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THE METHOD OF PARAMETERS OPTIMIZATION OF THE MULTIFUNCTIONAL
LASER INFORMATION-MEASURING SYSTEM ON THE MULTIPLICITY
OF SIGNALS, STRUCTURES AND TECHNICAL PARAMETERS

The article poses and solves the problem of optimizing the parameters of a multifunctional laser information
and measuring system for a polygon test complex on a multiplicity of signals, structures and technical parameters
based on the minimum cost of the system, while limiting the accuracy of the measuring and noise protecting of the
information channel. This task is an integral part of the construction of this system based on the basic tactical and
technical requirements for the given structure and signals.

Hardware alignment for all measuring and information channels of the system assumes the use of its common
part (transmit-receive), and signal combination — time, frequency, polarization, phase, structural and combined

signal separation, respectively, through channels.

The developed method uses the existing methods of modern mathematical programming in the separable repre-
sentation of value and represents the optimum in analytical form, due to which it allows to "sew" individual blocks
of tasks into a common (single) solution. Analytical expressions for calculations are presented.

Keywords: multifunctional laser information and measuring system, parameter optimization, measurement of

motion parameters, flying vehicle

Introduction

Formulation of the problem. In each single-
function system there are expensive elements as the
transmitting device, the antenna (transmitting optics)
and the receiving device (receiving optics). The cost of
all these elements of single-functional systems signifi-
cantly exceeds the cost of the same elements of one
combined (multifunctional) system. Losses due to the
combination of signals in the channels where the corre-
sponding functions are performed in a combined system
can be completely compensated for by a gain in the cost
spent on improving the system.

This intuitive prerequisite can be verified if all sys-
tems are optimized for tactical and technical require-
ments (TTR) on a set of parameters and will allow to
compare the quality indicators at the total set cost (if
you do the whole procedure of building a multifunc-
tional system).

In this case, the formulation of the optimization
problem must be universal and practically independent
of the numerous operating conditions: range, wave
band, measurement principle, the type of propagation of

electromagnetic waves in the medium, and other nu-
ances.

As a rule, separate functions of systems are real-
ized in their individual channels. In this case, hardware
alignment involves the use of some common part of the
system for all channels, and signal alignment — tempo-
rary, frequency, polarization, phase, structural and com-
bined separation of signals through channels. This cir-
cumstance brings functional, instrumental or economic
advantages because otherwise it is required to create a
large number of single-function systems in terms of the
number of required functions.

Multifunctional (combined) information-
measuring systems (MIMS) with a large number of
channels are found mainly among radio engineering
systems. However, the time has come for the develop-
ment of laser (combined) MIIS (MLEI). This circum-
stance is due to the fact that despite their shortcomings,
such as the influence of the atmosphere and the problem
of finding a connection, they also have undeniable ad-
vantages — a wide bandwidth, high frequency stability, a
large concentration of energy in a solid angle with a
small antenna aperture (optics), good external and inter-
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nal electromagnetic compatibility (EMC), concealment,
insignificant dimensions and weight of receiving and
transmitting devices, etc.

Deficiencies in the search for MLIMS are usually
eliminated by integration with the radio engineering
system or the use of beacons, and attenuation in the at-
mosphere can be eliminated not only by the method of
getting into the "transparency windows of the atmos-
phere", but also by the method of burning the atmos-
phere, which requires high laser radiation powers and is
still ineffective.

Thus, the optimization of the parameters of a mul-
tifunctional laser information and measuring system on
a multitude of signals, structures and technical parame-
ters is an important scientific task that requires a mod-
ern approach to its solution.

Analysis of literature. The construction of
MLIMS on a set of technical parameters with a complex
mutual search for communication with the beacon of the
forward and reverse channels is described in [1-21]. For
such MLIMS with several channels, the optimization
(construction) task is significantly complicated because
of the multifunctionality and, as a consequence, the
multi-channel.

Combining the functions of MLIMS and its chan-
nels is a significant progress in its development, thanks
to the works [1-3]. A significant role was played by the
possibility and technique of selection of longitudinal
modes of laser radiation [22-27], which opened up new
possibilities for new high-precision principles and
methods for measuring the parameters of the motion of
aircrafts, even for measurements of angular (tangential)
velocities, recognition and transmission of information.

Purpose of the article. Development of a method
for optimizing the parameters of a multifunctional laser
information and measuring system on a set of signals,
structures and technical parameters.

Basic material

The use of selection of longitudinal modes of laser
radiation makes it possible to obtain a wide variety of
signals in the optical range in the form of a set of pairs
of modes with the conversion (detection) to the frequen-
cies of the radio engineering range in the form of stable
frequencies of intermode beats for various applications:
measurements of the parameters of the motion of flying
vehicles, transmission of information, detection and
recognition of signals [22-27].

Selecting signals at intermode beats significantly
extends the capabilities of MLIMS, in addition, elimi-
nates dark, noise photons and only stores signal pho-
tons, filters them in a narrow enough band at the radio
frequency of intermode beats, i.e. significantly increases
the noise immunity of the system by the number of
times the number of times the band of the radio signal is

already in the video signal band at the output of a con-
ventional photodetector.

Existing laser systems (LS) are also multiparame-
ter systems, since the same system performs at least
signal search and mutual tracking in the direction of
aircraft, as well as the reception and transmission of
information.

Therefore, along with the restrictions imposed on
the signal-to-noise ratio (q) at the output of the LS ter-
minal, there are restrictions on the time of connection
(t,) with flying vehicle and tracking accuracy. The

existence of these limitations is taken into account in
[1-3], but in them the mutual influence of several meas-
uring channels has not been reflected.

A description of the impact part of the equipment
and its quality when entering MLIMS in touch with
flying vehicle can be omitted in cases where existing
systems this function runs radio systems. The same may
be taken into account and new digital methods of meas-
ured parameters of movements (MPM) of flying vehi-
cle, based on the properties of multimode laser radiation
spectrum and longitudinal selector mod.

For MLIMS, the most objective criterion of opti-
mality can be regarded as a conditional test, which takes
into account the totality of the quality indicators pre-
sented in the TTR.

Modern multifunctional laser systems have many
of TTR, which ensures successful operation and system
generated. The main quality indicators MLIMS that
takes into account when designing, first of all, it is
worth:

— the accuracy of the MPM of flying vehicle;

— the MPM range of flying vehicle;

— interference-free transmission of information
forward and reverse channels;

— precision matching binding and time scales;

— time measurement and communication of in-
formation;

— reliability of the functioning;

— electromagnetic compatibility;

— information transfer speed;

— system throughput;

— survivability;

— noise protecting;

— economy;

— weight and dimensions equipment specifica-
tions and its parts;

—  ergonomics;

— other quality indicators.

When optimizing MLIMS for the schematic design
phase, as well as for the evaluation of quality indicators
marked easier to express them in a specific numerical
form as a vector, which is self-descriptive of the quality
of the main task. Vector of the above quality indicators
can be used to optimize any systems. Quality indicators
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are interdependent and mutually conditioned. A more
complete accounting results adopted by the MLIMS
model more into line with the real system. And the task
of optimization on indicators (criteria 1-15) equivalent
optimal solution on a multitude of parameters at fixed
signal structure and by the values of 13 independent
criteria.

When choosing a MLIMS structure, which is op-
timized for MPM you can benefit from the flying vehi-
cle engineering synthesis systems, such as heuristic (in-
tuitive), but recent decisions contain in themselves the
experience of the past, that does not always achieve the
best value and is not the optimal solution to a multitude
of structures. In this task, enlarged structure of the sys-
tem believe the famous [24-27] with the most simple
discriminant flow in channels that monitor measurable
parameters of movement of aircraft.

The generalized structure of MLIMS does not dif-
fer significantly from typical systems. It accommodates
an additional block of selector of longitudinal modes
and a block of their selection — radio filters.

To formalize the objective function, it is necessary
to specify the expression for determining the signal-to-
noise ratio provided by the system in each channel
(measuring and information), as well as the correspond-
ing quality indicators.

We believe that the emission of a laser-transmitter
MLIMS operating in a single-mode, power-stabilized
mode, has a Poisson distribution of signal photons. We
also assume that the probability of detection is deter-
mined only by the intrinsic, quantum noise, additive
with the signal. What is a typical assumption when us-
ing LS with a small angle of view, with narrowband
filters and receiver cooling. In this case, the probability
of detecting a signal is defined as:

2 gheSi
Pi= 2 M
n=ng :

where ng — is the threshold of the system, the value of
which can be estimated from the given probability of a
false alarm; n — the parameter of the distribution of the
number of signal photons; S; — the average number of
photoelectrons emitted by the photocathode due to irra-
diation with a useful signal either by a beacon or a
transmitting device.

If the maximum radiation power optical source is
equal to W;, the energy of a useful signal at the input of
the receiver with a view of weakening on the track dis-
tribution can be written as:
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OR?

Wi‘Cie_yR

I17. @

where y — is the complete attenuation of the signal on

the track; R — the maximum distance between the
transmitting and receiving systems, restricted to a nec-
essary signal-to-noise ratio; d — the receiving antenna
diameter; ® — the width of the receiver diagram, re-
spectively, of coarse or accurate tracking; [[T; — the
1

overall transmission ratio combined transmitter and re-
ceiver optics.

Then the average number of photoelectrons at the
output of the photodetector or photodetector (FTD) will
be written in the form:
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where HTiT(rp) — is the overall transmission coeffi-
i

cient of the receiver's optics of coarse or precise target-
ing; 7 — the Planck's constant; v; — the frequency of

the radiation of the laser transmitter; 1; — the quantum

output of the photodetector (FTD).

If information is transmitted on the channel, pro-
vided the nature of the noise is of a quantum nature, the
signal-to-noise ratio at the output of the direct detection
system containing the receiver with an internal current
coefficient according to [3] will be determined as:

2
q= “Wﬂ 4)
4eFm,

where | — is the modulation factor of light;

W, py = Shvr, 5)

where W, —is the value of the signal power at the

output of the photodetector (FTD); e — the electron
charge; F — the noise factor, taking into account the in-
crease in noise in the process of internal amplification;

m, — information reception channel band.

u

Substituting (5) into (4) and using relation (3) for
the average number of photoelectrons when receiving
transmitter radiation, we obtain:
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where npy and m, — quantum yields of photodetectors

(FTDs), respectively, accurate and coarse guidance.
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The probability density of the detection of a signal
represented in the form of a sum of the density of the
Poisson distribution has a rather complex form, which
makes it inconvenient for the subsequent solution of the
problem of finding the optimal characteristics of the
system.

At the same time, S=10 the distribution of the
Poisson law will have a form close to the triangular dis-
tribution [3].

Using the stochastic approximation method, the
probability of detecting a signal with an error < 25 %
can be approximated by a broken line (7) [3].

With the number of signal photoelectrons > 100,
which is typical for the information transfer mode with
high speed, this error will be insignificant.

If we limit this approximation to simplify the
probability of detecting a signal, it can be represented
as:

h2

S v

pi =

For the formulation and statement of the optimiza-
tion problem for MLIMS parameters, let's take the ex-
ample of the channel for measuring the angular (tangen-
tial) velocities of a flying vehicle with the open princi-
ple of action (work).

Let us consider such an indicator of the quality of
a given system as a random measurement error because
the systematic error is taken into account in time so that
it does not exceed the random error.

The error in measuring the angular, and in fact the
tangential velocity of a flying vehicle, or other parame-
ter, is one of the indicators of the quality of the system
that determines its accuracy.

The variance of the random error and the corre-
sponding measurement accuracy in the channel of the
angular (tangential) speeds of the flying vehicle is de-
termined by the first and final fronts of each half-wave
motion of the intermode modulation of the partial radia-
tion pattern (RP) of the laser radiation (LR) and the sig-
nal-to-noise ratio:

2
o2 =m ®)

where 0}2(, Gﬁl — is the respectively, the variance of the
measurement error and the noise dispersion at the output
of the photodetector (FTD); (UL )2 — the first derivative

of the envelope voltage on the fronts of the angular

auto-tracking signal flying vehicle in the direction.
Given the steepness of the envelope signals of in-

termode beats, which repeat the shape of RP LR, the

error in measuring the angular velocity of a flying vehi-
cle is determined by formula (8).

In general, the dispersion variance of the MPM
flying vehicle can be represented in the form of addi-
tions:

1) the factorized complex function of the technical
parameters, which reflects the effect on the energy po-
tential of the fluctuation noise;

2) the functions of complements of variances in
the errors of standards;

3) the functions of the effect of the atmosphere on
the dispersion of measurements;

where X;(Y;) — is the technical parameter, or a mono-

tonic function from it, such that the larger it is, the bet-
ter, from the technical parameter (factor parameter) that
affects the energy loss of the signal; X;(Y;) — monoto-

nous function of instability of standards, such that the
smaller it is, the higher the accuracy of the MPM of the
flying vehicle; D, — loss of accuracy of the MPM of

the flying vehicle due to the heterogeneity of the atmos-
phere.

In this case, the restriction on the parameter or
function is written as:

Ximax 2X; 20, X; = Xjpin -

jmax = (10)
If the dependence of MLIMS value on technical
parameters is known in the form [27]:
C=C(X(Y)), (11)
then this is already a problem of non-linear stochastic
programming, which has already been solved in part for
two indicators with two or three parameters and for ra-
dio systems [3].

In general, to optimize the technical parameters of
MLIMS, there are three main stages for each channel
(measuring and information):

1) analysis of parasitic and other phenomena, ef-
fects and determination of dependencies X;;(Y;;) of
the type (9);

2) system analysis, i.e. obtaining dependencies of
quality indicators on the parameters of a system of the
type (9; 11);

3) solving the problem of optimizing the system
parameters on a set of technical and other parameters.

76


http://www.hups.mil.gov.ua/periodic-app/journal/nitps/2018/1

Poszsumox padiomexniunoeo 3abesneuenns, ACY ma 36 ’s3xy Iosimpsinux Cun

Conclusions

Thus, the solution of the overall optimization prob-
lem for MLIMS parameters is related to:

1) the definition of the system, infrastructure and
structure at the level of functional elements, which are
created in the form of constructively ready, if possible,
standard modules;

2) optimization of the system parameters for preci-
sion, economic and other indicators, which also take
into account a number of additional requirements: EMC
conditions and noise immunity, better isolation of the
transmitting and receiving paths, etc;

3) obtaining "exchange curves" [27];

4) pairwise equalization of quality indicators of
different in structure, the principles of the operation of
the channels (measuring and information channels), but
according to TTR;

5) selection of optimal channels on three sets (sig-
nals, structures and technical parameters).

Previously, the cost of the channel (corresponding)
part of the LAN was minimized while maintaining the

specified signal-to-noise ratio as a function of quality by
the Lagrange multiplier method in the usual numerical
form. However, to solve such problems, the article pro-
poses a new method of mathematical (separable) pro-
gramming, which allows to obtain a solution and result
in an analytical form, suitable for a whole class of cases.
The solution is obtained in the form of a simple iterative
formula, which has a universal character, which makes
it possible to reduce the amount of computation.

The article formalizes and solves the problem of
optimization of MLIMS parameters in the form of the
problem of degenerate dynamic programming based on
the minimum cost criterion, while limiting the quality of
measuring and information channels.

The signal-to-noise ratio at the MLIMS output, as
a quality measure, depends on the variance of the error
of the MPM of the flying vehicle, the dispersion of the
noise at the output of the photodetector (FTD), and the
envelope voltage at the edges of the LA auto tracking
signal. The main stages of optimization of technical
parameters of MLIMS are determined.

References

1. Aleshin, G.V. (1994), “Osnovyi postroeniya optimalnyih informatsionno-izmeritelnyih radiotehnicheskih system” [Fun-
damentals of constructing optimal information and measuring radio engineering systems], HVU, Kharkiv, 252 p.
2. Aleshin, G.V. and Bogdanov, Y.A. (2008), “Effektivnost slozhnyih radiotehnicheskih sistem” [Efficiency of complex ra-

dio engineering systems], Naukova Dumka, Kyiv, 288 p.

3. Aleshin, G.V. (2008), “Otsinka yakosti informatsiyno-vimiryuvalnih sistem” [Assessment of the quality of information-

measuring systems], UkrDAZT, Kharkiv, 300 p.

4. Vasyuta, K.S. and Zakharchenko, I.V. (2016), “Otsinka potentsiynykh mozhlyvostey orhanizatsiyi bahatokanal'nosti v
khaotychnykh systemakh peredachi danykh” [Estimation of potential possibilities of organization of multichannel in chaotic data
transmission systems], Systems of arms and military equipment, No. 2, pp. 70-73.

5. Bayborodin, Y.V. (1981), “Osnovy lazernoy tekhniki” [ Fundamentals of laser technology], Vishcha shkola, Kyiv, 408 p.

6. Batrakov, A.S., Butusov, M.M. and Grechka, G.P. (1981), “Lazernyye izmeritel’'nyye sistemy” [Laser measuring sys-

tems], Radio and Communication, Moscow, 456 p.

7. Demtreder, V. (1985), “Lazernaya spektroskopiya: Osnovnyye printsipy i tekhnika eksperimenta” [Laser spectroscopy:
Basic principles and experimental technique], Science, Moscow, 608 p.
8. Dewley, W. (1986), “Lazernaya tekhnologiya i analiz materialov” [Laser technology and material analysis], Mir, Mos-

cow, 502 p.

9. Zuev, V.E. and Fadeev, V.Y. (1987), “Lazernyye navigatsionnyye ustroystva” [Laser navigation devices], Radio and

Communication, Moscow, 161 p.

10. (1982), “Izmereniye spektral'nochastotnykh i korrelyatsionnykh parametrov i kharakteristik lazernogo izlucheniya”
[Measurement of spectral-frequency and correlation parameters and characteristics of laser radiation], Radio and Communica-

tion, Moscow, 272 p.

11. (1981), “Izmereniye energeticheskikh parametrov i kharakteristik lazernogo izlucheniya” [Measurement of energy pa-
rameters and characteristics of laser radiation], Radio and Communication, Moscow, 288 p.
12. Kaminsky, A.A. (1986), “Fizika i spektroskopiya lazernykh kristallov” [Physics and spectroscopy of laser crystals],

Science, Moscow, 256 p.

13. Krylov, K.I., Prokopenko, V.T. and Tarlykov, V.A. (1990), “Osnovy lazernoy tekhniki” [ Fundamentals of laser tech-

nology], Machine building Leningrad's department, 316 p.

14. Ustinov, N.D. (1984), “Lazernaya lokatsiya” [Laser location], Mechanical engineering, Moscow, 272 p.
15. Malashin, M.S. (1983), “Osnovy proyektirovaniya lazernykh lokatsionnykh sistem” [Osnovy impul'snoy lazernoy lo-

katsii], High school, Moscow, 297 p.

16. Kozintsev, V.1, Belov, M.L. and Orlov, V.M. (2006), “Osnovy impul'snoy lazernoy lokatsii” [Fundamentals of pulsed

laser location], Print house of Bauman MGTU, Moscow, 512 p.

17. (1985), “Signaly i pomekhi v lazernoy lokatsii” [Signals and interference in the laser location], Radio and Communica-

tion, Moscow, 264 p.

18. (1991), “Spravochnik po lazernoy tekhnike” [Reference book on laser technology], Energoatomizdat, Moscow, 544 p.

71



Hayxka i mexuixa [losimpsanux Cun 36pounux Cun Yrpainu, 2018, Ne 1(30) ISSN 2223-456X

19. Tyurin, S.V., Shostko, I.S. and Romanyuk, V.A. (1998), “Poligonni lazerni ta optiko-yelektronni vimiryuval'ni zasobi.
Konspekt lektsiy” [Polygon laser and optical-electronic vimiryuvalnyi zasobi. Summary of lectures], Vol. 2, Ministry of Defense
of Ukraine, Kharkiv, 174 p.

20. Ustinov, N.D., Matveev, I.N. and Protopopov, V.V. (1983), “Metody obrabotki opticheskikh poley v lazernoy lokatsii”
[Methods of processing optical fields in laser locations], Science Head edition of physical and mathematical literature, Moscow,
272 p.

21. Kudriashov, V. (2016), “Experimental Evaluation of Opportunity to Improve the Resolution of the Acoustic Maps”,
New Approaches in Intelligent Image Analysis, Intelligent Systems Reference Library 108, pp. 353-373. Springer International
Publishing Switzerland. https://doi.org/10.1007/978-3-319-32192-9 11.

22. Kazakov, E.L., Kazakov, A.E., Vasiliev, D.G., Kolomiytsev, A.V. and Ryzhov, D.N. (2010), “Raspoznavanie radiolo-
katsionnyih tseley po signalnoy informatsii” [Recognition of radar targets for signaling information], City Printing House,
Kharkiv, 232 p.

23. Kolomiytsev, A.V. (2013), “Informatsionnyie tehnologii i sistemyi v upravlenii, obrazovanii, nauke” [Information tech-
nologies and systems in management, education, science], Digital printing house No. 1, Kharkiv, 278 p.

24. Kolomiytsev, O.V. (2010), “Chastotno-chasoviy metod poshuku, rozpiznavannya ta vimiryuvannya parametriv ruhu li-
talnogo aparatu” [Frequency-time method for searching, recognizing and measuring the parameters of the aircraft movement),
Ukraine, 55645.

25. Kolomiytsev, O.V., Klivetz, S.I. and Rudenko, D.V. (2014), “Mobilna kombinovana lazerna informatsiyno-
vimiryuvalna sistema” [Mobile Combined Laser Information Measurement System], Systems of Arms and Military Equipment,
No. 3(39), pp. 108-110.

26. Kurtseva, L.B., Kolomiytsev, O.V. and Sachuk, LI. (2015), “Mobilna sumischena informatsiyno-vimiryuvalna sistema”
[Mobile integrated information-measuring system], Ukraine, 102676.

27. Aleshin, G.V. and Kolomytsev, A.V. (2017), “Informatsionnyie tehnologii: problemyi i perspektivyi” [Information
technology: challenges and perspectives], Publishing house of Rozhko S.G., Kharkiv, 447 p.

Received by Editorial Board 4.12.2017
Signed for printing 15.02.2018

Bioomocmi npo agmopie:

AnbomuH I'ennajiii BacuiaboBuy

JIOKTOp TEXHIYHUX HAayK TMpodecop
npodecop kadeapu YKpaiHChKOi AepKaBHOT
aKazeMii 3aJ1i3HIYHOTO TPAHCTIOPTY,
XapkiB, Ykpaina
https://orcid.org/0000-0003-1876-7616
e-mail: dr.aloshin@mail.ru

Kouomiiines Ounexciii Bonogumuposuy

JIOKTOP TEXHIYHHUX HAayK CTapILINil HAyKOBUH CIIiBPOOITHHK
HaYaJIbHUK HayKOBO-IOCIIHOTO BiAILTY

XapKiBCHKOTO HaI[lOHAIEHOTO YHIBEPCUTETY

Tositpstaux Cun im. 1. Koxxenyo0a,

XapkiB, Ykpaina

https: //orcid.org/0000-0001-8228-8404

e-mail: Alexus_k@ukr.net

Kyaemos Ogexcanap BacuiboBuy
KaHAUJAT BiHCbKOBHX HAyK JOLCHT
NPOBIAHUI HAYKOBUH CHIBPOOITHUK
XapKiBCHKOTO HAIIOHATBHOTO YHIBEPCUTETY
Hositpstnux Cui im. . Koxenyo6a,

XapkiB, Ykpaina
https://orcid.org/0000-0002-8223-3814
e-mail: Kuleshov.hups@gmail.com

Information about the authors:

Gennadiy Aloshin

Doctor of Technical Sciences Professor
Professor of Department of the Ukrainian State
Academy of Railway Transport,

Kharkiv, Ukraine
https://orcid.org/0000-0003-1876-7616

e-mail: dr.aloshin@mail.ru

Oleksii Kolomiitsev

Doctor of Technical Sciences Senior Research

Chief of Scientific Research Department

of Ivan Kozhedub Kharkiv National Air Force University,
Kharkiv, Ukraine

https://orcid.org/0000-0001-8228-8404

e-mail: Alexus k@ukr.net

Olexandr Kuleshov

Candidate of Sciences Associate Professor
Leading Researcher of Ivan Kozhedub
Kharkiv National Air Force University,
Kharkiv, Ukraine
https://orcid.org/0000-0002-8223-3814
e-mail: Kuleshov.hups@gmail.com

78


http://www.hups.mil.gov.ua/periodic-app/journal/nitps/2018/1

Poszsumox padiomexniunoeo 3abesneuenns, ACY ma 36 ’s3xy Iosimpsinux Cun

Kyanarin Kocrantun KoctaHTHHOBHY

KaHIUJAT TEXHIYHUX HAYK CTapIINi HAyKOBUH
CHiBPOOITHUK HAYaJIbBHUK HAYKOBO-TOCIITHOTO BiILITY
XapKiBCHKOTO HAI[IOHAIFHOTO YHIBEPCUTETY
Hositpstanx Cui im. 1. Koxenyo0a,

XapkiB, YkpaiHa
https://orcid.org/0000-0003-1189-5623

e-mail: k.kulagin@ukr.net

TxavoB Angpiii MuxaiinoBuy

Konstantin Kulagin

Candidate of Sciences Senior Research

Chief of Scientific Research Department

of Ivan Kozhedub Kharkiv National Air Force University,
Kharkiv, Ukraine

https://orcid.org/0000-0003-1189-5623

e-mail: k.kulagin@ukr.net

Andrey Tkachov

Candidate of Sciences Senior Research
Senior Research Associate

of Ivan Kozhedub Kharkiv National
Air Force University,

Kharkiv, Ukraine
https://orcid.org/0000-0003-1428-0173
e-mail: snsncps@gmail.com

KaHANJAT TEXHIYHUX HAyK

CTapnii HAyKOBUH CIIIBPOOITHHK
XapKiBCbKOTO HAI[IOHAIFHOTO YHIBEPCUTETY
Tositpstanx Cu im. 1. Koxeny0a,

XapkiB, Ykpaina
https://orcid.org/0000-0003-1428-0173
e-mail: snsncps@gmail.com

METO[ ONMTUMI3ALII NAPAMETPIB
BAFATO®YHKLIOHAJbHOI TASEPHOI IHOOPMALINHO-BUMIPIOBAJIbHOI CACTEMU
HA MHOXWHI CUTHANIB, CTPYKTYP | TEXHIYHUX MAPAMETPIB

I'.B. Anpommn, O.B. Komowmiiines, O.B. Kynemos, K.K. Kymnaria, A.M. Tkauos

Y cmammi nocmasnena i eupiwena 3adaua onmumizayii napamempie 6acamo@yHKYioHanbHOI 1a3epHOi IHopMayiiHo-
BUMIPIOBANLHOI cucmemu OJisl NONI2OHHO20 GUNPODYBATTLHO20 KOMNIEKCY HA MHOMNCEHI CUCHANIG, CINPYKMYP | MEeXHIYHUX napame-
mpig 3a Kpumepicm MiHIMyMy 6apmocmi cucmemuy npu 0OMedNCeHHi Ha MOYHICIb SUMIPIOBANLHUX | CIIUKICMb iHOPMAaYitino2o
kananis. Lle 3a60anna € ck1a006o10 yacmunoio no6y0o8u 0aHoi cucmemu 3a OCHOGHUMU MAKMUKO-MEXHIYHUMU BUMO2AMU NPU
3A0aHUX CUSHANAX | CIMPYKIMYPI.

Anapamypne noconanms 0ns 6Cix SUMIPIOBANLHUX | IHOPMAYiliHO20 KAHANIE cCuCmeMU hepedbaiac BUKOPUCAHHSA 3020 lb-
PHe [ KoMOiHOo8aHe PO30iNeHH s CUSHANIE 8IONOBIOHO NO KAHANLAX.

Po3spobnenuii memoo suxopucmosye icHyloui Memoou cy4acHo20 MamemMamuyHo20 NpoSpamy8ants y cenapabeibHomy no-
OaHHi eapmocmi i npeocmagnae ONMUMyM 8 aHANIMUYHOMY 8USTADL, 3A80AKU YOMY 00360IAC «3UU8AMUY OKpemi O10KuU 3a0a4 8
3aeanvre (€0une) piwenns. Ipedcmasneni ananimuuni 6upaszu 015 pO3PAXYHKIG.

Kniouosi cnosa: bazamogynryionanvha aazepua inpopmayiiino-6umipiogaibHa cucmema, Onmumizayis napamempie, 6u-
MIPIOBAHHA nApamempis pyxy, TimaibHuil anapam.

METOO ONTUMU3ALIUM NAPAMETPOB
MHOIO®YHKLUMOHAIbHOM NASEPHOW UH®OPMALIMOHHO-U3MEPUTENBHOW CUCTEMBI
HA MHOXECTBE CUI'HAINOB, CTPYKTYP U TEXHUYECKUX NAPAMETPOB

I'.B. Anemn, A.B. Konomuiines, A.B. Kynemos, K.K. Kynarun, A.M. Tkaues

B cmamwe nocmasnena u pewiena 3a0ava onmumuzayuu napamempos MHo20@DYHKYUOHATbHOU 1A3ePHOU UHDOPMAYUOHHO-
UBMEPUMETLHOU CUCEMbL 0151 ROIUCOHHO20 UCHbIMAMENbHO20 KOMNIEKCA HA MHOMICECMEe CUSHAN08, CIPYKIYD U MEeXHUYECKUX
napamempos no Kpumepuro MUHUMYMA CIOUMOCIU CUCTIEMbl NPU OSPAHUYEHUU HA MOYHOCMb USMEPUMETbHbIX U NOMEXO-
YCMOUMUBOCHb UHOPMAYUOHHO20 KAHAL08. Dma 3a0aya AGIAemcs COCIMABHOU YaCmbl0 NOCMPOEHUs OAHHOU CUCTeMbL N0 OC-
HOBHbIM MAKMUKO-MEXHUYECKUM MPebO8aAHUSIM NPU 3A0AHHBIX CUSHANAX U CIPYKMYDe.

Annapamyphoe cosmewenue 0iisl 6Cex UIMEPUMENbHbIX U UHPOPMAYUOHHOLO KAHALO8 CUCMEMbl NPeOnoiazaem Ucnoib30-
6anue obuyeli ee uacmu (npuemo-nepeoaroujeli), a CUSHAIbHOE COBMEeWeHUe — BPEMEHHOe, YACMOMHOoe, NOAPUZAYUOHHOE, (ha30-
60€, CMPYKMYpPHOE U KOMOUHUPOBAHHOE PA30eleHUe CUSHANIO8 COOMBEMCMBEHHO N0 KAHALAM.

Paspabomannwiii memoo ucnonvzyem cyujecmeyroujue mMemoovl COBPEMEHHO20 MAMEMAMu4eckoe0 npocpamMmuposans
npu cenapabenrbHoM npPe0Cmasienuy CMmoUMOCmU U NPeOCmagisien OnNmumMyM 8 AHATUMUYEeCKOM 8ude, 61a200aps Yyemy no36o-
JIslem «Cluueamoy omoenvhvie O10KuU 3a0au 8 obwee (eounoe) pewenue. [Ilpedcmasnenvl anarumuyeckue 8uipaxceHuss 0 pac-
uenoe.

Knrouesvie cnosa: mno2o(hyHKyuoHaibHas 1a3epHas UH@OOPMAYUOHHO-USMEPUMENbHAS CUCTeMd, ONMUMU3AYUs napa-
Mempos, usmMeperue napamempos 08UNCEHUs, IeMAameIbHblil annapam.
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