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Abstract—Remote determination of substances, including liquids, is an urgent problem, the solution of which requires
fundamentally new approaches to both methods and measurement techniques. This is due to the fact that standard liquid
analysis methods are mainly spectroscopic methods in various frequency ranges from neutron diffractometry to acoustic
spectroscopy, which are very difficult or even impossible to apply in remote sensing. Conventional radar methods are usually
unacceptable due to the impossibility of covert removal of information using active location and obtaining data on the com-
position of the irradiated object based on it. Therefore, at present, methods and techniques of passive location are being
used more and more, but in order to solve quite specific problems of remote identification of substances, they must be
significantly modernized.

This article discusses a technique and a modernized measuring complex for remote study of liquid electrolytes and non-
electrolytes using measurements and subsequent analysis of fluctuations in the temperature difference of the intermediate
liquid medium (distilled water) in which the container with the liquid under study is located. To date, there is no clear
understanding of how thermally stimulated radiation depends on the composition of a macroscopic body, and also on
whether thermal radiation is in equilibrium or non-equilibrium. The investigated object, at a given temperature, emits elec-
tromagnetic waves associated with the thermal motion of the molecules and atoms of its constituents. That’s, why thermal
radiation is random (fluctuation) process, which means that the average value of the electromagnetic field is equal to zero,
but other averaged features, such as quadraticity in the field, may differ from zero. The quadratic characteristics of a ther-
mal electromagnetic field determine its energy, which has a finite value other than zero, which can be measured by an
appropriate sensor and characterizes the field source — a macroscopic body heated to a certain temperature. The paper
presents the results of studies of mixtures of electrolytes and non-electrolytes of various concentrations. An example of non-
equilibrium thermal radiation is given. It is shown that it is possible to distinguish between the studied liquids and methods
of combining the components of solutions of given concentrations to obtain the given properties of the entire solution.

Keywords — thermal electromagnetic field; differential temperature fluctuations; solution concentration; broadband noise
emission; electrolytes and non-electrolytes.

fluctuations of the charge and current in physically infin-
itesimal volume elements of the subject.

1.  INTRODUCTION

Today, increasing interest is being shown in radio

thermal-location systems, including by developers of
homing systems for high-precision weapons and passive
reconnaissance systems. Passive radar systems using
electromagnetic waves of radio bands are the most noise-
immune due to their secrecy of operation and do not
require powerful energy sources. Remaining undetected
by means of electronic intelligence, they collect infor-
mation about the surrounding target environment [1].
The principles and techniques of passive location con-
tinue to improve and find application in new areas of
industry.

The thermal electromagnetic field is created by
the chaotic thermal motion of charged microparticles, of
which bodies are built. In macroscopic electrodynamics,
an electromagnetic field is considered as a field of mac-
roscopic sources described by volumetric charge and cur-
rent densities. As applied to the thermal electromagnetic
field, this means that its sources are spatio-temporal

Electromagnetic fluctuations or electrical noises are
an important part of the fundamental phenomenon of
nature — Brownian motion. The theoretical work [2] elu-
cidated the fluctuation nature of this motion and investi-
gated its main statistical regularities.

The study of electrodynamic fluctuations is an im-
portant part of modern fundamental and applied science,
since it is the fluctuations of the dynamic variables of
the system that determine —a large class of the most im-
portant physical phenomena such as the Van der Waals
interaction of bodies, the Casimir force, which can be
considered as a special case of the van der Waals interac-
tions, heat transfer between bodies separated by a vacuum
gap, capture of atoms, molecules, coherent material states
by electromagnetic traps, and other important physical
and chemical phenomena near the surface of condensed
media [3]-[5].
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Studies carried out in recent decades have shown that
fluctuations in liquids are significant not only in
the vicinity of critical points, but also determine the struc-
ture and properties of liquids.

To characterize the structure of liquids, density fluc-
tuations, anisotropic fluctuations, and concentration fluc-
tuations are essential. Fluctuations are local deviations of
liquid properties from the mean value, randomly occur-
ring under the influence of thermal motion and molecular
forces. These fluctuations are statistically independent of
each other, but they are closely related to thermodynamic
dependences and determine the kinetics of molecular pro-
cesses [6]. So in [7] the differences in the macroscopic
molecular dynamics of solutions of weak and strong elec-
trolytes are considered, their fundamentally different
behavior in an aqueous medium is shown. Differences in
the molecular dynamics e and temperature fluctuations of
various solutions are enhanced when a velocity field
appears in the system, for example, in the case of devel-
oped homogeneous isotropic turbulence [8]. In the con-
text of this work, one should also note the theoretical
modeling of the role of temperature fluctuations on quan-
tum entanglement in open non-equilibrium systems as
ameasure of information about the state of the system [9].

The thermal radiation of heated opaque bodies is char-
acterized by a wide continuous spectrum and a quasi-iso-
tropic angular distribution. According to these character-
istics, the thermal radiation of opaque bodies differs little
from the radiation of a black body. Formally, the Stefan-
Boltzmann formula does not limit the spectral range of
the Planck radiation. However, the regularities of black-
body radiation are well fulfilled only for macrobodies in
the optical region of the radiation spectrum. Therefore,
studies of the Planck radiation in the radio range [10] and
various bodies of the nanometer geometric scale [11] are
still ongoing.

Modern phenomenological theories of thermal radia-
tion give the same result for the spectral composition of
radiation into a given solid angle as the classical Kirch-
hoff model of thermal radiation, which describes
the properties of the field of traveling or propagating
waves, as a limiting case, supplementing the general
theory of a fluctuating electromagnetic field with
a description of the properties of its quasi-stationary part.

As a rule, the average characteristics of fields in vac-
uum are recorded in experiments at some distance from
heated bodies. The theoretical model assumes that
the source of a thermally stimulated fluctuating electro-
magnetic field is a set of independent emitters emitting
waves with random amplitude, phase and polarization,
and each elementary emitting volume emits non-mono-
chromatic waves. At the same time, the presence of fluc-
tuations, including temperature, should also be expected
in small-sized systems in equilibrium [12]. The resulting
field is complex, randomly changing in space and time.
In this case, one can introduce the concept of internal and
external disorder, which have different effects on
the transport dynamics and different dependences on tem-
perature and density [13]. The statistical model of fluctu-
ating electromagnetic fields is based on the central limit
theorem [14].

The dynamics of any electromagnetic process, includ-
ing those of a fluctuation nature, must be described by
a system of Maxwell's equations. Therefore, the initial
equations are for microscopic strengths of fluctuation
fields in a vacuum.

To determine the correlation functions of the field
components, the correlation functions of the currents in
the system must be known, which are given by the fluc-
tuation-dissipation theorem (FDT) [15], [16]. FDT relates
spontaneous fluctuations of system parameters to its dis-
sipative properties. In particular, FDT relates the spectral
density of fluctuations of extraneous currents to a part of
the permittivity tensor of a substance.

The spectral density of fluctuations of external cur-
rents is defined as the Fourier transform of the correlation
function of external currents. One of the new areas of
application of thermally stimulated radiation and passive
location methods is the remote identification of sub-
stances. The papers [17], [18] show the possibility of
identifying objects under study using passive location
methods.

In the present work, the thermally stimulated radiation
of the objects under study affects the intermediate
medium (distilled water), in which the radiation propa-
gates and changes its temperature fluctuations. These
fluctuations are measured using micro-thermopile, pro-
cessed, and compared with the results obtained for known
objects (etalons) [19].

The aim of this work is to study the thermally stimu-
lated emission of mixtures of liquid solutions consisting
of two electrolytes, as well as two non-electrolytes of dif-
ferent concentrations, and to determine the practical pos-
sibility of remote identification of such solutions.

2.  METHODOLOGY OF EXPERIMENTAL STUDIES

To identify a substance, it is necessary to determine
the special parameters inherent only to this substance,
which manifest themselves when interacting with physi-
cal factors or dynamic processes. Moreover, for each
group of substances, certain factors or processes are char-
acteristic. For solutions of liquids, spectroscopic methods
are most often used in various wavelength ranges; for sol-
ids, processes are widely used that are accompanied by
a change in entropy, release or absorption of heat, which
is recorded by the method of differential thermal analysis,
which is one of the most highly sensitive modern methods
for studying phase transformations, occurring in systems
or substances. Thermal analysis continuously records
thermal effects by measuring the temperature of a sub-
stance at regular intervals. The ambient temperature
changes at a constant rate. If, when the temperature of
a substance changes, there are no transformations accom-
panied by thermal effects, then the dependence "temper-
ature — time" (thermograph) has the form of a smooth
inclined line. In the case of the occurrence in a substance
of one or another transformation, the rate of its tempera-
ture change noticeably changes due to the release or
absorption of heat in comparison with the environment.
On the thermogram, this corresponds to the deviation of
the line from its original direction. The method of record-
ing thermal processes in the “temperature—time” coordi-
nates (simple notation) is not sensitive enough [20].
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In order to increase the sensitivity, the method of dif-
ferential thermal analysis is used, in which, in addition to
changing the temperature of the test sample, the tempera-
ture difference between the test substance and the stand-
ard is recorded. For the standard, a substance was chosen
that does not have phase transformations in the tempera-
ture range under study. The installation for differential
thermal analysis with automatic recording of the sample
temperature and the temperature difference between
the sample and the standard, called the Kurnakov pyrom-
eter, turned out to be so successful that it has been pre-
served to this day. The changes concern only individual
nodes [21].

Temperatures are recorded using two identical ther-
mocouples connected in series with each other by identi-
cal wires. At the same temperature of the hot junctions of
a differential thermocouple, the currents arising in it will
be directed towards each other and, if they are equal, will
be compensated. In this case, the differential thermocou-
ple meter will not show any deviation. The differential
record on the thermogram will be in the form of a straight
line parallel to the time axis (zero or base line). With
the manifestation of the thermal effect in the substance,
a temperature difference will arise between the substance
under study and the standard. Differential recording is
combined with a simple recording, thus obtaining two
simultaneously: a simple one for determining the temper-
atures of the effects and a differential one for increasing
the sensitivity of the setup [22]. The differential thermal
analysis method cannot be used for remote identification
of substances, since it requires direct exposure of the sub-
stance and standard to changing temperature. One of
the options for modifying this method for remote meas-
urements is not the measurement of temperatures, but
the measurement of fluctuations in the differential tem-
perature of the intermediate medium, which is at a con-
stant (room) temperature, in which a sample of the test
substance is placed in a dielectric container. An interme-
diate medium without a sample of the object under study
serves as a standard. The asymmetry of differential tem-
perature fluctuations is determined by the properties of
the sample under study. In addition, broadband noise
radiation in the millimeter wavelength range can be used
to increase this asymmetry [19]. In test tubes with
a diameter of & =16 mm filled with distilled water, test

tubes & =7.5mm were placed, one of which contained

the test substance, and the other was empty and was
the standard. Thermocouple junctions were placed in
the intermediate medium, which was distilled water.
Microsplits of copper — constantan thermocouples were
created by laser soldering and had an area

S ~0.015mm? . The fluctuations of the differential tem-

perature were measured by a specially designed hardware
complex, which makes it possible to ensure the measure-

ment accuracy of 0.03° C [23]. Considering the speed of

the 12-bit ADC, as well as the sample size of several thou-
sand data, the system provides the specified absolute
measurement error by removing information with a fre-
quency of 1-2 seconds. At the same time, the measuring
complex makes it possible to eliminate random compo-
nents of the error due to statistical processing of the meas-
urement results, including the choice of the duration and

values of the polling time for a given channel, based on
a given error depending on the level of external noise
[24]. The software of the complex allows you to perform,
among other things, the following functions:

e display of differential temperature and its display
in real time in numerical and graphical form;

e making notes and comments during the experi-
ment;

e storage of records of differential temperature on
the hard disk;

e loading and displaying previously saved records.

To increase the asymmetry of differential temperature
fluctuations (contrast), the measuring complex uses
a broadband noise signal generated by the Oratoria-IV
solid-state noise generator with technical characteristics:

e operating frequency band — 56...68GHz;

e noise power spectral

10...18%2;

e non-uniformity of NPSD — £1.5dB;

density (NPSD) -

e integrated power — 10710W,
cm

In the future, this "backlight" will be referred to as EHF-
irradiation (extremely high-frequency — irradiation).

In addition to the millimeter-wave noise generator, to
simulate the non-equilibrium state of liquids, a low-fre-
quency generator with a frequency of 100kHz can be
used, generating a signal (meander) with a variable
amplitude of 0...10V , the voltage of which is applied to
a capacitor, which is a conductive strip attached to oppo-
site walls of a test tube with a diameter of & =7.5mm

and isolated from the intermediate medium. This effect
will be referred to as low-frequency irradiation.

The block diagram of the measuring complex was
showed on Fig. 1 [24].
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Fig. 1 Block diagram of the measuring complex: PC — personal com-
puter; 1 — differential and absolute thermocouple meter ; 2 — noise gen-
erator; 3 — test tube with the test substance; 4 — test tube with a standard;
5 — thermocouples; 6 — test tubes with distilled water; 7 — dividing par-
tition; 8 — low-frequency generator G5-54; 9 — capacitor.
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Differential temperature fluctuations were measured
for 20 minutes without external noise exposure to the test
sample, 20 minutes with external noise exposure, and
20 minutes after external noise exposure.

Differential temperature fluctuations were measured
between a test tube with distilled water (with an interme-
diate medium) into which a container with the test solu-
tion was placed and an intact test tube with water.
The received series of signals were analyzed based on
their Fourier spectrum. (FFT — Fast Fourier Transtition)

The maximum error of the results did not exceed 18%.

3. RESULTS OF EXPERIMENTAL STUDIES

A. Substances

In the work, liquid mixtures of two solutions were
studied: two non-electrolytes - soda solutions and sugar
solutions; two electrolytes - a solution of kitchen rock salt
and an aqueous solution of food grade acetylsalicylic
acid.

The following appropriate components were used to
prepare the solutions:

e Rock salt (NaCl) using on kitchen is made
according to DSTU 3583:2015. Granulometric
composition of kitchen rock salt of the first grind-
ing, first grade: up to 1.2 mm inclusive — not less
than 85%, over 2.5 mm — not more than 3%;

e Soda baking (sodium bicarbonate) NaHCOs

complied with GOST 32802-2014. Food addi-
tives. Sodium carbonate E500. The baking soda
particles had a size of 0.1 mm;

e Granulated white granulated sugar, category 3
corresponded to DSTU 4623-2006
(GOST 31361-2008). The granulated sugar crys-
tals had a size of the order of 1 mm;

e vinegar — a solution of acetic acid obtained by
oxidizing alcohol in the process of acetic acid fer-
mentation or diluting food acetic wood chemical
acid (a product of the dry distillation of wood).
DSTU EN 13189:2019 Food grade acetic acid.
Product made from materials of non-agricultural
origin. Definition, requirements, marking
(EN 13189:2000, IDT) Apple cider vinegar —
9% aqueous solution of food grade acetic acid —
weak electrolyte

CH3;COOH = H* + CH;COO™ .

Solutions of appropriate concentrations were prepared
as follows. way: the components were collected in a ref-
erence volume and dissolved in 100 ml of distilled water

at room temperature (18...20° C). The change in concen-

tration was carried out by changing the number of refer-
ence volumes of the substance dissolved in 100 ml of dis-
tilled water. Solutions of a specific concentration were
mixed in a measuring tube using a measuring syringe,
which made it possible to measure the output signal for
a solution of each concentration.

B.  Solutions of non-electrolytes.

Solutions from food water ( NaHCO5) were used as
objects of research. and granulated sugar (chemical sub-
stance sucrose Cj,H,,0;;). Both substances dissolve
well in water, forming saturated solutions with a solubil-

ity coefficient of 203.9 g of sucrose per 100 g of water
and 9.59 g of baking soda per 100 g of water at a temper-

ature of 20° C. Aqueous solutions of sucrose and soda

are non-electrolytes. To prepare a mixture of solutions,
solutions were used, the mass fractions of which are

C,= M .100% [where C, is the mass fraction of sub-
m

non,

stance "a"; m, — mass of substance "a"; m is the total

mass of substances] corresponded to:
1. 4.76% sugar solution and 6.54% soda solution;
2. 19.04% sugar solution and 8.75% soda solution;

The total volume V of the mixture of solutions was 8
parts of the components of the corresponding concentra-
tions, that is, ¥ =n-o+(8—n)-B, where o is one vol-
ume of a sugar solution of a given concentration; § —one

volume of a soda solution of a given concentration; n is
the number of volumes of sugar solution.

Fig. 2 shows the dependences of the relative ampli-
tudes of the first harmonics of the Fourier expansion
(maximums in the spectrum) of fluctuations in the differ-
ential temperature of distilled water, in which a container
with a mixture of solutions consisting of # volumes of

sugar solutions 4.76% and (8 —n) volumes of soda solu-
tion 6.54 was placed %, where n varies from 0 to 8.
The upper curve corresponds to the values of the relative

amplitudes under external broadband noise exposure to
electromagnetic radiation (A = Smm ), the lower curve —

without external exposure.

1 Y . without radioation
l \ | \ with irradiation
0

2 4 6 8
n, concentration of sugar in solution

Fig. 2 Dependences of the relative amplitudes of the first harmonics of
the Fourier expansion for a mixture of solutions based on 4.76% sugar
solutions and 6.54% soda solutions. n=0 corresponds to zero sugar con-
centration and 6.54% soda solution, n= 8 - 4.76% sugar concentration
and zero soda concentration
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n, concentration of sugar in solution

Fig. 3 Dependences of the relative amplitudes of the first harmonics of
the Fourier expansion for a mixture of solutions based on 19.04% sugar
solutions and 8.75% soda solutions. n = 0 corresponds to zero sugar
concentration and 8.75% soda solution, n = 8 - 19.04% sugar concen-
tration and zero soda concentration

Fig. 3 shows the dependences of the relative ampli-
tudes of the first harmonics of the Fourier expansion of
fluctuations in the differential temperature of distilled
water, in which a container with a mixture of solutions
consisting of n volumes of sugar solutions 19.04% and

(8—n) volumes of soda solution 8.75% was placed,

where n varies from 0 to 8. For this option, the amount of
soda exceeds the value at which a saturated solution is
formed. The upper curve corresponds to the values of
the relative amplitudes under external broadband noise
(A =~ 5mm) exposure, the lower curve - without external

exposure.

Increasing the concentration of solutions qualitatively
changes the dependence of the relative maximum ampli-
tude on the volume of sugar. At the same values of rela-
tive amplitudes, with an increase in the concentration of
solutions, the presence of peaks in the values of
the received signals in the equilibrium state of a mixture
of solutions is clearly traced.

Fig. 4 shows the dependence of the relative maximum
spectral amplitude measured signals from sugar concen-
tration for a mixture based on 4.76% sugar solutions and
6.54% soda solutions with low-frequency irradiation.
Comparing Fig. 4 with curve 2 in Fig. 2, one can note
their qualitative difference. Those LF and EHF irradiation
have a fundamentally different effect on temperature fluc-
tuations — fluctuation properties of the density of liquid
scintillating clusters.

AlA, . non-equilibrium
s state

n, concentration of sugar in solution

Fig. 4 Dependences of the relative amplitudes of the first harmonics of
the Fourier expansion for a mixture of solutions based on 4.76% sugar
solutions and 6.54% soda solutions in a non-equilibrium state. n = 0
corresponds to zero sugar concentration and 6.54% soda solution, n = 8
- 4.76% sugar concentration and zero soda conceriration.

C. Electrolyte solutions

The objects of research were solutions with kitchen
rock salt ( NaCl') and 9% aqueous solution of food grade
acetic acid (weak electrolyte

CH3COOH = H" + CH;COO™)

Both substances dissolve well in water, forming a sat-
urated solution with a solubility coefficient of 35.9 g of
salt ( NaCl) per 100 g of water and an unlimited amount

of vinegar per 100 g of water at a temperature of 20° C.

Solutions with kitchen stone salt ( NaC!) and food vine-
gar acids are electrolytes. To prepare a mixture of solu-
tions, solutions were used, the mass fractions of which
corresponded to: 6.54% salt solution and 9% acetic acid
solution.

The total volume V' of the mixture of solutions was 8
parts of the components of the corresponding concentra-
tions, that is, ¥ =n-y+(8-n)-8, where y is one vol-

ume of a salt solution of a given concentration; 5 — one
volume of a solution of acetic acid 9% concentration; n is
the number of volumes of salt solution ( NaC7).

Fig. 5 shows the dependences of the relative ampli-
tudes of the first harmonics of the Fourier expansion of
fluctuations in the differential temperature of distilled
water, in which a container with a mixture of solutions
consisting of n volumes of 6.54% salt solutions and
(8—n) volumes of 9% acetic acid solution was placed,

where n varies from 0 to 8. The upper curve corresponds
to the values of the relative amplitudes without external
broadband noise impact, the lower curve — with EHF
irradiation (A = 5mm).

The main features of the dependences of the relative
amplitudes of the first harmonics of the Fourier decom-
position of electrolyte solutions are the presence of sharp
amplitude peaks, which are suppressed by external broad-
band noise exposure to electromagnetic radiation.

A/A,

—— without irradiation

: j." ‘-,“ ~&— EHF-radiation

0 2 4 6 8
n, salt concentration in solution

Fig. 5 Dependences of the relative amplitudes of the first harmonics of
the Fourier expansion for a mixture of solutions based on 6.54% salt
solutions (NaCl) and 9% acetic acid solutions. n = 0 corresponds to zero
NaCl concentration and 9% soda solution, n = 8 — 6.54% salt concen-
tration and zero acid concentration.
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Fig. 6 Fourier expansion for a mixture of solutions based on 4.76% sugar
solutions and 6.54% soda solutions at n = 7, low-frequency exposure
and broadband noise electromagnetic radiation

Signal
after
FFT,
v

% 01 02 [} 04 L3 L] 7 08 0%

Frequency. Hz

Fig. 7 Fourier expansion for a mixture of solutions based on 4.76% sugar
solutions and 6.54% soda solutions at n = 7 and low-frequency exposure

4. THE DISCUSSION OF THE RESULTS.
IDENTIFICATION OF SOLUTIONS.

The study of mixtures of non-electrolyte solutions in
the equilibrium state shows that an increase in the total
concentration of solutions leads to a sharper dependence
of the received signal on the change in the concentration
of the mixture. Comparing the dependences of the relative
values of the maximum amplitudes of the Fourier expan-
sions for the differential temperatures of the intermediate
medium, it can be seen that on Fig. 2 these dependences
change little with a change in the concentration of
the mixture of solutions, and on Fig. 3 these changes are
larger and sharper, however, they are suppressed when
one concentration of the solution is significantly
exceeded (sugar) over another at n ~7...8 . The results
of measurements of the same liquids in a nonequilibrium
state show not only a decrease in the amplitude of
the received signal, but also a qualitative change in
the entire dependence.

The study of mixtures of electrolyte solutions in
the equilibrium state showed that the applied external
broadband noise effect for them is large and suppresses
the fluctuations of the solution, reducing the received sig-
nal. The dependence of the maxima of the relative ampli-
tude on the concentration of the mixture of solutions is
sharp and large in magnitude. Identification of a mixture
of solutions can be done by comparing the amplitudes and
dispersion dependences with the "library" of known
dependences obtained under similar conditions. But it is
much easier to identify for each mixture of solutions by
comparing them in modulus of the Fourier expansion

amplitudes. Fig. 6 and Fig. 7 shows the Fourier expansion
for a mixture of solutions based on 4.76% sugar solutions
and 6.54% soda solutions at n = 7. On Fig. 7— only low-
frequency exposure. The shape of the Fourier expansion
spectrum is used as a parameter for identification.

The use of broadband noise radiation and low-fre-
quency "meander" voltage in the measuring complex
makes it possible to visually distinguish mixtures of solu-
tions.

CONCLUSIONS

It is proposed to supplement the measuring complex
for remote study of liquids by analyzing fluctuations of
the differential temperature of the intermediate medium
in which the test sample is placed with a low-frequency
(100 kHz) regulated voltage generator of 0...20V of

the “meander” type applied to the capacitor, made in
the form of conductive strips on opposite walls of the test
tube with the liquid under study, which made it possible
to carry out measurements in a non-equilibrium mode,
that is, the imposition of an electric field changes
the probability of jumps of charged particles in the direc-
tion of the field and against the field, thus migration of
cations and anions occurs.

Solutions of non-electrolytes do not conduct electric
current due to the fact that the molecules are in an undis-
sociated state, that is, in the form of neutral molecules.
The hydrated sucrose molecule is converted into an asso-
ciate of glucose and fructose, which is more than 4 times
greater than the hydrated soda molecule. Thus, a mixture
of sugar and soda solutions is a mixture of very different
molecules, therefore, at low concentrations of solutions,
when the interaction between molecules is small, concen-
tration fluctuations are small. At high concentrations,
the interaction between molecules increases, concentra-
tion fluctuations increase, which leads to an increase in
the received thermal signal.

Water as a solvent in sucrose solutions consists of two
parts: water, which forms the solution itself, and water,
which participates in hydration. To the coordination num-
ber of hydration of sucrose (number water molecules
directly included in the first hydration sphere of an ion of
a given type) decreases with an increase in its concentra-
tion in solution [25], [26]. Therefore, with an increase in
the concentration of sucrose, the proportion of free water
increases and the level of the received (thermal) signal
decreases.

The relaxation times of sucrose and soda solutions, as
well as mixtures of these solutions (~ 107 sec ) are many
orders of magnitude shorter than the duration of

the applied low-frequency electric field (~ 107 sec ), SO

this mode can be considered as non-equilibrium. In this
case, the level of the received thermal signal is greater
than without external influence, but less than when
exposed to broadband noise radiation.

Electrolyte solutions conduct electric current due to
the fact that when a substance is dissolved in water,
hydrated ions are formed. The electrostatic interaction
between ions weakens to a minimum upon dilution due to
an increase in the distance between them and the presence
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of hydration shells. With an increase in the electrolyte
concentration, the amount of free water not bound into
hydrate shells decreases, the distance between the ions
decreases, and the interaction between them increases. In
a mixture of ions, various types of complexes are formed
due to electrostatic interaction, that is, the neutralization
of the ion charge can be carried out in various ways,
which increases the concentration fluctuations, which
leads to an increase in the received thermal signal.

With a smooth change in the concentration of electro-
lyte solutions, the need to neutralize the ion charges leads

to the appearance of concentration fluctuation maxima,
which, with high ion mobility, can be suppressed
(ordered) by external factors (broadband noise radiation).

ACKNOWLEDGMENT

On behalf of the authors, we thank Pavel Pavlovich
Loshytskyi for his contribution, he was the supervisor of
K. S. Ustenko's PhD thesis. Thank you, Teacher, for all
your lessons that I received during the entire period of our
cooperation with you.

REFERENCES

[1] G. V. Antsev, G. P. Zhigulin, A. A. Makarenko, and V. A. Sarychev, Optoelectronic homing systems for high-precision weapons.
Introduction to theory. Monograph. Radio engineering, 2017, ISBN: 975-5-93108-145-8.

[2] S. M. Rytov, Theory of electrical fluctuations and thermal radiation. Moskow: Publishing House of the Academy of Sciences of

the USSR, 1953.

[3] E. A. Vinogradov and I. A. Dorofeev, “Thermally stimulated electromagnetic fields of solids,” Physics-Uspekhi, vol. 52, no. 5,
pp. 425459, May 2009, DOI: 10.3367/UFNe.0179.2009052a.0449.

[4] T. Yokouchi et al., “Electrical magnetochiral effect induced by chiral spin fluctuations,” Nat Commun, vol. 8, no. 1, p. 866, Dec.

2017, DOI: 10.1038/s41467-017-01094-2.

[5] M. K. Hazra and Y. Levy, “Biophysics of Phase Separation of Disordered Proteins Is Governed by Balance between Short- And
Long-Range Interactions,” J Phys Chem B, vol. 125, no. 9, pp. 2202-2211, Mar. 2021, DOI: 10.1021/acs.jpcb.0c09975.

[6] M. I. Shakhparonov, Introduction to the modern theory of solutions (Intermolecular interactions. Structure. Simple liquids) Text-

book for universities. Moscow: Higher school, 1976.

[71 V. F. Myshkin, V. A. Khan, V. P. Tsipilev, V. N. Lensky, V. A. Borisov, and B. Z. Kemelbekov, “About Shaping the Thermal
Radiation in Optically Transparent Solid Objects,” Scientific Journal of KubSAU, vol. 60, no. 06, pp. 1-11, 2010,

URL: http://ej.kubagro.ru/2010/06/pdf/32.pdf.

[8] V. G. Artemov, A. Ryzhov, H. Ouerdane, and K. Stevenson, “Ionization differences between weak and strong electrolytes: the
role of protonic quantum effects as perturbed by dielectric relaxation spectroscopy,” Aug. 2021, DOI: 10.26434/CHEMRXIV-2021-

VIOL4AM.

[9] 1. Saito, T. Watanabe, and T. Gotoh, “Modulation of fluid temperature fluctuations by particles in turbulence,” J Fluid Mech,

vol. 931, p. A6, Jan. 2022, DOI: 10.1017/jfm.2021.939.

[10] K. Ourabah and M. Tribeche, “Quantum entanglement and temperature fluctuations,” Phys Rev E, vol. 95, no. 4, p. 042111, Apr.

2017, DOI: 10.1103/PhysRevE.95.042111.

[11] K. P. Gaikovich and A. N. Reznik, “Near-field effect in thermal radio-frequency radiation,” Journal of Experimental and Theo-
retical Physics Letters, vol. 72, no. 11, pp. 546-549, Dec. 2000, DOI: 10.1134/1.1348477.

[12] M. L. Levin and S. M. Rytov, Theory of equilibrium thermal fluctuations in electrodynamics. Moscow: Nauka, 1967.

[13]  P.D.Dixit, “Detecting temperature fluctuations at equilibrium,” Physical Chemistry Chemical Physics, vol. 17, no. 19, pp. 13000~

13005, 2015, DOI: 10.1039/C5CP0O1423A.

[14] S. Song et al., “Transport dynamics of complex fluids,” Proceedings of the National Academy of Sciences, vol. 116, no. 26,

pp. 12733-12742, Jun. 2019, DOI: 10.1073/pnas.1900239116.

[15]  Yu. A. Ilyinsky and L. V. Keldysh, Interaction of electromagnetic radiation with matter. Moscow: Publishing House of Moscow

State University, 1989.

[16] L.D.Landau and E. M. Lifshitz, Statistical physics. Moscow: Nauka, 1964.

[17]  A. V. Pavlyuchenko and P. P. Loshitskiy, “Remote Identification of a Liquid in a Closed Dielectric Container in the Millimeter
Wavelength Range. 4. Multi-Frequency Scanning,” Visti vyshchykh uchbovykh zakladiv. Radioelektronika, vol. 63, no. 3, pp. 139-153,

Mar. 2020, DOI: 10.20535/50021347020030012.

[18] P.P. Loshitskyi and D. Y. Mynziak, “Non-invasive method of determining of blood sugar,” Electronics and Communications,
vol. 18, no. 5, pp. 3142, Dec. 2013, DOI: 10.20535/2312-1807.2013.18.5.142743.

[19]  A. V. Pavlyuchenko, P. P. Loshitsky, and I. V. Ponomarev, “Radiometrychna identyfikatsiya hranulovanykh rechovyn [Radio-
metric identification of granular substances],” Ukrainian Journal of Physics, vol. 66, no. 6, p. 528, Jul. 2021, DOI: 10.15407/ujpe66.6.528.

[20] L. G. Zhuravlev and V. 1. Filatov, Physical methods of investigation of metals and alloys. Tutorial. Chelyabinsk: SUSU, 2004.
[21] S. M. Markosyan, S. A. Antsiferova, and L. I. Timoshenko, “The Method of Differential-Thermal Analysis in Evaluation of the

Efficiency of the Beneficiation of Sulfide Ores,” Sovremennyye problemy nauki i obrazovaniya, no. 3, 2014, URL: https://science-educa-

tion.ru/ru/article/view?id=13389.

[22]  S.-S. A.Pavlova, I. V. Zhuravleva, and Yu. I. Tolchinsky, Thermal analysis of organic and macromolecular compounds (Methods

of analytical chemistry). Moscow: Chemistry, 1983.

[23]  P.P. Loshytskyi and D. Yu. Myznyak, “Doslidzhennya neinvazyvnykh metodiv diahnostyky ta terapi [Research of non-invasive

methods of diagnosis and therapy],”
URL: http:/nbuv.gov.ua/UIRN/Mii_2012 2 12.

Medychna  informatyka ta

inzheneriya, mo. 2, pp. 56-60, 2012,

[24]  P.P. Loshytskyi and D. Yu. Myznyak, “Doslidzhennya kontsentratsiynykh zalezhnostey vodnykh rozchyniv [Study of concentra-

tion dependences of aqueous solutions],”
URL: http://nbuv.gov.ua/UJRN/Mii_2011_2 7.

Medychna

informatyka  ta  inzheneriya, mo. 2, pp. 29-35, 2011,

[25] Ye. L. Akhumov, “Gidratatsiya sakharozy v rastvorakh [Hydration of sucrose in solutions,” Russian Journal of Applied Chemistry,

no. 2, p. 458, 1975.

<) O
@J Copyright (c¢) 2022 Hikonaesa A. /1., Ycrenko K. C.

19690 BW CCH-€CCT/SES0C 01 - 10d


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2523-4455.mea.265614
https://doi.org/10.3367/UFNe.0179.200905a.0449
https://doi.org/10.1038/s41467-017-01094-2
https://doi.org/10.1021/acs.jpcb.0c09975
http://ej.kubagro.ru/2010/06/pdf/32.pdf
https://doi.org/10.26434/CHEMRXIV-2021-V9L4M
https://doi.org/10.26434/CHEMRXIV-2021-V9L4M
https://doi.org/10.1017/jfm.2021.939
https://doi.org/10.1103/PhysRevE.95.042111
https://doi.org/10.1134/1.1348477
https://doi.org/10.1039/C5CP01423A
https://doi.org/10.1073/pnas.1900239116
https://doi.org/10.20535/S0021347020030012
https://doi.org/10.20535/2312-1807.2013.18.5.142743
https://doi.org/10.15407/ujpe66.6.528
https://science-education.ru/ru/article/view?id=13389
https://science-education.ru/ru/article/view?id=13389
http://nbuv.gov.ua/UJRN/Mii_2012_2_12
http://nbuv.gov.ua/UJRN/Mii_2012_2_12

DOI: 10.20535/2523-4455.mea.265614

265614-8 Mikpocuctemu Ta (pizuyHa EIEKTPOHIKA

[26] L. D. Bobrovnik, I. S. Gulyy, and V. M. Klimovich, “Gidratatsiya i fazovoye prevrashcheniye sakharozy [Hydration and phase
transformation of sucrose],” Sakharnaya prom-st, no. 6, p. 10, 1992.

Hapiiimna no penakuii 07 aunns 2022 poxky
HpuiinaTa no apyky 28 cepnus 2022 poxy

YK 53.083.62

BukopucTaHHs TEILIOBOIO BUIIPOMIHIOBAHHS
IU1 JUCTaHIINHOT 1ICHTU(IKALIT PIIUH
y 3aKpUTHX A1CJICKTPUYHUX KOHTCHHEpaX

Hixomaesa" A. JI., ORCID 0000-0002-3045-5271

Yerenko K. C., ORCID 0000-0002-8381-5357

HauionanbHuii TeXHIYHAHN yHIBEpCUTET Y KpaiHu

«KuiBcrkuit monitexHiuHN# iHCTUTYT iMeHi Irops Cikopeskoro» ROR 00syn5v21
KuiB, Ykpaina

Anomayia—/lucranuiiiHe BU3HAYCHHS] PEYOBHH, Y TOMY YHCJi i piiuH, € aKTyalbHUM 3aBJAHHSM, BUPIIIEHHA SKOI
BHMAarae NPUHIMIIOBO HOBUX MiAXOIB fIK 10 MEeTOiB, TaK i 10 TexHikn BUMiproBaHb. [ToB'dA3aHo 1e 3 THM, 10 cTaHAAPTHI
METOJM IPYHTYIOThCSl Ha KOJIMBAJILHUX BJIACTHBOCTSX KOMIIOHEHTIB PiIMHM: Bil aTOMIB 10 KJaTPaTHUX KOMILIEKCIB, AKi
PeecTPYIOThCSI CIEKTPOCKONMIYHMMH MeTOAAMH Pi3HHX YaCTOTHHUX Jiana3oHax i He po3paxoBaHi Ha AMCTaHIiliHe 3acTocy-
BaHHA. 3BHYHI MeToAN pajxiosokaiii 3a3Bu4aii He NPUITHATHI Yepe3 HEMOKJIUBICTH MOTaiiHOro 3HiMaHHA iHdopMauii 3a
JOTIOMOI0I0 AKTUBHOI JIOKALii Ta OTPUMAHHS HA ii OCHOBI JaHHUX 32 cKJ1a710M 00'ekTa onpoMminenHs [1-5]. Tomy B nanuii yac
BCe IUpIIe BUKOPUCTOBYIOTHCS METOAM T NPUHOMH NACHBHOI JIOKaLii, aj1e Il BUPillICHHs JOCUTD clieni(PivHNX 3aBJaHb
aucTaHuiinol inenTudikauii pedoBUH BoHU MalOTh OyTH 3HA4YHO MojAepHi3oBaHi. Y po0boTi [6] 3podJieHo cnpoly 3acTocy-
BAaHHS NACHBHOI JIOKaLil VISl JOC/Ii’KeHb BOJHUX PO3YHHIB coJleil. Ajle MeTOJUKa BUMIPIOBAHb He [J03BOJISI€ NIPOBOAUTH
JUCTAHUIHI JOCaiKeHHs Yepe3 HeoOXiIHICTh 3HAXO:KeHHs KoedilieHTa BiAOUTTA Bia MeTay Ta 3a1aHOro 3pa3ka BOI-
HOI'0 PO3YHHY.

Ha cboroanimHiii JeHb HeMa€ YiTKOro po3yMiHHS TOro, sIK 3aJe:KHTh TePMOCTHMY/JIbOBaHe BHIPOMIHIOBAHHS Bil
CKJIaJy MaKPOCKOMIYHOr0 Tijla, a TAKOXkK Bill TOro, YH € TeNnJioBe BUINPOMiHIOBAHHS PiBHOBa)KHMM a00 HEPiBHOBAKHHM.
O0'eKT, IO TOCTIIIKYETHCS, PH 3a/1aHili TeMnepaTypi BHIPOMIHIOE €J1eKTPOMATHITHI XBWIIi, MOB'A3aHi 3 TEMJIOBUM PyXOM
MOJIEKYJI i aTOMiB §oro ckiaagoBux. Tomy TenyioBe BUIIPOMiHIOBAHHA € BUNAAKOBUM ((uyKkTyaniiiHuM), 0 03HA4Ya€ piB-
HICTBb HYJIIO CepeHbOI BeJIMYMHHU €JIeKTPOMArHiTHOIO 10151, aj1¢ ycepeJHeHi KBaAPaTHYHi 110 0110 XapaKTepUCTHKH, 110
BU3HAYAIOTh HOr0 eHeprilw (TeMmepaTypy), MaloTh BiiMiHHY Bil HyJsl KiHIeBY BeJHYHMHY. Y Wil poGoTi po3risaanTbes
B/JI0OCKOHAJIeHA METOANKA i Mo/lepHiZ0BaHNii BUMIPIOBAJLHUI KOMIJIEKC /ISl TUCTAHIIHOTO JOCTIIZKEHHS PiIKUX PO3UH-
HiB SIK €JIeKTPOJIITIiB, TAK i HeeJIeKTPOJIITIB 32 10MIOMOr 010 BUMIPIOBAaHb i MOAANBIIOr0 aHAII3Y uyKkTyauiil nudepeHuiaab-
HOI TeMmepaTypH NPOMI’KHOT0 PilKoOro cepeloBMILA (IMCTHJIBLOBAHOI BOAM), B SIKY BMillleHa €MHicTh (Tapa). Y poooti
HABOISATHCA Pe3yJILTATH J0CIIKeHb cyMilleii eJIeKTPOJIITIB Ta HeeIeKTPOJIiTiB pi3HUX KOHIeHTpaniii. HaBeneno npukian
BUMIPIOBaHHS HePiBHOBAKHOI'0 TEINJIOBOr0 BUIIPOMiHIOBaHHS po3uHHY. [lokazaHo MOKIMBICTH PO3PI3HATH A0CTIIKYBaHi
piauHU, a TAKOXK 3'€IHYBATH KOMIIOHEHTH PO3YHHIB JaHMX KOHIEHTPANLiii 118 OTPMMAHHSA 3aJaHHX BJIACTHBOCTEH BCHOTO
po34MHY.

Kniouogi cnosa — mepmocmumynbosane 6URPOMIHIOBARHA; (DIIyKmyayii memnepamypu; KOHUEHMPAyis po3uuny; wupo-
KOCMY206€ WiyMoee GURPOMIHIOGAHHA; 600HI POZUUHU €/IEKMPOTIIMIE ma HeeleKmpoimis
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