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Abstract. Phasometric control methods in relation to the tasks of technological
monitoring of various objects involve the isolation, analysis and tracking of the
dynamics of the phases of their transfer functions in real time. Atthe same time, the
number of spatially spaced point sources of the field should correspond to the detail
of the network of phasometric control points. In this case, the generated signals
can generally be arbitrary, and the differences between their parameters consist in
setting certain amplitude-phase ratios that depend on the relative spatial location
of the phase control points and point sources. Based on the proposed method, a
multiphase field simulation was carried out using the example of geoelectric con-
trol, which has shown the effectiveness of phase-measuring methods and devices
for recording variations of the object of control with sufficient sensitivity of the
measuring installation.
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1 Introduction

The known methods and devices ofphase monitoring [1- 3] are based on continuous mea-
surements of instantaneous values of phase shift angles between oscillations of physical
fields of equal frequency and determination of their parameters and characteristics.

For a pair of signals of the same circular frequency to, the phase shift can be
determined through a time delay (time shift) as:

2nf 360° At
= AAt = 2nfAt = — = T—

where T is the period of signals.

According to the provisions of measurement theory, the problem of determining the
phase difference of a pair of oscillations A" can be solved in various ways [4- 10],
allowing their implementation, both in analog and digital form. At the same time, the
main classification of methods assumes their differentiation by the type of signals being
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compared, dividing them into methods for comparing phases ofquasi-harmonic and pulse
signals, and the second group of methods is less preferable for practical implementation.
This is due to the appearance of additional measurement errors in the presence of high-
frequency noise; useful or parasitic amplitude modulation of the compared signals;
displacement of their zero level; as well as caused by loss of information due to the
processes of converting quasi-harmonic signals into pulsed ones.

In the known modifications of the phasometric control method in relation to moni-
toring tasks [11- 13], it is assumed to isolate, analyze and monitor the dynamics of the
phase X, Y, z) of the transfer function of the control object in real time (x,y, z
are spatial coordinates). At the same time, the features of various approaches are specific
algorithms and methods for generating probing signals to create the necessary multiphase
structure of a particular physical field, receiving and primary conversion of measuring
signals, as well as processing and interpreting the information contained in them.

2 Method of Formation of a Multiphase Field of a Given Structure

The use of the thermoelectric method of obtaining heat and cold makes it possible to
implement on its basis a climate control system for agro-industrial facilities [12, 13]. The
microclimate control with its help is carried out under the action of control variables in
the form of control currents Ic, which are functionals of the desired temperature values
of the TD and the results of temperature measurements using sensors TS.

In order for a certain phase value of one or another excited physical field to be created at
each point of the control object, it is necessary and sufficient that the minimum number
of point radiating poles-field sources is equal to two (I > 2). In addition, these point
sources that excite an artificial multiphase field must be spatially spaced, and supplied
to them probing signals are time-varying. In this case, the shape of the signals can
generally be arbitrary, and the differences between their parameters consist in setting
certain amplitude-phase ratios [11- 13], depending on the relative spatial location of
the control object and point sources. Such an approach to signal generation can be
analytically written as

Si(t, Xi, yi, Zi) = s{t, Xi,yi, Zi, Ai,0i) Q)

where i = 1....1, | is the number of point radiating source poles, Ai - the amplitude of
the i-th probing signal, "oi - the initial phase of the i-th probing signal.

Thus, devices for generating probing signals based on phasometric control methods
should be able to control not only the frequency, but also the amplitude and phase of
synthesized signals, and to ensure increased accuracy, sensitivity and noise immunity of
measurements, stability of parameters and phase synchronization for the entire range of
operating frequencies of probing.

In accordance with the proposed provisions of the method of forming a multiphase
field of a given structure, one of the probing signals with eigenvalues of amplitude
and phase is taken as a reference, and the amplitude-phase relations for the remaining
signals are set relative to this signal. With this approach, it is convenient to represent



the relationship between signals in an exponential form using complex numbers. In this
case, expression (1) will take the following form

si(tIxi,yi, zi) —Ai(t, xi,yi,zi | OMXNZ) @

Thus the set of vectors distributed on the complex plane and constructed in accor-

dance with (2) will reflect the relationship between the amplitude-phase ratios of the

probing signals. An example of such a distribution for clarity is shown in Fig. 1, where

the case of using four signals as probing is considered, and the signal s1(t,x1,y1,z1) is
taken as a reference and depicted along the real axis for which ~q1(t,x1,y1,z1) —0.

Fig. 1. Vector diagram of the distribution of signals on the complex plane, illustrating the
relationship between the amplitude-phase relations of their parameters.

Depending on the characteristics of the controlled object [14- 20] and the types
of observed processes, the number of point sources can be changed, as well as the
parameters of the generating signals coming to them (frequency, amplitude and/or initial
phase), which allows the use of phasometric methods and monitoring devices to monitor
a variety of processes under different measurement conditions.

3 Modeling of an Artificial Multiphase Low-Frequency Geoelectric
Field

We will model a multiphase field using the example of geoelectric control [14, 15]. At
the same time, we assume that the complex vector of the geoelectric field strength of the
object of control with a resistivity p is created by two point radiating poles-sources of
complex current A —lej”™ and is defined as

2nr2 )

where r and ~ are the distance and radius are the vector from the point radiating pole
of the field source to the point pole of the receiver.



The modulus of the geoelectric field strength vector = [EM+ iEyis determined
by adding up separately the real and imaginary parts of the projections of the field vector
on the coordinate axes n and y (excluding the z axis directed down into the medium):

A = J Re(E*)2 + Re(Ey)2 + )2+ Im(*y)2 %)

The phase component of this vector is defined as the arctangent of the ratio of the
imaginary and real components:

WEB = attam( !T—(-Ez) (5)

A diagram of a geoelectric installation for modeling is shown in Fig. 2, where GND
is a point grounding pole.

Fig. 2. Diagram of a geoelectric installation for modeling.

In this case, the phase shift between the currents arriving at the point radiating
poles-sources A and B is 90°, L = 15 m, d = 3.5 m, eight point poles-receivers Mi
and Ni forming four differential pairs MiNi are used to register phase parameters and
field characteristics. The amplitudes of the currents of the point radiating poles-sources
and the resistivity of the object of control affect only the amplitude component of the
generated multiphase electric field, therefore, normalized values are set for them.

Then the electric field strength in accordance with (3) for a given geoelectric
installation is defined as

11(A —rm) 12(B —rm)
2n(\A —rm[)2JA —rm| © 2n(|B —rm|[)2|B —rm|
(11 + 12)(GND —rm)
2ndGND —rm|)2|GND —rm| ©

E(rm) =

The first term (6) is the contribution of the electric field caused by the point radiating
pole-source A at the point with the radius vector rm, the second term is the contribution



of the point radiating pole-source B, the third term is the contribution of the point pole-
grounding GND. The distances from each point radiating source pole to the rm receiving
points are defined as vector modules.

The distribution of the phase of the electric field along the n and y coordinates,
represented in degrees and obtained on the basis of expressions (4) and (5) taking into
accountthe multiplier 180/n, is shown in Fig. 3 relative to the pointradiating pole-source
A.

Fig. 3. The result of modeling the phase distribution of the electric field.

Figure 4 shows a family of curves demonstrating changes in the recorded phase of
the electric field when the point pole-receiver moves along the coordinate axes (X, y)
relative to the point radiating pole-source A, and the step along the ordinate axis takes
discrete valuesy = 0,2, 5, 10 m.

Fig. 4. Graphs of the change in the recorded phase of the electric field when the point pole-receiver
moves along the coordinate axes (x, y) relative to the point radiating pole-source A.

The red curve in Fig. 4 (aty = 0 m) corresponds to the movement of the pointreceiver
pole along the line AB and gives the largest phase variation from 0° to 90°. When a point
receiver pole is shifted vertically up or down by an equal distance, the phase of the field
atthe receiving point changes in the same way. Figure 5 shows a similar family of curves



showing changes in the recorded phase of the electric field when the point pole-receiver
moves away from the center of the setup along the x coordinate. Since the graphs are
symmetrical about the origin, the figure shows only their right side for positive values
of the x coordinate.

Fig. 5. Graphs ofthe change inthe recorded phase ofthe electric field when the point pole-receiver
moves away from the center of the setup along the x coordinate

It can be seen from the figure that even when the point pole-receiver is removed at a
distance of 100 m vertically (black curve, long dotted line), the phase variations with a
change in the x coordinate are about 7° (and 14°, taking into account negative x values).

The calculation of the modulus makes it possible, in addition to the analysis of
phase characteristics, to construct the distribution of the electric field amplitude in the
near-surface part of a homogeneous geological medium.

In the Fig. 6, the distance along the coordinate axes is also taken in decimeters, the
amplitude of the electric field is expressed in dB relative to 1 V/m, taking into account
the introduced normalizations. Let’s consider a similar example for a different scale of a
geoelectric installation. In this case, we assume that the phase shift between the currents
supplied to the point source poles A and B is also 90°, L — 110 cm, d — 60 cm.

The distribution of the phase of the electric field in the near-surface part of a homo-
geneous geological environment for this case is shown in Fig. 7. The dimensions of the
axes in this and subsequent figures are centimeters.

Let us complicate the task by considering the case of introducing heterogeneity in a
controlled area of the near-surface part of the geological environment. The distribution
ofthe phase of the electric field under these conditions is shown in Fig. 8, and the changes
in the phase component of the field are shown in Fig. 9.

As the inhomogeneity, in this case, an additional point pole-grounding is introduced,
located to the left of the center of the geoelectric installation (in the direction of the point
radiating pole-source A) with the spatial position xGND —-75 ¢m and yGND —-20 cm.
The current of the point ground pole is taken equal to -K GaD(I' A + | B), where KGND
is the coefficient of current attenuation of the point pole-grounding in the near-surface
part of the geological environment (KgND —0.03).



Fig. 6. Distribution of the electric field amplitude in the near-surface part of a homogeneous
geological environment.

Fig. 7. Distribution of the phase of the electric field in the near-surface part of a homogeneous
geological environment.

In Fig. 9, the equiphase contours correspond to the logarithm of the phase deviation
from 1 (phase shift 10°) to -4 (phase shift 0.0001°). Figure 9 shows that phase changes of
more than 0.1° (contour line 1) are observed in most of the modeling area, which makes
it possible to effectively use phase metric methods to register geodynamic processes
in the near-surface part of the geological environment with sufficient sensitivity of the
measuring setup.



Fig. 8. Distribution ofthe phase of the electric field in an inhomogeneous geological environment.

Fig. 9. Changes in the phase component of the electric field in an inhomogeneous geological
environment.

4 Conclusion

When using the proposed approach, the object of control is an “equifase surface” (by
analogy with an equipotential surface), illustrating the phase distribution of a particular
physical field by a set of “equifase isolines” created by each point radiating source pole.

In the Fig. 1, the equifase isolines of the multiphase electric field are constructed in
increments of 10, the distance along the coordinate axes is expressed in decimeters. The
simulation results determined that the phase point on the poles of the receivers relative
to the phase of the radiating point of the pole source of the And take the following



values: "mx —21.11°, "m2 —27.586°, "m3 —45°, "m4 —62.414°, ~*n1 —68,89°, *n2
—62.368°, *n3 —45°, vn4 —27.632°.

At the same time, the modification of the modeling problem, due to the artificial
introduction of heterogeneity ofthe control object, does not cause any special difficulties
and is solved, for example, by introducing an additional point pole-grounding. The
simulation performed under these conditions shows that phase changes of more than 0.1°
are observed in most of the modeling area, which makes it possible to effectively use
phasometric methods to register variations of the control object with sufficient sensitivity
of the measuring installation.
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