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POWER DESCRIPTIONS OF A STORM CLOUD OF TROPOSPHERE OF EARTH:
FEATURES OF THEIR CALCULATION AND APPLIED UTILIZATION

Purpose. Implementation of calculation estimation of such basic power descriptions of the system is a «storm cloud - earthy, as
total charge of qs, electric potential of ¢,, electric energy of Wy and amplitude-temporal parameters (ATP) of pulse current i;(¢) in
the channel of a long air spark discharge of cloud on earth. Methodology. Electrophysics bases of technique of high voltages and
large currents, theoretical bases of the electrical engineering, theoretical electrophysics, theory of the electromagnetic field and
technique of the strong electric and magnetic fields. Results. The results of calculation estimation of basic power descriptions are
resulted in the overhigh voltage electrophysics calculation system a «storm cloud - earth». To such descriptions of a storm cloud
behave: total electric charge of qx, concentrated in a storm cloud of spherical form of the set volume with the shallow dispersible
negatively charged including as particulate dielectric matters the set by an middle closeness; electric potential of ¢, is in the
spherical volume of a storm cloud of the set size; electric energy of Wy, accumulated in the spherical volume of a storm cloud of
the set radius of Ry; PTP (amplitude of 1,,;, and duration of t, at level 0.51,,;) of aperiodic impulse of current i (¢) of linear
lightning in the plasma channel of a long air spark digit of a storm cloud on earth. The ground of possibility of the use is given in
close practical calculations in place of the real storm cloud of the simplified calculation model of a storm cloud, containing the
spherical volume of V, by the radius of Ry is shown that at Ry=985 m and accordingly Vy=4-10° m’ in the examined model of a
storm cloud his indicated power descriptions arrive at the followings numeral values: charge of qs=—55.6 C, potential on the
outward surface of cloud of pr=—506 MV, electric energy of Wy=<14.1 GJ in a cloud and amplitude of aperiodic impulse of current
of I,;==262.1 kA at duration of his flowing t,=142.4 us in the plasma channel of a long air spark digit of cloud on earth. This
calculation information well correlates with the known experimental information, characteristic for the short shots of lightning in
surface objects. The receive results will be instrumental in possibility of prognostication of a sticky storm wicket specialists at
presence of only minimum initial information about a storm cloud in earthly troposphere. Originality. First at the analysis of a
storm situation in troposphere of Earth offered approach, related to bringing the real storm cloud over the volume of V, to an
equivalent on volume spherical storm cloud by the radius of Ry, for which will apply the physical and mathematical vehicle of
analysis of flowings in him electrophysics processes developed an author. Practical value. Application of the in practice
calculation findings will allow to deepen scientific and technical knowledge in area of nature of atmospheric electricity, will be
instrumental in further development of physics of linear lightning and successful decision of global problem of protecting from
lightning of surface objects and auxiliary them personnel. References 12, figures 2.

Key words: atmospheric electricity, storm cloud, accumulated charge, electric potential and energy of cloud, current in the
channel of discharge of cloud on earth, calculation, experimental information.

Ilpugedenwvi pesynomamvl pacuemHoli OUEHKU OCHOGHBLIX IHEPZEMUUECKUX XaAPAKMEPUCHUK C6EPXEbICOKOGOIbIMHOIL
cucmemsl «2p03080e 00NAKO-3eMAA», coOeprycauiell CHIOWHYI0O 3apadceHHyl0 cgepy oobnaka. B kauecmee mux
XapaKmepucmuK zp0o306020 0061aKa paccmompenvl: INEKMPULecKuil 3apao qs, coOCPeOOmoUeH bl 8 chepuueckom zpo308om
o001aKe 3a0aHH020 00bemMa ¢ MEeNKOOUCNEPCHBIMU 3APANCEHHBIMU GKIIOUEHUAMU 6 UOE MEEPOLIX OUIIEKMPUYECKUX YACHUY,
C YCpeOHeHHOUl 00beMHOU NIOMHOCMbIO; INEeKMPUUECKUIl NOMEHuuan ¢, 6 cgepuueckom o0veme 2p0306020 oodnaKa
3a0annozo paouyca; rnekmpuueckaa Inepzua W), nakonnennas é cghepuueckom odveme NPUHAMO20 ZPO306020 001aKa;
AMRIUMYOHO-6PEeMEHHbIE NAPAMEMPbl MOKA MOJIHUU 6 NJIA3MEHHOM KaHane ONUHHO20 6030YULHO20 UCKP0B020 pa3pada
2p0306020 obnaka na 3emaio. llonyuennsie pe3yromamol 6y0ym cnocodocnmeosams 603MOHCHOCHU RPOZHO3UPOBAHUSA 2P 030801
00cmanoéKu npu MUHUMANABHOU UCXOOHOU MEmeoponNozudecKkoil ungopmayuu, OanvHeiluemy pazeumuio npupoosl
ammocgheprozo rnekmpuiecmea, GuuKu TUHENHON MOIHUL U PEULeHUIO 2/100AIbHOI NPOOIEMbL MOTIHUE3AWUMbL 00BEKM 06
u obcayxcusaiowezo ux nepconana. buon. 12, puc. 2.

Kniouesvie cnoea: aTtmMocdepHoe 3JIeKTPHYECTBO, T'PO30BOe 00JI1aK0, HAKOIUICHHBIH 3apsifi, 3JIeKTPHYeCKHH MOTeHIHAJ] W
3Heprus o0;1aKa, TOK B KaHaJle pa3psiia 00;1aKa Ha 3eMJII0, pacueT, IKCIepuMeHTalbHbIe TaHHbIe.

Introduction. One of the problematic tasks in the
field of atmospheric electricity and lightning protection of
terrestrial and near-earth air objects still remains one that
is connected with the determination, with minimal initial
information about the thunderstorm situation in the area
of this or that territory of the planet studied by specialists
(engineers and meteorologists) energy characteristics of
the thundercloud cloud in the Earth's troposphere. Such
characteristics of a thundercloud include: firstly, the total
electric charge ¢s accumulated in such a cloud; secondly,
the electric potential ¢, in the volume of a thunderstorm
cloud; thirdly, the electric energy W, accumulated by
fine-dispersed inclusions (for example, small drops and

water vapor, small granules and ice crystals and small
solid dielectric particles [1, 2]) of the atmospheric cloud
under consideration in the «storm cloud - earthy
electrostatic system; fourth, the probable amplitude-
temporal parameters (ATPs) of the pulsed current i;(¢) in
the channel of the high-current discharge of a
thunderstorm cloud to the ground or to the protected
object. Their forecast of a possible thunderstorm threat to
land-based objects and aircraft caught up in the area of the
atmospheric cloud depend on these data. Knowledge of
indicated energy characteristics of a thunderstorm cloud
makes it possible to predict a thunderstorm situation in
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the investigated area of terrestrial land, and also in a
certain way extends knowledge of people in the field of
atmospheric electricity and the physics of a long air spark
discharge (lightning) and the consequences of its (this
high-current discharge) action on the protected objects
and their environment. It should be noted that usually
under a thundercloud, meteorologists understand a
cumulonimbus cloud for which a number of critical
conditions are met as indicated in [1]. As for the concept
of the Earth's troposphere, it means the lower part of the
earth's atmosphere, with a height of up to 11 km in
temperate latitudes which contains 4/5 of the entire mass
of the atmosphere, almost all water vapor, and various
kinds of clouds develop [1, 3]. In this connection, an
approximate determination by calculation of the quantities
qs, ¢ Wy and ATPs of the discharge current i;(¢) in the
superhigh-voltage electrostatic system «thundercloud -
earth» in which the atmospheric cloud has even a
canonical geometric shape and a simplified internal
«stuffings» from a number of above-mentioned fine-
dispersed inclusions, is an actual applied scientific and
technical task of great importance in the world.

The goal of the paper is the calculation estimation
of such basic energy characteristics of the «lightning
cloud - ground» system as the charge ¢s, the potential ¢,,
the energy W, and the amplitude-temporal parameters of
the pulsed current i;(7) in the channel of the long air spark
discharge of the cloud to the earth.

1. Problem definition. For convenience in
analyzing the distribution of atmospheric electricity in the
Earth's troposphere, let us consider one of the special
cases when the thundercloud has the shape of a sphere of
radius Ry~985 m (Fig. 1), inside which, with an average
volume density Ny=5-10" m>, solid dielectric particles
with a radius 7,=10-10® m are mainly placed[1], each of
which at the stage of formation of the cumulonimbus
cloud obtained by electrifying in the warm ascending air
streams of the Earth's atmosphere a negative electric
charge of gy~ —2.78:107'° C and at the stage of formation
of a thunderstorm cloud was freed from the covered them
electrically neutral molecular dipoles of water [2]. The
choice of the indicated numerical value of radius R, of the
cloud was due to the fact that in order to simplify the
calculations, as in [2], its initial calculation volume
Vy~4-10° m’ was a rectangular prism with dimensions in a
horizontal base of 1000 m x 1000 m and a height of
4000 m, the center of which was located at a height of
Hy=3000 m above the flat surface of the Earth (see
Fig. 1). According to [1] it is from such heights that the
formation of cloud charges begins in the Earth’s
troposphere. Proceeding from the fact that in the adopted
approximation Vi=4nR,*/3=4-10° m>, and this numerical
value of R, follows. As for the numerical values of the
quantities Ny and ry, they were chosen by us on the basis
of the experimental data given in [1]. The calculation
determination in the cloud of the indicated numerical
value of the charge ¢o=—2.78-10"° C of solid dielectric
particles of radius 7;=10-10® m was carried out in [2],
taking into account the theory of a double electric layer,

the foundations of which are given in [1, 4]. Individual
charges ¢go of density N, determine in the cloud their
averaged volume density O'VZCI()NO:_I.39'10_8 C/m’,
uniformly distributed over its spherical volume V. Let
normal atmospheric conditions be satisfied in the air gap
of the «lightning cloud - earth» system (the air pressure is
about 1.013-10° Pa, and its temperature is 0 °C. [4] It is
required, taking into account these assumptions, in
approximate form, to determine by -calculations the
required values of the accumulated by the thunderstorm
cloud of the total charge g5, the electric potential ¢, in the
spherical volume of the thunderstorm cloud, its electric
energy W, and the ATPs of the discharge pulsed current
iz(?) in the electrostatic system «thunder cloud - earthy.

2. Calculation estimation the electric charge ¢y of
a thunderstorm cloud. Taking into account the above
assumptions at the stage of the formation of a
thunderstorm cloud accompanied by the «liberation» of
its separate numerous charges g, from electrically neutral
molecular water dipoles [2], the total electric charge g5 of
the atmospheric cloud under consideration can be
determined in the following form:

gz = qoNoVp - (1

From (1) at accepted initial data when ¢~—2.78:107'° C,
Ny=5-10" n” and V=4-10° m’, it is following than in the
considered case the value of gs= —55.6 C.

The modulus of the numerical value of the total
electric charge ¢z=55.6 C in the considered lightning
cloud obtained in accordance with (1) completely
corresponds to the normalized charge ¢;=(50+=10) C for a
short lightning strike with a pulsed discharge aperiodic
current of a temporal shape 10 us/350 ps to ground
technical facilities that satisfy III-IV lightning protection
levels according to the requirements of the International
Standard IEC 62305-1:2010 [5, 6].
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Fig. 1. Schematic view of a simplified calculation model
of a negatively charged thunderstorm cloud of spherical shape
located above the Earth's flat surface
(1 —cloud, 2 — electron, 3 — flat surface of the Earth)

In addition, we indicate that the used numerical
value of the averaged volume charge density of the

38 ISSN 2074-272X. Electrical Engineering & Electromechanics. 2018. no.3



lightning cloud wunder investigation, defined as
oy = qoNy = -1.39-10% C/m’, corresponds to known
experimental data for the mean value of the space charge
density in a thunderstorm cloud [1 , 2].

3. Calculation estimation of the electric potential
¢, of a thunderstorm cloud. Applying the approach
given in [7] to finding in the cloud the values of the
electric potential ¢, for the radial distribution of the
required potential ¢, in the simplified model of the
thundercloud, we obtain:

0, = qs(3RG — 1) /(87&yRy) , )

where 7 is the current radius in the spherical volume of
the cloud; £,=8.854-10"" F/m is the electric constant[4].

From (2) at r=0 for the electric potential p,=¢, in the
center of the assumed thunderstorm cloud, we find:

@0 =395 /(87egRy) - 3)
At =R, from (2) for the electric potential ¢,=¢ the

following calculation relation follows on the outer surface
of the sphere of a thunderstorm cloud:
PR =4qs [(47ERy) - “4)

Analysis of the above calculation expressions (3),
(4) shows that the electric potential ¢, in the center of the
thunderstorm cloud is 1.5 times higher than the electric
potential ¢y acquired by the outer spherical surface of the
cloud. Hence, the deep mechanism of charge «recharge»
of the plasma channel of a long spark discharge of a
thundercloud on the ground or a protected technical object
becomes physically more understandable in the theory of
atmospheric electricity. After all, at such a radial
distribution in the thundercloud of the electric potential ¢,
in the case of an electric discharge in the «thunder cloud -
earthy system (see Fig. 1) of an air gap of length (Hy—Ry)
to compensate the decrease of the electric potential gz on
the outer surface of the cloud to it from inner zones of a
cloud with a higher electric potential ¢,, the electric
charges (in our case free electrons) will «leak» which
replenish the carriers of the electric current i (¢) in the
channel of the discharge itself.

Numerical estimation by (3), (4) of the electrical
potentials inside and outside the thunderstorm cloud
under consideration at gs= —55.6 C and Ry=985 m
indicates that in this case the required values are
approximately equal by modulus to ¢¢=759 MV and
or=506 MV. From the quantitative data known to the
author for the electric potential ¢, of a thunderstorm
cloud, only its numerical value of about 100 MV, given in
[8], can be indicated.

In order to verify the reliability of the obtained
electric potential value ¢z=506 MV of the thunderstorm
cloud under consideration, let us use a numerical
estimation of the value of the electrostatic field strength
Er near its outer spherical surface (#=R;). On the one
hand, Ez=@r/Ry=513 kV/m [4]. On the other hand, in
order to find Ey in the investigated electrostatic case, we
apply a more accurate analytic relation of the form [2, 7]:

Eg =q5 /(4184R]) . (5)

From (5) at gs=55.6 C and Ry=~985 m we find that
Er =515 kV/m. It is evident that both numerical values
given for Ej practically coincide. In this connection, we
can speak of the efficiency of the calculated ratios (1), (4)
that determine the total charge ¢y in the adopted
thunderstorm cloud model and the electric potential g of
the outer spherical surface of the cloud wunder
investigation. By the way, the value of E by (5) is the
largest in the radial distribution of the electrostatic field
strength in the spherical volume V; of the cloud. As is
well known, for this high E-field according to a relation
of the form [2, 7]:

E, = gsr/(4meyRy) , (6)

at r = 0 the strength E, will be equal to zero
(at r = Ry (6) becomes (5) and determines the level of the
E-field on the outer surface of this cloud).

The data presented for the radial distribution of the
electrostatic field strength E, in the «storm cloud - earth»
system unequivocally indicate that in the case of a
homogeneous (in the composition [3]) character of the
change in the carriers of electricity in the spherical
volume V, of the assumed thunderstorm cloud, the
development of electron avalanches [1, 8] which are the
forerunner of the appearance in our system of lightning
(spark breakdown in the troposphere of the Earth of a
long air gap) will always start from the outer surface of
the cloud. Note that the indicated numerical value of
Er =515 kV/m at the accepted atmospheric conditions
approaches the critical £-field value corresponding to the
pre-breakdown stage of processes in the long air gap our
system of the length (Hy—R,) of our system [1, 8].

4. Calculation estimation of the electrical energy
W, of a thunderstorm cloud. Preliminary calculation
estimations of the numerical values of the electric energy
Wy accumulated in the storm cloud under investigation
revealed the presence of a number of features in its
determination. Thus, it turned out that the direct
application of the principles and formulas from [9] for its
electric capacitance to the calculation system «thunder
cloud - earth» (see Fig. 1) leads to erroneous results in
calculating the values of the ¥, energy of a thunderstorm
cloud. In order to demonstrate the results obtained with
respect to the energy W, with such a calculated approach,
we first start from the fact that at the electric potential g
of the cloud found above (in Section 3) and the a priori
zero earth electrical potential (pz=0) for calculating of the
electrical energy W, for the «storm cloud - earth»
calculation system that is used, it remains to determine
only the value of its electrical capacitance. The «direct»
definition in the case under consideration (Hy/Ry=3.04) of
its electrical capacitance C,, according to the
recommended [9] for the inequality Hy/Ry>1.5 an
approximate formula of the form:

CO = 272'6'0 /ln(2H0 /R()) N (7)

leads to significantly lowered values of the electrical
capacitance in the calculation system «thunder cloud -
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earth». For example, assuming the initial data Hy=3000 m
and Ry=985 m, according to (7), the value of Cj is
approximately Cy=30.8-10"> F. Therefore, the value
Wo=CoUy* 2 [4], where Uy=(pr — ¢g) is the difference
between the electrical potentials of a thunderstorm cloud
and a flat ground surface, assumes a numerical value of
only 3.94 MJ for Uy=506 MV and the huge volume
Vy=4:10° m® of a thunderstorm cloud used by us. The
reason for this is that (7) takes into account only the
distribution of electric charge along the outer surface of
the calculated sphere of radius R,. It does not take into
account the effect of the electric charge distributed with
volume density o,~qN, in volume Vi=4nR,*/3 of this
sphere. In this regard, the value of the electric energy W
of a thunderstorm cloud is recommended to be determined
by the following approximate relationship:

Wy ~0,5CzU¢ (8)

where Cp=qs/U, is the equivalent capacitance of the
superhigh-voltage system «thunder cloud - earth».

It should be noted that when using (8) a some error
is introduced into the approximate calculation of Cr and
Wy values, due to the previously described the
corresponding radial distribution of the electric potential
@, over the spherical volume of the received thunderstorm
cloud. However, this error is incommensurable small in
comparison with the error introduced by (7) into the
calculation of the electric capacitance and electric energy
W, in our system «thunder cloud - earthy.

From (8) at ¢gs=~—55.6 C u Ur—506 MV, we find
that with the recommended author's approach for the
system «thunder cloud - earth» under consideration, the
value of its equivalent electric capacitance Cr will assume
a numerical value of about 1.1-107 F, and the value of
electric energy accumulated in it is Wy=14.1-10° J (as we
see, it is almost 3578 times larger than with the use of
formula (7) in calculating C, and W;). The author
currently does not have quantitative data for W, by other
researchers of atmospheric electricity in the world. It can
only be assumed that if the values of the total charge gy
by (1) and the electric potential ¢ by (4) are found
correctly (we have given the above fairly convincing
electrophysical justifications of these calculations), then
the approximate determination by (8) of the value of the
electric energy W, of the thunderstorm cloud is also
correct.

5. Calculation estimation of the ATP of current
ir(® in the thunderstorm discharge channel on the
earth. For this estimation, with reference to the discharge
circuit of the capacitance Cr of the thunderstorm cloud
through the plasma channel in the air to the earth, we use
the classical electrical engineering approach characteristic
for electromagnetic processes in the RLC circuit [10].
First, we estimate the numerical value of the inductance
L, of a cylindrical plasma channel with the radius 7; of a
high-current spark discharge of a thunderstorm cloud in
the air gap of length /;=~(Hy—R,) to the earth according to
the following formula [11]:

L = 27) " ol [In(2ly /) 1], ©)

where u=47-10” H/m is the magnetic constant [4].

From (9), at [=(Hy—R,)~2015 m and r=11-10° m
[12] it follows that in our case the concentrated
inductance L, of the thunderstorm cloud discharge
channel on the earth will take a value numerically equal to
about 4.76 mH. When evaluating the numerical value of
the active resistance R; of a cylindrical lightning air
discharge channel, we proceed from the fact that the line
active resistance Ry of the investigated high-current
channel, according to the calculation-experimental data
from [12] for the repetitive pulsed D- component of the
artificial lightning current of the amplitude 7,,~92.3 kA
(Fig. 2, where t ¢,,p=15 ps is the time corresponding to the
first amplitude 7,p of the current) is numerically about
0.92 Q/m. As a result, for the active resistance R; of the
thunderstorm plasma channel of the investigated cloud to
the earth (see Fig. 1) we find that R, =Ry, = 0.92 Q'm ™' x
x 2015 m = = 1.85 kQ. It is seen that in the case under
consideration the inequality R>2(L,/Cg)"? is satisfied for
the electrical parameters R, L, and Cy of the discharge
circuit under consideration. This means that an aperiodic
current pulse iy (f) will flow in the lightning current
channel [10, 12].

For the ATP of the discharge current i;(f) at an
aperiodic law of its variation with time ¢, the following
calculation relation can be used [10, 12]:

i ()= Ugl(ery = ) Ly | [exp(-au) —exp(-rp)]. (10)
where a;, a, are the pulsed current shape coefficients
equal to a;=0—(0"—wy*)"? and a=0+(0"—wy>)"*; 0=R/(2Ly)
is the attenuation coefficient of discharge current;
coO:(LkCE)’”2 is the own circular frequency of the
discharge current of a cloud.

The time £, corresponding to the amplitude /,,; of
the lightning current of the discharge in accordance with
(10) will be equal to the analytical relation known in
electrical engineering [10]:

tmL :1n(a2/a1)/(a2 —0!1) .

11
I
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Fig. 2. Typical oscillogram of the D- component of the current
Of artificial lightning (/,,5~92.3 kA; t,,p=15 s, vertical scale —
22.52 kA/cell, horizontal scale — 50 ps/cell) obtained in the
high-current discharge circuit of the high-voltage lightning
current generator YUTOM-1 [12]
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For the obtained initial data R=1.85 kQ,
L, = 4776 mH and Cz=110 nF, we see that in the case
under consideration: d = 1.94:10° s™'; wy = 43.7-10° s°';
o~ 510° s o, = 3.83:10° 575 £, =~ 11.47 ps (see Fig. 2,
where the experimental time for the pulse amplitude of
the artificial lightning current was about 15 ps). At
Uy =—506 MV and ¢,,;, = 11.47 ps, the calculated value of the
amplitude of the lightning current for the investigated case
according to (10) will be approximately 7,;, ~ —262.1 kA.
The obtained quantitative values for ¢, and the amplitude
1,,; of the current in the discharge channel of the assumed
thunderstorm cloud to earth are well correlated with the
ATPs of the pulse current characteristic for short strokes
of the linear lightning to ground objects satisfying the I
level of their lightning protection according to the
stringent requirements of the International Standard IEC
62305-1:2010 [5, 6]. As for the duration 7, of the
aperiodic lightning current pulse at the level 0.5 /,,;, for our
case it is approximately equal to 7, =~ 0,7R,Cr = 142.4 ps.
Thus, with minimal information on the electromagnetic
situation in the zone of formation and development of a
thunderstorm cloud (only in terms of its approximate
dimensions and height of placement above the Earth’s
surface), experts can reasonably predict a thunderstorm
«picture» for the superhigh-voltage electrophysical
system «thunder cloud - earth» under consideration.

Conclusions.

1.1t is shown that by engineers and meteorologists a
spherical cloud model with an outer radius R, and a
volume Vy=47R,’/3 can be adopted as a simplified
calculation model of a thundercloud cloud containing
distributed over its spherical volume with an average
density of Ny=5-10" m™ negatively electrified in the
warm ascending air flows of the Earth's troposphere,
small solid dielectric particles with a radius of 7¢=10-10"
m and a charge of ¢=—2,78:10'® C. Varying the
numerical values of the radius Ry and, correspondingly,
the volume 7V, of such a thundercloud cloud, one can
also change its basic energy characteristics within a
wide range corresponding to the normative and technical
documents in force in the world.

2. An example of a thunderstorm cloud of the Earth's
troposphere of radius Ry~985 m and volume Vy=4-10° m’
at Hy=3000 m demonstrates the possibilities of the
proposed approach in the field of atmospheric electricity
investigations for the approximate determination by
specialists of the modules of such its energy
characteristics as the total electric charge ¢s~55.6 C,
electric potential at the center py=759 MV and on the
outer surface =506 MV of the cloud, accumulated by
fine-dispersed inclusions of the cloud electric energy
Wy=14.1 GJ and ATPs of the aperiodic impulse current
i;(¢) in the plasma channel of the long air spark discharge
of the cloud to earth (7,;=262.1 kA; ¢,,~11.5 ps;
7,~142.4 ps). The obtained quantitative data for gs, pr, W,
and ATPs of lightning impulse current on the earth’s
surface satisfy a number of requirements of the

International Standard IEC 62305-1:2010 for short strokes
of linear lightning to ground objects.

3. The results obtained will contribute to the possible
fulfillment by engineers and meteorologists of the
prediction of the electromagnetic situation in the area of
formation and development in the Earth's troposphere of a
real thunderstorm cloud, previously reduced by the
volume of ¥, occupied by it to an equivalent storm cloud
of spherical shape with radius R,. This approach, thanks
to the developed physical and mathematical apparatus,
makes it possible in an approximate form to find the
indicated basic energy characteristics (gs, @z, Wy and
ATPs of the channel current) of an equivalent
thundercloud cloud and opens up certain new possibilities
in the world practice of solving the actual problems of
lightning protection of ground objects and in-flight
aircraft that have found themselves in a hazardous zone of
high electromagnetic influence on their electrical
equipment (first of all, on their low-current electronics) of
a thunderstorm cloud with its huge in terms of numerical
indicators energy characteristics.
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