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Abstract - The application of an information polarized electromagnetic field in resource-saving, low-energy electromagnetic
crop production technologies with the introduction of automated systems of gas-discharge visualization of bio-objects into the
technological cycle of pre-sowing seed treatment is shown. The process of forming a gas-discharge image of a bio-object located
in the recess of a flat electrode and on a rectangular protrusion of one flat electrode is considered. Based on the application of
the complex potential method, which is based on conformal maps of a simple region on one complex plane to a real Region
obtained on the second complex plane, expressions were obtained on the basis of which calculations of the distribution of electric
field strength for various variants were performed. The distribution of the electric field strength is determined between the plates
of the gas-discharge cell, when a<b, a<l, V=15 kV, a = 6 mm, connecting the voltage source in the center above the protrusion,
that is, without displacement; between the plates of the gas-discharge cell, when a a<b, a</, V' =20 kV, a = 6 mm, the offset
from the center of the recess of the voltage source connection point is 10 mm. and above the protrusion of the cell electrode,
when a =b =6 mm; V = 20 kV when connecting a high-voltage voltage source in the center above the protrusion, i.e. without
displacement; above the protrusion on the cell electrode when a =b = 6 mm, V = 15 kV when connecting a high-voltage voltage
source in the center above the protrusion, that is, without displacement; above the protrusion on the cell electrode when a = b
=6 mm, V =20 kV when connecting a voltage source with a shift from the center by 10 mm. Based on the graphical dependences
of the electric field strength, it is justified to obtain a high-quality gas-discharge visualization of a biological object. It is shown
that the studied biological object, for example, a small seed, should be placed on the surface of the protrusion of the cell electrode
with a distance between the protrusion and the second electrode of the cell of a gas-discharge visualization device of 1 mm, and
a high-voltage voltage source of 15...20 kV should be connected in the center of the protrusion without displacement in order to
ensure the non-invasiveness of gas-discharge visualization, an assessment of the energy of thermal processes and their impact
on the bio-object was carried out.
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application of the informational polarized Electromagnetic
Field (EMF) to biological objects to increase the quality and

1. Introduction
Currently, in agricultural production, numerous attempts

are being made to use electromagnetic energy to affect the
seeds of agricultural crops. So, for example, pre-sowing
treatment of cereal seeds with electromagnetic radiation
(EMR) with thermal power levels increases their similarity by
2-3%, the yield is 10-16%, while the quality indicators can be
compared with the control material [1-3]. Thermal methods of
impact on biological objects are not always applicable in
agriculture. They can be dangerous for human health and
significantly increase the price of products; in addition, there
is mostly no repeatability of obtaining a positive effect from
their use. Of particular interest and significance is the

OOE

quantity of the harvest, disinfect seeds, treat animals, and
combat agricultural pests.

The use of information EMF in agricultural production is
associated with the lowest energy consumption with
maximum impact on the information processes of the vital
activity of biological objects, which do not depend on the
magnitude of the radiation energy affecting it but on the
corresponding frequency and modulation-time parameters
EMF [4-8]. The relevance of these studies is confirmed by
discoveries, inventions, including in  agricultural
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bioelectromagnetology, and foreign works related to the
purposeful use of EMF information radiation not only on
animals and plants, but also on humans. However, the
maximum (desired) changes in the properties of this biological
object (taking into account the state of the external
environment) can be obtained only with an optimal
combination of biotropic EMF parameters. Determining the
biotropic parameters of EMF using agrotechnical methods is
time-consuming and, in addition, their determination requires
considerable time [9-16].

With the proper selection of the parameters of the EMF
affecting the biological object, it is possible to change the
course of information processes in the biological object and
mobilize its forces to obtain the intended biological effect.
Accordingly, there is a need to conduct theoretical studies to
determine the range of changes in biotropic EMF parameters
and optimize these parameters with the help of data obtained
from automated devices for Gas Discharge Visualization
(GDV) of biological objects.

Insufficient  theoretical research and incomplete
automated devices for determining the biotropic parameters of
EMF and forming the image of bioobjects based on GDV limit
the possibility of purposeful application of EMF, complicate
the analysis of phenomena and leave a problematic question
regarding the creation of resource-saving electromagnetic
technologies in agricultural production [16-19].

The creation of resource-saving informational
electromagnetic technologies in crop production based on the
application of informational polarized EMF is possible only
with the introduction into the technological cycle of pre-
sowing treatment of seeds of automated systems GDV of
bioobjects.

Taking into account, the phenomenon of gas discharge
visualization is associated with the presence of significant
gradients in the distribution of the electric field between the
surface of the substance under investigation, which is located
on one of the electrodes of the GDV cell of the device, and the
second electrode. The presence of these gradients in the case
when the electric field strength is quite high (tens of k\V/cm)
will lead to different intensities of avalanche discharges,
which, in turn, will depend on the location of the biological
object in the cell of the GDV device, the size of the biological
object and the distance between the covers of the cell of the
GDV device, as well as from the point of connection of the
high-voltage voltage source.

Taking into account the above, the work aims to analyze
the processes of image formation of bioobjects based on gas
discharge imaging to determine the biotropic parameters of
EMF, which cause an increase in the productivity of
bioobjects of crop production when they interact with
informational polarized EMF of the microwave range.
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2. Materials and Methods
As is known, any electrostatic field is potential [1, 2]. In

the case when a flat electrostatic field E = {E,,E,} is
considered, the condition [1, 2] is fulfilled:

o8y _ ok

(rotE), = 22— %2 g, &
or
Ey _ 0B
Tox ay’ @

Noting: P = —E,; Q = —E,, and taking into account that
equality Z—i
the expression:

oP . _ .-
5, IS & necessary and sufficient condition that

dv = Qdx + Pdy = —E,dx — E,dy =
v v
= adx + Edy (3)
Equation 3 will be the complete differential of the
function, we can conclude that the function itself can be
restored using the expressions [20, 21]:

CAY)

(ove) E,dx + E,dy + C;.

v(x,y) = 4
In expression (4), we take the curvilinear integral along

an arbitrary contour L that connects a fixed point (x,, y,) with

a variable point (x, y) Moreover, it has no special points. The

constant is determined from the given initial conditions.

Using expression (3), the electromagnetic field vector can
be represented in the form [20, 21]:

> v, 0v
Ej=—-——1——j=—gradv
y] ax ay] g )

(®)
Where 7 and j are orthogonal directed along the axes 0X
and OY.

The function v = v(x, y) is called potential, and its level
lines are called equipotential lines.

Let us now take into account that the space between the
electrodes containing the material under study does not
contain sources of charges. In this case, as is known [20, 21],

the electrostatic field E is solenoidal:

0Ex | 0Ey

divE = —+ 3y 0, (6)
or

OEx _ 0By

Pl (7)
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By analogy with the above, condition (7) is also a
necessary and sufficient condition for the expression:

a a
du = —E,dx + E,dy = a_z dx + ﬁ dy (8)
Equation 8 will be the complete differential of the
function u = u(x,y). At the same time, this function is
restored by its complete differential using a similar expression
(4) of the curvilinear integral:

(xy)

u(x,y) = f(xo.YO) —E,dx + E,dy + C,.

9)

Thus, two scalar functions correspond to a flat
electrostatic field in the absence of charges: the potential
function v(x, y) and the function u(x, y).

Let us now consider these functions from a slightly
different angle. It follows from expression (5) that:

v ov
Ex = _ax y = _51 (10)
and from expression (8):
ou ou
E. = P E, = o0 (1)
So,
ou v Ou v
%oy ox (12)

But these conditions are nothing but Cauchy-Riemann
conditions for the real u(x,y) and imaginary v(x,y) part of
the analytic function w of a complex argument z [20, 21]:

w = f(2) = ulx,y) + iv(x,y), (13)

Where z = x + iy; i — imaginary unit.

It follows from the obtained result that the function level
lines u(x,y) and v(x, y) are orthogonal [21]. But the electric

field vector E is normal to the lines of the level of the potential
function v(x, y), respectively, it will be tangent to the lines of
the level of the function u(x, y), which, accordingly, is called
the force function of the field. In this case, the function w =
f(2) is called the complex potential of the electrostatic field
under consideration.

It should be noted that since the derivative of the complex
potential is uniquely determined by expressions (12), using the
rule for its calculation, we obtain:

,()_6u+_6v_6v+_6v_
fz_ax lax_ay Yox T
= —E, —iE, = —i(E, — iE,). (14)
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It follows that:

E,—iE, =if'(z). (15)

Since, from a geometric point of view, a complex humber
is nothing but a vector on a plane, we obtain from the
expression (15):

+iEy=—if’(z), (16)
Where a dash above the derivative indicates that a
complex conjugate value is taken.

It also follows from expression (16) that the value of the
tension vector is:

3

It follows from the above that the complex potential maps
the flat of the field z onto the flat w, conformal at all points of
the field region, where its intensity differs from zero. But since
the level lines u(x,y) = const and v(x,y) = const are
mutually perpendicular; they will be parallel to the real OU
and imaginary OV coordinate axes.

| = |-iF @] = (&) (17)

Accordingly, knowing the complex potential of the field,
it is possible to find its equipotential and force lines and, with
them, the entire picture of the field.

3. Results

Let us consider the case when the bioobject is placed in a
recess on the flat electrode of the cell of the GDV device,
while the width of this recess a is much smaller than its depth
b and the distance between the electrodes | (Figure 1).

z= g(\/W2 — 1+ arcsin i). (18)
Y w

At the same time, the transformation itself looks as
follows (Figure 1):

A
Y

Fig. 1 Case of indentation with parameters b >a, | >a on the electrode
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The conformal transformation, which displays the upper
half-plane on the complex plane w corresponding to the
complex potential w = u + iv, on the half-plane with a cut in
the complex plane z, which coincides with the electrode under
consideration, has the form (Figure 2):

O

®

-al2

lalz

Fig. 2 Conformal transformation of a half-plane on the complex plane w
into a half-plane with a cut on the complex plane z

In the same way as above, to solve the given problem, we
will find x, y, Ex ta Ey. It follows from expression (18) that:

a*|(uz-v2 (2uv) ?
x=Rez=;( (u2+v2—1) toa2¢055+
2 /,,2 2
+ arcsin M>; (19)
N+P
af*|(uz-v2 (2uv) $
y=Imz= ;( (u2+v2 - 1) 25y
—arch H) (20)
u? \? v2 2.
N= \/(1 + u2+v2) + (u2+v2) ! (21)
uz \? v2 2.
P= \/(1 - u2+v2) + (u2+v2) ! (22)
¢ = arctg ujﬁzz (23)
Using data:
£ - R dw) R 1)
x = ne —lE = Ke —lE
dw
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The simulation of the distribution of the electric field
strength over the surface of the depression of the tray with the
bioobject, when the distance to the second electrode is much
greater than the width of this tray, allowed us to obtain the
expression (19-25).

T

T as (uz_vz
uZ+v2

x 2uw?’ (24)

u2+v2

E =Z

y (25)

02

+v2

(zuv)z'
u2+v2

Numerical calculations of the dependence of the electric
field strength between the electrodes of the cell, when the
applied potential between them is equal to 15 kV and 20 kV
(Figures 3 and 4) were performed.

The graphs in Figures 3 and 4 are plotted for the width of
the recess a = 6 mm. The change of x on the horizontal axis
corresponds to the size of the electrode of the GDV cell of the
device, which has the shape of a circle. The voltage source is
connected in the center of the cell circle (Figure 3). Curve 1
on the graph corresponds to a distance between electrodes of
20 mm, curve 2 — 30 mm, curve 3 — 60 mm.

It follows from the graph (Figure 3) that the maximum
electric field intensity is located above the middle of the recess
and is 7 kV/em (a/l = 0,3) at a voltage source of 15 kV.

The obtained dependences (Figure 3) for the electric field
intensity between the covers of the device’s GDV cell show
that, in this case, there will be no GDV of the biological object.

It follows from the graphs (Figure 4) that as the distance
between the electrodes of the cell increases, the intensity of
the electric field between them decreases, and the maximum
intensity shifts to the point of connection of the voltage source.
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Fig. 3 Dependence of the electric field strength modulus between the
plates of the cell whena < b, a < I, V =15 kV, @ = 6 mm. Connecting the
voltage source in the center above the protrusion, i.e. without offset: 1)
a/l=0,3;2)a/l=0,2;3)a/l=0,1

Fig. 4 Dependence of the voltage of the electric field between the plates
of the cell, whena<b,a<|, V=20 KkV, a = 6 mm. The shift from the
center of the depression of the voltage source connection point is
10mm: 1) a/l=0,3;2)a/l=0,2;3)a/l =0,1

From the obtained dependencies (Figure 4), it follows that
increasing the voltage of the power source to 20 kV will not
lead to the appearance of electronic and ion emissions.

It follows from the calculations that it is possible to find
the optimal value of the applied potential after experimental
refinement of the obtained theoretical results.

However, there may be cases when it is expedient and
convenient to place a biological object on the protrusion of
one of the cell’s electrodes. For simplicity, we will consider
the profile of this protrusion to be rectangular (Figure 5).
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Fig. 5 View of a protrusion on one of the cell’s electrodes

By conformally mapping the strip on the complex plane
to the region on the complex plane corresponding to the gap
between two electrodes with a protrusion on one of them [22],
taking into account, we obtain the complex potential:

) % ashmx
W=u+lv=——[2x+—]
2l costy—chmx
. y asinmy
+iV [1 T + 21(cosmy—ch nx)]' (26)
Using expression (16), we get:
_ _ anVsinmyshmx
Ey = 12(cos my—chmx)?’ (27)
Ey _ V[Z—%Hcos 271:y+(11:%—4) cosTy chmx+ch erx]’ (28)
21(cos my—chmx)?

Where: |E| = JEZ + E2.

Based on the obtained expressions, calculations were
made of the distribution of the electric field strength over the
surface with a protrusion in the case of a potential of 20 kV
applied to the electrodes (Figures 6 and 7).

The results of the calculations showed that in the case of
connecting a high-voltage voltage source in the center above
the protrusion of the cell electrode (Figure 7), the difference
in the distribution of the electric field intensity depending on
the distance between the electrodes consists only in the
amplitudes of the intensity, but the geometry does not change.

Accordingly, the value of the applied potential is
determined by the sensitivity of the device’s recording GDV
of the bioobject, as well as the possibility of electrical
breakdown. In addition, a decrease in the distance, as well as
above, will lead to an increase in the maximum tension
without its displacement relative to the middle of the studied
biological object.

The situation looks different in the case of a shift of the
voltage connection point from the middle of the protrusion by
10 mm (Figure 7). In this case, when the distance between the
electrodes is mm (the distance from the protrusion to the
second electrode of the cell is 1 mm), the distribution of the
electric field intensity practically does not differ from the case
when there is no shift.
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Fig. 6 Distribution of the electric field intensity over the protrusion of

the cell electrode when a = b =6 mm; V = 20 kV. Connecting the high-

voltage voltage source in the center above the protrusion, i.e. without
offset: 1) =7 mm; 2) | =8 mm; 3) I = 10 mm.

However, at distances (I = 8 mm, [ = 10 mm), asymmetry
in the field distribution begins to appear. Its maximum shifts
towards the connection point, and its decline is steeper than its
growth.

Thus, the displacement of the connection point away from
the center of the protrusion does not allow obtaining a uniform
GDV-gram of the entire biological object under study. It can
be used only if it is necessary to study the border areas of the
biological object.

In Figure 8, the graph of the modulus of the electric field
above the protrusion when a = b = 6 mm, V = 15 kV is
presented. The high-voltage voltage source is connected in

As follows from the given dependencies (Figure 7), a
decrease in the voltage of the high-voltage source leads to a
decrease in the stress modulus. If the distance between the
protrusion and the second electrode of the device’s GDV cell
is more than 1.5 mm, the quality of GDV-grams will decrease.
It may even lead to a complete cessation of the glow of the
biological object.

To select the optimal pulse rate of high voltage pulses and
assess the level of non-invasiveness of the method, it is
necessary to estimate the energy of thermal processes and their
impact on the biological object. The energy transferred by the
discharge of the surface of the bio-object under study can be
estimated by considering the processes in the discharge gas
column. To do this, we calculate the power released in the
discharge volume. The energy transferred in a single collision
of an electron with an ion can be estimated by the expression
[22, 23].

114

Fig. 7 Distribution of the voltage of the electric field over the protrusion
on the electrode of the target, thena =b =6 mm, V = 15 kV. Connecting
the high-voltage voltage source in the center above the protrusion, i.e.
without offset: 1) | =7 mm; 2) | =8 mm; 3) | = 10 mm

Me Me Ve
AP =272 et (29)

i 2

Where m,, m; — the mass of the electron and the ion,
respectively; v,— electron speed. The transmitted power can
be determined by the expression:

P = fom:_e,%.%- dn(ve)’ (30)
Where 7, = vi — the inertia of time; [ — mean free path

length of an electron; dn(v,) — concentration of ion pairs of
different signs (at time t).

Submitting dn as [22, 23]:

dn = f, - dv,, (31)
The expression for power will have the form:
©1l 2me eVd =
P = s T fodve, (32)
mt»vg
Where f,=C-e *Te — Maxwell’s function; k —

became Boltzmann; T, — electron temperature.
Given that the initial concentration of positive and

negative ion pairs (at t = 0) equals n,, value C in Maxwell’s
function is determined by the expression:

fow fow waC - e EIHD L dy - dy,, - dv, = ny. (393)
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To calculate the integrals, we use the relation [11]:

2 fowe‘axzdx = (2)1/2.

a

Which leads to the expression:

3
(5)=n
a) O

C

= (34)
Where a = —%.
2kT,
From expression (34), we obtain that:
3
C=6-n (%) (35)

To estimate the power, we consider that the electric field
is applied along the "x" coordinate, and, accordingly, all
ionization goes in this direction. In this case, the expression
for power will have the form:

0 OO OO 2

Vex Me

P= no'__
o Jo Jo L m

me 2 2 2
———(VE+Vitv
x e akTe XYY Z)dvxdvydvz.

3
Ve (M) 72 X
(36)
Solving equation (36) leads to the relation for power:

1

1

2mek3T3\2

P =6n,— (#) .
lmi

i

@37)

For the calculation, the following values of quantities
typical for a low-current discharge were taken:

§=10"2%0
n; = 1025

m?;
1/mé3;

ny =10 1/m3 m; =1072°
E=10° V/m; m,=10"3% kg;
kT =m,v,% L = ﬁ =10"°m.

Kg;

The speed of the electron is determined from the

expression:
2eE
m,n;8 K

~4/3,2-1011 =~ 0,56 - 10° m/s.

kT =m, -v,2=1073%0.3,2- 10! =

3,2-1071%-10°
0-30.1026.10-20

Ve =

=3,2-1071° kg-m?/s.

P=6- 1010106 - 1025J(2 210739 . (3,2 - 10-19)3

):

T
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= 84 - 1072 W/cm?®or 0.084 uW/cm?.

As can be seen from the obtained results, even with the
maximum values of the used parameters, the power released
in the discharge is insignificant.

4. Results

According to the obtained expressions (19 — 25),
calculations of the electric field between the electrodes of the
cell were performed when the potential between them is equal
to 15 and 20 kV (Figures 3 and 4). It follows from the graph
(Figure 3) that the maximum intensity of the electric field is
located above the middle of the recess and is 7 kV/cm at a
voltage source of 15 kV. It follows from the graphs (Figure 4)
that as the distance between the electrodes of the cell
increases, the intensity of the electric field between them
decreases, and the maximum intensity shifts to the point of
connection of the voltage source.

According to the obtained expressions (27, 28),
calculations were made of the distribution of the electric field
strength over the surface with a protrusion in the case of a
potential of 20 kV applied to the electrodes. The results of the
calculations showed that in the case of connecting a high-
voltage voltage source in the center above the protrusion of
the cell electrode (Figure 6), the difference in the distribution
of the electric field intensity depending on the distance
between the electrodes is only in the amplitudes of the
intensity, but the geometry does not change.

As follows from the given dependencies (Figure 7), a
decrease in the voltage on the electrodes leads to a decrease in
the stress modulus. If the distance between the protrusion and
the second electrode of the device’s GDV cell is more than 1.5
mm, the quality of GDV-grams will decrease and may even
lead to a complete cessation of the glow of the bioobject. The
energy transferred in one collision of an electron with an ion
can be estimated by expression (29).

5. Discussion

From the performed calculations, it can be concluded that
finding the optimal value of the applied potential is possible
after experimental refinement of the obtained theoretical
results. A complete and high-quality GDV image of a
biological object can be obtained if a protrusion on one of the
electrodes is used.

Using the concept of complex potential explained above,
the distribution of the field between two flat electrodes of the
cell of the GDV device was studied, taking into account the
presence of a bioobject in the recess of the flat electrode and
on the rectangular protrusion of one flat electrode.

Thus, based on the analysis of the electric field intensity
distribution, it is possible to conclude that it is more effective
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to place the electrode with the bioobject at a distance equal to convenient to use the method of complex potentials,

1 mm from the protrusion to the other electrode of the cell of based on conformal mappings of a simple area on one

the GDV device and to connect the high-voltage voltage complex plane to areal area, which is obtained on another

source in the center of the protrusion without shifting. At complex plane.

smaller values of V —, the field strengths decrease, which will 2. In order to obtain a high-quality GDV-gram, the

result in a lower quality of GDV-grams. As shown by the investigated bioobject should be placed on the surface of

experimental research of the process of GDV of bio-objects, the protrusion of the cell electrode with a distance
heat can be released in them during visualization with certain between the protrusion and the second electrode of the
parameters of high-voltage pulses. GDV device cell - 1 mm, and a high-voltage voltage

source of 15...20 kV should be connected in the center of

6. Conclusion the protrusion without shifting.

1. To describe the changes in the distribution of the electric 3. In order to exclude the thermal impact of GDV on a
field strength over the surface with protrusions on the biological object, the study of biological objects should
electrode of the cell of the GDV device, on which the be carried out at a power released in a discharge of no
bioobject studied with the help of GDV is located, it is more than 0.08 pW/cm?.
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