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SYNTHESIS OF THE MODEL OF MANAGEMENT OF COMPLEX DYNAMIC
OBJECTS TAKING INTO ACCOUNT THE EVENTS OF THEIR SECURITY

The rapid development of complex, decentralized, non-linear technical structures - robotic
means urgently requires the creation of an optimal algorithmic support for an automatic situational
control system of such dynamic objects, taking into account the possibility of increasing the safety of
their operation. This will be a guarantee, and as a result, a significant increase in the efficiency and
quality of the tasks assigned by the specified technical structures. For the practical implementation of
this task, it is advisable to comprehensively consider the nonlinear model of the processes of changing
the state of a complex dynamic object. It is advisable to take into account the possibility of operational
automatic compensation of dangerous incidents. Such a model will become the basis for the synthesis
of nonlinear synergistic situational laws of management of these structures. The difference of the
proposed approach is the consideration of the influence of intensive variations of incident flows in
the state management laws of nonlinear dynamic objects. Emphasis on promising areas of research,
namely: the application of the obtained results to justify the requirements for the design characteristics
of control systems and their algorithmic support from the point of view not only of increasing their
safety of operation, but also of ensuring the specified performance indicators of a wide range of
possible tasks. One of these tasks is the provision of departmental communication (for the collection,
processing, storage, protection of information and its operational transmission) in the case of the use
of dynamic objects as mobile aerial platforms (unmanned aerial systems (UAVS)) for the placement
of special electronic communications devices.

Key words: control model, situational control, aerial platform, nonlinear optimization,
compromise scheme, special electronic communication, unmanned aerial systems, incident.

Statement of the problem in a general form. Taking into account the special specifics of the
requirements for the provision of departmental communication, the possibility of placing electronic
means for its implementation on aerial platforms is being considered. As these platforms, it is
expedient to use modern unmanned aerial vehicles with effective on-board computers of automatic
control, the software of which takes into account the ability to process a wide range of incidents that
affect the safety of their functioning when performing assigned tasks.

Therefore, we focus on the specific features of the combined use of unmanned aerial vehicles
(UAVs) as part of groups. This approach will make it possible to implement the stability and
uninterrupted functioning of the mobile departmental communication network in the case of
placement and "dispersal” of special electronic means on board each aircraft of the group — UAV.
Therefore, for the organization of special communication, it is advisable to focus on the specifics of
the use of UAVs and the features of the management of these means, taking into account the
implementation of the possibility of compensating for the consequences of dangerous incidents.
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Management of complex dynamic objects, taking into account the possibility of effective
compensation of the consequences of accidents dangerous for their operation, is an urgent problem
for all classes of such structures. Special attention is paid to critical infrastructure facilities, aircraft,
computer systems and all special electronic communications.

Today, a significant advantage of using UAS — modern UAVs in groups is a significant increase
in the probability and efficiency of their performance of assigned tasks, while the disadvantage is the
impossibility of ensuring the necessary (given) level of flight safety during intensive maneuvering
under the influence of the atmosphere, and especially fluctuations in speeds and directions wind
currents. A promising approach to eliminating this shortcoming is the appropriate organization of the
process of managing the simultaneous use of a large number of UAVSs in a group flight. The term
“group flight” reflects the process of simultaneous, compatible, coordinated, synergistic
(organizationally interconnected) application and operation of several aircraft (which, as a rule, have
different flight and technical characteristics, loads, functional purpose, on-board equipment, etc.) with
a clearly defined purpose of the flight task. Today, the current flight tasks, the efficiency of which is
significantly increased by the group use of UAVs, include: surveillance with the accumulation or
operational transmission in real time of the necessary service information about ground and air
objects; search and detection of objects, constant observation of them with the necessary and possible
information-energy or other influence on their functioning; transportation of oversized cargo;
performance of aviation and chemical works; fire extinguishing; carrying out special monitoring;
retransmission, switching, routing and conversion of departmental radio communication signals;
solving applied scientific problems on the study of the earth's surface; patrolling etc.

Implementation of the proper management organization of the process of simultaneous use of
a large number of UAVs in a group flight with the provision of a given level of flight safety during
intensive maneuvering under the influence of the state of the atmosphere is proposed to be ensured
through the creation of algorithms for the control system of these moving objects. Today, appropriate
automated control systems for the group use of UAVs (complexes of mobile aviation systems) are
being developed. But, according to the authors, it is advisable to focus special attention on the task
of significantly increasing the level of flight safety during intensive maneuvering under the conditions
of constant influence of changes in the state of the atmosphere, and especially fluctuations in speed
and direction. wind currents. Therefore, this scientific article is devoted to the solution of this actual
theoretical and applied problem.

Analysis of recent research and publications. A significant amount of fundamental and
applied scientific research, the results of which are reflected in many publications, is devoted to the
modeling of the management processes of complex, dynamic, large organizational objects, which
undoubtedly include groups of UAVSs, and especially unmanned ones. Attention is focused on the
most relevant of them. During the analysis, scientific articles from [1] to [12] were considered. Let's
consider the results of this analysis.

For example, in [1], an approach to planning the flight path of the UAS is described and a model
of the AC group is given. Takes into account the possibility of modeling movement along trajectories
approximated by arcs of constant and variable curvature, as well as Pythagorean hodographs. The
advantages and disadvantages of UAVs motion modeling and the conditions of application of the
mentioned approaches for the approximation of trajectories are shown.

In the scientific paper [2], an analysis of existing approaches and features of UAVs control was
carried out, its mathematical model was described, and a number of different approaches to the control
of such aircraft were proposed. The main ideas, terms of use, advantages and disadvantages of the
proposed approaches are illustrated and discussed. The structural schemes of the UAVs as a control
object are considered. The architectural components of its pilotage and navigation equipment are
described.

The scientific article [3] is devoted to the consideration of possible methods of evaluating the
effectiveness of the use of UAVs and offers an improved methodology for evaluating the
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effectiveness of the use of group formations of UAVs in conditions of unauthorized influence of
various factors not only directly on the devices themselves during their flight tasks, but also on the
entire UAVs group. It is indicated that since the UAVs control process is stochastic, it is suggested
to use probabilistic indicators to evaluate the effectiveness of the use of these aircraft, namely: the
probability of successful completion of flight tasks, the guaranteed probability of completing tasks,
the probability of completing a number of tasks from the total number of them, the average guaranteed
result, mathematical expectation of the number of successfully completed flights by UAVs.

In a number of scientific works, namely [4]-[6], scientists comprehensively considered the
important features and specifics of group use of UAVs. The authors of these works proposed a
probabilistic method of justifying the choice of a UAS group control system, which is based on
Markov probabilistic models of changes in discrete states in continuous time. The possibility of
differentiating the intensity of event flows depending on the states of the UAS is taken into account.
The difference between the obtained scientific results is the consideration of the widest possible range
of situations of possible application of UAS. An important requirement for the stable operation of the
“UAYV group — application object” system is proposed to ensure compliance of the random flow of
events with Markov conditions.

The article [7] presents approaches and research results of effective operational planning of
UAVs logistics in emergency situations. These studies are based on the use of algorithms for the
optimal allocation of the UAVSs resource for the implementation of optimal compensation processes
for the consequences of dangerous incidents.

Approaches to the synthesis of the UAVs control and monitoring subsystem are proposed in [8]
and a protected automated voice control system for this aerial object is described in [9].

Scientific works [10]-[12] are devoted to the construction of mathematical models of the
movement of UAVs as complex nonlinear dynamic objects, taking into account the flight and
technical capabilities of the aircraft for the synthesis of the control system with decision support.

Thus, a comprehensive analysis of theoretical and applied results obtained in the latest scientific
research shows that scientists are currently paying considerable attention to the problems of
organizing optimal control of UAVs and synthesis of control systems for these structures. But the
approaches to ensuring a given level of flight safety of UAS groups by compensating dangerous
incidents in situational control systems, which provide for the possibility of compensating the
incidence of wind effects on the maneuvering of such air vehicles are not sufficiently covered in the
known works.

The purpose of the article is the theoretical substantiation of the synthesis of management
models of complex dynamic objects (large technical and information systems) on the example of the
functioning of stable organizational structures, namely: the combined use of UAS taking into account
the incident danger — turbulent phenomena in the atmosphere. Emphasis will be placed on the
formation of non-linear models which should be implemented in the algorithmic and software of
synergistic situational systems of automatic control of UAS to organize their safe movement
management for a significant increase in the efficiency of task performance. by appointment.

Presentation of the main research material. Non-linear models which sufficiently fully and
accurately describe the processes of UAS functioning in combined application and which as research
shows are used for the synthesis of situational nonlinear laws of control of these complex dynamically
dispersed objects, appropriately take into account the situational factor — the impact of a dangerous
event, namely: changes in atmospheric processes or wind flows [1].

As the analysis of the experience of the combined use of air defense systems shows the
influence of intense fluctuations in the air environment causes instantaneous but as a rule not always
predictable changes in the aerodynamic forces and moments of aircraft. As a result it significantly
affects the efficiency of managing these air assets. To compensate for this incident, the main emphasis
should be placed on the organization of ensuring their flight safety with joint (group) use to realize
the possibility of performing tasks by UAS formations [2]-[7].
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It is known that the variation (dynamics) of atmospheric processes is influenced by a large
number of factors [13], [14]. It is proposed to take into account the most significant of them for
conducting research, namely: the geographical position of the area of the combined use of air defense
systems, the features of the earth's surface, the altitude of the aircraft, the season, time of day, air
temperature fluctuations [8], [9], [13]. This indicates that the air environment is a complex non-linear
object, for which it is problematic and not always possible to synthesize an adequate and accurate
model of atmospheric processes during the organization of compatible (synergistic) situational
control of air defense systems [5], [6], [10].

Conducted theoretical and experimental studies show that existing turbulent phenomena in the
atmosphere can be represented by appropriate nonlinear mathematical models. Among them,
according to the authors, the greatest interest for achieving the goal of nonlinear synthesis of
situational and synergistic control systems of UAS is represented by mathematical models in which,
using the method of express measurement of the state of complex systems using a parametric indicator
[13] it is sufficient to take into account intensive variations in atmospheric turbulence, which
significantly affect the change in wind flow profiles. As a rule,they are characteristic of fast-flowing
air currents near the Earth's surface [14].

The study of the reaction of UAS when used in combination with fast-moving situational factors
of intense variations of atmospheric turbulence was based on the theory of statistical dynamics and
stochastic optimization [15]. For a complete, accurate and adequate description of possible control
situations, in which the influence of existing factors of atmospheric turbulence is taken into account,
models of the UAS group in the form of nonlinear differential equations are used. It is taken into
account that in addition to the dynamic states in flight of these aerial objects, they also describe their
propulsion systems and servo drives (for control). This made it possible to synthesize the functioning
algorithms of the system of synergistic situational management of the UAS group as a single dynamic
structure. The implementation of these algorithms in on-board digital computers of control systems
will ensure self-organization of situational control by taking into account the features of various
options for using the UAS [11], [12].

When solving this problem, one of the possible approaches to assessing the impact of air
turbulence is proposed. We will use the obtained results to describe the general patterns and determine
the necessary requirements for the synthesis of situational control systems of the UAS.

When conducting analytical studies we will consider the air environment to be homogeneous
and isotropic. Then, for all points of the air space near the earth's surface, in which the application of
the UAS group is predicted, such characteristics as the mathematical expectation, dispersion and
density of the distribution of the random component of the wind speed will be the same.

It is known that variations of the longitudinal component u, changes in the speed of the UAS

taking into account the influence of a homogeneous isotropic medium along the trajectory L the
movements of this aerial vehicle should be represented by spectral density

282LV !
S (o)=—F—,
(@) 1+ 0’LV 2
where &2 — dispersion of the velocity of the longitudinal component of the wind flow;

V —speed of UAS movement;
o — the frequency of the components of a random signal adequate to the change in the speed

of the wind flow which can take a value ® =[0,x];

L — the distance traveled by the plane.
Vertical u, and lateral u, component changes in UAVs speed, taking into account the effects

of intense variations in atmospheric turbulence (normal to the UAS trajectory vector and lying in its

1)
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structural plane of symmetry and in the plane of its wing), are characterized by spectral density and
are determined from the expression

1+3w?L2V 2

S, (0)=83LV ™!
) (Lol )2

)

To describe the variance dependence D;; signals X; (which identify a group of airborne aerial

platforms — UAS as a complex dynamic nonlinear large organizational technical system) from the
spectral density S, of the “white noise” type coming to j the input of this system and the
corresponding integral quadratic estimate of the pulses of these signals, we will use the classical
statistical dynamics mathematical model
Djj =Sl - @)
Using the mathematical expression (3) in the synthesis of the laws of situational synergistic
control, it is proposed to create models that describe the forming filters of the transformation of
control signals with the spectral densities described by the expressions (1) and (2). It is also proposed
to simplify theoretical studies to present a model of a dynamic system containing nonlinear equations
of the combined motion of a UAS in a group of two aircraft. In this model it is advisable to include
equations that describe the processes of signal processing in the shaping filter, taking into account the
intensity of variations in wind disturbance and the predicted control of the UAS pair. In order to
simplify analytical modeling it is assumed that the management processes of such structures are
stable. Acceptance of such assumptions will allow to determine integral quadratic estimates during
analytical research I;; which characterize signal processing in UAS control systems.

Amplitude-phase characteristics W, ( jo) i W, ( jo) forming filters for signal processing in UAS
control systems that correspond to spectral densities S, (®) i S, (®) described by the functions of the
species

S (@) =(W; (j0))’S, (), (4)
where S, (@) — spectral density of the input signal of the shaping filter.

Taking into account (4) and accepting S, (®)=1 we find dependencies for determining the

amplitude-phase characteristics of the shaping filters of signal processing in the computers of the
airborne control systems of the UAS

. 2 . 2
’\Nl( j(x))‘ =5, (o), ‘Wz ( j(n)‘ =S, (o). (5)
Then the differential equation describing the state of the first signal processing filter will have
the form

U, =-VL ™, +5,v2VLE, (6)
For the second filter the mathematical model will look like this
3
1= 3 e, )
Y, L —2vLt|[Ye e
8, (VL2

1
where Y, =u, , Y, =2V (LV,) ™ +Y, =5, (VL )2.
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The output signal for the second filter, which will transmit wind flow signals to the input of
control object models u, is signal Y,. The input signal of both filters as well as in extended models

of control objects is a signal which we denote &.
It is advisable to first present the model of UAVs application processes in a general form
X =AX +Gu, (8)
where X — vector of the state of the UAS group, consisting of the parameters of their single use and
the parameters of the coordinates of the relative position of these aerial platforms when used together;
A — matrix of coefficients which describes UAS as a complex dynamic object of management;
G - the matrix of coefficients of the effectiveness of the influence of control signals on the
implementation of maneuvering processes of the UAS;
u — vector of UAS control signals.
In equation (8) of the matrix A i G let's present it in this form
A, 0 O G O
A=|0 A, 0|, G=|0 G, 9)

A Ay Ay 0 0
Taking (9) into account, let's convert expression (8) into the following systems of equations.
The first of them will look like
Xy = Ay X, +Gyuy,
Xy = Ay X, +Gyly, (10)

Yo = Aa Xy + A Xy + AggY,,
Equations (10) denote:
X;, X, — n- measurement vectors that reflect the state of autonomous movement of the first

and second UAS, respectively;
Y,,, — u- measurement vector of coordinates of the relative position of the UAS;

u,, U, — r - measurement vectors of control influences — control signals;
A;...Ay; —matrices of coefficients that characterize “internal connections” in the UAS model;
G,, G, — matrices of coefficients that are included in the block matrices of the form (9) for the

mathematical model (10) and characterize the efficiency of UAS management.
Let's supplement the mathematical model (10) with a system of equations which is represented
by dependencies of the form
Xe1= A X +Gug;

(11)
Xeo =Py Xy +GoU, .

It consists of isolated equations of motion of an individual UAS in a group.

To compile a complete mathematical model of the movement of aerial platforms of the UAS
using (10) and (11), let's transform the expressions that describe the structure of matrix elements
included in these equations from the parameters of the movement of these unmanned aerial vehicles.

For example, let's consider the most typical variants of flight situations of the use of a group of
UAVs as aerial platforms for placing special mobile means of electronic communications, namely:
the mode of longitudinal movement and simultaneous turning in the horizontal plane.

In longitudinal motion, the vectors of their state, which correspond to the equations of
autonomous motion, are represented by matrices of the form

_ T
X, = [nl V) 6, 0, Vl] : (12)
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— T
Xy =[M V, 0, 0,5 v, ] (13)
The UAVs control vectors in the group will be presented in the form
Uy = [81,01] (14)
Uy = [8,92]- (15)

In expressions (12), (13), (14) and (15) symbols n, and @, marked increases in the relative

frequency of rotation of the rotors of power plants (for the implementation of the UAS movement),
equivalent to the increase in their thrust; d,,,, 6,,, — deviation from the balancing provisions of the

management bodies of these installations; ¢,, ¢, — deviation from the balancing provisions of the

UAS stabilizers. The rest of the designations in model (12) and (13) correspond to those adopted in
the aerodynamics of aircraft [15], [16].

Identical in matrix structure A; and A,, whilst G, and G,, included in the mathematical model

(10) we will present it in the form
a, 0 0 O O

8y 8»p 83 0 ax
Ar=lag a3 a5 0 ag|, (16)
0 &, a5 ay ag
0O 0 0 1 O

gy, O
0 0y
G,=|0 g, (17)
0 9
0 0

The elements of matrices (16) and (17) are determined by numerically differentiating the
complete nonlinear equations of the air movement of unmanned aerial platforms by the elements of
its state vector under their flight parameters. It is known that these parameters adequately correspond
to variations in the current values of the AC balancing process.

We focus special attention on the fact that intense changes in wind speed u, are taken into

account in models (11)—(17) in the second column of the matrices A; i A,.
Let's introduce vectors to take into account these influences, marking them y.,, x,,. At the

same time the influence of the vertical component of the wind speed is described in the mathematical
model (15) by the fifth column.

The possibility of describing this action is based on the fact that the equations that describe the
movement of the UAS are compiled in the speed coordinate system of the movement of the aircraft
[15], [16].

Taking this into account the angle of attack of the AC will be determined from
a=v-0+a,,

where o, =u V.

Mathematical models (10) and (11) describing the combined movement of aerial platforms,
taking into account the possibility of implementing the processes of managing their state as well as
signals u, which are adequate to variations in the horizontal component of wind flows we will present

in the form
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X, Dy, 0 0 Xy Ave  Avi| |Ux
X2|=[FGoKy Dy =GpKaps| x| Xa [+1xv2  Xv2|X|uy | (18)
Yom A31 A32 0 Yom 0 0 \Y

where D;; = A; -G, Ky;, Dy, = A, —G,,K,, —dimensional matrices nxn models that describe the
autonomous controlled movement of the aerial platform.
It is appropriate to present the model (18) in the form

; 1
Z=DZ+xVuX+xV\7uy, (19)

om

T
where Z = [Xf X5 Yr! } — dimension vector 2n+y state of the closed air platform control system;

T T
Yy =[X\T,1 Yo O} and ¥, =[X11 X 0] — vectors of control coefficients for unmanned

aerial platforms taking into account the horizontal and vertical components of wind speed u,
and u;

D — matrix of coefficients of the closed air platform control system.

In order to take into account in the UAS control model the influence of a random signal on the
flight, which is adequate to the variations of wind disturbances, let's transform (18) and (19) into the
first extended model of the form
VA

u

D w Z
0 -vL! u,

+

g, (20)

0
O

X

where g, =0,V VL — coefficient of effectiveness of the influence of a “white noise” type signal.

We will evaluate the results of the action of a random wind disturbance signal taking into
account (18) and (19) on the basis of the second extended model, namely:

Z| ID 0 xV7*'zl o
Y [=[0 0 -VZL2||Y,|+|9,|l, (21)
Y, [0 1 —2vLH|Ya| |9e

3 T
where g, = [% (VL*l)2 o, (3VL1)} — vector of coefficients characterizing the effectiveness of the

influence of a “normalized white noise” type signal.
For the convenience of simplifying analytical studies, let's present equations (20) and (21) in
the form

Z,=D,Z,+0,&. (22)

When calculating the values I;; included in expression (3) it is suggested to use the following
approaches.

The first of them is that in equation (22) the action of the signal &= 8(t) is replaced by a non-

zero initial condition Z,, (t,) = g, and grades are determined ljj = j’Zﬁidt along the trajectory of free
0

movement of the system (21).
To calculate the value Ij; matrix is given B; with a single non-zero element the location of

which corresponds to the location of the coordinates Z; in the vector Z,, .
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After that the matrix equation is solved

RD, +D; R =-B;. (29)
Then the value of the estimate I;; is determined from the dependence
li =Zn (t)RZ, (to). (24)

In the general case equation (22) must be solved 2n+p. At the same time at each step of the
solution, new values of matrix elements are set B;.

The second (simplified) approach to solving this problem, which consists in solving the
following equation instead of equation (22)

PD! +D,P=-Z,(t)Z; (t). (25)
Then the score we are looking for is determined from the expression

Let's consider the fairness of such an approach. We substitute the expression to define the matrix
B, with (23) in (24) and we get

lj=—(RD, +D;R)®P. 27)
After the appropriate transformation (27) we obtain the following equation
|ij=—(PD§+DHP)®F1=zn(tO)er (t). (28)

The conducted analytical studies confirm that to determine the elements of the matrix P itis
enough to solve equation (27) once. In this matrix the first 2n its diagonal elements are equal in

magnitude Iy, (j =1,2,...,2n). At the same time, the proposed and considered approach allows to

algorithmically take into account in situational synergistic systems of automatic control of the
combined movement of unmanned aerial platforms the influence of such incidents of danger as
variations in the turbulence of atmospheric flows.

Conclusions. Thus, the conducted analytical theoretical research on the features of the
combined (group) use of UAS under the influence of atmospheric variations allows us to draw the
following conclusions. Thus, a necessary condition for improving the safety of group piloting of
aircraft is to take into account variations in the speed and direction of wind flows (with the possibility
of their adaptive compensation) in the algorithms of the functioning of the situational synergistic
automated control system for the group application of UAS. To fulfill this requirement, nonlinear
mathematical models of the flight of a group of unmanned aircraft are proposed.

Based on these models the possibility of compensating wind flow variations is taken into account
when synthesizing the laws of maneuvering control of the UAS. This makes it possible to form a
priori the requirements for the structure of the algorithmic and software of automated control systems
for their group application to specify the technical tasks for carrying out research and development
works on the creation of situational control systems to form potential opportunities for the use of
nonlinear models for the study of complex processes of group application of UAS and organization
of management of this application.

According to the authors of the article it is promising to further use the obtained results to justify
the optimal functionality of the group's devices the requirements for the design characteristics of the
flight information sensors of the UAS from the point of view of increasing not only the safety of their
flights in group formations but also a significant increase in the efficiency of performing a wide range
of possible tasks the purpose of such air objects and especially for the implementation of a mobile air
network of special electronic communications.
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IBAH CAMBOPCBKMNIA,
€BI'EH CAMBOPCBHKHI,
BJIAJIMCJIAB I'OJIb,
€BI'EH IIEJIELIOK,
CEPI'I1 LIOJIOXOB

CHUHTE3 MOJIEJI YIIPABJIHHS CKJATHUMM JUHAMIYHAMHA OB’ €KTAMM
3 YPAXYBAHHSIM MOJIi iX BE3NEKHU

CTpiMKHIi PO3BUTOK CKJIQJHUX, PO30CEPEIKEHUX, HENIHIHHUX TEXHIYHUX CTPYKTYp —
Oe3omepatopHux (poOOTHM30BaHMX) 3aco0iB HAarajJbHO BHMAara€ CTBOPCHHS ONTHUMAJILHOTO
QITOPUTMIYHOTO 3a0€3MEeYeHHs AaBTOMATUYHOI CHCTEMH CHUTyallifHOTO KepyBaHHS TaKUMHU
JUHAMIYHUMHU 00’€KTaMH 3 ypaxyBaHHSM MOJKJIMBOCTI MiJBHUILEHHS Oe3neku iX (pyHKIIOHyBaHHS.
[le crane 3amopykor0, a sIK HACIIIOK, 3HAYHOTO MMiIBUIIECHHS €()EeKTUBHOCTI Ta SIKOCTI BUKOHAHHS
[IUMH TEXHIYHUMHU CTPYKTYpPaMH TOCTABICHHUX 3aBlaHb. [l MpakTHYHOI peartizallii IocTaBIeHOTro
3aBJJaHHs JAOLIBHO KOMIIJIEKCHO PO3IJISIHYTH HEJiHIMHY MOJeNb MpOLECciB 3MiHU CTaHy CKJIaJHOTO
JUHAMIYHOTO 00’ekTa. /[oLiIbHO BpaxOBYBAaTH MOJKJIMBICTH IIBHKOI aBTOMATUYHOI KOMIIEHCAI]
HeOe3MeYHUX IHIMAEHTIB. Taka MoJielb CTaHEe OCHOBOIO Il CUHTE3y HENIHIMHUX CHHEPTeTUYHHX
CUTYallIHHUX 3aKOHOMIPHOCTEN yNpaBIiHHSA LIUMHU CTPYKTypamu. BiIIMIHHICTIO 3alIpONIOHOBAHOTO
HiAXO0/ly € BpaXyBaHHs BIUIMBY IHTEHCHBHUX Bapialliif Ha0irarouux MOTOKIB HAa 3aKOHHM KepyBaHHS
CTaHOM HEJNIHIMHMX JMHAMIYHHUX OO0’€KTiB. AKILEHT 3pOO0JIEHO Ha TMEPCIEeKTUBHUX HaIpsIMax
JOCIIKeHb, a caMme: 3acTOCYBaHHS OTPUMAaHMUX pE3YNbTaTiB Ui OOTPYHTYBAaHHS BHMOT [0
MPOEKTHHUX XapaKTEPUCTHK CUCTEM KEPYBaHHS Ta iX aITOPUTMIYHOTO 3a0€31eUeHHs 3 TOUYKHU 30pY HE
JMIIe MiABUINEHHS Oe3neku iX (QyHKIiOHyBaHHSA, a W 3a0e3ledyeHHs 3aJaHuX ITOKa3HUKIB
e(peKTHBHICTh BHUKOHAHHS MIMPOKOTO KOJIa MOXIIMBUX 3aBlaHb. OJHMM i3 TakuX 3aBIaHb €
3a0e3neyeHHs] B1IOMYOro 3B’si3Ky (s 300py, oOpoOku, 30epiranHs, 3axucty iHpopmauii Ta ii
OTIEpaTUBHOI Tiepenayi) y pa3i BUKOPUCTAHHS IWHAMIYHHX OO0’ €KTIB SIK MOOLIBHUX JITATHHUX
mwiatrgopm (6€3MUIOTHUX aBlallifHUX KOMIUIEKCIB) JUIS PO3MILIEHHS CIEUiaJbHUX MPUCTPOI
€JIEKTPOHHOT'O 3B'A3KY.

BpaxoByroun ocoOnuBy crnenudiky BHUMOT MO0 3a0€3MEeYSHHS BiIOMYOTO 3B’S3KY ITUMHU
3acob0aMM 3B’SI3KY, PO3IVISIIAE€THCS MOJKIIMBICTh PO3MILIEHHS DPaJllOeIEKTPOHHUX 3aco0iB HOro
peaiizalii Ha MOBITPAHUX IUIaT@opmax. B gkocTi Takux miatdopM JOLUIBHO BHKOPHUCTOBYBATU
cydacHi Oe3MiJOTHI JiTajabHI anapaT 3 e(peKTUBHUMHU OOPTOBUMH KOMIT IOTEpaMU aBTOMAaTHYHOTO
KepyBaHHS, IpOrpamMHe 3a0e3MeUYeHHs SKUX BPaxOBYE 3/IaTHICTh OINMpPAllbOBYBAaTH LIMPOKHM CHEKTP
IHIMJEHTIB, 10 BIUIMBAIOTh Ha Oe3MeKy iX (YHKIIIOHYBaHHs IIiJi 4yaC BHKOHAHHS 3aBlaHb 3a
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npU3HaYeHHAM. ToMy 3ynmMHUMOCS Ha OCOOIMBOCTSAX KOMOIHOBAHOTO BUKOPUCTAHHS O€3MiIOTHUX
nmitanpHux anapatiB (BIIJIA) y cknaai rpyn. Takuii miaxia 103BOJUTE pealizyBaTH CTaOUIbHICTH Ta
Oe3repediitHicTh (DYHKIIIOHYBaHHS MOOLIBHOT BiIOMYOI MEpeXi 3B’SI3Ky y pasi pO3MIICHHS Ta
“po3ocepekenHs” Ha OopTy KoxHoro jitaka rpynu — BIIUJIA cmenianbHuUX paaioeneKTpOHHHX
3aco0iB. Tomy anst opraizamii CreLialbHOTO 3B’A3KYy JOLIIBHO OPIEHTYBAaTHCS Ha creuugiky
3actocyBanHs BIIJIA Ta ocoGmmBOCTI ympaBiiHHS IIMMU 3aco0aMH 3 ypaxXyBaHHSIM peai3altii
MOYKJIMBOCTI KOMIIEHCALlI] HACIIIAKIB HEOE3IIEYHUX O,

KuarouoBi ciioBa: mMojens KepyBaHHs, CUTyalliiHEe KepyBaHHsI, aeporuiargopma, HeliHiiHa
OIITUMI3aIlisl, KOMIIPOMICHA CXeMa, CTIeLialbHi eNeKTPOHHI KOMYHiKaIlil, 6e301epaTopCchKi MOBITPSHI
CHCTEMH, IHI[UJICHT.
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