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6WXGLVNLRW� NRPLWHW� ��� SULPL� QD� UD]JOHGXYDZH� YNXSQR� �� WUXGRYL� ]D
YWRURWR� VRYHWXYDZH� QD� 0$.2� 6,*5(� L� VLWH� JL� SULIDWL�� � ,VWLWH� JL
UDVSUHGHOL� L� NODVLILFLUD� NDNR� UHIHUDW� LOL� L]YHVWXYDZH�� NDNR� VH� JOHGD
SRGROX�
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7UXGRW�MD�WUHWLUD�SUREOHPDWLNDWD�QD�JDVQR�KURPDWRJUDIVNDWD�DQDOL]D
QD� UDVWYRUHQLWH� JDVRYL� YR� PDVORWR� RG� YLVRNRQDSRQVNLWH� DSDUDWL� VR� PDVOR�
KDUWLHQD� L]RODFLMD�� SUHG� VH� RG� HQHUJHWVNLWH� WUDQVIRUPDWRUL�� 6R� RJOHG� QD
YDCQRVWD�NRMD�L�VH�SULGDYD�QD�RYDD�PHWRGD��NDNR�SURILODNWLaND�]D�GRELYDZH
QD� VR]QDQLMD� ]D� VRVWRMEDWD� QD� L]RODFLRQLRW� VLVWHP� NDM� RYRM� YLG� DSDUDWL�
WUHWLUDZHWR� QD� RYDD� VORCHQD� SUREOHPDWLND� ]DVOXCXYD� SRVHEQR� YQLPDQLH�
2VREHQR�^WR� GRVHJD� VPH�QHPDOH�SRVLVWHPDWVNL�L� SRVYHCL� VR]QDQLMD� RG� RYDD
REODVW� L� VR� SUREOHPDWLNDWD� VH� ]DQLPDYDOH� LQVWLWXWL� RG� GUXJL� VUHGLQL�
7UXGRW�SRD_D�RG�VRSVWYHQL�VR]QDQLMD��PHUHZD�L�LVNXVWYD��SRVOH�QDEDYNDWD�QD
JDVQR�KURPDWRJUDIVNLRW�VLVWHP�YR�5(.�%LWROD�L�QHJRYRWR�XVSH^QR�SX^WDZH
YR�UDERWD�

7UXGRW�RWSUYR�GDYD�SUHVHN�QD�NULWHULMXPLWH�]D�RFHQND�QD�VRVWRMEDWD�QD
WUDQVIRUPDWRULWH� VSRUHG� VRGUCLQDWD� QD� UDVWYRUHQLWH� JDVRYL� YR� PDVORWR�
RQDND�NDNR�VH�L]ORCHQL�YR�SRVOHGQLWH�VYHWVNL�XVYRHQL�VWDQGDUGL�L�SUHSRUDNL
�IEC� L� CIGRE��� $YWRURW� LOXVWULUD� L� VRSVWYHQL� LVNXVWYD� QD� PHUHZH� QD
NRQFHQWUDFLLWH�QD�JDVRYL�YR�PDVORWR�RG�WUDQVIRUPDWRUL�YR�5(.�%LWROD�VR
NRL�EODJRYUHPHQR�VH�RWNULOH�VODERVWL�YR�L]RODFLRQLRW�VLVWHP�L�VH�SUH]HOH



PHUNL��VR�^WR�L�VH�GRNDCXYD�RSUDYGDQRVWD�QD�SULPHQDWD�QD�RYDD�PHWRGD�NDNR
L�QDEDYNDWD�QD�VLVWHPRW�]D�JDVQD�KURPDWRJUDILMD�

5�������9HOLQND�3HMRYL`��-HOHQD�2UORYL`��G�U�'DPMDQ�+ULVWRYVNL�
�'26(*$>1,�,63,789$:$�1$�35,0(52&,�0$6/2�2'
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2YRM�WUXG�GDYD�SUHJOHG�QD�GRVHJD^QLWH�LVSLWXYDZD�QD�SULPHURFL�PDVOR
RG�WUDQVIRUPDWRULWH�YR�0DNHGRQLMD�NRL�JL�YU^HO�,QVWLWXWRW�1LNROD�7HVOD
YR�%HOJUDG��.DNR�QDMEOLVND�ODERUDWRULMD�NRMD�SRVHGXYDOD�JDVHQ�KURPDWRJUDI
L�GUXJL�LVSLWQL�XUHGL��,QVWLWXWRW�1LNROD�7HVOD�ELO�GROJL�JRGLQL�SULVXWHQ
YR� 0DNHGRQLMD� QD� RYD� YDCQR� SROH� L� GDO� JROHP� SULGRQHV� ]D� SUDYLOQR� L
SUHYHQWLYQR� RGUCXYDZH� QD� HQHUJHWVNLWH� L� PHUQLWH� WUDQVIRUPDWRUL� YR
0DNHGRQLMD�� =DWRD� RYLH� UH]XOWDWL� VH� PQRJX� LQWHUHVQL� ]D� QD^LWH� LQCHQHUL
NRL� UDERWDW� YR� (OHNWURVWRSDQVWYRWR� L� LQGXVWULMDWD�� 5H]XOWDWLWH� VH
WDEHODUQR� L� KURQROR^NL� SULNDCDQL�� 'DGHQL� VH� L� NRPHQWDUL� ]D� RWNULHQLWH
JUH^NL�LOL�VODERVWL�QD�L]RODFLRQLRW�VLVWHP�VR�^WR�VH�LOXVWULUD�NRULVWD�RG
YDNYLWH�LVSLWXYDZD�L�RSUDYGDQRVWD�QD�YORCHQLWH�VUHGVWYD�

5�������G�U�'DPMDQ�+ULVWRYVNL��$OHNVDQGDU�$Q_X^HY�
�75$16)250$7256.,�0$6/$���327(1&,-$/1$�(.2/2>.$
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2YRM� WUXG� ]DID`D� HGQD� GRVHJD� ]DQHPDUHQD� L� PDONX� SR]QDWD
SUREOHPDWLND�YR�QD^DWD�VWUXaQD�MDYQRVW��,PHQR��L]RODFLRQLWH�PDVOD�NRL�VH
NRULVWDW� YR� HOHNWURWHKQLNDWD� SUHG� VH� ]D� LPSUHJQDFLMD� L� SROQHZH� QD
HQHUJHWVNLWH�WUDQVIRUPDWRUL��YR�RGUHGHQL�XVORYL�PRCH�GD�ELGDW�L�^WHWQL�SD
GXUL� L� RSDVQL� SR� ]GUDYMHWR� QD� aRYHNRW�� .RULVWHM`L� VYHWVNL� GRVWDSQD
OLWHUDWXUD�� SURSLVL� L� LVNXVWYD�� DYWRULWH� UD]UDERWLOH� NDNR�� NRJD� L� YR� NRL
XVORYL� WUDQVIRUPDWRUVNLWH� PDVOD� PRCH� GD� VH� ^WHWQL� SR� ]GUDYMHWR� QD
aRYHNRW��3ULWRD�VH�UD]UDERWHQL�SRVHEQR�UD]QLWH�WLSRYL�VLQWHWVNL�PDVOD�NRL
VH� RVREHQR� ^WHWQL�� 6H� GDYDDW� PHUNLWH� ]D� EH]EHGQRVW� NRL� EL� WUHEDOR� GD� VH
SULPHQDW� ]D� GD� VH� L]EHJQDW� SRVOHGLFLWH� SR� OX_HWR� NRL� UDERWDW� VR� QLY�
1HVRPQHQR�RYRM�WUXG�`H�SUHGL]YLND�UD]PLVOD�L�VRJOHGXYDZH�QD�QD^LWH�XVORYL
L�WUHWPDQRW�NRM� � VH�GDYD�NDM�QDV�QD�RYRM�SUREOHP�RG�VWUDQD�QD�VLWH�IDNWRUL�
NDNR�LQCHQHULWH�WDND�L�LQVSHNFLLWH�L�]DNRQRGDYVWYRWR�

5� ����� G�U� 4XERPLU� 1LNRORVNL�� �68>(:(� 1$� 1$9/$#1(7$� ,
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2YRM�WUXG�RSL^XYD�HGQD�HNVSHULPHQWDOQD�SRVWDSND��NRMD��LPD�]D�FHO�GD
VH�RGUHGDW�XVORYLWH�L�PRCQRVWLWH�]D�SRGREUXYDZH��VX^HZH��QD�QDYODCQHWD�QR
YH`H�LPSUHJQLUDQD�PDVOR�KDUWLHQD�L]RODFLMD��5H]XOWDWLWH�RG�HNVSHULPHQWRW
WUHED�GD�RGJRYRUDW�QD�SUD^DZHWR�NRONX�WUHED�GD�ELGH�YLVRND�WHPSHUDWXUDWD
�NDNR� QDMYDCHQ� SDUDPHWDU��� NRONX� YLVRN� YDNXXPRW� L� NRONX� GROJR� YUHPH



RULHQWDFLRQR� WUHED� GD� WUDH� � SRVWDSNDWD� QD� VX^HZH� ]D� GD� VH� GRELMDW
SULIDWOLYL�UH]XOWDWL�

'R�SRWUHEDWD�]D�YDNRY�WUHWPDQ�QD�PDVOR�KDUWLHQDWD�L]RODFLMD�GRD_DPH
DNR�YR�DSDUDWLWH�VR�PDVOR�KDUWLHQD�L]RODFLMD�QD�QHNRM�QDaLQ�SURGUHOD�YODJD�
QD� SULPHU� DNR� VH� SRMDYLOH� LOL� SUHJOHGXYDOH� EH]� SULVXVWYR� QD� PDVOR� YR
DWPRVIHUVNL� XVORYL�� LOL� DNR� YODJDWD� SURGUHOD� QD� GUXJ� QDaLQ�� ]DUDGL
QDUX^XYDZH� QD� KHUPHWLaQRVWD�� 9R� RYLH� XVORYL�� SUHG� GD� VH� SULVWDSL� NRQ
SRYWRUQR� LPSUHJQLUDZH�� SRWUHEQR� H� GD� VH� L]YU^L� SRYWRUQR� VX^HZH�� 2G
SUDNVDWD� H� SR]QDWR� GHND� YDNYLRW� WUHWPDQ� aHVWR� QH� VH� VSURYHGXYD� SUDYLOQR�
QDMaHVWR� ]DUDGL� QHPDZH� QD� VRRGYHWQL� XVORYL�� 2ELaQR� WHPSHUDWXUDWD� QH� H
GRYROQR�YLVRND�LOL�SRVWDSNDWD�QH�VH�YRGL�GRYROQR�GROJR�

5H]XOWDWLWH� RG� HNVSHULPHQWRW� GDYDDW� QHNRL� RULQHWDFLRQL� YUHGQRVWL
]D� RYLH� SDUDPHWUL� QD� SRVWDSNDWD�� 3UL� RYD� WUHED� NULWLaNL� GD� VH� VXGL� ]D
REOLNRW�QD�PRGHORW�QD�NRM�VH�YU^HOH�HNVSHULPHQWLWH�L�QHJRYLWH�GLPHQ]LL��VR
FHO� GD� VH� GRQHVDW� SUDYLOQL� ]DNOXaRFL� ]D� SULPHQOLYRVWD� QD� UH]XOWDWLWH� RG
HNVSHULPHQWRW�YR�SUDNWLaQDWD�UDERWD�VR�DSDUDWL�RG�YLVRN�QDSRQ�

5�������$FR�5LVWHVNL��G�U�4XERPLU�1LNRORVNL���352),/$.7,A.2
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7UXGRW� WUHWLUD� HGQD� SURILODNWLaND� SRVWDSND� � ]D� LVSLWXYDZH� QD
L]RODFLMDWD�QD�YLVRNRQDSRQVNDWD�DSDUDWXUD�VR�PDVOR�KDUWLHQD�L]RODFLMD�NRMD
UDERWL� VR� QL]RN� QDSRQ� L� NDNR� WDNYD� H� QHGHVWUXNWLYQD� ]D� L]RODFLMDWD��,DNR
WHRULVNLWH�RVQRYL�]D�RYDD�PHWRGD�VH�RGDPQD�SR]QDWL��WDD�SRVOHGQLYH�JRGLQL
GRCLYXYD� QRY� SRGHP� EODJRGDUHQLH� QD� UD]YLWRNRW� L� SULPHQDWD� QD
PLNURSURFHVRULWH�YR�PHUQDWD�WHKQLND�'DGHQL�VH�WHRULVNLWH�RVQRYL�QD�RYDD
PHUQD� WHKQLND� L� SRNDCDQR� H� GHND� VR� QHD� VH� RSID`D� SR^LURN� GHO� RG
SRODUL]DFLRQLRW� VSHNWDU� RGR^WR� VR� WUDGLFLRQDOQLWH� PHWRGL� �IDNWRU� QD
]DJXEL�L�RWSRU�QD�L]RODFLMD���2SL^DQR�H�L�HGQR�YRRELaDHQR�UH^HQLH�]D�RYDD
SRVWDSND� NRH� H� LOXVWULUDQR� VR� JROHP� EURM� SULPHUL� RG� NRL� VH� JOHGD� GHND
PHWRGDWD�H�GRYROQR�RVHWOLYD�L�HGQR]QDaQD�L�YU]�RVQRYD�QD�RYDD�PHWRGD�PRCH
GD�VH�GRQHVH�VXG�]D�VRVWRMEDWD�QD�RYRM�YLG�L]RODFLMD��2VREHQR�^WR�WDD�PHWRGD
GDYD� GREDU� XYLG� YR� VRGUCLQDWD� QD� YODJD� YR� KDUWLMDWD�� NRM� SRGDWRN� H� PQRJX
WH^NR� GD� VH� GRELH� SR� GUXJL� PHWRGL�� 2VYHQ� WRD� RG� SULPHULWH� VH� JOHGD� L
YOLMDQLHWR�YU]�UH]XOWDWLWH�QD�YOLMDWHOQLWH�YHOLaLQL��SUHG�VH�WHPSHUDWXUDWD�
]D� NRMD� WUHED� GD� VH� YRGL� VPHWND�� 1D� NUDMRW�� DYWRULWH� GDYDDW� VSRUHGED� QD
UH]XOWDWLWH� RG�PHUHZDWD� VSURYHGHQL� NDM� HGHQ� HQHUJHWVNL� WUDQVIRUPDWRU� VR
PHWRGDWD� QD� SRYUDWHQ� QDSRQ� L� VR� GUXJLWH� YRRELaDHQL� PHWRGL�� IDNWRURW� QD
]DJXELWH�L�RWSRURW�QD�L]RODFLMDWD��9R�UH]XOWDWLWH�QHPD�SURWLYUHaQRVW�� �6R
RJOHG�GHND�PHWRGDWD�H�VSHFLILaQD�L�GHND�GDYD�GUXJ�SULRG�NRQ�SURFHQNDWD�QD
VRVWRMEDWD� QD� L]RODFLRQLRW� VLVWHP�� NRM� YVX^QRVW� ]QDaL� GRSROQXYDZH� QD
VOLNDWD��NRULVQR�EL�ELOR�RYDD�PHWRGD�GD�VH�RGRPD`L�L�YR�QD^DWD�SUDNVD�



,� ����� 9DOHQWLQ� 7DOLP[LRVNL�� 32/,0(51,� ,=2/$725,� =$
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9R� WUXGRW� VH� VSRUHGXYDDW� VYRMVWYDWD� L� WHKQLaNR�HNRQRPVNLWH
SRND]DWHOL�QD�NODVLaQLWH��NHUDPLaNLWH��L�QRYLWH���SROLPHUQLWH��L]RODWRUL
]D� QDGYRUH^QD� PRQWDCD�� 3RWRD� VH� RSL^XYDDW� SRVOHGQLYH�� 2aLJOHGQR�� QD
QLYQD�VWUDQD�VH�EURMQL�SUHGQRVWL��9R�SRPDVRYQDWD�SULPHQD�QD�RYLH�L]RODWRUL
NDM� QDV�� SRNUDM� GUXJLWH� IDNWRUL� SULGRQHVXYD� L� QHGRYROQR� SR]QDYDZH� QD
IDNWLWH�L�PRCHEL�L�SULVXWQL�SUHGUDVXGL�NRL�VR�RYRM�WUXG�`H�VH�QDGPLQDW��6H
GDYD�LVWR� WDND�L� HGHQ�SUHVHN�QD� QDSRULWH� ]D� XVYRMXYDZH�QD� WHKQRORJLMDWD� ]D
SURL]YRGVWYRWR�QD�YDNYL�L]RODWRUL�YR�ILUPDWD�(XURLQYHVW�RG�3ULOHS�

,� ����� � � $OHNVDQGDU� 5LEDURVNL�� =$-$.1$7$,� (32.6,'1,
.2032=,71,�0$7(5,-$/,��FILAMENT WINDING �

7UXGRW�QDVWRMXYD�GD�PX�JR�SULEOLCL�QD�aLWDWHORW�RYRM�YLG�NRPSR]LWQL
L]RODFLRQL� PDWHULMDOL� VRVWDYHQL� RG� HSRNVLGQL� VPROL� L� ]DMDNQDWL� VR
EHVNRQHaQL�EH]DONDOQL�VWDNOHQL�YODNQD�L�L]UDERWHQL�SR�W��QDU��WHKQLRORJLMD
�Filament Winding���1DYLVWLQD�VH�UDERWL�]D�HGHQ�QRY�SULQFLS�QD�L]ROLUDZH�L
LQNDSVXOLUDZH� QD� QDPRWNL�� QR� L� ]D� L]UDERWXYDZH� QD� L]RODFLRQL� WHOD� VR
SRVHEQD� FYUVWLQD� �QDSU�� FHYNL��� 3URL]YRGLWH� L]UDERWHQL� VSRUHG� RYDD
WHKQROLRJLMD�VH�RGOLNXYDDW�VR�RGOLaQL�L]RODFLRQL�QR�L�RGOLaQL�PHKDQLaNL
VYRMVWYD�� >WR� H� X^WH� L� SRLQWHUHVQR�� NRQVWUXNWRURW� LPD� GRVWD� VORERGD� YR
L]ERURW� QD� SDUDPHWULWH� QD� L]UDERWNDWD� � L� VRVWDYRW� WDND� ^WR� PRCH� GD
SRVWLJQH� RSWLPL]DFLMD� QD� VYRMVWYDWD� L� XWUR^RNRW� QD� PDWHULMDORW�� 6HNDNR
GHND�SRVOH�SRGREURWR�]DSR]QDYDZH�QD�VYRMVWYDWD�QD�RYRM�PRGHUHQ�SULQFLS�QD
L]ROLUDZH��LVWLRW�SRYH`H�EL�VH�NRULVWHO��7LSLaQL�SULPHQL�VH�L]ROLUDZH�QD
QDPRWNLWH�QD�VXYL�WUDQVIRUPDWRUL��YR]GX^QL�SULJX^QLFL�L�VO�

,� ������ �,OLMD�%HQGHYVNL�� 7RQL�3DVSDORYVNL�� �3267$3.$�1$�=$0(1$
1$�67$7256.,�67$3�2'�1$027.$7$�1$�785%2*(1(5$725�799�
�����$<=�

9R� WUXGRW� H� RSL^DQ� SRJRQVNL� QDVWDQ� SURELY� QD� L]RODFLMDWD� QD
VWDWRUVNDWD� QDPRWND� SUL� LVSLWXYDZH� QD� LVWDWD� VR� YLVRN� LVSLWHQ� QDSLRQ� L
SRVOHGRYDWHOQD� ]DPHQD�QD�SURELHQLRW� VWDS�� �1DVWDQRW� VH� VOXaLO�QD� YWRULRW
EORN�YR�5(.�%LWROD��2SL^DQD�H�L�SRVWDSNDWD�QD�RWNULYDZH�QD�R^WHWHQLRW
VWDS� L� L]YU^HQLWH� YLVRNRQDSRQVNL� LVSLWXYDZD� QD� L]RODFLRQLRW� VLVWHP� QD
QDPRWNDWD�SR�]DPHQDWD�QD�SURELHQLRW�VWDS�

� .DNR� ^WR� H� SR]QDWR�� ]D� VOHGHZH� QD� VRVWRMEDWD� QD� L]RODFLMDWD� QD
HOHNWULLaQLWH� PD^LQL� VR� YLVRN� QDSRQ� SRVWRMDW� GYH� JUXSL� PHWRGL�
QHGHVWUXNWLYQL��]D�LVSLWXYDZH�NRULVWDW�QL]RN�LVSLWHQ�QDSRQ�GR������V��SUL
NRL� QHPD� RSDVQRVW� ]D� R^WHWXYDZH� �SURELY�� QD� L]RODFLRQLRW� VLWHP�� L
GHVWUXNWLYQL��NDGH�VH�NRULVWL�YLVRN�QDSRQ��SUL�NRH�LVSLWXYDZH�PRCH�GD�GRMGH
GR�SURELY�QD�QHNRH�RVODEHQR�PHVWR��DNR�WDNYR�SRVWRL��,�GYHWH�PHWRGL�LPDDW
VYRMD�ILOR]RILMD�QD�RSUDYGXYDZH�L�VYRL�VLPSDWL]HUL�L�EUDQLWHOL���.DM�QDV�VH



NRULVWDW�L�GYHWH�PHWRGL��QR�YR�WHUPRFHQWUDOLWH��SRG�YOLMDQLH�QD�6RYHWVNLWH
SURSLVL� GRPLQLUDDW� GHVWUXNWLYQLWH�� NRL� VH� REDYXYDDW� SUL� VHNRM� JHQHUDOHQ
UHPRQW�

2SL^DQLRW�QDVWDQ�QH�EL�WUHEDOR�GD�ELGH�L]QHQDGXYDZH�]D�SHUVRQDORW
NRM�JR�RGUCXYD�JHQHUDWRURW��L�]DWRD�RYRM�WUXG�`H�LP�SRPRJQL�QD�HNLSLWH�NRL
VH�]DGROCHQL�SRVSUHPQR�GD�VH�VSUDYDW�VR�HYHQWXDOHQ�VOLaHQ�GHIHNW�

9R� VYHWRW� GHQHV� QDYOHJXYDDW� QRYL�� QHGHVWUXNWLYQL� PHWRGL� QD
SUHYHQWLYQR� VOHGHZH� QD� VRVWRMEDWD� QD� L]RODFLRQLRW� VLVWHP�� QDMaHVWR
ED]LUDQL� QD� PHUHZH� QD� NDUDNWHULVWLNLWH� QD� SDUFLMDOQLWH� SUD]QHZD�
3UHGQRVWD�QD�LVWLWH�H�^WR�QH�VH�NRULVWL�QDGYRUH^HQ�GRYHGHQ�QDSRQ��WXNX�VH
LVSLWXYD�SRG�UDERWHQ�QDSRQ�L�YR�UDERWQL�XVORYL���L�GHOXYDZH�QD�]DJUHYDZH�
YLEUDFLL���$YWRURW�JL�VSRPHQXYD�L�RYLH�PHWRGL�NDNR�PRCQL�YR�EOLVND�LGQLQD
]D�SULPHQD�L�NDM�QDV�

35$>$:$�=$�',6.86,-$

5������

��� 'DOL� DYWRURW� PRCH� GD� REMDVQL� NDNRY� H� WUHQGRW� QD� SURPHQD� QD
NULWHULMXPLWH� ]D� RFHQND�� LPHQR� GDOL� VH� RGL� NRQ� XSURVWXYDZH� QD
SRVWDSNDWD�LOL�NRQ�XVORCQXYDZH"

������'DOL�NULWHULMXPLWH�SULPHQHWL�VSRUHG�SRVWDULWH�QRUPL�L�NULWHULMXPLWH
VSRUHG�SRQRYLWH�QRUPL�GDYDDW�UD]OLNL�YR�RFHQNDWD"

5�����

��� � � 2G� WUXGRW� H� RaLJOHGQR� GHND� ,QVWLWXWRW� 1LNROD� 7HVOD� YRGHO� SHGDQWQD
HYLGHQFLMD� ]D� VLWH� LVSLWDQL� PDVOD�� ^WR� GHQHV� VH� SRNDCXYD� PQRJX
NRULVQR�� 'DOL� DYWRULWH� VPHWDDW� GHND� H� LVWR� WDND� ELWQR� L� NRULVQR� L
NRULVQLFLWH�QD�WUDQVIRUPDWRULWH�GD�YRGDW�SHGDQWQD�HYLGHQFLMD�]D�VLWH
LVSLWXYDZD�L�GDOL�PRCDW�GD�GDGDW�VPHUQLFL�NDNR�WDD�GD�VH�VSURYHGH"

5�����

�����>WR�WUHED�GD�VH�QDSUDYL�VSRUHG�DYWRURW�VR�FHO�L�YR�5HSXEOLND�0DNHGRQLMD
GD�VH�SULVWDSL�QD�SUDYLOHQ�QDaLQ�QD�SUREOHPRW�QD�HNROR^NLWH�DVSHNWL�L
]D^WLWDWD� QD� aRYHNRYDWD� RNROLQD� YR� YUVND� VR� NRULVWHZHWR� QD
WUDQVIRUPDWRUVNLWH�PDVOD"

5�����

������'DOL�DYWRURW��LPD�VR]QDQLMD�]D�NRL�JUDQLaQL�YUHGQRVWL�QD���SDUFLMDOQLWH

SUD]QHZD�� RWSRURW� QD� L]RODFLMD� L� tgδ� � PRCQR� H� XVSH^QR� VX^HZH� QD
L]RODFLMDWD"



������'DOL�SUHG�RWSRaQXYDZHWR�QD�SURFHVRW�QD�VX^HZH��SUL�SR]QDWL�SDUDPHWUL

QD�L]RODFLMDWD� �� LPHQR��RWSRU� �� tgδ� L� SDUFLMDOQL�SUD]QHZD���PRCH� GD� VH
SUHGYLGL� YUHPHWR� SRWUHEQR� ]D� XVSH^QR� VDQLUDZH� QD� WUHWLUDQDWD
RSUHPD�

5�����

��� � �'DOL�DYWRULWH�LPDDW�LVNXVWYD�YR�SULPHQDWD�QD�RYDD�PHWRGD�NDM�PHUQLWH
WUDQVIRUPDWRUL�VR�PDVOR�KDUWLHQD�L]RODFLMD"

,�����

��� � 'DOL� DYWRURW� ]QDH� NDYR� PHVWR� LPDDW� RYLH� L]RODWRUL� YR� 5HSXEOLND
0DNHGRQLMD�� L� DNR� QH� VH� ]DVWDSHQL�� NRMD� H� SULaLQDWD� VSRUHG� QHJRYRWR
PLVOHZH"

,�����

��� � 'DOL� DYWRWRW� PRCH� GD� QDYHGH� SULPHUL� QD� SULPHQD� NDGH� VYRMVWYDWD� QD
L]RODFLMDWD�QD�SULQFLSRW�Filament Winding�EL�ELOD�QDMFHOLVKRGQD�ELOR�RG
WHKQLaNL� LOL� HNRQRPVNL� DVSHNW� LOL� REDWD� IDNWRUL� LVWRYUHPHQHR�� L
GRNRONX�SULPHQDWD�H�VODED��NRMD�H�SULaLQDWD"

5�����

���� 'DOL� QDVWDQRW� SURELY� QD� L]RODFLMDWD� QD� VWDWRURW� YR� QD^HWR
HOHNWURVWRSDQVWYR�H� �EDXa��� RGQRVQR� GDOL� HNLSLWH� VH� VHNRJD^� VSUHPQL
EU]R�GD�VH�VSUDYDW�VR�RYRM�SUREOHP"

���� � 'DOL� NDM� QDV� VH� UD]PLVOXYD� ]D� YRYHGXYDZH� QD� QHNRMD� PRGHUQD� PHWRGD� ]D
SUHYHQWLYQR� RGUCXYDZH� QD� L]RODFLRQLRW� VLVWHP�� QH^WR� NDNR
PRQLWRULQJ�QD�VRVWRMEDWD�GRGHND�H�JHQHUDWRURW�YR�SRJRQ"
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7UXGRW��MD�UD]UDERWXYD��DQDOL]DWD�QD�JDVRYL�UDVWYRUHQL�YR�WUDQVIRUPDWRUVNR
PDVOR� VSRUHG� PH_XQDURGQLRW� VWDQGDUG� � IEC� ����� GRSROQLWHOQLWH� NULWHULXPL� � L
QDMQRYLWH�VR]QDQLMD�VSRUHG� IEC� ��VHJD�SUHWVWDYHQL�NDNR� IEC�������SXEOLNXYDQL�NRQ
NUDMRW�QD������JRG�

1D� NUDMRW� GDGHQL� VH� UH]XOWDWL� � RG� JDVQRKURPDWRJUDIVND� DQDOL]D� �*�+��� QD
QDMVSHFLILaQL� SULPHUL� QD� NRL� ^WR� H� UHJLVWULUDQD� QHLVSUDYQRVW� � SURSUDWHQD� VR
]JROHPHQD�NRQFHQWUDFLMD�QD�JDVRYL�

SUMMARY

This papers deals with  the analyse of the gas dissolved in transformer oil
according to internacional standard IEC 599, additional criteria and most recent
knowledge acording to IEC, now represented as IEC  60599  published at the end of
1997.

At the and of this labour, are shown results of  free gases analysis (G.A.),in the
most charakteristic samples with which defects associated with raised concentration of
gas are diskoveredverd.

.OXaQL�]ERURYL��
�(QHUJHWVNL� WUDQVIRUPDWRU�� L]RODFLMD�� PDVOR�� NULWHULXPL�� NRQFHQWUDFLMD� QD
JDVRYL��UHODWLYHQ�RGQRV�QD�JDVRYL�

�� 929('

6RVWRMEDWD�QD�FHORNXSQDWD�L]RODFLMD�QD�WUDQVIRUPDWRULWH�^WR�MD�VRaLQXYDDW
PDVORWR�L�VR�PDVOR�LPSUHJQLUDQD�FYUVWD�L]RODFLMD��PRCH�XVSH^QR�GD�VH�QDGJOHGXYD
VR�LVSLWXYDZH�QD�NDUDNWHULVWLNLWH�QD�WUDQVIRUPDWRUVNLWH�PDVOD�

2YLH� LVSLWXYDZD� JL� RSID`DDW� LVSLWXYDZDWD� QD�IL]LaNLWH�� KHPLVNLWH�� HOH�
NWULaQLWH�NDUDNWHULVWLNL��L�DQDOL]D�QD�NROLaLQDWD�L�EU]LQDWD�QD�VR]GDYDZHWR�QD
JDVRYL�JDVQR�KURPDWRJUDIVND�DQDOL]D��NRMD�YR�RYRM�WUXG�� �SRGHWDOQR�`H�ELGH�UD]UD�
ERWHQD�

$NR� ]HPHPH� � YR� SUHGYLG� GHND� EU]LQDWD� QD� VR]GDYDZHWR� QD� JDVRYLWH� YR
WUDQVIRUPDWRURW�L�EU]LQDWD�QD�SUHPLQXYDZH�QD�JDVRYLWH�YR�DWPRVIHUDWD�YR�RS^W
VOXaDM� H� QHPHUOLYD� JROHPLQD�� SURL]OHJXYD� GHND� YR� SURFHVRW� SUL� SURFHQND� QD



VRVWRMEDWD�QD�WUDQVIRUPDWRURW�SRWUHEQR�H�L�RYD��GD�VH�]HPH��SUHGYLG��RVREHQR�SUL
DQDOL]D�QD�DSVROXWQLWH��NRQFHQWUDFLL��QD�UDVWYRUHQLWH�JDVRYL�YR�PDVORWR�

1LWX� HGHQ� WUDQVIRUPDWRU� QH� PRCH� GD� VH� SRVPDWUD� NDNR� SRWSROQR� ]DWYRUHQ
VLVWHP�NDM�NRJR�QHPD�UD]PHQD�QD�JDVRYLWH�VR�RNROQDWD�VUHGLQD�2YD�WYUGHZH�PRCH�GD
VH� GRNDCH� VR� VOHGHZH� QD� SURPHQDWD� QD� NRQFHQWUDFLMDWD� QD� NLVORURGRW� NDM� QRYL
WUDQVIRUPDWRUL�QDSROQHWL�VR�GHJD]LUDQR�PDVOR�

�1D�SULPHU��]D�JROHPL�HQHUJHWVNL�WUDQVIRUPDWRUL�VR�NODVLaHQ�NRQ]HUYDWRU�

NRQFHQWUDFLMDWD�PRCH�GD�VH�SRGLJQH�RG�������÷������ppm��YR�]DYLVQRVW�RG��QLYQLRW
NYDOLWHW�� =D� SUHFL]QD� GLMDJQR]D� L� RFHQND� QD� VRVWRMEDWD� QD� � WUDQVIRUPDWRURW� VR
SRPR^�QD���JDVQR�KURPDWRJUDIVNDWD�DQDOL]D��SRNUDM�SUHWKRGQR�VSRPQDWDWD�EU]LQD�]D
SRUDVWRW� QD� NRQFHQWUDFLMD� RG� UDVWYRUHQL� JRVRYL� YR� PDVORWR� SRWUHEQR� H� � GD� VH
DQDOL]LUDDW�L��

• L]QRVRW�QD�NRQFHQWUDFLMDWD�QD�JDVRYLWH�UDVWYRUHQL�YR�PDVORWR

• NDUDNWHULVWLaQLWH��RGQRVL�QD�UDVWYRUHQLWH�JDVRYL�YR�PDVORWR
� 9R�SRQDWDPR^QRWR�L]ODJDZH�JODYHQ�DNFHQW�NH�ELGH�VWDYHQ�QD�SUHWKRGQR�GYHWH
VSRPQDWL�WRaNL�W�H��NULWHULXPLWH�]D�GLMDJQR]D�L�RFHQND�SUHNX��DQDOL]DWD�QD��QLYQL�
WH�DSVROXWQL�L�UHODWLYQL�YUHGQRVWL�RG�NDUDNWHULVWLaQLWH�JDVRYL�

�� $1$/,=$� 1$� *$629,7(� 5$67925(1,� 92� 75$16)250$72527
6325('��IEC ����

5D]YLHQLWH�PHWRGL�]D�RFHQND�L�GLMDJQR]D� �JL�WUHWLUDDW� �HQHUJHWVNLWH�WUDQV�
IRUPDWRUL��YR�SRJRQ�

.RQVWUXNWLYQR�RYLH�WUDQVIRUPDWRUL�VH�L]UDERWHQL��RG�EDNDUQL�SURYRGQLFL�
FYUVWD��L]RODFLMD��FHOXOR]D�LOL�SUH^SDQ���L��QDSROQHWL�VR�PLQHUDOQL�PDVOD�

'LMDJQR]D�L�RFHQND��VH�L]YHGXYD�YU]�RVQRYD��QD�L]QRVLWH�QD��NRQFHQWUDFLLWH�QD
UD]OLaQL�WLSRYL��JDVRYL�L�QLYQLWH�UHODWLYQL�NROLaQLFL��GRELHQL�VR�UD]ODJDZH�QD
PDVORWR�YR�XVORYL�QD��UD]OLaQL�GHIHNWL�

0DVORWR� SUDNWLaQR� VH� QDR_D� VHNDGH� NDGH� ^WR� PRCH� GD� VH� VOXaL� GHIHNW�
3RUDGL� WRD� VLWH� SRMDYL� ^WR� VH� VOXaXYDDW� YR� WUDQVIRUPDWRURW� YOLMDDW� L� QD
VRVWDYRW�L�NRQFHQWUDFLMDWD�QD�JDVRYLWH�YR�PDVORWR�

�1DM]QDaDMQL� JDVRYL� YU]�RVQRYD�QD�NRL� H� L]YHGHQD� GLMDJQR]DWD� L� RFHQNDWD�QD
(�7���HQHUJHWVNL�WUDQVIRUPDWRU����VH��

YRGRURG������H2 ����PHWDQ���( C H4 ) ; HWDQ��( C2 H6 ) ; HWLOHQ�( C2 H4 ) ; DFHWLOHQ�( C2 H2 ) ;

MDJOHQ�PRQRNVLG����CO������MDJOHQ�GYRRNVLG���CO2 ����NLVORURG���O2�����D]RW����N2����

'RNRONX�YR�WUDQVIRUPDWRURW��H�SULVXWHQ��GHIHNW��UHODWLYQLWH�RGQRVL�QD� �SUHWKR�
GQR� VSRPQDWLWH� JDVRYL� � VH� PHQXYDDW� YR� ]DYLVQRVW� RG� UDVSRORCLYDWD� HQHUJLMD� L
WHPSHUDWXUDWD��

.DUDNWHULVWLaQLWH� NROLaQLFL� NRL� QDMaHVWR� VH� NRULVWDW� VSRUHG� � RYRM
NULWHULXP�VH��

     C2 H2 / C2 H4 ;       C H4 /  H2 ;     C2 H4 / C2 H6

9R� WDEHOD� ��� �^WR� VOHGXYD� YR� SURGROCHQLH�� `H� ELGDW� GDGHQL� NDUDNWHULVWL�
aQLWH�NROLaQLFL��JUDQLaQLWH�YUHGQRVWL�L�NRPELQDFLMD�QD�^LIUL�YU]�RVQRYD�QD�NRL
VH�GHILQLUDDW�VSHFLILaQL�GHIHNWL�VR�QLYQR�WRONXYDZH��



7DEHODUHQ�SUHJOHG�QD�^LIUL��]D�DQDOL]D�QD�JDVRYL�UDVWYRUHQL�YR�PLQHUDOQL�PDVOD�L
QLYQR�WRONXYDZH�]D�NDUDNWHULVWLaQL�GHIHNWL�

7DEHOD����

^LIUD�QD�YUHGQRVWLWH�]D

RGUHGHQ�RSVHJ

C2H6

C2H4
      

H2

CH4
         

42

22
   

HC

HC

RGQRV� QD� NDUDNWH�
ULVWLaQL�JDVRYL

<������ � � �

������� � � �
����� � � �

>��� � � �

EURM
NDUDNWHULVWLaHQ

GHIHNW
NDUDNWHULVWLaHQL

SULPHUL

� 1HPD GHIHNW � � � QRUPDOQD�VRVWRMED

�
3DUFMLDOQR SUD]QHZH QD

HQHUJLMDWD VR QLVND JXVWLQD

�����QR�QH�H
]QDaDMQR�

� �

3UD]QHZH YR ^XSOLQLWH

LVSROQHWL VR JDV NRL QDVWDQX�

YDDW SRUDGL QHSRWSROQD LPSUH�

JQDFLMD LOL JROHPD YODJD�

�
3DUFLMDOQL SUD]QHZD QD

HQHUJLMD VR YLVRND JXVWLQD � � �

.DNR JRUH�DPD GRYHGXYD GR VR�

]GDYDZH QD SURYRGQL SDWHNL

LOL SHUIRUDFLMD QD FYUVWLWH

PDWHULMDOL�

�
3UD]QHZH VR PDOD HQHUJLMD

�YLGL QDSRPHQD �� ��LOL��� � ��LOL��

,VNUHZH YR PDVORWR L]PH_X OR�

^L VSRHYL QD UD]OLaHQ SRWHQFL

MDO� 3URERM QD PDVORWR SRPH_X

FYUVWLWH PDWHULL�

�
3UD]QHZH VR JROHPD

HQHUJLMD � � �

6QDCQR SUD]QHZH�/DaQL SUR�

ERM QD PDVORWR L]PH_X QDPRWNL

LOL SUHPD ]HPMD� 3URERM QD

VWUXMD YR UHJXODFLRQD VNORSND

�
7HUPLaNL GHIHNW

VR QLVND WHPSHUDWXUD

< ���� C � YLGL QDSRPHQD ��
� � �

9RRS^WHQR� SUHJUHYDZH QD L]R�

OLUDQLRW SURYRGQLN�

�
7HUPLaNL GHIHNW YR RSVHJ

VR QLVND WHPSHUDWXUD

���� C - ���� C (QDSRPHQD  3)
� � �

�
7HUPLaNL GHIHNW YR SRMDV

VR VUHGQD WHPSHUDWXUD

���� C - �����C
� � �

�
7HUPLaNL GHIHNW

VR YLVRND WHPSHUDWXUD

>�����C � YLGL QDSRPHQD ��
� � �

/LQHDUQR SUHJUHYDZH QD MDGUR�

WR SRUDGL NRQFHQWUDFLMD QD

IOXNV� =JROHPXYDZH QD WHPSH�

UDWXUDWD QD WRSOLWH WRaNL NUD�

WNLWH YUVNL YR MDGURWR�

SUHJUHYDZH QD EDNDURW SRUDGL

YUWORCQLWH VWUXL� OR^L NRQWD�

NWL � VSRHYL �

1DSRPHQD��
�� 9R RYDD WDEHOD RGQRVRW C2 H2 / C2 H4 LPD WHQGHQFLMD GD UDVWH RG YUHGQRVWL RG ��� L � GR QDG � L RGQRVRW

C2 H2 / C2 H4 RG YUHGQRV L]PH_X ��� L � GR QDG � NRJD UDVWH LQWHQ]LWHWRW QD SUHVNRNRW�

�� 9R RYRM VOXaDM JDVRYLWH QDVWDQXYDDW SUHWHCQR VR UD]ODJDZH QD FYUVWDWD L]RODFLMD VR ^WR VH

REMDVQXYD YUHGQRVWD QD RGQRVRW C2 H4 / C2 H6.



�� 2YDD VRVWRMED QD GHIHNWRW QRUPDOQR VH SRNDCXYD VR ]JROHPDWD NRQFHWUDFLMD QD JDVRW � 2GQRVRW

C H4 /  H2 H QRUPDOQR RNROX �� YLVWLQVNDWD YUHGQRVW QDG LOL SRG HGLQLFD ]DYLVL RG PQRJX IDNWRUL NDNR ^WR VH

QDaLQRW QD aXYDZH QD PDVORWR� WHPSHUDWXUD QD PDVORWR NDNR L NYDOLWHWRW�

�� =JROHPXYDZHWR QD L]QRVRW C2H2   PRCH GD VH SRNDCH GHND WHPSHUDWXULWH QD WRSOLWH WRaNL VH QDG

���� � C �

2S^WL�QDSRPHQL��
��1DYHGHQLWH�YUHGQRVWL�WUHED�GD�VH�VPHWDDW�VDPR�NDNR�WLSLaQL�
��7UDQVIRUPDWRULWH�QDSUDYHQL�VR�UHJXODFLRQD�VNORSND��VPHVWHQD�YR�SRVHEHQ

ND]DQ��PRCDW�GD�SRNDCDW�GHIHNW�RG�WLS�����������YR�]DYLVQRVW�RG��SURSX^WDZHWR�SUL
SURGXNFLMDWD�QD� JDVRYL� ]D� YUHPH�QD� � ODaQRWR�UD]DUDZH�RG� WHUHWQDWD�SUHNORSND� YR
WUDQVIRUPDWRURW�

��9R�SUDNVD�PRCH�GD�VH�MDYDW�L�NRPELQDFLMD�QD�RGQRVL�^WR�QH�VH�RSIDWHQL�YR
WDEHODWD���

�� �'232/1,7(/1,�.5,7(5,80,

����� .ULWHULXP�YR�NRM�H�LVNRULVWHQD��DSVROXWQD�NRQFHWUDFLMD

��3UL� �LQWUSUHWDFLMDWD�QD� � JDVRYLWH�UDVWYRUHQL� YR� WUDQVIRUPDWRUVNRWR�PDVOR
LVNRULVWHQL� VH� DSVROXWQLWH� YUHGQRVWL� QD� RGUHGHQ� EURM� � HOHPHQWL� � �WDEHOD� ��� � VR
SRPR^�QD� �^LIUL�RG� ���GR� ��� �� �SUHWYRUHQL�YR� � “$“� �� �^LIUD� � � VR�SRPR^�QD�NRMD�VH
YU^L��GLMDJQR]D�QD��GHIHNWRW�

7DEHOD����

ppm C2 H2  H2 Σ Cx Hy Σ C Ox

���������������< ����� � � � �

�� GR �� � � � �
�� GR ��� � � � �
��� GR ��� � � � �
��� GR ���� � � � �
���� GR ���� � � � �
���� GR ����� � � � �

> ����� � � � �

$
�
�����6LWH�EURHYL��VR�^LIUD��“���“

- GLMDJQR]D���QHPD�QLNDNYL�LQGLNDFLL�]D�JUH^ND��GHIHNW��YR�WUDQVIRUPDWRURW�

$
�
�����1DMPDONX�HGHQ��EURM��VR�^LIUD��“���“

- GLMDJQR]D���VRPQLWHOHQ�QD�QHQRUPDOHQ�UD]YLWRN�QD�JDVRYL�

$
�
�����1DMPDONX�HGHQ��EURM��VR�^LIUD��“���“

- GLMDJQR]D���]JROHPHQR�VRPQHQLH��QD�QHQRUPDOHQ�UD]YLWRN�QD�JDVRYL�

$
�
�����1DMPDONX�HGHQ��EURM��VR�^LIUD��“���“

- GLMDJQR]D���QHQRUPDOHQ�UD]YLWRN�QD�JDVRYL�YR�WUDQVIRUPDWRURW��^WR�XNDCXYD�QD
JUH^ND�W�H��GHIHNW�YR�WUDQVIRUPDWRURW�



3.2. MSS������.5,7(5,80

6SRUHG�RYRM�NULWHULXP�VH�IRUPLUDDW�PDONX�SRLQDNYL�NROLaQLFL���WDEHOD�����SUL
^WR��VR�SRPR^�QD�^LIUL�RG���GR���VH�GHILQLUD�“�B�“�^LIUDWD�VR�SRPR^��QD�NRMD�VH
YU^L�GLMDJQR]D���WDEHOD����

7DEHOD����

NROLaQLFL C2H2/C2 H6 H2/C H4 C2H4/C2 H6 C2H4/C3 H6 CO2/C O

������������< ��� � � � � �

��� GR � � � � � �
� GR � � � � � �
� GR �� � � � � �

��������≥ �� � � � � �

7DEHODUHQ�SUHJOHG�QD�  “ B “  ^LIUD�L�QLYQR�WRONXYDZH� ]D�NDUDNWHULVWLaQL
GHIHNWL�

7DEHOD���

^LIUD GLMDJQR]D

B0 � � � � � QRUPDOQR�UDVSD_DZH�QD�L]RODFLMDWD
B1 � � � ��L�� � YLVRNR�SUD]QHZH�QD�HQHUJLMD
B2 � � � ��L�� � QLVNR�SUD]QHZH�QD�HQHUJLMD

B3 � � � ��GR� �
SDUFLMDOQR�SUD]QHZH�VR�YLVRND�JXVWLQD�QD
HQHUJLMD

B4 � � � ��GR� �
SDUFLMDOQR� SUD]QHZH� VR� QLVND� JXVWLQD� QD
HQHUJLMD

B5 � � � � � �ORNDOQR�SUHJUHYDZH�GR�������C
B6 � � � � � �ORNDOQR�SUHJUHYDZH������������������C
B7 � � � ��L�� � �ORNDOQR�SUHJUHYDZH�QDG���������C
B8 � � � � � �ORNDOQR�SUHJUHYDZH�VR�SDUFLMD��SUD]QHZH
B9 � � � � � �ORNDOQR�SUHJUHYDZH�VR�SDUFLMD��SUD]QHZH
BX HGHQ�NROLaQLN�H��������
B QH�H�SULPHQOLYD�QLHGQD�^LIUD

0RCH� GD� ]DEHOHCLPH� GHND�� ]D� UD]OLND� RG� RIRUPHQLWH�NROLaQLFL� GDGHQL� YR
WDEHOD� ��� WXND� VH� LVNRULVWHQL� � NROLaQLFL� L� QD� GUXJL� JDVRYL�� � D� VR� � WRD� � VH� GDYD
SRNYDOLWHWHQ�SULVWDS�L��QDPDOHQL�PRCQLWH�]D�SRJROHPL�JUH^NL�SUL�RFHQNDWD�

.RPELQDFLMDWD� QD� � “ B ”� �^LIULWH� GDGHQL� YR� WDEHOD� ��� VH� VDPR� VSHFLILaQL
NRPELQDFLL�� VR� SRPR^� QD� RYLH� NRPELQDFLL� � VHNRJD^� QHPRCH� GD� VH� LGHQWLILNXYD
HGQR]QDaQD�NRPELQDFLMD�

9R�VOXaDM�NRJD�QHPRCH�GD�VH�IRUPLUD�HGQR]QDaQD�NRPELQDFLMD�QD�^LIUL��VH
RGL�QD�NRPELQDFLMD�NRMD�H�QDMEOLVND��SUL�^WR��VH�NRULVWDW�L�RVWDQDWLWH�NULWHULXPL
]D�GLDJQRVWLFLUDZH�L�RFHQND��



���� �'232/1,7(/(1�.5,7(5,80�,=5$=(1�35(.8��“ �D “ ��>,)5$7$
7DEHOD����

D1

C2H2/ H2  ≥ 2

C2H2  > 1  ( ≥ 30 ppm )

GRSROQLWHOQR�DNR�H�L

B1 �L����LOL��B2

�JDV�YR�WUDQVIRUPDWRUVNRWR�PDVOR�RG
SUHNLQXYDa��SUHNORSND�

SUL�GLIX]LMD��–�SUL�GLIHU�NRM�SURSX^WD
������������������������� -- SUHNX�NRQ]HUYDWRURW

D2

CO2  /  C O   >  10

CO2  /  C O = 2     (≥ 10000  ppm )
��WRSORWQR�UDVSD_DZH�QD�FHOXOR]DWD

D3 CO2  /  C O  <  2

B1 �L����LOL��B2

 �L����LOL��C3 LOL��C4

HOHNWULaQR��UDVSD_DZH�QD�FHOXOR]DWD

D QHPRCH�GD�VH�VYUVWL�RG D1 �GR���D3 QH�H�UHOHYDQWHQ�D�NULWHULXPRW

.DUDNWHULVWLaQR�]D�RYRM�NULWHULXP�H�^WR�JL�NRULVWL�JUDQLaQLWH�YUHGQRVWL�L
^LIUL��^WR�VH�LVNRULVWHQL��YR�SUHWKRGQR�VSRPQDWLWH�NULWHULXPL��

���� CIGRE ��.5,7(5,80

6SRUHG�RYRM�NULWHULXP�VH�RSUHGHOXYDDW��WUL�EURMNL�RG����GR���VR�SRPR^�QD�NRL
VH�GHILQLUDDW��SHW��^LIUL��QD�� z����W�H���RG����z

�
��GR�z5.

7DEHOD���

NRPSRQHQWD WHNRYQD�DQDOL]D SUHWKRGQD�DQDOL]D

H2 a2 a1

CH4 b2 b1

C2H6 c2 c1

C2H4 d2 d1

C2H2 e2 e1

CO f2 f1

CO2 g2 g1

7DEHOD���

z1 p1    ppm z2 p2 ppm/cas z3 p3   ppm/cas z4 p4     ppm/cas z5 p5

� <���� � <��� � <��� � <���� � <���
� ≥���� � ���GR�<��� � ���GR�<��� � ����GR�<���� � ���GR�<���

� ≥�� � ≥��� � ≥���� � ≥��



3UL�^WR�R]QDNLWH��p1��p2, p3, p4 ,p5,  (GDGHQL�YR �7DEHOD�����VH��

p1= e2  - e1  : p2 = ((a2  - a1) +  (b2  - b1) +  (c2  - c1) +  (d2  - d1)) / (t2  - t1) ; p3= (f2  - f1)) / (t2  - t1)

p4= (g2  - g1)) / (t2  - t1) ; p5= (d2  - d1)) / (c2  - c1)

t1 L  t2  ����VSHFLILaQL�YUHPLZD��GHILQLUDQL�]D�VHNRM�KURPDWRJUDI�9R�QD^LRW�VOXaDM
��5(.�“�%LWROD�“-%LWROD����t2 �  t1 �15 PLQ. W�H��RYD�YUHPH�H��SURL]OH]HQR�RG�SRaHWQDWD
L�NUDMQDWD�WHPSHUDWXUD�SUHG�GD�VH�RWSRaQH�VR�LVSLWXYDZH��9R�QD^LRW�VOXaDM�]D
�T1  = 50 0C������T2   = 120 0C .

,QWHUSUHWDFLMD�QD�GRELHQLWH��^LIUL�VR�R]QDND���“ z “ �
6R�SRPR^�QD� �RIRUPHQLWH� �^LIUDWD� �RG� � � “ z1 “   GR� � “z5 “� � � VH� YU^L� �RFHQND�L

GLMDJQR]D�QD�GHIHNWRW�YR�WUDQVIRUPDWRURW�

• 6LWH�EURMNL�“ z “�VH�����
9R�WUDQVIRUPDWRURW�QHPD�GHIHNW�

• $NR�HGQD�EURMND��“ z “H���D�QLHGQD�EURMND��“ z “��QH�H���
0RCHQ�GHIHNW�RG�WHUPLaND�SULURGD�NDNR�SRVOHGLFD�QD�VWUXMQR�RSWRYDUXYDZH�

• $NR�HGQD�EURMND��“ z “H����
9R�WUDQVIRUPDWRURW�LPD�GHIHNW��NDNR�SRVOHGLFD�QD�VWUXMQR�RSWRYDUXYDZH�VOHGHQR
VR�WRSOR�PHVWR�VR�YLVRND�WHPSHUDWXUD��SRJROHPD�RG������C ���

�� IEC ������

.RQ� NUDMRW� QD� ����� JRGLQD� RG� VWUDQD� QD� WHKQLaNLRW� NRPLWHW� � IEC TC10� � L
VWXGLVNL�.RPLWHW��SIGRE SC 15��L]JODVDQ�H�LQWHUQDFLRQDOHQ�VWDQGDUG����IEC 60599�

9R�SXEOLNDFLMDWD�SRVHEHQ�DNFHQW�H� VWDYHQ�QD�UD]YUVWXYDZHWR�QD� VSHFLILaQLWH
WLSRYL�RSUHPD�

9R� SURGROCHQLH� WDEHODUQR� NH� ELGDW� SUH]HQWLUDQL� QRUPDOQR� GR]YROHQLWH
JUDQLaQL� NRQFHWUDFLL� QD� JDVRYLWH� UDVWYRUHQL� YR� WUDQVIRUPDWRUVNRWR� PDVOR� ]D
VSHFLILaQL�WLSRYL�QD�RSUHPD��

1RUPDOQLWH� NRQFHQWUDFLL� VH� VPHWDDW� ]D� SRaHWHQ� YRGLa� ]D� GHWHNWLUDZH� QD
VRVWRMEDWD�YR�VOXaDL�NRJD�QHSRVWRL�GUXJR�LVNXVWYR�

.RQFHWUDFLLWH�GDGHQL�YR�VOHGQLYH�WDEHOL�VH�SURVHaQR�GR]YROHQL�]D�UD]OLaQL
WLSRYL��QD�RSUHPD��]HPHQL��SURFHQWXDOQR�RG�����GR��������

��7LH� VDPR� � RYR]PRCXYDDW� LGHQWLILNDFLMD� QD� YUHGQRVWLWH� NRL� RELaQR� VH
GRELYDDW�SUL���*�+����DQDOL]D�QD�RSUHPDWD�

����� (QHUJHWVNL�WUDQVIRUPDWRUL

'R]YROHQD�NRQFHQWUDFLMD�QD�UDVWYRUHQL�JDVRYL�]HPHQD�YR�SURFHQW�RG�����% �������������������������
�7DEHOD���

YRGRU� MDJ�PRQ� MDJ�GLRN� HWDQ PHW� HWLOHQ DFHWLO
7UDQVIRUPDWRU

H2 C O C O2 C H4 C2 H6 C2 H4 C2 H2

EH]�UHJ�VNORSND ������ ������� ���������� ������ ����� ������ ����
VR�UHJ�VNORSD ������ ������� ���������� ������ ����� ������� ������



����� 6SHFLMDOQL�WUDQVIRUPDWRUL

'R]YROHQD�NRQFHQWUDFLMD�QD�UDVWYRUHQL�JDVRYL�]HPHQL�YR�SURFHQW�RG�����% �������������������������������
�7DEHOD���

YRGRU� MDJ�PRQ� MDJ�GLRN� HWDQ PHW� HWLOHQ DFHWLOHQ
7UDQVIRUPDWRU

H2 C O C O2 C H4 C2 H6 C2 H4 C2 H2

7RSLOQLaNL ��� ��� ���� ��� ��� ���
'LVWULEXWLYQL ��� ��� ���� �� �� �� �

�����0HUQL�WUDQVIRUPDWRUL

'R]YROHQD�NRQFHQWUDFLMD�QD�UDVWYRUHQL�JDVRYL�]HPHQL�YR�SURFHQW�RG������% ������������������������������
�7DEHOD����

YRGRU� MDJ�PRQ� MDJ�GLRN� HWDQ PHW� HWLOHQ DFHWLO
7UDQVIRUPDWRU

H2 C O C O2 C H4 C2 H6 C2 H4 C2 H2

6WUXMQL ����� �������� �������� ������ ����� ���� ���
1DSRQVNL ������� ����� ����

�����,]RODWRUL

'R]YROHQD�NRQFHQWUDFLMD�QD�UDVWYRUHQL�JDVRYL�]HPHQL�YR�SURFHQW�RG�����%
7DEHOD����

YRGRU� MDJ�PRQ� MDJ�GLRN� HWDQ PHW� HWLOHQ DFHWLO
=D�L]RODWRUL

H2 C O C O2 C H4 C2 H6 C2 H4 C2 H2

1RUPDOQL�NRQF� ��� ���� ���� �� �� �� �

�����.DEOL�SROQHWL�VR�PDVOR

'R]YROHQD�NRQFHQWUDFLMD�QD�UDVWYRUHQL�JDVRYL�]HPHQL�YR�SURFHQW�RG������% ������������������������
�7DEHOD����

YRGRU� MDJ�PRQ� MDJ�GLRN� HWDQ PHW� HWLOHQ DFHWLO
.DEOL

H2 C O C O2 C H4 C2 H6 C2 H4 C2 H2

1RUPDOQL
NRQFHQWUDFLL

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

�� 62=1$1,-$�,�,6.8679$

=D� SRHGQRVWDYQD� SUH]HQWDFLMD� UH]XOWDWLWH� RG� JDVQRKUR�PDWRJUDIVNDWD
DQDOL]D� QD� NRL� H� UHJLVWULUDQ� GHIHNW� SURSUDWHQ� VR� ]JROHPHQD� NRQFHQWUDFLMD� NH
ELGDW��GDGHQL��YR�WDEHOD�����

9R�WDEHODWD�SUHGPHW�QD�DQDOL]D�`H�ELGDW�WUL�HQHUJHWVNL�WUDQVIRUPDWRUL���



�7� �� %ORN� WUDQVIRUPDWRU� 250 MVA , 110 / 15,75 kV�� 5XVNR� SURL]YRWVWYR� L
LVNRULVWHQR�PDVOR�������VSRUHG�*267�

�7����%ORN�WUDQVIRUPDWRU��250 MVA ,420 / 15.75 kV��SURL]YRWVWYR�“5�.RQaDU “
=DJUHE��QDSROQHW�VR�WUDQVIRUPDWRUVNR�PDVOR�Y������

���7� � ��7UDQVIRUPDWRU� ]D� VRSVWYHQD�SRWUR^XYDaka  25  MVA, 15.75 / 6 kV� �
WURQDPRWDHQ�� VR� UHJXODFLRQD� VNORSND�� UXVNR� SURL]YRWVWYR� L� QDSROQHW� VR
WUDQVIRUPDWRUVNR�PDVOR�������VSRUHG�*267�

.DM� VLWH� WUDQVIRUPDWXUL� PRCH� GD� VH� ]DEHOHCL� GHND� LPDPH� DSVROXWQR
]JROHPRYDZH� QD� RGUHGHQL� NROLaLQD� � JDVRYL� �]DFUQHWL� YR� WDEHODWD��� D� YR� RYDD
SULOLND��SRGHWDOQR�NH�VH�]DGUCLPH��VDPR�QD�WUDQVIRUPDWRURW����7�

7DEHOD����

JDV�YR�PDVOR�����µl / l��
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$NR�MD�SRJOHGQHPH��WDEHODWD������]D�75���7�YR��SHULRGRW��RG�����.’ ����GR�����’ ��
PRCH�GD�VH�]DEHOHCLPH�]JROHPHQD��NRQFHWUDFLMD�QD�JDVRYL��YR�’95 JRG�

6SRUHG��NULWHULXPLWH�]D�RFHQND��L� �GLMDJQR]D��YLVRNDWD��NRQFHQWUDFLMD��QD� �
YRGRURG���H2, PHWDQ��CH4��DFHWLOHQ��C2H2���HWLOHQ��C2H4 , HWDQ��C2H6���MDJOHQ PRQRNVLG
CO � �]DWHPQHWR� GDGHQL� YR� WDEHODWD�� � �� XSDWXYDDW� � QD� LQWHQ]LYQR� WHUPLaNR
UD]RUXYDZH� QD� PDVORWR�� PH_XWRD� SRVWRL� QHL]YHVQRVW� GDOL� H� GHOLPLaQR� ]DIDWHQD
FHOXOR]QDWD�L]RODFLMD�



3RVOH�RWYDUDZHWR�QD�WUDQVIRUPDWRURW� �QDMGHQ�H�VNRUR�FHORVQR�VWRSHQ�HGHQ
VSRM�^WR��L]OHJXYD�RG��QDPRWNDWD�L�RGL�QD�UHJXODFLRQDWD�VNORSND�

1DMGHQLRW�GHIHNW�YR�SRWSROQRVW�MD��SRWYUGL�SUHWKRGQR�QDSUDYHQDWD�GLMDJQR]D
D�VR�WRD�SRPRJQD�GD��VH�L]EHJQH��QHNRMD�SRJROHPD�KDYDULMD�QD�WUDQVIRUPDWRURW�

=$./8A2.

$QDOL]DWD�QD�VORERGQLWH�L�UDVWYRUHQLWH�JDVRYL�H�QDMXSRWUHEXYDQD�PHWRGD�]D
GHWHNFLMD�L�VOHGHZH�QD�GHIHNWLWH�YR�HOHNWULaQDWD�RSUHPD��1R��LQWHUSUHWDFLMDWD�QD
GRELHQLWH� UH]XOWDWL� H� GRVWD� NRPSOHNVQD� UDERWD� L� WUHED� VHNRJD^� GD� VH� SUDYL� VR
SRVHEQR�YQLPDQLH�RG�VWUDQD�QD��LVNXVQL�UDERWQLFL�NRL�SRGROJR�YUHPH�VH�]DQLPDYDDW
VR�RYDD�SUREOHPDWLND�

*DVQRKURPDWRJUDYVNDWD� DQDOL]D� � H� PHWRGD� � VR� SRPR^�QD�NRMD� RFHQND� L� GLMD�
JQR]D� PRCH� GD� VH� YU^L� YR� VHNRH� YUHPH� �QH]DYLVQR� GDOL� RSUHPDWD� H� YR� SRJRQ� LOL
LVNOXaHQD��D�WRD�RYR]PRCXYD�HILNDVQR��EU]R�L�HNRQRPLaQR�SUDWHZH�QD� VRVWRMEDWD
QD�RSUHPDWD�
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3UYLWH�LVSLWXYDZD�QD�SULPHURFL�PDVOD�RG�HQHUJHWVNLWH�WUDQVIRUPDWRUL�YR
5��0DNHGRQLMD�]DSRaQDOH������WD�JRGLQD��9R�UHIHUDWRW�H�GDGHQ�RS^W�SUHJOHG�QD�VLWH
GRVHJD� L]YU^HQL� LVSLWXYDZD� QD� SULPHURFL� PDVOD� RG� WUDQVIRUPDWRULWH� YR� 5�
0DNHGRQLMD�� 5H]XOWDWLWH� RG� JDVQRKURPDWRJUDIVNLWH� LVSLWXYDZD� VH� GDGHQL
WDEHODUQR� SUL� WRD� QHNRL� RG� UH]XOWDWLWH� VH� GRELHQL� RG� LVSLWXYDZH� QD� LVSUDYQL
WUDQVIRUPDWRUL�� QHNRL� RG� WUDQVIRUPDWRUL� VR� VRPQLWHOQD� LVSUDYQRVW� LOL� SDN� RG
LVSLWXYDZH�QD�QHLVSUDYQL�WUDQVIRUPDWRUL��SRVHEQR�PHUQL��D�SRVHEQR�HQHUJHWVNL�

.OXaQL�]ERURYL��HQHUJHWVNL�WUDQVIRUPDWRUL��L]RODFLRQL�PDVOD��SULPHURFL�

ABSTRACT

The first analysis of oil samples from the power transformers in Macedonia have started in
1979. This article gives general overview of all analysis of oil samples from the power
transformers, which were, up to now, carried out in the country. The results from the DGA
(Dissolved Gass Analysis) are presented in tables, and some results are achieved by analysis of
regular transformers, other by analysis of transformers with suspicious correctiveness, or by
analysis of defective transformers, separately, measured and power transformers.

Key words: power transformers, isolation oils, samples, defect.

�� 929('

9R� ODERUDWRULMDWD� QD� ,QVWLWXWRW� �1LNROD� 7HVOD�� ]D� LVSLWXYDZH� QD
L]RODFLRQL� PDVOD� X^WH� RG� �����WD� JRGLQD� VH� YU^DW� LVSLWXYDZD� QD� NYDOLWHWRW� L
VRVWRMEDWD� QD� WUDQVIRUPDWRUVNLWH� PDVOD�� D� RG� ����� JRGLQD� VH� YU^L



JDVQRKURPDWRJUDYVND�� DGA� �Dissolved Gass Analisis�� NRQWUROD� ]D� LVSUDYQRVWD� QD
HQHUJHWVNLWH� L� PHUQLWH� WUDQVIRUPDWRUL�� 3RaQXYDM`L� RG� ����� JRGLQD� GR� VHJD� VH
LVSLWXYDQL� PDVODWD� RG� WUDQVIRUPDWRULWH� RG� ��� UDERWQL� RUJDQL]DFLL� RG� 5�
0DNHGRQLMD� L� WRD� RG� �� KLGURHOHNWUDQL�� �� WHUPRHOHNWUDQL�� D� RVWDQDWLWH
WUDQVIRUPDWRUL� VH� RG� HOHNWURSUHQRV�� GLVWULEXFLMD� L� RG� LQGXVWULVNL� SRJRQL�
0H_XWRD��UHGRYQD�L�SUHYHQWLYQD�NRQWUROD�QD�PDVODWD�RG�WUDQVIRUPDWRULWH�NRL�VH
YR�HNVSORDWDFLMD�H�L]YU^HQD�VDPR�QD�PDO�EURM�HQHUJHWVNL�WUDQVIRUPDWRUL��GRGHND
NDM�PHUQLWH�WUDQVIRUPDWRUL�WDD�H�QDSUDYHQD�QD�X^WH�SRPDO�EURM��JDVQDWD�DQDOL]D�H
L]YU^HQD�VDPR�SR�HGQD^�

9R� WDEHOD� ��� H� GDGHQ� RS^W� SUHJOHG� QD� VLWH� GRVHJD^QL� LVSLWDQL� SULPHURFL
PDVOD� RG� WUDQVIRUPDWRUL� YR� 5�� 0DNHGRQLMD�� 3RYH`HWR� RG� HQHUJHWVNLWH
WUDQVIRUPDWRUL� LVSLWDQL� VR� PHWRGRW� DGA� ������ VH� RG� ���� kV� QDSRQVNR� QLYR� L
SRYLVRNR��D�SUHRVWDQDWLWH�VH�RG��� kV�PUHCD�

9R� EURMRW� RG� ���� LVSUDYQL� HQHUJHWVNL� WUDQVIRUPDWRUL� VH� QDR_DDW� L� ��
WUDQVIRUPDWRUL� NRL� ELOH� QHLVSUDYQL�� QR� NRL� SRVOH� L]YU^HQDWD� SRSUDYND� VH
YUDWHQL�YR�SRJRQ��NDNR�L����WUDQVIRUPDWRUL�NRL�ELOH�VRPQLWHOQL�QD�GHIHNW��B��L
NRL�SRVOH�SRYH`H�SRVOHGRYDWHOQL�LVSLWXYDZD�SUHPLQDOH�YR�LVSUDYQL��A��

7DEHOD����2S^W�SUHJOHG�QD�LVSLWXYDQLWH�SULPHURFL�PDVOD�RG�WUDQVIRUPDWRULWH�YR
������5��0DNHGRQLMD�

*DVQRKURPDWRJUDIVND

DQDOL]D

YNXSQR LVSLW�

WUDQVIRUPDWR�

UL

2FHQND ]D LVSUDYQRVWD QD WUDQVIRUPDWRULWH

A�LVSUDYHQ� B�VRPQL� QD GHIHNW�C�QHLVSUDYHQ�

VLWH WUDQVIRUPDWRUL ��� �������� ������ �������

HQHUJHWVNL

WUDQVIRUPDWRUL

��� �������� ����� �����

PHUQL WUDQVIRUPDWRUL �� ������� ������� �������

VWUXMQL PHUQL

WUDQVIRUPDWRUL

�� ������� ������� �������

QDSRQVNL PHUQL

WUDQVIRUPDWRUL

�� ������ ������ �����

.DUDNWHULVWLNL QD PDVOR�

IL]LaNL� KHPLVNL L

HOHNWULaQL
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WUDQVIRUPDWR�
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*UXSL QD NYDOLWHWRW

I                  II               III              IV

HQHUJHWVNL

WUDQVIRUPDWRUL

�� ������� ����� ������� ������

3UYLWH�DGA� LVSLWXYDZD� QD� PHUQLWH� WUDQVIRUPDWRUL� RG� 5�� 0DNHGRQLMD� VH
L]YU^HQL�GXUL�YR������JRGLQD�WDND�^WR�GRVHJD�VH�LVSLWDQL�PDO�EURM�RG�QLY��=DWRD
UHODWLYQR�JROHPLRW�EURM�QHLVSUDYQL�PHUQL�WUDQVIRUPDWRUL�^WR� VH�SULPHWXYD�YR
WDEHODWD� QH� H� QL� RG� GDOHNX� YLVWLQVND� VOLND� ]D� LVSUDYQRVWD� QD� PHUQLWH
WUDQVIRUPDWRUL�YR�HNVSORDWDFLMD�

.RQWUROD� QD� VRVWRMEDWD� L� NYDOLWHWRW� QD� VDPRWR� PDVOR� QD� HQHUJHWVNLWH
WUDQVIRUPDWRUL�RG�HNVSORDWDFLMD�� LVWRWDND�H�L]YU^HQD�QD� UHODWLYQR�PDO�EURM� QD
WUDQVIRUPDWRUL�L�WRD�YRJODYQR�SR�HGQD^��SD�EURMNDWD�RG�����QD�PDVOD�RG�WUHWDWD
JUXSD�QD�NYDOLWHW�WUHED�GD�VH�]HPH�VR�UH]HUYD��1DSRPHQXYDPH�GHND�RYLH�LVSLWXYDZD
NDM� PHUQLWH� WUDQVIRUPDWRUL� YRJODYQR� L� QH� VH� YU^DW� RVYHQ� SURYHUNDWD� QD
GLHOHNWULaQDWD�SURERMQRVW�L�WRD�YR�LVNOXaLWHOQL�VOXaDL�



�� 5(=8/7$7,�2'�*$612+520272*5$96.$7$�$1$/,=$

0HWRGRW�QD�JDVQRKURPDWRJUDYVND�DQDOL]D��DGA��VH�VRVWRL�YR�XWYUGXYDZH�QD
YLGRW� L� NROLaLQDWD� QD� JDVQLWH� SURGXNWL� RG� UD]ODJDZHWR� QD� FYUVWDWD� L� WHaQDWD
L]RODFLMD� QD� WUDQVIRUPDWRURW� NRL� JDVRYL� VH� UDVWYRUHQL� YR� WUDQVIRUPDWRUVNRWR
PDVOR� NDNR� L� RG� XWYUGXYDZH� QD� JDVRYLWH� L]YDGHQL� YR� %XKROFRYRWR� UHOH� �NDM
HQHUJHWVNLWH� WUDQVIRUPDWRUL�� YR� VOXaDM� QD� QHJRYR� DODUPLUDZH�� 9U]� RVQRYD� QD
YLGRW�QD�SURQDMGHQL�JDVRYL�RG�GHIHNWRW��VH�XWYUGXYD�GHIHNWRW��RGQRVQR�SULURGDWD
QD�SULVXWQRWR�UD]RUXYDZH�QD�L]RODFLMDWD��HOHNWULaQR�LOL�WHUPLaNR��D� �YU]�RVQRYD
QD�L]PHUHQLWH�NRQFHQWUDFLL�QD�JDVRYL��D�RVREHQR�RG�EU]LQDWD�QD�QLYQDWD�SURPHQD
VH� SURFHQXYD� LQWHQ]LWHWRW� L� R]ELOQRVWD� QD� GHIHNWRW�� 3RQHNRJD^� H� PRCQR� L
LVWRYUHPHQR� LVSLWXYDZH� QD� SULPHURFL� QD� PDVOD� ]HPHQL� RG� UD]OLaQL� PHVWD� QD
WUDQVIRUPDWRUVNLRW�VDG�]D�GD�VH�XWYUGL�SULEOLCQR�ORNDFLMDWD�QD�GHIHNWRW�^WR�QL
SRPDJD� GD� SUHY]HPHPH� VRRGYHWQL� PHUNL� D� SRVHEQR� YR� VOXaDL� QD� L]QHQDGQL� L
QHSODQLUDQL�LVSDGL�QD�WUDQVIRUPDWRURW�RG�PUHCDWD�

2NROX�UH]XOWDWLWH�RG� �DGA�� NULWHULXPLWH� ]D� QLYQD� SURFHQND� L� SULPHULWH
RG� SUDNVDWD� ]D� GHIHNWL� XWYUGHQL� VR� DGA�� D� SRWRD� SRWYUGHQL� VR� RWYDUDZHWR� QD
WUDQVIRUPDWRULWH�� QDSL^DQL� VH� SRYH`H� UHIHUDWL� SUL� ^WR� `H� JL� QDYHGHPH� VDPR
QHNRL�RG�SRVOHGQLWH��L����������L����

9R� WDEHOD� ��� VH� SULNDCDQL� QHNRL� NDUDNWHULVWLaQL� VOXaDL� QD� DGA� QD
HQHUJHWVNL�WUDQVIRUPDWRUL� �SULPHURFLWH�QD�PDVOR�VH� ]HPHQL�RG�GROQRWR�QLYR�QD
VDGRW�GRNRONX�QH�H�QD]QDaHQR�SRLQDNX���D�YR�WDEHOD����H�]D�VOXaDL�QD�DGA QD�PHUQL
WUDQVIRUPDWRUL�

3UYLWH� WUL� WUDQVIRUPDWRUL� RG� WDEHOD� ��� VH� SULPHUL� ]D� LVSUDYQL
WUDQVIRUPDWRUL��7UDQVIRUPDWRURW�EU����ELO�RFHQHW�NDNR�VRPQLWHOHQ�VR�SULVXVWYR
QD�WRSOL�PHVWD��D�WUDQVIRUPDWRURW�EU����VR�SULVXVWYR�QD�HOHNWULaQL�SUD]QHZD�QR�L
GYDWD� SRVOH� SRYH`H� SRVOHGRYDWHOQL� LVSLWXYDZD� VR� DGA� ELOH� RFHQHWL� NDNR
LVSUDYQL��2aLJOHGQR�VH�UDERWHOR�]D�GHIHNWL�RG�PLQOLYD�SULURGD�^WR�H�aHVW�VOXaDM
NDM�GHIHNWLWH�RG�WHUPLaND�SULURGD��.DM�WUDQVIRUPDWRURW�EU����GHIHNWRW�H�XWYUGHQ�
WUDQVIRUPDWRURW� H� SRSUDYHQ� L� SRVOH� SRYH`H� SRVOHGXYDWHOQL� LVLWXYDZD� VR� DGA
WUDQVIRUPDWRURW�H�RFHQHW�NDNR�LVSUDYHQ��7UDQVIRUPDWRULWH�EU����L���VH�SULPHUL
]D� SRVWHSHQR� UD]YLYDZH� QD� GHIHNWRW� ^WR� H� NDUDNWHULVWLND� ]D� GHIHNWLWH� RG
WHUPLaND�SULURGD��7UDQVIRUPDWRULWH�EU����L����VH�SULPHUL�NRJD�YU]�RVQRYD�QD�VDPR
HGQD� JDVQD� DQDOL]D�� SRUDGL� L]PHUHQLWH� YLVRNL� DSVROXWQL� NRQFHQWUDFLL� VNRUR� QD
VLWH�JDVRYL�RG�GHIHNWRW��VR�VLJXUQRVW�PRCH�GD�VH�]DNOXaL�GHND�WUDQVIRUPDWRULWH�VH
QHLVSUDYQL�� 3R� SRSUDYNDWD� QD� WUDQVIRUPDWRULWH� VR� GHJD]LUDZH� QD� PDVORWR
SUDNWLaQR� YR� SRWSROQRVW� VH� RWVUDQXYDDW� ]DRVWDQDWLWH� JDVRYL� RG� SUHWKRGQLRW
GHIHNW� L� VR� SRYH`H� SRVOHGXYDWHOQL� LVSLWXYDZD� QD� WUDQVIRUPDWRULWH� WLH� VH
RFHQHWL�]D�LVSUDYQL�

.DM� SRYH`HWR� HQHUJHWVNL� WUDQVIRUPDWRUL� RG� 5�0DNHGRQLMD� YU^HQD� H� DGA
LVWRYUHPHQR� QD� SULPHURFL�PDVOR� ]HPHQL� RG� JODYQLRW� WUDQVIRUPDWRUVNL� VDG� L� RG
UHJXODFLRQDWD� VNORSND�� 7UDQVIRUPDWRURW� EU�� ��� H� RFHQHW� NDNR� LVSUDYHQ�� D
UHODWLYQR�YLVRNLWH�NRQFHQWUDFLL�QD�DFHWLOHQ�L�YRGRURG�SURSUDWHQL�VR�RVWDQDWLWH
MDJOHQRYRGRURGL� L]PHUHQL� YR� SULPHURNRW� PDVOR� RG� UHJXODFLRQDWD� VNORSND� VH
WRONXYDDW� VR� XORJDWD� QD� PDVORWR� YR� VNORSNDWD� GD� JR� JDVL� HOHNWULaQLRW� ODN� NDGH
JDVRYLWH� QDVWDQXYDDW� SUL� QRUPDOHQ� UHCLP� QD� UDERWD� QD� VNORSNDWD�� .DM
WUDQVIRUPDWRURW� EU�� ���� DGA� QD� SULPHURFLWH� PDVOR� ]HPHQL� RG� VNORSNDWD� VH
SRNDCDOH� UHODWLYQR� YLVRNL�� SRYLVRNL� RG� YRRELaDHQLWH� NRQFHQWUDFLL� QD� VLWH
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1DSRPHQD� *���JRUQR�QLYR��056���PDVOR�RG�UHJXODFLRQDWD�VNORSND��0%5���PDVOR�RG
%XKROFRYRWR�UHOH��*%5���JDV�RG�%XKROFRYRWR�UHOH



JDVRYL�� � SD� H� SUHGORCHQD� UHYL]LMD� QD� VNORSNDWD� VR� SUHWKRGQD� NRQVXOWDFLMD� QD
QDSDWVWYLMDWD� RG� SURL]YRGLWHORW� QD� VNORSNDWD� NDNR� ^WR� L� VH� SUHSRUDaXYD� YR
YDNYLWH� VOXaDL�� 7RD� H� L� QDSUDYHQR�� PDVORWR� RG� VNORSNDWD� H� ]DPHQHWR�� L
WUDQVIRUPDWRURW�VR�SRQDWDPR^QL�LVSLWXYDZD�H�NRQWUROLUDQ�L�RFHQHW�]D�LVSUDYHQ�
7UDQVIRUPDWRULWH�EU�� ��� L� ��� VH� SULPHUL� ]D�DGA� SUHG� L� SRVOH� DODUPLUDZHWR� QD
%XKROFRYDWD� UHOHMQD� ]D^WLWD�� 3RVOH� RYRM� DODUP� QDMGREUR� H� GD� VH� L]YU^L
LVWRYUHPHQD�JDVQD�DQDOL]D�QD�SULPHURNRW�JDV�RG�%XKROFRYRWR�UHOH�L�QD�SULPHURNRW
PDVOR�RG�UHOHWR��LOL�JRUQRWR�QLYR��L�GROQRWR�QLYR�QD�WUDQVIRUPDWRUVNLRW�VDG��.DM
WUDQVIRUPDWRURW�EU�����QDMJROHPD�NROLaLQD�RG�VR]GDGHQLWH�JDVRYL�SRUDGL�GHIHNWRW
VH� L]GYRHQL� NDNR� VORERGHQ� JDV� YR�%XKROFRYRWR� UHOH� QHPDM`L� GRYROQR� YUHPH� GD� VH
UDVWYRUL� YR� PDVORWR��2aLJOHGQR� H� GHND� VH� UDERWHOR� ]D� L]QHQDGQD� SRMDYD�� 1D� NUDM
WUDQVIRUPDWRURW� EU�� ��� H� SULPHU� ]D� LQWHQ]LYQR� UD]RUXYDZH� QD� L]RODFLMDWD�
SRVHEQR�� QD� L]RODFLRQRWR� PDVOR�� WDND� ^WR� VRGUCLQDWD� QD� JDVRYL� UDVWYRUHQL� YR
PDVORWR�]QDaLWHOQR�H�QDG�VRGUCLQDWD�QD�VDPLRW�YR]GXK��������ppm).

9R� WDEHOD� ��� VH� SULNDCDQL� NDUDNWHULVWLaQL� VOXaDL� QD� DGA� QD� PHUQLWH
WUDQVIRUPDWRUL� RG� 5�� 0DNHGRQLMD�� 3UYLWH� GHVHW� WUDQVIRUPDWRUL� VH� VWUXMQL�� D
SUHRVWDQDWLWH�WUL�VH�QDSRQVNL�WUDQVIRUPDWRUL��%LGHM`L�PHUQLWH�WUDQVIRUPDWRUL
VH�]DWYRUHQL�VLVWHPL�� ]D�UD]OLND�RG�HQHUJHWVNLWH�� VR�UHODWLYQR�PDOD�NROLaLQD�QD
PDVOR�� YR� VOXaDM�QD� GHIHNW� VR]GDGHQLWH� JDVRYL� YRJODYQR�RVWDQXYDDW� UDVWYRUHQL� YR
PDVORWR�� .DM� LVSUDYQLWH� WUDQVIRUPDWRUL� NRQFHQWUDFLMDWD� QD� JDVRYL� SRUDGL
GHIHNWRW� VH� ]DQHPDUOLYR�PDOL� L� SRVOH� GROJRJRGL^HQ� SRJRQ� QD� WUDQVIRUPDWRURW�
SULPHU�WUDQVIRUPDWRULWH��L����.DM�QHLVSUDYQLWH�WUDQVIRUPDWRUL�NRQFHQWUDFLLWH
QD� JDVRYL� SRUDGL� GHIHNWRW� VH� PQRJX� YLVRNL�� SULPHUL� ��� �� L� ���� GXUL� L� SRVOH� ���
PHVHFL�YR�SRJRQ�QD�WUDQVIRUPDWRULWH�

0QRJX� H� PDO� SURFHQWRW� QD� PHUQL� WUDQVIRUPDWRUL� ^WR� VH� VRPQLWHOQL� QD
SULVXVWYRWR�QD�GHIHNW��B���NRJD�H�SRWUHEQR�SRVOH�RGUHGHQR�YUHPH�YR�HNVSORDWDFLMD
GD�VH�SRYWRUL�JDVQDWD�DQDOL]D��]D�GD��VH�XWYUGLOD�EU]LQDWD�QD�VWYDUDZHWR�QD�JDVRYL
SUL�GHIHNW��D�VR�WRD�L�VHULR]QRVWD�QD�SULVXWQRWR�UD]RUXYDZH��3UDNVDWD�SRNDCDOD
GHND�QDMJROHP�EURM�QHLVSUDYQL�VWUXMQL�WUDQVIRUPDWRUL�ELOH�TPE����VR�LQWHQ]LYQL
SDUFLMDOQL�SUD]QHZD�]D�NRL�H�NDUDNWHULVWLaQD�YLVRNDWD�NRQFHQWUDFLMD�QD�YRGRURG
SURSUDWHQD�VR�SULVXVWYR�QD�PHWDQ�L�HWDQ��D�RWVXVWYR�QD�DFHWLOHQ��9R�SUDNVDWD�VPH
LPDOH� VOXaDL� NRJD� RYLH� WUDQVIRUPDWRUL� VR� SULVXWQL� LQWHQ]LYQL� SDUFLMDOQL
SUD]QHZD� UDERWDW� SRGROJR� YUHPH� EH]� SRJRQVNL� SUHaNL� PH_XWRD� L� VOXaDL� QD
HNVSOR]LL� L� SUL� SRPDOL� NRQFHQWUDFLL� RG� QDYHGHQLWH� JDVRYL�� =D� UD]OLND� RG� QLY�
SRYH`HWR� RG� LVSLWDQLWH� QDSRQVNL� WUDQVIRUPDWRUL� YR� SRJRQ� ELOH� YR� LVSUDYQD
VRVWRMED�� 9R� VOXaDM� QD� QHLVSUDYHQ� QDSRQVNL� WUDQVIRUPDWRU� QDMaHVWR� VH� UDERWL� ]D
HOHNWULaQR�SUD]QHZH�VR�SRJROHP�LQWHQ]LWHW�YR�VSRUHGED�VR�SDUFLMDOQLWH�SUD]QHZD
LOL� HOHNWULaQRWR� ODaHZH�� YR� NRM� VOXaDM� VH� SUHSRUDaXYD� LWQR� LVNOXaXYDZH� QD
WUDQVIRUPDWRURW�RG�PUHCD��SULPHU�WUDQVIRUPDWRURW�EU�����

'ROJRJRGL^QDWD� SUDNVD� SRNDCDOD� GHND� DGA� LVSLWXYDZDWD� QD� LVSUDYQLWH
HQHUJHWVNL� WUDQVIRUPDWRUL� RG� ���� L� ����kV� PUHCD� YR� UDPNLWH� QD� SUHYHQWLYQDWD�
SHULRGLaQD� NRQWUROD�� GRYROQR� H� GD� VH� YU^L� QD� SR� HGHQ� SULPHURN� PDVOR� HGQD^
JRGL^QR�D�NDM�WUDQVIRUPDWRULWH�RG�����kV PUHCD�PRCH�HGQD^�YR�GYH�JRGLQL��.DM
LVSUDYQLWH� PHUQL� WUDQVIRUPDWRUL� SUHYHQWLYQDWD� NRQWUROD� VR� PHWRGRW� DGA� VH
VYHGXYD� QD� LVSLWXYDZH� QD� HGHQ� SULPHURN� QD� PDVOR� QD� VHNRL� �� �� �� JRGLQL
HNVSORWDFLMD��6RPQLWHOQLWH�WUDQVIRUPDWRUL�QD�GHIHNW�D�SRVHEQR�QHLVSUDYQLWH�VH
L� SRQDWDPX� SUHGPHW� QD� SRHGLQDaQR� QDETXGXYDZH� SUL� ^WR� YR� SUHGYLG� VH� ]HPDDW



EURMQL� IDNWRUL�� D� VH� YU^DW� L� GRSROQLWHOQL� HOHNWULaQL� PHUHZD� QD
WUDQVIRUPDWRULWH�

7DEHOD����3ULPHUL�QD�JDVQD�DQDOL]D�QD�PHUQLWH�WUDQVIRUPDWRUL

UHG�

EURM�

7LS QD

WUDQVIRUPDWRU

.RQFHQWUDFLMD QD JDVRYL � SSP ^LIUD

IEC
599

H2 CH4 C2H2 C2H4 C2H 6 CO CO2
� VWUXMQL APU-420 � � � �� � ��� ��� A
� VWUXMQL APU-123 � � � �� � ��� ���� A
� VWUXMQL APU-123 ��� � � � � ��� ��� B-pp
� VWUXMQL APU-123 �� �� �� �� � ��� ���� B-102
� VWUXMQL TPE-11B ��� �� � � �� ��� ��� B-pp
� VWUXMQL TPE-11B ���� ��� � � ��� ��� ���� B-pp
� VWUXMQL TPE-11B ���� ���� � �� ��� ��� ��� C-pp
� VWUXMQL TPE-11B ����� ���� � � ��� ��� ���� C-pp
� VWUXMQL TPE-11B ����� ���� � � ��� ��� ���� C-pp
�� VWUXMQL TPE-11B ����� ���� � �� ���� ��� ���� C-pp
�� QDSRQVNL ��� �� � �� � ��� ���� A
�� QDSRQVNL � ��� � �� �� ���� ����� B-021
�� QDSRQVNL ��� ��� ��� ��� �� ��� ���� C202

1DSRPHQD��pp���SDUFLMDOQL�SUD]QHZD

���������5(=8/7$7,�2'�,63,789$:(72�1$�62672-%$7$�,
.9$/,7(727�1$�75$16)250$7256.272�0$6/2

,]RODFLRQRWR�PDVOR�YR�WUDQVIRUPDWRULWH�LPD�XORJD�GD�JL�L]ROLUD�GHORYLWH
SRG� QDSRQ�� ]QDaL� GD� SRVHGXYD� GREUL� HOHNWULaQL� NDUDNWHULVWLNL� NDNR� ^WR� VH

GLHOHNWULaQDWD�FYUVWLQD��NRHILFLHQWRW�QD�GLHOHNWULaQLWH�]DJXEL�QD�PRNQRVW��tgδ�
L� VSHFLILaQLRW� HOHNWULaHQ� RWSRU�� ,VWRYUHPHQR� L]RODFLRQRWR� PDVOR� YR
WUDQVIRUPDWRULWH�H�L�WHaQRVW�]D�ODGHZH�SD�PRUD�GD�LPD�VRRGYHWQD�SRGYLCQRVW�NRMD
MD�NDUDNWHUL]LUDDW�IL]LaNLWH�NDUDNWHULVWLNL�NDNR�^WR�VH�YLVNR]QRVWD��JXVWLQDWD
L� WRaNDWD� QD� WHaHZH� NRL� MD� RGUHGXYDDW� HILNDVQRVWD� QD� RGYHGXYDZH� QD� WRSOLQD� L
YOLMDDW�QD�XVORYLWH�QD�UDERWD�SUL�QLVNL�WHPSHUDWXUL��9R�WHNRW�QD�HNVSORDWDFLMDWD
SRG� SRJRQVNL� XVORYL�� D� WRD� H� SUL� UDERWQD� WHPSHUDWXUD�� SULVXVWYRWR� QD� NLVORURG
QDMSRYH`H�RG�YR]GXKRW��YODJDWD��NDWDOL]LUDaNRWR�GHMVYR�QD�NRQVWUXNWLYQLWH�PHWDOL�
PDVODWD� JL� PHQXYDDW� VYRLWH� NDUDNWHULVWLNL�� SD� WLH� VWDUHDW�� 1D� WRD� XNDCXYDDW
SURPHQLWH�QD�QHNRL�IL]LaNL��KHPLVNL�L�HOHNWULaQL�NDUDNWHULVWLNL�QD�PDVORWR��D
WRD�VH�XWYUGXYDDW�VR�SHULRGLaQD�NRQWUROD�QD�SULPHURFLWH�QD�PDVOR�SRVOH�RGUHGHQR
YUHPH� QD� HNVSORDWDFLMD� QD� WUDQVIRUPDWRURW�� 0DVODWD� VR� GREDU� NYDOLWHW� VR
SUDYLOQR�SRJRQVNR�RGUCXYDZH�WUHED�GD�WUDDW�NRONX�L�VDPLRW�WUDQVIRUPDWRU��D�WRD
H� SUHNX� ��� JRGLQL� QD� HNVSORDWDFLMD�� 3RUDGL� WRD� QDMYDCQR� H� SUYRWR� SROQHZH� QD
WUDQVIRUPDWRURW� GD� ELGH� VR� PDVOR� VR� GREDU� NYDOLWHW� QD� ^WR� XNDCXYD� L� HGQD� RG
QDMYDCQLWH�NDUDNWHULVWLNL�QD�PDVORWR�NRMD� VH� LVSLWXYD� NDM� QRYRWR�PDVOR�� D� WRD� H
KHPLVNDWD� VWDELOQRVW�� 'RNRONX� VOXaDMRW� VHSDN� QH� QL� H� WDNRY�� WRJD^� NRJD



NDUDNWHULVWLNLWH�QD�PDVORWR�`H�GRVWLJQDW�RGUHGHQD�JUDQLaQD�YUHGQRVW��H�SRWUHEQR
GD� VH� L]YU^L� ]DPHQD� QD� PDVORWR� VR� QRYR� PDVOR� LOL� GD� VH� UHJHQHULUD� RVWDUHQRWR
PDVOR�VR�DEVRUEHQWL�VR�LQKLELUDZH�^WR�SUHGVWDYXYD�L�SRHYWLQD�YDULMDQWD�

9R� ]DYLVQRVW� RG� UH]XOWDWLWH� LVSLWXYDZHWR� QD� IL]LaNL�� KHPLVNL� L
HOHNWULaQL�NDUDNWHULVWLNL�QD� SULPHURFLWH�PDVOR�� WUDQVIRUPDWRUVNLWH�PDVOD� YR
SRJRQ� VH� UDVSUHGHOXYDDW� YR� HGQD� RG� aHWLULWH� JUXSL� QD� NYDOLWHW�� 2NROX
LVSLWXYDZHWR�QD�NYDOLWHWRW�QD�PDVORWR�LVWR�WDND�SRVWRMDW�SRYH`H�UHIHUDWL�RG�NRL
`H� JL� QDYHGHPH� VDPR� SRVOHGQLWH� GYD� �L�� �� L� ���� 9R� WDEHODWD� ��� VH� QDYHGHQL
NDUDNWHULVWLaQL� VOXaDL� QD� PDVODWD� RG� WUDQVIRUPDWRULWH� YR� 5�� 0DNHGRQLMD
UDVSUHGHOHQL�YR�JUXSD�QD�NYDOLWHW�

0DVODWD� SRG� EURHYLWH� ��� ��� �� L� �� VH� PDVOD� RG� SUYDWD� JUXSD� QD� NYDOLWHW�
0DVORWR�EU����RaLJOHGQR�H�QRYR�LQKLELUDQR�PDVOR�VR�NRH�H�]DPHQHWR�VWDURWR�PDVOR
^WR�QH�H�VOXaDM�VR�PDVODWD�RG�WUDQVIRUPDWRULWH�EU����L���NRL�LDNR�QHLQKLELUDQL�VH
QDR_DDW� YR� ]DGRYROLWHOQD� VRVWRMED� SUHNX� ��� JRGLQL� YR� SRJRQ��0DVODWD� �� L� �� LVWR
WDND� VH� YR� ]GRYROLWHOQD� SRJRQVND� VRVWRMED�� VR� YLVRNL� YUHGQRVWL� ]D� GLHOHNWULaQD
FYUVWLQD��QR� VH� SRYHNH� RVWDUHQL�RG� SUHWKRGQLWH� ELGHM`L� YUHGQRVWLWH� QD� SRRGHOQL
NDUDNWHULVWLNL�QD�PDVORWR�VH�YR�JUDQLFLWH�QD�III �WD�JUXSD�QD�NYDOLWHW��0DVODWD���L
�� VH� SULPHUL� ]D� PDVOR� RG� II-WD� JUXSD� QD� NYDOLWHW� ELGHHM`L� LPDDW� YUHGQRVW� ]D
GLHOHNWULaQDWD�FYUVWLQD�SRG�JUDQLaQDWD�RG�����kV�cm�]D�RGUHGHQRWR�QDSRQVNR�QLYR
QD� WUDQVIRUPDWRURW�� GRGHND� YUHGQRVWLWH� QD� NDUDNWHULVWLNLWH� NRL� XNDCXYDDW� QD
RVWDUHQRVW�QD�PDVORWR�VH�YR�JUDQLFLWH�QD�I�WD�JUXSD�QD�NYDOLWHW��9R�YDNYL�VOXaDL�VH
SUHGODJD�SRYWRUQD�NRQWUROD�QD�GLHOHNWULaQDWD�FYUVWLQD�QD�PDVORWR�SD�GRNRONX�VH
SRWYUGL� QH]DGRYROLWHOQD� YUHGQRVW� PDVORWR� WUHED� GD� VH� L]ORCL� QD� VX^HZH�� D
FYUVWDWD� L]RODFLMD� QD� WUDQVIRUPDWRURW� L� VDPLRW� WUDQVIRUPDWRUVNL� VDG� GD� VH
LVSHUDW� VR� MDN� POD]�� 0DVORWR� EU�� �� H� RG� WUDQVIRUPDWRU� RG� ��� kV� PUHCD� NDGH
JUDQLaQDWD� YUHGQRVW� QD� GLHOHNWULaQDWD� FYUVWLQD� H� ���� kV /cm� �� D� YUHGQRVWD� QD
SUHRVWDQDWLWH�NDUDNWHULVWLNL�QD�PDVORWR�VH�YR�I�WD�JUXSD�QD�NYDOLWHW��0DVODWD�EU�
�����������L����VH�GRVWD�RVWDUHQL�SRG�SRJRQVNL�XVORYL�QR�L�SRQDWDPX�VH�XSRWUHEOLYL
YR� SRVWRHaNDWD� VRVWRMED� ]DWRD� ^WR� LPDDW� YLVRNL� YUHGQRVWL� QD� GLHOHNWULaQDWD
FYUVWLQD��QDG�����kV/cm��'RNRONX�RG�ELOR�NRL�SULaLQL�VH�SODQLUD�LVNOXaXYDZH�QD
WUDQVIRUPDWRURW�SUL�LVWHNXYDZH�QD�PDVORWR�WRJD^�VH�SUHSRUDaXYD��YR�]DYLVQRVW�RG
VWDURVWD� QD� WUDQVIRUPDWRURW� L� RG� QHJRYRWR� SRJRQXYDZH� YR� LGQLQD�� ]DPHQD� QD
PDVORWR�VR�QRYR�LOL�QHJRYD�UHJHQHUDFLMD��0DVODWD�QD�WUDQVIRUPDWRULWH�EU�����L���
VH� UD]OLNXYDDW� RG� SUHWKRGQLWH� NDM� NRL� H� L]YU^HQR� VDPR� SR� HGQR� LVSLWXYDZH� YR
UDPNLWH�QD�SUHYHQWLYQDWD�NRQWUROD�L�RYLH� VH�SRGORCQL�QD�SHULRGLaQD�NRQWUROD�
.DNR� ^WR� VH� JOHGD� RG� WDEHODWD� PDVORWR� EU�� ��� LDNR� X^WH� YR� ����� JRGLQD� H
UDVSUHGHOHQR� YR� III �WD� JUXSD� QD� NYDOLWHW�� GROJ� QL]� JRGLQL� MD� ]DGUCDOR
]DGRYROLWHOQDWD� SRJRQVND� VRVWRMED� VR� SRVWHSHQR� YOR^XYDZH� QD� SRHGLQLWH
NDUDNWHULVWLNL� NRL� XNDCXYDDW� QD� QHJRYDWD� RVWDUHQRVW� SRG� SRJRQVNL� XVORYL�
0DVORWR� EU�� ��� ELOR� YR� SUYDWD� JUXSD� QD� NYDOLWHW� VH� GR� �����WD� JRGLQD� NRJD
SUHPLQDOR� YR� III �WD� JUXSD�� D� SRWRD� L� YR� IV �WD� JUXSD� SRUDGL� QLVNDWD� YUHGQRVW� QD
GLHOHNWULaQDWD� FYUVWLQD�� %LGHM`L� YR� SUHWKRGQLWH� LVSLWXYDZD� NDM� RYD� PDVOR� VH
GRELYDQL� VHNRJD^� YLVRNL� YUHGQRVWL� ]D� RYLH� NDUDNWHULVWLNL�� LVSLWXYDZHWR� H
YHGQD^�SRYWRUHQR�L�PDVORWR�H�YUDWHQR�YR�III �WD�JUXSD��2aLJOHGQR�H�GHND�VH�UDERWHOR
]D�OR^R�]HPDZH�QD�SULPHURN�RG�PDVORWR��^WR�H�aHVW�VOXaDM�YR�SUDNVD�



7DEHOD����3ULPHUL�RG�UH]XOWDWLWH�GRELHQL�RG� LVSLWXYDZHWR�QD� NDUDNWHULVWLNLWH
QD�PDVODWD�RG�WUDQVIRUPDWRULWH�^WR�VH�YR�SRJRQ
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1DSRPHQD��Nb���QHXWUDOL]DFLRQHQ�EURM��σ ��PH_XID]HQ�QDSRQ�QD�VLVWHPRW�PDVOR�YRGD

=DaHVWHQRVWD� QD� ODERUDWRULVNRWR� LVSLWXYDZH� QD� NDUDNWHULVWLNLWH� QD
PDVORWR� QD� HQHUJHWVNLWH� WUDQVIRUPDWRUL� YR� HNVSORDWDFLMD� RG� I-WD� JUXSD� QD
NYDOLWHW��YR�UDPNL�QD�SUHYHQWLYQDWD�SHULRGLaQD�NRQWUROD��NDM�WUDQVIRUPDWRULWH
RG�VLWH�QDSRQVNL�QLYRD�H�HGHQ�SULPHURN�QD�aHWLUL�JRGLQL��D�RG�III �WD�JUXSD�RELaQR�H
HGHQ�SULPHURN�QD�VHNRL�GYH�JRGLQL��9R�PH_XYUHPH�GRYROQR�H�GD�VH�SURYHUXYD�VDPR
GLHOHNWULaQDWD�FYUVWLQD�QD�PDVORWR�VR�LVSLWXYDZH�QD�OLFH�PHVWR�HGQD^�JRGL^QR
VH�GRGHND�H�YR�SRJRQ�

�� =$./8A2.

.RULVWD�RG�SUHYHQWLYQD�NRQWUROD�QD�HQHUJHWVNLWH�L�PHUQL�WUDQVIRUPDWRUL
YR� SRJRQ� VR� PHWRGRW� QD� DGA� H� SRYH`HNUDWQR� SRWYUGHQD� YR� SUDNVDWD� L� YR� 5�
0DNHGRQLMD�� %URMQL� VH� SULPHULWH� NRJD� GHIHNWLWH� YR� WUDQVIRUPDWRULWH� VH
RWNULHQL�YR�QLYQDWD�UDQD�ID]D�VDPR�YU]�RVQRYD�QD�UH]XOWDWLWH�RG�DGA��9R�VOXaDM�QD
DODUP� QD� UHOHMQDWD� ]D^WLWD� NDM� HQHUJHWVNLWH� WUDQVIRUPDWRUL� PHWRGRW� QD�DGA� H
VHX^WH� QH]DPHQOLYR� VUHGVWYR� ]D� XWYUGXYDZH� QD� SULVXVWYRWR� LOL� RWVXVWYRWR� QD
GHIHNW�YR�WUDQVIRUPDWRURW�

3RVOH� VNRUR� ��� JRGLQL� UHGRYQD�� SUHYHQWLYQD� NRQWUROD� QD� VRVWRMEDWD� L
NYDOLWHWRW�QD�PDVODWD�RG� HQHUJHWVNLWH�WUDQVIRUPDWRUL�YR�SRJRQ�GHQHV� YR�6UELMD



SUDNWLaQR� QH� SRVWRMDW� WUDQVIRUPDWRUL� VR� PDVOD� VR� QH]DGRYROLWHOQD� VRVWRMED� L
NYDOLWHW��=DVOXJD�]D�WRD�H�IDNWRW�GHND�YR�SRVOHGQLYH����JRGLQL�QD�-XJRVORYHQVNLRW
SD]DU� QD� QRYL� PDVOD� QH� PRCH^H� GD� SRPLQH� PDVOR� VR� QH]DGRYROLWHOHQ� NYDOLWHW�
2VWDUHQLWH�WUDQVIRUPDWRUVNL�PDVOD�RG�SRJRQLWH�VH�]DPHQXYDQL�VR�QRYL�PDVOD�LOL�
^WR� H� SRaHVW� VOXaDM�� VH� UHJHQHULUDQL� L� LQKLELUDQL� VR� ^WR� LP� H� SURGROCHQ
UDERWQLRW� YHN� ]D� VNRUR� ��� JRGLQL� NRONX� ^WR� UHGRYQR� JR� VOHGLPH� NYDOLWHWRW� QD
UHJHQHULUDQLWH� WUDQVIRUPDWRUVNL� PDVOD� YR� HNVSORDWDFLMD�� =D� CDO� NDM� SRYH`HWR
WUDQVIRUPDWRUL� YR� 5��0DNHGRQLMD� QH� H� YU^HQD� UHGRYQD� SUHYHQWLYQD� NRQWUROD� QD
NDUDNWHULVWLNLWH�QD�PDVORWR�SD�QH�SRVWRL�YLVWLQVNL�SUHJOHG�QD�QLYQDWD�SRVWRHaND
VRVWRMED�

�� /,7(5$785$

[�]��9�3HMRYL`��2VQRYQL�SUHGXVORY�]D�RWNULYDZH�NYDURYD�WUDQVIRUPDWRUD�X�]DaHWNX
PHWRGRP�DGA. ���6DYHWRYDZH�CIGRE��9UZDaND�%DZD�������
[�]�� 9�3HMRYL`�� 1HND� LVNXVWYD� VD� NRQWURORP� WUDQVIRUPDWRUD� JDVQRKURPDWR�
JUDIVNRP�PHWRGRP�����6DYHWRYDZH CIGRE��9UZDaND�%DZD�������
[�]�� 0�� 2SDaL`�� 3�� $QGUL`�� 1HND� HNVSORDWDFLRQD� LVNXVWYD� VD� NDSDFLWDWLYQLP
QDSRQVNLP�WUDQVIRUPDWRULPD�����6DYHWRYDZH CIGRE��9UZDaND�%DZD�������
[�]. A.Bojkovic, V.Pejovic: Instrument transformers surveillance and prevention of failures,
CIGRE Pariz, 1996.
[�]�9�3HMRYL`��3UHYHQWLYQD�LVSLWLYDZD�HQHUJHWVNLK�WUDQVIRUPDWRUD�SUH�L� X� WRNX
ZLKRYH� HNVSORDWDFLMH� DQDOL]RP� X]RUDND� XOMD�� 6DYHWRYDZH� �7UDQVIRUPDWRUL� X
(OHNWURHQHUJHWLFL���%HRJUDG�������
[�]�� 9�3HMRYL`�� ,VSLWLYDZH� NYDOLWHWD� QRYLK� WUDQVIRUPDWRUVNLK� XOMD�� ��
6DYHWRYDZH�CIGRE��9UZDaND�%DZD�������
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9R� WUXGRY� H� GDGHQ� NUDWRN� SUHJOHG� QD� JODYQLWH� L]RODFLRQL� L� RVWDQDWL
NDUDNWHULVWLNL�QD�WUDQVIRUPDWRUVNLWH�PDVOD�VR�SRVHEHQ�RVYUW�]D�QLYQRWR�YOLMDQLH
SR�]GUDYMHWR�QD�aRYHNRW�L�RNROQDWD�VUHGLQD��3ULWRD�H�SRVYHWHQR�SRJROHPR�YQLPDQLH
QD�WUDQVIRUPDWRUVNLWH�PDVOD�NRL�YR�VHEH�VRGUCDW�SROLKORULUDQL�ELIHQLOL�PCB��D
SUHQHVHQL�VH�L�QHNRL�VWUDQVNL�LVNXVWYD�RNROX�WUHWPDQRW�QD�RYLH�PDVOD�
NOXaQL� ]ERURYL�� WUDQVIRUPDWRUVNL� PDVOD�� SROLKORULUDQL� ELIHQLOL� �PCB��
HNRORJLMD��WRNVLaQRVW�L�NDQFHURJHQRVW�

ABSTRACT

The paper gives a brief review of the main transformator oils isolating and other
characteristics whit particular review of their influence for human health and environment.
Special attention is given to the oils whit policlorinated biphenils (PCB) and foreign experience
whit PCB treatment.
keywords: transformator oils, polychlorinated biphenils (PCB), ecology.

�� 929('

7UDQVIRUPDWRUVNRWR� PDVOR� VH� NRULVWL� ]D� L]RODFLMD� QD� QDPRWNLWH� QD
WUDQVIRUPDWRURW�� QR� L� ]D� RGYHGXYDZH� QD� WRSOLQDWD� NRMD� VH� VR]GDYD� YR� QLY� SUL
VDPDWD�HNVSORDWDFLMD�QD�WUDQVIRUPDWRURW��3RUDGL�WRD��WUDQVIRUPDWRUVNLWH�PDVOD
WUHED�GD�]DGRYROXYDDW�RGUHGHQL�IL]LaNL��KHPLVNL�L�HOHNWULaQL�NDUDNWHULVWLNL�

)L]LaNL�NDUDNWHULVWLNL�VR�NRL�WUHED�GD� VH�RGOLNXYDDW�RYLH�PDVOD� VH��PDOD
JXVWLQD�� QLVND� YLVNR]QRVW�� YLVRND� WRaND� QD� SDOHZH�� QLVND� WRaND� QD� WHaHZH�� GD� VH
ELVWUL� L� aLVWL�� EH]� PHKDQLaNL� LOL� GUXJL� SULPHVL� RG� UDVWLWHOQR�CLYRWLQVNR
SRWHNOR�



2G� KHPLVNL� DVSHNW� PDVODWD� WUHED� GD� VH� QHXWUDOQL� W�H�� VR� PDO
QHXWUDOL]DFLRQHQ�EURM��NB���QHNRUR]LYQL��GD�VH�LQHUWQL�SUHPD�RNVLGDFLMD��RGQRVQR
VR� GREUD� RNVLGDFLRQD� VWDELOQRVW�� ,VWR� WDND� PDVODWD� WUHED� GD� VH� RGOLNXYDDW� VR
QLVND�UDVWYRUOLYRVW�QD�YRGDWD�YR�QLY�L�VR�GREUL�JDV�DSVRUSFLRQL�NDUDNWHULVWLNL�

2G�HOHNWULaHQ�DVSHNW�PDVODWD�PRUD�GD�SRVHGXYDDW�^WR�SRPDO�NRHILFLHQW�QD

GLHOHNWULaQL� ]DJXEL� �tgδ�� NRM� SUHWVWDYXYD� RGOLaHQ� SRND]DWHO� ]D� NYDOLWHWRW� QD
PDVORWR� NDNR� L]RODWRU� LVWR� NDNR� ^WR� WRD� QL� JR� SRNDCXYD� L� VSHFLILaQLRW
HOHNWULaHQ� RWSRU�� %LWQD� HOHNWULaQD� NDUDNWHULVWLND� H� GLHOHNWULaQDWD� FYUVWLQD
SRVHEQR�RG�DVSHNW�QD�SRJRQVNDWD�VLJXUQRVW�QD�WUDQVIRUPDWRURW�

0DVODWD�^WR�VH�NRULVWDW�]D�RYDD�QDPHQD�SRWUHEQR�H�GD�VH�HNROR^NL�SRGREQL
L� ELRUD]JUDGOLYL� GR� SURGXNWL� NRL� QH� VH� WRNVLaQL�� NDQFHURJHQL�� QLWX� ^WHWQL� ]D
RNROQDWD�VUHGLQD�

6SRUHG�QDaLQRW�QD�NRL�VH�GRELYDDW�WUDQVIRUPDWRUVNLWH�PDVOD�JL�GHOLPH�QD
PLQHUDOQL�L�VLQWHWLaNL�WUDQVIRUPDWRUVNL�PDVOD��0LQHUDOQLWH�PDVOD�VH�GRELYDDW
VR� UDILQDFLMD� QD� QDIWDWD� L� VH� VRVWRMDW� RG� MDJOHYRGRURGL�� RUJDQVNL� VRHGLQHQLMD� L
PHWDOL� YR� WUDJRYL�� 6SRUHG� YLGRW� QD� MDJOHYRGRURGLWH� NRL� VH� SRGRPLQDQWQL
PLQHUDOQLWH�PDVOD�JL�GHOLPH�QD�SDUDILQVNL�L�QDIWHQVNL��6LQWHWLaNLWH�PDVOD� VH
MDJOHYRGRURGQL� PDVOD� NRL� VH� SURL]YHGHQL� RG� MDJOHQ� QDPHVWR� � RG� QDIWD�� 0H_XWRD
XVYRHQR� H� GHND� SRG� VLQWHWLaNL� PDVOD� `H� SRGUD]ELUDPH� L]RODFLRQL� PDVOD� NRL
QDPHVWR� MDJOHYRGRURGL� VRGUCDW� GUXJL� KHPLVNL� VRHGLQHQLMD�� KORU� L� IOXRU�
6LQWHWLaNLWH�PDVOD�LPDDW�SUHGQRVW�SUHG�PLQHUDOQLWH�NRJD�VH�EDUD�SRYLVRND�WRaND
QD�SDOHZH�L�SRPDOD�SURPHQD�QD�YLVNR]QRVWD�]D�YUHPH�QD�HNVSORDWDFLRQLRW�SHULRG��D
LPDDW�L�SRGREUD�RNVLGDFLRQD�L�WHUPLaND�VWDELOQRVW�

9R� JUXSDWD� QD� VLQWHWLaNL� PDVOD� SULSD_DDW� L� SROLKORULUDQLWH� ELIHQLOL
�PCB��W�Q�DVNDUHOL��$VNDUHOLWH�L�QLYQLRW�WUHWPDQ�VH�SRVHEQR�LQWHUHVQL��SD�]DWRD
SRQDWDPX�`H�ELGDW�L�SRGHWDOQR�UD]JOHGDQL�

3UL� L]ERURW� NRM� YLG� WUDIR�PDVOR� SR� RSWLPDOQR� EL� JL� ]DGRYROXYDOR
]DGDGHQLWH� NULWHULXPL� ]D� NYDOLWHW�� RG� HGQDNYD� YDCQRVW� ]D� WRM� L]ERU� `H� QL� ELGH
HNROR^NDWD�SRGREQRVW�QD�L]EUDQRWR�PDVOR�NDNR�]D�YUHPH�QD�QHJRYDWD�HNVSORDWDFLMD�
WDND� L� SRVOH� WRD�� >WR� VH� RGQHVXYD� GR� ]DNRQLWH� L� SURSLVLWH� VR� NRL� VH� UHJXOLUD
REODVWD� � QD� YOLMDQLHWR� QD� WUDQVIRUPDWRUVNLWH� PDVOD� YU]� CLYRWQDWD� VUHGLQD� L
aRYHNRYRWR� ]GUDYMH�� WLH� ]DNRQL� SRVWRMDW�� QR� VH� QHMDVQR� GHILQLUDQL� L� ]DVWDUHQL�
3RUDGL�WRD�WXND�VH�SUHQHVHQL�QHNRL�RG�VWUDQVNLWH�LVNXVWYD�

�� �(.2/2*,-$�1$�75$16)250$7256.,7(�0$6/$

���� 7RNVLaQRVW�L�NDQFHURJHQRVW�QD�WUDQVIRUPDWRUVNLWH�PDVOD

1DMaHVWR� WUDQVIRUPDWRUVNLWH� PDVOD� QH� SUHWVWDYXYDDW� QLNDNYD� RSDVQRVW� SR
aRYHNRYRWR� ]GUDYMH� GRNRONX� VR� QLY� SUDYLOQR� VH� PDQLSXOLUD� L� DNR� VH� L]EHJQXYD
YGL^XYDZHWR� QD� PDVOHQLWH� SDUHL� LOL� NRQWDNWRW� VR� RaLWH�� 7RNVLILNDFLMDWD� VR
PDVODWD�H�QHYR]PRCQD�L�RG�SURVWD�SULaLQD�^WR�UDERWQLFLWH��NRL�PDQLSXOLUDDW�VR
QLY� QH� VH� YR� SRVWRMDQ� NRQWDNW� VR� PDVORWR�� D� SUL� QHJRYDWD� ]DPHQD� VH� SUHY]HPDDW
]D^WLWQL�PHUNL��6HSDN��VSRUHG�QDXaQLWH�SRGDWRFL�VLQWHWLaNLWH�PDVOD��SD�L�QHNRL
PLQHUDOQL�PDVOD�]DHGQR�VR�QLYQLWH�DGLWLYL�PRCH�GD�ELGDW�GRVWD�WRNVLaQL�L�RSDVQL
SR��aRYHNRW�



'HQHV�YR�VYHWRW�VH�SURL]YHGXYDDW�QH^WHWQL�PDVOD�NRL�VH�KHPLVNL�VWDELOQL��VR
PDOD�LVSDUOLYRVW��VR�YLVRND�KHPLVNR�EDNWHULROR^ND�VWDELOQRVW��RWVXVWYR�QD�SHQD�L
VHNRH�LULWLUDaNR�GHMVWYR�YU]�OLFDWD�^WR�PDQLSXOLUDDW�VR�QLY�

6SRUHG�WRNVLaQRVWD�PDVODWD�PRCH�GD�VH�NODVLILFLUDDW�YR�WUL�JUXSL�
��9R�SUYDWD�JUXSD�VH�PLQHUDOQLWH�PDVOD�QD�ED]D�QD�QDIWD��VR�LOL�EH]�DGLWLYL�

NRL�SRNDCXYDDW�QL]RN�VWHSHQ�QD�WRNVLaQRVW��3UL�GROJRWUDHQ�NRQWDNW�WLH�EODJR� MD
LULWLUDDW� NRCDWD� L� MD� SUDYDW� SUHRVHWOLYD�� 'RNRONX� RYLH� PDVOD� VH� QHGRYROQR
UDILQLUDQL��SUL�SRGROJ�NRQWDNW�VR�NRCDWD�PRCH�GD�SUHGL]YLNDDW�NHUDWR]D�LOL�UDN
QD�NRCDWD�

�� 9R� YWRUDWD� JUXSD� VH� PDVODWD� QD� ED]D� QD� QDIWD�� VR� LOL� EH]� DGLWLYL�� NRL
VRGUCDW� SROHVQR� LVSDUOLYL� GHULYDWL�� 3UL� SRGROJ� NRQWDNW� VR� NRCDWD� EODJR� MD
LULWLUDDW� L� MD� SUDYDW� SUHRVHWOLYD��3RVHEQR� RSDVQL� SR� UHVSLUDWRUQLRW� VLVWHP� VH
SDUHLWH�NRL�QH�WUHED�GD�VH�YGL^XYDDW��,VWR�WDND�SUL�PDQLSXODFLMD�VR�QLY��WUHED�GD
VH� L]EHJQXYD� SX^HZHWR� ]D� GD� VH� L]EHJQH� PRCQRVWD� RG� SRCDU�� QR� L� PRCQRWR
YGL^XYDZH�QD�WRNVLaQLWH�PDWHULL�^WR�VH�RVORERGXYDDW�SUL�NRQWDNWRW�QD�SDUHLWH
VR�RJQRW�RG�FLJDULWH�

��9R�WUHWDWD�JUXSD�VH�VLQWHWLaNLWH�PDVOD��VR�LOL�EH]�DGLWLYL��7LH�SRNDCXYDDW
QL]RN� VWHSHQ� QD� WRNVLaQRVW� L� SUL� SRGROJ� NRQWDNW� VR� NRCDWD� EODJR� MD� LULWLUDDW�
7RNPX� YR� RYDD� JUXSD� SRVWRMDW� QDMULJRUR]QLWH� RJUDQLaXYDZD� YR� SRJOHG� QD
WRNVLaQRVWD�L�WLH�VH�RGQHVXYDDW�QD�PCB�L�QHNRL�YH^WDaNL�MDJOHYRGRURGL��,VWR�WDND
WRNVLaQL�PRCH�GD�ELGDW�L�PLQHUDOQLWH�PDVOD��SRWRaQR�DURPDWLaQLWH�MDJOHYRGRURGL
GRNRONX�VH�QH�DGHNYDWQR�REUDERWHQL�

3RGNRPLWHWRW� ]D�QDIWD�QD�6$'�YR������ JRG�� REMDYLO�OLVWD� QD�SRWHQFLMDOQR
^WHWQL� VXSVWDQFLL�� VR� NRMD� VH� SURSL^XYD� QLYQDWD� PDNVLPDOQR� GR]YROHQD
]DVWDSHQRVW� YR� ED]QLWH� PDVOD�� D� QD� RYDD� OLVWD� VH� QDGRYU]DO� L� .RPLWHWRW� ]D
]GUDYVWYR� QD� 6$'� VR� OLVWD� QD� ED]QLWH� PDVOD� NRL� EL� PRCHOH� GD� SUHGL]YLNDDW
NDQFHURJHQL� ]DEROXYDZD�� 7DND� JUDQLaQR� GR]YROHQLWH� NRQFHWUDFLL� QD� SRHGLQLWH
NRPSRQHQWL�YR�ED]QLWH�PDVOD�VH�

DURPDWL� max 10% ;
PCA max 5ppm;
EHQ]RSLUHQL� max 5ppm;
GLRNVLQL�(PCDD�� ��
IXUDQL��PCDF�� ��
NULVHQL� ��
3ROLFLNOLaQLWH� DURPDWL� PCA� VH� SRWHQFLUDQL� NDNR� PRCQL� QRVLWHOL� QD

WRNVLaQRVW�L�NDQFHURJHQRVW��SD�VR�VRYUHPHQL�UDILQDFLRQL�SRVWDSNL�VH�WHCQHH�GD�VH
QDPDOL�QLYQDWD� VRGUCLQD�QD�PLQLPDOQR�QLYR��9R� ����� JRG��6YHWVNDWD� ]GUDYVWYHQD
RUJDQL]DFLMD� ]D� EROHVWLWH� QD� NDQFHU� LARC�� REMDYLOD� OLVWD� YR� NRMD� JL� UDQJLUD
KHPLVNLWH�VXSVWDQFLL�VSRUHG�QLYQLWH�NDQFHURJHQL�SRWHQFLMDOL�QD�

�����.DQFHURJHQL�
�D��9HURMDWQR�NDQFHURJHQL�
�E��0RCQR�NDQFHURJHQL�
�����1H�H�PRCQD�NODVLILNDFLMD�
�����9HURMDWQR�QH�VH�NDQFHURJHQL�
7RJD^�GREUR�UDILQLUDQLWH�PDVOD�ELOH� YR�NODVD� ��� D� YDNXXP� GHVWLODWLWH� YR

�E�� 'HQHV�� ��� JRGLQL� SRGRFQD� VSRUHG� QRYLWH� VR]QDQLMD� EODJRGDUHQLH� QD
WHKQROR^NLWH� GRVWLJQXYDZD� LARC� LPD� L]YU^HQR� SURPHQD� SUL� RFHQXYDZHWR�� SD
GREUR�UDILQLUDQLWH�PDVOD�VH�RFHQHWL�]D�YR�NODVD����D�YDNXXP�GHVWLODWLWH�YR�NODVD
��� .DQFHURJHQL� PRCH� GD� ELGDW� L� NRQVWLWXHQWLWH� QD� RWSDGQLWH� PDVOD� NRL� WDNYL
VWDQXYDDW�YR�XVORYL�QD�YLVRNL�WHPSHUDWXUL�L�SULVXVWYR�QD�RNVLGDFLRQL�SURFHVL�



9R� (YURSD� H� MDVQR� GHILQLUDQR� NRL� KHPLVNL� VRHGLQHQLMD� PRCDW� GD
SUHGL]YLNDDW�NDQFHURJHQL�]DEROXYDZD��7RD�VH��QDWULXP�QLWULW��WULNUH]LO�IRVIDW�
SROLKORULUDQL� ELIHQLOL� L� GU�� 3ULVXVWYRWR� QD� KORU� YR� PDVORWR� ]DGROCLWHOQR� MD
]JROHPXYD�YHURMDWQRVWD�]D�QDVWDQXYDZH�GLRNVLQL��PCDD��SUL�QHJRYRWR�VRJRUXYDZH�
6RJRUXYDZHWR� L� LVSDUXYDZHWR� QD� PDVORWR� H� GRVWD� RSDVQR� L� VSRUHG� DPHULNDQVNL
LVNXVWYD�QDMJROHPDWD�GR]YROHQD�NRQFHWUDFLMD�QD�PDVOHQLWH�SDUHL�YR�YR]GXKRW�PRCH

GD�L]QHVXYD�05 3. / mg m .

���� =DJDGXYDZH�QD�CLYRWQDWD�VUHGLQD

3RG�]DJDGXYDZH�QD�CLYRWQDWD�VUHGLQD�VH�SRGUD]ELUD�SULVXVWYRWR�QD�RVWDWRFL
RG� PDWHULMD�� NRL� VOXaDMQR� MD� SUHCLYHDOH� VYRMDWD� QDPHQD� L� NRL� PRCH� GD� LPDDW
QHSUHGYLGOLYR�^WHWQR�GHMVWYR��9R�RYLH�]DJDGXYDaL�VSD_DDW�VLWH�QDIWHQL�GHULYDWL�
=DJDGXYDZHWR� VR� QDIWHQL� GHULYDWL� H� SULVXWQR� QDVHNDGH�� YR� YR]GXKRW�� YRGDWD� L
SRaYDWD�

'RNDCDQR� H� GHND� YOLMDQLHWR� QD� RWSDGQLWH� PDVOD� YU]� SRaYDWD� PRCH� GD� ELGH
PQRJX�WRNVLaQR�SR�PLNURIORUDWD�L� GD� MD�QDSUDYDW�SRaYDWD�PUWYD� ]D�UDVWLWHOQLRW
VYHW� QD� SRGROJ� YUHPHQVNL� SHULRG�� 3RVOH� SRYH`H� PHVHaQD� NRQWUROD� QD
NRQWDPLQLUDQLWH� SRYU^LQL�� YHJHWDFLMDWD� QH� ELOD� RSRUDYHQD�� D� WORWR� RVWDQDOR
PDVQR�� -DJOHYRGRURGLWH� NRL� GRVSHYDDW� YR� ]HPMDWD� PQRJX� VSRUR� L� WH^NR� VH
UD]JUDGXYDDW�L�VR�JRGLQL�VH�SULaLQD�]D�]DJDGXYDZHWR�QD�WORWR�

2WSDGQLWH�PDVOD�GHOXYDDW�QD�YRGRWRFLWH�WDND�^WR�JR�VSUHaXYDDW�NLVORURGRW
GD�SURGUH�YR�YRGDWD��1D�WRM�QDaLQ�VH�QDPDOXYDDW�XVORYLWH�]D�CLYRW�QD�UDVWLWHOQLWH
L�CLYRWLQVNLWH�YLGRYL��GRD_D�GR�LQWRNVLNDFLMD�QD�PLNURRUJDQL]PLWH�L� VR]GDYDZH
QD� RWURYQL� PDWHULL�� 6SRUHG� UD]QL� VR]QDQLMD� GRMGHQR� H� GR� SRGDWRNRW� GHND� ���� RG
]DJDGXYDZHWR�QD�YRGLWH�H�SRVOHGLFD�QD�RWSDGQLWH�PDVOD����OLWDU�PLQHUDOQR�PDVOR
SUDYL� QHXSRWUHEOLYL� ]D� SLHZH� �� PLOLRQ� OLWUL� YRGD�� ,VWR� WDND� LQWHUHVHQ� H
SRGDWRNRW� GHND� �� WRQ� RWSDGQR� PDVOR� NRH� `H� VWDVD� YR� YRGD� SUHGL]YLNXYD� HIHNWL
HGQDNYL�VR�RQLH�^WR�`H�JL�SUHGL]YLNDDW�RWSDGQLWH�YRGL�RG�HGQD����LOMDGQD�QDVHOED�
2WSDGQLWH�PDVOD�VH�PQRJX�RSDVQL�L�^WHWQL�]DJDGXYDaL�QD�DWPRVIHUDWD�GRNRONX�JL
SDOLPH�]DUDGL�GRELYDZH�QD�HQHUJLMD�LOL� ]D� GD� JL� XQL^WLPH��*ROHPL� ]DJDGXYDaL� VH
UDILQHULLWH�]D�QDIWD�RG�SULaLQD�^WR�HPLWLUDDW�JDVRYL�RG�MDJOHYRGRURGL�L�VXOIXU
GLRNVLG��D�L�SDUHL�VR�LQWH]LYHQ�PLULV��6DPR��������RG�JDVRYLWH�VRJRUXYDDW�YR�WHN
QD�SURL]YRGVWYRWR��3URGXNWLWH�^WR�QDVWDQXYDDW�SUL�VRJRUXYDZHWR�YR�VHEH�VRGUCDW
JDVRYL�QD�VXOIXU�� D]RW�� KORU��IRVIRU�NRL� VH�PQRJX�^WHWQL��=D�HGQR�PDVOR�YHOLPH
GHND� H� HNROR^NL� SRGQRVOLYR� ]D� RNROLQDWD�� GRNRONX� WRD� JL� ]DGRYROL� VOHGQLWH
EDUDZD�
��SUL�SUYRWR�SROQHZH�PDVORWR�PRUD�GD�ELGH�QHXWUDOQR�]D�RNROLQDWD�
�� SULRULWHWRW� SUL� L]ERURW� QD� PDVODWD� VHNRJD^� LP� VH� GDYD� QD� UHFLNOLUDQLWH�� W�H�
SUHUDERWHQLWH�PDVOD�
��PDVORWR� GD� H� HNROR^NL�L� WRNVLNROR^NL�SULIDWOLYR�� RGQRVQR� GD� QH� MD� ]DJUR]XYD
YRGDWD���W�H��GD�H�SROHVQR�L�QHPH^OLYR�VR�QHD�
�� IL]LROR^NLRW� VWDWXV� PRUD� GD� PX� ELGH� MDVQR� SUHFL]LUDQ�� RGQRVQR� GD� QH� H� QL
WRNVLaQR��QL�NDQFHURJHQR�
�� SRVOH� XSRWUHEDWD� PDVORWR� WUHED� GD� ELGH� EU]R� ELRUD]JUDGOLYR�� D� SULWRD� GD� QH
QDVWDQDW�^WHWQL�QXVSURGXNWL�

3RG� ELRUD]JUDGOLYD� PDWHULMD� SRGUD]ELUDPH� PDWHULMD� NRMD� SRG� GHMVWYR� QD
QHNRL� SDUD]LWVNL� RUJDQL]PL�� NDNR� JDEL� L� EDNWHULL�� PRCH� GD� VH� SUHREUD]L� YR



HOHPHQWDUQL� SULURGQL� VRVWRMNL�� MDJOHURG� GLRNVLG� L� YRGD�� %LRUD]JUDGXYDZHWR� QH
PRCH� GD� VH� VSRUHGL� VR� UD]JUDGXYDZHWR� SRG� YOLMDQLH� QD� QHNRL� KHPLNDOLL� LOL� VR
UD]JUDGXYDZHWR� ]DUDGL� WHPSHUDWXUQLWH� SURPHQL�� %LROR^NL� GREUR� UD]JUDGOLYR
PDVOR�H�WRD�NRH�`H�VH�UD]JUDGL�SRYH`H�RG�����VSRUHG�WHVWRW�CEC-L-33-T-82��D�VSRUHG
OECD�WHVWRYLWH�DNR�H�UD]JUDGOLYR�SRYH`H�RG�����

*HUPDQVNDWD� VRMX]QD� NDQFHODULMD� ]D� RNROLQD� ��UBA� L]UDERWXYD� VWDQGDUGL� L
]DNRQVNL� SURSLVL�� GRGHOXYD� HNR� HWLNHWL� L� GDYD� PRGHOL� YU]� ED]D� QD� NRL� VH
GHILQLUDDW� VWDWXVLWH� QD� PDVODWD�� 1DMaHVWR� VH� QDGJOHGXYDDW� QHNRONX� SDUDPHWUL� L
WRD�
��YRGRRWURYQRVW���L]UD]HQD�NDNR�LD50�L�MD�GDYD�VUHGQDWD�OHWDOQD�GR]D�NRMD�PRCH�GD
SUHGL]YLND�XPLUDZH�QD�PLQLPXP����RG�HNVSHULPHQWDOQLWH�CLYRWQL�
��ELR�DNXPXODFLMD���L]UD]HQD�NDNR�log kov��NRHILFLHQW�RNWDQ�YRGD��
��ELROR^NR�UD]JUDGXYDZH�
3RG�SRLPRW�VUR�H�L]UD]HQD�YRGR]DJUR]HQRVWD�L�VH�GDYD�NDNR�HWLNHWD�RG�VWUDQD�QD
UBA� ]D� RFHQXYDZH� QD� PDWHULMDOLWH� VSRUHG� ^WHWQRVWD�� 2FHQNLWH� ]D
ELRUD]JUDGOLYRVWD� L VUR� ]DJUR]HQRVWD� VH� GDGHQL� YR� WDEOLFD� YR� NRMD� H� QDSUDYHQD
VSRUHGED�PH_X�QHNRQYHQFLRQDOQLWH�ED]QL�PDVOD�L�PLQHUDOQRWR�ED]QR�PDVOR�

6SRUHG�QHD�GRMGHQR�H�GR�]DNOXaRN�GHND�GREUR�ELRUD]JUDGOLYRWR�PDVOR�QH�PRUD
GD� ELGH� LGHDOQR� YR� SRJOHG� QD� QHJRYRWR� ^WHWQR� YOLMDQLH� QDG� YRGDWD�� QD� SULPHU�
SROLHVWHUVNR� PDVOR�� 2G� GUXJD� VWUDQD� SROLDOID� ROHILQLWH� LDNR� VH� OR^R
ELRUD]JUDGOLYL�YR�VX^WLQD�VH�SRPDONX�^WHWQL�]D�YRGDWD�RG�SROLHVWULWH�

UBA� SRVWDYXYD� �� JUXSL� QD� XVORYL� ]D� ]DGRYROXYDZH� QD� NULWHULXPLWH� ]D� � GD
SURL]YRGLWH�ELGDW�HNROR^NL�SULIDWOLYL�
���6H�]DEUDQXYD�
��XSRWUHED�QD�NRPSRQHQWL�NDM�NRL�VUR > 2�
��PD]LYQLWH�PDVOD�QHVPHDW�GD�VRGUCDW�QLWULWL�L�KORU�
��GR]YROHQR�H�VDPR�����SULVXVWYR�QD�UD]OLaQL�NRPSRQHQWL�
���'D�VH�YU^L�SURYHUND�QD�HNR�WHVWRYLWH�
��ED]QDWD�NRPSRQHQWD�GD�H�QDMPDONX�����ELRUD]JUDGOLYD�VSRUHG�PHWRGRW
CEC-L-33-T-82�RGQRVQR�QDMPDONX�����VSRUHG�OECD�PHWRGLWH�
��DGLWLYL�PRCDW�GD�VH�NRULVWDW�YR�ELOR�NRMD�NROLaLQD��PH_XWRD�GD�VH�ELRUD]JUDGOLYL
YR�LVW�SURFHQW�NDNR�ED]QDWD�NRPSRQHQWD�
��DGLWLYLWH�NRL�QH�VH�GR�WDD�PHUND�UD]JUDGOLYL�PRCDW�GD�VH�NRULVWDW�GR�NROLaLQD�RG
���� QR� VDPR� GRNRONX� VH� WRNVLNROR^NL� SULIDWOLYL� L� VH� VR� SRWYUGD� RG� RYODVWHQD
XVWDQRYD�
���3RWUHEQD�H�GHNODUDFLMD�RG�SURL]YRGLWHORW�
�� L]MDYD� ]D� WLSRYLWH� QD� NRPSRQHQWLWH� YR� PDVORWR� �SUDYQD� UHJXODWLYD�� GRYHUOLY
GRJRYRU��
��QD]QDND�]D�QDPHQD�L�SULPHQD�
��VSHFLILNDFLL�]D�QDPHQDWD�GD�VRRGYHWVWYXYDDW�QD�WHKQLaNLWH�VWDQGDUGL�

.DM�QDV�RG������JRG��YDCL���'RJRYRU�]D�RVQRYLWH�]D�XUHGXYDZH�]D�VRELUDZH�QD
NRULVQL� RWSDGRFL� L� SUHUDERWND� YR� VHNXQGDUQD� VXURYLQD�� �� 6R� RYLH� SURSLVL� VH
UHJXOLUD� NRL� RWSDGRFL� PRCH� GD� SUHGL]YLNDDW� ^WHWQL� SRVOHGLFL�� VH� UHJXOLUD
QDaLQRW�]D�XWYUGXYDZH�QD�HNRQRPVNDWD�RSUDYGDQRVW�QD�SUHUDERWNDWD�L�aXYDZHWR�QD
RWSDGRFL�L�QDaLQLWH�]D�QLYQR�XQL^WXYDZH�L�QHXWUDOL]DFLMD�

,DNR� XQL^WXYDZHWR� QD� PDVODWD� H� QDMVWURJR� ]DEUDQHWR�� WRD� QH� VH� SRaLWXYD
SRUDGL�VODER�UD]UDERWHQLWH�]DNRQVNL�SURSLVL�L�OR^RWR�VDQNFLRQLUDZH�RG�VWUDQD
QD�LQVSHNFLVNLWH�VOXCEL�



���� 2WVWUDQXYDZH�QD�RWSDGQLWH�PDVOD

=D�GD� VH�RWVWUDQDW�RWSDGQLWH�PDVOD�� D�SULWRD�GD�QHPD�^WHWQL�SRVOHGLFL�SR
CLYRWQDWD� VUHGLQD�� SRWUHEQR� H� QLYQR� HOLPLQLUDZH� LOL� NRQWUROLUDQR� RGODJDZH�
(OLPLQLUDZHWR� QD� RWSDGQLWH� PDVOD� VH� VRVWRL� RG� SRVWDSNL� QD� UHJHQHUDFLMD� L
UHUDILQDFLMD��SRVWDSNL�QD�]DSDOXYDZH��LVNRULVWXYDZH�NDNR�JRULYR�LOL�SRVWDSNL�QD
UD]JUDGXYDZH��9R�*HUPDQLMD������J��GRQHVHQ�H�]DNRQ�VR�NRM�VH�SURSL^XYD�NDNR�GD�VH
WUHWLUDDW�RWSDGQLWH�PDVOD��6SRUHG�QHJR�RWSDGQLWH�PDVOD�VH�JUXSLUDQL�VSRUHG�YLGRW
L�VWHSHQRW�QD�]DJDGXYDZH��D�]D�VHNRMD�JUXSD�VH�QD]QDaHQL�DOWHUQDWLYQL�UH^HQLMD�
D�� 8SRWUHEXYDQL� PDVOD� VR� VRGUCLQD� QD� KORU� SRPDOD� RG� ����� L� SROLKORULUDQL
ELIHQLOL� NRL� VH� SRG� ������ PRCDW� GD� VH� SUHUDERWDW� L� GD� VH� XSRWUHEXYDDW� NDNR
UDILQLUDQL�ED]QL�PDVOD�
E�� 8SRWUHEXYDQL� PDVOD� �PLQHUDOQL� L� VLQWHWLaNL�� NRL� VRGUCDW� KORU� L
SROLKORULUDQL��ELIHQLOL�QDG�GR]YROHQDWD�YUHGQRVW�SURSL^DQD�]D�WDD�NDWHJRULMD�
D�PRCDW�GD�VH�LVNRULVWDW�]D�JRULYD�YR�ORCL^WD�NRL�VH�VR�NRQWUROLUDQR�VRJRUXYDZH
L�VR�NRQWUROD�QD�L]GXYQLWH�JDVRYL�
Y��2WSDGQLWH�PDVOD�VR�YLVRND�VRGUCLQD�QD�DGLWLYL��KORU�L�DVNDUHOL��NDNR�L�PDVOD�RG
QHSR]QDWR� SRWHNOR�� PRCDW� GD� VH� VRJRUXYDDW� VDPR� YR� VSHFLMDOQL� SHaNL� YR� NRL� H
REH]EHGHQR�SRWSROQR�VRJRUXYDZH�L�YR�NRL�NRQWURODWD�QD�L]GXYQLWH�JDVRYL�H�VSRUHG
SRVWRMQLWH�SURSLVL�

=DEUDQHWR� H� PH^DZHWR� QD� PDVODWD� RG� NDWHURJLLWH� E� L� Y� VR� PDVODWD� RG
NDWHJRULMDWD�D�

6SRUHG� RYRM� ]DNRQ�� ILUPLWH� NRL� VR]GDYDDW� RWSDGQL� PDVOD�� GROCQL� VH� GD� JL
RSUHPDW� PHVWDWD� ]D� VRELUDZH� QD� WDNYLWH� PDVOD�� GD� JR� RUJDQL]LUDDW� QLYQRWR
VRELUDZH�L�VHOHNFLMDWD�SR�NODVL�L�YLGRYL��QR�L�GD�PX�SODWDW�QD�SUHWSULMDWLHWR�NRH
VH� JULCL� ]D� L]QHVXYDZHWR�� SUHUDERWNDWD� LOL� HOLPLQDFLMDWD� QD� PDVODWD�� &HQDWD
]DYLVL�RG�NDWHJRULMDWD�SD�VSRUHG�WRD�QDMPQRJX�VH�SOD`D�]D�NDWHJRULMDWD�Y��D�QDMPDONX
]D�D��9R�SURVHN�L]QHVXYD����DEM�]D���kg�RWSDGQR�PDVOR�

��0HWRGDWD�QD�VRJRUXYDZH�NDNR�HGQRVWDYQD�L�HNRQRPVNL�LVSODWOLYD�SRVWDSND
]D� HOLPLQDFLMD� H� aHVWR� SULIDWHQD�� 2G� PDVORWR� JUXER� VH� RGYRMXYDDW� PHKDQLaNLWH
QHaLVWRWLL� L� YRGDWD�� D� SRQDWDPX� VH� XSRWUHEXYD� ILOWUDFLMD� L� XOWUDILOWUDFLMD�
6RJRUXYDZHWR�PRCH�GD�VH�L]YU^L�LVNOXaLYR�YR�NRWORYVNL�XVORYL��3UY�L�QDMYDCHQ
aHNRU� ]D� ^WR� SRNYDOLWHWQR� VRJRUXYDZH� H� UDVSUVNXYDZHWR� QD� PDVORWR� L� QHJRYR
PH^DZH�VR�NRWORYVNRWR�JRULYR�NRH�SDN�PRCH�GD�ELGH�PDNVLPXP�����

'RNRONX� PDVORWR� VH� NRULVWL� NDNR� JRULYR� ]D� ORCHZH� RG� QHJR� `H� PRUD� GD� VH
RWVWUDQDW� YRGDWD�� KORURW� L� DVNDUHOLWH�� D� SRWRD� GD� VH�ILOWULUD� L� VH� SRPH^XYD� VR
PDVOD�]D�ORCHZH� ]D� GD� GRELHPH�PDVOR� VR�EDUDQDWD�YLVNR]QRVW��'RNRONX�RWSDGQLWH
PDVOD�VH�SUHPQRJX�NRQWDPLQLUDQL��VRJRUXYDZHWR�H�YR�VSHFLMDOQL�SHaNL�VR�SRWSROQD
NRQWUROD�QD�JDVRYLWH�L�XUHGLWH�^WR�JL�HOLPLQLUDDW�

6SRUHG� DNWRW� GRQHVHQ� ����� JRGLQD� YR� 6$'�� XWYUGHQL� VH� JUDQLaQLWH� XVORYL
SUL�NRL�PRCH�GD�VH�L]YHGH�VRJRUXYDZHWR�QD�PDVORWR�NDNR�L�JUDQLaQLWH�YUHGQRVWL�QD
GLVSHU]LUDQLWH�JDVRYL�YR�EOL]LQD�QD�XUEDQLWH�]RQL�

��DUVHQ������������������ > 5 ppm
��KURP������������������� > 10 ppm
��NDGPLXP��������������� > 10 ppm
��RORYR������������������ > 100 ppm
��KDORJHQL�HOHPHQWL��� > 4000 ppm



.DNR� ^WR� QDSRPQDY�� ]D� GD� VH� UD]EODCL� NRQFHQWUDFLMDWD� QD� DGLWLYLWH� YR
PDVODWD� NRL�^WR� L� SRNUDM� ILOWULUDZHWR� SRVWRMDW� QDMaHVWR� PDVODWD� VH� PH^DDW� VR
SRJROHPL� NROLaHVWYD� PD]XW�� 6R� YDNYRWR� UD]EODCXYDZH� GRD_D� GR� QDPDOXYDZH� QD
NRQFHQWUDFLMDWD� QD� RWURYQLWH� JDVRYL� NRL� SRWHNQXYDDW� RG� DGLWLYLWH�� PH_XWRD� VH
]JROHPXYD�RSDVQRVWD�RG�SURSD_DZH�QD�GHORYL�RG�ORCL^WHWR��=DWRD�WLH�VH�L]YHGXYDDW
VR� SRVHEHQ� SURHNW� L� VH� RSUHPXYDDW� VR� VSHFLMDOQD� RSUHPD� ]D� WUHWLUDZH� QD
DJUHVLYQLWH�JDVRYL�

.DM�QDV�QH�SRVWRMDW�HGLQVWYHQL�SURSLVL�]D�VRELUDZH��VHOHNFLMD��VNODGLUDZH�L
UD]JUDGXYDZH�QD�RWSDGQLWH�PDWHULL���W�H��PDVOD�

=ORXSRWUHEDWD�]D�QLYQR�NRULVWHZH�NDNR�VHNXQGDUQL�VXURYLQL�H�VHNRMGQHYQD�
=DWRD�VH�QDPHWQXYD�SRWUHED�]D�GRQHVXYDZH�]DNRQVNL�SURSLVL�SR�HYURSVNL�WHUN�NDNR
L� NDWHJRUL]DFLMD� QD� RWSDGQLWH� PDVOD� L� QLYQD� VHOHNWLYQD� QDSODWD� VSRUHG
NDWHJRULMDWD��7LH�]DNRQL�WUHED�GD�VH�VWLPXODWLYQL�NRQ�UD]YRMRW�QD�RYDD�GHMQRVW�

��� 32/,+/25,5$1,�%,)(1,/,��PCB�

3ROLKORULUDQLWH� ELIHQLOL� VH� GLHOHNWULaQL� WHaQRVWL� L� QD� SD]DURW� VH
VUH`DYDDW� SRG� UD]OLaQL� LPLZD� YR� ]DYLVQRVW� RG� SURL]YRGLWHORW� NDNR� QD� SU�
PYRALEN� �)UDQFLMD��� ARCOCHLOR� �6$'� L� 9�%ULWDQLMD��� SOLVOL� �5XVLMD�� L
CLOPHEN��*HUPDQLMD���.DM�QDV�VH�QDUHNXYDDW�DVNDUHOL�

+HPLVNL�JOHGDQR�PCB�VH�KORULUDQL�DURPDWLaQL�MDJOHYRGRURGL��EH]ERMQL�VH�L
VH� RGOLNXYDDW� VR� RGOLaQL� L]RODFLRQL� VSRVREQRVWL�� WHUPLaND� L� RNVLGDFLRQD
VWDELOQRVW��LPDDW�PQRJX�YLVRND�WRaND�QD�SDOHZH��ELROR^NL�VH�VNRUR�QHUD]JUDGOLYL�
QHKLJURVNRSQL�L�SRWUHEQR�H�PLQLPDOQR�RGUCXYDZH�YR�SRJRQ��'ROJR�VH�VPHWDOR�GHND
DVNDUHOLWH� VH� QHJRULYL� QR� VR� GRSROQLWHOQL� LVSLWXYDZD� QD� HNVSOR]LMD� L� SRCDU
L]YHGHQL� YU]� RSUHPD� NRMD� VRGUCHOD� DVNDUHO�� VH� SRNDCDOR� GHND� YR� SULVXVWYR� QD
HOHNWULaHQ�ODN�LOL�SRCDU��VHSDN��GRD_D�GR�VR]GDYDZH�QD�QDMWRNVLaQLWH�PDWHULMDOL
NRL�PX�VH�SR]QDWL�QD�aRYHNRW��IXUDQLWH�L�GLRNVLQLWH��=QDaL�PCB�EL�ELOH�LGHDOQL
PDVOD� GRNRONX� QH� EL� ELOH� WRNVLaQL� L� SRWHQFLMDOQR� NDQFHURJHQL�� $VNDUHOLWH� VH
WDORCDW�YR�CLYLWH�RUJDQL]PL�L�PQRJX�WH^NR�VH�UD]JUDGXYDDW��*ROHP�QHGRVWDWRN�LP
H�L�FHQDWD��NRMD�H�RVXP�SDWL�SRJROHPD�RG�RQDD�QD�PLQHUDOQLWH�PDVOD��'HQHV�WLH�VH
]DPHQXYDDW� VR� VLOLNRQVNL� PDVOD�� 5DERWHHM`L� QD� ]DPHQD� QD� DVNDUHOLWH�� YR� 6$'� VH
GR^OR�GR�GYH�QRYL�YUVWL�QD�WUDQVIRUPDWRUVNL�WHaQRVWL�

���3RPDONX� ]DSDOLYD� JUXSD�� NRMD� VRGUCL� KLGURNDUERQDWL�� VLOLNRQL� L

NRPSOHNVQL�HVWUL��D�YR�NRMD�PRUD�GD�LPD�WRaND�QD�SDOHZH�QH�SRPDOD�RG���� 0 C��1D
RYDD�JUXSD�GHQHV�L�SULSD_DDW�YHURMDWQR�����RG�PDVOHQLWH��WUDQVIRUPDWRUL�

��1HJRULYL� KORULUDQL� KLGURNDUERQWL� NRL� VRGUCDW� WHWUDKORUHWLOHQ� L
WULKORU�EHQ]RO�

6YHWVNLWH� HNVSHUWL�LPDDW� UD]OLaQL� VWDYRYL�RNROX� VWHSHQRW� QD� RSDVQRVW� QD
DVNDUHOLWH��WLH�VH�QDMRSDVQL�DNR�ELGDW�WHUPLaNL�UD]ORCHQL�QD�WHPSHUDWXUL�RG����

GR���� 0 C�NRJD�VH�VR]GDYDDW�RSDVQLWH�SR�aRYHNRW��SROLKORULUDQLWHGLRNVLQL�PCDD�L
SROLKORULUDQLWH�IXUDQL�PCDF��NRL�YR�NROLaLQD�RG��mg�PRCH�GD�RWUXMDW�YR]UDVHQ
aRYHN��3RNUDM�WRD��DVNDUHOLWH�PRCH�GD�ELGDW�RSDVQL�L�VDPL�SR�VHEH��SD�WUHED�PQRJX
GD� VH� YQLPDYD� SUL� PDQLSXOLUDZHWR� VR� QLY� L� QD� PHVWRWR� NDGH� WLH� VH� GHSRQLUDDW�
3RVWRMDW�YR�VYHWRW�UD]OLaQL�LVNXVWYD�]D�LQFLGHQWL�VR�PCB� WUDQVIRUPDWRUL��(GHQ
RG� QDMJROHPLWH� VH� LPD� VOXaHQR� YR� :XMRUN� �� Binghampton� � NRJD� SUL� SRCDU� ELOD
RVORERGHQD� SRJROHPD� NROLaLQD� QD�PCDD � L�PCDF.� 3RCDUQLNDULWH� L� LQGLYLGXLWH



NRL� ELOH� YR� ]JUDGDWD� QD� WUDQVIRUPDWRURW�� D� NRMD� LPDOD� QHSURSLVQD� YHQWLODFLMD�
RVHWLOH�SUREOHPL�VR�RaLWH��NRCQL�LULWLUDZD�L�WHJREL�VR�FUQLRW�GURE�L�QHUYQLRW
VLVWHP�

'XUL�L�SR�WUL�JRGLQL��RG�QHVUH`DWD��YR�WORWR�L�YR�\LGRYLWH�QD�]JUDGDWD�ELOD
SULVXWQD� QHGR]YROLYD� NRQFHQWUDFLMD� QD� PCB�� D� YR� VHUXPRW� QD� HQ]LPLWH� L� YR
HSLWHORW� QD� NRQWDPLQLUDQLWH� OLFD� VHX^WH� ELOH� SULVXWQL�PCDD� L�PCDF�� 2WRJD^
]DEUDQHWR�H�PCB�GD�VH��VPHVWXYDDW�YR�ELOR�NDNYL�WUDIR�]JUDGL��'UXJ�JROHP�LQFLGHQW
VH�VOXaLO�YR�ALNDJR������J��NRJD�RNROX����OLWUL�WUDIR�PDVOR�VR�PCB�VH�LVWXULOH��SD
RG� WRJD^� RYLH� WUDQVIRUPDWRUL� UHVWULNWLYQR� VH� UDVSRUHGXYDDW� QD� WHUHQRW�� ,DNR
DVNDUHOLWH�SRYH`H�QH�VH�SURL]YHGXYDDW��SRVWRMDW�GRND]L�GHND�PQRJX�WUDQVIRUPDWRUL
YR�SRJRQ�VH�NRQWDPLQLUDQL�VR�PCB�LDNR�QLNRJD^�QH�ELOH�LVSROQHWL�VR�QLY��3RVWRMDW
VOXaDL�QD�WUDQVIRUPDWRUL�NRL�SUHWKRGQR�ELOH�LVSROQHWL�VR�PCB��D�RWNDNR�PDVORWR
ELOR�]DPHQHWR�VR�GUXJR��VHSDN�RVWDQDOH�QHNDNYL�RVWDWRFL�RG�PCB�

2G�GYDWD�VOXaDMD�]DNOXaXYDPH�GHND�H�SRWUHEQR�NYDOLWDWLYQR�L�NYDQWLWDWLYQR
RGUHGXYDZH�QD�SULVXVWYRWR�QD�PCB�L�YR�GUXJL�YLGRYL�QD�L]RODFLRQL�WHaQRVWL��=DWRD
VH�NRULVWL�JDVQR�KURPDWRJUDIVNDWD�DQDOL]D�SURSL^DQD�VR�VWDQGDUGRW�IEC 997�

$VNDUHOLWH�� RVYHQ� YR� WUDQVIRUPDWRULWH�� PRCH� GD� VH� VUHWQDW� L� YR� GUXJL
]DWYRUHQL�VLVWHPL�NDNR�YR�NRQGHQ]DWRULWH��YR�UD]OLaQLWH�KLGUDXOLaQL�DSDUDWL�L�YR
DSDUDWLWH� ]D� SUHQRV� QD� WRSORWQD� HQHUJLMD� �UDGLMDWRUL��� ,VWR� WDND�� DVNDUHOLWH� VH
VUHWQXYDDW�YR�W�Q�RWYRUHQL�VLVWHPL�NDNR�^WR�VH�UD]UHGXYDaLWH�]D�UD]OLaQL�YLGRYL
ERL� L� ODNRYL�� HSRNVLGQL� VPROL� L� OHSDFL�� NDNR� GRGDWRN� QD� LPSUHJQLUDaNLWH
PDWHULMDOL��YR�UD]OLaQL�PD]LYD�KLGUDXOLaQL�PDVOD��QR�L�]D�SRYU^LQVND�REUDERWND
�NRSLU� KDUWLMD� �� WUDQVSDUHQW��� 'HQHV� XSRWUHEDWD� QD� DVNDUHOLWH� YR� RWYRUHQLWH
VLVWHPL�YR�QDMJROHP�GHO�RG�VYHWRW�VH�]DEUDQHWL��GRGHND�XSRWUHEDWD�YR�]DWYRUHQLWH
VLVWHPL� VHX^WH� VH� WROHULUD� VR� ]JROHPHQL� SUHYHQWLYQL� PHUNL�� 6H� SUHWSRVWDYXYD
GHND� GRVHJD� H� SURL]YHGHQR� �� PLOLRQ� WRQL�PCB�� D� VH� VPHWD� GHND� YR� SULURGDWD� VHJD
SRVWRMDW�RNROX��������LOMDGL�WRQL�PCB�YR�YLG�QD�VHNXQGDUQD�NRQWDPLQDFLMD�

1D�QLYR�QD�SRUDQH^QD�-XJRVODYLMD�RYDD�SUREOHPDWLND�H�GRVWD�DQDOL]LUDQD�L
L]UDERWHQ� H� HODERUDW� ]D� UHDOQLWH� RSDVQRVWL� RG� PCB� WUDQVIRUPDWRULWH�� 9R� RYRM
HODERUDW� VH�SURSL^DQL�SUHYHQWLYQLWH�PHUNL� ]D�NRQWUROD�L� ]D^WLWD�RG�PCB�WH� VR
SRVHEHQ��RVYUW�YU]�]D^WLWDWD�YR�VOXaDM�QD�KDYDULMD�

1DMJROHPDWD� RSDVQRVW� NDM� QDV� RG� PCB� WUDQVIRUPDWRULWH� VH� QDR_D� YR
QHSUDYLOQRWR�UDNXYDZH�VR�QLY��QR�L�RG�]ORXSRWUHELWH�QD�QHNRL�VRSVWYHQLFL�QD�PCB
WUDQVIRUPDWRULWH� NRL� ]D� GD� VH� RVORERGDW� RG� QLY� JL� SUHSURGDYDDW�� SD� GXUL� VH
RELGXYDDW�L�GD�JL�XQL^WDW�VR�VSDOXYDZH�QD�QHVWUXaHQ�QDaLQ��6SDOXYDZHWR�VHNRJD^
PRUD� GD� VH� YU^L� QD� VRRGYHWQD� WHPSHUDWXUD�� YR� VWURJR� NRQWUROLUDQL� XVORYL� L� YR
VSHFLMDOQL� SRVWURMNL�� =DWRD�� VH� GRGHND� QH� VH� SURQDMGH� QDMRSWLPDOQR� UH^HQLH� YR
RGQRV� QD� PCB� WUDQVIRUPDWRULWH�� VH� SUHSRUDaXYDDW� VOHGQLWH� ]DIDWL� GDGHQL� RG
(OHNWUR�7HKQLaNLRW�,QVWLWXW���1LNROD�7HVOD��RG�%HOJUDG�
�� VH� XWYUGXYD� WRaQLRW� EURM� QD�PCB� WUDQVIRUPDWRULWH� NRL� VH� YR� SRJRQ� L� YRQ� QHJR
NDNR�L�VNODGLUDQRWR�NROLaHVWYR�QD�PCB�WHaQRVWLWH�
��PCB�WUDQVIRUPDWRULWH�NRL�PRPHQWDOQR�VH�YR�SRJRQ��WUHED�GD�VH�RGUCDW�YR�CLYRW
GR� NUDM� QD� QLYQLRW� HNVSORDWDFLRQHQ� SHULRG�� D� VR� VRRGYHWQL� PHUNL� QD� ]D^WLWD� L
VWUXaQR�UDNXYDZH�WUHED�GD� MD�VPDOLPH�YHURMDWQRVWD�RG�SRCDU�L�PRCQR�LVWHNXYDZH
QD�PLQLPDOQD�PHUND�
��GD�VH�L]JUDGDW�GRPD^QL�SURSLVL�L�XSDWVWYD�NRL�PRUDDW�VWULNWQR�GD�VH�SRaLWXYDDW�
�� YR� ]DYLVQRVW� RG� UDVSRORCOLYLWH� NROLaLQL� QD� PCB� PDVODWD� GD� VH� RUJDQL]LUD
QLYQRWR� HNROR^NR� L� EH]EHGQR� RGODJDZH� L� HYHQWXDOQR� XQL^WXYDZH�� QD� HNRQRPVNL
RSUDYGDQ�L�HNROR^NL�EH]EHGHQ�QDaLQ�



�� =$./8A2.

7UDQVIRUPDWRUVNLWH� PDVOD� NDNR� PQRJX� ]QDaDHQ� GHO� RG� L]RODFLMDWD� QD
WUDQVIRUPDWRULWH�PRCDW�ELWQR�GD�YOLMDDW�YU]�SRJRQRW�QD�WUDQVIRUPDWRURW��SD�L�QD
FHOLRW�((6��=DWRD� H� SRWUHEQR� GD�PX� VH� SRVYHWL� SRVHEQR� YQLPDQLH� QD� RYRM� WLS�QD
L]RODFLMD�L�WRD�RG�VHNDNRY�DVSHNW�

9R�WUXGRY�H�QDSUDYHQ�VNURPHQ�RELG�]D�DQDOL]D�QD�WUDQVIRUPDWRUVNLWH�PDVOD
RG� HNROR^NL� DVSHNW�� 9R� QHJR� VH� QDYHGHQL� JROHP� EURM� VR]QDQLMD� ]D� QDaLQRW� QD� NRM
GHOXYDDW� RWSDGQLWH� WUDIR�PDVOD� L� PCB YU]� CLYRWQDWD� VUHGLQD� L� aRYHNRW� L� ]D
QDaLQLWH�NDNR�WLH�WUHED�GD�VH�WUHWLUDDW�VSRUHG�VYHWVNLWH�VWDQGDUGL��]D�GD�QH�GRMGH
GR�SRWH^NL�SRVOHGLFL�

&HOWD� QD� RYRM� WUXG� H� GD� JL� PRELOL]LUD� QDXaQR�VWRSDQVNLWH� NUXJRYL� GD� VH
YNOXaDW� YR� VR]GDYDZHWR� QD� HGQD� MDVQD� UHJXODWLYD� ^WR� `H� MD� REUDERWXYD� RYDD
SUREOHPDWLND�L�QD�WRM�QDaLQ�GD�REH]EHGDW�SREH]EHGQD�LGQLQD�]D�LGQLWH�SRNROHQLMD�

�� /,7(5$785$

[1]. =ERUQLN� QD� VWUXaQL� WHPL� RG� 6RYHWXYDZHWR� �7UDQVIRUPDWRULWH� YR
HOHNWURHQHUJHWLNDWD����%HOJUDG�������JRG�����UHIHUDWL�QD�DYWRULWH���*�'RWOL`�
'��=ODWDQRYL`�L�9��3HMRYL`�

[2]. 5HIHUDWL� RG� IX �WR�� XII �WR�� XIII �WR� L� XVI �WR� �SAVJETOVANJE
ELEKTROENERGETICARA JUGOSLAVIJE���RG�DYWRULWH�9��3HMRYL`��3��'XGXNRYL`�L
$��%RMNRYL`�

[3]. 'LSORPVND� UDERWD� � �$QDOL]D� QD� WUDQVIRUPDWRUVNLWH� PDVOD� RG
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3R]QDWR�H�GHND��PDVOR�KDUWLHQDWD�L]RODFLMD�]D�YLVRNRQDSRQVNLWH�DSDUDWL�VH
SULJRWYXYD�QD�WRM�QDaLQ��^WR�KDUWLMDWD�YR�YJUDGHQD�VRVWRMED�YR�DSDUDWRW�RWSUYR�VH
VX^L�SRG�GHMVWYR�QD�YDNXXP�L�SRYL^HQD�WHPSHUDWXUD��3RWRD��KDUWLMDWD�VH�LSUHJQXLUD
VR� PDVOR� QH� QDUX^XYDM`L� JL� XVORYLWH� QD� YDNXP�� 3RQHNRJD^�� YLVRNRQDSRQVNLWH
DSDUDWL�VR�PDVOR�KDUWLHQD�L]RODFLMD��SRVOH�NXV�SHULRG�SRPLQDW�YR�UDERWQL�XVORYL�
PRCH� GD� JL� ]DJXEDW� GREULWH� L]RODFLRQL� VYRMVWYD� � ]DUDGL� SURGRU� QD� YODJD�� =DWRD�
LQWHUHVQR�H�GD�VH�]QDH��GDOL�H�PRCQR�GD�VH�L]YHGH�VX^HZH�QD�WDNRY�DSDUDW��9R�RYRM
WUXG� VH� RSL^XYD� HNVSHULPHQW� VSURYHGHQ� QD� PRGHO� RG� PDVOR�KDUWLHQD� L]RODFLMD� VR
YLVRND� VRGUCLQD�QD� YODJD� YR� KDUWLMDWD��9DNYDWD� L]RODFLMD� VH� VX^L� VR� SRPR^WD�QD
YLVRN� YDNXXP� L� SRYL^HQD� WHPSHUDWXUD� NRL� GHOXYDDW� YR� WHNRW� QD� RGUHGHQR� YUHPH�
5H]XOWDWLWH�SRNDCXYDDW�GHND�YR�SULQFLS�WDNYLRW�QDaLQ�QD�VX^HZH�H�PRCHQ��'DGHQL
VH�SRWUHEQLRW�YDNXXP��WHPSHUDWXUD�L�YUHPHWUDHZHWR�SUL�RYDD�SRVWDSND�

.OXaQL�]ERURYL��0DVOR�KDUWLHQD�L]RODFLMD��VX^HZH

SUMMARY

It is well known that the paper - oil insulation is so prepared, that the paper installed in the
high voltage apparatus is first dried up with the influence of high vacuum and elevated
temperature. Then, under vacuum the paper is impregnated with oil. Sometimes, the high voltage
apparatus with oil - paper insulation, after a short period under working conditions loses his good
dielectric properties because of high content of moisture. Now, it is interesting to know if there is
possible to dry such an apparatus and how. In this paper we describe the experiments carried out on
a model of the oil paper insulation with high water content in the paper. The insulation is dried up
with influence of high vacuum and elevated temperature during some time. The results show that
such drying on a model is possible. The needed vacuum, temperature and time for drying the
model are presented and discussed.

Key words: Oilp-aper Insulation, Drying.
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0DVOR�KDUWLHQDWD� L]RODFLMD� H� PQRJX� ]QDaDHQ� YLG� L]RODFLMD� ]D� YLVRN� QDSRQ
X^WH� RG� VDPLRW� SRaHWRN� QD� HOHNWURWHKQLNDWD�� 1DMWLSLaQD� SULPHQD� QD� YDNYD
L]RODFLMD� LPDPH� NDM� NRQGHQ]DWRULWH� L� NDM� NDEHOLWH�� 9R� RYLH� SULPHQL� RGQRVRW� QD
KDUWLMD�NRQ�PDVOR�H�JROHP��0DVORWR�JL�SRSROQXYD�VDPR�SURFHSLWH�PH_X�VORHYLWH�QD
KDUWLMDWD� L� SRULWH� YR� VDPDWD� KDUWLMD�� 6YRMVWYDWD� QD� PDVOR�KDUWLHQDWD� L]RODFLMD
]DYLVDW�RG� VYRMVWYDWD�QD�REHWH� �NRPSRQHQWL�� KDUWLMDWD�L�PDVORWR�� D� LVWR� WDND�L� RG
WHKQRORJLMDWD� QD� SULJRWYXYDZHWR�� 1DMaHVWR� ]D� RYDD� FHO� VH� NRULVWL� FHOXOR]QDWD
KDUWLMD��]DUDGL�QHM]LQDWD�QLVND�FHQD�

&HOXOR]DWD� H� SULURGHQ� SROLPHU� � aLMD� PDNURPROHNXOD� VH� VRVWRL� RG� ����� GR
�����JOLNR]QL�SUVWHQL��SRYU]DQL�VR�NLVORURGQL�PRVWRYL��6LWH�PDWHULMDOL�ED]LUDQL
QD� FHOXOR]DWD� VH� PQRJX� SRUR]QL� ELGHM`L� LPDDW� NDSLODUL� ^LURNL� RG� ����� GR� ����

PLNURPHWUL��7DNYDWD�VWUXNWXUD�LPD�RJURPQD�YQDWUH^QD�SRYU^LQD�L�JL�SULYOHNXYD
YRGHQLWH�PROHNXOL��0HKDQL]PRW�QD�RYD�SULYOHNXYDZH�VH�]DVQRYXYD�L�QDSULYOHaQLWH
HOHNWURVWDWVNL�VLOL�PH_X�SRODUQDWD�PROHNXOD�QD�YRGDWD�L�SRODUQLWH�OH JUXSL�NRL
VH�YR�VRVWDYRW�QD�FHOXOR]QDWD�PROHNXOD��+DUWLHQDWD�QD�VREQD�WHPSHUDWXUD�PRCH�GD
VRUGUCL�GR����NRQGHQ]LUDQD�L�DSVRUELUDQD�YRGD��9R�SURFHVRW�QD�SULSUHPDZHWR�QD
NYDOLWHWQD�PDVOR�KDUWLHQD�L]RODFLMD�SRWUHEQR� H� NRQGHQ]LUDQDWD� L� DSVRUELUDQDWD
YRGD�GD�VH�HOLPLQLUD��D�VLWH�NDSLODUL�GD�VH�LVSROQDW�VR�NYDOLWHWQR�LPSUHJQDFLVNR
PDVOR��7RD�VH�SUDYL�VR�SRYL^HQD�WHPSHUDWXUD�L�YLVRN�YDNXXP�]D�RGUHGHQR�YUHPH�NRH
LVWR�WDND��H�YDCHQ�IDNWRU�YR�RYRM�SURFHV�

2YDD� WHKQRORJLMD�PQRJX� H� LVWUDCXYDQD� SRYH`H� JRGLQL� QDQD]DG� YR� *HUPDQLMD
[1]��L�QDMGHQ�H�RSWLPXPRW�YR�SRVWLJQDWLRW�NYDOLWHW��7DND�QD�SULPHU��YR�VRJODVQRVW
VR� OLWHUDWXUDWD� [2]�� QDMGREUL� UH]XOWDWL� VH� GRELYDDW� NRJD� VRGUCLQDWD� QD� YRGD� YLR
KDUWLMDWD� VH� QDPDOL� GR� L]QRV� SRG� ������ 7DNYLRW� NYDOLWHW� VH� SRVWLJD� NRULVWHM`L
WHPSHUDWXUD� GR� ���� RC� L� ���� Pa� �� 7UDHZHWR� QD� VX^HZHWR� ]DYLVL� RG� GHEHOLQDWD� QD
L]RODFLMDWD�ELGHM`L� WRD� H� HGHQ� GLIX]LRQHQ�SURFHV�� D� RELaQR� VH� GYLCL� GR�QHNRONX
GHQRYL�

�� 67$5((:(�,�5(*(1(5$&,-$�1$�0$6/2�+$57,(1$7$�
,=2/$&,-$

6OLNDWD� �� JR� SRNDCXYD� RGQRVRW� PH_X� GYDWD� QDMYDCQL� SDUDPHWUL� QD

NYDOLWHWRW�� LPHQR�IDNWRURW� QD�PR`QRVWD� tgδ� L� VRGUCLQDWD� QD� YODJDWD�w. 'REUR� H
SR]QDWR� GHND� PDVOR�KDUWLHQDWD� L]RODFLMD� SRG� UDERWQL� XVORYL� SRGOHJQXYD� QD
NRPSOHNVHQ�L�VSRU�SURFHV�QD�VWDUHHZH��9R�WRM�SURFHV��UDVWH�VRGUCLQDWD�QD�JDVRYL�L
YRGD� YR� PDVORWR�� 9RGDWD� LVWR� WDND� RGL� YR� KDUWLMDWD� L� VHNRJD^� SRVWRL� HGQD
UDPQRWHCD� QD� VRGUCLQDWD� QD� YRGD� PH_X� GYHWH� ID]L�� 8^WH� SRJROHPD� RSDVQRVW� ]D
NYDOLWHWRW� QD� PDVOR�KDUWLHQDWD� L]RODFLMD� H� NRJD� VH� QDUX^L� KHUPHWLaQRVWD� QD
DSDUDWRW�� 9R� WRM� VOXaDM�� L]RODFLMDWD� QD� DSDUDWRW� SUHGYUHPH� JR� JXEL� VYRMRW� GREDU
NYDOLWHW�^WR�VH�SR]QDYD�SR�QDPDOXYDZHWR�QD�L]RODFLRQLRW�RWSRU�Riz�L�SRUDVWRW�QD

IDNWRURW�QD�]DJXELWH�tgδ.�,VWR�WDND��SRYL^HQRWR�QLYR�QD�SDUFLMDOQLWH�SUD]QHZD�H
]QDN�]D�RVWDUHQD�L�QDYODCQHWD�L]RODFLMD�



7LSLaHQ� SULPHU� NDGH� SUD^DZHWR� ]D
PRCQRVWD�]D�VX^HZH�QD�YH`H�LPSUHJQLUDQD
L� RVWDUHQD� PDVOR�KDUWLHQDWD� L]RODFLMD� H
NDM� PHUQLWH� WUDQVIRUPDWRUL� ]D� YLVRN
QDSRQ��3UDNVDWD�SRNDCXYD�GHND�aHVWR�L�NDM
QH� PQRJX� JRGLQL� VWDUL� WUDQVIRUPDWRUL
PRCQR�H�GD�VH�QDUX^L�KHUPHQWLaQRVWD�L�WRD
SUHGYUHPH� GD� VL� JL� YOR^DW� VYRLWH

L]RODFLRQL� SDUDPHWUL� tgδ L Riz. 6H
SRVWDYXYD� SUD^DZH� GDOL� YDNYLWH� DSDUDWL
PRCDW�SDN�GD�VH�“LVX^DW” �GD�LP�VH�RWVWUDQL
YRGDWD��L�RGQRYR�GD�VH�LPSUHJQLUDDW�

(NVSHULPHQWLWH� SRNDCXYDDW� GHND� VDPR� VR� SULPHQD� QD� YLVRN� YDNXXP� L
SRYWRUQR� LPSUHJQLUDZH� PRCQR� H� HGLQVWYHQR� GD� VH� RGVWUDQDW� SDUFLMDOQLWH

SUD]QHZD��QR�QH�L�GD�VH�SRGREUDW�YUHGQRVWLWH�]D�Riz L� tgδ. 6H�QDVHWXYD�GHND�]D�GD�VH
SRVWLJQH�RYDD�FHO�SRWUHEQR�H��GD�VH�SULPHQL�L�SRYL^HQD�WHUPSHUDWXUD��LVWR�NDNR�L
SUL� SURFHVRW� QD� SUYRELWQDWD� L]JUDGED� QD� RYRM� YLG� L]RODFLMD�� =DWRD� VH� SODQLUDQL
VSURYHGHQL�SRGROX�RSL^DQLWH�HNVSHULPHQWL�

�� (.63(5,0(17,�1$�02'(/,

$YWRURW� QDSUDYL� HNVSHULPHQWL� YU]� PRGHOL� RG� YH`H� LPSUHJQLUDQD� PDVOR�
KDUWLHQD�L]RODFLMD�VR�YLVRND�VRGUCLQD�QD�YRGD��&HOWD�QD�HNVSHULPHQWLWH�EH^H�GD
VH�RGJRYRUL�QD�VOHGQLWH�SUD^DZD�

• .RONX�YLVRND�WUHED�GD�ELGH�WHPSHUDWXUDWD�YR�SURFHVRW�QD�VX^HZH"

• .RONX� QL]RN� WUHED� GD� ELGH� SULWLVRNRW� �RGQRVQR� NRONX� YLVRN� WUHED� GD� ELGH
YDNXXPRW�"

• .RONX�GROJR�WUHED�GD�WUDH�SURFHVRW�QD�VX^HZH"

.DNR� NULWHULXP� ]D� VRGUCLQDWD� QD� YODJD� L� VWHSHQRW� QD� LVX^HQRVWD� RGEUDQ

EH^H�L]QRVRW�QD�IDNWRURW�QD�]DJXELWH�tgδ.

3URELWH� YU]� NRL� VH� YU^HD� HNVSHULPHQWLWH� VH� VRVWRHD� RG� SR� ��� OLVWD
FHOXOR]QD�KDUWLMD�GHEHOL�SR������PLNURPHWUL�VREUDQL�YR�VQRSaH��7LH�VH�VR�NUXCQD
IRUPD� VR� GLMDPHWDU� GR� ���mm�� 6HNRH� OLYaH� WHCL� ������ JUDPD� L� WDND� ��� OLYaLZD
WHCDW� RNROX� �� JUDPD�� 6RGUCLQDWD� QD� YRGD� YR� KDUWLMDWD� EH^H� L]PHUHQD� SUHG
HNVSHULPHQWRW�L�EH^H�QDMGHQR�GHND�L]QHVXYD���������D�WRD�H�VRGUCLQDWD�QD�YODJD�YR
KDUWLMDWD�YR�VRVWRMED�YRRELaDHQD�SUL�LVSRUDNDWD��+DUWLMDWD�EH^H�LPSUHJQLUDQD�VR
QRYR�PLQHUDOQR�PDVOR� VR� GREDU� NYDOLWHW� VR� HGQRVWDYQR� QDWRSXYDZH� L� NLVQHZH� YR
PDVORWR� YR� WHNRW� QD� ��� aDVRYL�� 3URELWH� VH� SULFYUVWXYDDW� L� VWHJDDW� VR� RGUHGHQD
PHKDQLaND�VLOD�PH_X�GYH�DOXPLQLXPVNL�SORaL�VR�†5RJRYVNL°�SURILO�L�VH�VWDYDDW�YR
VSHFLMDOQL� VWDNOHQL� NRQWHMQHUL� �VOLND� ��� VR� YROXPHQ� RG� RNROX� �� OLWUL�� 9R
NRQWHMQHULWH�PRCH�GD�VH�VR]GDGH�YLVRN�YDNXXP�L�GD�VH�UHJXOLUD�WHPSHUDWXUDWD��,VWR
WDND��VR�SULNOXaXYDZH�QD�^HULQJRY�PRVW�YR�NRORWR��PRCH�GD�VH�PHUL�L�IDNWRURW�QD

]DJXELWH� tgδ � YR� WHNRW�QD� SURFHVRW�QD� VX^HZH��3UYLRW�NRQWHMQHU� VR�PRGHORW�EH^H
LVSROQHW�VR�PDVOR�]D�FHORWR�YUHPH�QD�WUDHZH�QD�SURFHVRW�QD�VX^HZH��D�GUXJLWH�GYD

VO�����2GQRV�PH_X�IDNWRUW�QD�]DJXELWH
L� VRGUCLQDWD�QD�YRGD�[4]



EHD� EH]� PDVOR�� 7DND�� HNVSHULPHQWRW� WUHED^H� GD� RGJRYRUL� L� QD� SUD^DZHWR� NRM� RG
RYLH� GYD� QDaLQD� `H� GDGH� SREU]L� UH]XOWDWL�� ,� YR� GYDWD� VOXaDL� SULWLVRNRW� YR
NRQWHMQHURW�VH�RGUCXYD^H�QD�QLYR�RG�����Torr�

=DYLVQRVWD� QD� QDMYDCQLWH� SDUDPHWUL� RG� YUHPHWR�� LPHQR�� WHPSHUDWXUDWD�
IDNWRURW� QD� ]DJXELWH� L� SULWLVRNRW� ]D� YUHPH� QD� HNVSHULPHQWRW� QD� NYDOLWDWLYHQ
QDaLQ�GDGHQL�VH�QD�VOLNDWD���

3RaHWQLRW�SRUDVW�QD�tgδ ]D�YUHPH�QD�SRaHWQRWR�]DJUHYDZH��H�]DUDGL�SRUDVWRW
QD� SURYRGOLYRVWD��$QDORJQR� QD� RYD� VH� MDYXYD� L� VWUPR� RSD_DZH� QD� tgδ QD� NUDMRW� RG
HNVSHULPHQWRW�� ]DUDGL�ODGHZHWR�QD�SUREDWD�GR� VREQD�WHPSHUDWXUD��� �9UHGQRVWD�QD

IDNWRURW� QD� PR`QRVW� tgδ LPD� LQGHNV� b QD� SRaHWRNRW�� � L� LQGHNV� H� QD� NUDMRW� RG
HNVSHULPHQWRW��LQGHNV�R�QD�VREQD�WHPSHUDWXUD�L�LQGHNV�θ ]D�SRYL^HQD�WHPSHUDWXUD�
7HPSHUDWXUDWD�VH�RGUCXYD^H�NRQVWDQWQD��]D�YUHPH�QD�SHULRGRW�∆t.

3URFHVRW�QD�VX^HZH�EH^H�PQRJX�SDWL�SRYWRUXYDQ�]D�LVWDWD�SURED�L�SUL�VHNRM
QRY�SHULRG�WHPSHUDWXUDWD�EH^H�SRGLJDQD�QD�SRYLVRNR�QLYR�

3UYLRW� HNVSHULPHQW� EH^H� VSURYHGHQ� EH]� GD� VH� SULPHQL� JUHHZH� L� WRM� EH^H

VRVHPD�QHSURGXNWLYHQ��RGQRVQR�QH�VH�MDYL�SRGREUXYDZH�QD�tgδ �EH]�RJOHG�QD�YUHPHWR
∆t�QD�GUCHZH�SRG�YDNXXP�

5H]XOWDWLWH�VH�SUHVWDYHQL�YR�WDEHOLWH���L����2G�WDEHODWD����PRCHPH�GD�YLGLPH

GHND�HGLQVWYHQR�QD���RC GRELYDPH�SULPHWQR�QDPDOXYDZH�QD�tgδ RG �����QD������7RD
QH�H� GRYROQR� ]D� GREUD�PDVOR�KDUWLHQD�L]RODFLMD�� QR�WRD�SRNDCXYD�GHND� VHSDN�L� QD
RYRM� QDaLQ� H� PRCQR� GD� VH� QDPDOL� VRGUCLQDWD� QD� YODJD�� 9VX^QRVW�� YRGHM`L� VPHWND
GHND�YR�NRQWHMQHURW�LPD�RNROX���OLWUL�PDVOR�D�VDPR���JUDPD�KDUWLMD��QDPDOXYDZHWR
QD�VRGUCLQDWD�QD�YODJDWD�PRCH�GD�VH�WRONXYD�VR�SUHPLQ�QD�YODJDWD�RG�KDUWLMDWD�YR
PDVORWR�� NDNR� SRYHURMDWHQ� SURFHV�� D� SUHWSRVWDYNDWD� GHND� YODJDWD� H� RWVWUDQHWD� RG
NRQWHMQHURW�H�SRPDONX�YHURMDWQR�

7DEHOD����6X^HZH�QD�SUREDWD�SRWRSHQD�YR�PDVOR

tgδθb /% SULPHQHWL�XVORYL tgδθe /%

tgδθb(θ=20oC) = 9,9% ∆t=4h ; θ=20oC; p=0,3 Tor tgδθ(θ=20oC) = 9,9%

tgδθb(θ=40oC) = 16,5% ∆t=20 h; θ=40oC; p=0,3 Torr tgδθe(θ=40oC) = 16,5%

tgδθb(θ=70oC) = 44,5% ∆t=30 h ; θ=70oC; p=0,3
Torr

tgδθe(θ=70oC) = 44,2%

tgδθb(θ=90oC) = 73,5% ∆t=28 h ; θ=90oC; p=0,3
Torr

tgδθe(θ=90oC) = 58,3%

SRVOH�ODGHZHWR�

tgδθe(θ=20oC) = 5,2%

5H]XOWDWLWH�RG�WDEHODWD���SRNDCXYDDW�GHND�VX^HZHWR�EH]�SULVXVWYR�QD�PDVOR
H�SRHILNDVQR��2YD�L�PRCH^H�GD�VH�RaHNXYD��2YGH�QDYLVWLQD�YODJDWD�H�RWVWUDQHWD�RG
KDUWLMDWD� SUHNX� SDUHLWH� NRL� VH� RWVWUDQXYDDW� SUHNX� YDNXXP� SXPSDWD�� ,� RG� RYDD
WDEHOD�VH�JOHGD�GHND�SULPHQDWD�VDPR�QD�YLVRN�YDNXXP�EH]�SULPHQD�QD�]DJUHYDZH�QH

GDYD�QDPDOXYDZH�QD�tgδ�L�QD�VRGUCLQDWD�QD�YODJDWD��,�RYGH�WHPSHUDWXULWH�SRG���RC
QH�VH�HIHNWLYQL�



6OLNLWH���L���PQRJX�SRQDJOHGQR�JR�LOXVWULUDDW�SURFHVRW�QD�VX^HZH�

7DEHOD����6X^HZH�QD�SUREDWD�EH]�SULVXVWYR�QD�PDVOR

tgδθb /% SULPHQHWL�XVORYL tgδθe /%

tgδθb(θ=20oC) = 20% ∆t=52 h ; θ=89oC; p=0,3 Torr tgδθ (θ=20oC) = 3,8%

tgδθb(θ=20oC) = 3,8% ∆t=18  h ; θ=90oC; p=0,3 Torr tgδθe(θ=20oC) = 1,9%

tgδθb(θ=20oC) = 1,9% ∆t=139  h;  θ=100oC; p=0,3
Torr

tgδθe(θ=20oC) = 1,3%

�� =$./8A2.

(NVSHULPHQWLWH� NRL� VH� RSL^DQL� SRJRUH� SRNDCXYDDW� GHND� VX^HZH� QD� YH`H
LPSUHJQLUDQD�L]RODFLMD�H�PRCQR��QR�SRWUHEQL�VH�YLVRNL�WHPSHUDWXUL��YLVRN�YDNXXP
L�GRYROQR�GROJR�YUHPH��3RCHOQR�H�GD�VH�VSURYHGDW�VOLaQL�HNVSHULPHQWL�QD�UHDOQL
REMHNWL� VR� PDVOR�KDUWLHQD� L]RODFLMD�� -DVQR� H� GHND� SRWUHEQRWR� YUHPH� H� PQRJX
SRJROHPR� RG� YUHPHWR� SRWUHEQR� NRJD� KDUWLMDWD� VH� VX^L� NDNR� QRYD�� VHX^WH
QHLPSUHJQLUDQD�� 1DWDPR^QLWH� HNVSHULPHQWL� WUHED� GD� SRNDCDW� GDOL� L� NRONX� VH
QDPDOXYD�L� SROLPHUL]DFLRQLRW�EURM� QD� KDUWLMDWD� YR� WHNRW�QD� RYRM� SURFHV��,PHQR�
DNR�WRM�EURM�PQRJX�VH�QDPDOXYD��WRD�]QDaL�GHND�LVWRYUHPHQR�VR�VX^HZHWR�QDVWDQXYD�L
VWDUHHZH�QD�KDUWLMDWD��ELGHM`L�SROLPHUL]DFLRQLRW�EURM�QD�FHOXOR]DWD�H�QDMYDCQLRW
SRND]DWHO�QD�VWDUHHZHWR�QD�LVWDWD��3UHSRUDaOLYR�H�SRVWDSNDWD�GD�VH�SURVWXGLUD�L
RG�DVSHNW�QD��HNRQRPLaQRVWD��VR�RJOHG�QD�GROJRWR�YUHPH�L�SRWRU^HQDWD�HQHUJLMD�

VO���� .RQWHMQHU� VR� SURED�� ��SULFYUVWXYDa
QD� VN� HOHNWURGD�� ��NDSDN�� ��VN� PHUHQ
L]YRG�� ��SUFYUVWXYDa� QD�VN� HOHNWURGD� VR
IHGHU�� ��VWDNOHQ� \LG�� ��VN� HOHNWURGD�
) ��mm; ��NN�HOHNWURGD�) ��mm� ������Al
NRQWHMQHU� VR� JUHDaL� L� WHPSHUDWXUHQ
VHQ]RU�� ��NN� YUVND�� ���HOHNWULaQR
QDSRMXYDZH�QD�JUHDaRW�

VO���� 9UHPHQVND� ]DYLVQRVW� QD� ELWQLWH
SDUDPHWUL�QD�SUREDWD�SUL�VX^HZHWR
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9R� WUXGRW� VH� L]ODJD� SULQFLSRW� QD� SURILODNWLaNRWR� LVSLWXYDZH� QD� PDVOR�
KDUWLHQDWD�L]RODFLMD� VSRUHG�PHWRGDWD�QD�SRYUDWHQ�QDSRQ��3RWRD� VH� GDYDDW�L�QHNRONX
SULPHUL� ]D� SULPHQD� QD� WDD�PHWRGD� L� VSRUHGED� VR� GUXJLWH� SURILODNWLaNL�PHWRGL� NDM
HQHUJHWVNLWH�WUDQVIRUPDWRUL�

.OXaQL� ]ERURYL�� SRYUDWHQ� QDSRQ�� PDVOR�KDUWLHQD� L]RODFLMD�� SURILODNWLaNR
LVSLWXYDZH�

ABSTRACT

In this paper We describe the method of recovery voltage measurement as a prophylactyc
method for insulation testing. Some examples of application of such measurements in Power
Transformers and comparation with other prophylactic measurements are also given.

Key words: Recovery, voltage, oil-paper insulation, prophylactic testing.

�� 929('

0HWRGRW� QD� SRYUDWHQ� QDSRQ� H� RGDPQD� SR]QDW� YR� WHKQLNDWD� QD� YLVRN� QDSRQ� ]D
LVSLWXYDZH� QD� VRVWRMEDWD� QD� L]RODFLMDWD��1R� WRM� QH� GRELO� GRVHJD� SR^LURND� SULPHQD
QLWX� SRSXODUQRVW� ]D� UD]OLND� RG� �NODVLaQLWH�� PHWRGL� NDNR� PHUHZH� QD� RWSRURW� QD

L]RODFLMDWD�L�IDNWRURW�QD�GLHOHNWULaQL�]DJXELWH�tgδ.
 6R� UD]YLWRNRW� QD� VRYUHPHQLWH� HOHNWURQVNL� PHUQL� PHWRGL� L� SULPHQDWD� QD
PLNURSURFHVRULWH�� GHQHV� VH� XVSHDOR� RYRM� PHWRG� RGQRYR� GD� � GRELH� YDCQRVW� ELGHM`L



VWDQDO� HGQRVWDYHQ� ]D� XSRWUHED� L� GDYD� GRGDWQL� SRGDWRFL� ]D� VRVWRMEDWD�� RVREHQR� QD
PDVOR�KDUWLHQDWD� L]RODFLMD�� NDNR� RQDD� QD� HQHUJHWVNLWH� WUDQVIRUPDWRUL��3UL� WRD� VH
UDERWL�QDYLVWLQD�]D�QHGHVWUXNWLYQD�PHWRGD��ELGHMNL�VH�XSRWUHEXYD�QL]RN�QDSRQ�RG�����
GR 2000 V��9H`H�VH�SRMDYLMD�L�NRPHUFLMDOQL�PHUQL�LQVWUXPHQW�ED]LUDQL�QD�RYDD
PHWRGD� [1]��9UHGQRVWD�QD�RYRM�PHWRG�VH� VRVWRL�YR�WRD�^WR�WRM�SUHG�VH�GDYD�SRGDWRN�]D
VRGUCLQDWD� QD� YODJD� YR� KDUWLMDWD� NRM� SRGDWRN� H� RGOXaXYDaNL� ]D� GDYDZH� RFHQND� ]D
VRVWRMEDWD�QD�RVWDUHQRVW��1D�WRM�QDaLQ�RYRM�PHWRG�H�NRPSOHPHQWDUHQ�VR�GUXJLWH�PHWRGL
L�NRPELQLUDQ�]DHGQR�VR�QLY�GDYD�SRFHORVQD�VOLND�]D�VRVWRMELWH�QD�RYRM�YLG�L]RODFLMD�

�� ),=,A.,�35,1&,3,�1$�0(51$7$�0(72'$

3RG�GHMVWYR�QD�HGQRQDVRaQR�HOHNWULaQR�SROH�YR�GLHOHNWULNRW� �QDVWDQXYDDW�GYD
IL]LaNL�SURFHVL�

��SURYRGOLYRVW
��SRODUL]DFLMD

3URYRGOLYRVWD� H� SUHGL]YLNDQD� RG� GYLCHZHWR� QD� VORERGQLWH� QDHOHNWUL]LUDQL
aHVWLaNL��SUHG�VH�MRQLWH�NRL��LDNR�YR�PDOD�NRQFHQWUDFLMD��JL�LPD�YR�VLWH�GLHOHNWULFL�

3RODUL]DFLMDWD� SDN� H� SURFHV� QD� SULGYLCXYDZH� QD� NRQHaQL� UDVWRMDQLMD� QD
�YU]DQL��HOHNWULaQL�aHVWLaNL�

6LWH� GRVHJD� SR]QDWL� SURILODNWLaNL� PHWRGL� QD� LVSLWXYDZHWR� QD� L]RODFLMDWD�
YVX^QRVW��VH�]DVQRYDDW�QD�RYLH�GYH�IL]LaNL�SRMDYL��,�GYHWH�SRMDYL�]DYLVDW�RG�JUDGEDWD
L�RG�VRVWRMEDWD�QD�L]RODFLMDWD�

3URYRGOLYRVWD� H� UHODWLYQR� HGQRVWDYHQ� IHQRPHQ� L� LVWLRW� VH� L]UD]XYD� SUHNX
VSHFLILaQDWD�SURYRGOLYRVW�L�YR�NUDMQD�OLQLMD�SUHNX�RWSRURW�QD�L]RODFLMDWD�

3RODUL]DFLMDWD�� SDN�� H� GRVWD� VORCHQ� IHQRPHQ� L� WDD� VH� VRVWRL� RG� SRYH`H
SRGYLGRYL�� NRL� PH_XVHEH� LPDDW� UD]OLaQD� EU]LQD� QD� RGYLYDZH� L� UD]OLaQD� VRSVWYHQD
IUHNYHQFLMD�QD�RGYLYDZH [2]�

3RODUL]DFLMDWD� H� IL]LaNDWD� SULaLQD� ]D� ]JROHPHQLRW� NDSDFLWHW� QD� HGHQ
NRQGHQ]DWRU� VR� PDWHULMDOHQ� GLHOHNWULN� YR� RGQRV� QD� NRQGH]DWRU� EH]� GLHOHNWULN
�L]UD]HQ� SUHNX� NRHILFLHQWRW� QD� UHODWLYQD� GLHOHNWULaND� SURSXVOLYRVW��� ,� GYDWD
IL]LaNL� IHQRPHQD� VH� SURSUDWHQL� VR� JHQHULUDZH� QD� HQHUJHWVNL� ]DJXEL� YR
GLHOHNWULNRW��3URYRGOLYRVWD�SUHGL]YLNXYD�HQHUJHWVNL�]DJXEL�L�SUL�HGQRQDVRaHQ�NDNR
L�SUL�QDL]PHQLaHQ�QDSRQ��3RODUL]DFLRQRWR�SROH�SUHGL]YLNXYD�HQHUJHWVNL�]DJXEL�SUL
YUHPHQVNL�SURPHQOLYR�HOHNWULaQR�SROH�NDNR�^WR�H�QDL]PHQLaQRWR�

0HUHZHWR� QD� IDNWRURW� QD� ]DJXELWH� NDNR� SURILODNWLaND� PHWRGD� VH� ]DVQRYD
WRNPX�QD�SRVWRHZHWR�QD�RYLH�]DJXEL�SUL�RYLH�GYD�IL]LaNL�IHQRPHQD��1R��PHUHZHWR�QD

IDNWRURW�QD�]DJXELWH�tgδ�H�HGHQ�]ELUHQ�IHQRPHQ�QD�VLWH�]DJXEL�L�]DUDGL�SURYRGOLYRVWD
L� ]DUDGL� SRODUL]DFLMDWD� L� LVWLRW� VH� PHUL� SUL� NRQVWDQWQD� IUHNYHQFLMD� RG� 50 Hz�
)DNWRURW� QD� ]DJXELWH�� YVX^QRVW�� SUHWSRVWDYXYD� � � � HGQD� PQRJX� XSURVWHQD� ^HPD� QD
GLHOHNWULNRW�



9VX^QRVW��QDMSUDYLOQDWD� HNYLYDOHQWQD� HOHNWULaQD�^HPD�QD� HGHQ� GLHOHNWULN� H
GDGHQD�QD�VOLNDWD���

VO��

.DSDFLWDWRW� Cf JR� SUHWVWDYXYD� JHRPHWULVNLRW� NDSDFLWHW� �EH]� SULVXVWYR� QD
GLHOHNWULN���

6HNRM�YLG�QD�SRODUL]DFLMD�H�SUHWVWDYHQ�VR�HGQD�SDUDOHOQD�JUDQND�Ri - Ci.�6HNRM
YLG�SRODUL]DFLMD�GDYD�SULGRQHV�NRQ�YNXSQLWH�]DJXEL�YR�]DYLVQRVW�RG�IUHNYHQFLMDWD�QD
SREXGQRWR�HOHNWULaQR�SROH�

9VX^QRVW�� NRORWR� RG� VOLND� �� LPD� IDNWRU� QD� ]DJXELWH� tgδ� NRM� H� IUHNYHQWQR
]DYLVHQ�W�H��SRVWRL�WDNDQDUHaHQ�SRODUL]DFLRQHQ�VSHNWDU�

1D� VOLNDWD� �� GDGHQD� H� SRODUL]DFLRQLRW� VSHNWDU� QD� IDNWRURW� tgδ.� .RJD
IUHNYHQFLMDWD�QD�SREXGQRWR�HOHNWULaQR�SROH�`H�SRVWLJQH�UH]RQDQWQD�IUHNYHQFLMD�QD
VRRGYHWQDWD�SRODUL]DFLMD��IDNWRURW�QD�]DJXELWH�SRVWLJD�ORNDOHQ�PDNVLPXP�

VO���3RODUL]DFLRQHQ�VSHNWDU�QD�IDNWRURW�QD�]DJXEL tgδ.

.DM�PDVOR�KDUWLHQDWD�L]RODFLMD�SRNUDM�EU]LWH�SRODUL]DFLL��HOHNWURQVND��PQRJX
ELWQL�VH�SRVSRULWH��GLSROQR�UHODNVDFLRQDWD��L�PLJUDFLVNDWD�NRMD�H�QDMVSRUD��'LSROQR
UHODNVDFLRQDWD� SRODUL]DFLMD� H� WLSLaQD� ]D� SRODUQL� PROHNXOL� NDNR� ^WR� H� � YRGDWD�
0LJUDFLRQDWD� SRODUL]DFLMD� H� WLSLaQD� ]D� QHKRPRJHQLWH� GLHOHNWULFL� VRVWDYHQL� RG
VORHYL�KDUWLMD�LOL�GUXJL�PDWHULMDOL�



(� ��
(�!��

VO���D
'LSROQR�UHODNVDFLRQD�SRODUL]DFLMD

VO���b
0LJUDFLVND�SRODUL]DFLMD

�1HGRVWDRN�� QD� PHWRGRW� QD� PHUHZH� QD� IDNWRURW� QD� ]DJXELWH� tgδ� H� ^WR� WRM� VH
PHUL�QD�ILNVQD�IUHNYHQFLMD�RG�50 Hz��SD�QH�PRCH�GD�VH�GRELMDW�VR]QDQLMD�]D�WRD�NRONDY
H� tgδ� SUL� GUXJL�� SUHG� VH� SRQLVNL� IUHNYHQFLL�� QD� NRL� VH� RGLJUXYDDW� SRVSRULWH
SRODUL]DFLL�

0DVOR�KDUWLHQDWD� L]RODFLMD� VH� VRVWRL� RG� GYH� RVQRYQL� NRPSRQHQWL�� FHOXOR]QL
YODNQD��KDUWLMD��L�L]RODFLVNR�PDVOR��9R�YDNYLRW�L]RODFLVNL�VLVWHP�SRODUL]DFLRQLRW
VSHNWDU� H� VLOQR� ]DYLVHQ� RG� VRGUCLQDWD� QD� YODJDWD� L� RG� GUXJLWH� SURGXNWL� QD
VWDUHHZHWR�� 0ROHNXODWD� QD� YRGDWD� LPD� PQRJX� VLOHQ� SRODUHQ� PRPHQW�� D� LVWR� WDND� L
QHNRL� GUXJL� SURGXNWL� QD� VWDUHHZHWR�� 7DND�� YUHPHQVNDWD� NRQVWDQWD� QD� QDMWLSLaQLWH
YLGRYL�SRODUL]DFLL� VH�QDPDOXYD��QD�SU��RG� ����� \� ]D�QRYD� L� VXYD� L]RODFLMD�� QD� ��� \� ]D
YODCQD� L� RVWDUHQD�� =DWRD�� ]D� GD� VH� RFHQL� QDYODCQHWRVWD� L� RVWDUHQRVWD� QD� RYDD

L]RODFLMD�� WUHED� GD� VH� LVWUDCXYD� QLVNRIUHNYHQWQLRW� GHO� QD� VSHNWDURW� QD� tgδ=f(f),
RGQRVQR�tgδ�GD�VH�PHUL�QD�PQRJX�QLVNL�IUHNYHQFLL�QD�SU��0,001 Hz�

�� 23,6�1$�0(51$7$�0(72'$�,�0(51$7$�3267$3.$

1D�VOLND���H�GDGHQ�SULQFLSLHOQLRW�L]JOHG�QD�NRORWR�]D�LVSLWXYDZH��7XND�Ct �H
LVSLWXYDQDWD�L]RODFLMD�

$NR�SUHNLQXYDaRW�<
�
�VH�YNOXaL�]D�YUHPH�tc��]D�WRD�YUHPH�REMHNWRW�Ct `H�VH�SROQL

RG�L]YRURW�GR�L]YHVHQ�HOHNWULaHQ�SROQHC��$NR�SRWRD�LVWRYUHPHQR�S1�VH�RWYRUL��D�S2�VH
]DWYRUL�]D�td��YRRELaDHQD�H�td=1/2tc��GHO�RG�WRYDURW�QD�Ct`H�VH�]DWYRUL�L�LVaH]QH��D�GHO�`H
RVWDQH�]DUREHQ�YR�GODERaLQDWD�QD�L]RODFLMDWD��SUHG�VH�YR�PH_XVORHYLWH�L�JUDQLaQLWH
SRYU^LQL� �PLJUDFLVND� SRODUL]DFLMD�� ]DWRD�� SRVOH� RWYDUDZHWR� QD� S2 RGQRYR� `H� VH
]DEHOHCL�SRUDVW�QD�QDSRQRW�QD�Ct�NRM�`H�VH�UHJLVWUD�SUHNX�PHUQLRW�LQVWUXPHQW�



D��NROR

VO���3ULQFLSLHOQR�NROR�QD�PHUQLRW�LQVWUXPHQW

VO��Y�YUHPHQVNL�GLMDJUDP�QD�SRYUDWQLRW�QDSRQ



VO��V��PDNVLPXP�QD�SRYUDWQLRW�QDSRQ�Vmax�NDR�IXQNFLMD�RG�YUHPHWR�QD�SROQHZH�tc

'YDWD�NDUDNWHULVWLaQL�SDUDPHWUL�QD�RYDD�PHWRGD� VH�PDNVLPDOQLRW�QDSRQ�Vmax

�VO���Y��L�SRaHWQLRW�QDSRQ�QD�NULYDWD�tgα.
$NR�VHJD�tc�VH�]JROHPXYD�VLVWHPDWVNL��SRaQXYDM`L�RG�PQRJX�PDOL�L]QRVL��SD�VH�GR

JROHPL� �LVWRYUHPHQR� VH�PHQXYD� �td=1/2tc��� WRJD^�`H� VH�PHQXYDDW� L�RYLH� GYD� SDUDPHWUL
Vmax�L�tgα.

1D�VO����V�VH�JOHGD�]DYLVQRVWD�QD�Vmax�RG��log tc��6H�GRNDCXYD�SR�WHRULVNL�SDW�GHND
RYDD�NULYD�JR�SRVWLJD�VYRMDW�PDNVLPXP��]D�tc krit��SUL�L]QRVRW�QD�YUHPHQVNDWD�NRQVWDQWD�
2YRM� UH]XOWDW� SRNDCXYD� GHND� NULYDWD� Vmax=f(tc)� JR� SUHWVWDYXYD� SRODUL]DFLVNLRW
VSHNWDU�VR�PDNVLPDOHQ�L]QRV�SUL�YUHPHQVNDWD�NRQVWDQWD�QD�L]RODFLMDWD�

=D� GD� QH� VH� SUDYDW� RJURPHQ� EURM� WH^NL� HNVSHULPHQWL� VR� QHVLJXUQR�PHUHZH� QD
YUHPLZDWD� tc� L td�� VR� SRPR^�QD� GHQH^QLWH�PLNURSURFRUVNL� XSUDYXYDZD� DYWRPDWLND�L
PHUQD� WHKQLND� QDSUDYHQL� VH� SRJRGQL� LQVWUXPHQWL� [1]� VR� � NRL� PRCH� GD� VH� UHDOL]LUD
NULYDWD�RG�VO����V�]D�GDGHQ�REMHNW��QD�SULPHU�HQHUJHWVNL�WUDQVIRUPDWRU��

1D� VOLND� �� GDGHQD� H� ^HPDWD� QD� SRYU]XYDZH� QD� LQVWUXPHQWRW� L� LVSLWXYDQLRW
REMHNW�

VO���,VSLWQD�YUVND�SUL�PHUHZH�VR�PHWRGDWD�QD�SRYUDWHQ�QDSRQ



7LSLaQL�NDUDNWHULVWLNL�QD�HGHQ�YDNRY�LQVWUXPHQW�VH�

1DSRQRW�QD�L]YRGRW V0=2000 V=
tc/td 2
tt�SRGUDaMH 10 ms - 10 000 s

�� 7,3,A1,�5(=8/7$7,�,�35,0(5�1$�0(51,�5(=8/7$7,

3RGROX�VH�SULNDCDQL�UH]XOWDWL�SR�PHWRGDWD�QD�SRYUDWHQ�QDSRQ�NDM�HQHUJHWVNLWH
WUDQVIRUPDWRUL��6LJXUQRVWD�QD�L]RODFLMDWD�NDM�RYLH�REMHNWL�]DYLVL�RG�RVWDUHQRVWD�L
RG� VRGUCLQDWD�QD� YRGDWD� YR�PDVORWR�� QR� SUHG� VH� YR� KDUWLMDWD��0QRJX� H� SROHVQR� GD� VH
L]PHUL�VRGUCLQDWD�QD�YRGD�YR�PDVORWR��QD�SULPHU�VR�.DUO�)L^HURYD�PHWRGD���SUHNX

PHUHZH� QD� VSHFLILaQD� RWSRUQRVW� L� tgδ�� QR� RYD� QH� NDCXYD� PQRJX� ]D� VRVWRMEDWD� QD
KDUWLMDWD��.DNR�^WR� VH� JOHGD� YR� SRGROQLWH� SULPHUL�� VRVWRMEDWD� QD� PDVOR�KDUWLHQDWD
L]RODFLMD�PRCH�GLUHNWQR�GD�VH�GR]QDH�RG�SRODUL]DFLRQLRW�VSHNWDU�L�EH]�LVSLWXYDZH�QD
PDVORWR�SRVHEQR�

1D� VOLNDWD� �� VH� JOHGD� L]PHUHQLRW� VSHNWDU� SUL� NRQVWDQWQD� WHPSHUDWXUD� QD
ODERUDWRULVNL�PRGHOL�QD�PDVOR�KDUWLHQD�L]RODFLMD�

VO��D�3RODUL]DFLRQHQ�VSHNWDU�YR� VO��b�3RODUL]DFLRQHQ�VSHNWDU�YR
]DYLVQRVW�RG�VRGUCLQDWD�QD�YODJD ]DYLVQRVW�RG�YUHPHWR�QD�VWDUHHZH
SUL�Q=250C na 1200C (YH^WDaNR�VWDUHHZH�

2G�SRNDCDQLWH�NULYL�MDVQR�VH�JOHGD�NDGH�VH�SRPHVWXYD�PDNVLPXPRW�QD�VSHNWDURW
SUL� SRJROHPD� YODCQRVW�� RGQRVQR� SRJROHPD� RVWDUHQRVW� �QDOHYR�� RGQRVQR� NRQ� SRPDOL
YUHPLZD��

6OHGQLRW� SULPHU� �VOLND� ��� VYHGRaL� ]D� RVHWOLYRVWD� QD� RYDD� PHWRGD�� 7XND� VH
SULNDCDQL�VSHNWULWH�QD�WUL�WUDQVIRUPDWRUL�VR�UD]OLaQD�VWDURVW�



VO���6SHNWDU�QD�WUL�WUDQVIRUPDWRUL�VR�UD]OLaQD�VWDURVW

1D� VOLND� �� GDGHQ� H� VSHNWDURW� ]D� HGHQ� HQHUJHWVNL� WUDQVIRUPDWRU� SUL� ^WR
NULYDWD�HGHQ�ELOD��]HPHQD�������D�NULYDWD���HGQD�JRGLQD�SRGRFQD��3RGRFQHCQDWD�NULYD
LPD�GYH�WHPLZD�RG�NRL�SRJROHPDWD�H�QD�����\��D�SRPDODWD�QD�����\��6RVWRMEDWD�XNDCXYD�QD
QH^WR� QHRELaQR� LDNR� SUYLaHQ� ]DNOXaRN� EL� ELO� GHND� WUDQVIRUPDWRURW� H� YR� GREUD
VRVWRMED��,VWUDJDWD�SRNDCDOD�GHND�WUDQVIRUPDWRURW�LPDO�GHIHNW�QD�PDVOHQDWD�SXPSD�
SD� QLYRWR� QD� PDVOR� ELOR� LVSUD]QHWR� ���� RG� JRUQRWR� QLYR� WDND� ^WR� ���� RG
WUDQVIRUPDWRURW� YR� WHNRW� QD� HGHQ� GHQ� ELO� L]ORCHQ� QD� DWPRVIHUVNL� XVORYL� WDND� VH
QDYODCLO��GROHYDZHWR�QD�PDVOR�ELOR�EH]�SUHWKRGHQ�WUHWPDQ�QD�DNWLYQLRW�GHO��

(GQD�YQLPDWHOQRVW�H�SRWUHEQD��LPHQR�VSHNWDURW�H�]DYLVHQ�RG�WHPSHUDWXUDWD�SUL
NRMD�VH�YU^L�PHUHZHWR�

VO���6SHNWDU�QD�HQHU��WUDQVIRUPDWRU VO���7HPSHUDWXUQD�]DYLVQRVW�QD
NRM�ELO�OR^R�WUHWLUDQ� VSHNWDURW
��SUHG ��SR�WUHWLUDZHWR

3ULPHUL�QD�QHRGDPQD�PHUHQL�WUDQVIRUPDWRUL�YR��.RQaDU����=DJUHE�VSRUHGHQL

VR�YRRELaDHQL�PHUHZD�QD�Riz�L�tgδ.



��0HUHZH�QD�RWSRU�QD�L]RODFLMD�

R15s R60s R60s/R15s

VN:NN(STN+m) 8000 10000 1.25
VN:m(NN+STN) 32500 33500 1.03
NN:STN(VN+m) 5000 7500 1.50
STN:m(VN+NN) 6500 10000 1.54

��0HUHZH�QDNDSDFLWHW�L�DJRO�QD�GLHOHNWULaQL�]DJXEL�

C(pF) tgδ

VN:NN(STN+M) 7328 0.215
VN:m(STN+NN) 3186 0.169
VN:STN+m(NN) 3268 0.176
NN:VN+m(STN) 8033 ` 0.231
STN: NN (VN+m) 14147 0.325
STN:m(VN+NN) 11134 0.292

��$QDOL]D�QD�VSHNWDURW�QD�SRODUL]DFLMD

Tc (s) ���� ���� ��� ��� ��� � � � �� �� �� ��� ��� ��� ���� ����

Vrs (V) ���� ��� ���� ���� ���� ���� ���� ���� ���� �� ��� ��� ��� ��� ��� ���

Tpeak ���� ���� ���� ��� ���� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

Sr (V/s) ���� ���� ���� �� ���� ��� ���� ���� ���� ��� ��� ��� ���� ���� ���� ����
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2G� VSRUHGEDWD� JOHGDPH� GHND� GYHWH�PHWRGL�� VH� VRVHPD� YR� VRJODVQRVW�� VH� UDERWL� ]D� QRY
WUDQVIRUPDWRU�NRM�LPD�YLVRN�RWSRU�QD�L]RODFLMD�PDO�IDNWRU�QD�GLHOHNWULaQL�]DJXEL�L
PDNVLPXP�QD�NULYDWD�Vr(Tc) VH�QDR_D�SUL�JROHPL�YUHPLZD�RG�RNROX�����s�

�� =$./8A2.

2SL^DQDWD� SURILODNWLaND� PHWRGD� QD� SRYUDWHQ� QDSRQ� ]D� LVSLWXYDZH� QD
L]RODFLMD�� LDNR� RGDPQD� SR]QDWD�� VR� SRPR^� QD� PRGHUQDWD� PHUQR�UHJXODFLVND� WHKQLND
RGQRYR�GRELYD�QD�]QDaHZH��ELGHM`L�H�HGQRVWDYQD�]D�XSRWUHED�L�LPD�VSHFLILaQL�LVND]QL
PRCQRVWL� ]D� VRVWRMEDWD� QD� L]RODFLMDWD�� =DWRD� VPHWDPH� GHND� EL� WUHEDOR� GD� SRaQH� L
QHM]LQD� SULPHQD� NDM� QDV� ]D� SRVWHSHQR� GD� VWHNQXYDPH� LVNXVWYD� VR� LVWDWD� L� XYLGRW� YR
VRVWRMEDWD�QD�L]RODFLRQLRW� VLVWHP�NDM� WUDQVIRUPDWRULWH�GD� VH�QDGRSRQXYD�QD� GRVHJD
SR]QDWLWH�PHWRGL�

/,7(5$785$�

[1] Tettex Instruments, Information No 29
Polarisation spectrum analysis for diagnosis of insulation systems.

[2] .RQaDU�(QHUJHWVNL�WUDQVIRUPDWRUL��$QDOL]DWRU�QD�SRODUL]DFLRQLRW�VSHNWDU
QD�L]RODFLRQLRW�VLVWHP��
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3UHGPHW� QD� RYRM� aODQDN� `H� ELGH� SUHGQRVWD� QD� SROLPHUQLWH� L]RODFLRQL
PDWHULMDOL�YR�RGQRV�QD�NODVLaQLWH�NHUDPLaNL�PDWHULMDOL�

&HOWD� QD� aODQDNRW� H� GD� JR� ]DSR]QDH� NRULVQLNRW� VR� UHOHYDQWQLWH� WRaNL� QD
RYDD�SUREOHPDWLNDWDND�L�YRHGQR�GD�RWYRUL�QDVRNL�L�UD]PLVOXYDZD�]D�]DSRaQXYDZH
QD�SULPHQD�QD�RYLH�L]RODWRUL�YR�QD^DWD�]HPMD�

SUMMARY

Subject of this article is the advantage of polimer isolating materials in relation to clasic
keramic maretials.

The goal of this article is to introduce the user with relevant items on this problematic and
also open directions for begining aplications on these insulators in our country.

NOXaQL� ]ERURYL�� � 3ROLPHUQL� PDWHULMDOL�� VLOLNRQVNL� L]RODWRUL�� NHUDPLaNL
L]RODWRUL��SUHQRVQL�YRGRYL�



�� 929('

8SRWUHEDWD� QD� SROLPHUQLWH� PDWHULMDOL� ]D� QDGYRUH^QL� PRQWDCD
NRQWLQXLUDQR�UDVWH�FHOR�YUHPH��,DNR�YH`H����JRGLQL�VH�XSRWUHEXYDDW��SROLPHUQLWH
L]RODFLRQL�PDWHULMDOL�JR�QHPDDW�LVWRWR�QLYR�QD�VWDQGDUGL]DFLMD�NDNR�SRUFHODQRW
NRM� H� YR� XSRWUHED� SRYH`H� RG� ���� JRG�� .DNR� VR� VHNRMD� WHKQRORJLMD� NRMD� QH� H� GREUR
VWDQGDUGL]LUDQD��WDD�UH]XOWLUD�VR�QHGRUD]ELUDZD�L�NRQIX]LMD��NRMD�PRCH�GD�YOLMDH
YU]�L]ERURW�L�SULPHQDWD�RG�VWUDQD�QD�NRULVQLNRW�

3UYLWH�JHQHUDFLL�QD�SROLPHUQL�SURL]YRGL�QH� JR� GRQHVOH�RaHNXYDQRWR�QLYR
QD�SULPHQD��SUHG�VH�YR�YUHPHWUDHZHWR�QD�XSRWUHEDWD��SULPDUQR�]DUDGL�89�]UDaHZH�
NLQHZH� LOL� RWSRUQRVW� QD� YRGD�� L� NRULVQLFLWH� VH� X^WH� VH� VRPQHYDDW� YR
SHUIRPDQVLWH�QD�SROLPHUQLRW�PDWHULMDO�

���� .RPSDNWQL�SUHQRVQL�OLQLL

(IHNWLYQDWD� XSRWUHED� QD� SUHQRVQLWH� OLQLL� VR� PLQLPDOQR� YOLMDQLH� YU]
RNROLQDWD� VWDQXYD� HGHQ� RG� SULPDUQLWH� LQWHUHVL� QD� SODQLUDZHWR� QD� SUHQRVQLRW
VLVWHP�YR�VLWH�LQGXVWULMDOL]LUDQL�]HPML�

1D�SULPHU�YR�6$'�SUHQRVQL�OLQQL�VR�WLSLaQL�QDSRQL�RG����������L�����kV�VH
LOL�`H�ELGDW�L]JUDGHQL�YR�XUEDQL�LOL�XUEDQR�SRJRGQL�UHJLRQL�NRL�VH�RVHWOLYL�QD
YOLMDQLH� RG� RNROLQDWD�� =HPDM`L� JR� YR� RE]LU� L]JOHGRW� QD� YR]GX^QLWH� OLQLL� VH
YRYHGXYDDW�QRYL�VWUXNWXUQL�NRQFHSWL�L�LQRYDFLL�YR�RSVHJRW�����GR�����kV��7LSLaQL
NRQILJXUDFLL�NRL�^WR�GHQHVND�PRCDW�GD�VH�QDMGDW�PRCDW�GH�VH�YLGDW�QD�VOLND���

VOLND��



��� 3ULPHQD

3UYLRW� aHNRU� YR� SULPHQDWD� QD� SROLPHUQLWH� L]RODWRUL� EL� PRCHOD� GD� ELGH
]DPHQDWD�QD�NODVLaQLWH�L]RODWRUL�QD�NRQYHQFLRQDOQR�L]YHGHQ�YRG��6R�PRQWDCD�QD
L]RDODFLRQL� NRQ]ROL� GRD_D� GR� ELWQR� VPDOXYDZH� QD� JODYDWD� QD� VWROERW�� 6R� WRD� VH
SRVWLJQXYD�SRWHVHQ�HQHUJHWVNL�NRULGRU�L�SRSRYROQR�RSWHUHWXYDZH�QD�VWROERW��7RD
H� SUYLRW� VWHSHQ� YR� NRPSDNWLUDZHWR� QD� YRGRYLWH�� 3RQDWDPR^QD� PRCQRVW� H
YJUDGXYDZH� QD� PH_XID]QL� L]RODFLRQL� RGVWRMQLFL�� VR� ^WR� VH� SRVWLJQXYD� X^WH
SRWHVHQ�NRULGRU�QD�WUDVDWD�VR�LVWD�LOL�SRJROHPD�SRJRQVND�VLJXUQRVW�QD�YRGRW��6R
WRD� H� RYR]PRCHQR� SRVWRaNLWH� YRGRYL� GD� PRCDW� VR� UHODWLYQR� HGQRVWDYHQ� L� HIWLQ
]DIDW�GD�VH�RVSRVREDW�]D�SRJRQ�SRG�SRYLVRN�QDSRQ�

2VQRYQDWD� XORJD� QD� NRPSDNWLUDQLWH� YRGRYL� � H� ILNVLUDZH� QD� PH_XVHEQDWD
SRORCED� QD� YRGRYLWH� YR� UDVSRQRW� QD� QDMPDOR� WHKQLaNL� L� HNRQRPVNL� RSUDYGDQR
UDVWRMDQLH�

3ROLPHUQLWH� SURL]YRGL� NRL� QD� SRaHWRN� JL� SRNULYDOH� VDPR� YLVHaNLWH
L]RODWRUL�� VHJD� SRNULYDDW�^LURN� VSHNWDU� QD� SULPHQL�� RG� GLVWULEXFLMD� GR� SUHQRV
SOXV� PQR^WYR� VSHFLMDOQL� DSOLNDFLL� NDNR� ^WR� VH� CHOH]QLaND� HOHNWULILNDFLMD�
SUHNLQLYDaL�� RGVWRMQLFL� D� LVWR� WDND� L� YR� NRQVWUXNFLMD� QD� DODWL� ]D� UDERWD� SRG
QDSRQ�

,VSLWXYDZDWD� QD� SD]DURW� � YR� ����� JRG�� SRNDCXYDDW� GHND� SROLPHUQLWH
L]RODWRUL�]DY]HPDDW�RNROX�����RG�PH_XQDURGQLRW�SD]DU�QD�L]RODWRUL��GRGHND����
YR�6$'�

��� 261291,�.$5$.7(5,67,.,�1$�32/,0(51,7(�,=2/$725,

3ROLPHUQLWH�L]RODWRUL�VH�VRVWDYHQL�RG�WUL�RVQRYQL�GHOD��QRVDa��ILWLQ]L�L
UHEUD�]DHGQR�VR�SRNULYND�QD�QRVDaRW�SULNDCDQL�QD�VOLND���

VOLND��
����� 1RVDa

(OHPHQWRW� ^WR� JR� QRVL� PHKDQLaNRWR� RSWHUHWXYDZH� QD� L]RODWRULWH� H
ILEHUJODV� ]DMDNQDW� VR� HSRNVLGQD� VPROD�� 1RVDaRW� VH� VRVWRL� RG� JROHP� EURM
XQLGLUHNFLRQDOQR�QDVRaHQL�VWDNOHQL�YODNQD��NRL�VH�KHPLVNL�YU]DQL�VR�PDWULNV�RG
HSRNVLGQD�VPROD�L�VH�RGOLNXYDDW�VR�KRPRJHQD�VWUXNWXUD�QD�PDWHULMDORW�



1RVDaRW� RG� ILEHUJODV� REH]EHGXYD� PDNVLPDOQR� GL]DMQLUDZH� QD
RSWHUHWXYDZHWR�QHRSKRGQR�]D�NRQVWUXNFLL�VR�JROHP�UDVSRQ�VR�SRJROHPL�GLMDPHWUL
RGQRVQR�SRWH^NL�SURYRGQLFL�

=DUDGL� YQDWUH^QDWD�IOHNVLELOQRVW� QD�ILEHUJODVRW�� RYLH� L]RODWRUL� LPDDW
VXSHULRUHQ� RWSRU� QD� L]QHQDGQL� RSWHUHWXYDZD� ^WR� VH� GROCDW� QD� RWNDCXYDZH� QD
SURYRGQLNRW��SD_DZH�QD�PUD]��L�GUXJL�QHEDODQVLUDQL�XVORYL�QD�RSWHUHWXYDZH�

����� 0HWDOQL�ILWLQ]L

0HWDOQLWH� DUPDWXUL� JL� SUHY]HPDDW� PHKDQLaNLWH� IXQNFLL� SRPH_X
QDSRQVNLWH��RGQRVQR�]D]HPMHQLWH�NRPSRQHQWL�L�L]RODFLRQLRW�PDWHULMDO��,VWLWH�VH
L]UDERWXYDDW�NDNR�WRSOR�SRFLQNRYDQ�RGOLYRN�QR�LVWR�WDND�L�RG�QHNRURGLUDQ�aHOLN�
DOXPLQLXPVNL�L�EDNDUQL�OHJXUL�

=D^WLWQLWH�DUPDWXUL�LPDDW�SRYH`HIXQNFLVNR�]QDaHZH��
��1DPDOXYDZH�QD�JXVWLQDWD�QD�HOHNWULaQRWR�SROH�YR�]RQDWD�QD�SURYRGQLFLWH

YR�UD]YRGQDWD�SRVWURMND
��3RQL^WXYDZH�QD��NRURQD��HIHNWRW�L�QDSRQRW�QD�UDGLR�SUHaNL
��%U]R�SUHY]HPDZH�QD�HOHNWULaQLRW�ODN�L�YRGHZH�NRQ�NUDMQRWR�PHVWR�QD�XGDU�
3RYU^LQVNLWH� UDGLXVL� QD� XSRWUHEXYDQLWH� DUPDWXUL� WUHED� GD� VH� L]EHUDW

VRRGYHWQR� QD� SUHQRVQLRW� QDSRQ�� 3UDYLOQRWR� GLPHQ]LRQLUDZH� L� SRORCEDWD� QD
]D^WLWQDWH� DUPDWXUL� VH� RG� JROHPR� ]QDaHZH� ]D� SR]LWLYQRWR� YOLMDQLH� QD� YHNRW� QD
WUDHZH�QD�L]RODWRURW�

����� 5HEUD�L�SRNULYND

'HORW�^WR�JR�SRNULYD�QRVDaRW�L�UHEUDWD�VH�RG�SROLPHUHQ�PDWULMDO�EPDM �QD
ED]D� HWLOHQ� SURSLOHQ�� LOL� VLOLNRQVNDWD� JXPD� �QD� ED]D� VLOLNRQVNL� HODVWRPHUL�
QDQHVHQL�QD�QRVDaRW�VR�LQMHNFLRQR�SUHVXYDZH�

6SRPQDWL� VH� L� GUXJL� PDWHULMDOL� QR� QLY� QH� JL� QDYHGXYDPH� ]DUDGL
VXSHULRUQRVWD�QD�RYLH�GYD�

9LVWLQD�H�GHND�VLWH�SROLPHUL�GHODW�HGQDNYL�SUHGQRVWL�QDG�SRUFHODQRW��6LWH
WLH� VH� OHVQL� L� RWSRUQL� QD� YDQGDOL]DP� L� NU^HZH�� 1R� RYGHND� VOLaQRVWLWH
]DYU^XYDDW�

.RQYHQFLRQDOQLWH�EPDM� VRVWDYL�VH�RUJDQVNL�SR�SULURGD��L�VH�SRGORCQL�QD
GHJUDGDFLMD� RG� VUHGLQDWD�� 3UDNVDWD� L� ODEDUDWRULVNLWH� WHVWRYL� SRNDCXYDDW� GHND
RUJDQVNLWH�VRVWDYL�MD�JXEDW�QLYQDWD�VSRVREQRVW�GD�MD�UDVSDUaXYDDW�YRGDWD�QD�VLWQL
NDSNL��RVREHQR�NRJD�VH�SRGORCHQL�QD�NRQWDPLQLUDQD�VUHGLQD�

=D�UD]OLND�RG�QLY�L]RODWRULWH�RG�VLOLNRQVND�JXPD�VH�QHRUJDQVNL�SR�SULURGD�
QH� VH� SRGORCQL� QD� 89� LOL� � YUHPHQVNL� YOLMDQLMD� NDNR� GUXJLWH� SROLPHUL�
6LOLNRQVNDWD� JXPD� LPD� PQRJX� SRPDOL� RGYRGQL� ]DJXEL� RG� EPDM�� REH]EHGXYDM`L
SRQLVNL�HQHUJHWVNL�]DJXEL�]D�YUHPH�QD�CLYRWRW�QD�L]RODWRURW�

(GQRVWDYQR��NRPSR]LWQDWQLWH�VLOLNRQVNL�JXPHQL�L]RODWRUL�NRQ]LVWHQWQR�JL
QDGPLQXYDDW� VLWH� GUXJL� SROLPHUQL� L]RODWRUL�� =DUDGL� VHYR� RYD� SRQDWDPX� `H
]ERUXYDPH�]D�VLOLNRQVNL�L]RODWRUL�

'D�EL�VH�VSUHaLOR�RVWDYDZHWR�QD�WUDJD�QD�SRYU^LQDWD�QD�L]RODWRURW�]DUDGL
RGYRG� L� HOHNWULaHQ� ODN� QD� QRVDaRW� RG� NRPSR]LWQLRW� L]RODWRU�� QRVDaRW� PRUD



HIHNWLYQR�GD�ELGH�]D^WLWHQ�RG�SURGLUDZH�QD�YRGD�L�YOHJXYDZH�QD�GUXJL�]DJDGXYDaL�
2YRM�SRWHQFLMDOQR�^WHWHQ�XVORY�QH�PRCH�GD�VH�VOXaL�NDM�RYLH�L]RODWRUL�]DUDGL�WRD
^WR� QRVDaRW� H� NRPSOHWQR� L� SHUPDQHQWQR� ]D^WLWHQ� VR� EH]UDEQD� SRNULYND� RG
VLOLNRQVND� JXPD�� GRELHQD� VR� LQMHNFLRQR� SUHVXYDZH�� SURFHV� NRM� JL� HOLPLQLUD
PH_XSURVWRULWH�SRPH_X�UHEUDWD�

.DNR� UH]XOWDW� QD� LQMHNFLRQLRW� SURFHV�� L� VSHFLMDOQLWH� NRQGLFLRQLUDZD
QDSUDYHQL� SUHG� SUHVRYDZHWR�� SRNULYNDWD� H� VLJXUQR� YU]DQD� ]D� SRYU^LQDWD� QD
QRVDaRW�L�aHOLaQLWH�ILWLQ]L�

,]YH^WDMRW� RG� ��� JRGL^QRWR� LVNXVWYR� VSURYHGHQR� QD�Chalmers Uneversity� YR
>YHGVND�MD�VXPLUD�VXSHULRUQRVWD�QD�VLOLNRQVNDWD�JXPD�

�.DNR� GHO� RG� SURFHVRW� QD� VWDUHHZH�� VORM� RG� QLVND� PROHNXODUQD� WHCLQD� VH
IRUPLUD�QD�SRYU^LQDWD�RG�UHEUDWD�L�SRNULYNDWD�QD�QRVDaRW��6H�aLQL�GHND�RYDM�VORM
MD�^WLWL�SRYU^LQDWD�QD�L]RODWRURW�RG�SRQDWDPR^QL�YUHPHQVNL�L]ORCXYDZD�NDNR
DEVRUEHU�QD�XOWUDYLROHWRYR�]UDaHZH��NRM�MD�^WLWL�SRYU^LQDWD�RG�IRWR�RNVLGDFLMD�
8^WH� SRYH`H�� QLVNR� PROHNXODUQLRW� VLOLNRQVNL� VORM� MD� RGUCXYD� SRYU^LQDWD� QD
L]RODWRURW�KLGURIREQD��]DUDGL�QLVNDWD�DGKH]LRQD�VLOD�SRPH_X�VLOLNRQVNLRW�VORM�L
YRGDWD�� L� JR� VSUHaXYD� UD]YRMRW� QD� HOHNWULaHQ� ODN� QD� SRYU^LQDWD�� ^WR� MD� ^WLWL
SRYU^LQDWD� RG� tracking� �RVWDYDZH� WUDJD� QD� SRYU^LQDWD� QD� L]RODWRURW� SRVOH
SUD]QHZHWR��

��� 6325('%$�1$�6,/,.216.,�62�325&(/$16.,�,=2/$725,

����� 6WDELOQRVW�L�YUHPHWUDHZH

6LOQDWD� MRQVND� YUVND� L� EOLVNDWD� SRYU]DQRVW� QD� DWRPLWH� NRL� MD� VRaLQXYDDW
NHUDPLNDWD�� NDNR� ^WR� VH� SRPH_X� VLOLFLXPRW� L� NLVORURGRW� YR� VLOLNDWLWH�
GRYHGXYDDW�RYDD�VWUXNWXUD�GD�LPD�WHQGHQFLMD�GD�ELGH�PQRJX�VWDELOQD�L�RS^WR�GD�QH
VH�GHJUDGLUD�RG�^RNRYL�QD�RNROLQDWD��2YD�]QDaL�GHND�NHUDPLNDWD�NDNR�L�VLOLNRQRW
QH�VH�R^WHWXYDDW�VR�89�]UDFL��SRYU^LQVND�HOHNWULaQDWD�DNWLYQRVW��YODCQRVW��LWQ�

)RUPXODFLMDWD� QD� SROLPHUQLRW� PDWHULMDO� H� NRPSOHNVHQ� RSWLPL]DFLRQHQ
SURFHV��WDNRY�GD�PRCH�GD�VH�SRVWLJQH�VR�LQWH]LYQR�HNVSHULPHQWLUDZH�L�LVSLWXYDZH
RG�VWUDQD�QD�VWUXaZDFL�]D�PDWHULMDOLWH��)RUPXODFLMDWD�PRCH�^LURNR�GD�YDULUD�VR
ED]QD�SROLPHUQD�VRGUCLQD�RG�����������RG�WHCLQDWD�QD�PDWHULMDORW��$GLWLYLWH�VH
XSRWUHEHQL� ]D� GD� JL� ]JROHPDW� L� GD� JL� ]DMDNQDW� PHKDQLaNLWH� NDUDNWHULVWLNL�
7LSLaQLWH� SROQLWHOL� YNOXaXYDDW� DQWLRNVLGDQWL�� SODVWLFL]HUL� �VXSVWDQFD� NRMD
SODVWLILFLUD� GUXJD� VXSVWQDFD��� SLJPHQWL�� NDWDOL]DWRUL�� XVSRUXYDaL� QD� JRUHZH�
VWDELOL]DWRUL�]D�89�]UDFL��L�GUXJL��]DYLVQR�RG�VSHFLILaQDWD�IRUPXODFLMD�

����� .UWRVW

.HUDPLNDWD� H� PQRJX� NUWD�� 7RD� ]QDaL� GHND� WDD� OHVQR� VH� NU^L� VR� UDNXYDZH�
SUHQHVXYDZH� LOL� LQVWDODFLMD�� 9DQGDOL]PRW� H� SULPDUQLRW� GRSULQHVXYDa� � ]D
PHKDQLaND�^WHWD�YR�XSRWUHED��2S^WD�SUDNVD�H�GD�VH�YNOXaL�IDNWRU�QD�NU^HZH�NRJD
VH� NXSXYDDW� SRUFHODQVNL� L]RODWRUL� ]D� OLQLVNL� NRQVWUXNFLL�� NRM� H� GRSROQLWHOHQ
IDNWRU�QD�WUR^RN�]D�HGLQLFDWD�

3RUFHODQVNLWH�OLQLVNL�L]RODWRUL�NUWL�SR�SULURGD�QH�GR]YROXYDDW�QLNDNYR
LVNULYXYDZH�� .RJD� WRM� �SD_D��� WRM� SXND� QD� GYD� GHOD� L� GR]YROXYD� SURYRGQLNRW� GD
SDGQH��2YRM� IHQRPHQ� GRYHGXYD� GR� VOXaDM� QD� NDVNDGQD� VWUXNWXUD� QD� �SD_DZD��� NDGH



VOHGQDWD�OLQLMD��SRG�YOLMDQLH�QD�XGDURW�QD�SDGQDWLRW�SURYRGQLN��LVWR�WDND�`H�SDGQH�
GRYHGXYDM`L� GR� SD_DZH� QD� VOHGQLRW� VNORS� ������ VR� NUDHQ� UH]XOWDW� QD� NLORPHWUL� RG
GLVWULEXWLYQD� OLQLMD� QD� ]HPMDWD�� 3ROLPHUQLWH� L]RODWRUL� JL� QHPDDW� RYLH
NDUDNWHULVWLNL�L�YRRS^WR�QH�VWUDGDDW�]DUDGL�YDQGDOL]DP��UDNXYDZH�LOL�WUDQVSRUW�

����� 7HCLQD

*XVWLQDWD�QD�SROLPHUQLRW�PDWHULMDO�H�PQRJX�SRQLVND�RWNRONX�QD�NHUDPLNDWD�
^WR� UH]XOWLUD� YR� ]QDaDMQR� QDPDOXYDZH� QD� WHCLQDWD� QD� SURL]YRGRW� �7HCLQDWD� QD
VLOLNRQVNLWH� L]RODWRUL� H� RNROX� HGQD� WUHWLQD� RG� WHCLQDWD� QD� SRUFHODQVNLWH��
5D]OLNLWH�YR�WHCLQDWD�UDVWDW�VR�QDSRQRW��3ROLPHUQLWH�VUHGVWYD�QHPDDW�SRWUHED�RG
NUDQRYL�LOL�GUXJL�VUHGVWYD�]D�NUHYDZH�]D�XSRWUHED�LOL�LQVWDODFLMD��3ROLPHUQLWH
L]RODWRUL�LPDDW�SUHGQRVW�SUL�NRULVWHZH�YR�JXVWL�XUEDQL�VUHGLQL��1HNHUDPLaNLWH
L]RODWRUL� QXGDW� YLVRN� RGQRV� FYUVWLQD�WHCLQD�� ^WR� GR]YROXYD� SRJROHPL� UDVSRQL�
SRHIWLQL�VWUXNWXUL��L�SRGREDU�YL]XHOHQ�L]JOHG�

����� *HRPHWULMD

3RNULYNDWD�QD�SROLPHUQLRW�L]RDODWRU�H�WLSLaQR�SUHVRYDQD�L�QH�H�WH^NR�GD
VH�QDSUDYDW�GHORYLWH�]D�LVWLWH�WUR^RFL�QR�NRL�LPDDW�SRJROHPD�SRO]HaND�SDWHND�SR
HGLQLFD� GROCLQD� RWNRONX� NDM� SRUFHODQRW�� 3URILOLWH� QD� NULOFDWD� PRCDW� GD� VH
QDSUDYDW� SRVORCHQR� EH]� SUREOHPL� YR� SURL]YRGVWYRWR�� 5HEUDWD� VR� SURPHQOLY
GLMDPHWDU��PDOR�JROHPR�QDL]PHQLaQR��RELaQR�GHQHVND�VH�SURL]YHGXYDDW�� VR�^WR�VH
SRGREUXYD� SRQD^DZHWR� QD� L]RODWRURW� SUL� SUHVNRN� SUL� YODCQL� XVORYL� VR
L]EHJQXYDZH� QD� SUHPRVWXYDZH� QD� VLWH� NULOFD� �UHEUD�� LVWRYUHPHQR� ]D� YUHPH� QD
PQRJX�YODCQL�XVORYL�

����� 3HUIRPDQVL�SUL�]DJDGXYDZH

6WDELOQDWH�KHPLVNL�YUVNL�QD�NHUDPLaNLRW�PDWHULMDO�LVWR�WDND� ]QDaDW�GHND
WRM� LPD� YLVRND� VORERGQD� HQHUJLMD� QD� SRYU^LQDWD�� NDUDNWHULVWLND�NRMD� MD� RSL^XYD
MDaLQDWD�QD�SRYU^LQVNDWD�DGKH]LMD�QD�]DJDGXYDaL��6R�YLVRND�VORERGQD�SRYU^LQVND
HQHUJLMD�� SRUFHODQRW� OHVQR� VH� YODCL�� 9RGDWD� QD� SRYU^LQDWD� LPD� WHQGHQFLMD� QD
IRUPLUDZH� QD� ILODPHQWL�� NRL� MD� SRNULYDDW� LOL� RSID`DDW� SRYU^LQDWD�
0DWHULMDOLWH� VR� RYDD� NDUDNWHULVWLND� VH� SR]QDWL� NDNR� �KLGURILOQL�� �LPDDW
VNORQRVW� NRQ� YRGD��� +LGURILOQLWH� SRYU^LQL� QH� UDERWDW� GREUR� SUL� ]DJDGHQL
XVORYL�� ELGHM`L� ILODPHQWLWH� RG� YRGDWD� JL� UDVWYRUDDW� SURYRGQLWH� ]DJDGXYDaL�
QDPDOXYDM`L�JR�YNXSQLRW�RWSRU�QD�L]RODFLMDWD�VR�IRUPLUDZH�SURYRGHQ�HOHNWUROLW
YGROC�NRQWLQXLUDQD�SDWHND��NRM�PRCH�GD�LQLFLUD�SURFHV�QD�SUD]QHZH�

3ROLPHUQLWH�PDWHULMDOL�WLSLaQR�XSRWUHEHQL�]D�QDGYRUH^QD�PRQWDCD�LPDDW
PDOD� SRYU^LQVND� VORERGQD� HQHUJLMD�� .RJD� H� QRY� L� EH]� L]ORCXYDZH� QD� VUHGLQDWD�
SROLPHUQLRW�PDWHULMDO� MD�RGELYD�YODJDWD�L�H�PQRJX�KLGURIREHQ��6RaXYXYDZHWR�QD
KLGURIREQLWH� NDUDNWHULVWLNL� SUL� L]ORCXYDZH� QD� RNROLQDWD� H� QDMSRVDNXYDQLRW
DWULEXW��9RGDWD�QD�SRYU^LQDWD�QD�KLGURIREQLRW�PDWHULMDO�IRUPLUD�YRGHQL�NDSNL�
WDND�^WR�SURYRGQLWH�]DJDGXYDaL�UDVWYRUHQL�YR�YRGHQLWH�NDSNL�VH�GLVNRQWLQXLWDQL
�SUHNLQDWL��



2YRM�XVORY�UH]XOWLUD�YR�PDOR�WHaHZH�QD�RGYRGQD�VWUXMD�L�YHURMDWQRVW�]D�VXYD
YUVND��^WR�SR�UHG� EDUD�SRYLVRN�QDSRQ� ]D� SUHGL]YLNXYDZH�SUHVNRN��+LGURIREQDWD
SULURGD� QD� SROLPHUQLWH� PDWHULMDOL� VH� PDQLIHVWLUD� WDND� ^WR� YRGDWD� LPD
WHQGHQFLMD�GD�IRUPLUD�NDSNL�RWNRONX�GD�IRUPLUD�ILODPHQWL��WHVQL�SDWHNL��YGROC
SRYU^LQDWD��YLGL�VO�����

VOLND��

+LGURIREQLWH�SRYU^LQL�SUH]HQWLUDDW�SRJROHP�RWSRU�QD�WHaHZH�QD�RGYRGQD
VWUXMD� RWNRONL� KLGURILOQLWH� SRYU^LQL� L� SREDUXYDDW� SRJROHPD� RGYRGQD� VWUXMD� L
GRYROQR�UDVWXUDZH�QD�HQHUJLMD�]D�GD�VH�LQLFLUD�SUHVNRN��=DUDGL�RYD�SROLPHUQLWH
L]RODWRUL� LPDDW� SRYLVRN� QDSRQ� QD� SUD]QHZH� RG� NRQYHQFLRQDOQLWH� SRUFHODQVNL
L]RODWRUL�

,]ERURW�QD�YLVWLQVNLRW�WLS�L�GROCLQD�QD�L]RODWRU�]DYLVL�RG�SULURGDWD�QD
]DJDGXYDaRW��ORNDOQLWH�YUHPHQVNL�GYLCHZD��SUDNVDWD�QD�aLVWHZH�

3UHGQRVWL�QD�SROLPHULWH�YR�RGQRV�QD�SRUFHODQRW�L�REUDWQR

.DUDNWHULVWLND 3RUFHODQ 3ROLPHU
-DaLQD�QD�SULWLVRN � �
*ROHPLQD ��� ���
7HCLQD ��� ���
.U^HZH � ���
2WSRUQRVW�QD�VWDUHHZH ��� ��
+LGURIREQRVW ����� ��
3RO]HZH�(G�GROCLQD � ��
3UD]QHZH�SUL�]DJDGX� ����� ��

��� '26(*$>1,�1$325,�,�5(=8/7$7,�3267,*1$7,�92�
�(852,19(67�����2.72095,�

9R� �(XURLQYHVW� �� ��2NWRPYUL�� RGDPQD� VH� QRVLPH� VR� LGHMDWD� GD� JR� XVYRLPH
SURL]YRGVWYRWR� QD� YDNRY� WLS� QD� L]RODWRUL�� 3URXaXYDPH� VWUXaQL� PDWHULMDOL� L
SUR]YRGL�RG�ILUPL�WHKQROR^NL�SRUD]YLHQL�RG�QDV�

1D�SRaHWRN�NDNR�JODYQL�SUREOHPL�]D�UH^DYDZH�VH�SRMDYLMD�VOHGQLYH�WRaNL�
���.RQVWUXLUDZH�QD�QRVDa�VR�EDUDQLWH�PHKDQLaNLWH�NDUDNWHULVWLNL�
���,]QDR_DZH�UH^HQLH�QD�YUVNDWD�ILWLQJ�QRVDa�



���,]QDR_DZH�QD�YLVWLQVNLRW�VRVWDY�QD�VLOLNRQVNDWD�JXPD�NDNR�EL�VH�GRELOH
EDUDQLWH�HOHNWULaQL�NDUDNWHULVWLNL�

���,]QDR_DZH�WHKQROR^ND�SRVWDSND�QD�QDQHVXYDZH�QD�VLOLNRQVNDWD�JXPD�YU]
QRVDaRW�SUL�^WR�VLOLNRQVNDWD�JXPD�PRUD�GREUR�GD�]DSWLYD�L�GD�QHPD�SRUR]QRVW�

9R��(XURLQYHVW� ����2NWRPYUL��NRQVWUXNFLMDWD�QD�QRVDa�QH�H�SUREOHP�L�QLH
SURL]YHGXYDPH� QRVDaL� VR� UD]OLaQL� GLMDPHWUL� L� GROCLQL�� ,VWLWH� VH� QDSUDYHQL� RG
NRPSR]LWQL�PDWHULMDOL�GRELHQL�VR�SXOWUX]LMD�VR�VOHGQLYH�NDUDNWHULVWLNL�

(GLQLFD 9UHGQRVW ,VSLWHQ�PHWRG

�� ,]RDOFLRQHQ�RWSRU�SRVOH
���aDVD�YR�YRGD

Ω ��������� DIN 53482

�� 3RYU^LQVNL�RWSRU�SRVOH
���aDVD�YR�YRGD

Ω ��������� DIN 53482

�� 6SHFLILaHQ� YRORPHQVNL� RWSRU
SRVOH����aDVD�YR�YRGD

Ω ���� DIN 53482

�� 3URERHQ�QDSRQ�QRUPDOHQ�QD

VORHYLWH�QD�����������°C

kV/mm �� DIN 53481

�� 3URERHQ�QDSRQ�SDUDOHOHQ�QD

VORHYLWH�QD�����������°C

kV/25mm �� DIN 53481

�� 2WSRQRVW�QD�VWUXMQL�SDWHNL NODVD .$� DIN 53480
�� 6LOD�QD�SULWLVRN MPa ��� DIN 53454
�� 6LOD�QD�LVWHJDZH kN/mm2 ��� DIN 53454
�� 6LOD�QD�VYLWNXYDZH MPa ����� DIN 53452

1D� QLY� VH� SULFYUVWHQL� ILWLQ]L� RG� SRFLQNXYDQ� aHOLN�� &YUVWLQDWD� QD
]DWHJDZH� QD� RYRM� VNORS� H� PQRJX� ELWQD� L� WDD� WUHED� GD� JL� ]DGRYROL� EDUDZDWD� QD
VWDQGDUGLWH��NRL�VH�UD]OLaQL�L�]DYLVDW�RG�WLSRW�QD�L]RDODWRURW�L�QDSRQVNRWR�QLYR�

>WR�VH�RGQHVXYD�GR�SXOWUXGLUDQLRW�SURILO�VR�SUDYLOHQ�L]ERU�QD�GLPHQ]LLWH
GD� VH� SRVWLJQDW� EDUDQLWH� PHKDQLaNL� VYRMVWYD�� 3UREOHP� EH^H� GD� VH� SRVWLJQH
EDUDQDWD� MDaLQD� QD� ILWLQ]LWH� VR� QRVDaRW� NRM� SUREOHP� VH� UH^DYD� VR� VRRGYHWQD
NRQVWUXNFLMD�QD�YUVNDWD�

3UREOHPRW�]D�QDQHVXYDZH�QD�VLOLNRQVNDWD�JXPD�YU]�NRPSR]LWRW�H�UH^HQ�YR
VRUDERWND�VR�NRRSHUDQW�RG�QD^DWD�]HPMD�

=QDaL�� RVWDQXYD� VHX^WH� RWYRUHQR� SUD^DZHWR� QD� VRVWDYRW� QD� VLOLNRQVNDWD
JXPD� L� QLH� VH� QDGHYDPH� RYRM� SUREOHP� VDPL� LOL� YR� VRUDERWND� VR� NRRSHUDQWL� GD� JR
UH^LPH�YR�GRJOHGQR�YUHPH�

3RVOH� HYHQWXDOQD� L]UDERWND� QD� VHULMD� SUREQL� L]RODWRUL�� SRVOH
ODEDUDWRULVNLWH� LVSLWXYDZD�� QLH� EL� SUHGORCLOH� SUREQD� PRQWDCD� QD� RYLH
L]RODWRUL�YR� VRUDERWND� VR�(60��QD� SULPHU�QD� QHNRM� SUREHQ�SRNXV� GDOHNRYRG�LOL
SDN�QD�ILNWLYHQ�GDOHNRYRG�NRM�QL^WR�QH�QDSRMXYD�WXNX�H�VDPR�SRGORCHQ�QD�QDSRQ�



=$./8A2.

��� 3ROLPHUQLWH� L]RODFLRQL� PDWHULMDOL� QXGDW� ]QDaDMQL� SUHGRVWL� QDG
SRUFHODQRW�� 9LVRNLWH� SHUIRPDQVL� QD� SROLPHUQLWH� SUR]YRGL� JL� QDGPLQXYDDW
SRUFHODQVNLWH�]DUDGL�PQRJX�SULaLQL�

���3ROLPHUQLWH�PDWHULMDOL�VH�GRNDCDOH��VR�SUHNX����JRGLQL�XSRWUHED�
���)RUPXODFLMDWD�QD�SROLPHUQLWH�PDWHULMDOL�PRUD�PRUD�GD�ELGH�WDNYD�GD�WLH

ELGDW�RWSRUQL�QD�GHJUDGDFLMD�]DUDGL�XSRWUHEHQLWH�QDSRQLWH�VR�NRPSOHNVHQ�SURFHV
QD�RSWLPL]DFLMD�QD�VRVWDYRW�QD�PDWHULMDORW�L�GL]DMQ�QD�SRNULYNDWD��^WR�YNOXaXYD
]HPDZH�YR�RE]LU�QD�XVORYLWH�QD�SURL]YRGVWYR�

��� 3URL]YRGLWH� WUHED� GD� VH� GLPHQ]LRQLUDDW� QD� SRVHEQL� RVQRYL�� =DUDGL
UD]OLNLWH� YR� VRVWDYRW�� GL]DMQRW� QD� SURL]YRGRW�� L� XVORYLWH� QD� SURL]YRGVWYR�
SROLPHUQLWH�PDWHULMDOL�QH�VH�LGHQWLaQL�QLWL�VURGQL��.RULVQLFLWH�QH�PRCDW�GD�JL
SUHGYLGDW�SHUIRPDQVLWH�QD�HGHQ�SROLPHUHQ�SURL]YRG�ED]LUDQ�QD�LVNXVWYRWR�QD�GUXJ
NRM�LPD�UD]OLaHQ�VRVWDY�L�LOL�GL]DMQ�

)DNW�H�GHND�RYRM�WLS�QD�L]RODWRUL�LPDDW�PQRJX�SUHGQRVWL�QDG�SRUFHODQVNLWH
L� GHND� WHKQROR^NLRW�UD]YRM� JL� QDPHWQXYD� NDNR�UH^HQLH� VR� QDMGREUL� WHKQROR^NR�
HNRQRPVNL�VYRMVWYD��6SRUHG�WRD�VDNDOH�QLH�LOL�QH�QLYQDWD�SULPHQD�`H�]DCLYHH�L�NDM
QDV�� 'RVHJD^QLWH� UH]XOWDWL� YR� NRQVWUXNFLMDWD� QD� QRVDaRW� PQRJX� RKUDEUXYDDW� L
SRNDCXYDDW� GHND� YR� �(XURLQYHVW� �� ��2NWRPYUL�� LPD� VLOL� ]D� XVYRMXYDZH� QD
WHKQRORJLMDWD�QD�SURL]YRGVWYR�QD� RYLH�L]RODWRUL� VDPRVWRMQR�LOL� YR� VRUDERWND� VR
SDUWQHU��VLOLNRQVNLRW�GHO��
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“GRP - FILAMENT WINDING COMPOSITE”

Summary

Subject of this text is information for one part of technologies for the building on the
Filament Winding Glass fibers Reinforced Plastic composite electrical insulation materials, by
the technical possibility's of technology, structural construction on the laminas and laminates,
forms, application and technical data of materials.

62'5#,1$

3UHGPHW� QD� WHNVWRW� H� � LQIRUPLUDZH� ]D� HGQD� REODVW� RG� WHKQRORJLLWH� ]D
JUDGED�QD�QDPRWXYDQL�NRPSR]LWQL�HOHNWURL]RODFLRQL�PDWHULMDOL��SUHNX�WHKQLaNR
WHKQROR^NL� PRCQRVWL� QD� WHKQRORJLMDWD�� SURHNWLUDZH� � QD� VWUXNWXUDWD� QD� ODPLQD
�SRHGLQHaQD� VWUXNWXUQD� REYLYND�� QL]� VWUXNWXUDWD� QD� SRSUHaQLRW� SUHVHN� QD
L]RODFLRQLRW� PDWHULMDO�� SUHNX� PRCQL� L]YHGEL� QD� IRUPL� RG� NRPSR]LWQLRW
HOHNWURL]RODFLRQHQ� PDWHULMDO� L� YRRELaDHQLWH� WHKQLaNL� NDUDNWHULVWLNL� QD
PDWHULMDORW�L�DSOLNDFLL�YR�HOHWURRSUHPD�L�XUHGL�

.OXaQL�]ERURYL
� .RPSR]LWQL� PDWHULMDOL�� VWDNOHQL� EH]DONDOQL� ILODPHQWL�� ODPLQD�

SURHNWLUDZH� QD� NRPSR]LWHQ� ODPLQDW�� PRVWUD�� NDSVXOLUDZH� QD� QDPRWND�
SROLPHUL]DFLMD�



���929('

6RJODVQR� RSUHGHOEDWD� SUHG� VH� WHNVWRW� GD� ELGH� LQIRUPDFLMD� � ]D� HGQD
WHKQROR^ND� SRVWDSND�� `H� VH� ]DGUCLPH� QD� QHM]LQLWH� PRCQRVWL�� QHM]LQDWD
SULPHQOLYRVW�L�QD�NDUDNWHULVWLNLWH�QD�PDWHULMDOLWH�L]UDERWHQL�SR�WDD�SRVWDSND�
9R�VDPLRY�WHNVW�QHPD�GD�VH�QDYOHJXYD��YR�SUH]HQWDFLMD�QD�PDWHPDWLaNDWD�SURHNWQD
SUHVPHWND� QD� NRPSR]LW�� 0RGHORW� QD� SUHVPHWNDWD� VH� VPHWD� GHND� H� RG� LQWHUHV� ]D
SRWHVHQ�VSHFLMDOL]LUDQ�NUXJ�NRULVQLFL�

�����=%25�'9$�=$�.2032=,71,7(�0$7(5,-$/,

0DWHULMDO� GRELHQ� SUHNX� WHKQROR^ND� SRVWDSND� VR� YJUDGXYDZHWR� QD� SRYH`H
UD]QRURGQL�VXURYLQL�VR�UD]OLaQL�RVRELQL�YR�HGQD�FHOLQD�JR�QDUHNXYDPH�NRPSR]LW�
.DUDNWHULVWLNLWH�QD�QRYLRW�PDWHULMDO�VH�VXEOLPDW�QD�YUHGQRVWL�RG�SRHGLQHaQLWH
VRVWDYL��2G�NDUDNWHULVWLNLWH�QD�YOH]QLWH�VXURYLQL��QLYQLRW�VRRGQRV�L�WHKQLaNLRW
SULRG� SUL� IRUPLUDZH� QD� FHOLQDWD� `H� ]DYLVDW� L� NUDMQLWH� NDUDNWHULVWNLWH� QD
QRYRGRELHQLRW�PDWHULMDO�

(OHNWURL]RODFLRQLWH�]DMDNQDWL�NRPSR]LWQL�PDWHULMDOL�YR�RVQRYD�VH� JUDGDW
RG� VLQWHWVNL� VLURYLQL�� �6R� UD]YRMRW� L� XVRYU^XYDZHWR� QD� WHKQLaNR�WHKQROR^NLWH
PRCQRVWL� ]D� L]UDERWND� QD� VLQWHWVNLWH� VLURYLQL� L� QLYQDWD� SULPHQOLYRVW� VH
RYR]PRCXYD� NRPSR]LWQLWH� PDWHULMDOL� VH� SRYH`H� GD� JR� QDMGXYDDW� VYRHWR� PHVWR� L
QLYQD�SUDNWLaQD�SULPHQD�YR�VLWH�REODVWL�

9R�SUYR�YUHPH�NRPSR]LWQLWH�PDWHULMDOL�VH�SULPHQXYDOH�NDNR�VXSVWLWXWL�QD
aHOLFLWH��SUHG�VH�]DUDGL�WRD�^WR�VR�QLYQD�SULPHQD�H�L]YU^HQR�YLGQRWR�VPDOXYDZH
QD� WHCLQVNLRW� VRRGQRV� QD� SUHGPHWLWH� SUL� LVWL� SHUIRPDQVL�� 1L]� SUDNWLNDWD� VH
XWYUGLOR� GHND� VR� SULPHQDWD� QD� NRPSR]LWQLWH� PDWHULMDOL� VH� SRVWLJQXYD� RS^WD
]D^WHGD�L�WRD��QD�HQHUJLMD��QD�UDERWQD�UDND��QD�YUHPH��QD�PDWHULMDO�L�QD�SULURGQL
UHVXUVL� ��PHWDOL��6RJOHGXYDZDWD� VWHNQDWL� VR� LVWUDCXYDZDWD�SRWYUGLOH� GHND�RYLH
NRPSR]LWQL� PDWHULMDOL� LPDDW� L� LVNOXaLWHOQR� GREUL�� RVYHQ� PHKDQLaNL� L
HOHNWURL]RODFLRQL� RVRELQL�� 9R� SULURGDWD� QH� SRVRMDW� LGHDOQL� QH^WD��3D� WDND� QH
SRVWRL�QL�LGHDOQD�WHKQRORJLMD�VR�NRMD�VLWH�SUREOHPL�`H�JL�UD]UH^LPH��=DFUWDQLWH
FHOL�WHKQLNDWD�MD�QDYHGXYDDW�GD�UD]YLYD�SULNODGQL�WHKQLaNL�SRVWDSNL�L�GD�XVYRMXYD
PDWHULMDOL�VR�NRL�`H�JL�QDGPLQXYD�SUHSUHNLWH�

$NR�YR� JUDGHCQL^WYRWR� GHQHV� H� QH]DPLVOLYD� JUDGED� EH]� DUPLUDQLRW�EHWRQ�
WRJD^�`H�VH�VORCLPH��GHND�LQGXVWULMDWD�]D�HOHNWURRSUHPDWD�L�QHM]LQLWH�NRULVQLFL
VH� SRYH`H� `H� PX� SRVYHWXYDDW� YQLPDQLH� QD� NRPSR]LWQLWH� VLQWHWVNL
HOHNWURL]RODFLRQL�PDWHULMDOL�SRUDGL�QLYQLWH�SHUIRPDQVL�L�SULPHQOLYRVWD��0H_X
RYLH� VLQWHWVNL� NRPSR]LWQL� PDWHULMDOL� H� ]DMDNQDWLRW� VWDNOR�� HSRNVLGHQ
ILODPHQWHQ�NRPSR]LW���HOHNWURL]RODFLRQHQ�PDWHULMDO�GRELHQ�SR�SDW�QD�”Filament
Winding” � �YR� QDWDPR^QLR� WHNVW� ”FW”) WHKQROR^ND� SRVWDSND�� 6RJODVQR� QD^DWD
WHUPLQRORJLMD� VRJODVHQ� SUHYRG� PRCH� GD� VH� QDYHGH� ]D� L]UD]RW� ”Filament Winding”
NDNR� QDPRWXYDZH� QD� YODNQD� �� 6DPLRW� SUHYRG� QH� JR� SRLVWRYHWXYD� SRSUHFL]QR
SUHGPHWRW� QD� REUDERWND� � SD� ]D� GD� VH� SRVWLJQH� GRGHILQLUDZH� QD� LPHQXYDZHWR� QD
WHKQROR^NDWD� SRVWDSND� SRWUHEQR� H� GD� QDUHGLPH� QL]D� QD� ]ERURYL� NDNR� ^WR� H�
QDPRWXYDZH�QD�LPSUHJQLUDQL�²��QDPRNUHQL��VR�VPROQL�VLVWHPL�EHVNRQHaQR�GROJL
WHQNL�YODNQD��2YRM�QDaLQ�QD�WHUPLQROR^NR�L]UD]XYDZH�PRUDPH�GD�SUL]QDHPH�GHND�H
JORPD]HQ�L�UHWRULaNL�JL�RWHCQXYD�NRPXQLNDFLLWH��=D�GD�QH�VH�VR]GDYD�GLOHPD�SUL
XWYUGXYDZHWR�QD�QDaLQRW�QD�L]UDERWND�QD�HGHQ�SURL]YRG�L�QHJRYD��NODVLILFLUDQRVW
QD� XEHGXYDZH� VXP� GHND� WHUPLQRW�� ”Filament Winding” � LOL� NUDWNR� ”FW” � WUHED



VHX^WH� GD� JR� NRULVWLPH�� SUHG� VH� SRUDGL� � SR^LURNDWD� WHKQLaND� MDYQRVW� L� QHM]LQR
OHVQR�VQDMGXYDZH�SUL�WLSL]DFLMDWD�QD�PDWHULMDOLWH�

�� ”FW” ��7(+12/2>.$�3267$3.$

7HCQHQLHWR� GD� VH� SRVWLJQDW� YLVRNL� WHKQLaNL� SHUIRPDQVL�� PDOL� WHCLQL�
]DQHPDUOLY� RWSDG� L� LVNRULVWHQRVW� QD� HQHUJHWVNLWH� SRWHQFLMDOL� VR� SULPHQD� QD
YOH]QL�VLURYLQL�VR�NRL�LOL�SULURGDWD�H�UHODWLYQR�ERJDWR�REGDUHQD�LOL�VLQWHWVNL
VH�GRELYDDW�QL]�WHKQROR^NL�SURFHVL��L]QXGXYD�WHKQRORJLLWH�RG�GHQ�QD�GHQ�VH�SRYH`H
GD� SRQXGXYDDW� QRYL� WHKQROR^NR� WHKQLaNL� UH^HQLMD� L� PDWHULMDOL�� 3UDWHZHWR� QD
WHKQROR^NLWH�QRYLQL�aHVWRSDWL�H�LVWR�WDND�QHYR]PRCQR�RG�PQR^WYR�QD�SULaLQL�
0QR^WYR�QD�QRYLQL�QH�QL�VH�GRVWDSQL��QR�VR�QHNRL�UDVSRODJDPH�L�QL�VH�QDR_DDW�YR
QHSRVUHGQD�QD^D�EOL]LQD��(GQD�RG�WLH�WHKQROR^NL�SRVWDSNL�VR�NRL�VH�L]UDERWXYDDW
NRPSR]LWQL� PDWHULMDOL� H� ”FW” � WHKQROR^NDWD� SRVWDSND�� =D� SRMDVQXYDZH�� VWDQXYD
]ERU� ]D� EH]DONDOQL� EHVNRQHaQL� VWDNOHQL� ILODPHQWL� �� �URYLQ]L��� NRL� VH
LPSUHJQLUDDW� VR� YU]LYQL� VLQWHWVNL� VPROL� L� SR� SDW� QD� QDPRWXYDZH� VH� RIRUPXYD
NRPSR]LWHQ�PDWHULMDO�

6O����”FW” �SURL]YRGL

6WDQXYD� ]ERU� ]D� SRVWDSND� NRMD� SR� SDW� QD� QDPRWXYDZH� JUDGL� VWUXNWXUD� QD
ODPLQD�� YR� VOXaDMRY� YR� IRUPD� QD� REYLYND�� 3URFHVRW� ]D� L]UDERWND� NRPSR]LW� H
NRQWLQXLUDQ� L� � SUHNX� KLEULGHQ� VSRM� QD� SRYH`H� UD]QRVWUXNWXUQL� ODPLQL�REYLYNL
aHNRU�SR�aHNRU�VH�GRD_D�GR�JUDGED��QD�L]RODFLRQHQ�NRPSR]LWHQ�PDWHULMDO�NDNR�HGQD
FHOLQD��2VREHQD�SRJRGQRVW�H�WRD�^WR�SUL�RYDD�WHKQROR^NDWD�SRVWDSND�L�PRCQRVWL
^WR� JL� RYR]PRCXYD� WDD� PRCQR� H� HGQRYUHPHQR� YJUDGXYDZH�� SUHNX� FYUVW� VSRM�� QD
SURYRGHQ� PDWHULMDO� YR� NRPSR]LWRW�� SD� QD� WRM� QDaLQ� GD� VH� L]UDERWL� NRPSDNWQD
YLVRNRQDSRQVND� QDPRWND� ]D� VXY� GLVWULEXWLYHQ� WUDQVIRUPDWRU� LOL� HQHUJHWVND
SULJX^QLFD�



$QDOL]LUDM`L� JL� NDUDNWHULVWLNLWH� QD� PDWHULMDOLWH� GRELHQL� VR� SRPR^� QD
”FW” � WHKQROR^NDWD� SRVWDSND� GRD_DPH� GR� SRGDWRFL� NRL� JL� QDGPLQXYDDW� QD^LWH
RaHNXYDZD�� =D� VSRUHGXYDZH� QD� HOHNWUR�PHKDQLaNLWH� NDUDNWHULVWLNLWH� QD� RYLH
PDWHULMDOL�QDMPHURGDYQL� VH�PHUHQLWH�YUGQRVWL� � VRJODVQR�PHWRGLWH�QD� LVSLWXYDZH
SR�DIN �L�LOL�BS��VWDQGDUGLWH��6R]QDYDM`L�JL�RVRELQLWH�QD�PDWHULMDORW�SUHNX�WHVW�
PHWRGLWH��PRCQRVWLWH�NRL�^WR�WHKQROR^NDWD�SRVWDSND�JL�RYR]PRCXYD�L�L]ERURW�QD
YOH]QLWH� VLURYLQL� QD� RYDD� WHKQRORJLMD� L� GDYDDW� ^LURND� DSOLNDFLMD� RVREHQR� YR
LQGXVWULMDWD�]D�L]UDERWND�QD�WUDQVIRUPDWRUL�L�HQHUJHWVNL�SULJX^QLFL�

6O����3RSUHaHQ�SUHVHN�QD�Cu�LQGXNWLYQD�QDPRWND�VPHVWHQD�YR�”FW”
NRPSR]LW

7HKQROR^NDWD� RSUHPD� � UDVSRODJD� VR� CNC� SRGU^ND� SUHNX� NRMD� VH� RYR]PRCXYD
LGHDOQD�NRUHODFLMD�SRPH_X�SURHNWLUDQDWD�NRQVWUXNFLMD�L�L]UDERWHQLRW�PDWHULMDO�
3URHNWLUDZHWR�QD�HOHNWRL]RODFLRQLWH�NDUDNWHULVWLNLWH�QD�PDWHULMDORW�VH�YU^L
SUHNX� L]ERURW� QD� VLURYLQL�� D� VR� SURVWRUQRWR� XVPHUXYDZHWR� QD� DUPDWXUDWD� VH
UD]UH^XYDDW� PHKDQLaNLWH� NDUDNWHULVWLNL� VRJODVQR� RaHNXYDQLWH� HOHNWUR�
PHKDQLaNL�QDSUHJDZD��6SURWLYVWDYXYDZHWR�QD�PHKDQLaNLWH�QDSUHJDZD�NDM�RYRM�WLS
QD� NRPSR]LW� JR� SUHY]HPD� DUPDWXUDWD� RG� VWDNOHQL� ILODPHQWL� YR� PDWHULMDORW�
$UPDWXUDWD��NRMD�H�cca����GR�����]DVWDSHQD�YR�VWUXNWXUDWD��SRVHEQR�VH�SUHVPHWXYD�L
XVPHUXYD� YR� ]DYLVQRVW� RG� ]DGDaLWH� NRL� JL� GRELYD� YR� VDPLRW� NRPSR]LW� SUHNX
YHNWRUVNLRW� GLMDJUDP� QD� VLOL�� 0DWHPDWLaNL� SUHVPHWDQDWD� DUPDWXUD� RG� RVREHQD
YDCQRVW� H� GD� ELGH� HGQDNYR� WDND� L� YJUDGHQD� SUL� L]UDERWNDWD� QD� PDWHULMDORW�
1XPHULaNR� XSUDYXYDQDWD� L� NRQWUROLUDQD� RSUHPD� RVYHQ� ^WR� RYR]PRCXYD
SRYWRUOLYRVW� SUL� L]UDERWNDWD� LPD� YDCQD� XORJD� YR� RGQRV� QD� � SUDYHFRW� QD
SRORCXYDZH� L� QD� JUDGEDWD� QD� VWUXNWXUDWD� SR� VSUDWRYL� YR� YROXPHQRW� QD
PDWHULMDORW�� � 2SWLPL]DFLMDWD� QD� YJUDGHQDWD� NROLaLQDWD� QD� PDWHULMDO�
]DGUCXYDZHWR�QD�GLPHQ]LLWH�QD�PDWHULMDORW�YR�RSUHGHOHQL�WROHUDQWQL�]RQL�NDNR�L
JDEDULWLWH� QD� SURL]YRGL� NRM� VH� RSIDWHQL� MD� SUDYDW� RYDDW� WHKQRORJLMD� GRVWD
IOHNVLELOQD�

2YDD�WHKQRORJLMD��SRNUDM�WHKQROR^NDWD�SRVWDSND�]D�GRELYDZH�QD�NRPSR]LWL
LQNDSVXOLUDQL� QDPRWNL� ]D� VXYL� HQHUJHWVNL� WUDQVIRUPDWRUL� L� SULJX^QLFL



L]UDERWXYD�L�PDWHULMDOL�YR�REOLN�QD��VO�����FLOLQGULaQL�SRYU^LQL����FHYNL��NRQXVL
LOL�VIHUL�L�QLYQL�NRPELQDFLL� ��3UL�NRPELQLUDZHWR�QD�SRYH`H�IRUPL�HGLQVWYHQ
XVORY�H�WLH�IRUPL�GD�LPDDW�HGQD�]DHGQLaND�URWDFLRQD�RVND�

6HNRMD�WHKQRORJLMD��]D�VHEH�H�VR�SRVHEHQ�SULRG��QR�GHFLGQR�NDCDQR��SUL�”FW”
WHKQLNDWD� VWDQXYD� ]ERU� ]D� WHKQROR^ND� SRVWDSND� ]D� SURL]YRGVWYR� QD� NRPSR]LWQL
PDWHULMDOL� RG� REODVWD� QD� YODCQR� LPSUHJQLUDQLWH� VR� VPROQL� VLVWHPL� VWDNOHQL
EH]DONDOQL�ILODPHQWL��D�SUHNX�GYRVWHSHQD�SROLPHUL]DFLMD��GRELYDZH�QD�]DMDNQDWL
NRPSR]LWQL�PDWHULMDOL�VR�]DYU^HQR�VWDUHHZH�QD�PDWHULMDORW�

� 7HKQLaNR�WHKQROR^NLRW� SULRG� RYR]PRCXYD� SURL]YRGVWYR� QD� ”FW”-
HOHNWURL]RODFLRQL� PDWHULMDOL�� SR]LFLL� L� HOHPHQWL� ]D� XUHGL� VR� YLVRNL� WHKQLaNL
SHUIRPDQVL���7RD�]QDaL�JUDGED�QD�SURL]YRG��SRaQXYDM`L�RG��PDWHULMDO�SROXSURL]YRG
SUHNX� PH_XID]QL� HOHPHQWL� L� SR]LFLL� �L]RODFLRQL� FLOLQGUL� ]D� UHJXODWRUL�
SUHNLQXYDaL� � L� GU���� � GR� XUHGED� ]D� ”FW”- � YLVRNRQDSRQVND� QDPRWND� LOL� ”FW”-
QDPRWND� �VO����� ]D� SULJX^QLFD� VR� YR]GX^QR� MDGUR�3R� VWUXNWXUD� ”FW”- � QDPRWNDWD
PRCH�GD�ELGH�L]UDERWHQD�VR�WDNRY�SRSUHaHQ�SUHVHN�L�VWUXNWXUD�]D�GD�VRRGYHWVWYXYD
QD� SURHNWLUDQLWH� QDSUHJDZD� L� QDEHOHCDQLWH� EDUDZD�� 7LH� QDSUHJDZD� PRCDW� GD
ELGDW� QDSRQVNL�� IUHNYHQWQL�� HOHNWURRWSRUQL�� PHKDQLaNL� L� WHUPLaNL� EH]
GRSROQLWHOQL� GRREUDERWNL� QD� REOLNRW� QD� NDSVXODWD� RSID`DM`L� JR� SURYRGQLNRW
FHORVQR�YR�NRPSR]LWRW�]D^WLWXYDM`L�JR�RG�DJUHVLYQL�PHGLXPL�L�QLYQL�YOLMDQLMD�L
]DUCXYDM`L�JR�YR�WUDMQD�JHRPHWULVND�IRUPD�SUL�VWUXMQL�XGDUL�� �'RELHQLRW�PHWDO�
NRPSR]LW�VSRMRW� PH_X� SURYRGQLRW� L� HOHNWURL]RODFLRQLRW� PDWHULMDO� H� EH]
]DGUCXYDZH� QD� YR]GX^QL� PHXUL�� NRPSDNWHQ� L� VR� VHYNXSQD� EDQGDCLUDQRVW� QD
QDYLYNLWH� SR� VLWH� SUDYFL�� .DSVXODFLMDWD� SR� SDW� QD� QDPRWXYDZH� QD� NRPSR]LWRW
VWUDQLaQR�L�YU]�SURYRGQLNRW��QDPRWNDWD� MD�GRYHGXYD�YR�FYUVWD�WUDMQD�JHRPHWULVND
SRORCED� NRMD� SRQDWDPX� QH� PRCH� PHKDQLaNL� GD� VH� GHVWUXNWXULUD�� ”FW”
LQGXNWLYQDWD� QDPRWND� L]UDERWHQD� SR� RYRM� SULRG� H� YJQH]GHQD� SRPH_X� RVQRYQDWD�
PH_XVORMQLWH� L� ]DYU^QDWD� NRPSR]LWQD� L]RODFLMD� L� RJUDQLaHQD� VR� GLVWDQWQLWH
]DYU^QLFL� SUHNX� NRPSDNWHQ� VSRM� REH]EHGXYDM`L� SRWUHEQR� QDSRQVNR� QLYR� QD
L]RODFLMD�Si���5H^DYDZHWR�QD�QDSRQVNRWR�QLYR�NDNR�SUREOHP�H�SUYDWD�SULGRELYND
^WR� RYDD� WHKQRORJLMD� JR� RYR]PRCXYD�� 6OHGQLRW� SUREOHP� NRM� ^WR� PRCHPH
HGQRYUHPHQR�GD�JR�UD]UH^LPH�VR�”FW” L]RODFLMDWD��H�UH^DYDZHWR�QD�PHKDQLaNLWH
L]GUCOLYRVWL� SUL� QDSUHJDZD�� 2VREHQR� YDCHQ� XVORY� ]D� ]DGUCXYDZH� QD
NDUDNWHULVWLNLWH� QD� QDPRWNDWD� SUL� YOLMDQLH� QD� XGDUQL� VWUXL� L� QDSRQL� H
]DGUCXYDZHWR� QD� JHRPHWULMDWD� QD� QDPRWNDWD� SR� QHM]LQRWR� XGDUQR� QDSUHJDZH�
=DMDNQDWLRW�QDPRWDQ� ”FW” NRPSR]LW�� ]D� UD]OLND� RG� WHKQLNDWD� VR� ]DOLHQ� HSRNVLG�
NDNR� ^WR� H� VSRPQDWR�� MD� DUPLUD� LQGXNWLYQDWD� QDPRWND� VR� PR`QL� VWDNOHQLWH
ILODPHQWL�NRL�HGQRYUHPHQR�VH�L�VR�GREUL�HOHNWURL]RODFLRQL�L�WHUPLaNL�RVRELQL�
0HKDQLaNDWD�QRVLYRVW�QD�ILODPHQWRW�JL�SUHY]HPD�QDSUHJDZDWD�QD�SURYRGQLNRW�YU]
VHEH� SUHNX� QHJRYDWD� VWUXNWXUQD� UDVSUHGHOHQRVW�� 1DPRWXYDZHWR� QD� ”FW”
L]RODFLMDWD�H�SUDWHQR�VR�SRSUHaQR�SUHG]DWHJDZH�QD�VDPLWH�VWUXNRYL�RG�ILODPHQWL�
SUL�WRD��VWUXNRW�SUDYLOQR�VH�SRVWDYXYD�YU]�RVQRYDWD�LVWLVQXYD`L�JR�YR]GXKRW�PH_X
QDYLYNLWH� L� FHORVQR� ]DWYRUD`L� JR� SURYRGQLNRW� VR� NRPSR]LW�� 6R� YJUDGXYDZH� QD
”FW” L]RODFLMD� YR� WUDQVIRUPDWRUVNLWH� QDPRWNL� PRCHPH� GD� JR� RSWLPL]LUDPH
JDEDULWRW� VR� RSWLPL]LUDZH� QD� GHEHOLQLWH� QD� GLPHQ]LLWH� QD� L]RODFLMDWD� �
PH_XVORMQLWH�UDVWRMDQLMD�

2YD��RG�GUXJD�VWUDQD�]QDaL�RSWLPDOQR�YJUDGXYDZH�QD�PDWHULMDO��YR�HOHPHQWRW
LOL� XUHGEDWD� L� SRVWLJQXYDZH� QD� NRPSDNWQD� FHOLQD�NDSVXOD� YR� NRMD� QDPRWNLWH� VH
YJUDGHQL�WUDMQR�



���6758.785$�1$�.2032=,727

6RJODVQR�QDaLQRW�QD�L]UDERWND�QD�PDWHULMDORW�VR�”FW” �WHKQLND��NDNR�^WR�H
QDSRPQDWR��VWDQXYD�]ERU�]D�QDPRWXYDZH��1DPRWXYDZHWR�WUHED�GD�JR�UD]EHUHPH�NDNR
SRORCXYDZH�QD�WUDND�RG�ILODPHQWL�YU]�URWLUDaND�RVQRYD���PRGHO��9R�]DYLVQRVW�RG
DJRORW� QD� QDPRWXYDZH� `H� GHILQLUDPH� UDGLMDOQD�� GLMDJRQDOQD� L� DNVLMDOQD� ODPLQD�
/DPLQLWH�PH_XVHEQR�PRCDW�GD�ELGDW�NRPELQLUDQL�SUL�SURHNWLUDZHWR�YR�]DYLVQRVW
RG� YHNWRUVNLRW� GLMDJUDP� QD� VLOL� QD� RSWRYDUXYDZH�� 6WUXNWXUDWD� QD� ODPLQDWD� VH
JUDGL�VR�SRORCXYDZH�QD�WUDND�RG�VWDNOHQL�ILODPHQWL���3RORCXYDZHWR�QD�WUDNDWD
PRCH�GD�ELGH�SRG�UD]OLaHQ�DJRO�YR�RGQRV�QD�SRGROCQDWD�URWLUDaND�RVND��=D�DJRO�QD
SRORCXYDZH� NRM� VR� RVNDWD� QD� PRGHORW� `H� � ]DID`D� ��R� �PHK�� `H� UHaLPH� GHND� `H
L]JUDGL�ODPLQD�VR�UDGLMDOHQ�VORM��]D�DJRO�SRJROHP�RG��R��D�SRPDO�RG���R�ODPLQD�VR
GLMDJRQDOHQ�VORM�L�]D�DJRO�HGQDNRY�VR��R��PHK��VWDQXYD�]ERU�]D�ODPLQD�VR�DNVLMDOQR
SRORCXYDZH� QD� EHVNRQHaQLWH� YODCQR� LPSUHJQLUDQL� VR� VPROQL� VLVWHPL� VWDNOHQL
EH]DONDOQL�ILODPHQWL�

6O����0RVWUL�SUL�QDPRWXYDZH�QD�ODPLQD

�3UL� ”FW” � WHKQLNDWD�VR�SRORCXYDZHWR�QD�URYLQ]LWH�VH�RYR]PRCXYD� JUDGED
QD� SOHWND� LOL� PRVWUD� �VO���� QD� ODPLQDWD� LOL� REYLYNDWD� RNROX� PRGHORW�
3RORCXYDZHWR�QD�URYLQ]LWH�MD�SUDWL�QDGYRUH^QDWD�IRUPD�QD�PRGHORW�



0LNUR�VWUXNWXUDWD�QD�ODPLQDWD�L�SRUHGXYDZHWR�QD�ODPLQLWH�YR�VWUXNWXUDWD
QD�PDWHULMDORW� MD� SURHNWLUD� SURHNWDQWRW� QD� NRPSR]LWRW� YU]� RVQRYD� QD� � EDUDQLWH
SURHNWQL� NDUDNWHULVWLNL� ^WR� WUHED� GD� VH� SRVWLJQDW� VR� PDWHULMDORW� NRM� `H� ELGH
JUDGHQ�YR�WHNRW�QD�QDPRWXYDZHWR�

*UDGEDWD�QD�\LGRW��QD�HGQD�HOHNWURL]RODFLRQD�REYLYND��]DSRaQXYD�VR�SUYRWR
UDGLMDOQR� SRVWDYXYDZH� QD� URYLQJRW� SUHNX� ODPLQDWD� RG� NRQHaQDWD� VWUXNWXUD� QD
\LGRW� QD� NRPSR]LWRW�� ,]ERURW� QD� EURMRW� QD� URYLQ]L� L� QLYQRWR� XVPHUXYDZH� MD
GHILQLUD� JHRPHWULMDWD� QD� WUDNDWD� �� GHEHOLQD� L� ^LULQD�� 2G� GUXJD� VWUDQD
XVPHUXYDZHWR� QD� URYLQJRW� YR� NRPSR]LWRW� JL� UH^DYD� PHKDQLaNLWH� RSWRYDUXYDZD�
/DPLQDWD� VH� IRUPLUD� SRVOH� SRWUHEHQ� EURM� QD� URWLUDaNL� FLNOXVL� QD� PRGHORW
RGQRVQR� SRVOH� � VWUXNWXUQRWR� SRORCXYDZH� QD� URYLQJRW� SR� FHODWD� URWLUDaND
SRYU^LQD�IRUPLUDM`L�MD�PRVWUDWD�QD�YSOHWXYDZH�QD�LPSUHJQLUDQLRW�URYLQJ�

� 6R� QDGRJUDGXYDZH� QD� SRYH`H� ODPLQL� HGQD� YU]� GUXJD� VH� IRUPLUD� \LGRW� QD
FLOLQGHURW�� 3UL� RYD�� GD� VH� QDSRPHQH� GHND� VHNRMD� ODPLQD� PRCH� GD� LPD� UD]OLaQD
SRYU^LQVND� VWUXNWXUD� LOL� NRQILJXUDFLMD� YR� RGQRV� QD� PRVWUDWD� L� DJRORW� QD
QDPRWXYDZH���9R�RVQRYD�DJRORW�L�PRVWUDWD�YOLMDDW�QD�PHKDQLaNLWH�L]GUCOLYRVWL�QD
ODPLQDWD�� D� GHEHOLQD� QD� ODPLQDWD� L� VWUXNWXUQLRW� VRVWDY� QD� ODPLQL� YR� \LGRW� QD
PDWHULMDORW�YOLMDDW�QD�YNXSQLWH�NDUDNWHULVWLNL�QD�SURL]YRGRW�NDNR�RG]LY�

,PDM`L�JR�VHWR�RYD�QD�UDVSRODJDZH�SURHNWDQWRW�QD�NRPSR]LWQLRW�PDWHULMDO
PRCH� PDNVLPDOQR� GD� JL� LVNRULVWL� NDUDNWHULVWLNLWH� QD� YOH]QLWH� VLURYLQL� � L� GD
GHILQLUD�L]UDERWND�QD�VWUXNWXUD�QD�PDWHULMDO�L�SRHGLQHaQR�XaHVWYR�QD�ODPLQLWH
WDND� ^WR� `H� LVSROQL� QDMPDOD� PRCQD� ]DIDWQLQD�� D� SUL� WRD� GD� GRELH� SURL]YRG� VR
UHDOQR�RaHNXYDQL�YLVRNL�SHUIRPDQVL�

���$3/,.$&,,

6RJODVQR� WHKQLaNLWH� NDUDNWHULVWLNL� QD� VDPLRW� GRP - ”FW”- .RPSR]LWHQ
PDWHULMDO� �� GDGHQL� YR� SULORJ�� VRJODVQR� QDaLQRW�� PRCQRVWLWH� L� NRPELQDFLLWH� QD
VWUXNWXUDWD�QD�ODPLQL�]D�JUDGED�NDNR�L�PRCQRVWD�YR�NRPSR]LWRW�HGQRYUHPHQR�GD

VO����”FW” 3 - f SULJX^QLFD�VR�YR]GX^QR�MDGUR
ELGH� YJUDGHQ� L� SURYRGHQ� PDWHULMDO (Cu LOL Al��� NDNR� ^WR� H� WRD� QD� SULPHU
LQGXNWLYQDWD� QDPRWND�� MD� SUDYL� RYRM� WLS� QD� WHKQRORJLMD� QDPHWOLYD� NDNR� UHDOQR
UH^HQLH� ]D� JUDGED� QD� VXYL� LQNDSVXOLUDQL� � WUDQVIRUPDWRUVNL� QLVNRQDSRQVNL� L
YLVRNRQDSRQVNL� QDPRWNL� LOL� JUDGED� QD� LQGXNWLYLWHWL� VR� YR]GX^QR� MDGUR� �
SULJX^QLFL�

2YGHND� PRUD� GD� VH� QDSRPHQH� GHND� RYDD� WHKQRORJLMD� QH� VPHHPH� GD� MD
SRLVWRYHWLPH�]R�WHKQRORJLMDWD�]D�]DOLYDZH�QD�QDPRWNL�YR�VPROQL�PDVL�]DWRD�^WR
SUHG�VH�RYGH�VWDQXYD�]ERW�]D�DUPLUDQ�NRPSR]LWHQ�HOHNWURL]RODFLRQHQ�PDWHULMDO�VR



VWDNOHQL�EH]DONDOQL�ILODPHQWL�L�QH�VH�UDERWL�]D�YEUL]JXYDZH�WXNX�]D�QDPRWXYDZH
QD�NRPSR]LWRW�

���',0(1=,,�1$�352,=92'

7HKQLaNLWH�PRCQRVWL�QD� RSUHPDWD� ]D� L]UDERWND�QD� SURL]YRG�RYR]PRCXYDDW
GD�VH�L]UDERWXYDDW�HOHPHQWL�VR�PLQLPDOHQ�YQDWUH^HQ�GLMDPHWDU�QD�SURL]YRGRW�RG
��PP� � SD� VH� GR� ����PP� L� GROCLQD� RG� ���� PP� � GR� ����� PP�� SUL� WRD� PDNVLPDOQDWD
WHCLQD�QD�SRHGLQHaHQ�HOHPHQW�GD�QH�QDGPLQXYD������NJ��D�PDNVLPDOQLRW�GLMDPHWDU
GD�QH�QDGPLQXYD�����PP��0LQLPDOQLRW�\LG�QD� ”FW” �NRPSR]LWQD�REORJD�H�RG�����PP
GR���PP�

���.$5$.7(5,67,.,�,�0(51,�0(72',

7HKQLaNL�SRGDWRFL�]D��GRP���”FW”- �NRPSR]LWHQ�PDWHULMDO
HGLQLFD 9UHGQ� ,VSLWQD�SRVWDSND

�� 6RGUCLQD�QD�DUPDWXUD � ����� DIN ������
�� 6RGUCLQD�QD�VPROD � ����� DIN ������
�� 6SHFLILaQD�WHCLQD gr/cm3 ���� DIN ������
�� $SVRUSFLMD�QD�YRGD � ��� DIN ������
�� 2WSRU�QD�L]RODFLMD�SR

����aDVD�YR�YRGD Ω ��
��

���
��

DIN ������
�� 3RYU^LQVNL�RWSRU��SR

����aDVD�YR�YRGD Ω ��
��

���
��

DIN ������
�� 6SHFLILaHQ�YROXPHQVNL�RWSRU

SR�����aDVD�YR�YRGD Ω ��
��

DIN ������
�� 3URERHQ�QDSRQ�QRUPDOQR�QD

VORHYLWH�QD��������oC kV �� DIN ������
�� 3URERHQ�QDSRQ�SDUDOHOQR�QD

VORHYLWH�QD��������oC kV �� DIN ������
��� 2WSRUQRVW�QD�VWUXMQL�VWD]L classa .$� DIN ������
��� &YUVWLQD�QD�SULWLVRN MPa ��� DIN ������
��� &YUVWLQD�QD�LVWHJDZH MPa ��� DIN �����
��� &YUVWLQD�QD�VYLYDZH N/mm

2
��� DIN ������

���=$./8A2.

”FW” � NRPSR]LWQLWH� PDWHULMDOL� VSD_DDW� YR� VIHUDWD� QD� SURL]YRGL� aLL
NDUDNWHULVWLNL�VH�SURHNWLUDDW�L�JUDGDW��3URL]YRGL�NRL�SUHNX�SUHFL]QR�L]ELUDZH
QD� YOH]QL� VLURYLQL�� QDaLQRW� L� WHKQLNDWD� QD� SURHNWLUDZH� QD� L]OH]QLWH
NDUDNWHULVWLNL� QD� SURL]YRGRW�� D� RVREHQR� VR� SUHFL]QRWR� L]YHGXYDZH� QD
QDPRWXYDZHWR�`H�RYR]PRCL�GD�VH�L]UDERWL�PDWHULMDO�LOL�SURL]YRG�VSRUHG�SRWUHEL�



�6SHFLILNDWD�QD�SULRGRW�NRQ�NRQVWUXNFLMDWD�QD�NRPSR]LWRW� ]QDaLWHOQR� JR
SRPHVWXYD� PHVWRWR� QD� NRQVWUXNWRURW� QD� ILQDOQLRW� SURL]YRG� PH_X� L]ERURW� QD
PDWHULMDO� L� SURHNWLUDZHWR� QD�ILQDOQLRW� GHO��>LURNLRW� RSVHJ� QD� PRCQRVWL� NRL
^WR� JL� GDYD� RYDD� WHKQRORJLMD� HGQRYUHPHQR� EDUD� L� HGQD� SRJROHPD� ]DYLVQRVW� L
SRYU]XYDZH�SRPH_X�SURHNWDQWRW�QD�PDWHULMDORW�L�NRQVWUXNWRURW�QD�ILQDOQLRW�GHO�
.RQVWUXNWRURW� QD� GHORW� SUHG� VH� PRUD� GD� GHILQLUD� EDUDZD� ]D� NDUDNWHULVWLNL� QD
”FW” NRPSR]LWQLRW PDWHULMDO��2G�GHILQLUDQLWH�EDUDZD� VH�SURHNWLUD�L�L]YHGXYD
PDWHULMDO�YR�REOLN�L�GLPHQ]LL�L�VR�NDUDNWHULVWLNL�WDNYL�NDNYL�^WR�VH�SRWUHEQL�

=D� UD]OLND� RG� SULRGRW� NRM� ^WR� VH� LPD� SUL� L]ERU� QD� NODVLaQLWH� WHKQLaNL
PDWHULMDOL�VR�RJUDQLaHQ�L]ERU�QD�NDUDNWHULVWLNL�NDM�”FW” WHKQLNDWD�SRVWDYXYDPH
EDUDZD�]D�RVRELQLWH�L�NDUDNWHULVWLNLWH�L�SRGQHVLYLWH�QRVLYRVWL�NRL�^WR�WUHED�GD
JL� ]DGRYROL� PDWHULMDORW�� 7LH� NDWDNWHULVWLNL� PRCDW� GD� VH� SUHUDaLQXYDDW� L
L]UDERWXYDDW� VRJODVQR� WLSRW� L� SRWUHELWH� QD� SURL]YRGRW�� 3UL� SURHNWLUDZHWR� QD
XUGEDWD�QDHM]LQLRW�NRQVWUXNWRURW�QH�`H�PRCH�GD�VH�SRVOXCL�VR�WDEOLFL�]D�L]ERU�QD
PDWHULMDO� RG� NRM� ^WR� `H� JR� L]UDERWL� SURL]YRGRW�� WXNX� QD� PDWHULMDORW� `H� PX� JL
GHILQLUD�XVORYL�L�EDUDZD�NRL�JL�RaHNXYD�VSRUHG�SRWUHELWH�QD�ILQDOQDWD�XUHGED�
,]ERURW�QD�VWUXNWXUDWD�QD�”FW”- NRPSR]LWQLRW�PDWHULMDO�L�SULRGRW�SUL�QHJRYRWR
GLPHQ]LRQLUDZH�`H�PX�JR�SUHSX^WL�QD�SURHNWDQWRW�QD�NRPSR]LWRW�L�WXND�H�QLYQDWD
WRaND�QD�NRSHUDWLYQRVW�
� 3URHNWDQWRW� QD� NRPSR]LWRW� `H� � LVSURHNWLUD� PDWHULMDO� YR� ]DYLVQRVW� RG
SRWUHELWH� QD� VHNRM� SRHGLQHaHQ� HOHPHQW� YU]� RVQRYD� QD� GHILQLUDQLWH� EDUDZD� � L
NULWLaQLWH� QDSUHJDZD�� 0DWHULMDORW� ]D� SRWUHELWH� QD� SURHNWDQWRW� `H� ELGH
SURHNWLUDQ��GLPHQ]LRQLUDQ�L�VR]GDGHQ��1RYRVR]GDGHQLWH�NDUDNWHULVWLNL�QD�”FW”
NRPSR]LWQLRW� PDWHULMDO� VDPR� EL� JR� SRWYUGLOH� ]DFUWDQRWR� VR� SURHNWQDWD� ]DGDaD
SUHNX�YUHGQRVWL�]D�NDUDNWHULVWLNLWH�QD�NRPSR]LWRW�YR�RGQRV�QD�EDUDQLWH�

/,7(5$785$
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9R� WUXGRW� H� RSL^DQD� SRVWDSNDWD� QD� ]DPHQD� QD� HGHQ� VWDS� RG� VWDWRUVNDWD
QDPRWND� QD� WXUERJHQHUDWRU� WLS� 799������$8=�� NDNR� L� VLWH� LVSLWXYDZD� � NRL� VH
YU^HQL� VXNFHVLYQR�� 3UL� VWDQGDUGQR� UHPRQWQR� YLVRNRQDSRQVNR� LVSLWXYDZH� QD
VWDWRUVNDWD�QDPRWND�SURELHQD�H�QDPRWNDWD�YR�ID]D�$�QD�JHQHUDWRURW�RG�EORN�EU��
YR�7(���%LWROD�

CONTENTS

In the paper is described the way of replacing and all examination done in that process  on
a one rod of the stator winding at turbogenerator type TBB-200-�$8=. In capital repair of Power
Plants  BITOLA,  during standard high voltage testing of the stator winding  on generator  3
broke isolation of phase A.

./8A1,�=%2529,��6WDWRUVND�QDPRWND��L]RODFLMD

�� 929('

6RVWRMEDWD� QD� L]RODFLMDWD� QD� QDPRWNLWH� QD� VWDWRURW� RG� JHQHUDWRULWH� H� RG
SRVHEQR� ]QDaHZH� L� LQWHUHV� ]D� WHKQLaNLRW� NDGDU� aLMD� REYUVND� H� GD� GDGH� YL]D� YU]
RVQRYD�QD�RGUHGHQL�NULWHULXPL�GHND�VRRGYHWQDWD�PD^LQD�LPD�WHKQLaNL�SRND]DWHOL
GHND�QDUHGQLRW�SHULRG�H�VSUHPQD�]D�HNVSRORDWDFLMD�

3RVOHGQLWH� JRGLQL� VH� SRSULVXWQR� H� VRPQHYDZHWR� GHND� GRNDCXYDZHWR� QD
NYDOLWHWRW�QD�VRVWRMEDWD�QD�L]RODFLMDWD�QD�VWDWRUVNLWH�QDPRWNL�WUHED�GD�VH�SUDYL
VR�YLVRNRQDSRQVNR�LVSLWXYDZH�QD�LVWLWH�

2YD�VRPQHYDZH�EH^H�SRWYUGHQR�]D�YUHPH�QD�UHPRQWRW����J��QD�EORN���YR�7(
%LWROD��]D�YUHPH�QD�YLVRNRQDSRQVNRWR�LVSLWXYDZH�QD�JHQHUDWRU���



�� 7(+1,A.,�.$5$.7(5,67,.,�1$�67$7256.$7$�1$027.$

���� 1RPLQDOQL�NDUDNWHULVWLNL�QD�WXUERJHQHUDWRURW

7,3��799��������$8=
1RPLQDOQD�DNWLYQD�PR`QRVW������������������������������������MW
1RPLQDOQD�UHDNWLYQD�PR`QRVW���������������������������������MVAr
1RPLQDOHQ�QDSRQ�����������������������������������������������������kV
1RPLQDOQD�VWUXMD���������������������������������������������������A
6RHGLQXYDZH�QD�QDPRWNDWD�QD�VWDWRURW����������������GYRMQD�]YH]GD
.ODVD�QD�L]RODFLMD�QD�VWDWRUVNDWD�QDPRWND����������“ �9�“

���� 2VQRYQL�NDUDNWHULVWLNL�QD�VUHGVWYDWD�]D�ODGHZH

7XUERJHQHUDWRURW� H� L]YHGHQ� VR� QHSRVUHGQR� RODGXYDZH� QD� QDPRWNDWD� QD
VWDWRURW� VR� GHVWLOLUDQD� YRGD� �GHVWLODW��� D� QDPRWNLWH� QD� URWRURW� L� DNWLYQRWR
CHOH]R�QD�VWDWRURW�VR�YRGRURG��'HVWLODWRW�YR�QDPRWNDWD�QD�VWDWRURW�FLUNXOLUD�SRG
SULWLVRN� QD� SXPSL� L� VH� RODGXYD� VR� UD]PHQXYDa� ]D� WRSOLQD� �VPHVWHQL� QDGYRU� RG
JHQHUDWRURW��

������ 9RGRURG�YR�NX`L^WHWR�QD�JHQHUDWRURW

1RPLQDOHQ�SULWLVRN�QD�YRGRURGRW���������������������������ata
1RPLQDOQD�WHPSHUDWXUD�QD�ODGQLRW�JDV��H

�
���������������R�C

ALVWRWD�QD�YRGRURGRW����������������������������������������!�����
6RGUCLQD�QD�NLVORURG����������������������������������������������
9ODCQRVW�QD�H

�
�SUL�QRPLQDOHQ�SULWLVRN��������������������

������ 'HVWLODW�QL]�VWDWRUVNDWD�QDPRWND

��1RPLQDOHQ�SURWRN�QD�GHVWLODW������������������������������� ���m3/h
��'RSX^WHQR�RWVWDSXYDZH���������������������������������������� ���m3/h
��1RPLQDOHQ�QDGSULWLVRN�QD�YOH]�YR�QDPRWNDWD���������� ��kgc/cm2

��'RSX^WHQR�RWVWDSXYDZH���������������������������������������� ���� kgc/cm2

��1RPLQDOQD�WHPSHUDWXUD�QD�ODGQLRW�GHVWLODW����������� ���RV
��'RSX^WHQR�RWVWDSXYDZH����������������������������������������� ���RV

��1RPLQDOHQ�VSHFLILaHQ�RWSRU�QD�GHVWLODWRW������������� ����kΩ/cm

�� ,63,789$:(�1$�67$7256.$7$�1$027.$

6R�RJOHG�QD�WRD��GHND�FHORNXSQDWD�RSUHPD�SRWUHEQD�]D��RYD�LVSLWXYDZH�YR�7(
%LWROD��VH�SRVHGXYD�RG�VDPRWR�SX^WDZH��QD�SUYDWD�HOHNWUDQD�YUDERWHQLRW�WHKQLaNL
NDGDU�RYD�LVSLWXYDZH�JR�SUDYL�VHNRMD�JRGLQD�VR�XVWDOHQD�UXWLQD�

7DND�EH^H�L�SUL�JHQHUDOQLRW�UHPRQW�QD�7(�%LWROD���YR������JRGLQD���6SRUHG
VWDQGDUGQDWD� ^HPD� QD� LVSLWXYDZH� SUL� LVSLWHQ� QDSRQ� RG� ��2Un ( 18.9kV )� � SUREL
LVSLWXYDQDWD� ID]D� A� �� 3URERMRW� � EH^H� NRQVWDWLUDQ� VSRUHG� SRNDCXYDZDWD� QD
LQVWUXPHQWLWH�QD�VDPLRW�NRPDQGHQ�SXOW�NRM�VH�NRULVWL�SUL�RYD�LVSLWXYDZH�



�5DVSRUHGHQLWH�UDERWQLFL�RNROX�JHQHUDWRURW�NRM�LPDD�]DGDaD�]D�SRVPDWUDZH
QD�HYHQWXDOHQ�YLGOLY�SURERM�L� �REH]EHGXYDZH�QD�PD^LQDWD��SUL�LVSLWXYDZHWR�RYRM
SURERM�QH�JR�]DEHOHCDD�

6R�RJOHG�QD�WRD�GD�YR�QD^DWD�]HPMD�RYD�VH�VOXaXYD�]D�SUY�SDW�EH^H�SREDUDQD
VWUXaQD�SRPR^�NDNR�]D�XWYUGXYDZH�QD�VDPRWR�PHVWR�QD�SURERMRW�WDND�L�]D�]DPHQD�QD
SURELHQLRW�^WDS�RG�VSHFLMDOL]LUDQDWD�UHPRQWQD�ILUPD�“(QHUJRUHPRQW” �RG�VRVHGQD
%XJDULMD�

6WUXaQD� SRPR^� ]D� NRQVXOWDFLL� SUL� LVSLWXYDZHWR� EH^H� SREDUDQD� RG
(OHNWURWHKQLaNL�IDNXOWHW�6NRSMH

8WYUGXYDZHWR�QD�PHVWRWR�QD�SURERMRW�VH�QDSUDYL� VR�SRYWRUQR�YLVRNRQDSRQ�
VNR�LVSLWXYDZH��3UL�SRNDaXYDZHWR�QD�LVSLWQLRW�QDSRQ��SRYWRUQR�SUREL�QDPRWNDWD
QR� VHJD� YH`H� ]DaDGL�QD�PHVWRWR�QD� SURERMRW� L� VR� SRVPDWUDZH� WRaQR�PRCH^H� GD� VH
YLGL�NDGH�H�PHVWRWR�QD�SURERMRW�

3URERMRW�EH^H�SUHPD�DNWLYQRWR�CHOH]R�QD�QDGYRUH^HQ��^WDS�QD�VDPLRW�L]OH]
QD�^WDSRW�RG�DNWLYQRWR�CHOH]R��VO������� �3RNDVQR�VH�XWYUGL�GHND�WRD�H�COHE������ �D
VDPLRW�^WDS�SULSDJD^H�QD�ID]D��A����6DPRWR�PHVWR�QD�SURERM�EH^H�QD�UDVWRMDQLH�RG
HGHQ�^WDS� RG� ]YH]GL^WH� QD� JHQHUDWRURW� �� ^WR� ]QDaL� GHND� WRD� PHVWR� YR� QRUPDOHQ
SRJRQ��EH^H�QD�QDSRQ�RG��RNROX����5kV �ID]HQ�QDSRQ��

��

������

6O������0HVWR�QD�SURERM�QD�^WDS�YR�COHE�EURM�������ID]D��A��

���� ,VSLWXYDZD�QD�VWDWRUVNDWD�QDPRWND�VR�L]YDGHQ�SURELHQ�VWDS

3RVOH�YDGHZH�QD�SURELHQLRW�VWDS�L]PHUHQ�H�RWSRURW�QD�L]RODFLMD�L�GRELHQL
VH�VOHGQLWH�UH]XOWDWL�
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RL] $
� ����0Ω

RL] I� ���0Ω
RL] II� ����0Ω

RL] B� ����0Ω
RL] C� ����0Ω

6O���1DPRWNDWD�RG�ID]D�$�VR�L]YDGHQ�VWDS

3UL�RYD�LVSLWXYDZH�NRULVWHQ�H�LVWRVPHUHQ�QDSRQ�RG�����kV�L�SUL�PHUHZHWR
QD R

L] $
� NUDWNR� EHD� VSRHQL� L]YRGLWH� YR� ]YH]GL^WH� QD� ID]D� $�� R

L] I� H� RWSRURW� QD
L]RODFLMD� QD� GHORW� RG� QDPRWNDWD� YR�ID]D$� RG� RWVSRHQLRW� GHO� GR� HGQLRW� L]YRG� YR
]YH]GL^WH��R

L] II H�RSSRURW�QD�L]RODFLMD�QD�RVWDQDWLRW�GHO�RG�QDPRWNDWD�YR�ID]D�$�
,]YU^HQR� H� YLVRNRQDSRQVNR� LVSLWXYDZH� QD� VLWH� ID]L� SRVHEQR� VR� LVSLWHQ

QDSRQ�RG�����Un ����Hz�YR�WUDHZH�RG�HGQD�PLQXWD��3UL�RYD�LVSLWXYDZH�QDPRWNDWD�RG
ID]D�$�EH^H�VR�VSRHQR�]YH]GL^WH�

���� ,VSLWXYDZD�QD�UH]HUYHQ�VWDS�RG�VWDWRUVNDWD�QDPRWND

3UHG�YJUDGXYDZH�QD�QRYLRW�^WDS�QD�LVWLRW�EHD�QDSUDYHQL�VOHGQLWH�LVSLWXYDZD��
D� ,VSLWDQ� H� UH]HUYQLRW� VWDS� QD� ]DSWLYDZH� VR� VWDYDZH� QD� LVWLRW� SRG

SULWLVRN�RG���DWD�VR�YRGD�YR�WUDHZH�RG����aDVD�
E� 9LVRNR�QDSRQVNR�LVSLWXYDZH�VR�QDSRQ�RG�������kV�YR�WUDHZH�RG���PLQXWD
F� ,]PHUHQ�H�NDSDFLWHWRW�QD�^WDSRW��6� �������nF
G� ,]PHUHQ�H�tg�δ  = 0.018
H� ,]PHUHQL�VH�SDUFLMDOQL�SUD]QHZD��U� �����pC
,VSLWXYDZHWR�QD�SDUFLMDOQLWH�SUD]QHZD�L� tg�δ H�L]YU^HQR�VR�LVSLWHQ�QDSRQ

RG���������kV.
3RVOH�YPHWQXYDZH�QD�QRYLRW�VWDS�YR�COHERW�RG�VWDWRURW�QD�JHQHUDWRURW��QH

SRYU]DQ�VR�RVWDQDWLRW�GHO�RG�QDPRWNDWD�� �L]YU^HQR�H�YLVRNRQDSRQVNR�LVSLWXYDZH
QD�VWDSRW�VR�UiV� ����kV 50 Hz YR�WUDHZH�RG 1 PLQXWD�



���� ,VSLWXYDZH�QD�QDPRWNDWD�QD�VWDWRURW�VR�VSRHQ�VWDS

,]YU^HQR�H�YLVRNR�QDSRQVNR�LVSLWXYDZH�QD�FHODWD�QDPRWND��VR�SRYU]DQ�VWDS�
VR�QDSRQ�RG�UiV� �Un� �������kV 50 Hz  �YR�WUDHZH�RG�1 PLQXWD��,VWRWR�LVSLWXYDZH��H
QDSUDYHQR�L�QD�GUXJLWH�ID]L�.

�� =$./8A2.

1DSUHGRNRW� QD� PRQLWRULQJ� VLVWHPLWH� NDNR� ]D� VHNRMD� SR]QDaDMQD� SRVWURMND
WDND� L� ]D� JHQHUDWRULWH� JR� GRYHGXYDDW� VWUXaQLLRW� NDGDU� ]DGROCHQ� ]D� VOHGHZH� QD
VSUHPQRVWD� � QD� JHQHUDWRULWH� ]D� SRJRQ� � GD� JL� SUHLVSLWXYD� VWDYRYLWH�� PHWRGLWH� L
QDaLQRW�QD�GDYDZH�VHUWLILNDW��]D��UDVSRORCLYRVW�]D�SRJRQ�QD�]QDaDMQLWH�SRVWURMNL�

6SRUHG� PHVWRWR� QD� SURERMRW� QDYHGHQR� � YR� RYDD� � LQIRUPDFLMD� WH^NR� H� GHND
PRCL�GD�VH�SUHWSRVWDYL�GHND�YR�QRUPDOHQ�SRJRQ�QD�RYD�PHVWR�EL�VH�VOXaLO�SURERM�
9UDERWHQLWH�YR�7(�%LWROD��NDNR�YRGHaNL�NDGDU�RG�RYDD�REODVW�YR�0DNHGRQLMD�WUHED
GD�JL�SUHLVSLWDDW��NULWHULXPLWH�L�PHWRGLWH�]D�GRNDCXYDZH�QD�UDVSRORCLLYRVWD�QD
VYRLWH�JHQHUDWRUL�
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