Onexmpuuecmeo, 2022, Ne 4, c. 4—14

OlneHKa BIMSHHUS BBICOThI M B3aHMHOTO PACHOJI0KEHHUS
COCTABHBIX 3JIEMEHTOB ONOPHOI W30JISIUA
Ha ee 3JEKTPHIECKYI0 POYHOCTh

KOPABUH A.P., BOJIKOBA O.B.
BOU — ¢punuan POAL-BHUUT®D, Mockea, Poccus

IIpusedensvl pesynomamul UCCIEO08AHUI GIUAHUS BLICOMbL U B3AUMHO20 PACNONONCEHUSL COCIMABHBIX dlle-
MEHMOB8 ONOPHOU UB0TAYUU KIACCOB CEEPXBLICOKO20 HANPANCEHUSL HA ee ANIeKMPULECKYIO NPOYHOCHb NPU 603-
oeticmeuy KOMMYMAayUOHHbIX UMNYILCO8 NOJONCUMETLHOU NOIAPHOCTIU, NPU KOMOPLIX ONPEOeNIOMC MUHU-
ManvHo donycmumble cabapumul uzonayuu. [lokasano, umo naubonvuiue 3navenus paspaoHo20 HanPAHCeHUs.
UBOTAYUU OOCMULAIOMCSL NPU POPMUPOBANHUU TUOEPHO20 PA3PA0A NO HUCMO GO30YUWHbIM MPAEKMOPUIM.
IKPAH-NOOHONCHUK UTU IKPAH-NIOCKOCTb. AHANOUUHBLIL Pe3YIbmam 00ecneyusaencs 6 Ciyide KacKaoHbix
nepexpulmuil o 21eMeHmMam KOJNOHKU C IKPAHA, eCli CMPOUMENbHAs 8bICOMA BEPXHE20 U0NAMOPA Cyuye-
cmeenHo 6onvue, yem Hudicnezo. Obpamnoe 63auMHOE PACRONONCEHUE IMUX UZ0IAMOPOS NPUBOOUN K pe3-
KOMY NAOEHUIO Pa3psaoH020 HANPAICEHUst NPU KACKAOHbIX nepekpuimusx. Tlokazano, umo ¢ momenm oopa-
308aHUA CKBO3HOU ()a3bl OCHOBHOU BKAAO 8 GEIUUUHY PA3PAOHO20 HANPAINCEHUS USOTAYUU GHOCUM NAOeHUe
HANPSAHCEHUS. 8 NONONCUMENLHBIX CIIPUMEPAX, KOMOPOe NPSIMO NPONOPYUOHATLHO OUHE IMUX CIPUMEPOS.
Omcioda cnedyem, 4mo 0CHOGHOU NPULUHOU HEOOHOZHAUHO2O0 GUAHUSL BLICOMbL U 83AUMHOL0 PACHONONCEHUSL
COCMABHBIX INIEMEHNO8 ONOPHOU UZ0NAYUU HA ee DNEeKMPUUECKVIO NPOYHOCHb NPU KACKAOHBIX NEPEeKPLIMUAX
AGNACMCA CYUECMBEHHOE PA3Iuiue 8 ONUHe NOJONCUMETLHBIX CMPUMEPHBIX 30H 8 HAUAe CKBO3HOU (asbl.
Ecnu npu evicome epxnezo usonamopa 2,7 M NPOMANCEHHOCHb NOTONCUMETLHBIX CIMPUMEPOB 8 MO MO-
MeHM COnOCMAasumMa ¢ OUHOU CIMPUMEPOB NPU PA3BUMUL PA3PAOA NO YUCIO BO30VULIHBIM MPAEKMOPUAM, MO
npakmudecku 08OUHOE COKPAUJeHUE BbICOMbL BEPXHE20 UONAMOPA CONPOBONHCOAEMCSL PE3KUM YMEHbULEHUEM
OnuHbl cmpumepos. Ilpednodicenvbl Mepbl nO YCMPAHEHUIO HEHCENAMENbHbIX KACKAOHLIX Nepekpuimull u obe-
cneyeHuio Hauboabuel INEeKMpUeckol NPOYHOCMU ONOPHOU UONAYULL.

KnwoueBbie cioBa: ONOPHA:l U30JIAYUAL, KacKkaoHwvle nepeKkpvlmusl, d1eKmpudecKast npoiHocmao,
KOMMymaLﬂ/lOHHbluv UMNY1b6C NONONCUMENbHOU noiApHocmu
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OrnopHble U3OJIAUOHHBIE KOHCTPYKIIUH SIBIISIFOTCSI CO-
CTaBHOW YacThIO OOJIBIIMHCTBA BHJOB AJIEKTPOOOOPYIO-
BaHMsl cBepxBbIcoKoro HampsbkeHus (CBH), k xotopomy
OTHOCSITCS: KOMMYTAIIOHHBIE alaparhl, K3MEpUTEIbHbIC
TpaHC(OPMATOPHI TOKA M HANpsDKCHUS, BEHTHWIIBHBIE pa3-
PSTHUKY ¥ OTPAaHWIHUTENHN IEPEHANPSHKCHNH, KOH/ICHCATO-
PBI CBSI3U, HIMHHBIC OIIOPBHI.

ITpu mpoextuposanuu omnopHoi m3omsmun (OM) oc-
HOBHOE TPeOOBaHUE COCTOUT B 00CCIICYCHUH HAJICKHOM ee
pabotsl B akcrutyaraiyi [ 1]. DddexTnBHON Mepoii peanu-
3aI[M 3TOTO TPEOOBAHUSI SIBISCTCS JIOCTH)KEHHE BHICOKOTO
YPOBHS deKTprueckoil npounoctu OU npu Bo3aeicTBuM
CTaH/IapPTHOTO KOMMYTAIIHOHHOTO UMITYIhca 250/2500 MKc
TIOJIOKUTEJIBHON TIOJSIPHOCTH, TPH KOTOPOM Ta0apHThI
m3omsiuu CBH mpHHUMAOT MHHUMAJIBHO JIOITYyCTHMBIE
3HAYCHUSI.

W3BeCTHBIMU MEpaMH IOBBIIICHUS JJIEKTPUUYECKOU
npounoct OU sBnsitotest [2, 3]:

ocHamenne OW ToponmansbHBIM DKpaHOM, ITO3BOJIS-
IOIIMM BBIPAaBHHUBATh PacIpe/iesIeHUE HarpsHKEHUs BOJb
KOHCTPYKIIHH;

pAacIONOKEHHE JKpaHa Ha ONTHMAJIbHOM YPOBHE OT-
HOCHUTEJIBHO HI)KHEH MOBEpXHOCTH BepxHero ¢uanna OU

C LETIBbI0 MPEJOTBPALICHUS] KaCKaHbIX NEPEKPBHITHH (11e-
PEKPBITHH Ka)KI0T0 3JIEMEHTa KOHCTPYKIUH), popmupyro-
LIMXCS C ATOTO (IIaHIA, YTO CONPOBOXKAACTCS CHIKEHHEM
Pa3psAAHBIX HANPSHKCHUH.

OnHako yKa3aHHBIE MEPbI HE BCETJa MPHUBOIAT K XKe-
nmaeMoMy pesyibTary. CyIiecTByIOT TPH BO3MOXKHBIX THIIA
TPaeKTOPUH Pa3psiIoB, GOPMHUPYIOIIUXCS C SKpaHa:

110 YMCTO BO3IYLIHOMY IYTH: KpaH — 3a3€MJICHHBIN
MTOJJHO>KHUK OITOPHON H30JISILIUN;

[0 YUCTO BO3AYIIHOMY IyTH: KpaH — 3a3eMJICHHas
TIOCKOCTB;

KacKaJIHO (C 9KpaHa Ha HIKHUH (IaHer] BEPXHEro 3Je-
MEHTa U Jajee, MepeKpbIBasi KaXIblil HUKEPACTIONOKEH-
HBII 2JIEMEHT KOJIOHKH ).

[lepBBIM IBYM THIIaM TPAeKTOPUHU Pa3psiiOB COOTBET-
CTByeT HauOoJbIIas MEeKTpHueckas npoyHocTs OU.

OTHOCUTENBHO HEOOJIBIIOE KOJTMYECTBO IKCIIEPUMEH-
TaIbHBIX JAHHBIX CBHUJAETEIBCTBYET O HEOJHO3HAUHOM
BIIMSIHUM KacKaJHBIX IepekpbiThii ¢ skpana (KIID) nHa
anekTpuyeckyto mpodnocts OW. B omumx ciywasx Ta-
KM€ TIEPEKPBITHS COMPOBOXKAAIOTCS 3aMETHBIM CHIKCHH-
eM pa3pAaHoro HampsvkeHus U, a B Apyrux suadenus U
OCTArOTCS Ha BHICOKOM YPOBHE.
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Llens pabothl cocrosiiia B u3yueHuu Biusinus K119 Ha
paspsianble HanpsbkeHuss OU u pazpaboTke Mep 110 ycTpa-
HEHMIO NMEePEKPHITUH, IPUBOASIINX K CHIOKEHHUIO 3IEKTPU-
YEeCKOW IPOYHOCTH N3OSN,

Jns wccnenoBaHWA BBIOMPAMCH OTIOPHBIC H30JIAIHU-
OHHbIE KOHCTPYKLHMU CO CTPOUTEIBHOW BBICOTOM HCTp To-
psnka 4 M u Gojee, YTO COOTBETCTBYET BHEUTHEH M30JIs-
nuu kiacca Hanpsbkenuss He Menee 500 xB. s onenku
BIMSIHUS BBICOTHI 3jeMeHTOB OM M MX B3aUMHOTrO pac-
MOJIOKEHUSI B KOJIOHKE MCIOIB30BAINCh KOHCTPYKIUH C
Pa3HOM CTPOUTEIBHON BBICOTOH N3051TOPOB (puc. 1). s
MPEJOTBPAIIECHUST MOSABICHUS KAaCKaJHBIX MEPEKPBITHH C
BEpXHEro (aHIa KOJIOHKM KOHCTpyKImHu (puc. 1) ocHa-

LIAJIUCh TOPOUJAIIBHBIM IKPAHOM, /ISl KOTOPOTO COITIACHO
[2, 3] oTHOWEHNE TMamMeTpa Topouaa d, K CTPOUTENbHOM
BBICOTE ONOPHOI M30ISILMK /] JIOJKHO OBITH HE MEHEe
0,2. OToMy TpeOOBaHUIO YIOBIETBOPSIIN SKPaHbl 0 1 112 M,
KOTOPBIE HCIOIB30BATINCH B SKCTIEPUMEHTAX.

Pacuetsl, BemmonmHenHsle mo mporpamme AXIAL [4],
MIOKAa3aJI1, YTO JUIS CYIIECTBEHHOTO CHIDKCHUS HAIPSKEH-
HOCTH TI0JIsl HA BepXHeM (pJIaHIIe KOJIOHKH M TpeI0TBpallie-
HUSI KACKAJIHBIX MEPEKPBITHI ¢ ATOro (iaHia skpaH @ 1 M
JIOJDKEH pacrojlaraTbes HUXKe HIKHEH MOBEPXHOCTHU 3TOr0
¢uana Ha 7 cM (puc. 2).

P€3yJ'IBTaTBI OKCIICPUMCEHTAJIbHBIX I/ICCJ'IGI[OBaHI/Iﬁ

TIpeICTaBICHEI B Ta0M. 1.

4,15m

 4,0m

23M

Puc. 1. Dckusbl HCCIEAYEMBIX OIIOPHBIX U30JIALMOHHBIX KOHCprKLII/Iﬁ C IMMOTHOKHHUKOM BBICOTOM 2,3 M

Fig. 1. Sketches of the studied supporting insulation constructions with a 2.3 m high pedestal
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Puc. 2. HauanpHast HanpshkeHHOCTH OIS HA SKpaHe JuamMeTpoM | M n BepxHeM ¢uianiie OM B 3aBUCHMOCTH OT yPOBHS PACIIOIOKEHUS IKpaHa 1o

OTHOIICHUIO K HIDKHEH TIOBEPXHOCTHU BEPXHETO (bJIaHLIa

Fig. 2. The initial field strength on the screen with a diameter of 1 m and the upper flange of the SI, depending on the level of the screen location in

relation to the lower surface of the upper flange
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Tabnuya 1

50%-e (U,) u MUHUMAJILHBIE Up e PA3PSUTHBIE HANPSIZKEHUST OMOPHBIX U30JISIIIMOHHBIX KOHCTPYKIHIA
NPH KOMMYTAHOHHOM nMITyJabce 250/2500 MKce m0J10KUTeIbHOM MOJSIPHOCTH

50% (U,,) and minimum Up

.MHH

at a switching pulse of 250/2500 ps of positive polarity

discharge voltages of the supporting insulation structures

+250/2500 Mxc
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B omanune OT rpo30BBIX BO3AEHCTBUN XapaKTEpHOM
0COOCHHOCTBHIO (DEHOMEHOJIOTHH pa3psiia TPH KOMMYyTa-
IIUOHHBIX UMITYJIbCaX IOJIOKHUTEIHHOMN MOISIPHOCTH SBIIS-
eTcsi 0OTBIION pa3dpoc TPaeKTOPHi INACPHOTO KaHATa CO
3HAYUTENIFHBIM ylaJCHHEM Iepru(epuiHbIX pa3psioB OT
BEPTUKAJIBHOU OCU KOHCTPYKLUUU. FIMEHHO 3TU UMITYJIbCBI
UCTIONB3YIOTCS B JIAOOPATOPHBIX MCCIIEAOBAHUSIX MOJHHUE-
3amuThI [5—7].

Bropass ommmuuTenbHas uyepTa paspsAHOrO Iporecca
COCTOMT B 3aBEPIICHHUH Pa3psijia TOJIHKO Ha (PPOHTE UMITYITb-
CHOTO HampsuKeHHS (TIpeapaspsiHoe BpeMs 17 He IIPeBOCXO-
JWT JUTATENbHOCTH (poHTa 7 [b) [8—11]. IIpu Bo3AElicTBUN
umItynibcoB 250/2500 MKC TOJOKUTENIBHOW TOJNSPHOCTH
JIMJIEPHBIN KaHaJ MPOJBUIAETCS ¢ MOCTOSSHHOM CKOPOCTBIO
1,5 cM/MKC 110 U3BHJIMCTON TPAeKTOPUH MPEUMYIIIECTBEHHO
BJIOJIb CHJIOBBIX JIMHUM TOJIS, TIOABIISAIOIIAS YaCTh KOTOPBIX
pacronaraeTcsi BAAIM OT OCH KOHCTPYKIMH, a MEHbIIAs
9acTh — OMrKe K 9Toi ocu. IMEHHO 3Ta 9acTh TpaeKTopuit
OTBETCTBEHHA 3a MOSBIEHHE KACKAJHBIX HEPEKPBITHHA C
skpana (KI1D) Ha HmkHui duaHer BepXHero u3ostopa u
Jlajiee — Ha HIKHUH (pIIaHel] HIKHETo M30JITopa.

B obmem ciyuae KIID sBnsiercst cieacTBueM cylie-
CTBEHHOTO YCHJICHHS HANpsHKEHHOCTH TOJIA Ha HIKHEM

(hranme BepxHEro sneMenTa £, 710 3HAYCHHUI, 10CTATOY-
HBIX JIIsI OPUEHTUPOBKH TOJIOBKH HUCXOSIIETO JINAEPa K
stoMy (nanny. Yeunenue E 41 OCYIIECTBIACTCA 32 CYET
JEHCTBUS TOJOKUTEIFHOTO 00OBEMHOTO 3apsaa CTpUMeEp-
HOH 30HBI, COCPEIOTOYECHHOT0 Ha ee rpaHuie (puc. 3).

Ipu HEOOIIBIIION BEICOTE BEPXHETO dieMeHTa (puc. 3,a)
B mporuecce ¢opmuposanus KIID mnmmua nmuaepa, mpots-
JKCHHOCTPH €T0 CTPHMEPHOM 30HBI U BEIHYNHA 0OBEMHOTO
3apsiia JOCTUraloT OTHOCHTEJILHO HEOOJIBIINX 3HAYCHUH.
To e camoe OTHOCHUTCsSI K 30HaM pa30bpoca JHIEPHOTO
KaHaia U ero cTpuMepoB. COBOKYITHOCTh ATHX (PaKTOpPOB
MIPUBOJNT K TOMY, YTO KacKaJJHbIE MEPEKPHITUS COCTABIIS-
0T JIMIIh HEOOJBIIYIO YacTh Pa3psIHOro MyTH (B paccMa-
TpHUBaeMOM ciydae 8 %), B TO BpeMs Kak OoJbIlast 4acTb
pa3psaoB (GOpMUPYETCs IO TPACKTOPHSIM KPAH-TIOIHOXK-
HUK ¥ 9KPaH-IUIOCKOCTH (Tabm. 1).

JUis KOHCTpYKIMM pHC. 1,0 Ha4albHOMY MOMEHTY
¢dopmuposanus KIID T i1y COOTBETCTBYET OTHOCHTEIIBHO
HEBBICOKOE HAIpsHKEHUE Ha BBICOKOBOJIBTHOM DJICKTPOAE
Uy ¥ ZUTSL 3aBEPUICHHS paspsizia TpeOyeTcs Takke OT-
HOCHTENIEHO HEOOIBIION MToIbeM Hanpsokenus AU, B Teve-
nue Bpemenn AT|. B pesynbrare pasps/iHOe HalPsKEHHE B
5TOM Clly4ae Upl Oy/1eT MUHUMAJIbHBIM:
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Puc. 3. VnmocTpanius BEpOSTHOCTH BO3HUKHOBEHHUS KACKATHOTO MEPEKPBITHS KOJIOHOK C PA3HOBBICOKUMU U30JIITOPAMH B BEPXHEH 4aCTH KOHCTPYKLIUK

Fig. 3. An illustration of the cascade overlap probability of columns with different-high insulators in the construction’s upper part

Ueney = Yienoy T AU, = U, iy eM HanpspkeHus B Tedenne BpemMenn AT, (AU,) n 3HaueHue
MUHHMMAaJIBHOT'O Pa3psiiHOro HarpsbxeHust U =1230 xB.

a mpenpaspsanoe spems I = T, + AT,. Cornacho I paspan 1P pamH(2)
OTBITHBIM JaHHEM Tab. | U ~ 1120 kB. OYTH JIBYKPaTHOE YBEJIIMYEHHE BBICOTHI BEPXHETO

PKII(1)
CkazanHOe WTIOCTpupyercs puc. 4. [lomaBnsroniyio

JKe YacTh TPACKTOPHI COCTABIAIOT MEepUQepHilHbIe pa3-
pAabl (3KpaH-TIOTHOKHUK M AKPAH-TIFIOCKOCTD), KOTOPBIM
COOTBETCTBYET MHHHMAJBbHOE pa3psAAHOE HalpsDKEHHE

9IIEMEHTa KOHCTPYKIUH (pHc. 1,6) CONMPOBOKIAETCS CyIiie-
CTBEHHBIM W3MEHEHHEM B KapTHHE KaCKaIHOTO MEPEKpPbI-
tus. Ilpexne Bcero, pesko ysenmuuBaercs uucio KIID
(37 %). Kazanoce Obl, 4TO MpPU STOM JOJDKHA CHU3UTHCS

U = 1230 xB. Kak BuaHo u3 puc. 4, B 5ToM cinyuae ¥ HPOYHOCTb KOIOHKH. B 1eHCTBUTEIBHOCTH e 1O CpaB-
p.MuH(2) N :
o 5 V)
HAYAJIbHBIA MOMEHT BpeMeHH (pOPMHUPOBAHHS paspsia o ~ HEHHIO C KOIOHKOI (puc. 1,a) sHadenne 50 %-ro paspsi-
Ty TH SKPaH-TIONHOKHAK T MokeT GbiTh GIM30K K co- ~ HOTO Hampsukenus U, Bospocno u coctasuio 1510 kB,

OTBETCTBYIOLIEMY BPEMEHU (Tm(]))_ OmHako OcCTalabHBIE a MUHHMMAJIbHBIC Pa3psAHbIC HAIPSKCHUS Up_wH OKa3za-

napaMeTpbl 3aMETHO BO3PACTAIOT: BPEMs Pa3BUTH JIWAepa  JIACh NPAKTHYECKH HE3aBUCHMBIMH OT TPAacKTOPHHU IIepe-

AT,or T, ., 30 IOIHOTO 3aBepuIeHUs paspsija T’ s TOMb- KPBITHS (c 9KpaHa ¥ Jajiee YUCTO MO BO3AYIIHOMY ITyTH
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Puc. 4. CTun3oBaHHask OCIIILIOTPAMMa HMITYITbCA HAPSDKEHMS C IIMTENHOCTBIO (PpoHTa 250 MKC ITpH KacKaJHBIX M HEKACKaIHBIX MEPEKPBITHIX
M30JIIHOHHOM KOJIOHKH C BEPXHUM H30JIATOPOM BBICOTOM /1= 1,45 M 1 3kpaHOM @ 1 M

Bepx
Fig. 4. Stylized oscillogram of a voltage impulse with a front duration of 250 us with cascading and non-cascading overlaps of an insulating column
with an upper insulator with a height 7 = 1.45 m and a screen ¢ 1 m
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= 1280 kB) wiu kackaJHO BAONb KOHCTPYKLHHU
(U, e = 1290 B)).

Kax BugHO U3 puc. 3,0, Ipu OTHOCUTEIHLHO OOJBIION
BBICOTE BEPXHEro dJIEMEHTa B IIporecce (pOpMUPOBAHMS
KIID nnuna nuaepa, NpoTSHKEHHOCTh €r0 CTPUMEPOB, Be-
JUYrHa 00BEMHOTO 3apsiaa, 30HBI pa3dpoca JIUACPHOTO
KaHajla ¥ ero CTpUMEpOB JIOCTUTAlOT CYLIECTBEHHO 00JIb-
mux 3Ha4eHnid. COOTBETCTBEHHO BO3pPAcTaeT 4acThb Tpa-
EKTOPHIi, PACIIONIOKEHHBIX OJIMKE K OCH KOHCTPYKIHMHU H,
CJIE/IOBATEIIbHO, YBEIMYMBACTCS BEPOSITHOCTD MOSBICHHMS
KACKAaJIHbIX IIEPEKPBITHH.

Jns moaTBepkKACHUST MPaBOMEPHOCTU MPOBEIEHHOIO
KaQ4YC€CTBCHHOI'O aHaJii3a BBIMOJHUM YIIPOIICHHBIC KOJIN-
YEeCTBEHHBIC OlICHKH. B kimaccuyeckoit padore [12] Obu1o
TMOKa3aHo, YTO JJId HECUMMETPHUYIHBIX BO3AYIIHBIX ITPOME-
KYTKOB JUTMHOM S (11 KOTOPBIX pa3Mephl aHOAA MEHBIIIE
pa3MepoB 3a3eMJICHHOTO IEKTPO/Ia) C CHIIBHON CTENIECHBIO
HEOJAHOPOJHOCTH 3JICKTPUUECKOTO TIONSA HAudlbHble KO-
pOoHHbIe U TudepHble AGNeHUS NPAKMUYECKU He AUAI0OM HA
3HAYEHUe PaspsOHO20 HaANPSHCEHUs. Up. DTOT BaKHEUIITHI
BBIBOJI MCITONIB30BaJICsS 3ateM B [13, 14] mpu pa3paboTke
WHKCHEPHBIX METOOB pacdeTa JIEKTPUUECKOH MpPOIHO-
CTH BHEIIHEN M30JIALNN.

Haubonpmmii mHTEpEC B KapTHHE pa3psIHOTO TIPO-
ecca MpeCTaBIsseT MOMEHT €ro Mepexojga B CKBO3HYIO
asy T, ,, Koraa CTpUMEphI MOTOXKUTEILHOTO JINAEPa 10-
CTHTAIOT TPOTHBOIIOIOKHOTO 3a36MJICHHOTO 3JIEKTPOA.
B 3TOT MOMEHT HampspKeHHE Ha TPOMEXKYTKE MPAKTHUE-
CKHM COBIAJAET ¢ paspsamubM (U, 0> Up), a spemsa T, —
C Ipe/paspsHBIM 3HadeHHeM T, OT0T (haKT MO3BOIMII CO-
CTaBUTh ypaBHEHHE OaslaHca HANPSHKEHUH B MOMEHT Tiepe-
XOJla paspsjia B CKBO3HYI0 dasy [12]:

(Up.MI/lH

U,=E,L, +E.L

C

=E-L)+E.L,, (1)

e £ w E_ — cpefHss HaNpsOKEHHOCTD DIIEKTPHYECKO-
TO TIONIS B KaHaJle JIMIEpPa U €TO CTPUMEPHOMN 30He; L W
L, — nivHa TUIEPHOTO KaHaa | €ro CTPUMEPHOH 30HBI B
Havaje CKBO3HOU (a3bl.

CornmacHo Tabnm. 1 anst KoHCTpyKumu puc. l,a npu
KaCKaHbIX IEPEKPHITUSIX MHHHMAIbHOE DPaspsIHOE Ha-
HpsDKEHUE UPAMHHU) = 1120 xB. B nepBom npubmmxeHnn
MOXXHO HE YYMTBIBATh BCTPEUHYIO OTPHUIATEIBHYIO CO-
CTaBJISIOLICH CTPUMEPHO 30HBI B HavYajIe CKBO3HOH (Da3bl.
Tornaa, ncrnonb3ys (1), olleHUM MPOTSHKEHHOCTD JIUEpa 1
€ro TI0JIOKHUTEITLHON CTPUMEPHON 30HBI B MOMEHT 00pazo-
BaHMS CKBO3HOM (ha3bl.

ITo nanubeM [12—-14] cpenHss HaNPSXKEHHOCTH MOJMS B
MTOJIOKUTENBHBIX CTPUMEPAX OCTAeTCs HEM3MEHHOH U co-
crapiser £, = 4,5 kB/cM, a cpennne rpaJMenTsl Hamps-
JKEHUSI B JIMIEPHOM KaHaJle 3a4at0TCsl BhIpaskeHueM [14]:

4,5

= m (KB/CM, CM). (2)

J
Jlnnia KackaHOTO paspsizia S COCTOMT M3 JBYX OTpe3-
k0B (puc. 5,a): S, amuHoi 124,6 cM (UIMHA TpOMEXyTKa
9KpaH @ 1| M — HWKHHI (DIaHel BEpXHEro M30JisiTopa) U
S, niHoM 254 cM (BBICOTa HHUIKHETO M30JIATOpa Oe3 yueTa
BEICOTHI ero (hranteB). OOmas ATiHa KacKaHOTO pa3psaa
Sp = 378,6 cm. Ilpu Takom Sp ypaBHEeHHE OanaHca Hampsi-
YKEHUH TIPUMET BUJL:

4,5

gl T =

Up.Mm-l(l) =

4,5 @)

=W(378,6—LC+)+4,5 LCJr =1120 xB.

Pesynprars! pemenns (3) mpencTaBieHsl B Ta0M. 2.

[IpoBeneM aHaIOrWYHBIE PACYETHI JJISI TOW K€ KOH-
CTPYKLUH (hmX = 1,45 M, 3kpaH ¢ 1 M) Ipu TpaeKTOpUH
paspsizia SKpaH-TIOTHOKHUK (Sp =400 cm). B aTtom ciyuae
MHHHMAJIBHOC Pa3psiHOe Hanpskenne U .- COCTaBIIs-
et 1230 kB (cm. Tabm. 1 u puc. 1,a).

Hpu § =400 cm ypasHeHue OanaHca HanpsDKEHNH 3a-
MTUIIETCs] KaK

45
UpMuH(Z) = WLH +4?5Lc+ =
4,5 @)
:W(4OO—LC+)+4,5 LC+ =1230 xB.
+0, ’

Pesynsrarst pacderos 1o (4) mpencTaBieHs! B Ta0I. 3.

U3 Tabm. 2 1 3 BUOHO, 9TO B O0OWX CITydasX IaJcHHE
HarnpsHKeHHs B KaHanax nujaepa AU, GiIU3Ky H CyIeCTBEH-
HO MEHbIIE MAJCHUS HAMpPSKEHUS B CTPUMEPHOH 30HE
AU_,. Tlostomy AU_, BHOCUT OCHOBHOM BKJIA/] B BETMYHHY
pa3psAAHOTO HampspKeHusl. Hampumep, comTacHO JaHHBIM
Tabn. 2 U 3 [UIMHA CTPUMEPHOW 30HBI B Hadaje CKBO3HOM
¢aspl AU, mpu TpaekTOpHH paspsjia SKpaH-NOTHOXK-
HUK cocTaBysieT 217 cm, uto Ha 25,1 cM Oosbiiie, YeM MpH
KaCKaJHbIX TIEPEKPHITHSIX. TakuM 00pazoM, TPy MaJlol BbI-
COTE BEPXHETO IEMEHTAa NMEETCS SIBHAsI 3aBUCUMOCTD pa3-
PSTHOTO HAMNPSIKEHUS] KOHCTPYKIUK OT TUIA MEPEKPBITHS.

Tabnuya 2

Pe3yJ'l]>TaTl>l pacueTa JJJUHbI JIUJAepa U €ro CTpl/IMepHOﬁ 30HBbI B HAYAJIe CKBO3HOM (l)a3l>l

NpPH KACKAXHOM NePeKPITHH KoHCTpYKumu (puc 1,4) ¢ U,

=1120 xB

.MuH(1)

The results of calculating the length of the leader and its streamer zone at the beginning

of the through phase with cascading overlap of the structure (Fig. 1,a) with U,

iy = 1120 KV

L,cm E , xB/em AU, xB

L, cm

AU, B (L+L_), em U kB

pvmn(l)

186,7 1,37 256

191,9 864

378,6 1120
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Puc. 5. K onpenenennto JUIMHBI KaCKaIHOTO paspsijia Sp

Fig. 5. To determine the length of the cascade discharge S,

Tabauya 3

Pe3yJ'leaTl)I pacueTra JJUHbI JU/JIepa U €ro CTpI/IMepHOﬁ 30HbI B HAYaJie CKBO3HOM (l)a3l:l MpHU NePEKPLITUA

KOHCTPYKUMH (pHc 1,4) N0 TPAEKTOPHH SIKPAH-TIONHOKHHUK ¢ U

=1230 kB

.MHH(2)

The results of calculating the length of the leader and his streamer zone at the beginning of the through phase

when the structure is overlapped (Fig. 1,a) along the trajectory of the screen-footboard with a U =1230 kV
p-mun(2)
L,cm E , xB/em AU, xB L, cm AU, xB (L+L_ ), cm UF_M““(Z), kB
183 1,39 254 976 400 1230

[IpoBenem moOmOOHBIN aHAIM3 B3aMMOCBS3U JIMHEH-
HBIX TTapaMeTPOB KAaCKaJHOTO pa3psaa B Hadyaje CKBO3HOM
¢ha3pl ¢ MUHUMAJIBHOW BETMUMHON Pa3psiTHOTO HarpsKe-
HUSI KOJIOHKU (UP'MHH(I) = 1290 kB) ¢ BepxHUM U30JIATOPOM
BBICOTOH 2,7 M 1 5kpaHoM ¢ | M (Tabi. 1 u puc. 1,0).

JlnuHa KacKaHOTO paspsana S COCTOMT U3 JBYX OTpe3-
KoB (pHuc. 5,0): S, mmuHOM 248,3 cM (JUIMHA TIPOMEXyTKa
9KpaH @ 1| M — HWKHHI (IaHell BEpXHEro M30JsiTopa) 1
S, nmHO#H 129 cM (BbICOTa HIKHETO M30IATOpa Oe3 yduera
BBICOTHI ero (uranier). OOIas 1IMHa KaCKaHOTO pa3psiaa
Sp =377,3 cM. [l paccMaTpUBaEMOro Cirydasi ClpaBeiIu-
BO ypaBHEHHE OallaHCca HaNpsDKEHUH

4,5

UpAMym(l) = W(BTLS - Lc+) +4, 5Lc+ =1290 xB. (5)

Pesynbrarsl pacueTos 1o (5) npuBeeHbI B Ta0M. 4.

J1st TOR ke KOHCTPYKLMM NpU TPACKTOPUM paspsiaa
JKpaH-II0JHOKHUK (Sp =400 cM) MUHUMaJIBHOE pa3psiiHOE
Hanpsokerne U o= 1280 xB (tab6mn. 1 u puc. 1,0).

[pu Sp =400 cm ypaBHeHHe OajlaHCca HaNPSDKCHUH 3a-
MUIIETCS:

4,5

W(4OO—LC+)+4,5 L., =1280 xB. (6)
+0, ’

p-MuH(2) =

Pesymprars! pacyeTos 1o (6) IpuBEIEHBI B Ta0II. 5.

W3 nanHbBIX Tabn. 4 u 5 BUIHO, YTO B 000OMX CITydasix
OMU3KMM 3HAYCHHSIM PaspsHbIX Hanpsokenuid (U~
= Up,MuH(z>) COOTBETCTBYIOT ONM3KHE IIHHBI CTPUMEPHBIX
30H L, B Hadane CKBO3HOW (aspl. OTCroma CIEyeT, 9To
YBEIMUCHUE BBICOTHI BEPXHEIO M30JIITOPA CIHOCOOCTBYET
pPOCTY 2/EKTPHUUECKON MPOYHOCTH H3O0JSILIUOHHOM KOJIOH-
KA U TIPaKTUYECKOMY OTCYTCTBHIO BIMSHHS THIIA Iepe-
KPBITHSL Ha BEITMUMHY Pa3psIHOTO HAINPSKEHUSL.

Ha puc. 6 u 7 mpuBeaeHo rpaduueckoe MpeacTaBICHIe
Marepuaia Tadi. 2—5 B BUJIC 3aBUCUMOCTCH MUHIMAJIbHO-
IO pa3psiIHOrO HampsKEHUs! Up.MuH U MUHUMAJIbHOM pa3-
PAAHOM HaNpSKEHHOCTH IO JUIMHE TPaeKTOpuil paspsija
E |, OT OTHOLICHHS JUIMHBI CTPUMEPHON 30HBI B HadaIe
CKBO3HOH (asbl L, K JUIMHE Pa3psIHOTO My TH Sp =L +L..

U3 puc. 6 u 7 BUAHO, YTO NaHHBIE Ta0a. 2—5 XOpOIIO
OTHCHIBAIOTCS SMITUPUIECCKIMHU BBIPAKCHUSAMU:

L L
U, v =—5050+20844 <= —17108| =<~ | ;  (7)

p-MUH S S

p p

L L.\
E . =197+0,562 =t +2,74| = (8)
P-MHH S
P p
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Tabnuya 4
PesynbTarhsl pacdera JUIMHBI JIMIePa H €ero CTPHUMEPHOIi 30HBI B Ha4aJle CKBO3HOI ¢a3bl
NPH KACKAJHOM IePeKPbITHH KOHCTPYKuuu (puc 1,0) ¢ Upmﬂ(l) =1290 xB
The results of calculating the length of the leader and its streamer zone at the beginning
of the through phase with cascade overlap of the structure (Fig. 1, 6) with the Upm“(l) =1290 kV
L,cm E , xB/em AU, xB L, cm AU, xB (L +L_ ), cm Up_mmm, kB
1389 1,56 217 238,4 1073 3773 1290
Tabruya 5
Pe3yabTaThl pacyeTa AJIMHBI JIHepPa U ero CTPUMEPHOIi 30HbI B Ha4aJie CKBO3HOI ¢a3bl
NPH NePeKPhITHN KOHCTPYKIUHU (puc 1,0) 10 TpaeKTOPUH 3KPAH-NIOTHOKHHK C U ey = 1280 xB

The results of calculating the length of the leader and his streamer zone at the beginning of the through phase

when the structure is overlapped (Fig. 1,0) along the trajectory of the screen-footboard with the U =1280 kV
p-Muu(2)
L,cm E , xB/em AU, xB L, cm AU, xB (L +L_ ), cm Up_w"(z), kB
169,6 1,43 243 230,4 1037 400 1280

Kpusble puc. 6 1 7 1O3BOJISIOT OLIEHUBATH JIEKTpUYE-
CKYIO ITPOYHOCTB OMOPHOM M30JIAIIUH C 3KpaHOM @ | M mpu
Pa3HBIX COOTHOIIIEHHSIX BRICOTHI BEPXHETO W HIKHETO dJIe-
MEHTOB KOJIOHKH. B yacTHOCTH, IpeACTaBIsIeT HHTEepeC Ba-
PHaHT KOHCTPYKIMH CTPOUTENBHOI BBICOTOM H = 415 cwm,
COCTOSIIEH U3 ABYX H30ISITOPOB OJUHAKOBON CTPOUTEIb-
HOH BBICOTHI H =H = 207,5 cm (9kpaH nua-

ctp(Bepx) cTp(HH3)
MeTpoM 1 Mm).

B paccmarpuBaeMoM ciydae AJTHMHA KaCKaIHOTO pa3psi-
na Sp COCTOUT U3 IByX OTPE3KOB: S \ JuiHOH 186,3 eM (u-
Ha MPOMEXYTKa 9KpaH @ | M — HIKHUN (1aHel BepXHEero
uzonaTopa) u S, nmmHok 191,5 cM (BBICOTa HIKHETO M30-
nsitopa 0e3 yuera BBICOTHI ero ¢uianieB). OOmiast uinHa
KackagHoro paspsamga S =377,8 cm.

p

[Mockonbky ornomenne U /E =S, To npu usz-
P-MHH ~ p.MHH p

BECTHOM Sp = 377,8 cm, pasaenus (7) Ha (8), momydum

MuHnManeHOE pa3psaIHOE
Hanpsokenue U . kB
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0,45 0,5 0,55 0,6 0,65

OTHOWICHHE JTHHBI CTPIMEPHOH 30HBI K JUTHHE
TPACKTOPUH pa3psaa Lﬁ/Sp, o0.e¢.

¢ OnbiT Pacuet

Puc. 6. 3aBHUCHMOCT, MUHUMAIIBHOTO PA3PSIHOTO HAIPSDKEHHS H3071s-
IIMOHHBIX KOHCTPYKIMH 110 pHC. | OT OTHONICHHS JJIMHBI CTPUMEPHOI
30HBI B HauaJie CKBO3HOM (pa3bl K JUIMHE Pa3psAHOTO MyTH

Fig. 6. The dependence of the minimum discharge voltage of insulation
constructions according to Fig. 1 on the ratio of the length of the streamer
zone at the beginning of the final jump to the length of the discharge path

3HAYCHHE OTHOLICHUsSI [UIMHBI CTPUMEPHON 30HBI K JJIHHE
Pa3psAHOTO MyTH LC+/Sp ~0,631.

B aToM cityyae ypaBHeHHE OalaHca HaMpsHKCHUH Mpu-
MET BUI!

Uy = E,0,3695, +4,5-0,6318, =

p-MUH
4,5 )
- : 0,65 139’4+4y5238,4:1291KB
1+0,076-139,4>

Pesysbrarsl pacuetos o (9) npuseneHs! B Ta0II. 6.

Takum 00pazoM, HCIIOTH30BAHUE B KOHCTPYKIIUH OJTH-
HAKOBBIX U30JISITOPOB CO CTPOUTEIHHOU BBICOTOM HCTp =2M
TI03BOJISIET TTOJIYYHTh HAHOOJBIIYIO AIIEKTPHUYECKYIO ITPOY-
HOCTb OIOPHOW KOJIOHKU. B TO k€ BpeMsl KOHCTPYKLHH,
COCTaBJICHHBIE W3 M30JISITOPOB OTHOCUTEIBHO HEOOJIBIION
BBICOTHI, 00JTaaf0T 3aMETHO MEHBIIUMH MUHUMATHHBIMHI

MuHnManbpHas pazpsaHas
HAMPSDKCHHOCTD Ep kB/cMm

3,5
3,4
33 §
=
3,1 £
3£
2,9
0,45 0,5 0,55 0,6 0,65

OTHOUICHNE ITUHBI CTPUMEPHOU 30HBI K JITHHE
TPACKTOPHH pa3psiaa LC+/SP, o.¢e.

MuH’

¢ OnbiT ==PacyeT

Puc. 7. 3aBHCHMOCTE MUHIMATBHOH Pa3psAHON HAMPSIKEHHOCTH H30-
JISIHOHHBIX KOHCTPYKIUH (prc. 1) OT OTHOIIEGHHS JIMHBI CTPUMEPHOM
30HBI B Hayasie CKBO3HOM (a3bl K JUTMHE pa3psIHOTO MyTH

Fig. 7 The dependence of the minimum discharge strength of insulation
constructions (Fig. 1) on the ratio of the length of the streamer zone at
the beginning of the finale jump to the length of the discharge path
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Tabruya 6

PesynbTaThl pacdeTa JUIMHBI JIMJIePa H ero CTPHUMEPHOIi 30HBI B Ha4aJie CKBO3HOI ¢a3bl
IPH KACKATHOM NePeKPbITHH KOHCTPYKIHHU U3 IBYX H30/IITOPOB OAMHAKOBOH H

The results of calculating the length of the leader and its streamer zone at the beginning
of the through phase with cascading overlap of a structure of two insulators of the same height Hm_p

L,cm E , xB/em AU, xB L, cm AU, xB (L +L.), cm U ay kB

p-MuH

139,4 1,56 218 238,4 1073 3778 1291

Pa3psiAHBIME HalpspKeHUsIMH. Tak, COINIACHO ONBITHBIM — YCHHBIC NIPH HUCCIIEIOBAaHUHM KOHCTPYKLHUH ¢ H30JIATOPaMH
JITAHHBIM JIJIsI KOJIOHKH € 9KPaHOM @ 1 M, COCTABJIEHHOW U3 ~ OTHOCHTEIHbHO OoipmIoil (puc. 8) u Hebombmoi (puc. 9)
YeTHIPEX U30JIATOPOB CO CTPOUTENILHOM BBICOTOM Ka)KAbI  BBICOTHI.

Hcrp(l-4) =130 cM, OIBITHOE 3HAUCHHE Up oy OKA3ATTOCH PaB- W3 puc. 8 BMAHO, 4TO NpH paspse ¢ SKpaHa Ha MOJ-
HbiM 1150 kB. HOMXHUK M IIPY KACKaJHOM IIEPEKPBITUN KOJIOHKH C PaBHO-

B sTOM cityyae /MHA KaCKaIHOTO paspsaaa S, cOCTOMT — BBICOKHMH H30JL1TOpaMu OOIBILION BBICOTHI CTPUMEPHBIE
13 YEThIPEX OTPE3KOB: S1 =118,9 cm (mmHA TPOMEXKYTKA 30HBI MMEIOT JIOBOJILHO OOJIBIIYIO IMPOTSHKEHHOCTh, YTO
JKpaH o 1 M — HWXKHUU (l)ﬂaHeu BEPXHETO I/I30J‘[§ITOpa) u 00EeCIIEeYMBAET BBICOKHE 3HAYECHUS paspsaHOro Harmps-
TpeX OTPe3KoB S, = 114 cM KaKpIi (M30IA1MOHHAS 9aCTh kenust. IIpudem BO BTOpoM cilydae IJIMHA CTPHMEPOB
OCTaJIbHBIX TPEX M30IATOPOB — UTOTO S, = 342 cm). Jlnimaa ~ OKasajach Goublie, YeM TPH Pa3psi/ie YHCTO IO BO3YXY.
paspsiHoro myt S = 460,9 cm. [Ipu TakoM S ypaBHEeHHE B pesymbrarte npu KacKaJHbIX HEPEKPBITHAX PaspsIHOE

GaaHca HANPSOKCHHIT IPHMET BU: HaTIpsDKEHUE OKa3bIBaeTCsl HECKOMBKO BhImIe (1640 mpoTus
1580 kB).
Up.MuH(l) = En Ln +Ec+ Lc+ = Pe3koe cokpailieHre BBICOTBI M30JATOPOB MPUBOAUT K

= E,(460,9—~L_)+4,5L,. =1150 kB. (10) CYIIECTBEHHOMY H3MEHEHHMIO (DEHOMEHOJOTHH paspsia.

[Tpu paspsize ¢ 9kpaHa Ha HOAHOKHUK Pa3psiTHOE HAIPs-

Pesymprarer pacdaeros 1o (10) mpuBeaeHs! B Ta0mI. 7. xeHue cocranigeT 1450 kB, a yinHa cTpUMEpHOIT 30HBI B

B xadecTBe MITIOCTpAlUK PACUETHBIX JAHHBIX Ta0NL. 6  Hayasie CKBO3HOM (ha3bl MPEBHIMIACT TOJOBHHY Pa3psAHOTO

n 7 Ha puc. 8§ 1 9 mpencTaBIeHBI MIEKTPOHHO-ONTHYECKHE  ITYTH S, = 470 c™ (puc. 9,a). B pesynbrare pemeHus ypas-

pasBepTKU paspsAHOrO Mmpoiiecca (I0MOrpaMMbl), MOMy- — HEHHs OanaHca HampsHKEHWH JUTMHA CTPUMEPHOM 30HBI
Tabnuya 7
Pe3ysbrarhl pacuera JNIMHBI JIMJEPA €10 CTPUMEPHOIi 30HbI B HaYaJie CKBO3HOIi (ha3bl
NPH KACKAJHOM IePEeKPbITUM KOHCTPYKIUH U3 YeThIpeX U30/1TOPOB ¢ HCTp =1,3 M, UP.M"H(I) =1150 xB
The results of calculating the length of the leader and its streamer zone at the beginning of the through phase with
structure cascading overlap of four insulators with the H =13 m, U =1150 kV
cTp p-mun(1)
L,cm E , xB/em AU, xB L, cm AU_, kB (L +L.,), cm Up_M““(z), kB
275.,4 1,144 3153 185,5 834,7 460,9 1150

JIunep

JIunep .
4.8 M + CrprMepsl I 3

il

+ Crpumepsl

!

CKB.(

a) Up:1580 kB 0) Up: 1640 xB

Puc. 8. Ctunu3oBaHHOE IPE/ICTABICHUE OMIOPHON M3OJISLUM C M30JIATOPaMH OOJBIION BBICOTHI C TPACKTOPHUEH pa3psia SKpaH-NOAHOKHUK (a) U
KackKaJ[HO ¢ 9KpaHa (0) ¥ EKTPOHHO-ONTHYECKHE Pa3BEPTKHU pa3psia MpH KOMMYTAaIOHHOM HMITyibce 250/2500 MKC MOIOKHUTEIbHON HONISIPHOCTH

Fig. 8. A stylized representation of the support insulation with big hight insulators with a screen-pedistal discharge trajectory (@) and cascaded from
the screen (6) and electron-optical scans of the discharge at a switching pulse of 250/2500 microseconds of positive polarity
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o—=—

47 M Jlpep

+ Crpumepsl

a) U = 1450 kB

51mM

6) U = 1150 B

Puc. 9. CTuin3oBaHHOE IPE/ICTABICHUE OMOPHON M30MIAIMU C H30JIATOpaMH HEOOIBIION BBICOTHI C TPAeKTOpHEil pa3psiia SKpaH-TIOAHOXKHUK (a) U
KacKaJ[HO ¢ 9KpaHa () 1 SJIEKTPOHHO-ONTHYECKNE Pa3BEPTKH pa3psiia MPH KOMMYTAIMOHHOM uMITyibee 250/2500 MKC TTOT0KNTENBHON OTAPHOCTH

Fig. 9. Stylized representation of the support insulation with insulators of small height with a discharge path of the shield-footboard («) and cascaded
from the screen (6) and electron-optical scans of the discharge at a switching pulse of 250/2500 microseconds of positive polarity

B Hayajle CKBO3HOHU (haswl L, okasamach paBHOH 262 cm
(L./S,= 0,565 ).

[Tpu xackaTHOM MEPEKPBHITHH KAKI0TO U30JIATOPA TIPO-
TSDKEHHOCTh CTPUMEPOB OKa3bIBAETCSI MEHEE MOJIOBHHBI
BBICOTHI H3OJISIIMOHHON YacTH TEPEeKPHIBAEMBIX H30JIs-
TOpoB. IlepekprITHe BEPXHETO M Ka)IbIX HIKE PaCIoo-
JKCHHBIX JJIEMEHTOB COITPOBOXKAACTCS SIPKOHM BCIIBIIIKON
JUICPHBIX KaHAIOB M yBEIMYCHUEM [UTHHBI CTPUMEPHOM
30HHI (puc. 9,0). U3 Tabmn. 7 BUIHO, YTO B 3TOM CiIydae Ipu
JUIMHE Pa3psHOrO MyTH Sp = 460,9 cM TpPOTSHKEHHOCTH
CTpuMepHO# 30HbI L, = 185,5 cm (LH/Sp = O,4Sp), a pas-
PSATHOE HAMPSIKEHHE UpwH = 1150 kB, 4TO MHOTO MEHBIIIE,
4eM JUIsl KOHCTPYKIIMH T10 pHC. 9,a.

s koHCTpYKIWiA (prc. 1) ¢ pa3HOBBICOKUMHE BEPXHH-
MU M30JISITOPaMH YBETMUEHUE TUaMeTpa d3Kpana ¢ 1 10 2 m
MIPUBOJIUT K MOJHOMY YCTPaHEHHIO KaCKaJHbIX MEpeKpbl-
tuit (tabm. 1). Ilpu sTom HaOmIOmaeTcs HEOOBIIOE YBe-
mnaeHne kak 50 %-ro, Tak 1 MUHUMAJIBHOTO Pa3psIHOTO
HaTPSKCHUS.

BoiBoabl. [lpu BO3A€ICTBUM CTaHIAPTHOIO KOMMY-
TalMOHHOTO uMIyiabca 250/2500 MKC MOJIOKUTEIBHOMN
MOJISIPHOCTH  HAMOONBINAs AIEKTPUYECKas TPOYHOCTH
SKpaHUPOBAHHON OMOPHOMN M30JIALIMK CBEPXBBICOKOTO Ha-
NpshKEHHs 00ecnednBaeTcs Mpy GopMHPOBaHUH JINAECPHO-
TO paspszia 1Mo YUCTO BO3AYIITHOMY ITyTH: SKpPaH-TTOTHOXK-
HUK WM 9KPaH-TIIOCKOCTh. B 3TOM ciiydae mpoTsyKeHHOCTh
MIOJIOKUTEJILHBIX CTPUMEPOB B Havaje CKBO3HOH (pasbl n
MaJICHUE HATIPSHKEHUS Ha Hel, a CIIeIOBATEIIEHO U BETIHYH-
Ha Pa3psIHOTrO HANPSHKEHHs, JOCTUIAIOT CBOMX HAauOOJIb-
IUX 3HAYCHUH.

[pu xackamHBIX MIEPEKPBITUAX C PKPAHA 10 AIIEMEHTaM
OTIOPHOM M30JISIIUY €€ SJIEKTPUIECKask IPOYHOCTH 3aBUCUT
OT BBICOTHI M B3aMMHOT'O PACIIOJIOKEHHUSI COCTABIISIONINX
ee m30mATOpoB. KackamgHpie MepeKpBITHS HU30IAIIHOHHBIX
KOHCTPYKIHHA, COCTOSIIIUX W3 OJMHAKOBBIX H30JIATOPOB
OTHOCHUTEJIBHO HEOOJBUION BBICOTHI, CONPOBOXKIAIOTCS
PE3KHM CHIDKCHHEM pPa3psAIHBIX HANpsHKCHUH. AHao-
THYHOE 3aKIIOYCHHE CIIPABEINBO U JJISI Pa3HOBBICOKUX

JJIEMCHTOB KOJIOHKH IPH HEOOJBINOW BBICOTEC BEPXHETO
u3onsitopa. HU3kuM 3HaYeHUSIM pa3psiIHOTO HAIPSHKEHUS
COOTBETCTBYCT U OTHOCHUTEIBHO HEOOJBIIAS JJTUHA TIOJIO-
JKUTEJBHOM CTPUMEPHOI 30HBI B Ha4aJIe CKBO3HOU (ha3bl.
ITouTu ByKpaTHOE yBEIHMUEHUE BEICOTHI BEPXHETO dJIe-
MEHTa MPHUBOIUT K 3aMETHOMY POCTY Pa3psIHBIX HAMps-
JKEHUH MPU KaCKaJHBIX MEPEKPBITUSX U MPAKTHUECKOMY
UX PaBEHCTBY Pa3psiIHbIM HANpPsKEHUSIM, COOTBETCTBYIO-
LIUM TPAEKTOPHUSIM Pa3psjia Mo YKUCTO BO3IYIIHOMY ITYTH.
Jlist oOecrieueHUsT BBICOKOU AJICKTPHYCCKON MTPOYHOCTH
OMOpHOM m30mALuK Kiacca HanpsbkeHus 500 kB u Bbie
LIEJIECOO0Pa3HO UCIIOIB30BaTh OIUHAKOBBIC H30JIATOPEI
CTPOUTEINILHOW BBICOTOM mopsiaka 2 M u 6onee. CoBpemMeH-
HBI YPOBEHb TEXHOJIOTHH TO3BOJISICT M3TOTABIMBATE (hap-
(OpoBBIC U TIOIMMEPHBIC HM30JISTOPHI TAKOH BBICOTHI 0Oe3
0C00BIX 3aTpyaHeHui. [Ipy 3TOM OTHOIIICHUE JHamMeTpa To-
POMIATILHOTO DKPaHa K CTPOMTENLHOH BBICOTE KOJIOHKH @/
HCTlD IOIDKHO OBITH He MeHee 0,25. B cinydae HeoOXomumocTa
MIPUMEHEHHSI Pa3HOBBICOKUX H3O0JSITOPOB BBHICOTA HUYKHETO
ANIEMEHTa JOJDKHA OBITh He MeHee 1,5 M. J[BoitHoe yBenu-
YEHHE OTHOLICHUS gs/HCTp CIOCOOCTBYET TIOJIHOMY YCTpaHe-
HUFO KaCKaIHBIX ICPEKPBITUH U TOCTIKCHHUIO HANOOIBIICH
ANEKTPHUYCCKON TIPOTHOCTH OTIOPHOH U30JISIIIUH.
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Assessment of the Effect the Height and Relative Position
of Support Insulation Components Have on the Insulation

Electrical Strength

KORYAVIN Aleksey R. (A/l-Russian Electrotechnical Institute — Branch of FSUE "RFNC-VNIITF named after
academ. E.I. Zababakhin”, Moscow, Russia) — Chief Scientific Officer, Dr: Sci. (Eng.).

VOLKOVA Ol'ga V. (All-Russian Electrotechnical Institute — Branch of FSUE "RFNC-VNIITF named after
academ. E.I. Zababakhin”, Moscow, Russia) — Leading Researcher, Cand. Sci. (Eng.).

The article presents the results from studies of the effect the height and relative position of extra high voltage
class support insulation components have on the insulation electrical strength when subjected to positive
polarity switching impulses, at which the insulation minimum permissible overall dimensions are determined.
1t is shown that the highest values of the insulation flashover voltage are achieved when a leader discharge
develops along purely air trajectories: screen--pedestal or screen-- plane. A similar result is obtained in the
case of cascade flashovers from the screen over the column elements if the upper insulator structural height
is significantly larger than that of the lower one. The reverse mutual arrangement of these insulators leads to
a significant drop in the insulation flashover voltage during cascade flashovers. It is shown that at the final
Jjump onset moment, the main contribution to the insulation flashover voltage value is introduced by the voltage
drop across positive streamers, which is directly proportional to the length of these streamers. Hence it follows
that the ambiguous effect of the height and mutual arrangement of the support insulation components on the
insulation electrical strength during cascade flashovers is mainly due a significant difference in the lengths
of the positive streamer zones at the final jump onset. With the upper insulator height equal to 2.7 m, the
length of positive streamers at this moment is commensurable with the length of streamers when the flashover
develops along purely air trajectories, whereas decreasing the upper insulator height by almost a half entails a
significant decrease in the streamer lengths. Measures to eliminate undesirable cascade flashovers and ensure
the highest electrical strength of support insulation are proposed.

Key words: support insulation, cascade flashovers, electrical strength, positive polarity switching
impulse
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