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Abstract
triggering by ionizing radiation of solar flares is considered. A
theoretical model and results of numerical calculations of

A possible mechanism of earthquake

disturbance of electric field, electric current, and heat release
in lithosphere associated with variation of ionosphere condu-
ctivity caused by absorption of ionizing radiation of solar
flares are presented. A generation of geomagnetic field distu-
rbances in a range of seconds/tens of seconds is possible as a
result of large-scale perturbation of a conductivity of the
bottom part of ionosphere in horizontal direction in the
presence of external electric field. Amplitude-time charac-
teristics of the geomagnetic disturbance depend upon a
perturbation of integral conductivity of ionosphere. Depe-
nding on relation between integral Hall and Pedersen cond-
uctivities of disturbed ionosphere the oscillating and aperiodic
modes of magnetic disturbances may be observed. For strong
perturbations of the ionosphere conductivities amplitude of
pulsations may obtain ~10% nT. In this case the amplitude of
horizontal component of electric field on the Earth surface
obtains 0.01 mV/m, electric current density in lithosphere
—10"% A/m?, and the power density of heat release produced
by the generated current is 1077 W/m?>. It is shown that the
absorption of ionizing radiation of solar flares can result in
variations of a density of telluric currents in seismogenic
faults comparable with a current density generated in the
Earth crust by artificial pulsed power systems (geophysical
MHD generator “Pamir-2” and electric pulsed facility “ERGU-
600”), which provide regional earthquake triggering and
spatiotemporal variation of seismic activity. Therefore, trig-
gering of seismic events is possible not only by man-made
pulsed power sources but also by the solar flares. The
obtained results may be a physical basis for a novel approach
to solve the problem of short-term earthquake prediction
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based on electromagnetic triggering phenomena.
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1 Introduction

Studies of a possible influence of solar activity on the
seismic activity of the Earth have been conducted for more
than a hundred years. Even in the 19th century Wolf
(1853) pointed out that sunspots may exert some influence
on the occurrence of earthquakes. At the present time the
studies in this area are directed to find correlations
between the Earth seismicity and solar activity (Wolf
numbers) (Gribbin, 1971; Takayama and Suzuki, 1990;
Zhang, 1998). According to Sytinsky’s researches
(Sytinsky, 1973; 1989; Sytinsky and Oborin, 1997), there
is a certain dependence of seismicity on the 11-year solar
cycle, which was verified by prediction of global
seismicity and seismic activity of specific regions. A
positive correlation was observed between the number of
earthquakes and the phases of the 11-year solar cycle.
Along with these studies there are also inverse statements
that the 11-year seismic cycles have a significant negative
correlation with solar activity cycles and geomagnetic
disturbances (Sobolev et al., 1998). It should be noted that
practically all mentioned conclusions are based on
statistical analyses only. Even for the cases when the
statistical analysis provides statistically significant result,
the authors come to nothing more than only supposition on
a mechanism of action of solar flares, or restrict to simple
general discussion of this action without details (Georgieva
et al., 2002). Moreover, there is a certain skepticism on a
real existence of solar-terrestrial relationships resulted in
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statistically significant variation of seismicity (e.g., Love

and Thomas, 2013). Nevertheless, new results obtained
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recently (Ruzhin and Novikov, 2018) stimulate the studies
of possible mechanism of such interaction. At present
some hypotheses where proposed on an influence of solar
activity on the Earth rotational speed (Simpson, 1968) or
to activity of hurricanes (Sytinsky, 1987) that, in turn, may
provoke a variation of the crust stress-strain state and
earthquake triggering (Yaroshevich, 2011; Sasorova and
Levin, 2017). However, the analysis made in Sobolev et al.
(2012) for regions of Kamchatka, Japan, and Philippines
demonstrated that amplitudes of seismic vibrations
generated by typhoons, which may be considered as a
possible trigger of earthquakes, does not exceed the
vibrations from numerous local earthquakes of moderate
magnitude of 4-5 and more strong remote earthquakes
occurring in the west of the Pacific ocean. Thus, it was
shown that the cyclones on the whole do not exert
significant triggering impact on seismicity during several
days or weeks.

We consider a possible mechanism of earthquake trig-
gering by ionizing radiation of solar flares. This research is
based on hypotheses proposed in the recently published
papers on a triggering impact of sharp variations of
geomagnetic field on seismicity (Sobolev et al., 2001;
Zakrzhevskaya and Sobolev, 2002; Tarasov and Tarasova
2004), as well as diurnal Sq-variations (Duma and Ruzhin,
2003; Tzanis, 2010). However, the model of generation of
telluric currents in the Earth crust with heterogeneous
conductivity provided by solar flares is absent today. The
paper presents the theoretical model and results of num-
erical computations of disturbance of electric field, electric
current, and heat release in lithosphere due to variations of
conductivity of ionosphere resulted from absorption of
ionizing radiation of solar flares.

2 Disturbance of electric field by
variation of ionosphere conductivity.

Solar flares are accompanied by disturbances of geom-
agnetic field in different ranges of periods. It may be
assumed that the greatest current amplitudes in the litho-
sphere are induced by short-period oscillations of geom-
agnetic field. Below we consider characteristics of electro-
dynamic impact of such oscillations on the lithosphere.
One of the mechanisms of generation of geomagnetic puls-
ations is related to a local change of ionospheric cond-
uctivity in the presence of an external electric field. Such a
mechanism is considered in Bell (1976) and Lyatskiy
(1978) as applied to the problems of generation of Pi2
pulsations, as well as artificial oscillations of the
geomagnetic field line. These studies considered processes

with characteristic periods over 10 s. The Earth-ionosphere
resonator generates oscillations of geomagnetic field with
periods of 1 to 100 seconds in the process of ionosphere
ionization by radiation of a solar flare with a short front of
its amplitude rise. For studying the characteristics of
induced electric current in the lithosphere, it is necessary
to modify the model to take into account the real
conductivity of lithosphere. The easiest way to estimate the
characteristics is an assumption of vertical geomagnetic
field. The horizontal scale of the conductive region
disturbed by the solar flare is of the order of the Earth's
radius, and the vertical scale is of the order of the
ionosphere thickness. Therefore, horizontal derivatives in
the equations may be neglected. It corresponds to the fact
that during the characteristic period of the field change the
ionospheric currents and fields diffuse in the horizontal
direction over a distance much smaller than the horizontal
scale. We introduce a Cartesian coordinate system with the
z axis directed vertically up along the geomagnetic field B
and the x and y axes directed, respectively, along the
meridian to the south and along the latitude to the east.
Conductivity of ionosphere is concentrated in a layer of
about 20 km maximum of which is located at an altitude of
about 120 km. The thickness of conductive layer is much
less than characteristic vertical scale of electric field. We
assume that maximum of conductive layer is located at an
altitude z=2z;. An external electric field E¢ in the
ionosphere is directed parallel to the Earth's surface. A
change in the ionosphere conductivity will result in
disturbance of ionospheric currents and, accordingly, in
generation of disturbance of magnetic and electric fields.
In the conductive ionosphere the electric field disturbance
E satisfies the equation (Bladel, 2007):

VxVxE+,u0§6\'(r,t)(E+Eext)=0, (1)

where G (r,t) is tensor of disturbed conductivity of iono-

spheric plasma. Above conducting ionosphere layer the ele-

ctric field disturbance satisfies the equation (Kelley, 2009):

1 °E,

(VxVxE)l+;W_O )

where u is Alfven velocity, symbol | means transverse

components of the vector relative to the vertical. We

assume that the conductivity of the Earth-ionosphere layer

is zero and, therefore, the electric field is determined from
the Laplace's equation:

AE=0 3)

Integrating equations (1) over the thickness of the con-
ducting ionosphere layer, we obtain the boundary condi-
tions on this layer for the tangent components of disturba-



28

Earthq Sci (2019)32: 26-34

nce of horizontal components E = (Ex,Ey) of electric field:

IE d d&
—V—po—($E)=po—Ee:; (E}=0, (4
{az} poo- (EE)=po Eews ) “
where curly brackets {...} denote a jump of corresponding
value when passing through a conducting level, 5 is time-
dependent tensor of integral conductivity of ionosphere
(Baker and Martyn, 1953):

§ Zp()  2u() )

2(t =( .

D=\ ) )
Above the conductive ionosphere layer the electric

field is determined by equation (2). Its solution has the
form of an outgoing magneto-acoustic wave

E(z,t)zf(t—z), 5)

The Earth-ionosphere layer is non-conductive. Hence,
for a quasi-stationary approximation, the electric field
disturbance in this layer is determined from the equation:

’E
02

the general solution of which is

0; O<z<z,

E(z.1) = Eo(t) + El(r)f. (6)

Ey in equation (6) is electric field on the lithosphere
surface. Substituting solutions (5) and (6) into the
boundary condition (4), we obtain the equation for the
electric field in the conductive ionosphere layer:

d e 1 ds
1% (E0+E1)]+IHE1 = E  (])

where a tensor of efficient integral conductivity is

Ee(z)=( ZP@EJrHI(t/)#OM Zp(gli(lt)/uou ) ®)
For an approximation of an ideally conducting litho-
sphere the tangent component of the electric field dist-
urbance on the lithosphere surface is Eg = 0. In this case
the equation (7) will be transformed into an ordinary
differential equation for determination of E|(f). For the
case of lithosphere with finite conductivity for determin-
ation of E(?) it is necessary to exclude in this equation an
unknown function E(r).

3 Characteristics of electric filed and
current in lithosphere.

Denote the disturbance of electric field in the
ionosphere as E; = Eg+ E| and go to the complex values
according to formulas:

2=Xp—-ily, E=E,+iE,.

Rewrite the equation (7) as

dsEyr g L= Eoyi:
dr " e ez 0 dr Y (9)

E,=Ey+E.

Considering the electric field in the lithosphere, we
assume that the lithosphere conductivity o (z) depends on
the vertical coordinate. The electric field is described by
equation

2
g

At the Earth-atmosphere boundary the horizontal comp-

onent of the electric field and its normal derivative are

continuous, and the field decreases into the lithosphere
depth:

{5}

Express the field disturbance on the Earth's surface E
as its value at the level of ionosphere. For that we use
equation (11), make the Laplace time transformation, and
get the following equation:

&> E
a2

Its solution, which satisfies the boundary condition at z =
0, looks like

0E
—#OU'(Z)E =0; z<0. (10)

=0; (Bl =0;
z=0

El =0 (1)

= oo (2)sE.

E(z9) = Ey5)f );  Bo(s) = | Eo(nyexp(-snd.
0

The function f(z,s) is a solution of the following

boundary problem:
d’f
) =uoo@)sf; fO,5)=1; f(-00,5)=0. (12)

It is evident that f(z,s) is defined only by distribution
of the lithosphere conductivity o (z). Using the boundary
condition on the lithosphere surface (11), we get the
following relation:

_ Ei(s)
L+21/7(0,5)

Time dependence Ey(f) may be obtained from this

equality by using the reverse Laplace transformation:

df(z,s)

dZ z=0

Ey(s) (0,5 =

Eon= [G(-r) Ei(/)dr';
(13)

0
| 1
GO =L {1+mf'(0,s>}’

where symbol L™! {---} denotes the operation of the reverse

Laplace transformation. Substituting (13) into (9), we
obtain an integro-differential equation for E; ():



Earthq Sci (2019)32: 26-34

dE; ' N
% +Q(t)E,~(t)—Qo(t)f0 G(t—t) E:(f')dt
= _Ql(t)Eext’ (14)
where
B ) 1 dZe(®
QO=nw 50w

Q1) =0 +2:(n; Ei0)=0.

In extreme case of ideally conductive lithosphere at
o — oo we have f’(0,s) — o0, G — 0. The kernel element
G(t—1') of integration of equation (14), which is defined
by formulas (12) and (13), as well as the algorithm of its
determination are described in the Appendix. After dete-
rmination of electric field in ionosphere E;(f) using equa-
tion (14), we calculate its time dependence on lithosphere
surface by the formula (13). The spatial-temporal
distribution of electric field in lithosphere is found from
equation (10), solving the boundary value problem:

*E
422
E(z, 1)~ = Eo();

E (Zm’ t) = 03

E(z,0)=0;

Zm <2<0.

0E
_“OO-(Z)E =0;

(15)

The values of electric field obtained by using the equ-
ation (15) provided a possibility of calculation of the
spatial-temporal distribution of electric current density and
the power density of heat release in the lithosphere by
using the following formulas:

@ =c@IE@ED; qz)=0@IEGHP.  (16)

The formulas (15) and (16) allow analyzing an electro-
dynamic effect of solar flares on the lithosphere. We pre-
sent the results of calculations of the spatial and temporal
distributions of amplitudes of the electric field, current
density, and power density of heat release in lithosphere,
accompanying the disturbance of ionospheric conductivity
under action of ionizing radiation of solar flares. For eval-
uation of electro-dynamic effects, we assume that under
action of an ionizing radiation pulse the integral condu-
ctivities of ionosphere are changing in time according to

the following formula:
2
t
1-— -

The following parameters were taken for calculations:
z1 =90 km;u = 500 km/s;
ky=1;kg = 6;
Eyxw=10mV/m, Ez=0

2pu(t) =20 {1 +kpnH
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Figure 1 A depth dependence of electrical conductivity of
lithosphere

The depth dependence of electrical conductivity of
lithosphere is shown in Figure 1 (Fainberg et al., 2004).

Figure 2 shows the results of calculation of the time
dependence of the electric field components on the
lithosphere surface, the modulus of electric current density,
and the power density of heat release at various depths for
various characteristics of the impact on the ionosphere.
The calculations showed that the current and the heat
release power decrease in the lithosphere depth. However,
in the layer of increased conductivity these values sharply
increase.

Figure 3 shows calculation results for dependence of
the modulus of electric current density on the lithosphere
depth at different points in time for different characteristics
of the impact on ionosphere. The calculations demonstrate
that the current is concentrated in the layer with increased
conductivity. The current amplitude is greater for those
flares that more disturb the ionosphere conductivity.

Figure 4 shows the results of calculation of dependence
of the maximum electric current density at the depth of
lithosphere of z = 10 km on the characteristic rise time of
the ionospheric conductivity resulting from absorption of
ionizing radiation of a solar flare. It follows from the
calculations that the current amplitude strongly depends on
the rise time of the flash front. Fast ionization jumps result
in large currents compared with a slow increase of the
conductivity disturbance.

The calculations demonstrated that as a result of a
jump of integral conductivities of ionosphere within ten
seconds electric fields with an amplitude of the order of
0.1 to 0.01 mV/m and electric currents with density of 10-°
to 107 A/m? are induced in the lithosphere, and in this
case the heat is released of power of 0.1 to 0.01 pW/m3.
The electric current is concentrated in the lithosphere
within layers with high electrical conductivity. It is shown
that if the layer in the lithosphere at a depth of 10 km has
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the conductivity five times higher in relation to surroun-
ding layers, then the current density there increases by an
order compared to its value at a smaller depth.

4 Discussion

The main question related to the earthquake triggering
by impact of solar flares to lithosphere may be formulated
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as: "Is it possible to trigger the seismic event by electric
current pulse of very low amplitude (106 to 107 A/m?2)
calculated with application of the numerical model desc-
ribed above (see Figures 3 and 4)?" In this case we need to
compare these theoretical results with field observations of
response of regional seismic activity to another type of
pulsed electric actions on the Earth crust like actions of
solar flares with similar duration (several seconds) and
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Figure 2 Time dependence of electric field components on the lithosphere surface (a, d), the modulus of electric current
density (b, e), and the power density of heat release (c, f) at various depths (1:0 km; 2:5 km; 3:15 km; 4:20 km) for various
characteristics of the impact on the ionosphere (fora, b, c,7=5s,Z9=1S; ford,e,f,7=15s,Z9=0.1S).
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different characteristics of the impact on ionosphere (characteristic duration of the front of the ionosphere conductivity build-

up 7 and the conductivity value X

Bishkek (Kirghizia) test sites. The load of MHD generator

25
was the grounded electric dipole with a distance between
0 | electrodes of 4.5 km and a resistance of 0.4 Ohms. During
MHD generator operation the DC current in the dipole
E reached 0.28-2.8 kA, the pulse duration was 1.7-12.1 s,
w15 and the total energy injected to the Earth crust was 1.2—
ie 23.1 M. Statistical analysis of regional seismicity in both
10
AL ®
Series of MHD generator operation with
5 ; ; ' ' DC current injection into the Earth crust
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Figure 4  Dependence of the maximum electric current
density at the depth of lithosphere of z = 10 km onthe 2 J“"\‘L"\.‘J_MJ,WAL’ My ‘-N’u 2
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characteristic time t of the ionosphere conductivity build-up 1955 1960 1965 1970 1975 1980 1985
resulted from absorption of ionizing radiation of a solar flare. Years
The following parameters were selected for calculations: Xpg = Figure 5 Daily nummber of earthquakes at Garm geophy-
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generation of similar telluric currents in lithosphere. For
this purpose we can use a case of man-made generation of
telluric currents with application of pulsed power systems
injected direct current (DC) into the Earth crust (Zeigarnik
et al., 2018). At present, on the basis of field investigations
and laboratory studies, the principal possibility of elect-
romagnetic triggering of seismic events has been proved
(Bogomolov et al., 2004, Novikov et al., 2017, Zeigarnik
et al.,, 2018). An influence of powerful electromagnetic
pulses of a magneto-hydrodynamic (MHD) generator on
the seismic activity of the Pamirs and Northern Tian Shan
(Tarasov and Tarasova, 2004; Avagimov et al., 2006) has
been discovered. The MHD generator of "Pamir" type was
used as a source of DC pulse for deep electromagnetic
sounding of the Earth crust at the Garm (Tajikistan) and

sical test site (Pamirs, Tajikistan) in the upper layer (0-5 km)
of the Earth crust of Tajik depression (b) and series of MHD
operations (a) for DC current injection into the Earth crust

t, days

Figure 6 Daily nummber of earthquakes in the upper layer
(0-5 km) of the Earth crust of Bishkek geodynamical proving
ground (Northern Tianshan before (<0) and after (>0)
operation of MHD generator for DC current injection into the
Earth crust
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regions (Pamirs and Northern Tianshan, see Figures 5 and
6) revealed that the number of earthquakes after operation
of the MHD generator becomes noticeably higher than
before. An increased level of seismic activity was observed
for 3-6 days after operation of the MHD generator.

It was supposed that electromagnetic pulses provided
by the MHD generator result in significant and prolonged
change of seismic activity over the region under study and
adjacent territories. During a series of experiments with the
pulsed MHD generator, the relative number of weak seis-
mic events, seismic activity of the region and earthquake
clustering increase. Currently, the Bishkek geodynamic
test site performs electromagnetic monitoring of the Earth
crust with application of a special high-current source, an
electrical generator facility (ERGU-600), which provides
the pulses of DC current of 600 A in the same grounded
dipole. In some modes of electric current injection into the
crust the energy input is comparable to the energy of a
weak earthquake (~108 J) and exceeds the energy input
during operation of geophysical MHD generators. The
results were obtained on triggering impact of electric
current injection into the Earth crust on the rise of weak
seismicity. The observed effect is similar to results during
operation of MHD generators, but in the case of ERGU-
600 application it is weaker (Zeigarnik et al., 2018).
Results of statistical analysis of variation of seismic
activity under man-made electromagnetic impact is
verified by monitoring of geoacoustic emission in the
wells of Bishkek geodynamical proving ground (Gavrilov
et al, 2011; Zakupin et al, 2014),
miscroseismiciy (Zeigarnik et al., 2018) demonstrating the
electric/electromagnetic stimulation of crack formations in
the Earth crust. Moreover, results of the field experiments
on electromagnetic triggered seismicity were proved by
numerous laboratory experiments for a study of response
of acoustic emission (crack formation) of rock samples to
electromagnetic pulses with application of special press
equipment (Sobolev and Ponomarev 2003; Bogomolov et
al., 2004, Lapshin et al., 2016; Avagimov et al., 20006), as
of triggering the macro-event (laboratory
"earthquake") by DC current pulses with application of the
spring-block model simulated a seismogenic fault
(Novikov et al., 2017).

Estimations of current distribution from electric grou-
nded dipole supplied by pulsed MHD generator "Pamir-2"
or electric pulsed power system ERGU-600 for real deep
geoelectric structure of the Northern Tien Shan region
(Rybin, 2011) in the area of field experiments described
above demonstrated that at a depth of location of regional
earthquake sources (5 to 10 km) the current density is 107
-10% A/m? (Novikov et al., 2009). Consequently, the

as well as

well as

current density provided by man-made power source (107
—10-% A/m?) resulted in variation of regional seismicity is
comparable with a density of telluric currents generated by
solar flares (10°-107 A/m?), as well as duration of DC
current injection (seconds) is comparable with duration of
solar flare action (seconds to minutes) that supports an idea
of real existence of solar-terrestrial electromagnetic-seis-
mic relations. Nevertheless, the mechanism of interaction
of DC current of very low density with stressed rocks
resulted in the earthquake triggering is not clear yet. Today
there some hypotheses of electromagnetic triggering of
earthquakes both by excitation of vibrations in the Earth
crust (Bogomolov, 2010) and stimulation of fluid
migration into the fault area under external electric actions
(Novikov and Novikova, 2014) resulted in decrease of the
faultstrength. It should be noted that these hypotheses are phe-
nomenological only and require detail theoretical justi-
fication and experimental verification under laboratory and
field conditions.

5 Conclusions

We demonstrated by numerical calculations and subs-
equent comparison of their results with data of field obse-
rvations that the absorption of ionizing radiation of solar
flares may result in variations of telluric current densities
in the seismogenic faults comparable with the current den-
sity generated in the Earth crust by artificial pulsed power
sources used for active electromagnetic monitoring (MHD
generators and electric pulsed power systems of ERGU-
600 type). Therefore, triggering of seismic events is poss-
ible by not only artificial sources of electric current inje-
cted into the Earth crust, but also the solar flares. A
generation of geomagnetic field disturbances in a range of
seconds/tens of seconds is possible as a result of large-
scale perturbation of a conductivity of the bottom part of
ionosphere in horizontal direction in the presence of
external electric field. Amplitude-time characteristics of
the signal depend upon a perturbation of integral
conductivity of ionosphere. Depending on relation between
integral Hall and Pedersen conductivities of disturbed
ionosphere the oscillating and aperiodic modes of
magnetic disturbances may be observed. For strong
perturbations of the ionosphere conductivities amplitude of
pulsations may obtain ~102 nT. In this case the amplitude
of horizontal component of electric field on the Earth
surface obtains 0.01 mV/m, electric current density in
lithosphere —10° A/m2, and the power density of heat
release produced by the generated current is 107 W/m3.
The calculations

demonstrate that the current is
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concentrated in the layer with increased conductivity. It
was shown that if the electric conductivity at a depth of
10 km is five times more than in surrounding layers, then
the current density there may increase by an order in
relation to the current density in the upper layer. The
current amplitude in lithosphere is much greater for the
flares with fast front of radiation increase in comparison
with slower processes of ionization of ionosphere.

The obtained results may serve as a physical backg-
round of a new approach to the problem of short-term
prediction of earthquakes based on electromagnetic trigg-
ering phenomena. This approach is formulated in
(Sobolev, 2011) where it is proposed to monitor the
triggering phenomena in an area of catastrophic earthquake
preparation defined on a basis of the middle-term
earthquake prediction (Zavyalov, 2006).

Appendix

For solving the equation (14) it is necessary to find a
kernel G(#), which is defined by formulas (12) and (13).
We obtain the solving of boundary problem (12) by
transformation of this equation into a system of first-order
equations:

i—i =g i—f =q'f;
4*(2.5) = oo (2)s
We define a function R(z) by formula R = g/f and
obtain Riccati equation for it:

We assume that lithosphere conductivity at z <z, is
constant and equals to o,. As it follows from this equation
the function R(z) at z<z, is constant and equals to
R(zm) = @ = \pooms. This equality is a boundary
condition for the Riccati equation:

dR
(Z, S) +R2(Z, S) — qZ(Z, S)
dz

R(zm,$) = qm = \pooms
The solving of this equation is found for each s and
after that its value is determined at z = 0. Since according
to (12), f(0,s) = 1, then assuming z = 0, we obtain:
20,5) _ df(z,0)
f(0,s) dz

Therefore, the kernel of equation (14) is:

Zm<z<0

R(0,s) = = f/(0,s)

z=0

_7-1 1
G =L {1+Z1R(O,s)}'

The Laplace reverse conversion is made with applic-

ation of the algorithm described in (Stehfest, 1970).

After the kernel determination the equation (14) is
solved by finite-difference method on the time interval
t=(0,t,,) by approximation of derivative by formula of
forward difference and an integral by quadrangle formula:

Ei[(k+ 1D)At] =[1-QkAt) Af] E; (kAt) +

k
Qo (kA AP Z G[(k—m) A E; (mAt) -
m=0
Qi (kA1) At Ex Ei(0) = 0;

k = 0...1’10; no = [tm/At]

Because the kernel of convolution operator G () diver-
ges at t — 0 as 1/ V1, then this integrable feature is exclu-
ded by representation the kernel as:

G(1) = Greg(t) = G(0) [1-exp(~12/1%, )|

A value of #, is selected much less than characteristic
time scales of variations of electromagnetic field fe; <<
lec.
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