHGYLG�QHJRYLWH
NDUDNWHULVWLNL��NRL�ELWQR�YOLMDDW�YU]�WHNRW�QD�VSRPHQDWLRW�SURFHV��L�WRD�

• �VWDWLVWLaND�SURPHQD�QD�VWUXMDWD�QD�RWVHaXYDZH�

• �YHURMDWQRVW�]D�SUHNLQXYDZH�QD�YLVRNRIUHNYHQWQD�VWUXMD�

• �SURERMQD�NDUDNWHULVWLND�QD�YDNXXPVND�NRPRUD�
• �EU]LQD�QD�RWYRUDZH�QD�NRQUDNWL�
2YRM� PDWHPDWLaNL� PRGHO� RYR]PRCXYD� DQDOL]D� QD� SURFHVRW� SUHNLQXYDZH� QD

PDOL�LQGXNWLYQL�VWUXL�VR�YDNXXPVNL�SUHNLQXYDa�SUL�SR]QDWL�PRGHOL�QD�PUHCDWD�
0RCDW�GD�VH�DQDOL]LUDDW�UD]OLaQL�NRQILJXUDFLL�QD�RSWRYDUXYDZH��VR�FHO�GD

VH� SUHY]HPDW� VRRGYHWQL� PHUNL� ]D� QDPDOXYDZH� QLYRWR� QD� SUHQDSRQL� NRL� MD
RSWRYDUXYDDW�L�VWDUHDW�L]RODFLMDWD�QD�RSUHPDWD�

3UD^DZH�]D�GLVNXVLMD�

�� .DNYL� VH� SUDNWLaQLWH� LVNXVWYD� RG� SULPHQDWD� QD� RYRM� PRGHO� YR� UHDOQL
HOHNWULaQL�NROD"
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9R�UHIHUDWRW�H�L]YU^HQD�DQDOL]D�QD�SUHNLQXYDZH�WUDQVIRUPDWRU�YR�SUD]HQ
RG� VR� YDNXXPVNL� SUHNLQXYDa�� NRULVWHM`L� JR� PDWHPDWLaNLRW� PRGHO� QD� YDNXXPVNLRW
SUHNLQXYDa�L�SURJUDPRW�(073��(OHNWUR�0DJQHWHQ�7UDQ]LHQWHQ�3URJUDP��

.DNR� UH]XOWDW� QD� DQDOL]DWD� H� LVWDNQDWD� SRWUHEDWD� RG� YJUDGXYDZH� QD� RC�
HOHPHQW�QD�VWUDQDWD�RG�WUDQVIRUPDWRURW��NRM�JR�QDPDOXYD�QLYRWR�QD�SUHQDSRQL��L
SUDYLOQRWR�GLPHQ]LRQLUDZH�QD�RC�HOHPHQWRW�



3UD^DZH�]D�GLVNXVLMD�

�� .DNYD� H� UD]OLNDWD� QD� DQDOL]DWD� SUL� LVNOXaXYDZH� QD� WUDQVIRUPDWRU� YR
SUD]HQ�RG�]D�HGQRID]QR�L�WULID]QR�HOHNWULaQR�NROR"
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9R� UHIHUDWRW� H� QDJODVHQD� SRWUHEDWD� RG� NULWHULXP� ]D� HGQRYUHPHQRVW� QD
NRQWDNWLWH� RG� YDNXXPVNLWH� SUHNLQXYDaL�� SUL� SUHNLQXYDZH� QD� NRQGHQ]DWRUVND
EDWHULMD�

3RWUHEDWD� H� SRWNUHSHQD� VR� UH]XOWDWLWH� RG� PDWHPDWLaNDWD� DQDOL]D� QD
SURFHVRW� QD� SUHNLQXYDZH�� VR� ]HPDZH� SUHGYLG� NDUDNWHULVWLNLWH� QD� YDNXXPVNLWH
NRPRUL�RG�HGQD�VWUDQD�L�YOLMDQLHWR�QD�PUHCDWD�RG�GUXJD�VWUDQD�

3UDNWLaQRWR� UHDOL]LUDZH� QD� RYRM� NULWHULXP� JR� QDPDOXYD� QLYRWR� QD
SUHQDSRQL�NRL�VH�MDYXYDDW�SUL�SUHNLQXYDZH�QD�HOHNWULaQR�NROR�VR�NRQGHQ]DWRUVND
EDWHULMD�

3UD^DZH�]D�GLVNXVLMD�

�� .DNYL� VH� SUDNWLaQLWH� LVNXVWYD� RG� VSURYHGHQD� NRQWUROD� QD
HGQRYUHPHQRVWD�� YR� UHDOQL� VOXaDL� QD� SUHNLQXYDZH� NRQGHQ]DWRUVND
EDWHULMD�VR�YDNXXPVNL�SUHNLQXYDa"
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9R� UHIHUDWRW� VH� DQDOL]LUDDW� L]PHUHQL� YUHGQRVWL� QD� QDSRQL� L� VWUXL� YR
UHDOQL�HOHNWULaQL�NROD�QD�YNOXaXYDZH�L�LVNOXaXYDZH�NRQGHQ]DWRUVND�EDWHULMD�

6R� WRD� VH� GDYD� SULGRQHV� ]D� GRELYDZH� UHDOQD� VOLND� ]D� WHNRW� QD� SUHRGQLWH
SURFHVL�^WR�VH�MDYXYDDW�YR�VSRPHQDWLWH�HOHNWULaQL�NROD�

7RD� H� GREUD� RVQRYD� GD� VH� VSRUHGDW� RGUHGHQL� WHKQLNL� QD� SUHNLQXYDZH� NRL
GDYDDW� SRGREUL� UH]XOWDWL� SUL� YNOXaXYDZH� L� LVNOXaXYDZH� QD� HOHNWULaQR� NROR� VR
NRQGHQ]DWRUVND� EDWHULMD�� 2VYHQ� WRD� RYLH� UH]XOWDWL� PRCDW� GD� VH� LVNRULVWDW� ]D
SRGREUXYDZH�QD�RGUHGHQL�NDUDNWHULVWLNL�QD�SUHNLQXYDaLWH�

3UD^DZH�]D�GLVNXVLMD�

�� .DNYL�VH�VR]QDQLMDWD�RG�PHUHZDWD�QD�SUHRGQLWH�SURFHVL�SUL�YNOXaXYDZH
QD�SURVWD�L�VORCHQD�NRQGHQ]DWRUVND�EDWHULMD�VR�YDNXXPVNL�SUHNLQXYDa"
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9R�WUXGRW�H�DQDOL]LUDQD�SRMDYDWD�QD�LVNOXaXYDZH�QD�PDOL�LQGXNWLYQL�VWUXL
VR� XYDCXYDZH� QD� SRYWRUQRWR� SDOHZH� QD� HOHNWULaQLRW� ODN� NRH� H� PRCQR� NRJD
NRQWDNWLWH� VH� RWYRUDDW� SUHG� SRPLQXYDZH� QD� VWUXMDWD� QL]� QXOD�� 6R� NRULVWHZH� QD
UD]YLHQ�PRGHO�QD�YDNXXPVNL�SUHNLQXYDa�NRM�JL�]HPD�SUHGYLG�VWDWLVWLaNDWD�SURPHQD
QD� VWUXMDWD� QD� RWVHaXYDZH�� EU]LQDWD� QD� RWYRUDZH� QD� NRQWDNWLWH�� YHURMDWQRVWD� ]D
JDVHZH� QD� HOHNWULaHQ� ODN� NDNR� L� SURERMQDWD� NDUDNWHULVWLND� QD� NRQNUHWHQ
YDNXXPVNL� SUHNLQXYDa� L]YU^HQD� H� VLPXODFLMD� QD� SUHRGQLWH� JROHPLQL� SUL
LVNOXaXYDZH�QD�DVLQKURQ�PRWRU�YR�]DOHW�

.OXaQL�]ERURYL��YDNXXPVNL�SUHNLQXYDa��HOHNWULaHQ�ODN���SRYUDWHQ�SUHQDSRQ

SUMMARY

In this paper the phenomena of switching off low inductive currents is analysed by taking
into account the multiple restrikes of the electric arc which is possible when the contacts open
shortly before current zero. By means of developed vacuum breaker model that considers the
statistical variation of chopping current, speed of contact opening,  probability of arc quenching
as well as the withstand characteristic of an actual vacuum breaker, simulation of the switching
off an induction motor at the start up has been performed.

Key words: vacuum circuit breaker, electric arc, recovery overvoltage
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.DNR� L� VHNRM� UDVNORSHQ� XUHG� WDND� L� YDNXXPVNLRW� SUHNLQXYDa� SRNDCXYD
RGUHGHQL� QHGRVWDWRFL� SUL� LVNOXaXYDZH� QD�PDOL� LQGXNWLYQL� L� NDSDFLWLYQL� VWUXL�
3RMDYDWD�QD�RWVHaXYDZH�QD�VWUXMDWD�NRMD�H�PRCQD�YR�VOXaDM�QD�LVNOXaXYDZH�QD�PDOL
LQGXNWLYQL� VWUXL�� PRCH� GD� SUHGL]YLND� � YLVRNL� SUHQDSRQL� NRL� VH�^WHWQL� NDNR� ]D
SUHNLQXYDaRW�WDND� L� ]D� RNROQDWD� RSUHPD�� � *ROHPR� ]QDaHZH�SUL�LVNOXaXYDZHWR�QD
LQGXNWLYQLWH� RSWRYDUXYDZD� H� PRPHQWRW� QD� RWYRUDZH� QD� NRQWDNWLWH� QD



SUHNLQXYDaRW��9R�VOXaDM�NRJD�NRQWDNWLWH�RWYRUDDW�SUHG�SRPLQXYDZH�QD�VWUXMDWD�QL]
QXOWD�YUHGQRVW�GRYROHQ�H�VDPR�PQRJX�PDO�QDSRQ�QD�NRQWDNWLWH�RG�SUHNLQXYDaRW�]D
GD�VH�SUHGL]YLND�SRYWRUQR�SDOHZH�QD�HOHNWULaQLRW�ODN��9R�PRPHQWRW�QD�SRYWRUQR
SDOHZH� VWUXMDWD� QL]� SUHNLQXYDaRW� VH� VRVWRL� RG� GYH� NRPSRQHQWL� L� WRD�
YLVRNRIUHNYHQWQD� VWUXMD� aLMD�IUHNYHQFLMD� VH� VRYSD_D� VR� VRSVWYHQDWD�IUHNYHQFLMD
QD�NRORWR�L�VWUXMD�VR�IUHNYHQFLMD�RG����Hz��6HNRH�SRYWRUQR�SDOHZH�VH�SRMDYXYD�YR
PRPHQWRW� NRJD� QDSRQRW� QD� NRQWDNWLWH� RG� SUHNLQXYDaRW� H� SRJROHP� RG
GLHOHNWULaQDWD� FYUVWLQD� QD� PH_XNRQWDNWQRWR� UDVWRMDQLH�� .DUDNWHULVWLaHQ
SUREOHP� VH� SRMDYXYD� SUL� LVNOXaXYDZH� QD� HOHNWURPRWRU� YR� ]DOHW� SRYU]DQ� ]D
SUHNLQXYDaRW�SUHNX�NDEHO��9R�RYRM�WUXG�SRVHEQR�YQLPDQLH�H�GDGHQR��QD�VLPXODFLMD
QD� SRYUDWQLWH� QDSRQL� NDNR� L� VWUXMDWD� QD� ODNRW�� VR� PRGHORW� QD� YDNXXPVNL
SUHNLQXYDa�
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3UL� LVNOXaXYDZH� QD� PDOL� LQGXNWLYQL� VWUXL� GRD_D� GR� SRMDYD� QD� HOHNWULaHQ
ODN�SUL�^WR�VWUXMDWD�SURGROCXYD�GD�WHaH�GR�SUYRWR�SRPLQXYDZH�QL]�QXOWD�YUHGQRVW�
3UL�QHNRMD�YUHGQRVW�QD�VWUXMDWD�LVWDWD�PQRJX�EU]R�RSD_D�NRQ�QXOD��7DD�YUHGQRVW�QD
VWUXMDWD� SUL� NRMD� ^WR� SUDNWLaQR� GRD_D� GR� PRPHQWDOQR� RWVHaXYDZH� VH� QDUHNXYD
VWUXMD�QD�RWVHaXYDZH��6WUPQLQDWD�QD�VWUXMDWD�SUL�QHM]LQRWR�RWVHaXYDZH�L]QHVXYD
108 A/s L�SRYH`H��L�NDNR�UH]XOWDW�QD�RYDD�YUHGQRVW�GRD_D�GR�SRMDYD�QD�PQRJX�YLVRNL
SUHQDSRQL��=D�GD�VH�SUHVPHWD�YUHGQRVWD�QD�RYLH�SUHQDSRQL�SRWUHEQR�H�GD�VH�VRVWDYL
VLVWHP� QD� GLIHUHQFLMDOQL� UDYHQNL��1D� VO�� �� H� SUHWVWDYHQD� HNYLYDOHQWQD�^HPD� ]D
DQDOLWLaND�SUHVPHWND�QD�SUHRGQLWH�SRMDYL�NRMD�PRCH�GD�VH�LVNRULVWL�]D�DQDOL]D�QD
QHRSWRYDUHQL� WUDQVIRUPDWRUL� L� PRWRUL�� 6WUDQDWD� QD� L]YRURW� VH� VRVWRL� RG
JHQHUDWRU� VHULVNL� SRYU]DQ� VR� LQGXNWLYLWHW� L� RWSRU� NDNR� L� NDSDFLWHW�� 2YLH
HOHPHQWL� SUHWVWDYXYDDW� HNYLYDOHQW� ]D� VLWH� WUDQVIRUPDWRUL� L� VRELUQLFL� NRL� VH
SRYU]DQL�]D�YDNXXPVNLRW�SUHNLQXYDa��3DUDPHWULWH�QD�VWUDQDWD�QD�RSWRYDUXYDZHWR
SUHWVWDYXYDDW� HNYLYDOHQW� ]D� RSWRYDUXYDZHWR� L� YRGRW� �NDEHORW�� SUHNX� NRM� H
SRYU]DQR�RSWRYDUXYDZHWR�VR�SUHNLQXYDaRW�

5E

&Q

/E

&E
8Q

/Q 5Q

L�

5Q

,�

,�

6O���(NYLYDOHQWQD�^HPD�]D�DQDOL]D�QD�SUHRGQL�SRMDYL

%LGHM`L� DQDOL]LUDPH� LVNOXaXYDZH� QD� PDOL� LQGXNWLYQL� VWUXL� VSRUHG� [8], � VWUXMDWD
QL]� SUHNLQXYDaRW� SR� RWYDUHZH� QD� NRQWDNWLWH� PRCH� GD� MD� ]DPHQLPH� VR� VWUXHQ
JHQHUDWRU�VR�YUHGQRVW�
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NDGH� Ich H� YUHGQRVW� QD� VWUXMD� QD� RWVHaXYDZH� GRGHND� τ� H� YUHPHQVND� NRQVWDQWD� QD
SULJX^XYDZH�� =D� PQRJX� PDOL� YUHGQRVWL� QD� τ� PRCHPH� GD� SUHWSRVWDYLPH� LGHDOHQ
SUHNLQXYDa�� 6R� XSRWUHED� QD� .LUKRYRYLWH� ]DNRQL� � PRCH� GD� VH� SRVWDYDW� VOHGQLWH
UDYHQNL�]D�VWUDQDWD�QD�RSWRYDUXYDZH�L�L]YRURW�
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NDGH us L ub VH�QDSRQLWH�QD�NRQGHQ]DWRULWH�QD�VWUDQDWD�QD�L]YRURW�L�RSWRYDUXYDZHWR
UHVSHNWLYQR��D�un �H�QDSRQ�QD�QDSRQVNLRW�JHQHUDWRU� 6R�UH^DYDZH�QD�RYLH�UDYHQNL
PRCH�GD�VH�SUHVPHWDDW�QDSRQLWH�QD�VWUDQDWD�QD�L]YRURW�L�RSWRYDUXYDZHWR��NDNR�L
QDSRQRW� QD� SUHNLQXYDaRW�� 9DNYLRW� QDaLQ� QD� SUHVPHWND� QH� JL� ]HPD� SUHGYLG
SRYWRUQLWH�SDOHZD�NRL�H�PRCQR�GD�VH�SRMDYDW�SUL�LVNOXaXYDZH�QD�PDOL�LQGXNWLYQL
VWUXL��LDNR�UH]XOWDWLWH�]D�SUHVPHWDQLWH�SRYUDWQL�QDSRQL�PRCH�GD�VH�VPHWDDW�GHND
VH�VR�]DGRYROLWHOQD�WRaQRVW��3RYWRUQRWR�SDOHZH�PRCH�GD�VH�SUHVPHWD�DQDOLWLaNL
NDNR�^WR�H�WRD�SULNDCDQR�YR�[9]. $NR�]HPHPH�SUHGYLG�GHND�PRGHOLWH�QD�RVWDQDWLWH
HOHPHQWL� YR� NRORWR� VH� GRVWD� VORCHQL�� WRJD^� VR� VLJXUQRVW� PRCH� GD� VH� NDCH� GHND
DQDOLWLaNDWD�SUHVPHWND�EL�ELOD�GRVWD�WH^ND�L�H�QHRSKRGQR�GD�VH�SULPHQL�QHNRH�RG
SR]QDWLWH�RUXGLMD�]D�VLPXODFLMD�NDNR�^WR�VH�ATP-EMTP��NETOMAC�LWQ�

���()(.7�1$�6758-$7$�1$�276(A89$:(�,�3297251272��3$/(:(��
����1$�/$.27

=D� YDNXXPVNLRW� SUHNLQXYDa� H� SR]QDWR� GHND� SROQDWD� GLHOHNWULaQD� FYUVWLQD� VH

YRVSRVWDYXYD� ]D� PQRJX� NUDWNR� YUHPH� ����� µs��� SD� ]DWRD� SRYWRUQRWR� SDOHZH� QD
HOHNWULaQLRW�ODN�SUHWHCQR� ]DYLVL�RG� EU]LQDWD� QD� RWYRUDZH� QD� NRQWDNWLWH��.RJD
NRQWDNWLWH� QD� SUHNLQXYDaRW� RWYRUDDW� RNROX� QXOWD� YUHGQRVW� QD� VWUXMDWD�� SRUDGL
PDORWR� UDVWRMDQLH� SRPH_X� NRQWDNWLWH� SRWUHEQR� H� GD� SRVWRL� PQRJX� PDO� QDSRQ� � QD
SUHNLQXYDaRW�]D�GD�VH�SRMDYL�SRYWRUQR�SDOHZH��3RYWRUQRWR�JDVHZH�QD�HOHNWULaQLRW
ODN�GRD_D�GRNRONX�VH�LVSROQHWL�VOHGQLWH�XVORYL�
�� VWUPQLQDWD�QD�YLVRNRIUHNYHQWQDWD�VWUXMDWD�YR�RNROLQD�QD�QXODWD��current zero��H

SRPDOD�RG�NULWLaQDWD�VWUPQLQD�QD�YLVRNRIUHNYHQWQDWD�VWUXMD��
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�� DPSOLWXGDWD�QD�YLVRNRIUHNYHQWQDWD�VWUXMD�H�SRPDOD�RG�VWUXMDWD�QD�RWVHaXYDZH
SUL�YLVRNL�IUHNYHQFLL�
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5DYHQNDWD� ���� SRNDCXYD� GHND� YR� VOXaDM� NRJD� VWUPQLQDWD� QD� VWUXMDWD� H� SRPDOD� RG

RGQDSUHG�GHILQLUDQR�QLYR�NRH� YR� QD^LRY� VOXaDM� L]QHVXYD�B 75 A/µs [8, 10] WRJD^
ODNRW�VLJXUQR�VH�JDVL��$NR�VWUPQLQDWD�H�SRJROHPD�RG�75 A/µs�L�SRPDOD�RG��50 A/µs
WRJD^�YHURMDWQRVWD�SULPD�RGUHGHQD�YUHGQRVW�SRPH_X���L� ���,�WUHWLRW� VOXaDM�� NRJD

VWUPQLQDWD� QD� YLVRNRIUHNYHQWQDWD� VWUXMD� H� SRJROHPD� RG� � �50 A/µs� YR� WRM� VOXaDM
YHURMDWQRVWD�H�QXOD�L�ODNRW�JRUL��*ROHPLQDWD�QD�VWUXMDWD�QD�RWVHaXYDZH�]DYLVL�RG



YLGRW�QD� NRQWDNWLWH�QD� SUHNLQXYDaRW��1D� VO��� GDGHQ� H� GLMDJUDP�RG� NRM�PRCH� GD� VH
YLGL��GHND�]D�UD]OLaHQ�PDWHUMDO�QD�NRQWDNWLWH�VWUXMDWD�QD�RWVHaXYDZH�LPD�UD]OLaQL
YUHGQRVW�NRMD�VH�PHQXYD�YR�RGUHGHQL�JUDQLFL�[14]�

6O���=DYLVQRVW�QD�RWVHaHQDWD�VWUXMD�RG�YLGRW�QD�NRQWDNWQLRW�PDWHUMDO

=D�VWUXL�QD�RSWRYDUXYDZH�SRPH_X����L�����$��VWUXMDWD�QD�RWVHaXYDZH�VH�SUHVPHWXYD
VSRUHG�VOHGQLRW�L]UD]�

i a bI c Zch N= − − log �������������������������������������������������������

NDGH�a,b�L�c�VH�NRQVWDQWL�NRL�]DYLVDW�RG�PDWHUMDORW�RG�NRL�VH�L]UDERWHQL�NRQWDNWLWH
QD�SUHNLQXYDaRW��=D�SUHNLQXYDa�VR�Cu-Cr�NRQWDNWL�YUHGQRVWLWH�QD�NRQVWDQWLWH�VH�
a= 12 A, b= 0.015�L�c=1.8 A��Z L CN = / �SUHWVWDYXYD�LPSHGDQVD�QD�PUHCDWD��NDGH�^WR�L�H
HNYLYDOHQWQD�LQGXNWLYQRVW�D�C NDSDFLWLYQRVW�QD�UD]JOHGXYDQLRW�VLVWHP�
9UHGQRVWD� QD� RYDD� LPSHGDQVD� VH� � GYLCL� SRPH_X� ��� Ω� L� ��κΩ�� ,VWR� WDND� SUL
SUHVPHWND� QD� VWUXMDWD� QD� RWVHaXYDZH� ]HPHQD� H� SUHGYLG� VWDWLVWLaND� SURPHQD� QD
VUHGQDWD�YUHGQRVW�VR�VWDQGDUGQD�GHYLMDFLMD�RG�����

3UHNLQXYDaRW� H� NRQWUROLUDQ� VR� SRVHEHQ� SRGSURJUDP� QDSL^DQ� YR
SURJUDPVNLRW�MD]LN�MODELS�NRM�^WR�JL�]HPD�SUHGYLG�SRJRUH�RSL^DQLWH�VYRMVWYD�QD
YDNXXPVNLRW� SUHNLQXYDa�� 9R� VHNRM� YUHPHQVNL� aHNRU� VH� SUHVPHWXYD� RWSRUQRVWD� QD
ODNRW� �NRULVWHM`L� MD�YROW�DPSHUVNDWD�NDUDNWHULVWLND�QD�ODNRW��9R�PRPHQWRW�NRJD
ODNRW� VH� JDVL� RWSRUQRVWD� QD� ODNRW� VH� SUHVPHWXYD� VSRUHG� NDUDNWHULVWLND� QD
SURSUDWQD�VWUXMD� (post-zero current)��2YDD�VWUXMD� VH� VRVWRL�RG�GYH�NRPSRQHQWL�L� WRD�
VWUXMD� QD� ]DRDVWDQDWLWH� MRQL� � NRL�SR� JDVHZHWR�QD� ODNRW� VH� GYLCDW�SRG� GHMVWYR� � QD
VLODWD� QD� HOHNWULaQRWR� SROH� NRH� YODGHH� SRPH_X� NRQWDNWLWH� RG� SUHNLQXYDaRW�� L
YWRUDWD� NRPSRQHQWD� H� WDNDQDUHaHQD� VWUXMD� QD� SRPHVWXYDZH� NRH� VH� MDYXYD� SRUDGL
VDPRWR� SRVWRHZH� QD� RGUHGHQD� NDSDFLWYQRVW� SRPH_X� NRQWDNWLWH� RG� SUHNLQXYDaRW�
3RUDGL�PDODWD�YUHGQRVW�QD�SURSUDWQDWD�VWUXMDWD�RWSRUQRVWD�QD�ODNRW�GRELYD�PQRJX
YLVRND�YUHGQRVW�

���',*,7$/1$�6,08/$&,-$�1$�.21.5(7(1�35,0(5

9R� SUHWKRGQRWR� SRJODYMH� EH^H� VSRPHQDWR� GHND� GRVWD� QHSRYROHQ� VOXaDM� QD
LVNOXaXYDZH�VR�YDNXXPVNL�SUHNLQXYDa�H�NRJD�VH�LVNOXaXYD�DVLQKURQ�HOHNWURPRWRU
SUHNX�NDEHO��9DNRY�VOXaDM�H�SUHWVWDYHQ�QD�VO����SUL�^WR�VH�QDETXGXYDQL�VWUXMDWD�QD
RSWRYDUXYDZH�SR�LVNOXaXYDZHWR�QD�SUHNLQXYDaRW��NDNR�L�SURPHQDWD�QD�QDSRQLWH�YR
PUHCDWD��9R�RYRM�VOXaDM�PRGHOLUDZHWR�QD�RVWDQDWLWH�HOHPHQWL�RG�PUHCDWD�H�GDGHQR
VR� SRPR^� QD� SRHGQRVWDYHQL� PRGHOL� NRL� VH� YR� VRVWDYRW� QD� ATP-EMTP�� WDND� ^WR



SUHWHCQR�YQLPDQLH�H�SRVYHWHQR�QD�PRGHORW�QD�SUHNLQXYDaRW��6LVWHPRW�RG�VO����VH
VRVWRL�RG�����kV�PUHCD�NRMD� H�SUHWVWDYHQR� VR�GLUHNWQDWD�L�QXOWDWD� HNYLYDOHQWQD
LPSHGDQVD�

6O����,VNOXaXYDZH�QD�LQGXNWLYQR�RSWRYDUXYDZH

7UDQVIRUPDWRURW���������kV, 20 MVA�H�SUHVPHWDQ�VR�SURJUDPRW�BCTRAN�SUL
^WR� VH� RSUHGHOHQL� QHJRYLWH� VRSVWYHQLWH� L� PH_XVHEQLWH� � LPSHGDQVL�� 3UL
SUHVPHWNDWD� QD� WUDQVIRUPDWRURW� SRUDGL� QHGRVWDWRN� QD� LQIRUPDFLL� QH� H� ]HPHQR
SUHGYLG�]DVLWXYDZHWR�QD�PDJQHWQRWR�NROR�QD�WUDQVIRUPDWRURW�

3DUDPHWULWH� QD� NDEHORW� VH� SUHVPHWDQL� VR�CABEL CONSTANTS, L� LVWLRW� H
SUHWVWDYHQ� VR� 7�^HPD�� $VLQKURQLRW� HOHNWURPRWRU� VR� PR`QRVW� ����MW� H� SRYU]DQ
SUHNX�NDEHO�VR�GROCLQD����m�

1D�VO����VH�SUHWVWDYHQL�VWUXLWH�QL]�SUHNLQXYDaRW�SR�RWYRUDZH�QD�NRQWDNWLWH
QD� SUHNLQXYDaRW� SUL�^WR�PRCH� GD� VH� YLGL� GHND� ]D� NRQNUHWQLRW� SULPHU� SUL� SUYR
SRPLQXYDZH�QD�VWUXMDWD�QL]�QXOD��ID]D�S��GRD_D�GR�SRMDYD�QD�NUDWNRWUDMQR�SRYWRUQR
SDOHZH� L� QHXVSH^QR� JDVHZH� QD� HOHNWULaQLRW� ODN�� 6WUXMDWD� QD� ODNRW� VH� JDVL� YR
QDUHGQDWD�QXOD��2G��VO���� � �PRCH��GD�VH� �]DEHOHCL��GHND��SUL� �SRMDYDWD�QD�SRYWRUQR
SDOHZH�NUDWNRWUDMQDWD�YLVRNRIUHNYHQWQD�VWUXMD�QD�SRYWRUQR�SDOHZH�RG�ID]D�S� VH
VXSHUSRQLUD�VR�VWUXLWH�RG�GUXJLWH�GYH�ID]L���2YD�VH�VOXaXYD�SRUDGL�WRD�^WR�SRVWRL
PH_XVHEQD� LQGXNWLYQRVW� SRPH_X� ID]LWH� SUL� ^WR� GRD_D� GR� LQGXFLUDZH� QD
YLVRNRIUHNYHQWQD� VWUXMD� RG� ID]DWD� S� YR� RVWDQDWLWH� GYH� ID]L�� � =DYLVQR� RG
SDUDPHWULWH�QD�NRORWR�PRCQR�H�RYDD�YLVRNRIUHNYHQWQD�VWUXMD�GD�ELGH�SRJROHPD�RG
PRPHQWDOQDWD�YUHGQRVW�QD�VWUXLWH�QD�RSWRYDUXYDZH�YR�GUXJLWH�GYH�ID]L�
9R�WRM�VOXaDM�GRD_D�GR�SULQXGQR�RWVHaXYDZH�QD�VWUXMDWD�QD�RSWRYDUXYDZH��YR�GUXJLWH
ID]L��9DNYDWD�SRMDYD�H�SR]QDWD�NDNR�YLUWXHOQR�RWVHaXYDZH�QD�VWUXMDWD�L�H�GRVWD
RSDVQD�� 9LVRNDWD� DPSOLWXGD� QD� RWVHaHQDWD� VWUXMD�� � NDNR� L� QHM]LQDWD� VWUPQLQD
SULGRQHVXYD�]D�HVNDODFLMD�QD�QDSRQRW�YR�^LURNL�UD]PHUL��(VNDODFLMD�QD�QDSRQRW�H
PRCQR�L�NRJD�QH�SRVWRL�YLUWXHOQR�RWVHaXYDZH�QD�VWUXMDWD�NDNR�^WR�H�WRD�SRNDCDQR
YR�QD^LRW�SULPHU��2G�VO�����GR���PRCH�GD�VH�YLGL�GHND�SRUDGL�SRYWRUQRWR�SDOHZH�YR
ID]DWD�S GRD_D�GR�HVNDODFLMD�QD�QDSRQLWH�YR�VLWH�ID]L��.RQNUHWQR�]D�ID]DWD�S�RYD�H
SR�SUHJOHGQR�SUHWVWDYHQR�QD�VO���L���
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9R� WUXGRW� H� UHDOL]LUDQD� GLJLWDOQD� VLPXODFLMD� QD� LVNOXaXYDZH� QD� PDOL
LQGXNWLYQL�VWUXL��=D�WDD�FHO�H�LVNRULVWHQ�PRGHORW�QD�YDNXXPVNL�SUHNLQXYDa�[12]�
2G�UHDOL]LUDQLWH�VLPXODFLL�PRCH�GD�VH�]DNOXaL��GHND�

�� PRGHORW� GDYD� UHDOQD� VOLND� QD� SRYWRUQL� SDOHZD� NRL� PRCH� GD� VH� SRMDYDW� SUL
RWYRUDZH� QD� NRQWDNWLWH� QD� SUHNLQXYDaRW� � YR� RNROLQD� QD� QXOWDWD� YUHGQRVW� QD
VWUXMDWD��DQJ��current zero��

�� UH]XOWDWLWH�GRELHQL�VR�RYRM�PRGHO�VH�YR�GREUD�VRJODVQRVW�VR�PHUHQLWH�UH]XOWDWL
QD� .DUQHFNL�/LQGPDMHU�� NDNR� L� QD� SUHWKRGQR� UHDOL]LUDQL� GLJLWDOQL� PRGHOL
^WR�XNDCXYD�QD�WRaQRVWD�QD�VDPLRW�PRGHO�

�� SRVWRL� PRCQRVW� ]D� UHDOL]LUDZH� QD� PRGHO� ]D� GUXJR� QDSRQVNR� QLYR� GRNRONX� VH
SR]QDWL�NDUDNWHULVWLNLWH�QD�SUHNLQXYDaRW�]D�WRD�QDSRQVNR�QLYR��VWDWLVWLaNDWD
SURPHQD�QD�VWUXMDWD�QD�RWVHaXYDZH��SURERMQDWD�NDUDNWHULVWLND�QD�SUHNLQXYDaRW�
NULWLaQDWD� VWUPQLQD� QD� VWUXMDWD� SUL� YLVRNL� IUHNYHQFLL�� NDNR� L� EU]LQDWD� QD
RWYRUDZH�QD�NRQWDNWLWH��



�� SRVHEQR�NULWLaHQ�VOXaDM�SUHWVWDYXYD�LVNOXaXYDZH�QD�LQGXNWLYQL�RSWRYDUXYDZD
L� WRD� HOHNWURPRWRU� YR� ]DOHW�� WUDQVIRUPDWRU� YR� SUD]HQ� RG� L� UHDNWRU�� 9R� RYRM
VOXaDM�SRMDYDWD�QD�SRYWRUQR�SDOHZH�PRCQR� H� GD� GRYHGH� GR� SRMDYD� QD� YLUWXHOQR
RWVHaXYDZH�QD�VWUXMDWD�NRH�SUHGL]YLNXYD�JROHPL�SUHQDSRQL�

�� ATP-EMTP�L�MODELS�VWURJR�VH�SUHSRUDaXYD�NDNR�VRYU^HQR�RUXGLH�]D�DQDOL]D�QD
YDNYLWH�IHQRPHQL�YR�VHNRMD�VWXGLMD�QD�SUHNLQXYDaL�
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.RJD� YDNXXPVNL� SUHNLQXYDa� VH� XSRWUHEXYD� ]D� LVNOXaXYDZH� QD� QHRSWRYDUHQ
WUDQVIRUPDWRU�PRCQD�H��SRMDYD�QD�PQRJX�YLVRNL�SUHQDSRQL�QD�VHNXQGDUQDWD�VWUDQD
RG� WUDQVIRUPDWRURW�� 3RMDYDWD� QD� RWVHaXYDZH� QD� VWUXMDWD� L� SRYH`HNUDWQRWR
SRYWRUQR�SDOHZH�SR�RWYRUDZH�QD�NRQWDNWLWH�QD�SUHNLQXYDaRW��SUHG�SRPLQXYDZH�QD
VWUXMDWD� QL]� QXOD�� SUHWVWDYXYD� JODYQD� SULaLQD� ]D� JHQHULUDZH� QD� RYLH� SUHQDSRQL�
,VWR�WDND��WDNDQDUHaHQRWR�YLUWXHOQR�RWVHaXYDZH�QD�VWUXMDWD�LPD�JROHPR�YOLMDQLH
YU]�SRMDYDWD�QD� YLVRNL�SUHRGQL�QDSRQL��^WR�LVWR� WDND� GRYHGXYD� GR� EU]R�SDOHZH�L
JDVHZH�QD�ODNRW�YR�SUHNLQXYDaRW�

9R� RYRM� WUXG� H� L]YU^HQR� GLJLWDOQR� PRGHOLUDZH� QD� YDNXXPVNL� SUHNLQXYDa
YNOXaHQ� YR� (073� �(OHNWUR�0DJQHWHQ�7UDQ]LHQWHQ�3URJUDP��� ,]YU^HQR� H
VLPXOLUDZH�QD�SUHQDSRQLWH�SRUDGL�LVNOXaXYDZH�QD�SUHNLQXYDaRW��,VWR�WDND�GDGHQ
H�HGHQ�QDaLQ�]D�PRCQR�HOLPLQLUDZH�QD�SUHQDSRQLWH�L�SRYWRUQLWH�SDOHZD�

.OXaQL�]ERURYL��YDNXXPVNL�SUHNLQXYDa��WUDQVIRUPDWRU��SUHQDSRQ��VWUXMD�QD
RWVHaXYDZH��SRYWRUQR�SDOHZH

SUMMARY

When a vacuum breaker is used to disconnect an unloaded transformer, high overvoltages
may result on the secondary side. The phenomena of  current chopping and multiple reignitions
after contact opening, shortly before current zero, play a significant role in generating these
overvoltages. Furthermore, the transient recovery voltage is also influenced by virtual current
chopping which may lead to fast interruptions and reignitions. The paper reports on a vacuum
breaker model implemented in the EMTP. Simulations have been performed to determine
overvoltages generated by the vacuum breaker,  possible voltage suppression and reignition.

Key words: vacuum circuit breaker, transformer, overvoltage, chopping current, reignition

�����929('

,VNXVWYRWR�SRNDCXYD� GHND� WUDQVIRUPDWRULWH� VH� L]ORCHQL�QD�PQRJX� YLVRNL
SUHQDSRQL� NRJD� VH LVNOXaXYDDW� VR� SRPR^� QD� YDNXXPVNL� SUHNLQXYDa�� NDNR� L� SUL
SRMDYD�QD�SRYWRUQL�SDOHZD�YR�SUHNLQXYDaRW��9R�SUHWKRGQDWD�UDERWD�[5], H�SRNDCDQR



GHND� SRUDGL� SRYWRUQRWR� SDOHZH� YR� YDNXXPVNL� SUHNLQXYDa� PRCQD� H� HVNDODFLMD� QD
QDSRQRW�NRJD� YDNXXPVNLRW�SUHNLQXYDa� VH� NRULVWL� NDNR� JHQHUDWRUVNL��2SWRYDUHQL
WUDQVIRUPDWRUL�]D�]DYDUXYDZH�NDNR�L�WUDQVIRUPDWRULWH�YR�SUD]HQ�RG�VH�LVWR�WDND
SUHGPHW� QD� JHQHULUDZH� QD� YLVRNL� QDSRQL� SRUDGL� SRYWRUQRWR� SDOHZH� QD� ODNRW� YR
SUHNLQXYDaRW [11].

6SRVREQRVWD�]D�RWVHaXYDZH�QD�VWUXMDWD�SRUDGL�QHVWDELOQR�JRUHZH�QD�ODNRW�YR
RNROLQD�QD� ‘SULURGQDWD�QXOD’ (DQJ� current zero)��NDNR�L�YLUWXHOQRWR�RWVHaXYDZH�QD
VWUXMDWD� NRH� PRCH� GD� VH� SRMDYL� SUL� LVNOXaXYDZH� QD� WULID]QR� RSWRYDUXYDZH�
GRYHGXYD� GR� PQRJX� JROHPL� SUHQDSRQL� NRL� PRCH� GD� SUHGL]YLNDW� R^WHWXYDZH� QD
WUDQVIRUPDWRUVNLWH� QDPRWNL�� 3ULaLQD� ]D� RYD� H� ^WR� PDJQHWQDWD� HQHUJLMD� YR
WUDQVIRUPDWRURW� SR� RWVaXYDZHWR� QD� VWUXMDWD� VH� SUHWYDUD� YR� HOHNWURVWDWLaND
HQHUJLMD�QD�NDSDFLWLYQRVWD�QD�WUDQVIRUPDWRURW��6R�L]HGQDaXYDZH�QD�PDJQHWQDWD�VR
HOHNWURVWDWLaNDWD� HQHUJLMD�� L� ]DQHPDUXYDZH� QD� SULJX^XYDZHWR�� QDSRQRW� QD
NUDHYLWH�RG�WUDQVIRUPDWRURW�LPD�YUHGQRVW�

u Ich
Lm
C

= ⋅                                                              (1)

NDGH� Lm� SUHWVWDYXYD� LQGXNWLYQRVW� QD� PDJQHWQRWR� NROR� QD� WUDQVIRUPDWRURW�� C
NDSDFLWLYQRVW�QD�WUDQVIRUPDWRURW�L�Ich H�VWUXMD�QD�RWVHaXYDZH��6SRUHG�����PRCH�GD
VH� YLGL� GHND� JHQHULUDQLRW� SUHQDSRQ� ]DYLVL� RG� VWUXMDWD� QD� RWVHaXYDZH� L
NDUDNWHULVWLaQDWD�LPSHGDQVD�QD�WUDQVIRUPDWRURW�NRMD�PRCH�GD�ELGH�PQRJX�YLVRND
SRUDGL� QLVNDWD� YUHGQRVW� QD� NDSDFLWLYQRVWD�� $NR� GRMGH� GR� SRYWRUQR� SDOHZH� QD
ODNRW� YR� HGQD� ID]D�� YLVRNRIUHNYHQWQD� VWUXMD� SURWHNXYD� QL]� GUXJLWH� SRORYL� RG
SUHNLQXYDaRW��VO�����^WR�LVWR�WDND�H�SURSUDWHQR�VR�HVNDODFLMD�QD�QDSRQRW��VO�����

2YD�PRCH��GD�SUHGL]YLND�IRUVLUDQR�RWVHaXYDZH�QD�VWUXMDWD�YR�RVWDQDWLWH�GYD
SROD��^WR�VH�VOXaXYD�NRJD�VWUXMDWD�QD�SRYWRUQR�SDOHZH�YR�SRORW�NRM�YH`H�LVNOXaLO�
H�SRJROHPD�RG�PRPHQWDOQDWD�VWUXMD�QD�RSWRYDUXYDZH��YR�GUXJLRW�SRO�NRM�VH�X^WH�QH
LVNOXaLO�� L� H� VSURWLYQD� YR� SRODULWHW�� 2YRM� PHKDQL]DP� � SR]QDW� NDNR� YLUWXHOQR
RWVHaXYDZH�QD�VWUXMDWD�PRCH�GD�SUHGL]YLND�SRYWRUQR�SDOHZH�YR�GUXJLWH�GYH�ID]L
NDM� NRL� VHX^WH� QHPD� SRVWLJQDWR� SULURGQD� QXOD�� L� SRUDGL� YLVRNLWH� VWUXL� QD
RWVHaXYDZH�PRCQL�VH�PQRJX�YLVRNL�SUHQDSRQL�

� 02'(/�1$�9$.8806.,�35(.,189$A

=D� GD� VH� VLPXOLUDDW� SRMDYLWH� NRL� VH� SRMDYXYDDW� SUL� LVNOXaXYDZH� QD� YDNXXPVNL
SUHNLQXYDa�QHRSKRGQR�H�GD�VH�]HPH�SUHGYLG�VWDWLVWLaNLWH�VYRMVWYD�QD�YDNXXPVNLRW
SUHNLQXYDa�

• VWUXMDWD�QD�RWVHaXYDZH�

• GLHOHNWULaQDWD�FYUVWLQD�QD�PH_XNRQWDNWQRWR�UDVWRMDQLH�

• VSRVREQRVWD� QD� JDVHZH� QD� ODNRW� SUL� YLVRNL� IUHNYHQFLL� �SRYWRUQL� SDOHZD� QD
ODNRW��

9DNXXPVNLRW� SUHNLQXYDa� PRCH� GD� VH� PRGHOLUD� GRNRONX� ODNRW� VH� SUHWVWDYL
NDNR�QHOLQHDUHQ�RWSRUQLN�NDNR�^WR�H�WRD�QDSUDYHQR�YR�OLWHUDWXUD� [�������]��'UXJD
PRCQRVW�H�SUHNLQXYDaRW�GD�VH�SUHWVWDYL�[4, 5, 14]�VR�SRPR^�QD�LGHDOHQ�SUHNLQXYDa
NDNR�QD�VO�����NRM�RWYRUD�L�]DWYRUD�NRJD�QDSRQRW�QD�NRQWDNWLWH�H�SRPDO�LOL�SRJROHP
RG� GLHOHNWULaQDWD� FYUVWLQD� QD� PH_XNRQWDNWQRWR� UDVWRMDQLH� QD� SUHNLQXYDaRW�
3RUDGL�VOXaDMQDWD�SURPHQD�QD�QLYRWR�QD�VWUXMDWD�QD�RWVHaXYDZH�QHM]LQDWD�YUHGQRVW
H� GRVWD� WH^NR� GD� VH� RSUHGHOL�� 7DND�� YR� OLWHUDWXUD� [1]� XSRWUHEHQ� H� L]UD]� ]D



SUHVPHWXYDZH�QD�VWUXMDWD�QD�RWVHaXYDZH�NRM�YDCL�]D�VWUXL�QD�RSWRYDUXYDZH�SRPH_X
45 A�L�170A��2YGH�VUHGQDWD�YUHGQRVW�QD�VWUXMDWD�QD�RWVHaXYDZH�VH�SUHVPHWXYD�VSRUHG
[4, 14]�

( )I ch f i
q

= ⋅ ⋅ ⋅ ⋅ ⋅2 π α β                                                             (2)

f  - IUHNYHQFLMD�QD�PUHCDWD (50 Hz),
i  - DPSOLWXGD�QD�VWUXMD�QD�RSWRYDUXYDZH,
α =  6.2 10-16 s, β = 14.3, q = -0.07512
'LHOHNWULaQDWD� FYUVWLQD� VH� SUHWSRVWDYXYD� GHND� H� OLQHDUQR� ]DYLVQD� RG

PH_XNRQWDNWQRWR�UDVWMDQLH�
Ud Ekr v t= ⋅ ⋅                                                                 (3)

NDGH�
             Ekr - NULWLaQR�HOHNWULaQR�SROH�SRPH_X�NRQWDNWLWH�
              v   - EU]LQD�QD�RGYRMXYDZH�QD�NRQWDNWLWH,
               t   - YUHPHQVNL�aHNRU�QD�VLPXODFLMDWD�

3R� RWYRUDZH� QD� NRQWDNWLWH� QD� SUHNLQXYDaRW� GRD_D� GR� VR]GDYDZH� QD� YLVRN
SRYUDWHQ� QDSRQ�� .RJD� RYRM� QDSRQ� H� SRJROHP� RG� GLHOHNWULaQDWD� FYUVWLQD� QD
PH_XNRQWDNWQRWR�UDVWRMDQLH�GRD_D�GR�SRYWRUQR�SDOHZH�YR�SUHNLQXYDaRW��3RYWRUQR
JDVHZH� QD� ODNRW� GRD_D� YR� PRPHQWRW� NRJD� VWUPQLQDWD� QD� VWUXMDWD� LPD� YUHGQRVW
SRPDOD� RG� NULWLaQDWD� VWUPQLQD� SUL� NRMD� GRD_D� GR� JDVHZH� QD� YLVRNRIUHNYHQWQDWD
VWUXMD��L�DPSOLWXGDWD�QD�RYDD�VWUXMD�LPD�SRPDOD�YUHGQRVW�RG�QLYRWR�QD�VWUXMDWD�QD
RWVHaXYDZH� SUL� YLVRNL� IUHNYHQFLL� 9UHGQRVWD� QD� RYDD� NULWLaQD� VWUPQLQD� H
VOXaDMQD�� L� ]DWRD� H� LVNRULVWHQ� UDQGRP� JHQHUDWRU� VR� NRM� YUHGQRVWD� QD� NULWLaQDWD

VWUPQLQD�VH�GYLCL�SRPH_X�30 - 75 A/µs.

�������6LPXODFLMD�YR�HGQRID]QR�NROR

=D�GD�VH�SRWYUGL�WRaQRVWD�QD�PRGHORW�XSRWUHEHQR�H�PRGLILFLUDQR�HGQRID]QR
NROR�NRH�]D�SUY�SDW�H�SUHGORCHQR�RG�Carnezki�L�SURI� Lindmayer��VO������,]YRURW U H
SRYU]DQ�VR�PDO�RWSRUQLN��NRM�QH�H�SULNDCDQ�QD�VOLNDWD��NRM�SUHWVWDYXYD�YQDWUH^QD
RWSRUQRVW� QD� L]YRURW�� 2WSRURW R1, LQGXNWLYLWHWRW L1, L� NDSDFLWHWRW Cp

SUHWVWDYXYDDW� SDUDPHWUL� QD� VRELUQLFLWH� NDNR� L� NDEHORW� NRL� VH� SULNOXaHQL� ]D
WRYDURW�� 2VWDQDWLWH� SDUDPHWUL� QD� VO�� �� VH� SDUDPHWUL� QD� RSWRYDUXYDZHWR�
3UHNLQXYDaRW� LPD� GRGDWQD� SDUDOHOQD� JUDQND� NRMD� JL� SUHWVWDYXYD� RVRELQLWH� NRJD
NRQWDNWLWH� VH� RWYRUHQL�� 7DD� H� YDCQD� ]D� GD� VH� ]HPH� SUHGYLG� VWUXMDWD� SR� JDVHZH� QD
ODNRW� �DQJ� post-zero current��SRUDGL� ]DRVWDQDWLWH� MRQL�YR�PH_XNRQWDNWQLRW�SURVWRU
NDNR�L�SRUDGL�VWUXMDWD�QD�SRPHVWXYDZH dq/dt. 9UYQDWD�YUHGQRVW�QD�RYDD�VWUXMD�]DYLVL
RG� VWUPQLQDWD� QD� VWUXMDWD� SUHG� SULURGQDWD� QXOD� [13].� 1D� VO�� �� SULNDCDQL� VH
UH]XOWDWLWH�RG�VLPXODFLMDWD�YR�HGQRID]QR�NROR�

6O�� �� D��SUHWVWDYXYD� VWUXMD� QL]� SUHNLQXYDaRW�SUL� XVSH^QR� JDVHZH�QD� ODNRW�
6R�SURPHQD�QD�SDUDPHWULWH�YR�NRORWR��NDNR�L�PRPHQWRW�QD�LVNOXaXYDZH�OHVQR�PRCH
GD�VH�GRELH�VOXaDM�QD�QHXVSH^QR�JDVHZH�QD�ODNRW�VR�QHNRONX�SRYWRUQL�SDOHZD�SUL
^WR�ODNRW�VH�JDVL�YR�QDUHGQDWD�QXOD��1D�VO����E��L�Y��GDGHQL�VH�QDSRQRW�QD�VWUDQDWD
QD� RSWRYDUXYDZH� NDNR� L� QDSRQRW� QD� SUHNLQXYDaRW� UHVSHNWLYQR�� .RJD
YLVRNRIUHNYHQWQDWD� VWUXMD� SRPLQXYD� QL]� QXOD� SRYUDWQLRW� QDSRQ� UDVWL�� 3UL
XVSH^QR� JDVHZH� QD� ODNRW� QH� SRVWRL� SRYH`H� YLVRNRIUHNYHQWQD� VWUXMD� L� QDSRQRW
SRYWRUQR�GRELYD�VLQXVQD�IRUPD�
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5HDOL]LUDQLRW� PRGHO� QD� YDNXXPVNL� SUHNLQXYDa� H� SRJRGHQ� ]D� DQDOL]D� QD
SUHQDSRQVNL�SRMDYL�SUL�LVNOXaXYDZH�QD�QHRSWRYDUHQL�WUDQVIRUPDWRUL��1D�VO����H
GDGHQD� ^HPD� NDGH� ^WR� WUDQVIRUPDWRU� H� SRYU]DQ� VR� NDEHO� SUHNX� YDNXXPVNL
SUHNLQXYDa�� 0RGHORW� QD� WUDQVIRUPDWRURW� JR� ]HPD� SUHGYLG� L� ]DVLWXYDZHWR� QD
PDJQHWQRWR�NROR�QD�WUDQVIRUPDWRURW�L�REH]EHGXYD�PRCQRVW�]D�DQDOL]D�QD�QDSRQLWH
QD� NOHPLWH� RG� WUDQVIRUPDWRURW�� =D� SUHVPHWND� QD� QDSRQLWH� SR� GROCLQDWD� QD
QDYLYNLWH�SRWUHEQL�VH�SRYH`H�SRGDWRFL�L�WRD�QH�H�GDGHQR�YR�UDPNLWH�QD�RYRM�WUXG�
3RGDWRFL�]D�HOHPHQWLWH�YR�PUHCDWD�VH�GDGHQL�YR�7DEHOD�I�

7DEHOD I  3RGDWRFL�QD�PUHCDWD

3DUDPHWDU 9UHGQRVW
3RGDWRFL�]D�WUDQVIRUPDWRU

0R`QRVW 3 MVA
1RPLQDOHQ�QDSRQ 10/0.4 kV, Ynd 5
1RPLQDOQD�IUHNYHQFLMD 50 Hz
QDSRQ�QD�NXVD�YUVND 5%
3ULPDUQD�NDSDFLWLYQRVW 7 nF
6HNXQGDUQD�NDSDFLWLYQRVW 7 nF
3RSUHaQD�NDSDFLWLYQRVW 4 nF
VWUXMD�QD�PDJQHWL]LUDZH 1 %

3RGDWRFL�]D�NDEHO
1RPLQDOHQ�QDSRQ 10 kV
GROCLQD 400 m
LPSHGDQVD�QD�GLUHNWHQ�VLVWHP 0.0837+j0.0912 Ω/km
LPSHGDQVD�QD�QXOWL�VLVWHP 1.37+j0.138 Ω/km
NDSDFLWHW 0.5 µF/km

3RGDWRFL�]D�YDNXXPVNL�SUHNLQXYDa
.ULWLaQR�HOHNWULaQR�SROH 20 kV/mm
NULWLaQD�VWUPQLQD�SUL�YLVRNL�IUHNYHQFLL 30 - 75 A/µs
EU]LQD�QD�RGYRMXYDZH�QD�NRQWDNWLWH 1 m/s
PDNVLPDOQR�PH_XNRQWDNWQR�UDVWRMDQLH 5 mm
VWUXMD�QD�RWVHaXYDZH�SUL�YLVRNL�IUHNYHQFLL 0.125 A

=D� LVSLWXYDQLRW� VOXaDM� VH� SRNDCXYD� GHND� H� PRCQD� SRMDYD� QD� PQRJX� YLVRNL
SUHQDSRQL�QD�VHNXQGDUQDWD�VWUDQD�RG�WUDQVIRUPDWRURW��2YLH�SUHQDSRQL�PRCDW�GD
MD� R^WHWDW� L]RODFLMDWD� QD� QDPRWNLWH� L� SUHGL]YLNDW� SURELY� GR� MDGURWR� RG
WUDQVIRUPDWRURW�� 0RCQR� HOLPLQLUDZH� QD� YDNYLWH� SUHQDSRQL� VH� REH]EHGXYD� VR
LQVWDOLUDZH� QD� NDSDFLWHW� QD� QLVNRQDSRQVNDWD� VWUDQD� [12], LOL� XSRWUHED� QD
RWSRUQLFL�QD�SULPDUQDWD�VWUDQD�[11]��'UXJR�UH^HQLH�H�LQVWDOLUDZH�QD�R-C JUDQND
ID]D�VSUHPD�]HPMD�QD�SULPDUQDWD�VWUDQD��9UHGQRVWLWH�QD�NDSDFLWHWRW�L�RWSRUQLNRW
VH�L]EUDQL�VSRUHG������L�����

22200

0

n
Ufk

inS
sC

⋅

⋅
=

π
                                                         (4)

NDGH�
Sn -�1RPLQDOQD�PR`QRVW�QD�WUDQVIRUPDWRURW�YR  MVA,



 i0  - VWUXMD�QD�PDJQHWL]LUDZH�YR  %,
 f   - IUHNYHQFLMD�QD�PUHCDWD�YR Hz,
Un - QRPLQDOHQ�QDSRQ�YR  kV,
 k  - IDNWRU�QD�RWVHaXYDZH�QD�QDSRQ

Rs
Lc
Cs

≥ 2                                                                            (5)

NDGH�
 Lc  - LQGXNWLYQRVW�QD�NDEHORW.
)DNWRURW�QD�RWVHaXYDZH�QD�QDSRQ�SRNDCXYD�NRONX�SDWL�WHPHQDWD�YUHGQRVW�QD

SUHRGQLRW�QDSRQ�H�SRJROHP�RG�QRPLQDOQDWD�YUHGQRVW�QD�QDSRQRW�
,]EUDQLRW� RWSRUQLN� XaHVWYXYD� YR� SULJX^XYDZH� QD� SUHRGQLWH� RVFLODFLL�

,VWR� WDND� RYRM� RWSRUQLN� SULGRQHVXYD� ]D� VPDOXYDZH� QD� SRMDYDWD� QD� YLUWXHOQR
RWVHaXYDZH� QD� VWUXMDWD�� 6H� SUHSRUDaXYD� YUHGQRVWD� QD� NDSDFLWLYQRVWD�Cs� GD� ELGH
^WR�H�PRCQR�SRPDOD��,PD�GYH�SULaLQL�]D�WRD�

• 3RPDOD�NDSDFLWLYQRVW�SULGRQHVXYD�]D�SRPDOD�YUHGQRVW�QD�VWUXMDWD�QD�SRYWRUQR
SDOHZH�

• 2WSRUQLNRW�EL�WUHEDOR�GD�ELGH�L]EUDQ�WDND�GD�PRCH�GD�MD�L]GUCL�NDSDFLWLYQDWD
VWUXMD�� SD� RGRYGH� VOHGL� GHND� QHJRYDWD� YUHGQRVW� ]DYLVL� RG� JROHPLQDWD� QD
YUHGQRVWD�QD�NDSDFLWHWRW�

�����5(=8/7$7,�,�',6.86,-$

6R� NRULVWHZH� QD� ^HPDWD� RG� VO�� ��� QDSUDYHQL� VH� PQRJX� VLPXODFLL� VR� L� EH]
]D^WLWQD� JUDQND�� 6O�� ��� �� L� �� SUHWVWDYXYDDW� VWUXMDWD� QD� SRYWRUQR� SDOHZH� QL]
SUHNLQXYDaRW�� QDSRQLWH� QD� YLVRNRQDSRQVNDWD� VWUDQD�� NDNR� L� QDSRQRW� QD
QLVNRQDSRQVNDWD� VWUDQD� YR� ID]D� 7� EH]� XSRWUHED� QD� R-C JUDQND�� 5H]XOWDWLWH� RG
VLPXODFLLWH� VR� ]D^WLWQD� JUDQND� VH� GDGHQL� RG� VO���� GR� VO����� 9UHGQRVWLWH� QD
SDUDPHWULWH�NRL�VH�XSRWUHEHQL�SUL�VLPXODFLLWH�VR�R-C�JUDQND�VH�GDGHQL�YR�7DEHOD
II ��3DUDPHWULWH�YR�VOXaDMRW�$�VH�SUHVPHWDQL�VSRUHG�����L������GRGHND�VOXaDMRW�%�VH
RGQHVXYD� QD� VOXaDMQR� L]EUDQL� YUHGQRVWL�� ,VNXVWYRWR� SRNDCXYD� GHND� QDMGREUR

SULJX^XYDZH�VH�SRVWLJQXYD�SUL�YUHGQRVWL�QD�]D^WLWQLRW�NDSDFLWHW�RG������������µF�
NDNR�L�WRD�GHND�YUHPHQVNDWD�NRQVWDQWD�QD�R-C�NRORWR�VH�GYLCL�RNROX����µs.

7DEHOD�II, 3DUDPHWUL�QD R-C JUDQNDWD
R��Ω� C��µF� k

$ �� ����� ����
% �� � �

6SRUHG�RYLH�UH]XOWDWL�PRCH�GD�VH�]DNOXaL�GHND�H�SRVWLJQDWD�]QDaDMQD�UHGXNFLMD�QD
SUHQDSRQLWH�NDNR�L�QD�DPSOLWXGDWD�QD�VWUXMDWD�QD�SRYWRUQRWR�SDOHZH��,]ERURW�QD
SDUDPHWULWH�QD�R-C�JUDQNDWD�ELWQR�YOLMDH�YU]�JROHPLQDWD�QD�VWUXLWH�QD�SRYWRUQR
SDOHZH�NDNR�L�QD�SUHQDSRQLWH�
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� =$./8A2.

6H�SRNDCXYD�GHND�QHRSWRYDUHQLWH�WUDQVIRUPDWRUL�PRCH�GD�ELGDW�L]ORCHQL
QD� PQRJX� YLVRNL� QDSRQL� SUL� LVNOXaXYDZH� VR� SRPR^� QD� YDNXXPVNL� SUHNLQXYDa�
*ROHPLQDWD� L� IUHNYHQFLMDWD� QD� RYLH� SUHQDSRQL� ]DYLVL� RG� NDUDNWHULVWLNLWH� QD
VLVWHPRW�NDNR�L�VWDWLVWLaNLWH�RVRELQL�QD�SUHNLQXYDaRW��7UHED�GD�VH�QDSRPHQL�GHND
VWUXMDWD� QD� RWVHaXYDZH� VWURJR� ]DYLVL� RG� YLGRW� QD� NRQWDNWLWH� QD� SUHNLQXYDaRW�
,]UD]RW� VSRUHG� NRL� H� SUHVPHWDQD� VWUXMDWD� QD� RWVHaXYDZH� YDCL� ]D� YDNXXPVNL
SUHNLQXYDa� VR� Cu/Cr� �EDNDU� �� KURPQL�� NRQWDNWL�� 3RJRGQR� L]EUDQD� R-C� JUDQND
SRYU]DQD� QD� SULPDUQDWD� VWUDQD� QD� WUDQVIRUPDWRURW� REH]EHGXYD� GREUD� ]D^WLWD�
&HQDWD� QD� aLQHZH� QD� RYDD� ]D^WLWD� H� GDOHNX� SRPDOD� RG� FHQDWD� QD� PRCQRWR
R^WHWXYDZH�QD� WUDQVIRUPDWRURW��'RNRONX�SRVWRHaNDWD�PUHCD� GRYHGXYD� GR� SRMDYD
QD�YLUWXHOQR�RWVHaXYDZH�QD� VWUXMDWD�� SUHSRUDaOLYR�H�NRULVWHZH�QD�GRSROQLWHOQD
]D^WLWD�VR�RGYRGQLFL�QD�SUHQDSRQ�SRVWDYHQL�ID]D�VSUHPD�ID]D�L�ID]D�VSUHPD�]HPMD�
,QVWDOLUDZH�QD�]D^WLWQD�JUDQND�QD�QLVNRQDSRQVNDWD�VWUDQD�RG�WUDQVIRUPDWRURW�
SULGRQHVXYD�]D�VPDOXYDZH�QD�SUHQDSRQLWH�QD�VHNXQGDUQDWD�VWUDQD�QR�QHPD�]QDaDHQ
HIHNW�QD�VWUXMDWD�QD�SRYWRUQR�SDOHZH�
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,]QHVHQD� H� DQDOL]DWD� QD� SURFHVLWH� SUL� SUHNLQXYDZH� QD� NRQGHQ]DWRUVND

EDWHULMD�� YR� PUHCD� VR� L]ROLUDQR� \YH]GL^WH� RG� ���� kV� ÷� ��� kV�� VR� YDNXXPVNL
SUHNLQXYDa�

.DNR�UH]XOWDW�RG� DQDOL]DWD� L� RJUDQLaXYDZDWD�RG� VWDQGDUGLWH�� YR� SRJOHG� QD
YLVLQDWD� QD� SUHQDSRQLWH�� VH� QDPHWQXYD� NULWHULXPLW� ]D� HGQRYUHPHQRVWD� QD
NRQWDNWLWH� RG� YDNXXPVNLWH� SUHNLQXYDaL�� NDNR� L� SRWUHEDWD� RG� QHM]LQR
NRQWUROLUDZH�YR�SURFHVRW�QD�UXWLQVNR�LVSLWXYDZH�QD�SUHNLQXYDaRW�

ABSTRACT

There have been presented the analysis during breaking of the capacitor bank, in network
with isolated neutral point of 7.2 kV÷36 kV, with vacuum circuit breaker.

As result of the analysis and limitations by standards, regarding to level of the
overvoltages, the criterion for contacts simultaneausness of circuit breakers, as well as need of its
control within the process of a routine testing of vacuum circuit breakers has been set up.

./8A1,�=%2529,

9DNXXPVNL� SUHNLQXYDa�� NRQGHQ]DWRUVND� EDWHULMD�� HGQRYUHPHQRVW�� UXWLQVNR
LVSLWXYDZH�
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6R� EU]LRW� WHKQROR^NL� UD]YRM� RG� RSUHPDWD�� ^WR� XaHVWYXYD� YR� SURFHVRW� QD
SURL]YRGVWYR�� SUHQRV� L� GLVWULEXFLMD� QD� HOHNWULaQD� HQHUJLMD�� Vè� QDPHWQXYDDW� VH
SRVWURJL�EDUDZD�]D�QLYQLWH�SHUIRPDQVL�

3UHNLQXYDaLWH�VH�HGHQ�VHJPHQW�RG�VSRPHQDWDWD�RSUHPD��^WR�]QDaL�GHND�L�WLH
WUHED�GD�JL�]DGRYRODW�EDUDZDWD�

2YD�]QDaL�GHND�RG�VRYUHPHQLWH�SUHNLQXYDaL�VH�EDUD�

• GREUL� WHKQLaNL� NDUDNWHULVWLNL� �QRPLQDOQD� VWUXMD�� QRPLQDOHQ� QDSRQ�
QRPLQDOQD� UDVNORSQD� VQDJD� QD� VWUXMD� QD� NXVD� YUVND�� YNOXaXYDZH� L
LVNOXaXYDZH�QD�PDOL�LQGXNWLYQL�L�NDSDFLWYQL�VWUXL��

• SRJROHPD�GRYHUOLYRVW�L��SRGROJD�WUDMQRVW�YR�UDERWDWD�
• QDPDOXYDZH�QD�JDEDULWLWH�L�WHCLQLWH�
9DND�SRVWDYHQLWH�EDUDZD��RG�GUXJD�VWUDQD��JL�REYU]XYDDW�SURL]YRGLWHOLWH�QD

SUHNLQXYDaL� GD� JL� SRGREUXYDDW� SRVWRHaNLWH� L� GD� YRYHGXYDDW� QRYL� UH^HQLMD� QD
WHKQLNL�QD�SUHNLQXYDZH�

'HQHV� ]D� QRPLQDOQL�QDSRQL� ����÷� ��� kV�� VR� VLJXUQRVW�PRCH� GD� VH� NDCH� GHND
PDONXPDVOHQLWH� SUHNLQXYDaL� VH� SRWLVQDWL� RG� GYH� SRVRYUHPHQL� WHKQLNL� QD
SUHNLQXYDZH�SF6�L�YDNXXP�

1D� GLMDJUDP�EU��� JUDILaNL� H� SULNDCDQ� VYHWVNLRW� WUHQG�QD� SURL]YRGVWYR� QD

SUHNLQXYDaL������÷����kV��RG�������÷������JRG���SUHPD�SRGDWRFL�RG�WESTINGHOUSE.
9DNYL�SRND]DWHOL�PRCDW�GD�VH�VUHWQDW�L�NDM�RVWDQDWLWH�VYHWVNL��UHQRPLUDQL

SURL]YRGLWHOL�QD�SUHNLQXYDaL��SIEMENS, TOSHIBA�L�GU�

'LMDJUDP�EU��

9DNXXPVNDWD� WHKQLND� QD� SUHNLQXYDZH�� YR� RGUHGHQL� VSHFLMDOQL� SRJRQVNL
XVORYL� QD� ]DaHVWHQL� PDQLSXODFLL�� �CHOH]QLFD�� JHQHUDWRUVNL� SUHNLQXYDaL��� LPD
SUHGQRVW�QDG�SF6�WHKQLNDWD�

,VWR�WDND�YDNXXPVNLWH�SUHNLQXYDaL�VH�SRYH`H�JL�SRWLVQXYDDW�L�VSHFLMDOQLWH
LQGXVWULVNL� SUHNLQXYDaL� �VR� PDJQHWQR� RGGXYXYDZH�� SQHYPDWVNL� L� GU���� NRL� VH
SULPHQXYDDW�YR�LQGXVWULMDWD�QD�PHWDOXUJLMDWD�

6LWH� VSRPHQDWL� SUHGQRVWL� QD� YDNXXPVNLWH� SUHNLQXYDaL� VH� ]DVQRYDQL� QD
SULURGDWD�QD�SUHNLQXYDZH�QD�VWUXMQLRW�NUXJ�YR�VUHGLQD�VR�YDNXXP�

=D�RYRM�SURFHV�NDUDNWHULVWLaQR�H�VOHGQRWR�

• PDO�QDSRQ�QD�HOHNWULaQLRW�ODN�

���� ���� ����

JDV

YDNXXP

PDVOR

YR]GXK



• NXVR�WUDHZH�QD�HOHNWULaQLRW�ODN� �SUHNLQXYDZH�QD�VWUXMDWD�YR�QHM]LQLRW
SUY�SUHPLQ�QL]�QXOD��SRVOH�JDOYDQVNRWR�RGYRMXYDZH�QD�NRQWDNWLWH��

• PDOD�HQHUJLMD�RVORERGHQD�YR�HOHNWULaQLRW�ODN�

• JROHPD� EU]LQD� QD� YRVSRVWDYXYDZH� QD� GLHOHNWULaQDWD� FYUVWLQD� QD

VUHGLQDWD�����kV/µs��
• YLVRND� GLHOHNWULaQD�FYUVWLQD�QD� YDNXXPRW��^WR� RYR]PRCXYD� UDVWRMDQLMD

SRPH_X�RWYRUHQL�NRQWDNWL��÷���mm�
2YLH� SURFHVL� VH� GREUD� RVQRYD� ]D� RSWLPLUDZH� QD� RVWDQDWLWH� GHORYL� RG

SUHNLQXYDaRW��SRJRQVNL�PHKDQL]DP��QRVDaL��VSRMQL�SROXJL�L�GU���^WR�RYR]PRCXYDDW
GD�VH�SURL]YHGDW�SUHNLQXYDaL�VR�

• PDOL�JDEDULWL�L�WHCLQL�

• PLQLPDOHQ�EURM�QD�SRGYLCQL�GHORYL�

• QDPDOXYDZH� QD� SRWUHEQRWR� QLYR� PHKDQLaND� HQHUJLMD�� SRWUHEQD� ]D
]DGYLCXYDZH�QD�NRQWDNWLWH�

• SRHGQRVWDYXYDZH�QD�NRQVWUXNFLMDWD�QD�SRJRQVNLWH�PHKDQL]PL�

• JROHPD�PHKDQLaND�WUDMQRVW�

• JROHPD�HOHNWULaQD�WUDMQRVW�

• SRWUHELWH� RG� RGUCXYDZH� VYHGHQL� QD� PLQLPXP� �VDPR� QD� SRJRQVNLRW
PHKDQL]DP��

(GQD� RG� PQRJXWH� QDPHQL� QD� YDNXXPVNLRW� SUHNLQXYDa� H� YNOXaXYDZH� L
LVNOXaXYDZH�QD�NRQGHQ]DWRUVND�EDWHULMD�YR�PUHCL�VR�L]ROLUDQR�\YH]GL^WH�

=DUDGL� SULURGDWD� QD� SURFHVLWH� NRL� VH� MDYXYDDW� SUL� LVNOXaXYDZH� QD
NRQGHQ]DWRUVND� EDWHULMD� VR� YDNXXPVNL� SUHNLQXYDa�� VH� QDPHWQXYD� SRWUHEDWD�
HGQRYUHPHQRVWD� QD� NRQWDNWLWH� RG� YDNXXPVNLRW� SUHNLQXYDa� GD� ELGH� YR� RGUHGHQL
JUDQLFL�

7RD�VH�SUDYL�VR�FHO�YLVLQDWD�QD�SUHQDSRQLWH��YR�RYRM�SRJRQVNL�VOXaDM��GD�QH
ELGH�SRJROHPD�RG�����Um�NRMD�H�GRSX^WHQD�YUHGQRVW�SUHPD�VWDQGDUGRW�IEC-56�

9R� SURGROCHQLH�� SUYR�� `H� VH� L]QHVH� WHRUHWVNLRW� SULVWDS� ]D� DQDOL]D� QD
SURFHVRW� SUHNLQXYDZH� QD� NRQGHQ]DWRUVND� EDWHULMD� YR� PUHCD� VR� L]ROLUDQR
\YH]GL^WH�� 3RWRD� `H� VH� L]QHVH� SUDNWLaQDWD� PHUQD� PHWRGD� ]D� NRQWUROD� QD
HGQRYUHPHQRVWD�QD�YDNXXPVNLRW�SUHNLQXYDa��^WR�MD�SULPHQXYD�(02�]D�VRSVWYHQLWH
YDNXXPVNL�SUHNLQXYDaL�
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=D� GD� PRCH� GD� VH� VRJOHGD� SRWUHEDWD� HGQRYUHPHQRVWD� QD� NRQWDNWLWH� RG
YDNXXPVNLRW�SUHNLQXYDaRL��SUL�LVNOXaXYDZH�QD�NRQGHQ]DWRUVND�EDWHULMD��GD�ELGH�YR
XWYUGHQL�JUDQLFL��SRWUEQR�H�GD�VH�L]YU^L�DQDOL]D�QD�VWUXMQLRW�NUXJ�

=DUDGL�PQRJX�GREULWH�GLHOHNWULaNL�NDUDNWHULVWLNL�QD�YDNXXPVNLWH�NRPRUL�
SUL� SUHNLQXYDZH� QD� NDSDFLWLYQL� VWUXL�� LVWLWH� VH� SUHNLQXYDDW� YR� SUYDWD� QDUHGQD
QXOD�� RG� PRPHQWRW� QD� JDOYDQVNR� RGYRMXYDZH� QD� NRQWDNWLWH�� 3UL� WRD� GR� SRYWRUHQ
SURERM�QH�GRD_D��WDND�GD�VHNRH�SUHNLQXYDZH�H�XVSH^QR�

3UHNLQXYDaLWH� VH� WULID]QL� DSDUDWL� ^WR� GRELYDDW� PHKDQLaND� HQHUJLMD� RG
HGQR� PHVWR�� 6SRUHG� WRD� PRPHQWLWH� QD� JDOYDQVNR� GRSLUDZH� LOL� RGYRMXYDZH� QD
NRQWDNWLWH�YR� VLWH�WUL�SROD�RG�SUHNLQXYDaRW�QH� VH� HGQRYUHPHQL��3RVWRL�RGUHGHQ



YUHPHQVNL�LQWHUYDO�YR�NRM�VLWH�NRQWDNWL�JDOYDQVNL�VH�GRSLUDDW�LOL�RGYRMXYDDW��^WR
VH�QDUHaXYD�HGQRYUHPHQRVW�QD�NRQWDNWLWH�

5HGRVOHGRW� QD� JDOYDQVNR� GRSLUDZH� LOL� RGYRMXYDZH� QD� NRQWDNWLWH� H
VWRKDVWLaND� SRMDYD�� D� JROHPLQDWD� QD� YUHPHQVNLRW� LQWHUYDO� �HGQRYUHPHQRVWD�� VH
GYLCL�YR�GHILQLUDQL�JUDQLFL�

.DNR�SRVOHGLFD�QD�RYD��VWUXMQLRW�NUXJ��YR�NRM�VH�QDR_D�SUHNLQXYDaRW��]D�YUHPH
RWYRUDZH� L� ]DWYRUDZH�� MD� PHQXYD� NRQILJXUDFLMDWD�� ^WR� SRYOHNXYD� RGYLYDZH� QD
SURFHVL�NRL�`H�ELGDW�DQDOL]LUDQL�

%LGHM`L� VWUXMQLRW� NUXJ� ^WR� VH� SUHNLQXYD� H� WULID]HQ� VLPHWULaHQ�� ]D
SULURGDWD� QD� SURFHVLWH� QH� H� YDCHQ� UHGRVOHGRW� QD� JDOYDQVNRWR� RGYRMXYDZH� QD
NRQWDNWLWH��WXNX�JROHPLQDWD�QD�HGQRYUHPHQRVWD�

=DUDGL� RYD� `H� XVYRLPH� UHGRVOHG� QD� JDOYDQVNR� RGYRMXYDZH� QD� NRQWDNWLWH� YR
SUHNLQXYDaRW��SRO���A��SRO���B�L�SRO�� C�

6WUXMQLRW�NUXJ��SUL�SUHNLQXYDZHWR��LPD�WUL�NRQILJXUDFLL�

• VLWH�WUL�SROD�]DWYRUHQL��VWDFLRQDUHQ�UHCLP��

• SUHNLQDWD�VWUXMD�YR�SRORW���A��NRQWDNWLWH�YR�SRORYLWH�B�L�C�YR�JDOYDQVNL
GRSLU�

• SUHNLQDWD�VWUXMDWD�YR�VLWH�WUL�SROD�

����� $QDOL]D�QD�VWUXMQLRW�NUXJ�]D�VWDFLRQDUHQ�UHCLP

=D�RYRM�VOXaDM�VWUXMQLRW�NUXJ�H�SULNDCDQ�QD�VOLND�EU��

6O���6WUXHQ�NUXJ�]D�VWDFLRQDUHQ�UHCLP

Zm���LPSHGDQVD�QD�PUHCDWD�RG�VWUDQD�QD�L]YRURW�
Ui,    i = a,b,c���QDSRQL�QD�L]YRURW�
ik,     k = a,b,c���VWUXL�^WR�WHaDW�YR�VWUXMQLRW�NUXJ�
C���NDSDFLWLYQRVW�QD�NRQGHQ]DWRUVND�EDWHULMD�
O ��]DHGQLaND�WRaND�QD�NRQGHQ]DWRUVND�EDWHULMD�
Z���WRaND�QD�]D]HPMXYDZH�QD�]DHGQLaNDWD�WRaND�RG�L]YRURW�
P���SUHNLQXYDa�VR�NRM�VH�SUHNLQXYD�VWUXMQLRW�NUXJ�
a,b,c���SULNOXaRFL�QD�SUHNLQXYDaRW�QD�VWUDQDWD�QD�L]YRURW�
a1,b1,c1���SULNOXaRFL�QD�SUHNLQXYDaRW�QD�VWUDQDWD�QD�SRWUR^XYDaRW�

%LGHM`L�VWUXMQLRW�NUXJ�H�VLPHWULaHQ��WRJD^�L�VRRGYHWQLWH�VWUXL�L�QDSRQL�`H
ELGDW�VLPHWULaQL��D�QDSRQRW�QD�WRaNDWD�O�H�QXOD�



i I ta m= cosω
i I tb m= −cos( / )ω π2 3 ���������������������������������������������

i I tc m= +cos( / )ω π2 3

u U ta m= cosω
u U tb m= −sin( / )ω π2 3 �����������������������������������������

u U tc m= +sin( / )ω π2 3

u uz0 0= = ��� ����������������������������������������������������������

����� $QDOL]D�QD�VWUXMQLRW�NUXJ��SUHNLQDWD�VWUXMD�YR�NRORWR

6WUXMQLRW�NUXJ�H�SULNDCDQ�QD�VOLND���

6O��

3RVOH� SUHNLQXYDZH� QD� VWUXMDWD� YR� SRORW� �� $�� YR� VWUXMQLRW� NUXJ� QDVWDQXYD
SUHRGHQ� SURFHV�� NDNR� SRVOHGLFD� QD� ]DNRQRW� ]D� NRQ]HUYDFLMD� QD� HQHUJLMDWD�
6RRGYHWQLWH� VWUXL� L� QDSRQL� `H� VH� VRVWRMDW� RG� GYH� NRPSRQHQWL�� HNVSRQHQFLMDOQR
SULJX^HQD�L�VWDFLRQDUQD��2S^WLRW�L]UD]�]D�QLYQDWD�YUHPHQVND�SURPHQD�PRCH�GD�VH
RSL^H�VR�L]UD]RW�

y t Y e t Y tp
t

s( ) cos( ) cos( )/= + + +− τ ω ϕ ω ψ0 ������������������������������������������������

NDGH�VH�
Yp � ��DPSOLWXGD�QD�SUHRGQDWD�NRPSRQHQWD�

τ ��YUHPHQVND�NRQVWDQWD�QD�VWUXMQLRW�NUXJ�
ω 0 ��VRSVWYHQD�NUXCQD�IUHNYHQFLMD�QD�VWUXMQLRW�NUXJ�

ϕ0 ��SRaHWQD�ID]D�QD�SUHRGQDWD�NRPSRQHQWD�

Ys ��DPSOLWXGD�QD�VWDFLRQDUQDWD�NRPSRQHQWD�

ω ��NUXCQD�IUHNYHQFLMD�QD�L]YRURW�
ψ ��SRaHWQD�ID]D�QD�VWDFLRQDUQDWD�NRPSRQHQWD�

$NR� VH� ]HPDW� SUHGYLG� UHDOQLWH� SDUDPHWUL� QD� VWUXMQLRW� NUXJ� PRCH� GD� VH
]DNOXaL�GHND�

• YHOLaLQDWD�Yp �H�PDOD��YVX^QRVW�WRD�H�SDG�QD�QDSRQRW�QD�LPSHGDQVDWD� Zm �

• SULJX^XYDZHWR�QD�SUHRGQDWD�NRPSRQHQWD�H�EU]R�]D��÷��ms�



2G� SUHWKRGQRWR� L]QHVHQR� PRCH� GD� VH� ]DNOXaL� GHND� DQDOL]DWD� QD� VWUXMQLRW
NUXJ�]D�RYRM�UHCLP��PRCH�GD�VH�L]YU^L�VDPR�SUHNX�VWDFLRQDUQDWD�NRPSRQHQWD�

1DSRQLWH�YR�SULNOXaRFLWH�RG�SUHNLQXYDaRW��YR�RGQRV�QD�WRaNDWD�2��b1�L�c1�`H
ELGDW�RSL^DQL�VR�L]UD]RW�

u u t Um tb b1 10 1

3

2
= +( ) sinω

�u u t Um tc c1 10 1

3

2
= −( ) sinω

NDGH�^WR� u tb1 1( ) �L� u tc1 1( ) �VH�QDSRQLWH�QD�SULNOXaRFLWH�YR�b1�L�c1�YR�PRPHQWRW

QD�SUHNLQXYDZH�QD�VWUXMDWD�YR�SRORW����$�
9UHPHWR t�YR�L]UD]RW�����VH�VPHWD�RG�PRPHQWRW�QD�SUHNLQXYDZH�QD�VWUXMDWD�YR

SRORW���$��RGQRVQR�t=0�YR�PRPHQW�t1�RG�SRaHWRNRW�QD�DQDOL]DWD�QD�VWUXMQLRW�NUXJ�
1DSRQRW� QD� WRaNDWD� O� YR� RGQRV� QD� Z�� SRaQXYD� GD� UDVWH�� D� VH� RSL^XYD� VR

L]UD]RW�

u u u
U

t
U

oz b b o
m m= − = − +

1 2 2
cosω � ������������������������������������������������

1DSRQRW� QD� SULNOXaRNRW�a1� YR� RGQRV� QD� WRaNDWD�2�� RVWDQXYD� QD� NRQVWDQWQD
YUHGQRVW�W�H���u U consta o m1

= = �

1D�SULNOXaRFLWH�a�L�a1�RG�SRORW���$��VH�MDYXYD�QDSRQ�GDGHQ�VR�L]UD]RW�

u u u uaa a a o oz1 1
= − − �������������������������������������������������� ����������������������������

9R�GYDWD�SROD�RG�SUHNLQXYDaRW�WHaH�LVWD�VWUXMD�RSL^DQD�VR�L]UD]RW�

i i I tb c m= − =
3

2
cosω �������������������������������������� ���������������

2G�L]UD]RW�����PRCH�GD�VH�]DNOXaL�GHND�XVORYL�]D�SUHNLQXYDZH�QD�VWUXMDWD�YR
SRORYLWH B� L� C� VH� VR]GDYDDW� SRVOH� ω πt = / 2 � RGQRVQR� �� ms� RG� PRPHQWRW� QD
SUHNLQXYDZH�QD�VWUXMDWD�YR�SRORW���A�

9R�]DYLVQRVW�RG�HGQRYUHPHQRVWD�QD�NRQWDNWLWH�YR�SRORYLWH�B�L�C�PRCQL�VH
GYD�VOXaDMD�

• JDOYDQVNR� RGYRMXYDZH� QD� NRQWDNWLWH� YR� SRORYLWH�B� L�C�� SR� ��ms, SRVOH
PRPHQWRW�t1.

• JDOYDQVNR�RGYRMXYDZH�QD�NRQWDNWLWH�YR�SRORYLWH�B�L�C��]D�SRPDONX�RG���ms,
RG�PRPHQWRW�t1.

*ROHPLQDWD� QD� SRYUDWQLRW� QDSRQ�� QD� SULNOXaRFLWH� QD� SRORW� NRM� SUY
SUNLQXYD���YR�RYRM�VOXaDM�SRORW���$���]DYLVL�RG�PRPHQWRW�QD�JDOYDQVNR�RGYRMXYDZH�QD
NRQWDNWLWH�YR�SRORYLWH�B�L�C��YR�RGQRV��QD�PRPHQWRW�t1���SUHNLQXYDZH�QD�VWUXMDWD�YR
SRORW���A)�

9UHPHQVNLRW� WHN� QD� SURPHQD� QD� VRRGYHWQLWH� VWUXL� L� QDSRQL�� YR
DQDOL]LUDQLRW� VWUXHQ� NUXJ� VH� GDGHQL� QD� JUDILN� EU�� �� L� EU�� ��� SRVHEQR� ]D� GYDWD
VSRPHQDWL�VOXaDL��QD�SUHNLQXYDZH�QD�VWUXMDWD�YR�SRVOHGQLWH�GYD�SROD�

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



*UDILN�EU����3URPHQD�QD�VWUXL�L�QDSRQL��]D�HGQRYUHPHQRVW�����ms

*UDILN�EU�����3URPHQD�QD�VWUXL�L�QDSRQL��]D�HGQRYUHPHQRVW�!���ms�
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$QDOL]LUDM`L� JR� WHNRW� QD� SURPHQD� QD� QDSRQLWH�� YR� RGGHOQL� WRaNL� RG
VWUXMQLRW�NUXJ�NRM�VH�SUHNLQXYD��PRCHPH�GD�]DNOXaLPH�GHND�QDMYLVRN�QDSRQ�VH�MDYXYD
QD�SULNOXaRFLWH�RG�SRORW�NRM�SUY�SUHNLQXYD�

3RNUDM� WRD� DSVROXWQDWD� YUHGQRVW� QD� RYRM� QDSRQ� ]DYLVL� RG� PRPHQWRW� QD
JDOYDQVNR�RGYRMXYDZH�QD�NRQWDNWLWH�YR�RVWDQDWLWH�GYD�SROD�

6H� SRNDCXYD� GHND� QDMJROHPD� YUHGQRVW� QDSRQRW�� QD� SULNOXaRFLWH� RG
SUHNLQXYDaRW�� GRELYD� NRJD� NRQWDNWLWH� YR� RVWDQDWLWH� GYD� SROD� JDOYDQVNL� VH
RGYRMXYDDW�SRVOH���ms� RG�PRPHQWRW�t1��D�WRD�H��Um�

2YDD� YUHGQRVW� H� SRJROHPD� RG� ���Um�� ^WR� H� GRSX^WHQD� YUHGQRVW� SUL

SUHNLQXYDZH�QD�NRQGHQ]DWRUVND�EDWHULMD�VR�SUHNLQXYDa�
2G� RYD� VH� QDPHWQXYD� SRWUHEDWD� HGQRYUHPHQRVWD�� QD� NRQWDNWLWH� RG

YDNXXPVNLWH�SUHNLQXYDaL��GD�ELGH�SRPDOD�RG���ms��2YRM�SDUDPHWDU�SRWUHEQR�H�GD�VH
PHUL�YR�SURFHVRW�QD�]DYU^QLWH�LVSLWXYDZD�QD�YDNXXPVNLWH�SUHNLQXYDaL��VR�FHO�GD
VH�SUH]HPDW�NRUHNWLYQL�PHUNL�]D�QHJRYR�GRWHUXYDZH�QD�GRSX^WHQRWR�QLYR�

�� ,63,71$�0(72'$�=$�.21752/$�1$�('1295(0(1267�1$
.217$.7,7(�2'�35(.,189$A27

=DUDGL� NRQWUROD� QD� HGQRYUHPHQRVWD� QD� NRQWDNWLWH� RG� YDNXXPVNLRW
SUHNLQXYDa� (02� LPD� XVYRHQR� LVSLWQD� PHWRGD� NRMD� VH� UHDOL]LUD� VR� RSUHPD
SULNDCDQD�QD�VOLND�EU���

6OLND�EU���



6R� P� H� SUHGVWDYHQ� SUHNLQXYDaRW�� NRM� VH� YNOXaXYD� LOL� LVNOXaXYD� VR
HOHNWURPDJQHWLWH� Y1� L� Y2�� NRL� VR� GHEORNLUDZH� QD� RGUHGHQL� ]DGUCXYDaL
RYR]PRCXYDDW�RVORERGXYDZH�QD�DNXPXOLUDQD�PHKDQLaND�HQHUJLMD�

/RJLaNLRW�DQDOL]DWRU�SULPD�GLJLWDOHQ�VLJQDO��JR�REUDERWXYD��SULNDCXYD�QD
HNUDQ�L�LVSUD`D�QD�SHaDWDU�

6SUHPD�WRD�YR�ORJLaNLRW�DQDOL]DWRU�VH�YQHVXYDDW�YUVNLWH�RG�WULWH�SROD�QD
SUHNLQXYDaRW�QD�SRVHEQL�YOH]RYL��.RJD�JDOYDQVNL�`H�GRSUH�QHNRM�NRQWDNW�YR�ELOR
NRM� SRO�� ORJLaNLRW� DQDOL]DWRU� MD� UHJLVWULUD� SURPHQDWD�� SD� WDND� VR� PH_XVHEQD
VSRUHGED�QD�WULWH�YOH]QL�VLJQDOL�PRCH�GD�VH�RWaLWD�NRONDYD�H�HGQRYUHPHQRVWD�QD
NRQWDNWLWH�

9R� ]DYLVQRVW� RG� GRELHQLWH� YUHGQRVWL� QD� HGQRYUHPHQRVWD� VH� ]DNOXaXYD� GDOL
LPD�SRWUHED�RG�QHM]LQD�NRUHNFLMD�

1D� YDNYR� LVSLWXYDZH� H� SRGORCHQ� VHNRM� SURL]YHGHQ� YDNXXPVNL� SUHNLQXYDa�
QDPHQHW�]D�SUHNLQXYDZH�QD�NRQGHQ]DWRUVND�EDWHULMD�

1D�VOLNDWD�H�GDGHQ�GLMDJUDP�]D�HGQRYUHPHQRVWD�QD�NRQWDNWLWH�SUL�RWYRUDZH
QD�SUHNLQXYDaRW�

[Timing]  Waveform Diagram  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sample period [     10 µs]
Magnification [   1 X ] 1.000 ms / div
Magnifi About [    x    ] 10.00 µs / sample
Cursor Moves [    x    ]     0.0   µs o to x
[    ↓   ]    o X

[    R    ]

[    S    ]

[    T    ]

'LMDJUDP�EU���

��� =$./8A2.

3RWUHEDWD� RG� NRQWUROD� QD� HGQRYUHPHQRVWD� QD� NRQWDNWLWH� QD� YDNXXPVNLWH
SUHNLQXYDaL�� QDPHQHWL� ]D� SUHNLQXYDZH� QD� NRQGHQ]DWRUVND� EDWHULMD�� YR� PUHCD� VR
L]ROLUDQR�\YH]GL^WH�SURL]OHJXYD�RG�

• NDUDNWHULVWLNLWH�QD�YDNXXPVNLWH�NRPRUL�

• WHNRW� QD� SURFHVRW� SUL� SUHNLQXYDZH� QD� VWUXLWH� YR� VWUXMQLRW� NUXJ� VR
NRQGHQ]DWRUVND�EDWHULMD�



• RJUDQLaXYDZDWD�RG�VWDQGDUGLWH��YR�SRJOHG�QD�YLVLQLWH�QD�SUHQDSRQLWH��D
VR� FHO� GD� VH� QDPDODW� GLHOHNWULaQLWH� QDSUHJDZD� QD� L]RODFLMDWD�� ^WR� `H
UH]XOWLUD�VR�]JROHPHQ�YHN�QD�WUDHZH�QD�RSUHPDWD�

9UHGQRVWD� QD� VSRPHQDWDWD� HGQRYUHPHQRVW� WUHED� GD� H� SRPDOD� RG� �� ms�� D
SURL]YRGLWHOLWH�QD�SUHNLQXYDaL�SRWUHEQR�H�GD�MD�NRQWUROLUDDW�QD�VHNRM�SURL]YHGHQ
YDNXXPVNL�SUHNLQXYDa�

/,7(5$785$�

��� Boris Belin: “Uvod u teoriju sklopnih aparata” Zagreb-19__;
��� 6WDQGDUG IEC-56: High-voltage alternating-current circuit-breakers;
��� WESTINGHOUSE: 3URVSHNWHQ�PDWHULMDO;
��� (02�2KULG�� ,VSLWQL� PHWRGL� ]D� HGQRYUHPHQRVW� QD� NRQWDNWL� RG

SUHNLQXYDaL�
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�����������7UXGRW� JL� SULNDCXYD� UH]XOWDWLWH� RG� HNVSHULPHQWDOQLWH
LVWUDCXYDZD� QD� SUHRGQLWH� SRMDYL� SUL� YNOXaXYDZH� L� LVNOXaXYDZH� QD
SUHNLQXYDaLWH� QD� NRQGHQ]DWRUVNLWH� EDWHULL�� NRL� ^WR� JL� L]YU^L
,QVWLWXWRW��1LNROD�7HVOD��YR�SRYH`HWR�VWDQLFL�QD�UD]OLaQL�QLYRD�

ABSTRAKT

           This paper presents the results of the experimental invastigations of transitive
appearances during the switching on and switching off the switches of condenser
batteries, realized by Institute "NikolaTesla" in most of trasformer stations at different
voltage levels.

 ��929('

�3RWUHELWH� ]D� NRPSHQ]DFLMD� QD� UHDNWLYQDWD� HQHUJLMD� YR� RSUHGHOHQL
GHORYL� QD� HOHNWURHQHUJHWVNLRW� VLVWHP� XVORYXYDDW� YRYHGXYDZH� QD
NRQGHQ]DWRUVNL� EDWHULL� QD� RSUHGHOHQL� PHVWD�� ,VWLWH� SR� SRWUHED� EL� VH
YNOXaXYDOH�L�LVNOXaXYDOH�VR�SUHNLQXYDaLWH�QD�NRQGHQ]DWRUVNLWH�EDWHULL�



%URMRW�QD�PDQLSXODFLL�QD�SUHNLQXYDaRW�QD�HGQD�NRQGHQ]DWRUVND�EDWHULMD
PRCH� GD� ELGH� JROHP� YR� WHNRW� QD� HGQD� JRGLQD�� 0DQLSXODFLLWH� VR
SUHNLQXYD�
aLWH� GRYHGXYDDW� GR� SRMDYD� QD� SUHRGQL� UHCLPL� YR� HOHNWULaQLWH� NROD� QD
NRQGHQ]DWRUVNLWH�EDWHULL���7LH�VR�VYRMDWD�UDERWD�PRCDW�GD�SULGRQHVDW�L
]D�]JROHPXYDZH�QD�LQWHQ]LWHWRW�QD�SUHRGQLWH�SRMDYL�
��������9NOXaXYDZHWR� QD� NRQGHQ]DWRUVNLWH� EDWHULL� VR� ]DWYDUDZH� � QD
NRQWDNWLWH�QD�SUHNLQXYDaRW�GRYHGXYD�GR�SRMDYD�QD�JROHPL�XGDUQL�VWUXL�VR
YLVRNL� IUHNYHQFLL� NRL� ^WR� VH� SULJX^XYDDW� SR� GHVHWLQD� LOL� SRYH`H
PLOLVHNXQGL��8GDUQLWH� VWUXL�PRCDW� GD�ELGDW�EOLVNL� GR� VWUXLWH� QD� NXVD
YUVND�� DNR� LVWLWH� QH� VH� RJUDQLaDW� VR� SULJX^QLFL� VR� PDOD� LQGXNWLYQRVW
YU]DQL�VHULVNL�VR�NRQGHQ]DWRUVNDWD�EDWHULMD��8GDUQLWH�VWUXL�GRYHGXYDDW
GR� ]QDaLWHOQL� HOHNWULaQL�� GLQDPLaNL�� WHUPLaNL� L� PHKDQLaNL
QDSUHJQXYDZD� QD� NRQGHQ]DWRUVNDWD� EDWHULMD�� SULJX^QLFDWD� L� VDPLRW
SUHNLQXYDa�� .DM� RSUHGHOHQL� WLSRYL� QD� SUHNLQXYDaL�� YR� SURFHVRW� QD
YNOXaXYDZH� PRCH� GD� GRMGH� GR� SRMDYD� QD� SUHGKRGQL� SDOHZD� QD� ODNRW
RGQRVQR� GR� SUHNLQXYDZH� L� YRVSRVWDYXYDZH� QD� ODNRW� QD� NRPRUDWD� YR
XVORYL�NRJD�NRQWDNWLWH�QD�SUHNLQXYDaRW�VH�X^WH�WUDMQR�QH�VH�VSRHQL��7RD
QDMaHVWR� VH� VOXaXYD� NDM� SUHNLQXYDaL� NRL� � ^WR� MD� LPDDW� RVRELQDWD� GD� JL
SUHNLQXYDDW� YLVRNRIUHNYHQWQLWH� NRPSRQHQWL� QD� VWUXMDWD� SUL� QLYQRWR
SRPLQXYDZH�QL]�QXODWD�
���������3UL� LVNOXaXYDZH� QD� NRQGHQ]DWRUVNDWD� EDWHULMD� SUHRGQLRW� SURFHV
PRCH��QR�QH�PRUD�GD�ELGH�LQWHQ]LYHQ��.RJD�SUL�RGGHOXYDZH�QD�NRQWDNWLWH
QD� SUHNLQXYDaRW� VWUXMDWD� `H� VH� SUHNLQH� SUL� SRPLQXYDZH� QL]� QXODWD� L
QHPD�GD�GRMGH�GR�SRYWRUQR�SDOHZH�QD�HOHNWULaQLRW�ODN��WRJD^�SUHRGQLRW
VWUXHQ�L�SUHQDSRQVNL�SURFHV� � H� VPLUHQ��0H_XWRD�� DNR�SR�SUHNLQXYDZHWR
QD� VWUXMDWD�� VH� YRVSRVWDYL� QDSRQ� QD� NRQWDNWLWH� QD� SUHNLQXYDaRW� NRM� H
SRJROHP� RG� GLHOHNWULaQDWD� FYUVWLQD� QD� PH_XNRQWDNWQRWR� UDVWRMDQLH�
ODNRW�SRYWRUQR�VH�YRVSRVWDYXYD�L�PRCH�GD�VH�SRMDYL�SRLQWHQ]LYHQ�SUHRGHQ
SURFHV� RGNRONX� SUL� YNOXaXYDZHWR� QD� NRQGHQ]DWRUVNDWD� EDWHULMD�� $NR
SRYWRUQRWR� SDOHZH� QD� ODNRW� SRPH_X� NRQWDNWLWH� QD� SUHNLQXYDaRW� VH
VOXaXYD� GR� �� PLOLVHNXQGL� RG� SUHNLQXYDZHWR� QD� VWUXMDWD�� WDD� SRMDYD� VH
QDUHNXYD�SRYWRUQR�SDOHZH�QD�HOHNWULaQLRW�ODN��D�DNR�WRD�VH�VOXaL�SRVOH
��PLOLVHNXQGL�SRMDYDWD�VH�QDUHNXYD�SRYWRUHQ�SUHVNRN�

�� 5(=8/7$7, 2' (.63(5,0(17$/1,7( ,675$#89$:$1$
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�9R� SRJROHP� EURM� QD� WUDQVIRUPDWRUVNL� VWDQLFL� � VR� QDSRQVNR� QLYR
��KV, 15KV, 5,25KV � L� ���� KV � � ,QVWLWXWRW� �1LNROD� 7HVOD�� L]YU^L
LVWUDCXYDZD� QD� SUHRGQLWH� QDSRQL� L� VWUXL� SUL� YNOXaXYDZHWR� L
LVNOXaXYDZHWR� QD� NRQGHQ]DWRUVNLWH� EDWHULL� VR� L]ROLUDQD� QHXWUDOQD
WRaND��6QLPHQL�VH

SUHRGQLWH�ID]QL�QDSRQL�SUHG�L�SRVOH�SUHNLQXYDaRW�QD�NRQGHQ]DWRUVNDWD
EDWHULMD� VR�SRPR^�QD�NDSDFLWLYQL�QDSRQVNL�PHUQL� VLVWHPL�� D� LVWR� WDND



VQLPHQL�VH�L�SUHRGQLWH� VWUXL�SUHNX�SRVWRMQLWH� VWUXMQL� WUDQVIRUPDWRUL
YR�NRORWR�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�
.DSDFLWDWLYQLWH� QDSRQVNL� PHUQL� VLVWHPL� QDSUDYHQL� VH� YR� ,QVWLWXWRW
�1LNROD�7HVOD��L�LVWLWH� �YHURGRVWRMQR�JL�SUHQHVXYDDW�SRMDYLWH�RG�UHGRW
��� 0Hz  GR� QHNRONX� Hz.� =D� VQLPDZH� QD� SUHRGQLWH� SRMDYL� NRULVWHQL� VH
DQDORJQL�L�GLJLWDOQL�RVFLORVNRSL�L�WUDQ]LHQW�ULNRUGHUL��2G�VQLPHQLWH
RVFLORJUDPL� QD� SUHRGQLWH� ID]QL� QDSRQL� RSUHGHOHQL� VH� IDNWRULWH� QD
SUHQDSRQRW� NDNR� RGQRV� QD� PDNVLPDOQDWD� YUHGQRVW� QD� SUHRGQLRW� ID]HQ
QDSRQ� L� QD� DPSOLWXGDWD� QD� LVWLRW� QDSRQ� � YR� VWDFLRQDUQLRW� UHCLP� QD
UDERWD�� 2G� VQLPHQLWH� RVFLORJUDPL� QD� SUHRGQLWH� VWUXL� RWaLWDQL� VH
PDNVLPDOQLWH�YUHGQRVWL�QD�VWUXMDWD��9R�WDEHODWD���GDGHQL�VH�UH]XOWDWLWH
RG� HNVSHULPHQWDOQRWR� LVWUDCXYDZH� QD� SUHRGQLWH� QDSRQL� L� VWUXL�
3UHNLQXYDaLWH�VR�NRL�VH�YU^HQL�VNORSQLWH�RSHUDFLL� �VH�PDONXPDVOQL�L
YDNXPVNL� SUHNLQXYDaL�� SURL]YHGHQL� RG� SURL]YRGLWHOL� QD� SRUDQH^QD
-XJRVODYLMD�L�VHJD^QD�65-��9R�WDEHODWD�VH�QDYHGHQL�VOHGQLWH�SDUDPHWUL�
��������������QDSRQVNRWR�QLYR�QD�NRH�H�SULNOXaHQD�NRQGHQ]DWRUVNDWD�EDWHULMD�
������ L]YHGED� QD� SUHNLQXYDaRW� VR� NRM� H� YNOXaXYDQD� L� LVNOXaXYDQD
NRQGHQ]DWRUVNDWD� EDWHULMD� �� 0�PDONXPDVOHQL�� V-YDNXPVNL� �� VR� R]QDND
SRVWDU��WLS��st) �L�QRY�WLS��n )
������� VQDJD� QD� NRQGHQ]DWRUVNDWD� EDWHULMD� .9� �� NRMD� ^WR� VH� YNOXaXYD� L
LVNOXaXYD�
���������� VQDJD� QD� NRQGHQ]DWRUVNLWH� EDWHULL� .9� ^WR� VH� SULVXWQL� QD
VRELUQLFLWH�QD�NRL�^WR�VH�SULNOXaXYD�NRQGHQ]DWRUVNDWD�EDWHULMD�.9���
��������������EURM�QD�FLNOXVL��n)�QD�YNOXaXYDZDWD���U ) L�LVNOXaXYDZDWD�� I ) QD
NRQGHQ]DWRUVNDWD�EDWHULMD��L]YU^HQ�YR�WHNRW�QD�LVWUDCXYDZHWR�
��������������PDNVLPDOQD�YUHGQRVW�QD�NRHILFLHQWRW�QD�SUHQDSRQRW���.�max ) QD
VRHGLQHWL� ID]L� �SULPHURN� QD� NRHILFLHQWLWH� QD� SUHQDSRQL� QD� VLWH� WUL
ID]L�]DHGQR��SUL�YNOXaXYDZH�L�SUL�LVNOXaXYDZH�
������������VUHGQD�YUHGQRVW�QD�NRHILFLHQWRW�QD�SUHQDSRQ���Ksr ) QD�VRHGLQHWL
ID]L�SUL�YNOXaXYDZH�L�SUL�LVNOXaXYDZH�
��������������PDNVLPDOQD�YUHGQRVW�QD�XGDUQDWD�VWUXMD���Imax )�QD�VRHGLQHWL�ID]L
SUL�YNOXaXYDZH�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�
���������� VUHGQD� YUHGQRVW�QD� XGDUQLWH� VRVWRMEL� �� Isr )� QD� VRHGLQHWL�ID]L� SUL
YNOXaXYDZH�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�
�������������EURM�� n nl )�QD�LVNOXaXYDZD�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�SUL�NRL�H
GRMGHQR�GR�SRYWRUQR�QDVWDQXYDZH�QD�HOHNWULaQLRW�ODN�SRPH_X�NRQWDNWLWH
QD�SUHNLQXYDaRW�

3UL� YNOXaXYDZH� QD� NRQGHQ]DWRUVNDWD� EDWHULMD� ����� kvar � VR
YDNXPVNL� SUHNLQXYDa� �UHG�EURM� ��� � YR� WDEHOD� ��� GRD_D^H� GR� SUHWKRGQL
SDOHZD��QD�ODNRW�SRPH_X�NRQWDNWLWH�QD�SUHNLQXYDaRW�
�����������1D� SULPHU�� QD� VO������������� GDGHQL� VH� SUHRGQLWH� ID]QL� QDSRQL� L
VWUXL�SUL�YNOXaXYDZH�L�LVNOXaXYDZH�QD�NRQGHQ]DWRUVNLWH�EDWHULL�

�� $1$/,=$ 1$ 5(=8/7$7,7( 2' ,675$#89$:(72

$QDOL]DWD� QD� UH]XOWDWLWH� RG� HNVSHULPHQWDOQLWH� LVWUDCXYDZD� QD
SUHRGQLWH� QDSRQL� L� VWUXL� SUL� � YNOXaXYDZH� L� LVNOXaXYDZH� QD
NRQGHQ]DWRUVNLWH�EDWHULL�JR�SRNDCD�VOHGQRWR�



������������9NOaXYDZDWD�QD�NRQGHQ]DWRUVNLWH�EDWHULL�QH�GRYHGXYDDW�GR�QHNRL
SRELWQL�SUHQDSRQL��DNR�QHPD�SRMDYL�QD�SUHGKRGQL�SDOHZD�QD�HOHNWULaHQ
ODN�SRPH_X�NRQWDNWLWH�QD�SUHNLQXYDaRW�L�DNR�NRQGHQ]DWRUVNDWD�EDWHULMD
SUHG�YNOXaXYDZHWR�ELOD�QHRSWRYDUHQD���EH]�SUHRVWDQDW�QDSRQ����RELaQR�QH
SUHPLQXYDDW�. ������3RMDYDWD�QD�SUHGKRGQL�SDOHZD�QD�HOHNWULaQLRW�ODN
YR�SURFHVRW�QD�YNOXaXYDZH�QD�SUHNLQXYDaRW�PRCH�GD�GRYHGH�GR�SULOLaQR
YLVRNL� SUHQDSRQL�� 7DD� H� VYRMVWYHQD� QD� YDNXPVNLWH� SUHNLQXYDaL�
0DNVLPDOQLRW�SUHQDSRQ�XVWDQRYHQ�SUL�SRMDYDWD�QD�SUHGKRGQR�SDOHZH�QD
HOHNWULaQLRW� � ODN� � YR� WHNRW� QD� LVWUDCXYDZDWD� H� . max = 2,30.� .RJD� VH
YNOXaXYD� RSWRYDUHQD� NRQGHQ]DWRUVND� EDWHULMD�� SUHQDSRQLWH� PRCDW� GD
ELGDW� ]QDaLWHOQL�� RVREHQR� DNR� SUL� SUHGKRGQRWR� LVNOXaXYDZH� LPDOR
SRYWRUQL� QDVWDQXYDZD� QD� HOHNWULaHQ� ODN� YR� SUHNLQXYDaRW��0DNVLPDOHQ
SUHQDSRQ� XVWDQRYHQ� SUL� YNOXaXYDZHWR� QD� RSWHUHWHQD� NRQGHQ]DWRUVND
EDWHULMD�H�. max = 3,85.
�������8GDUQLWH�YUHGQRVWL�QD�VWUXMDWD�SUL�YNOXaXYDZH�QD�NRQGHQ]DWRUVNLWH
EDWHULL� VH� ]QDaLWHOQL�� 2VREHQR� VH� L]UD]HQL� SUL� YNOXaXYDZH� QD
NRQGHQ]DWRUVNLWH� EDWHULL� QD� VRELUQLFL� QD� NRL� ^WR� YH`H� LPD� YNOXaHQR
GUXJL�NRQGHQ]DWRUVNL�EDWHULL��>WR�SRJROHPD�H�VQDJDWD�QD�SULNOXaHQLWH
NRQGHQ]DWRUVNL� EDWHULL� QD� VRELUQLFLWH� SRJROHPL� VH� L� YUHGQRVWLWH� QD
XGDUQLWH� VWUXL� � QD� NRQGHQ]DWRUVNDWD� EDWHULMD� NRMD� ^WR� VH� YNOXaXYD�
0DNVLPDOQDWD� YUHGQRVW� QD� XGDUQDWD� NRPSRQHQWD� QD� VWUXMDWD� SUL
YNOXaXYDZHWR� � L]PHUHQD� YR� WHNRW� QD� LVWUDCXYDZDWD� VH� GYLCH^H� YR
LQWHUYDO� RG� �� GR� ��� SDWL� RG� YUHGQRVWD� QD� DPSOLWXGDWD� QD� VWUXMDWD� QD
NRQGHQ]DWRUVNDWD�EDWHULMD�YR�QRUPDOQLRW�UHCLP�QD�UDERWD�
�������,VNOXaXYDZHWR�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�QH�SUHGL]YLNXYD�YLVRNL
SUHQDSRQL� DNR� SUL� WRD� QHPD� SRMDYL� QD� SRYWRUQR� QDVWDQXYDZH� QD
HOHNWULaQLRW� ODN� � SRPH_X� NRQWDNWLWH� QD� � SUHNLQXYDaRW�� 1DMJROHPLRW
L]PHUHQ�SUHQDSRQ�YR�WHNRW�QD�LVWUDCXYDZDWD�H�.�max = 1,60.�3RMDYDWD�QD
SRYWRUQL� SDOHZD� QD� HOHNWULaHQ� ODN� YR� SURFHVRW� QD� LVNOXaXYDZH� QD
SUHNLQXYDaRW� PRCH� GD� GRYHGH� GR� PQRJX� YLVRNL� SUHQDSRQL�� 9R� WHNRW� QD
LVWUDCXYDZDWD�RYDD�SRMDYD�RVREHQR� EH^H�L]UD]HQD� NDM� SRVWDULWH� WLSRYL
QD�SUHNLQXYDaL��QDMJROHP�L]PHUHQ�SUHQDSRQ�YR�WHNRW�QD�QHM]LQDWD�SRMDYD�H
.� max = 4,05.� 3RYWRUQRWR� SRMDYXYDZH� QD� HOHNWULaHQ� ODN�� RGQRVQR
SRYWRUHQLWH� SDOHZD� L� SRYWRUHQLWH� SUHVNRNQXYDZD� GRYHGXYDDW� GR� PQRJX
JROHPL� XGDUQL� VWUXL� NRL� PRCDW� GD� ELGDW� ]QDaLWHOQR� SRJROHPL� RG
XGDUQLWH� VWUXL� SUL� YNOXaXYDZH� QD� NRQGHQ]DWRUVNDWD� EDWHULMD�� .DM
SRVWDULWH�WLSRYL�QD�PDONXPDVOHQL�SUHNLQXYDaL�YRRaHQL�VH�SRYH`HNUDWQR
SRYWRUQL� SDOHZD� QD� HOHNWULaQLRW� ODN� L� SRYWRUHQL� SUHVNRNQXYDZD
SRPH_X� NRQWDNWLWH� QD� SRHGLQLWH� SRORYL� QD� SUHNLQXYDaRW� SUL� QLYQRWR
LVNOXaXYDZH��0DNVLPDOQDWD�YUHGQRVW�QD�XGDUQDWD�VWUXMD�SUL�RYLH�SRMDYL
SRQHNRJD^�MD

QDGPLQXYD^H� GYDHVHWVWUXNDWD� YUHGQRVW� QD� DPSOLWXGDWD� QD� VWUXMDWD� QD
NRQGHQ]DWRUVNDWD�EDWHULMD�YR�QRUPDOQLRW�UHCLP�QD�UDERWD��.DNR�^WR
NRQVWDWLUDYPH�� SRYWRUQRWR� QDVWDQXYDZH� QD� HOHNWULaQLRW� ODN� YR
SURFHVRW�QD�LVNOXaXYDZH�GRYHGXYD�GR�SRMDYD�QD�JROHPL�XGDUQL�VWUXL��NRL
^WR� SUHNX� ODNRW� VH� ]DWYDUDDW� SRPH_X� NRQWDNWLWH� QD� SUHNLQXYDaRW�,VWR
WDND�� YR� PQRJX� VOXaDL� SUL� YNOXaXYDZHWR� VH� VOXaXYD� YRVSRVWDYXYDZH� QD
VWUXMD�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�SUHNX�ODNRW�NRM�VH�SRMDYXYD�SUHG�GD�VH



GRSUDW�NRQWDNWLWH�YR�NRPRUDWD�QD�SUHNLQXYDaRW��3RUDGL�JROHPDWD�EU]LQD
QD� SRUDVW�� XGDUQDWD� VWUXMD� SUL� YNOXaXYDZHWR� PRCH� GD� GRVWLJQH
PDNVLPDOQD�YUHGQRVW�SUHG�GD�VH�]DWYRUDW�NRQWDNWLWH��,�YR�GYDWD�VOXaDL��L
SUL�YNOXaXYDZHWR�L�SUL�LVNOXaXYDZHWR�SRMDYDWD�QD�JROHPL�XGDUQL�VWUXL�H
QHSRCHOQD� GRGHND� WUDH� ODNRW� QD� SUHNLQXYDaRW�� 7LH� SRMDYL
SUHGL]YLNXYDDW� HUR]LMD� QD� NRQWDNWLWH� L� JR� ]DEU]XYDDW� VWDUHHZHWR� QD
PHGLXPRW�]D�JDVQHZH�QD�ODNRW�
�����������3RMDYLWH� QD� SRYH`HNUDWQR� SUHGKRGQR� SDOHZH� QD� HOHNWULaQLRW� ODN
YR� SUHNLQXYDaRW� YR� SURFHVRW� QD� YNOXaXYDZH�� D� RVREHQR� SRMDYDWD� QD
SRYWRUQR�QDVWDQXYDZH�QD�HOHNWULaQLRW�ODN�YR�SURFHVRW�QD�LVNOXaXYDZH
PRCDW� GD� GRYHGDW� GR� YLVRNL� SUHQDSRQL� YR� NRORWR� QD� NRQGHQ]DWRUVNDWD
EDWHULMD�� X^WH�SRYLVRNL�RG� WLH� GRELHQL� YR� L]YHGHQLWH� HNVSHULPHQWDOQL
LVWUDCXYDZD��,VWR�WDND��YLVRNL�SUHQDSRQL�VH�SRMDYXYDDW�L�WRJD^�NRJD�VH
YNOXaXYD�RSWRYDUHQD�NRQGHQ]DWRUVND�EDWHULMD�
������������2G�QDSUHG�QDYHGHQRWR�VOHGXYD�
������������� ]D� SUHNLQXYDaL� QD� NRQGHQ]DWRUVNL� EDWHULL� WUHED� GD� VH� L]EHUDW
WDNYL� NRL� ^WR� QH� GRYHGXYDDW� GR� SRMDYD� QD� SUHGKRGQL� SDOHZD� QD
HOHNWULaQLRW�ODN�L�GR�SRYWRUQR�SDOHZH�QD�HOHNWULaQLRW�ODN�
�������������� XGDUQLWH� VWUXL� SUL� YNOXaXYDZH� SRWUHEQR� H� ^WR� SRYH`H� GD� VH
QDPDODW��D�WRD�VH�SRVWLJQXYD�VR�L]ERU�QD�VRRGYHWQL�SULJX^QLFL�YR�NRODWD
QD�NRQGHQ]DWRUVNLWH�EDWHULL�
����������� RSWRYDUHQDWD� NRQGHQ]DWRUVND� EDWHULMD� SRWUHEQR� H� GD� VH� LVSUD]QL
SRVOH�RSHUDFLMDWD�QD�LVNOXaXYDZH��D�WRD�PRCH�GD�VH�SRVWLJQH�VR�XUHGL�]D
UDVWRYDUXYDZH� LOL� X^WH� SRSULIDWOLYR�� VR� SRVWDYXYDZH� QD� QDSRQVNL
WUDQVIRUPDWRUL�SRPH_X�ID]LWH�YR�NRORWR�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�

�� =$./8A2&,

����������9U]� RVQRYD� QD� DQDOL]DWD� QD� UH]XOWDWLWH� RG� LVWUDCXYDZHWR� QD
SUHRGQLWH� SRMDYL� SUL� YNOXaXYDZH� L� LVNOXaXYDZH� QD� SUHNLQXYDaLWH� QD
NRQGHQ]DWRUVNLWH�EDWHULL�PRCH�GD�VH�]DNOXaL�VOHGQRWR�

������ 3UHRGQLWH� QDSRQVNL� L� VWUXMQL� SURFHVL� NRL′� VH� SRMDYXYDDW� SUL
YNOXaXYDZHWR� L� � LVNOXaXYDZHWR� QD� SUHNLQXYDaLWH� QD� NRQGHQ]DWRUVNLWH
EDWHULL� PRCDW� GD� GRYHGDW� GR� ]QDaLWHOQR� RSWRYDUXYDZH� QD� RSUHPDWD� YR
NRODWD�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�
������� � �� 3RVHEQR� YQLPDQLH� WUHED� GD� VH� SRVYHWL� � SUL� L]ERURW� QD
SUHNLQXYDaLWH�]D�NRQGHQ]DWRUVNL�EDWHULL�

� �� 6R� DGHNYDWQLRW� L]ERU� QD� SUHNLQXYDaRW� L� SULJX^QLFDWD� ]D
NRQGHQ]DWRUVNDWD�EDWHULMD��NDNR�L�VR�UH^DYDZHWR�QD�SUREOHPRW�]D
UDVWRYDUXYDZH� QD� NRQGHQ]DWRUVNDWD� EDWHULMD� QHSRVUHGQR� SR� QHM]LQRWR
LVNOXaXYDZH�� ]QDaDMQR� VH� XEODCXYDDW� SUHRGQLWH� QDSRQVNL� L� VWUXMQL
SURFHVL�YR�NRORWR�QD�NRQGHQ]DWRUVNLWH�EDWHULL��D�VR�RYD�VH�QDPDOXYDDW�L
RSWRYDUXYDZDWD�NRL�^WR�JL�SUHGL]YLNXYDDW�RYLH�SURFHVL�
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[1]. $QDOL]D� QD� WHKQLaNLWH� PRCQRVWL� ]D� YJUDGXYDZH� QD� NRQGHQ]DWRUVNL
EDWHULL� QD� VWUDQDWD� QD� SRQLVNLRW� QDSRQ� YR� SRVWRMQLWH� L� LGQL
WUDIRVWDQLFL������x kV QD�SUHQRVQDWD�PUHCD�QD�EPS.
6WXGLMD�EU����������,QVWLWXW��1LNROD�7HVOD���%HRJUDG������
[2].��,VWUDCXYDZH�QD�SUHQDSRQRW�L�QD�VWUXMDWD�QD�]HPMRVSRM�YR�UD]YRGQLWH
SRVWURMNL
76��-XJ��L�76��6HYHU��CHOH]DUD�6NRSMH
,]YH^WDM�EU���������,QVWLWXW��1LNROD�7HVOD����%HRJUDG������

[3].� 0HUHZH� QD� SUHRGQLWH� ID]QL� QDSRQL� L� VWUXL� YR� TS 110/6.3 kV
0DMGDQSHN� �� SUL� NRPXWDFLLWH� VR� SUHNLGDaLWH� QD� NRQGHQ]DWRUVNDWD
EDWHULMD
,]YH^WDM�EU����������,QVLWXW��1LNROD�7HVOD����%HRJUDG������

[4]. �0HUHZH�QD��SUHRGQLWH�QDSRQL�L�VWUXL�YR�SRVWURMNDWD��'DOPDFLMD��YR
'XJL�5DW�SUL�YNOXaXYDZH�L�LVNOXCXYDZH�QD�NRQGHQ]DWRUVNDWD�EDWHULMD����
Mvar �VR�SUHNLQXYDa� PU-208-500 �SURL]YRGVWYR��0LQHO�
,]YH^WDM�EU����������,QVWLWXW��1LNROD�7HVOD����%HRJUDG����R�

[5]. 0HUHZH�QD�SUHQDSRQL�SUL�NRPXWDFLLWH�QD�NRQGHQ]DWRUVNDWD�EDWHULMD
���kV, TS 110/35  kV  1L^
,]YH^WDM�EU��������,QVWLWXW��1LNROD�7HVOD����%HRJUDG������

35,/2*



ksr kmax ksr kmax A tv Atv

� ���� M, nt ��� � �� ���� ���� ���� ���� ��� ���� �

� ���� M, nt ���� � �� ���� ���� ���� ���� ���� ���� �
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�� � M, nt ���� ���� � ���� ���� ���� ���� ���� ���� �

�� ��� M, nt ���� � �� ���� ���� ���� ���� ���� ���� �

�� ��� M, nt ���� ���� �� ���� ���� ���� ���� ���� ���� �

�� �� M, st ���� � �� ���� ���� ���� ���� � ���� �

�� �� M, st ���� ���� � ���� ���� ���� ���� � ���� �

�� �� M, st ���� ���� � ���� ���� ���� ���� � ���� �

�� � V, st ���� � � ���� ���� ���� ���� � � �

�� �� M, st ���� � �� ���� ���� ���� 4,05 � � ��

�� �� M, st ���� � �� ���� ���� ���� ���� ��� ��� ��
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5H]XOWDWL RG LVWUDCXYDZDWD QD SUHRGQLWH VRVWRMEL SUL YNOXaXYDZH L LVNOXaXYDZH QD NRQGHQ]DWRUVNLWH EDWHULL



2VFLORJUDP�EU��� 3UHRGQLWH�ID]QL�QDSRQL uR, uS�L�uT��QD�YOH]RW�YR�NDEORYVNLRW�RGYRG
�����������������������������������QD�����kV�HOHNWURUHGXNFLRQD�SHaND�EU����SUL�QHM]LQR�LVNOXaXYDZH

���������������������������SRG�RSWHUHWXYDZH�RG����MW�VR�����kV�SQHXPDWVNL�SUHNLQXYDa



6O��� 3UHRGQL�ID]QL�QDSRQL�uR, uS L�uT�SUL�YNOXaXYDZH�QD�NRQGHQ]DWRUVND
EDWHULMD�VR�PDONXPDVOHQ�SUHNLQXYDa�QD�����kV�VRELUQLFL

6O��� 3UHRGQL�ID]QL�QDSRQL�uR, uS L�uT�SUL�YNOXaXYDZH�QD�NRQGHQ]DWRUVND
EDWHULMD� RG� ���� kVAr � VR� YDNXPVNL� SUHNLQXYDa� � QD� ���� kV� VRELUQLFL� YR
#HOH]DUQLFDWD�YR�6NRSMH



6O���3UHRGQL�ID]QL�QDSRQL�u4 L�u8� QD� SULNOXaRFLWH� QD� � NRQGHQ]DWRUVND �
EDWHULMD�RG������kVAr �]D�WUL�VOXaDMD�QD�QHM]LQR�LVNOXaXYDZH�VR�VWDU�WLS�QD
PDONXPDVOHQ�SUHNLQXYDa�RG����kVVRELUQLFL�YR�76�����kV �����kV NRJD�VH
MDYXYD� SRMDYD� QDSRYH`HNUDWQR� � QDVWDQXYDZH� � QD� HOHNWULaHQ� ODN� SRPH_X
NRQWDNWLWH�QD�SUHNLQXYDaRW�YR�VLWH�WUL�ID]L



6O����3UHRGQL��ID]QL��QDSRQL��QD��ID]DWD�����QD����kV VRELUQLFL - u4,S L�QD
SULNOXaRFLWH� � QD� � NRQGHQ]DWRUVNDWD� � EDWHULMD� RG� � ����� kVAr � �� u4,B� SUL
QHM]LQR� LVNOXaXYDZH� VR� VWDU� WLS� QD� � PDONXPDVOHQ� SUHNLQXYDa� NRJD� VH
VOXaXYD� SRMDYD� QD� SRYWRUQR� QDVWDQXYDZH� QD� HOHNWULaHQ� ODN� SRPH_X
NRQWDNWLWH�QD�SUHNLQXYDaRW�YR�VLWH�WUL�ID]L

6O��� 3UHRGQD�VWUXMD�iT�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�RG�����kVAr �SUL
QHM]LQR�YNOXaXYDZH�QD������kV�VRELUQLFL

6O��� 3UHRGQD�VWUXMD�iT�QD�NRQGHQ]DWRUVNDWD�EDWHULMD�RG������kVAr �
SUL�QHM]LQR�YNOXaXYDZH�QD������kV�VRELUQLFL
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