REPUBLIC OF AZERBAIJAN

On the rights of the manuscript

ABSTRACT

of the dissertation for the degree of Doctor of Science

MICROWAVE NON-REFLECTIVE COATINGS
AND DEVELOPMENT OF METHODS
OF THEIR DIELECTRIC AND MAGNETIC
PARAMETERS

Specialty: 3337.01 - Information-measuring and
control systems (by industry)

Field of science: Technical Sciences

Applicant: Gasimova Sevda Rasim gizi

Baku — 2021



The work was performed at Azerbaijan Technical University

Scientific consultant:

Official opponents:

honored scientist, doctor of physical
and mathematical sciences, professor
Gojaev Eldar Mehrali oglu

corresponding member of ANAS,
doctor of technical sciences, professor
Ismayilov {smayil Mahmud oglu
doctor of technical sciences,
Mammadov Rahim Gurban oglu
doctor of technical sciences, professor
Mammadov Javanshir Firudin oglu
doctor of technical sciences, professor
Efendiev Orkhan Ziyaddin oglu

Dissertation council ED 2.41 of Supreme Attestation Commission
under the President of the Republic of Azerbaijan operating at
Azerbaijan Technical University

Chairman of the

Chairman of the
scientific seminar:

ol

doctor of technical sciences,
professor
Gasimov Vagif Alijavad oglu

PhD in technical sciences,
associate professor
Farhadov Vahid Gara oglu

doctor of technical sciences,
associate professor
Abdullaev Namik Tahir oglu



GENERAL DESCRIPTION OF WORK

Relevance of the topic. Currently, the task of developing
microwave non-reflective coatings in various fields of science and
technology is becoming increasingly relevant. The need for its
solution arises when creating antireflection coatings for indicating
non-reflective flying objects, protective antiradar non-reflective
coatings that provide defense for objects from light detection,
control the speed of a moving object, suppress the harmful effects of
microwave radiation on biological tissues, enhance solar energy
storage systems, enlightenment thermal receivers of electromagnetic
radiation, creating accurate methods for measuring the dielectric and
magnetic properties of substances, methods of distance measuring
control of environmental parameters, as well as optics for a clear
presentation of images by optical devices.

Non-reflective absorbers of electromagnetic radiation used in
microwave technology are formed, as a rule, on the basis of layered
absorbing dielectrics or a layer of matrix non-absorbing material
(ceramic, polymer) with the introduction of highly dispersed metallic
or ferromagnetic substances into it. In this case, the complete
absorption of the incident radiation in a wide frequency range is
ensured by the selection of the thickness and properties of the coating
substances, as well as a certain distribution of the filler concentration
over the thickness of the absorber layer. For technological and
structural reasons, such non-reflective absorbers are usually made on
a metal substrate, which is not always acceptable, for example, in the
case of possible optical detection of a hidden object or when solving
an important environmental problem to protect the population from
the harmful effects of penetrating microwave radiation on biological
tissues. The resulting coatings turn out to be mechanically unstable,
heavy, have insufficiently high heat resistance and require
sophisticated technology for their manufacture.

In addition, previous studies were limited mainly to the analysis
of the occurrence of conditions for the complete absorption of a wave
during its normal incidence on layered systems, as well as on
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systems that do not contain absorbing magnetic materials. At the
same time, non-reflective microwave coatings can be made with help
of available technology using layered dielectrics and magnets. In this
regard, layered absorbent coatings applied on non-absorbent
substrates are preferred. The possibility of using an absorbing
dielectric coating was already considered by us in previous works. It
would be desirable, by comparison, to use magnetic materials applied
on a dielectric substrate as a coating substance.

In this regard, work related to the study of the phenomenon of
complete absorption of a wave during its normal or angular passing
through layered environment containing, among other things,
absorbing magnetic materials, as well as the application of this
phenomenon to: increase the sensitivity and accuracy of microwave,
infrared, and optical wavelength receivers; creating accurate
microwave methods for measuring the dielectric and magnetic
properties of liquid and solid substances; methods for isolating the
polarizing components of the incident radiation when developing
polaroids; creation of protective anti-radar non-reflective coatings
that provide the defense for objects from their light detection; radar
monitoring of the linear speed of a weakly reflecting body and the
indication of non-reflecting flying objects in technology is relevant.
The dissertation was carried out in accordance with the thematic
plans of the Institute of Physics of National Academy of Sciences of
Azerbaijan in 2002-2009 and Azerbaijan Technical University in
2009-2021.

The objective of the work was to develop scientific principles
and practical recommendations for creating layered absorbers
containing absorbing magnetic materials and not reflecting
electromagnetic radiation which incident on them normally or at an
angle and using this phenomenon to increase the sensitivity of
thermal sensors in the microwave, infrared and optical wavelengths,
amplification accumulation of solar energy, accuracy of
measurements of the dielectric and magnetic properties of substances
in the microwave and infrared wave ranges.

To achieve this goal it was necessary to solve the following tasks:
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- explore the conditions for the occurrence of complete absorption of
electromagnetic radiation in a layer of absorbing magnetic substance,
applied on a metal and non-absorbing dielectric substrate;

- to investigate the conditions for the occurrence of complete

absorption of electromagnetic radiation when it falls at an angle on

the translucenced absorbing substrate and the absorbing layers of a

dielectric and a magnet applied on a metal and non-absorbing

dielectric substrate;

- to study the conditions of the translucense of the absorbing

substrate when incident on it at the angle of a parallel-polarized wave

and a transversely polarized wave;

- to study the conditions of the translucence of the absorbing

substrate when it falls on it at an angle of a transversely-polarized

wave;

- to develop microwave methods for measuring the dielectric and

magnetic properties of highly absorbing liquids using a resistance

transformer with an adjustable transformation ratio.

- to assess the modulation frequency when sensing a flying low-

reflecting object.

- study of the possibility of expanding the range of applicability of

the microwave method for measuring moisture content in petroleum

products.
The scientific novelty of the work is:

e For the first time, software was developed for microwave
methods for measuring the dielectric and magnetic properties of
liguid and solid substances based on computer programs
MathCad 15, MATLAB 9.1, Mathematica 11.1, Microsoft Excel
2016.

e For the first time, algorithms and software modules have been
developed for calculating the dielectric and magnetic parameters
of highly absorbing substances using a quarterwave plate,
matching liquid, a constant or variable resistance transformer in
the measurement circuit.

e Algorithms and software modules were developed for the first
time to find the conditions for the complete passing of an
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electromagnetic wave through a layered structure consisting of
periodically alternating absorbing layers of a dielectric and a
magnet and non-absorbing layers of a dielectric, which make it
possible to almost completely extinguish the radiation, while
creating antiradar non-reflective coatings that ensure that objects
are protected from light detection .

For the first time, calculation equations were obtained for
deciphering signals received during remote location probing of
observed objects.

For the first time, systems of equations were obtained that
determine the optical parameters of the substances of the layered
system and the thickness of the layers of antireflection coatings
under which the conditions for the complete absorption of a wave
of a given frequency are satisfied.

For the first time, systems of equations are written that describe
the conditions for the complete absorption of a wave in an
absorbing substrate with a thickness-adjustable layer of a non-
absorbing coating and quarter-wave non-absorbing layers;

For the first time, systems of equations have been compiled that
describe the conditions for the complete absorption of waves
when they are incident at an angle onto an antireflected absorbing
substrate and absorbing layers of a dielectric and a magnet
applied on a metal and non-absorbing dielectric substrate;

For the first time, mathematical and algorithmic methods have
been developed to ensure the dielectric and magnetic properties
of liquid materials based on an analysis of the information
parameters of radiation reflected from a substance.

For the first time, a method for controlling the linear velocity of a
weakly reflecting body was developed, and the modulation
frequency was estimated when probing a flying weakly reflecting
body with location signals of known frequency.

The main provisions to be defended:

Conditions for the complete passing of electromagnetic radiation
through systems containing periodically alternating layers of
absorbing dielectric or magnetic materials and non-absorbing
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dielectric layers. The optimal number of double layers (bilayers)
providing complete damping of radiation passing through such a
system.

The phenomenon of complete absorption of electromagnetic
radiation during its normal or angular passing of layered media,
including layers of absorbing magnetic materials, to increase the
sensitivity and accuracy of the receivers of the microwave,
infrared and optical wavelength ranges, to enhance the
accumulation of solar energy, polarization emission methods of
components of incident radiation.

Dependences of the wave reflection coefficient on the layer
thickness of a liquid absorbing dielectric and magnet in free space
and in a waveguide. Establishment of functional relationships
between the position and magnitude of the extrema of these
dependences and the values of the dielectric and magnetic
properties of the studied substances.

Software for microwave methods for measuring the dielectric and
magnetic properties of substances using the effect of complete
absorption of electromagnetic radiation in a layer of a substance.
Development of mathematical and algorithmic methods for
measuring the dielectric and magnetic properties of liquid and
solid substances, based on the analysis of information parameters
of radiation reflected from a substance.

Systems of equations that determine the optical parameters of the
substances of the layered system and the thickness of the layers of
antireflection coatings under which the conditions of complete
absorption of a wave of a given frequency are satisfied.

A method for radar monitoring the linear velocity of a weakly
reflecting body and determining the modulation frequency when
probing a flying low-reflecting body with location signals of
known frequency.

The conditions of the frequency band of the translucence of
thermal detectors of the microwave and infrared wavelengths
using two non-absorbing antireflective coatings sequentially



applied on a substrate: a base layer with an adjustable thickness

and a quarter-wave additional coating.

e Analysis of the characteristics of the reflection of an
electromagnetic wave from a flat layer of an absorbing magnet
applied on an ideal metal substrate. The establishment of the
existence of normal and anomalous regions in these dependencies.
Conditions for the complete absorption of electromagnetic
radiation in a flat magnetic-metal system.

e Characteristics of the reflection of an electromagnetic wave from
a flat layer of an absorbing magnet applied on a non-absorbing
semi-infinite dielectric layer. Conditions and frequency band of
the total absorption of electromagnetic radiation in a planar
absorbing magnetic-dielectric system. Conditions for highlighting
the desired polarization component of the incident radiation.

e Microwave methods for measuring the dielectric properties of
liquid and solid substances using a constant or variable resistance
transformer in the measurement circuit.

e Analytical equations that describe the conditions for the complete
passing of electromagnetic waves through a layered structure
consisting of periodically alternating absorbing layers of a
dielectric or magnet and non-absorbing layers of a dielectric.

e Calculation equations for the conditions and the translucence band
of both absorbing and non-absorbing substrates, an analysis of
their behavior depending on the thickness and properties of the
coating and substrate.

Object of study. The objects of study were layered absorbing
coatings consisting of periodically alternating absorbing layers of a
dielectric and a magnet, non-absorbing layers of a dielectric to
increase the sensitivity of thermal receivers of the microwave,
infrared and optical wavelengths. A substance with n;=1.5 was used
as antireflection coating materials: acetone, cyclohexanone,
chlorobenzol, phenol, methanol, propanol, ethanol, butanol,
cyclohexanone, ethyl pyridine.

As a double antireflecting of the absorbing substrate, we consider
the problem of translucence a photodetector with a silicon substrate,
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and with a coating - silicon dioxide and titanium oxide, with a

refractive index of silicon dioxide equal to 1.46.

Practical significance. The possibility of practical application of
the found phenomenon in ecology is considered, in the accumulation
of solar energy by creating non-reflective and antireflective coatings,
as well as to increase the sensitivity of microwave, infrared, optical
radiation receivers and in the development of various microwave
methods for the quantitative and qualitative analysis of the properties
of substances, including methods for its analysis by remote sensing.
The use of layered systems containing periodically alternating layers
of absorbing and non-absorbing materials makes it possible to create
antiradar non-reflective coatings that provide defense for objects
from their light detection. The proposed method for measuring the
linear velocity of a moving body can be used for radar speed control
of weakly reflecting objects. The conducted studies allow us to
conclude that it is possible to use the full effect wave absorption in
the development of simple polaroids to highlight the desired
polarization component of the incident waves. The developed
methods for measuring the dielectric properties of substances can be
used in studies of the molecular structure of weakly absorbing
solutions and liquids to create a simple method for controlling the
low content of polar substances in a non-polar solvent, which may be
in demand in the petrochemical industry in solving the important
problem of quickly finding the moisture content in oils and in
petroleum products.

Approbation of work. The main results of the thesis were
reported and discussed at:

e X MEXIyHapOJHOM Hay4YHO-TIpakTH4YeckoM cemuHape “IIpaktuka
U MepCIEKTUBBI MapTHEPCTBa B cepe BbIcIIen mKoibl” (JJoHelK,
Vkpauna. 4-7 mas 2009 rona);

e International Conference on Communications, Control and
Information  Technology. World Academy Of Science,
Engineering And Technology (Paris, France. August 24-26.
2011);



¢ International Conference on “Computer, Electrical, and Systems
Sciences, and Engineering” World Academy Of Science,
Engineering And Technology (Venice, Italy, november 28-30,
2011);

e International Congress And Exhibition “Natural Cataclysms And
Global Problems Of The Modern Civilization” (Istanbul, Turkey,
september 19-21, 2011);

e XIX MeHnneneeBckoM che3zie MO OOMIEH W MPUKIATHON XUMUU
(Boarorpan, Poccust. 25-30 centsiops 2011 roma);

e Iinternational Scientific And Technical Conference “Prospects Of
Development Of Modern Information And Communication
Technologies” (Baku, Azerbaijan, september 22-24, 2011);

e International Academic Conference on Engineering, Internet and
Technology (Prague, Czech Republic, december 12-13, 2014).

Publications The total number of published scientific papers is
69, of which 58 articles(Thomson Reuters, Web of Science, Scopus,
Impact Factor, IEE, JCR, RSCI, Springer, JCR, RSCI, CAS,
INSPEC,ADS, EBSCO, SJR, CSA, OCLC), 1 Eurasian patent, 1
monograph, based on the materials of the doctoral dissertation.

The content of the work. The dissertation consists of an
introduction, 6 chapters, main results and conclusions, a list of cited
literature. It is set out on 286 typescript pages and contains 52
figures, 8 tables and a bibliography of 206 items.

BASIC CONTENT OF THE DISSERTATION

The introduction justifies the relevance of the work, formulates
the goal and objectives of the research, and also sets out the main
results that have scientific novelty and practical significance.

In the first chapter. The conditions for the appearance of
complete absorption® of electromagnetic radiation in a flat layered
system are considered, which consists of the main layer of the
absorbing substance and a number of layers of non-absorbing

“Yuping Duan. Microwave Absorbing Materials. USA. 2016, 402 pp.
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substances applied on it, matching the input resistance of the main
layer with the wave impedance of the free space, in which the
incident radiation will pass through the reflecting layers and
completely absorbed in the material of the absorbent substrate.

The problem of reflection of a plane-polarized wave incident
normally on an absorbing substrate with the main and additional
antireflection coatings applied on it with the corresponding refractive
indices ny, n, and layer thicknesses I1, I, is considered. In this case,
we will assume that the substrate substance has refractive indices n
and absorption y, and its layer thickness is chosen infinite in
magnitude.

Figure 1 shows the dependences between the selective values of
the optical parameters of the substrate n, y and the additional coating
n, and deviation A from a multiple of 0.5 wavelength in the material
of the main coating. The substance with n;= 1.5 was chosen as the
substance of the main antireflection layer.

To determine the translucence band, we use the equation:

4p, ; D

JEN+F)

where: p; is the selected value of the modulus of the reflection
coefficient of the wave of the considered system at the edges of the
translucence band near p = 0,

E!,F, - derivatives of the real and imaginary components of the

input resistance of the systemat p =0

Al =

=0 Fm (n? —n2 )27 +47A)+ anyn, (n2 —1) : 2)
0 2,n,n?
AL 8[111']22 (3)

. A B ﬂ[(n;‘ —n? XZ +4A)+ nlnz(nz2 —1)] .
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As an example of the use of double anti-reflection of an absorbing
substrate, the problem of photodetector translucence is considered, in
which silicon is the substrate and silicon dioxide is the coating. In the
optical wavelength range, the refractive index of silicon dioxide is
1.46, and the dependence 7y on n is determined by the curve shown in

Fig. 1 in the coordinate plane [n,x ]. With such a ratio of the optical

parameters of the substrate and the coating, it is impossible to
provide conditions for the complete extinction of optical radiation by
changing the thickness of the coating layer. However, translucence is
achievable if, along with the main coating (silicon dioxide), a second,
additional and quarter-wave antireflection coating is used, the
substance of which would have a refractive index in magnitude that
lies between the refractive indices of the substrate and the main
coating. As such an additional coating, a quarter-wave titanium oxide
coating could be used.

In the second chapter, the conditions for the complete
absorption of a wave when it is incident at an angle on an
translucened absorbing substrate are considered.

With this type of polarization of the incident wave, the complex
expression of the wave reflection coefficient p for the considered

two-layer planar system is equal to:

_Z cosa, —Z,cosa, .
p= d 0 0 1 X (4)
Z ,cosa.,, +Z,C0Sa,

Zcosaq + Zicosayth(ylcosa,)

Za= 217 s a, ¥ Zcosayth (ylcosay) 5)

where: Z;, Z - wave impedances, respectively, of the coating
materials and the substrate; cosa, =.1-ple; y=i2z/e, /4~ constant
wave propagation in the coating material; o, is the angle of refraction
of the wave in the substrate material; e, u | are the dielectric constant
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Fig. 1. Dependences between the selective values of the
refractive indices n and the absorption y of the wave of the
absorbing substrate and the deviations A from the magnitude of
a multiple of 0.5 wavelength for the main antireflection coating.
The refractive indices of the wave, respectively, of the main
ny = 15 and the additional antireflection coating n,. The
wavelength A of the incident radiation, microns. The dashed
curve is the dependence of x on n silicon in the region of its
dispersion.
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and the thickness of the coating layer; A is the wavelength of the
incident radiation.

=+ -1n2-n) ; (6)
tgdmx = Fh (7)
nS—-n’ -y
x=2NZ_1+A : (8)
a=Larg 2 9
4n n, —n° -y

b1 J@NooD) L Z (10)

A nyl-p 4 T n' — %

Figures 2 and 3 show families of dependences of x and A on n at
n1= 1.5 and various values of the angle of incidence of the wave.

It is characteristic that the deviation A of the thickness of the
antireflective layer from 7,,/4, is negative in the entire interval of

variation of » and . Aty =0, it is equal to zero, with decreasing » it
increases in absolute value and reaches its limiting value of 0.25 (see
Fig. 2).

Table 1 shows the results of calculating the selective values of Ao,
lp for No = 1, 2, and 3 two-layer systems in which a number of polar
liquids with known values of gy, €, and t are used as the substrate
material. As a substance of an antireflection coating, a substance
with a value of n; = 1.5 was used.

The possibility of the appearing of this effect when a plane
transversely-polarized wave was transmitted through a layer of
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Fig. 2. Dependences between the refractive index » and the
dielectric loss factor y of an absorbing substrate material of
infinite thickness: A) when the transverse-polarized wave
incident on it at an angle a is completely absorbed if the
substrate has a coated coating layer with a refractive index
n; = 1.5 ; C) for the Debye type of wave dispersion in acetone (1),
cyclohexanone (2) and chloro-benzol (3) (dashed lines).

Fig. 3. The deviation A of the thickness of the coating layer
from multiples of a quarter of the wavelength in the coating
material, depending on the refractive index n of the substrate
and the angle of incidence of the wave ao when the conditions for
the complete absorption of radiation in a two-layer coating-
substrate system are satisfied
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Table 1.

Selective values of the thickness |y of the antireflection coating

layer and the wavelength A, of the incident radiation of a number

of Debye-type polar fluids at different angles of incidence of the

wave; &, &», T respectively, the static and high-frequency

permittivities and the relaxation time of the liquid. No is the
number of the zero minimum of the reflected signal.

N¢ Liquid ao, Ao, )\ lp, sSm
degr sm No=1 No=2 No=3
1| Acetone 0 | 0.058 | 0.099 | 0.007 | 0.025 | 0.046
€0 =21.2; 20 | 0.062 | 0.095 | 0.007 | 0.028 | 0.049
€, =1.90; 40 | 0.077 | 0.082 | 0.010 | 0.038 | 0.067
1=3.01.10"% 60 | 0.155 | 0.051 | 0.025 | 0.088 | 0.151
70 | 0.468 | 0.046 | 0.091 | 0.291 | 0.492
2 | Cyclohexanone 0 | 0.304 | 0.085 | 0.034 | 0.135 | 0.236
€=16.0; 20 | 0.322 | 0.082 | 0.037 | 0.148 | 0.258
€,=2.18; 40 | 0.407 | 0.070 | 0.054 | 0.204 | 0.355
1 =10.3.10%%¢ 60 | 0.869 | 0.042 | 0.148 | 0.502 | 0.857
3| Chlorobenzol 0 1.538 | 0.034 | 0.221 | 0.734 1.247
£0=5.74: 20 | 1.949 | 0.028 | 0.297 | 0.964 | 1.631
€, =2.55; 1 =7.0.10%%¢
4 Phenol 0 | 0414 | 0.053 | 0.055 | 0.193 | 0.330
€ =117; 20 | 0.447 | 0.051 | 0.061 | 0.214 | 0.367
€, =3.19; 40 | 0.597 | 0.045 | 0.090 | 0.310 | 0.530
T =87.10%%¢ 60 | 1.692 | 0.023 | 0.314 | 1.005 | 1.696

non-absorbing substance into an absorbing substrate of infinite
thickness was considered.

According to the studies, the conditions for the complete passing
of the wave through a similar two-layer system can occur at the
minimum point of dependence of the modulus of the wave reflection
coefficient p on the thickness | of the antireflective coating layer and
if the condition p = 0 is satisfied at this point .

The obtained results are suggesting the possibility of
experimental observation of the full absorption of electromagnetic
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radiation, incident at an angle on an absorbing substrate with an
antireflective coating applied on it.

Table 2 shows the results of calculating the selective values of the
radiation wavelength A, and the first three thicknesses l, of the
coating layer of the absorbing substrate, under which the conditions
for the complete absorption of the incident radiation in a two-layer
system are fulfilled.

A number of polar liquids with the known values of €, . and t are
used as the substrate material, and a substance with the value n; = 1.5
is used as the substance of the antireflection coating.

As follows from the data in Table 2, in a liquid with a certain
selection of the coating layer thickness, complete absorption of a
parallel-polarized wave is possible when it is incident both at the
clearing angles and at the Brewster angles. The revealed conditions
for the existence of a complete transmission of a parallel-polarized
wave at an angle to the coated antireflective substrate make it
possible to carry out a targeted search for materials when designing
non-reflecting elements, in particular, thermal radiation detectors.

The conditions were found for the complete transmission of a
parallel-polarized wave at an angle to a two-layer planar system
consisting of an absorbing substrate with a non-absorbing coating
applied on it. The conditions for the complete passing of the parallel-
polarized wave through the two-layer system arise at the minimum
point of the dependence of the modulus of the reflection coefficient
of the wave p on the thickness | of the antireflection coating layer
and when the condition p = 0 is fulfilled at this point.

The relationship between the selective values of the pre-
refraction coefficient » and the absorption y of the substrate, the
wavelength of the incident radiation X, the layer thickness Iy and the
refractive index n; of the antireflection coating are described by the
following equations:

Y =%\/(ﬁlN/nf —1J1-nZN/m,) (11)
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Table 2
Selective values of the thickness |y of the antireflection coating
layer and the wavelength A, of the incident radiation of a
number of polar Debye-type liquids at various angles of
incidence of the wave; aup @g, - respectively the angles of
illumination and Brewster; &, &, T — are the static and high-
frequency dielectric permittivities and the relaxation time of the
liquid at a temperature of 20° C, respectively; Ny is the number
of the zero minimum of the reflected wave; A is the deviation |y
from values that are multiples of a quarter of the wavelength in
the coating material.

N Liquid Onps | COopr | Ao, SM | —A lp, sSm
degr | degr No=1 | Ng=2 | Ng=3

1| Acetone 0 0.059 | 0.099 | 0.006 | 0.025 | 0.045
g =212; 20 0.055 | 0.104 | 0.006 | 0.024 | 0.043
€, =1.90; 40 0.039 | 0.126 | 0.004 | 0.018 | 0.033
t=3.01.10"% 50 0.020 | 0.161 | 0.001 | 0.009 | 0.017
60 | 0.018 | 0.166 | 0.005 | 0.012 | 0.020
65 | 0.053 | 0.139 | 0.016 | 0.038 | 0.061
70 | 0.116 | 0.098 | 0.040 | 0.089 | 0.139
2 | 4-Ethylpyridine 0 1.133 | 0.068 | 0.138 | 0.516 | 0.893
g=11.0; 20 1.057 | 0.071 | 0.130 | 0.492 | 0.853
€,=252; 40 0.731 | 0.082 | 0.090 | 0.360 | 0.630
T =22.10"%s 50 0.367 | 0.087 | 0.046 | 0.189 | 0.331
60 | 0.325 | 0.090 | 0.109 | 0.241 | 0.374
65 | 0.998 | 0.091 | 0.341 | 0.759 | 1.176
70 | 2.554 | 0.058 | 0.965 | 2.057 | 3.149
3| Chlorobenzol 0 1.538 | 0.034 | 0.221 | 0.734 | 1.247
£=5.74; 20 1.281 | 0.040 | 0.184 | 0.623 | 1.061
€, =2.55; 40 0.683 | 0.061 | 0.095 | 0.347 | 0.599
1=7.0.10"% 50 0.299 | 0.074 | 0.041 | 0.157 | 0.273
60 | 0.261 | 0.078 | 0.090 | 0.197 | 0.304
65 | 1.085 | 0.056 | 0.403 | 0.857 | 1.311
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2N, -1

X = do _2N, -1 +A ; atangles of translucence (12)
A 4
X = L +A ; atBrewster angles (13)
Ay 2

As an example, Fig. 4 shows the dependences of &”on ¢
calculated from these equations for g = 225 and No = 1,
respectively, for the antireflection angles of incidence of the wave
(solid lines) and for the Brewster angles (dashed lines).

PR . (14)
2a

Table 3 shows the selective values of the angles of incidence of
the wave and the thicknesses of the coating layer calculated on the
basis of equations (11) - (14), in which conditions are created in the
two-layer system under consideration for the complete absorption of
the electromagnetic radiation incident on it. Dielectric with a value of
g1 = 2.25 was used as a coating material in the system, and various
polar liquids having dispersion in the microwave range were used as
a substrate material. For the values of €'y, €" of liquids measured in
the microwave range indicated in Table 3, the total absorption of
waves in these liquids can be expected in the range of ap and Iy,
respectively, 30—70° and 0.4-4 cm.

The dependences of the reflection coefficient modulus of the
wave p of such systems on the angle of incidence of the wave oo
were determined in the interval (0.90°) and for coating layer
thicknesses close to or equal to selective values determined
respectively by equations (12) and (13). To find these dependences, a
complex expression was used for the reflection coefficient of a
parallel-polarized wave p of the considered two-layer system (15).
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Fig. 4. Dependences between the thickness I, of the coating
layer, the dielectric constant &' and the dielectric loss €” of the
substance of the absorbing substrate of infinite thickness upon
complete absorption of a parallel-polarized wave incident at an
angle o, on the coating-substrate system.

Figure 5 shows the dependences calculated according to equation
(15) on the angle of incidence oo, the model of the wave reflection
coefficient p of a two-layer system consisting of a coating with
g1 = 2.25 and ethyl alcohol as a substrate substance.

Zycosag — Zic0say
Zocosagy +Zgcosay; (15)

b=

We used the data of measurements of the dielectric coefficients of
ethyl alcohol obtained at a wavelength of A= 3.2 cm. Calculations
were performed at values of the coating layer thickness equal to or
close to the first (No = 1) its chosen value found previously from the
condition of complete absorption in the substrate of the incident
radiation.
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T¢

Table 3

B The calculated values of the angle of incidence of the wave ap and the thickness |y of the coating

layer of the clarified absorbing substrate, under which conditions arise for the complete absorption

of the incident radiation in it; €'o u "o — are the experimental values of the dielectric constant and
dielectric loss of liquids at a temperature of 20°C.

Ne Liquid Xo,SM €' "y For antireflection angles a, for Brewster corner oy,
0Olo, Layer thickness Iy, sm oo, Layer thickness lo, sm
ar. NO:1 NO:2 N0:3 ar. N0:1 N0:2 N0:3

1 Methanol 0.818 | 5.35 | 3.20 - - - - 69.7 | 0.316 | 0.665 | 1.015
2 Ethanol 3.20 | 385 | 1.05 | 36.3 | 0497 | 1,658 | 2.819 | 64.0 | 1.221 | 2.554 | 3.886
3 Propanol 3.22 | 353 | 1.16 | 38.8 | 0480 | 1.661 | 2.843 | 63.6 | 1.197 | 2.532 | 3.873
4 Butanol 322 | 314 | 0.75 | 46.7 | 0492 | 1.720 | 2.947 | 61.8 | 1.188 | 2.514 | 3.841
5 2- ethylpyridine 3.22 | 573 | 2.65 - - - - 69.2 | 1.266 | 2.638 | 4.010
6 4- ethylpyridine 322 | 576 | 3.95 - - - 70.7 | 1.250 | 2.631 | 4.012




The results of these calculations indicate that the complete
absorption of a wave in a given liquid is expected when a parallel-
polarized wave is incident, not only at an illuminating angle of 36.3°
and at the first possible thickness of the coating layer corresponding
to it equal to 0.50 cm, but also at a Brewster angle of 64.0° and
corresponding to the first possible thickness of the coating layer
equal to 1.22 cm. A similar result was obtained in the case of using
propyl alcohol as a substrate substance (see Fig. 6).

At A= 3.22 cm and No = 1, in such a two-layer system two
dependences p on ag are fixed, which have zero minima respectively
at lo = 0.48 cm (antireflection angle ao= 38.8%) and lp = 1.20 cm
(Brewster angle o = 63.6°). However, when using 2-ethylpyridine as
the substrate material for the same values of A and No, a similar
dependence of p on oy is observed only at the Brewster angle
ao = 69.2° and the coating layer thickness lo= 1.26 cm.

Thus, the conducted studies of the nature of the reflection of
electromagnetic radiation from an absorbing endless layer of
substance with a layer of non-absorbing dielectric applied to it
indicate the possibility of the existence of conditions and
experimental observation of the phenomenon of complete absorption
of radiation of a given frequency at strictly determined thicknesses of
the coating layer for the materials used and the angles of incidence of
a wave of a certain polarization.

It has been established that, in contrast to the incidence of a
parallel-polarized wave onto such a system, the complete absorption
of a transverse-polarized wave is possible not only at an
antireflection angle, but also at corner, analogue of the Brewster
angle for transparent media. The conditions are found for the
selection of the desired polarization component of the incident
radiation.
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Fig. 5. Dependences of the modulus of the wave reflection coefficientp on
the angle of incidence o for an absorbing liquid with an antireflective coating
of a substance with a dielectric constant g = 2.25 and with selective
thicknesses of the layer : A. Corresponding angles of translucence (1) and
Brewster (2) (solid lines); C. Close to the electoral magnitude, corresponding
to the angle of illumination (dashed lines) and Brewster (dashed-dotted lines).
The absorbing liquid is ethanol; radiation wavelength 4 = 3.2 cm.

0 10 20 30 40 50 60 70 80 90
o, padye

Fig. 6. Dependences of the wave reflection coefficient modulus p on the
incident angle a of a parallel-polarized wave for propanol (1, 2) and 2-
ethylpyridine (3) for the thickness of the antireflection layer of the coating,
corresponding to: angle of translucence (1) and Brewster angles (2,3). The
dielectric constant of the coating material is g = 2.25; the wavelength of the
incident radiation A = 3.2 cm.
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The third chapter analyzes the characteristics of the reflection
of an electromagnetic wave from a plane layer of absorbing magnet?
applied on an ideal metal substrate. The existence of normal and
anomalous regions in these dependences, differing in the nature of
the change in their extreme values with increasing layer thickness,
has been established. The conditions and frequency band of the total
absorption of electromagnetic radiation in a flat magnetic-metal
system are found. Their dependences on the selective values of the
magnetic properties and the thickness of the magnetic layer are
investigated.

Figure 7 shows the dependence of p on x of the magnetic material
of the coating. It follows from this that the conditions for the
existence of the so-called zero minimum should determine the
conditions for the appearance in the substance of the complete
absorption of the electromagnetic radiation incident on it. The
condition for complete absorption of the wave in the coating material
will be determined by the equality:

th(2g + 127~ - (iiy) : (16)
ey (17)
4y =In(Lr) ; dnx=—¢ . (18)
K=o By (19)

27N — = iln(ij : (20)

2 David Jiles. Introduction to magnetism and magnetic materials. 2015, 626 pp.
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Fig.7. Dependences of the modulus of the reflection coefficient
of the wave p on the thickness x = I/An of the liquid layer at
uw=10,u"=1(1) and u'=10, n" =2 (2); Am isthe wavelength in
magnet.

0 ' 1.0 ' 2.0 ' 3.0 n

Fig.8. Dependences of the factor of magnetic losses y on the
refractive index of the wave n of the material of the absorbing
coating with complete damping of the wave incident on it at an
angle ap transversely polarized wave
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2ny . (21)

1
A, =—-—arct
" 4n gl—nzil+ y?)

| 1

L =—""|xaN —larctg 2ny
Ay 2mn 2 1-n?(1+y?)

This indicates that the complete absorption of electromagnetic
radiation is possible even in coating materials that have magnetic
losses that are insignificant in magnitude; in these cases, the effect of
complete absorption of the wave is realized at increased values of the
thickness of the reflecting layer of the coating substance.

The conditions for the complete absorption of electromagnetic
radiation when it is incident at an angle onto a two-layer planar
magnetic-metal system are determined(fig.8).

A difference has been established in the fall of parallel-polarized
and transverse-polarized waves on such a system, which makes it
possible to isolate with it the desired polarizing component of the
incident radiation

The fourth chapter analyzes the characteristics of the reflection
of an electromagnetic wave from a plane layer of an absorbing
magnet applied on a non-absorbing semi-infinite dielectric layer. The
boundaries are determined for the existence of normal and anomalous
regions in these dependences, differing in the nature of the change in
their extreme values with increasing layer thickness.
system are studied, depending on the selective values of the dielectric
constant of the substrate, magnetic properties and the thickness of the
magnetic coating layer.

It was found that during normal incidence of a wave on two-layer
systems of magnetic-metal and magnetic-non-absorbing dielectric, its
total absorption occurs when the thickness of the coating layer is
close to a wavelength of material coatings.The same is occured when
a wave is incident at an angle onto a two-layer magnetic-dielectric
system, but with a coating layer thickness of a value close to 1/2 the
wavelength in the coating material in the direction of wave
propagation in it.

(22)
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Table 4 shows the selective values of the wave incidence angles
and coating layer thicknesses calculated on the basis of the obtained
equations, for which conditions are created in the considered two-
layer system for the complete passing of the parallel-polarized wave
at its incidence angles ao>a5. Various polar liquids with dispersion in
the range of microwaves were used as a coating material in the
system, and a dielectric with a value of & = 2.25 was used as a
substrate material. (fig.9).

The conditions and frequency band of the full absorption of
electromagnetic radiation in a planar absorbing magnetic-dielectric

For the values of €', ¢” liquids indicated in the table, measured in
the microwave range, the complete transmission of the parallel-
polarized wave in these liquids can be expected in the range of ap
and |, respectively, 30-70° and 0.4-4 cm.

Theoretical studies of the character of the reflection of
electromagnetic radiation from an absorbing substance layer applied
on an infinitely thick non-absorbing substrate layer confirm the
existence of conditions and the possibility of experimental
observation of the phenomenon of complete transmission of radiation
a given frequency at strictly selective values of the thickness of the
coating layer and the angle of incidence of a wave of a certain
polarization.

Table 4.

The calculated values of the selective values of the angle of

incidence of the parallel-polarized wave ao and the thickness | of

the layer of polar liquid applied on a non-absorbing substrate
with g, = 2.25. Liquid temperature 20°C, ao > ag, N = 1.

Ne | Liquid A, sm | g’ g" ap, l,sm
degree

1 | Water 3.21 |62.42 |31.57 | 78.9 0.112

2 | Methanol 20 275 |11.3 | 73.7 1.08

3 | Acetone 3.21 |20.92 | 354 |65.6 0.260
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Fig.9. Dependences of dielectric losses " (solid curves) and
layer thickness lo/A (dashed lines) on the dielectric constant g’ of
the absorbing coating material with complete damping of the TP
wave incident on it at an angle a0 (a) and PP wave (b). The
dielectric constant of the substrate substance is g; = 2.25.
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In the fifth chapter, the dependences of the wave reflection
coefficient on the layer thickness of a liquid absorbing dielectric® and
a magnet in free space and in a TE waveguide are studied. The
functional relationships between the position and the magnitude of
the extrema of these dependences and the values of the dielectric or
magnetic properties of the substance are determined.

They made it possible to develop, on their basis, exact microwave
methods for measuring the dielectric and magnetic properties of
liquids and solutions with tgs<0.8, including using the effect of

complete absorption of electromagnetic radiation in a layer of a
substance. A number of microwave methods for measuring the
dielectric properties of liquid and solid substances with s <0.8,have

been developed with the use of a resistance transformer in the
measurement circuit.

Their practical application allows obtaining reliable information on
the dielectric and magnetic properties of liquid objects of research,
and on their basis about their molecular structure. In particular, the
analysis of the behavior of the frequency and temperature
dependences of the permittivity and dielectric loss of polar liquids
and their solutions allows us to determine the dipole moments of
polar molecules, polarizability, relaxation times, and energy
activations of dipole relaxation, the nature of the orientations of the
dipoles and a number of other important molecular characteristics of
the substance. It is very promising to apply it, to assess the influence
of the nearest environment on the relaxation processes of dipole
molecules when analyzing the dielectric properties of concentrated
solutions, the components of which have different molecular nature®.
They allow to determine the possibility of the formation of molecular
associates and complexes due to the action of inter- and
intramolecular hydrogen bonds.

In this regard, one of the relatively simple methods for

determining the wave impedance and the associated values of the

® Carmine Vittoria. Magnetics, Dielectrics, and Wave Propagation with
MATLAB®Codes. 2010, 427 pp.. London.

4 Kacumosa C.P.. MGTO,ZILI U3MCPCHUS NUIJICKTPUICCKUX W MATrHUTHBIX CBOICTB

TBEPJBIX U XHUJIKUX BEUIECTB B JUANA30HE CBEPXBBICOKHMX 4acToT // MoHorpadus.
2016. ctp.175.
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dielectric coefficients of a substance is the inserting of a thickness-
adjustable, flat layer of a non-absorbing liquid located on the surface
of the study into the measurement circuit blown substance.

Measurement scheme ¢’ and ¢” using a waveguide water-guiding
system, in which as an analogue of a variable resistance transformer
a flat quarter-wave non-absorbing dielectric that is adjustable in
position is used the plate is shown in Fig. 10.

As matching liquid, it is permissible to use non-polar liquids that
do not have absorption, for example, benzol, hexane, etc. To measure
the standing wave coefficient, two directional couplers 10 are used,
the outputs of the detector sections 11 of which are connected to the
standard voltage standing wave meter 12.

The consideration of Fig. 11 implies the possibility at definite
choices of the dielectric properties of the coating material to achieve
one of the minima of the function p(x) of zero value. It is
characteristic that, with a decrease in wave attenuation in matter, the
interface between the normal and anomalous regions shifts toward
higher x values. The latter indicates that the conditions for the
complete absorption of incident radiation in the dielectric layer are
satisfied. It is associated with the appearance of zero minima of the
function p(x).

The sixth chapter discusses the application of the developed
methods and technical means. The conditions for the complete
passing of electromagnetic radiation through systems containing
periodically alternating layers of absorbing dielectric or magnetic
materials and non-absorbing dielectric layers are determined.

The optimal number of double layers (bilayers) was found, which
ensures almost complete absorption of radiation passing through such
systems.

The possibility of and the full passing of electromagnetic
radiation through a plane layer of an absorbing dielectric applied on a
quarter-wave non-absorbing dielectric substrate is theoretically
substantiated. It has been shown that multilayer periodic structures
formed on the basis of such a two-layer system make it possible to
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Fig. 10. Block diagrams of measuring the dielectric coefficients
of highly absorbing solid and liquid substances using a
panoramic standing wave coefficient meter and using a quarter-
wavelength plate (a) and matching liquid (b). 1 - Klystron
generator with an attenuator and a wave meter; 2 - a directing
path; 3 - directional coupler; 4 - detector; 5 — coefficient of stand
wave’s meter; 6 - plate; 7 - measuring cell; 8 - thermostat; 9 -
measured substance; 10 - matching liquid; 11 - piston; 12 -
micrometric device
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Fig. 11. The dependences of the modulus of the reflection
coefficient of the wave p on the thickness of the layer | of the
substance with values of its loss factor y equal to 0.6 (a), 0.3 (b),
and 0.1 (c). A4 is the wavelength in the substance.
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ensure complete absorption of the electromagnetic radiation passing
through them.

Fig. 12 shows a block diagram of an algorithm for calculating the
dielectric coefficients of a highly absorbing substance using a
quarter-wave plate in the measurement circuit.

Microwave absorbers of electromagnetic radiation, as a rule, are
formed on the basis of a flat layer of a dielectric coating applied onto
a metal substrate or dielectric layers containing absorbing highly
dispersed metals Scales or magnetic fillers. In this case, the condition
for the complete absorption of normally incident radiation is ensured
by the appropriate choice of material, layer thickness, and filler
content in them. At the same time, the use of a metal substrate as the
supporting structure limits the applicability of such absorbers, since
their location sensing makes it possible to detect them light-
emittingly.

In this regard, periodic layered structures are becoming
preferable, containing alternating absorbing and non-absorbing layers
and ensuring the completeness of absorption of the electromagnetic
radiation passing through them. As a first step in solving this
problem, the possibility of obtaining two-layer non-reflective
absorbers using a quarter-wave non-absorbing dielectric layer with a
quarter-wave thickness I, thickness and a layer as its coating was
considered dielectric® or magnet with thickness | , absorbing
radiation passing through it.

Subsequently, such a two-layer system could be applied as an
element of multilayer absorbing periodic structures.

As a reflectionless two-layer system, one can use a layer of an
absorbing magnet applied on a quarter-wave non-absorbing dielectric
substrate. From the condition of lightening such a non-absorbing
system (for example, diamagnetic material is a magnet), it follows
that in a real absorbing system the condition for complete absorption
of the wave is realized when considering the inverse problem,
namely, when the layer of the absorbing magnet applied on the front
surface of the substrate.
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Fig. 12. Block diagram of the algorithm for calculating the
dielectric coefficients of a highly absorbing substance using a
quarter-wave plate in the measurement circuit.
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A method of radar® control of the linear velocity of a weakly
reflecting body is considered. The disadvantage of this method is the
inability to determine the speed of the body, which moves against a
background of mechanical noise that impedes the passing of
electromagnetic radiation. The reflectivity of an object decreases if
the observable body is a non-metallic or weakly reflective body. The
objective of the invention is to ensure the reliability of the obtained
information about the speed of a moving non-metallic or slightly
reflective body.

In the proposed method for determining the velocity of a body by
electromagnetic radiation of a radar, an object of observation is
probed, while the electromagnetic radiation first passes through a flat
non-absorbing quarter-wave plate, which is installed near the antenna
of the radar.

Electromagnetic radiation reflected from the object enters the
receiving device of the antenna, where the speed of the object, which
is proportional to it, is determined by the frequency of modulation of
the received signal. Fig. 13 and 14 will explain the effect of the
proposed method.

It is known that the complex value of the reflection coefficient of
a plane-polarized wave passing through a plane quarter-wave plate
of non-absorbing material and then reflected from the object of
observation is determined by the equation:

Zax — ZO
Za.\‘ + ZO

; (23)

f):

where: ; _Zi Zo+Zutyl _input resistance of the layered system
© 7y Zy + Zythyl

® Kasimova S.R.. Measurements of the dielectric properties of strongly absorbing
substances at microwave frequencies // Measurement Techniques. USA,
New-York. 2016. Vol.58, 1s.12, p.1372-1375. (Thomson Reuters, Web Of Science,
Scopus, Springer, JCR, RSCI, Impact Factor: 0.390)

® Crocob OIIpE/IeTIeHUsI CKOPOCTH JABWXEHUs Tena // EBpasmiickmii IlaTeHT.
Ne022902. 31.03.2016. GO1S 13/58.
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plate — air — object of observation; y:izi — the constant
A

propagation of a wave in air; A is the wavelength of the incident

radiation; | — the distance between the antenna of the radiator and the

object of observation (see Fig. 12).

Here: z . z, =z, /n,, z, are the wave resistances of the vacuum,
the substance of the plate and the object of observation, n; is the
refractive index of the substance of the plate.

Denote x=I/A and present the input impedance of the
considered layered system in the formz, =Z (E +iF) ..

Then, the modulus of the wave reflection coefficient p of the
considered planar system will be equal to:

oo [E-DPHFE. (24)
(E+D)2+F?

X, = 1 arctg 2ny ’ (25)

Ar 1-n?(+y?)

where: n and y are the refraction and attenuation coefficients of the
wave of matter of the object under observation.

X. A (26)

I
BZX:

NG

where: m is the extremum number; A is a constant and a small value
determined by the optical properties of the object of observation.

A= iarctg # . (27)
4n n“(1+y°)-1

Z,. M, :iz. n , (28)

Z, n, 1+ yntg2nx,
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Fig. 13. The block diagram of the measurement of the velocity
of the body:1 - microwave generator; 2 - receiver; 3 - antenna;
4 - quarter-wave plate of non-absorbent dielectric; 5 - object of
observation
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Fig. 14. The dependence of the reflection coefficient modulus
p of electro-magnetic radiation on the distance | between the
radiation source and receiver. A is the deviation of the maxima
pmax @and minima pmin depending on the value of a multiple
quarter of the wavelength A.
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_1 n at the points of maximum p,

M, =—.
7 n? 1+ yn/tg2nA
(29)
y oL _n at the minimum points p.
7 n? 1-yntg2nA
l4p 1 n ,
™ 1-p,.. N2 1+yn/tg2nA
(30)
_1+pmin _L 1 .
™ 1-p, N’ 1-yntg2nA

When the object moves relative to the source of electromagnetic
radiation at speed v, the signal reflected from it with a frequency f,
due to the presence of a plate on the signal path, will be amplitude-
modulated. In this case, the modulation period t will be equal to the
ratio of half the radiation wavelength L to the object velocity v.
Therefore, the modulation frequency of the signal reflected from the
object will be equal to:

f =21, (31)
C

where: ¢ - speed of light, cm / sec; f is the frequency of the location
station, GHz.

Thus, the very fact of the appearance of amplitude modulation
indicates the existence of a moving object. In this case, the
magnitude of the modulation frequency of the signal gives
information about the speed of the object of observation, and the
amplitude of the modulation is determined, according to expressions
(30), by the ratio between the optical parameters of the plate
materials and the object of observation.

The modulation frequency was estimated for sounding a weakly
reflecting object with location signals of known frequency.
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For ease of presentation, the speed of an object is expressed in km /
h, and the station frequency in GHz. In this case, the magnitude of
the modulation frequency f. in MHz will be expressed by the
relation:

f, =1.85fv . (32)

Example 1. Radar station of centimeter wave range: y =3 cm, f=10

GHz.

Ne v, km/h f, mgh
1 100 0.00185
2 200 0.0037
3 500 0.00925
4 1000 0.0185

Example 2. Infrared Radiation Locator A = 10 mkm, f=3.000 GHz.

Ne v, km/h f, mgh
1 100 0.555
2 200 1.11
3 500 2.78
4 1000 5.55

A method for determining the dipole moment of non-polar
liquids has been developed. During of the studies, it was found that
some of the pure non-polar liquids used as solvents, such as benzol,
dioxane, hexane and etc., had very little wave attenuation. It showed
itself in fact that, depending on the reflected signal and the thickness
of the substance, a stable anomalous region thereof has arisen. The
boundary between the abnormal and normal regions selected for the
examination of fluids lay within the 10-15th minimum number of this
relationship. However, from the theory of transmission lines, it
followed that in a metal measuring cell with a non-polar liquid that
does not have absorption, the reflection coefficient of the wave
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should be equal to 1 and be independent of the thickness of the liquid
layer in the cell.

At first, it was assumed that the existence of weak wave attenuation
in non-polar liquids was due to the use of not sufficiently pure
products in which, for one reason or another, impurities of polar
substances, for example moisture in benzol has appeared. However,
as studies have shown by the Rayleigh light scattering method of the
molecular structure of benzol and alkanes, that molecular or atomic
formations with dipole moments can exist in these non-polar
substances.

The idea of a method for proving theoretical assumptions of
work using the measurement data known in the research studies e’,
e” of the liquids has been appeared. The calculations used the values

of dielectric losses e” of a liquid measured at two spaced
frequencies, and it was considered that the dielectric properties of
these substances in the area of their dispersion are described by the
Debye equation. In the Debye description of the dielectric properties
of a substance, the values  of their dielectric losses &"1, €"»,
measured at two frequencies f; and f,, are:

o 2nflr(80 —Sw) C e 2nf (e, —¢, ). (33)
Y1+ (2nf o) © L4 (2nf,of

where: : €y, &, - static and high-frequency extreme values of
dielectric permeability of substance;
7 is the macroscopic relaxation time.

If you enter the symbols a=¢,/¢, and = f,/ f,, then from the
joint solution of equations (33) it follows:

S A L (34)
2nf, \1/B—a

Since the ratios a and £ are known, the macroscopic relaxation
time 7 is found from equation (34). To determine the dipole moment
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of the molecules of substance in the liquid phase, we use the
Onzager-Kirkwood equation:

W = (80 —-g, )(280 -l-sw). 9kT ; (35)
€ (Sw + 2) 4TCNA

where: k - Boltzmann constant; T - temperature;
NA - Avogadro number.

Since the permittivity €’ of the liquids in question varies slightly
with frequency in the dispersion region, it is believed that the value
go Is slightly different from the value e. Then equation (35) takes the
form:

2 _ 3(80 —8002). okT . (36)
(e, +2) 4nmN,

From the joint solution of equations (33) and (34), it follows that

e 1 (37)
o T e P Wp-a)

According to the difference &y — &, the value of the dipole
moment of the selected liquid molecule is found according to
equation (36). In this way, p and t of benzole and alkanes were
found. Table 5 shows the results of calculations according to the
proposed method of values of relaxation time and dipole moments of
molecules of these liquids. The calculations used the research data of
microwave measurements of the dielectric properties of these liquids’
In alkanes, the values of the dipole moments of their molecules
remain within 0.065D.

The above calculation method was also used to estimate the
molecular relaxation time of polar substances based on the results of
measuring the dielectric properties of their diluted solutions in non-
polar solvents.

" Axaios S1.1O. JusnexTpudeckue mapaMeTpsl YHCTBIX SKHAKOCTed. M., Usm.
MAMU. 2000, 854 c.
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Table 5
Relaxation times 1 and dipole moments p of benzole and
alkanes molecules obtained from the measurement of their
di%lectric losses €"1, €”, at two frequencies f1, f, and temperature
25°C.

Ne | Substance | fi, | fa "1 "2 T, | 4,D
GHz | GHz 10"
S
1 | Benzol 24 | 70 | 0.0025 | 0.0059 | 1.20 | 0.1
2 | Hexane 10 | 35 | 0.00058 | 0.00152 | 2.80 | 0.064
3 | Heptane 10 | 35 [ 0.00077 | 0.00163 | 3.97 | 0.066
4 | Octane 10 | 35 | 0.00092 | 0.00156 | 5.13 | 0.068
5 | Nonan 10 | 35 [ 0.00102 | 0.00139 | 6.39 | 0.068
6 | Dean 10 | 35 | 0.00106 | 0.00121 | 7.56 | 0.068

An express method of measuring the small content of the polar
component in binary solutions has been developed. During studying
of the reflection characteristics of the electromagnetic wave of binary
solutions of polar substances in non-polar solvents, it was found that
in solutions with a small content of the polar component, the
oscillating and attenuating dependence of the reflected signal with an
increase in layer thickness breaks down into two externally different
regions. In the first of them, normal, lying at increased thicknesses of
the solution layer, with an increase in the thickness of the layer, the
values of the maxima of this dependence fall in magnitude and
synchronously with them increase the values of the minima of the
same dependence until they coincide in magnitude. In the second
area, indicated by abnormal and lying at small thicknesses of the
substance layer, with an increase in the thickness of the solution
layer, a decrease in the value of maxima and minima of this
dependence occurs in parallel. It is characteristic that an abnormal
region of such dependence occurs at relatively low concentrations of
the polar component of the solution, i.e. at a relatively small
attenuation of the wave in the substance. By examining solutions
with low concentrations of the polar component in them, it was found
that the interface of the normal and anormal regions is shifted along
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the abscissa axis with a decrease in the concentration of polar matter
in the solution. It has been found that for any selected binary
solution, the product of the volumetric concentration of the polar
component of the solution and the measured thickness of its layer
corresponding to the boundary of these two regions remains constant.
This fact made it possible to develop a fairly simple method for
controlling the low concentration of polar substance in solutions.
This method turned out to be in demand in determining the low
moisture content (polar substance) in oil and oil products - one of the
most important parameters used in the petrochemical industry.

MAIN RESULTS AND CONCLUSIONS

1. For the first time, the conditions for the complete absorption of
electromagnetic radiation when it is incident at an angle on a flat,
illuminated absorbing substrate are determined. It was established
that, in contrast to the incidence of the parallel-polarized wave on
such a system, the complete absorption of the transverse-polarized
wave is possible not only at the antireflection angle, but also at an
angle analogous to the Brewster angle for transparent media. The
conditions for the selection of the desired polarization component of
the incident radiation are found.

2. The analysis of the reflection characteristics of an
electromagnetic wave from a flat layer of an absorbing magnet
applied on an ideal metal substrate is carried out for the first time.It
allowed to establish the existence of normal and anomalous regions
in these dependences, differing in the charcter of the change in their
extreme values with increasing layer thickness, and also that their
minima are located near the layer thickness values that are multiples
of half the wavelength in the magnet. The conditions and frequency
band of the total absorption of electromagnetic radiation in a flat
magnetic-metal system are found. Their dependences on the selective
values of the magnetic properties and the thickness of the magnetic
layer are investigated.

3. For the first time, the conditions for the complete absorption of
electromagnetic radiation when it is incident at an angle on a flat
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two-layer magnetic-metal system are determined. The difference in
the incidence of parallel-polarized and transverse-polarized waves on
such a system is established, which allows to isolate with its help the
desired polarization component of the incident radiation.

4. The analysis of the characteristics of the reflection of an
electromagnetic wave from a plane layer of an absorbing magnet
applied on a non-absorbing semi-infinite dielectric layer is carried
out for the first time. It allowed us to state the existence of normal
and anomalous regions in these dependences, differing in the
character of the change in their extremal values with increasing layer
thickness, and also that their minima are located near the layer
thickness values that are multiples of half the wavelength in the
magnet. The conditions and frequency band of the total absorption of
electromagnetic radiation in a planar absorbing magnetic-dielectric
system are found. Their dependences on the selective values of the
dielectric constant of the substrate, magnetic properties, and the
thickness of the magnetic coating layer are investigated.

5. For the first time, the conditions for the complete absorption of
electromagnetic radiation when it is incident at an angle on a flat
two-layer absorbing magnetic-dielectric system are determined. It
was established that, in contrast to the incidence of the parallel-
polarized wave on such a system, the complete absorption of the
transverse-polarized wave is possible not only at the antireflection
angle, but also at an angle analogous to the Brewster angle for
transparent media. The conditions for the selection of the desired
polarization component of the incident radiation are found.

6. For the first time, rigorous analytical equations have been
developed that describe the conditions for the complete passing of
electromagnetic radiation through systems containing periodically
alternating layers of absorbing dielectric and magnetic materials and
a non-absorbing dielectric layer. The optimal number of double
layers (bilayers) was found, which provides almost complete
damping of the radiation passing through such a system.

7. For the first time, the dependences of the wave reflection
coefficient on the layer thickness of a liquid absorbing dielectric and
a magnet in free space and in a TE-type waveguide were studied.
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The functional relationships between the position and magnitude of
the extrema of these dependencies and the values of the dielectric and
magnetic properties of the substance under study are determined.
They allowed to develop on their basis exact analogous microwave
methods for measuring the dielectric and magnetic properties of
liquids and solutions with a loss tangent of tg5<0.8, including using
the effect of complete absorption of electromagnetic radiation in a
layer of a substance.

8. For the first time, informational software has been presented for
a whole series of microwave methods developed for measuring the
dielectric and magnetic parameters of substances. The software
contains a set of computer programs that simplify finding the desired
parameters of a substance in a wide range of changes in its loss
tangent.

9. For the first time, systems of equations have been obtained that
describe the conditions and frequency band of the total absorption of
waves in a layer of an absorbing magnet applied on a metal and
nonabsorbing dielectric substrate and the conditions for the complete
absorbing of waves when they are incident at an angle onto an
translucened absorbing substrate and absorbing layers of a dielectric
and a magnet applied on metal and nonabsorbing dielectric
substrates.

10. For the first time, the calculated equations for the conditions
and the translucence band of both absorbing and non-absorbing
substrates were obtained, and their behavior was analyzed depending
on the thickness and properties of the coating and substrate.

11. For the first time, systems of equations have been obtained
that determine the optical parameters of the substances of the layered
system and the thickness of the layers of antireflection coatings under
which the conditions for the complete absorption of a wave of a
given frequency are satisfied.

12. For the first time, a number of microwave methods have been
developed for measuring the dielectric and magnetic properties of
liquid and solid substances.

13. For the first time, a method for controlling the linear velocity
of a weakly reflecting body was developed and an estimate was made
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of the modulation frequency when probing a flying weakly reflecting
body with location signals of known frequency.

14. A technique for determining the dipole moment of molecules

of low polar liquids has been developed.

15. It is presented an express method of determining small (0.01-

1% by weight) content of polar substance in a non-polar solvent, for
example, water in petroleum products.

=

MAIN RESULTS OF THE DISSERTATION
PUBLISHED IN THE FOLLOWING WORKS:

Kamkap Y.0., Kacumo P.M., Kacumona.C.P.. N3Mmepenus
JTUDJICKTPUUECKUX KOI(PPHUIIMEHTOB CIa00TOTIIONIAONTUX KHUT-
kocteir B muanazone CBY // U3meputenpHas TexHuka. Mocksa,
Poccus. 2002, Ne 7, ¢.58-59. (Thomson Reuters, Web of Science,
Scopus, Springer, Journal Citation Reports, RSCI, Impact Factor:
0,508).

Kadjar Ch.O., Kasimov R.M., Kasimova S.R.. Measurements of
the dielectric parameters of weakly absorbing liquids in the
microwave band // Measurement Techniques. New-York, USA.
2002, vol.45, Ne7, p.765-768. (Thomson Reuters, Web of Science,
Scopus, Springer, Journal Citation Reports, Impact Factor:
0,508).

Kadjar Ch.O., Kasimov R.M., Veliev M.l., Kasimova S.R.
Determination of dipole momentum and relaxation time of
molecular associates of benzole // Journal Transactions NASA
(ser. of phys-math. and tec.sc.). 2003, vol.23, Ne5, pp.3-5.

Kamxap Y.0., Kacumoa C.P.. YacTtoTHble XapaKTE€pUCTHUKU
OTPAKCHUSA DJICKTPOMATHUTHOI'O H3JTYUCHHUA IPOCBCTICHHBIX
TCIUIOBBIX TIPUEMHHKOB B o0mact HX AUCTICPCUU  BOJIH //
Nzsectuss HAHA (cep.¢u3.-mat. u texs.Hayk). 2004, T.24, NeS5,
c.85-89.

AsuzoB C.T., CampixoB M.A., KacumoBa C.P., Kamxap Y.0.,
KacumoB P.M.. Meronuka BbIOOpa TOJIIMHEI CJIOS U MaTepuana
MUKPOBOJIHOBBIX MOKphITUii // 3Bectst HAHA (cep.¢du3.-mart. u
TexH.HayK). 2004, T.24, No5, ¢.81-84.

46



6. Kamxap 4Y.0., KacumoB P.M., AzuzoB C.T., CamgpixoB M.A.,
Kacumosa C.P.. TBepaoTenpHble HEOTpaXKaroIUe NOTJIOTUTENN Ha
OCHOBE BBICOKOJHCIIEPCHBIX MaTepuanoB // XKypuan “bunbsrun”
(cepus pus.-mar. Hayk). 2004, Ne2, ¢.3-5.

7. Kamxap Y.0., Kacumosa C.P.. VYcnoBus mnpocBeriieHuss u
YaCTOTHBIC XAPAKTCPUCTHKU OTPAKCHUSA OIJICKTPOMArHUTHOI'O
HU3JTy4YCHHA TCIUIOBOTO IIPpUCMHHUKA B oOjlacti €ro AUCTICPCUHN
BoJiH // Tlpuxnannas dusuka, Mocksa, Poccus. 2005, Ne5, c.22-
25. (Web of Science, Scopus, RSCI, Impact Factor: 0.328).

8. Bemmes M.U., Kacumora C.P., Kacumor P.M, Kamkap U.O..
JlunonpHas mossipu3alys HOPMaJbHBIX ajJKaHOB // XUMHUYECKUN
xypHat HAHA. Baky, 2005, Nel, ¢.33-35.

9. AsmzoB C.T., CameixoB M.A., KacumoBa C.P., Kamxap Y.O..
Meto1 aBTOMaTUYECKOTO KOHTPOJISI KOHIEHTPALMK pacTBOpa Mo-
JISIPHOTO BELIECTBa B HEMOJISIpHOM pacTtBoputene // W3Bectus
HAHA (cep.¢du3.-mat. u Texn.Hayk). 2005, T.25, No2, ¢.161-163.

10.KacumoBa C.P.. VYcioBus mnOpocBETIEHUS  MOTJIOMIAOMICH
MOJJIOKKM TMpH TAJACHUM Ha Hee TMOJ YIJIOM IMONepeyHo-
MOJITPU30BAHHOM AJIEKTpOMarHuTHOW BoJiHbI // M3Bectnst HAHA
(cep.wus.-mat. u TexH.Hayk). 2006, T.26, No2, cc.83-87.

11.KacumoBa C.P.. VYcioBus mnOpocBETIEHUS  MOTJIOIIAOIICH
MOJIOKKH MPH MaICHUU Ha Hee MO/ YIIIOM MapaljiesIbHO-I0JIAPH-
30BaHHOM 3JIeKTpoMarHuTHoW BomHbl // W3Bectmss HAHA
(cep.us.-mat. u Texn.Hayk). 2007, T.27, No2, cc.65-71.

12. Kasimova S.R.. The reflection of transversely polarized wave at
its incidence angularly on two-layer system: antireflection
coating-absorptive  substrate // Journal “Fizika” NASA.
2007,Vol. XIII, Ne3, pp.50-52.

13. KacumoBa C.P.. be3oTpaxarensHoe MOTJOMICHHUE DIEKTPOMAr-
HUTHOTO W3JYYEHHUS MPU €ro MaJieHUU TOJ YIJIOM Ha MPOCBET-
JICHHYI0 TIOTJIOMIAIONIYIO0 TOJUIOKKY. MHKeHepHO-(pHU3ndIecKuii
xypHan. Munck, Bemapycs. 2008, T.81, N2, ¢.223-228. (Web of
Science, Scopus, INSPEC, ADS, CAS, EBSCO, CSA, OCLC,
Impact Factor: 1,118).

14.Kasimova S.R.. Reflectionless absorption of electromagnetic
radiation incident at an angle upon a clarified absorbing substrate

47



/[ Journal of Engineering Physics and Thermophysics. USA,
New-York. 2008, Vol. 81, Ne2, P.236-241. (Web of Science,
Scopus, CAS, INSPEC, ADS, EBSCO, CSA, OCLC, SJR, Impact
Factor: 0,706).

15.KacumoBa C.P.. YcnoBus npocBeTieHHs TEMJIOBOIO MPUEMHHKA
AJIEKTPOMArHUTHOTO W3JIy4CHHUsS B OOJACTH IUCIIEPCHH BOJH //
N3eectust HAHA (cep.¢us.-mar. u texa.Hayk). 2008, T.28, Ne2,
cc.113-116.

16. Kacumona C.P., Kacumo P.M., /IxaBamoB H.I'.. Otpaxenue
MapaJIeIbHO-TIONSIPU30BAHHON BOJIHBI TP €€ TMAaJICHUH 1O
YIJIOM Ha TPOCBETICHHYIO TMOTJOMIAMIIYI0 TMOAJIOXKKY //
Matepuanst X~ MEXIyHapOJHOTO  HAYYHO-NPAKTHYECKOIO
cemuHapa “TlpakTuka W TIEPCHEKTHUBBHI TApTHEPCTBAa B cdepe
BhICHICH TkoJTel”. JloHenk, Ykpauna, 2009, T.2., cc.148-153.

17. Gasimova S.R.. Translucence coverings for thermal receivers and
converters of electromagnetic radiation // Booklet. Science
Opportunities in Azerbaijan. Science & Technology Center In
Ukraine. 2009, p.43. (STCU, USA, Canada, EU).

18. Kacumor P.M., Kacumona C.P.. JIByXCJIOWHBIN HEOTpaKaroIIHi
IOIJIOTUTCIIb  DJICKTPOMArHUTHOTO  U3JIYy4YCHUA. I/IH}KCHepHO -
¢dbusuveckuit xxypHain. Munck, bemapyce. 2009, 1.82, Ne 3, ¢.606-
609. (Web of Science, Scopus, CAS, INSPEC,ADS, EBSCO, CSA,
OCLC, SJR, Impact Factor: 1,118).

19. Kasimov R.M., Kasimova S.R.. Two-layer nonreflective absorber
of electromagnetic radiation // Journal of Engineering Physics and
Thermophysics. New-York, USA. Vol.82, Ne3, 2009, p.604-607.
(Web of Science, Scopus, CAS, INSPEC, ADS, EBSCO,
CSA,0CLC, SJR, Impact Factor: 0,706).

20.KacumoB P.M., MamenoB O5.M., KacumoBa C.P.. UccnegoBanue
BO3MOKHOCTH paCIUPCHUSA Aualla30Ha HNPUMCHUMOCTU MHUKPO-
BOJIHOBOI'O MCTOJa HW3MCEPCHUA BJIArOCOACPIKAHUA B He(bTe-
nponaykrax // Xumudeckuit xypHan HAHA. 2009, Ne 1, cc.140-
143.

21.Vlemubeiimu O.1'., KacumoBa C.P.. XapakTepuCTHKH OTpakKeHUs
QJICKTPOMATrHUTHOT'O HU3JIYUYCHUSA HBYXCHOﬁHOﬁ CHUCTEMbI MAarHe-

48



TUK-MeTa // HaydHO-TeXHUYeCKUil *KypHal “YueHble 3arnucKu’”.
baky, Azep6aiimkan. 2010, Ne 4, cc.3-6.

22.KacumoB P.M., Kacumosa C.P.. bezoTpaxkareiabHoe NOIIOLIEHNE
BHGKTpOMaFHHTHOﬁ BOJIHBI IIpU €€ IMaJCHHUU 1104 YIJIOM Ha
IBYXCIOWHYIO CHCTEMY MarHeTuk-metawn // HHxeHepHO-
¢busnueckuii xxypHai. Munck, benapycs. 2011, 1.84, Ne 4, ¢.735-
739. (Web of Science, Scopus, CAS, INSPEC, ADS, EBSCO, CSA,
OCLC, SJR, Impact Factor: 1,118).

23.Kasimov R.M., Kasimova S.R.. Nonreflective absorption of an
electromagnetic wave in its incidence on the two-layer system
"magnetic—metal” at an angle. Journal of Engineering Physics and
Thermophysics // New-York, USA. 2011, Vol.84, Ne 4, pp.794-
798. (Web of Science, Scopus, CAS, INSPEC,ADS, EBSCO,
CSA,0CLC, SJR, Impact Factor: 0,706).

24 KacumoB P.M., KacumoBa C.P.. be3oTpaxkarenbHOe MTpPOXOK-
ACHUEC DJBJICKTPOMAIrHUTHOI'O H3JTYUCHUA IIpHU €ro HnaacHUH I10[J
YIJIOM Ha MOTJIOMANIMA CI0N  AWdJIeKTpuKa. HHXKeHepHOo-
dbuzuveckuit xxypHan / Munck, bemnapyce. 2011, 1.84, Ne4, ¢.729-
734. (Web of Science, Scopus, CAS, INSPEC, ADS, EBSCO, CSA,
OCLC, SJR, Impact Factor: 1,118).

25.Kasimov R.M., Kasimova S.R.. Nonreflective passage of electro-
magnetic radiation on its incidence at an angle on the absorbing
layer of a dielectric // Journal of Engineering Physics and
Thermophysics. New-York, USA. 2011, Vol. 84, Is.4, pp.787-
793. (Web of Science, Scopus, CAS, INSPEC,ADS, EBSCO,
CSA,0CLC, SJR, Impact Factor: 0,706).

26.KacumoB P.M., Kacumona C.P.. be3oTpaxarenbHoe MOIIoeHne
QJICKTPOMATHUTHOI'O HU3JIYUCHUA IIPU €ro MaJCHUH IMOoA YIrJIOM Ha
MPOCBCTIICHHYIO IOIJIOMIA0IIYHO IMOIJIOKKY // HpI/IKJ'IaI[HaSI
dusuka. Mocksa, Poccus. 2011, Ne 3, cc.18-24. (Web of Science,
Scopus, RSCI, Impact Factor: 0.328).

27 KacumoB P.M., Kacumoa C.P.. be3oTpakarenpHOE ramieHue
QJICKTPOMArouTHOIO MU3JIY4YCHHUA B CIIOUCTOH HOFJ’IOIJ_IaIOIJ_IeI\/’I
cucTeMe TEepPHOANYECKON CTPYKTYphl // XUMHYECKUH >KypHall.
HAHA. 2011, Ne 2, cc.33-37.

49


http://www.springerlink.com/content/?Author=R.+M.+Kasimov
http://www.springerlink.com/content/?Author=S.+R.+Kasimova
http://www.springerlink.com/content/w373851257112558/
http://www.springerlink.com/content/w373851257112558/
http://www.springerlink.com/content/w373851257112558/
http://www.springerlink.com/content/1062-0125/
http://www.springerlink.com/content/1062-0125/
http://www.springerlink.com/content/1062-0125/84/4/
http://www.springerlink.com/content/?Author=R.+M.+Kasimov
http://www.springerlink.com/content/?Author=S.+R.+Kasimova
http://www.springerlink.com/content/61g01q5h11q8x169/
http://www.springerlink.com/content/61g01q5h11q8x169/
http://www.springerlink.com/content/61g01q5h11q8x169/
http://www.springerlink.com/content/1062-0125/
http://www.springerlink.com/content/1062-0125/

28.Kasimov R.M., Ismibayli E.G., Kasimova S.R.. Dataware of the
measuring methods of the dielectric properties of absorbing liquid
on microwave frequency // International Conference on
Communi-cations, Control and Information Technology. World
Academy Of Science, Engineering And Technology. Paris,
France. 2011, Issue 80, p.1226-1233. (Google Scholar, Semantic
Scholar, Zenedo, OpenAIRE, BASE, WorldCAT, Sherpa/RoMEOQ).
Certificate of Presentation.

29.Mamedov H.A., Ismibayli E.G., Kasimova S.R.. Reflectionless
absorbtion electromagnetic radiation // International Conference
on Computer, Electrical, and Systems Sciences, and Engineering.
World Academy Of Science, Engineering And Technology.
Venice, ltaly. 2011, Is. 59, Nov. 28-30, p.3394-3399. (Open
Science Index, Google Scholar, Open BASE, Semantic Scholar,
Zenedo, AIRE, WorldCAT, Sherpa/ROMEO). Certificate of
Presentation.

30.Kacumon P.M., Kacumona C.P.. J/IumnoasHbIe MOMEHTHI U BpEeMEHa
penakcanuu  MOJIeKya — OeHzosnma uw  amkaHoB  // «XIX
MenneneeBCkuii cbe3q MO OOmed W TNPUKIATHONW XHUMHUN.
Bonrorpan, Poccus. 25-30 centsiops 2011 roga, Tom 4, ctp.473.

31.Kacumor P.M., Ucmubeitnu 3.I'., Kacumora C.P.. U3mepenus
MArduTHBIX CBOICTB AKUAKUX MArH€TukKOB B BOJIHOBOJAaX //
N3meputenpbHas texauka. Mocksa, Poccus. 2011, Ne 6, ¢.51-53.
(Thomson Reuters, Web of Science, Scopus, Springer, JCR, RSCI.
Impact Factor: 0,508).

32.Kasimov R.M., Ismibayli E.Q., Kasimova S.R.. Measurements of
the magnetic properties of magnetic liquids in waveguide //
Measurement Techniques. USA, New-York. 2011, Vol.54, Is.6,
pp.703-706. (Thomson Reuters, Web of Science, Scopus, Springer,
JCR, RSCI. Impact Factor: 0,508).

33.Mamedov H.A., Ismibayli E.G., Kasimova S.R.. Komnsrorepuso-
BaHHBIC MCTOAblI H3MCPCHHUSA MAT'HUTHBIX CBOMCTB KUOAKUX
MarHeTMKOB Ha cBepxBbIcOkHX yactotax // Proceedings Of The
Inernational Scientific And Technical Conference ‘“Prospects Of
Development Of Modern Information And Communication
Technologies”. Baku. 22-24 September 2011, p.498-503.

50


http://www.mendeleev2011.vstu.ru/
http://www.mendeleev2011.vstu.ru/
http://www.springerlink.com/content/?Author=R.+M.+Kasimov
http://link.springer.com/journal/11018/54/6/page/1

34.1smibayli E.G., Kasimova S.R.. Environmental protection from
the exposure of the electromagnetic radiation // World Forum —
International Congress “Natural Cataclysms And Global Problems
Of The Modern Civilization”. Istanbul, Turkey. 2011. 19-21 Sept.,
p.216.

35.MamenoB I'.A., Ucmubeiiim 3.I'., Kacumosa C.P.. besorpa-
KATEJbHOE MPOXOXKIACHUE AIEKTPOMArHUTHOIO H3IYyYEHMs 4Yepes3
CUCTEMY MarHeTHK-AWAIeKTpuKk // WHxkeHepHO-(pu3nueckuit
xypHan. Munck, benapycs. 2012, T.85, Ne3, ¢.660-664. (Web of
Science, Scopus, CAS, INSPEC,ADS, EBSCO, SJR,CSA,OCLC.
Impact Factor: 1,118).

36.Mamedov H.A., Ismibayli E.G., Kasimova S.R.. Reflectionless
transmission of electromagnetic radiation through a magnetic-
dielectric system // Journal of Engineering Physics and
Thermophysics, USA, New-York. 2012, Vol. 85, Is.3, pp.716-
720. (Web of Science, Scopus, CAS, INSPEC, ADS, EBSCO, CSA,
OCLC, SJR, Impact Factor: 0,706).

37 Ucmuberinu O.I'., Kacumopa C.P.. JIByxcioiiHOe NMPOCBETIICHHE
noryommaroniei nmomnoxku // Ilpuxmamnas ®dusuka. Mocksa,
Poccus. 2012, Ne4, cc. 34-36. (Web of Science, Scopus, RSCI,
Impact Factor: 0.328).

38.Kacumor P.M., KacumoBa C.P.. Heotpaxaroniue MUKpPOBOJIHO-
BbI€ IOTJIOTUTENN C BBICOKOJUCIIEPCHBIMHU KUIAKUMHU HAMOJIHU-
tensamu // Xumudeckuit xypHan HAHA. 2013, Ne3, pp.55-57.

39.KacumoBa C.P.. Be3zoTpaxaTenbHoe MOTJIONICHUE MapajlieIbHO-
MOJISIPU30BAHHON 3JIEKTPOMAarHUTHOM BOJIHBI B IUJIOCKOM JIBYX-
CIIOWHOM CHUCTEME MarHeTHK-MeTain // XUMHUYECKUH >KypHam
HAHA. 2013. Ne4, ¢.91-95

40.KacumoBa C.P.. be3oTpaxarenbHO€ NOIJIONIEHUE IONEPEYHO-
MOJISIPU30BAaHHON AJIEKTPOMArHUTHOW BOJIHBI B IUIOCKOM JBYX-
CIIOIHON cucTeMe MarHeTHK-mMeTana // XUMHYecKMH KypHal
HAHA. 2014, Nel, pp.78-82.

41 KacumoB P.M., KacumoBa C.P.. YacTtoTHas monoca npocBeTICHUs
IUIOCKUX JIBYXCIOMHBIX MpO3pauHblx cpea //  XuUMHUYECKHH
xypHait HAHA. 2014, Ne2, ctp.99-103.

o1



42. Kacumos P.M., Kacumosa C.P.. YcinoBus IOIHOIO IIOIIOMIEHHNS
3JEKTPOMArHUTHOTO U3JYyYEHUS IUIOCKOU JABYXCIIOMHOW CHUCTEMBI
MarHeTuk-meramwt // Xumudeckuit xypHan HAHA. 2014, Ne3,
CTp.68-72.

43.Gasimova S.R., Gasimov E.R.. Two layer nonreflecting absorber
of electromagnetic radiation with magnetic absorbing coating //
International Academic Conference on Engineering, Internet and
Technology. Prague, Czech Republic. 2014, dec.12-13, pp.234-
237. (Impact Factor:0,966. Scientific Indexing Services USA).
Certificate.

44 KacumoB P.M., KacumoBa C.P.. Boinenenue 3agaHHON NOJSpH-
3alMOHHON COCTABIIAIOIIEH SJIEKTPOMAarHUTHOTO W3JIYYEHHS IPHU
€ro OTPaXXEHUU OT IUIOCKOW JIBYXCIOWHOW CHUCTEMBI MAarHETHK-
metaiut // Xummaeckuit xypHar HAHA. 2014, Ne4, ctp.102-107.

45.Kacumosa C.P.. U3mepenne AMAIEKTPUYECKUX CBOMCTB CHIIBHO
MOTJIOMIAIONIMX ~ BEIIECTB HAa CBEPXBBICOKMX dYacToTax //
Mertponorus. Mocksa, Poccus. 2015, Ned, ctp. 60-65. (Thomson
Reuters, Web of Science, Scopus, Springer, ESCI, RSCI. Impact
Factor: 0,216)

46.KacumoBa C.P., Kacumos D.P.. Brnigenenue 3agaHHOM IOJIS-
pHSaI_[I/IOHHOﬁ COCTaBJ'IHIOH_[eﬁ OJICKTPOMAariuTHOr0O H3JTYyYCHUA
Ipu €ro OTpa)XCHUU oT HpOCBeTHeHHOI;'I nornomafomeﬁ
noyioxkkun // VmkeHepHO-(U3MYECKUI  KypHal. MUHCK,
benapycs. 2015, 1.88, Ne5, ¢.1138-1144. (Web of Science, Scopus,
CAS, INSPEC,ADS, EBSCO, CSA, OCLC, SJR, Impact Factor:
1,118).

47.Kasimova S.R., Kasimov E. R.. Separation of an Assigned Pola-
rization Component of Electromagnetic Radiation in its Reflection
from an Antireflection Absorbing Substrate // Journal of
Engineering Physics and Thermophysics. USA, New-York. 2015,
Vol.88, Is.5, pp 1175-1182. (Web of Science, Scopus, CAS,
INSPEC, ADS, EBSCO, CSA, OCLC, SJR, Impact Factor: 0,706).

48.KacumoB P.M., Hcmubeitmn 3.I'., Kacumopa C.P.. Cnoco0
oTpeJieNieHus] CKOPOCTH JBIKeHus: Tena // EBpasuiickuii [laTeHT.
Ne022902. 31.03.2016. GO1S 13/58.

52


http://sindexs.org/
http://link.springer.com/journal/10891
http://link.springer.com/journal/10891
http://link.springer.com/journal/10891/88/5/page/1

49.KacumoBa C.P.. Metoasl wu3MepeHHS AUDICKTPUYECKUX U
MAarHUTHBIX CBOWCTB TBCPABIX W KXKUIAKUX BCIICCTB B AHUAIIA30HC
CBEpXBBICOKMX 4YacToT // Monorpadus. 2016. crp.175. (Qrif
K370100000092/Ne98-2016).

50.Kasimova S.R.. Measurements of the Dielectric Properties of
Strongly Absorbing Substances at Microwave Frequencies //
Measurement Techniques. USA, New-York. 2016. Volume
58, Issue 12, pp. 1372-1375. (Thomson Reuters, Web of Science,
Scopus, Springer, JCR, RSCI. Impact Factor: 0,508).

51. Kasimova S.R.. Application of the method of pulse sounding the
substance for identifying and measuring the dielectric properties
of polar liquids // Paradigmata Poznani. Prague, Czech Republic.
Ne3, 2017, ctp. 59-62. (Impact Factor: 0,966. Scientific Indexing
Services USA). Certificate.

52.Kasimova S.R.. Increase in reflective ability of coverings //
Paradigmata  Poznani. Prague, Czech Republic. Ne4, 2017,
crp. 59-62. (Impact Factor: 0,966. Scientific Indexing Services
USA). Certificate.

53.Kasimova S.R.. Meroa u3MepeHUs] MarHUTHBIX CBOWCTB CHIIBHO
MOTJIONIAIONIMX ~ BEMICCTB HA  CBEPXBBICOKMX dactorax [/
Paradigmata Poznani. Prague, Czech Republic. 2018, Ne3, ctp.
61-65. (Impact Factor: 0,966. Scientific Indexing Services USA).
Certificate.

54 KacumoBa C.P.. Meroax wu3MepeHUs CHJIBHO TOTJIOMIAIOIIAX
AUDJICKTPUKOB C IIPHUMCHCHUCM cornacyfomeﬁ HeHOHHpHOfI
skuakoctu // Hayka, texnuka u oOpasoBanue. MockBa, Poccus.
2018. Ne8 (49), ctp.24-27. (Open Academic Journals Index,
Google Academy, Ulrich's Periodicals Directory (USA), Impact
Factor: 1,84). Certificate.

55.KacumoBa C.P.. Viyumienue oTpakaTelbHOW CIIOCOOHOCTH
IUIOCKUX MOKPbITUit // NHKeHepHO-pu3nveckuil :xypHait. MHHCK,
Bemapyce. 2018, T.91, Ne6, ctp.1674-1677. (Web of Science,
Scopus, CAS, INSPEC, ADS, EBSCO, CSA, OCLC, SJR, Impact
Factor: 1,118).

53


http://link.springer.com/journal/11018
http://link.springer.com/journal/11018/58/12/page/1
http://sindexs.org/
http://sindexs.org/
http://sindexs.org/
http://sindexs.org/

56.Kasimova S.R.. Improvement of the reflectivity of flat coatings //
Journal of Engineering Physics and Thermophysics. USA,
New-York. 2018, Vol.91, Is.6, pp. 1592-1594. (Web of Science,
Scopus, CAS, INSPEC, ADS, EBSCO, CSA, OCLC, SJR, Impact
Factor: 0,706).

57 Kasimova S.R., Kasimov E.R.. TloiHoe nornomenme 31eKTpo-
MAarHMTHOM BOJIHKI B IBYXCIOHHOM cHCTeMe MAarHUTO JIUDIEKTPUK -
metait. // Paradigmata Poznani. Czech Republic, Prague. 2019,
Ned, c1p.18-20. (Tmpact Factor: 0,966. Scientific Indexing
Services). Certificate.

58.KacumoBa C.P.. Wudopmamyonnoe obecriedeHre MeTOIOB
M3MEPEHUSl  IUBICKTPHUECKUX CBOMCTB  TOTJIOMIAIOIIHMX
xupkocred // Hayka, Texauka u oOpazosanue. Mockga, Poccus.
2021, Ned(79), ¢.22-24. (Open Academic Journals Index, Google
Academy, Ulrich's Periodicals Directory (USA), Impact Factor:

1,84). Certificate. % 3(

54



The defense will be held on 24 september 2021 at 11% at the meeting
of the Dissertation council ED 2.41 of Supreme Attestation
Commission under the President of the Republic of Azerbaijan
operating at Azerbaijan Technical University

Address: AZ 1073, Baku city, H. Javid Ave. 25.

Dissertation is accessible at the Azerbaijan Technical University
Library

Electronic versions of dissertation and its abstract are available on the
official website of the Azerbaijan Technical University
wWww.aztu.edu.az

Abstract was sent to the required addresses on 05.08.2021



Signed for print: 07.07.2021
Paper format: A5
Volume: 78205

Number of hard copies: 20



