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=D� YWRURWR� VRYHWXYDZH� QD� 0$.2� 6,*5(� RG� SUREOHPDWLNDWD� ^WR� VH
REUDERWXYD� YR� JUXSDWD� ��� VH� QDSL^DQL� YNXSQR� ��� WUXGD�� RG� NRL� VLWH� VH
NODVLILFLUDQL�NDNR�UHIHUDWL��0RCH�GD�VH�NRQVWDWLUD�GHND�SULIDWHQLWH�WUXGRYL
REUDERWXYDDW� SUREOHPDWLNL� NRL^WR� VH� YR� VNODG� VR� SUHIHUHQFLMDOQLWH� WHPL� QD
67.����SUHGYLGHQL�]D�RYD�VRYHWXYDZH�
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'DOHNXYRGRW�110 kV�EU��������SRPH_X�7(��2VORPHM��−�+(��9UXWRN�H�YR�SRJRQ
SROQL����JRGLQL�L�NDNR�WDNRY�H�SUHG�NUDMRW�QD�VYRMRW�CLYRWHQ�YHN��3RNUDM�VWDURVWD
L�YLVRNLRW�VWHSHQ�QD�GRWUDHQRVW��SRVHEHQ�SUREOHP�VR�QHJR�H�L�PDODWD�SURSXVQD�PR`�
NRMD� VR� RJOHG� QD�IDNWRW� GHND� H� L]YHGHQ� VR� VSURYRGQLFL�Al/^ 150/25 mm2�� L]QHVXYD
QHJGH�RNROX�80 MVA��1R�QHJRYDWD�YDCQRVW�YR�VLVWHPRW�QD�0DNHGRQLMD�H�L�QDWDPX
DNWXHOQD� SD� H� VRJOHGDQD� SRWUHEDWD� ]D� QHJRYD� UHYLWDOL]DFLMD� L� ]JROHPXYDZH� QD

QHJRYDWD�SURSXVQD�PR`��=D�WDD�FHO�H�L]UDERWHQ�HNRQRPVNR−WHKQLaNL�HODERUDW�[1]�]D
QHJRYD� UHYLWDOL]DFLMD� L� ]JROHPXYDZH� QD� SURSXVQDWD� PR`� L� YR� QHJR� H� UD]UDERWHQ
SRJROHP� EURM� YDULMDQWL� ]D� QHJRYRWR� SRMDaXYDZH� L� UHYLWDOL]DFLMD�� 3RYH`HWR� RG
VRJOHGDQLWH� YDULMDQWL� VH� RSL^DQL� YR� RYRM� WUXG��,]ORCHQD� H� L� PHWRGRORJLMDWD� ]D

WHKQLaNR−HNRQRPVNR� YUHGQXYDZH� QD� UD]JOHGXYDQLWH� YDULMDQWL�� VSRUHG� NRMD�� YR
HNRQRPVNLWH� VSRUHGEL� VH� NDONXOLUD� VR� DNWXDOL]LUDQLWH� �W�H�� GLVNRQWLUDQLWH�
YNXSQL� VUHGVWYD�� SRWUHEQL� ]D� UHNRQVWUXNFLMD �� UHYLWDOL]DFLMD�� QR� L� VR� LGQLWH
WUR^RFL� ]D� � QHJRYRWR�RGUCXYDZH�NDNR�L� VR� WUR^RFLWH� ]D� L]JXEHQDWD� HOHNWULaQD
HQHUJLMD�YR�SUHQRVRW��1D�NUDMRW�RG�WUXGRW�H�QDSUDYHQ�L�SULND]�QD�UH]XOWDWLWH�RG
HNRQRPVNRWR�VSRUHGXYDZH�GRELHQL�YR�VSRPHQDWLRW�HODERUDW.



5����� .RVWDGLQ�6WDPEROLHY��)LGD�1LNRORYD���35$.7,A1$�35,0(1$
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9R�WUXGRW�VH�SULNDCDQL�HYLGHQWQLWH�SUHGQRVWL�QD�SURJUDPVNLRW�SDNHG��DV��
QDPHQHW�]D�SURHNHWLUDZH�QD�QDG]HPQL�YRGRYL�VR�SRPR^�QD�SRHUVRQDOHQ�NRPSMXWHU
YR�RGQRV�QD�UDaQRWR�SURHNWLUDZH�QD�YRGRYL�VR�VUHGHQ�QDSRQ��7RD�H�L�SRNDCDQR�QD
NRQNUHWHQ� SULPHU�� W�H�� SRWRaQR� QD� SULPHURW� RG� 20 kV� QDG]HPHQ� YRG� �6X^LFD� −
3URSXVW���.RULVQLNRW��W�H��SURHNWDQWRW��VR�SDNHWRW��DV��H�RVORERGHQ�RG�JULCDWD
GD� QH� SRJUH^L�� LPD� aXYVWYR� QD� VLJXUQRVW�� RWSD_D� SRWUHEDWD� RG� LVFUWXYDZH� QD
QDGROCQLRW�SURILO�QD�WUDVDWD�RG�YRGRW��D�YUHPHWR�QD�SURHNWLUDZH�VH�VYHGXYD�QD
PLQLPXP�

5����� G�U�5LVWR�$aNRYVNL���,7(5$7,91$�3267$3.$�=$�5(>$9$:(
1$�5$9(1.$7$�1$�62672-%$7$�

9R� UDPNLWH� QD� JODYQLRW� SURHNW� QD� HGHQ� QDG]HPHQ� YRG� H� QHRSKRGQR� ]D� VHNRM
QHJRY� UDVSRQ� GD� VH� SULNDCH� �PRQWDCQDWD� WDEHOD��� W�H�� WDEHODUQDWD� ]DYLVQRVW� QD
PHKDQLaNRWR� QDSUHJDZH� QD� VSURYRGQLFLWH�MDCLZDWD� RG� QLYQDWD� WHPHSUDWXUD�� 7DD
]DYLVQRVW�PDWHPDWLaNL�H�RSL^DQD�VR�W�Q���UDYHQND�QD�VRVWRMEDWD��NRMD�SUHWVWDYXYD
HGQD�DOJHEDUVND�UDYHQND�RG�WUHW�VWHSHQ��=D�QHM]LQRWR�UH^DYDZH�YR�GHQH^QR�YUHPH
QDMaHVWR�VH�NRULVWDW�NRPSMXWHUL�SUL�^WR�H�YRRELaDHQR�]D�WDD�FHO�GD�VH�SULPHQXYD
QHNRMD�QXPHULaND�SRVWDSND�

9R�WUXGRW�H�QDMQDSUHG�RSL^DQ�WDEHODUHQ�PHWRG�]D�UH^DYDZH�QD�UDYHQNDWD�QD
VRVWRMEDWD��7RM�VH�SULPHQXYD�WRJD^�NRJD�QD�SURHNWDQWRW�QH�PX�VWRL�QD�UDVSRODJDZH
NRPSMXWHU� LOL� UDaHQ� NDONXODWRU�� 3RWRD� H� SULNDCDQD� QRYD�� LWHUDWLYQD� SRVWDSND
QDPHQHWD�]D�UH^DYDZH�QD�UDYHQNDWD�QD�VRVWRMEDWD�VR�SRPR^�QD�NRPSMXWHU��,]ORCHQ
H� L� HILNDVHQ� QDaLQ� ]D� RSUHGHOXYDZH� QD� GREUR� SRaHWQR� UH^HQLH� QD� UDYHQNDWD�
3UHGORCHQDWD� LWHUDWLYQD� SRVWDSND� H� HGQRVWDYQD�� EU]D� L� VLJXUQD� ELGHM`L� VR� PDO
EURM�LWHUDFLL�JR�GDYD�EDUDQRWR�UH^HQLH�VR�YLVRND��RGQDSUHG�]DGDGHQD�WRaQRVW�

5����� &YHWDQ�3DVNRY���*5$9,7$&,21,�5$6321,�,�'2/#,1$�1$
/$1A$1,&$�92�5$6321��

9R� WUXGRW� VH� UD]UDERWHQL� L� SULNDCDQL� SRVWDSNDWD� L� DORJRULWPRW� ]D� EU]R� L
WRaQR� SUHVPHWXYDZH� QD� JUDYLWDFLRQLWH� UDVSRQL� NDNR� L� DOJRULWPRW� ]D� SUHVPHWX�
YDZH�QD�YLVWLQVNDWD�GROCLQD�QD� MDCLZDWD��3ULNDCDQLRW�DOJRULWDP�H�SULODJRGHQ
]D�SUHVPHWXYDZH�VR�PDWHPDWLaNL�RULHQWLUDQ�VRIWYHU�NRM�REH]EHGXYD�WRaQRVW�^WR
JL�]DGRYROXYD�SRWUHELWH�YR�SURHNWLUDZHWR�QD�QDG]HPQL�YRGRYL�VR�QDSRQ�GR�400 kV�

5����� 3HFR�7ULIXQRY���400 KV�'$/1292'�%,72/$��−6.23-(���−
352%/(0$7,.$�,�,6.8679$�92�,=9('89$:(�1$
(/(.7520217$#1,�5$%27,�

9R�WUXGRW�VH�L]QHVHQL�SUREOHPDWLNDWD�L�LVNXVWYDWD�VWHNQDWL�YR�L]YHGXYDZHWR
QD�HOHNWURPRQWDCQLWH�UDERWL��(03��QD�GDOHNXYRGRW�400 kV��%LWROD�� − 6NRSMH����
=D� WDD� FHO� H� IRUPLUDQD� RUJDQL]DFLRQD� VWUXNWXUD� NDNR� NDNR� RUJDQL]DFLRQHQ� L
XSUDYXYDaNL� VLVWHP�� 5H]XOWDW� RG� YRYHGXYDZHWR� QD� W�Q�� RUJDQL]DFLRQD� VWUXNWXUD� H



VNUDWXYDZHWR� QD� YUHPHWUDHZHWR� QD� L]YHGXYDaNLWH� (03�� D� RG� WXND� L� URNRW� ]D
]DYU^XYDZH�QD�FHOLRW�L]YHGXYDaNL�SURHNW�

5����� G�U�5LVWR�$aNRYVNL���*5$1,A1,�5$6321,�1$�7,36.,7(
-$#,:$�,�1,912�35(60(789$:(��

(GQR� RG� WHKQLaNLWH� RJUDQLaXYDZD� NRH� EH]XVORYQR� PRUD� GD� ELGH� LVSROQHWR
NDM�QDG]HPQLWH�HOHNWURHQHUJHWVNL�YRGRYL�VH�RGQHVXYD�QD�QDSUHJDZHWR�YR�VSURYRG�
QLFLWH�L�MDCLZDWD�YR�WRaNLWH�QD�REHVXYDZH��]DFYUVWXYDZH��SUL�WHPSHUDWXUD −5oC
NRJD� QD� VSURYRGQLFLWH� L� MDCLZDWD� H� QDIDWHQ� W�Q�� �LVNOXaLWHOHQ� ]LPVNL� GRGDWHQ
WRYDU��� .RQWURODWD� QD� RYD� QDSUHJDZH� YR� SUDNWLNDWD� VH� YU^L� VR� SRPR^� QD� W�Q�
�JUDQLaHQ�UDVSRQ���'RVHJD^QLRW�QDaLQ�]D�SULEOLCQR�RSUHGHOXYDZH�QD�JUDQLaQLRW
UDVSRQ�QD�VSURYRGQLFLWH�L�MDCLZDWD�NDM�QDG]HPQLWH�YRGRYL�VH�WHPHOL�YU]�LGHMDWD�]D
�SDUDEROL]DFLMD��QD�UDYHQNDWD�QD�VRVWRMEDWD�L�YR�QL]D�VOXaDL�WRM�GDYD�UH]XOWDWL�VR
QHSULIDWOLYR�JROHPD�JUH^ND�^WR�PRCH�GD�GRYHGH�GR�VRVHPD�SRJUH^QL�]DNOXaRFL
YR�YUVND�VR�YUHGQRVWD�QD�VSRPHQDWRWR�QDSUHJDZH�

9R�WUXGRW�H�SULNDCDQD�QRYD��LWHUDWLYQD��SRVWDSND�NRMD�RYR]PRCXYD�GD�SUHV�
PHWD�WRaQDWD�YUHGQRVW�QD�JUDQLaQLRW�UDVSRQ�QD�VSURYRGQLFLWH�RGQRVQR� MDCLZDWD
NDM� QDG]HPQLWH� YRGRYL�� 3RVWDSNDWD� H� RVREHQR� SRJRGQD� ]D� SULPHQD� QD� GLJLWDOQL
NRPSMXWHUL�L�GDYD�UH]XOWDW�SRVOH�VDPR�QHNRONX�LWHUDFLL��EH]�RJOHG�QD�NDUDNWHULV�
WLNLWH� QD� UD]JOHGXYDQLWH� VSURYRGQLFL � MDCLZD� L� EH]� RJOHG� QD� SUHVPHWNRYQLWH
NOLPDWVNL�XVORYL�^WR�YODGHDW�QD�WHUHQRW��3ULNDCDQL�VH�L�UH]XOWDWLWH�RG�SUHVPH�
WDQLWH�YUHGQRVWL�QD�JUDQLaQLWH�UDVSRQL�]D�QHNRL�VWDQGDUGQL�WLSRYL�MDCLZD�

5����� G�U�5LVWR�$aNRYVNL���,=%25�,�',0(1=,21,5$:(�1$�=$=(0-8�
9$A,7(�1$�672/%29,7(�.$-�1$'=(01,7(�92'29,�

9R�WUXGRW�H�QDMQDSUHG�GHILQLUDQD�RVQRYQDWD�]DGDaD�^WR�MD�LPDDW�RS^WR�VLWH
]D]HPMXYDaL� QD� HOHNWURHQHUJHWVNLWH� REMHNWL�� D� YR� WDD� VPLVOD� L� ]D]HPMXYDaLWH� QD
VWROERYLWH� RG� QDG]HPQLWH� YRGRYL�� 2SL^DQL� VH� L� RVQRYQLWH� NDUDNWHULVWLNL� QD
]D]HPMXYDaLWH�−�RWSRUQRVWD�QD�UDVSURVWLUDZH�L�QDSRQLWH�QD�GRSLU�L�aHNRU��3RWRD
H�QDSUDYHQ�NXV�RVYUW�NRQ�QD^LWH�SURSLVL�L�UHJXODWLYDWD�VYU]DQD�VR�SUREOHPRW�QD
]D]HPMXYDZH�QD�QDG]HPQLWH�YRGRYL�YR�PUHCLWH�VR�UD]OLaHQ�WUHWPDQ�QD�QHXWUDOQDWD
WRaND�� 1DSUDYHQ� H� L� RVYUW� NRQ� PHWRGLWH� ]D� SUHVPHWXYDZH� QD� ]D]HPMXYDaLWH�
3ULNDCDQL�VH�QDaHODWD�VSRUHG�NRL�WUHED�GD�VH�UDNRYRGL�SURHNWDQWRW�SUL�L]ERURW
QD� NRQILJXUDFLMDWD�� WLSRW� L� GLPHQ]LLWH� QD� ]D]HPMXYDaLWH�� D� SRWRD� H� L]ORCHQD� L
SRVWDSND�]D�L]ERU�QD�WLSRW�L�GLPHQ]LLWH�QD�]D]HPMXYDaLWH�NDM�QDG]HPQLWH�YRGRYL�

5����� .RVWDGLQ�/XNDUVNL��,OLMD�+D[LGDRY��=RUDQ�2JQHQRVNL�
�(.63(5,0(17$/12�2'5('89$:(�1$�3$5$0(75,7(
1$�'$/1292'27�400 KV�%,72/$���−�6.23-(����

9R� WUXGRW� H� RSL^DQ� PHUQLRW� PHWRG� �QDSRQ� −� VWUXMD�� VR� NRM� VH� L]PHUHQL�� D
SRWRD� L� SUHVPHWDQL� SDUDPHWULWH� RG� UHGQDWD� JUDQND� �DNWLYQLWH� RWSRUQRVWL�
UHDNWDQVLWH�L�LPSHGDQVLWH��QD�VLVWHPLWH�VR�GLUHNWHQ�L�QXOWL�UHGRVOHG�NDNR�L�QD
VLVWHPRW� �ID]D� −� ]HPMD�� QD� QRYRL]JUDGHQLRW� 400 kV� YRG� �%LWROD� �� −� 6NRSMH� ���
3ULNDCDQD�H�L�SRVWDSNDWD� ]D�PHUHZH�L�SUHVPHWXYDZH�QD�GR]HPQLWH�L� SRJRQVNLWH
NDSDFLWHWL� QD� YRGRW�� 5H]XOWDWLWH� RG� PHUHZDWD� L� SUHVPHWNLWH� VH� VUHGHQL� L� VH



SULNDCDQL� WDEHODUQR�� NDNR� ]D� HGLQHaQD� GROCLQD�� WDND� L� ]D� YNXSQDWD� GROCLQD� QD
RYRM�YRG�

5����� G�U�5LVWR�$aNRYVNL��P�U�0LUNR�7RGRURYVNL���=$*8%,�1$�02@1267
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1DG]HPQLWH� YRGRYL� VR� YLVRN� L� QDMYLVRN� QDSRQ� �Un > 110 kV�� VH� ^WLWDW� RG
GLUHNWQL�DWPRVIHUVNL�SUD]QHZD� VR� HGQR�LOL�SDN� VR� GYH� ]D^WLWQL� MDCLZD�� SRVWD�
YHQL�QD�YUYRW�RG� VWROERW��7LH�LPDDW�QHVLPHWULaQD�SRORCED�YR�RGQRV�QD�ID]QLWH
VSURYRGQLFL��SRUDGL�^WR�YR�QLY�VH�LQGXFLUDDW�VWUXL�SRG�GHMVWYR�QD�LQGXFLUDQLWH
H�P�� VLOL�� VR]GDGHQL�RG�UDERWQLWH�VWUXL�YR�ID]QLWH�VSURYRGQLFL��7LH�LQGXFLUDQL
VWUXL�`H�SUHWVWDYXYDDW�L]YRU�QD�]DJXEL�QD�DNWLYQD�PR`QRVW�L�HQHUJLMD�

9R�WUXGRW�H�QDMQDSUHG�DQDOL]LUDQD�JROHPLQDWD�QD�WLH�]DJXEL�NDNR�L�PHUNLWH
]D�QLYQRWR�VPDOXYDZH��3ULNDCDQL�VH�QHNRL�RG�PRCQLWH�QDaLQL�QD�]D]HPMXYDZH�QD
]D^WLWQLWH� MDCLZD�NDNR�L� HIHNWLWH�^WR� VH� SRVWLJQXYDDW� VR� QLYQDWD� SULPHQD� YR
VPLVOD� QD� VPDOXYDZH� QD� ]DJXELWH� YR� ]D^WLWQLWH� MDCLZD�� 1D� NUDMRW� H� L]YU^HQD
SUHVPHWND� QD� ]DJXELWH� QD� PR`QRVW� L� HQHUJLMD� YR� 400 kV� YRGRYL� QD� 5HSXEOLND
0DNHGRQLMD��6H�NRQVWDWLUD�GHND�L]ERURW�QD�QDMVRRGYHWQLRW�QDaLQ�QD� ]D]HPMXYDZH
QD� ]D^WLWQLWH� MDCLZD� WUHED� GD� ELGH� ED]LUDQ� QD� SUHWKRGQR� QDSUDYHQD� WHKQLaNR�
HNRQRPVND�DQDOL]D�YR�NRMD��SRNUDM�FHQDWD�QD�GRSROQLWHOQLWH�LQYHVWLFLL�VYU]DQL�VR
L]YHGEDWD�QD�]D]HPMXYDaNLRW�VLVWHP��`H�ELGH�]HPHQD�SUHGYLG�L�FHQDWD�QD�]DJXELWH�QD
PR`QRVW�L�HQHULMD�YR�VDPLWH�]D^WLWQL�MDCLZD�

5����� G�U�(OL]DEHWD�%DKWRYVND��G�U�(OL]DEHWD�+ULVWRYVND���1$0$/89$:(�1$
(),.$61267$�1$�35,*8>89$:(�1$�35267251,27�'$03(5
=$�6123�2'�'9(�35292'1,�-$#,:$�.$.2�326/(',&$�2'
$7026)(56.,7(�9/,-$1,-$�

9R�WUXGRW�H�SULNDCDQR�YOLMDQLHWR�QD�DWPRVIHUVNLWH�XVORYL�YU]�HILNDVQRVWD
QD� SULGX^XYDZH� QD� GDPSHURW�� YNOXaXYDM`L� JL� YLVRNLWH� L� QLVNLWH� WHPSHUDWXUL�
]JROHPHQDWD� NRQFHQWUDFLMD� QD� R]RQ�� XOWUDYLROHWRYLWH� ]UDFL�� VQHJ� L� PUD]�� =D� WDD
FHO�� YR� ,=,6� −� 6NRSMH� HNVSHULPHQDWOQR� VH� RSUHGHOHQL� RVQRYQLWH� GLQDPLaNL
NDUDNWHULVWLNL� QD� GDPSHU� NRM� ELO� YR� HNVSORDWDFLMD� SRYH`H� JRGLQL� �VRSVWYHQL
IUHNYHQFLL�� WUDQVIHU]DOQD� NUXWRVW� L� NRHILFLHQW� QD� SULGX^XYDZH�� L� LVWLWH� VH
VSRUHGXYDQL�VR�GLQDPLaNLWH�NDUDNWHULVWLNL�QD�QRY�GDPSHU�NRM�QH�H�XSRWUHEXYDQ�

5����� G�U�(OL]DEHWD�%DKWRYVND��G�U�0LUND�5DGHYVND�−�3RSQLNRORYD�
�',1$0,A.$�5$635('(/%$�1$�',/$7$&,,7(�.$-
1$'=(01,�92'29,�>72�6(�92'$7�92�6123�

9R� WUXGRW� H� SULNDCDQD� YUVNDWD� ^WR� SRVWRL� SRPH_X� GLODWDFLLWH� SUL
GLQDPLaNRWR� RSWRYDUXYDZH� QD� QDG]HPQLWH� YRGRYL� L� WLH� ^WR� VH� MDYXYDDW� NDM
YNOH^WHQL�L�]DWHJQDWL�JUHGL�VR�NUXCHQ�QDSUHaHQ�SUHVHN�−�L]ORCHQL�QD�YLEUDFLL�
.RULVWHQ� H� PHWRGRW� QD� WUDQVIHU�PDWULFL� ]D� RSUHGHOXYDZH� QD� PDNVLPDOQLWH
GLODWDFLL� YR� WRaNLWH� QD� REHVXYDZH� QD� SURYRGQLWH� MDCLZD� L� WRaNLWH� QD� SRVWD�
YXYDZH� QD� GDPSHURW� GROC� VQRSRW�� 3ULNDCDQL� VH�� LVWR� WDND�� L� UH]XOWDWLWH� RG
HNVSHULPHQWDOQLWH�LVWUDCXYDZD�QD�GLODWDFLLWH�QD�VQRS�RG�GYH�SURYRGQL�MDCLZD�



RSUHPHQ� VR� SURVWRUHQ� GDPHU�� (NVSHULPHQWDOQLWH� LVSLWXYDZD� VH� L]YU^HQL� YR
ODERUDWRULMDWD�]D�GLQDPLaNL�LVSLWXYDZD�SUL�,=,6�−�6NRSMH�

5����� 6D^R�6WHIDQRYVNL��(OHQD�$OHNVRYD���929('89$:(�1$�67$31,
,=2/$725,�35,�5(.216758.&,-$7$�1$�����KV �'$/(.892'
%52-�������6.23-(���−�6.23-(���

9R� WUXGRW� VH� UD]UDERWHQL� L]ERURW� L� SULPHQDWD� QD� PDVLYQLRW� VWDSHQ� SRUFH�
ODQVNL� L]RODWRU�� ]DHGQR� VR� RYHVQDWD� L� ]D^WLWQD� RSUHPD� QD� 110 kV� GDOHNXYRG
�6NRSMH���−�6NRSMH����EU���������3R]QDWR�H�GHND�VWDSQLRW�L]RODWRU�H�YR�SULPHQD�QDG
50�JRGLQL�SUL�^WR�VH�NRULVWHOH�QDMUD]OLaQL�WHKQRORJLL�]D�L]UDERWND�L�REUDERWND
QD�SRUFHODQRW��9R�VOXaDMRY��VWDQXYD�]ERU�]D�PDVLYHQ�VWDSHQ�SRUFHODQVNL�L]RODWRU�
L]UDERWHQ� RG� YLVRNRNYDOLWHWHQ� DOXPLQLXP�RNVLG� SRUFHODQ�� VR� R]QDND� LG 65/22
1270��SURL]YRG�QD��CERAM����$YVWULMD��=D�RYRM�L]RODWRU�(02�−�2KULG�GLPHQ]LR�
QLUD�L�REOLNXYD�RYHVQD�L�]D^WLWQD�DUPDWXUD��6R�SUDYR�VH�RaHNXYD�GHND�VR�SULPHQD
QD� VWDSQLRW� L]RODWRU� `H� VH� ]JROHPL� SRJRQVNDWD� GRYHUOLYRVW� QD� YRGRW� L� `H� VH
QDPDODW�WUR^RFLWH�YR�RGUCXYDZHWR�

5����� $OHNVDQGDU�5LEDURVNL��0LKDMOR�$WDQDVRVNL��1LNROD�'RQHYVNL��1LNROD
1LNROL`��9DVNR�>WHUMRYVNL���38/758',5$1,�352),/,�,�1,91$
35,0(1$�92�9,62.21$3216.$7$�235(0$�.$.2�126$A,
1$�3273251,�,=2/$725,�313,�7�=$�1$3216.2�1,92
2'����'2����KV�

9R�WUXGRW�H�SUHWVWDYHQ�QRYLRW�QRVDa�QD�SRWSRUQL�L]RODWRUL�]D�QDSRQVNR�QLYR
RG�10�GR�35 kV��7RD�H�QRVDa�L]UDERWHQ�RG�VLQWHWVNL�PDWHULMDO�NRM�PRCH�GD�JR�]DPHQL
GRVHJD^QLRW�QRVDa��L]UDERWHQ�RG�PHWDO��7RM�H�PHKDQLaNL�LVSLWXYDQ�QD�VLWH�YLGRYL
QDSUHJDZD��SUHGYLGHQL�VR�QD^LWH� VWDQGDGL��2G� VSRUHGEHQLWH�WDEHODUQL�SRGDWRFL
SRGDWRFL�VH�JOHGD�GHND�QRYLRW�QRVDa��VR�R]QDND�PNPI-T�YR�VSRUHGED�VR�SRVWRMQLRW��VR
R]QDND� NPV�� LPD� LVNOXaLWHOQL� GREUL� HOHNWULaQL�� PHKDQLaNL� L� KHPLVNL
NDUDNWHULVWLNL�

5����� G�U�5LVWR�$aNRYVNL���35,0(1$�1$�352*5$06.,27�3$.(7�'DV'
=$�352(.7,5$:(�1$�1$'=(01,�92'29,�

6R�SRMDYDWD�QD� SHUVRQDOQLWH�NRPSMXWHUL�QD� VHNRM� LQCHQHU�SURHNWDQW�PX� VH
RYR]PRCL� GD� VH� VOXCL� VR� UD]QL� VRIWYHUVNL� DODWNL� L� DSOLNDWLYQL� SURJUDPL� SUL
UH^DYDZHWR� L� WHKQLaNRWR� RIRUPXYDZH� QD� ]DGDaLWH� RG� GRPHQRW� QD� QHJRYRWR
UDERWHZH��3URJUDPVNLRW�SDNHW�"DV", QDPHQHW�]D�SURHNWLUDZH�QD�QDG]HPQL�YRGRYL
VR�SRPR^�QD�SHUVRQDOQL�NRPSMXWHUL, SUHWVWDYXYD�HGQD�WDNYD�DSOLNDFLMD�

9R�WUXGRW�H�QDMQDSUHG�GDGHQ�NXV�RSLV�QD�RYRM�SURJUDPVNL�SDNHW��1DEURHQL�VH
SRGORJLWH��QHRSRKRGQL�]D�YDNYLRW�YLG�SURHNWLUDZH�D�SRWRD�H�RSL^DQ�L�SULQFLSRW
QD�NRM�UDERWL�SURJUDPRW�SUL�L]ERURW�QD�WLSRYLWH�L�YLVLQLWH�QD�VWROERYLWH�NDNR�L
SUL�QLYQRWR�LQWHUDNWLYQR�UD]PHVWXYDZH�GROC�WUDVDWD��2SL^DQ�H�L�QDaLQRW�QD�NRM
RYRM� SURJUDPVNL� SDNHW� YU^L� SURYHUND� QD� LVSUDYQRVWD� QD� GRELHQRWR� WHKQLaNR
UH^HQLH��1D� NUDMRW� VH� QDEURHQL� OLVWLWH� L� WDEHOLWH� QD� L]OH]QLWH� UH]XOWDWL�� NRL
SUHWVWDYXYDDW�SURGXNW�RG�UDERWHZHWR�VR�RYRM�SURJUDPVNL�SDNHW�



35$>$:$�=$�',6.86,-$

� 3RVWRMDW�OL�HYURSVNL�LVNXVWYD� VR�SULPHQDWD�QD� DOXaHO�MDCLZD� VR� ]JROHPHQD
WHUPLaND� VWUXMD� RG� WLSRW� TACSR�� RGQRVQR� STACIR�� RSL^DQL� YR� UHIHUDWRW
5������� .RONX� PRCHPH� GD� VPHWDPH� QD� QLYQDWD� SULPHQD� YR� L]JUDGEDWD� L
UHYLWDOL]DFLMDWD�QD�QDG]HPQDWD�PUHCD�YR�QD^DWD�]HPMD�RG�DVSHNW�QD�VWDELOQD
FHQD�L�PRCQRVW�]D�QLYQDWD�EU]D�L�VLJXUQD�QDUDaND�

� 'DOL� QL]� GRVHJD^QDWD� SUDNWLaQD� SULPHQD� QD� SURJUDPVNLRW� SDNHW� �DV�� VH
aXYVWYXYD�SRWUHEDWD�RG�QHJRYD�GRJUDGED�RGQRVQR�SUR^LUXYDZH��RG�DVSHNW�WRM
YR�QHNRL�ID]L�RG�SURHNWLUDZHWR�GD�PRCH�GD�YU^L�RSWLPL]DFLMD�

� 3UL� SURHNWLUDZHWR� QD� 400 kV� YRGRYL� PQRJX� H� aHVWD� SRMDYDWD� QD� WRWDOQL
UDVSRQL�SRJROHPL�RG�500 m��9DNYL�VOXaDL�VH�VUH`DYDDW�GXUL�L�NDM�YRGRYLWH�110
L� 220 kV�� .RONDYL� VH� JUH^NLWH� YR� SUHVPHWXYDZHWR� QD� SURYHVLWH� SUHNX
�SULEOLCQDWD��UHODFLMD�����]D�WLH�VOXaDL�

� 'DOL� LPD� SRWUHED� RG� YRYHGXYDZH� QD� WUL� QLYRD� QD� YUHGQRVWL�� QD� SULPHU� QD
PDOL�� VUHGQL� L� JROHPL� JUDYLWDFLRQL� UDVSRQL�� YR� VPLVOD� QD� L]ORCHQRWR� YR
UHIHUDWRW�5������

� .DNR� GD� VH� YRVWDQRYL� SUDNVD� NRMD� `H� REH]EHGXYD� QHL]RVWDYQR� SULPHQD� QD
VRYUHPHQL�SUDNWLNXYDQL�RUJDQL]DFLRQR�XSUDYXYDaNL�VLVWHPL�]D�L]YHGXYDZH�L
JUDGED�QD�YRGRYL�VR�YLVRN�L�QDMYLVRN�QDSRQ�

� .RONDYL�VH�JUH^NLWH�SUL�SUHVPHWXYDZHWR�QD�JUDQLaQLWH�UDVSRQL�QD�NODVLaHQ
QDaLQ��UH^DYDM`L�JR�VLVWHPRW�UDYHQNL� �����L� ������ YR�RGQRV�QD�QLYQDWD�WRaQD
YUHGQRVW��GRELHQD�VR�LWHUDWLYQDWD�SRVWDSND�SULNDCDQD�YR�UHIHUDWRW�5������

� .DNYD�H�QD^DWD�GRVHJD^QD�SUDNVD�YR�YUVND�VR�L]ERURW�L�GLPHQ]LRQLUDZHWR�QD
]D]HPMXYDaLWH� QD� QDG]HPQLWH� YRGRYL� L� NRL� VH� SUREOHPLWH� QD� NRL� SULWRD
QDMaHVWR� VH� QDLGXYD�� 'DOL� SULVWDSRW� RSL^DQ� YR� UHIHUDWRW� 5������ ]DHGQR� VR
WHKQLaNDWD�SUHSRUDND�73���QD�(36�PRCH�GD�VH�SULIDWL�NDNR�SUDNVD�]D�L]ERU
L�GLPHQ]LRQLUDZH�QD�]D]HPMXYDaLWH�QD�LGQLWH�GDOHNXYRGL�

� .DNYL�VH�YUHGQRVWLWH�QD�SDUDPHWULWH�QD�YRGRW�400 kV��%LWROD���−�6NRSMH���
GRELHQL�SR�DQDOLWLaNL�SDW� �NRPSMXWHUL]LUDQL�PHWRGL���$NR�YUHGQRVWLWH�NDM
QHNRL�SDUDPHWUL� ]QDaLWHOQR� VH� UD]OLNXYDDW� RG� RQLH�� RSUHGHOHQLWH� HNVSHUL�
PHQWDOQR��NDNR�GD�VH�SRVWDSL�L�NRL�RG�QLY�GD�VH�NRULVWDW�

� .RONDYL� `H� ELGDW� ]DJXEL� QD� PR`QRVW� L� HQHUJLMD� YR� ]D^WLWQLWH� MDCLZD� QD
400 kV� GDOHNXYRGL� YR� 5HSXEOLND� 0DNHGRQLMD� SUL� WUDQ]LWL� QD� PR`QRVW� QD
SUDYHFRW�6HYHU�−� -XJ� RG�±300 MW� GR�±500 MW� NRL� VH�PRCQL� L� YHURMDWQL� YR
QDUHGQLRW� SHULRG�� 'DOL� L� NDGH� VH� SULPHQXYDDW� VLVWHPLWH� QD� ]D]HPMXYDZH� QD
]D^WLWQLWH�MDCLZD�RSL^DQL�YR�UHIHUDWRW�5������

�� .DNR� SRVOHGLFD� QD� DWPRVIHUVNLWH� YOLMDQLMD� H� VWDUHHZHWR� QD� JXPDWD� NDM
GDPSHURW� ]DUDGL� ^WR� VH� L� QDPDOXYD� VSRVREQRVWD� QD� GDPSHURW� WRM� GD� JL
SULGX^XYD� YLEUDFLLWH� QD� MDCLZDWD�� .DNR� RYRL� SUREOHP� H� UD]UH^HQ� NDM
QRYLWH�WLSRYL�GDPSHUL�

�� .DNYL�VH�GLODWDFLLWH�YR�WRaNLWH�QD�REHVXYDZH�QD� MDCLZDWD�SUL�YHUWLNDOQR
SREXGXYDZH�QD�KRUL]RQWDOHQ� VQRS�RG�SURYRGQL� MDCLZD�� ]DYLVQR�RG� VLODWD� VR
NRMD�VH�WLH�]DWHJQDWL�



�� =R^WR�SDUDOHOQR�YR�SULSUHPLWH�]D�SULPHQD�QD�VWDSHVWLRW�L]RODWRU��RSL^DQ
YR� UHIHUDWRW� 5������� QH� H� UD]JOHGXYDQD� PRCQRVWD� ]D� SULPHQD� QD� VWDSHQ
L]RODWRU�RG�NRPSR]LWHQ�PDWHULMDO��D�NRM�H�YR�XSRWUHED�SRVOHGQLYH�JRGLQL�

�� =DUDGL� LVNOXaLWHOQR� GREULWH� L]RODFLRQL� NDUDNWHULVWLNL� QD� QRYLRW� QRVDa
WLS�PNPI-T�� RSL^DQ� YR�UHIHUDWRW�5������� WUHED� GD� VH� L]YLGL�PRCQRVWD� GD� VH
UD]YLH�PRGHO�QD�QRVDa�RG�VLQWHWVNL�PDWHULMDO�NDM�NRM�`H�L]RVWDQH�SRWUHEDWD�RG
SRVWDYXYDZH�QD�SRWSRUHQ�L]RODWRU�

�� 3RVWRL�OL�PRCQRVW�GD�VH�YRYHGH�DYWRPDWL]LUDQR�UD]PHVWXYDZH�QD�VWROERYLWH
GROC�WUDVDWD�VR�SURJUDPVNLRW�SDNHW��DV��
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'DOHNXYRGRW�110 kV�EU��������SRPH_X�7(��2VORPHM��−�+(��9UXWRN�H�YR�SRJRQ
SROQL� ��� JRGLQL� L� NDNR� WDNRY� H� SUHG� NUDMRW� QD� VYRMRW� CLYRWHQ� YHN�� 1R� QHJRYDWD
YDCQRVW� YR� VLVWHPRW� QD� 0DNHGRQLMD� H� L� QDWDPX� DNWXHOQD�� 9R� WUXGRY� H� QDSUDYHQ

SULND]�QD�UH]XOWDWLWH�RG�HNRQRPVNR−WHKQLaNLRW�HODERUDW� [1]� ]D� QHJRYD� UHYLWDOL�
]DFLMD�L�]JROHPXYDZH�QD�SURSXVQDWD�PR`��9R�VSRPHQDWLRW�(ODERUDW�VH�UD]UDERWHQL
SRYH`H�YDULMDQWL�]D�QHJRYDWD�UHYLWDOL]DFLMD�L�SRYH`HWR�VH�RSL^DQL�YR�RYRM�WUXG�

S U M M A R Y

The 110 kV power transmission line No 106/1 connecting power plants TE "Oslomej"
and HE "Vrutok" is operating already 40 years and is at the end of his life. But his importance
in the power system of Macedonia as a transmission line is still high. Because of this reason it
was decided to revitalise it and to expand its transmission capacity. During the year 1997 a
study for revitalisation and expanding the ampacity of this line was done. A review of the
results of this study is presented in this paper.

.OXaQL�]ERURYL��1DG]HPQL�YRGRYL��UHYLWDOL]DFLMD��SURSXVQD�PR`�

1. 929('

'DOHNXYRGRW� 110 kV�+(��9UXWRN�� −� 7(�2VORPHM�� �YRG� EU�������� H� YR� SRJRQ
YH`H� ��� JRGLQL� L� H� HGHQ� RG� QDMVWDULWH� 110 kV� GDOHNXYRGL� NRL^WR� YR� 5HSXEOLND
0DNHGRQLMD�VH�QDR_DDW�Vv�X^WH�YR�SRJRQ��9R�YUHPHWR�NRJD�H�WRM�H�L]JUDGHQ��QDPHQDWD
YR�RVQRYD�PX�ELOD�SRYU]XYDZH�QD�NLaHYVNLRW�L�ELWROVNLRW�UHJLRQ�VR��YR�WRD�YUHPH�

JODYQLRW� L]YRU� QD� HOHNWULaQD� HQHUJLMD� −� KLGURHOHNWUDQDWD� �9UXWRN��� 1HJRYDWD
SULURGQD� PR`QRVW� L]QHVXYD� RNROX� 30�MW�� D� WHUPLaNDWD� SURSXVQD� PR`QRVW� RNROX
70 MVA�L�YR�WRD�YUHPH�SUHWVWDYXYDO�HOHNWURHQHUJHWVNL�REMHNW�VR�VROLGHQ�SUHQRVHQ
NDSDFLWHW�� 1R� VR� SRMDYDWD� QD� 7(� �2VORPHM�� YR� ����� JRGLQD�� NRMD� SURL]YHGXYD
]QDaLWHOHQ�GHO�RG�HOHNWULaQDWD�HQHUJLMD�YR�0DNHGRQLMD�L�aLMD�PR`QRVW�QD�SUDJRW



L]QHVXYD�QDG�100 MW��]QDaHZHWR�QD�RYRM�VH�PHQXYD�L�WRM�SUHUDVQXYD�RG�YRG�NRM�LPDO
GRQHNDGH� ORNDOQR� ]QDaHZH� YR� GHO� RG� YLVRNRQDSRQVNDWD� SUHQRVQD� PUHCD� NRM� LPD
VLVWHPVNR�]QDaHZH�L�SUHNX�NRM�SRJROHP�GHO�RG�SURL]YRGVWYRWR�QD�7(��2VORPHM��VH
SODVLUD�YR�HOHNWURHQHUJHWVNLRW�VLVWHP��((6��QD�0DNHGRQLMD��

3RUDGL�QHJRYDWD�VWDURVW�QR�L�SRUDGL�YDCQRVWD�QD�RYRM�YRG�NDNR�YR�VHJD^QRVWD�
WDND�L�YR�QDUHGQLRW�SHULRG�RG�QDMPDONX�GYDHVHWLQD�JRGLQL�� VRJOHGDQD�H�SRWUHEDWD
RG�QHJRYD� UHYLWDOL]DFLMD� L� SUR^LUXYDZH�QD� QHJRYLWH�SUHQRVQL�NDSDFLWHWL�� SD� YR
WHNRW� QD� ����� JRGLQD� QD� EDUDZH� QD� -�3�� �(OHNWURVWRSDQVWYR� QD� 0DNHGRQLMD��

SRGUXCQLFD��(OHNWURSUHQRV�−6NRSMH RG VWUDQD�QD�ILUPDWD��TIMEX��'�2�2−2KULG�
GHORYQD� HGLQLFD� 6NRSMH�� H� L]UDERWHQ� HNRQRPVNR−WHKQLaNL� HODERUDW� [1]� ]D� QHJRYD
UHYLWDOL]DFLMD�L�]JROHPXYDZH�QD�SURSXVQDWD�PR`��1D�RYRM�(ODERUDW�PX�SUHWKRGH^H
UDERWDWD�QD�QHNRONX�NRPLVLL�NRL�LPDD�]DGDaD�GD�MD�XWYUGDW�IDNWLaNDWD�VRVWRMED�VR
VWHSHQRW�QD�GRWUDHQRVW�QD�RYRM� YRG�L� GD� MD�LVSLWDDW�PRCQRVWD� ]D�L]PHQD�QD� QHNRL
GHORYL� RG� WUDVDWD� ]DUDGL� VNUDWXYDZH� QD� QHJRYDWD� GROCLQD� L� UH^DYDZH� QD� QHNRL
GUXJL� SUREOHPL�� 9R� (ODERUDWRW� VH� UD]UDERWHQL� SRYH`H� YDULMDQWL� ]D� QHJRYDWD
UHYLWDOL]DFLMD� L� H� L]YU^HQR� VSRUHGXYDZH� QD� QLYQLWH� WHKQLaNL� L� HNRQRPVNL
NDUDNWHULVWLNL�� 3RYDCQLWH� RG� UD]JOHGXYDQLWH� YDULMDQWL� NDNR� L� QDaLQRW� QD
QLYQRWR�WHKQLaNR�L�HNRQRPVNR�YDORUL]LUDZH�VH�RSL^DQL�YR�RYRM�WUXG�

�� 261291,�32'$72&,�=$�32672-1,27�'$/(.892'

3RVWRMQLRW� GDOHNXYRG� 110 kV�+(��9UXWRN�� −� 7(�2VORPHM�� �YRG� EU�������� H
L]JUDGHQ� YR� ����� JRGLQD�� L]YHGHQ� QD� aHOLaQR�UH^HWNDVWL� VWROERYL� ]D� QRPLQDOHQ

QDSRQ�110 kV�RG�WLSRW��(OND��−�SURL]YRG�QD��(QHUJRLQYHVW��−�6DUDHYR��6WROERYLWH
VH�aHOLaQR�UH^HWNDVWL�� VR�WUL�NRQ]ROL��SUHGYLGHQL�L�L]YHGHQL� VR� VSURYRGQLFL�RG
WLSRW�Al/^�MDCH JUS N.C1.351��D�QD�YUYRW�H�SULFYUVWHQR�]D^WLWQRWR� MDCH�RG�WLSRW
Fe III 35 mm2� VSRUHG� JUS. N.C1.702�� 3RMDVQLFLWH� QD� VWROERYLWH� VH� YR� IRUPD� QD� L�
SURILOL��D�YNUVWHQLWH�GLDJRQDOL�VH�RG�RNUXJRO�aHOLN�L�VH�SUHGQDSUHJQDWL�L�WLH�VH
]D^WLWHQL� RG� NRUR]LMD� VR� PUVQD� ERMD�� .DNR� L]RODFLMD� VH� XSRWUHEHQL� NODVLaQL
L]RODWRUVNL� YHULJL� VR� NDSHVWL� SRUFHODQRYL� L]RODWRUL� RG� WLSRW� K170/280 (K3)�
9RGRW� H� GROJ� l = 25,536 km� L� LPD� YNXSQR� ��� VWROERYL�� RG� NRL� ��� VH� QRVHaNL�� D
RVWDQDWLWH� VH� DJROQR�]DWH]QL�� .DNR� DJROQR�]DWH]QL� VWROERYL� VH� XSRWUHEHQL
VWROERYLWH�VR�VOHGQLYH�R]QDNL�

�KZ 160−180����]D�DJRO�QD�VNU^QXYDZH�GR���R�

�KZ 140−160����]D�DJRO�QD�VNU^QXYDZH�GR���R�

�KZ 120−140���]D�DJRO�QD�VNU^QXYDZH�GR���R��L�NDNR�NUDHQ�VWROE�

8SRWUHEHQLWH�QRVHaNL�VWROERYL�VH�RG�WLSRW��N305��L��N360��

2VWDQDWLWH�SRGDWRFL�]D�RYRM�YRG�VH�VOHGQLWH�

−�SULWLVRN�QD�YHWURW� PV� �60 kp/m2��]D�QDGPRUVNL�YLVLQL�GR�800 m��L
PV� �72 kp/m2��]D�QDGPRUVNL�YLVLQL�QDG�800 m��

−�QRUPDOHQ�]LPVNL�GRGDWHQ�WRYDU��1='7��1 0 0 18, ,⋅ d �kp/m�
−�0DNVLPDOQR�UDERWQR�QDSUHJDZH�QD�VSURYRGQLFLWH��σmv �8 kp/mm2

�����LOL�7,85 daN/mm2��

−�0DNVLPDOQR�UDERWQR�QDSUHJDZH�QD�VSURYRGQLFLWH��σmz ��� kp/mm2

�����LOL���,5 daN/mm2��



�� 5$=*/('89$1,�9$5,-$17,

3UL�L]UDERWNDWD�QD�(ODERUDWRW� [1]� VRJOHGDQ�H�L� H� DQDOL]LUDQ�SRJROHP�EURM
PRCQL� YDULMDQWL� ]D� UHDOL]DFLMD� QD� SRVWDYHQDWD� FHO�� =DHGQLaNR� ]D� VLWH� QLY� H� WRD
^WR�SRUDGL�GRWUDHQRVWD�QD�SRVWRMQLWH�MDCLZD�VR�NRL�VH�L]YHGHQL�VSURYRGQLFLWH�L
]D^WLWQRWR� MDCH� H� QHRSKRGQR� WLH� GD� ELGDW� ]DPHQHWL� VR� QRYL�� SUL� ^WR� ]D
VSURYRGQLFL� `H� VH� SULPHQDW� DOXaHO�MDCLZD� VR� SRJROHPD� WUDMQD� GR]YROHQD� VWUXMD�
,VWR� WDND�� SRUDGL� GRWUDHQRVWD� QD� SRVWRMQLWH� L]RODWRUVNL� YHULJL�� WLH� WUHED� GD
ELGDW�]DPHQHWL�VR�SRUFHODQVNL�VWDSHVWL�L]RODWRUL�NRL�LPDDW�SRGREUL�L]RODFLRQL
NDUDNWHULVWLNL��1DHGQR��SUL�UHNRQVWUXNFLMDWD�QD�YRGRW�`H�WUHED�VLWH�VWROERYL��]D
NRL� `H� VH� XWYUGL� GHND� QH� JL� ]DGRYROXYDDW� YR� PHKDQLaND� LOL� HOHNWULaND� VPLVOD
QRYLWH� RGUHGEL� RG�3UDYLOQLNRW� ]D� JUDGED� QD� QDG]HPQL� HOHNWURHQHUJHWVNL� YRGRYL
[2]� D� NRM� VWDSL� QD� VQDJD� YR� ����� JRGLQD� L� VH� UD]OLNXYD� RG� SUHWKRGQLRW�� GD� ELGDW
]DPHQHWL� VR� VRRGYHWQL�� 2YGH� `H� ELGDW� SULNDCDQL� VDPR� aHWLUL� RG� UD]JOHGXYDQLWH

YDULMDQWL�−�RQLH�]D�NRL�VPHWDPH�GHND�VH�SR�QH^WR�VSHFLILaQL��9R�QDWDPR^QLRW�GHO
RG�WHNVWRW�`H�JL�RSL^HPH�RVQRYQLWH�NDUDNWHULVWLNL�QD�VHNRMD�RG�QLY�

3UYD�YDULMDQWD��.DM�SUYDWD�YDULMDQWD� VH�SUHGYLGXYD�HGLQVWYHQR�SURPHQD�QD
SRVWRMQLRW�VSURYRGQLN�WLS�Al/^ 150/25 mm2ñ�RGQRVQR�Al/^ 150/30 mm2��NRM�H�SUDN�
WLaQR�GRWUDHQ��VR�QRY�VSURYRGQLN�RG�WLSRW�Al/^ 240/40 mm2�QD�SRVWRMQLWH�VWROERYL
L� SR� SRVWRMQD� WUDVD�� RG� VWROEQRWR� PHVWR� EU�� ��� YR� EOL]LQDWD� QD� 7(� �2VORPHM�� GR

VWROEQRWR� PHVWR� EU�� ���� YR� EOL]LQDWD� QD� +(� �9UXWRN�� −� EH]� QLNDNDYL� L]PHQL� YR
WUDVDWD��%LGHM`L�SRVWRMQLWH�VWROERYL�QH�VH�SUHGYLGHQL�]D�RYRM�WLS�MDCLZD��NDM�RYDD
YDULMDQWD� `H� ELGH� QHRSKRGQR� GD� VH� YPHWQDW� ��� QRYL� VWROERYL� VR� NRL� `H� VH� L]YU^L
PHKDQLaNR�SRMDaXYDZH�QD�YRGRW�

9WRUD�YDULMDQWD��6SRUHG�RYDD�YDULMDQWD��GHORW�RG�YRGRW�SRPH_X�VWROERYLWH
EU�� 4� L� 8�� VR� GROCLQD� 1,429 km�� NDNR� L� GHORW� SRPH_X� VWROERYLWH� EU�� ��� L� ���� VR
GROCLQD�2,665 km��VH�UHNRQVWUXLUD�SR�SRVWRMQDWD�WUDVD�VR�LVWLWH�VWROERYL�L�SULWRD
SRVWRMQLWH�VSURYRGQLFL�VH�]DPHQXYDDW�VR�QRYR�SURYRGQR� MDCH�RG�WLSRW�Al/^ 240/40
mm2�� 3RNUDM� RYD�� RG� VWROERW� EU�� �� GR� VWROERW� EU�� ���� SR� VRVHPD� QRYD� WUDVD�� `H� VH
L]JUDGL� QRYD� GHOQLFD�� VR� GROCLQD� 18 km� L� VR� VSURYRGQR� MDCH Al/^ 240/40 mm2�
1DWDPX�� RG� VWROEQRWR�PHVWR� EU�� ���� SD� Vv� GR� VWROERW� EU�� ���� YRGRW� VH� YNORSXYD� YR
VWDUDWD�WUDVD�

7UHWD�YDULMDQWD��2YDD�YDULMDQWD�H�LGHQWLaQD�VR�SUYDWD�YDULMDQWD��VR�HGLQVW�
YHQDWD� UD]OLND� ^WR� WXND�� PHVWR� VR� VSURYRGQLFLWH� RG� WLSRW� Al/^ 240/40 mm2�
SURPHQDWD�QD�SRVWRMQLWH� VSURYRGQLFL�SR�SRVWRMQDWD�WUDVD�`H� VH�L]YU^L�VR� VRVHPD
QRY� WLS� DOXaHO�MDCLZD� RGñWLSRW� �TACSR�� �Thermal Resistant Aluminium Alloy
Conductors��� VR� QRPLQDOHQ� SUHVHN�160/40 mm2� D� ]D� NRL� SRGHWDOQR� `H� VWDQH� ]ERU� YR
WRaNDWD����2YLH� MDCLZD�YR�PHKDQLaNL�SRJOHG�LPDDW�NDUDNWHULVWLNL�PQRJX� VOLaQL
QD� SRVWRMQLWH�� WDND� ^WR� VLOLWH� ^WR� `H� VH� MDYDW� NDM� VWROERYLWH� SRVOH� SURPHQDWD
VNRUR�YRRS^WR�QHPD�GD�VH�UD]OLNXYDDW�YR�RGQRV�QD�GRVHJD^QLWH��1R�L�SRNUDM�RYD��RG
aLVWR��HOHNWULaQL��SULaLQL��SDN�`H�ELGH�SRWUHEQR�GD�VH�YJUDGDW����QRYL�VWROERYL
VR�NRL�`H�VH�L]YU^L�XVRJODVXYDZH�QD�VWDURWR�WHKQLaNR�UH^HQLH�VR�QRYLWH�SURSLVL�

AHWYUWD��YDULMDQWD��.DM�RYDD�YDULMDQWD�VH�SUHGYLGXYD�SURPHQD�QD�SRVWRMQLRW
VSURYRGQLN� QD� SRWHJRW� SRPH_X� VWROERYLWH� EU�� ��� L� ���� GROJ� 11,885 km�� VR� QRY
VSURYRGQLN��RG�WLSRW�Al/^ 240/40 mm2��3RQDWDPX��RG�VWROERW�EU�����SD�Vv�GR�NUDMRW
QD� YRGRW�� NRM� ]DYU^XYD� YR� QRYDWD� 76� ������� �3RORJ��� YR� EOL]LQDWD� QD� JUDGRW
*RVWLYDU��VH�SUHGYLGXYD�L]JUDGED�QD�VRVHPD�QRYD�GHOQLFD��SR�QRYD�WUDVD��VR�GROCLQD



21,055 km��1RYDWD�GHOQLFD�`H�VH�L]YHGH�VR�VSURYRGQLFL�RG�WLSRW�Al/^ 240/40�mm2��1D
WRM� QDaLQ� YNXSQDWD� GROCLQD� QD� YRGRW� `H� VH� VNUDWL� ]D� RNROX� 12 km� YR� RGQRV� QD
QHJRYDWD�SRVWRMQD�GROCLQD�

�� 7(+1,A.,�,�(.21206.,�.$5$.7(5,67,.,
1$�5$=*/('89$1,7(�9$5,-$17,

���� 3ULPHQD�QD�VSURYRGQLFL�RG�WLSRW�Al/^ 240/40 mm2

6R�]DPHQD�QD�SRVWRMQLWH�VSURYRGQLFL�RG�WLSRW�Al/^ 150/25 mm2�L�VR�SRVWDYX�
YDZH� QD� QRYLWH�� RG� WLSRW�Al/^ 240/40 mm2�� NRL� LPDDW� SRJROHP� SUHVHN� L� SRJROHPD
VSHFLILaQD�WHCLQD��UDERWQRWR�QDSUHJDZH�QD�VSURYRGQLFLWH�`H�PRUD�GD�VH�QDPDOL
GRNRONX� VDNDPH� VLOLWH� QD� ]DWHJDZH� VR� NRL� WLH� GHMVWYXYDDW� YU]� VWROERW� GD� RVWDQDW
LVWL��3RNUDM�RYD��VR�SRVWDYXYDZHWR�QD�QRYLWH�VSURYRGQLFL�QD�SRVWRMQLWH�VWROERYL
GRD_D�L� GR� ]QDaLWHOQR� ]JROHPXYDZH�QD� YHUWLNDOQLWH� VLOL�NDM� VWROERYLWH� L� VR� WRD
GUDVWLaQR� VH� QDPDOXYDDW� QLYQLWH� GR]YROHQL� JUDYLWDFLRQL� UDVSRQL�� ^WR� SUHWVWD�
YXYD�GRSROQLWHOQD�SULaLQD�]D�YPHWQXYDZH�QD�QRYL�VWROERYL�YR�SRVWRMQLWH�UDVSRQL
QR�L�SULaLQD�]D�]DPHQD�QD�QHNRL�SRVWRMQL�VWROERYL�VR�QRYL��*ROHPL�JUDYLWDFLRQL
UDVSRQL�QD�SRVWRMQLRW�YRG�VH�MDYXYDDW�L�]DWRD�^WR�YRGRW�VH�SURWHJD�SR�VWUP�SODQLQ�
VNL�WHUHQ�SRUDGL�^WR�aHVWRSDWL�GRD_D�GR�SRMDYD�QD�SRJROHPL�JUDYLWDFLRQL�UDVSRQL�

9R�UDPQLaDUVNLRW�GHO�RG�YRGRW�SRYWRUQR�VH�MDYXYD�SRWUHEDWD�RG�YPHWQXYDZH
QRYL�VWROERYL�YR�UDVSRQ��3ULaLQD�]D�RYD�H�VLJXUQRVQDWD�YLVLQD�QD�VSURYRGQLFLWH
QDG�WORWR�L�REMHNWLWH�QD�WORWR��,PHQR��ELGHM`L�QRYLWH�VSURYRGQLFL�Al/^ 240/40 mm2

`H�UDERWDW�VR�VPDOHQR�PDNVLPDOQR�UDERWQR�QDSUHJDZH��σ mv �6,0 daN/mm2�QDPHVWR

8 daN/mm2���WLH�`H�LPDDW�]JROHPHQ�SURYHV��1D�WRM�QDaLQ�VH�GRELYD�GHND��QD�SULPHU�

SUL� PDNVLPDOQDWD� WHPSHUDWXUD�ϑ = 40oC� L� ]D� UDVSRQ� a� = 300 m�� SURYHVRW� f150/25 =
11,2 m�GRGHND�NDM�MDCHWR�Al/^ 240/40 mm2�WRM��`H�ELGH��f240/40 = 12,7 m,�^WR�H�]D�1,5 m
SRYH`H�RG�SUHWKRGQLRW�

2G� WLH� SULaLQL� NDM� YDULMDQWDWD� EURM� ��� QD� SULPHU�� NDM� NRMD� H� SUHGYLGHQD
XSRWUHEDWD�QD� MDCHWR�Al/^ 240/40 mm2�� VH� MDYXYD� SRWUHEDWD� RG� YRYHGXYDZH�QRYL� ��
VWROERYL� RG� NRL� 27� VH� YPHWQXYDDW� SRUDGL� PHKDQLaNL� SULaLQL�� GRGHND� ��� SRUDGL
]JROHPHQLWH�SURYHVL��RGQRVQR�SRUDGL�aLVWR��HOHNWULaNL��SULaLQL��1D�WRMD�QDaLQ
YR�GHORW�RG�WUDVDWD�SRPH_X�VWROERYLWH�EU����L�����NRM�VRGUCL�YNXSQR����VWROERYL��VH
MDYXYD�SRWUHED�RG�YJUDGXYDZH�QD�GRSROQLWHOQL����QRYL�VWROERYL��SOXV�GHPRQWDCD�QD
���VWROERYL�RG�SRVWRMQLWH���^WR�L]QHVXYD�����RG�SRVWRMQLRW�EURM�QD�VWROERYL�

���� 3ULPHQD�QD�VSURYRGQLFLWH�RG�WLSRW�TACSR 160/40 mm2

'RNRONX�SURPHQDWD�QD�SRVWRMQLWH�VSURYRGQLFL�Al/^ 150/25 mm2��VH�L]YU^L�VR
MDCHWR�TACSR�160/40 mm2�� JRUHVSRPHQDWLWH�SUREOHPL�YR�QDMJROHPD�PHUD�L]VaH]QX�
YDDW�LOL�SDN�VH�MDYXYDDW��QR�YR�PQRJX�SRPDOD�PHUD��$�HYH�]R^WR�

2G� WDEHODWD� II � VH� JOHGD� GHND� SUHaQLNRW� QD� RYD� MDCH� L]QHVXYD� d' = 18,2 mm� D
QHJRYDWD�VSHFLILaQD�PDVD�SR�HGLQLaQD�GROCLQD�M = 0,733 daN/m��,VWLWH�RYLH�YHOL�
aLQL�NDM� MDCHWR�Al/^ 150/25 mm2�L]QHVXYDDW�d = 17,1 mm�L�M'   ����� daN/m − UHVSHN�
WLYQR L WLH�VH�QH]QDaLWHOQR�SRPDOL�RG�SUHWKRGQLWH��2YD�]QDaL�GHND�KRUL]RQWDOQLWH
L�YHUWLNDOQLWH� VLOL�^WR�`H� VH� MDYDW�NDM� VWROERYLWH�SRVOH�RYDD� ]DPHQD�`H� RVWDQDW



SUDNWLaQR� LVWL�� SRUDGL�^WR� QHPD� GD� SRVWRMDW� �PHKDQLaNL�� SULaLQL� ]D� ]DPHQD� QD
SRVWRMQLWH�VWROERYL�L�YRYHGXYDZH�QRYL�

3UREOHPLWH� VR� VLJXUQRVQLWH� YLVLQL�^WR� VH� MDYXYDD� NDM� YDULMDQWLWH� NRL^WR
SUHGYLGXYDDW�SULPHQD�QD�VSURYRGQLFL�RG�WLSRW�Al/^ 240/40 mm2��RYGH�YRRS^WR�QH
SRVWRMDW��7RD�H�]DWRD�^WR�VR�SURYHVLWH�NDM�RYD�MDCH��GXUL�L�SUL�]QDaLWHOQR�SRYLVRNL
UDERWQL� WHPSHUDWXUL� RG� YRRELaDHQLWH�� VH� SRPDOL� RG� RQLH� ^WR� VH� MDYXYDDW� NDM
NODVLaQLWH�DOXaHO�MDCLZD�

7DND��QD�SULPHU�� VR�SUHVPHWNL�PRCH�GD�VH�SRNDCH�GHND�]D�UDVSRQ�a = 300 m�
MDCHWR�WLS�TACSR�160/60 mm2� �� ]DWHJQDWR�VR�PDNVLPDOQR�UDERWQR�QDSUHJDZH�σmv =
8,8 daN/mm2��GXUL�L�QD�WHPSHUDWXUD�ϑ� �150oC��NRONX�^WR�WDD�EL�L]QHVXYDOD�NRJD�YR
OHWQL�XVORYL�QL]�QHJR�`H�WHaH�VWUXMD�RG�����$��D�WRD�H�WUDMQR�GR]YROHQDWD�VWUXMD�]D
MDCHWR�Al/^ 240/40 mm2 YR� OHWQL� XVORYL��� `H� LPD� SURYHV� f160/40�  � 12,48 m�� 9R� LVWR
YUHPH�� WHPSHUDWXUDWD� QD� MDCHWR�Al/^ 240/40 mm2� SUL� LVWDWD� WDD� VWUXMD�� YR� OHWQL

XVORYL��`H�L]QHVXYD�ϑ = 80oC��GRGHND�QHJRYLRW�SURYHV�`H�L]QHVXYD�f240/40� �13,7 m��^WR
H� ]D�1,22 m� SRYH`H�YR�RGQRV�QD�SURYHVRW�NDM� MDCHWR� WLS�TACSR�160/60 mm2�� =QDaL�
VSURYRGQLNRW� WLS� TACSR 160/40 mm2ñ`H� PRCH� GD� VH� RSWRYDUL� VR� PDNVLPDOQDWD
VWUXMD�^WR�PRCH�GD�MD�QRVL�SURYRGQLNRW�Al/^ 240/40 mm2ñL�SULWRD�QHJRYLRW�SURYHV
`H�ELGH�SRPDO�RG�SURYHVRW�QD�SURYRGQLNRW�Al/^ 240/40 mm2ñ]D�1,2 m��D�WRD�YVX^QRVW
]QDaL� GHND� SRVOH� SULPHQDWD� QD� MDCHWR� TACSR 160/40 mm2� `H� QHPD� YRRS^WR
SUREOHPL�VR�VLJXUQRVQLWH�YLVLQL��GRNRONX�L�GRVHJD�QHPDOR�WDNYL�SUREOHPL�

,�SRNUDM� VHWR�RYD�� NDM� YWRUDWD�YDULMDQWD��NDM� NRMD� VH� SUHGYLGXYD� SULPHQD�QD
MDCHWR� TACSR 160/40 mm2� YR� SRVWRMQDWD� WUDVD� QD� 110 kV� YRG�� VH� MDYL� SRWUHED� RG
YPHWQXYDZH�QD�YNXSQR����QRYL�VWROERYL�QR�L�SRWUHED�RG�]DPHQD�QD���SRVWRMQL�VWRO�
ERYL��'R�YPHWQXYDZH�QD�QRYLWH�VWROERYL�L�]DPHQD�QD�SRVWRMQLWH�GRMGH�RG�SULaLQD
^WR� NDM� SRVWRMQLWH� VWROERYL� NRL^WR� VH� SUHVPHWXYDQL� SR� QRYLWH� SURSLVL� QR� L� VR
QRYLWH�VSURYRGQLFL��GR]YROHQLWH�UDVSRQL�VH�QH^WR�SRPDOL�RG�RQLH�NRL�YDCHOH�]D
VSURYRGQLFLWH� WLS� Al/^ 150/25 mm2 YR� YUHPHWR� NRJD� H� JUDGHQ� RYRM� YRG�� %LGHM`L
NRQILJXUDFLMDWD�QD�WHUHQRW�QHJGH�GR]YROXYD�YPHWQXYDZH�QD�QRY�VWROE��QR�QHJGH�WRD
QH�H�YR]PRCQR��QD�QHNRL�ORNDFLL�VH�MDYXYD�SRWUHED�L�RG�]DPHQD�QD�SRVWRMQLRW�VWROE�

1D�WRM�QDaLQ�RG�YNXSQR�87�SRVWRMQL�VWROERYL��RG�VWROE�EU����GR�VWROE�EU�����
NDM�YDULMDQWDWD���H�SRWUHEQR�GD�VH�YJUDGDW����QRYL�VWROERYL��^WR�L]QHVXYD�����RG
YNXSQLRW�EURM�QD�VWROERYL�

,PDM`L�JR�SUHGYLG�Vv�RQD�^WR�EH^H�GRVHJD�L]ORCHQR�� ]D� VHNRMD�RG�UD]JOHGX�
YDQLWH� YDULMDQWL� VH� QDSUDYL� JODYHQ� SURHNW� ]DHGQR� VR� VSHFLILNDFLMDWD� QD� SRWUHE�
QLWH�PDWHULMDOL�L�UDERWQL�]DIDWL��SUHGPHU�L�SUHGVPHWND��3RNUDM�FHQDWD�]D�QDEDYND
L�PRQWDCD�QD�QRYLWH�L]RODWRUL�� MDCLZD�L�VWROERYL��YR�WLH�SUHVPHWNL�VH�YQHVRD�L
FHQLWH�QD�PQRJX�GUXJL�]DIDWL��VYU]DQL�VR�RUJDQL]DFLMDWD�L�L]YHGEDWD�QD�RYRM�]DIDW�
1D� WRM� QDaLQ� VH� GRMGH� VR� WDEHODWD� I� YR� NRMD� VH� SULNDCDQL� VUHGVWYDWD�� SRWUHEQL� ]D
UHDOL]DFLMD�QD�VHNRMD�UD]JOHGXYDQD�YDULMDQWD�SRVHEQR�

�� 0(72'2/2*,-$�,�02'(/�=$�(.21206.2
6325('89$:(�1$�9$5,-$17,7(

=D�GD�VH�L]YU^L�SUDYLOQD�HNRQRPVND�RFHQND�QD�UD]JOHGXYDQLWH�YDULMDQWL�QH�H
GRYROQR� GD� VH� UD]JOHGXYDDW� VDPR� LQYHVWLFLLWH�� SRWUHEQL� ]D� SUHGYLGHQLWH� ]DIDWL�
WXNX�VR�DQDOL]LWH�`H�WUHED�GD�VH�RSIDWDW�L�LGQLWH�WUR^RFL�YR�UDERWHZHWR��D�WRD�VH
SRJRQVNLWH�WUR^RFL� �WHNRYQR�L�LQYHVWLFLRQR�RGUCXYDZH�QD�GDOHNXYRGRW��L� YUHG�
QRVWD�QD�L]JXEHQDWD�HOHNWULaQD�HQHUJLMD�YR�SUHQRVRW��0RCH�GD�VH�VPHWD�GHND�SRJRQ�
VNLWH� WUR^RFL� VH� SUDNWLaQR� NRQVWDQWQL�� QH]DYLVQL� RG� YUHPHWR� L� WLH� VH� SURSRU�



FLRQDOQL� QD� YUHGQRVWD� QD� REMHNWRW�� RGQRVQR� GDOHNXYRGRW�� 9R� RFHQNDWD� QD� RYLH

WUR^RFL�VH�RSHULUDOR�VR�VWDSND�QD�RGUCXYDZH�QD�GDOHNXYRGLWH�αP = 2,5%�JRGL^QR�

7DEHOD�I��2SLV�QD�UD]JOHGXYDQLWH�YDULMDQWL�L�QLYQL�NDUDNWHULVWLNL

9DULMDQ�

WD EURM

&HQD �DEM�

]D L]YHGED

'ROCLQD

l (km)
.XV�RSLV�QD�RVQRYQLWH�]DIDWL�NDM�YDULMDQWDWD

1 2.955.080 44,59
5HNRQVWUXNFLMD L ]DPHQD QD SRVWRMQLWH VSURYRGQLFL Al/^
150/25VR QRYR MDCH Al/^ 240/40SR SRVWRMQDWD WUDVD SRPH_X
VWROERYLWH EU�� L EU����

2 3.143.535 41,10

5HNRQVWUXNFLMD L SRVWDYXYDZH QRYR MDCH Al/^ ������ QD

SRWHJRW VW�EU�� � VW�EU�� �1,429 km� L QD SRWHJRW VW�EU��� �
VW�EU��� �2,665 km�� L]JUDGED QD QRYD GHOQLFD PH_X VW�EU�� L
VW�EU��� �18 km� VR MDCH Al/^ 240/40.

3 2.230.896 44,59
5HNRQVWUXNFLMD L ]DPHQD QD SRVWRMQLWH SURYRGQLFL Al/^
150/25VR QRYR MDCH TACSR 160/40SR SRVWRMQDWD WUDVD
SRPH_X VWROERYLWH EU�� L EU����

4 4.333.761 32,94
=DPHQD QD MDCHWR Al/^ 150/25 QD SRWHJRW VW�EU��� � VW�EU���

VR MDCH Al/^ 240/40 (11,885 km)L L]JUDGED QD QRY YRG� RG VW�

EU� �� GR TS 110/10 "3RORJ� GROJ 21,055 kmVR MDCHWR Al/^
240/40�

=D�UD]OLND�RG�QLY��WUR^RFLWH�]DUDGL�L]JXEHQDWD�HOHNWULaQD�HQHUJLMD��NRL�YR
(ODERUDWRW� [1]� VH� YDORUL]LUDQL� VR� YUHGQRVWD� RG� c∆W�  � 0,043 US$/kWh�� NRONX� ^WR
L]QHVXYD� VHJD^QDWD�SURVHaQD�FHQD�QD� SURL]YHGHQLRW�NLORYDW�aDV� YR� QD^LRW�((6�
QH�VH�NRQVWDWQWL��WXNX�WLH�RG�JRGLQD�YR�JRGLQD�UDVWDW�VR��VR�QHNDNRY�JRGL^HQ�WUHQG
QD�SRUDVW�NRM�H�SULEOLCQR�GYRMQR�SRJROHP�RG�WUHQGRW�QD�SRUDVW� x� QD�NRQ]XPRW�YR
((6�QD�5HSXEOLND�0DNHGRQLMD��%LGHM`L�WRM�WUHQG�RGQDSUHG�QH�H�SR]QDW��YR�(ODER�
UDWRW�[1]�VH�QDSUDYHQL�QHNRONX�VFHQDULMD�NDM�NRL�WRM�WUHQG�VH�GYLCL�YR�JUDQLFLWH�RG
��GR����JRGL^QR��^WR�RGJRYDUD�QD�YUHGQRVWD�QD�x�RG������GR�������2G�WXND�SURL]OH�
JXYD�]DNOXaRNRW�GHND�RGJRYRURW�QD�SUD^DZHWR�NRMD�RG�UD]JOHGXYDQLWH�YDULMDQWL�H
HNRQRPVNL� QDMSRYROQD� QH� H� HGQR]QDaHQ� ]D^WR� UHGRVOHGRW� QD� YDULMDQWLWH� YR
HNRQRPVNDWD� SULRULWHWQD� OLVWD� `H� ]DYLVL� RG� WUHQGRW� QD� SRUDVW� QD� NRQ]XPRW� YR
QDUHGQLRW�SHULRG�

=D�HNRQRPVNR�VSRUHGXYDZH�QD�UD]JOHGXYDQLWH�YDULMDQWL�YR�(ODERUDWRW� [1]� H
SULPHQXYDQ�PHWRGRW�QD�YNXSQL�DNWXDOL]LUDQL�WUR^RFL�[3].�=D�UD]JOHGXYDQ�SHULRG�H
]HPHQ� SHULRGRW� RG� QDUHGQLWH� n = 20� JRGLQL�� NRONX� ^WR� VH� SURFHQXYD� GHND� 7(&
�2VORPHM��`H�ELGH�YR�SRJRQ��.DNR�^WR�H�YRRELaDHQR��]D�VWDSNDWD�QD�DNWXDOL]DFLMD
�GLVNRQWLUDZH�� ]D� LQYHVWLFLL� L� WUR^RFL� YR� GRPHQRW� QD� HOHNWURVWRSDQVWYRWR� H
XVYRHQD�YUHGQRVWD�pa % = 10%��RGQRVQR�]D�IDNWRURW�QD�DNWXDOL]DFLMD�H�]HPHQR�GHND
QHJRYDWD�YUHGQRVW�L]QHVXYD�q = 1,1�

6XPDWD�QD�DNWXDOL]LUDQLWH�WUR^RFL�]D�VHNRMD�RG�UD]JOHGXYDQLWH�YDULMDQWL�H
SUHVPHWXYDQD�VR�L]UD]RW�����[3]�
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9R�SRVOHGQLRW�L]UD]�VH�YRYHGHQL�VOHGQLWH�R]QDaXYDZD�

K�−�WUR^RFL�QD�NDSLWDORW��W�H��YR�NRQNUHWQLRW�VOXaDM�WUR^RFL�SRWUHEQL�]D
L]YHGXYDZH�QD�SUHGYLGHQLWH�]DIDWL�VR�UHNRQVWUXNFLMDWD�



KP�−�SRJRQVNL�JRGL^QL�WUR^RFL��WUR^RFL�]D�RGUCXYDZH�QD�GDOHNXYRGRW���]D
NRL�H�XVYRHQR�GHND�VH�LVWL�]D�VHNRMD�QDUHGQD�JRGLQD�L�L]QHVXYDDW� KP = (αP/100) .K;

∆Wi���]DJXEL�QD�HOHNWULaQD�HQHUJLMD�YR�YRGRW�YR�i−WDWD�JRGLQD��i > 1998��
∆W1998���]DJXEL�QD�HO��HQHUJLMD�YR�YRGRW�YR�WHNRW�QD�SRaHWQDWD�������WD�JRGLQD�

�� 02#1267�=$�35,0(1$�1$�129,�9,'29,�-$#,:$
35,�5(.216758.&,-$�1$�32672-1,7(�'$/(.892',

2G�SULPHULWH�L]QHVHQL�YR�WDEHODWD�I�H�YLGQR�GHND�UHNRQVWUXNFLMDWD�QD�HGHQ
GDOHNXYRG�� QDPHWQDWD� RG� SRWUHEDWD� ]D� ]JROHPXYDZH� QD� QHJRYDWD� SUHQRVQD� PR`�
SUHWVWDYXYD�LQYHVWLFLRQHQ�]DIDW�PHUOLY�VR�L]JUDGEDWD�QD�QRY�YRG��ELGHM`L�SRNUDM
]DPHQDWD� QD� ID]QLWH� VSURYRGQLFL�� QHRSKRGQD� H� L� ]DPHQD� QD� QHNRL� RG� SRVWRMQLWH
VWROERYL�NDNR�L� YRYHGXYDZH�SRJROHP�EURM�QRYL� VWROERYL��2YD�PRCH�GD� VH� L]EHJQH
HGLQVWYHQR�GRNRONX�SRVWRMQLWH�VSURYRGQLFL�VH�]DPHQDW�VR� VSURYRGQLFL�NRL�LPDDW
VOLaQL�PHKDQLaNL�RVRELQL�NDNR�L�SUHWKRGQLWH��SUHaQLN��SUHVHN��HGLQHaQD�WHCLQD�
QR�`H�LPDDW�]JROHPHQD�WUDMQD�GR]YROHQD�VWUXMD�

9R� WDD� VPLVOD� EL� ELOR� NRULVQR� NDNR� SULPHU� GD� QL� SRVOXCL� LVNXVWYRWR� L
SUDNWLNDWD�^WR� VH� VSURYHGXYD� YR� NRUHMVNRWR� HOHNWURVWRSDQVWYR� �KEPCO�� [4]��2YD
HOHNWURVWRSDQVWYR� VH� ERUL� VR� SUREOHPRW� RG� QDJODWD� HNVSDQ]LMD� QD� HNRQRPLMDWD� L
YLVRNLRW�UDVW�QD�SRWUHELWH�RG�HOHNWULaQD�HQHUJLMD��3RWUHELWH�RG�HOHNWULaQD�HQHU�
JLMD�YR�WDD�]HPMD�UDVWDW�VR�SURVHaHQ�WUHQG�RG�����JRGL^QR�D�WDNYLRW�YLVRN�WUHQG�QD
SRUDVW�EDUD�RG�QHM]LQRWR�HOHNWURVWRSDQVWYR�WRD�GD�JL�GXSOLUD�VYRLWH�SURL]YRGQL�L
SUHQRVQL� NDSDFLWHWL� SUDNWLaQR� QD� VHNRL� �� GR� �� JRGLQL�� %LGHM`L� L]QDR_DZHWR� QD
QRYL�WUDVL�L�L]JUDGEDWD�QD�QRYL�SUHQRVQL�YRGRYL�YR�WDD�SUHQDVHOHQD�]HPMD�H�PQRJX

WH^NR� −� VNRUR� QHPRCQR�� HGLQVWYHQDWD� DOWHUQDWLYD� NRMD� SUHRVWDQXYD� H
]JROHPXYDZHWR� QD� SUHQRVQLWH� NDSDFLWHWL� QD� SRVWRMQLWH� YRGRYL� SR� SDW� QD� ]DPHQD
�reconductoring��QD�QLYQLWH��Vv�X^WH�QRYL��VSURYRGQLFL�VR�WDNYL�LOL�VOLaQL�NRL�`H
LPDDW�]JROHPHQD�WUDMQD�GR]YROHQD�VWUXMD�

1D� WRM� QDaLQ� YR� L]PLQDWLWH� WUL� JRGLQL� YR� SUHQRVQDWD� PUHCD� QD�KEPCO� VH
L]YU^HQL�YDNYL�]DPHQL�QD�VSURYRGQLFLWH�QD�JROHP�EURM�154 kV�L�345 kV� SUHQRVQL
YRGRYL��VR�YNXSQD�GROCLQD�RG�545 km��D�VH�SODQLUD�WDD�RSHUDFLMD�GD�VH�SULPHQL�L�QD
SUHRVWDQDWLWH� YLVRNRQDSRQVNL� SUHQRVQL� QDG]HPQL� YRGRYL�� &HQDWD� QD� RYRM� YLG
�UHYLWDOL]DFLMD��L]QHVXYD�SULEOLCQR�100.000 US$/km�

=D�WDD�FHO�YR�.RUHMD��-DSRQLMD�L�YR�QHNRL�GUXJL�]HPML�VH�UD]YLHQL�VRVHPD�QRYL
WLSRYL� NRPELQLUDQL� DOXaHO�MDCLZD�� NDM� NRL� VR� UD]QL� GRGDWRFL� QD� PHWDOL� YR
DOXPLQLXPRYLRW� SOD^W� L� aHOLaQRWR� MDGUR� VH� SRVWLJD� ]QDaLWHOQR� SRGREUXYDZH� QD
IL]LaNLWH� L� PHKDQLaNLWH� RVRELQL� QD� MDCHWR� L� VNRUR� GYRMQR� ]JROHPXYDZH� QD
GR]YROHQRWR� WUDMQR� VWUXMQR� RSWRYDUXYDZH��2YGH�� ]DUDGL� RJUDQLaHQLRW� SURVWRU�� `H

ELGDW�RSL^DQL�VDPR�GYD�WLSD�YDNYL�MDCLZD�−�WLSRW�TACSR��Thermal Resistant Alumi-
nium Alloy  Conductors� L WLSRW STACIR (Super Thermal Resistant Aluminium Alloy
Conductor with Invar Reinforcement)��,�NDM�REDWD�WLSD�PHVWR�RELaQLRW�HOHWURWHKQLaNL
DOXPLQLXP��Al-E���NRM^WR�VH�NRULVWL�NDM�VWDQGDUGQLWH�Al/^��RGQRVQR�ACSR��MDCLZD�
VH� SULPHQXYD� XOWUDWHULPLaNL� RWSRUQD� DOXPLQLXPRYD� OHJXUD� YR� NRMD� VH� GRGDYD
FLUNRQLXP� L� GUXJL� PHWDOL�� VR� ^WR� H� RYR]PRCHQR� WUDMQR�GR]YROHQDWD� UDERWQD
WHPSHUDWXUD� GD� L]QHVXYD� 210oC�� D� NUDWNRYUHPHQR� GXUL� L� 240oC�� EH]� GD� GRMGH� GR
GHJUDGDFLMD�QD�MDCHWR��AHOLaQRWR�MDGUR�NDM�RYLH�MDCLZD�H�L]UDERWHQR�YR�IRUPD�QD
MDCH� RG� OHJLUDQL� aHOLaQL�CLFL� VR� SRGREUHQL� PHKDQLaNL� NDUDNWHULVWLNL�� ]D^WL�
WHQL� VR� FLQN� �NDM� WLSRW� TACSR�� RGQRVQR� LQYDU� �NDM� WLSRW� STACIR��� ,QYDURW� L



UD]QLWH� GRGDWRFL� YR� aHOLNRW� NDM� SRVOHGQLRW� WLS� MDCH� RYR]PRCXYDDW� ]QDaLWHOQR
SRGREUXYDZH�QD�QHJRYLWH�IL]LaNL�L�PHKDQLaNL�RVRELQL��1D�WRM�QDaLQ�H�SRVWLJQDWR
PRGXORW� QD� HODVWLaQRVW� QD� RYD� MDCH� GD� ELGH� GYRMQR� SRJROHP�� GRGHND� SDN� QHJRYLRW
WHPSHUDWXUHQ� NRHILFLHQW� QD� OLQHDUQR� L]GROCXYDZH� GD� ELGH� SRPDO� ]D� ���� RG
LVWLRW�NDM�NODVLaQLWH�ACSR� MDCLZD��6R�WRD�VH�SRVWLJD�SURYHVLWH�NDM�RYLH� MDCLZD
GXUL�QD�210oC� GD� ELGDW� LVWL� VR� WLH�^WR� VH� LPDDW� NDM� NODVLaQLWH�ACSR� MDCLZD� QD
WHPSHUDWXUD�90oC�

9DNYL� MDCLZD� VH� SURL]YHGXYDDW� ]D� UD]QL� SUHVHFL� L� VR� UD]QL� NRQVWUXNFLL�
VSRUHG�VWDQGDUGRW�LGC�L�VSRUHG�MDSRQVNLRW�VWDQGDUG�JEC 3406/95��9R�WDEHODWD� II �VH
SULNDCDQL�SRYDCQLWH�PHKQLaNL�L�IL]LaNL�RVRELQL�QD�QHNRL�SRaHVWR�XSRWUHEXYDQL
WLSRYL�NODVLaQL�Al/^��ACSR��MDCLZD�NDNR�L�NDM�QHNRL�MDCLZD�RG�QRYDWD�JHQHUDFLMD
]D�NRL^WR�EH^H�]ERUXYDQR�YR�WHNVWRW�

7DEHOD�II ��)L]LaNL�L�PHKDQLaNL�NDUDNWHULVWLNL�QD�UD]JOHGXYDQLWH�DOXaHO�MDCLZD

2]QDN D Q D M DCH W R
Al/^

150/25
Al/^

150/25
TACSR
160/40

STACIR
160/40

� 3UHVHN QD Al − SOD^W� mm2 148,9 243,0 159,3 159,3

� 3UHVHN QD Fe− MDGUR� mm2 24,2 39,5 37,16 37,16

� 9NXSHQ SUHVHN QD MDCHWR� mm2 173,1 282,5 196,5 196,5

� 1DGYRUH^HQ SUHaLN QD MDCHWR� mm 17,1 21,9 18,2 18,2

� %URM L SUHaQLN QD Al �CLFL� No/mm 26/2,7 26/3,2 30/2,6 30/2,6

� %URM L SUHaQLN QD Fe�CLFL� No/mm 7/2,1 7/2,49 7/2,6 7/2,6

� 2GQRV QD SUHVHFLWH ε = AAl/AFe 6:1 6:1 4,3:1 4,3:1

� 0RGXO QD HODVWLaQRVW� daN/mm2 7.700 7.700 9.080 16.500

� 7HPS� NRHI� QD OLQHDUQR L]GROCXY�� �1/oC) 18,9x10-6 18,9x10-6 18,0x10-6 15,3x10-6

�� 0LQLPDOQD VLOD QD NLQHZH� daN 5.418 8.473 6.980 6.140

�� 0DVD SR HGLQLFD GROCLQD� kg/km 605 987 732,8 740,3

�� 6SHFLILaQD WHCLQD� �daN/m, mm2�x103 3,40 3,432 3,657 3,657

�� 6UHGQD RPVND RWSRUQRVW SUL 20oC� Ω/km 0,194 0,119 0,185 0,185

�� 1RUPDOQR GR]Y� QDSUHJDZH� daN/mm2 13 13 14,5 14,5

�� ,VNOXaLWHOQR GR]Y� QDSUHJDZH� daN/mm2 24,5 24,5 27,0 27,0

�� 7UDMQR GR]YRO� VWUXMQR RSWRYDUXYDZH� A 400 640 706 883

�� Max� WUDMQD GR]YROHQD WHPSHUDWXUD� oC 90 90 150 210

�� 6SHFLILaQD FHQD �QDEDYQD�� DEM/kg 5 5 8 25

�� =$./8A2.

9U]�RVQRYD�QD�WHKQLaNLWH�L�HNRQRPVNLWH�DQDOL]L��YU^HQL�YR�(ODERUDWRW� [1]
PRCH�GD�VH�NRQVWDWLUD�VOHGQRWR�

2VQRYQDWD�FHO�QD�SUHGYLGHQLWH�UHNRQVWUXNFLL�QD�110 kV�GDOHNXYRG�2VORPHM�−
9UXWRN��3RORJ��H�QHJRYDWD�UHYLWDOL]DFLMD�L�]JROHPXYDZH�QD�QHJRYDWD�SURSXVQD�PR`�



9R� WDD� VPLVOD�� NDM� VHNRMD� RG� YDULMDQWLWH� H� SUHGYLGHQD� ]DPHQD� QD� SRVWRMQDWD
L]RODFLMD�� YPHWQXYDZH� QD� QRYL� VWROERYL� QD� SRWUHEQLWH� PHVWD� VR� NRL� VH� SRMDaXYD
GDOHNXYRGRW� YR�PHKDQLaND�L� HOHNWULaND� VPLVOD�NDNR�L� ]DPHQD�QD� SRVWRMQRWR� MDCH
Al/^ 150/25�VR�QRYR��NRH�LPD�SRJROHP�SUHVHN�LOL�SRJROHPD�WUDMQD�GR]YROHQD�VWUXMD�
1D� WRM� QDaLQ� VH� SRVWLJQXYDDW� EDUDQLWH� FHOL� −� ]JROHPXYDZH� QD� GRYHUOLYRVWD� YR
UDERWDWD� QD� GDOHNXYRGRW� L� ]JROHPXYDZH� QD� QHJRYDWD� SURSXVQD� PR`�� 6SRUHG� VLWH

UD]JOHGXYDQL�YDULMDQWL��WUDMQR−GR]YROHQDWD�VWUXMD�QD�GDOHNXYRGRW�YR�QRYLWH�XVORYL
`H� ELGH� VWUXMDWD� 640 A�� NRONX� ^WR� H� GR]YROHQR� ]D� MDCHWR� Al/^ 240/40� VSRUHG� JUS
N.C1.351� YR� XVORYL�NRJD� H� WHPSHUDWXUDWD� QD� DPELHQWRW��40oC� L� QD� YRGRW� GHMVWYXYD
YHWHU� VR� EU]LQD� 0,6 m/s�� 1D� WDD� VWUXMD� SUL� QDSRQ�U = Un = 110 kV� VRRGYHWVWYXYD
SUHQHVXYDQD� SULYLGQD� PR`QRVW� RG� ���� MVA �� D� WRD� H� ]D� ���� SRYH`H� YR� RGQRV� QD
VHJD^QDWD�SURSXVQD�PR`�QD�WRM�YRG�

2G� VLWH� UD]JOHGXYDQL� YDULMDQWL�� YR� SRJOHG� QD� SRWUHEQLWH� LQYHVWLFLL�
QHRSKRGQL� ]D� SUHGYLGHQLWH� UHNRQVWUXNFLL� L� ]JROHPXYDZH� QD� SURSXVQDWD� PR`� QD

YRGRW� 2VORPHM� −� 3RORJ�� XEHGOLYR� QDMSRYROQD� H� YDULMDQWDWD� EU�� 3� VSRUHG� NRMD� QD
SRVWRMQDWD�WUDVD�VH�YU^L�VDPR�]DPHQD�QD�SRVWRMQRWR�MDCH�Al/^ 150/25�VR�QRYR�MDCH�RG
WLSRW�TACSR 160/40��3RWUHEQLWH�VUHGVWYD�]D�UHDOL]DFLMD�QD�RYDD�YDULMDQWD�L]QHVX�
YDDW�RNROX�����������DEM��^WR�H�]D�RNROX�����SRPDONX�YR�RGQRV�QD�VUHGVWYDWD�^WR
VH�SRWUHEQL�]D�UHDOL]DFLMDWD�QD�YDULMDQWDWD�EU��1��cca 2.955.000 DEM��NRMD�H�YHGQD^
]DG�QHD�YR�SRJOHG�QD�SRWUHEQLWH�VUHGVWYD�]D�UHDOL]DFLMD�

9R� SRJOHG� QD� ]DJXELWH� QD� PR`QRVW� L� HQHUJLMD� YR� SUHQRVRW�� XEHGOLYR
QDMSRYROQD�H�YDULMDQWDWD�EU��4�VSRUHG�NRMD�GROCLQDWD�QD�YRGRW�VH�VNUDWXYD�QD�VDPR
32,94 km��1D�YWRUR�PHVWR�YR�SRJOHG�QD�JROHPLQDWD�QD�]DJXELWH�QD�PR`QRVW�L�HQHUJLMD
YR�SUHQRVRW�H�YDULMDQWDWD�EU��2 QR�]DJXELWH�YR�SUHQRVRW�NDM�RYDD�YDULMDQWD�VH�SRJR�
OHPL�YR�RGQRV�QD�]DJXELWH�NDM�YDULMDQWDWD�EU��4�]D�QDG�����

'RNRONX�SDN�DQDOL]LUDQLWH�YDULMDQWL�VDNDPH�GD�JL�VSRUHGXYDPH�VSRUHG�YNXS�
QLWH� WUR^RFL� �LQYHVWLFLL� ]D� UHNRQVWUXNFLMDWD�UHYLWDOL]DFLMDWD�� SRWUHEQL� VUHG�
VWYD� ]D� RGUCXYDZH� QD� GDOHNXYRGRW� L� WUR^RFL� ]DUDGL� ]DJXELWH� QD� HOHNWULaQD
HQHUJLMD�YR�SUHQRVRW���LQWHJUDOQLRW�NULWHULXP�]D�RSWLPDOQRVW�YR�WRM�VOXaDM�WUHED
GD�ELGH�VXPDWD�QD�YNXSQLWH�DNWXDOL]LUDQL�WUR^RFL�C��UHODFLMD�����2G�RYDD�UHODFLMD
H� YLGQR� GHND� HGQR]QDaHQ� RGJRYRU� QD� SUD^DZHWR� NRMD� YDULMDQWD� H� QDMSRYROQD�� RG
DVSHNW�QD�VLWH�WUR^RFL��QHPD��ELGHM`L�VXPDWD�QD�YNXSQLWH�DNWXDOL]LUDQL�WUR^RFL
YR� JROHPD�PHUND� ]DYLVL�RG�WUHQGRW�QD� SRUDVW� QD� NRQ]XPRW�x� YR� QDUHGQLRW�SHULRG�
6HSDN��JHQHUDOQR�PRCH�GD�VH�NDCH�GHND�]D�PDOL�VWDSNL�QD�SRUDVW�QD�NRQ]XPRW�NRL�QH
MD� QDGPLQXYDDW� YUHGQRVWD� RG� 3% JRGL^QR�� QDMSRYROQD� `H� ELGH� YDULMDQWDWD� EU��2�� D
PQRJX�EOLVNX�GR�QHD��VR�]DQHPDUOLYD�UD]OLND��H�YDULMDQWDWD�EU��1��0H_XWRD��GRNRONX
SURVHaQDWD� VWDSND� QD� SRUDVW� QD� NRQ]XPRW� YR� QDUHGQLRW� SHULRG� EL� MD� QDGPLQXYDOD
YUHGQRVWD� RG� 3% JRGL^QR�� WRJD^� ]D� QDMSRYROQD� `H� WUHED� GD� VH� VPHWD� YDULMDQWDWD
EU��4��ELGHM`L�YNXSQLWH�WUR^RFL�NDM�QHD�VH�QDMPDOL�

�� /,7(5$785$

[1] (NRQRPVNR−WHKQLaNL�HODERUDW�]D�UHYLWDOL]DFLMD�L�]JROHPXYDZH�QD�SURSXVQDWD
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[2] 3UDYLOQLN� ]D� WHKQLaNLWH� QRUPDWLYL� ]D� L]JUDGED� QD� QDG]HPQL� HOHNWURHQHU�
JHWVNL� YRGRYL� VR� QRPLQDOHQ� QDSRQ� RG� �� GR� 400 kV�� 6O�� OLVW� QD� 6)5-�� EURM
��������J�

[3] 5�� $aNRYVNL��3UHQRVQL� L� GLVWULEXWLYQL� VLVWHPL� −� 8aHEQLN�� (OHNWURWHK�
QLaNL�IDNXOWHW−6NRSMH�������J�

[4] M. Wook, M. Choi, A. Deb, Line-Rating System Boosts Economical Energy Transfer,
IEEE Computer Application in Power, October 1997, pp. 36-39.
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9R� UHIHUDWRW� H� GDGHQD� SUHGQRVWD� QD� SURJUDPVNLRW� SDNHW� DV� QDG� UDaQRWR
SURHNWLUDZH�QD����kV� GDOHNXYRGL��3URJUDPVNLRW�SDNHW�QDMGH� JROHPD�SULPHQD�SUL
SURHNWLUDZH�QD�GDOHNXYRGL�YR�VWUXPLaNLRW�NRQ]XP�VR�^WR�YUHPHWR�QD�UDERWD�EH^H
QDPDOHQR� D� NYDOLWHWRW�QD� VDPLWH�3URHNWL�EH^H�SRGLJQDW�QD� HGQR�SRYLVRNR�QLYR�
2YGH� H� SRNDCDQD� HYLGHQWQDWD� UD]OLND� L� SUHGQRVWLWH� QD� RYRM� SDNHW� YR� RGQRV� QD
UDaQRWR� SURHNWLUDZH� QD� ��� kV DV � VR� NRQNUHWHQ� SULPHU�� ��� kV� � GDOHNXYRG� RG
TS11���������kV �6X^LFD�GR�76��������kV�3URSXVW�

SUMMARY

The advantage of the programe package LDPL over the manual projecting of 20 kV long
distance power line (pipeline), is presented in this report paper. This programe package has been
widely used in projecting long - distance power lines in Strumica consum, and it greatly
contributed to shorter duration of projecting but to higher level of program quality. The obvius
difference and the advantages are shown here by, in relation to the manual projecting of 20 kV
LDPL by a concrete example from TPS 110/10(20) kV Susica to TPS 10/0,4 kV Propust.



���23,6�1$�352*5$06.,27�3$.(7�DV

3URJUDPVNLRW� SDNHW DV� H� VRVWDYHQ� RG�GYD�GHOD��3UYLRW� GHO� (DVX)� GDYD
PRCQRVW�GD�VH�L]EHUH�HGQD�RG�VOHGQLWH�DNWLYQRVWL�

� VHOHNFLMD�QD�VWROERYL�L�L]RODWRUL
��SUHVPHWND�QD�GR]YROHQL�UDVSRQL�QD�VWROERYLWH
��NUHLUDZH�PRGLILNDFLMD�QD�WUDVDWD�QD�GDOHNXYRGRW
��SUHVPHWXYDZH�L�SHaDWHZH�QD�WDEHOLWH�QD�VLOL
��NUDM�L]OH]�RG�SURJUDPDWD

9R�SUYDWD�DNWLYQRVW�VH�L]ELUDDW�RG�PHQLWR�L�VH�VHOHNWLUDDW�VWROERYLWH�L
L]RODWRULWH� NRL� `H� JL� NRULVWLPH� SUL� L]JUDGED� QD� GDOHNXYRGRW� �VH� PLVOL� QD
WLSRW� QD� VWROERYLWH�� QRVH`L� LOL� DJROQR�]DWH]QL�� VR� QLYQLRW� SURL]YRGLWHO� L
YLGRW�QD�L]RODWRULWH��HGLQHaQL�LOL�GYRMQL��

$NWLYQRVWD� NUHLUDZH�PRGLILNDFLMD� QD� WUDVDWD� QD� GDOHNXYRGRW� RSID`D
YQHVXYDZH� QD� SRGDWRFLWH� ]D� VWDFLRQDCDWD�� NRWDWD� L� VRRGYHWQLRW� RSLV� QD
WHUHQRW�]D�VHNRMD�WRaND�RG�QDGROCQLRW�SURILO�VQLPHQD�RG�JHRPHWDURW�

9WRULRW� GHO� RG� SURJUDPVNLRW� SDNHW� (DV) RYR]PRCXYD� UDVSRUHGXYDZH� QD
VWROEQL� PHVWD� � SR� WUDVDWD� QD� GDOHNXYRGRW� VR� WHVWLUDZH� QD� YDULMDQWDWD� L
QHM]LQRWR�]DSL^XYDZH�NDNR�L�SHaDWHZH�QD�L]OH]QLWH�WDEHOL�

7HVWRYL�VH�SUDYDW�QD��
��YLVRaLQDWD�QD�VSURYRGQLFLWH�QDG�WORWR
��YLVRaLQDWD�QD�VSURYRGQLFLWH�QDG�SUHVHaQLWH�REMHNWL
��UDVWRMDQLMDWD�SRPH_X�VSURYRGQLFLWH
��YHWURYLWH�UDVSRQL�QD�VWROERYL
��JUDYLWDFLRQLWH�UDVSRQL�QD�VWROERYLWH
��QDSUHJDZDWD�YR�RYHVL^WDWD�QD�MDCLZDWD

5H]XOWDWLWH� RG� WHVWLUDZDWD� PRCDW� GD� ELGDW� SR]LWLYQL� LOL� QHJDWLYQL�
6LWH�SR]LWLYQL�WHVWRYL�GRELYDDW�VLPERO��2�.�����GRGHND�VLWH�QHJDWLYQL�WHVWRYL
GRELYDDW�VLPERO���
����3RVOH�WHVWRYLWH�VOHGXYD�]DGROCLWHOQD�SRUDND��

�6LWH�WHVWRYL�VH�XVSH^QL���LOL
�5H^HQLHWR�QH�H�WHKQLaNL�LVSUDYQR�

���5$A12�352(.7,5$:(�1$����kV DV � �1$�%(7216.,�672/%29,�2'�76
�����������kV�68>,&$�'2�76������� kV�3523867

3UHGPHWQLRW� GDOHNXYRG� TS� ������� kV� 6X^LFD�3URSXVW� 5�%XJDULMD� H
SURHNWLUDQ�]D�SUY�SDW������JRGLQD�L�LVWLRW�H�L]JUDGVQ�YR�SHULRGRW�QD������JRGLQD
NDGH�YR�YWRUDWD�SRORYLQD�RG�LVWDWD�JRGLQD�EH^H�SX^WHQ�YR�SRJRQ�

.DUDNWHULVWLNLWH�QD�GDOHNXYRGRW�VH�

��SURYRGQLFL�Al�Ce � x����mm2

��QRPLQDOHQ�SUHVHN ���mm2

��SUHVHN�QD�DOXPLQLXPVNLRW�SOR^W �����mm2

��SUHVHN�QD�aHOLaQRWR�MDCH ��mm2

��YNXSHQ�SUHVHN�QD�MDCHWR �����mm2

��RGQRV�QD�Al�Ce ���
��GRGDWQR�RSWRYDUXYDZH ������dN/m



��VUHGHQ�UDVSRQ asr  �� m
��JUDYLWDFLRQHQ�UDVSRQ agr  ����m

��PDNVLPDOQR�QDSUHJDZH σ m ��dN/mm2

��SULWLVRN�QD�YHWHURW PV  ���dN/m2

6LWH� SUHVPHWNL� NRL� WUHED^H� GD� JL� SUDYLPH� VRJODVQR� SUDYLOQLNRW� ]D� WHKQLaNLWH
QRUPDWLYL�]D�L]JUDGED�QD�QDG]HPQL�HOHNWURHQHUJHWVNL�YRGRYL�REMDYHQL�YR�6OXCEHQ
/LVW�QD�6)5-��������������L�������JL�SUDYHYPH�QD�UDND��*L�NRULVWHYPH�VLWH�YRRELaHQL
IRUPXOL�NRL�`H�JL�QDYHGHPH�YR�SRQDWDPR^QLRW�WHNVW�

��3UHVPHWNDWD�QD�VLOLWH�QD�YRGRW�JL�SUDYHYPH�]D�VLWH�WUL�VOXaDL�L�WRD�

6OXaDM���$����VX = 0
�����������������������VY = 0
�����������������������VZ = Gi + Gp x agr

NDGH��  Gi -WHCLQD�QD�L]RODWRURW
  Gp�WHCLQD�QD�SURYRGQLNRW
�����������agr��JUDQLaHQ�UDVSRQ

6OXaDM��%����VY = 0
������ ����������VX = asr x  dp x PVX

NDGH���asr���VUHGHQ�UDVSRQ
�����������dp���SUHaQLN�QD�SURYRGQLNRW
����������PVX��SULWLVRN�QD�YHWHURW�SR�x�RVNDWD

6OXaDM��&����VX = 0
����������VY =0.25 asr x  dp x PVY



NDGH���PVY���SULWLVRN�QD�YHWHURW�SR�y RVNDWD

��3RWUHEQRWR�UDVWRMDQLH�SRPH_X�SURYRGQLFLWH�JR�SUDYHYPH�SR�IRUPXODWD�

D=K f +l+0.7Un                                                                                                  (1)

NDGH��f - SURYHV�QD�SURYRGQLNRW�SUL������C(cm)
����������l - GROCLQD�QD�L]RODWRUVNLRW�ODQHF���l=0�]D�SRWSRUQL�L]RODWRUL�
       Un - QRPLQDOHQ�QDSRQ�QD�YRGRW�YR�NV

�������K =2+
ϕ
10
� � NRHILFLHQW� NRM� JR� RGUHGXYDPH� ]DYLVQR� RWNORQRW� QD� SURYRGQLFLWH

ϕ SRUDGL�VLODWD�QD�YHWHURW�

ϕ  arctg
Pv dp

gp

*
                                                                                                (2)

dp��SUHaQLN�QD�MDCHWR
gp���VUHGQD�WHCLQD�QD�MDCHWR

�.ULWLaQLRW�UDVSRQ�L�NULWLaQD�WHPSHUDWXUD�JL�RGUHGXYDPH�SR�IRUPXOLWH�

akr=6*σ m
10

2 2
α

γ γd −                                                                                                (3)

tkr=
σ
α

γ
γ

m

dE
1 5−







 −                                                                                               (4)

NDGH�H�
σ m��PDNVLPDOQR�]DWHJDZH�QD�SURYRGQLN

�α ���NRHILFLHQW�QD�WRWDOQRWR�LVWHJDZH
��γ ���VSHFLILaQD�WHCLQD�QD�SURYRGQLNRW

��γ d ��VSHFLILaQD�WHCLQD�QD�SURYRGQLNRW�VR�GRGDWHQ�WRYDU

�E ��PRGXO�QD�HODVWLaQRVWD

��0RQWDCQL�WDEOLFL�L�NULYL�ODQaDQLFD��]D�SURYRGQLFLWH
=D� GD� PRCHPH� GD� JL� QDQHVHPH� VWROERYLWH� SR� WUDVDWD� RGQRVQR� QDGROCQLRW

SURILO� PRUDYPH� GD� MD� QDSUDYLPH� PRQWDCQDWD� WDEOLFD� L� NULYDWD
�ODQaDQLFDWD��2YDD�QH^WR�JR�SUDYHYPH�VR�SRPR^�QD�UDYHQNDWD�NRMD�VH�RGQHVXYD�QD
VRVWRMEDWD� QD� SURYRGQLFLWH� � ]DYLVQR� RG� WHCLQDWD�� VSHFLILaQDWD� WHCLQD�
WHPSHUDWXUDWD�L�]DWHJDZHWR�QD�YRGRW�

( )σ
γ
σ

σ
γ
σ

αX
X

x

m
m

m

X r

a E a E
E t t− = − − −

2

2

2 2

224 24
��������������������������������������������������������������������

.DGH�
�σ X ��EDUDQR�QDSUHJDZH�YR�SURYRGQLNRW���dN/mm2)



������ σ m��PDNVLPDOQR�GR]YROHQR�QDSUHJDZH�YR�SURYRGQLNRW���dN/mm2)
γ X ��VSHFLILaQD�WHCLQD�QD�SURYRGQLNRW�SUL�σx  �dN/m mm2)
a �� - UDVSRQ
t X �- WHPSHUDWXUD�QD�YR]GXKRW�SUL�UHCLPRW�]D�NRM�VH�YU^L�SUHVPHWND���

�C)������
t r ���WHPSHUDWXUD�QD�YR]GXKRW�SUL�σ m ����

�C)
α ����NRHILFLHQW�QD�WRSOLQVNR�LVWHJDZH������C)
E ���PRGXO�QD�HODVWLaQRVWD����dN/mm2)

5H^DYDMNL�MD�JRUQDWD�UDYHQND�]D�VRVWRMEDWD�QD�SURYRGQLNRW�GRELYDPH�UDYHQND
RG�WUHWL�VWHSHQ��

σ σx xB a3 2+ = �����������������������������������������������������������������������������������������������������������������������

NDGH�
B ����GRELHQD�YUHGQRVW�RG�DSVROXWQDWD�YHOLaLQD�YR�RVQRYQDWD�UDYHQND���������
a ��UDVSRQ

5H^DYDZHWR� QD� RYDD� UDYHQND� JR� SUDYHYPH� VR� SRPR^� QD� ^LEHU� L� WRD� ]D� SRYH`H
UDVSRQL " a  "� SRaQXYDMNL�RG� ���m� SD� GR� ��� m� VR� FHO� GD� GRELHPH� NULYD� NRMD� `H� QL
RYR]PRCL�GD�JL�QDQHVHPH�VWROERYLWH�QD�QDGROCQLRW�SURILO�

5H^DYDZHWR� QD� RYDD� UDYHQND� SUHWVWDYXYD^H� JROHPD� WH^NRWLMD� L� SRGROJD
UDERWD�� 3UL� WRD� ODQaDQLFDWD� NRMD� MD� GRELYDYPH� WUHED^H� GD� VH� XSRWUHEL� VDPR� ]D
RGUHGHQ�SUHVHN�QD�SURYRGQLNRW�L�RGUHGHQR�PDNVLPDOQR�QDSUHJDZH�

=D� UHDOL]DFLMDWD� QD� RYRM� 3URHNW� SRWUR^HQLWH� � UDERWQL� aDVRYL� � L]JOHGDDW
YDND�

D��6QLPDZH�QD�QDGROCQLRW�SURILO�L�L]UDERWND�QD�LVWLRW�QD�PLOLPHWDUVND
KDUWLMD�SRWUR^HQL�EHD�����h/km LOL�YNXSQR���� h.

E��=D�SUHVPHWND�QD�YRGRW�L�NRQVWUXLUDZH�QD�ODQaDQLFDWD�SRWUR^HQL�EHD���
h.

Y�� 1DQHVXYDZH� QD� VWROEQLWH� PHVWD� SR� QDGROCQLRW� SURILO� QD� WUDVDWD
SRWUR^HQL�EHD����h.

J�� =D� NRPSOHWLUDZH� QD� FHOLRW� SURHNW� VH� SRWUR^HQL� YNXSQR� ��� h LOL� WRD
SULEOLCQR� L]QHVXYD� GYDMFD� UDERWQLFL� GD� UDERWDW� SR� WUL� QHGHOL� QD� SUHGPHWQLRW
SURHNW�

6R� XSRWUHEDWD� QD� SURJUDPVNLRW� SDNHW� ]D� SURHNWLUDZH� QD� YRGRYL� RG� VUHGHQ
QDSRQ�YR�QD^LRW�NRQNUHWHQ�VOXaDM��� kV�VH�RWSRaQD�QHNDGH�YR������JRGLQD�

2G�WRJD^��SD�QDYDPX�QLH�VLWH�QD^L�3URHNWL��L]PHQL�L�GRSROQXYDZD�]D����NV
GDOHNXYRGL�JL�UDERWLPH�VR�SURJUDPVNLRW�SDNHW�L�YR�SRQDWDPR^QLRW�WHNVW�VDNDPH�GD
MD�RSL^HPH�UDERWDWD�VR�QHJR�

��� .203-87(56.2� 352(.7,5$:(� 1$� ��� kV DV � � 1$� %(7216.,
672/%29,�2'�76������������kV�68>,&$�'2�76������� kV�3523867

3UL�NRPSMXWHUVNRWR�SRVWDYXYDZH�QD�VWROEQLWH�PHVWD�RG��� kV� GDOHNXYRG�RG
TS �����������kV 6X^LFD�GR�TS��������NY�3URSXVW�VH�GRMGH�GR�VOHGQLWH�VR]QDQLMD�



��3UYRWR� ]DWH]QR�SROH� VR�GROCLQD�RG����� m'�PRCH�GD�ELGH�L]JUDGHQR� VR���
VWROEQL�PHVWD�RG�NRL����VH�QRVH`L��D����SRaHWQLRW�L�SRVOHGQLRW��VH�DJROQR�]DWH]QL�
QDPHVWR�VR����NDNR�^WR�H�GRELHQR�VR�UDaQRWR�SURHNWLUDZH��D�SUL�WRD�VLWH�WHVWRYL
GD�ELGDW�SR]LWLYQL�

���9WRURWR�]DWH]QR�SROH�VR�GROCLQD�RG�������m'  H�LGHQWLaQR�L�YR�GYDWD�VOXaDMD
L�VH�UD]ELUD�VR�SR]LWLYQL�WHVWRYL�

���7UHWRWR�]DWH]QR�SROH�YR�GROCLQD�RG��������m'�LVWR�WDND�GR]YROXYD�]D^WHGD
RG��GYH�VWROEQL�PHVWD��RGQRVQR�PRCH�GD�ELGH�L]JUDGHQR�VR����QDPHVWR�VR����VWROEQL
PHVWD�

��AHWYUWRWR�]DWH]QR�SROH�VR�GROCLQD�RG������� m'�QH�VDPR�^WR�PRCH�GD�ELGH
L]JUDGHQR� VR� ��� QDPHVWR� VR� ��� VWROEQL� PHVWD� �� WXNX� L� SRNDCXYD� � QHGR]YROHQR
SRVWDYXYDZH� QD� VWROERW� EU�� ��� QD� VWDFLRQDCD� ������� ]DUDGL� RJUDQLaXYDZH� YR
YLVLQDWD�QD�LVWLRW�VWROE�

���3HWWRWR�]DWH]QR�SROH�QL�MDYXYD�GHYHW�QHSUDYLOQR�SRVWDYHQL�VWROEQL��PHVWD
SRUDGL�^WR�L]JUDGEDWD�EL�ELOD�RYR]PRCHQD�VR����VWROEQL�PHVWD�QDPHVWR����NRL�VH
SRVWDYHQL�QD�RYRM�GHO�RG�WUDVDWD�QD�SUHGPHWQLRW�GDOHNXYRG�

��9R�^HVWRWR�]DWH]QR�SROH�LVWR�WDND�VH�MDYXYD�SUREOHPRW�VR�^HVW�QHSUDYLOQR
SRVWDYHQL�VWROEQL�PHVWD�^WR�SDN�SRYOHNXYD�YJUDGXYDZH�QD����QDPHVWR���� VWROEQL
PHVWD�

6SRUHG� WRD� SURHNWLUDZHWR� QD� GDOHNXYRGRW� QD� GHORYLWH� RG� WUDVDWD� VR
UDPQLaDUVNL� NDUDNWHU� L� VR� SRPDONX� SUHVHaQL� REMHNWL� SRNDCXYD� RWVWDSXYDZD� YR
RGQRV� QD� EURMRW� QD� VWROEQLWH� PHVWD�� GRGHND� QD� GHORYLWH� RG� WUDVDWD� VR� SODQLQVNL
NDUDNWHU�L�VR�SUHPLQL�SUHNX�SDW�RG���UHG�SRNDCXYD�QHGR]YROHQR�SRVWDYHQL�VWROEQL
PHVWD�� NDNR� SRUDGL� YLVLQDWD� QD� VWROERYLWH�� WDND� L� SRUDGL� UDVWRMDQLMDWD� QD
SURYRGQLFLWH�L�JUDYLWDFLRQLWH�UDVSRQL�

���35('1267,�1$�352*5$06.,27�3$.(7 DV

(GQD�RG�QDMJROHPLWH�SUHGQRVWL�QD�SURJUDPVNLRW�SDNHW�H�VHNDNR�VLJXUQRVWD�QD
NRULVQLNRW� ]D� ]DGRYROHQL� WHKQLaNL� SURSLVL� ]D� L]JUDGED� QD� QDG]HPQL� YRGRYL�
(GQRVWDYQR� SURHNWDQWRW� H� RVORERGHQ� RG� JULCDWD� GD� QH� SRJUH^L��1HJRYD� ]DGDaD� H
WRaQR� GD� MD� YQHVH� WUDVDWD� QD� GDOHNXYRGRW� VR� VLWH� NDUDNWHULVWLNL� ]D� WHUHQRW� L
SUHPLQLWH�SUHNX�GUXJL�REMHNWL��D�WHKQLaNLWH�SURSLVL�]D�VLWH�SRWUHEQL��GR]YROHQL
L�VLJXUQRVQL��UDVWRMDQLMD��VH�JULCD�QD�SURJUDPVNLRW�SDNHW�

�0QRJX�JROHPD�SUHGQRVW�QD�SDNHWRW�H�LVWR�WDND�L�EU]LQDWD�QD�SURHNWLUDZH�
$NR� ]D� SURHNWLUDZH� QD� ��� kV DV  6X^LFD�3URSXVW� QL� EH^H� SRWUHEQR� � ���� aDVD
VR�SURJUDPVNLRW�SDNHW�WRD�YUHPH�L]QHVXYD�PDNVLPDOQR�����aDVD��3UL�WRD�YUHPHWR�QD
FUWDZH�QD� QDGROCQLRW�SURILO�RG� VWUDQD� QD� JHRPHWDURW� YRRS^WR� QH� H� YOH]HQR� YR
YNXSQRWR� YUHPH� QD� SURHNWLUDZH�� GRGHND� YUHPHWR� QH� NUHLUDZH� QD� WUDVDWD� QD
UDaXQDURW�H�YNDONXOLUDQR�YR��RYLH����aDVD�

�,]JRWYXYDZHWR�QD�GRNXPHQWDFLMDWD�]D� VRRGYHWQLRW�SURHNW�VR�SURJUDPVNLRW
SDNHW�H�SUHPQRJX�HGQRVWDYQR���VH�SHaDWDW�L]OH]QLWH�WDEHOL��D�LVWR�WDND�VH�SHaDWL�L
QDGROCQLRW� SURILO� ]D� VRRGYHWQRWR� ]DWH]QR� SROH�� =QDaL�� SUHVPHWNL�� WX^LUDZH�
XPQRCXYDZH� QH� VH� SRWUHEQL��,VSHaDWHQLWH� WDEHOL� VRGUCDW� VH�^WR� H� SRWUHEQR� ]D
NRPSOHWLUDZH�QD�3URHNWRW�]D�ELOR�NRM�GDOHNXYRG�

�.RUHNFLLWH�]D�L]PHQD�QD�VWDFLRQDCD�QD�VWROE�LOL�SDN�WLS�QD�VWROE�VH�PQRJX
EU]L� 2YDD�RVRELQD�QD�SDNHWRW�SDN�RG�GUXJD�VWUDQD�YR�PQRJX�MD�XSURVWXYD�UDERWDWD
QD�WHUHQRW� ��6R�L]JRWYHQD�YDULMDQWD�JHRPHWDURW�SUL�NROaHZHWR�QD�GDOHNXYRGRW�YR



VOXaDM� QD� VSRU� RG� VWUDQD� QD� VRSVWYHQLFLWH� QD� SDUFHOLWH� JL� ]DEHOHCXYD� VSRUQLWH
ORNDFLL� NRL� RWNDNR� `H� VH� SURYHUDW� VR� SURJUDPVNLRW� SDNHW� PRCDW� GD� ELGDW� L
R]YDQLaHQL��1D�WRM�QDaLQ�VH�L]EHJQXYDDW�QD�VDPR�QHSULMDWQRVWLWH�WXNX�L�PRCQRVWD
]D� ]DEUDQD�QD�L]JUDGEDWD�QD� GDOHNXYRGRW�� D� VHNDNR� YR� JROHPD�PHUD� VH� ]D^WLWXYD� L
XJOHGRW�QD�QD^DWD�RUJDQL]DFLMD�

2G� VHWR� SRJRUH� NDCDQR� PRCHPH� GD� ]DNOXaLPH�� 3URJUDPVNLRW� SDNHW� '9
SUHWVWDYXYD� RVQRYQR� VUHGVWYR� ]D� UDERWD� ]D� VHNRM� SURHNWDQW� NRM� VH� ]DQLPDYD� VR
SURHNWLUDZH�QD�QDG]HPQL�GDOHNXYRGL�
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3UL� SURHNWLUDZHWR� QD� QDG]HPQLWH� YRGRYL� �19�� H� QHRSKRGQR� ]D� VHNRM� RG
UDVSRQLWH�RG�YRGRW�GD�VH�SULNDCH��PRQWDCQDWD�WDEHOD���W�H��WDEHODUQDWD�]DYLVQRVW
QD�PHKDQLaNRWR�QDSUHJDZH�QD�VSURYRGQLFLWH�MDCLZDWD�RG�QLYQDWD�WHPHSUDWXUD��7DD
]DYLVQRVW�PDWHPDWLaNL�H�RSL^DQD�VR�W�Q���UDYHQND�QD�VRVWRMEDWD��NRMD�SUHWVWDYXYD
HGQD�DOJHEDUVND�UDYHQND�RG�WUHW�VWHSHQ��=D�QHM]LQRWR�UH^DYDZH�YR�GHQH^QR�YUHPH
QDMaHVWR�VH�NRULVWDW�NRPSMXWHUL�SUL�^WR�H�YRRELaDHQR�]D�WDD�FHO�GD�VH�SULPHQXYD
QHNRMD�QXPHULaND�SRVWDSND�

9R� WUXGRW� H� SULNDCDQ� QRY�� VRVHPD� HGQRVWDYHQ�� DOJRULWDP� ]D� UH^DYDZH� QD
UDYHQNDWD� QD� VRVWRMEDWD�� 'DGHQL� VH� L� HILNDVQL� L]UD]L� ]D� RSUHGHOXYDZH� QD� GREUR
SRaHWQR� UH^HQLH� QD� UDYHQNDWD�� 7LH� GDYDDW� WDNYL� SRaHWQL� UH^HQLMD� NRL� VHNRJD^
GRYHGXYDDW�GR�EU]D�L�VLJXUQD�NRQYHUJHQFLMD�QD�LWHUDWLYQLRW�SURFHV�QD�UH^DYDZH�

S U M M A R Y

A new and simple algorithm for solving the state equation, when designing an overhead
transmission line is presented in this article. The state equation, which gives the relation between
the tension in the conductors/wires and their temperature, is an algebraic equation of third order.
The proposed algorithm is based on the Newton iterative method application for numerical
solution the algebraic equations. Initial solution, necessary for the iterative procedure, is
estimated by means of simple formulae, and it is quite near the real solution of the state equation
That way the convergence of the iterative process is always possible after a few iterations only.

.OXaQL�]ERURYL� 3URHNWLUDZH�QD�QDG]HPQL�YRGRYL��UDYHQND�QD�VRVWRMEDWD��
QXPHULaNR�UH^DYDZH�

1. 929('

3UL�SURHNWLUDZHWR�QD�19�L�SUL�L]ERURW�QD�VWRMQLWH�PHVWD��WLSRYLWH�L�YLVR�
aLQLWH� QD� VWROERYLWH�� SRWUHEQR� H� GD� VH� YRGL� VPHWND� ]D� UD]QL� WHKQLaNL� RJUDQL�
aXYDZD��.DM�QDV�VR�7HKQLaNLWH�QRUPDWLYL�[1]�SUHFL]QR�VH�GHILQLUDQL�XVORYLWH�^WR
WUHED�GD�ELGDW�]DGRYROHQL�SUL�JUDGEDWD�QD�19�VR�FHO�GD�ELGH�REH]EHGHQR�RGUHGHQR



2

QLYR� QD� VLJXUQRVW� NDNR� QD� VDPLWH� YRGRYL�� WDND� L� QD� REMHNWLWH�� OX_HWR� L� GUXJLWH
VX^WHVWYD�^WR�PRCDW�GD�VH�QDR_DDW�YR�QHSRVUHGQD�EOL]LQD�QD�YRGRYLWH�

(GQR�RG�WHKQLaNLWH�RJUDQLaXYDZD�^WR�VH�SRVWDYXYD�SUHG�SURHNWDQWRW�H�]DGR�
YROXYDZH�QD�VLJXUQRVQLWH�YLVLQL�QD�VSURYRGQLFLWH�QDG�]HPMDWD�L�QDG�REMHNWLWH�QD
QHD�YR�VLWH�PRCQL�XVORYL�QD�UDERWD�QD�YRGRW��'UXJL�RJUDQLaXYDZD�VH�SRVWDYXYDDW�YR
RGQRV�QD�JROHPLQDWD�QD�PHKDQLaNLWH�VLOL�VR�NRL�VSURYRGQLFLWH�L� MDCLZDWD�GHMVW�
YXYDDW� YU]� VWROERYLWH� RG� YRGRYLWH�� 7UHWL� RJUDQLaXYDZD� VH� RGQHVXYDDW� QD� JROH�
PLQDWD�QD�QDSUHJDZDWD�YR�VDPLWH�VSURYRGQLFL�L�]D^WLWQL�MDCLZD�YR�VLWH�XVORYL�QD
UDERWD��2VYHQ�WRD�YR� VNORSRW�QD�SURHNWRW�QD�HGHQ�19�H� QHRSKRGQR� ]D� VHNRM� QHJRY
UDVSRQ� GD� ELGDW� SULNDCDQL� ]DYLVQRVWLWH� QD� QDSUHJDZHWR� QD� VSURYRGQLFLWH� L

MDCLZDWD�RG�WHPSHUDWXUDWD�θ�YR�WHPSHUDWXUQLRW�LQWHUYDO�RG�θmin� �−20oC�GR�θmax� 

+40oC�� 7LH� ]DYLVQRVWL� RELaQR� VH� SULNDCXYDDW� YR� YLG� QD� WDEHOL� L� VH� NRULVWDW�� RG
HGQD�VWUDQD��]D�SURYHUND�QD�PHKDQLaNLWH�QDSUHJDZD�QD�VWROERYLWH��D�RG�GUXJD��SUL
VDPRWR� PRQWLUDZH� QD� VSURYRGQLFLWH� L� MDCLZDWD�� =DWRD� WLH� X^WH� VH� QDUHNXYDDW
�PRQWDCQL�WDEHOL��

=QDaL��YR�VLWH�QDYHGHQL�SURYHUNL�L�SUHVPHWNL��RVQRYQD�]DGDaD�H�RSUHGHOXYDZH
QD� ]DYLVQRVWD� QD� QDSUHJDZHWR� QD� VSURYRGQLFLWH� L� MDCLZDWD� RG� QLYQDWD� WHPSHUD�
WXUD��ELGHM`L�SRWRD�OHVQR�VH�RGUHGXYDDW�VLWH�SRWUHEQL�PHKDQLaNL�VLOL��REOLNRW�QD
YHULCQLNRW��ODQaDQLFDWD��QD�VSURYRGQLFLWH�L� MDCLZDWD��SRORCEDWD�QD�WHPHWR�QD
YHULCQLNRW�NDNR�L�SRORCEDWD�QD�VDPLRW�YHULCQLN�YR�RGQRV�QD�WORWR�L�REMHNWLWH�QD
WORWR�

2. 5$9(1.$�1$�62672-%$7$

0DWHPDWLaNDWD�IRUPXODFLMD�QD� ]DYLVQRVWD� QD� QDSUHJDZHWR�σ� RG� WHPSHUDWX�
UDWD� θ� QD� YHULCQLNRW� QD� VSURYRGQLNRW�MDCHWR� YR� L]YRUQD� IRUPD� H� SULOLaQR
VORCHQD��7DD�SUHWVWDYXYD�HGQD�WUDQVFHGHQWQD�UDYHQND�aLH^WR�UH^DYDZH�PRCH�GD�VH
L]YHGH�HGLQVWYHQR�SR�QXPHULaNL�SDW��D�JR�LPD�VOHGQLRY�REOLN�[2]�

σ
σ

α θ θ σ σ σ
σ

0

0

0

0
0

0

2
1 1

2p
sh

p a

E p
sh

p a⋅ ⋅ ⋅ + ⋅ − ⋅ + − = ⋅ ⋅
[ ( )] [ ] � ���

9R�UHODFLMDWD�����RGGHOQLWH�JROHPLQL�JR�LPDDW�VOHGQRWR�]QDaHZH�

σ�− PHKQLaNR�QDSUHJDZH�QD�VSURYRGQLNRW�MDCHWR�

p�− VSHFLILaQD� WHCLQD� QD� VSURYRGQLNRW�� W�H�� WHCLQD� SR� HGLQLFD� GROCLQD�
UHGXFLUDQD�QD���mm2�

θ�− WHPSHUDWXUD�QD�VSURYRGQLNRW�MDCHWR�

α�− WHPSHUDWXUHQ� NRHILFLHQW� QD� OLQHDUQR� L]GROCXYDZH� QD� VSURYRG�
QLNRW�MDCHWR�

E�− PRGXO�QD�HODVWLaQRVW�QD�VSURYRGQLNRW�MDCHWR�

a�− UDVSRQ�

*ROHPLQLWH�p��σ�L�θ�VH�QDUHNXYDDW�SDUDPHWUL�QD�VRVWRMEDWD�QD�VSURYRGQLNRW�
RGQRVQR�MDCHWR���3ULWRD�VR�p0��σ0�L�θ0��YR�����VH�R]QDaHQL�SDUDPHWULWH�QD�SR]QDWDWD

VRVWRMED�L�WLH�VH�VLWH�SR]QDWL�GRGHND��SDN�� �VR�p��σ�L�θ�VH�R]QDaHQL�SDUDPHWULWH�QD
QRYDWD�−� QHSR]QDWD� VRVWRMED�� 9R� QRYDWD� VRVWRMED� QHSR]QDW� H� HGHQ� RG� SDUDPHWULWH�
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QDMaHVWR�QDSUHJDZHWR�σ��GRGHND�RVWDQDWLWH�GYH�VH�VPHWDDW�]D�SR]QDWL�LOL�SDN�WLH�VH
]DGDGHQL�

.DNR� ^WR� PRCH� GD� VH� YLGL� RG� UHODFLMDWD� ����� UH^DYDZHWR� QD� RYDD

WUDQVFHGHQWQD� UDYHQND�� W�H�� RSUHGHOXYDZHWR� QD� YUHGQRVWD� QD� QHSR]QDWDWD� σ� QH� H
YRRS^WR�HGQRVWDYQR�L�EDUD�HILNDVQD�QXPHULaND�SRVWDSND�NRMD�SUDNWLaQR�PRCH�GD
VH�UHDOL]LUD�VR�SULPHQD�QD�NRPSMXWHU�

9UVNDWD� PH_X� QDSUHJDZHWR�σ� L� WHPSHUDWXUDWD� θ� `H� LPD� PQRJX� SRHGQRVWDYHQ
PDWHPDWLaNL� REOLN� DNR� IRUPDWD� QD� NULYDWD� ^WR� VSURYRGQLFLWH� MD� ]D]HPDDW� SRG
GHMVWYR�QD�WHCLQDWD�L�NRMD�SUHWVWDYXYD�YHULCQLN�� MD� DSURNVLPLUDPH� VR�HGQD�SDUD�
EROD��,VWUDCXYDZDWD�YR�UDPNLWH�QD�RYRM�WUXG�SRNDCDD�GHND�YDNYDWD�DSURNVLPDFLMD
H�VRVHPD�SULIDWOLYD�]D�JROHPLQD�QD�WRWDOQLWH�UDVSRQL�GR�cca 500 m��W�H��SUDNWLaQR
]D�QDMJROHPLRW�EURM�UDVSRQL�NRL�YR�SUDNWLNDWD�VH�VUH`DYDDW�NDM�QDG]HPQLWH�YRGRYL�
6OXaDLWH�NRJD�WRWDOQLRW�UDVSRQ�H�SRJROHP�RG�500 m�VH�GRVWD�UHWNL�L�WRJD^�RSUHGH�
OXYDZHWR�QD�]DYLVQRVWD�σ �θ ��`H�PRUD�GD�VH�YU^L�SUHNX�L]YRUQDWD�UHODFLMD�����

.RJD� YHULCQLNRW� JR� DSURNVLPLUDPH� VR� HGQD� SDUDEROD� YUVNDWD� PH_X� GYHWH
VRVWRMEL�QD�VSURYRGQLNRW�MDCHWR�VH�RSL^XYD�VR�PQRJX�SRHGQRVWDYQD�UHODFLMD�[3]�

p a p a

E

2 2

2
0
2 2

0
2 0

0

24 24

⋅ − ⋅ = ⋅ − + −
σ σ

α θ θ σ σ
( ) � ���

$NR�YR�����NDNR�QHSR]QDWD�VH�MDYXYD�QDSUHJDZHWR�σ�YR�QRYDWD�VRVWRMED��WRJD^�]D�QHM�
]LQRWR�RSUHGHOXYDZH�`H�ELGH�SRWUHEQR�GD�VH�UH^L�VOHGQDYD�DOJHEDUVND�UDYHQND�[3]�

σ
σ

+ =m
n2

2 � ���

9R�UDYHQNDWD�����VH�YRYHGHQL�VOHGQLWH�R]QDaXYDZD�

m
p a

E E n p a
E= ⋅ ⋅ + ⋅ ⋅ − − = ⋅ ⋅0

2 2

0
2 0 0

24 24σ
α θ θ σ( ) M � ���

9R� UDPNLWH� QD� RYRM� WUXG� VH� QDSUDYHQL� RSUHGHOHQL� LVWUDCXYDZD� QD� JROHPL�
QDWD� QD� JUH^NDWD� YR� UH^HQLHWR� SRUDGL� WRD� ^WR� QDPHVWR� SUHNX� UHODFLMDWD� ����

QHSR]QDWRWR�QDSUHJDZH�σ�JR�SUHVPHWXYDPH�SUHNX�UHODFLMDWD������7LH�SRNDCDOH�GHND
]D�UDVSRQL�SRPDOL�RG�VSRPHQDWLWH�500 m��JUH^NDWD�SR�DSVROXWHQ�L]QRV�QH�MD�QDGPL�
QXYD�YUHGQRVWD�0,1%��5H^HQLHWR�GRELHQR�VR�WRONDYD�WRaQRVW�`H�ELGH�]D�QDV�VRVHPD
SULIDWOLYR� ]DWRD�^WR� YU]� WRaQRVWD� QD� UH^HQLHWR� QH� YOLMDH� VDPR� PDWHPDWLaNLRW
PRGHO� SUHNX� NRM� VPH� GR^OH� GR� QHJR� WXNX� YOLMDH� L� WRaQRVWD� VR� NRMD� QL� VH� SR]QDWL
YOH]QLWH�SRGDWRFL��W�H��PHKDQLaNLWH�NDUDNWHULVWLNL�QD�VSURYRGQLFLWH�L�MDCLZDWD�
=D� CDO�� WRaQRVWD� VR� NRMD� VH� SR]QDWL� YUHGQRVWLWH� QD� YOH]QLWH� SDUDPHWUL� YR
UHODFLMDWD� ���� H� ]QDaLWHOQR�SRPDOD�RG�QDYHGHQDWD��SD� VSRUHG�WRD�UDYHQNDWD� ���� `H
SUHWVWDYXYD�]D�QDV�VRVHPD�SULIDWOLY�PDWHPDWLaNL�PRGHO�

�� 5(>$9$:(�1$�5$9(1.$7$�1$�62672-%$7$

5DYHQNDWD�����YR�RS^W�VOXaDM�LPD�WUL�UH^HQLMD��NRUHQL��RG�NRL�HGQRWR�H�VHNR�
JD^�UHDOQR�L�SR]LWLYQR��D�RVWDQDWLWH�GYH�VH�UHDOQL�L�QHJDWLYQL�LOL�SDN�VH�NRZXJL�
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UDQR� NRPSOHNVQL�� =D� QDV� H� RG� LQWHUHV� HGLQVWYHQR� UHDOQRWR� SR]LWLYQR� UH^HQLH�
1HM]LQRWR� UH^DYDZH� YR� SULQFLS� PRCH� GD� VH� L]YHGH� QD� GYD� UD]OLaQL� QDaLQD�
NODVLaQR�� SUHNX� UDGLNDOL� �VR� SRPR^� QD� W�Q�� �NDUGDQRYL� IRUPXOL�� [4]��� LOL� SDN
QXPHULaNL�� VR� QHNRMD� LWHUDWLYQD� SRVWDSND�� .ODVLaQLRW� QDaLQ� QD� UH^DYDZH� H
SUHPQRJX�VORCHQ�]D�SUDNWLaQD�SULPHQD��SD�]DWRD��WRM�UHWNR�VH�NRULVWL��=D�WDD�FHO
YR� SUDNWLNDWD� VH� NRULVWDW� GUXJL� SRVWDSNL� NRL� QDMaHVWR� VH� LWHUDWLYQL� LOL�� SDN�
UHNXUHQWQL��3RVWRL� L� WUHW�� W�Q�� �WDEHODUHQ�� QDaLQ� QD� UH^DYDZH� QD� UDYHQNDWD� QD
VRVWRMEDWD� [3]� VSRUHG� NRM� UH^HQLHWR� QD� UDYHQNDWD� ���� RGQRVQR� ���� VH� GRELYD� VR
GLUHNWQR�RWaLWXYDZH�RG�JRWRYL��SUHWKRGQR�L]JRWYHQL�WDEHOL�

2YGH� `H� ELGDW� QDNXVR� SULNDCDQL� SRVOHGQLWH� GYD� VSRPHQDWL� QDaLQD� ]D
UH^DYDZH�QD�QDYHGHQLRW�SUREOHP��(GQLRW�QDaLQ�NRULVWL��]QDaL��JRWRYL�SUHWKRGQR
IRUPLUDQL� WDEHOL� QD� UH^HQLMDWD� QD� UDYHQNDWD� QD� VRVWRMEDWD� ����� L� QHJR� `H� JR
QDUHaHPH�WDEHODUHQ�QDaLQ�QD�UH^DYDZH��9WRULRW�QDaLQ�H�SR]QDWLRW�ZXWRQRY�PHWRG
]D�LWHUDWLYQR�UH^DYDZH�QD�DOJHEDUVNLWH�UDYHQNL�

���� 7DEHODUHQ�QDaLQ�]D�UH^DYDZH�QD�UDYHQNDWD�QD�VRVWRMEDWD

'RNRONX� QH� UDVSRODJDPH� VR� NRPSMXWHU� LOL� UDaHQ� NDONXODWRU�� UH^HQLHWR� QD
UDYHQNDWD�����PRCHPH�GD�JR�GRELHPH�VR�SRPR^�QD�WDEHOL��.DM�WDEHODUQLRW�QDaLQ�QD
UH^DYDZH�VH�NRULVWDW�JRWRYL�WDEHOL�YR�NRMD�VH�SULNDCDQL�UH^HQLMDWD�QD�UDYHQNDWD
QD�VRVWRMEDWD������7DNYL�WDEHOL�PRCH�GD�VH�QDMGDW�YR�[3]�

5H^HQLHWR�σ� QD�RYDD�UDYHQND�`H� ]DYLVL�RG� YUHGQRVWD� QD� SDUDPHWULWH�m� L�n�
3DUDPHWDURW�m� PRCH� GD� LPD� SURL]YROQD� YUHGQRVW� YR� LQWHUYDORW� �−∞, ∞��� GRGHND
SDUDPHWDURW�n�VHNRJD^�`H�LPD�SR]LWLYQD�YUHGQRVW�YR�LQWHUYDORW�����∞���9R�WDEHODWD
I� VH�SULNDCDQL�UH^HQLMDWD�QD�UDYHQNDWD�QD�VRVWRMEDWD� ���� �]DRNUXCHQL�QD�YWRUDWD
GHFLPDOD��� ]D� UD]QL� YUHGQRVWL� QD� SDUDPHWDURW� m� YR� LQWHUYDORW� ��� �� ���� L� UD]QL
YUHGQRVWL�QD�SDUDPHWDURW�n��YR�LQWHUYDORW��1 , 15��

7DEHOD I. 5H^HQLMD�QD�UDYHQNDWD�QD�VRVWRMEDWD����

m / n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 1.00 1.59 2.08 2.52 2.92 3.30 3.66 4.00 4.33 4.64 4.95 5.24 5.53 5.81 6.08

1 0.75 1.31 1.79 2.23 2.63 3.00 3.35 3.69 4.02 4.33 4.63 4.93 5.21 5.49 5.77
2 0.62 1.13 1.58 2.00 2.39 2.75 3.10 3.43 3.75 4.06 4.36 4.65 4.94 5.21 5.48
3 0.53 1.00 1.43 1.82 2.19 2.55 2.89 3.21 3.52 3.83 4.12 4.41 4.69 4.96 5.23
4 0.47 0.90 1.30 1.68 2.04 2.38 2.70 3.02 3.33 3.62 3.91 4.19 4.47 4.74 5.00
5 0.43 0.83 1.20 1.56 1.90 2.23 2.55 2.85 3.15 3.44 3.72 4.00 4.27 4.53 4.79
6 0.40 0.77 1.12 1.46 1.79 2.11 2.41 2.71 3.00 3.28 3.56 3.83 4.09 4.35 4.61
7 0.37 0.72 1.06 1.38 1.70 2.00 2.30 2.58 2.87 3.14 3.41 3.67 3.93 4.19 4.44
8 0.35 0.68 1.00 1.31 1.61 1.91 2.19 2.47 2.75 3.01 3.28 3.53 3.79 4.04 4.28
9 0.33 0.64 0.95 1.25 1.54 1.82 2.10 2.37 2.64 2.90 3.16 3.41 3.65 3.90 4.14

10 0.31 0.61 0.91 1.20 1.48 1.75 2.02 2.28 2.54 2.80 3.05 3.29 3.53 3.77 4.01

11 0.30 0.59 0.87 1.15 1.42 1.68 1.95 2.20 2.45 2.70 2.95 3.19 3.42 3.66 3.89
12 0.29 0.56 0.84 1.10 1.37 1.63 1.88 2.13 2.37 2.62 2.85 3.09 3.32 3.55 3.78
13 0.27 0.54 0.81 1.07 1.32 1.57 1.82 2.06 2.30 2.54 2.77 3.00 3.23 3.45 3.67
14 0.26 0.52 0.78 1.03 1.28 1.52 1.76 2.00 2.23 2.46 2.69 2.92 3.14 3.36 3.58
15 0.26 0.51 0.76 1.00 1.24 1.48 1.71 1.94 2.17 2.40 2.62 2.84 3.06 3.27 3.49
16 0.25 0.49 0.73 0.97 1.21 1.44 1.67 1.89 2.11 2.34 2.55 2.77 2.98 3.20 3.41
17 0.24 0.48 0.71 0.94 1.17 1.40 1.62 1.84 2.06 2.28 2.49 2.70 2.91 3.12 3.33
18 0.23 0.47 0.69 0.92 1.14 1.36 1.58 1.80 2.01 2.22 2.43 2.64 2.85 3.05 3.25
19 0.23 0.45 0.68 0.90 1.11 1.33 1.54 1.76 1.97 2.17 2.38 2.58 2.79 2.99 3.18
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20 0.22 0.44 0.66 0.88 1.09 1.30 1.51 1.72 1.92 2.13 2.33 2.53 2.73 2.92 3.12

=D�YUHGQRVWLWH�QD��m��L��n��^WR�VH�QDGYRU�RG�VSRPHQDWLWH�LQWHUYDOL��`H�WUHED
GD� VH� NRULVWDW� GUXJL� QDaLQL� QD� UH^DYDZH� QD� UDYHQNDWD� ���� LOL� GD� VH� L]YU^L

SURFHQND�QD�UH^HQLHWR��σ��VR�SRPR^�QD�HGQD�RG�UHODFLLWH��SULNDCDQL�YR�WDEHOD�II �

7DEHOD II.  ,]UD]L�]D�SULEOLCQR�RSUHGHOXYDZH�QD�QDSUHJDZHWR�σ

m → − ∞ m→ 0 m → ∞ n → ∞

σ → − m σ → −n m2 3 3/ / σ → +n m n m/ / σ → n2 3/

7DEHODWD�I�JL�GDYD�QDSUHJDZDWD�σ�]D�GLVNUHWQL�YUHGQRVWL�QD�SDUDPHWULWH�m�L�n��=D
YUHGQRVWL�QD�m�L�n�^WR�QH�VH�FHOL�EURHYL��UH^HQLHWR�σ�`H�VH�GRELH��QD�SULPHU� VR
SULPHQD QD� SRVWDSNDWD� ]D� OLQHDUQD� LQWHUSRODFLMD� [3]�� /LQHDUQDWD� LQWHUSRODFLMD�
YR�SULQFLS��`H�YQHVH�QHNDNYD�JUH^ND��QR�WDD�H�RELaQR�]DQHPDUOLYR�PDOD�

���� ,WHUDWLYQD�SRVWDSND�]D�UH^DYDZH�QD�UDYHQNDWD�QD�VRVWRMEDWD

.RJD� QH� UDVSRODJDPH� VR� JRUHVSRPHQDWDWD� WDEHOD� LOL� SDN� NRJD� QHNRM� RG
SDUDPHWULWH�m� �LOL��n� �QH�H�RSIDWHQ�VR�QHD��UH^HQLHWR�QD�UDYHQNDWD�QD�VRVWRMEDWD
���� `H� PRCHPH� GD� JR� GRELHPH� L� QXPHULaNL�� VR� QHNRMD� LWHUDWLYQD� SRVWDSND�� .DNR
VRVHPD� SRJRGQD� ]D� WDD� FHO� VH� SRNDCDOD� SRVWDSNDWD� NRMD� ED]LUD� QD� SULPHQDWD� QD
ZXWRQRYLRW� LWHUDWLYHQ� PHWRG� [3]�� 2YDD� LWHUDWLYQD� SRVWDSND� VH� SRNDCDOD� NDNR
VRVHPD� UREXVQD� L� HILNDVQD� ELGHM`L� WDD� GDYD� UH^HQLH� ]D� VLWH� PRCQL� VOXaDL� ^WR
PRCDW� GD� VH� SRMDYDW� YR� SUDNWLNDWD�� .RQYHUJHQFLMDWD� QD� LWHUDWLYQLRW� SURFHV� H
SULWRD�VHNRJD^�RVLJXUHQD�D�SRWUHEQLRW�EURM�LWHUDFLL�H�VRVHPD�PDO�

$NR�MD�YRYHGHPH�IXQNFLMDWD�

f m n( ) /σ σ σ= + − 2 2 � ���

`H�LPDPH�

f n' ( ) /σ σ= +1 2 2 3 � ���

6SRUHG�ZXWRQRYLRW�PHWRG��YUHGQRVWD�QD�QHSR]QDWDWD�σk���YR�k�1 − WD�LWHUDFLMD

`H�MD�GRELHPH�DNR�QL�H�SR]QDWD�YUHGQRVWD�QD�QHSR]QDWDWD�σk�YR�k−WDWD�LWHUDFLMD��VR
SRPR^�QD�UHODFLMDWD�����

σ σ σ
σk k

k

k

f

f
k+ = − =1 0 1 2

( )

' ( )
; , , . . . ���

RGQRVQR�

σ σ σ σ
σk k

k k

k

m n

n
k+ = − + −

+
=1

2 2

2 31 2
0 1 2

/

/
; , , . . . ���

6HNRMD�LWHUDWLYQD�SRVWDSND�^WR�VH�SULPHQXYD�]D�UH^DYDZH�QD�UDYHQNDWD�QD

VRVWRMEDWD� `H� EDUD� SR]QDYDZH� QD� HGQR� SRaHWQR� UH^HQLH�σ
�
�  �σP� NRH� PRUD� GD� ELGH

GRYROQR�EOLVNX� GR� YLVWLQVNRWR�UH^HQLH�σT 
�� ]D� LWHUDWLYQLRW�SURFHV� QD� UH^DYDZH
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VLJXUQR�GD�NRQYHUJLUD��D�EDUDQRWR�UH^HQLH��SUL�RGQDSUHG�]DGDGHQD�WRaQRVW��GD�VH
GRELH�VR�^WR�H�PRCQR�SRPDO�EURM�LWHUDFLL�

,]ERURW� QD� SRaHWQRWR� UH^HQLH� σP� H� QDMHGQRVWDYHQ� NRJD� MD� NRULVWLPH� WDEH�
ODWD�I��VR�LOL�EH]�SULPHQD�QD�SRVWDSNDWD�]D�OLQHDUQD�LQWHUSRODFLMD���'UXJ�QDaLQ�]D
GRELYDZH� QD� GREUR� SRaHWQR� UH^HQLH� σP� H� PRCHQ� VR� SULPHQD� QD� UHODFLLWH
���D���� ����G���[3]�

1.�VOXaDM��NRJD�H��m�!��

σ σ σ σP D G D= + ⋅ −0 3, ( ) � ���D�

NDGH�^WR� H� σ G n m= / � L� σ σ σD G G m= +/ ( / )1 2 �� SUL�^WR� VR�σD� L�σG� VH� R]QDaHQL

GROQDWD� L� JRUQDWD� JUDQLFD� RG� LQWHUYDORW� YR� NRM� VR� VLJXUQRVW� VH� QDR_D� WRaQRWR

UH^HQLH�σT  
��W�H��σD�����σT�����σG �

���VOXaDM��NRJD�H��m����

σ P n
m

n m= + >2 3 2 3

3
/ /, OSKE I � �� b�

σ P m
n

n m= + ≤
2 3

2 3

3

/
/, OSKE I � �� v�

���VOXaDM��NRJD���| m |�→��

σ P n
m

= −2 3

3
/ � �� g�

5HODFLLWH��9�D����(9�J)�REH]EHGXYDDW�YR�VLWH�VOXaDL�GREUR�SRaHWQR�UH^HQLH�σP 
�

WDND� ^WR� NRQYHUJHQFLMDWD� QD� LWHUDWLYQLRW� SURFHV� H� VHNRJD^� ]DJDUDQWLUDQD�� D
SRWUHEQLRW�EURM�QD�LWHUDFLL�VR�NRL�`H�VH�GRELH�UH^HQLH�VR�GRYROQR�YLVRND�WRaQRVW�

H� UHODWLYQR� PDO��0QRJX� SRWRaQL� SURFHQNL� QD� SRaHWQRWR� UH^HQLH� σP� �QR� ]DWRD� L
SRVORCHQL�L]UD]L�]D�QHJRYRWR�SUHVPHWXYDZH��VH�L]QHVHQL�YR� [5]��6R�QLY� VH� GRELYD
UH^HQLH� VSRUHG� DOJRULWPRW� ���� VR�PQRJX� YLVRND� WRaQRVW� �JUH^NDWD� QD� UH^HQLHWR
SRPDOD�RG�0,001���]D�QDMPQRJX�WUL�LWHUDFLL�

=D�UH^DYDZH�QD�UDYHQNDWD�QD� VRVWRMEDWD��NDNR�RVREHQR�EU]D�L� SUDNWLaQD� VH
SRNDCDOD�L�VOHGQDWD�LWHUDWLYQD��UHNXUHQWQD��SRVWDSND�

σ
σk

k

n

m
k+ =

+
=1 0 1 2; , , , . . . . ����

3RVWDSNDWD������H�YR�VOXaDMRW�m�!���VHNRJD^�NRQYHUJHQWQD��9R�VOXaDLWH�NRJD�H
m������NRQYHUJHQFLMDWD�H�SRVSRUD��SD�GXUL�PRCH�GD�VH�VOXaL�SURFHVRW�YRRS^WR�L�GD
QH�NRQYHUJLUD��QH]DYLVQR�RG�WRaQRVWD�VR�NRMD�H�RSUHGHOHQR�SRaHWQRWR�UH^HQLH�σP�
=DWRD�� NRJD� H�m� �� ��� SUHSRUDaOLYR� H� GD� VH� NRULVWL� SRVWDSNDWD� ���� NRMD� ED]LUD� QD
SULPHQDWD� QD� ZXWRQRYLRW� LWHUDWLYHQ� PHWRG�� ]DWRD� ^WR� H� WRM�� L� SRNUDM� VYRMDWD
UHODWLYQD�VSRURVW��VHNRJD^�NRQYHUJHQWHQ��9R�VOXaDLWH�NRJD�H�m�!�����]DUDGL�VYRMDWD
HGQRVWDYQRVW�L�EU]LQD���SRHILNDVQR�H�GD�VH�SULPHQXYD�UHNXUHQWQDWD�UHODFLMD������
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9R�SURGROCHQLH�`H�ELGDW�GDGHQL�GYD�SULPHUD�SUHNX�NRL�`H�PRCH�QD�QDMHGQR�
VWDYHQ�QDaLQ�GD�ELGH�SULNDCDQD�SULPHQDWD�QD�VSRPHQDWLWH�LWHUDWLYQL�SRVWDSNL�

3ULPHU�����'D�JR�RSUHGHOLPH�UH^HQLHWR�QD�UDYHQNDWD�σ����� ����σ��

9R�VOXaDMRY�`H�LPDPH��m� ���L�n2� �����W�H��n� ����SD�]D�UH^DYDZH�QD�UDYHQNDWD
QD�VRVWRMEDWD�`H� MD�SULPHQLPH�UHNXUHQWQDWD�SRVWDSND� ������3RaHWQRWR�UH^HQLH�σP

`H�JR�GRELHPH�VSRUHG�UHODFLMDWD�(9 a)�

σ σ σ σG D G Gn m m= = = = + = + =/ / ; / ( / ) / ( / ) ,4 4 2 1 2 2 1 2 8 1 6�

SD�VSRUHG�WRD��`H�GRELHPH�

σ σ σ σP D G D= + ⋅ − =0 3 1 720, ( ) , �

3RQDWDPX�VOHGL�LWHUDWLYQLRW�SURFHV�VSRUHG�DOJRULWPRW�GDGHQ�VR�����

σ σ

σ σ

σ σ

σ σ

0

1 0

2 1

3 2

1 720

4 4 1 720 1 672

4 4 1 672 1 680

4 4 1 680 1 678

= =

= + = + =

= + = + =

= + = + =

P

n m

n m

n m

, ;

/ / , , ;

/ / , , ;

/ / , , ;

MXR�

2aLJOHGQR�H�GHND�LWHUDWLYQLRW�SURFHV�QD�UH^DYDZH�PRCH�GD�VH�SUHNLQH�YH`H
SRVOH� WUHWDWD� LWHUDFLMD� L� ]D� UH^HQLH� QD� SUREOHPRW� GD� VH� SURJODVL� SRVOHGQDWD

YUHGQRVW��W�H���σ� �σ
�
�= 1,678.

3ULPHU����'D�VH�RSUHGHOL�UH^HQLHWR�QD�UDYHQNDWD�σ�−��� ����σ��

9R�RYRM�VOXaDM�LPDPH���m� �− ����n� �����n���  ��������| m |��SD�SRUDGL�WRD��SRaHWQRWR
UH^HQLH�`H�JR�GRELHPH�VR�SRPR^�QD�(9�Y):

σ σ0
2 3 3 4 2 52 3 4 84= = + = + =P m n / / , / , �

%LGHM`L� H� m� �� ��� `H� JR� NRULVWLPH� ZXWRQRYLRW� LWHUDWLYHQ� PHWRG�� VSRUHG
DOJRULWPRW�(8)��9R�SUYDWD�LWHUDFLMD (k = 0)�`H�LPDPH�

f m n f n( ) / , ; ' ( ) / / , ,σ σ σ σ σ0 0
2

0
2

0
2

0
3 30 157 1 2 1 2 16 4 84 1 282= + − = = + = + ⋅ = �

3RQDWDPX��UH^HQLHWR�σ
�
�RG�SUYDWD�LWHUDFLMD��VSRUHG������`H�ELGH�

σ 1 4 84 0 157 1 282 4 71756= − =, , / , , �

1D� VOLaHQ� QDaLQ� VH� SRVWDSXYD� L� SRQDWDPX�� ]D� VHNRMD� QDUHGQD� LWHUDFLMD�� SD
NDNR�UH]XOWDW�QD�LWHUDWLYQLRW�SURFHV�VH�GRELYD�VOHGQDWD�QL]D�UH^HQLMD�
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σ
σ
σ
σ

0

1

2

3

4 84

4 71756

4 71861

4 71861

=
=
=
=

, ;

, ;

, ;

, ;

MXR��

^WR�]QDaL�GHND�]D�UH^HQLH�QD�]DGDaDWD�PRCH�GD�VH�SURJODVL�YUHGQRVWD�σ
�

=  4,71861.

�� =$./8A2.

9R� UDPNLWH� QD� JODYQLRW� SURHNW� QD� HGHQ� QDG]HPHQ� YRG� H� QHRSKRGQR� ]D� VHNRM
QHJRY�UDVSRQ�GD�ELGDW�SULNDCDQL�]DYLVQRVWLWH�QD�QDSUHJDZHWR�QD�VSURYRGQLFLWH�L

MDCLZDWD� RG� WHPSHUDWXUDWD� θ� YR� WHPSHUDWXUQLRW� LQWHUYDO� RG� PLQLPDOQDWD� GR
PDNVLPDOQDWD�WHPSHUDWXUD�(−20oC, +40oC)��7LH�]DYLVQRVWL�RELaQR�VH�SULNDCXYDDW�YR
YLG�QD�WDEHOL�L�VH�NRULVWDW�SUL�VDPRWR�PRQWLUDZH�QD�VSURYRGQLFLWH�L� MDCLZDWD�
SRUDGL� ^WR� VH� QDUHNXYDDW� �PRQWDCQL� WDEHOL��� =DYLVQRVWD� QD� QDSUHJDZHWR� YR
VSURYRGQLFLWH�MDCLZDWD�RG�QLYQDWD�WHPSHUDWXUD�PRCH�GRYROQR�GREUR�GD�VH�RSL^H
VR�HGQD�DOJHEDUVND�UDYHQND�RG�WUHW�VWHSHQ�NRMD�VH�QDUHNXYD��UDYHQND�QD�VRVWRMEDWD��
1DMJROHP� GHO� RG� SUHVPHWNLWH� NRL� VH� YU^DW� SUL� SURHNWLUDZHWR� QD� QDG]HPQLWH
YRGRYL� VH� VRVWRL� YR� QHM]LQRWR� PQRJXNUDWQR� UH^DYDZH�� ]D� UD]QL� VRVWRMEL� YR� NRL
PRCDW�GD�VH�QDMGDW�ID]QLWH�VSURYRGQLFL�L�]D^WLWQLWH�MDCLZD�RG�QDG]HPQLRW�YRG�

9R�WUXGRW�H�QDMQDSUHG�RSL^DQ�WDEHODUHQ�PHWRG�]D�UH^DYDZH�QD�UDYHQNDWD�QD
VRVWRMEDWD� ����� 7RM� VH� SULPHQXYD� WRJD^� NRJD� QD� SURHNWDQWRW� QH� PX� VWRL� QD� UDVSR�
ODJDZH�NRPSMXWHU�LOL�UDaHQ�NDONXODWRU��3RWRD�H�SULNDCDQD�L�LWHUDWLYQD�SRVWDSND
QDPHQHWD�]D�UH^DYDZH�QD�UDYHQNDWD�����VR�SRPR^�QD�NRPSMXWHU��,]ORCHQ�H�L�QDaLQ
]D�RSUHGHOXYDZH�QD�GREUR�SRaHWQR�UH^HQLH�QD�UDYHQNDWD������3ULNDCDQDWD�LWHUD�
WLYQD�SRVWDSND�H�HGQRVWDYQD��EU]D�L� VLJXUQD�ELGHM`L�VR�PDO�EURM�LWHUDFLL� JR�GDYD
EDUDQRWR�UH^HQLH�VR�YLVRND�RGQDSUHG�]DGDGHQD�WRaQRVW�

�� /,7(5$785$

[1] 3UDYLOQLN� ]D� WHKQLaNLWH� QRUPDWLYL� ]D� L]JUDGED� ]D� QDG]HPQL� HOHNWURHQHU�
JHWVNL�YRGRYL�VR�QRPLQDOHQ�QDSRQ�RG�1 kV�GR���� kV���6OXCEHQ�OLVW�QD�6)5-�
EU��65/1988��VWU� 1618-1643�

[2] B. Stefanini, D`. Mufti}, Prora~un idealnih raspona, verikalnih sila i provjesa vodi~a u
stvarnim rasponima, Ref. br. 22/06, pp. 53−63, XI Stru~no savjetovanje elektroenerge-
ti~ara Jugoslavije, Ohrid, 1972.

[3] 5��$aNRYVNL��1DG]HPQL�L�NDEHOVNL�YRGRYL��−�VNULSWD��(OHNWURWHKQLaNL�IDNXO�
WHW�−�6NRSMH�������

[4] D. Mitrinovi}, D. \okovi}, Matemati~ki modeli u fizici i tehnici, "Nau~na knjiga",
Beograd, 1966.
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[5] 5�� $aNRYVNL�� (GHQ� EU]� L� HILNDVHQ� DOJRULWDP� ]D� UH^DYDZH� QD� UDYHQNDWD� QD

VRVWRMEDWD��pp. 6−17��*RG��]ERUQLN�QD�WUXGRYL�QD�(OHNWURWHKQLaNLRW�IDNXOWHW
YR�6NRSMH��EU����������6NRSMH�������



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

97252�629(789$:(�1$�0$.2�6,*5(

3DVNRY�&YHWDQ��GLSO��HO��LQC����,192'��−�6NRSMH

* 5 $ 9 , 7 $ & ,21, � � 5 $ 6 3 2 1, � , � ' 2 /#,1$
1$ � / $ 1 A $ 1,&$ � 9 2 � 5 $ 6 3 2 1

. 5 $ 7 . $ � 6 2 ' 5#,1$

3UL� SURHNWLUDZHWR� QD� QDG]HPQL� YRGRYL� VH� QDPHWQXYD� SRWUHED� ]D� SUHVPHWX�
YDZH�QD�JUDYLWDFLRQLWH�UDVSRQL� �OHY�L� GHVHQ� JUDYLWDFLRQHQ�UDVSRQ��L� GROCLQDWD
QD�ODQaDQLFDWD�YR�UDVSRQ�

*UDYLWDFLRQLWH� UDVSRQL� VH� SRWUHEQL� ]D� SUHVPHWXYDZH� QD� YHUWLNDOQLWH
NRPSRQHQWL� QD� VLOLWH� ]D� XSRWUHEHQLWH� VWROERYL�� NDNR� L� ]D� SUHVPHWXYDZH� QD
QDSUHJDZHWR�QD�XSRWUHEHQLWH�MDCLZD��SURYRGQLFL�L�]D^WLWQL�MDCLZD��YR�WRaNLWH
QD�REHVXYDZH�

'ROCLQDWD�QD� ODQaDQLFD� YR� UDVSRQ� H� SRWUHEQD� ]D� SUHVPHWXYDZH� QD� SRWUHE�
QDWD�GROCLQD�D�VR�WRD�L�SRWUHEQDWD�WHCLQD�QD�MDCLZD�YR�]DWH]QRWR�SROH�]D�QDEDYND
L�PRQWDCD�

9R�RYRM� WUXG�H�REUDERWHQD�SRVWDSND�L�SULNDCDQ�DOJRULWDP� ]D� NRPSMXWHUVNR
SUHVPHWXYDZH� QD� JUDYLWDFLRQLWH� UDVSRQL�� NDNR� L� SUHVPHWXYDZH� QD� GROCLQD� QD
ODQaDQLFD�YR�UDVSRQ��VR�WRaQRVW�NRMD�JL�]DGRYROXYD�SRWUHELWH�YR�SURHNWLUDZHWR�]D
YRGRYL�VR�QDSRQVNR�QLYR�GR�400kV.

'DGHQLRW� DOJRULWDP� H� SULODJRGHQ� ]D� SUHVPHWXYDZH� VR�PDWHPDWLaNL�RULHQW�
LUDQ�VRIWYHU�

S U M M A R Y

A simple algorithm for solving the gravitation spans (left and right gravitation span),
and also the length of the chain when designing an overhead transmission line is presented in
this article.

The gravitation spans are neaded for solving the vertical components of strengths of
the used towers, and also for solving the tension of the used wires (conductors and earth
wires) in the hanging spots.

The length of the chain is neaded for solving the optimal length and weight of the
earth wires.

.OXaQL�]ERURYL� 3URHNWLUDZH�QD�QDG]HPQL�YRGRYL��JUDYLWDFLRQHQ�UDVSRQ��
GROCLQD�QD�ODQaDQLFD�



1. 929('

3UL�SURHNWLUDZHWR�QD�QDG]HPQLWH�YRGRYL�PQRJX�YDCQD�XORJD�LPD�L�SUHVPHWX�
YDZHWR� QD� JUDYLWDFLRQLWH� UDVSRQL� �OHY� L� GHVHQ�� ]D� VHNRH� VWROEQR� PHVWR�� NDNR� L
SUHVPHWXYDZHWR� QD� GROCLQDWD� QD� MDCLZDWD� �SURYRGQLFL� L� ]D^WLWQL� MDCLZD�� YR
]DWH]QRWR�SROH�

�� *5$9,7$&,21,�5$6321,

*UDYLWDFLRQLWH�UDVSRQL�SUHGVWDYXYDDW�YHOLaLQL�NRL�QD�LQGLUHNWHQ�QDaLQ�JL
RSWRYDUXYDDW�VWROERYLWH�L� MDCLZDWD�QD�YRGRW��6WROERW�JR�RSWRYDUXYDDW�VR�YHUWL�
NDOQL�VLOL��GRGHND� MDCLZDWD�SUHNX�WRWDOQLWH�UDVSRQL�JL�QDSUHJDDW�YR�WRaNLWH�QD
REHVXYDZH�

6R� WRaQR� LVNDCDQL� YHOLaLQL� ]D� JUDYLWDFLRQLWH� UDVSRQL� �OHY� L� GHVHQ�� QD
VWROQLWH� PHVWD�� PRCH� GD� VH� YU^L� NRQWUROD� QD� YHUWLNDOQLWH� RSURYDUXYDZD� QD
VWROERYLWH��NDNR�L�NRQWUROD�QD�QDSUHJDZDWD�QD�MDCLZDWD�YR�WRaNLWH�QD�REHVXYDZH
]D�UD]QL�VOXaDHYL�QD�RSWRYDUXYDZH�L�UD]QL�WHPSHUDWXUL�

�� '2/#,1$�1$�/$1A$1,&$

'ROCLQD�QD�ODQaDQLFD�YR�UDVSRQ�SUHWVWDYXYD�WRaQD�PDWHPDWLaND�GROCLQD�QD
MDCHWR� YR� SURVWRU� RG� NRMD� WUHED� GD� SURL]OH]H� SRWUHEQDWD� GROCLQD� QD� MDCLZD� YR
]DWH]QRWR�SROH�]D�QDEDYND�L�PRQWDCD�

7RaQDWD�SUHVPHWND�QD�GROCLQD��D� VR�WRD�L�WHCLQD�QD� MDCLZDWD�YR�*ODYQLRW
SURHNW�]QDaLWHOQR�YOLMDH�QD�WRaQDWD�SUHVPHWND�QD�FHQD�QD�aLQHZH� ]D�L]JUDGED�QD
YRGRW�

6R�WRaQL�SUHVPHWDQL�GROCLQL�QD�ODQaDQLFL�YR�UDVSRQL�VH�GRELYD�SRWUHEQDWD
WRaQD�GROCLQD�D�VR�WRD�L�WRaQD�WHCLQD�QD�MDCLZDWD�YR�]DWH]QL�SROLZD�]D�QDEDYND�L
PRQWDCD�

�� 3267$3.$�,�$/*25,7$0�=$�35(60(7.$

=D� SUHVPHWND� QD� JUDYLWDFLRQLWH� UDVSRQL� NDNR� L� QD� GROCLQDWD� QD� ODQaDQL�
FDWD�� JR� SRVPDWUDPH� VWYDUQLRW� UDVSRQ� YR� SURVWRU� VR� VYRLWH� WRaNL� QD� REHVXYDZH�
QLYQDWD� YLVLQVND� UD]OLND� L� KRUL]RQWDOQDWD� SURHNFLMD� QD� UDVSRQRW�� WDND� QDUHaHQ
UDVSRQ� SRPH_X� VWROERYL��2G� GUXJD� VWUDQD� PRUD� GD� VH� ]HPDW� YR� UDaXQ� PHKDQLaNLWH
NDUDNWHULVWLNL�QD�XSRWUHEHQRWR�MDCH��NDNR�L�QHJRYRWR�QDSUHJDZH�YR�UD]QL�VOXaDL
QD�RSWRYDUXYDZH�L�UD]QL�WHPSHUDWXUL�

�� 5$9(1.$�1$�62672-%$7$

5DYHQNDWD� QD� VRVWRMEDWD� SUHNX� NRMD� `H� VH� SUHVPHWD� QDSUHJDZHWR� QD� MDCHWR
NDNR�IXQNFLMD�RG�WHPSHUDWXUDWD�MD�VYHGXYDPH�YR�REOLN�QD�SROLQRP�RG�WUHW�UHG�^WR
RYR]PRCXYD� QHM]LQR� HGQRVWDYQR� SUHVPHWXYDZH� VR� SRPR^� QD� PHWRGD� QD� LWHUDFLMD�
7DND�VYHGHQD�JR�GRELYD�VOHGQLRW�REOLN�



f B D( )σ σ σ= + ⋅ +3 2 (1)

NDGH�VH�

B
a

E E tdu i

m
m x= ⋅

⋅
⋅ − + ⋅ ⋅ +γ

σ
σ α

2 2

224
5( ) (2)

D a
E

x i= − ⋅ ⋅γ 2 2

24
(3)

3RaHWQDWD� YUHGQRVW�σx� YR� SUYDWD� LWHUDFLMD� QD� QHSR]QDWRWR� QDSUHJDZH�σ� `H
ELGH�VHNRJD^�GRYROQR�EOLVNX�GR�EDUDQRWR�UH^HQLH�DNR�VH�XVYRL�

σ σ
x

m=
2

. (4)

.DUDNWHULVWLaQD� H� YUHGQRVWD� QD� VSHFLILaQDWD� WHCLQD� QD� MDCHWR� γV�� 7DD� H
GHILQLUDQD�NDNR�

γ γx V
V

s

G

q
= = . (5)

L� VR� QHD� VH� RSHULUD� ]D� VLWH� VRVWRMEL�� RVYHQ� ]D� VRVWRMEDWD� SUL� tx�= −5oC� VR� ]LPVNL
GRGDWHQ�WRYDU��=D�VRVWRMEDWD�SUL�WHPSHUDWXUDWD�tx�= -5oC�VR�]LPVNL�GRGDWHQ�WRYDU�VH
]HPD�

γ γ γx du V
s

DT
d

q
= = + ⋅ ⋅0 18, . (6)

9R�UHODFLLWH�������������NDNR�L�YR�UHODFLLWH�^WR�VOHGDW��RGGHOQLWH�YHOLaLQL
JR�LPDDW�VOHGQRWR�]QDaHZH�

GV� WHCLQD�QD�MDCHWR�SR�HGLQLFD�GROCLQD�

qs� YNXSHQ�SUHVHN�QD�MDCHWR�

d� GLMDPHWDU�QD�MDCHWR�

γV VRSVWYHQD�VSHFLILaQD�WHCLQD�QD�MDCHWR�

γdu VSHFLILaQD�WHCLQD�QD�MDCHWR�VR�]LPVNL�GRGDWHQ�WRYDU�

α WHPSHUDWXUHQ�NRHILFLHQW�QD�OLQHDUQR�L]GROCXYDZH�MDCHWR�

E PRGXO�QD�HODVWLaQRVW�QD�MDCHWR�

σm���PDNVLPDOQR�UDERWQR�QDSUHJDZH��KRUL]RQWDOQD�NRPSRQHQWD��QD�MDCHWR�

DT NRHILFLHQW�QD�QRUPDOHQ�]LPVNL�GRGDWHQ�WRYDU�

ai LGHDOHQ�UDVSRQ�QD�]DWH]QRWR�SROH�

an UDVSRQ�SRPH_X�VWROERYLWH�

tx WHPSHUDWXUD�SUL�NRMD�VH�WUHWLUD�MDCHWR�YR�UDVSRQ�

x1 VWDFLRQDCD�QD�SUYLRW�VWROE�YR�SRVPDWUDQLRW�UDVSRQ�



k1 NRWD�QD�REHVXYDZH�QD�MDCHWR�QD�SUYLRW�VWROE�YR�SRVPDWUDQLRW�UDVSRQ�

x2 VWDFLRQDCD�QD�YWRULRW�VWROE�YR�SRVPDWUDQLRW�UDVSRQ�

k2 NRWD�QD�REHVXYDZH�QD�MDCHWR�QD�YWRULRW�VWROE�YR�SRVPDWUDQLRW�UDVSRQ�

6R�YQHVXYDZH�QD�NRQNUHWQLWH�YHOLaLQL�]D�JRUQLWH�NRHILFLHQWL�L�SDUDPHWUL�
SROLQRPRW� RG� WUHW� UHG� JR� UH^DYDPH� VR� LWHUDWLYQD� SRVWDSND� L� QD� WRM� QDaLQ� MD

GRELYDPH�YHOLaLQDWD�QD�KRUL]RQWDOQDWD�NRPSRQHQWD�QD�QDSUHJDZHWR�QD� MDCHWR�σtx
]D�WHPSHUDWXUD�tx, NDNR�UHDOQR�L�SR]LWLYQR�UH^HQLH�

�� 5�$�9�(�1�.�$���1�$���/�$�1�A�$�1�,�&�$

=D�GD�PRCHPH�GD�JR�WUHWLUDPH� MDCHWR�YR�UDVSRQ�NDNR�IL]LaND�YHOLaLQD��`H
WUHED� GD� MD� SRVWDYLPH� UDYHQNDWD� QD� ODQaDQLFD� NDNR� KLSHUEROQD� IXQNFLMD� NRMD
SRPLQXYD�QL]�GYH�WRaNL�QD�REHVXYDZH�

3RVPDWUDM`L� JL� UDVSRQLWH� SRVHEQR� YR� ]DWH]QL� SROLZD�� NDGH� VHNRH� ]DWH]QR
SROH�H�SRVWDYHQR�YR�SUDYHF�EH]�VNU^QXYDZH��SURVWRUQLRW�SUREOHP�QD�WUHWLUDZH�JR
VYHGXYDPH�]D�UH^DYDZH�YR�UDPQLQD�

=D�GRELYDZH�QD�JUDYLWDFLRQLWH�UDVSRQL�SRWUHEQR�H�GD�VH�SUHVPHWDDW�NRRUGL�
QDWLWH� QD� QDMQLVNDWD� WRaND� QD� ODQaDQLFDWD�� R]QDaHQD� VR� ]DEHF� YR� QDGROCQLRW
SURILO��=D�UDVSRQRW�an��RYLH�NRRUGLQDWL�`H�JL�R]QDaLPH�NDNR�

xtn VWDFLRQDCD�QD�QDMQLVNDWD�WRaND�QD�ODQaDQLFDWD

ktn NRWD�QD�QDMQLVNDWD�WRaND�QD�ODQaDQLFDWD

2YLH�YUHGQRVWL�`H�JL�GRELHPH�DNR�SUHGKRGQR�MD�SUHVPHWDPH�VWDFLRQDCDWD�QD
WRWDOQLRW� UDVSRQ� GHVQR� RG� SUYLRW� VWROE� SUHNX� VOHGQDWD� SULODJRGHQD� UDYHQND� QD
ODQaDQLFDWD�

f x k k x x A L
x x a

Lt t
t n( ) ( ) ( ) [ ( )

( )
]= − − − ⋅ − ⋅ − ⋅ − −

2 1 2 1
12

2
ch chβ . (7)

9R�UDYHQNDWD�����VH�YRYHGQL�YHOLaQLQLWH�A��L�L�β���GHILQLUDQL�QD�VOHGQLRW�QDaLQ�

A
k k

a
L

a

Ln

tx

x

n= − = =2 1
1 2

; ;
σ
γ

β . (8)

9UHGQRVWD� QD� SRaHWQDWD� LWHUDFLMD� NRMD� `H� ELGH� VHNRJD^� GRYROQR� EOLVNX� GR
EDUDQRWR�UH^HQLH�x1t� H�GHILQLUDPH�NDNR�

x x
k k

at
n x

= − ⋅ −
⋅2

2 12 ( )

γ
. (9)

6WDFLRQDCDWD�QD�QDMQLVNDWD�WRaND�QD�ODQaDQLFDWD�H�GHILQLUDPH�NDNR�
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2KULG�m�]D�YUHPH�QD�HOHNWURPRQWDCQLWH�UDERWL��,VNXVWYDWD�VWHNQDWL�YR�JUDGEDWD
QD�YDNRY�YLG�REMHNWL�YR�QD^DWD�GUCDYD�NDNR�L�YR�UDPNLWH�QD�SRUDQH^QD�6)5-�EHD
VR�SDX]D� RG� FHOL� ��� JRG��.DNR�L]YHGXYDaL�QD� RYRM� ]QDaDHQ� SURHNW�ILQDQVLUDQ� RG
(YURSVNDWD� %DQND� ]D� REQRYD� L� UD]YRM� RG� /RQGRQ�� WUHED^H� GD� VH� DQJDCLUDDW
VWUXaQL� HNLSL� RG� SRYH`H� SURILOL� VSRVREQL� GD� QDSUDYDW� RUJDQL]DFLMD� ]D
SRGJRWRYND��SUR�L]YRVWYR�L�PRQWDCD�QD�FHORNXSQDWD�RSUHPD�

=D�RYDD�FHO�IRUPLUDQD�H�RUJDQL]DFLRQD� VWUXNWXUD�NDNR�RUJDQL]DFLRQHQ�L
XSUDYXYDaNL� VLVWHP�� =D� XVSH^QD� UHDOL]DFLMD� QD� HO�PRQWDCQLWH� UDERWL�(05�
L]YU�^HQD�H�PRGLILNDFLMD�QD�SRYH`H�PRQWDCQL�OLQLVNL��NDSDFLWHWL�

ABSTRACT:

In this article are presented problems and experiences gained in “EMO–OHRID
“ during construction of HV transmission lines. Experiences gained in construction of
such kind of objecst in our state as  in the former SFRJ ware with a pause of 14 years.
As constructors of this veri important project financed bi European Bank for Renewal
and Development from London it was necessari to engage multy profil secialists
teams able to perform organization of preparing, production, erection, setting-up in
operation and commissioning of the equipment.

For this purpose was formed organizational structure as organizational and
managing system. Successful realization of construction works (EMR) urged modi-
fications on more line capacities.
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GYD�PRGHOL�QD�YRGHZH��VRYUHPHQ�SURFHV�YR�OLQLVNLRW�VLVWHP�VH�RJOHGD�NRJD�YR�WUH�
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YUHPHWUDHZHWR�QD�'1�L]�ODQHF��VR�“V”�ODQHFRW�L�]DEHOHCLYPH�GHND�PRQWDCDWD�QD
“V”�ODQHFRW�WUDH�GYD�SDWL�SRGROJR�RG�YUHPHWR�NDM�'1�ODQFL�

2G� VLWH� QDaLQL�� PRQWDCDWD� VR� GYH� NRWXUDaL� QD� RYHVL^WHWR� WDND� QDUHaHQ
“'HOWRLGHQ�]DIDW”�VH�SRNDCD�NDNR�QDMGREU��1DaLQRW�VH�VRVWRH^H�YR�WRD�^WR�NRP�
SOHWQR�ODQHFRW� VH� VRVWDYXYD^H�QD� ]HPMD�� SRWRD� VR�GYH� MDCLZD�SUHNX�NRWXUDaL�QD
RYHVQLWH� PHVWD� RG� � GUXJDWD� VWUDQD� RG� VWROEQRWR� PHVWR� VR� LVWLWH� MDCLQDWD� VH
YU]XYDD� QD� PRWRUQR� YLWOR�� PRQWDCDWD� RGH^H� EU]R� NDNR� GD� VH� PRQWLUD� HGHQ� '1
ODQHF��2YDM� RELG� SRWRD� VH� SULPHQL� L� QD� GUXJLWH� NUDMQL�ID]L� �NDGH� GR]YROXYD^H
WHUHQRW��WDND�^WR�L�NDM�RYLH�ODQFL�VH�VNUDWL�YUHPHWUDHZHWR�QD�PRQWDCDWD�

�

������ 3RVWDYXYDZH�QD�NRQWUD�NRWXUDaD

9R� SURFHVRW� QD� SULPDUQLWH� DNWLYQRVWL� � YR� OLQLVNLRW� VLVWHP� QD� YOHaHZH
MDCH� RG� JROHPD� YDCQRVW� H� EU]RWR� RWNULYDZH� QD� VODELWH� PHVWD� L� SUDYRYUHPHQR
GHMVW�YXYDZH�VR�HILNDVQD�SULPHQD�QD�VRRGYHWQL�WHKQROR^NL�RSHUDFLL��NRL�`H�JR
VNUDWDW� YUHPHWUDHZHWR� QD� DNWLYQRVWLWH�� 'DOQRYRGRW� NDNR� SURVWUDQ� OLQLVNL
REMHNW�� NRM� MD� SUDWL� JHRJUDILMDWD� QD� WHUHQRW�� NRM� L]RELOXYD� VR� PHVWD� NDGH� WUHED
SRVHEQR� REUDWL� YQLPDQLH� ]D� GD� VH� SRVWDYL� NRQWUD� NRWXUDaDWD�� =D� WDD� FHO
UDNRYRGLWHORW�QD�(05�NDNR�YRGDa�QD�OLQLVNLRW�SURFHV��WUHED�GREUR�GD�JR�SR]QDYD
SURHNWRW� L� VHNRJD^� GD� H� YR� WHN� VR� QDVWDQLWH� QD� WHUHQRW�� ]D� GD� NRQVWDWLUD� NRH
PHVWR�H�PHVWR�]D�XSRWUHED�QD�NRQWUD�NRWXUDaD�

2YRM� ]DIDW� QH� SUHVWDYXYD� VORCHQD� IXQNFLRQDOQD� GLQDPLND�� 0RCH� GD� VH
UH^L� QD� SRYHNH� QDaLQL� L� H� WHKQROR^NL� RSUDYGDQ�� 3UHGQRVWLWH� L� PDQLWH� NRL
SURL]�OHJXYDDW� RG� NRQWUD� NRWXUDaDWD� VH� GLMDPHWUDOQR� VSURWLYQL� HGQL� RG� GUXJL�
6LWH� QHGRVWDWRFL� NRJD� QHPD� GD� VH� SRVWYL� NRQWUD� NRWXUDaDWD� VH� SRMDYXYDDW� NDNR
SUHGQRVWL�NRJD�NH�VH�SRVWDYL�LVWDWD�

�'DYD�QHSUHaHQ�NRQWLQXLWHW�QD�OLQLVNLRW�SURFHV�
�'DYD�PDNVLPDOQD�LVNRULVWHQRVW�QD�RUJDQLWH�QD�L]YU^XYDZH�
�6H�]JROHPXYD�EU]LQDWD�YR�OLQLVNLRW�SURFHV�
�6H�QDPDOXYD�RSDVQRVWD�YU]�UDERWDWD�QD�RUJDQLWH�QD�L]YU^XYDZH�
�6H�QDPDOXYD�YUHPHWR�QD�]DWHJDZH�QD�SROHWR�
�6H�QDPDOXYD�UL]LNRW�]D�VLJXUQRVW�YR�UDERWDWD�

������ 5H^HQLH�]D�RGHGQD^�YOHaHZH�QD�ID]LWH�



,VNXVWYRWR�YR�YOHaHZH�MDCH�SR�VWDULRW�QDaLQ�SRNDCD�GHND�LVNRULVWHQRVWD
QD� PRQWDCQLRW� OLQLVNL� NDSDFLWHW� YR� RYRM� ]DIDW� RG� SULPDUQLWH� DNWLYQLVWL� H
GRVWD�PDOD�DNR�VH�YOHaH�L�]DWHJD�ID]D�SR�ID]D�YR�]DWH]QRWR�SROH�

1RYLQDWD�^WR�MD�SULPHQLYPH�VH�VRVWRH^H�YR�WRD�^WR�JL�YOHaHYPH�SUYR�VLWH
ID]L�L�JURPREUDQVNR� MDCH��D�SRWRD�YU^HYPH�]DWHJDZH��2YD�JR�L]YHGXYDYPH�QD�WRM
QD�aLQ�� SRVOH� L]YOHaHQDWD� SUYD� ID]D� NRJD� VOHGL� ]DIDWRW� QDVWDYXYDZH� VR
NRPSUHVLRQL� QDVWDYQL� VSRMQLFL�� 1LH� MD� DQJDCLUDYPH� JUXSDWD� ]D� PRQWDCD� QD
L]RODWRUVNL� YHULJL�� � GRGHND� JUXSDWD� DQJDCLUDQD� ]D� YOHaHZH� MDCH� JR� QDVWDYL
NRQWLQXLWHWRW�QD�OLQLVNLRW�SURFHV�VR�RVWDQDLWH�ID]L�

$NR�YU^HYPH�UDVFHSXYDZH�QD�JUXSDWD�L�RG�LVWDWD�VRVWDYHYPH�JUXSD�]D�QDVWD�
YXYDZH�� 6H� MDYL� SUREOHP�� GRGHND� HGQLWH� QDVWDYXYDDW�� GUXJLWH� GD� QHPRCDW
QHSUHaHQR�� NYDOLWHWQR� SUDWDW� L� SURGROCDW� OLQLVNLRW� SURFHV�� 3UDNWLaQRVWD� QD
RYDM�]DIDW�VH�SRNDCD�YR�QHSUHNLQDWLRW�NRQWLQXLWHW��PDVNLPDOQDWD�LVNRULVWHQRVW
QD� YUHPHWR� YR� ]DIDWRW�� NDNR� L� GRELYNDWD� QD� VLWH� SUHGQRVWL� RSL^DQL� NDM
SRVWDYXYDZHWR�QD�NRQWUD�NRWXUDaDWD�VR�PDNVLPDOQD�]D^WHGD�QD�YUHPH�

2YRM� ]DIDW� EDUD� SRJROHPR� REH]EHGXYDZH� VR� SRUWDOQL� VWROERYL� QD
SUHOD]QLWH� PHVWD� VR� YNUVWXYDaNLWH� REMHNWL� NDNR� 377�� #73�� 11� L� 91� OLQLL�
SDWL^WD�L�GUXJL�LQIUDVWUXNWXUQL�REMHNWL�

1DVWDYXYDZHWR�QD�SURYRGQLFLWH�H�HGHQ�RG�PDNRWUSQLWH�L�SRVORCHQL�(0=�
QD� NRM� WUHED� SRVHEHQR� REUDWL� YQLPDQLH�� 6H� UDERWL� ]D� VSHFLILaHQ� ]DIDW� NRM� VH
L]YH�GXYD�YR�QHSULVWXSDaQL�WHUHQL��YQLPDWHOQR��SROHND�WUHED�GD�VH�L]YHGXYD�]D�GD
VH�SRVWLJQDW�EDUDQLWH�YUHGQRVWL�]D�NRPUHVRQDWD�QDVWDYQD�VSRMQLFD�NRMD�WUHED�GD
JL� ]DGRYROL� � VWURJLWH� NULWHULXPL� RG� � WKHQLaNLWH� QRUPDWLYL� ]D� JUDGED� QD
QDG]HPQL�YRGRYL�

�� =$./8A2.

(OHNWURPRQWDCQLWH�]DIDWL�NDNR�SRVOHGQD�DOND�L�]DYU^QD�ID]D�RG�ODQHFRW
QD�VHYNXSQLWH�PRQWDCQL�OLQLVNL�NDSDFLWHWL��PRCDW�GD�VH�WUHWLUDDW�L�NDNR�ILOR�
]RILMD� ]D� NRQFHSW� QD� RUJDQL]DFLMD�� 7LH� VDPL� ]D� VHEH� L� YR� VHEH� NDNR� VSHFLILND
NULMDW� PRCQRVWL� ]D� RWNULYDZH� VH� QRYL� L� QRYL� SRHILNDVQL� OLQLVNL� VLVWHPL�� VR
HGLQVWYHQD� FHO� ]JROHPXYDZH� QD� HILNDVQRVWD� L� HNRQRPLaQRWR� UDERWHZH�� 7LH� MD
IRUPLUDDW�RVQRYQDWD�VWUXNWXUD�QD�RUJDQL]DFLRQL�L�IXQNFLRQDOQL�NRPSRQHQWL�L
MD�NDUDNWHUL]LUDDW�IXQNFLRQDOQDWD�GLQDPLND�QD�RUJDQL]DFLMDWD�YR�GLQDPLaNLRW
OLQLVNL�VLVWHP�]D�YOHaHZH�MDCH�

=D� XVSH^QR� IXQNFLRQLUDZH� QD� OLQLVNLRW� VLVWHP� NDNR� GHO� RG� XQLMDWD� QD
RUJD�QL]DFLRQDWD� VWUXNWXUD�� QLH� L]YU^LYPH� VLQKURQR]DFLMD� QD� YUHPHWR� NDNR
RVQRYQD�NRPXQLNDFLMD�QD�KDUPRQLaQR�XVRJODVHQL�NRPSRQHQWL��EH]�]DJXEL�QD�YUHPH
YR�SUL�PDUQLWH�L�VHNXQGDUQLWH�PH_XVHEQL�RGQRVL��,VNXVWYDWD�VWHQDWL�YR�JUDGEDWD
QD� YDNRY� YLG� REMHNWL� EDUD^H� L]QDRJDZH� � L� SULPHQD� QD� QRYL� SDUDGLJPL�� YR
VHYNXSQLWH�OLQL�VNL�PRQWDCQL�NDSDFLWHWL��9UHPHWR�YR�SURVWRURW�NDNR�RVQRYD�QD
VLWH� SURPHQL� MD� QDPHWQD� QHPLQRYQRVWD� ]D� VR]GDYDZH�IXQNFLRQDOQD� GLQDPLND� ]D
RVWYDUXYDZH� QD� VH� SRNUDWNLWH� URNRYL� YR� VHYNXSQLRW� VLVWHP� QD� RGQRVL�� =D
RSUDYGDQRVWD� QD� YQHVHQLWH� PRGLILNDFLL� QHVRPQHQR� ]ERUXYDDW� SRVWLJQDWLWH
UH]XOWDWL�YR�]DSD]XYDZH�L�VNUD�WXYDZH�QD�YUHPHWR�QD�JUDGEDWD�QD�FHOLRW�SURHNW�
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3UHVPHWXYDZHWR�QD� HJ]DNWQDWD� YUHGQRVW� QD� JUDQLaQLRW� UDVSRQ� H� VYU]DQR� VR
UH^DYDZH� QD� VLVWHP� QHOLQHDUQL� WUDQVFHGHQWQL� DOJHEDUVNL� UDYHQNL� RG� YWRU� UHG� D
GRELYDZHWR� QD� QHJRYRWR� UH^HQLH� YR� HNVSOLFLWQD� IRUPD� H� QHYR]PRCQR�� =D� GD� VH
GRELH�PDNDU�L�SULEOLCQR�YUHGQRVWD�QD�JUDQLaQLRW�UDVSRQ��YR�SUDNWLNDWD�VH�SUDYDW
RSUHGHOHQL� XSURVWXYDZD� L� DSURNVLPDFLL� NRL� RYR]PRCXYDDW� RSUHGHOXYDZHWR� QD
SULEOLCQDWD� YUHGQRVW� QD� JUDQLaQLRW� UDVSRQ� GD� VH� VYHGH� QD� UH^DYDZH� QD� HGQD
DOJHEDUVND�UDYHQND�RG�IV �UHG��7DND�GRELHQRWR�UH^HQLH�H�SUHVPHWDQR�VR�RSUHGHOHQD
JUH^ND�aLMD�JROHPLQD�H�YR�QL]D�VOXaDL�QHSULIDWOLYR�YLVRND�

9R�WUXGRY�H�SULNDCDQD�HGQD�QRYD��VRVHPD�HILNDVQD�LWHUDWLYQD�SRVWDSND�NRMD
RYR]PRCXYD�RSUHGHOXYDZH�QD�YUHGQRVWD�QD�JUDQLaQLRW�UDVSRQ�VR�RGQDSUHG�]DGDGHQD
WRaQRVW��6R�SRPR^�QD�QHD�VH�SUHVPHWDQL�JUDQLaQLWH�UDVSRQL�QD�WLSVNLWH�VSURYRG�
QLFL�L�MDCLZD�VSRUHG�0.6�VWDQGDUGLWH�]D�UD]QL�NOLPDWVNL�XVORYL�L�VH�SULNDCDQL
YR�WUXGRW�

S U M M A R Y

One of the technical conditions that should be unconditionally satisfied in overhead line
design refers the value of conductor's mechanical stress in the points of suspension at the tempe-
rature of −5oC and the additional load equal to the so called ''exceptional additional load''.  The
check of this condition is usually performed in practice by introducing a mathematical value
called "boundary span".

Calculation of the exact value of the boundary span leads to calculating a simultaneous
system of two non−linear transcendental algebraic equations. By introducing some simplifications
in the both non−linear equations of the system it is possible to get the approximate value of the
boundary span.  Checking the technical limitation of the value of the mechanical stress in conduc-
tors by comparing the total spans of the overhead line with the approximate value of the boundary
span is in some cases quite unacceptable.

A new and efficient iterative procedure for solving the ''exact'' and/or approximate value
of the boundary span is proposed in this paper.  By means of this procedure are calculated and
presented in the paper values of the boundary span for the most frequently used wires according
to the MKS−standards, for various climate conditions.

.OXaQL�]ERURYL��3URHNWLUDZH�QD�QDG]HPQL�YRGRYL��QDSUHJDZH��JUDQLaHQ�UDVSRQ�
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3URHNWLUDZHWR� QD� QDG]HPQLWH� YRGRYL� SUHWVWDYXYD� WHKQROR^NL� SURFHV� NRM
PRCH�GD�VH�SRGHOL�YR�SRJROHP�EURM�]DHPQR�QH]DYLVQL�ID]L��9R�HGQD�RG�ID]LWH��D�WRD

H� SUDNWLaQR� YR� QDMYDCQDWD�� LQCHQHURW−SURHNWDQW� YU^L� L]ERU� QD� WLSRYLWH� QD
VWROERYLWH��L]ERU�QD�QLYQLWH�YLVRaLQL�L�L]ERU�QD�VWRMQLWH�PHVWD�QD�VWROERYLWH��W�H�
UD]PHVWXYDZH�QD�VWROERYLWH�GROC�WUDVDWD�RG�YRGRW��3UL�L]ERURW�L�UD]PHVWXYDZHWR
QD�VWROERYLWH�PRUD�GD�VH�YRGL�VPHWND�]D�QL]D�RJUDQLaXYDZD�NRL�LPDDW�WHKQLaND�LOL
HNRQRPVND�SULURGD��SUL�^WR�]DGRYROXYDZHWR�QD�WHKQLaNLWH�RJUDQLaXYDZD�PRUD�GD
ELGH� EH]XVORYQR�� 7HKQLaNLWH� XVORYL� ^WR� PRUDDW� SULWRD� GD� ELGDW� LVSROQHWL� VH
SUHFL]QR� GHILQLUDQL� VR� VRRGYHWQDWD� WHKQLaND� UHJXODWLYD� [1], [2], [3]� L� JODYQR� VH
VRVWRMDW�YR�]DGRYROXYDZH�QD�RJUDQLaXYDZD�NRL�VH�RGQHVXYDDW�QD�

− YLVRaLQDWD�QD�VSURYRGQLFLWH�QDG�WORWR�

− YLVRaLQDWD�QD�VSURYRGQLFLWH�QDG�UD]QLWH�SUHVHaQL�REMHNWL�QD�WORWR�

− VLOLWH�NRL�GHMVWYXYDDW�YU]�VWRORYLWH�

− VLOLWH��QDSUHJDZDWD��QD�NRL�VH�L]ORCHQL�VSURYRGQLFLWH�L�]D^WLWQLWH�MDCLZD�
NDNR� YR� QRUPDOQL�� WDND� L� YR� LVNOXaLWHOQL� VOXaDL�� NRJD� YU]� QLY� H� QDIDWHQ
QRUPDOHQ�]LPVNL�GRGDWHQ�WRYDU��1='7���RGQRVQR�LVNOXaLWHOHQ�]LPVNL�GRGDWHQ
WRYDU��,='7���[1]�

=QDaL��HGQR�RG�WHKQLaNLWH�RJUDQLaXYDZD�NRH�EH]XVORYQR�PRUD�GD�ELGH�LVSRO�
QHWR� NDM� QDG]HPQLWH� HOHNWURHQHUJHWVNL� YRGRYL� VH� RGQHVXYD� QD� QDSUHJDZHWR� YR
VSURYRGQLFLWH� L� MDCLZDWD� YR� WRaNLWH� QD� REHVXYDZH� �]DFYUVWXYDZH�� SUL� WHPSHUD�

WXUD −5oC�NRJD�QD�VSURYRGQLFLWH�L� MDCLZDWD�H�QDIDWHQ�W�Q�� �LVNOXaLWHOHQ� ]LPVNL
GRGDWHQ� WRYDU�� �,='7�� [1]�� 9RRELaDHQR� H� NRQWURODWD� QD� RYD� RJUDQLaXYDZH� GD� VH
YU^L� SUHNX� SURYHUND� QD� JROHPLQDWD� QD� WRWDOQLWH� UDVSRQL� QD� QDG]HPQLRW� YRG�
VSRUHGXYDM`L�MD�QLYQDWD�JROHPLQD�VR�JROHPLQDWD�QD�W�Q��JUDQLaHQ�UDVSRQ�

9R� WUXGRW� VWDQXYD� ]ERU� ]D� SURYHUNDWD� QD� SRVOHGQLRW� YLG� RJUDQLaXYDZD
NRL^WR�VH�RGQHVXYDDW�QD�JROHPLQDWD�QD�QDSUHJDZDWD�YR�VSURYRGQLFLWH�L�MDCLZDWD
YR�LVNOXaLWHOQL�]LPVNL�XVORYL�^WR�VH�LPDDW�NRJD�WHPSHUDWXUDWD�QD�VSURYRGQLFLWH

L]QHVXYD�−5oC�D�QD�QLY�H�QDIDWHQ�LVNOXaLWHOHQ�]LPVNL�GRGDWHQ�WRYDU�

�� *5$1,A(1�5$6321

6SRUHG�SURSLVLWH�[1]��[2]��YNXSQRWR�QDSUHJDZH�σ'�YR�VSURYRGQLFLWH � MDCLZDWD
YR�WRaNLWH�QD�]DFYUVWXYDZH�YR�LVNOXaLWHOQL�]LPVNL�XVORYL��−5oC ��,='7��QH�VPHH
GD� MD� QDGPLQH� YUHGQRVWD� QD� W�Q�� �LVNOXaLWHOQR� GR]YROHQR� QDSUHJDZH�σdi �� 6DPDWD

YUHGQRVW�QD�LVNOXaLWHOQRWR�GR]YROHQR�QDSUHJDZH�σdi�L]QHVXYD�QHJGH�RNROX�75%�RG
QDSUHJDZHWR� QD� NLQHZH� QD� VSURYRGQLFLWH �MDCLZDWD� L� H� WRaQR� VSHFLILFLUDQD� ]D
VHNRM�WLS�VSURYRGQLN�RGQRVQR�MDCH�

=D� GD� QH� YU^LPH� NRQWUROD� QD� QDSUHJDZHWR� YR� WRaNLWH� QD� ]DFYUVWXYDZH� QD
VSURYRGQLFLWH�L�MDCLZDWD�YR�VHNRM�UDVSRQ�RG�QDG]HPQLRW�YRG�SR�SUHVPHWNRYHQ�SDW�
^WR� SUHWVWDYXYD� WH^ND� L� PDNRWUSQD� UDERWD� YR� ID]DWD� QD� UD]PHVWXYDZH� QD
VWROERYLWH� SR� GROCLQDWD� QD� WUDVDWD�� VH� VOXCLPH� VR� W�Q�� �JUDQLaHQ� UDVSRQ�� agr 

�
*UDQLaQLRW� UDVSRQ� QD� VSURYRGQLN� RGQRVQR� MDCH� SUHWVWDYXYD� YRYHGHQD�� aLVWR
PDWHPDWLaND�� YHOLaLQD�� 3R� GHILQLFLMD� WRD� H� RQRM� KRUL]RQWDOHQ� UDVSRQ� NDM� NRM



�

QDSUHJDZHWR�YR�VSURYRGQLNRW�MDCHWR�YR�WRaNLWH�QD�]DFUYUVWXYDZH�YR�LVNOXaLWHOQL

]LPVNL�XVORYL�H�HGQDNYR�WRaQR�QD�LVNOXaLWHOQRWR�GR]YROHQR�QDSUHJDZH�σdi �
2G�VDPDWD�GHILQLFLMD�QD�JUDQLaQLRW�UDVSRQ�SURL]OHJXYD�]DNOXaRNRW�GHND�VR

SRPR^� QD� QHJR� PRCDW� GD� VH� NRQWUROLUDDW� VDPR� KRUL]RQWDOQLWH� UDVSRQL�� =D� GD
PRCHPH�GD�JL�NRQWUROLUDPH�QDSUHJDZDWD�YR�WRaNLWH�QD� ]DFYUVWXYDZH�QD� VSURYRG�
QLFLWH�L�MDCLZDWD�L�NDM�NRVLWH�UDVSRQL��VHNRM�NRV�UDVSRQ�`H�WUHED�GD�JR�GRSROQLPH
GR��WRWDOQLRW�UDVSRQ� [3], [4], [5]��6SRUHG�WRD��DNR�WRWDOQLRW�UDVSRQ�aT��D�QH�YLVWLQ�
VNLRW�UDVSRQ�a��QD�VSURYRGQLNRW � MDCHWR�H�SRPDO�RG�JUDQLaQLRW�UDVSRQ�agr 

�� WRJD^

QDSUHJDZDWD� YR� WRaNLWH� QD� ]DFYUVWXYDZH� SUL� −5oC ��,='7� `H� ELGDW� SRPDOL� RG
GR]YROHQRWR� QDSUHJDZH� σdi −� L� REUDWQR�� 1D� WRM� QDaLQ�� ]QDaL�� PRCH� GD� VH� YU^L
NRQWUROD�QD�QDSUHJDZDWD�QD�]DWHJDZH�YR�VSURYRGQLFLWH�L� MDCLZDWD�SUL�SRMDYD�QD
,='7� EH]� GD� VH� YU^L� QLYQR� GLUHNWQR� SUHVPHWXYDZH�� 2YRM� QDaLQ� QD� NRQWUROD� QD
QDSUHJDZDWD�YR�VSURYRGQLFLWH�L�MDCLZDWD�H�RVREHQR�SUDNWLaHQ�SUL�SURHNWLUDZHWR
QD�QDG]HPQLWH�YRGRYL�ELGHM`L�WRWDOQLWH�UDVSRQL�PRCDW�OHVQR�GD�VH�RSUHGHOXYDDW�QD
VDPLRW�QDGROCHQ�SURILO�QD�WUDVDWD��SR�JUDILaNL�SDW��VR�SRPR^�QD�W�Q���^DEORQ��

3. 35(60(789$:(�1$�*5$1,A1,27�5$6321

.RJD�VWDQXYD�]ERU�]D�JUDQLaQLWH�UDVSRQL��VH�UDERWL�]D�PQRJX�JROHPL�KRUL]RQ�
WDOQL� UDVSRQL� aLMD� GROCLQD� VH� PHUL� VR� NLORPHWUL�� LOL� SDN� VWDQXYD� ]ERU� ]D� NRVL

UDVSRQL� VR� YRRELaDHQD� GROCLQD� QR� VR� PQRJX� JROHPL� DJOL� QD� QDJLE� ψ �� WDND� ^WR
SRYWRUQR�VRRGYHWQLRW�WRWDOHQ�UDVSRQ�`H�LPD�GROCLQD�RG�UHGRW�QD�NLORPHWDU�SD�L
SRYH`H�

=D�WRONX�JROHPL�WRWDOQL�UDVSRQL��UDYHQNDWD�QD�VRVWRMEDWD�[6], [7],�NRMD�MD�GDYD
YUVNDWD�SRPH_X�SDUDPHWULWH� ( p1 , σ1 , θ1 

)�L� ( p2 , σ2 , θ2 
)�QD�GYH�UD]OLaQL�VRVWRMEL�QD

VSURYRGQLNRW � MDCHWR��JR�LPD�VOHGQLRW�REOLN�
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p a
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a E
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sh sh sh

sh
���

9R� UHODFLMDWD� �1�� VR� σ1� L� σ2� VH� R]QDaHQL� KRUL]RQWDOQLWH� NRPSRQHQWL� QD
QDSUHJDZHWR�YR�YHULCQLNRW��ODQaDQLFDWD��^WR�JR�REUD]XYD�VSURYRGQLNRW � MDCHWR

YR�SUYDWD�RGQRVQR�YWRUDWD�VRVWRMED�−�UHVSHNWLYQR��GRGHND�a�H�UDVSRQRW�W�H��KRUL]RQ�
WDOQRWR� UDVWRMDQLH� SRPH_X� WRaNLWH� QD� ]DFYUVWXYDZH�� 2VWDQDWLWH� YHOLaQL� ^WR
ILJXULUDDW�YR�UHODFLMDWD��1��VH�GHILQLUDQL�VR�OLVWDWD�QD�VLPEROL�YR�SULORJRW�7�

9R� SULPHQDWD� QD� UHODFLMDWD� �1�� ]D� SUHVPHWXYDZH� QD� JUDQLaQLRW� UDVSRQ� VH
WUJQXYD�RG�VRVWRMEDWD�YR�NRMD�WHPSHUDWXUDWD�QD�VSURYRGQLNRW�L]QHVXYD�θ1� �−5oC ��QD
VSURYRGQLNRW�H�QDIDWHQ�QRUPDOHQ�]LPVNL�GRGDWHQ�WRYDU��1='7��L�KRUL]RQWDOQDWD

NRPSRQHQWD� QD� QDSUHJDZHWR� σ1� MD� LPD� YUHGQRVWD� QD� PDNVLPDOQRWR� GR]YROHQR

UDERWQR�QDSUHJDZH�σM ��W�H��σ1� �σM ���VRVWRMED�EU��1���9WRUD��W�H���QHSR]QDWD��H�VRVWRM�
EDWD�SUL�−5oC���,='7��9R�RYDD�VRVWRMED�QHSR]QDWL�VH�KRUL]QWDOQDWD�NRPSRQHQWD�QD
QDSUHJDZHWR� σx� L� QDSUHJDZHWR� YR� WRaNDWD� QD� ]DFUYVWXYDZH� σ' �� 6SRUHG� WRD�� SDUD�
PHWULWH�QD�RYLH�GYH�VRVWRMEL�VH�

−�WSWXSNFE�FV������ p p p p M1 1 5= = + = − ° =∆ ; θ σ σC ; 1 �� ���
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−�WSWXSNFE�FV������ p p p p x2 2 5= = + = − ° =∆ ; θ σ σC ; 2 �� ���

3RNUDM� UHODFLMDWD� �1��� ]D� UD]JOHGXYDQLRW� VSURYRGQLN� YDCL� L� VOHGQDWD� UHOD�
FLMD�[4]�

σ σ
σ

' = ⋅ ⋅
2

2

22
ch

p a
�� ���

5HODFLLWH��1��L�����VH�RS^WL�L�YDCDW�VHNRJD^��EH]�QLNDNYL�RJUDQLaXYDZD��=D
QDV�H�RG�LQWHUHV�VOXaDMRW�NRJD�UDVSRQRW�D�H�WRaQR�HGQDNRY�QD�JUDQLaQLRW�UDVSRQ�agr �
=D�WRM�VOXaDM��YU]�RVQRYD�QD�UHODFLLWH��1��L��4��`H�PRCHPH�GD�SL^XYDPH�
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2
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p a
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sh sh sh

sh

�� ���

σ σ σ
σ

' ≡ = ⋅
⋅

di x
x

p agrch
2

�� ���

9R� UDYHQNLWH� �5�� L� �6�� HGLQVWYHQL� QHSR]QDWL� VH� JUDQLaQLRW� UDVSRQ� agr� L

KRUL]RQWDOQDWD�NRPSRQHQWD�QD�QDSUHJDZHWR�YR�VSURYRGQLNRW�MDCHWR�σx �7LH��]QDaL�
IRUPLUDDW� VLPXOWDQ� VLVWHP� RG� GYH� QHOLQHDUQL� WUDQVFHGHQWQL� UDYHQNL� VR� GYH
QHSR]QDWL�� 6R� QLYQRWR� UH^DYDZH� VH� GRELYD� EDUDQRWR� UH^HQLH�� W�H�� YUHGQRVWD� QD
JUDQLaQLRW�UDVSRQ�agr �

6HJD�H�MDVQR�GHND�UH^HQLHWR�agrQH�PRCH�GD�VH�GRELH�YR�HNVSOLFLWQD�IRUPD�L
GHND� YDND� SRVWDYHQDWD� ]DGDaD� PRCH� GD� VH� UH^L� HGLQVWYHQR� VR� SRPR^� QD� QHNRMD
QXPHULaQD�SRVWDSND��=DVHJD�WDNYD�SRVWDSND�NRMD�YR�RS^W�VOXaDM�HILNDVQR�JR�UH^DYD
RYRM�SUREOHP�QH�H�SR]QDWD�

���� 3RVWDSND�]D�RSUHGHOXYDZH�QD�SULEOLCQDWD�YUHGQRVW
QD�JUDQLaQLRW�UDVSRQ

3UREOHPRW�QD�SUHVPHWND�QD�JUDQLaQLRW�UDVSRQ�YR�SUDNWLNDWD�VH�UD]UH^XYD
QD�WRM�QDaLQ�^WR�VH�YU^L��SDUDEROL]DFLMD��QD�YHULCQLNRW��=QDaL��YR�SULEOLCQDWD
SRVWDSND�SURYHVQDWD�NULYD�QD�VSURYRGQLNRW�MDCHWR�QDPHVWR�GD�VH�RSL^XYD�VR�QHM]L�

QLRW� HJ]DNWHQ� PRGHO� −� KLSHUERODWD�� `H� VH� RSL^XYD� VR� HGQD� SDUDEROD�� 6R� GUXJL
]ERURYL�NDCDQR��KLSHUEROLaQLWH�L]UD]L�YR�L]UD]LWH��5��L��6��`H�VH�DSURNVLPLUDDW
VR�VOHGQLWH�UHODFLL�

shx x≈ ���E�

L

chx
x≈ +1
2

2

� ���F�
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.RJD�SURYHVQDWD�NULYD��YHULCQLNRW��VR�SRPR^�QD�UHODFLMDWD��7 E��MD�DSURNVL�
PLUDPH� VR� HGQD� SDUDEROD�� PRCH� GD� VH� SRNDCH� �QD� SU�� [7]�� GHND� YUVNDWD� PH_X� GYHWH
VRVWRMEL��1"�L��2"�`H�GRELH�PQRJX�SRHGQRVWDYHQ�REOLN�

p a p a

E
gr gr

M x

M x

2 2

2

2
2

224 24

⋅
−

⋅
= −

σ σ
σ σ

�� ���

,VWRYUHPHQR��SULPHQXYDM`L�MD�DSURNVLPDFLMDWD��7�E��YR�UHODFLMDWD��6��`H�VH�GRELH�

σ σ
σdi x
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p agr= ⋅ +
⋅
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2 �� ���
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a
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di x
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8= ⋅ −σ σ σ( ) � ����

6R�]DPHQD�QD�YHOLaLQDWD�agr
2
�RG��9��YR��8��VH�GRELYD�

p E
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p E
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6SRUHG� WRD�� QHSR]QDWDWD� σx PRCH� GD� VH� GRELH� VR� UH^DYDZH� QD� DOJHEDUVND
UDYHQND� RG� IV � UHG�� 6H� UD]ELUD� GHND� RG� VLWH� 4� PRCQL� UH^HQLMD� ^WR� SRVWRMDW� YR
VOXaDMRW� QDV� Q�� LQWHUHVLUD� VDPR� RQD� UH^HQLH� NRH� LPD� IL]LaND� VPLVOD�� W�H�� RQD

UH^HQLH�σx�]D�NRH�`H�ELGH�LVSROQHWR�

����σx���σdi�� ����

3R�RSUHGHOXYDZHWR�QD�YUHGQRVWD�σx QD�KRUL]RQWDOQDWD�NRPSRQHQWD�QD�QDSUH�
JDZHWR�QD�VSURYRGQLNRW�MDCHWR�YR�LVNOXaLWHOQL�]LPVNL�XVORYL�VOHGL�SUHVPHWND�QD
JUDYLWDFLRQLRW�UDVSRQ�agr�VR�SRPR^�QD�UHODFLMDWD��9���LOL�X^WH�SRGREUR��VR�SRPR^
QD�UHODFLMDWD��6���2G�UHODFLMDWD��6���QD�SULPHU��VOHGXYD�

a
p p

gr
x di

x

x di

x

di

x

= ⋅ ⋅ = ⋅ ⋅ + −
F
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I
KJ

2 2 1
2

2

σ σ
σ

σ σ
σ

σ
σ

Ar ch ln �� ����

6H� UD]ELUD� GHND� YDNYLRW� QDaLQ� QD� RSUHGHOXYDZH� QD� JUDQLaQLRW� UDVSRQ� H
DSURNVLPDWLYHQ�L�WRM�GDYD�UH^HQLH�VR�RSUHGHOHQD�WRaQRVW��,VWUDCXYDZHWR�QD�RYRM
SUREOHP� GRYHGH� GR� NRQVWDWDFLMDWD� GHND� WRaQRVWD� QD� YDND� GRELHQRWR� UH^HQLH� H
VRVHPD� SULIDWOLYD� ]D� SRPDOLWH� WRWDOQL� UDVSRQL� VR� GROCLQD� GR� cca 500 m�� =D
SRJROHPLWH�WRWDOQL�UDVSRQL�JUH^NDWD�H�SRJROHPD�L�YH`H�NDM�WRWDOQLWH�UDVSRQL�VR
GROCLQD� QDG�1000 m� WDD� VWDQXYD� ]DEHOHCOLYD�� SD� GXUL� L� QHSULIDWOLYD�� 9R� QHNRL
VOXaDL� NRL� VH� NDUDNWHULVWLaQL� ]D� NRVLWH� UDVSRQL� VR� JROHPD� YLVLQVND� UD]OLND� QD
WRaNLWH�QD�]DFYUVWXYDZH�L�VR�JROHPL�]LPVNL�GRGDWQL�WRYDUL��VH�VOXaXYD�DSURNVLPD�
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WLYQLRW�PHWRG�GD�GDYD�GXUL�L�EHVPLVOHQL�UH]XOWDWL�[8]��=DWRD�LDNR�YR�SRYH`HWR��W�H�
PQR]LQVWYRWR�� VOXaDL�� DSURNVLPDWLYQLRW� PHWRG� GDYD� UH]XOWDWL� VR� ]DGRYROLWHOQD
WRaQRVW��VHSDN�RSUHGHOXYDZHWR�QD��WRaQDWD��YUHGQRVW�QD�JUDQLaQLRW�UDVSRQ�VHNDNR
LPD�VYRH�SUDNWLaQR�]QDaHZH�

3�2. ,WHUDWLYQD�SRVWDSND�]D�RSUHGHOXYDZH�QD�WRaQDWD�YUHGQRVW
QD�JUDQLaQLRW�UDVSRQ

9UHGQRVWD�QD�JUDQLaQLRW�UDVSRQ�PRCHPH�GD� MD�GRELHPH�L�QD�GUXJ�QDaLQ�−� VR
LWHUDWLYQD�SRVWDSND��9R�WRM�VOXaDM��SUL�RSUHGHOXYDZHWR�QD�SRaHWQRWR�UH^HQLH�QD
KRUL]RQWDOQDWD�NRPSRQHQWD�QD�QDSUHJDZHWR�YR�VSURYRGQLNRW�σx�SUL�−5oC+,='7��`H
MD� LVNRULVWLPH� RVRELQDWD� QD� MDCLZDWD� NDM� QDG]HPQLWH� YRGRYL�� NRJD� VH� UDERWL� ]D
JROHPL� UDVSRQL� �NDNRY� ^WR� H� JUDQLaQLRW� UDVSRQ��� WLH� VRVHPD� PDONX� GD� VH
L]GROCXYDDW�SRG�GHMVWYR�QD�]JROHPHQLRW�]LPVNL�GRGDWHQ�WRYDU�� �6R�GUXJL�]ERURYL�
`H� SUHWSRVWDYLPH� GHND� REOLNRW� QD� YHULCQLNRW� QD� VSURYRGQLNRW � MDCHWR� SUL
_5oC�1='7� L� REOLNRW� SUL� −5R6�,='7� VH� SUDNWLaQR� LVWL�� SD� VSRUHG� WRD� L
SDUDPHWULWH�QD�YHULCQLFLWH�QD�VSURYRGQLNRW� c− L� c= �]D�VRVWRMELWH�SUL�−5R6�1='7
L�−5R6�,='7�`H�ELGDW�LVWR�WDND�LVWL��W�H�

c
p

c
p

c cM x= = ≈σ σ
; M �

RG�NDGH�^WR�VH�GRELYD�GHND�SULEOLCQR�YDCL�

σ σx M p p≈ ⋅( / ) � ����

1D�WRM�QDaLQ�MD�GRELYDPH�SULEOLCQDWD��SRaHWQDWD��YUHGQRVW�QD�QHSR]QDWRWR

QDSUHJDZH�σx��3RWRD��]QDHM`L�MD�YUHGQRVWD�QD�QDSUHJDZHWR�YR�VSURYRGQLNRW�YR�WRa�

NDWD�QD�REHVXYDZH�σdi ��VR�SRPR^�QD�SULEOLCQDWD�YUHGQRVW�]D�σx�L�UHODFLMDWD��13���`H
MD�GRELHPH�L�SRaHWQDWD�YUHGQRVW�QD�JUDQLaQLRW�UDVSRQ��1R�YUHGQRVWD�QD�JUDQLaQLRW
UDVSRQ��GRELHQD�QD�WRM�QDaLQ��UD]ELUD�VH��QH�H� VRVHPD�WRaQD��'RNRONX� VDNDPH�GD� MD
XWRaQLPH��`H�WUHED�SRYH`HNUDWQR�GD�MD�SULPHQLPH�VOHGQDWD�SRVWDSND�

=D�SUHWKRGQR�SUHVPHWDQDWD�YUHGQRVW�QD�Dgr ��VR�UH^DYDZH�QD�UDYHQNDWD�QD�VRV�

WRMEDWD��5��SR�QHSR]QDWDWD�σx�`H�MD�SUHVPHWDPH�QRYDWD�YUHGQRVW�QD�QDSUHJDZHWR�σx �
3ULWRD��NDNR�VRVHPD�SRJRGQR�VH�SRNDCDOR�UH^DYDZHWR�QD�WUDQVFHGHQWQDWD�UDYHQND
�5�� GD� VH� YU^L� VR� SRPR^� QD� :XWRQRYLRW� LWHUDWLYHQ� PHWRG�� SUL� ^WR� SRaHWQDWD

YUHGQRVW�σxo� QD� QHSR]QDWDWD� σx� `H� VH� GRELH� NDNR� UH^HQLH� QD� �SDUDEROL]LUDQDWD�

UDYHQND�QD�VRVWRMEDWD��8���9R�[7]�H�SRNDCDQR�GHND�QHSR]QDWDWD�SRaHWQD�YUHGQRVW�σxo

YR�WRM�VOXaDM�`H�VH�GRELH�NDNR�UH^HQLH�QD�VOHGQDWD�DOJHEDUVND�UDYHQND�RG�III �UHG�
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6DPRWR� UH^DYDZH� QD� UDYHQNDWD� �15�� H� PRCQR� QD� UD]QL� QDaLQL�� D� ]D� GYH
HILNDVQL�QXPHULaNL�SRVWDSNL�GHWDOQR�VWDQXYD�]ERU��QD�SULPHU��YR�[7]�

3RWRD�VR�]DPHQD�QD�QRYRSUHVPHWDQDWD�YUHGQRVW�]D�QDSUHJDZHWR�σx�YR�UHODFL�
MDWD��13��VH�GRELYD�QRYDWD�XWRaQHWD�YUHGQRVW�QD�JUDQLaQLRW�UDVSRQ�agr�LWQ��2ELaQR
LWHUDWLYQDWD�SRVWDSND�]D�SUHVPHWXYDZH�QD�JUDQLaQLRW�UDVSRQ�H�SULOLaQR�NRQYHU�
JHQWQD�L�GDYD�UH^HQLH�VR�]DGRYROLWHOQD�WRaQRVW�VDPR�SRVOH�QHNRONX�LWHUDFLL�

�� *5$1,A1,�5$6321,�1$�635292'1,&,7(� ,�-$#,
:$7$�,=5$%27(1,�6325('�0.<�67$1'$5',7(

=D�LOXVWUDFLMD� QD� SULPHQOLYRVWD� QD� SUHGORCHQDWD�LWHUDWLYQD�SRVWDSND�� YR
WUXGRW�VH�L]YU^HQL��SUHVPHWNL�QD�JUDQLaQLWH�UDVSRQL�]D�QHNRL�RG�SRaHVWR�XSRWUH�

EXYDQLWH� NRPELQLUDQL� DOXaHO−MDCLZD� ^WR� VH� SURL]YHGXYDDW� YR� QD^DWD� ]HPMD�
VRJODVQR�VWDQGDUGRW�MKS N.C1.351��3UHVPHWNLWH�VH�SUDYHQL�]D�SRYH`H�YUHGQRVWL�QD
PDNVLPDOQRWR�UDERWQR�QDSUHJDZH�σM  , YR�LQWHUYDORW�RG�5 daN/mm2� GR�10 daN/mm2�
6OLaQL� SUHVPHWNL� VH� SUDYHQL� L� ]D� QHNRL� aHOLaQL� MDCLZD� RG� WLSRW� ^ III �� VSRUHG
VWDQGDUGRW� MKS N.C1.702,� ]D� YRRELaDHQLWH� YUHGQRVWL� QD� PDNVLPDOQRWR� UDERWQR
QDSUHJDZH�σM �YR�LQWHUYDORW�RG�22 daN/mm2�GR�27 daN/mm2�

3UHVPHWNLWH�VH�YU^HQL�� VRJODVQR�3UDYLOQLNRW� [1]�� ]D�4�UD]OLaQL�YUHGQRVWL
QD�IDNWRURW�QD�1='7���kn = 1,0��1,6��2,5�L�4,0��.DNR�^WR�H�YRRELaDHQR��]D�LVNOXaLWHO�
QLRW� ]LPVNL� GRGDWHQ� WRYDU�∆ ∆p k pi= ⋅ H� XVYRHQR� GHND� QHJRYDWD� YUHGQRVW� H� GYRMQR�
RGQRVQR� WURMQR� SRJROHPD� RG� YUHGQRVWD� QD� QRUPDOQLRW� ]LPVNL� GRGDWHQ� WRYDU�� W�H�
SUHVPHWNLWH�VH�YU^HQL�]D�YUHGQRVWL�QD�IDNWRURW�ki = 2 i 3�

3RGDWRFLWH� YR� YUVND� VR� PHKDQLaNLWH� NDUDNWHULVWLNL� QD� UD]JOHGXYDQLWH
MDCLZD��NDNR�L�YUHGQRVWLWH�QD�GR]YROHQLWH�LVNOXaLWHOQL�QDSUHJDZD�]D�VHNRH�RG�QLY
VH SUH]HPHQL RG [1] L [4]� 3UHVPHWDQLWH UH]XOWDWL VH SULNDCDQL YR WDEHOLWH I L II.
2YLH�WDEHOL�PRCDW�GD�VH�NRULVWDW�SUL�SURHNWLUDZHWR�QD�QDG]HPQLWH�YRGRYL�

�� =$./8A2.

.RQWURODWD�QD�JROHPLQDWD�QD�QDSUHJDZHWR�YR�VSURYRGQLFLWH�L�MDCLZDWD�NDM

QDG]HPQLWH�YRGRYL�YR�LVNOXaLWHOL�]LPVNL�XVORYL�NRJD�WHPSHUWXUDWD�L]QHVXYD�−5oC D
QD�VSURYRGQLFLWH�RGQRVQR�MDCLZDWD�H�QDIDWHQ�LVNOXaLWHOHQ�]LPVNL�GRGDWHQ�WRYDU
YR�SUDNWLNDWD�VH�YU^L�VR�SRPR^�QD�W�Q���JUDQLaHQ�UDVSRQ���'RVHJD^QLRW�QDaLQ�]D
SULEOLCQR�RSUHGHOXYDZH�QD� JUDQLaQLRW�UDVSRQ� QD� VSURYRGQLFLWH� L� MDCLZDWD� NDM
QDG]HPQLWH� YRGRYL� VH� WHPHOL� YU]� LGHMDWD� ]D� �SDUDEROL]DFLMD�� QD� UDYHQNDWD� QD
VRVWRMEDWD�L�YR�QL]D�VOXaDL�WRM�GDYD�UH]XOWDWL�VR�QHSULIDWOLYR�JROHPD�JUH^ND�^WR
PRCH� GD� GRYHGH� GR� VRVHPD� SRJUH^QL� ]DNOXaRFL� YR� YUVND� VR� YUHGQRVWD� QD
QDSUHJDZHWR�YR�VSURYRGQLFLWH�MDCLZDWD�YR�WRaNLWH�QD�REHVXYDZH�YR�LVNOXaLWHOQL
]LPVNL�XVORYL�

9R� WUXGRW� H� SULNDCDQD� QRYD� LWHUDWLYQD� SRVWDSND� VR� SRPR^� QD� NRMD� H
RYR]PRCHQR�GD�VH�L]YU^L�SUHVPHWND�QD�WRaQDWD�YUHGQRVW�QD�JUDQLaQLRW�UDVSRQ�QD
VSURYRGQLFLWH� RGQRVQR� MDCLZDWD� NDM� QDG]HPQLWH� YRGRYL�� 3RVWDSNDWD� H� RVREHQR
SRJRGQD� ]D� SULPHQD� QD� GLJLWDOQL� NRPSMXWHUL� L� GDYD� UH]XOWDW� SRVOH� VDPR� QHNRONX
LWHUDFLL��EH]�RJOHG�QD�NDUDNWHULVWLNLWH�QD�UD]JOHGXYDQLWH�VSURYRGQLFL � MDCLZD�L
EH]�RJOHG�QD�SUHVPHWNRYQLWH�NOLPDWVNL�XVORYL�^WR�YODGHDW�QD�WHUHQRW�
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σ, σ' +RUL]RQWDOQD NRPSRQHQWD QD QDSUHJDZHWR YR VSURYRGQLN RGQRVQR ]D^WLWQR MDCH L

UH]XOWDQWQR QDSUHJDZH YR WRaNLWH QD ]DFYUVWXYDZH�

σM �σdi 0DNVLPDOQR L LVNOXaLWHOQR UDERWQR QDSUHJDZH �

σx ��σxo +RUL]RQWDOQD NRPSRQHQWD QD QDSUHJDZHWR YR XVORYL SUL −5oC�,='7 L QHM]LQD

SRaHWQD YUHGQRVW SRWUHEQD YR LWHUDWLYQLRW SURFHV�

θ 7HPSHUDWXUD QD VSURYRGQLNRW RGQRVQR ]D^WLWQRWR MDCH�

a 5DVSRQ� W�H� KRUL]RQWDOQR UDVWRMDQLH SRPH_X WRaNLWH QD ]DFYUVWXYDZH QD

YHULCQLNRW�

aT ��agr 7RWDOHQ L JUDQLaHQ UDVSRQ�

α, E 7HPSHUDWXUHQ NRHILFLHQW QD OLQHDUQR WRSOLQVNR L]GROCXYDZH L PRGXO QD

HODVWLaQRVW QD VSURYRGQLNRW�MDCHWR�

A, d 3OR^WLQD QD QDSUHaQLRW SUHVHN L SUHaQLN QD VSURYRGQLNRW�MDCHWR�

g 2VQRYHQ ]LPVNL GRGDWHQ WRYDU �g  0,18� d A/ );

p, p , p 6RSVWYHQD VSHFLILaQD WHCLQD� VSHFLILaQD WHCLQD VR 1='7 L VSHFLILaQD WHCLQD

QD VSURYRGQLN�MDCH VR ,='7�

∆ p 1RUPDOHQ ]LPVNL GRGDWHQ WRYDU QD VSURYRGQLNRW�MDCHWR �∆p = kn
�g  kn

�0,18� d A/ ��

∆p ,VNOXaLWHOHQ ]LPVNL GRGDWHQ WRYDU QD VSURYRGQLNRW�MDCHWR�

kn ��ki� )DNWRU QD 1='7 L IDNWRU QD ,='7 �∆ p = ki
�∆p)�

m, n .RHILFLHQWL YR �SDUDEROL]LUDQDWD UDYHQND QD VRVWRMEDWD��

c 3DUDPHWDU QD YHULCQLNRW �c = σ / p��



7DEHOD�I��=DYLVQRVW�QD�JROHPLQDWD�QD�JUDQLaQLRW�UDVSRQ�]D�SRaHVWR�XSRWUHEXYDQLWH�MDCLZD�VSRUHG�VWDQGDUGRW�MKS.N.C1.351

1DSUHJDZH σM = 5 daN/mm2 σM = 6 daN/mm2 σM = 7 daN/mm2 σM = 8 daN/mm2 σM = 9 daN/mm2 σM = 10 daN/mm2

JEOXSV kn
1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0

IDNWRU�QD�LVNOXaLWHOHQ�GRGDWHQ�WRYDU�ki = 2,0
Al/^ 50/8 1272 855 572 369 1348 901 601 387 1390 923 613 393 1398 921 608 388 1374 896 587 372 1317 853 563 364
Al/^ 70/12 1570 1075 730 475 1669 1137 768 498 1728 1169 785 507 1749 1172 782 502 1730 1146 758 483 1673 1094 723 467
Al/^ 95/15 1875 1308 899 591 1999 1386 948 621 2077 1430 972 633 2111 1440 972 629 2102 1416 946 607 2047 1360 901 582
Al/^ 150/25 2352 1691 1189 795 2520 1800 1259 838 2632 1866 1296 857 2693 1892 1303 855 2703 1876 1277 830 2661 1819 1223 790
Al/^ 210/35 2753 2033 1459 992 2959 2171 1549 1047 3104 2260 1602 1075 3191 2303 1617 1077 3223 2299 1596 1051 3198 2248 1538 1002
Al/^ 240/40 2929 2191 1589 1089 3153 2344 1690 1152 3313 2445 1750 1185 3414 2496 1771 1188 3457 2500 1753 1163 3442 2454 1696 1111
Al/^ 360/57 3386 2626 1963 1380 3660 2821 2096 1465 3863 2956 2181 1513 4001 3037 2221 1526 4078 3064 2216 1505 4093 3037 2165 1448
Al/^ 490/65 3538 2781 2102 1492 3786 2952 2213 1557 3949 3051 2264 1575 4033 3080 2256 1546 4039 3039 2187 1471 3965 2926 2078 1478
Al/^ 170/40 2657 1960 1407 956 2875 2110 1507 1019 3039 2217 1574 1059 3154 2284 1610 1077 3221 2312 1617 1072 3241 2301 1592 1045
Al/^ 240/55 3007 2280 1672 1157 3255 2454 1790 1233 3442 2579 1869 1279 3574 2656 1911 1298 3651 2689 1917 1289 3677 2678 1885 1252
Al/^ 350/80 3451 2700 2034 1441 3748 2916 2185 1539 3977 3075 2289 1602 4144 3182 2351 1632 4254 3239 2372 1630 4307 3246 2350 1595
Al/^ 490/110 3519 2837 2197 1595 3832 3073 2367 1709 4078 3252 2490 1786 4264 3379 2568 1827 4393 3455 2604 1835 4469 3484 2598 1807
Al/^ 50/30 1895 1340 931 617 2090 1474 1022 676 2254 1585 1097 724 2391 1677 1157 763 2505 1750 1205 792 2596 1807 1240 813
Al/^ 95/55 2568 1905 1374 938 2840 2101 1511 1029 3074 2266 1625 1104 3273 2405 1719 1165 3440 2519 1795 1213 3580 2611 1854 1249
Al/^ 120/70 2833 2143 1570 1086 3137 2366 1729 1193 3399 2555 1861 1281 3623 2715 1972 1353 3814 2848 2061 1410 3975 2956 2131 1453
Al/^ 75/80 4589 3239 2224 1470 4534 3176 2188 1491 4461 3113 2207 1531 4376 3096 2263 1569 4294 3154 2320 1591 4276 3234 2361 1581

IDNWRU�QD�LVNOXaLWHOHQ�GRGDWHQ�WRYDU�ki = 3,0
Al/^ 50/8 637 976 418 265 974 624 404 253 926 588 389 252 930 628 418 264 980 587 373 239 876 579 384 56
Al/^ 70/12 815 1229 539 344 1240 806 525 331 1197 761 498 323 1149 789 536 344 1230 806 478 309 1154 735 492 317
Al/^ 95/15 1006 1493 673 432 1521 1005 660 418 1489 958 622 402 1408 956 661 432 1469 1011 635 385 1515 902 610 397
Al/^ 150/25 1332 1924 908 590 1986 1349 902 577 1980 1310 855 545 1905 1244 871 584 1840 1327 908 522 1962 1309 816 538
Al/^ 210/35 1634 2300 1133 747 2397 1672 1139 736 2420 1647 1093 693 2369 1564 1065 729 2253 1590 1139 727 2293 1673 1013 676
Al/^ 240/40 1778 2470 1245 826 2586 1828 1257 818 2625 1813 1215 773 2589 1733 1163 799 2479 1711 1245 819 2438 1821 1181 745
Al/^ 360/57 2185 2928 1575 1069 3096 2274 1611 1072 3183 2292 1585 1026 3192 2237 1503 1008 3123 2124 1536 1075 2982 2188 1611 956
Al/^ 490/65 2290 3048 1654 1120 3176 2337 1645 1080 3206 2291 1558 1044 3137 2164 1585 1120 2976 2243 1656 1001 3036 2333 1488 238
Al/^ 170/40 1598 2241 1114 737 2364 1661 1141 745 2422 1671 1126 721 2420 1628 1071 690 2354 1547 1082 737 2245 1608 1141 707
Al/^ 240/55 1883 2575 1336 897 2723 1962 1371 905 2802 1981 1355 875 2813 1939 1291 838 2754 1844 1293 897 2634 1879 1369 849
Al/^ 350/80 2276 3015 1657 1135 3213 2393 1716 1157 3336 2443 1719 1132 3387 2427 1664 1071 3367 2346 1588 1117 3274 2247 1680 1152
Al/^ 490/110 2439 3132 1825 1280 3358 2584 1907 1315 3512 2663 1931 1304 3598 2680 1899 1246 3618 2633 1813 1233 3570 2525 1809 1311
Al/^ 50/30 1123 1619 769 504 1754 1208 823 537 1856 1270 860 558 1928 1308 879 567 1971 1324 882 565 1987 1318 869 551
Al/^ 95/55 1628 2246 1152 774 2450 1764 1241 829 2612 1867 1304 866 2737 1940 1344 886 2827 1984 1362 889 2884 2001 1357 876



Al/^ 120/70 1847 2502 1326 901 2735 2006 1431 967 2924 2129 1508 1013 3073 2219 1560 1039 3185 2279 1586 1046 3262 2308 1588 1035
Al/^ 75/80 2440 3389 1506 1009 3477 2270 1525 1021 3522 2191 1542 1033 3470 2217 1559 235 3119 2240 1575 235 3154 2263 357 235

7DEHOD�II ��=DYLVQRVW�QD�JROHPLQDWD�QD�JUDQLaQLRW�UDVSRQ�]D�SRaHVWR�XSRWUHEXYDQLWH�MDCLZD�VSRUHG�VWDQGDUGRW�MKS.N.C1.702

1DSUHJDZH σM = 22 daN/mm2 σM = 23 daN/mm2 σM = 24 daN/mm2 σM = 25 daN/mm2 σM = 26 daN/mm2 σM = 27 daN/mm2

JEOXSV kn
1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0 1,0 1,6 2,5 4,0

IDNWRU�QD�LVNOXaLWHOHQ�GRGDWHQ�WRYDU�ki = 2,0

^  III  16 1999 1329 884 568 2022 1343 893 572 2042 1354 899 576 2058 1363 904 579 2071 1369 907 580 2080 1373 908 580

^  III  25 2587 1755 1183 766 2620 1774 1195 773 2648 1791 1204 778 2672 1804 1211 782 2692 1814 1217 785 2708 1821 1219 785

^  III  35 3160 2187 1494 977 3203 2213 1510 987 3241 2235 1523 994 3275 2254 1534 1000 3303 2269 1541 1003 3326 2280 1546 1005

^  III  50 3840 2723 1893 1255 3897 2758 1915 1267 3948 2789 1933 1277 3993 2815 1948 1285 4032 2837 1959 1291 4066 2854 1968 1294

^  III  70 4395 3183 2249 1509 4463 3227 2276 1525 4526 3266 2300 1538 4581 3299 2319 1549 4631 3328 2335 1556 4674 3352 2347 1561

^  III  95 5141 3831 2767 1890 5227 3887 2804 1911 5305 3938 2835 1930 5376 3983 2862 1945 5440 4022 2885 1956 5497 4056 2903 1964

IDNWRU�QD�LVNOXaLWHOHQ�GRGDWHQ�WRYDU�ki = 3,0

^  III  16 1451 931 603 379 1441 920 594 373 1426 906 584 367 1407 891 576 365 1385 880 577 370 1365 882 587 378

^  III  25 1932 1258 821 518 1926 1247 810 510 1914 1232 798 502 1896 1213 785 496 1873 1194 778 499 1846 1181 783 509

^  III  35 1602 2420 1056 670 2420 1593 1044 660 2414 1578 1030 649 2400 1559 1013 640 2380 1537 999 639 2355 1513 994 648

^  III  50 2046 3023 1366 874 3033 2041 1356 863 3035 2030 1341 850 3031 2013 1322 836 3018 1990 1301 827 2998 1963 1283 831

^  III  70 2442 3535 1653 1067 3556 2442 1644 1056 3568 2436 1630 1041 3572 2423 1611 1024 3569 2403 1588 1008 3557 2377 1563 1002

^  III  95 3017 4245 2085 1364 4281 3027 2080 1354 4309 3030 2070 1338 4328 3025 2053 1319 4339 3012 2031 1298 4341 2993 2003 1279
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9R�WUXGRW�H�QDMQDSUHG�GHILQLUDQD�]DGDaDWD��D�SRWRD�VH�RSL^DQL�L�RVQRYQLWH
NDUDNWHULVWLNL� QD� ]D]HPMXYDaLWH� QD� HOHNWURHQHUJHWVNLWH� REMHNWL�� 3RWRD� H� GDGHQ
NXV�RVYUW�NRQ�QD^LWH�SURSLVL�L�UHJXODWLYDWD�VYU]DQD�VR�SUREOHPRW�QD�]D]HPMXYDZH
QD� QDG]HPQLWH� YRGRYL� YR� PUHCLWH� VR� UD]OLaHQ� WUHWPDQ� QD� QHXWUDOQDWD� WRaND�
1DSUDYHQ�H�L�RVYUW�NRQ�PHWRGLWH�]D�SUHVPHWXYDZH�QD�]D]HPMXYDaLWH��D�SRWRD�H�L]OR�
CHQD�L� SRVWDSND� ]D� L]ERU�QD� WLSRW�L� GLPHQ]LLWH� QD� ]D]HPMXYDaLWH� NDM� QDG]HPQLWH
YRGRYL�

S U M M A R Y

The basic task and main characteristics of the earthing in power systems is treated in
this paper. Some technical standards and regulations concerning the problem of earthing the
towers of overhead lines in networks with different neutral grounding is also treated in it. A
short review of methods for calculation the characteristics of grounding and procedure for
selection the type and dimensions of towers' earthing is presented at the end of the paper.

.OXaQL�]ERURYL��1DG]HPQL�YRGRYL��]D]HPMXYDaL��L]ERU�L�GLPHQ]LRQLUDZH�

�� 929('

3UL�SURELY�QD�ID]QDWD�L]RODFLMD�NDM�QHNRM�HOHPHQW�RG�HOHNWURHQHUJHWVNLRW
VLVWHP� �((6�� NDNR� L� SUL� SRMDYD� QD� NXVL� YUVNL� SURSUDWHQL� VR� VSRM� VR� ]HPMDWD�� QD

PHVWRWR� QD� VSRMRW� �JUH^NDWD�� YR� VLVWHPRW� GRD_D� GR� WHaHZH� QD� VWUXMD� YR� ]HPMDWD� −
QDUHaHQD� VWUXMD� QD� ]HPMRVSRMRW�� *ROHPLQDWD� QD� VWUXMDWD�^WR� `H� WHaH� QL]� VSURYRG�
QLFLWH�GR�PHVWRWR�QD�JUH^NDWD�NDNR�L�YUHPHWUDHZHWR�QD�VDPDWD�JUH^ND�]DYLVDW�RG
QDaLQRW�QD�]D]HPMXYDZH�QD�QHXWUDOQDWD�WRaND�YR�PUHCDWD�QR�L�RG�NDUDNWHULVWLNLWH
QD�UHOHMQDWD�]D^WLWD��9R�PUHCLWH�VR�GLUHNWQR�]D]HPMHQD�QHXWUDOQD�WRaND�VWUXLWH
QD�JUH^ND�^WR�WHaDW�YR�]HPMDWD�PRCDW�GD�GRVWLJQDW�QHNRONX�NLORDPSHUL��SD�GXUL�L
QHNRONX�GHVHWLFL�NLORDPSHUL��SRUDGL�^WR�QLYQRWR�YUHPHWUDHZH�VH�RJUDQLaXYD�QD
VDPR� QHNRONX� GHVHWLQNL� RG� VHNXQGDWD��2G� GUXJD� VWUDQD�� YR� PUHCLWH� VR� L]ROLUDQD
QHXWUDOQD� WRaND� NDNR� L� YR� NRPSHQ]LUDQLWH� PUHCL�� VWUXMDWD� QD� JUH^ND� �QDUHaHQD
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X^WH�L�VWUXMD�QD�GR]HPHQ�VSRM��LPD�SUHWHCQR�NDSDFLWLYHQ�NDUDNWHU�L�WDD�PRCH�GD
L]QHVXYD�RG�QHNRONX�DPSHUL�GR�QHNRONX�GHVHWLQL�DPSHUL��=DWRD�YR�WLH�VOXaDL�VH�GR�

SX^WD�WUDHZHWR�QD�]HPQLRW�VSRM�GD�ELGH�]QDaLWHOQR�SRGROJR�−�L�SR�QHNRONX�aDVRYL�
7HaHZHWR�QD�VWUXMDWD�YR�]HPMDWD�VR]GDYD�YR�QHD�VWUXMQR�SROH��%LGHM`L�JXVWL�

QDWD�QD�VWUXMDWD�QD�PHVWRWR�NDGH�^WR�WDD�YOHJXYD�YR�]HPMDWD�H�JROHPD��SRWHQFLMDOLWH
YR� EOL]LQDWD� QD� WRD� PHVWR� PRCDW� GD� GRELMDW� RSDVQR� YLVRNL� YUHGQRVWL�� =D� GD� VH
L]EHJQH� WDD� RSDVQRVW�� NDM� HOHNWURHQHUJHWVNLWH� REMHNWL� �HOHNWULaQLWH� FHQWUDOL�
UD]YRGQLWH� SRVWURMNL�� WUDQVIRUPDWRUVNLWH� VWDQLFL� L� GU��� NDNR� L� NDM� VDPLWH
VWROERYL� RG� QDG]HPQLWH� YRGRYL�� VH� SUHGYLGXYD� L]YHGED� QD� ]D]HPMXYDaL�� 1LYQD
RVQRYQD� ]DGDaD� H� WLH� GD� VR]GDGDW� SDW� QD
VWUXMDWD� QD� JUH^ND� YR� ]HPMDWD� VR� ^WR� H
PRCQR� SRPDOD� SUHRGQD� RWSRUQRVW� L� QD� WRM
QDaLQ� GD� JL� HOLPLQLUDDW� LOL� EDUHP� GD� JL
QDPDODW� RSDVQRVWLWH� SRUDGL� QDVWDQDWLWH
SUHYLVRNL� SRWHQFLMDOL� YR� RNROLQDWD� QD
PHVWRWR�QD�JUH^NDWD�

=D]HPMXYDaRW� QD� HGHQ� HOHNWURHQHUJHWVNL� REMHNW� PRCH� GD� VH� GHILQLUD� NDNR
PQRCHVWYR� QD� QHL]ROLUDQL� L� PH_XVHEQR� JDOYDQVNL� VSRHQL� PHWDOQL� HOHPHQWL
�KRUL]RQWDOQL�L�YHUWLNDOQL���QDUHaHQL�HOHNWURGL��NRL�VH�]DNRSDQL�YR�]HPMDWD�WDND
^WR�VR�QHD�LPDDW�GREDU�HOHNWULaHQ�NRQWDNW��7RM�LPD�]DGDaD�VWUXMDWD�QD�]HPMRVSRM�
RGQRVQR� VWUXMDWD� QD� JUH^ND� GD� MD� VSURYHGH� YR� ]HPMDWD� WDND�^WR� QD� SRYU^LQDWD� RG
]HPMDWD�GD�QH�VH�MDYDW�SRWHQFLMDOL�NRL�`H�JR�]DJUR]DW�CLYRWRW�QD�OX_HWR�L�CLYRWQLWH
NRL^WR� PRCDW� GD� VH� QDMGDW� YR� QHJRYDWD� QHSRVUHGQD� RNROLQD��3RNUDM� WRD�� ]D]HPMX�
YDaRW� WUHED� GD� LPD� ^WR� H� PRCQR� SRPDOD� SUHRGQD� RWSRUQRVW� SUHPD� ]HPMDWD�� NRMD
X^WH�VH�QDUHNXYD��RWSRUQRVW�QD�UDVSURVWLUDZH�QD�]D]HPMXYDaRW���]D�GD�VH�REH]EHGL
VWUXMDWD� QD� JUH^NDWD� GD� ]DGUCL� GRYROQR� YLVRND� YUHGQRVW� ]DUDGL� GHMVWYXYDZH� QD
VRRGYHWQDWD�UHOHMQD�]D^WLWD��DNR�H�WDD�SUHGYLGHQD�

�� 261291,�.$5$.7(5,67,.,�1$�=$=(0-89$A,7(

3UL� RGYHGXYDZHWR� QD� VWUXMDWD� IZ YR� ]HPMD�� ]D]HPMXYDaRW� GRELYD� QHNRM� SRWHQ�
FLMDO�U��SURSRUFLRQDOHQ�QD�VWUXMDWD�QD�RGYHGXYDZH�IZ ��2GQRVRW U/IZ = R�VH�QDUHNXYD
RWSRUQRVW�QD�UDVSURVWLUDZH�QD�]D]HPMXYDaRW��2WSRUQRVWD�QD�UDVSURVWLUDZH�R�QH
]DYLVL�RG� VWUXMDWD�QD� RGYHGXYDZH� IZ �� WXNX� ]DYLVL�RG� GLPHQ]LLWH�L� JHRPHWULMDWD� QD
VDPLRW�]D]HPMXYDa��QR�L�RG�NDUDNWHULVWLNLWH�QD�WORWR�YR�NRH�^WR�WRM�VH�QDR_D�

6OLND����(NYLSRWHQFLMDOQL�OLQLL�YR
RNROLQDWD�QD�]D]HPMXYDaRW�RG�VO���

6OLND����1DSRQVND�LQND�QD
]UDNDVW�]D]HPMXYDa�VR�WUL�NUDFL
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3RYU^LQDWD� QD� ]HPMDWD� YR� ]RQDWD� QD� RGYHGXYDZHWR� QD� VWUXMDWD� IZ� GRELYD� YR
UD]QL�WRaNL�UD]QL�SRWHQFLMDOL��5DVSUHGHOEDWD�QD�SRWHQFLMDOLWH�SR�SRYU^LQDWD�RG
]HPMDWD� ]DYLVL�� LVWR� WDND�� RG� JHRPHWULMDWD� QD� ]D]HPMXYDaRW� W�H�� ]DYLVL� RG� QHJRYLWH
GLPHQ]LL��GODERaLQDWD�QD�]DNRSXYDZHWR�QD�QHJRYLWH�HOHPHQWL�L�VOLaQR��=QDaL��SUL
RGYHGXYDZHWR�QD�VWUXMDWD�YR�]HPMD��SRPH_X�ELOR�NRMD�WRaND�QD�SRYU^LQDWD�QD�]HPMDWD
L�]D]HPMHQLWH�SUHGPHWL��NRL^WR�NDNR�L�VDPLRW�]D]HPMXYDa�VH�QDR_DDW�QD�SRWHQFLMDO
U��VH�MDYXYD�QHNRMD�SRWHQFLMDOQD�UD]OLND�L�WDD�YR�UD]OLaQL�WRaNL�QD�SRYU^LQDWD�RG
]HPMDWD�H�UD]OLaQD��0DNVLPDOQDWD�UD]OLND�QD�SRWHQFLMDOL�^WR�PRCH�aRYHN��NRM�VH
QDR_D� YR� QHSRVUHGQD� EOL]LQD� QD� ]D]HPMXYDaRW�� GD� MD� SUHPRVWL� SUL� GRSLU� QD

]D]HPMHQLWH�GHORYL�VH�QDUHNXYD�SRWHQFLMDOQD�UD]OLND�QD�GRSLU ∆E(�
ARYHN�NRM�VH�QDR_D�YR�EOL]LQD�QD�]D]HPMXYDaRW�^WR�RGYHGXYD�VWUXMD�YR�]HPMDWD

PRCH�GD�VH�QDMGH�YR�RSDVQRVW�GXUL�L�NRJD�QH�JL�GRSLUD�]D]HPMHQLWH�SUHGPHWL�NRL�JR
LPDDW� SRWHQFLMDORW� QD� ]D]HPMXYDaRW�� %LGHM`L� UD]QLWH� WRaNL� SR� SRYU^LQDWD� QD
]HPMDWD�YR�EOL]LQD�QD� ]D]HPMXYDaRW�^WR�RGYHGXYD� VWUXMD� GRELYDDW�UD]OLaQL�SRWHQ�
FLMDOL� �VO�� ��� L� QLYQLWH� YUHGQRVWL� SULWRD� PRCDW� ]QDaLWHOQR� GD� VH� UD]OLNXYDDW�
aHNRUHM`L� YR� EOL]LQD� QD� ]D]HPMXYDaRW� QR]HWH� QD� aRYHNRW� `H� ELGDW� L]ORCHQL� QD
QHNDNYD�SRWHQFLMDOQD�UD]OLND��=D�RFHQND�QD�RYDD�RSDVQRVW�H�YRYHGHQD�W�Q���SRWHQ�

FLMDOQDWD�UD]OLND� QD� aHNRU��∆EB�� 7RD� H� UD]OLNDWD� QD� SRWHQFLMDOLWH� SRPH_X� RQLH
GYH� VRVHGQL� WRaNL� QD� SRYU^LQDWD� QD� ]HPMDWD� NRL^WR� VH� QDR_DDW� QD� PH_XVHEQR
UDVWRMDQLH�RG�1 m �NRONX�^WR�PRCH�GD�L]QHVXYD�aHNRURW�QD�HGHQ�aRYHN� L�SRPH_X�NRL
SRVWRL�QDMJROHPD�SRWHQFLMDOQD�UD]OLND�

2VQRYQL� NDUDNWHULVWLNL� QD� VHNRM� ]D]HPMXYDa� VH�� RWSRUQRVWD� QD� UDVSURV�

WLUDZH�R��SRWHQFLMDOQDWD�UD]OLND�QD�aHNRU�∆EB��L�SRWHQFLMDOQDWD�UD]OLND�QD�GRSLU�
∆E(�� 7LH� ]DYLVDW� RG� GLPHQ]LLWH� L� JHRPHWULMDWD� QD� VDPLRW� ]D]HPMXYDa�� QR� L� RG
NDUDNWHULVWLNLWH� QD� SRaYDWD� �QHM]LQDWD� VWUXNWXUD�� VSHFLILaQDWD� RWSRUQRVW� L
GUXJR���2VQRYQD�]DGDaD�QD�SURHNWLUDZHWR�L� GLPHQ]LRQLUDZHWR�QD� ]D]HPMXYDaLWH�H

SUL�RGQDSUHG�SR]QDWL�VWUXMD�QD�RGYHGXYDZH� IZ�� VSHFLILaQD�RWSRUQRVW�QD�WORWR�ρ�L
YUHPHWUDHZH�QD�VWUXMDWD�QD�JUH^NDWD��GD�VH�L]EHUH�]D]HPMXYDa�VR�REOLN�L�GLPHQ]LL
WDNYL�^WR�WRM�`H�JL�]DGRYROL�WHKQLaNLWH�RJUDQLaXYDZD�GHILQLUDQL�VR�PHUNLWH�]D
EH]RSDVQRVW�D�QDHGQR�`H�ELGH�L�HNRQRPLaHQ��6R�GUXJL�]ERURYL��L]ERURW�L�GLPHQ]LR�
QLUDZHWR� QD� ]D]HPMXYDaLWH� SUHWVWDYXYD� VORCHQD� WHKQLaNR�HNRQRPVND� ]DGDaD�
NRMD^WR� WUHED� GD� SUHWVWDYXYD� RSWLPDOHQ� NRPSURPLV� SRPH_X� WHKQLaNLWH� EDUDZD
QDPHWQDWL�VR�SURSLVLWH�L�EDUDZDWD�]D�HNRQRPLaQRVW�

�� 26957�.21�3523,6,7(�=$�=$=(0-89$:(�1$
672/%29,7(

���� 2S^WL�RGUHGEL

6R�SUDYLOQLNRW�]D�WHKQLaNLWH�QRUPDWLYL�]D�JUDGED�QD�QDG]HPQL�HOHNWURHQHU�
JHWVNL�YRGRYL�VR�QRPLQDOHQ�QDSRQ�RG�1 kV�GR�400 kV �6O��OLVW�QD�6)5-�EU���������[3]
VH�RSUHGHOHQL�XVORYLWH�NRL�PRUDDW�GD�JL�]DGRYRODW�]D]HPMXYDaLWH�RG�GDOHNXYRGQLWH
VWROERYL��2S^WR��VR�]D]HPMXYDaLWH�QD�VWROERYLWH�WUHED�GD�VH�SRVWLJQH�

�� VLJXUQRVW� QD� YRGRW� YR� SRJRQRW�� W�H�� SRMDYDWD� QD� SRYUDWHQ� SUHVNRN� SUL� DWPR�
VIHUVNL�SUD]QHZD�GD�VH�VSUHaL�LOL�VYHGH�QD�^WR�H�PRCQR�SRPDOD�PHUND�L
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�� VLJXUQRVW� QD� OX_HWR� L� GUXJLWH� CLYL� VX^WHVWYD� ^WR� GRD_DDW� YR� QHSRVUHGHQ
GRSLU�VR�VWROERYLWH�RG�GDOHNXYRGRW��LOL�SRLQDNX�NDCDQR��GD�VH�RWVWUDQL�LOL
EDUHP�VPDOL�UL]LNRW�RG�SRMDYD�QD�RSDVQL�SRWHQFLMDOQL�UD]OLNL�QD�aHNRU�LOL
GRSLU�SUL�SRMDYD�QD�NXVL�YUVNL�L�]HPMRVSRHYL�

2YD�VH�UDPNRYQL�]DGDaL�QD�]D]HPMXYDaLWH�L�WLH�WUHED�GD�ELGDW�LVSROQHWL�YR
^WR� H� PRCQR� SRJROHPD� PHUD�� 3RQDWDPX�� VR� SURSLVLWH� RG� 3UDYLOQLNRW� [3]� VH
SRSUHFL]QR� RSUHGHOHQL� �PDNDU� ^WR� Vp� X^WH� QHGRYROQR� SUHFL]QR�� QDaLQLWH� QD
L]YHGXYDZH� QD� ]D]HPMXYDaNLRW� VLVWHP� NDM� QDG]HPQLWH� YRGRYL� YR� ]DYLVQRVW� RG
WUHWPDQRW�QD�QHXWUDOQDWD�WRaND�QD�PUHCDWD�L�VH�XWYUGHQL�PLQLPDOQLWH�XVORYL�^WR
PRUDDW�YR�HGQL�LOL�GUXJL�NRQNUHWQL�XVORYL�GD�ELGDW�SRVWLJQDWL��W�H��]DGRYROHQL�

���� 7HKQLaNL�SURSLVL

7HKQLaNLWH� SURSLVL� VH�� YR� SULQFLS�� GRJRYRUHQL� SUDYLOD� QD� RGQHVXYDZH�
WHRULVNL� GRNDCDQL� L� SUDNWLaQR� SURYHUHQL�� 7LH� RG� HGQD� VWUDQD� WUHED� GD� YRGDW
VPHWND�]D�WHKQLaNDWD�VLJXUQRVW�QD�SRJRQRW��XVORYLWH�]D�EH]RSDVQRVW�L�VOLaQR��D�RG
GUXJD�VWUDQD�GD�YRGDW�VPHWND�L�]D�HNRQRPLaQRVWD�L�UDFLRQDOQRVWD�QD�SULPHQHWRWR
WHKQLaNR� UH^HQLH�� =DWRD� YR� QL]D� VOXaDL�� D� WRD� H� RVREHQR� SULVXWQR� RYGH�� NRJD
]ERUXYDPH� ]D� ]D]HPMXYDaNLRW� VLVWHP� QD� HGHQ� GDOHNXYRG�� WLH� PX� RVWDYDDW� QD
SURHNWDQWRW�PRCQRVW�]D�^LURN�L]ERU��,]ERURW�WUHED�GD�VH�WHPHOL�QD�SURYHUHQDWD
WUDGLFLMD�� LQCHQHUVNRWR� LVNXVWYR� QR� L� QD� LQWXLFLMDWD� QD� SURHNWDQWRW�� 3ULWRD�
EH]XVORYQR� WUHED� GD� ELGDW� ]DGRYROHQL� L� RSUHGHOHQL� WHKQLaNL� QRUPL� VR� NRL� VH
REH]EHGXYD�EDUDQDWD�VLJXUQRVW�YR�SRJRQRW�

3URSLVLWH� ]QDaL� GR]YROXYDDW� L� GRSROQLWHOQL� ]DIDWL� VR� NRL� VH� ]JROHPXYD
VLJXUQRVWD�QD�YRGRW�L�VLJXUQRVWD�QD�RNROLQDWD��D�WLH�]DIDWL�WUHED�GD�VH�SUH]HPDDW
DNR�H�WRD�SRWUHEQR�L�RSUDYGDQR��2GUHGELWH�RG�SURSLVLWH�VH��]QDaL��HGHQ�YLG�VPHU�
QLFL� VSRUHG�NRL� VH� YU^L�L]ERURW�L� GLPHQ]LRQLUDZH�QD� ]D]HPMXYDaLWH��9RRELaDHQ
SULVWDS� SUL� WRD� H� YRYHGXYDZH� QD� IDPLOLMD� WQ�� �WLSVNL� ]D]HPMXYDaL��� SUL� ^WR
L]ERURW�QD�WLSVNLWH�]D]HPMXYDaL�WUHED�GD�ED]LUD�QD�SUHWKRGQL�WHRULVNL�DQDOL]L�L
GD� H� RVPLVOHQ� WDND� ^WR� L]EUDQLWH� WLSRYL� ]D]HPMXYDaL� `H� JL� ]DGRYRODW� XVORYLWH
SUHGYLGHQL�VR�WHKQLaNLWH�SURSLVL��RG�HGQD�VWUDQD��D�RG�GUXJD�VWUDQD��PDNVLPDOQR�`H
VH�YRGL�VPHWND�L�]D�HNRQRPLaQRVWD�

������ =D]HPMXYDaL�YR�PUHCLWH��VR�QHXWUDOQD�WRaND�]D]HPMHQD�SUHNX�SULGX^QLFD�L
YR�PUHCLWH�VR�QH]D]HPMHQD�QHXWUDOQD�WRaND

9R�PUHCLWH�VR�YLVRN�QDSRQ��Un > 1 kV��VR�QH]D]HPMHQD�QHXWUDOQD�WRaND�NDNR�L
YR�PUHCLWH�aLMD�QHXWUDOQD�WRaND�H�]D]HPMHQD�SUHNX�SULGX^QLFD�� VH�SUHWSRVWDYXYD
GHND�WUDHZHWR�QD�]HPMRVSRMRW�`H�ELGH�SRGROJR��=DWRD�� VSRUHG�3UDYLOQLNRW� [3]��NDM
QLY�H�SRWUHEQR�RWSRUQRVWD�QD�UDVSURVWLUDZH�R�QD�VWROERYLWH�SRVWDYHQL�YR�QDVHOH�
QLWH�PHVWD�� SRNUDM� SURPHWQLWH� SDWL^WD�� QD� REUDERWOLYL� SRYU^LQL� L� VHJGH� RQDPX
NDGH�^WR�H�L]YHVQD�PRCQRVWD�aRYHN�GD�GRMGH�YR�GRSLU�VR�VWROERW��GD�ELGH�OLPLWL�
UDQD�� 9R� QDEURHQLWH� VOXaDL� WDD� QH� VPHH� GD� MD� QDGPLQH� YUHGQRVWD� RZ �� GDGHQD� VR
L]UD]RW�

Z

Z
Z I

U
RR =≤ � �����

NDGH�^WR�H�
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UZ  = 125 V –�QDMYLVRN�GR]YROHQ�SRWHQFLMDO�QD�]D]HPMXYDaRW�

IZ  – VWUXMD�QD�]HPMRVSRMRW��A���NRMD^WR�WHaH�QL]�]D]HPMXYDaRW�

6WUXMDWD�IZ�^WR�ILJXULUD�YR�L]UD]RW�������YR�PUHCLWH�VR�L]ROLUDQD�QHXWUDOQD
WRaND� H� NDSDFLWLYQDWD� VWUXMD� QD� ]HPMRVSRMRW�� GRGHND� SDN� YR� PUHCLWH� NDM� NRL
QHXWUDOQDWD�WRaND�H� ]D]HPMHQD�SUHNX�NRPSHQ]DFLRQD�SULGX^QLFD�� IZ� H�SUHRVWDQDWD
VWUXMD�QD�]HPMRVSRMRW�

.DM� QDG]HPQLWH� YRGRYL� VQDEGHQL� VR� ]D^WLWQL� MDCLZD�� SRG� RWSRUQRVW� QD
UDVSURVWLUDZH�R�YR�WDD�VPLVOD�VH�SRGUD]ELUD�YNXSQDWD��HNYLYDOHQWQDWD��RWSRUQRVW
QD�]D]HPMXYDZHWR��XYDCXYDM`L�MD�WXND�L�YUVNDWD�VR�]D^WLWQRWR�MDCH�MDCLZD�

3UHaHNRUXYDZHWR�QD�YUHGQRVWD�RZ�RG��������SUHGYLGHQD�VR�3UDYLOQLNRW�[3]�VH
GR]YROXYD�VDPR�DNR�VH�SULPHQL�HGQD�RG�VOHGQLYH�PHUNL�

D� UHGRYQD�NRQWUROD�QD�L]RODWRULWH��L�WRD�QDMPDONX�HGQD^�JRGL^QR�

E� SULPHQD�QD�QHSURERMQL�PDVLYQL�LOL�VWDSHVWL�L]RODWRUL�

Y� YJUDGXYDZH�QD�XUHGL�]D�VLJQDOL]DFLMD�QD�]HPMRVSRMRW�L�QHSRVUHGQR�DYWRPDWVNR
LVNOXaXYDZH�QD�YRGRW�^WRP�`H�QDVWDQH�GHIHNW�

'RNRONX�H�]DGRYROHQD�UHODFLMDWD�������LOL�SDN�GRNRONX�H�SULPHQHWD�HGQD�RG
SUHWKRGQR�VSRPHQDWLWH�PHUNL��WRJD^�SRVHEQL�PHUNL�]D�QDPDOXYDZH�QD�QDSRQRW�QD
aHNRU��VSRUHG�3UDYLOQLNRW�[3]��QH�VH�SRWUHEQL�

������ =D]HPMXYDaL�YR�PUHCL�aLMD�QHXWUDOQD�WRaND�H�]D]HPMHQD
GLUHNWQR�LOL�SUHNX�PDOD�RWSRUQRVW

1DG]HPQLWH� YRGRYL� ^WR� t� SULSD_DDW� QD� PUHCD� aLMD� QHXWUDOQD� WRaND� H
GLUHNWQR�]D]HPMHQD�LOL�]D]HPMHQD�SUHNX�PDOD�RWSRUQRVW��PRUDDW�GD�LPDDW�XUHGL�]D
EU]R�DYWRPDWVNR�LVNOXaXYDZH�QD�]HPMRVSRMRW�NXVDWD�YUVND�NRL�VLJXUQR� MD�LVNOXaX�
YDDW�GHOQLFDWD�YR�GHIHNW�L�WDND� MD�RVWUDQXYDDW�RSDVQRVWD�RG�GHMVWYRWR�QD�QDSRQRW
QD� PHVWRWR� QD� ]HPMRVSRMRW��3ULWRD� VLWH� VWROERYL� RG� QDG]HPQLRW� YRG�� SR� SUDYLOR�
PRUDDW� GD� LPDDW� ]D]HPMXYDa� YR� IRUPD� QD� HGHQ� LOL� GYD� SUVWHQD� RNROX� WHPHORW� QD
VWROERW��.DM�VWROERYLWH�VR�UDVaOHQHWL�WHPHOL��VR�SUVWHQRW�SUVWHQLWH�VH�RSID`DDW
VLWH� WHPHOL� RG� VWROERW�� 1DMPDODWD� GODERaLQD� QD� YNRSXYDZHWR� QD� HOHPHQWLWH� RG
]D]HPMXYDaRW� H� h = 0,5 m�� D� RGGDOHaHQRVWD� QD� SUVWHQLWH� RG� WHPHORW�� RGQRVQR� RG
VWROERW�PRUD�GD�ELGH�WDNYD�^WR�GD�VH�SRVWLJQH�QDMSRYROQR�REOLNXYDZH�QD�SRWHQFL�
MDORW��YR�VNODG�VR�IRUPDWD�L�NRQVWUXNFLMDWD�QD�WHPHORW�QD�VWROERW�

'RNRONX� VWROERYLWH� VH� SRVWDYXYDDW� QD� WHUHQ� VR� JROHPD� VSHFLILaQD
RWSRUQRVW�YR�NRM�VR�UDFLRQDOQD�XSRWUHED�QD�PDWHULMDORW�QH�PRCDW�GD�VH�SRVWLJQDW
]DGRYROLWHOQL�UH]XOWDWL�YR�SRJOHG�QD�JROHPLQDWD�QD�RWSRUQRVWD�QD�UDVSURVWLUDZH�
3UDYLOQLNRW�[3]�GRSX^WD�WDNYLWH�VWROERYL�GD�QH�VH�]D]HPMXYDDW�

9R� SRJOHG� QD� ]D^WLWDWD� RG� RSDVHQ� QDSRQ� QD� PHVWRWR� QD� ]HPMRVSRMRW�� NDM
YDNYLWH�PUHCL�QH� WUHED� GD� VH� SUH]HPDDW� GUXJL� VSHFLMDOQL�PHUNL� RVYHQ� SUHWKRGQR
QDYHGHQLWH�

������ =D]HPMXYDZH�]D�]D^WLWD�RG�JURP

=D]HPMXYDaLWH�QD�VWROERYLWH�LPDDW�L�GUXJD�]DGDaD�−�GD�MD�RGYHGDW�QD�VWUXMDWD
QD�JURPRW�YR�]HPMDWD�SUL�SRMDYD�QD�DWPRVIHUVNR�SUD]QHZH�YR�QDG]HPQLRW�YRG��=D�GD
VH�QDPDOL�RSDVQRVWD�RG�SRYUDWHQ�SUHVNRN�YR�WRM�VOXaDM�SRWUHEQR�H��YR�VRJODVQRVW�VR
L]EUDQRWR L]RODFLRQR QLYR QD YRGRW� GD�VH�RSUHGHOL�PDNVLPDOQR�GR]YROHQDWD�RWSRU�
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QRVW�QD�UDVSURVWLUDZH��YRGHM`L�VPHWND�]D�]DaHVWHQRVWD�L�MDaLQDWD�QD�JURPRYLWH�YR
SRGUDaMHWR� QL]� NRH^WR� PLQXYD� WUDVDWD� RG� YRGRW�� EDUDQDWD� VLJXUQRVW� QD� YRGRW� L
]DaHVWHQRVWD�QD�GHIHNWLWH�

6SRUHG�3UDYLOQLNRW�[3]��SRYUDWHQ�SUHVNRN�QD�L]RODFLMDWD�QH�H�YHURMDWHQ�DNR
]D� JROHPLQDWD� QD� RWSRUQRVWD� QD� UDVSURVWLUDZH� QD� ]D]HPMXYDaRW� R� H� LVSROQHW
XVORYRW�������

u

i
u I

U
RR =≤ �����

NDGH�^WR�H�

Ru – RWSRUQRVW�QD�UDVSURVWLUDZH�QD�]D]HPMXYDaRW�QD�SRVPDWUDQLRW�VWROE��Ω��
QH�VPHWDM`L�MD�SULWRD�YUVNDWD�VR�]D^WLWQLWH�MDCLZD��GRNRONX�WLH�SRVWRMDW���

Ui  −�TSHRSWPMZ�YHEVIR�RETSR��kV) RE�M^SPEGMNEXE�RE�TSWQEXVERMSX�WXSPF�
Iu  −�WHPHQD�YUHGQRVW�QD�XGDUQDWD�VWUXMD�QD�JURPRW��kA)�]D�SRVPDWUDQLRW�VWROE�

3UL� L]ERURW� QD� WHPHQDWD� YUHGQRVW� QD� XGDUQDWD� VWUXMD� Iu� NDNR� RULHQWDFLMD
PRCDW�GD� SRVOXCDW� YUHGQRVWLWH� YR� WDEHODWD� I�� NRL�SRNDCXYDDW� NRONDYD� H� YHURMDW�
QRVWD�P��L]UD]HQD�YR����WHPHQDWD�XGDUQD�YUHGQRVW�QD�VWUXMDWD�QD�JURPRW�SUL�DWPRV�
IHUVNRWR�SUD]QHZH�GD�QH�MD�QDGPLQH�VRRGYHWQDWD�YUHGQRVW�Iu�NRMD^WR�VH�RWaLWXYD�RG
SUYDWD�UHGLFD�QD�RYDD�WDEHOD��3ULWRD��YUHGQRVWL�QD�VWUXMDWD�SRPDOL�RG����kA�VPHDW
GD�VH�]HPDDW�NDNR�PHURGDYQL�]D�GLPHQ]LRQLUDZH�VDPR�]D�YRGRYL�VR�QDSRQ�GR����kV�

7DEHOD�I�

�8IQIRE�ZVIHRSWX�RE�WXVYNEXE�Iu���kA
  5 10 15 20 30 40 50 60

�:IVSNEXRSWX�P�WXVYNEXE�Iu�HE�RI�FMHI�REHQMREXE��	
 14 40 62 79 91 95 98 99

2VQRYD�]D�XVYRMXYDZH�QD�WHPHQDWD�YUHGQRVW�QD�XGDUQDWD�VWUXMD�QD�JURPRW�Iu�VH
SRGDWRFLWH� ]D� ]DaHVWHQRVWD� QD� DWPRVIHUVNLWH� SUD]QHZD�� EURMRW� QD� GHQRYLWH� VR
JUPHCL�YR�JRGLQDWD�LOL�JRGL^QLRW�EURM�QD�XGDULWH�QD�JURP�QD�1 km2��GLVWULEXFLMDWD
QD� WHPHQDWD� YUHGQRVW� QD� VWUXMDWD� QD� JURPRW� L� VDNDQRWR� �XVYRHQRWR�� QLYR� QD
VLJXUQRVW�VR�RJOHG�QD�YHURMDWQLRW�EURM�QD�SRYUDWQL�SUHVNRFL�YR�HGQD�JRGLQD�

$NR� VR� ]D]HPMXYDZHWR� SUHGYLGHQR� VR� 3UDYLOQQLNRW�� VSRUHG� L]QHVHQRWR� YR
SUHWKRGQDWD�WRaND��QH�VH�SRVWLJQH�RWSRUQRVW�QD�UDVSURVWLUDZH�NRMD�`H�MD�REH]EHGL
EDUDQDWD�]D^WLWD�RG�DWPRVIHUVNL�SUHQDSRQL��SRWUHEQR�H�GD�VH�SRVWDYL�X^WH�HGHQ
SUVWHQ� RNROX� VLWH� WHPHOL� QD� VWROERW�� QD� GODERaLQD� ��m�� RGQRVQR� GD� VH� SRVWDYDW
]UDNRYLGQL� ]D]HPMXYDaL� VR� YNXSQD� GROCLQD� SULEOLCQR� HGQDNYD� QD� GROCLQDWD� QD
]D]HPMXYDaRW�YR�YLG�QD�SUVWHQ��DNR�H�WRD�SRSRYROQR��VR�RJOHG�QD�XVORYLWH�^WR�YOD�
GHDW�QD�WHUHQRW��$NR�QL�VR�RYD�QH�VH�SRVWLJQH�]DGRYROLWHOQD�RWSRUQRVW�NRMD�^WLWL
RG�SRYUDWHQ�SUHVNRN��VH�RVWDSXYD�RG�QDWDPR^QRWR�SRMDaXYDZH�QD�]D]HPMXYDaRW�

� 3UDYLOQLRW [3] GR]YROXYD GD VH VPHWD GHND �XGDUQDWD YUHGQRVW� QD RWSRUQRVWD QD UDVSURVWLUDZH QD ]D]HP�

MXYDaRW� VR NRMD WUHED GD VH RSHULUD SUL SUHVPHWNLWH QD DWPRVIHUVNLWH SUHQDSRQL� H SULEOLCQR HGQDNYD QD

RWSRUQRVWD QD UDVSURVWLUDZH ^WR VH GRELYD VR YRRELaDHQLWH PHUHZD VR QDL]PHQLaQD VWUXMD� LDNR WRD QH H

VRVHPD WDND�
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�� 35(60(789$:(�1$�=$=(0-89$A,7(

3RG� WHUPLQRW� SUHVPHWXYDZH� LOL� UH^DYDZH� QD� ]D]HPMXYDa� VH� SRGUD]ELUD
RSUHGHOXYDZH� QD� RWSRUQRVWD� QD� UDVSURVWLUDZH�R� RGQRVQR� SRWHQFLMDORW� U� QD� NRM
GRD_DDW� ]D]HPMXYDaRW� L� ]D]HPMHQLWH� PHWDOQL� GHORYL� SUL� RGYHGXYDZH� QD� VWUXMDWD�
NDNR�L�RSUHGHOXYDZH�QD�UDVSUHGHOEDWD�QD�SRWHQFLMDOLWH�SR�SRYU^LQDWD�QD�]HPMDWD
YR� QHJRYD� QHSRVUHGQD� EOL]LQD�� D� YR� WRM� NRQWHNVW� L� RSUHGHOXYDZH� SRWHQFLMDOQLWH

UD]OLNL� QD� aHNRU� L� GRSLU� ∆EA L�∆E' �� =D� UH^DYDZHWR� QD� RYRM� SUREOHP� H� UD]YLHQ
JROHP�EURM�PDWHPDWLaNL�PRGHOL�L�SRVWDSNL�NRL�RYR]PRCXYDDW�SR�SUHVPHWNRYHQ�SDW
GD� VH� GRELMDW�UH]XOWDWL� VR�PQRJX�YLVRND�WRaQRVW��3RVWRL�L� JROHP�EURM�IRUPXOL�L
HPSLULVNL� LOL� SROXHPSLULVNL� L]UD]L� NRL� VOXCDW� ]D� SULEOLCQR� SUHVPHWXYDZH� QD
NDUDNWHULVWLNLWH� QD� ]D]HPMXYDaLWH�� QR� L� QL]D� NRPSMXWHUVNL� RULHQWLUDQL� PHWRGL
NDNYL�^WR�VH�QSU��SRWHQFLMDOQLRW�PHWRGRW��PHWRGRW�QD�VUHGQL�SRWHQFLMDOL��PHWRGRW
QD�SDUFLMDOQL�SRYU^LQL�L�GU��7LH�WLH�ED]LUDDW�QD�WHRULMDWD�QD�SROHWR�SUL�^WR�MD
NRULVWDW� IRUPDOQDWD� DQDORJLMD� NRMD^WR� SRVWRL� SRPH_X� HOHNWURVWDWLaNRWR� L
VWDFLRQDUQRWR�VWUXMQR�SROH�L�GDYDDW�UH]XOWDWL�VR�RSUHGHOHQD�WRaQRVW�

3UHVPHWXYDZHWR� QD� VORCHQLWH� ]D]HPMXYDaL� VR� SURL]YROQD� JHRPHWULMD� L
GLPHQ]LL� RELaQR� VH� YU^L� VR� SULPHQD� QD� QHNRMD� QXPHULaND� SRVWDSND� ED]LUDQD� QD
SULPHQDWD� QD� 0DNYHORYLWH� UDYHQNL� ]D� SUHVPHWXYDZH� QD� NYD]LVWDFLRQDUQRWR
VWUXMQR� SROH� YR� ]HPMDWD�� VR]GDGHQR� RG� VRRGYHWHQ� EURM� SUDYROLQLVNL� HOHPHQWL
�HOHNWURGL�� VR� NRL� VH�PRGHOLUD� VDPLRW� ]D]HPMXYDa��.RJD� VWDQXYD� ]ERU� ]D� VORCHQL
]D]HPMXYDaL�VRVWDYHQL�RG�JROHP�EURM�HOHPHQWL�YR�IRUPD�QD�OHQWL��MDCLZD��PHWDOQL
FHYNL�L�VOLaQL�HOHPHQWL��D�SULWRD�YNXSQDWD�GROCLQD�QD�]D]HPMXYDaRW�QH�QDGPLQXYD
����PHWUL��NDNR�QDMSRJRGHQ�VH�SRNDCDO�PHWRGRW�QD�VUHGQL�SRWHQFLMDOL��1HJRYDWD
WRaQRVW�H�RVREHQR�JROHPD�NRJD�]D]HPMXYDaRW�PRCH�GD�VH�SUHWVWDYL�NDNR�PQRCHVWYR
RG� SUDYROLQLVNL� HOHPHQWL� aLL� GROCLQL� VH� ]QDaLWHOQR� SRJROHPL� RG� QLYQLWH
QDSUHaQL� GLPHQ]LL��7RM� QH� YQHVXYD� QLNDNYL� RJUDQLaXYDZD� YR� SRJOHG� QD� GLPHQ]LR�
QDOQRVWD�QD�SUREOHPRW�L�JHRPHWULMDWD�QD�VDPLRW�]D]HPMXYDa�L�SULID`D�ELOR�NDNYD
]DHPQD� SRORCED� QD� QHJRYLWH� HOHPHQWL� YR� SURVWRURW�� 6DPLRW� PHWRG� QD� VUHGQL
SRWHQFLMDOL�H�GRVWD�RS^LUQR�RSL^DQ�QSU��YR�[10]��[11]�L�[12]��9U]�RVQRYD�QD�QHJR��QD
(OHNWURWHKQLaNLRW� IDNXOWHW� YR� 6NRSMH� YR� ����� J�� H� L]JRWYHQD� NRPSMXWHUVND
SURJUDPD�QDUHaHQD��ZAZEM" �[11]��QDPHQHWD�]D�UH^DYDZH�QD�VORCHQL�]D]HPMXYDaL�VR
SUL]YROQL�GLPHQ]LL�L�SURL]YROQD�JHRPHWULMD�

%LGHM`L�GHQHV�QD�VHNRM�SURHNWDQW�PX�H�GRVWDSHQ�VRYWYHU�]D�WDNRY�LOL�VOLaHQ
YLG�REUDERWND��RWSD_D�SRQDWDPX�SRWUHEDWD�]D�SULEOLCQR�SUHVPHWXYDZH�QD�]D]HPMX�
YDaLWH� VR�SRPR^�QD�QHNRJD^�^LURNR�NRULVWHQLWH�HPSLULVNL�IRUPXOL� ]D� SUHVPH�
WXYDZH�QD�VORCHQLWH�NRQILJXUDFLL�]D]HPMXYDaL��6HSDN��YR� [16]�VH�GDGHQL�QHNRL�RG
QLY�� NRL� VH� RGQHVXYDDW� QD� QDMaHVWR� XSRWUHEXYDQLWH� HOHPHQWDUQL� WLSVNL� IRUPL
]D]HPMXYDaL�^WR�VH�SULPHQXYDDW�NDM�QDV�]D�L]YHGED�QD�]D]HPMXYDaLWH�QD�QDG]HPQLWH
YRGRYL�L� NRL� VH� YSURaHP� SUHGYLGHQL� VR� WHKQLaNDWD� SUHSRUDND�73���� QD�(36� [13].
3RNUDM� WRD�� YR� [16]� VH� SULNDCDQL� L� RVQRYQLWH� SDUDPHWUL� QD� SRJROHP� EURM� WLSVNL
IRUPL�]D]HPMXYDaL�QD�VWROERYLWH�RG�QDG]HPQLWH�YRGRYL�

6R�SUHVPHWNLWH�QD�RWSRUQRVWD�QD�UDVSURVWLUDZH�QD�SUHWKRGQR� VSRPHQDWLWH
WLSVNL�IRUPL�]D]HPMXYDaL�QD�VWROERYLWH�RG�QDG]HPQLWH�YRGRYL��YR�RVQRYD�VH�GRD_D
GR�VOHGQLWH�RS^WL�NRQVWDWDFLL�

� JROHPLQDWD� QD� SUHVHNRW�SUHaQLNRW� QD� HOHPHQWLWH� �HOHNWURGLWH�� RG� NRL� H
L]YHGHQ� ]D]HPMXYDaRW� LPD� VRVHPD� QH]QDaLWHOQR� YOLMDQLH� YU]� NRQVWDQWLWH� QD
]D]HPMXYDaRW� �RWSRUQRVW� QD� UDVSURVWLUDZH� R� L� SRWHQFLMDOQLWH� UD]OLNL� QD
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aHNRU�∆EA� L� GRSLU�∆E'�� SRUDGL�^WR� SUHVHNRW� WUHED� GD� VH� XWYUGXYD� VDPR� YU]
RVQRYD�QD�WHUPLaNLRW�NULWHULXP�L�SRWUHELWH�]D�]D^WLWD�RG�NRUR]LMD�

� GODERaLQDWD�QD�]DNRSXYDZH�QD�]D]HPMXYDaLWH�h�LVWR�WDND�LPD�PDOR�YOLMDQLH�YU]
SDUDPHWDURW�R��=DWRD�GODERaLQDWD�h�WUHED�GD�VH�L]EHUH�WDND�^WR�QHSRVUHGQDWD
RNROLQD� QD� ]D]HPMXYDaRW� `H� VRGUCL� GRYROQR� NROLaHVWYR� YODJD� SUHNX� FHODWD
JRGLQD��QR�LVWR�WDND�]D]HPMXYDaRW�WUHED�GD�ELGH�L�YR�]LPVNLRW�SHULRG�QDGYRU
RG� VORMRW� ]HPMD� ^WR� ]DPU]QXYD�� 1DHGQR�� WXND� WUHED� GD� VH� YRGL� VPHWND� L� ]D
PRCQRVWD� ]D� PHKDQLaNR� R^WHWXYDZH� QD� ]D]HPMXYDaRW� NRJD� H� WRM� ]DNRSDQ� YR
REUDERWOLYR� ]HPML^WH�� WDND�^WR�H�SUHSRUDaOLYR�� VWDQGDUGQDWD� GODERaLQD�QD
]DNRSXYDZH� GD� ELGH� QDMPDONX� �,5 m�� GRGHND� QD� REUDERWOLYLWH� SRYU^LQL�� WDD
WUHED�GD�L]QHVXYD�QDMPDONX�0,8 m�

� YR� VOXaDMRW� QD� SULPHQDWD� QD� ]UDNDVWLWH� ]D]HPMXYDaL� QH� H� UDFLRQDOQR� GD� VH
NRULVWDW�SRYH`H�RG���NUDFL��D�QLYQDWD�GROCLQD�QH�WUHED�GD�QDGPLQXYD�SRYH`H
RG�40 m�

�� ,=%25�1$�7,3�,�',0(1=,,�1$�=$=(0-89$A,7(

���� 0HUHZH�QD�VSHFLILaQDWD�RWSRUQRVW�QD�WORWR

2VQRYD�]D�SUHVPHWND�L�L]ERU�QD�HGHQ�]D]HPMXYDa�H�SR]QDYDZH�QD�NDUDNWHULV�
WLNLWH�QD�WORWR��YR�SUY�UHG�SR]QDYDZHWR�QD�JHROR^NLRW�VRVWDY�QD�WORWR�L�QHJRYDWD

VSHFLILaQD�RWSRUQRVW�ρ��=DWRD��SUHG�GD�VH�SULVWDSL�NRQ�L]ERURW�QD�WLSRW�L�GLPHQ�
]LLWH�QD�VHNRM�]D]HPMXYDa��QHRSKRGQR�H�GD�VH�L]PHUL��LOL�SDN�SURFHQL�YUHGQRVWD�QD

VSHFLILaQDWD�RWSRUQRVW�ρ�QD�WORWR�YR�NRH�WRM�`H�ELGH�SRVWDYHQ�
*HROR^NLRW� VRVWDY� L� VWUXNWXUDWD� QD� WORWR� ]QDaLWHOQR� YOLMDDW� YU]� JROHPL�

QDWD� QD� QHJRYDWD� HOHNWULaQD� VSURYRGQRVW�� 1DMGREUL� VSURYRGQLFL� QD� HOHNWULaQD
VWUXMD�VH�PRaXUOLYLWH�SRaYL�NDNR�L�SRaYLWH�NRL�VRGUCDW�JOLQD��KXPXV�L�VO���GRGHND
NDPHQLWRWR� WOR� H� YR� WDD� VPLVOD� QDMQHSRYROQR�� 2ELaQR�� SRaYDWD� H� VRVWDYHQD� RG
SRYH`H�VORHYL�VR�UD]OLaHQ�VRVWDY�L�GHEHOLQD�L�PQRJX�H�UHGRN�VOXaDMRW�NRJD�]HPMDWD
LPD� KRPRJHQ� VRVWDY�� 'XUL� L� YR� UHODWLYQR� KRPRJHQLWH� JHROR^NL� VWUXNWXUL�� NRJD
WORWR� H� VRVWDYHQR� RG� HGQD� HGLQVWYHQD� YUVWD� SRaYD�� SRUDGL� UD]OLaQLRW� VWHSHQ� QD
SRUR]QRVW� �QDELHQRVW�� L� UD]OLaQRWR� NROLaHVWYR� QD� YODJD� YR� ]HPMDWD�� PRCQL� VH

JROHPL�UD]OLNL�QD�YUHGQRVWD�QD�VSHFLILaQDWD�RWSRUQRVW�ρ�RG�ORNDFLMD�GR�ORNDFLMD�
7UDVLWH� RG� QDG]HPQLWH� YRGRYL�� SR� SUDYLOR�� PLQXYDDW� QL]� WHUHQL� QD� NRL� VH

PHQXYDDW�JHROR^NLWH�VWUXNWXUL�QD�WORWR��=DWRD��QH�H�PRCQR��QLWX�SDN�H�SUDYLOQR�
GLPHQ]LRQLUDZHWR� QD� ]D]HPMXYDaLWH� QD� VWROERYLWH� GD� VH� YU^L� YU]� RVQRYD� QD� HGQD
HGLQVWYHQD� SURVHaQD� YUHGQRVW� QD� VSHFLILaQDWD� RWSRUQRVW� QD� WORWR�� SURFHQHWD
SUHNX� VRVWDYRW� QD� WORWR� GRELHQ� VR� XYLG� QD� OLFH� PHVWR� SR� GROCLQDWD� QD� WUDVDWD�
3RWUHEQR�H��]QDaL��]D�VHNRM�QRYRSURHNWLUDQ�GDOHNXYRG��]D�VHNRH�VWROEQR�PHVWR��LOL
EDUHP� ]D� NDUDNWHULVWLaQLWH� VWROEQL� PHVWD�� VR� PHUHZH� GD� VH� XWYUGL� YUHGQRVWD� QD

VSHFLILaQDWD�RWSRUQRVW�ρ�
6R� PHUHZHWR� QH� VH� XWYUGXYD� VDPR� VUHGQDWD� �LQWHJUDOQDWD�� YUHGQRVW� QD

VSHFLILaQDWD�RWSRUQRVW�WXNX�L�GHEHOLQDWD�QD�RGGHOQLWH�VORHYL��YR�VOXaDMRW�NRJD�VH
UDERWL�]D�KRUL]RQWDOQR�XVORHQR�WOR��3RGRFQD��VR�NRULVWHZH�QD�UH]XOWDWLWH�RG�RYLH
PHUHZD�NDNR�L� VR�NRULVWHZH�QD�LVNXVWYDWD�RG� JHRPHKDQLaNLWH�SURVSHNFLL�^WR� VH
YU^DW�QD�RGGHOQLWH�VWROEQL�PHVWD�]D�SRWUHELWH�QD�GLPHQ]LRQLUDZHWR�QD�WHPHOLWH
QD� VWROERYLWH�� VH� XWYUGXYD� SRGHWDOQR� JHROR^NLRW� VRVWDY� QD� WORWR�� 0HUHZHWR� QD
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YUHGQRVWD�QD�VSHFLILaQDWD�RWSRUQRVW�ρ�YR�GHQH^QR�YUHPH�VH�VSURYHGXYD�VR�PHWRGL
]D�JHRHOHNWULaQR�VRQGLUDZH��0H_X�QDMSR]QDWLWH�RG�QLY�VH�>OXPEHUJHURYLRW�PHWRG
(Schlumberger) [4] L�9HQHURYLRW��Wenner��PHWRG�[5], [10]�

3UL� RUJDQL]LUDZHWR� QD� PHUHZDWD� QD� VSHFLILaQDWD� RWSRUQRVW� QD� WORWR� ρ
UHGRYQR�VH�SRVWDYXYD�SUD^DZHWR�GDOL�PHUHZDWD�GD�VH�YU^DW�QD�VLWH�VWROEQL�PHVWD�
LOL�SDN�VDPR�QD�W�Q���UHSUH]HQWDWLYQL��PHVWD�GROC�WUDVDWD�RG�YRGRW��9R�SRVOHGQLRY
VOXaDM� QDMQDSUHG� VH� YU^L� L]ERU� QD� RSUHGHOHQ� EURM� VWROEQL� PHVWD� NRL� PRCDW� VR
JROHPD�VLJXUQRVW�GD�MD�SUHWVWDYXYDDW�JHROR^NDWD�VWUXNWXUD�QD�WORWR�]D�ORNDOQLRW
GHO�RG�WUDVDWD�^WR�VH�QDR_D�YR�QLYQDWD�EOL]LQD��7DND��QD�SULPHU��QDPHVWR�QD�VHNRH
VWROEQR�PHVWR�� PRCHPH� GD� RUJDQL]LUDPH� PHUHZD� QD� VHNRH� YWRUR�� WUHWR� LOL� SHWWR
VWROEQR�PHVWR��6H�UD]ELUD��WDND�`H�SRVWDSLPH�GRNRONX�SUHWKRGQR�VPH�RFHQLOH�GHND

VSHFLILaQDWD�RWSRUQRVW�QD�WORWR�ρ�QD�GHORW�RG�WUDVDWD�SRPH_X�GYHWH�VRVHGQL�PHUQL
PHVWD� ELWQR� QH� VH� PHQXYD� L� PRCH� VR� ]DGRYROLWHOQD� VLJXUQRVW� GD� VH� SURFHQL� YU]
RVQRYD�QD� WDNYLWH�PHUHZD��9DNDYDWD� SRVWDSND� VR� L]ERU� QD� UHSUH]HQWDWLYQL�PHVWD
GROC�WUDVDWD�H�QDMaHVWR�SULIDWOLYD��6HSDN��YR�WHUHQLWH�VR�aHVWL�SURPHQL�QD�ELWQR
UD]OLaQLWH� JHROR^NL� VWUXNWXUL� QD� WORWR� GROC� WUDVDWD�� HGLQVWYHQR� LVSUDYQR

UH^HQLH�`H�ELGH�PHUHZH�QD�VSHFLILaQDWD�RWSRUQRVW�ρ��QD�VHNRH�VWROEQR�PHVWR�

���� ,]ERU�QD�PDWHULMDO�]D�L]UDERWND�QD�]D]HPMXYDaLWH�QD�VWROERYLWH

=D]HPMXYDaLWH� QD� HOHNWURHQHUJHWVNLWH� REMHNWL� QDMaHVWR� VH� L]UDERWXYDDW� RG
SRFLQNXYDQR� NDOHQR� CHOH]R�� EDNDU�� SRRORYHQR� L� SREDNDUHQR� CHOH]R�� D� YR� QHNRL
VOXaDL� VH� SULPHQXYDDW� L� GUXJL� PDWHULMDOL� �OHVQL� PDWHULMDOL��� =D]HPMXYDaLWH� RG
CHOH]R�WUHED�GD�LPDDW�SRJROHP�SUHVHN�L�SRJROHPD�GHEHOLQD�SRUDGL�QHVWDELOQRVWD
QD� CHOH]RWR� YR� ]HPMD� �YOLMDQLH� QD� UD]QL� KHPLVNL� SURL]YRGL� L� RWSDGRFL�� ELGHM`L
OHVQR� GRD_D� GR� QHJRYD� NRUR]LMD� L� VNUDWXYDZH� QD� QHJRYLRW� YHN�� 2YD� VH� RGQHVXYD
RVREHQR�QD�aHOLaQLWH�MDCLZD�NDM�NRL�SRUDGL�JROHPDWD�GRSLUQD�SRYU^LQD�VR�]HPMDWD
L�SURGLUDZHWR�QD�YODJD�YR�YQDWUH^QRVWD�QD�CLFLWH��NRUR]LMDWD�PX�H�]JROHPHQD�

=DYLVQR� RG� VUHGLQDWD� YR� NRMD� VH� SRORCXYDDW� ]D]HPMXYDaLWH� �aLVWD�� VXYD
YODCQD��DJUHVLYQD��EU]LQDWD�QD�SRMDYD�QD�NRUR]LMD�`H�ELGH�UD]OLaQD��3ULVXVWYRWR
QD� JDVRYLWH� O2, SO2, CO2� L� GU�� YR� WORWR� MD� ]DEU]XYDDW� L� SRPDJDDW� NRUR]LMDWD� QD
SRFLQNXYDQRWR�CHOH]R�L�VR�WRD�PX�JR�VNUDWXYDDW�CLYRWQLRW�YHN��$NR�WHQNLRW�VORM
FLQN�H�QDJUL]HQ�L�QHNYDOLWHWHQ��WRJD^�]D]HPMXYDaRW�EU]R�`H�ELGH�XQL^WHQ�ELGHM`L
QH]D^WLWHQRWR�CHOH]R�`H�NRURGLUD�VDPR�]D�QHNRONX�JRGLQL�

%DNDURW�H� ]QDaLWHOQR�SRRWSRUHQ�QR�L�L�SRVNDS�PDWHULMDO��3RUDGL�QHJRYDWD
KHPLVND�VWDELOQRVW��SRQHNRJD^�PX�VH�GDYD�SUHGQRVW�YR�RGQRV�QD�GUXJLWH�PDWHULMDOL�
%DNDUQLWH�VSURYRGQLFL�QDMaHVWR�VH�NRULVWDW�]D�]D]HPMXYDZH�YR�SRVWURMNLWH�VR�YLVRN
QDSRQ�� 3UL� QLYQRWR� JDOYDQVNR� VSRMXYDZH� VR� CHOH]QL�� RORYQL� LOL� SRFLQNXYDQL
VSURYRGQLFL� GRD_D� GR� SRMDYD� QD� JDOYDQVNL� HOHPHQW� NRM� VR]GDYD� VWUXMD�^WR� `H� WHaH
SUHNX�VSRMRW�YR�]HPMDWD��3ULWRD�GRD_D�GR�HOHNWUROLWVNR�RGYHGXYDZH�QD�PDWHULMDORW
L� VODEHHZH� QD� SUHVHNRW� QD� VSURYRGQLNRW�� D� WRD� VR� WHNRW� QD� YUHPHWR� PRCH� GD
SUHGL]YLND�GXUL�L�SUHNLQ�QD�VSRMRW�

/HVQLWH�L�SRRORYHQLWH�PHWDOL�VH�NRULVWDW�VDPR�YR�QHNRL�VSHFLMDOQL�VOXaDL
NRJD� QH� H� PRCQR� GD� VH� XSRWUHEDW� JRUHVSRPHQDWLWH� PHWDOL�� 7DNRY� H�� QD� SULPHU�
VOXaDMRW�NRJD�YR�WORWR�SRVWRMDW�KHPLVNL�DJUHVLYQL�PDWHULL�NRM�JL�UD]RUXYDDW�JRUH�
VSRPHQDWLWH�PHWDOL��6HSDN��WLH�QH�VH�SULPHQXYDDW�WDND�HGQRVWDYQR�EH]�SUHWKRGQR
GD� VH� SURXaDW� RNROQRVWLWH� NRL� MD� XVORYLOH� QLYQDWD� SULPHQD�� QR� DNR� XSRWUHELPH
]D]HPMXYDaL�RG�OHVQL�PDWHULMDOL��QLYQLWH�HOHNWULaQL�L�PHKDQLaNL�RVRELQL�WUHED�GD
VRRGYHWVWYXYDDW�QD�RVRELQLWH�QD�VSURYRGQLFLWH�RG�EDNDU��L]QHVHQL�YR�WDEHOD�II �



10

7DEHOD�II ��1DMPDOLWH�GR]YROHQL�SUHVHFL�QD�]D]HPMXYDaLWH��VSRUHG�3UDYLOQLNRW�[3]

3RFLQNXYDQ�aHOLN %DNDU

/HQWD�VR�SUHVHN�100 mm��VR
GHEHOLQD�QDMPDONX�3,5 mm

/HQWD�VR�SUHVHN�50 mm��QR�QH
SRWHQND�RG�2 mm

7UNDOH]HQ�aHOLN�VR�SUHaQLN�10 mm -DCH�VR�SUHVHN�35 mm�

&HYND�VR�SUHaQLN�38 mm�L�GHEHOLQD
QH�SRPDOD�RG�3,5 mm

&HYND�VR�SUHaQLN�30 mm��VR
GHEHOLQD�QH�SRPDOD�RG�2,5 mm

$JROQLN�65 mm x 65 mm x 7 mm

3URILO��U 6,5��RGQRVQR�T 6�LOL
GUXJL�VRRGYHWQL�SURILOL

(OHPHQWLWH� RG� NRL� H� L]YHGHQ� ]D]HPMXYDaRW� PRCDW� GD� ELGDW� L]UDERWHQL� RG�
YDOaHVWR� CHOH]R�� FHYNL�� OHQWL�� MDCLZD� L� UD]QL� SURILOL�� ]DYLVQR� RG� WRD� VR� ^WR
UDVSRODJDPH� YR� GDGHQDWD� VLWXDFLMD�� NDNYL� VH� NDUDNWHULVWLNLWH� QD� WORWR� L� NDNYD
YUHGQRVW�RWSRUQRVWD�QD�UDVSURVWLUDZH�QD�]D]HPMXYDaRW�VDNDPH�GD�SRVWLJQHPH�

6SRUHG� QDaLQRW� QD� SRODJDZH� QD� HOHPHQWLWH�� ]D]HPMXYDaLWH� NRL� VH� SULPH�
QXYDDW� NDM� QDG]HPQLWH� YRGRYL� VH� GHODW� QD� KRUL]RQWDOQL� L� YHUWLNDOQL�� 6SRUHG
REOLNRW�QD� VDPLWH� ]D]HPMXYDaL�� WLH� VH� GHODW�QD� SUVWHQHVWL�L� ]UDNDVWL� �\YH]GHVWL��
9R� QD^DWD� SUDNWLND� QDMaHVWR� VH� SULPHQXYDDW� KRUL]RQWDOQLWH� ]D]HPMXYDaL�� GRGHND
YHUWLNDOQLWH�]D]HPMXYDaL��VRQGL��NDM�QDG]HPQLWH�YRGRYL�VH�NRULVWDW�PQRJX�SRUHWNR
L� WRD� VDPR� YR� QHNRL� VSHFLMDOQL� VOXaDL�� NRJD� ]HPMDWD� H� VORHYLWD� L� NRJD� GROQLWH
VORHYL� LPDDW� ]QDaLWHOQR� SRPDOD� VSHFLILaQD� RWSRUQRVW� YR� RGQRV� QD� JRUQLRW� VORM
LOL� SDN� NRJD� SURVWRURW� ]D� L]YHGED� QD� VDPLRW� ]D]HPMXYDa� H� PQRJX� RJUDQLaHQ�� SD

SRVWLJDZHWR� QD� PDOD� RWSRUQRVW� H� PRCQD� VDPR� VR� �RGHZH� QDGROX�� −� YR� GODELQD�
+RUL]RQWDOQLWH�]D]HPMXYDaL�QDMaHVWR�VH�L]YHGXYDDW�RG�SRFLQNXYDQL�aHOLaQL�OHQWL
LOL� SDN� RG� SRFLQNXYDQR� �SRRORYHQR�� YDOaHVWR� CHOH]R�� D� YR� QHNRL� VOXaDL� VH
SULPHQXYD�L�EDNDUQR�MDCH��=DUDGL�]D^WLWD�RG�NRUR]LMD�YR�WHNRW�QD�HNVSORDWDFLMDWD
NDNR� L� ]DUDGL� ]D^WLWD� RG� WHUPLaNR� SUHRSWRYDUXYDZH� YR� UHCLPRW� QD� NXVD� YUVND
RGQRVQR�]HPMRVSRM�� SURSL^DQL� VH�PLQLPDOQLWH�YUHGQRVWL�QD�SUHVHFLWH�QD� ]D]HPMX�
YDaLWH�RG�QDG]HPQLWH�YRGRYL� �WDEHOD� II���9R�SRJOHG�QD�L]ERURW�QD�PDWHULMDOLWH�]D
L]YHGED� QD� ]D]HPMXYDaLWH� QD� VWROERYLWH� YR� XVORYL� NRJD� SRUDGL� DJUHVLYQRVWD� QD
WORWR�H�PRCQD�QLYQD�]DVLOHQD�NRUR]LMD��SURSLVLWH�QH�GDYDDW�SRVHEQL�NULWHULXPL�
RVYHQ� SUHSRUDNDWD�� JRUHVSRPHQDWLWH� SUHVHFL� GD� VH� ]JROHPDW� ]D� RNROX� ���� NRJD
VWDQXYD�]ERU�]D�QHSRFLQNXYDQ�LOL�OR^R�SRFLQNXYDQ�aHOLN��CHOH]R��

���� ,]ERU�QD�NRQILJXUDFLMD�L�WLS�QD�]D]HPMXYDaRW

,]ERURW� QD� NRQILJXUDFLMDWD� L� GLPHQ]LLWH� QD� ]D]HPMXYDaLWH� RG� QDG]HPQLWH
YRGRYL�VH�YU^L�

D� YU]�RVQRYD�QD�SR]QDWDWD�YUHGQRVW�QD�VWUXMDWD�QD�HGQRID]QD�N��YUVND�]HPHQ�VSRM�

E� YU]� RVQRYD� QD� L]EUDQDWD� YUHGQRVW� QD� VWUXMDWD� QD� JURPRW� YR� VWROERW� LOL� YR
]D^WLWQRWR�MDCH�EOLVNX�GR�VWROERW��^WR�H�VYU]DQR�VR�QHNRH�RGQDSUHG�XVYRHQR
QLYR�QD�UL]LN�]D�LVSDG�QD�YRGRW�SRG�GHMVWYR�QD�DWPRVIHUVNLWH�SUHQDSRQL�

0RCH� GD� VH� NDCH� GHND� WHKQLaNDWD� SUHSRUDND� [13]� YR� RVQRYD� GDYD� GREUL
VPHUQLFL�NRL�PX�SRPDJDDW� QD� SURHNWDQWRW�SUL�L]ERURW�QD� WLSRW�L� GLPHQ]LLWH�QD



11

]D]HPMXYDaRW��6HSDN�� YR� RVQRYD�� SUL� L]ERURW� QD� WLSRW� QD� ]D]HPMXYDaRW� WUHED� GD� VH
YRGL�VPHWND�]D�VOHGQRWR�

,]ERURW� QD� NRQWXUQLWH� L� SUVWHQHVWLWH� ]D]HPMXYDaL� H� VYU]DQ� VR� XVORYLWH� ]D
]D^WLWD� RG� SUHYLVRNLWH� QDSRQL� QD� GRSLU� L� aHNRU�� 3ULWRD� VR� SRJRGHQ� L]ERU� QD
VRRGYHWQD�NRQILJXUDFLMD��HGHQ�LOL�GYD�SUVWHQD��XSRWUHED�QD�GRSROQLWHOQL�KRUL]RQ�
WDOQL�NUDFL�L�VO���L�VR�SRJRGHQ�L]ERU�QD�GLPHQ]LLWH�L�GODERaLQDWD�QD�]DNRSXYDZH
QD� ]D]HPMXYDaRW�� SURHNWDQWRW� VH� WUXGL� GD� MD� SRVWLJQH� EDUDQDWD� YUHGQRVW� QD
RWSRUQRVWD� QD� UDVSURVWLUDZH� R� QR� L� GD� REH]EHGL� QDMSRYROQD� UDVSUHGHOED� QD
SRWHQFLMDOLWH� YR� RNROLQDWD� QD� SRVPDWUDQRWR� VWROEQR� PHVWR�� 3UL� YDNYLRW� L]ERU
SURHNWDQWRW� PRCH� GD� VH� VOXCL� L� VR� UD]QL� WDEHOL� �QSU�� [16]�� YR� NRL� VH� GDGHQL
RWSRUQRVWLWH�QD�UDVSURVWLUDZH�R�L�GUXJLWH�NDUDNWHULVWLNL�QD�JROHP�EURM�WLSVNL
]D]HPMXYDaL�QD�VWROERYL�

=UDNDVWLWH�]D]HPMXYDaL�VH�L]ELUDDW�YR�XVORYL�YR�NRJD�HGLQVWYHQ�NULWHULXP�]D
QLYQLRW�L]ERU�L�GLPHQ]LRQLUDZH�H�]D^WLWDWD�QD�YRGRW�RG�DWPRVIHUVNL�SUHQDSRQL�
6R� GUXJL� ]ERURYL�NDCDQR�� WLH� VH� SULPHQXYDDW� WRJD^�NRJD� SRUDGL� YLVRNDWD� VSHFL�
ILaQD� RWSRUQRVW� QD� WORWR� LOL� SRUDGL� UHODWLYQDWD� QHSULVWDSQRVW� GR� VWROEQRWR
PHVWR��QH�VH�EDUD�QLNDNYD�]D^WLWD�RG�GHMVWYXYDZHWR�QD�QDSRQRW�QD�aHNRU�GRSLU�QD
OLFH�PHVWR��%URMRW�QD�NUDFLWH�QD� ]UDNDVWLRW� ]D]HPMXYDa� VH� RGELUD� WDND�^WR� GD� VH
YRGL�VPHWND�]D�UHDOQLWH�XVORYL�L�PRCQRVWD�]D�QLYQRWR�SRODJDZH�QD�WHUHQRW��QR�L

YU]�RVQRYD�QD�YUHGQRVWD�QD�RWSRUQRVWD�ρ�QD�SRVPDWUDQRWR�VWROEQR�PHVWR��1LYQDWD
GROCLQD�VH�RGELUD�YRGHM`L�VPHWND�]D�XVORYRW�]D�EH]RSDVQRW�������RGQRVQR�XVORYRW�QD
]D^WLWD� RG� SRYUDWHQ� SUHVNRN�� YR� VNODG� VR� UHODFLMDWD� ������ SUL� ^WR� H� NRULVQR� L
UDFLRQDOQR�GD�VH�XSRWUHEXYDDW�SRGDWRFLWH�RG�JRWRYL�WDEHOL�

>WR�VH�RGQHVXYD�GR�GLOHPDWD�GDOL�QD�WHUHQ�VR�YLVRND�VSHFLILaQD�RWSRUQRVW
GD� VH� SUHGYLGL� ]D]HPMXYDa� VR� �� LOL� SDN� VR� �� NUDFL�� WUHED� GD� VH� LPD� SUHGYLG� GHND
]D]HPMXYDaRW� VR� �� NUDFL� SUHWVWDYXYD� SRUDFLRQDOQR� L� SRHNRQRPLaQR� UH^HQLH�
8SRWUHEDWD�QD�aHWYUWLRW�NUDN�LPD�RSUDYGXYDZH�VDPR�WRJD^�NRJD��PH_X�GUXJRWR��VH
VDND� GD� VH� SRVWLJQH� SRSRYROQD� UDVSUHGHOED� QD� SRWHQFLMDOLWH� YR� RNROLQDWD� QD
VWROEQRWR�PHVWR�

3RVOH�SRODJDZHWR�QD�]D]HPMXYDaRW�YR�URYRW��WRM�VH�]DWUXSXYD�VR�VDPLRW�LVNRS
GRNRONX�WRM�QH�VRGUCL�PDWHULMDOL�VR�YLVRND�VSHFLILaQD�RWSRUQRVW� �^XW��NDPHZD�
aDNDO�L�VO����9R�VSURWLYQR��]DWUXSXYDZHWR�WUHED�GD�VH�L]YU^L�VR�PDWHULMDO�NRM�LPD
GREUD�HOHNWULaQD�VSURYRGQRVW��.RJD�QD�RNROQLRW�WHUHQ�QH�H�PRCQR�]D�WDD�FHO�GD�VH
REH]EHGL� GRYROQR� NROLaHVWYR� GREUR� VSURYRGQD� ]HPMD�� D� XVORYLWH� ]D� VLJXUQRVW� L
EH]RSDVQRVW� EDUDDW� QDPDOXYDZH� QD� RWSRUQRVWD� QD� UDVSURVWLUDZH� QD� ]D]HPMXYDaRW�
WRJD^�H�SUHSRUDaOLYR�GD�VH�LVSLWD�RSUDYGDQRVWD�]D�SULPHQD�QD�PDWHULMDOL�VR�GREUD
HOHNWULaQD� VSURYRGQRVW� NDNRY� ^WR� H�� QD� SULPHU�� EHQWRQLWRW�� 1HJRYDWD� SULPHQD
GDYD�GREUL�WHKQLaNL�HIHNWL�ELGHM`L�QD�WRM�QDaLQ�VH�QDPDOXYD�QH�VDPR�RWSRUQRVWD�QD
UDVSURVWLUDZH�QD�]D]HPMXYDaRW��WXNX�L�QDSRQLWH�QD�GRSLU�L�aHNRU��7DND��QD�SULPHU�
YR� [2]� VH� QDYHGXYD� GHND� VR� SULPHQD� QD� EHQWRQLWRW� NDM� YHUWLNDOQLWH� ]D]HPMXYDaL
�VRQGL�� SRORCHQL� YR� WOR� VR� YLVRND� VSHFLILaQD� RWSRUQRVW� ρ�� RWSRUQRVWD� QD
UDVSURVWLUDZH�QD�]D]HPMXYDaRW�R� VH�QDPDOXYD�]D���GR���SDWL��'R�VOLaQL�]DNOXaRFL
�GRELHQL� SR� HNVSHULPHQDWOHQ� SDW� QD� SUREQL� SROLJRQL� YR� 6)5-�� VH� GR^OR� L� YR
VOXaDMRW�NRJD�H�SULPHQXYDQ�EHQWRQLW�NDM�]UDNDVWLWH�]D]HPMXYDaL�SRVWDYHQL�YR�WOR�VR

VSHFLILaQD�RWSRUQRVW�ρ > 500 Ωm��.DM�QLY�H�SRVWLJQDWR�QDPDOXYDZH�QD�RWSRUQRVWD
R� GXUL� L� ]D� GYD� SDWL� [15]�� 9R� VHNRM� VOXaDM�� SULPHQDWD� QD� EHQWRQLWRW� ]DUDGL
QDPDOXYDZH�QD�RWSRUQRVWD�QD�UDVSURVWLUDZH�R�WUHED�GD�ELGH�HNRQRPVNL�RSUDYGDQD�
SUL�^WR�EH]GUXJR�WDD�`H�WUHED�GD�VH�VSRUHGL�VR�DOWHUQDWLYQLWH�UH^HQLMD�NDNYL�^WR
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VH�� QD� SULPHU�� ]JROHPXYDZHWR� QD� GLPHQ]LLWH� QD� ]D]HPMXYDaRW�� GRYHGXYDZH� GR
VWROEQRWR�PHVWR�GREUR�VSURYRGQD�]HPMD�RG�GUXJL�ORNDFLL�L�GU�
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3UHVPHWNDWD� QD� SDUDPHWULWH� QD� GDOQRYRGRW� H� RYR]PRCHQD� VR� YRYHGXYDZH� QD
DSURNVLPDFLL�NRL�PRCDW�GD�YOLMDDW�QD�WRaQRVWD�QD�UH]XOWDWLWH��SD�]DWRD�H�SRWUHEQR�L
HNVSHULPHQWDOQR�SRWYUWXYDZH�QD�LVWLWH�SR�L]JUDGED�QD�GDOHNXYRGRW�
9R� WUXGRW� GDGHQL� VH� PHUQDWD� PHWRGD� L� SR� QHD� RGUHGHQLWH� SDUDPHWUL� QD� GDOQRYRGRW�
2YLH� PHUHZD� ]D� SUYSDW� VH� L]YHGRD� YR� QD^DWD� ]HPMD� QD� HGHQ� NDSLWDOHQ� REMHNW�� QD
-3�(OHNWURVWRSDQVWYR� QD� 0DNHGRQLMD�� NDNRY� ^WR� H� GDOQRYRGRW� ���� kV� %LWROD� �� �
6NRSMH���

.OXaQL�]ERURYL��1DG]HPHQ�YRG��RWSRU��UHDNWDQVD��LPSHGDQVD��NDSDFLWHW

ABSTRACT

The calculation of the parameters of the transmission line is enabled through aproximations
which are able to influence on the accuaracy of the results. According to this, an experimental
approve of the parameters is required, after the construction is done.
Here is presented a measuring method and the parameters resulting from it.
These measurings are performed for the first time in our country and in Electric Power Company for
an essential facility sich as 400 kV transmission line Bitola 2 – Skopje 4

KEYWORDS : overhead line, effective resistance, inductance, capacitance, and impedance
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2GUHGXYDZHWR� QD� SDUDPHWULWH� QD� GDOQRYRGRW� H� SRWUHEQR� ]D� GD� VH� L]YU^L
SUHVPHWND� QD� VWUXMDWD� QD� NXVD� YUVND�� SDGRW� QD� QDSRQRW�� JXELWRFLWH� YR� PR`QRVW�
SURXaXYDZHWR� QD� WHNRYLWH� QD� HQHUJLMDWD� L� VWDELOQRVWD� QD� VLVWHPRW�� SRMDYDWD� QD
SUHQDSRQL��SUDYLOQRWR��SRGHVXYDZH�QD�UHOHMQDWD�]D^WLWD�L�VOLaQR�

3DUDPHWULWH� QD� GDOQRYRGRW� ]DYLVDW� RG� SUHVHNRW�� JHRPHWULVNLRW� UDVSRUHG� L
UDVWRMDQLHWR�SRPH_X�SURYRGQLFLWH��RG�EURMRW�L�UDVSRUHGRW�QD�]D^WLWQLWH� MDCLZD��RG
RGDOHaHQRVWD�QD�SURYRGQLFLWH�RG�]HPMDWD��RG�RWSRURW�QD�]D]HPMXYDZHWR�QD�VWROERYLWH�L
GUXJR�

(NVSHULPHQWDOQRWR�RGUHGXYDZH�QD�SDUDPHWULWH�QD�GDOQRYRGRW�VH�YU^L�VR�PHUQD
PHWRGD�mQDSRQ���VWUXMDn��(GHQ�RG�QDaLQLWH�QD�PHUHZHWR�H�VR�NRULVWHZH�QD�QDSRMQD�PHUQR
UHJXODFLRQD� �� DSDUDWXUD� SULNOXaHQD� QD� 11� HOHNWULaQD� PUHCD� �� ���� V�� ��� Hz�� W�H�
PHUHZH�SUL�QL]RN�QDSRQ�VR�NRULVWHZH�QD�YRRELaDHQD�PHUQD�DSDUDWXUD� ��DPSHUPHWUL�
YROWPHWUL��YDWPHWUL�L�GUXJ�SULERU��

$QDOL]DWD� QD� JUH^NDWD� SUL� PHUHZHWR� QD� NRULVWHQDWD� PHUQD� PHWRGD� XNDCXYD
GHND�LVWDWD�H�PDOD�

�� 0(51$�0(72'$

9R�RYD� SRJODYMH� `H� GDGHPH�NUDWRN�SULND]� QD�PHUQDWD�PHWRGD� VR� aLMD� SRPR^�QD
GLUHNWHQ�LOL�LQGLUHNWHQ�QDaLQ�JL�RSUHGHOXYDPH�SDUDPHWULWH�QD�'DOHNXYRGRW�����kV
m%LWROD�����6NRSMH��n�

���� 0HUHZH�DNWLYQL�RWSRUL��UHDNWDQVL�L�LPSHQGDQVL�QD
VLVWHP�VR�GLUHNWHQ�UHGRVOHG

=D�PHUHZH�QD� GLUHNWQLWH� DNWLYQL� RWSRUL�� GLUHNWQLWH� UHDNWDQVL� L� GLUHNWQLWH
LPHQGDQVL� MD� NRULVWLPH� PHUQDWD� PHWRGD� mQDSRQ� �� VWUXMDn� aLL� QDaLQ� QD� SRYU]XYDZH� H
SULNDCDQ�QD�HOHNWULaQDWD�^HPD�QD�VOLND��



0HUHZHWR�QD�VWUXMDWD��QDSRQRW�L�PR`QRVWD�VH�L]YU^XYD�SRPH_X�ID]LWH����������L
����

3UHVPHWNDWD� QD� SDUDPHWULWH� QD� VLVWHPRW� VR� GLUHNWHQ� UHGRVOHG�� NRULVWHM`L� JL
UH]XOWDWLWH�RG�PHUHZHWR��MD�YU^LPH�VR�VOHGQLWH�L]UD]L�
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- VUHGHQ�GLUHNWHQ�DNWLYHQ�RWSRU�SR�ID]D�VYHGHQ�QD����6

R0 + R4 + R8 1
Rd���°6� ��⋅�

� ��������������������tP�����°6��

- GLUHNWQD�UHDNWDQVD�SR�ID]D

�

X0 = ( Z2
0 – R2

0 )2

�

X4 = ( Z2
4 – R2

4 )2

   
�

X8 = ( Z2
8 – R2

8 )2

- VUHGQD�GLUHNWQD�UHDNWDQVD�SR�ID]D�VYHGHQD�QD�f� ����Hz
�����������������+����+���+�����������

Xd���Hz�=   ⋅ 
����������������������������������������������fP

- VUHGQD�GLUHNWQD�LPSHQGDQVD�SR�ID]D�VYHGHQD�QD����6�L����Hz
�������������������������������������������������������
Zd���°6���Hz� ���R

2
d���°6���X

2
d���Hz )2

 

���� 0HUHZH�DNWLYQL�RWSRUL��UHDNWDQVL�L�LPSHQGDQVL
QD�VLVWHP�VR�QXOWL�UHGRVOHG

=D�PHUHZH�QD�QXOWLWH�DNWLYQL�RWSRUL��QXOWLWH�UHDNWDQVL�L�QXOWLWH�LPSHQGDQVL
MD�NRULVWLPH�PHUQDWD�PHWRGD�mQDSRQ���VWUXMDn�aLL�QDaLQ�QD�SRYU]XYDZH�H�SULNDCDQ�QD
HOHNWULaQDWD�^HPD�QD�VOLND���



3UL� RYRM� QDaLQ� QD� SRYU]XYDZH� VH� L]YU^XYD� VDPR� HGQR� PHUHZH� QD� VWUXMDWD�
QDSRQRW�L�PR`QRVWD�

3UHVPHWNDWD� QD� SDUDPHWULWH� QD� VLVWHPRW� VR� QXOWL� UHGRVOHG�� NRULVWHM`L� JL
UH]XOWDWLWH�RG�PHUHZHWR��MD�YU^LPH�QD�VOHGQLRW�QDaLQ�

- QXOWD�LPSHGDQVD
3U

Z�� �
����������I

- QXOWL�DNWLYHQ�RWSRU
�5

R�� �
         I2

- QXOWL�DNWLYHQ�RWSRU�VYHGHQ�QD����6
   R�

R����°6� �
�������������tP���

�6�

- QXOWL�UHDNWDQVD�VYHGHQD�QD�f� ����Hz
                                  1      50
+����Hz� ���Z�

����R
�

�����⋅����
�������������������fP

- QXOWD�LPSHGDQVD�VYHGHQD�QD����6�L�f� ����Hz
�����

Z����°6���Hz� ���R
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0,20°6 + X2

0,50 Hz���

$NR� RWSRULWH� QD� ]D]HPMXYDZDWD� QD� GYHWH� UD]YRGQL� SRVWURMNL� LPDDW� UHODWLYQR
YLVRND� YUHGQRVW�� WRJD^� R0� VH� VPDOXYD� ]D� YUHGQRVWD� QD� RYLH� RWSRUL�� D� LVWR� WDND� VH
NRUHJLUD�L�QXOWDWD�LPSHGDQVD�

R’0 = R0 – ( Rz1 + Rz2 ) X’ 0 = X0

         1
Z’ 0 = ( R′20 + X′20 )2

3UHVPHWDQLWH�NRUHJLUDQL�YUHGQRVWL�VH�VYHGXYDDW�QD���°6�L�f� ����Hz�

���� 0HUHZH�DNWLYQL�RWSRUL��UHDNWDQVL�L�LPSHGDQVL�QD
VWUXHQ�NUXJ�ID]D�p�]HPMD

2YD�PHUHZH�VOXCL�NDNR�SURYHUND�QD�SUHWKRGQLWH�
>HPDWD�QD�YU]XYDZH�H�NDNR�QD�VOLND���VR�WDD�UD]OLND�^WR�VH�RGYRHQL�ID]LWH�QD

SRaHWRNRW�QD�YRGRW�W�H��VH�YU^L�PHUHZHWR�QD�VHNRMD�ID]D���WUL�PHUHZD��



- LPSHGDQVD�QD�VSRMRW�ID]D���]HPMD
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- UHDNWDQVD�QD�VSRM�ID]D – ]HPMD
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n

2GUHGXYDZHWR� QD� VUHGQLWH� YUHGQRVWL� RG� WULWH� PHUHZD�� SUHVPHWNDWD� QD
NRUHJLUDQLWH�YUHGQRVWL�SRUDGL�UHODWLYQR�YLVRNL�RWSRUL�QD�]D]HPMXYDZH��VYHGXYDZHWR

QD�UH]XOWDWLWH�QD���°6�L�f = 50Hz�VH�YU^L�LVWR�NDNR�YR�SUHWKRGQLWH�PHUHZD�

���� 0HUHZH�SRJRQVNL�L�GR]HPQL�NDSDFLWHWL

3RJRQVNLWH�L� GR]HPQLWH�NDSDFLWHWL� VH� RGUHGXYDDW� YU]� ED]D� QD� GYH�PHUHZD��1D
VOLNDWD���SULNDCDQD�H�SUYDWD�^HPD�QD�PHUHZH��2G�PHUHZHWR�QD�I’ L U’ VH�RGUHGXYD

I’
HNYLYDOHQWHQ�NDSDFLWHW�6’ VR�L]UD]RW��  6’ = 
����������������������������������������������������������������������������������ωU’



1D�VOLND���SULNDCDQD�H�YWRUDWD�^HPD�QD�PHUHZH��2G�PHUHZHWR�QD I” L� U” �VH
                                                         I”

RGUHGXYD�HNYDOLWHWQLRW�NDSDFLWHW�6” �YR�L]UD]RW�����6” = 
�������ωU”

3RJRQVNLRW�NDSDFLWHW�JR�SUHVPHWXYDPH�VR�L]UD]RW

                    C”
6p = 2 C’ −  
����������������������

'R]HPQLRW�NDSDFLWHW�JR�SUHVPHWXYDPH�VR�L]UD]RW

Cz = C” – C’

���� 3RVWDSND�]D�L]YHGXYDZH�QD�PHUHZHWR

2SL^DQDWD�PHWRGD� ]D�PHUHZH�PRCH� GD� VH� NRULVWL�SUL� XEDYR�L� VWDELOQR� YUHPH
YGROC�FHOLRW�GDOHNXYRG�SRUDGL�RSDVQRVW�RG�DWPRVIHUVNL�SUHQDSRQL��3UHG�SRaHWRNRW
QD�PHUHZHWR�WUHED�GD�VH�SURYHUDW�QDGYRUH^QLWH�YOLMDQLMD�VR�PHUHZH�L�LVWLWH�DNR�VH
XWYUGDW�GD�VH�NRPSHQ]LUDDW��3UL�VSRMXYDZHWR�QD�PHUQLWH�LQVWUXPHQWL�L�DSDUDWXUD�YR
SRWUHEQDWD�^HPD�GDOQRYRGRW�WUHED�GD�H�]D]HPMHQ�

=D� PDQLSXODFLLWH� RNROX� ]D]HPMXYDZHWR� RYGH� PRUD� GD� VH� ]DEODJRGDULPH� QD
GDOHNXYRGQLWH� JUXSL� YR� %LWROD� L� 6NRSMH� NRL� VH� YR� VRVWDY� QD� SRGUXCQLFD
“(OHNWURSUHQRV” �

3UL� PHUHZHWR� WUHED� GD� VH� NRULVWL� PHUQR� UHJXODFLRQD� DSDUDWXUD� NRMD� `H
RYR]PRCL�UHJXOLUDZH�QD�QDSRQRW�RG�� - ����V�L�VWUXMD�GR���$�

,QVWUXPHQWLWH� �� DPSHUPHWUL�� YROWPHWUL� L� YDWPHWDU� �� ^WR� VH� NRULVWDW� SUL
PHUHZHWR�WUHED�GD�VH�VR�NODVD�QD�WRaQRVW�PLQ�����
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.RULVWHM`L�MD�SULNDCDQDWD�PHUQD�PHWRGD�� �PHUQD�HNLSD�RUJDQL]LUDQD�RG�5#6��
6NRSMH�L�-3�“-3�(60��L]YU^L�PHUHZH�L�SUHVPHWND�QD�DNWLYQLWH�RWSRUL��UHDNWDQVLWH
L�LPSHQGDQVLWH�QD�VLVWHPLWH�VR�GLUHNWHQ�L�QXOWL�UHGRVOHG�L�QD�VLVWHPRW�ID]D���]HPMD�
NDNR�L�QD�SRJRQVNLWH�L�GR]HPQLWH�NDSDFLWHWL�

���� .RULVWHQL�DSDUDWL�L�LQVWUXPHQWL

=D� HNVSHULPHQWDOQR� RGUHGXYDZH� QD� SDUDPHWULWH� QD� GDOHNXYRGRW� LVWLRW� EH^H
SULNOXaHQ�QD�PHUQR���UHJXODFLRQD�QDSRMQD�DSDUDWXUD�NRMD�RYR]PRCXYD^H�NRQWLQXLUDQR
PHQXYDZH�QD�QDSRQRW�SUL�^WR�VH�GRELYDD�PHUQL�YUHGQRVWL�QD�UD]OLaQL�QDSRQVNL�QLYD
����V�����V�L����V��SUL�^WR�PHUHQDWD�VWUXMD�L�PR`QRVW�VRRGYHWQR�VH�]JROHPXYD^H�

3UL�PHUHZHWR�EHD�NRULVWHQL�VOHGQLWH�DSDUDWL�L�LQVWUXPHQWL�
- UHJXODFLRQHQ�WUDQVIRUPDWRU�0 – 250V, 3500 VA
- UD]GHOHQ�WUDQVIRUPDWRU�220/380 V, 3500 VA
- DPSHUPHWDU� ]D� QDL]PHQLaQD� VWUXMD� WLS�� )FL0����� SURL]YRGVWYR� “,VNUD” � VR

PHUQL�SRGUDaMD����������������$�VR�NODVD�QD�WRaQRVW����
- YROWPHWDU� ]D� QDL]PHQLaQD� VWUXMD� WLS�� FLO� ����� SURL]YRGVWYR� “,VNUD” �PHUQL

SRGUDaMD�������������������V�VR�NODVD�QD�WRaQRVW����
- IHURGLQDPLaHQ� YDWPHWDU� WLS�� EL��� SURL]YRGVWYR� “,VNUD” �� VWUXMQR� PHUQR

SRGUDaMH� ����� �$�� QDSRQVNR� PHUQR� SRGUDaMH� ����� ����� ����� ����V�� VR� NODVD� QD
WRaQRVW�����

���� 2VQRYQL�PHWHRUROR^NL�XVORYL

'DWD�QD�PHUHZH� ���L����2NWRPYUL������JRGLQD
3HULRG�QD�PHUHZH� ���GR����aDVRW
3RaYD� YODCQD
9UHPH� VWDELOQR
7HPSHUDWXUD�QD�RNROLQDWD� ��6

���� 5H]XOWDWL�RG�PHUHZHWR�L�SUHVPHWNDWD

5H]XOWDWLWH�RG�PHUHZHWR�L�SUHVPHWNDWD�QD�SDUDPHWULWH�QD�'9����kV�“%LWROD����
6NRSMH� �” � VH� SULNDCDQL� YR� 7DEHOD� ��� 9R� SUYDWD� NRORQD� RG� WDEHODWD� UHGRVOHGQR� VH
YQHVHQL� SDUDPHWULWH� QD� YRGRW�� YR� YWRUDWD� NRORQD� VH� SULNDCDQL� QLYQLWH� VLPEROQL
R]QDNL�� YR� WUHWDWD� NRORQD� VH� QDR_DDW� YNXSQLWH� VUHGQL� YUHGQRVWL� QD� SDUDPHWULWH� SR
ID]D� VYHGHQL� QD� t�  � ���6� L� f�  � ��Hz� L� YR� aHWYUWDWD� NRORQD� VH� SULNDCDQL� VUHGQLWH
YUHGQRVWL� � � QD� � SDUDPHWULWH� SR� ID]D� L� HGLQLFD� GROCLQD� RG� GDOQRYRGRW�� 1D
QXPHULaNLWH� � YUHGQRVWL� LP� VRRGYHVWYXYDDW� PHUQL� HGLQLFL�'ROCLQDWD� QD� GDOQRYRGRW
No�����H�������NP�
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- GLUHNWHQ DNWLYHQ RWSRU
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- GLUHNWQD LPSHQGDQVD
- QXOWL DNWLYHQ RWSRU
- QXOWD UHDNWDQVD
- QXOWD LPHQGDQVD
- DNWLYHQ RWSRU ID]D – ]HPMD
- UHDNWDQVD ID]D – ]HPMD
- LPSHQGDQVD ID]D – ]HPMD

( Rd )
( Xd )
( Zd )
( Ro )
( Xo )
( Zo )
( Rn )
( Xn )
( Zn )

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

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

9NXSQD GROCLQD

� µF / f �
(GLQHaQD GROCLQD

� µF / f �

- SRJRQVNL NDSDFLWHW
- GR]HPHQ NDSDFLWHW

� 6U �
� 6z )

����
����

������
��������


�=$%(/(>.$ 1H� H� L]YU^HQD�� NRUHNFLMD� QD�R0 ]D� YUHGQRVWLWH� QD�RZ1� L�RZ2�
�YUHGQRVWLH�QD�RZ1�L�RZ2�SUL�PHUHZHWR�QL�EHD�QHSR]QDWL�

=$./8A2.

9UHGQRVWLWH� QD� SDUDPHWULWH� QD� '9� ���kV� “%LWROD� �� �� 6NRSMH� �”GRELHQL� VR
PHUHZH� L� SUHVPHWND�� NRL� VH� SULNDCDQL� YR� 7DEHOD� ��� SRWUHEQR� H� GD� VH� VSRUHGDW� VR
VRRGYHWQLWH� YUHGQRVWL� GRELHQL�SR� DQDOLWLaNL� SDW� �� NRPSMXWHUL]LUDQL� PHWRGL�� ]D� GD
PRCH� LVNXVWYRWR� RG� VSRUHGXYDZHWR� GD� VH� YJUDGL� YR� VOHGQLWH� SURHNWDQWVNL� ]DGDaL�� D
YDNYLWH�HNVSHULPHQWDOQL�PHUHZD�WUHED�GD�VWDQDW�SUDNVD�QD�-3�(OHNWURVWRSDQVWYR�QD
0DNHGRQLMD����EDUHP�]D�REMHNWLWH�RG�SRYLVRNR�QDSRQVNR�QLYR�
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1DG]HPQLWH� YRGRYL� VR� YLVRN� L� QDMYLVRN� QDSRQ� �Un > 110 kV)�� SR� SUDYLOR�� VH
L]YHGXYDDW�VR�HGQR�LOL�SDN�VR�GYH�JURPREUDQVNL�W�H��]D^WLWQL�MDCLZD��2YLH�MDCLZD
VH�SRVWDYXYDDW�QD�YUYRW�RG�VWROERW�WDND�^WR�WLH�LPDDW�QHVLPHWULaQD�SRORCED�YR
RGQRV� QD� ID]QLWH� VSURYRGQLFL�� 3RUDGL� WRD� YR� QLY� SUDNWLaQR� VHNRJD^� `H� WHaDW
QHNDNYL� VWUXL�� SUHGL]YLNDQL� RG� LQGXFLUDQLWH� H�P�� VLOL�� VR]GDGHQL� RG� UDERWQLWH
VWUXL� YR� ID]QLWH� VSURYRGQLFL�� 7LH� LQGXFLUDQL� VWUXL� `H� SUHWVWDYXYDDW� L]YRU� QD
GRSROQLWHOQL�]DJXEL�QD�DNWLYQD�PR`QRVW�L�HQHUJLMD��NRL�YR�QL]D�VOXaDL�PRCDW�GD
ELGDW�VSRUHGOLYL�SR�VYRMDWD�JROHPLQD�VR�[XORYLWH�]DJXEL�YR�ID]QLWH�VSURYRGQLFL�

9R�WUXGRW�H�QDMQDSUHG�DQDOL]LUDQD�JROHPLQDWD�QD�WLH�]DJXEL�NDNR�L�PHUNLWH
]D�QLYQRWR�VPDOXYDZH��3ULNDCDQL�VH�QHNRL�RG�PRCQLWH�QDaLQL�QD�]D]HPMXYDZH�QD
]D^WLWQLWH� MDCLZD� NDNR� L� HIHNWLWH�^WR� VH� SRVWLJQXYDDW� VR� QLYQDWD� SULPHQD� YR
VPLVOD� QD� VPDOXYDZH� QD� ]DJXELWH� YR� ]D^WLWQLWH� MDCLZD�� 1D� NUDMRW� H� L]YU^HQD
SUHVPHWND� QD� ]DJXELWH� QD� PR`QRVW� L� HQHUJLMD� YR� 400 kV� YRGRYL� QD� 5HSXEOLND
0DNHGRQLMD��6H�NRQVWDWLUD�GHND�L]ERURW�QD�QDMVRRGYHWQLRW�QDaLQ�QD�]D]HPMXYDZH�QD
]D^WLWQLWH� MDCLZD� WUHED� GD� ELGH� ED]LUDQ� QD� SUHWKRGQR� QDSUDYHQD� WHKQLaNR�
HNRQRPVND�DQDOL]D�YR�NRMD��SRNUDM�FHQDWD�QD�GRSROQLWHOQLWH�LQYHVWLFLL�VYU]DQL�VR
L]YHGEDWD�QD�]D]HPMXYDaNLRW�VLVWHP��`H�ELGH�]HPHQD�SUHGYLG�L�FHQDWD�QD�]DJXELWH�QD
PR`QRVW�L�HQHULMD�YR�VDPLWH�]D^WLWQL�MDCLZD�

S U M M A R Y

High voltage (HV) and extra high voltage (EHV) transmission lines are protected against
direct lighting strokes by means of one or two ground wires. Because of the existence of mutual
coupling between the ground wires and phase conductors, phase currents induce voltages and
currents in the ground wires even under normal operating conditions. In cases of EHV lines with
two ground wires, those currents can overtake several tenths' amperes. That way, power losses in
ground wires are getting considerable and comparable with the losses in the phase conductors.

A short review of some existing manners of earthing the ground wires of the HV and EHV
is presented in this paper. Effects of the different manners of earthing the ground wires on the
power losses in them and some technical problems relating those different manners of earthing
are also presented in the paper. Finally, power and energy losses in 400 kV transmission lines in



�

Macedonia are computed in the paper. According to the authors, the right choice of the grounding
system of the EHV transmission lines should be based on the appropriate cost�benefit analysis,
taking into account all costs for the grounding system, including the costs of the power losses in
it.

.OXaQL�]ERURYL� QDG]HPHQ�YRG��]D^WLWQL�MDCLZD���LQGXFLUDQL� QDSRQL�L�VWUXL��
]DJXEL�YR�]D^WLWQLWH�MDCLZD�

1. 929('

=DUDGL�RVWYDUXYDZH�HILNDVQD�]D^WLWD�RG�GLUHNWQL�DWPRVIHUVNL�SUD]QHZD�YR
ID]QLWH� VSURYRGQLFL�� ]D^WLWQLWH� MDCLZD� �=-�� NDM� QDG]HPQLWH� YRGRYL� �19�� VH
SRVWDYXYDDW� QD� VDPLWH� YUYRYL� RG� VWROERYLWH� QD� YRGRW� ^WR� H� PRCQR� SRYLVRNR�
1DG]HPQLWH� YRGRYL� VR� YLVRN� Q� QDMYLVRN� QDSRQ� �Un > 110 kV)�� SR� SUDYLOR�� VH
L]YHGXYDDW� VR� HGQR� LOL� SDN� VR� GYH� ]D^WLWQL� MDCLZD�� 7LH� VH�� ]QDaL�� SRVWDYHQL
QHVLPHWULaQR�YR�RGQRV�QD�ID]QLWH�VSURYRGQLFL�SRUDGL�^WR�YR�QLY�`H�WHaDW�QHNDNYL
VWUXL�SUHGL]YLNDQL�RG�LQGXFLUDQLWH�H�P��VLOL��NRL�SDN�RG�VYRMD�VWUDQD�VH�VR]GDGHQL
RG�UDERWQLWH�VWUXL�YR�ID]QLWH�VSURYRGQLFL��=DWRD�VHNRJD^��GXUL�L�YR�QRUPDOHQ�L
VLPHWULaHQ� UHCLP� QD� UDERWD�� YR� =-� `H� WHaDW� QHNDNYL� VWUXL� L� `H� VH� RVWYDUXYDDW
QHNDNYL�]DJXEL�QD�DNWLYQD�PR`QRVW�L�HQHUJLMD�

.DM� QDG]HPQLWH� YRGRYL� VR� ]D^WLWQL� MDCLZD� L]UDERWHQL� RG� aHOLN�� SRUDGL
QLYQDWD�UHODWLYQR�YLVRND�DNWLYQD�L�LQGXNWLYQD�RWSRUQRVW��WLH�VWUXL�VH�GRVWD�PDOL
L� L]QHVXYDDW� V�� QD� V�� VDPR� QHNRONX� DPSHUL�� SRUDGL� ^WR� ]DJXELWH� QD� PR`QRVW� L
HQHUJLMD�YR�QLY�`H�ELGDW�]DQHPDUOLYL��=D�UD]OLND�RG�QLY��NDM�QDG]HPQLWH�YRGRYL�VR
GYH� ]D^WLWQL� MDCLZD� L]UDERWHQL� RG� GREUR� VSURYRGQL� HOHNWURPDWHULMDOL� �DOXPL�
QLXP� L� QHJRYL� OHJXUL��� D� WDNYL� VH� SUDNWLaQR� VLWH� QDG]HPQL� YRGRYL� VR� QRPLQDOHQ
QDSRQ�Un > 110 kV��LQGXFLUDQLWH�VWUXL�YR�]D^WLWQLWH� MDCLZD�PRCDW�GD�GRVWLJQDW
YUHGQRVW�L�RG�QHNRONX�GHVHWLQL�DPSHUL��.DNR�WDNYL�WLH�`H�SUHWVWDYXYDDW�L]YRU�QD
GRSROQLWHOQL�]DJXEL�QD�DNWLYQD�PR`QRVW�L�HQHUJLMD�NRL�VH�aHVWRSDWL�VSRUHGOLYL�SR
VYRMDWD�JROHPLQD�VR�[XORYLWH�]DJXEL�YR�ID]QLWH�VSURYRGQLFL�

=D^WLWQLWH�MDCLZD�QD�19�VR�YLVRN�L�QDMYLVRN�QDSRQ��Un > 110 kV)�PRCDW�GD
ELGDW�]D]HPMHQL�QD�UD]QL�QDaLQL��7RD�]DYLVL�RG�QRPLQDOQLRW�QDSRQ�Un L�GROCLQDWD
QD�19��EDUDZDWD�YR�SRJOHG�QD�SUHQRVRW�QD�LQIRUPDFLL�VR�YLVRNRIUHNYHQWQL�YUVNL�
PHUNLWH�]D�RJUDQLaXYDZH�QD�VWUXLWH�YR�=-�YR�QHNRL�VSHFLMDOQL�VOXaDL�L�GU��%LGHM`L
SRORCEDWD�QD�=-�YR�RGQRV�QD�ID]QLWH�VSURYRGQLFL�H�QHVLPHWULaQD��GXUL�L�YR�VWURJR
VLPHWULaHQ� L� XUDPQRWHCHQ� UHCLP� QD� UDERWD� QD� 19�� ID]QLWH� SRJRQVNL� VWUXL� `H
LQGXFLUDDW� H�P�� VLOL� YR� =-�� 2G� GUXJD� VWUDQD�� ]D]HPMXYDaNLRW� VLVWHP� �=6�� QD� 19�
]DYLVQR� RG� QDaLQRW� QD� ]D]HPMXYDZH� QD� =-�� VH� VRVWRL� RG� JROHP� EURM� IRUPLUDQL
NRQWXUL��6SRUHG�JRUH�L]ORCHQRWR�YR�WDNYLWH�NRQWXUL�VHNRJD^��GXUL�L�YR�QRUPDOQL
XVORYL� QD� UDERWD�� `H� WHaDW� VWUXL� LQGXFLUDQL� RG� SRJRQVNLWH� VWUXL� YR� ID]QLWH
VSURYRGQLFL�� *ROHPLQDWD� QD� RYLH� VWUXL� `H� ELGH� SURSRUFLRQDOQD� QD� YUHGQRVWD� QD
SRJRQVNLWH�VWUXL�YR�ID]QLWH�VSURYRQLFL�RG�19��W�H��WDD�`H�ELGH�SURSRUFLRQDOQD�QD
SUHQHVXYDQDWD�SULYLGQD�PR`QRVW�VR�19��1DHGQR��WDD�`H�]DYLVL�L�RG�JHRPHWULVNLRW
UDVSRUHG�QD�VSURYRGQLFLWH�L�=-�QD�JODYDWD�QD�VWROERYLWH�RG�19�

*ROHPLQDWD� QD� LQGXFLUDQLWH� VWUXL� YR� =-� MD� RSUHGHOXYD� L� JROHPLQDWD� QD
]DJXELWH�QD�PR`QRVW�L�HQHUJLMD�YR�QLY��NRL�SDN�RG�VYRMD�VWUDQD�SRQHNRJD^�VWDQXYDDW
PHUOLYL� VR� ]DJXELWH� QD� PR`QRVW� YR� ID]QLWH� VSURYRGQLFL�� 9R� WDD� VPLVOD� RG
SUDNWLaHQ�LQWHUHV�VH�19�VR�GYH�=-��NDM�NRL�RYLH�]DJXEL�PRCDW�GD�ELGDW�]QDaLWHOQL�
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1DMQDSUHG�YR�WUXGRY�`H�ELGH�GDGHQ�SUHJOHG�QD�QHNRL�RG�SRaHVWR�SULPHQXYD�
QLWH� QDaLQL� QD� ]D]HPMXYDZH� QD� =-� NDM�19� ]D� QDMYLVRN� QDSRQ� VR� GYH� =-� D� `H� ELGDW
SULNDCDQL�L�PRCQRVWLWH�]D�VPDOXYDZH�QD�]DJXELWH�QD�DNWLYQD�PR`QRVW�L�HQHUJLMD
YR� QLY�� 1D� VOLNDWD� �� VH� SULNDCDQL� QHNRL� RG� QDMaHVWR� SULPHQXYDQLWH� QDaLQL� QD
]D]HPMXYDZH� QD� =-� QD� 19� VR� GYH� =-�� 2G� VLWH� QLY�� YR� SUDNWLNDWD� QDMPQRJX� VH
SULPHQXYD�SUYLRW�QDaLQ��VO����D��NDM�NRM�=-�VH�]D]HPMXYDDW�QD�VHNRH�VWROEQR�PHVWR�
9R�WRM�VOXaDM�SRWHQFLMDORW�QD�=-�YR�RGQRV�QD�]HPMDWD�H�SULEOLCQR�HGQDNRY�QD�QXOD�L
QH� H� QHRSKRGQR� VSHFLMDOQR� L]ROLUDZH� QD� MDCLZDWD� RG� PHWDOQDWD� NRQVWUXNFLMD� QD
VWROERYLWH� ^WR� SUHWVWDYXYD� QDMHGQRVWDYHQ� L� QDMHYWLQ� QDaLQ� ]D� QLYQRWR
SULFYUVWXYDZH��1R� QD� WRM� QDaLQ� YR� ]D^WLWQLWH� MDCLZD� YR� VHNRM� UDVSRQ� RG�19� `H
REUD]XYDDW�SR�HGQD�NRQWXUD��NXVR�YU]DQD�SUHNX�PHWDOQDWD�NRQVWUXNFLMD�QD�VWROERW�
9R� VHNRMD� RG� WDND� IRUPLUDQLWH� NRQWXUL� `H� WHaDW� VWUXL� LQGXFLUDQL� RG� SURPHQ�
OLYRWR�PDJQHWQR� SROH� VR]GDGHQR� RG� WULWH�ID]QL� VWUXL��^WR� SUHWVWDYXYD� L]YRU� QD
GRSROQLWHOQL�]DJXEL�QD�PR`QRVW�L�HQHUJLMD�YR�=-�

$NR�=-� ELGDW� FHORVQR� L]ROLUDQL� RG� ]HPMDWD�� NDNR�^WR� H� WRD� SULNDCDQR� QD
VOLNDWD� ��E�� VH� L]EHJQXYD� IRUPLUDZHWR� QD� NXVR� YU]DQLWH� NRQWXUL� L� QD� WRM� QDaLQ
]DJXELWH�QD�PR`QRVW�YR�=-�VH�VYHGXYDDW�SUDNWLaQR�QD�QXOD��1R�FHORVQRWR�L]ROLUDZH
QD�=-�RG�]HPMDWD�H�QHSRCHOQR�ELGHM`L�WRD�YRGL�NRQ�XVORCQXYDZH�QD�NRQVWUXNFLMDWD
QD�VWROERYLWH��2VYHQ�WRD��SRMDYDWD�QD�RSDVQL�LQGXFLUDQL�QDSRQL�YR�=-�MD�XVORCQXYD
HNVSORDWDFLMDWD�QD�19�L�VR]GDYD�GRSROQLWHOQL�SUREOHPL�
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6OLND �� >HPL QD QDMUDVSURVWUDQHWLWH UHCLPL QD UDERWD QD ]D^WLWQLWH MDCLZD6OLND �� >HPL QD QDMUDVSURVWUDQHWLWH UHCLPL QD UDERWD QD ]D^WLWQLWH MDCLZD

'RNRONX�=-�VH�L]ROLUDQL�SR�VHWD�VYRMD�GROCLQD�L�VH�]D]HPMHQL�VDPR�QD�NUDL^�
WDWD��VO����Y��WRJD^�SRYWRUQR�VH�REUD]XYDDW�NXVR�YU]DQL�NRQWXUL��SD�SRUDGL�QLYQRWR
SRVWRHZH� `H� LPDPH� ]DJXEL� QD� PR`QRVW� YR� =-�� .DUDNWHULVWLaQR� ]D� RYRM� QDaLQ� QD
]D]HPMXYDZH�H�WRD�^WR�YR�VOXaDM�QD�DWPRVIHUVNR�SUD]QHZH�L�SURELY�QD�L]RODFLMDWD
QD�=-�� GRD_D� GR� SRMDYD� QD� JROHPL� VWUXL� QL]� =-� SR� FHODWD� QLYQD� GROCLQD�� 7DNYLRW
QDaLQ�QD�]D]HPMXYDZH�VH�NDUDNWHUL]LUD��LVWR�WDND��VR�SRMDYD�QD�JROHPL�VWUXL�LQGXFL�
UDQL�RG�VWUXLWH�YR�ID]QLWH�VSURYRGQLFL�YR�QHNRL�VSHFLMDOQL�VLWXDFLL�
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$NR�SDN�VHNRH�=-�VH�]D]HPML�VDPR�QD�HGQLRW�QHJRY�NUDM��VSRUHG�^HPDWD�SULND�
CDQ� QD� VO�� ��J�� WRJD^� SRYHGHQLHWR� QD� =-� `H� LPD� NDUDNWHULVWLNL� SRPH_X� RQLH� RG
^HPLWH� QD� VOLNLWH� ��E� L� ��Y�� 1R� NRJD� VH� UDERWL� ]D� GROCLQL� QD�19� QDG� 20 km�� QD
RWYRUHQLWH� NUDL^WD� QD� =-� PRCH� GD� VH� MDYDW� YLVRNL� SRWHQFLMDOL�� VR]GDGHQL� RG
LQGXFLUDQLWH� H�P�� VLOL� YR� QLY�� ^WR� `H� VR]GDYD� SUREOHPL� YR� SURFHVRW� QD
HNVSORDWDFLMDWD�QD�19�

5HCLPRW�QDMEOL]RN�GR�^HPDWD�RG�VOLNDWD���E�`H�VH�GRELH�DNR�=-�VH�]D]HPMDW�QD
NUDL^WDWD�SUHNX�VSHFLMDOQL�QLVNRRPVNL�YLVRNRIUHNYHQWQL�RJUDQLaXYDaL�QD�VWUX�
MDWD�[1]��[2]��NDNR�^WR�H�WRD�SULNDCDQR�QD�VOLNDWD���G�

���� 1HNRL�VSHFLMDOQL�VOXaDL�QD�]D]HPMXYDZH

.RJD�19� LPD� GYH� =-�� ]D]HPMHQL� QD� VHNRM� VWROE� VSRUHG� VO�� ��D�� YR� NRQWXUDWD
MDCH�MDCH�SRG�GHMVWYR�QD�LQGXFLUDQLWH�H�P��VLOL�`H�SURWHaDW�VWUXL��.DNR�UH]XOWDW
QD�WRD��]DJXELWH�QD�PR`QRVW�YR�=-�PRCDW�GD�GRVWLJQDW�YUHGQRVW�L�GR�����RG�[XOR�
YLWH� ]DJXEL� ^WR� VH� RVWYDUXYDDW� YR� ID]QLWH� VSURYRGQLFL� [1], [2], [3]�� 2YLH� ]DJXEL
PRCDW�FHORVQR�GD�VH�RWVWUDQDW�GRNRONX�=-�QDSROQR�JL�L]ROLUDPH��NDNR�^WR�H� WRD
SULNDCDQR� QD� VO�� ��E� LOL� SDN� GRNRONX� SUL� QLYQDWD� PRQWDCD� QD� VWROERYLWH� MD
NRULVWLPH�^HPDWD�RG�VO����

R
WXSPF

6OLND����'HOXPQR�L]ROLUDZH�QD�]D^WLWQLWH�MDCLZD

9DNYLRW� QDaLQ� QD� L]ROLUDZH� QD� =-� YR� RGQRV� QD� WHORWR� QD� VWROERYLWH
RVLJXUXYD�SRJROHPD�GRYHUOLYRVW�YR�VSRUHGED�VR�QDaLQRW�RG�VOLNDWD���E��NDM�NRM�WLH
VH�FHORVQR�L]ROLUDQL��,VNUL^WDWD�NRL^WR�RYGH�`H�WUHED�GD�VH�SULPHQDW�]D�^HQWL�
UDZH�QD�L]RODWRULWH�VH�SUHVPHWXYDDW�WDND�^WR�GD�ELGDW�YR�VRVWRMED�GD� MD�SRGQHVDW
VWUXMDWD�QD�NXVDWD�YUVND�EH]�RSDVQRVW�RG�QLYQR�R^WHWXYDZH��1DHGQR�WLH�`H�WUHED�GD
REH]EHGDW�VLJXUQR�JDVHZH�QD�ODNRW�SRVOH�OLNYLGDFLMDWD�QD�NXVDWD�YUVND�

.DM� ^HPLWH� VR� GHOXPQR� LOL� VR� FHORVQR� L]ROLUDZH� QD� =-� UDVSUHGHOEDWD� QD
VWUXLWH�QD�JUH^ND�YR�QLY�PRCH�GD�ELGH�PQRJX�SRQHSRYROQD�YR�VSRUHGED�VR�UDVSUH�
GHOEDWD� QD� VWUXLWH� ^WR� VH� GRELYD� NRJD� =-� VH� FHORVQR� ]D]HPMHQL� �VO����D�� SRUDGL
PRCQRVWD� VDPR�PDO� GHO� RG� LVNUL^WDWD� GD� SURELMDW�� L� WRD� RQLH� NRL� VH� QDR_DDW� YR
EOL]LQD� QD� PHVWRWR� QD� JUH^NDWD��0DNDU�^WR� VH� VPHWD� GHND� YHURMDWQRVWD� ]D� WRD� H
VRVHPD� PDOD�� VHSDN� YR� WRM� VOXaDM� QH� WUHED� GD� VH� LVNOXaL� PRCQRVWD� SR� HGQR� RG
MDCLZDWD�GD�SURWHaH�SUDNWLaQR�VHWD�VWUXMD�QD�JUH^NDWD��NRMD�YR�QHNRL�VOXaDL�PRCH
GD�L]QHVXYD�L�QHNRONX�GHVHWLQL�NLORDPSHUL�

.DM�19�VR�QRPLQDOHQ�QDSRQ�Un > 400 kV�VH�VUH`DYD�L�QDaLQRW�QD�]D]HPMXYDZH
QD�=-�NDNR�^WR�H�WRD�SULNDCDQR�QD�VOLNDWD���[3]��.DM�QHJR�=-�VH�L]ROLUDQL�RG�WHORWR
QD� VWROERW�� RGQRVQR� ]HPMDWD�� VR� HGLQHaQL� NDSHVWL� L]RODWRUL� ^HQWLUDQL� VR
LVNUL^WD�NRL�LPDDW�PH_XLVNURYR�UDVWRMDQLH�RG� RNROX� 25 mm��3ULWRD�� NDNR�^WR� H
WRD�YLGQR�L�RG�VDPDWD�VOLND��WLH�VH�]D]HPMXYDDW�YR�VHNRH�]DWH]QR�SROH�VDPR�QD�HGQLRW
QHJRY� NUDM�� SUHNX� WHORWR� QD� ]DWH]QLWH� VWROERYL�� 1D� SULRGLWH� NRQ� UD]YRGQLWH
SRVWURMNL��]DUDGL�VLJXUQRVW��=-�VH�]D]HPMXYDDW�GLUHNWQR�QD�REDWD�NUDMD�
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6OLND����'HOXPQR�]D]HPMXYDZH�QD�]D^WLWQLWH�MDCLZD

9R�OLWHUDWXUDWD�VH�VUH`DYDDW�UH]XOWDWL�RG�LVWUDCXYDZDWD�L�QD�GUXJL�QDaLQL
]D�RJUDQLaXYDZH�QD�VWUXLWH�YR�=-�L�VPDOXYDZH�QD�]DJXELWH�QD�PR`QRVW�L�HQHUJLMD�YR
19��1HNRL�RG�QLY�SUHGYLGXYDDW�SULPHQD�QD�GRSROQLWHOQL�HOHNWURWHKQLaNL�XUHGL�
7RD� VH� SUDYL�RVREHQR� WRJD^�NRJD�=-� VH� NRULVWDW� L� ]D� FHOLWH�QD� YLVNRIUHNYHQWQL
�VF���YUVNL�[2]��2YRM�QDaLQ�QD�VPDOXYDZH�QD�]DJXELWH�H�PRCHQ�WRJD^�NRJD�VSURYRGQL�
FLWH� QD� HGQRVLVWHPVNLRW� 19� LPDDW� KRUL]RQWDOHQ� UDVSRUHG� L� VH� SRVWDYHQL
VLPHWULaQR�YR�RGQRV�QD�RVNDWD�QD�19�NRMD�H�QDHGQR�RVND�QD�VLPHWULMD�L�]D�VDPLWH�=-�
-DCLZDWD�� SDN�� VH� ]D]HPMHQL� QD� NUDL^WDWD� SUHNX�VF� SULGX^QLFL�� NDNR�^WR� H� WRD
LOXVWULUDQR�QD�VOLNDWD���G��(GQD�WDNYD�^HPD��VSRUHG�[2]��H�SULNDCDQD�QD�VOLNDWD���
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4 4
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�/HJHQGD�

� ID]QL�VSURYRGQLFL

� ]D^WLWQL�MDCLZD

� VF�SULGX^QLFL
� VWUXMQL�WUDQVIRU�
PDWRUL

� SULPDUQL�QDPRWNL

� VHNXQGDUQL�QDPRWNL

� L]RODWRUL��VQDEGHQL
VR�VRRGYHWQL�LVNUL^WD

6OLND����=D]HPMXYDZH�QD�]D^WLWQLWH�MDCLZD�QD�NUDHYLWH�RG�19�SUHNX�VF
SULGX^QLFL

9R� RYRM� VOXaDM� VH� SUHWSRVWDYXYD� GHND� YR� QRUPDOHQ� UHCLP� QD� UDERWD� QD�19
LQGXFLUDQLWH�H�P��VLOL�YR�=-�VH�ID]QR�L]PHVWHQL�]D�DJRO�EOL]RN�GR����R��3RUDGL�WRD�
SUL�WHaHZH�QD�SRJRQVNLWH�VWUXL��50 Hz��QL]�QDPRWNLWH�5��YR�VHNXQGDUQLWH�QDPRWNL�6
`H� VH�LQGXFLUDDW�H��P�� VLOL�LVWR�WDND�ID]QR�SRPHVWHQL� ]D� ���R�� 7RJD^� VWUXMDWD� YR
UHGQR� VYU]DQLWH� VHNXQGDUQL� QDPRWNL� �� QD� VWUXMQLWH� WUDQVIRUPDWRUL� �� `H� ELGH
SUDNWLaQR�HGQDNYD�QD�QXOD�D�HNYLYDOHQWDWD�LQGXNWLYQD�RWSRUQRVW�QD�WUDQVIRUPD�
WRULWH� �� `H� ELGH� SUDNWLaQR� HGQDNYD� QD� LQGXNWLYQDWD� RWSRUQRVW� QD� JUDQNDWD� QD
PDJQHWL]LUDZH��.RONX�H�RYDD�RWSRUQRVW�SRJROHPD��WRONX�SRPDOL�`H�ELGDW�VWUXLWH
QL]�]D^WLWQLWH�MDCLZD����VR�^WR�VH�SRVWLJD�]DJXELWH�QD�PR`QRVW�L�HQHUJLMD�YR�QLY
GD� ELGDW� ]DQHPDUOLYL�� =DWRD�� YR� QRUPDOQL� XVORYL� QD� UDERWD�� VWUXLWH� QL]� ]D^WLW�
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QLWH� MDCLZD� VH� VRVHPD� PDOL� ELGHM`L� VH� WLH� RJUDQLaHQL� RG� JROHPDWD� LQGXNWLYQD
RWSRUQRVW� QD� VWUXMQLWH� WUDQVIRUPDWRUL� ��� 1D� WRM� QDaLQ� VH� REH]EHGXYD� QH� VDPR
]DJXELWH�YR�=-�GD�ELGDW�PDOL��WXNX�L�OHVQR�JDVHZH�QD�HOHNWULaQLRW�ODN�SUL�SUHVNRN
QD� QHNRH� RG� LVNUL^WDWD� YR� XVORYL� QD� SRMDYD� QD� NXVL� YUVNL� VR� ]HPMD�� 6HSDN�� RYDD
^HPD� H� SULPHQOLYD� VDPR� NDM� 19� VR� GYH� =-� L� H� HILNDVQD� VDPR� WRJD^� NRJD
LQGXFLUDQLWH�H��P��VLOL�YR�=-�VH�SUDNWLaQR�YR�NRQWUDID]D��W�H��NRJD�DJRORW�SRPH_X
QLYQLWH�ID]RUL�H�SULEOLCQR����R��^WR�QH�VHNRJD^�H�LVSROQHWR�

=D�GD�VH�SURFHQL�NDNYL�HIHNWL�VH�SRVWLJDDW�VR�QHNRL�RG�VSRPHQDWLWH�QDaLQL
QD� ]D]HPMXYDZH�QD�=-� YR� VPLVOD�QD� VPDOXYDZH�QD� ]DJXELWH�YR�QLY�� YR� WDEHODWD� I� VH
SULNDCDQL�YUHGQRVWLWH�QD�SUHVPHWDQLWH�]DJXEL�QD�DNWLYQD�PR`QRVW�∆P�YR�=-�NDM�400
kV� QDG]HPHQ� YRG� GROJ� 100 km� VR� GYH� =-� RG� WLSRW� Al/^ 95/55, NRM� SUHQHVXYD� aLVWR
DNWLYQD�PR`QRVW�RG�800 MW��SUH]HPHQL�RG�[1], RGQRVQR [2]��3UHVPHWNLWH�VH�YU^HQL
]D�VOHGQLWH�WUL�QDaLQL�QD�]D]HPMXYDZH�QD�=-��NODVLaHQ�QDaLQ�QD�]D]HPMXYDZH�NDM�NRM
REHWH�=-�VH� ]D]HPMXYDDW�QD�VHNRH�VWROEQR�PHVWR�L�GYH�YDULMDQWL�QD�GHOXPQR� ]D]HP�
MXYDZH� NDM� NRL� HGQRWR� =-� H� FHORVQR� L]ROLUDQR� D� GUXJRWR� H� GHOXPQR� LOL� FHORVQR
]D]HPMXYDQR��3ULWRD�H�YDULUDQD�GROCLQDWD�LZP�QD�]DWH]QLWH�SROLZD��=3���.DNR�^WR
H�YLGQR�RG�RYDD�WDEHOD��QHNRL�RG�SULNDCDQLWH�YDULMDQWL�QD�GHOXPQR�]D]HPMXYDZH�QD
=-�RYR]PRCXYDDW�VPDOXYDZH�QD�]DJXELWH�QD�DNWLYQD�PR`QRVW�L�HQHUJLMD�YR�=-�]D�WUL
L�SRYH`H�SDWL�YR�VSRUHGED�VR�]DJXELWH�NRL^WR�VH�RVWYDUXYDDW�NDM�NODVLaQLRW�QDaLQ
QD�]D]HPMXYDZH�QD�=-�^WR�H� VYU]DQR�VR�]QDaLWHOQL�JRGL^QL�]D^WHGL�QD�HQHUJLMD�L
QDPDOXYDZH�QD�SRJRQVNLWH�WUR^RFL�QD�SUHQRVQLRW�YRG�

7DEHOD�I ��=DYLVQRVW�QD�]DJXELWH�QD�DNWLYQD�PR`QRVW�YR�=-
RG�QDaLQRW�QD�]D]HPMXYDZH�QD�=-

1DaL Q � Q D � ] D ] HP M X Y DZ H � Q D � = -
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=DJXEL ∆P

kW

���.ODVLaHQ��GYHWH�=-�VH�FHORVQR�]D]HPMHQL� / 310

���(GQRWR�L]ROLUDQR��GUXJRWR�FHORVQR�]D]HPMHQR / 175

�� (GQRWR�=-�H�L]ROLUDQR�D�GUXJRWR�H�]D]HPMHQR
QD�SRaHWRNRW�L�QD�NUDMRW�RG�VHNRH�]DWH]QR�SROH
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9R�[4]�H�L]ORCHQ�VRVHPD�QRY��RULJLQDOHQ��PHWRG�]D�SUHVPHWXYDZH�QD�QDSRQLWH
L� VWUXLWH� YR� SROLID]QL� SUHQRVQL� YRGRYL�� 7RM� H� JHQHUDOHQ� L� EH]� QLNDNYL
XSURVWXYDZD�L�RJUDQLaXYDZD�PRCH�XVSH^QR�GD�VH�SULPHQXYD�L�YR�VOXaDMRW�QD�400 kV
SUHQRVQL�YRGRYL��NRL�YR�NRQWHNVW�QD�JRUH�NDCDQRWR�`H�VH�WUHWLUDDW�NDNR�SHWID]QL
VLVWHPL��3ULWRD� H� RYR]PRCHQR� DQDOL]LUDQLRW� YRG� GD� VH� SRVPDWUD� DYWHQWLaQR�� YR
L]YRUQD�IRUPD��XYDCXYDM`L�JR�IDNWLaNLRW��QHVLPHWULaHQ��JHRPHWULVNL�UDVSRUHG�QD
ID]QLWH�VSURYRGQLFL�L�]D^WLWQLWH�MDCLZD�YR�FHORVW��NDSDFLWLYQLWH�L�PDJQHWVNLWH
VSUHJL�SRPH_X�QLY��SRYUDWQLRW�SDW�QD�VWUXMDWD�QL]�]HPMDWD��]D]HPMXYDaLWH�QD�VWROER�
YLWH�L�GU��1DHGQR��VR�QHD�H�RYR]PRCHQR�GD�VH�YU^L�DQDOL]D�QD�UD]QLWH�UHCLPL�QD
UDERWD� QD� YRGRW�� YNOXaXYDM`L� JL� WXND� L� VOXaDLWH� NRJD� SRWUR^XYDaLWH� VH� QHVLPHW�
ULaQL��W�H��NRJD�ID]QLWH�VWUXL�YR�YRGRW�REUD]XYDDW�QHVLPHWULaHQ�WULID]HQ�VLVWHP�
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=DUDGL�NRPSOHNVQRVWD�QD�SUREOHPRW�L�RJUDQLaHQLRW�SURVWRU��VSRPHQDWLRW�PRGHO�]D
SUHVPHWND�QD�VRVWRMEDWD�YR�SROLID]QLWH�YRGRYL�RYGH�QHPD�GD�ELGH�SULNDCDQ�

0HWRGRW�H�SULPHQHW�]D�SUHVPHWXYDZH�QD�VRVWRMELWH�YR�GYDWD�SRVWRMQL�400 kV
YRGD� �%LWROD� ��−� 'XEURYR�� �83,3 km�� L� �'XEURYR�−� 6NRSMH� ��� �81,4 km�� NDNR� L� YR
QRYRL]JUDGHQLRW�400 kV�GDOHNXYRG�%LWROD���−�6NRSMH����GROJ�113,34 km��3UYLWH�GYD
SUHQRVQL� YRGD� VH� L]JUDGHQL� VR� NODVLaQL� VWROERYL�� SURL]YRG� QD� �(QHUJRLQYHVW�
6DUDHYR�� aLL^WR� GLPHQ]LL� VH� SULNDCDQL� QD� VOLNDWD� �� RGQRVQR� YR� WDEHODWD� II �� =D
UD]OLND� RG� QLY�� SRVOHGQLRW� GDOHNXYRG� H� L]JUDGHQ� VR� VRVHPD� QRYD� L� VRYUHPHQD
IDPLOLMD� VWROERYL�� SURL]YRG� QD� (02−2KULG�� NRL� LPDDW� VPDOHQL� GLPHQ]LL� QD
JODYDWD��YR�W�Q���NRPSDNWLUDQD�L]YHGED���1LYQLWH�GLPHQ]LL�VH�GDGHQL��LVWR�WDND��YR
WDEHODWD�II ��.DNR�^WR�H�YLGQR�RG�RYDD�WDEHOD��UDVWRMDQLHWR�SRPH_X�VHNRL�GYD�VRVHGQL
ID]QL�VSURYRGQLND�NDM�QHJR�L]QHVXYDDW�8,5 m��^WR�SUHWVWDYXYD�QRYLQD�YR�GDOHNXYRG�
QDWD� WHKQLND� NDM� QDV�� .DM� RVWDQDWLWH� �NODVLaQL��400 kV� GDOHNXYRGL� YR� 5HSXEOLND
0DNHGRQLMD� NDNR� L� NDM� 400 kV� GDOHNXYRGL� YR� ELY^DWD� 6)5-�� YRRELaDHQRWR
UDVWRMDQLH�SRPH_X�VHNRL�GYD�VRVHGQL�ID]QL�VSURYRGQLND�L]QHVXYD�RNROX�11 m�

7DEHOD�II ��'LPHQ]LL�QD�JODYDWD�QD
QRVHaNLWH�VWROERYL�NDM�400 kV�GDOHNXYRGL

6WROE
�WLS

a
[m]

b
[m]

c
[m]

d
[m]

e
[m]

1RYL� NRPSDNWLUDQL VWROERYL� �(02�−2KULG

N-1 16,94 10,14 3,40 7,24 3,50

N-2 16,94 10,14 3,40 7,24 3,50

N-3 16,94 10,14 3,40 7,24 3,50

N-4 16,94 10,14 3,40 7,24 3,50

.ODVLaQL VWROERYL� �(QHUJRLQYHVW�−6DUDHYR

Y2 20,40 12,00 4,20 7,60 3,70

Y4 21,52 14,10 3,92 7,60 3,50

Y6 21,52 14,10 3,92 7,60 3,50

Y8 19,00 10,50 4,25 7,60 3,50

)D]QLWH�VSURYRGQLFL�RG�UD]JOHGXYDQLWH�GDOHNXYRGL�VH�L]YHGHQL�NDNR�VQRSRYL
RG� SR� GYH� MDCLZD� Al �^ 490/65� VSRUHG� VWDQGDUGRW� MKS N.C1.351�� SRVWDYHQL� QD
PH_XVHEQR� UDVWRMDQLH� k = 40 cm�� GRGHND� ]D^WLWQLWH� MDCLZD� VH� RG� WLSRW AWG 19/9
126,1 mm2��,]RODWRUVNLWH�VLQ[LUL�NDM�VLWH�400 kV�GDOHNXYRGL�VH�L]YHGHQL�VR�VWDN�
OHQL� NDSHVWL� L]RODWRUL� aLMD� GROCLQD� YR� SURVHN� L]QHVXYD� 3,5 m�� 3UHVPHWNLWH
SRNDCDD� GHND� RG� RVREHQD� YDCQRVW� ]D� WRaQRVWD� QD� SUHVPHWDQLWH� ]DJXEL� YR� =-� H� GD
ELGH�XYDCHQD�YLVWLQVNDWD�UD]OLND�∆f = fP − fZJ�QD�SURYHVLWH�QD�ID]QLWH�VSURYRGQLFL
L� =-�� 2VWDQDWLWH� SRGDWRFL� ]D� RYRM� YRG� NDNR� SRPDONX� UHOHYDQWQL�� QHPD� GD� ELGDW
SULNDCDQL�YR�WUXGRY��QR�WLH�PRCDW�GD�VH�QDMGDW�YR�JODYQLWH�SURHNWL�QD�RYLH�YRGRYL
�QSU��[7]�L�[8] L�VO�)�

.DNR�^WR�H�QDYHVWHQR�L�VR�QD]LYRW�QD�RYRM�WUXG��]D�QDV�H�RG�SRVHEHQ�LQWHUHV
JROHPLQDWD�QD�VWUXLWH�LQGXFLUDQL�YR�=-�NDNR�L�]DJXELWH�QD�DNWLYQD�PR`QRVW�∆PZJ�YR
QLY��]D�UD]QL�UHCLPL�QD�UDERWD�QD�YRGRW�

b
a

d

e

cc

6OLND����6NLFD�QD�JODYDWD
RG�VWROERYLWH�400 kV
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=D� GD� VH� XWYUGL� YOLMDQLHWR� QD� VWHSHQRW� QD� RSWRYDUHQRVW� QD� YRGRYLWH� YU]
RGGHOQLWH�DQDOL]LUDQL�YHOLaLQL��YR�UDPNLWH�QD�RYRM�WUXG�VH�YU^HQL�SUHVPHWNL�QD
QDSRQLWH� L� VWUXLWH� YR� ]D^WLWQLWH� MDCLZD� ]D� UD]QL� YUHGQRVWL� QD� SUHQHVXYDQDWD
SULYLGQD�PR`QRVW��3UHVPHWNLWH�VH�SUDYHQL�VR�UHDOQLWH�YUHGQRVWL�QD�RWSRUQRVWLWH
QD� UDVSURVWLUDZH� QD� ]D]HPMXYDaLWH� QD� VWROERYLWH� L� ]D]HPMXYDaLWH� YR� SRVWURMNLWH
%LWROD����'XEURYR�L�6NRSMH����SUH]HPHQL�RG� [8]��.DNR�LOXVWUDFLMD�QD�UH]XODWDWLWH
RG� YDNYLWH� SUHVPHWNL�� QD� VOLNDWD� �� H� SULNDCDQD� UDVSUHGHOEDWD� QD� PRGXOLWH� QD

VWUXLWH� pI L� qI YR�=-�SR�GROCLQDWD�QD�YRGRW�NDNR�L�UDVSUHGHOEDWD�QD�DJRORW�α��^WR
JR� ]DID`DDW� ID]RULWH� QD� WLH� VWUXL�� 1D� VOLNDWD� VOLNDWD� �� H� SULNDCDQD� UDVSUH�
GHOEDWD�QD�SRWHQFLMDOLWH�QD� ]D]HPMXYDaLWH�L� VWUXLWH�QD� RGYHGXYDZH� YR� ]HPMDWD� SR
GROCLQDWD� QD� QRYRL]JUDGHQLRW� GDOHNXYRG� %LWROD� ��− 6NRSMH� �� ]D� VOXaDMRW� NRJD
YRGRW�SUHQHVXYD�SULURGQD�PR`QRVW��P = PN = 543 MW�SUL�cos ϕ2 = 1.
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RG�VWROERYLWH�SR�GROCLQDWD�QD�YRGRW�400 kV %LWROD��−6NRSMH��
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�����=DJXEL�QD�PR`QRVW�YR�]D^WLWQLWH�MDCLZD

9R�WDEHODWD�III �VH�SULNDCDQL�SUHVPHWDQLWH�YUHGQRVWL�QD�]DJXELWH�QD�PR`QRVW
YR� =-� NDM� VHNRM� RG� UD]JOHGXYDQLWH� 400 kV� YRGRYL� YR� ]DYLVQRVW� RG� SUHQHVXYDQDWD
SULYLGQD�PR`QRVW��GRGHND�LVWLWH�WLH�]DYLVQRVWL�JUDILaNL�VH�SULNDCDQL�QD�VO���

7DEHOD�III ��3UHVPHWDQL�YUHGQRVWL�QD�]DJXELWH�QD�PR`QRVW��kW��YR�=-�RG�400 kV
YRGRYL�YR�((6�QD�5��0DNHGRQLMD��YR�]DYLVQRVW�RG�SUHQHVXYDQDWD�PR`QRVW

S (MVA) %LWROD��−'XEURYR 'XEURYR−6NRSMH�� %LWROD��−6NRSMH��
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6OLND����=DYLVQRVW�QD�]DJXELWH�YR�]D^WLWQLWH�MDCLZD��kW�
RG�RSWRYDUXYDZHWR��MVA ��QD�400 kV�YRGRYL�YR�5��0DNHGRQLMD



��

,QWHUHVQR�H�GD�VH�RGEHOHCL�GHND�]DJXELWH�∆PZJ�YR�=-�NDM��NODVLaQLWH��YRGRYL
400 kV� NRL� LPDDW� SRJROHPR� PH_XID]QR� UDVWRMDQLH� VH�� VDPR� SRUDGL� SRQHSRYROQDWD
SRORCED�QD�=-�YR�RGQRV�QD�ID]QLWH�VSURYRGQLFL��SRJROHPL�YR�SURVHN�]D�RNROX����
YR�RGQRV�QD�]DJXELWH�NDM�QRYLRW�NRPSDNWLUDQ�400 kV�YRG�%LWROD���−�6NRSMH����7RD
XNDCXYD� QD� IDNWRW� GHND� QD� JROHPLQDWD� QD� RYLH� ]DJXEL� JROHPR� YOLMDQLH� `H� LPD� L
UDVSRUHGRW�QD�VSURYRGQLFLWH�L�]D^WLWQLWH�MDCLZD�QD�JODYDWD�QD�VWROERW�

5H]XOWDWLWH RG SUHVPHWNLWH SRNDCXYDDW GHND ]DJXELWH QD PR`QRVW ^WR VH�RVWYD�
UXYDDW�YR�=6�RG�YRGRW�VR]GDGHQL�RG�LQGXFLUDQLWH�VWUXL�YR�=-�VH�GROCDW��SUDNWLaQR
YR�FHORVW��QD�]DJXELWH�∆PZJ�YR�]D^WLWQLWH�MDCLZD��ELGHM`L�]DJXELWH�YR�]D]HPMXYDaL�
WH�QD�VWROERYLWH��SR�SUDYLOR��QH�MD�QDGPLQXYDDW�YUHGQRVWD�0,5%�RG�YNXSQLWH�]DJXEL
YR�=6��2G�WXND�SURL]OHJXYD�]DNOXaRNRW�GHND�NRJD�VH�UDERWL�]D�19�VR�GYH�=-�L]UDER�
WHQL�RG�GREUR�VSURYRGHQ�PDWHULMDO��YUHGQRVWD�QD�RWSRUQRVWLWH�QD�UDVSURVWLUDZH�QD
]D]HPMXYDaLWH�RG�19�L�53�QHPDDW�SUDNWLaQR�QLNDNYR� YOLMDQLH� YU]� JROHPLQDWD�QD
]DJXELWH�YR�=6�QD�19��^WR�H�L�UD]ELUOLYR�ELGHM`L�YR�WRM�VOXaDM�LQGXFLUDQLWH�VWUXL
`H�FLUNXOLUDDW�YR�NRQWXUDWD�VR]GDGHQD�RG�GYHWH�]D^WLWQL�MDCLZD�

�����*RGL^QL�]DJXEL�QD�HQHUJLMD�YR�]D^WLWQLWH�MDCLZD

$QDOL]DWD�QD�SRGDWRFLWH�RG�WDEHODWD�II �L�GLMDJUDPLWH�RG�VO����XNDCXYDDW�GHND
SRPH_X� ]DJXELWH� QD� PR`QRVW�∆PZJ� YR� =-� L� SUHQHVXYDQDWD� PR`QRVW� QD� YRGRW� SRVWRL
VWURJR�NYDGUDWQD�]DYLVQRVW��7RD�GDYD�PRCQRVW��SR]QDYDM`L�MD�WDD�]DYLVQRVW�]D�VHNRM
RG�QLY��GD�VH�SUHVPHWDDW�QD�VRVHPD�HGQRVWDYHQ�QDaLQ�L�JRGL^QLWH�]DJXEL�QD�HQHUJLMD
∆WZJ�YR =- RG RYLH YRGRYL� SUHNX�VUHGQRNYDGUDWQDWD�PR`QRVW�Psr.kv�LOL�SUHNX�YUYQDWD
PR`QRVW�Pmax�L�W�Q��YUHPH�QD�PDNVLPDOQL�]DJXEL��YUHPH�QD�]DJXEL��QD�NRQ]XPRW� τ �[5]�

∆ ∆ ∆W P PZJ ZJ ZJ= ⋅ = ⋅sr.kv 8760 max τ � ���

SUL�^WR�SULEOLCQR��SRG�SUHWSRVWDYND�GHND�H�cos ϕ ≈ const���YDCL�UHODFLMDWD�

∆
∆
P

P

PZJ

ZJ

sr.kv sr.kv

maxPmax
= = τ

8760
� ���

9R�IRUPXOLWH�����L�����VR�∆PZJ max�L�∆PZJ sr.kv�VH�R]QDaHQL�]DJXEL�YR�=-�YR�UHCL�
PRW�QD�PDNVLPDOQR��RGQRVQR�VUHGQRNYDGUDWQR�RSWRYDUXYDZH�−�UHVSHNWLYQR�

1D�WRM�QDaLQ�VH�SUHVPHWDQL�JRGL^�
QLWH� ]DJXEL� QD� DNWLYQD� HQHUJLMD� YR
YRGRYLWH�400 kV�YR�((6�QD�5��0DNHGR�
QLMD�]D�SHULRGRW������������−�����������
]D� NRM� ELOH� SR]QDWL� VUHGQLWH� VDDWQL
RSWRYDUXYDZD�QD�FHOLRW�NRQ]XP�

)UHNYHQWQLRW� GLMDJUDP� QD� VUHG�
QLWH� VDDWQL� RSWRYDUXYDZD� ]D� QDYHGH�
QLRW� SHULRG� H� SULNDCDQ� QD� VO�� ��� 2G
SR]QDWLWH� SRGDWRFL� ]D� NRQ]XPRW� VH
JOHGD� GHND� YUYQRWR� RSWRYDUXYDZH� YR
((6� QD� 5�� 0DNHGRQLMD� ]D� QDYHGHQLRW
SHULRG�L]QHVXYD�Pmax = 1081 MW��2VWD�
QDWLWH�SRGDWRFL�]D�NRQ]XPRW�NDNR�L�]D
]DJXELWH�YR�VLVWHPRW�VH�VOHGQLWH�
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− 9UYQD�SULYLGQD�PR`QRVW QD�NRQ]XPRW���Smax = Pmax + j Qmax= (1081 + j 404,8) MVA;

− 9UYQD�PR`QRVW�QD�L]YRULWH���SGmax = PGmax + j QGmax = (1104,4 + j 209,6) MVA;

− 6U��NYDGUDWQR RSWRYDUXYDZH YR�SHULRGRW�01.06.1995 − 31.05.1996:  Psr.kv = 669,2 MW;

− 9UHPH�QD�PDNVLPDOQL�]DJXEL��τ�= (Psr.kv/Pmax)2 . 8760 = 3548 h.

6R�SUHVPHWND� QD� WHNRYLWH� QD�PR`QRVWL� YR� VLVWHPRW� ]D� UHCLPRW� QD� YUYQRWR
�PDNVLPDOQRWR�� RSWRYDUXYDZH� VH� GRELHQL� RSWRYDUXYDZDWD� QD� 400 kV� YRGRYL�
1LYQLWH� YUHGQRVWL� VH� SULNDCDQL� YR� WDEHODWD� IV �� 3RQDWDPX�� YU]� RVQRYD� QD� RYLH
RSWRYDUXYDZD� NDNR� L� YU]� RVQRYD� QD� SRGDWRFLWH� RG� WDEHODWD� II � VH� SUHVPHWDQL� L
]DJXELWH�∆PZJ max,i�YR�RGGHOQLWH�YRGRYL�]D�LVWLRW�WRM�UHCLP���7LH�VH��LVWR�WDND��SULND�
CDQL�YR�WDEHODWD�IV ��1D�WRM�QDaLQ�VH�GRELHQL�L�YNXSQLWH��VXPDUQLWH��]DJXEL�∆PZJ max
QD�PR`QRVW�YR�=-�YR�UHCLPRW�QD�PDNVLPDOQRWR�RSWRYDUXYDZH�

∆PZJ max = 33,3 + 4,7 + 33,0 = 71 kW.

3RQDWDPX��VR�SRPR^�QD�UHODFLMDWD�����VH�SUHVPHWXYDDW�L�JRGL^QLWH�]DJXEL�QD
DNWLYQD�HQHUJLMD�YR�=-�RG�400 kV�YRGRYL�

∆WZJ� �∆PZJ max
�τ� �71�3548� �251.908 kWh �JRG�

7DEHOD�IV ��2SWRYDUXYDZH�QD�400 kV�YRGRYL�YR�UHCLPRW�QD
PDNVLPDOQR�RSWRYDUXYDZH�L�]DJXEL�QD�PR`QRVW�YR�=-

9RG $NWLYQD�PR`QRVW
�MW)

3ULYLGQD�PR`QRVW
(MVA)

=DJXEL�YR�=-
(kW)

%LWROD���− 'XEURYR ����� ����� ����

'XEURYR�− 6NRSMH�� ���� ����� ���

%LWROD���− 6NRSMH�� ����� ����� ����

6PHWDM`L�VR�DNWXHOQDWD�SURVHaQD�SURL]YRGQD�FHQD�QD�HOHNWULaQD�HQHUJLMD�YR
((6�QD�5��0DNHGRQLMD��NRMD�L]QHVXYD�c∆W� �0,043 US$ / kWh��YUHGQRVWD�QD�RYLH�]DJXEL
]D�SHULRGRW���MXQL������−����PDM������J��L]QHVXYD�

C = c∆W
 . ∆WZJ = 0,043.251 908 = 10.832 US$ / JRG�

�� =$./8A2.

9LVRNRQDSRQVNLWH�SUHQRVQL�YRGRYL� VH�L]YHGXYDDW� VR� HGQR�LOL�GYH� ]D^WLWQL
MDCLZD�� 7LH� VH�� SURVWRUQR� JOHGDQR�� QHVLPHWULaQR� SRVWDYHQL� YR� RGQRV� QD�ID]QLWH
VSURYRGQLFL�SRUDGL�^WR�SUL�SUHQRV�QD�PR`QRVW�YR�QLY�VH�LQGXFLUDDW�H��P��VLOL�GXUL
L�YR�VOXaDMRW�NRJD�WRYDURW�H�VWURJR�VLPHWULaHQ��2YLH�H��P��VLOL�SURWHUXYDDW�VWUXL
YR�FHOLRW�=6�QD�19�D�WLH�VWUXL�VH�L]YRU�QD�GRSROQLWHOQL�]DJXEL�

3RVWRMDW� UD]QL� QDaLQL� QD� ]D]HPMXYDZH� QD� =-� NDM� 19�� 3RYDCQLWH� RG� QLY� VH
L]ORCHQL�YR�WUXGRY��.DM�QDV� VH�SULPHQXYD��EH]�LVNOXaRN��GLUHNWQR� ]D]HPMXYDZH�QD
=-� QD� VHNRH� VWROEQR� PHVWR��^WR� SUHWVWDYXYD� WHKQLaNL� QDMHGQRVWDYQR� L� QDMHIWLQR
UH^HQLH��QR�SRVPDWUDQR�RG�DVSHNW�QD�]DJXELWH�YR�=6�QD�19��QDHGQR�L�QDMQHSRYROQR�

3URFHQHWL� VH� ]DJXELWH� QD� PR`QRVW� L� HQHUJLMD� YR� =6� QD� WLSVNLWH� SUHQRVQL
YRGRYL�NRL^WR�VH�VUH`DYDDW�YR�((6�QD�5��0DNHGRQLMD��=DJXELWH�QD�PR`QRVW�YR�=-



��

NDM�YRGRYLWH�110�L�220 kV�NRL�VH��SR�SUDYLOR��L]YHGHQL�VR�=-�L]UDERWHQL�RG�aHOLN�
L]QHVXYDDW�V��QD�V��VDPR�QHNRONX�NLORYDWL�L�NDNR�WDNYL��WLH�VH�]DQHPDUOLYL�YR�VSR�
UHGED�VR�LVWLWH�NDM�400 kV�19�NRL�VH�L]YHGHQL�VR�SR�GYH�DOXPRYHOGRYL�=-�RG�WLSRW
AWG 19/9 126,1 mm2�L�NDM�NRL�]DJXELWH�PRCDW�GD�L]QHVXYDDW�L�QHNRONX�VWRWLQL�kW�
1D�QLYR�QD������JRGLQD��]DJXELWH�QD�PR`QRVW�L�HQHUJLMD�YR�=-�NDM�400 kV�L]QHVXYDOH
71 kW�L�252.000 kWh�UHVSHNWLYQR��^WR�VH�SURFHQXYD�NDNR�]DJXED�QD�RNROX���������
JRGL^QR��6R�VHJD^QLRW�WUHQG�QD�SRUDVW�QD�NR]XPRW��WLH�VH�QDJROHPXYDDW�YR�VHNRMD
QDUHGQD�JRGLQD�]D�VVD�6%��WDND�^WR�YR������JRGLQD�WLH�`H�L]QHVXYDDW�RNROX�95 kW�L
340.000 kWh/JRG���^WR�EL�aLQHOR�QH^WR�SRYH`H�RG����������JRGL^QR��2YLH�YUHGQRVWL
YR� ����� JRGLQD� `H� ELGDW� SRJROHPL� ]D� RNROX� ����� WDND� ^WR� YNXSQLWH� ]DJXEL� QD
HQHUJLMD�YR�=-�QD�400 kV�YRGRYL�YR�5��0DNHGRQLMD�`H�aLQDW�QDG����������JRGL^QR�

2G� RYGH� SURL]OHJXYD� ]DNOXaRNRW� GHND� L]ERURW� QD� QDMVRRGYHWQLRW� QDaLQ� QD
]D]HPMXYDZH�QD�=-�NDM�SUHQRVQLWH�YRGRYL�WUHED�GD�VH�YU^L�YU]�RVQRYD�QD�SUHWKRGQR
L]YU^HQD�WHKQLaNR�HNRQRPVND�DQDOL]D��VR�NRMD�`H�ELGDW�DQDOL]LUDQL�QH�VDPR�WHK�
QLaNLWH� NDUDNWHULVWLNL� QD� VSRUHGXYDQLWH� QDaLQL� QD� ]D]HPMXYDZH�� WXNX� L� QLYQLWH
HNRQRPVNL� NDUDNWHULVWLNL�� 3ULWRD�� YR� HNRQRPVNLWH� VSRUHGEL�� SRNUDM� FHQDWD� QD
GRSROQLWHOQLWH� XUHGL� L� ]DIDWL� YR� =6� QD�19�� `H� WUHED� GD� ELGH� ]HPHQD� SUHGYLG� L
FHQDWD�QD�]DJXELWH�QD�PR`QRVW�L�HQHUJLMD�YR�VDPLRW�=6��VRRGYHWQR�YDORUL]LUDQL�

�� /,7(5$785$

[1] 5��$aNRYVNL��9��.LUaHY��=DJXEL�QD�PR`QRVW�YR�]D^WLWQLWH� MDCLZD�NDM�QDG�
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5�H�]�L�P�H

3UHGPHW�QD�LVWUDCXYDZH�YR�RYRM�WUXG�H�SURVWRUQLRW�GDPSHU�]D�GYH�SURYRGQL
MDCLZD�SURL]YRG�QD�ILUPDWD�DAMP ��,WDOLMD��'DPSHURW�H�QDPHQHW�]D�LVWRYUHPHQR
SULJX^XYDZH�QD�YLEUDFLLWH�NDM�GYH�SURYRGQL�MDCLZD�RG�HGQD�LVWD�ID]D�NRL�VH�YRGDW
YR�VQRS��,]YU^HQL�VH�HNVSHULPHQWDOQL�LVSLWXYDZD�QD�GLQDPLaNLWH�NDUDNWHULVWLNL
QD�GDPSHU�NRM�H�LVIUOHQ�RG�XSRWUHED�]DUDGL�SRMDYDWD�QD�QHNRL�DQRPDOLL�NDM�QHJR�SR
SRYH`HJRGL^QDWD�XSRWUHED�L�QDSUDYHQD�H�VSRUHGED�VR�YUHGQRVWLWH�QD�GLQDPLaNLWH
NDUDNWHULVWLNL� NDM� LVWLRW� GDPSHU� SUHG� QHJRYDWD� XSRWUHED�� 3UL� WRD� VH� XWYUGHQL
]QDaLWHOQL� UD]OLNL� YR� JROHPLQDWD� QD� UH]RQDQVQDWD� IUHNIHQFLMD� QD� GDPSHURW�
WUDQVYHU]DOQDWD�NUXWRVW�QD�JXPHQLRW�HOHPHQW�L�NRHILFLHQWRW�QD�SULJX^XYDZH��NRM
H�QDMPHURGDYHQ�]D�HILNDVQRVWD�QD�GDPSHURW�

A b s t r a c t

In this paper, the investigation of spacer damper produced by the DAMP company - Italy
is presented. The damper is intended for simultaneous damping of vibrations of a bundle of two
conductors of a single phase. Experimental investigations of the dynamic characteristics of a
damper useless after several years serving are performed. These results are copmared with the
values of the dynamic characteristics of the same damper before usage. Therefore, big differences
in the values of the resonant frequencies, transverse stiffness and the damping coefficient which is
the most important for the damping of the damper are found.�����

.�O�X�a�Q�L��]�E�R�U�R�Y�L

GDPSHU�� SULJX^XYDZH�� NRHILFLHQW� QD� SULJX^XYDZH�� WUDQVYHU]DOQD� NUXWRVW�
UH]RQDQVQD�IUHNIHQFLMD
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8SRWUHEDWD�QD�VQRSRYL�SURYRGQL�MDCLZD�]D�SUHQRV�QD�HOHNWULaQDWD�HQHUJLMD
NDM� GDOHNXYRGLWH� VR� JROHPD� SUHQRVQD� PR`�� MD� QDORCL� SRWUHEDWD� RG� NRULVWHZH� QD
SURVWRUQL�GDPSHUL��aLMD�RVQRYQD�FHO�H� �QH� VDPR�GD� JL�GUCL�SURYRGQLWH� MDCLZD�QD
RSUHGHOHQR�UDVWRMDQLH�WXNX�L�GD�YU^L�SULJX^XYDZH�QD�YLEUDFLLWH�^WR�VH�MDYXYDDW
NDM� QLY�� 2VQRYHQ� VRVWDYHQ� GHO� QD� SURVWRUQLRW� GDPSHU� H� JXPHQLRW� ]JORE�� NRM� JL
SRYU]XYD�NUDFLWH�QD�GDPSHURW�VR�FHQWUDOQRWR�NX`L^WH��*XPHQLRW�]JORE�H�L]UDERWHQ
RG�VLQWHWLaNL�SROLPHU����EPDM�HODVWRPHU��VR�VRVWDY�WHUSROLPHU���HWLOHQ��SURSLOHQ
L� GLHQ��� 9R� WUXGRW� H� SULNDCDQR� YOLMDQLHWR� QD� DWPRVYHUVNLWH� XVORYL� YU]
HILNDVQRVWD� QD� SULJX^XYDZH� QD� GDPSHURW�� YNOXaXYDM`L� JL� YLVRNLWH� L� QLVNL
WHPSHUDWXUL�� ]JROHPHQDWD� NRQFHQWUDFLMD� QD� R]RQ�� XOWUDYLROHWRYL� ]UDFL� VQHJ� L
PUD]�� =D� WDD� FHO� HNVSHULPHQWDOQR� VH� RSUHGHOHQL� RVQRYQLWH� GLQDPLaNL
NDUDNWHULVWLNL�QD�GDPSHURW�SR�SRYH`HJRGL^QDWD�XSRWUHED��VRSVWYHQL�IUHNIHQFLL�
WUDQVYHU]DOQD� NUXWRVW� L� NRHILFLHQW� QD� SULJX^XYDZH�� L� LVWLWH� VH� VSRUHGHQL� VR
GLQDPLaNLWH�NDUDNWHULVWLNL�QD�LVWLRW�GDPSHU�SUHG�QHJRYDWD�XSRWUHED�

�� (.63(5,0(17$/12�235('(/89$:(�1$�',1$0,A.,7(�
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(NVSHULPHQWDOQLWH�LVSLWXYDZD�QD�GLQDPLaNLWH�NDUDNWHULVWLNL�QD�GDPSHURW
VH� L]YHGHQL� YR� ODERUDWRULMDWD� ]D� GLQDPLaNL� LVSLWXYDZD� SUL� ,QVWLWXWRW� ]D
]HPMRWUHVQR�LQCHQHUVWYR�L�LQCHQHUVND�VHL]PRORJLMD���6NRSMH��2SUHPDWD�VR�NRMD�VH
L]YHGHQL� HNVSHULPHQWDOQLWH� LVSLWXYDZD� ]D� RSUHGHOXYDZH� QD� WUDQVYHU]DOQDWD
NUXWRVW� QD� JXPHQLWH� HOHPHQWL� QD� GDPSHURW�� SUHWVWDYXYD� LQWHJUDOHQ
HOHNWURKLGUDXOLaHQ� VLVWHP�� NRQFLSLUDQ� NDNR� VLPXODWRU� QD� GLQDPLaNL� SREXGL�
9RGHZHWR� QD� NYD]LVWDWLaNLWH� LVSLWXYDZD� H� YU^HQR� SUHNX� NRQWUROD� QD
SRPHVWXYDZDWD� YR� SUDYHF� QD� GHMVWYR� QD� VLODWD�� NRMD� VH� REH]EHGXYD� VR� KLGUDXOLaQD
SUHVD�aLMD�PDNVLPDOQD�VLOD�QD�SULWLVRN�H������kN��0HUQDWD�RSUHPD�EH^H�GLUHNWQR
YU]DQD� ]D� NRPSMXWHUVNLRW� VLVWHP� NRM� RYR]PRCL� VRELUDZH� QD� SRGDWRFLWH� YR� VLWH
ID]L� RG� HNVSHULPHQWRW�� VR� LVWRYUHPHQR� YL]XHOQR� NRQWUROLUDZH� QD� ]DYLVQRVWD� QD

VLODWD�RG�SRPHVWXYDZHWR��F-δ��SUHNX�SORWHU�
=D� RSUHGHOXYDZH� QD� VRSVWYHQLWH� IUHNIHQFLL� QD� YLEULUDZH� QD� GDPSHURW�

NDNR� L� NRHILFLHQWRW� QD� SULJX^XYDZH� QD� LVWLRW�� NRULVWHQD� H� PDODWD
YLEURSODWIRUPD� VR� KDUPRQLVND� SREXGD�� NRM� PRCH� GD� SUHGL]YLNXYD� KDUPRQLVNL
YLEUDFLL�YR�KRUL]RQWDOHQ�LOL�YHUWLNDOHQ�SUDYHF�YR�IUHNIHQWHQ�GLMDSD]RQ�RG���GR
���Hz�

2SUHPDWD� ]D� UHJLVWUDFLMD� NRMD� H� NRULVWHQD� SUL� LVSLWXYDZHWR� VH� VRVWRL� RG
VHQ]RUL� QD� DNFHOHUDFLMD�� VLVWHP� ]D� ]DVLOXYDZH� QD� VLJQDOLWH� L� VLVWHP� ]D
UHJLVWUDFLMD� QD� RGJRYRURW� YR� YUHPHQVNL� L� IUHNIHQWHQ� RSVHJ�� .DNR� VHQ]RUL� ]D
DNFHOHUDFLMD� NRULVWHQL� VH� DNFHNHURPHWUL� RG� WLSLW� �ENDEVKO�� VR� VRRGYHWHQ
]DVLOXYDa�� 'LQDPLaNLRW� RSVHJ� QD� DNFHOHURPHWULWH� L]QHVXYD� ��g�� 5HJLVWUDFLMD� QD
VLJQDOLWH�H�YU^HQD�VR�IUHNIHQWHQ�DQDOL]DWRU�

>HPDWVNL�SULND]�QD�LVSLWXYDQLRW�GDPSHU�H�SULNDCDQ�QD�VO����



6O�������3URVWRUHQ�GDPSHU�]D�GYH�SURYRGQL�MDCLZD�DAMP

��� 5(=8/7$7,�2'�(.63(5,0(17$/1,7(�,63,789$:$

9R� SURGROCHQLH� VH� SULNDCDQL� UH]XOWDWLWH� RG� HNVSHULPHQWDOQLWH
LVSLWXYDZD� QD� SURVWRUQLRW� GDPSHU�DAMP� L]YHGHQL� QD� GDPSHU� SR� SRYH`HJRGL^QD
QHJRYD� XSRWUHED�� 'DGHQL� VH� KLVWHUH]LVQLRW� GLMDJUDP� QD� JXPHQLRW� HOHPHQW� QD
GDPSHURW� RG� NRM� ^WR� VH� RSUHGHOXYD� WUDQVYHU]DOQDWD� NUXWRVW� QD� GDPSHURW� L� L
DPSOLWXGQR� IUHNIHQWQDWD� NULYD� QD� RGJRYRURW� QD� NUDMQDWD� WRaND� QD� GDPSHURW� RG
NRMD� ^WR� VH� RSUHGHOXYD� UH]RQDQVQDWD� IUHNIHQFLMD� QD� GDPSHURW� L� QHJRYLRW
NRHILFLHQW� QD� SULJX^XYDZH�� 9R� 7DEHOD� I�� GRELHQLWH� UH]XOWDWL� VH� VSRUHGHQL� VH
SRGDWRFLWH� ]D� LVWLRW� WRM� GDPSHU� SUHG� QHJRYRWR� SRVWDYXYDZH� QD� VQRSRW� SURYRGQL
MDCLZD�

�����������
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DAMP fa=43.76Hz
fe=43.6Hz

�����������6O�����+LVWHUH]LVQL�GLMDJUDPL�QD�����������������������6O�����$PSOLWXGQR�IUHNIHQWQL
JXPHQLWH�HOHPHQWL�QD�SURVWRUHQLRW�GDPSHU���������������NDUDNWHULVWLNL na �GDPSHURW

7DEHOD�I
7LS�QD�GDPSHU 5H]RQDQVQD�IUHN�

QD�GDPSHURW�[Hz]
.RHILFLHQW��QD
SULJX^XYDZH����

7UDQVYHU]DOQD

NUXWRVW� Nm−1

DAMP��SUHG�XSRWUHED� ����� ���� ����

DAMP��SR�XSRWUHED� ����� ��� �����

��� =$./8A2.



2G�VSRUHGEDWD�QD�UH]XOWDWLWH�GRELHQL�VR�HNVSHULPHQWDOQLWH�LVSLWXYDZD�QD
YH`H�XSRWUHEXYDQ�SURVWRUHQ�GDPSHU�DAMP�L�UH]XOWDWLWH�]D�LVWLRW�WRM�GDPSHU�SUHG
QHJRYRWR� SRVWDYXYDZH� QD� VQRSRW� SURYRGQL� MDCLZD� PRCDW� GD� VH� L]YHGDW� VOHGQLWH
]DNOXaRFL�

�� NRHILFLHQWRW� QD� SULJX^XYDZH� QD� SURVWRUQLRW� GDPSHU� SR� XSRWUHEDWD� H
QDPDOHQ� VDPR� ]D� RNROX� ���� ^WR� QH� H� RVQRYQD� SULaLQD� ]DUDGL� NRMD� GDPSHURW� H
RWVWUDQHW�RG�XSRWUHED�

�� WUDQVYHU]DOQDWD� NUXWRVW� QD� GDPSHURW� H� RNROX� WUL� SDWL� ]JROHPHQD� NDNR
SRVOHGLFD�QD�VWDUHHZHWR�QD�JXPDWD

��UH]RQDQVQDWD�IUHNIHQFLMD�QD�GDPSHURW�H�LVWR�WDND�]D�RNROX�GYD�L�SRO�SDWL
]JROHPHQD�NDNR�SRVOHGLFD�QD�]JROHPHQDWD�NUXWRVW�QD�GDPSHURW

=QDaL� NDNR� SRVOHGLFD� RG� VWDUHHZHWR� QD� JXPDWD� RG� YOLMDQLHWR� QD
DWPRVYHUVNLWH�XVORYL��JXPDWD�MD�JXEL�VYRMDWD�HODVWLaQRVW�D�VR�WRD�L�VSRVREQRVWD�QD
GDPSHURW�]D�SULJX^XYDZH�QD�RSDVQLWH�YLEUDFLL�QD�VQRSRW�SURYRGQL�MDCLZD�QD�NRM�H
SRVWDYHQ� VH� QDPDOXYD�� =JROHPXYDZHWR� QD� VRSVWYHQDWD� IUHNIHQFLMD� QD� GDPSHURW
XVORYXYD�LVWLRW�GD�UDERWL�YR�REODVW�QD�IUHNIHQFLL�NRMD�QH�H�NULWLaQD�]D�VQRSRW�
�NULWLaQD� REODVW� QD�IUHNIHQFLL� H� YR�IUHNIHQWQLRW� GLMDSD]RQ� RG� �� �� ���Hz��� 7RD
]QDaL�GHND�GDPSHURW�QH�H��SREXGHQ��]D�GD�SUHY]HPD�GHO�RG�HQHUJLMDWD�QD�VQRSRW�GD�MD
WUR^L�SUHNX�VRSVWYHQLWH�YLEUDFLL�

9R�SRVOHGQR�YUHPH�LVWUDCXYDZDWD� VH�QDVRaHQL�NRQ� XSRWUHEDWD�QD�UD]OLaQL
NRPELQDFLL� QD� VLOLNRQVNL� JXPL� NDNR� SULJX^XYDaNL� HOHPHQWL� QD� SURVWRUQLWH
GDPSHUL��,VSLWXYDZDWD� SRNDCDOH� GHND� VLOLNRQVNLWH� JXPL� JL� ]DGUCXYDDW� SRGROJR
YUHPH� RVQRYQLWH� NDUDNWHULVWLNL� QHSURPHQHWL� GXUL� L� SRG� YOLMDQLH� QD� HNVWUHPQL
NOLPDWVNL�XVORYL�

�� /,7(5$785$
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5�H�]�L�P�H

9R� WUXGRW� H� SULNDCDQD� YUVNDWD� ^WR� SRVWRL� SRPH_X� GLODWDFLLWH� SUL
GLQDPLaNR�RSWRYDUXYDZH�QD�QDG]HPQLWH�YRGRYL�L�WLH�^WR�VH�MDYXYDDW�NDM�YNOH^WHQL
]DWHJQDWL� JUHGL� VR� NUXCHQ� SRSUHaHQ� SUHVHN� NRL� VH� L]ORCHQL� QD� YLEUDFLL�
.RULVWHQD� H� PHWRGDWD� QD� WUDQVIHU� PDWULFL� ]D� RSUHGHOXYDZH� QD� PDNVLPDOQLWH
GLODWDFLL� YR� WRaNLWH� QD� REHVXYDZH� QD� SURYRGQLWH� MDCLZD� L� WRaNLWH� QD
SRVWDYXYDZH�QD�GDPSHURW�YGROC�VQRSRW��3ULNDCDQL�VH�LVWR�WDND�L�UH]XOWDWLWH�RG
HNVSHULPHQWDOQLWH�LVWUDCXYDZD�QD�GLODWDFLLWH�QD�VQRS�RG�GYH�SURYRGQL�MDCLZD�VR
GROCLQD�RG������P��RSUHPHQ�VR�SURVWRUHQ�GDPSHU��(NVSHULPHQWDOQLWH�LVSLWXYDZD�VH
L]YHGHQL�YR�ODERUDWRULMDWD�]D�GLQDPLaNL�LVSLWXYDZD�SUL�,=,,6���6NRSMH�

A b s t r a c t

�7his paper deals with the correlation which excists between the dynamic strains occuring
in overhead stranded cables and those occuring at the rigidly clamped extremities on vibrating
taut circular beams. The transfer matrix method is used for determination of the maximum strains
occurring on the span at span extremities and at the fixation points of the dampers. The results of
the experimental investigations of the strains of a 19.5 m twin bundle equipped with spacer
dampers are also shown. Experimental tests were performed at the dynamic testing laboratory of
IZIIS - Skopje.

.�O�X�a�Q�L��]�E�R�U�R�Y�L

GLODWDFLL��VQRS�SURYRGQL�MDCLZD��GDPSHU
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(NVSHULPHQWDOQLWH�LVSLWXYDZD�QD�NUXWRVWD�QD�SURYRGQRWR�MDCH�^WR�YLEULUD
RSUHGHOHQD� RG� UH]RQDQVQLWH� IUHNIHQFLL� [1]�� SRNDCXYD� GHND� GHND� WDD� L]QHVXYD
SRORYLQD� RG� YUHGQRVWD�^WR� H� GRELHQD� RG� SUHVPHWNLWH� QDSUDYHQL� VR� SUHWSRVWDYND
GHND� SRRGGHOQLWH� CLFL� QD� MDCHWR� QH� VH� OL]JDDW� HGQD� YR� RGQRV� QD� GUXJD� L� GHND
SRSUHaQLRW� SUHVHN� QD� MDCHWR� VH� GYLCL� YR� FHOLQD�� 3UHVPHWNLWH� QDSUDYHQL� SRG
SUHWSRVWDYND�GHND�VHNRMD�CLFD�YR� MDCHWR�VH�GYLCL�SRRGGHOQR��GDYDDW�YUHGQRVWL�]D
NUXWRVWD�RG���������SURFHQWL�RG�RQDD�GRELHQD�NDM�KRPRJHQDWD�JUHGD��2GGWXND�LGHMDWD�
UDVSUHGHOEDWD�QD�GLQDPLaNLWH�GLODWDFLL�NDM�SURYRGQLWH�MDCLZD�GD�VH�LVSLWXYD�VR
SRPR^�QD�UDVSUHGHOEDWD�QD�GLODWDFLLWH�NDM�KRPRJHQD�JUHGD�

�� ',1$0,A.$�5$635('(/%$�1$�',/$7$&,,7(
.$-�+202*(1$�*5('$

=D�DQDOL]D�QD�GLODWDFLLWH�NDM�JUHGD�YNOH^WHQD�QD�GYDWD�NUDMD�L�L]ORCHQD�QD
YLEUDFLL�VH�SUDYDW�VOHGQLWH�SUHWSRVWDYNL�

��*UHGDWD�VH�L]ELUD�GD�ELGH�KRPRJHQD�VR�NUXCHQ�SRSUHaHQ�SUHVHN��NRQVWDQWQD
PDVD�m L�NRQVWDQWQD�NUXWRVW�SR�FHOLRW�UDVSRQ�EJ�

��6H�XVYRMXYD�NRQVWDQWQD�VLOD�QD�]DWHJQXYDZH�QD�JUHGDWD�S�
�� 'LODWDFLLWH� VH� RSUHGHOXYDDW� NRJD� JUHGDWD� YLEULUD� QD� ELOR� NRMD� RG

QHM]LQLWH� VRSVWYHQL� IUHNIHQFLL�� W�H�� SUL� HGHQ� RG� QHM]LQLWH� JODYQL� REOLFL� QD
YLEULUDZH�

3DUFLMDOQDWD�GLIHUHQFLMDOQD�UDYHQND�^WR�JR�RSL^XYD�GYLCHZHWR�QD�JUHGDWD
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= + + +
0

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

NDGH� ω H� HGQD� RG� UH]RQDQVQLWH� IUHNIHQFLL� QD� JUHGDWD�� ψ β0 L � VH� NRQVWDQWL� ^WR

]DYLVDW� RG� SRaHWQLWH� XVORYL�� D� � A, B, C� L� D�� NRQVWDQWL� ^WR� ]DYLVDW� RG� NUDMQLWH
XVORYL� QD� SRWSLUDZH� QD� JUHGDWD�� *ROHPLQLWH� D� L� z� ]DYLVDW� RG� IUHNIHQFLMDWD� QD
VOHGQLRW�QDaLQ�
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S
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S
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2G� MDNRVWD� QD� PDWHULMDOLWH�� SR]QDWL� VH� VOHGQLWH� UHODFLL� SRPH_X
SRPHVWXYDZHWR��QDNORQRW��PRPHQWRW�L�UH]XOWDQWDWD�QD�VLWH�VLOL�^WR�GHMVWYXYDDW�QD
SRSUHaHQ�SUHVHN�QD�UDVWRMDQLH�x�YGROC�UDVSRQRW�



ϕ( ) '( )

( ) "( )

( ) ' ' '( ) ' ( )

x W x

M x EJW x

Q x EJW x SW x

= −
= −

= − +
�����������������������������������������������������

8VORYLWH� ^WR� SRVWRMDW� YR� GDGHQ� SRSUHaHQ� SUHVHN� RG� UDVSRQRW�� QD� UDVWRMDQLH� x�
PRCDW�GD�VH�SULNDCDW�VR�YHNWRURW�

y x W M Q
T

( ) , , ,= ϕ ������������������������������������������������������������

6R�SULPHQD�QD�PHWRGDWD�QD� WUDQVIHU�PDWULFL�� DNR� VH�SR]QDWL� XVORYLWH�QD� HGQLRW
NUDM� RG� UDVSRQRW� y0�� �]D� x  � ���� PRCQR� H� VR� SRPR^� QD� WUDQVIHU� PDWULFDWD� aik �

i,k ��������� GD� VH� RSUHGHODW� XVORYLWH� YR� ELOR� NRM� SRSUHaHQ� SUHVHN� QD� UDVWRMDQLH� x
YGROC�UDVSRQRW�

y x a x yik( ) ( )= 0������������������������������������������������������������������

0DWULFDWD� a xik ( ) �PRCH�GD�VH�RSUHGHOL�RG�UDYHQNLWH�����L�����

$NR�VH�GHILQLUDDW�XVORYLWH�QD�NUDHYLWH�RG�UDVSRQRW�� WRJD^�H�PRCQR�GD� VH
RSUHGHODW� UH]RQDQVQLWH�IUHNIHQFLL� QD� JUHGDWD� L� YUHGQRVWLWH�y(x)� QD� SURL]YROQR
UDVWRMDQLH�x�YGROC�UDVSRQRW��$NR�VH�XVYRMDW�YNOH^WHQL�NUDHYL��^WR�H�QDMOR^DWD�RG
VLWH�PRCQL�YDULMDQWL�]D�SULFYUVWXYDZHWR�QD�SURYRGQLWH�MDCLZD�RG�JOHGQD�WRaND�QD
GLODWDFLLWH��WRJD^�PDWULaQDWD�UDYHQNDWD�����]QDaLWHOQR�VH�XSURVWXYD�L�VH�VYHGXYD
QD�VLVWHP�RG�GYH�UDYHQNL�

2G� L]YU^HQLWH� VLPXODFLL� ]D� RSUHGHOXYDZH� QD� GLODWDFLLWH� YGROC
SURYRGQRWR�MDCH�SULNDCDQL�YR�[1],�GRELHQL�VH�VOHGQLWH�UH]XOWDWL�

�� 0DNVLPDOQDWD� GLODWDFLMD� YR� DQWLMD]RORW� QD� UDVWRMDQLH� D/2 RG� RVNDWD� QD
JUHGDWD�� YR� UDPQLQDWD� QD� YLEULUDZH� ]D� ELOR� NRM� SRSUHaHQ� SUHVHN�� VR� LVNOXaRN� QD
RQLH�SRPH_X�NUDHYLWH�L�SUYLRW�MD]RO�L]QHVXYD�

ε π
λv

u D
= 4

2
2

2
������������������������������������������������������������������

�� 0DNVLPDOQDWD� GLODWDFLMD� ^WR� VH� MDYXYD� QD� NUDHYLWH� RG� UDVSRQRW� QD
UDVWRMDQLH�RG�RVNDWD�QD�JUHGDWD�D/2�L]QHVXYD�

ε π
λi K
u D

= 4
2

2
2

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

NDGH�VH�
u���DPSOLWXGD�QD�YLEULUDZH�QD�DQWLMD]RORW
D���GLMDPHWDU�QD�JUHGDWD
λ − EUDQRYD�GROCLQD
K���NRQVWDQWD�^WR�VH�RWaLWXYD�RG�GLMDJUDP�[1]  ��

=D� GD� UDYHQNLWH� ���� L� ���� VH� SULPHQDW� QD� SURYRGQR� MDCH�� SRWUHEQR� H� VDPR� GD� VH
YRYHGDW� NRHILFLHQWLWH� QD� OL]JDZH� SRPH_X� CLFLWH� QD� MDCHWR� K K1 2L � NRL� VH

HNVSHULPHQWDOQR� RSUHGHOHQL� ]D� UD]OLaQL� WLSRYL� QD� SURYRGQL� MDCLZD�� UD]OLaQL
GLMDPHWUL�QD�MDCHWR�L�UD]OLaQL�VLOL�QD�]DWHJQXYDZH�
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(NVSHULPHQWDOQLWH�LVSLWXYDZD�QD�GLQDPLaNDWD�UDVSUHGHOED�QD�GLODWDFLLWH
VH�L]YHGHQL�QD�VQRS�RG�GYH�SURYRGQL�MDCLZD��WLS�ACSR 490/65��VR�GROCLQD�RG������m�
]DWHJQDWL� VR� HGQDNYD� VLOD� RG� ����� kN� NRMD� REH]EHGXYD� LVWR� UDERWQR� QDSUHJDZH� QD
LVWHJQXYDZH�NDNR� YR� HNVSORDWDFLRQL�XVORYL��(GQDWD� SRWSRUD� ]D� NRMD� H�ILNVLUDQR
MDCHWR� VH� SRVWDYXYD� QD� YLEURSODWIRUPDWD� NRMD� JHQHULUD� KDUPRQLVND� SREXGD� YR
YHUWLNDOHQ�SUDYHF��VR�NRQVWDQWQD�DNFHOHUDFLMD�RG������g�

1D�VO���L�VO���SULNDCDQL�VH�VSRUHGEHQR�GLODWDFLLWH�YR�WRaNLWH�QD�REHVXYDZH
QD� SURYRGQLWH� MDCLZD� ]D� VQRS� EH]� GDPSHU�� L� VQRS� RSUHPHQ� VR� SURVWRUHQ� GDPSHU
DAMP�� 6R� SROQD� OLQLMD� VH� SULNDCDQL� UH]XOWDWLWH� RG� DQDOLWLaNLWH� SUHVPHWNL�
GRGHND�VR�WRaNL��UH]XOWDWLWH�RG�HNVSHULPHQWDOQLWH�LVSLWXYDZD�
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �NULWLaQR QLYR

6O����'LODWDFLL�QD�VQRS��������������������������6O����'LODWDFLL�QD�VQRS
��������EH]�GDPSHU����������������������������� ��������������VR�GDPSHU�DAMP

��� =$./8A2.

2G� JUDILaNLRW� SULND]� QD� ]DYLVQRVWD� QD� GLODWDFLLWH� RG� IUHNIHQFLMDWD� QD
YLEULUDZH�QD�VQRSRW�RG�GYH�SURYRGQL�MDCLZD��SREXGHQ�VR�VLOD�NRMD�QD�VLVWHPRW�PX
]DGDYD� NRQVWDQWQR� ]DEU]XYDZH�� VH� JOHGD� GHND� GLODWDFLLWH� VH� PDNVLPDOQL� SUL
QDMQLVNLWH� VRSVWYHQL�IUHNIHQFLL� QD� VQRSRW�� GRGHND� SUL� SRYLVRNLWH�IUHNIHQFLL

VH�QH]QDaLWHOQL�YR�VSRUHGED�VR�NULWLaQRWR�QLYR�RG����µs��=DWRD�L�LVSLWXYDZHWR�H
RJUDQLaHQR� QD� SUYLWH� WUL� VRSVWYHQL� IUHNIHQFLL� QD� VQRSRW�� ,VWR� WDND� SUL
YHUWLNDOQRWR�SREXGXYDZH�QD�KRUL]RQWDOHQ�VQRS�RG�SURYRGQL� MDCLZD��NDNYR�^WR�H
SULPHQHWR�YR�HNVSHULPHQWRW��GLODWDFLLWH�YR�WRaNLWH�QD�SRVWDYXYDZH�QD�GDPSHURW
QD� MDCLZDWD� VH� QH]QDaLWHOQL� SRUDGL� ID]QRWR� GYLCHZH� QD� LVWLWH�� =DWRD� NDNR
PHURGDYQL�SUL�LVSLWXYDZHWR�VH�]HPHQL�VDPR�GLODWDFLLWH�YR�WRaNLWH�QD�REHVXYDZH
QD� SURYRGQLWH� MDCLZD�� 2G� SULNDCDQLWH� GLMDJUDPL� VH� ]DEHOHCXYD� ]DGRYROLWHOQR
VRYSD_DZH�QD�DQDOLWLaNLWH�L�HNVSHULPHQWDOQLWH�UH]XOWDWL��RVREHQR�NDM�VQRSRW�NRM
QH�H�RSUHPHQ�VR�SURVWRUHQ�GDPSHU�

�� /,7(5$785$

[1] R. Claren, G. Diana, "Transverse vibrations of stranded cables" IEEE Paper, 1989
[2] R.R. Scanlan, R. Swart, " Bending stiffness and strain in stranded cables", IEEE Paper, 1969
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2YRM� WHNVW� YVX^QRVW�� SUHWVWDYXYD� LQIRUPDFLMD� ]D� WRD� ]R^WR� L� NDNR
(OHNWURSUHQRV�6NRSMH�� SUL� UHNRQVWUXNFLMD� QD� ���� kV� GDOHNXYRG� EURM� ������ 6NRSMH��
6NRSMH�� VH� RGOXaL� GD� JR� SULPHQL� PDVLYQLRW� VWDSHQ� SRUFHODQVNL� L]RODWRU� QDPHVWR�
GRVHJD� YRRELaDHQLWH� p� NDSDVWL� L]RODWRUL�� ,QIRUPDFLMDWD� JL� VRGUCL� VLWH� ID]L� NRL
SUHWKRGHD�QD�GHILQLWLYQDWD�RGOXND�]D�SULPHQD�QD�YDNRY�QRY�WLS�L]RODFLMD�QD�����kV
QDG]HPQL�YRGRYL��3UH]HQWLUDQL�VH�SULaLQLWH� ]D� YDNYLRW�L]ERU�� L]ERURW�QD� ]D^WLWQD
RSUHPD��VLWH�SRWUHEQL�WHVWLUDZD�L�QD�NUDMRW��XYHUXYDZH�GHND�RYRM�L]RODWRU�]QDaL�NUDM
QD�PQRJX�SUREOHPL�YR�SRJRQRW�QD�SUHQRVQDWD�PUHCD�YR�5�0DNHGRQLMD�

NOXaQL�]ERURYL��VWDSHQ�L]RODWRU��QHSURERMQRVW

INTRODUCTION OF LONG-ROD PORCELAIN INSULATOR IN RECONSTRUCTION
OF 110 KV OVERHEAD LINE SKOPJE1-SKOPJE4

SUMMARY

This text is supposed to be an  information about why and how, Elektroprenos-Skopje
decided to use long rod porcelain insulator instead  usual, cap and pin insulators, for the
reconstruction of the 110 kV overhead line Skopje1-Skopje4. This information contains the all
phases that existed before the final decision for the application of  new-insulators of this kind in our
overhead lines. The contents of the text imply the following: the reasons for this choice, the selection
of protective devices, all tests that were required and in the end, the assurance that this insulator
means the end of a lot of problems in working of the HV transmission net in Macedonia.

key words: long-rod insulator, puncture proof,



� 929('

9R� YLVRNRQDSRQVNDWD� QDG]HPQD� PUHCD� YR� 0DNHGRQLMD�� RG� VDPLRW� SRaHWRN� YR
XSRWUHED� VH�SRUFHODQVNL�NDSDVWL�L]RODWRUL��NRL�VH�X^WH�SUHRYODGXYDDW��0H_XWRD�� YR
���WH� JRGLQL� SRVWHSHQR� VH� SUHPLQXYD� QD� VWDNOHQL� NDSDVWL� L]RODWRUL� � VR� RVQRYQD
SULaLQD�p�OHVQD�GHWHNFLMD�SUL�SURERM�

=R^WR� H� ELWQR� L]RODWRURW� GD� ELGH� ^WR� H� PRCQR� SRRWSRUHQ� QD� SURERM� � D�� YR
VOXaDM� GR� SURERM� GD� GRMGH�� NRL� VH� SRQDWDPR^QLWH� LPSOLNDFLL"� 2GJRYRURW� QD� RYD
SUD^DZH�PRCH�GD�VH�GRELH�YU]�RVQRYD�QD�SUREOHPLWH�VR�NRL�VH� VRRaXYDDW�HNLSLWH�YR
RGUCXYDZHWR� D�� X^WH� SRYH`H� YU]� RVQRYD� QD� SUREOHPLWH� NRL� VH� SRMDYXYDDW� SUL
SRJRQVNLWH��QH�SULOLNL�SUL�SURERM�QD�L]RODFLMDWD�QD�YRGRYLWH��=QDaL�

D��$NR� YUHPHWR� NRH� VH� mWUR^Ln� YR� UHGRYQRWR� RGUCXYDZH� QD� YLVRNRQDSRQVNLWH
YRGRYL�VH�SULNDCH�YR�QHNRM�RSD_DaNL�UHGRVOHG��VH�GRELYD�

��3UHJOHG�QD�GDOHNXYRGLWH�
��2GUCXYDZH�QD�^XPVNLWH�NRULGRUL�L�VHaHZH�QD�YHJHWDFLMDWD�NRMD�SUHaL�YR
�SRJRQRW�
��,]UDERWND�L�PRQWDCD�QD�XNUDGHQL�“L” �SURILOL�
��=DPHQD�QD�L]RODWRUL��VNU^HQL�LOL�SURELHQL��
��3RSUDYND�QD�SURYRGQL�LOL�]D^WLWQL�MDCLZD�

E�� 1DMaHVW� SUREOHP� YR� UD]UH^XYDZHWR� QD� SRUHPHWHQLWH� SRJRQVNL� VRVWRMEL
SUHWVWDYXYD�SURQDR_DZHWR�QD�PHVWRWR�QD�GHIHNW�YR� VOXaDM�NRJD� VH�UDERWL�]D�SURELHQ
L]RODWRUVNL� ODQHF�� RVREHQR� SRUFHODQVNL�� 7RD� EDUD� DQJDCLUDZH� QD� JROHPD� HNLSD�
YR]LOD��PQRJX�YUHPH��1D�NUDMRW��GHIHNWRW�SDN�PRCH�GD�QH�ELGH�SURQDMGHQ�L�VH�QDORCXYD
SRYWRUQR� YNOXaXYDZH� QD� GDOHNXYRGRW� YL]XHOQR� GD� VH� GHWHNWLUD� PHVWRWR�� ^WR� X^WH
SRYH`H�MD�QDSUHJD�RSUHPDWD���%H]�UD]OLND�^WR�RYRM�SULRG�H�QHNRQYHQFLRQDOHQ�L�PRCHEL
mSUHPQRJX�HGQRVWDYHQn��WRM�H�SRG��SULQXGD�QD�UHDOQDWD�VRVWRMED�]DWRD�^WR��ORNDWRUL�QD
JUH^ND� QHPD� QD� VLWH� GDOHNXYRGL� � LOL� � DNR� JL� LPD� QDMaHVWR� VH� QHSUHFL]QL� LOL� VH� YR
GHIHNW��

9R�VOXaDM�NRJD�QD�GDOHNXYRGLWH�EL�LPDOH�QHSURERMQL�L]RODWRUL��EL�HOLPLQLUDOH
QH�PDO�GHO�RG�SUHNLQLWH�YR�SRJRQRW�D��VHNDNR��L��GHO�RG�DQJDCPDQRW�QD�HNLSLWH�NRL�VH
JULCDW�]D�RGUCXYDZHWR�

9R� VYHWRW�� UH^HQLH� QD� RYRM� SUREOHP� VH� EDUD� VR� YRYHGXYDZH� QD� QRYL� WLSRYL
L]RODWRUL�� D� WRD� VH� VWDSQLWH�SRUFHODQVNL� �� ^WR� QH� H� ED^� QRY� WLS�� ]DWRD� ^WR� VH� YR
XSRWUHED� YH`H� ��� JRGLQL�� LOL� VWDSQL�NRPSR]LWQL� �� YR� XSRWUHED� YR� SRVOHGQR� YUHPH�
RVREHQR�YR�6$'���=DEHOH^NDWD�GHND� VWDSQLWH�SRUFHODQVNL�L]RODWRUL�VH�YR� XSRWUHED
SRGROJR�YUHPH���D�QLH�VHJD�JL�mRWNULYDPHn���JRYRUL�L�]D�WRD�GHND��VHSDN�WUHED�GD�VH�]HPH
SUHGYLG� � SRVWRHZHWR� QD� ORNDOQLWH� SURL]YRGLWHOL� ^WR� QDMaHVWR� LPD� RGOXaXYDaNR
YOLMDQLH�YU]�L]ERURW�QD�L]RODWRU���2G�GUXJD�VWUDQD��WRD�H�SRYH`H�RG�GRYROHQ�SHULRG�]D
GD�VH�NRULVWDW�QHNRL�VWDWLVWLaNL�SRND]DWHOL�

9R�0DNHGRQLMD�QHPDPH�ORNDOHQ�SURL]YRGLWHO�SD�]DWRD�L�SROHVQR�VH�RELGXYDPH�GD
JR�SULIDWLPH�VYHWVNLRW�WUHQG��=DVHJD��VDPR�VR�SRUFHODQVNL�VWDSQL�L]RODWRUL�]D�����kV



3RYRG� ]D� UD]PLVOXYDZH� GD� VH� YRYHGH� QRY� WLS� L]RODWRUL� EHD� NRQWDNWLWH� L
LQIRUPDFLLWH� RG� VURGQLWH� HOHNWURSUHQRVQL� NRPSDQLL� YR� (YURSD� �$YVWULMD� L
*HUPDQLMD��YR�VPLVOD�QD�QLYQRWR�ERJDWR�LVNXVWYR

3UYR�SUD^DZH�EH^H�� � GDOL�QD�SRVWRMQDWD� ]D^WLWQD�L�RYHVQD�RSUHPD�PRCH�� EH]
QHNRL�SRVHEQL�SULODJRGXYDZD��GD�VH�YPHWQH�VWDSHQ�L]RODWRU��2GJRYRURW�JR�GRELYPH�VR
GLHOHNWULaQL� LVSLWXYDZD� YR� YLVRNRQDSRQVNDWD� ODERUDWRULMD� EGU� �� 3UDJD�� NDGH� VH
SRNDCD� GHND� EH]� QLNDNYL� SUREOHPL� VWDSQLRW� L]RODWRU� � IXQNFLRQLUD� QD� SRVWRMQDWD
RSUHPD�� =QDaL� LVWLRW� PRCH� GD� VH� NRULVWL� L� ]D� LQWHUYHQFLL� QD� GDOHNXYRGL� NRL� VH
RSUHPHQL�VR�NDSDVWL�L]RODWRUL��0H_XWRD��YR�VOXaDM�NRJD�RYRM�L]RODWRU�VH�YJUDGXYD�QD
QRY�GDOHNXYRG��VH�SURFHQL�GHND�L�RYHVQDWD�RSUHPD�WUHED�GD�ELGH�SULODJRGHQD��7DND��YR
VOXaDMRW�QD�UHNRQVWUXNFLMD�QD�����kV�GDOHNXYRG�EURM�������6NRSMH��6NRSMH��SUHGYLGHQ�H
VWDSQLRW�L]RODWRU� L� `H�ELGH� YJUDGHQ� VR� RYHVQD� L� ]D^WLWQD� RSUHPD� NRMD� H� VSHFLMDOQR
GL]DMQLUDQD�]D�QHJR��,�]D�RYRM�VOXaDM�VH�L]YU^LMD��SRWUHEQLWH�GLHOHNWULaQL�LVSLWXYDZD
YR�YLVRNRQDSRQVNDWD�ODERUDWRULMD�EGU���3UDJD�

� 35,A,1,�1$���(/(.75235(126��=$�929('89$:(�1$�67$31,27
325&(/$16.,�,=2/$725

���*ROHPL�SUHGQRVWL�QD�VWDSQLRW�L]RODWRU�YR�RGQRV�QD�NDSDVWLWH

��� 5HNRQVWUXNFLMDWD� QD� ���� kV� '9� EU������� 6NRSMH��6NRSMH�� YVX^QRVW

SUHWVWDYXYD� L]JUDGED� QD� VRVHP� QRY� GDOHNXYRG� SR� SRVWRMQDWD� WUDVD� L� SUL� NRMD
L]RODFLMDWD�VHNDNR�EL�ELOD�]DPHQHWD�D��YR�YNXSQLWH�WUR^RFL�WDD�YOHJXYD�VR�VDPR�����
�YR�VOXaDM�GD�VH�XSRWUHEDW�NDSDVWL�L]RODWRUL�WRM�SURFHQW�EL�ELO�������

���6H�UDERWL�]D�UHODWLYQR�NXVD���� kV�YUVND������N0���QR��VSHFLILaQD�YR�RGQRV�QD
UHRQRW� NDGH� PLQXYD� WUDVDWD�QDVHOHQL� PHVWD�� ]JUDGL�� ]HPMRGHOVNL� SRYU^LQL�� ]DJDGHQD
RNROLQD�� SUHPLQL� SUHNX� CHOH]QLaNL� OLQLL�� DYWRSDW�� ORNDOQL� SDWL^WD�� � NDGH
SUHGQRVWLWH�QD�VWDSQLRW�L]RODWRU��VH�RaHNXYD���EL�GR^OH�GR�SROQ�L]UD]�

���%RJDWRWR�LVNXVWYR�VR�YDNRY�WLS�L]RODWRUL�L�LVNOXaLWHOQR�PDOLRW�EURM�JUH^NL
YR�PUHCDWD�SRUDGL�L]RODFLMDWD��QD�]HPML�NDNR�^WR�VH�*HUPDQLMD��$YVWULMD��>YDMFDULMD
L� QHNRL� ]HPML� RG� SRUDQH^QLRW� LVWRaHQ� EORN��6WDWLVWLND� RG� NRULVQLFL�
HOHNWURVWRSDQVNL�NRPSDQLL�

��� 9R�0DNHGRQLMD�� VWDSQL� L]RODWRUL� ELOH� NRULVWHQL� YR� PQRJX� PDOD� NROLaLQD�
PRCH� GD� VH� NDCH�HNVSHULPHQWDOQR��,VNXVWYRWR� VR� QLY� H� SULOLaQR� OR^R� L� YHGQD^� VH
]DPHQHWL�� 0H_XWRD�� WRD� ELOH� L]RODWRUL� L]UDERWHQL� RG� NYDUFHQ� SRUFHODQ� L� OR^D
WHKQRORJLMD�QD�OHSHZH��NRL�PQRJX�WH^NR�JL�SRGQHVXYDOH�WHPSHUDWXUQLWH�SURPHQL�L�VH
QHVSRUHGOLYL� VR� VHJD^QLWH�� 6HJD^QLWH� VH� L]UDERWHQL� RG� YLVRNR� NYDOLWHWHQ
DOXPLQLXP�RNVLG�SRUFHODQ�NRM�RQHYR]PRCXYD�ELOR�NDNYL�VWUXNWXUQL�VWUHVRYL�NDNR�L
L]YRQUHGQD�L]GUCOLYRVW�QD�WHPSHUDWXUQL�SURPHQL�

���/RNDOQD�PDOD�IDEULND��OHVQR�SULVSRVREOLYD��NDNR�^WR�H�(02�2KULG��91$��
>WLS��NRMD�UHODWLYQR�EU]R�EL�GL]DMQLUDOD�L�L]UDERWLOD�RYHVQD�L�]D^WLWQD�RSUHPD�]D
VWDSHQ�L]RODWRU���>WR�VH�SRNDCD�NDNR�WRaQR�

��� *HQHUDOQD� LQWHQFLMD� QD� �(OHNWURSUHQRV�� ]D� SRVWRMDQR� XQDSUHGXYDZH� QD
WHKQLaNLWH� SHUIRUPDQVL� L� NRQGLFLMD� QD� YRGRYLWH� VR� LVWRYUHPHQR� QDPDOXYDZH� QD
WUR^RFLWH�]D�RGUCXYDZH�




3UHGQRVWL�QD�VWDSQLRW�L]RODWRU�YR�RGQRV�QD�NDSDVWLWH�

D� 1HSURERMQRVW

��6WDSHQ�L]RODWRU�
7HRUHWVNDWD� SDWHND� QD� SURERM� QL]� WHORWR� QD� L]RODWRURW� H� SRGHGQDNYD� L� H
SULEOLCQR� LVWD� VR� SDWHNDWD� QD� SURERM� QL]� YR]GXK�� 3RUDGL� PQRJX� SRJROHPDWD
GLHOHNWULaQD�FYUVWLQD� QD�SRUFHODQRW� SUHVNRNRW� VHNRJD^�QDVWDQXYD� YR� YR]GXK�
SRUDGL� NRQVWUXNFLMDWD� QHPD� NDVNDGQL� SUHVNRFL�� SRYU^LQDWD� QD� L]RODWRURW
HILNDVQR�VH�^WLWL�VR�]D^WLWQLWH�SUVWHQL��7RNPX�SRUDGL�JRUHNDCDQRWR�RYRM�WLS
L]RODWRUL�JR�LPD�GRELHQR�QD]LYRW�1HSURERHQ�� puncture-proof��L�VRJODVQR�IEC 383
SUHSRUDNLWH� H� VPHVWHQ� YR� 7LS� $� �YLGL� VOLND�L]RODWRUL� ]D� NRL� QH� VH� YU^DW
QLNDNYL�WHVWLUDZD�QD�SURERM�
- .DSDVW�L]RODWRU�
2YLH� L]RODWRUL� VH� VRVWRMDW� RG� GYH� HOHNWURGL�NDSD� L� aHNDQ�� NRL� PH_X� VHEH� VH
L]ROLUDQL� VR� UHODWLYQR� WHQRN� VORM� QD� L]RODFLMD�SRUFHODQ�� VWDNOR��� 3DWRW� QD
SURERM�NDM�RYLH�L]RODWRUL�H�NUDWRN�L�]DWRD�WLH��VRJODVQR� IEC 383�VH�VPHVWHQL�YR
7LS�%� �YLGL� VOLND�L]RODWRUL� �� SURERMQL ( non puncture proof) L� ]D� QLY� WHVWRW� ]D
SURERM�H�]DGROCLWHOHQ�

E� 6WUXMQD�SDWHND

��6WDSHQ�L]RODWRU�
6WUXMQDWD� SDWHND� VH� RVWYDUXYD� YHUWLNDOQR�� SUHNX� NULOFDWD� L� KRUL]RQWDOQR
SUHNX�WHORWR�QD�L]RODWRURW��1HSRWUHEQR�H�GRGDYDZH�QD�UHEUD�SRG�NULOFDWD�^WR
RYR]PRCXYD� HILNDVQR� VDPRaLVWHZH� SR� FHODWD� GROCLQD�� YR� XVORYL� QD� ]DJDGHQD
VUHGLQD�
��.DSDVW�L]RODWRUVNL�ODQHF�
6WUXMQDWD�SDWHND�WUHED�GD�ELGH�L� GR� ����SRGROJD�RWNRONX�NDM� VWDSQLRW�SRUDGL
PHWDOQLWH� GHORYL� YR� ODQHFRW�NDVNDGQL� SUHVNRFL��1H� SRVWRL� PRCQRVW� ]D
VDPRaLVWHZH�YR�XVORYL�QD�]DJDGHQD�VUHGLQD�

  Y

X

    Z

Y

X

7LS A 7LS B
X � UDVWRMDQLH QD SURERM

Y � UDVWRMDQLH QD SUHVNRN

Z r PHVWR QD QDMaHVW SURERM



Y� %URM�QD�PHWDOQL�GHORYL

��6WDSHQ�L]RODWRU�
$NR�]ERUXYDPH�]D�����N9�ODQHF��PHWDOQL�GHORYL�LPD�VDPR�QD�QHJRYLWH�NUDHYL�D�
WRD�RYR]PRCXYD��0LQLPDOQD�PRCQRVW�]D�NRUR]LMD��1LVNR�QLYR�QD�UDGLR�SUHaNL
�YR� QD^LRW� VOXaDM� QDPHVWR� JQH]GR� L� aHNDQ� SRYU]XYDZHWR� QD� L]RODWRURW� VH
L]YHGXYD� VR� YLOX^ND�^WR� X^WH� SRYH`H� JR� VPDOXYD� QLYRWR��� 3RPDOD� WHCLQD� QD
ODQHFRW�L�GR�����

J� =RQD�QD�VWUHV

��6WDSHQ�L]RODWRU�
=RQLWH�QD�VWUHV��VH�RGYRHQL�ELGHM`L�PHWDOQLWH�GHORYL�VH�QDR_DDW�QD�NUDHYLWH�
��.DSDVW�L]RODWRUVNL�ODQHF�
6WUHVQD� ]RQD� SRVWRL� QD� VHNRMD� HGLQLFD� �SRYH`H� UL]LaQL� PHVWD� ]D� PHKDQLaNR� L
HOHNWULaQR�R^WHWXYDZH�

G� 7HVWLUDZH�QD�RSWHUHWXYDZH

��6WDSHQ�L]RODWRU�
5XWLQVNRWR� WHVWLUDZH� QD� RSWHUHWXYDZH� L]QHVXYD� ���� RG� PLQLPDOQDWD� VLOD� QD
NLQHZH�
�.DSDVW�L]RODWRU�
5XWLQVNRWR� WHVWLUDZH� QD� RSWHUHWXYDZH� L]QHVXYD� ���� RG� PLQLPDOQDWD� VLOD� QD
NLQHZH�

� ,=2/$725,� ,� =$>7,71$� 235(0$� 83275(%(1,� 92
5(.216758.&,-$7$�1$�����.9�'9�%5��������6.23-(��6.23-(�

��� ,]RODWRU

.DNR� UH]XOWDW� QD� UD]PLVOXYDZHWR� ]D� UHNRQVWUXNFLMD�� � VWUXaQLRW� WLP� RG
�(OHNWURSUHQRV�� L� RGJRYRUQLRW� SURHNWDQW� VH� RGOXaLMD� ]D� GYD� WLSD� QD� VWDSQLL
L]RODWRUL�RG�SURL]YRGLWHORW��CERAM"-$YVWULMD�

3UHG� VH�� ELWQR� EH^H� GD� VH� RGUHGL� VWHSHQRW� QD� ]DJDGXYDZH� QD� UHRQLWH� QL]� NRL
PLQXYD� WUDVDWD�� 3RUDGL� WRD� ^WR� QH� SRVWRMDW� NRQNUHWQL� PHUHZD� ]D� VWHSHQRW� QD
]DJDGXYDZH� �2KLV�� &HPHQWDUQLFD�� VH� QDPHWQD�� UH^HQLHWR� GD� ELGH� YU]� RVQRYD� QD
LVNXVWYR�L�QHNRMD�SURHNFLMD�]D�LGQLRW�UD]YRM�QD�UHRQRW�

2VQRYQDWD� L]RODFLMD� QD� VWDULRW� ���� N9� YRG� VH� VRVWRL� RG� NDSDVWL� SRUFHODQVNL
L]RODWRUL� WLS� .��� ��������� 9R� GHORW� NDGH� YRGRW� PLQXYD� QL]� ]RQD� VR� ]JROHPHQR
]DJDGXYDZH� �IDEULNL� �� XSRWUHEHQL� VH� SR� �� HGLQLFL� YR� HGHQ� L]RODWRUVNL� ODQHF�� D� WRD
]QDaL��GHND�VWUXMQDWD�SDWHND�SR�ODQHF�L]QHVXYD�������mm�����mm/kV).



6WHSHQ�QD�]DJDGHQRVW
6SHFLILaQD�QRPLQDOQD�VWUXMQD�SDWHND

SRPH_X�ID]DWD�L�]HPMDWD���mm/kV)
I���0DOD�]DJDGHQRVW ��
II ���6UHGQD�]DJDGHQRVW ��
III ���*ROHPD�]DJDGHQRVW ��
IV ���0QRJX�JROHPD�]DJDGHQRVW ��

2G�JRUQDWD�WDEHOD�PRCH�GD�VH�YLGL�GHND�L]RODFLMDWD�QD�VWDULRW�YRG�RGJRYDUD�L�H
QHNDGH� QD� GROQDWD� JUDQLFD� ]D� �PDOD� ]DJDGHQRVW���2G� GUXJD� VWUDQD�� YR� SRVOHGQR� YUHPH
LQGXVWULVNLWH�NDSDFLWHWL�UDERWDW� VR�QDPDOHQ�LQWHQ]LWHW�^WR�QH� ]QDaL� GHND� WDND� `H
RVWDQH� L� YR� LGQLQD�� ,VWR� WDND� UHRQRW� NDGH� PLQXYD� FHOLRW� GDOHNXYRG� ]DEU]DQR� VH
XUEDQL]LUD�� *ROHPDWD� YDCQRVW� NRMD� PX� VH� SULGDYD� QD� GDOHNXYRGRW� YR� ]DWYRUDZH� QD
VWUXMQLRW�ULQJ�QD�VNRSVNRWR�SRGUDaMH�VHNDNR��LPD�VYRMD�WHCLQD�7DND��EH^H�RGOXaHQR�GD
VH�XSRWUHEL�VWDSHQ�L]RODWRU�]D���VUHGQD�]DJDGHQRVW��RGQRVQR� L]RODWRU�NRM�RGJRYDUD�QD
GROQDWD� JUDQLFD� ]D�  II� VWHSHQ� QD� ]DJDGHQRVW� ���� mm/kV�� �� � ]HPDM`L� JL� YR� SUHGYLG� L
QHJRYLWH� GREUL� NDUDNWHULVWLNL� YR� XVORYL� QD� ]DJDGHQD� VUHGLQD� 
�WRaNDE�Y��� 0RCHEL
L]JOHGD� GHND� GROCLQDWD�QD� VWUXMQDWD�SDWHND� H� SUHWHUDQR� JROHPD�QR�� NRJD� `H� VH� ]HPDW
SUHGYLG� VLWH�DUJXPHQWL�L�RVREHQR��QHPRCQRVWD� ]D�SURGROCXYDZH�QD� VWUXMQDWD�SDWHND
YR�VOXaDM�GD�YR�LGQLQD�VH�SRMDYL��SRYLVRN�VWHSHQ�QD�]DJDGXYDZH��UH^HQLHWR�VSRUHG�VLWH
SURFHQNL�H�RSWLPDOQR�2VREHQR�]DWRD�^WR�RYRM�WLS�L]RODWRUL�]D�SUY�SDW�VH�SULPHQXYD
NDM�QDV�SD�SULIDWHQR�EH^H�GD�VH�RGL�VR�SRJROHPD�VLJXUQRVW��$UJXPHQW�SRYH`H�]D�RYRM
L]ERU�H�L�IDNWRW�GHND��YR�VOXaDM�UHNRQVWUXNFLMDWD�QD�SUHGPHWQLRW�YRG��GD�VH�YU^H^H�VR
VWDNOHQL� NDSDVWL� L]RODWRUL� �� EDUHP� YR� UHRQRW� NDGH� VH� VPHWD� GHND� ]DJDGXYDZHWR� H
QDMJROHPR�� `H� EHD� XSRWUHEHQL� VWDNOHQL�antifog� L]RODWRUL� �L]RODWRUL� ]D� ]DJDGHQD
VUHGLQD�� aLM� ODQHF� LPD� GROCLQD� QD� VWUXMQDWD� SDWHND� RG� ����� PP��2YDD� GROCLQD� H
ILNVQD��SRUDGL�NRQVWUXNFLMDWD�QD�NDSDVWLWH�L]RODWRUL�

3URL]YRGLWHORW� "CERAM"� ]D� RYDD� QDPHQD� JR� SRQXGL� L]RODWRURW� VR� R]QDND
LG65/22/1270 VR�VWUXMQD�SDWHND�RG������mm�

9WRULRW�WLS�L]RODWRU�VH�QDPHWQD�RG�SRWUHEDWD�]D�HOHNWULaQR�SRMDaDQD�L]RODFLMD
QD� PHVWD� NRL� VH� SUHGYLGHQL� VR� WHKQLaNLWH� QRUPDWLYL� ]D� L]JUDGED� QD� QDG]HPQL
HOHNWURHQHUJHWVNL� YRGRYL�� ,PHQR�� SURSLVLWH� YHODW� GHND� HOHNWULaQR� SRMDaDQ� VWDSHQ
L]RODWRU�H�RQRM��NRM�LPD�]JROHPHQD�GROCLQD�QD�VWUXMQDWD�SDWHND�

3URL]YRGLWHORW� "CERAM" ]D� RYDD� QDPHQD� JR� SRQXGL� L]RODWRURW� VR� R]QDND
LG65/22(3/1270 VR������mm�GROCLQD�QD�VWUXMQD�SDWHND�

��� =D^WLWQD�RSUHPD

3UL�GLPHQ]LRQLUDZH�L�REOLNXYDZH�QD�]D^WLWQLWH�DUPDWXUL�]D�VWDSHQ�L]RODWRU
WLS�LG 65/22/1270�]D�110 kV�VH�WUJQD�RG�RVQRYQLWH�WHKQLaNL�EDUDZD�NRL�WUHED�GD�ELGDW
]DGRYROHQL�

�'D�VH�VSUHaL�SUHVNRN�QD�ODNRW�SR�SRYU^LQD�QD�L]RODWRURW�
�$UPDWXUDWD�GD�JL�SRGQHVH�JROHPLWH�WHUPLaNLWH�QDSUHJDZD�NRL�EL�VH�MDYLOH�SUL
NXVD�YUVND�
�(NUDQL]LUDZH�QD�HOHPHQWLWH�RG�RYHVQDWD�RSUHPD�NRL�VH�SRG�QDSRQ���VR�FHO�GD�VH
VSUHaL�SRMDYDWD�QD�NRURQD�L�GD�VH�QDPDODW�UDGLR�SUHaNLWH



�2YR]PRCXYDZH�QD�HGQRVWDYQD�PRQWDCD�L�RGUCXYDZH
=D�NRQVWUXNFLMD�QD�]D^WLWQDWD�DUPDWXUD�NRULVWHQL�VH�VYHWVNL�LVNXVWYD���ELGHM`L

SUDNWLaQLWH�LVNXVWYD�NDM�QDV��VR�YDNRY�YLG�L]RODWRUL�VH�QH]QDaLWHOQL�
7DND��QDSUDYHQL�VH�GYH�YDULMDQWL�QD�]D^WLWQD�DUPDWXUD�
(GQDWD�YDULMDQWD�H�VR�]D^WLWHQ�SUVWHQ���D�GUXJDWD�H�VR�]D^WLWHQ�URJ�
=D^WLWQDWD�DUPDWXUD�VR�LVNUL^WHWR�H�VYUWHQD�VSURWLYQR�RG�NRQVWUXNFLMDWD�QD

VWROERW� NDNR� EL� VH� UHGXFLUDOR� YOLMDQLHWR� QD� PDJQHWQRWR� SROH� QD� RWNORQRW� QD
HOHNWULaQLRW�ODN��YR�SHWTDWD�NRQVWUXNFLMD�NRQ]ROD�L]RODWRUVNL�ODQHF��YLGL�VOLND�

1DSUDYHQL� VH� SURWRWLSL� NRL� VH� LVSLWDQL� YR� YLVRNRQDSRQVNDWD� ODERUDWRULMD
EGU�YR�3UDJD�

� ',(/(.75,A1,�,63,789$:$

,]YU^HQL�VH�VOHGQLWH�WLSRYL�QD�GLHOHNWULaQL�LVSLWXYDZD�

��,VSLWXYDZH� QD� QLYR� QD� UDGLR� SUHaNL�UDGLR� LQWHUIHUHQFD� VSRUHG� IEC 437� L
CISPR 18-2:1986�JRG�

��,VSLWXYDZH�VR�HGQRQDVRaHQ�XGDUHQ�QDSRQ�VR�SR]LWLYHQ�L�QHJDWLYHQ�SRODULWHW
NRM� VLPXOLUD� DWPRVIHUVNR�SUD]QHZH��,VSLWXYDZDWD� VH� L]YU^HQL� VSRUHG IEC 383-2� RG
�����JRG��NODX]XOD�����SR��up and down"�PHWRGD�VR����LPSXOVL�

��,VSLWXYDZH�VR�QDL]PHQLaHQ�QDSRQ�VR�LQGXVWULVND�IUHNYHQFLMD�QD�GRCG���NDNR
SRQHSRYROQD� YDULMDQWD�� ,VSLWXYDZDWD� VH� L]YU^HQL� VSRUHG� IEC 382-2� RG� ����� JRG�
NODX]XOD����

,VSLWDQL� EHD� VOHGQLWH� WLSRYL� L]RODWRUL� VR� GYHWH� YDULMDQWL� QD� ]D^WLWQD
RSUHPD�

9LG�QD�L]RODWRU .DW��EURM
(GLQLaHQ�QRVLY�L]RODWRU�(1

��VR�URJRYL�
L.16.12.12

'YRMQL�QRVLYL�L]RODWRUL�'1
�VR�SUVWHQL�

L.16.22.13 XSRWUHEHQL�SUL�UHNRQVWUXNFLMDWD

(GLQLaHQ�]DWH]HQ�L]RODWRU�(=
�VR�SUVWHQL�

L.16.32.11

'YRMQL�]DWH]QD�L]RODWRUL�'=
�VR�SUVWHQL�

L.16.42.11 XSRWUHEHQL�SUL�UHNRQVWUXNFLMDWD



5H]XOWDWL�

��� ,VSLWXYDZH�VR�HGQRQDVRaHQ�XGDUHQ�QDSRQ

7LS�QD
L]RODW�

EN L16.12.12 DN L16.22.13 EZ L16.32.11 DZ L16.42.11

b (kPa) 98.3 98.0 98.1 98.1 99.2 99.2 99.2 99.2
t (°C) 17.2 17.2 16.9 16.9 16.6 16.6 16.6 16.6

h (g/m3) 8.3 8.3 8.4 8.4 8.6 8.6 8.6 8.6
3RODULWHW + - + - + - + -

k1 0.980 0.980 0.979 0.979 0.991 0.991 0.991 0.991
k2 0.975 0.985 0.976 0.985 0.977 0.989 0.977 0.989
kt 0.955 0.965 0.955 0.964 0.968 0.980 0.968 0.980

U50% (kV) 594 670 633 698 614 734 614 734
U10% (kV) 571 644 608 671 590 705 590 705

k1-NRUHNFLRQHQ�IDNWRU�]D�JXVWLQD�QD�YR]GXKRW��k2-NRUHNFLRQHQ�IDNWRU�]D�YODCQRVW�QD
YR]GXKRW��kt-NRUHNFLRQHQ�IDNWRU�]D�DWPRVIHUVNLRW�SULWLVRN��U50% (kV)-�����SURERHQ

QDSRQ��U10% (kV)-����SURERHQ�QDSRQ

.RPHQWDU�� $NR� YUHGQRVWD� QD� SURERMQLRW� QDSRQ� H� SRJROHPD� RG� ���� kV� WRJD^� JL
]DGRYROXYD�SURSL^DQLWH�YUHGQRVWLWH�RG�VWDQGDUGRW�IEC������NODX]XOD��������

��� 5H]XOWDWL�RG�LVSLWXYDZH�VR�QDSRQ�VR�LQGXVWULVND�IUHNYHQFLMD

7LS�QD�L]RODW� EN L16.12.12 DN L16.22.13 EZ L16.32.11 DZ L16.42.11
b (kPa) 99.0 99.0 99.0 99.0
t (°C) 16.6 16.4 16.6 16.6
R.I.

(mm/min.)
v.c. 1.2 1.3 1.0 1.0

h.c. 1.2 1.4 1.2 1.2
Rw  (Ωm) 103.0 103.0 102.0 102.0
NRUHNFLRQL
IDNWRUL

UF UWM UF UWM UF UWM UF UWM

k1 0.995 0.995 0.996 0.996 0.996 0.996 0.996 0996
k2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
kt 0.995 0.995 0.996 0.996 0.996 0.996 0.996 0.996

Uf     (kV) 341 334 352 352
Uwm     (kV) 332 271 331 331



R.I.(mm/min.)-LQWHQ]LWHW� QD� YH^WDaNLRW� GRCG�v.c.�YHUWLNDOQD� NRPSRQHQWD�� h.c.-
KRUL]RQWDOQD� NRPSRQHQWD��� Rw(Ωm)-HOHNWULaHQ� RWSRU� QD� YRGDWD�� Uf (kV)-L]PHUHQ
QDSRQ�QD�SUHVNRN��Uwm (kV)-PDNVLPDOHQ�SRGQRVLY�QDSRQ��]D�YUHPH�RG����VHN��

.RPHQWDU��$NR� YUHGQRVWD� QD� QDSRQRW� QD� SUHVNRN� H� SRJROHPD� RG� ����kV� WRJD^� WDD� JL
]DGRYROXYD�SURSL^DQLWH�YUHGQRVWL�VSRUHG�VWDQGDUGRW�IEC������NODX]XOD������

��� ,VSLWXYDZH�QD�UDGLR�SUHaNL

7LS�QD
L]RODW�

EN L16.12.12 DN L16.22.13 EZ L16.32.11 DZ L16.42.11

b (kPa) 98.0 98.0 98.0 98.0
t (°C) 16.9 16.8 17.0 17.0

h (g/m3) 9.0 9.5 9.2 9.2

UT (kV) E (dB/1 µV)
78 27 26 58 53
71 27 26 56 26
64 27 26 50 26
57 27 26 27 26
50 27 26 27 26
43 27 26 27 26
36 27 26 27 26
28 27 26 27 26
21 27 26 27 26
0 27 26 27 26

b (kPa)-DWPRVIHUVNL� SULWLVRN�� t(°C)-WHPSHUDWXUD�� h (g/m3)-YODCQRVW� QD� YR]GXKRW�
UT(kV)-LVSLWHQ�QDSRQ��E(dB/1 µV)�QLYR�QD�UDGLR�LQWHUIHUHQFD

.RPHQWDU�� 1LYRWR� QD� UDGLR� LQWHUIHUHQFD� QH� VPHH� GD� MD� SUHPLQXYD� GR]YROHQDWD
JUDQLFD�]D�QDSRQ�RG����kV��������

� =$./8A2.

��� ,]RODWRU

3RNUDM� VLWH� DUJXPHQWL� YR�SULORJ� QD� VWDSQLRW� L]RODWRU� L� XYHUXYDZDWD� GHND� VR
QHJRYD�SULPHQD�]QDaLWHOQR�EL�VH�SRGREULOD�SRJRQVNDWD�GRYHUOLYRVW�QD�GDOHNXYRGLWH
VR� JROHPR� QDPDOXYDZH� QD� WUR^RFLWH� YR� RGUCXYDZHWR�� QDPHVWR� ELOR� NDNRY� ]DNOXaRN
YUHGL�GD�VH�SRJOHGDDW�VWDWLVWLaNLWH�SRGDWRFL��REMDYHQL��QD�CIGRE ������



1D� UD]JOHGXYDQ� � �KLSRWHWLaHQ�� ���� N9� YRG� VR� ��� ���� LQVWDOLUDQL� ODQFL� � YUHPHWR� GR
SUYRWR�R^WHWXYDZH�QD�L]RODWRUVND�HGLQLFD�EL�ELOR�NDNR�YR�QDUHGQDWD�WDEHOD�

7LS�QD�L]RODWRU 9UHPH�GR�SUYRWR�R^WHWXYDZH
.DSDVW��SRUFHODQ �������aDVD
.DSDVW��VWDNOR ��������GHQD
6WDSHQ��SROLPHU ������GHQD
6WDSHQ��SRUFHODQ �������JRGLQL

��� =D^WLWQD�RSUHPD

=D�NRQVWUXNFLMDWD� QD� ODQFLWH� VR� VWDSHQ� L]RODWRU� YR� RGQRV� QD� RQLH� VR� NDSDVWL
L]RODWRUL�PRCH�GD�VH�]DNOXaL�GHND�PRQWDCDWD�L�RGUCXYDZHWR�QD�VWDSQLWH�L]RODWRUL
`H�ELGDW�YR�JROHPD�PHUND�SRHGQRVWDYHQL�]HPDM`L�JR�YR�SUHGYLG�VOHGQRWR�

�2SUHPDWD�]D�VLWH�WLSRYL�QD�ODQFL�VR�VWDSHQ�L]RODWRU�H�VRVWDYHQD�RG�YNXSQR��
UD]OLaQL�HOHPHQWL�
�2SUHPDWD� ]D� VLWH� WLSRYL� QD� ODQFL� VR� NDSDVWL� L]RODWRUL� VRVWDYHQD� H� RG� ��
UD]OLaQL�HOHPHQWL�
�=D^WLWQLRW�SUVWHQ�H�HGLQVWYHQ���VH�NRULVWL�L�NDNR�JRUHQ�L�NDNR�GROHQ�

��� .RPSOHWHQ�L]RODWRU

'LHOHNWULaQLWH�LVSLWXYDZD�SRNDCDD�GHND�VWDSQLRW�L]RODWRU�JL�]DGRYROXYD�VLWH
EDUDZD� PH_XWRD�� QH^WR� SRYLVRNLWH� UH]XOWDWL� RG� LVSLWXYDZDWD� VR� XGDUHQ� QDSRQ
QDYHGXYDDW� GHND�� SUL� SULPHQDWD� WUHED� GD� VH� YRGL� VPHWND� L� ]D� NRRUGLQDFLMD� QD
L]RODFLMDWD�

2G�DVSHNW�QD�NRRUGLQDFLMD�QD�L]RODFLMD�UH^HQR�H�GD�QD�SULNOXaQLWH�SRUWDOL�YR
76�6NRSMH��L�76�6NRSMH���SULNOXaXYDZHWR�QD�GDOHNXYRGLWH�ELGH�VR�VWDNOHQL�NDSDVWL
L]RODWRUL� VR�LVWD� NRQILJXUDFLMD� NDNR� L� GRVHJD��'UXJR� UH^HQLH� EL� � ]QDaHOR� GL]DMQ� L
NRQVWUXNFLMD�QD�UHJXODFLRQL� LVNUL^WD� �^WR� SUHWVWDYXYD� QHSRWUHEQR� NRPSOLFLUDZH�
0H_XWRD��DNR�RYRM�WUHQG�QD�SULPHQD�QD�VWDSQLWH�L]RODWRUL�SURGROCL��UD]PLVOXYDZDWD
RGDW� YR� QDVRND�QD� GRNRPSOHWLUDZH�QD� ]D^WLWQDWD�RSUHPD� QD� VWDSQLRW� L]RODWRU� L� VR
UHJXODFLRQL�LVNUL^WD�
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Innovation on the  iron support of the line porcelain insulator with application on the
Pultruded - GRP composite materials as substitute of the steel material
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,QRYLUDZH�YU]�PHWDOQLRW�QRVDa�]D�OLQLVNL�SRUFHODQVNL�L]RODWRU�VR
SULPHQD�QD�SXOWUXGLUDQL�GRP�NRPSR]LWQL�PDWHULMDOL�NDNR�VXSVWLWXWL�QD�PHWDORW

.OXaQL�]ERURYL�
.RPSR]LWHQ� SRWSRUHQ� QRVDa�� 3XOWUXGLUDQL� SURILOL�� NRPSR]LWQL

PDWHULMDOL��VXSVWLWXVLMD�QD�PDWHULMDOL

���929('

(NVSORDWDFLRQLWH�SUREOHPL�L�SUDWHaNLWH�WH^NRWLL�YR�VHNRMGQHYQDWD�SUDNVD
QDMaHVWR� VH� L� SULaLQL� ]D� LQLFLUDZH� QD� UDERWQL� ]DGDaL� ]D� SURL]YRGLWHOLWH�� D
HGQRYUHPHQR� PRWLYLUDaNL� IDNWRU� ]D� EDUDZH� QD� UD]UH^QLFD� L� L]UDERWXYDZH� QD
WHKQLaNR�WHKQROR^NR�UH^HQLH�]D�QDGPLQXYDZH�QD�SRVWRHaNLWH�VRVWRMEL��AHVWRSDWL
UH^HQLMDWD�]D�SUREOHPLWH�QL�VH�QD�GRIDW��6H�SRJROHPDWD�]DWYRUHQRVW��QDPHWQDWLWH
RJUDQLaHQRVWL� L� VPDOHQLRW� EURM� QD� LQIRUPDFLL� GRYHGXYDDW� YR� PLUXYDZH� QD
PQR^WYR� SUREOHPL�� .DNR� SRVOHGLFD� QD� QHGRYROQLRW� EURM� UDVSRORCLYL� SRGDWRFL�
PDOLRW�EURM� QD� WHKQLaNR� �� WHKQROR^NL�LQIRUPDFLL�L� VRJOHGXYDZD�� D� aHVWRSDWL�L
SRUDGL�QD^DWD�LQHUWQRVW�L�QHGRYHUOLYRVW�NRQ�QRYLQLWH�VH�RGGDOHaXYDPH�RG�EU]RWR
L]QDR_DZH�UD]UH^QLFL�QD�DNWXHOQLWH�SUREOHPL�

(GQD�SUREOHPDWLND�RG�WLH�SUDWHaNL�HNVSORDWDFLRQL�VHNRMGQHYLFL�L�QHM]LQR
UD]UH^XYDZH� REUDERWXYD� RYRM� WHNVW�� 3ULPHU� NRM� H� GHPDQW� QD� SRJRUQRWR�� D� X^WH



HGQD^� MD� SRWYUGXYD� QHUDVNLQOLYDWD� YUVND� SRPH_X� SURL]YRGLWHORW� L� NRULVQLNRW�
SULPHU�]D�RERVWUDQD�VRUDERWND��SRGU^ND�L�GRYHUED��2VREHQRVWD�QD�SULPHURW�H�YR
WRD�^WR�H�SURHNWLUDQD�L�SRVWLJQDWD�FHORVQD�WHKQLaND�RSUDYGDQRVW�VR�SRQXGHQRWR
UH^HQLH�]D�UD]UH^XYDZH�QD�SUREOHPRW�

9R� GDGHQLRY� VOXaDM� VWDQXYD� ]ERU� ]D� L]ERU�� SURHNWLUDZH� L� XVYRMXYDZH� QD
HOHNWUR� L]RODFLRQHQ� PDWHULMDO� NRM� `H� L]YU^L� VXSVWLWXWXFLMD� QD� PHKDQLaNLWH
NDUDNWHULVWLNL�QD�PHWDO��9R�NODVLaQDWD�SRVWDYND��]D�QRVDa�QD�SRWSRUHQ�L]RODWRU
VH� SULPHQXYD�O� HOHNWURSURYRGHQ� PDWHULMDO� �� PHWDO�� 6R� PHWDOQLRW� QRVDa�
SRUFHODQVNLRW� OLQLVNL� L]RODWRU� aHVWR� VWUDGD� SRG� YOLMDQLH� QD� SUHQDSRQL�� 3UL
SURELY�QD�L]RODWRU�YUHPHWR�QD�LVSDG�QD�YRGRW�`H�ELGH�WRONX�JROHPR�NRONX�^WR�QD
HNLSDWD�`H�L�ELGH�SRWUHEQR�GD�JR�SURQDMGH�SURELHQLRW�L]RODWRU��D�SRWRD�LVWLRW�L�GD
JR� ]DPHQL�� AHVWRSDWL� HNLSDWD� ]D� RWVWUDQXYDZH� QD� GHIHNWL� WRD� PRUD� GD� JR� SUDYL�
NDNR�SR�SUDYLOR��YR�WH^NL�YUHPHQVNL�XVORYL�QD�NDOOLYL�WHUHQL��SR�GRCG��SR�VQHJ�
QR`H��SR�VWXG���=D�QDGPLQXYDZH�QD�SUREOHPRW�SRWUHEQR�H�LOL�GD�VH�]D^WLWL�YRGRW��GD
VH�SURPHQL�WLSRW�QD�L]RODWRU�LOL�NDNR�YR�GDGHQRYR�UH^HQLH�GD�VH�XSRWUHEL�QRVDa
QD�OLQLVNL�SRUFHODQVNL�L]RODWRU�RG� �HOHNWURL]RODFLRQHQ�PDWHULMDO���YR�VOXaDMRY
SULPHQHW�H�SXOWUXGLUDQ�NRPSR]LWHQ�SURILO�NDNR�QRVDa��,]EUDQD�H�PRCQRVWD��YU]
RVQRYD�QD�UDVSRORCLYL�WHKQLaNR�WHKQROR^NL�UH^HQLMD�L�PDWHULMDOL�GD�VH�XSRWUHEL
HOHNWURRWSRUHQ�QRVDa�]D�SRWSRUHQ�OLQLVNL�SRUFHODQVNL�L]RODWRU��2YGH�PRUDPH�GD
QDJODVLPH� GHND� VR� RYDD� VXSVWLWXFLMD� VH� SRVWLJQD� L� WHKQLaND� L� HNRQRPVND
RSUDYGDQRVW�

���.2032=,71,�0$7(5,-$/,�2'�67$./(1,�),/$0(17,

0HWDOLWH�VH�RGOLNXYDDW�VR�RVRELQDWD��YU]�RVQRYD�QD�VYRMRW�VWUXNWXUHQ�VRVWDY�
YR� VHNRM� SUDYHF� SRGHGQDNYR� GD� JL� SRGQHVXYDDW� PHKDQLaNL� RSWHUHWXYDZD�� 6RJODVQR
RYDD� RVRELQD� SURHNWLUDZHWR� QD� SURL]YRGLWH� RG� PHWDO� H� SRHGQRVWDYHQR� ]D
SURHNWDQWRW� ]DWRD� ^WR�� RG� L]EUDQ� � VR� VRRGYHWQL� NDUDNWHULVWLNL� PHWDO� NDNR
VLURYLQD��SRWUHEQR�H�GD�VH�SUHVPHWDDW�NULWLaQLWH�GLPHQ]LL�QD�HOHPHQWRW�

�2G�GUXJD�VWUDQD�NROLaLQVND�RJUDQLaHQRVW�QD�PHWDOLWH�YR�SULURGDWD�SRYH`H
LOL� SRPDONX� QH� SULQXGXYDDW� GD� UD]PLVOXYDPH�� D� HGQRYUHPHQR� L� GD� SUHY]HPDPH
aHNRUL� ]D� QLYQD� VXSVWLWXFLMD� VHNDGH� RQDPX� NDGH� ^WR� ]D� WRD� QL� VH� GDYD� PRCQRVW�
]DaXYXYDM`L�JL�PHWDOLWH�]D�SRWUHEL�YR�LGQLQD�LOL�]D�VH�RQD�NDGH�^WR�QHPRCHPH�GD
JL�VXSVWLWXLUDPH�VR�GUXJL�PDWHULMDOL��=DPHQXYDZHWR�QD�HGHQ�WLS�QD�PHWDO�VR�GUXJ
WLS�QD�PHWDO�LOL�]DPHQDWD�QD�PHWDORW�VR�GUXJ�WLS�QD�PDWHULMDO�YR�QHNRL�REODVWL�RG
LQCLQHUVNDWD�SUDNVD�H�QDPHWQDWD�L�NDNR�WHKQLaND�QXCQRVW��7DNVDWLYQR�PRCDW�GD�VH
QDYHGDW� SRYH`H� SULaLQL�� QR� RG� QLY� EL� JL� QDYHOH� SRWUHEDWD� RG� VPDOXYDZH� QD
VSHFLILaQDWD� YROXPHQVND� WHCLQD�� SRGREUXYDZD� NDM� PHKDQLaNLWH� NDUDNWHULVWLNL
LOL� SDN� SRGREUXYDZD� QD� RVRELQLWH�� 2YLH� L� GUXJLWH� SULaLQL� VHNRMGQHYQR� VH
QDPHWQXYDDW�NDNR�QXCQRVW�L�L]QXGXYDDW�SRWUHEL�RG�L]QDR_DZD�QD�UH^HQLMD�VR�NRL
QH�VDPR�^WR�VH�YU^L�VXSVWLWXFLMD�QD�PDWHULMDOLWH��WXNX�SUL�WRD�VH�QDVWRMXYD�GD�VH
VPDODW� L� VLWH� PRCQL� SUDWHaNL� WUR^RFL�� GD� VH� SUDYDW� ^WR� H� PRCQR� SRJROHPL
]D^WHGL� QD� SULURGQLWH� UHVXUVL�� GD� VH� YJUDGXYD� ^WR� H� PRCQR� SRPDOR� XaHVWYR� QD
HQHUJLMD��D�RVREHQR�YQLPDQLH�VH�SRVYHWXYD�QD�DQXOLUDZH�QD�LQGLYLGXDOQDWD�JUH^ND
VR�FHO�SRVWLJQXYDZH�QD�VH�SRYLVRN�XaLQRN�L�LVNRULVWXYDZH�QD�YOH]QLWH�VXURYLQL�

.DNR� SRVOHGLFD� QD� RYLH� SRWUHEL� VR]GDGHQL� VH� QRYL� JHQHUDFLL� VLQWHWLaNL
PDWHULMDOL� NDNR� VXSVWLWXWL� QD� PHWDOLWH�� 9R� NUHLUDZHWR� QD� VLQWHWLaNLWH
PDWHULMDOL�QH�VH�]DGUCXYD�VDPR�QD�VXSVWLWXFLMD�QD�PHKDQLaNLWH�RVRELQL�WXNX�VH�RGL
L� aHNRU� SRQDWDPX� �� YR� VPDOXYDZH� LOL� SRGREUXYDZH� SD� L� DQXOLUDZH� QD� GUXJLWH



QHJDWLYQRVWL�NRL�^WR�JL�LPDDW�PHWDOLWH��7DNYL�VPDOXYDZD�VH�NDUDNWHULVWLaQL�VR
VRRGQRVRW�QD�WHCLQDWD��SRWRD�VLQWHWVNLWH�PDWHULMDOL�VH�RGOLNXYDDW�VR�RWSRUQRVW
QD� NRUR]LMD� L� QD� DJUHVLYQL� VUHGVWYD� VR� ^WR� YR� JROHPD� PHUND� LP� H� ]JROHPHQ
CLYRWQLRW�YHN��6LQWHWVNLWH�PDWHULMDOL�PRCDW�GD�VH�SURHNWLUDDW�VSRUHG�SRWUHELWH
QD�SURHNWQRWR�EDUDZH�QD�SURL]YRGRW��9HOLPH� �SURHNWLUDZH�QD�NDUDNWHULVWLNL�QD
PDWHULMDO�QL]�SURL]YRG��L�WXND�YR�VX^WLQD� MD�SRWHQFLUDPH�VX^WLQVNDWD�UD]OLNDWD
YR�SULRGRW�SUL�UD]UH^XYDZH�QD�WHKQLaNLRW�SUREOHP�SRPH_X�UH^HQLH�VR�PHWDO�L�VR
VLQWHWVNL�PDWHULMDO���NRPSR]LW�

$NR� PRCHPH� GD� VH� VORCLPH� GHND� PHWDORW� YR� VLWH� SUDYFL� SRGHGQDNYR� VH
VSURWLYVWDYXYD� QD� RSWRYDUXYDZDWD�� ]D� NRPSR]LWRW� SRWUHEQR� H� GD� NDCHPH� GHND
QHJRYLWH�NDUDNWHULVWLNL�VH�XVPHUXYDDW�SUL�SURHNWLUDZHWR�QD�PDWHULMDORW�YR�RQRM
SUDYHF� LOL� SUDYFL� YR� NRL� VH� SURHNWLUDQL� L� RaHNXYDQL� QHJRYLWH� NULWLaQL
RSWHUHWXYDZD

6LQWHWVNLWH�NRPSR]LWQL�PDWHULMDOL�YR�RVQRYD�ED]LUDD�QD�VLQWHWVNL�VPROQL
VLVWHPL�L�ILODPHQWL�LOL�YODNQD��6SRUHG� WHKQRORJLMDWD� QD� JUDGED�QD�PDWHULMDORW
SRVWRMDW� SRYH`H� WLSRYL� QD� NRPSR]LWQL� PDWHULMDOL� L� WRD� QDPRWXYDQL�� L]YOHaHQL�
SUHVXYDQL�L�W�Q��NRPSR]LWL

'RPD^HQ� WHUPLQROR^NL� L]UD]� VR� NRM� VH� GHILQLUD� WLSRW� QD� VLQWHWLaNLRW
NRPSR]LWHQ�PDWHULMDO� NDM� QDV� VHX^WH� QH� H� GHILQLUDQ�� =D� SREOLVNR� LPHQXYDZH� QD
VLQWHWVNLWH� NRPSR]LWQL� PDWHULMDOL� � VH� NRULVWDW� L]UD]L� RG� DQJOLVNDWD
WHUPLQRORJLMD�� 9R� SUDNVD� VH� VUH`DYDDW� L]UD]LWH� �fiber glass�� �� VWDNOHQL� YODNQD�
SRWRD� VNUDWHQLFDWD� “GRP” � ^WR� YR� SUHYRG� ]QDaL� � �]DMDNQDWL� VR� VWDNOHQL� YODNQD
NRPSR]LWQL� SODVWLaQL� PDWHULMDOL�� LOL� L]UD]L� SUHNX� NRL� VH� LGHQWLILNXYDDW
PDWHULMDOLWH� YU]� RVQRYD� QD� WHKQROR^NLWH� SRVWDSNL� QD� L]UDERWND� NDNR� ^WR
“Filament Winding – FW” � �� QDPRWDQL� NRPSR]LWQL� PDWHULMDOL� �� �SXOWUXGDWL�� �
L]YOHaHQL� SURILOL� LOL� SXOWUXGLUDQL� SURILOL� �� �ODPLQDWL�� �� SUHVXYDQL� SORaL� L
W�Q�

6R� PRCQRVWLWH� ]D� L]ERU� QD� SURVWRUQDWD� RULHQWDFLMD� QD� ILODPHQWLWH� YR
PDWHULMDORW�� L]ERURW� QD� YU]LYQL� VUHGVWYD� ]D� PH_XVHEQRWR� SRYU]XYDZH� QD
ILODPHQWLWH��WHKQLaNLWH�L�WHKQROR^NLWH�UH^HQLMD�]D�SURHNWLUDZH�L�L]UDERWND�QD
VWUXNWXUD� QD� PDWHULMDORW�� YJUDGXYDZHWR� QD� RSWLPDOQL� NROLaQL� QD� VLURYLQL� L
HQHUJLMD� �� VLQWHWVNLWH� NRPSR]LWQL� PDWHULMDOL� VH� SRYH`H� � VWDQXYDDW� GRVOHGQL
VXSVWLWXWL�QD�PHKDQLaNLWH�NDUDNWHULVWLNL�QD�PHWDOLWH��D�SR�RGUHGHQL�RVRELQL�L�JL
QDGPLQXYDDW�

���38/758',5$1,�352),/,

3XOWUXGLUDQLWH� SURILOL� VO���� VH� SRGJUXSD� QD� RMDNQDWLWH� VR� VWDNOHQL
ILODPHQWL� NRPSR]LWQL� PDWHULMDOL� NDM� NRL� RG� RVREHQD� YDCQRVW� VH
HOHNWURL]RODFLRQLWH� VYRMVWYD�� PHKDQLaNDWD� QRVLYRVW�� WUDMQRVWD� QD� QDGYRUH^QL
XVORYL� QD� HNVSORDWDFLMD�� QHSRGORCLYRVWD� QD� NRUR]LMD�� QLVNDWD� YROXPHQVND
VSHFLILaQD� WHCLQD� L� REOLNXYDZHWR� YR� VORCHQL� REOLFL� SR� SRSUHaHQ� SUHVHN� SR
DNVLMDOQDWD�RVND�EH]�GRGDWQL�PHKDQLaNL�REUDERWNL��1HJDWLYQL�VWUDQL�VH�WRD�^WR�SR
FHODWD� GROCLQD� LPDDW� SRGHGQDNRY� SRSUHaHQ� SUHVHN�� QH� GRCLYXYDDW� WUDMQL
SODVWLaQL�GHIRUPDFLL�L�VWHSHQRW�QD�WHUPLaNDWD�NODVD�QD�L]RODFLMD�H�GR��+��LOL�GR
����R6�
3ULaLQD� ]D� RJUDQLaXYDZHWR� H� WRD� ^WR� KHPLVNDWD� LQGXVWULMD� QH� XVYRLOD� SRJRGQL
VPROQL�VLVWHPL�]D�RYDD�WHKQRORJLMD�VR�SRYLVRND�WHUPLaND�NODVD�



6WXNWXUQLRW� VRVWDY� QD� SXOWUXGLUDQLRW� NRPSR]LWHQ� SURILO� ED]LUD� QD
EHVNRQHaQL� � EH]DONDOQL� VWDNOHQL�� NDUERQVNL�� DUDPLGQL�� QRYRODaQL� L� W�Q�
ILODPHQWL�NRL�LPDDW�PQRJX�PDO�SRSUHaHQ�SUHVHN��RGQRVQR�GLMDPHWDURW�LP�H�YR�UHG

QD�JROHPLQD�RG����GR����µm��L�YU]LYQD�VPROQD�VLVWHPD�QD�ED]D�HSRNVLGL��SROLHVWUL
LOL� YLQLOHVWUL��6XEOLPDFLMDWD� QD� LPSXWQLWH� NDUDNWHULVWLNL� L� UDVSUHGHOEDWD� QD
NROLaLQVNLWH�VRRGQRVL��QD�VLURYLQLWH�NDM�SXOWUXGLUDQLWH�SURILOL��UHIOHNWLUD�L
UHVSHNWLYQR�VRRGYHWQL�YUHGQRVWL�QD�NDUDNWHULVWLNLWH�

=D�SROHVQR�VWHNQXYDZH�QD�VR]QDQLH�]D�SXOWUXGLUDQLRW�SURILO�RG�DVSHNW�QD
QHJRYDWD�VWXNWXUD�`H�YRVSRVWDYLPH�HGQD�SDUDOHOD�SRPH_X�QHJR�L�SUHGQDSUHJQDWLRW
EHWRQ�

6ORCXYDM`L� VH� GHND� L� EHWRQRW� H� NRPSR]LWHQ� PDWHULMDO�� PRCLPH� GD� MD
YRVSRVWDYLPH�SDUDOHODWD�QD�VRRGQRVL�QD�NRQVWUXNWLYQLWH�HOHPHQWL�QD�EHWRQRW�L�QD
SXOWUXGDWRW��3D�WDND�� WRD�^WR� DUPDWXUQRWR�CHOH]R�NDM� EHWRQRW�LPD� ]D� ]DGDaD� � GD
GRSULQHVH� ]D� ]JROHPXYDZH� QD� CLODYRVWD� � SUL� QDSUHJDZD� � � NDM� � SXOWUXGDWRW� WDD
]DGDaD�MD�GRELYD�EH]DONDOQLRW�VWDNOHQ�ILODPHQW��D�FHPHQWRW�NDNR�YU]LYQR�VUHGVWYR
L� REH]EHGXYDa� QD� NUXWRVW� NDM� EHWRQRW�� YR� SXOWUXGDWRW� VH� ]DPHQXYD� VR� VPROQLRW

VLVWHP�

VO����3XOWUXGLUDQL�SURILOL

1HRVSRUQR� GHND� WHKQLaNR� �� WHKQROR^NLWH� SRVWDSNL� ]D� L]UDERWND� QD� GYDWD� WLSD
PDWHULMDOL� QHPRCDW� GD� VH� VSRUHGXYDDW��1R�PRCH� GD� VH� NDCH� GHND� GHQHV� YR� VYHWRW
SRaQXYDDW� GD� VH� JUDGDW� PRVWRYL� LVNOXaLYR� RG� SXOWUXGDWL� VR� ^WR�� GHIDNWR� VH
]DPHQXYD�L�EHWRQRW�VR�HGHQ�SRVRYUHPHQ�NRPSR]LW��.DNR�^WR�YR�JUDGHCQL^WYRWR�]D
VHNRM� WLS� QD� QRVDa�� NRQ]ROD� LOL� JUHGD�� � L]UDERWXYDQL� RG� EHWRQ�� SUHGKRGQR� LP� VH



SURUDaXQXYD�L� SURHNWLUD� VWDWLND�L� MDNRVW� WDND�L� NDM� SXOWUXGDWLWH� LOL� SR^LURNR
NDM� RMDNQDWLWH� VR� VWDNOHQL� ILODPHQWL� NRPSR]LWQL� PDWHULMDOL� SRWUHEQR� L
QHPLQRYQR�H�SUHGYLGXYDZH�L�SURUDaXQXYDZH� � QD� RSWRYDUXYDZDWD�� SURHNWLUDZH�QD
PDWHULMDORW�L�QHJRYR�YHULILNXYDZH�

���38/758',5$1�126$A�=$�327325(1��/,1,6.,��,=2/$725
PNPI - t

3RVWDYND�]D�NRPSR]LWQLRW�SXOWUXGLUDQ�QRVDa�QD�SRWSRUHQ�OLQLVNL�L]RODWRU
EH^H� GD� JL� LVSROQXYD� EDUDZDWD� ]D� PHKDQLaNDWD� QRVLYRVW� VRJODVQR� EDUDZDWD� QD
VWDQGDUGRW JUS N.F1.501.�=QDaL��PDWHULMDORW�]D�QRYRSURHNWLUDQLRW�QRVDa��VRJODVQR
OLPLWLUDQLWH�GLPHQ]LL��WUHED^H�GD�JL�LVSROQL�SUHG�VH�QRUPDWLYLWH�]D��PHKDQLaND
QRVLYRVW�SUL�GHILQLUDQD�OLQLVNDWD�GROCLQD�QD�WHORWR�L�VR�VWDQGDUGQL�GLPHQ]LL
QD�WUQ�]D�YJUDGXYDZH�YR�NRQ]ROD��1DGJUDGED�QD�SRVWDYNDWD�EH^H�PDWHULMDORW�RG�NRM
`H� ELGH� L]UDERWXYDQ� SRWSRUQLRW� QRVDa� GD� ELGH� HOHNWURRWSRUHQ� L]RODFLRQHQ
PDWHULMDO�SRJRGHQ�]D�QDGYRUH^QL�XVORYL�QD�HNVSORDWDFLMD�

3UL� SURHNWLUDZHWR� QD� QRVDaRW� RSUHGHOED� QL� EH^H� GD� QH� MD� SURPHQXYDPH
WHKQLNDWD�L�WHKQRORJLMDWD�QD�SRVWDYXYDZH� ��PRQWLUDZH�QD�OLQLVNLRW�L]RODWRU�QD
NRQ]ROD�

1RYLRW� SRWSRUHQ� QRVDa� VO���� RSUHPHQ� H� VR� QDYRMQD� aDXUD�� GYH� SRGOR^NL� L
PDWLFD�� &LOLQGULaQRWR� WHOR� QD� QRVDaRW� H� VR� UD]OLaQL� GROCLQL� VRJODVQR
QDSRQVNRWR�QLYR�QD�OLQLVNLRW�SRUFHODQVNL�L]RODWRU�

VO����� PNPI –t

VO������ NPV A/B



1RVDaRW�VH�L]UDERWXED�YR�WUL�YDULMDQWL�L�WRD PNPI - 25, PNPI - 28�L�PNPI - 35
UHVSHNWLYQR�]D�QDSRQVNLWH�QLYD�QD�SRUFHODQVNLWH�L]RODWRUL Ps 12, Ps 24�L�28�L�Ps 35
L�38.

2SUHPHQLRW�SRUFHODQVNL�OLQLVNL�L]RODWRU� VR�NRPSR]LWHQ�SRWSUHQ�QRVDa�H
GDGHQ�QD�VO���

VO��� Ps 28 L]RODWRU�VR PNPI 28 SRWSRUD

6NUDWHQLFDWD� PNPI - W� � H� IRUPLUDQD� YU]� RVQRYD� QD� SUYLWH� EXNYL� RG
]ERURYLWH���P��²�SRWSRUHQ� �N����QRVDa�]D� �P����SRWSRUHQ���I�����L]RODWRU�L���t�����WLS��

3RWYUGD�QD�PHKDQLaNLWH�L�HOHNWURL]RODFLRQLWH�NDUDNWHULVWLNL�QD�QRVDaRW
H� GREHQD� VR� � QHJRYLWH� WHVWLUDZD� QD� 0D^LQVNLRW� )DNXOWHW� YR� 6NRSMH� L
ODERUDWRULMDWD� ]D� NRPSR]LWQL� PDWHULMDOL� SUL� $'� � �(XURLQYHVW� �� ��� 2NWRPYUL�
3ULOHS�

2G� SULORCHQDWD� WDEHOD� � VD� XYLGXYDDW� L� GLPHQ]LLWH�� PHUHQLWH� YUHGQRVWL� L
PDVLWH� QD� SRHGLQHaQLWH� WLSRYL� QRVDaL� �WDE����� SUNX� ^WR� PRCH� GD� VH� L]YU^DW
VSRUHGXYDZD�

,VSLWXYDZDWD� QD� PHKDQLaNL� RSWRYDUXYDZD� SRNDCDD� GHND� SXOWUXGLUDQLRW
QRVDa� QH� SUHWUSXYD� WUDMQL� GHIRUPDFLL� � GR� QDYHGHQLWH� VLOL� QD� RSWRYDUXYDZH� YR
WDEHODWD�� 9R� RYDD� ]RQD� QD� RSWRYDUXYDZH� PDWHULMDORW� VH� QDR_D� YR� ]RQD� QD
HODVWLaQRVW��(GLQVWYHQ�XVORY�NRM�VH�SRVWDYXYD�SUHG�PRQWHURW�SUL�NRULVWHZHWR�QD



RYRM�WLS�QD�QRVDa�H�QRVDaRW�SUDYLOQR�GD�JR�PRQWLUD�YU]�NRQ]RODWD��WDND�^WR�WUQRW
FHORVQR�GD�VH�VPHVWL�YR�QHD��NRQWUROHQ�XYLG�VH�SRVWLJQXYD�VR�SURYHUND�GDOL�QRVDaRW
VH�SRWSLUD�VR�VYRMDWD�GROQD�aHOQD�SRYU^LQD�QD�NRQ]RODWD�SUHNX�SRGOR^NDWD�

���,6.8679(1,�62=1$1,-$�=$ PNPI - t

3RWSRUQLRW�QRVDa�HJ]LVWLUD�YR�PUHCD��GR�PRPHQWRW�QD�RIRUPXYDZH�QD�RYRM
WHNVW� ��PHVHF�PDUW�
��� ��aHWLUL�JRGL^QL�SHULRGL��EXGQR�SUDWHQ�NDNR�RG�VWUDQD�QD
SURL]YRGLWHORW�WDND�L�RG�VWUDQD�QD�GLVWULEXWLYQLWH�SUHWSULMDWLMD�NDNR�NRULVQLFL�
YR� RGQRV� QD� QHJRYRWR� SRYHGHQLH� L� RaHNXYDQLWH� HIHNWL�� 3RVWDYHQ� H� QD� UD]OLaQL
ORNDOLWHWL�� VR� UD]OLaQL�NOLPDWVNL� XVORYL�L� aHVWR� SDWL� NDNR� SDUDOHOHQ� QRVDa� YR
SDU�VR�PHWDOQLRW��&HOWD�QD�SRVWDYXYDZHWR�QD�UD]QRURGQLWH�SDURYL�H�GD�VH�SRNDCH
WRaQR� RSUDYGDQRVWD� QD� VXSVWLWXFLMDWD� QD� PDWHULMDOLWH� L� SRWYUGXYDZH� QD
RaHNXYDQLWH�HIHNWL�

���6325('%(1,�7$%(/$51,�32'$72&,

6RJODVQR� UDVSRORCLYLWH� SRGDWRFL� ]D� PHWDOHQ� SUDY� QRVDa� "NPV" � ]D
YLVRNRQDSRQVNL� OLQLVNL� L]RODWRUL�� JUS N.F1.501�� VH� VUHWQXYDDW� VOHGQLWH
NDUDNWHULVWLaQL�PHUL�L�VSHFLILNL�

WDE���

NPV PNPI
   25    28       35
A / B A / B    A / B t=25 t=28 t= 35

����GROCLQD

QD QRVDa (mm)      170     205     320 170 205 320
����GROCLQD

QD WUQ (mm) 105 / 140 105 / 140 125 / 145 160 160 160
����GLMDPHWDU

QD WUQ M24 / M30 M24 / M30 M24 / M36 M24/M30          M24/M30        M24/M36
����GR]YROHQD

VLOD (daN) 125 / 440 145 / 560 175 / 620 440 560 620

����WHCLQD   (kg) 1.20 / 2.32 1.57/3.11 3.10 / 6.08 0.70 1.00 1.30

����SURERHQ

QDSRQ     (kV)      - / -    - / -     - / - 200 250 300

����PDWHULMDO A������VSUHPD JUS M.B0.500 3XOWUXGLUDQ�SURILO�BS 6128

��Un     (kV) 10 20 35 10 20 35

.DNR�^WR�PRCH�GD�VH�YLGL�RG�SULORCHQDWD�VSRUHGEHQD�WDEHOD�QD�SRGDWRFLWH
]D� PHWDOQLWH� L� NRPSR]LWQLWH� SRWSRUL� ]D� OLQLVNL� SRUFHODQVNL� L]RODWRUL
HYLGHQWQR�H�GHND�RVQRYQLWH�SDWDPHWUL�

�NDM�GYDWD�YLGD�QD�SRWSRUL�]D�QRPLQDOHQ�QDSRQ�]DGUCDQR�H�HGQDNYR�UDVWRMDQLH
QD�YRGRW�GR�NRQ]RODWD�



�NDM� NRPSR]LWQDWD� SRWSRUD� ]JROHPHQD� H� GROCLQDWD� QD� WUQRW� SD� WDND
NPSR]LWQDWD�SRWSRUD�PRCH�GD�VH�SULFYUVWL�L�QD�QHVWDQGDUGQD�GHEHOLQD�QD�NRQ]ROD�

�NDM�GYDWD�YLGD�QD�SRWSRUL�]DGUCDQR�H�HGQDNRY�GLMDPHWDU�QD�WHORWR�QD�WUQRW�
�NRPSR]LWQDWD�SRWSRUD�H�GLPHQ]LRQLUDQD�QD�PDK�GR]YROHQDWD�VLOD�(F);
�SRHGLQHaQDWD� WHCLQDWD� QD� NRPSR]LWQD� SRWSRUD� ]QDaLWHOQR� H� SRQLVND� RG

WHCLQDWD�QD�VRRGYHWQLRW�WLS�(NPV -  A LOL B WLS��aHOLaQD�YDULMDQWD�
� 3RVHEQD�DNWXHOQRVW�NRPSR]LWQLRW�QRVDa�VR]GDYD�VR�VYRMDWD�HOHNWURRWSRUQD
NRPSRQHQWD�]D�UD]OLND�RG�HOHNWURSURYRGQDWD�NDM�aHOLaQDWD�YDULMDQWD�

���=$./8A2.

3RVWLJQDWD� H� HGQD� WHKQLaND� VDWLVIDNFLMD� RG� HGQD� ]DHGQLaND� VRUDERWND
SRPH_X� NRULVQLNRW� L� SURL]YRGLWHORW�� 3RQXGHQD� H� NRULVQD� HNRQRPVNR�WHKQLaND� L
NYDOLWHWQD� SURPHQD� L� SULPHQD� QD� SRWSRUD� ]D� OLQLVNL� SRUFHODQVNL� L]RODWRU� RG
QHNRQYHQFLDOHQ� PDWHULMDO�� 3URHNWLUDQ� H� L� XSRWUHEHQ� SXOWUXGLUDQ� NRPSR]LWHQ
SURILO�L�DSOLFLUDQ�YR�ILQDOHQ�SURL]YRG�

9R�]DNOXaRNRW�`H�JL�QDYHGHPH�VXEOLPLUDQLWH�PLVOHZD�GRELHQL�L�SRWYUGHQL
SUHNX� NRULVQLFLWH� QD� SRWSRUQLRW� NRPSR]LWHQ� QRVDa� SUL� ^WR� PRCH� GD� VH� QDYHGL
GHND�H�

�SURHNWLUDQR�L�SRQXGHQR�SUHG�VH�NRULVQR�L�SUDNWLaQR�WHKQLaNR�WHKQROR^NR
UH^HQLH� ]D� QDGPLQXYDZH� QD� HYLGHQWQLWH� SUDWHaNL� SRWH^NRWLL� � YR� WHNRYQWR
UDERWHZH�

�RYD�UH^HQLH�HGQRYUHPHQR�SRQXGXYD� ]D^WHGL�QD� YUHPH��QD�PDWHULMDOQL�L� QD
ILQDQVLVNL�VUHGVWYD�

�SULPHQHWDWD� VXSVWLWXFLMD� QD� PDWHULMDORW� ]D� SRWSRUHQ� QRVDa� QD� OLQLVNL
SRUFHODQVNL� L]RODWRU� FHORVQR� JL� ]DGRYROXYD� PHKDQLaNLWH� EDUDZD� NRL� ^WR� JL
LVSROQXYD�PHWDOQLRW�QRVDa�

�� VR� NRPSR]LWQLRW� QRVDa� VH� SRGLJQXYD� L]RODFLRQRWR� QLYR� QD� OLQLVNLRW
SRUFHODQVNL� L]RODWRU�� D� WHKQROR^NDWD� SRVWDSND� ]D� SRYU]XYDZH� QD� QRVDaRW� L
SRUFHODQRW� QH� GR]YROXYD� GD� VH� SRMDYXYDW� SUD]QHZD� LOL� YSLYDZH� QD� YODJD� SRPH_X
QRVDaRW�L�L]RODWRURW�

�SRUFHODQVNLRW� OLQLVNL� L]RODWRU� RSUHPHQ� VR� NRPSR]LWQLRW� QRVDa� H
SUDNWLaQR� QHSURERHQ� WDND�^WR� L� SUL� QDSUVQXYDZH� QD� SRUFHODQVNL� L]RODWRU� VHJD
YH`H�QHPD�GD�LPDPH�LVSDG�QD�OLQLMD�

�VR�L]EUDQLRW�PDWHULMDO�]D�NRPSR]LWQLRW�QRVDa��NRM�H�VLQWHWVNL�SURL]YHGHQ�
VR�NDUDNWHULVWLNL�QDVRaHQL�SUL�SURHNWLUDZHWR�L�RWSRUHQ�QD�YLEUDFLL��PDWHULMDO
VR�QLVND�VSHFLILaQD�YROXPHQVND�WHCLQD�L�QHSRGORCHQ�QD�NRUR]LMD��VH�QDPDOXYDDW
RSWHUHWXYDZDWD�QD�NRQ]RODWD��D�SUHNX�QHD�L�QD�YUYRW�QD�VWROERW�

,� QD� NUDMRW� `H� NDCHPH� GHND� WHKQLaNRWR� UH^HQLH� H� SURL]OH]HQR� NDNR
SRVOHGLFD� RG� � WHNRYQLWH� LVNXVWYHQL� SUREOPL�� GDYD� VYRM� YLGOLY� GRSULQRV�� JR
]D^WHGXYD� YUHPHWR� QD� PRELOQLWH� HNLSL� L� H� YR� VOXCED� QD� ]D^WHGLWH�� 3UHNX� RYD
WHKQLaNR� UH^HQLH� YR� NRH� H� SULPHQHW� PDWHULMDO� ]D� SRWSRUD� RG� NRPSR]LW� VH
RYR]PRCXYD�SUHG�VH� ]JROHPHQD�SULVXWQRVW�QD�NRPSR]LWLWH�YR�WHNRYQDWD�SUDNWLND�
SUR^LUXYDZH� QD� VR]QDQLMDWD� ]D� RVRELQLWH� L� RGOLNLWH� QD� NRPSR]LWLWH� NDM
SR^LURNDWD� WHKQLaND� MDYQRVW� NDNR� L� RWYRUDZH� QD� PRCQRVWL� ]D� GD� VH� UHDOL]LUD
VOHGQDWD�ID]D�QD�LQRYLUDZH�QD�RYLH�QRVDaL�QD�L]RODWRUL�YR�SRWSRUL�NRM�QH�`H�QRVDW
SRUFHODQVNLRW�OLQLVNL�L]RODWRU�YU]�VHEH�
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9R�WUXGRW�H�QDMQDSUHG�GDGHQ�NXV�RSLV�QD�SURJUDPVNLRW�SDNHW��DV���QDPHQHW�]D
SURHNWLUDZH�QD�QDG]HPQL�YRGRYL�VR�SRPR^�QD�SHUVRQDOQL�NRPSMXWHUL��1DEURHQL�VH
SRWUHEQLWH� SRGDWRFL�� QHRSRKRGQL� ]D� YDNRY� YLG� SURHNWLUDZH�� 3RWRD� H� RSL^DQ
SULQFLSRW�QD�NRM�UDERWL�SURJUDPRW�SUL�L]ERURW�QD�WLSRYLWH�L�YLVLQLWH�QD�VWROER�
YLWH�L�QLYQRWR�LQWHUDNWLYQR�UD]PHVWXYDZH�SR�GROCLQDWD�QD�WUDVDWD�

1D�NUDMRW�VH�QDEURHQL�WHKQLaNLWH�RJUDQLaXYDZD�NRL�VSRUHG�SURSLVLWH�WUHED
EH]XVORYQR�GD�ELGDW�LVSROQHWL��2SL^DQ�H�L�QDaLQRW�QD�NRM�RYRM�SURJUDPVNL�SDNHW
YU^L�SURYHUND�QD�LVSUDYQRVWD�QD�GRELHQRWR�UH^HQLH�L�L]OH]QLWH�UH]XOWDWL�

S U M M A R Y

This paper describes the programme package "DV" assigned for automated design of
overhead lines by means of personal computers. All data, necessary for this purpose are
counted. Then is described the interactive principle of choosing the type, height and position
of each tower along the right-of-way of the line. All technical constrains which should be
mandatory fulfilled while designing and the way this programme package checks are they
really fulfilled, are also described. At the end of the paper are briefly presented the results
obtained by this package as well as the output tables, which should be integral part of each
project of an overhead line.

.OXaQL�]ERURYL��1DG]HPQL�YRGRYL��SURHNWLUDZH��SURJUDPVNL�SDNHW�

1. 929('

1RYDWD� HUD�^WR� MD� GRQHVRD� NRPSMXWHULWH� JL� L]PHQLMD� YR� JROHPD� PHUD� QDYL�
NLWH��QDaLQRW�QD�CLYRW�L�QDaLQRW�QD�UD]PLVOXYDZH�QD�OX_HWR��7LH�QDYOHJRD�YR�VLWH
SRUL�QD�QD^HWR�CLYHHZH��SD�WDND�L�YR��QDaLQRW�QD�QD^HWR�UDERWHZH��RVREHQR�RQDPX
NDGH�^WR� UDERWDWD� SUHWVWDYXYD�PLVORYHQ� SURFHV� NDNRY�^WR� H�� QD� SULPHU�� QDXaQR�
LVWUDCXYDaNDWD�UDERWD��SL^XYDZHWR��NUHLUDZHWR�QD�QHNDNYL�GHOD��LGHL��SURHNWL�L
VO��'HQHV�NRPSMXWHULWH�YH`H�YR�JROHPD�PHUD�VH�QDYOH]HQL�YR�SURFHVRW�QD�SURHNWL�
UDZH� QD� HOHNWURHQHUJHWVNLWH� REMHNWL�� SD� QD� WRM� QDaLQ� WLH� PR^QH� LQWHQ]LYQR� VH
NRULVWDW�L�SUL�SURHNWLUDZHWR�QD�QDG]HPQLWH�HOHNWURHQHUJHWVNL�YRGRYL�



�

3UHGQRVWLWH�QD�SURHNWLUDZHWR�QD�QDG]HPQLWH�YRGRYL�VR�SRPR^�QD�NRPSMXWHU
QDG�NODVLaQLRW�JUDIRDQDOLWLaNL�QDaLQ�QD�SURHNWLUDZH��NRM^WR�ELO�YRRELaDHQ��L
SUDNWLaQR�HGLQVWYHQ��GR�SUHG�L]YHVQR�YUHPH��H�SRYH`HNUDWQD��2VQRYQDWD�SUHGQRVW
WXND� H� QHVSRUHGOLYR� SRJROHPDWD� EU]LQD� L� NRPRFLMD� SUL� UDERWHZHWR�� *ROHPDWD
EU]LQD�VR�NRMD�VHJD��NRULVWHM`L�JR�NRPSMXWHURW�� VH�GRELYD�WHKQLaNRWR�UH^HQLH��PX
RYR]PRCXYD�QD�SURHNWDQWRW�NUHLUDZH��DQDOL]D�L�HNVSHULPHQWLUDZH�VR�JROHP�EURM
UD]QRYLGQL�YDULMDQWL�L�WHKQLaNL�UH^HQLMD�QD�HGHQ�LVW�SUREOHP��]DGDaD���EH]�RJOHG
GDOL�VH�UDERWL�]D�SURHNWLUDZH�QD�QRY�YRG��LOL�SDN�VH�UDERWL�]D�UHNRQVWUXNFLMD�QD
QHNRM�YH`H�SRVWRHQ�YRG�L�VOLaQR�

9WRUDWD�JROHPD�SUHGQRVW�^WR� MD�LPD�SURHNWLUDZHWR�VR�SRPR^�QD�NRPSMXWH�
ULWH� H� WRaQRVWD� VR� NRMD� VH� GRELYDDW� UH]XOWDWLWH�� 7RaQRVWD� YR� SUHVPHWNLWH� NDM
DQDOLWLaNLRW� SULVWDS� QD� SURHNWLUDZHWR� VR� SRPR^� QD� NRPSMXWHU� H�� LVWR� WDND�
]QDaLWHOQR�SRJROHPD�RWNRONX�NDM�NODVLaQLRW�QDaLQ�QD�SURHNWLUDZH��6HJD�YH`H�QH
SRVWRL� SRWUHED� RG� SULPHQXYDZH� QD� UD]QL� HPSLULVNL� LOL� SULEOLCQL� UHODFLL� L
IRUPXOL�NRL�QHNRJD^�ELOH��RG�aLVWR�SUDNWLaQL�SULaLQL��VNRUR�QHL]EHCQL�

,�NRQHaQR��NRPSMXWHULWH�RYR]PRCXYDDW�UD]YLYDZH�QD�DOJRULWPL�L�SURJUDPL�
VR�NRL�YR�FHORW�`H�PRCDW�GD�VH�RWVWUDQDW�VLWH�PRCQL�JUH^NL��ELOR�GD�VH�UDERWL�]D
JUH^NL� YR� VDPLWH� SUHVPHWNRYQL� RSHUDFLL�� ELOR� ]D� JUH^NL� GR� NRL� GRD_D� SRUDGL
XSRWUHEDWD�QD�SRJUH^QL�LOL�QHWRaQL�YOH]QL�SRGDWRFL�VR�NRL�VH�GHILQLUDDW�PHKD�
QLaNLWH� L� RVWDQDWLWH� NDUDNWHULVWLNL� QD� HOHPHQWLWH� RG� QDG]HPQLRW� YRG�� 7XND
VSD_DDW�L�JUH^NLWH�NRL^WR�VH�SRVOHGLFD�QD�SRJUH^QDWD�SULPHQD�LOL�WXPDaHZH�QD
RGUHGELWH� GHILQLUDQL� VR�3UDYLOQLNRW� ]D� JUDGED� QD� QDG]HPQL� HOHNWURHQHUJHWVNL
YRGRYL�[1]�

9R�HGQD�NRPSMXWHUVND�SURJUDPD��QDPHQHWD�]D�UH^DYDZH�QD�VSRPHQDWLRW�SURE�
OHP�� H� PRCQR� VNRUR� FHORVQR� LQNRUSRULUDZH� QD� VLWH� QD^L� SURSLVL� SUHSRUDNL� L
LVNXVWYD� ^WR� VH� RGQHVXYDDW� QD� RYDD� SUREOHPDWLND�� 1D� WRM� QDaLQ� SUDNWLaQR� YR
FHORVW�EL�VH�L]EHJQDOD�PRCQRVWD�]D�GRELYDZH�QD�WHKQLaNL�QHLVSUDYQR�UH^HQLH�NRH
QH�`H�]DGRYROXYD�QHNRMD�RG�RGUHGELWH�QD�3UDYLOQLNRW�

*ROHPDWD�EU]LQD�QD�SUHVPHWXYDZH�L�DYWRPDWVNDWD�SURYHUND�QD�VLWH�WHKQLaNL
RJUDQLaXYDZD��QDPHWQDWL�RG�3UDYLOQLNRW��JR�RVORERGXYDDW�SURHNWDQWRW�RG�UXWLQV�
NLRW�GHO�QD�UDERWDWD��MD�]JROHPXYDDW�QHJRYDWD�NRQFHQWUDFLMD�QD�ELWQLWH�UDERWL�� MD
]JROHPXYDDW�QHJRYDWD�NUHDWLYQRVW�L�PRCQRVWD�]D�YDULMDQWQL�LVWUDCXYDZD�QD�JROHP
EURM�UD]QRYLGQL�VRJOHGDQL�WHKQLaNL�UH^HQLMD�

.RQHaQR��VR�HGHQ�YDNRY�SURJUDPVNL�SDNHW�VH�RYR]PRCXYD�L�GRELYDZH�QD�VLWH
L]OH]QL�OLVWL�L�WDEHOL��NRL�NDNR�SURGXNW�QD�SUHVPHWNLWH��WUHED�GD�SUHWVWDYXYDDW
VRVWDYHQ�GHO�QD�VHNRM�JODYHQ�SURHNW�QD�QDG]HPHQ�YRG��7LH�OLVWL�L�WDEHOL�WUHED�GD�VH
QDSUDYHQL� YR� ]DYU^QD� IRUPD� L� NDNR� WDNYL�� EH]� SRWUHED� RG� QLYQD� GRSROQLWHOQD
SUHUDERWND��`H�PRCDW�GD�VH�YQHVDW�YR�VDPDWD�WHKQLaND�GRNXPHQWDFLMD�QD�REMHNWRW�
1D� WRM� QDaLQ�� SURFHVRW� QD� SURHNWLUDZHWR� QD� YRGRW� NDNR� L� SURFHVRW� QD� VDPRWR
WHKQLaNR� RIRUPXYDZH� QD� WHKQLaNDWD� GRNXPHQWDFLMD� PQRJXNUDWQR� VH� ]DEU]XYDDW�� D
SRWUHEQRWR�YUHPH�]D�QDYHGHQLWH�DNWLYQRVWL�VH�VYHGXYD�QD�PLQLPXP�

���� � � �.5$72.�23,6�1$�352*5$06.,27�3$.(7�"DV"

���� 2S^WR

9R�SHULRGRW������−������JRGLQD�QD�(OHNWURWHKQLaNLRW�IDNXOWHW�YR�6NRSMH�H
UD]YLHQ�SURJUDPVNLRW�SDNHW� "DV" ��QDPHQHW�]D�SURHNWLUDZH�QD�QDG]HPQL�YRGRYL�VR
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SRPR^�QD�SHUVRQDOHQ�NRPSMXWHU��2G� ����� JRGLQD� WRM� YH`H� VH� QDR_D� YR� XSRWUHED� YR
GHVHWLQD SRGUXCQLFL�QD�-DYQRWR�SUHWSULMDWLH��(OHNWURVWRSDQVWYR�QD�0DNHGRQLMD��
7LH�L�GR�GHQ�GHQHV�JR�NRULVWDW�LQWHQ]LYQR�L�VR�XVSHK�]D�SURHNWLUDZH�QD�QDG]HPQL
YRGRYL�VR�VUHGHQ�L�YLVRN�QDSRQ�

3DNHWRW� �DV" � H� QDPHQHW� ]D� SURHNWLUDZH� QD� QDG]HPQL� HOHNWURHQHUJHWVNL
YRGRYL�VR�QRPLQDOHQ�QDSRQ�10, 20, 35�L�110 kV��YR�VRJODVQRVW�VR�SRVWRMQLWH�QRUPD�
WLYL�]D�JUDGED�QD�QDG]HPQL�HOHNWURHQHUJHWVNL�YRGRYL�[1]�L�YR�VNODG�VR�YRRELaHQDWD
SURHNWDQWVND�SUDNVD�[2]��[3]��6R�QHJRYD�SRPR^��EH]�QLNDNYL�RJUDQLaXYDZD��PRCDW�GD
VH�SURHNWLUDDW�YDNYL�YRGRYL�VR�

− VWROERYL�RG�SURL]YROHQ�WLS�L�PDWHULMDO�
− L]RODWRUL�RG�SURL]YROHQ�WLS�L�PDWHULMDO�
− SURL]YROHQ�WLS�VSURYRGQLFL�
− SURL]YROQL�NOLPDWVNL�SDUDPHWUL�
− SURL]YROQD�YUHGQRVW�QD�PDNVLPDOQRWR�UDERWQR�QDSUHJDZH�QD�VSURYRGQLFLWH�
− SURL]YROQD�NRQILJXUDFLMD�QD�WHUHQRW�QL]�NRM�PLQXYD�QDG]HPQLRW�YRG�

���� 2VQRYQL�NDUDNWHULVWLNL�QD�SDNHWRW

3DNHWRW�DV" �H�YR�RVQRYD�LQWHUDNWLYHQ��7RD�]QDaL�GHND�UDERWDWD�VR�QHJR�`H�VH
RGYLYD� YR�IRUPD� QD� SHUPDQHQWHQ� GLMDORJ� SRPH_X� SURJUDPRW� L� QHJRYLRW� NRULVQLN�
3ULWRD�� NRULVQLNRW� WUHED� WRaQR� GD� RGJRYDUD� QD� SRVWDYHQLWH� SUD^DZD�� GD� L]ELUD
SRQXGHQL�RSFLL�SUHNX�VLVWHPRW�QD�PHQLMD��LOL�SDN�VYRLWH�CHOEL�GD�JL�VRRS^WXYD�QD
WUHW�QDaLQ��SUHNX�UD]QL�JUDILaNL�NRPDQGL�L�VO��5DERWDWD�VR�RYRM�SURJUDPVNL�SDNHW
VH� RGYLYD� YR� JUDILaNL� PRG�� 6R� WRD� H� RYR]PRCHQR� L� SRQDWDPX� YR� FHORVW� GD� ELGH
VSURYHGXYDQD�GRVHJD^QD�SURHNWDQWVND�SUDNVD��SD�VLWH�LVNXVWYD�L�]QDHZD�RG�REODVWD
QD�SURHNWLUDZHWR�QD�QDG]HPQLWH�YRGRYL�VR�NRL�UDVSRODJD�SURHNWDQWRW��SUHNX�RYRM
SDNHW�`H�GRMGDW�PDNVLPDOQR�GR�L]UD]��3URHNWDQWRW�VHJD�H�RVORERGHQ�RG�UXWLQVNLWH
SUHVPHWNL�L�SURYHUNL�L�QHJRYDWD�RVQRYQD�]DGDaD�H�VYRHWR�YQLPDQLH�GD�JR�QDVRaL�QD
NUHDWLYQLRW� GHO� RG� UDERWDWD�� 2VORERGHQ� QD� WRM� QDaLQ� RG� UXWLQVNLRW� GHO� QD
UDERWDWD�� WRM� `H� PRCH� GD� MD� DQJDCLUD� VHWD� VYRMD� HQHUJLMD�� VSRVREQRVW�� LVNXVWYR� L
]QDHZH� YR� L]QDR_DZHWR� QD� QDMVRRGYHWQRWR� WHKQLaNR� UH^HQLH�� NDNR� RG� WHKQLaNL�
WDND�L�RG�HNRQRPVNL�DVSHNW�

%U]LQDWD� QD� UDERWD� VR� SRPR^� QD� RYRM� SURJUDP� H� RJURPQD� YR� VSRUHGED� VR
EU]LQDWD�QD�SURHNWLUDZH�VR�NODVLaQLRW�JUDIRDQDOLWLaNL�PHWRG��9UHPHWR�]D�GREL�
YDZH� QD� HGQR� LVSUDYQR� WHKQLaNR� UH^HQLH� VHJD� `H� VH� PHUL� VR� PLQXWL�� QDPHVWR� VR
GHQRYL�� 7RD� `H� PX� RYR]PRCL� QD� SURHNWDQWRW� HNVSHULPHQWLUDZH� VR� JROHP� EURM
YDULMDQWQL�UH^HQLMD�SD�QD�WRM�QDaLQ�WRM�`H�PRCH�GD�RGEHUH�UH^HQLH�NRH�^WR�QH�H
VDPR�WHKQLaNL�LVSUDYQR��WXNX�H�YRHGQR�HNRQRPVNL�RSWLPDOQR�LOL�SDN�H�EOLVNX�GR
RSWLPDOQRWR�UH^HQLH�

3URJUDPVNLRW�SDNHW�DV" �RYR]PRCXYD�L�YLVRND�WRaQRVW�QD�SUHVPHWNLWH��6LWH
SULEOLCQL�L]UD]L��DSURNVLPDFLL�L�]DQHPDUXYDZD�NRL^WR�YRRELaDHQR�VH�NRULVWDW
NDM� NODVLaQLRW JUDIRDQDOLWLaNL QDaLQ QD SURHNWLUDZHWR VH RYGH�� YR� FHORVW�
LVIUOHQL��3UHVPHWNLWH�RYGH�VH�YU^DW�VR�HJ]DNWQLWH�PRGHOL�L�L]UD]L�]D�SUHVPHWND
QD� VLQ[LUQLFDWD� �KLSHUERODWD��� VLOLWH� NDM� VWROERYLWH�� QDSUHJDZDWD� YR� VSURYRG�
QLFLWH�� SURYHVLWH�� YLVRaLQLWH� QD� VSURYRGQLFLWH� QDG� WORWR� L� QDG� UD]QLWH� YLGRYL
SUHVHaQL�REMHNWL�LWQ�
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3RNUDM� WRD�� VR� SURJUDPRW� H� SUDNWLaQR� YR� FHORVW� L]EHJQDWD� PRCQRVWD� ]D
SRMDYD�QD�NDNYD�L�GD�H�JUH^ND�YR�SUHVPHWNLWH��=D�UD]OLND�RG�QHJR��NDM�NODVLaQLRW
JUDIRDQDOLWLaQL� QDaLQ� QD� SURHNWLUDZH� RELaQR� VH� JUH^L� ]DUDGL� QHWRaQRWR
LVFUWXYDZH� QD� QDGROCQLRW� SURILO�� QHWRaQRWR� SR]LFLRQLUDZH� QD� ^DEORQRW� VR
VLQ[LUQLFDWD��QHSUHFL]QRWR�RWaLWXYDZH�QD�SRWUHEQLWH�YLVRaLQL�L�GU��6H�JUH^L�L
YR�L]YHGXYDZHWR�QD�HOHPHQWDUQLWH�PDWHPDWLaNL�RSHUDFLL��QR�L�SRUDGL�WRD�^WR�VH
RSHULUDOR�� QD� SULPHU�� VR� SRJUH^QL� YOH]QL� SRGDWRFL�� 2YGH�� NDM� NRPSMXWHUVNLRW
QDaLQ� QD� SURHNWLUDZH�� YOH]QLWH� SRGDWRFL� VH� SUH]HPDDW� RG� SRVWRMQL�� SUHWKRGQR
IRUPLUDQL�L�SURYHUHQL��YOH]QL�GDWRWHNL�YR�NRL�VH�VPHVWHQL�RVQRYQLWH�IL]LaNL�L
HOHNWURPHKDQLaNL�NDUDNWHULVWLNL�QD�HOHPHQWLWH�RG�QDG]HPQLRW�YRG�

9R� SDNHWRW� DV" � H� YJUDGHQ� QDMJROHPLRW� GHO� RG� RGUHGELWH� QD� YDCHaNLRW
3UDYLOQLN�[1]�SD�VHJD�SURHNWDQWRW�H�RVORERGHQ�RG�SRWUHEDWD�GHFLGQR�L�YR�FHORVW�GD
JL� SR]QDYD� VLWH� YDCHaNL� SURSLVL�� SUHGYLGHQL� VR�3UDYLOQLNRW�� 9R� SDNHWRW�DV" � H
YJUDGHQD� L� L]OH]QD� WHVW−NRQWUROD� QD� GRELHQRWR� UH^HQLH� �NRQWUROD� QD� ]DGRYROX�
YDZHWR�QD� VLWH�YRRELaDHQL�WHKQLaNL�XVORYL���8^WH�YR�ID]DWD�QD�SURHNWLUDZH�QD
YRGRW��W�H��SUL�VDPRWR�UD]PHVWXYDZH�QD�VWROERYLWH�GROC�WUDVDWD�RG�YRGRW��VR�SURJ�
UDPRW�H�SUDNWLaQR�RQHYR]PRCHQR�GD�VH�SURL]YHGH�WHKQLaNL�QHSULIDWOLYR�UH^HQLH�
3URJUDPRW� RYR]PRCXYD�� PH_X� GUXJRWR�� QH� VDPR� NUHLUDZH� QD� RSUHGHOHQR� WHKQLaNR
UH^HQLH� L� HOLPLQDFLMD� QD� PRCQRVWD� GD� VH� GRELH� WHKQLaNL� QHLVSUDYQR� UH^HQLH�
WXNX�L�SHaDWHZH�QD�VLWH�SRWUHEQL�L]OH]QL�WDEHOL�YR�SRJRGQD�]DYU^QD�IRUPD��NRMD
`H� ELGH� WDNYD�^WR� WLH� `H� PRCDW� VORERGQR� GD� ELGDW� SULORCHQL� YR� VDPLRW� JODYHQ
SURHNW�QD�YRGRW�

���� 3RWUHEQD�ED]D�QD�SRGDWRFL

6LWH�SRWUHEQL�YOH]QL�SRGDWRFL�NRL�VH�RGQHVXYDDW�IL]LaNLWH�LOL�WHKQLaNLWH
NDUDNWHULVWLNL� QD� RGGHOQLWH� HOHPHQWL� RG� NRL� VH� VRVWRMDW� QDG]HPQLWH� YRGRYL� VH
SUH]HPDDW� RG� SRVWRMQL�� SUHWKRGQR�IRUPLUDQL�� YOH]QL� GDWRWHNL�� NRL� MD� VRaLQXYDDW
ED]DWD� QD� YOH]QLWH� SRGDWRFL�� 7DNYD� ED]D� QD� SRGDWRFL� VH� SUDYL� ]D� VWROERYLWH�
L]RODWRULWH��VSURYRGQLFLWH�MDCLZDWD�QR�L�]D�QHNRL�RG�RGUHGELWH�QD�3UDYLOQLNRW
[1]� NRL� VH� RGQHVXYDDW� QD� VLJXUQRVWQLWH� YLVLQL� QD� VSURYRGQLFLWH� QDG� SUHVHaQLWH
REMHNWL�

7XSPFSZM�� =D� VLWH� VWROERYL� NRL^WR� VH� SUL]YHGXYDOH� LOL� SURL]YHGXYDDW�� D� LPDPH
QDPHUD�GD�JL�NRULVWLPH��VH�IRUPLUD�ED]D�QD�SRGDWRYL�YR�NRMD�VH�VRGUCDQL�VOHGQLWH
HOHPHQWL�� � SURL]YRGLWHO� L� R]QDND�� QRPLQDOQL� SRGDWRFL� ]D� VWROERW�� PDWHULMDO�
WDEHOD�QD�GR]YROHQLWH�VLOL�� GLVNUHWQL�YLVLQL�� GLVSR]LFLMD�L� GLPHQ]LL�QD� JODYDWD
QD�VWROERW�L�SRGDWRFL�]D�WHPHOLWH�

-^SPEXSVM��=D�VLWH�L]RODWRUL�L]RODWRUVNL�YHULJL�NRL^WR�VH�SULPHQXYDDW�NDM�QDV�VH
VREUDQL�VOHGQLWH�SRGDWRFL�YR�ED]DWD��R]QDND��VRVWDY��GROCLQD�L�WHCLQD�

7TVSZSHRMGM�NEDM[E��=D�VLWH�VSURYRGQLFL�L�MDCLZD�NRL^WR�VH�VWDQGDUGL]LUDQL�VR
PDNHGRQVNLWH� VWDQGDUGL� VH� QDR_DDW� SRGDWRFL� YR� ED]DWD�� R]QDND� VSRUHG

MKS−VWDQGDUGLWH�� YLVWLQVNL� �YNXSHQ�� QDSUHaHQ� SUHVHN�� QDGYRUH^HQ� SUHaQLN�
WHCLQD� SR� HGLQLFD� GROCLQD�� PRGXO� QD� HODVWLaQRVW�� WHPSHUDWXUHQ� NRHILFLHQW� QD
OLQHDUQRWR�L]GROCXYDZH��QRUPDOQR�GR]YROHQR�QDSUHJDZH��LVNOXaLWHOQR�GR]YROHQR
QDSUJDZH�L�SUHVPHWNRYQD�VLOD�QD�NLQHZH�

7MKYVRSWRM�ZMWMRM��6LWH�SUHVHaQL�REMHNWL��VSHFLILFLUDQL�VR�3UDYLOQLNRW�[1]��D�QD
NRL^WR�PRCH�GD�VH�QDLGH�GROC�WUDVDWD�RG�SUHGPHWQLRW�YRG��VH�GHILQLUDQL�YR�RYDD
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ED]D� VR� VYRLWH�QD]LYL�L� VR� SURSL^DQLWH� VLJXUQRVQL� YLVLQL� QD� VSURYRGQLFLWH� QDG
VDPLWH�REMHNWL�

6LWH�ED]L�QD�SRGDWRFL�]D�NRL�GRVHJD�EH^H�]ERUXYDQR�PRCDW�GRSROQLWHOQR�GD
VH� PHQXYDDW�� SUR^LUXYDDW� L� GRSROQXYDDW� VR� QRYL� WLSRYL� SURL]YRGL� QD� VRVHPD
HGQRVWDYHQ�QDaLQ�RG�VWUDQD�QD�VDPLRW�NRULVQLN�

���� 3RGDWRFL�]D�WUDVDWD

3UHG� GD� VH� SUHPLQH�NRQ� SURHNWLUDZHWR�� `H� ELGH� SRWUHEQR� ]D� VHNRH� ]DWH]QR
SROH� RG� QDG]HPQLRW� YRG� GD� ELGH� VQLPHQD� WUDVDWD�� 7UDVDWD� MD� VQLPD� JHRPHWDU� QD
NODVLaHQ�QDaLQ�L�YR�RVQRYD��WDD�SUHWVWDYXYD�PQRCHVWYR�RG�WRaNL�VR�WRaQR�]DGDGHQL
NRRUGLQDWL��VWDFLRQDCL�L�NRWL��L�REHOHCMD��YLG�QD�SRaYDWD��NXOWXUD�L�VO���VR�NRL
PRCHPH� GD� MD� QDFUWDPH� RGQRVQR� SULNDCHPH� YR� IRUPD� QD� HGQD� LVNU^HQD� OLQLMD�
7UDVDWD��SUHWKRGQR�VQLPHQD�RG�JHRPHWDURW�� MD�YQHVXYDPH�YR�NRPSMXWHURW�YR�IRUPD
QD WDEHOD VR SRPR^QD SURJUDPD� =D VHNRMD WRaND RG� WUDVDWD� VH� ]DGDYDDW�� VWDFLR�
QDCDWD��NRWDWD��YLGRW��REHOHCMHWR��QD�WHUHQRW�YR�WDD�WRaND�L�LQIRUPDFLMDWD�GDOL
WDD�WRaND�RG�WUDVDWD�PX�SULSD_D�QD�QHNDNRY�SUHVHaHQ�REMHNW��9QHVXYDZHWR�QD�SRGD�
WRFLWH�]D�WUDVDWD�H�VRVHPD�HGQRVWDYQR�L�EU]R��L�SR�QHNRONX�NLORPHWUL�]D���aDV��

3R�YQHVXYDZHWR�QD�SRGDWRFLWH�]D�WUDVDWD�WDEHODUQR�L�YL]XHOQR�VH�SURYHUXYD
WRaQRVWD�QD�YQHVHQLWH�SRGDWRFL�L��SR�SRWUHED��VR�LVWDWD�SURJUDPD�VH�SUDYDW�GRSRO�
QLWHOQL� NRUHNFLL�� (GQD^� NRJD� `H� VH� YQHVH� L� SURYHUL� WUDVDWD�� WDD� RVWDQXYD
QHL]PHQHWD� L�PRCH� GD� VH� NRULVWL� QHRJUDQLaHQ� EURM� SDWL�� ]D�IRUPLUDZH� QD� UD]QL
YDULMDQWL� QD� QDG]HPQLRW� YRG�� 1D� WRM� QDaLQ� RWSD_D� SRWUHEDWD� RG� LVFUWXYDZH� QD
WUDVDWD�QD�SDXV�]DUDGL�SUHWVWRMQRWR�JUDILaNR�UD]PHVWXYDZH�QD�VWROERYLWH�SR�QHD�

���� 2VWDQDWL�SRGDWRFL

*ROHP� GHO� RG� YOH]QLWH� SRGDWRFL�� QHRSKRGQL� ]D� SURHNWLUDZH� QD� UD]JOHGX�
YDQLRW� QDG]HPHQ� YRG�� QD� SURJUDPRW� PX� VH� ]DGDYDDW� LQWHUDNWLYQR�� RG� VWUDQD� QD
SURHNWDQWRW�� X^WH� QD� SRaHWRNRW� RG� UDERWDWD� VR� SURJUDPRW�� 7RD� VH� JODYQR� SRGD�
WRFLWH�^WR�VH�RGQHVXYDDW�QD�L]ERURW�QD�WLSRW�QD�VSURYRGQLFLWH�MDCLZDWD��QLYQRWR
QDSUHJDZH��NOLPDWVNLWH�SDUDPHWUL��SRWUHEQLWH�VLJXUQRVQL�YLVRaLQL�GROC�WUDVDWD�
DJOLWH� QD� VNU^QXYDZH� QD� WUDVDWD�� L]ERU� QD� WLSRW� QD� VWROERYLWH� L� L]RODWRULWH� L
GUXJR�

�� ,17(5$.7,912�5$=0(6789$:(�1$�672/%29,7(
32�'2/#,1$7$�75$6$7$

���� 3R]LFLRQLUDZH�QD�YHULCQLNRW

=D�GD�JR�REMDVQLPH�SULQFLSRW�QD�NRM�VR�SDNHWRW�"DV" �VH�YU^L�LQWHUDNWLYQRWR
UD]PHVWXYDZH�QD�VWROERYLWH�GROC�WUDVDWD��`H�MD�SRVPDWUDPH�QDMQDSUHG�VOLNDWD���QD
NRMD� H� SULNDCDQ� HGHQ� VWROE� �S1�� VR� YLVLQD� HS1� L� GHO� RG� WUDVDWD�� GHVQR� RG� QHJR�
1DGROCQLRW� SURILO� QD� WUDVDWD� QD� RYDD� VOLND� H� SUHWVWDYHQ� VR� LVNU^HQD� OLQLMD�I�
VRVWDYHQD�RG�SRJROHP�EURM�VHJPHQWL��2VQRYQLRW�SUREOHP�H�VHJD��^DEORQRW���NRM�VH
VRVWRL�RG�GYD�YHULCQLND� II �L� III �� �VO������GD�VH�SRVWDYL�SUDYLOQR��WDND�^WR�JDEDULW�
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QDWD�NULYD�II �`H�MD�WDQJLUD�WUDVDWD�I�L�QDHGQR��YHULCQLNRW�III ��NRM^WR�MD�SULNDCXYD
SRORCEDWD�QD� QDMQLVNLRW� VSURYRGQLN�RG� QDG]HPQLRW� YRG� L� NRM^WR� H� WUDQVODWRUQR
L]PHVWHQ� QDJRUH� YR� RGQRV� QD� JDEDULWQDWD� NULYD� II � ]D� VLJXUQRVWQDWD� YLVLQD�HS �� GD
PLQXYD�QL]�OHYDWD�WRaND�QD�REHVXYDZH�A�SUL�VWROERW�S1�
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6OLND����$YWRPDWVNR�SRVWDYXYDZH�QD�^DEORQRW�YR�GDGHQ�UDVSRQ

=D�GD�VH�SRVWLJQH�RYD��SRWUHEQR�H�QDMQDSUHG�GD�VH�RSUHGHODW�NRRUGLQDWLWH�xK�L
yK�QD�W�Q���NULWLaQD�WRaND��K�YR�UDVSRQRW��.ULWLaQDWD�WRaND�H�HGLQVWYHQDWD�WRaND
RG�WUDVDWD�YR�NRMD�JDEDULWQDWD�NULYD�II �MD�GRSLUD�WUDVDWD��NDNR�^WR�H�WRD�SULNDCDQR
QD�VOLNDWD���

3RORCEDWD�QD�NULWLaQDWD�WRaND�K��NDNR�^WR�H�SR]QDWR��PRCH�GD�VH�RSUHGHOL
VRVHPD�HGQRVWDYQR�QD�NODVLaQLRW��JUDILaNL�QDaLQ�VR�SRPHVWXYDZH�L�QDJRGXYDZH�QD
SUHWKRGQR�L]JRWYHQLRW�^DEORQ�QD�QDGROCQLRW�SURILO��0H_XWRD��NRJD�RYDD�]DGDaD
WUHED� GD� VH� L]YU^L� DQDOLWLaNL�� WRJD^� `H� ELGH� SRWUHEQR� GD� VH� SUHEDUDDW� VLWH
VHJPHQWL�RG�WUDVDWD�YR�UD]JOHGXYDQLRW�GHO�RG�QHD�L�GD�VH�XWYUGL�QDMQDSUHG�YR�NRM�RG
QLY�VH�QDR_D�NULWLaQDWD�WRaND��SD�SRWRD�GD�VH�RSUHGHOL�QHM]LQDWD�WRaQD�SRORCED�
=QDaL�� RSUHGHOXYDZHWR� QD� SRORCEDWD� QD� NULWLaQDWD� WRaND� K� VH� VYHGXYD� SRYH`H�
NUDWQR�SRYWRUXYDZH�QD�HGQD�LVWD�PDWHPDWLaND�RSHUDFLMD�NRMD�VH�VRVWRL�YR�SUHVPH�
WXYDZH�QD�YHUWLNDOQRWR�UDVWRMDQLH�SRPH_X�VLQ[LUQLFDWD� II �RGQRVQR�III �L�RWVHaNDWD
VR�NRMD�H�SUHWVWDYHQ�VHNRM�RG�VHJPHQWLWH�QD�WUDVDWD��2WNRJD�`H�VH�XWYUGDW�SRORCEDWD
QD�NULWLaQDWD�WRaND�.�L�QHM]LQLWH�NRRUGLQDWL�xK�L�yK��SRVWDYXYDZHWR�QD�^DEORQRW
QD� WUDVDWD� ]D� NRPSMXWHURW� SUHWVWDYXYD� aLVWR� JHRPHWULVNL� SUREOHP� QD� FUWDZH� QD
HGQD�KLSHUEROD��YHULCQLNRW�II) �NRMD�PLQXYD�QL]�WRaNLWH��A�L�K��VO�����

���� 3RVWDYXYDZH�QD�VWROERYLWH�GROC�WUDVDWD

3RVOH�SR]LFLRQLUDZHWR�QD�^DEORQRW�GHVQR�RG�]DGDGHQLRW�VWROE�S1��PRCHPH
GD� MD�XWYUGXYDPH�SRWUHEQDWD�YLVLQD�HS2�QD� VWROERW�S2�� GHVQR�RG�QHJR�� ]D�ELOR�NRMD
QHJRYD�SR]LFLMD��VWDFLRQDCD��x2�VRVHPD�HGQRVWDYQR��9LVLQDWD�HS2��VSRUHG�VOLNDWD���
`H�ELGH�HGQDNYD�QD�UD]OLNDWD�QD�NRWDWD�yB�QD�WRaNDWD�B,�NRMD�MD�LPD�LVWDWD�VWDFLR�
QDCD�x2�NDNR�L�VWROERW�S2�L�QDHGQR�OHCL�QD�YHULCQLNRW�III ��L�NRWDWD�y2�QD�WRaNDWD��,
W�H� HS2 = yB − y2��1R�SUL�L]ERURW�QD�VWRMQRWR�PHVWR�QD�VWROERW�S2�QH�H�GRYROQR�GD�VH
]QDH� VDPR� NRONDYD� `H� ELGH� QHJRYDWD� YLVLQD� HS2�� WXNX� QDHGQR� `H� PRUD� GD� VH� YRGL
VPHWND�L�SRWUHEQLWH�UDVWRMDQLMD�SRPH_X�VSURYRGQLFLWH�L�MDCLZDWD�YR�VUHGLQDWD�RG
UDVSRQRW�a�NDNR�L�]D�JROHPLQDWD�QD�VLOLWH�NRL�^WR�`H�VH�MDYDW�NDM�REDWD�VWROED�S1�L
S2��W�H��]D�PHKDQLaNLWH�RJUDQLaXYDZD��GHILQLUDQL�VR�W�Q��WDEHOL�QD�GR]YROHQL�VLOL�
SURSL^DQL�RG�SURL]YRGLWHORW��=D�WDD�FHO�VR�SURJUDPRW�SUHWKRGQR�VH�SUHVPHWXYDDW
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GR]YROHQLWH� UDVSRQL� �JUDYLWDFLRQHQ�� YHWURY� L� HOHNWULaHQ�� ]D� VHNRM� WLS� VWROE� L
RYLH�SRGDWRFL�SRWRD�VH�NRULVWDW�]D�SURYHUND�QD�SULIDWOLYRVWD�QD�SR]LFLMDWD�x2��y2
QD�GHVQLRW�VWROE�S2��6H�UD]ELUD�GHND�SUL�L]ERURW�QD�SR]LFLMDWD�QD�VWROERW�S2�WUHED
GD�VH�PLVOL�L�QD�PQRJX�GUXJL�UDERWL��NDNYL�^WR�VH��QD�SULPHU��SUHRVWDQDWLRW�GHO�RG
WUDVDWD�� QHPRCQRVWD� VWROERYLWH� GD� VH� SRVWDYXYDDW� QD� QHNRL� RSUHGHOHQL� ORNDFLL�
SRWUHEDWD�VWROERYLWH�GD�LPDDW�YRHGQDaHQL�YLVLQL�L�SULEOLCQR�SRGHGQDNRY�VWHSHQ
QD� PHKDQLaND� RSWRYDUHQRVW� L� GU�� 6HWR� WRD� H� QH^WR� NRH^WR� PX� H� SUHSX^WHQR� QD
SURHNWDQWRW�L�SUHWVWDYXYD�SURFHV�QD�RGOXaXYDZH��VYU]DQ�VR�PQRJX�QH^WD��NDNYL�^WR
VH�� QD� SULPHU�� SURHNWDQWVNRWR� LVNXVWYR�� SULIDWHQDWD� WUDGLFLMDWD� L� GU�� 9R� WDD
VPLVOD��SURJUDPVNLRW�SDNHW�"DV" ��UDNRYRGHM`L�VH�RG�SRWUHEDWD�VWROERYLWH�GD�LPDDW
SULEOLCQR�LVWL�YLVLQL��YU^L�QHNDNYR�SR]LFLRQLUDZH�QD�VWROERW�S2��QR�GR]YROXYD
WRM�GD�VH�SRPHVWXYD�OHYR�LOL�GHVQR��QD�ELOR�NRMD�GUXJD�SR]LFLMD��GRNRONX�SURHNWDQ�
WRW�RFHQLO�GHND�LPD�WDNYD�SRWUHED��6HSDN��SUL�VHNRH�QHJRYR�L]PHVWXYDZH��SURJUD�
PRW�YU^L�SURYHUND�QD�VLWH�SUHGYLGHQL�WHKQLaNL�RJUDQLaXYDZD�L�YHGQD^�JR�VRRS^�
WXYD�UH]XOWDWRW�RG�WLH�SURYHUNL��QH�GR]YROXYDM`L�GHVQLRW�VWROE�S2�GD�VH�SRVWDYL�QD
ORNDFLMD�]D�NRMD�QHNRH�RG�VSRPHQDWLWH�RJUDQLaXYDZD�QH�`H�ELGH�LVSROQHWR�

1D�VOLNDWD���H�SULNDCDQ�L]JOHGRW�QD�HNUDQRW�SUL�SRVWDYXYDZHWR�QD�GHVQLRW
VWROE� EU�� �� QD� HGQD� WUDVD�� 1D� LVWDWD� VOLND� VH� JOHGD� L� �JUDQLFDWD�� SULNDCDQD� VR
LVSUHNLQDWD�OLQLMD��GR�NRMD�PRCH�VR�QHJR�GD�VH�RGL�YGHVQR��L�SULWRD�Vp�X^WH�GD�QH
ELGDW��SUHNU^HQL�WHKQLaNLWH�RJUDQLaXYDZD��SUHGYLGHQL�VR�3UDYLOQLNRW�

6OLND����2SHUDFLMD�L]ERU�L�SR]LFLRQLUDZH�QD�VOHGQLRW�VWROE�−�SULND]�QD�HNUDQRW
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,]ERURW�QD�WLSRW�L�YLVLQDWD��NDNR�L�VDPRWR�UD]PHVWXYDZH�QD�VWROERYLWH�SR
GROCLQDWD� QD� WUDVDWD� VH� YU^L� VR� SRYH`HNUDWQR� SRYWRUXYDZH� QD� RSHUDFLMDWD
RSL^DQD�YR�SUHWKRGQDWD�WRaND��VO������Vp�GRGHND�VR�SRVOHGQLRW�VWROE�QH�VH�VWLJQH�GR
NUDMRW�QD�]DWH]QRWR�SROH�

2WNRJD� `H� VH� UD]PHVWDW� VWROERYLWH�SR� GROCLQDWD� QD� WUDVDWD� RG� UD]JOHGXYD�
QRWR�]DWH]QR�SROH�L�VH�JHQHULUD�VWROEQDWD�OLVWD�VR�NRMD�]D�VHNRM�VWROE�H�GHILQLUDQD
QHJRYDWD� VWDFLRQDCD�� WLS�L� YLVRaLQD�� VH� YU^L�QDMQDSUHG�LQVSHNFLMD� QD� GRELHQRWR
WHKQLaNR�UH^HQLH�VR�FHO�GD�VH�XWYUGL�GDOL�VH�PRCQL�QHNRL�QHJRYL�SRGREUXYDZD��VO�
����9R�WDD�VPLVOD��SURJUDPDWD�PX�RYR]PRCXYD�QD�NRULVQLNRW�GD�YU^L�GRSROQLWHOQL
L]PHQL�QD�SR]LFLLWH��VWDFLRQDCLWH���WLSRYLWH�L�YLVRaLQLWH�QD�RGGHOQLWH�VWROERYL

QD� VRVHPD� HGQRVWDYHQ� QDaLQ� −� SR� LQWHUDNWLYHQ� SDW�� SULPHQXYDM`L� VLVWHP� PHQLMD
SUHNX�NRL�WRM�JL�VRRS^WXYD�QD�SURJUDPDWD�VYRLWH�CHOEL��2WNRJD�WDNYLWH�L]PHQL�L
SRGREUXYDZD�`H�VH�QDSUDYDW��VH�SULVWDSXYD�NRQ�]DYU^QRWR�WHVWLUDZH�QD�GRELHQRWR
WHKQLaNR�UH^HQLH�

6OLND����3ULND]�QD�GRELHQRWR�UH^HQLH�SUHG�]DYU^QDWD�WHVW−NRQWUROD

�� 3529(5.$�1$�7(+1,A.$7$�,635$91267�1$�5(>(1,(72

9R� RYDD� ID]D� RG� SURHNWLUDZHWR�� NRMD� H� SUDNWLaQR� SRVOHGQDWD�� VH� YU^L

L]OH]QD� WHVW−NRQWUROD� QD� GRELHQRWR� WHKQLaNR� UH^HQLH�� 7HVWLUDZHWR� VH� YU^L
SUDNWLaQR�QD�VLWH�RJUDQLaXYDZD�SUHGYLGHQL�VR�3UDYLOQLNRW�[1]��L�WRD�

�� QD�YLVRaLQLWH�QD�VSURYRGQLFLWH�QDG�WORWR�

�� QD�YLVRaLQLWH�QD�VSURYRGQLFLWH�QDG�SUHVHaQLWH�REMHNWL�

�� QD�UDVWRMDQLMDWD�SRPH_X�VSURYRGQLFLWH�MDCLZDWD�YR�VUHGLQDWD�RG�UDVSRQRW�

�� QD�JROHPLQDWD�QD�KRUL]RQWDOQLWH�VLOL�SUHNX�W�Q��YHWURYL�UDVSRQL�

�� QD�JROHPLQDWD�QD�YHUWLNDOQLWH�VLOL�SUHNX�W�Q��JUDYLWDFLRQL�UDVSRQL�

�� QD�QDSUHJDZDWD�YR�RYHVL^WDWD�QD�VSURYRGQLFLWH�L�MDCLZDWD�

�� QD� VLJXUQRVQLWH�UDVWRMDQLMD� SUL� JODYDWD� RG� VWROERYLWH�� SUHNX� JROHPLQDWD� QD
DJRORW�QD�RWNORQ�QD�YLVHaNLWH�L]RODWRUVNL�YHULJL�

7HVWLUDZHWR�QD� GRELHQRWR� WHKQLaNR�UH^HQLH�PRCH� GD� VH� YU^L� QDHGQD^�� ]D
VLWH�SUHGYLGHQL�NRQWUROL��LOL�RGGHOQR�]D�ELOR�NRMD�RG�QLY�
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���� � � �,=/(=1,�5(=8/7$7,�,�7$%(/,

,]OH]QLWH� UH]XOWDWL�^WR� JL� JHQHULUD� RYRM� SURJUDPVNL� SDNHW� VH� SHaDWDW� YR
IRUPD�QD�WDEHOL��QD�VDPLRW�HNUDQ�LOL�SDN�GLUHNWQR�QD�SHaDWDaRW��SULQWHURW���7LH
VH� RGQHVXYDDW� QD� SRVPDWUDQRWR� �SURHNWLUDQRWR�� ]DWH]QR� SROH� L� LPDDW� ]DYU^QD
IRUPD�� SRJRGQD� ]D� GLUHNWQR� YPHWQXYDZH� YR� VDPLRW� JODYHQ� SURHNW� QD� QDG]HPQLRW
YRG�� EH]� SRWUHED� RG� QLYQR� GRSROQLWHOQR� REOLNXYDZH�� 6R� SDNHWRW� "DV" � H
RYR]PRCHQR�SHaDWHZH�QD�VOHGQLWH�L]OH]QL�WDEHOL�

�� 0RQWDCQL�WDEHOL�QD�SURYHVLWH�L�QDSUDJDZDWD�QD�VSURYRGQLFLWH�L�]D^WLWQLWH
MDCLZD�� ]D� UD]QL� WHPSHUDWXUL� QD� DPELHQWRW�� YR� WHPSHUDWXUQLRW� LQWHUYDO� RG
B��R6�GR�����R6�

�� 7DEHOLWH��QD��VLOL��]D�QHNRL�LOL�SDN�]D��VLWH��VWROERYL��YR�]DWH]QRWR�SROH�

�� 6WROEQDWD�OLVWD�QD�SUHGPHWQRWR�]DWH]QR�SROH�

�� 7DEHOD� VR� YLVRaLQLWH� QD� VSURYRGQLFLWH� QDG� WORWR� YR� SRHGLQLWH� UDVSRQL� RG
]DWH]QRWR�SROH�

�� 7DEHOD�VR�YLVRaLQLWH�QD�VSURYRGQLFLWH�QDG�SRHGLQLWH�SUHVHaQL�REMHNWL�^WR
SULSD_DDW�QD�SRVPDWUDQRWR�]DWH]QR�SROH�

�� 7DEHOD� QD� UDVWRMDQLMDWD� SRPH_X� VSURYRGQLFLWH�MDCLZDWD� YR� VUHGLQDWD� RG
UDVSRQRW� SUL� ���ο6� L� YR� XVORYL� EH]� YHWDU�� VRJODVQR� aOHQRYLWH� ��� ���� ��� RG
3UDYLOQLNRW��]D�VHNRM�UDVSRQ�RG�SRVPDWUDQRWR�]DWH]QR�SROH�

�� 7DEHOD� QD� YHWURYLWH� �VUHGQLWH�� UDVSRQL� QD� VLWH� VWROERYL� RG� SRVPDWUDQRWR
]DWH]QR�SROH�

�� 7DEHOD�QD�JUDYLWDFLRQLWH�UDVSRQL�QD�VLWH�VWROERYL�RG�SRVPDWUDQRWR�]DWH]QR
SROH�

�� 7DEHOD�QD�QDSUHJDZDWD�YR�VSURYRGQLFLWH�SUL�−�R6�L�YR�XVORYL�QD�SRVWRHZH�QD
LVNOXaLWHOHQ�]LPVNL�GRGDWHQ�WRYDU��VSRUHG�aO�����L����RG�3UDYLOQLNRW��

��� 7DEHOD� QD� DJOLWH� QD� RWNORQ� QD� QRVHaNLWH� L]RODWRUVNL� YHULJL� SRG� GHMVWYR� QD
YHWURW� NRM� GHMVWYXYD� VR� ���� L� VR� ����� RG� VYRMRW� SROQ� SULWLVRN�� VRJODVQR
3UDYLOQLNRW�

�� =$./8A2.

6R� SRMDYDWD� QD� UHODWLYQR� HIWLQLWH�� D� VHSDN� PR`QL� SHUVRQDOQL� NRPSMXWHUL�
SUDNWLaQR�QD�VHNRM�LQCHQHU�SURHNWDQW�PX�H�RYR]PRCHQR�GD�VH�VOXCL�VR�UD]QL�VRIW�
YHUVNL�DODWNL�L�DSOLNDWLYQL�SURJUDPL�SUL�UH^DYDZHWR�L�WHKQLaNRWR�RIRUPXYDZH
QD�QL]D�SUREOHPL�L�]DGDaL�RG�GRPHQRW�QD�QHJRYRWR�UDERWHZH��3URJUDPVNLRW�SDNHW
"DV" � SUHWVWDYXYD� HGQD� WDNYD� DSOLNDFLMD�� 1HJRYRWR� NRULVWHZH� QH� H� VYU]DQR� SUDN�
WLaQR� VR� QLNDNYR� SUHWKRGQR� LVNXVWYR� YR� UDERWDWD� VR� NRPSMXWHULWH� QLWX� SDN� RG
QHJRYLRW�NRULVQLN�EDUD�QHNDNYR�SURJUDPHUVNR�SUHG]QDHZH��2G�NRULVQLNRW�VH�EDUD
HGLQVWYHQR�GD�MD�SR]QDYD�IL]LaNDWD�VX^WLQD�QD�SUREOHPDWLNDWD�QD�SURHNWLUDZHWR
QD�QDG]HPQLWH�YRGRYL�L�EDUHP�GD�LPD�VNURPQR�SURHNWDQWVNR�LVNXVWYR�

2G� L]ORCHQRWR� YR� WUXGRY� VH� JOHGD� GHND� VR� SULPHQD� QD� SURJUDPVNLRW� SDNHW
"DV" �]D�SURHNWLUDZH�QD�QDG]HPQLWH�YRGRYL�VH�HOLPLQLUD�SRWUHEDWD�RG�LVFUWXYDZH
L�XSRWUHED�QD�QDGROCQLWH�SURILOL�QD�WUDVDWD��D�WRD�SUHWVWDYXYD�RJURPQD�]D^WHGD
QD� WUXG�� YUHPH� L� VUHGVWYD�� 7RM� RYR]PRCXYD� YLVRN� VWHSHQ� QD� DYWRPDWL]DFLMD� SUL
SURHNWLUDZHWR� L� NRQHaQR�� RYR]PRCXYD� EU]R� L� VRVHPD� HGQRVWDYQR� L]JRWYXYDZH� QD



��

QDMJROHPLRW� GHO� RG� SRWUHEQDWD� WHKQLaND� GRNXPHQWDFLMD��1DHGQR�� WRM� REH]EHGXYD� L
YLVRND� WRaQRVW� YR� SUHVPHWNLWH�� SRaLWXYDZH� QD� VLWH� RJUDQLaXYDZD� QDPHWQDWL� VR
QD^LWH� SURSLVL� L� SUDNWLaQR� MD� HOLPLQLUD� PRCQRVWD� ]D� GRELYDZH� QD� WHKQLaNL
QHLVSUDYQR�UH^HQLH�

*ROHPDWD� EU]LQD� QD� SUHVPHWXYDZH� L� DYWRPDWVNDWD� SURYHUND� QD� WHKQLaNDWD
LVSUDYQRVW�QD��UD]JOHGXYDQRWR�UH^HQLH�JR�RVORERGXYDDW�SURHNWDQWRW�RG�UXWLQVNLRW
GHO�QD�UDERWDWD�L�VR�WRD�PX�GDYDDW�PRCQRVW�VYRMDWD�NRQFHQWUDFLMD�GD�MD�SRVYHWL�QD
QDMELWQLWH�UDERWL�YR�SURFHVRW�QD�SURHNWLUDZH��1D�WRM�QDaLQ�VH�]JROHPXYD�QHJRYDWD
NUHDWLYQRVW� L� PRCQRVWD� ]D� YDULMDQWQL� LVWUDCXYDZD� QD� SRJROHP� EURM� UD]QL
VRJOHGDQL� WHKQLaNL� UH^HQLMD�� SD� VHJD� LPDM`L� PRCQRVW� ]D� HNVSHULPHQWLUDZH� VR
SRYH`H� UD]QRURGQL� YDULMDQWL� ]D� NXVR� YUHPH�� QD� SURHNWDQWRW� PX� VH� RYR]PRCXYD� GD
GRELH�QH�VDPR�WHKQLaNL�LVSUDYQR�UH^HQLH��WXNX�L�GD�L]EHUH�HNRQRPVNL�QDMSRYROQR
UH^HQLH��W�H��UH^HQLH�NRH�`H�ELGH�RSWLPDOQR��LOL�EDUHP�EOLVNX�GR�RSWLPDOQRWR�

���� � � �/�,�7�(�5�$�7�8�5�$

[1] 7HKQLaNL�QRUPDWLYL�]D�JUDGED�QD�QDG]HPQL�HOHNWURHQHUJHWVNL�YRGRYL��6OXCEHQ
OLVW�QD�6)5-��EU�����QRHPYUL������

[2] Granski standardi Elektroprivrede. Tehni~ki normativi za gradnju nadzemnih elektro-
energetskih vodova sa komentarom. GSE, Beograd 1980.

[3] M. Plaper, Principi optimalnosti u mrèama za prenos i distribuciju elektri~ne energije.
ZJE Beograd, 1980.

[4] 3URJUDPVNL� SDNHW� �DV�� QDPHQHW� ]D� SURHNWLUDZH� QD� QDG]HPQL� YRGRYL� VR
SRPR^�� QD� SHUVRQDOQL� NRPSMXWHUL�� 3URJUDPVNL� SDNHW�� L]JRWYHQ� QD� (OHNWUR�
WHKQLaNLRW�IDNXOWHW�YR�6NRSMH�������J�

[5] 5��$aNRYVNL��8SDWVWYR�]D�NRULVWHZH�QD�SURJUDPVNLRW�SDNHW��DV���(OHNWUR�
WHKQLaNL�IDNXOWHW�−�6NRSMH�������
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