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xMapu

2. Corona discharge from lightning rods in conditions of action of strong electric field of thundercloud

Pedepar:

1. luceprauisa nprucBa4YeHa BUPILIEHHIO aKTyaJbHOI HAyKOBO-TIPAKTUYHOI 3a/1a4i CTOCOBHO IiABUIIEHHS
eeKTUBHOCTI 6JIMCKaBKO3axUCTY 00’€KTiB MIJIIXOM JOCiIKeHHs Pi3nYHUX IIPOLieCciB KOPOHHOTO po3psiay 3i
CTPWXHEBUX OJINCKABKONIPUIMAaYiB B YMOBaXx Jii CUJIBHOTO €JIEKTPUYHOrO I10JIS BiJl TPO30BOi XMapHu. AKTyasIbHICTb
00yMOBJI€HA MUTAHHIM HaJAHHS JO3BOJIy HA 3aCTOCYBaHHSI HOBUX TUIIIB 0JIMCKAaBKOIIPUIMAUiB, SIKi peasis3yloTh
MexaHi3M paHHbOI crpuMepHoi emicii (Early streamer emission - ESE). 711 3acTocyBaHHS HOBiTHiX nTpuctpoiB ESE -
TepMiHaJliB y IPaKTULli O6J1MCKaBKO3axUCTY IOTPiOHO MaTU BIIEBHEHICTb Y TOMY, 1IJ0 BJIACTUBOCTI, 5IKi aHOHCYE
BMPOOHUK, BiiNOBIfAOTh [ilicHOCTi. KOHTPOJIb SKOCTI 3[iliICHIOETHCS 32 METOAMKOIO, SIKYy PEIJIAMEHTY€E CTAaHIAPT
®panuii NF 17-102:2011. Ane, el CTaHAAPT € TaKUM, 10 BUBHAHUH JIMIIe B IesIKUX KpaiHax Kpim Opannii. B

Iycepralii 1oBeleHO HeOOXiIHICTh 3MIHUTH BUMOI'Y CTaHapTy [0 BeJIMYMHU AUcIepcii PyHKLii po3noniny yacy



BunepemkeHHs ESE - tepMminaiy, mo 3a6esnedye nepexorieHHs 611MCKaBKU 3 IPOTHO30BAaHOI0 MMOBipHicTIo 0,95,
Ta 3MEHIIMTHU 3HaY€HHS MBUKOCTI 3yCTPiYHOrO 10 6JIMCKaBKU Jiinepy. Po3pobieHo MeTo s BUMipIOBAaHHS
HIBUAKOCTI [IPOCYBAHHA JIiIEPY B MDKEJIEKTPOSHOMY ITPOCTOPI, KU 3aCHOBAaHUI Ha MOPIBHSJIBHOMY aHali3i
OCLIMJIOTPaM HaIpyry MiX eJIeKTPOJaMU i CTpyMy 3 €JIEKTPOa, o (popmye po3psia. [lokasaHo, o MBUIKICTb
IIPOCYBaHHS JIiIEPY Y MiXKEJIEKTPOLHOMY IIPOCTOPi NoBXUHOMW 1,2 M He nepesumye 1,14 106 m/c, a cepenns 3a 4ac
npocyBaHHs fopiHIoe 1,3-105 M /c. Bu3HaueHO 3aKOHOMIPHICTh Mi’K 3HaY€HHSM HaIPY>KeHOCTi IIOCTiHOTO
€JIEKTPUYHOTO TOJIs, TIPU SIKill TOYMHAETHCSI KOPOHHUM PO3Psl, Ta BUCOTOIO CTPWKHIB pisHOMaHITHOI popmu
nepepisy (KBagpar, KoJio, IECTUTPAHHYK) 3 MJIOCKOIO BEPIIMHOIO, Ta KPYIJIOrO Mepepisy i3 3ar0CTPEHOI0 BEPIINHOIO.
J7151 IOBITPSIHUX NMPOMDKKIB 6i/1bII HIK 1 M, €KCIIepUMEHTAaJIbHO IOBEEHO, 10 B [ialla30Hi HAIIPYXeHOCTI
€JIEKTPUYHOTO 110J1s1 Bif 4 KB /M 10 120 KB /M KOpOHHUI1 po3ps], GOPMYETHCS iIMITyJIbCAMU OKPEMHUX €J1IEKTPOHHUX
JIaBYH, HAHOCEKYHHOTO AianasoHy. [IpyyoMy, 4acoBi NapaMeTpy NPAKTUYHO HE 3aJ1eXaThb Bif] 3HAYEHHS
HaIpPY>XEHOCTI €JIEKTPUYHOTO M0JIs1. BCTaHOBJIEHO, 10 YaCTOTA MTOSABU IMITYJIbCIB CTPYMY OZHO3HAYHO 3aJIEKHICTD
Bif] piBHS HAIIPY>KEHOCTI €JIEKTPUYHOTrO I10J14. Lle# aCleKT NOMOBHIOE pe3ysbTaTh OTpuMaHi Tpudesnom u Kinom
(1938 p) m1s1 KOPOTKUX NPOMIXKKIB (10 10 cM). OyHKIiOHAIBHY 3a/IEXKHICTb YaCTOTH CTPUMEPIB KOPOHU Bif,
HaIpPYXEHOCTi €JIEKTPUYHOrO M0JIS [TOKJIAZIEHO B OCHOBY CTBOPEHHS HU3KU iHAMKATOPIB 1J1s1 3aCTOCYBAHHS B SIKOCTI

IIPUCTPOIO MOTIEPEIPKEHHS IIPO TPO30BY HEOE3MEKYy.

2. The dissertation deals with solution of the topical scientific-practical problem of granting permission to use new
types of lightning rods that realize mechanism of Early Streamer Emission (ESE). To use the newest devices in
practice of lightning protection, it is necessary to have confidence that properties announced by a manufacturer
correspond to the facts. Quality control is proposed to be carried out according to the procedure regulated by
France standard NF17-102:2011. But this standard is recognized only in some countries besides France including
Spain, Kazakhstan, Lithuania, and some others. In the dissertation it is proved that it is necessary to change the
requirement of the standard to the value of dispersion of function of distribution of lead time which ensures
lightning interception with predicted probability taking into account the time at which the distribution has the
maximal value. Method of measuring the velocity of propagation of leader in interelectrode space, which is based
on comparative analysis of oscillograms of voltage between the electrodes and current from the electrode that
forms discharge has been developed. It is shown that leader velocity increases by square law as his head
propagates. It is proved that velocity of streamer propagation in the interelectrode space with length 1.2 m is no
more than 1,14-106 m /s, and the average value over the time of propagation is equal to 1.3 105 m/s. The
relationship between the value of constant electric field strength at which corona discharge begins, and height of
rods of different forms of cross-section (square, circle, hexagon) with flat top, and round cross-section with
pointed top, was determined. For air gaps that are more than 1 m it is experimentally proved that in the range of
electric field strength from 4 kV/m to 120 kV /m, corona discharge is formed by pulses of individual electron
avalanches that have front duration of units of nanoseconds and half-decay duration of tens of nanoseconds. And
the time parameters practically do not depend on the value of electric field strength. It was determined that
frequency of occurrence of current pulses depends uniquely on the level of electric field strength. This aspect
supplements results obtained by Trichel and Kipp (1938) for short gaps (up to 10 cm). Functional dependence of
frequency of corona streamers on electric field strength was used as a basis for creating a number of indicators
used as a device for warning against thunderstorm hazard. The investigation was performed by experimental
methods with the use of created specialized high-voltage complex BBC-1.2 and the corresponding mathematical
models. According to the results of the performed investigations, a number of important conclusions concerning
the possibility of introduction of France standard NF C 102-17:2011 in Ukraine, also concerning creation of the new
type of lightning hazard indicators, were made. It is proved that breakdown of air gap rod-plane with the use of
rod of square section (dimensions 12x12 mmz2) has the most stable characteristics among the considered variants,
including the traditional pointed rod. This fact indicates appropriateness of the use of rod with square section in
lightning protection practice. The requirement, which deals with assessment of results of certification of lightning
rods by the procedure of France standard NF C 102-17:2011, to the value of dispersion of function of distribution of
lead time was improved, which provides increase of reliability of advantages in relation to interception of lightning



with predicted probability. Relationship between the value of constant electric field strength, at which corona
discharge begins, and height of rods of different form of cross-section (square, circle, hexahedron) with flat top
was determined. The obtained functional dependence of streamer frequency on electric field strength was used as
the basis for creation of a number of indicators to use as the device of warning against lightning hazard.
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