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ABSTRACT

Context. Military conflicts of the late XX — early XXI centuries are characterized by the using of a large number of new weap-
ons, which allowed the warring parties to distance themselves as far as possible from the direct collision with each other. Unmanned
aircraft apparatus (UAA) have become one of the latest weapons on the battlefield, which during military conflicts were proven to be
more effective than manned planes, in conducting air reconnaissance and other combat tasks, as well as strike at the enemy. One of
the ways to increase the efficiency of UAA is to increase the level of technical excellence of their control systems.

Creating new approaches for designing navigation systems for unmanned aerial vehicles particular, based on a free-form inertial
navigation system, is an urgent task, as it will allow automatic control of the UAA flight route in the absence of corrective signals
from the global satellite navigation system.

Objective. The purpose of this work is to develop a methodology for managing an unmanned aerial apparatus using an intelligent
automatic control system. This technique will minimize the error of a free inertial navigation system due to the using of a fuzzy neu-
ral network system. The algorithm of the proposed method of constructing the intellectual system of automatic control of UAA navi-
gation system using the fuzzy neural network apparatus in the MatLab 7 software environment was developed. A neural network
training was conducted in the Python 3.6 software environment (Jupyter-notebook), as well as testing the UAA model in the robot
operational system (ROS) simulator environment for comparison with existing methods.

Method. To achieve this goal, the following methods were used: intelligent systems, the theory of automatic control, pseudo-
spectral method; methods based on the genetic algorithm and apparatus of the fuzzy neural network.

Results. The method of constructing the intelligent system of automatic control of an unmanned aerial apparatus for minimizing
the error of a free-form inertial navigation system due to the application of the neural network has been developed. The work of the
intellectual system of automatic control of the UAA navigational system using the neural network in the MatLab software environ-
ment based on the proposed implementation algorithm were tested. The possibility of practical application of the obtained results and
comparison with traditional methods were investigated.
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Conclusions. The technique of the intelligent automatic control of UAA shows an advantage in comparison with the known me-
thods without correcting signals from the global navigation satellite system.
KEYWORDS: automatic control intellectual system, navigation system, unmanned aircraft apparatus.

ABBREVIATIONS
NN is a neural network;
NS is a navigation system,;
RM is a reference model;
CS is a closed system;
GSNS is a global satellite navigation system,;
UAA is an unmanned aircraft apparatus;
INS is an inertial navigation system;
ROS is a robot operational system;
CM is a center mass of the controlling object.

NOMENCLATURE
V(e) is a function of Liapunov;

I, is amoment of inertia UAA relative to the OZ
axis;

vO' is an acceleration in the vertical plane;

V' is an angular velocity;

& 1is the damping coefficient;

T, is a constant aerodynamic time of the UAA;

Y is a vector of the state of executive mechanism;
F() is an equation of forces;

K(p)
the UAA;
Wy (p,C) is atransfer function of the controlling ob-

is a transfer function of the control channel of

ject;

W, (p, 61), W, (p,Bz) are a transfer functions of the
regulator of the navigation system;

Wrm p,b*,c*) is a transfer function of the reference
model,;

t, is a training interval;

u(t) is a function of the control of the UAA ailerons;

th is an activation function: hyperbolic tangent;

m, I, k, j are an indices of the elements of the sample
of possible values of the states of the object;

g(t) is an error function (deg);

s(t) is a speed error function (deg/s);

£(t) is an acceleration error function (deg/s?).

INTRODUCTION

One of the most important subject areas is the man-
agement system of moving objects.

Special feature of which is that each new generation
satisfies new requirements to the conditions, modes and
quality of functioning, as well as extends the range of
solvable tasks [1].

The variety of moving objects in the environment of
their functioning and the importance of effective imple-
mentation lead to a large range of scientific problems aris-
ing in the development of traffic control systems.

Nowadays, the base of navigation systems for un-
manned aerial apparatus is made up of receivers of global
satellite navigation systems, integrated with a block of
inertial sensors of spatial orientation. Such a system pro-
vides a very accurate determination of the UAA location
and its parameters (up to 15 m) in the presence of receiv-
ing signals GSNS. If it is integrated with satellite naviga-
tion, cheap low-precision inertial systems equipped with
micromechanical motion sensors (accelerometers and
gyroscopes) are possible.

The cost of such a system is from 5 to 15 thousand
dollars, depending on the accuracy of the sensors. It
should be noted, that the inertial system of such a price
range is not able to carry out an autonomous calculation
of the traversed path due to the high speed of drift gyro-
scopic sensors. Some samples are capable of maintaining
the accuracy within a few minutes (not more than 10) of
the absence of a GSNS signal at a level of 100-150 m. In
this case, generally, the mode of rectilinear motion is used
without acceleration.

Thus, the presence of GSNS signals is currently a pre-
requisite for the implementation of unmanned aerial vehi-
cles set tasks. The absence or deliberate suppression of
navigation signals leads to the inability to determine their
own coordinates accurately and, as a result, to perform
flight on a given route. In the same case using of inertial
systems of ultralow precision (especially on short-range
UAA) in the UAA, the lack of corrective signals from the
GSNS can lead to the complete cessation of the inertial
system functioning and the UAA accident. Therefore, the
suppression of the GSNS is considered as the main
method of fighting the UAA with the newest type of iner-
tial systems.

Using of high-precision inertial navigation systems
also completely does not solve the problem for the fol-
lowing reasons:

1) such systems are expensive (30-50 thousand dol-
lars);

2) the mass of the inertial system of “medium accu-
racy” on laser or fiber-optic gyroscopes is from 8 kg,
which makes it problematic for their using in small and
medium-range UAA;

3) the limitation of the INS is increasing in the error of
coordinates determination with the time of autonomous
operation. The accuracy of an autonomous number of
coordinates for modern INS is about 2 kilometers per
hour of flight (for systems of high accuracy), which does
not allow to provide high-precision determination of the
coordinates of goals.

The growing interest of scientists in intelligent control
systems, based on artificial neural networks gives grounds
to assert about the qualitative influence of the latter on the
performance indicators of the UAA complex. At the same
time, their using can significantly reduce the cost of such
systems. Therefore, the intellectualization of control sys-
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tems in the present conditions is one of the main scientific
and practical directions of their improvement.

Thus, the object of study is the system of automatic
control of UAA movement.

The subject of the study is the UAA motion control
process based on intelligent control systems based on
artificial neural networks, without the use of GSNS
signals.

The purpose of the study is to develop a method for
an unmanned aerial apparatus control using an intelligent
control system based on artificial neural networks to
reduce the control time without using the GSNS signals.

1 PROBLEM STATEMENT

Focusing on the results of well-known scientific de-
velopments in accordance with the research topic, the
development of a method for constructing an intellectual
system for automatic control of the UAA navigation sys-
tem in the MatLab software environment remains open
and requires detailed elaboration [1-10].

The task of the control system synthesis is to select the
structure and the control channels parameters, which en-
sure the receipt of a given quality of flight control, based
on dynamic properties of the UAA.

To achieve the research aim, it is necessary to solve a
number of the following interrelated scientific tasks:

1. To develop method of an unmanned aerial vehicle
management with using an intelligent automatic control
system to minimize the error of a platform-free inertial
navigation system due to the using of a fuzzy neural net-
work system;

Suppose given the original sample as a set of func-
tions and parameters: vector Y; spatial motion of the
UAA is described by F(); object with K(p), Wy(p,C);

regulator with W, (p, 61) , Wo(p, 62) .

For a given sample of control parameters the problem
of intelligent automatic control system synthesis can be
presented as the problem of finding quadratic functional
of intelligent automatic control system

J= (P(fZ(t))= %(Y(t)— YMm (t))2 = min, where the model

structure Wrpm() usually specified by the user in practice,
and the set of controlled parameters b(t)= b* at t> ty.

Learning in direct-acting systems is the result of the
current numerical optimization of the main circuit. Target
functionality of this optimization is selected simultane-
ously and as a criterion for object control and as a tar-
get condition for learning:V(e) - O,V(O) =0; V(e)<0,\7(0) =0.

2. To apply developed realization algorithm of the ad-
vanced method of the automatic control intellectual sys-
tem of the UAA navigation system construction with the
help of a neural network in the MatLab software envi-
ronment;

3. Perform training on the neural network in the Py-
thon 3.6 (Jupyter-notebook) software environment, as
well as testing the UAA model in the ROS simulator for
comparison with traditional methods.

2 REVIEW OF THE LITERATURE

Nowadays, the prospects for the development, refine-
ment and upgrading of modern aircraft are the main focus
of researches by modern scientists. From the point of
view of the intelligent automatic control systems intro-
duction for UAA complexes, it is worth noting the
achievements of scientists, which are published in the
works [3—10], and others.

In [11], the work of the quadcopter is investigated,
and the algorithms of stabilization are proposed for the
automatic control of the trajectory motion. The results of
the research show a satisfactory stability of the quadcop-
ter flight and tracking of the given trajectories, which
confirms the correctness and validity of the proposed con-
trol algorithm.

The works [12, 13] investigate approaches to the im-
plementation of the neural network regulator in the auto-
matic control system of an unmanned aircraft apparatus.
Within the framework of the work, researchers offer the
structure of the neural network and simulate the result of
training the neural network regulator.

In the works [14, 15] the authors offer solutions to ap-
proach the issue of automatic control of the UAA naviga-
tion system under conditions of interference. The author
reveals the formation mechanisms of the flight path. The
efficiency of the proposed algorithms is confirmed by
calculations.

However, despite the results of scientific develop-
ments in accordance with the research topic, the question
of an effective algorithm formation for the implementa-
tion method of constructing an intelligent system of
automatic control of UAA navigation system using a neu-
ral network, in the MatLab software environment requires
detailed elaboration.

3 MATERIALS AND METHODS

Works [1-6] offer classic methods for building UAA
control systems, with the main hardware for the trajectory
planning are:

— encoders;

— inertia sensors;

— devices of interception;

— barometers, compasses, etc.

The UAA traffic is controlled from the ground point
by transmitting data through the radio communication
channel. If for the generalization of the UAA control
analysis to consider this apparatus as a “black box”, it can
be shown, that in the general case, the input of the appara-
tus enters the control signal and the influence of perturba-
tions coming from the external environment. The source
data can be considered backward radio communication
with the item management and interaction with the exter-
nal environment.

Tasks that are solving by the control point include the
following:

— reception and processing of received information on
radiocommunication;

— identifying and recognizing objects and building a
map of the area;
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— determining the coordinates of the objects and the
scale of the map;

— formation of priorities and adjusting the flight plan;

— providing control of UAA movement and aerial pho-
tography.

While operating a control station under the condition
of conducting a military operation, it is often necessary to
timely elaborate substantiated recommendations and
makes decisions on UAA control in conditions of uncer-
tainty and fuzzy assessment criteria. Solving this problem
is possible with the using of intelligent systems at all
stages of the support processes of the decision making
(Fig. 1).

The preparation for the work of the intellectual deci-
sion support system can be divided into the following
stages:

— construction of a digital model of the area, which in
the form of a three-dimensional geometric model is
formed on the basis of aerial photography;

— definition of main characteristics of UAA sensors,
their ranges, sensitivity and resolution;

— getting coordinates of the view point of the current
image.

Working of the system begins with the determination
of the orientation angle of the angular velocities of the
sight line in the vertical and horizontal planes and the
distance to the target using the navigation system.

Initialization of initial
dztz: sensors, concept of
UAA model

Cvnthesis of the entered
data, formation of the
algorthm of navigation

BASES OF KNOWLEDGE
FE A VRN
s S v
RECOGNITION  / . DECISION
/ )+
Y, -
. \

CONTROL

SENSORS g ?".
ENVIROMENT

Figure 1 — Processes for supporting the decision-making of the
intellectual system of the UAA

The object image is transferred to the point; which co-
ordinates were obtained as a result of the calculation. This
information is transmitted over the radio station in real
time. The system compares the output images with the
parameters included in the description, which leads to the
problem of detection, recognition of the object.

It makes possible to form instructions and recommen-
dations to the operator.

At the same time sensor control is conducted to target
the target. The operator makes an appropriate correction
to the flight plan of the UAA, which is taken into account
while forming a control signal. The UAA goes into auto
attendance mode. In case of error control signals are
formed again according to information from the naviga-
tion system, but it takes into account the estimates re-
ceived in the filtering block.

The intellectual system construction methodology of
automatic control of the UAA navigation system is
graphically represented as a flowchart in fig. 2.
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Figure 2 — Block-diagram of implementation of the methodology for building an intelligent system of automatic control of the UAA
navigation system
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The intelligence of the method is based on the using of
fully automated systems. Management is based on the
principle of “guidance-stabilization”. The navigation
method is responsible for forming the flight direction and
current coordination, which is based on sensor signals,
orientation and navigation systems. The result is broad-
cast by “Autopilot”, which solves the problem of stabili-
zation. It is mandatory to constantly check the availability
of communication over the radio channel.

The first block is a unit for forming the concept of a
model and analyzing the initial data. This block provides
for the collection of information and its analysis. The ini-
tial information at this stage includes mathematical mod-
els of UAA, external and internal excitations that affect
the UAA during operation, models and data from sensors
and sensors.

In the presence of all initial data the concept is formed
of a management model, the main directions of move-
ment, obstacles in the way, the projection of displace-
ment, etc.

The second block assumes of the model implementa-
tion in the software environment. This block is the main
part within the framework of the algorithm. There is a
synthesis of the general concept, the laws of management
and the navigation algorithms of the system are formed
and generalized.

It takes into account the operating modes and condi-
tions of the algorithm implementation that is being devel-
oped. A general model is created using mathematical
models of dynamics and excitement. The resulting models
are fundamental in the overall development algorithm,
based on further analysis and the formation of the final
model. At each individual stage mandatory verification
and evaluation of the simulation results, as well as correc-
tion, if necessary parameters of the laws of management
and navigation algorithms are carried out.

The third block envisages the formation of a knowl-
edge base, system training and testing of the developed
model with the analysis of the results obtained and the
final result output, on the intellectual system effectiveness
of automatic control of the UAA navigation system.

Spatial motion of the UAA is described by the equa-
tions of forces, moments and kinematics of the flight. The
force equation describes the movement of the CM in the
vertical space:

Fy, =mWy = Y%+ Pa+Y%5, (1)
with this vertical acceleration at =0 equals

Y*+P
WY: a.
m

The UAA rotation around the CM along the OZ axis,
in accordance with the basic law of the dynamics of rota-
tional motion:

I, =179 =M38 - M%a-MPwy. )

The magnitude of the moment depends on the mass
distribution with respect to the OZ rotation axis. For a

circle with a radius » moment of inertia — /; = mr?.

Relying on the work [12], the principle of receiving
the transfer function of the control channel of the UAA is
based on dependence o = f (8) taking into account the

dynamics of UAA rotation around the axis
K(p):M, v=0+a, vV=0+d, V' =0"+a", where
8(p)
Wy = v
Angular velocity vector of UAA speed:
Fy, =m0’ = (Ya +p%¢,
Y . 3)
0="—1"4g,
my
where Wy =v0', T, =
Y*+p
Then:
! a’ ’ " (x” "
yv=0+a,v=—+a,vV'=—+a". 4)

v v
The basis of the equation of the UAA rotation dynam-
ics (2) will substitute the obtained values:

1,(0"+0") = M35 —MPo—MPZ(0'+ ). (5)

Having done the transformation, we have:

Iz[oc”JrTia'}rM‘Z”Z(a’JrTiaJé+M‘Z"a:M§6. 6)

v v

We group members in relative terms a, receive:

IZa”{IT—Z +M§“ZJQ’+ M‘Z’oc+MT?Z o =M5. @)

v
Let's make Laplace's transformation:

o' = pa, oc”zpza,lzp2a+a2p(x+a1a:M§6. ®)

z
MU)
where a; = M5 + TZ ,

v
Thus, the characteristics of the UAA control channel
looks like:

Iz wZ
ay =Z M2,
277 Z

v

My
Ko(p)=22do @ ©)
ay a
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The obtained equation repeats the equation of oscilla-
tory motion:

K

Kelp)z=———2¢—— 10
() 1+ 26Tp+T2p2 (10)
M3 M3 M3T
where Ky = Z - ZmZ: " Zy
A e MZE MET M
Z+
TV
M2 SsX
Mz _ 55%s
M% SaXF

The transmission coefficient depends on the layout of the
UAA, its speed and direction of movement, the boundary
of the indicator from 0,4 to 0,6 dB, and the transmission
coefficient shows at which angle the object o = K6 will

return;

— con-

stant time, that is inversely proportional to the speed pres-

2
sure (= % , and it is directly proportional to the mass
of the UAA:
Lz MZ IZ Ya +P
2T |\/|Z 17 2T |\/|Z 2mv |\/|Z

damping coefficient is determined by the damping mo-
and lies in the range & = 0,05...0,15.
At the same time, we get the pitch angle in the form:

ment M $%

1 1+T,p
(u(p)——oc+otzoc—vJ, 11
Typ ( Typ (b
taking into account the angles v=0+ o, from the origi-
nal ©',ie. 0 =—
vP
Then:
—4(+pTy)
K, ( )_V(p)_ Ty ! (12)
viP)= = CAE
3(p)  pli+2£Tp+T2p?)

The mathematical model of the constructed neural controller with a transmitted function W (p,b,c) for the imple-

mentation of the proposed algorithm, the structural scheme of which is depicted in Fig. 3, has a look

u(t)=th ZW )th ZW Jth ZW xth Zw ><th(

oft) - wli)+ wilio)

Hn:lden l.a',ler 1 Hidden lal,lerz

INPUT

el g o VR

(13)
Hidden Layer 3 Hidden Layer 4 Output Layer
OUTPUT
10 8 1

Flgure 3 — Neural network model of the controller with input, 4 hidden and output layers

4 EXPERIMENTS

In the framework of this scientific research concerning
the method implementation of the automatic control intel-
lectual system of the UAA navigation system with the help
of a neural network. The direct application of the solution
to the problem is used in the MathLab software environ-
ment. Unlike the adaptive systems of the identification
type, the systems with direct control algorithms do not con-
tain models, which are configured according to the behav-
ior of the main system, identifiers and evaluation devices.
The information in the form of the current values estima-
tions of the parameters and the state of the volume is not
used to configure the main circuit [13]. Learning in direct-
acting systems is the result of the current numerical optimi-
zation of the main circuit. Target functionality of this opti-

mization is selected simultaneously and as a criterion for
object management and as a target condition for learning.
Obligatory condition [20]:

V(e)>0,v(0)=0;
. . (14)
V(e)<0,V(0)=0.
To study the neural network, we use the algorithm of
the inverse distribution of the error with the Levenberg-
Marquardt training method and the activation function is a
hyperbolic tangent. After training we test and validate the
network in the environment of Simulink (MatLab) visual
modeling. The general procedure for forming a training
algorithm is formed on the basis of a parameters selection
that come from the block calculation output of the pa-
rameters sum of the reference model. These parameters
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are grouped by significance, thus forming the space of
states and external control influence on the object. Signals
on the output of the network that do not meet the condi-
tions, again fall on the input of the system, thereby teach-
ing the system.

The principle of the learning unit is based on custom-
izing the generalized object by selecting the parameters

b(t):b* within the range of training. The error is the
difference from yy, (t)-y(t), and in general, the error

serves as a fundamental indicator of the quality of learn-
ing. The error in its composition has information on the

deviation of the key indicators Ab(t) = b* - bit).
Fig. 4 shows the automatic control system structural
scheme of the UAA navigation system, which includes a

regulator with transfer functions W, p,Bl) and W, (p, 62 ),
(p= it — differentiation operator), with a fixed structure

and custom parameters b; and b, .
Controlling object with transmitted function Wo(p,c)

with parameters C, where C € Q;, change spontaneously.

Function of reference model Wgy (p,b*,c*), where
ceQ;. Error e(t):yM (t)— y(t) serves as the main

source of measurement information for the learning algo-
rithm block. The purpose of the training is to set up a

generalized object by selecting parameters b(t):b* at
t>t, . In this case, the target functional can be chosen as
a quadratic function J(&). Calculate settings of the set-
tings by and b, is performed in the training block as a

result of the current minimization of the quadratic func-
tionality by the recurrence algorithm

oyt 22 )
i

(15)

where M — determines the sensitivity of the func-
ob;
tional for this parameter.
Then there are transfer functions of a closed system
and a reference model

Wp(p.b) Wo(p.c) _ y(t)

W p: b: C)= — T/ \ >

BT e R

ym (t)

w p,o)= .

RM ( ) g(t)
Minimization of a quadratic functional:
1 .

3 = pl&(t) = =(y(t)- yu (t)* = min, (17)

2

provided by the calculation of the derivative

3 !"(t}

STANDART
MODEL

i ; g

OBJECT
management

et)

Training system block

Figure 4 — The block-diagram of the system of automatic control of
the UAA navigation system [3]

03 _ op(e(t) o&(t) _ Wes(p.c.b)

obj  og(t) ob; ab;
W, W,
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The functional scheme of the unit training system is shown
at the Fig. 5.

» : N
b
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. 1 |4
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TC:0 o0
(5 [+
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Figure 5 — Functional scheme of the unit training system
(where 6 is the value from the angular rate sensor; —0,2 and —0,4 are
the time delay block; + — adder of the stabilization course channel,;
1/s — course channel integrator; 20 — steering gear of the steering
direction)

5 RESULTS

The simulation results of the proposed algorithm for
the method implementation of the intellectual system of
the UAA navigation system automatic control using a
neural network, in the MathLab software environment,
are shown in Fig. 6.

The resulting error of management using the system's
learning unit is e(t) =YMm (t)— y(t) = 0, at the same time,
the parameters of the controller of the intelligent auto-
matic control system of the UAA navigation system tend
to the parameters of the reference model.

In the Fig. 6: green is the object of control, blue is the
reference model, violet is the error of control.

Comparing two systems of automatic control of the
UAA navigation system with and without a unit training
system it is worth noting that the first system has more
stable performance.
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Figure 6 — The results of simulation of the proposed algorithm in the software environment MathLab:
a) — with using of the training unit control system; b) — without using of the training unit control system

6 DISCUSSION

Within the framework of the work an algorithm for
the method implementation of the intellectual system of
the UAA navigation system automatic control with the
help of the neural network in the MatLab software envi-
ronment is disclosed. Structural and functional schemes of
control system training are presented which are the basis
of the implementation algorithm methodology of the
automatic control intellectual system of direct-acting
UAA navigation system.

The offered inertial navigator of automatic control
flight of UAA works as with the use of MEMS sensors,
that allows substantially to reduce in price the similar
systems as compared to the systems [11-15].

In-process [23] an author examines a navigational, the
methods of Kalman filtration are fixed in basis of that.
These systems are able to provide high exactness of posi-
tioning of object substantially complicating a calculable
process. In addition, such systems are bulky and outvalue
considerably.

In respect of the offered system, an algorithm (Fig. 2)
is fixed in basis of work of that, her exactness is arrived at
by means of methods of artificial intelligence or training
unit control system — technically.

From a fig. 6 we will notice that time of positioning
with her use diminished substantially.

In the conditions of the use of UAA in fully autono-
mous behavior (in default of additional GSNS), block of
UAA hours will be megascopic for lack of power ex-
penses on the search of navigation signals and reduction
of the calculable loading of navigational on the whole.

The control system described can be used as an intelli-
gent automatic control system for UAA navigation system.

The proposed algorithm for the implementation of the
methodology based on the direct control method with the
help of the training unit, gives positive results in the range
of normative change of parameters, greatly reduces the
time and cost of design.

CONCLUSIONS
In the course of the conducted scientific research, the
authors improved the methodology for building an auto-
matic control intelligent system of an unmanned aerial

vehicle, which allows to increase the efficiency of control
systems for unmanned aerial vehicles up to 15% (time of
decision making and positioning accuracy).

The scientific novelty. The proposed automatic con-
trol system using artificial intelligence makes it possible
to provide control tasks in the mode of full autonomous
flight of a UAA without regard to auxiliary positioning
systems.

The testing of the work of the automatic control intel-
lectual system of the UAA navigational system using the
neural network in the MatLab software environment
based on the proposed implementation algorithm.

The practical significance. The experimental results
allow us to recommend the proposed algorithm for practi-
cal use in order to increase the stability of the automatic
flight control system of the UAA in the autonomous op-
eration mode.

The proposed algorithm for the implementation of the
methodology based on the direct control method with the
help of the training unit, gives positive results in the range
of normative change of parameters, greatly reduces the
time and cost of design.

The possibility of practical application of the obtained
results and comparison with known methods was investi-
gated.

The obtained scientific result is expedient to use in
control systems of unmanned aerial vehicles in a complex
signal-interfering environment.

Prospects for further research are to study the de-
gree of parasitic effects of sensors on the control channel.

ACKNOWLEDGEMENTS

The staff of the authors expresses gratitude for the sci-
entific and organizational assistance to the Honored
worker of education of Ukraine, doctor of technical sci-
ences, professor Romaniuk Valery Antonovich — deputy
of head of the Military institute of telecommunications
and informatization named after Heroes of Krut of scien-
tific work and honored scientist of Ukraine, doctor of
technical sciences, professor Slyusar Vadim Ivanovich —
main scientist of the Central research institute of arma-
ment and military equipment of the Armed Forces of
Ukraine.

© Bieliakov R. O., Radzivilov H. D., Fesenko O. D., Vasylchenko V. V., Tsaturian O. G., Shyshatskyi A. V., Romanenko V. P., 2019

DOI 10.15588/1607-3274-2019-1-20

225



e-ISSN 1607-3274 Pagioenekrponika, inpopmatuka, ynpasminss. 2019. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 1

10.

11.

12.

13.

14.

15.

REFERENCES
Information technology. Vocabulary. Part 28. Artificial
intelligence. Basic concepts and expert systems : ISO/IEC
2382-28:1995. [Effective from 1995-12-15]. Geneve, 1995,
36 p.
Avtomatyzovani systemy. Terminy ta vyznachennja : DSTU
2226-93. [Chynnyj vid 1993-04-01]. Kyev, Derzhstandart
Ukrai’ny, 1993, 86 p. (Nacional’nyj standart Ukrai’ny).
Subbotin S. O., Olijnyk A. O. (Ukrai’na). Pat. 18294
Ukrai'na, MPK2006 GO6F 19/00. Sposib vidboru
informatyvnyh oznak dlja diagnostyky vyrobiv / zajavnyk
Zaporiz’ky] nacional'nyj tehnichnyj universytet. Ne
u200603087; Zajavl. 22.03.06; Opubl.15.11.06, Bjul. Nell.
4p.
Akaike H. A new look at the statistical model identification,
IEEE Transactions on Automatic Control, 1974, Vol. 19, No. 6,
pp. 716-723.
Babak O. V., Tatarinov A. E’. Ob odnom podxode k
resheniyu zadach klassifikacii v usloviyax nepolnoty
informacii, Kibernetika i sistemnyj analiz, 2005, No. 6,

pp. 116-123.
Slyusar V. 1. Voyennaya svyaz’ stran NATO: problemy
sovremennykh tekhnologiy, Elektronika: Nauka,

Tekhnologiya, Biznes, 2008, No. 4, pp. 66—71.

Slyusar V. 1. Peredacha dannykh s borta BPLA: standarty
NATO, Elektronika: nauka, tekhnologiya, biznes, 2010,
No. 3, pp. 80-86.

Slyusar V. I. Radiolinii svyazi s BPLA: primery realizatsii,
Elektronika: nauka, tekhnologiya, biznes, 2010, No. 5,

pp. 56—60. . )
Romanyuk V. A., Stepanenko E. O., Panchenko L V.,
Voskolovich  O. 1. Litayuchi  samoorganizuyuchi

radiomerezhi, Zbirnik naukovikh prats’ VITI 2017, No. 1,
pp. 104-114.

Romanyuk V. A., Stepanenko E. O. Zadachi sintezu
topologiy merezh mobil’noi komponenti z vikoristannyam
telekomunikatsiynikh ayeroplatform, Zbirnik naukovikh
prats’ VITI, 2017, No. 3, pp. 149-157.

Suyi L., Wang S. Machine health monitoring and
prognostication via vibration information, [Intelligent
systems design and applications Sixth international
conference, Jinan, 16—18 October 2006 : proceedings. Los
Alamitos, IEEE, 2006, P. 879.

Subbotin S. O. Programni zasoby syntezu diagnostychnyh i

rozpiznaval’'nyh modelej za precedentamy, Suchasni
problemy i dosjagnennja v  galuzi  radiotehniky,
telekomunikacij ta  informacijnyh  tehnologij 124
Mizhnarodna naukovo-praktychna konferencija,

Zaporizhzhja, 19-21 veresnja 2012 r. : tezy dopovidej.
Zaporizhzhja, ZNTU, 2012, P. 21-22.

Neagu C.-D. Using artificial neural networks in fuzzy
reasoning abstract of the dissertation doctor of
philosophy in computer science. Galati, University of Galati,
2000, 42 p.

Snytjuk V. Je. Evoljucijni tehnologii’ pryjnjattja rishen’ v
umovah nevyznachenosti : avtoref. dys. .. d-ra tehn. nauk :
05.13.06 / NAN Ukrai’ny; Instytut problem matematychnyh
mashyn i system. Kyiv, 2009, 36 p.

Li S. Automated tool condition monitoring in machining
using fuzzy neural networks : thesis doctor of Ph. Hamilton,
McMaster University, 1995, 187 p.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Voronkin R. A. Matematicheskoe modelirovanie processov
geneticheskogo poiska dlya povysheniya kachestva
obucheniya nejronnyx setej pryamogo rasprostraneniya : dis.
kand. texn. nauk : 05.13.18. Stavropol’, 2004, 237 p.
Abraham A., Grosan C., Pedrycz W.. Engineering
evolutionary intelligent systems. Berlin, Springer, 2008,
444 p.

Boguslaev A. V., Olejnik Al. A., Olejnik An. A,
Pavlenko D. V., Subbotin S. A.; pod red. D. V. Pavlenko,
S. A. Subbotina. Progressivnye texnologii modelirovaniya,
optimizacii i intellektual’noj avtomatizacii e’tapov
zhiznennogo cikla aviacionnyx dvigatelej : monografiya.
Zaporozh’e, OAO “Motor Sich”, 2009, 468 p.

Klyuev V. V., Sosnin F. R., Filinov V. N. i dr.; pod obshh.
red. V. V. Klyueva. Mashinostroenie : ¢’nciklopediya / ped.
sovet: K.V. Frolov (pred.) i dr. Moscow, Mashinostroenie,
Vol. III-7, Izmereniya, kontrol’, ispytaniya i diagnostika,
1996, 464 p.

UCI machine learning repository [Electronic resource].
Access mode: http://archive.ics.uci.edu/ml/datasets/
Shuvakin Yu. A. Simulation of the kinematics and flight
dynamics of an unmanned aerial vehicle, Problems of
modern science and education: Olympus. Ivanovo, 2016,
No. 16 (58), pp. 44-47.

Lebedev A. A., Chernobrovkin L. S. under redaction of
V.K. Salnik Dynamics of flight of unmanned aerial
vehicles: Textbook for High Schools. Moscow, 2010, 618 p.
Chernodub A. N. Training of neuroemulators with use of
pseudoregularization for model reference adaptive
neurocontrol, Intellektual’nye systemy, 2012, No. 4, pp. 602—
614.

Mu C., Wang D. Neural-network-based adaptive guaranteed
cost control of nonlinear dynamical systems with matched
uncertainties, Neurocomputing, 2017, Vol. 245, pp. 46-54.
Lin Z., Ma D., Meng J., Chen L. Relative ordering learning
in spiking neural network for pattern recognition,
Neurocomputing, 2018, Vol. 275, pp. 94-106.

Yu J.,, Sang J, Gao X. Machine learning and signal
processing for big multimedia analysis, Neurocomputing,
2017, Vol. 257, pp. 1-4.

Lv Y, Na J.,, Yang Q., Wu X., Guo Y. Online adaptive
optimal control for continuous-time nonlinear systems with
completely unknown dynamics, International Journal of
Control, 2016, Vol. 89, pp. 99-112.

Sun Y., Xue B., Zhang M., Yen G. G. Automatically
Designing CNN Architectures Using Genetic Algorithm for
Image Classification, Cornell University Libreri, Electronic
data, 2018. Mode of access:
https://arxiv.org/abs/1808.03818 (viewed on Aug 11, 2018).
Title from the screen.

Zela A., Klein A., Falkner S., Hutter F. Towards Automated
Deep Learning: Efficient Joint Neural Architecture and
Hyperparameter Search, Cornell University Libreri. Elec-
tronic data, 2018. Mode of access:
https://arxiv.org/abs/1807.06906 (viewed on Jul 18, 2018).

Title from the screen.
Received 04.09.2018.
Accepted 25.10.2018.

© Bieliakov R. O., Radzivilov H. D., Fesenko O. D., Vasylchenko V. V., Tsaturian O. G., Shyshatskyi A. V., Romanenko V. P., 2019
DOI 10.15588/1607-3274-2019-1-20

226



e-ISSN 1607-3274 Pagioenekrponika, inpopmatuka, ynpasminss. 2019. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 1

V]IK 004.852
METOJIUKA IMTOBYJ10OBU IHTEJEKTYAJBbHOI CHACTEMU ABTOMATUYHOI'O KEPYBAHHS BE3ILIOTHUM
JITAJIBHUM AITAPATOM

BeaskoB P. O. — kaHxa. TexH. HayK, BUKIagad kadeapu TexHidHOro Ta MeTpoJioridHoro 3abesnedeHHs (akymprery [HpOpMa-
LiIfHUX TeXHOJIOTiH BilichKOBOTO IHCTUTYTY TeNeKOMYyHIKaIii Ta inpopmaru3zanii imeni I'epoiB Kpyt, Kuis, Ykpaina.

PagziBinos I'. JI. — xanxa. TexH. HayK, JIOLEHT, HAYaJIBHUK Kadeapn TeXHITHOTro Ta METPOJIOTIiYHOTO 3a0e3MmedeHHs (haKyIbTeTy
Tudopmaniiinux TexHooriit BifickkoBoro iHCTHTYTY TeleKOMyHiKauii Ta iHpopmarusauii imeHi ['epois Kpyt, Kuis, Ykpaina.

®ecenxo O. 1. — ax’roHkT Kadeapu TexHIYHOrO Ta METPONIOrivyHOro 3abesneucHHs (akyabTeTy [HOpMamidiHUX TEXHOJIOTIH
BiiicbkoBOr0 iHCTHTYTY TelleKOMyHiKalliil Ta inpopmaru3auii imeni ['epoiB KpyT, Kuis, Ykpaina.

Bacuibuenko B. B. — HayanpHUK HaBYaIbHO-Ta00paTOPHOro KoMIUIEKCYy Kadenpu TexHIYHOro Ta MeTposoriyHoro 3abesme-
yeHHs QakynpTery [HpopMmaniitHux TexHoJorid BilichKOBOTO iHCTHTYTY TeNEKOMYHIKalii Ta iHpopmaTu3auii imMeHi ['epoiB Kpyr,
Kuis, Ykpaina.

Hatypsin O. I'. — crapmmii HaykoBuii criiBpoOiTHHK HaykoBoro neHTpy 3B’s13Ky Ta iHpopMmartH3arii BilficbkoBOro iHCTHTYTY Te-
JIeKOMyHIKaIiii Ta inpopmarusanii imeni ['epoiB KpyT, Kuis, Ykpaina.

umanskmii A. B. — kaH/. TeXH. HayK, HAyKOBUH CiBpOOITHUK L[eHTpaabHOr0 HayKOBO-AOCIIHOTO IHCTUTYTY 030PO€EHHS Ta
BilicbkoBOT TexHikn 30poiHux Cui Ykpainu, Kuis, Ykpaina.

Pomanenko B. II. — xana. TexH. HayK, 3aBigyBad kadeapu [HCTUTYTY crierianbHOro 3B’s13Ky Ta 3axucty iHdopmarii Hauionanb-
HOTO TEXHIYHOTO YHiBepcuTeTy Ykpainu «KuiBcbkuit nonitexniunuii inctutyT iMeHi Iropst Cikopeskoro», Kuis, YkpaiHa.

AHOTAUIA

AkTyanabHicTb. Boenni kordmikTr kinng XX — modatky XXI cT. XapakTepu3yIOThCs 3aCTOCYBaHHAM BEIHUKOI KUIBKOCTI HOBOTO
030pO€EHHS, SIKE JO3BOJIMIO BOPOTYIOYNM CTOPOHAM MAaKCHMAaJIbHO AWUCTAHIIIOBATHCS BiJ 0€3110CEPETHEOTO 3ITKHEHHS OJIUH 3 OJJHUM.

OmHMM 3 HOBITHIX 3pa3kiB 030pO€HHS Ha 1O 0010 cTany Ge3minoTHi JitanbHi amapatu (BIIJIA), sxi mixg yac BOEHHHX KOH(IIIK-
TiB JIOBEJIM CBOIO 3[aTHICTh 3HAYHO e()eKTUBHIIlIE, HDK MIJIOTOBAHI JIITAKW, BECTH MOBITPSHY PO3BiJKY Ta BUKOHYBATH iHII 3aBIaHHS
00i10BOr0 3a0€3MeUYCHHSI, a TAKOX JIJIsl 3aBIAHHS yAapiB MO MPOTUBHUKY. OIHUM 3 NUIAXiB miaBuineHHs edexruBHocti BITJIA € min-
BUILCHHS PiBHS TEXHIYHOI TOCKOHAJIOCTI X CUCTEM KepyBaHHs.

CTBOpEHHSI HOBHUX MIIXOIIB AJIsl TPOSKTYBaHHs HaBIralifiHUX cHcTeM OE3MITOTHHX JITaJbHUX alapaTiB, 30KpeMa, Ha OCHOBI
0e3mIaThopMeHHOI iHepIiaTbHOT HABIraliiHOI CUCTEMH € aKTyaJbHUM 3aBIAaHHIM, TOMY IO II€ JO3BOJUTH 3a0€3MeUNTH aBTOMATHU-
YHE KepyBaHHS MapuipyToM moiboTy BIIJIA 3a BinCyTHOCTI KOPUTYBaJbHUX CHTHANIB Bij INI0OANFHOT CHCTEMH CYITyTHUKOBOT HaBi-
rauii.

Meta. Metoro 3a3Ha4eHOI poOOTH € po3poOKa METOUKHU YNPABIiHHS OS3MUIOTHUM JITAJIBHUM arapaTtoM i3 3aCTOCYBaHHSM iH-
TEJISKTYaJIbHOI CHCTEMH aBTOMAaTHYHOTO KEPYBaHHS.

3a3HaueHa METO/MKA JI03BOJIMThH MiHIMI3yBaTH MOXHOKY Oe3miaTgopMeHHOI iHepIianbHOT HaBiraiiHol CHCTEMH 3a PaXyHOK 3a-
CTOCYBaHHS anapary HeYiTKOi HeHPOHHOT MEepexi.

B po6oTi po3pobieHo anroputM peaiizamii 3ampornoHOBaHOI METOAUKH MOOYJOBH IHTENEKTyalbHOI CHCTEMH aBTOMAaTHYHOIO
ynpaBniHHA cuctemoro Hapiramii BITJIA 3 BuKOpHCTaHHSM amapaTy HEUiTKOI HEHPOHHOI Mepeki B MPOTrpaMHOMY CEpEIOBHILI
MatLab 7; npoBeneHo HaBYaHHS HEHPOHHOI Mepexi B mporpamMHoMy cepenosumli Python 3.6 (Jupyter-notebook), a Takox mposene-
Ho TectyBaHHs Mojeni BITJIA B cepenoBuini cumyistopy Robot operation system (ROS) muist mopiBHSHHS 3 iICHYFOUMMH METOIAMH.

Metoa. st IOCSATHEHHS IIOCTaBICHOI METH BHKOPHCTAHO TaKi METOMM: IHTEJNEKTyalbHI CHCTEMH, TEOpis aBTOMAaTHIHOTO
YIpPaBIIiHHS, ICEBIOCIICKTPATLHUN METO/I; METOIM Ha 0a3i FeHETHYHOI0 AITOPUTMY Ta anapaT HediTKol HeHPOHHOT Mepexi.

PesyabTaTn. Po3pobiicHO MeTOAMKY MOOY/I0BU iHTEICKTYalIbHOI CHCTEMH aBTOMATUYHOTO KEPYBaHHS OC3MUIOTHUM JITATBHUM
amapaToMm Uil MiHimizanii moxubku OesmiatdopmuOi iHepLianbHOI HABIralifHOI CHCTEMH 3a PaxXyHOK 3aCTOCYBaHHsS HEHPOHHOT
Mepexi. [IpoTecToBaHO poOOTY IHTENEKTYa bHOI CHCTEMH aBTOMATHYHOTO YHpaBiiHHs cucteMoro Hasirauii BITJIA 3a nomomororo
HEHpPOHHOI Mepexi B mporpaMHOMy cepenoBuili MatLab Ha OCHOBI 3aIpOIIOHOBAHOTO aNTOPUTMY peaizamii. JlocmimKeHo MOXKIIH-
BiCTh MMPAKTUYHOTO 3aCTOCYBAHHS OTPUMAHUX PE3yJIbTATIB Ta MOPIBHAHO 3 TPAJULIHHIMHI METOIAMH.

BucnoBknu. Po3pobiena MeTonuka 1moOyIoBH iHTENEKTYyalbHOI CHCTEMH aBTOMAaTHYHOTO KEpyBaHHS OC3MUIOTHHUM JITaJbHUM
arapaToM IOKa3ye IepeBary IOpiBHSHO i3 BIIOMHMH METOIAMH 3a BIACYTHOCTI KOPHTI'YBAJbHUX CHUTHATIB BiJ INIOOAITBEHOI CHCTEMH
CYIyTHUKOBOI HaBirarii.

KJIIOUYOBI CJIOBA: inTenekryalbHa cUCTeMa aBTOMAaTHYHOTO YIpaBIIiHHS, HaBiramiiiHa cucreMa, O€3NMUIOTHUN JiTalbHUI
arapar.

VK 004.852

METOJUKA HOCTPOEHUSA MHTEJLIEKTYAJIBHOM CUCTEMbI ABTOMATUYECKOI'O YIIPABJIEHHUS
BECIIMJIOTHBIM JIETATEJIBHBIM AIIITAPATOM

Bensiko P. O. — xaHj. TeXH. HayK, Ipenojasareib Kadeapbl TeXHHUeckoro 1 MeTpojorudeckoro obecreuenus ¢axynsrera UH-
(opMaIMOHHBIX TeXHOJOTHI BoeHHOro MHCTHTYTa TeneKoMMyHuKaluii u nHpopmarnzauun umenn I epoes Kpyt, Kues, Ykpanna.

PamzuBmios I'. JI. — xaH. TexXH. HayK, JAOLCHT, Ha4aIbHUK Kadenpbl TeXHUYECKOro M METPOJorHdeckoro obecrnedeHus ¢a-
KynbTera MHbOpMannoHHBIX TexHOonornii BoeHHOro HHCTUTYTA TeJIeKOMMYHHKaIMi 1 nHpopmarusanun umenu I'epoe Kpyt, Ku-
eB, YKpauHa.

®ecenko O. [I. — agproHKT Kadenpbl TeXHUIECKOTO U METPOJIOTHUECKOTO obecriedeHns (akynbTeta MHGOpMaIMOHHBIX TEXHO-
noruit BoeHHOro HHCTHTYTa TeJIeKOMMYHHUKaIMi 1 nHpopMmartu3arun nmernu ['epoeB Kpyt, Kues, Ykpanuna.
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Bacuabuenko B. B. — HayanpHEK yueOHO-T1a00paTopHOro KoMiuiekca kadeapsl TeXHHIeCKOoro # METPOIOTHIECKOro odecreye-
Hus Qakynprera MHQOpMAIMOHHBIX TEeXHOJIOTHH BOEHHOTO MHCTHTYTa TEIEKOMMYHHKAIMid W MHGOpMaTH3anuud MMeHH ['epoeB
Kpyt, Kues, Ykpanna.

Hatypsin O. I'. — crapmmii Hay4uHsIid coTpynauk Haydroro menTpa cBsi3u ¥ MH(MOpMaTu3anuu BoeHHOrO MHCTHTYTa TEIeKOM-
MyHUKaIui 1 nHpopMatu3anuu uMenu ['epoes Kpyr, Kues, Ykpanna;

IMumankuii A. B. — ka7, TeXH. HayK, HayuHblil COTpYJHUK L[eHTpanbHOro Hay4HO-UCCIIEA0BATENbCKOTO MHCTUTYTa BOOPYXKe-
HUs U BoeHHOH TexHuku Boopysxenubsix Cun Ykpaunsl, Kues, Ykpauna.

Pomanenko B. II. — kaHzx. TexH. HayK, 3aBeayrouuii kadgeapsl MHcTUTyTa criennanbHON CBsI3M U 3alnuThl nHGopmarmu Harmo-
HAJIBHOTO TEXHHMYECKOTO YHUBEpCUTETa YKpauHbl «KnueBckuil MomuTeXHU4ecKui MHCTUTYT uMeHn Mrops Cuxopckoro», Kues, Yk-
pauHa.

AHHOTAIUA

AxTyanbHOCTh. Boennsre koH(pmuKTH KoHIA XX — Havyana XXI B. XapakTepU3yIOTCsl IPIMEHEHNEM OOJIBIIIOTO KOJIHYECTBA HO-
BOT'O BOOPYKEHHs, KOTOPOE MO3BOJIMIO BPAKAYIOIUM CTOPOHAM MaKCUMAaIbHO JUCTAaHLUPOBATHCS OT HENOCPEICTBEHHOI'O COINPH-
KOCHOBEHUS JIpYT C JPYTOM.

OjHUM U3 HOBEHIIMX 00pa3IOB BOOPYKEHHS Ha moJie 00s cTamu OecrmuioTHbIe JieTatenbHbie ammapatsl (BITJIA), koTopsie BO
BpeMsl BOCHHbBIX KOH(IMKTOB JOKa3aJIH CBOIO CIIOCOOHOCTH 3HAYUTENBHO 3P (EKTUBHEE, YEM MHIOTHPYEMbIE CAMOJICTBI, BECTH BO3-
JyIIHYIO pa3BelKy U BBINOIHATH APYTHe 3a4adu 60eBOro obecredeHH s, a TakKe Ul HAHECEHUs! yAapOB MO NPOTHBHHUKY. OHUM U3
myTteit mosbimeHus 3¢ dexruBrocTy BITJIA siBisieTcs MOBHIICHNE YPOBHSA TEXHHYECKOTO COBEPIICHCTBA UX CHCTEM YIIPaBICHUS.

Co3nanue HOBBIX IMTOAXO0JOB IS IPOSKTHPOBAHMUS HABUTAIIMOHHBIX CHCTEM OSCIMIOTHBIX JIETaTEIbHBIX allllapaToB, B YaCTHOCTH,
Ha OCHOBe OeciuiaTopMeHHbIe MHEPIUAIbHONW HAaBHTAIMOHHON CHCTEMBI SBISETCS aKTyaJIbHOW 3ajadel, Tak Kak 3TO MO3BOJHT
obecreynTh aBTOMAaTHIECKOE yIpaBieHne MapmpyTy mnosera BIIIA mpu oTCcyTCTBHM KOPPEKTHPYIOIIUX CHUTHAIOB OT IJIOOAIbHOM
CUCTEMBI CITyTHUKOBOM HaBUTraluy.

Hean. Lenbro yka3zanHo# paboTh! sBIIsieTCs pa3paboTKa METOAUKH YIPaBiIeHHs OSCHHIOTHBIM JICTaTEIbHBIM allllapaToM C IpH-
MEHEHHEM HUHTEIUIEKTYalbHOM CHCTEMBI aBTOMATHYECKOTO YIIPABICHHUSI.

Yka3aHHas METOJMKA MO3BOJUT MHUHUMU3UPOBATh MOTPENTHOCTD OecrnaTGopMeHHbIe HHEPLUUATbHON HABUTAIIMOHHOW CHCTEMBI
3a CYeT NIPUMEHEHHUs alnmapara HeueTKOM HeHPOHHOM CeTu.

B paGore pa3paboTaH anropuT™ peann3aliy MpeaIoKeHHOH METOANKH ITOCTPOSHHSI HHTEIUIEKTYyaIbHON CHCTEMBI aBTOMAaTH4e-
cKOro ynpasieHus cucteMoi HaBuranuu BIIJIA ¢ ucrnonb3oBaHueM anmapaTa HEYETKOW HEHpPOHHOH ceTH B MPOrpaMMHOH cpene
MatLab 7; npoBeneHo obyueHne HeHpPOHHOI ceTn B mporpamMMHoii cpene Python 3.6 (Jupyter-notebook), a Takxke IpoBeJEHO TECTH-
posanue moaenu BITJIA B cpene cumynstopa Robot operation system (ROS) anst cpaBHEHHS € CYHIECTBYIONIMMHA METOIAMHU.

Merton. [l 1OCTIKEHUS IOCTABJICHHON 1IEJIU HCIIOIb30BaHbI CISIYIOLIIEe METOAbl: MHTEIUIEKTYJIbHBIC CUCTEMBI, TEOPUS aBTO-
MaTUYECKOTO YIPaBIEHHUs, ICEBAOCHEKTPAIBLHUI METO, METOBI Ha 6a3e FeHETHUECKOrO alroOpUTMa U anmapar HeYeTKOH HeHpoH-
HOM CETH.

Pe3yabTathl. Pazpaborana MeToAnKa IMOCTPOEHHS HHTEIUIEKTYaIbHOH CHCTEMBI aBTOMAaTHYIECKOTO YIPABIECHHS OECIMIOTHBIM
JIeTaTeNIbHBIM aMapaToM Uil MUHHMH3AIMK HOTPEIIHOCTH Oe3MmIaThOopMHON MHEPIMAIBHOH HABUTAIIMOHHOM CHCTEMBI 3a CUET
IIpUMEHeHNs HeWpoHHOI ceTH. IIpoTecTnpoBaHO pabOTy MHTEIUIEKTYalbHOH CHCTEMBI aBTOMAaTHYECKOTO YIPABICHHS CHCTEMOI
napuranuu BITJTA ¢ momomnipio HeHpOHHOM ceTH B IporpaMMHOH cpene MatLab Ha ocHOBe NPeATIOKEHHOTO aNrOpHTMa PeaTH3alyn.
HccnenoBana BO3MOXKHOCTb IIPAKTUYECKOTO IIPUMEHEHHSI IOy YEHHBIX PE3yJIbTaTOB U CPABHEHUE C TPAAULHOHHBIMUA METOJAMH.

BriBoasbl. Pazpabotana MeTouKa MOCTPOCHUS HHTEIUIEKTYaIbHON CHCTEMbI aBTOMAaTHYECKOT0 yIPaBJIeHHsI OCCITUIIOTHBIM JieTa-
TeJIbHBIM aMlapaToM MOKa3bIBAET MPEUMYILIECTBO 110 CPABHEHHUIO C U3BECTHBIMU METOJAMHU HPH OTCYTCTBHM KOPPEKTUPYIOMIUX CHI-
HAaJIOB OT I7100aIbHOM CHCTEMBI CITyTHUKOBOI HaBUTAIIUH.

KJIFOYEBBIE CJIOBA: nnTe/uIeKTYyanbHasi CHCTEMa aBTOMATHYECKOTO YIPaBIICHHs, HABUTAIIMOHHAS CUCTEMa, OCCTIMIIOTHBIH
JIeTaTeIbHBIN anmapar.
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