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THE MAIN ASPECTS OF PLANNING THE CONSTRUCTION  
OF LOCAL NAVIGATION SYSTEMS 

The principles of building local radio navigation systems, as well as the key factors affecting the ac-
curacy of the location of the consumer in the radio navigation field, are considered.
Keywords: local radio navigation system, pseudo-satellite, errors of navigation definitions.  
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ON THE METHODS OF AUTONOMOUS INTEGRITY MONITORING  
OF THE NAVIGATION FIELD OF THE GNSS GLONASS SYSTEM 

The analysis of methods of control of the navigation field of global navigation satellite systems is
carried out. The main advantages and disadvantages of internal and external control methods are de-
termined.
Keywords: GLONASS, navigation field control, autonomous integrity control algorithms. 
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CORRECTION OF THE BLOOD PRESSURE ESTIMATION  
DURING AUTOMATED MEASUREMENT WITH AN ELECTRONIC  

MONITORING DEVICE 

The disadvantage of the blood pressure estimating methods is that the measurement error is always 
one-way from the true value. A method of blood pressure evaluation correction is proposed. The cor-
rection factor depends on the heart rate, air discharge rate and the measured pressure value. The cor-
rected method will allow moving the measurement results towards the true value.
Keywords: blood pressure measurement, correction, uniform distribution, statistics, statistical mod-
elling.  
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VARIATIONAL PROBLEM OF SYNTHESIS  
OF OPTIMAL TERMINAL CONTROL 

The article deals with the variational problem of synthesis of optimal terminal control. A functional, 
a nonlinear mathematical model are given. The control law is synthesized. The main problem that 
arises in the synthesis of the optimal control law for nonlinear dynamic systems is the solution of a 
boundary value problem. The statements proved earlier are used (see [1]): 1) the optimal trajectory
of a dynamical system is the envelope of a parametric family of singular curves called instantaneous 
solutions, 2) the optimal control can be found on a singular family of instantaneous solutions. The 
use of instantaneous solutions makes it possible to avoid the explicit solution of the boundary value 
problem. It is shown that, in the general case, instantaneous solutions are found from a system of 
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equations constructed at a finite moment of time while minimizing a given functional, which corre-
sponds to the Mayer problem, but not in the original, but in the reduced space. The parameters found
on the instantaneous solutions determine the optimal control. Since instantaneous solutions are built 
on a reduced (truncated) model, information dualism takes place [1].
Keywords: variational method, optimal control, nonlinear mathematical model, instant solutions, 
reduced model, informational dualism.  
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ALGORITHMS FOR ESTIMATING ANGULAR  
COORDINATES BASED ON ITERATIVE PROCEDURES 

An algorithm for estimating the angular coordinates of targets in search-detection systems based on
iterative estimation procedures based on numerical methods for large volumes of sample data is con-
sidered.
Keywords: angular coordinates, an algorithm for measuring angular coordinates, an iterative evalua-
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ON THE INFLUENCE OF THERMAL NOISE ON THE ACCURACY 
OF DIRECTION FINDING BY THE MONOPULSE METHOD 

A radar mounted on an unmanned aerial vehicle (UAV) can serve to tie the trajectories of other air-
craft in the air. In hard-to-reach, developed territories, such as the Arctic, this allows you to adjust 
the flight path and minimize the risks of a possible collision. The accuracy of the angular direction 
estimation is essential both for confirming the existence of a trajectory and for its successful extrapo-
lation. With the monopulse direction finding method, the accuracy of the angular direction estima-
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tion is affected by thermal noise in the reception channels. This study is devoted to the issue of in-
vestigating the requirements for the ratio of signal power to noise power from the point of view of 
ensuring the required accuracy.
Keywords: thermal noise, radiation pattern, accuracy.  
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ASSESSMENT OF THE REQUIREMENTS FOR THE PARAMETERS 
OF THE ONBOARD RADAR FOR THE DETECTION  

OF HYPERSONIC MISSILES 

The growth of the number of developments in the United States to create medium-range hypersonic 
weapons with the prospect of their deployment in Europe requires prompt detection of the launch 
and flight of such air objects. To increase the efficiency of solving this problem, it is advisable to use 
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all possible means, including radar air patrol. In this regard, it is of interest to evaluate the detection 
conditions and radar parameters that allow further calculation and characteristics of onboard radars 
capable of generating data on the presence of hypersonic targets both at maximum distances and dur-
ing their flight. The results of the evaluation of the effective scattering area of the model of a modern 
hypersonic medium-range rocket, as well as the time intervals during takeoff during which its launch
can be detected, are presented.
Keywords: on-board radar, detection, hypersonic.  
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RADAR DETECTION OF UNMANNED AERIAL VEHICLES 
USING AIRBORNE RADARS 

The purpose of the study was to assess the possibility of radar detection and tracking of unmanned aerial 
vehicles (UAVs) from low-altitude carriers, for example, other UAVs, in order to avoid collisions in the 
air. This task is of interest not only because of the growing number of UAVs used, but also to explore 
the possibilities of using radar in developed, hard-to-reach areas, for example, in the Arctic, where under 
certain weather conditions they can be the main sources of information in the organization of air traffic. 
Keywords: airborne radar, unmanned, low altitude.  
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THE CONCEPT OF THE DEVELOPMENT OF VIRTUAL ELECTRONIC 
COMPLEXES WITH COGNITIVE FUNCTIONS FOR THE TRAINING  

OF AVIATION SPECIALISTS 

A promising direction of synthesis of structures of educational and training means of practical train-
ing of aviation specialists is presented on the basis of the concept of combining means of simulation
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of the air situation, control actions of flight control of aircraft, automation tools for assessing the lev-
el of training based on the use of cognitive and information technology methods. The general con-
cept is presented and the structure of a promising modeling complex with the implementation of the 
function of automated assessment of the level of practical training of aviation specialists for use in
the synthesis of simulator-modeling complexes and aviation virtual electronic polygons is substanti-
ated.
Keywords: simulator-modeling complex, aviation virtual electronic testing ground, simulation 
modeling, cognitive functions, expert assessments, practical training. 
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EVALUATION OF THE EFFECTIVENESS OF THE INTRODUCTION  
OF AVIATION VIRTUAL ELECTRONIC POLYGONS IN AVIATION 

The Aviation Virtual Electronic Test Site (AVEP) is a multifunctional information and control 
system.combining measurement, modeling, simulation, control, analysis, data transmission, display
and registration of information, objective assessment of combat operations in the AEP, the complex 
provides an opportunity to create and implement a new methodology for organizing practical 
training of aviation specialists in state aviation in accordance with advanced global trends. At the 
same time, it is provided: 
– creating a learning environment close to real; 
– conducting flight tactical exercises (LTU) in accordance with the requirements of special training 
courses for aviation specialists; 
– conducting experimental research work on testing and mastering new aircraft technology and the 
methodology of its application.  
For the first time, the paper proposes a method for assessing AVEP based on a comparative 
assessment of the professional training of flight crews on the promising infrastructure of the 
aviation virtual electronic test site.  
Keywords: aviation virtual electronic test site, simulation modeling, cognitive functions, expert 
assessments, practical training, implementation efficiency.  
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APPLICATION OF OPTICAL SPECTROSCOPY METHODS TO CONTROL  
GASEOUS HYDROCARBON COMBUSTION PROCESSES 

To solve the problem of monitoring the processes of combustion of gaseous hydrocarbons, it is pro-
posed to use the methods of applied optical spectroscopy, where a spectrometer is used as a control
device that studies optical radiation as a signal that carries spectroscopic information about the com-
bustion process. The results of an experimental study of spectroscopic parameters characterizing the 
process of combustion of gaseous hydrocarbons obtained by emission and laser-spark emission spec-
trometry are presented. The most intense spectral lines and regions characterizing this process have 
been determined.
Keywords: combustion process control, methods of optical spectroscopy, combustion of gaseous 
hydrocarbons, spectroscopic system, emission spectroscopy, laser-spark spectrometry; 
spectroscopic parameters.
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MULTICHANNEL DATA ACQUISITION SYSTEM  
FOR PULSE SIGNAL SOURCES 

One of the important modern technical tasks facing scientific instrumentation is to create data acqui-
sition systems(DAQ), providing registration of various physico-chemical pulse processes, in particu-
lar, the creation of multi-channel spectral devices that study such objects. In this paper, the possibil-
ity of effective use of the DRS4 V.5.1 PSI (Paul Scherrer Institute, Switzerland) module for such 
purposes is investigated.
Keywords: data acquisition system, laser, pulse duration, avalanche photodiode, oscillogram, sam-
pling frequency, electromagnetic interference.  
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DETERMINATION OF THE COASTAL EDGE 
OF THE LAND AND SEA

An algorithm for determining the coastline separating the sea surface from the land surface is pre-
sented. The results of mathematical modeling of the algorithm are presented, which make it possible 
to evaluate its performance depending on the conditions of observation of the underlying land and
sea surfaces.  
Keywords: coastline, mathematical modeling, sea surface, land surface.  
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DIGITAL HOLOGRAPHY MODULE BASED  
ON COMMON PATH INTERFEROMETER 

The problem of creating a removable holographic module installed on an optical microscope operat-
ing in transmission to obtain the spatial distribution of the phase delay introduced by the sample un-
der study is considered. It is proposed to use a two-component common path interferometer as an
interferometer. The optical scheme and design of the interference module are presented. The results
of experimental studies carried out with its help are presented.
Keywords: digital holography, common path interferometry, quantitative phase microscopy. 
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GENERALIZING THE ANALYTICAL CALCULATION OF THE ENERGY 
SPECTRUM OF A PSEUDORANDOM PULSE SEQUENCE 

The generalization of the analytical calculation of the energy spectrum of a pseudo-random sequence 
of rectangular pulses of the channel code, which allows limiting the signal spectrum in the zero fre-
quency region, from 10-bit to an arbitrary n-bit is performed.
Keywords: channel coding, energy spectrum, pseudo-random train of pulses.
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ANALYSIS OF SIGNALS ARISING FROM THE SLIPPAGE  
OF GEARS OF FINE-GRAINED GEARS 

The paper deals with the problem associated with the methods of diagnosing in automation systems 
of small-scale transmissions, namely, using the method of spectral analysis analysis. The results of
the study are presented.
Keywords: small-scale transmission, spectral analysis, automation. 
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APPLICATION SOFTWARE FOR VISUALIZATION  
AND QUANTIFICATION OF CAPILLARY NETWORKS 

 Capillaries immediately respond to various physical stimuli and environmental stressors. Accurate 
monitoring of the capillary network activity enables timely diagnosis of dermatological, cardiovascu-
lar and other diseases. In this study, we present a software application for processing skin images,
tracking individual capillaries, vessel morphology and hemodynamics measurements. We describe 
key features of this app and demonstrate its efficiency for visualization and quantification of capil-
lary networks.
Keywords: videocapillaroscopy, vessel imaging, digital image processing, software application. 
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DEMODULATION OF AMPLITUDE-KEY SIGNALS  
IN THE RICE CHANNEL 

The reception of amplitude-shifted signals in the Rice channel is considered. Substantiated 
proposals for the use of adaptive decision threshold for demodulation. The effectiveness of the 
proposed solution was evaluated. Proposals for the practical implementation of the developed 
approach are formulated. 
Keywords: Rice channel, adaptive decision threshold, recovery error power, amplitude-shift keyed 
signals, demodulation of ASK signals.  
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INVESTIGATION OF THE MUSIC SUPER-RESOLUTION  
ALGORITHM FOR THE TASKS OF MEASURING  

THE ANGULAR COORDINATES OF LOW-FLYING TARGETS 

The present work touches upon an actual problem to this day – measuring the angle of a low-
flying radar target. The urgency of the problem lies in the fact that as a result of unauthorized 
flights of aircraft at low and extremely low altitudes can lead to flight accidents. However, 
modern means of measuring angular coordinates are not able to provide the necessary accuracy.
This is due to the fact that as a result of the flight of an aircraft at low or extremely low altitude, 
the probing signal, reflected from the probed object, is scattered by the underlying surface. Due 
to the small difference in the course of the beams of signals reflected along a straight path and 
from the underlying surface, the time of their arrival is almost the same, which causes a super-
position of signals from different directions. Thus, we observe a rugged phase front, which does 
not allow us to unambiguously determine the direction to the probed radar target. To this day, 
this problem has no unambiguous solution, but the rapid growth of computing power has made 
it possible to conduct semi-natural studies of the algorithms being developed in the laboratory.
This caused an additional surge of works devoted to this topic. The article deals with the issue 
of determining the limits in which, using the MUSIC algorithm, it is possible to unambiguously 
resolve the probed radar target and its antipode.
Keywords: low-flying radar target, low-altitude radar, mathematical modeling, low-flying target de-
tection algorithm, low-flying radar target simulator, angular coordinates measurement. 
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GENERAL ISSUES IN THE DEVELOPMENT  
OF A SONAR SCENE SIMULATOR 

The article deals with general issues of developing algorithms for simulating sonar scenes and sig-
nals. The main areas of application of modern sonar simulators are commented, the issues of choos-
ing classes of simulated objects are discussed, and the results of sonar simulator modeling are pre-
sented.
Keywords: hydroacoustics, sonar imaging, simulator, modeling.
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HIGH-ORDER DIFFRACTION GRATING  
FOR SIMULTANEOUS OPERATION IN SEVERAL ORDERS 

The possibility of simultaneous use of several diffraction orders for spectral analysis is investigated 
in this paper. A topology of a diffraction grating is proposed, which makes it possible to analyze the 
spectrum in 1, 3, and 5 diffraction orders. The topology has been optimized, and the optimal grating
parameters have been considered.
Keywords: diffraction grating, optimization, spectral range, optics, transmittance function, model-
ing.  
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CORRELATION ANALYSIS OF THE SPATIAL CHARACTERISTICS  
OF LASER BEAMS WHEN INTERACTING WITH A THERMAL  

CONVECTIVE FLOW 

The paper proposes a laser fiber-optic system for early fire detection based on measurement and cor-
relation analysis of the spatial characteristics of laser beams during the interaction with a thermal 
convective flow. Experimental studies of measuring the spatial characteristics of beams from a sin-
gle-mode and multi-mode fiber during the interaction with a thermal convective flow are carried out.
A processing technique based on the calculation of cross-correlation functions of samples of spatial 
distributions of laser beams is proposed, and the results of their computer processing are presented.
Keywords: thermal convective flow, speckle pattern, optical beam, ignition, cross-correlation function. 
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REVIEW OF FACILITIES AND METHODS  
OF CORRELATION-EXTREME METHODS OF NAVIGATION 

Nowadays autonomous navigation is rapidly developing. Along with the development of big data 
technologies, correlation-extreme navigation methods are also rapidly developing, which is a funda-
mental method for studying survey-comparative methods. It is based on comparing the field map in-
formation with the meter information and determining the extremum of the correlation function, the 
maximum of their coincidence, by which the location of the aircraft is determined [1]. 
Keywords: correlation-extreme navigation systems, signals, true image, filtering, fields.
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QUANTUM EFFICIENCY OF A SINGLE PHOTON DETECTOR  
IN THE MEASUREMENT OF COHERENT AND FOCK STATES 

In this paper, measurements of the quantum efficiency of a semiconductor detector of single pho-
tons at multiple wavelengths with different statistics of the radiation used are carried out. 
Keywords: quantum communications, attacks on technical implementation, detector blinding, single 
photon detector.  
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METHOD FOR DETECTION/IDENTIFICATION OF SEVERAL 
 LOW-SPEED TARGETS WITH A COMPLEX SPECTRUM  
IN PULSE-DOPPLER RADARS WITH CHIRP RADIATION 

The proposed method provides: the possibility of detecting a low-velocity target against the back-
ground of interfering reflections along the fuselage component of its complex spectral portrait; iden-
tification of all observed (in one range resolution element) components of the spectrum of this target, 
including in case of “false” detections and a multi-target situation.
Keywords: pulse-Doppler radar; high pulse repetition rate; linear frequency modulation of the carri-
er wave; complex target spectrum. 
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AN APPROACH TO SEGMENTATION OF SMALL UNMANNED  
AERIAL VEHICLE IMAGES ON A VIDEO FRAM 

The methods of video stream image frame processing for small unmanned aerial vehicle detection
are investigated. Detection ranges using the Johnson criterion are calculated. Preferred ways of
quadcopter image segmentation on a complex background using low resolution video cameras are
shown.
Keywords: unmanned aerial vehicle, quadcopter, video surveillance, airport, detection, computer
vision.
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ASSESSMENT OF THE POSSIBILITY OF MONITORING POWERLINES 
USING AIRBORNE LIDAR SCANNING TOOLS 

The problem of monitoring high-voltage extended powerline lines with the help of UAV equipped
with lidar has been considered. Rational ways of building a lidar scanning system have been studied,
a method of construction based on Risley prism has been chosen. The possibility of obtaining redun-
dant information during scanning by selecting prism rotation parameters has been investigated.
Keywords: unmanned aerial vehicle, lidar, detecting, scanning system, monitoring.
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A MODEL FOR MEASURING THE RELATIVE PERMETIVITY  
OF GASES ON THE BASIS OF GENERATORS WITH SHORT  

CIRCUIT COAXIAL AND STRIPE LINES 

The problems of measuring the relative permittivity of gases in the decimeter and centimeter wave-
length ranges using generators with short-circuited coaxial line segments filled with measured gases 
are considered. The solution of the transcendental equation for the permittivity of gases is compared
with the analytical solution.
Keywords: measurement of the relative permittivity of gases, decimeter range generators. 
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METHOD FOR CALCULATING THE EFFECT OF HUMIDITY  
ON THE RELATIVE PERMITTIVITY OF AIR 

The developed method for taking into account the influence of humidity on the relative permittivity 
makes it possible to determine the values of the relative permittivity of atmospheric air in the region
of alternating electric fields in the decimeter and centimeter wavelength range, which is important 
for radio engineering.
Keywords: wet air, frequency dependence of the relative permittivity.  
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OPTIMAL ALGORITHM FOR DETECTING AERIAL TARGETS  
IN THE PRESENCE OF INTERFERING REFLECTIONS  

FROM THE UPPER COVER 

The article substantiates the expediency of improving the spatial-temporal signal processing in three-
coordinate multipath radar stations with a synthesized aperture of the subsurface control antenna and
selection of aerial targets by introducing weight functions into the signal processing algorithm. It is
shown that this leads to an increase in the decoupling between neighboring layers, and, accordingly, 
a decrease in the degree of influence of neighboring layers on the layer to be selected.
Keywords: selection of aerial targets, weight function, resolution. 
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ITERATIVE ALGORITHMS FOR ESTIMATING  
THE ANGULAR COORDINATE OF THE TARGET 

Algorithms for estimating the angular coordinates of targets are considered under the assumption that 
the unknown are the angular position of the target and the correlation matrix – a function of the re-
ceived mixtures.
Keywords: algorithm, estimation, angular position of the target correlation matrix, signal mixture.  
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ANALYSIS OF LASER SPECTROSCOPY  
METHODS FOR THE CONTROL  
OF COMBUSTION PROCESSES 

Methods of optical diagnostics of the burning process are considered taking into account modern trends.
Spectroscopic methods provide non-disturbing and non-contact diagnostics, the use of these methods 
allows obtaining information about the degree of thermodynamic disequilibrium between vibrational 
and rotational degrees of freedom of molecules. Laser spectroscopy is intensively developing and has 
relevant fields of application.
Keywords: coherent anti-Stokes light scattering, temperature measurement methods, nonlinear laser 
spectroscopy, laser diagnostics of flames.  
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PECULIARITIES OF THE ANALYSIS OF THE STRUCTURE  
AND IMPURITY COMPOSITION OF HPHT DIAMONDS  
BY THE METHOD OF LASER-INDUCED BREAKDOWN  

SPECTROSCOPY UNDER THE CONDITIONS  
OF LASER-INDUCED SURFACE TRANSFORMATION 

An analysis was made of the spectra of laser-induced plasma during scanning by a focused laser 
beam of the surface of HPHT multi-sector diamond plates doped with nitrogen or boron. A multi-
pulse action at each point of the surface under study made it possible to analyze the changes in the 
spectra during the laser-induced transformation of the surface. It has been found that such exposure 
leads to a different degree of surface graphitization depending on the degree of doping and the crys-
tallographic orientation of the growth sectors and affects the sensitivity of the method. The possibil-
ity of revealing the boundaries of the sectoral structure of samples and atomic structures with differ-

_____________________________________________________________________________________________________________    



175

ent strengths of interatomic chemical bonds of carbon and hydrogen has been found. Qualitative de-
pendences of impurity distributions in multisector HPHT-diamond plates doped with nitrogen or bo-
ron are obtained. A fast algorithm for processing the spectra during their normalization after each
laser pulse made it possible to analyze the samples in real time. It has been found that the change in
the spectra obtained from pulse to pulse in the course of laser-induced modification of the HPHT di-
amond surface can be a criterion for the degree of disorder in its structure.
Keywords: laser-induced breakdown spectroscopy, plasma emission spectrum, laser-induced sur-
face graphitization, spectrum normalization, HPHT-diamond.  
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COMPARISON OF INTERFERENCE SUPPRESSION ALGORITHMS  
IN ADAPTIVE ANTENNA ARRAYS BASED ON NEURAL NETWORK, 

KALMAN AND TRADITIONAL CONTROL 

The paper studies the problem of optimal reception of a useful signal by an adaptive antenna array
(AAA) under the influence of nonstationary periodic interference in the frequency band. The charac-
teristics of interference suppression in the AAA on amplitude-phase control are compared for the 
traditional direct matrix inversion algorithm, the algorithm based on a Kalman filter and neural net-
work algorithms (MLP, RBF, LSTM). It is shown that the use of algorithms based on a recurrent 
neural network and based on a Kalman filter is reasonable and allows to get a gain in the average 
signal/(noise+interference) ratio (SNIR) at the AAA output in comparison with the traditional algo-
rithm when solving this problem (for the simulated case by about 0. 9 dB).  
Keywords: adaptive antenna arrays, directional pattern, neural networks, Kalman filter, nonstation-
ary interferences, periodic interferences. 
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LASER-INDUCED BREAKDOWN SPECTROSCOPY METHOD  
AS AN EFFECTIVE METHOD OF METAL ANALYSIS 

It is offered to apply methods of Laser-induced breakdown spectroscopy (LIBS) for the decision of a 
problem of elemental analysis of metal samples. The results of experimental study of spectral charac-
teristics of emission of plasma formed on the surface of a metal sample when exposed to a nanosec-
ond impulse from laser emission are presented. Al I, Al II, Cu I, Cu II and Mn I emissions were iden-
tified.
Keywords: Laser-induced breakdown spectroscopy (LIBS), spectral characterization, spectral anal-
ysis, aluminum, copper, manganese, duralumin. 
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THE INFLUENCE OF SIDE WAVES ON THE RADIO TECHNICAL  
CHARACTERISTICS OF A RECTANGULAR WAVEGUIDE  

WITH THERMAL PROTECTION 

Equations are obtained to account for the effect of side waves on the radiation of a rectangular wave-
guide through a homogeneous radiotransparent heat-resistant heat shield. The article describes that 
the contribution of lateral waves to the radiation field is determined by numerical integration along
the banks of sections covering the branching points. The paper presents the expressions of the radia-
tion field of the onboard antenna in the form of an open end of a rectangular waveguide with thermal 
protection. The calculation was carried out in order to determine the effect of changes in thickness 
and electrical parameters of thermal protection on the power of side waves. The contribution of lat-
eral waves to energy losses in the thermal protection of a rectangular waveguide is estimated. 
Keywords: rectangular waveguide, uniform thermal protection, side waves, electromagnetic energy loss. 
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COMPUTATIONAL APPROACH TO EVALUATING  
THE CHARACTERISTICS OF AN ONBOARD ANTENNA  

WITH COMPLEX THERMAL PROTECTION 

Onboard antennas of the returned spacecraft are protected from aerodynamic heating by a radio-
transparent heat-resistant heat shield. Electrical characteristics of heat shield under conditions of
high-temperature heating significantly change. Superheated layer of molten heat shield by its electri-
cal characteristics become close to the properties of conducting materials. This leads to significant 
losses of radiation power of the onboard antenna. The losses become so great that they are commen-
surate with the losses in the plasma shell surrounding the spacecraft. Taken together, these losses 
lead to disruption of radio communication on the descent trajectory. To eliminate such a situation,
radio illumination of the onboard antenna in conditions of aerodynamic heating is necessary. We
consider the design of an onboard antenna of complex design, when the heat shielding is made of 
two components. The carried out theoretical studies showed the possibility of radio illumination of
on-board antennas of returned spacecraft by cooling a part of outer surface of heat shield and elimi-
nating its melting in this part.
Keywords: on-board antenna, radio enlightenment, two-piece design.  

 [1].

_____________________________________________________________________________________________________________     



200

-
-

.

. , -
, , -

. ,
- -

-
, -

 [2]. -
.

-

[3], [4]. , -
30 . -

 .

. -
-

, . -
-
-

. -
( . 1), -

:  1 
 2 ,

.

d D

. 1.   

- -

1

2

_____________________________________________________________________________________________________________    



201

, . -
, -

,
. ,

.

.
2T

: 
2 2 2

1 2 ,T kT lT
2

1T , 2
2T –

( . . 1), , -
,  1  2 

1 2, ,P Pk l
P P

  (1)

1P , 2P , P – ,
1, 2 .

,
.

2d 2D , 2d . ,
. ,

11H .
H : 

21 ,
2 s

P Z H ds   (2)

Z – ; H – -
.

(2) -
: 

2 22 2
2 2

0 0 02

1 ( ,
2

dD

d
P Z H d rdr H d rdr   (3)

11H   

11
0 1 11 1 11

11 11

1[ ( )cos ( )sin ,H H J r J r
r

  (4)

_____________________________________________________________________________________________________________     



202

0H – , 11 – ,
11 – , 1J – .

11
11

2
D , 11 – ,  

20

1

1 ( )

a

a
Z , 

11
1.71 .D D

 c (4) : 

2 2
2 2 2 2 2 211

0 1 11 1 112
11 110 0

1 1( ) [ ( )cos ( )sin ]
2 ( )

D

P Z H J r J r d rdr
r

. (5)

11r x , ,

 0  2 2sin 2cos , -
 [5]

2 2
2 2 21

1 1 1 1 02 2
0

( ) 1 2[ ( ) ] [ ( )(1 ) ( ) ( ) ( )]
2

Y x xY x xdx Y x Y x Y x Y x
xx x

, 

: 
P

112 2 2 2 2
0 11 1 11 1 11 1 11 1 11 02

1111

1 2( ) [(1 ) ( ) ( ) ( ) ( )] .
4 ( )

Z H r J r J r J r J r
rr

(6)

, -
,  0 2

d -

 0 11d
D

, 2
d

2
D 11d

D 11.

(6), , -
, :

2
2 (1) 2 2

1 0 11 11 1 11 1 11 1 11 1 11
11

2
2 211 11 11 11 11
1 1 1 1

11

2( ) { [(1 ) ( ) ( ) ( ) ( ))]
4 4

2[(1 ) ( ) ( ) ( ) ( )]},
4

DP Z H J J J J

d d d D d d dJ J J J
D D d D D D

(7)

2
2 211 11 11 11 11

2 1 1 1 1
11

2[(1 ) ( ) ( ) ( ) ( )],
4

d d d D d d dP A J J J J
D D d D D D

  (8)

_____________________________________________________________________________________________________________    



203

A= 2 (2) 2
0 11( )

4
A Z H , (1)

11 , (2)
11 – -

.
(6), (7), (8), d

D k, l 
(2).

,
, (1). -

 1 ( 2
1T ) .

1, -
.

 . 2 2T -
d

D . -
- , 

.

0
0.2 0.4 0.6 0.8 d/D

-16

-20
2, dBT

. 2. 2T

d
D , 
.

1. Martin J. Atmospheric reentry. .: . 1969. 320 .
2. . .,  . ., . .

. .: .
1994. 300 .

3. Mikhailov V. Radiotechnical characteristics of a flat-layered medium, 2020
Wave Electronics and its Application in Information and Telecommunication System 
(WECONF). 2021.

_____________________________________________________________________________________________________________     



204

4. Mikhailov V. Characteristics of radiation of around waveguides through a 
flat homogeneous heat shield. Propagation and Wave guides in Photonics and Mi-
crowave Engineering. London, United Kingdom, 2020.

5. . . . .: , 1978. 430 c.

_____________________________________________________________________________________________________________    



205

535.243

. . *
,

. . *

. . *

* -    

   
      

   
  -  , 

  
    

( ) ( ) -
- , -

; , -
.

-
,
. -

, , -
.

: , , -
, , , -

, , , , -
.

       
   ,   FSRF-2020-0004, 

«         -
-      , -
     ». 

O. D. Moskaletz* 
PhD Sc. Tech., Associate Professor 
A. S. Paraskun* 
Senior Lecturer 
K. V. Serdiuk* 
Assistant 
*St. Petersburg State University of Aerospace Instrumentation 

_____________________________________________________________________________________________________________     



206

GENERATION OF MEASURING SIGNALS IN CONTROL SYSTEMS  
AND IN MULTI-CHANNEL AUTOMATIC CONTROL SYSTEMS  

OF PHYSICAL AND PHYSICAL-CHEMICAL PROCESSES  
ACCOMPANIED BY ELECTROMAGNETIC RADIATION  

IN THE OPTICAL RANGE 

The paper considers the formation of measurement signals in spectroscopic control systems (SC) and
multi-alternative automatic control systems (MACS) of physical and physical-chemical processes 
accompanied by electromagnetic radiation in the optical range; in particular, combustion processes in
various thermal power plants. Spectroscopic information in the optical range is assumed to be ob-
tained with the help of diffraction grating spectral devices and spectral devices of a new type, im-
plementing spectroscopic measurements with the help of the system of narrowband filters. A finite 
sum of narrow-band fluctuations, as models of spectral emission lines of atoms, molecules etc., is
taken as a model of the analysed signal.
Keywords: control systems; spectroscopic measurements; measuring signals; spectral instrument; 
spatial frequency filtering; narrowband filtering; hardware function; complex spectrum; energy 
spectrum; photodetection. 
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INPUT-OUTPUT RATIO 
OF THE SPECTRAL INSTRUMENT

Proceeding from the representation of a linear operator in the form of an integral operator with a ker-
nel of a general form, the possibility of an approximate representation of this operator in the form of
convolution is shown. From the general positions of the theory of linear systems, the input-output 
relations of spectral devices performing complex spectrum analysis, which is an integral part of the 
theory of spectral measurements, are obtained.
Keywords: linear operator, integral operator, convolution, complex spectrum, spectral device,
hardware function.  
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IMPLEMENTATION OF THE MUSIC SUPER-RESOLUTION 
ALGORITHM, APPLIED TO THE DIGITAL ANTENNA ARRAY

OF A RADAR STATION FOR DETECTING LOW-FLYING TARGETS

The mathematical apparatus of the MUSIC super-resolution algorithm is considered. The task of re-
solving two signals with small angles of place is set. The simulation result is obtained and conclu-
sions are drawn about the size of a linear equidistant digital antenna array for resolving targets under 
specified conditions.
Keywords: super-resolution algorithm, target resolution, radar station, low-flying target.  
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RADIATION METHOD FOR STUDYING THE POLAR PROPERTIES  
OF FERROELECTRIC CERAMICS FOR NEW GENERATION COOLING 

AND ENERGY STORAGE SYSTENS 

A new approach to the study of the polar properties of ferroelectric ceramics is presented and sub-
stantiated. The method uses the sample model as a lumped-parameter thermodynamic system and the 
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basic principles of the information-measuring theory of dynamic systems. The proposed technique is
based on the simultaneous direct measurement of electrical (current, applied voltage) and thermal 
(temperature) parameters of the sample state using highly sensitive electronic detection circuits and a 
fast infrared (IR) radiation sensor. This makes it possible to determine the pyroelectric and electro-
caloric response of ferroelectric ceramics with high reliability, reproducibility and accuracy over a 
wide range of temperatures and applied electric field.
Keywords: electrocaloric effect, pyroelectric effect, IR-radiation sensor, ferroelectric ceramics, 
cooling systems, energy storage systems. 
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ESTIMATION OF SCATTERED FIELD PARAMETERS  
BY THE METHOD OF MAXIMIZING  

THE LIKELIHOOD FUNCTION 

When solving inverse scattering problems for estimating the shape of an object and determining its
angular coordinates, statistical estimation can be interpreted as a problem of maximizing the likeli-
hood function. The solution of the maximum likelihood problem is constructed numerically by min-
imizing the function of many variables.
Keywords: observation function, Vandermonde matrix, probability density, likelihood 
function.
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EVALUATION OF OWN OSCILLATIONS OF AN OPEN RESONATOR  
FOR THE CASE OF A HETEROGENEOUS HYPERSONIC PLASMA 

At hypersonic flight speeds, the ionisation of the air around the aircraft creates a plasma enve-
lope that affects radio signal propagation. The method of natural vibrations of an open resonator 
containing inhomogeneous inclusions is of great interest for investigations of plasma character-
istics. 
Keywords: hypersonic plasma, open resonator, oscillations. 
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A METOD FOR INCREASING THE EFFICIENCY OF MONOPULSE 
SYSTEMS OF AUTOMATIC TRACKING IN THE DIRECTION

The fundamental differences of structurally identical antenna links in the form of ellipse-shaped 
headlamps for three-channel and four-channel sensing elements of ATD systems are considered,
provided that the field is equally amplitude distributed over the opening.
Keywords: antenna link, phase direction finding method, partial opening energy center.
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QUANTUM DOTS IN LCD MATRIX BACKLIGHT ELEMENTS 

One of the disadvantages of liquid crystal matrices is the use of color filters to produce color. The 
article analyzes the causes of insufficient color depth and color distortion when applying various 
types of lighting. A promising method of improving the color gamut using quantum dots as an ele-
ment of illumination is considered.
Keywords: backlight, LCD matrix, LEDs, color filters, quantum dots. 
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ABOUT COMPARATION OF SEQUENTIAL SUPERRESOLUTION  
ALGORYTHMS FOR DISTINGUISHING TARGETS SEPARETED  

BY SMALL ANGLE 

The sequential super-resolution algorithms used to solve the problem of distinguishing targets sepa-
rated by a small angular distance are considered. The dependences of the RMS of the angles deter-
mined by the algorithms on the signal-to-noise ratio, the number of antenna array elements, the sig-
nal frequency, and the distance between the elements are compared. According to the simulation re-
sults, under the same conditions, the MUSIC super-resolution algorithm is able to provide a higher 
angular resolution in most cases than other sequential algorithms.
Keywords: MUSIC, Capon algorithm, thermal noise method, linear antenna array.  

_____________________________________________________________________________________________________________     



248

,
( ),

-
( ). -

, -
.

.

 [1]. , MUSIC 
(Multiple Signal Classification), ,

. -
, , -

 [2]. -
-

. – , -
.

-
, MUSIC, -
.

( ) , -
, -

/ ( ), , -
. 

  
, , -

, -
. -

,

 [3]: 

0

1 ( ) ( )
T

Ht t dtR x x (2)

:

1

1 ( ) ( )
Kt H

t t
t t

K
R x x (3)

( )tx – , ;
( )H tx – - ( )tx ; 1t –

; K – . 

_____________________________________________________________________________________________________________    



249

-
( )P -

, . -
, , -

.
, -

, / .

 [4].
 (4)[1]: 

1
1( ) ,

( ) ( )TP
S R S

(4)

( )S – - .
-

, -
 [1]: 

2
1( ) ,

( ) ( )TP
S R S

(5)

,
/ -

,  [1]: 
1

2
( ) ( )( )
( ) ( )

T

T
S R SP
S R S

(6)

 MUSIC -
.

. -
:

H H H
s s s n n nR U U U U U U , (7)

sU nU – -
; s n – -

.

:
H

n n n nR U U . (8)

 MUSIC -
:

_____________________________________________________________________________________________________________     



250

1
( )H H

n n nS S
P

U U
(9)

(9)
, :

1
( )H H

n nS S
P

U U
. (10)

, -
 . 1. ,

 MUSIC 
. ,

,
, .

. 1.

-
, , -

, / , , -
-

. :

2

1
[ ]

,

n

i
i

x M x

n
(10)

n – ; ix – i- ; [ ]M x –
.

_____________________________________________________________________________________________________________    



251

 . 2,  . 3, –  . 4, -
–  . 5.

 2.        

e

. 3.     

_____________________________________________________________________________________________________________    



252

. 4.    

. 5.        

.
.

, 120,
, -

, -

_____________________________________________________________________________________________________________    



253

 MUSIC , -
. -

, , -
. MUSIC -

/ 13 . ,
, 10 ,

, MUSIC , -
. -

-

,
2

, -

, ,
.

,
 MUSIC -

. -
, .

 MUSIC -
, , – -

, .
.

1. . ., . ., . . -
//

. 2019. . 196.
2. . . -

. ,
2009. 167 .

3. . ., . ., . . -
- -

 ESPRIT , -
// : .

- . .: . 2021. . 114–116.
4. . . -

// . 2014. . 60–70.

_____________________________________________________________________________________________________________    



254

536.521.2 

. . *,**

. . *,**

. . *
-  , 

*   
- . . . ,  

. -   
** -    

  

   
 ,  

   

-
, . -

, -
– .

. -
.

: , ,
, .  

N. A. Urzhumtsev*,**
Student 
R. S. Passet*,**
Student 
G. Yu. Sotnikova* 
PhD Sc. Phys.-Math., Senior Researcher 
*Ioffe Institute, St. Petersburg 
**St. Petersburg State University of Aerospace Instrumentation 

PYROMETRIC MEASUREMENTS  
OF THE ACTUAL SURFACE TEMPERATURE  

OF MATERIALS EXPOSES TO A PLASMA JET 

The choice of a radiation high-speed non-contact method for measuring the object surface tem-
perature under the plasma effect is substantiated. The design of an infrared spectral ratio py-
rometer based on a two-color sandwich photodiode structure is considered. The results of calcu-
lations of the surface temperature of composite materials in the process of the hydrogen plasma 
pulsed exposure are presented. The analysis of the received results is carried out. Tasks for fur-
ther research are set.
Keywords: spectral ratio pyrometer, composite materials, pulsed plasma, plasma-wall interection.  

_____________________________________________________________________________________________________________    



255

-
. , -

, -
, -
. -

.
-

 [1], -
, -

, ,
. -

:
, -

, ,
.

( )
. -

-
. -

, / -
, ,

( , -
.) [2].

,
, - .

-

- , . . . .
-

( – ), -
InSb  InAsSb. -

 3,3–3,4 , –  3,9–
4,0 [3].

-
120 [4].

, -
-

 2 .
.

_____________________________________________________________________________________________________________    



256

 4-
12 100  (Aktakom.ru).

, , -
- , -

 2 -
 1,5 .

 . 1 ,
: (1) -
 ~10–15  ~100 / 2 [5], -

, (3); (2),
, -

; -
-87 (4),  0,32–0,55 -

100  [6]. 

( -
)

-
:  

1 2
5( ) exp ,C CB T

T
  (1)

1 2 – .
, ,

-

. 1  : 1 –  ;  
2 –   ; 3 – , 

   ; 4 –

_____________________________________________________________________________________________________________    



257

, – -
 3 % -

 1200 .
-

3  (U(3))  4  (U(4)):
15

2 5
3 3 / 41 1 ln 273,

4 3 4
eff

eff eff eff

R
T C

K
  (2)

R(3/4)=U(3)/U(4), eff(3,3) eff(4) – -
– ,

, -
.

-
, . -

, , -
1000–1100 .

, –  3,2  4 
. (1)

-
-

. 

. 2–4  (Current), -
, -

 (Ch(3) and Ch(4))  (PEM), 
 (Temperature) 

(2).

. 2      

_____________________________________________________________________________________________________________     



258

. 3   

. 4    

5 .
, -

( . 4)
. , -

. , -
( )

. -
( . 3, 4)

,
~200 .

_____________________________________________________________________________________________________________    



259

. 2 
3. -

, ,
-

.

-

, . -
-

- .
, -

,
-

-
,

, .

1. . ., . ., . . 
// . 2014.

. 84. . 7. . 36–43.
2. . : , -

// . 2009.  4. . 32–37. 
3. URL: http://www.ioffeled.com/ (  : 15.03.2022). 
4. . ., . ., . .

-
. 2014. . . 48. . 135–141. 

5. . ., . ., . ., . . -
//

. 2013. . 83. . 8. . 36–42.
6. URL: https://zapadpribor.com/feu–87/ (  : 16.03.2022). 

_____________________________________________________________________________________________________________     



260

621.77:621.314 

. . *

* -    

   
 

, -
,

, -
, ,

,
.

: , ,
, .  

T. T. Sharafudinov*
Senior Lecturer 
*St. Petersburg State University of Aerospace Instrumentation 

MATHEMATICAL SUPPORT FOR VIBRATION SIGNAL PROCESSING 

Signal transformations based on frequency shift of the signal by a multiple of the fundamental fre-
quency of the corresponding cycle and subsequent lowpass filtering, as well as separation by band-
pass filtering of components whose spectra are concentrated in bands equal to the fundamental fre-
quency, followed by finding their envelopes by means of the Hilbert transform, make it possible to
analyse the probability characteristics both of the envelopes of harmonic components themselves and
to study their mutual correlations and mutual spectra.
Keywords: mathematical support, vibration signals, correlation analysis, spectral analysis.  
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7-WAVELENGTH PULSED LASER SYSTEMHYPERSPECTRAL  
IMAGING SYSTEM 

We report on the laser system generating pulsed coherent radiation of seven wavelengths in short-
wave infrared and visible ranges: 1572 nm, 1064 nm, 786 nm, 635 nm, 532 nm, 524 nm and 452 nm. 
It includes Nd:YAG laser (1064 nm), one LBO and five KTP crystals for frequency up-conversion 
and sum-frequency generation. Timing and energy parameters of all the spectral components are pre-
sented. Proposed system might be useful for high-speed multispectral imaging, wavelength-
multiplexed holography and many other tasks.
Keywords: optical parametric oscillator, non-linear crystal, multi-wavelength laser radiation. 
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IMPROVING THE CHARACTERISTICS OF DIRECTIONAL MICROSTRIP 
COUPLERS USING LOW-TEMPERATURE CERAMICS TECHNOLOGY 

The advantages of using ceramic materials with a low firing temperature in the development of mi-
crostrip directional couplers are considered. The results of comparison of the developed layouts of C-
band microstrip couplers on a traditional printed base «Rogers 4003C» are presented.
Keywords: microstrip directional coupler, RO4003C, LTCC technology, ceramic materials, di-
rectivity, coupler, dielectric substrate.
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THE PROBLEMS OF INCREASING THE ACCURACY  
AND ENSURING THE LINEARITY OF THE SCALE FACTOR A FIBER –  

OPTIC GYROSCOPE 

The article is devoted to the study of the issue of increasing the accuracy and ensuring the linearity 
of the scale factor of the fiber-optic gyroscope using the method of organizing aclosed feedback loop 
in its design.
Keywords: Fiber optic gyroscope, scale factor, closed loop, accuracy, linearity. 
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PARAMETRIC OPTIMIZATION  
OF THE CORNER REFLECTOR 

OF ELECTROMAGNETIC WAVES 

The possibility of parametric optimization of a dihedral corner reflector of electromagnetic waves 
according to the criterion of achieving the maximum retransmission coefficient is considered. A sys-
tematic approach to the parametric optimization of a reflector used as part of the ground radio line of
communication is proposed. In accordance with this approach, in a mathematical model describing
the process of propagation of an electromagnetic wave in such a radio line, controlled parameters are 
determined to ensure the achievement of a given optimization criterion. The results obtained indicate 
a significant influence of the angle between the faces and the geometric dimensions of the reflector 
on its retransmission coefficient and the feasibility of such optimization taking into account the ter-
rain.
Keywords: corner reflector, ground radio line, reflector, retransmission coefficient, optimization.  
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NOISE IMMUNITY OF SATELLITE NAVIGATION EQUIPMENT  
IN MULTI -CHANNEL RECEPTION MODE 

The indicator of the noise protection of satellite navigation equipment in the mode of multi-channel 
reception of navigation signals in the conditions of destructive interference concentrated on the spec-
trum is considered. The paper studies the dependence of the noise immunity of a multichannel navi-
gation receiver on the number of received signals and the energy potential of the interference source. 
The required values of the noise protection coefficient under the influence of destructive factors are 
proposed.
Keywords: satellite navigation equipment, noise immunity, noise protection coefficient.
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SMALL SPACECRAFT – CLASSIFICATION AND APPLICATION  

The term small satellite is considered, the existing classification is given. An overview of the Rus-
sian market of small aircraft has been made. The space industry in the world is considered, as well as
the advantages of nano and microsatellites.  
Keywords: small satellites, small spacecraft, nanosatellites, Earth satellites.
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ENCHANCED ALGOTITHM FOR DYNAMIC CHANGING  
OF FRAME SIZE IN RADIO FREQUENCY  

IDENTIFICATION SYSTEMS 

Due to the low efficiency of the collision protection system of the Q algorithm, which was proposed 
in the EPC-Gen2 standard, we propose an improved algorithm for dynamically changing the frame 
size based on machine learning methods. The simulation results show that the proposed algorithm
significantly reduces the inventory delay of a large number of radio frequency identification (RFID) 
tags, which is one of the main criteria for the efficiency of the RFID reader. 
Keywords: radio frequency identification, Q algorithm, machine learning, inventory delay 
reduction. 
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