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PE3YJIBTATBI YUCJIIEHHOI'O MOJEJIUPOBAHUSA
PACHIPEAEJIEHUSA HAITPS)KEHHOCTHU SJIEKTPHYECKOI'O
HOJIA ITO MTIOBEPXHOCTHU CTEPKHEBOI'O
MOJIHUEITPEMHHUKA

VY crarTi npenacTaBiieHi pe3ybTaTi YUCEIbHOTO MOJIEITIOBAHHS PO3IO/LUTY HANPY)KEHOCTI EJIEKTPUYHOTO
MoJIsl IO TIOBEpPXHi OJIMCKaBKOIpUiiMaya 3aJeXHO Bin pi3HUX (opM cTepkHs. Po3risHyTi crepkHeBi
OcKaBKONpHIIMAYi, B IIepepisi AKUX KPYT KBajpat i nmpaBmwibHUil mecTukyTHHK. CopMynboBaHa Ii-
0Te3a o HepeBary OIMCKaBKONpUiMaya KBaJpaTHOTO Mepepizy.

In the article the results of numeral design of distribution of the electric-field tension are presented for
the lightning terminal surface on the different forms of bar. The lightning terminal is considered, in the
section of which circle, square and hexagon. A hypothesis is set forth about advantage of lightning ter-
minal of square section.

B cratee mpezncTaBieHbI pe3yIbTaThl UHCIEHHOTO MOJIEIHPOBAHMS PAcCIpe/e]eHUs] HAIpsKEHHOCTU
9NIEKTPUYECKOTO MOJIS TI0 HOBEPXHOCTH MOJTHHENIPUEMHUKA B 3aBUCHMOCTH OT PAa3IUIHBIX HOPM CTEpXK-
Hsl. PaccMOTpeHBI cTep)KHEBBIC MOJHHCTIPHEMHUKH, B CEUEHHH KOTOPBIX KPYT, KBaJpaT M IPaBHIbHEIN
nrectiyroyibHUK. ChopMynrpoBaHa IUIIOTE3a O MPEHMYLLECTBE MOJHUEIPHEMHHKA KBaPAaTHOTO ceye-
HHSL

Beegenne. OCHOBOI cHCTEM MOJHHUE3AIIMUTHI 3AAHUNA U COOPYKEHHUU OT Mpsi-
MBIX TONAJAaHUH MOJHUU SIBISIOTCS METAIIMIECKUE KOHCTPYKIMH B BUJE CTEPXK-
HEBBIX, TPOCOBBIX U CETOUHBIX MOJIHUETIPHEMHUKOB. PekoMeHIanmu mo ycTpoucT-
BY TaKUX CHCTEM U OLIEHKE MX 3alllUTHBIX CBOWCTB cozaepkaTcsd B cTaHmapre Mex-
IyHapoIHOH anekTporexHudeckoit komuccuu IEC 62305-3: 2006 [1]. B oTmmune
OT YNOMSHYTHIX BBIIIE CHCTEM, KOTOPBIE YCIOBHO MOXHO Ha3BaTh «IIACCHBHBIMUY,
B MHpE NPEINPUHUMAIOTCS HACTONUYMBBIE MONBITKUM CO3MAHUS «aKTHBHBIX» YCT-
POMCTB, 00ECIICUMBAIONINX CYIIECTBEHHOE YBEIMYEHHE pPa3MepoOB 30HBI 3alIlIWTHI,
10 CPAaBHEHHUIO C 30HOM 3aIIMTHI KJIACCHYECKOTO MOJIHMENpreMHuKa PpaHKIMHA
(FLR). K umciy Takmx ycTpoiCTB OTHOCSTCA, Tak Ha3piBaeMmble «Early streamer
emission air terminals» (ESE), koTopble obecrieunBaroT 6onee ObICTpoe MO CpaBHE-
nuto ¢ FLR co3manme BCTpeyHOro cTprMepa, CIIOCOOCTBYIOIIETO MepexBaTy MoJ-
Huu. [lexnapupyeMslil paguyc 3amuTel ESE MOTHHEIPHEMHUKOB NPONOPLHUOHAIEH
BpPEMEHH ONEepexeHus.. MeToauKa ONpeNeiCHNAs] BPEMEHN OINIEPEKEHUS PErilaMeH-
tupyercs crangaptToM @panuuu NF C 17-102: 1995 [2]. IIpu npoBeaeHUH UCIIBI-
TaHWH PErHCTPUPYETCS BpeMs Mpo00si BO3MYIIHOTO MPOMEKYTKa, KOTOPOE OTCUH-
TBIBAETCS OT MOMEHTa Hayaja HapacTaHWs HMITYJIbCHOTO 3JIEKTPHYECKOTO MOJIS.
Kputepuem onenku s¢dexrunBaoctn ESE MonHHMenpueMHHKA SIBISIETCS CpeiHee



apudmernueckoe 3HaueHne AT, modydeHHOE B pe3ynbTaTe CTaTUCTUYECKOH 0Opa-
6oTku 100 M3MepeHHH.

BricTposeiicTBHe MOTHHEIPHEMHHKA 3aBUCUT OT CTCIICHH HMOHU3ALUH OKPY-
KAIOIEro BO3AYLIHOTO MPOCTPaHCTBA. ECIM MOHM3aLMs aKTUBHAS, TO CO3MACTCH
0051aK0 3apsAA0B, KOTOPOE 3aTPyAHSET Hayajo MPOPACTaHMs BCTPEYHOTO JHAEPA.
Ecnyn nonmzanms ciabasi, OTCYTCTBYIOT 3apsiibl, HEOOXoAUMBIE It (POpMHUPOBAHMS
JIaBMHBI, YTO MIPHUBOJNUT K YBEIHMUCHNIO BpeMeH! oxkuaanus. ClieoBaTeIbHO, MOXK-
HO MIPEATIONIOKHTD, YTO CYIIECTBYET ONPEACICHHBI YPOBEHb TOKa KOPOHBI C MOJI-
HUCTIPUEMHUKA, SBJIIOUINICS ONTUMAIBHBIM C TOYKH 3PEHHUS BpeMeHH (HOPMHUPO-
BaHMS BCTPEYHOTO JHzepa. TOK KOPOHBI BO3HHKAET NPH JOCTHKEHUH HAIPSHKEH-
HOCTH BJIEKTPUYECKOrO IMOJS Ha TOBEPXHOCTH CTEPIKHS KPHUTHYECKOTO 3HAYCHHS,
pasroro 3,0 MB/m. B paboTte mpencTaBieHBI pe3yibTaThl pPACUETHOH OICHKH
YPOBHS HANPSPKEHHOCTH 3JIEKTPUUECKOTO IO Ha TIOBEPXHOCTU CTEPIKHEBBIX MOJI-
HUETIPUEMHUKOB Pa3IMYHOI (HOpPMBEI.

Heas padoThl onpeneneHne 3aKOHOMEPHOCTH paclpeeeH s HalpsHKeHHO-
CTH AJIEKTPUYECKOTO MOJIsI Ha MMOBEPXHOCTU CTEPIKHEBBIX MOJHUETIPHEMHHUKOB pa3-
JIUYHOH (hOopMBI.

ITocranoBka 3agaun. PacueTHast MOZAENb COCTOMT M3 2 JAWUCKOBBIX 3JIEKTPO-
JIOB ¥ CTEP)KHEBOT'O MOJTHHEIIPUEMHHKA, TIOMELICHHBIX B BO3YIIIHOE IIPOCTPAHCTBO
(cm. puc. 1). UcxonHbie TaHHBIE MOJICITH:

Pammyc crepxwns r = 0.05m; Bricorta crepxkHs h = 2um;

Bricora mexny snexrpogamu H = 5um; Pannyc anexktpomos R = 10wm;

[Totennuan Bepxuero aiekrpoaa U = 10 000 B;

PucyHok 1 — PacueTHast MOJIesIb CUCTEMBI AJIEKTPOJIOB

Marepuan 3J€KTpOJOB U CTEPKHSA — MeAb. PopMma ceueHHs! CTepXKHA: KpyT,
KBaJparT, MECTUYTOJbHUK U BOCBMUYTOJIbHUK.



Pe3yabTaTsl pacderoB. [ penieHus MOoCTaBIeHHON MPOOJIEMBI OCYIECTB-
JIeH pacyeT HEeCKOJbKHX BAPHAHTOB 337a4YM OTJIMYAIOIINXCS BapHaIMeH OIHOTO U3
MapaMeTpoOB KOHCTPYKIMHU cUCTeMBbl. OCTanbHBIE NMapaMeTpbl COXPAHAINCh COOT-
BETCTBYIOIIMMHU HCXOJTHBIM. Bee pacdeTs! mpoBesieHBl B TPEXMEPHOM IPOCTPAHCT-
BE.

1. HccnemoBaHO paclpesieneHne HaNpsDKEHHOCTH IIONIT Ha ITOBEPXHOCTH
CTEpKHS C ceueHHeM B (hOopMe Kpyra B 3aBUCHMOCTH OT BapPHAIMH BBICOTHI MEXIY
anektponamu (H). PaccTosHue mMexay 3MeKTpoAaMu U3MEHSUIOCh B THAMa30HE OT
4.5 no 8 MeTpoB. Pe3ynpTaThl MOIETHPOBAHUS IPENOCTABIECHBI HA PUC. 2.
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Pucynok 2 — M3MeHeHNe HaNPsKEHHOCTH MOJISL CHCTEMBI B 3aBHCUMOCTH OT
HM3MEHEHUSI BEICOTBI MEXKAY NEKTPOAAMHU (CTEPKEHD C CEUCHHEM KPYT)

Ha puc. 2 npexncraBieHo pacrnpeneneHne 3HaYeHUS HAPSHKEHHOCTH AIIEKTPH-
YECKOTO TOJISl BJIOJIb Paiiyca CTEPIKHS Ha €ro TOpIeBoi moBepxHocTH (10 r = 0,05)
U Jlasiee B BO3/AYIIHOM ITpocTpaHcTBe. Kak BUIHO U3 rpaMKOB C yBEIHMYEHUEM pac-
CTOSHUS MEXIY SJCKTPOJAMH HANPSHKCHHOCTH TOJS Ha TIOBEPXHOCTH CTEPIKHS
TakKe yMEHbIIaeTcs. B maHHOM citydae, 3TOT 3¢ (eKT CBA3aH C TeM, YTO pa3HOCTh
NOTEHIAJIOB MEXY IUIOCKOCTSMHU T10JIe00pa3yIoliell CUCTEMBbl OCTaBallach OJIH-
nakoBoii (U = 10* B). IIpu mepecuere pe3y/bTaTOB Ha YCIOBHS OJMHAKOBOIO 3HA-
YeHWsI HapspDKeHHOCTH AnekTprdeckoro mons (E = 2 kB/M), pacxoxaeHne MexIy
KPUBBIMU CYIIECTBEHHO YMEHBIIHIIOCH.

2. VccnenoBaHo pactpezieiieHue HalpsDKEHHOCTH T0JIs Ha TIOBEPXHOCTH CTEP)KHS
C ceueHHeM B (popMe Kpyra B 3aBUCUMOCTH OT BapHalluy pajauyca crepxHs (r). M3me-
HEHHE pajinyca CTEPXKHS MPou3BoMIIoch B auamnazone ot 0,02 mo 0,06 m.

OT4YeT/IMBO BHIHO, YTO C YMEHBIICHHEM IUIOIMAANA TOPIa MOJHHEIPHUEMHIKA
pacTeT HamnpsHKEHHOCTh 3JIEKTPUYECKOTO MoJIst, (POPMUPYIOIIET0Cs: BOIM3H €ro Top-
11a. 3aBUCUMOCTh HANPSHKEHHOCTU OT Pajuyca JOCTaTOYHO TOYHO OMMCHIBAETCS
KpHUBOM BTOPOTO MOpsiaAKa (THIIEpOOIOit).

3. HccnenoBano pacmpenefieHHe HANPsDKEHHOCTH IO Ha IOBEPXHOCTH
CTep)KHs ¢ ceueHreM B (hopme kpyra (r = 0,05 M) B 3aBUCHMOCTH OT BapHaIliH BbI-



cotel cTepkus (h). BeicoTa cTepikHs M3MEHsIach B Auamna3oHe oT 1 M 10 4 M mpH
MIOCTOSITHHOM 3HAYEHHHU PACCTOSHUS MexX 1y miockoctaMu (H = 5m).
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PI/ICyHOK 3 — UsmeHeHme HalpsA>KECHHOCTHU [10JIA B 3aBUCUMOCTHU OT
U3MEHECHUS paauyca CTEPIKHA

Kax BuaHO U3 puC. 4 TIpH YBENHMUYCHUH BBICOTBI CTEPIKHS MOJHHETIPHEMHHUKA
pacTeT MaKCHMAIbHOE 3HAYCHHE HANPSHKCHHOCTH 3JIEKTPUYECKOTO IIOJIS IIPSMO
MPOIOPLHOHAIBHO BBICOTE CTepikHs. CIICIOBATENBHO, IPH TAKUX COOTHOIICHHUSX
BBICOTBI CTEPXHSI M PACCTOSIHUSI MEXIY IUIOCKOCTSIMH He Habmronmaercs: dddexra
6mu3ocTr. IHBIME CITOBaMH, HAMPSHKEHHOCTD TOJIST HA TOPIIE CTEPIKHS OMpeIeIsieT-
Csl €r0 BBICOTOM M 3HAYEHHWEM HANPSHKCHHOCTH JIEKTPUYECKOTO IO, B KOTOPOM
CTepIKCHb HAaXOHUTCSL.
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PI/ICyHOK 4 — Usmenenue HaNPpsAKEHHOCTU MIOJIA B 3aBUCUMOCTHU OT
HU3MCEHCHUS BbICOTBI CTCPIKHA.

4. UccnemoBaHO pachpesielieHUe HANpPSHKEHHOCTH MOJs Ha MOBEPXHOCTH
CTep)KHS JJISL CTep)KHEH ¢ paznugHoU (opMmoii ceueHns. BeiOpaHo geTbipe Gpopmbl
CCUCHUA CTEPXKHA: KpPYyr, KBaapar, HpaBHJ’IBHBIﬁ IMECTUYTOJIbHUK N HpaBHJ’IBHBIﬁ



BOCBMHUYT'OJIBHUK. JIJIs1 MIITFOCTpaliuy Ha puc. 5 U pHc. 6 IPENCTaBICHb! PE3ybTa-
ThI PEIICHUS TPEXMEPHBIX MOAETEH ISl CTEP’KHEBBIX MOJHUEIIPUEMHHUKOB pa3Iny-
HBIX (hopMm. Bee rpadmky HanpspKEHHOCTH TOJSE B TOCTPOEHBI BIOJB MPSIMOH, Jie-
XKallel B INIOCKOCTH TOPLA CTEPXKHS, IPOXOAALIEH OT €ro HEHTPa K YIIIy CTEPKHSL.
I'padyixy M3MEHEHMS HANPSDKEHHOCTH MOJIL B 3aBHCUMOCTH OT (DOPMBI CTEpPIKHS
MIOKa3aHbl Ha puc. 7. s KPyTIoro cedeHus pacipenesieHue J1aHo B BIOIb Paguyca
TOPLEBOM MOBEPXHOCTH.

Pucynok 5 — Pesynbrar penieHus 3ajauu Uit CTEPIKHsI KBaJPATHOTO CEUCHHS
(pamuyc omucanHoU okpyxHOCTH 0,05 M)

W3 pe3ynbTaToB, NpeiCTaBICHHBIX Ha PHC. 7, MOKHO CHIENIaTh BBIBOJ O TOM,
YTO MPH NPOUYMX PAaBHBIX YCIOBHAX, HAPSHKEHHOCTD JIEKTPHUECKOTO OIS HA YIie
CTEPIKHEBOTO MOJTHHEIIPUEMHHKA KBaJPAaTHOTO CEYCHUS] MaKCUMaJlbHA 10 CpaBHE-
HUIO C IPYTUMU PACCMOTPEHHBIMH (popMaMy ceueHusl. DTOT BBIBOJ BaXKEH JIJIsl BbI-
6opa MOJTHHENIPUEMHHUKA, KOTOPOMY Oy/IeT IIPUAaH cTaTyc 00pa3oBoro.

OpHaxo, JOKaJIbHOE BBICOKOE 3HAYCHUE HANPSHKEHHOCTH HIIEKTPHYECKOTO TOo-
JIsl caMo TI0 cebe He SIBJISETCS JI0CTATOYHBIM YCIOBHEM OOecreueHus: mpodosi Bo3-
JQYILIHOTO TpoMexyTka. [yist aToro, mo aHanoruu ¢ padotoii [3], HEoOXoauMO Ha-
JIMYHUE OTPENIEIICHHOTO «HANPSHKEHHOTO 00beMay», B KOTOPOM 3HaueHHe HallpsKeH-
HOCTH 3JIEKTPHYECKOTO 11071 PEBOCXOAUT 3HaueHue B, = 30 kB/cM, npu koTopom
BO3HHMKAET MOHU3AIMS BO3ayxa. [IpoBe/ieHO cpaBHEHHE KPUTHUECKUX OOBEMOB JUIs
CTEP)KHEBBIX MOJHHEIPUEMHHKOB C KPYrOoBBIM M KBaJIpaTHbIM cedeHneM. Oxa3za-
JIOCh, YTO HE3HAYUTEIHHOE MPEBBIIICHHE XapaKTepPHO sl ClIydasi KBaJpaTHOTO ce-
yeHus. B KadecTBe minmrocTpanyy, Ha puc. 8 U puc. 9 MpeAcTaBlICHbI PE3yJIbTAThI



pacdeTa HampsHKEHHOTo o0beMa Ul CTEePXKHEH KPYIIoro M KBapaTHOTO CEUCHUI,
COOTBETCTBEHHO. CIIeJOBATENBHO, U II0 3TOMY HapaMeTpy CTep>KeHb KBaJPAaTHOTO
CCUYCHHS UMEET MPEUMYIIECTBO.

Pucynok 6 — Pe3ynbpTat penreHus 3agaun A1 CTEPKHS ¢ CEUCHHEM B BHIE
MIPaBHJIBHOTO MIECTUYTOJIFHAKA (PafnyC ONMcaHHOH okpyskHOCTH 0,05 M)
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Pucynok 7 — I3MeHeHHs HANIPSHKCHHOCTH 110711 B 3aBUCHUMOCTH OT
U3MEHEHUs (POPMBI CTEPHKHS

5. Tunuunoii ¢opmoii MomHHenpueMHHKa DpaHKIMHA SBISETCS KPYroBOWM
CTEpKEeHb, C OCTPHIM B BHJE KOHYyCa KOHIIOM. PacdeT HanpspKeHHOCTH MO Ha 110-
BEPXHOCTH OCTPHSI CTEP>KHSI MPOBENEH BJOJIb 00pasyromiell KoHyca cTepkHs. Bol-



coTa ocTpus cTepkHs BblOpaHa pasnoii 0,05 u 0,1 m. (mpu r = 0,05 m). [{ns wwtro-
cTpanuu, Ha puc. 10 npeacTaBieHo pelleHre COOTBETCTBYOMIEH 3a1aun.

I'paduky HaNPSHKEHHOCTHU TIOJISL B 3aBUCUMOCTH OT W3MEHEHHS BBICOTHI OCT-
pHs CTEep>KHS IpeIocTaBiIeHkl Ha puc. 11.
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Pucynok 8 — Mimoctpanus HanpsHKeHHOIo 00beMa CTEPIKHS
MOJIHHEIPHEMHHUKA KPYTJIOr0 CEeYCHHUS
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Pucynok 9 — Mnmroctpanus HanpsHykKeHHOTO 00beMa CTEPIKHS
MOJIHHETIPHEMHHKA KBaJIPATHOTO CEUCHUS

HccnenoBanne pacnpeneneHus HaAIpsHKEHHOCTH ITOJIA Ha ITIOBEPXHOCTU TAKOTO
MOJIHUECTIPUEMHHKA ITOKa3aJl0 CYHICCTBEHHOC IMPEBBINICHUC HANPSXKECHHOCTHU JJICK-
TPHUYECKOI'0 IMOJId Ha BEPUIMHE OCTPUA KOHYCaA MO CPABHECHUIO C PACCMOTPCHHBIMU



paHeC BapHvaHTaMU CTCp)I(Heﬁ. O,I[HaKO, BCJIMUMHA «HAIPSAKECHHOT'O obbeMa» He
IpeBOCXOAUT 3Ha‘leHHﬁ, XapaKTCPHBIX g APYTUX BapUAaHTOB MOJHUCIIPUEMHU-
KkoB. U3 YKa3aHHBIX BBIIIE PacdY€TOB BUIHO, YTO I JOCTHMXKEHHA MaKCUMAaJIbHOTO
SHAYCHU HAIIPSDKEHHOCTH II0JISA, 4 TAK)KE HAIIPS)KEHHOTO o0beMa Ha TIOBEPXHOCTH
CTEPIKHEBOI'O BJICKTPOJAa IPH MPOYUX PABHBIX YCIOBUIX uenecoo6pa3H0 HCIT0JIB30-
BaTb CTCp)KHeBOﬁ MOJIHUCTIDUEMHUK C KBaAPATHBIM CEYCHUEM.

Pucynok 10 — Pe3ynpraT pemienus 3a1a4u It CTEPIKHS C OCTPUEM
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Pucynok 11 — M3meHeHue HaNpsHKEHHOCTH TIOJIS B 3aBHCHMOCTH OT U3MEHEHUS
OCTpHUsI CTEPIKHS

BoiBoabl. Ha ocHOBaHMH pe3ynbTaTOB YUCIEHHOTO MOIEIMPOBAHMS HAIlps-
KEHHOCTH 3JIEKTPHYECKOTO OIS Ha MOBEPXHOCTH CTEPKHEBOTO MOJIHUEIIPUEMHHU-
Ka Pa3IMYHBbIX (OPM YCTAHOBICHO, YTO MOJHHCIIPUEMHHK KBaJPATHOTO CEUCHHUS
uMeeT HauboJpllee 3HaAYCHHE HANPSHKEHHOCTH 3JIEKTPHYECKOTO MO MPH MPOYHX
PaBHBIX YCIIOBUSIX.



[Mony4eHHbIe pe3yNbTaThl SIBISIOTCS OCHOBOM JUIsi TOCTPOEHHMs InabioHa
(YHKIIMOHATBHOW 3aBUCHMOCTH HAIPSHKEHHOCTH JJIEKTPUYECKOrO MOJs Ha I0-
BEPXHOCTH CTEPIKHS, YTO TOBBICHT 3((PEKTUBHOCTD peal3alliy IIaHa MHOTO(aK-
TOPHOTO JKCIIEPUMEHTA.

Jlureparypa. 1. IEC 62305-3: 2006. Protection against Lightning — Part 3: Physical damage to struc-
tures and life hazard. 2. NF C 17-102: 1995. Lightning protection. Protection of structures and open ar-
eas against lightning using early streamer emission air terminals. 3. Pydakoé B.B. CunbHi enexkTpuyHi
IOJISL B KOHJIEHCATOPHUX KOHCTPYKIISAX Ta yIOCKOHAIEHHS BHCOKOBOJBTHHX CHJIOBHX KOHJICHCATOPIBY.
Huceprariis Ha 3100yTTS HAyKOBOTO CTYIEHS JOKTOpa TEXHIYHMX HayK 3a criemiambHicTio 05.09.13. —
TexHiKa CHIBHUX EIEeKTPUYHUX Ta MATHITHHX MOJIB. — XapKiBChKUil AeprKaBHHUIN MOMITEXHIYHHN yHIBEp-
cureT, Xapkis, 1999.

Iocmynuna 6 peokoaneeuio 14.10.2011
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