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6RGUCLQDWD�QD�WUXGRW�RGJRYDUD�QD�NDUDNWHURW�QD�VRYHWXYDZHWR��L��LVWLRW�H�QD
GRYROQR� VWUXaQR� QDXaQR� QLYR�� 2YRM� WUXG� GDYD� SULGRQHV� NRQ� UD]MDVQXYDZHWR� QD
UH^DYDZH�QD�SUREOHPDWLNDWD�QD�HOHNWURGLQDPLaND�RWSRUQRVW�QD�WUDQVIRUPDWRULWH
SUL� NXVL� YUVNL� YR� GLVWULEXWLYQLWH� PUHCL�� 5DVSUHGHOEDWD� QD� HOHNWURPDJQHWQLWH
VLOL�� GDGHQD� ]D� UD]OLaQLWH� PRGHOL� QD� SULPDUQDWD� L� VHNXQGDUQDWD� QDPRWND�� GDYD
PQRJX� YDCHQ� SRGDWRN� ]D� NRM� WLS� QDPRWNL� GD� VH� SULPHQDW�� ]D� GD� VH� ]JROHPL
HOHNWURGLQDPLaNDWD�RWSRUQRVW�QD�WUDQVIRUPDWRURW�SUL�NXVD�YUVND�

3UD^DZD�]D�GLVNXVLMD�

�� 'DOL�YDNYD�DQDOL]D�VR�VRRGYHWQDWD�PHWRGD�]D�SUHVPHWND�QD�HOHNWURPDJQHWQLWH
VLOL�PRCH�GD�VH�SULPHQL�L�QD�WURQDPRWQL�WUDQVIRUPDWRUL�
DYWRWUDQVIRUPDWRUL��SULJX^QLFL�L�VO�

�� 'DOL�SUL�DQDOL]DWD�QD�PRGHOLWH�H�]HPHQD�L�PDJQHWQDWD�QHVLPHWULMD�^WR�VH
YRVSRVWDYXYD�PQRJX�aHVWR�SUL�UHJXODFLMD�QD�WUDQVIRUPDWRULWH��LOL�VH
UD]JOHGXYD�VDPR�VLPHWULaHQ�UDVSRUHG�QD�L]YRGLWH�]D�UHJXODFLMD��

�� 'DOL�H�L]YU^HQD�YHULILNDFLMD�QD�WRaQRVWD�QD�SUHVPHWDQLWH�JROHPLQL�]D�QHNRM
WUDQVIRUPDWRU�
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7UXGRW� H� YR� VRJODVQRVW� VR� SUHGORCHQLWH� SUHIHUHQFLMDOQL� WHPL� ]D� 9WRURWR
VRYHWXYDZH�QD�0$.2�6,*5(��L�YR�QHJR�H�UD]UDERWHQD�SUREOHPDWLND�RG�REODVWD�QD
NRQWUROD�QD�PHKDQLaNLWH�QDSUHJDZD�YR�HQHUJHWVNL�WUDQVIRUPDWRUL�

$YWRURW� H� GHO� RG� HNLSDWD� NRMD� XaHVWYXYDOD� YR� SURHNWLUDZH� QD� HQHUJHWVNL
WUDQVIRUPDWRUL� NRL� SRWRD� QD� EDUDZH� QD� NXSXYDaRW� ELOH� LVSLWXYDQL� YR� UHCLP� QD
NXVD�YUVND�� ]D�GD� VH�SURYHUL�GDOL�WLH�PRCDW�GD� JL�L]GUCDW�PHKDQLaNLWH�QDSUHJDZD
SUL�NXVD�YUVND�

$YWRURW� QD� WUXGRW�� QD� SRaHWRNRW� SUH]HQWLUD� XSURVWHQ� DQDOLWLaNL� PHWRG� ]D
RSUHGHOXYDZH�QD�DNVLMDOQLWH�L�UDGLMDOQLWH�HOHNWURPDJQHWQLWH�VLOL�^WR�GHMVWYXYDDW
QD� QDPRWNLWH� QD� HQHUJHWVNL� WUDQVIRUPDWRUL�� SRWRD� JL� RSUHGHOXYD� PHKDQLaNLWH� L



WHUPLaNLWH� QDSUHJDZD� QD� QDPRWNLWH�� L� GDYD� SUHSRUDNL� ]D� ]JROHPXYDZH� QD
HOHNWURGLQDPLaNDWD�RWSRUQRVW�QD�WUDQVIRUPDWRULWH�

1D�NUDMRW�RG�WUXGRW�YR�WDEHOL�VH�SUH]HQWLUDQL�L�UH]XODWLWH�^WR�VH�GRELHQL�RG
LVSLWXYDZHWR� QD� HGHQ� HQHUJHWVNL� WUDQVIRUPDWRU� YR� UHCLP� QD� NXVD� YUVND�� 3RVOH
LVSLWXYDZHWR� QD� WUDQVIRUPDWRURW� YR� UHCLP� QD� NXVD� YUVND�� L]PHUHQD� H
LQGXNWLYQRVWD�QD�QDPRWNLWH��NRMD�SRWRD�VH�VSRUHGXYD�VR�UHIHUHQWQLWH�YUHGQRVWL�]D
LQGXNWLYQRVWD� QD� QDPRWNLWH�� 9U]� RVQRYD� QD� SURPHQDWD� QD� LQGXNWLYQRVWD�� VH� GDYD
RFHQND� ]D� VRVWRMEDWD� QD� QDPRWNLWH� QD� WUDQVIRUPDWRURW�� RGQRVQR� RFHQND� GDOL
WUDQVIRUPDWRURW�MD�L]GUCDO�NXVDWD�YUVND�

3UD^DZD�]D�GLVNXVLMD�

�� 'DOL� WRaQD� QXPHULaND� SUHVPHWND� QD� HOHNWURPDJQHWQLWH� VLOL� RGQRVQR� � QD
PHKDQLaNLWH�QDSUHJDZD�QD�QDPRWNLWH�H�GRYROQD��]D�GD�VH�L]YHGH�]DNOXaRN�]D�WRD
GDOL�WUDQVIRUPDWRURW�PRCH�GD�JL�L]GUCL�QDSUHJDZDWD�SUL�NXVD�YUVND"

5����� 5DVLP�6DONRVNL��GLSO�LQC���(02�2KULG
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6RGUCLQDWD�L�SUREOHPDWLNDWD�^WR�VH�L]ORCXYD�YR�WUXGRW�H�YR�VRJODVQRVW�VR
SULIDWHQLWH�SUHIHUHQFLMDOQL�WHPL��]D�YWRURWR�VRYHWXYDZH�QD�0$.2�6,*5(����

9R� WUXGRW� VH� L]ODJD� SUREOHPDWLNDWD� QD� SURHNWLUDZHWR� L� GLPHQ]LRQLUDZHWR
QD���NRPSHQ]DFLRQL�SULJX^QLFL�VWHSHQDVWR�UHJXOLUDQL�VR�SUHNORSND�YR�EH]QDSRQVND

VRVWRMED��� � ]D�QRPLQDOQD�PR`QRVW������kVA, 66000/ 3 V, L�UHJXODFLMD�QD�VWUXMDWD�RG
�����GR������$�YR�EH]QDSRQVND�VRVWRMED�

9R� WUXGRW� H� GDGHQD� GHWDOQD� SUHVPHWND� QD� PDJQHWQLWH� L� HOHNWULaQLWH
JROHPLQL��NDNR�L�RSUHGHOXYDZHWR�QD�NRQVWUXNWLYQLWH�GLPHQ]LL��9R�SRaHWQDWD�ID]D
QD�SUHVPHWNDWD�DYWRURW�YU^L�L]ERU�QD�JHRPHWULVNLWH�GLPHQ]LL�QD�PDJQHWQRWR�MDGUR
D� SRWRD� YU]� RVQRYD� QD� DQDOLWLaNDWD� SUHVPHWND� QD� PDJQHWQRWR� SROH� L� UDVWXUQLRW
PDJQHWHQ�IOXNV��VR�SRPR^�QD�NRPIRUQR�SUHVOLNXYDZH�VSRUHG�WHRUHPDWD�QD�>YDUF�
YU^L�NRQHaQD�SUHVPHWND�QD�SUHVHNRW�L�QD�LQGXNWLYQRVWD�QD�SULJX^QLFDWD�

9R� WUXGRW� QD� NXVR� VH� L]ORCHQL� WHUPLaNDWD� L� PHKDQLaNDWD� SUHVPHWND�� D� VH
GDGHQL�L�WHKQLaNLWH�NDUDNWHULVWLNL�QD�SULJX^QLFDWD�

3UD^DZD�]D�GLVNXVLMD�

�� =D^WR� DYWRURW� VH� RGOXaLO� ]D� NODVLaQD� DQDOLWLaND� PHWRGD� ]D� SUHVPHWND� QD
PDJQHWQLWH�JROHPLQL��D�QH�]D�QXPHULaND�PHWRGD"

�� .DNR� H� L]YU^HQD� PHKDQLaND� SUHVPHWND�� EH]� GD� VH� SUHVPHWDDW
HOHNWURPDJQHWQLWH�VLOL�^WR�GHMVWYXYDDW�YR�SULJX^QLFDWD"

�� 'DOL� H� L]YU^HQR� PHUHZH� QD� LQGXNWLYQRVWD� QD� SULJX^QLFDWD� SUL� UD]OLaQL
VWHSHQL�QD�UHJXODFLRQDWD�SUHNORSND��L�QLYQR�VSRUHGXYDZH�VR�SUHVPHWDQLWH"
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9R� WUXGRW� VH� DQDOL]LUDQL� QHNRONX� SUDNWLaQL� VOXaDL� ]D� PRCQD� SDUDOHOQD
UDERWD�QD�GLVWULEXWLYQL�WUDQVIRUPDWRUL��NRJD�QH�JL�LVSROQXYDDW�LGHDOQLWH�XVORYL



]D� SDUDOHOQD� UDERWD�� D� LPDDW� UD]OLaQL�� NRHILFLHQWL� QD� WUDQVIRUPDFLMD� QD
QDSRQLWH��QDSRQL�QD�NXVD�YUVND��PR`QRVWL�L�YHNWRUVNL�JUXSL�

$QDOL]LUDQD�H�L�SDUDOHOQDWD�UDERWD�QD�JUXSD�GLVWULEXWLYQL�WUDQVIRUPDWRUL
VR�LVWL�PR`QRVWL�L�QDSRQL�QD�NXVD�YUVND�RG�DVSHNW�QD�SRWUHEQLRW�EURM�QD�YNOXaHQL
WUDQVIRUPDWRUL� YR� SDUDOHOQD� UDERWD� YR� ]DYLVQRVW� RG� YNXSQRWR� RSWRYDUXYDZH� QD
WUDIRVWDQLFDWD�� D� VR� FHO� ]D� RVWYDUXYDZH� QD� PLQLPDOQL� YNXSQL� ]DJXEL� QD� PR`QRVW�
RGQRVQR�HNRQRPLaQD�SDUDOHOQD�UDERWD�

3UD^DZD�]D�GLVNXVLMD�

�� 0RCQRVWL� L� SUREOHPL� SUL� SDUDOHOQD� UDERWD� QD� WURID]QL� WURQDPRWQL
WUDQVIRUPDWRUL�

�� 0RCQRVWL� L� SUREOHPL� SUL� SDUDOHOQD� UDERWD� QD� WURID]QL
DYWRWUDQVIRUPDWRUL�

5����� 'LRQLV 0DQRY�GLSO�LQC�� 0HWRGLMD .DPLORYVNL� GLSO�LQC�� (7)�6NRSMH
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9R� RYRM� WUXG� H� SULNDCDQD� PRCQRVWD� ]D� SULPHQD� QD� GLJLWDOQD� NRPSMXWHUVND
WHKQLND�]D�VQLPDZH�QD�LPSXOVQLWH�QDSRQL�L�VWUXL�SUL�LVSLWXYDZH�QD�L]RODFLMDWD�NDM
QDPRWNLWH� RG� HQHUJHWVNLWH� WUDQVIRUPDWRUL�� NRH� VSD_D� YR� JUXSDWD� QD� WLSVNL
LVSLWXYDZD�

3UHGQRVWLWH� QD� RYDD� PRGHUQL]DFLMD� VH� ]QDaLWHOQL�� SRHGQRVWDYQD� L� SRHYWLQD
SRVWDSND��PQRJX�SRJROHPD�EU]LQD�L�SUHFL]QRVW�YR�RWaLWXYDZHWR�QD�UH]XOWDWLWH��NDNR
L�PHPRULUDZH�QD�LVWLWH�YR�NRPSMXWHURW�� ]D�SRQDWDPR^QR�NRULVWHZH�L� VWDWLVWLaND
REUDERWND�

0RCQRVWD� ]D� ]JROHPXYDZH� L� VSRUHGXYDZH� QD� GYD� RVFLORJUDPD� GHQHV�� VR
SULPHQD�QD�NRPSMXWHUVNDWD�WHKQLND��H�EU]D�L�VLPSOLFLUDQD�SRVWDSND�NRMD�JDUDQWLUD
JROHPD�WRaQRVW�

6HWR�RYD�XNDCXYD�GHND�WUXGRW�GDYD�QDVRNL�]D�QDUHGQLWH�LPSXOVQL�LVSLWXYDZD
QD�L]RODFLMDWD�NDM�QDPRWNLWH�RG�HQHUJHWVNL�WUDQVIRUPDWRUL�

2WNULYDZHWR� QD� HYHQWXDOQLWH� SURERL� LOL� SUHVNRFL� QD� GHIHNWRJUDPLWH� VH
PDQLIHVWLUDDW�VR�RVFLODFLL�^WR�H�OHVQR�SULPHWOLYR�L�PHUOLYR�SUHNX�VSRUHGED�VR
QRUPRJUDPLWH�� 6R� WRD� VH� SRVWLJQXYD� OHVQR� GLMDJQRVWLFLUDZH� QD� QDVWDQDWLWH
DQRPDOLL�L�GRYHUOLYRVW�QD�UH]XOWDWLWH�GRELHQL�RG�L]YU^HQLWH�LVSLWXYDZD�

6R�HGHQ�]ERU��PRGHUQL]DFLMD�YUHGQD�]D�LQYHVWLUDZH�

3UD^DZD�]D�GLVNXVLMD�

�� .RONX�RULHQWDFLRQR�EL�L]YHVWXYDOH�WUR^RFLWH�]D�HGQD�YDNYD�PRGHUQL]FLMD"

5����� $FH 5LVWHVNL� GLSO�LQC�� -3 �(60�� 3RGUXCQLFD �(OHNWURSUHQRV�
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9R�WUXGRW�VH�L]QHVXYD�OLaQR�LVNXVWYR�QD�DYWRURW�SUHNX�SULPHU�RG�SUDNVDWD�NRM
SUHWVWDYXYD�VOXaDM�QD�QDYUHPHQR�RWNULYDZH�L�VDQLUDZH�QD�SRWHQFLMDOQD�SULaLQD�]D



KDYDULMD�RG�SRJROHPL�UD]PHUL�QD�DYWRWUDQVIRUPDWRU������������kV, �VR�PR`QRVW����
MVA.

1DMQDSUHG�H�QDYHGHQD�SRVWDSNDWD��VSURYHGHQLWH�PHUHZD�L�L]YHGHQL�]DNOXaRFL�
YR� NRMD� H� GRMGHQR� GR� ]DNOXaRN� NDGH� GD� VH� EDUD� GHIHNWQRWR� PHVWR�� 3RQDWDPX� VH
L]QHVHQL�L]YU^HQLWH�UDERWL��QD�OLFH�PHVWR��VR�NRL�VH�SRWYUGXYD�SUHWSRVWDYNDWD��]D
PHVWRWR�QD�GHIHNW��NRMD�H�L]YHGHQD�QD�RVQRYD�QD�PHUHZDWD�

6H�L]YHGXYD�]DNOXaRN�GHND�VDPR�VR�SULPHQD�QD�SRYH`H�PHUQL�PHWRGL�PRCH�GD�VH
L]YOHaH�PHURGDYHQ�]DNOXaRN�]D�VRVWRMEDWD�QD�WUDQVIRUPDWRURW��9R�VSURWLYQR�PRCQL
VH�SRJUH^QL��RSWLPLVWLaNL��]DNOXaRFL�]D�LVWDWD�

3UD^DZD�]D�GLVNXVLMD�

�� .DNYL�VH�LVNXVWYDWD�]D�REHPRW�QD�PHUHZDWD�NRL�VH�YU^DW"
�� ,PD�OL�VR]QDQLMD�]D�QRYL�PHUQL�PHWRGL"

5����� 9LOPD 0DYNRYD� GLSO�LQC�� -3 �(60�� 3RGUXCQLFD �(OHNWURSUHQRV�
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'DGHQD� H� NRPSOHWQD� VOLND� NDNR� NRQFHQWUDFLMDWD� QD� GHULYDWLWH� QD� IXUDQ
DQDOL]LUDQL� VR� HPLC VH� VWDYDDW� YR� IXQNFLMD� VR� NYDOLWHW� QD� L]RODFLMDWD� QD
HQHUJHWVNLWH� L� PHUQLWH� WUDQVIRUPDWRUL�� 'REUR� H� UD]UDERWHQ� VDPLRW� KHPLVNL
SURFHV�� NDNR� L� DQDOLWLaNDWD� PHWRGD� ]D� VOHGHZH� QD� LVWLRW�� ,VWR� WDND� GREUR� H
REMDVQHWD�L�LQWHUSUHWDFLMDWD�QD�UH]XOWDWLWH�GRELHQL�RG�VDPDWD�HPLC DQDOL]D�

3UD^DZD�]D�GLVNXVLMD�

�� 'D�VH�GLVNXWLUDDW�GUXJLWH�PHWRGL�VR�NRL�VH�NRQWUROLUD�WHUPLaNRWR�VWDUHHZH
QD� L]RODFLMDWD� L� GHJUDGDFLMDWD� QD� FHOXOR]DWD� SUHNX� JDVQR�KURPDWRJUDIVND
DQDOL]D��RGQRVQR�NRQFHQWUDFLMDWD�QD�CO2/CO.

,����� $OHNVDQGDU >H`HULQVNL�GLSO�LQC�� -3 �(60�� 3RGUXCQLFD �(OHNWURSUHQRV�

5(9,7$/,=$&,-$�1$�(1(5*(76.,�75$16)250$725,

7UXGRW�H�YR�VRJODVQRVW�VR�SUHIHUHQFLMDOQLWH�WHPL��D�RG�DYWRURW�H�SUHGORCHQ
NDNR�LQIRUPDFLMD�

3UD^DZHWR� QD� VWDULWH�(75� H� DNWXHOQR� QH� VDPR� NDM� QDV� WXNX� L� SR^LURNR� YR
VYHWRW�L�VRJODVQR�VR�]QDaDMRW�PX�VH�SRVYHWXYD�RVREHQR�YQLPDQLH�

2G� QDMJROHPR� ]QDaHZH� H� GD� VH� SULPHQXYDDW� PHURGDYQL� GLMDJQRVWLaNL� PHWRGL
NRL�`H�REH]EHGDW�L]YU^XYDZH�QD�RSWLPDOQD�LQWHUYHQFLMD�QD�(75�

&HOWD� QD� WUXGRW� H� GD� VH� QDVRaL� YQLPDQLHWR� NRQ� YRVSRVWDYXYDZH� SRWUHEQD
SURFHGXUD� ]D� GRQHVXYDZH� RGOXND� ]D� UHYLWDOL]DFLMD�� RGQRVQR� GD� PX� NRULVWL� QD
HNVSORDWDFLRQLRW� SHUVRQDO� NRM� WUHED� GD� GRQHVXYD� RGOXNL� ]D� ]DIDWLWH� QD� (75� YR
QDVRND�QD�REH]EHGXYDZH�SRWUHEQR�QLYR�QD�GRYHUOLYRVW�QD�LVWLWH�L�QD�((6�YR�FHOLQD�

3UD^DZD�]D�GLVNXVLMD�

�� .DNYL�VH�LVNXVWYDWD�RG�GRVHJD�L]YU^HQLWH�LQWHUYHQFLL�QD�(75"
�� .RL�PHWRGL�VH�NRULVWDW�]D�XWYUGXYDZH�QD�VRVWRMEDWD�QD�(75"
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3UHGPHW� QD� LVWUDCXYDZH� YR� RYRM� WUXG� `H� ELGDW� QHNRL� NDUDNWHULVWLaQL
PRGHOL� QD� QDPRWNL� ]D� HQHUJHWVNL� WUDQVIRUPDWRUL�� L]GUCOLYL� QD� PHKDQLaNLWH
QDSUHJDZD� SUL� NXVD� YUVND�� =D� VHNRM� PRGHO� QD� QDPRWNL�� VH� RSUHGHOXYDDW
HOHNWURPDJQHWQLWH� VLOL� SUL� NXVD� YUVND� QD� WUDQVIRUPDWRURW� D� SRWRD� VH� SUDYL
DQDOL]D� QD� UD]OLaQLWH� PRGHOL� QD� QDPRWNL�� VH� VR� FHO� GD� VH� XWYUGL� NRM� PRGHO� H
QDMSRJRGHQ� RG� DVSHNW� QD� HOHNWURPDJQHWQLWH� VLOL�� 6R� RJOHG� QD� WRD� ^WR
HNVSHULPHQWDOQRWR� RSUHGHOXYDZH� QD� HOHNWURPDJQHWQLWH� VLOL� H� SRYU]DQR� VR
RSUHGHOHQL� WH^NRWLL� �RJUDQLaHQLWH� PRCQRVWL� QD� LVSLWQLWH� ODERUDWRULL� L
JROHPLWH� WUR^RFL� QD� LVSLWXYDZH��� PHWRGRW� LVNRULVWHQ� YR� RYRM� WUXG� ]D
RSUHGHOXYDZH�QD�HOHNWURPDJQHWQLWH�VLOL��SRNUDM�GLUHNWQD�SULPHQD�SUL�RSWLPDOQR
SURHNWLUDZH� QD� HQHUJHWVNL� WUDQVIRUPDWRUL�� PRCH� GD� SRVOXCL� ]D� SURYHUND� QD
L]GUCOLYRVWD�QD�YH`H�SURL]YHGHQLWH�WUDQVIRUPDWRUL�QD�VLOL��QD�NXVD�YUVND�

����.OXaQL�]ERURYL

(QHUJHWVNL� WUDQVIRUPDWRU�� PRGHOL� QD� QDPRWNL�� VWUXMD� QD� NXVD� YUVND�
HOHNWURPDJQHWQR� SROH�� HOHNWURPDJQHWQL� VLOL�� DNVLMDOQL� L� UDGLMDOQL
NRPSRQHQWL��PHKDQLaNL�QDSUHJDZD�

��ABSTRACT

Subject of research in this work will be some of the most common models of windings for
power transformers that can withstand the mechanical strains in case of short circuit. For each
model, electromagnetic forces will be calculated for cases of the transformer short circuit.
Additionally, analysis of different models of windings will be done in order to determine which
model is the most suitable from the aspect of electromagnetic forces. Taking in consideration that
experimental determination of electromagnetic forces is connected with certain difficulties
(limited abilities of the test laboratories, and large expenditures for  researches), a numerical



method for determining the electromagnetic forces, in this paper is applied. Besides the direct use
for optimal modeling of the power transformers, this method can be used in testing already
produced transformers to proof if they can withstand the short circuit forces.

����Key words

Power transformer, models of windings, short circuit current, electromagnetic field,
elektromagnetic forces,�Dxiall and radial components, mechanical stress�
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WUDQVIRUPDWRURW�VH�UH]XOWDW�QD�Y]DHPRGHMVWYRWR�SRPH_X�VWUXMDWD�^WR�SURWHNXYD�YR

SURYRGQLFLWH�QD�QDPRWNLWH�L��PDJQHWQR�SROH�VR�NRH�WLH�VH�RSIDWHQL�

,PHQR�� VLODWD� NRMD^WR� GHMVWYXYD� QD� SURYRGQLN� VR� HGLQLFD� GROCLQD�� H

RSUHGHOHQD� NDNR� SURL]YRG� SRPH_X� PDJQHWQDWD� LQGXNFLMD� RG� UDVWXUQRWR� PDJQHWQR

SROH�Bσ� L� VWUXMDWD�^WR� SURWHNXYD� YR� SURYRGQLNRW� ik. 3RUDGL� WRD�^WR� PDJQHWQRWR
SROHWR� H� VR]GDGHQR� RG� VWUXLWH� ^WR� SURWHNXYDDW� YR� QDPRWNLWH�� PRCH� GD� VH

SUHWSRVWDYL� GHND� kiB ~σ �� 7RJD^�
2~ kif �� D� LPDM`L�SUHGYLG� GHND� XGDUQDWD� VWUXMD� QD

NXVD�YUVND�PRCH�GD�ELGH����SDWL�SRJROHPD�RG�QRPLQDOQDWD�VWUXMD�� VLOLWH�SUL�NXVD

YUVND� `H� ELGDW� SULEOLCQR� ����� SDWL� SRJROHPL� RG� QRPLQDOQLWH� HOHNWURPDJQHWQL

VLOL��3UL�QRPLQDOQR�RSWRYDUXYDZH�QD�WUDQVIRUPDWRURW��QD�QDPRWNLWH�GHMVWYXYDDW
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RNROX� 10 000 N/m�� 2YLH� VLOL� YU^DW� GHOXPQR� R^WHWXYDZH� QD� L]RODFLMDWD� QD
QDPRWNLWH��NRH�SUL�SUYRWR�LOL�QDUHGQRWR�QDLGXYDZH�QD�SUHQDSRQL�RG�DWPRVIHUVNR

LOL� NRPXWDFLRQR� SRWHNOR� PRCH� GD� SUHGL]YLNDDW� KDYDULMD� QD� WUDQVIRUPDWRURW�� L

SRNUDM� WRD� ^WR� VHNRM� WUDQVIRUPDWRU� LPD� ]D^WLWD� RG� NXVL� YUVNL� NRMD� ]D� NUDWNR

YUHPH�UHDJLUD�L�JR�LVNOXaXYD�WUDQVIRUPDWRURW�RG�PUHCD�

=DWRD�� QDPRWNLWH� ]D� HQHUJHWVNLWH� WUDQVIRUPDWRUL� WUHED� GD� ELGDW� WDND

SURHNWLUDQL�� NRQVWUXLUDQL� L� L]UDERWHQL� GD� PRCDW� GD� JL� L]GUCDW� JROHPLWH

HOHNWURPDJQHWQL�VLOL�^WR�VH�MDYXYDDW�SUL�NXVD�YUVND�
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3UHGPHW� QD� LVWUDCXYDZH� YR� RYRM� WUXG� � VH� HOHNWURPDJQHWQLWH� VLOL� YR
HQHUJHWVNL� WUDQVIRUPDWRU�� ]D� NRM� VH� SR]QDWL� QRPLQDOQLWH� SRGDWRFL� L
JHRPHWULVNLWH� GLPHQ]LL�� 6R� QHNRONX� SUHWSRVWDYNL�� QXCQL� ]D� QXPHULaNR
RSUHGHOXYDZH� QD� HOHNWURPDJQHWQRWR� SROH�� VH� GHILQLUD� PDWHPDWLaNLRW� PRGHO� QD
WUDQVIRUPDWRURW�� 3UL� WRD� VH� ]HPD� SUHGYLG� GHND�� WURID]QLWH� HQHUJHWVNL
WUDQVIRUPDWRUL� YR� RGQRV� QD� PDJQHWQLRW� VLVWHP� VH� RGOLNXYDDW� VR� L]YHVQD
QHVLPHWULMD� NRMD� SURL]OHJXYD� RG� QHHGQDNYRVWD� QD� SDWHNLWH� QD� PDJQHWQLRW� IOXNV�
2YDD�QHVLPHWULMD�LPD�VYRH�YOLMDQLH�YU]�UDVSUHGHOEDWD�QD�HOHNWURPDJQHWQRWR�SROH�
3RD_DM`L�RG�WRD�GHND�WURID]QLRW�WUDQVIRUPDWRU�LPD�WUL�ID]QL�QDPRWNL��QL]�NRL

SURWHNXYDDW� QDL]PHQLaQL� VWUXL� YUHPHQVNL� L]PHVWHQL� ]D� DJRO� RG� �π��� VWHSHQL�



UDVSUHGHOEDWD�QD�HOHNWURPDJQHWQRWR�SROH�VH�PHQXYD�YR�VHNRM�PRPHQW�QD�YUHPH��6R
RJOHG� QD� VHX^WH� RJUDQLaHQLWH� PRCQRVWL� QD� SHUVRQDOQLWH� VPHWDaNL� PD^LQL�� ]D
DQDOL]D� QD� HOHNWURPDJQHWQRWR�SROH� VH� NRULVWL� YHNWRUVNL� PDJQHWRVWDWLaNL�PRGHO
QD� WUDQVIRUPDWRU�� 7RD� ]QDaL� GHND� VH� XWYUGXYD� HGHQ� YUHPHQVNL� PRPHQW� ]D� NRM� VH
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YUVND��VH�UD]JOHGXYD�YUHPHQVNLRW�PRPHQW�NRJD�VWUXMDWD�LPD�PDNVLPDOQD�YUHGQRVW�YR
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2VQRYQLRW�PRGHO�����^WR�VH�LVWUDCXYD�YR�RYRM�WUXG�LPD�QDPRWNL��YQDWUH^QD

L� QDGYRUH^QD� RGQRVQR� QLVNRQDSRQVND� L� YLVRNRQDSRQVND�� VR� HGQDNYL� YLVLQL� L

UD]OLaQL�^LULQL��2G�RYRM�PRGHO��]D�WHRUHWVNR�LVWUDCXYDZH�VH�L]YHGHQL�RVWDQDWLWH

PRGHOL�QD�QDPRWNL��GDGHQL�YR�SULORJ����3UL�WRD�VH�YRGHOR�VPHWND��GD�VH�WLH�L]YHGEL

QD�QDPRWNL�^WR�VH�VUH`DYDDW�NDNR�YR�OLWHUDWXUDWD��WDND�L�YR�SUDNWLaQLWH�L]YHGEL

QD� QDPRWNLWH� ]D� HQHUJHWVNL� WUDQVIRUPDWRUL�� 3UDNWLaQDWD� SUHVPHWND� QD

HOHNWURPDJQHWQLWH� VLOL� H� L]YU^HQD� QD� WUDQVIRUPDWRU� VR� VOHGQLYH� QRPLQDOQL

SRGDWRFL�

Sn=400 kVA f=50 Hz p0=930 W
U1n=10 kV m=3 pkn=4600 W
U2n=0,4 kV ukn(%)=4 Dy5

6R� SRPR^� QD� L]UD]LWH� ����� L� ����� RG� SUHGKRGQRWR� SRJODYMH�� L]YU^HQD� H
SUHVPHWND� QD� HOHNWURPDJQHWQLWH� VLOL�� YR� YQDWUH^QDWD� � �QLVNRQDSRQVNDWD�� L
QDGYRUH^QDWD� �YLVRNRQDSRQVNDWD�� QDPRWND�� � ]D� VLWH� PRGHOL� QD� QDPRWNL�� L� WRD� SR
RVNDWD�QD�VLPHWULMD�QD�VHNRMD�RG�QDPRWNLWH��SR�VUHGLQD�QD�QDPRWNLWH��

=D� GD� VH� VRJOHGD�� GHMVWYRWR� QD� NRPSRQHQWL� QD� HOHNWURPDJQHWQLWH� VLOL� YU]
QDPRWNLWH��NDNR�L�YOLMDQLHWR�QD�NRQILJXUDFLMDWD�QD�QDPRWNLWH�YU]�UDVSUHGHOEDWD
QD� VLOLWH�� UH]XOWDWLWH� RG� SUHVPHWXYDZDWD� QD� VLWH� PRGHOL� VH� SUHWVWDYHQL� YR
VSRUHGEHQL�WDEHOL�L�VOLNL�

7DND�YR�WDEHOD� I�� ]D� VLWH� VHGXP�PRGHOL�QD�QDPRWNL�� GDGHQL� VH�PDNVLPDOQLWH
YUHGQRVWL� QD� HOHNWURPDJQHWQLWH� VLOL� L� QD� QLYQLWH� NRPSRQHQWL� L� WRD� NDNR� ]D
YQDWUH^QDWD�WDND�L�]D�QDGYRUH^QDWD�QDPRWND�

.RJD�VWDQXYD�]ERU�]D�YQDWUH^QDWD�QDPRWND��NDNR�^WR�PRCH�GD�VH�]DEHOHCL
RG�WDEHODWD��DNVLMDOQDWD�NRPSRQHQWD�LPD�QDMJROHPD�YUHGQRVW�YR�DSVROXWHQ�L]QRV�]D
YWRULRW� PRGHO� QD� QDPRWNL� L� WDD� L]QHVXYD� ������� N/m�� GRGHND� SDN� UDGLMDOQDWD
NRPSRQHQWD� LPD� QDMJROHPD� YUHGQRVW� ]D� ^HVWLRW� PRGHO� NRMD� L]QHVXYD� ������� N/m�
9NXSQDWD� HOHNWURPDJQHWQD� VLOD� LPD� QDMJROHPD� YUHGQRVW� ������� N/m� LVWR� WDND� ]D
^HVWLRW�PRGHO�

=D� QDGYRUH^QDWD� QDPRWND�� PRCDW� GD� VH� L]YHGDW� VOHGQLYH� ]DNOXaRFL�
DNVLMDOQDWD� NRPSRQHQWD� LPD� QDMJROHPD� YUHGQRVW� SRYWRUQR� ]D� YWRULRW� PRGHO� QD
QDPRWNL� L� WDD� L]QHVXYD� ������� N/m�� GRGHND� SDN� UDGLMDOQDWD� NRPSRQHQWD� LPD
QDMJROHPD� YUHGQRVW� ]D� VHGPLRW� PRGHO� NRMD� L]QHVXYD� ������� N/m�� D� PDNVLPDOQDWD
YUHGQRVW� QD� YNXSQDWD� HOHNWURPDJQHWQD� VLOD� H� ������� N/m� ]D� VHGPLRW� PRGHO� QD
QDPRWNL�

7DEHOD�I

PRGHO YQDWUH^QD�QDPRWND QDGYRUH^QD�QDPRWND

Fz[N/m] Fr[N/m] F[N/m] Fz[N/m] Fr[N/m] F [N/m]
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6SRUHG�SRGDWRFLWH�RG�WDEHODWD��NDNR�L�RG�DQDOL]DWD�QD�GLMDJUDPLWH��RG�VOLND
�� GR� VOLND� ��� PRCH� GD� VH� L]YHGH� VOHGQDYD� NRQVWDWDFLMD�� L]YHGEDWD� RGQRVQR
NRQILJXUDFLMDWD� QD� QDPRWNLWH� LPD� JROHPR� YOLMDQLH� YU]� UDVSUHGHOEDWD� QD
UDVWXUQRWR� PDJQHWQR� SROH�� D� VR� WRD� L� YU]� JROHPLQDWD� L� UDVSUHGHOEDWD� QD
HOHNWURPDJQHWQLWH� VLOL�� SUL� NXVD� YUVND� QD� WUDQVIRUPDWRURW�� 3UL� WRD� NDNR� ^WR
PRCH�GD�VH�]DEHOHCL�RG�SUHGKRGQLWH�VOLNL��NRONX�SRYH`H�H�L]UD]HQD�QHVLPHWULMDWD
QD�QDPRWNLWH��WRONX��VH�SRL]UD]HQL�DNVLMDOQLWH�NRPSRQHQWL�QD�HOHNWURPDJQHWQLWH
VLOL���=DWRD�H�QHSRKRGQR�NDNR�YR�ID]DWD�QD�SURHNWLUDZHWR��WDND�L�SUL�L]UDERWND�QD
QDPRWNLWH� QD� HQHUJHWVNLWH� WUDQVIRUPDWRUL� GD� VH� YRGL� VPHWND� ]D
HOHNWURPDJQHWQLWH�VLOL�^WR�PRCDW�GD�VH�MDYDW�YR�VOXaDM�QD�NXVD�YUVND��1DPRWNLWH
WUHED�GD�ELGDW�WDND�SURHNULUDQL��NRQVWUXLUDQL�L�L]YHGHQL�GD�PRCDW�GD�JL�L]GUCDW
VLOLWH� QD� NXVD� YUVND�� GRGHND� QH� UHDJLUD� VLVWHPRW� ]D� ]D^WLWD� L� QH� JR� LVNOXaL
WUDQVIRUPDWRURW�RG�PUHCD�SRUDGL�SRMDYD�QD�KDYDULMD�

��=$./8A2.

3RUDGL�]JROHPXYDZHWR�QD�PR`QRVWD�QD�NXVD�YUVND�QD�PUHCDWD��D�L�QD�VDPLWH

WUDQVIRUPDWRUL�� YR� YWRUDWD� SRORYLQD� QD� RYRM� YHN� ]DEHOHCDQR� H� ]QDaLWHOQR

]JROHPXYDZH� QD� GHIHNWLWH� QD� WUDQVIRUPDWRULWH�� SRYU]DQL� VR� GHMVWYXYDZHWR� QD

VWUXLWH�QD�NXVD�YUVND��3RUDGL�WRD��RSUHGHOXYDZHWR�QD�HOHNWURPDJQHWQLWH�VLOL�^WR

GHMVWYXYDDW� QD� QDPRWNLWH� SUL� NXVD� YUVND� LPD� JROHPR� ]QDaHZH�� NDNR� ]D

SURL]YRGLWHOLWH�WDND�L�]D�NRULVQLFLWH�QD�WUDQVIRUPDWRULWH��=DWRD�LQWHQ]LYQR�VH

UDERWHOR� L� VH� UDERWL� QD� YRYHGXYDZH� QD� QRYL� HNVSHULPHQWDOQL� L� SUHVPHWNRYQL

PHWRGL� ]D� RSUHGHOXYDZH� QD� HOHNWURPDJQHWQLWH� VLOL�� 'HQHV� SURL]YRGLWHOLWH� QD

WUDQVIRUPDWRUL�� NRULVWDW� VRYUHPHQL� SUHVPHWNRYQL� PHWRGL� L� VPHWDaNL� PD^LQL�

VRRGYHWQL� PDWHULMDOL�� NRQVWUXNWLYQL� L� WHKQROR^NL� UH^HQLMD�� ]D� GD� VH� REH]EHGL

L]GUCOLYRVW� QD� WUDQVIRUPDWRULWH� QD� NXVD� YUVND�� VH� VR� FHO� GD� VH� ]JROHPL

HNVSORDWDFLRQLRW�SHULRG�QD�WUDQVIRUPDWRULWH�

9R� WUXGRW� H� UD]UDERWHQ� HGHQ� QXPHULaNL� PHWRG� ]D� RSUHGHOXYDZH� QD

HOHNWURPDJQHWQLWH� VLOL� ^WR� GHMVWYXYDDW� QD� QDPRWNLWH� QD� HQHUJHWVNL

WUDQVIRUPDWRUL� SUL� NXVD� YUVND�� $QDOL]LUDQL� VH� QHNRONX� QDMNDUDNWHULVWLaQL

PRGHOL� QD� QDPRWNL�� NRL^WR� VH� VUH`DYDDW� YR� SUDNWLNDWD� L� YR� WHRULMDWD�� 3RWRD� ]D

VLWH� PRGHOL�� RSUHGHOHQL� VH� HOHNWURPDJQHWQLWH� VLOL�� ]D� � � GD� PRCH� GD� VH� XWYUGL

NDUDNWHURW� QD� VLOLWH� ]D� VHNRM� PRGHO� NDNR� L� ]D� GD� VH� L]YU^L� VSRUHGED� SRPH_X

UD]OLaQLWH�PRGHOL�QD�QDPRWNL�

��/,7(5$785$
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9R UHIHUDWRW H SULNDCDQD XSURVWHQD PHWRGD QD SUHVPHWND QD VLOL QD RVQRYD

QHNRONX SUHGSRVWDYNL RGUCXYDM`L SUL WRD GRYROQD WRaQRVW� SULPHQHWD QD WULID]HQ

WUDQVIRUPDWRU L]YHGHQ VR VORMQL FLOLQGULaQL QDPRWNL VR PR`QRVW 200 kVA, 11/.433 kVL
QDSRQ QD NXVD YUVND 4.75 % � LVSLWDQ SR IEC 76-5 YR 91 ODERUDWRULMD YR IPH�%HUOLQ�
*HUPDQLMD�

���� ./8A1, =%2529,

7ULID]HQ WUDQVIRUPDWRU� DNVLMDOQD VLOD� PDJQHWHQ IOXNV� NUDMQD L]RODFLMD� 91

QDPRWND� 11 QDPRWND� PDJQHWQR�VLPHWULaQL QDPRWNL�

ELECTRODYNAMIC RESISTANCE OF TRANSFORMERS WITH
 MULTI-LAYER CYLINDRICAL WINDINGS

1. SUMMARY

This paper describes the simplified method for calculation of axial forces based on several
assumptions, but maintaining the appropriate accuracy. This calculation is applied in 200 kVA, 11/.433
kV transformer with impedance voltage 4.75% and multi-layer cylindrical windings; tested to IEC 76-5 at
IPH High-Voltage Test Laboratory-Berlin, Germany.

1.1. KEY WORDS

Three-phase transformer, axial force, magnetic flux, end insulation, HV winding, LV winding,
magnetic-symmetry windings.
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3URFHVRW QD NXVD YUVND QD WUDQVIRUPDWRURW� VH MDYXYD NDNR KDYDULVNL UHCLP� VOHGHQ

VR QHNRONXNUDWQR ]JROHPXYDZH QD VWUXLWH YR QDPRWNLWH QD WUDQVIRUPDWRURW YR VSRUHGED

VR QRPLQDOQLWH VWUXL� ]JROHPHQR ]DJUHYDZH QD QDPRWNLWH L XGDUQL PHKDQLaNL VLOL� NRL

GHMVWYXYDDW QD QDPRWNLWH L QLYQLWH GHORYL�

3URYHUNDWD QD QDPRWNLWH QD PHKDQLaND RWSRUQRVW SUL NXVD YUVND VRGUCL�

D� RSUHGHOXYDZH QD VWDFLRQDUQDWD L XGDUQDWD VWUXMD QD NXVD YUVND�

E� RSUHGHOXYDZH QD PHKDQLaNLWH VLOL PH_X QDPRWNLWH L QLYQLWH GHORYL�

Y� RSUHGHOXYDZH QD PHKDQLaNLWH QDSUHJDZD YR L]RODFLRQDWD SRWSRUQD L PH_XQDYRMQD

NRQVWUXNFLMD L YR SURYRGQLFLWH QD QDPRWNLWH L

J� RGUHGXYDZH QD WHPSHUDWXUDWD QD QDPRWNLWH SUL NXVD YUVND�

�� 235('(/89$:( 1$ 67$&,21$51$7$ , 8'$51$7$ 6758-$ 1$

.86$ 956.$

1RPLQDOQDWD YUHGQRVW QD VWDFLRQDUQDWD VWUXMD QD NXVD YUVND� ]D RVQRYQLRW L]YRG QD

QDPRWNDWD� ]HPDM`L MD SUHGYLG QDSRMQDWD PUHCD� VRJODVQR IEC 76-5� VH RGUHGXYD RG UDYHQNDWD

( )[ ]I
I

u S u S
ku

n

k n k k
=

+
100

1 100 /
(1)

NDGH H I n � QRPLQDOQD VWUXMD QD VRRGYHWQDWD QDPRWND� A,

Sn � QRPLQDOQD PR`QRVW QD WUDQVIRUPDWRURW� MVA,

Sk � PR`QRVW QD NXVD YUVND QD PUHCDWD� MVA,

uk � QDSRQ QD NXVD YUVND QD WUDQVIRUPDWRURW� % �

1RPLQDOQDWD YUHGQRVW QD VWDFLRQDUQDWD VWUXMD QD NXVD YUVND ]D WUDQVIRUPDWRUL VR

PR`QRVW GR 1.0 MVA, DNR VH SUHWSRVWDYL GHND H Sk = ∞ � L]QHVXYD�

I I
uku n

k
=

100
(2)

0R`QRVWD QD NXVD YUVND QD PUHCDWD L QDSRQLWH QD NXVD YUVND QD WUDQVIRUPDWRULWH�

DNR QH VH GDGHQL� VH GHILQLUDQL YR IEC 76-5�
9R SRaHWQLRW PRPHQW VWUXMDWD QD NXVD YUVND ]DUDGL SRVWRHZHWR QD DSHULRGLaQDWD

NRPSRQHQWD PRCH ]QDaLWHOQR GD MD QDGPLQH VWDFLRQDUQDWD VWUXMD L VR WRD GD SUHGL]YLND

PHKDQLaNL VLOL PH_X QDPRWNLWH� QHNRONX SDWL SRJROHPL RG PHKDQLaNLWH VLOL SUL

VWDFLRQDUQD VWUXMD QD NXVD YUVND�

6SRUHG RS^WDWD WHRULMD QD WUDQVIRUPDWRUL XGDUQDWD VWUXMD QD NXVD YUVND� VH

RSUHGHOXYD SR IRUPXODYD�

i k Ik kumax max= 2 � (3)

NDGH H kmax� XGDUHQ NRHILFLHQW QD VWUXMDWD QD NXVD YUVND� NRM PDNVLPDOQR JR ]HPD

SULVXVWYRWR QD DSHULRGLaQDWD NRPSRQHQWD QD VWUXMDWD QD NXVD YUVND�

k e
u

ka
u

kx
max

/
= +

−
1

π
(4)



NDGH H uka� DNWLYQD NRPSRQHQWD QD QDSRQRW QD NXVD YUVND

ukx � UHDNWLYQD NRPSRQHQWD QD QDSRQRW QD NXVD YUVND�

�� 235('(/89$:( 1$ (/(.752',1$0,A.,7( 6,/,0(?8

1$027.,7( , 1,91,7( '(/29,

3URYRGQLFLWH RG NRL^WR VH L]UDERWHQL QDPRWNLWH QD WUDQVIRUDPDWRURW QL] NRL

SURWHNXYD VWUXMD VH QDR_DDW YR UDVWXUQRWR PDJQHWQR SROH� L QD QLY GHMVWYXYDDW

HOHNWURGLQDPLaNL VLOL� 7LH VLOL VR]GDYDDW PHKDQLaNL QDSUHJDZD YR QDPRWNLWH QD

WUDQVIRUPDWRURW L SRVWRMDQR VH SUHQHVXYDDW QD GUXJLWH HOHPHQWL RG QHJRYDWD

NRQVWUXNFLMD� 3UL QRPLQDOQL VWUXL VLOLWH QH VH JROHPL� QR SUL NXVL YUVNL WLH PQRJX VH

]JROHPXYDDW L PRCDW GD VH MDYDW NDNR SULaLQD ]D KDYDULMD QD WUDQVIRUPDWRURW�

1DPRWNLWH QD WUDQVIRUPDWRURW VH VRVWRMDDW RG EDNDUQL SURYRGQLFL� UD]GYRHQL VR

L]RODFLRQL HOHPHQWL� 'LQDPLaNLWH NDUDNWHULVWLNL QD RYRM VLVWHP VH PHQXYDDW YR SURFHVRW

QD NXVDWD YUVND� ]DWRD ^WR GLQDPLNDWD QD L]RODFLRQLWH HOHPHQWL ]DYLVL RG VWHSHQRW QD

SUHVRYDQRVW� W�H� RG JROHPLQDWD QD VLOLWH ^WR GHMVWYXYDDW� 9R VX^WLQD VLOLWH QH

RVWDQXYDDW SRVWRMDQL WXNX VH PHQXYDDW SR VORCHQ ]DNRQ� 1DPRWNDWD LPD QHNRONX

IUHNIHQFLL QD VRSVWYHQL RVFLODFLL� 9R WRM VOXaDM� DNR HGQD RG IUHNIHQFLLWH QD

HOHNWURGLQDPLaNLWH VLOL VH VRYSDGQH VR IUHNIHQFLMD RG VRSVWYHQLWH RVFLODFLL� QDVWDSXYD

UH]RQDQFD� L NDNR UH]XOWDW QD WRD� ]JROHPXYDZH QD QLYRWR QDG VWDWLaNRWR�

1HVWDFLRQDUQLRW SURFHV YR QDPRWNDWD SUHWVWDYXYD IDNWLaNL UD]JOHGXYDZH QD GYD SUHRGQL

SURFHVL� HOHNWURPDJQHWHQ L PHKDQLaNL�

3UL SUHVPHWND QD PHKDQLaNDWD RWSRUQRVW QD WUDQVIRUPDWRURW QDPRWNLWH SRUDQR VH

UD]JOHGXYDOH NDNR QHSRGYLCQL� D VLOLWH NRL GHMVWYXYDDW QD QLY � NDNR SRVWRMDQL� NRL

VRRGYHWVWYXYDDW QD QDMJROHPDWD VWUXMD NRMD SURWHNXYD QL] QLY� 6R GUXJL ]ERURYL�

GLQDPLaNLWH SURFHVL ELOH ]DPHQHWL VR VWDWLaNL�

9R RYRM WUXG H L]ORCHQD PHWRGD ]D SUHVPHWXYDZH QD VWDWLaNL VLOL NRL

VRRGYHWVWYXYDDW QD DPSOLWXGDWD QD VWUXMDWD SUL QHQDGHMQD NXVD YUVND�

���� 1DVRND QD VLOLWH NRL GHMVWYXYDDW QD QDPRWNLWH YR WUDQVIRUPDWRURW

(OHNWURPDJQHWQDWD VLOD� NRMD GHMVWYXYD QD VWUXHQ HOHPHQW NRM^WR VH QDR_D YR

PDJQHWQR SROH� VH RSUHGHOXYD VR %LR�6DYDURY ]DNRQ QDSL^DQ YR GLIHUHQFLMDOHQ REOLN�

[ ]d dvf BJ= (5)

NDGH H df � YHNWRU QD VLODWD� NRM GHMVWYXYD QD HOHPHQW RG SURYRGQLNRW VR YROXPHQ dv �
QDR_DM`L VH YR SROH VR LQGXNFLMD B SUL JXVWLQD QD VWUXMD J � 9HNWRUVNLRW SURL]YRG

SRNDCXYD� GHND VLODWD H QRUPDOQD QD QDVRNDWD QD LQGXNFLMDWD L QDVRNDWD QD JXVWLQDWD QD

VWUXMDWD� 6SRUHG WRD� DNVLMDOQRWR SROH VR]GDYD UDGLMDOQL VLOL� D UDGLMDOQRWR �SRSUHaQR� �

DNVLMDOQL VLOL� 1DVRNDWD QD VLODWD� LQGXNFLMDWD L JXVWLQDWD QD VWUXMD VH SRYU]DQL VR

SUDYLORWR QD OHYD UDND�

3URYRGQLFL QL] NRL SURWHNXYD VWUXMD VH SULYOHNXYDDW SUL HGQDNYL QDVRNL QD

VWUXLWH L VH RGELYDDW SUL UD]OLaQL� 1L] VLWH QDYLYNL QD HGQD QDPRWND SURWHNXYDDW VWUXL

YR LVWD QDVRND� ^WR ]QDaL WLH VH SULYOHNXYDDW HGQD NRQ GUXJD� 6SURWLYQR� VWUXLWH YR 11 L

91 QDPRWNL VH SRPHVWHQL ID]QR SULEOLCQR ]D π� ^WR ]QDaL GHND GHMVWYXYDDW VLOL QD

RGELYDZH SRUDGL ^WR WLH VH RGELYDDW�

5DVWXUQRWR SROH QD WUDQVIRUPDWRURW VR NRQFHQWULaQL QDPRWNL SUL UDPQRQHUQR

UDVSUHGHOHQL PDJHWQL QDSRQL SR YLVLQD LPD REOLN� ^HPDWVNL SULNDCDQ QD VO� �� 9R



SURVWRURW PH_X QDPRWNLWH OLQLLWH QD SROHWR VH SDUDOHOQL VR RVNDWD QD MDGURWR� D QD

NUDHYLWH RG QDPRWNLWH VH LVNULYXYDDW� W�H� SRNUDM DNVLMDOQDWD VH MDYXYD L UDGLMDOQDWD

NRPSRQHQWD QD SROHWR� .DNR ^WR VH JOHGD� QD QDPRWNLWH GHMVWYXYDDW NDNR UDGLMDOQL� WDND L

DNVLMDOQL HOHNWURPDJQHWQL VLOL�

)D

)D

)D

)D

D 1 2

)U )U

a1 a 12 a2

%\ %[

6OLND �� 5DVSUHGHOED QD DNVLMDOQDWD L UDGLMDOQDWD 6OLND �� 5DGLMDOQL VLOL� NRL

NRPSRQHQWD QD LGXNFLMDWD YR WUDQVIRUPDWRU GHMVWYXYDDW QD QDPRWNLWH QD

VR HGQDNYL YLVLQL QD QDPRWNLWH GYRQDPRWHQ WUDQVIURPDWRU

1D VO� � VH GDGHQL GLMDJUDPLWH QD UDVSUHGHOED QD LQGXNFLMDWD ]D HGQD RG QDPRWNLWH�

,QGXNFLMDWD QD DNVLMDOQRWR SROH By � NRH VR]GDYD UDGLMDOQL VLOL� YR VUHGQLRW GHO QD

QDPRWNDWD LPD SRVWRMDQD YUHGQRVW� QDPDOXYDM`L VH SRVWHSHQR NRQ NUDHYLWH� ,QGXNFLMDWD QD

UDGLMDOQRWR SROH Bx � NRH VR]GDYD DNVLMDOQL VLOL� LPD QDMJROHPD YUHGQRVW QD NUDHYLWH RG

QDPRWNDWD D YR VUHGLQDWD PLQXYD QL] QXOD� PHQXYDM`L JR SULWRD ]QDNRW�

���� 2SUHGHOXYDZH QD HOHNWURPDJQHWQL VLOL NRL GHMVWYXYDDW QD NRQFHQWULaQL VORMQL

QDPRWNL QD GYRQDPRWHQ WUDQVIRUPDWRU

(OHNWURPDJQHWQLWH VOL� NRL GHMVWYXYDDW QD QDPRWNLWH QD WUDQVIRUPDWRURW� PRCDW

GD VH SUHVPHWDDW NRULVWHM`L JR ]DNRQRW QD %LR�6DYDU LOL VR WHRUHPDWD QD /DJUDQC�

9R SUYLRW VOXaDM VLODWD NRMD GHMVWYXYD QD QDPRWNDWD PRCH GD VH SUHVPHWD VR

LQWHJULUDZH QD UDYHQNDWD (5)

[ ]F B J= ∫
V

dV (6)

$NR B L J VH QRUPDOQL HGQD QD GUXJD L SRVWRMDQL SR FHOLRW YROXPHQ� WRJD^ H�

F Bl i= (7)



NDGH l � GROCLQD QD SURYRGQLNRW LOL QDPRWNDWD� D i VWUXMDWD ^WR SURWHNXYD YR QHD�

7HRUHPDWD QD /DJUDQC SULPHQHWD YR HOHNWURPDJQHWQRWR SROH UD]JOHGXYD VLVWHP RG VWUXMQL

NRQWXUL� NRM VH QDR_DDW YR PDJQHWQR SROH� SUL WRD HOHNWURPDJQHWQLWH VLOL� NRL VH VWUHPDW

GD MD SURPHQDW GDGHQDWD NRRUGLQDWD QD VLVWHPRW� H HGQDNYD QD L]YRGRW QD HQHUJLMDWD QD

PDJQHWQRWR SROH SR GDGHQDWD NRRUGLQDWD� SUL WRD VWUXLWH YR NRQWXULWH VH RGUCXYDDW

SRVWRMDQL� 1DETXGXYDM`L JL QDPRWNLWH RG WUDQVIRUPDWRURW NDNR RGHOQL VWUXMQL NRQWXUL�

VH GRELYD�

f
W
gg
m

i const

=










=

∂
∂ .

� (8)

NDGH H fg � VLOD NRMD GHMVWYXYD YR QDVRND QD NRRUGLQDWDWD� D Wm � HQHUJLMD QD PDJQHWQRWR

SROH QD UDVWXUDZH QD QDPRWNLWH QD WUDQVIRUPDWRURW� GDGHQD VR L]UD]RW�

W B dVm
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UDVSUHGHOED QD PDJQHWQRWR SROH QD UDVWXUDZH�

5DGLMDOQDWD VLOD Fr � NRMD GHMVWYXYD QD NRQFHQWULaQL QDPRWNL QD GYRQDPRWDHQ

WUDQVIRUPDWRU� VH VWUHPL GD JR ]JROHPL UDVWRMDQLHWR PH_X QDPRWNLWH a12 � 7DND YR

VRJODVQRVW VR UDYHQNDWD (11) H QHRSKRGQR GD VH SUHVPHWD L]YRGRW SR a12 � 6WDYDM`L QDPHVWR
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6RSVWYHQLWH DNVLMDOQL VLOL Fa � NRL GHMVWYXYDDW QD QDPRWNLWH� VH VWUHPDW GD MD
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(NVSHULPHQWDOQR H RSUHGHOHQR� GHND SULEOLCQR �������% RG IOXNVRW QD UDVWXUDZH

QD WUDQVIRUPDWRURW VH RSID`D VR YQDWUH^QDWD �SREOLVNDWD GR MDGUR� QDPRWND L �������� �

VR QDGYRUH^QDWD� 7DND VLODWD QD SULWLVRN NRMD GHMVWYXYD QD YQDWUH^QDWD RGQRVQR

QDGYRUH^QDWD QDPRWND� H HGQDNYD VRRGYHWQR QD�

F F
a

ha vnatr r( .) .≈ 0 7 0
� (16)

F F
a

ha nadv r( .) .≈ 0 3 0
� (17)

�� 235('(/89$:( 1$0(+$1,A.,7( 1$35(*$:$ 92 ,=2/$&,21,7(

(/(0(17, , 92 35292'1,&,7( 1$ 1$027.$7$

=D RFHQND QD PHKDQLaNDWD RWSRUQRVW QD QDPRWNLWH RELaQR VH RSUHGHOXYDDW

QDSUHJDZDWD QD SULWLVRN QD YQDWUH^QDWD QDPRWND �11�� NRL VH UH]XOWDW QD GHMVWYRWR QD

UDGLMDOQL VLOL L QDSUHJDZDWD QD SULWLVRN PH_X QDYLYNL RG QDMJROHPLWH DNVLMDOQL VLOL Fa �

3UL RSUHGHOXYDZHWR QD QDSUHJDZDWD QD SULWLVRN RG UDGLMDOQLWH VLOL VH QDR_D VLOD� NRMD MD

SULWLVND YQDWUH^QDWD QDPRWND �VO� ��� XVORYQR UD]JOHGXYDQD NDNR VWDWLaND�

F Fr rσ π= / ( )2 � (18)

1DSUHJDZHWR QD SULWLVRN YR MPa� YR SURYRGQLFLWH QD YQDWUH^QDWD QDPRWND VH

RSUHGHOXYD VSRUHG IRUPXODWD�

σσ σr r cuF w S= ⋅−10 6 / ( ) � (19)

NDGH H w � EURM QD QDYLYNL QD QDPRWNDWD� ]D NRMD VH SUHVPHWXYD VLODWD� Scu � SRYU^LQD QD

SRSUHaQLRW SUHVHN QD HGQD QDYLYND YR [ ]m2
�
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6OLND ��

2WSRUQRVWD QD YQDWUH^QDWD QDPRWND SUL GHMVWYR QD UDGLMDOQL VLOL ]DYLVL RG PQRJX

IDNWRUL� D SUL SUHVPHWNLWH WRD PRCH SULEOLCQR GD ELGH RFHQHWR SR JROHPLQDWD σσr �

=D REH]EHGXYDZH QD RWSRUQRVWD QD QDPRWNLWH SUL XGDUQL VWUXL QD NXVL YUVNL PRCQR

H NDNR SURYHUND GD VH GR]YROL σσr MPa< 35 YR QDPRWNL L]UDERWHQL RG EDNDU�

1DSUHJDZDWD QD SULWLVRN QD SRWSRUQDWD SRYU^LQD YR MPa� H�

σσa aF n a b= ⋅ ⋅−10 6 / ( ) (20)

NDGH H n � EURM QD EORNRYL SR REHPRW QD QDPRWNDWD� a � UDGLMDOQD ^LULQD QD QDPRWNDWD� m �

b � ^LULQD QD EORNRW� m �

�� 235('(/89$:( 1$ 7(03(5$785$7$ 1$ 1$027.,7( 35,

.86$ 956.$

3UHVPHWNDWD QD WHPSHUDWXUDWD QD QDPRWNLWH SUL NXVD YUVND VH YU^L ]D

VWDFLRQDUQDWD VWUXMD QD NXVD YUVND SUL SUHWSRVWDYND� GHND ]DUDGL NUDWNRYUHPHQLRW SURFHV

QD RGDYDZH QD WRSOLQD RG QDPRWND NRQ PDVOR� L FHODWD WRSOLQD VR]GDGHQD RG JUHMQRWR WHOR�

RGL ]D ]JROHPXYDZH QD QHJRYDWD WHPSHUDWXUD W�H� VH UD]JOHGXYD DGLMDEDWVNL SURFHV�

'RSX^WHQDWD WHPSHUDWXUD QD ]DJUHYDZH QD QDPRWNLWH L]UDERWHQL RG EDNDU VH

RSUHGHOXYD VSRUHG IRUPXODYD�
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'LPHQ]LLWH QD VLWH JROHPLQL VH L]UD]XYDDW YR SI VLVWHPRW (International System of
Units)�
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5H]XOWDWLWH QD SUHVPHWNLWH L LVSLWXYDZDWD SRNDCXYDDW GHND HGLQVWYHQ QDaLQ ]D GD

VH ]JROHPL HOHNWURGLQDPLaNDWD RWSRUQRVW SUL NXVL YUVNL QD WUDQVIRUPDWRULWH VR VORMQL

FLOLQGULaQL QDPRWNL QDG 400 kVA� H MDYXYD VPDOXYDZHWR QD DNVLMDOQLWH VLOL�
1DMGREDU L QDMUDFLRQDOHQ QDaLQ GD VH QDPDOL DNVLMDOQDWD VLOD H�

�� 'D VH L]YHGDW �L]UDERWDW� 91 QDPRWNL PDJQHWQR�VLPHWULaQL YR RGQRV QD

VUHGLQDWD RG YLVLQDWD SUL ELOR NRMD SRORCED QD L]YRGLWH ]D UHJXODFLMD� 1HNRL WDNYL ^HPL

VH SULNDCDQL QD VO���
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6OLND �� >HPL QD PDJQHWQR VLPHWULaQL 91 QDPRWNL

� � 11 QDPRWND� � � 91 QDPRWND� � � RVND QD VLPHWULMD

�� 5DPQRPHUQD UDVSUHGHOED QD DPSHU�QDYLYNLWH QD GYHWH QDPRWNL SR FHODWD YLVLQD

�L]EDODQVLUDQL DPSHU�QDYLYNL QD 91 L 11 QDPRWNL�� 2GVXVWYR QD NDNYD ELOR QHVLPHWULMD

SR YLVLQD QD QDPRWNLWH�

�� 5(=8/7$7, 2' 35(60(7.$7$ , ,63,789$:$7$ 1$

352727,31,27 75$16)250$725 200 kVA, 11/0.433,  Uk = 4,75%

3UHGORCHQDWD XSURVWHQD PHWRGD ]D SUHVPHWND QD HOHNWURGLQDPLaNDWD RWSRUQRVW QD

WUDQVIRUPDWRUL VR VORMQL FLOLQGULaQL QDPRWNL VH VRVWRL YR VOHGQRYR�

D� 6H RSUHGHOXYDDW DNVLMDOQLWH VLOL� NRL GHMVWYXYDDW QD FHODWD L QD YQDWUH^QLRW

VORM RG 11 QDPRWND� SUL SUHVPHWNDWD VH ]DGDYDDW RSUHGHOHQL YUHGQRVWL QD GYHWH YLGRYL

QHVLPHWULL QD QDPRWNLWH�

� QHVLPHWULMD YR DNVLMDOQD QDVRND

� QHVLPHWULMD YR VORMRW VR QDYLYNL ]D UHJXODFLMD�

E� 6H SUHVPHWXYD SRWSRUQDWD SRYU^LQD QD YQDWUH^QLRW VORM QD 11 QDPRWND

Y� 6H RSUHGHOXYD PDNVLPDOQRWR QDSUHJDZH QD NUDMQDWD L]RODFLMD� NRH QH VPHH GD

ELGH� ]DYLVQR RG L]RODFLRQLRW PDWHULMDO SRJROHP RG 20 MPa� $NR SUHVPHWDQRWR QDSUHJDZH
H SRJROHPR RG 20 MPa� WRJD^ WUHED GD VH ]JROHPL SRWSRUQDWD SRYU^LQD QD L]RODFLMDWD LOL

GD VH QDPDOL RS^WDWD SUHVPHWDQD VLOD SR SDW QD SULPHQD QD VSHFLMDOQL ^HPL QD QDPRWNLWH�

REH]EHGXYDM`L PDJQHWQD VLPHWULMD QD VLWH VWHSHQL QD UHJXOLUDQLRW QDSRQ�

5H]XOWDWLWH RG SUHVPHWXYDZHWR VH GDGHQL YR 7DEHOD ��
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6OLND �� 3URFHQWXDOHQ RGQRV QD RVQRYQLWH SDUDPHWUL YR RGQRV QD YLVLQDWD

7DEHOD �

3UHVPHWDQL 1DPRWND

YUHGQRVWL 9�1� 1DPRWND 1�1� 1DPRWND

I ku (Sk =500 MVA) 219.2 A 5.568 kA

ik max 441.7 A 11.218 kA

σ 0.068
ρ1 0.932

Fr 1021228 N 1021228 N

σσr 28.89 MPa<60 32.63 MPa<60

Fa 44547 N 44547 N

σσa 3.31 Mpa 14.5 MPa ]D A L CID]D  <20 Mpa

19.3 MPa ]D     B ID]D     <20 Mpa
ϑkCu kt( sec)= 5 150 6 250. $ $C C<

9R SULORJ VH GDGHQL YR RULJLQDO � VWUDQL RG TEST RECORDRG IPH � %HUOLQ�

*HUPDQLMD RG SUHVPHWNDWD�

4.5. Test and measuring circuits �,VSLWQL L PHUQL ^HPL��

 4.6. Test results �5H]XOWDWL RG LVSLWXYDZDWD��
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�� 9R WUDQVIRUPDWRULWH VR VORMQL FLOLQGULaQL NRQFHQWULaQL QDPRWNL� RVREHQR ]D

PR`QRVWL QDG 250 kVA� VH MDYXYDDW ]QDaLWHOQL VLOL NRL VH UH]XOWDW QD QHVLPHWULaHQ

SRVOHGHQ VORM QD 91 QDPRWND� =D QDPDOXYDZH QD DNVLMDOQLWH VLOL QDMGREUR H GD VH SULPHQDW

^HPL QD QDPRWNL QD 91� NRL REH]EHGXYDDW VLPHWULaHQ �YR RGQRV QD VUHGLQDWD RG

QDPRWNDWD� UDVSRUHG QD QDYLYNLWH ]D UHJXODFLMD�

�� 1HRSKRGQR H GD VH L]YU^L SURYHUND QD NUDMQDWD L]RODFLMD QD PDNVLPDOQR

QDSUHJDZH YR VRJODVQRVW VR NDUDNWHULVWLNLWH QD L]RODFLMDWD ^WR JL GDYD SURL]YRGLWHORW�

�� 7LSVNL LVSLWXYDZD QD XGDUQD NXVD YUVND�

��� 35(*/(' 1$ 83275(%(1, 2=1$.,

I n � QRPLQDOQD VWUXMD QD HGQD QDPRWND

Sn � QRPLQDOQD PR`QRVW QD WUDQVIRUPDWRU

Sk � PR`QRVW QD NXVD YUVND QD PUHCDWD

uk � QDSRQ QD NXVD YUVND QD WUDQVIRUPDWRURW

I ku� VWDFLRQDUQD VWUXMD QD NXVD YUVND

i k max� XGDUQD VWUXMD QD NXVD YUVND

Fr � UDGLMDOQD VLOD

Fa� DNVLMDOQD VLOD

w � EURM QD QDYLYNL QD HGQD QDPRWND

ρ1� NRHILFLHQW QD 5RJRYVNL

µ0 � PDJQHWQD SHUPHDELOQRVW QD YR]GXK

σσr � PHKDQLaNR QDSUHJDZH RG UDGLMDOQL VLOL

σσa� PHKDQLaNR QDSUHJDZH RG DNVLMDOQL VLOL

ϑkCu� WHPSHUDWXUD QD QDPRWNLWH SUL NXVD YUVND

tk � YUHPHWUDHZH QD NXVD YUVND

��� /,7(5$785$

[1] M.Waters,”The Short-Circuit Strenght of Power Transformers”,
Macdonald, London 1966.

[2] B.Kuzmanovi}, ”Prora~un sila u namotu transformatora i napona kratkog
spoja

na digitalnom ra~unalu” ,Informacije,Rade Kon~ar 1968.
[3] 3�0� 7LKRPLURY� �5DVaHW WUDQVIRUPDWRURY��

Í1(5*2$720,='$7� 0RVNYD� ����

[4] Æ� 7XURYVNLt� �7HKQLaHVND� ÎOHNWURGLQDPLND��

Í1(5*,Æ� 0RVNYD� ����

[5] '� 0DQRY� .� 1DMGHQNRVNL� �3UHVPHWND QD VLOL YR QDPRWNLWH QD HQHUJHWVNL

WUDQVIRUPDWRUL�� 0$.2 � 6,*5(� 6WN���� VWU� �������



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

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

5DVLP 6DONRVNL� GLSO HO� LQC�
(02 � 2KULG

.203(1=$&,21,35,*8>1,&, 67(3(1$672 5(*8/,5$1,

62 35(./23.$ 92 %(=1$3216.$ 62672-%$

�� 62'5#,1$

9R UHIHUDWRW H SULNDCDQD WHKQLNDWD QD SURHNWLUDZH� NRQVWUXNFLMDWD L UH]XOWDWLWH
RG LVSLWXYDZDWD QD NRPSHQ]DFLRQD SULJX^QLFD VWHSHQDVWR UHJXOLUDQD VR SUHNORSND YR
EH]QDSRQVND VRVWRMED� 'DGHQL VH RVQRYQLWH WHKQLaNL NDUDNWHULVWLNL QD NRPSHQ]DFLRQDWD

SULJX^QLFD VR PR`QRVW 2000 kVAr, QDSRQ 66000/ � V� UHJXODFLMD QD VWUXMDWD RG ���� GR �� $�

���� ./8A1, =%2529,

.RPSHQ]DFLRQD SULJX^QLFD� LQGXNWLYQRVW� PDJQHWQR NROR� RVQRYQD QDPRWND�
GRSROQLWHOQD QDPRWND� PDJQHWHQ IOXNV� ILNVHQ YR]GX^HQ ]MDM�

STEPWISE ADJUSTABLE ARC SUPPRESSION COILS

1. SUMMARY

This paper deals with the method of designing, mechanical construction and test results of
stepwise adjustable arc suppression coils. The main technical characteristics of arc suppression coil

power rating of 2000 kVAr, 66000/� V, regulation of current in the range 20.8 to 52 Amps, have been
laid down in the paper.

1.1. KEY WORDS

Arc suppression coil, inductivity, magnetic core, main winding, auxiliary winding, magnettic flux,
fixed air gap.

�� 929('



.RPSHQ]DFLRQLWH SULJX^QLFL VWHSHQDVWR UHJXOLUDQL VR SUHNORSND YR EH]QDSRQVND
VRVWRMED VH SURHNWLUDDW NDNR SULJX^QLFL VR ILNVQL YR]GX^QL ]MDHYL SR GROCLQDWD QD
PDJQHWQRWR MDGUR� D UHJXODFLMDWD QD VWUXMDWD VH YU^L VR SURPHQD QD EURMRW QD QDYLYNL SUHNX
L]YRGLWH ]D UHJXODFLMD�

*XVWLQDWD QD PDJQHWQLRW IOXNV YR PDJQHWQRWR MDGUR JR RJUDQLaXYD RSVHJRW QD
UHJXODFLMD QD SULEOLCQR � � ��� �

,]ERURW QD YUHGQRVWLWH QD LQGXNWLYLWHWRW RGQRVQR VWUXLWH H QRUPDOQR RG � GR ��
VWHSHQL� VR SUHNORSND NRMD VH UHJXOLUD VDPR NRJD NRPSHQ]DFLRQDWD SULJX^QLFD H LVNOXaHQD
RG QHXWUDOQDWD WRaND QD VLVWHPRW�

�� 120,1$/1, *2/(0,1,

1RPLQDOQLRW QDSRQ QD SULJX^QLFDWD VH RSUHGHOXYD VSRUHG QRPLQDOQLRW ID]HQ
QDSRQ QD PUHCDWD� ]DWRD ^WR SULJX^QLFDWD YR SRJRQ VR HGQRID]HQ ]HPMRVSRM GRD_D QD ID]HQ
QDSRQ�

U U Unp nf n= = / 3 ���

2SVHJRW QD UHJXODFLMDWD QD VWUXMDWD QD SULJX^QLFDWD VH RSUHGHOXYD VR RGQRVRW�

s I I= min max/ ���

NDGH Imin L I max SUHGVWDYXYDDW PLQLPDOQD L PDNVLPDOQD VWUXMD QD SULJX^QLFDWD� NRL VH

SRVWLJQXYDDW SUL QRPLQDOHQ QDSRQ� UHVSHNWLYQR� 6WUXMDWD Imin � MD RSUHGHOXYD

PDNVLPDOQDWD� D VWUXMDWD I max PLQLPDOQDWD YUHGQRVW QD UHDNWDQVDWD �LPSHGDQVD� QD

SULJX^QLFDWD� NRMD PRCH GD VH SRVWLJQH VR UHJXODFLMDWD�

6WUXMDWD I max YRHGQR SUHGVWDYXYD L QRPLQDOQD VWUXMD QD SULJX^QLFDWD�

I Inp = max ���

1RPLQDOQDWD PR`QRVW QD SULJX^QLFDWD VH GHILQLUD NDNR�

S U Inp np np= ���

         

6OLND �� 3ULQFLSLHOQD ^HPD QD NRPSHQ]DFLRQD SULJX^QLFD
VR RWFHSNL ]D UHJXODFLMD QD VWUXMDWD



3RPR^QDWD QDPRWND YJUDGHQD YR SULJX^QLFDWD VOXCL ]D SULNOXaRN QD RWSRUQLN ]D
NUDWNRYUHPHQR RSWRYDUXYDZH VR FHO GD VH ]JROHPL DNWLYQDWD NRPSRQHQWD QD VWUXMDWD QD
]HPMRVSRM� D VR WRD L ORFLUDZH QD ]HPMRVSRMRW�

0HUQDWD QDPRWND YJUDGHQD YR SULJX^QLFDWD H VR FHO GD SURL]YHGH QDSRQVNL VLJQDO
YR VRVWRMED QD ]HPMRVSRM�

9R SULJX^QLFDWD H YJUDGHQ VWUXHQ WUDQVIRUPDWRU NRM RYR]PRCXYD PHUHZH QD
VWUXMDWD QD ]HPMRVSRM�

1DJRGXYDZHWR QD SULJX^QLFDWD QD WRaQD NRPSHQ]DFLMD VH L]YHGXYD RELaQR SUHPD
YUHGQRVWLWH QD QDSRQRW YR QHXWUDOQDWD WRaND YR QRUPDOHQ SRJRQ QD PUHCDWD NRL VH
YRVSRVWDYXYDDW SRUDGL DVLPHWULMD QD PUHCDWD� 7RaQD NRPSHQ]DFLMD VH SRVWLJQXYD WRJD^
NRJD VSRPHQDWLRW QDSRQ LPD QDMJROHPD YUHGQRVW ]D GDGHQD NRQILJXUDFLMD QD PUHCDWD�

�� 35(60(7.$ 1$ .203(1=$&,21,35,*8>1,&, 62 ,=92',

=$ 5(*8/$&,-$ 1$ 6758-$7$

9R RYRM UHIHUDW VH UD]JOHGXYDDW SULJX^QLFL VR FLOLQGULaQL QDPRWNL L PDJQHWQR

MDGUR VR YR]GX^QL ]MDHYL� 5DERWQLRW SURFHV YR SULJX^QLFDWD VR EURM QD QDYLYNL w� YNXSQD
GROCLQD QD SDWRW YR PDJQHWQRWR MDGUR l Fe L YNXSQD GROCLQD QD YR]GX^QL ]MDHYL Σl z � DNR VH

]DQHPDUDW ]DJXELWH YR MDGURWR� VH RSUHGHOXYD VR $PSHURYLRW ]DNRQ�

I w B l mN lm z z Fe Fe= +08. Σ ���

3UYLRW aOHQ YR VXPDWD GHVQR SUHGVWDYXYD SDG QD PDJQHWQLRW QDSRQ YR YR]GX^QLWH
]MDHYL� YWRULRW � YR MDGURWR� 9RYHGXYDZHWR QD PDJQHWQR MDGUR �SUL GDGHQ PDJQHWHQ QDSRQ�
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   TECHNICAL DATA                   DMF66/2000/REV.

STEPWISE ASC         2PSR 2000-52/66

1.  Manufacturer     EMO OHRID,
    MACEDONIA

2.  Rated voltage (V)      66000/ 3
3.  Rated current (A)            52
4. Regulation stepwise                         40-50-63-80-100 %

   of rated current
5.  ASC far-operated            no
6.  Equipment for automatic regul.                  no
7.  Oil   IEC 296 grade II
8.  Drain valve                 yes
9. Finish  painted execution

10.  Auxiliary and signal voltage           no
11.  Pressure relief device           no
12.  Main container   with conservator
13.  Execution of cover        bolted
14.  Aproximate dimensions of ASC

- lenght (mm)                     2200
- width      (mm)                     1780
- height     (mm)                     3520

15.  Contact thermometer          yes
16.  Instrument size and type          no
17.  Built-in current trafo                     60/5 A-15 VA, class 1

18.  Voltage winding                         66/ 3 / 0.11 kV,100 VA
19.  Power winding                                          no
20.  Zero point resistance         no
21.  Transport arrangement       wheels
22.  Aproximate Oil weight   (kg)        1520
23.  Aproximate Total weight (kg)        4700
24.  Losses(*) : iron        4000
            (W)       copper (75°C)                      25500
       * loss figure is not guaranteed
25.  Outline drawing  EJ 403355/R
26.  Standard               IEC 289,DEFU 3
27. HV bushings:

- type CTkf 100/400-IEC 137/73,on the zero-point
- type 30Nf-DIN 42531,on the earthing

28.  ASC is dimensioned to work with the zero-point power
      short-time duty 2 hours (KB 2h).
29. Note: ASC is dimensioned with taps for regulation.
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Unp � QRPLQDOHQ QDSRQ QD SULJX^QLFDWD

I np � QRPLQDOQD VWUXMD QD SULJX^QLFDWD

Snp � QRPLQDOQD VQDJD QD SULJX^QLFDWD

f � IUHNYHQFLMD

w � YNXSHQ EURM QD QDYLYNL

Ln � QRPLQDOQD LQGXNWLYQRVW QD SULJX^QLFDWD

BFe � JXVWLQD QD IOXNV YR PDJQHWQR MDGUR

Bz � JXVWLQD QD IOXNV YR YR]GX^HQ SURFHS

HFe � GROCLQD QD PDJQHWHQ VHJPHQW

l z � GROCLQD QD HGLQHaHQ YR]GX^HQ SURFHS

n � YNXSHQ EURM QD ]MDHYL

Φo � JODYHQ IOXNV

Φσo � IOXNV QL] QHPDJQHWQD VUHGLQD ��YR]GXK��

SFe � HIHNWLYHQ SUHVHN QD PDJQHWQR MDGUR

Sz � HIHNWLYHQ SUHVHN QD YR]GX^HQ SURFHS

ε � HNYLYDOHQWQD ^LULQD QD �VWUDQLaQLRW� IOXNV

QL � IDNWRU QD GREURWD
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THE ECONOMICS OF PARALLEL OPERATION OF TRANSFORMERS

1. SUMMARY

This paper deals with the conditions of the  parallel operation of  transformers, as well as
the conditions for the  parallel operation with minimum power losses, i.e. optimal parallel
operation.

1.1. KEY WORDS

Three phase transformer, vector group, equalizing current, impedance voltage, parallel
operation.
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7UDQVIRUPDWRURW� H� HOHNWURHQHUJHWVNL� XUHG�� NRM� MD� WUDQVIRUPLUD
HOHNWULaQDWD�HQHUJLMD�VR�HGQL�YUHGQRVWL�QD�QDSRQRW�L�VWUXMDWD�YR�GUXJL��SUL�LVWD
IUHNIHQFLMD��0HVWDWD� NDGH�^WR� VH� LQVWDOLUDDW� WUDQVIRUPDWRULWH� VH� QDUHNXYDDW
WUDIRVWDQLFL��$NR� YR� HGQD� WUDIRVWDQLFD� H� LQVWDOLUDQ� VDPR� HGHQ� WUDQVIRUPDWRU
NRM�JL�]DGRYROXYD�SRWUHELWH�QD�SRWUR^XYDaLWH��SUL�QHJRY�GHIHNW�VLWH�SRWUR^XYDaL
`H�RVWDQDW�EH]�HOHNWULaQD�HQHUJLMD��VH�GRGHND�QH�VH�RWVWUDQL�GHIHNWRW��,VWR�WDND�L
SUL� ]JROHPXYDZH� QD� PR`QRVWD� QD� SRWUR^XYDaLWH� NRL� VH� QDSRMXYDDW� RG� WDD
WUDIRVWDQLFD�� PRCH� GD� GRMGH� GR� SUHRSWRYDUXYDZH� QD� WUDQVIRUPDWRURW�� =DWRD� VH
SUDNWLNXYD�YR�WUDIRVWDQLFLWH�GD� VH�LQVWDOLUDDW�GYD�LOL�SRYH`H� WUDQVIRUPDWRUL
NRL�`H�UDERWDW�SDUDOHOQR�

3DUDOHOQD�UDERWD�QD�WUDQVIRUPDWRULWH�LPDPH��NRJD�WLH��VH�SRYU]DQL�QD�LVW
HOHNWURHQHUJHWVNL� VLVWHP� QD� SULPDUQD� L� QD� VHNXQGDUQD� VWUDQD�� ,PD� GYD� YLGD� QD
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SRPH_X�QRPLQDOQLWH�QDSRQL�QD�SULPDUQDWD�L�VHNXQGDUQDWD�QDPRWND��YR�SUD]HQ�RG�
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QDSRQL�YR�SULPDUQDWD�L�VHNXQGDUQDWD�QDPRWND�

1DSRQ� QD� NXVD� YUVND� ukn � H� QDSRQ� NRM� WUHED� GD� VH� SULNOXaL� NRQ� HGQD� RG

QDPRWNLWH� QD� WUDQVIRUPDWRURW�� NRJD� GUXJDWD� H� NXVR� VYU]DQD�� GD� QL]� QLY� SRWHaDW
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7UDQVIRUPDWRULWH� VR� LVWL� YHNWRUVNL� JUXSL� VH� SULNODGQL� ]D� SDUDOHOQD
UDERWD�� 3ULNOXaRFLWH� VR� LVWR� REHOHCXYDZH� PRUD� GD� ELGDW� Y]DHPQR� VYU]DQL�
0H_XWRD��LVWR�WDND�H�PRCQR�GD�ELGDW�YR�SRJRQ�YR�SDUDOHOQD�UDERWD�WUDQVIRUPDWRUL
NRL� SULSD_DDW� QD� UD]OLaQL� YHNWRVNL� JUXSL� DNR� SULNOXaQLFLWH� VH� ]DPHQHWL
VRRGYHWQR�� 1D� VOLNDWD� �� VH� SULNDCDQL� PRCQLWH� ^HPL� ]D� SDUDOHOQD� UDERWD� QD
WUDQVIRUPDWRUL�VR�YHNWRUVNL�JUXSL����L�����
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QD�QDSRQRW

.RJD�SUHQRVQLWH�RGQRVL�VH�HGQDNYL�YNXSQRWR�RSWRYDUXYDZH�VH�UDVSUHGHOXYD
SRPH_X� SDUDOHOQR� YNOXaHQLWH� WUDQVIRUPDWRUL� SUDYR� SURSRUFLRQDOQR� QD
PR`QRVWLWH�QD�WUDQVIRUPDWRULWH�L�REUDWQR�SURSRUFLRQDOQR�QD�QLYQLWH�QDSRQL�QD
NXVD�YUVND��.RJD�SUHQRVQLWH�RGQRVL�QD�QDSRQLWH�QD�WUDQVIRUPDWRULWH�^WR�UDERWDW
SDUDOHOQR�VH�UD]OLaQL��WRJD^�QL]�QDPRWNLWH�`H�WHaH�VWUXMD�QD�QD�L]HGQDaXYDZH��NRMD
PRCH�GD�VH�SUHVPHWD�RG�VOHGQDYD�SULEOLCQD�IRUPXOD�
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3ULPHURW� �� VH� RGQHVXYD� ]D� WUDQVIRUPDWRU� VR� SRPDOD� PR`QRVW�� NRM� LPD
SRJROHP� VHNXQGDUHQ� QDSRQ� L� SRUDGL� WRD� PRUD� GD� SRGQHVH� SRJROHPD� YNXSQD� VWUXMD�
$NR� SUHWSRVWDYLPH� GHND� IDNWRURW� QD� PR`QRVW� SUL� RSWRYDUXYDZHWR� H� VOLaHQ� VR

IDNWRURW�QD�PR`QRVW�SUL�NXVD�YUVND��≈�����YR�SULPHURW���VWUXMDWD�QD�L]HGQDaXYDZH
NDM�WUDQVIRUPDWRURW�VR�SRYLVRN�VHNXQGDUHQ�QDSRQ�VH�GRGDYD�UHaLVL�DULWPHWLaNL�QD
VWUXMDWD� QD� RSWRYDUXYDZH�� $NR� JR� DQDOL]LUDPH� SULPHURW� �� NRJD� VWUXMDWD� QD
L]HGQDaXYDZH�H�������PRCH�GD�VH�]DNOXaL�GHND�GR]YROHQDWD�VWUXMD�QD�RSWRYDUXYDZH
H�VDPR�������RG�QRPLQDOQDWD�VWUXMD�QD�WUDQVIRUPDWRURW����=DWRD�GYDWD�SDUDOHOQR
VYU]DQL� WUDQVIRUPDWRUL�PRCH� GD� UDERWDW� VR� ������RG� QLYQDWD� YNXSQD� QRPLQDOQD
PR`QRVW��������� �����kVA) RGQRVQR�VR�����kVA.

3UL� RGUHGHQL� RNROQRVWL� PHQXYDZHWR� QD� SRORCEDWD� QD� SUHNORSNDWD� QD
WUDQVIRUPDWRURW� �� PRCH� GD� JR� SRGREUL� YNXSQRWR� RSWRYDUXYDZH� QD
WUDQVIRUPDWRULWH�� $NR�� YR� VOXaDM� QD� ���� kVA � WUDQVIRUPDWRU� GDGHQ� YR� SULPHU� �
SRVWRL�PRCQRVW�GD�VH�L]EHUH�SRYLVRND�RWFHSND�QD�91�QDPRWND�����SRYH`H�QDYLYNL�



WRD�EL�GRYHOR�GR�VHNXQGDUHQ�QDSRQ�VQLCHQ�]D���������RGQRVQR�����V�QDPHVWR�����V�
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SURSRUFLRQDOQR�VR�SURFHQWRW�RG�]JROHPHQLWH�LOL�QDPDOHQLWH�QDYLYNL�
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WUDQVIRUPDWRULWH� ^WR� VH� YR� SDUDOHOQD� UDERWD�� PRCH� VHJD� GD� VH� RSWRYDUDW� VR
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'RGHND� WUDQVIRUPDWRURW� �� � PRCH� GD� VH� RSWRYDUL� VR� ����� RG� QRPLQDOQDWD
PR`QRVW�� WUDQVIRUPDWRURW� �� PRCH� GD� VH� RSWRYDUL� VR� � ������ RG� QRPLQDOQDWD
PR`QRVW�� GRGHND� WUDQVIRUPDWRURW� ��PRCH� GD� VH� RSWRYDUL� VR� ����RG� QRPLQDOQDWD
PR`QRVW�

2WVWDSXYDZDWD� QD� QDSRQLWH� QD� NXVD� YUVND� SRPH_X� ��� L� ���� VH� HNRQRPVNL
SULIDWOLYL�� GRNRONX� WUDQVIRUPDWRURW� VR� SRPDOD� PR`QRVW� LPD� SRYLVRN� QDSRQ� QD
NXVD� YUVND�� 9R� VSURWLYHQ� VOXaDM� GXUL� ���� RGQRV� QD� PR`QRVWLWH� QD� SDUDOHOQR
YNOXaHQLWH� WUDQVIRUPDWRUL� PRCH� GD� GRYHGH� GR� QHHNRQRPLaQD� UDERWD�� .DNR
NRUHNWLYQD� PHUND� PRCH� GD� VH� SRYU]H� SDUDOHOHQ� UHDNWRU� YR� VHULMD� VR
SUHRSWRYDUHQLRW�WUDQVIRUPDWRU��QD�SULPHU�QD�QLVNRQDSRQVNDWD�VWUDQD��1HJRYDWD
IXQFLMD�H��GD�JR�]JROHPL�QDSRQRW�QD�NXVD�YUVND��7RM�QH�H�SULNODGHQ�]D�RJUDQLaXYDZH
QD�VWUXMDWD�QD�NXVD�YUVND�SRUDGL�]DVLWXYDZHWR�NRH�VH�MDYXYD�QD�MDGURWR�QD�UHDNWRURW�

6RYU^HQR� ]DGRYROLWHOQD� SDUDOHOQD� UDERWD� H� PRCQD� SUL� JRUH� VSRPHQDWLWH
XVORYL�

3RJROHPL�RWVWDSXYDZD�YR�QDSRQLWH�QD�NXVD�YUVND�VH�GR]YROHQL�SUL�RGUHGHQL
RNROQRVWL�� GRNRONX� WUDQVIRUPDWRULWH� UDERWDW� SDUDOHOQR� SUHNX� VLVWHP� D� QH� VR
VRELUQLFL�
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.RJD� HGQD� JUXSD� RG� QHNRONX� SDUDOHOQR� YNOXaHQL� WUDQVIRUPDWRUL� H
SRGORCHQD� QD� SURPHQOLYR� RSWRYDUXYDZH� ]D� HGHQ� RSUHGHOHQ� YUHPHQVNL� SHULRG�
PLQLPDOQLWH�YNXSQL�]DJXEL�PRCH�GD�VH�SRVWLJQDW�VR�YNOXaXYDZH�LOL�LVNOXaXYDZH
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]DJXEL� QD� PR`QRVW� GD� ELGDW� PLQLPDOQL� RGQRVQR� SDUDOHOQDWD� UDERWD� GD� ELGH
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9R WUXGRY H L]ORCHQD PRGHUQL]DFLMDWD QD VLVWHPRW ]D RVFLORJUDILUDZH QD QDSRQRW
L VWUXMDWD SUL WLSVNRWR LVSLWXYDZH QD L]RODFLMDWD QD QDPRWNLWH QD HQHUJHWVNLWH
WUDQVIRUPDWRUL VR LPSXOVQL QDSRQL� JHQHULUDQL VR LPSXOVHQ JHQHUDWRU D
RVFLORJUDILUDQL VR GLJLWDOHQ PHPRULVNL RVFLORVNRS� 3ULNDCDQL VH RVFLORJUDPLWH QD
QDSRQLWH L VWUXLWH RG LVSLWXYDZHWR QD L]RODFLMDWD QD QDPRWNLWH VR LPSXOVQL QDSRQL QD
WURID]HQ HQHUJHWVNL WUDQVIRUPDWRU� YR YLVRNRQDSRQVNDWD ODERUDWRULMD QD (02 YR
2KULG� ,]ORCHQL VH SUHGQRVWLWH QD PRGHUQL]LUDQLRW VLVWHP ]D RVFLORJUDILUDZH YR
VSRUHGED VR NODVLaQLRW�

UPGRADING THE IMPULSE TESTS OF WINDING
INSULATION ON POWER TRANSFORMERS

ABSTRACT

In this  paper upgrading of impulse tests method of winding insulation on power transformers,
using digital storage oscilloscope and PC computer is described. Voltage and current oscillograms of
impulse tests carried out on three-phase power transformer in highvoltage laboratory EMO Ohrid, as well
as the advantages of the upgraded method are presented.

./8A1, =%2529,� (QHUJHWVNL WUDQVIRUPDWRU� L]RODFLMD QD QDPRWND�
LVSLWXYDZD VR LPSXOVHQ QDSRQ� LPSXOVHQ JHQHUDWRU� GLJLWDOHQ PHPRULVNL RVFLORVNRS�

KEY WORDS: Power transformer, winding insulation, impulse testing, impulse generator,
digital storage oscilloscope.
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(QHUJHWVNLWH WUDQVIRUPDWRUL YR WHNRW QD HNVSORDWDFLMDWD VH L]ORCHQL QD
LPSXOVQL QDSRQVNL EUDQRYL RG DWPRVIHUVNL SUD]QHZD L NRPXWDFLRQL SURFHVL YR YRGRYLWH
L WUDQVIRUPDWRULWH� ,PSXOVQLWH QDSRQVNL EUDQRYL RG PHVWRWR QD QDVWDQXYDZHWR VH
SURVWLUDDW QD VLWH VWUDQL QL] YRGRYLWH L VR VYRHWR VWUPR aHOR SURGLUDDW GLUHNWQR YR
QDPRWNDWD QD WUDQVIRUPDWRURW�

6RYUHPHQLWH SULQFLSL QD NRRUGLQDFLMD QD L]RODFLMDWD YR HOHNWURHQHUJHWVNLRW
VLVWHP EDUDDW RG WUDQVIRUPDWRULWH GD JL L]GUCDW RYLH QDSRQVNL QDSUHJDZD�

'HQH^QLWH HQHUJHWVNL WUDQVIRUPDWRUL YR SRJOHG QD L]RODFLRQLRW VLVWHP VH
SURHNWLUDDW� NRQVWUXLUDDW L SRGYUJQXYDDW QD VRRGYHWQL WHKQROR^NL SRVWDSNL ]D
SRVWLJQXYDZH YLVRND GLHOHNWULaQD FYUVWLQD�

=D GD VH XWYUGL VRVWRMEDWD QD L]RODFLRQLRW VLVWHP QD WUDQVIRUPDWRURW�SUL
SULHPQLWH LVSLWXYDZD� VH YU^DW LVSLWXYDZD L VR LPSXOVQL QDSRQL� 2YLH LVSLWXYDZD
VSD_DDW YR WLSVNLWH LVSLWXYDZD L VH L]YHGXYDDW VSRUHG SUHSRUDNLWH QD ,(. L
QDFLRQDOQLWH VWDQGDUGL� 2G LPSXOVQLRW JHQHUDWRU� NDNR L]YRU QD LPSXOVQL QDSRQL� VH
GRYHGXYDDW NRQ LVSLWXYDQDWD QDPRWND QD WUDQVIRUPDWRURW� LPSXOVQL QDSRQL VR
RSUHGHOHQL� DPSOLWXGD� SRODULWHW L REOLN� 3UL WRD� VR FHO ]D RWNULYDZH QD HYHQWXDOQD
JUH^ND LOL R^WHWXYDZH �SUHVNRN LOL SURERM� QD L]RODFLMDWD� VH YU^L RVFLORJUDILUDZH QD
EUDQRYLWH QD QDSRQRW L VWUXMDWD YR LVSLWXYDQDWD ID]QD QDPRWND� VSRUHG RGQDSUHG XWYUGHQD
SURJUDPD�GRJRYRUHQD SRPH_X NXSXYDaRW L SURL]YRGLWHORW QD WUDQVIRUPDWRURW� D YR
VRJODVQRVW VR SUHSRUDNLWH QD� ,(.���������� ,(.�������� L ,(.��������

3RVWRMDW QHNRONX XVRYU^HQL PHWRGL VR NRL VR VLJXUQRVW PRCH GD VH SRWYUGL GDOL
WUDQVIRUPDWRURW JR L]GUCDO LVSLWXYDZHWR VR LPSXOVQL QDSRQL� RGQRVQR GDOL LPD
R^WHWXYDZH YR L]RODFLRQLRW VLVWHP�

0HUQDWD GLJLWDOQD L NRPSMXWHUVND WHKQLND GHQHV QDR_D VH SRJROHPD SULPHQD YR VLWH
REODVWL QD HOHNWURWHKQLNDWD� 9R RYRM WUXG H L]ORCHQD PRGHUQL]DFLMDWD QD PHUQLRW VLVWHP
]D RVFLORJUDILUDZH QD QDSRQVNLWH L VWUXMQLWH EUDQRYL SUL LVSLWXYDZDWD QD L]RODFLRQLRW
VLVWHP QD HQHUJHWVNL WUDQVIRUPDWRUL VR LPSXOVQL QDSRQL�

�� ',*,7$/1$0(72'$ =$0(5(:( 1$ ,038/61, 1$321,, 6758,

3UL YRYHGXYDZHWR QD PHWRGDWD QD WLSVNR LVSLWXYDZH QD L]RODFLMDWD QD QDPRWNLWH
QD HQHUJHWVNLWH WUDQVIRUPDWRUL VR LPSXOVQL QDSRQL� REOLFLWH QD QDSRQRW L VWUXMDWD VH

UHJLVWULUDOH VR IRWRJUDILUDZH QD RVFLOR�
JUDPRW GRELHQ QD GYRNDQDOHQ DQDORJHQ
PHPRULVNL RVFLORVNRS� 2YDD SRVWDSND H GRVWD
PDNRWUSQD� ELGHM`L RG PLJRW QD
IRWRJUDILUDZHWR GR PLJRW NRJD VH GRELYD
VDPDWD IRWRJUDILMD QHPLQRYHQ H SURFHVRW QD
KHPLVNR UD]YLYDZH QD ILOPRW L L]UDERWNDWD
QD IRWRJUDILMDWD� 3UL RYDD SRVWDSND PRCH GD
VH GRELMDW L QHNYDOLWHWQL IRWRJUDILL
SRUDGL ^WR PHUHZDWD PRUD GD VH SRYWRUDW�

1D 6O�� H GDGHQD IRWRJUDILMDWD QD
QDSRQRW L VWUXMDWD GRELHQL SUL LVSLWXYDZD VR
PHWRGD QD IRWRJUDILUDZH� 9WRU QHGRVWDWRN
QD RYDD PHWRGD H WRD ^WR QH VH ]QDDW PHULWH ]D
YUHPHQVNDWD� QDSRQVNDWD L VWUXMQDWD RVND�

7RD VR]GDYD GRSROQLWHOQL SRWH^NRWLL SUL LQWHUSUHWDFLMDWD QD GRELHQLWH UH]XOWDWL�
'HQHV VH NRULVWL VRYUHPHQD WHKQRORJLMD ]D VQLPDZH� PHPRULUDZH� SULNDCXYDZH L

SHaDWHZH QD LPSXOVQLWH QDSRQL L VWUXL SUL LPSXOVQLWH LVSLWXYDZD QD HQHUJHWVNLWH

6O�� )RWRJUDILMD QD LPSXOVQLRW QDSRQ
L VWUXMD SUL LVSLWXYDZH QD HQHUJHWVNL

WUDQVIRUPDWRU



WUDQVIRUPDWRUL� ,PHQR� GHQHV VH NRULVWL GLJLWDOHQ PHPRULVNL RVFLORVNRS� QDPHVWR
DQDORJHQ PHPRULVNL RVFLORVNRS� 'LJLWDOQLRW PHPRULVNL RVFLORVNRS YU^L PHUHZH QD ����
WRaNL QD QDSRQRW RG HGHQ NDQDO RG PLJRW NRJD WRM `H ELGH WULJHULUDQ� 2YLH SRGDWRFL VH YR
GLJLWDOHQ REOLN� WLH VH VPHVWXYDDW YR PHPRULMDWD QD RVFLORVNRSRW L YR QDUHGQLRW aHNRU VH
SULNDCXYDDW QD HNUDQRW RG RVFLORVNRSRW� 6R RSUHGHOHQD SRVWDSND WLH PRCDW GD VH

SUHIUODW YR PHPRULMDWD QD SHUVRQDOHQ NRPSMXWHU RG WLSRW IMB/AT, ]D SRQDWDPR^QD
REUDERWND�

9UHPHWUDHZHWR QD VQLPHQDWD SRMDYD PRCH GD VH L]EHUH SR CHOED� VR SRPR^ QD
SDUDPHWULWH QD GLJLWDOQLRW RVFLORVNRS� 2VFLORVNRSRW RYR]PRCXYD L]ERU QD WRaNDWD QD
WULJHULUDZH QD RVFLORJUDPRW L QHM]LQR ]DGRFQXYDZH RG PLJRW QD WULJHULUDZHWR� 6LWH
RYLH SDUDPHWUL VH SRVWDYXYDDW YR YLG QD EURMNL QD SUHGQDWD SORaD RG RVFLORVNRSRW�

9WRUDWD� LVWR WDND PQRJX YDCQD SUHGQRVW QD RYDD PHWRGD H IDNWRW ^WR RG YDND
GRELHQLWH EURMaDQL UH]XOWDWL� VR SRPR^ QD VRRGYHWHQ SURJUDPVNL SDNHW NDNR QD SULPHU

MATLAB LOL MICROSOFT EXCEL� OHVQR VH GRELYD SHaDWHQ GRNXPHQW QD KDUWLMD VR SRPR^
QD ODVHUVNL SHaDWDU QD NRM PQRJX NYDOLWHWQR VH SULNDCDQL REOLFLWH QD L]PHUHQLWH
LPSXOVQL QDSRQL L VWUXL� 2VYHQ WRD� QD HGHQ LVW GLMDJUDP PRCDW GD VH SULNDCDW
RVFLORJUDPLWH QD VWUXLWH RG GYH UD]OLaQL PHUHZD QD VWUXMDWD QL] LVWD LVSLWXYDQD QDPRWND�
]D QLYQR SROHVQR VSRUHGXYDZH L ]D RSUHGHOXYDZH QD HYHQWXDOQD JUH^ND YR L]RODFLMDWD QD
QDPRWNDWD QD HQHUJHWVNLRW WUDQVIRUPDWRU�

3RNUDM HGQRVWDYQRVWD L EU]LQDWD YR GRELYDZHWR QD SHaDWHQLRW GRNXPHQW� WUHED GD
VH LVWDNQH GHND WUR^RFLWH ]D RYD LVSLWXYDZH VH GDOHNX SRQLVNL YR VSRUHGED VR NODVLaQDWD
PHWRGD VR IRWRJUDILUDZH� ^WR H X^WH HGQD SUHGQRVW QD RYDD PHWRGD�

�� 5(=8/7$7, 2' ,63,789$:( 1$ (1(5*(76., 75$16)250$725

9R SURGROCHQLH VH SULNDCDQL UH]XOWDWLWH RG LVSLWXYDZDWD QD L]RODFLMDWD QD
QDPRWNLWH QD HQHUJHWVNL WUDQVIRUPDWRU VR LPSXOVQL QDSRQL� L]YU^HQL YR
YLVRNRQDSRQVNDWD ODERUDWRULMD SUL (02 � 2KULG�

1D 6O�� H GDGHQD ^HPDWD ]D SRYU]XYDZHWR QD RSUHPDWD ]D RYD LVSLWXYDZH�
5H]XOWDWLWH RG LVSLWXYDZHWR VH GDGHQL QD
6O��� 1D RYDD VOLND VH SULNDCDQL REOLFL�
WH QD QDSRQRW L QD VWUXMDWD SUL

LVSLWXYDZHWR QD ID]QDWD QDPRWND A QD
WUDQVIRUPDWRURW� ]D RSUHGHOHQ VWHSHQ QD
L]RODFLMDWD� 6OLaQL RVFLORJUDPL VH

VQLPHQL ]D GUXJLWH ID]QL QDPRWNL� B L C�
2VYHQ SUHGQRVWLWH L]ORCHQL YR W���
SUHGQRVWD QD RYDD PHWRGD H L YR WRD ^WR
QD RVFLORJUDPLWH VH QDQHVHQL PHULWH ]D
YUHPHQVNDWD� QDSRQVNDWD L VWUXMQDWD RVND�
,VWR WDND� QD RVFLORJUDPLWH VH
REHOHCHQL QHNRL NDUDNWHULVWLaQL WRaNL
RG NRL GLUHNWQR VH aLWDDW QLYQLWH
YUHGQRVWL� 7DND WRaNDWD PDUNLUDQD VR
SUDYRDJROQLN QD RVFLORJUDPRW ]D QDSRQ�
JR GHILQLUD aHORWR QD EUDQRW L ]D

NRQNUHWQLRW VOXaDM WRD L]QHVXYD ���µs�
7RaNDWD PDUNLUDQD VR NUXNaH JR RSUHGH�
OXYD YUHPHWR ]D NRH LPSXOVQLRW QDSRQ
SD_D QD SRORYLQD YUHGQRVW� 7RD YUHPH YR

RYRM VOXaDM L]QHVXYD ���� µs�
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6O�� >HPD ]D LVSLWXYDZH QD L]RODFLMDWD QD
QDPRWNLWH QD HQHUJHWVNL WUDQVIRUPDWRU VR
LPSXOVQL QDSRQL
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,PSXOVQLWH QDSRQL QD NRL^WR VH L]ORCHQL HQHUJHWVNLWH WUDQVIRUPDWRUL YR WHNRW
QD QLYQDWD HNVSORDWDFLMD� VH RVREHQR RSDVQL ]D L]RODFLMDWD PH_X QDYLYNLWH QD QDPRWNLWH
QD WUDQVIRUPDWRURW� QDUHaHQD SRGROCQD L]RODFLMD�

3URERMRW QD JODYQDWD L]RODFLMD QD QDPRWNLWH QD WUDQVIRUPDWRURW SUL
LVSLWXYDZDWD VR LPSXOVQL QDSRQL OHVQR VH ]DEHOHCXYD VSRUHG VLOQLRW ]YXN �EXaDYD� L
L]REOLaXYDZHWR QD LPSXOVQLRW QDSRQVNL EUDQ QD RVFLORJUDPRW�

2WNULYDZHWR JUH^NL QD SRGROCQDWD L]RODFLMD QD QDPRWNDWD� RVREHQR QD
HOHPHQWDUQLWH GHORYL RG QDPRWNDWD �QD SULPHU SRPH_X VRVHGQLWH VHNFLL�� SUHWVWDYXYD
JODYHQ SUREOHP SUL VSURYHGXYDZHWR QD LPSXOVQL LVSLWXYDZD QD HQHUJHWVNLWH
WUDQVIRUPDWRUL� 2VQRYHQ SRND]DWHO ]D JUH^ND YR L]RODFLMDWD H SRMDYDWD QD RVFLODFLL YR
RVFLORJUDPLWH QD QDSRQRW L VWUXMDWD ^WR WHaH YR QDPRWNDWD� YR WHNRW QD LPSXOVQLWH
LVSLWXYDZD QD WUDQVIRUPDWRURW�

3UL SURERM QD L]RODFLMDWD QD HOHPHQWDUHQ GHO RG QDPRWNDWD� REOLNRW QD QDSRQRW H
GHIRUPLUDQ� 7RD H ]QDN GHND QDVWDQDO SURERM LOL SUHVNRN YR L]RODFLMDWD� 2VFLORJUDPLWH
SUL RYLH LVSLWXYDZD VH QDUHNXYDDW GHIHNWRJUDPL� .DNR HWDORQL ]D VSRUHGXYDZH QD
GLMDJUDPLWH VOXCDW RVFLORJUDPLWH VQLPHQL SUL VQLCHQD DPSOLWXGD QD LPSXOVQLRW QDSRQ
�VQLCHQ SROQ EUDQ L VQLCHQ VHaHQ EUDQ�� 3UL WRD VH YQLPDYD QDSRQRW GD QH H SRYLVRN RG
��� RG VSHFLILFLUDQLRW LVSLWHQ QRPLQDOHQ QDSRQ� VSRUHG SUHSRUDNLWH QD ,(. ���� 6R
WRD PRCH GD VH L]EHJQH YHURMDWQRVWD ]D SURERM QD L]RODFLMDWD� SRUDGL ^WR WLH VH
QDUHNXYDDW QRUPRJUDPL� 0HULWH ]D LVSLWQLWH QDSRQL L VWUXL VH L]ELUDDW WDND ^WR
RVFLORJUDPLWH QD QRUPRJUDPLWH L GHIHNWRJUDPLWH NRJD QHPD SURERM VH SRNORSXYDDW�

,QWHUSUHWDFLMDWD QD RVFLORJUDPLWH VH ]DVQRYXYD YU] VSRUHGXYDZHWR QD QDSRQVNLWH
L VWUXMQLWH EUDQRYL REOLFL VQLPHQL SUL VQLCHQL L QRPLQDOQL LVSLWQL QDSRQL� LOL PH_X
GYH HGQRSRGUXJL VQLPDZD SUL QRPLQDOHQ LVSLWHQ QDSRQ� 2YD H VWUXaQD UDERWD L aHVWR SDWL
H PQRJX WH^NR GD VH RWNULMDW JUH^NLWH YR L]RODFLMDWD VR NODVLaQDWD PHWRGD EH] GRYROQR
LVNXVWYR� SRUDGL PQRJXWH SUHaNL RG UD]OLaQR SRWHNOR SUL LVSLWXYDZHWR� 3UHaNLWH SUL
LVSLWXYDZHWR PRCDW GD ELGDW RG UD]OLaQR SRWHNOR D RVREHQR VH L]UD]HQL SUL QHVRRGYHWQR
]D]HPMXYDZH QD LVSLWQRWR NROR L�LOL OR^RWR ]D]HPMXYDZH QD YLVRNRQDSRQVNDWD
ODERUDWRULMD�

3UHGQRVWD QD RYDD PHWRGD YR RGQRV QD NODVLaQDWD H L YR WRD ^WR H PRCQR GD VH
L]YU^L VSRUHGXYDZH QD RVFLORJUDPLWH� VR RG]HPDZH QD YUHGQRVWLWH RG GYH HGQRSRGUXJR
VQLPDZD L VR DQDOL]LUDZH QD UD]OLNDWD� NRMD PRCH GD VH ]JROHPL QHNRONX SDWL ]D GD VH
SRGREUR YRRaL� GD VH RWNULH HYHQWXDOQDWD JUH^ND YR L]RODFLMDWD�

Faza A ,  Vmin =-42.6 [kV]
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6O�� 2VFLORJUDPL QD LPSXOVQL QDSRQ L VWUXMD VQLPHQD VR GLJLWHOHQ PHPRULVNL
RVFLORVNRS SUL LVSLWXYDZH QD HQHUJHWVNL WUDQVIRUPDWRU



2VYHQ GHIHNWRJUDPLWH ]D RWNULYDZH SURERL QD L]RODFLMDWD SUL LPSXOVQLWH
LVSLWXYDZD QD WUDQVIRUPDWRULWH� VH NRULVWDW L VOHGQLYH SRYDCQL SURSUDWQL SRMDYL�

• L]REOLaXYDZH QD IRUPDWD RG LPSXOVLWH QD QDSRQRW L VWUXMDWD�

• VLOHQ ]YXaHQ XGDU YR WUDQVIRUPDWRUVNLRW VDG L

• SRMDYD QD DNXVWLaNL �]YXaQL LOL XOWUD]YXaQL� RVFLODFLL YR PDVORWR� UHJLVWULUDQL VR
VSHFLMDOHQ LQGLNDWRU� 3RUDGL WRD LPSXOVQLWH LVSLWXYDZD YR QHNRL VOXaDL NRJD H WRD
SRWUHEQR L PRCQR� VH YU^DW VR RWYRUHQ NDSDN QD WUDQVIRUPDWRURW�

�� =$./8A2.

6QLPDZHWR RVFLORJUDPL QD QDSRQLWH L VWUXLWH SUL LVSLWXYDZDWD QD L]RODFLMDWD QD
QDPRWNLWH QD HQHUJHWVNLWH WUDQVIRUPDWRUL VR LPSXOVQL QDSRQL� H SUHSRUDaOLYR GD VH
YU^DW VR XSRWUHED QD GLJLWDOHQ PHPRULVNL RVFLORVNRS� 7RD RYR]PRCXYD SRHGQRVWDYQR
VQLPDZH�PHUHZH QD QDSRQLWH L VWUXLWH SUL LVSLWXYDZHWR� QLYQR aXYDZH YR GLJLWDOHQ
REOLN YR PHPRULMDWD QD SHUVRQDOHQ NRPSMXWHU� SRHGQRVWDYQR� SRNYDOLWHWQR L SRHIWLQR
SHaDWHZH QD RVFLORJUDPLWH QD KDUWLMD L SRHGQRVWDYQD SURPHQD QD QDSRQVNLWH L VWUXMQLWH
PHUL QD RVFLORJUDPLWH ]D QLYQR SROHVQR VSRUHGXYDZH�

�� /,7(5$785$

[1].  HIPOTRONICS –HIGH VOLTAGE LABORATORY EQUIPMENT, Digital impulse measurement
system., 1998

[2].  Nils Nylten Cavallius HIGH VOLTAGE LABORATORY PLANING, Basel, Suisse.
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=HPDMNL� JR�SUHGYLG� ]QDaHZHWR�QD� HNVSORDWDFLRQDWD� VLJXUQRVW� QD� HQHUJHWVNLWH
WUDQVIRUPDWRUL� �(�7��� L� ^WHWLWH� NRL� PRCH� GD� QDVWDQDW� NDNR� SRVOHGLFD� QD� GHIHNW
�VWUXaQLWH�VOXCEL�QD��(OHNWURSUHQRV��YR�SRVOHGQLYH�QHNRONX�JRGLQL�SUHY]HPDDW�QL]D
WHKQLaNL�PHUNL�]D�XWYUGXYDZH�QD�QLYQDWD�SRJRQVND�VRVWRMED��9R�WUXGRW�H�REUDERWXYDQ
WUDQVIRUPDWRURW� ORFLUDQL� YR� 76� 6NRSMH� �� ����������� NV�� SUL� ^WR� `H� VH� XYLGL
SRWUHEDWD� RG� L]YU^XYDZH� QD� NRPSOHWQL� GLMDJQRVWLaNL� PHUHZD�� VR� � NRL� FHORVQR� VH
GHILQLUD�VRVWRMEDWD�QD�(�7�

.OXaQL� ]ERURYL�� � HQHUJHWVNL� WUDQVIRUPDWRU�� SURILODNWLaQL� LVSLWXYDZD�
L]RODFLRQHQ�VLVWHP�PDVOR��KDUWLMD��UHJXODFLRQD�SUHNORSND�

ABSTRACT

 Considering the importance of regular function of the power transformers and damage that
could happen as a result of failure on them, Electric Power Transmission-Skopje in the last few years
has done important revisins on power transformers. The subject of this paper are power transformers
located in TS Skopje1 220/110/35kV, from which we can see the need of performing complete
prophylactic testings, as  a method for  fully defining their condition.

Key words: Power transformer, prophylactic testings, oil-paper insulation system , on load tap-
changers
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(GHQ� RG� RVQRYQLWH� SUHGXVORYL� ]D� SUDYLOQR� IXQNFLRQLUDZH� QD
HOHNWURHQHUJHWVNLRW� VLVWHP� H� GRYHUOLYRVWD� QD� HOHPHQWLWH� YR� SRVWURHQLMDWD�� 2YDD
GRYHUOLYRVW� SRPH_X� GUXJRWR� VH� REH]EHGXYD� VR� VLVWHPDWVNR� VSURYHGXYDZH� QD
SUHYHQWLYQLWH�PHWRGL�QD�LVSLWXYDZH�QD�NDUDNWHULVWLNLWH�QD�RSUHPDWD�

7HKQLaNDWD� L� SUDYQDWD� UHJXODWLYD� SUHGYLGXYDDW�� � SHULRGLaQL� LVSLWXYDZD�
YL]XHOQL� SUHJOHGL�UHYL]LL� L� UHPRQWL� QD� HOHNWURHQHUJHWVNLWH� SRVWURHQLMD� NRL� VH� YR
HNVSORDWDFLMD��3RJRQVNDWD�VRVWRMED���LOL�NRQVWUXNWLYQDWD�L]YHGED�QD�SRVWURHQLHWR�QH
VHNRJD^� RYR]PRCXYDDW� SRHGLQL� HOHPHQWL� GD� ELGDW� LVNOXaHQL� RG� SRJRQ� ]DUDGL
SHULRGLaQLWH�LVSLWXYDZD�

5D]JOHGXYDQLRW�(�7��ORFLUDQ�YR�76�6NRSMH���H�YR�SRJRQ�RG������JRGLQD��2G�����
JRGLQD�� NRJD� H� QDVWDQDWD� KDYDULMD� QD� UHJXODFLRQDWD� SUHNORSND� QD� (7� 7D��� WLH� VH� YR
WDNYD�VRVWRMED�^WR�YR�WRD�YUHPH��H�GRQHVHQR�RGOXND�VR�QLY�GD�QH�VH�YU^L�UHJXODFLMD�QD
QDSRQ�RGQRVQR�UHJXODFLRQDWD�SUHNORSND�RG�RYRM�SHULRG�UDERWL�SRVWDYHQD�YR�SRORCED
���� 2G� ����� JRGLQD� RVYHQ� RVQRYQLWH� SURILODNWLaNL� LVSLWXYDZD� �UHJXOLUDQL� VR
VRRGYHWQL�SURSLVL��� ]JROHPHQ� H� EURMRW� L� QD� GRSROQLWHOQLWH�LVSLWXYDZD� VR� FHO� GD� VH
GRELH��SRJROHP�EURM�QD�SRGDWRFL��]DUDGL�GHILQLUDZH�QD�NRPSOHWQDWD��VRVWRMED�QD�(�7�

�� 7(+1,A.,�.$5$.7(5,67,.,�1$��75$16)250$72527

� 7DEHOD��

3URL]YRGLWHO 5�.RQaDU *UXSD�QD�YUVND YN,yn0,d5

7LS KFRM 1843r/220 E VN:SN         10,68%
)DEULaHQ�EURM 337003 1DSRQ�QD�NXVD�YUVND VN:NN          4.91%
*RG��QD�SURL]YRG� 1966 JRG� SN:NN           1.29%
*RG��YR�SRJRQ 1967 JRG� .ODVD�QD�L]RODFLMD A
1RP��PR`QRVW 150000 (KVA) /DGHZH OFAF
1RP��QDSRQ 220/110/35 (kV) 7HCLQD�QD�PDVOR 20 t
1RP��VWUXMD 349/754/2750 (A) 7HCLQD�YNXSQR 79 t

�� 8795'89$:(�1$�'()(.7�1$�(�7�

=D�VOHGHZH�QD�VRVWRMEDWD�QD�JROHPLWH�(�7��YU^HQL�VH�GLMDJQRVWLaNL�LVSLWXYDZD
L�PHUHZD�YR�REHP�NRM�VH�VPHWDO�]D�GRYROHQ�YR�UD]OLaQL�SHULRGLaQL�SUHJOHGL�D�^WR�ELO
GLNWLUDQ�L�RG�SRJRQVNDWD�VRVWRMED�QD�(�7��YR�76�6NRSMH����9R�WUXGRW�VH�REUDERWXYDQL�L
SUH]HQWLUDQL� UH]XOWDWLWH� RG� GLMDJQRVWLaNLWH� PHUHZD� QD� (�7�� EU� ��� LVWLWH
GLMDJQRVWLaNL�PHUHZD�VH�L]YHGHQL�L�QD�(�7��EU����L�]DNOXaRFLWH�L]QHVHQL�YR�WUXGRW�]D
(�7��EU����VH�RGQHVXYDDW�L�]D�(�7��EU�����



���� 0HUHZH�RWSRU�QD�L]RODFLMD�QDQDPRWNLWH

2WSRULWH� QD� L]RODFLMDWD� QD� QDPRWNLWH� VH� PHUHQL� VH� VSRUHG� � � PHWRGD� QD�WUL
WRaNL��VR�PHUHQ�LQVWUXPHQW�"Siemens Norma���WLS������

5H]XOWDWLWH� RG� PHUHZDWD� QD� Ri� ����� VYHGHQL� QD� UHIHUHQWQD� WHPSHUDWXUD�VH
GDGHQL��YR�WDEHOD���

7DEHOD��

2WSRULWH�QD�L]RODFLMD�Ri 60� �SUL�����  C

Ri 60� ��0Ω�
JUXSD�QD

0HUHQR�SRPH_X DM1
����

DM2
����

DM3
����

DM4
����

DM5
����

NYDOLWHW

VN+SN : NN (m ����� ����� ����� ����� ����� ,

VN+SN:M
(NN)

���� ���� ���� ���� ���� ,

NN:m
(VN+SN)

���� ���� ���� ���� ���� ,

VN:SN :
NN+m

���� ���� ���� ���� ���� ,

NN :
VN+SN+m

���� ���� ���� ���� ,

$QDOL]LUDM`L�JL�L]PHUHQLUH�YUHGQRVWL�]D�Ri 60",�PRCH�GD�VH�]DEHOHCL�GHND�WLH
QHPDDW� WHQGHQFLMD� QD� QDPDOXYDZH� �� RGQRVQR� VRVWRMEDWD� QD� L]RODFLRQLRW� VLVWHP� VH
GHILQLUD�NDNR�GREUD�� �6SRUHG�L]PHUHQLWH�YUHGQRVWLWH�QD�Ri 60"�L]RODFLRQLRW�VLVWHP
QD�(�7��VH�NDWHJRUL]LUD�YR�SUYD�JUXSD�QD�NYDOLWHW�

3RVOHGQRWR� ]JROHPXYDZH� QD� YUHGQRVWLWH� QD� RWSRURW� QD� L]RODFLMDWD� QD
QDPRWNLWH� VH� GROCL� QD� L]YU^HQDWD� REUDERWND� QD� WUDQVIRUPDWRUVNRWR� PDVOR� L
VX^HZHWR� QD� WUDQVIRUPDWRURW�� SR� RWNORQXYDZH� QD� GHIHNWRW� NRM� SRGRFQD� `H� ELGH
DQDOL]LUDQ�

�����0HUHZH�RPVNL�RWSRU�QD�QDPRWNLWH�Ri)

0HUHZHWR� QD� RPVNLRW� RWSRU� QD� QDPRWNLWH� SUL� � SHULRGLaQLWH� SURILODNWLaNL
LVSLWXYDZD�QH�H�YU^HQR�SRUDGL�]DEUDQDWD�]D�NRULVWHZH�QD��UHJXODFLRQDWD�SUHNORSND
RG������JRG���3RUDGL�^WR�QH�QL�EH^H�SR]QDWD�VRVWRMEDWD�QD�UHJXODFLRQDWD�SUHNORSND�

1D� GHQ� �������� L]YU^HQD� H� JDVQRKURPDWRJUDIVND� DQDOL]D� QD
WUDQVIRUPDWRUVNRWR� PDVOR�5H]XOWDWLWH� RG� DQDOL]DWD� QD� JDVRYLWH� UDVWYRUHQL� YR
WUDQVIRUPDWRUVNRWR�PDVOR�XNDCXYDDW�QD�GHIHNW�SRUDGL�^WR�H�SULVWDSHQR�NRQ�PHUHZH



QD� RWSRULWH� QD� QDPRWNLWH� QD� 91� QDPRWND� L� WRD� VDPR� YR� ]DWHaHQDWD� VRVWRMED� QD
UHJXODFLRQDWD�SUHNORSND�5�3�

6R� PHUHZH� QD� RWSRURW� QD� QDPRWNLWH�� XWYUGHQR� H� GHND� GR^OR� GR� JROHPR
]JROHPXYDZH� QD� YUHGQRVWLWH� QD� RWSRURW� QD� QDPRWNDWD� YR� ID]D� �B��� SRPH_X
SULNOXaRFLWH��B-N" ��+URPDWRJUDIVNDWD�DQDOL]D�L]YU^HQD�SRYH`H�SDWL�YR�RYRM�SHULRG
XNDCXYD� QD� WRSOR� PHVWR� YR� WUDQVIRUPDWRURW�� EH]� UD]RUXYDZH� QD� KDUWLHQDWD
L]RODFLMD�2YLH�GYD�SRND]DWHOD�XNDCXYDDW�QD�PRCQRVW�QD�OR^�NRQWDNW�QD� ELUDaRW�QD
UHJXODFLRQDWD�SUHNORSND�

=D�SRSUHFL]QR�GD�VH�RGUHGL�PHVWRWR�QD�GHIHNWRW��RGOXaHQR�H��GD�VH�PHUL�RWSRURW
VDPR�SUHNX�HGHQ�RWFHS�QD�UHJXODFLRQDWD�QDPRWND�VR�SULNOXaXYDZH�QD�NRQWDNWLWH�I�L�II,
QD�GQRWR�RG�FLOLQGHURW�QD�WHUHWQDWD�SUHNORSND�YR�VLWH�WUL�ID]L�

5H]XOWDWLWH�RG�L]YU^HQLWH�PHUHZD�VH�GDGHQL��YR�WDEHOD���

7DEHOD��

0HUHZH�QD�RWSRU�QD�HGHQ�RWFHS�QD�UHJXODFLRQDWD�QDPRWND�SUHNX�NRQWDNWLWH�QD
UHJXODFLRQDWD�SUHNORSND�I�L�II

)D]D�$ )D]D�B )D]D�C
3RO� A mV mOhm 3RO� A mV mOhm 3RO� A mV mOhm

1 4.96 51.60 10.403 1 4.97 250.00 50.302 1
2 5.02 51.70 10.299 2 4.94 200.00 40.486 2 4.97 64.00 12.877
3 5.00 51.40 10.280 3 4.94 181.70 36.781 3 4.99 63.60 12.745
4 5.01 56.30 11.238 4 4.95 194.00 39.192 4 4.98 63.30 12.711
5 5.01 56.60 11.297 5 4.96 201.00 40.524 5 4.96 66.00 13.306
6 5.00 56.20 11.240 6 4.98 191.00 38.353 6 5.00 66.00 13.200
7 5.01 57.20 11.417 7 4.98 166.00 33.333 7 5.01 66.00 13.174
8 5.01 56.70 11.317 8 4.96 188.90 38.085 8 4.99 66.80 13.387
9 5.00 56.40 11.280 9 4.98 228.00 45.783 9 5.00 66.20 13.240
10 5.01 55.40 11.058 10 4.93 254.00 51.521 10 4.94 65.40 13.239
11 4.98 54.50 10.944 11 4.96 218.00 43.952 11 4.99 64.80 12.986
12 4.97 54.10 10.885 12 12 4.97 63.90 12.857
13 5.02 55.00 10.956 13 13 4.98 63.50 12.751
14 4.95 54.50 11.010 14 4.96 193.30 38.972 14 4.95 63.00 12.727
15 4.95 55.20 11.152 15 5.01 206.00 41.118 15 5.00 64.60 12.920
16 4.98 56.20 11.285 16 4.97 208.00 41.851 16 4.98 64.70 12.992
17 5.00 56.30 11.260 17 4.96 211.00 42.540 17 4.97 65.90 13.260
18 5.00 57.00 11.400 18 4.98 179.90 36.124 18 4.94 65.70 13.300
19 4.99 56.00 11.222 19 4.95 206.00 41.616 19 4.97 66.60 13.400
20 4.97 56.20 11.308 20 4.97 188.40 37.907 20 4.98 65.90 13.233
21 4.96 55.50 11.190 21 4.93 156.40 31.724 21 4.93 65.50 13.286
22 4.89 51.20 10.470 22 5.00 180.60 36.120 22 4.93 65.80 13.347
23 5.00 52.00 10.400 23 4.92 186.70 37.947 23 4.97 63.40 12.757
24 4.97 53.10 10.684 24 5.02 221.00 44.024 24 4.98 63.50 12.751
25 25 25 4.96 63.80 12.863



9R�ID]LWH�$� L�C QHPD� JROHPL�RWVWDSXYDZD�SRPH_X� YUHGQRVWLWH�QD� L]PHUHQLWH
RPVNL�RWSRUL��GRGHND�YR�ID]D�%�RWSRURW�]QDaDMQR�VH�PHQXYD�SR�SURPHQDWD�QD�VWHSHQRW
QD�UHJXODFLRQDWD�SUHNORSND���D�YUHGQRVWD�QD�RWSRURW�H�PQRJX�SRJROHPD�YR�VSRUHGED�VR
L]PHUHQLWH� YUHGQRVWL� YR� GUXJLWH� GYH� ID]L�6R� RYD� PHUHZH� YRHGQR� H� � NRQWUROLUDQ� L
GLMDJUDPRW�QD�SUHNRSaXYDZH�SD�H�XRaHQR�GHND�YR�ID]D�B��ELUDaRW�QH�UDERWL�SUDYLOQR�
RGQRVQR� QH� VH� XRaHQL� SUHNLQL� QD� NRQWDNWRW� II � YR� YUHPH� NRJD� NRQWDNWRW� II WUHED� GD
SRPLQH�RG�HGHQ�QHSDUHQ�QD�GUXJ�QHSDUHQ�NRQWDNW�,VWR� WDND� H� NRQVWDWLUDQR� GHND�LPD
SUHNLQ� QD� NRQWDNWRW� YR� SRORCED� ���� RGQRVQR� QH� H� PRCQR� GD� SRWHaH� VWUXMD� ]D� GD� VH
L]PHUL�RWSRURW�QD�QDPRWNDWD�YR�WDD�SRORCED�

����� 0HUHZH�QD�IDNWRURW�QD�GLHOHNWULaQLWH�]DJXEL

)DNWRURW�QD�GLHOHNWULaQLWH�]DJXEL��tgδ���QD�(�7��VR�]D]HPMHQ�NRWHO���H�PHUHQ�VR
XQLYHU]DOHQ� PRVW� SURL]YRG� �7(7(+��� WLS� ������ QDSRMXYDQ� VR� YLVRNRQDSRQVNL� L]YRU
SURL]YRG��7(7(+��WLS������

5H]XOWDWLWH�RG�PHUHZHWR�QD��tgδ)� VYHGHQL�QD�UHIHUHQWQD�WHPSHUDWXUD�20 C� � VH�GDGHQL
YR�WDEHOD���

7DEHOD�

)DNWRU�QD�GLHOHNWULaQL�]DJXEL��tgδ) VYHGHQ�QD�����  C

tgδ (10-2)

0HUHQR�SRPH_X DM1
����

DM2
����

DM3
���� NYDOL

WHW

VN+SN : NN (m) ���� ���� ����� I
VN+SN : NN + m ����� I
VN+SN : m (NN) ��� ���� ����� I
NN : VN+SN+m ����� I
NN:m (VN+SN) ���� ���� I

6SRUHG� L]PHUHQLWH� YUHGQRVWL� ]D� DJRORW� QD� GLHOHNWULaQLWH� ]DJXEL� �tgδ)� �� ]D
FHORWR�YUHPH�]D�VOHGHZH�QD�(�7��LVWLRW�VSD_D�YR�SUYD�JUXSD�QD�NYDOLWHW��6SRUHG�RYLH
YUHGQRVWL� (�7�� PRCH� GD� VH� VWDYL� YR� XSRWUHED� EH]� QLNDNYD� SUHWKRGQD� LQWHUYHQFLMD�
)DEULaNL�YUHGQRVWL�]D�DJRORW�QD�GLHOHNWULaQL�]DJXEL�QH�SRVWRMDW��3UYRWR�PHUHZH�H
L]YU^HQR� YR� ����� JRG�� WDND� GD� QHPD� PRCQRVW� GD� VH� YU^L� VOHGHZH� L� VSRUHGXYDZH� QD
VRVWRMEDWD�QD�L]RODFLRQLRW�VLVWHP�QD�(�7�



���� 0HUHZH��VWUXL�QD��PDJQHWL]LUDZH�VR�VQLCHQ�QDSRQ

0HUHZDWD�VH�L]YHGHQL�VR��WULID]HQ�VQLCHQ�QDSRQ�(380 V, 50Hz),�L�WRD��SRVHEQR�QD
91�61� L11� QDPRWND�5H]XOWDWLWH� � ]D� � � L]PHUHQLWH� YUHGQRVWL� QD� VWUXLWH� QD
PDJQHWL]LUDZH�VH�GDGHQL��YR�WDEHOD���

7DEHOD��

0HUHZH�QD�VWUXL�QD�PDJQHWL]LUDZH

���� ���� ���� ����

QDPRWND A / B / C A / B / C A / B / C A / B / C

VN    (mA) ������������� ��������������� ��������������� ���������������
SN    (m$� ����������������� ��������������� ������������������ �����������������

NN    (m$� ��������������� ��������������� ��������������� ���������������

$QDOL]DWD�QD�YUHGQRVWLWH�]D�VWUXLWH�QD�PDJQHWL]LUDZH��QH�XNDCXYDDW�QD�PRCQL
JUH^NL�YR�QDPRWNLWH�LOL�YR�PDJQHWQRWR�MDGUR�QD�(�7�

���� 7UDQVIRUPDWRUVNR�PDVOR

9U^HQL�VH�UHGRYQL�NRQWUROL�QD�GLHOHNWULaQD�FYUVWLQD�QD�WUDQVIRUPDWRUVNRWR
PDVOR�SUL�^WR� VH� GRELYDQL� YUHGQRVWL� SRJROHPL� RG� 250 kV/cm�� VSRUHG�^WR�PDVORWR� H
NDWHJRUL]LUDQR�YR�SUYD�JUXSD�QD�NYDOLWHW�

�1D� �������� JRG�� L]YU^HQD� H� JDVQRKURPDWRJUDIVND� DQDOL]D� QD� JDVRYLWH
UDVWYRUHQL� YR� PDVORWR�� RG� NRMD� H� XWYUGHQD� VRVWRMED� ]D� NRMD� VH� VPHWD� � GHND� (�7�� H
VRPQLWHOHQ�QD�GHIHNW�9R�QDUHGQLRW�SHULRG�L]YU^HQL�VH�X^WH�QHNRONX�LVSLWXYDZD�NRL
VH� GDGHQL� YR� WDEHODWD� ��� D� NRL� XNDCXYDDW� QD� ]JROHPXYDZH� QD� NRQFHQWUDFLMDWD� QD
JDVRYLWH�UDVWYRUHQL�YR�PDVORWR�

7DEHOD���

'DWXP QLYR
9NXS�
QR�JDV *$6�2'�0$6/2�µ�/1 (ppm)

'L�
MD�

P�J *6' m1/1
YRGR�
URG
H2

PHWDQ

CH4

DFHWL�
OHQ

C2H2

HWL�
OHQ

C2H4

HWDQ

C2H6

MDJO�
PRQ�
CO

MDJO�
GLR�
CO2

NLVO�
RURG
2�

JQR�
]D

ABC
����� ' ���� �� ��� � ��� �� ��� ���� ����� B022
����� * ���� ��� ��� �� ��� ��� ��� ���� ����� C022
����� ' ���� ��� ��� � ��� ��� ��� ���� ����� C022
����� * ���� � � � �� � �� ��� ����

����� ' ���� �� �� � �� � �� ��� �����

����� * ���� �� �� � �� � ��� ���� ���� A
����� ' ���� �� �� � �� � ��� ���� ����� A

1DSRPHQD��$��LVSUDYHQ��B���VRPQLWHOHQ�QD�GHIHNW�^LIUD���C�QHLVSUDYHQ��^LIUD��
*�JRUQR��'�GROQR��6�VUHGQR�QLYR



$QDOL]DWD� QD� WUDQVIRUPDWRUVNRWR�PDVOR� H� L]YU^HQD� � YR�,QVWLWXWRW� �1LNROD
7HVOD�� �%HRJUDG� L� VSRUHG� QLYQLRW� L]YH^WDM�� H� SULVXWQR� � � WHUPLaNR� UD]ORCXYDZH� QD
PDVORWR��SUL�YLVRNL�ORNDOQL�WHPSHUDWXUL�(>700 C���2YDD�SRMDYD�H�PRCQD�QD�PHVWD�NDGH
GRD_D� GR� SUHJUHYDZH� QD� EDNDURW� SRUDGL� YUWORCQL� VWUXL�� OR^L� NRQWDNWL�� RGQRVQR
VSRHYL��GXUL�L�GR�VWUXL�NRL�FLUNXOLUDDW�YR�MDGURWR�L�NRWHORW�

�����27./2189$:(�1$�'()(.727

9U]�RVQRYD�QD�L]YU^HQLWH�GLMDJQRVWLaNL�PHUHZD�L�UH]XOWDWLWH�GRELHQL�RG�QLY
VH�QDSUDYL�SUHWSRVWDYND�GHND�GHIHNWRW�H�QD�ELUDaRW�QD�UHJXODFLRQDWD�SUHNORSND�YR
ID]D�B. OGOXaHQR�GD�VH�YOH]H�YR�NRWHORW�QD�WUDQVIRUPDWRURW�QL]�UHYL]LRQLRW�RWYRU�]D
GD� VH� L]YU^L� SUHJOHG� QD� VRVWRMEDWD� QD� ELUDaRW� L� GD� VH� XWYUGL� REHPRW� L� PHVWRWR� QD
R^WHWXYDZHWR�QD�LVWLRW�

=D� WDD� FHO� LVSX^WHQR� H� PDVORWR� RG� ND]DQRW� QD� (�7�� YR� SUHGKRGQR� SRGJRWYHQL
FLVWHUQL�� 0DVORWR� H� SUHUDERWHQR� YR� FLVWHUQLWH� ]D� YUHPH� QD� RWVWUDQXYDZHWR� QD
R^WHWXYDZDWD�QD�ELUDaRW�RG�UHJXODFLRQDWD�SUHNORSND�

6R� YOHJXYDZH� YR� ND]DQRW� QD� (�7�� H� L]YU^HQ� SUHJOHG� QD� ELUDaLWH� QD� � WULWH
UHJXODFLRQL�SUHNORSNL�SUL�^WR�H�NRQVWDWLUDQR�VOHGQRYR�

�SRGYLCQLWH�NRQWDNWL�RG�ELUDaRW�QD�ID]D�BI�L�II �EHD�]DYUWHQL�QD�L]RODFLRQRWR
YUDWLOR�YR�QHLVSUDYQD�SRORCED��QH�EHD�SULFYUVWHQL�]D�YUDWLORWR�WDND�GD�PRCHD�GD�VH
SULGYLCDW�YR�NRMD�ELOR���SRORCED�

�RGYRGQLRW� NRQWDNW� QD� ELUDaRW� II � QD� NRQWDNWQRWR� PHVWR� SRPH_X� � NRQWDNWQLRW
QRC� L� RGYRGQLRW� NROHNWRUVNL� SUVWHQ� EH^H� QDJRUHQ�� 3RWSROQR� H� XQL^WHQ
QHSRGYLCQLRW� NRQWDNW� L� QHJRYDWD� RSUXJD�� D� QD� NRQWDNWQLRW� SUVWHQ� LPD^H� SRPDOL
R^WHWXYDZD�

�NRQWDNWRW�QD�SUHNORSQLNRW�B1�QD�NRQWDNWQRWR�PHVWR�SRPH_X�NRQWDNWQLRW�QRC�L
SROXSUVWHQRW�H�QDJRUHQ�3RWSROQR�H�XQL^WHQ�QHSRGYLCQLRW�NRQWDNW�L�QHJRYDWD�RSUXJD
D�QD�SROXSUVWHQRW�LPD�SRPDOL�R^WHWXYDZD�

�QD� ELUDaLWH� YR�ID]D�$� L�C� QH� VH� XRaHQL� QLNDNYL� R^WHWXYDZD� �D� SRGYLCQLWH
NRQWDNWL� ]DY]HPDDW� LVSUDYQD� SRORCED�3RGYLCQLWH� NRQWDNWL� VH� SULFYUVWHQL� QD
L]RODFLRQRWR� YUDWLOR� L� PRCH� GD� VH� NRQVWDWLUD� GHND� ELUDaLWH� YR� ID]D� $� L� C� VH
LVSUDYQL�

3R�L]YU^HQDWD�GHIHNWDCD�� VH�SULVWDSL�NRQ�RWNORQXYDZH�QD� GHIHNWRW�QD�OLFH
PHVWR�RGQRVQR�YR�WHUHQVNL�XVORYL���=D�WDD�FHO�QD�ELUDaRW�RG�UHJXODFLRQDWD�SUHNORSND
B�L]YU^HQL�VH�VOHGQLYH�LQWHUYHQFLL�

�ELUDaRW�H�LVaLVWHQ�RG�RVWDWRFLWH�QD�QDJRUXYDZHWR�
�SRGYLCQLWH� NRQWDNWL� QD� ELUDaRW� VH� SRGHVHQL� YR� LVSUDYQD� SRORCED� L� WDND� VH

SULFYUVWHQL�
�L]YU^HQD� H� SURPHQD� QD� VLWH� R^WHWHQL� NRQWDNWL� QD� SUHNORSQLNRW� B1 L

R^WHWHQLWH�NRQWDNWL�QD�ELUDaRW�BII.
3R� RYLH� LQWHUYHQFLL� ELUDaRW� H� VNORSHQ� L� L]YU^HQD� H� SURYHUND� QD

IXQNFLRQDOQRVW�YR�FHORWR�QHJRYR�SRGUDaMH�L�NRQVWDWLUDQD�H�QHJRYD�LVSUDYQD�UDERWD�



3UL� NRQWUROD� QD� WHUHWQLWH� SUHNORSNL� QD� VLWH� WUL� ID]L� H� ]DSD]HQR� � � GHND
WHUHWQDWD�SUHNORSND�YR�ID]D�C�SRQHNRJD^�RVWDQXYD�YR�PH_XSRORCED��*RUQLRW�GHO�RG
WHUHWQDWD�SUHNORSND�QH�SUHIUOD^H�GR�NUDM�L�WRJD^�WHUHWQDWD�SUHNORSND�RVWDQXYD�YR
PH_XSRORCED��'ROQLRW� VHJPHQW� RVWDQXYD� WUDMQR� ]DWYRUHQ�� D� JRUQLRW� VHJPHQW� VH� QL^D
SRPH_X� GYH� SRORCEL� YR� ]DYLVQRVW� RG� SRORCEDWD� QD� SROXJDWD� ]D� SULGYLCXYDZH� QD
WHUHWQDWD�SUHNORSND��=D�GD�VH�RWNORQL�QHGRVWDWRNRW��QD�WHUHWQDWD�SUHNORSND�QD�ID]D
C,� D� NRM� QH� JDUDQWLUD� VLJXUQD� UDERWD� QD� (�7��� WDD� H� GHPRQWLUDQD� L� LVSUDWHQD� YR
IDEULNDWD� RYODVWHQD� ]D� VHUYLVLUDZH� QD� RYRM� WLS� QD� SUHNORSNL� Maschinenfabrik
Reinhausen� VR� FHO� LVWDWD� GD� VH� VHUYLVLUD�� 1D� QHM]LQR� PHVWR� SRVWDYHQD� H� NUXWD
YUVND�\YH]GL^WH�� L]UDERWHQR� RG� EDNDUQL� SURILOL� ���K��� � L� ��K��� NRL� VH� PH_XVHEQR
WYUGR�OHPHQL��6R�NUXWDWD�YUVND�VH�SUHVSRHQL�NRQWDNWLWH�"I" �L�"II" �SRVOH�PRQWLUDZH�QD
UHPRQWLUDQDWD� WHUHWQD� SUHNORSND�� WUDQVIRUPDWRURW� `H� ELGH� VSUHPHQ� ]D� QRUPDOQD
UHJXODFLMD�YR�FHOLRW�RSVHJ�SRG�WHUHW��

3R�]DYU^XYDZH�QD�VLWH�JRUH�RSL^DQL�LQWHUYHQFLL�QD�(�7��L]YU^HQR�H�]DYU^QR
LVSLWXYDZH� D� UH]XOWDWLWH� RG� RYD� LVSLWXYDZH� VH� SULNDCDQL� YR� SUHWKRGQR� QDYHGHQLWH
WDEHOL�GLMDJQRVWLaNR�PHUHZH�L]YU^HQR������JRG���

7DEHOD��

0HUHZH�QD�RWSRURW�QD�91 QDPRWND�YR��GR]YROHQLWH�SRORCEL�SR
L]YU^HQLWH�UDERWL�QD�SUHNORSNDWD

)D]D�$ )D]D�% )D]D�&

3RO� A mV mOhm 3RO� A mV mOhm 3RO� A mV mOhm
14 4.92 2.71 0.551 14 4.89 2.72 0.556 14 4.92 2.70 0.549
16 4.85 2.73 0.563 16 5.00 2.92 0.584 16 4.84 2.76 0.570
18 4.98 2.93 0.588 18 5.03 3.03 0.602 18 4.88 2.83 0.580
20 5.00 3.04 0.608 20 5.01 3.12 0.623 20 4.99 3.01 0.603
22 4.97 3.09 0.622 22 4.95 3.18 0.642 22 5.01 3.19 0.637
24 4.93 3.16 0.641 24 4.92 3.26 0.663 24 5.06 3.31 0.654

.DNR�]DYU^QR�LVSLWXYDZH�YR�VNORS�QD�GUXJLWH�GLMDJQRVWLaNL�PHUHZD���L]YU^HQR
H�PHUHZH�QD�RWSRURW�QD�QDPRWNLWH�YR�SRORCELWH�YR�NRL�H�VSUHPHQ�WUDQVIRUPDWRURW�GD
UDERWL��2G�GRELHQLWH�UH]XOWDWL�PRCH�GD�VH�]DNOXaL�GHND�RWSRULWH�YR�VLWH�WUL�ID]L�VH
LVWL��RGQRVQR�VR�L]YU^HQDWD�LQWHUYHQFLMD�QD�GHORW�RG�ELUDaNLRW�GHO�RG�UHJXODFLRQDWD
SUHNORSND�LVWDWD�H�GRYHGHQD�YR�LVSUDYQD�VRVWRMED�

�� =$./8A2.

2G� WUXGRW� PRCH� GD� VH� ]DNOXaL� GHND� QHSULPHQXYDZHWR� QD� VLWH� UDVSRORCLYL
GLMDJQRVWLaNL� PHUQL� PHWRGL�� GRYHGXYD� GR� SRJUH^QD� SURFHQND� � QD� VRVWRMEDWD� QD� (�7�
.DNR�NUDHQ�HIHNW�QD�OR^DWD�SURFHQND�QD�VRVWRMEDWD�QD�(�7��PRCH�GD�GRMGH�GR�SRJROHPL
R^WHWXYDZD�QD�WUDQVIRUPDWRURW� �D� ]D�RWNORQXYDZH�QD�GHIHNWRW�QDMaHVWR�H�SRWUHEQR
(�7�� GD� VH� QRVL� YR� VHUYLV�� ^WR� YR� VOXaDM� QD� RYLH� HQHUJHWVNL� WUDQVIRUPDWRUL� ]QDaL
SURL]YRGLWHO��]DUDGL�PRCQRVWLWH�NRL�JL�LPD�



6R� VOHGHZH� QD� VRVWRMEDWD� QD� (�7�� VR� SULPHQD� QD� NRPSOHWQL� SURILODNWLaNL
PHUQL� PHWRGL�� YR� UD]JOHGXYDQLRW� VOXaDM� QDYUHPHQR� VH� RWNULHQL� QHGRVWDWRFLWH� NRL
QDVWDQDOH� YR� WHNRW� QD� HNVSORDWDFLMDWD� QD� (�7�� L� LVWLWH� VH� RWNORQHWL� YR� WHUHQVNL
XVORYL�� VR� SRPDOD� LQWHUYHQFLMD� �� SUL� ^WR� VH� SRWUR^HQL� PLQLPDOQL� ILQDQVLVNL
VUHGVWYD�

6R� VSURYHGXYDZH� QD� QDYUHPHQD� L� FHORVQD� NRQWUROD� QD� HOHPHQWLWH� QD
WUDIRVWDQLFDWD� VH� ]JROHPXYD� VLJXUQDWD� UDERWD� QD� HOHNWURHQHUJHWVNLRW� VLVWHP� L
VLJXUQRVWD� QD� VQDEGXYDZH� QD� SRWUR^XYDaLWH� VR� HOHNWULaQD� HQHUJLMD� L� VH� VPDOXYDDW
WUR^RFLWH� QD� SURL]YRGVWYRWR� L� SUHQRVRW� QD� HOHNWULaQDWD� HQHUJLMD� VR� VPDOXYDZH� QD
EURMRW�QD�KDYDULL�L�VR�SURGROCXYDZH�QD�UDERWQLRW�YHN�QD�WUDQVIRUPDWRULWH�

/,7(5$785$

��7HKQLaNL� XSDWVWYD�(QHUJHWVNL� WUDQVIRUPDWRUL� YR� SRJRQ�(OHNWURSUHQRV�
6NRSMH������

��.RQWUROD�QD�VRVWRMEDWD�QD�NRQWDNWLWH�QD�UHJXODFLRQDWD�SUHNORSND�6LJUH�����
3DUL]�
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9R�QD^LRW�HOHNWUR�HQHUJHWVNL�VLVWHP��JROHP�H�EURMRW�QD�HOHNWULaQD�RSUHPD
NRMD�SRYH`H�RG����JRGLQL�QHSUHNLQDWR�VH�QDR_D�YR�SRJRQ��=DWRD�SRLQWHQ]LYQR�WUHED
GD� VH� VOHGL� SURFHVRW� QD� VWDUHHZH� QD� L]RODFLRQLRW� VLVWHP� PDVOR�KDUWLMD� NRM� H
VRVWDYHQ�GHO�QD��RYDD�RSUHPD�

9R� RYRM� WUXG� RSL^DQ� H� SURFHVRW� QD� VWDUHHZH� QD� FYUVWDWD� L]RODFLMD� NDM
HQHUJHWVNLWH� L� PHUQLWH� WUDQVIRUPDWRUL�� ,VWR� WDND� REMDVQHWL� VH� QDMYDCQLWH
NULWHULXPL�L�DQDOLWLaNL�PHWRGL��NRL�VH�NRULVWDW�]D�GLMDJQRVWLFLUDZH�QD�YLVWLQVND
VRVWRMEDWD�QD�L]RODFLRQDWD�KDUWLMD��

.OXaQL� ]ERURYL�� FYUVWD� L]RODFLMD�� VWDUHHZH�� IXUDQL�� WHaQD� KURPDWRJUDILMD�
HQHUJHWVNL�L�PHUQL�WUDQVIRUPDWRUL�

AGEING OF CELLULOSIC ISOLATION OF TRANSFORMERS:
FURANIC COMPOUNDS ANALYSIS

SUMMARY

Nowadays, the number of comparatively old components in our electric power system is
very high. Therefore a great attention has to be given to the analysis of the ageing of insulating
system, especially of cellulosic paper, in  oil-filled electrical equipment.

The objective of the paper is to present the proces of solid insulation ageing of
transformers. Also, different analytical methods and criteria for it's condition diagnosis were
represented.

Keywords: solid isolation, ageing, furanic compounds, liquid chromatography, transformers.
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.DM� HQHUJHWVNLWH� L� PHUQLWH� WUDQVIRUPDWRUL� QDMaHVWR� XSRWUHEXYDQ
L]RODFLRQHQ� VLVWHP� H� NRPELQDFLMDWD� PLQHUDOQR� PDVOR� L� FHOXOR]QD� KDUWLMD�� 3RG
GHMVWYR�QD�RNROQLWH�XVORYL�NRL�VH�VR]GDYDDW�SUL�UHGRYQDWD�UDERWD�QD�RSUHPDWD�RYLH
RUJDQVNL�PDWHULL�GRCLYXYDDW�QL]D�KHPLVNL�SURPHQL��3UL�WRD�GRD_D�GR��PHQXYDZH�QD
QLYQLWH�HOHNWULaQL�L�WHUPLaNL�VYRMVWYD��SD�VH�SRPDONX�VH�YR�VRVWRMED�GD�MD�RGLJUDDW
VYRMDWD�� SUHG� VH� L]RODFLRQD�� XORJD�� 7DND� VR� WHNRW� QD� YUHPHWR� VH� ]JROHPXYD
YHURMDWQRVWD� RG� SRMDYD� QD� GHIHNWL� YR� RSUHPDWD�� 'ROJRJRGL^QLWH� LVWUDCXYDZD� YR
RYDD�REODVW�SRNDCDOH�GHND�UD]JUDGXYDZHWR�QD�WHaQDWD�L�QD�FYUVWDWD�L]RODFLMDWD�QD
WUDQVIRUPDWRURW� � SUHG� VH� ]DYLVL� RG� WHPSHUDWXUDWD� L� YUHPHWR� QD� UDERWD� QD
RSUHPDWD��QR��LVWR�WDND�]DYLVL�L�RG�NROLaHVWYRWR�QD�YRGD�L�NLVORURG�YR�QLY�

2SUHGHOXYDZHWR� QD� IL]LaNR–KHPLVNLWH� L� HOHNWULaQLWH� NDUDNWHULVWLNL� QD
L]RODFLRQRWR�PDVOR� H� YH`H� GREUR�REUDERWHQD�SUREOHPDWLND�L� � GHQHV� VH� SUDYL�EH]
QHNRL� SRJROHPL� SRWH^NRWLL�� 3RJROHP� GHO� RG� HOHNWULaQDWD� RSUHPDWD� H� WDND
NRQVWUXNWLYQR� UH^HQD�� � GD� � PQRJX� OHVQR� PRCH� GD� VH� ]HPDDW� SULPHURFL� QD
WUDQVIRUPDWRUVNRWR�PDVOR��2G�GRELHQLWH�ODERUDWRULVNL�UH]XOWDWL��SRVHEQR�RQLH
RG�JDVQDWD�KURPDWRJUDILMD���VR�SUDYLOQD�LQWHUSUHWDFLMD�PRCH�VR�JROHPD�WRaQRVW�GD
VH� LGHQWLILNXYDDW� HYHQWXDOQR� SULVXWQLWH� WHUPLaNL� L� HOHNWULaQL� GHIHNWL� YR
RSUHPDWD�

2G�GUXJD�VWUDQD��FHOXOR]QDWD�L]RODFLMD�H�PQRJX�WH^NR�UHaLVL�QHYR]PRCQR��GD
VH� ]HPDDW�SULPHURFL� ]D� DQDOL]D� EH]� FHORVQR�RWYRUDZH�QD� HOHNWULaQDWD�RSUHPDWD�
2YRM� ]DIDW� QH� VDPR�^WR� H� UL]LaHQ� L� REHPHQ� ]D� UDERWD� WXNX� H� L� GRVWD� VNDS�� .DNR
DOWHUQDWLYQR� UH^HQLH� QD� RYRM� SUREOHP� GROJR� YUHPH� VH� UD]UDERWXYDOD� LGHDWD� ]D
NRQVWUXNFLMD�QD��VSHFLMDOQL�PHVWD��[HSRYL��QD�WUDQVIRUPDWRUVNLRW�ND]DQ�RG�NRL�`H
PRCH� L� EH]� YH`H� VSRPHQDWRWR� RWYRUDZH� OHVQR� GD� VH� ]HPD� SURED� RG� FYUVWDWD
L]RODFLMD�� 9R� SUDNVD� WRD� VH� SRNDCDOR� GHND� H� WH^NR� L]YRGOLYR�� SD� YQLPDQLHWR� VH
VYUWHOR�NRQ�GUXJL�SRHGQRVWDYQL�PHWRGL�NRL�LQGLUHNWQR�SUHNX�DQDOL]L�QD�PDVORWR
`H�QL�GDGDW�SRGDWRFL� ]D� VRVWRMEDWD�QD� FYUVWDWD� L]RODFLMD��7DND� YR� SRVOHGQLWH� GYH
GHFHQLL�VH�SRLQWHQ]LYQR�VH�UDERWL�QD�PHWRGLWH�QD�RGUHGXYDZH�QD�NROLaHVWYRWR�QD
GHULYDWLWH�QD�IXUDQ�UDVWYRUHQL� YR� WUDQVIRUPDWRUVNRWR�PDVOR��2YLH� VRHGLQHQLMD
VH�SURGXNWL��NRL��QDVWDQXYDDW�VDPR�SUL��GHJUDGDFLMDWD�QD�FHOXOR]QDWD�L]RODFLMD�SD
VR�QLYQRWR�RSUHGHOXYDZH�PRCH�GD�VH�GRMGH�GR�]QDaDMQL�VR]QDQLMD�

&HO� QD� RYRM� WUXG� H� GD� VH� GDGH� SRGHWDOHQ� RSLV� QD� XSRWUHEDWD� QD� 9LVRNR
UH]ROXFLRQDWD� WHaQD� KURPDWRJUDILMD� �HPLC)� ]D� RSUHGHOXYDZH� QD� NROLaHVWYRWR� QD
GHULYDWLWH�QD�IXUDQ�UDVWYRUHQL�YR�WUDQVIRUPDWRUVNRWR�PDVOR��D�LQGLUHNWQR�L�QD
VWHSHQRW�QD�RVWDUHQRVW�QD�FYUVWDWD�L]RODFLMD�NDM� HOHNWULaQD�RSUHPD��5H]XOWDWLWH
GRELHQL� VR� RYDD� PHWRGD� VH� RG� JROHPD� SRO]D� L� SUL� LQWHUSUHWDFLMDWD� QD� *DVQR�
KURPDWRJUDIVNLWH�DQDOL]L�QD�WUDQVIRUPDWRUVNRWR�PDVOR�

+(0,6.,�6267$9�1$�&(/8/2=1$7$�,=2/$&,-$�,�0(+$1,=$0�1$
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,]RODFLRQDWD� KDUWLMDWD� VWUXNWXUQR� SUHVWDYXYD� PUHCD� RG� FHOXOR]QL� YODNQD
HNVWUDKLUDQL� RG� GUYHQL� L� GUXJL� UDVWLWHOQL� VXURYLQL�� &HOXOR]DWD� SDN� RG� VYRMD
VWUDQD� �H�OLQHDUHQ�NRQGHQ]DFLRQHQ�SROLPHU�QD�D�DQKLGURJOXNRSLUDQR]QL�HGLQLFL
SRYU]DQL�PH_X�VHEH�VR�β�����– JOXNR]LGQL�YUVNL�NDNR�^WR�H�SUHVWDYHQR�QD�VOLND���



5HQJHQVNLWH�LVSLWXYDZD�QD�VWUXNWXUDWD�QD�RYRM�OLQHDUQ�SROLPHU�SRNDCXYDDW
GHND�VRGUCL�L�YQDWUH^QL�L�QDGYRUH^QL�YRGRURGQL�YUVNL��7DND�FHOXOR]QRWR�YODNQR
H�YVX^QRVW�REUD]XYDQR�RG��FHOXOR]QLWH�ODQFL�FYUVWR�SRYU]DQL�VR�YRGRURGQL�YUVNL�

6OLND����+HPLVND�VWUXNWXUD�QD�FHOXOR]DWD

&HOXOR]QDWD� GHJUDGDFLMD� H� NRPSOHNVHQ� SURFHV� NRM� QDVWDQXYD� SUL
NRPELQLUDQR� GHMVWYR� QD� WHPSHUDWXUDWD� YR� RNROQDWD� VUHGLQDWD� L� NROLaHVWYRWR� QD
YRGD� L� NLVORURG� YR� RSUHPDWD�� 1HNRONX� UD]OLaQL� PHKDQL]PL� VH� SUHGORCHQL� ]D
REMDVQXYDZH�QD�FHOXOR]QDWD�GHJUDGDFLMD�

9R�SUYLRW� VOXaDM�SUL�SLUROL]D� QD� JOXNR]DWD��^WR� VH� SRMDYXYD� SUL� WHUPLaND

GHJUDGDFLMD�� UHDNFLMDWD� VH� RGYLYD� SUHNX� OHYRJOXNR]DQRW� �����DQKLGUR�β�'�
JOXNRSLUDQR]D���NRM�SR�SRYH`HNUDWQD�UHRUJDQL]DFLMD�QD�KHPLVNLWH�YUVNL�L�JXEHZH�QD
PROHNXO� YRGD� L� IRUPDODOGHKLG� �LOL� YRGRURG� VR� MDJOHURG� PRQRNVLG�� SUHR_D
SUHWHCQR�YR�IXUIXUDOGHKLG�L�PDOL�NROLaLQL�GU��IXUDQL��VOLND����

3UL� KLGUROL]D� QD� JOXNR]DWD�� ^WR� H� UH]XOWDW� QD� SULVXVWYRWR� QD� SRJROHPL
NROLaLQL� YRGD��� SUYR� VH� IRUPLUDDW� HSRNVLGL� LOL� HQROL� NRL� SRWRD� SR� LVWLRW� SDW
NDNR��OHYRJOXNRQDWRW�VR]GDYDDW��IRUPDODOGHKLG�L�GUXJL�IXUDQRYL�GHULYDWL��VO�����

6OLND����6WUXNWXUQL�IRUPXOL�QD�GHULYDWLWH�QD�IXUDQ�NRL�VH�VR]GDYDDW�SUL
GHSRODUL]DFLMD�QD�FYUVWDWD�L]RODFLMD
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3UL� WHUPLaNDWD� GHJUDGDFLMD� QD� FHOXOR]DWD� YRGDWD� L� MDJOHURG� GLRNVLG� VH
JODYQLWH� QXV�SURGXNWL�� IXUDQLWH� L� NDUERQLOQLWH� GHULYDWL� VH� YWRUL� SR� ]QDaHZH
GHJUDGDWLYQL�SURGXNWL�D�SDN�DONRKROLWH��NLVHOLQLWH�L�DURPDWLWH�VH�SURGXFLUDDW�YR
QH]QDaLWHOQL�NROLaLQL�

9RGDWD�L�MDJOHURGQLRW�GLRNVLG�VH�VRHGLQHQLMD�NRL�VH�VR]GDYDDW�YR�]QDaLWHOQL
NROLaLQL� L� SUL� GHJUDGDFLMD� QD� WHaQDWD� L]RODFLMD�� SD� QH� PRCH� GD� VH� NRULVWDW� ]D
SUHFL]QR� RSUHGHOXYDZH� QD� RVWDUHQRVW� QD� FYUVWDWD� L]RODFLMD�� 2G� GUXJD� VWUDQD
GHULYDWLWH� QD� IXUDQRW�� SRVHEQR� ��IXUIXUDO� �2FAL�� L� ��KLGURNVLPHWLOIXUIXUDO
�5HMF���VH�VR]GDYDDW�VDPR�SUL�GHJUDGDFLMD�QD�FHOXOR]DWD�L�VR�QLYQRWR�RSUHGHOXYDZH
PRCH� GD� VH� GRELH� MDVQD� SUHWVWDYD� ]D� VRVWRMEDWD� QD� L]RODFLRQDWD� KDUWLMD� YR
WUDQVIRUPDWRULWH�YR�SRJRQ��

0(72',� =$2'5('89$:(� 1$� .2/,A(679272� 1$� '(5,9$7,7(� 1$
)85$1�5$67925(1,�92�75$16)250$7256.272�0$6/2

0LQHUDOQLWH� L]RODFLRQL� PDVOD� VRGUCDW� JROHP� EURM� QD� VOLaQL� KHPLVNL
VRHGLQHQLMD�L�PQRJX�H�WH^NR�GD�VH�RGUHGXYD�GLUHNWQR�NROLaHVWYRWR�QD�VDPR�HGQD�RG
QLY��(GQD� DOWHUQDWLYQD�SURFHGXUD� � EL� ELOD� VHOHNWLYQDWD� HNVWUDNFLMD� QD� VDNDQDWD
NRPSRQHQWD�VR�VRRGYHWQL�IL]LaNL�LOL�KHPLVNL�VUHGVWYD��9WRUDWD�PRCQRVW�EL�ELOD
XSRWUHEDWD�QD�VHOHNWLYQL�UHDJHQVL�NRL�EL�PRCHOH�GD�MD�QDVRaDW�DQDOL]DWD�

9R� VHNRM� VOXaDM� GHQHV� VH� UD]JOHGXYDDW� L� UD]UDERWXYDDW� WUL� UD]OLaQL
DQDOLWLaNL� PHWRGL� ]D� GHWHNFLMD� QD� IXUDQL� L� QLYQLWH� GHULYDWL� YR
WUDQVIRUPDWRUVNRWR�PDVOR�

�� HPLC �PHWRGDWD��High Performance Liquid Chromatography���SRQDWDPX�REUDERWHQD�

�� 6SHNWURIRWRPHWULVND�� ]D�EU]D�VHOHNFLMD�QD�WUDQVIRUPDWRULWH�L�NRJD�WUHED�GD
VH�DQDOL]LUD�JROHP�EURM�QD�SUREL��3UL�RYDD�PHWRGD�IXUIXUDOGHKLGRW��2-FAL��NRM
H�UDVWYRUHQ�YR�WUDQVIRUPDWRUVNRWR�PDVOR�UHDJLUD�VR�DQLOLQ�DFHWDW�L�SURGXFLUD
UR]RYR��RERHQR��NRPSOHNVQR��VRHGLQHQLH���%RMDWD�QD��GRELHQLRW��UDVWYRU��VH�PHUL
QD� ���� nm� VR� SRPR^� QD� VSHNWURIRWRPHWDU�� � � 5H]XOWDWLWH� RSUHGHOHQL� VR� RYDD
PHWRGD�QH� � � � � � RWVWDSXYDDW�SR� � WRaQRVWD�RG�RQLH�GRELHQL� VR�HPLC PHWRGDWD��QR
QHGRVWDWRN�L�H�^WR�VR�QHD�PRCH�GD�VH�RGUHGL�VDPR�HGHQ�RG�IXUDQRYLWH�GHULYDWL�

�� .DSLODUQD� JDVQD� KURPDWRJUDILMD�� NDM� NRMD� UDVWYRUHQLWH� JDVRYL� L� IXUDQRYLWH
GHULYDWL� VH� DQDOL]LUDDW� � LVWRYUHPHQR� VR� HGQR� SX^WDZH� QD� SUREDWD� QL]
KURPDWRJUDIVND� NRORQD�� 3UL� WRD� WUHED� GD� VH� NRULVWL� VSHFLMDOQR� L]UDERWHQL
NRORQL�NRL�]DVHJD�VH�PQRJX�SRVNDSL�RG�RQLH�SUL�HPLC�PHWRGDWD�

9,62.2�5(=2/8&,21$�7(A1$�+520$72*5$),-$

9LVRNR� UH]ROXFLRQDWD� WHaQD� KURPDWRJUDILMD� �High–PerformanceLiquid
Chromatography�� SUHVWDYXYD� PR^QH� HILNDVQD� L� EU]D� PHWRGD� ]D� UD]GHOXYDZH� QD
NRPSRQHQWLWH� RG� UHDNFLRQDWD� VPHVD�� 7DD� H� QH]DPHQOLYD� WHKQLND� ]D� DQDOL]D� QD
MDJOHQLKLGUDWL��DPLQR�NLVHOLQL��NDUERNVLOQL�VRHGLQHQLMD�L�GU�



3RVWRMDW�SRYH`H�WHKQLNL�]D�UD]GHOXYDZH�QD�NRPSRQHQWLWH�RG�QHNRMD�SURED�YR
NRORQD� QR� QDMXSRWUHEXYDQD� H� HOXHQWQDWD� WHKQLND� NRMD� VH� SULPHQXYD� L� SUL
LVSLWXYDZH� QD�IXUDQLWH��3UL� RYDD� DQDOL]D� SUREDWD� �aLL� NRPSRQHQWL� WUHED� GD� VH
UD]GHODW�� VH� YQHVXYD�RG� HGQLRW�NUDM� QD� NRORQDWD�L�SRWRD� VH� SURSX^WD�SRGYLCQDWD
ID]D� �HOXHQWRW�� NRM� H� LQHUWHQ� YR� RGQRV� QD� FYUVWRWR� SROQHZH� QD� NRORQDWD
�VWDFLRQDUQD�ID]D���6HNRMD�RG�NRPSRQHQWLWH�QD�SUREDWD�VH�GYLCL�SR�GROCLQDWD�QD
NRORQDWD�VR�UD]OLaQD�EU]LQD�NRMD�]DYLVL�RG�QHM]LQLRW�DILQLWHW�NRQ�VWDFLRQDUQDWD
ID]D��1D�WRM�QDaLQ�NRPSRQHQWDWD�VR�QDMJROHPD�EU]LQD��RGQRVQR�RQDD�NRMD�LPD�QDMPDO
DILQLWHW�VSUHPD�VWDFLRQDUQDWD�ID]D��SUYD�`H�JR�QDSX^WL�VLVWHPRW�

5D]GHOXYDZHWR� QD� NRPSRQHQWLWH� YR� HPLC VLVWHPRW� GHQHV� H� PR^QH� EU]R� L
HILNDVQR�^WR�VH�GROCL�QD�VRYUHPHQLWH�NRORQL�QDSROQHWL�VR�PQRJX�VLWQL�aHVWLaNL
DWVRUEHQW� LOL� QRVDa� QD� QHSRGYLCQDWD� WHaQD�ID]D��3URWRNRW� QD� SRGYLCQDWD�ID]D
SRG� SULWLVRN� QL]� YDNYD� NRORQD� VH� REH]EHGXYD� VR� YQHVXYDZH� QD� WHaQDWD� ID]D� SRG
SULWLVRN��NRM�JR�GDYD�SXPSDWD�NRMD�H�]DGROCLWHOHQ�GHO�QD�DSDUDWRW�

=D� SRVOLNRYLWD� SUHVWDYD� QD� RYDD� DSDUDWXUD� QD� VOLND� �� ^HPDWVNL� VH
SULNDCDQL�VRVWDYQLWH�GHORYL�L�QLYQDWD�SRYU]DQRVW�QD�HGHQ�VWDQGDUGHQ�WLS�QD�WHaHQ
KURPDWRJUDI�RG�JHUPDQVNDWD�ILUPD�KNAUER�

6OLND����>HPDWVNL�SULND]�QD�YRRELaDHQD�HPLC�RSUHPD



'RVHJD� VH� UD]UDERWHQL� GYH� SRVWDSNL� ]D� SRGJRWYXYDZH� QD� SURELWH� RG� PDVOR
SUHG�GD�VH�XSRWUHEDW�YR�HPLC DSDUDWXUDWD�
�� 7HaQR�WHaQD� HNVWUDNFLMD�� SUL� NRMD� LQWHQ]LYQR� VH� PH^DDW� SR]QDW� YROXPHQ� QD

PDVOR�L�PHWDQRO�LOL�DFHWRQLWULO��6H�RVWDYD�GD�VH�RGHODW�PDVORWR�L�UDVWYRUDaRW
L�RG�SRVOHGQLRW�WRaQR�RSUHGHOHQR�NROLaHVWYR�VH�YEUL]JXYD�YR�KURPDWRJUDIVNDWD
NRORQD�

�� &YUVWR�WHaQD� HNVWUDNFLMD�� NRJD� YR� n�SHQWDQ� VH� UDVWYRUD� RGUHGHQR� NROLaHVWYR
PDVOR� SD� VH� ILOWULUD� QL]� NRORQL� VR� silica – gel�� 3RG� RYLH� XVORYL� SRYH`HWR
SRODUQL� NRPSRQHQWL� YR� PDVORWR� PH_X� NRL� VH� L� GHULYDWLWH� QD� IXUDQ� VH
]DGUCXYDDW�QD�silica� SROQHZHWR��3RWRD� VH�UDVWYRUDDW� VR�SRPR^�QD�PHWDQRO�LOL
DFHWRQLWULO�L�VH�DQDOL]LUDDW�VR�HPLC PHWRGDWD�

HPLC� DQDOL]LWH� QD� GHULYDWLWH� QD� IXUDQ� VH� SUDYDW� VR� SRPR^� QD� reversed
phase� KURPDWRJUDIVNL� NRORQL� SROQHWL� VR� RNWLO� L� RNWDGHFLO� GHULYDWL� QD� silica.
(OXHQWRW� VH� DQDOL]LUD� VR� UV�GHWHNWRU�� )XUIXUDO� DONRKRORW� LPD� PDNVLPDOQD
DEVRUEDQFD�RNROX�����nm�D�GUXJLWH���GHULYDWL�VH�RNROX�����nm��=D�GD�PRCH�VDPR�VR
HGQD� DQDOL]D� GD� VH� GHWHNWLUDDW� VLWH� �� VRHGLQHQLMD� VH� SUHSRUDaXYD� XSRWUHED� QD
GLRGHQ�WLS�QD�UV�GHWHNWRU��6PHVDWD�QD�PHWDQRO�L�YRGD�LOL�DFHWRQLWULO�L�YRGD�VH
SRNDCDOD�NDNR�]DGRYROXYDaNL�HOXHQW�

2%5$%27.$�1$�5(=8/7$7,7(�'2%,(1,��35,�HPLC �$1$/,=$

=D� SROHVQD� REUDERWND� L� REMDVQXYDZH� QD� UH]XOWDWLWH� GRELHQL� VR� HPLC
DQDOL]LWH� VH� SUDYL� QLYQD� VSRUHGED� VR� VWHSHQRW� QD� SROLPHUL]DFLMD�� 6WHSHQRW� QD
SROLPHUL]DFLMD�DP��H�PHULOR�]D�EURMRW�QD�JOXNR]QL�PROHNXOL�SRYU]DQL�YR�YHULJD�QD
FHOXOR]DWD�� 6R� SRPR^� QD� RYDD� YUHGQRVW� OHVQR� PRCH� GD� VH� RFHQL� VRVWRMEDWD� QD
FYUVWDWD� L]RODFLMD� L� QHM]LQLWH� RVQRYQL� VYRMVWYD�� >WR� H� SRJROHP� VWHSHQRW� QD
SROLPHUL]DFLMD�WRONX�FYUVWDWD�L]RODFLMD�LPD�SRGREUL�VYRMVWYD�

3RYH`HWR�ODERUDWRULVNL�LVSLWXYDZD�QDSUDYHQL�YR�RYDD�REODVW�^LUXP�VYHWRW
SRNDCDOH� GHND� SRVWRL� OLQHDUQD� ]DYLVQRVW� SRPH_X� VWHSHQRW� QD� SROLPHUL]DFLMD� L
NRQFHQWUDFLLWH� QD� 2FAL� L� 5HMF� GHULYDWLWH�� =D� GD� VH� RSUHGHOL� RYDD� NRUHODFLMD
WUHED�GD�JR�SRHGQRVWDYLPH�UDERWQLRW�PRGHO�

��� 'D� VH� SUHWSRVWDYL� GHND� QRYD� QHGHJUDGLUDQD� FHOXOR]D� LPD� VWHSHQ� QD
SROLPHUL]DFLMD� ����� RGQRVQR� GHND� VHNRMD� QHM]LQD� YHULJD� H� L]JUDGHQD� RG� ����
JOXNR]QL�HGLQLFL�

��� 'D� VH� SUHGSRVWDYL� GHND� WHUPLaNDWD� GHJUDGDFLMD� QD� FHOXOR]DWD� ]DSRaQXYD� VR
FHSHZH�QD�YHULJDWD�RG�FHOXOR]QRWR�YODNQR�QD�SROD��(GQD�RG� VR]GDGHQLWH�GYH� QRYL
YHULJL�H�QHVWDELOQD�L�SR�VHULMD�RG�EU]L�SURPQL�QD�VWUXNWXUDWD��JXEL�HGQD�JOXNR]QD
PROHNXOD��2YD�PRCH�GD�VH�SUHVWDYL�VR�XSURVWHQD�^HPD�

DP1000 →  DP500  +  DP499�����IXUDQL� LOL ���

DP1000 → 2 DP500����OHYRJOXNR]DQ ���



2G�GUXJD�VWUDQD�SUL�DQDOL]L�QD�SURPHQDWD�QD��VWHSHQRW�QD�SROLPHUL]DFLMD�GRELHQD�H
VOHGQDYD�]DYLVQRVW�

�������� ������������xDPo + 2y(DPo/2)

DP = ��������������������������� ���
������         x + 2y

NDGH�x H�EURMRW�QD�PROHNXOL�NRL�VHX^WH�QH�VH�RGHOLOH�RG�FHOXOR]QDWD�YHULJD��D�2y�H
EURMRW�QD�QRYL�PROHNXOL�NRL�VH�VR]GDOH�SUL�GHJUDGDFLMDWD��3UL�RYLH�SUHVPHWNL�VH
YRYHGXYD� L� QRYD� YHOLaLQD�0� NRMD� RGJRYDUD� QD� EURMRW� QD� PROHNXOL� YR� SRaHWQLRW
ODQHF�QD�FHOXOR]D�L�VH�SUHVPHWXYD�

M = x + y� LOL ���

M (mol) = w/162DPo ���

NDGH� w� H� WHCLQDWD� QD� GHJUDGLUDQDWD� FHOXOR]D�� D� ���� H� PROHNXOVNDWD� PDVD� QD
JOXNR]QLWH�HGLQLFL�NRL�VH�RGHOXYDDW�RG�YHULJDWD��2G�UDYHQNDWD�����VH�GRELYD�

�������� ��������x = M – y ��������������

L�VR�]DPHQD�YR�UDYHQNDWD�����

(M-y)DPo  +  2y(DPo/2)       MDPo – yDPo + yDPo       MDPo
DP = ��������������������������������������=  �������������������������������  =  �������������� (7)

M – y  + 2y           M + y        M + y

VR�UHRUJDQL]DFLMD�QD�RYDD�UDYHQND�VH�GRELYD�NUDMQLRW�L�QDMYDCHQ�REOLN�

         M (DPo – DP)
y = ���������������������� (8)

      DP

3RG�y VH�SRGUD]ELUD�EURMRW�QD�FHOXOR]QL�YHULJL�NRL�VH�GHJUDGLUDOH�YR�WHN�QD
RGUHGHQR� YUHPHQVNL�LQWHUYDO�NDNR�L�EURMRW� QD�SUHNXUVRUQL�PROHNXOL�IRUPLUDQL
SUL�GHJUDGDFLMD�6R�DQDOL]D�QD�UDYHQNDWD�����PRCH�GD�VH�]DEHOHCL�GHND�SURFHVRW�QD
GHJUDGDFLMD�QD�FYUVWDWD�L]RODFLMD�H�QH]DYLVHQ�RG�VDPLRW�PHKDQL]DP�QD�IRUPLUDZH
QD� IXUDQLWH� NDNR� L� RG� SRaHWQDWD� PROHNXOVND� PDVD� QD� FHOXOR]DWD�� 3UHNX� RYDD
UHODFLMD�OHVQR�PRCH��VR�XSRWUHED�QD�PROHNXOVNLWH�PDVL�QD�NRQNUHWQLWH�GHULYDWL�QD
IXUDQ�� GD� VH� RGUHGL� QLYQDWD� WHRUHWVND� NRQFHQWUDFLMD� SUL� GDGHQ� VWHSHQ� QD
GHJUDGDFLMD�QD�FHOXOR]DWD�

2G�GUXJD�VWUDQD�DNR�VH�]QDH�GHND�VDPR�RNROX�����RG�VR]GDGHQLWH�GHULYDWL�QD

IXUDQ� SUL� GHJUDGDWLYQLWH� SURFHVL� �YUHGQRVWD�y�� VH� UDVWYRUDDW� YR� PDVORWR� OHVQR
PRCH� VR� XSRWUHED� QD� UDYHQNDWD� ���� � GD� VH� NRULVWDW� UH]XOWDWLWH� GRELHQL� VR�HPLC
PHWRGDWD�]D�RGUHGXYDZH�QD�VWHSHQRW�QD�SROLPHUL]DFLMD��7DND�EU]R�L�HGQRVWDYQR�EH]
SRJROHPL�]DIDWL�L�WUR^RFL�PRCH�GD�VH�RSUHGHOL�RYDD�YDCQD�YHOLaLQD�SUHNX��NRMD
VH��RSL^XYD�VRVWRMEDWD�QD�FYUVWDWD�L]RODFLMD�



1$0(672�=$./8A2.

6WDWLVWLaNLWH� DQDOL]L� QDSUDYHQL� RG� VWUDQD� QD� UDERWQDWD� JUXSD� QD� CIGRE
��������� RG� ����� JRGLQD�� SRNDCDOH� GHND� SR� LVSLWXYDZH� QD� ����� HQHUJHWVNL
WUDQVIRUPDWRUL� NDM� SRJROHP� EURM� RG� QLY� VH� L]PHUHQL� SRYLVRNL� NRQFHQWUDFLL� QD
IXUDQL�L�WRD�SRVHEQR�NDM�SRVWDUDWD�HOHNWULaQD�RSUHPD��QDG����JRGLQL�SRJRQ��

$NR� MD� SRJOHGQHPH� VWDURVQDWD� VWUXNWXUD� QD� HQHUJHWVNLWH� WUDQVIRUPDWRUL
VDPR�^WR�VH�SRG�QDGOHCQRVW�QD�3RGUXCQLFD�(/(.75235(126���WDEHOD� I� L� VO���
RYDD�NRQVWDWDFLMD��VWDQXYD�PR^QH�]QDaDMQD��

7DEHOD��I����6WDURVQD����VWUXNWXUD����QD���HQHUJHWVNLWH����WUDQVIRUPDWRUL���3RGUXCQLFD
         “(/(.75235(126” –�6NRSMH�� -3 “ �(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD”

5HGHQ
EURM

7UDQVIRUVND
VWDQLFD

7UDQVIRUPDFLMD
�kV�

*RG��QD
SX^WDZH

3URL]YRGLWHO

�� >WLS 75����������� ���� 5DGH�.RQaDU
�� %LWROD 75������������ ���� 'LOHJQDQR
�� 6NRSMH�� 75����������� ���� 5DGH�.RQaDU
�� >WLS 75����������� ���� 5DGH�.RQaDU
�� 6NRSMH�� 7$������������ ���� (OLQ
�� 3ULOHS 75����������� ���� 5DGH�.RQaDU
�� 9HOHV 75����������� ���� 5DGH�.RQaDU
�� 6NRSMH�� 7$������������ ���� 5DGH�.RQaDU
�� %LWROD 75����������� ���� (O��3XWHUH
��� 3ULOHS 75����������� ���� 5DGH�.RQaDU
��� .DYDGDUFL 75����������� ���� (O��3XWHUH
��� .DYDGDUFL 75����������� ���� (O��3XWHUH
��� 6NRSMH�� 7$������������ ���� 5DGH�.RQaDU
��� %LWROD 75������������ ���� 'LOHQDQR
��� 9HOHV 75����������� ���� 5DGH�.RQaDU
��� 6NRSMH�� 75����������� ���� 5DGH�.RQaDU
��� 6NRSMH�� 75����������� ���� 0LQHO
��� 6NRSMH�� 75����������� ���� 0LQHO
��� 6NRSMH�� 75������������ ���� 5DGH�.RQaDU
��� 'XEURYR 75������������ ���� 5DGH�.RQaDU
��� %XaLP 75��������� ���� (OWD
��� %XaLP 75���������� ���� (OWD
��� %LWROD 75����������� ���� 0LQHO
��� 6NRSMH�� 75������������ ���� 5DGH�.RQaDU
��� 'XEURYR 75������������ ���� 5DGH�.RQaDU
��� 6NRSMH�� 75����������� ���� 0LQHO
��� 6NRSMH�� 75����������� ���� 0LQHO
��� 6DPRNRY 75����������� ���� 0LQHO
��� 6DPRNRY 75���������� ���� 0LQHO
��� 6NRSMH�� 75��������� ���� 5DGH�.RQaDU



6OLND������6WDURVQD����VWUXNWXUD����QD���HQHUJHWVNLWH����WUDQVIRUPDWRUL���3RGUXCQLFD
�������“(/(.75235(126” –�6NRSMH�– “�(OHNWURVWRSDQVWYR�QD�0DHGRQLMD”

$NR� NRQ� RYD� VH� GRGDGDW� L� WUDQVIRUPDWRUVNLWH� HGLQLFL� YR� GLVWULEXWLYQLWH
PUHCL� L� WUDQVIRUPHWRULWH� YR� VNORS� QD� +(� L� 7(�� NRL� VH� VR� VOLaQD� VWDURVQD
VWUXNWXUD� L� JROHPLRW� EURM� PHUQL� WUDQVIRUPDWRUL�� NDM� NRL� VRVWRMEDWD� QD� FYUVWDWD
L]RODFLMD�H�RG�RVREHQR�]QDaHZH�SRVHEHQ�]DNOXaRN�QH�H�SRWUHEHQ�

6RYUHPHQLWH�KURPDWRJUDIVNL�PHWRGL�YR�NRL�VSD_D�L�7HaQDWD�KURPDWRJUDILMD
VH�SRYH`H�VH�SULPHQXYDDW�YR�UD]QL�REODVWL�L�YR�QD^DWD�]HPMD��=DWRD�QH�H�QHUHDOQR�GD
VH� UD]PLVOXYD� ]D� SULPHQD� QD� LVWLWH� L� YR� REODVWD� QD� RGUCXYDZH� QD� HQHUJHWVNLWH� L
PHUQLWH� WUDQVIRUPDWRUL�aLMD�SRHGLQHaQD�FHQD� GDOHNX� JL�QDGPLQXYD� WUR^RFLWH�QD
QDMVRYUHPHQDWD�+URPDWRJUDIVND�RSUHPD�
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9R�LQIRUPDFLMDWD�VH�L]ORCHQL�UD]PLVOXYDZDWD�SUL�GRQHVXYDZH�RGOXND
]D� LQWHUYHQFLMD� YR� VHUYLV� QD� VWDUL� HQHUJHWVNL� WUDQVIRUPDWRUL� � NDNR� L� ]D
REHPRW�QD�LQWHUYHQFLMDWD�

.OXaQL�]ERURYL��HQHUJHWVNL�WUDQVIRUPDWRU��GRYHUOLYRVW��UHYLWDOL]DFLMD�

REVITALIZATION OF POWER TRANSFORMERS

ABSTRACT

The information contains the analysis needed for decision on intervention on old power
transformers in reparation workshop and the level of the intervention.

Key words: power transformer, reliability, revitalisation.

(QHUJHWVNLWH� WUDQVIRUPDWRUL� NDNR� HOHPHQWL� QD� YLVRNRQDSRQVNLWH
SRVWURMNL� QDMaHVWR� MD� �QDGCLYXYDDW�� RVWDQDWDWD� RSUHPD�� SUL� ^WR� WDD� VH
]DPHQXYD� ELOR� SRUDGL� KDYDULMD�� ELOR� SRUDGL� QDGPLQXYDZH� QD� QHM]LQLWH
SHUIRUPDQVL�� 6HNDNR� GHND� L� NDM� WUDQVIRUPDWRULWH� �(75�� LPD� KDYDULL�� QR�
QDMaHVWR� SRUDGL� ]DWDMXYDZH� QD� RSUHPDWD� NRMD� WUHED� GD� JL� ]D^WLWL
�SUHNLQXYDaLWH�� UHOHMQDWD� ]D^WLWD� L� W�Q���� $�� RGOXND� ]D� LVIUOXYDZH� RG
XSRWUHED�QD�(75�]DUDGL�VWDURVW�PQRJX�WH^NR�VH�GRQHVXYD��=DUDGL�WRD�VHX^WH
VH�YR�SRJRQ�(75�RG�YUHPHWR�QD�IRUPLUDZHWR�QD�SUHQRVQDWD�PUHCD��GDOHaQDWD
�����JRGLQD��

9HNRW� QD� WUDHZH� QD� (75� H� PQRJX� NRPSOHNVQR� SUD^DZH�� D� NRJD� VH
SRVWDYXYD� QHNRMD� JUDQLFD� �UD]OLaQD� YR� UD]OLaQL� OLWHUDWXUL�� WRJD^� WRD� VH
SUDYL� VR� QDYHGXYDZH� QD� SRYH`H� XVORYL�� YR� RVQRYD� YU]DQL� ]D� SRJRQVNLWH
QDVWDQL��QDaLQRW�QD�HNVSORDWDFLMDWD�L�ORNDFLMDWD�YR�VLVWHPRW�



=D�QDMVWDULWH�(75�YR��PUHCDWD�QD�(60�PRCH�GD�VH�NDCH�GHND�SRPLQDOH
]QDaDHQ�SHULRG�QD�PDNVLPDOQL�QDSUHJDZD��NDNR�SRUDGL�SUHRSWRYDUHQRVW��WDND
L� SRUDGL� aHVWL� SUREOHPL� YR� JROHPLWH� PUHCL� NRL� JL� QDSRMXYDOH� �GR
SRPDVRYQRWR�SUHY]HPDZH�QD�GLVWULEXWLYQLRW�NRQ]XP�QD�����kV���9R�RYDD�JUXSD
VHNDNR�WUHED�GD�VH�RSIDWDW�L�(75�]D�GHVHW�JRGLQL�SRPODGL��DNWLYLUDQL�GR�����
JRGLQD�

6H�QDPHWQXYD�SUD^DZHWR��GR�NRJD�PRCHPH�GD�VPHWDPH�QD�QLY"�6R�NDNYD
GRYHUOLYRVW�L�HNRQRPLaQRVW�"

2YD� LVWR� SUD^DZH� aHVWR� SDWL� VH� SRVWDYXYD� PH_X� VWUXaQLWH� OLFD� YR
(OHNWURVWRSDQVWYR� QD� 0DNHGRQLMD� RGJRYRUQL� ]D� RGUCXYDZHWR� QD
WUDQVIRUPDWRUVNLWH�VWDQLFL�

'LVNXVLMD�VH�YRGL�QD�SRYH`H�PHVWD�VR�UD]OLaQL�XaHVQLFL�
,� YR� VOXaDLWH� NRJD� ]DNOXaRFLWH� VH� LVWL� GR� QLY� VH� GR^OR� VR� PQRJX

SRYWRUHQL�GLVNXVLL��VR�PQRJX�SRWUR^HQR�YUHPH��D�NRQHaQR��RVWDQDOH�GLOHPL�L
VRPQHYDZD�� GDOL� VH� SRVWDSLOR� SUDYLOQR�� RGQRVQR� GDOL� LPD� RSUDYGXYDZH� WRD
^WR�H�QDSUDYHQR��GDOL�LPD�GUXJL��SRVRRWYHWQL�UH^HQLMD�

• • •

.DNR� XaHVQLN� YR� YDNYL� GLVNXVLL� SRaXYVWYXYDY� SRWUHED�� SUHNX� RYDD
LQIRUPDFLMD� GD� JR� L]ORCDP� SUD^DZHWR� QD� VWDULWH� WUDQVIRUPDWRUL�� SUHG
SR^LURN� NUXJ� QD� VWUXaQL� OX_H� QD� NRL� LP� H� EOLVND� RYDD� SUREOHPDWLND�� 9R
VWDUL� WUDQVIRUPDWRUL� VH� YRYUVWHQL� L� RQLH� NRL� SUHGYUHPH� VH� RVWDUHQL� VR
QDaLQRW�NDNR�VH�HNVSORDWLUDQL��,PD�L�X^WH�HGQD�YDCQD�JUXSD�QD�(75��D�WRD�VH
RQLH�NRL�VH�VWDUL�SR�JRGLQL�D�VHSDN�VH�YR�GREUD�VRVWRMED��VSRUHG�UH]XOWDWLWH
RG�PHUHZDWD��WDNRY�H�7U��������kV�RG������JRGLQD�YR�76�>WLS����

2GOXNLWH�RNROX�DNWLYQRVWLWH�]D�RGUCXYDZHWR�QD�RYLH�WUDQVIRUPDWRUL
PRCDW�GD�RGDW�YR�GYH�NUDMQRVWL��HGQDWD�H�QL^WR�GD�QH�VH�SUHY]HPD�L�GD�VH�aHND
(75�GD�VWDQH�QHXSRWUHEOLY�LOL�YR�GUXJDWD�(75�GD�VH�QRVL�YR�VHUYLV�]D�GD�VH
YLGL�^WR�`H�VH�SUDYL�

8EHGHQ�VXP�GHND��YR�GHQH^QR�YUHPH��QLNDGH�QH�VH�RGL�YR�RYLH�NUDMQRVWL�
=DG�QDV�H�YUHPHWR�NRJD�SURYHMXYD^H�PLVOHZHWR�� GD� VH�aHND�GD� GRMGH� GR

KDYDULMD��]DWRD�^WR�WRJD^�`H�VH�QDSODWL�SUHNX�RVLJXUXYDZHWR�
0H_XWRD��NDNR�VSURWLYQRVW��QH�VPHHPH�GD�SRaQHPH�GD�UD]PLVOXYDPH�

GD�VH�QRVL�YR�VHUYLV�]D�VHNRM�VOXaDM�
,QWHUYHQFLMDWD� QD� (75� YR� VHUYLV� PRUD� GD� ELGH� DUJXPHQWLUDQD� YR

VPLVOD�� ]R^WR� VH�SUDYL��^WR�`H� VH� QDSUDYL�L�^WR� VH� RaHNXYD� GD� VH� SRVWLJQH�
1RY� WUDQVIRUPDWRU� QHPRCH� GD� VH� GRELH�� PH_XWRD�� ]DYLVQR� RG� RQD�^WR� `H� VH
L]YU^L�QD�(75�PX�VH�SRGREUXYDDW�XVORYLWH�]D�UDERWD�

2VQRYQR� SUD^DZH� QD� NRH� WUHED� GD� VH� RGJRYRUL� H� GDOL� VH� ]JROHPXYD
GRYHUOLYRVWD�QD�(75�VR�LQWHUYHQFLMDWD�L�NRONX�WRD�aLQL�

8WYUGXYDZHWR�QD�VWHSHQRW�QD�GRYHUOLYRVWD�H�NRPSOHNVQD�]DGDaD��D�X^WH
SRYH`H�YR�VOXaDMRW�QD�LQWHUYHQFLMD�QD�(75��'HND�H�WDND�PRCH�GD�VH�FHQL�L�SR
LPHQXYDZHWR� QD� RQD� ^WR� VH� L]YU^XYD� YR� VHUYLV�� ,PHQR�� SROHVQR� H� GD� VH
]ERUXYD� ]D� LQWHUYHQFLMD� LOL� ]DIDW�� RGNRONX� VR� aLVWR� WHKQLaNL� UHaQLN� NRJD
WUHED�GD�VH�NDCH��GHND�H�L]YU^HQD�UHYL]LMD�LOL�UHPRQW�LOL�SDN�UHYLWDOL]DFLMD
�VR�LOL�EH]�SRGREUXYDZD��



6DPLRW�QDVORY�QD�LQIRUPDFLMDYD�SRYH`H�LPD�]QDaHZH�GD�SRVRaL�]D�NRMD
REODVW�VWDQXYD�]ERU��RGNRONX�GHND�H�VRGUCLQDWD�QD�WHNVWRW�]D�UHYLWDOL]DFLMD�

'LOHPLWH� VH� QDMEURMQL�� D� L� WHNVWRY� H� YR� RVQRYD� SRVYHWHQ� QD� VOXaDLWH
NRJD�QH�VH�PHQXYDDW�QDPRWNLWH��,QDNX��NRJD�VH�YU^L�]DPHQD�QD�QDPRWNLWH��RG
ELOR�NRL�SULaLQL��VLWXDFLMDWD�H�PQRJX�SRMDVQD�YR�VPLVOD�QD�WRD�^WR�PRCH�GD
VH�RaHNXYD��0H_XWRD��]DPHQDWD�QD�QDPRWNLWH��H�VNDSD�LQWHUYHQFLMD�L�SRYOHNXYD
L� GUXJL� UDERWL� QD� WUDQVIRUPDWRURW��^WR� VH� ]DHGQR� YDNYLRW� ]DIDW� JR� SUDYL
GRVWD� VNDS�� 6H� SRVWDYXYD� SUD^DZH�� GDOL� RYDD� LQWHUYHQFLMD� VH� LVSODWXYD� NDM
VWDU�WUDQVIRUPDWRU"

3UL� VLWH� UD]PLVOXYDZD� SRWUHEQR� H� GD� VH� LPDDW� SUHGYLG� L� FHQLWH� QD
QRYL� (75�� 7LH� VH� QDMVNDSLWH�� SRHGLQHaQR�� HOHPHQWL� YR� HGQD� SRVWURMND�� SD
RGWDPX�SURL]OHJXYD�L�RVREHQRWR�YQLPDQLH�NRQ�QLY��(GHQ�(75��������kV�RG���
MVA �SX^WHQ�YR�SRJRQ�aLQL�SRYH`H�RG����PLOLRQL�GHQDUL��0H_XWRD��WHPDYD�H
DNWXHOQD� L� ]D� SRJROHPLWH� HGLQLFL� YR� ((6� QD� 0DNHGRQLMD�� NDNYL� ^WR� VH
QDMVWDULWH� DYWRWUDQVIRUPDWRUL� ��������kV� YR�+(�9UXWRN� L� YR� 76�6NRSMH� ��
aLMD�YUHGQRVW�H�SRYH`H�RG���SDWL�SRJROHPD�RG�SUHWKRGQLRW�(75�

6UD]PHUQR�QD�FHQDWD�QD�QRY�(75�YLVRNL�VH�L�FHQLWH�QD�LQWHUYHQFLLWH�
7RD�H�SULaLQD�^WR�QD�QLY�PRUD�GD�LP�VH�SRVYHWL�RVREHQR�YQLPDQLH�YR�WHNRW�QD
HNVSORDWDFLMDWD�&HQDWD� QD� LQWHUYHQFLMDWD� YNOXaXYDM`L� JL� L� VLWH� GUXJL
WUR^RFL�WUHED�GD�YOLMDH�SUL�GRQHVXYDZHWR�RGOXND�]D�SURWLY�UDERWD�YR�VHUYLV
L�SUL�XWYUGXYDZH�QD�REHPRW�QD�UDERWLWH��YR�VOXaDM�]D��

9HGQD^� VH� QDPHWQXYD� ]D� UD]JOHGXYDZH� YDULMDQWDWD�� VHUYLVLUDZHWR
�]DIDWRW��GD�VH�L]YU^L�QD�OLFH�PHVWR��RVREHQR�]D�(75�GR����0V$��

6H� QDPDOXYDDW� WUR^RFLWH� L� UL]LNRW� RG� WUDQVSRUWRW� �� QR� PRUD� GD� VH
VPHWD� VR� YUHPHWR� QD� GLJDONDWD��� D� VH� QDPDOXYDDW� L� GUXJL� WUR^RFL� RG
UDERWHZHWR� YR� VHUYLV�� 7UDQVSRUWRW� H� QHRSUDYGDQR� VNDS�� =D� RYDD� YDULMDQWD
]QDaDMQR�H�L�SUD^DZHWR�QD�VX^HZHWR�YR�SHaND�QD�(75�aLMD�KDUWLHQD�L]RODFLMD
H�YH`H�LPSUHJQLUDQD�VR�PDVOR�

2YD� QH� H� L]QHVXYDZH� VWDY�� WXNX� SRQDWDPR^QR� L]QHVXYDZH� QD� GLOHPLWH
NRL�VH�SULVXWQL�

6OHGQD� GLOHPD�� SUL� UDERWD� YR� VHUYLV�� H� GDOL� GD� VH� GHPRQWLUDDW
QDPRWNLWH�� 7RD� H� UDERWD� NRMD� QRVL� UL]LN�� 0H_XWRD�� VDPR� QD� WRM� QDaLQ� H
RYR]PRCHQD� FHORVQD� UHYL]LMD� L� aLVWHZH� RG� WDORJ�� $NR� QHPD� LQGLNDFLL� ]D
RVREHQR� JROHPR� WDORCHZH�� WRJD^� GDOL� aLVWHZHWR� H� GRYROHQ� DUJXPHQW� ]D
GHPRQWLUDZH�QD�QDPRWNLWH"

6HNDNR�GHND�]DNOXaRN�]D�VRVWRMEDWD�PRCH�GD�VH�L]YHGH�VR�PHUHZD��7UHED
GD�VH�UDVSRODJD�VR�SRGDWRFLWH�RG�SULHPQRWR�LVSLWXYDZH��RVREHQR�UH]XOWDWLWH
RG�PHUHZDWD�QD�LQGXNWLYQRVWD��QDSRQRW�QD�NXVD�YUVND�L�GU�

9R�LQIRUPDFLMDYD�DQDOL]LUDQL�VH�QHNRONX�NDUDNWHULVWLaQL�VOXaDL�YR
YUVND�VR�LQWHUYHQFLLWH�YU]�VWDULWH�L�GRWUDHQLWH�HQHUJHWVNL�WUDQVIRUPDWRUL�
NRL�`H�ELGDW�SRVHEQR�L]ORCHQL�

• 6OXaDM�$��0DVORWR�PRUD�GD�VH�]DPHQL�

$NR�UD]JOHGXYDPH�VRVWRMED�NRJD�PDVORWR�PRUD�GD�VH�PHQXYD�PRCQL�VH�GYD
VOXaDMD�YR�YUVND�VR�VRVWRMEDWD�QD�KDUWLHQDWD�L]RODFLMD��NRJD�LVWDWD�H�YR�GREUD
VRVWRMED��NRMD�VHNDNR�PRCH�GD�ELGH�L�QD�GROQD�JUDQLFD��L�NRJD�H�GHJUDGLUDQD�
3UD^DZH� H� VR� NRONX� SRGDWRFL� VH� UDVSRODJD� ]D� VRVWRMEDWD� QD� KDUWLHQDWD
L]RODFLMD�LOL�SDN�SUYLRW�SRGDWRN�VH�GRELYD�RGNDNR�(75�`H�ELGH�GHPRQWLUDQ�



=D�CDO��RYD�H�WDND�NDM�QDV�]DWRD�^WR�QH�UDVSRODJDPH�VR�LQVWUXPHQWL�L
PHWRGL� NRL� VOXCDW� ]D� GLMDJQRVWLFLUDZH� QD� VRVWRMEDWD� QD� KDUWLHQDWD
L]RODFLMD��EH]�GD�VH�GRMGH�GR�QHD���3R]QDWL�QL�VH�GYH�UD]OLaQL�PHWRGL��HGQDWD
SUHNX� DQDOL]D� QD� PDVORWR� �GD� VH� YLGL� UHIHUDWRW� QD� WDD� WHPD��� D� GUXJDWD� VH
ED]LUD�QD�DQDOL]D�QD�SRODUL]DFLMDWD�YR�L]RODFLRQLRW�VLVWHP��

1DMWH^NR� H� RGOXaXYDZHWR� NRJD� KDUWLHQDWD� L]RODFLMD� H� GHJUDGLUDQD�
0H_XWRD��QDMWH^NR�H�VDPR�YR�VOXaDLWH�NRJD�QHPD�QRY�(75�]D�]DPHQD��D�SULVXWQD
H� L� GLOHPDWD� ]D� ]DPHQD� QD� QDPRWNLWH� NDM� VWDU� (75� �NDNYD� H� VRVWRMEDWD� QD
MDGURWR�L�GUXJLWH�GHORYL��NRONDYL�VH�]DJXELWH"��

.RJD�EL�LPDOR�QRY�(75�WRJD^� �QHPD�GLOHPD� ��WUHED�GD�VH�LVIUOL�(75
NDM� NRM� PDVORWR� PRUD� GD� VH� ]DPHQL�� KDUWLMDWD� H� GHJUDGLUDQD�� ]DJXELWH� QD
PR`QRVW��YR�CHOH]R�VH�JROHPL��L�QRUPDOQR�VH�GUXJR�H�VWDUR�

.RJD�KDUWLHQDWD�L]RODFLMD�H�QDYLVWLQD�GREUD�L�DNR�X^WH�L�MDGURWR�H�YR
GREUD� VRVWRMED� L� NDUDNWHULVWLNL�� WRJD^� SROHVQR� VH� GRQHVXYD� L� RGOXND� ]D
QRVHZH�YR�VHUYLV��PH_X�GUXJRWR�L�]DUDGL�WRD�^WR�YH`H�VH�SUDYL�]QDaDHQ�WUR^RN
]D�QRYR�PDVOR�

=D� YDNYLWH� VOXaDL� PQRJX� EL� ELOD� NRULVQD� DQDOL]D� QD� GRYHUOLYRVWD� L
CLYRWQLRW�YHN�QD�(75�SRVOH�LQWHUYHQFLMDWD�

• 6OXaDM�%��PDVORWR�VH�]DPHQXYD�

2YDNYDWD� LQWHUYHQFLMD� YH`H� SUHWVWDYXYD� RSUHGHOHQ� VWHSHQ� QD
UHYLWDOL]DFLMD�QD�(75�

.RJD�YH`H�(75�H�YR�VHUYLV��WRJD^�VH�L]YU^XYDDW�VLWH�PRCQL�UDERWL��EH]
GHPRQWDCD� QD� QDPRWNLWH� �RVYHQ� DNR� QHPD� LQGLNDFLMD� GHND� PRUD��� $NR� ]D
VRVWRMEDWD� QD� KDUWLMDWD� VR]QDYDPH� WHN� VHJD�� SR� RWYDUDZHWR� L� ]HPDZHWR
SULPHURN�� WRJD^�� GRNRONX� VH� SRNDCH� GHND� KDUWLMDWD� H� GREUD�� VPH� VYU^LOH
JROHPD�UDERWD��0H_XWRD��YR�VOXaDM�NRJD�KDUWLMDWD�H�GHJUDGLUDQD��VH�RVWDQXYD�VR
GLOHPLWH�RNROX�RSUDYGDQRVWD�QD�SRQDWDPR^QLWH�LQWHUYHQFLL�

1HRSKRGQR� H� RSUHPXYDZHWR� ]D� VSURYHGXYDZH� QD� PHUQD� PHWRGD� ]D
XWYUGXYDZH� QD� VRVWRMEDWD� QD� KDUWLMDWD�� 7DND� `H� VH� GRQHVXYDDW� QD� YUHPH
NYDOLWHWQL�RGOXNL��D�`H�VH�L]EHJQDW�SRJUH^QL���GD�VH�GDGDW�PQRJX�SDUL��D�GD�QH
VH�SRVWLJQH�VNRUR�QL^WR�

1D�(75��NRM�H�YH`H�RWYRUHQ��YR�VHUYLVQL�XVORYL��`H�PRCH��D�L�WUHED��GD�VH
L]YU^DW� PDNVLPXP� PRCQL� UDERWL�� D� RVREHQR� NDM� RQRM� VR� GREUD� KDUWLHQD
L]RODFLMD��6HNDNR�H�SRWUHEQR�aLVWHZH��SUH]DWHJDZH�QD� GRVWDSQLWH�GHORYL�RG
QDPRWNLWH� L� L]YRGLWH�� UHYL]LMD� QD� UHJXODFLRQDWD� SUHNORSND�� ]DPHQD� QD
]DSWLYQL�HOHPHQWL�L�GU��.DM�(75�VR�GREUD�KDUWLMD�VLJXUQR�WUHED�GD�VH�SRVYHWL
RVREHQR� YQLPDQLH� QD� ODGHZHWR�� HYHQWXDOQD� ]DPHQD� �� D� DNR� QHPD�� GD� VH� VWDYL
QRYR�� QD� ]D^WLWQRWR� JDVQR� UHOH� QD� UHJXODFLRQDWD� SUHNORSND�� NRQWDNWHQ
WHUPRPHWDU�� ]DPHQD� QD� HOHPHQWL�� NDEOL� RG� NRPDQGQLWH� RUPDUL� �RG
UHJXODFLRQDWD�SUHNORSND��YHQWLODWRUL��

6HNDNR�GHND�RYLH�WUR^RFL�`H�VH�RSUDYGXYDDW�YR�WHNRW�QD�SURFHQDWD�]D
RaHNXYDQDWD�VRVWRMED�QD�(75�VR�VLWH�]DIDWL�

9R� VHNRM� VOXaDM� VH� GRELYD� (75� QD� NRM� PRCH� GD� VH� VPHWD� VR� SRJROHPD
GRYHUOLYRVW�YR�QDUHGQLRW�HNVSORDWDFLRQHQ�SHULRG�

6H� SRVWDYXYD� SUD^DZHWR� QD� REHPRW� QD� SULHPQLWH� LVSLWXYDZD� SRVOH
VHUYLVLUDZHWR�� �NDNR� QD� SULPHU� YLVLQDWD� QD� QDSRQRW��� D� L� SUD^DZHWR� QD
JDUDQFLMDWD�RG�L]YHGXYDaRW�QD�UDERWLWH�



.RJD� YH`H� WRONX� UDERWL� `H� VH� L]YU^DW� �L� VRRGYHWQR� SDUL� `H� VH
SRWUR^DW��QH�VPHH�GD�VH�]DERUDYL�GHND�L�SRQDWDPX�QDMRVHWOLYLRW��QD�VWDUHHZH�
GHO�RG�(75��KDUWLHQDWD�L]RODFLMD��H�VWDU�L�SRQDWDPX�

=QDaL�(75�H�QHRSKRGQR��GD�VH�]D^WLWL�RG�QDSUHJDZD��7RD�`H�VH�SRVWLJQH
VR�UHPRQWLUDQL��LOL�QRYL��SUHNLQXYDaL��GREUD�UHOHMQD�]D^WLWD�L�]D^WLWD�RG
SUHQDSRQL��1DMGREUR�UH^HQLH�H�]DPHQD�QD�QDMaHVWR�L�RQDND�QHIXQNFLRQDOQLWH
VWDUL�RGYRGQLFL�QD�SUHQDSRQL�

0RCH� GD� VH� NDCH� GHND� UHYLWDOL]DFLMDWD� QD� (75� RSUDYGXYD� L� QDODJD
RSUHGHOHQ�VWHSHQ�QD�UHYLWDOL]DFLMD�L�YR�WUDIR�SROLZDWD�QD�GYHWH�QDSRQVNL
QLYRD���

2EHWH� DNWLYQRVWL� VH� DONL� QD� ODQHFRW� QD� GRYHUOLYRVW� QD
WUDQVIRUPDWRUVNDWD� VWDQLFD�� 7RD� ]QDaL� X^WH� WUR^RFL� �SRPDOL� RG� RQLH� ]D
(75�� QR� VHNRM� SDW� NRJD� `H� VH� SRVWDYL� �RG� ELOR� NRJR�� GLOHPDWD� �VNDSR� H��
YHGQD^�PRUD�GD�VH�]HPH�SUHGYLG�GDOL�LPD�GUXJR�UH^HQLH�

1H� NRUHNWQL� VH� L� QH� NRULVQL� XNDCXYDZDWD� GHND� H� VNDSR�� NRJD� QH� VH
SUHGODJD�GUXJR�UH^HQLH�

�>WR�EL�UHNOH�QD�UXVNDWD��6665��SUDNVD��VUHWQDWD�YR�OLWHUDWXUD��GD�VH
YU^L�VHUYLVLUDZH�QD�(75�VR�RWYDUDZH�QD�VHNRL�GHVHWLQD�JRGLQL"�0RCHEL�YR
GUXJR�YUHPH��VR�GUXJ�NYDOLWHW�QD�PDWHULMDOL��

• 3ULPHUL��RG�SUDNVDWD�QD�(OHNWURSUHQRV�

9R� L]PLQDWLWH� GYH� JRGLQL� VH� L]YU^LMD� WUL� LQWHUYHQFLL� VR� ]DPHQD� QD
PDVOR�QD�VWDUL�(75�L�WRD��GYH�NDM�(75��������kV�EH]�]DPHQD�QD�QDPRWNL�L�HGQD
NDM� (75� �������� kV�� VR� ]DPHQD� QD� QDPRWNLWH� �VWDQXYD� ]ERU� ]D
DYWRWUDQVIRUPDWRU� 7D�� RG� ���� MVA � YR� SRJRQ� RG� ����� JRGLQD��2G� RYLH
LQWHUYHQFLL�QD�(75�VWHNQDWL�VH�QHNRL�OLaQL�LVNXVWYD�NRL�`H�ELGDW�L]ORCHQL
SRVHEQR�

.DNRY�EH^H�UHGRVOHGRW�QD�RGOXNLWH"

• 6OXaDM����YR�76�6NRSMH��

3RVOH�KDYDULMD�QD�7D��YR������JRGLQD�H�RGQHVHQ�YR�VHUYLV��+DYDULMDWD�H
QD�WHUFLHUQDWD�QDPRWND�QD�NRMD�EH^H�SULNOXaHQ�VLQKURQLRW�NRPSHQ]DWRU�

3R� FHORVQD� GHPRQWDCD� QD� QDPRWNLWH� VH� RGOXaXYD� GD� VH� ]DPHQDW� VLWH
QDPRWNL��5D]PLVOXYDZHWR�SRaQXYD�VR�VRPQHYDZH�NDNR�`H�VH�YNORSL�WHUFLHURW�
QDPRWNLWH�VH�VWDUL��MDGURWR�L�MDUHPRW�VH�YR�GREUD�VRVWRMED��NDNR�L�VLWH�GUXJL
GHORYL��VH�GREL�VRJODVQRVW�RG�RVLJXULWHOQDWD�NRPSDQLMD���D�]D�QRY�(75�QH�VH�QL
SRPLVOXYD^H�]DUDGL�YLVRNDWD�FHQD�QR�SUHG�VH�]DUDGL�LGQLQDWD�QD�QDSRQVNRWR
QLYR� ���� kV�� .RQHaQR�� VH� RaHNXYD� GD� VH� REH]EHGL� YLVRNR� QLYR� QD
UDVSRORCLYRVW��D�WRD�QH�H�PRCQR�VR�VWDU�(75�

6OHGXYD^H�RGOXND�]D�QRYR�PDVOR��NRH�aLQH^H�QH^WR�NDNR�WUDQVSRUWRW�
6H�GREL�WUDQVIRUPDWRU�VR�RGOLaQL�SDUDPHWUL�
9R� LVWR� YUHPH� VH� GLVNXWLUD^H� ]D� VXGELQDWD� QD� 7U��� ������� kV� RG� ����

MVA � YR� LVWDWD� WUDQVIRUPDWRUVND� VWDQLFD�� 2YRM� (75� H� RG� ����� JRGLQD�
5H]XOWDWLWH� RG� PHUHZDWD� SRGROJR� YUHPH� ELOH� OR^L�� SD� VH� GLVNXWLUDOR� LVWR
WRONX� YUHPH�� D� HGQD^� QD� OLFH� PHVWR� H� RWYRUHQ� L� ]DWYRUHQ� EH]� SRVHEQL
LQWHUYHQFLL�

0H_XWRD��7U��H�RVWDYHQ��NDNR�UH]HUYD��^WR�]QDaL�]D�YR�SRJRQ�



7DND� QH� VPHH^H� GD� RVWDQH�� VH� GRQHVH� RGOXND� GD� VH� QRVL� YR� VHUYLV�� D
LPDYPH�L� ROHVQLWHOQD�RNROQRVW�� JR� LPDYPH�PDVORWR� RG�7D��� VRVHPD� GREUR� ]D
QDSRQVNR�QLYR�����kV�

1D� 7U�� VH� L]YU^L� UHPRQW� L� QD� FLUNXODFLRQLWH� SXPSL� ]D� PDVOR�� QD
UHJXODFLRQDWD� SUHNORSND�� VH� LVIUOL� JROHPD� NROLaLQD� WDORJ�� VH� SUHUDERWL
LQVWDODFLMDWD�YR�RUPDULWH��VH�]DPHQL�QHGRYHUOLYRWR�EXKROF�UHOH�� VH�L]YU^L
GLKWXYDZH�L�W�Q�

=D�CDO�KDUWLMDWD�H�YR�OR^D�VRVWRMED�

0HUHZDWD�SUHG�SX^WDZH�YR�SRJRQ�SRNDCDD�]QDaLWHOQR�SRGREUXYDZH��D
L�QDUHGQLWH�PHUHZD�SRNDCDD�GREUL�UH]XOWDWL�

• 6OXaDM����YR�76�.DYDGDUFL

2YD� H� VOXaDM� QD� (75� VR� PDVOR�� QD� NRH�� SRUDGL� NDUDNWHULVWLNLWH� L
VRVWRMEDWD�QH�VPHH�GD�PX�VH�GRGDYD�QRYR�PDVOR��VWDQXYD�]ERU�]D�(75��������kV
(OHNWURSXWHUH�����MVA �RG������JRGLQD��

$QDOL]DWD�QD�SULPHURN�RG�KDUWLMDWD�SRNDCD�GHND�KDUWLMDWD�H�YR�GREUD
VRVWRMED��=QDaL� VR� SURPHQDWD�QD�PDVORWR�L� SUHGKRGQLWH�UDERWL� YR� VHUYLV� VH
GREL�GREDU�(75�

2YRM� (75� YR� SULRULWHWRW� EH^H� SRVOH� (75� VR� LVWL� SDUDPHWUL� RG� 76
%LWROD����0H_XWRD��YR�WHNRW�QD�JUHMQDWD�VH]RQD�QHPRCH^H�YR�76�%LWROD���GD�VH
L]YU^DW� SRWUHEQLWH� UDERWL� ]D� GHPRQWDCD� L� PRQWDCD� QD� (75� �RG
NRQVWUXNWLYQL�SULaLQL�YR�76���3RUDGL�WRD�D�LPDM`L�MD�SUHGYLG�NUDMQR�OR^DWD
VRVWRMED�QD�PDVORWR�QD�(75�YR�76�%LWROD��� VH�RGOXaLYPH� GD� JR� SULSUHPLPH
(75�RG�76�.DYDGDUFL��NRM�SUL�SRWUHED�EL�ELO�RGQHVHQ�YR�76�%LWROD���

• 6OXaDM����YR�76�%LWROD��

6R�QDSROQR�GHJUDGLUDQR�PDVOR��EH]�PRCQRVW�]D�GROLYDZH��VR�GRGDYDZH
QRYR� PDVOR� L]GYRMXYDZHWR� QD� WDORJ� RG� VWDURWR� EL� VH� ]JROHPLOR��� ]D
LQWHUYHQFLMD�QD�RYRM�(75�VH�aHND�GD�VH�GRELH�QRYRWR�PDVOR�

,� SRNUDM� WRD� ^WR� VH� L]PHUHQL� PQRJX� QLVNL� YUHGQRVWL� QD� RWSRURW� QD
L]RODFLMD� (75�� YR� WHNRW� QD� L]PLQDWDWD� VH]RQD�� PRUD^H� GD� ELGH� SX^WDQ� YR
SRJRQ��1HNRM�PRUD^H�GD�MD�QRVL�RGJRYRUQRVWD�

•� •� •

.DNR�^WR�EH^H�UHaHQR�SRQDSUHG�FHOWD�QD�WHNVWRW� �YR�NRM�QHPD�QL^WR
QRYR�� QHSR]QDWR�� H� GD� MD� SRVWDYL� WHPDWD� RNROX� VXGELQDWD� QD� VWDULWH� (75� QD
MDYQD�UDVSUDYD��GD�VH�GRQHVDW��RGQRVQR�GD�VH�UDERWL�QD�GRQHVXYDZH��]DHGQLaNL
]DNOXaRFL��D�QH�L�SRQDWDPX�VHNRM�GD�UDERWL�]D�VOXaDMRW�QD��VRSVWYHQLRW��(75�

8^WH� HGQD^� `H� JR� SRWHQFLUDDW� UD]PLVOXYDZHWR�� DNR� (75� H� VWDU� L� VR
OR^L� NDUDNWHULVWLNL� PRUD� GD� VH� LVIUOL� RG� XSRWUHED�� D� DNR� VH� aXYD�� PDNDU
NDNR�UH]HUYD��^WR�QH�PHQXYD�QL^WR��ELGHM`L�YR�L]YHVQD�VRVWRMED�VH�RaHNXYD�GD
ELGH�YR�SRJRQ��WRJD^�PRUD�QH^WR�GD�VH�SUHY]HPH�

>WR�GD�VH�SUHY]HPH"

3UHGORJRW� H� UH^HQLHWR� GD� VH� EDUD� ]D� VLWH� (75� GRVSHDQL� ]D� YDNYD
DQDOL]D��5DERWHM`L�SR�SULRULWHWHQ�UHGRVOHG�`H�VH�SRVWLJQH�QDMJROHP�HIHNW�



• • •

1R��GDOL�YRRS^WR�RYDD�WHPD�H�ELWQD�NDM�QDV"
$NR�VWDQXYD�]ERU�]D�QHNRONX�(75��WRJD^�L�QH�H�QHNRM�SUREOHP�

1R��DNR�VH�SRYH`H�WRJD^�H�SUREOHP��SD�H�SRWUHEQD�FHORVQD�UDQJOLVWD�

• =DNOXaRFL

3UL�L]QHVXYDZH�QD�]DNOXaRFLWH�PRUDP�GD�JR�L]UD]DP�CDOHZHWR�^WR�VPH
SULQXGHQL�GD�ELGHPH�SUHRNXSLUDQL�VR�UH^HQLMD�]D�GRWUDHQL�(75�]D�NRL��^WR�H
X^WH� SRVWUD^QR� PQRJX� aHVWR� QHPD� GRYROQR� SRGDWRFL� ]D� VRVWRMEDWD�� 9R� LVWR
YUHPH�YR�VYHWRW��QD^L�NROHJL��HNVSORDWLUDDW�(75�VR�QRYL�WHKQLaNL�UH^HQLMD�
D� NDM� (75� VR� VWDULWH� WHKQLaNL� UH^HQLMD� UDVSRODJDDW� VR� VLVWHPL� ]D
NRQWLQXLUDQ� PRQLWRULQJ� YR� SRJRQVNL� XVORYL�� 1D� JROHPR� YH`H� VH� UDERWL� QD
UHGRYQR�RGUCXYDZH�VSRUHG�VRVWRMED�

1R��QLH�PRUDPH�L�SRQDWDPX�GD�MD�SRWHQFLUDPH�SRWUHEDWD�RG�
�5HGRYQL�PHUHZD�L�LVSLWXYDZD�QD�(75�
�3RYH`HJRGL^QL�SRGDWRFL�RG�WDNYLWH�PHUHZD��]D�GRQHVXYDZH
��NYDOLWHWQL�RGOXNL�
�3RVHEQL�SURJUDPL�]D�VOHGHZH�QD�VRVWRMEDWD�QD�VHUYLVLUDQLWH�(75�

=D� L]UDERWND� QD� SURJUDPD� NRMD� `H� JL� RSIDWL� VLWH� (75� GRVSHDQL�� D� L
RQLH�YR�EOLVND�LGQLQD��]D�LQWHUYHQFLMD�SRWUHEQR�H�]DGDaDWD�GD�PX�VH�GRYHUL�QD
VWUXaHQ�WLP�

6WUXaQLRW�WLP�WUHED�
�GD�JL�XWYUGL�NULWHULXPLWH��VR�NRL�`H�VH�L]JRWYL�SULRULWHWHQ�
�UHGRVOHG�
�GD�MD�XWYUGL�VSHFLILNDFLMDWD�QD�UDERWLWH�]D�SRHGLQL�VOXaDL�
�GD�QDSUDYL�RFHQD�QD�GRYHUOLYRVWD�L�SUHRVWDQDWLRW�CLYRWHQ�YHN��]D
�UD]OLaQL�REHPL�QD�LQWHUYHQFLL�
�GD�NDCH�NRL�(75�QH�VH�]D�XSRWUHED�

=QDaL� VWDQXYD� ]ERU� ]D� L]UDERWND� QD� SURJUDPD� ]D� RGUHGHQ� VWHSHQ� QD
UHYLWDOL]DFLMD�� NRMD� `H� JL� UDVWHUHWL� SRHGLQFLWH� RG� GLOHPL�� D� `H� RYR]PRCL
UD]UH^XYDZH�QD�SUD^DZHWR�RNROX�VWDULWH�(75��D�^WR�H�QDMYDCQR�WRD�GD�ELGH
VR�QDMPDOL�WUR^RFL�
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