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The problem of estimation of electromagne t iv fie lo.o :r'e::;
ponees radiated by the lightning is oonsidered to be well -
known . In particular, this is refered to the investigation of 
lightning eleotromagnetio situation which destabili~es the 
normal functioning of radioeleotronio, electronio and 
electro technical equipment leading even t o its failure [1]. 

The analysis of rel:)ults of numerous tht:orE:! llual Investi
gations in this field [2-9] shows their contradictive charac
tvr rSBul ting from the negleoting of many factors during 101'
mt.tlation and solution of problems whic,h produce a great influ
ence on thA Rhaping of lightning electromagnetic :::;ituation . 
These factors are the followi~; sprf!~ding t)f lightning our
rents in the g~)und i nonuniformlty of current wave propagation 
in the lightning uhannel proti.uceu by tht:l reverse discharge,re
fleuLion anti. refraotion of Lh~ elektromagnetic fields, radia
ted by the 1 Lgh LIt j ng charl!l~ 1 citl Lh t:! uontiuc t 1 v I=! gruuru.l slU"'face . 

So , during t.heor~tical inv~stigal,ioHs con0erned with the 
formation processes of lightning electromagnetic situation the 
models that present the channel of lightning discllarg~ in the 
form of one 8l"c tI"ic Herz dipol.. [21 or monop,)le [31 specular 
reflE:uted relatively the earth are widely used. The IJ onductine; 
leader lightning charmel is often pre,~ent.ed .in the Corm of 
transmitting l ong J ine with the propagating CUl"l"'Emt wave of 
the reverse 'l1scharge in it [4] . 

Many authors analyse the formation processes of lightning 
eleetromagnetic situation replaoing the lightning disoharge 
ohannel by the system of infinitesimal dipoles [5,6 ]. 

Thereat, it was assumed L~ all cases that the ground con
duotivity is infinite, that didn't allow to take into cons ide
rat-ior! thl: earth i.nfluenoe on the formation processes of ligh
tning t::leotr omagnetic situation and to estimate the horisontal 
component of eleotric field intensity at the ground sLlrfa(}s, 
especially .in Lhe arsC:l. nea.I"e~L to the discharge channel. 

An attempt was made [7] to take into flonsiderat.lon the 
influence of the finite ground conductivity on the f ormation 
of the lightning eleetromagnetic si tuation where the horison
tal component of the electric field inten~ity has been ~eter
mined throug11 the vertical cumponent Ul:Ilng L~ontov.il.:h boundary 
ounditiorll;i for plane electromagnetic wave propagating along 
conducting SllY'face. But this methon doesn I t allow to obtain 
r·el iable informa t ion ahout respoIloe~ o f 11gh Lning t·!lt·H}trumag
netic situation, in particular, that is formed by the light-
ning in the area nearest to its ohannel, when the distance 
from the discharge place .is equal 01' ~mall~I" than the light
ning charmsl leng:th and the elec tl'omagne tiu wave can not be 
inLerpret.en i.n thi:::; n8se as a plane wav e . 

To investigate the formation pr·ncesses o f lightnine elec
tromagne t ic situation we use in this work the method that is 
w.idely used. in antennas theory dur ing the analysis o f radiati-
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on processes by the electricall y lo~~ systems (8J . It follows 
from the ca l cllla t i ve modal shown in fig. 1 that the llgh tni.ng 
discharge channel is presented in Lha f orm of infini tely larg~ 
number of infinites i mal eleotrio dipoles , whose scalar and 
vector potential satisfies the Lorenz law. I L W(:t.t:> al::ll::mmeu t.hat. 
infini tssimal dipoles do not in:fluenoe on each other and tht=) 
disoh"rge oh..nnel repres"nts infinH~l.Y Lhln str·aightforward 
line normal to the earth surfaoe. To pres ent the solution of a 
problem in a closed f orm we u6~d the method of seeLlons thet 
presupposes the subdivision of llghtnll1g oharmel and lightning 
current curve, fig . 2 into functionally inter- depennent SAC-
tions. The lightning disoharge ohannel was subdivided into 
sections uniting in themselves the groups of infinitesimal 
dipoles and the current ourve was subdivided into t ime 
intervals with the step ~t 

The size of the secti~s subdividing the disr.harge chan
nel corresponda to t he distance covered by the wave of the 
reverse discharge of the lightning (fig.3) during the time in
terval equal to the subdivision st"p of li ghtni.ng ourrent. The 
length of sectIons subdivIding th~ cc~el , and th~ time step 
subrlividing the lightni.ng ourrent curve were chosen prooee
(ling from th8 conllition of LUll!orm distributIon of ourrent 
density within the section and under assumption t hat magnetic 
wave radiated by the seotion of a ohann~l for given distances 
is considered to ue a fIat one. The analysis of the cal oula
tion results shows that for the satisfaction of a(l"pted con
ditions and assumptions the munber of subdiv.ision~ equal to 
k=200 will he 8uftlcient. 

Electromagnetic field shaped by the lightning ohannel is 
presented in the form of space- time superposition of fields 
radiated by the single dipoles. As a func tion of frequency the 
Car tesian components of these fields will have the form 

200 h«(k+ l)~jw I (jW) I' / jUJe 
~d (jul) = l J { (1 _ 0). 
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electromagnetic fields created in the ground 
current through the solution of the problem 
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on the current inflow fI'Om the poInt source into connucting 
halt-space poss8f::Jing unifornl and il:)otropio propertit:ls with the 
further spreading of these currents in different directions. 
Thereat, we assumed that electromagnetio energy was not 
radiated into airspace. 

The intensity of electric field on the ground ourfacH, 
creat80 by the lightning spreading cL1rr~nts under condition ()[ 
relatively good surfaoe oonductivity when 0g» jullie is 
determine<l as 

E"pr(jw ) = I(jw) _ [ xl jli\l a + a-xi jli\loo. ) (4) 
x 2n2a g 9 

• The resulting intensity of electrio and magnetio fields 
oreated by the lightning ohannel on the ground surfaoe taking 
into consideration the spreading of lightning curr .. nts in the 
earth as well as reflection and refraction process6R of field 
radia ted \Jy the ligh tniI~ channel on the eunuucL 1I~ gr'JUIIU 
surface is determined through the "connection" (}f Rolutionf-l 
for two media-air and ground - at Lhe int~rrace of these media 
EV<jW)=~·d(jW); ~(jW)=(ad(jW)_~pr(jW); !l,,(juJ)=H:ad(juJ) (5) 

If the intensity of eleotric and magnetio fieJds on the 
gT'Olmd surface is known then we oan eas i ly determine their VI=\
lue at any altitude above tho ground or below its surface [9]. 

To determine the li~tning eleotromagnet ic pulse genera
ted by the lightning dIscharge ohannel "clouu-earth" as a 
fllIl"tion of time itis suffioient to apply to the expressions 
the formulae of harmonic analysis using Laplace and Furie 
transformations. 

The method disoribed in the work allows to determine the 
lightning electromagnetio situation oreated by the lightning 
"clollu-!::=ar·th" at any distances from the disoharge channel 
taking into account the influence of conductive ground 
properties and allows to estimate th~ responoes of lightning 
elactromagnetic pulse above the ground or below its surface. 
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