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9R� WUXGRW� H� SULNDCDQD� VWDWLVWLaND� DQDOL]D� QD� PHUHQLWH� SRGDWRFL� YR
SRVWURMNDWD�]D�SRGREUXYDZH�QD�UDERWQLWH�UDPNL�QD�RSHUDWRULWH�L�]D�SUHGYLGXYDZH�QD
QHNRL� QDVWDQL� NRL� PRCH� GD� VH� VOXaDW�� 2G� ^LURNDWD� OHSH]D� QD� VWDWLVWLaND� DQDOL]D�
PHUQLWH�SRGDWRFL�VH�REUDERWHQL�VSRUHG�VXPDUQD�VWDWLVWLND��KLVWRJUDP�QD�IUHNYHQFLMD
QD� SRMDYD� QD� PHUQDWD� YUHGQRVW�� UDVSUHGHOED� QD� PHUQLWH� YUHGQRVWL�� DQDOL]D� QD
YDULMDQVDWD�L�RSUHGHOXYDZH�QD�NRUHODFLMD�

3UD^DZD�]D�GLVNXVLMD

�� .DNYD�H�PRCQRVWD�]D�SURFHVLUDZH�QD�PHUQLWH�JROHPLQL�YR�UD]YRGQLWH�SRVWURMNL�]D
VWDWLVWLaND�DQDOL]D"

�� .RONDY� H� SRWUHEQLRW� PLQLPDOHQ� YUHPHQVNL� LQWHUYDO� QD� VXNFHVLYQL� PHUHZD� ]D
SRHGLQLWH�JROHPLQL�]D�GD�VWDWLVWLaNDWD�DQDOL]D�ELGH�L]GUCDQD"
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9R� WUXGRW� H� SULNDCDQ� NRULVQLaNL� LQWHUIHMV� ]D�on-line� VOHGHZH� QD� SRJRQRW� YR
UD]YRGQD� SRVWURMND�� 1RYLRW� NRQFHSW� QD� DYWRPDWL]DFLMD� QD� SRVWURMNLWH� EDUD� SRYH`H
LQIRUPDFLL�NRL�VH�GRYHUOLYL��VWUXNWXULUDQL�L�UDVSRORCLYL�]D�NRULVQLNRW��9DNYDWD
FHO� PRCH� GD� VH� SRVWLJQH� VR� on-line� PRQLWRULQJ� NDNR� GHO� RG� NRPSOHNVQDWD
DYWRPDWL]DFLMD� YR� SRVWURMNLWH�� .RULVQLaNL� SULPHQOLYLRW� LQWHUIHMV� UD]YLHQ� YR�MS
Access UHODFLRQL� ED]L� QD� SRGDWRFL�� RYR]PRCXYD� SRGREDU� QDG]RU� QDG� SURFHVRW� L
IXQNLRQDOQRVW� QD� GRELHQDWD� LQIRUPDFLMD�� =D� NRPSOHWQDWD� OLVWD� QD� VOHGHQLWH
SURPHQOLYL� QHRSKRGQR� EH^H� GD� VH� NUHLUDDW� SURJUDPVNL� IXQNFLL� VR� SRPR^� QD
HILNDVQL� DODWNL� QD� SHUVRQDOHQ� NRPSMXWHU�� 5D]YLHQDWD� YL]XHOL]DFLMD� QD� SURFHVRW� YR
WINDOWS� RNROLQDWD� RYR]PRCXYD� PXOWL�PHGLMVND� SUH]HQWDFLMD� VR� SRPR^� QD� PUHCD�
,VWR� WDND� WUHQGRW� L� L]YH^WDLWH� VH� GHILQLUDQL� VR� YNOXaXYDZH� QD� GHO� VHOHNWLUDQL



SURPHQOLYL��%LGHM`L�SURJUDPRW�RYR]PRCXYD�DQDOL]D�L�QD�QHNRL�VOXaDL�NRL�PRCDW�GD
QDVWDQDW�LVWLRW�PRCH�GD�VH�NRULVWL�L�]D�WUHQLQJ�

3UD^DZD�]D�GLVNXVLMD

�� .DNYD� H� UHDOQDWD� SRWUHED� YR� YRYHGXYDZH� PRQLWRULQJ� VLVWHPL� YR� UD]YRGQLWH
SRVWURMNL�QD�QDSRQL�QDG�����kV"

�� 'DOL�YDNYLWH�VLVWHPL�VH�NRPHUFLMDOQR�HNRQRPLaQL�]D�SR^LURND�SULPHQD"
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9R�WUXGRW�H�SULNDCDQ�PHWRG�]D�EU]R�RSUHGHOXYDZH�QD�UDVSRORCLYRVWD�QD�^HPL
QD� UD]YRGQL� SRVWURMNL� NRMD� ED]LUD� QD� SRVWHSHQR� XSURVWXYDZH� QD�^HPDWD� QD� UD]YRGQD
SRVWURMND�YR�HNYLYDOHQWQD�^HPD� VR�LVWD�UDVSRORCLYRVW��3UL�WRD�� VOLaQR�NDNR�L�SUL
WUDQVILJXUDFLMD� QD� HOHNWULaQLWH� NROD� L� RSUHGHOXYDZHWR� QD� HNYLYDOHQWQLWH
LPSHGDQVL��VH�NRULVWL�HNYLYDOHQWLUDZH�QD�UHGQR�SDUDOHOQLWH�YUVNL�QD�HOHPHQWLWH�L
WUDQVIRUPDFLMD�QD�HOHPHQWL�SRYU]DQL�YR�\YH]GD�YR�HOHPHQWL�SRYU]DQL�YR�WULDJROQLN�L
REUDWQR�� ,]YHGHQL� VH� WRaQL� L� DSURNVLPLUDQL� IRUPXOL� ]D� L]YU^XYDZH� QD� RYLH
HNYLYDOHQWQL� SR� UDVSRORCLYRVW� WUDQVIRUPDFLL� L� H� GLVNXWLUDQD� PRCQDWD� REODVW� QD
QLYQD�SULPHQD��%LGHM`L�UD]YRGQLWH�SRVWURMNL�SUHWVWDYXYDDW�WHKQaNL�VLVWHPL�VR�YLVRND
UDVSRORCLYRVW��VH�SRNDCXYD�GHND�L�XSRWUHEDWD�QD�DSURNVLPLUDQLWH��RGQRVQR�SRPDONX
WRaQL��IRUPXOL�PRCH� GD� GDGH� VRVHPD� SULIDWOLYL� UH]XOWDWL��0HWRGRW� H� WHVWLUDQ� QD
NRQNUHWHQ�SULPHU�QD�NDUDNWHULVWLaQD�^HPD�QD�UD]YRGQD�SRVWURMND�

3UD^DZD�]D�GLVNXVLMD�

�� 'DOL�SRVWRMDW�YR�VYHWVNDWD�OLWHUDWXUD�LVNXVWYD�YR�SUHVPHWNLWH�QD�UDVSRORCLYRVWD
QD� ^HPLWH� YR� UD]YRGQLWH� SRVWURMNL� VR� SUHGORCHQRWR� XSURVWXYDZH� L
WUDQVILJXUDFLMD��L�NDNYL�VH�LVWLWH"
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9R� VWDQGDUGLWH� ]D� SURHNWLUDZH� L� JUDGED� QD� HOHNWURHQHUJHWVNL� REMHNWL
EH]EHGQRVWD�QD�OX_HWR�RG�SRYUHGL�RG�HOHNWULaQD� VWUXMD� H� GHILQLUDQD� VR�GR]YROHQLWH
YUHGQRVWL�QD�QDSRQ�QD�aHNRU�L�QDSRQ�QD�GRSLU��2YLH�YUHGQRVWL�VH�GRELHQL�YU]�RVQRYD
QD�UDVSRORCLYLWH�VR]QDQLMD�]D�HOHNWURWUDXPDWL]PRW��6SRUHG�RYRM�NULWHULXP��NRM�^WR
SUHWVWDYXYD� NODVLaHQ� QDaLQ� ]D� SURFHQND� QD� HOHNWULaQDWD� EH]EHGQRVW�� VHNRM� QDSRQ
SRYLVRN�RG�GR]YROHQDWD�YUHGQRVW�QD�QDSRQ�QD�GRSLU�LOL�aHNRU�VH�VPHWD�]D�RSDVHQ�

5L]LN�RG�QHVUH`L�RG�HOHNWULaQD�VWUXMD�SUHWVWDYXYD�NYDQWLWDWLYHQ�SRND]DWHO�QD
]DJUR]HQRVWD� QD� OX_HWR� YR� HGQD� HOHNWULaQD�UD]YRGQD�SRVWURMND� L� LVWLRW� VH� GHILQLUD
NDNR� WRWDOQD� YHURMDWQRVW� aRYHN� GD� QDVWUDGD� RG� HOHNWULaHQ� XGDU� YR� HGQD� HOHNWULaQD
UD]YRGQD�SRVWURMND�]D�SHULRG�RG�HGQD�JRGLQD�



9R�RYRM�UHIHUDW�H�GDGHQ�SUHJOHG�QD�GRVHJD^QLWH�DQDOL]L�QD�UL]LNRW�RG�QHVUH`L
RG�HOHNWULaQD�VWUXMD�
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9R� WUXGRW� H� QDSUDYHQ� RELG�� YU]� ED]D� QD� EURMRW� QD� SRYUHGL� QD� UDERWD� YR
SRVOHGQLWH�JRGLQL��GD�VH�SURJQR]LUD�EURMRW�QD�SRYUHGL�QD�UDERWD�GR������J��9U]�ED]D�QD
SURJQR]DWD��RWYRUHQL�VH�QL]D�QDMVX^WHVWYHQL�SUD^DZD�L�GDGHQL�VH�NRQNUHWQL�SUHGOR]L�

3UD^DZD�]D�GLVNXVLMD�

�� 1D�NRM�QDaLQ�VH�GRELHQL�SRGDWRFLWH�]D�SRYUHGLWH�SUL�UDERWD�SUH]HQWLUDQL�YR�RYRM
WUXG"

�� 'DOL� SRVWRL� UHJXODWLYD� QD� NRPSOHNVQD� DQDOL]D� QD� VHNRMD� SRYUHGD� QD� UDERWD� VR
WRaQD�GLMDJQRVWLND�QD�SULaLQLWH�L�SRVOHGLFLWH�RG�LVWDWD"
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1DSUDYHQD�H�DQDOL]D�QD�YOLMDQLHWR�QD�PHWDOQLWH�SOD^WRYL�QD�VUHGQRQDSRQVNLWH
NDEOL� YU]� NDUDNWHULVWLNLWH� QD� ]D]HPMXYDaL� QD� WUDIRVWDQLFLWH� YLVRN�VUHGHQ� QDSRQ�
$QDOL]DWD� H� VSURYHGHQD� SUL� PHQXYDZH� QD� VSHFLILaQDWD� RWSRUQRVW� QD� WORWR� L
RWSRUQRVWD�QD�UDVWHaXYDZH�QD�]D]HPMXYDaLWH�QD�WUDIRVWDQLFLWH�VUHGHQ�QL]RN�QDSRQ�

3UD^DZD�]D�GLVNXVLMD�

�� 'DOL�H�L]YU^HQD�VSRUHGED�QD�UH]XOWDWLWH�RG�SUHGORCHQDWD�DQDOL]D�YR�RYRM�WUXG�VR
GRVHJD� SR]QDWLWH� UH]XOWDWL� RG� VOLaQL� DQDOL]L� �L� NRQNUHWQL� PHUHZD�� REMDYHQL� YR
VYHWVNDWD� OLWHUDWXUD�� L� NDNYL� VH� RWVWDSXYDZDWD� RG� SR]QDWLWH� UH]XOWDWL� ]D� RYDD
SUREOHPDWLND"
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9R�RYRM�UHIHUDW�H�SULNDCDQD�SRWUHEDWD�RG�SRGHWDOQL�LVSLWXYDZD�QD�RSUHPDWD
SUL� SUHY]HPDZHWR� RG� SURL]YHGLWHORW� ]DUDGL� IDNWRW� ^WR� RGUHGHQL� IDEULaNL
QHGRVWDWRFL� QD� LVWDWD� PRCDW� GD� VH� RWVOLNDDW� NDNR� JROHPL� JUH^NL� YR� WHNRW� QD
UDERWHZHWR�QD�UD]YRGQDWD�SRVWURMND��9R�NRQNUHWQLRW�VOXaDM�VH�UDERWL�]D�LVNXVWYR�VR
OR^D�VHULMD�QD�YLVRNRQDSRQVNL�VWUXMQL�WUDQVIRUPDWRUL�



3UD^DZD�]D�GLVNXVLMD�

�� .DNYL� VH� LVNXVWYDWD� VR� LVSLWXYDZHWR� QD� RSUHPDWD� YR� YLVRNRQDSRQVNLWH� UD]YRGQL
SRVWURMNL�L�VR�QHM]LQDWD�HNVSODWDFLMD�YR�QD^DWD�]HPMD"
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9R� RYRM� UHIHUDW� VH� SUH]HQWLUDQL� LVNXVWYDWD� YR� SULPHQDWD� QD� L]RODFLRQLWH
]D^WLWQL� VUHGVWYD� ]D� EH]EHGQD� L� VLJXUQD� UDERWD� YR� REMHNWLWH� QD� 5(.� %LWROD�
3UH]HQWLUDQL�VH�PDQLSXODFLLWH�YR�SRVWURMNLWH�����kV�� ����kV�� ������kV� L� ����kV� SUL
SHULRGLaQLWH�LVSLWXYDZD�QD�L]RODFLRQLWH�]D^WLWQL�VUHGVWYD�

3UD^DZD�]D�GLVNXVLMD�

�� 3UREOHPL�NRL� VH� MDYXYDDW� SUL� XSRWUHED� QD� VHNXQGDUQL� ]D^WLWQL� VUHGVWYD� �WHSLK�
SRVWDYH�SUHG���kV�GYRUHGQL�UD]YRGL�YR�7(��RWHCQDWD�UDERWD�SUL�L]YOHNXYDZH�QD�91
SUHNLQXYDaL�SUL�SUL�^WR�GRD_D�GR�R^WHWXYDZH�QD�L]RODFLRQLRW�WHSLK��0RCQRVWL
]D� QLYQD� ]DPHQD� VR� HNYLSRWHQFLMDOL]DFLMD� QD� NX`L^WD� RG�91�� UD]YRGL�SUHGOR]L� L
LVNXVWYD�

�� .RQWUROD�RG�QDGOHCQL�RUJDQL��QDMQRYL�VR]QDQLMD�NRL�MD�REUDERWXYDDW�RYDD�PDWHULMD
VRJODVQR�IEC�VWDQGDUGLWH�GHQHV��GUCDYQD�UHJXODWLYD�YR�5��0DNHGRQLMD�
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9R� RYM� UHIHUDW� VH� SUH]HQWLUDQL� LVNXVWYD� YR� RUJDQL]DFLMDWD� QD� UDERWD� YR
WUDIRVWDQLFDWD� �������� kV� %LWROD� ��� NDGH� ]JROHPHQDWD� EXGQRVW� L� GLVFLSOLQD� QD
VWUXaQLRW�SHUVRQDO�YR�JROHPD�PHUND�JL�QDGRSROQXYD�QHGRVWDWRFLWH�^WR�SURL]OHJXYDDW
RG�QHYJUDGHQD�PRQLWRULQJ�RSUHPD�

3UD^DZD�]D�GLVNXVLMD�

�� .DNYL�VH�LVNXVWYDWD�YR�GUXJLWH�WHUPRHQHUJHWVNL�REMHNWL�YR�0DNHGRQLMD"
�� 'D�VH�RFHQL�SRWUHEDWD�RG�LWQR�YJUDGXYDZH�QD�VRRGYHWQD�RSUHPD�]D�QDGJOHGXYDZH�L

VLJQDOL]DFLMD�VR�SRWUHEQD�WHKQR�HNRQRPVND�DQDOL]D�



5������ ,�� %(1'(96.,�� #�� 62./(96.,�� 6�� %2#,1296.,�� '�
9,'$1296.,�� 0(5(:(� 1$� .9$/,7(7� 1$� =$=(0-,7(/1,27
6,67(0�92�7(�%,72/$�,�76�%,72/$��

9R� RYRM� WUXG� VH� GDGHQL� UH]XOWDWLWH� RG� PHUHZHWR� QD� ]D]HPMXYDaNLRW� VLVWHP� QD
NRPSOHNVRW�7(�%LWROD� ��76�%LWROD� ���9R� WUXGRW� VH� L]QHVHQL�SUDNWLaQLWH�SUREOHPL
NRL�VH�MDYXYDDW�SUL�YDNYL�PHUHZD�YR�REMHNWL�VR�JXVWD�NRQILJXUDFLMD�L�WH^NRWLLWH�QD
NRL� VH� QDLGXYD� ]DUDGL� YOLMDQLHWR� QD� RYDD� JXVWD� NRQILJXUDFLMD� QD� UH]XOWDWLWH� RG
PHUHZDWD�

3UD^DZD�]D�GLVNXVLMD�

�� 'DOL� L� YR� GUXJLWH� VOLaQL� HOHNWURHQHUJHWVNL� REMHNWL� H� ]HPHQ� SUHGYLG� JXVWDWD
NRQILJXUDFLMD�QD�GDOHNRYRGL�L�QD�NRM�QDaLQ�VH�UH^DYDQL�VRRGYHWQLWH�SUREOHPL"

�� 'DOL�SRVWRL�PHUQD�RSUHPD�YR�LVNXVWYDWD�YR�VYHWRW�VR�NRMD�PRCDW�GD�VH�HOLPLQLUDDW
XRaHQLWH�WH^NRWLL"
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3RVOHGQLYH�QHNRONX�JRGLQL�GRMGH�GR�WHKQROR^NL�SURPHQL�NDM� VLVWHPLWH�]D
NRQWUROD� YR� UD]YRGQLWH� SRVWURMNL�� � 6SRUHG� WLH� SURPHQL� SRVWURMNDWD� UDERWL
SREOLVNX� GR� JUDQLaQLWH� YUHGQRVWL�� VR� FHO� GD� VH� RVWYDUL� SRWUHEDWD� RG� SR�
HNRQRPLaQD� UDERWD�� 7RD� LP� SRVWDYXYD� QRYL� EDUDZD� QD� SRJRQVNLRW� SHUVRQDO� L
RSHUDWRULWH��9R�WUXGRW�H�SULNDCDQD�VWDWLVWLaND�DQDOL]D�QD�PHUHQLWH�SRGDWRFL�YR
SRVWURMNDWD�]D�SRGREUXYDZH�QD�UDERWQLWH�UDPNL�QD�RSHUDWRULWH�L�]D�SUHGYLGXYDZH
QD� QHNRL� QDVWDQL� NRL� PRCH� GD� VH� VOXaDW�� 2G� ^LURNDWD� OHSH]D� QD� VWDWLVWLaND
DQDOL]D��PHUHQLWH�SRGDWRFL� VH�REUDERWHQL� VSRUHG� VXPDUQD� VWDWLVWLND�� KLVWRJUDP
QD� IUHNYHQFLMD� QD� SRMDYD� QD� PHUHQDWD� YUHGQRVW�� � UDVSUHGHOED� QD� PHUHQLWH
YUHGQRVWL��DQDOL]D�QD�YDULMDQVDWD�L�RSUHGHOXYDZH�QD�NRUHODFLMD�

.OXaQL�]ERURYL���5D]YRGQD�SRVWURMND��0HUHQL�SRGDWRFL��6WDWLVWLaND�DQDOL]D

ABSTRACT

Over the last few years there have been technological changes in substation control
systems. In that respect substation must be operated closer to their limits in order to improve the
need for more cost-effective operation. Those requirements placing placing new demands on the
skill and operators.  The paper presents a statistical analysis of the measured data in the
substation to enhance the operators  work settings and to predict some events that may be
happened. From the wide range of statistical analysis the measured data are work out with
Summary statistics, Frequency Histogram,  Distribution Fitting, Analysis of Variance and
Correlation Analysis.

Keywords: Substation,  Measured Data,  Statistical Analysis
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6SRUHG� SRWUHELWH� QD� SRJRQVNLRW� RSHUDWLYHQ� SHUVRQDO� YR� FHQWULWH� ]D
XSUDYXYDZH�VR�SRVWURMNLWH��NDNR�L�YR�VDPLWH�SRVWURMNL�VH�QDPHWQXYD�SRWUHEDWD�RG
RSVHCQD� DQDOL]D� QD� PHUHQLWH� SRGDWRFL�� 3UHG� Vv�� GRELHQDWD� LQIRUPDFLMDWD� ]D



YUHGQRVWLWH� QD� SRHGLQLWH� IL]LaNL� JROHPLQL� YR� DQDORJQD� LOL� GLJLWDOQD� IRUPD
WUHED�GD�VH�REUDERWL��1DMaHVWR�REUDERWNDWD�WUHED�GD�H�VWDWLVWLaND��D�UH]XOWDWLWH
GD� VH� DCXULUDDW� YR� KDUGYHUVNLWH� NRQILJXUDFLL� QD� VRILVWLFLUDQLWH� VLVWHPL� ]D
NRQWUROD��'RNRONX��YDNYD�DQDOL]D�SRVWRL�LVWDWD�WUHED�GD�VH�RVPLVOL�YR�IXQNFLMD
QD�NRPSOHNVQDWD�DYWRPDWL]DFLMD�QD�SRVWURMNDWD�

����3275(%$�2'�67$7,67,A.$�$1$/,=$�1$�0(5(1,7(�32'$72&,

$YWRPDWL]DFLMDWD� QD� SRJRQRW� QD� UD]YRGQDWD� SRVWURMND� SUHWVWDYXYD
DNWXHOQRVW�YR�VRYUHPHQLRW�NRQFHSW�QD�HOHNWURHQHUJHWVNLRW�VLVWHP�L�NDNR�WDNYD�H
SUHGPHW�QD�VHVWUDQR�SURXaXYDZH��SULPHQD�L�SHUPDQHQWQR�RVRYUHPHQXYDZH��2VREHQ
EU]� WUHQG� YR� UD]YRMRW� DYWRPDWL]DFLMDWD� YR� UD]YRGQLWH� SRVWURMNL� � SRVWLJQD� YR
SRVOHGQLYH� QHNRONX� JRGLQL�� ^WR� VH� GROCL� QD� LQWHQ]LYQRWR� QDYOHJXYDZH� QD
LQIRUPDWLaNDWD�L�WHOHNRPXQLNDFLRQD�WHKQRORJLMD�YR�HOHNWURHQHUJHWLNDWD��2VYHQ
WRD�Vv�SRRVWULWH�NULWHULXPL�QD�SRJRQRW�YR�RGQRV�QD�UHDOL]DFLMD�QD�GDOHaLQVNRWR
YRGHZH� L� IXQNFLLWH� QD� ORNDOQDWD� DYWRPDWLND� QDODJDDW� VHULR]HQ� SULVWDS� YR
REUDERWNDWD� QD� PHUHQLWH� UHDOQL� SRGDWRFL� ]D� NDUDNWHULVWLaQLWH� JROHPLQL�
2SHUDWLYQLRW� SHUVRQDO� H� VRRaHQ� VR� SRWUHEDWD� RG� VRJOHGXYDZH� L� DQDOL]D� QD
SRJRQVNLWH�SDUDPHWUL�L�HYHQWXDOQL�LGQL�QDVWDQL�NRL�EL�PRCHOH�GD�QDVWDQDW��1R�
VH�SRVWDYXYDDW�QL]D�SUD^DZD�NDNR�QD�SULPHU��>WR�GD�VH�PHUL"��.DNR�GD�VH�PHUL"�
.DGH�GD�VH�PHUL"�L� �6R�NRMD�YUHPHQVND�GLQDPLND�GD�VH�PHUL"�2GJRYRULWH�QD� VLWH
RYLH� SUD^DZD� ]DYLVDW� SUHG� Vv� RG� � FHOWD� ^WR� VDND� GD� VH� SRVWLJQH� VR� PHUHQDWD
LQIRUPDFLMD�

6WDWLVWLaNDWD� DQDOL]D� QXGL� ^LURND� OHSH]D� QD� IXQNFLL� NDNR�� RVQRYQL
VWDWLVWLaNL�SRND]DWHOL��GHVNULSWLYQD� VWDWLVWLND�� DQDOL]D�QD� YUHPHQVNLWH� VHULL�
UDVSUHGHOED� �GLVWULEXFLMD�� QD� PHUHQLWH� JROHPLQL�� DQDOL]D� QD� YDULMDQVDWD� L
NRYDULMDQVDWD��NRUHODFLMD�L�UHJUHVLMD�� HVWLPDFLMD�L�WHVWRYL�� � L� VO�� �6RRWYHWQR�QD
RYD� VH� SRVWDYXYD� SUD^DZHWR� �>WR� RG� JROHPLWH� L� RS^LUQL� PRCQRVWL� QD
VWDWLVWLaNDWD� � DQDOL]D� H� YRRS^WR� SRWUHEQR� NDNR� SULPHQD� QD� UHDOQD� UD]YRGQD
SRVWURMND"�� 2GJRYRURW� QD� RYD� SUD^DZH� OHCL� YR� GRVWLJQDWRWR� QLYR� QD
DYWRPDWL]DFLMD� L� NULWHULXPLWH� NRL� WUHED� GD� JL� ]DGRYROL� SRJRQRW�� � 6R� HGHQ
RVPLVOHQ�SULVWDS�YR�DQDOL]DWD�QD�SRJRQRW�QD�UD]YRGQDWD�SRVWURMND�L�NRULVWHZH�QD
SUHG� Vv� PRCQRVWLWH� ^WR� JL� GDYD� VWDWLVWLNDWD�� VH� RYR]PRCXYD� NYDOLWDWLYQD
SURFHQND� L� SUHSR]QDYDZH� QD� QL]D� PRCQL� QDVWDQL�� 6R� WRD�� YRYHGXYDZHWR� QD
VWDWLVWLaND�DQDOL]D��]D�SUHG�Vv�RVQRYQLWH�JROHPLQL�QD�SRJRQRW��QDSRQRW��VWUXMDWD�
IUHNYHQFLMDWD�L�GU����SUHWVWDYXYD�QHPLQRYQD�SRWUHED��.RJD�`H�VH�]HPH�Y�SUHGYLG�L
VRYUHPHQLRW� NRQFHSW� QD� YRGHZHWR� QD� SRVWURMNDWD� WRJD^� NRPHUFLMDOQDWD
RSUDYGDQRVW��RG�YDNYL�L�VOLaQL�DQDOL]L��QH�WUHED�SRVHEQR�GD�VH�GRNDCXYD�

����23,6�1$�5$=92'1$7$�326752-.$

0HUHZDWD�QD�SRHGLQLWH�PHUHQL�JROHPLQL�VH�YU^HQL�YR�76�����������kV��-XJ�
QRYD���aLMD�JODYQD�QDPHQD�H�VQDEGXYDZH�QD�GRPD`LQVWYDWD�VR�HOHNWULaQD�HQHUJLMD�
1D�6O���H�GDGHQD�HGQRSROQDWD�^HPD�QD�SRVWURMNDWD��VR�NDUDNWHULVWLaQLWH�SROLZD�
3RVWURMNDWD� � ��� kV� VH� VRVWRL� RG� GYD� VLVWHPD� VHNFLRQLUDQL� VRELUQLFL�� QD� VHNRMD
VHNFLMD�VH�QDR_D�SR�HGHQ��������kV�QDSRQVNL�PHUHQ�WUDQVIRUPDWRU��RG�NRM�VH�GRELYD
LQIRUPDFLMD� ]D� OLQLVNLRW� QDSRQ�� 1D� VUHGQDWD� ID]D� RG� ��� kV VWUDQD� QD



HQHUJHWVNLRW� WUDQVIRUPDWRU� VH� QDR_D� VWUXHQ� PHUHQ� WUDQVIRUPDWRU� ������ A�� ]D
GRELYDZH�LQIRUPDFLMD�]D�VWUXMDWD��1D�VRELUQLFLWH�VH�SULNOXaHQL����L]YRGD�RG�NRL
�����VH�QD�SUYDWD�D�������QD�YWRUDWD�VHNFLMD��1D�VHNRM�L]YRG�H�SULNOXaHQ�SR�HGHQ

6O�� (GQRSROQD ^HPD QD WUDQIRVWDQLFDWD �-XJ�QRYD�

7DEHOD  I. 0HUHQL SRGDWRFL ]D ��YL GHNHPYUL ����� �SULNDCDQL VDPR ]D �� aDVD�

A B110 kV

10 kV 35 kV
A

B

C

D

110/10 kV
TR 1

DV 2

110/35 kV
TR 3

. . . . . . . . . . . . . . . . . . . .

1-18 19-34

ADV 1 2 3 4 5 6 7 8 9 10 11 12
I (T R 1) 600,20 521,99 455,52 424,24 424,24 424,24 486,80 608,02 768,33 899,32 950,15 1028,35

P  (T R 1) 9,24 7,83 6,89 6,19 5,95 6,42 7,39 9,68 11,64 13,60 14,34 15,54

Q (T R 1) 2,24 2,24 2,24 2,26 2,26 2,09 2,26 2,11 1,59 1,59 1,59 1,87

U (MU1a) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

U (MU1b) 10,72 10,83 10,88 10,89 10,85 10,88 10,91 10,75 10,15 10,08 10,03 10,06

U (MU2c) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

U (MU2d) 10,78 10,89 10,95 10,97 10,93 10,93 10,97 10,83 10,25 10,13 10,09 10,12

I (izv 4) 64,32 53,18 49,07 40,27 44,57 48,29 62,76 75,66 87,59 98,34 106,16 119,06

I (izv 12) 34,02 31,28 30,69 28,15 27,96 29,13 33,24 37,34 42,42 46,92 51,22 57,87

I (izv 13) 46,33 40,27 34,80 32,06 31,28 35,39 38,12 52,00 76,44 94,04 87,78 104,40

I (izv 15) 71,16 62,95 50,64 52,98 47,12 48,09 57,28 72,53 94,82 111,63 113,78 127,27

I (izv 22) 23,46 21,70 19,16 19,35 19,35 20,92 26,78 36,17 43,60 53,57 54,94 59,63

I (izv 23) 34,02 29,52 24,69 24,83 25,42 21,70 26,59 31,08 39,88 55,72 61,78 66,86

I (izv 24) 83,28 73,31 64,52 56,11 55,33 58,06 66,28 91,30 101,08 120,63 128,84 131,77

I (izv 29) 47,70 39,69 34,80 36,36 35,29 37,54 40,86 40,47 45,94 56,89 55,52 57,67

I (izv 30) 27,17 23,26 21,51 20,53 23,26 18,96 24,44 34,41 42,82 52,00 55,13 58,46

I (izv 32) 78,59 68,43 61,19 53,96 53,37 57,28 56,70 76,64 96,77 110,07 121,60 126,29

I (izv 33) 85,83 74,88 67,06 57,87 58,65 57,48 63,15 73,51 94,82 111,83 115,74 121,02

I (izv 34) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00



VWUXHQ� PHUHQ� WUDQVIRUPDWRU� RG� NRM� VH� GRELYD� LQIRUPDFLMD� ]D� VWUXMQRWR
RSWRYDUXYDZH�QD�VHNRM�L]YRG�SRVHEQR��2G�GLVSHaHUVNLRW�FHQWDU�QD�(OHNWUR�6NRSMH
VH�GRELHQL�SRGDWRFL�]D�VRVWRMELWH�QD�QDSRQRW��VWUXMDWD�L�PR`QRVWLWH��PHUHQL�VHNRM
aDV�]D�SHULRGRW�RG���YL�GR���PL�GHNHPYUL������J���9R�UDERWQDWD�WDEHOD��7DEHOD�I��VH
GDGHQL� YUHGQRVWLWH� QD� VWUXMDWD� QD� WUDQVIRUPDWRURW� TR1,� QDSRQLWH� QD� ��� kV
VRELUQLFD�� DNWLYQDWD� L� UHDNWLYQDWD� PR`QRVW� QD� WUDQVIRUPDWRURW� L� VWUXLWH� QL]
L]YRGLWH�

����67$7,67,A.$�$1$/,=$

6WDWLVWLaNDWD�DQDOL]D�PRCH�GD�VH�L]YU^L�VR�QL]D�SURJUDPL�NRL�UDERWDW�QD
UD]OLaQL� RSHUDWLYQL� VLVWHPL�� � 1R�� VR� RJOHG� QD� SRWUHEDWD� RG� � SUH]HQWDFLMD� L
DQDOL]D� YR� WINDOWS� RNROLQD�� DQDOL]DWD� H� YU^HQD� VR MS Excel� �� YRGHaND
DSOLNDFLMD�]D�WDEHODUQL�NDONXODFLL�

������'LMDJUDPL�QD�RSWRYDUXYDZH

6SRUHG�PHUHQLWH�SRGDWRFL�]D�VLWH���GHQD�GRELHQL�VH� �GQHYQLRW�GLMDJUDP�QD
RSWRYDUXYDZH�L�GQHYQLRW�GLMDJUDP�QD�WUDHZH�QD�RSWRYDUXYDZH� �QD�6O���L�6O��� VH
SULNDCDQL� SULPHUQR� GLMDJUDPLWH� ]D� ��YL� GHNHPYUL��� �2G� � RVQRYQLWH� VWDWLVWLaNL
SRND]DWHOL� SUHVPHWDQL� VH� PDNVLPDOQLWH�� PLQLPDOQLWH� L� VUHGQL� YUHGQRVWL� QD
PR`QRVWLWH� ]D� VHNRM� GHQ� SRVHEQR� �7DEHOD� II.) 1D� 6O��� H� GDGHQD� DSURNVLPLUDQDWD
NULYD�QD�WUDHZH�QD�RSWRYDUXYDZHWR�]D�LVWLRW�GHQ�

7DEHOD II � 0DNVLPDOQL� PLQLPDOQL L VUHGQL YUHGQRVWL QD RSWRYDUXYDZHWR SR GHQRYL

max. min. sr. vredn.
1HGHOD 15,921 6,365 11,962
3RQHGHOQLN 14,438 6,197 11,480
9WRUQLN 15,142 7,460 12,164
6UHGD 14,553 6,995 11,787
AHWYUWRN 14,292 7,063 11,624
3HWRN 14,650 6,548 11,499
6DERWD 16,668 6,420 12,104
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6O� � 'QHYHQ GLMDJUDP QD RSWRYDUXYDZH ]D ��YL GHNHPYUL ���� J�
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6O �� 'LMDJUDP QD WUDHZH QD RSWRYDUXYDZH ]D ��YL GHNHPYUL

6O �� $SURNVLPDFLMD QD GQHYQLRW GLMDJUDP QD WUDHZH QD RSWRYDUXYDZHWR VR SROLQRP

�����"High-Low" �GLMDJUDP

,QWHUHVHQ� H� L� GLMDJUDPRW� � �6O���� YR� NRM� VH� SULNDCDQL� YDULMDFLLWH� QD
RSWRYDUXYDZHWR� SR� GHQRYL� VR� JUDQLaQLWH� L� SURVHaQLWH� YUHGQRVWL� QD
RSWRYDUXYDZHWR�� 2G� LVWLRW� PRCH� GD� VH� SURFHQDW� RSVHJRW� L� LQWHQ]LWHWRW� QD
YDULMDFLLWH�QD�PR`QRVWD��NDNR�L�NDUDNWHURW�QD�SRWUR^XYDaNDWD�

S (MVA)

y = 1E-05x5 - 0,0003x4 - 0,0016x3 + 0,091x2 - 0,827x + 16,897

0

2

4

6

8

10

12

14

16

18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

T (h)



0,000

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000
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STR1 (MVA)

6O� �� "High-Low" GLMDJUDP ]D VHNRM GHQ YR QHGHODWD

�����2SUHGHOXYDZH�QD�QRUPDOQDWD�UDVSUHGHOED�QD�L]PHUHQLRW�QDSRQ

9R� SURFHQNDWD� VLWH� PHUHZD� QD� QDSRQRW� QH� VH� GLVWULEXLUDQL� VSRUHG
*DXVRYDWD� QRUPDOQD� UDVSUHGHOED�� RVREHQR� SRUDGL� RJUDQLaHQLRW� EURM� UH]XOWDWL� L
SRUDGL� IDNWRW� GD� YU]� PHUHQDWD� YUHGQRVW� YOLMDDW� SRYH`H� IDNWRUL�� (YLGHQWQD� H
SURPHQDWD� QD� QDSRQRW� YR� WHNRW� QD� GHQRW� YR� RGQRV� QD� HGQD� UHIHUHQWQD� YUHGQRVW�
,DNR� WUDQVIRUPDWRURW� LPD� PRCQRVW� L� ]D� DYWRPDWVND� UHJXODFLMD�� YR� VOXaDMRW� H
NRULVWHQD� VDPR� UDaQD� UHJXODFLMD�� 2WVWDSXYDZDWD� VH� SUHVPHWDQL� YR� RGQRV� QD
SURVHaQDWD�YUHGQRVW�������kV���5DVSRQRW�QD�PLQLPDOQDWD�L�PDNVLPDOQDWD�YUHGQRVW
L]QHVXYD� ����� GR� ������ kV�� 2G� PHUHQLWH� YUHGQRVWL� SUHVPHWDQL� VH� YUHGQRVWLWH� QD
VWDQGDUGQDWD� GHYLMDFLMD� L� YDULMDQVDWD�� GDGHQL� YR� 7DEHOD� III �� 1D� 6O�� �� ]D
IUHNYHQFLMDWD� QD� SRMDYD� QD� UD]OLaQLWH� YUHGQRVWL� QD� QDSRQRW�� OHYR� L� GHVQR� RG
VUHGQDWD� YUHGQRVW� H� GDGHQD� YUHGQRVWD� QD� VWDQGDUGQDWD� GHYLMDFLMD�� 9R� UDPNLWH� QD

RaHNXYDQRWR��QDMJROHP�EURM�QD�YUHGQRVWL�QD�QDSRQRW�VH�YR�RSVHJRW�� −
+ σ �

7DEHOD III � 2VQRYQL SRND]DWHOL QD GQHYQLWH YDULMDFLL QD QDSRQRW L IUHNYHQFLMDWD QD SRMDYD

6UHGQD YUHGQRVW 6WDQGDUGQD GHYLMDFLMD σ 9DULMDQVD

����������� ��������� �����������

0DNVLPXP ����� kV
0LQLPXP ���� kV

9UHGQRVWL SRPH_X +σ L −σ ���

9NXSHQ EURM QD PHUHZD ���

3URFHQWXDOHQ RGQRV �����	

.ODVD (kV) 10 10,05 10,1 10,15 10,2 10,25 10,3 10,35 10,4 10,45 10,5 10,55 10,6 10,7 10,75 10,85 10,9 10,95 11
)UHNYHQFLMD 2 6 10 17 16 23 20 32 11 6 3 5 1 1 3 2 3 4 2



)UHNYHQFLMD

0

5

10

15

20

25

30

-0,436054 -0,218027 0 0,218027 0,436054 0,654081

6O�� +LVWRJUDP QD IUHNYHQFLMDWD QD SRMDYD QD PHUHQLWH YUHGQRVWL QD QDSRQRW

�����.RUHODFLMD�SRPH_X�PHUHQLWH�JROHPLQL

2G�GRELHQLWH�UH]XOWDWL�]D�QDSRQLWH�L�VWUXLWH�HYLGHQWQR�H�GHND�VR�SRUDVW�QD
SRWUR^XYDaNDWD� LPDPH� L� RSD_DZH� QD� QDSRQRW� L� REUDWQR�� .RONDYD� H� RYDD
PH_X]DYLVQRVW�L�GDOL�ELWQR�YOLMDH�QD�NYDOLWHWRW�QD�HOHNWULaQDWD�HQHUJLMD"�=D�WDD
FHO�REUDERWHQD�H�NRUHODFLMDWD�SRPH_X�QDSRQRW�L�VWUXMDWD��1D�6O����VH�SULNDCDQL
PRPHQWQLWH� YUHGQRVWL� QD� RWVWDSXYDZDWD� QD� QDSRQRW� L� VWUXMDWD� ]D
WUDQVIRUPDWRURW�75���GRGHND�QD�6O���H�GDGHQD�NRUHODFLMDWD�SRPH_X�SURPHQLWH�QD
QDSRQRW��L�VWUXMDWD��=QDNRW�QD�NRHILFLHQWRW�QD�NRUHODFLMD�H�QHJDWLYHQ�L�QHJRYDWD
YUHGQRVW�H�������^WR�]QDaL�GHND�SRVWRL�QHJDWLYQD�NRUHODFLMD�RG�VUHGHQ�LQWHQ]LWHW�

Stdev(∆U) Stdev(∆I) .RYDULMDQVD .RUHODFLMD

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

7DEHOD IV � 'HO RG PHUHQLWH L SUHVPHWDQLWH YUHGQRVWL ]D RWVWDSXYDZD QD

QDSRQRW L VWUXMDWD RG VUHGQLWH YUHGQRVWL Usr = 10314,17 V  L  Isr = 764,49 A

U (1b) I(T R1) ∆U ∆I
10720 595,88 405,8333 -168,611
10830 518,47 515,8333 -246,021
10880 458,133 565,8333 -306,358
10890 422,47 575,8333 -342,021
10850 421,6 535,8333 -342,891
10880 432,84 565,8333 -331,651
10910 496,2 595,8333 -268,291
10750 621,11 435,8333 -143,381
10150 766,18 -164,167 1,688536
10080 911,64 -234,167 147,1485
10030 952,49 -284,167 187,9985
10060 1030,3 -254,167 265,8085
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�

9R�SUH]HQWDFLMDWD�H�SULNDCDQ� VDPR�HGHQ�GHO�RG�PRCQDWD� VWDWLVWLaND� DQDOL]D� QD
PHUHQLWH�SRGDWRFL��,VWR�WDND��PRCQD�H�L�NRPELQDFLMD�QD�SRHGLQLWH� VWDWLVWLaNL
SUHVPHWNL� ]D� UD]OLaQL� SDUDPHWUL�� NDNR� L� DQDOL]D� YR� UD]OLaQL� YUHPHQVNL
LQWHUYDOL�



���=$./8A2.

9R�UDPNLWH�QD�WUXGRW�H�GDGHQ�HGHQ�GHO�RG�PRCQDWD�NRPSOHNVQD�VWDWLVWLaND
REUDERWND� QD� PHUHQLWH� JROHPLQL� YR� HGQD� GLVWULEXWLYQD� UD]YRGQD� SRVWURMND�
5HDOL]DFLMDWD� QD� NRPSOHWQDWD� DQDOL]D� YR� YLG� QD� HGQD� LQWHJUDOQD� SURJUDPD
RYR]PRCXYD� GLUHNWQD� DSOLNDFLMD� YR� NRQWUROQLWH� FHQWUL� � YR� UDPNLWH� QD
VHNRMGQHYQDWD� OFF-LINE� DQDOL]D�� � ,DNR�� QD� SUY� SRJOHG� YDNYDWD� REUDERWND� H
HGQRVWDYQD�� VHSDN� ]D� QHM]LQR� VSURYHGXYDZH� H� QHRSKRGQD�� LGHQWLILNDFLMD� QD
SRWUHEQLWH�PHUHQL�JROHPLQL��NRQ]LVWHQWQRVW�QD�QDaLQRW�L�WRaQRVWD�QD�PHUHZHWR�
DQDORJQR�GLJLWDOQD� VLPXODFLMD�� GREUR� SR]QDYDZH� QD� SRJRQRW� YR� SRVWURMNDWD� L
VWDWLVWLaND� DQDOL]D� YRGHQD� VSRUHG� FHOWD� QD� DYWRPDWL]DFLMDWD�� .RPSOHNVQDWD
DYWRPDWL]DFLMD�YR�SRVWURMNDWD��DYWHQWLaQRWR�NRULVWHZH�QD�ORNDOQDWD�DYWRPDWLND
L�GDOHaLQVNRWR�XSUDYXYDZH�VR�SRVWURMNLWH�EDUDDW�VLVWHPDWVNL�SULRG�YR�DQDOL]DWD
QD� SRJRQRW�� SUHG� Vv� RG� VWDWLVWLaNL� DVSHNW�� � 9DNYLRW� YLG� DQDOL]L� RYR]PRCXYD
VRJOHGXYDZH� QD� FHOD� QL]D� SUD^DZD� NRL� VH� SULVDWQL� YR� VHNRMGQHYQDWD� SUDNVD� QD
VWUXaQLWH� OLFD� YR� HOHNWURHQHUJHWVNLWH� REMHNWL� L� SRVWURMNL�� 3R]QDYDZHWR� QD
VWDWLVWLNDWD� NDNR� PDWHPDWLaND� GLVFLSOLQD� L� NRULVWHZHWR� QD� VRYUHPHQLWH
VRIWYHUVNL�DODWNL�]D�NRPSMXWHUVND�VWDWLVWLaND�DQDOL]D�VH�RG�RVREHQD�YDCQRVW�]D
LQCHQHULWH� NRL� VH� ]DQLPDYDDW� VR� DYWRPDWL]DFLMD� YR� SRVWURMNLWH� L� RS^WR
GLQDPLNDWD�QD�SRJRQRW�

/,7(5$785$

1.*� -DQL`LMHYL`� 6WDWLVWLaND REUDERWND QD PHUHQLWH SRGDWRFL YR GLVWULEXWLYQD
WUDIRVWDQLFD� GLSORPVND UDERWD� (7) 6NRSMH� �����

2.9� )X^WL`� $YWRPDWL]DFLMD YR HOHNWULaQL FHQWUDOL L UD]YRGQL SRVWURMNL� LQWHUQD
VNULSWD� (7) 6NRSMH� �����

3. G. Clarke, D. Cooke, A Basic Course in Statistics, H & S, London, 1987.
4. Microsoft Office (Excel), Statistical Analysis of Data, 1993.
5. Peter Gaeng, Excel for Science and Technology, Abacus, 1993.
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9R�WUXGRW�H�SULNDCDQ�NRULVQLaNL�LQWHUIHMV�]D�on-line�VOHGHZH�QD�SRJRQRW�YR
UD]YRGQD�SRVWURMND��1RYLRW�NRQFHSW�QD�DYWRPDWL]DFLMD�QD�SRVWURMNLWH�EDUD�SRYH`H
LQIRUPDFLL� NRL� VH� GRYHUOLYL�� VWUXNWXLUDQL� L� UDVSRORCOLYL� ]D� NRULVQLNRW�
9DNYDWD�FHO�PRCH�GD�VH�SRVWLJQH�VR�on-line�PRQLWRULQJ�NDNR�GHO�RG�NRPSOHNVQDWD
DYWRPDWL]DFLMD�YR�SRVWURMNLWH��.RULVQLaNL�SULHPaLYLRW�LQWHUIHMV�UD]YLHQ�YR MS
Access� �UHODFLRQL�ED]L�QD�SRGDWRFL��RYR]PRCXYD�SRGREDU�QDG]RU�QDG�SURFHVRW� �L
IXQNFLRQDOQRVW� QD� GRELHQDWD� LQIRUPDFLMD�� =D� NRPSOHWQDWD� OLVWD� QD� VOHGHQLWH
SURPHQOLYL� QHRSKRGQR� EH^H� GD� VH� NUHLUDDW� SURJUDPVNL� IXQNFLL� VR� SRPR^� QD
HILNDVQL�DODWNL�QD�SHUVRQDOHQ�NRPSMXWHU���5D]YLHQDWD�YL]XHOL]DFLMD�QD�SURFHVRW
YR� WINDOWS� RNROLQDWD� RYR]PRCXYD� PXOWL�PHGLVND� SUH]HQWDFLMD� VR� SRPR^� QD
NRPSMXWHUVND� PUHCD�� ,VWR� WDND� WUHQGRW� L� L]YH^WDLWH� VH� GHILQLUDQL� VR
YNOXaXYDZH� QD� GHO� VHOHNWLUDQL� SURPHQOLYL�� � %LGHM`L�� SURJUDPRW� RYR]PRCXYD
DQDOL]D�L�QD�QHNRL�VOXaDL�NRL�PRCDW�GD�QDVWDQDW��LVWLRW�PRCH�GD�VH�NRULVWL�L�]D
WUHQLQJ�

.OXaQL�]ERURYL���.RULVQLaNL�LQWHUIHMV��0RQLWRULQJ�VLVWHP��5D]YRGQD�SRVWURMND

ABSTRACT

In the paper an on-line user interface for substation monitoring system is presented. The
new concept of the substation automation requires more information that is reliable, structured
and available to the user. Such a task could be achieved with on-line monitoring as a part of a
complex automation dedicated to substation control.  The user- friendly interface developed in
MS Access database  improves better overwiev of the process and functionality of the obtained
information. For the complete list of monitored variables it was neccessary to create a software
functions with an efficient tools running on a standard PC. The developed process visualization
in the WINDOWS environment enables multi-media presentation by computer network.  As the
same trends and reports are defined by a simple selection of the included values. Since, the
software enables analysis for a severe contingency, it can also be used for a training.

Key words:  User Interface, Monitoring System, Substation
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� 9R� SRVOHGQLYH� QHNRONX� JRGLQL� ]QDaLWHOQD� YDCQRVW� � VH� SRVYHWXYD� QD
SURHNWLUDZH� L� SURPRFLMD� QD� PRQLWRULQJ� RSUHPD�� .DGH� L� GD� VH� NRULVWDW�
PRQLWRULQ]LWH� VH� VUHGVWYR� ]D� SRPR^� YR� UD]ELUDZH� QD� NRPSOHNVQLWH� SURPHQL� YR
YLG�QD���Q�D�V�W�D�Q�L���L�QLYQDWD�SULPHQD�VH�SUR^LUXYD�YR�QDVRND�QD�YHULILNDFLMD
QD��PRGHOLWH�L�DQDOL]D�QD�SRJRQVNLWH�PRCQRVWL��3RVWRMDW�QL]D�NULWHULXPL�NRL�JL
LGHQWLILNXYDDW�SURPHQLWH�L�SUHGL]YLNDQLWH�VRVWRMEL��1R��NDNR�L�GD�H�RSHUDWRURW
VDND�GD�]QDH�QH�VDPR�GHND�SRJRQRW�H�SURPHQHW��WXNX�L�NDNR�L�]R^WR�VH�VOXaLO�WDNRY
QDVWDQ�� � 5D]YLHQLWH� WHKQLNL� QD� DQDOL]D� QD� PRQLWRULQJ� VLVWHPLWH� YR� YLG� QD
GLMDJQRVWLaNL�VLVWHPL�RYR]PRCXYDDW�SRGU^ND�QD�WDNYLRW�SULVWDS��6RIWYHUVNDWD
SRGU^ND� QD� PRQLWRULQJRW� L� QHJRYR� SURHNWLUDZH� YR� QDVRND� QD� YL]XHOL]DFLMD
SUHWVWDYXYD� SRSXODUQD� LQCHQHUVND� SDUDGLJPD� aLMD� RVQRYQD� FHO� H� GD� VH� SRGREUL
^WR�H�PRCQR�SRYH`H�NRULVQLaNLRW�LQWHUIHMV���'RELYDZH�QD�SRGDWRFL�VDPR�YR�YLG
QD� EURMNL� L� EXNYL� GHQHV� H� QHVRRWYHWQR� QH� VDPR� ]DUDGL� EDUDZDWD� RG� VWUDQD� QD
NRULVQLFLWH�� WXNX� L� ]DUDGL� QDSUHGRNRW� QD� NRPSMXWHUVNDWD� WHKQRORJLMD� NDNR� YR
RGQRV�QD�KDUGYHURW�WDND�L�YR�RGQRV�QD�VRIWYHURW�

,VNXVWYDWD�QD�SRYH`H�HOHNWURVWRSDQVWYD�RG�YH`H�LQVWDOLUDQL�YDNYL�VLVWHPL
QD�UD]OLaQL�HOHNWURHQHUJHWVNL�REMHNWL��SRNDCDD�GHND�QL]D�WLSLaQL�PDOIXQNFLL�L
GHIHNWL�PRCDW�HILNDVQR�GD�VH�GLMDJQRVWLFLUDDW�

����&(/�,�$5+,7(.785$�1$�021,725,1*�6,67(027

&HO�QD�PRQLWRULQJRW�YR�DNWXHOQLRW�L�LGHQ�QLYQL�UD]YRM�H�GD�RWNULMDW�GDOL
SRJRQRW� YR� SRVWURMNDWD� H� LOL� `H� ELGH� YR� QRUPDOQD� VRVWRMED�� SRWRaQR� GDOL
NULWHULXPLWH�]D� VLJXUQRVW�L�NYDOLWHW�VH� ]DGRYROHQL�L�GDOL�HNRQRPVNLWH�FHOL� VH
GRVWLJQDWL�� .DNR� UH]XOWDWL� RG� VOHGHZHWR� PRCH� GD� VH� QDYHGDW�� VWDELOQRVWD� QD
SRJRQVNDWD� VRVWRMED�� JUDQLaQLWH� YUHGQRVWL� QD� SURPHQOLYLWH� IL]LaNL� JROHPLQL�
PRCQL�SRMDYL�QD�JUH^NL�YR�SRJRQVNDWD�VRVWRMED�L�GU�

6RELUDZHWR� QD� PHUQLWH� SRGDWRFL� �Data acquisition�� MD� XYDCXYD� ED]LaQDWD
NRQFHSFLMD� QD� SRVWURMNDWD� �QDSRQVNR� QLYR�� XORJD� YR� VLVWHPRW�� JRGLQL� QD
HNVSORDWDFLMD�� QLYR� QD� SULPHQHWRWR� DYWRPDWVNR� YRGHZH�� L� QDPHQDWD� QD
LQIRUPDFLMDWD� �Monitoring, Steady-state Analysis, Dynamic Analysis��� � 6LJQDOLWH� RG
PHUQDWD� LQVWUXPHQWDFLMD� YR� SRVWURMNDWD� NDNR� L� RG� VWUDQD� QD� FHQWUDOL]LUDQRWR
PHVWR� ]D� � XSUDYXYDZH� � VH� YRGDW� YR� DQDORJQD� � SURFHVQD� HGLQLFD�� � NRMD� JL� QDSRMXYD
VHQ]RULWH��]DVLOXYD�L�ILOWULUD�VLJQDOLWH�L� �YU^L� �QLYQR�JDOYDQVNR� �RGYRMXYDZH�
3RQDWDPX� VLJQDOLWH� VH� SULID`DDW� RG� PXOWL� NDQDOQL� A/D� SXOWRYL�� (GQL� RG� QLY
YU^DW� VRELUDZH�� DCXULUDZH� L� DQDOL]D� QD� GLQDPLaNLWH� VLJQDOL�� GRGHND� GUXJL� JL
DQDOL]LUDDW� VWDWLaNLWH� � VLJQDOL� � �NRL� EDYQR� VH� PHQXYDDW��� A/D� SXOWRYLWH� VH
RSUHPXYDDW� L� VR� SURFHVRUL� ]D� GLJLWDOQR�SURFHVLUDZH� QD� VLJQDOLWH� (Digital Signal
Processors�� �NRL�PRCDW�GD�JL� �SUHQHVDW�SURFHVLUDQLWH� �SRGDWRFL� �GR�SHUVRQDOQLRW
NRPSMXWHU�� � 3RQDWDPX� � VR� � NRPSMXWHURW� VH� YU^L� SUH]HQWDFLMD�� DUKLYLUDZH� L
DQDOL]D� �QDMaHVWR� VWDWLVWLaND�� QD� NUHLUDQLWH� ED]L� SRGDWRFL�� � ,VWR� WDND�
SRGDWRFLWH� NRL� GRD_DDW� RG� QL]D� PHUQL� L� GLMDJQRVWLaNL� WHKQLNL�� PRCDW� GD� VH
VREHUDW� YR� HGLQVWYHQ� PRQLWRULQJ� � VLVWHP�� � 7DNRY� VLVWHP� � MD� LPD� � ED]DWD� QD
SRGDWRFL� � ]D� � NUHLUDZH� � QD� on-condition� SRGU^ND�� DQDOL]D� LOL� WUHQLQJ� ]D� QHNRH
VOXaDMQR�VFHQDULR�
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$SOLNDFLMDWD� H� L]UDERWHQD� ]D� ���� kV� SRVWURMND� YR� 76�.R]OH� ������� kV� YR
VNRSVNDWD� GLVWULEXWLYQD� PUHCD��>HPDWD� QD� SRVWURMNDWD� H� WLSLaQD� �H�� ^HPD� VR
VHNFLRQLUDQ� HGQRVWUXN� VLVWHP�QD� VRELUQLFL� VR� SR� GYH� � GDOHNXYRGQL� L� GYH� WUDIR
SROLZD��3RVWURMNDWD�H�YR�NODVLaQD�L]YHGED�QD�RWYRUHQ�SURVWRU��9L]XHOL]DFLMD�QD
^HPDWD�YR�UDPNLWH�QD�NUHLUDQLRW�NRULVQLaNL�LQWHUIHMV�H�GDGHQD�YR�3ULORJ�1�

9R� QRYLWH� L� VRYUHPHQL� UD]YRGQL� SRVWURMNL� VH� SUHGYLGXYD� � GDOHaLQVNR
XSUDYXYDZH�� NRH� RSID`D� WHOHPHUHZD�� WHOHNRPDQGXYDZH� L� � WHOHVLJQDOL]DFLMD�
7HOHPHUHZDWD� RSID`DDW� PHUHZH� QD� VWUXL�� QDSRQL�� PR`QRVWL� L� WHPSHUDWXUL�� 9R
UDPNLWH� QD� � WHOHNRPDQGXYDZHWR� VH� SUHGYLGXYD� NRPDQGXYDZH� �YNOXaXYDZH� L
LVNOXaXYDZH��QD�NRPXWDFLRQLWH�DSDUDWL��6LJQDOL]DFLMDWD�H�SRORCEHQD�L�DODUPQD�
.DM� SRORCEHQDWD� VH� GDYD� VWDWXVRW� �YNOXaHQ�LVNOXaHQ�� QD� NRPXWDFLRQDWD� RSUHPD�
GRGHND�DODUPQDWD�JL�RSID`D�VLJQDOLWH�QD�]D^WLWDWD�L�DODUPLWH�RG�QDSRMXYDZH�L�]D
WUHYRJD�

6R�NUHLUDQLRW�NRULVQLaNLRW�LQWHUIHMV��VH�RSIDWHQL��YUHPHWR��PRPHQWRW�QD
SURFHVLUDQDWD� LQIRUPDFLMD��� QDSRQLWH�� VWUXLWH�� GHOXYDZDWD� QD� ]D^WLWDWD�
WHPSHUDWXULWH�L�RSWRYDUXYDZDWD�QD�WUDQVIRUPDWRULWH�

����23,6�1$�.25,61,A.,27��,17(5)(-6

3UHGORCHQLRW�NRULVQLaNL�LQWHUIHMV�NDNR�DSOLNDFLMD�H�SURJUDPLUDQ�YR�MS
Access�UHODFLRQL�ED]L�QD�SRGDWRFL��6LWH�SRJRGQRVWL�NRL�JL�QXGL�RYDD�VRIWYHUVND
DODWND�� NDNR� ^WR� VH� YLVRNR� RULHQWLUDQ� NRULVQLaNL� LQWHUIHMV�� DUKLYLUDZH�
HGQRVWDYQD�UDERWD�L�SULMDWHQ�L]JOHG�VH�YJUDGHQL�YR�DSOLNDFLMDWD��,VWDWD�VH�VRVWRL
RG�GYD�GHOD��HGQLRW�VH�RGQHVXYD�QD�VOHGHZH�QD�SRJRQRW�L�DUKLYLUDZH�QD�SRGDWRFLWH
RG� VOHGHZHWR�� D� YWRULRW� QD� DQDOL]D� L� SULND]� QD� SRGDWRFLWH� YR� SRJRGQD� IRUPD�
6RRGYHWQR� QD� SRWUHELWH� QD� PRQLWRULQJRW� NUHLUDQL� VH� WDEHOL� �Table��� IRUPL
�Form��� PRGXOL� �Module��� PDNURL� �Macro�� L� L]YH^WDL� �Report��� =DUDGL� SRXVSH^QD
SUH]HQWDFLMD�QD�DSOLNDFLMDWD�YNOXaHQL�VH�L�QHNRL�HOHPHQWL�QD�VLPXODFLMD��NRL�YR
UHDOQR�SRVWDYHQ�PRQLWRULQJ�PRCDW�GD�VH�EORNLUDDW�

%LGHM`L�YR�YUHPHWR�QD�L]UDERWNDWD�QD�DSOLNDFLMDWD�YR�SRVWURMNDWD�QH�EH^H
L]YU^HQR� SULODJRGXYDZH� ]D� SURFHVLUDZH� QD� SRGDWRFLWH� RG� PHUHZDWD� GR
SHUVRQDOQLRW�NRPSMXWHU�� YOH]QLWH�PHUQL� JROHPLQL�RG� SURFHVRW� VH� VLPXOLUDDW� VR
SRPR^� QD� JHQHUDWRU� QD� VOXaDMQL� EURHYL� �Random function��� 9R� UHDOQL� XVORYL
IXQNFLMDWD�Random�EL�VH�EORNLUDOD��D�UHDOQLWH�GLJLWDOQL�SRGDWRFL�EL�VH�YRGHOH
GR�LQWHUIHMVRW�

6R� SULWLVNDZH� QD� NRSaHWR� ]D� DNWLYLUDZH� QD� DSOLNDFLMDWD� VH� SRMDYXYD
SRaHWQDWD� IRUPD� �3RaHWQR� PHQL�� �6O����� NDM� NRMD� PRCHPH� GD� SURGROCLPH� VR
SULWLVNDZH� QD� HGQR� RG� NRSaLZDWD� ]D� �,]ERU� QD� WDEHOD��� �,]ERU� QD� WLS� QD
VLPXODFLMD��� �,]YH^WDL�� LOL� GD� MD� VRSUHPH� SURJUDPDWD� VR� NRSaHWR� �6WRS��� 6R
NRSaHWR��,]ERU�QD�WDEHOL��VH�DNWLYLUD�IRUPDWD��6O�����VR�NRMD�PRCH�GD�VH�L]EHUDW
GYD� YLGD� WDEHOL�� (GQLWH� WDEHOL� VH� SRSROQHWL� VR� YUHGQRVWL� RG� QHNRL� SRUDQH^QL
VOHGHZD�LOL�VFHQDULMD��]D�WUHQLQJ�VLPXODFLL���GRGHND�YR�YWRULRW�VOXaDM��WDEHOLWH
VH� SUD]QL� L� VH� SRSROQXYDDW� YR� WHN� QD� PRQLWRULQJRW� �QD� SULPHU� PRQLWRULQJ� QD
VWUXLWH� L� QDSRQLWH� YR�76�.R]OH���6R� DNWLYLUDZH� QD� NRSaHWR� �,]ERU� QD�WLS� QD
VLPXODFLMD��VH�RWYDUD�IRUPDWD��6O����]D�L]ERU�QD�WLSRW�QD�VLPXODFLMDWD��9R�RYDD



6O�� 3RaHWQR PHQL SUL DNWLYLUDZH QD DSOLNDFLMDWD

6O�� ,]JOHG QD IRUPDWD ]D L]ERU QD WDEHOL



IRUPD�PRCHQ�H�L]ERU�QD�GYH�JUXSL�SRVWURMNL��5D]OLNDWD�SRPH_X�SUYDWD�L�YWRUDWD�H
YR�WRD�^WR��YR�SUYDWD�JUXSD�VH�YU^DW�WUHQLQJ�VLPXODFLL�VR�YUHGQRVWL�QD�QDSRQRW�L
VWUXMDWD� ]D� RGUHGHQD� NRQWLQJHQFLMD� QD� �QDVWDQ�� L� LVWLWH� VH� ]HPDDW� RG� YH`H
SUHWKRGQR�SRSROQHWL��SRGJRWYHQL��WDEHOL��GRGHND�YR�YWRUDWD�JUXSD�VH�SRVWURMNLWH
aLMD� VRVWRMED� VH� VOHGL�� *HQHULUDZHWR� QD� VLPXOLUDQLWH� PHUHQL� JROHPLQL� H� VR
SRPR^�QD Random�IXQNFLMDWD��6R�SULWLVNDZH�QD�NRSaHWR�TS1�VH�DNWLYLUD�IRUPDWD
�7UHQLQJ� VLPXODFLL�� �6O����� ]D�NRQNUHWQDWD�SRVWURMND�TS1��3RVWURMNDWD�����kV H
VNLFLUDQD�VR�SULQFLSLHOHQ�L]JOHG��VRELUQLFD�L�L]YRGL��

6O� � ,]ERU QD WLSRW QD VLPXODFLMDWD YR WHN QD PRQLWRULQJ VHVLMDWD

6R�RYDD�IRUPD�PRCH�GD� VH� VOHGDW� VRVWRMELWH� QD� GYDWD� GDOHNXYRGD�� VRELUQLFDWD�L
GYHWH�WUDIR�SROLZD��6OHGHQLWH�WUHQLQJ�YUHGQRVWL�VH�MDYXYDDW�QD�RSUHGHOHQR�YUHPH
NRH�PRCH�GD�VH�GHILQLUD�VSRUHG��SRWUHEQDWD�GLQDPLND�QD�VOHGHZHWR��9UHGQRVWLWH
VH� GRELYDDW� RG� SUHWKRGQR� SRSROQHWL� VFHQDULMD�� =D� RYDD� IRUPD� GRSROQLWHOQR� VH
NUHLUDQL�L�SUD^DOQLFL��Query��]DUDGL�]DGRYROXYDZH�QD�3UYLRW�.LUKRIRY��]DNRQ�
9R� UHDOQL� XVORYL� WRD� QH� H� SRWUHEQR� ]DWRD� ^WR� WLH� YUHGQRVWL� `H� VH� UHDOQL� L
GLUHNWQR�`H�VH�]HPDDW�RG�PHUHZHWR��1D�RYDD�IRUPD��NDNR�L�QD�VLWH�VR�NRL�VH�YU^L
VLPXODFLMD��LPD�SUR]RUaH�]D�LQGLNDFLMD�QD�UHDOQRWR�YUHPH�

6R� SULWLVNDZH� QD� NRSaHWR� �6WRS�� VH� YUD`DPH� QD� SUHWKRGQDWD� IRUPD
�,]ERU�QD�WLS�QD�VLPXODFLMD���'RNRONX�VHJD�VH�L]EHUH�PRQLWRULQJ�VLPXODFLMD�QD
UHDOQD�SRVWURMND��VR�SULWLVNDZH�QD�NRSaHWR�76�.R]OH��LOL�QHNRMD�GUXJD��VH



6O� � )RUPD ]D WUHQLQJ VLPXODFLL

DNWLYLUD�IRUPDWD��6LPXODFLL���76�.R]OH� �������kV/kV� �GDGHQD�YR�3ULORJ�1���9R
RYDD� DSOLNDFLMD� RSIDWHQD� H� VDPR� ���� kV� SRVWURMND�� LDNR� QHPD� QLNDNYL
RJUDQLaXYDZD�GD�VH�VOHGL�L����kV�SRVWURMND��)RUPDWD�RYR]PRCXYD�VLPXODFLMD� �QD
QDSRQLWH� L� VWUXLWH� YR� GDOHNXYRGQLWH� SROLZD�� NDM� VRELUQLFLWH� L� YR� WUDIR
SROLZDWD�� ,VWR� WDND� PRCQR� H� VLJQDOL]LUDZH� RG� GHOXYDZH� QD� SRHGLQL� ]D^WLWL
NDNR� L� VLJQDOL]DFLMD� QD� SRHGLQL� VRVWRMEL� QD� RSWRYDUHQRVWD� QD� SRHGLQLWH
WUDQVIRUPDWRUL��=D�REDWD�WUDQVIRUPDWRUD�VH�VOHGL�WHPSHUDWXUDWD�L�VH�VLJQDOL]L�
UDDW� JUDQLaQLWH� YUHGQRVWL�� � 3RNUDM� RYD�� PRCQD� H� LQGLNDFLMD� L� ]D� VWDWXVQDWD
VRVWRMED�QD�NRPXWDFLRQDWD�RSUHPD��RGQRVQR�DCXULUDZH�QD�ORJLNDWD�QD�YNORSQDWD
VRVWRMED���6LWH�YUHGQRVWL�QD�VOHGHQLWH�SDUDPHWUL�VH�YQHVHQL�YR�WDEHOL�L�PRCDW�YR
VHNRH�YUHPH�GD�VH�YLGDW��DQDOL]LUDDW�LOL�WUHWLUDDW�VSRUHG�QHNRMD�GUXJD�DODWND�YR
WINDOWS�RNROLQDWD��QD�SULPHU�MS Excel�]D�VWDWLVWLaND�REUDERWND���2VYHQ�WRD�SR
SDW� QD� NRPSMXWHUVNDWD� PUHCD�� PRCQR� H� � SURFHVLUDZH� QD� ED]LWH� QD� SRGDWRFL� GR
ELOR�NRM�QDG]RUQR�NRQWUROHQ�FHQWDU�

6R� SULWLVNDZH� QD� NRSaHWR� �6WRS�� VH� YUD`DPH� SRYWRUQR� QD� SUHWKRGQDWD
DSOLNDFLMD��,]ERU�QD�WLS�QD�VLPXODFLMD��L�DNR�QD�LVWDWD�SRYWRUQR�JR�SULWLVQHPH
NRSaHWR� �6WRS�� VH� YUD`DPH� QD�IRUPDWD� �3RaHWQR� PHQL��� 'RNRONX� VDNDPH� GD� JL
YLGLPH� L]YH^WDLWH� JR� DNWLYLUDPH� NRSaHWR� �,]YH^WDL�� L� VH� MDYXYD� IRUPDWD
�,]ERU�QD�L]YH^WDL���6O������9R�L]YH^WDLWH�PRCHPH�GD�L]YU^LPH�SUHJOHG�LOL�GD
JL� RWSHaDWLPH� UH]XOWDWLWH� RG� WUHQLQJ� VLPXODFLLWH� LOL� RG� PRQLWRULQJRW�� � 9R
L]YH^WDLWH�]QDNRW�QD�VWUXMDWD�H�VSRUHG�QDVRNDWD�QD�PR`QRVWD�



6O� � ,]ERU QD L]YH^WDL

'HO�RG�PRCHQ�L]YH^WDM�YR�WHN�QD�PRQLWRULQJRW��VWUXL�YR�76�.R]OH�

���'DWD ��9UHPH I-dv1               I-dv2             I-sobirn.           Izv1              Izv2
--------------------------------------------------------------------------------------------------------------------------------------

24/04/1997 05:09:36 47 0 45 2 45

24/04/1997 05:09:40 48 0 48 0 48

24/04/1997 05:09:45 44 0 50 -6 50

24/04/1997 05:09:50 48 0 40 8 40

24/04/1997 05:09:56 42 0 43 -1 43

24/04/1997 05:10:01 42 0 47 -5 47

24/04/1997 05:10:06 47 0 40 7 40

24/04/1997 05:10:11 40 0 43 -3 43

24/04/1997 05:10:16 43 0 41 2 41

�������,� QD� NUDMRW� VR� SULWLVNDZH� QD� NRSaLZDWD� “ 6WRS”  YR� IRUPLWH� “,]ERU� QD
L]YH^WDL” � L� “ 3RaHWQR� PHQL” � VH� ]DYU^XYD� VR� PRQLWRULQJ� VHVLMDWD� L� VH� ]DWYRUD
DSOLNDFLMDWD�VR�NRPSOHWQR�DUKLYLUDQL�SRGDWRFL�GRELHQL�YR�WHN�QD�VLPXODFLLWH�



����=$./8A2.

3UHGORCHQDWD� NUHLUDQD� DSOLNDFLMD� ]D� on-line� VOHGHZH� QD� SRJRQRW� YR
UD]YRGQD�SRVWURMND�NDNR�L�]D�WUHQLQJ�VLPXODFLL�H�L]UDERWHQD�VR�]HPDZH�Y�SUHGYLG
QD�SRWUHELWH� ]D�PRQLWRULQJ� NDNR�L� SULPHQHWLRW� YLG� XSUDYXYDZH� YR� SRVWURMNDWD�
3URFHVLUDQLWH� VLJQDOL� GR� NRULVQLaNLRW� LQWHUIHMV� PRCDW� GD� VH� VOHGDW�
DUKLYLUDDW��DQDOL]LUDDW�LOL�SURVOHGDW�SR�SDW�QD�NRPSMXWHUVND�PUHCD�QD�ELOR�NRH
PHVWR�SUHGYLGHQR�]D�QDG]RU��$SOLNDFLMDWD�H�IOHNVLELOQD�L�PRCH�GD�VH�SULODJRGL
QD�ELOR�NDNYD�^HPD�QD�SRVWURMNDWD�LOL�QD�ELOR�NRMD�PHUQD�SURFHVLUDQD�JROHPLQD�
6R� RJOHG� QD� IDNWRW� GD� DSOLNDFLMDWD� H� UDERWHQD� VR� DODWND� NRMD� SUHIHULUD� L� H
SUYHQVWYHQR�]D�ED]L�QD�SRGDWRFL�PQRJX�H�HGQRVWDYQR�UDERWHZHWR�VR�SRGDWRFLWH�L
QLYQR�QDWDPR^QR�RVPLVOHQR�LVNRULVWXYDZH�
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:S� XVYHSX� I� TVMOEDER� QIXSH� ^E� FV^S� STVIHIPYZE[I� RE� VEWTSPSDPMZSWXE� RE
_IQM�RE�VE^ZSHRM�TSWXVSNOM�OSNE�FE^MVE�RE�TSWXITIRS�YTVSWXYZE[I�RE�_IQEXE�RE�VE�
^ZSHREXE�TSWXVSNOE�ZS�IOZMZEPIRXRE�_IQE�WS�MWXE�VEWTSPSDPMZSWX��4VM�XSE��WPMbRS
OEOS� M� TVM� XVERWJMKYVEGMNEXE� RE� IPIOXVMbRMXI� OSPE� M� STVIHIPYZE[IXS� RE� IOZM�
ZEPIRXRMXI�MQTIHERWM��WI�OSVMWXM�IOZMZEPIRXMVE[I�RE�VIHRS�TEVEPIPRMXI�ZVWOM�RE
IPIQIRXMXI�M�XVERWJSVQEGMNE�RE�IPIQIRXM�TSZV^ERM�ZS�]ZI^HE�ZS�IPIQIRXM�TSZV^ERM
ZS� XVMEKSPRMO� M� SFVEXRS�� -^ZIHIRM� WI� XSbRM� M� ETVSOWMQMVERM� JSVQYPM� ^E� M^ZV�
_YZE[I�RE�SZMI�IOZMZEPIRXRM�TS�VEWTSPSDPMZSWX�XVERWJSVQEGMM�M�I�HMWOYXMVERE
QSDREXE� SFPEWX� RE� RMZRE� TVMQIRE�� &MHINaM� VE^ZSHRMXI� TSWXVSNOM� TVIXWXEZYZEEX
XILRMbOM�WMWXIQM�WS�ZMWSOE�VEWTSPSDPMZSWX��WI�TSOEDYZE�HIOE�M�YTSXVIFEXE�RE�ET�
VSOWMQMVERMXI��SHRSWRS�TSQEPOY�XSbRM�JSVQYPM�QSDI�HE�HEHI�WSWIQE�TVMJEXPMZM
VI^YPXEXM��1IXSHSX�I� XIWXMVER�RE�OSROVIXIR�TVMQIV�RE�OEVEOXIVMWXMbRE�_IQE�RE
VE^ZSHRE�TSWXVSNOE�

ABSTRACT

This paper presents a method for fast determination of  reliability of electric scheme of
substation which is based on step-by-step transfiguration of the original scheme of substation to
simpler one  with the same reliability. The method uses transfiguration of serial-parallel
connection of elements and transfiguration of elements which are on Y or delta connection. The
exact and approximate formula for calculation of equivalent reliability of elements from delta to
Y and Y to delta transfiguration are also included. Because of the high reliability of components
of substation, it's shown that use of approximate formula for calculation also give acceptable
results. The method is tested on a concrete example of a typical electric scheme of  substation.

/PYbRM�^FSVSZM��6EWTSPSDPMZSWX��VE^ZSHRM�TSWXVSNOM��XVERWJMKYVEGMNE�



�� :3:)(

)HIR�SH�OVMXIVMYQMXI�TVM�M^FSV�RE�_IQM�RE�VE^ZSHRMXI�TSWXVSNOM��TSOVEN�GI�
REXE�RE�bMRI[I��IHRSWXEZRSWXE�RE�M^ZIHFEXE��TSKSRWOEXE�IPEWXMbRSWX�M�JPIOWMFMP�
RSWX�TVIXWXEZYZE�M�VEWTSPSDPMZSWXE�RE�VE^ZSHREXE�TSWXVSNOE�

4SWXSNEX�TSZIaI�QIXSHM�^E�TVIWQIXOE�M�SGIROE�RE�VEWTSPSDPMZSWXE�RE�_IQM�
XI�RE�VE^ZSHRMXI�TSWXVSNOM��:S�[1] I�TVMOEDER�QIXSH�OSN�^E�TVIWQIXOE�RE�VEWTSPSD�
PMZSWXE�RE�_IQMXI�RE�VE^ZSHRMXI�TSWXVSNOM�OSVMWXM�WIVMWOE�M�TEVEPIPRE�XVERWJM�
KYVEGMNE�RE�IPIQIRXMXI��1IXSHSX�TVMOEDER�ZS�[2] TVIWQIXOEXE�RE�VEWTSPSDPMZSWXE
NE�FE^MVE�RE�XSTSPS_OM�STMW�RE�OEVEOXIVMWXMbRMXI�JYROGMM�RE�VE^ZSHREXE�TSWXVSN�
OE��E�^E�RIKSZE�VIEPM^EGMNE�I�TSXVIFRS�HE�WI�JSVQMVE�JYROGMSREPRMSX�KVEJ�RE�VE^�
ZSHREXE�TSWXVSNOE�M�QEXVMGMXI�RE�QMRMQEPRM�TEXM_XE�M�TVIWIGM��:S�[3] ^E�TVIWQIX�
OE�RE�VEWTSPSDPMZSWXE�RE�_IQMXI�I�YTSXVIFIR�QIXSHSX�RE�1SRXI�/EVPS��OSN�FE^MVE
RE�TS^REXE�JYROGMNE�RE�VEWTVIHIPFE�RE�ZVIQIXS�HS�REWXERYZE[I�RE�HIJIOX��TSTVEZ�
OE�RE�IPIQIRXSX�M�WXVYOXYVEXE�RE�IPIOXVSIRIVKIXWOEXE�TSWXVSNOE��>E�VIEPM^EGMNE
RE�SZSN�QIXSH�I�TSXVIFIR� KIRIVEXSV�RE� WPYbENRM�FVSIZM�VEQRSQIVRS�VEWTVIHIPIRM
ZS�MRXIVZEPSX�[0,1] .

:S�SZSN�XVYH�aI�FMHI�TVMOEDER�QIXSH�OSN�FE^MVE�RE�XVERWJMKYVEGMNE�RE�IPI�
QIRXMXI�RE�_IQEXE�RE�VE^ZSHREXE�TSWXVSNOE�ZS�TSYTVSWXIRE�_IQE�WS�IOZMZEPIRXRE
VEWTSPSDPMZSWX��1IXSHSX�KM�OSVMWXM�QSDRSWXMXI�^E�TVIWQIXOE�RE�VEWTSPSDPMZSWX
RE�WIVMWOS�TEVEPIPRE�OSQFMREGMNE�RE�IPIQIRXM�M�XVERWJMKYVEGMNE�TS�IOZMZEPIRXRE
VEWTSPSDPMZSWX�RE�IPIQIRXM�TSZV^ERM�ZS�XVMEKSPRMO�ZS�IPIQIRXM�TSZV^ERM�ZS�]ZI^�
HE�M�SFVEXRS��4VIXTSWXEZIRS�I�HIOE�WIOSN�IPIQIRX�RE�VE^ZSHREXE�TSWXVSNOE�QSDI�HE
FMHI�ZS�IHRE�SH�HZIXI�QSDRM�WSWXSNFM��ZS�WSWXSNFE�RE�MWTVEZRE�VEFSXE� �WS�ZIVSNEX�
RSWX� r �M�ZS�WSWXSNFE�RE�HIJIOX��WS�ZIVSNEXRSWX�n �
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3WRSZRSXS�WXVYOXYVRS�TSZV^YZE[I�RE�IPIQIRXMXI�OEN�_IQMXI�ZS�VE^ZSHRMXI
TSWXVSNOM�TVIXWXEZYZE� WIVMWOSXS� M� TEVEPIRSXS� TSZV^YZE[I� RE� IPIQIRXMXI��7S� XMI
KVYTMVE[E�WI�SZS^QSDYZE�JSVQMVE[I�RE�JYROGMSREPRM�GIPMRE�OSM�MQEEX�XSbRS�HI�
JMRMVERE�XILRMbOE�^EHEbE�ZS�TVSGIWSX�RE�JYROGMSRMVE[I�RE�VE^ZSHREXE�TSWXVSNOE�

2IOE� K �IPIQIRXM�OSM�JSVQMVEEX�JYROGMSREPRE�GIPMRE�WI�TSZV^ERM�WIVMWOM

M�RIOE�WIOSN�SH�SZMI�IPIQIRXM�MQE�WZSNE�VEWTSPSDPMZSWX� ir �� Ki ,...,2,1= ��M�WSSHZIXRE

RIVEWTSPSDPMZSWX� ii rn −=1 �� )OZMZEPIRXREXE� VEWTSPSDPMZSWX� RE� KVYTEXE� SH� K � WI�

VMWOM�TSZV^ERM�IPIQIRXM�WI�TVIWQIXYZE�WTSVIH�JSVQYPEXE�
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HSHIOE��IOZMZEPIRXREXE�RIVEWTSPSDPMZSWX�RE�KVYTEXE�SH� K � WIVMWOM�TSZV^ERM�IPI�
QIRXM�WI�TVIWQIXYZE�WTSVIH�JSVQYPEXE�
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%OS��TEO�� −K IPIQIRXM�WI�TSZV^ERM�TEVEPIPRS��IOZMZEPIRXREXE�RIVEWTSPSD�
PMZSWX�WI�TVIWQIXYZE�WTSVIH�JSVQYPEXE�

∏ ∏
= =

−==
K

i

K

i
iie rnn

1 1

)1( (3)

HSHIOE��IOZMZEPIRXREXE�VEWTSPSDPMZSWX�RE�KVYTEXE�SH� K �TEVEPIPRS�TSZV^ERM�IPI�
QIRXM�WI�TVIWQIXYZE�WTSVIH�JSVQYPEXE�
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+SVRMZI�VIPEGMM�TSOEDYZEEX�HIOE�HSHEZE[IXS�RE�IPIQIRX�ZS�WIVMWOE�ZVWOE�NE
REQEPYZE�IOZMZEPIRXREXE�VEWTSPSDPMZSWX�RE�JYROGMSREPREXE�GIPMRE�� HSHIOE��TVM
TEVEPIPRS�TSZV^YZE[I�WI�^KSPIQYZE�VEWTSPSDPMZSWXE�RE�JYROGMSREPREXE�GIPMRE�

3bMKPIHRS��WS�TSQS_�RE�VIPEGMMXI�������I�QSDRS�FV^S�STVIHIPYZE[I�RE�VEW�
TSPSDPMZSWXE�RE�_IQMXI�WS�QI_ERE�WIVMWOS�TEVEPIRE�WXVYOXYVE�RE�TSZV^ERSWX��WS
TSWXITIRS�IOZMZEPIRXMVE[I�RE�WIVMWOMXI��SHRSWRS�TEVEPIPRMXI�ZVWOM�RE�IPIQIRXM�
XI�M�JYROGMSREPRMXI�GIPMRM�
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2IOE�XVM�IPIQIRXM�bMM�RIVEWTSPSDPMZSWXM�WI� 21  , nn �M� 3n �WI�TSZV^ERM�ZS��XVM�

EKSPRMO����(E� M^ZV_MQI� XVERWJMKYVEGMNE� RE� SZEE�_IQE�TSZV^ERE� ZS� ��XVMEKSPRMO���
ZS�IOZMZEPIRXRE�TS�VEWTSPSDPMZSWX���]ZI^HE����2IOE�RIVEWTSPSDPMZSWXE�RE�IPIQIR�

XMXI�TSZV^ERM�ZS��]ZI^HE���M^RIWYZEEX� ji nn  , �M� kn ��:VWOEXE�TSQI`Y�SZMI�RIVEWTSPSD�

PMZSWXM�� ZS� SHRSW� RE� IOZMZEPIRXREXE� RIVEWTSPSDPMZSWX� RE� ZVWOMXI� AC, AB� M� BC
�WP���KPEWM�

annnnnnnnn kiki =−+=−+ )( 32321  (5)

bnnnnnnnnn jiji =−+=−+ )( 31312  (6)

cnnnnnnnnn kjkj =−+=−+ )( 21213  (7)

7P����8VERWJMKYVEGMNE�XVMEKSPRMO�]ZI^HE�M�]ZI^HE�XVMEKSPRMO�TS�IOZMZEPIRXRE
RIVEWTSPSDPMZSWX



���� 8VERWJMKYVEGMNE�RE��XVMEKSPRMO���ZS���]ZI^HE��

2IOE�WI�TS^REXM�RIVEWTSPSDPMZSWXMXI�RE�IPIQIRXMXI�TSZV^ERM�ZS� ��XVMEKSP�

RMO��� 21  , nn �M� 3n ��%OS�SH�VEZIROEXE����NE�M^VE^MQI�RIVEWTSPSDPMZSWXE� kn ��E�SH�VEZIR�

OEXE����RIVEWTSPSDPMZSWXE� jn �M� KM�^EQIRMQI�ZS�VEZIROMXI� ��� WI�HSFMZE�OZEHVEX�

REXE�VEZIROE�

0)()1(2)1( 2 =−−++−−− abcbancnc ii (8)

bMI�VI_IRMI��^E�OSI�ZEDM� 10 ≤≤ in �I�
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*SVQYPMXI� ������� ^E� TVIWQIXOE� RE� IOZMZEPIRXREXE� RIVEWTSPSDPMZSWX� RE
IPIQIRXMXI� ZS� ��]ZI^HEXE��� QSDEX�� TVM� WSSHZIXRM� TVIXTSWXEZOM�� ^REbMXIPRS� HE� WI
YTVSWXEX�� -QIRS�� ^E� WMXI� XILRMbOM� WMWXIQM�� RIVEWTSPSDPMZSWXE� RE� IPIQIRXMXI� I
QRSKY�QEPE��E�SH�HVYKE�WXVERE�IPIQIRXMXI�TSZV^ERM�ZS���]ZI^HE���MQEEX�TSQEPE�RIVEW�
TSPSDPMZSWX�SH�IPIQIRXMXI�TSZV^ERM�ZS���XVMEKSPRMO����>EXSE��^E�IPIQIRXMXI�RE�VE^�
ZSHRMXI�TSWXVSNOM��OEOS�ZMWSOS�HSZIVPMZ�XILRMbOM�WMWXIQ�QSDI�HE�WI�TVIXTSWXEZM

HIOE�ZEDM��  ;jiji nnnn +<< kiki nnnn +<< �M� kjkj nnnn +<< ��8SKE_��WMWXIQSX�VEZIROM

������I�PMRIEVIR��E�RIKSZSXS�VI_IRMI�KPEWM�

)5,01( 321 nnnni −= ;     )5,01( 132 nnnnj −= ;      )5,01( 231 nnnnk −= (12)

(SOSPOY��ZS�JSVQYPMZI�����WI�^ERIQEVM�ZXSVMSX�QRSDMXIP��SHRSWRS�WI�WQIXE
HIOE�ZEDM�� 15,01 ≈− n ��^E�TVIWQIXOE�RE�IOZMZEPIRXREXE�RIVEWTSPSDPMZSWX�RE�IPIQIR�

XMXI�ZS���]ZI^HEXE���WI�HSFMZEEX�WPIHRMZI�Y_XI�TSYTVSWXIRM�JSVQYPM�

 21nnni = ;          32nnnj =  ;          31nnnk = (13)

6EWTSPSDPMZSWXMXI�RE�IPIQIRXMXI�WI�TVIWQIXYZEEX�IHRSWXEZRS�� nr −= 1 �
2E�WP���I�TVMOEDERE�KVI_OEXE�_XS�WI�TVEZM�EOS�RIVEWTSPSDPMZSWXMXI�RE�IPI�

QIRXMXI�ZS���]ZI^HEXE���WI�TVIWQIXYZEEX�WTSVIH�JSVQYPMXI������SHRSWRS������ZS�SH�
RSW�RE�XSbREXE�ZVIHRSWX�TVIWQIXERE�WTSVIH�JSVQYPMXI���������OSKE�WMXI�IPIQIRXM

TSZV^ERM�ZS�XVMEKSPRMO�MQEEX�MWXE�RIVEWTSPSDPMZSWX�� nnnn === 321 �

7I�^EFIPIDYZE�HIOE�ZVIHRSWXMXI�RE�RIVEWTSPSDPMZSWXMXI�TVIWQIXERM�WTSVIH
JSVQYPMXI�����WI�QRSKY�FPMWOM�HS�XSbREXE�ZVIHRSWX��M�WS�RMZRS�OSVMWXI[I�WI�TVEZM
KVI_OE� TSQEPE� SH� �	� OSKE� RIVEWTSPSDPMZSWXE� RE� IPIQIRXMXI� ZS� XVMEKSPRMOSX� I
TSQEPE�SH� 2,0=n �
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2121 nnnn +<< ; 3131 nnnn +<< ; 3232 nnnn +<<  (19)

jiji nnnn +<< ; kjkj nnnn +<< ; kiki nnnn +<<  (20)

8SKE_��WS�WSFMVE[I�RE�VEZIROMXI��������M����WI�HSFMZE�

kji nnnnnnnnn ++=++ 313121 (21)

SXOEHI�WS�OSQFMREGMNE�WS�VEZIROMXI��������M����WSSHZIXRS��HSFMZEQI�

j

ki

n

nn
n =1  ; 

k

ji

n

nn
n =2  ;  

i

kj

n

nn
n =3 ; (22)

6EWTSPSDPMZSWXMXI�RE�IPIQIRXMXI�TSZV^ERM�ZS�XVMEKSPRMO�M^RIWYZEEX�

11 1 nr −= ;    22 1 nr −= ;   33 1 nr −= (23)

%OS�WI�TVIXTSWXEZM�HIOE� WMXI�IPIQIRXM� ZS� ��]ZI^HEXE��� MQEEX�RIVEWTSPSDPM�

ZSWX� nnnn kji === ��KVI_OEXE�_XS�WI�TVEZM�WS�OSVMWXI[I�RE�ETVSOWMQMVERMXI�JSV�

QYPM�����^E�TVIWQIXOE�RE�RIVEWTSPSDPMZSWXMXI�RE�IPIQIRXMXI�TSZV^ERM�ZS�IOZMZE�
PIRXRMSX���XVMEKSPRMO����ZS�^EZMWRSWX�SH�n �I�TVMOEDERE�RE�WP���

2E�OVENSX�HE�RETSQIRIQI�HIOE�OSVMWXI[IXS�RE�JSVQYPMXI�����I�ZV^ERS�WS�MW�
XSZVIQIRS�MWTSPRYZE[I�M�RE� YWPSZSX� ����M�RE� YWPSZSX� ����� HSHIOE� ^E� TVMQIRE�RE
JSVQYPMXI�����M�����HSZSPIR�I�YWPSZSX�����

7P����4VSGIRXYEPRE�KVI_OE�TVM�OSVMWXI[I�RE�JSVQYPMXI�����OSKE�WMXI�IPIQIRXM
TSZV^ERM�ZS���]ZI^HE���MQEEX�MWXE�RIVEWTSPSDPMZSWX�n

��� /32/6)82%�46-1)2%�2%�1)83(38�2%�86%27*-+96%'-.%

:V^�SWRSZE�RE�TVMOEDERMXI�JSVQYPM�^E�XVERWJMKYVEGMNE�WI�M^KSXZIRM�OSQT�
NYXIVWOM�TSXTVSKVEQM�^E�STVIHIPYZE[I�RE�IOZMZEPIRXRMXI�RIVEWTSPSDPMZSWXM�TVM
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WIVMWOS�TEVEPIPRE� XVERWJMKYVEGMNE�� TVM� XVERWJMKYVEGMNE� XVMEKSPRMO→ ]ZI^HE� M
SFVEXRS� ^E� XVERWJMKYVEGMNEXE� ]ZI^HE→XVMEKSPRMO�� 6E^VEFSXIRMSX� QIXSH� aI� FMHI
TVMQIRIX�^E�STVIHIPYZE[IXS�RE�VEWTSPSDPMZSWXE�RE�IHRE�OEVEOXIVMWXMbRE�OSRXYV�
RE�_IQE�RE�VE^ZSHRE�TSWXVSNOE�ZS�JSVQE�RE�bIXMVMEKSPRMO�[7]��OSNE�I�TVMOEDERE�RE
WP��E��?IQEXE�WI�WSWXSM�SH�HZE�HSZSHM�M�HZE�SHZSHM�M�MQE�bIXMVM�TVIOMRYZEbM�

2E�MWXEXE�WPMOE�I�TVMOEDERE�M�IOZMZEPIRXREXE�_IQE�^E�TVIWQIXOE�RE�RIVEW�
TSPSDPMZSWXE�RE�VE^ZSHREXE�TSWXVSNOE��WP��F�

E F

7P����)PIOXVMbRE�_IQE�RE�EREPM^MVEREXE�VE^ZSHRE�TSWXVSNOE��E�M�IOZMZEPIRXRE
_IQE�^E�TVIWQIXOE�RE�RIN^MREXE�RIVEWTSPSDPMZSWX��F

7PIHRMSX�bIOSV�^E�YTVSWXYZE[I�RE�_IQEXE�^E�TVIWQIXOE�RE�RIVEWTSPSDPMZSW�
XE�WI�WSWXSM�ZS�XVERWJMKYVEGMNE�RE���]ZI^HMXI�������������������M���������������TVMOEDERM
RE� WP��F� ZS� ��XVMEKSPRMGM��� ������� �WP��E� M� TEVEPIPRS� ZV^YZE[I� RE� XVERWJMKY�
VMVERMXI�IPIQIRXM��WP��F�

E F

7P����?IQE�RE�VE^ZSHREXE�TSWXVSNOE�TS�M^ZV_IREXE�XVERWJMKYVEGMNE
]ZI^HE→XVMEKSPRMO��E�M�M^ZV_IRSXS�TEVEPIPRS�ZV^YZE[I�RE�IPIQIRXMXI��F

4SREXEQS_REXE�TSWXETOE�^E�YTVSWXYZE[I�RE�_IQEXE�WI�WSWXSM�ZS�ZOPYbYZE[I
ZS�TVIWQIXOEXE�M�RE�RIVEWTSPSDPMZSWXE�RE�WSFMVRMGMXI�ZS�VE^ZSHREXE�TSWXVSNOE�M
XVERWJMKYVEGMNE�RE� ��XVMEKSPRMOSX��� �������ZS� ��]ZI^HE����7S�XSE��OSRIbRS�WI�HSFMZE
WIVMWOS�TEVEPIPRE�WXVYOXYVE�RE�TSZV^ERSWX�RE�IPIQIRXM�SH�OSNE�PIWRS�WI�STVIHIPY�



ZE�RIVEWTSPSDPMZSWXE�RE�VE^ZSHREXE�TSWXVSNOE��7MXI�SZMI�XVERWJMKYVEGMM�WI�TVM�
OEDERM�RE�WP���

7P����:OPYbYZE[I�RE�WSFMVRMGMXI�ZS�_IQEXE�^E�TVIWQIXOE�RE�RIVEWTSPSDPMZSWX�M
XVERJMKYVEGMNE�RE���XVMEKSPRMOSX���������ZS���]ZI^HE����������������

>E� _IQEXE� RE� VE^ZSHREXE� TSWXVSNOE� TVMOEDERE� RE� WP��E� I� M^ZV_IRE� OSR�
OVIXRE� TVIWQIXOE� RE� RIVEWTSPSDPMZSWXE��4VM� XSE�� YWZSIRS� I� HIOE� RIVEWTSPSDPM�

ZSWXE�RE�XVERWJSVQEXSVMXI�I� 4104,5 −⋅=TRn ��RIVEWTSPSDPMZSWXE�RE�TVIOMRYZEbMXI�I
51055,2 −⋅=PRn ��RIVEWTSPSDPMZSWXE�RE�VEWXEZYZEbMXI�I� 61086,2 −⋅=Rn ��HSHIOE�^E�RI�

VEWTSPSDPMZSWX�RE�WSFMVRMGMXI�I�YWZSIRS� 41032,1 −⋅=sn �

:S�TVZMSX�WPYbEN�TVIWQIXOEXE�I�M^ZV_IRE�WTSVIH�IK^EOXRMXI�JSVQYPM��HSHIOE
ZS� ZXSVMSX� WPYbEN� ^E� TVIWQIXOE� RE� RIVEWTSPSDPMZSWXE� WI� OSVMWXIRM�� YTVSWXIREXE
JSVQYPE� ��� M� ETVSOWMQMVERMXI�JSVQYPM� ���� M� �����4VIWQIXOMXI� WI� M^ZIHIRM� WS
OSVMWXI[I�RE�XVERWJMKYVEGMMXI�TVMOEDERM�RE�WPMOMXI������M����(SFMIRMXI�RIVEWTS�
PSDPMZSWXM�WI�WOSVS�MHIRXMbRM��:S�TVZMSX�WPYbEN��TVIWQIXEREXE�RIVEWTSPSDPMZSWX

M^RIWYZE� 710553458,4 −⋅=RPn ��HSHIOE�ZS�ZXSVMSX�WPYbEN�TVIWQIXEREXE�RIVEWTSPSDPM�

ZSWX�I� 710553488,4 −⋅=RPn ��7SZTE`E[IXS�RE�VI^YPXEXMXI�I�VI^YPXEX�RE�ZMWSOEXE�VEW�

TSPSDPMZSWX�RE�IPIQIRXMXI�ZS�VE^ZSHREXE��TSWXVSNOE�

�� >�%�/�0�9�B�3�/

6E^ZMIR� I� QIXSH� ^E� TVIWQIXOE� RE� VEWTSPSDPMZSWXE� �RIVEWTSPSDPMZSWXE� RE
_IQMXI�RE�VE^ZSHRMXI�TSWXVSNOM�OSN�FE^MVE�RE�XVERWJMKYVEGMNE�RE�_IQEXE�RE�VE^�
ZSHREXE�TSWXVSNOE�ZS�TSTVSWXE��RS�WS�IOZMZEPIRXRE�VEWTSPSDPMZSWX�OEOS�M�SVMKM�
REPREXE��4VM� XSE�� TSOEDERS� I� HIOE� ^E� XSbRE� TVIWQIXOE� RE� IOZMZEPIRXRMXI� VEWTS�
PSDPMZSWXM� TVM� XVERWJSVQEGMNEXE� XVMEKSPRMO→ � ]ZI^HE� I� TSXVIFRS� VI_EZE[I� RE
SFMbRE�OZEHVEXRE�VEZIROE��HSHIOE�XVERWJSVQEGMNEXE��]ZI^HE→XVMEKSPRMO�I�TSWPS�
DIRE�M� WI� WZIHYZE�RE�VI_EZE[I�RE�TSPMRSQRE�VEZIROE�SH�XVIX� WXITIR��-^ZIHIRMXI
XSbRM�M�ETVSOWMQMVERM�JSVQYPM�^E�TVIWQIXOE�RE�RIVEWTSPSDPMZSWXE�RE�IPIQIRXM�
XI�TVM�XVERWJMKYVEGMMXI� �XVMEKSPRMO�ZS� ]ZI^HE���� SHRSWRS� �]ZI^HE� ZS� XVMEKSPRMO��
TSOEDYZEEX�HIOE�OSKE�WI�VEFSXM�^E�XILRMbOM�WMWXIQ�WS�ZMWSOE�VEWTSPSDPMZSWX��OEOS



_XS� WI� M� VE^ZSHRMXI� TSWXVSNOM� WS� GIP� HE� WI� YTVSWXEX� M� ^EFV^EX� TVIWQIXOMXI
STVEZHERE�I�M�YTSXVIFEXE�RE�ETVSOWMQMVERMXI�JSVQYPM��4VM�XSE��WIOEOS�XVIFE�HE�WI
M^ZV_M�TVSZIVOE�HEPM�WI�MWTSPRIXM�YWPSZMXI�����M�����

6E^ZMIRMSX�QIXSH�QSDI�OSVMWRS�HE�TSWPYDM�TVM�TVSIOXMVE[IXS�RE�VE^ZSHRM�
XI�TSWXVSNOM��E�TSVEHM�RIKSZEXE�ST_XSWX�QSDI�HE�WI�YTSXVIFM�M�^E�TVIWQIXOE�RE�VEW�
TSPSDPMZSWXE�M�RE�HVYKM�XILRMbOM�WMWXIQM�

�� 0�-�8�)�6�%�8�9�6�%

�� 3RCDU�+����9LVRNRQDSRQVND�UDVNORSQD�SRVWURMHQMD��7HKQLaND�NQMLJD��=DJUHE������
�� 1DKPDQ� -��� 7RSROR^NR�DQDOLWLaND�PHWRGD� SURUDaXQD� SR]GDQRVWL� UD]YRGQLK� SRVWURMHQMD�

;9�6DYMHWRYDQMH�HOHNWURHQHUJHWLaDUD�-XJRVODYLMH��%HRJUDG������
�� 3HWUDQRYL`�'���8SRWUHED�PHWRGH�0RQWH�&DUOR�X�UDaXQDQMX�UDVSRORCLYRVWL�HOHNWURHQHUJHW�

VNRJ�SRVWURMHQMD��;9�6DYMHWRYDQMH�HOHNWURHQHUJHWLaDUD�-XJRVODYLMH��%HRJUDG������
�� &IPSYWIROS�-��:���/SZEPIZ�%�4���3�TVISFVE^SZERMM�ÓOZMZEPIRXRÆ�TS�REHIDRSWXM

WLIQ��XVIYKSPÇRMO�^ZI^HE����ªPIOXVMbIWXZS��No�������
�� 1DKPDQ�-���6DODPRQ�'���1HNL�UH]XOWDWL�SURUDaXQD�SRND]DWHOMD�SR]GDQRVWL�RSUHPH�X�YLVR�

NRQDSRQVNLP�SRVWURMHQMLPD��;9�6DYMHWRYDQMH�HOHNWURHQHUJHWLaDUD� -XJRVODYLMH��%HRJUDG�
����

�� 1DKPDQ�-���0HWRGH�DQDOL]H�SRX]GDQRVWL�HOHNWURHQHUJHWVNLK�VLVWHPD��1DXaQD�NQMLJD��%HR�
JUDG������

�� %VWIRSZ�%���)PIOXVMbIR�HIP�RE� IPIOXVMbRM�GIRXVEPM��)PIOXVSXILRMbOM�JEOYP�
XIX���7OSTNI������

�� -PMIZ�%���4VSM^ZSHRM�M�VE^ZSHRM�TSWXVSNOM���^FMVOE�VI_IRM�^EHEbM��)PIOXVSXIL�
RMbOM�JEOYPXIX���7OSTNI������

���5DGL`�0���5MH^LYRVW�DOJHEDUVNLK�MHGQDGCEL��>NROVND�NQMLJD��=D]JUHE������
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(OHNWURWHKQLaNL�IDNXOWHW���6NRSMH

'26(*$>1,�$1$/,=,�1$�5,=,.27�2'�(/(.75,A1$�6758-$
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9R� VWDQGDUGLWH� ]D� SURHNWLUDZH� L� JUDGED� QD� HOHNWURHQHUJHWVNL� REMHNWL
EH]EHGQRVWD� QD� OX_HWR� RG� SRYUHGL� RG� HOHNWULaQD� VWUXMD� H� GHILQLUDQD� VR
GR]YROHQLWH� YUHGQRVWL� QD� QDSRQ� QD� aHNRU� L� QDSRQ� QD� GRSLU�� 2YLH� YUHGQRVWL� VH
GRELHQL� YU]� RVQRYD� QD� UDVSRORCLYLWH� VR]QDQLMD� ]D� HOHNWURWUDXPDWL]PRW�� 6SRUHG
RYRM�NULWHULXP��NRM�^WR�SUHWVWDYXYD�NODVLaHQ�QDaLQ�]D�SURFHQND�QD�HOHNWULaQDWD
EH]EHGQRVW�� VHNRM� QDSRQ� SRYLVRN� RG� GR]YROHQDWD� YUHGQRVW� QD� QDSRQ� QD� GRSLU� LOL
aHNRU�VH�VPHWD�]D�RSDVHQ�

5L]LN�RG�QHVUH`L�RG�HOHNWULaQD�VWUXMD�SUHWVWDYXYD�NYDQWLWDWLYHQ�SRND]DWHO
QD� ]DJUR]HQRVWD� QD� OX_HWR� YR� HGQD� HOHNWULaQD� UD]YRGQD� SRVWURMND� L� LVWLRW� VH
GHILQLUD�NDNR�WRWDOQD�YHURMDWQRVW�aRYHN�GD�QDVWUDGD�RG�HOHNWULaHQ�XGDU�YR�HGQD
HOHNWULaQD�UD]YRGQD�SRVWURMND�]D�SHULRG�RG�HGQD�JRGLQD�

9R� RYRM� UHIHUDW� H� GDGHQ� SUHJOHG� QD� GRVHJD^QLWH� DQDOL]L� QD� UL]LNRW� RG
QHVUH`L�RG�HOHNWULaQD�VWUXMD�

SUMMARY

In the design and building standards of electric power objects the safety of the people by
electric current injures is defined by the allowed values of step and touch voltage. These values
are found on the basis of available information of the electrotraumatism. According to this criteria
which is a classical way of electric safety estimation, each value of the voltage which is greater
than the allowable touch or step voltage is considered to be dangerous.

The risk of accidents by electric current is a quantitative indication of the people's
imperilling in an electrical substation and it is defined by the total probability a person to suffer
by electric stroke in an electric substation in a period of one year.

In this paper a review of the latest analyses is given regarding the risk of accidents by
electric current.

�� 929('

=D�GD�VH�VRJOHGD�UHDOQDWD�RSDVQRVW�RG�HOHNWULaHQ�XGDU��YR�SRVOHGQLWH�JRGLQL
VH�SRMDYLMD�JROHP�EURM�WUXGRYL�YR�NRL�VR�NRULVWHZH�QD�WHRULMDWD�QD�YHURMDWQRVW�VH
YU^DW�SUHVPHWNL�L�DQDOL]L�QD�VWHSHQRW�QD�EH]EHGQRVW�RG�HOHNWULaQD�VWUXMD�



3RG�VWHSHQ�QD�HOHNWULaQD�EH]EHGQRVW�VH�SRGUD]ELUD�YHURMDWQRVW�QD�EH]EHGQD
UDERWD�QD�RGUHGHQ�EURM�OX_H��QDMaHVWR�����������OX_H��]D�RGUHGHQ�YUHPHQVNL�SHULRG�

9UHRMDWQRVWD�]D�SRMDYD�QD�HOHNWULaHQ�XGDU�H�NRPSOHPHQWDUQD�YHURMDWQRVW�QD
JRUHVSRPHQDWDWD�YHURMDWQRVW�L�PRCH�GD�VH�SUHWVWDYL�NDNR�SURL]YRG�QD�VOHGQLWH�GYH
YHUMDWQRVWL�

- YHURMDWQRVW�aRYHNRW�GD�ELGH�L]ORCHQ�QD�RSDVHQ�QDSRQ�QD�GRSLU�
- XVORYQD�YHURMDWQRVW�GD�QDVWDSL�IDWDOQD�QHVUH`D�SUL�L]ORCXYDZHWR�QD
aRYHNRW�QD�RSDVHQ�QDSRQ�QD�GRSLU�

3UYDWD� YHURMDWQRVW� ]DYLVL� RG� SDUDPHWULWH� QD� ]D]HPMXYDaRW�� ]D^WLWQLWH
PHUNL� L� XSRWUHEDWD� QD� ]D^WLWQL� VUHGVWYD�� D� YWRUDWD� RG� VRVWRMEDWD� QD� aRYHaNLRW
RUJDQL]DP��SDWRW�QD�VWUXMDWD�QL]�WHORWR�L�GROCLQDWD�QD�SURWHaXYDZHWR�

9R�SRJOHG�QD�NULWHULXPLWH�]D�EH]EHGQRVW�SR]QDWL�VH�GYD�UD]OLaQL�SULVWDSD�L
WRD�

- NRQVWDQWHQ�VWHSHQ�QD�EH]EHGQRVW�L
- NRQVWDQWQL�GR]YROHQL�QDSRQL�QD�GRSLU�L�aHNRU�

3UYLRW� NULWHULXP� XVORYXYD� ]D� VHNRMD� SRVWURMND� YHURMDWQRVWD� QD
HOHNWULaQLRW�XGDU�GD�ELGH�SRPDOD�RG� RGQDSUHG�RSUHGHOHQD� GR]YROHQD� YHURMDWQRVW
QD�HOHNWULaHQ�XGDU�

7RD�]QDaL�GD�YR�SRVWURMNL�YR�NRMD�H�REH]EHGHQD�PDOD�YHURMDWQRVW�QD�SRMDYD�QD
RSDVQL�QDSRQL�QD�GRSLU�LOL�YHURMDWQRVWD�QD�L]ORCHQRVW�QD�OX_HWR�H�PDOD��PRCH�GD
VH�XVYRMDW�SRYLVRNL�YUHGQRVWL�QD�GR]YROHQLWH�QDSRQL�QD�GRSLU�

.ULWHULXPRW� ]D� NRQVWDQWHQ� GR]YROHQ� QDSRQ� SUHWVWDYXYD� NODVLaHQ� QDaLQ� ]D
SURFHQND�QD�HOHNWULaQDWD�EH]EHGQRVW��3UHPD�RYRM�NULWHULXP��VHNRM�QDSRQ�SRYLVRN
RG�GR]YROHQLRW�QDSRQ�QD�GRSLU�VH�VPHWD�]D�RSDVHQ�

5L]LN�RG�QHVUH`L�RG�HOHNWULaQD�VWUXMD�SUHWVWDYXYD�NYDQWLWDWLYHQ�SRND]DWHO
QD� ]DJUR]HQRVWD� QD� OX_HWR� YR� HGQD� HOHNWULaQD� SRVWURMND�� 7RM� VH� GHILQLUD� NDNR
WRWDOQD� YHURMDWQRVW� aRYHN� GD� QDVWUDGD� RG� HOHNWULaHQ� XGDU� YR� HGQD� HOHNWULaQD
SRVWURMND� ]D� SHULRG� RG� HGQD� JRGLQD�� 2G� DVSHNW� QD� QDaLQRW� QD� HOLPLQLUDZH� QD
JUH^NLWH�YR�UHCDWD�UD]OLNXYDPH�

- UL]LN�RG�QHVUH`L�]D�SRVWURMNL�VR�DYWRPDWVNR�LVNOXaXYDZH�QD�JUH^NLWH��YR
NRL�WUDHZHWR�QD�HOHNWULaQLRW�XGDU�]DYLVL�RG�VWHSHQXYDZHWR�QD�UHOHMQDWD
]D^WLWD��L

- UL]LN� RG� QHVUH`L� YR� SRVWURMNL� EH]� DYWRPDWVNR� LVNOXaXYDZH� QD� JUH^NLWH
�QHRJUDQLaHQR�WUDHZH�QD�HOHNWULaQLRW�XGDU��

9R�SRJOHG�QD�WHCLQDWD�QD�QHVUH`DWD�SR]QDWL�VH�VOHGQLWH�UL]LFL�
�� 5L]LN�RG�QHRWSX^WDZH�QD�GHORYLWH�SRG�QDSRQ�
�� 5L]LN�RG�R^WHWXYDZH�QD�]GUDYMHWR�QD�aRYHNRW�
�� 5L]LN�RG�VPUW�

=D�RSWLPLUDZH�QD�NDUDNWHULVWLNLWH�QD�]D]HPMXYDaNLWH�VLVWHPL�YR�UD]YRGQL
SRVWURMNL�RG�VUHGHQ�L�YLVRN�QDSRQ�RG�LQWHUHV�H�SURXaXYDZDWD�QD�UL]LNRW�RG�VPUW�]D
SRVWURMNL�VR�DYWRPDWVNR�LVNOXaXYDZH�QD�JUH^NLWH�

�� '26(*$>1,�$1$/,=,

3RLPRW� �UL]LN� RG� HOHNWULaHQ� XGDU�� SUY� SDW� VH� VSRPHQXYD� YR� VWDWLMDWD� QD
Delziel� [�]�L�H�XSRWUHEHQ�YR�VPLVOD�QD�RSDVQRVW�RG�HOHNWULaQD�VWUXMD�SR�aRYHaNLWH



CLYRWL�]D�OX_H�^WR�GRD_DDW�YR�NRQWDNW�VR�HOHNWULaQL�DSDUDWL�]D�EROQLaND�QHJD�L�YR
^LURNDWD�SRWUR^XYDaND�

6R� SHWRJRGL^QLRW� SODQ� ����� �� ����� JRG�� YR� 6665� H� ]DFUWDQD� SURJUDPD� ]D
LVWUDCXYDZH��YR�REODVWD�QD�HOHNWULaQDWD�VLJXUQRVW��VR�NRMD�H�SRVWDYHQD�L�]DGDaD�]D
UD]UDERWND�QD�QRUPLUDZH�QD�QLYRWR�QD�HOHNWULaQD�EH]EHGQRVW�L�PHWRGL�]D�QHJRYD
SUHVPHWND�]D�SRHGLQL�SRVWURMNL��YU]�RVQRYD�QD�WHKQLaNR���HNRQRPVNL�SUHVPHWNL�VR
]HPDZH�SUHGYLG�L�QD�^WHWLWH�RG�HOHNWURWUDXPDWL]PRW�

,VWR� WDND� SRVWDYHQD� H� ]DGDaD� ]D� UD]UDERWND� QD� PHWRGRORJLMDWD� ]D
LVWUDCXYDZD�QD�RVQRYQLWH�NULWHULXPL�]D�HOHNWULaQD�EH]EHGQRVW�VR�NRULVWHZH�QD
WHRULMDWD� QD� YHURMDWQRVW� L� PDWHPDWLaND� VWDWLVWLND�� .DNR� UH]XOWDW� QD� RYDD
SURJUDPD�SURL]OHJOH�SRYH`H�WUXGRYL� [2], [3], [5], [6], [7] L�GUXJL��YR�NRL�H�QDSUDYHQ
RELG�GD�VH�UD]UDERWDW�PHWRGL�]D�SUHVPHWNL�QD�QLYRWR�QD�HOHNWULaQD�EH]EHGQRVW�

9R� [�]� H� GHILQLUDQR� QLYR� QD� HOHNWULaQD� EH]EHGQRVW� �� EURMaDQR� HGQDNYR� QD
YHURMDWQRVWD� RG� QHQDVWDQXYDZH� HOHNWULaHQ� XGDU� YR� SURVWRURW� QD� UD]YRGQLWH
SRVWURMNL�� 9HURMDWQRVWD� QD� QDVWUDGXYDZH� QD� aRYHNRW� RG� QDSRQ� QD� GRSLU� H
GHILQLUDQD�VR�Y]DHPQR�LVSROQXYDZH�QD�GYH�QH]DYLVQL�VOXaDMQL�VRELWLMD��aRYHNRW�GD
ELGH� GRYHGHQ� SRG� QDSRQ� QD� GRSLU� aLH� YUHPHWUDHZH� H� GHILQLUDQR� VR� YUHPHWR� QD
RVQRYQDWD�LOL�UH]HUYQDWD�]D^WLWD�L�IL]LaNDWD�L�]GUDYVWYHQDWD�VRVWRMED�QD�aRYHNRW
GD�ELGH�WDNYD�SUL�NRMD�QDSRQRW�QD�GRSLU�VR�VYRHWR�YUHPHWUDHZH�GD�ELGH�VPUWRQRVHQ�

9HURMDWQRVWD� aRYHNRW� GD� GRMGH� SRG� QDSRQ� QD� GRSLU� H� GHILQLUDQD� VR
YHURMDWQRVW�VWUXMDWD�QL]�]D]HPMXYDaRW�GD�ELGH�GRYROQR�JROHPD��YHURMDWQRVWD�aRYHNRW
GD� GRGLUQH� PHWDOHQ� GHO� RG� SRVWURMNDWD� YR� YUHPHWR� QD� JUH^NDWD�� XVORYQLWH
YHURMDWQRVWL� SUL� WDD� VWUXMD�� � GD� SURUDERWL� RVQRYQDWD� LOL� UH]HUYQDWD� ]D^WLWD� L

YHURMDWQRVWD�RWSRURW�QD�REXYNLWH�QD�aRYHNRW�GD�ELGH�SRPDOD�RG�����kΩ�
9R� WUXGRW� H� L]YU^HQD� RFHQND� QD� RSDVQRVW� RG� VWUXHQ� XGDU� ]D� RSHUDWLYQLRW

SHUVRQDO��L�SHUVRQDORW�]D�RGUCXYDZH�QD�SRVWURMNDWD�SUL�GHMVWYXYDZH�QD�RVQRYQDWD
]D^WLWD�L�SUL�GHMVWYXYDZH�QD�UH]HUYQDWD�]D^WLWD��3ULWRD��SRHGLQLWH�YHURMDWQRVWL
YR�SUHVPHWNLWH�QD�QLYRWR�QD�RSDVQRVW�VH�SURFHQXYDQL�LOL�]HPDQL�RG�OLWHUDWXUD�

3RR]ELOHQ�RELG�GD�VH�GHILQLUD�QLYRWR�QD�HOHNWULaQD�EH]EHGQRVW�SUHVWDYXYD
WUXGRW�QD�-DNREV�L�.RVWUXED [�] NRM�SUHGL]YLNDO�SRYH`H�GLVNXVLL��D�QHNRL�RG�QLY
GDYDDW�SULGRQHV�YR�YHURMDWQRVWQLRW�SULVWDS�QD�SUHVPHWND�QD�VWHSHQRW�QD�RSDVQRVW
RG�HOHNWULaHQ�XGDU�

9R��[�]�NDNR�RVQRYHQ�NROLaHVWYHQ�SRND]DWHO�QD�RSDVQRVWD�RG�HOHNWULaHQ�XGDU
H� YHURMDWQRVWD�P�EU�� � GHILQLUDQD�NDNR� YHURMDWQRVW� GD� QDVWUDGD� aRYHN�RG� RGUHGHQ
EURM� OX_H�� ]D� GHILQLUDQ� YUHPHQVNL� SHULRG�7�� 6WHSHQRW� QD� HOHNWULaQD� EH]EHGQRVW
P(EB)�SUHWVWDYXYD�NRPSOHPHQWDUQD�YHURMDWQRVW�

P(EB) = 1 - P(EU) ���

9HURMDWQRVWD�P(EU)�H�GHILQLUDQD�VOLaQR�NDNR�YR�[�]��W�H�

P(EU) =  P(Ud) P(N/Ud)� ���

�NDGH�H�
P(Ud) �� YHURMDWQRVW�aRYHN�GD�ELGH�L]ORCHQ�QD�RSDVHQ�QDSRQ�QD

GRSLU�
P(N/Ud) ��� YHURMDWQRVW�GD�SUL�L]ORCXYDZHWR�QD�RSDVHQ�QDSRQ�QD

GRSLU�QDVWDQH�QHVUH`D�



3ULIDWHQR�H�UDVSUHGHOEDWD�QD�YHURMDWQRVWD�QD�HOHPHQWDUQLWH�SRYUHGL�GD� H
SR� ]DNRQRW� QD� Poisson�� SD� NDNR� GRYROQL� SRND]DWHOL� ]D� NROLaHVWYHQD� RFHQND� QD
EH]EHGQRVWD�RG�HOHNWULaQL�QHVUH`L�VH�SUHGORCHQL�VOHGQLWH�SRND]DWHOL�

�� QLYR�QD�RSDVQRVW�RG�HOHNWULaHQ�XGDU�P(EU)
�� QLYR�QD�EH]EHGQRVW�P(EB)
�� PDWHPDWLaNR�RaHNXYDZH�QD�NROLaHVWYR�QD�HOHNWULaQL�XGDUL�M(EU)

� 9R� WUXGRW� H� SUHGORCHQR� GD� VH� L]YU^L� QRUPLUDZH� QD� QDMQLVNRWR� QLYR� QD
HOHNWULaQD�EH]EHGQRVW�YR�UD]OLaQL�REODVWL�L�YR�UD]OLaQL�WLSRYL�SRVWURMNL��^WR
EL�SUHWVWDYXYDO�GR]YROHQ�QLYR�QD�EH]EHGQRVW��9U]�RVQRYD�QD�DQDOL]D�QD�HOHNWULaQL
XGDUL�YR����]DSDGQRHYURSVNL�]HPML�NDNR�GR]YROHQR�QLYR�QD�EH]EHGQRVW�H�SUHGORCHQD
YUHGQRVW�������x�����
�����������9R� VWDWLMDWD� [20]� NRMD� SUHWVWDYXYD� GLVNXVLMD� QD� WUXGRW� [�]� H� GDGHQ� SRLQDNRY
SULVWDS� YR� RSUHGHOXYDZHWR� QD� NROLaHVWYHQLWH� RFHQL� QD� EH]EHGQRVW�� ,PHQR�
RSUHGHOHQL� VH�IXQNFLL� QD� YHURMDWQRVWQDWD� UDVSUHGHOED� QD� QDSRQRW� QD� GRSLU� SUL
UD]OLaQL� YUHPLZD� QD� LVNOXaXYDZH� QD� ]D^WLWDWD� L� YRYHGHQ� H� W�Q�� VUHGHQ� EURM� QD
SRYUHGL�RG�HOHNWULaQD�VWUXMD�m��GHILQLUDQ�VR�UDYHQNDWD�����

m=M P(t<τ)  P[ (Ud-Udd)< 0] ���
NDGH�

0 �� EURM�QD�OX_H�NRL�YR�WHNRW�QD�HGQD�JRGLQD�PRCH�GD�VH
QDMGDW��YR�RSDVQL�VLWXDFLL�

P(t<τ) � YHURMDWQRVW�QD�SRYUHGL��τ �GROCLQD�QD�VUFHY�FLNOXV��
P[ (Ud-Udd)< 0] �� YHURMDWQRVW�QDSRQRW�QD�GRSLU�GD�ELGHSRJROHP�RG

GR]YROHQLRW�QDSRQ�QD�GRSLU�

2FHQNDWD�QD�YUHGQRVWD�QD�GRSX^WHQLRW�QDSRQ�QD�GRSLU�]D�UD]OLaQL�REODVWL
VH�SUHGODJD�GD�VH�GRELH�RG�UH]XOWDWLWH�QD�VUHGQLRW�EURM�QD�SRYUHGL�RG�HOHNWULaQD
VWUXMD��SUL�^WR�QH�VH�GR]YROXYD�SRYH`H�RG�HGQD�SRYUHGD�]D�SHULRG�RG����JRGLQL�
�9R� PHWRGDWD� ]D� RSUHGHOXYDZH� QD� QLYRWR� QD� EH]EHGQRVW� VR� SUHVPHWND� QD
YHURMDWQRVWD�QD� HOHNWULaHQ�XGDU� [�]� L� [�]� RVQRYQD� WH^NRWLMD� H� RSUHGHOXYDZHWR�QD
XVORYQDWD�YHURMDWQRVW�P(N/Ud)��=DWRD�YR�L]UD]RW�]D�YHURMDWQRVW�QD�HOHNWULaHQ�XGDU
VH� ]HPD� VWUXMDWD�^WR�SURWHNXYD� QL]� WHORWR�QD� aRYHNRW��9UHGQRVWD� QD� VWUXMDWD� QL]
WHORWR� QD� aRYHNRW� ]DYLVL� RG� SRYH`H� VOXaDMQL� IDNWRUL� NDNR� ^WR� VH�� ^HPDWD� QD
YNOXaXYDZH� QD� aRYHNRW� YR� VWUXMQRWR� NROR�� RWSRURW� QD� aRYHNRYRWR� WHOR�
SDUDPHWULWH�QD�]D]HPMXYDaRW�L�VO�

2YDD�PHWRGD�QH�PRCH�GD�VH�XSRWUHEL�]D�RFHQND�QD�QLYRWR�QD�EH]EHGQRVWD�QD
FHOLQDWD�SRVWURMND���HOHNWULaQD�PUHCD�

9WRUD� PHWRGD� ]D� RSUHGHOXYDZH� QD� QLYRWR� QD� EH]EHGQRVW� H� PHWRGDWD� QD
ORJLaNL� PRGHOL�� 7DD� VH� VRVWRL� YR� RSUHGHOXYDZH� QD� YHURMDWQRVW� QD� QHVUH`D� RG
HOHNWULaQD�VWUXMD�VR�VPUWHQ�LVKRG��YU]�RVQRYD�QD�IRUPLUDZH�QD�ORJLaNL�PRGHOL�]D
YHURMDWQRVWD� QD� RSDVQL� VRVWRMEL� YR� SRVWURMNDWD� L� YHURMDWQRVWD� QD� GRYHGXYDZH� QD
aRYHNRW� YR� RSDVQRVW� RG� VPUWQD� QHVUH`D�� 2VQRYHQ� QHGRVWDWRN� QD� RYDD� PHWRGD� H
QH]HPDZH�SUHGYLG�QD�VWUXMDWD�QL]�WHORWR�QD�aRYHNRW��EH]�aLMD�YUHGQRVW�L�WUDHZH�QH
PRCH�GD�VH�SURJQR]LUD�UH]XOWDWRW�RG�QHVUH`DWD�

7UHWD� PHWRGD� SUHWVWDYXYD� PHWRGD� ]D� RSUHGHOXYDZH� QD� YHURMDWQRVW� QD� HGQR
XVPUWXYDZH�RG�HOHNWULaHQ�XGDU�YR�PQRCHVWYR�RG�m�SRVWURMNL�]D�YUHPHQVNL�SHULRG�t�
9HURMDWQRVWD�QD�HOHNWULaHQ�XGDU�H�GDGHQD�VR�L]UD]RW�

P(EU) = 1 - e-qλt
a
M γt

� ���

NDGH�



q � H�YHURMDWQRVW�QD�XVPUWXYDZH�QD�aRYHNRW�SUL�RVWYDUHQ�GRSLU
YR�SRVWURMNDWD��GHILQLUDQD�NDNR�RGQRV�QD�EURMRW�QD�VPUWQL
VOXaDL�L�EURMRW�QD�VLWH�GRSLUL�YR�m�SRVWURMNL

λ � LQWHQ]LWHW�QD�GRSLU�YR�HGQD�SRVWURMND
ta � VUHGQR�YUHPH�QD�HNVSORDWDFLMD�QD�VLWH�SRVWURMNL

γ � LQWHQ]LWHW�QD�RWND]�QD�]D^WLWDWD�

2YDD� PHWRGD� PRCH� GD� VH� RFHQL� NDNR� XSURVWHQD� ELGHM`L� ]DQHPDUXYD� SRYH`H
IDNWRUL�NRL�YOLMDDW�QD�SRMDYDWD�L�SRVOHGLFLWH�QD�RSDVQLWH� VLWXDFLL��L� VR�QHD� QH
PRCDW�GD�VH�XWYUGDW�SRVWURMNLWH�NRL�QDML]UD]HQR�YOLMDDW�QD�QLYRWR�QD�EH]EHGQRVW�

=D� GD� VH� SUHVPHWD� QLYRWR� QD� EH]EHGQRVW� YR� VLVWHPRW�� �HOHNWULaQD� PUHCD� �
SRVWURMNL� ��SRWUR^XYDaL� ��RSVOXCXYDaNL�SHUVRQDO���RG�>XFNLQ�L�%XUDONRY� [��]� H
UD]UDERWHQD�W�Q���/RJLaNR�YHURMDWQRVWQD��PHWRGD�NRMD�H�RVQRYDQD�QD�SUHWSRVWDYHQL
XVORYL�]D�SRMDYD�QD�RSDVQL�VRVWRMEL�QD�VLVWHPRW�YR�YLG�QD�ORJLaNL�PRGHOL�SUHPD�NRL
VH�GRELYDDW�DQDOLWLaNLWH�L]UD]L�]D�RSUHGHOXYDZH�QD�YHURMDWQRVWQLWH�SRND]DWHOL�]D
IXQNFLRQLUDZH�QD�VLVWHPRW��9R�RYDD�PHWRGD�VH�XVYRHQL�VOHGQLWH�SUHWSRVWDYNL�

� SURFHVLWH�QD�SRMDYD�L�RWVWUDQXYDZH�QD�RSDVQLWH�VRVWRMEL�QD
VLVWHPRW��HOHNWULaQD�PUHCD���SRVWURMND��VH�QH]DYLVQL�L
VWDFLRQDUQL�

� UDSUHGHOEDWD�QD�YUHPHWR�QD�RSDVQL�L�EH]RSDVQL�VRVWRMEL�QD
HOHPHQWLWH�RG�VLVWHPRW�H�SR�HNVSRQHQFLMDOHQ�]DNRQ�

.DNR�SRND]DWHOL�QD�QLYRWR�QD�EH]EHGQRVW�QD�VLVWHPRW��HOHNWULaQD�PUHCD� �
SRVWURMND��VH�GHILQLUDQL�

� VUHGQR�YUHPH�QD�QDR_DZH�QD�VLVWHPRW�YR�RSDVQD�L�EH]RSDVQD
VRVWRMED

� YHURMDWQRVW�QD�QDR_DZH�QD�VLVWHPRW�YR�RSDVQD�L�EH]RSDVQD
VRVWRMED�YR�SURL]YROHQ�PRPHQW�

� YHURMDWQRVW�QD�SRMDYD�QD�RSDVQD�VRVWRMED�L�YHURMDWQRVW�]D
EH]RSDVQD�UDERWD�QD�VLVWHPRW�]D�YUHPH�QD�HNVSORDWDFLMD�t�

'HILQLUDQL�VH�SRHGLQLWH�RSDVQL� VRVWRMEL�L� JUH^NL�YR�PUHCDWD�L� VR�QLYQR
UHGQR���SDUDOHOQR�SRYU]XYDZH�VH�IRUPLUD�ORJLaNL�PRGHO�]D�XVPUWXYDZH�QD�aRYHNRW
RG� HOHNWULaQD� VWUXMD�� VR� NRM� VH� GRELYDDW� DQDOLWLaNLWH� L]UD]L� ]D� SUHVPHWND� QD
SRND]DWHOLWH�QD�QLYRWR�QD�EH]EHGQRVW�

6PUWQLRW�LVKRG�RG�HOHNWULaQLRW�XGDU�H�WUHWLUDQ��VR�YUHGQRVWD�QD�R]YROHQDWD
VWUXMD�QL]�aRYHaNLRW�RUJDQL]DP�]D�UD]OLaQL�YUHPLZD�QD�WUDHZH� [�]��L�H�GHILQLUDQ
VR� XVORYQDWD� YHURMDWQRVW� ]D� XVPUWXYDZH� RG� HOHNWULaQD� VWUXMD�P�,F�τ�� QD� VOHGQLRW
QDaLQ�
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2SL^DQLRW� ORJLaNR� YHURMDWQRVWHQ� PHWRG� GDYD� PRCQRVW� ]D� SRVHVWUDQD
NROLaHVWYHQD� RFHQND� QD� QLYRWR� QD� EH]EHGQRVW� QD� VLVWHPRW� �PUHCD� �� SRVWURMND�� L
VSRUHGED�QD�UD]OLaQL�]D^WLWQL�PHUNL��QR�LVWDWD�VH�ED]LUD�QD�SRYH`H�SUHWSRVWDYNL
D�LVWR�WDND�QHM]LQDWD�WRaQRVW�]DYLVL�RG�WRaQRVWD�QD�SURFHQNDWD�QD�YHURMDWQRVWLWH
YR�SRHGLQLWH�EORNRYL�RG�ORJLaNLRW�PRGHO�

9R�ELY^DWD�6)5-��SUY�WUXG�YR�NRM�H�DQDOL]LUDQD�YHURMDWQRVWD�RG�HOHNWULaHQ
XGDU� H� WUXGRW� QD� 1DKPDQ� [�]�� YR� NRM� VH� REMDVQHWL� RGUHGHQL� SRYDCQL� RGUHGEL� RG
MXJRVORYHQVNLWH� SURSLVL� ]D� ]D^WLWD� QD� PUHCL� VR� QL]RN� QDSRQ� L� SULSDGQLWH
WUDIRVWDQLFL��9R�WUXGRW�H�GDGHQD�SUHVPHWND�QD�YHURMDWQRVWD�RG�RSDVHQ�HOHNWULaHQ



XGDU�]D�UDERWQLFL�YR�WUDIRVWDQLFLWH�VR�VUHGHQ�QL]RN�QDSRQ�L�L]YU^HQD�H�VSRUHGED
VR�YHURMDWQRVWL�RG�QHVUH`L�RG�]HPMRWUHV�L�RG�SULURGQL�SRMDYL�

5L]LNRW� RG� QHVUH`L� RG� HOHNWULaQL� VWUXL� L� QDSRQL� NDNR� NYDQWLWDWLYHQ
SRND]DWHO� QD� ]DJUR]HQRVWD� QD� OX_HWR� SUL� NRULVWHZH� QD� HOHNWULaQL� XUHGL� YR
^LURNDWD�SRWUR^XYDaND�H�UD]UDERWHQD�RG�Urlich�L�Dietrich�[�����L���]��5D]UDERWH�QDWD
PHWRGD� QD� Urlich� RYR]PRCXYD� DQDOL]D� QD� NYDOLWHWRW� QD� ]D^WLWQLWH� PHUNL� YR
SRVWURMNL� NDGH� QH� SRVWRL� DYWRPDWVNR� LVNOXaXYDZH� QD� JUH^NLWH�� VR� SUHVPHWND� QD
UL]LNRW�RG� SRYUHGL�RG� HOHNWULaQD� VWUXMD� L� QHJRYD� VSRUHGED� VR� GR]YROHQ� UL]LN� RG
QHVUH`L��6R�RJOHG�QD�IL]LROR^NLWH�GHMVWYD�QD� VWUXMDWD� GHILQLUDQL� VH�� UL]LFL�RG
QHRWSX^WDZH��RG�R^WHWXYDZH�QD�]GUDYMHWR�L�RG�YHQWLNXODUQD�ILEULODFLMD�

9R� SUHVPHWNLWH� QD� UL]LNRW� VH� ]HPHQL� YR� SUHGYLG� VWUXMQLWH� SDWL^WD� QL]
WHORWR�QD�aRYHNRW�SUHNX�W�Q��k���IDNWRUL�

'HILQLUDQ�H�UL]LN�RG�QHVUH`L�RG�QDSRQL�VR�SRVHEQD�UD]UDERWND�RG�YNXSQLRW
RWSRU�QD�VWUXMQRWR�NROR��YR�NRM�VH�]HPHQL�SUHGYLG�RWSRURW�QD�aRYHNRW��NRQWDNWQLWH
RWSRUL� L� YQDWUH^QLRW� RWSRU� QD� HOHNWULaQLRW� L]YRU�� 'DGHQ� H� QDaLQ� NDNR� VH
L]YHGXYDDW�SUHVPHWNL�QD�UL]LFLWH�SUL�QHSR]QDW�YQDWUH^HQ�RWSRU�QD�HOHNWULaQLRW
L]YRU�

9U]� RVQRYD� QD� PHWRGDWD� QD� Urlich [�]�� YR� [��]� VH� L]YU^HQL� SUHVPHWNL� ]D
GHILQLUDQL� WUR^RFL� ]D� R^WHWXYDZH� QD� ]GUDYMHWR� QD� aRYHNRW�� ]D� UD]OLaQL
SURYRGQRVWL� QD� RNROLQDWD�� UD]OLaQL� GRSLUQL� SRYU^LQL� L� QDSRQVND� ]DYLVQRVW� QD
GRSLUQLWH�RWSRUL��L�GRELHQL�UH]XOWDWL�]D�UL]LFLWH�RG�QHVUH`L�RG�VWUXMD�L�UL]LFLWH
RG�QHVUH`L�RG�QDSRQ�

9R� [��]� H� GDGHQD� SUDNWLaQD� SULPHQD� QD� PHWRGDWD� ]D� DQDOL]D� QD� ]D^WLWQDWD
PHUND���]D^WLWQR�L]ROLUDZH�

0HWRGDWD� QD� Urlich� H� QDPHQHWD� ]D� SUHVPHWND� QD� UL]LFL� YR� SRVWURMNL� NRL
QHPDDW� DYWRPDWVNR� LVNOXaXYDZH� QD� JUH^NLWH� L� EH]� SRQDWDPR^QD� UD]UDERWND� QH
PRCH�GD�VH�SULPHQL�]D�YLVRNRQDSRQVNL�SRVWURMNL��,VWR�WDND��GRELHQLWH�UH]XOWDWL
QH�VH�ED]LUDQL�QD�QDMVRYUHPHQLWH�VR]QDQLMD�QD�HOHNWURWUDXPDWL]PRW�

.DNR�NRPSOHWQD�PHWRGRORJLMD� ]D�SUHVPHWND�QD�UL]LNRW�RG�IDWDOQL�QHVUH`L
PRCH�GD�VH� VPHWD�PHWRGRORJLMDWD�QD�El Kady� L�Vainberg� [��]��9R�QHD� VH� GHILQLUDQL
W�Q�� RSWRYDUXYDaNL� SRWHQFLMDOL�� NDNR� QDSRQL� QD� aHNRU� L� GRSLU� YR� RNOLQDWD� QD
VWROERYLWH�RG�YLVRNRQDSRQVNLWH�YRGRYL�SUL�HGQRSROQL�VSRHYL�VR�]HPMD�QD�YRGRYLWH�
L�QDSRQL�QD�L]GUCOLYRVW�QD�aRYHNRW�VR�NRL�VH�]HPD�SUHGYLG�VRVWRMEDWD�QD�aRYHNRW
GD� L]GUCL� EH]�IDWDOQL� SRVOHGLFL� RGUHGHQD� JROHPLQD� QD� QDSRQ� QD� aHNRU� RGQRVQR
QDSRQ�QD�GRSLU�

2SWRYDUXYDaNLWH� QDSRQL� QD� aHNRU� L� GRSLU� VH� SUHVPHWXYDQL� VR� QLYQLWH
YHURMDWQRVWQL� IXQNFLL� QD� UDVSUHGHOED�� ]D� aLH� GRELYDZH� VH� YU^L� YHURMDWQRVWQD
DQDOL]D�QD�VWUXLWH�QD�NXVL�YUVNL�L�UDVSUHGHOED�QD�]JROHPXYDZHWR�QD�SRWHQFLMDOLWH
YR�RNROLQD�QD�VWROERW��2YLH�YHURMDWQRVWQL�DQDOL]L�VH�RVWYDUHQL�VR�0RQWH�.DUOR
VLPXODFLL� [��]�� L� NDNR� UH]XOWDW� VH� GRELHQL� IXQNFLLWH� QD� YHURMDWQRVWQD
UDVSUHGHOED�QD�RSWRYDUXYDaNLWH�QDSRQL�QD�GRSLU�L�aHNRU�

3UL� GHILQLUDZH� QD� IXQNFLLWH� QD� YHURMDWQRVWQD� UDVSUHGHOED� QD
SRWHQFLMDOLWH� QD� L]GUCOLYRVW� ]HPHQL� VH� YR� SUHGYLG� NDNR� VOXaDMQL� SURPHQOLYL
SRYH`H��IDNWRUL��NRL� �YOLMDDW� �QD� �YHQWLNXODUQDWD�ILEULODFLMD��NDNR��JROHPLQDWD
QD�VWUXMDWD�QL]�WHORWR��WUDHZHWR�QD�SURWHNXYDZHWR��SDWRW�QD�VWUXMDWD��LPSHGDQVDWD
QD�WHORWR�L�GUXJR�

6R� VSRUHGED� QD� IXQNFLLWH� ]D� RSWRYDUXYDaNLWH� QDSRQL� L� QDSRQLWH� ]D
L]GUCOLYRVW� VH� GRELYD� W�Q�� YHURMDWQRVW� QD� RSDVQD� JUH^ND�� NRMD� PQRCHQD� VR
YHURMDWQRVWD� QD� SULVXVWYR� QD� aRYHNRW� YR� YUHPH� QD� JUH^NDWD�� MD� GDYD� WRWDOQDWD
YHURMDWQRVW�QD�IDWDOQDWD�QHVUH`D�RGQRVQR�UL]LNRW�RG�QHVUH`D�� 7RaQRVWD� QD� UH]XO�



WDWLWH�QD�SUHVPHWND�QD�UL]LNRW�RG�QHVUH`D�]DYLVL�RG�WRaQRVWD�QD�RSUHGHOXYDZHWR
QD� SRHGLQLWH� IXQNFLL� QD� YHURMDWQRVW� NRL� ]DYLVDW� RG� VWDWLVWLaNLWH� SRGDWRFL� ]D
SRMDYLWH�QD�JUH^NL�L�QLYQRWR�WUDHZH�

9HURMDWQRVWD�QD�SULVXVWYR�QD�OX_HWR�YR�RNROLQD�QD�VWROERYLWH�H�SUHVPHWDQD
YU]�RVQRYD�QD�SR]QDYDZHWR�QD�VUHGQDWD�IUHNYHQFLMD�QD�JUH^NL�VR�]HPMD�]D�YUHPH�QD
HGQD� JRGLQD�� SUHWSRVWDYNDWD� GHND�EURMRW� QD� JUH^NL� VR� ]HPMD� MD� VOHGL�3XDVRQRYDWD
UDVSUHGHOED�� SURFHQD� QD� YUHPHWR� QD� ]DGUCXYDZH� QD� aRYHNRW� YR� RSDVQD� ]RQD� L
YUHPHWR�QD�WUDHZH�QD�JUH^NDWD�

6OLaQD� QD� PHWRGDWD� QD�El Kady� L�Vainberg� H� PHWRGDWD� QD�Wang Mukhedkar� L
Gervais� [��]�� NRMD� NDNR� PH_XVHEH� QH]DYLVQL� VOXaDMQL� JROHPLQL� JL� ]HPD� RWSRURW� QD
aRYHaNRWR�WHOR��GRSLUQLRW�RWSRU�VWRSDOR� ��]HPMD��YUHPHWR�QD�WUDHZH�QD�VWUXMQLRW
XGDU�� SRMDYL� QD� JUH^NL� YR� ]D]HPMXYDaNLRW� VLVWHP� L� L]ORCHQRVWD� QD� OX_HWR� QD
RSDVQRVW� YR� HOHNWURHQHUJHWVNLWH� SRVWURMNL�� 9R� [��]� VR� SRPR^� QD� RYDD� PHWRGD� H
L]YU^HQD�DQDOL]D�]D�YOLMDQLHWR�QD�SRHGLQLWH�IDNWRUL�YU]� YUHGQRVWD�QD� YNXSQLRW
UL]LN�� SUL� ^WR� SUHVPHWNDWD� QD� YHURMDWQRVWD� QD� L]ORCXYDZH� H� LVWD� NDNR� L� YR
PHWRGDWD�QD�El Kady.

1DMNRPSOHWQD�PHWRGD�]D�SURFHQD�QD�UL]LNRW�RG�VPUWRQRVHQ�HOHNWULaHQ�XGDU
SUHGL]YLNDQ� RG� QDSRQ� QD� aHNRU� LOL� QDSRQ� QD� GRSLU�� YR� RNROLQDWD� QD� UD]YRGQLWH
SRVWURMNL� L� YQDWUH�� YR� SRVWURMNLWH� H� PHWRGDWD� QD�1DKPDQ�� L]ORCHQD� YR� [��]� 2YDD
PHWRGD� JL� ]HPD� YR� SUHGYLG� SUHGQRVWLWH� QD� SUHWKRGQR� VSRPQDWLWH� PHWRGL� L� JR
UH^DYD� QDMJROHPLRW� EURM� QD� QLYQL� QHGRVWDWRFL�� 9R� QHD� VH� GHILQLUDQL� VLWH
QHSUHGYLGOLYL� QDVWDQL� ^WR� PRCDW� GD� VH� VOXaDW� YR� SRVWURMNDWD� L� QHM]LQDWD
QHSRVUHGQD� RNROLQD�� D� VH� SULaLQL� ]D� SRMDYD� QD� LVWHaXYDZH� QD� VWUXMD� YR� ]HPMD� L
]JROHPHQL�QDSRQL�QD�aHNRU�L�GRSLU��6H�SUHVPHWXYD�JROHPLQDWD�QD�VWUXMDWD�YR�]HPMD�
SULaLQDWD�]D�VSRMRW�YR�]HPMD��QHJRYRWR�WUDHZH�L�YHURMDWQRVWD�QD�WRM�YLG�JUH^ND�YR
]DYLVQRVW�RG�ORNDFLMDWD�QD� JUH^NDWD��3ULWRD� VH� ]HPHQL�SUHGYLG� VLWH� JUH^NL�^WR
SUHGL]YLNXYDDW�VSRHYL�YR�]HPMD�PH_X�NRL�L�YHURMDWQRVWD�]D�SRJUH^QD�PDQLSXODFLMD
VR� SUHNLQXYDaLWH�� 9HURMDWQRVWD� QD� QHSUHGYLGHQ� QDVWDQ� H� RSUHGHOHQR� NDNR
VWDFLRQDUQR�UH^HQLH�QD�0DUNRYLRW�SURFHV��2VYHQ�WRD�� YR�PHWRGDWD�QD�1DKPDQ� VH
NRULVWHQL� VRYUHPHQL� VR]QDQLMD� RG� HOHNWURWUDXPDWL]PRW�� 7DND�� LPSHGDQVDWD� QD
WHORWR�H�WUHWLUDQD�NDNR�IXQNFLMD�RG�VWUXMDWD�QL]�WHORWR��SUDJRW�QD�ILEULODFLMD�H
WUHWLUDQ� NDNR� VOXaDMQD�IXQNFLMD� RG� WUDHZHWR� QD� HOHNWULaQLRW� XGDU�� D� LVWR� WDND
QDMJROHP�EURM�QD�IDNWRUL�RG�NRL�]DYLVL�UL]LNRW�RG�QHVUH`L�RG�HOHNWULaQD�VWUXMD�VH
]HPHQL�NDNR�VOXaDMQL�YHOLaLQL�VR�QLYQLWH�YHURMDWQRVWQL�NDUDNWHULVWLNL�

6R�RYDD�PHWRGD�H�RYR]PRCHQD�UHDOLVWLaQD�DQDOL]D�QD�UL]LNRW�RG�VPUWRQRVHQ
HOHNWULaHQ�XGDU�YQDWUH�L�YR�RNROLQDWD�QD�NRQNUHWQD�UD]YRGQD�SRVWURMND�VR�]HPDZH
SUHGYLG�QD�NRQILJXUDFLMDWD�QD�SRVWURMNDWD��QHM]LQDWD�YUVND�VR�YLVRNRQDSRQVNDWD�L
VUHGQRQDSRQVNDWD��QLVNRQDSRQVNDWD��PUHCD�L�QDFUWRW�QD�VLVWHPRW�QD�]D]HPMXYDZH�

9R�SUHWKRGQR�VSRPHQDWLWH�QDaLQL�]D�DQDOL]D�QD�VWHSHQRW�QD�EH]EHGQRVW�LOL
PHWRGLWH�]D�SUHVPHWND�QD�UL]LNRW�RG�QHVUH`L�RG�HOHNWULaHQ�XGDU�YHURMDWQRVWD�QD
L]ORCHQRVW� QD� aRYHNRW� QD� RSDVQRVW� LOL� H� ]HPDQD� VR� YUHGQRVW� ��� LOL� H
SUHWSRVWDYXYDQD�QHM]LQDWD�YUHGQRVW�YU]�RVQRYD�QD�SUHWSRVWDYNL�
� 9R�[��]�L�[��]�VH�SUHGORCHQL�L]UD]L�]D�SURFHQD�QD�YHURMDWQRVWD�QD�L]ORCHQRVW
YU]�RVQRYD�QD�YUHPH�QD�SRPLQXYDZH�QL]�RSDVQD�]RQD��YUHPH�QD�WUDHZHWR�QD�JUH^NDWD
L� IUHNYHQFLMDWD� QD� JUH^NL�� QR� SDUDPHWULWH� ]D� SUHVPHWND� VH� RSUHGHOXYDQL� VR
SUHWSRVWDYNL�L�SURFHQL�

9R�[��]�YHURMDWQRVWD�QD�L]ORCHQRVW�H�SRWRaQR�GHILQLUDQD�L�H�QDJODVHQR�GHND
LVWDWD�WUHED�GD�VH�RSUHGHOL�YU]�RVQRYD�QDQDETXGXYDZD�

9R� [��]� VH� UD]UDERWHQL� PHWRGL� ]D� RSUHGHOXYDZH� QD� YHURMDWQRVWLWH� QD
L]ORCHQRVW�YR�RNROLQDWD�QD�YLVRNRQDSRQVNLWH�SRVWURMNL��NDGH�QDMaHVWR�QD�RSDVQL



QDSRQL�QD�aHNRU�L�GRSLU�VH�L]ORCHQL�QHVWUXaQL�OLFD�L�YR�VDPLWH�SRVWURMNL��NDGH�YR
SURFHVRW� QD� RGUCXYDZH� L� PDQLSXODFLL� VH� L]ORCHQL� VWUXaQL� OLFD�� 0HWRGLWH� ]D
RSUHGHOXYDZH�QD�YHURMDWQRVWD�QD�SULVXVWYR�L�YHURMDWQRVWD�QD�GRSLU�UD]UDERWHQL�YR
RYRM� WUXG� ED]LUDDW� QD� GROJRWUDMQL� QDETXGXYDZD� YR� UD]OLaQL� YLGRYL� SRVWURMNL� YR
0DNHGRQLMD�� SUHVWDYXYDDW� SUY� WDNRY� SULRG� YR� VYHWRW� L� RYR]PRCXYDDW� SRUHDOQL
VRJOHGXYDZD� QD� YHURMDWQRVWD� QD� L]ORCHQRVW� QD� RSDVQRVW� YR� YLVRNRQDSRQVNLWH
SRVWURMNL��1D�WRM�QDaLQ� VR�PHWRGDWD� ]D�SUHVPHWND�QD�UL]LNRW�RG� QHVUH`L�PRCH� VR
PQRJX�SRJROHPD�UHDOQRVW�L�WRaQRVW�GD�VH�YU^L�DQDOL]D�QD�EH]EHGQRVWD�QD�OX_HWR�L
HILNDVQRVWD�QD�]D]HPMXYDaNLWH�VLVWHPL�L�RVWDQDWLWH�]D^WLWQL�PHUNL�YR�VPLVOD�QD
QLYQR�RSWLPL]LUDZH�

���=$./8A2.

9R� RYRM� WUXG� H� GHILQLUDQR� QLYRWR� QD� UL]LN� RG� QHVUH`L� NDNR� NRPSOHWHQ
NULWHULXP� ]D� EH]EHGQRVWD� QD� OX_HWR� YR� YLVRNRQDSRQVNLWH� SRVWURMNL� L� H� GDGHQD
DQDOL]D�QD�VLWH�GRVHJD^QL�LVWUDCXYDZD�YR�RYDD�REODVW��1DMNRPSOHWQD�PHWRGRORJLMD
]D�SUHVPHWND�QD�QLYRWR�QD�UL]LN�RG�QHVUH`L�YR�YLVRNRQDSRQVNLWH�SRVWURMNL�H�GDGHQD
YR� [��]�� [��]� L� [��]� NDGH� PRGHOLUDZDWD� QD� YHURMDWQRVWLWH� QD� SULVDVWYR� L
YHURMDWQRVWLWH�QD� GRSLU� VH� ED]LUDQL�QD� SRYH`HJRGL^QL� QDETXGXYDZD� QD� UDERWDWD
QD�VWUXaQLWH�OLFD�YR�SRVWURMNLWH�L�GYLCHZHWR�L�QDYLNLWH�QD�QHVWUXaQLWH�OLFD�YR
RNROLQD� QD� SRVWURMNDWD�� 3UHSRUDaOLYR� H� GD� VH� SURGROCL� SURFHVRW� QD
QDETXGXYDZDWD�YR�UD]QL�YLGRYL�YLVRNRQDSRQVNL�SRVWURMNL�VR�^WR�EL�VH�SRGREULOD
WRaQRVWD�QD�PHWRGDWD�SUHGORCHQD�YR�[��]�
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%H]�RJOHG��QD�WRD�^WR�UDERWDWD�H�QXCQRVW�WDD�PRCH�GD�ELGH�]DGRYROVWYR�LOL
WRYDU�$NR�XVORYLWH�]D�UDERWD�VH�QHSRYROQL�WRJD^�UDERWDWD�PRCH�GD�ELGH�L��^WHWQD�
1HSRYROQLWH�XVORYL� ]D�UDERWD� VH�SRWHQFLMDOQL�L]YRUL�L�SULaLQL� ]D�SRVUHGQL�LOL
QHSRVUHGQL� SRVOHGLFL�1HSRVUHGQLWH� SRVOHGLFL� YOLMDDW� QD�CLYRWRW� L� ]GUDYMHWR� QD
UDERWQLFLWH�YR�SURL]YRGVWYRWR�SUHQRVRW�L�GLVWULEXFLMDWD�QD�HOHNWULaQD�HQHUJLMD�
1HSRVUHGQLWH�SRVOHGLFL�VH�PDQLIHVWLUDW�NDNR�SRYUHGL�QD�UDERWD�L�SURIHVLRQDOQL
]DEROXYDZD�9R�WUXGRW�H�QDSUDYHQ�RELG�YU]�ED]D�QD�EURMRW�QD�SRYUHGL�QD�UDERWD�YR
SRVOHGQLWH�JRGLQL�GD�VH�SURJQR]LUD�EURMRW�QD�SRYUHGL�QD�UDERWD�GR������J��9U]�ED]D
QD� SURJQR]DWD�RWYRUHQL� VH� QL]D� QDMVX^WHVWYHQL� SUD^DZD� L� GDGHQL� VH� NRQNUHWQL
SUHGOR]L�

CONTENTS:

Without regard of the fact that work is necessity,it can be pleasure or burden.If the working
conditions are bad,then work can be harmful,too.The bad working conditions are potential
sources and reasons for direct or indirect consequences.The direct consequences affect the life
and healt of the workmen in the production,transmission and the distribution of electrical energy.
The direct consequences manifest themselves as injuries at work and professional illnesses.
In this work an effort has been made,on the basis of the number of injuries at work in the last
years,to predict the number of injuries at work by 2010 year.
On the basis of the prediction,a number of essential questions has been opened,and concrete
suggestions have been given.
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(OHNWULaQDWD�HQHUJLMD�QDMQDSUHG�WUHED�GD�VH�SURL]YHGH�YR�HOHNWUDQLWH�GD�VH
SUHQHVH�SUHNX�SUHQRVQLWH�YRGRYL�L�LVWRYUHPHQR�GD�VH�SRWUR^L���NDM�SRWUR^XYDaLWH�
6LWH� SURFHVL� VH� GLUHNWQR� SRYU]DQL� VR� UDERWHZHWR� QD� aRYHNRW�7RD� UDERWHZH� LPD
EHOHJ� SUHG� Vv�QD� XPVWYHQD� UDERWD�7H^NDWD� IL]LaND� UDERWD� MD� REDYXYDDW� PR`QLWH
PD^LQL���EDJHUL���WXUELQL���SXPSL���JHQHUDWRUL�L�VO��%H]�RJOHG�QD�RYD���RSDVQRVWL�L
^WHWQRVWL�SR�SVLKLaNL�L�IL]LaNL�LQWHJULWHW�QD�UDERWQLFLWH�VH�SULVXWQL�L�EDUDDW
SUHY]HPDZH�VHULR]QL�]D^WLWQL�PHUNL�L�DNWLYQRVWL�

1HPD� VRPQHQLH� GHND�XVORYLWH� ]D� UDERWD� YR� HOHNWURHQHUJHWVNLWH� REMHNWL� VH
L]UD]HQR�WH^NL�L�SROQL�VR�RSDVQRVWL�L�^WHWQRVWL�7DNYL�XVORYL�]D�UDERWD�]DHGQR�VR
RGQRVRW� NRQ� ]D^WLWD� QD� UDERWD� VH� SULaLQL� ]D� SRMDYD� QD� SRYUHGXYDZH� QD� UDERWD�
�3RYUHGD� QD� UDERWD� H� QDVLOQR� R^WHWXYDZH� QD� RUJDQL]PRW� SUHGL]YLNDQR� VR
QHSRVUHGQR�L�NUDWNRWUDMQR�PHKDQLaNR�IL]LaNR�LOL�KHPLVNR�GHOXYDZH�VR�VHNDYLaQL
SURPHQL� QD� SRORCEDWD� QD� WHORWR�QHQDGHMQL� RSWRYDUXYDZD� QD� WHORWR� LOL� VR� GUXJL
SURPHQL� QD� IL]LROR^NDWD� VRVRWRMED� QD� WHORWR��� �� 3RYUHGLWH� QD� UDERWD�NDNR
QHSRVUHGQD� SRVOHGLFD� QD� QHSRYROQLWH� XVORYL� QD� UDERWD�� PRCDW� GD� VH� LVNDCDW� YR
DSVROXWQL� EURMNL�VSRUHG� WRD� NDNR� VH� VOXaYDOH� LOL� YR� UHODWLYQL� EURMNL�NDNR� EURM
SRYUHGL�QD�UDERWD�QD������UDERWQLFL�3RYUHGLWH�QD�UDERWD�PRCDW�GD�VH�VRJOHGXYDDW
QD�QLYR�QD�GUCDYD�VWRSDQVND�JUDQND�SUHWSULMDWLH�YR�FHOLQD�LOL�SR�GHORYL�%H]�RJOHG
QD�QLYRWR�WLH�VH�PDQLIHVWLUDDW�SUHNX�LQYDOLGQRVW�LOL�VPUWQRVW� �VH�UHIOHNWLUDW
YR�SRVUHGQLWH�SRVOHGLFL�QD�QDSRYROQLWH�XVORYL�QD�UDERWD���SUHVPHWNRYQL�JXELWRFL�
HIHNWLYQL� L]GDWRFL� L� RVWDQDWL� JXELWRFL�� 3RUDGL� WRD�VHNRM� VWRSDQVNL� VXEMHNW� VH
VWUHPL�EURMRW�QD�SRYUHGLWH�QD�UDERWD�SRVWRMDQR�GD�JL�VOHGL�LVWUDCXYD�L�QDPDOXYD�
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5HWNLWH� QDVWDQL� SUHGVWDYXYDDW� SRVOHGRYDWHOQRVW� QD� QDVWDQLWH� NRL� VH
VOXaXYDDW�SRVOHGRYDWHOQR�HGHQ�SR�HGHQ�YR�VOXaDMQL�YUHPHQVNL�PRPHQWL�3ULPHUL�]D
UHWNLWH�QDVWDQL�PRCDW�GD�ELGDW� ��SRYLFLWH�QD�WHOHIRQVND�FHQWUDOD��SRUDaNLWH�]D
RSUHGHOHQD�VWRND�YR�SUHWSULMDWLHWR�RWND]LWH�QD�PD^LQL��SRYUHGLWH�QD�UDERWD�L�VO�
5HWNLWH�QDVWDQL�JL�LPDW�VOHGQLWH�RVRELQL��

D� YHURMDWQRVW�]D�SRMDYD�QD�HGHQ�LOL�GUXJ�EURM�QDVWDQL�]D�QHNRM
YUHPHQVNL�LQWHUYDO�]DYLVL�VDPR�RG�GROCLQD�QD�LQWHUYDORW�D
QH�RG�SRaHWRNRW�QD�VRJOHGXYDZHWR�QD�UHWNLWH�QDVWDQL�

E� VRJOHGDQD� YHURMDWQRVW� QH� ]DYLVL� RG� WRD� NRONDY� EURM� QD
QDVWDQL�VH�VOXaLOH�GR�SRaHWRNRW�QD�YUPHQVNLRW�LQWHUYDO�YR
NRM�VH�YU^L�VRJOHGXYDZH�QD�UHWNLWH�QDVWDQL�

F� ]D� PDO� YUHPHQVNL� LQWHUYDO�YHURMDWQRVWD� ]D� QDVWDQXYDZH� QD
HGHQ�QDVWDQ�SULEOLCQR� H�SURSRUFLRQDOQD�QD� GROCLQDWD�QD
WRM� LQWHUYDO�YHURMDWQRVWD� QD� QDVWDQXYDZH� QD� GYD� L� SRYH`H
QDVWDQL�PRCH�GD�VH�]DQHPDUL�

� 'HILQLFLMD VSRUHG aO��� L aO��� RG =DNRQRW ]D RVQRYQL SUDYD RG SHQ]LVNR L LQYDOLGVNR

RVLJXUXYDZH�6O�OLVW 6)5- EU������



9R� WHRULMDWD� QD� YHURMDWQRVWD� SRVWRMDW� GHILQLUDQL� SRYH`H� ]DNRQL� ]D
UDVSUHGHOEDWD�QD�UHWNLWH�QDVWDQL�NDNR�^WR�VH�=DNRQRW�]D�ELQRPQD�UDVSUHGHOED�L
3XDVRQRYRW� ]DNRQ�� 'RNRONX� YHURMDWQRVWD� QD� QDVWDQLWH� H� PQRJX� PDOD� D� EURMRW� QD
YUHPHQVNLWH� LQWHUYDOL� H� JROHP�]DNRQRW� ]D� ELQRPQDWD� UDVSUHGHOED� QD� UHWNLWH
QDVWDQL�PRCH�GD��VH�]DPHQL�VR�3XDVRQRYLRW�]DNRQ�

0RCH� GD� VH� WYUGL� GHND� SRYUHGLWH� QD� UDERWD�� RG� aLVWR� PDWHPDWLaND� JOHGQD
WRaND�SUHGVWDYXYDDW�UHWNL�QDVWDQL�7LH�PX�VH�SRNRUXYDDW�QD�=DNRQRW�QD�DVLPSWRWVND
ELQRPQD�UDVSUHGHOED��,PHQR�SRJROHP�EURM�OX_H��YR�RSUHGHOHQ�YUHPHQVNL�LQWHUYDO�
`H�GRCLYL�VDPR�HGQD�SRYUHGD�D�PQRJX�SRPDO�EURM�YR�LVW�LQWHUYDO�`H� � GRCLYL� � GYH�
X^WH� SRPDO� EURM� WUL� �� aHWLUL� ����� SRYUHGL� QD� UDERWD�� 2YD� SRUDGL� WRD� ^WR�QD
SRYUHGDWD�QD�UDERWD�GHOXYDDW�QDGYRUH^QL�L�YQDWUH^QL�IDNRUL�'RNRONX�WLH�QH�EL
SRVWRHOH� �^WR� H� QHYR]PRCQR�� WRJD^�WLH� VWURJR� EL� VH� SRNRUXYDOH� QD�3XDVRQRYDWD
UDVSUHGHOED�QD�UHWNLWH�QDVWDQL�

.RQVWDWDFLMDWD�GHND� YORCXYDZDWD� YR� ]D^WLWD� SUHGVWDYXYDDW� � YORCXYDZD� YR
aRYHNRW���PRCHEL�QDMGREUR��PRCH��GD��MD�SRWYUGL��RGJRYRURW��QD��SUD^DZHWR��NRONX
SRYUHGL�QD�������UDERWQLFL�YR�(60�PRCDW�GD�VH�RaHNXYDDW�YR�SHULRGRW�����������J�"
2GJRYRURW� QD� SUD^DZHWR� PRCH� GD� VH� GRELH� DNR� SRYUHGLWH� QD� ����� UDERWQLFL� VH
UD]JOHGXYDDW� NDNR� YUHPHQVND� EURMQD� QL]D�� @H� VH� QDSUDYL� RELG�YU]� ED]D� QD
NRUHODFLRQLRW�L]UD]�QL]DWD�GD�ELGH�SUHGVWDYHQD�VR�RSUHGHOHQL�JUDILFL�7LH�PRCDW
GD� VH� QDFUWDW� ]D� EOLVNRWR� PLQDWR�NDNR� WHULVNL� EURM� SRYUHGL�=DSD]XYDM`L� MD
XWYUGHQDWD� ]DNRQLWRVW� PRCQR� H� �� JUDILNRW� GD� VH� SURGROCL� L� YR� LGQLQDWD� L� GD� VH
SURJQR]LUD�EURMRW�QD�SRYUHGLWH�YR�UHODWLYQR�NXV�YUHPHQVNL�LQWHUYDO����GR������J�

9R� LVWUDCXYDZHWR� L� L]UDERWNDWD� QD� SURJQR]DWD� QD� SRYUHGLWH� QD� UDERWD
SRMGRYQD�RVQRYD�VH�VWDWLVWLaNLWH�SRGDWRFL�]D�SRYUHGLWH�QD�UDERWD�YR�(60�GDGHQL
YR�WDEHODWD�7��I�

������������������������������7DEHOD�7�I���%URM�SRYUHGL�QD�UDERWD�YR�(60��YR�SUHLRG�������������J�
���� ���� ���� ���� ���� ���� ���� 9NXS� 3URV�%U��SRYUHGL�QD

QD������UDERWQ� ����� ����� ����� ����� ����� ��� ��� ������� ������
%URM�QD�UDERWQLFL� ���� ���� ���� ���� ���� ���� ���� ������ �����
%URM�SRYUHGL ����� ����� ����� ����� ����� ����� ����� ������� ������

3URVHaQDWD�YUHGQRVW�QD�UHWNLWH�QDVWDQL�8� `H� VH� GRELH� DNR�SURVHaQLRW�EURM
SRYUHGL�QD�UDERWD�VH�SRGHOL�VR�SURVHaQLRW�EURM�QD�UDERWQLFLWH��1D�WRM� �QDaLQ� VH
GRELYD�

��������������������������������������8� ������������ ������������

0DWHPDWLaND� NRQVWDWDFLMD� H� GHND� ]D� 3DXVRQRYD� UDVSUHGHOED� QD� UHWNLWH
QDVWDQL��YUHGQRVWD��8�H�HGQDNYD�QD�YUHGQRVWD�a�YR�L]UD]RW�]D�RYDD�UDVSUHGHOED�

� ,]YRU � (60�6HNWRU ]D ILQDQVLVNL UDERWL�6OXCED ]D SODQ L DQDOL]D

P
a

m
ex a

m
a

=
−= ⋅

!



������������������������������NDGH�
P���YHURMDWQRVW�]D�QDVWDQXYDZH�QD�SRYUHGD�QD�UDERWD
m���IUHNIHQFLMD��QD�SRYUHGLWH��QD�UDERWD
 a���YUHGQRVW�QD�QDVWDQXYDZH�SRYUHGL�QD�UDERWD

'RNRONX�VH�VDND�GD�VH�XNDCH�QD�EURMRW�QD�UDERWQLFLWH�NRL�QH�EL�GRCLYHDOH
SRYUHGD� QD� UDERWD�QD� EURMRW� QD� UDERWQLFLWH� NRL� EL� VH� SRYUHGLOH� VDPR� HGQD^�QD
EURMRW� QD� UDERWQLFLWH� NRL� EL� VH� SRYUHGLOH� GYD� SDWL� LWQ�� WRJD^� QDMQDSUHG� `H� VH
RSUHGHOL��YHURMDWQRVWD���P ���D��SRWRD�L�IUHNIHQFLMDWD�QD�SRYUHGXYDZDWD�
���������6SUHPD�JRUQLRW�L]UD]��]D�Dm�≈�����]D��m� ����WDND�^WR��

��������������������������������P�( x=0 )� �H�� D����������P� �����������

7HRUHWVNL�IUHNIHQFLLWH�QD�SRYUHGXYDZDWD�VH�GDGHQL�VR�VOHGQLRW�L]UD]�

�ft = P · n

1D�WRM�QDaLQ�EURMRW�QD�UDERWQFLWH�NRL�QH�GRCLYHDOH��SRYUHGD��QD��UDERWD�H�

�������� 0 f  = P · n  ������������· 8723 � �����

%URMRW�QD�UDERWQLFLWH�NRL�GRCLYHDOH�HGQD�SRYUHGD�QD�UDERWD�H�

 m =1          1 ft  = 8430  ·  �������������= 288

                          m = 2        2 ft = ( 1ft  · a ) : 2 ! =  ( 288 · ������������������� ��

����������������]D����m �����ft�� ��2 ft · a ) : 3! =  0.02 �^WR�PRCH�GD�VH�]DQHPDUL��

9U]� RVQRYD�QD� L]QHVHQRWR�EL�PRCHOR� GH� VH� WYUGL� GHND� YR�(60�YR� SHULRGRW
������������J��EURMRW�QD�UDERWQLFLWH�NRL�GRCLYHDOH�HGQD�SRYUHGD�QD�UDERWD�H�����VR
GYH�SRYUHGL�ELOH�����GRGHND������UDERWQLFL�QH�GRCLYHDOH�QLWX�HGQD�SRYUHGD

6R� VWDWLVWLaNDWD� DQDOL]D� QD� YUHPHQVNLWH� QL]RYL� LOL� � VR� SUHVPHWXYDZH� QD
WUHQGRYL�� NDNR� OLQLL� NRL� SUHGVWDYXYDDW� RVQRYQDWD� WHQGHQFLMD� QD� GYLCHZHWR� QD
SRYUHGLWH� QD� � UDERWD� YR� (60�PRCH� GD� VH� QDSUDYL� PDONX� SRSUDYLOQD��YLVWLQVND�
SURJQR]D�]D�IUHNYHQFLMDWD�QD�SRYUHGLWH�QD�UDERWD�

/LQLMDWD� QD� WUHQGRW� QD� SRYUHGLWH� QD� UDERWD� PRCH� GD� LPD� REOLN� QD� SUDYD
�OLQHDUQD�NROHUDFLMD��LOL�REOLN�QD�NULYD�RG�SRYLRN�UHG��QHOLQHDUQD��NRUHODFLMD�
NRMD��VH�NDUDNWHUL]LUD�VR�SDUDPHWULWH�QD�OLQLMDWD�QD�WUHQGRW�

1D� RGVWDSXYDZH� QD� EURMRW� QD� SRYUHGLWH� RG� � RVQRYQLRW� WUHQG�� YR� L]YHVQD
PHUND��YOLMDDW�IDNWRULWH�NRL�VYHVQR�VH�SUHY]HPDDW����PHUNL�]D�]D^WLWD�QD�UDERWD�L
X^WH� � QHNRL� � GUXJL� aLQLWHOL� �� SURPHQD� QD� NDGURYLWH�SURPHQD� QD� WHKQRORJLMDWD� L
VO�1D� WRM� QDaLQ� OLQLMDWD� QD� WUDQGRW� SRPLQXYD� SRPH_X� WRaNLWH� NRL� JL� SRNDCXYDW
RULJLQDOQLWH�aOHQRYL�QD�YUHPHQVNDWD�QL]D�/LQLMDWD�QD�WUHQGRW�PRCH�GD�VH�SRYOHaH
L�VR�VORERGQD�UDND�RGRNR�QR�VHSDN��QDMSUDYLOQR�H�DNR�WRM�WUHQG�PRCH�GD�VH�SUHVPHWD
VR� SRPR^� QD� IRUPXODWD� L� YU]� ED]D� QD� WDD� SUHVPHWND� GD� VH� QDFUWD� VRRWYHWHQ
JUDILN�7DNRY�L]UD]�VR�NRM�VH�SUHVPHWXYD�WUHQGRW�QD�YUHPHQVNDWD�QL]D�LPD�REOLN�



      NDGH�����A�L�c�VH�NRHILFLHQWL�QD�OLQLMDWD�QD�WUHQGRW�

9UHGQRVWLWH�QD�NRHILFLHQWLWH�`H�ELGDW�RSUHGHOHQL�VR�SRPR^�QD�PHWRGDWD�QD
QDMPDOL�NYDGUDWL�=D�WDD�FHO�H�QHRSKRGQR�GD�VH�VRVWDYL�VOHGQDWD�WDEHOD��

�����������������������������������������������������������������������������������������������������7�II ��7DEHOD�]D�REUDERWND
n x x2 y ln y x · ln y y teor
1 2 3 4 5 6 7

1 1 1 25 3.2189 3.2189 31
2 2 4 40 3.6889 7.3777 32
3 3 9 34 3.5264 10.5701 33
4 4 16 38 3.6376 14.5503 34
5 5 25 30 3.4012 17.0060 35
6 6 36 35 3.5553 21.3321 36
7 7 49 37 3.6109 25.2764 37

9NXSQR 28 140 24.6392 99.3405

2G�WHRULMDWD�]D�PHWRGDWD�QD�QDMPDOLWH�NYDGUDWL�SR]QDWL�VH�L]UD]LWH��

YU]�RVQRYD�QD�NRL�VH�GRELHQL�YUHGQRVWLWH :

A = 30,2016 �]DRNUXCHQR  A = 30 ��L
 c = 0,027996

6R� SRPR^� QD� IRUPXODWD� ]D� SUHVPHWXYDZH� QD� WUHQGRW� QD� YUHPHQVND� QL]D� L
GRELHQLWH�YUHGQRVWL�]D�NRHILFLHQWL�$�L�V�SUHVPHWDQL�VH�YUHGQRVWLWH�]D�yteoretski  L
LVWLWH�VH�YQHVHQL�YR�NRORQD�����YR�WDEHODWD�7�II ��3RWRD�QD�LVW�QDaLQ�VH�SUHVPHWDQL�L
YQHVHQL�YR�WDEHOD�7�III �YUHGQRVWLWH�]D�SRYUHGL�QD�UDERWD�QD������YUDERWHQL�YR�(60
]D�SHULRG�������������J�

7DEHOD�7�III ��3URJQR]LUDQL�SRYUHGL�QD�UDERWD�QD������YUDERWHQL�YR�(60�GR������J�
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x � � �� �� �� �� �� �� �� �� �� �� �� ��
yprog �� �� �� �� �� �� �� �� �� �� �� �� �� ��

y A ecx= ⋅

c x n y y+ ⋅ =∑ ∑ln ln
1

7

1

7

c x A x x y2

1

7

1

7

1

7

+ = ⋅∑∑∑ ln ln



7DEHOLWH� L� GLMDJUDPLWH� NRL� VH� QDFUWDQL� YU]� RVQRYD� QD� QLY�� RYR]PRCXYDDW� GD� VH
VWHNQH�PQRJX�SRMDVQD�VOLND�]D�SRYUHGLWH�QD�UDERWD��7LH�SUXCDW�HGQR]QDaHQ�RGJRYRU
QD�SRVWDYHQRWR�SUD^DZH�

=$./8A2.

0RCH� GD� VH� NRQVWDWLUD� GHND� EURMRW� QD� SRYUHGLWH� QD� UDERWD� LPD� WUHQG� QD
SRUDVW�L�YR�EOLVND�LGQLQD�WRM�WUHQG�`H�HJ]LVWLUD�7UHED�GD�VH�RaHNXYD�PQRJX�JROHP
EURM�SRYUHGL�QD�UDERWD��.DNR�SRVOHGLFD�QD� WRD� RaHNXYDZH��(60�`H� VH� VRRaL�L� VR
JROHP� EURM� ]DJXEHQL� UDERWQL� GHQRYL�RJURPQL� JXELWRFL� QD� SULKRGRW�� GRKRGRW� �
YUHGQRVWD�QD�SURL]YRGVWYRWR�L�GUXJL�]DJXEL��6H�UD]ELUD�VHWR�WRD�PR^QH�QHJDWLYQR
`H� YOLMDH� YU]� RVQRYQLWH� SULQFLSL� QD� VWRSDQLVXYDZHWR�UHQWDELOQRVW�� �OLNYLGQRVW
SURGXNWLYQRVW��HIHNWLYQRVW�

2G� RYLH� SULaLQL� QHRSKRGQR� H� GD� VH� SRNDCH� SRJROHP� LQWHUHV� ]D� YDNYLWH
NRQVWDWDFL��1DMSUYLQ�WUHED�GD�VH�QDSUDYDW�XVLOEL�YDNYLRW�WUHQG�GD�]DSUH�D�SRWRD�L
GD�PX�VH�SURPHQL�]QDNRW�

1DYHGHQLWH� NRQVWDWDFLL� SUXCDW� PRCQRVW� GD� VH� RWYRUDW� QL]D� JOREDOQL
SUD^DZD�RG�REODVWD�]D^WLWD�QD�CLYRWQD�L�UDERWQD�VUHGLQD�1LYQLRW�EURM�H�JROHP�L
VHNRJD^�DNWXHOHQ�9R�RYDD�SULOLND�`H�ELGDW�VSRPQDWL�VDPR�QHNRONX�]D�NRL�SRVWRL
XEHGXYDZH� GHND� LPDDW� QDMJROHPR� ]QDaHZH�5HGRVOHGRW� SR� NRM� VH� QDYHGHQL� QH� H� L
NYDQWLILNDFLMD�QD�QLYQRWR�]QDaHZH�SD�RG�WDPX�L�QH�VH�QXPHULUDQL�

35$>$:$�=$�',6.86,-$

∗ 6WDY�NRQ�]D^WLWD�QD�CLYRWQD�L�UDERWQD�VUHGLQD�"
.DNRY�H�RS^WLRW�VWDY��NRQ�]D^WLWDWD�QD�YUDERWHQLWH�YR�(60"�.RONX
SRGDWRFLWH� RG� RYDD� REODVW� VH� GRVWDSQL� GR� UDERWQLFLWH"� .RONX
VUHGVWYDWD�]D�MDYQR�LQIRUPLUDZH��L]YHVWXYDDW��]D�SRYUHGL�QD�UDERWD"

∗ 3URSL^DQL�PHUNL�L�DNWLYQRVWL�]D�]D^WLWD"
9R�]DNRQVNLWH�SRG]DNRQVNLWH�L�YR�LQWHUQLWH�DNWL�YR�3UHWSULMDWLHWR
SRVWRMDQR�VH�HNVSORDWLUD�WHUPLQRW��SURSL^DQL�PHUNL�L�DNWLYQRVWL

� 'LMDJUDPLWH VH GDGHQL YR SULORJRW $
� 7RD QDMGREUR JR LOXVWULUDW SRGDFLWH � YR GUCDYDWD� JRGL^QR VH VOXaXYDDW �� SRYUHGL QD ����

UDERWQLFL L GYDHVHWLQD VPUWQL SRYUHGL ,VWRYUHPHQR� YR HOHNWURVWRSDQVWYRWR RG ���� UDERWQLFL

�� VH SRYUHGXYDDW � QD LPH EROHGXYDZD SRUDGL SRYUHGL QD UDERWD VH RGGHOXYD ����� RG VUHGVWYDWD

SRWUHEQL ]D LVSODWD QD OLaQL GRKRGL� JRGL^QR�]D /=6 L /=2� YR SUHWSULMDWLHWR VH SRWUR^L RNROX

��� PLOLMDUGL '(0�
� $YWRURW VSURYHO DQNHWD PH_X YUDERWHQLWH YR (60 NRMD SRNDCDOD GHND NDM OX_HWR SRVWRL CHOED GD
GRPLQLUDDW YR SULURGDWD�0RCH GD VH NDCH GHND SRVWRL VR]QDQLH NDM UDERWQLFLWH GHND H QXCQR

SRWUHEQR GD VH QDSUDYDW RSUHGHOHQL PHQXYDZD QD UHODFLMD aRYHN � SULURGD�6H NRQVWDWLUD GHND

aRYHNRW H WRM NRM WUHED GD VH PHQXYD ]DWRD ^WR QHJRYDWD SRQDWDPR^QD HJ]LVWHQFLMD YR SULURGDWD
VHULR]QR H GRYHGHQD YR SUD^DZH�7HKQLNDWD L WHKQRORJLMDWD VH WLH NRL QD aRYHNRW PX

RYR]PRCXYDDW GD LPD NRPIRU L EODJRVRVWRMED�1R QLYQLRW SRQDWDPR^HQ UD]YLWRN Vv SRWH^NR VH

NRQWUROLUD D VR WRD Vv SRYH`H PX VH ]DNDQXYD QD SULURGDWD L QD VDPLRW aRYHN NDNR QHM]LQLRW
VHJPHQW �

� �7URMFD ]DJLQDWL�PQRJX SRYUHGHQL�6SRUHG VRREUD`DHQ L]YH^WDM RG 095 PLQDWDWD QHGHOD QD

SRGUDaMWR QD GUCDYDWD VH VOXaLOH �� VRREUD`DMQL QH]JRGL VR SRWH^NL SRVOHGLFL�%LOH SRYUHGHQL ��
OLFH D WUL �YR]Da�SH^DN L YHORVLSHGLVW� ]DJLQDOH�1DSUDYHQD H ^WHWD RG GYD PLOLRQL GHQDUL�

1DMaHVWL SULaLQL ELOH �SUHEU]RWR YR]HQMH�QHYQLPDQLH L DONRKRORW����9HaHU� EU������ RG

�����������J� QD VWU���



]D�]D^WLWD���.DNR�VH�WLH�SURSL^DQL".DNYL�VH�WLH�VSRUHG�NYDOLWHW�L
NYDQWLWHW"�.RONX�VH�WLH�PHQOLYL�VRYUHPHQL�L�NRONX�VH�WLH�]DVQRYDQL
QD�QDMQRYLWH�QDXaQL�VR]QDQLMD�L�LVNXVWYD�YR�UD]YLHQLWH�]HPML"

∗ 2UJDQL]DFLMD�QD�]D^WLWDWD�QD�CLYRWQD�L�UDERWQD�VUHGLQD�"
1D�RUJDQL]DFLMDWD�QD�UDERWD�PRUD�GD�L�VH�SRVYHWL�SUHVXGQR�YQLPDQLH�
'UCDYDWD�VDNDM`L� QD� RSUHGHOHQL� UDERWL�� GD� LP� GDGH� QXCQDWD
YDCQRVW�RWYRUD� QRYL� LOL� JL� SUR^LUXYD� SRVWRMQLWH� PLQLVWHUVWYD�
7UHED�GD�VH�RaHNXYD�GHND�L�YR�(60�PQRJX�EUJX�`H�VH��SRYOHaH�VOLaHQ
SRWHJ�`H� VH� IRUPLUD� 6OXCED� ]D� ]D^WLWD� QD� CLYRWQD� L� UDERWQD
VUHGLQD��7RD��YSURaHP�JR�EDUDDW�QH�VDPR�]JROHPHQRWR�SURL]YRGVWYR�QD
HQHUJLMD�� Vv� SRJROHPR� SRYU]XYDZH� VR� UD]YLHQLWH� HOHNWURVWRSQDVWYD�
SRWUHEDWD�]D�YRYHGXYDZH�SD]DUQL�RGQRVL�YR�]D^WLWDWD�NRQVWUXNWLYQD
L�SORGQD�VRUDERWND�VR�GUCDYQLWH�RUJDQL�YR�XUHGXYDZHWR�QD�]D^WLWDWD
L�QL]D�GUXJL�IDNWRUL�WXNX�RVREHQR��CHOEDWD�]D�QDPDOXYDZH�QD�LRQDND
JROHPLRW� EURM� SRYUHGL� QD� UDERWD�� QD� SURIHVLRQDOQL� ]DEROXYDZD�
GHJUDGDFLMDWD�QD�CLYRWQDWD�VUHGLQD�L�QL]D�GUXJL�aLQLWHOL�

∗ ,QWHUQD�OHJLVODWLYD�YR�]D^WLWDWD"
3UHWSULMDWLHWR� DNWLYQR� XaHVWYXYD� YR� L]UDERWNDWD� QD� ]DNRQVNL� L
SRG]NRQVNL�DNWL�QD�QLYR�QD�GUCDYDWD�3RNUDM�GUCDYQLWH�SURSLVL��(60
GRQHVXYD�L�VYRL�LQWHUQL�SURSLVL�L�QRUPL�VR�NRL�SREOLVNX�JL�XWYUGXYD
PHUNLWH�L�DNWLYQRVWLWH�YR�RYDD�REODVW���1HPD�VRPQQLH�GHND�(60�LPD
VYRL� VSHFLILaQRVWL� NRL� SUHGVWDYXYDDW� QHSUHPRVWLYD� SUHaND� ]D
SURVWRWR�NRPSLOLUDZH�QD��WX_LWH��SURSLVL��6R�NYDOLWHWQL�VRSVWHYHQL
SURSLVL� VH� aLQL�PRCH� ]QDCLWHOQR� GD� VH� YOLMDH� YU]� SRGLJDZHWR� QD
QLYRWR�QD�]D^WLWDWD�YR�(60�

∗ (GXNDFLMD�]D�EH]EHGQD�L�VLJXUQD�UDERWD"
1DMYDCQLRW�GHO�QD�QD�]D^WLWDWD�H�HGXNDWLYQDWD�NRPSRQHQWD��=R^WR"
)DNW� H� GHND� VLVWHPRW� QD� ^NROXYDZHWR� NRM� SRVWRHO� �� L� NRM� VHX^WH
SRVWRL���HGQRVWDYQR�QH�RYR]PRCLO�GD�VH�VWHNQDW�QLWX�QDMHOHPHQWDUQL
]QDHZD� RG� ]D^WLWDWD�3UHGSULMDWLHWR� PRUD�VR� WHKQLaNL� PHUNL� L
DNWLYQRVWL�GD�JR�]DSRaQXYD�SURFHVRW�QD�HGXNDFLMDWD�QD�UDERWQLFLWH
X^WH� SUL� YUDERWXYDZHWR� QD� VHNRM� SRHGLQHF� L� SHUPDQHQWQR��� GD� JL
XQDSUHGXYD�L�RVRYUHPHQXYD�]QDHZDWD�YR�REODVWD�]D^WLWD�QD�CLYRWQD
L� UDERWQD� VUHGLQD���=D� WRD� SRVWRMDW� EURMQL� SULaLQL�1DMYDCQL� VH
]D^WLWD� QD� UDERWQLFLWH� L� CLWHOLWH� YR� 5HSXEOLND� 0DNHGRQLMD� L
]JROHPXYDZH�QD�HNRQRPVNLWH�HIHNWL�QD�VYRHWR�UDERWHZH�

∗ (NRQRPVNL�NDUDNWHU�QD�]D^WLWDWD�L�PRCQRVWL�]D�UDFLRQDOL]DFLMD"

� =DNRQVNDWD REYUVND ]D IRUPLUDZH QD 6OXCED ]D ]D^WLWD QD CLYRWQD L UDERWQD VUHGLQD
SURL]OHJXYD RG =DNRQ ]D ]D^WLWD QD UDERWD �6O�9HVQLN EU��� RG ������ �����J�� aO���������� L aO�� L

aO�� RG 3UDYLOQLN ]D ]D^WLWD QD UDERWD QD -3 (60 EU����� RG �����������J�
� 8VWDYHQ ]DNRQ �6O�9HVQLN 50 EU������ L EU������
� 1HND ELGH QDYHGHQ VDPR SULPHURW QD HOHNWURVWRSDQVWYRWR QD 6UELMD�,PHQR WDPX QH VDPR GD SRVWRL

HGLQVWYHQDWD VOXCED ]D ]D^WLWD WXNX L YR UDPNLWH QD DVRFLMDFLMDWD QD GLVWULEXWLYQLWH SRJRQL

SRVWRL 'LUHNFLMD ]D GHMQRVW QD HOHNWURGLVWULEXFLMD QD 6UELMD�2YDD GLUHNFLMD�EH] RJOHG QD
�QHVOHGHQLWH� SURSLVL�YR �����J� L]UDERWL L GRQHVH 7HKQLaNL SURSLVL ]D PHUNLWH ]D EH]EHGQRVW QD

UDERWD YR HOHNWURHQHUJHWVNL REMHNWL�
�� 2EYUVNDWD ]D SHULRGLaQD SURYHUND QD ]QDHZDWD RG REODVWD QD ]D^WLWDWD SURL]OHJXYD L RG aO���
VWDY � L aO��� RG =DNRQRW ]D ]D^WLDWD QD UDERWD �6O�YHVQLN ������

�� 3R]QDW H SRGDWRNRW GHND YR UDPNLWH QD (OHNWURGLVWULEXFLMD QD 6UELMD� SRVWRMDQR UDERWL >NROD

]D REXND RG REODVWD =15 ORFLUDQD QD )UX^ND *RUD�



'D� OL� ]D^WLWDWD� LPD� VYRM� HNRQRPVNL� NDUDNWHU".RONX� VUHGVWYD� VH
WUR^DW� ]D� RYDD� QDPHQD"3RVWRL� OL� QDaLQ� ]D� QLYQRWR� VRJOHGXYDZH"
.DNYD�H�YUHPHQVNDWD�VSUHaHQRVW�QD�UDERWQLFLWH�GD�GRD_DW�QD�UDERWD
SRUDGL� EROHGXYDZD� �� NDNR� SRUDGL� RS^WLWH� EROHVWL��� LVWR� WDND� L
SRUDGL� EROHVWL� QD� UDERWD�SURIHVLRQDOQL� ]DEROXYDZD� L� SRYUHGL� QD
UDERWD"� .RONDYL� VUHGVWYD� VH� LVSODWXYDW� QD� UDERWQLFLWH� QD� LPH
EROHGXYDZD".ROHNWLYQR� RVLJXUXYDZH� L� VUHGVWYDWD��� ]D� WDD� QDPHQD"
0RCQD�OL�H�SD]DUQD�WUDQVIRUPDFLMD�QD�NROHNWLYQRWR�RVLJXUXYDZH"

∗ 6UHGVWYD�]D�NROHNWLYQD�L�OLaQD�]D^WLWD"
2YLH�VUHGVWYD�VH��SURSL^DQL��VR�3UDYLOQLNRW�]D�]D^WLWD�QD�UDERWD
L� VR� 1RUPDWLYRW� ]D� ]D^WLWQL� VUHGVWVYD� �� GRNXPHQWL� NRL� VH
HGLQVWYHQL�]D�(60�,PD�OL�PHVWR�]D�SURPHQD�QD�QDaLQRW�QD�QLYQRWR
�SURSL^XYDZH�"0RCQD� OL� H� SULPHQD� QD� QDXaQDWD� PHWRGRORJLMD� ]D
QLYQRWR�SURSL^XYDZH"6R�SULPHQD�QD�RYDD�PHWRGRORJLMD�`H�VH�GRELH
OL�HGQR]QDaHQ�RGJRYRU�QD�SUD^DZHWR�SRYU]DQR�VR�UDERWQLWH�PHVWD�VR
SRVHEQR� WH^NL� XVORYL� ]D� UDERWD"'D� OL� �SURSL^DQLWH�� URNRYL� VH
QHRSKRGQL"� .RONDYL� ILQDQVLVNL� VUHGVWYD� VH� L]GYRMXYDDW� ]D� RYDD
QDPHQD��"
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3R]QDWD H NRQVWDWDFLMDWD GHND SURFHQWRW QD ]DJXEHQLRW SULKRG SRUDGL EROHGXYDZD H HGQDNRY QD

SURFHQWRW QD ]DJXEHQLWH UDERWQL GHQRYL�1D QLYR QD VWRSDQVWYRWR QD 50 �]D SHULRG ���� � �����J�WRM

EURM H RNROX ���� D QD QLYR QD (60 WRD H �����
��
6H SURFHQXYD GHND YR �����J� ]D RYDD QDPHQD YR (60 `H VH L]GYRMDW SR �� '0 SR UDERWQLN LOL

RNROX ��� ��� '0� 9R HGQD RG SRGUXCQLFLWH��SRYUDWHQLWH� VUHGVWYD SR RYRM RVQRY ]D �����J�VH VDPR

�������.DNRY H WRM EURM ]D LVWDWD SRGUXCQLFD ]D RVWDQDWLWH JRGLQL".DNR H YR (60"
��
*RGL^QR�]D /=6 L /=2� YR SUHWSULMDWLHWR VH SRWUR^L RNROX �� '(0 � UDERWQLN� 1DMGREUD VOLND

]D WUR^HZHWR QD RYLH VUHGVWYD VH LPD DNR VH ]QDH GHND ��� RG QLY VH WUR^DW ]D UDERWQL RGHOD�

PDQWLOL L VO� � VUHGVWYD ]D NRL QH PRCH GD VH WYUGL GHND LPDDW QHNDNYD RVREHQD YUVND VR ]D^WLWD QD

CLYRWQD L UDERWQD VUHGLQD�
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1DSUDYHQD�H�DQDOL]D�QD�YOLMDQLHWR�QD�PHWDOQLWH�SOD^WRYL�QD�VUHGQRQDSRQVNLWH
NDEOL�YU]�NDUDNWHULVWLNLWH�QD�]D]HPMXYDaLWH�QD�WUDIRVWDQLFLWH�YLVRN�VUHGHQ�QDSRQ�
$QDOL]DWD�H�VSURYHGHQD�]D�UD]OLaQL�YUHGQRVWL�QD�VSHFLILaQDWD�RWSRUQRVW�QD�WORWR�L
RWSRUQRVWD�QD�UDVWHaXYDZH�QD�]D]HPMXYDaLWH�QD�WUDIRVWDQLFLWH�VUHGHQ�QL]RN�QDSRQ�

.OXaQL�]ERURYL��]D]HPMXYDZH���GLVWULEXWLYQL�WUDIRVWDQLFL��NDEOL��L]QHVHQL
SRWHQFLMDOL

EFFECTS OF THE CABLES METAL SHEATHS ON THE GROUNDING GRIDS
PARAMETERS

ABSTRACT

Analyses of the effects of the middle-voltage cables metal sheaths on the grounding grids
parameters of  appropriate substations is conducted. The analyses is performed for different soil
resistivities and different resistances of middle/low voltage substations grounding grids.

Key words: grounding, distributive substations, cables, transferred potential
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9R� JUDGVNLWH� VUHGLQL� GLVWULEXWLYQLWH� WUDIRVWDQLFL�� QDMaHVWR� VH� SRYU]DQL
SUHNX�SRG]HPQL�NDEOL��3RVOHGQLWH�GYH�GHFHQLL�UHGRYQR�SRaQDD�GD�VH�NRULVWDW�NDEOL�VR
L]ROLUDQL� SOD^WRYL� �L]RODFLMD� RG� PVC� �PDVD��� .DEOLWH� RG� SRVWDU� GDWXP� VR� RORYHQ
SOD^W� L� QDGYRUH^QD� ]D^WLWD� RG� LPSUHJQLUDQD� MXWD� VH� X^WH� VH� YR� XSRWUHED�� 7LH
VLJXUQR� `H� VH� NRULVWDW� L� YR� LGQLQD�� VH� GRGHND� QH� ELGDW� ]DPHQHWL� VR� NDEOLWH� VR
L]ROLUDQL�SOD^WRYL��W�Q��SODVWLaQL�NDEOL��

.DM� NDEOLWH� VR� RORYHQ� SOD^W� L� QDGYRUH^QD� ]D^WLWD� RG� LPSUHJQLUDQD� MXWD�
WHNVWLO� LOL� KDUWLMD� PQRJX� EU]R� SRVOH� SRODJDZHWR�� ]DUDGL� RYODCQXYDZH� � QD
QDGYRUH^QDWD�]D^WLWD�RORYQLRW�SOD^W�GRD_D�YR�GREDU�NRQWDNW� VR� ]HPMLQRWR�WOR��9R
VOXaDM� QD� SRMDYD� QD� NXVL� YUVNL� YR� WUDIRVWDQLFDWD� YLVRN�VUHGHQ� QDSRQ�� HGHQ� GHO� RG
VWUXMDWD� QD� NXVD� YUVND� VH� RGYHGXYD� YR� ]HPMLQRWR� WOR� SUHNX� RORYQLWH� SOD^WRYL� QD
NDEOLWH��6R�WRD��WLH�]QDaLWHOQR�YOLMDDW�QD�RWSRURW�QD�UDVWHaXYDZH�QD�]D]HPMXYDaRW�QD
SULSDGQDWD�WUDIRVWDQLFD��NDNR�L�QD�UDVSUHGHOEDWD�QD�SRWHQFLMDORW�RGQRVQR�GRYHGXYD
GR� SRMDYD� QD� L]QHVHQL� SRWHQFLMDOL� QD� WUDIRVWDQLFLWH� VUHGHQ�QL]RN� QDSRQ� L�LOL�
SRMDYD�QD�YLVRNL�SRWHQFLMDOL�YR�QLVNRQDSRQVNLWH�LQVWDODFLL��=DWRD�SUL�DQDOL]DWD�QD
]D]HPMXYDaLWH� QD� GLVWULEXWLYQLWH� WUDIRVWDQLFL� RG� NRL� L]OHJXYDDW� NDEOL� VR� RORYHQ
SOD^W�WUHED�GD�VH�]HPH�SUHGYLG�L�YOLMDQLHWR�QD�SOD^WRYLWH�

.DEOLWH�VR�L]ROLUDQ�PHWDOHQ�SOD^W�QH�GHOXYDDW�QHSRVUHGQR�NDNR�]D]HPMXYDaL�
.DM�QLY�YR�VOXaDM�QD�GHIHNWL�YR�L]YRUQDWD�76�PRCH�GD�SRWHaH�VWUXMD�SUHNX�SOD^WRW�QD
NDEHORW� SUHPD� ]D]HPMXYDaRW� QD� 76� VUHGHQ�QL]RN� QDSRQ�� 1D� RYRM� ]D]HPMXYDa� EL� VH
SRMDYLO� SRWHQFLMDO� SUHPD� UHIHUHQWDWD� ]HPMD�� 7RM� SRWHQFLMDO� H� QDMJROHP� NDM
WUDQVIRUPDWRUVNLWH�VWDQLFL�QDMEOLVNX�GR�L]YRUQDWD�

9R�WUXGRW��YU]�RVQRYD�QD�WHRULMDWD�QD�“GROJL�YRGRYL” �(long-line theory)�[�����L��]�VH
DQDOL]LUD� L]OH]QLRW� SRWHQFLMDO� L� LPSHGDQVDWD� QD� ]D]HPMXYDaRW� NDM� NDEOLWH� VR
QHL]ROLUDQ� L� L]ROLUDQ� PHWDOHQ� SOD^W�� � 1DSUDYHQD� H� SDUDPHWDUVND� DQDOL]D� SUL
UD]OLaQL� VSHFLILaQL� RWSRUQRVWL� QD� ]HPMLQRWR� WOR� L� UD]OLaQL� LPSHGDQVL� QD
]D]HPMXYDaLWH�QD�WUDIRVWDQLFLWH�VUHGHQ�QL]RN�QDSRQ�

������0$7(0$7,A.,�02'(/

�����.DEOL�VR�PHWDOHQ�SOD^W�L�QDGYRUH^QD�]D^WLWD�RG�LPSUHJQLUDQD�MXWD

1D�VO����H�GDGHQD�HNYLYDOHQWDWD�HOHNWULaQD�^HPD�NRMD�VH�NRULVWL�]D�SUHVPHWND
QD� VWUXMLWH� L� QDSRQLWH� QD� SOD^WRW�� NDM� NDEOL� VR� QHL]ROLUDQ� PHWDOHQ� SOD^W�
3OD^WRYLWH�QD�NDEOLWH��UHGRYQR�VH�YU]DQL�VR�]D]HPMXYDaLWH�QD�WUDIRVWDQLFLWH�^WR�JL
SRYU]XYDDW�� 6R� ] � H� R]QDaHQD� SRGROCQDWD� LPSHGDQVD� QD� SOD^WRW� QD� NDEHORW�� \ � H

SDUDOHOQDWD�DGPLWDQVD�SUHNX�NRMD�VWUXMDWD�VH�RGYHGXYD�YR�WORWR�� =2 �H�LPSHGDQVDWD�QD

UDVWHaXYDZH�QD�WUDIRVWDQLFDWD�61�11��RGQRVQR�

] U M[ O ] OD= + +( ) ����Ω / NP � ���
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NDGH�^WR�]D�DNWLYQDWD�RWSRUQRVW�YDCL�

U 5 5 5SD Y] ]= + + ���� ( )5 5 5SD S D= +
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1 1
1

/ / �����Ω / NP �

5S � H� RWSRUQRVWD� QD� ]D^WLWQLRW� SOD^W� �RGQRVQR� RORYQD� FHYND� NDM� QDMaHVWR

NRULVWHQLRW� WLS�QD� NDEHO� IPO����� 5D � H� RWSRUQRVWD� QD� ]D^WLQDWD� DUPDWXUD� �QDMaHVWR

GYH� aHOLaQL� OHQWL��� 5Y] � H� ]ELURW� QD� RWSRULWH� QD� UDVWHaXYDZH� QD� ]D]HPMXYDaLWH� QD

SULSDGQLWH�WUDIRVWDQLFL�91�61�L�61�11�SRYU]DQL� VR� SOD^WRW�QD� NDEHORW�L� 5] � H

DNWLYQDWD�RWSRUQRVW�SR�HGLQLFD�GROCLQD�QD�SRYUDWQLRW�SDW�QD�VWUXMDWD�QL]�]HPMLQRWR
WOR�� 5 NP] = 0 05, /Ω ���,PSHGDQVDWD�QD�NDEHORW�H�GDGHQD�VR�
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= ωµ
π
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2
ln = 01445, log
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�Ω / NP �

NDGH� 'H H� HNYLYDOHQWDWD� GODERaLQD� QD� SRYUDWQLRW� SDW� QD� VWUXMDWD� QL]� ]HPMD� D� UN � H

UDGLXVRW�QD�SOD^WRW��6R� ] D � H�R]QDaHQD�LPSHGDQVDWD�NRMD� H�SRVOHGLFD�QD�PDJQHWQRWR

YOLMDQLH� QD� DUPDWXUDWD� QD� NDEHORW� L� ]DYLVL� RG� MDaLQDWD� QD� PDJQHWQRW� SROH� NRH� VH
YRVSRVWDYXYD�YR�DUPDWXUDWD��RGQRVQR�VWUXMDWD�NRMD�`H�SURWHaH�QL]�DUPDWXUDWD�

$GPLWDQVDWD� \ ��SUHNX�NRMD�VWUXMDWD�VH�RGYHGXYD�YR�WORWR�H�

\ J
O
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= = ⋅π
ρ
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ln
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NDGH� O �H�YNXSQD�GROCLQD�QD�NDEHORW�SRPH_X�GYHWH�76�� + H�GODERaLQD�QD�YNRSXYDZH�QD
NDEHORW�L�' �H�QDGYRUH^HQ�GLMDPHWDU�QD�SURYRGQLRW�SOD^W�

=D� HNYLYDOHQWDWD� HOHNWULaQD� ^HPD� GDGHQD� QD� VO��� YDCDW� SDUFLMDOQLWH
GLIHUHQFLMDOQL�UDYHQNL� ]D� YRGRYL� VR� UDVSUHGHOHQL�SDUDPHWUL��1LYQRWR�UH^DYDZH� H
SR]QDWR�[�]��D�NUDMQRWR�UH^HQLH�]D�QDSRQLWH�L�VWUXMLWH�QD�SOD^WRW�QD�NDEHORW�H�
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NDGH� VR� “�” � VH�R]QDaHQL�YHOLaLQLWH�QD�SRaHWRNRW�RG�NDEHORW�� D� VR� “�” � YHOLaLQLWH�RG
NUDMRW� QD� NDEHORW�� γ � H� NRQVWDQWD� QD� SURSDJDFLMD� ( )γ = ] \ � �� D� Z � H� NDUDNWHULVWLaQD

LPSHGDQVD� ( )=
]

\
= �� 6R� NRHILFLHQWRW� NL � VH� RFHQXYD� SUHQHVHQLRW� �LOL� L]QHVHQ�

SRWHQFLMDO�SUHNX�SOD^WRW�QD�NDEHORW�
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cosh sinhγ γ
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,PSHGDQVDWD�QD�]D]HPMXYDZH�QD�NDEHORW� Zu �H�PHURGDYQD�]D�SURFHQND�QD�YOLMDQLHWR�QD

SOD^WRW�QD�NDEHORW�NDNR�GRSROQLWHOHQ�]D]HPMXYDa�QD�WUDIRVWDQLFDWD�91�61��WDD�VH
RGUHGXYD�VR�L]UD]RW�
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cosh sinh

sinh cosh
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�����.DEOL�VR�L]ROLUDQ�PHWDOHQ�SOD^W

1D� VO�� �� H� SULNDCDQD� HNYLYDOHQWDWD� HOHNWULaQD� ^HPD� ]D� VOXaDM� NRJD� SRYH`H
WUDIRVWDQLFL�61�11�VH�SRYU]DQL�QD�HGHQ�NDEHO�VR�L]ROLUDQ�PHWDOHQ�SOD^W��.DEHORW
H�SRYU]DQ�QD�WUDIRVWDQLFD�91�61��6HULVNLRW�HOHPHQW�= 1 �MD�SUHWVWDYXYD�LPSHGDQVDWD

QD�SOD^WRW�QD�NDEHORW�QD�GHOQLFDWD�SRPH_X�GYH�VRVHGQL�WUDIRVWDQLFL�61�11�

= ]O U M[ O1 = = +( ) ��� ���

NDGH� VR� O � H�R]QDaHQD�SURVHaQDWD�GROCLQD�QD�NDEHORW�SRPH_X�GYH� VRVHGQL�76�� VR� ] � H

R]QDaHQD�SRGROCQDWD�LPSHGDQVD�QD�NDEHORW��SUHVPHWDQD�VR�U�NDWD������.DEOLWH�RG�RYRM
WLS� RELaQR� QHPDDW� aHOLaQD� DUPDWXUD� WDND� GD� L]UD]RW� ���� VH� XSURVWXYD�� � 6R� = 2 � H

R]QDaHQD�LPSHGDQVDWD�QD�]D]HPMXYDaRW�QD�WUDIRVWDQLFDWD�61�11��]D�RYLH�]D]HPMXYDaL
YDCL� = 5]2 2= ��� D� Q � H� EURMRW� QD� WUDIRVWDQLFLWH� 61�11� NRL� VH� SULNOXaHQL� QD

VUHGQRQDSRQVNLRW�NDEHO��2G�VO���VH�JOHGD�GHND�HNYLYDOHQWDWD�^HPDWD�H�VRVWDYHQD�RG� Q
π �^HPL�� VWUXMLWH� L� QDSRQLWH� QD� SRaHWRNRW� L� QD� NUDMRW� VH� R]QDaHQL� VR� “�” � L� “�”
UHVSHNWLYQR���D�WLH�VH�SRYU]DQL�VR�VOHGQLWH�UHODFLL�

8 8 Q J , = Q JQ Q0 = +cosh sinh ��� �� ���

� ,
8

=
Q J , Q JQ

Q0 = +sinh cosh ��� ����
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%LGHM`L�YR�NRQNUHWQLRW�VOXaDM�VWUXMDWD� , Q  ���UDYHQNLWH�����L������`H�VH�XSURVWDW�L�]D

NRHILFLHQWRW�QD�L]QHVHQLRW�SRWHQFLMDO�QD� N �WDWD�WUDIRVWDQLFD�61�11��JOHGDM`L�RG
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,PSHGDQVDWD� QD� ]D]HPMXYDZH� = X � VR� NRMD� VH� ]HPD� SUHGYLG� YOLMDQLHWR� QD� SOD^WRW� QD

NDEHORW�YU]�]D]HPMXYDaRW�QD�WUDIRVWDQLFDWD�91�61�H�

=
8

,
= F Q JX = = ⋅0

0

tanh ��� ����

��� 3$5$0(7$56.$�$1$/,=$

6R� SULPHQD� QD� SULNDCDQLRW� PDWHPDWLaNL� PRGHO� QDSUDYHQD� H� DQDOL]D� ]D
YOLMDQLHWR� QD� VSHFLILaQLRW� RWSRU� QD� WORWR� L� RWSRURW� QD� UDVWHaXYDZH� 5= 2 � QD

]D]HPMXYDaLWH�QD�WUDIRVWDQLFLWH�61�11�YU]�NDUDNWHULVWLaQLWH�SDUDPHWUL� NX �L� = X �

3UL�DQDOL]DWD�QD�NDEHO�VR�SURYRGQD�QDGYRUH^QD�]D^WLWD�H�L]EUDQ�WLS�QD�NDEHO�IPO 13
�VR� SUHVHN� ���� mm2) L� QRPLQDOHQ� QDSRQ 10kV. 1D� VO��� H� SULNDCDQD� SURPHQDWD� QD
NRHILFLHQWRW�QD�L]QHVHQLRW�SRWHQFLMDO� NL �YR�]DYLVQRVW�RG�GROCLQDWD�QD�NDEHORW��SUL

Un-1 Un

In-1

Z2 Z2

Z1Z1I1 In-2

U0

Z1I0

Z2
U1

1



UD]OLaQL�RWSRUL�QD�UDVWHaXYDZH� 5= 2 �QD�]D]HPMXYDaRW�QD�76�61�11�SUL�VSHFLILaQL

RWSRUQRVWL�QD�WORWR�RG����Ωm L�����Ωm��3UL�JROHPD�VSHFLILaQD�RWSRUQRVW�QD�WORWR�L
JROHP� RWSRU� QD� UDVWHaXYDZH� � QD� ]D]HPMXYDaRW� QD� 76� 61�11� � ρ = =3000 82Ω ΩP 5=, �

L]QHVHQLRW� SRWHQFLMDO� RSD_D� UHODWLYQR� VSRUR�� ]D� GROCLQD� QD� NDEHORW� RG� ����m
YUHGQRVWD� QD� NRHILFLHQWRW� H� NL = 0 8, �� 3UL� YUHGQRVW� QD� WORWR� ρ = 100ΩP � L� LVWD

GROCLQD�QD�NDEHORW�YUHGQRVWD�QD�L]QHVHQLRW�SRWHQFLMDO�H�RNROX�����RG�SRWHQFLMDORW
QD�L]YRUQDWD�SRVWURMND�

,PSHGDQVDWD� QD� ]D]HPMXYDZH� QD� NDEHORW� = X � YR� ]DYLVQRVW� RG� GROCLQDWD� QD

NDEHORW� H� SULNDCDQD� QD� VO���� 3UL� VSHFLILaQD� RWSRUQRVW� QD� WORWR� ρ = 100ΩP �

QH]DYLVQR� RG� YUHGQRVWD� QD� RWSRURW� QD� ]D]HPMXYDaLWH� 5= 2 � SRVOH� UHODWLYQR� NUDWND

GROCLQD� QD� NDEHORW�� =X � SUDNWLaQR� SRVWLJQXYD� PDOD� NRQVWDQWQD� YUHGQRVW�� ^WR

SUHWVWDYXYD� NRULVQR� VYRMVWYR�� 9R� VOXaDMRW� QD� WOR� VR� JROHPD� VSHFLILaQD� RWSRUQRVW
ρ = 3000ΩP �L�GROCLQD�QD�NDEHORW�RG�� NP � YUHGQRVWD�QD�NRMD� VH� XVWDOXYD�LPSHGDQVDWD

= X �H�PH_X����Ω�L��Ω��D�]D�GROCLQD�QD�NDEHORW�RG�� NP ��YUHGQRVWD�QD� = X �H�SRPH_X��Ω�L
���Ω �YR�]DYLVQRVW�RG�RWSRURW�QD�UDVWHaXYDZH� 5]2 �QD�]D]HPMXYDaRW��QD�76�61�11�

$QDOL]DWD�NDM�NDEOLWH�VR�L]ROLUDQ�PHWDOHQ�SOD^W�H�QDSUDYHQD�]D�WLS�XHP-A 48
�SUHVHN����mm2��L�8 N9Q = 10 ��1D�VO���L�VO���SULNDCDQL�VH�NRHILFLHQWRW�QD�L]QHVHQLRW

SRWHQFLMDO� YR� ]DYLVQRVW� RG� GROCLQDWD� QD� NDEHORW� SRPH_X� GYH� VRVHGQL� WUDIRVWDQLFL
61�11��1D�VO���H�SUHWVWDYHQ�SRWHQFLMDORW�NDM�SUYDWD�WUDIRVWDQLFD�GR�L]YRUQDWD�76
91�61��YR�VOXaDM�NRJD�QD�VUHGQRQDSRQVNLRW�NDEHO�VH�SRYU]DQL�GYH�WUDIRVWDQLFL��1D
VO��� H� GDGHQ� SRWHQFLMDORW� NDM� WUHWDWD� 76� 61�11� DNR� QD� NDEHORW� VH� SRYU]DQL� SHW
WUDIRVWDQLFL��3DUDPHWDURW�NRM�VH�PHQXYD� �H�RWSRURW�QD�UDVWHaXYDZH�QD�]D]HPMXYDaRW
QD� WUDIRVWDQLFDWD�61�11� 5= 2 ��2aHYLGQR� � GHND� YR� QDMQHSRYROQD� VLWXDFLMD� VH� QDR_D

SUYDWD�WUDIRVWDQLFD��NDGH�^WR�YOLMDQLHWR�QD�RWSRURW� 5= 2 �LPD�SUHVXGQR�YOLMDQLH�QD

JROHPLQDWD� QD� L]QHVHQLRW� SRWHQFLMDO� �VO����� 9NXSQLRW� EURM� QD� WUDIRVWDQLFL�� NRL� VH
QDSRMXYDQL� RG� LVW� NDEHO� QH� YOLMDH� QD� LPSHGDQVDWD� = X �� YH`H� SRVOH� WUHWDWD

WUDIRVWDQLFD� = X � MD� GRVWLJQXYD� VYRMDWD� JUDQLaQD� YUHGQRVW� �YLGL� VO����� 2WSRURW� QD

UDVWHaXYDZH�QD�]D]HPMXYDaRW� 5= 2 �QD�76�61�11�YOLMDH�QD�]JROHPXYDZH�QD�LPSHGDQVDWD

QD�]D]HPMXYDZH�QD�NDEHORW�= X �

��� =$./8A2.

6R� SULPHQD� QD� WHRULMDWD� QD� “GROJL� YRGRYL” DQDOL]LUDQR� H� YOLMDQLHWR� QD
PHWDOQLRW� SOD^W� QD� VUHGQRQDSRQVNLWH� NDEOL� YU]� ]D]HPMXYDaRW� QD� L]YRUQDWD
WUDIRVWDQLFL�� YR� VOXaDM� QD� SRMDYD� QD� NXVD� YUVND� YR� QHD�� 5D]JOHGXYDQL� VH� L]QHVHQLRW
SRWHQFLMDO��SUHNX�SOD^WRW�QD�NDEHORW�L�LPSHGDQVDWD�QD�]D]HPMXYDZH�QD�NDEHORW��NRMD
YOLMDH� YU]�PUHCDVWLRW� ]D]HPMXYDa�QD� L]YRUQDWD� WUDIRVWDQLFD�� SUL� WRD� YR� SUHGYLG� VH
]HPHQL� VUHGQRQDSRQVNL� NDEOL� VR� QHL]ROLUDQD� L� L]ROLUDQD� QDGYRUH^QD� ]D^WLWD�� � 9R
SUHVPHWNLWH�H�SUHWSRVWDYHQR�GHND�LPSHGDQVDWD�QD�]D]HPMXYDaRW�QD�76�91�61�H�aLVWD
RPVND� RWSRUQRVW� L� DNR� � SRJROHPLWH� PUHCDVWL� ]D]HPMXYDaL� LPDDW� L� UHDNWDQVD�� QR� ]D
SUHVPHWNL�RG�YDNRY�NDUDNWHU�WDD�PRCH�GD�VH�]DQHPDUL�



.DM�NDEOLWH�VR�L]ROLUDQ�SOD^W�VSHFLILaQLRW�RWSRU�QD�WORWR�LPD�]DQHPDUOLYR
YOLMDQLH��.DM�RYRM�WLS�QD�NDEOL��QD�NRHILFLHQWRW�QD�L]QHVHQLRW�SRWHQFLMDO�QDMSRYH`H
YOLMDH�RWSRURW�QD�UDVWHaXYDZH�QD�]D]HPMXYDaRW�QD�76�61�11��NDNR�L�UHGQLRW�EURM�QD
WUDIRVWDQLFDWD�VPHWDM`L�RG�QDSRMQDWD�76�91�61���3UL�RWSRUL�QD�]D]HPMXYDaRW�QD�76

61�11�GR��Ω L]QHVHQLRW�SRWHQFLMDO�RSD_D�UHODWLYQR�EU]R�L�SUL�GROCLQL�RG����m�YH`H
H� SRPDO� RG� ���� RG� SRWHQFLMDORW� QD� ]D]HPMXYDaRW� QD� L]YRUQDWD� WUDIRVWDQLFD�
,PSHGDQVDWD� QD� ]D]HPMXYDZH� QD� NDEHORW� UHODWLYQR� EU]R� SRVOH� YWRUDWD�� �RGQRVQR
WUHWDWD� WUDIRVWDQLFD� SUL� SRJROHPL� YUHGQRVWL� QD� RWSRURW� QD� ]D]HPMXYDaRW� QD� � 76
61�11���MD�GRVWLJQXYD�VYRMDWD�JUDQLaQD�YUHGQRVW�

6LWXDFLMDWD� H� UD]OLaQD� NDM� NDEOLWH� VR� QHL]ROLUDQ� SOD^W�� NDGH� ^WR� JROHPD
YUHGQRVW�QD�VSHFLILaQLRW�RWSRU�QD�WORWR�`H�SUHGL]YLND�VSRUR�RSD_DZH�QD�L]QHVHQLRW
SRWHQFLMDO�� =D� SREU]R� RSD_DZH� QD� L]QHVHQLRW� SRWHQFLMDO� PRCH� GD� GRSULQHVH� DNR
RWSRURW�QD�]D]HPMXYDaRW�QD�76�61�11�H�VR�PDOD�YUHGQRVW��,PSHGDQVDWD�QD�]D]HPMXYDZH
QD�NDEHORW��]D�RYRM�WLS�QD�NDEOL��SUL�SRPDOL�VSHFLILaQL�RWSRUQRVWL�QD�WORWR�YH`H�]D
GROCLQL� RG� ���m� MD� GRVWLJQXYD� VYRMDWD� JUDQLaQD� YUHGQRVW� �NRMD� VH� YLND� L� HIHNWLYQD
GROCLQD��� QRUPDOQR� SRJROHPDWD� VSHFLILaQD� RWSRUQRVW� MD� SURGROCXYD� HIHNWLYQDWD
GROCLQD�

.DNR�]DGDaD�]D�SRQDWDPR^QLWH�LVWUDCXYDZH�VH�QDPHWQXYD�SRWUHEDWD�]D�UHDOQL
PHUHZD�QD�L]QHVHQLRW�SRWHQFLMDO�YR�GLVWULEXWLYQLWH�VLVWHPL�

/,7(5$785$
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9R�UHIHUDWRW�`H�ELGH�GDGHQD�HGQD�QD^D�]DORCED�]D�SULHPQR�LVSLWXYDZH�QD
RSUHPDWD�SUHG�QHM]LQRWR�YJUDGXYDZH�YR�HOHNWURHQHUJHWVNLWH�SRVWURMNL��VR�FHO�GD
VH�L]EHJQDW�LOL�HYHQWXDOQR�GD�VH�VYHGDW�QD�PLQLPXP�QHSRCHOQLWH�KDYDULL�NRL�VH
SRVOHGLFD�RG�QHGRYROQR�LVSLWDQD��D�VWDYHQD�YR�SRJRQ�HOHNWURRSUHPD�

SUMMARY

In this report paper, one of our efforts is given for initial examination of equipment
through its implementation in the Elektro-energetical formations in order to avoid or eventually
to minimize the undesirable damages which result from the unsufficiently examined but put into
operation elektro - equipment.



9R�76��������kV� �6WUXPLFD���VH�YJUDGHQL�VWUXMQL�WUDQVIRUPDWRUL�YR�WUDIR
SROHWR� ��� kV� � RG� HQHUJHWVNLRW� WUDQVIRUPDWRU� VR� VQDJD� RG� ������������� � MVA VR
SUHQRVHQ� RGQRV� ���������� kV�� 6WUXMQLWH� WUDQVIRUPDWRUL� VH� VR� NDUDNWHULVWLNL
�K���������$�����kV�SURL]YRGVWYR�QD��0LQHO��=UHZDQLQ��65�-XJRVODYLMD�

6R� YJUDGXYDZHWR� QD� VWUXMQLWH� WUDQVIRUPDWRUL� YR� WUDIR� SROHWR� ��� � kV
QDVWDQDD�SUREOHPL�NRL�`H�JL�RSL^HPH�YR�SRQDWDPR^QLRW�WHNVW�

9R������JRGLQD�VR�UHNRQVWULNFLMDWD�QD�76�������kV�6WUXPLFD�L�SUR^LUXYDZH
QD�LVWDWD�VR�����kV�SRVWURHQLH� MD�L]JUDGLYPH�WUDIRVWDQLFDWD�76��������kV�VR�WRD
^WR� ��� kV� SRVWURHQLH� JR� QDSUDYLPH� GD� UDERWL� NDNR� ��� kV� SRVWURHQLH�� 9R� SUYR
YUHPH�PDNVLPDOQDWD�VQDJD�QD�VHJD�QRYRL]JUDGHQRWR�SRVWURHQLH�L]QHVXYD^H���MW�
9R� WUDIR� NHOLMDWD� �� kV� LPDYPH� YJUDGHQR� VWUXMQL� WUDQVIRUPDWRUL� VR� SUHQRVHQ
RGQRV��K��������$�YU]DQL�QD���������$�

9R�WHNRW�QD�YUHPHWR�VR�SRUDVWRW�QD�SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD
UDVWH^H�L�DNWLYQDWD�VQDJD�QD�RSWRYDUXYDZHWR�QD�HQHUJHWVNLRW�WUDQVIRUPDWRU�

2G�WLH�SULaLQL�EHYPH�SULQXGHQL�GD�JL�]DPHQLPH�VWUXMQLWH�WUDQVIRUPDWRUL
YR� WUDIR� SROHWR� ��� kV� VR� QRYL� VWUXMQL� WUDQVIRUPDWRUL�� 1RYLWH� VWUXMQL
WUDQVIRUPDWRUL�JL�LPDYPH�QDEDYHQR�X^WH�YR������JRGLQD�RG��0LQHO��=UHZDQLQ��
65�-XJRVODYLMD��,VWLWH�EHD�VNODGLUDQL�YR�PDJDFLQRW�YR�PQRJX�GREUL�XVORYL�

9R������JRGLQD�YR�PHVHF�IHYUXDUL�SRVWRHaNLWH�VWUXMQL�WUDQVIRUPDWRUL�EHD
]DPHQHWL�VR�VWUXMQLWH�WUDQVIRUPDWRUL�GRELHQL�RG��0LQHO��

.DUDNWHULVWLNLWH�QD�RYLH�VWUXMQL�WUDQVIRPDWRUL�VH�

7LS�QD�SURL]YRGRW JN  10 R
*RGLQD�QD�SURL]YRGVWYR�EDCGDUHZH ��������� JRG�

3UHQRVHQ�RGQRV �K�������$

9U]DQL�QD ��������$

6QDJD�QD�PHUQRWR�MDGUR �� VA
.ODVD�QD�WRaQRVW�QD�PHUQRWR�MDGUR ���

6QDJD�QD�MDGURWR�]D�]D^WLWD �� VA
.ODVD� QD� SUHNXVWUXHQ� EURM� QD
]D^WLWQRWR�MDGUR ��

9R� SRaHWRNRW� QDMJROHPRWR� RSWRYDUXYDZH� QD� RYLH� VWUXMQL� WUDQVIRUPDWRUL
EH^H�VR�VWUXMD�RG�����$�L�WRD�VR�YUHPHWUDHZH�QH�SRYH`H�RG���aDVD�

9R� PHVHF� PDM� ����� JRGLQD� VWUXMQLRW� WUDQVIRUPDWRU� YR� ID]D� �D�� RG� WUDIR
SROHWR���� kV�HNVSORGLUD�SUL�^WR�YR�WRM�PRPHQW�ELO�RSWRYDUHQ�VR�VWUXMD�RG����$�

'HCXUQLRW�YNORSQLaDU�]DHGQR�VR�GUXJ�HOHNWURPRQWHU�JR�]DPHQL�R^WHWQLRW
VWUXHQ� WUDQVIRUPDWRU� VR� QRY� aLL� � NDUDNWHULVWLNL� YR� SRWSROQRVW� EHD� LVWL� VR
NDUDNWHULVWLNLWH� QD� R^WHWHQLRW� VWUXHQ� WUDQVIRUPDWRU� VH� UD]ELUD� L� RG� LVW
SURL]YRGLWHO�

2WNDNR� EHYPH� L]YHVWHQL� RG� YNORSQLaDURW� ]D� VRVWRMEDWD� ^WR� VH� VOXaL�
LQIRUPDFLMDWD�MD�SULIDWLYPH�NDNR�WDNYD��QR�QH�MD�DQDOL]LUDYPH�SULaLQDWD�RG�NRMD
GR^OR�GR�R^WHWXYDZH�QD�VWUXMQLRW�WUDQVIRUPDWRU�
(GQRVWDYQR� QD^LWH� UD]PLVOXYDZD� YRGHD� NRQ� WRD� GHND� L]RODFLMDWD� SRSX^WLOD� VR
WHNRW�QD�YUPHWR�L�JR�SUGL]YLNDOD�R^WHWXYDZHWR�

1D�VO���H�GDGHQ�L]JOHG�QD�WLSRW�QD�VWXMQLWH�WUDQVIRUPDWRUL



9R� PHVHF� DSULO� ����
JRGLQD� SUL� UHGRYQD� WHUPR�
YL]LVND� NRQWUROD� VH� NRQVWD�
WLUD�GHND�VWXMQLRW�WUDQVIRU�
PDWRU� YR� ID]D� �D�� RG� ���  kV
WUDIR� `HOLMD� H� YR� WRSOD
VRVWRMED� VR� NDUDNWHULVWLND
GD� VH� LQWHUYHQLUD� ^WR� H
PRCQR� SREU]R��'D� SRWVHWLPH
GHND� VH� UDERWL� ]D� VWUXMQLRW
WUDQVIRUPDWRU� NRM� EH^H� SR�
VWDYHQ� QD� PHVWRWR� QD
R^WHWHQLRW�

3UL� ]DPHQDWD� NRQVWD�
WLUDYPH�GHND�VWUXMQLRW�WUDQ�
VIRUPDWRU��H�PQRJX�WRSRO�SD
GXUL� � EHD� ]DJUHDQL� L� EDNDU�
QLWH�^LQL� VR� SUHVHN� ��� K� ��
mm'� ^WR� JR� SRYU]XYDDW
PDONXPDVOHQLRW� SUHNLQXYDa
VR�VWXMQLRW�WUDQVIRUPDWRU�

1D�PHVWRWR�QD�R^WHWH�
QLRW� VWUXHQ� WUDQVIRUPDWRU
SRYWRUQR� SRVWDYLYPH� QRY� VR
LVWL�NDUDNWHULVWNL� �L�RG�LVW
SURL]YRGLWHO�� 1R�� VHJD� QH

SULIDWLYPH�GHND�SULaLQD�]D�R^WHWXYDZHWR�H�RVODEHQDWD�L]RODFLMD�
1D�VO���VH�GDGHQL�VHNXQGDUQLWH�YUVNL�QD�VWUXMQLWH�WUDQVIRUPDWRUL�YR�WUDIR

`HOLMDWD����kV.
�� 6R� NXIHUL� ]D� LVSLWXYDZH� QD� HOHNWULaQDWD� ]D^WLWD� SURSUDWLYPH� GDOL

]D^WLWDWD�UHDJLUD�L�GDOL�SURWHaXYD�VWUXMD�QL]�DPSHUPHWULWH�
3UL�RYD�LVSLWXYDZH�VH�EH^H�YR�UHG�

�� 6R� PHJDRPPHWDU� �� kV� MD� LVSLWDYPH� SURERMQRVWD� QD� L]RODFLMDWD� SUL� ^WR
GRELYPH�UH]XOWDWL�NRL�VH�YR�SURSL^DQLWH�JUDQLFL�]D�L]RODFLMD�QD�RSUHPD�GR����kV

3RVOH�RYLH�LVSLWXYDZD�SX^WLYPH�QDSRQ�YR�SRVWURHQLHWR�L�LVWRWR�SURGROCL
VR�UDERWD

�1D�GHQ������������JRGLQD�SUL�YL]XHOQD�RELNROND�QD�SRVWURHQLHWR�RNLOX���
aDVRW�GHCXUQLRW�YNORSQLaDU�]DEHOHCDO�GHND�LVWLW�VWUXHQ�WUDQVIRUPDWRU�YR�ID]D
�D�� YR� WUDIR�SROHWR� ���kV� H� VR� QDSXNQDWD� L]RODFLMD� � L� GHND� � H� YLGOLYR� ]DJUHDQR
PHVWRWR� RG� NRQWDNWRW� QD� VWXMQLRW� WUDQVIRUPDWRU� L� VRELUQLFDWD� NRMD� YRGL� NRQ
SUHNLQXYDaRW��6WUXMDWD�QD�RSWRYDUXYDZH�YR�PRPHQWRW�L]QHVXYDOD�����$�SR�ID]D�

'HCXUQLRW� YNORSQLaDU� JL� L]YHVWL� VWUXaQLWH� VOXCEL� QD� 3RGUXCQLFD
�(OHNWURGLVWULEXFLMD��6WUXPLFD�]D�QDVWDQDWDWD�VLWXDFLMD�
9R�XVORYL�QD�GRaHN�QD�1RYDWD�JRGLQD��SUL�JROHP�UL]LN�VH�RGOXaL�GD�QH�VH�LVNOXaXYD
]D�GD�VH�LQWHUYHQLUD�QD�VWUXMQLRW�WUDQVIRUPDWRU�
,VNOXaXYDZHWR�VH�RGORCL�]D�QDUHGQLRW�GHQ������������JRGLQD�YR���aDVRW�
6WXMDWD� QD� RSWRYDUXYDZHWR� SUHG� LVNOXaXYDZHWR� L]QHVXYD^H� ���� $� SR� ID]D�
6WUXMQLRW�WUDQVIRUPDWRU�EH^H�SR�WUHW�SDW�]DPHQHW�

VO��



1D�GHQ������������JRGLQD��%DGQLN��RG�GHCXUQLRW�YNORSQLaDU��RNROX����aDVRW�
]DEHOHCDQR� H� GHND� LVWLRW� VWUXHQ� WUDQVIRUPDWRU� H� WRSRO�� VR� PDOD� SXNQDWLQD� QD
L]RODFLMDWD�RG�QHJRYRWR��WHOR�L�SUL�RSWRYDUXYDZH�RG�����$�SR�ID]D�

,PDM`L�YR�RE]LU�GHND�aHWLUL�VWUXMQL�WUDQVIRUPDWRUL�VH�SURPHQHWL�YR�LVWD
ID]D�YR�WUDIR�`OLMDWD�UH^LYPH�GD�UD]PHQLPH�PLVOHZD�L�VR�VWUXaQLWH�VOXCEL�QD
-�3��(60�6NRSMH���1D�VRVWDQRNRW�EH^H�GRJRYRUHQR�LVSLWXYDZHWR��GD�VH�L]YU^L��RG
VWUXaQD� HNLSD� RG� -�3��(60�� 6NRSMH� � ]DHGQR� VR� VWXaQL� OLFD� RG� 3RGUXCQLFD
�(OHNWURGLVWULEXFLMD�� 6WUXPLFD�� 6H� L]YU^L� LVSLWXYDZH� QD� VLWH� VHNXQGDUQL
NUXJRYL�RG�VWUXMQLWH�WUDQVIRUPDWRUL���NDNR�L�YL]XHOQD�SURYHUND�QD�VLWH�YUVNL�SUL
^WR� VH�NRQVWDWLUD�GHND� JUH^NL�QH� SRVWRMDW�� *R�LVSLWDYPH�L� SRVOHGQLRW�R^WHWHQ
WUDQVIRUPDWRU� ]DPHQHW� QD� GHQ� ����������� JRGLQD�� 6R� PHUQL� NXIHUL� VSRUHG
SULORCHQDWD�VOLND���L]YU^LYPH�LVSLWXYDZH��VR�VWUXMD�RG�����$������RG�QHJRYDWD
QRPLQDOQD�VWUXMD� � ��SUL�^WR�VWUXMQLRW�WUDQVIRUPDWRU�SRaQD�QDJOR�GD�VH� ]DJUHYD�
1HJRYDWD�WHPSHUDWXUD�MD�PHUHYPH�VR�SRPR^�QD�WHUPRYL]LVND�NDPHUD�

VO��

6LPSWRPDWLaQR�EH^H�WRD�^WR�VR�]JROHPXYDZHWR�QD�VWUXMDWD��WHPSHUDWXUDWD
VH�SRYH`H�VH�]JROHPXYD^H�L�GRVWLJQD�YUHGQRVW�QD�WRSORWR�PHVWR�RG�RNROX���R6�QDG
WHPSHUDWXUDWD� QD� RNROLQDWD�� 7RD� XNDCXYD^H� GHND� NRQVWUXNFLMDWD� QD� VWUXMQLRW
WUDQVIRUPDWRU� QH� H� YR� UHG�� 2G� WLH� SULaLQL� VH� RGOXaLYPH� GD� JR� R^WHWLPH
DUDOGLWQRWR�WHOR�L�GD�YLGLPH�^WR�H�SULaLQDWD�]D�WDNYRWR�]DJUHYDZH�

6R�R^WHWXYDZH�QD�DUDOGLWQRWR�WHOR�EH^H�NRQVWDWLUDQR�GHND�YQDWUH^QDWD
YUVND�QD�VWUXMQLRW�WUDQVIRUPDWRU�H�L]YHGHQD�NDNR��^WR�H�GDGHQR�QD�VO����

VO��D



VO��E

1D� VOLNDWD� �D�� L� �E�� H� GDGHQD� VDPR� SULPDUQDWD� YUVND� GRGHND� VHNXQGDUQLWH
YUVNL� VR� CHOH]QRWR� MDGUR� QH� VH� SULNDCDQL� RG� SULaLQD� ^WR� NDM� QLY� QH� SRVWRHMD
QLNDNYL� ]QDFL� QD� R^HWXYDZH� LOL� SDN� SULaLQL� GD� JR� R^WHWDW� VWUXMQLRW
WDQVIRUPDWRU�� -DVQR� VH� JOHGD^H� GHND� VWUXMQLRW� WUDQVIRUPDWRU� VH� ]DJUHYD� L� WRD
QDMPQRJX�QD�PHVWRWR�QD�VSRMRW�RG�GYHWH�SDUDOHOQL�JUDQNL�RGQRVQR�QD�NRQWDNWLWH�6

�

L�6
�
��NDGH�VH�SUDYL�VSRMRW�]D�UDERWD�QD�VWUXMQLRW�WUDQVIRUPDWRU�GD�ELGH�YU]DQ�QD

��������$��
9LGOLYR� H� WRD� ^WR� SULNOXaQLWH� SULPDUQL� NOHPL� RG� VWUXMQLRW

WUDQVIRUPDWRU��VH�QDSUDYHQL�VR�EDNDUQD�^LQD�VR�SUHVHN����K��� mm'��YQDWUH^QDWD
YUVND�H�QDSUDYHQD�VR�EDNDUQD�IOHNVLELOQD�OHQWD�VR�SUHVHN���K��mm'�LOL�YU]DQL�YR
SDUDOHOD�EL�GDOH�SUHVHN�RG���K�� mm'�

.RQWDNWRW� ]D� RVWYDUXYDZH� QD� YUVNDWD�� VWUXMQLRW� WUDQVIRUPDWRU� GD� UDERWL
VR�VWUXMD�RG���������$�VH�RVWYDUXYD�VR�SRPR^�QD�EDNDUQL�SORaNL�YU]DQL�SRPH_X�VHEH
6

�
�L�6

�
�VR�QDYUWND�0����mm'��9DNYLRW�NRQWDNW�QH�PRCH�GD�SUHQHVXYD��VWUXMD�RG�����$

��]DWRD��^WR�VH�MDYXYD�]DJUHYDZH��RG��NRH�GR^OR�L�GR�R^WHWXYDZHWR�QD�VLWH�VWUXMQL
WUDQVIRUPDWRUL�^WR�JL�EHYPH�]DPHQLOH�

6H�SRVWDYXYD�SUD^DZHWR���=R^WR�QH�VH�R^WHWHQL�VWUXMQLWH�WUDQVIRUPDWRUL
YR�ID]LWH� �b�� L� �c�� RG� SUHGPHWQDWD� WUDIR�`HOLMD� ��� kV� WXNX� QDVWDQXYD� VHULMD� QD
R^WHWXYDZD�QD�VWUXMQWH�WUDQVIRUPDWRUL�NRL�JL�SRVWDYLYPH�QD�ID]DWD��a�"

2GJRYRURW�H��,DNR�VLWH�VWUXMQL�WUDQVIRUPDWRUL�VH�RG�LVWL�SURL]YRGLWHO�L
VR�SRWSROQR�LVWL�NDUDNWHULVWLNL��VWUXMQLWH�WUDQVIRUPDWRUL�YR�ID]LWH��b��L��c�
QH�VH�R^WHWHQL� �SRUDGL� �WRD�^WR�VSRMRW�NRM�H�RVWYDUHQ�SRPH_X�NRQWDNWLWH��6

�
��L

�6
�
�� � LDNR� ]DJUHYD�� ]DJUHYDZHWR� QH� H� SRWSRPRJQDWR� RG� JUHHZHWR� QD� PHVWRWR� � QD

VSRMRW� QD� EDNDUQDWD� OHQWD� VR� EDNDUQDWD� ^LQD� RG� VWUXMQLRW� WUDQVIRUPDWRU�� 7RD
]DJUHYDZH� QH� H� PDONX� QR� QH� H� � QL� NREQR� � NDNR� YR� VOXaDMRW� QD� VWUXMQLWH
WUQVIRUPDWRUL�SRVWDYHQL�YR�ID]DWD��a��RG�WUDIR`HOLMDWD����kV�

� =DNOXaLYPH� GHND� VHULMDWD� QD� R^WHWHQLWH� VWUXMQL� WUDQVIRUPDWRUL� H
UH]XOWDW� �QD�WRSORWR�PHVWR�SRPH_X��6

�
��L��6

�
��L�OR^RWR� VSRMXYDZH�QD�EDNDUQDWD

OHQWD�VR�EDNDUQDWD�^LQD�RG�NUDHYLWH�K�L�L��
9U]�RVQRYD�QD�GRVHJD�L]ORCHQRWR�SUHGODJDPH�
��3UL�QDEDYNDWD�QD�VWUXMQL�WUDQVIRUPDWRUL�L�GUXJD�RSUHPD� �RG� �WUJRYLMDWD

SRWUHEQR� H� RG� WUJRYHFRW� GD� VH� EDUD� WHKQLaND� GRNXPHQWDFLMD� ]D� XYLG� YR
NRQVWUXNWLYQLWH�HOHPHQWL��L�WHKQLaNL�NDUDNWHULVWLNL�QD�LVWLWH�

�� 3UL� � NRULVWHZHWR� QD� � VWUXMQL� WUDQVIRUPDWRUL� ]D� WUDIR� `HOLMD� LOL� ]D
YRGQL�`HOLL�SRWUHEQR�H�GD�VH�L]EHJQXYD�SDUDOHOQD�YUVND�]D�SUHVSRMXYDZH�QD�LVWLWH�
QD�SULPHU��GD�JL�XSRWUHEXYDPH�NDNR�����K�I���K��K�$�
'LPHQ]LRQLUDZHWR�QD�WUDIR�`HOLMDWD��L�YRGQLWH�`HOLL�H�GRVWD�WH^ND�UDERWD�L�RG
WLH�SULaLQL�WUHED�GD�VH�RSUHGHOXYDPH�]D�HGQRVWUXMQL�WUDQVIRUPDRUL��I�K�K�$��



7RD�JR�SUHGODJDPH�RG�SULaLQD�^WR�`H�VH�L]EHJQDW�VLWH�QHSRWUHEQL�VSRHYL��D
VR�WRD�`H�VH�QDPDOL�L�UL]LNRW��]D�R^WHWXYDZH�QD�VWUXMQLWH�WUDQVIRUPDWRUL�

��3UL�LVSLWXYDZHWR�QD�RSUHPDWD�]D�QD^LWH�HOHNWURHQHUJHWVNL�REMHNWL�PRUD
GD� ELGDW� SULVXWQL� L� VWUXaQL� OLFD� RG� -�3�� �(60�� 6NRSMH� NDNR� NRULVQLFL� QD
RSUHPDWD�

��3RVWRMDW�WRONX�PQRJX�HOHPHQWL�NRL�JL�NRULVWLPH�YR�QD^LWH�REMHNWL��D�QLWX
HGQD^� MDYQR� QH� VPH� UHNOH� QH^WR� ]D� NRQVWUXNWLYQLWH� VODERVWL� QD� HOHPHQWLWH� RG
ELOR�NRH�QDSRQVNR�QLYR�

��2YD�QD^H�L]ODJDZH�LPD� ]D� FHO�NDM� VHNRM� aLWDWHO� GD� SUHGL]YLND� YQLPDQLH
RNROX�L]ERURW�L� NYDOLWHWRW�QD� RSUHPDWD�^WR� VH� YJUDGXYD� YR� � HOHNWURHQHUJHWVNL
REMHNWL������
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(IHNWLYQD� UDERWD� QD� VLVWHP� VH� ED]LUD� � QD� RGOLaHQ� LQCLQHUVNL� SURHNW� L
SULPHQD� QD� VLWH� QHRSKRGQL� LQVWUXNFLL� ]D� EH]EHGQRVW�� 6HNRMD� 91� LQVWDODFLMD� YR
WHUPRHOHNWUDQDWD� L� WUDIRVWDQLFDWD� PRUD� GD� ELGDW� RSRVOXCXYDQL� YR� UDERWD� L
RGUCXYDZH�VR�L]RODFLRQL�]D^WLWQL�VUHGVWYD�EH]EHGQL�L�VLJXUQL�]D�UDERWD�

SUMMARY

Effective operation of  a system is as essential cervice as is excelent engineering design
and using all of nessessary safety instructions.Every HT instalation in power plant and swich yard
have to be serviced in operation and maintenance with insulated and protected devices,safe and
secure for work

.OXaQL�]ERURYL�����%H]EHGQRVW��SHULRGLaQL�SUHJOHGL��L]RODFLRQL�VUHGVWYD

���� 929('

9R�WHUPRHOHNWUDQLWH�5(.�%LWROD��HQHUJHWVNLWH�REMHNWL�RSID`DDW�SRYH`H
QDSRQVNL�QLYRL��QD�SRVWURMNL��XUHGL�DSDUDWL�L�YRGRYL
7HUPRHOHNWULaQLWHFHQWUDOL� %LWROD� ]D� VRSVWYHQL� SRWUHEL� VH� QDSRMXYDDW� RG� 76
�������� kV, RG� ����kV SROH� SUHNX� GDOQRYRG� ����kV�� WUDQVIRUPDFLMD� ������ kV, �� kV
SRVWURHZH����kV�UD]YRG��WUDQVIRUPDFLMD�������kV������kV��SRVWURHZH������kV�UD]YRG�L
SRGUD]YRG��*HQHUDWRUL�VR�QDSRQ��������kV��SUHNX�YRG�RNORSHQL�^LQVNL�YUVNL������kV�
WUDQVIRUPDFLMD� � ������ �� �� kV� � ]D� VRSVWYHQL� SRWUHEL�WUDQVIRUPDFLMD� ������ �� ���� L
���������� kV�� GDOQRYRGL� ���� L� ���� kV�� GR� 76� ���� �� ���� kV,� ���� L� ���� kV� UD]YRGQL
SROLZD�GDYD�HOHNWULaQD�HQHUJLMD�YR�((6�QD�5HSXEOLND�0DNHGRQLMD�
�3RNUDM� GUXJLWH� PHUNL� ]D� EH]EHGQD� L� VLJXUQD� UDERWD� YR� HQHUJHWVNLWH� REMHNWL� YR
WHUPRHOHNWULaQLWH� FHQWUDOL� 5(.� %LWROD� QHRSKRGQD� H� XSRWUHED� L� QD� VRRGYHWQL
L]RODFLRQL�]D^WLWQL�VUHGVWYD�L�RSUHPD�
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(OHNWURL]RODFLRQLWH� ]D^WLWQL� VUHGVWYD� SUHWVWDYXYDDW� SRVHEQD� JUXSD� QD
]D^WLWQL�VUHGVWYD�]D�UDERWD�YR�HOHNWURHQHUJHWVNLWH�SRVWURMNL��SRGHOHQL�VH�YR�GYH
JUXSL�� 9R� SUYDWD� JUXSD� SULSD_DDW� RVQRYQLWH� �SULPDUQL�� HOHNWURL]RODFLRQL
]D^WLWQL� VUHGVWYD� VR�aLMD�SRPR^� VH� GRSLUDDW� GHORYLWH�SRG�QDSRQ� �LQGLNDWRUL�QD
QDSRQ��L]RODFLRQL�PRWNL��L�NOH^WL�]D�YLVRNRQDSRQVNL�RVLJXUDaL�
9R� YWRUDWD� JUXSD� SULSD_DDW� GRSROQLWHOQLWH� �VHNXQGDUQL�� ]D^WLWQL� L]RODFLRQL
VUHGVWYD�VR�NRL�QHVPHDW�GD�VH�GRSLUDDW�GHORYLWH�SRG�QDSRQ��L]RODFLRQL�UDNDYLFL�
aL]PL�� SURVWLUNL�� 9R� WHUPRHOHNWUDQLWH� %LWROD� VH� NRULVWDW� GYHWH� JUXSL� QD
HOHNWURL]RODFLRQL�]D^WLWQL�VUHGVWYD�VRJODVQR�QDSRQVNLWH�QLYRL�YR�NRL�SULSD_DDW�

����� *UXSD��

��,]RODFLRQL�VWDSRYL���PRWNL��]D�.6�L�]D]HPMXYDZH��]D�QRPLQDOHQ�QDSRQ ����kV
��,]RODFLRQL�VWDSRYL���PRWNL��]D�.6�L�]D]HPMXYDZH��]D�QRPLQDOHQ�QDSRQ ����kV
��'HWHNWRUL��LQGLNDWRUL��QD�QDSRQ��]D�QRPLQDOHQ�QDSRQ ����������������kV
��'HWHNWRUL��LQGLNDWRUL��QD�QDSRQ��]D�QRPLQDOHQ�QDSRQ ����������������kV
��'HWHNWRUL��LQGLNDWRUL��QD�QDSRQ��]D�QRPLQDOHQ�QDSRQ �����kV
��,]RODFLRQL�NOH^WL��]D�YLVRNRQDSRQVNL�RVLJXUDaL�]D�QRPLQDOQL�QDSRQ �����kV

����� *UXSD��

��,]RODFLRQL�]D^WLWQL��UDNDYLFL��]D�QRPLQDOHQ�QDSRQ�SUHPD�]HPMD �����kV
��,]RODFLRQL�]D^WLWQL��aL]PL��]D�QRPLQDOHQ�QDSRQ�SUHPD�]HPMD�������������������������������kV
��,]RODFLRQL�]D^WLWQL��SURVWLUNL��WHSLK�����7LS������������������������������������ �����kV
��,]RODFLRQL�]D^WLWQL��SURVWLUNL�WHSLK������7LS������������������������������������ �����kV

���� 1(.2,�.$5$.7(5,67,A1,�35,0(5,�=$�35,0(1$�1$
=$>7,71,��,=2/$&,21,�65('679$�92�7(��%,72/$

7HaHZHWR� QD� HOHNWULaQD� VWUXMD� � QL]� aRYHaNRWR� WHOR� SUHGL]YLNXYD� ^WHWQR
GHOXYDZH�QD�aRYHNRW��9DNYL�VRVWRMEL�QRUPDOQR�VH�MDYXYDDW�YR�]DWYRUHQ�VWUXHQ�NUXJ�
ARYHNRW�GRD_D�YR�VRVWRMED�GD�ELGH�GHO�RG�VWUXMQLRW�NUXJ��NRJD�QHQDPHUQR�VR�VYRMHWR
WHOR� GRSUL� GYH� WRaNL� SRPH_X� NRL� SRVWRL� QDSRQ� �SRWHQFLMDOQD� UD]OLND��� SUL� ^WR
�MDaLQDWD�QD�VWUXMDWD�]DYLVL�RG�JROHPLQDWD�QD�QDSRQRW�L�RWSRURW�QD�aRYHaNRWR�WHOR�
=D�GD�VH�VSUHaL�SURWRN�QD�HOHNWULaQDWD�VWUXMD�QL]�aRYHaNRWR�WHOR�NRMD�LPD�^WHWQR
GHOXYDZH��SRWUHEQD�H�VRRGYHWQD�]D^WLWD���YR�VLWH�VLWXDFLL�
7RD�VH�SRVWLJQXYD�VR�VSUHaXYDZH�QD�LVWRYUHPHQR�GRSLUDZH�QD�GHORYL�SRG�QDSRQ�L
]HPMDWD�VR�GHORYL�RG�aRYHaNRWR�WHOR�VR�NRULVWHZH�QD�VRRGYHWQL�HOHNWURL]RODFLRQL
]D^WLWQL�VUHGVWYD�L]UDERWHQL�RG�PDWHUMDO�VR�JROHPD�HOHNWULaQD�RWSRUQRVW�

=D�VLJXUQD�L�EH]EHGQD�UDERWD�SUHG�VHNRMD�XSRWUHED�QD�L]RODFLRQLWH�]D^WLWQL
VUHGVWYD���OLFDWD�NRL��PDQLSXOLUDDW��PRUD��YL]XHOQR�GD�JL�SUHJOHGDDW�



����� 5HPRQW��QD������kV �SUHNLQXYDa�QD��GDOHNXYRGQR�SROH

=D� REH]EHGXYDZH� VLJXUQD� L� EH]EHGQD� UDERWD� ]D� L]YU^XYDZH� � QD� UHPRQW� QD
���kV� SUHNLQXYDa�� SRWUHEQR� H� GD� VH� SUHY]HPDW� PHUNL� ]D� EH]EHGQRVW� SUHG� GD� VH
RWSRaQL�VR�UDERWD��REH]EHGL�PHVWRWR�QD�UDERWD��
3RVWDSND� QD�� LVNOXaXYDZH�� NUDWNR� VSRMXYDZH� L� ]D]HPMXYDZH�� SRGJRWRYND� ]D
REH]EHGXYDZH�VLJXUQD�L�EH]EHGQD�UDERWD��VOHGL�

�VH�LVNOXaXYD�SUHNLQXYDa�����
�VH�LVNOXaXYD�VRELUQLaNL�UDVWDYXYDa������
�VH�LVNOXaXYD�OLQLVNL�UDVWDYXYDa�����
�VH�YNOXaXYD�UDVWDYXYDa�]D�]D]HPMXYDZH�����

3R� ]DYU^XYDZH� QD� SRVWDSNDWD� VH� YU^L� NUDWNR� VSRMXYDZH� L� ]D]HPMXYDZH� YR
WRaNLWH�=�$�L�=�%�VR�SRVWDYXYDZH�QD�SUHQRVHQ�]D]HPMXYDa�VR�^WR�UDERWQRWR�PHVWR�H
REH]EHGHQR�� 3RVOH� L]YU^HQDWD� UDERWD� QD� UHPRQWRW� VH� RVWUDQXYD� SUHQRVQLRW
]D]HPMXYDa�SR�REUDWHQ�UHG�RG�SRVWDYXYDZHWR��6R�WRD��UDERWDWD�QD�REH]EHGXYDZHWR�H
]DYU^HQD�L�SROHWR�VH�YNOXaXYD�SR�REUDWHQ�UHGRVOHG��QD�RSHUDFLL�
3UL�PDQLSXODFLMD�VH�NRULVWHQL�]D^WLWQLWH�VUHGVWYD��UDNDYLFL��aL]PL��LQGLNDWRUL
]D�QDSRQ����L]RODFLRQL�PRWNL��L�SUHQRVQL�]D]HPMXYDaL���VOLND���

&HODWD� SRVWDSND� H� YR� VNORS� VR� WDNDQDUHaHQL� ]ODWQL� SUDYLOD� ]D� EH]EHGQD
UDERWD�YR�SRVWURMNL�RG�YLVRN�QDSRQ�

�� ����kV�VRELUQLFL

�� 6RELU�UDVWDYXYDaL

3. 3UHNLQXYDa

4. �6WUXMQL�WUDQVIRUPDWRU

5. �/LQLVNL�UDVWDYXYDa

6. �5DVWDYXYDa�]D�]D]HPMXYDZH

7. 9)�SULJX^QLFD

8. 1DSRQVNL�WUDQVIRUPDWRU

9. =�$��SUHQRVQL�]D]HPMXYDa

10. =�%��SUHQRVQL�]D]HPMXYDa

�������������������������VO��������kV�GDOHNXYRGQR�SROH



����� 5HPRQW�QD�EORN�WUDQVIRUPDWRU��������������kV

=D� REH]EHGXYDZH� VLJXUQD� L� EH]EHGQD� UDERWD� ]D� L]YU^XYDZH� � QD� UHPRQW� QD
%ORN�WUDIRUPDWRU��SRWUHEQR�H� GD� VH�SUHY]HPDW�PHUNL� ]D� REH]EHGXYDZH�SUHG� GD� VH
RWSRaQH�VR�UDERWD
� 3RVWDSND� QD� LVNOXaXYDZH�� NUDWNR� VSRMXYDZH� L� ]D]HPMXYDZH�� SRGJRWRYND� ]D
REH]EHGXYDZH�VLJXUQD�L�EH]EHGQD�UDERWD��VH�REH]EHGXYD�UDERWQRWR�PHVWR�NDNR�VOHGL�
�VR�LVNOXaXYDZH�QD�JHQHUDWRURW������L�SUHNLQXYDa�RG�((6���������kV�SUHNLQXYDaL����
�VH�LVNOXaXYD�VRELUQLaNL�UDVWDYXYDa�����VH�LVNOXaXYD�OLQLVNL�UDVWDYXYDa����
�VH�YNOXaXYD�UDVWDYXYDa�]D�]D]HPMXYDZH����L�������]D]HPMXYDa�RG���kV�SUHNLQXYDaL����
�VH�LVNOXaXYD�UDVWDYXYDaRW�]D�]YH]GL^WH�RG�EORN�WUDQVIRUPDWRURW�����
3R�]DYU^XYDZH�QD�SRVWDSNDWD���VH�YU^L�NUDWNRVSRMXYDZH�L�]D]HPMXYDZH�YR�WRaND
=�$��VR�SRVWDYXYDZH�QD�SUHQRVQL�]D]HPMXYDa�QD�VSXVWRYLWH�RG��'9
3RVOH� L]YU^HQDWD� UDERWD� VH� RVWUDQXYD� SUHQRVQLRW� ]D]HPMXYDa�� LVNOXaXYD
RG]HPMXYaRW�YR���kV�SRVWURMND��SR�REUDWHQ�UHG�RG�SRVWDYXYDZHWR
3UL�PDQLSXODFLMD�VH�NRULVWHQL�]D^WLWQLWH�VUHGVWYD��UDNDYLFL��aL]PL��LQGLNDWRUL
]D�QDSRQ��L]RODFLRQL�PRWNL��L�SUHQRVQL�]D]HPMXYDaL���VOLND���

�������kV�VRELUQLFL

��6RELUQLaNL��UDVWDYXYDa

���3UHNLQXYDa

���6WUXMQL�WUDQVIRUPDWRU

���1DSRQVNL�WUDQVIRUPDWRU

���/LQLVNL�UDVWDYXYDa

���5DVWDYXYDa�]D�]D]HPMXYDZH

���.DWRGHQ�RGYRGQLN

���5DVWDYXYDa�]D�]D]HP��QD�]YH]GL^WH

����%ORN�WUDIR��������������kV�

����2NORSHQL�^LQVNL�YUVNL

����5DVWDYXYDa�]D�]D]HPMXYDZH

����7UDIR�]D�VRSVWYHQL�SRWUHEL

����*HQHUDWRU

��� ��kV�SUHNLQXYDaL

����=D]HPMXYDaL�RG 6 kV SUHNLQXYDaL

=�$��3UHQRVQL�]D]HPMXYDa

6O����*HQHUDWRU�EORN�WUDQVIRUPWRU���WUDQVIRUPDWRUVNR�SROH



��� 5HPRQW�QD�YLVRNRQDSRQVNL����kV ��PRWRU

=D� REH]EHGXYDZH� VLJXUQD� L� EH]EHGQD� UDERWD� ]D� L]YU^XYDZH� � QD� UHPRQW� QD
YLVRNRQDSRQVNL� HOHNWURPRWRU�� SRWUHEQR� H� GD� VH� SUHY]HPDW� PHUNL� ]D� EH]EHGQRVW
SUHG��GD�VH�RWSRaQL�VR�UDERWD�
6R� SRVWDSND� QD� LVNOXaXYDZH�� NUDWNR� VSRMXYDZH� L� ]D]HPMXYDZH�� VH� REH]EHGXYD
UDERWQRWR�PHVWR�NDNR�VOHGL�

�VH�LVNOXaXYD�SUHNLQXYDa�������
�VH�SURYHUXYD�EH]QDSRQVND�VRVWRMED�
�VH�]D]HPMXYD��YR��kV�NHOLMD�����
�VH�RWNOHPXYD��NDEHORW�L�NUDWNR�VSRMXYD�����
3UL� PDQLSXODFLWH� VH� NRULVWDW� ]D^WLWQL� UDNDYLFL�� aL]PL�� LQGLNDWRU� ]D� QDSRQ�
SUHQRVHQ�]D]HPMXYDa�]D�NUDWNRVSRMXYDZH���VOLND����
3R�L]YU^HQLRW�UHPRQW��HOHNWURPRWRURW�SR�REUDWHQ�UHGRVOHG�VH�VWDYD�YR�SRJRQVND
VSUHPQRVW�

�����������������

�������������������������������������������������������������������������������������������������kV�VRELUQLFD

�����������������������������������������������������������������������������������������������3UHNLQXYDa

����������������������������������������������������������������������� ������������������������=D]HPMXYDa�QD�SUHNLQXYDa
�����������������������������������

���������������� ������������������������9LVRNRQDSRQVNL�NDEHO

������������������������������������������������������������������������������������������������3UHQRVQR�]D]HPMXYDa
�������������������������������������������������������������������������������������������������L�NUDWNRVSRMQLN

�������������������������������������������������������������������������������������������������kV�HOHNWURPRWRU
������������������������������������������������������
������������������������������������������������������������������������������������������������=D^WLWQR�]D]HPMXYDZH

6O����=D]HPMXYDZH�L�NUDWNR�VSRMXYDZH�QD�91�NDEHO�RG�YLVRNRQDSRQVNL�HO�PRWRU

M



���� 3(5,2',A1,�35(*/(',�,�,63,789$:$�1$�=$>7,71$7$
����� (/(.752,=2/$&,21$�235(0$

9R�5(.�%LWROD�YR�VRJODVQRVW�QD�YDCHaNLWH�WHKQLaNL�SURSLVL�L�VWDQGDUGL�VH
YU^L�UHGRYQR�SHULRGLaQR�LVSLWXYDZH�QD�HOHNWULaQDWD�RWSRUQRVW�QD�L]RODFLRQLWH
]D^WLWQL�VUHGVWYD�L�RSUHPD�RG�VWUDQD�QD�(7)�6NRSMH��ODERUDWRULMD�]D�YLVRN�QDSRQ
L�ODERUDWRULMDWD�]D�YLVRN�QDSRQ��QD��7HUPRHOHNWULaQL�FHQWUDOL�%LWROD�

9R�WHNRW�QD�HNVSORWDFLRQLRW�SHULRG��DNR�GRMGH�GR�SRSUDYNL��LOL�VRPQHQLH��]D
LVSUDYQRVWD� QD� HOHNWURL]RODFLRQLWH� ]D^WLWQL� VUHGVWYD�� PRUD� GD� VH� L]YU^L
SRYWRUQR�LVSLWXYDZH��SUHG�LVWHNRW�QD�URNRW��RG�SRVOHGQRWR�LVSLWXYDZH�
1D� VOLND� �� GDGHQ� H� SULPHU� QD� HO�^HPD� ]D� LVSLWXYDZH� QD� � L]RODFLRQL� ]D^WLWQL
aL]PL�

<
�

<
�

91�75�
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�
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��������� 9

����������������������������������������������������������������������������������������������������������������������������������������������1�2

VO����>HPD�]D�LVSLWXYDZH�QD�]D^WLWQL�VUHGVWYD

6RJODVQR� aOHQ� ��� RG� ]DNRQRW� ]D� VWDQGDUGL]DFLMD� � �VOXCEHQ� YHVQLN� QD� 5�
0DNHGRQLMD��RG������JRGLQD��LVSLWXYDZH�VH�YU^L�VSRUHG�VWDQGDUGLWH��0.6
,]RODFLRQL�UDNDYLFL 0.6�=�%����������,]RODFLRQL�aL]PL �����0.6�=�%�����
,]RODFLRQL�SURVWLUNL 0.6�=�%����������,QGLNDWRUL�QD�QDSRQ �����0.6�0�%�����
,]RODFLRQL�NOH^WL 0.6�0�%���������,]RODFLRQL�PRWNL �����0.6�0�%�����
3RVOH� L]YU^HQLWH� LVSLWXYDZD� QD� L]RODFLRQDWD� ]D^WLWQD� RSUHPD� VH� L]JRWYXYD
L]YH^WDM���NRM�VRGUCL��SRGDWRFL�]D�EDUDZHWR��SRGDWRFL�QD�]D^WLWQRWR�VUHGVWYR�
SURSLVL�L�VWDQGDUGL��PHWRGD�QD�LVSLWXYDZH��XUHGL�NRULVWHQL�]D�PHUHZH��UH]XOWDWL
QD�PHUHZHWR��]DNOXaRN��GDWD�QD�LVSLWXYDZHWR�
1D�VDPLWH�]D^WLWQL�VUHGVWYD�PRUD�GD�SRVWRL�R]QDND��LOL�CLJ�QD�RUJDQL]DFLMDWD�NRMD
JR�L]YU^LOD�LVSLWXYDZHWR�
9R�WDEHOD���GDGHQL�VH�URNRYLWH�]D�LVSLWXYDZH�QD�L]RODFLRQLWH�VUHGVWYD�
9R�WDEHOD���GDGHQL�VH�QRUPLWH�]D�LVSLWXYDZH�YR�VRJODVQRVW�QD�WHKQLaNLWH�SURSLVL�
9R�WDEHOD���GDGHQ�H�L]YH^WDM�RG�L]YU^HQR�LVSLWXYDZH��SULPHURN��

mA

kV



��������������������������������7DEHOD�I
5RNRYL 5DNDYLFL aL]PL WHSLK ,QGLNDWRU .OH^WL 0RWNL

��PHVHFL 9R XSRWUHED 9R XSRWUHED

���PHVHFL 6NODGLUDQL 6NODGLUDQL

���PHVHFL + +

���PHVHFL 9R XSRWUHED +

���PHVHFL 6NODGLUDQL

�������������������������������������������������������������������������������������������������������������������������������7DEHOD�II
1RP�QDSRQ ,VSLWHQ QDSRQ 6WUXMD RGYRG 9UHPH QDLVS�

1DUDNYLFL 3 kV 20  kV    16     mA      60  sek
aL]PL 3 kV 15  kV      7,5  mA      60  sek
7HSLK 1 kV  3  kV      3      mA     2-3  m/sek
7HSLK 3 kV 15  kV    15     mA     2-3  m/sek

,QGLNDWRU      10  kV 28  kV      0,1  mA    300  sek
,QGLNDWRU SUDJ QD QDSRQ YR JUDQLFL � max.���� � min. ���� RG YUHGQRVWD QD Un

0RWNL 110; 400 kV 190, 750 kV      0,2  mA    300  sek
.OH^WL 10 kV 28 kV      0,2  mA    300  sek

�������������������7DEHOD�III

������������������������������������������,=9(>7$-�%5��������
1DSRQVNL LVSLWXYDZD�NRQWUROD QD L]RODFLMDWD� QD ]D^WLWQLWH VUHGVWYD

�� ,PH QD ]D^WLWQRWR VUHGVWYRBBBBBBBBBBBBB ,]RODFLRQL UDNDYLFL

�� 3URL]YRGLWHOBBBBBBBBBBBBBBBBBBBBBBBBBB %DOWHK )UDQFLMD

�� 7LS BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �

��2VQRYQL WHKQLaNL NDUDNWHULVWLNL BBBBBBB Un=� kV� Uisp.=�� kV� Iod� �� mA
��9LG QD LVSLWXYDZH BBBBBBBBBBBBBBBBBBBBBB 1DSRQVNR

��,VSLWQD RSUHPD BBBBBBBBBBBBBBBBBBBBBBBB $,��� �������P$� &����

��,VSLWDQR SR VWDQGDUG BBBBBBBBBBBBBBBBBBB 0.6 =�%�����
��2UJDQL]DFLMD ]D NRMD VH LVSLWXYD BBBBBBBBB 5(. %LWROD

��/RNDFLMD QD aXYDZH BBBBBBBBBBBBBBBBBBBBB 76 ��� � ��� .9 %LWROD �

���)DEULaNL �LQWHUQL� EURM BBBBBBBBBBBBBBBB �����
���%URM QD LVSLWDQL SDUaLQ BBBBBBBBBBBBBBBBB �

��� .ULWHULXP �QRUPD� ]D XWYUGXYDZH QD LVSUDYQRVWD

1RPLQDOHQ QDSRQ LVSLWHQ QDSRQ VWUXMD QD RGYRG YUHPH QD WUDHZH QD LVS�

             kV                                 kV mA   sek
� �� ��� ��

=DEHOH^ND�

��� 2FHQND SRVOH L]YU^HQR LVSLWXYDZH =$'292/89$

'DWD� ����������JRG� ,VSLWDOH� 2YHULO�
�� ��
�� 



����� =$./8A2.

� 'RVHJD^QRWR� LVNXVWYR� � SRNDCXYD� GHND� YR� SRYH`HJRGL^QDWD� SUDNVD� QD
UDERWHZH� YR� HOHNWURHQHUJHWVNLWH� REMHNWL�� VH� QDPHWQXYD� SRNUDM� GUXJLWH� PHUNL� ]D
VLJXUQD�L�EH]EHGQD�UDERWD�SURSL^DQL�YR�WHKQLaNLWH�SURSLVL�L�VWDQGDUGL��REDYH]QD
XSRWUHED�QD�L]RODFLRQD�]D^WLWQD�RSUHPD�L�VUHGVWYD�SUL�PDQLSXODFLL�YR�UD]YRGQL
SRVWURMNL��QLYQR�UHGRYQR�SHULRGLaQR�LVSLWXYDZH�L�SUHJOHG�SUHG�VHNRMD�XSRWUHED�

��� �35$>$:$�=$�',6.86,-$

��3UREOHPL�NRL�VH� MDYXYDDW�SUL� �XSRWUHED�QD� VHNXQGDUQL� ]D^WLWQL� VUHGVWYD
�WHSLK�� SRVWDYHQ� SUHG� �� kV� GYRUHGQL� UD]YRGL� YR� 7(� �RWHCQDWD� UDERWD� SUL
L]YOHNXYDZH� QD�91� SUHNLQXYDaL� � SUL�^WR� GRD_D� GR� R^WHWXYDZH� QD� L]RODFLRQLRW
WHSLK��0RCQRVWL�]D�QLYQD�]DPHQD� � VR� ��HNYLSRWHQFLOL]DFLMD��QD�NXNL^WDWD�RG�91
UD]YRGL��SUHGOR]L�L�LVNXVWYD�

��.RQWUROD�RG�QDGOHCQL�RUJDQL��QDMQRYL�VR]QDQLMD�NRL� MD�REUDERWXYDDW�RYDD
PDWHULMD�VRJODVQR�IEC��VWDQGDUGLWH�GHQHV��GUCDYQD�UHJXODWLYD�YR�5��0DNHGRQLMD�

.25,67(1$�/,7(5$785$

[�]�3URSLVL�]D�WHKQLaNL�PHUNL�]D�SRJRQ�L�RGUCXYDZH�HOHNWURHQHUJHWVNL�SRVWURMNL
�������6O�OLVW��������

[�]�3UDYLOQLN�]D�WHKQLaNL�QRUPDWLYL�]D�HOHNWURHQHUJHWVNL��SRVWURMNL�VR
�������QRPLQDOQL�QDSRQ�QDG������V��6O�OLVW�������
[�]�6WDQGDUGL�JUXSD�=�%�����0�%2�

[�]�7HKQLaND�GRNXPHQWDFLMD�]D�76�����������kV
[�]�7HKQLaND�GRNXPHQWDFLMD�]D�91�SRVWURMNL�YR�7(�%LWROD
[�]�/LaQL�VR]QDQLMD�L�LVNXVWYD�QD�DYWRULWH



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

97252�629(789$:(�1$�0$.2�6,*5(

-RYDQ�-DQNRY��GLSO��HO��LQC��(60�5(.�%LWROD��%LWROD

��.21752/$�1$�7(+1,A.$7$�,635$91267�1$�235(0$�,
��$3$5$785$��35,�86/29,�1$�1$0$/(1,�7(+12/2>.,

��02#1267,�92�76�����������kV�%,72/$��

.5$7.$�62'5#,1$

9R� JROHPL� PRGHUQL� HOHNWURHQHUJHWVNL� VLVWHPL� SUHQRVQLWH� PRCQRVWL� �
JHQHUDOQR� YNOXaXYDDW� SURL]YRGQL� SRVWURMNL�� PH_XYUVNL�� UD]YRGQL� SRVWURMNL�
WUDQVIRUPDWRUL�� 76� �������� N9� %LWROD� �� H� SULPHU� ]D� VLWH� WLH� EDUDZD� YR� GYH
QDSRQVNL� QLYRL�� *ROHPD� ]D� QD^L� XVORYL�� EH]� NRPSOHWQL� IXQNFLL� ]D� GREUD
VLJQDOL]DFLMD�L�XSUDYXYDZH��76�%LWROD���LPD�SRWUHED�PQRJX�SRYH`H�RG�NRQWUROD�QD
SHUVRQDORW�]D�WHKQLaNLWH�PRCQRVWL�QD�FHOD�RSUHPD�YR�WUDIRVWDQLFDWD�

S U M M A R Y

In large, modern AC power systems, transmission facilities generaly include generating
stations,interconnecting lines,switching yards, transformers, TS 400/110 kV Bitola 2 is example
for all that requirements in two voltage levels. Large for our conditions without full functions for
good signalization and switching ,TS Bitola 2 need much more human control for the technical
capability of all equipment in switch yard.

.OXaQL�]ERURYL��7UDIRVWDQLFD�WHKQLaND�LVSUDYDQRVW�
���������NRQWUROD��SUHYHQWLYQR�GHMVWYR�



�� 9�2�9�(�'

(OHNWURHQHUJHWVNLRW�VLVWHP�QD�50��QHJRYDWD�PUHCD�QD�����NV VH�ED]LUD�QD
WUL� WRaNL�L� GYH� LQWHUNRQHNFLL��1HRGPLQOLYD�SR� VYRHWR� ]QDaHZH� H�76� �������� NV
%LWROD� ��� 3ULHPRW� QD� QDMJROHPLRW� GHO� RG� SURL]YRGVWYRWR� QD� HO�� HQHUJLMD�
QHSRVUHGQLWH� YUVNL� QD� ���� NV� L� PQRJX� YDCHQ� GHO� RG� ���� NV� PUHCD� YR� ]DSDGQD
0DNHGRQLMD� MD� SRWYUGXYDDW� LVNOXaLWHOQDWD� YDCQRVW� QD� 76� YR� UDERWDWD� QD� ((6�
3UHWVWRMQDWD�LQWHUNRQHNFLMD�QD�����NV�VR�76�$PLQGHR�YR�5HSXEOLND�*UFLMD��`H� MD
SRWYUGL�L�WDND�JROHPDWD�YDCQRVW�L�]QDaHZH��35,/2*���

9R�YDNYL�XVORYL�WHKQLaNDWD�LVSUDYQRVW�QD�76�� �]D�VHNRM�QHM]LQ�HOHPHQW�H�RG
ELWQR� ]QDaHZH� ]D� GHOXPQD�� aHVWR� L� ]D� FHORNXSQD� IXQNFLRQDOQRVW� QD
WUDIRVWDQLFDWD�

.RQWURODWD�QD�WHKQLaNDWD�LVSUDYQRVW��]DEHOHCXYDZH�QD�VLWH�PRCQL�SURPHQL
NRL� LPDDW� WHQGHFLMD� QD� ]DJUR]XYDZH� ]D� SUHYHQWLYQR� GHOXYDZH� L� RGUCXYDZH� QD
IXQNFLRQDOQRVWD�YR�UHGRYQD�VRVWRMED�

�� 7(.291$�62672-%$

76�������� kV�%LWROD����NRQFHSFLVNL�H�UH^HQD�QD�GYH�QDSRQVNL�QLYRD�����kV L
���� kV SRYU]DQL� VR� GYD� PUHCQL� DYWRWUDQVIRUPDWRUL� RG� SR� ����0V$�� 5H^HQLHWR
RYR]PRCXYD�EH]EHGHQ�SULHP��UDVSUHGHOED�L�WUDQ]LW�QD�HO��HQHUJLMD�L�VQDJD�YR�((6
QD�50�L�YUVNLWH�VR�VRVHGQLWH�GUCDYL�

6HNRH� GROQRYRGQR� SROH� H� RSUHPHQR� VR� SRWUHEQDWD� RSUHPD� L� DSDUDWL
�SUHNLQXYDaL� ]D� VQDJD�� UDVWDYXYDaL�� VWUXMQL� L� QDSRQVNL� PHUQL� WUDQVIRUPDWRUL�
L]RODWRDUL�� VSRHYL�� MDCLZD�L� VO����6HNXQGDUQDWD�RSUHPD� ]D� �ORNDOQR�� XSUDYXYDZH�
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RELNRONDWD� SULPHWHQR� H� LVWHNXYDZH� QD� PDVOR� VR� PRCHQ� SURERM� SUL� NULWLaQR
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������������2UJDQL]DFLMDWD�QD�UDERWDWD�YR�76���VSRUHG�VYRHWR�QDSRQVNR�QLYR�RG�����kV  H
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6RVWRMEDWD� QD� ]D]HPMXYDaNLRW� VLVWHP� YR� VLWH� LQGXVWULVNL� SRVWURMNL� � L
HOHNWURHQHUJHWVNL�REMHNWL�H�RG�SRVHEHQ�]QDaDM��6WUXLWH�QD�NXVL�YUVNL�VH�]DQaLWHOQR
SRJROHPL� YR� EOL]LQD� QD� L]YRULWH� QD� HOHNWULaQD� HQHZUJLMD� L� YR� JROHPLWH
WUDIRVWDQLFL� SD� VR� VDPRWR� WRD� L� VRVWRMEDWD� QD� ]D]HPMXYDaNLRW� VLVWHP� YR� YDNYL
REMHNWL�WUHED�GD�SUHWVWDYXYD�SRVHEQD�JULCD�

0HUHZHWR� QD� NYDOLWHWRW� QD� ]D]HPMXYDaNLRW� VLVWHP� QD� 7(� %,72/$� � L� 76
%,72/$���� �PLQDWDWD�JRGLQD�]D�SUY�SDW�EH^H�VDPRVWDOQR�QDSUDYHQR�RG�VWUDQD�QD
VWUXaHQ�WLP�YUDERWHQ�YR�RYRM�NRPELQDW�

7UXGRW�LPD�]D�]D�]DGDaD�GD�JL�L]QHVH� �SUDNWLaQLWH�SUREOHPL�NRL�VH� MDYXYDDW
SUL�RYD�PHUHZH��YR�REMHNWL�VR�JXVWD�NRQILJXUDFLMD�QD�GDOHNXYRGL�

CONTENTS

Condition of grounding system for any industrial and  elektroenergetic object is a mater of
significant interest. Current of short circuit are particularly higher close to the source of electrical
energy and powerful switch yards, and for a very that reason  status of the grounding system  has
to be of particular care in that area.

Measuring  of the quality of the grounding system in Power Plants BITOLA and
switchyard BITOLA 2,  last year for a firs time was done by the team of engineers employed in
REK BITOLA.

This article has a goal to expose the practical problems in this measuring in area with
crowded configuration of overhead lines.
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PHWRGL�]D�PHUHZH�YR�RYDD�REODVW�L�VLWH�NRL�JR�SUDYDW�WRD�JR�SUDYDW�VR�LVWD�PHWRGD
VR� RGUHGHQL� YDULMDFLL� GDOL� VH� VQLPD� UDVSUHGHOEQDWD� QD� SRWHQFLMDORW� YGROC
RGUHGHQL� SUHVHFL� LOL� HGQRVWDYQR� VH� PHUL� QDSRQ� QD� aHNRU� L� GRSLU� QD� RGUHGHQL
NDUDNWHULVWLFQL�PHVWD�
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SDUDOHOQR�VR�GDOHNXYRGRW�]D�76�%,72/$���QD�UDVWRMDQLH�RG�RNROX���P�

3R^WR� VH� QHPD^H� GR]YROD� GD� VH� LVNOXaL� RYRM� GDOHNXYRG� VH� RGOXaLYPH� ]D
QDSRQVND�VRQGD�GD�JR�LVNRULVWLPH�]D]HPMXYDaRW�QD�3XPSQD�VWDQLFD�QD�5HND�&UQD�NRM
H�QD�UDVWRMDQLH�RG�RNROX��NP�RG�7(�%,72/$�

6H� YRVSRVWDYL� SRQRYR� ^HPDWD�� 6WUXMDWD� SRYWRUQR� VH� ]DWYDUD^H� SUHNX
WUDIRVWDQLFD� .XNXUHaDQL� D� PHUQDWD� VRQGD� MD� SRVWDYLYPH� YR� 36� QD� 5HND� &UQD�
'RELYPH�QDSRQ�RG�10V�^WR�SRYWRUQR�MDVQR�EH^H�GHND�QH�H�YR�UHG��3RVOH�SRYWRUQL
SURYHUNL� L� SUHVOX^XYDQD� XWYUGLYPH� GHND� QD� CLFLWH� QD� RYRM� GDOHNXYRG� SRVWRL
NRQVWDQWHQ� QDSRQ� RG� 10V� QH� ]DYLVQR� RG� WRD� GDOL� VWUXMQRWR� NROR� SUHNX� 76
.XNXUHaDQL��H�]DWYRUHQR�LOL�QH��2YRM�GDOHNXYRG�H�6kV�L�YR�VYRMRW�SDW�NRQ�36�UHND
&UQD�RGL�SDUDOHOQR�VR�110kV�GDOHNXYRGL�]D�.XNXUHaDQL�L�%XULPHaND�QD�UDVWRMDQLH
RG�RNROH����P�

6H� XWYUGL� GHND� L� VR� RYRM� GDOHNXYRG� QH� PRCH� GD� VH� L]YU^L� PHUHQHWR�
2aLJOHGQR�EH^H�GHND�QD�VHNRM�SURYRGQLN�^WR�RGL�SDUDOHOQR�VR�GDOHNXYRGLWH�^WR
EHD�SRG�QDSRQ�VH�MDYXYD�LQGXFLUDQ�QDSRQ�NRM�JR�RQHYR]PRCXYD�PHUHZHWR�

6R� FHO� GD� VH� SRWYUGL� JRUQDWD� NRQVWDWDFLMD� VH� RGOXaL� GD� VH� VQLPL
SRWHQFLMDORW�YR�RNROLQDWD�QD�WUDIRVWDQLFDWD��6HNRMH�VQLPDZH�NRMH�VH�RGYLYD^H�YR
SUDYHF�SDUDOHOHQ�QD�YRGRYLWH�SRG�QDSRQ�UH]XOWLUD^H�VR�]JROHPXYDZH�QD�QDSRQRW�QD
WORWR�VR�RGGDNOHaXYDZHWR�RG�WUDIRVWDQLFDWD�VR�QHORJLaQR�JROHPL�YUHGQRVWL�^WR
QHPD^H�QLNDNYD�ORJLND�

$QDOL]LUDMNL�MD�GLVSR]LFLMDWD�QD�GDOHNXYRGLWH�SULNOXaHQL�QD�76�%,72/$
��VH�RGOXaL�GHND�HGLQVWYHQ�HYHQWXDOQR�SRJRGHQ�SUDYHF�NRM�QH�EL�ELO�SRG�YOLMDQLH�QD
GDOHNXYRGLWH�EL�ELO�SUDYHFRW�NRQ�VHOR�'REURPLUL��YLGL�VO����

6H� � L]YU^L� PHUHZH� QD� UDVSUHGHOEDWD� QD� SRWHQFLMDORW� SRaQXYDMNL� RG
]D]HPMXYDaRW�QD�VDPDWD�WUDIRVWDQLFD�L�RGDOHaXYDMNL�VH�RG�QHJR�VR�YOHaHZH��NDEOL�
YR�SUDYHF�QD�VHOR�'REURPLUL���1D�VHNRM�VWR�PHWUD�VH�PHUH^H�SRWHQFLMDORW�QD�WORWR�
'RELYDYPH� GREUL� UH]XOWDWL� �SRaQXYDMNL� RG� ���V� SRWHQFLMDORW� VR� RGDOHaXYDZH
VWDOQR� UDVWH^H�� L� QD� UDVWRMDQRH� RG� RNROX� ����P� � GRELYDYPH� YHNH� QH]QDaLWHOQL
SURPHQL�QD� SRWHQFLMDORW� SD� VH� RGOXaLYPH� UHIHUHQWQDWD� VRQGD� GD� MD� SRVWDYLPH� QD
RNROX����P�OHYR�RG�VHOR�'REURPLUL�D�QD�YNXSQR�UDVWRMDQLH�RG�76�RG�����P��

'RELHQDWH�YUHGQRVWL�RG�PHUHZDWD�JL�REUDERWLYPH�L�EHYPH�RKUDEUHQL�RG�RQD
^WR�JR�GRELYPH�9UHGQRVWLWH�QD�RYLH�PHUHZD�L�VDPDWD�NULYD�VH�GDGHQL�QD�VOLND���



���������6O����.ULYD�QD�UDVSUHGHOED�QD�SRWHQFLMDO�RG�]D]HPMXYDa��GR�PHUQD�VRQGD

��� �0(5(:(��92�76�����110kV

%LGHMNL� EHYPH� ]DGRYROQL� RG� ORFLUDQHWR� QD� SRPR^QDWD� QDSRQVND� VRQGD
RWSRaQDYPH�VR�NRQNUHWQL�PHUHZD�

3UHNX� RGYRMHQ� WUDQVIRUPDWRU� SUL� QDSRQ� QD� VHNXQGDU� RG� 242V� VH� SRVWLJQDD
VOHGQLWH�YUHGQRVWL�

U  = 242V
Im = 26,64A
Uem = 2.055V

6SRUHG�NRQILJXUDFLMDWD�QD�GDOHNXYRGL�^WR�VH�SULNOXaHQL�QD�76�%,72/$��
]D�VDPDWD�WUDIRVWDQLFD�JL�GRELYPH��VOHGQLWH�YUHGQRVWL�

• 5HGXNFLRQLRW�IDNWRU�� �r =��������
• 2WSRU�QD�QD�]D]HPMXYDZH�QD�]GUXCHQ�]D]HPMXYDa Rz = 0.118omi

6R�RJOHG�QD�WRD�GD�YUHGQRVWD�QD�UHDOQDWD�VWUXMD�QD�NXVD�YUVND�H��������$
6OHGXYD�GHND�VLWH�L]PHUHQL�YUHGQRVWL�QD�SRWHQFLMDO�WUHED�GD�VH�SRPQRCDW�VR�

           Id       19195
K =---------- = -----------  =  719.18

                       Im                      26.64
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=QDaL� YR� VOXaDM� QD� GR]HPQD� NXVD� YUVND� QD� 110kV� PUHCD� YR� 76� %,72/$� �
SRWHQFLMDORW�QD�WORWR�EL�VH�SRGLJQDO�QD��

Uz = Uem * K = 719,18 * 2.055 = 1477.9V

(GHQ�WLP�MD�PHUH^H��UDVSUHGHOEDWD�QD�SRWHQFLMDO�YGROC����SUHVHaQL�SUDYFL
QD� WUDIRVWDQLFDWD� D� GUXJLRW� WLP� � PHUH^H� QDSRQ� QD� aHNRU� L� GRSLU� QD
NDUDNWHULVWLaQL�PHVWD�

5H]XOWDWLWH� RG� GYHWH� QH]DYLVQL� PHUHZD� VSRUHG� UH]XOWDWLWH� QD
NDUDNWHULVWLaQLWH�PHVWD�VH�VRYSDGQDD�

YLH�NULYL�VH�GDGHQL�QD�VOLNLWH����������L��

6O����3UHVHaQL�SUDYFL�QD�PHUHZH�QD�UDVSUHGHOED�QD�SRWHQFLMDO
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.RJD�NH�VH�SRJOHGDDW�JUDILFLWH�]D�UDVSUHGHOEDWD�QD�SRWHQFLMDORW�YGROC
RGEUDQLWH�SUHVHFL�RGPD�QD�SUY�SRJOHG�SDJDDW�YR�RaL�L]UD]HQLWH�SLNRYL�^WR�VH
SUDYDW�QD�RJUDGLWH��

2YLH�SLNRYL�JL�LPD�QD�VLWH�RJUDGL�L�NDUDNWHULVWLaQR�H�^WR�QD��LVWRaQDWD�L
MXCQDWD� RJUDGD� SLNRYLWH� VH� RULHQWLUDQ� NRQ� VSX^WDQH� QD� SRWHQFLMDORW� QD� VDPLWH
RJUDGL�YR�RGQRV�QD�WORWR�YR�EOL]LQD�QD�RJUDGLWH��1D�VHYHUQDWD�L�]DSDGQDWD�RJUDGD
SLNRYLWH�VH�RULHQWLUDQL�NRQ�SRGLJDZH�QD�SRWHQFLMDORW�QD�VDPLWH�RJUDGL�YR�RGQRV
QD�WORWR�YR�EOL]LQD�QD�RJUDGLWH���

*RUQDWD� SRMDYD� VH� GROCL� QD� JDOYDQVNDWD� YUVND� QD� NRPSOHWQDWD� RJUDGD� L
SRFLQNRYDQDWD�OHQWD�SRORCHQD�QD�HGHQ�PHWDU�UDVWRMDQLH�RG�RJUDGDWD�RG�QDGYRUH^QD
VWUDQD��

8]HPMXYDaRW�GR�LVWRaQDWD�L� MXCQDWD�RJUDGD� � H�L]YHGHQ�GR�QLYQD� � QHSRVUHGQD
EOL]LQD�SD�WORWR���RGQRVQR�RJUDGDWD�JR�SRSULPD�RYRM�SRWHQFLMDO��

.DNR�UH]XOWDW�QD�RYD�RG� MXCQDWD�L�LVWRaQDWD�RJUDGD�SRYLVRNLRW�SRWHQFLMDO
QD�WORWR�VH�RGYHGXYD�QD�VHYHUQDWD�L�]DSDGQDWD�VWUDQD�L�JL�SRGLJD�SRWHQFLMDOLWH�QD
RYLH�PHVWD�QDG�QLYRWR�QD�RNROLQDWD��

7UHED� GD� VH� QDSRPHQL� GHND� QD� UH]XOWDWLWH� RG� PHUHQHWR� PQRJX� YOLMDH^H� L
IDNWRURW� QD� LQGXNFLMDWD� RG� GDOHNXYRGLWH� �� (NLSDWD� PDNVLPDOQR� VH� ]DODJD^H� GD
SULRJD�QD�PHUQLWH�WRaNL��VR�PHUQDWD�VRQGD�L�PHUQDWD�CLOD���SR�SUDYHF�QRUPDOHQ�QD
GDOHNXYRGWH�NDNR�EL�VH�L]EHJQDOR�^WR�H�PRCQR�SRYHNH�YOLMDQLHWR�QD�LQGXNFLMDWD��

�� �0(5(:(��92�7(�%,72/$

7(� %,72/$� � L� 76� %,72/$� �� VH� SRYU]DQL� VR� �� GDOHNXYRGL� 110kV� � L� �
GDOHNXYRGL��RG��400kV�

2GYRMQLRW�WUDQVIRUPDWRU�EH^H�SRVWDYHQ�YR�6kV��UD]YRG�]D�RS^WL�SRWUHEL�L
WXND� EH^H� L]YHGHQD� NXVDWD� YUVND� SUHNX� NRQWUD� ]D]HPMXYDaRW� YR� 76� .XNXUHaDQL�
9UVNDWD� SRPHJX� 7(� %,72/$� � L� 76� %,72/$� �� ]D� ]DWYRUDQH� QD� VWUXMQRWR� NROR
EH^H�RVWYDUHQD�VR�SRPR^�QD�6kV��NDEHO�NRM�YR�QRUPDOQD�^HPD�VOXCL�]D�QDSRMXYDQH
QD�VRSVWYHQL�SRWUHEL�QD�76�%,72/$���RG�7(�%,72/$�

'RYHGXYDQHWR� QD� CLODWD� RG� QDSRQVNDWD� � VRQGD� � GR� 7(� %,72/$
SUHWVWDYXYD^H�SRVHEQD�WH^NRWLMD��9RGHQHWR�QD�CLODWD�QDG]HPQR�RG�7(� � GR�76�YR
NRQILJXUDFLMDWD� QD� GDOHNXYRGL� NDNR�^WR� H� SULNDCDQR� QD� VO�� �� H� QHYR]PRCQR�� 6H
^WR�VH�PHUL�YR�WDNRY�VOXaDM�H�UH]XOWDW�VDPR�QD�LQGXNFLMD�

=D�GRYHGXYDQH�QD�QDSRQVNDWD�VRQGD�GR�7(�JR�LVNRULVWLYPH��6kV�RNORSHQ�NDEHO
���K����PP� �NRM�YR�QRUPDOQD�^HPD�VH�NRULVWL�]D�SRYU]XYDQH�QD�GDOHNXYRGRW�]D��36
5HND��&UQD�VR���N9�UD]YRG�YR�7(�

1D�RYRM�QDaLQ�VR�SRYU]XYZHWR�QD�^HPLWH�JL�SRVWLJQDYPH�VOHGQLWH�JROHPLQL�

Usec = 258V
Im = 23.2A
Um = 1.22ZV



3UHVPHWDQLRW�RWSRU�QD�]D]HPMXYDZH�QD�]D]HPMXYDaRW�QD�7(�H�

r = 0.61
Rz = 0.088omi

)DNWRURW�QD�PQRCHQH�QD�L]PHUHQLWH�YUHGQRVWL�SR�SUHVPHWND�H�

����������������������������
.� ��������������� ������

�����

2G� ^WR� L]OHJXYD� GHND� SUL� GR]HPQD� NXVD� YUVND� QD� 110kV� VWUDQD� YR� 7(
SRWHQFLMDORW�QD�]D]HPMXYDaRW��QD�7(��EL�VH�SRGLJQDO�QD������������������� �1012V

0HUHQHWR�QD�UDVSUHGHOEDWD�QD�SRWHQFLMDO�YR�NUXJRW�QD�7(�EH^H�QHYR]PRCQR
9OLMDQLHWR�QD�RNROQLWH�YRGRYL�QD�CLODWD�RG�PHUQDWD�VRQGD�EH^H�PQRJX�L]UD]HQR�

3RUDGL�WRD�YR�NUXJRW�QD�7(�VH�PHUH^H�VDPR�QDSRQ�QD�aHNRU�L�GRGLU�

�� 95(0(16.,�86/29,��,��83275(%(1,�,167580(17,

• 0HUHZHWR�EH^H�L]YHGHQR�YR�PHVHF�0DUW�SUL�YODCQL�XVORYL�QD�WORWR�

• %HD�XSRWUHEHQL�VOHGQLWH�LQVWUXPHQWL�SUL�PHUHZHWR

8QLYHU]DOHQ��LQVWUXPHQW��)/8.( ����� =D�PHUHZH�QD�QDSRQ
$PSHUPHWDU���0������NODVD��������6665 =D�PHUHZH�QD�VWUXMD

�� =$./8A2.

1D�SUDNWLaQRWR�PHUHZH�QD�NYDOLWHWRW�QD�]D]HPMXYDZH�WUHED�GD�PX�VH�SULMGH
VR�GREUD�SRGJRWYHQRVW�L�GREUD�SUHWKRGQD�DQDOL]D�QD�NRQILJXUDFLMDWD�QD�REMHNWRW�QD
NRM�VH�SUDYDW�PHUHZDWD�

0HUHZHWR� QD� UDVSUHGHOED� QD� SRWHQPFLMDORW� H� PQRJX� GREDU� GRSROQLWHOHQ
SRND]DWHO� ]D� VRVWRMEDWD� QD� ]D]HPMLWHOQLRW� VLVWHP� PHJXWRD� � SUDNWLaQRWR
UHDOL]LUDZH�VH�SRNDCXYD�GHND�H�PQRJX�WH^NR�L]YRGOLYR

/,7(5$785$�

�� -86�–�6WDQGDUG��“0HUHZH�RWSRUQRVWL�X]HPOLYDaD������JRG)”
�� 3UDYLOQL�R�WHKQLaNLP�QRUPDWLYLPD�]D�X]HPOHQH�HOHNWURHQHUJHWVNLK�SRVWURMHZD

QD]LYQRJ�QDSRQD�L]QDG�����9���6O��/LVW�65-��������
�� (/$%25$7� � � ]D� LVSLWXYDZH� L� PHUHZH� QD� ]D]HPMLWHOQLRW� VLVWHP� QD� 7(� �

%,7,/$���%ORN����������L������]D������JRG�����(02�,QVWLWXW�]D�(QHUJHWLND�6NRSMH�
�� 6WXGLMD� ]D� � XVORYLWH� ]D� EH]RSDVQRVW� RG� QDSRQLWH� QD� GRSLU� L� aHNRU� YR

“5(.B%,72/$”  ����JRG����“ �(OHNWUR�WHKQLaNL�IDTNXOWHW�6NRSMH” .
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