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2G�SUREOHPDWLNDWD�^WR�MD�REUDERWXYD�RYRM�VWXGLVNL�NRPLWHW�EHD�GRVWDYHQL�L
SULIDWHQL���WUXGD�NRL�VH�NODVLILFLUDQL�NDNR�UHIHUDWL�L�WRD�

5������ '�U� /HRQLG� *UaHY�� G�U� 9HOLPLU� )LOLSRVNL�� P�U� 9HVQD� $UQDXWRYVNL
7R^HYD��G�U�&YHWDQ�*DYURYVNL�� �P�U�9ODGLPLU�'LPaHY���(OHNWURWHKQLaNL
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7UXGRW� JL� WUHWLUD� SUREOHPLWH� QD� RSDVQRVWLWH� NRL� JL� GHPQHDW
WHOHNRPXQLNDFLRQLWH� �7.�� LQVWDODFLL�� NDNR� L� QLYQLWH� NRULVQLFL�� QDMaHVWR
WHOHIRQVNL� SUHWSODWQLFL�� NRL� VH� QDR_DDW� YR� RNROLQDWD� QD� YLVRNRQDSRQVNL
WUDIRVWDQLFL� SUL� SRMDYD� QD� JUH^ND� YR� VLVWHPRW�� *ROHPLQDWD�� QD� ]DNRQVNL
GHILQLUDQDWD� ]RQD� QD� RSDVQR� YOLMDQLH� QD� 7.� LQVWDODFLL�� GHILQLUDQD� VR
HNYLSRWHQFLMDOQDWD�OLQLMD�RG�����V��NDNR�^WR�H�LVWDNQDW�YR�WUXGRW��SRNUDM�GUXJRWR�
YR� JROHPD� PHUD� ]DYLVL� RG� SULVXWQRVWD� L� UD]JUDQHWRVWD� QD� SRG]HPQDWD� NDEORYVND
PUHCD��2G� WLH� SULaLQL� DYWRULWH� UD]YLOH� VRYUHPHQ� NRPSMXWHUVNL� PRGHO� YR� NRM� VH
]HPD�SUHGYLG��SRNUDM� RVQRYQLRW� ]D]HPMXYDa�� L� YOLMDQLHWR�QD� SRG]HPQDWD�NDEORYVND
PUHCD� QD� NDEOLWH� aLL� ]D^WLWQL�� QHL]ROLUDQL� SOD^WRYL� VH� SRYU]DQL� QD� JODYQLRW
]D]HPMXYDa��%LGHM`L�VLWH�SDUDPHWUL��YR�XUEDQD�VUHGLQD��^WR�YOLMDDW�QD�UVSUHGHOEDWD
QD�SRYL^HQLRW�SRWHQFLMDO�NRL�WUHED�GD�VH�YQHVDW�YR�HGHQ�WHRUHWVNL�PRGHO�QH�PRCDW
FHORVQR�GD�VH�RSUHGHODW��DYWRULWH�VH�RGOXaLOH�]D�HGHQ�KLEULGHQ�PRGHO��YR�NRM�GHO�RG
SDUDPHWULWH� VH� RSUHGHOXYDDW� VR� PHUHZD� QD� SRYL^HQLRW� SRWHQFLMDO� YR� RGQDSUHG
RSUHGHOHQL�WRaNL�VR�VLPXOLUDQD�VWUXMD�QD�JUH^ND��9R�WUXGRW�VH�SUH]HQWLUDQL�L�GHO
RG� UH]XOWDWLWH� QD� SULPHQDWD� QD� YDNYLRW� PRGHO� QD� NRQNUHWQD� YLVRNRQDSRQVND
WUDIRVWDQLFD�ORFLUDQD�YR�XUEDQD�VUHGLQD�
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7UXGRW� JL� WUHWLUD� SUREOHPLWH� VYU]DQL� VR� ^WHWQRWR� YOLMDQLH� QD� HOHNWUR�
PDJQHWQRWR� SROH� YU]� aRYHNRW� L� QHJRYDWD� RNROLQD�� 3R]QDWR� H� GHND� HOHNWUR�



PDJQHWQRWR� SROH� XaHVWYXYD� YR� IRUPLUDZHWR� QD� RUJDQVNLWH� VXSVWDQFLL� L� YR
IXQNFLRQLUDZHWR� QD� CLYLWH� RUJDQL]PL�� .RQWUDYHU]DWD� ]D� SRYU]DQRVWD� QD
HOHNWURPDJQHWQRWR��(0��SROH�VR�QLVNL�IUHNYHQFLL��RG���GR�10 kHz��L�SRMDYDWD�QD
RGUHGHQL�YLGRYL�UDN�NDM�OX_HWR�HJ]LVWLUD�VNRUR�GYDHVHW�JRGLQL��9R�WUXGRW�H�GDGHQ
RVYUW�QD�QDMQRYLWH�VR]QDQLMD�]D�YOLMDQLHWR�QD�HOHNWULaQRWR�L�PDJQHWQRWR�SROH�YU]
FHORNXSQDWD�CLYRWQD�L�UDERWQD�RNROLQD�QD�aRYHNRW�

5������� 0�U� 9ODGLPLU� 'LPaHY�� G�U� %ODJRM� +DQ[LVNL�� G�U� &YHWDQ� *DYURYVNL� �
(OHNWURWHKQLaNL� IDNXOWHW� 6NRSMH�� -RUGDQ� ,]PLUOLHY�� 6D^R
6WHIDQRYVNL�� -RYDQ� ?RUL`�� %ODJRMD� *DMGDU[LVNL� �� (OHNWURVWRSDQVWYR� QD
0DNHGRQLMD����0(5(:$�1$�(/(.7520$*1(71,7(�32/,:$�32'
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9R�RYRM�WUXG�VH�L]QHVHQL�UH]XOWDWLWH�RG�PHUHZHWR�QD�HOHNWULaQRWR�SROH�SRG
SUHQRVQLWH� ���� L� ����kV� GDOQRYRGL�� NDNR�L� SRG� GLVWULEXWLYQLWH� ��� kV� GDOQRYRGL�
(GQRYUHPHQR� YR� WUXGRW� H� SUH]HQWLUDQ� L� SUHVPHWNRYHQ� PRGHO� VR� VRRGYHWQL
SUHVPHWNRYQL� UH]XOWDWL� NRL� YR� RYRM� VOXaDM� GDYDDW� UH]XOWDWL� ]D� MDaLQLWH� QD
HOHNWULaQRWR�SROH��1D�NUDMRW� RG� RYRM� WUXG� H� GDGHQ�SUHJOHG� QD� ]DNRQVNDWD� VYHWVND
UHJXODWLYD�� NDNR� GHO�RG� QDSRULWH� ]D�PDNVLPDOQD� ]D^WLWD� QD� aRYHNRW� L� aRYHaNDWD
RNROLQD�

5������� '�U� 6X]DQD� /R^NRYVND�� P�U� 0DULMD� .DFDUVND�� � G�U� /LGLMD� 2ORORVND�� G�U
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.RULVWHZHWR� QD� HOHNWULaQDWD� HQHUJLMD� VR� VHEH� QRVL� L� QHVDNDQL� UL]LFL�
6WDYDM`L� JR� aRYHaNLRW� CLYRW� L� ]GUDYMH� QD� SUHGHQ� SODQ� DYWRULWH� � YR� RYRM� WUXG
RS^XYDDW� VLVWHP� ]D� VOHGHZH� QD� YOLMDQLHWR� QD� HOHNWURPDJQHWQLWH� SROLZD� YU]
aRYHNRW�� QHJRYDWD� CLYRWQD� L� UDERWQD� RNROLQD�� 9R� WUXGRW� H� SUH]HQWLUDQD� L
SUDNWLaQD� SULPHQD� QD� VLVWHPRW�� YR� ID]DWD� QD� VHJD^QLRW� UD]YRM� JODYQR
SUHVPHWNRYQD�� SRYU]DQL� VR� YL]XHOL]DFLMD� QD� YOLMDQLHWR� QD� HOHNWURPDJQHWQLWH
SROLZD��SUHGL]YLNDQL�RG�XUHGLWH�YR�GRPD`LQVWYDWD�L�QDMQRYDWD�WHKQLaND�QDSUDYD�RG
GRPHQRW�QD�WHOHNRPXQLNDFLLWH��PRELOQLRW�WHOHIRQ

5������� '�U� /LGLMD� 2ORORVND�� G�U� 6X]DQD� /R^NRYVND�� P�U� 0DULMD� .DFDUVND��� G�U
/HRQLG�*UaHY���(OHNWURWHKQLaNL�IDNXOWHW���6NRSMH���35(/,0,1$51,
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9R� RYRM� WUXG� VH� SUH]HQWLUDQL� UH]XOWDWLWH� RG� SUHOLPLQDUQLWH� PHUHZDWD� QD
MDaLQDWD� QD� PDJQHWQRWR� SROH� YR� CLYRWQDWD� L� UDERWQDWD� RNROLQD� QD� OX_HWR�� .DNR
SURWRWLS�QD�CLYRWQDWD�VUHGLQD�H�RGEUDQ�SURVWRURW�QD�HGQD�SURVHaQD�NXMQD�YR�HGQD
SRYH`HNDWQLFD�� NDNR� GHO� GR� VHNRMGQHYQLRW� CLYRWHQ� SURVWRU� YR� NRM�� ]DUDGL
NRQFHQWUDFLMD� L� LQVWDOLUDQD� PR`QRVW� QD� HOHNWULaQLWH� XUHGL�^WR� VH� NRULVWDW� YR
GRPD`LQVWYDWD�� VH� UHJLVWULUD� L� PDNVLPDOQD� YUHGQRVW� QD� MDaLQDWD� QD� PDJQHWQRWR
SROH�
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2YRM� WUXG� WUHWLUD� GHO� RG� SUREOHPLWH� QD� NYDOLWHWQDWD� HOHNWULaQD� HQHUJLMD
VYU]DQR� VR� YOLMDQLHWR� QD� LVWDWD� QD� UDERWDWD� QD� XUHGLWH� QLYQDWD� GRYHUOLYRVW� L
WUDMQRVW��9R�WUXGRW�H�GDGHQ�L�RSLV�QD�PHUHQ�VLVWHP�aLMD�RVQRYD�H�HGHQ�NRPSMXWHU�RG
SRSXODUQDWD� NODVD� QD� OLaQLWH� VPHWDaL�� 9R� SURGROCHQLH� VH� SULNDCDQL� GHO� RG
PHUHZHWD� QD� ��� kV� QDSRQVNR� QLYR� YR� 76� ������kV �9DVLO� *ODYLQRY��� SRWRaQR�
SULNDCDQ� H� YUHPHQVNLRW� REOLN� QD� QDSRQRW� L� VWUXMDWD� SUL� SRMDYD� QD� SUHRGQL
SURFHVL�

5������ '�U� 4XERPLU� 1LNRORVNL�� G�U� *RUDQ� 5DIDMORYVNL� �� (OHNWURWHKQLaNL
IDNXOWHW� � 6NRSMH�� 9HQFLVODY� 0DOLQRYVNL�� -RUGDQ� ,]PLUOLHY�� 9HOLPLU
6HQNRYVNL�� 0LURVODY� 3RSRYVNL�� (OHNWURVWRSDQVWYR� QD� 0DNHGRQLMD�
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9R�RYRM�WUXG�QD�NYDOLWHWRW�QD�HOHNWULaQDWD�HQHUJLMD�L�QHM]LQRWR�YOLMDQLH�VH�JOHGD
SUHNX�L]REOLaXYDZHWR�QD�QDSRQRW��7RD�VH�SUDYL�SUHNX�KDUPRQLVND�DQDOL]D�]D�^WR
VH� NRULVWL� VSHFLMDOHQ� PHUHQ� VLVWHP� VR� VRRGYHWHQ� RSLV�� 9R� WUXGRW� LVWR� WDND� VH
SUH]HQWLUDQL�L�UH]XOWDWLWH�RG�PHUHZDWD�VSURYHGHQL�QD���UD]OLaQL�ORNDFLL��.DNR
SULaLQD� ]D� QDSRQVNLWH� L]REOLaXYDZD� �� SRMDYD� QD� YL^L� KDUPRQLFL� VH� QDYHGXYDDW
LQGXVWULVNLWH�ID]QR�XSUDYXYDQL�SRWUR^XYDaL��QR�L�VH�SRJROHPLRW�EURM�QD�XUHGL�YR
GRPD`LQVWYDWD�YR�NRL�LPD�YJUDGHQL�QDVRaXYDaL�L�SUHNLQXYDaNL�UHJXODWRUL�

5������ '�U� *RUDQ� 5DIDMORYVNL�� G�U� 4XERPLU� 1LNRORVNL�� �� (OHNWURWHKQLaNL
IDNXOWHW�6NRSMH��9HQFLVODY�0DOLQRYVNL���9,>,�+$5021,&,�.$.2
3295$71,�9/,-$1,-$�95=�05(#$7$�

9R� WUXGRW� H� SULNDCDQR� YOLMDQLHWR� QD� YL^LWH� KDUPRQLFL� YU]� NYDOLWHWRW� QD
HOHNWULaQDWD� HQHUJLMD�� 'DGHQ� H� SULPHU� NDNR� GD� VH� L]YU^L� DQDOLWLaND� RFHQND� QD
QLYRWR� QD� SRGQRVOLYRVWD�� 1DJODVHQD� H� SRWUHEDWD� � ]D� DQDOL]D� QD� SRYUDWQLWH
YOLMDQLMD�QD�YL^LWH�KDUPRQLFL�SUHG�RGREUXYDZH�QD�VRJODVQRVW�]D�SULNOXaXYDZH�QD
HGHQ� QHOLQHDUHQ� SRWUR^XYDa� QD� HQHUJHWVNDWD� PUHCD�� (ODERULUDQL� VH� RVQRYQLWH
SULQFLSL� ]D� NRQWUROD� QD� KDUPRQLFLWH� NDNR� L� SULPHQD� QD� SURWLY� PHUNL� ]D� QLYQR
QDPDOXYDZH�



35$>$:$�=$�',6.86,-$

�� .RL� VH� SUREOHPLWH�SRYU]DQL� VR� WHRUHWVNR�PRGHOLUDZH�L�PHUHZD�QD� WHUHQ� SUL
RSUHGHOXYDZH� QD� ]RQDWD� QD� RSDVQR� SRYL^HQ� SRWHQFLMDO� YR� RNROLQDWD� QD
YLVRNRQDSRQVNLWH�WUDIRVWDQLFL�YR�XUEDQD�VUHGLQD�SUL�JUH^ND�YR�VLVWHPRW�

�� .DNYL�VH�LVNXVWYDWD�L�LVWUDCXYDZDWD�YR�VYHWRW�YR�YUVND�VR�^WHWQWR�YOLMDQLH�QD
RSDVQR�SRYL^HQLRW�SRWHQFLMDO�RNROX�YLVRNQDSRQVNLWH�WUDIRVWDQLFL�YR�XUEDQD
VUHGLQD� � YU]� WHOHNRPXQLNDFLRQLWH� LQVWDODFLL� L� WHOHIRQVNLWH� SUHWSODWQLFL
NDNR�NUDMQL�NRULVQLFL�QD�LVWLWH�

�� .DNYL� LVWUDCXYDZD� VH� PRCQL� NDM� QDV� ]D� GD� VH� XWYUGL� VWHSHQRW� QD� UL]LN� RG
PDJQHWQRWR� L� HOHNWULaQRWR� SROH� YR� QD^DWD� VUHGLQD� YR� NRQWHNVW� QD� VOLaQL
LVWUDCXYDZD�L]YHGHQL�YR�VYHWRW�

�� .DNR� EL� WUHEDOR� GD� VH� SRVWDSL� SUL� GHQH^QDWD� VRVWRMED� VR� VR]QDQLMDWD� ]D
RSDVQRVWLWH� SRYU]DQL� VR� VHNRMGQHYQD� L]ORCHQRVWD� QD� OX_HWR� YR� UDERWQDWD� L
CLYRWQDWD�VUHGLQD�QD�PDJQHWQR�L�HOHNWULaQR�SROH�

�� .RJD� VH� RaHNXYD� YR� QD^DWD� ]HPMD� GD� SURIXQNFLRQLUD� SRFHORVHQ� VLVWHP� ]D
VOHGHZH� QD� HOHNWURPDJQHWQLWH� SROLZD� YR� aRYHNRYDWD� UDERWQD� L� CLYRWQD
RNROLQD�

�� 'DOL�LPD�SRFHOVQD�DQDOL]D�QD� MDaLQDWD�QD�PDJQHWQRWR�L�HOHNWULaQRWR�SROH�YR
]RQDWD�QD�SUHQRVQLWH�GDOHNRYRGL�YR�XUEDQD�VUHGLQD�

�� 'DOL� L� NRONX� HGHQ� FHQWUDOL]LUDQ� VLVWHP� ]D� VOHGHZH� QD� SURFHVLWH� YR
HOHNWURHQHUJHWVNLRW� VLVWHP� EL� ELO� RG� NRULVW� SUL� DQDOL]D� QD� VRVWRMELWH� QD
PUHCDWD�SUHG�QDVWDSXYDZH�QD�KDYDULMD�

�� .RL� VH� VYHWVNLWH� LVNXVWYD� YR� YUVND� VR� NYDOLWHWRW� QD� HOHNWULaQDWD� HQHUJLMD� L
NDNYD�H�]DNRQVNDWD�UHJXODWLYD�YR�WRM�SRJOHG�YR�VYHWRW�L�YR�QD^DWD�]HPMD�
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9R� WUXGRW� H� SUHWVWDYHQD� SRVWDSND� ]D� RSUHGHOXYDZH� QD� ]RQDWD� QD� RSDVQR
YOLMDQLH� QD� SRYL^HQLRW� SRWHQFLMDO� QD� WORWR� SRUDGL� JUH^ND� YR� HOHNWUR�
HQHUJHWVNLRW� VLVWHP�YR�RNROLQD�QD� YLVRNR�QDSRQVNL� GLVWULEXWLYQL� WUDIRVWDQLFL
YR� XUEDQL� VUHGLQL� YU]� WHOHNRPXQLNDFLRQLWH� LQVWDODFLL�� 5D]YLHQ� H� NRPSOHNVHQ
NRPSMXWHUVNL�PRGHO�NRM� YR� VHEH��SRNUDM�RVQRYQLRW� ]D]HPMXYDa�QD�76�� MD� YNOXaXYD�L
PUHCDWD�QD�SRG]HPQL����kV�NDEOL�VR�QHL]ROLUDQ�PHWDOHQ�RPRWDa�L�DUPDWXUD��NDNR�L
GUXJL� SDVLYQL� SRG]HPQL� PHWDOQL� VWUXNWXUL�� %LGHM`L� QH� H� PRCQR� FHORVQR
PRGHOLUDZH�QD�VLWH�SDUDPHWUL�QD�XUEDQDWD�VUHGLQD��NRL�YOLMDDW�YU]�UDVSUHGHOEDWD
QD� SRWHQFLMDORW� QD� WORWR�� RGGHOQL� SDUDPHWUL� QD� PRGHORW� VH� RSUHGHOXYDDW� YU]
RVQRYD� QD� PHUHZD� QD� WHUHQ�� 9R� WUXGRW� H� SULNDCDQD� SULPHQD� QD� RYRM� PRGHO� SUL
RSUHGHOXYDZH�QD�SRYL^HQLRW�SRWHQFLMDO�RNROX�76�����������kV��=DSDG�����6NRSMH�

.OXaQL� ]ERURYL�� =D]HPMXYDZH�� (OHNWURHQHUJHWVNL� SRVWURMNL�� 0UHCD� QD� NDEOL�
3RYL^HQ�SRWHQFLMDO��7HOHNRPXQLNDFLRQL�LQVWDODFLL��2SDVQR�YOLMDQLH�

ABSTRACT

Paper presents computer model used for estimation of the zone of influence of earth potential
rinse (GPR) transferred to telecommunication installations in the case of a ground fault in the
source substation. Since, the computer model doesn’t include all elements of the urban
environment, some paremeters settings are based on the measuremets that are perofrmed in
characteristic points around the substation which serve to adjust the computer model. The
computer model is used for estimation of the ground potential rinse around 110/35/10 kV
substation "Zapad" Skopje. Final results of the computer analysis in the case of a ground fault in
the source susbstation show high influence of the underground distribution cable network on the



limited 430 V contour of the zone of dengerous influence, are presented, and are in very good
agreement with the experimental results.

� 929('

(OHNWURHQHUJHWVNLWH� SRVWURMNL� SUHWVWDYXYDDW� RSDVQRVW� ]D� WHOHNR�
PXQLNDFLRQLWH� LQVWDODFLL� NRL� RG� EH]RSDVQLRW� VHNWRU� YOHJXYDDW� YR� VHNWRURW� QD
YLVRN�QDSRQ��%H]EHGQRVWD�QD�OX_HWR�L�RSUHPDWD�YR�NRQWDNW�VR�WHOHNRPXQLNDFLRQLWH
LQVWDODFLL�� NDNR� YR� RSDVQLRW� VHNWRU�� WDND� L� QD� GDOHaQL� ORNDFLL�� PRCH� GD� ELGH
VHULR]QR� ]DJUR]HQD� YR� VOXaDM� QD� SRMDYD� QD� SRYL^HQ� SRWHQFLMDO� QD� SRVWURMNDWD�
SRUDGL�VOHGQLWH�PRCQRVWL�

• L]QHVXYDZH� QD� SRYL^HQLRW� SRWHQFLMDO� QD� SRVWURMNDWD� QD� GDOHaQL� 7.
XUHGL�NRL�QH�VH�YR�UDPNLWH�QD�VHNWRURW�QD�YLVRN�QDSRQ�

• YQHVXYDZH�QD�QL]RN�SRWHQFLMDO�YR�VHNWRURW�QD�YLVRN�QDSRQ�
• SRMDYD� QD� SRYL^HQ� QDSRQ� SRPH_X� WHOHNRPXQLNDFLRQLWH� SURYRGQLFL�

SOD^WRW�L�DUPDWXUDWD�QD�NDEHORW�L�]HPMDWD�
• WHUPLaNR�SUHRSWRYDUXYDZH�QD�7.�NDEOLWH�
3RYL^HQ� SRWHQFLMDO� QD� WORWR� RNROX� HOHNWURHQHUJHWVNL� SRVWURMNL� NRL

SULSD_DDW� QD� PUHCD� VR� GLUHNWQR� ]D]HPMHQD� QHXWUDOQD� WRaND� VH� MDYXYD� SUL
YRVSRVWDYXYDZH� QD� GR]HPQD� VWUXMD� QD� JUH^ND� SUHNX� ]D]HPMXYDZHWR� QD� SRVWURMNDWD�
*UDQLFDWD� QD� ]RQDWD� QD� RSDVQR� YOLMDQLH� YU]� WHOHNRPXQLNDFLRQLWH� LQVWDODFLL� H
HNYLSRWHQFLMDOQDWD� OLQLMD� ���� V� YR� RGQRV� QD� QHXWUDOQD� ]HPMD� [1].� 6HNWRURW� QD
SRVWURMNDWD�L�VHNWRURW�QDGYRU�RG�SRVWURMNDWD�YR�]RQDWD�VR�SRWHQFLMDO�QDG�����V�H
]RQD�QD�RSDVQR�YOLMDQLH�[1]�

�'RNRONX� YR� RNROLQDWD� QD� ]D]HPMXYDaRW� QD� SRVWURMNDWD� QH� SRVWRMDW� GUXJL
SRG]HPQL� PHWDOQL� VWUXNWXUL�� UDVSUHGHOEDWD� QD� SRYL^HQLRW� SRWHQFLMDO� YR
SRGUDaMHWR�QDGYRU�RG�RJUDGDWD�QD�SRVWURMNDWD�RSD_D�VR�]JROHPXYDZH�QD�UDVWRMDQLHWR
RG�SRVWURMNDWD�L�LVWLRW�VH�UDVSUHGHOXYD�SR�SRYU^LQDWD�QD�]HPMDWD�YR�YLG�QD��WDND
QDUHaHQD���QDSRQVND�LQND���(NYLSRWHQFLMDOQLWH�OLQLL�YRJODYQR�MD�VOHGDW�IRUPDWD
QD�]D]HPMXYDaRW�YR�QHJRYDWD�EOL]LQD�L�VWDQXYDDW�NUXCQL�VR�RGGDOHaXYDZHWR�RG�QHJR�

%LGHM`L�����x����kV�WUDIRVWDQLFL�Vp�SRaHVWR�VH�ORFLUDDW�GODERNR�YR�XUEDQL
VUHGLQL�� SUREOHPRW� QD� QLYQRWR� RSDVQR� YOLMDQLH� VH� MDYXYD� NDM� Vp� SRJROHP� EURM
SUHWSODWQLaNL� WHOHNRPXQLNDFLRQLWH� LQVWDODFLL�� =D]HPMXYDaNLWH� VLVWHPL� QD
WDNYLWH� WUDIRVWDQLFL� VH� VRVWRMDW� RG� VRSVWYHQLRW� ]D]HPMXYDa� QD� SRVWURMNLWH� YR
JDOYDQVND� YUVND� VR� SURVWUDQD� L� NRPSOHNVQD� PUHCD� QD� QHL]ROLUDQL� PHWDOQL
SOD^WRYL� L� DUPDWXUL� QD� SRG]HPQL� ��� kV� NDEOL�� 2YLH� ]D]HPMXYDaNL� VLVWHPL� VH
LVSUHSOHWHQL� VR� GUXJL�� X^WH� SRSURVWUDQL� L� SRNRPSOHNVQL�� PUHCL� QD� PHWDOQL
VWUXNWXUL�WLSLaQL�]D�XUEDQDWD�VUHGLQD�VRVWDYHQL�RG�YRGRYRGQL�L�WRSORYRGQL�FHYNL�
NDEOL�]D�WHOHNRPXQLNDFLL�L�QDSRMXYDZH��ORNDOQL�]D]HPMXYDaL��DUPLUDaNR�CHOH]R�YR
WHPHOLWH�QD�REMHNWLWH�L�GU�

3RUDGL� VHWR� WRD� RSUHGHOXYDZHWR� QD� ]RQDWD� QD� RSDVQRWR� YOLMDQLH� QD
SRYL^HQLRW� SRWHQFLMDO� WORWR� YU]� WHOHIRQVNLWH� LQVWDODFLL� RNROX� YDNYLWH� 76� H
NRPSOHNVHQ�SUREOHP��2G�HGQD�VWUDQD��SUL�L]YHGXYDZH�QD�PHUHZD�QD�SRWHQFLMDORW�QD
WORWR� VH� SRVWDYXYDDW� PQRJXEURMQL� REMHNWLYQL� WH^NRWLL�� 2G� GUXJD� VWUDQD�� VLWH
HOHPHQWL� QD� XUEDQDWD� VUHGLQD� NRL� YOLMDDW� YU]� UDVSUHGHOEDWD� QD� SRWHQFLMDORW� QH
PRCH�GD� VH� YQHVDW�YR�WHRUHWVNL�PRGHO��NDNR�SRUDGL�QLYQDWD�NRPSOHNVQRVW�� WDND�L
SRUDGL� WRD� ^WR� QHNRL� SRGDWRFL� ]D� SRG]HPQLWH� PHWDOQL� VWUXNWXUL� YR� XUEDQDWD
VUHGLQD�PRCDW�GD�ELGDW�QHSR]QDWL��2G�WLH�SULaLQL�� VRJODVQR�VR�SRYH`HJRGL^QLWH
LVWUDCXYDZD� QD� (OHNWURWHKQLaNLRW� IDNXOWHW� YR� 6NRSMH�� UD]YLHQ� H� NRPSMXWHUVNL



PRGHO� QD� VORCHQLRW� ]D]HPMXYDaNL� VLVWHP�� NRM� YNOXaXYD� PUHCLWH� QD� SRG]HPQLWH
NDEOL�L�QD�GUXJL�PHWDOQL�VWUXNWXUL��SUL�^WR�GHO�RG�SDUDPHWULWH�VH�QDJRGXYDDW�VR
UH]XOWDWL� RG� PHUHZD� QD� WHUHQ� YR� PLQLPDOHQ� EURM� RGQDSUHG� GHILQLUDQL
NDUDNWHULVWLaQL�WRaNL�

� 0$7(0$7,A.,�02'(/�1$�6/2#(1,�=$=(0-89$A.,�6,67(0,

����0RGHO�QD�HGQRVWDYHQ�]D]HPMXYDa

=D�PRGHOLUDZH�QD�]D]HPMXYDaNLRW�VLVWHP�H�SULPHQHWD�PHWRGD�VR�NRMD�LVWLRW
VH�SUHWVWDYXYD�NDNR�PQRCHVWYR�RG��PH_XVHEQR�SURL]YROQR��SRYU]DQL�LOL�QHSRYU]DQL
SUDYROLQLVNL�FLOLQGULaQL�SURYRGQL�HOHNWURGL�VR�SURL]YROQD�SRORCED��VOLND���

�1DSRQRW� QD� ]D]HPMXYDaNLRW� VLVWHP� u� L� QHSR]QDWDWD� UDVSUHGHOEDWD� QD
RGYRGQLWH�VWUXL�QD�HOHPHQWLWH ij, j = 1,2,..., n��SUL�WRD�VH�SRYU]DQL�VR�UHODFLMDWD

[ ] [ ] [ ]1 ⋅ = ⋅U r i ����������������������������������������������������������������(1)

NDGH� H� [1]� HGLQLaHQ� YHNWRU� VR� n� HOHPHQWL�� [r]� H� nxn� PDWULFD� VR� HOHPHQWL� NRL� JL
SUHWVWDYXYDDW�VRSVWYHQLWH�L�PH_XVHEQLWH�HIHNWLYQL�RWSRUQRVWL�SRPH_X�HOHPHQWLWH
QD�]D]HPMXYDaNLRW�VLVWHP��2YLH�HIHNWLYQL�RWSRUQRVWL�JR�VRGUCDW�L�YOLMDQLHWR�QD
HYHQWXDOQDWD�QHKRPRJHQRVW�QD�]HPMDWD�

.RJD� (1)� VH�UH^L�]D� HGLQLaHQ�QDSRQ��L� VR� WRD� VH� RSUHGHOL�UDVSUHGHOEDWD�QD
VWUXMDWD�� UHDOQDWD�UDVSUHGHOED�QD� VWUXMDWD� VH� RSUHGHOXYD� YU]� RVQRYD� QD� SR]QDWDWD
UHDOQD�LQMHNWLUDQDWD�VWUXMD�YR�]D]HPMXYDaNLRW�VLVWHP�RSUHGHOHQD�]D�GDGHQDWD�WRaND
QD�HOHNWURHQHUJHWVNLRW�VLVWHP�

���� 0RGHO� QD� ]D]HPMXYDa� SRYU]DQ� QD� PUHCD� RG� GLVWULEXWLYQL� SRG]HPQL� PHWDOQL
QHL]ROLUDQL�NDEOL

6ORCHQ�PRGHO�QD�]D]HPMXYDa��QD�NRJR�H�SRYU]DQD�PUHCD�RG�QHL]ROLUDQL�NDEOL
H�UD]YLHQ�]D�VOXaDMRW�QD�GLVWULEXWLYHQ�VLVWHP�QDSRMXYDQ�SUHNX�PUHCD�RG�SRG]HPQL
NDEOL��VOLND���

=D� WDD� FHO� SULIDWHQ� H� PRGHO� QD� NDEHO�� VOLND� ��� VR� NRM� VH� SRYU]XYD� ((� L
GLVWULEXWLYQLWH�SRVWURMNL�10/0,4 kV�WUDIRVWDQLFL�VR�SRGROCQD�LPSHGDQVD��3UYLWH
NDEOL�VH�GLUHNWQR�SULNOXaHQL�QD�]D]HPMXYDaRW�QD�((�SRVWURMNDWD�L�PRCQR�H�QLYQR
QDWDPD^QR�UD]JUDQXYDZH�YR� VORCHQD�PUHCD��5DVSUHGHOEDWD�QD�SRWHQFLMDORW�GROC
SOD^WRW� QD� NDEOLWH� VH� RSUHGHOXYD� YU]� RVQRYD� QD� WHRULMD� QD� YRGRYL� VR� ]DJXED� YU]
RVQRYD� QD� PHUHQL� SDUDPHWUL�� 9R� RGGHOQL� WRaNL�� VSRUHG� L]YU^HQLWH� NRQWUROQL

9LVRNRQDSRQVNL YRGRYL

=D]HPMXYDaNL VLVWHP

*UH^ND NRQ ]HPMD

6O� �� 0RGHO QD RVQRYHQ ]D]HPMXYDa YR (( SRVWURMND



PHUHZD� QD� SRYL^HQLRW� SRWHQFLMDO� VH� IRUVLUD� QDSRQRW� QD� NDEHORW� RG� ^WR� VH
RSUHGHOXYD�NRHILFLHQWRW�QD�SULGX^XYDZHWR�

6R�PRGLILNDFLMD�QD�UHODFLMDWD�(1)�PRCQR�H�YR�VLVWHPRW�GD�VH�YNOXaDW�L�GUXJL
SRG]HPQL� SURYRGQL� VWUXNWXUL�� SRYU]DQL� LOL� QHSRYU]DQL�� QD� SULPHU� PUHCD� QD
QHL]ROLUDQL�SRG]HPQL�GLVWULEXWLYQL�NDEOL��YRGRYRGQL�FHYNL�L�VOLaQR�VSRUHG
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QD� ]D]HPMXYDaRW�� RGQRVQR� NDEOLWH�� D� Rkz� L� Rzk� SUHWVWDYXYDDW� VXEPDWULFL� QD
PH_XVHEQLWH�RWSRUQRVWL�PH_X�VHJPHQWLWH�QD�]D]HPMXYDaRW�L�NDEHORW�L�REUDWQR�

6O� �� 0RGHO QD VORCHQ ]D]HPMXYDa YR (( SRVWURMND VRVWDYHQ RG RVQRYHQ

]D]HPMXYDa SRYU]DQ VR PUHCD QD QHL]ROLUDQL NDEOL GR GLVWULEXWLYQLWH

WUDIRVWDQLFL�

76

 110/35/10 kV
76 10/0,4 kV
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� 5$635('(/%$�1$�327(1&,-$/27�1$�7/272�2.2/8�76�����������kV
“=$3$'”

76�110/35/10 kV��=DSDG���6NRSMH�H�NDUDNWHULVWLaHQ�HOHNWURHQHUJHWVNL�REMHNW
VR� SRJROHP� EURM� SULNOXaQL� SRG]HPQL� NDEOL� QD� ��� kV� QDSRQVNR� QLYR�� SUL� ^WR� VR
HGQDWD� �LVWRaQDWD�� VWUDQD� VH� QDR_D� YR� YLVRNR� XUEDQL]LUDQD� VUHGLQD�� D� VR� GUXJDWD
�]DSDGQDWD��VWUDQD�H�QD�REDODWD�QD�UHNDWD�9DUGDU��NDGH�^WR�VH�SURVWLUD�]QDaLWHOQR
SRVODER�XUEDQL]LUDQD�VUHGLQD�

����0HURGDYQD�VWUXMD�QD�NXVD�YUVND

0HURGDYQL�YUHGQRVWL�QD�VWUXMDWD�QD�NXVD�YUVND�]D�RSUHGHOXYDZH�QD�RSDVQRWR
YOLMDQLH� H� VWUXMDWD� QD� HGQRID]QD� NXVD� YUVND� QD� 110� kV� VRELUQLFL� YR
WUDIRVWDQLFDWD��0HURGDYQDWD�VWUXMD�QD�HGQRID]QD�NXVD�YUVND�QD�110 kV�VRELUQLFL
QD� 76� 110/35/10� kV� �� =DSDG�� YR� VWXGLMDWD� ]D� VWUXL� QD� NXVL� YUVNL� QD
(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD� H� SURFHQHWD�QD�11,011� NA (VSRUHG� VRVWRMEDWD� YR
1997� JRGLQD).� 5HGXNFLRQLRW� ]D^WLWHQ� IDNWRU� QD� MDCLZDWD� H� XVYRHQ� QD
NRQ]HUYDWLYQD� YUHGQRVW� RG� 0.98�� 7DND�� ]D� VWUXMDWD� QD� NXVD� YUVND� QL]� VORCHQLRW
]D]HPMXYDaNL�VLVWHP�NRQ�GDOHaQD�]HPMD�H�GRELHQD�YUHGQRVW�RG�

Iz = r⋅ IKV  = 11,011⋅ 0.98 = 10,791 (kA).

����0RGHOLUDZH�QD�VORCHQLRW�]D]HPMXYDaNL�VLVWHP�QD�76�����������kV ���=DSDG�

6O� �� 3URVWRUHQ SULND] QD PRGHORW QD VORCHQLRW ]D]HPMXYDaNL VLVWHP VRVWDYHQ RG

RVQRYQLRW ]D]HPMXYDa L RG PUHCD �� kV NDEOL QD 76 110/35/10 kV�=DSDG�

-1 5 00 ,-5 00  (m )

1 25 0 ,1 2 50  (m )

0 ,0



3URVWRUQDWD�SRORCED�QD�RVQRYQLRW�]D]HPMXYDa�QD�SRVWURMNDWD�L�PUHCDWD�QD
SRG]HPQL�GLVWULEXWLYQL�NDEOL�NRL�VH�RSIDWHQL�YR�PRGHORW�VH�SULNDCDQL�QD�VO����

���� 0HUHZD� QD� SRYL^HQLRW� SRWHQFLMDO� YR� RNROLQD� QD� 76� 110/35/10� kV
�=DSDG�

5DVSUHGHOEDWD�� QD� QDSRQRW� QD� WORWR�� YR� RGQRV� QD� RVQRYQLRW� ]D]HPMXYDa�� YR
RNROLQDWD�QD�WUDIRVWDQLFDWD�76�110/35/10�kV� ��=DSDG��L]YU^HQD�H� VR�VLPXOLUDQD
VWUXMD�QD�GR]HPQD�NXVD�YUVND�VR�MDaLQD�RG�����$�

5H]XOWDWLWH�RG�PHUHZDWD�VH�SULNDCDQL�QD�VOLND����SUL�^WR�SURVWRURW�RNROX
WUDIRVWDQLFDWD� H� SRGHOHQ� QD� GYH� NDUDNWHULVWLaQL� SRGUDaMD�� (GQRWR� H� YLVRNR
XUEDQL]LUDQDWD� VUHGLQD�QD�NRMD�L�RGJRYDUDDW�SR]LWLYQL�YUHGQRVWL�QD�UDGLMDOQRWR
UDVWRMDQLH�L�YWRURWR�SRPDOX�XUEDQL]LUDQD�VUHGLQD�QD�NRMD�L�RGJRYDUDDW�QHJDWLYQL
YUHGQRVWL�QD�UDGLMDOQRWR�UDVWRMDQLH�

�7RaNDWD� VR� NRRUGLQDWL� ������ H� SRVWDYHQD� YR� VUHGLQDWD� QD� ]D]HPMXYDaRW� QD
WUDIRVWDQLFDWD�

9LVRNR XUEDQL]LUDQD ]RQD

5DGLMDOQR UDVWRMDQLH RG FHQWDURW QD 76 �PHWUL�

=RQD QD WUDIRVWDQLFDWD

3URVHaQD YUHGQRVW QD L]PHUHQLRW QDSRQ

YR RGQRV QD ]D]HPMXYDaRW

1LYR QD HNYLSRWHQFLMDOL]DFLMD

'HOXPQR XUEDQL]LUDQD ]RQD
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6O� �� ,]PHUHQL YUHGQRVWL QD QDSRQ QD WORWR YR RGQRV QD RVQRYQLRW ]D]HPMXYDa SUL

VLPXOLUDQD VWUXMD QD GR]HPHQ VSRM RG ��� $�

2G�VOLNDWD�H�YLGOLYD�SRMDYD�QD�HNYLSRWHQFLMDOL]DFLMD�QD�SRYL^HQ�QDSRQ�QD
WORWR� QD� RSUHGHOHQR� UDVWRMDQLH� RG� 76�� 7DD� H� UD]OLaQD� L� ]DYLVQD� RG� VWHSHQRW� QD
XUEDQL]DFLMDWD�QD�SURVWRURW��2YDD�SRMDYD��NDUDNWHULVWLaQD�]D�XUEDQLWH�VUHGLQL��H
YR� FHQWDURW� QD� LQWHUHVLUDZHWR� QD� VSHFLMDOLVWLWH� RG� RYDD� REODVW� YR� VYHWRW�� 6H



SRYH`H�� YR� OLWHUDWXUDWD�� VH� VUH`DYDDW� WUXGRYL� NRL� MD� UHJLVWULUDDW� SRMDYDWD� QD
HNYLSRWHQFLMDOL]DFLMD��QD�SRYL^HQ�QDSRQ��QD�WORWR�YR�JROHPLWH�XUEDQL�VUHGLQL�

����3UHVPHWDQL�YUHGQRVWL�QD�SRYL^HQLRW�SRWHQFLMDO�YR�RNROLQD�QD�76�110/35/10�kV
��=DSDG�

1D�VOLND���VH�SUHWVWDYHQL�NRPSMXWHUVNL�SUHVPHWDQLWH��QRUPDOL]LUDQL��YUHG�
QRVWL� QD� SRYL^HQLRW� SRWHQFLMDO� QD� WORWR� RNROX� 76� “=DSDG” � �� 6NRSMH�� �QD� VOLND
SULNDCDQL� VR� � VR� PUHCD�� L� L]PHUHQLWH� QRUPDOL]LUDQL� YUHGQRVWL� QD� SRYL^HQLRW
SRWHQFLMDO��QD�VOLND�SULNDCDQL�VR�YHUWLNDOQL�OLQLL��
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6O� �� 3URVWRUQD UDVSUHGHOED QD QRUPDOL]LUDQLWH YUHGQRVWL QD SRYL^HQLRW

SRWHQFLMDO RNROX 76 “=DSDG” � 6NRSMH �SUHVPHWDQ SRWHQFLMDO � PUHCD� L]PHUHQL YUHGQRVWL �
YHUWLNDOQL OLQLL�

2G� VOLNDWD�� ]DEHOHCOLYR� H� ]QDaLWHOQR� SRNDaXYDZH� QD� QLYRWR� QD� SRWHQ�
FLMDORW� YR� RGGDOHaHQLWH� WRaNL� RG� 76� YR� YLVRNR� XUEDQL]LUDQ� SURVWRU� �QD� VOLND
SR]LWLYQL�UDGLMDOQL�UDVWRMDQLMD���YR�RGQRV�QD�SRPDONX�XUEDQL]LUDQLRW�SURVWRU��QD
VOLND�VR�QHJDWLYQR�UDGLMDOQR�UDVWRMDQLH��

=D�LOXVWUDFLMD�QD�VOLNDWD���H�SULNDCDQD�UDVSUHGHOEDWD�QD�SUHVPHWDQLRW��VR
SROQD�OLQLMD��L�L]PHUHQLRW��VR�WRaNL��SRYL^HQ�SRWHQFLMDO�QD�SUDYHF�YR�EOL]LQD�QD
((�REMHNW�SULEOLCQR�SULNDCDQ�QD�VOLNDWD�



$QDOL]DWD�QD�VOLND���SRNDCXYD�]DGRYROLWHOQR�VRYSD_DZH�PH_X�SUHVPHWDQLWH
L�PHUHQLWH�YUHGQRVWL��1D�VOLNDWD�NRQ�NUDMRW�QD�SURILORW�H�YLGQR�VLOQRWR�YOLMDQLH
QD�SRG]HPQLRW�NDEHO�SUL�SUHPLQ�SUHNX�WUDVDWD�QD�NDEHORW�

� =$./8A2.

9R�XUEDQL�VUHGLQL��SRNUDM�RVQRYQLRW�]D]HPMXYDa�QD�((�SRVWURMNDWD��NDNR�GHO
QD� ]D]HPMXYDaNLRW� VLVWHP� IXQNFLRQLUD� L� UD]JUDQHWD� PUHCD� RG� YNRSDQL
GLVWULEXWLYQL�NDEOL�VR�QHL]ROLUDQ�PHWDOHQ�SOD^W�L�DUPDWXUD��6R�PRGHOLUDZHWR�L
PHUHZDWD� QD� WHUHQ� QD� UDVSUHGHOEDWD� QD� SRWHQFLMDORW� RNROX� ((� SRVWURMNDWD
XWYUGHQR�H�]QDaLWHOQR�YOLMDQLH�QD�]D]HPMHQLWH�NDEOL�L�RVWDQDWL�PHWDOQL�VWUXNWXUL
QD� REOLNRW� L� JROHPLQDWD� QD� RSDVQDWD� ]RQD� ]D� 7.� LQVWDODFLLWH� GHILQLUDQD� VR
HNYLSRWHQFLMDOQDWD� OLQLMD� RG� ����V�� (GQRYUHPHQR� VH� ]DEHOHCXYD� L� YOLMDQLHWR� QD
GUXJLWH� SRG]HPQL� PHWDOQL� VWUXNWXUL�� WLSLaQL� ]D� XUEDQDWD� VUHGLQD�� VRVWDYHQL� RG
YRGRYRGQL� FHYNL�� NDEOL� ]D� WHOHNRPXQLNDFLL� L� QDSRMXYDZH�� ORNDOQL� ]D]HPMXYDaL�
DUPLUDaNR�CHOH]R�YR�WHPHOLWH�QD�REMHNWLWH�L�GU��2YLH�YNRSDQL�PHWDOQL�VWUXNWXUL
YOLMDDW� QD� L]HGQDaXYDZH� QD� SRWHQFLMDORW� �HNYLSRWHQFLMDOL]DFLMD�� YR� XUEDQDWD
VUHGLQD��2YRM�HIHNW�VH�SRMDYXYD�YR�PHUHZDWD�NDNR�SRNDaXYDZH�QD��RS^WRWR��QLYR
QD�SRWHQFLMDORW�YR�UHODWLYQR�RGGDOHaHQLWH�WRaNL�RG�76��QD�QLYR�NRH�VNRUR�L�QH�VH
PHQXYD��QDPDOXYD��VR�]JROHPXYDZH�QD�UDVWRMDQLHWR�RG�76�
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3RWUHEDWD� ]D� DQDOL]D� QD� VRVWRMELWH� QD� SRYL^HQ� SRWHQFLMDO� QD� WORWR� RNROX
((� SRVWURMNL� ORFLUDQL� YR� XUEDQL� VUHGLQL� H� SRYH`H� RG� RaLJOHGQD�� 3UDYLOQR
GHILQLUDQDWD�]RQD�QD�SRYL^HQ�SRWHQFLMDO��RG�HGQD�VWUDQD�JL�QDPDOXYD�PRCQRVWLWH
]D� QHJRYR� RSDVQR� YOLMDQLH� QD� WHOHNRPXQLNDFLRQLWH� OLQLL� L� ^WR� H� X^WH� L
SR]QDaDMQR� YU]� OX_HWR� NDNR� NUDMQL� NRULVQLFL� L� RG� GUXJD� VWUDQD� JL� QDPDOXYD
WUR^RFLWH�]D�]D^WLWD�QD�LVWLWH�

/,7(5$785$

[1] JUS N.CO.104,� �=D^WLWD� QD� WHOHNRPXQLNDFLRQL� SRVWURMNL� RG� � YOLMDQLH� QD
HOHNWURHQHUJHWVNL� SRVWURMNL�� 9RYHGXYDZH� QD� WHOHNRPXQLNDFLRQL� YRGRYL� YR
HOHNWURHQHUJHWVNL�SRVWURMNL�������.
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9R� WUXGRW� H� GDGHQ� RVYUW� QD� QDMQRYLWH� VR]QDQLMD� ]D� YOLMDQLHWR� QD� HOHN�
WULaQRWR� L� PDJQHWQRWR� SROH� YU]� FHORNXSQDWD� CLYRWQD� L� UDERWQD� RNROLQD� QD
aRYHNRW�

A B S T R A C T

This paper presents the recent investigations in electric and magnetic fields influences on
the entire human’s environment.

.OXaQL�]ERURYL� HOHNWURPDJQHWQR�SROH��HOHNWURPDJQHWQD�NRPSDWLELOQRVW�
UL]LN��aRYHNRYD�RNROLQD�

�� 929('

3R]QDWR�H�GHND�HOHNWURPDJQHWQRWR�SROH�XaHVWYXYD�YR�IRUPLUDZHWR�QD�RUJDQ�
VNLWH� VXSVWDQFLL� L� YR�IXQNFLRQLUDZHWR� QD�CLYLWH� RUJDQL]PL�� .RQWUDYHU]DWD� ]D
SRYU]DQRVWD�QD�HOHNWURPDJQHWQRWR��(0��SROH�VR�QLVNL�IUHNYHQFLL��RG���GR����kHz�
L� SRMDYDWD� QD� RGUHGHQL� YLGRYL� UDN� NDM� OX_HWR� HJ]LVWLUD� VNRUR� GYDHVHW� JRGLQL�
'RNDCDQR�H�GHND�SURPHQLWH�YR�SULURGQDWD�HOHNWURPDJQHWQD�RNROLQD�QD�CLYLWH�RU�
JDQL]PL� GRYHGXYDDW� GR�IL]LaNR�KHPLVNL�L� ELROR^NL� HIHNWL�NRL� YR� QHNRL� VOXaDL
PRCDW� GD� SRPLQDW� L� YR� HIHNWL� QHSRYROQL� SR� ]GUDYMHWR� QD� OX_HWR�� 2YLH� SURPHQL
PRCDW� GD� GRYHGDW� GR� QHSRCHOQL� ELROR^NL� HIHNWL� NRL� QH� PRUDDW� YHGQD^� GD� VH
PDQLIHVWLUDDW�NDNR�]GUDYVWYHQL�SUREOHPL��QR�PRCDW�GD�YOLMDDW��QD�SU���QD�LPXQR�
OR^NLRW�VLVWHP��QD�VLVWHPRW�]D�UHSURGXNFLMD�L�GU��'R�GRND]LWH�H�GRMGHQR�VR�LVSLWX�
YDZH�QD� SRVOHGLFLWH�RG� SULURGQLWH�L� YH^WDaNLWH�SURPHQL� QD� HOHNWURPDJQHWQDWD
RNROLQD� QL]� PQRJXEURMQL� HSLGHPLROR^NL� VWXGLL� VSURYHGHQL� YR� QHNRONX� ]HPML� QD
(YURSVNDWD�]DHGQLFD��(=���NDNR�L�YR�6$'�L�.DQDGD��,VWRYUHPHQR�YU^HQL�VH�L�OD�



ERUDWRULVNL� LVSLWXYDZD� VR� CLYRWQL� L]ORCXYDQL� QD� (0� SROLZD� VR� UD]OLaQL
IUHNYHQFLL�[1,2]�

.DNR� RGJRYRU� QD� ]DJULCHQRVWD� QD� SR^LURNDWD� ]DHGQLFD�� RGUHGHQL� RUJDQL�
]DFLL� L� ]GUXCHQLMD� NRL� VH� ]DQLPDYDDW� VR� SURL]YRGVWYR�� SUHQRV� L� GLVWULEXFLMD� QD
HOHNWULaQD� HQHUJLMD� L� RQLH�NRL�SURL]YHGXYDDW� XUHGL�NRL�^WR� ]UDaDW�(0�SROH� YR
SURVWRURW� SUH]HPDDW� UD]OLaQL� DNWLYQRVWL�� 0H_X� QLY�� QDM]DEHOHCLWHOQD� H� SRGGU�
^NDWD� QD� QDXaQLWH� LVWUDCXYDZD� L� REH]EHGXYDZH� QD� UHOHYDQWQL� LQIRUPDFLL� ]D
YOLMDQLHWR� QD�(0� SROH� YU]� aRYHNRYDWD� RNROLQD�� =D� WDD� FHO� RGGHOQL� RUJDQL]DFLL
SHULRGLaQR� L]GDYDDW� SXEOLNDFLL� NRL� VH� RGQHVXYDDW� QD� RYDD� REODVW�� NDNR� ^WR� H
�Electric Power Transmission and the Environment: Fields, Noise and Interference��L]GDGHQD
RG�CIGRE [3]��1HNRL�RUJDQL]DFLL�LPDDW�UD]YLHQR�NRPSOHWHQ�SULVWDS�NRM� YNOXaXYD
RGUHGHQD�UHJXODWLYD�YR�NRMD�VH�]HPDDW�YR�SUHGYLG�L�QDPDOXYDZH�QD�HPLVLMDWD�QD�(0
SROH� NRJD� VH� GL]DMQLUDDW� L� LQVWDOLUDDW� QRYL� HOHNWULaQL� XUHGL� L� LQVWDODFLL�� 9R
RYRM�WUXG�H�GDGHQ�RVYUW�QD�QDMQRYLWH�VR]QDQLMD�]D�YOLMDQLHWR�QD�HOHNWURPDJQHWQRWR
SROH�YU]�FHORNXSQDWD�CLYRWQD�L�UDERWQD�RNROLQD�QD�aRYHNRW�

�� 1$-129,�62=1$1,-$

9R�QDMQRYLWH�HSLGHPLROR^NL�VWXGLL�REMDYHQR� � H� GHND�H�QDMGHQD� VWDWLVWLaNL
]QDMQD� YUVND� SRPH_X� SRMDYD� QD� QHNRL� YLGRYL� UDN� L�$OFKDMPHURYD� EROHVW� L� PDJQHW�
QRWR�SROH�YR�CLYRWQDWD�RNROLQD� [4-6]��0H_XWRD��YR�QLHGQD�RG�VWXGLLWH�QH�H�QDSUD�
YHQD�GLUHNWQD�SURFHQND�QD�UL]LNRW�RG�SRMDYD�QD�RYLH�EROHVWL�SRUDGL�L]ORCHQRVW�QD
PDJQHWQRWR� ]UDaHZH�� =DUDGL� WRD�� SRWUHEQR� H� GD� VH� VSURYHGDW� SRQDWDPR^QL� LV�
WUDCXYDZD�]D�RGUHGXYDZH�QD� MDaLQDWD�QD�PDJQHWQRWR�SROH�NRMD�EL�GRYHOD�GR�UL]LN
SR�]GUDYMHWR��VR�^WR�EL�PRCHOR�GD�VH�SRWNUHSDW�REMDYHQLWH�]DNOXaRFL�

(GQD� HSLGHPLROR^ND� VWXGLMD�� REMDYHQD� ����� JRG��� REMDYXYD� UH]XOWDWL� ]D� VWD�
WLVWLaNL�]QDaDMQD�]DYLVQRVW�PH_X�HOHNWULaQRWR�SROH�L�SRVOHGLFLWH�SR�]GUDYMHWR�QD
OX_HWR� [7]��6R� WRD�� SR� ��� JRG�� SRYWRUQR� YR� FHQWDURW� QD� YQLPDQLHWR� VH� YUD`D� HOHN�
WULaQRWR�SROH�

.DNR�SRWNUHSD�QD�HSLGHPLROR^NLWH�VWXGLL��^LUXP�VYHWRW�VH�YU^DW�L�PQRJX�
EURMQL�ODEDUDWRULVNL�LVWUDCXYDZD�]D�ELRIL]LaNLWH�PHKDQL]PL��QLYRWR�QD�NDOFLXP
YR�NHOLLWH��PHODWRQLQRW��SURPRFLMDWD�QD�WXPRUL�L�UDN�L�GU��

1D�0HGLFLQVNLRW�IDNXOWHW�YR�1RYL�6DG��-XJRVODYLMD��YU^HQL�VH�LVSLWXYDZD
QD�HIHNWLWH�RG�SURGROCHQR�L]ORCXYDZH�QD�JOXYFL�QD�(0�SROH�� [8]��5H]XOWDWL�RE�
MDYHQL� ����� JRG�� XNDCXYDDW� QD� PRCQL� HIHNWL� QD� UHSURGXNWLYQDWD� VSRVREQRVW� QD
CLYRWQLWH�� NDNR� L� QD� YOLMDQLH� QD� GLXUH]DWD��COH]GLWH� VR� YQDWUH^QR� ODaHZH� L� QD
QHNRL�HQ]LPL�YR�SOD]PDWD�

9R� VLWXDFLMD� NRJD� UL]LNRW� SR� ]GUDYMHWR� QD� OX_HWR� VpX^WH� QH� H� SRSWHFL]QR
RSUHGHOHQ��^LURNR�H�SULIDWHQD�SUHYHQWLYQD� VWUDWHJLMD�QD�SUHWSD]OLYRVW�SR]QDWD
NDNR��SUHWSD]OLYR�RGEHJQXYDZH���prudent avoidance���6WUDWHJLMDWD�VH�ED]LUD�QD�IDN�
WRW�GHND�SRVWRMDW�GRYROQR�SRND]DWHOL�]D�PRCQLWH�QHJDWLYQL�YOLMDQLMD�YU]�]GUDYMHWR
QD� OX_HWR�� ]D� ^WR� SUHGXSUHGXYDDW� GRVHJD^QLWH� LVWUDCXYDZD�� AHNRULWH� NRL� MD
VRaLQXYDDW�VWUDWHJLMDWD��SUHWSD]OLYR�RGEHJQXYDZH��VH�HGQRVWDYQL�

• ]JROHPXYDZH�QD�RGGDOHaHQRVWD�RG�L]YRULWH�QD�(0�SROLZD�

• QDPDOXYDZH�QD�YUHPHWR�SRPLQDWR�YR�VUHGLQL�VR�VLOQL�(0�SROLZD��L

• QDPDOXYDZH�QD�MDaLQDWD�QD�HPLWLUDQLWH�(0�SROLZD�

2YLH�aHNRUL�VH�SUHSRUDaXYDDW�VHNRJD^�NRJD�WRD�H�PRCQR�L�SUL�UD]XPQD�FHQD



QD�aLQHZH�QD�SUHGYLGHQDWD�DNFLMD�

6v�SRJROHP�EURM� RUJDQL]DFLL� YR� VYHWRW� MD� SULID`DDW�L� MD� SULPHQXYDDW� RYDD
VWUDWHJLMD��QR�QD�UD]OLaQL�QLYRD�

2GUHGHQ� EURM� RUJDQL]DFLL� YR� 6HYHUQD� $PHULND� QD� UD]OLaHQ� QDaLQ� JR� SUL�
PHQXYDDW�RYRM�SULQFLS��1HNRL�VDPR�MD�VOHGDW�VRVWRMEDWD�SUHNX�NRPLVLL�VSHFLMDOQR
IRUPLUDQL� VR� WDD� QDPHQD�� D� GUXJL� L� SUHNX� YRYHGXYDZH� QD� NRQNUHWQL� PHUNL� YR
SODQLUDZHWR�L�UD]YRMRW�

9R�.DQDGD�� RG� ����� JRG��� RUJDQL]DFLMDWD�Hydro-Quebec� NRMD� H� SURL]YRGLWHO� L
GLVWULEXWHU�QD�HOHNWULaQD�HQHUJLMD��YR�VRUDERWND�VR�0H_XPLQLVWHUVNL�.RPLWHW�]D
VOHGHZH� QD� VWXGLLWH� ]D� (0� SROLZD� NRL� JL� L]YU^XYD�Hydro-Quebec (Inter-ministerial
Committee for the Follow-up of Hydro-Quebec Studies of Electric and Magnetic Fields) � JR
VSURYHGXYD�NRQFHSWRW�QD��SUHWSD]OLYR�RGEHJQXYDZH��YR�RGQRV�QD�QRYDWD�HOHNWULaQD
RSUHPD� [9]�� 9R� SHULRGRW� RG� ����� GR� ����� JRG��� Hydro-Quebec� JRGL^QR� YORCXYDO
SURVHaQR�SR���PLOLRQL���]D�PHUHZD��LVWUDCXYDZH��SODQLUDZH�L�UD]YRM�QD�XUHGL�NRL
`H� JL� QDPDODW� SRVWRHaNLWH� MDaLQL� QD� (0� SROH� RG� SUHQRVQLWH� L� GLVWULEXWLYQLWH
HOHNHWURHQHUJHWVNL�VLVWHPL�L�JUDGHZH�QD�QRYL�NRQVWUXNFLL�NRL�`H�]UDaDW�(0�SROH
VR�SRPDOL�MDaLQL��6SURYHGHQD�H�L�HSLGHPLROR^ND�VWXGLMD�SRG�UDNRYRGVWYR�QD�G. The-
riault�aLL�^WR�UH]XOWDWL�VH�REMDYHQL������JRG��[1]�

,� YR� RGUHGHQL� GUCDYL� RG� 6$'� VH� SULPHQXYD� VSRPQDWDWD� NRQFHSFLMD�� 9R
GUCDYLWH�New York�L�Florida��YRVSRVWDYHQD�H�JUDQLFD�QD�GR]YROHQDWD�MDaLQD�QD�HOHN�
WULaQRWR�L�PDJQHWQRWR�SROH�]D�SRYH`HWR�JODYQL�HOHNWURSUHQRVQL�VLVWHPL��9R�Vis-
consin� L� California� VH� SULPHQXYDDW� SURSLVL� ]D� QDPDOXYDZH� QD� (0� ]UDaHZH� L� NR�
ULVWHZH�QD�VWUXNWXUL�NRL�]UDaDW�(0�SROH�VR�SRPDOD�MDaLQD�VHNRJD^�NRJD�VH�JUDGDW
QRYL�HOHNWURSUHQRVQL�VLVWHPL�

9R�,WDOLMD��PHGLXPLWH�LJUDDW�NOXaQD�XORJD�YR� MDYQRWR�PLVOHZH�]D�PRCQRWR
YOLMDQLH�QD� QLVNRIUHNYHQFLVNRWR�(0�SROH� YU]� ]GUDYMHWR� QD� OX_HWR��3RVWRMDQR� VH
SRWHQFLUD�VHNRMD�L]MDYD�]D�ELROR^NLWH�HIHNWL�QD�SROLZDWD�]UDaHQL�RG�GDOQRYRGLWH
L�SUREOHPRW�VH�SUH]HQWLUD�NDNR�VHULR]QD�]DNDQD�]D�aRYHNRYRWR�]GUDYMH��3RUDGL�WRD�
ENEL� �'UCDYQD�RUJDQL]DFLMD� ]D�SURL]YRGVWYR�L� GLVWULEXFLMD� QD� HOHNWULaQD� HQHU�
JLMD� QD� ,WDOLMD��� YR� VRUDERWND� VR� 8QLYHU]LWHWRW� YR� 5LP�� SUH]HPD� RSVHCQL� LV�
WUDCXYDZD� YR� RYDD� REODVW�� 5D]YLHQL� VH� SURJUDPVNL� SDNHWL� ]D� SUHVPHWXYDZH� QD
HOHNWULaQRWR�L�PDJQHWQRWR�SROH�RG�UD]OLaQL�L]YRUL�L�]D�SURFHQND�QD�JXVWLQDWD�QD
LQGXFLUDQDWD�VWUXMD�YR�aRYHNRYRWR�WHOR�NRJD�WRD�H�L]ORCHQR�QD�(0�SROH��5D]YLHQL
VH� SRVHEQL�PRELOQL� HGLQLFL� ]D� NRQWLQXLUDQR�PHUHZH� QD� HOHNWULaQRWR� L� PDJQHW�
QRWR�SROH�YR�UD]OLaQL�VUHGLQL�L�QDSUDYHQD�H�VWXGLMD�YR�NRMD�VH�RSIDWHQL�UD]OLaQL
UDERWQL�L�CLYRWQL�RNROLQL��9U^HQL�VH�PHUHZD�QD�MDaLQDWD�QD�HOHNWULaQRWR�L�PDJ�
QHWQRWR� SROH� YR� GRPD^QL�� MDYQL� L� UHNUHDFLRQL� RNROLQL�� 9R� UDERWQD� RNROLQD
PHUHZD�VH�YU^HQL�YR�HOHNWULaQL�FHQWUDOL��WUDQVIRUPDWRUVNL�VWDQLFL��NDNR�L�YR
GUXJL� LQGXVWULVNL� REMHNWL�� ,VWUDCXYDZHWR� ]DYU^HQR� ����� JRG�� XNDCXYD� GHND� L
HOHNWULaQRWR��LVWR�NDNR�L�PDJQHWQRWR�SROH��SUHGL]YLNXYD�LQGXFLUDQR�HOHNWULaQD
VWUXMD�YR�aRYHNRYRWR�WHOR��9R�]DYLVQRVW�RG�HOHNWURPDJQHWQLWH�RVREHQRVWL�QD�WNLY�
RWR�MDaLQDWD�QD�VWUXMDWD�H�UD]OLaQD��9R�WNLYDWD�VR�SRPDOD�VSHFLILaQD�SURYRGQRVW
SROHVQR� SURGLUD� QDGYRUH^QRWR� HOHNWULaQR� SROH�� 6WXGLMDWD� SRNDCDOD� GHND� VDPR
������RG�QDVHOHQLHWR�YR�,WDOLMD�H�L]ORCHQR�QD�(0�SROH�]UDaHQR�RG�GDOQRYRGL�[10]�

2G� GUXJD� VWUDQD�SDN�� YR�>YHGVND�� HGQD� GUCDYQD�LQVWLWXFLMD��>YHGVNLRW�LQ�
VWLWXW� ]D� ]D^WLWD� RG� UDGLMDFLMD� �Swedish Radiation Protection Institute - SSI��� SUH]HPD
DNFLMD�]D�XSUDYXYDZH�VR�RYRM�SUREOHP��SSI�JL�^WLWL�OX_HWR��CLYRWQLWH�L�RNROLQDWD
RG�^WHWQRWR�YOLMDQLH�QD�UDGLMDFLMDWD��7RD�VH�SRVWLJQXYD�VR�NRQWUROD��LVWUDCXYDZH�
LQIRUPLUDZH�L�YU]�ED]D�QD�VSHFLMDOHQ�DNW�QDUHaHQ�Swedish Radiation Protection Act�



SSI�PRCH�GD�L]GDYD� ]DNRQVND�UHJXODWLYD� ]DVQRYDQD�QD�WRM� DNW��2G� VUHGLQDWD�QD����
WLWH�JRGLQL�QD�RYRM�YHN�ODERUDWRULLWH�QD�SSI�LPDDW�YRGHaND�XORJD�YR�VYHWRW�YR�UD]�
YLYDZHWR�QD�LQVWUXPHQWL��PHWRGL�]D�WHVWLUDZH�L�VWDQGDUGL�YR�RYDD�REODVW��7UHED�GD
VH�QDSRPQH�GHND�NRQFHSFLMDWD�QD��SUHWSD]OLYR�RGEHJQXYDZH��H�L]UD]HQD�YR�SUHSR�
UDNL�L]GDGHQL�RG�SSI� ]D�QLVNRIUHNYHQWQL�(0�SROLZD�� D�QH�NDNR� ]DNRQVND�UHJXOD�
WLYD��9R�GRNXPHQWRW�L]GDGHQ�RG�SSI�REMDYHQL�VH�NULWHULXPLWH�VSRUHG�NRL�,QVWLWX�
WRW� `H� VH� UDNRYRGL� YR� GRQHVXYDZHWR� QD� RGOXNLWH� YR� RYDD� REODVW� YR� XVORYL� QD
QHGRNDCDQ�UL]LN�[11]�

2S^WD�QDVRND��YR�VLWH�GUCDYL�NRL�DNWLYQR�JR�UD]JOHGXYDDW�SUREOHPRW�VR�(0
]UDaHZH�H�UD]YLYDZH�QD�YQDWUH^QD�SROLWLND�XUDPQRWHCHQD�PH_X�YRVSRVWDYXYDZH�QD
RJUDQLaXYDZH�QD�MDaLQDWD�QD�HOHNWULaQRWR�L�PDJQHWQRWR�SROH�L�SUH]HPDZH�QD�SUH�
YHQWLYQL�DNWLYQRVWL�QD�RGEHJQXYDZH�QD�UL]LNRW�

=D�CDO��YR�0DNHGRQLMD��VrX^WH�QH�SRVWRL�SRRS^LUQD�DNFLMD�]D�XSUDYXYDZH�VR
RYRM� SUREOHP�� 1D� (OHNWURWHKQLaNLRW� IDNXOWHW� YR� 6NRSMH� SUH]HPHQL� VH� SRaHWQL
aHNRUL�]D�SUHOLPLQDUQL�PHUHZD�QD�MDaLQDWD�QD�HOHNWULaQRWR�L�PDJQHWQRWR�SROH�YR
RGUHGHQL�CLYRWQL�L�UDERWQL�RNROLQL� �UDERWQD�NXMQD��WUDIRVWDQLFD��YR�EOL]LQDWD
QD� GDOQRYRG�� [12]�� 3R� RVDPRVWRMXYDZHWR� QD� 5HSXEOLND�0DNHGRQLMD� QH� VH� GRQHVHQL
QLNDNYL� QRYL� SURSLVL� L� SUHSRUDNL� ]D� NRQWUROD� L� RJUDQLaXYDZH� QD� MDaLQDWD� QD
]UDaHQRWR�(0�SROH�

�� =$./8A2.

0QRJXEURMQLWH�LVWUDCXYDZD�YR� VYHWRW�SRNDCXYDDW� GHND�SRVWRL� VWDWLVWLaND
YUVND� SRPH`X� SRMDYD� QD� QHNRL� EROHVWL�YNOXaXYDM`L� NDQFHU�� $OVMDKPHURYD� EROHVW�
OHXNHPLMD�L�GU���L�VHNRMGQHYQDWD�L]ORCHQRVW�QD�PDJQHWQRWR�L�HOHNWULaQRWR�SROH�YR
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0HUHQL� VH� HOHNWURPDJQHWQLWH� SROLZD� �(03�� SRG� SUHQRVQLWH� ����  L� ���� kV
GDOQRYRGL� L� SRG� GLVWULEXWLYQLWH� ��kV� GDOQRYRGL�� ,]UDERWHQL� VH� � NRPSMXWHUVNL
SURJUDPL� ]D� SUHVPHWND� QD�(03� SRG� GDOQRYRGL�� NRL� `H� SRVOXCDW� ]D� LVWUDCXYDZD� QD
PRCQRVWLWH�]D�QDPDOXYDZH�QD��YOLMDQLHWR�QD�(03�

.OXaQL�]ERURYL��HOHNWULaQR�SROH��PDJQHWQR�SROH��PHUHZD�QD�(03��QDPDOXYDZH�QD
(03

MEASUREMENTS OF THE ELECTROMAGNETIC FIELDS UNDER POWER
TRANSMISSION AND DISTRIBUTION OVERHEAD LINES

ABSTRACT

The measurements of electromagnetic fields (EMF) under 110kV, 220kV transmission lines
and 35kV distribution lines are performed. The computer programs for calculation of EMF under
transmission lines are made, they are useful for investigation of the possibilities for EMF reduction.

Key words: electric field, magnetic field, measurements of EMF, reduction of  EMF
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9OLMDQLHWR�QD�HOHNWURPDJQHWQLWH�SROLZD�YU]�]GUDYMHWR�QD�OX_HWR�YR�JROHP�EURM
LQGXVWULVNL�UD]YLHQL�]HPML�VH�LVWUDCXYD�VNRUR����JRGLQL���1HNRL�]HPML�LVWUDCXYDZDWD
JL� QDVRaXYDDW� SRYH`H� NRQ� ELROR^NRWR� GHMVWYR� QD� HOHNWURPDJQHWQLWH� SROLZD� YU]
CLYLWH� RUJDQL]PL�� RWNRONX� NRQ� WHKQLaNLRW� DVSHNW� QD� RYD� SUD^DZH�� )LUPLWH� aLMD
GHMQRVW� H� SUHQRV� L� GLVWULEXFLMD� QD� HOHNWULaQDWD� HQHUJLMD�� YR� VRUDERWND� VR
HOHNWURWHKQLaNLWH� LVWUDCXYDaNL� LQVWLWXWL� L� SRQDWDPX� JL� LVWUDCXYDDW� L� PHUDW
HOHNWURPDJQHWQLWH� SROLZD�� NDNR� L� PRCQRVWLWH� ]D� UHGXFLUDZH� RGQRVQR� VR
UHGL]DMQLUDZH�QD�HOHNWULaQDWD�RSUHPD�GD�VH�QDPDOL�QLYQRWR�YOLMDQLH�

,VWUDCXYDZDWD�SRYU]DQL�VR�PHUHZDWD�QD�HOHNWURPDJQHWQLWH�SROLZD�L�QLYQRWR
PRCQR�QDPDOXYDZH�YR�QD^DWD�]HPMD�VH�QD�SRaHWRN�L�DNR�QHNRL�SRaHWQL�VRJOHGXYDZD�VH
QDSUDYHQL� � [��� �]�� 9R� RGUHGHQL� JUDGVNL� VUHGLQL� ���kV� GDOQRYRGL� PLQXYDDW� YR
QHSRVUHGQD� EOL]LQD� QD� REMHNWLWH� ]D� CLYHHZH�� SRUDGL� ^WR� H� SRWUHEQR� WHPHOQR
SURXaXYDZH� QD� RYRM� SUREOHP� NRM� EL� RSIDWLO� QH� VDPR� PHUHZD� QD� HOHNWURPDJQHWQLWH
SROLZD� YR� GDGHQ� PRPHQW�� WXNX� QLYQR� SUDWHZH� YR� WHNRW� QD� SRGROJ� SHULRG� NDNR� L
UD]JOHGXYDZH�QD�GRVWDSQLWH�WHKQLaNL�PRCQRVWL�]D�QLYQR�QDPDOXYDZH�

9R� WUXGRW� H� GDGHQ� SULND]� QD� PHUHQLWH� HOHNWULaQR� L� PDJQHWQR� SROH� �SUL
IUHNYHQFLMD� RG� ��Hz� YDOLGHQ� H� NYD]LVWDFLRQDUQLRW� SULVWDS� L� VH� UD]JOHGXYDDW� GYH
QH]DYLVQL�SROLZD��SRG�SUHQRVQLWH�L�GLVWULEXWLYQLWH�QDG]HPQL��YRGRYL��9U]�RVQRYD�QD
WHRUHWVNLRW� PRGHO� [�], UD]YLHQL� VH� NRPSMXWHUVNL� SURJUDPL� ]D� SUHVPHWND� QD
HOHNWULaQRWR�L�PDJQHWQRWR�SROH�]D�UD]OLaQL�WLSRYL�QD�GDOQRYRGQL�VWROERYL�

.DM�WURID]QLWH�HOHNWURHQHUJHWVNL�YRGRYL�UH]XOWDQWRWR�HOHNWULaQR�L�PDJQHWQR
SROH� RNROX� SURYRGQLFLWH� YR� ELOR� NRMD� WRaND�� H� SUHVWDYHQR� VR� YHNWRU� NRM� URWLUD� L
RSL^XYD� HOLSVD� SUL� HGQD� SHULRGD� QD� QDSRQRW� �LOL� VWUXMDWD��� 3RJROHPDWD� RVND� QD
HOLSVDWD�MD�GDYD�PDNVLPDOQDWD�YUHGQRVW�QD�HOHNWULaQRWR��RGQRVQR�PDJQHWQRWR�SROH�
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R� L� I� JL� VLPEROL]LUDDW� UHDOQDWD� L� LPDJLQDUQDWD� NRPSRQHQWD� QD� SROHWR� �HIHNWLYQD
YUHGQRVW��YR�GDGHQD�WRaND�

9HOLaLQD� NRMD� MD� PHUDW� LQVWUXPHQWLWH� H� UH]XOWDQWRWR� HOHNWULaQR� SROH (5

�RGQRVQR�PDJQHWQR�SROH� %5 ��
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SROHWR���9R�VOXaDM�QD�HOHNWULaQRWR�SROH�UD]OLNLWH�SRPH_X� (max�L� (5 �VH�]DQHPDUOLYL�
9R� VOXaDMRW� QD� GYRMQL� GDOQRYRGQL� OLQLL� PDNVLPDOQDWD� YUHGQRVW� � (max� H� QHNRONX
SURFHQWL�SRPDOD�RG (5 ��5H]XOWDQWRWR�PDJQHWQR�SROH� %5 �H�VHJRJD^�SRJROHPR�RG� %max
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3UL�VSRUHGED�QD�SUHVPHWDQLWH�VR�L]PHUHQLWH�YUHGQRVWL�SUREOHP�PRCH�GD�ELGH

YLVLQDWD� QD� GDOQRYRGRW�� ELGHM`L� SRQHNRJD^� VH� UD]OLNXYDDW� UHDOQLWH� YLVLQL� RG



SURHNWLUDQLWH��'RSROQLWHOHQ�SUREOHP�VH�QHGRYROQR�SUHFL]QLWH�PHUHZD�QD�VWUXMDWD�L
QDSRQRW� YR� SULSDGQLWH� WUDIRVWDQLFL�� RYRM� SUREOHP� H� L]UD]HQ� YR� SRVWDULWH
WUDIRVWDQLFL�NDGH�VH�PHUL�VDPR�PR`QRVWD�SUHQHVHQD�SUHNX�GDOQRYRGLWH��
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(OHNWULaQRWR�SROH�H�PHUHQR�YR�WRaNL��m QDG�SRYU^LQDWD�QD�]HPMLQRWR�WOR��NDGH
GRPLQDQWQD� H� YHUWLNDOQDWD� NRPSRQHQWD� QD� HOHNWULaQRWR� SROH�� .RULVWHM`L� JL
SURHNWDQVNLWH�SRGDWRFL��SUHVPHWDQR�H�HOHNWULaQRWR�SROH�SRG�LVWLWH�GDOQRYRGL�QD��m
QDG� SRYU^LQDWD� QD� WORWR�� 6DPLRW� SURFHV� QD� PHUHZHWR� WUHED� GD� VH� L]YHGXYD� PQRJX
YQLPDWHOQR�� 3UL� PHUHZHWR� QD� HOHNWULaQRWR� SROH� YOLMDQLH� LPDDW� EOLVNLWH� REMHNWL�
YLVRNL�JUPX^NL��GUYD��NDNR�L�WHORWR�QD�PHUDaRW�NRH�JR�L]REOLaXYD�HOHNWULaQRWR�SROH�

,]PHUHQLWH�L�SUHVPHWDQLWH�YUHGQRVWL�QD��HOHNWULaQR�SROH�SRG�����kV�GDOQRYRG
6NRSMH���7HWRYR�L�����kV� GDOQRYRG�6NRSMH��.RVRYR���SULNDCDQL�VH�QD� VO���L� VO����1D
VO��� NULYLWH� �� L� �� VH� L]PHUHQL� SRG� LVWLRW� GDOQRYRG� YR� YUHPHQVNL� LQWHUYDO� RG� ��
PLQXWL��0HUHQLWH�YUHGQRVWL�VH�QH^WR�SRPDOL�RG�SUHVPHWNRYQLWH�YUHGQRVWL��]D�NRL�VH
NRULVWHQL�SURHNWDQVNLWH�SRGDWRFL�
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3UL�PHUHZHWR�QD�PDJQHWQRWR�SROH���W�H��PDJQHWQD�LQGXNFLMD��WUHED�^WR�SRWRaQR
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GRGHND� VR� YUHGQRVWLWH� ]D� YLVLQLWH� L]PHUHQL� VR� YLVLQRPHWDU� YUHGQRVWLWH� QD
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VHQ]RURW�H�QRUPDOHQ�QD�GDOQRYRGRW��VO����YL^LWH�KDUPRQLFL�VH�]QDaLWHOQR�L]UD]HQL�
(GQRQDVRaQDWD�NRPSRQHQWD�H�����RG�RVQRYQDWD�IUHNYHQFLMD��LVWR�WDND�VLOQR�H�L]UD]HQ
YWRULRW� KDUPRQLN� �VO����� 9R� VOXaDM� NRJD� VHQ]RURW� H� SDUDOHOHQ� VR� GDOQRYRGRW� VO��� L
VO�����L]PHUHQLRW�VLJQDO�H�SRVLQXVRLGDOHQ�L�YL^LWH�KDUPRQLFL�QH�VH�WRONX�L]UD]HQL�

��� 35(*/('�1$�'(/�2'�69(76.$7$�5(*8/$7,9$

3UD^DZHWR� ]D� PRCQRWR� QHJDWLYQR� GHMVWYR� QD� HOHNWURPDJQHWQLWH� SROLZD� YU]
]GUDYMHWR� QD� OX_HWR� H� SRNUHQDWR� QD� VRYHWXYDZHWR� QD�&,*5(� YR� ����� JRGLQD� VR� HGHQ
L]YH^WDM�QD�QDXaQLFLWH�RG�WRJD^QLRW�6665��,VWR�WDND�YR�6665�SUYSDW�VH�SULIDWLMD
]DNRQVNL� RGUHGEL� ]D� PDNVLPDOQR� GR]YROHQL� YUHGQRVWL� ]D� HOHNWULaQRWR� SROH� YR� ����
[�]�
7LH�YUHGQRVWL�VH�VOHGQLWH�
� ���kV/m�]D�UDVNUVQLFL�L�YR�PHVWD�NDGH�^WR�SULVWDSRW�QD�OX_H�H�YRRELaDHQ�

���kV/m�YR�QHQDVHOHQL�QR�OHVQR�SULVWDSQL�PHVWD�
���kV/m�]D�WH^NR�GRVWDSQL�SRGUDaMD�

=D�SRGROJ�SUHVWRM�YR�HOHNWURHQHUJHWVNL�REMHNW��QD�SU��YR�WUDIRVWDQLFD��H�SULIDWHQD
YUHGQRVW�RG���kV/m��RYD�H�YUHGQRVW�^WR�GHQHV�H�YRRELaDHQD�YR����kV� WUDIRVWDQLFLWH�
9R�-DSRQLMD�YR�SRGUDaMDWD�NRL�VH�GRVWDSQL�QD�^LURNDWD�SXEOLND�HOHNWULaQRWR�SROH�H
RJUDQLaHQR�QD���kV/m�

)HGHUDOQDWD� YODGD� QD� 6RHGLQHWLWH� 'UCDYL� QHPD� GRQHVHQR� � ]DNRQVNL
RJUDQLaXYDZD�QD�HOHNWURPDJQHWQLWH�SROLZD��QR�]DWRD�QHNRONX�GUCDYL�LPDDW�GRQHVHQR
VYRMD� UHJXODWLYD�� 7DEHOD� �� [��]�� ]D� GR]YROHQLWH� MDaLQL� QD� HOHNWULaQRWR� SROH� YR
RNROLQD�QD�GDOQRYRGL�

7DEHOD����'R]YROHQL�MDaLQL�QD�HOHNWULaQR�SROH�YR�6$'
'UCDYD 'R]YROHQD YUHGQRVW QD HOHNWULaQRWR SROH

Montana 1kV/m QD�NUDMRW�QD ROW YR�UH]LGHQFLMDOQL�]RQL
Minnesota 8 kV/m PDNVLPXP�YR ROW
New Jersey 3 kV/m QD�NUDMRW�QD ROW
New York 1,6 kV/m QD�NUDMRW�QD ROW
North Dakota 9 kV/m PDNVLPXP�YR ROW
Oregon 9 kV/m PDNVLPXP�YR ROW
Florida 10 kV/m PDNVLPXP�]D 500kV GDOQ��YR ROW

2 kV/m PDNVLPXP ]D 500kV GDOQ���QD�NUDMRW�QD ROW
8 kV/m PDNVLPXP�]D 230kV GDOQ��L�SRPDOL�YR ROW
2 kV/m PDNV��]D 230kV�GDOQ��L�SRPDOL�QD�NUDMRW�QD
ROW

�=DEHOH^ND� ROW - right of wayLOL GR]YROHQ SUDYHF� H SUDYHF VR GHILQLUDQD ^LURaLQD
SR NRL WUHED GD SRPLQXYDDW GDOQRYRGLWH L GUXJL SRG]HPQL L QDG]HPQL LQVWDODFLL� 2YD H
]DNRQVND RGUHGED YR 6$' L .DQDGD� GRQHVHQD RG HNROR^NL SULaLQL��



2G� WDEHODWD� VH� JOHGD� GHND� QDMVWURJL� ELO� ]DNRQRGDYFLWH� YR�0RQWDQD� GRGHND�)ORULGD
LPD�UHJXODWLYD�]D����kV�L����kV�QDSRQVNR�QLYR�

9R� � VOXaDMRW� QD� PDJQHWQRWR� SROH� ]DNRQVNLWH� RGUHGEL� VH� X^WH� QH� VH� GRNUDM
GHILQLUDQL�LOL�VH�YR�WHN�QD�GRQHVXYDZH��9R�6RHGLQHWLWH�'UCDYL�VDPR�)ORULGD�LPD
GRQHVHQR�]DNRQ�VR�NRM�VH�GHILQLUDDW�GR]YROHQLWH�YUHGQRVWL�QD�PDJQHWQRWR�SROH�

���µT�]D����kV�GDOQRYRGL�QD�NUDMRW�QD ROW�
�� µT ]D�GYRMQL����kV�GDOQRYRGL�QD�NUDMRW�QD�ROW�

�����µT��]D����kV�L�GDOQRYRGL�RG�SRQLVNR�QDSRQVNR�QLYR�QD�NUDMRW�QD�ROW�
,QWHUQDFLRQDOQDWD� DJHQFLMD� ]D� ]D^WLWD� RG� 5DGLMDFLMD� (International Radiation Protection
Association - IRPA) L]GDGH�YR������JRGLQD�YRGLa�]D�GR]YROHQLWH�HNVSR]LFLL�SUL������Hz
HOHNWULaQR�L�PDJQHWQR�SROH� (Interim Guidelines on Limits of Exposures to 50/60Hz Electric
and Magnetic Fields). 2YRM� YRGLa�� NDNR�L�^WR� VWRL� YR� QHJRYLRW�QDVORY�� H� RG� SULYUHPHQ
NDUDNWHU��6R�QHJR�VH�GHILQLUDQL�GR]LWH�NRL�PRCH�GD�JL�SULPL�aRYHN��YLGL�7DEHOD����
(OHNWULaQRWR�L�PDJQHWQRWR�SROH�NDNR�UH]XOWDW�SUHGL]YLNXYDDW�SURWRN�QD�VWUXMD�QL]
WHORWR��NRM� VDPLRW�RG� VHEH� H� GR]D� �VWUXMDWD� H� RGQRV� QD� NROLaHVWYR� HOHNWULaHVWYR� YU]
HGLQLFD�YUHPD���3UL�WRD�HNVSR]LFLMDWD�QD�HOHNWULaQR�SROH�SRPH_X����L���kV/m�PRCH�GD

7DEHOD����'R]YROHQD�HNVSR]LFLMD�QD�������Hz�HOHNWULaQR�L�PDJQHWQR�SROH�VSRUHG�IRPA
(NVSR]LFLMD (OHNWULaQR�SROH

kV/m (rms)

0DJQHWQR�SROH
µT (rms)

3URIHVLRQDOQD
=D�FHO�UDERWHQ�GHQ �� ���
.UDWNRWUDMQD�GR���aDVD�GHQ �� ����

>LURND�SXEOLND
'R����aDVD�QD�GHQ � ���
=D�QHNRONX�aDVRYL�QD�GHQ �� ����

VH�SUHVPHWD�SR�IRUPXODWD�80t/E��NDGH� t�H�YUHPHWUDHZHWR�QD�HNVSRQLUDQRVWD�YR�aDVRYL
YR�WHNRW�QD�UDERWQLRW�GHQ�L�E�H�HOHNWULaQRWR�SROH�YR�kV/m��'R]YROHQDWD�HNVSR]LFLMD
]D�^LURNDWD�SXEOLND�YDCL�]D�RWYRUHQ�SURVWRU�NDGH�WDD�PRCH�GD�SUHVWRMXYD�YR�WHNRW�QD
GHQRW��6H�JOHGD�GHND�YR�SRVWRMQDWD�UHJXODWLYD�LPD�]QDaLWHOQD�UD]OLND�YR�GR]YROHQLWH
MDaLQL�QD�PDJQHWQRWR�SROH�

1D�VO����H�SULNDCDQR�SUHVPHWDQRWR�HOHNWULaQR�SROH�]D����kV�GDOQRYRG�SRVWDYHQ
QD� VWROE�RG� WLSRW�N1 �SURL]YRGVWYR�QD�(02�2KULG���6H� JOHGD� GHND�^LURaLQDWD� SRG
GDOQRYRGRW� YR� NRMD� SROHWR� H� QDG� �kV/m� H� RNROX� ��� PHWUL�� 1D� VO���� H� SULNDCDQR
SUHVPHWDQRWR� PDJQHWQRWR� SROH� SRG� ���kV- GDOQRYRG�� WLS� QD� VWROE N1,� SUL� OLQLVND
VWUXMD�RG����A. $NR�YLVLQDWD�QD�VWROERW��H���m�SROHWR�SRG�GDOQRYRGRW�H���µT�
2YLH� UH]XOWDWL� VH� YR� VRJODVQRVW� VR� SRGDWRFLWH� RG� OLWHUDWXUDWD� [����]� L� VH� YR
GR]YROHQLWH�JUDQLFL�

=D� GD� VH� GRELH� SUHWVWDYD� ]D� UHDOQLWH� YUHGQRVWL� L]YU^HQL� VH� PHUHZD� YR� 76
“6NRSMH��” �SRG����kV�OLQLVNR�L�WUDIR�SROH��SUDYHFRW�QD�GYLCHZH�ELO�SDUDOHOQR�SRG
GDOQRYRGRW�� 'RELHQLWH� YUHGQRVWL� VH� SULNDCDQL� QD� VO���� L� VO����� PDODWD� YUHGQRVW� QD
PDJQHWQRWR�SROH�VH�GROCL�QD�PLQLPDOQRWR�RSWRYDUXYDZH�QD�GDOQRYRGRW�YR�PRPHQWRW
QD�PHUHZHWR�
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9R� WUXGRW� VH� SULNDCDQL� L]PHUHQLWH� HOHNWURPDJQHWQL� SROLZD� SRG
YLVRNRQDSRQVNLWH� QDG]HPQL� SUHQRVQL� L� GLVWULEXWLYQL� YRGRYL�� ,]UDERWHQ� H
NRPSMXWHUVNL�SURJUDP�]D�SUHVPHWND�QD�RYLH�SROLZD�L�VSRUHGED�VR�PHUHQL�YUHGQRVWL�
1DG]HPQLWH� GLVWULEXWLYQLWH� YRGRYL�� ]DUDGL� PRCQDWD� QHVLPHWULMD� L� YHOLaLQLWH� QD
VWUXMLWH�NRL�WHaDW�PRCDW�GD�ELGDW�L]YRUL�QD�MDNR�PDJQHWQR�SROH��1LYQDWD�EOL]LQD�GR
QDVHOHQLWH� PHVWD�� �aHVWR� SDWL� WLH� SRPLQXYDDW� QHGR]YROLYR� EOLVNX� GR� GRPRYLWH�� RYD
YDCL� L� ]D� ���kV� GDOQRYRGLWH��� QDYHGXYDDW� QD� WHPHOQL� PHUHZD� L� LVWUDCXYDZD� QD
PDJQHWQLWH�SROLZD��6LWXDFLMDWD� VR� HOHNWULaQRWR� � SROH� H�PQRJX� SRMDVQD�� ELGHM`L� WRD
]DYLVL� RG� QDSRQVNRWR� QLYR�� D� VHSDN� HOHNWURHQHUJHWVNLWH� SRVWURMNL� RG� QDMYLVRNR
QDSRQVNR� QLYR� ]DVWDSHQL� NDM� QDV�� VH� GDOHNX� RG� ^LURNDWD� SXEOLND� L� RG� REMHNWLWH� ]D
CLYHHZH��(OHNWULaQRWR�SROH�RG�GLVWULEXWLYQLWH�SRVWURMNL�H�GDOHNX�SRG�PDNVLPDOQR
GR]YROHQLWH�YUHGQRVWL��

6LWXDFLMDWD� VR� PDJQHWQRWR� SROH� SRYH`H� ]DJULCXYD� L� YDNYL� LVWUDCXYDZD� YR
QD^DWD� ]HPMD� VH� X^WH� QH� VH� QDSUDYHQL�� 2YRM� WUXG� H� VDPR� SRaHWRN� L� SRWUHEQL� VH
GROJRWUDMQL�VOHGHZD�QD�PDJQHWQRWR�SROH��QH�VDPR�YR�WHNRW�QD�HGHQ�GHQ�LOL�PHVHF�WXNX
SUHNX�FHODWD�JRGLQD�

/,7(5$785$
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5DVWHaNLRW� EURM� QD� L]YRUL� QD� HOHNWURPDJQHWQL� SROLZD� L� ]JROHPHQDWD� XSR�
WUHED�QD�HOHNWULaQD�L� HOHNWURQVND�RSUHPD� YR� VNRUR� VLWH� SRGUDaMD� RG�CLYRWRW�QD
aRYHNRW��JR�SUDYL�aRYHNRYLRW�CLYRW�]DYLVHQ�RG�NYDOLWHWRW�QD�VLVWHPLWH�NRL�SURL]�
YHGXYDDW�L�LOL�MD�NRULVWDW�HOHNWULaQDWD�HQHUJLMD��3RUDGL�WRD��YDCHQ�SDUDPHWDU�QD
NYDOLWHWRW�QD�LVWLWH�H�QLYQRWR�HILNDVQR�NRULVWHZH�EH]�QDUX^XYDZH�QD�NYDOLWHWRW
QD� CLYRWQDWD� RNROLQD� L� SUHG� Vp� EH]� ELOR� NDNYR� SUHGL]YLNXYDZH� QD� ]GUDYVWYHQL
SUREOHPL�NDM�OX_HWR��9R�WUXGRW�H�RSL^DQ�VLVWHP�]D�VOHGHZH�QD�YOLMDQLHWR�QD�HOHN�
WURPDJQHWQLWH� SROLZD� YU]� aRYHNRW� YR� QHJRYDWD� CLYRWQD� L� UDERWQD� RNROLQD�
3UH]HQWLUDQD�H�SUHGORCHQDWD�VWUXNWXUD�QD�VLVWHPRW�L�SULPHUL�L]UDERWHQL�VR�LV�
WLRW�

A B S T R A C T

For the past twenty years there has been apprehension that the electric and magnetic fields
arising form the supply and use of electricity may have adverse health effects on humans. There-
fore, the important parameter of electric devices quality becomes capacity of their efficient utili-
zation without destroying quality of living environment and/or causing health problems. A system
for monitoring electromagnetic influences on humans in living and working environment, is cur-
rently underdevelopment. This  paper contains a description of the proposed system and some ex-
amples with visualization of electromagnetic influences on humans in the system.

.OXaQL�]ERURYL��(OHNWURPDJQHWQR�SROH��UL]LN�SR�]GUDYMH��YLUWXHOQD�UHDO�
QRVW��HOHNWURPDJQHWQD�NRPSDWLELOQRVW�
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9R� SRVOHGQLWH� GYDHVHWLQD� JRGLQL� QHSUHNLQDWR� VH� ]JROHPXYD� ]DJULCHQRVWD
GHND� HOHNWULaQLWH� L� PDJQHWQLWH� SROLZD�� NRL� VH� UH]XOWDW� QD� RSUHPDWD� L� NR�
ULVWHZHWR�QD�HOHNWULaQDWD�HQHUJLMD�YR�CLYRWQDWD�L�UDERWQDWD�RNROLQD��PRCDW�GD
LPDDW�QHSRYROQR�YOLMDQLH�YU]�]GUDYMHWR�QD�OX_HWR��*ROHPLRW�EURM�QD�RS^LUQL�VWX�
GLL��GRVHJD�L]YHGHQL�YR�VYHWRW��GRYHGH�GR�]DNOXaRN�GHND�SRVWRL�YHURMDWQRVW�]D�]JR�
OHPHQ� UL]LN� SR� ]GUDYMHWR� QD� OX_HWR� ]DUDGL� L]ORCHQRVW� QD� HOHNWURPDJQHWQL� �(0�
SROLZD� YR� CLYRWQDWD� L� UDERWQDWD� RNROLQD [1]�� ,DNR� SRVWRMDW� UD]QL� VR]QDQLMD� ]D
WRD��RQD�^WR�VHX^WH�QH�VH�]QDH�H�NRONDY�H�WRM�UL]LN�L�WRaQR�YR�NRL�RNROQRVWL�VH�MD�
YXYD��9R�PH_XYUHPH��NDM�LQGLYLGXDOQLWH�OLFD�L�RUJDQL]DFLLWH�aLMD�UDERWD�H�SURL]�
YRGVWYR��GLVWULEXFLMD�L�NRULVWHZH�QD�HOHNWULaQD�HQHUJLMD�� VH�SRMDYXYD�SRWUHED� ]D
UHJXOLUDZH�QD� SUD^DZDWD�L� ]DNRQVNLWH�UHJXODWLYL�RNROX� ]JROHPHQDWD� HPLVLMD� QD
HOHNWURPDJQHWQL�SROLZD��9R�VLWXDFLMD�NRJD�UL]LNRW�SR�]GUDYMHWR�QD�OX_HWR�VHX^WH
QH� H� SRSUHFL]QR�RSUHGHOHQ��^LURNR� H� SULIDWHQD� SUHYHQWLYQD� VWUDWHJLMD� QD� SUHW�
SD]OLYRVW��NRMD�H�SR]QDWD�SRG�QD]LYRW��prudent avoidance���SUHWSD]OLYR�RGEHJQXYDZH��
6WUDWHJLMDWD� VH� ED]LUD� QD� IDNWRW� GHND� SRVWRMDW� GRYROQR� SRND]DWHOL� ]D� PRCQLWH
SUREOHPL� ]D� NRL� SUHGXSUHGXYDDW� GRVHJD^QLWH� LVWUDCXYDZD��2G� GUXJD� VWUDQD� SDN�
QHGRYROQR�H�SR]QDWD�JROHPLQDWD�QD�UL]LNRW�L�WRD�NRL�SDUDPHWUL�QD�SROLZDWD�YOL�
MDDW�QD� ]JROHPXYDZH�QD�UL]LNRW�SR� ]GUDYMHWR�QD� aRYHNRW��AHNRULWH�NRL� MD� VRaLQX�
YDDW�VWUDWHJLMDWD���SUHWSD]OLYR�RGEHJQXYDZH���VH�HGQRVWDYQL�

• ]JROHPXYDZH�QD�RGGDOHaHQRVWD�RG�L]YRULWH�QD�YLVRNL�SROLZD�

• QDPDOXYDZH�QD�YUHPHWR�SRPLQDWR�YR�VUHGLQD�VR�VLOQL�(0�SROLZD��L

• QDPDOXYDZH�QD�MDaLQDWD�QD�HPLWLUDQLWH�(0�SROLZD�

*RUQLWH�aHNRUL� VH� SUHSRUDaXYDDW� VHNRJD^�NRJD� WRD� H�PRCQR�L� SUL�UD]XPQD
FHQD�QD�aLQHZH�QD�SUHGYLGHQDWD�DNFLMD�

.DNR� SRGGU^ND� QD� SRGREURWR� UD]ELUDZH� QD� YOLMDQLHWR� QD� (0� ]UDaHZH� YU]
aRYHNRYLRW�RUJDQL]DP�QD�(OHNWURWHKQLaNLRW�IDNXOWHW�YR�6NRSMH�VH�UD]YLYD�VLVWHP
]D�VOHGHZH�QD�YOLMDQLHWR�QD�(0�SROLZD�YU]�OX_HWR�YR�UD]OLaQL�CLYRWQL�L�UDERWQL
RNROLQL��6LVWHPRW�VH�]DVQLYD�QD�NRULVWHZH�QD�YLUWXHOQDWD�UHDOQRVW�VR�aLMD�SRPR^
PRCDW� GD� VH� NUHLUDDW� QDMUD]OLaQL� RNROLQL� VR� HGHQ� LOL� SRYH`H� L]YRUL� QD� (0
]UDaHZH�

6LWH� GRVHJD^QL� VWXGLL� ]D� VOHGHZH� QD� YOLMDQLHWR� QD�(0�SROLZD� YU]� OX_HWR
YNOXaXYDDW�JROHP�EURM�PHUHZD�QD� MDaLQDWD�QD�HOHNWULaQRWR�L�PDJQHWQRWR�SROH�YR
VUHGLQD�YR�NRMD�VH�DNWLYQL�HGHQ�LOL�SRYH`H�HOHNWULaQL�XUHGL��3UREOHPLWH�NRL�VH
MDYXYDDW�SUL�YDNYRWR�VOHGHZH�QD�YOLMDQLMDWD�VH�

• WH^NRWLL�SRUDGL�YOLMDQLMDWD�QD�RVWDQDWLWH�(0�L]YRUL�YR�RNROLQDWD�NRJD
WUHED�GD�VH�LVSLWXYD�]UDaHZHWR�VDPR�RG�HGHQ�L]YRU�

• SRWUHED�RG�PQRJXEURMQL�SRYWRUXYDZD�QD�PHUHZDWD�NRL�WUHED�GD�VH�L]YHGDW
SRG�LVWLWH�XVORYL�

• SRWUHED�RG�SRJROHP�EURM�VNDSL�PHUQL�LQVWUXPHQWL�L�RSUHPD�NRL�WUHED�GD
JL�SRNULMDW�VLWH�PHUQL�WRaNL��RG�LQWHUHV���L

• SRWUHED�RG�REUDERWND�QD�HNVWUHPQR�JROHP�EURM�QD�SRGDWRFL�

3ULPHQDWD� QD� WHKQRORJLMDWD� QD� YLUWXHOQD� UHDOQRVW� YR� UD]YLYDQLRW� VLVWHP
RYR]PRCXYD�SULPHQD�QD�QHNRONX�UD]OLaQL�PDWHPDWLaNL�PHWRGL�NRL�PRCDW�GD�ELGDW
LPSOHPHQWLUDQL� ]D�SUHVPHWXYDZH�L� SULND]� QD� UD]OLaQLWH� DVSHNWL�QD� HOHNWURPDJ�
QHWQLWH�SURFHVL��2VQRYQD�SUHGQRVW�QD�PHWRGRW�H�YL]XHOL]DFLMD�QD�SDUDPHWULWH�QD
YOLMDQLMDWD� GLUHNWQR� YU]� aRYHNRYLWH� PRGHOL� YR� UD]OLaQL� VLPXOLUDQL� RNROLQL� YR



VLVWHPRW��3UHGQRVW�QD�YL]XHOL]DFLMDWD�H�L�LQWXLWLYQR�SRGREUR�UD]ELUDZH�QD�NRP�
SOHNVQLWH�VLWXDFLL�

�� 6758.785$�1$�6,67(027

1D�VOLNDWD���H�SULNDCDQD�SUHGORCHQDWD�VWUXNWXUD�QD�VLVWHPRW�L�ORJLaNLRW
SURWRN�QD�LQIRUPDFLL�PH_X�VLVWHPRW�L�NRULVQLNRW��6LVWHPRW�VRGUCL�WUL�JOREDOQL
FHOLQL�

• CAD�VLVWHP�]D�JHQHULUDZH�WULGLPHQ]LRQDOQL�RNROLQL�
• VLVWHP�]D�NUHLUDZH�QD�WHVW�VLWXDFLL��L

• VLVWHP�]D�VOHGHZH�QD�WHVWRYLWH�

.RQVWUXNFLMD QD WHVW VLWXDFLMD

/X·HVUHGLQD

0DWHPDWLaNL PHWRGL

6LVWHP ]D
VOHGHZH

%D]L VR
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0DWHPDWLaNL
PRGHOL
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6OLND�����6WUXNWXUDWD�QD�VLVWHPRW

CAD� VLVWHPRW� RYR]PRCXYD� GL]DMQLUDZH� QD� WURGLPHQ]LRQDOQL� PRGHOL� VR
RGUHGHQD�JHRPHWULMD��IXQFNLRQDOQRVW�L�SRVDNXYDQR�HOHNWURPDJQHWQR�]UDaHZH�[2]�

6LVWHPRW� ]D� NUHLUDZH� QD� WHVW� VLWXDFLL� WUHED� GD� REH]EHGL� PHKDQL]DP� ]D
RGUHGXYDZH�L�SRVWDYXYDZH�QD�VLWH�SDUDPHWUL�L�XVORYL�SRG�NRL�`H�VH�L]YU^DW�WHVWR�
YLWH��2GUHGXYDZHWR�QD�XVORYLWH�]D�WHVWLUDZH�VH�VRVWRL�RG�VHOHNFLMD�QD�RNROLQDWD
YR� NRMD� VH� YU^L� WHVWLUDZHWR�� EURMRW�� SRVWDYHQRVWD� L� DNWLYQRWR� YUHPH� QD� HOHN�
WULaQLWH�XUHGL��NDNR�L�RGQHVXYDZHWR�QD�OX_HWR�YR�SHULRGRW�QD�WHVWLUDZH�

3UHGYLGHQR�H�VLVWHPRW�]D�VOHGHZH�QD�WHVWRYLWH�GD�JL�NRULVWL�VLWH�]DSLVL�]D
SULSUHPHQLWH�VFHQL��GD�L]YU^L�NRQVWUXNFLMD�QD�VFHQDWD�L�GD�JR�SULNDCH�SURFHVRW
QD�HGHQ�LOL�SRYH`H�RG�PRCQLWH�L]OH]QL�XUHGL��=D�VHNRM�aRYHN�NRM�^WR�H�RSL^DQ�YR
VLVWHPRW��LVWLRW�GLUHNWQR�JL�SUHVPHWXYD�VHOHNWLUDQLWH�SDUDPHWUL�L�JL�YL]XHOL]L�
UD�UH]XOWDWLWH�QD�aRYHNRYDWD�ILJXUD�

.RQHaQDWD� YHU]LMD� QD� VLVWHPRW� EDUD� LQVWDODFLMD� QD� EDUHP� HGQD� JUDILaND
VWDQLFD��NDNR�L�NDPHUL��YL]LUL��UDNDYLFL��VWDQGDUGQD�WDVWDWXUD�L�3D�JOXYaLZD�NDNR
SHULIHUQL�XUHGL��6HNRM�NRULVQLN�QD�VLVWHPRW��SRNUDM�VWDQGDUGQLRW�QDaLQ�QD�LVSL�
WXYDZH�QD�RNROLQL�YR�YLUWXHOQD�UHDOQRVW�VR�YL]LU�L�UDNDYLFL��LVWRWR�EL�PRCHO�GD
JR�VOHGL�L�VR�NRULVWHZH�QD�VWDQGDUGQD�WDVWDWXUD�L�JOXYaLZD�



�� 35$.7,A1$�35,0(1$�1$�6,67(027

9R� WUXGRYLWH� [3,4,5,6]� SUH]HQWLUDQL� VH� SRYH`H� SULPHUL� NRL� � JL� SRNDCXYDDW
SRGUDaMDWD�QD�PRCQD�SULPHQD�QD�VLVWHPRW��7LH�YNOXaXYDDW�

• YL]XHOL]DFLMD�QD�YOLMDQLHWR�QD�(0�SROLZD�YU]�OX_H�SUL�XSRWUHED�QD�PLN�
VHU�L�GUXJL�HOHNWULaQL�DSDUDWL�YR�YLUWXHOQD�NXMQD�[3,4,6]�

• YL]XHOL]DFLMD�QD�]UDaHQRWR�L�LQGXFLUDQRWR�(0�SROH�YR�JODYDW�QD�NRULV�
QLN�QD�PRELOHQ�WHOHIRQ�[5]�

6HNRM�SULPHU�H�SRGJRWYHQ�VR�SUYDWD�YHU]LMD�QD�VLVWHPRW�]D�VOHGHZH�QD�WHVWR�
YLWH��=D�SUH]HQWDFLMDWD�VH�NRULVWHQL�YUHGQRVWL�GRELHQL�RG�NRPSMXWHUVND�SURJUDPD
VR�aLMD� SRPR^� VH� SUHVPHWXYDDW�(0�]UDaHZD�RG� UD]OLaQL�L]YRUL�NDNR�L� SUHGL]YL�
NDQLWH�LQGXFLUDQL�(0�SROLZD�YR�YQDWUH^QRVWD�QD�aRYHNRYLRW�RUJDQL]DP��=D�WDD
FHO�� QDSUDYHQ� H� PRGHO� QD� aRYHN� VRVWDYHQ� RG� QHXQLIRUPQL� NRFNL� VR� VWUDQD� VR
GROCLQD�RG�����GR���cm�NRL�LPDDW�UD]OLaQD�GLHOHNWULaQD�NRQVWDQWD��SURYRGOLYRVW�L
JXVWLQD�QD�PDWHULMDWD��=D�SRaHWRN��UDERWHQR�H�VR�^HVW�YLGRYL�QD�WNLYD��NRCD��NRVND�
PXVNXO�� UVNDYLFD�� PR]RN� L�PHNL� WNLYD� QD� DEGRPHQ�� =D� VHNRM� GHO� RG� PRGHORW�� SUHV�
PHWDQD�H�YUHGQRVWD�QD�MDaLQDWD�QD�YHNWRURW�QD�PDJQHWQDWD�LQGXNFLMD�B�L�MDaLQDWD�QD
YHNWRURW�QD�HOHNWULaQRWR�SROH�E��]D�VLWH�SR]LFLL�QD�aRYHN�NRM�L]YU^XYD�RGUHGHQD
]DGDaD��'RELHQLWH�YUHGQRVWL�VH�PHPRULUDQL�YR�GDWRWHNL��SULWRD�aXYDM`L�]D� VHNRMD
NRFND�SR�SHW�YUHGQRVWL��WUL�]D�NRRUGLQDWLWH�QD�FHQWDURW�QD�NRFNDWD��HGHQ�]D�JROH�
PLQDWD�QD�VWUDQDWD�QD�NRFNDWD�L�HGHQ�]D�SUHVPHWDQDWD�YUHGQRVW�QD�MDaLQDWD�QD�(0
SROH���.RJD�MD�UHQGHULUD�VOLNDWD��VLVWHPRW�JL�aLWD�VLWH�YUHGQRVWL��JL�NRQYHUWLUD�YR
VRRGYHWQD�ERMD�L�JR�SULNDCXYD�REMHNWRW��VOLND����

6LQD ������� 7LUNL] �������

=HOHQD �������

#ROWD �������&UYHQD �������

9LROHWRYD �������

&UQD �������

%HOD �������

6OLND����1DaLQ�QD�NRQYHU]LMD�QD�SDUDPHWULWH�QD�(0�SROH�YR�ERMD

1D�VOLNDWD���H�SULNDCDQD� MDaLQDWD�QD�PDJQHWQDWD�LQGXNFLMD�QD�JRUQLRW�GHO
RG� aRYHNRYRWR� WHOR� NRJD� WRM� UDNXYD� VR� YNOXaHQ� PLNVHU�� 5D]OLaQLWH� YUHGQRVWL� QD
PDJQHWQDWD� LQGXNFLMD� VH� SUHWVWDYHQL� VR� UD]OLaQL� ERL�� 3RVYHWOLWH� ERL� JL� SULND�
CXYDDW�SRPDOLWH�YUHGQRVWL��GRGHND�FUQLWH�NYDGUDWL�RGJRYDUDDW�QD�YUHGQRVWL�SRJR�

OHPL�RG�20 µT�



6OLND����9L]XHOL]DFLMD�QD�MDaLQDWD�QD�PDJQHWQDWD�LQGXNFLMD�QD�SRYU^LQDWD�QD
JRUQLRW�GHO�RG�aRYHNRYRWR�WHOR�SUL�UDERWD�VR�PLNVHU

1D�VOLNDWD���SULNDCDQ�H�HGHQ�KRUL]RQWDOHQ�SUHVHN�QD�JODYDWD�RG�aRYHNRYLRW
PRGHO�L�UDVSUHGHOEDWD�QD� MDaLQDWD�QD�UH]XOWDQWQRWR�HOHNWULaQR�SROH�YR�QHD�NRJD
aRYHNRW� NRULVWL� PRELOHQ� WHOHIRQ� RGGDOHaHQ� �� cm� RG� QHJRYDWD� JODYD�� 3RPDOLWH
YUHGQRVWL�QD�HOHNWULaQRWR�SROH�VH�SUHWVWDYHQL�VR�SRVYHWOL�ERL�

6OLND�����+RUL]RQWDOHQ�SUHVHN�QD�JODYDWD�QD�aRYHN�NRM�NRULVWL�PRELOHQ�WHOHIRQ�L
UDVSUHGHOEDWD�QD�MDaLQDWD�QD�HOHNWULaQRWR�SROH�YR�QHD

�� =$./8A2.

9R�WUXGRW�H�RSL^DQ�VLVWHP�]D�VOHGHZH�QD�YOLMDQLHWR�QD�HOHNWURPDJQHWQLWH
SROLZD�YU]�OX_HWR�YR�UD]OLaQL�CLYRWQL�L�UDERWQL�RNROLQL��NRM�VH�UD]YLYD�QD�(OHN�
WURWHKQLaNLRW�IDNXOWHW� YR�6NRSMH��6LVWHPRW� VH� ]DVQLYD� YU]� NRULVWHZH� QD� VRYUH�
PHQDWD�WHKQLND�QD�YLUWXHOQD�UHDOQRVW�L�QD�VRYUHPHQL�PHWRGL�]D�SUHVPHWXYDZH�QD
HOHNWURPDJQHWQR� SROH� YR� SURL]YROQL� WULGLPHQ]LRQDOQL� WHOD�� ,DNR� VWXGLMDWD
VHX^WH�H�YR�UD]YRM��OHVQR�PRCH�GD�VH� VRJOHGD�SRWHQFLMDOQDWD�LVNRULVWHQRVW�QD�LV�
WLRW��3UHGQRVWLWH�NRL�WRM�JL�RYR]PRCXYD�VH�

• YOLMDQLMDWD� QD� (0� SROLZD� VH� SUHVPHWXYDDW� VR� GLUHNWQR� VOHGHZH� QD� SR�
]LFLMDWD�QD�aRYHNRW�YR�WHNRW�QD�UDERWDWD�

• ]D�HGQR�LVWR�RGQHVXYDZH�QD�aRYHNRW�PRCDW�GD�VH�VOHGDW�YOLMDQLMDWD�QD�(0
SROH�YR�UD]OLaQL�RNROLQL�



• ]D�HGQR�LVWR�RGQHVXYDZH�QD�aRYHNRW�PRCH�GD�VH�L]YU^L�SUR^LUHQD�VWXGLMD
SUHVPHWXYDM`L�SRYH`H�RG�HGHQ�SDUDPHWDU�LOL�QHNRONX�UD]OLaQL�DVSHNWL�QD
YOLMDQLH�QD�(0�SROLZD�

• LPDM`L� PRGHO� QD� RGQHVXYDZH�� PRCDW� GD� VH� SRVWDYDW� VWDQGDUGL� QD� RGQHVX�
YDZH� QD� OX_HWR� YR� GDGHQD� RNROLQD� NDNR� L� VWDQGDUGL� ]D� UD]PHVWXYDZH� QD
HOHPHQWLWH�YR�LVWDWD�

• YR�VHNRM�PRPHQW�PRCDW�GD�VH�GRGDYDDW�QRYL�L]YRUL�QD�(0�]UDaHZH�LOL�SDN
LVWLWH�GD�VH�HOLPLQLUDDW�

• PRCDW�GD�VH�SULPHQXYDDW�UD]OLaQL�PHWRGL�]D�SUHVPHWXYDZH�QD�(0�SDUD�
PHWUL�SUL�LVWL�XVORYL�YR�aRYHNRYDWD�RNROLQD�L�LVWLWH�SRYH`H�SDWL�GD�VH
SRYWRUXYDDW���L

• PRCDW� GD� VH� SUHWVWDYDW� L� LQGXFLUDQLWH�(0�SROLZD� YR� YQDWUH^QRVWD� QD
aRYHNRYLRW� RUJDQL]DP� ]D� UD]OLaQL� WNLYD�� VR� ^WR� GLUHNWQR� VH� GRELYD
R]UDaHQRVWD�QD�VHNRM�RUJDQ�SRHGLQHaQR�

.RJD� VLWH� HOHPHQWL� QD� VLVWHPRW� `H� ELGDW� HYDOXLUDQL� VR� VSRUHGED� VR
SUDNWLaQL�PHUHZD��QHJRYDWD�SULPHQD�`H�ELGH�PRCQD�]D�SRYH`H�QDPHQL��1D�SULPHU�
DQDOL]D�QD�L]ORCHQRVWD�QD�OX_HWR�YR�QDMUD]OLaQL�VLWXDFLL�YR�CLYRWQDWD�L�UDERWQD
RNROLQD�� YNOXaXYDM`,� MD� ,� PRCQRVWD� ]D� RWSLPLUDZH� QD� RGQHVXYDZHWR� QD� OX_HWR�
UDVSUHGRW�L�L]ERURW�QD�HOHNWULaQLWH�LQVWDODFLL�L�RSUHPD��NDNR�L�RSWLPLUDZH�SUL
L]UDERWND�QD�SURWRWLSRYL�QD�HOHNWULaQL�XUHGL�VR�QDPDOHQR�]UDaHZH�

/,7(5$785$

[1] CIGRE Working group 36.06, "Electric and magnetic fields and cancer. An update", Electra,
No. 161, pp. 131-141, 1995

[2] Vijay, M. Swami, C. Edmond Prakash, "Voxel-Based Modeling for Layered Manufacturing",
IEEE Computer Graphics and Applications, Vol.15, No.6, pp.42-47, November 1995

[3] S. Loskovska, L. Ololoska Gagoska, M. Kacarska, L. Grcev, “Visualization of electromag-
netic fields influences on humans in virtual kitchen”, International Conference CISST'97, Las
Vegas, USA, June 1997

[4] S. Loskovska, M. Kacarska, L. Grcev, "VR based CAD system for prototyping electric ma-
chines that enable testing their EMF influences to humans,” 4th IFAC Workshop on IMS’97,
Seoul, Korea, July 1997

[5] S. Loskovska, L. Ololoska, M. Kacarska, L. Grcev, "VR based system for monitoring EMF
influences on humans in cellular telecommunications," IASTED International Conference
SPC’98, Las Palmas de Gran Canaria, Spain, Feb. 1998

[6] S. Loskovska, M. Kacarska, L. Grcev, "Monitoring system for visualization electromagnetic
fields influences on humans," IEEE International Conference MELECON’98, Tel-Aviv, Is-
rael, May 1998



0$.('216.,�.20,7(7�=$�*2/(0,�(/(.75,A1,�6,67(0,��6,*5(
6�.�2�3�-�(

97252�629(789$:(�1$�0$.2�6,*5(

G�U�/LGLMD�2ORORVND
'RF��G�U�6X]DQD�/R^NRYVND
P�U�0DULMD�.DFDUVND
3URI��G�U�/HRQLG�*UaHY
(OHNWURWHKQLaNL�IDNXOWHW���6NRSMH

3 5 ( / ,0,1 $ 5 1 , � 0 ( 5 (: $ � 1 $ � 0 $ * 1 ( 7 1 2 7 2 � 3 2 / (
9 2 � # , 9 2 7 1 $ � , � 5 $ % 2 7 1 $ � 2 . 2 / , 1 $ � 1 $ � A 2 9 ( . 2 7

6 2 ' 5 # ,1 $

9R�WUXGRW�VH�GDGHQL�SUHOLPLQDUQLWH�PHUHZD�QD�PDJQHWQRWR�SROH�YR�CLYRW�
QDWD�L�UDERWQDWD�RNROLQD�QD�OX_HWR��.DNR�SURWRWLS�QD�CLYRWQD�RNROLQD�H�]HPHQD
SURVHaQD�NXMQD�YR�SRYH`HNDWQLFD��9R�QHD�H�PHUHQD�MDaLQDWD�QD�PDJQHWQDWD�LQGXNFLMD
YR� QHNRONX� SR]LFLL�� 9R� UDERWQD� RNROLQD� YU^HQL� VH� PHUHZD� YR� SURVWRULMDWD� VR
���kV�`HOLL�YR�76�6NRSMH���L�SUL�UDaQR�HOHNWURODaQR�]DYDUXYDZH�VR�QDL]PHQLaQD
VWUXMD�RG�����$��0LQLPDOQL�YUHGQRVWL�QD�MDaLQDWD�QD�PDJQHWQDWD�LQGXNFLMD��SRPDOL

RG� �����µ7�� � L]PHUHQL� VH� YR� NRPDQGQLWH� SURVWRULL� QD�76�� GRGHND� SDN�PDNVLPDOQL
YUHGQRVWL��GR�����µ7��SUL�]DYDUXYDZHWR�

A B S T R A C T

This paper presents the preliminary measurements of magnetic fields in the humans resi-
dental and occupational environment. As the prototype of residental environment a tipical kitchen
in solitaire is taken. A magnetic flux density in a few position is measured. The 35 kV swiching
cells in substation TS Skopje 2 and resistance arc welding are taken as occupational environ-
ments. Minimum flux density is measured in substations' comand offices (below 0.01 µT) and
maximum is measured during arc welding (up to 226 µT).

.OXaQL�]ERURYL� PDJQHWQR�SROH��UL]LN�SR�]GUDYMH��PHUHZH

�� 929('

3RVOHGQLWH�JRGLQL�UDVWH�]DJULCHQRVWD��NDNR�QD�QDXaQDWD�]DHGQLFD�WDND�L�QD
SR^LURNDWD�MDYQRVW��RG�PRCQDWD�YUVND�PH_X�L]ORCHQRVWD�QD�OX_HWR�QD�HOHNWURPDJ�
QHWQL� SROLZD� �(03�� VR� LQGXVWULVND� IUHNYHQFLMD� �������Hz�� L� SRMDYDWD� QD� UD]QL
EROHVWL�YNOXaXYDM`L�UD]QL�YLGRYL�PDORJQL�]DEROXYDZD��0QRJXWH�HSLGHPLROR^NL�L



ODERUDWRULVNL�VWXGLL�REMDYHQL�GR�GHQHV�XNDCXYDDW�GHND�UL]LN�SR�]GUDYMHWR�SRVWRL
[1,2]�� QR� VpX^WH� QH� H� GRMGHQR� GR� SRSUHFL]QD� SURFHQND� QD� UL]LNRW� SR� ]GUDYMHWR� YR
UD]OLaQL� RNROQRVWL� YR� NRL� aRYHNRW� VHNRMGQHYQR� VH� QDR_D�� 2QD� ^WR� PRCH� GD� VH
RaHNXYD�RG�JROHPLWH�VWXGLL��NRL�PRPHQWQR�VH�YR�WHN�YR�VYHWRW��VH�JUDQLaQL�GR]YR�
OHQL�YUHGQRVWL�QD�MDaLQDWD�QD�HOHNWULaQRWR�L�PDJQHWQRWR�SROH�L�QD�YUHPHQVNL�SH�
ULRG�QD�L]ORCHQRVW�QD�aRYHNRYLRW�RUJDQL]DP��SUL�NRL�UL]LNRW�RG�]DJUR]XYDZH�QD
QHJRYRWR�]GUDYMH�`H�ELGH�]DQHPDUOLY��=DUDGL�WRD��QHRSKRGQR�H�GHWDOQR�SR]QDYDZH�QD
QLYRWR� QD� HOHNWULaQRWR� L� PDJQHWQRWR� SROH� YR� UD]OLaQL� VLWXDFLL� WLSLaQL� ]D
QD^DWD�RNROLQD�

9R� WUXGRW� VH� L]ORCHQL� SUHOLPLQDUQLWH�PHUHZD� L]YU^HQL� YR�CLYRWQD� RNR�
OLQD� �NXMQD�� L� SRYH`H� UDERWQL� RNROLQL� QD� aRYHNRW� �NRQWUROQL� SURVWRULL� YR� WUD�
IRVWDQLFL�� SURVWRULMD� VR� ��� kV� UD]YRGQL� `HOLL� YR� WUDIRVWDQLFD� L� UDaQR� HOHN�
WURODaQR�]DYDUXYDZH����2YLH�UH]XOWDWL�VH�GHO�RG�LVWUDCXYDZDWD�YR�RNYLU�QD�SRYH`H
QDXaQRLVWUDCXYDaNL�SURHNWL�YR�WHN�QD�(OHNWURWHKQLaNLRW�IDNXOWHW�YR�6NRSMH�

9RRELaDHQR�H�YR�SUDNVDWD�YHNWRURW�QD�PDJQHWQDWD�LQGXNFLMD�B [T] � GD� VH�NR�
ULVWL�NDNR�YHOLaLQD�NRMD�JR�RSL^XYD�PDJQHWQRWR�SROH��=DWRD��PHUHZDWD�VH�YU^HQL
VR�LQVWUXPHQW�NRM�MD�PHUL�MDaLQDWD�QD�YHNWRURW�QD�PDJQHWQDWD�LQGXNFLMD�YR�RGUHGHQ
SUDYHF�YR�SURVWRURW��,QWHQ]LWHWRW�QD�YHNWRURW�B�VH�SUHVPHWXYD�VSRUHG�UHODFLMDWD

B B B Bx y z= + +2 2 2 ���

NDGH�Bx��By� L�Bz� VH� QRUPDOQLWH�SURHNFLL�QD� YHNWRURW�B� QD� NRRUGLQDWQLWH�RVNL�QD
'HNDUWRYLRW� SUDYRDJROHQ� NRRUGLQDWHQ� VLVWHP�� VR� SRaHWRN� YR� WRaNDWD� QD� PHUHZH�
3UL� WRD� RVNDWD�X� H� QRUPDOQD�QD� WHORWR�QD� aRYHNRW��Y� H� SDUDOHOQD� VR� QHJR�� D�Z� H
SDUDOHOQD�VR�YLVLQDWD�QD�WHORWR�

0HUHQL� VH� MDaLQLWH� QD� NRPSRQHQWLWH� QD� YHNWRURW� B� YR� WRaNL� NRL� VH� QD
UD]OLaQD�YLVRaLQD�h�RG�QLYRWR�QD�SURVWRULMDWD�

�� 0(5(:$�1$�0$*1(71272�32/(�92�#,9271$�2.2/,1$

.DNR�SURWRWLS�QD�CLYRWQD�RNROLQD�QD�aRYHNRW�H�RGEUDQD�SURVHaQD�NXMQD�YR
SRYH`HNDWQLFD�YR�6NRSMH��6NLFDWD�QD�NXMQDWD�VR�UDVSRUHGRW�QD�HOHPHQWLWH�YR�QHD�H
GDGHQ�QD�VOLNDWD���
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�����6OLND����6NLFD�QD�PRGHORW�QD�NXMQD

0HUHZDWD� VH� YU^HQL� YR� WUL�SR]LFLL�� NRJD� YR� NXMQDWD� UDERWDW�IULCLGHURW�
PD^LQDWD�]D�VDGRYL��UHUQDWD�L�GYH�ULQJOL�QD�^SRUHWRW��6SRUHG�SRVWRMQLWH�SURSLVL
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]D�L]YHGXYDZH�QD�HOHNWULaQL�LQVWDODFLL��GRYRGQLWH�HOHNWULaQL�NDEOL�SRVWDYHQL�VH
QD�GHVQLRW�]LG�RG�NXMQDWD��JOHGDQR�RG�YUDWDWD��RNROX������m�RG�SRGRW�

3RORCEDWD�QD�aRYHNRW�YR�SR]LFLMDWD���L�NRRUGLQDWLWH�QD�PHUQLWH�WRaNL�VH
GDGHQL�QD�VOLNDWD��D��GRGHND�GRELHQLWH�YUHGQRVWL�]D�NRPSRQHQWLWH�QD�YHNWRURW�B�
L]UD]HQL�YR�µT��SUH]HQWLUDQL�VH�YR�WDEHODWD�I��1D�VOLNDWD��E�MDaLQDWD�QD�YHNWRURW�B
YR�NRMD�VH�QDR_D�aRYHNRYRWR�WHOR�YR�SR]LFLMD���SUHWVWDYHQD�H�VR�ERL��%HODWD�ERMD�H

]D���µT��FUQDWD�]D�PDNVLPDOQDWD�MDaLQD��D�VLWH�RVWDQDWL�YUHGQRVWL�VH�SUHWVWDYHQL�VR
NRPELQDFLMD�RG�RYLH�GYH�

a) b)

6OLND����.RRUGLQDWLWH�QD�PHUQLWH�WRaNL��D���L�YL]XHOQR�SUHWVWDYHQL�GRELHQLWH
MDaLQL�QD�YHNWRURW�B�YR�SRORCED�����E�

7DEHOD�I���3R]LFLMD���YR�NXMQDWD

PHUQL
WRaNL�I

PHUQL
WRaNL�II

PHUQL
WRaNL�III

PHUQL
WRaNL�IV

h Bx By Bx By Bx By Bx By

��cm ��� ���� ���� ���� ���� ��� ��� �

���cm ��� ���� ���� ���� ��� ���� ���� �

����cm ��� ��� ��� ���� ��� ���� ��� �

����cm ���� ��� ��� ���� ���� ���� ��� ����

h   − RGGDOHaHQRVW QD PHUQDWD WRaND RG SRGRW QD SURVWRULMDWD

B   −��NRPSRQHQWDWD�QD�MDaLQDWD�QD�YHNWRURW�QD�PDJQHWQDWD�LQGXNFLMD�YR�µT

�3RORCEDWD�QD�aRYHNRW�YR�SR]LFLMDWD���L�NRRUGLQDWLWH�QD�PHUQLWH�WRaNL�VH
GDGHQL�QD�VOLNDWD����'RELHQLWH�YUHGQRVWL�]D�NRPSRQHQWLWH�QD�YHNWRURW�B��L]UD]HQL
YR�µT��SUH]HQWLUDQL�VH�YR�WDEHODWD�II �

 II          40 cm          I

 IV                             III

 25 cm X

Z Y

aRYHN



6OLND����.RRUGLQDWLWH�QD�PHUQLWH�WRaNL�YR�SRORCED��

7DEHOD�II ���3R]LFLMD���YR�NXMQDWD

PHUQL
WRaNL�I

PHUQL
WRaNL�II

PHUQL
WRaNL�III

PHUQL
WRaNL�IV

h Bx= By Bx= By Bx= By Bx= By

��cm ��� ��� ��� ����

���cm ���� ���� ��� ���

���cm ��� ���� ���� ����

���cm ��� ��� ���� ���

���cm ��� ��� ��� ���

����cm ��� ��� ��� ����

����cm ���� ���� ��� ���

����cm ��� ��� ��� ���

����cm ��� ���� ��� ���

3RORCEDWD�QD�aRYHNRW�YR�SR]LFLMDWD���L�NRRUGLQDWLWH�QD�PHUQLWH�WRaNL�VH
GDGHQL�QD� VOLNDWD� ��� GRGHND� GRELHQLWH� YUHGQRVWL� ]D� NRPSRQHQWLWH�QD� YHNWRURW�B�
L]UD]HQL�YR�µT��SUH]HQWLUDQL�VH�YR�WDEHODWD�III �

6OLND����.RRUGLQDWLWH�QD�PHUQLWH
WRaNL�YR�SRORCED��

 II                               I

 IV                             III

 10 cm
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X

Z Y

                40 cm              6   cm
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7DEHOD�III ���3R]LFLMD���YR�NXMQDWD

PHUQL
WRaNL�I

PHUQL
WRaNL�II

PHUQL
WRaNL�III

PHUQL
WRaNL�IV

h Bx By Bx By Bx By Bx By

��cm ���� ��� ���� ���� ���� ��� ���� ����

���cm ���� ��� ��� ���� ���� ���� ��� ����

���cm ���� ���� ��� ���� ���� ���� ���� ���

���cm ���� ���� ���� ���� ���� ���� ��� ���

����cm ���� ���� ��� ��� ��� ��� ���� ����

����cm ���� ���� ���� ���� ���� ���� ���� ����

����cm � ���� ���� ��� ��� ���� ���� ����

����cm � ��� ���� ���� ���� ���� ���� ����

=D�VLWH�WUL�SR]LFLL�Z�NRPSRQHQWDWD�QD�YHNWRURUW�B�H�]DQHPDUOLYR�PDOD�
'HO�RG�PHUHZDWD�YR�NXMQDWD�VH�REMDYHQL�YR�WUXGRW�[3]�

�� 0(5(:$�1$�0$*1(71272�32/(�92�5$%271$�2.2/,1$

.DNR�SULPHUL�QD�UDERWQD�RNROLQD��RGEUDQL� VH� GYH� WUDIRVWDQLFL�L�UDaQRWR
HOHNWURODaQR�]DYDUXYDZH�

3.1 0HUHZD�YR�76�6NRSMH��

9R� SURVWRULMDWD� VR� ��� kV� UD]YRGQL� `HOLL� ]D� YNOXaXYDZH� L� LVNOXaXYDZH� QD
GDOQRYRGLWH� YR�76�6NRSMH� ��� YR� NRMD� YUDERWHQLWH� SRYUHPHQR� JL� NRQWUROLUDDW� LQ�
VWUXPHQWLWH�� L]PHUHQL� VH� SRYLVRNL� QLYRD� QD� MDaLQD� QD� YHNWRURW� B�� 0HUHZDWD� VH
YU^HQL� YR� OHWHQ� SHULRG� NRJD� RSWRYDUHQRVWD� QD� HQHUJHWVNLRW� VLVWHP� H� PDOD� YR
VSRUHGED�VR�]LPVNLRW�SHULRG�

0HUHQL�VH�NRPSRQHQWLWH�QD�YHNWRURW�B�YR�GYH�SR]LFLL�SUHG�UD]YRGQL�`HOLL
VR�UD]OLaQL�RSWRYDUXYDZD�−�����$�L�����$��>HPDWVNL�SULND]�QD�SR]LFLLWH���L���GD�
GHQ�H�QD�VOLNDWD����D�GRELHQLWH�UH]XOWDWL�YR�WDEHOLWH�IV �L�V��]D�����$��L�YR�VI �L�VII
�]D�����$��

6OLND����>HPD�QD�SR]LFLLWH���L���SUHG�
UD]YRGQLWH�`HOLL

���kV�UD]YRGQD
`HOLMD

SR]�� SR]��

10 cm 10 cm



7DEHOD�IV �����kV�UD]YRGQD�`HOLMD��SR]LFLMD��

h Bx By Bz B

��cm ���� ��� ���� ���

���cm ��� ��� ���� ���

���cm ��� ��� ��� �

����cm ��� ���� ���� ���

����cm ���� ��� ��� ���

����cm ��� ��� ��� ���

7DEHOD�V�����kV�UD]YRGQD�`HOLMD��SR]LFLMD��

h Bx By Bz B

��cm ��� ��� ��� ���

���cm ��� ��� ��� ���

���cm ��� ��� ��� ���

����cm ��� ��� ��� ���

����cm ��� ��� ��� ���

����cm ��� ��� ��� ���

7DEHOD�VI �����kV�UD]YRGQD�`HOLMD��SR]LFLMD��

h Bx By Bz B

��cm ���� ��� ���� ���

���cm ��� ��� ��� ���

���cm ��� ��� ��� �

����cm ��� ��� ��� ����

����cm ��� ���� ���� ����

����cm ��� ���� ��� ���

7DEHOD�VII �����kV�UD]YRGQD�`HOLMD��SR]LFLMD��

h Bx By Bz B

��cm ���� ��� ���� ���

���cm ��� ��� ��� ���

���cm ���� ��� ���� ���

����cm ��� ���� ���� ���

����cm ���� ��� ���� ���

����cm ���� ���� ��� ���



3.2 0HUHZH�SUL�HOHNWURODaQR�]DYDUXYDZH

.DNR� YWRUD� NDUDNWHULVWLaQD� UDERWQD� VUHGLQD� RGEUDQR� H� UDaQRWR� HOHNWUR�
ODaQR�]DYDUXYDZH��ELGHM`L�WRD�H�SURFHV�SUL�NRM�VH�SRMDYXYDDW�YLVRNL�QLYRD�QD�PDJ�
QHWQR� SROH� YR� RNROLQDWD�� 1D� VOLNDWD� �� H� GDGHQ� JRUQLRW� GHO� RG� aRYHN� NRM� YU^L
]DYDUXYDZH�VR�QDL]PHQLaQD�VWUXMD�VR�IUHNYHQFLMD����Hz�L�MDaLQD�����$��,]PHUHQLWH
MDaLQL�QD�PDJQHWQDWD�LQGXNFLMD�VH�YR�JUDQLFLWH�RG����µT�GR�����µT��1D�VOLNDWD��VR
ERL��QLMDQVL�RG�EHOR�GR�FUQR���SUHWVWDYHQL�VH�GRELHQLWH�MDaLQL�QD�YHNWRURW�QD�PDJ�
QHWQDWD�LQGXNFLMD�QD�SRYU^LQDWD�QD�WHORWR�QD�]DYDUXYDaRW��3UL�WRD�EHODWD�ERMD�H

]D�B=0 µT��D�FUQDWD�]D�PDNVLPDOQDWD�B=226 µT�

6OLND����-DaLQLWH�QD�YHNWRURW�B�SUL�HOHNWURODaQR�]DYDUXYDZH

=$./8A2.

,]YU^HQL�VH�SUHOLPLQDUQL�PHUHZD�QD� MDaLQDWD�QD�PDJQHWQDWD�LQGXNFLMD�YR
UD]OLaQL�CLYRWQL�L�UDERWQL�RNROLQL��=DNOXaRNRW�NRM�RG�QLY�PRCH�GD�VH�L]YHGH�H
GHND�QDMJROHPL�MDaLQL�QD�PDJQHWQDWD�LQGXNFLMD�VH�SRMDYXYDDW�SUL�]DYDUXYDZHWR��GR

����µT��,]PHUHQLWH� MDaLQL�QD�PDJQHWQDWD�LQGXNFLMD�L�YR�SURVWRULMDWD�VR�UD]YRGQL
`HOLL� YR� 76� 6NRSMH� �� VH� VR� ]QDWHQ� LQWHQ]LWHW�� GRVWLJQXYDDW� GR� �� µT�� 9R� GYDWD
VOXaDMD� WLSLaQDWD� L]ORCHQRVWD� QD� aRYHNRYLRW� RUJDQL]DP� QD� YLVRNR� QLYR� QD� PDJ�
QHWQD�LQGXNFLMD� QH� H� SRGROJD� RG� HGHQ�aDV��9R�SURVWRULMDWD� VR� UD]YRGQL�`HOLL� WDD
PRCH�GD�H�SRPDOD�L�RG�SRORYLQD�aDV�

0RCH�GD�VH�VOXaL�SUHVWRMRW�YR�NXMQD�SRG�RNROQRVWL�LVWL�NDNR�UD]JOHGXYDQLWH�
GD�ELGH�SRGROJ�RG� HGHQ�aDV��'RELHQLWH�YUHGQRVWL�QD� MDaLQDWD�QD� YHNWRURW�QD�PDJ�

QHWQDWD�LQGXNFLMD�VH�]QDWQL��QR�QH�SRJROHPL�RG���µT�
,]YU^HQLWH�PHUHZD�VH�SUHOLPDUHQ�GHO�RG�SODQLUDQLWH�SRGHWDOQL�PHUHZD�YR

RNYLU�QD�QDXaQRLVWUDCXYDaNLWH�SURHNWL�RG�RYDD�REODVW�QD�(OHNWURWHKQLaNRW�ID�
NXOWHW� YR�6NRSMH��3ODQLUDQL� VH� SRYH`H� PHUHZD� SRG� UD]OLaQL� XVORYL� L� YR� SRGROJ
YUHPHQVNL�SHULRG�YR�VHNRMD�RG�UD]JOHGXYDQLWH�VUHGLQL��9R�LVWUDCXYDZHWR�WUHED�GD
VH� YNOXaDW� L� GUXJL� RNROLQL� VHP� QDYHGHQLWH�� NDNR� QD� SULPHU�� LQGLYLGXDOQL� NX`L�
SURVWRULL�QD�UD]OLaQL�NDWRYL�YR�SRYH`HNDWQLFD��VSDOQD�VRED��GQHYQD�VRED��UDERWQL
SURVWRULL�VR�SRYH`H�NRPSMXWHUVNL�WHUPLQDOL�L�VO�

6R�FHO�GD�VH�SURFHQL�UL]LNRW�SR�]GUDYMH�QD�YUDERWHQLWH�YR�NRPDQGQLWH�SURV�
WRULL�QD�WUDIRVWDQLFLWH�QHRSKRGQR�H�GD�VH�L]YU^DW�GHWDOQL�PHUHZD�QD�QLYRWR�QD
PDJQHWQRWR�]UDaHZH�QD�NRH��WLH�VHNRMGQHYQR�VH�L]ORCHQL�
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9R� WUXGRW� VH� SRWHQFLUD� VQLPDZHWR� QD� SUHRGQL� UHCLPL� SUL� NRPXWLUDZH� QD
HOHNWULaQLWH� WRYDUL� LOL� SUL� VSRQWDQL� UHDJLUDZD� QD� UHOHMQDWD� ]D^WLWD�� NDNR� L
VQLPDZH� QD� QDSRQVNLWH� MDPL�� NDNR� QDaLQ� ]D� RFHQND� QD� NYDOLWHWRW� QD� HOHNWULaQDWD
HQHUJLMD�� 'DGHQL� VH� SULPHUL� QD� WDNYL� VQLPHQL� SRMDYL� YR� VUHGQRQDSRQVNDWD
HOHNWURGLVWULEXWLYQD�PUHCD�QD�JUDG�6NRSMH�

NOXaQL�]ERURYL��SUHRGQL�SURFHVL��NYDOLWHW�QD�HOHNWULaQDWD�HQHUJLMD

SUMMARY

The recording of transient phenomena at commutation of electric loads or at spontaneous
relay trigering and also the voltage sags as means of evaluating the power quality is stressed. Some
examples of recorded transient phenomena in the middle voltage network in Skopje city is presented

key words: transient phenomena, power quality
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6LVWHPRW�]D�VQDEGXYDZH�VR�HOHNWULaQD�HQHUJLMD�H�GLQDPLaHQ�VLVWHP�YR�NRM�aHVWR
VH�VOXaXYDDW�UD]QL�SURPHQL��1HNRL�RG�WLH�SURPHQL�VH�VYHVQR�QDSUDYHQL�RG�VXEMHNWLWH
NRL�JR�XSUDYXYDDW�VLVWHPRW��QDSULPHU�RSHUDFLLWH�QD�NRPXWLUDZH�VR�FHO�GD�VH�SURPHQL
YNORSQDWD� VRVWRMED� QD� PUHCDWD� L� SRWUR^XYDaLWH�� D� QHNRL� QDVWDQXYDDW� VSRQWDQR
QH]DYLVQR�RG�aRYHNRW��L�RELaQR�LPDDW�KDYDULVNL�NDUDNWHU��QDVWDQRN�QD�JUH^ND���2QRM
NRM� JR� SRJRQXYD� HQHUJHWVNLRW� VLVWHP� L� RQRM� NRM� JR� NRULVWL� LPDDW� SRWUHED� ]D� ^WR
SRJROHPL�VR]QDQLMD�]D�VLWH�SURPHQL�NRL�QDVWDQXYDDW�YR�QHJR� [4],[5].

0QRJX�RG�VR]QDQLMDWD�]D�((6�VH�GRELYDDW�SUHNX�YJUDGHQDWD�UHOHMQD�]D^WLWD��QR
L� SUHNX� DQDORJQL� L� GLJLWDOQL� VLPXODFLL� L� PRGHOL�� 6HSDN�� PHUHZHWR� QD� RYLH� SRMDYL
QLNDNR�QH�JXEL�RG�]QDaHQLH��WXNX�QDSURWLY��SUHNX�PHUHZH�VH�GRELYDDW�SRGDWRFL�NRL�VH
QMDEOLVNX�GR�UHDOQRVWD

0HUHZHWR� QD� SUHRGQLWH� SRMDYL� GRVHJD� EH^H� NRPSOLFLUDQR� L� VNDSR�� ELGHM`L
EDUD^H� RSUHPD� L� VWUXaHQ� NDGDU� L� GUXJL� XVORYL�� 6R� SRMDYDWD� QD� PLNURSUHRFHVRUVNL
ED]LUDQLWH�PHUQL�VLVWHPL�VR�A/D�SUHWYRUDZH�NRL�VH�VH�SRHYWLQL��VRVWRMEDWD�VH�PHQXYD
YR�NRULVW�QD�PHUHZDWD�

)UHNYHQWQRWR� SRGUDaMH� QD� SUHRGQLWH� SRMDYL� H� UD]OLaQR� L� RSID`D� SRMYL� VR
GLQDPLND� RG� QHNRONX� NLORKHUFL�� SD� VH� GR� PHJDKHUFL�� 2YGH� SRVPDWUDPH� SRMDYL� VR
SRQLVNR� IUHNYHQWQR� SRGUDaMH�� VYRMVWYHQL� ]D� NXVLWH� YUVNL�� NRPXWDFLLWH�� QDSRQVNLWH
MDPL�L�QDSRQVNL�ULGRYL�L�GR]HPQL�YUVNL�

6R]QDQLMDWD� ]D�RYLH�SRMDYL� VH� YDCQL� ]D�RFHQND�QD�NYDOLWHWRW�QD�HOHNWULaQDWD
HQHUJLMD�[1].��1DSULPHU��ELWQR�H�GD�VH�XWYUGDW�SRGDWRFL�]D�]DaHVWHQRVWD�L�WUDHZHWR�QD
SUHNLQLWH� YR� QDSRMXYDZHWR� LOL� QDGVWUXLWH� NRL� VH� MDYXYDDW� SUL� YNOXaXYDZHWR� QD
QDSRMQLWH� L]YRGL� LOL� SUL� NXVL� YUVNL�� SRMDYDWD� QD� QDSRQVNL� MDPL� SUL� VWDUWXYDZH� QD
VLOQL�SRWUR^XYDaL��QDSULPHU�PRWRUL���QDSRQVNL�MDPL�NRL�VH�MDYXYDDW�SUL�NXVL�YUVNL�
VWUXL� L� QDSRQVNL� ULGRYL� SUL� GR]HPQL� YUVNL�� SUHQDSRQL� SUL� LVNOXaXYDZH� QD
LQGXNWLYLWHWL�LOL� YNOXaXYDZH�QD� NDSDFLWHWL� L� GUXJR� [2].� 6R]QDQLMDWD� ]D� QDGVWUXLWH
PRCH�GD�VH�LVNRULVWDW�]D�RSWLPDOQR�UHJXOLUDZH�QD�QDGVWUXMQDWD�]D^WLWD�L�VOLaQR��%L
PRCHOR� GD� VH� DUELWULUD� L� YR� VOXaDM� QD� VSRU� PH_X� LVSRUDaDWHORW� L� NRULVQLNRW� QD
HOHNWULaQD�HQHUJLMD��,�LVSRUDaDWHORW�QD�HOHNWULaDQD�HQHUJLMD�L�NRULVQLNRW�PRCH�GD
VH�PRWLYLUDQL�GD�VSURYHGDW�YDNYL�PHUHZD�VR�FHO�GD�JR�XWYUGDW�QLYRWR�QD�NYDOLWHW�QD
HOHNWULaQDWD�HQHUJLMD�NRMD�MD�LVSRUDaXYDDW�RGQRGQR�MD�NRULVWDW�

1D�(7)� YR�6NRSMH� SRVWRL� PHUHQ� VLVWHP� L� HNLSD� NRMD� PRCH� GD� VSURYHGH� YDNYL
PHUHZD [2], [3].

2YGH�SRVHEQR�`H�VH�RVYUQHPH�QD�SRLPRW��QDSRQVNL�MDPL"��QD�DQJOLVNL��voltage sag
LOL� voltage dip�� NRL� VH� YDCHQ� SDUDPHWDU� QD� NYDOLWHWRW� QD� HOHNWULaQDWD� HQHUJLMD� [4].
7LH�SUHVWDYXYDDW�NXVRWUDMQL�QDPDOXYDZD�QD�HIHNWLYQDWD�YUHGQRVW�QD�QDSRQRW�NRH�WUDH
RG����PLOLVHNXQGL������SHULRGD�QD�QDSRQRW�RG�50 Hz��SD�GR���VHNXQGL��,]QRVRW�QD�WRD
QDPDOXYDZHWR�VH�GYLCL�RG����GR�������LOL�QDSRQRW�RSD_D�RG�����GR�����RG�QRPLQDOQDWD
YUHGQRVW��� 6SRUHG� WRD� QLY� JL� LPD� PQRJX� UD]QRYUVQL� L� QLYQR� QDMGREUR� RFHQXYDZH� YR
HGQD� WRaND� QD� VLVWHPRW� H� SUHNX� VWDWLVWLaND� REUDERWND� L� PQRJX� PHUQL� SRGDWRFL�
1DSRQVNLWH� MDPL� QDVWDQXYDDW� SUL� NXVL� YUVNL� NRL� WUDDW� NUDWNR� YUHPH�� QDSULPHU� VH



�

OLNYLGLUDDW� SUHNX� DYWRPDWVNR� SRYWRUQR� YNOXaXYDZH�� LOL� QDVWDQXYDDW� NDNR
SULYUHPHQL� NXVL� YUVNL� NRL� VDPL� VH� OLNYLGLUDDW�� 7LH� SR� SUDYLOR� QH� QDVWDQXYDDW� QD
L]YRGRW� L� WRaNDWD� NDGH� VH� PHUL�� WXNX� QD� RGGDOHaHQ� MD]RO� YR� PUHCDWD�� 9DCQRVWD� QD
QDSRQVNLWH� MDPL� SURL]OHJXYD� RG� SRJROHPRWR� SULVXVWYR� QD� VSHFLMDOQL� L� RVHWOLYL
SRWUR^XYDaL� NDNR�^WR� VH� SUHWYRUXYDaLWH� RG� HQHUJHWVNDWD� HOHNWURQLND� �XSUDYXYDQL
HOHNWURPRWRUQL� SRJRQL��� SRWUR^XYDaL� NRQWROLUDQL� RG� PLNURSURFHVRUL�
WHOHNRPXQLNDFLRQL� XUHGL�� NRPMXWHUVNL� VLVWHPL� L� GUXJL� VLVWHPL� ED]LUDQL� QD
PLNURSURFHVRUL��9DNYL�SRWUR^XYDaL�LPD�L�YR�LQGXVWULMDWD�L�YR�XSUDYDWD�L�YR�EDQNLWH
L� EL]QLV� FHQWULWH�� QR� L� YR� VRYUHPHQRWR� GRPD`LQVWYR�� 'RVHJD^QLWH� LVWUDCXYDZD
GRYHOH�GR�HGQD�NULYD�GRELHQD�SR�HPSLULVNL�SDW�L�NRMD�H�SUHVWDYHQD�QD�VO���L�SUH]HPHQD
H� RG� OLWHUDWXUDWD�� 7DD� H� WDNDQDUHaHQD� CBEMA� � NULYD� NRMD� VOXCL� ]D� RFHQND� QD
QDSRQVNLWH�MDPL�

VO����.ULYD�CBEMA ��]D�RFHQND�QD�QDSRQVNLWH�MDPL

$NR�QDSRQVNDWD� MDPD�LPD� WUDHZH�L� L]QRV� WDNRY�^WR� GDYD� WRaND� SRG� GROQDWD� LOL� QDG
JRUQDWD�OLQLMD�YR�VOLNDWD����WRJD^�WDNYDWD�MDPD��H�RSDVQD�]D�RVHWOLY�SRWUR^XYDa�

��� 23,6�1$�0(51,27�6,67(0

0HUQLRW� VLVWHP�H�RSL^DQ�YR� [2], [3].� �7RM� H� ]DVQRYDQ�QD� SHUVRQDOHQ�NRPSMXWHU�
VO����L�YR�VRVWRMED�H�GD��PHUL�QHNRONX�VYRMVWYD�QD�NYDOLWHWRW�QD�HOHNWULaQDWD�HQHUJLMD�
1HNRL� VYRMVWYD� VH� PHUDW� LVWRYUHPHQR�� D� QHNRL� VDPRVWRMQR�� 2YGH� QH� LQWHUHVLUD� VDPR
UHCLPRW�QD�PHUHZH��WUDQ]LHQWHQ�UHNRUGHU��NRM� VH� VSURYHGXYD�NDNR� VDPRVWRHQ�PHUHQ
UHCLP�
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VO����%ORN�^HPD�QD�PHUQLRW�VLVWHP

0HUQLWH�VLJQDOL�GRD_DDW�QD���PHUQL�YOH]RYL��NDQDOL��RG�NRL�WUL�VH�VWUXMQL�D�WUL
QDSRQVNL�� 3RVOH� YOH]QLWH� NROD� NRL� YU^DW� JDOYDQVNR� RGYRMXYDZH�� SULODJRGXYDZH� QD
VLJQDOLWH�� VOHGXYD� A/D� SUHWYRUDZH�� 9RRELaDHQ� QDaLQ� QD� ]DID`DZH� QD� VLJQDOLWH� H
SUHNX�YJUDGHQLWH�PHUQL�WUDQVIRUPDWRUL��QDSRQVNL�L�VWUXMQL��QR�DNR�QDSRQRW�H�QL]RN�
PRCQR� H� L� GLUHNWQR� ]DID`DZH� LOL� SDN� SUHNX� SRJRGHQ� GHOLWHO� �]D� QDSRQVNLWH�� LOL
SUHNX�VWUXMQL�NOH^WL��]D�VWUXMQLWH��VLJQDOL�

5D]GHOXYDZHWR� QD� A/D� SUHWYRUXYDZHWR� H� ��� ELWQR�� ^WR� GDYD� YLVRND� WRaQRVW� QD
PHUHZHWR�� %U]LQDWD� QD� ]HPDZH� QD� SULPHURFL� H� 6,4 kHz� � ^WR� H� GRYROQR� ]D� VLWH
QLVNRIUHNYHQWQL�SUHRGQL�SRMDYL�NDNR�^WR�VH�NRPXWDFLLWH��QR�QH�H�GRYROQR�QD�SULPHU
]D�SUHQDSRQL�SUHGL]YLNDQL�VR�XGDU�QD�PROZD��

7ULJLUDZHWR� �RWSX^WDZHWR�� H� PRCQR� QD� VLWH� QDSRQVNL� L� VWUXMQL� YOH]RYL�
6WUXMQLRW�WULJHU�H�L]YHGHQ�NDR�QDGVWUXHQ��7RD�]QDaL�GHND�GHOXYD�NRJD�VWUXMDWD�QDGPLQH
HGQD�]DGDGHQD�QD�SRaHWRNRW�YUHGQRVW�L]UD]HQD�YR�SURFHQWL�YR�RGQRV�QD�QRPLQDOQLRW
VWUXHQ� YOH]��1DSRQVNLRW� WULJHU� � H� L]YHGHQ� L� NDNR� SRGQDSRQVNL� L� NDNR� QDGQDSRQVNL�
9VX^QRVW�QDSRQVNLRW�WULJHU�LVSLWXYD�GDOL�QDSRQRW�QD�YOH]RW��VH�UD]OLNXYD�]D��������
YR� RGQRV� QD� HGQD� ]DGDGHQD� YUHGQRVW�� =DGDGHQDWD� YUHGQRVW� VH� GDYD� YR� SURFHQWL� RG
QRPLQDOQLRW� QDSRQVNL� YOH]�� SUHG� VDPRWR� PHUHZH�� YR� SURFHVRW� QD� NRQILJXULUDZH� L
VSUHPDZH� QD� LQVWUXPHQWRW� ]D� PHUHZH�� $NR� VDNDPH� GD� SURUDERWL� VDPR� QDGVWUXMQLRW
WULJHU�L� VQLPDPH� VDPR�QDGVWUXL�� WUHED�QDSRQVNLRW�WULJHU�GD� JR� SRVWDYLPH�QD� QHNRMD
QHUHDOQR�YLVRND�YUHGQRVW��QDSU��������$NR�VDNDPH�SDN�GD�SURUDERWL�VDPR�QDSRQVNLRW
WULJHU�� VWUXMQLRW� JR� SRVWDYXYDPH� QD� SULPHU� QD� QHNRMD� PQRJX� YLVRND� YUHGQRVW�
,QVWUXPHQWRW�PRCH�GD�VQLPL�SUHRGQD�SRMDYD�NRMD�WUDH���VHNXQGL��RG�NRL�HGQD�VHNXQGD
PRCH� GD� VH� ]DGDGH� NDNR� SUHGKRGQD� LVWRULMD� QD� SRMDYDWD�� 2WNDNR� LQVWUXPHQWRW� VH
SULNOXaL�� WRM� SRVWRMDQR� JL� VQLPD� VLWH� YOH]RYL� YR� LVW� GHO� QD� PHPRULMDWD� VHNRL� �
VHNXQGL��QR�VDPR�DNR�QDVWDQH�WULJLUDZH��SRMDYDWD�WUDMQR�VH�]DSDPWXYD�YR�QDGYRUH^QDWD
PHPRULMD� �GLVNRW��� 0HUHZHWR� WUDH� RGQDSUHG� SURJUDPLUDQ� EURM� SRMDYL�� ]DYLVQR� RG
SURFHQNDWD� L� UDVSRORCLYDWD� PHPRULMD�� 6H� UD]ELUD�� UDERWDWD� QD� LQVWUXPHQWRW� VH
XSUDYXYD�RG�VSHFLMDOHQ�VRIWYHU��NRM�SRWRD�VH�NRULVWL�L�]D�SUH]HQWDFLMD�QD�VQLPHQLWH
SRMDYL�
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���23,6�1$�0(5(:$7$

0HUHZDWD�VH�VSURYHGHQL�QD�10 kV�QLYR�YR�76���������9DVLO�*ODYLQRY��YR�6NRSMH
QD� L]YRGRW� EU���� 7RM� L]YRG� JL� QDSRMXYD� VHODWD� NRQ� 6NRSVND� &UQD� *RUD� L� GRVWD� H
RSWRYDUHQ�� RVREHQR� ]LPQR� YUHPH� �GHNHPYUL�� NRJD� VH� REDYL� PHUHZHWR�� =DWRD�� VH
RaNXYD^H�GD�QDVWDQXYDDW�LVNOXaXYDZH�]DUDGL�UD]QL�SULaLQL��QDSULPHU��GR]HPQR�YUVNL�
GR]HPQL� YUVNL� SURSUDWHQL� VR� NXVL� YUVNL�� QDSRQVNL� MDPL�� ,� QDYLVWLQD�� ]D� YUHPH� QD
SUYRWR�GYRGQHYQR�PHUHZH�RG����GR����GHNHPYUL��UHJLVWULUDYPH���SUHRGQL�SRMDYL��RG�NRL
��YNOXaXYDZD�QD�L]YRGRW�SRG�QDSRQ�L���YNOXaXYDZD�VR�LVWRYUHPHQD�GR]HPQD�YUVND��9R��
GQHYQRWR� PHUHZH� RG� ��� GR� ��� GHNHPYUL�� UHJLVWULUDQL� VH� SDN� �� SRMDYL�� RG� NRL� �� VH
YNOXaXYDZD�QD�L]YRGRW��D���VH�QDSRQVNL�MDPL�
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6O�����,]JOHG�QD�WULWH�QDSRQL�SUL�SUHRGHQ�SURFHV�SUL�NRM�QDVWDQDOR�QDPDOXYDZH�QD
GYDWD�QDSRQL�L�QDJROHPXYDZH�QD�WUHWLRW��(GLQLFL���QD�DSVFLVDWD�VHNXQGL��QD

RUGLQDWDWD���YROWL���1DMYHURMDWQR�VH�UDERWL�]D�YNOXaXYDZH�VR�SRVOHGRYDWHOQD�NXVD
YUVND�L�GR]HPHQ�VSRM��
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6O����7HN�QD�WULWH�VWUXL�YR�WULWH�ID]L�SUL�SUHRGQLRW�SURFHV�RG�VOLNDWD����(GLQLFL���
QD�DSVFLVDWD���VHNXQGL��QD�RUGLQDWDWD���DPSHUL�
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6O����9WRU�VOLaHQ�SUHRGHQ�SURFHV�NDNR�RQRM�SUHVWDYHQ�QD�VOLNDWD���
QDVWDQDW�QD�LVWLRW�L]YRG��(GLQLFL��QD�DSVFLVDWD�VHNXQGL��QD�RUGLQDWDWD�YROWL�

6O����'YH�UD]OLaQL�QDSRQVNL�MDPL�QDVWDQDWL�QD�10 kV�VRELUQLFL
YR76�9DVLO�*ODYLQRY�YR�GHN�����J��(GLQLFL��QD�DSVFLVDWD���VHNXQGL��QD�RUGLQDWDWD��

YROWL�
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6O����7HN�QD�VWUXLWH�YR�VOXaDL�QD�YNOXaXYDZH�QD�L]YRGRW�EU��
YR�76�9DVLO�*ODYLQRY�YR�6NRSMH�(GLQLFL��QD�DSVFLVDWD���VHNXQGL��QD�RUGLQDWDWD��

DPSHUL�
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��� =$./8A2.

0HUHZDWD� QD� SUHRGQLWH� SURFHVL� YR� ((6� PRCH� GD� ELGDW� PQRJX� NRULVQL� ]D
GRELYDZH� QD� VR]QDQLMD� YR� SURFHVLWH� YR� LVWLRW�� 2VREHQR�� DNR� LVWLWH� VH� SRYU]DW� VR
QDVWDQLWH�NRL�]D�NRL�LPDPH�VR]QDQLMD�RG�GUXJL�L]YRUL�

=D�RYDD�FHO�SRWUHEQL�QL�VH�VSHFLILaQL�LQVWUXPHQWL���WUDQ]LHQWQL�UHNRUGHUL�
NRL� YR� GHQH^QL� XVORYL� VH� JUDGDW� ED]LUDQL� QD� PLNURSURFHVRUL� L� A/D� SUHWYRUXYDZH�
3DGRW� QD� FHQLWH� QD� RYDD� WHKQLND� RYR]PRCXYD� YDNYLWH� LQVWUXPHQWL� GD� ELGDW� VH
SRULVXWQL�

=D� SRGHWDOQL� VWXGLL� QD� NYDOLWHWRW� QD� HOHNWULaQDWD� HQHUJLMD� � YR� UD]YLHQLWH
]HPML� VH� NRULVWDW� VSHFLMDOQL� L]YHGEL� QD� YDNYL� LQVWUXPHQWL� NRL� VH� SRVWDYXYDDW
VWDFLRQDUQR� QD� PQRJX� PHVWD� LVWRYUHPHQR� YR� ((6�� 1LYQRWR� RaLWXYDZH� VH� YU^L
DYWRPDWVNL�� SUHNX� PRGHPL� YR� HGHQ� FHQWUDOHQ� NRPSMXWHU�� NRMD� SUDYL� L� VWDWLVWLaND
REUDERWND�QD�QDVWDQLWH��EH]�NRH�QH�PRCH�GD�VH�GDGH�LVFUSQD�RFHQND�QD�NYDOLWHWRW�QD
HOHNWULaQDWD�HQHUJLMD�

6R�NRULVWHZH�QD�VDPR�HGHQ�PHUHQ�VLVWHP�NDNR�YR�RSL^DQLRW�WUXG��PRCQR�H�GD�VH
VSURYHGDW�VDPR��RFHQNL�QD�VOXaDL��(case study)  YR�QHNRL�WRaNL�QD�HQHUJHWVNLRW�VLVWHP
L� LVWRYUHPHQR� VDPR� QHNRL� SDUDPHWUL� QD� NYDOLWHWRW� QD� HOHNWULaQWD� HQHUJLMD�� L� WRD
ELOR�NDM�LVSRUDaDWHORW��LOL�]D�QHJRYD�LQIRUPDFLMD��LOL�NDM�NRULVQLNRW�QD�HOHNWULaQD
HQHUJLMD�� L� ]D� QHJRYD� VPHWND�� 3UYLRW� VXEMHNW� RELaQR� H� ]DLQWHUHVLUDQ� GD� MD� XWYUGL
IDNWLaNDWD� VRVWRMED� QD� NYDOLWHWRW� QD� HOHNWULaQDWD� HQHUJLMD� NRMD� MD� LVSRUDaXYD�� D
YWRULRW��GD�XWYUGL�NRONDYL�PX�VH�^WHWLWH�]DUDGL�QHGRYROQLRW�NYDOLWHW�L�NRONX�WRD�JR
aLQL�� VR� FHO� HYHQWXDOQR� GHO� RG� WLH� VUHGVWYD� GD� YORCL� YR� PHUNL� ]D� SRGREUXYDZH� QD
LVWLRW��GRNRONX�LPD�PHWRGL�L�PRCQRVWL�WRD�GD�JR�QDSUDYL�

/,7(5$785$

[1]� 1LNRORVNL� 4�� 5DIDMORYVNL� *�� 0DOLQRYVNL� 9��� �.YDOLWHW� QD� HOHNWULaQDWD
HQHUJLMD�RVQRYQL�SRLPL���(QHUJHWLND�EU�����6NRSMH������
[2] 5DIDMORYVNL� *��� 1LNRORVNL� 4��� 0DOLQRYVNL� 9��� �.YDOLWHW� � QD� HOHNWULaQDWD
HQHUJLMD��PHUQL�VLVWHPL�L�RSUHPD���(QHUJHWLND�EU�����6NRSMH������
[3]Nikoloski L. Rafajlovski G. Voltage Quality-First experiences in Republic of Macedonia, 2nd
International  Conference on Electrical Equipement, Diagnosis, Electrical Energy Quality, Pula, Sept.
1997, Croatia.
[4] Katic V., Voltage Sags as Power Quality Parameter�� 9WRU� VHPLQDU� ]D� NYDOLWHW� QD
HOHNWULaQDWD�HQHUJLMD��(7)�6NRSMH��2NWRPYUL�����J�
[5] Sabin D. Sundaram A., Quality Enchances Reliability, IEEE Spectrum, Vol 33, No.2, pp 34-41,
Feb. 1996.
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/ZEPMXIXSX� RE� IPIOXVMbREXE� IRIVKMNE� ZS� HIRI_RM� YWPSZM� I� � ZS� JSOYWSX� RE
MRXIVIWSX� OEOS� OEN� TVSM^ZSHMXIPMXI�� XEOE� M� OEN� OSVMWRMGMXI� RE� IPIOXVMbREXE
IRIVKMNE���3ZSN�TSMQ�I�QRSKYWXVER�M�XI_OS�I�HE�WI�SGIREX��WMXI�EWTIOXM��REIHRE_��3ZSN
XVYH� WI� OSRGIRXVMVE� TVIH� W�� RE� M^SFPMbYZE[IXM� RE� RETSRSX� OEOS� KPEZIR� EWTIOX� RE
OZEPMXIXSX�RE�RETSRSX��-WXS�XEOE��STM_ERM�WI�M�QSDRSWXMXI�^E�QIVI[I�RE�RETSRWOMXI
TVSTEHM�
2E�9RMZIV^MXIXSX� �7Z��/MVMP� M�1IXSHMN�� ZS� XIO� I� REYbRS�MWXVEDYZEbOM� TVSIOX� ^E
SGIROE� RE� OZEPMXIXSX� RE� IPIOXVMbREXE� IRIVKMNE� ZS� 6ITYFPMOE� 1EOIHSRMNE�� 3ZHI
HEZEQI� OYW� SWZVX� RE� QIVREXE� WXVEXIKMNE� M� QIXSHSPSKMNE� ^E� IRIVKIXWOEXE� QVIDE� ZS
1EOIHSRMEN���8MI�QIVI[E�MQEEX�OEVEOXIV�RE��WXYHMNE�RE�WPYbEN���3TM_ER�I�M�QIVRMSX
WMWXIQ� M� VI^YPXEXMXI� SH� HSPKSXVENRMXI� QIVI[E� RE� ZM_MXI� LEVQSRMGM� WTVSZIHIRM
KPEZRS� ZS� WVIHRSRETSRWOEXE� IPIOXVSHMWXVMFYXMZRE� QVIDE� ZS� 7OSTNI�� 1IVRMXI
TIVMSHM�SFMbRS� � XVEEX� �TS��� HIRE�� E� WI� SFEZYZEEX� ZS� VE^PMbRM�PSOEGMM��(EHIRM� WI� M
TVMQIVM�RE�QIVRMXI�VI^YPXEXM�

OPYbRM�^FSVSZM��ZM_M�LEVQSRMGM��HMWXVMFYXMZRE�QVIDE



ABSTRACT

Power quality nowadays is growing concern both in utility and consumers. It has many aspects, and
it is difficult to evaluate them all at the same time. This paper focuses itself mainly on the voltage
distortion measurement as a main aspect of voltage quality. Possibility of voltage sags and flicker
measurement is also given.

At the University “Sts Cyril and Mertodij” Skopje, Macedonia, a research program for assessing
the voltage quality in power system has been started. A short description of measurement strategy
and methodology for the power network at Power Company of Macedonia (ESM) is presented. They
are carried out as a case studies. In this paper the measuring system is described and the results of
long term harmonic measurement conducted mainly in the middle voltage network of ESM.
Measurement sessions lasted 7 days and were carried out at different locations. Some measurement
results and discussions are given at the end.

key words: high harmonics, distribution network
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:S� TSWPIHRMXI� HIOEHM� RMZSMXI� RE� LEVQSRMGMXI� HSWXE� WI� REKSPIQIRM� ^EVEHM
TVMWYWXZSXS� RE� TVIXZSVYZEbMXI� RE� IRIVKIXWOEXE� IPIOXVSRMOE� M� HVYKMXI� RIPMRIEVRM
XSZEVM��7I�SbIOYZE�HIOE�SZSN�XVIRH�aI�TVSHSPDM�MPM�aI�WI�^EFV^E�ZS�REVIHRMSX�TIVMSH�
4S^REXS�I�HIOE�ZM_MXI�LEVQSRMGM�TVIHM^ZMOYZEEX�QRSKY�RIKEXMZRM�IJIOXM�[1].

>EXSE�� ZM_MXI� LEVQSRMGM� WXEREE� OSRWXERXRE� KVMDE� ^E� � WTIGMNEPMWXMXI� ^E
IRIVKIXMOE�� 1RSKY� HVDEZM� TSWXEZMNE� KVERMbRM� ZVIHRSWXM� ^E� LEVQSRMGMXI� M� RE� XSN
REbMR� REWXSNYZENaM� HE� KS� WTVIbEX� REXEQS_RSXS� REVY_YZE[I� RE� OZEPMXIXSX� RE
RETSNRMSX� RETSR��-WXS� XEOE�� TSWXSNERS� WI� JMRERWMVEEX� M� WXYHMM� ^E� MWXVEDYZE[I� RE
OZEPMXIXSX�RE�IPIOXVMbREXE�IRIVKMNE��4VMXSE�RE�QIVI[IXS�RE�ZM_MXI�LEVQSRMGM�QY
WI�TSWZIXYZE�TSWIFRS�ZRMQERMI�

>EbIWXIRSWXE�TEO�RE�RETSRWOMXI�NEQM��OEOS�HVYK�ZEDIR�EWTIOX�RE�OZEPMXIXSX�RE
IPIOXVMbRMSX� RETSR�� ^EZMWM� TVIH� W�� SH� ST_XEXE� XILRMbOE� WSWXSNFE� RE
IPIOXVSIRIVKIXWOMSX�WMWXXIQ��>E�HE�WI�MWXVEDYZE�SZSN�EWTIOX�TSXVIFRM�WI�KSPIQ�FVSN
RE�QIVRM�MRWXVYQIRXM�M�JMRERWMWOM�WVIHWXZE�

:S� ^IQNMXI� RE� XEOEREVIbIRMSX� �XVER^MGMSRIR� TIVMSH�� �MWXSbRE� )ZVSTE
�
SbMKPIHRS�WI�REQEPM�MRHYWXVMWOSXS�TVSM^ZSHWXZS�M�RIOSM�EWTIOXM�RE�OZEPMXIXXSX�RE
IPIOXVMbREXE�IRIVKMNE�OEOS�HE� WI�TSHSFVYZEEX� WEQM�SH� WIFI��2S� WITEO��TSXVIFRS�I�M
XEQY� HE� WI� MWXVEDYZE� TVSFPIQSX� RE� OZEPMXIXSX� RE� IPIOXVMbREXE� IRIVKMNE�� SH� IHRE
WXVERE�^EXSE�_XS�XSN�HSWIKE�RI�FI_I�QRSKY�MWXVEDYZER��E�SH�HVYKE�WXVERE�WI�SbIOYZE�ZS
FPMWOE�MHRMRE�M�XEQY�MRHYWXVMWOSXS�TVSM^ZSHWXZS�HE�^ENEORI��%�WXETOEXE�RE�TSVEWX�RE
FVSNSX� RE� RIPMRIEVRM� TSXVS_YZEbM� WS� QEPE� QSaRSWX� SH� XEOE� REVIbIREXE



TSXVS_YZEbOE� IPIOXVSRMOE�� FV^S� VEWXI� M� ZS� SZMI� ^IQNM� 8EOZM� WI� EYHMS�ZM^YIPRMXI
ETEVEXM��TIVWSREPRMXI�OSQTNYXIVM�M�HVYKS�

� 2IKEXMZRMXI� IJIOXM� RE� RIHSWXEXRMSX� OZEPMXIX� RE� IPIOXVMbREXE� IRIVKMNE� RE
QSQIRXM�WI�TSOEDYZEEX�M�ZS�)PIOXVSWXSTERWXZSXS�RE�1EOIHSRMNE��4SRIOSKE_��^EVEHM
RIHSZSPRM�WS^RERMNE��TSWPIHMGMXI�WI�TVMTM_YZEEX�RE�HVYKM�TVMbMRM��RE�TVMQIV�WPEFE
M^SPEGMNE��-WXVEDYZEbOMSX�TVSIOX�OSN�WI�VEFSXM�WIKE��^E�TVZTEX�ZS�1EOIHSRMNE�aI�WI
TS^EFEZM� WS� QIVI[E� M� EREPM^E� RE� RIOSM� EWTIOXM� RE� OZEPMXIXSX� RE� IPIOXVMbREXE
IRIVKMNE�

�� 40%2� 2%� 6%&38%� 2%� -786%$9:%;%8%� 2%� /:%0-8)838� 2%
)0)/86-B2%8%�)2)6+-.%

1IVI[EXE� M� MWXVEDYZE[EXE� TS� KSVI� REZIHMSX� MWXVEDYZEbOM� TVSIOX� aI� WI
SFEZYZEEX� OEOS� WXYHMM� RE� WPYbEM� �case study
� OSM� WI� WTVSZIHYZEEX� RE� VE^RM� QIWXE� ZS
)PIOXVSIRIVKIXWOMSX�WMWXIQ��:S�HMWXVMFYXMZRMSX�WMWXIQ�XMI�QIWXE�WI�KPEZRS�RE����kV
M�RE�����kV��RS�MWXS�XEOE�M�RE�SHFVERM�QIWXE�OEN�TSXVS_YZEbMXI�M�ZS�MRHYWXVMNEXE��OEOS
M� ZS� WXERSZM� M� OERGIPEVMM�� -RXIVIWRM� WI� M� WTIGMNEPRM� QIWXE� OEOS� TV� WXYHMNE�� � >E
TSbIXSO�NE�SHFVEZQI�HMWXVMFYXMZREXE�QVIDE��1IVRMXI�QIWXE�WI�M^FMVEEX�TSE`ENaM�SH
RIOSM� WZSNWXZE� OSM� WI� SFIHMRYZEEX� ZS� OEVEOXIVMWXMbRM� KVYTM�� 2E� TVMQIV�� _IWX
XMTMbRM�ZMHSZM�RE�TSXVS_YZEbM�FM�FMPI�

�� 2EWIPFM�WS�WXERSZM�OEHI�HSQMRMVEEX�OSPIOXMZRM�WXERFIRM�^KVEHM�
�� 2EWIPFM�WS�MRHMZMHYEPRM�OYaM�
�� 1I_ERM�SFPEWXM��KVEHWOM�GIRXVM�WS�OERGIPEVMM�M�XVKSZWOM�OYaM�
�� 9RMZIV^MXIXWOM�OEQTYWM��TVMKVEHWOM�REWIPFM��QEPM�KVEHbM[E�MPM�WIPE�

�� � -RHMZMHYEPRM� MRHYWXVMWOM� TSXVS_YZEbM� WS� MRXIR^MZRE� TSXVS_YZEbOE� RE
IRIVKMNE�

3FMbRS� WI� M^FMVE� IHIR� �� HRIZIR� TIVMSH� RE� ZVIQI� ^E� WIOSI� QIVRS� QIWXS�� OEOS
RENTSZSPRS�^E�SGIROE�RE�RMZSXS�RE�LEVQSRMGMXI�

'IPXE� RE� QIVI[EXE� I� HE� WI� HSFMI� WPMOE� ^E� LEVQSRMWOMXI� M^SFPMbYZE[E� ZS
IRIVKIXWOEXE�QVIDE�RE�)71��RMZRMXI��M^ZSVM�M�TS�QSDRSWX�HE�WI�VIKMWXVMVEEX�M�HVYKM
TEVEQIXVM� RE� OZEPMXIXSX�� OES� RETSRWOMXI� TVSTEHM� M� JPMOIVSX�� /SVMWXINaM� KS� XSE
^REI[I�� WI� TPERMVE� HE� WI� WTSVIHEX� VI^YPXEXMXI� WS� ZIaI� TSWXSIbOMXI� WXERHEVHM� M
TVITSVEOM�M�HE�WI�ZSWTSWXEZM�TVSGIHYVE�^E�SHSFVYZE[I�RE�TVMOPYbSO�RE�RIPMRIEVRMXI
TSXVS_YZEbM�ZS�)71�

�� 34-7�2%�1)62-38�7-78)1

1IVI[EXE� WI� WTVSZIHYZEEX� OSVMWXINaM� WTIGMNEPRS� TVSIOXMVER� QIVIR� WMWXIQ
FE^MVER�RE�TIVWSREPIR�OSQTNYXIV�OSN�TVMTE`E�RE�TSWPIHRMXI� WJEaE[E�M�XVIRHSZM�ZS
SZEE� SFPEWX�� 8SN� I� SH� KIVQERWOS� TVSM^ZSHWXZS� M� HSFMIR� I� OEOS� TSHEVSO� SH� ZMWSOEXE



IPIOXVSXILRMbOE� _OSPE� SH� &MPIJIPH�� +IVQERMNE�� &PSO� _IQEXE� RE� QIVRMSX
MRWXVYQIRX�HEHIRE�I�RE��WP���

WP�����&PSO�_IQE�RE�OSQTNYXIVWOM�FE^MVERMSX�QIVIR�WMWXIQ�^E�SGIROE�RE�OZEPMXIXSX�RE
IPIOXVMbREXE�IRIVKMNE�

1IVRMSX�WMWXIQ�REVIbIR NRM III �QSDI�HE�QIVM�M�HE�SGIRYZE�RIOSPOY�EWTIOXM�RE
OZEPMXIXSX�RE�RETSRSX�RE�QIWXSXS�RE�TVMOPYbSOSX��8SN�QSDI�HE�KM�QIVM�WSHVDMREXE
RE� ZM_MXI� LEVQSRMGM� HS� � ���� �� XM� VIH
�� RIWMQIXVMNEXE� M� JPMOIVSX�� 7MXI� QIVRM
JYROGMM�WI�WTVSZIHYZEEX�RE�XVMXI�JE^M���XVM�RETSRWOM�M�XVM�WXVYNRM�WMKREPM�WI�QIVEX
MWXSZVIQIRS
�

1IVIRMXI� WMKREPM� WI� ^EJEaEEX� TVIOY� QIVRMXI� XVERWJSVQEXSVM� �RETSRWOM� M
WXVYNRM
� OSI� I� ^KSHRS� EOS� WI� QIVM� ZS� IRIVKIXWOMSX� WMWXIQ� RE� ZMWSO� M� WVIHIR� RETSR�
4SWXSM�KEPZERWOS�SHZSNYZE[I�TVIOY�STXMbOM�ZVWOM�HS�(�%�TVIXZSVYZE[IXS��7XVYNRMXI
WMKREPM�WI�^EJEaEEX�TVIOY�Hall��SZM�TVIXZSVYZEbM�

-RWXVYQIRXSX� MQE� %�(� TVIXZSVFE� SH� ��� FMXE�� E� ^EZMWRS� SH� QIVREXE� ^EHEbE�
WMWXIQSX�MQE�VE^PMbRE�JVIOZIRGMNE�RE�^IQE[I�TVMQIVSO���WIQTPMVE[I�
��>E�QIVI[I
JPMOIV� XSN� OSVMWXM� ��� Hz�� ^E� WTIOXVEPRE� EREPM^E� �� ���� kHz�� ^E� SWGMPSWOSTWOS
QSRMXSVMVE[I��������kHz�M�^E�QIVI[I�ZS�VIDMQ�RE�XVER^MIRXIR�VIOSVHIV�������kHz.

4VIWQIXOEXE� M� SGIROEXE� RE� QIVRMXI� VI^YPXEXM� WI� SFEZYZE� ZS� WSKPEWRSWX� WS
XILRMbOMXI�TVITSVEOM�M�WXVERHEVHM��OEOS� IEC� ����������DIN VDE 0838, DIN EN 6055 i
DIN VDE 0846. [4].

1IVRMSX�WMWXIQ�WI�WSWXSM�SH�OSRXVSPRE�IHMRMGE� 
�PC
��QIVRE�IHMRMGE�OEHI�WI
RES`EEX�OSPEXE�^E�OSRHMGMSRMVE[I�RE�QIVRMSX�WMKREP�M�%�(�TVIXZSVE[I��M�TVMFSV�^E
TSZV^YZE[I�

7SJXZIVSX� OSN� WI� OSVMWXM� ^E� WTVSZIHYZE[I� RE� QIVI[EXE� [5], [6], ^E� SGIROE� M
TVI^IRXEGMNE�RE�VI^YPXEXMXI�WI�MRWXEPMVE�RE�PC��RENHSFVS�RE�TVIRSWIR�XMT��1IVI[EXE
QSDI�HE� WI�SHHIPEX�SH� SGIROEXE�M� SH� TVI^IRXEGMNEXE�� E� XSE�QSDI� HE� WI� RETVEZM� �Off
line��ZS�TSKSHRE�SOSPMRE��7XVYOXYVEXE�RE�WSJXZIVSX�HEHIRE�I�RE�WP���



WP����7SJXZIVWOE�WXVYOXYVE�RE�QIVRMSX�WMWXIQ

4SWXSNEX� HZE� QIVRM� REbMRE�� QSRMXSVMRK� M� EZXSQEXWOM� REbMR�� � 2IOSM� QIVRM
JYROGMM� WI�QSDRM� IHMRWXZIRS� ZS� �QSRMXSVMRK�REbMRSX� �RETVMQIV�� SWGMPSWOSTWOEXE
JYROGMNE
��E�RIOSM�WI�QSDRM�M�ZS�SFEXE�REbMRM��:S�QSRMXSVWOM�REbMR�I�QSDRS�HE�WI
QIQSVMVEEX� TSHEXSGMXI� ZS� XIOSX� RE� ZVIQIXS�� 1SDRS� I� WEQS� HE� WI� � TSWQEXVEEX
QIVIRMXI�ZIPMbMRM�M�HE�WI�^ETEQXEX�WEQS�GIPM�IOVERM�SH�QSRMXSVSX��:S�EZXSQEXWOMSX
REbMR�� WMXI� QIVRM� ZIPMbMRM� WI� QIQSVMVEEX� ^E� GIPSXS� ZVIQI� RE� QIVI[IXS� ZS
OSQTVMQMVERE� JSVQE�� 4SWPI� SFEZYZE[IXS� RE� QIVI[IXS�� TSHEXSGMXI� WI
HIOSQTVMQMVEEX�� SGIRYZEEX� M� TVI^IRXMVEEX� ZS� �off line�� REbMR�� 2I� I� QSDRS� HE� WI
WTVSZIHEX� WMXI� QIVRM� JYROGMM� MWXSZVIQIRS�� )HMRWXZIRS� WTIOXVEPREXE� EREPM^E� M
JPMOIVSX� QSDI� HE� WI� QIVEX� ZS� MWX� REbMR� RS� WEQS� ZS� OSRWIOYXMZRM� REM^QIRMbRM
ZVIQIRWOM�MRXIVZEPM��*YROGMNEXE�RE�XVER^MIRXIR�VIOSVHIV�QSDI�HE�WI�WTVSZIHI�WEQS
OEOS� WEQSWXSNRE�JYROGMNE�� 7TIOXVEPREXE� EREPM^E� QSDI� HE� WI� WTVSZIHI� WEQSWXSNRS� M
OEOS�QSRMXSVMRK�M�OEOS�EZXSQEXWOE�JYROGMNE��-WXSXS�ZEDM�M�^E�JPMOIVSX��4SWXSNEX
VE^PMbRM�ZVIQIRWOM�MRXIVZEPM�^E�YWVIHRYZE[I�RE�QIVRMXI�ZIPMbMRM�TVM�EZSQEXWOSXS
QIVI[I��-WXMXI�QSDI�HE�WI�SHFMVEEX�TVIH�TSbIXSOSX�RE�QIVI[IXS��8MI�WI� �� WIOYRHE
�WEQS� ^E� OYWM� QIVI[E
�� �� QMRYXE� �RENbIWXS� OSVMWXIR� MRXIVZEP� ^E� YWVIHRYZE[I
�� ��
QMRYXM� M� ��� QMRYXM�� 4SHSPKMZI� MRXIVZEPM� WI� TSKSHRM� TVM� WTVSZIHYZE[I� RE
IRIVKIXWOMXI� QIVI[E�� -QIRS�� TSWPI� SFVEFSXOEXE�� EZXSQEXWOSXS� QIVI[I� WS
WTIOXVEPREXE� EREPM^E� OEOS� RY^TVSHYOX� KM� HEZE� M� � QSaRSWXMXI� ZS� XIO� RE� ZVIQIXS�



2IWMQIXVMNEXE� TEO�� OSNE� MWXS� XEOE� WI� QIVM� TVM� SZE�� I� HIJMRMVERE� OEOS� SHRSW� RE
MRZIV^REXE� OSR� HMVIOXREXE� OSQTSRIRXE� RE� XVMJE^RMSX� WMWXIQ� M� QSDI� HE� WI� M^QIVM
WEQS�EOS�WI�TVMQIRM�XVMJE^RS�TVMOPYbYZE[I�RE�QIVRMSX�MRWXVYQIRVX��%QTPMXYHMXI
RE�LEVQSRMGMXI�MWXS�XEOE�QSDI�HE�WI�HEHEX�M�WXEXMWXMbOM�SFVEFSXIVRM�ZS�HMNEKVEQ�RE
VIPEXMZREXE�M�HMNEKVEQ�RE�OYQYPEXMZREXE�^EbIWXIRSWX��ZIVSNEXRSWX
�

4VM�QIVI[IXS�RE�JPMOIVSX��QSDI�HE�WI�QIVM�OEOS�QSQIRXEPRMSX�JPMOIV��XEOE
M�OYWSXVENRMSX�M�HSPKSXVENRMSX�JPMOIV�

7S�JYROGMNEXE�RE�XVER^MIRXRMSX�VIOSVHIV�QSDI�HE�WI�QIVEX�TVISHRM�TVSGIWM
OEOS�_XI� WI� TVISHRMXI� TVSGIWM� TVM� ZOPYbYZE[I� M� MWOPYbYZE[I� RE� XSZEVM�� MPM� TEO
RETSRWOM� TVSTEHM�� 4VISHREXE� TSNEZE� ZOYTRS� QSDI� HE� XVEI� HS� �� WIOYRHM�� ^EIHRS� WS
ZVIQIXS�TVIH�XVMKMVE[IXS�

��� 1)62-�6)>908%8-

1IVI[EXE�FIE�WTVSZIHIRM�ZS���VE^PMbRM�PSOEGMM�ZS�7OSTNI��8MI�SFMbRS�XVEIE
TS� �� HIRSZM�� 1IVRMXI� QIWXE� RI� QSDIE� WIOSKE_� HE� WI� TVMTM_EX� RE� bMWX� XMT� RE
TSXVS_YZEbM�OEOS�I�OEDERS�TSKSVI��8SE�FI_I�RENbIWXS�^EVEHM�JEOXMSX�_XS�QIVIZQI
ZS� RETSNRM� XSbOM� RE� ������� kV� XVEJSWXERMGM�� RE� M^ZSHM� OSM� WREFHYZEE� TSKSPIQM
VIKMSRM�SH�KVEHSX��2S�WITEO��ZS�KSPIQE�QIVE�FI_I�TS^REX�XMTSX�RE�TSXVS_YZEbMXI�M
WIOSKE_�RIOSM�XMTSZM�WI�HSQMRERXRM�

4VZSXS�QIVI[I�KS�RETVEZMZQI�ZS�TVSWXSVMMXI�RE�)8*�ZS�7OSTNI�RE�IHRE���� V
TVMOPYbRMGE��6I^YPXEXMXI�SH���HRIZRS�QIVI[I�RE�GIPSWRSXS�LEVQSRMbRS�^SFPMbYZE[I
�THD
�RE�JE^RMSX�RETSR��HEHIRS�I�RE�WP���

WP����8VMHRIZRS�WRMQE[I�RE�M^SFPMbYZE[IXS�RE�JE^RMSX�RETSR�RE�����V�RMZS�TVM�)8*
ZS�7OSTNI

4VMQIXYZEQI�FMXRS�TSKSPIQM�M^SFPMbYZE[I�ZS�ZIbIVRMXI�bEWSZM��3ZE�QSDI�HE
WI� SFNEWRM� RE� WPMbIR� REbMR� OEOS� _XS� I� SFNEWRIXS� TSHSPY� ZS� ZVWOE� WS� QIVI[IXS� ZS



OSR^YQ�WS�TVIXIDRS�WXERFIRE�SFPEWX��(SQMRMVE�TIXXMSX�LEVQSRMO��7ITEO��RMZSXS�RE
LEVQSRMWOEXE�M^SFPMbIRSWX�I�TSQEPE�SH�SREE�OSNE�I�TVSTM_ERE�ZS�WXERHEVHMXI�

2EXEQY��RE�WP���HEHIRM�WI�VI^YPXEXM�SH�QIVI[IXS�WTVSZIHIRS�RE����kV�RMZS�ZS
XVEJSWXERMGEXE�������REVIbIRE��MRHYWXVMWOE��ZS�7OSTNI��1IVI[EXE�WI�WTVSZIHIRM�RE
���kV�WXVERE�ZV^�RETSRSX�M�WXVYNEXE�OSNE�NE�^IQE�IHIR�SH�HZEXE��MVA �XVERWJSVQEXSVM
�HVYKMSX� FI_I� MWOPYbIR� ZS� QSQIRXSX� RE� QIVI[IXS
�� 3ZSN� XSZEV� I� TVIXIDRS� SH
MRHYWXVMWOM�XMT��TVSGIROE�SOSPY���	�MRHYWXVYMWOM
��RS�MQE�M�WXERFIRM�SFPEWXM�OSM
WI�WREFHYZEEX�SH�SZEE�XVEJSWXERMGE��4IXXMSX�LEVQSRMO�RENHSZQI�HIOE�I�QEOWMQEPQRS
����	�E�WIHQMSX�SOSPY�����	�

WP�����-^SFPMbYZE[I�RE�RETSRSX�M�WXVYNEXE�RE����kV�RMZS�ZS�87�-RHYWXVMWOE�ZS�7OSTNI

:S�MWXEXE�XVEJSWXERMGE�RE����kV� RMZS�QIVIR�I�RETSRSX�M� WXVYNEXE�RE� IHIR�SH
M^ZSHMXI��TMZEVE
�3ZE�I�WIOEOS�IHIR�bMWXS�MRHYWXVMWOM�XSZEV��7IKE�XVIXMSX�LEVQSRMO
M^RIWYZE_I� QEOWMQEPRS� ���	�� TIXXMSX� HS� ���	�� E� WIHQMSX� ���� 	� 1EOWMQEPREXE
M^SFPMbIRSWX��WP���
�RI�I�TSKSPIQ�SH��	
�

WP���� -^SFPMbYZE[I� RE� RETSRSX� M� WXVYNEXE� RE� ��� kV� M^ZSH� ZS� 87� -RHYWXVMWOE�� ZS
7OSTNI��M^ZSH�4MZEVE




2E�WPMOEXE���TVIWXEZIRS�I�M^SFPMbYZE[IXS�RE�RETSRSX�M�WXVYNEXE�RE����kV�M^ZSH
OSN�WREFHYZE�IHIR�bMWXS�WXERFIR�HIP�RE�7OSTNI�WS�ZMWSOM�WXERFIRM�^KVEHM��>REbM�XSE�WI
WOSVS� MWOPYbMZS� HSQEaMRWXZE� ZS� WXERSZM� �%IVSHVSQ
� 8YOE� I� HSQMRERXIR� �� �XMSX
LEVQSRMO�ZS�RETSRSX��OSN�I�OEVEOXIVMWXMbIR�^E�RIPMRIEVRMXI�IHRSJE^RM�MWTVZEYZEbM�
TVMWYXRM�ZS�HSQEaMRWXZEXE��8VIXMSX�LEVQSRMO�HSWXMKRYZE�HS����	��TIXXMSX�HS�����	��E
WIHQMSX� ���	�� 1EOWMQEPRSXS� M^SFPMbYZE[I� RE� RETSRSX� HSWXMKRYZE� HS� �	�� 1RSKY
OEVEOXIVMWXMbRS�I�TIVMSHMbRSXS�QIRYZE[I�RE�THD� �XIOSX�ZS�ZVIQIXS��REYXVS�M�RSaI
RMWOM�ZVIHRSWXM��E�REZIbIV�RENZMWSOM��3T_XS�I�QMWPI[IXS�HIOE�RENKSPIQM�ZMRSZRMGM
^E�SZE�WI�TV�ETEVEXMXI�

WP���� -^SFPMbYZE[I� RE� RETSRSX� M� WXVYNEXE� ZS� WXERFIRE� SFPEWX� �ZMWSOSKVEHFE
� ZS
REWIPFEXE�%IVSHVSQ��RE��� kV�RMZS�

2E�WPMOEXE���I�HEHIR�MRXIVIWIR�TSHEXSO��-^SFPMbYZE[I�RE�RETSRSX�M� WXVYNEXE
OSNE� NE� ^IQE� IHIR� RETSIR� ������� kV XVERWJSVQEXSV� ZS� 87� �+PEZMRSZ�� ZS� 7OSTNI�
3FPEWXE�OSNE�WI�WREFHYZE�I�TVIXIDRS�WXERFIRE��WIZIVRSSX�HIP�RE�7OSTNI
��RS�QSDI�HE
WI� TVMTM_I� M� ���� SH� XSZEVSX� M� RE� MRHYWXVMNEXE�� :S� RETSRSX� SH� ZM_MXI� LEVQSRMGM
HSQMRMVEEX�TIXXMSX��HS����	
��XVIXMSX���HS����	
��E�WIHQMSX��HS����	
�

6I^YPXEXMXI�OSM�WI�TVIWXEZIRM�RE�WPMOEXE���WRMQIRM�WI�RE�M^ZSHSX�FV����ZS�87
�+PEZMSRSZ��8SN�M^ZSH�KM�RETSNYZE�WIPEXE�OSR�7OSTWOE�'VRE�+SVE�M�XSE�WI�TVIXIDRS
MRHMZMHYEPRM�OYaM��WIPWOM�XMT�REWIPFM��1SDI�HE�WI�TVMTM_I�M�����MRHYWXVMWOM�XSZEV�
,EVQSRMbRSXS�M^SFPMbYZE[I�I�TSQEPS�SHS_XS�OEN�KYWXS�REWIPIREXE�WXERFIRE�SFPEWX
�WP���
��TVM�_XS�XVIXMSX�LEVQSRMO�ZS�RETSRSX�SHM�HS����	��TIXXMSX�HS����	�M�WIHQMSX
HS�����	��>EVEHM�XSE�_XS�QIVI[IXS�FI_I�WTVSZIHIRS�^MQRS�ZVIQI�M�SZSN�M^ZSH�FI_I
TVSTXSZEVIR���MQE_I�M�MWTEHM��_XS�WI�KPIHE�SH�HMNEKVEQSX�RE�WXVYNRSXS�M^SFPMbYZE[I
RE�WP���



WP���� -^SFPMbYZE[I� RE� RETSRSX� M� WXVYNEXE� �WMXI� XVM� JE^M
� RE� ���� kV� RMZS� RE
XVERWJSVQEXSVSX������� kV�WS�WMPE����MVA �ZS�87��+PEZMRSZ��ZS�7OSTNI

WP���� 2ETSRWOM� M� WXVYNRM� M^SFPMbYZE[E� RE� M^ZSHSX� FV�� �� RE� ��� kV� RMZS� ZS� 87
�+PEZMRSZ���M^ZSH�FV���
�OSN�KM�RETSNYZE�WIPWOMXI�REWIPFM�RE�WIZIV�SH�7OSTNI�

��� >%/09B3/

3H�TVMOEDERMXI�VI^YPXEXM�WI�KPIHE�HIOE�WS�STM_ERMSX�MRWXVYQIRX�QSDIQI�HE
WTVSZIHYZEQI� WXYHMM� RE� WPYbEM� M� HE� SGIRYZEQI� � VE^PMbRM� EWTIOXM� RE� OZEPMXIXSX� RE
IPIOXVMbREXE�IRIVKMNE�



6I^YPXEXMXI� SH� QIVI[EXE� RE� ZM_MXI� LEVQSRGM� TSOEDYZEEX� HIOE� WI� TVMWYXRM
ZM_M�LEVQSRMGM�M�ZS�RETSRSX�M�ZS�WXVYNEXE��SH�OSM�TIXXMSX�I�HSQMRERXIR�ZS�TSHVbNE
WS� TVIXIDRS� WXERFIRM� SFPEWXM�� HSHIOE� TIXXMSX� M� WIHQMSX�� ZS� MRHYWXVMWOM� SFPEWXM�
-RXIVIWRS� I� HE� WI� ^EFIPIDM� HIOE� ZS� WXERFIRMXI� SFPEWXM�� RMZSXS� RE� M^SFPMbIRSWX
M^VE^IRS�TVIOY�THD�I�TSZMWSOS�SH�SHS_XS�ZS�MRHYWXVMWOMXI��8SE�QSDI�HE�WI�TVMTM_I
RE�REQEPIREXE�MRHYWXVMWOE�TVSHYOGMNE�ZS�TSWPIHRMXI�KSHMRM�

+PEZREXE� TVMbMRE� RE� ^E� SZE� ZS� WXERFIRMXI� SFPEWXM� � OEOS� M� ZS� QI_ERMXI
�MRHYWXVMWOS�WXERFIRM� M� OSQIVGMNEPRM
� WI� 8:� TVMIQRMGMXI� M� HVYKM� ETEVEXM� WS
IHRSJE^RM� MWTVEZYZEbM� �PC�� VEHMS�� EYHMS� M� ZMHIS� STVIQE�� ZMHIS� MKVM� M� WPMbRS
�� :S
MRHYWXVMNEXE�� LEVQSRMGMXI� WI� � KIRIVMVEEX� � SH� NEOSWXVYNREXE� IPIOXVSRMOE�� KPEZRS
XVMJE^RMXI�TVIXZSVYZEbM��FMPS�HE�WI�YTVEZYZERM�^E�DC�QSXSVM�MPM�RIOSRXVSPMVERM
^E�AC�QSXSVM��MWTVEZYZEbM�MRZIVXSVM
�

7ITEO�� ZS� WMXI� M^QIVIRM� WPYbEM�� LEVQSRMGMXI� WI� RENHSE� TSH� KVERMbRMXI
ZVIHRSWXM�M�WS�XSE�WI�YZMHYZE�HIOE�VI^IVZMXI�^E�M^SFPMbYZE[I�RE�QVIDEXE�RI�WI�WSWIQE
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9R�WUXGRW�H�SULNDCDQR�YOLMDQLHWR�QD�YL^LWH�KDUPRQLFL�YU]�NYDOLWHWRW�QD
HOHNWUL�QDWD�HQHUJLMD�� �'DGHQ�H�SULPHU�NDNR�GD�VH�L]YU^L� �DQDOLWL�ND�RFHQND�QD
QLYRWR� QD� SRGQRVOLYRVW�� 1DJODVHQD� H� SRWUHEDWD� ]D� DQDOL]LWD� QD� SRYUDWQLWH
YOLMDQLMD�QD�YL^LWH�KDUPRQLFL�SUHG�RGREUXYDZHWR�QD�VRJODVQRVW�]D�SULNOX�XYDZH
QD�HGHQ�QHOLQHDUHQ�SRWUR^XYD��QD�HQHUJHWVNDWD�PUHCD��(ODERULUDQL�VH�RVQRYQLWH
SULQFLSL�]D�NRQWUROD�QD�KDUPRQLFLWH�NDNR�L�SULPHQD�QD�SURWLY�PHUNL� � ]D�QLYQR
QDPDOXYDZH�

ABSTRACT

In this paper the influence of harmonics to the voltage quality is shown.  One example for
analytical assessments of  electromagnetic compatibility level is given. We have stressed the need
of harmonic distortion  analysis before the approval non-linear Load connection on the Utility
Network. The basic principles of controlling harmonics and some counter-measures are
presented.

���929('

6RYUHPHQLWH� HQHUJHWVNL� SRVWURMNL� VH� QH]DPLVOLYL� EH]� XSRWUHED� QD
SROXSURYRGQL�HOHPHQWL��GLRGL��WUDQVLVWRUL��WLULVWRUL�L�VO����NRL�VH�VRVWDYHQ�GHO
QD� QDMUD]OLaQL� HQHUJHWVNL� SUHREUD]XYD�L�� 2G� VYRMD� VWUDQD� RYLH� HQHUJHWVNL
SUHREUD]XYD�L� ]DHGQR� VR� QDMUD]OL�QL� UHJXOLUDQL� HOHNWURPRWRUQL� SRJRQL
SUHWVWDYXYDDW� HGHQ� RG� RVQRYQLWH� L]YRUL� QD� YL^L� KDUPRQLFL� YR� HQHUJHWVNLRW
VLVWHP�� 3RNUDM� QLY� NDNR� ]DJDGXYD�L� QD� PUHCDWD� VR� YL^L� KDUPRQLFL� � VH� MDYXYDDW
HOHNWUROD�QLWH� SH�NL�� IOXRUHVFHQWQLWH� VLMDOLFL�� UD]QL� SRWUR^XYD�L� VR
QHOLQDUQD�U-I�NDUDNWHULVWLND���QDMUD]OL�QLWH�DSDUDWL�YR�GRPD`LQVWYDWD��6WHSHQRW
GR� NRM� PRCH� GD� VH� WROHULUD� SURFHQWXDOQDWD� ]DVWDSHQRVW� QD� YL^LWH� KDUPRQLFL� H
RSUHGHOHQ� VR� �XYVWYLWHOQRVWD� QD� WRYDURW� L� HQHUJHWVNLRW� L]YRU� QD� VDPLWH



KDUPRQLFL�� 7HUPLQRW� �.YDOLWHW� QD� HOHNWUL�QDWD� HQHUJLMD�� JL� RSID`D� VLWH
SUREOHPL� NRL� VH� PDQLIHVWLUDDW� SUHNX� GHYLMDFLL� YR� QDSRQRW�� VWUXMDWD� LOL
IUHNYHQFLMDWD� L� NRL� YR� NUDMQD� OLQLMD� UH]XOWLUDDW� YR� JUH^NL� LOL� SRJUH^QR
IXQNFLRQLUDZH�QD�LQVWDOLUDQDWD�RSUHPD�QD�NRULVQLNRW�[1, 2]�

���1,92�1$�32'126/,9267

1LYRWR� QD� SRGQRVOLYRVW� H� VSRVREQRVWD� QD� HGHQ� XUHG� GD� IXQNFLRQLUD
LVSUDYQR� EH]� SULWRD� QHGR]YROHQR� GD� YOLMDH� YU]� GUXJLWH� SULNOX�HQL� XUHGL� YR
QHJRYDWD� HOHNWURPDJQHWQD� RNROLQD� [3]�� 9L^LWH� KDUPRQLFL� YOLMDDW� QD� GUXJLWH
HOHPHQWL� YR� PUHCDWD� NDNR� NRQGHQ]DWRULWH�� 1LYQRWR� YOLMDQLH� H� UHJXOLUDQR� VR
ANSI/IEEE  Standard 18-1980�� 9OLMDQLHWR� YU]� HQHUJHWVNLWH� WUDQVIRUPDWRUL� VH
VRJOHGXYD� SUHNX� ]JROHPXYDZH� QD� HIHNWLYQDWD� YUHGQRVW� QD� VWUXMDWD� ^WR� YRGL� GR
GRSROQLWHOQL� ]DJXEL� YR� SURYRGQLFLWH�� SRMDYD� QD� W�Q� Eddy current� � ]DJXEL
SURSRUFLRQDOQL�VR�IUHNYHQFLMDWD�QD�NYDGUDW�NDNR�UH]XOWDW�RG�LQGXFLUDQL�VWUXL�YR
VLWH� SURYRGQL� GHORYL� RG� WUDQVIRUPDWRURW�� 2YDD� SUREOHPDWLND� H� WUHWLUDQD� YR
ANSI/IEEE  Standard C57.110. 9OLMDQLHWR� QD� YL^LWH� VWUXMQL� L� QDSRQVNL� KDUPRQLFL
YU]� PRWRULWH� VH� VRJOHGXYD� YU]� QDPDOXYDZH� QD� NRHILFLHQWRW� QD� SROH]QR� GHMVWYR�
]JROHPHQR�]DJUHYDZH��EX�DYD�L�YLEUDFLL��6SRUHG�IEEE Standard 519-1992�QH�SRWUHEQR
GRSROQLWHOQD� LQWHUYHQFLMD� DNR� IDNWRURW� QD� WRWDOQD� KDUPRQL�QD� GLVWRU]LMD
THD<5% LOL� IDNWRULWH� QD� SRRGHOQLWH� KDUPRQLFL� VH� SRPDOL� RG� ���� =QD�LWHOQL
SUREOHPL� VR� ]DJUHYDZH� QD� PRWRULWH� VH� MDYXYDDW� YR� VOX�DHYL� NRJD� GLVWRU]LMDWD� QD
QDSRQRW� L]QHVXYD� ��� GR� ����� � 9R� WDEHOD� �� H� GDGHQD� WLSL�QDWD� � SURFHQWXDOQD
KDUPRQL�QD� GLVWRU]LMD� QD� VWUXMDWD� QD� QHNRM� NDUDNWHULVWL�QL� L]YRUL� QD� YL^L
KDUPRQLFL�� 6R� 
� VH� R]QD�HQL� WUHWL� KDUPRQLFL� QD� VWUXMDWD� SUL� QHEDODQVLUDQ
WULID]HQ� WRYDU� LOL� SUL� HGQRID]QR� RSWRYDUXYDZH�� 9R� GUXJL� VOX�DHYL� � VH
SUHWSRVWDYXYD�GHND�WULSOLWH�KDUPRQLFL�VH�QXOD�
�

����7DEHOD��

+DUPRQLN
��SXOVHQ
EU]LQVNL
UHJXOLUDQ
SRJRQ�ASD

PWM�SRJRQ (OHNWUROD�QL
VLMDOLFL

SMPS
L]YRUL
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� ���
 �
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ASD Adjustable - speed drive

=DEHOHCLWHOQR�H�GHND�NDM�UHJXOLUDQLWH�HOHNWURPRWRUQL�SRJRQL�GRPLQDQWQR
H� QLYRWR� QD� SHWLRW� KDUPRQLN� RG� ����� GRGHND� WRD� QLYR� NDM� ^LUR�LQVNR� LPSXOVQR
PRGXOLUDQLWH� HQHUJHWVNL� SUHREUD]XYD�L� NRL� VH� NRULVWDW� ]D� PWM� UHJXODFLMD� QD
QDL]PHQL�QLWH� SRJRQL� PRCH� GD� GRVWLJQH� L� ]DSUHSDVWXYD�NL� ��� SURFHQWL�� RVREHQR
SUL�QLVNL�EU]LQL�
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3UHG� GD� VH� SULNOX�L� GDGHQ� XUHG� NRM� PRCH� GD� SUHVWDYXYD� ]QD�DHQ� L]YRU� QD
YL^L� KDUPRQLFL� QD� PUHCDWD� SRWUHEQR� H� GD� VH� L]YU^L� PHUHZH� L� RFHQND� QD
YOLMDQLHWR�QD�YL^LWH�KDUPRQLFL�YU]�PUHCDWD�L�GUXJLWH�XUHGL�SULNOX�HQL�YR�QHJRYD
RNROLQD�� 1D� VO��� SULNDCDQ� H� HGHQ� SUHJOHGHQ� EORN� GLMDJUDP� QD� UHGRVOHGRW� QD
�HNRULWH� NRL� EL� WUHEDOR� GD� VH� SULPHQDW� SUL� RFHQND� QD� YOLMDQLHW� QD� YL^LWH
KDUPRQLFL�

3RGDWRFL ]D HQHUJHWVNLRW VLVWHP L LQVWDOLUDQDWD RSUHPD

3UHVPHWND QD PR`QRVWD QD NXVD YUVND Sk
3UHVPHWND QD RGQRVRW QD PR`QRVWL Sk/SrA

!������������� ����������

3UHVPHWND QD PDNVLPDOQLRW NRHILFLHQW QD

YOLMDQLH QD YL^LWH KDUPRQLFL �Bmax
<0.02  I   >K   KA. N I .A N>  K       K ;           < KN- -> KN

SURWLY PHUNL2JUDQLaHQR SULNOXaXYDZH'R]YROHQR

SULNOXaXYDZH

6O���%ORN�GLMDJUDP�]D�RFHQND�QD
YOLMDQLHWR�QD�YL^LWH�KDUPRQLFL

����(GHQ�SUDNWL�HQ�SULPHU

=D� QDJOHGQR� GD� VH� SULNDCH� WHNRW� QD� RFHQNDWD� QD� YL^LWH� KDUPRQLFL
LOXVWUDWYQR� `H� VH� SRNDCH� QD� SULPHURW� QD� SULNOX�XYDZH� QD� SHW� HOHNWURPRWRUQL
SRJRQL� VR�HGQRQDVR�QL�PD^LQL�QDSRMXYDQL�SUHNX�^HVWSXOVHQ�QHXSUDYXYDQ� � VWUXHQ
LVSUDYXYD�� �VO����� (OHPHQWLWH� SULNDCDQL� QD� VO��� JL� LPDDW� VOHGQLYH
NDUDNWHULVWLNL�

1DSRQ�QD�QDSRMXYDZH U Vn = 400
0R`QRVW�QD�PUHCQLRW� WUDQVIRUPDWRU S MVA urT k= =0 63 4%. ,   
0R`QRVW�QD�NXVD�YUVND�(10 kV) ���� S MVAkQ = 140

1DMYLVRND�PR`QRVW�QD�PUHCDWD����������������� S MVAMr = 05.
3ULNOXaQD�PR`QRVW�QD�SRWUR^XYDaRW� S MVAprikl = 0 3.

0R`QRVW�QD�HOHNWURPRWRUQLWH�SRJRQL �� ������������ P kW kW= ⋅ + ⋅4 20 1 10  
.3'�YR�QRPLQDOHQ�UHCLP��SRJRQ� ηn = 0 95.
IDNWRU�QD�PR`QRVW�SUL�QRPLQDOHQ�SRJRQ����� cos .ϕn = 0 95
EURM�QD�SXOVHYL�QD�LVSUDYXYDaRW p = 6
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=D� SURFHQND� QD� GRSX^WHQRVWD� QD� SULNOX�RN� QD� SRJRQRW� NRM� H� L]YRU� QD� YL^L
KDUPRQLFL�SRWUHEQR�H�GD�VH�SUHVPHWD�L�UHODWLYQLRW�IDNWRU�QD�YL^L�KDUPRQLFL�SR
RGQRV�QD�QLYRWR�QD�SRQRVOLYRVW��NDNR�
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6R�SRPR^�QD�RYLH�SUHOLPLQDUQL�SUHVPHWNL� YR�7DEHOD� �� VH� SULNDCDQL� RVQRYQLWH
YHOL�LQL� ]D� SHWLRW�� VHGPLRW� HGLQDHVHWLRW� L� WULQDHVHWLRW� KDUPRQLN� NRL� VH
QHRSKRGQL�SUL�RFHQNDWD�RGQRVQR�QLYRWR�QD�]DVWDSHQRVW�QD�YL^LWH�KDUPRQLFL�SUL
SULNOX�XYDZH�QD�GDGHQLRW�SRWUR^XYD��

9R� 7DEHOD� �� VR� NRQVWDQWDWD� ν = ⋅ ± =k p k1 1 2 3  ( , , ...)� VH� SUHWVWDYXYD� QLYRWR� QD

SRRGHOQLWH� KDUPRQLFL�� � )DNWRU� QD� LVWL� ID]QL� DJOL� k f
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kV
ν ν=
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; � SUHWVWDYXYD

IXQNFLMD� RG� PR`QRVWD� QD� SRWUR^XYD�RW�� PR`QRVWD� QD� NXVD� YUVND� L� RG� UHGRW� QD
KDUPRQLNRW��D�MD�]HPD�SUHGYLG�JHRPHWULVNDWD�RGQRVQR�YHNWRUVNDWD�VXPD��QD�YL^LWH
KDUPRQLFL� NRL� VH� SUHGL]YLNDQL� RG� UD]OL�QL� XUHGL�� =D� GLRGHQ� LVSUDYXYDa� VR
NDSDFLWLYHQ�ILOWHU� YDCL�� � kpν = 1� �7DEHOD� ����1LYRWR� � QD� QDSRQVND� SRGQRVOLYRVW

u VTν ���H�GHILQLUDQR�YR�VRJODVQRVW�VR�IEC 1000-2-2  �SUHSRUDNLWH�L�H�GDGHQR�YR�7DEHOD
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GDGHQD� QRUPLUDQDWD� � LPSHGDQVD� YR� VYU]QDWD� WRaND�V. 9R� ]DYLVQRVW� RG� QDSRQVNRWR
QLYR�QD�SULNOX�QRWR�PHVWR NRHILFLHQW�QD�QDSRQVNR�QLYR�PRCH�GD�JL�LPD�VOHGQLYH
YUHGQRVWL�
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9R� RYRM� VOX�DM� VH� UDERWL� ]D� QL]RN� QDSRQ� RG� 400V� SD� ]D� NRHILFLHQWRW� ]D
QDSRQVNR�QLYR�VORERGQR�PRCH�GD�VH�XVYRL� kN = 0 3. �

$NR�VH�YRGL�VPHWND�GHND�REL�QR�QD�PUHCDWD�VH�SULNOX�HQL�SRYH`H�VR]GDYD�L
QD� YL^L� KDUPRQLFL�� NRHILFLHQW� � QD� SULNOXaXYDZH� � PRCH� GD� VH� SUHVPHWD� SUHNX
RGQRVRW� QD� PR`QRVWLWH� PH_X� YNXSQDWD� LQVWDOLUDQD� PR`QRVW� QD� SULNOX�QLWH
HOHNWURPRWRUQL�SRJRQL�L�PR`QRVWD�QD�QDSRMQLRW�WUDQVIRUPDWRU��RGQRVQR�PUHCDWD�

k
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S

kVA

kVAA

p

mr

= = =
300

500
0 6.

9R�VRJODVQRVW�VR�SUHWKRGQLWH�SUHVPHWNL�L�LPDM`L�JL�SUHGYLG�SRGDWRFLWH�RG
7DEHOD��� �XVORYRW� �]D�SULNOXaXYDZH� �SUHWVWDYHQ�SUHNX�IDNWRURW�QD�YOLMDQLHWR�QD
YL^LWH�KDUPRQLFL���GDGHQ��VR�QHUDYHQVWYRWR���� B k kA Nmax .< ⋅ = 018�H�LVSROQHW�]D�VLWH
KDUPRQLFL

����35,1&,3,�=$�$1$/,=$�,�.21752/$�1$�+$5021,&,7(

9R� RVQRYD� KDUPRQLFLWH� SUHGVWDYXYDDW� SUREOHP� DNR� L]YRURW� QD� KDUPRQL�QL
VWUXL� H� SUHPQRJX� JROHP�� SDWRW� SR� NRM� WH�DW� VWUXMQLWH� KDUPRQLFL� H� SUHGROJ� ^WR
UH]XOWLUD� LOL� YR� YLVRND� QDSRQVND� GLVWRU]LMD� LOL� WHOHIRQVND� LQWHUIHUHQFLMD� L
IUHNYHQWQLRW� RG]LY� QD� VLVWHPRW� VH� VRYSD_D� VR�IUHNYHQFLMDWD� QD� HGHQ� LOL� SRYH`H
YL^L� KDUPRQLFL� QD� VWUXMDWD� ^WR� UH]XOWLUD� YR� RSDVQL� XVORYL� QD� VHULVND� LOL
SDUDOHOQD�UH]RQDFLMD�QD�VLVWHPRW��9R�VOX�DM�GD�QDVWDQH�HGHQ�RG�WULWH�JRUHQDYHGHQL
SUREOHPL�SRWUHEQR�H�GD�VH�SUHY]HPDW�VOHGQLWH��HNRUL�
����UHGXFLUDZH�QD�VWUXMDWD�QD�YL^LWH�KDUPRQLFL�VR]GDGHQD�RG�WRYDURW�
����SULNOX�XYDZH�QD�ILOWUL��DNWLYQL�LOL�SDVLYQL��
����SURPHQD�QD�IUHNYHQWQLRW��RG\LY�QD�VLVWHPRW��VR�YJUDGXYDZH�ILOWHUVNL
�����LQGXNWLYLWHWL�LOL�NDSDFLWHWL�

=D�NRPSOHWQD�DQDOL]D�QD�SRYUDWQLWH�YOLMDQLMD�QD�KDUPRQLFLWH�SRWUHEQR�H�GD
VH�L]UDERWL� � VRRGYHWQD� VWXGLMD� [4] , � NRMD� YR�SULQFLS�WUHED�GD� JL� VRGUCL�VOHGQLYH
FHOLQL�
��2SUHGHOXYDZH�QD�FHOLWH�L�]DGD�LWH�QD�VWXGLMDWD
�� SULELUDZH� QD� VLWH� YDOLGQL� LQIRUPDFLL� L� SRGDWRFL� ]D� PUHCDWD� L� L]YRURW� QD
YL^LWH�KDUPRQLFL�
��L]YU^XYDZH�QD�DQDOLWL�ND�SURFHQND�L��NRPSMXWHUVND�VLPXODFLMD�
���LVSLWXYDZH��VQLPDZH�L�PHUHZH�QD��SRVWRMQLWD�VLWXDFLMD YR� SRJOHG� QD� YL^LWH
KDUPRQLFL�L�NYDOLWHWRW�QD�QDSRQRW
�VSRUHGED�QD�VLPXODFLMDWD�VR�L]YU^HQLWH�PHUHZD
��VWXGLUDZH�QD�QRYDWD�VLWXDFLMD�LOL�SRVWRMQLRW�SUREOHP
�� SUHGODJDZH� QD� UH^HQLH� �SDVLYQL� LOL� DNWLYQL� ILOWUL�� L� LVWUDCXYDZH� QD
PRCQRVWD�]D�SRMDYD�QD�UH]RQDQWQD�IUHNYHQFLMD��HOLPLQLUDZH�QD�LVWDWD�



��SRVOH�LQVWDOLUDZH�QD�SUHGORCHQLWH�UH^HQLMD�VSURYHGXYDZH�SRYWRUHQ�PRQLWRULQJ
RGQRVQR�PHUHZD�QD�DNWXHOQDWD�VRVWRMED�

6HNRJD^�H�PRCQR�SUL�DQDOL]D�QD�SRYUDWQLWH�YOLMDQLMD�QD�KDUPRQLFLWH�GD�VH
SUHVNR�L� QHNRM� RG� RYLH� �HNRUL�� 9R� QDMJROHP� EURM� VOX�DHYL� VH� SUDNWLNXYD� GD� VH
QDPDOL�EURMRW� �QD�PHUHZDWD�SRUDGL�UHODWLYQLRW�GROJ�YUHPHQVNL�SHULRG��QDMPDONX
HGQD�QHGHOD���FHQDWD�QD��LQHZH�QD�LQCHQHUVNRWR�YUHPH��SDWXYDZH�L�GRSROQLWHOQL
PHUQL� WUR^RFL��� 'REUR� LVSUDNVLUDQ� SURILVLRQDOHF� YR� RYDD� REODVW� PRCHEL� EL
PRCHO�GD�VSURYHGH�HGQD�YDNYD�DQDOL]D�L�VWXGLMD�EH]�SUDNWL�QL�PHUHZD�QR�VWURJR�VH
SUHSRUD�XYD�[4] �QHRSKRGQRVWD�RG�LQLFLMDOQLWH�LOL�SR�HWQLWH�PHUHZD�VR�FHO�GD�VH
VQLPL� DNWXHOQDWD� VRVWRMED� SUHG� GD� SR�QH� GD� VH� YU^L� YDNYD� VWXGLMD� ]D� DQDOL]D� QD
SRYUDWQLWH�YOLMDQLMD�QD�YL^LWH�KDUPRQLFL�

9R�VOX�DM�QD�HGQRVWDYQL�SULPHUL�PRCQR�H�GD�VH�VSURYHGH�DQDOL]DWD�]D�RFHQND
QD�SRYUDWQLWH�YOLMDQLMD�RG�YL^LWH�KDUPRQLFL�RSL^DQD�YR�SUHWKRGQLRW�SULPHU��=D
SRNRPSOLFLUDQL� PUHCL� L� � VOX�DHYL� QD� L]YRUL� QD� YL^L� KDUPRQLFL� QHRSKRGQD� H
SULPHQD� QD� VSHFLMDOQR� UD]UDERWHQL� CAD� DODWNL� LOL� NRULVQL�NL� RULHQWLUDQ
VRIWYHU�]D�WDD�QDPHQD�

���=$./8A2.

9R�WUXGRW�H�SULNDCDQR��L�DQDOL]LUDQR�YOLMDQLHWR�QD�YL^LWH�KDUPRQLFL�YU]
NYDOLWHWRW�QD�HOHNWUL�QLRW�QDSRQ��3UHWVWDYHQ�H�HGHQ�SUDNWL�HQ�SULPHU�QD�RFHQND
QD�QLYRWR�QD�SRGQRVOLYRVW�NRULVWHM`L� JR�DQDOLWL�NLRW�L]UD]� ]D�NRHILFLHQWRW�QD
YOLMDQLH� QD� YL^LWH� KDUPRQLFL�� 'DGHQL� VH� RVQRYQLWH� SULQFLSL� ]D� NRQWUROD� QD
SRYUDWQLWH�YOLMDQLMD�QD�YL^LWH�KDUPRQLFL�NDNR�L�QHNRL�ED]L�QL�SURWLY�PHUNL�]D
QLYQR� QDPDOXYDZH�� 2G� JRUH� QDYHGHQRWR� VH� JOHGD� GHND� SULNOX�XYDZH� QD� HGHQ
QHOLQHDUHQ� SRWUR^XYD�� QH� VPHH� GD� VH� SULNOX�L� EH]� GD� VH� QDSUDYL� DQDOL]D� NDNR
SRJRUH� RSL^DQDWD�� VR� FHO� GD� VH� YLGL� GDOL� LVWLRW� QH� EL� MD� QDUX^LO
HOHNWURPDJQHWQDWD� NRPSDWLELOQRVW� YR� HQHUJHWVNDWD� PUHCD�� 9DNYLWH� DQDOL]L� VH
YRREL�DHQL�YR�WHKQL�NL�SRUD]YLHQLWH�]HPML��6PHWDPH�GHND�H�NUDMQR�YUHPH�L�NDM�QDV
GD�VH�SUDNWLNXYD�YDNYD�DQDOL]D�NDNR�VRVWDYHQ�GHO�QD�W�Q���(QHUJHWVND�VRJODVQRVW��
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