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DETERMINING THE SPEED OF A PROJECTILE AT THE MOMENT OF ITS
TRANSITION FROM SUBSONIC TO TRANSONIC SPEED

The authors have developed a method that takes into account that the magnitude of air drag force depends on
the type of speed. That is, it has a different functional dependence when the projectile moves at supersonic,
subsonic, or transonic speeds. The moment of transition of the projectile's speed from supersonic to subsonic is
determined by the condition that the speed of the projectile becomes equal to the speed of sound in air. The latter
depends on the air temperature at the point where the projectile is located. As the altitude of the projectile
increases, the speed of sound in the air decreases. The condition that determines the speed of the projectile, which
separates the movement of the projectile at subsonic speed from the movement at transonic speed, is not given in the
literature. Based on the analysis of experimental studies aimed at establishing the dependence of the drag
coefficient on the Mach number, the authors proposed a condition that allows determining the moment of change in
the projectile's velocity from subsonic to transonic. It has been established that the speed value that distinguishes a
subsonic projectile from a transonic Vi, depends on the mass and initial velocity of the projectile, air
temperature, and atmospheric pressure. Numerical values of this magnitude Vi, were obtained for Projectiles,
HE, M795 and M795M; Fuze, PD, M739A1 fired from an M777A2 howitzer with a 3H charge. It has been
determined that changes in the mass and initial velocity of the projectile have a negligible effect on the velocity
Virsup- However, changes in air temperature and atmospheric pressure have a significant effect on the velocity

Virsub- As the air temperature increases, the velocity Vg, increases, and it also increases as the atmospheric
pressure decreases.

Keywords: external ballistics, air drag force, subsonic projectile velocity, transonic velocity.

velocity is described by curve DB for transonic speeds,
curve BC for subsonic speeds, and curve CL for
supersonic speeds. Thus, the functional dependencies of
the frontal air resistance force on the projectile velocity
significantly depend on the type of velocity. Therefore,
when studying the motion of a projectile, it is necessary
to distinguish between the motions of a projectile at
supersonic, subsonic, and transonic velocities.

The speed magnitude that separates the movement

Statement of the problem

When a projectile moves through the air, its speed
can be supersonic, subsonic, or transonic. Experimental
and theoretical studies have established that the magnitude
of the air drag force on a projectile’s motion depends
significantly on the type of its speed. The graphical results
of experimental studies conducted to establish the
dependence of the drag coefficient on the Mach number for
different types of projectiles are given in [1, 2].

Fig. 1 shows the approximate dependence of the
drag coefficient CD on the Mach number. The
dependence of the drag coefficient on the projectile's

of a projectile from supersonic to subsonic speed
depends on the air temperature at the point where the
projectile is located and is determined using the formula
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\Y
the projectile, CX(V—J — is the reference drag function,

Ha
where Vg — is the speed of sound in air, k, =1,4 —is
the adiabatic index of air, p, =28,96 kg/kmol - is the
conditional molar mass of air, Ry, =8314 J/kmol-K —

is the universal gas constant, TK — is the absolute
temperature of air at the weapon location, z — is the
height of the projectile above the weapon location.
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Fig. 1. Dependence of the drag coefficient Cp on the Mach
number

The functional dependence for determining the
velocity of a projectile which distinguishes subsonic
velocity from transonic velocity is not explicitly stated
in the literature.

Therefore, the problem of determining this velocity
arises.

Analysis of research and publications

A significant number of scientific articles and
experimental studies are devoted to the study of external
ballistics problems. A summary of these results is
presented in monographs [1-3]. In these monographs,
scientific works [4-9], and other articles, the force of
frontal air resistance to the motion of a projectile is
described by dependencies

2 2
=LY 7d” icx[ij, ¥
2 4 v,
or
V2 rd?
R=’02—4CD, ©)

where R —is the drag force of air, p - is the density
of air, V. —is the velocity of the projectile, d - is the
caliber of the projectile, i — is the shape coefficient of

© Benmuxko JI.[., BoiitoBry M.1., Copokatuit M.1.
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Cp - is the drag coefficient. The magnitude pT is
called dynamic pressure.

To reduce discrepancies between the results of

field and theoretical studies of projectile dynamics,

specific values of drag coefficients Cp or projectile

shapes i are selected. Formulas (2) and (3) do not
directly take into account the type of projectile velocity
to determine the magnitude of the air drag force on the
projectile's motion. That is, formulas (2) and (3) do not
fully reflect the physical processes that occur during the
flight of a projectile in the air. However, they allow,
with a certain degree of accuracy, to determine the
kinematic parameters of the projectile’s movement in
the air. Further scientific research is needed to gain a
better understanding of the physical processes that occur
during the flight of a projectile in the air.

Formulation of the article’s objective

The speed of a projectile in flight, depending on its
initial velocity, can be supersonic, subsonic, or transonic.
The nature of the change in the magnitude of the air
resistance force acting on a moving projectile depends
significantly on the type of velocity. There is a need to
determine the velocities that separate supersonic from
subsonic and subsonic from transonic velocities. In the
first case, the speed is determined using formula (1).
How to determine the speed of a projectile that separates
subsonic speed from transonic speed is not specified in
the literature.

Therefore, the purpose of this article is to determine
the magnitude of this velocity and to study the effects of
the projectile’'s mass, its initial velocity, air temperature,
atmospheric pressure, wind speed, and other factors on
its magnitude.

Presentation of the main material

Unlike the widely known formulas (2) and (3),
which determine the magnitude of the frontal air
resistance force on a moving projectile, articles [10, 11]
formulate another mathematical model for determining
this force. The model takes into account the fact that the
magnitude of the drag force significantly depends on the
type of velocity. Therefore, the determination of the
magnitude of the drag force of air on a moving
projectile is described by the functional dependence

V() ]ﬂi

Vo(®) @

Rt)=Cx-pa'Sx '(V (t))2+yi (
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and the values of its coefficients y;(i=1,2,3) and If the aiming angle changes within
Bi(i=123) are different at supersonic (i=1), subsonic =~ 1284 mil <6, <2980 mil, then the projectile’s

(i=2) and transonic (i=3) speeds.

In formula (4), the following symbols are used: ¢, —
coefficient that takes into account the aerodynamics of
the projectile shape when air flows around it
longitudinally, and proportionality; p, — air density; s, —
maximum cross-sectional area of the projectile.

In the absence of wind, the functional dependence

of the frontal air resistance force on the projectile
velocity will be as follows [10, 11]

stx#a-101325 (1 6’5(Z+Zp)]5,255x
un 288000

\% (t))2+7i +Bi . (5)

0,58
kyR _
("“‘”J (TK—0,006328 z(t) )*0-%Fi
Ha

Variable zp characterizes the atmospheric pressure
at the location of the weapon. For example, if the
atmospheric pressure is 750 mm Hg, then zp =111,54
m and if it is 760 mm Hg, then — zp=0.

We place the origin of the coordinate system
Oxyz at the location of the weapon. The axis Ox is
directed toward the target and lies in the horizontal
plane of the weapon, the axis Oz - is directed vertically
upward, and the axis Oy is perpendicular to the plane
Oxz , forming a right-handed coordinate system.

Let us determine the effects of the projectile's
mass, its initial velocity, air temperature, and atmospheric
pressure on the velocity Vi, , that distinguishes the

R(t)=

subsonic velocity of the projectile from the transonic
velocity.

Example. Let's consider the motion of Projectiles,
HE, M795 and M795M; Fuze, PD, M739A1 fired from
an M777A2 howitzer with a 3H charge, which provides
the initial velocity of the projectile Vi, =547 m/s.

The motion of the projectile under the action of air
drag, projectile weight, and Coriolis force was
considered.

During the research, the following values were

used: m =46,948 kg, s, =x-0,0782m’°, c,=0,35,
t=15C or TK=288K,
speed — Vi, =0 m/s.

At aiming angles within the range
0mil<0y<125Imil the projectile will only move at

Patm =760 mm Hg, wind

supersonic speed, and the values of the coefficients in
formula (5) are as follows: y;=-0107512 and

By =—0,044864 .

© Benmuxko JI. /., BoiitoBrmy M.1., Copokatuit M.1.

velocity will initially be supersonic and then subsonic.
The condition for the completion of the projectile's
supersonic velocity phase and the start of its subsonic
velocity phase is the violation of the inequation

V(H)2Vs(t). (6)

At the stage of movement with subsonic velocity,

the values of the parameters in formula (5) are as
follows: y,=-0196753 and $,=2,090781 .

It should be noted that the speed of sound
decreases with increasing altitude of the projectile.

At aiming angles within 303,2mil<6y<5733mil
during the flight of the projectile, three types of velocity
are recorded. |Initially, the projectile moves at
supersonic velocity, and the moment of completion of
this stage is described by condition (6). In the second
stage, it moves at subsonic velocity, and then at
transonic velocity.

In Fig. 1, the CL curve describes the dependence
of the drag coefficient Cp on the Mach number if the

projectile velocity is supersonic. The BC curve indicates
the nature of the change in the drag coefficient Cp, if

the projectile velocity is subsonic. The DB curve describes
the change in the drag coefficient Cr, with a change in

the Mach number if the projectile is moving at transonic
velocity. Point B is the point that separates the dependence
of the drag coefficient Cp on the Mach number at

subsonic speed from that at transonic speed. Analyzing
the graph in Fig. 1, we can see that as the Mach number
decreases, the drag coefficient Cp, according to the

nature of the SV curve, does not continue to decrease
sharply after point B. That is, a further decrease in the
drag coefficient is not described by curve AB, but by
curve DB. There is a tendency for the nature of the
dependence of the drag coefficient on the Mach number
to change. This gives reason to assert that point B
separates the stage of projectile motion at subsonic
speed from the stage of motion at transonic speed. Thus,
the end of the stage of projectile motion at subsonic
speed is the moment when the inequation condition is
violated,

V)5V (LAY, )

where At>0.

Let us analyze the influence of individual
parameters on the velocity of a projectile at the moment
of its transition from subsonic to transonic speeds.

Let us consider the influence of a change in the mass
of the projectile, under otherwise standard conditions, on
the velocity Vg, that distinguishes the movement of a

projectile at subsonic speed from transonic speed.
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Table 1

Dependence of the projectile velocity at the moment of
transition from subsonic to transonic speed on its mass

m, kg Vo, m/s | Gy, mil [Vegyp M/S| 1, SeC
2sq (45,950) | 552,91 | 298,677 301,21 | 26,609
3sq (46,449) | 549,93 | 298,568| 301,73 | 26,541
4sq (46,948) | 547,00 | 298,451| 302,24 | 26,472
5sq (47,447) | 544,12 | 298,315| 302,74 | 26,401
6sq (47,946) | 541,28 | 298,163 303,23 | 26,329

Table 1 shows the weight of the projectile in the
first column. Due to changes in the weight of the
projectile, its initial velocity will change with the same
charge, and its magnitudes are shown in the second
column. The third column shows the aiming angle at
which the projectile completes its movement at subsonic
speed when it reaches the level of the weapon. The
fourth column shows the projectile’s velocity Vi, at

the moment of transition from subsonic to transonic
speeds. The duration of the projectile's movement is
shown in the fifth column.

Analyzing the results presented in Table 1, we can
conclude that increasing the mass of the projectile does
not significantly increase the velocity Vyqp. that separates
the projectile's movement from subsonic to transonic
speeds.

Let us examine the effect of changing the initial
velocity of the projectile, under otherwise standard
conditions, on the velocity Vi, at the moment of
transition from subsonic to transonic speed.

Table 2

Dependence of the projectile velocity at the moment of
transition from subsonic to transonic velocity on its initial

velocity
Vg, mis | Gy, mil Virsup M/S | 1y, sec
539,00 | 298,470 301,61 26,187
543,00 | 298,465 301,93 26,330
547,00 | 298,451 302,24 26,472
551,00 | 298,425 302,54 26,612
555,00 | 298,391 302,85 26,752

Analyzing the results presented in Table 2, it can
be stated that increasing the initial velocity of the
projectile does not significantly increase the velocity
Virsup that distinguishes the movement of the projectile
at subsonic and transonic speeds.

Let us consider the effect of only the change in air
temperature, under otherwise standard conditions, on
the speed Vi, at the moment of transition from

subsonic to transonic speed.

© Benmuxko JI.[., BoiitoBry M.1., Copokatuit M.1.

Table 3

Dependence of the projectile velocity at the moment of
transition from subsonic to transonic speed on the change
in air temperature

t’c Og.mil | Viypsup M/S | t,C

5°C | 297,256 | 292,34 | 26,102
5°C | 297,906 | 297,35 | 26,294
15°C | 298,451 | 302,24 | 26,472
25'C | 298,894 | 307,02 | 26,637
35C | 299,245 | 311,69 | 26,791

Analyzing the results presented in Table 3, it can
be stated that an increase in air temperature significantly
increases the speed Vi, that distinguishes subsonic
projectile motion from transonic motion.

Changes in atmospheric pressure also affect the
speed Vg p that distinguishes subsonic projectile motion

from transonic motion.
Table 4

Dependence of the projectile velocity at the moment of
transition from subsonic to supersonic speed on changes in
atmospheric pressure

Patm. MM Hg| 6g,mil Virsus M/S| 1y, sec
760 298,451 302,24 26,472
740 298,171 304,09 26,560
720 297,848 305,99 26,647
700 297,476 307,95 26,733
680 297,047 309,96 26,817

Analyzing the results presented in Table 4, it can
be stated that a decrease in atmospheric pressure
significantly increases the speed Vi, that distinguishes
the movement of a projectile at subsonic speed from
transonic speed.

It can be argued that accompanying and side winds
will also affect the speed Vi, that distinguishes the

movement of a projectile traveling at subsonic speed
from transonic speed.
When the aiming angle increases 298,0mil<8,, a

gradual change in the projectile's velocity will be observed
during its flight. Initially, it will move at supersonic
speed, and the end of this stage is characterized by a
violation of condition (6). In the second stage, the
projectile moves at subsonic speed. Condition (7) allows
us to determine the moment when the projectile completes
its subsonic motion and begins to move at transonic
speed. In the third stage, the projectile moves at transonic
speed, and in formula (4), the values of the parameters
73=—-0,253595 and B3 =0,777779.
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During mortar firing, certain peculiarities of the
projectile's movement will be observed, which will be
discussed in a separate article.

Conclusions

During the flight of Projectiles, HE, M795 and
M795M; Fuze, PD, M739A1 fired from the M777A2
howitzer and charged with 3H, at aiming angles
0o <746,6mil, the projectile will gradually move at

supersonic, subsonic, and transonic speeds. The transition
of the projectile from supersonic to subsonic speed is
described by inequation (6), and the transition from
subsonic to transonic speed is determined by condition (7).

The speed magnitude Vi, that separates the

movement of a projectile from subsonic to transonic
speeds depends on the mass of the projectile, its initial
speed, air temperature, and atmospheric pressure. It can
be argued that the speed magnitude Viq,, is influenced

by both headwinds and crosswinds. Further research
will be devoted to this issue.
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BU3HAYEHHS BEJTHMYWMHA IIBUJIKOCTI CHAPSIA B MOMEHT ITEPEXOY MOro Pyxy BIJ
OIA3BYKOBOI 10 J03BYKOBOI IBUAKOCTEU

JI.A. Benmako, M.1. BoitroBuu, M.1. Copokatuit

Asmopamu po3pobnena memoouxa, KA 6paxoeye, o 6eIUYUHA CUNU 10606020 ONOPY NOBIMPA 3ANENHCUMb 6I0 MUNY
weuokocmi. Tobmo mae pizHy DYHKYIOHATILHY 3ANEHCHICMb NPU PYCi CHAPAOA 3 HAO38YKOBOK, NiO38YKOBOIO YU O038YKOBOI)
weuokocmamu. Momenm nepexody weuoxocmi cnapsaoa 3 HA038YKOBOI HA NiO38YKOBY BUIHAUAEMbCS 3 YMOBU, WO WBUOKICHD
cHapada cmac pisHolo weuokocmi 368yKy 6 nogimpi. Ocmanus 3anedxicums 6i0 memnepamypu nNOGIMps 6 mouyi nepedyeans
cHapaoa. 3i 30inbuleHHAM GUCOMU DYXY CHAPAOA — BeAUHUHA WEUOKOCHI 38VKY 8 NOGIimpi 3MeHulyemocs. Ymogy, 3 AKoi
BUSHAYAEMBCS BETUUUHA WBUOKOCTI CHAPAOA, WO 8i00KPEMIIOE PYX CHAPAOA 3 Ni038YKOBOI0 WEUOKICIIO 6i0 PYX)Y 3 00368YK0BOI0,
6 aimepamypi He Hageoeno. Ha 0cHOBI ananizy eKCnepuMeHmanbHux OOCHONCeHb, CKEPOBAHUX HA BCMAHOGILEHHS 3ANeMHCHOCTI
Koegiyichma cunu onopy 6i0 yucia Maxa, agmopu 3anpononysani ymosy, AKka 00360JA€ SUSHAUAMU MOMEHM 3MIHU WUEUOKOCMI
CHapA0a 3 Ni038YKOBOT HA 0038YK08Y. Bemarnosneno, wo senuyuna weuOKoCmi, Ka po3Mexcosye pyx cHapaod 3 nio3eyKosor

weuokicmio 6i0 0038yk080i Vg p, 3au€HcUMb 6i0 MACU MA NOYAMKO80I WBUOKOCMI CHAPAOA, MeMnepamypu Nnogimps i
ammocgpeprozo mucky. Ompumarno uucnosi snavenns yiei eenuuunu Viygy, o Projectiles, HE, M795 i M795M; Fuze, PD,
M739AL, sunmywenoco 3 eaybuyi MTT7A2 i3 3apsoom 3H. Busnaueno, wo 3mina macu i noyamkogoi weuoKocmi cHapsoa
HE3HAYHO 6NIUBAE HA 8enuyuHy weuokocmi Vigyp. [Ipome smina memnepamypu nosimps ma ammocghepHo2o mucKy cymmeso
gnausaioms na senuuuny weuokocmi Vg . Ilpu 36insuenni memnepamypu nogimps eemuyuna weuokocmi Vi p 3pocmac i

B0HA MedHC 3POCMAE NPU SMEHUEHHT AMMOCPHEPHOL0 MUCKY .

Kniouogi cnosa: 3oeniwina 6anicmuxa, cuna 100606020 onopy nosimps, ni036yK08a WBUOKICMb CHAPSOd, 0038YKO8A
wWeUoKicmo.
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SPECIFICS OF NONLINEAR VIBRATIONS IN SYSTEMS WITH CONCENTRATED
MASSES AND METHODS OF THEIR STUDY

The development of a suspension system capable of ensuring the reliable functioning of other vehicle systems
and providing comfortable conditions for the crew remains among the important modern problems in military
vehicle design. Traditionally, the studies of the functioning of suspension systems are carried out based on a linear
model of the relationship between deformation and restoring force of an elastic element, which does not account for
numerous factors that arise during movement over rough terrain. Progress can be achieved via the development of
an approximate analytical method for studying such systems, which allows one to evaluate the effect of the entire
complex of suspension parameters on the dynamics and stability of oscillatory processes. In this work, analytical
methods for studying oscillatory processes of systems with concentrated masses are considered, and the conditions
for their realization are derived. The conditions for the manifestation of nonlinearities in oscillatory processes are
established. The need to refine computational models of existing systems and create new models that realistically
reflect their dynamic processes has been proven. These circumstances suggest the need to solve a scientific problem,
which involves deriving analytical dependencies to evaluate the impact of nonlinear suspension characteristics on
the dynamics of the hull and tracked contour of the tracked military vehicle (TMV). The goal is to predict resonance
phenomena during operation over rough terrain. The calculated dependencies themselves, obtained based on a
nonlinear mathematical model suitable for the dynamic process, can serve as the basis for solving an equally
important problem: determining dynamic loads. Thus, it is possible to analyze the influence of the entire complex of
suspension parameters of the TMV on the smoothness of the ride solely by analyzing the solution (exact or
approximate) of a mathematical model adequate to the physical process.

Keywords: systems with concentrated masses, oscillatory systems, suspension systems, tracked military
vehicles.

Introduction dynamic process, are supposed to be the basis for
solving an equally important problem: determining

Analytical methods for the study of nonlinear dynamic loads.

vibrations of a tracked military vehicle (TMV), which
relate to the dynamics of the TMV as a mechanical State of the art of the research
system, imply:

first, the development of a refined mathematical
model of process dynamics, accounting for the complex
influence of longitudinal speed of the vehicle, suspension
properties, suspension element layout, etc.;

The main system that perceives and simultaneously
protect the hull and equipment of the TVM from the
action of external loads are suspension elements [1, 2].

Traditionally, theoretical studies on the influence
second, the justified involvement of existing of external loads on the work of the crew and the

analytical methods for constructing and analyzing their ~ functioning of other units and assemblies have been
solutions: carried out based on a linear model of the relationship

third, obtaining relatively simple dependencies that between deformations and the restoring forces of the
allow for a comprehensive analysis of the influence of a  elastic element [3-7]. Only in some works it was
wide range of parameters on the process dynamics. emphasized [8-11] that such a suspension does not
Derived functional dependencies based on a provide proper protection of the crew and equipment
nonlinear mathematical model, which is adequate to the  from the action of external factors. It is worth noting that

Article history: Income 08 September 2025; Revised 12 September 2025; Accepted 22 September 2025; Primt 05 December 2025

3ukos B. I'. ORCID ID: 0009-0000-7917-5572, Parommniox B.B. ORCID ID: 0009-0002-6634-495X, Yarau F0.A. ORCID ID: 0000-0001-7837-0528
Yepnsixisepkuit [.B. ORCID ID: 0009-0005-7161-0724, Puxos €.B. ORCID ID: 0000-0002-0132-3931

* Corresponding author Yrachagan@ukr.net

© 3uxoB B.I'., Parommnrok B.B., Yaran 10.A., Uepnsxiscrkuii [.B., Prmxos €.B.
ISSN (Online): 2708-5228 / ISSN (Print): 2312-4458 Jlinensis Binkpuroro nocrymy / Open print license



Tom 33 Ne 2, 2025
Vol. 33 No. 2, 2025

Po3pobnenns ta moaepHizanist OBT
Development and Modernization of Weapons and Military Equipment

there is no suitable analytical approach (except for
numerical and modeling) [12, 13] for the study of
various types of suspension with a nonlinear relationship
between the deformation and the restoring force on the
body vibrations. The latter is due to the complexity of
developing mathematical models adequate to the
dynamic process. Therefore, the construction of
mathematical models of the dynamics of the TVM
accounting for the nonlinear elastic characteristics of the
suspension and the development of an approximate
analytical method for studying these models is in great
demand from both theoretical and applied points of
view.

The purpose of the paper is to analyze the
methods for studying vibration processes during the
operation of military tracked vehicles.

Results and discussions

Analytical methods for studying vibration processes
have received a relatively complete methodology only
for the so-called linear and quasi-linear mathematical
models. However, the elastic characteristics of the
suspension systems of military tracked vehicles (VGM)
have a clearly expressed nonlinear relationship between
the restoring force and deformation. In addition, the
vibrations of the VGM are accompanied by external and
internal friction forces, which have a complex nature
(depend on the speed, material structure, etc.). Each of
the above factors of the system determines its individual
properties. Together, they are the reason that vibrations
in nonlinear systems have a number of specific features:

- absence of the superposition principle;

- existence of a more complex relationship between
the frequencies of natural and forced oscillations in the
case of resonance;

- presence of the principle of single-frequency
nonlinear oscillations in nonlinear systems with many
degrees of freedom, etc.

The above-mentioned features of dynamic processes
in nonlinear systems and the simultaneous absence of
general exact analytical methods for integrating nonlinear
differential equations that describe these processes require
an individual approach to their study. It is necessary to
dwell on some of them, which are most convenient for
studying nonlinear oscillations of systems with concentrated
masses, including TVMs.

One of the first mathematical methods used to
study nonlinear oscillatory systems close to linear ones
was the perturbation method. However, the perturbation
theory in its initial interpretation made it possible to
study the motion of bodies and mechanical systems only
on a small time interval. This is due to the fact that
when the motion is expanded by a small parameter in
the case of a periodic force, the secular terms t"sin(kt)

and t"cos(kt) appear in the solutions. As a result, the
error of the obtained solution behaves as t™.

At the same time, numerous systems do not allow,
even in the first approximation, a linear approach to
their consideration [14]. When studying oscillations in
such systems, A. Poincaré [15] proposed a substitution
of variables of the independent argument t, rewriting the
equation to a form where the period of its solution
appears to be constant. For the case when small
perturbations of oscillatory systems are approximated
by non-analytic functions, 1.G. Malkin proposed a
special method of using successive approximations [16].
However, the calculation schemes of the specified method
appear to be too complex, such that they have not been
widely used in solving practical problems.

Closely related to the method of A. Poincaré is the
method of A. Lyapunov [17, 18], which has found wide
practical application in the study of conservative
oscillatory systems. An important role in the study of
oscillatory processes of nonlinear systems plays the
method of VVan der Pol [19], which is quite effective in
solving nonlinear problems of the theory of oscillations
of systems with one degree of freedom. According to
this method, the dynamic process of nonlinear systems
can be described by the dependence similar to the linear
case, with the only difference that, for the nonlinear
case, the main oscillation parameters are slowly variable
in time. The law of variation of the latter was expressed
via relatively simple dependences, a system of first-
order differential equations. However, this method was
purely intuitive in nature since neither the author nor his
followers presented any justification for it.

The generalization of the Van der Pol method for
strongly nonlinear systems provides reasonable results
in the study of nonlinear conservative systems
regardless of the value of the parameter ¢ in cases where
the elastic force increases monotonically. The specified
method also allows one to estimate how close a nonlinear
system is to a linear one. It should be noted that the
basic idea of the Van der Pol method was used to study
oscillations in nonlinear systems with concentrated
masses [20, 21] and was also employed to systems with
distributed parameters [22].

Another approach to the study of oscillatory
processes of quasilinear systems, the motion of which is
described by an autonomous system of differential
equations, was proposed by G.V. Kamenkov.

X+Ay=€f(x,y|5),

, 1)
y—Ax=¢eg(x,y €)
where x,y are the phase coordinates of the point's
motion; 4 is a constant; f(x,y,e), g(x,y,¢) are analytical
functions that describe the nonlinear forces acting on the
point; ¢ is a small parameter.
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The right-hand sides of the original equations (1)
are polynomials of the phase coordinates x and y. It was
shown that by some substitution of variables in (1) it is
possible to obtain relatively simple relations that
determine the main parameters of the oscillatory
process.

The problem of applying the harmonic balance
method in the study of established oscillatory processes
of nonlinear systems, which are described by the perturbed
equation (1), was considered in [23]. The method is
justified on the basis of a comparative analysis with a
known result at e—0.

Oscillations of systems described by strongly
nonlinear differential equations

X+ ¢p(x)+kx =0,
¥+ ¢(x,x) +(x) =0, (2)
X+ f(x,x) =0.

were studied in [24], with x being the deviation of the
point from the equilibrium position; ¢(x) is the law of
variation of the resistance force; w(x) is the nonlinear
restoring force; f (x,x) is the analytical representation

of the resistance force and the restoring force; k is a
constant.

Under appropriate initial conditions and physically
justified assumptions regarding the nonlinear characteristics
of forces, i.e., the functions ¢(x), Y(x), ¢(x, x),
f(x,x) in the mentioned references:

it is shown that for the existence of oscillatory
processes in the corresponding systems, the nonlinear
functions should satisfy the conditions: y(X)x>0, ¢(x ,X)
x>0, ¢(X-X)=-0(x’X), w(0)=0, &(x,0)=0 and be
analytic;

the conditions for the existence of oscillations in
the presence of positive energy dissipation in the system
were obtained;

it was proven that for an arbitrary strongly
nonlinear damping characteristic, the criterion for the
existence of an oscillatory solution coincides with the
same criterion for the corresponding linear system.

Nonlinear effects in dynamic systems, associated
with the growth of loads, the action of mechanical
forces of various nature on them, as well as the use of
new structural materials with nonlinear characteristics,
require the development of analytical methods for their
study. Nonlinear effects of oscillatory systems are
primarily manifested in the dependence of the
oscillation period on the magnitude of its amplitude.
Such systems, in particular, include mechanical systems
with pneumatic, rubber and torsion elastic elements
[25], etc.

The dynamic processes of the mentioned list of
mechanical systems are described with sufficient accuracy
by non-autonomous differential equations of the form
[26]

y + aleI = sf(x,y, /.Lt, g), (3)
X —ayy¥2 = eg(x,y,ut, €)

where x,y are the phase coordinates of the system
motion; ef (x,y,ut, &), eg(x,y,ut,e) are nonlinear
analytical functions that take into account the effect of
dissipative and periodic forces on the system. Particular
cases of the above equations are

y+a*y’ =ef(y,y ut e) (4)

251-v

y+aty vy =ef (y,y,ut, ) ®)

In differential equations (3-5), the parameters
v,v;,v, should take odd wvalues, ie (2m;+
1)(2n; + 1), m;,n; =0,12,.., since only at such
values of the nonlinearity parameters the elastic
restoring force will be odd, i.e. symmetric with respect
to the origin. We emphasize that the differential equation
(5) also reflects with sufficient accuracy the process of
viscoelastic impact of bodies and, depending on their
shape and material, the parameter v in the mentioned
equation varies within the limits of 0,5<v <1,3 [27]. At
the same time, the question of the influence of various
types of force factors, in particular impulse forces, on
the dynamic process of systems, the mathematical
models of which are equations (3-5) under the condition
of non-analyticity of its right-hand parts, remains open.

The most complete and accomplished structure for
the study of nonlinear oscillatory systems with a small
parameter was developed in [28], where the so-called
Krylov-Bogolyubov-Mitropolsky asymptotic method is
generalized to the case of non-autonomous systems and
systems with many degrees of freedom.

Conclusions

Methods for analytical study of vibration processes
have been developed to a sufficient extent for engineering
practice, mostly for quasi-linear systems, i.e., systems
whose nonlinear-elastic characteristics are close to
linear, and the maximum values of resistance forces are
small compared to the restoring force.

The increase in the operating speeds of TMV, and
therefore the loads on individual nodes and structural
elements, requires not only refined approaches to
calculation models of real systems, but also the
development of new models capable of realistically
reflecting dynamic processes in these systems.
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Thus, the development of a general methodology
for studying vibration processes in mechanical systems
with power nonlinearity (as well as those that are close
to them) will become the basis for the design and
modeling of the elements as well as systems with strongly
nonlinear elastic characteristics.

Solving the problems highlighted in this paper will
allow one to assess the influence of the entire complex
of suspension parameters on the dynamics and stability
of vibration processes and their impact on the operation
of the crew and equipment, as well as to recommend
specified characteristics of the suspension elements and
their layout, which will is a subject of our research in
progress.
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OCOBJIMBOCTI HEJIHIITHAX KOJMBAHb CHCTEM I3 30CEPEJKEHUMHA MACAMH
TA METOJH iX JOCJIDKEHHS

B.T. 3uxos, B.B. Parommniok, }O.A. Yaran, [.B. Uepasxicpkuii, €.B. Pmxos

AxmyanoHumM 3a80aHHAM € CMBOPEHHA cucmemu Niopecoprosants, AKa 6 mozia 3adesneuumu Haoitine QYHKYIOHY8AHHSA
[HWUX cucmem MAwuHu ma cmeopumu Kompopmabenvni ymosu O pobomu exinasxcy. Ak npaguno, 00CHiodiceHHs:
DYHKYIOHY8aNHS cucmeMm niopecopro8antss NPOGOOUIUCH 34 NIHIUHOI MOOeN 36 3Ky Midc Oepopmayicio ma i0HOGI08AILHOIO
CUJIOIO NPYIICHO20 eleMeHmd, W0 He NOGHOI0 MIPOI0 6PAX08YE 6CI YUHHUKU, SKI GUHUKAIOMb NI 4AC PYXY NepeciueHolo
micyesicmio. Pospobnenns nabnudicenoco ananimuynoco memooy 0O0CONCEHHSI 6KA3AHUX CUCMEM OACMb 3MO2Y OYIHUMU 8eChb
KOMNIEKC napamempis ni08iCKU HA OUHAMIKY ma CMIUKICMb KOAUBANbHUX npoyecie. Y yiti pobomi po3ensinymo aHanimuyui
Memoou OOCTIONCEHHSL KOMUBATLHUX NPOYECI8 CUCEM 13 30CePe0ICEHUMU MACAMU MA OMPUMAHO YMO8U ix icHyeanHs. Buznaueno
VMOBU NPOSIGILEHHsL HENIHIHOCMell ) KOIUBANbHUX npoyecax. [osedeno HeoOXIOHiCmb YMOUHEHHs. Ni0X00i8 00 PO3PAXYHKOBUX
MoOenell ICHYIOUUX cucmem ma Cmeopents Hogux mMooenell, sKi O peanbHo 8i006padicany OUHAMIYHI NPOYecU y Yux cucmemax.
Omoice, 3asnaueni obCmMaguHU BUMA2AIOMb GUDIUEHH AKMYATbHO20 HAYKOBO2O 3A60AHHS, CYMHICMb K020 NOISA2AC 6
OMPUMAHHI AHATTMUYHUX 3ANeIHCHOCTeEl, K] OAiOMb 3M02Y OYIHUMU 6NAUE HETIHIUHUX XAPAKMEPUCTUK NIOBICKU HA OUHAMIKY
Kopnycy ma eycenuunoco 06600y BI'M onsi npozrno3ysanns nosieu pe3oHancHux asuwy npu pyci nepecivenoio micyegicmio. Cami
JC OMPUMAHI PO3PAXYHKOGL 3anexcHocmi Ha 0a3i adekeamuoi OUHAMIYHOMY Npoyecy HeniHiliHOT mMamemMamuyHoi mooeii
ModHcymob Oymu 6a3010 i Ol pO36 A3aHHA He MEeHUL 8aXCIUB0l 3a0aui — 6U3HAYEHH OUHAMIYHUX Hasanmavicenv. Takum uuHoMm,
npogecmu AHANI3 6NIUBY 6CHO2O KOMNAEKCY napamempis niogicku BI'M na naasnicms x00y MOdcHa minvku Ha 6a3i aHanizy
Ppo38’a3xy (Mour020 uu HAONUICEH020) AOEKEAMHOT (IZUUHOMY NPOYECY MAMEMAMUYHOL MOOEII.

Knrouoei cnosa: ananimuyni memoou 00CniOHNCeHHsl, KOTUBATIbHI CUCTEMU, BIlICOKOBT 2YCeHUUHT MAUUHUL.
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PROSPECTS FOR THE DEVELOPMENT AND IMPROVEMENT OF DOMESTIC
MISSILE COMPLEXES AND ARTILLERY SYSTEMS

The article analyses the current state and development prospects of domestic missile and artillery systems
within the Missile Forces and Artillery of the Ukrainian Land Forces. It examines methodological principles for
identifying avenues to improve armaments through a comparative analysis of principal tactical and technical
requirements for effective combat employment, using the best domestic and foreign systems currently in service as
benchmarks. The paper formulates key challenges to enhancing combat effectiveness, including measures to
improve survivability, firing accuracy, and strike depth. Particular attention is paid to trends in the development of
precision-guided munitions, including hypersonic missiles, and to the feasibility of their development in Ukraine. A
comparative assessment of the combat capabilities of domestic and foreign missile systems, rocket artillery, self-
propelled guns, and towed artillery is provided. The study finds that Ukrainian MLRS models “Vilkha-M”" and
“Bureviy”, as well as the 2522 “Bogdana” self-propelled gun, are comparable to or outperform the best foreign
counterparts. Recommendations are presented for further development of missile and artillery weaponry, notably

pursuing ranges up to 800 km and the indigenous development of hypersonic systems.

Keywords: missile system, rocket artillery, artillery system, hypersonic missile, combat effectiveness, tactical
and technical requirements, mortar, artillery shell, target destruction.

Problem statement

In modern combat operations, missile complexes
and artillery systems constitute the principal means of
firepower for the Land Forces and are intended to destroy
enemy targets in order to inflict decisive losses and
prevent the enemy from accomplishing their objectives.

The methodological basis for determining the
prospects for the development and improvement of
domestic missile complexes and artillery systems is a
comparative analysis of the main tactical and technical
requirements that ensure the effective combat use of the
best domestic and foreign models that have been adopted
for service.

The problem of increasing the combat effectiveness
of missile and artillery weapons in general terms includes
the need to comply the following basic tactical and
technical requirements [1-2]:

- ensuring the necessary survivability of missile
and artillery weapons;

- ensuring maximum accuracy of firing (launching);

- increasing the maximum combat range.

Foreign and domestic experience in the development

of rocket and artillery weapons shows that the set of
tactical and technical requirements formulated above can
be optimally solved by a differentiated approach to the
creation of missile systems, reactive artillery systems, self-
propelled artillery installations, towed artillery models, and
mortars. [1-2].

In the 21st century, the development of hypersonic
missiles (HSM) has become a widespread phenomenon.
At least, that is what their developers call them. One thing
can be said with certainty: there is currently no
hypersonic missile system (MS) that has been confirmed
to meet all the criteria and is in service. Three countries
are currently engaged in active large-scale development
and testing: the US, China, and russia. [3-5].

An analysis of the reference catalog of the main
types of weapons and military equipment used by the
opposing sides during the repulsion of the large-scale
invasion of Ukraine by the russian federation and other
sources [6-8] showed that the Missile Forces and
Artillery of the Land Forces did not have missile systems
equipped with hypersonic missiles. Currently, Ukraine is
not developing hypersonic missiles.
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Formulation of the article's objective

The purpose of this article is to justify the list of
rocket and artillery weapons with the necessary basic
tactical and technical characteristics required by the
Missile Forces and Artillery of the Land Forces, based
on an analysis of the effectiveness of the best examples
of Ukrainian-made rocket and artillery weapons, those
supplied to Ukraine as part of international assistance,
and those in service with the russian armed forces.

Presentation of the main material

An analysis of recent researches and publications
[1-11] indicates that the main scientific and technical
ways to improve domestic rocket and artillery weapons
should be considered as follows:

- ensuring round-the-clock and all-weather combat
readiness through the use of radar methods for searching,
detecting, and identifying ground targets and guiding
missiles and artillery shells toward them;

- use of high-precision methods for positioning
missile (artillery) systems based on satellite (pseudo-
satellite) navigation systems;

- restoring the production capacity of the domestic
optoelectronic industry in terms of serial production of
key components for search and targeting devices for
missile (artillery) systems;

- restoration and improvement of the domestic range
base for testing and testing high-precision missile and
artillery weapons without limiting their combat range.

One of the key problems in mastering foreign
models of missile and artillery systems provided by
partner countries, and which has not been resolved
previously, is the absence of a complete and adequate
set of technical and operational documentation needed
to realize the equipment’s full combat potential, as well
as shortcomings in training personnel in operational
units and educational institutions. Addressing this issue
will also help accelerate the adoption of NATO
standards within Ukraine’s defense industry.

An analysis of trends in the development of high-
precision weapons shows the potential effectiveness of
HSMs in combat. No work is being done in Ukraine to
create HSMs. The development of hypersonic weapons
is a technologically complex and expensive process.
The manufacture of such weapons requires heat-resistant
materials and powerful power plants. The payload
capacity of HSM is significantly lower than that of
ballistic or cruise missiles. Therefore, HSM have a
smaller warhead.

The characteristics of the main hypersonic weapons,
based on an analysis of recent publications [3, 4], are
presented in Table. Hypersonic weapons may be divided
into two classes: operational systems and potentially
operational systems. [4]:

- hypersonic glider;

- hypersonic cruise missile.

The United States, China, and russia are leaders in
the field of hypersonic weapons [4]. Hypersonic systems
will continue to become more sophisticated in the future.

Table
Characteristics of the main hypersonic weapons
Name
Characteristics C-HGB DE-ZF Yu-7“1-71 (Yu-7”1-74) 3h{[22_ (3K-32) “Kh?47M2”

Avangard Zircon Kinzhal
Type of HSV
(hypersonic vehicles) HGV HGV HGV HCM HGBM
Country of
manufacture The US PRC rf rf rf

LRHW launcher,

Frigates of the

Possible carriers

destroyer class

Medium-range

Intercontinental BM

Gorshkov and
Grigorievich

MiG-31K fighter

“Zumwalt”, Virginia- BM DF-17 PC-18A - (Tu-22M3 bomber)
> classes, submarine
class submarine
of the Yasen class
E::]ght path altitude, 40...100 60 40...100 20...30 20
Maximum range, km 2775 1800...2 500 6 000 500...1 000 2000 (3 000)*
Flight speed, Max 17 5...10 20 5...8 10

A comparative analysis of missile systems [2, 6, 8,
10] of the Armed Forces (AF) of Ukraine, missile
systems received as part of international military
material and technical assistance, and missile systems of
russian military formations in terms of maximum
combat range is presented in Fig. 1.

The analysis of the presented materials allows us
to conclude that:

- within a firing range of up to 500 km, the combat
capabilities of the domestic “Sapsan” (“Hrim-2") missile

systems are on par with those of the russian “Iskander”
system;

- within a firing range of up to 300 km, the domestic
Neptune missile system is practically equivalent to the
russian “Bal” system in terms of combat capabilities.;

- within a firing range of up to 120 km, the soviet-
designed “Tochka-U” missile system, which is in
service with the Ukrainian Armed Forces, is equivalent
to the RGM Harpoon (USA), except for the number of
missiles on the launcher;
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- It is advisable to accelerate work on increasing
the firing range of domestic missile systems to 800 km,
which is equal to the firing range of the russian
“Bastion-P” system with P-800 Onyx missiles.

After conducting a comparative analysis of the
depth of fire damage caused by rocket artillery [2, 6, 7,
11] of the Armed Forces of Ukraine and military
formations of the russian federation, presented in Fig. 2,
the following conclusion can be drawn:

- the domestic 300 mm calibre “Vilkha-M" complex
exceeds foreign counterparts, including the russian

9K512 “Uragan-M” and 9K515 “Tornado-S”, in terms
of maximum firing range (130 km);

- the domestic “Bureviy” complex exceeds the best
Soviet-made 9K57 “Uragan” complex (35 km) in terms
of maximum firing range (65 km);

- domestic complexes “Bastion-01", “Bastion-02",
BM21U “Verba”, BM21UM “Berest” with a calibre of
122 mm and a maximum firing range (40 km) are
equivalent to the russian 9K51M “Tornado-G” complex.

3K55 K300P “Bastion-P”” with missiles P-800 “Oniks”

“Sapsan” (“Grim-2")

9K720 “ Iskander”

RK-360MC*“Neptune”
3K60 “Bal”
9K79 OTP-21
“Tochka U”
RGM
“Harpoon”
Blok 11
1 ~
1 7
0 100 200 300 400 500 600 700 800 kM

Fig. 1. The depth of fire damage caused by missile systems of the Armed Forces of Ukraine and military
formations of the russian federation

* Vilkha-M

9K512 “Uragan-1M”, 9K515 “Tornado-S”

M142 HIMARS, M270 MLRS, MARS |1, LRU with missiles GMLRS

9R58 BM-30 “Smerch”

Roketsam MBRL with missiles TRG-230

“ Bureviy”

9K51M “Tornado-G”, “Verba”, “Berest”,
“Bastion-01/02”", RM-70. APR-40

“ Bastion -03”, 9K BM-27 “Uragan”

9K51 BM-21 “Grad”

RAK-SA-12
TOS-1A
“Solntsepyok™
>
0 10 20 30 40 50 60 70 80 90 100 110 120 130 KM

Fig. 2. The depth of fire damage caused by the rocket artillery of the Armed Forces
of Ukraine and russian military formations

Analysing the depths of fire damage caused by
self-propelled guns [2, 6, 8, 11], shown in Fig. 3, we can
conclude that the 2522 “Bogdana” self-propelled gun, in
terms of its overall technical characteristics, is on a par
with the world's best analogues, the “PzH 2000”
(Germany), “Archer” (Sweden) and “CAESAR” (France)

with a calibre of 155 mm, and significantly exceeds the
Soviet-made 152 mm calibre 2S5 “Giatsint-S” and 2519
“Msta-S” self-propelled guns. An analysis of the depth
of fire damage caused by towed artillery [2, 6] of the
Armed Forces of Ukraine is provided in comparison
with the best foreign models in Fig. 4.
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PzH 2000 (RAP HE-Fraa)

2522 “Boadana” (RAP HE-Fraa)

CAESAR (RAP HE-Fraa)

2S7 “Pion” (RAP HE-Fraa)

SoGH “Zuzana 2” HE-Fraa). AHS “Krab” (HE-Fraa). AS-90 (HE-

2S5 “ Giatsint-S” (RAP HE-Fraa) |

M 109 (RAP HE-Fraa)

2519 “Msta-S” (RAP HE-Fraa) |

2519 (HE-Fraa)

251 “Gvozdika” (RAP HE-Fraa)

2S3 “Akatsiva” (HE-Fraa)

251 “Gvozdika” (HE-Fraa)

2831 “Vena”. 2534 “Hosta”

} >

0 10 20 30 40 50 60 70 kM

Fig. 3. The depth of fire damage caused by SPA system of the AF of Ukraine and russian military formations

254 “Tvulpan” (RA HE-Fraa Mine)

259 “Nona-S” (AP O®M). 2523 “Nona-SVK” (RA HE-Fraa Mine)

M120 “Rak”

M120

254 “Tvulpan” (HE-Fraa Mines)

2S9 “Nona-S” (HE-Fraa Mines)

MO-120-RT61

120 KRN 92

2B16 “Nona-K” (HE-Frag Mines), 2523 Nona-SVK” (HE-
Frag Mines),
2S31 “Vena” (HE-Frag Mines), 2534 “Hosta” (HE-Frag
Mines),

Panzermorser M113

20N5 (RA HE-Fraa Mine)

HM-16

2B9 “Vasylyok”

UPIC-82

KBA-48M (RA HE-Fraa

2B14 “ Podnos ” (RA HE-Frag

M224. M60-16

2B14 “Podnos” (HE-Frag

KBA-118, LMP-2017,
M60CMA,
2B25 “Gal” (HE-Frag

zV

0 1 2 4 6 8 10 12 14 16 18

Fig. 4. The depth of fire damage caused by mortars of the AF of Ukraine
And russian military formations
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2P22 “Bogdana-B” (RAP HE-Fraq)

2P22 “ Bogdana-B ” (RAP HE-Fraq)

M777 (RAP HE-Frag)

2A36 “Giatsint -B”(RAP HE-Frag)

2A36 “Giatsint -B”(RAP HE-Frag)

2A65 “Msta-B” (RAP HE-Frag)

2A36 “Giatsint -B”(HE-Frag)

2A65 “Msta-B” (HE-Frag)

F70 (HE-Frag), TRF1 (HE-Frag)
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2B16 “Nona-K” (HE-Frag),
MT-12 “Rapira” (HE-Frag)

N
7 KM

0 10 20 30

40 50 60

Fig. 5. The depth of fire damage caused by the towed artillery of the AF of Ukraine and russian military formations

The data presented allows us to conclude that:

- soviet-made towed artillery systems D-30, 2A65
“Msta-B”, 2A36 “Giatsint-B” and others, which are in
service with the Armed Forces of Ukraine and were
manufactured in the 1960s-1980s, are morally and
physically outdated and have exhausted their potential
for modernisation;

- the combat experience in Ukraine of the M777
howitzer (Great Britain), created in 2005, provides
grounds for its use as a base for performing fire tasks at
dual firing ranges of up to 36 km. [7, 11]

An analysis of the tactical and technical
characteristics of self-propelled and transportable mortars
[2, 6] of the Armed Forces of Ukraine gives reason to
conclude that self-propelled, transportable and hand-held
mortars of domestic and soviet production (Fig. 5)
sufficiently satisfy modern requirements for combat use.

In Ukraine, the main enterprises involved in the
creation of high-precision rocket and artillery systems
are “Luch” Design Bureau, the “Pivdenne” Design Office,
“Progress”, and the developers of component parts are
Research and Production Complex "Photoprylad"”, Arsenal
Factory, “Zirka”, “Kramatorsk Heavy Machine Building
Plant” and others.

Conclusions

1. An analysis was conducted of the full spectrum of
missile and artillery systems in service with the Armed
Forces of Ukraine, using maximum engagement range as
the primary criterion, while accounting for their
classification by operational-tactical level and comparing
them with foreign analogues supplied to Ukraine as part
of international military assistance, as well as with
systems fielded by the russian federation’s armed forces.
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2. The Ukrainian “Sapsan” and “Hrim” missile
systems are comparable in combat capabilities to the
Russian 9K720 “Iskander” system, while the Ukrainian
RK-360MC “Neptune” is broadly comparable to the
Russian BRK “Bal” in overall combat effectiveness.
Efforts by Ukrainian missile designers should concentrate
on achieving the performance characteristics of the
Russian K-300P “Bastion-P” system.

3. In the category of 300 mm calibre multiple
launch rocket systems, the Ukrainian “Vilkha-M”
complex surpasses the Russian 9K512 “Uragan-1M”
complex, while in the category of 220 mm calibre
MLRS, the Ukrainian “Bureviy” complex significantly
surpasses the Soviet-made 9K57 “Uragan” complex. In
the category of 122 mm calibre MLRS, the Ukrainian
BM21U “Verba”, BM21UM “Berest”, “Bastion-01"
and “Bastion-02” systems are equivalent in combat
capabilities to the Russian 9K51 “Tornado-G” system.

4.In the self-propelled artillery category, the
domestic 2522 “Bogdana” is not inferior in its technical
characteristics to the best world analogues PzH 2000
(Germany), “Archer” (Sweden), “CAESAR” (France)
with a calibre of 155 mm, and significantly exceeds the
soviet-made 2519 “Msta-S” and 2S5 “Giatsint —S” self-
propelled guns with a calibre of 152 mm.

5. The category of towed artillery guns in service
with the Armed Forces of Ukraine includes the 2A65
“Msta-B”, 2A36 “Giatsint-B”, and D-30, which were
developed in the 1960s and 1980s and are now morally
and physically obsolete and have exhausted their potential
for modernisation. At the same time, the operational
experience gained during combat operations with the
M777 (Great Britain) gun, created in 2005, is a convincing
argument for using them as the basis for a firing range
of up to 36 km, and the domestic 155 mm 2P22
“Bogdana-B” for firing at ranges up to 60 km.

6. The category of self-propelled and transportable
mortars of domestic and soviet production includes the
necessary range of products for performing the entire
spectrum of combat tasks.

7. An analysis of trends in the development of
high-precision weapons shows the potential effectiveness
of combat use of HSMs. The creation of HSMs involves
solving a number of scientific and manufacturing
problems that are only accessible to countries with
advanced scientific and technical capabilities. The results
of combat operations during Russia's large-scale aggression
against Ukraine show that for the Armed Forces of
Ukraine, the creation (development and production) of
highly effective HSM is of current importance and is a
priority area for the development of military equipment
at the present stage.
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INEPCHEKTHBH PO3BUTKY TA YIOCKOHAJIEHHS BITYM3HSIHUX PAKETHUX KOMILIEKCIB
I APTUJIEPIMCBKUX CUCTEM

A.M. 3yoxos, f.B. Kpacuuk, C.}O. Kamennes, P.B. byoennmkos, B.O. I{urio

Y ecmammi npoeedeno ananiz cmany ma nepcnekmug po3gumKY GIMUUSHAHUX DAKEMHUX KOMWLEKCI8 | apmuiepiticbKux
cucmem PBiA Cyxonymuux eiticok Yxpainu. Po3zensanymo mMemooonociuni 3acadu 6U3HAYEHHs. HANpSIMI6 YOOCKOHWIEHHS.
030POEHHS HA OCHOGI NOPIGHANLHO2O AHANIZY OCHOBHUX MAKMUKO-MEXHIYHUX GUMO2 00 edheKmUBHo20 OOU0B020 3ACMOCY8AHMHS
Kpawux GIMyusHAHUX ma 3aKOPOOHHUX 3DA3Ki8, wjo cmosmeb Ha 030poenni. Chopmynvosano npobnemu nioguuyenus: 60togoi
eghexmusHocmi, ceped AKUX — 3a0e3ne4eHts HCUGYHoCcmi, moyHocmi cmpinbbu ma 30iNbuenHs TUOUHU BO02HEB020 YPAIICEHHS.
Ocobnugy yeacy npuodineno meHOeHYisAM PO3GUIMKY SUCOKOMOYHO20 O30POECHHA, Y MOMY YUCHI 2inep3gyKogux pakem,
ModCIUBOCMAM iX cmeopents 8 Yxpaini. Hasedeno nopieHsanibHUll aHAi3 60UO08UX MOHNCTUBOCHEL GIMYUSHAHUX | 3AKOPOOHHUX
PAKeMHUX KOMWIEKCi8, CUCmeM peakmueHoi apmuiepii, CAMOXIOHUX apmuiepilicbKux YCMAHOB0K 1 NpudinHoi apmuiepii.
Busnaueno, wo ykpaincoki 3pasku PC3B “Binvxa-M ma “Bypesii”, a makooc CAY 2C22 **boedana” eionosioaioms abo
nepeguugyioms Kpawi 3akopoonni ananozu. Copmynboearno pexomeHoayii 000 nOOAILULO20 PO3GUNIKY PAKEMHO20 Ma apmiie-
piticbko20 036poenHs, 30kpema docsenenis oanvHocmi ypaoicerts 0o 800 km i cmeopents 61acHux 3pasKie 2inep3gyko6oi 30poi.

Knrwouogi cnosa: pakemnuti Komniexc, peakmusHa apmuiepis, apmuiaepiiicbka cucmema, 2inep3gykosa pakema, 601io8a
eghexmusHicmb, MAKMUKO-MEXHIYHI 6UMO2U, MIHOMEM,, apMUIEPIUCOKULL CHAPSIO, YPAICEHHSL YLl
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DETERMINATION THE IMPACT OF PARTIAL METRIC IMPROVEMENT ON THE
EVALUATION OF UNMANNED GROUND VEHICLE COMPLEX APPLICATION
EFFECTIVENESS

Unmanned Systems and Unmanned Ground Vehicles, in particular, have become a crucial element of modern
combat operations during the war for Ukraine’s independence against the Russian aggressor. A wide spectrum of
tasks is assigned to them based on their designated roles: Intelligence, Surveillance, and Reconnaissance, strike

(fire support), logistics, medical evacuation, etc.

This article provides an analysis of the most common types of multi-functional Unmanned Ground Vehicles in
the Armed Forces of Ukraine, including those that are codified. It outlines the potential and limitations of
Unmanned Ground Vehicles, based on an analysis of their Tactical and Technical Characteristics and combat

capabilities derived from operational experience.

The key performance indicator for evaluating the combat effectiveness of a Unmanned Ground Vehicle unit is
determined and substantiated. This performance indicator integrates aggregate metrics: Functionality/Combat
Capabilities, Maneuverability, Survivability/Protection, Autonomy, and a list of partial components.

The influence of improving partial indicators on the Unmanned Ground Vehicles effectiveness assessment is

determined using the system sensitivity analysis method.

The article presents an effectiveness evaluation of the designated tasks performed by a modernized combat
Unmanned Ground Vehicles, with an illustrative example provided for clarity.

Keywords: Unmanned Ground Vehicle, UGV, Monitoring, Reconnaissance, Detection, Situational Awareness
Tool, Effectiveness Assessment, Sensitivity Analysis Method, Unit Employment.

Problem Statement

Today, unmanned systems are being implemented
across all domains and areas of application within the
Armed Forces of Ukraine. According to the “Unmanned
Systems” Doctrine, approved in August 2025 [1], the
distribution of various types of Unmanned Ground
Vehicles (UGVs) occurs across the majority of services
(branches) and their subordinate units.

According to the Doctrine [1], an UGV is a complex
(system) comprising vehicles, associated Ground Control
Stations, command and control (C2) links, and other
elements that ensure their functioning.There is rapid
development and prototyping of new models by various
manufacturers, necessitating standardization and a
unified approach to the definition, classification, role,
and place of UGVs among other forces and assets of the
Armed Forces of Ukraine. The development of new and
the improvement of existing doctrinal and regulatory

documents are ongoing, and algorithms for the codification
of both domestic and foreign platforms have been
introduced.

Unmanned Ground Vehicles of various designations
are being developed today, but operational experience
[2-4] suggests that they are most efficiently used
predominantly  for logistics, medical evacuation
(MEDEVAC), and reconnaissance; while combat modules
are utilized only in supportive/accompanying roles. It is
necessary to refine specific technical specifications
(specs), which requires identifying problematic issues.
Currently, there is a range of technical and organizational
challenges regarding the deployment of UGVs.
Manufacturers and developers continue to refine and
modernize their UGV models by improving specific
system parameters. It is relevant to investigate how the
modernization of a platform's individual characteristics
impacts the owverall UGV operational effectiveness
assessment.
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Analysis of Recent Research and
Publications

Domestic military scientists and military experts
from leading global nations employ various scientific
approaches for evaluating the combat effectiveness of
Armaments and Military Equipment models: analysis of
Tactical and Technical Characteristics (TTCs); probabilistic
(based on the probability of mission success);
economic-mathematical (cost-effectiveness analysis);
expert-analytical (assessment by a group of specialists
in the absence of complete data); simulation-modeling
(modeling combat scenarios with varied UGV parameters),
etc. [5-10]. Article [11] presents methods for assessing
the status of autonomous ground vehicles: perspectives
on evaluation objects, key algorithms, and UGV
characteristics.

This study selects a multi-criteria evaluation method
based on a set of weighted indicators, and the quantitative
(numerical) parameter for assessing the effectiveness of
UGV maodels is defined as the Key Performance Indicator
(KPI) for employment effectiveness, which is currently
the most rational way to compare different types of
combat platforms.

A thorough understanding of UGV employment
challenges is necessary for a meaningful assessment of
their effectiveness. A general overview of sources
regarding the creation of ground platforms and their use
in combat in Ukraine highlights the capabilities and
limitations currently faced by UGVs.

Following the analysis of UGV employment
effectiveness in combat based on the experience of the
war in Ukraine [12-20], the general problems and
weaknesses of UGV deployment can be summarized:

Tactical Effectiveness — whether the UGV achieves
its assigned combat/operational tasks (reconnaissance,
engagement, MEDEVAC, demining).

Personnel Safety/Force Protection — the extent to
which UGVs reduce risk to personnel (the percentage of
operations where UGVs replace a human in hazardous
actions).

Payload Capacity and Protection - current
platforms are still insufficient for heavy combat functions
and protective armor.

Maneuverability — difficulty traversing complex
terrain (craters, mud, dense foliage); lower effectiveness
in urban warfare; impact of weather conditions.

Reliability / Availability — mean Time Between
Failures in extreme conditions (dust, water, frost or heat,
rough terrain degrade performance); failures; percentage of
battlefield availability.

Mission Duration or Power Supply — average
battery life (limited operation time-hours, sometimes
less, under intensive tasks); logistical burden (charge/
replacement); charging logistics.

© Koponbsosa O.B., MinbkoBuu L.B.

Resistance to Countermeasures (EW, Cyberattacks) —
probability of losing control under the effect of Electronic
Warfare (EW) (interference in control, spoofing, and
jamming leave UGVs vulnerable; requires autonomous
modes and protected channels). This is one of the most
critical threats.

Maintenance Logistics — time and resources for
repair/replacement; need for spare parts; many systems
are commercial off-the-shelf; complex field repair.

Cost / Cost-Effectiveness — the ratio of effect (saved
human resources, accomplished tasks) to overall cost.

Risk of Capture and Enemy Use - technical
information and sensors may be copied or used against
friendly forces.

Cost and Scalability — large-scale procurement and
sustainment require significant resources; concurrently,
a need for tens/thousands of units for widespread
application.

Thus, existing UGV models require technological
enhancements and the elimination of identified
deficiencies, leading to the necessity of validating the
rationality of implemented modernization.

The Goal of the Article is to conduct a fundamental
study on the influence of individual parameters on the
overall effectiveness assessment of UGV employment
to enhance the functions and capabilities of ground
robotic systems.

Presentation of the Main Material

The capabilities of modern UGV designs demonstrate
a wide scope for executing combat missions. Specific
missions require improved characteristics for relevant
partial parameters (e.g., cross-country mobility and
autonomy for logistical platforms (fig. 1 a), power supply
for MEDEVAC platforms (fig. 1 b), a high degree of
protection for fire support (strike) UGVs (fig. 1 c), etc.).
A preliminary review indicated that significant
improvements are currently needed across a large
number of TTCs for models of various types and roles,
which requires an analysis of UGV employment
experience against specific indicators. Therefore, the
analysis of UGV employment effectiveness should also
be conducted with consideration of structural and
technical features.

A generalized comparative technical analysis of
the main characteristics that influence UGV maneuverability
and cross-country mobility shows that:

tracked platforms have a larger contact area, which
reduces ground pressure and increases cross-country
mobility on soft soil types (mud, snow); mass distribution,
track width, and ground clearance are critically
important here;

the track drive system is more prone to wear when
moving on gravel and requires regular tensioning/
section replacement;
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the maintenance of a wheeled platform is simpler —
in field repair, wheel replacement is faster than track
repair;

speed and maneuverability in an Urbanized Area
are higher for wheeled platforms — wheeled UGVs are
typically faster and more maneuverable in narrow city
streets, while tracked UGVs better overcome obstacles,
ascents, and trenches.

The sensor and communication system is one of
the primary limiting factors for UGV effectiveness (up
to 30% of all operational failures); thus, manufacturers
and developers are actively refining and improving the
characteristics of the C2 infrastructure.

Kinematic and dynamic instability limit the
effectiveness of UGVs on the battlefield in Ukraine.
Kinematic instability is the unsteady position or trajectory
of the UGV caused by features of the chassis design,
mass distribution, or control inaccuracy. It manifests as:
skidding and loss of trajectory; rocking when moving on
uneven surfaces; instability during stopping or firing
due to an unfavorable ratio of parameters: wheelbase /
track / center of gravity / moment of inertia.

Dynamic instability is the loss of control or
stability of the UGV under the influence of external or
internal forces acting during movement, acceleration, or
braking. It includes: hull oscillations; resonance during
movement at certain speeds; oscillation of the gun or
manipulator during movement or firing; rollover when
overcoming obstacles or rapid changes in speed.

The design and technical solutions of various UGV
manufacturers and developers improve the partial
indicators of the models, but none accounts for all
employment nuances. General recommendations for
determining paths and directions for improvement
include:

1. Technical problems can be
modernizing the design:

platform unification;

enhancement of armor protection;

modernization of the power plant to reduce
thermal and acoustic detection by the enemy;

improvement of the running gear and, for example,
the use of prospective hybrid bionic chassis.

2. Increasing autonomy and system intellectualization:

integration of Artificial Intelligence;

autonomous navigation;

autonomy.

3. Improving communication means provision:

Use of communications and control means with
enhanced jamming resistance (wideband signal).

communication redundancy;

implementation of simultaneous multi-channel
communication (radio, satellite, WiFi, 4G/5G);

use of Mobile Ad-hoc Network (MANET) technology
to build a communication system within a UGV group.

4. Expanding functionality:

multi-functionality (replacing the combat module
with a logistics module, etc.);

increased execution of engineer tasks.

5. Organizational issues:

centralized technical maintenance;

refining the training of operators and technical
personnel (improving training quality);

scaling.

Thus, the effectiveness of UGV employment in the
context of modern warfare demonstrates high potential
but requires systematic improvement. Therefore, it is
important to conduct a UGV employment effectiveness
assessment and then investigate the impact of the
implemented partial improvements on the effectiveness
evaluation.

solved by

Fig. 1. Domesticaly prodused UGV samples:
a— TerMIT (TENCORE); b —Ardal (BUREVII); ¢ — Krampus (Bravel/Deviro)

It is known that, according to the chosen multi-
criteria evaluation method with weighted coefficients,
the effectiveness of an Armaments and Military
Equipment model is determined by assessing its group
criteria (evaluation criteria) and studying the impact of
partial factors (sub-criteria) that characterize the system.

© Koponbsosa O.B., MinbkoBuu L.B.

Therefore, the main influence indicators for assessing
UGV operational effectiveness are defined as:
Functionality/ Combat Capability (firepower, accuracy,
compatibility, automation); Maneuverability (speed,
cross-country mobility, range, maneuvers); Survivability/
Protection (armor, EW countermeasures, signature/
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detectability) and Autonomy (power/energy, algorithms,
communication).

This list and nomenclature of indicators are not
constant and may change depending on the specific
conditions under which priority thematic areas for
scientific research are determined.

All group criteria represent interconnected
constraints that define the UGV's combat readiness in
the theater of operations. If one of these components
fails to meet mission requirements, the platform's
effectiveness falls exponentially, leading to equipment
losses, mission failures, increased logistical burden, and
the risk of capture/reverse-engineering. These criteria
require detailed investigation to define UGV employment
effectiveness evaluation criteria.

To ensure simplicity, clarity, and rapid results for
assessing the effectiveness of combat UGVs, the
Weighted Sum Method is proposed. This method is
effective for prioritizing multiple options and allows for
ranking options based on their importance or
significance relative to defined indicators. The primary
indicator for assessing the effectiveness of combat
UGVs is defined as the Key Performance Indicator for
Employment Effectiveness (KPI-EE) — a consolidated
weighted indicator that summarizes several group
criteria (combat, technical, operational) into a single
numerical value, providing a quantitative assessment
even for heterogeneous systems. Its purpose is the
objective comparison of UGV employment effectiveness,
considering their diversity and broad specialization,
such as the degree of automation (remotely-operated,
automated, robotic (autonomous) UGVs) or the type of
UGV chassis (tracked, wheeled, special), etc.

Procedure for Calculating the Key Performance
Indicator for Combat UGV Employment Effectiveness

or KPI-EE - E,; .

The UGV employment effectiveness is calculated
using the relation (1)

N

Erot= @Ei D
i=1

where:
E — normalized scores of the group criteria based

on a defined experimental scale;
@ — weight coefficients of importance (determined

N .
by the expert assessment method), where 3w =15
i=1
N —the number of group criteria.
The calculation of the weight coefficients for the
combat UGV employment effectiveness indicators is
performed using the Pairwise Comparison Method. This
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is done according to standardized algorithms involving
competent experts and is not described in this paper.

The min-max normalization method is used to
allow for the comparison of qualitative values of sub-
criteria within a group criterion that have different
natures.

In case one or more sub-criterion values are
improved (e.g., during model modernization), the
Sensitivity Analysis Method is used to assess the impact
of these improvements on the overall effectiveness
indicator of the model.

The sensitivity analysis method allows for assessing
the model's robustness against parameter changes and
the interrelationship between models. It also helps
identify the criteria that most significantly influence
effectiveness — for instance, control range or survivability.

In comparative models, the sensitivity method
shows how competition between models affects
rankings. It accounts for the degradation of one model
when another is improved. That is, increasing the
indicator of one model (e.g., range or survivability)
automatically reduces the relative score of the others.

The quantitative measure of the model's robustness
(sensitivity) to changes is the Sensitivity Coefficient —

E&. . Which indicates the relative change in the

integrated index upon changing a specific criterion. The
relation (2) is used to determine the relative increase, in
percentage

E =A—ZEr*100 @)
ot £2zr_old :
tot
where
AZ' — change in contribution, calculated as
E{Zr new Zr old
EZr-°ld _ KPI-EE of the non-modernized model;
EZ'-MW  _ new KPI-EE (calculated by the

standard method using the new values of the improved
sub-criteria, while others are fixed).

It is considered that in the case where E;; >1 —
the system is highly sensitive (small changes have a
strong impact). Conversely, in the case where E;; <0,
a reverse effect is observed (e.g., improving one
parameter causes a relative degradation of the overall
index due to weight imbalance or normalization).

Example of Modernized UGV Effectiveness
Assessment

To evaluate the impact of improving one or more
UGV sub-criterion values on the overall effectiveness
indicator E; of the model using the sensitivity analysis
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method, the example tests two scenarios: improving one
TTC indicator and improving two sub-criteria from
different group indicators.

In the first scenario, the sub-criterion "Power/
Energy" from the group criterion "Autonomy" is improved,
while the second scenario improves "Accuracy" from the
"Combat Capability" group criterion and "EW (Protection
against EW influence)* from the "Survivability/
Protection™ group criterion.

The following weight coefficients of importance
are defined for both scenarios: wc =025, wy =035,

Op =0,2, 0)A=0,2.
The KPI-EE values for the old and new sub-

Zr _old Zr _new
Eiot~ and  Egy - (for one sub-

criterionand for two, respectively) were calculated using
the standard method, equation (1), with new values for
the improved sub-criteria and others fixed. The relation

criteria

(2) is used to determine the Relative Increase Ej, in
percentage.

The results and intermediate values of the
calculations performed for the UGV model before and
after the modernization of specific indicators are
presented in the table:

normalized indicators for old and new TTCs

Zr _new
z Id -
(EZr -0, Eé;jlew and Etot_2 , for one and two sub-
criteria improving);

values of the old and new KPI-EE — gZ[-°4 =47,

Zr _new
Etot _1

=483 (for one sub-criterion), and EZ -1 _ 48
(for two), respectively;

the value of the relative KPI-EE increase g, in
conventional units (c.u.) and percentages (%) for one

and two indicators, respectively.

Table
Effectiveness Assessment of a Modernized Model using Sensitivity Analysis
Normalized Relative Normalized Relative
Indicators indicators, Increase indicators, Increase
rank cu | % rank cu. [ %
Group Criterion Sub-criterion Zr _old Zr new * Zr new *
Etot ot 1 Etot_l ot 2 Etot_2
Functionality/ Firepower 6 6 6
Combat Accuracy 6 6 7(+1) 0,01 1,27
Capability, (C) Compatibility 7 7 7
Automation 5 5 5
Maneuverability, (M) Speed 5 5 4 (-1) -0,02 | -1,78
Cross-country
mobility 5 5 5
Operational
Range 5 5 5
Maneuvers 4 4 4
Survivability/ Armor 2 2 3 (+1) 0,01 1,35
Protection, (P) Signature/Detec 3 3 3
tability
EW (Protection
against EW) 8 8 8
Autonomy, (A) Energy 5 7(+2) | 0,03 | 2,71 5
Algorithms 5 5 5
Communication 5 5 5
KPI-EE, c.u. 4,70 4,83 2,71 4,80 0,85

The analysis of the obtained data shows that for
the defined weight coefficients of the chosen group
criteria, upon improvement:

change in contribution for both tests AZErA =0.13
and AZEr =0.1;
b3

the sub-criterion "Power/Energy" from the group
criterion "Autonomy™ by 2 points results in a relative
KPI-EE increase of g, ;= 2,71 %.

© Koponbsosa O.B., MinbkoBuu L.B.

the sub-criteria "Accuracy" from the "Combat
Capability" group criterion by 1 point and "Armor" from
the "Survivability/Protection" group criterion by 1 point
results in a relative KPI-EE increase of g, , =0,85 %,

accounting for the loss of maneuverability due to the
increased weight of the armor after modernization
(speed reduced by 1 point).

The value of the relative KPI-EE increase indicates
that the system is highly sensitive to changes.
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The research results clearly demonstrate how the
improvement of partial TTCs of a model can negatively
affect the values of other indicators and the assessment
of the overall UGV employment effectiveness indicator.

Future plans include conducting an analysis of the
influence of modernized partial characteristics on the
UGV employment effectiveness assessment in comparative
models of competing platforms.

Conclusions

1. The analysis of sources regarding UGV
employment experience in modern warfare reveals the
high potential of contemporary designs, yet necessitates
their systematic improvement. In this regard, studying
the impact of implemented partial improvements on the
UGV employment effectiveness assessment is relevant.

2. The example provided assessed the impact of
improving one and several (two) UGV sub-criterion
values on the overall effectiveness indicator Eg; of the

model using the sensitivity analysis method. Two
modernization options were tested. It was determined
that, for the defined weight estimates of the selected
group criteria, upon improvement:

the sub-criterion "Power/Energy" from the group
criterion "Autonomy" by 2 points results in a relative
KPI-EE increase of g , =271 %, which indicates

the system's high sensitivity to change.

the sub-criteria "Accuracy" from the "Combat
Capability" group criterion by 1 point and "Armor" from
the ""Survivability/Protection™ group criterion by 1 point
results in a relative KPI-EE increase of g, , =085 %,

accounting for the loss of maneuverability due to the
increased weight of the armor after modernization.

3. The results of the conducted study clearly
demonstrate that improving the partial TTCs of a model
can negatively impact the values of other indicators and
the assessment of the overall UGV employment
effectiveness indicator.
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BU3HAYEHHS BIIJIUBY ITOKPAIIEHHSA YACTKOBUX IIOKA3HHUKIB HA OHIHKY EOEKTUBHOCTI
3ACTOCYBAHHS BE3EKIITA’)KHOI'O HASEMHOTI'O KOMILJIEKCY

0O.B. Koponbosa, I.b. MinskoBud

YV x00i sitinu 3a nezanesxcnicmv Ykpainu npomu pociticbkozo 3aeapOHuxa 6e3nilomui cucmemu, 30Kpema Oe3eKinaicHi
HA3eMHI KOMWIEKCU, CMAlU 8ANCIUBUM eleMEeHMOM 8e0eHHs. 60Uoeux Olll, HaA HUX NOKIAOAEMbCA WUPOKULL CHEKMpP 3A60aHb,

BUX00AUU 3 IX NPUSHAUEHHS: PO36i0Yyeanbhi, yoapHi (602Hest), 102icmuuni, eeaKyayitini mowjo.
Y emammi npoananizoeano naiibinew nowupeni y 36pouinux Cunax Yxpainu 3pasku 6azamogyuxyionanvrux besexinaic-
HUX HA3eMHUX KOMWILEKCI6 PI3HUX Munig, 30kpema koougixosanux. 3 02150y Ha aHANI3 MAKMUKO-MEXHIYHUX XAPAKMEPUCUK §

00108UX MONCIUBOCHEL 3a 00CEIOOM 3ACHOCYBAHHS OKPECTEHO NOMEHYIAN MA 0OMENCEHHs De3eKINANCHUX HAZEMHUX KOMIIEKCI8.

Busnaueno i 061pyHmo6ano nokasHuK OYIHIOBAHHA ePeKMUBHOCI 3ACMOCY8AHHS NIOPO30INY OE3EKINAHCHUX HAZEMHUX

KOMIIIEKCI, SIKULL GKIIOUAE 2PYNOGi NOKAZHUKU: (DYHKYIOHANBHICIL/OO0UO6I CRPOMOICHOCTI, MAHES8PEeHiCib, 3aXUlLYeHiCmb,

aA8MOHOMHICMb Ma n@pe/llK YACMKOBUX CKIIAOOBUX.

Haseoeno eusnavenms 6NJIUBY NOKPAUWLEHHSA YACMKOBUX NOKA3HUKIB Ha OI/ﬂHKy €¢€Kmu8HOle. 3acmocCy8aHHA bezexinaic-

HO20 HA3EMHO20 KOMN1EeKcy Memooom aHLl/liS’y qymflu@ocmi cucmemu.

IIposedeno oyiniosanns eghekmueHOCMi UKOHAHHA 3A60AHb 30 NPUSHAYEHHAM MOOEPHIZ08aAHUM OOUOBUM OE3EKINANCHUM

HA3EMHUM KOMNJIEKCOM, O/Isl HAOYHOCTE HABEOEHO npuKﬂa().

Kniouosi cnosa: besexinasicnuii nazemuuii KOMALEKC, MOHIMOPUH2, PO36IOKA, BUAGLEHHS, 3aCiO cumyayiinol obiznanocmi,

OYIHIOBAHHS eheKMUBHOCTE, MEMOO aHANI3Y YYMIUBOCHIE, 3ACMOCYBAHHS NIOPO30INY.

© Koponbsosa O.B., MinbkoBuu L.B.
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®OPMYBAHHS IICEBJIOBUIIAJIKOBHUX MMOCJIIIOBHOCTE HA OCHOBI
CTOXACTUYHHUX 3MIH CTPYMY PAJAIOEJIEKTPOHHHUX 3ACOBIB

O0Hi€io 3 KIOYOBUX CKIAO08UX 3abe3neyenis ingopmayitinoi besnexu (6 momy uucni y 3acobax 36 's3Ky) €
BUKOPUCAHHS KpUNMOSpaghiunux memoois, 30Kkpema cucmem wugpyeants. Taki Memoou ipyHmyiomscs Ha 2eHepayii
ma 06pobyi KpUNMoSpapiuHux Kouis.

Ichytouuil nioxio 00 eemepayii Kuouie — 3aKpumms GUPOOHUKOM BUXIOHUX OAHUX, (POPMYE KPUMUYHY
3ANENHCHICIL KOPUCTYBAUI6 IO NOCMAYANbHUKIE, YHEMONCIUBIIOE NOGHOYIHHUL HAYKOGUUL AYOUM 3ACHOCOBAHUX
aneopummis, YCKIAOHIOE 3a0e3neueHHss Kpunmoepagiunoi cmiukocmi 6 ymMoeax Kibep3acpo3 i 2eonoaimuyHol
HecmabinbHOCMI.

Ilpogedenuii ananiz uacniokie rxomepyianizayii Kpunmoepagiunux 3acodieé usAsUS HEePiHOMIPHICHb
docmyny Kopucmyeauig 00 3acobie 3axuiyero2o 38 a3Kky. Lle, 8 c6o10 uepey, cmeopioe 3a2po3u Ha PiGHi SIK TOKATbHUX
cucmem, max i HAYIOHAIBLHOT De3nexu.

Yu He €OuHull WIAX PO36 A3aHHA Yi€i NpoOieMu — CMBOPEHHs BACHUX Memoois cenepayii Karyosux
nocnioosnocmeil. OOun i3 mMakux wiisAxie Hageoeno 6 yit pobomi. Aemopamu 3anponoHO8AHO THHOBAYIUHULL
NPOSPAMHO-ANAPAMHUL MemoOd Popmyeans nceeoosunaokosux nociioosnocmen (IIBII), axuil ipynmyemocs na
BUKOPUCIAHHI CIMOXACMUYHUX 3MIH CIPYMY, WO SUHUKAIOMb NIO 4aC WIMAMHO20 (QYHKYIOHY8AHHS PAOIOeNeKMPOHHUX
3acobis (PE3).

Hosedeno, wo euxopucmanns gizuunux npunyunis (paykmyayit npupoono2o abo mexHo2enHo2o noxo-
021CeHHsT) 00360JI€ 2eHEPYBAMU YHIKANbHI, Henepedbauysani Kodi 3 6UCOKOI0 eHmMpOnieio. 3anpononosanuil nioxio
ne2ko inmezpyemocs 6 HaasHi (a60 NepCchekmusHi) anapammo-npopamui Komniexkcu. Bnpoeadacenns sanponono-
8aH020 NiOX00y 0038015€ He Juuie sbepecmu 3Hauni kowmu (WO SUMPAYATUCS HA 3AKVRIGNIO KOMEpYiliHO20
nPOSPAMHO20 3a0e3NeUeHHs), alle | CYmmMESO NIOSUWUMY MEeXHOL0IUHULL cyéeperimem ma iHghopmayitiny 6esnexy
depoicasu.

Peszynomamu docniosicenns cmanosnime inmepec 015 pO3POOHUKIE KPURMOPAMIUHUX PIUUEHb, HAYKOBYIE Y
cghepi beznexu iHghopmayiiiHux mexHoN02il, @ MAKoNC Gaxieyié 000POHHO-NPOMUCTIOBO20 KOMNIEKCY .

Knrouosi cnosa: 6esxonmaxmuuil iHOYKYIUHUL 0amuyuk, Kpunmoepagis, 00HOpAa306i mapkepu, npocpamHo-
anapamuuil. Memoo, Nces008UNAOK08i NOCIIO08HOCMIE, PIGHOMIDHICMb PO3NOOLLY, CIMOXACMUYHI 3MIHU CMPYMY,
CMamucmu4Hi XapaKkmepucmuxu.

3aCTOCOBYIOTH OTHAKOBI MeTOAM (OpraHi3aliiHO-TeXHi4Hi

ITocTanoBka npodaemu

Ha cporomni HaiOUTHIN TOMMPEHUMH € TDIATHI
crcTeMu TeHepallii kmodiB. Taki ciuctemu nepen0avaroTh
abo mpsiMe KOMepITiiiHe MpHAGaHHs KIOUiB (HapHKIa,
gepe3 cepTU(]IKOBaHNMX MOCTAYAFHUKIB 200 criemializo-
BaHi MPOrpaMHi WIATQOPMH), UM TPUAOAHHS TOCTYITy 0
MPOrPaMHOTO 3a0e3MeYeHHs], SIKe FeHepY€E KITF0Ul Ha OCHOBI
MIEBHKX MpompieTapHux anmroput™is [1]. ['onoHOO Hebe3-
TMIEKOIO TPY IIbOMY € Ta 00CTaBHHA, IO KIHIIEBI KOPUCTY-
Baui (apmii, 1o OGe3mocepe/IHLO BeayTh OOWOBI i)

mixomm) Tpu 3axucTi iHdopmarti. [Tompu cBOO TexHIUHY
eeKTHUBHICT KOMEpLiaIi3aList HOPOIKye HU3KY IpodieM
SK TIPUKIIAIHOTO, TaK i (DyHIAMEHTAJIBHOTO XapakTepy.
Bee 11e yHeMOXIHBITIOE 200 YCKIIaIHIOE IIMPOKE BIPOBa-
JoKeHHsI Kprrrrorpadii B Macirrabax MacoBHX, JepKaBHIX
a00 KPUTHYHO BAKITMBIX KOMYHIKAIIHHIX CHCTEM [2].
I[TpoGiema icHyBaHHS Ta PO3IOBCIODKEHHS IUIATHUX
KTo4iB 1ipyBaHHs noysirae y (opMyBaHHI KPHUTHIHOL
3aJIOKHOCTI CyO'€KTiB 1H(pOpMAIIHOI B3aeMOii BiJ 30B-
HILIHIX MMOCTaYaJIbHUKIB KPHUITOrpadidHUX 3aJIKHICTh €
MOTEHIIIHHO BPa3JIMBOO: OYIb-IKe OOMEKCHHS /10 KITIOYiB
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(HanpHKIIaa, CAaHKIIMHOrO ab0 TEXHIYHOTO Xapakrepy)
MOXKe TIapaiizyBaTH ab0 CKOMIPOMETYBATH 3aXUIICHHN
38’530k [1]. Kpim Ttoro, Bimkputuii abo naTeHTHHI
KOHTPOJTb TIOCTa4YajlbHUKa HaJl aJrOpUTMaMHy TeHepauii
KITIOYiB TiJIBHIIIY€ PH3UK CTOPOHHBOTO JIOCTYITY 0 iHpOp-
Mallii B 3axwileHii Mepexi (y chepax, TMOB’S3aHUX i3
JIep’KaBHAMH, BiHCHKOBUMH a00 HAyKOBO-TEXHIYHIMH
koMyHikamismn) [1, 2].

Komepiamizaiiisi K1t040Boi iHppacTpyKTypu mepe-
IIKO/KAE HAYKOBIHM BIJKPUTOCTI Ta YCKJIA[HIOE ayIUTY
aITOPUTMIB, SIKIi BUKOPUCTOBYIOTHCS B CHCTEMax IIU]-
pyBauus [1, 12]. V 6Gararthox BHIaAKax aJrOPUTMH
mMQpyBaHHs B IUIATHUX PILICHHSX HE MPOXO/ATh HAJIEK-
HOI PEIeH3I1 B HAYKOBHX CITUTBHOTAaX, OCKUIBKH 3aXHUINCHI
ABTOPCHKUM MpaBoM ab0 KOMEpLiitHO0 TaeMHHILEHO [2].
OTxe, KOPUCTYBa4 HE MOJKE IIEPEBIPUTH, UM HE MICTHTh
BHUKOPHCTOBYBAaHUI HHM QJITOPUTM MPHXOBAHUX Bpa3-
JHMBOCTEl 200 HeTOKYMEHTOBaHUX (QyHKLiiH [1].

3 ormsiay Ha BHILE3a3HAYCHE, aKTyaJbHUM HAIps-
MOM HAyKOBHX IOCITI/DKCHb € PO3pOOKa ajlbTepHATUB-
HUX METONIB TeHeparii KpunrorpadiuHuX KIIOUiB, sIKi
3a20e3MeuyIoTh HeOOXiJHUI PiBEeHb €HTPOIIi], CTIHKICTH 10
KPHUIITOAHATI3Y Ta HE3aJEKHICTh BiJl 30BHIMIHIX MOCTa-
JanbHUKIB [2, 3]. V 1I50My KOHTEKCTi 0COONMBY HAYKOBY i
MPUKJIaHy iHHICTE MAlOTh MiXOIH, IO IepeadavaroTh
BUKOPHCTAHHSI CTOXaCTUYHHUX 3MiH (DI3MYHUX TapameTpiB
ENIEKTPOHHUX MPHUCTPOIB, PAiOCNEKTPOHHMX CHUTHAIIB
200 MPUPOIHHX TIPOLECiB Il GOPMYBAHHS YHIKAIbHUX
KJIFOUOBHUX IOCHig0BHOCTEH [3, 4].

3anpornoHOBaHUI MiAXi Mae KUIbKa CYTTEBUX
nepeBar:

- MiIXig Moxe OyTH peanizoBaHuii y BOymoBa-
HHUX a00 mporpamMHo-anapaTHux pimeHHsx. e no3Bomse
IHTErpyBaTH IpoIec reHepamii KIoviB 0e3rnocepeIHbo
B 3ac00u 3B’s13Ky [3,4].

- (hi3MKO-XIMIYHI TIPOIECH B KOMIIOHEHTaX IIpH
HEpiBHOMIDHOMY BHKOPHCTaHHI alapaTHUX PpecypciB
MaloTh LIYMOIOMIOHMH XapakTep, o poOUTh iX mepc-
NEKTUBHUM JDKEPEJIOM BUITAAKOBOCTI;

- peamizaris 3aIPOIIOHOBAHOTO MIIXOMY HE TOTpe-
Oye JIeH31HNX BiIpaxyBaHb.

Meta po0oTH — pO3poOHTH TPOTpPaMHO-amapart-
Huit meton ¢popmyBanHs [IBII Ha OCHOBI CTOXacTHYHUX
3MiH ctpymy PE3, ouiHuTh #oro npugaTHICTh Juis 3ac-
TOCYBaHHSI B CHCTEMax KpumrorpadiuyHoro 3axucry (st
reHeparlii OJIHOPAa30BHX MapKepiB) Ta MPOBECTH ITOIe-
penHiii ananiz piBHOMipHOCTI oTpumanoi [1BI1.

3anporoHOBAHMI METOIT PeaTi3yeThCsl 3a JOIOMOTOI)
MPOrPaMHO-aNapaTHOr0 KOMIUIEKCY (0€3 KOHTAaKTHHH iH-
JOYKUIHUEM TaT4vK, aHajgoro-uuppoBHH IEepeTBOpIOBaY
(ALIT) Ta croemjamizoBaHe MporpaMHe 3abe3MeueHHs ).
VYHIKaJIBHICTh METOAY MOJIATAaE B HOro HEiHBA3MBHOCTI
Ta eHepProe()eKTUBHOCTI.

© KyzaskoB B.B., Tnycruii A.O.

AHaJI3 OCTAHHIX JOCTIIKeHb i myOJikanii

IIceBmoBUITagKOBI TOCITIIOBHOCTI IIMPOKO 3aCTO-
COBYIOThCA B KpumTorpagii s HMOTOKOBUX MH(DPIB,
reHepamnii KIFOYiB Ta MPOTOKOMNiB ayreHTH(ikamii. Tpa-
JUIIHHI METOIH, Taki SK PEricTpu 3CyBY 3 JIiHIHHUM
3BopoTHEM 3B’s3koM (P3JI33), 3abe3medyroTh MOBTHiA
nepioz, ajge Bpa3JMBI J0 aTak, HAMPHKIAJ, aJrOPUTMY
Beprekemma-Mecci [5, 13]. Kpumrorpadiuni remnepa-
Topu Ha ocHOBI AES y pexxumi CTR mpornoHytoTs BUCOKY
CTIMKICTb, ajie¢ MOTPEOYIOTh 3HAYHHX OOYHCITIOBAILHUX
pecypcis [6, 4]. Kpim Toro, BiZioMo, 110 JOCITiDKYIOTHCS
(hiznuHi mKepena BUNMaakoBocTi st crBopenns [1BIT i3
BHCOKOIO SHTPOII€I0 (Taki sK TEIIOBUA myM abo Xao-
THYHI 300paxeHHs) [4, 10].

CroxacTHYHI CHUTHAIIM, OTPUMAaHI BiJl amapaTHUX
KOMITOHEHTIB, € TIePCIIEKTHBHNM JPKEPEIOM BHIIaIKOBOCTI,
OCKIJIBKH IXHS TIPHpO/ia 00yMOBIIeHa (i3UKO-XiMIYHIMHA
mporecaMy, 1o BigOyBaroThes B koMmrioneHTax PE3 min
yac (yHKIiOHyBaHHS. J{0CITiHKEHHAS IOKA3aIIH, 110 ITyMO-
TOAIOHI CUTHANM BiJl €EKTPOHHHUX CHCTEM MOXYTh OyTH
BUKOpHCTaHi i kpumrorpadii [5, 11]. IIporpamuo-
anapatHi metoau, peanizoBani Ha FPGA abo MikpokoH-
TpoJiepax, JeMOHCTPYIOTh e(heKTUBHICTh y BOYJOBaHUX
cucremax. [Ipore Taki MeToan NOTPEOYIOTh PETENBHOIO
aHaJi3y craTucTu4HuX Biactusocteit [1BII.

3anpornoHOBaHUi METOJ BUPI3HAETHCS BHKOPHUC-
TaHHSIM CTOXAaCTHYHUX 3MiH cTpymMy PE3 sk mxepena
BHIIAJIKOBOCTI Ta HEIHBA3UBHUM 300pOM JIaHHX, IIIO0 POOUTH
HOro yHIKaJbHUM Yy MOPIBHSHHI 3 ICHYIOUMMH PIILICHHSMU.

Bukiax ocHOBHOro MaTepiajy

Omuc meroxy. Meron dopmysannst I1BIT rpyn-
TYETHCS] HA BPaxyBaHHI CTOXaCTHYHMX 3MiH CTPYMY, IO
BUHMKAIOTh MiJ 4ac ¢yHkuionyBanusa PE3. Ili 3minm
CIPUYMHCHI:

- (iBUKO-XIMIYHAMH TIPOLIECAMHU B PaJIiOCIEKTPOH-
HHUX KOMITOHEHTAX, SIKi PU3BOIATH 0 HE3BOPOTHUX 3MiH
iXHIX mapameTpis;

- HasBHICTIO CTPYMY KBa3iKOPOTKOT'O 3aMHUKAHHS
B IU(POBIH CXEeMOTEXHIII;

- HEpIBHOMIPHHM BHMKOPHCTAHHSIM allapaTHUX pe-
CypCiB y pizHuX pexxnmax poboru PE3 (odikyBaHHS, X0m0C-
THIT XiJ1, HOMiHaTbHa 2060 MaKCUMaJIbHA TIOTY)KHICTB).

CroxacTU4HHUI XapakTep 3MiH CTpyMy pOOUTH iX
MEPCIEKTUBHUM JDKEPENIOM BHIAIKOBOCTI. Merop 3anpo-
TIOHOBAaHO peaji3yBaTd 3a JONOMOrOK IPOrpamMHO-
anapaTHOro KOMIUIEKCY, 10 CKJIay SIKOr'0 BXOJATH!

- OC3KOHTAKTHHH IHAYKIIHHUA NaT4yvK; (Qikcye
JMHAMiuHi 3MiHU cTpyMy Oe3 BBy Ha PE3;

- ananoro-imppouii mepersoproBau (ALI); mepe-
TBOPIOE aHAJIOT'OBHI IIYMOIOMIOHMH CUT'HAT Y TU(PPOBY
dopmy;
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- CHerianizoBaHe porpaMHe 3a0e3neueHHs; BUKO-
Hye 00poOKy curHaity Ta reHepauito 6inapHoi [1BII.

Jlis TepeTBOpeHHsI IIyMOINOIOHOTO CHUTHANY ¥y
OiHapHY IMOCITITOBHICTH 3aIPOIIOHOBAHO BHKOPHCTAHHS
TPBOX CITOCOOIB, SIKi TIPEICTABIICH] Y BUIIISI OJIOK-CXEM.

[Nepmmm € cnoci® MOPiBHSIHHS BXiJHOTO aHAIIOTO-
BOT'O CHTHAJTY 3 IOPOTOBUM 3HAYEHHSM. AJITOPUTM Iiepe-
TBOPEHHS CUTHAITy HaBelleHo Ha puc. 1.

(" o)
'

3aXOIUIEHHS CUTHAITY

v

36epertu curHain B 0ydep

v

3amaru moporoBe 3Ha4Y CHHSI

p-value > threshold?

Banucatu “’1” Banucatu “0”

I |
v

®dopmMyBaHHS O1HAPHOT TTOCTi JOBHOCTI

v
3anuc y daiin txt

v
 ow )

Puc. 1. Anroput™M neperBopeHHs BXiTHOT0 CUTHALY Y
OiHApHY MOCJIiI0BHICTH M€TO/10M NOPOroBOr0 NOPiBHIHHSA

[Ipr mpoMy BimOyBaeThCs TMOPIBHSHHS BXiTHOTO
CHTHAITy 3 TIOPOTOBUM DPiBHEM. SIKIIIO 3HAYESHHS CUTHATY
BHIIIC TOPOTOBOTO DiBHS — (OpMyIOTh cHrHaT (6iT)
noriyaoi "1", mmwkue — "0". Cnin 3a3HauyMTH, pPiBEHDb
MOPOrOBOTO 3HAYEHHS MOXe OyTH (ikcoBaHUM (HYIIb,
CepeIHE 3HAYCHHS CHTHaTy) a00 aJalTHBHUM.

Jpyruii crnoci®6 — BHSBJIEHHS MEPEeTHHY HYJIA
(Zero-Crossing Detection). ITpu misomy 6it "1" dopmy-
€ThCS TMPU 3MiHI 3HAKa BXIJHOTO CHrHany (MepeTHH
piBHA Hyns 3 + Ha -, 1 "0", AKIIO BXIMHWIA CHUTHAN
3MIHIOEThCS 3 - Ha + (a00 HaBMAKM).

© KyzaskoB B.B., Tnycruii A.O.

Anroput™ (YHKIIOHYBaHHS IIPOTrPaMHOI CKJIao0-
BO{ IIPE/ICTAaBJIEHO Ha puC. 2.

( IouaTox )
v

OTpuMaTH BXiTHHHA CHTHAJ

v

[Himiamizamis:
previous_sign = sign(signal[0])

v

i=1

v

current_sign = sign(signal[i])

<

current_sign # previous_sign
Ta odbuasa # 0?

Honatu 1 y OinapHy
MO CITIIOBHICTh

Honatu 0 y 6iHapHy
MOCITIJOBHICTD

previous_sign = current_sign

i < TOBXHHH cHrHAIY?

Tax
i=i+1
L
KiHeup Ta noBepHyTH GiHapHY
MO CITIJOBHICTh

Puc. 2. ANropuT™M nepeTBOpPeHHsI CHTHAJY y GiHApHY
MOCJTiI0OBHICTH METO/IOM MEePeTHHY HYJIs

Tperiii crioci® — aHasi3 MWBHUIKOCTI 3MIHH CUTHAITY.
bitu GopmMyrOTbCS Ha OCHOBI IIBUAKOCTI 3MIHHM aMILIi-
TYZIH.

SIKIIO IMIBUJIKICTH 3POCTaHHS MEPEBHINYE MOPIr —
reHepyerbest "1"; SIKIO MIBUAKICTH CHAJaHHS HIDKYE
nopora — "0". [lns MPOMIXKHUX 3HAa4€Hb BHUKOPHCTO-
ByeThes uepryBanHs 01 1.

ANTOPUTM NEpEeTBOPEHHs CUTHAITY Y OiHapHy moc-
JIIOBHICTH METOJIOM aHaJli3y MIBHIKOCTI 3MiHHM 3HAUCHHS
PiBHSI BXiJTHOTO CUTHAJTY HaBeJEHO Ha puc. 3.
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( Iouatox )
v

OTpuMaTy BXiTHUH CHUTHAI

v

Inimiasizanmis:
i=1 toggle =0

O6uucimnru rate = signal[i] - signalli-
1]

rate > threshold_positive?
Tak

Hi

Jonaru 1y 6iHapHy
MOCIIIOBHICTh

Tate < threshold_negative~

Tak

Jonaru 0 y 6Ginapay
[IOCJIi JOBHICTh

Tonaru toggle y Ginapuy
TOCIIOBHICTh; Aai

toggle = 1 - toggle

izi+l

i < ZOBKMHH CHTHAITY?

Tak

( Kinenp Ta HoBepHYTH OiHApHY >

MOCITIIOBHICTh

Puc. 3. Tperiii cnoci0 nepeTrBopeHHsI BXi/IHOI0 CUTHAJY Y
OiHApHY MOCJIiI0BHICTH METO0M LIBUAKOCTI 3MiHM
CHTHATY

[Mporpamua peanizaiis OyJb-SIKOTO 3 HABEICHUX
CHOCOOIB MEPEeTBOPEHHS BXIIHOIO CUTHANy 0a3yeThes
Ha Gibmioreni Python sounddevice, sika mo3Bomsie 3iii-
CHHUTH ’3aXOIUIEHHs” BXIJHOI'O CHTHaJy, HOro onudpy-
BaHHS Ta 00po0OKy (puc. 4). O6pobneHuit curnan (GiHapHa
MOCITiIOBHICTh) 30epiraeTbesi B OKpeMoMy (aii.
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( IlouaTox )
v

Bxin N, seed, a

v

T'enepanis [1BI1
psp_binary = randint(0, 2, size=n)

[To6ynyBaru Ta moka3aTu
ricrorpamy

BukoHnatu y?-TecT:
Ho: p(0)=p(1)=0.5 — p-value

p-value>a?

Tax Hi

puitasata Ho Bigxunutu Ho

| 7 |
( Kinens >

Puc. 4. Anroput™M nepeTrBopeHHs1 CUTHAJTY Y OiHApHY
MOCJIiI0BHICTH i/l Yac 00pOOKHU CUTHATY

MeToauka ouinku Biaacrusocreii I1BII

Jus ominku sikocri [IBIT mepen6aveno anamiz ii
CTATUCTUYHUX BIIACTHBOCTEH, TAKUX SIK:

- piBHOMIpHicTh posmoxiny [IBII (anaii3 gacrotu
nosieu 0 1 1 3a JOMOMOIOKO TiCTOrpaMm i TeCT XU-KBaapar
JUTSL TIEPEBIPKU CTATUCTHYHOL 3HAYYIIOCTI PIBHOMIPHOCTI;

- aBTOKOpEyAls (OOYMCIEHHS aBTOKOPENISAIiHHOI
(GYHKINT UTs OI[IHKH 3aJIEKHOCTI MiXK OiTaMu);

- enrpomis (BukopuctanHs ¢opmynu llleHHoHa
JUTS OLIHKH iH(OopMaLiiiHOT HEBU3HAYEHOCTI);

- CTaTHCTHYHI TecTH (IUIAHYEThCS 3aCTOCYBAHHS
NIST Statistical Test Suite [6]).

IMonepenHiii anami3 30cepe/HKEHO Ha PIBHOMIPHOCTI
PO3TIONLTY, IO € OJHIEI0 3 0a30BUX 1 BOJHOYAC KITHOYO-
BUX BiactuBocter kpurrrorpadiunux [1BI1. PiBHOMIpHIIA
PO3TIOALT TapaHTYE BiICYTHICTh CHCTEMATHIHHX 3MIICHBb
y WMOBIPHOCTI TIOSIBM HYJIB Ta ONVHUIG, a BIATAK M-
BUIIY€ CTiHKiCTh MOCTIIOBHOCTI 10 CTATUCTHYHUX aTak. Y
IFOMY BHIIAJKY AOCTimKyeThes OiHapHa [IBIT moBxwuHOIO
10° 6iT, cdhopMOBaHA METOXOM MOPIBHSAHHS CHTHAIY 3
MOPOTOBMM 3HaueHHsM. Takuii mixix 103BOJSE Ha MpaK-
TUYHOMY PiBHI OI[HWTH BIiJIOBIIHICTh MOCIIJOBHOCTI
PIBHOMIpPHOMY PO3MO/LTY, @ TAKOXK CTBOPIOE OCHOBY JIJISI
HOIJIBIIOTO 3aCTOCYBaHHS (hOpPMaii30BaHUX CTAaTHUC-
TUYHHUX KPHUTEPIIB — 30KpeMa TECTy XU-KBajapaT — JJIs
KIJIbKICHOI TIEPEBIpKH TiNOTE3U NPO PiBHOWMOBIPHICTH
MOSIBA CUMBOIB [7].
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Pe3yabTaTi 10CaigxKeHD

Po3pobieno mporpamue 3abe3neuenns Ha Python
IUTs “‘3aXOIUIeHHEs” CHTHAMY, 00poOKku Ta rerepartii [IBIT.

JI71st OLiHKM PIBHOMIPHOCTI BUKOPHCTAaHO MOJIEIBHY
6inapry ITBIT goxuHoo 10° 6iT, oTpuMany MeromoMm
TIOPIBHAHHS 3 MMOPOTOBUM 3HAa4YeHH:M. [icTorpama pos-
MoAiNy Toka3sana dacrory nossu 0 1 1, mo cTaHoBIsITh
0.4997 1 0.5003 BigmoBigHo. Tecrt Xu-KBagpaT aaB
p-value = 0.78, 10 MiATBEPIKYE CTATHCTHYHY PiBHO-
MmipHicTh (puc. 5).

50 A

40 A

30 A

YacToTa

20 A

10 1

499800
3Ha4YeHHs

500200

Puc. 5. T'icrorpama piBHomipnocTi IIBIT

IopiBHSAHHS 3 IHIIUMU MeTOAAMM

[opiBHSIHHS 3 pericTpoM 3CyBY 3 JIiHIHHUM 3BO-
POTHHM 3B'S3KOM TI0Ka3aio, IO 3alpONOHOBAaHUN METO/
Mae noreHuian st creopenHs 11BII i3 BUcokolo piBHO-
MipHIiCTIO 03 CKaHMX anapatHux Moxugikamiid. Croxa-
CTUYHUI XapaKTep BXiAHOTO CHTHATY IiJBHIIYE KPHII-
TorpadiuHy CTiiKicTh opiBHSIHO 3 P3J133, ski Bpa3zmusi
no atak bepnekemma-Mecci.

Kpunrorpadiune 3acTocyBanHs

3anponoHoBaHUN METOx po3pobiIeHO 3 (OKycoM
Ha TEHepariio OJHOPa30BHX MapkepiB (NONCES) st
MPOTOKOMIB ayTeHTU(IKAIli B TENCKOMYHIKAIIMHUX CHC-
temax (Hanpukian, 5G, Wi-Fi). Nonces e yrikansHIME
MOCITIZIOBHOCTSIMH, SIKI BUKOPUCTOBYIOTBCS JUIsl 3a00i-
TaHHA aTakaM IIOBTOPHOTrO BiaTBOpeHHs. [lepeBaru
METOJy JUIS 1IbOTO 3aCTOCYBAHHS: eHeproe(eKTHBHICTB,
HeiHBa3WBHICTh (BiACYTHiICTH mOTpeOM B Momubikarii
PE3), mBuakoisi (BUCOKa 4acToTa qUCKpeTH3aii 3a6e3-
neuye mBuaKe crBopeHHs [1BII).

Mertoz Tako)X Ma€ TOTEHIial s PO3IIUPEHHS 10
IHIIIMX 3aCTOCYBaHb, TAaKUX SK IOTOKOBI IH(pu ado
reHepallist KIIOYiB JUIsl CHMETPUYHOTO MH(PYBaHHS.

© KyzaskoB B.B., Taiycruii A.O.

BucHoBxku

Po3pobneno mporpamuo-anapatHuii Meron ¢op-
myBaHnHs [IBIl Ha OCHOBI CTOXacCTWYHHX 3MiH CTPyMY
PE3. Meron BHKOpPHCTOBYE OE3KOHTAKTHHU IHAYKIIIH-
Huit pgatumk, ALIl ta mporpamue 3abe3medeHHs Ha
Python i3 6GiGmiorekoro sounddevice. PeanizoBaHo Tpu
crocoOu OOpOOKM CHTHANY: MOPIBHSHHS 3 MOPOTOBUM
3HAYCHHSIM, BUSBIICHHS IEPETUHY HYJIS Ta aHAJI3 [IBUJ-
KocTi 3MiHM curHaiy. [lomepenniii aHamiz MozenbHOT
TIBIT nossxuuoio 10° Git mokasaB piBHOMIpHICTB po3IO-
mimy (qacroru 0 i 1: 0.4997 i 0.5003, p-value = 0.78),
110 MATBEP/XKYE ii NPUIATHICTD A1 KpunTorpadii.

[TepeBarn merony: eHeproe(eKTUBHICTb, HEiHBa-
3MBHICTh, THYYKICTh OOpOOKH cHrHaiy. BiH € mepcriekTus-
HHAM JJIsI TeHepalil OJHOPa30BHX MapKepiB y TEIeKo-
MyHiKaliiHux cucreMax. Ilomanpim qocmimKkeHHsS BKITIO-
yatumyTh. TectyBaHHs [IBII 3a momomororo NIST
Statistical Test Suite, ekcniepuMeHTaIBHY anpobaIito Ha
peanpHux 3pazkax PE3, ontuMmizarito amaparHoi peaii-
3amil ISl i ABUILEHHS MIBUIAKOCTI.

IepcrieKTHBH MOAANBIIOTO PO3BUTKY IIHOrO Ha-
NPsIMY TOJISTAIOTH y BIPOBA/KCHHI METOIB y CHCTEMH
nmdpyBanss Ta ayrerTudikamnii, ge [IBI1 MoxyTs BHKO-
PHCTOBYBATHCS [UIsl CTBOPEHHSI OZHOPA30BHX MapKepis
(nonces), reHepariii KIOYiB y MOTOKOBHX Indpax Ta
MIIBUIIEHHST CTIHKOCTI 710 KpunroaHamizy. Kpim Toro,
BOHU MAlOTh MPAKTUYHY I[IHHICTh y CHCTeMaX BIHChKO-
BOTO 3B’s3KY, ZIe MOXYTh 3a0e3redyBaT CHHXPOHI3AI0
CHTHaJiB MK DPaJiOCTaHIsIMU, MiJBHUIIYBAaTH 3aBajio-
CTIHKICTB 32 PaXyHOK PO3IIMPEHHsI CIIEKTPa Ta 3aXHIIATH
KaHaJIU YIpaBJIiHHA BiJl HECAHKI[IOHOBAHOTO JOCTYILY.

IMomanpIni JOCTIHKEHHS MOLUIBHO 30CEPSIUTH Ha
tectyBaHHi [IBIl i3 BHKOpHCTaHHSAM MIKHApPOIHUX
crangaptiB (30kpema, makera NIST STS), onrumiszamii
IIporpamMHO-arapaTHol peasizalii 1yt poOOTH B TOJIBO-
BUX YMOBaXx Ta iHTErpaii 3 CydyaCHUMH 3aC00aMU KPHIT-
TOrpaivHOTO 3aXHUCTY.
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GENERATION OF PSEUDORANDOM SEQUENCES BASED ON STOCHASTIC VARIATIONS IN THE CURRENT
OF RADIOELECTRONIC DEVICES

V. Kuzavkov, A. Tlustiy

One of the key components of ensuring information security (including in communication systems) is the use of
cryptographic methods, particularly encryption systems. Such methods are based on the generation and processing of

cryptographic keys.

© KyzaskoB B.B., Tnycruii A.O.
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The prevailing approach to key generation — proprietary encapsulation of initial data by the manufacturer — creates a
critical dependency of users on vendors. This dependency prevents a comprehensive scientific audit of the implemented
algorithms and complicates the assurance of cryptographic robustness under cyber threats and geopolitical instability.

An in-depth analysis of the implications of cryptographic tool commercialization reveals significant disparities in users'
access to secure communication technologies. This situation poses threats not only to individual systems but also to national
security at large.

A potentially singular solution to this problem lies in the development of proprietary key sequence generation methods. One
such method is proposed in this study. The authors introduce an innovative software-hardware technique for generating
pseudorandom sequences (PRS), which is based on the stochastic current fluctuations that naturally occur during the normal
operation of radio-electronic equipment (REE).

It is demonstrated that leveraging physical principles — specifically, fluctuations of natural or technogenic origin — enables
the generation of unique and unpredictable keys with high entropy. The proposed approach can be seamlessly integrated into
existing or future software-hardware systems. Its implementation not only results in substantial cost savings (by eliminating the
need for acquiring closed-source cryptographic software) but also significantly enhances technological sovereignty and the
overall information security posture of the state.

The results of this research are of particular interest to developers of cryptographic solutions, researchers in the field of
information security, and professionals within the defense-industrial sector.

Keywords: pseudorandom sequences, cryptography, stochastic current variations, contactless inductive sensor, hardware-
software method, statistical characteristics, one-time markers, uniformity.

© KyzaskoB B.B., Tnycruii A.O.
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0. MaKOFOHl*, M. HenexaTHﬁl, 10. KpaCHomanKal, C. KI/IpI/I‘{I/IKl, I. Mameonl, B. KpI/IBLIyHZ,
S MimeHKo2

1p.v o .o . . . . o«
Biticokosuil incmumym mankosux siticok Hayionanvhoco mexuiunozo ynieepcumenty ““ Xapxiecokutl
noaimexHiyHutl incmumym’’ , Xapkie

2 ) : .o : . o .
Hayionanvua akademis cyxonymuux giticok imeni cemovmana Ilempa Caeatidaunoeo, JIvsis

JTOCJII)KEHHS TOKA3HUKIB HAJIMHOCTI ®YHKIIOHYBAHHSI CUCTEMH
TAHKO-TEXHIYHOI'O 3ABE3ITEYEHHSI TAHKOBOI'O BATAJIbHOHY
B YMOBAX BEJIEHHSI BOMOBHX JIIN

B ymosax eedenns 6otiogux Ol HAOIHICIb MEXHIUHO20 3a0e3nedenHs: MaHK08o2o (Mexanizoeano2o) 6amaib-
HIOHY € OOHIEI 3 HEOOXIOHUX CKIAO08UX, WO 00380JA€ NIOMPUMYSAMU BANCKY MEXHIKY Yy pobouomy cmawi. YV
cmammi po32nAi0aembCsi CUCIEMA MAHKO-MEXHIYHO20 3abe3neyenHs MaHK0602o (Mexani308an020) 6amanbiiony K
niocucmema A02ICMUYHO20 3a0e3NeYeHHs, WO cama no cobi € CKIAOHOW CMPYKmMypow, aKka 3abesneuye O0U08y
20MOBHICMb MEXHIKU Y CYUACHUX YMOBAX 8e0eHHs botiosux Oill. Ananiz yHKyionysanHs yiei cucmemu nokazas, wjo
80HA nompebye 4imKkoi opeanizayii ma oyiHKu HAOIUHOCME 0151 NOOOJIAHHS PUSUKIB, WO BUHUKAIOMb 8 YMOBAX GIHU.
Ak sapianm ynpasninna npoyecom (yHKYiony8aHHs cucmema manKo-mexHiuHo20 3abesneyenns mankoeo2o (mexa-
HI308a1020) OAMANBIOHY NPOROHYEMBCS BUKOPUCTIAMU KOHMPOTIH2, AKULL 003601A€ SUAGIAMU CLAOKI MICYs, MAKI
SK 3aMPUMKU 8 NOCMAYAHHT YU 30i1bUEHHS 4aC)y 8IOHOBIEHHA MEXHIKU, 3d 00NOMO20H0 CIAMUCTIUYHUX MemOoOia.

Ipoyec manko-mexuiuno2o 3a06e3neuenns mankogo2o (Mexanizo8ano2o) 6amanbliony po3isidacmoscs 3 6UKO-
PUCMAHHIM MOOei meopii Macogozo 06ciyeogysanhs. Lle 00360mun0 ckracmu 2pag cmanie cucmemu ma 8usecmu
AHATIMUYHI 3a1eHCHOCII Koeiyicnma GIOHOGNEHHsl, KOeDIYIEHMA HCUBYHOCHE CUCEMU MAHKO-MEXHIYHO20 3a6e3-
neyenHs 8i0 uacy nepexody ii 3i Cmamy 6 Cmaw; WIAXOM PO38 SA3AHHA ONMUMI3AYIUHOT 3a0a4i 00CTiOUmMYU NOKA3HUKU
HAOIIHOCMI Y cucmemi JIO2ICMUYHO20 3a0e3nedents Mmankogo2o (mexanizoeano2o) 6amanvilony y 6USHAUEHUX
YyMo8ax eederHss 60UosuUx Oill, 3pobumu 8i0N0GIOHI GUCHOBKU MA HAOAMU PEKOMEHOAYT.

Peanizayis pexomenoayiii, ompumanux Ha OCHOGI NPOBEOCHUX PO3PAXYHKIE, nompedye iHeecmuyiil, HA8UAHHs.
ma KoOpoOuHayii' 3 GUWUMU JIAHKAMU, ajle IX NPAKMUYHA YIHHICMb NIOMEEPONCYEMbCS KIIbKICHUMU PO3PAXYHKAMU.

Knrwouosi cnosa: mexniune 3abesneuenHs, maHKO-mexHiuHe 3a0€3neyYeHHs, epeKmUeHicmp J02iCMUYH020 3a0e3-
newenns, nanyioe Mapkosa, Ounamiuna Mooeib, NOKA3HUKU HAOIIHOCMI, KOeqhiyicHm GIOHOBICHHS.

Ooenpunacamy, AJIMBOM, 3aMIACHIMH YaCTHHAMH, a TAKOX
ITocTanoBka npodaemu , )

AKICHOrO TEXHIYHOIO OOCIYrOBYBaHHS Ta PeMOHTY. Po3-
IISIHEMO cHcTeMy (YHKIIOHYBaHHS TEXHIYHOTO 3a0e3-

TIeYEeHHs] B TAHKOBOMY OaTaibiioHi. BimmosimHo no [1, 2]

VY cydacHUX yMOBax BeICHHsS OOHOBHMX Jii, 0co0-
JIMBO 3 ypaxyBaHHSAM JOCBiLy BiHM pd mpoTH YKpainy,

MIATaHHA HaAiHOCTI JoricTnyHoro 3abesneucHust (JI3)
HaOyBa€ KPUTUYHOTO 3HAYCHHA i1 30epekeHHs Ooe-
3MaTHOCTI miapo3ainiB. TaHKOBI Ta MeXaHi30BaHI MiApO3-
JITH 3aJTMIIAIOTECS TOTY)KHOIO yaapHO cmioro Cyxo-
MYTHHX BIHCBK 1 TOTPeOYIOTh Oe31epediiHOro MocTayaHHst

s migrpumanas OBT roToBHOCTI 10 3aCTOCYBaHHS B
IUX MiAPO3IiTax OCHOBHUM BHJIOM JIOTiCTHYHOTO 3a0e3-
IIEYEHHsI € TaHKO-TexHiuHe 3abe3neuenns (TT3), Ha sxe
MOKJIJIA€ThCsl BUKOHAHHST (DYHKIIT 3a0e3meveH s Mmij-
pozainy OBT, ix TexHiuHe 00CIyroByBaHHS Ta PEMOHT.
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OpmHak ckinaaHi yMOBH O0HOBOI 0OCTAHOBKH, MaHEB-
peHHI XapaKTep orepariiif, BOrHEeBUH BIUIMB MPOTHBHUKA
Ta TIOPYIICHHS JIOTICTUYHHX MUISXIB YacTO MPHU3BOISTH
o 3HWKeHHs HamiitHocTi TT3. V Takux yMoBax Bax-
JIMBO JOCIIIINTH Ta KIJIGKICHO OILHUTH ITOKA3HUKKA HaIiil-
HocTi enementiB TT3, BUSBUTH KPUTHYHI BY3JIH Ta PO3-
POOUTH peKOMEHAAIIT IO/I0 ITiABUIIEHHS e()eKTUBHOCTI
(GYHKIIOHYBaHHS LI€] CUCTEMHU.

TaxkuM YMHOM, JOCIIKEHHS MTOKA3HUKIB HAJIHOCTI
TAHKO-TEXHIYHOr0 3a0e3IeUeHHsl IMIPO3/UIB € aKTyalb-
HHUM 3aBIaHHAM 1 Mae rrpalcque 3HAYCHHA JII T'OTOB-
Hocti OBT 110 3acTocyBaHHsI.

AHaJIi3 0CTaHHIX J0CTi/ZKeHb i myOaikanii

JlocTaTHRO BENUKA KIJBKICTh TMpallp IIOJ0 YIOC-
KOHAJICHHS (DYHKI[IOHYBaHHS CHCTEMH JIOTICTUYHOTO
(TexHiuHOTrO) 3abe3meueHHs Bikichk (cr), 30kpema i TT3,
B YMOBax BE/ICHHS OOMOBHX il CBIUUTH IIPO aKTyasb-
HICTh i€l mpobraeMatuku. Tak MUTAaHHSIMH OpraHi3amii
Ta YIOCKOHAJIEHHS CHCTEMH JIOTICTHYHOTO (TEXHIYHOTO)
3abe3neuenns 3CY nocmimKyBana HH3KAa HAayKOBIIIB,
3okpema: Crapres B.B., Komowmiiiiies O.B., I'ypin O.M.,
Tpersx B.®., IlycroBapoB B.B., Onmiiiauk P.M., Ilas-
noBcekuit 1.B., Teepmoxmi6os B.B., Bamkupor O.M.
TOLIO.

VY pobotax [3, 4] HaBeleHa XapaKTEPUCTHKA CHC-
TEMH JIOTICTHYHOrO 3a0e3reueHHs Bikicek (cwi), aie
BU3HAYEHO JIMIIIE BIUIMB 30BHILIHIX Ta BHYTPIIIHIX YMOB
i ynHHEKIB. KpiM Toro, mpoBeaeHuii aHaji3 YMHHUKIB,
110 TOB’SI3aH1 3 BIPOTIJHICTIO ypa)keHHsI 00 €KTIB JIOTiC-
THKH, 1 THX, II0 0E3M0CEepPEeIHbO BILIMBAIOTh HA PiBCHb
JKHBYUYOCTI JIOTICTHYHOTO 00’ €KTA.

VY pobori [5] aBTOpH PO3IIIAAaI0Th TUTAHHS Pallio-
HAJILHOTO BUKOPHCTAHHS CHJI 1 3aCO0IB JIOTICTHYHOTO
3abe3neueHns [opitpsanx Cun 3CY mix gac TexHiu-
HOT'O OOCITYTOBYBaHHS Ta PEMOHTY JIbOTHOI TEXHIKH.

VY pobori [6], 3a mpuHIHIIOM (YHKIIOHYBaHHSI
JIOTICTHYHOI CKJIAI0BOI BilickkoBUX (opmyBanb HATO,
aKIeHT pOOWTHCS HA BHKOPUCTAHHI YHIBEpCAIBHUX
MOOUTPHUX KOMIDIEKCIB JIOTiCTUYHOTO 3a0e3meyeHHs. Y
[7] mpormonyeTscst 3aransHa cucteMa OOJIKY i KOHT-
pOIIO 32 MaTepialbHUMHU TOTOKaMH, 00’ €KTaMH 1 3aco-
6amut OBCT, ane He po3riisiaeThCsi TMTAHHS i IBUILICHHS
MOKa3HHUKIB  HaAiiHOCTI  (DYHKI[IOHYBaHHS ~PEMOHTHO-
BIIHOBIIIOBAJILHOI CKJIAI0BOI JIOTICTUYHOIO 3a0e3MeYeHH
MiAPO3IITiB TAKTUYHOI JTAHKH.

Kpim Toro, y [8] mpoanamizoBaHi MaTeMaTHuHi
CKJIaJIOBi (haKTOPIB, IO BIUIMBAIOTH HA HaMiiHICTE JI3,
JUISl BU3HAYCHHSI IUISIXiB HEHTpai3alii Ta nociabieHHs
iX HEraTWBHOI'O BIUTUBY. BCTaHOBJICHO, IO CYTTEBUMA
BIDIMB Ha MOCTA0JICHHS HaBeICHHUX (DaKTOpIB Ta ITiJBU-
MIEHHS )KUBYUYOCTI 00’ €KTIB JIOTiCTUKH MAIOTh TaKi 3aXO0/IH,

SK CTBOPCHHA XWOHWX 00’ektiB JI3, 30Kpema 1 s
pemonty ta BimHoBIeHHS OBCT. O0rpyHTOBaHI Cy0’€K-
THBHI NOKAa3HWKH, SIKI HEOOXIAHO 3MIHIOBATH I ITiBH-
IIEHHS PiBHS )KUBYYOCTI.

VY [9] aBTOpamMu po3pobIeHO PEKOMEHAAIIT MI0I0
JikBigamii 300iB y Ipolieci ynpaBiliHHS JIOTICTUYHHM
3abesneyeHnsm (JI3) B ymoax Bemenust bJ[. Mexanizm
TOCJTJOBHOrO BUKOHAHHS OKPEMHX OIlepalliif 3a peKoMeH-
JIOBaHUM BapiaHTOM J03BOJIIE OTPHUMATH 1H(POPMAIIiO
NP0 BHYTPIIIHE Ta 30BHIIIHE CEPEOBUIIE, IiTKO YCBi-
JIOMJTIOBATH TOJIOXKEHHSI, B SIKOMY IepeOyBae cucTeMa,
BUOpaTH 1 TMPaKTUYHO peasi3yBaTH PillleHHs, aJICKBATHE
JI0 CHUTyaIlili, 1[0 BUHHUKAIOTH. Peaii3alis 3amporoHo-
BaHMX PEKOMEHIANil MIOA0 MiABUIIEHHS epeKTUBHOCTI
ympaBiiHHS BigHOBIeHHsM 3paskiB OBT, 3okpema, i
cucremu JI3 B mimomy B ymoBax BeneHHst b/l no3Bose
KOHTPOJIFOBATH CHTYaIlil0, OINEpPaTHBHO pearyBaTH Ha
JectabiizamiiHi BIUTUBH, IiIBHUIYBATH OTIEPATHBHICTH
VIIpaBIiHHA, a TaKoXK 3a0e3nedyBaTH e(peKTUBHY Opra-
Hi3aIlif0 TIPOIeCy YIPaBJiHHSA BiIHOBICHHSIM BIHCBKOBOI
TexHikd. OIHOYACHO 3alPONIOHOBAaHI METOJVKH BH3HA-
YeHHS MOMJIMBOCTEH OKpeMHuX (YHKIIOHATHHUX elle-
MeHTIB cuctemu JI3, 30KkpeMa 3 TeXHIYHOI pPO3BIAKU
TMOIIKO/DKEHUX 3pa3KiB 030pOEHHS Ta BIFCHKOBOI TEXHIKU
B X0/ BeIeHHs OOMOBUX Mil.

VY po6orax [10, 11] mocuth 3MiCTOBHO PO3TIISHYTI
MATAHHS OLIHIOBAHHA ITOKA3HUKIB HALIMHOCTI CUCTEMU
JI3 nmpoMUCIOBUX CHCTEM 3 TOYKH 30pY KOHTPONIHTY
0i3HeC-TIPOIIECiB, a caMe: MPUKJIAJHI aCHEKTH 3aCTOCY-
BaHHS JIAHIOTiB MapkoBa AJIsi MOJIEIIOBAHHS CHUCTEM
JI3 sk MPOEKTHOro yINpaBiiHHA 0e3 crenudiku ynpas-
JIHHS JIOTICTHYHOIO CUCTEMOIO.

Ormxe, HE3BAKAIOUM HA JIOCTATHBO BEIIUKY KUTBKICTh
npanp 1moao 3abesneueHHst HaxiiHOcTi JI3, 30Kpema
TT3, nutanus migsunieHHst epexkruBHocti TT3 TakTHy-
HOTO PiBHS B YMOBaX BelleHH: OOHOBHX JIili 3aIMITIA€THCS
aKTYaJIbHHM.

Merta gocaixkeHnb

[IpoanamizyBaTy HayKOBI HAIpaImIOBaHHS B Tajy3i
JIOCITIDKEHb CUCTEMHU TEXHIYHOrO 3a0€3II€YEHHS 3 METO0
PO3pO0IIEHHS 1HCTPYMEHTY JIOTICTUYMHOTO KOHTPOJIHTY
JUIs BU3HAYCHHsI (AaKTOpiB 1 “BY3bKHX" MiCI[b CUCTEMH
TT3 ta 0OrpyHTYBaTH HPOMO3HMIII 1OA0 3a0e3NeUeHHS
HalifiHOro Horo (YHKIIOHYBaHHS IIifi 4Yac BEJCHHS
00ioBHX il

Bukjax ocHOBHOro MaTepiajy

BupimieHHss 3a7ad JIOTiCTUYHOTO 3a0C3MCUYCHHS
Bilficbk (CHI) 3MIMICHIOETHCSI Yepe3 CHUCTEMY JIOTiCTHY-
Horo 3abesneyeHHst 3C YkpaiHH, ska BKIIOYA€ CYKyIl-
HICTh B3a€MOIIOB’SI3aHUX OpPTraHiB YIPaBIiHHS, CHJI Ta
3aco0iB, 1HPPACTPYKTYPH JOTICTHYHOTO 3a0€3MCUCHHS
toro [12]. ¥V cBoro uepry, cuiu i 3aco0H JIOTiCTHYHOTO
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3a0e3neyeHHs 3a (PYHKIIOHAJIBHUM MPU3HAYEHHSM MO/~
JSIFOTh Ha HACTYIHI MiAPO3Aiin (MiACHCTEMH):

- 30epiranHs 3amaciB MT3;

- TEXHIYHOTO OOCITYTOBYBAHHS Ta PEMOHTY (PEMOHTHO-
BiZIHOBJTIOBAIIBHI);

- TPaHCIIOPTHI,

- iH(pacTpyKTYpHOTO 320€3ICUeHHS;

- crerianeHi [13].

Ipu npOMY 37iHCHEHHS eBakyarlii 3 BiicbK (Cr)
nontkomkennx (Hecnpasuux) Bupodis OBCT, mepenaua
iX PEMOHTHHMM OpraHaMm, MpPOBEICHHS TEXHIYHOrO 00CITy-
TOBYBaHHS, IOTOYHOr0 Ta cepeanboro pemonty OBCT
€ OJIHMM 13 TOJIOBHUX 3aBAaHb CHIT JIOTICTHKY T[] Yac iX
3actocyBaHHs. BimnoigHo mo [1] 3xificHeHHs 1ux 3axo-
JIB TOKJIAJAEThCA HA OPraHM TEXHIYHOTrO 3a0e3MeueHHS,
sKki 3a0e3neuytoTh (DYHKIIOHYBaHHS BHIIB TEXHIYHOTO
3a0e3MeueHHs, 30KpeMa 1 TAHKO-TEXHIYHOTO.

[Mpore mix yac Benenns 6oioBux Aii TT3 He Moxke
(YHKIIOHYBaTH OKPEMO 1 TICHO MOB’SI3aHO 3 IHIIMMH
¢yukmisimu  JI3 Ta periaMeHTyeThCs  BiIIIOBITHUMH
nokymentamu [1, 2]. B mux ymoBax 3abe3medeHHst
HaxiiHOrO (yHKIioHyBaHHA TT3 MOXIMBO 3a yMOBH
3a0e3MeueHHsT HAJIEKHOTO KOHTPOIIO 32 pOOOTOIO BCi€i
cucremn JI3.

[IpoBenenmii aHaNi3 BiTOMUX JKEpell MOKa3ye, M0
CBOTOHI HAWOUIBII Ni€BUM Ta e()EeKTHBHUM BapiaHTOM
MEHEDKMEHTY pOOOTH Cy4aCHHX OpraHi3alliiiHuX CTPYyK-
Typ, 30kpema i QyHkuionyBanus migposzaitie 3CY, €
KOHTPOJIHI — CHCTeMa iH(popMalliiHO-aHAIITHYHOT Ta
METOJMYHOI MIATPUMKH KEpiBHHMITBA, CIIPSIMOBaHA Ha
JIOCSITHEHHSI  ONEpaTHBHOI, TaKTHYHOI W CTpaTerivyHoi
METH OpraHi3auliiHUX CTPYKTYp, 30Kpema i (yHKIioHYy-
BanH# miaposainis 3CY [11].

ITi; KOHTPOIIIHTOM CHCTEM TaHKO-TEXHIYHOro 3a0e3-
neveHHst Oy/IeMO PO3YMITH IpOLiEC yNpaBiiHHS 1 KOHT-
poITto HaJT ePEeKTUBHICTIO POOOTH BIJIIOBITHOT iEpapXiTHOL
naHky. BiH moeaHye B 001 aHANITHYHUH Ta TPAKTUIHUH
T TXO/TH, CTIPSIMOBAHI Ha TiIBUIIICHHS ¢(heKTUBHOCTI (pyHK-
IIOHYBaHHS CHCTEMH B IILIIOMY.

Mera konTpomniary B JI3, i 3okpema TT3, momsrae
y 3a0e3nedenHHi Oe3nepebiiiHoro (GyHKIiOHyBaHHS BCi€i
cUCTeMH. 3a3BUYail, KOHTPOIIHT IOIOMAarae mpuiMaTh
MpaBWIbHI CTPATETiyHi pIMICHHS HA OCHOBI aHANi3y
JAaHUX TOCTaYaHHS, CKIAJICBKUX 3allaciB, TPaHCIIOPTY-
BaHHS Ta IHIMIMX KJIFOYOBUX IMAPAMETPIB JOTiCTUIHOTO
HPOLIECY.

OnHUM 13 OCHOBHHX 3aBJIaHb KOHTPOJIHIY € aHai3
HaniiHOCTI poboTu Beiei cucremu JI3 abo i okpemux
€JIEMEHTIB KOMIOHEHTiB, 30kpema TT3. Illnsaxom 360py
Ta OOpOOKM JaHMX KOHTPOJIIHI JIOIOMAarae BHSBUTH
npoOJieMHi 30HHU, HeeEeKTUBHI Ta HEHaIWHI MpolecH, a
TAaKOXX TPOMOHYE 3aXOMW INONO ix omnTuMizarii. B
nojaneioMy Oynemo posrisiiatu GyHkuionyBanus TT3
Ha TIPUKIIATI mo.

OTxe, 3 Hi€I0 MeTOI B PoOOTI BBAKAETHCH 3a
JIOL[JIbHE PO3MJIIHYTH IHCTPYMEHTApi KOHTPOJIHTY
TT3 s #ioro edpeKTHBHOTO YIPaBIIiHHS Ta ONTHMI3amii
npoteciB pyakuionyBanas TT3 m6 y cydacHHX ymMOBax
BEIECHHS OOMOBHX IiH.

st mpoBeneHHs! MOJaIbIIOro JOCiHKEHHS I0A0
omiHku HaxgiiHOCTI cuctemu TT3 y poGoTi obrpyHTO-
BaHO MOKA3HUKH, SKi MSTaTAMYTh KOHTPOJIHTY.

Tak BubOip mnokasnuka criiikoceri TT3 mo3Bomsie
3a0e3Me4nTH 3IaTHICTh CHCTEMH 1 OpPraHiB YIpaBIiHHS
BUKOHYBaTH CBOI (yHKHIT y Oyab-sKiii 0OCTaHOBII.
CTifKICTh € KOMILJICKCHOI XapaKTEPHUCTUKOI CHUCTEMHU
TT3 i nependauae 3axomu, sKi CIPAMOBaHI Ha MiHIMi-
3alil0 BTpaT BUAUICHHX PECYPCIB BiJ BIUIMBY IEBHHX
YMHHKKIB (30BHIIHIX i BHYTPIIIHIX, IO3UTHBHIX 1 Hera-
THUBHHUX), a Y XOJi BeleHHs OOMOBHX [iii — BijJ BIUTUBY
MPOTHBHUKA,; 3a0e31euye CTBOPEHHSI yMOB ISl CTiHKOTO
i Oe3nepepBHOro mocradanHs MT3 migposninam y xoi
BE/ICHHs1 OOWOBMX [isX; 3a0e3nedye YCIIIHE BUKOHAHHS
3aB/iaHb 3 JIOTICTUYHOro 3a0e3IeYeHHs y B3aeMOJIl 3
0OMOBIM, MOPATHHO-TICHXOJIOTTYHAM 1 MEMYHIM 3a0e3-
TICYCHHSIM.

Hactrynauit moka3HuK — Ge3mepepBHICTH yIIpaB-
nigas TTX, XapakTepru3ye MOKIMBOCTI IIOCaTOBUX OCi0
1 OpraHiB YIPaBIiHHS CKJIAJOBHX IIi€] CHCTEMH MOCTIHHO
BrirBaTH Ha TT3 1 gocsraerses MOCTIMHOKO HAsIBHICTIO
CTIMKOrO 3B’S3Ky 3 MiAPO3AiJIaMH, 110 3a0€3MeTyI0ThCA,
3 I MOPSAKOBAHUMH OpraHamM (ITiApOo3IiiaMu) JIoTiCTHY-
HOro 3a0e3leyeHHs 1 JIONICTUKOIO BHILOI JAaHKH, CBOE-
YaCHUM HApOLIyBaHHAM MOXJIMBOCTEH 3aco0iB yrpas-
JIHHS, YMUTUM PO3MILIEHHSIM ITYHKTIB YIPaBIiHHS, CBOE-
JACHUM iX MepeMillleHHsIM Y pa3i HeobXigHocTi Ta / abo
MIBUAKOIO Tepe/iaueio YIPaBIiHHS 3 OJHOrO MYHKTY Ha
IHINWH, IIBMIKAM CBOEYACHHM BiJHOBJICHHSIM IIOpYIIIe-
HOT'O YIIPaBJIiHHS.

BesnepepBHICTh XapaKTepU3YEThCSI MMOKa3HUKAMH
JKUBYUOCTI. JlOCTiKEHHS KHUBYUYOCTI MiAPO3/LIiB MaTe-
PplaJIbHO-TEXHIYHOTO 3a0€3MeYEHHs IPOBOJMIIOCS 3 BUKO-
pucTaHHAM HasBHHX Metoauk [10, 11].

Ilix wac BW3HAYCHHS IMOKA3HWKA KHBYYOCTi CHC-
TEeMH JOUUTFHO OyIyBaTH el MOKa3HUK i3 JBOX YACTHH:
meplia YacTiHa Mae OyTH IMOKa3HHKOM CTYIIeHs 30epe-
JKeHHsI (PYHKIIIA CUCTEMH TIiJT Yac MAiii 30BHIITHIX BIUIIBIB,
HATIPUKIIa/1, IMOBIPHICTIO 30€peXeHHs TOTOBHOCTI, TOOTO
KoeillieHTa TOTOBHOCTI; IpyTra YacTHHA TIOKa3HUKA YKUBY-
Y4OCTi Ma€e OyTH MOKa3HUKOM CTYICHS BiTHOBIICHHA (DyHK-
it cucremu TT3, HAPUKIIAZ, Y BUIIISI TOKA3HKKA Iepe-
BUILICHHSI IMOBIpHOCTI Tepe0yBaHHS CHCTEMHU Y CTaHi
MOBHOI TOTOBHOCTI /10 WMOBIpPHOCTI IepeOyBaHHs ii y
HEOOErOTOBOMY CTaHi.

Kupyuictb cucremu TT3 — 1e MoKa3HUK, SKUNA
3a3BHYail JIOCATAETHCSI BAKOHAHHSM PSIILy 3aXO/IB!

- CTBOPCHHS PalliOHAIBHOT OpraHi3alliifHO-IITaTHOT
CTPYKTYPH 3 BUCOKOIO TEXHIYHOI) OCHAILEHICTIO 1 Iijro-
TOBKOIO ITiIPO3LIIIB JIOTICTHKH 10 BUKOHAHHS 3aB/IaHb;
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- HasIBHICTh BCTAHOBJIEHMX HOPM BiliChKOBHX 3arma-
ciB M13;

- pamioHanbHe po3MimieHHs (po3TalryBaHHS) i
CBO€YACHE TIepeMimeHHs miapo3aimis TT3;

- CBo€vacHe i GesrepepBHE BiTHOBICHHS (PEMOHT)
BUpoOiB (3paskiB) OBT i moctauanust M3 mimpo3iiam;

- HaJiHUH 3aX¥CT, OXOpOHA, 0OOpOHA Ta MACKy-
BaHHS minpo3ains TT3;

- UIBMJIKE BiJJHOBJICHHsI OO€3JaTHOCTI IiJPO3.IiNiB
TT3, siki 3a3HaM 3HAYHKUX BTPAT Bifl yAapy MPOTHBHUKA;

- oprasi3aiiisi 6e3MepepBHOro 1 YiTKOro ynpasiliH-
a1 TT3 3a0e3medyeHHsIM, a TaAKOX MPOBEACHHSAM IHIINX
3aXO0/IiB.

Big moBHOTH Ta AKOCTI BUKOHAHHS IUX 3aXOJiB
3aJICKUTh PIBEHb OOETOTOBHOCTI, 0O€3MaTHOCTI Ta Ooto-
BHUH MOTEHIia BifichK (cui).

Omxe, IS TOCATHEHHS BiJTHOBITFOBAHOCTI Ta KHBY-
qocti, cuctemu TT3 BificbKOBOTrO MmiIpo3iy i, sSIK Hac-
J0K, Horo 60€31aTHOCTI KOXKHUH 11 elIeMEHT Mae OyTH
y B3a€eMOii 3 iHIIMMU y Yaci Ta IpocTopi.

TakuM 4MHOM, TIEpIIa CKIIAJ0Ba MOKA3HUKA JKUBY-
YOCTI Ma€ CEHC IMOKa3HMKa CTIHKOCTI ITiJT YacC 30BHIMIHIX
BIDIMBIB, a Jpyra — BIJHOBICHHS Yy Pa3i MOIIKOMKCHHS
CKIIAZIOBUX CHCTEMH.

ToMy BaXIIMBHM HAayKOBHM Ta MPHUKJIAIHUM 3aB-
JAHHAM € PO3pOOKa MaTeMAaTHIHUX MOJENEH JIOTiCTHY-
Horo 3a0e3neueHHs, 30kpema TT3, mo 103BoJsIE OTPH-
MyBaTH KiJbKiCHI oIiHKH HasxiitHocti TT3 BemeHHs
6oioBHX it TaHKOBOTO GaTasbiiony [8, 14].

OcHoBHI ¢akTOpM BIJIMBY Ha HaJiliHiCTH
MiJICHCTEMH TEXHIYHOT0 3a0e3nmeYeHHs] MmO

Texuiune 3abe3neuenns (T3), i Ak Horo ckiamzoBa
TT3, € ogHicl0 3 KIHYOBUX MiJCUCTEM JIOTICTUYHOIO
3a0e3MCUCHHS TAHKOBOTO 0aTalbHOHY, OCKIJIBKH BiIO-
Bimae 3a migrpumanHs OBT y poGodomy cTaHi, IO €
KPUTHYHO BaKJIMBUM JIJIsl BAKOHAHHS OOHOBHUX 3aBJIaHb.

Texniune 3a0e3MEUCHHST OXOILUTIOE PEMOHT, TEX-
HiYHEe 00CITYrOBYBaHHSI, TIOCTAYAHHS 3aMACHUX YAaCTHH 1
MaTepialiB, a TaKOXK €BaKYaIlif0 IMONTKOKCHOI TEXHIKH
3 o151 6oro [2].

VYV cydacHHX yMOBaxX BEJCHHs OOHOBHX Miif, KOJH
iMoBipHicTh ypaxkenHs OBT m6 Bupocma B pasm, a
JIOTICTHYHI JIAaHIFOTH TepeOyBalOTh MiJ| 3arpo30io, edek-
tuBHiCTh TT3 Oe3mocepenHpO BIUIMBAE HAa HAMIHHICTD
yciei cucremu JI3 1 60if0BY TOTOBHICTBG ITiAPO3ALITY.

Buznauumo Ttaki ocuoBui ¢yHkuii TT3 y mexax
nistipHOCTI cucteMHu JI3 mo:

- Texniune obcyropyBanus (TO);

- pemoHT 3paskiB OBT;

- TOCTa4YaHHs 3aIm9acTyH 1 MaTepialiB Ta 3abe3re-
YEeHHS PEMOHTHHX TpyIl JICTalsMH, IHCTPYMEHTaMH,
MAacCTHJIaMH TOLIO;

- eBaKyallisl TeXHIKH, 30KpeMa: TPaHCIOPTYBaHHS
TOIKO/PKeHUX MammH (TadkiB, BMII, BaHTaXiBOK) /10
PEMOHTHHUX ITyHKTIB a00 CKIIAMiB,;

- TeXHIYHA pO3BiKa (OIiIHKA CTAHY TEXHIKHM Ha IO
60¥0 TSt BU3HAUCHHS TIPIOPUTETIB PEMOHTY YH €BaKyartii).

TT3 m6 3a3Buuail BKIIOYAE€ HACTYIHI CHIH 1
3aco0u:

- peMonTHHi1 B3BOJ y ckiaxi 10 — 15 ocib, ocHa-
MIEHNX MOOUTPHUMH pPEMOHTHMMH MaCTEepHAMH Ta
IHCTpyMEHTaMH ISl IpiOHOTO 1 CepeIHbOr0 PEMOHTY;

- eBaKyalliliHi TPYNH, Y CKIali SKHX IepeadadeHi
1-2 GpoHbOBaHi TsATaUl VIS TPAHCTIOPTYBAHHS ITOIIKOKE-
Hol TexHiku. KokHa rpyna ckinangaersest 3 3 — 5 ocib;

- MyHKT TexHiyHoro obcmyroByBanus (I1TO), o
BKJIIOYA€ CTallioHapHy abo MOOuLIbHY 0a3y i CKiai-
HIIIOTO PEMOHTY, 3a3BMYail pO3TalloBaHa Ha BiJCTaHI
20 — 30 kM Bij JiiHiT 00MOBOI0O 31TKHEHHS.

Opranizamis TT3 mo6 BinOyBaeThcs y TicHIH B3ae-
Moii 3 ops6 Gpuramm [2, 15].

IIpoTe He3Baxkaroum Ha JOCTATHICTH CHII i 3ac00iB
TT3 Ha ioro HafiiHICTh B yMOBaX OOHOBHX Jiii BIUTUBa€E
psn dakrTopis, a came:

- 00MEXEeHICTh MaTepialbHO-TEXHIYHUX PECYypCiB,
30KpeMa AedinuT 3am4acTul, 0COOIUBO IS 3acTapinoi
TEXHiKH, Takol K TaHku T-64 uum BMII-1, saxi craHOB-
JIATH 3HaYHY 4acTKy mapky 3CVY;

- BOTHEBUIl BIUIMB NPOTHBHMKA, OCOOJMBO 3acCTo-
cyBanHs briJIA;

- 4acoBl OOMEXEHHS Ha €BaKyallif0 Ta POBEICHHS
BigHoBienus OBT;

- HEIOCTaTHS KBTI (hiKaLlisl TEXHIYHOT'O IIEpCOHATY;

- TpyaHoIi y nocrayanHi Mt3 ta [IMM 1o noric-
TUYHUMH NUIIXaMH BHACJIZIOK BIUIMBY BOTHEBHX 3acO0IB
NPOTUBHHKA TOLIO.

Orxe, came HagilHicTs TT3 Ge3nocepenHyO BILUN-
Ba€ Ha YCIIX y BUKOHAHHI TOCTABIICHUX 3aBIaHb moO.
Tak Buxig 3 magy 20% rankiB Oaranpiiony (8 — 10
onuuuIp 13 40) Moxe 3ipBaTH HACTYMAJIBbHY OIEPAIIio
Opuragm yepe3 Opak BOTHEBOI MiATPUMKH. 3aTPUMKH B
PEMOHTI eBaKyaIliiHOi TEXHIKW YCKIIAIHIOIOTh TPAHCIIOPTY-
BaHHS NOMIKO/DKEHUX MAIIWH, CTBOPIOIOYH CKYITYECHHS
Ha moni 6oto. [Ipy 1IbOMy OCHOBHHM JKepernoMm 3a0e3-
neyenHst OBT nigpo3niniB 3aiumiaerbes i BiIHOBICHHS
[16].

VY Ttabn. 1 y3arajgbpHeHi OCHOBHI (pakTOpW BIUIMBY
Ha HazxiiHicts TT3 mo.
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Tabnuys 1
OcHoBHi (pakTopu BIiIMBY Ha HadiiinicTs TT3
Ne 3/m HaiimenyBanHs Omnuc BIITUBY Hacminxu
1. Jedimur 3amuactun Bpak neraneit ms OBT 3aTpUMKH PEMOHTY, POCTOT TEXHIKH
2. Boruesuii Bruus BiacyTHiCTh YKPUTTIB, PU3HUKH LIS TlepepuBanus po0it, BTpatu
MPOTHBHUKA 0c000BOTr0 CKJIay PEeMOHTHHUX MiAPO3ALTIB | 0COOOBOTO CKIIALy
3. OoOmerxenuii yac Bucoka iHTEHCHUBHICTD ONepalliif BUMarae 3HIKeHHs 60HOBOT TOTOBHOCTI
mBUAKOro BigHosieHHs OBT
4. Henocraths kBamidikariis HenocratHiii 1ocBi isl pEMOHTY TlomMusiku B peMOHTI, TOBTOpPHI
0c000BOTO CKIIATy CY4acHOI TeXHIKU MOJIOMKH
PEMOHTHUX TiAPO3ALIiB
5. ITpoGiieMu 3 1OCTaBKOIO BorHeBuii iMB NPOTHBHUKA HA 3aTPUMKHU [IOCTaYaHHS 3a4aCTUH
JIOTiCTUYHI IUTSAXH

OTxKe, B IUX yMOBaXxX IOCTA€ BHHUKAE aKTyaJIbHE
MUTAHHS 100 PO3POOKH TPOMO3UILii 3a0e3NeUcHHS
HapiiHocTi TT3 B yMoBax BelcHHS OOHOBHX ITiHA.

OmHuM 13 NUIAXiB mocmipkeHHs mporecy TT3 Ta
BIUIMBY BH3Ha4€HHX Buile (pakTopiB Ha Horo ¢yHKIio-
HYBaHHS € BUKOPHUCTAaHHS JaHIIoris Mapkosa 3 rpen-
cTaBJIeHHAM nporiecy rpadom cranis TT3.

MapKiBCHbKMM Ha3MBalOTh BHIIAJIKOBHII Ipolec 3
JIICKPETHUM YacoM Ta JAUCKPETHUMHU 3HAYCHHSIMH. Takuii
BUITAIKOBUIA TIPOIIEC MOKHA TPEICTABUTH SIK MOCIII0B-

HICTh BHIIAJKOBUX BEIUYNH X,, X,, .., 3HAUCHHAMH

Bl

{E,, E,,.}. A

3pYYHOCTI 3aIFCH BBAXKAIOTHCA PE3yIbTaTaMU {11 2, }

BUNIAAKOBUX BCIWYHH € PE3YJIIbTATH

, T00TO HOMepH pe3ynbraTis. [locninonicte X, X, ,...

YTBOPIOE JaHLor MapkoBa, KO

P(X = jlxo :kll Xizkzl"'lxnfz :knfzf KXot :i):

n

. . 1
=P(X,=j/X,,=i)=p. @

e N — KIIBKICTH CTaHIB CUCTEMH.

LTro BacTuBicT MOXKHA OYJI0 O OXapaKTepU3yBaTH
Tak: 3a (PiKCOBAaHOIO CHOTOJECHHA MailOyTHE He 3aie-
JKUTH BT MUHYOro. Jlanmorn MapkoBa Bi1oOpakaroTh
BUIIAJIKOBUH TIPOIEC, IO 3aJ0BOJILHSE BIACTHBOCTI
MapxkoBa i npuiiMae KiHILIEBE UM JIYMIBHE YMCIIO 3Ha-
4eHb (CTaHiB), y T. 4. 3 IUCKPETHUM YacoM, L€ JI03BOIISE
NPOBOAWTH JOCHIDKEHHS CTaHy CKIAaIHUX CHCTEM,
HaAIPUKIIAJ, TI0 JHAX. IMOBipHOCTI mepexomy p, yrBO-

PIOIOTH MATpPULIIO P:“ pj“ 13 BIACTUBOCTSAMHU:

ip,j =1, )
p; 20, @)
i=1n; (4)
j=1n;. ()

Martpuili i3 3a3HAYCHUMHU BJIACTUBOCTSAMH Ha3H-
BaIOThCS cTOXacTHIYHUMU. OTKe, MaTpHLsl P MOBHICTIO
BH3HAYa€ 3MIHU CUCTEMH 3a KOXHHUI Kpok. PosrisiHemo
3miny cucremu 3a K kpoki. IMoBipHicTH mepexoy

3i icramy B cran j 3a K KpOKIB I03HAYUMO

pu(k)zp(xk =jIX,=i). Ilpn k>1 32 Ppopmymnoro 1m0OBHOI

HMOBIpHOCTI BipHUM OYIlyTh BUPA3H.

B ;)= SP(Xp 1 =5/ Xo = i)pg = pislk-Dpg + (6

i=1n; (7
j=Ln. (8)

Beenemo matpuirio, sika yTBOpeHa iMOBIpHOCTSIMU
pij (k) :
P(k)=[p, ()] ©

I3 3anmcaHoi BuIe pIBHOCTI BHIUIMBAE, IO
P(k)=P(k-1)p. Tomi P(k)=P*. Posmoxin naxurora
Oyrie MOBHICTIO BU3HAYEHO, SIKIIIO BCTAHOBJIEHO ITEBHUN
HOYaTKOBUI PO3MOALI BENUUUHU X '

P(X,=J)=p], Xpj=1 (10)

Ta 3aJ]aHa MaTpHIl epexony P.

3aranom, BiactuBocti (1 —10) xapakTepusyroTh
3aIpONOHOBAHUI JIAHIIOT MapKoBa sIK 0e3MOBOPOTHHH,
eproJvdHuiA, mormuHaro4nii [17], 1mo mo3Bosse BUKO-
PHUCTOBYBaTH HOro sl JOCIHIPKEHHs 1 KOHTPOJIHTY
OpTraHi3aliifHO-TEXHIYHUX CHCTEM IPOEKTHOTO YIIPaB-
JiHHs, 30Kkpema JI3 pizHoro piBHs iepapxii Ta (yHKIiO-
HAJILHOTO 3MICTY.

IlpeacraBumo mnpouec d¢ynkumionysanus TT3
mo y BurJisiii rpady cTaHiB wi€i cucTeMu.

Jnst mociimkenHs HamiitHocTi podotn TT3 y po-
00Ti TPOMOHYETHCS BUKOPHCTOBYBATH MAaTEeMaTHYHHUN
amapat Teopii MacoBoro o0ciyropyBaHHs. Take mopaHHs
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cucremn TT3 crnpusTHMe JIOTIYHOMY 1 KOHKPETHOMY

BU3HAYCHHIO ITOKa3HUKIB 11 HAAIMHOCTI, Y T.4. KoedimieH-
TiB BIHOBIEHHS 1 ®uBydJocTi. OTKe, CHCTEMY JIOLIIBHO
MIPEACTABUTH y BUTIISAI MPOCTOro rpada MmepexofiB 3
BiJIMOBITHIMH 1HTEHCHBHICTIO Ta HMOBIPHICTIO y THIIO-
BUX YMOBaX 3aCTOCYBaHHS MLi€l CHCTEMH 3a MpH3HA-
yeunsiM (puc. 1). 3a KIaCHYHAMH TTOJIOKEHHAMH TEOpii
MacoBoro obciryroByBanss [18] BU3HAaUMMO, M0 CHCTEMA
TT3 mb MoXke 3HAXOUTHUCS B OITHOMY 13 TAKHX CTaHIB!

S; — OTpUMaHHS 3aBAaHHS /PUAHSATTS PIllICHHS HA
TT3 mb;

S, — IpOBeIeHHST TEXHIYHOT PO3BIAKH;

S3 — IpoOBeNIeHHs eBaKyallii;

S, — TIPOBEICHHS IOTOYHOTO PEMOHTY TEXHIKH;

S5 — TexHika B OOErOTOBOMY CTaHi,

Sg — OC3TIOBOPOTHI BTPATH TEXHIKH;

S; — mepeava TEXHIKM CTapIIOMYy HaYalbHHKY;

Sg — mpoBenenns TO TeXHIKH;

Sg — po3moisl 0co60BOTO CKIAMY;

S10 — BUTpara 3amacies MT3;

S{1 — CIIMCaHHS TEXHIKH.

Ilepexim cucremMu i3 cTaHy B CTaH CXEMAaTHIHO
npeacTaBneHnid Ha puc. 1. 3rigHO 3 TTONOKEHHAMHA Teopii
MacoBOro 00CIYrOBYBaHHS IEPEXOAN CHUCTEMH 3 i-TO B
j-M cTaH 30iHCHIOITHCS 3 HMOBIPHICTIO p; #0, i=1n,

j=1n, (N — xinpkicTb cTaHiB cuctemu TT3), sKi 3anexath

BiJl BIUIMBY 30BHILIHBOI'O CEPEIOBHINA 1 KEPYIOUHX
BIUIMBIB ynpaniinHs. [lapamerpu BianosigHoi MaTema-
TUYHOI MOJIETI MOXYTh OyTH BH3Ha4eHI 3a CTaTHCTHY-
HUMH JAHUMH i B TTOIAJIBIIIOMY BHKOPHCTOBYBATHCS IS
KOHTPOJIHT'Y Ta ONTUMI3allii (yHKIIOHyBaHHS CHCTEMH
TT3 Garansiiony [19].

Se S7 " Sll
5, > S, M S |—»| Si |—» S —
Sg < Sq Sio
L J

Puc. 1. T'pad craniB pynkuionysanns cucremu TT3 mo

Martpuns nepexiHux HMOBIpHOCTEH 3alHIIeThCs
TaKUM BHPa30M:

P, . 0 0 p, O p, p, O 0O O
P, P, B 0O 0O p, O 0 pg, 0
0 p, P Pw O O p, O p, O O
0 0 0 p, ps O O O py p, O
p,, 0 0 p, py O O O 0 0
lpJ=0 p, 0 0 0 p, 0O 0 0 0O 0 (11)
P Prs 0 0 p, 0 0 0O pyu
p, 0 0 0 0O O O p, Py Ry O
B, B B, O 0O O py p, O O
0 0 0 py, 0O 0 pg P O Py O
0 0 0 0 0 p, O O O O py
Po3MipHicTb 1i€l MAaTpHIll CTAHOBUTHME
“ pij“ =[nxn], 12)

Jie N — YHCIIO CTaHIB CUCTEMH.
EnemenTamMu MaTpuii € HMOBIpHICTH HEpPEXoay 3
i-ro B j-if cTaH 3a OOMH KPOK, 1pH LboMy Pij=>0.

Martpuiis, 110 Ma€ Taki BIACTHBOCTi, 3a OCHOB-
HUMU BU3HAYCHHSIMH TEOPii MACOBOTO 00CITyrOBYBaHHS,
Ha3HMBA€EThCS cTOXacTHYHOH [19].

YV MapkiBChKOMY JTaHIk031 31 3MiHOKO Yacy (kpok K)
posnonin imosipHocteid craniB {P1(K), pP2(K), ... pa(K)}
3MiHIOeThCs. [Ipy boMy OOYMCIIEHHS PO3MOMINy HMO-
BipHOCTeit Ha HactynHOMY (K+1) BHKOHYyeTHCS 3a Bimo-
MO0 (pOpMYIIO0 TTOBHOT IMOBIPHOCTI

nk+) |p® R B © 0 p, O p, p, O O O
pk+) pK) R, B, B O O B O O p 0
pk+) pk) 10 B, Ry R O O p O p 0
pk+) |nky 10 0 py P Ps 0 O 0 By By O
nk+«) nK Jp, 0 0 p,p, O 0 0 O 0
pk+) =pk) 10 p, R, O O p O O O O 0O (13)
pk+) pK) P, O p, O 0 O p, 0 0 O py
nk+) pk) Jp, 0 0 0 0 0 O P Re P O
pk+) Jpky 10 B, Rs R O O 0 g, R, O O
Rk+] k) 10 0 0 py 0 0 By P O Py O
nk+) lpkj|0 0 0 0 0p, 0 0 O O p,
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SIKIIO BCTaHOBJICHO MATPHIIO MEPEXiIHUX HMOBIp-
Hocreit ||p;j|| 1 Bimomuit po3moxin HMoBipHOCTEH CTaHIB
{p1(K), p2(K), ... pn(k)} Ha Kpomi K, To HOBHMII po3momin
nmosiprocreit cranis ||pi(k+1); i = 1, 2, ..., n|| Mmoxke
Oyru 3HainenHo 3 (13).

OTxe, craH cucTeMH y daci Moxe OyTh BimoO-
paxxeHnii uepes Matpuio [|pij(K)|| Ha k-My xpoui.

ITicns npoBeleHHS PEeKYypEeHTHHX PO3paxyHKIB 3a
dopmymamu (11 — 13) gepe3 meBHY KiJbKIiCTh KpOKiB K
marpuus ||p;j| HaGyzxe cBoro rpanuunOro crany. Takum
grHOM, popmynu (11— 13) naroTh MOXKIHBICTH JOCTI-
JUKYBATH CTaH CUCTEMH Y Yaci: TOKPOKOBO Ta Y TPaHUY-
HOMY CTaHi.

Busnavenns: koediuieHTa BiIHOBJIEHHSI cHCTeMH
TT3 mo6

JIi1st BUpIlICHHS 3aBJIaHHS OIIHIOBAHHS HAIIHOCTI
cucremu TT3 m6 B ymoBax BemeHHS OOHOBHX i
JIOLIJBHO BUAUINTH CTaHH, IO Oe3MocepeHbO BILIHBA-
I0Th HA ii XKMBYYICTh Ta BiTHOBIIIOBAHICTh, 30KpeMa IpH
JIOCSITHEHH] TPAaHWYHUX 3HaYeHb HMOBIpHOCTI mepely-
BaHHS B HPOMY MPOTSITOM BH3HAYCHOTO Yacy I BHKO-
HaHHS 3aBJIaHb 32 IPU3HAYCHHSM.

Lle npointoctpoBano Ha puc. 2 sk pparMeHt rpady
MIEPEXOIiB CHCTEMH JIOTiCTHIHOTO 3a0e3NeueHHs B Pi3Hi
11 cTaHu HaIiWHOCTI.

Ps

A\ 4

Sl Sz Ss _> SA _I SS

t P

Puc. 2. ®parment rpady nepexonis migcucremu TT3 y

A 4

Ppi3Hi ii cranu HagiitHoCTI

Otxe, koedimieHT BimHOBICHHS cuctemMu TT3
GatayibiioHy MoOXke OyTH BHpakKeHHH uepe3 3HauCHHS
HMOBipHOCTEH CTaHiB P; Ta Ps,a came:

1

K= 1+& P
P Ps

(14)

3a3HaunMoO, 10 AHANITHYHI BHPa3W BHU3HAUCHUX
Koe(II[€HTIB HAHHOCTI KOPETIOIOTh 3 1X CMHCIOBUM
HABAaHTAXKEHHSIM, 1HTYITHBHO 3PO3yMIIMMU MOXKIUBOCTS-
MU BIIHOBJIEHHS CHUCTEMH ITiCIA IIKIUIMBUX 30BHIIIHIX
BIUIMBIB Ta 30epexeHHs (QYHKIIH, ski Oe3nocepenHbo
3aJIeXaTh BiJ| IKOCTI IIPOBEJCHHS KOHTPOJIIHTY.

BusHayeHHs Koe(illieHTa KMBY4YOCTi cHCTeMH
TT3 6aTanbiiony

ITig yac BU3HAYCHHS TIOKA3HUKA YKUBYUOCTI CUCTE-
MU JIOIIFHO OyTyBaTH IIeH MOKA3HUK 3 TBOX YACTHH:

- TIepIIa 4acThHa Ma€ OyTH IOKa3HWKOM CTYIEHS
30epesxxeHHs QyHKmiN miacuctemu JI3, a came TT3, mix
yac fAif TPOTHBHUKA, HATIPHUKIAM, HMOBIpHICTIO 30epe-
JKeHHs (PYHKIIIH i€l T ICHCTEeMH 11T Yac il MPOTHBHIIKA,

- JIpyra 4acTWHa TOKa3HWKa uBy4ocTi (y pasi
He30epekeHH (PYHKIIIH TiICHCTEMH BifiCBKOBOI JIOTiC-
THKH T 9ac Aifl POTUBHUKA) Ma€ OYTH TMOKa3HUKOM
CTYyIIeHs BiJHOBJeHHs QyHKiH miacuctemu TT3, Hanpuk-
naja, y BUIJISJl MOKa3HMKa MMOBIPHOCTI mNepeOyBaHHS
IMiICKCTEMH y CTaHi MMOBHOI FOTOBHOCTI JI0 HMOBIPHOCTI
niepeOyBaHHS 11i€1 MiICHCTEMH Y HEF'OTOBOMY CTaHi.

OTxe, nepiiia CKIIaoBa MOKa3HUKA XUBYUOCTI Mae
CCHC IMOKa3HHMKA CTIHKOCTI MiJ Yac il MPOTHUBHHKA, a
JIpyra — ToKa3HHWKa e()eKTUBHOCTI BiIHOBIICHHS Y pasi
MOIIKO/DKEHHS TPOTHBHUKOM OY/Ib-SIKMX CKJIQJIOBHUX 3
¢bynxmii TT3.

TakuM 4YWHOM, 1M Yy3arajJbHEHUH TOKa3HUK €
OCHOBOIO JUIsi TIOOY/JIOBH B TIOMAJIBIIIOMY KPHUTEPIIO 3
METOIO OL[IHIOBAHHS PIBHSI JOCSTHEHHS METH 30epeKeHHS
skuBydocTi mifncucremu TT3 mpoTsroM BH3HAYEHOTO
HePioAy Yacy NPy BUKOHAHHS 3aBJaHb 32 IPU3HAYCHHSM.

3riguao 3 Bupazamu (1 —10), (13) BusHaummo yac
Mepexojly CUCTEMH i3 CTaHy S; 10 Ss K Py, @ Yac mepe-
XOJIy CUCTEMH 13 CTaHy Ss 10 S 5K Ps.

ABTOpH TIPOTIOHYIOTH BHU3HAUEHHS KoedimieHTa
sxuBydocTi cucremu T3 Gatanbitony [4]

-1
1 [l+p5]
K= + P '

TR
Po

(15)

JAunamiuHuii aHaji3 HajgidHoOCTI JIOTiICTHYHOrO
3a0e3neveHHsl Yepe3 pPoO3B’si3aHHSI cucTeMHu JuepeH-
HiaJbHUX PiBHAHb

TeopernuHe MATPYHTSI CUCTEMH MacOBOI'O 00CITy-
TOBYBaHHS, 30KpeMa JIaHIIOTiB MapkoBa, JO3BOJISE J0C-
mipKyBati rmiponiec (yHkuioHyBaHHS cuctemu TT3 y
Yaci BiJHOCHO WMOBIPHOCTEH 3HAXODKEHHS 11 Y KOXKHOMY
i-My CTaHI HIISIXOM OMNHCYy HOro cucTeMoro audepeH-
LiHUX PiBHSHE:

dPi(t) o

T —J_Zzlﬂf,- Pi, (16)
i:lx_nv (17)
j=1n, (18)

Ae A; — IHTCHCHBHICTb NIEPEXOAY CHCTEMH i3 i-TO CTaHy
B J-if;
N — YUCIIO CTaHIB CUCTEMHU.
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[HTEHCHBHICTh NIEPEXOy CHCTEMH i3 i-TO CTaHy B
J-i Moxe OyTn BH3HAYeHA MOCTIJHHM IUISIXOM Ha
OCHOBi 0OpPOOKY CTAaTHCTUYHUX JAaHUX.

Jlns oTpuMaHHS aHANITUYHIX 3HAYCHb KoedimieH-
TiB HagiHOCTI cuctemu TT3 OartambiioHy, a came
koedimienta BimHoBmenas (14) ta KoedirieHTa KXUBY-
gocTi (15), HeoOximHO po3s’s3ath cucremy (16) — (18),
II0 TIPUPOIHO MOSICHIOETHCS B3AEMOBILTHBOM €IIEMEHTIB
cucremu JI3 (puc. 2).

Po3p’s3anusm cucremu (16 —18) Gymyts BHpasu
BUTILITY

pj (t) = exp(rij 1), (19)
i=1n, (20)
j=1n, (21)
IIPY YOMY
> pi(t)=1. 22)
i=1n (23)

Ae A; — IHTCHCHBHICTb IIEPEXOLY CHCTEMH i3 i-TO CTaHy
B J-if;

N — YUCJIO CTaHIB CHCTEMH.

TexHiYHO PO3B’S3aHHSI MOXXJIMBE YHCETFHUMH Me-
Tomamu abo 3a IOTIOMOTOF0 OHJTAWH-KaIbKysiTopis [20].

3a3HaunMMO, IO MOKPOKOBE PO3B’SI3aHHS CHUCTEMHU
piBasiHb (16 — 18) HamacTs 3MOry MPOBECTH AWHAMIY-
HU aHai3 MOKa3HUKIB HaAidHocT cuctemu TT3.

Tak muckperuzailisi 3MiHHOT 9acy t y IbOMy BUIIaKy
MOKE CHMMBOJII3yBaTH, HAIPUKJIA, [IOJICHHI 3MIHH CTaHIB
CHCTEM MPOTATOM BH3HAYCHOTO TPAHMYHOTO TEPMiHY
BUKOHAHHS 716 3aBJaHb 32 PU3HAYCHHSIM.

Toni HOCSATHEHHS TpPAaHUYHHMX 3HAYCHb HAJAIHHOCTI
TOTO YH IHIIOTO CTAHY CHCTEMH BiJMOBIaTHME MEBHUM
YaCOBHM MMOKA3HHUKAM.

PosrisiHeMo cucTeMy JIOriCTUYHOrO 3a0e3MeueHHs
mb, mo Oepe ydacTb B OOOpOHHIN orIeparlii y Imepion
30 nib.

bynemo BBaxkaTH, 0 OATaNbilOH ITOBHICTIO YKOMII-
nekroBanuii OBT 3rimHO 3 oOpraHi3aiiifHO-IITaTHOO
CTPYKTYPOIO.

[Ipuiimaemo, 110 cipaBHUN CTaH — L€ CTaH 3pa3Ka
OBT — xapakrepu3yeThCs HasBHICTIO 3a11aCy TEXHITHOTO
pecypcey 1 3HaXOKEHHSAM BCIX TEXHIYHHX MapaMeTpiB y
BCTAQHOBJICHHX MEXKax.

[Mpane3naTHuii cTaH BiAPI3HAETHCS BiJ CIIPABHOTO
CTaHy THUM, L0 JAeski mapamerpu 3paska OBT, ski He
BIUIMBAIOTh Ha HOro (YHKIIOHYBaHHS, MOXYTh HE
BI/INIOBIIaTH BCTAHOBJIEHUM MEXaM.

V cnpaBuux (mpare3aataux) 3paskis OBT € 3amac
TEXHIYHOTO PECypCy.

VY pasi BUTpaTH TeXHIYHOro pecypcy 3pazok OBT
BBQ)KA€THCSI HECIIPABHUM 1 HOr0 eKcIutyaTallisi TOBUHHA

Oyru mpunmHeHa. [licis 4oro 3pa3ok Imiyiarae TeXHIY-
HOMY OIJISIAy i maini, abo kamitansHoMy pemonty (KP)
JUISl BiTHOBJICHHSI TEXHIYHOTO pecypcy, abo CIHCAHHIO
Ta yTHIi3alii.

PemonTt OBT, mo Mae 3amac TEXHIYHOTO pecypcy,
MPOBOJUTHCA Y BIMCPKOBMX PEMOHTHHUX IiApPO3MAiTax
(gacTiHax) y BUIVISIAI MTOTOYHOTO PEMOHTY abo cepen-
HbOro. KamiTanpHHii PEMOHT, TOB’S3aHUI 3 BiJIHOBIICH-
HSIM TEXHIYHOTO PECypCy, 3MNUCHIOEThCS Ha MiANPHEMCT-
BaxX MPOMHCIIOBOCT!.

Vrumizauis OBT  3ailicHIOETBCS B CHELAJILHUX
yactrHax (0a3ax) abo Ha MiMPHUEMCTBAX TPOMHUCIIOBOCTI.

Jopobku 3pazkie OBT 3 meroro ix MomepHizaiii,
CHpsIMOBaHOI Ha MiJBHUIICHHS TX OOHOBHX MOXIMBOCTEH
(HaIHOCTI, EKCILTyaTAlITHOI TEXHOIOTTYHOCTI, OOHOBOT
e(peKTHBHOCTI), 3/IHCHIOIOThCS K Y BiHChKax, Tak i Ha
PEMOHTHHUX ITiIIPHEMCTBaX 0OOPOHHOI IIPOMHUCIIOBOCTI.

IIpn mpomy 3pasku OBT BukiIrOUaroThcst 3 00mi-
KOBOI'O CKJIaJTy BIHCbKOBUX YaCTHH.

Jnst mepeocHateHHs BiHChK HOBOIO TEXHIKOIO 31iHc-
HIOETHCS ITOCTaBKa HOBUX 3pas3kiB OBT 3 mpomucioBocTi.

IlepeBenennss OBT 3 omHOro craHy B iHIMMN 3[Iii-
CHIOETHCSI HA OCHOBI BUMOT TEXHIYHOT'O 3a0€31EUCHHS.

IIpu mpoBeneHHI po3paxyHKIB ciif OpaTtu 10 yBard,
III0 TOTOYHHI PEMOHT TEXHIKH, SIK 1 HECKIQAHUNA CepeaHii
peMOHT, mnependaueHo 3AiHCHIOBATH PEMOHTHO-BIJIHOB-
JIFOBAJIbHUMH OpraHaMH BIHCHKOBOTO PiBHS Y BiJJHOCHO
HEBEJIMKUI TEPMiH.

VY X0l TOCTiPKEHHS], K MPUKIa, OyJ0 BUKOPUCTAHO
BUIXi/THI iaHi BiakpuTHX mKepen (taom. 2) [21, 22].

Tabnuys 2

Buxinni noka3unku cranis TT3 na mouarok onepamii

Ne 3 okas-
HAYCHHSI

3/n ¢ HUK

1. | Kinbkicts 3pa3kiB OBT (TaHKiB) Ha OYaToK 33

oriepartii, mIr.

2. | CepenHiii yac IPOBEICHHS TEXHIYHOT

PO3BiIKH, TOX 4

3. | CepenHiit uac npoBeeHHs eBakyarlii, 1i0 o5

4. | CepenHs TpyIOMiCTKICTh IPOBEICHHS 10
MIOTOYHOT'O PEMOHTY TE€XHIKH, JI/TO]

5. | CepenHiii 4ac miATOTOBKU TEXHIKH Y 45
0O0EroTOBHI CTaH, IO

6. | CepenHpoMicsdHi 6€3MOBOPOTHI BTpaTH 3
TEXHIKH, LIT.

7. | CepenHboMicsYHa KibKICTh TEXHIKH, 5
HepesaHoi CTaplIOMy Ha4aJIbHUKY, OJI.

8. | Cepenniii yac mpoBeACHHS TEXHIYHOTO 7.9

00CITyrOByBaHHS OJIMHUIII TEXHIKH, TOIJ/OJI.

9. | YwucensHicTb 0/c B3BOAY TX3, YOI 25

10. | Cepenniit yac BigHOBIEHH: 3amaciB M13, 1i6 | mo 1

11. | CepemHboMicsSMHA KUTBKICTh TEXHIKH, IO

I JISATAE CIIMCAHHIO, Of.
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Mopeas mMacoBoro o0cayropyBaHHs Ta rpadg
craHiB cucremu TT3 6aTansiiony

BpaxoBytoun crienmn¢iky npeaMeTHoi obnacti s
JIESIKIX POOIT, B IKOCTI YACIIOBHUX OIIHOK MPOIOHYETHCS
BUKOPHCTOBYBATH 3arajbHOBXHBaHI MapaMeTpH MO0
opranizamii TT3 OaTanbiioHy, KA BUKOHYE 3aBIaHHS
y ckimani O6puramu. Hampukman, TpyIOMICTKICTh pEMOHTY
OBT ckmamae: morognoro pemonty — 10 momx./rox;
cepenuboro pemonty — no 200 mrom./rox (opBO, opBm
OK) ta g0 400 n/rox. YwcenpHUIA CKIaa TiIPO3IITIB,
nani nmpo MoxknuBocTi PBO meBHoro piBHs iepapxii Ta
CTaTHCTHYHI AaHi moxo Buxony 3 jaay OBT Bkazawi y
kepiBHuX gokymentax [2]. IutencuBnocti (16 —18)
B34TO i3 po3paxyHky Btpar [IP, CP(0,6), KP, BIIB 3a
nepiox yacy 30 ni6. 3 ypaxyBanusMm puc. 1 ta Ttatdm. 3
Mmatpuii (13) MaTuMe BUIIISA

1 0019 0 0 0033 0 00330030 0 0 O
0019 1 0167 O 0 0091 0 O 0152 0 O
0 0167 1 0007 O O 0152 0 0152 0 0
0 0 0007 1 0013 0 O 0 0PO70004 O
00019 0 0 00031 0 O O 0 0 O
IpJ4 0 00910 o 0o 1 0o 0o 0 0 0
o033 0 0152 0 o o 1 o o o oif (24
0030 0 0 0 0 0 O 1 0034003 0
0 001901520007 O O O 003 1 0 O
0O 0O 0 004 0 0O 0 003 0 1 0
0 0 0 0 00200 0 0 0 1

Ha puc. 3 maBemeni Screen Short mposenennx pos-
paxyskis [19].
Marpuua cocTosHui

10019 0001 0.001 0.033 0.001 0033 0.03
0019 1 0167 0.001 0.001 0.091 0.001 0.01
0.001 0167 1  0.007 0.001 0.001 0152 0.01
0.001 0.001 0.007 1  0.013 0.001 0.001 0.001
0.019 0.001 0.001 0019 1  0.001 0.001 0.001
0.001 0.091 0.001 0.001 0001 1 0.001 0.001
0.034 0.001 0152 0.001 0.152 0.001 1  0.001
0.0034 0.001 0.001 0.001 0.001 0.001 0.001 1

Tvanna =

Hainém matpuuy Tvannaz) nepexopa 3a 30 wara:

1 0019 0.001 0.001 0.033 0.001 0.033 0.03
0.019 1 0167 0.001 0.001 0.091 0.001 0.01
0001 0167 1  0.007 0.001 0.001 0.152 0.01
0.001  0.001 0.007 1  0.013 0.01 0.001 0.001
0.019 0.001 0.001 0.019 1  0.001 0.001 0.001
0.001  0.091 0.001 0.001 0.001 1 0.001 0.001
0.034 0.001 0.152 0.001 0.152 0.001 1  0.001

0.0034 0.001 0.001 0.001 0.001 0.001 0.001 1

ITvannay = Ivanna - Ivanna =

Puc. 3. Screen Short npoBeieHux po3paxyHKiB
iMoBipHocTeii cTaHiB rpagy

Kpok irepariii, oOpanuii npu po3paxyHkax, A0OpiB-
Hioe 1, mo BianoBizae nepioxy oaHiei 1o6u. Taka itepa-
sl TO3BOJISIE TIPOBECTH JIUHAMIYHHI aHaji3 CTaHy
cucremu 3a nepion kK = 1,30 ni6. Hanpukian, na puc. 4
HaBeJICHUI pPO3paxyHOK WMOBIPHOCTI cTaHIB rpady

cucremu TT3 cranom Ha k=12-m00y BenmeHHs GOHOBUX
T,

- U.U34 + 53075 - U.0UL + U542 - U.UU1 + 17001 - U001

005751+ 01996 - 0.019 + 0.3452- 0.001 + 1.0314 - 0.001 + 0.2124 - 0.019 + 0.0569 - 0.001 + 0.1729 - 0.034 4 0.0627
+0.034 +0.2584.- 0.001 4 0.0705 - 0.001 + 0.0518 - 0.001

0.2364 -1+ 0.103- 0.010 + 0.1468 - 0.001 -+ 0.2202- 0.001 + 1.0954 - 0.019 + 0.0374- 0.001 + 0.1148 - 0.034 + 0.0616 -
+0.1021- 0001 +0.0252- 0,001 + 0.0485 - 0.001

0.2024 -1+ 1.8161- 0.019 + 1.6253 - 0,001+ 0.0707 - 0.001 + 02185 - 0.019 + 1.5953 - 0.001 + 0.6377 - 0.034 + 0.2008
0,034 + 1.0067 - 0.001 +0.0906 - 0.001 + 0.1654- 0.001

103671+ 2.669 - 0.010 +4.9137- 0.001 + 0.3895 - 0.001 + 3.0418- 0.019 + 0.6154 - 0.001 + 4.3008 - 0.034 + 0.5304 -
2.6386- 0.001 +0.2447- 0,001 + 2.3307 - 0.001

0.403- 1+ 03691 -0.019 + 0.661 - 0.001 + 0.0533 - 0.001 + 0.1922 - 0.019 -+ 0.0893 - 0.001 + 0.3389 - 0.034 + 1.1655 -
+0.6913 - 0,001+ 0.0913 - 0.001 4 0.105 - 0.001

0.5025- 1+ 30115 -0.019 + 5.0765 - 0,001+ 0.206 - 0.001 + 0.971 - 0.019 + 0.7266 - 0.001 + 2.5197 - 0.034 + 0.8559 - |
+3.8783- 0001 +0.5673 - 0.001 + 0.7491 - 0.001

0.0834- 1+ 0.085-0.019 + 0.137-0.001 + 0.0873 - 0.001 + 0.057 - 0.019 -+ 0.0326 - 0.001 + 0.0819- 0.034 -+ 0.3551- 0.
+0.1337- 0,001+ 1.0151 - 0.001+ 0.0376 - 0.001

041241+ 0.7856- 0.019 + 1.7728 - 0.001 + 0.132- 0.001 + 1.3448 - 0.019 + 0.1624 - 0.001 + 2.3285 - 0.034 + 0.1579 -
1076470001 +0.075 - 0.001 + 2.0362 -0.001

Tvannayg = Ivannayy - Tvanna

13303 00321 13085 01358 00867 0.2608 1.1058 05352 0905 0.1023 04608
09815 59684 7.9227 03807 15050 22607 30475 10507 52011 05146 1.2003
13726 7.0023 108604 06120 3.088 19070 6.3014 13863 7.0283 0.7315 23799
00752 02700 04557 10407 0.2551 00774 02355 00813 03330 0.0836 0.074
02657 01380 02015 0.435 11241 0.0488 0.1524 00765 01382 0031 0.0642
02741 22571 21066 0.0085 03205 17648 09164 02760 13802 0.1275 0.2493
13206 36263 64643 05134 37487 08777 5372 07345 35053 0.3440 28758
05038 0511 08021 00695 02621 01266 04602 12133 08603 0.1156 0.1407
0.7042 40146 6.6165 03805 13803 1016 34080 1.0005 48814 0.6903 1.0696
0.1024 01166 01882 0008 00752 00423 01118 03046 01746 1.0203 0.0494
05423 1140 23008 01818 17100 02420 28614 0227 11 01074 23234
10019 0001 0001 0033 0001 0033 003 001 0001 0.001

0019 1 0167 0001 0.001 0091 0.001 001 0063 0.001 0.001

0001 0167 1 0007 0.001 0001 0152 001 0152 0001 0.001

0001 0001 0007 1 0013 0001 0.001 0.001 0.007 0004 0

Puc. 4. Po3paxyHok iimoBipHocTi cTaHiB cuctemu TT3 Ha
k=12-100y Benenus BJI

Pospaxynku, mpoBenmeHi s k =130, [03BONSTH
OTPUMATH IPaHUYHI 3HAYEHHS] IMOBIPHOCTI CTaHIB CUCTEMH

TT3. Ha prc. 5 naseneni snavenns P; (), g, i=1n-

0.010p, + 0.001p; +0.001p; + 0.019ps + 0.001pg + 0.034p; + 0.034py + 0.001py + 0.001pyq + 0.001py
0.019p; +0.167ps +0.001p4 + 0.001ps + 0.091ps + 0.001p7 + 0.001ps + 0.019py + 0.001pyo + 0.001pyy
0001p, + 0.167p,+ 0,007, +0.001pg + 0.001p +0.152p; +0.001pg + 0.167p + 0.001py + 0.00Ipy
0.001p; +0.001p, +0.007ps + 0.019p5 + 0.001pg +0.001p; +0.001p; +0.007pg + 0.007pyq + 0.001py;
0.033p; +0.001p, + 0.001ps + 0.013p, + 0.001ps +0.152p; + 0.001ps + 0.001py + 0.001pyg + 0.001p;,
0001p; + 0.091p, + 0.001p; +0.001p, + 0.001 +0.00Lp; +0.001pg + 0.001p + 0.00Lpy +0.00Ipy
0.033p; +0.001p, + 0.152p, +0.001p; + 0.001ps + 0.001pg + 0.001p5 + 0.001pg + 0.001pyy + 0.121py,
003p; +0.01p, + 0.01pg + 0.001p; +0.001p5 + 001y + 0.001p; +0.03p5 +003ps + 0.00Ipy =0,
0.01p, + 0063, +0.152p; + 0.007p, + 0.00Lpg + 0.00Lpg + 0.001p; +0.034p, +0.001ps + 0001, =0
0.001p; +0.001p, + 0.001p3 + 0.004p +0.001ps +0.001ps + 0.001py + 0.001ps + 0.03py + 0.001py; =0,
nAptBtptBtptptptntpotp=1

ceee oo o =

Pr=10.03,
n="1006,
b= 0.6,
=012
b= 001,
i Rl VA
m= 0.6,
= 0l
m= 0l
o= 012,
40 ni

Puc. 5. I'pannuni 3Ha4eHHs1 iiIMOBIpHOCTI cTaHiB
cucrevu TT3

I'panuyHi iMOBipHOCTI 3HaxXOmKeHHs cuctemu TT3
OaranbitoHy BioOpakeHi y Tadi. 3.

© Makoron O.A., Ienexatuit M.A., Kpacromanka FO.B., Knprank C.M., Mamenko [.A., Kpusiyn B.1., Mimenko 5.C.



Tom 33 Ne 2, 2025 Pospobnenns Ta MmozepHizanis OBT

Vol. 33 No. 2, 2025 Development and Modernization of Weapons and Military Equipment 43

Tabauysn 3 Tabnuys 4

[oka3zuuky HaailiHocTi 1151 KoHTpOTiHry JI3 T(M)0, 110 Oepe

I'panununi iimoBipHocTi cTaniB cucremu TT3 o o . .
y4acTb B 000poHHiii onepauii y nepiox 30 aio

TaHKOBOTO 0aTaIbiiOHY

Nes/m | Irepanist (no6a) Ky K,
Ne 3HayeHHs 1. 1 1,5 0,9
5 /;1 Cran cucremu TT3 HWMOBIpHOCTI 2. 2 1.4 0,88
CTaHy 3. 3 1,35 0,861
1. | orpumaHHs 3aBAAHHS / IPHUHAHATTS 0,03 4. 4 1,34 0,842
pimenns Ha JI3 (Mm)6 5. 5 1,34 0,832
2. | mpoBe/ieHHs TEXHIYHOT PO3BiAKH 0,06 6. 6 1,33 0,82
NpoBe/ieHHs eBaKyallii 3paskiB OBT 0,06 7. ’ 132 0,819
4. MPOBE/ICHHS IOTOYHOTO PEMOHTY 0,12 8. 8 1,315 0,809
TeXHiKH 9. 9 1,31 0,8
TEXHika B 00€ErOTOBOMY CTaHi 0,01 ig ﬂ 1’?; (?,77895
0E3MOBOPOTHI BTPATH TEXHIKH 0,12 7 7 115 0.76
nepeada TEXHIKU CTapIIoMy 0,16 13 13 114 0,759
HayalbHUKY 14 14 1,14 0,758
8. MIPOBEICHHS TEXHIYHOTO 00CTYTOBY- 0,1 15 15 1,12 0,757
BaHHS TEXHIKA 16 16 1,11 0,756
9. PO3MOIiT 0COO0BOTO CKIIATY 0,11 17 17 1,11 0,755
10. | Burpara amnacis MT3 0,12 18 18 111 0,754
11. | coMcaHHS TeXHIKH 0,11 19 19 11 0,7534
20 20 1,05 0,753
21 21 1,05 0,7529
3a3Haunmo, mo ymoBa (22) BHKOHYETHCS, TOOTO 52 > 104 0.7525
cyma p; =003, p;=001. 23 23 1,04 0,75245
24 24 1,06 0,7524
Po3paxyHok noka3uukiB Hagifinocti TT3 méo 25 25 1,05 0.7521
3a dopmymamu (14) Tta (15) BHpaxyemo uepe3 26 26 1,04 0,752
30 ni6: 27 27 1,03 0,7512
28 28 1,02 0,751
Y 001" 29 29 1,01 0,75
. (14,%] . [1+ 0’03J 30 30 1 0,75
- ) _ ] _
Kt " o001’ 003
1+F ? 1+ 003 001 « KoediuieHT xxuByuocrti cuctremun TT3
1 0 1 ’ K
1,6
@) e K\
-1 1,2
1+ 1 1
1 3 3 31 08
= 4 =—g4—.==1
1+ 1 3 4 43 08 4
3 0,4
0,2
[0}
_1 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 Ai6
K= {1+ﬂ} [ﬂj = Puc. 5. KoedinienT :xuyqocti cuctemun TT3
Ps P5

1 (26) KoediuieHT BigHOBNAEHHA cuctemmn
:[H%} .(%j:ig:i 3
001 0,01 4 4 Ke

InTepnperanisn pe3yabTaTiB po3paxyHKiB Moka3-
HUKIB HagiliHocTi 11 KoHTpoaiHry cuctemu TT3 mo

Hwxue HaBe/ieHi pe3yyibTaTi pO3paxyHKIiB TIOKa3HHKIB
HapiiHocTi cucteMu TT3 m6 3a ONUCAHOIO METOIUKOIO.

I'padiyHo 3MiHM TOKAa3HUKIB HAAIWHOCTI POOOTH 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 A6

CHCTEeMH TI0Ka3aHi Ha puc. 51 6.
Puc. 6. KoediuienT BinHoBaenns cucremu TT3
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Amnarni3 rpa¢ikiB 3aJIeKHOCTI KoedilieHTa BiHOB-
JICHHSI TIOKa3ye iX TMOBUIbHE 3HMKEHHS MPOTIArOM Yacy
BereHHs OoifoBux nidd. Lle moke Oyt 0OyMOBIEHO
3HIDKCHHSIM HMOBIPHOCTI TIepeOyBaHHSA CHCTEMH Y
CTaHi, TP STKOMY TEXHiKa 00€roToBa. AJe HaHOi BT
BIUIMB 3a pe3yJAbTaTaMU MPOBEICHOTO JUHAMIYHOIO
aHaIi3y Ha MOKA3HUKH HAIIHHOCTI MaIOTh “TIPOBEICHHS
TEeXHIYHOT pO3BifkKu” Ta “CepenHiil yac BiIHOBJICHHS
3amaciB M13”.

Pexomennauii moao 3ade3nevyeHHs NMOKA3HUKIB
HaniiiHocTi cuctemu TT3 6artanabiiony

AHai3 pe3yibTaTiB po3paxyHKiB, MPOBEICHUN 3a
METOAMKOIO, SIKa 3alPOINOHOBAaHA B POOOTI, IMOKa3aB, 1110
OCHOBHMMH TIpOOJeMaMH, sIKi 3HIDKYIOTh TMOKa3HHKH
criikocTi Ta x)uBy4docTi cucremu TT3, € 3aTpuMKH B
TEXHIYHIH PO3BIALI, TPUBAJINI Yac BiJIHOBJIEHHS 3aIlaciB
MaTepianbHO-TeXHIYHUX 3ac0o0iB (MT3), a Takox ypas-
JUBICTh JIOTiCTUYHUX OO0’€KTIB JI0 BOPOXKHX 3acoliB
YpaKeHHSI.

Jnst i pwmenns koedimientis HamitirocTi (KB i Kk)
y poOOTi MPOMOHYETHCS KOMILICKC 3aXO/iB, CIPSIMOBA-
HUX HAa ONTHMI3AIlif0 JIOTiICTHYHUX MPOIIECiB, 30KpeMa
gepe3 po3ocepemKkeHHs 00’ekTiB JI3, BHKOpHCTaHHA
GesmimoTHEX JtiTanpuux amapatiB (BrmJIA) Ta Bmposa-
JUKEHHS Cy4aCHUX TEXHOJOTIH.

OnHUM 13 KIIOYOBUX 3aXOMIB Ul ITiJBUILECHHS
KHUBYUOCTI cuctemu JI3 € pozocepemkeHHs Ta B3aEMO-
BiJyialeHHs1 00 €KTIB JIOMICTHYHOrO (TEXHIYHOro) 3a0e3-
MEYeHHs, TaKKX K IIYHKTH TEXHIYHOTO OOCIyrOBYBaHHS
(IITO), ckmagn MT3, peMOHTHI MaWCTepHi Ta MyHKTH
yIpaBJiHHSA JioricThKoro. Lle mo3Bossie 3HN3NTH IIMOBIp-
HICTh ypa)KeHHsI KUIbKOX 00’ €KTiB OZHUM OO€mpHIIacoM
MPOTHBHUKA, 110 € KPUTHYHUM Y Cy4acHHX OOHOBHX
YMOBaX, JIe 3aCTOCOBYIOTHCSI BUCOKOTOYHI 3aco0u ypa-
JKEHHsI, apTUiIepis Ta JpOHHU-Kamikaasze. Tak mpomoHy-
€TBCS JIOTICTUYHI 00’€KTH PO3MINIyBaTH HA BiACTaHi,
IO MEPEBHUIIYE PAiyC YpaKCHHS THIIOBUX OOEMPHIIACIB
(mampukmazn, 152-mMMm  apTHiepiiicbkux cHapsaiB abo
JPOHIB i3 3apsiaoM 1o 5 kT). PexoMenmoBana BijcTaHb
Mixk 00’exramu — He MeHme 500-1000 M, 3aexHO Bixg
penbedy Ta THUITY 3aTPO3H.

Po3zocepemkenHst 3HIKY€e pU3UK OJHOYACHOI BTPATH
KIJIbKOX 00’€KTIB, L0 MiJBHIIYE KOe(illi€HT BiIHOB-
nenns (K,) cucremu TT3. Y poboTi mokasaHo, 1o e
3axin no3onse pocsirtu K, = 0,78, mopiBHsHO 3 Ga3o-
BuM 3HaueHHsM 0,75. Hampuknaz, y 3oui OOC 2022 poky
KOHIIEHTpaIis ckiagiz MT3 B ogHOMY paioHi MPH3BO-
qna g0 BrpaTt no 30% 3amaciB BiJ OJHOTO apTHIIEpIiCh-
Koro ynapy. PozocepemkeHHs 3MEHIITy€e Taki BTpaTy A0
5 — 10%, 1o 3abe3mneuye Oe3mepediiiHICTh MOCTaYaHHS.

3actocyBanHs BrniJIA € iHHOBamiHMM pillIEHHSIM
JUTS T IBUIIEHHSI CTIHKOCTI Ta ®HUBydJoCTi cuctemu TT3
migpo3ainy. be3minoTHi JiTanbHi amapaté JO3BOJSIOTH

BUKOHYBATH KJIIOYOBI 3aBIaHHs JI3, MiHIMIZYIOUHM PU3HNKH
JUIE 0COOOBOTO CKJIAy Ta CKOPOYYIOUH Yac peakiii Ha
JIOTiCTUYHI BUKIWKA. Y poboti 3a3HadeHo, mo 3CY y
2023 poui ycmimHo TectyBanu brnJIA anst nocraBku
BaHTAXIB Barow J0 5 KT, M0 MiATBEPIXKYE IXHIO edek-
THUBHICTb.

Oynkuii briJIA B TT3, i 30kpema y Bciii cucreMi
JI3, mpornoHyeThCsl BUSHAYMTH SIK TaKi:

- noctaBka MT3, a came: BriJIA TpaHCIOPTYIOTh
npiOHi 3amyacTuHM (EIMEKTPOHHI KOMIOHEHTH, (QiIbTpH,
IHCTPYMEHTH), MEIUKAMEHTH Ta iHIIN KPUTHYHO BAXKIHBI
MaTepiaju 10 nepenoBoi. [IporHo3yeTbesi 4ac TOCTaBKH:
20-30 xB — nHa Binctanb 1m0 10-20 kM, nopiBHsHO 3 3-5
TOAMHAMHU JUIS HAa3eMHUX KOHBOIB. 30Kpema, CKOpo-
yeHHs yacy goctaBku migsuimye K, mo 0,80, ockinbku
3abe3medye mBuake BigHOBICHHS OBT,

- TEeXHIYHA pO3BiJKa, a came briJIA 3 kamepamu Ta
JATIUKAMU OIIIHIOIOTh CTaH ITOIIKOKCHOI TEXHIKHA Ha
moxi 6010, BU3HAYAIOUM TPIOPUTETH JUIA €BaKyamii 4n
pemonty. Hanpuxman, apon Leleka-100 3paten 3a
10-15 xB OIIHWTH CTaH TaHKA, IO 3MEHINYE 4Yac TeX-
HiuHOT po3Bimku (S2) 3 4 no 1 roquaw;

- MOHITOPHHI' MapLIpyTiB, i dac sikoro briJIA Big-
CTEXYIOTh CTaH JIOPIT, BUSIBJISIOTH MiHHI TIOJNS 9M BOPOXKi
3acCifIKi, 10 3HWKYE PU3HMK aTak Ha KOHBOI. [IporHo-
3yeThes, 3MeHIneHHs: Brpat MT3 1o 5% na mapripyrax
MOCTaYaHHS;

- pukopucranns briJIA nependauae nepenady aaHux
y peaNbHOMY 4Yaci JI0 MyHKTIB YIPaBJIiHHS JIOTiCTHKOIO
Ta JO3BOJISIE ONEPAaTHBHO KOPUTYBAaTH IUIAHW I1OCTa-
YaHHS 1 PEMOHTY.

VY Tabn. 5 Ha OCHOBI BUKOPHCTAHOI METOJMKH HaBe-
JIeHO 3HaueHHA K; i K. 3 ypaXyBaHHsAM 3alpOIOHOBAHUX
peKOMEeHaIii.

Tabruys 5
IIporuo3oBaHe MokpaueHHs MOKA3HUKIB HagiliHOCTI
CHCTEeMH JIOTiCTHYHOr 0 3a0e3ne4eHHs] TAHKOBOIO
(MexaHi30BaHOI0) 0aTaILHOHY

Ne K, K,
3axoau - -

3/m hie} mcnst | 110 i CIIst

1. Po3ocepemxenus 0,75 0,78 1,0 1,05
00’ €KTIB

2. Bukopucranss 0,75 | 0,81-| 1,0 1,1
BrJIA 0,83

3. Onrumizanis 0,75 0,82 1,0 1,08
pecypciB

4. | CyuacHi 0,75 0,80 1,0 1,1
TEXHOJIOT1

Omxe, HaBeIEHI JOCIIHKEHHS 3a0e3eyeHHs Haii-
HocTi (yHKIioHYBaHHs cucteMu TT3 mo3Bonsie BU3HA-
YaTH «BY3BKI» MICIIs, 30KpeMa B X0zl OOHOBHX ail, Ta
OMEPaTUBHO PearyBaTH Ha ii BiTHOBJIIOBAHICTh 1 )KUBY-
YicTh 32 paxyHOK BIPOBAJDPKEHHsS OpraHizaliifHo-Tex-
HIYHUX 3aXOJ[iB Ta CyYaCHUX TEXHOJOTIH.
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BucHoBku

1. Cucrema TT3 m6 sx migcucrema T3 JI3 €
CKJIAJIHOIO CTPYKTYPOIO, 110 3abe3nedye O0ioBy roToB-
HICTh TEXHIKH y CYYaCHHX YMOBaX BEICHHS OOMOBHX
nitt. OcHOBHEM JpKepenoM mormoBHeHHs BTpar OBT 3a
JIOCBiZIOM BiliHM p TpoTH YKpaiHW € CBOE€YacHE BiIHOB-
JICHHS TEXHIKM Ta MMOBEPHEHHS i1 B CTPiH, IO ITiIKPECIOE
AKTYaJbHICTh TOCHIKCHHS.

Amnani3 ¢ynkuionyBanus cucremun TT3 mokasye,
110 BOHA MOTPeOye 4iTKOT OpraHizaliii Ta OI[IHKY Haii-
HOCTI /151 TIOOJIaHHS PU3HKIB.

Konrporniar TT3 mo3Boinsie BUABIATH crnalki MicId,
Taki SIK 3aTPUMKU B IOCTa4aHHI YW 30UIBLICHHS 4acy
BiJTHOBJICHHSI TEXHIKH, 32 JIOTIOMOTOI0 CTaTUCTUYHUX
MmeroniB. [lokasHuku HaaidHOCTI, 30KpeMa KoedilieHT
BiJTHOBJICHHSI T4 JKUBYYOCTi, € OCHOBOIO JIISI i IBUITICHHS
Haxaifnocti cuctemu TT3 3aragom.

2. Ananiz gyHkiionyBaHHsa cucteMu TT3 cBiTIHUT
npo ii KIIOYOBY poib y 3a0e3NnedeHHi TEeXHIKU mb y
MOCTIIHIM rOTOBHOCTI 710 3acTocyBaHHs. [IpoTe BUsBIEHO
psin QakTopiB, MO0 BIUIMBAIOTH Ha ii (hYHKIIOHYBaHHS,
30KpeMa, AeiIHT pecypciB i CKIaaHICTF YMOB PEMOHTY.

3. it mocmimkeHHs HamiiHocTi cuctemu TT3 mo
y po0oTi MPOMOHYETHCSI BUKOPUCTOBYBATH MaTEMaTH-
HUH anapaT Teopii MacoBoro oociayroByBanHs. B poborti
cucrema TT3 npencraBnena y Burisiai rpada nepexomin
3 BIJITIOBITHUMH 1HTEHCUBHICTIO Ta IMOBIPHICTIO Y THIIO-
BUX YMOBAaX 3aCTOCYBAaHHS Li€] CUCTEMH 3a IPU3HAYCH-
uaM. [lapamerpu MaremMaTHYHOI MOJIEN, IO BiJAIOBIAE
rpady craniB cucremu TT3 m6, MoxyTh OyTH BU3HA-
32 CTaTUCTHYHMMHU JaHUMH |

YeHi B MOJATBIIOMY

¢ynkuionyBannst. Take nonanus cucremu TT3 m6 cipusie
JIOTIYHOMY 1 KOHKPETHOMY BW3HAUYCHHIO IMOKA3HUKIB 11
HaAiAHOCTI, Y T.4. KOe(Iili€HTIB BiJHOBJICHHS 1 XKHBY-
qocri. JIMHaMiYHUI aHai3 Ja€ MOXKIMBICTD JTOCHIKYBATH
CTaH CHUCTEMH Y 9Yaci SIK IMOKPOKOBO, TaK i Y TPAaHUIHOMY
mepioi.

4.Y pob6oTi HaBEIEHO MOCHTIHKEHHS HaMiHHOCTI
cucremu TT3 mo, mo Oepe ydacts B 00OpOHHIH omepa-
wii nporsrom 30 mi6. Pe3ynsraté OCHTI/DKEHHS TTOKa-
3YIOTh TIOBUTBHE 3HIDKCHHSA KOC(IIi€HTIB BiIHOBIICHH.
Pe3ynbraTé po3paxyHKIB 3a 3alpOIIOHOBAHOK METOJIH-
KOI0 TIOKa3yloTh, 110 (hakTopamu, sKi 3HHKYIOTh I
MOKa3HUKH, € 3aTPUMKHM B TEXHIYHIH pO3BiALl, TpUBa-
JIMH Yac BiJIHOBJICHHS 3amaciB MaTepiallbHO-TEeXHIYHUX
3aco6iB (MT3), a TAKOXK ypa3JMBICTh JIOMICTHYHHX 00’ €K-
TiB Ta OUIAXIB 0 BOPOXKUX 3aC001B ypaxKeHHS.

5. 3 MeTor0 miABUIICHHS KOC(IIliEHTIB HAMIHHOCTI
(K, 1a K,.) y poOOTi TIPOMOHYETHCSI KOMILIEKC 3aXO0/IiB,
CIPSMOBAHUX Ha ONTHUMI3AIlil0 JIOTICTUYHUX MPOIIECIB,
30KpeMa uepe3 posocepemkenns 06’ekrie JI3 (T3),

BUKOPUCTAHHS OC3MUIOTHUX JITaTbHHUX arapaTiB Ta
BITPOBA/KEHHS CYYaCHUX TEXHOJIOTH.

6. HaitOinpmmmii edexT 3a0e3nedyeThes 32 paXyHOK
BrJIA, sxi ckopouyroTs yac noctaBk MT3 i po3Bigky,
3HIKYIOTh BTPATH OCOOOBOTO CKIJIATY MiIPO3ILTIB TeX-
HigyHOTO 3abe3medeHHs. KommekcHe 3acTocyBaHHS
3axoxiB masuiye K, 1o 0,85 ta K, n0 1,2, mo copusie
HafiifHOMY (YHKIiOHYBaHHIO cuctemu 113 Ha mpHK-
JIaJli TAHKOBOTO OaTanbiOHY B yMOBax OOHOBUX JIiH.

[MopanpmiMu HaNpSIMKaMU JIOCHI/DKEHb 3a0e3re-
4YeHHs HaJiiHoro (yHKIioHYBaHHs migcucremMu T3 Mo-
ke OyTH po3poOKa OpraHi3amiiHO-IITATHHX CTPYKTYP
OpraHiB TEXHIYHOI'0 3a0e3MCUCHHS, METOMIB 1 CIIOCO0IB
BigHoBneHHs: OBT 3 ypaxyBaHHSIM JOCBify BiiHH pd
MPOTH YKpalHH Ta 3aCTOCYBaHHS CYYaCHHX iHHOBAITii-
HHX TEXHOJNOTIH peMoHTY (BimHOBiIeHHs) OBT.
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ADVANCED RELIABILITY INDICATORS OF THE OF TANK-TECHNICAL SUPPORT SYSTEM
FUNCTIONALITY FOR A TANK BATTALION IN THE MINDS OF COMBAT ACTIVITIES

Helen Makogon, Mykyta Pelekhatyi, Yuriy Krasnoshapka, Serhii Kyrychyk, lvan Mashchenko, Volodymyr Kryvtsun,
Yaroslav Mishchenko

The subject of study in the article is a tank (mechanized) battalion logistical support. The goal of the article is to develop a
logistics support model allows obtaining quantitative reliability estimates of a tank (mechanized) battalion conducting combat
operations in modern conditions. The tasks to be solved are: to present the process of a tank (mechanized) battalion logistical
support using the mass service model; to draw the the system states graph and derive analytical dependencies of the LS system
recovery coefficient of the survivability coefficient on the time of its transition from one state to another; by solving an
optimization problem to investigate the reliability indicators in a tank (mechanized) battalion logistical support system in certain
conditions of combat operations, to draw appropriate conclusions and provide recommendations.

The methodological basis of the study was general scientific (analysis and synthesis, systematic approach, logical
generalization) and special (reliability theory, mathematical modeling, elements of probabilistic analysis) methods of scientific
knowledge. In addition, the practical combat experience of the Armed Forces of Ukraine, the results of analytical reports as well
as open source materials were taken into account.

The following results were obtained: the conducted study of the logistics support system reliability of a tank (mechanized)
battalion participating in a defensive operation for a period of 30 days revealed a slow decrease in the recovery coefficient and
survivability coefficient. Analysis of the calculation results, carried out using the methodology proposed in the work, showed that
the main problems reduce the indicators of the stability and survivability of the LS are delays in technical reconnaissance, a long
time to restore stocks of material and technical means (MTM), as well as the vulnerability of logistical facilities to enemy
weapons. To increase the reliability coefficients (survivability coefficient Ks and recovery coefficient Kr), the work proposes a set
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of measures aimed at optimizing logistical processes, in particular through the dispersal of LS facilities, the use of unmanned
aerial vehicles and the introduction of modern technologies. The greatest effect is provided by UAVs, which reduce the time for
the delivery of MTM and reconnaissance, reducing risks to personnel. The comprehensive application of measures increases Kr
to 0.85 and Ks to 1.2, which contributes to the uninterrupted support of the battalion in combat conditions.

Conclusions. 1. 4 tank (mechanized) battalion logistics support system is a complex structure ensures combat readiness in
modern conditions of combat operations. It includes material and technical support that operate in difficult conditions of hybrid
warfare, enemy attacks and resource constraints. The analysis shows that the logistics support system requires a clear
organization and reliability assessment to overcome challenges. Controlling the logistics support system allows you to identify
weaknesses, such as delays in delivery or slow equipment recovery, using statistical methods. Reliability indicators, in particular
the recovery and survivability coefficient, are the basis for increasing the reliability of the logistics support system as a whole.

2. Technical support, as a subsystem of the logistics support system, plays a key role in maintaining equipment in working
condition, but faces problems of resource shortage and difficult repair conditions. To study the reliability of the logistics support
system of a tank (mechanized) battalion, it is proposed to use the mathematical apparatus of the theory of mass service. It is
advisable to present the system in the form of a simple graph of transitions with the corresponding intensity and probability in
typical conditions of application of this system for its intended purpose. The parameters of the mathematical model, which
corresponds to the graph of states of the system LS t(m)b, can be determined from statistical data and subsequently used for
controlling and optimizing its functioning.

3. Dynamic analysis makes it possible to study the state of the system in time both step by step and in the limit period. The
implementation of recommendations obtained on the basis of the calculations requires investment, training and coordination
with higher levels, but their practical value is confirmed by the experience of the Armed Forces of Ukraine and quantitative
calculations.

Keywords: logistics support system, branded chain, dynamic model, reliability indicators, survivability coefficient, recovery
coefficient.
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FO.M. Mensrnk'*, B.JI. Hikomrok?

1 . o« . o . . o . . o . .
Hayionanvnuii mexuiunuu ynigepcumem «XapKigCoKuti noIimMexHivHutl incmumym», M. Xapkie,
Vkpaina
Minicmepcmeso oboponu Yxpainu, m. Kuie, Yxpaina

YUCEJbHE JOCTKEHHA TEPMOTI'A30AUHAMIYHUX MTPOLECIB Y
MOJAEJBHOMY IIYJIbCYIOUOMY JETOHAINIMHOMY JABHUI'YHI 10 bnJIA

IIpeocmaeneno pezyrbmamu HUCeIbHO20 MOOENIOBAHHS MEPMO2AZ00UHAMIYHUX NPOYECI8 V MOOENbHOMY
NYIbCYIOUOMY OeMOHAYIUHOMY O8USVHI 3a HOB0IO 0Y006010. TIynbcyiouuil 0emoHayiiHUll 08USYH HCUSUMBCS CIUC-
HEHOI0 NAJIbHO-NOGIMPSHOI0 CYMIWMIO Hepe3 0bepmosutl Kianaw ma 3abesnedye IHIYIIOBAHHS OemoHayii 3a
00noMo200 Oemonayitinol mpyou. Buseieno ModiCIugicms CmeopeHHs NiOSUUeH020 MUCKY Y 0eMOHAYIUHI Kamepi,
Wo GiOKpuma 3 OOHIE CMOPOHU, 34 PAXYHOK NOOAYI CMUCHEHO20 20pI0Y020 2a306020 3ApSdy Md 3ACMOCYEAHHSI
06epmosozo knanana. B ymosax nposedenuii po3paxynkie ompumano Ha MoMeHm 3aKpumms 06epmogo2o Kianamd
niosuwenuti muck y nepedoemonayiunin kamepi 6nuzeko 0,145 MIla ma muck y demownayitiniti kamepi OIU3bKO
0,13 Mlla. Bussneno ocobauocmi OemoOHAYIUHO20 320PAHHA Y 2A300UHAMINHOMY MPAKMI MOOEIbHO20 NYAbC)-
104020 0emOHAYIIHO20 0B8USYHA, WO NOIAAIOMb ) 3d2ACaHHi 0emoHayii nid yac euxody OemoHAyiuHOl Xeuui 3
iHiyiroouol demonayilinoi mpyou y nepeo0emoHayitHy Kamepy 3 NOOANbWUM DeiHIYII08AHHAM OemoHayii y
OemoHayitinitl kamepi. Hasguicms peiniyitoeanna oemownayii niomeepoxicyemvcs 3a po3nooiiom MUcKy y 2a3o-
OUHAMIYHOMY MPAKMI MOOENbHO20 NYIbCYIOU020 0eMOHAYiliHo20 08uzyHa. Peiniyitosanna demonayii 6i0bysacmocs
uepez 100 mxc 6i0 nowamky 3axpummsi 00epmo6o2o Klanaud. 3a pe3yibmamamiu 4uciosux O00CHONCeHb Nio-
MBepPOIHCEHO peanizayito 08USYHA MAKO20 MUny.

Knrouosi cnoea: oemonayis, 08uzyH, yucenvbHe 00CAIOHCeHH s, 2A300UHAMIYHI npoyecu.

IMocranoBKa npoodaeMu notpedye 3HauHKUX (PIHAHCOBUX BUTpAT, BUTPAT 4acy Ta
MOe OyTH EKOHOMIYHO HEJOIIbHOIO Yepe3 BiZICyTHICTh

KOHKYpEHTHHX IiepeBar. lljo mpoGneMmy MoXHa BHpi-
LIATH IUIIXOM PO3BUTKY JIBUTYHIB B YKpaiHi, 110 MOXKYTh

Bucoka edexTuBHICTb yIapHUX OE3MIJIOTHUX JITAlb-
uux anapartis (BriJIA) 11010 ToYHOTO ypaXkeHHs! el Ta
BIZIHOCHO HU3bKa iX BapTiCTh 3YMOBHJIM IHTEHCHBHHIA
PO3BUTOK Ta MacoBe 3acTocyBaHHs briJIA B pociiichko-
VYkpalHchkil 3arapOHMIBKIN BiiiHI. Ha mowarky apyroi
aktuBHOl (a3u BitiHM y 2022-2023 pp. nepeBaxHO
3aCTOCOBYBAIUCH IMBUIGHI BriJIA, siki y roToBOoMy cTaHi
IIOCTaBJISUIIMCH 10 pra.l.HI/I 3 HE3HAYHOIO IiX Il0p06KOIO AHAJII3 OCTAHHIX )IOC.]'Ii)I)KeHI) i Hyﬁﬂi](auiﬁ
i 3acobu ypakeHHs B Ykpaini. 3 2024 poky B Ykpaini
pO3IOYANoCh MacoBe BHPOOHHMUTBO BiacHHX brJIA. YV CHIA po3poOKy IyibCyOUHX —JIETOHALHIX
PasoM 3 TuM yKpaiHchki BupooHukn BrJTA crukaymcs 3 ABUIYHIB 3nidiciioe kommanis NASAS Marshall Space
IPOGIIEMOIO KOMILIEKTAL({ TAKUX BUPOGIB arperaTamMu Ta Flight Center 3a BupoGHuuol miarpumkn kommanii United
JETATSAMH, 1O [EPEBAKHO BUPOOIISIOTHCS 32 KOP/IOHOM. Technology Research Corp. of Tullahoma Tta Adroit
OJHAM i3 TAKMX OCHOBHUX arperatis BrJIA € qBuryH. Systems Inc. of Seattle [1]. Lli xommanii po3poGwm

Illupoke pisHoManiTTs BrJIA, sike BUKIMKaHo  MAJIOPO3MIPHHA IMy/IBCYFOUMIl ICTOHALINHMA JBUTYH JULS
pi3HOMaHITTSIM OOHOBHX 3amad, IO BOHM BHKOHYIOTh,  HA3CMHHX sunpoOysanb y 2005 powi. J[BuryH npaioe Ha
3yMOBJIIOE BHKOPHCTAHHS JIBUTYHiB 10 BrJIA pisamx ~ CYMII BOJHIO 3 KHMCHEM Ta CTBODIOE JCTOHALLIHHI
TumiB  (EMEKTPHYHI, TOPIIHEBI, Ta30TypOiHHI TOIIO). immynscu 3 wactororo 100 I V' mopanbmomy Gyio
Oprasizaris BUPOGHUIITBA THIIOBHX ABHIYHIB 10 BriJIA PO3pO0IIEHO IBUT'YH HAa 0OEPTOBI# IeTOHAIIIT, SIKUIT CTAHOM

OyTH KOHKYPEHTO3NATHHMH Ha CBITOBOMY pPHHKY. SIK
HampsiM BUpilIeHHs 1€l npoGieMu B poOOTI mporio-
HYETBCSI PO3BUTOK MYJIbCYIOUYMX JCTOHALIMHKX ABUTYHIB,
0 MOXKYTh OyTH 3acTocoBaHi Ha BriiJIA cepenHboi Macy.
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Ha 2023 pik Ge3nepepBHO mnpairoBas nporsarom 10 xBu-
JIMH. 3ajlydeHHs MPOBIHUX PO3POOHMKIB CBITY JI0 TaKHX
POOIT CBITYNTH MPO MOTEHIIHHY Ba)KJIMBICTH CTBOPEHHS
JIETOHALIHIX JBUTYHIB.

[NopiBHSHHS XapaKTEPUCTHK ITaJbHO-ITOBITPSHIX
JIETOHALIMHIX IBUTYHIB 3 3aCTOCYBaHHSM IIEPIIOrO Ta
JPYTOTO 3aKOHIB TEPMOIWHAMIKHA 3pOOJIEHO B poOOTI
[2]. TopiBHsHHS TEIOBOI epEeKTHBHOCTI 3TiHCHIOBAIOCH
MIX JIETOHAIIWHUM JIBUTYHOM Ha OOEpTOBIiH JeToHaLii
Ta MyJAbCYIOYHM AETOHALIHHUM ABUTYHOM. 3a Pe3yllb-
TaTaMH aHali3y BUSBIICHO, 1110 MYJIbCYIOUYHH JIeTOHAII k-
HUH IBUTYH Ma€ TIepeBary Ha T03BYKOBHX IIBHIKOCTSX,
3 MIOCTYIIOBUM HaOJIV>KEHHSIM JI0 €)EeKTUBHOCTI JIBUTYHA
Ha 00epTOoBiil JeToHalil 31 3pOCTaHHSIM IIBH/IKOCTI.

UYucenbHe JOCIIHKEHHS MYyJIbCYIOY0ro AeTOHAIIN-
HOTO JBHTYHa 3fikicHeHo B poboti [3]. HdocmimkeHHs
MPOBOJIMIIOCH 3 3aCTOCYBAHHS IPOTPAMHOTO IPOAYKTY
ANSYS. V sxocTi manuBHOI CyMilli po3IIISTHYTO CTeXio-
METPUYHY CYMILll BOJHIO 3 IOBITPSM, 3alaJFOBaHHS SKOI
BinOyBaeThCs B yMOBax atMocepHoro THcky. Posris-
HYTO OCOOJIMBOCTI PO3MOBCIOJDKEHHS MPOIYKTIB JETO-
Hail y pa3i iX BHXOmy 3 JAeTOHAIiiHOI TpyOu depes
coIuIo 3 KyroM po3kputtst 6,5 rpaz. Jleronariitna Tpyda
Masia BHyTpiltHii giamerp 36 MM Ta qoBxuay 1520 mm.
JomxuHa coma cknana 460 mM. 3a pesynbratamu
PO3paxyHKY BUSIBIICHO, IO MiJ] 4aC BUXOJIY MPOIYKTIB
JIETOHAIlIT Yepe3 COIUIO BiNOYBAETHCS 3HMKEHHSI IIBH]I-
KocTi pyxy razoBoro notoky 3 1900 m/c mo 1225 m/c.
Xoua 3aCTOCYBaHHS BOIHIO POOUTH JBUT'YH €KOJOTI4HO
YUCTUM, aje 4Yepe3 CKIAAHICTh 3PiIPKEHHS TaKoro
nagrBa HOro 3aCTOCYBaHHS YCKJIaJHEHO Ha JITaJbHUX
amaparax.

AHani3 TeHJEHIIH PO3BUTKY ITyJILCYIOUMX JETOHA-
IHUX JBUTYHIB MpoBeaeHO B podoti [4]. Biamiua-
€TBCS, MO TEIUIOBA C(PCKTHBHICTh 1 CITiBBIIHOIICHHS
TSCM/MACH JISTOHALIHHOTO JBUTYHA MAlOTh TIEPEeBard B
NOPIBHSHHI 3 TPaJULIHHAMH PEAKTHBHUMH J[BUT'YHAMH.
30Kpema, TeroBa ePeKTHBHICTh IETOHAMIHHOTO JBUTYHA
nmocsirae 49% y mopiBasHHI 3 29% ansa OBUTYHIB 3
1300apUIHAM 3TOPAHHSM.

BpaxoByroun MOTEHIIHY HEpPCHEKTUBHICTh PO3-
BUTKY JETOHALIMHUI NBUTYHIB, B MaHiil poOOTi 3ampo-
MOHOBAHO MYJIbCYIOUUH IETOHALIWHWI IBUTYH HOBOI
OyIOBH Ta MPEACTABICHO PE3YNIBTATH YHUCEIBHOIO MOJIe-
JIFOBAaHHS TEPMOTra30JMHAMIYHHX TIPOIECIB y TaKOMY
JIBUTYHI.

MeTta nocJaigkeHb

Mertoto poboTH € YncesabHE NOCIIKEHHS TepMO-
ra30/IMHaMIYHUX TIPOLECIB Y MOJEIBHOMY MYNIbCYIO-
YOMY JETOHAIIHHOMY JIBUTYHI 32 HOBOIO OY/IOBOIO 3
BUSIBJICHHSIM OCOOJIMBOCTEH CTHCHEHHS TOPIOYO0l cyMili
Ta iHIIIFOBaHHS JACTOHAIII] Y TAKOMY JIBUTYHI.

© Menpauk FO.M., Hikomrok B. /1.

BukJiag ocHOBHOro Martepiaay

bByooea ma npunyun pobomu modenvnoz20 nyipcy-
U020 0emoHauiiinozo deuzyna. MonensHUA TyTbCy-
I0YMid JIETOHALIWHUN NBUTYH 3a0e3ledye IiABHUICHHS
JIETOHALIHHOI YYTIMBOCTI IMaJbHO-TIOBITPSHOI CyMiImi
HUISIXOM CTUCHEHHs W€l CcyMill y Kamepi 3ropaHHs
nepe;] iHiliIOBaHHAM JeToHatii. J{is BupimenHs 3axayi
3pOCTaHHS THCKY y KaMmepl 3TrOpaHHS IIyJbCyIOUOro
JICTOHAIIIHOTO ABUTYHA HEOOXIMHO 3a0€3MEUUTH MIBHUIKE
HarHiTaHHs CTUCHEHOI roproYol Tra30Boi CyMilli y Kamepy
3ropaHHsA 3a KOPOTKHMHM 4Yac. YMOBa 3pOCTaHHS THCKY
noJysirae B TOMy, II0 MacoBa BUTparta rasy Ha BXOi B
JIETOHAIIIIHY KaMepy ITepEBHIIye MaCOBY BUTpATy ra3y Ha
BHUXOMi 3 KaMmepu. [Ipu mboMy HEOOXiTHO 3a0C3MECUUTH
MIBHKE 3aKPHUTTS JIETOHAIIMHOI KaMepH 3a Takuil yac,
IO0M Mij 9ac 3aKpUTTS TUCK y Kamepi He 3HHU3MBCA JI0
30BHIMIHBOrO THCKy. Llel "ac moBWHEH OyTH MEHIINM,
HDK XapaKTepHUH Yac BHUPIBHIOBAHHS THUCKY y 00’eMi.
Jns mocsTHEHHS i€l METH TIPOIOHYETHCS HACTYIIHA
OymoBa MOIETHHOTO MYNBCYIOUOTO JETOHAIIIHOTO
JIBUTYHA, EIEMEHTH Ta30AMHAMIYHOTO TPAKTy KOO Ipen-
CTaBlieHO Ha puc. 1.

Puc. 1. EneMeHTH ra30q1iHAMIYHOT0 TPAKTY MOJEJbHOT0
MyJIBCYHY0r0 1eTOHAIIITHOTO IBUTYHA !

1 — xamepa 3MimryBaHHs; 2 — 00epTOBHI KIIamaH;
3 — mepeayieToHaIIIHA Kamepa; 4 — 1eToHaliliHa Kamepa

3a miero OynoBOIO IependadaeThesl, MO y KaMmepi
3MimryBaHHA 1 Toproda raszoBa cymimr mepeOyBae Iz
MiABUIIICHAM THCKOM CTOCOBHO 30BHIITHBOTO CEPEIO-
BHUINA, a 00epTOBHI KiamaH 2 BUXOAUTHh HA (DIKCOBAHY
gactotry obepranns. Ilix wac mepeOyBaHHS BikHa Kia-
MaHa HAmpoOTH BXOAY TepeJieTOHaliitHOI Kamepn 2
BiOYBa€ThCS HAMOBHEHHS MepeieToHaniiHol 3 Ta
JICTOHAIIHOI 4 KaMmep CTHCHEHHWM ra3oM. A 3a 4ac
3aKpUTTS 00EPTOBOrO KjamaHa 2 THUCK Ta30BOI CyMmili
3aITUIIAETHCS 30UTBIIEHUM CTOCOBHO 30BHIIIHBOTIO THCKY.
[Ticns 3akpuTTs 00EpTOBOrO KilamaHa 2 31HCHIOETHCS
IHIIIFOBaHHSI JIETOHALIT Y epe/iieToHallilHi#i 3 Ta nero-
HauilHii 4 kKaMmepax, 3 NOJAIBIINM BHXOJIOM HPOAYKTIB
JICTOHAIIi 3 MyJLCYHUOro IBUTYHA. J[kepeno iHiriro-
BaHHs JICTOHAIIii Ha puc. 1 He mpencraBneno. [Jam mporiec
MIOBTOPIOETHCSI.

Hapamempu mooenvnozo nyabcyrwuozo oemona-
yilino2o osuzyna ma ymosu mooentoeanna. Buxonssuu
3 BU3HA4YEHOI OyJOBM MYJIbCYIOHYOTO IETOHAIIHHOTO
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JBUryHa y nporpamHomy npoaykri ANSYS 6ymo crBo-
PEHO BiATIOBIIHY MOENb. ['eoMeTpisi MOAEILTIO ABUTYHA
TIPE/ICTaBICHO Ha puc. 2. 3rifHO 3 MOJENi, CTBOPEHO
pyxome BikHO 1 KiTamaHa, sSiKe pyXaeTbCsl HABKOIIO KaMEpH
2 31 CTHCHEHOI Toprouoro cymimmo. [Tig yac 3HaX0-
JUKEHHS BIKHAa MIX Kameporo 2 Ta Hepe/IeTOHAIIHO0
KaMeporo 3 BiJOYBA€ThCsl BHTOK CTHUCHEHOI TOPHOYOL
cymili 3 kaMmepu 2 y kamepy 3 Ta JIeTOHaLliHY Kamepy
5. Jlns ininiroBaHHS AETOHAILT NependadeHo iHimiaTop
4. TepenbavaeThesi 3aCTOCYBAHHS METOY 1HII[IFOBaHHS
JIeTOHAIIIT IISIXOM TIepexo/y ACTOHalli 3 iHiiaropa 4 B
nepeneTOHaIliiHY Kamepy 3, TOOTO 3 TpPyOHM Majoro
niamerpy B TpyOy Benmukoro aiamerpa. Ha mpaxruii sik
IHIIIATOp JETOHAIi IJIaAHYEThCS 3aCTOCYBaHHS IYJIb-
Cylouoi KOMIPECIHHO-IETOHAI[IHOT YCTAaHOBKH, IO
omcana B poborax [5-8].

[Mpuiimanock, 1110 JOBXMHA JETOHALIHHOI KaMepH
nopiBaioe 1 M, a ii miamerp cxiamae 40 mm. Posmip
TepeICTOHAIIIHOT KaMepH ckianae: miametp — 80 mm,
nmoexunaa Kamepu — 0,1 m.

/]

0,000 0300 0,600(m)

0150 0450

Puc. 2. Ta3oanHaMiYHU TPAKT MOIEJbHOr0 MYJILCYH40r0
JAeTOHALIHHOro IBUTyHAa y MPOrPaMHOMY MPOAYKTi
ANSYS:

1 — BikHO 00€pTOBOrO KjIanana; 2 — Kamepa 3i CTHCHEHOI
TOPIOYOI0 CYMIMIIIO; 3 — MepeI-IeToHaliiiHa KaMepa;
4 — ininiaTop meroHarii; 5 — AeToHaIiliHa Kamepa

Yacrora obepTaHHsS KiamaHa JOpiBHIOBaja pobOo-
4iif 9aCTOTi CHCTEMHU iHILIFOBaHHSA AETOHAII1, sIKa TOpiB-
Hioe 44 T'u. Jliamerp 00epToBOro KianaHa JOpPiBHIOBAB
0,22 M, a MakcuManabHa JOBXKHHA BiKHA 0O0EPTOBOIrO
KjanaHa mo Jy3i gopiBHioBama 122 mMm. B wmopeni
NpUMalock, 10 HAaTHITaHHS TOBITPS BiOYBa€eThCs
yepe3 OOKOBY MOBEPXHIO KaMepH 31 CTUCHEHOIO T'OpIO-
4oro cymimmmro, mo Mae temmnepatypy 303 K. Biamo-
BITHO, Ha Il MOBEPXHI 3aJaBajach TPaHUYHA YMOBa
HasIBHOCTI MOCTIHOTO aOCONIOTHOTO TUCKY Y Ta3i, KU
nopiuioe 0,182 MIla. fIx moyaTtkoBi yMOBH HpuiiMa-
JIOCh, WO TepeafeTOHalliiHa Ta JIeTOHAIliifHa KaMepH
3aroBHEHI ra3oM mia abcomoTauM TrckoM 101325 Ila.

© Menpauk FO.M., Hikomrok B./I.

Ha Buxomi 3 AeToHAIHOT KaMepy pUiMaiach TPaHUYHA
yMOBa HAsBHOCTI aOCOIIOTHOTO THCKY, IIO JTOPiBHIOE
atMocepHOMy. B TrpaHMYHHX yMOBax TpHIIMamach
CTalla TeMIlepaTypa CTIHOK KaMepH, IO OpiBHIOBaia
303 K. 3a 1 po3paxyHKOBHil KpPOK 3iiiCHIOBAIOCH 00ep-
taHHsA BikHa kiamaHa Ha 0,41 rpan. Posrmspanacek
CYMIII MIPOMaHy 3 MOBITPSIM 3 MACOBOIO JOJICIO TIPOMaHY
0,0643. [1ns1 noCiipKeHHS TepMOra30IMHAMIYHOTO CTaHy
ra3oBOro MOTOKY y MOJISIbHOMY MYJIbCYIOUOMY JIBUT'YHI
3 BUXOJIOM HOro Ha PEXUM 3 MEPIOJUYHOI0 MOBTOPIO-
BaHICTIO POOOYUX IMKIIIB PO3PAXYHOK 3IIHCHIOBABCS
nporsirom 10 c. Ilpouec ameroHawii mociikyBaBcs 3
kpokom 0,1 mc mporsrom 0,1 ¢. TermooOMiH Mix razom
Ta MOBEPXHIMH KaMep HE BPaXOBYBaBCH.

Pesynomamu 4ucenvHozo 00CHI0IHCEHHA HAZHI-
MAHHA CMUCHEHO20 2a308020 3apady 6 0eMOHAUIUHY
kamepy. Ilporiec iHIIIFOBaHHS JCTOHAINI Y Ta30JMHAMIY-
HOMY TPaKTi MOJETHHOTO MyIhCYIOYOro ACTOHAIIHHOTO
JIBUTYHA CYMPOBOKYETHCSI HACTYITHUMH IPOIECAMH:
ra30JMHAMIYHUMHU [POLECAMH Y Ta3i, [I0 CTHCKAEThCA,
mporecaMy HepiBHOBKHUX XiMIYHUX PEaKIliid, Mporie-
camu TermoobMiHy. Lli mpomecn mpoTikarThs B yMOBaxX
mdysii, B’I3K0CTi, TypOyJIeHTHHX MOTOKIB Tomio [7, 8].
Buxonsun 3 ¢i3myHHX TPOIECiB, IO BiOYBAaIOTBCSA Y
3a/1a4i MOJENIOBAaHHS, B JaHIil poOOTI AOCHIIKEHHS
MPOBEICHO 3 3aCTOCYBaHHSM MPOrPAMHOIO MPOAYKTY
ANSYS CFX, mo € CFD-mmakeroM i1 MOAEIIOBaHHs, B
TOMY YHCII Teuil ra3iB 3 ypaxyBaHHSAM TYpOYJIEHTHOCTI,
TEIUI000MiHY, XIMIYHMX peakuiid Ta 3ropanHs. I[Ipouec
CTHUCHEHHS T'a30BOT0 3apsay OKpEeMO MOJIENOBaBcs 0e3
ypaxyBaHHs MPOLECY 3TOPaHHs 3 3aCTOCYBaHHSM MpO-
rpamu ANSYS Fluent.

PesyneTaTil AOCTIKEHHS HATHITAHHS CTHCHEHOTO
ra3oBOro 3apsjy B JAETOHALIHY KaMepy NpeCcTaBIeHO
MicIst pO3paxyHKy 5 IWKIIB IOJaBaHHS CTHCHEHOT'O
ra3oBOTO 3apsyly, OO0 BpaxyBaTH BIUIUB TOIEPEIHIX
IUKTIB Ha TEPMOTa30MHAMIYHUI CTaH Ta30BOTO cepe-
JIOBHIIA y Kamepi 31 CTHCHEHOIO TOPIOYOI0 CYMIIIIIIO,
TIepe/ICTOHAIIIMHIA Ta IeTOHAMIWHIA KaMepax mepen
ITOYaTKOM iX 3alIOBHEHHSI HOBOIO TOPIIi€l0 Ta3y. Tomy B
HABEICHUX HIXKYE PE3yJbTaTaX pO3PaXyHKYy YMOBHO
TIPUHHATO, IO 3aIIOBHEHHSI TIepeIIeTOHAIIINHOI Ta JeTo-
HAIIHOT KaMep PO3MOYMNHAETHCS 3 MOMEHTY 4acy, IO
JIOPIBHIOE HYITIO, X04a (paKTHYHUN Yac po3paxyHKy Ha
LIe MOMeHT ckiiaB 28,4 Mc.

Posnonin tucky Ha yac t = 1,4 mMc mpezcTaBlieHO
Ha puc. 3.

Ha gac t = 1,4 mc obeproBuil KiamaH OCSTAE
Oinbllie, HIX TOJIOBUHY MEPETHHY MepeieToHalliHHOT
kamepu. CrioctepiraéMo MpakTHYHO PiBHOMIPHE ITiZIBH-
MICHHs TUCKY Y TepemaeToHariiHiii kamepi qo 0,125-
0,14 MIla. B neronauiiiHiii kamepi 3pOCTaHHSI THCKY
BifOyBa€eThCs JMIIe 3 OOKY MepeieTOHaliiHOT KaMepu
Ha pmimgHmi posxuHOK 10 0,175 M, ne aOcomroTHHM
THCK nocsrae oauseko 0,1254 MITa.
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Puc. 3. Tlosie THCKY Ta3y y ra30iHHAMIYHOMY TPaKTi
MO/1eJIBHOTO MYJIbCYIOYOTr0 IeTOHALI{HOr0 IBHTYHA HA Yac
t=14mc

Posnonin tucky Ha wac t = 3,8 mMc npexacraBieHo
Ha puc. 4.

Ha gac 3,8 Mc obepToBuii kiamaH nepeOyBae Ha
cepe/iHi Horo BiIKpUTOro craHy. Butpara razy 3 kamepu
31 CTHCHEHHM Ta30M y HampsAMYy TMepeaeTOHAaIliHHOT
KaMepy MPH3BOIUTH 10 HOro HE3HAYHOTO 3HIKECHHS /10
0,175 MIla.

Pressure
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Puc. 4. Tlose THCKY Ta3y y ra30{HHAMIYHOMY TPaKTi
MO/1eJIBHOTO NYJIbCYI0YOTr0 IeTOHALIfHOr0 IBHT'YHA HA Yac
t=38mc

XBWIISt THCKY JIaJli PO3MOBCIODKYEThCS IO JICTOHA-
HiifHIA Kamepi, mocsArHyBmM ToHan 1 M 1iei kamepw.
CepenHiit THCK y JCTOHAINNHINA KaMepi CKIanae OIU3bKO
0,15 MITa.

Croctepiraemo, 10 3aKpHUTTS KianaHa BigOyiaoCh
3a 2 MC, a MOBHHUH Yac BiJ| [10YATKy BIIKPHUTTS 10 TIOBHOT'O
3aKpuTTsI 00epTOBOrO KiamaHa ckiaB 7,4 mc. 3a gac
3aKpPUTTSI BiOYJI0Ch 3HWKEHHS TUCKY SIK Y MEPEIETO-
HAIlIAHIH, TaK i JeTOHAIlIHHIA Kamepax. [Ipu mpoMy THCK Y
nepeaaeToHariiHIi kamepi 3am3uBcs Ao 0,14-0,15 MIla,
a B JICTOHAIIHIA Kamepl HaHOINbIIe 3HWKEHHS THCKY
BiIOyIOCE 01 BUXOMY 3 Hel.

Posmopiny THCKY B3HOBX OCi TepemmeTOHami HHOT
Ta JETOHAIIHOI KaMep Ha Jac 7,4 Mc IpeIcTaBIeHO Ha
puc. 5.

3a nmeTadpbHAM PO3MOJIIOM THUCKY CIIOCTEPIraemMo
HaSBHICTH MiJBUIIEHOTO THCKY y JETOHANIWHIN Kamepi
3 cepenHiM 3HaueHHsM Onusbko 0,13 MIla, a B nepen-
JIeTOHAIIHHIN Kamepi cepeHii Trck nopiBaioe 0,145 MITa.
Y NOpiBHSHHI 3 CepeHIMU 3HAYEHHSIMH THUCKY Ha 4ac
4,4 Mc MaeMO 3HIDKEHHS THCKY Y JeTOHAIMHIA kaMepi
Ha 3,8%, ta Ha 20% y mnepeaneroHaliiHiii Kamepi.
Take 3HWKCHHS BHUKIMKAHO MPOIIECOM 3aKPUTTS 00ep-
TOBOTO KJIallaHa, IiJT Yac SIKOr0 HArHITAHHs ra3y 3 KaMepH
31 CTUCHEHHM Ta30M OOMEXYEThCS, a BUTOK a3y yepes
JICTOHAIIHY KaMePY HE 3YIHUHSETHCS.

© Menpauk FO.M., Hikomrok B. /1.
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Puc. 5. Po3noniJ THCKY ra3y B3/10B3K Oci epeyIeToHALiiTHOl
Ta IeToHANiiTHOI Kavep Ha yac t = 7,4 mc

Po3rissHeMO TIpoliec iHILIIOBaHHS JeToHamii y
MOJIEIBHOMY IYJIbCYIOUOMY JICTOHAI[IHOMY IBHTYHI.
Po3mnogin tucky rasy Ha 4yac t = 520 MKc Bif modaTky
3aKpHUTTS 00EPTOBOTO KianaHa MpeICcTaBlIeHo Ha puc. 6.
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Puc. 6. Ilose THCKY Ta3y y ra30HHAMIYHOMY TPaKTi
MOJEJILHOTO Iy IbCYI0YO0ro JeTOHAIITHOr0 IBHIYHA HA Yac
t = 520 MKc Bif MOYATKY 3aKPUTTs 00ePTOBOr0 KJIamaHa

CrocTepiraemo, 110 AeTOHAIIHA XBWIS JIOCSTIIA
Kparo JCTOHAIIIHOI TPyOH Ta moyaia pO3IMOBCHOIKCHHS
Mo TIepeAneToHaliiHiii kamepi. Ha nomxuni neroHa-
mifiHOT TpyOM 1M cepemHs MIBHIKICTH JCTOHAIIHHOI
xBwi ckiana noran 1800 m/c. Iepexin oqHOBUMIpHOTO
PO3IIMPEHHST YOAPHOI XBHJII, SIKE € XapaKTepHHM s
pyXy y nHeToHamiiiHii TpyOy, y Maibke TpHUBHMIpHE
PO3IIMPEHHS Yy TepeNAeTOHAIlHHI KaMepl 3yMOBIIOE
pi3Ke 3HIKEHHS TUCKY Ha (poHTi yaapHoi xBuii. Criocre-
piraemo THck ra3y Ha (poHTi, 1o gopisHioe 1,2-1,4 MIla.
Mix (ppoHTOM ymapHOI XBWIII Ta BXOAOM JETOHALIHHOI
TpyOM y TIepeIeTOHAIiiHy KaMmepy BWHHKAa€ 3HAYHE
naninas tacky ao 0,2 Mlla depe3 piske pO3IIUPEHHS
ra3oBoro notoky. lle cBim4uTh Mpo 3pHB JeTOHAIT Ta
PO3MOBCIOKEHHSI TIO TepeIIeTOHAIIHHIM Kamepi yaap-
HOI, a HE JETOHALIWHOI, XBUII.

B3noBx AeToHAMiHOT TPyOM Mae Micle MOCTy-
TMOBE 3HWKCHHS TUCKY Y MPOJYKTax JICTOHALIIT B HANPSIM Y
BiJl (pOHTY AETOHALIWHOI XBWIJII Ta 3aKPHTOTO TOPIISI
JeToHamniiHoi Tpyou 3 2 MIla go 0,8-1 MIla. Takwuit
PO3IOALT THCKY € XapaKTepHUM JUISl IPOIYKTIB JeTOHA-
1i1, Y4M MiATBEPKYETHCS JOCTOBIPHICTH PO3PAXyHKIB.
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Pesynbratn po3paxyHKy THCKY Tra3y Ha dHac
t = 628 MKc Bif MOYaTKy 3aKpUTTSI 00EPTOBOTO KiaraHa
TIPE/ICTABIICHO HA PHUC. 7.

) -n
181001
our-1

Puc. 7. Ilone THCKY Ta3y y ra30quHAMIiYHOMY TPaKTi
MOJIEJIbHOI0 NYJIbCYH0Y0r0 JeTOHALIIHOr0 IBUI'YHA HA Yac
t = 628 Mxc Big moyaTKy 3aKpHTTS 00€PTOBOr0 KJIaNaHa

BubyxoBe 3ropaHHs nanuBa y nepeiaeToHainHii
KaMepi 3yMOBIIIOE 3pOCTaHHS THUCKY B yHapHId XBWII,
0 PO3MOBCIOKYETHCS TI0 JICTOHAIMHIA KaMepi, 10
2,6 MI1a.

PesynpraTi po3paxyHKy THCKy TIa3y Ha 4dac
t =700 MKc Bix TIOYATKy 3aKPUTTS 0OCPTOBOTO KIATAHY
MPE/ICTABICHO HA pHUC. 8.

Puc. 8. Ilose THCKY ra3y y ra30HHaAMi9HOMY TPaKTi
MO/IeJIbHOTO IYJIBCYIOYOI0 1eTOHALIIHOI0 IBUTYHA HA Yac
t = 700 mkc BiT mo4aTKy 3aKpUTTS 00epPTOBOro KJIanaHa

Ha gac t = 700 Mkc cmocrepiraeMo 3poCTaHHS
IHTEHCHBHOCTI yJapHOI XBWJI, IIO PO3MOBCIOKYETHCS
1o JeToHamiiHii kamepi. Take 3pocTaHHs BimoOpaka-
eTbesi 'y nmocsrHeHHI Tucky y 3,38 Mlla Ha ¢ponTi
yIapHOi XBHJII. 32 LUMH 3HAYCHHSMH MOYKHA IPHITYC-
THUTA BUHUKHEHHS IETOHAIINWHOI XBWiIi. TakuM 4YHMHOM,
peiHImifOBaHHS JETOHAIl BiAOYTOCh HA AUISHIN IETO-
HAIIHHOT KaMepH JOBXHHOW He Oinbiie, Hix 300 M.
Takok B oOnacTi mepeieToOHALifHOT KaMepu MaroTh
MICIIe JIOKaJbHI 3pPOCTaHHS TUCKY, 10 MOXYTh OyTH
MOSICHEHI HAsIBHICTIO CKJIaJHUX MPOLECIB BiOUTTS
yIApHHUX XBWIIb BiJ] CTIHOK IIi€] KaMepH.

BucHoBku

3anmporoHoBaHO OYIOBY MYJIBCYFOUOrO JICTOHAIIIH-
HOTO JIBUTYHA 3 JKUBJICHHSM CTHCHCHOKO IMaJMBO-IIOBIT-
PSHOIO CYMITIIITIO Yepe3 0OCPTOBHIA KJIATlaH Ta 3 iHIIi0-
BaHHSM 3a JONOMOTOK JICTOHAIIHOI TPyOH, B SKOMY

© Menpauk FO.M., Hikomrok B./I.

3a0e3MeuyeThbCsl MiIBUIICHHS JIETOHALIMHOI YyTIMBOCTI
MaJIbHO-TIOBITPSHOT CYMIIli IIJISIXOM CTHUCHEHHS  IIi€d
cyMimii y KaMepi 3ropaHHS Tiepe]] iHIMIIOBaHHSM JIETO-
HAIlii, [0 CHHXPOHI30BAHO 31 CTUCHEHHSM.

3a pe3yabpTaTaMH YHCENbHOIO MOJICITIOBAHHS BHSIB-
JICHO MOXKIMBICTH CTBOPEHHS MiJBHIIEHOTO THCKY Y
JIETOHALIMHIN KaMepi, 10 BiIKpHUTa 3 OIHIEI CTOPOHH,
32 paxyHOK IIOJa4yl CTUCHEHOTO TOPIOYOTO Ta30BOI0
3apsly Ta 3aCTOCYBaHHS 00epTOBOro KiamnaHa. B ymosax
IPOBEJECHNX PO3PAXyHKIB OTPHMMAHO Ha MOMEHT 3aKpPUTTS
00epTOBOro KJlaraHa IiBHIIEHUN TUCK Yy TIepe/IeTOHa-
miiHiil kamepi y nonan 0,145 MIla ta Tuck y neroHa-
iitHiA kamepi 6m3sko 0,13 MITa.

3a pe3ynbTaTaMy YHCEILHOTO MOJICITIOBAHHS BUSIB-
JIEHO OCOOJIMBOCTI JIETOHAIIHHOTO 3rOpaHHs y Ta30/u-
HaMiYHOMY TPakTi MOJAENBHOIO IyJIbCYIOUOT'O JIETOHA-
LifHOTO IBUTYHA, IO TIOJISITAIOTh Y 3aracaHHi AeToHaIii
T Yac BUXOAY JCTOHAIIIHOT XBHITI 3 1HIIIIOIOYOL JIeTO-
HamiiHOI TpYOHM y mepeneToHanifiHy KaMmepy 3 MOoAaIb-
MM PEiHII[IFOBaHHIM JICTOHAIIii Y ICTOHAIIIIHIH KaMepi.
HasBHicTh peiHimitoBaHHS OETOHAIIT MiATBEPKYETHCS
3a PO3MOJLIOM THUCKY Y Ta30AMHAMIYHOMY TPaKTi MOJIEITB-
HOT'0 ITyJILCYIOYOTO ACTOHALIHHOIO IBUT'YHA.

[omampmmit HampsiM JOCTIIKEHb Oyae 3o0cepe-
JUKEHUII Ha EKCIIEPHMEHTAIbHIN TepeBIpIl pe3ysbTarTiB
PO3paxyHKiB Ha MOJEIBHOMY MYJIbCYIOUOMY J€TOHA-
LIITHOMY JIBUTYHI Ta MPAKTHYHUM BIIPOBA/PKCHHSIM €HEp-
TOCHJIOBOI YCTaHOBKU Ha JaHOMY THIII ABUTYHa y briJIA
Ta aepo30JILHOMY IeHEepaTopi.
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NUMERICAL STUDY OF THERMOGASDYNAMIC PROCESSES IN A MODEL PULSE DETONATION ENGINE
Yu. Melnyk, V. Nikoliuk

The results of numerical simulation of thermogasodynamic processes in a model pulsed detonation engine of a new design
are presented. The pulsed detonation engine is fed with a compressed fuel-air mixture through a rotary valve and provides
detonation initiation using a detonation tube. The possibility of creating increased pressure in a detonation chamber that is open
on one side by supplying a compressed combustible gas charge and using a rotary valve has been revealed. Under the conditions
of the calculations, an increased pressure in the pre-detonation chamber of more than 0.145 MPa and a pressure in the
detonation chamber of about 0.13 MPa were obtained at the moment of closing the rotary valve. The peculiarities of detonation
combustion in the gas-dynamic tract of a model pulsed detonation engine have been revealed, which consist in the damping of
detonation during the exit of the detonation wave from the initiating detonation tube into the pre-detonation chamber with
subsequent re-initiation of detonation in the detonation chamber. The presence of detonation re-initiation is confirmed by the
pressure distribution in the gas-dynamic tract of the model pulsed detonation engine. Re-initiation of detonation occurs 700 us
from the beginning of the closing of the rotary valve. The results of numerical studies have confirmed the feasibility of this type of
engine.

Keywords: detonation, engine, numerical study, gas-dynamic processes.
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1p.v oo, .o . . . . o«
Biticokosutl incmumym manxosux siticok Hayionamwnozo mexuiunoeo ynisepcumeny **Xapriscokuil
noaimexHiyHutl incmumym’’ , Xapkie

2 ) : .o : . o .
Hayionanvua akademis cyxonymuux giticok imeni cemovmana Ilempa Caeatidaunoeo, JIvsis

JOCJII)KEHHA MOXKJIMBOCTI AJJANITALIIL CUCTEMH AMAP-ADS 1151
3PA3KIB BTOT HA OCHOBI MATEMATHUYHOI'O AITAPATY IIEPEBIPKU
CTATUCTUYHUX I'TITOTE3

Cmamms npucesauena o0IpyHmyeanHI0 MexHOI02IMHUX Pilueb Wooo adanmayii cucmemu aKmueHo20 3aXUcmy
AMAP-ADS ons suxopucmanns na 3spaskax OBT, wo € na 036poenni 3C Vkpainu. 3a paxynok euxopucmauHs
MAMEMamuyHo20 anapamy nepesipku CMAmuCmMu4Hux 2inomes 80aniocs ompumamu nioxio ujo0o niobopy onmu-
manvrozo nabopy enemenmie CA3 AMAP-ADS i3 enyukumu (SMART) nanawmysannsimu 0 minimizayii imosipnocmi
XUOHO20 Ccnpayiosants 0a8ayie WIIAXoM iX OuQepeHyitioBaHo2o cnpaylo8ants npu 3abe3neyeHti 00Cmamtb020 pieHsl
3a8a00CMItIKOCHII.

Hocnioocenusn dano 3mozy ompumamu Hacmynti pesyromamu: 1. Yac cnpayrosanns oasauis i, 8i0nogioHo,
NOPO206I 3HAYEHHST HANpYeu, 3d SKUX CApPaybogylomv GuKoHaeui enemenmu cucmemu 3axucmy AMAP-ADS,
BU3HAYEH] K 6UNAOKOBI BeUUUHU, WO OAN0 NIOTPYHMA O GUKOPUCAHHSA MATMEMAMUYHO20 anapamy nepesipKu
bazamoanbmepHaAmueHUX CIMAmMUCMuyHux 2inome3s 018 p0O38 SI3AHHA 3a0a4i NPUUHAMMA PiWeHHA HA CHPAYIOBAHHSA
oasauie ma ynukHenus “opyacnvo2o” (3a paxynok pobomu ceoix 3acobig PEB) npuoywenns CA3. 2. Ha ocnosi
ananizy MameMamuyHux po3pPaxyHKi8 3anpoOnoHOBAHUTI MONCIUBUIL CKAA0 NEPCNeKMUGHOI a0anmoeanoi cucmemu
AKMUBHO20 3AXUCIY OCHOBHUX 3DA3Ki68 030pOoeHHA ma 8ilicbkoeoi mexuixu. 3. Ilposedena oyinka npozHo308aH020
eexmy 6i0 peanizayii mexniynux piwensv wooo adanmayii CA3 AMAP-ADS oo suxopucmanns ii na spaskax OBT,
wo ¢ Ha o3opoenni 3C Vrpainu, 3a paxynox MiHimizayii UmosipHOCmi XUOHO20 CNpaAylo8ants 0Aeavié npu
3abesneyenni 0ocmamubo2o pishs Haditimocmi (nponycky yoapy) ma zaeadocmitikocmi (enaugy ““Opyoscnvo2o’
NPUOYULCHHSL).

Knrouosi cnosa: cucmema axmusnozo saxucmy OpoHeo6’ckmis, adanmayis, OupepeHyiliosane 6Us8IeHHs.
3aepo3u, nepesiprKa CMamucmMudHux 2inomes, JiHitine NPOSPAMYEAHHS, NOMUTIKA NEPULO20 MA OPY2020 Pody.

Cucrema axtupHoro 3axucty (CA3) AMAP-ADS
(Advanced Modular Armor Protection Active Defense
System) € BHCOKOTEXHOIOTIYHAM MPOAYKTOM, [PHIAT-
HUM JUI1 BU3HAYCHHS PI3HHUX 3arpo3 Oe3mocepefHbo y

ITocTanoBka npodaemu

JocBin OuteIl  HIK ~ AECATHPIYHOI  POCIHCHKO-
‘YkpalHCBKOi BiffHU CBITUUTSH, O e()eKTUBHA 3aXHIICHICTD

0c000BOT0 CKITAy € 3alOPYKO0 YCITIIITHOIO BUKOHAHHS
0oltoBHX 3aB/aHb, 1, K HACTIIOK, 30epeKEHHS KUTTS 1
3I0pOB’Sl BIHCHKOBOCTYKOOBIIB. Sk oamH i3 e(eKTHB-
uux MeroniB 3axucty OBT (taukis, BBM, BTP Tormo)
3apeKOMEHyBalII ce0e CHCTEMH AaKTHBHOI'O 3aXUCTY
[1]. Bonu 3matHi 30epertu eximax 3a paXyHOK BUSIBIICHHSI
Ta HelTpaizauii pi3HOMaHITHHX 3arpo3.

OMKHIN 30HI MAIIMHY, a TAKOX VIS aHAJI3Y 3arpo3u Ta
JUTs 11 BimoOpakeHHsT e(eKTHBHUMHE 3aXOIaMH, sKi 3a0e3-
MEeYyIOTh BHBEICHHS 3 JlaAy MarepialibHOI YaCTHHU 3
BHCOKHM CTyIICHEeM HafiitHocTi. BoHa moennye B co0i
METOAU OOPOOKH BENHKHX OOCSTIB JIAHHX, BUKOPUCTAHHS
CEHCOPHUX TEXHOJIOTiH, MaTeMaTUYHI METOIM aHali3y,
a TaKO)K aBTOMATHU3AIIII0 MPUHHSTTS PillIeHb.
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3aBsiky MOynbHIHM KoHCTpYKIiT ADS Moxe OyTH
aJIaliToBaHa JI0 HIMPOKOTO CIEKTpa 3pa3KiB OpOHETaHKO-
BOrO O30pOEHHS Ta BIMCHKOBOI TEXHIKM 1 3/1aTHA 3aXWC-
THTH TEXHIKY BiJl BEIMKOKaJiOepHOI 30poi, Ky HE 3ynu-
HUTH Jierka 6poms [2 — 5].

Mix tum y cuctemi AMAP-ADS ne nepenbaueHi
SMART-TexHoorii, 30KpeMa BUSIBJIICHHS 1 pO3MTi3HAHHS
MXOTH, SKa 3HAXOIUTHCS y 30HI KOHTpOI0. be3ymoBHO,
HaJUTMIIKOBE BUKOPUCTAHHS 3aXHCTy MiABUIIYE HOTO
HaJIiHHICTb, aJie He € ONTUMAJIBHUM 3 TOYKH 30py Pecypco-
3aTPaTHOCTI.

EdekruBre Bukopuctandas AMAP-ADS Ha pizHo-
MaHiTHHX 3pa3kax OBT, y T.4. Tux, 1110 € Ha 030pOEHHI
3CY, MOXIHBO TIpU Ar(EpeHIiHOBAHOMY CIIpalFOBaHHI
naBauiB. OJHaK, TaKWi MiXiJg BUMarae po3poOieHHs
aNTOPUTMY Jiii, sKkuii Ou MiHIMi3yBaB HMOBIpHICTb XHO-
HOTO CITpaIfOBaHHs JaBadiB MpH 3a0e3MedeHHi J10cTatT-
HBOTO PiBHS HajiiiHOCTI (MPOMyCKy ymapy) Ta 3aBajio-
crifikocti (“ApPYXKHBOrO”, 3a paxyHOK pPOOOTH CBOIX
3aco6iB PEB, mpuaynieHHs), o0 CBiTYUTH NMPO aKTya-
JIBHICTD JTOCIIIIDKEHHS.

MeTo10 TOCTi/IKEHHS € O0TPYHTYBAaHHS TEXHIYHUX
pimens om0 amanrarii (madopy oNTHMATBHOTO HaGopy
eIIEMEHTIB) CHCTeMH akTHBHOTO 3axucty AMAP-ADS
JUTst e(pEKTUBHOTO BUKOPHCTaHHA Ha 3pa3kax OBT, mo €
Ha 030poenHi 3CY.

AHaJIi3 0CTAHHIX JOCTiIXKeHb i myOaikamii

CA3 AMAP-ADS po3pobiieHa HiMEIbKOI KOMIIa-
micto ADS Gesellschaft fur aktive Schutzsysteme,
nouipaboro kommaniero Rheinmetall i IBD Deisenroth
Engineering B pamkax xonnemuii Advanced Modular
Armor Protection. Cucrema Takok BifoMa IIiji Ha3BOIO
AAC (Active Armor Concept) y lIgerwii ta six Shark y
®paHiii.

Y 2019 pomi Oyma mpenacraBicHa HOBa BepCis
ADS, Binoma six Hybrid Protection Module, sika interpye
KOMITIOHCHTH CHUCTEMH aKTHBHOTO 3aXHCTy B IACHBHY
po3HeceHy OpoHro. BiH nponaeTsess Ha MIKHAPOIHOMY
puHKy mijx HazBoro Strike Shield.

AMAP-ADS wmae mnepeBarm Imiepen aHaJIOraMHu
(Quick Kill, Iron Fist a6o Trophy), ockiibku i€ MIBHIIIE
Ta CTBOPIOE He(parMeHTOBaHWU MOTIK MaTepiamy. B
IFOMY BHIIAAKY € MOXJIMBICTh MiHIMi3yBaTH MOOIYHUN
30MTOK BilicbKaM a00 IUBIIBLHAM oco0aM, sKi 3HaXo-
JIThCst 100sn3y. 1li 00CTaBUHM € Ba)KJIMBUM acleKTOM
NP BelleHHI 00MOBHX il B MICbKOMY CEpe/IOBHIII, aje
JUIsl X peajizallii mepeyMOBJICHE BIOCKOHAJICHHS Mexa-
HI3MY HPUUAHATTS PILICHHS PO CIPALIOBAHHS CHCTEMH.
PosramryBanHs 1aBadviB i 3aco0iB mpoTuaii 3abe3nedye
HamiBcheprunuii 3axuct [2-5]. TlepekpHuTTs CEKTOpiB
MOJIYJTiB JaBau-MPOTH/Iis JO3BOJISIE CHCTEMI TIepeMaraTu
aTakd 3 KIJbKOX HamnpsiMiB. Y TIOPIBHSHHI 3 iHIIMMHU
CHCTEMaMH JKOPCTKOTO 3HUILICHHS TYT HEMA€E PYXOMHX

yacTuH, mo podbuts ADS merkum 3a Baroro i 3MEHIIye
MOTpeOH B eNeKTpoeHeprii. Y iCHylo4oMYy BapiaHTi CHC-
TeMa He pU3HaYCHA JUTS TOBHOI 3aMiHM TIACUBHOI OpOHI,
OCKIJTBKU CHapsIH OibIoro kamiopy OyayTh e po3-
npoOIieHi, a He TIOBHICTIO BiIXWIICHI, 1 s TTOTJIMHAHHS
3aJIHIIIKOBOI €Heprii OCKOJIKIB OTPiOHA MaCHBHA OPOHSI.

3a nmanumu po3poOnuka, xomiuiekc AMAP-ADS
3IaTHUHA ypa)kaTH KyMYJSTHBHI Ooempumacu 3acoliB
ommwkaporo 6ot tumy PIIT-7, IITYP, a takox Opone-
O1iiH1 miKamiOepHi CHapsIU MPOTUTAHKOBOT 30poi.

KOHCTpyKIlisi KOMIUIEKCY € MOJYJBHOK 1 MOXe
OyTH ajanToBaHa NPAaKTHYHO OO IIMPOKOTO CHEKTpa
TPAHCIOPTHHUX 3aco0iB, 11 Maca — 140 Kr [y JIErKOBUX
aBToMOO1TiB 1 10 500 Kr a5 Baxkkux MaruH (puc. 1).

Bomnouac 3rimHo 3 3asBoro Yibda JlakzeHpora
UIf Deisenroth, mpe3umeHTa Ta reHEpaibHOTO IUPEK-
Topa kommanii IBD Deisenroth Engineering, cmin Bpa-
XOBYBATH, 110 ““...HaBITh BUCOKOC(EKTUBHUN KOMILIEKC
aktuBHoro 3axucty (KA3) mmpokoro criekTpa il 3aBxau
Mae “crimpaTHcs” Ha 3HAYHY Macy MacHBHOTO 3aXHCTY,
sIKa 3aJIeKHUTh BiJl BaroBoi karteropii mammuu. Hampuk-
Jaj, B JaHWI 4ac MOXKHa ToBOpuTH, 1o m1a bbM nerkoi
BaroBoi Kareropii, ocHameHnx KA3 Bim ypaxeHHs
KYMYJIATHBHUMH 3ac00aMH ONMKHBOTO OO0 Ta JIETCHb
IITYP, pisers 4 STANAG 4569 € minimanbHO HE0OXi-
mum” [6, 14].

L

Puc. 1. CVV90120, ocuamenunit AMAP-ADS

BinmmoBimHO, 10 3aXHCTY MAIIMH CEPeIHBOI KaTe-
TOpii BHCYBAIOTHCS OUNBIN BHCOKI BUMOTH, BKITIOYAIOUHN
BUMOTH IIO/I0 3aXKCTY BiJ IMIPOBI30BAHUX BHOYXOBHX
MPUCTPOIB MEBHOTO TUITY Ta IHIIHMX 3aCO0IB ypajkeHHS,
BUMOT'H, SIKIi MO)KHa BHKOHATH BHKJIIOYHO 32 PaxyHOK
301IBLIEHHS MacH ITaCHMBHOI OPOHI.

OcnoBuuM HeposikoM CA3 AMAP-ADS e yact-
KOBHI 3aXHCT TPOEKIi 00HOBOI MallMHU — TLNBKK Ha
MOBEPXHi, PO3TAIIIOBAHOI HIYKYE JIiHIT KPITUICHHS OJIOKIB
BUOYXOBOI pedoBUHU. Kpim Toro, criparboByBaHHs Oyab-
SIKOro OJIOKa TTOBHICTIO 3HIMAE 3aXHUCT 13 IUIONII TTOBEPXHi,
HaJl SIKOIO BiH OyB 3aKpiTICHHUH.
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AmHani3 mepeBar Ta HEJIONIKIB PO3IJITHYTHX peati-
3aniil akTMBHOro 3axucry 3paskiB OBT mae 3mory 3po-
OUTH BICHOBOK MPO JOMUIBHICTH PO3POOKN METOINKH 1X
KOMIIOHYBaHHS U TiJBUINCHHA ©(PEKTHBHOCTI BHKO-
PHUCTaHHS.

IMopiBusiemo 3 CA3 AMAP-ADS cucteM# akTUB-
HOT'O 3aXHCTY KiHETHYHOTO BIUIMBY BITYU3HSIHOTO BHUPOO-
HUILTBA, Taki sk “3acnon”, “bacrion”, “Illepmens”. Sk
nepeBarn 3pa3kiB CA3 ykpaiHCHKOro BHPOOHHIITBA
BU3HAYAEMO Te, L0 BIHU CTBOPIOIOTH 30HY 3aXHCTY 10 S5 M
Big noctpiniB PIIT, TITKP, aprcHapsinis go 125 MM Has-
xoso OBT.

SIk OCHOBHI HEJIONIKM KOMIUIEKCIB BU3HAYMMO TaKi:

- He3paTHicTh 3axumaru OBT Bix 3arpos 3 Bepx-
HBOI MiBcepH;

- MOYKJIMBICTb CHPALOBaHHSI JMHAMIYHOTO 3aXHCTY;,

- 3arpo3a IpH CHIJIbHIN Ji1 3 BIACHOIO MiXOTO0;

- CXIJIBHICTb JJO XMOHHX CIPAItOBaHb;

- 3HAYHA Bara KOMIUICKCY TIPH HEJOCTATHIiM Kilb-
KOCTi KOHTpGO€enpumacis [7].

30KpeMa, KOMIUIEKC aKTUBHOTO 3axucTy “3acion”
IpH YCTAaHOBII Ha TaHK CKJIQNAEThCS 3 IYNbTa Kepy-
BaHHS B 0aIlTi, a TAKO)X MOXYJIIB 3aXUCTY, B KOYKHOMY 3
AKUX 3HaXOIOHUTHCS IO JIBa OOEMPUIIACH 3 YparKarouHMH
eneMeHTaMu. Ha TaHKy po3MillyeThcs KiJbKa TakKHX
MOJIyJIiB, TIPH 1IbOMY YOTHUPHU 3 HUX PO3MIIIYIOThCS Ha
HAJ'YCEHUYHUX HIlIaX TaHKa, 110 3a0e3redye Npuxo-
BaHICTh TAKOI YCTAHOBKU. Y caMOMY OO€npuIiaci, okpiM
ypaKalo4uxX €JEMEHTIB, TaKOXX 3HAXOAMUTBHCA paaap
BUSBJICHHS I, IO MPAIOE B MUTIMETPOBOMY Jliara-
30HI. A B caMOMy OpOHBOBAaHOMY KOPITyCI MOIYJIs, IO
3abe3meuye 3axuct Omoka KA3 Bim Kynb cTpinenbkoi
30poi 1 OCKOJIKIB, 3HAXOAUTHCS 1 BUCYBHHH HPHUCTPIM.
Mloro eneKTpoIBHIYHH BHCYBAIOTH GOENPHITACH 3 MOXiN-
HOro B 0OHOBE IMOJIOKEHHS ITICIISl TIPUBEACHHS CHCTEMHU
B pOoOOYMIl peXXHM eKilmaxxeM TaHKa.

Ha nymky excriepris [7-9], “BukoHaBYi” eneMeHTH
CA3 € Oinpm HamidHIIAME y TOPIBHSAHHIL 3 1X aHANIO-
ramMu. Y SKOCTI TMOPIBHSUIBHOTO TIPHUKIATY IIPOIOHY-
€TBCS PO3TIITHYTH IPOTUIPOHOBY CITKOMETHY CHCTEMY
HBIT “Bamnap”, ska kinacu@ikyeTbcsi SIK aKTUBHHUN
3aXHCT KIHETUYHOTO BILTUBY OMMKHBOT fii [8].

Sk mepeBaru MPOTUAPOHOBOI CITKOMETHOI CHCTEMH
JUIsl aKTHUBHOT'O 3aXHCTY BU3HAYUMO TaKi:

- HEBMCOKA BapTiCTh MPOTHAPOHOBUX CITOK;

- IOUILHO BCTAHOBJIIOBATH Ha HEOPOHbOBAHI 3pa3KH
OBT;

- He Hece 3arpo3y mpu BukopuctanHi Ha OBT
CITIJILHO 3 BJIACHOIO IiXOTOIO.

Sk HeZONMiKM BH3HAYMMO 3ATHICTH MEPEXOILTIO-
BaTH juiie FPV-aponu B ropu3oHTaIEHOMY MOJIBOTI Ha
BHCOTI 710 5 M Hax 3pazkom OBT.

Sk mpukmax peamizamii miICHCTEMH BUSBIICHHS,
imeHTUdiKamii Ta mineBkasiBku y ckinagi CA3 HaBexemo
TaKi eJIeMEeHTH:

- pamionmokamiiHa CTaHIS MITIMETPOBOTrO [iarma-
30HYy a0o0 nazepHa cranuis tumny “JIIJTAP”;

- ONTOEJIEKTPOHHI Ta pa/IioJOKalliiiHi 1aBayi BUSB-
JIeHHS, i1eHTudiKalii Ta ineBKa3aHHs,

- OOpTOBa OOYHUCITIOBAJIbHA ITiICUCTEMA;

- MiZICKCTEMa BiIOOpa)KeHHsI Ta TepeiaBaHHs 1H(pOp-
mari.

Sk mpukian peamizanii MiJICHCTEMH HEKIHETHYHOTO
BILUTUBY MOYKHA PO3TJISTHYTH TaKi €JIEeMEHTH:

- 3ac00M Pa/IiOETIEKTPOHHOTO MPUITYIICHHS B PI3HHUX
4acToTax, mo cymicue 3 oomagaanasm OBT;

- o0azHaHHS JUTS TIOCTAaHOBKH 1H(QPAaYepPBOHUX Ta
JIa3epHUX TEPEIIKO, 3HUIIICHHS eIeKTPOMArHiTHOI abo
MIPOMEHEBOIO 30pOET0;

- INUMOBi/aepO30JIbHI TPaHATH;

- oOmamHaHHS UIA 3MeHmenHs noMitaocti OBT B
ONTHUYHOMY Ta TEIIOBOMY CIIEKTDI.

Taxkum umHoM, mia amanramii CA3 AMAP-ADS
JI0 BUKOPUCTaHHSI HOro Ha BiTuM3HsHUX 3paskax OBT
HEOOXi/THO BUPININTH 3aBJIaHHSI BU3HAUEHHS ONTHMAaJb-
HOro HabOpy €JIEMEHTIB IiICUCTEMH KIHETUYHOTO BILIHBY
Ta MiJCKCTeMH YympaBiiHHA i3 raHydkumu (SMART)
HaJlAINTYBaHHSMH T MiHIMi3allii WMOBIPHOCTI XHOHOTO
CHpAIfOBAaHHS JaBadviB IUIAXOM X IudepeHIiiioBaHOro
CHIpAIffOBAaHHS TpH 3a0e3MCYCHHI JTOCTATHBOTO PiBHS
3aBaIOCTIAKOCTI (MIKOAM “APYKHBOTO” MPUAYIICHHS).

Bukiaa ocHOBHOro Martepiajy

CrpykTypa Ta ocHoBHi pynkuii CA3 AMAP-ADS

Tpamumiiiao y ckmagi CA3 MoXHA BUAUTUTH IiJ-
CHCTEMY KiHCTHYHOTO BIUIHBY, JIO SIKOi BiTHOCSITHCS TaKi
€JIEMEHTH.

- peakTHBHI TpaHaT (KOHTPOOEMPHUIIACH);

- IMCTaHITifHI apTHiIepifichkki (KylmeMeTHi, TpaHa-
TOMETHI, TapMaTHi) MOIYIi;

- CITKOMETHI 3aps/a;

- KOHTPOOETPUIACH, 110 BCTAHOBIIOIOTHCS IO TEpPH-
Metpy koprycy OBT.

3a3Ha4ynMMo, 110 caMe BapiaTHBHUM HAa0OpOM LMX
MOJIYJiB MOXKYTh OyTH ocHaleHi pi3Hi 3pa3ku OBT, 1o
€ Ha 030poenHi 3C Ykpainu.

Mix TiM, ockijbku cucteMa AMAP-ADS npusHa-
YeHa JIsl aBTOMATU30BAaHOrO KepyBaHHs 3acobamu [1110,
BOHAa MOXC MPAIOBATH Y B3AEMOJIl 3 MOIYJISIMH IIij-
CHUCTEMH VIpaBJIiHHSA Ta/ab0 TMiJCUCTEMHU BHSBIICHHS,
inenTudikaii ta mineskasanus [7]:

- BUSIBJIGHHS 1 CNIJyBaHHs, IO BUKOHYE (DyHKIi
inTerpanii 3 PJIC, onmnannmu Ta iHGpadepBOHUMY 1aBa-
YaMy{, BUSIBICHHS, Kiacu(pikaimis Ta CyIpOBOMKCHHS
LIJIEH;
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- 00poOka JaHmMX 1 aHaji3 3arpo3, IO BHUKOHYE
(GYHKIIT OLIHKK THUITY 3arpo3H, NpiopHuTe3amis Iijel Ta
MIPOTHO3 TPAEKTOPIN pyXy 00'€KTiB;

- YIIpaBIIiHHS BOTHEM 3 (DYHKIEO pPO3MOIIICHHS
iTel 3a BOTHEBUMH 3ac00aMM; CHHXPOHI3aIlis podoTH
pizamx ycranos I1I10; apromMaTi3ariis HaBeJEHHS i IyCKY
pakery,

- inTepdeiic omepaTopa i3 MAHEIITIO CHUTYaIiHOL
00I3HAHOCTI, IHTEPAKTMBHUMH KapTaMH Ta Bi3yai3a-
II€0 TOBITPSIHOI OOCTaHOBKU Ta (DYHKINEIO YIPaBIiHHS
B Py4YHOMY Ta aBTOMAaTHYHOMY PEKUMAX;

- 3B’s13Ka Ta OOMiH JJaHUMU 3 (DYHKIII€I0 iHTerpaii
3 eauHOtO0 cuctemoro I1I10, mmdpoBanuii 0OMiH iHpOP-
MaIli€l0 Ta 3B’A30K 13 30BHIIIHIMH KOMAaHJHUMH ITyHK-
TaMH Ta COFO3HUMH CUJIAMH;

- CUMYJIALIS Ta HaBYaHHS 3 (YHKIIEIO CTBOPEHHS
BIpPTYaJbHUX CIEHApIiB sl TPEHYBaHHS OIEpaTopiB.,
anai3z edexruBHoCTi miit T[1I10;

- CaMOJIiarHOCTHKA Ta MOHITOPUHT CTaHY CHCTEMH
3 (YHKIIE KOHTPOJIO MPane3NaTHOCTI YCTaTKyBaHHS
Ta aBTOMaTHYHOTO IOBIZOMIICHHS PO TMOMIJIKH a0o
HECTIPaBHOCTI.

Sk mpororun Moxe 6ytu posrsiayti CI3 “Strike
Shield”, ocroBri TTX sKoi mMpoaHami30BaHi BWIIE, Ta
ADS-Gen3, 1o BUKOPUCTOBYE HOBIIII pajapHi jaBaui,
IO TPAMOIOTH i3 MEHIIOKI IOTY)KHICTIO; II€ 3MEHIIYE
paniyc aii pagapa nume qo 30 merpis (98 ¢yris) i mpu-
3BOUTH /10 Toro, 1o ADS-Gen3 mae 3HayHO MeHIMy
€JIeKTPOMATHITHY CUTHATYpy, HiXk iHim APS 3 )OpcTKUM
ypakeHHsM. PagapHi naBaui mpamiolOTh y Jiana3oHi
xBwib Big 20 no 30 I'T i MaroTh BUXiJHY MOTYXHICTh
gume 1 Br. Ile npu3Boauts 10 TOro, 1o aaeadi ESM
npoTuBHKKA MOXYTh BusiButd ADS-Gen3 sumie Ha Bin-
crani 10 350 — 400 metpiB.

Menmmii pagiyc mii pajgapiB TakoXX O3Hadae, IO
MOXKHA JIOCSTTH BWIIOi PO3IUILHOI 3MaTHOCTI, J03BO-
JSIFOYM CHCTEMI TOYHIIIe BU3HAYATH THI BXIIHHX CHA-
psIiB 1 pearyBaTd Ha CTYIIIHYACTi aTaku cUCTeM 30poi,
taki sik PI1-30. Hmwxua curnarypa EM 3menmye fimo-
BIpHICTh 300iB B pOOOTI E€NEKTPOHIKM TPaHCHOPTHHX
3ac00iB, 10 3HaXOAATHCs mobm3y [15, 16].

dakTopH, 0 BIJIMBAKTH HA BiICTAHbL BUSB-
JIEHHS 3arpo3H

BuzHaunMO, 110 OCHOBHUMH (haKTOpaMH, LI0 BILTH-
BAalOTh HA BI[CTaHb BUSBIICHHA 3arpO3H y CHCTEMI
AMAP-ADS, € mBUIKICTh 1idi, po3Mip Ta epeKTHBHA
TUIOLIA PO3CIFOBAHHSI, TPAEKTOPIS MOJIBOTY Ta TUII IaBaya.

Po3riissHEeMO OCHOBHI TaKTHKO-TEXHIUHI XapakTe-
puctuku 00’€xTiB, siki cucreMma AMAP-ADS posmizHae
K 3arpo3sy.

Iporutankosi keposani paxkerun (IITKP) marotsh
BiHOCHO HM3bKY miBuaKicTh (200 — 300 m/c) i Bemuki
rabapuTH, 10 POOHTH iX JIETIIMMHU JIJIs BUSIBJICHHS.

Bincranb posmi3HaBaHHS Takoi 3arpo3u paJapHAMH
nasadamu craHoBUTH 100 — 300 M; onTHKO-€IeKTPOHHUMH

nmaBauamMu — 50 — 150 M; iH(pauepBOHUMHU HaBadyamMu —
1o 100 m. Sk ocobmuBicte mpu poboti AMAP-ADS €
Toi (akT, mo 3aBasku crabinpHiN Tpaekropii [TTKP
YacTO € OCHOBHUMH LIsIMHE Jutsi cucteM KA3.

Kymyasitugui cHapsimu (3 PIIT aGo rpaHato-
MeTiB) MarOTh BHCOKOINIBHIKICHHI CTapT 1 BiJHOCHO
Mamuid po3Mip, a iX pO3MMi3HABAaHHA CKJIAIHIIIE Yepes
oOMe)xeHMiA Jac Ha peakuito. Bigcrans po3mi3HaBaHHS:
TaKOi 3arpo3u: pajapHUMH JaBadyaMu CTaHOBUTH 30 —
100 M; omnTHKO-enekTpoHHMUMHU aaBadyamu —20 — 70 m;
iHppauepBonumu aaBadamu — 20-50 M. OcobnuBicTiO €
TO#t (hakT, 1o KymynsatusHi cHapsiau (3 PIIT" a6o rpana-
TOMETIB) 3a3BMYaii BUKOPHUCTOBYIOTBCS Ha OJM3BKHX
BizcTansx (1o 500 M), 110 BUMArae MIBUIKOMIFOUNX CEH-
COpIB 1 CHCTEM 3HHILCHHSI.

TankoBi cHapsimu (KiHeTw4Hi mizkaniGepHi 6oe-
NPUTIACH) MAIOTh JyXe BHCOKY MIBHIKICTh (moHax 1500 —
1700 m/c), MiHIMATBHUHA PO3MIpP 1 TETUIOBHHM CIin, IO
YCKJIaJHIOE BUSBICHHS. BiJCTaHb pO3Ii3HABaHHSA TaKoi
3arpo3u pajapHuMHu gaBadamu cTaHOBUTH 10— 50 M;
onrtuko-enekTpoHHUMA  gaBadamMud — 10—-30M. Oco0-
JUBICTP 1 YCIIITHE NMEPEXOIUICHHS IIUX CHAPSIIIB € BUK-
mukoMm it CA3, ToMy OUIBIICTh CUCTEM (OKYCYIOTHCS
Ha M’ SKIIHNX 3aTPO3ax.

Bponediiini  ockonkoBi  Ooenmpumacu  MalOTh
meHu po3mipy, Hix [TTKP, ane Ginblii, HiX KiHETHYHI
Ooenpunacu. 3a3Buyail pyxarwoThcs 31 mBuakictio 800 —
1000 m/c. Bigcranp po3mi3HaBaHHS TaKol 3arpo3u pajap-
50 — 150 m;
enexktponanMu gaBadamMu — 30 — 100 M. OcobmBicTiO

HUMH J[ABayaMHd CTaHOBHTH OIITHKO-
BUSIBJICHHS 3arpo3M BiJi OpOHEOIHNX OCKOJIKOBUX 0O0€-
OPHIACIB € Te, [0 BOHH MOXYTh OyTH CKJIaJHUMH IS
BUSIBJICHHS Yepe3 HecTaOlTbHY TPAEKTOPIFO.

Besniorni Jgitanbni anapatn (BnJIA) maroth
BeNMKi TaGapuTd, HU3bKy mBHaKicth (50 — 150 m/c),
YITKHH TEIUIOBMHA 1 pajioNoKaliitHuii ciin. Binctanb
pO3Mi3HABAHHA TAKOl 3arpo3d pajapHAMHU JaBadyaMu
cranoButh 200 —500 M; ONTHKO-EIEKTPOHHUMHE JaBa-
gamu — 150 — 300 m; indpagepBornmu maBagamu — 100 —
250 M. Sk ocobnuBicTh 3a3HaunMo, 110 briJIA MOXyTh
OyTH BHKOPHCTAaHI SIK HOCIi OO€mpuIaciB, TOMy iX BHUSB-
JICHHS € BOXTMBHMM 3aBIaHsM st cydacaux CA3 [7, 8].

HIBUAKICT 1T — YUM OUIBLI IIBHUIMNA OO€HpH-
mac, THM MEHIIE 4acy Ha Horo BHSBIICHHS Ta MEPEXOIl-
nenns. Hanpuknan, APFSDS-cHapsiiy BUSIBISIOTBCS Ha
MiHIMaJIbHHX BiJICTAHSIX Yepe3 Ha/I3BYKOBY IIBHUIKICTb.

Po3mip Ta eektrBHa 1UT0MIA po3citoBants (EPR) —
Benuki 06'extu (aponu, [ITKP) BusiBisiroThCs paHilie 3a
yacoM uepe3 OUThINIMEI pamioyioKamidHui ciig. Mai
cHapsau (mimkaniOepHi OpOHEOiiiHI) BBaXKAOTBCS CKIIAJI-
HIIIMMHU ]ISl BUSIBIICHHSI.

TpaexTopist MoNbOTy — NPSMOIMIHINHI TpaekTopii
CKJIAHIII JUTS BHUSBIICHHS, HDXX MOBUTHHI TapaOOoITivHi.
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Tun maBadya — pagap eheKTUBHUIA YIS IIBUIKICHUX IIUICH
Ha CEpeNHIX 1 AJICKWX BiJCTAHSX; ONTHKO-CICKTPOHHUI
JaBad Kpalie TMpaIroe Ha ONMKYNX BifCTaHAX; iHGpa-
YepBOHUH JaBad J0Ope BUSBIISAE TSIUIOBI CIITU Bifl IBU-
ryHiB I[ITKP a6o npoHis.

Omxe, Benuki moinbHi i ([TTKP, mporn) Buse-
nsirothest Ha Biactansx 100 — 300 m; cepenHi, cepeaHbo-
mBuaKicHi mimi (PITT, MiHOMETHI MiHH) BUSBJISIOTHCS Ha
50 — 150 m; mami mBuaKicHi 1 (makamibepHi cCHapsIIn)
BusiBIITIOTHCS Ha 10 — 50 M (puc. 2).

Bapaxyiosi Fpv-apoun / )
Goeppunacu APOKH 3i “cruaann”
\ 3¢ Ynapui BallA
N o .
Kepoeai \
aprmepm:uxn Mpomurankosi
. KepoBaKi paKeTH
I i " /
Kinerwsni (BONC),
KyNYNATHEHI T2 Mporurankosi
0CKONKOBO-yracHi peakTHeni
uw}n} rpanath
v4 Al

1\__

Puc. 2. MoxauBi 3aco0u ypaskeHHsI 030pPOEHHSI Ta
BilicbKkoBOI TexHikHN

Sk i immni cygacai CA3 (Trophy (Ispains), Iron
Fist (Ispains) Ta Adranir (pp) AMAP-ADS mae Gararo-
KaHallbHI CUCTEMHU JIaBaviB, 10 JO3BOJSIIOTH MPAIOBATH
3 pI3HMMH THIIAMH 3arpo3 Ha PI3HMX BIACTaHSAX, aje
WMOBIPHICTh NMPUIHATTS XUOHOTO PILIEHHS BHACIIIOK
“HakJalaHHs XapaKTepPUCTUK 00’ €KTIB 3arpo3u € BHCO-
koro [11, 12].

VY3aranpHioroua iH(OpMaIist Mpo 00’ €KTH 3arpo3u
y cucremi AMAP-ADS HaBenena y Ta6mn. 1 ta 2.

Tabnuys 1

IopiBHanbHa TadMus BiAcTaHell po3mizHaBaHHS
00’extiB 3arpo3u y cucremi AMAP-ADS (m)

Tun naBava/Binctans (M)
Tumn 6oenpunacy . Onruxo- Iadpa-
Panapui . .
€JIEKTPOHHI | 4epBOHI
[IporurankoBi
100-300 50-150 100
paketu (ITTKP) Ho
Kysmymsmizil 30-100 | 20-70 20-50
CHapsIIn
TaHkoBI cHapsiH 10-50 10-30 1o 20
bponeilisi 50-150 | 30-100 | 20-80
Goenpunacu
BrJIA 200-500 150-300 100-250

Jis eeKTHBHOTO pO3Mi3HAHHS 00 €KTa 3arpo3u
Ta YHEMOXJIMBJICHHSI TIPUIMHSATTSI XMUOHOTO PIillIeHHS 1010
CIpAITIOBaHHs BUKOHABYMX MeXaHi3MiB cucremu AMAP-
ADS 1pomnOHYETBCS CKOPUCTATUCS MaTeMaTHYHUM
arapaToM Teopii MepeBipKH CTaTUCTHYHHUX Tinotes [13].

Tabauys 2

XapakTepucTHKH PO3Mi3HABaHHS Ooenpunacis pisHUMH
nasayamu CA3

Tun P:)lfciTSaI:j Oco6muBocTi
Goenpumacy PO3MI3H BUSIBIICHHS
BaHHs (M)
Iporurankosi Benuki po3mipy,
KEpOBaHi paKeTu 100-300 CepeHs IBHIKICTh
(IITKP) (200-400 m/c)

. MeHtui po3mipy,
PeaktusHi .
rpasary (PITT) 50-150 HH3bKa IIBHIKICTh

P (100-300 w/c)
Kymynsatusamit Bucoka mBuaxicts
CHapsi 30-100 (800-1000 m/c),

(3 rapmarh) CKJIAJIHICTh BHSBJICHHS
. . . Jlyxe BHUCOKa IIBUJI-

[inkanicepuuii . )

OpOoHEOIHHMIA 10-50 ;ﬂi;;&i?{g;igg r;e),

crapsit (APFSDS) peaxtifo

Jpon- Huzbka MIBHAKICTH

cposs 100-300 | (50-200 wm/c), MowkH-

KaMiKa13e X

BiCTh MaHEBPYBaHHS
. [Tapabomivyna Tpaexro-
MinomerHa . .
a 30-150 pisi, cepeIHs MBUAKICTD
M (100-300 m/c)

PoGora naBauiB y cucremi AMAP-ADS

Cucrema naBadiB, siKa BiJIOBiZae 3a MPOTHIIIO
3arpo3i, BiACTeXYe, BUMIPIOE Ta BU3HAYAE THI 3aTrPO3H.
VYci nmaHi mepefaloThCs Ha IEHTPAIbHUN KOMI'IOTEp,
SIKMH BHJIA€ KOMaH]y Ha 3aITyCK MPOTHCHAPS/IA.

Komruieke AMAP-ADS ckiagaeTbest 3 JBOCTYIIIH-
4acToi CHCTEMH JaBadyiB, B sKi JaBay IMONCPEIPKCHHS
CKaHye CBiil KOHKPETHHH CEKTOp 110JJ0 HASIBHOCTI OY/Ib-
SIKMX 00'€KTIB, 110 HAOMIKAIOThCs, ax 10 10 M, i B pasi
BUSBJICHHS TIEpeNae TaHi Ha APYTHil TaBad.

CrieniaflbHUNA JICTEKTOP BH3HAYAE, 3BIKH BEICTHCS
BOTOHB, IOTIM OOPTOBHI KOMITIOTEP OOYHCITIOE TPA€EK-
TOPIIO TIONIEOTY OOEMPHIIACY Ta TA€ KOMAaHy IPUCTPOIO,
sIKMi 3HHIIYE Horo Ha mimiboTi. AMAP-ADS BuMmarae
mume 0,56 Mc ansg Bciei mporemypu 3axXucry, IOYH-
HAIOYHW BiJ BUSABIICHHS Ta ITOBHOI JIIKBiIaIlii 3arpo3u.

B sxocti enemeHTa, 1Mo BHUSBISE 3arpo3y Ta BUPOO-
JISIE CHTHAJI Ha CIPALFOBAHHS BHKOHABYMX CJICMEHTIB
cucremu ADS, posrisiatoThes HaOIp 3 MACHBHUX JIaBa-
4iB iH(ppauEepPBOHOTO BUIIPOMIHFOBAHHS JAJIFHHOTO pajIiyca
Iii, masepHi BUIIPOMIHIOBaYi ONIDKHBOTO pasmiyca mii,
3axKCHI OOENPHIIACH Y BUIVISI HEPYXOMUX OJIOKIB BHOY-
XOBOT PEUOBHMHH 3 METAJIEBUM OOJIMIFOBAHHSIM 3a/IJAHOTO
JPOOJICHHS, 3aKpITUICHUX MiJl HAXUJIOM IO MEePUMETPY
Koprycy OoHOBOI MAalMHU 1 €NEKTPOHHOI amapaTypu
KepyBaHHS.

[MacuBHi iH(payepBoHi naBaui BUSIBISIOTH iH(pa-
YepBOHE BUITPOMIHIOBaHHS Bijl 00 €KTIB B 110JIi 30py 200
BimOWTe BiJM HUX. Ha BimMiHY BiJi aKTHMBHUX JaBadiB,
PIR-ceHcopr He BUIPOMIHIOIOTH €HEpril0 cami, a
TIOKJIA/IAFOTHCSL Ha BUSBJICHHS HASSBHOTO BHIIPOMIHIOBAHHS.
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I[le pobuthk ix eHeproeEeKTHBHIMH Ta EKOHOMIYHO
BUTJJHUMH pILICHHSMH Ul BUSBIEHHI pyxy. PIR-
CEHCOpPH CKIIIAfOTHCS 3 JIETEKTOpA Ta JIH3H, sKa (POKyCye
iH(padepBOHE BUIPOMIHIOBaHHS Ha ACTEKTOPI.

[pu oMy MiKpoTIpOIIecOp BUPOOIIsTe CUTHAI, TIPO-
TIOPIIHHII KiTBKOCTI THKCETIB, sKi 3MiHMIH Koip (pHc. 3).
Junamika pyxy QopMmamizyeTbcs y BHIIISAOI KITBKOCTI
MKCEiB, SKi 3MIHUIIN KOJIIp.

T

IDomE0i

DO O]
IEEEEH]

1o [
[ 11 I e J5[u]s]

Puc. 3. 3miHa KoILOPY MiKcesell y NaCHBHOMY
inppayepBonomy 1aBaui nmpu pyci 00’e€kTa 3arposu

[MpuHiin aii 1a3epHUX BUIPOMIHIOBaYiB 3aCHOBA-
HUH Ha 3aTHOCTI EIEKTPOMArHiTHOTO BHITPOMiHIOBAHHS
TIOITMPIOBATHCS 3 TOCTIHOT MIBHIKICTIO 1 Ja€ MOXKITH-
BiCTh BM3HAYATH JaNBHICTH 10 00'¢kTa. Tak BUKOpHCTO-
BYETHCSI HACTYITHE CITiBBiIHOIICHHS

L=ct/2, 1)

ne L — Bimcraup go 00'ekra, M;

¢ — WBHUJKICTh MOIIMPEHHS BUTIPOMIHIOBAHHS, M;

t — yac mpoxomKeHHs IMIYJIbCY J0 L 1 B 3BO-
potHomy Hampsimi [9, 10].

MoxHa CTBEpIDKYBAaTH, IO Yac IPOXOPKEHHS
iMIynbCy 1o i 1 Ha3an y cuctemi AMAP-ADS takox
€ BHUIIAJKOBOIO BEJIUYMHOIO 1 BUKOPHCTaHHS arapara
MaTEeMaTHUYHOI CTATUCTHKH U MOJICITIOBAHHS 11 poO0TH
€ OOTPYHTOBAHKM.

MartemaTnuna mogens podoru cucremu AMAP-
ADS 1mono mpuidHSITTA pilleHHS HAa CHPANMIOBAHHS
BHKOHABYHX eJIEMEHTIB

IcHye Benmue3He pi3HOMAHITTS YMOB CIIPAIFOBaH-
HS IaBadyiB, pPO3Mi3HAHHA 00’ €KTa 3arpo3H, JaJTbHICTh JI0
HBOTO 1 MIBHIKICTH WOT0 PyXy TOIIO, IO BIUIMBAa€E Ha
epexTuBHICTh (yHKIiOHYBaHHS cuctemu. AMAP-ADS
nepenbayae po3mi3HaHHA 00’€KTa 3arpo3, JATBHICTD 10
HPOTO 1 MBHAKICTH Horo pyxy. TakuMm YWHOM, MOXXHA
BBa)KATH BUIAJKOBHMH BEIMYMHAMU 4YacC CIIPALFOBAHHS
JlaBaviB 1 BiJIOBITHO MIOPOTOBE 3HAYEHHS HAMPYTH, 3a
SKMM  CIIPallbOBYIOTh  BHKOHABUI
3aXHUCTY.

Buxopsuu 3 MipKyBaHb, 1110 00 €KT 3arpO3U BHSIB-
nsietbest cucremoro AMAP-ADS y nBa eranw, 1 Ha miep-
IIOMY eTarll CIpalboBYe 1HPpauepBOHUIT AaBad, TO MOXXHA
MPUAHATH MIUTBHICTE HMOBIPHOCTI BU3HAUCHHS BiJCTaHI

CIIEMCHTH CUCTEMU

1o Oymp-sikoro 00’exra 3arposu sk f(Xg) = N(mg,oq)

3a CTATUCTUYHHUMU JaHUMU CIIpalflOBAHHA ObOT'O JaBada

(me Xo — moporoBe 3HAUYCHHS BiJCTaHI CIIPAIIOBaHHS
iH(hpauepBOHOro naBava).

Y mpoMy BHIaAKy WMOBIPHICTH CIIPaB/PKEHHS TiIlo-
TE3H CTAHOBUTHME

P(xg/Ho)= [ f(xo)dx. (2)
xeQ
B nmanmomy  Bumaaky — npuiiMaemo, o

f(x% )=N(12525).

Amaroriuno, miinbHicTh WMoBipHOcTi f(y;) cmpa-
IIOBAaHHS Ja3epHOro naBavya Ha Boronb PIII' Ta/abo
cHapsiniB, 1o JieTarh 31 wmBuzakicTio 10 2000 m/c, 3
ypaxyBauusMm (1) ta 3 Meroro yHidikarii aprymeHTiB

BU3HAYMMO AK N(m _,o, )=N(351), A¢ Y — moporose

3HAYCHHS BiJICTaHI CIIPAIFOBAHHS Ja3EpHOTO IaBaya.

TaxuM 4MHOM, IIUTEHICTH IMOBIPHOCTI BHUSBICHHS
3arpo3u y Bunial BorHio PIIIT ta/abo crapszis, 1o
J1eTATh 31 mBuAKicTio 10 2000 M/c, CTAaHOBUTH

f(x0,y1) =
(o-Mig) 260, 06m)0-my)* (r-my)? | (3)
_ 1 e 050 Sxn °§1
2
ZnGXOGYl l—er’yl
f(Xq,
f(xo /yp) = o),

f(y1)

€ Iy y, KoeQIIieHT KOpensiii BETUIUH Xo Ta Y1.
IIpupoaHO MPHUITYCTHUTH, 1[0 BUIAIKOBI BEIUYHHA
Xo Ta Y1 MarOTh JOJATHHI KOpeNsIiitHui 38’ s130K. 3a [17]

IPUITYCTUMO, IO ry . = 0,78 .

_ (XO_mxo)z_
2
f(xg) :%e %0 : 4)

GXO

A€ Gy ,My, ~ MAPAMETPH 3aKOHY PO3IOiTy BUIAAKO-

BOI BEIIMYNHH X0, SIKHA BBOXKaTUMEMO HOpMaJIbHUM.

| Gmmy)?
2
1 o
fy1)=o—"r¢ n , (®)
2TEGy1
A€ oy ,my ~ TAPAMETPH 3aKOHY posmoainy Ta mapa-

METPU 3aKOHY BMIIAJIKOBOI BEJIMYUHM Y1, SKUHA BBaXKa-
THMEMO HOpPMaJIbHUM.

Amnanoriuno, BuseieHHs [ITYP posrismaemo sik
BUMaaKoBy BeauauHy f(Xo/y,), yMOBHY BiJHOCHO Xo Ta
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B (Y1—my2)2_
2
_1 L %% , (6)

f(y2)=
2no
Y2

TOOTO

f(X0,¥2) =

2 OynG 2
GXO x0Oy2 Gy2

(o-me)? 2r(x-myg)(yo-myy)? (yzmyzﬂ @)

1
B —-

2
2noy oy, ,17 L

IIpuiimaemo, mo N (my,.cy,)=N(3005), a

.y, =0.69.
AHAIOTI4YHO 3arposa, CIpHUYMHCHA BUIABJICHHAM

KyMYJSITUBHOTO 3apsiny, Oyae oOuMcieHa sk WMOBIp-
HICTh BHIIQ/IKOBOI BEJTMYNHHU

(%0, ¥3) =
| (ro=myg)? 2r(x-myy )(ya—myg)® (y3-my3)?
_ 1 . 02>‘o OxpOy3 053
2
2oy Gy, ‘/l— LSV
N(my;,oy,)=N@515); (8)
rxo’y3 = 0,78 .

BbrJIA Tta/abo aBiamiiiHoro 0oenpumacy

f(%.Ya)=
(o-mg)® Zx-mig)ys-my)? (ya-my,)? |(9)
_ 1 . O'Zm OxCy4 0'54
27EGXOGY4 ‘/17 rxzo,y4
xo,ys = 0.61.
I'padiuno aBOMipHI IIITBHOCTI  HMOBipHOCTI
f(x,yj), i =1,4 npezcrasieHo Ha puc. 4.

sl BU3HAYCHHS ONTUMAJBHOTO MOMEHTY IpHii-
HSTTA PILICHHS MPO 3aM00iraHHs yaapy — CIpaloBaHHs
JTaBaviB Ta BUKOHABYMX MEXaHi3MiB MPOITOHYEMO CKOPHC-
TaTUCSA BiJOMHUM amapaToM Teopii IMOBIpHOCTI Ta Tiepe-
BipKH CTATHCTHUYHHX TillOTE3.

Lle npunyimeHHs NO3BOJUTH POOHUTH PO3PAXYHKH
3a JaHHUMH ICHYIOUOl CTATUCTHYHOT BUO1PKH.

3a KJIACHMYHOIO TEOPI€I0 MEePEeBIPKU CTATHCTHYHUX
rirnore3 NpuAMaemo:

Hj — rimore3a, sika monisrae B TOMY, IO BiJICTaHb
110 00’€KTa 3arpo3u Oe3neyHa 1 CIIpaIfoBaHHS CUCTEMH
aKTHBHOT'O 3aXUCTy HE TTOTPiOHO.

7ol "

3.5.107

fi(z,y1,125,40,45,8,0.72)
2(z,y2,125,40,100,16,0.69)
f3(z,y3,125,40,20,3,0.78)
fa(z,y4,125,40,225,25,0.61)

Puc. 4. ipomipHi minsHocTi fiMoBipHOCTi 00°€KTIiB 3arpo3u
y cucremi AMAP-ADS

Ifto rimore3y OynemMo INEpeBipATH NPOTH TaKUX
aJbTepHATIB!

H, - rimoresa, ska MOIATaE B TOMY, IO 00’ EKTOM
3arpo3u € BoroHb PIII" Ta/abo Hapsimy, 1o JIETSThH 3i
mBuzakictio 10 2000 m/c;

H, — rimoresa, ska MosATaE B TOMY, IO 00’ EKTOM
3arposu € [ITYP;

H; — rimoresa, sika TosATaE B TOMY, IO 00’ €KTOM
3arpo3u € KyMyJIsTHBHHH 3apsizn iHmoro 3pa3ka bTOT;,

H, — rinore3a, sika TONSrae B TOMY, IO 00’ €KTOM
3arposu € aBialiiinuii 00’exT, y T.4. briJIA.

3ayBa)KMMO, 10 BUKOPUCTAHHS METOAIB MPHHHATTSA
CTQTUCTUYHOTO PillIeHHs BUMarae BU3HAUYeHHsS OCHOBHOI
TiMOTE3H, BipHICTh SKOI MPOTH iHIKX (AJbTEPHATHBHUX) i
Oyme mepeBipsTUCS.

B nawiii po6oTi BHOip OCHOBHOI TIIOTE3H 3/1CHEHO
i3 MIpKyBaHb O€3MEpEepBHOTO 3/iHICHEHHS MOHITOPHHTY
32 HaBKOJIMIIHIM CEPE/IOBUILEM Ha MPEAMET BUSBIICHHS
3arposm.

Tomi, 3a KJIACHYHOIO TEOPI€I0 IMEPEBIPKU CTATHC-
TUYHHX TIMOTE3 NMPHIMAEMO, IO BiJCTaHb N0 3arpo3u

X € {2 € BUMAIKOBOI BEIMYHHOIO 13 MIUTBHICTIO PO3IIO-

mimy  f(x/Hg), f(xyy1/H1), f(xy2/Hz),
f(x,yg/Hg), f(xys/Hy).

3BUUaAiiHO, TPUUHATTSA Ti€i YM 1HINOI TIMTOTE3H
MOXXe OYTH BIpHUM UM TOMIJIKOBUM. 3 ypaxyBaHHIM
(3) — (9), iimMoBipHicTs nmpmitEsTT i-i (i=1n) rimoresu
00paxoBY€EThCS SIK

P(x/Hi) =] [ (x,yi)dxdy; - (10)
XYi
AnpiopHi WMOBIPHOCTI TiIOTE3 BBAKAEMO BIZIOMUMH

P(Hj),i=1n.
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3aBiaHHS MMOJIATAE Y BiANTyKaHHI TPaBWIIA, BiJIIO-
BiJTHO JIO SIKOTO HA IIJICTaBi CIIOCTEPEIKCHB MPUIAMAETHCS
4H BIOXUIIAETHCA rirmore3a Hy

JI1s cripoIieHHsT UTFOCTpariii MexaHi3My TpUHHST-
TS pIOIEHHS MIOAO BIPHOCTI Ti€l YW IHIIOI TiMOTE3H
TpeCcTaBUMO X Ha puc. 5 stk ogHomipHi [17].

3a npasuiom Hefimana — Ilipcona [5] BusHaumMo
MOTYXKHICTh KPUTEPiIO

n n
M) =D ()= [P(H) f(x/Hj)dx.  (12)
i-1 i—10)

[puiAHATTS Ta BiaXWICHHS rinote3 H;, i = 1n cynpo-
BODKYETHCSI TOMHIIKaMH.

IMomuiika mepioro poxay (“xubHa TpuBora”) Bupa-
KAETHCS SIK

- G244

f(x/H;)

O f(x/Hsy)

D06+ i
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i
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]
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a(x) = [P(Hg) f(x/Hg)dx. (12)
Q
IMomunka npyroro poay (“HeBipHe BH3HAYEHHS

3arposu”’)

n n

B(x) = Y 8i(0=1- " [P(H;) f (x/ Hy)dx. (13)
i=1 i=10

B 1pomy Bumnazky 3afa4ya MpUAHATTS PIlICHHS Ha
CTpallloBaHHs JIaBaviB Moke OyTu c(hopMylibOBaHa SIK
onTUMi3alliifHa 3aja4a MPUHAHATTS PILICHHS 32 KPUTEPIEM
MaKCHUMAaJIbHOT MOTYXXHOCTI MpH (hiKcoBaHiii 0e3yMOBHIM
HMOBIPHOCTI TIOMIJIKH TIEPIIIOTO POIY, TOOTO CJIiJT 3HAHTH

* .
MOPOroBe 3HAYeHHS x , 110 MakcuMisye Bupas (11) 3a

YMOBH

a(X) 049 (14)

Puc. 5. TlepeBipka cTATHCTHYHHUX TiNoTe3 BUSIBJIEHHs 3arpo3u B cuctemi AMAP-ADS

nsixom muckperu3anii Oe3nepepBHOI 3MIHHOI X
Ta 3aMiHH IHTETPAaJiB BIATIOBIAHUMH iHTErPaTEHUMH
cyMaMu 3a7adya MoXke OyTh TpaHCpOpMOBaHa 10 Kia-

CHYHOI PpO3MOJIIBHOI 3a1adi TPAaHCHOPTHOIO  THILY,
METOJIM PO3B’°si3aHHs sIKoi Bimomi [18, 19].
Marematnune (opmyJTIOBaHHSI 3ajavi  ys3ro-

JkeHHs1 podoTu esieMeHTiB CA3

[IpumyctuMo, mo [0 poOOTH PO3IISAHYTUX ee-
meHTiB CA3 3anydaerbes PJIC, sika mpallroe Ha 4acToTi,
Onmu3pkiit 70 yactotu 3aco0y PEB, skuit mpamroe Ha
MO3UIIT NOPsA B HANPSIMKY MPOTHUBHHKA, 1, BiAIOBIIHO,
BUHMKAE 33/1a4a YHUKHEHHS “IpYKHHOTO” TPHUAYIICHHS
CA3.

B Tepminonorii 3amadi mepeBipKH CTaTHCTUYHIX

TinoTe3 TPOMOHYETHCA NOAAaTH Timoresy H sKa

PEE’
nossiratiMe B Tomy, mo PED mpamroe Ha gacrori, gxa €
BUIIAJKOBOIO  BENWYMHOIO, TMIJKOPEHY HOPMAaIBHOMY
3aKOHY 3 BU3HAYEHUMHU HapaMerpaMmu. Ui npuiHATTS
pIILICHHS Ha CIIpalfOBaHHs BUKOHaBYMX eneMeHTiB CA3
obmexennst (14) Gyae BU3HAUCHO BHPA30M

@30 =1= [P(Ho) f(X/Hpyc)dx,  (15)
Q
ne f(x/Hpjc) — wineHicTs #iMOBipHOCTI poboTn

PJIC, gacrora po0OOTH SKOI € BUIIaIKOBOIO BEIUYHUHOIO,
0 MiJKOPEHa HOPMAJIBFHOMY 3aKOHY C TapamMeTpamMu
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VIMOBipHiCT HOMIJIKH APYroro pofy Moxe Gyme

N(Mp;0 Oy )- BHAYCHHS Mppp,Gppy MOXHA BH3-

HAYMTH 32 pe3yJbTaTaMH CTATUCTHYHOI OOpOOKH CII0-
crepexens podotu PJIC.

3a aHaJIOTi€I0 MOXKHA PO3IIIIHYTH POOOTY JEKib-
kox PJIC ta PEb. Toxmi mo maTtematudHoi Mozmerni Oyxae
oJlaHa 3a/Javya TepeBipKH  OaraTtoaabTepHATHBHHUX
craTucTHYHEX rimores [20].

InrocTpaTBHO BpaxyBaHHs OOMEXKEHb IIOA0 HMOBIp-
HocTi “npyxuboro” npuyiieHns CA3 300paxeHo Ha puc. 6.
BesnocepenHiit po3paxyHok chopmymsoBaroi 3a (1) — (15)
3a/1a4l MOXKIIMBO TIPOBECTH 32 JJOMIOMOrOK0 BOYJJOBaHHX B
TTK odicHux 3aCTOCYHKIB Ta OHJIAMH KabKyssTopa [21].

IHTEPIPETOBAHO SK BH3HAYCHHS MOPOTOBOTO 3HAYCHHS
BUSIBJICHHS 3arpO3W 32 YMOBH MiHIMi3allii iIMOBiIpHOCTI
“npyxxaporo” npuaymenss poooru CA3.

Ha ocrHOBi anHamizy MaTeMaTHYHHX PO3PaXyHKIiB
MOKe OyTH OOTpYHTOBaHHN MOXJIMBHN CKJIaJ TEPCIICK-
THBHOI CHCTEMH aKTUBHOI'O 3aXHMCTY OCHOBHHX 3pa3KiB
030pO€EHHSI Ta BIICHKOBOI TEXHIKH.

Ha puc. 7 maBenenmii Screen Short, mro inoctpye
CTATHCTHYHY OOPOOKY pEe3yNbTaTiB JAHHX OO0 3aXHCTY/

ypaxkennsi 00’extiB BTOT npu Benenni OoitoBux miii
[22, 23].
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Puc. 7. CraTncTnuHa 00po6Ka pe3yIbTaTiB JaHUX 00 3axucTy/ypaxenns 06’ektiB OBT npu Benenni 6oiioBux it

Mo:KIMBMIA CKJIA] IEPCIEKTUBHOI CHCTEMH AKTHB-
HOT'0 32XMCTY OCHOBHMX 3pa3KiB 030pPOEHHSI TA BiliCbKOBOI
TeXHIKH 3aIpOIOHOBAHMI HA OCHOBI aHAT3y MaTeMaTUYHUX
po3paxyHkiB (Tabu1. 3 Ta Taou. 4) 3a popmymamu (1)-(15).

Sk npuknaz, po3rsiHEMO Taky KoMiuiekTanio CA3
s T-64 B:

- TiZICKCTEMA BHSBJICHHS 00 €KTIB 3arpO3H, JI0 CKIaTy
SIKOi BXOJUTAMYTh TACHBHI JaBadi iH(MpPaYepBOHOrO

© Cepryxos O.B., Makoron O.A., Bacunse ML, ITickyn C.B., Mapuenko O.B., JlaBpyt O.0., Matyzko B.I1., Yopauii M.B.



BilicbkoBO-TeXHIUHMI 30ipHIK
Military Technical Collection

64

Tom 33 Ne 2, 2025
Vol. 33 No. 2, 2025

BUIIPOMIHIOBAHHS JAJIBHBOTO pajiyca Jii, Jla3epHi BHIPO-
MIHIOBaYi OJIIDKHBOTO pajiyca Aii;

- macUcTeMa aHalily inmeHTH(iKamii Ta IIIeBKa-
3iBKU:

- 81 APS “Strike Shield” 3 momatkoBum SMART-
HaJAITyBaHHs (32 TIOMEPEAHIMU JOCTiKEHHIMH [22,
23], BCTaHOBJICHHS TIPH [HOMY JIOJIATKOBA TUIATH YIIPaB-
JIHHS Ta €JEMEHTIB KUBJICHHS HE TIOTPIOHO);

- abo onruko-enekrponuui komrieke “FILIN-O”
Ta fgonatkoBoi SMART-koHTposnep sl peaizanii Mare-
MaTUYHHX PO3PaxyHKIB MEPEBIPKU CTATUCTUYHHMX TiMOTES.

Tabauys 3

MIMoBipHicTh MOMHJIKH EPIIOro Pogy NpPH 3acTOCYBAHHi
eJieMeHTIB MmiJicuCTeMHU BUSIBJIeHH, ifeHTHdiKauii Ta
uizieBkazanns ta CA3 AMAP-ADS

No . MMoBipHicTh

3/I Haiiverysanns noMuiiku I poxy

1 PJIC “CHOB” 0,35

2. PJIC “BICKBIT-KB” 0,19

3. PJIC “JIuc-M” 0,2

4 OnTHKO-EIEKTPOHHUI 0,11
komrmieke “FILIN-O”

5. ONTUKO-NPHUIITEHA CTAHIIIS 0,13
HaBenenus “OINCH-1”

6. APS Strike Shield 0,08

7. | ADS-Gen3 0,09

Tabnuys 4

HmoBipHicTH NOMMIIKY MEPIIOTo Poay NPH 3aCTOCYBAHHI
eJIEeMEHTIB MiicucTeMH KIHETHYHOIO i HeKiHeTUYHOI 0
BBy Ta CA3 AMAP-ADS

HMoBipHiCTh HmoBipHicTh
No .
o/ HaiimenyBanus oMk [ rioMrike 11
pony pony

1. | “Iron Fist” 0,25 0,38

2. | “Slinger” 0,2 0,35

3. | PEB SkyWiper 0,29 0,36
OMNINT

4. | PEb 0,3 0,3
“bykoBenp-I1I1"

5. | AD Kraken U 0,3 0,3

6. | KOEII “IlIropa” 0,33 0,35

7. | “Bapra” 0,2 0,3

8. | AMAP-ADS 0,2 0,29

Jnst amaparHOi peajizaliii airoputMy MpOIOHY-
€TbCSl BUKOPUCTAHHS 32-pO3PSITHOTO MIKPOKOHTpOJepa
P1C32 xommanii Microchip. Hardware 6oka ynpapimiHHs
JI03BOJIsiE BUKOPUCTOBYBATH HOr0 3a TeMmepaTypu Bif -
45 °C no +50 °C. BukopucTanHs iaTH iHIUKAIIT TaHOTO
KOHTpOJIepa B IaHii cTaTTi He po3risaaeThes [24].

VY sxocti “npyxuboi” PEB pexomenmyetscst pos-
syt ADS-Gen3.

[Mincrucrema KIHETUYHOTO BIDIUBY Y CKITAJIL:

- peaKTHBHI rpaHaTH (KOHTPOOEIpUIACK);

- MIUCTaHMi}HI apTHIepichKi (KyleMeTHi, rpaHaTo-
METHI, TapMaTHi) MOIYIi;

- CITKOMETHI 3apsi;

- KOHTPOOETPHIIACH, [I0 BCTAHOBIIOIOTHCS MO MEpH-
Metpy kopirycy OBT.

IIporno3oBanuii eexT Big peanizamii Texuiu-
HuX pimens moxo ananrtaunii CA3 AMAP-ADS no
BHKOpHCTaHHA ii Ha 3pa3kax OBT, mo € Ha 030po-
enni 3CY

3a po3paxyHKamH peajtizallisi 3anpOIOHOBAHUX
TEXHIYHUX PINIEHb O3BOJIUTH OTPUMATH TaKi pe3yb-
taru [8, 23]:

- BUcoTa BusiBNieHHsI briJIA Ta 3aco0iB ypaskeHHs
OBT (I piBeHb MiJCHCTEMU BUSIBJICHHS) CTAHOBUTHUME
e MeHur 1,5 km;

- nanpHicTh BusiBIeHHs briJIA Ta 3aco0iB ypaxkeHHs
OBT (I piBeHp migcHUCTEMH BUSIBICHHS) CTAHOBHTHME
He menmre 1,5 kum;

- Bucota BusABJIeHHA BbrJIA Ta 3aco0iB ypaskeHHsS
OBT (I piBeHb MmiACHCTEMH BHUSBICHHS) CKIIaqaTHMe
Bix 15 mo 250 Mm;

- manpHicTh BUsBIEHHA bBmJIA Ta 3acobiB ypa-
sxerrst OBT (I piBeHb mmiicicTeMu BUSIBIICHHS) B TOPH-
30HTaIBHIN Tpoekii cknagatime 4-4,5 m.

Kpim Toro, nependauaeTbest Takuii edekt Bif pea-
mizanii TEeXHIYHUX PIllIeHb MIOA0 MiJICHCTEMU KiHETHY-
HOTO BIUIMBY;,

- 30Ha BIuMBY Ha briJIA Ta 3acobu ypaxenus OBT
BHUKOPHCTAHHAM PEAKTHBHHUX KOHTPOOEMPHUIIACIB J0CSTa-
THMe pamiyca 10 45 m Ta Bucotu 10 90 Mm;

- 30Ha BIuBY Ha briJIA Ta 3acobu ypaxenus OBT
BUKOPHCTaHHSIM JMCTAHIIHIX apTUIIEPIHCHKUX MOJIYIIB
JocsAraTuMe pajiyca 10 2,3 KM Ta BUCOTH 110 1 KM;

- 30Ha BIumBY Ha briJIA Ta 3acobu ypaxenus OBT
BUKOPHCTAaHHSIM KOHTpOOENpPHITIAciB OIMXKHBOI 1IiT JOCs-
ratume pagiyca 10 10 m ta Bucoru 10 60 M.

Kpim Toro, nependadaeTnes:

- manmpHicTh BusiBIIeHHA BriJIA 3a #ioro pamiocursa-
JaMH B YMOBaxX MpsAMOi BHIAMMOCTI Ta HPHIYIICHHS
0OpTOBHX TpHIMadviB CHTHAIIB CYITYTHHKOBOi HaBiramii
(GPS, TJIOHACC, Galileo, BeiDou) ckramartiMe He
MEHIIE 3 KM;

- BHCOTA TIPUAYIICHHS OOPTOBHX MPHUHAMAaYiB CHT'HA-
nmiB ympaeniHEs BrmJIA B ymoBax mpsMoOi BHINMOCTI
cxnagarume He mexe 40 wm;

- JaJbHICTh TPHAYIICHHS OOPTOBHX MpHUiMauUiB
cUrHauniB ynpasiinasg briJIA B ymoBax npsiMol BUTUMOCTI
cxnazarume He mente 150 M.

KoMruiekc akTHBHOTO 3aXHCTy MOXe OyTH Mexa-
HIYHO 1HTErpoBaHUi y riOpuaHi OpOHBOBI IUIUTH 3pa3Ka
BTOT.
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Sk npukiag, Ha pHC. 8 MOKA3aHO, SK KOMIUIEKC
Strike Shield Oyme mMexaniyHO iHTErpoBaHHWit y riOpUIHI
HaBicHi OpoHbOBi TuTH HA BMIT Lynx.

Puc. 8. KoMIlIeKkec aKkTHBHOT0 3aXHCTY, MeXaHI4HO
iHTerpoBaHuii y riopuaHi OpoHbLOBI NJIMTH

3amicTh 3BUYaWHMX JIOAATKOBHX MOJYJIB ITACUBHOI
OpoHi wiathopma Oyzie MaTH PO3HECCHI MACHBHI OPOHBOBI
IUTMTH, 00 OyAyTh BKIIIOYATH KOMIIOHEHTH KOMILIEKCY
AKTUBHOTO 3aXHCTy MDK 30BHIIIHIMH Ta BHYTPIIIHIMH
mapamMy OpoOHi, BCTAHOBIICHUMH Ha KopIryci OpoHerex-
Hiku [25].

BucHoBku

1. Cucrema axruBHoro 3axucry ADS B ocraHHbOMY
BapiaHTI BHWKOHAHHS IHTETPyE KOMIIOHCHTH CHCTEMH
AKTUBHOTO 33aXUCTY B MTACHBHY PO3HECEHY OpOHIO. 3aBIsKH
MonyibHIH KOHCTpYKIiT ADS Moxe OyTH afanToBaHa J10
LIMPOKOrO CITEKTPa 3pa3KiB OpOHETAHKOBOrO 030pPOEHHS
Ta BIHCHKOBOI TEXHIKM 1 3/laTHA 3aXUCTHTH TEXHIKY Bij
BEJIMKOKaTIOepHOT 30poi, SIKy He 3YIUHUTH Jierka OpOHL.
PozramryBanHs faBa4iB i 3aco0iB MpoTHil 3abe3neuye
miBcepryHUi 3axuCT. [lepekpuTTS CEeKTOpIB MOMIYJIiB
JIABaY-TIPOTHIisI JTO3BOJIIE CHUCTEMI BIiIOMBATH aTakd 3
KUIBKOX HamnpsiMiB. Y TIOpIBHSHHI 3 iHIIMMU CHUCTEMaMH
YKOPCTKOTO 3HHUIIECHHS TYT HEMaE PYXOMHUX YacThH, IO
pooute ADS nerkum 3a Baroto i 3MmeHurye norpedy B
€JIeKTPOeHeTii.

2.V icHyl04OMY BapiaHTi CHCTEMa HE TIPH3HAYCHA IS
TIOBHOI 3aMiHM TIaCMBHOi OpOHi, OCKUIGKH CHapsiau Oiib-
I0ro Kajiopy OymyTh JIMIIe po3/Ipo0sieHi, a He TIOBHICTIO
BIJIXUIICHI, 1 JUTS TTOTIMHAHHS 3TUIITKOBOI €HEprii OCKOIIKIB
notpiOna macwBHa Opons. Y cumctemi AMAP-ADS ne
nependaveHi SMART-TexHOmorii, 30KpeMa BUSBICHHS 1
PO3Mi3HAHHS MIXOTH, SKa 3HAXOAUTHCS B 30HI KOHTPOIIO.

be3syMOBHe, HaWIUIIKOBE BHKOPUCTaHHS 3aXHCTY
MIBHUINye HOro HAAIMHICT, ajle HE € ONTHMAJbHIM 3
TOYKH 30py pecypcoszatpatHocTi. EdektuBHe 3acrocyBan-
st AMAP-ADS wmoxmmBo npu audepeHiiiioBaHoMy
cripaitoBaHHi jgaBaviB. OfHAK, TakWil MigXi BHUMarae
PO3pOOIICHHST aNrOpUTMY [iH, sSIKMH OM MiHIMI3yBaB iMo-
BIPHICT XHOHOIO CIpAIfOBaHHs JaBayiB ab0 MPOIYCKY
yaapy Ta “IpyKHbOro” MpuIylIeHHs. AHaJ3 mepeBar Ta
HEIOMIKIB PO3IVISIHYTHX PEai3alliiif aKTHMBHOTO 3aXHCTY
3pazkiB OBT mae 3Mory 3poOHWTH BUCHOBOK TPO JOIILTb-
HICTb PO3POOKH METOMMKH TX KOMITOHYBAHHS VTS ITi/[BU-
IIeHHS e(h)eKTHBHOCTI 3aCTOCYBaHHSI.

3. Cenc amanranii CA3 AMAP-ADS no Bukopwuc-
TaHHd i Ha 3paskax OBT, mo € na 030poenHi 3CY,
HONSITaTHME Y BH3HAYEHHI ONTUMAJIBHOTO HAbOpYy KOM-
IIOHEHTIB 1 INICACTEM Ta MONATKOBUX €EJIEMEHTIB JUIA
3a0e3medeHHs X B3aeMOii i3 3aJaHWM piBHEM Haii-
HOCTi. B 11bOMY BHIIaIKy BUHHKA€E 3aBAAHHSI 00’ €JHAHHSI
iHpopMariii, OTpUMaHOI BiIl MOIYNIB MiJACHCTEMH YII-
paBJiHHS Ta/ab0 MiJCKCTEMH BUSBICHHS, 1MeHTH(IKALIT
Ta IiJIeBKa3aHHs 0e3 BTpaTH sikocTi. Came 3 1i€r0 MEeTOr0
B POOOTI MPOIOHYETHCS CKOPHCTATHCS MAaTEMAaTHYHUM
anapaToM NepeBIpKU CTATUCTUYHHUX TiIOTe3.

4. BeenieHHs 10aTKOBUX EJIEMEHTIB Y po0OTy cUCTe-
MH TPOMIOHYETHCS MEPEAOAUUTH 3 METOK JIOTPUMAaHHS
OajtaHcy MOTYKHOCTI Ta 3a0e3nedeHHs SMART-B3aemomii
ICHYIOUMX Ta JIOJIaHWX eJIEMEHTIB 3axucty. Kommiekc
AKTUBHOI'O 3aXUCTy MOXe OyTH MEXaHIYHO iHTErpOBaHHN
y TibpumHi OpoHbOBI MHTH 3pazka BTOT.

5. Edexr Bin peanizauii TeXHIYHUX pilleHb MO0
amanrarii CA3 AMAP-ADS no BukopucTanHs i Ha
3paskax OBT, mo € Ha 030poenni 3CY, nomaratume y
MiHiMi3aIlii IMOBIPHOCTI XHOHOTO CIIPAIfOBaHHS JaBa-
YiB OUISIXOM X MuepeHmiioBaHOro CIpalfoBaHHs MPU
3a0e3MeYeHHi TOCTaTHBOTO PiBHS HaMiMHOCTI (MIKOIM
“IPYXKHBOTO” TIPUAYIIEHHSN).

B mopanbmiomy mporoHyeTbest chOpMYITFOBATH TeX-
HIYHI BEMOTH J0 CHCTEMH aKTHBHOTO 3aXHCTy OPOHBOBAHOI
TexHiku BiJ FVP-IpoHIB Ta IPOHIB 31 CKUJaMHU 3a JIOTo-
MOTOI0 TTOCTAHOBKH PaJli0CNIEKTPOHHUX MEPEIKOJ, KiHe-
THYHOTO BIUIMBY, BIJICTPUIY AaHTHIPOHOBHMX CITOK Ta
TNIPOTUAPOHOBUX CUCTEM 3 ABTOHOMHHMH MOOYJISIMU.
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RESEARCH ON THE POSSIBILITY OF ADAPTATION OF THE AMAP-ADS SYSTEM FOR BTOT SAMPLES
BASED ON THE MATHEMATICAL APPARATUS FOR VERIFICATION OF STATISTICAL HYPOTHESES

O. Serpukhov, H. Makogon, M. Vasyliev, S. Piskun, O. Marchenko, O. Lavrut, B. Matuzko, M. Chornyi

The article is devoted to the justification of technological solutions for adapting the AMAP-ADS active protection system for use on
munitions in service with the Armed Forces of Ukraine. By using the mathematical apparatus for testing statistical hypotheses, it was
possible to obtain an approach to selecting the optimal set of elements of the AMAP-ADS SAZ with flexible (SMART) settings to minimize the
probability of false sensor activation by their differentiated activation while ensuring a sufficient level of noise immunity.

The study yielded the following results: 1. The sensor response time and, accordingly, the voltage threshold values at which
the actuators of the AMAP-ADS protection system are triggered are determined as random variables, which provided the basis
for using the mathematical apparatus for testing multi-alternative statistical hypotheses to solve the problem of making a
decision on the operation of sensors and avoiding “friendly” (due to the operation of one’s own electronic warfare means)
suppression of the SAZ. 2. Based on the analysis of mathematical calculations, a possible composition of a promising adapted
active protection system for the main types of weapons and military equipment is proposed. 3. An assessment of the predicted
effect of the implementation of technical solutions for adapting the AMAP-ADS SAZ for use on samples of munitions in service
with the Armed Forces of Ukraine was carried out by minimizing the probability of false sensor activation while ensuring a
sufficient level of reliability (missing a hit) and noise immunity (the influence of “friendly”” suppression).

Keywords: active protection system for armored objects, adaptation, differentiated threat detection, statistical hypothesis
testing, linear programming, first and second type errors.
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METHOD FOR ESTIMATING PROBABILITIES OF TARGET DETECTION AND
RECOGNITION BY THEIR DIMENSIONAL SIGNATURES IN DIGITAL IMAGES
FROM THE SIGHTSEEING COMPLEX OF ARMOURED VEHICLE WEAPON
SYSTEMS

The rapid development of computer vision technologies and artificial intelligence (Al) has opened up new
opportunities for real-time battlefield monitoring, while simultaneously creating the challenge of efficiently
selecting meaningful electronic images from massive data sets. This paper addresses the problem of automated
assessment of the quality of target displaying in a digital image (QTDDI) to improve the efficiency of detecting and
recognizing weapons and military equipment (WME). A system of indices of target conspicuity and salience is
proposed, which enables quantitative measurement of QTDDI and the introduction of success criteria for
performing visual detection and recognition tasks based on a 50% threshold probability of detection and
recognition. It is claimed that only such images that meet the success criteria of visual task performance should be
considered suitable for further Al-based target recognition, consequently reducing the number of false recognitions.

Special attention is paid to recognition as an intermediate stage in target data acquisition. It is proposed to
employ geometric distinctive features of WME samples as their recognition signatures. An analytical expression for
the recognition probability as a function of signature dimensions has been theoretically derived, and a criterion for
successful performance of the visual recognition task has been established. Such an approach significantly reduces
the number of false object identifications in images that do not provide the QTDDI sufficient for Al processing.

The practical implementation of the method has been demonstrated with experimental data obtained from
images of the T-64BV main battle tank, collected under field conditions. Images were captured with a digital
camera at various distances from the target. For these images, detection probabilities were determined based on the
overall target size as the object of interest, and recognition probabilities were determined based on shape
anisometry and the dimensions of characteristic signatures. The results confirmed the consistency of the
theoretically developed criteria with visual analysis.

The practical significance of the work consists in establishing the methodological basis for the automated
selection of sufficient-quality digital images without the involvement of an operator, which allows one to
significantly reduce the amount of processed data, increase the accuracy and speed of computer vision systems, and
decrease the number of false recognitions. Perspective directions for further research include extending the
methodology to thermal images and using digital images for the determination of the distance to a target based on
the dimensions of its signatures in electronic images.

Keywords: target data acquisition, digital image, image processing, image fusion, artificial intelligence,
visibility, conspicuity by a signature, target saliency, detection, recognition, identification, reconnaissance,
unmanned aerial vehicle.

1. Introduction and Problem Statement detection of military equipment and weapon (MEW)
systems, including our armored weaponry (AW) by the

enemy, as well as for detection of enemy anti-tank
weapons (ATW) by our own AW using computer vision
and artificial intelligence (Al) technologies.

With the rapid development of computer technologies
and their penetration into the sphere of military
applications, previously inaccessible capabilities have
emerged for real-time battlefield monitoring and
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These modern computer technologies imply the
registration of the target-background situation in the form
of a digital image, at least in two spectral bands: visible
and thermal (infrared).

The enormously bulky flow of TFE images obtained
from multiple sources requires a tremendous amount of
human labor to review, reject low-quality frames, and
select meaningful video materials. Currently, this selection
process — identifying frames suitable for target data
acquisition (detection, recognition, and identification) — is
still being performed manually by the operator.

The presence of low-quality video content can be
caused by various factors such as adverse weather
conditions, excessively low or blinding video/thermal
signal levels, or FPV unmanned aerial vehicles leaving
the target’s field of view. Without prior rejection of poor-
quality video materials, the Al’s task of target data
extraction becomes analogous to a prospector sifting vast
amounts of sand in search of a few grains of gold.

In addition to substantial time consumption and
computing resource load, the absence of preliminary
selection of video/thermal imagery inevitably leads to a
significant increase in the number of false target
recognitions by Al — for instance, misidentifying
buildings, buses, or trucks as armored vehicles (AV).
This selection process of choosing the most significant
and high-quality images should therefore be delegated to
the computer.

To accomplish this, it is necessary to have methods
for assessing the quality of target displaying in a digital
image (QTDDI). Available image quality assessment
(IQA) methods for civilian use are unsuitable for this
purpose. For evaluating the QTDDI, specialized target-
oriented express methods are in great demand [1-3].

The system of quantitative indices of the QTDDI
developed at the Hetman Petro Sahaidachnyi National
Army Academy (NASV) [4, 5] — in the form of target
conspicuity indices by individual features and saliency
indices by a set of distinctive features — enables
quantitative evaluation of target detection performance
based on saliency indices computed from image
brightness tables. According to this system, an image
with a higher target saliency index is considered of better
quality for detection purposes.

The computation time required to determine the
target conspicuity and saliency indices on a single digital
image is less than 1 ms and can potentially be reduced to
1 ps [6], enabling evaluation of up to 10° — 10° video
frames per second. The developed QTDDI index system
allows for quantitative estimation of the probability of
target detection (varying within the range [0,1]) in a
digital image.

However, not every non-zero detection probability
implies successful detection during reconnaissance.
Developing quantitative criteria of detection success

based on the target’s distinctive features — such as its
luminance-contrast signature and apparent size in the
digital image — constitutes one of the key objectives of
this work. As such success criteria, we propose the values
of target conspicuity indices corresponding to a 50%
probability of detection by a given distinctive feature.

The next stage in the target data acquisition process
after detection is recognition. In this study, we introduce
distinctive geometric features of the object’s design — the
so-called recognition signatures — which allow differentiation
of a specific MEW sample from other objects. Analytical
expressions for the probability of target recognition as a
function of signature dimensions have been derived.
Based on this analytical form, a recognition success
criterion is proposed — the threshold signature size
corresponding to a 50% probability of recognition of a
given MEW (including AW) sample.

One of the main causes of false target recognition
on electronic images by Al systems is the neglect of the
fact that not every object in the image is recognizable.
According to our concept, a necessary condition for
successful recognition is that the probability of recognition
by a given signature must exceed 50%. This threshold
applies to both the size and the contrast of the signature in
the image.

Before applying Al tools for object recognition on
an image, it is necessary to verify that its saliency and
recognition indices by the given signatures meet the
criteria of successful solution of visual detection and
recognition tasks. Images that fail to meet these criteria
should be considered unsuitable for recognition. This will
enable automatic rejection of low-quality imagery and
significantly reduce the number of Al misrecognitions.

To demonstrate the practical application of the
proposed approach, we conducted an experimental
collection of images of the main battle tank (MBT)
T-64BV at various observation distances. Using these
images, we measured the probabilities of tank detection
based on its overall dimensions and the probabilities of
recognition based on the anisometry of its shape and the
dimensions of different recognition signatures.

Aim of the Study

This study aims to derive theoretically an analytical
expression for the probability of recognizing an AV in a
digital image based on the characteristic geometric
features (signatures) of its shape, to develop a method for
estimating the probabilities of target detection and
recognition by its dimensional distinctive features, and,
on this basis, to establish criteria for successful
accomplishing visual detection and recognition tasks in
digital images as well as to verify the obtained theoretical
results experimentally.
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2. Method for assessing the quality of target
representation based on its dimensional
features of detection and recognition in

digital images

2.1. Target data acquisition by digital means of
target-field environment imaging.

2.1.1. Indices of target conspicuity by specific
features, saliency, and concealment of the military
equipment sample in a digital image. In military
information sources, several approaches were reported
for the quantitative determination of saliency and
concealment indices of a military equipment sample.
What all these approaches have in common is that the
saliency/concealment of an object (a military equipment
sample considered as a target) reflects the success/
failure of the target data acquisition procedure.

Accordingly, the quantitative level of target saliency
or concealment is defined as the probability of success
or failure of the statistical random event of collecting
information about the military equipment sample as a
target.

The probability of the failure event in target data
acquisition is defined through the probability of its
antipodal (complementary) event Q — the successful
event of target data acquisition. The statistical event Q
of target data acquisition is the result of three
independent internal component events — detection (D),
recognition (R), and identification (I) of the target,
which correspond to the three stages of the target data
acquisition process.

Each of these events — the overall event Q and the
internal component events D, R, and | — is associated
with a probability (index) of its occurrence, denoted
respectively as Pq and Pp, Pg, P;.

The internal component events D, R, and | are
independent and favorable to the overall event Q.
Moreover, these events are such that the failure of any
one of the three component events results in the failure
of the overall event Q of target data acquisition, which
is mathematically expressed as

R

=R

R=0 :PQ‘PR=O :%‘F}=O R,=0,R,=0,R=0 =0. @

Indeed, if the target cannot be detected (Pp = 0),
then it cannot be recognized (Pr =0) nor, much less,
identified (P,=0), which implies the failure of the
overall target data acquisition event (Pq=0). If the
target is detected (Pp=1) but cannot be recognized
(Pr = 0), then it also cannot be identified (P, = 0), which
again implies failure of the overall target data
acquisition event (Pqo=0). If the target is detected
(Po =1) and recognized (Pg =1) — for example, as a
tank — but cannot be identified as a hostile target

(P, = 0), then the entire target data acquisition process is
nevertheless unsuccessful (Pq = 0), because these data
cannot be used to make a strike decision: the inability to
identify the target as hostile creates a risk of fratricide
(friendly fire).

Expression (1) is a sufficient condition for classifying
the events D, R, and | as being multiplicative with
respect to the overall event Q of target data acquisition.

In this case, according to the methodology presented
in [7], the probability Pq of the target data acquisition
event Q is equal to the product of the probabilities Pp,
Pr, and P,, which correspond respectively to the events of
detection, recognition, and identification

PQ:PD'PR'Pl' 2

The probability Pp of target detection depends on
the method of target observation, which in turn is
determined by the type of image formed as a result of
observation. If the observation is carried out by the
operator’s eye (including with the use of optical
observation devices such as binoculars or optical sights)
or by an analog video camera with image output to a
cathode-ray-tube (CRT) monitor, then the observation
deals with an analog image. The procedure for
calculating the probability of object detection on an
analog image has been described in numerous monographs
(see, for example, [8-10]). One of the approaches to
determining the probabilities of accomplishing visual
target acquisition tasks (detection, recognition, and
identification of a hostile target) in an analog image is
based on the methodology proposed by John Johnson
[11, 12] or its more modern version — the so-called TTP
model (Targeting Task Performance) [13]. An analysis
of these models was presented in [12, 14, 15].

The essence of Johnson’s criterion lies in the
assumption that visual target acquisition tasks — namely
detection, recognition, and identification — are considered
successfully accomplished if the probability of solving
the corresponding visual task exceeds 50% (0.5 on the
probability scale [0;1]). The same criterion is followed
within the framework of the TTP model (Targeting Task
Performance). To apply this criterion, a target saliency
criterion on the image is introduced. In Johnson’s
approach, the saliency of the target is represented by the
apparent size of the target on the image, expressed in
terms of the number N of line-pair divisions of a reticle
that cover the target image. The number of line pairs
corresponding to a 50% probability of successfully
solving a given visual task is denoted as N2 . In the
TTP model, the corresponding integral saliency indices,
denoted V and ve«, are introduced. The target saliency
index V is defined by a specific expression representing

the integral of the functions of target contrast and size.
The probability of successfully accomplishing the
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corresponding visual target acquisition task is then
determined by the following expression [16, 17]

Ptask (X) = M ) (3)
1+ (x/x;?fk )y

task

where the variables X, Xy,

Nz and y=27+07(N/NG¥) in

take the corresponding

values X =N, x® =

50
the Johnson model, and X=V, x5 =v3*

y =1.51+0.24(v/v*) — in the TTP model. The

50

task
quantities N2* and Vs, are considered to be tabulated
values. It was shown experimentally in [16] and proved
theoretically in [17] that the variables in the Johnson
and TTP models are related by the following relationship

v=xN v 4)

When performing calculations for a specific visual
task, the superscript of the task in expression (3) should
be replaced by the index corresponding to the respective
visual task - detection (D), recognition (R), or
identification (). According to the literature data [17]
the resolution thresholds for detection NZ, recognition

NE&, and identification N}, are related as
ND :N& :NJy =1:4:8. Itis important to note that this
ratio NS : N& : Ny =1:4:8 numerically coincides with
the ratio &, :¢, :¢, =1:4:8 of the threshold contrast
values for the human visual system [16]. This indicates
that, although de jure in Johnson’s methodology the
parameter N2 is ascribed the physical meaning of the
target size in the image, de facto it is also indirectly
related to the target’s contrast in the image. The reason
is that the quantities N 2* are determined experimentally,
based on expert visual observations, where observers
subconsciously react not only to the target’s apparent
size but also to its contrast. Therefore, it is not
surprising that the same ratios NS :NJ :Nd; =1:4:8
were found to hold both for the threshold contrast
values ¢, :¢,:¢ =1:4:8 and for the resolution
parameters v vl :vi, =1:4:8.

Indeed, the experimental data obtained in [16]

task
indicate that the value of Vs, can be considered related

to N by the approximate relation via ~ 2. 7N for

all three visual tasks — detection, recognition, and
identification. From this it follows that, for the resolution

thresholds of detection v2, recognition v& , and

identification v, within the framework of the TTP model,
the same ratio also holds v2 : v :vi, =1:4:8.

The presence of the common variable x in
expressions (3) for all visual tasks (detection, recognition,
and identification), together with the fulfillment of
relations

D.,R.,I D.nR ! D..R ., A
XSO'XSO'XSOZNm‘Nm'N5O:V5O'V5O'V50:1'4'8 (5)

may suggest that the probabilities of detection p, (x),
recognition Pg (x), and identification p (x) are not

independent functions. This, in turn, would mean that
the statistical events D, R, and | are not independent.
Intuitively, it may seem that the higher the probability
of detection, the higher one can expect the probability of
recognition to be; and the higher the detection and
recognition probabilities, the greater — at first glance —
appears to be the probability of target identification.
Such a relationship could imply that the probabilities
P, (x), Pg (x),and R (x) are dependent functions.

In that case, the analytical dependence of the
functions Py, (x), P (x) and R (x), given by expression

(3) could imply that expressions (3) and (5) form a
system of equations. If this were true, then by eliminating
the common variable from this system of equations, one
could expect to analytically express the probability of
accomplishing one visual task through the probability of
accomplishing another visual task. The possibility of
analytically expressing one visual task’s probability in
terms of another would cast doubt either on the validity
of expressions (3) and (5) themselves, or on the
assumption that the events of detection, recognition, and
identification are statistically independent.

Verification of the assumption that the events of
detection (D), recognition (R), and identification (I) are
independent is important, since the existence of a
functional relationship between different visual tasks
contradicts the generally accepted premise that the
statistical random events of detection, recognition, and
identification are independent.

For example, if the numerical value of the target
detection probability P, on an electronic image was
obtained as a result of measuring the target saliency
index I for a specific image, one might expect that the
probabilities of recognition p, and identification p,

could be determined through the known value of p,,

taking into account the relationship (5), according to
which However, such an

approach is impossible for several reasons, and there is
no contradiction between expressions (3), (5), and the
statement that the events of detection, recognition, and
identification are independent. The arguments supporting
this statement are presented below.

Xeh Xy i Xeo =1:4:8.
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It should be noted that the term dependence/
independence of functions has a broader meaning than
the term linear dependence/independence of functions.

Two functions (x) and g(x) sharing a common
variable x may be linearly independent but still might
exhibit a nonlinear dependence. A rigorous mathematical
proof of the independence of the functions P, (x),
Px (x) and P, (x), defined by expression (3), goes beyond
the scope and objectives of this paper; therefore, it will
be the subject of our subsequent publication. Here,
however, we briefly present several arguments that support
the mathematical independence of the probabilities
corresponding to different visual tasks.

Firstly, the presence of a common variable x in the
dependencies P, (x), Pg(x) and R (x) is only a
necessary condition for their functional dependence, but
not a sufficient one. There exist analytical functions of a
common argument that remain independent. For
example, the functions f (x)=x and g(x)=sin(x) are
independent, even though both are functions of the same
variable x.

Secondly, one of the ways to test functions with a
common argument for dependence is to construct the
inverse dependencies of the argument with respect to
the functions, thatis, x(P, ), x(Pg ), and x(R,)

Since x is the common argument for all three
functions, the relationship  x(Py)=x(Pg)=x(P,),

should hold, from which the dependencies P, (Po)>
P, (Py) or P, (Pg) could, in principle, be determined.

However, according to formula (3), the dependencies
Po (x), Pg(x) and p(x)are transcendental sigmoid

functions, and therefore, it is impossible to express the
inverse functions  x(P, ), x(Pg ), and x(R) in

analytical quadratures. The impossibility of expressing
the common argument x of the functions f(x) and

g(x) in terms of the functions f and g themselves

within analytical quadratures is an indication that the
functions f (x) and g (x) are independent.

Thirdly, in order to determine, for example, the
dependence P (P, ) by eliminating the common

variable X, the values of the function x(p,) must be

evaluated at those values of x > x& for which,

according to the Johnson criterion, the visual task
of recognition is considered successful. Taking into
account relation (5), this condition can be written as
x > 4xgy . Since the probabilities P, (x) are

sigmoid functions, in the case when x> 4x5 , the

detection probability PD(4X5%):4V/(1+4V) approaches

saturation, so that P, — 1. In the Johnson model,

Y(4NG ) =2.7+0.7(N/Ngg**") =55, and therefore, as,

we obtain PD(4X§2,)=O.9995. For large values of

x > 4xg, , as the argument x increases, the computational
error in determining the value of x (P, ) from expression

(3) tends to infinity. Indeed, the error in determining x
from the function p, (x) can be expressed as follows

AR,

AX X>4X5% - dPD !
()

x>4x5DO

(6)

where the numerator APy - the error in determining

the detection probability as the target saliency in a
digital image according to expression (8) — is a nonzero
finite number within the range Jo;1[ , and the denominator

represents the derivative of the detection probability
with respect to its argument at a given value of x > 4xg,
. For the lower limit of the Johnson criterion N = 4N 5
, within the Johnson model we obtain a relative error in

determining the parameter N on the order of 2x10%%,
which increases following a power-law dependence as
the value of N grows. For the lower threshold of the
criterion corresponding to the successful
accomplishment of the identification task N =8Ng, ,

the relative error is on the order of 2x10%%. Thus, for
large values of x > 4xgy , as x increases, the value of the
derivative in the denominator

)

calculating the value of x(p,) from expression (3)

of expression (6)

—0, and consequently, the error in

x>4x5%

tends to infinity. A value of x(P,) determined with

infinite error, when substituted into the dependence
Pz (x(Pp)). results in an infinite error in determining

the recognition probability p, (P, ) as a function of the

detection probability B,. An infinite error in determining
Pr (Pp) and P, (P, ) therefore indicates that, in reality,

there is no functional relationship between the
probabilities p,, P, and P, , and hence, that the events
of detection (D), recognition (R), and identification (I)
are independent.

Fourthly, another argument in favor of the
independence of the events of detection, recognition, and
identification is that, according to definition (3), the
probabilities of all these events take on the same value when
the corresponding argument assumes the same value
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1

Ptask |Vxé%5k = E (7

or all values of NZ* or v, despite the fact that a

functional relationship (5) exists between the quantities
N&@sk, and v . Thus, under the imposed condition

(7), the entire range of values of x{2s corresponding to
different visual tasks (detection, recognition, and
identification) is projected onto a single point P,q =1/2.
In other words, a single value of the probability
Pask =1/2 corresponds to a nontrivial domain (set) of

values of x2% for different visual tasks. In turn, this

means that there is no functional relationship between
the quantities corresponding to different visual tasks,
i.e., the functions Pp, Pr and P, are independent, and
therefore the statistical events D, R, and | are
independent.

The probability Py of detecting a target in a digital
image defines the target’s saliency index I” for that
image. Note that hereafter in the text the term target
denotes an object of interest in the image, as commonly
used in computer vision theory — a notion broader than
the term military target. On the battlefield, an object of
interest may be a potential military target. An object of
interest becomes a military target only after the data-
collection process for that object has been successfully
completed, i.e., when the object has been detected,
recognized and identified as hostile and therefore
warranting engagement.

The saliency index I” of a target in a digital image
is defined as the probability of detecting the target based
on the set of conspicuity features, and is computed from
the individual conspicuity indices associated with each
feature

r=Vv: PS : Pclutter ) (8)

where V is the target visibility index, which in essence
represents the conspicuity index based on luminance
contrast; P, is the conspicuity index based on the target’s

size in the digital image; and p

index of the target against a cluttered background. The
procedure for determining the conspicuity indices and
the overall saliency index is described in detail in works
[4-7, 18].

It is important to note that in the model of the
QTDDI, the size-based conspicuity index p, is an

is the conspicuity

analogue of the probability Rask(N/Né?fk), which is

determined by the target size N on an analog image in
the Johnson model, as given by expression (3). However,
the experimental determination of the parameter N &%

through visual observation and expert evaluation imposes

an implicitly (hidden) expressed functional dependence
of this value on the local contrast of the target.

Therefore, in practice, F{ask(N/ Né%Sk) represents an

implicit combination of the target visibility index V and
the size-based conspicuity index P .

v
In the TTP model, the dependence Py (HJ explicitly
V50
incorporates the parameter’s dependence on both the
target’s local contrast and its size. Thus, the probability

Pask (\F%] in that model corresponds to a combination
50
of the indices V and Ps. The advantage of our QTR-EI
model is that the indices V and Ps are treated as
independent functions, whereas in the TTP model they
are functionally combined under the integral sign. This
combination makes it impossible to determine separately
the individual contributions of conspicuity due to contrast
and conspicuity due to size.

The saliency I" of an armored vehicle (AFV)
sample in an electronic image can be evaluated through
experimental measurements performed on images
obtained from the digital cameras of the tank’s sighting
and observation complex (SOC), as well as from cameras
mounted on an unmanned aerial vehicle (UAV), using
expression (8).

3. Criterion for successful accomplishment
of the visual task of target detection by a
conspicuity feature

For analog images, the Johnson criterion has proven
to be an effective measure, according to which the
visual task of target data acquisition is considered
successfully accomplished if its probability exceeds
50%. Similarly, in the QTDDI model, parameters can be
introduced for the conspicuity indices corresponding to
different features, which represent a 50% probability of
accomplishing the visual task based on a given conspicuity
feature.

3.1. Criterion for successful target detection by
the luminance contrast feature.

Similar to the Johnson criterion, the task of target
detection by the luminance contrast feature is considered
successfully accomplished if the target visibility index

1
V>V50 :E. (9)

According to definitions [15, 16], the target visibility
index is determined by the expression

K] 1Kl at[K|>|K,|
V =1 K]+ [Ky | (1-2[K]) . (10)
Oat K| <[Ky]
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where |K| is the absolute value of the target’s local
contrast, and |K,,| is the threshold value of local

contrast that can still (or just) be distinguished by the
human eye.

By substituting expression (10) into expression (9),
we obtain an expression for the normalized local
contrast |Ky|, which corresponds to a 50% probability

of target detection by the luminance contrast feature

3|Ky|

1+2[K, [ (11)

|K50|:

and consequently, the expression for the criterion of
successful target detection by the luminance contrast
feature

3K

IN >|Kso|=m-

(12)

The value of the threshold contrast |K,| is

determined by the so-called Fisher threshold p-level
|Kip|=0.05 [19, 20]. By substituting the value of

|K|=0.05 into expression (12), we find that the visual

task of target detection by the luminance contrast feature
is considered successfully accomplished if the normalized
local contrast of the target satisfies the condition

|K|>0.14. (13)

3.2. Probability and criterion for successful
target detection by the size feature in the image.

Detection of a target as an object of interest in a
digital image is reduced to the perception of the object
as a whole; therefore, its 2D size — the area S — is the
key dimensional parameter in the case of target detection.
For this reason, within the framework of the QTDDI
model, the size-based conspicuity index for target
detection is defined as a Bayesian geometric probability

[4, 5].
S(y_Sa)_Sufy_S
p_SU s) sU s
TS Sn ), Snfy_ S )
S S S S

where S, s and sy, are the 2D sizes, the areas of the
target, the target expectation zone (TEZ) [21], and the
minimum threshold image element area that can still be
distinguished by size, either by a human observer or a
computer, respectively. When target detection s
performed by a human operator, s, =12 corresponds to

the area of a square subtending a solid angle of one
square arcminute, which represents the average angular

(14)

resolution of the human eye. The minimum distance
between two points that can be resolved by the human
eye at a viewing distance of 50cm from the monitor,
corresponding to the average angular resolution of one
arcminute, is ly, = 0.145mm. Hence, for target detection
by an operator on an image displayed on a computer
monitor, the condition is | > 0.145mm. On the image
plane, the average visual resolution of one arcminute
corresponds to an area of s, =12 =0.145%(m7) =0.021(m) .
For a 13.3-inch Retina laptop monitor with a resolution
of 2560x1600 pixels, the threshold length I, = 0.145mm
is approximately comparable to the size of one pixel
(=0.112mm). For monitors with significantly lower
resolutions, for example 800%600 pixels, the pixel size
is larger and equals 0.254mm for a 10-inch diagonal,
0.381mm for a 15-inch diagonal, and 0.432mm for a 17-
inch diagonal. Since a digital image is displayed on a
monitor, the visual resolution of the human eye cannot
be better than one pixel. In addition, according to
Nyquist [22, 23], the maximum spatial resolution
frequency (1 line pair per millimeter), which corresponds
to the minimum resolvable spatial period of the monitor
(or a video/thermal camera), equals ln=2pixels (px).
Accordingly, the visual resolution of the eye when
observing an image on a monitor should not be assumed
to be better than two pixels. Therefore, in the following,

we assume that |y, = 2px and Sy, = Iti = 4( pxz) .

Before proceeding, it is necessary to clarify the
meaning of the terms TEZ and geometric probability.
The TEZ refers to a strip (region) within the image where
it makes sense to search for the target. The reasoning is
that a significant portion of an image may correspond to
areas of space where the target definitely cannot be
located. For example, it is unreasonable to search for an
armored vehicle in the sky, on a water surface, in tree
canopies, or in dense forest areas. Therefore, TEZ is
typically much narrower than the entire image frame. In
most cases, the vertical dimension — the height of the TEZ
H — is smaller than the image height, while its length
may equal the image frame length L, or it may be
smaller L, < L if there are reasons to restrict the search

area on one or both sides of the image. For instance, this
may occur when a road along which armored vehicles
move passes through a forest, or when there is deep
water on both sides of the road.

As for the term geometric probability, according to
definition [24], it is the probability that a random point
will fall within a certain region when that region is
defined by a geometric figure. In the case of target
search within an image, the “falling of a random point”
is understood as the random gaze of an observer falling
within the area of interest (the target) with an area s,
which is located within TEZ of area S =L xH_ in the
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image. Therefore, the ratio s/S is nothing else but the
geometric probability of detecting a target with area s
located within the TEZ background of area S. The
quantity sq represents the area of the forbidden zone,
into which the observer’s gaze cannot fall on the image
background. Hence, the ratio sy/S corresponds to the
probability of non-detection of the target due to the
nonzero value of the threshold area sy With the
condition sy, #0 imposed, the probability of target
detection in an electronic image reduces to a Bayesian
probability, given by equation (14), where — up to a
common coefficient — the numerator represents the
conditional probability, and the denominator represents
the total probability of detecting a target of area s within
a TEZ of area S, under the condition sy, # 0.

After simplification, expression (14) can be rewritten
in the form

S(S—5y)—Sn(S-9)

P =15(S-5,)+5,(S—s) at s, <s<S (15)
0 at 0<s<s,
or, in a more compact form, as
1 S
s
R= 1+Sth(1_25j at §, <$<S (16)
S S
0 at 0<s<s,

The representation in the form of (16) is convenient
because it can be easily analyzed both in units of
ordinary length (e.g., in mm2) and in square pixels (px?),
since all variables enter the formula as dimensionless
ratios sy/s and s/S.

The areas of the TEZ S and the target s for a given
electronic image can be determined from the digital data
of the image itself. For example, if the monitor
resolution is 800x600pixels, the image occupies the
entire screen (a full-screen image), and the TEZ covers
the entire image, then the horizontal dimension (width
or length) of the TEZ is L=800pixels, and the vertical
dimension (height) is H=600pixels. In that case, the area
of the TEZ is S=LxH=800x600=480,000 px>. If the
image does not occupy the entire screen but is
embedded in a document — for example, in Microsoft
Word (MW) — then, to determine the image size, one
needs to right-click on the image and read its width (L)
and height (H) from the bottom part of the drop-down
menu (Fig. 1a). Alternatively, one can select “Size and
Position” from the drop-down menu, and in the window
that appears, click on the “Size” tab (Fig. 1b) to view
the corresponding dimensions.

U

Fig. 1. Reading the image size: a from the drop-down
menu; b — from the “Size” window

As a rule, in MW the image size is displayed by
default in centimeters or inches. The image size in
pixels can be calculated using the formula

Image size (in cm)

DPI, (17
254 ) n

Number of pixels =

where it is taken into account that 1 inch=2.54cm, and
DPI (dots per inch) represents the image resolution. By
default, in MW the value is DPI=96. (One can verify
this by right-clicking on the inserted image file in MW
and selecting Properties — Details from the drop-down
menu.).

It is important to emphasize that formulas (14)-
(16) are intended for calculating the probability of target
detection by its size feature specifically in a digital
image. A distinctive advantage of digital electronic
imagery is that it can be rescaled, increasing the image
frame size to an area S convenient for visual
observation. Moreover, using the “zoom” function, the
image can be enlarged so that the target appears
magnified. The zoom procedure consists of cropping the
image so that the target, as the object of interest, is
centered in the frame, and then stretching the cropped
image so that its frame coincides with the frame of the
original uncropped image (i.e., “mapping” the cropped
image onto the original frame). This mapping occurs
due to an increase in the linear pixel size. Equivalently,
the zoom procedure can be interpreted as an increase in
the linear dimensions of the pixel, which results in an
enlargement of the image frame itself; therefore, the
frame of the enlarged image is cropped again along the
contour of the original (pre-zoom) frame.
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If the target size s is significantly larger than s,
the zoom procedure can be used to enlarge the target
size s until it becomes comparable to the image size S;
in this case, the size-based conspicuity index of the
target PS|HS — 1. In other words, if s = s;;,, the zoom

operation allows the target size in the image to be
adjusted so that s=S and therefore, according to
expression (15), we obtain P, — 1.

The zoom procedure changes the target size s in
millimeters, while the size of the image frame remains
unchanged. That is, due to the zoom operation, the
variable in expressions (15) and (16) is the target size s,
whereas S=const if the dimensions are measured in units
of length (e.g., mm?). As a result, we arrive at an evident
conclusion: during the zoom procedure, an increase in s
leads to an increase in the ratio s/S, and consequently, to
an increase in the probability of target detection Ps.

If the analysis is carried out in units of square
pixels (px?), then when the target size increases in
conventional metric units of length (e.g., mm?), the
number of px? corresponding to the target remains
unchanged, i.e., s[px¢]=const, while, due to the cropping
of the image to match the frame size of the original
(non-zoomed) image, the total number of pixels
corresponding to the entire image S[px2] decreases by
the same factor by which the target size increased in
square length units. As a result, we again arrive at a
logical conclusion: the zoom procedure leads to an
increase in the ratio s/S, and consequently, to an
increase in the probability of target detection Ps.

Thus, the higher the image resolution, the greater
the number of pixels that correspond both to the entire
image and to the target. The resolution of an image is
measured by the number of pixels along the horizontal
and vertical axes. For example, if the monitor resolution
increases from 800x600 to 1320x990, the number of
pixels s corresponding to the target increases by a factor
of 2.73. The same applies to the image resolution
measured in DPI (dots per inch). Therefore, the higher
the monitor resolution and image DPI, the higher the
probability of target detection. Moreover, higher monitor
and image resolution values mean a larger number of
pixels per target, while the threshold resolution remains
constant at sy, = 4px%. According to expression (16), this
also leads to an increase in the size-based conspicuity
index of the target.

It is important to note that due to the nonzero value
sy #0, zooming (magnification) cannot be performed
indefinitely. Therefore, for values of S close to sy, the
question arises:

What should be the value of the target size relative
to sy #0 for the task of target detection by the size

feature on an electronic
successfully accomplished?

Similar to the criterion for successful accomplishment
of the target detection task by the luminance contrast
feature, we introduce the criterion for successful
accomplishment of the target detection task by the size
feature on in a digital image

image to be considered

1

P, >(PS)50 ==,

5 (18)

From expressions (18) and (15) (equivalently,
(16)), we obtain the value of the target size in the digital
image that ensures a 50% probability of target detection

Sy = —35”1 (19)
5 .
1+ 2i

When using formula (19), it should be highlighted
that for a nonzero P, = 0, the condition s>s, must be

satisfied, and therefore the condition s, <s<S must

also hold. The condition s > s, is practically always
satisfied, and therefore

(20)

550|s>>sth = 35t

Considering that sy =4px®, we arrive at the
conclusion that the condition for the successful
accomplishment of the visual task of target detection
can be written in the form

s>12px°. (21)

In other words, for successful detection in the
image, the target must have at least the shape of a
rectangle with sides of 4x3px? or a square with a side of
at least 4px.

It is evident that increasing the resolution of both
the monitor and the image enhances the successful
accomplishment of the visual task of target detection by
the size feature on an electronic image.

4. Probability of target recognition by its
characteristic dimensional features in a
digital image

4.1. Characteristic recognition features and the
probability of target recognition by a specific
conspicuity feature.

4.1.1. Recognition features. The success of
recognizing an object in a digital image depends on the
conspicuity of its recognition features. The conspicuity
features used for target detection — such as target
visibility (luminance contrast), image size, and conspicuity
against a cluttered background — are not recognition
features. In essence, the process of target recognition
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also reduces to a detection process, but not of the target
as a whole; rather, it concerns the detection of a distinct
geometric characteristic or structural element that makes
it possible to distinguish, for instance, a combat armored
vehicle (CAV) from other types of vehicles. For a tank,
such characteristic recognition features include the turret
with the gun barrel and the tracks. Therefore, target
recognition in an electronic image is based on a separate
and independent set of recognition features. It is precisely
this property of an independent set of recognition features
that determines the independence of the recognition (R)
and detection (D) events. In military literature, the
recognition features of a target are referred to as
signatures, which is the Ukrainian transliteration of the
English term signature, literally meaning “personal
signature” — in the sense of a distinctive or characteristic
feature.

The most important recognition feature (signature)
of a target is the characteristic shape of the vehicle’s
contours. Shape signatures such as the elongated form
of the gun barrel and the distinctive outline of the turret
make it possible to recognize a combat vehicle as a
tank. However, these features alone are not always
sufficient to distinguish a tank from a self-propelled
howitzer on a tracked chassis. For example, a self-
propelled artillery system (SPH) such as the M109
howitzer (Fig. 2) in its various modifications — M109A2
(a), M109A7 (b), and M109L with anti-drone protection
(c) — resembles a tank in overall shape. An auxiliary
distinguishing feature that differentiates an SPH from a
tank is anisometry of form, meaning the difference in
dimensions along different spatial directions.

Firstly, the height-to-length ratio for a tank is
noticeably smaller than that for a SPH. Secondly, as a
rule (though not always), the barrel length of an SPH is
greater than that of a tank, so that the ratio of barrel
length to vehicle length is higher for an SPH compared
to a tank. Tanks are designed for close combat, infantry
support, and breakthrough of the enemy’s front line;
therefore, they rarely operate individually and usually
act within a tank unit, at least in pairs. In contrast, SPHs
are intended for long-range fire support, destruction of
fortifications and enemy artillery positions, and providing
covering fire, and thus operate at a distance from direct
engagement zones, using artillery positions to support
friendly forces. Hence, the nature of combat employment
also serves as a recognition feature.

Moreover, the nature of combat operations of AFV
leaves a clear imprint on their design characteristics.
Because tanks are required to perform missions
demanding mobility, maneuverability, and stealth, the
turret of a tank is noticeably smaller and lower than that
of a SPH. The superstructure above the tracks is also
lower in tanks. In contrast, both the turret and
superstructure of SPHs are higher and bulkier due to the
larger dimensions of the artillery installation they
accommodate.

Thus, at least the following recognition features of
CAVs can be distinguished, listed in order of their
significance:

1. Presence and characteristic shape of specific
components:

e gun barrel,

* turret,

* tracks.

2. Anisometry of the hull shape: ratios of

« vehicle height to its length,

e track height (road wheel diameter) to total
vehicle height,

« turret length to overall vehicle length.

3. Nature of combat employment.

4. Sound of the running engine.

Fig. 2. Self-propelled howitzer: a— M109A2; b — M109A7;
¢ — M109L with anti-drone protection [25]
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Only the first two recognition features listed above
are geometric conspicuity features of target recognition
in an electronic image.

Both of these features reduce to the size-based
conspicuity index, but unlike the conspicuity features
used for detection, in this case we are dealing not with
the size of the target as a whole, but with the size of a
characteristic shape or detail of the vehicle that enables
its recognition — for example, the gun barrel or the
turret, identified by their distinctive shapes or by
characteristic differences in overall dimensions, such as
the anisometry of form.

In particular, the T-64BV tank has the following
dimensions: length [=9m and height h=2.16m. Hence,
h/l1=0.24. For the M109A2 self-propelled howitzer,
[=9m, h=3.25m, and thus h/l=0.36. Therefore, the ratio
of vehicle height to its length (h/) could serve as one of
the recognition features (signatures) for distinguishing
between a tank and an SPH. However, due to the mobility
of the wvehicle, namely its ability to rotate around its
vertical axis, this signature can only be used effectively
when the vehicle is observed side-on (perpendicularly).
For example, in Figures 2a-c, the self-propelled howitzers
are viewed partially from the side. As a result, instead of
the true vehicle length [, only the projected length
I,~=I sing on the image plane can be measured, where
is the angle between the line of sight and the longitudinal
axis of the vehicle.

Since the value of the projection may vary within

the range |, [0;1] depending on the angle  formed by

the normal to the image plane and the side plane of the
vehicle (the viewing angle), it is clear that the parameter
h/l,. cannot always be used to reliably distinguish a tank
from a SPH.

The problem with using the ratio h/l for vehicle
recognition lies in the fact that only the value of h is
invariant (remains unchanged) with respect to rotations
around the vertical axis, whereas on the image we
measure not [ itself but its projection L, which is not
invariant with respect to such rotations. Hence, we are
led to conclude that for successful vehicle recognition, it
is necessary to use the geometric lengths of structural
elements that are invariant with respect to the same axis —
whether vertical or horizontal.

Such a signature could be the ratio of the total
vehicle height h to the height of the tracked running
gear, i.e., the diameter of the road wheels dy. In this
case, both quantities — dr and h are invariant with
respect to rotations around the vertical axis.

From Table 1 it can be seen that for the T-72, T-90,
and Challenger 2 tanks, the ratio h/d,=3, whereas for the
self-propelled howitzers “Akatsiya” and “MSTA-S”,
h/di=5. Thus, as a rule, SPHs have a higher superstructure

together with the turret above the track system compared to
tanks, which is due to the significantly larger dimensions of
the SPH’s artillery installation.

Table 1

Road wheel diameter dx, vehicle height h, and their ratio
for tanks and SPHs

. Road wheel .
Vehicle model Hh?'ﬁ]ht diameter, '?]%':’
d, m
T-64(tank) 2.17 0.55 3.8
T-80(tank) 2.20 0.67 3.2
T-72(tank) 2.23 0.75 2.9
T-90 (tank) 2.22 0.75 2.9
Challenger 2 (tank) 2.49 0.70 35
2C1 "Gvozdika" (SPH) | 2.28 0.67 34
2C3 "Akatsiya" (SPH) 3.05 0.63 4.8
2C19 "MSTA-S" (SPH)| 3.30 0.52 5.0
2C?55V',',K(ga;,'t|j)'ya' 35 0.75 47
2C5 "Giatsint" (SPH) 2,76 0,63 4.3
2C4 "Tyulpan" (SPH) 3.25 0.63 5.1
M110 (SPH) (USA) 3.28 0.82 4
M109A2 (SPH) (USA) | 3.28 0,61 5.4
'\"(18%9:)6(5""5%'” 3.28 0,61 5.4
AS-90 (SPH) (Britain) 3.00 0,62 4.8
PZ"('éeor?f]’a(nSy';H) 3.50 0.70 5

Another possible recognition signature can be the
ratio of the turret length b to the overall vehicle length L.

In a SPH, the turret is long and tall due to the large
dimensions of the artillery installation, extending all the
way to the rear end of the hull. In a tank, on the other
hand, to ensure high maneuverability, low visibility, and
enhanced crew protection — with the crew occupying a
significant portion of the turret — the turret is relatively
flat and low compared to the overall height of the tank.
Its length b, measured along the longer side of the hull,
is significantly smaller than the hull length, so that the
rear edge of the turret is clearly set back from the rear
end of the hull by a noticeable distance. This distance
o , measured from the rear edge of the turret to the rear
of the hull, can also serve as a recognition signature
distinguishing a tank from a SPH.

4.1.2. Probability of recognition using a single
signature dimension. Given that an image has a finite
size resolution, the probability of recognition by shape
depends not only on the signature size but also on the
limiting size that can still be resolved by the computer.
Specifically, the size of the characteristic detail must
exceed the threshold resolution size. In this case, the
probability of recognizing the target as an object of
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interest in an electronic image is a geometric Bayesian
probability, provided that the size of the characteristic
detail of the vehicle in the image is larger than the
threshold resolution size of the image.

It is important to note that the term size of an
image element may refer either to its two-dimensional
(2D) size — that is, the area s of the image element — or
to its linear, one-dimensional (1D) dimensions. The
concept of dimensionality (2D or 1D) of an image
element’s size is a key distinction in defining the size-
based conspicuity indices for target detection and target
recognition in an image.

When accomplishing the visual task of detection
during reconnaissance we deal with 2D dimensions,
such as the image area S, the area of the target s as an
object of interest in the image, and the threshold area of
the lower limit of resolution sy,

When accomplishing the visual task of target
recognition, we deal with comparing 1D dimensions
that define the shape of the combat vehicle or the
anisometry of the forms of its structural elements.

In the case of an image obtained from ground-
based cameras, during recognition we deal with pairs of
1D dimensions of image elements (length, diameter,
thickness, distance) such as

« length [ and height h of the vehicle;

e length [ and diameter (thickness) d of the
vehicle’s gun barrel,

« turret length b and hull length [;

« distance from the rear edge of the turret to the
hull’s rear end, and so on.

If the image is obtained from UAV cameras or
from the frontal projection of the vehicle, then, in addition
to these 1D dimensions, the width w of the image element
must also be considered.

When recognizing by 1D dimensions, the image-
characterizing lengths are the length of the SEZ L and
the threshold length of the lower resolution limit ly,. It is
important to note that, unlike the detection task, in
recognition L is not the length of the entire image frame
but the length of the SEZ — the zone in the image where
the given recognition signature is expected. The reason
is that once a combat vehicle has been detected in the
image, the observer no longer needs to scan their gaze
across the whole target expectation zone (TEZ) along
the entire line parallel to the horizontal side of the image
frame, as was necessary for detection. For vehicle
recognition, it is sufficient to scan the gaze within the
signature expectation zone (SEZ), which covers all
extreme points of the target contour — for example, a
rectangle with sides parallel to the image frame that
encloses the contour points so that the most distant of
them lie on its sides. In fact, during recognition the

target area s=I h becomes the SEZ area, and its length
and height become the horizontal and vertical 1D
dimensions of the SEZ if the given signature is observed
against the vehicle hull. However, in the case when the
signature is located significantly outside the vehicle
contour — for example, the gun barrel of an SPH in
Figure 2 — the SEZ is defined somewhat differently.
Such an example will be analyzed below. For example,
if the recognition of a combat vehicle is performed by
the length of the gun barrel, then the probability of
recognition is determined as:

1t
|

> (22)

P= 1+Lh(1_zlij at I, <ly <L; d =1,
I, L

0 at 0<l,<l,; d<l,

where Iy is the signature length, the gun barrel in this
case; d is its diameter; L is the length of the horizontal
side of the SEZ rectangle; and Iy is the threshold
(minimum) length (per Nyquist) of an image element
that is still visualized on the display.

For the image shown in Figure 2a, the SEZ covers
almost the entire frame. According to formula (17), the
image frame length is L =(7.75/2.54)x96 = 293px,

while the SEZ length, corresponding to the length of the
SPH in the image, is [=254px. In Figure 2a, the gun
barrel of the SPH is clearly visible, and there is no need
to enlarge the image using the “zoom” operation. The
measured horizontal projection of the SPH gun barrel
length in Figure 2a is Iy = 169px. By substituting | =
254, Iy = 169 and Iy, = 2 into formula (22), we obtain
the size-based conspicuity index of the SPH gun barrel
in the image (Fig. 2a) B =0.996. Intuitively, such a

high value of the size-based conspicuity index (i.e.,
recognition probability) indicates an unambiguous
recognition of the SPH as a combat armored vehicle.
Expression (22) takes into account that the key
conspicuity feature for recognizing a tank is the length
of its gun barrel, but at the same time the barrel
diameter d in the image must be greater than the linear
resolution d > 1, of the monitor. If d <l,, then

according to expression (22) the probability of detection

is zero R , =0 for any barrel length I,.

d<ly, Vi

4.1.3. Probability of recognition using the sizes of
two signatures. An important distinction of the
recognition procedure from the detection is that in the
detection the target is perceived as a whole. That is, the
variable that characterizes the target size is its area. In
recognition we deal with the anisometry of the combat
vehicle’s shape, i.e., with at least a pair of linear
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dimensions such as: the tank’s length and height, the

length and diameter of the combat vehicle’s gun barrel,
the vehicle length and turret length, turret height and
hull height, etc. Each of the two lengths l; and [,
belonging to the same pair is characterized by its own
detection probability P,and PB,, respectively. For the

12
target to be recognized with probability P, =0, it is
necessary and sufficient that both recognition events by
the two size features in both directions occur
simultaneously with nonzero probabilities. If at least one
of the two probabilities P, =0 or B, =0, or both

together, equals zeroR, =R, =0, then we have P, =0
that is:
PR|P.1:0 N PR|P.z:0 N PR|P.1:0, po-0 @3
Condition (23) means that the events with
probabilities P, and B, are multiplicative with respect

to each other and to the resulting event P, therefore

PR = Pll ' F>|2 . (24)
To within the physical meaning of the variables,
the quantities P, and P, are determined by expression

(22), that is

1_It7h
2
Fia=y 1, ln 1_22 Vip <h <l ln <l <L, (25)
1,2 Lo

0V L<ly b <l

where L, and Ly are the lengths of the sides of the SEZ
rectangle, i.e., the lines in the image along which the
gaze scanning is performed.

By substituting expressions (25) into formula (24),
we obtain

(Il_lth)(lz_lth)

: I[ Vi, =1,
P,= {I{l—zi}rlﬂi{lz [l_ZL:JH‘h:I . (26)
0 Vi, <l
After transformation, expression (26) for v, >1,
can be rewritten in the form
Stn Ell +1, J
1-n Ii—l
P _ S\ (27)

R
1450 hth +2$12[2—L1+L2—L1—L2]
S L S 1,

where s, =12 —is the threshold area of resolution, and

S, = I1I2

is the area of the signature (the area of the gun
barrel of a tank or SPH, for example) by which the
combat vehicle is recognized against the SEZ of area
S= L1L2.

Comparison of expressions (16) and (27) shows
that the probability of target detection p,_ by its size

feature and the probability of its recognition p, by the

size feature of a particular signature in a digital image
differ by at least the following characteristics.

First, the area of the recognition signature in
expression (27) is smaller than the target area S in
expression (16), which by itself reduces the probability
of recognition compared to the probability of detection.

Second, since the CAV as the object of interest
(target) in the image has already been detected, the
search for the signature is carried out not within the
TEZ but within a much smaller the SEZ bounded by the
vehicle’s contours. This, in turn, increases the probability
of detecting the signature — that is, the probability of
recognizing the vehicle by that signature.

Third, expression (27) includes not only the signature
area S3» but also its linear dimensions I; and |5, which
implicitly accounts for the anisometry of the signature’s
shape.

Let us determine the probability of detecting the
barrel in image Figure 2a, from which we find
I, =169 px, I, =11px. The length and height of the

SEZ rectangle are estimated to be half of the vehicle’s
length and height together with the barrel, whence
L, =130px, L, =80px and for |, =2px substituting
these data into expression (26), we obtain Pg =~ 0.71.
There is no doubt that, at a probability B =0.71

the detection of the signature (the SPH barrel in Fig. 2a,
in this case) by the size feature will be successful.
However, the sizes of the vehicle and its characteristic
details in the image are not always so large relative to
the image frame dimensions and the threshold resolution
Iy Therefore, the probability of solving the visual
recognition task can take much smaller values for
significantly smaller I; and I,. Hence, similar to the
criterion for successful accomplishment of the detection
task, the question arises of a criterion for successful
accomplishment of the target recognition task by the
size feature of a signature on an electronic image.

4.2. Criterion for successful target recognition
by the size feature of a signature.

Similar to the criterion for successful accomplishment
of the target detection task by the size feature on an
electronic image, we introduce a criterion for successful
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accomplishment of the target recognition task by the
size feature of its signature on the same image

Pe>(Fr)yp =7 (28)

To determine the signature dimensions (l;)so and
(1,)s that satisfy the condition (Pg)so = 1/2, it is necessary to
solve the equation

((Il)so_lth)((lz)so _Ith) _

{(Il)w (1_2'2]”@{@2)50 (1_2'&]”4

Vi, >,

N |-

. (29)

Equation (29) contains two unknown variables,
(I)so and (1)s0. However, for a specific type of CAV to
be recognized by a given signature, the ratio k = /1, is
generally known. Hereinafter (without loss of generality),
for convenience, we assume that I; is the longer and I,
is the shorter dimension of the signature, i.e., 1;>1,. For
the gun barrel of an SPH or tank, k is simply the number
of calibers corresponding to its length, the tabulated
value of the barrel length measured in its calibers.
Therefore, substituting (11)so = k(l2)s0 into equation (29),
we obtain an equation with a single unknown (l,)s.
Equation (29) thus reduces to a quadratic equation

a((IZ )50 )2 _b(|2)50 -¢=0,

)
o))

c =312,

(30)

where ! p

which accordingly has two roots. Since the free term in
this quadratic equation is negative, by Vieta’s theorem
we conclude that one of the roots is positive and the
other is negative. Because (l,)s0 has the physical
meaning of a length, its value cannot be negative.
Therefore, among the two roots of the quadratic
equation, the positive one is taken. The analytical
expression for (l,)so is rather cumbersome and is not
presented here. Instead, expanding it into a Taylor series
with respect to the small parameter Iy, and retaining only
the first-order term, we obtain

3 1 14 9
(1) =§(1+;+\/1+?+k—2}m Y

From expression (31), one can determine the range
within which the quantity (l,)so varies for k e [1;oo]. For
the value k=1, which corresponds to an isometric

signature in the form of a circle or a regular polygon
(triangle, square, pentagon, n-gon), we obtain

(L),

element k [ 1, we obtain (1)

=12, For a markedly elongated signature

) ~6l, . Thus, we find

that the criterion for the successful solution of the
recognition task varies within (l;)so = [6;12] .

For the target recognition task by the sizes of its
signatures to be successfully accomplished, the
following condition must be satisfied

|2 >(|2)50 ) (32)
that is, the smaller of the signature dimensions in the
image must exceed the threshold signature size that
ensures a 50% probability of its detection. Expression
(32) is the analytical form of the criterion for successful
target recognition by the sizes of its signatures.

To compare the values of the success criteria for
detection and recognition tasks, we introduce the
notation (1,), =15, where the superscript R (from

50 !

50 [k

recognition) denotes recognition.

Let us recall that the criterion for successful
accomplishment of the target detection task is given by
expression (20) through the area ss. For convenience of

comparison, we introduce the notation 12 = /s, , where

the superscript D (from detection) denotes detection.
From expression (20), we obtain

15 =3x1,. (33)

Since according to expression (31) the value of

I5, (k) is a function of the parameter k, to compare it

50
with the corresponding parameter 1> for the detection
task, we perform averaging of the quantity 17 (k) over
the interval of values k < [k;;k,]. Taking into account
expression (31), the averaged value is determined as

r 3y k[ 1 14 9
LR==—__fl1+=4 1+—+— (dk.
P2k, -k kﬁ( k k kz] 39

For the given values of k <[1;40], we obtain

log = 7xly . (35)

And thus, from expressions (33) and (35), we
obtain the comparative estimate

121X ~1:4, (36)

which correlates well with the empirically established

relationship (5) for the Johnson and TTP criteria of
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successful accomplishment of visual detection and
recognition tasks

D.yR _1-
Xgg i Xeo ®1:4 .

37)

The quantitative agreement between the success
criteria for solving the target detection and recognition
tasks by the size feature, given by expression (36) and
theoretically derived in this study, and the corresponding
empirically obtained criteria given by expression (37),
confirms the adequacy of the developed approach to
target recognition based on the geometric Bayesian
probability of detecting a specific recognition signature
by two dimensions.

4.3. The role of the proposed method for
estimating the probability of target recognition by
the sizes of its signatures in a digital image in target
recognition performed by a human operator and by
artificial intelligence (Al).

It is important to note that the method developed in
this study for estimating the probability of target
recognition by the sizes of its signatures in a digital
image can serve both as a means of assessing the
adequacy of Al-based target recognition and as an
independent alternative tool for target recognition by a
human operator during reconnaissance.

4.3.1. A posteriori verification of recognition
adequacy. Regarding the first application — the verification
of target recognition adequacy using Al — it should be
noted that the initial iteration of Al-based recognition,
for example of armored vehicle samples in an image,
often includes objects marked by the Al as targets that
are, in fact, not targets. In such cases, the operator must
manually filter out falsely marked objects (e.g., trucks
or buildings instead of armored vehicle samples).

The causes of erroneous object recognition as
targets by Al may vary. One of them is the neglect of
the fact that not every object in an image can be
successfully recognized. In the previous subsection, it
was shown that for the recognition task based on the
sizes of target signatures to be considered successfully
accomplished, the condition I, >(1,)so, must be satisfied —
that is, the smaller of the signature dimensions must
exceed the threshold signature size that ensures a 50%
probability of detecting that signature. In other words, to
avoid recognition errors associated with insufficient
signature sizes, it is necessary to ensure that condition
(32) is satisfied for the recognition signatures. However,
to do so, the Al must first detect the signatures on the
electronic image of the object of interest by which it can
be recognized, for example, as an armored vehicle
sample. This task may be too ambiguous and hard for
Al. Nevertheless, this is not required. To verify whether
condition (32) is met, one can use the known ratio

between the size of a signature and the overall size of
the target, which is typically a tabulated value. For
instance, by using tabulated ratios of a tank turret height
to its total height, the Al can apply the recognition
success criterion not to the size of specific signatures of
an armored vehicle sample but to its overall dimensions —
such as height or width — in the digital image.

Below, in the following paragraphs, this possibility
will be illustrated with specific examples. However, for
the reader’s convenience, it is first necessary to briefly
explain the relationship between the number of pixels in
an image and the metric units of size (length, height,
width in millimeters or centimeters). To convert the
number of pixels into metric units (e.g., millimeters), in
the examples given above, we used the image resolution
value in dpi (dots per inch), which is commonly used to
describe the quality of printed images (on paper) and is
included in the image file metadata. If the image is
viewed on a monitor, instead of dpi, one should use the
monitor resolution value in ppi (pixels per inch) — the
number of pixels per inch. Some programs display
images on a monitor while taking the image’s DPI into
account, while others do not. For example, Microsoft
Word considers the image’s DP1 when inserting it into a
Word document; inserting an image of 300x300 pixels
with DPI=300 will display it as 1x1 inch (2.54x2.54cm).
Knowing the screen width and height in pixels and its
diagonal in inches, one can calculate the pixel size in
metric units, such as in millimeters.

4.3.2. Examples of adequacy assessment and
recognition of an armored vehicle sample by its
signatures. For example, if an armored vehicle sample (a
tank or an SPH) is recognized by the presence of a
turret, then according to expressions (32) and (35), the
turret height in the image must exceed
1P ~7x2= 14( px) . According to expression (17), for

an image with a resolution of 96 dpi, 14 pixels
correspond to 14x2.54/96~3mm. Considering that for an
armored vehicle sample the ratio of its total height to the
turret height is approximately 3:1, it follows that, in
order for the armored vehicle to be recognized by the
presence of a turret, its image must have a total height
of at least 14x3 = 42px, which on an image with a
resolution of 96 dpi, according to expression (17),
corresponds to 42x2.54/96~10mm. Given that for tanks
and SPHs a typical ratio of hull length to vehicle height
is about I/h=3, it follows that, when viewed from the
side (as in Fig. 2c), an image of an armored vehicle
sample with a turret height of 3mm and a total height of
10mm on an image with a resolution of 96dpi would
correspond to a hull length of approximately 30mm.

If the armored vehicle sample is observed not from
the side but in a frontal projection, as shown for
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example in Figure 3, it can be recognized by using
pairwise ratios, such as the ratio of the turret height to
the total vehicle height, the turret height to the hull
height (from the ground to the lower level of the turret),
and the total vehicle height to its width.

Fig. 3. Image of the T-64BV tank captured by a digital
camera with 1x magnification at distances of a — 10 m;
b-20m;c-50m;d-100 m

In the first two cases, recognition is performed
based on the sizes of the recognition signatures (the
heights of the turret, hull, and total height), while in the
third case — based on the characteristic feature of the
vehicle’s shape anisometry (height and width). If the
recognition of an armored vehicle sample, such as the
T-64BV tank, is carried out using its image in a frontal
projection, it can be considered that the ratio of the
turret height to the total height typically equals 1:3, and
the ratio of the turret height to the hull height equals —
1:2. Then, for successful recognition by the size features
of the signatures, the turret height in the image should
be at least 14px (=3mm for an image with a resolution of
96dpi), while the hull height and total vehicle height
would then be 14x3=42px (=9mm) and 14x2=28px
(=6mm), respectively.

For the T-64BV tank, the ratio of its width to
height measured from Figure 3 is w/h=1/6, which agrees
well with the tabulated value wh=3460mm/ 2190mm=1.58
[26]. Therefore, for successful recognition of the tank
by the characteristic feature of its shape anisometry in
the image, for a tank image with a total height of
14x3=42px (=9mm), the vehicle width should be at least
68px (=15mm). The estimates of minimum signature
sizes and shape anisometry of AFV (including armored
vehicles) samples in the image, according to the
recognition success criterion (32), should be applied not
only for recognition by a human operator when viewing
the image on a monitor but even more so for Al-based

recognition. To achieve this, using the tabulated ratios
I, = kl, between the signature dimensions I, of an AFV
sample and its overall dimensions |, (height h or width/
length | of the vehicle), the criterion (32) can be

reformulated as:
I1 > (|1)50 - (38)

The Al-based algorithm for recognizing armored
vehicle objects in electronic images should reject image
elements whose dimensions do not satisfy criterion (38),
as such elements do not ensure a recognition probability
higher than 50%.

In addition, it should be taken into account that
recognition errors (especially in Al-based recognition)
may result not only from insufficient sizes of the
recognized object in the image but also from excessively
low values of its luminance contrast. In other words, the
second necessary condition for successful recognition is
condition (13). The Al algorithm should therefore reject
image elements whose recognition signature contrast
does not satisfy criterion (13). For convenience and to
simplify the evaluation procedure, instead of measuring
the luminance contrast of individual signatures, the
overall luminance contrast of the armored vehicle
sample can be used. Thus, the Al algorithm should
reject recognition objects whose contrast is lower than
[Kso| = 0.14 (for |Ky|=0.05), as such objects do not
ensure a recognition probability by the luminance
contrast feature higher than 50%. It is worth noting that
in some publications the threshold contrast value is
considered to be more than twice lower, |Ky| = 0.02, for
which, according to (12), one finds |Kso| = 0.05. Which
of the two values of |Ky| should be used in the
estimation of |Kgo| deserves additional studies. For the
time being, the higher value |K| = 0.05 is preferable to
ensure correct recognition.

The procedure for experimental determination of
the detection and recognition probabilities of an armored
vehicle sample will be illustrated in the following (fifth)
section of the paper, using as an example images of the
main battle tank (MBT) T-64BV, evaluated by the sizes
of its signatures on images obtained at different
distances from the target.

5. Experimental determination of detection
and recognition probabilities of an MBT
sample based on the sizes of its signatures as
a function of distance

To determine the detection and recognition
probabilities of the MBT sample (T-64BV) based on the
sizes of its signatures as a function of distance, an
experiment was conducted with the aim of collecting
images of the T-64BV tank at distances ranging from
10m to 750m. Examples of some of the obtained
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images, specifically for distances D=10, 20, 50, 100m,
are shown in Figures 3a-d, respectively.

5.1. Experimental conditions.

5.1.1. Image acquisition was carried out using a
Nikon Coolpix L830 Black digital camera at the
International Peacekeeping and Security Center training
range during winter, under overcast daylight conditions.
Images were obtained over the distance range of
[0;100]m with a 10m step, over [100;500]m with a 50m
step, and over [500;750]m with a 100m step; the final
image was captured at a distance of 750m.

5.1.2. Measurement of signature dimensions of the
armored vehicle sample — the tank’s height (h), width
(w), turret height (h), and hull height (hy) — on the
collected images (in pixel units) was carried out using
the QTDDI computer application [27] and can also be
performed in commonly available programs, for example,
in XnView.

The probability of detection was determined using
expression (16), where s=hxw is the area of the
rectangle enclosing the target, with width w and height h
Sth = 4px2 is the threshold 2D resolution of the monitor
according to Nyquist, and S = LxH is the image size in
pixels. An advantage of a digital image over an analog
one is that it can be magnified on the monitor using the
zoom operation, which significantly increases the
accuracy of measuring signature dimensions. The absolute
measurement error of signature dimensions can be
reduced to 1 pixel by using a brightness profile graph
plotted along a horizontal line through the target and the
pixel brightness table for the given image, in accordance
with the QTR-EI index determination methodology [6].

5.2. Results of measurements and calculations.

5.2.1. Probability of detection. The probability of
detection of the tank was calculated using formula (16),
where s=wxh — the area of the tank on the image, and
S=LxH=4608x3456(px’) is the total image area
obtained at a distance D from the tank. Since the ratio
between the tank’s width w and height h is a constant, it
was unnecessary to measure both parameters on all
images. Measuring only one — preferably the more
distinguishable one - is sufficient, while the other can
be computed using the known proportion w/h=1.6. This
approach not only simplifies and accelerates data
acquisition but also improves computational accuracy.
As the distance D increases, both the apparent size and
contrast of the tank’s image decrease, thereby reducing
measurement precision. Among the two dimensions,
width w exhibits higher contrast and is therefore more
reliable for measurement. In the collected images (some
shown in Fig. 3), width w was measured directly, while
the height was computed as h=w/1.6. To demonstrate
the validity of this simplification, experimentally measured
height values h(D) is shown as red open circles in

Figure 4, while black squares represent the corresponding
computed values obtained from width data using
h=w/1.6.
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Fig. 4. Experimentally measured values (red open circles)
of the tank height h and the corresponding values
calculated as h=w/1.6

The coincidence of the experimentally measured
and calculated values shown in Figure 4 confirms the
validity of the simplified measurement procedure.

The dependence s(D), expressed in square pixels,
was computed from the experimentally measured values
of wand h (Fig. 5). For convenience, the vertical axis is
presented in a logarithmic scale.

Similar to Figure 4, in Figure 5 the red open circles
represent the values of the tank image area obtained
from independently measured w and h, while the black
squares correspond to the values derived from width
data using the expression s = w?/1.6.

The agreement between both datasets in Figure 5
once again confirms the adequacy of the simplified
measurement procedure. Therefore, this approach will
be further used to obtain the dimensions of other signatures.
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Fig. 5. Experimentally obtained dependence
(in logarithmic scale) of the tank image area s(D) on the
distance D from the tank: red open circles — values
obtained as s=wxh from independently measured w and h;
black squares — corresponding values calculated as
s=w1.6
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The probability of tank detection in images acquired
at various distances D, calculated using equation (16)
from the data presented in Figure 5, is shown in Figure
6. It can be seen from the figure that the probability of
detecting the tank by the distinctive feature of its size
remains higher than 0.5 (50%) even at a distance of
600m.
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Fig. 6. Probability of detecting the T-64BV tank in an image
captured with a digital camera at a zoom factor of x1 as a
function of the distance to the tank

Analyzing the images corresponding to different
distances to the tank, it can be concluded that with
increasing distance not only does the apparent size of
the tank on the image decrease, but also its contrast, i.e.,
the target visibility index V.

Furthermore, as the distance increases, the target
conspicuity index on a cluttered background Peyyger
decreases. Due to the significant reduction in contrast
with distance and the diminished conspicuity of the
target against a cluttered background, it becomes
impossible to detect the tank in images acquired at
distances larger than 600m, even though the probability
of detection by size remains above 0.5 (50%).

The reason lies in the fact that, according to
equation (8), the target saliency index 7" on an electronic
image is the product of the target visibility index

10m
20 30
HEnns.... .

(conspicuity by brightness contrast) V, the size conspicuity
index, and the background clutter conspicuity index Pgjyger-
Thus, because of the low overall saliency resulting from
small values of V and Py, the target’s visibility on
images taken at distances D>600m is too low for successful
detection — therefore, points corresponding to D>600m are
absent on the graph (Fig. 4).

To illustrate that the low saliency of the target at
distances D>600m is not a consequence of its size
conspicuity, we constructed model images of the tank in
Mathematica as rectangular shapes with a visibility index
V=1 on a uniform white background, thereby ensuring
Peutter- The model rectangles had the same dimensions
(in pixels) as those shown in Figures 4 and 5, which were
used to calculate the detection probabilities presented in
Figure 6. Accordingly, for this model case, in accordance
with equation (8), the target saliency index reduces to

the size conspicuity index I}, , =K. Model

clutter —

images of the target with sizes corresponding to the
tank’s dimensions at distances within the range
[10;600]m is shown in Figure 7. It is evident from
Figure 7 that even the smallest rectangle with dimensions
wxh = 10x6(px°), corresponding to a distance D = 600m,
remains clearly visible — i.e., it can still be detected by
the distinctive feature of its size on the image — consistent
with the data presented in Figure 6.

5.2.2. Probability of recognition. The probability
of recognition of the tank was calculated using
expression (26), based on the dimensions of two
signatures: the height of the turret h; and the height of
the hull hy. Since at the recognition stage the target has
already been detected, the SEZ is simply a rectangle
with sides equal to the tank’s width w and height h.
When searching for the turret and hull on the image, the
visual scanning is performed along a vertical line from
the ground to the top point of the turret (or vice versa);
therefore, in equation (26), we take L; =L, =h.

600

Fig. 7. Model images of the tank represented as rectangles with visibility indices V=1, Pyuwe=1, and dimensions
corresponding to those used for calculating the detection probability at the distances (in meters) indicated above each image
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Dependencies h(D), hy(D), and hn(D) — corresponding
to the total height of the tank, the turret height, and the
hull height on the images as a function of distance D —
are shown in Figure 8.

Since the ratios between the overall height h, the
turret height h, and the hull height h, of the tank are
constant tabulated values h; /h = 1/3, h,/h = 2/3, there is
no need to perform independent measurements of h;and
hy. These parameters can be derived from previously
obtained height values h, which in turn can be calculated
from the measured tank width using h=w/1.6.

The data presented in Figure 8 were used to
calculate the probability of recognition of the tank,
shown in Figure 9 with blue dots, based on the size
features of the turret and hull as recognition signatures.
Additionally, in Figure 9, the probability of recognition
by the gun barrel length and diameter is plotted with red
triangles. For comparison, the probability of detection
data from Figure 6 are included with green squares.

From Figure 9, it is evident that, as expected, at
short distances (~10m) the probabilities of detection and
recognition are close in value and nearly equal to 1.
However, as the distance increases, the recognition
probability becomes significantly lower than the detection
probability.
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Fig. 8. Dependencies h(D) — open squares; hy(D) — blue
filled circles; hy(D) — green filled triangles

At distances D=350m, the recognition probability
based on the turret and hull heights drops below 0.5
(50%), indicating that recognition becomes unreliable or
even impossible, even at high zoom magnifications.

This observation is confirmed in Figure 10, where
the bottom row shows 500% magnified image
fragments taken at distances of 300m and 400m. Indeed,
at D=300m the turret and hull of the tank can still be
distinguished separately, whereas at D=400m the tank
can no longer be reliably recognized by any of its
signatures.
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Fig. 9. Probabilities of recognition based on turret and
hull height (blue dots), recognition based on gun barrel
dimensions (red triangles), and detection based on image
area (green squares) as functions of distance to the tank

This conclusion indicates an agreement between
the recognition range limit (~350m) corresponding to
the theoretically calculated 50% recognition probability
(Fig. 9) and the empirically observed recognition limit
(300-400m) established by visual inspection of the
photographs.

Another signature by which the tank can be
recognized is its gun barrel. The probability of barrel
detection, calculated using expression (26) from its
length 1, and diameter I, on images obtained at various
distances, is shown in Figure 9 as red triangles.

In the calculations, considering that the tank is
already detected in the image and the visual scanning is
performed not across the entire frame but only within
the SEZ, the SEZ is taken as a rectangle in which the
tank gun axis lies along its diagonal. From Figure 9, it is
evident that the recognition probability based on the gun
barrel signatures drops below 50% at distances D>100m.
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Fig. 10. Fragments of magnified images at different
distances. The magnification factor and the
corresponding shooting distances are indicated below
each image
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This conclusion is consistent with the visual
inspection of the magnified images. Indeed, in the image
taken at a distance of 100m, the gun barrel is still visible,
whereas at 150m it becomes difficult to distinguish it
with confidence. Thus, it can be concluded that the
theoretically derived criterion of recognition success is
consistent with the empirical visual observations of the
photographs, also with respect to the signature features
of the tank barrel.

6. Research prospects

It should be noted that this study focuses on the
probability of recognition of military equipment samples
based on the dimensions of their signatures. The influence
of the luminous contrast of signatures on the probability
of target recognition will be the subject of our
subsequent publications. At this stage, it can be stated
that the overall probability of recognition based on both
the size and contrast of the signatures is the product of
the respective probabilities. Therefore, for successful
recognition, both conditions (32) and (13) must be
simultaneously satisfied — corresponding to the signature
dimensions and their luminous contrast, respectively.

In this work, a methodology for determining the
probability of target recognition based on the geometric
dimensions of its signatures has been developed, and
criteria for the successful accomplishing visual detection
and recognition tasks based on distinctive features have
been established. The method was applied to images
obtained in the visible spectrum using a digital camera
with a single zoom factor. In addition, during the
experiment described above, we obtained a set of images
using the same camera with maximum zoom, as well as
with a mobile phone camera at both 1x zoom and
maximum zoom. Comparative studies of the detection and
recognition probabilities for images obtained under
these different optical conditions are ongoing and will
form the basis of our future publications.

An independent interest is the application of the
theoretical approach developed in this work to images
obtained with thermal imagers, including at different
zoom levels. Corresponding thermal images were also
acquired during our experiment and are currently being
processed.

Another promising possibility afforded by the
digital format of images is the ability to measure the
distance to a target from its size in the image, measured
in pixels using the image brightness table. Figures 4, 5
and 7 demonstrate a clear one-to-one functional
relationship between the target size [ (in pixels) in a
digital image and the distance D to it. For a given
sightseeing complex of an AFV sample, this functional
dependence (D) can be tabulated experimentally or

obtained theoretically in the form of an analytical
relation. Using the brightness-profile plot along a line
drawn through the target, the size [ of the target on the
image can be measured with an accuracy up to 1 px.
Thus, having the target size [ on the electronic image
and the dependence [(D), the distance to the target can
be determined.

Conclusions

The capability to obtain information about the
target-background situation in the form of digital
images opens previously unavailable opportunities for
real-time battlefield monitoring. However, the enormously
bulky stream of video content acquired from various
sources requires equally enormous human effort and
computational resources to analyses these datasets. It is
no secret that, in most cases, the lion’s share of the
collected video content contains no information about a
target or is of insufficient quality. The development of
theoretical basis for assessing the quality of target data
acquisition (detection, recognition and identification)
based on quantitative measurements of target displaying
in digital images enables automated selection of the
highest-quality digital images without operator involvement.

In this study, we analyzed existing approaches to
measuring the probability of target detection on both
analog and electronic images. As a continuation of our
previously developed the QTDDI approach aimed at
target detection, this work extends the concept to the
next stage of the target data acquisition process —
recognition. To achieve this, we theoretically derived an
analytical dependence describing target recognition
probability based on the dimensions of its signatures in
a digital image. The derived analytical expressions for
the probability of detection (16) and probability of
recognition (26) serve as the theoretical basis for a
method of evaluating detection and recognition
probabilities according to the dimensional features of
targets in digital images (including those obtained from
multi-channel sightseeing systems of armored vehicles).
Based on the proposed method, we developed success
criteria for accomplishing visual tasks of target
detection and recognition, which can be implemented
using brightness data tables of digital images.

The application of these criteria to specific images
enables automated filtering of low-quality digital imagery at
the input stage, before initiating the process of Al-based
target search and recognition. This approach can
significantly reduce image-processing time, improve
recognition efficiency, and minimize false detections.

To verify the theoretical results obtained, we
conducted an experimental study involving the collection of
digital images of the T-64BV main battle tank at various
distances using different imaging devices. For the images
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acquired with a digital camera at a 1x zoom level, we
calculated — from the quantitative data of the image
brightness tables — the probability of target detection based
on its size and the probability of recognition based on the
dimensions of its signatures as functions of distance to the
target. The agreement between the 50% success criterion
(for detection and recognition probability) and the visual
analysis of the experimental images confirms the adequacy
and reliability of the proposed approach.
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METO/ OIIHKY HMOBIPHOCTE BUSIBJIEHHSI TA PO3II3HABAHHSI HIJIEM 3A IXHIMA
NPUKMETHHUMHU PO3SMIPHUMH O3HAKAMHU HA IM®POBUX 30BPAKEHHSAX 3 ITPULIJIBHO-
CIIOCTEPEXHOI'O KOMIUIEKCY 3PA3KIB BPOHETAHKOBOI'O O3bPOE€HHA

T.M. Crax, JI.€. Xaycros, B.P. baran, f.€. Xaycros, O.A. Kupnuyk, }0.A. Hactumma

CmpimKuil po3eumox mexHon02ii Komn 1omepHo2o bauenns ma wmyunoz2o inmenexmy (L) 6iokpus HO8I MOdCIUBOCHIE Oist
MOHImMopuHey noasi 6010 Yy pexlCUMi peanrbHo20 4Yacy, B00HOYAC CMEOPUBUIU Npodnemy eekmusHozo 6i0bopy 3HAUYWUX
€1EeKMPOHHUX 300padCerb cepeo 2ieanmcbKux Macusie 0anux. Y pobomi po3enanymo 3a0aqy agmomMamu308anoi OYiHKu AKOCHi
si0o0padicenst yini na erexmponnux 30opasicentsx (ABLHE3) onsn niosuwens epexmueHocmi GUAGLEHHS MA PO3NIZHABAHHSI
030poenns i siiicbkosoi mexuiku (OBT). Ha ocHo8I 3anpononoeanoi cucmemu iHOeKcie npukmemnocmi yini 3a i posmipHumu
O3HAKAMU ™A MEOPEMUUHO BUBEOEHUX AHANIMUYHUX 3ALEHCHOCMEN UMOGIDHOCMEN GUABNIEHHS A PO3NI3HABAHHA YiNi 6i0
Po3mipie il ceoMeMPUYHUX CUSHAMYP 3aNPONOHOBAHO MemOO GUAGNEHHS MA PO3NIZHASAHHA YiNlell 3a IXHIMU NPUKMEmHUMU
PO3MIpHUMU O3HAKaMU. 3anpononosanuti memoo 0036014€ KinbkicHo sumiprosamu ABLHE3 3a ii posmipuumu npuxmemuumu
O3HAKAMU Ma 88eCcmu Kpumepii YyCniuHOCMi 6UKOHAHHS GI3YANIbHUX 34044 BUSGNIEHHS MA PO3Ni3HABaHHs yini Ha ocnosi 50%
nop02068020 3HAUEHHS UMOSIpHOCMEll 8uAsNeHHs ma posnisnasanns. Ilokazano, wo nuue mi 300padicents, sAKi 8ionogioaroms
KpUmepiam YCniluHOCMi GUKOHAHHS 8I3YANbHUX 3A0a, MOXCYMb 68ANCAMUC NPUOAMHUMU Ol NOOATbULOT 0OPOOKU 3acobamu
LI ona posniznaganma yineul, wo 0038018€ 3HUSUMU KITbKICMb XUOHUX PO3NIZHABAHD.

Ocobnugy ysazy npudiieHo npoyecy po3ni3HA6aHHs K NPOMINCHOMY emany 360py iHgopmayii npo yine. 3anpononosarno
guKopucmogysamu ceomempuini npukmemui o3naxu 3paskie OBT ax cuenamypu ixnvozco posniznaganus. Teopemuuno eugeoeno
AHANIMUYHY 3ATIeHCHICMb UMOBIPHOCII PO3NIZHABAHMA 3A POIMIPAMU CUSHAMYD A BUSHAYEHO KPUMEPIU YCNIUWHOCTI GUKOHAHHS
8i3yanvHoi 3a0aui posniznasanns yini. Taxuil nioxio 3HAYHO 3HUIICYE KINbKICMb XUOHUX i0enmugbikayitl 06 ekmié Ha 300padicenHi,
wo He 3abesneuyioms ons LU oocmammuio ABLHE3.

Tpaxmuyna peanizayis memody NPOOEMOHCMPOSAHA HA eKCHEPUMEHMANbHUX OAHUX, OMPUMAHUX ONAd 300padceHdb
0CHO8HO20 60oti060c0 manka T-645B, 3ibpanux y nonvosux ymosax. 3o6pasicenns peccmpysanucs yugposoio gomokamepoio na
Ppi3Hux iocmansx 00 yini. {1 HUX 6U3HAYEHO UMOBIPHOCII GUSI6ICHHSL 30 3A2AIbHUMU PO3MIpaMu yii K 06°’cxma inmepecy ma
PO3NI3HABANHS 34 aHizoMempiclo opmu I posmipamu XapakmepHux cueHamyp. Pezyiomamu niomeepounu yzeoooicenicmo
meopemuiHo po3pobieHux Kpumepiia i3 6i3yanbHUM aHWII30M.

[Ipakmuune 3nauenns pobomu NONAAE y CMBOPEHHI OCHO8 Ol ABMOMAMU308AHO20 BI0OOPY AKICHUX eNeKMmpPOHHUX
300padicens 6e3 yuacmi onepamopa, wjo 0ae 3Mo2y CYmme8o 3HU3UMU 00csie OaHuX, Ki 00poOIAIOMbCsl, NIOBUWUMU MOYHICMb |
WBUOKICMb pobomu cucmem KOMN IOMEPHO20 OaUeHHs MAa 3MEHWUmY KilbKiCmb XUOHUX posnisnasanbv. Ilepcnexmusnumu
HAnpsAMamu nooanbluux OO0CTIONCEHb € POUUPEHHST MEMOOUKY HA MENI0BI3IUHI 300PAadCeH s MA GUKOPUCAHHA YUDPOBUX
300paicens OISl GUSHAUEHHS! 8BIOCIMAaHI 00 Yili 3a po3Mipamu il cueHamyp Ha Yyu@dposux 300PadiCeHHsX.

Knrouosi cnosa: 36ip oanux npo yins, yugpose 300pasicentsi, 0OpoOKa 300padceHb, KOMILEKCYBAHHA 300PANCEHb, WNTYYHULL
iHmenekm, GUOUMICHb, NPUKMEMHICIb 3G NEGHON O3HAKOW, NOMIMHICMb YiNl, 6UAGNEHHSA, PO3NIZHABAHHS, I0eHmugikayis,
Ppo36i0Ka, 00 'exm, 6e3NINOMHUL TIMATLHUL ANApam.

© Crax T.M., XaycroB JI.€., baran B.P., XaycroB f1.€., Kupruayk O.A., Hactumms 10.A.
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C.O. Tumko™*, 0.0. JlaBpyr?, B.M. 3aika’, B.B. ITycrosapos®

! Neporcasnuii nayrkoso-ooctionul incmumym eunpobyeans i cepmugikayii 036pocHHs ma 8iiicbkosoi
mexniku Yxpainu, Yepxacu

2 Hayionanvua axademisn cyxonymuux giticok imeni ecemovmana Ilempa Caeatioaunoeo, Jlv6ie
3[Hcmumym npobaem mooentosants 6 enepeemuyi im. I'.€. I[lyxosa HAH Ykpainu, Kuis

METO/J 3ABE3INEYEHHSI HEOBXITHO1 TOYHOCTI CI/IHXPQHBAHIi IIKAJI
YACY CTAHLIA PAJIOHABIT'AIINMHOI JIOKAJIBHOI MEPEXKI
BE3NIJIOTHUX KOMIIJIEKCIB

IIposedeno ananiz idomux cmpamezitl 3aCTMOCY8AHHS HA3EMHUX PYXOMUX OE3NiIOMHUX CUCeM, WO 3HATIULTU
Hauobiblie PO3N06CIO0JNCEHH HA menepiwHit yac. [[o HaunowupeHiuwol cmpameeii 3acmocysanHs GIOHECeHO
BUKOHAHHS MICIT (3a0aui) IHOUBIOYAILHO KONCHUM PYXOMUM GUPOOOM Ni0 KEPYSAHHAM ONepamopa 3 6UKOPUCTHAHHIM
0BOCMOPOHHIX KaHaie 38 s13Ky. 3i cmanyii Kepy8aHHs mMa KOHMPOIO HA PYXOMUU 00 €KM nepedaromvbCs CUCHAIU
KepYBaHHs, . 8 360POMHOMY HANPAMKY HAOX00UmMb meiemempudna ingopmayis i gideocucnan. Busnaueni nedoniku,
SKI Cymmeso 8NauBaroOms HA MeXHIYHI XAPAKMEPUCUKU HA3EMHUX Oe3NIIOMHUX CUCMEM, 00YMOBIeHI 3a3HAUEHO
cmpameziclo  3acmocysanus. Bcemanosneno, wo o0onum i3 paxmopis, saxutl obmedcye peanizayito cmpamezii
a8monoMH020 (HANIBABMOHOMHO20) 3ACMOCYBANHA, € HEOOCMAMMIIL PiGeHb 3a6A003AXUEHOCE CUCTNEM HABI2AYIIHO20
3a0e3neyeHHsT Ha3eMHUX PYXOMUX Oe3niomHUX cucmem HA 0a3i GUKOPUCTNAHHA 2I00ANbHUX CYNYIMHUKOBUX padio-
Hagieayitinux cucmem. B axocmi amvmepHamugrHo2o nioxody O7ia peanizayii cucmemu HagieayitiHoeo 3abe3neyents
HA3eMHUX PYXOMUX Oe3NIIOMHUX cUCTneM 3anpOnOHO8AHO BUKOPUCIOBY8AMIU TOKAbHI padioHasgieayilini cucmemu, wo
peanizyioms KoOO8Ull NCe8000ANeKOMIPHUL MemoO BUSHAYEHHS HABI2AYIHUX XAPAKMepucmuk. 3anpononosana
MIHIMANBHA MUNOBA CMPYKMYpPa JOKANbHUX pAldioHagieayitinux cucmem. Ak memoo nopieHAHHA 4acmom 3a0aryux
2eHepamopie NPOnoOHYEMbCsl BUKOPUCTHOBY8AMU (ha308e NIONAUMYEAKHS Yacmomu. B sxocmi memooa Gusnayenms
posxoOdcenns ¢haz 3adaiouux 2cenepamopis (cmandapmis) Hasieayitinux cManyitl NPONOHYEMbC GUKOPUCTIAMU
KOpeAYIuHUL Memoo0 UMIPIOBAHHS (PA306020 3CY8Y 080X 2APMOHINIHUX CUCHAILE, 8 OCHOBI SIKO2O0 JIeHCUMb NOPIGHSIHHS
Gopmu cuenany, ompumMaHo2o WSAXOM NIOCYMYBAHHSL NICIS NPOBEOEHHs IX OB0HANIGNEPIOOHO20 NEePEemEOPeHHsl 3
Habopom emanonHux QyHKYiU. 3anponoHosana MamemMamuyua Mooelb peanizayii 0aHozo cnocoby 6UHAYEHHS!
G azo6020 3cysy. Busnaueni nooanvuui KpoKi 600CKOHANEHHS ICHYIOUOI CUCMEMU HABIZAYIIHO20 3A0e3NeUeHHS HAZEMHUX
pyxomux 6e3niiomnux 06 exmis.

Kntouosi cnosa: nasemna pyxoma 6Oe3niiomuma cucmema, mMepedlca HAgieayitino2o 3a6e3neyeHHtst, JTOKANbHA
padionagieayitina cucmema, Gazosuil 3¢y8, 08OHANIBNEPIOOHe NePemEOPEHHSL.

IMocranoBKa npoodaeMu TOJTITIEHCBKE TIEPECITiAYBAHHS), B MEANYHIN (I71s IpOBeE-
JICHHSI IOTJISITy 3a XBOPWMH, MIarHOCTYBAHHS 1 JIIKyBaHHS

XBOpOO), BilickKoBilt cdepi Ta Garatsox iHmmx [1].
Ha cporonHi HAWMONMIMPEHIMIO CTPATETIEIO 3aCTO-

Ha Temepimmiit 9ac po3mIsITaeTbesi MOMIHUBICTH
3aCTOCYBaHHS PYXOMHX OC3MIIOTHHX CHCTEM I Yac
TKBiMAIi HACIIIKIB HAI3BHYAHHIX CUTYaIliii (BUKOHAHHSI .
e CYBaHHA PYyXOMHX OE3MIJIOTHHX CHCTEM € CHCTeMa 3
MOIIYKOBUX Micil, JiKBiZamis Ta IONEpeKeHHs Hac- .

OZIHUM pYXOMHM Bupobom [2, 3]. Bukonye Miciro iHaun-
BiJlyaJJbHO KOXHHUH PYXOMHH BHUPIO MiJ] KepyBaHHSIM

oreparopa 3 BHKOPHUCTAHHSAM JBOCTOPOHHIX KaHAIIiB

JKIB HAJA3BUYAWHHUX CUTYallild, TaciHHSA IOXKEeK Ta
iHIIT), 3aXKCTy TPOMAICHKOrO MOPSAKY (ITOMIYK, Mmore-
PEIDKEHHST Ta MPUIMHEHHS MPOTH3aKOHHOI JisUIBHOCTI,

. 3B’S3Ky Tlepe/iadi CUTHaIB KepyBaHHS HAa pyXOMHUH Ta
MOIIYK Ta BWJIYYECHHS 3 00iry 3a00pOHEHHX PEYOBHH,
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TeneMeTpuyHOl iHpopMalii i BiIEONOTOKY 3 PyXOMOI'O
BUpOOy 1O oOrepaTopa, TOOTO peajli3yeTbCsi METOJ
HACKpI3HOTOo CHijKyBaHHS. Lle# minaxix Mae Tpu CyTTeBi
HEIOJIKH.

1) sKicTh 3B’S3Ky 3QJISKHUTH BiJl BifICTaHi Ta Xapak-
TEPUCTHK CEPENIOBUINA, B IKOMY BUKOHYE MiCif0 Oe3mi-
JIOTHWK, a TAKOXK BiJ penbedy micrieBocti [4];

2) MOBOJII BENMKHiIT 9ac BiATYKy OOMEXye IpPOH y
BUKOHAHHI 3aBJ]aHb, sKi MOTPEOYIOTh BIJTHOCHO BEIHKOI
Biacrani [5];

3) IpOH HEe MOXXE OIEPaTHBHO 3MIHIOBATH Mapa-
METPH PYXY, BYACHO TIOBJIOMIISITH IIPO CBIM TEXHIYHHIA
CTaH Ta HaJaBaTH TEIEMETPUYHY iH(OPMALLI0 Y BUIIAIKY
HEMOXJIMBOCTI TTepeaaBaTH iHQOpMaIlifo iICHYIOYMM KaHa-
JIOM, a B TIEBHHX BHIA/IKaX HEMOXIIMBICTb BiIUIPAIIOBATH
PEKHUM KTIOBEpPHEHHSI 110 oMy [6, 7].

Buxozsium 3 BUIIeHaBEAEHOTO, HAWOLIBII TTepCIIeK-
TUBHAM HamlpsIMOM peaizamii crocody 3acTOCyBaHHS
OE3MIOTHUKIB € PEeXNUM HAaNiBaBTOHOMHOTo abo aBTo-
HOMHOTO BHKOHaHHS Miciii B rpymi abo poi. OmHoro i3
TOJIOBHMX YMOB peajii3allii BKa3aHOTro NMPHUHIMITY 3acTo-
CyBaHHS OC3MIIOTHUX CHCTEM € 3a0e3IIeYeHHsI CTIHKOTO 3
MOTPiOHOIO TOYHICTIO HABIramiiHOTO 3a0€3IIeYeHHSI.

Haii6inpIn mommpeHnM mKepenoM OTpIMaHHS HaBi-
ramiiteol iHdopmaii s cCydacHUX Oe3IMUIOTHUX CHCTEM
€ KOMIUICKCYBaHHsI 1HEpI[IHOT HABIraI{iifHOI CUCTEMH 3
npuiiMadeM rI00albHUX CYIyTHUKOBUX DPaJiiOHABIraliin-
Hux cucteM. Lleit crocid otprmManHs HaBiraiiiHoi iHdop-
Malrlii 00yMOBJICHHIT THM, III0 METO/IH, TIOKJIaJIeHi B OCHOBY
peaizalii iHepIifHUX HaBIralifHAX CHCTEMH BH3HAYCHHSI
MiCIsl 3HAXO/DKEHHSI PYXOMHX 00 €KTiB, HAKOIMYYIOTh
MOXHOKyY 3 yacoM. J[i1sl mpoBeeHHsT KOPEKLil 1HepIiHHIX
HABIraI[ifHAX CHUCTEM BHUKOPHCTOBYETHCS HaBITaIliliHA
iH(OpMalist Bi 30BHIMIHIX JPKEPEN, A0 SKUX BIJHOCSTHCS
I7100aJIBHI CYITyTHUKOBI HaBIrarjiiiHi CHCTEMH.

Ha TtenepimmHiii 4Yac BHKOPHUCTOBYIOTHCSI HYOTHPH
r100aJIbHI CYITyTHHKOBI paJlioHaBiralliiiHi CUCTEMH, a came
Global Paositioning System (GPS), ITIOHACC, GALILEO
ta BeiDou. HaiiGinpmr mommpeHuii maxia BU3HAYECHHS
HaBIramiiHUX TapaMeTpiB 3 BHKOPHUCTAHHAM BKa3aHUX
CHCTEM — I1€ KOJIOBHHA IICEBI0JATICKOMIPHUN METOI,

CyTHICTD TICEBIONANEKOMIPHOTO METOAY BimO-
BimHO 110 [8] mosrae y BH3HAYEHHI BincTaHeH MiXk HaBi-
TaliifHIMU CYMYTHHUKAMHU 1 CHOXXHBA4YeM 3 IOJAJIbIINM
PO3paxyHKOM KOOPAMHAT CHOXKHMBaya. SIKIIO KOOpIAMHATH
CIIO)KMBaua OLIHIOIOTHCS 3a JIONIOMOIOK OJIHIET CYMyT-
HUKOBOI HaBIraIliiHOI CHCTEMH, TO MPH OJTHOMOMEHTHHUX
pO3paxyHKax TPHOX KOOPAMHAT 1 OIIHKUA PO3O1KHOCTI
IIKaJI 4acy CYITyTHHKa i IpUiiMaya IceBIoIalIeKOMiPHUM
METOJIOM HEOOXiJJHO 3HATU BIJICTaHI MK CIIOXKHBaueM i
MiHIMYM YOTHpMa HaBirauiiHumu cynmyrHukamu. Lli Bin-
CTaHI BUMIPIOIOTBECSI MK (ha30BUMHM IIEHTpaMH IIepesia-
BJILHOI aHTEHU HABIrAI[IHOTO CYIyTHHKA 1 MPUHMAaIILHOI

AHTECHH CIIOXKMBa4a 1 3aCTOCOBYIOTBCS JUIsl (POPMYBaHHS
YOTHUPHOX PIBHAHB, BUPILICHHS SKUX A€ OIHKY 3HAYCHBb
TPHOX KOOPIUHAT 1 PO3OLKHOCTI IITKAJ Jacy.

Ilepenana cymyrHHKOM iH(OpMALIS BKIIOYAE [IBi
CKJTaJIOBi: TICEBJOBHITAIKOBUM TaICKOMIpHMHA Ko («Bij-
MITKa JAIbHOCTI»), 3@ IOTIOMOrO0 SIKOTO BHMIPIOETHCSI
JIAJIBHICTh JI0 CYMYTHHKA; HaBiraliifHe MOBiIOMJICHH,
110 MICTUTh HEOOXi/THY criokuBaueBi iHpopmartiro. Hasi-
ramiiiHe MmoBiZoMIIeHHS (HOro CTpyKTypa i CKJIaa Ierio
Bigpisusioteess st pisaux CPHC) Brmowae B cebe
MOTOYHI KOOPIMHATH CyIMyTHHKA (eheMepun), TaHi mpo
CTaH (CpaBHICTB) i eNeMEHTH OpOIT BCIX CYMyTHHKIB
(Tak 3BaHM anbMaHAX), 3CyB MIKAJ Yacy CYyITyTHHKA Bif
cucTeMHOTO Yacy i cucremuoro vacy Big UTC (Coordinated
Universal Time — koopauHOBaHHM BCECBITHIN 4ac),
BiJIMiHY BUTIPOMiHIOBAHOI YaCTOTH Bi/{ HOMiHAIBGHOI TOLIO.
IIceBmoBHUIIaIKOBAH JATEKOMIPHUI KOI SIBISE COOORO
JTy’K€ JIOBTY TIOCTIIOBHICTh «iMIyNbCiB». Ll mocimos-
HICTh BWIUIIA€ 30BCIM BHITAJIKOBOIO, ajie¢ HACIIpaBi
(hopMyeThCs 3a IIJIKOM ITEBHIM 3aKoHOM. Lleii 3aKkoH 1 €
KomoM, Oe3 3HaHHSA SKOTO OTPHMATH iH(pOpMAIN 3i
CYIyTHHKa HEMOXJIMBO. HaBiramiiiHa amaparypa CIou-
BaviB CKJIAQIA€THCS 3 HABIramiHUX MpuiiMadviB i o0umc-
JIOBaNIbHUX TPHUCTPOIB, TPH3HAYEHHUX I OOpOOKHU
HaBiraiiifHux curuaiis. Lliero anapaTyporo BUKOHYIOThCS
0e33anuTHI BUMIPIOBaHHS IICEBAOJAJIBHOCTEH 1 paji-
aNbHUX MBUIKOCTEH CYIMYTHHKIB, @ TAaKOXX PO3PaxyHKH,
HEeoOXiJHI IS OTpUMaHHs HaBiramiHoi iHQopmari
KOpUCTYBa4YaMH.

OnHaK CyTTEBUM HEZOJIKOM CY4acHHX INTOOaIbHHX
CYITyTHUKOBHX CHCTEM € HEMOXIIHBICTH JOCTYIY 0 iX
iHpopMalii B NEBHMX yMOBax 3acTOCYBaHHs Oe€3IMiIOT-
HUX CHCTEM, HAMIPHKJIAJ, MiJ Yac BIUIHBY 3aCO0IB eJicK-
TPOMArHiTHOrO BUIIPOMIHIOBAaHHS, Y MiChKiil 3a0y/10Bi Ta
JIICOBI# MICIIEBOCTI.

Meta gocaixxkeHnb

3anpornoHyBaTH ajJbTCPHATUBHUN METOJ IpOBe-
JICHHS KOpEeTryBaHHS IOKAa3iB IHEpIiiHOiI HaBiramiiHOI
CHCTEMH 13 3aCTOCYBaHHSIM JIOKAJIBHOI pajiOHaBiramiii-
HOI MEpexi, Ska MOXKe po3ropTaTrcs Ha 0a3i TeXHITHUX
3aco0iB ICHYIOYOI CHCTeMH BHaadi JUQepeHIiiHIX
MOMPaBOK Ta KopropatuBHuX craniiii LTE (Long Term
Evolution — crargapt 6e3ApOTOBOrO MIMPOKOCM yTOBOTO
3B’SI3Ky) 3B’s13Ky. BHKOpHCTaHHS I[bOTO MMIXOAy BUAAYH
TIONPaBOK J0 1HEpLiHHOT HaBiraliiiHOI CUCTEMHU J103BO-
JIMTh OpPTaHi30BYBATH aBTOMATHYHHM (HAITIBABTOMATHY-
HUIA) PeXKUM KEpyBaHHS HA3eMHUMHE OE3MIOTHUMH CHC-
TeMaMU Ta 3HU3UTh BUTPATH Ha CTBOPEHHS CHCTEM
niepeqiadi CUTHAJIIB KepyBaHHS Ta BiJEONOTOKY, OpTraHi-
30ByBaTH OUIBIN BiJyiasieHi Micii Ha pi3HHX penbedax
MICIIEBOCTI, 110 PUBEJIE JI0 3HIDKEHHS BUTPAT HA EKCILTY-
aTarfiro Ha3eMHUX OE3IJIOTHUX KOMILIEKCIB.

© Tumxo C.O., Jlaspyt O.0., 3aika B.M., ITyctoBapos B.B.
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Bukisag ocHOBHOro Martepiany

B sikocTi anbTepHATHBHOTO MiIXOMy JUIS OpraHi3a-
mii HaBiramiiiHoro 3a0e3meueHHs O€3MIJIOTHUX CHUCTEM
MPOIIOHYEThCS BUKOPUCTAHHS JIOKAIBHUX HA3EMHHUX
pamioHaBIraIiifHUX CHUCTEM, IIO pPeali3yloTh KOIOBHMA
TICEBIONAIEKOMIPHUI METOZ BU3HAYCHHS HaBIraIliifHUX
XapaKTepUCTUK pyxy. JlokanbHi HaBiraiiiHi cucteMu
MPOIMOHYETHCSI PO3TOPTATH 3 BUKOPUCTAHHSIM 1CHYIOUOT
Mepexi CTaHlii Buaadi qudepeHLiiHUX IMONpaBoK 3
JIOOTPAIFOBAHHAM MOXUIMBOCTI  BHAYl  HaBIralfiiHuUX
KOJIOBHX TOBIZIOMJICHbB, SIKY JOIILHO JOMOBHHUTH JOMAT-
KOBHMH JIOKAJIbHUMH HABIFAIIMHUME CTAHI[SIMH, HAIIPHK-
Jaj, 3 BUKOPUCTAHHAM KOpIOpaTHBHUX cTaHmid LTE
3B’s13Ky. Bubip nanux 3aco0iB 00yMOBJICHUH HAasBHICTIO
B iXHBOMY CKJIaJli TIPEIEH31HHNX KBAHTOBHX (I[€31€BHX,
pyOinieBHX) cTaHAapTiB YacToTd. HasiBHUX JaHUX 3aCo-
0iB y CKJIaJli BUINCHABEICHUX TEXHIYHHX CHCTEM JI03BO-
JIMTH OpTaHi3yBaTH JIOKAJIbHY paJiiOHaBiramiiiHy cucremy.

Hai6inpm mommpeHuM METOIOM, IO 3HAWIIOB
[IMPOKE 3aCTOCYBAHHS B JIOKAJIBHHX CHCTEMax BHUJadi
HaBiramiiHoi iH(popMarii, € TIceBIOAANCKOMIPHII METOI.
CyTHICTh 3a3HAYCHOTO METOJY IOJISTa€ y BH3HAYCHHI
BIJICTAHEN MIX JIOKQJILHHMH HAaBITAllHHUMHK CTAHIUSIMHA
1 pyXOMHM 00’ €KTOM O€3MiJIOTHOr0 Ha3eMHOT0 KOMILIEKCY
3 TIONAIBIINM PO3paxyHKOM KOOpJHHAT 00’ekTa. Buxo-
JUIYM 3 TOTO, L0 KOOPIMHATH OE3MJIOTHOrO amapary,
OITIHIOIOTBCS 3a JIOIOMOTOI0 OJIHIET JIOKAJBHOI KOPIIOpa-
THUBHOI PaJiOHABITAIIIHOI CUCTEMH, TO MPU OTHOMOMCHT-
HHX PO3paxyHKax TPhOX KOOP/AMHAT 1 OLIHKK PO30IKHOCTI
IIKajJ 4Yacy JIOKaJbHOI Mepexi 1 mNpuiiMaya IceBio-
JTAJICKOMiIpHHM METOZIOM HEOOXiHO 3HATH BiJCTaHI MiX
0e3MUIOTHIM amapaTtoM i MiHIMyM YOTHpMa HaBiramiii-
HUMH cTaHIissMi. LI Bifcrani BUMIprOIOTECS Mik (paso-
BUMH IICHTPAMH TepeaBalbHOI AHTCHW HaBITamiiHOI
cTaHMii i mpuiiManbHOI aHTEeHN OE3MIJIOTHOrO amapara i
3aCTOCOBYIOThCA UIS (POPMYBAHHS YOTHPHOX PiBHSHB,
BHUPILICHHS SIKUX J]A€ OLIHKY 3HAYECHb TPHOX KOOPIUHAT
1 po301>KHOCTI IIIKaJ Yacy.

Sk BimOMO, MANBHICTH € PO3PAXYHKOBOIO BEITMYH-
HOIO 1 OOYHCIIOETHCS SIK TOOYTOK IIBUAKOCTI ITOITMPEHHS
CJIEKTPOMATHITHUX KOJHMBaHb 1 4acy, MPOTArOM SIKOTO
CHTHAJI HaBirauiiHoi craHuil 3a JiHIECO «HaBirauiiga
CTaHIlist — Oe3MUIOTHUI amapaT» JIOCsIrHe Oe3IiIOTHOro
anaparta. Lleit yac BUMIiproeThcsl B anapaTypi crioxxuBada
paioHaBiramifiHoi cucTeMu Ha OOpTy OE3IJIOTHOrO ara-
pata. BumipsiHe 3Ha4eHHs TCEBAOAANBHOCTI D, ; Bill
CroKMBaya 10 i-1 HaBiraiifiHoi CTaHI{il BU3HAYAETHCS
CIIiBBiTHOIIICHHSIM

D = ct;, (1)

meq i

Je t;— 4Yac MOIIMPEHHs CUTHANY 3a JiHielo «i-Ta HaBi-
ramiifHa CTaHIis — OC3MUIOTHWI amapaT» HA MOMCHT
MPOBEICHHSI HABITAI[IMHUX BU3HAYECHb;

C — IIBUIKICTh TONIMPEHHS ENEKTPOMArHiTHAX
XBIJIb B TIPOCTOPI.

BumenaBezeHe CriBBiTHOIICHHS Yepe3 BimoMi Koop-
muHaTH (X;, Y;, Z;) i-i HaBiramiiinoi crasmii Mo)KHa
3ammcath i koopaunata (X,Y, Z) 6esminoTHoro amapara:

Dmeqi = [(X - Xi)2 + (Y - YL)Z +
+(Z — Z-)Z]% @
L

Koopmunatu XY, Z cnokuBaua 3HaXOMSITHCS IIUIS-
XOM PO3B’SI3aHHS CHCTEMH 3 MIHIMyM TPHOX BHUIIICHABEIC-
HUX PIBHSHB JUTSI TPHOX HABIraIMHUAX CTAHIIM MPU TXHIX
BiJIOMHX KOOPJIUHATAX 1 BUMIPSIHUX IICCBIOATBHOCTSX.

OCKIIbKM [IKaJiM Yacy JIOKaJbHOI HaBiramiiHoi
Mepexi 1 mKajga 4acy Ha OOpTy OC3MIOTHOrO amapara
HECHHXPOHI30BaHi, TO MPY BH3HAYCHHI IICEBIOAATHHOC-
Tel Oyze moxubka uepe3 po30iKHOCTI KA yacy.

3 ypaxyBaHHSM OJHOMOMEHTHOCTI BHMipIOBaHHS
MICEBJI0/IANIBHOCTEH, a TAKOX CHHXPOHI3aIll KAl 4acy
HaBITaliHUX CTaHIIH MK c00010, pO30IXKHICTh IIKATH
Yacy CTaHIIIH i CIIOXMBaYa B MOMEHT BHU3HAYCHHS TICEB]I0-
AJBHOCTEN MOJKHA BBAXKaTH BEIMYMHOKO ITOCTIMHOIO,
ajie HEBIIOMOK. 3 ypaxyBaHHSM PO30KHOCTI MIKaIH
Yacy, 10 MPU3BOJIUTH IO MIOMUIKH A, BUMIpSHY Aajb-
HICTh MOJKHA 3aITHCATH

Dmeqi = [(X - Xi)z + (Y - Yz)Z +
+(Z — Z.)Z]% +h ®)
L T

VY wiii cucremi wotupu HeBimomux X,Y, Z Tta h;
Juist T BUpILIEHHS BXX€ HEOOXIJHO YOTHPH PiBHSHH,
TOOTO MOTPIOHO BH3HAYEHHS IICEBJIONAIBLHOCTEH, MpH-
HaliMHI 70 4 HaBiramiitHux ctanuid. OouucmoBay Oop-
TOBOTO TpHiiMaya OGe3repepBHO YHCEIHLHO BHUPILIYE IO
CHCTeMY PiBHSHb, BU3HAYAIOUH TPSIMOKYTHI KOOpAWHATH
1 IonpaBKy 710 OOPTOBMX IOIMHHKUKIB. B pe3ynbrarti poro
Ha 00pTy 00’€KTa 3aBXIU BiAOMHN TOUYHHUN Yac JOKAJIb-
HOI HaBITaIliiTHOI CUCTEMH.

Po30ixHICTh TIKaT Yacy MepeXxi HaBiraiiHUX CTaH-
iff 1 amapaTypd CIOKHBada HE € €IUHAM JDKEPEIIOM
MOMUIIOK TIPH BH3HAYEHHI IMceBAOAaNbHOCTEH. Tomy
JIOLTBHO TPOBOJMTH BPaxXyBaHHS MOXMOOK YaCTOTHO-
4acoBOoro 3abe3medeHHs], MOXHOOK depe3 OaraTompome-
HEBe MMOIMPEHHs CUTHANIIB HABIraliiHUX CTaHIIIN B MiCIli
NpuiioMy, IIyMIB NPUAMAIBHOTO KaHAy arapaTypu
CHOXKMBaya, II0 BCTAHOBJCHA HAa OOpTy OE3MiJIOTHOrO
armapara i HoXHOOK uepe3 MPUPOJIHI Ta HABMUCHI 3aBaIH.

AHani3 cyyacHUX NpuiiMaviB HaBiraliifHUX CHTHA-
JIiB TIOKa3ye, M0 3aBJaHHS 3MCHIICHHS MOXUOOK, 00y-
MOBJICHHX 0araTOIPOMEHEBICTIO MOMIMPEHHS CUTHAIIIB
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HaBITai{HUX CTAHIIH B MICIi IPUIIOMY, IIYMIB TIpHIi-
MAaJIbHOTO KaHAIly anapaTypy CIOXUBaYa, [0 BCTAHOB-
JieHa Ha OopTy Oe3MUTOTHOrO amapaTa i ITOXHOOK Yepes
MIPUPOAHI Ta HABMUCHI 3aBaJii, BUPIIICHA 3 BUKOPHUC-
TaHHSIM SIK aJITOPUTMIYHHX, TaK 1 amapaTypHUX PilIeHb.

Y Bumaaky poOOTH JIOKaJbHOI KOPHOPATUBHOL
pazioHaBiraIifHOl MepeXxi B peKuMi 6e3 JoCTymy J0 30B-
HIIHIX JDKEpeN eTAJIOHHUX YacTOT, 3 METOI0 3a0e3eyeH-
HSl BCTAHOBJICHOT'O PIBHSI TOYHOCTI CHHXPOHI3ALIIT IIIKaIH
Yacy HaBIralliiHUX CTaHIH, MPOIIOHYETHCS OPraHi3yBaTh
IpyHOBY Mipy YacTOTH 1 4acy Ha 0asi NpeueH31MHUX
KBaHTOBHUX CTaHJAPTIB YaCTOTH, 110, SIK IPABUIIO, BXOIATh
JI0 CKJIaJly TEXHIYHUX 3aC0O0IB CTaHIIiH, SIKi IIPOMOHYIOTHCS
JI0 0OCITYTOBYBaHHS IICBHOI TIJITHKH MICIICBOCTI.

Toni BUXOISIUM 3 BUICHABEACHOTO, MPOIOHYETHCSI
HACTYIHA CXeMa MNPOBEJCHHS BHU3HAYCHHS KOOPIAHMHAT
HA3eMHOr0 OE3MiJIOTHOIO KOMIUIEKCY, 3 CHUCTEMOIO CUH-
XpoHi3auii 6a30Bux craHuii (puc. 1).

Puc. 1. CTpykTypHa cxeMa JIOKAJIbLHOI
HaBirauiinoi mepexi

B skocTi MeTomy TOpIBHSHHS YacTOT 3aJar0unX
TCHEPaTOPiB TPOMOHYETHCS BHKOPHUCTOBYBATH (pa3oBe
I UTaIITyBaHHS 4acTOTH. B sikocTi MeTona BU3HAYEHHS
PO3XODKEHHsI (ha3 3a7alounx reHeparopiB (cTaHmapTiB)
HaBITALIfHAX CTAHIIIH POMOHYETHCS BUKOPUCTATH KOpe-
JSIIHUA METOJl BUMIpIOBaHHS (Da30BOro 3CYBY JABOX
TFapMOHIHHUX CUTHAJIIB, B OCHOBI SIKOT'O JISKHUTH IIOPIBHSIH-
Hs popMH CUTHATy OTPUMAHOTO IUISIXOM IiICYyMYyBaHHS

MCIs TPOBEJCHHS iX JBOHAMIBIIEPIOTHOTO IEPETBO-
peHHss 3 HabopoMm eTanmoHHMX (YHKIIH,
HaBeneHuit B [9].

Bubip uporo crocody Bu3HaueHHS (Pa30BOrO 3CYBY
00yMOBIICHHH THM, II0 HAWOLIBII IIOIIMPEHUM CITIOCOO0M

SIKUH

MOyl y nudpoBHX 3acobax 3B’s3Ky € (pazoBa MOIy-
JIsTITist 200 BUKOPUCTAHHSA i 3 1HIIMMHK BUIAMU MO,
3acrocyBaHHsI 1IbOrO MiAXOLY VIS BU3HAYCHHS (a30BOro
3CYBY JIO3BOJUTH 30OUIBLIMTH TOYHICTH BHUMIPIOBAHHS
NpU 3aCTOCYBaHHI HeCyuMx iH(OpPMAIHHMX CHTHANIB,
3MEHIIUTH YaC Ha MPOBEICHHS BUMiPIOBAHHSL.

Jlns BupillicHHs 3a3HA4YeHOI 3ajayi 3ampOITOHO-
BaHa MaTeMaTHYHA MOJENb peajizallii IbOro Crocody
BU3Ha4eHHs (hazoBoro 3cyBy. [Ipu cuHTE31 Mozesni BUKO-
PHUCTOBYEThCS. MaTeMaTHYHHI amapaTr Teopii oOpoOku
pe3ysbTaTiB (PaKTOPHOTO EKCIIEPUMEHTY, MaTEMaTHIHOI
CTaTUCTHKH, TpadiB, YHCIICHHIX METO/IIB MOIIYKY eKCTpe-
MyMiB. ['padiune npencraBieHHsT MaTeMaTHYHOT MOJIE
BU3HAYCHHS (ha30BOr0 3CYBY IBOX FAPMOHIYHMUX CHUTHA-
JIiB, B OCHOBI SIKOT'O JISKHUTH MTOPIBHIHHS (pOpMU CHTHATTY,
OTPHMAHOTO IUISIXOM MiACYMYBaHHS IiCIIS TIPOBEACHHS
iX IBOHAMIBIEPIOOHOTO MEPETBOPEHHS 3 HabOpoM eTa-
JOHHUX (YHKLINA 3 BUKOPUCTAHHSIM B SIKOCTI KPHUTEPIIO
30Iir BKa3aHUX (QYHKIIH MakcUMymy Koe(illieHT Kopers-
11, HaBeJIeHa Ha pUC. 2.

PosrnsiHemo OBl JIeTaNbHO MOPSIIOK BUPIIIECHHS
3a3HaueHOl BUMIipIOBaIbHOI 3a/1a4i. Ha BXimHui npucTpiit
1 HamxomuTh cUrHanm U, (t) Ta BXigHui mpucTpiid 2
HAJXOUTh CUTHAI U, (t). Bkasani curnamm ckmamato-
ThCS 3 TAapMOHIYHOTO CHTHAaNy, IO Hece HaBiramiiHy
iHpopmaliro, Ta Ha0Opy BHIIAJIKOBUX IIYMOBHX CHTHA-
miB. Cmyra npomyckaHHs (UIBTPIB HajalmTOBaHA Ha
4acTOTy T'apMOHIYHOTO CHTHaly, IO Hece HaBiramiiiHy
iH¢opmariito. ITicis BUKoHaHHS orepartii GpinbTpaii oTpy-
MaeMo Ha BUxozax Ginbtpy 1 curHan U (t) Ta ¢instpy 2
curHan Uy, (1).

3 METOI0 TOCSATHEHHS 301JIBIIEHHS TOYHOCTI BUMI-
PIOBaHHS, 32 PaXyHOK IMOKPAIIEHHS YyTIMBOCTI BHMIpIO-
BaHHS BENMYUHH (Ha30BOTO 3CYBY BXINHHMX TapMOHIYHUX
CHTHAJIIB, CHTHAIH Ug (t) Ta Ug, (t) HamxomsTh Ha BXOIH
migcwiroBaya 1 Tta migcwimrosada 2. Ha Buxomax 3as-
HaYEeHUX TPHUCTPOIB OTpUMaeMo curHamu U, (t) Ta u, (t),
aMILTITYJM BKa3aHUX CHTHAJIB BiJIPI3HAETHCS HE OibII
Hixk Ha 20 BiJICOTKIB.

[Ticnst mpoBeNEeHHS BUILIEBKA3aHKUX OIepalliif, MO)KHa
CTBEp/DKYBATH, 110 iCHYy€ JBa TapMOHIYHMX curHAH U, ()
i Uy (t), sxi MaroTh (pa3oBHUil 3CYB OAMH LIOAO IHIIOTO,
piBHMI A, sIKui HanexuTh iHTEpBaiy Bix 0 1o 2.
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: Bximnit npucrpiit 1 u () =0
iy () i =
— % dimapl —;I nizcnmosay | | — Jug (D]
: ug; (1) u, (1) -
: u ()
;
5 uy (1) AITT
T iy R /(¢
' Bxijunit npncrpiii 2 H uz(t)
Ugn2(t) i - Tuy(t)
= >.| dieTp2 » mizcnmosat2 |— [uz (®] /
: ug (1) ; U4 ()
OGYHCIOBATBHITT IPHCTPITT "— :
brox sruzatn P P
. . — ad 3 a 3
indopmauii ¢<{>p.\1}m'x oalp'n:ynon omT““Ok i
ll;‘:en|(‘4’1) uxd(‘pi) T '
BIHATEHIS J [
Keoltl (0. U500 (@9] — max | g
PospaxyHok PoapaxyHok Poapaxynok '
Ky [0 (00). U5 4 ()] uale) [ Ul. |

Puc. 2. T'padiune noganHss MaTeMaTHYHOI MojieJTi BH3HAUYeHHs Ga30BOro 3cyBy ABOX rapMOHIYHHX CHTHAJIB

Buxopsran 3 TOT0, 110 BUMIpIOBaHHS (ha30BOTO 3CYBY
BiJTHOCSITHCS JTO BiTHOCHMX BHMIipPIOBAaHb, HATIMIIIEMO 3MiHH
curHaimiB Uy (t) 1 u,(t), y Burisi:

u, (t) = Uy, cos( 2mft), 4)
U, (t) = U, cos( 2mft + Ap) (5)
me Upq, Upp, — ammmityma cursamie U (t) ta u,(t)
BIJIMIOBiAHO;
f= % — 4acTOoTa CHTHAJIB;

T — nepiop ciifyBaHHs CUTHAJIIB.

BigmosigHo mo (4) ta (5), yacoBi miarpamu st
nanux curHanis Uq (1) i U, (t), mo maroTh neBHuit daso-
BUii 3CYB OJMH OO IHIIOTO, Ha KYT, 3HAYCHHS SKOTO
TopiBHIOE A, HaBeNeHa Ha puc. 3a Ta puc. 30.

10§
s¢
0 2 3 6
- s¢
- 10&
-V
a

100T

o
(3]
.
(=}

-100™
o

Puc. 3. YacoBa aiarpama curuaiy,
a— ul(t)l 6— uZ(t)

ITicnsi BAKOHAHHS BHINE3a3HAYCHUX OICpallii CUr-
Haiu U (1) i u,(t) HagxomsTh [0 IBOHAMIBIIEPiOTHUX
mepeTBoproBaviB. Ha BUXoOmax mepeTBOpIOBaYiB OTPH-
MAa€EMO CUTHAJIHU:

Ul () = [u; ()] = Uy, cos(2nft)] (6)

Uy () = lu, ()] = [Up; cos(2nft +a@)l  (7)

Yacosa aiarpama i JaHHX CHTHAJIIB HaBEICHA Ha
puc. 4datado.
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8Q T T T Ulmin + Ulmin B U2min t+
t1.2
Uimin + Uzmi
/ 1min 2min
a0 -1 + (Ulmax - f) x
x sin(f, ,t)
aa ), St <t
40 -1 Ug(t) =9 A U ! U z (8)
2min — “Y1min
U2min t t+
21
Usmin + Uimi
o) = - / 2min 1min
N + (UZmax - 2 ) x
x sin(f, ;1)
A 1 1 1 \ g t, <t <t
- N al 4 A . tee
0 - 4 ¢ ne Uimin 1 Upmin— TOYkM po3puBy (QyHKIIT Ha
. . T
a inTepadi Bix 0 o >
A N
100 T tmax = (U1 +Upn) COSTqJ -  JOKaJbHUN
MaKCHMyM Ha iHTepBaii yacy t; <t <t,;
. A N
80r Usmax = Um1 + Upy) SII’\T‘p —  JIOKaIbHMH
MaKCHMyM Ha iHTepBaii gacy t, <t <'t;.
60 Curnan ug (t) HamXOOMTH HA BXiJ aHAIOTOBO-LH(-
poBoro meperBoproBaya. Ha BXin 3amycky nepeTBopro-
20k Baya HAJXOIUTh CHTHAJ MOYaTKy aHAJIOrOBO-IH(POBOro
HepeTBOpeHHs 3a yMoBH U, (t) = O mpu mepexoni Bix
BIJI’€MHOT'0O 3HAYE€HHS 0 IMO3UTUBHOTO 3HaueHHA. Orre-
207 paIlist aHaJIOrOBO-II(PPOBOTO TIEPETBOPEHHS 3aKIHIYETHCS
3a ymoBH U;(t) =0 mpm mepexomi Bif MO3WTHBHOIO
0 '\ 3HAYEHHS 110 Bix'emHOr0. Bimmogimto 1o [10], otprmaemo
0 - BEKTOPOM MHUTTEBHX 3HaueHb Uy, (t;).
0

Puc. 4. YacoBa miarpama cHrHaJIiB:
a—uy(t); 6- uy(t)

3 BHXOIIB JBOHANIBIEPIOJHUX IEPETBOPIOBAUIB
/ 4
curHanmu U (t) i u,(t) HagXoIATH HAa BXOIU CyMaropa,
. /
Ha BUXOJ[i CyMaTOpa OTPHMAEMO CHTHAN Uy (t), yacosa
JiarpaMa sKOro HaBe/IeHa Ha pHC. 5

160

140

120

100

80

Umin.l i
1 ! ) t1

0 1 2 3

60

. .
Puc. 5. Yacosa piarpama curnaiis uy (t)

Ta onucyeThCsl HACTYITHUM CITiBBiJHOIIICHHSIM |

! p—

Upa(t) = (Up, Uz, Ui Uy), 9)

. / o
ne U; — MuTTeBi 3Ha4Yenns curHany Uy (t) B i-if MoMeHT
qacy,
N — KUIBKICTh BIUTIKIB, OTPUMAaHKX TPH NPOBEICHHI
/

aHAJIOTOBO-IIM(POBOTO MEPEeTBOPEHHs cHTrHaNy Uy (t) Ha
. . T
inTepBaii Big 0 1o >

Bexrop Uy ,(t;) Haaxomuts y oGumcmoBanbHHUit

NPUCTPIiH, JIe MO BiJOMHUX 3HAYCHHSX YACTOTHU IUCKpe-

Tu3ailii fy Ta KinbKOCTI BiUTIKIB N OOYUCITIOETHCS TIEPIO

/ .
curnany Uy (t) HACTYHMM CHiBBiHOIIEHHAM

T n
TZ = > = a = nAt. (]_O)

3 METOI0 CTPOIIEHHS TIPOIEAYPU BU3HAUEHH A@
TIPOBOJIMTBCSA Mepexij Bix Bektopa Uy ,(t;) 10 BexTopa
Bi/UTiKiB 110 (asi Uy ,(@;), A1 4Oro BU3HAYAETHCS KPOK

JUCKpeTH3allii mo ¢asi A@p, 32 BiIOMUM 3HAYCHHSIM Ty

3 BUKOPHCTAHHSIM HACTYITHOTO CITiBBiHOIICHHSI
At- 2T

App = T (11)

JInst 3MEHIIIEHHsT METOAWYHOI CKIaJ0BOI MOXUOKH

BUMIPIOBaHHS MIPOBOJIUTHCSI HOPMYBaHHST MUTTEBHX 3HA-
/

Imid’
SIKE PO3PAXOBYETHCS 3 BUKOPUCTAHHSIM CITiBBITHOIICHHS

n
/ _ 1
UEmid - HZ U;
i=1

yeHb BekTopa Uy, (¢;) /10 cepeboro 3Hauenns U

(12)
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Toxi HopmoBana dynkuis Uy ,,(¢@;) Gyne maru
BUTJISL

7 ( ) Ul Ul Ul’l
u (p = LRI [}
> an \W'i / / /
UZmid UZlmid UEmid (13)
= (Ul.nl U2.nl e Ui.n' e Un.n)

Awmrmritynu cursaiis Ug (1) i U, (t) Gmuseki, Tomi y
AKOCTi  €TaloOHHOTO BekTopa Uy . (;) mporoHyeThes

BUKOPHCTATH (YHKIIFO CyMapHOTO CUTHAIY, OTPUMAHO-
ro Imicisl MPOBEJCHHS HaIiBIBOINEPIOAHOIO IIEPETBO-
PEHHsI 32 YMOBH piBHOCTI aMILTiTya U e, BIIOBIIHO 10
BiTIKIB 10 (pasi. /st po3paxyHKy €leMEHTIB eTaIOHHOTO
BeKTOpa Uy . ((;) PO3PaxOBYeThCA 3 BHUKOPHCTAHHAM
BUpa3y

Uy (@) =
Ue.min + (Uelmax - Ue.min) X

Con((

g 0 < @ <m—Ag

Ue.min + (UeZmax - Ue.min) x

x sin ((%‘”) (9, — (- A¢))>

o m—Ap <@ <m

(14)

1€ Ugmin = Upe SINA@ — 3HAYEHHS TOYKH PO3PHBY
etanonHoi (yHKIIT Ha iHTepBani Bijx 0 10 T;

Uetmax = 2Ume COS(2AQ) —MakcHMasIbHE 3HAYCHHS
eranonnol ¢pyukuii Ha inTepBai 0 < @; < T — Ag;

Uezmax = 2Ume SIN(2A@) — MakcumanbHe 3HAYCHHS
erajoHHOl QyHKIIT Ha iHTepBayi T — A < @; < T.

[TpoBiBIIM PO3paXyHOK IO BHIICHABEACHOTO BHPa3y
JUIsl KOXKHOTO 3Ha4Y€HHs (p;, TIPH NEBHOMY 3Ha4eHHi (a3o-
BOro 3CyBy A@ Ta BHKOHABIIM HOPMYBaHHS JIO0 cepell-
HBOTO 3HAYCHHS j-i eTaNoHHOI (YHKIIi, sIKe BH3HAYA-
€THCS CIIBBI THOIIICHHSIM

- _ 1 n
Umid ej T pai=1 Ui.e.jl (15)
OTPUMA€EMO BEKTOP HOPMOBAHOI €TaJIOHHOI (yHKIIIT

/
Usen;j (@) == (Upej Uz Ui Une ) (16)

Toni 3 ypaxyBaHHAM BHIIE BHKIJIAQJICHOTO ITOCTa-
HOBKY 3a/a4i BH3HA4YeHHS (a30BOTO 3CyBY TapMOHIY-
HUX curHAmiB U (t) i U, (t) chopmymoemo HacTymHEM
YMHOM: 31 BCI€i MHOXXWHH HOPMOBAHHX €TAJIOHHUX (YHK-

o/ . . /
Wit Uy, (@) BuGpatn TaKxy, j-ry GyHKuir0, Uy, .(¢;) =

(UiejiUzeji- - Uieje - Upej), fka Hallbinbm  1oBHO
Bi/IMOBiTa€  HOpMOBaHOMY  curHaly Uy q,(@;) =
(Ul.nv U2.na e UiAn' v Un.n)'

B sikocTi mokasHMKa CTyneHst 30iry JeKUIbKOX Juc-
KpeTHUX (DYHKIIIH 3HAXOMTH IIIMPOKE 3aCTOCYBAHHS Taka
BEJTUUHHA, SIK KoehimieHT Kopesrii. CriBBiTHOIICHHS IS

BHM3HAYEHHS BKA3AHOI BENUYMHH U1 BEKTOPIB u;en (@;)
Ta U, 4, () Gyze Matu B
Ky (U en (02). Us 4n (@1)] =
S21(Uie; = Umige) - Uin= Ugimia)

— /
n _ 2 |yn _ 2
\/Zi=1(Ui.e.j Umide.j) \/Zi=1(ui.n Ugmid)
3  ypaxyBaHHsM BHILICBUKIAICHOIO 3ayBa)KCHHSI
BUMIPIOBAJIbHY 3a/iady BH3HaueHHs (Da3oBOro 3cyBy A
curHamB U, (t) Ta u,(t) cHOPMYIIOEMO HACTYITHUM
YUHOM: 3 ycl€l MHOYKMHH eTaJoHHMX (yHKwii ¢azoBoro

3CYBY BHOEPEMO TaKy j-Ty (YHKIIiIO ugenj (1), s1xa 3a6e3-

IIEYUTh MaKCHUMaJlbHE 3HA4YeHHsS KoeillieHTa KOpelsil
MiJK JTACKDETHHM HOPMOBaHMM curHanmoMm Uy . (@;) i

HEr0, TOOTO

Kaj [Ugen,- (91, Uy an ((Pi)] - max

INomyk MakcuMallbHE 3HAYCHHS KOC(illieHTa Kope-
TSIl TIPOBOJUTH 3 BHUKOPUCTAHHSIM METOMA 30JI0TOTO
TICPETHHY.

AJITOpPUTM 3HaXOMKEHHS MaKCHMyMy KoedilieHTa
KOPEJAIi METOOM 30JI0TOTO TEPETHHY Ma€ HACTYITHHA
BULJISIT

INonepenHiii erar.

BusHaveHHST TOIYCTUMOi KiHIIEBOI TOB)KUHH HEBH3-
HaveHocTi |.

Bubip MiHIManbHOTO 3HAYEHHS JIAHOTO MMOKa3HUKA
nependavaeTbCss MPOBOAUTH BUXOASYM 3 BUMOT JIO
MOXHMOKHM PILlIeHHs 3a7adl BUMIpIOBaHHS (pa3oBOro 3cyy,
BPaxOBYIOYH TOYHOCTHI XapaKTEPUCTUKH TEXHIYHUX 3aCO-
0iB, sIKi 3aisHI B TPOIIECI MPOBEACHHS aHAJIOTrOBO-IU(-
POBOro MEPETBOPCHHS CHI'HATY Ta JTOJATKOBUX OIEpAaIlii,
MOXHUOKAMH OKPYTJICHHS TIPY MPOBEICHHI 00YHCITFOBAHb.

Sk BHIHO 3 YMOBH TIPOBEJICHHS BUMIiprOBaHHS (ha3o-
BOTO 3CYBY 1 TIEPENiKy OIeEpalliii MepeTBOPESHHS BXiTHHUX
rapMoHiliaux curnanis U; (t) i u,(t), mouarkoBum inrep-
BAJIOM HEBU3HAYEHOCTI € inTeppa, pisauii [0, [ pagian.

JIOBXXMHY HOBOTO iHTEpPBAITY HEBU3HAYCHOCTI IS
TepIIoi itepanii BU3HAYMMO 3 BHUKOPHCTAHHSM CIIIBBIf-
HOIIICHB, HaBeeHuX B [11]:

Agry=(1—a) m (17)
Ap =a-m (18)
Jie 0. — KOeII[€eHT, sIKUii IexuTh B iHTepBani 0 < o < 1.
Jlnst  TpOBEIGHHS — PO3PAXYHKIB  PEKOMEHAYIOTh
o =0,618.

IMpoBecTn po3paxyHOK 3HAYeHHS Koe(ilieHTa
/ .
kopermii K, [u'z an(@), U5, (@)] mix  BekTopom
Uy 4 (@1) Ta etanonnoro dymnkrtiero ugenj (@) 3a ymoBH,
mo ¢a3zoBuil 3cyB OOpIBHIOE A, 4,
/ .

Kul[u’Z;m (1), Ugenps (¢1)], 32 ymoBu, mo daszosuii 3cys
nopieHioe A@,;; 3 BUKOPMCTaHHAM CriiBBigHouIeHHs (11)
i(14).

Ta 3HA4YCHHA
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I /
O06uncIuMo K1 [UZ an (@), Ug, 4 ((pi)] Ta

Kyt [u'z an (@), ugenul((pi)], noknagemo, mo k=1, ta
nepeiieMo 10 OCHOBHOTO eTarly.

OcCHOBHHUIA eTarl.

Kpoxk 1. SIkmo A@y — A@,x < |, To 3ymunuTHCS
1 IPUIHATH, 110 3HAYCHHS (a30BOTO 3CYBY JIOPIBHIOE

_ A9y A,
Ap = S

, (19)

ne A@,, — NOYaTOK iHTEpBAIly HEBM3HAYEHOCTI Ha K-i
itepaltii;

A@, |, — KiHELb iHTEpBAIly HEBM3HAYEHOCTI Ha K-i
iTeparrii.

B iHIromy BHUMaaKy, sKIo

, /
Kia [Uz an (@), U504 ((Pi)] >

20
>Ku1 [UIZ dn ((pi)’ ugenul ((pl)] ( )

TO TIEPEUTH 710 KPOKY 3, SIKIIO

I /
KM [UZ dn ((pi)1 u):enm ((pi)] <

< Koy [0 4 (@0), Uegn (0] @D

TO TIEPEUTH 10 KPOKY 2.
Kpoxk 2. BuznaunTu:
AQ, (er1y = AP, o
AQy 141y = APy
AQ, (ka1) = AP (22)
AQ 1s1) = Alax + (AP, 1y gy
AQ, (es1y)-

’ /
OO6paxysatn K k11) [Uz an(@1), Usenp(k+1) ((Pi)]
Ta nepeiTn 10 Kpoky 4.
Kpoxk 3. BuzHauntu:

AQ, 41y = AP, 10
AQy er1)y = AP0
AQ, er1) = AP, (23)

A(P)L(k+1) = A(Pa.(k+1) *
a- a)(A(Pb.(k+1) - A(Pa.(k+1))'

O6paxysatu Ky 41) [U'z an (@), ugem(kﬂ) (CPi)] Ta
nepeiTa 10 KpoKy 4.

Kpok 4. 3aminmt Kk wa K+ 1 Ta mepeiitu 10
Kpoky 1.

3anpornoHoBaHUil METOA, HA BIAMIHY BiJ MOKa3a-
Horo B [9], mo3Boisie 3HM3UTH 4acoBi Ta (hiHAHCOBI
BUTPATH, 30UIBIINTH TOKA3HHUKH TOYHOCTI, a TaKOX
MiHIMI3yBaTH pO3MIpH €TaJIOHHOI MipH ()a30BOr0O 3CyBY
Ta HYJIb 1HIUKATOpa, 332 paXyHOK peajizamii ix y BipTy-
aNbHOMY BUIVIsIII. Tak BHXOMSYM 3 XapaKTEPUCTUK BisO-
MUX TMAKeTiB, M0 3HANIUTH NIMPOKE 3aCTOCYBAHHS IS

MoxemoBarast Mathcad, MATLAB, Electronics Workbench
BiJIOMO, III0 MO>KJIUBO TIPOBECTH PO3PAXyHKH 3 TOUHICTIO
10 16-ro 3Haka.

AmmTuBHWMIA c110ci0 00pOOKM HAMIPYT CUTHAIIB, MYITh-
TUIUTIKATUBHIN criocid oOpoOKu curHaiiB, (hazoMeTpu 3
nepeTBopeHHsAM [inpbepra mependadaroTh OIepariio
aBTOII [UTAIITYBAHHS PiBHIB CUTHAJIIB IO KOXKHOMY 3 BUMi-
proBajbHMAX KaHaniB. HasBHICTH 3a3HaueHOi omeparii
HPUBOIUTH O CYTTEBOIO YCKIIAAHEHHS BUMiPIOBAIBHHX
KaHaJiB, a BI/IMOBIIHO 1 CKJIAJIOBOI TIOXUOKH, sIKa CIIPHYH-
HeHa (a30BOIO aCHMETPI€l0 KaHAIIB Mepeayl CUrHaMIB,
a TaKOK HEOOX1THICTIO CHHXPOHI3aIIii oreparlii aHaJIoroBo-
111 (POBOTO MEPETBOPEHHSI.

Jlo HeoMiKiB 3aIpOIIOHOBAHOr0 CIIOCO0Y peaizaliii
KOMITEHCAIIHHOTO METO/y BUMipIOBAaHHSI CJIiJ| BiTHECTH,
IO [Jiarna3oH BUMIPIOBaHHsS (Pa30BOro 3CyBY 3HAXOAM-
Thesa B Mexax [0, [ pamian, oOMexkeHiCTH 4aCcTOTHOrO
niamasoHy, sika Oyne oOyMOBJIeHa XapaKTepUCTHKaMH
JIBOHAITIBIIEPIOAHOIO TepeTBoproBaya. Aje mei Qaxr
CYTT€EBO He BIUIMBAE HA BUPIIICHHS BUMIPIOBAJIbHOI 3a/1a4i
y HOpIBHSHHI 3 OTPUMaHUM NO3UTUBHUM edexrom. Lli
HEJIOJIIKA XapaKTepHi JJIs OUTBIIOCTI BiIOMHX METOJIB
BHUMIPIOBAHHS I1i€1 BETMINHU.

BucHoBku

Ha migcraBi mpoBeneHOro aHalizy iCHYIOUMX CHC-
TEM HaBiramiHOTo 3a0e3MeueHHs, 10 3HANIIUTN ITHPOKe
3aCTOCYBaHHS B HA3eMHHUX OE3IIOTHHX CHCTEMax, OyIo
BCTaHOBIICHO, 1110 JI0 1X CKJIaJy BXOAUThH Oe3ruiathopmHa
iHepllifiHa HaBiramiifHa cucTeMa, KOMIUIEKCOBaHA 3 PHIA-
MaueM IIO0ATbHUX CYITyTHUKOBUX paliOHaBIralliiHuX
cucreM. L5 koHOIrypalrist HaBirariHHOro 3a0€3MCYCHHIM
HA3eMHHX OC3MIIOTHUX CUCTEM HE JI03BOJISIE 3a0C3MEUNTH
OpraHi3allio PeXUMIB HaIliBABTOHOMHOT'O a00 aBTOHOM-
HOTO BUKOHAHHS MiCili B TpyIi a00 poi B YCiX MOXIIMBUX
YMOBaX iX 3aCTOCYBaHHSI. B SKOCTI aJbTEpPHATHBHOTO
MiIXOMy B OpraHizamii HaBiralfiifHOTO 3a0e3MeYeHHS
HA3eMHUX OC3MIJIOTHUX CHUCTEM 3alpONOHOBAHO BHKO-
PHCTOBYBATH JIOKaJbHI pajioHaBIraliifHi CHCTEMH, IO
OyIyrOTBCS 3 BUKOPUCTaHHSAM iCHYFOUOi MEPEXi CTaHIIH
BrUAa4l AudepeHiiHNK IOMPaBOK 3 JOOMPAIFOBAHHIM
MOKJIMBOCTI BHIa4l HABITaliMHUX KOIOBHMX ITOBIJIOMIIEHD,
SIKYy JIOIJIBHO JOTOBHUTH JOAATKOBUMH JIOKATbHHUMHU
HaBITaifHAMA CTAHIISMH, HANPHUKIAA, 3 BUKOPHUCTAH-
HSIM KOpIOpaTMBHUX CTaHIii LTE 3B’A3Ky, B OCHOBY
JIAHUX MEPEX MPOMOHYETHCS MOKIACTH KOIOBHH IICEBJIO-
JTAIEKOMipHHUIA METOI.

JI1st 3MEHIIICHHS CKJIaI0BOI ITOXHOKKM BH3HAYCHHS
KOOp/IMHAT, O0YMOBJICHO! PO30LKHICTIO IIIKAJT Yacy HaBi-
raiiifiHUX CTaHIi{, IPOIOHYEThCS OPraHi3yBaTH IPYHOBY
Mipy 4acTOTH 1 yacy Ha 0a3i MpereH3iHHNX KBaHTOBHX
CTaHJAPTIB YaCTOTH, L0 BXOAATH 10 CKJIATy TCXHIYHHX
3aco0iB CTaHIIH, SKi MPOMOHYIOTHCS 0 OOCITYrOBYBaHHS
MEBHOI JIJSTHKH MICIeBOCTI. J[Js1 BHUpINICHHSA IaHOI
3aJ1a4i 3aMporOHOBaHa MaTeMaTUYHA MOJICITh BU3HAUCHH S
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(a30BOTO 3CYBY JBOX FapMOHIYHHX CHTHAJIB, B OCHOBI
SIKOT'O JIKHTh MOPIBHAHHA (POPMU CHTHAITY, OTPUMAHOTO
IUITXOM MiJCYMYBaHHS ITICIIS TIPOBEICHHAS X JBOHAIIB-
TIEPiOTHOTO TIEPETBOPEHHS 3 HA0OOpOM €TATOHHHUX (YHK-
Iiif 3 BUKOPUCTAHHSM B SIKOCTI KPHTEPIr0 30iry BKa3aHIX
(GyHKIIIH MAaKCIMyMy Koe(iIlieHTa KOPEIISIIii.

3acToCyBaHHS 3alpONOHOBAHOIO METOLY I03BO-
JUTH 30UTBIIATH TOYHICTH BHUMIipPIOBAaHHS IPH 3aCTOCY-
BaHHI HeCcy4ux iH(OpMALIMHUX CUTHANIB, 3MEHILUTH Yac
Ha TPOBEJICHHs] BUMIpIOBaHHS. TaKkoxX 3amporoHOBaHHUN
METOJl BU3HAYEHHS Pi3HUIN (Ha30BOTO 3CYBY J03BOJHUTH
3HHU3MTH YacoBi Ta (hiHAHCOBI BHTPATH HA peasizallio
TPYNOBOI MipH YaCTOTH Ta 3a0€3MEUUTh TTOTPIOHHUI PIBEHB
CHHXPOHI3allil BHYTPIIIHIX IIKaJ 4acy 0a30BHX CTAHIIIMH.

HampsimoM monanpImx JOCHiKEHb € TEeXHiYHa
peaitizallisi Ta BIPOBA/KCHHS BKAa3aHHX MiJIXOIIB y HaBi-
raijiiine 3a0e3neyeHHs] OE3MJIOTHUX Ha3eMHHUX CHCTEM
JUIT MOXJIMBOCTI BHMKOHaHHS (QYHKIIl IUTaHyBaHHA 1
BUKOHAHHS MICii B aBTOHOMHOMY PEXHMi poOOTH, IO
JO3BONIUTH TIaTGopMam 3abe3meuyBaTH TPYMoOBE Ta
polioBe iX 3aCTOCYBaHHS.
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SYNTHESIS OF A LOCAL NETWORK FOR NAVIGATION SUPPORT OF GROUND UNMANNED COMPLEXES
BASED ON A CODE PSEUDOREMOTE METHOD

Sergiy Tyshko, Oleksandr Lavrut, Vasyl Zaika, Volodymyr Pustovarov

An analysis of known strategies for the use of ground-based mobile unmanned systems, which have found the greatest
distribution at the present time, has been carried out. The most widespread strategy of application includes the execution of a
mission individually by each mobile product under the control of an operator using two-way communication channels. Control
signals are transmitted from the command and control station to the mobile object, and telemetric information and a video signal
are received in the reverse direction. The shortcomings that significantly affect the technical characteristics of ground-based
unmanned systems are determined and are due to the specified application strategy. It has been established that one of the factors
limiting the implementation of the strategy of autonomous (semi-autonomous) application is the insufficient level of interference
protection of navigation support systems of ground-based mobile unmanned systems based on the use of global satellite radio
navigation systems. As an alternative approach to implementing a navigation support system for ground-based mobile unmanned
systems, it is proposed to use local radio navigation systems that implement a coded pseudo-range-finding method for
determining navigation characteristics. The minimum typical structure of local radio navigation systems is proposed. As a
method for comparing the frequencies of the master generators, it is proposed to use frequency phase interpolation. As a method
for determining the phase difference of the master generators (standards) of navigation stations, it is proposed to use a
correlation method for measuring the phase shift of two harmonic signals, which is based on comparing the waveform obtained
by summing after their two-half-period transformation with a set of reference functions. A mathematical model for implementing
this method for determining the phase shift is proposed. Further steps for improving the existing navigation support system for
ground-based mobile unmanned objects are determined.

Keywords: ground-based mobile unmanned system, network-navigation support, local radionavigation system, phase shift,
two-half-wavelength conversion.
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10.B. Hlabatypa, B.Jl. 3anunka

Hayionanvua axademis cyxonymnux 6ilicok imeni cemomana Ilempa Caeavioaunozo, JIv6ig

TEOPETUYHUI AHAJII3 JTUHAMIKHA HABEMHHUX POBOTU30BAHUX
KOMILJIEKCIB 3 BA'ATO®YHKINIOHAJIbBHUMHU MAHIITYJIATOPAMMA
B KPOKYIOHUOMY PEXHNMI

Ompumano nodanvuull po36UMoK O0CONCEHH HazeMHux pobomuszoeanux komnuexcie (HPK) wooo noxpa-
WeHHs ix MobinbHoCmi, 30Kpema i3 3aCMOCYSAHHAM HOB020 NIOX00Y, MAKO20 AK GUKOPUCMAHHA Oa2amo@yHK-
yionanvHux maninynsmopie (BM), saxi okpim ceoci ¢hynxyii maninymosanns npu Heobxionocmi (YyMosu ckiaoHo20
penveqhy, obmedcenull nPOCmip moujo) MowICyms GuKonysamu @yuxyiro nepemiwenns HPK y kpoxyiouomy abo
Konichomy pedicumi. IIlpoeedeno meopemuunuii ananiz ouvamiku HPK 3 BM y kpokyrouomy pedcumi i3 po3po6-
JIEHHAM BIONOBIOHUX 0A308UX CNIBGIOHOUIEHb. 30KpeMa OMPUMAHO 8i0N0GIOHI MAMEeMAMUYHi MOOei 05k MOMEHMI6
inepyii nanox BM ma 30ilicheno nepexio 6i0 KiHemamuku 00 OUHAMIKU 3 GUSHAYEHHAM GIONOGIOHUX Mampuyb.
Ompumarno 6aszoei cnisgionowenna ounamiku HPK 3 BEM y Kpokyrouomy pedicumi, wjo 0aioms 3mMo2y 3anucamu
DIBHAHHA [3 8UPA3AMU, WO MICMAMb KPYMHI MOMEHMU HA SUKOHA84UX Mexanizmax BM sax ¢yuxyii nonrodcenns,

WBUOKOCmI ma NPUCKOPEHHs 3 €OHAHb.

Knrouogi cnosa:. nazemuuii pobomuzoeanuii Komniexc, 0a2amo@yHKYiOHANbHUU MAHINYIsAMop, OUHAMIKA,

KPOKYIOUULL PEAHCUM.

IlocTanoBka nmpoodJemMu

[MepcriekTnBHI Ha3zeMHI POOOTHU30BAaHI KOMILUIEKCH
(HPK) 3 GaratoyHKIiOHATEHUMH MAaHIyIATOPaMH
(BM), sKi MOXYTh OKpiM (pyHKIii MaHiImyTOBaHHS, B
YMOBaX,
(GyHKIIT KpOKYIOUoro abo KOJICHOTO PyIilis, peasii3oBaHi
y ¢dopMi TeTparosia — YOTHPHHOTOi 1HXKEHEPHOi MOOLIb-
HOI CHCTEMHU, IO 00 €JTHYE €IIEMEHTH KOJICHOTO Ta Kpo-
KyIO4OTO MPUBOIB y €auHiil koHCTpyKIii [1]. OueBun-
HUM € T€, 10 NPH MOJI0aHHI IIEBHOI BiJICTaHI HA MUIAXY
HPK OynyTh SIK COpUSTIINBI, Tak 1 HECHPHUATINBI YMOBH
IS oro pyxy. SIKIIO yMOBH pyXy CHPHATIHBI (TBepae
MIOKPUTTS, IPyHTOBa JOpora Ta iHINA pIBHWHHA MicIe-
BicTh), TO Ge3ymoBHO kpame mis pyxy HPK, mio6
3a0e3MeUNTH HAJCKHY I[IBHUIKICTH, BUKOPHCTOBYBATH
KOJIICHHMI PYIIif, SIKIIO K HECTIPUATINBI (TIOPOTH, SIMH) —
kpokyrounmid. Takmii miaxin 3abesmeaye HPK Bucoky
aJanTUBHICTG [0 PI3HOMAHITHUX YMOB €KCIUTyaTallil,
BKJIIOYAIOYN CKJIAJHUN penbed) MICUEBOCTI, MEPEIIKOIH
Ta 0OMEXEeHHH TPOCTip. 3aBISKU Takiil riOpUIHIN CTPYK-
Typi, HPK 3 BM Moxe 3MiHIOBaTH PEKUMH PYXY 3aIEKHO
BiJl XapaKTepy CepellOBHII, 10 3HAYHO MiJBHIIYE edek-
THUBHICTh

o0 OOMEKYIOTh MOOUIBHICTB, BHKOHYBaTH

¢ynkuionyBannst HPK 3a npusHaueHHsM.

OyHnaMeHTaNbHUM (HaKTOPOM, IO BIUIMBAE HA OCOOIH-
BOCTI PyXy Ta BHUMOTH JI0 MAcO-TaDapUTHHUX MapameTpiB
HPK, € xona a6o crioci6 noxomoriii HPK, o nepenbauae
Y3rODKEHUH PyX PI3HHX CKJIQJIOBUX KIHIIIBOK 1 IUiar-
¢dopmu mpu mepemitienHi HPK i3 omsoro wmicus 1o
IHIIIOTO.

Ha nepmomy erani JocCiiPKEHHsI BApTO 30CEPEIUTH
yBary Ha BHUBYEHHI JMHAMIYHHX 0COOJIMBOCTEH (QyHKIIiO-
nyBanHsi HPK 3 BM y kpokyrouomy pexumi. Hespa-
JKarOYM Ha YHIBEpPCAJIBHICTH 3aKOHIB PYyXY TBEpJOIO Tijla
M1 €0 30BHIMIHIX CHJI 1 MOMEHTIB 3a7a4a BU3HAYEHHS
pyxy HPK 3 BM wMae ckimagHy HeNiHIHHY HpPUPOLY,
OCKIJTBKH 3QJICKUTH SIK BiJT (PiIKCOBAHMX, TaK 1 BiJl SMIHHHX
mapameTpiB cucteMu. Jlo (iKCOBaHMX TapaMerpiB Halle-
KATh CTPYKTYPHO-TEOMETPUYHI XapaKTepPUCTHKH ILIaT-
hopmm, 30KpemMa KOH]Irypalisi OMOPHHUX TOYOK, MaCOBO-
IHepIiffHI BIIACTUBOCTI Ta KiHEMaTHIHI OOMEXEeHHS.
3MiHHI MTapaMeTpy BKIIOYAOTH PEKUMH PyXy (Tak 3BaHi
“xomn”), SIKi BU3HAYAIOTH MOPSIOK i PHUTM IEPECyBaHHS
OIOPHUX €JIEMEHTIB. Y 3B’S3KYy 3 UM It epeKTHBHOTO
MOJEIIOBaHHS HeOOXiHO BHKOPHUCTOBYBATH aJalTHBHI
METO/IM YUCEIHLHOTO aHaITi3y, SKi JO3BOJISIFOTH OMKCYBATH
noBeninky HPK 3 BM B pi3Hux ymMoBax (yHKI[IOHYBaHHSI.
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TakuM 4MHOM, PO3pOOKAa TEOPETHYHUX MOJO0KEHb
(MaTemaTiuyHux Moxened) nunamikun HPK 3 BM y kpo-
KyI0OUOMY PEXKHMi, III0 BPaXxOBYIOTh 3MiHy MiX (azamu
KOHTAaKTY 1 IEPEHOCY OIOp, 3MiHY TOYKH HPHKIATaHHS
peaxiiii omopu, B3a€MOMI0 MK CHIIOBUMHU €JIEMEHTAMH
NPHBOJY Ta CEPEIOBHUIIEM, a TAKOXK JTOCIHIIXKESHHS OITH-
Mizamii kepyBanas pyxom HPK 3 BM, i3 ypaxyBaHHAM
CTablIbHOCTI, eHepreTHYHOI epeKTUBHOCTI Ta aganTaiii
JI0 30BHIIIHIX 30ypeHb € aKTyaJbHUMH Ta BOKIUBUMHU y
HAYKOBO-TEXHIYHOMY aCIEKTi.

AHaJIi3 0CTaHHIX J0CJTI/ZKeHb i myO TiKain

VY nonepeanix poborax [1; 2] sampomonoBaHO
X7 100 3a0e3MeueHHss 0araTo(yHKI[OHATBHOCTI
Mmaninysstopie HPK 3a paxyHok 3acTocyBaHHs TEXHOOT1T
Abenics [3], ski mpu cKIagHUX YMOBax pyXy MOXKYTb
MIEPEXOJUTH B PEXHUM KPOKYIOUOro abo KOIICHOrO pyIIis.
et migxia qo3Bomse maBummThH MooutbHICTE HPK. Po3-
po0IIeHO MaTeMaTHIHI MOJIEN, SIKi ONHCYIOTh KIHEMAaTHKy
HPK 3 BM B pexumi KpoKylO9oro i KOJICHOTO pyIIiiB
[4; 5], Ta mpoBeneHo 06’emHe MomemoBanHs HPK i3
3aCTOCYBaHHSIM BKa3aHOrO IiIXO/y B MPOrPaMHOMY cepe-
nosuii SolidWorks [6].

OmHak y momepeqHix poOoTax HE MPOBOAMIOCH
JOCIIKEHHS OO0 TEOPETHYHOTO aHaJi3y IIMHAMIKH
HPK 3 BM B KpoKylHO4OMY pEXHUMI.

MeTo10 cTATTi € NPOBEAEHHS TEOPETHUHOTO aHa-
ni3y nunamiku HPK 3 BM B kpokytouoMy pexumi i3 po3-
POOJICHHSIM BiAMOBITHUX 0A30BHX CITiBBiIHOIICHb.

Bukax oCHOBHOT0 MaTepiay

Inepuiiini xapakrepucTuku. Y nepuiomy Habiu-
JKCHHI KIHEMATHKa TETPAIOIHOI INTATPOPMHU OIUCYETHCS
TIOJIOXKEHHSM 1 OpIEHTAIiEI0 KOPIYCY BiHOCHO 0a30BOi
KOOP/IMHATHOI CHCTEMH, a TAKOXK ITOTIOKEHHSIM KO)KHOT'O
BM y mpocropi. OcHOBy Mojeidi CKJazae 3BOpOTHA
KiHEeMaTHKa - 00YMCIIEHHS TIOJIO’KeHB MIApHIPIB Ta JOBXKUH
naHok BM, BuUXomsuu 3 OaXaHOTO IOJOXKEHHS TOYKH
omnopu (kinneBoro edekropa BM). Ipu 11soMy BUKOpHC-
TOBYETbCSl CIIPOILEHE YsBAEHHS 11010 BM sk mpo
“KIHI[IBKH-MEXaHI3MI 3 0OMEKEHOIO KUIBKICTIO CTYIICHIB
BUTBHOCTI, III0 103BOJISIE 3a0€311eUnTH He0O0XiJHY MOOIITB-
wicth HPK. B anamisi crifikocti kpokyrodoro HPK 3
YOTUPMA KIHI[IBKAMH TPUHIIMIT PO3TANIYBAHHS MPOEKIIT
LIEHTPa MAac BiJTHOCHO ONOPHOI IUIOIII € KIOYOBUM, IS
3a0e3MeueHHs Horo cTabUIBHOCTI MiJ Yac pyXy Ta y CTaHi
crnokoro. Y Bumnagky HPK 3 yorupma kiHIiBKamu, KOJIH
BCl YOTHPH KIHIIIBKH 3HAXOMATHCS B KOHTAKTI 3 MOBEPX-
HEI0, BOHU YTBOPIOIOTH YOTHUPUKYTHY OIIOPHY ILIOILY.
YuM OliIbIna 1 IUIOLNA, THM OLIbIIA ITOTEHIIHA CTIMKICTE.

© [abarypa }0.B., 3anunka B. /1.

KinemaTH4HHI aHAITI3 J03BOJISIE: BU3HAYHTH JIOITYC-
THMI 0GacTi ToJaokeHHs orop (pobounii mpoctip BM);
TUTaHyBaTH Tpaekropii mepeMimenas BM y ¢asi mepe-
HOCY, OLIHIOBAaTH MO>KJIFBICTh JOCSITHEHHS Oa’kaHOi KOH-
¢irypamii Tima mmardgopmu HPK 3 BM 6e3 mopyureHas
KiHeMaTHUHUX OoOMekeHb [7]. OtpumaHa KiHeMaTHYHA
MOJIENb CIY)KUTUME OCHOBOIO JIJIsl TOOYIOBU JMHAMIYHOT
MOJIENll CHUCTeMH, B SIKIi YK€ BpPaxOBYIOThCS CHIIH,
MOMEHTH, MacOBO-1HEPIIIHI XapaKTEePUCTUKH, B3aEMOIis
3 OMOPHOIO MOBEPXHEI0 Ta 30BHIIIHI 30ypeHHs1. Moxiu-
BicTh pyxy Tpamuuiiinoro HPK o micueocti i3 ckiaz-
HHUM pEebeOM BU3HAYAETHCS THIIOM KiHEMATHYHOI CXEMHU
mraci, KUIbKICTIO BEy4uX KOJIC Ta MOTYXKHICTIO JBHUTI'YHA
npuBony. Lli XapakTepucTuku BUOMpAIOThCS TiJ dHac
po3podkn HPK Ta 3axnmanarorbest y mam’siTb OOPTOBOTO
KoHTpoJiepa (ueHTpanbHOro 6imoka kepysanns) HPK. V
pasi pyxy no moBepxHi cucrema opienranii HPK Bus-
Havyae KyTH HaxXwily pyllis. 3a iX 3HAYCHHAMH Ta 3a
BitoMuMH Xapaktepuctukamu pymiis Ta HPK anropurv
KEpyBaHHS PyXOM OILIHIOE MOXIMBICTH PyXy MO TaKid
MOBEPXHI Ta MPHUHAMAE PIIEHHS PO HOTO MPOJOBKECHHS
BU3HAYCHUM KYpCOM, UM OMUHAHHSI ITi€] TUTTHKH.

Y BHIamKy 3aCTOCYBaHHS TEXHOJOTIH INTYIHOTO
irTenekty st HPK 3 BM okpeciieHrx MOXIHBOCTEH HE
noctathbo, ampke HPK 3 BM kpim peanizauii Tpancmnopr-
HOT (DYHKIIiT 32 paxyHOK OCHOBHOT'O PYIIIist MOXe 11 37ikic-
HIOBaTH 1 32 PaxyHOK MaHIMyJsTOpIB Ta JIONATH mepe-
IIKOJH, @ He OMHMHATH iX. Takox CItiji BpaxoByBaTH, 1O i
cami BM noBHHHI Opi€eHTYBaTHCS B IPOCTOPI Ta BOJIOJITH
BIJIMOBITHUMH TAKTWJIBHUMH BITIYTTSMH, 00 HAJICKHAM
YYHOM BUKOHYBATH (DYHKIIIIO MaHIITyJFOBaHHSI.

Texuiunmii Burisim HPK 3 BM, sikuii Oynme mocii-
JOKYBATHCsI, HABENICHO Ha puc. 1.

[lepexin Big KiHEMaTWKH A0 JWMHAMIKHA y 3arajb-
HOMY BHUIIaJIKy BUMAarae BU3HAUCHHS 3arajbHOI MAaTPHII
macH, matputi Kopiomica, Marpuii rpaBiTamiiHuX cuil
Ta MOJEJ KOHTaKTHOI B3a€MO/Il, 110 3a IIEBHUX HaOIH-
JKeHb Oy/ie PO3TIISIHYTO JalIi.

Ha puc. 1 npuitHATO HaCTYIHI O3HAYCHHS:

1 — kiHIEeBUA epeKTOp, OYIOBOIO Ta MOMIIUBOCTS-
MU SIKOTO Ha JJAHOMY eTamli JOCHTiPKeHHS OyIeMO HEeXTY-
BaTH, a OT0 iHEepUiHI XapaKTePUCTUKN BPaXOBYBATH y
HACTYMHIN JaHIli; BiH BUKOHyBaTUME (YHKIIO TOYKU
OIOpPH TIPU XO/B0I; Y KPOKYIOUOMY PSKUMI LIeH eIeMEeHT
MO)ke OyTHM BHUKOPUCTaHWH Ul KPALIoro 34eIUICHHS 3
OIIOPHOIO MMOBEPXHEIO Ta MiJBUIICHHS CTa0IBHOCTI PU
pycl B yMOBax CKJIQIHOTO penbedy; 2 — JIaHKa JOBKUHOIO
K ; 3 —3’€IHaHHS JIAHOK 2 1 4, 110 BUKOHAHE SIK IapHip
JUIsl KIHEeMATHYHOI Mapu MOBOPOTHOTO THITY i3 OJHHUM
CTyIEHEM BUIBHOCTI; 4 — JIaHKa JIOBXHHOIO L ; 5 — aKTHB-
HUil KyJpoBuil mapuip ADenics i3 Tproma CTymeHsMu
BUIBHOCTI.
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Puc. 1. HPK 3 BM: a — Buz 3BepXy; 6 — BUJI ciepery

Inepuiiini xapaxrepuctiku jJaHok bM 3a3Buuait
[Ilo6 excriepumeH-
TaJbHO BU3HAYWTH Macy JeTajli, MO)KHAa CKOPHCTAaTHUCS

BHU3HAYAIOTh  EKCIEPUMEHTAIBHO.
KUTPKOMa METOJAaMH 3aJISKHO BiJl YMOB 1 JOCTYITHOTO
obmamHanHsa. HaimpocTrimmid 1 HaHTOYHIMIMI MeTox
nepen0adae BUKOPUCTAHHS €IEKTPOHHUX a00 MeXaHid-
HUX Bar 3 BIANMOBiAHOIO TouHIiCTIO. g Tijm mpocToi
reoMeTpr4yHoi (hopMu abo BiZoMoro 00’ eMy MOXKHa 3ac-
TOCYBaTH OOYHCIICHHS MAacH 3a TYCTHHOIO Ta 00'eMOM
[7]. Hampukiaz, 3pa3ok y Gpopmi KpyroBoro muaiHapa
nosxuuoro |, niamerpom d ta rycruno0 p MatHMe Macy

m= O,25p7’cd2| . Butpmicts neranell MalvH Ta €JIEMEH-

TiB KOHCTPYKIIiH € HEOAHOPIIHUMH, 1 TOMY TEOPETUYHE
o0YMCNIeHHsT iX Mac 4Yacro Ma€ HHM3bKY TOYHICTH Ta
HATIHICTb.

ExcnieprMeHTaTbHE BU3SHAYCHHS MOMCHTIB 1HEPITI|
JieTaJli MOXKHA TPOBECTH KUJIbKOMa CIOCO0aMH, 3aJI€XKHO
BiJl )OPMH JIeTaIi, TOCTYITHOT'O 00JIaTHAHHS Ta OaskaHOi
To4HOCTi. OCHOBHI METOJIM: METOJI KPYTHIIbHIX KOJUBaHb
(obepTaHHsA HABKOJIO 3aJaHOoi OCi); METOX MasTHHKA
(xonwBaHHSA y MiABIIEHOMY CTaHi BiIHOCHO 30BHIITHBOI
oci); nuHaMOMeTpUUHHMI MeTon (BUMIpIOBaHHS peakilii
Ha KyTOBE TIPUCKOPEHH).

Takox ist OAHOPIMHUX TLIT TPOCTOI (hopMH HIMPOKO
BUKOPHUCTOBYIOTh PO3PAaXyHKOBI MeTonu. OCKUIbKA Oliib-
IICTh JieTajell MallvH € HEOJHOPIIHUMH, TO Teope-
TUYHE OOYMCIIEHHS iX Mac 4acTo Ma€ HU3bKY TOYHICTh
Ta HaAIMHICTB, a TOMY BIJJAIOTh IIEpEeBary eKcrepruMeH-
TaIbHUM MeTofiaM. THUM He MEHIIT SIK Tepiiie HaOMKSHHS
MOKHa CKOPHCTaTHCh BIJIOMUMH y MEXaHilll METOJaMu
PO3paxyHKY.

MoMEHT iHepIlii — Iie TEH30p APYroro paHry (TeH30p
iHepuil), sSIKUi y TPUBUMIPHOMY MPOCTOPI OMUCYETHCS
CHMETPUYHOIO MaTpPHUIIEI0 po3MipoM 3x3:

© [Mabarypa 10.B., 3anunka B./1.

yz |- @)
Iy | yz l7
Lleit Ten3op Mae 6 He3aIeKHUX KOMIOHEHT. [IpoTe

MOJKHa BHOpaTH oci (TOMOBHI OCi) TAKMM YHHOM, 100
TEH30p HaOyBaB J11arOHAIEHOTO BUTIISAY

lib 0 O
I={0 I, 0]. )
0 0 I3
[TepeBayKHO ~ BHKOPHUCTOBYIOTH  (BHMIPIOIOTH — Ta

OOYKCITIOI0Th) MOMEHTH 1HEpIIii Tila BiHOCHO Oci, 1110
MPOXOAUTD Yepe3 Horo HeHTp Mac. MoMeHT iHepuii Tina
BIZIHOCHO OCi, 1110 MPOXOUThH Yepe3 HOro LEHTP Mac, Mae
KUTbKa BaKJIMBHUX OCOOJMBOCTEH, sIKi € (yHIaMEHTAIb-
HHMMU B MEXaHili:

- MiHIMaJIbHII MOMEHT iHEep1Iii cepet ycixX mapaelb-
HHUX OCE€il;

- BiCh yepe3 IIEHTP Mac € NPHPOIHOIO IS OIHCY
obepTaHHs,

y pa3i cuMeTpii po3paxyHKH CHpPOIIYIOTHCH;

- TpH TOJIOBHI OcCi iHepIIii 3aBXKI1 TMPOXOAIThH Yepe3
LEHTpP Mac.

Sxao Bizmomuil MoMeHT iHepuii | ; BitHOCHO oci, 110
MPOXOUTH Yepe3 LIeHTP Mac, 1 Maca Tijla m , TO MOMEHT
iHepIii | BigHOCHO iHmIOT OCi, napayenbHol JaHid Ta
BigmaneHol Big Hel Ha BiacTaHs d, MOKHA 3HAWTH 3a
Teopemoro I'toiirenca—IlIteiinepa (mapaienbHOro mnepe-
HECEHHS 0Ci)

I =lg+md?. (3)
Jlanky BM y nepuiomy HaGiamKeHHI MOXXHa Mojie-

JIFOBATH SIK IWTIHAP NoBXuHOIO |, miamerpom d , ryctu-
HOIO P Ta Macoro m . Takuii mutiHIp B crity cumerpii
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Ma€ JiBa Pi3HIX MOMEHTH 1HEpINii: BITHOCHO ITO3OBXHBOI
oci |y Ta BigHOCHO nonepeyoi oci 1y =1, , npugomy

1

, 1
IX ZEmR

:gmdz, (4)

1 2 oy 1 o 32
I, =—m(“+3R°)=—m@* +=d*). 5
Y =15 (1“ +3R%) 12m( +2 ) (5)

V BuIaaKy 00epTaHHsI HABKOJIO OCi, 110 MPOXOIUTH
4yepe3 KiHellb JaHkd BbM, Maemo 3rifiHO i3 BKa3aHOIO
TEOPEMOIO 3HAUCHHS

2
I=1,+m LV i tnre stz Ling2 )
2) 3 4 3 16

OTxe, OTPUMABIIH Bi/MOBIIHI MaTeMaTHYHI MOJIe
JUTI MOMEHTIB iHepIii JaHOK BM, 1110 € HeoOXiTHUM IS
MOJANBIINX JIOCHI/PKEeHb, BiazHaumMmo, mo pyx HPK 3
BM y KpoKyro4oMy pexuMi 3a0e31euytoTh YOTHPH i1eH-
tiaHi BM, mpukpimieHi 3BepXy y KyTKax BiacHe IUiar-
¢dopmu, mo orpumye iHgekc 0 i B momansmiomy Oyme
BB@KAaTHCh 0A3010 y CEHCI 3arajbHOi Teopii MaHIITyms-
TopiB [8] mpm ommci i3 BUKOpHCTaHHSIM TApameTpiB
Jenasita—Xapren6epra (DH) [9].

B minomy xx HPK 3 BM € nepeBoBHIOHOIO CTPYKTY-
poto i3 cermenramu 0 (Bmache wiardopma); 1, 2 (BM FL);
3,4 (BM FR); 5,6 (BM HR); 7, 8 (BM HL) (puc. 2) [10].
[MoniOGHI Mozesi IMUPOKO BUKOPUCTOBYIOTH TPH MOJE-
JIIOBAaHHI KIHEMaTHKH Ta IMHAMIKY POOOTH30BAaHUX MeXa-
mismiB [11]. Jlns ¢dopmanizoBanoi MOOYIOBH CHCTEMH
3acTocoByBaTUMEMO MeToMKy DH-niapamerpis, ae koxeH
eneMeHT BM onmcyeTbesi MaTpHIIeI0 OTHOPIIHOIO Tiepe-
TBOpPEHHs1. MHOXa4H 11i MaTpuili, OTPUMAEMO TOJIOKECHHS
KiHIIEBOrO e(eKTopa BiIHOCHO Tija mardopmu [8; 9].
BukopucTanHs IMX HOTallid mependadae KOPEKTHE BBE-
JICHHS CHICTEM KOOpIHUHAT. 3a 0a30By MpPHUIMEMO JeKap-
TOBY CHCTEMY KOOPJMHAT, NPHB’s3aHy 1O IUIaThOpMHU.
Jist 3pydHocti mpu ommci kokHoro bM Horo meHTp
cymimaruMemo i3 toukoro 5 (puc. 1 a), Bich Z ckepo-

Puc. 2. CxemaTnune 306pazxennsi miiargopvu HPK 3 BM

© [abarypa }0.B., 3anunka B. /1.

BYEMO YIopy, Bicb Y — y HampsIMKy pyXy MmiaThopmH,
Bick x — nepnenaukyisipao mwionmui YOZ | y 30BHIII-
HbOMY HAIPAMKY.

Yei BuxiaHi uncnoBi reomerpudHi mapamerpu HPK
3 BM MoXHa yMOBHO TOMUIATH Ha CTaji Ta 3MiHHI.
Crani — ne gosxunu K i L(puc. 1 6). Koxna dananra
Mae 4+1 3MiHHUX MapaMeTpiB, MO OMUCYIOTH ii TMOTOY-
it cran. Ile kymm @,V,®,%,0 (puc. 3) (ocrauuiii

OMKCYE PO3KPUTTS KIHIIEBOTO edekropa, a TOMy Ipu
6a30BOMY OMHUCI PyXy HUM HexTyemo). Ilepri Tpu 3 HUX
MOXYTb OyTH 3MiHEHI 3aBISKH BIAMOBIIHHM CTYICHIM
BIMBHOCTI mIapHipHOTO 3’eaHanHs Abenics, yetBepruii —
3aBsiky wapHipy 3 (puc.l a).

Jlyist Kpamoro po3yMiHHSI PO3IIISIHEMO BUILlEHABE-
JICHI KYTH:

® —KyT, 10 3aJla€ TojoxeHHs BM y ropuzon-
TaJbHIN IDIOMIKHI, 32 BITIKOBE TPUIMEMO TTOJ0KCHHS,
nepreHaAnKyssipae 1o 6opry miaardpopmu HPK 3 BM,
KYT BIIPAXOBYEMO Y HANPSMKY YMOBHOTO pyXy IUIat-
¢dopmu. ObnacTh 3MiHM KyTa y pamkax mozeni: Big—90°
(ymepem) mo 90° (Ha3axm), TEXHOIOTIYHO obmacTp Oyme
MEHILIOIO;

VY — KyT, WO 3a1a€ nonoxeHHss bM y BepTukanb-

Hiff IDIOMKHI, 32 BiUTIKOBE MPHIMEMO TOPU30HTAJIHHE
TIOJIOXKEHHS, KyT BiJpaxOBYEMO YHH3. TakuM YHHOM,
30UIBIICHHS [HOTO KyTa MaTHMe HACIIIKOM 30UIbIICHHS
nopoxuboro npoceity HPK 3 BM 1 y Bunasiky KpirieHHs
BM 1o Bepxnboi nosepxui HPK, € HeoOXiHOIO yMOBOIO
pyxy. O6mactp 3minu kyta: Big —90° (BepTuUKaIBHO
yropy) a0 90° (BepTHKaIbHO YHHU3);

® — KyT, 10 BKa3dye Ha obepraHHs bM HaBkoio
0Ci; y KOJICHOMY PE&XHMi, 3MIHIOETBCS HEOOMEXEHO,
3abe3neuyroun pyx HPK 3 BM. [lomatHum mnpuiiMaemo
HAMPSIMOK 0OEPTAHHSI 338 TOAMHHUKOBOIO CTPLJIKOIO, SIKIIIO
crocrepirat i3 qogatHoro Hanpsmky oci OX (puc. 3);

Puc. 3. Oxpemnii BM
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X — KyT MDX ocsiMH JJaHOK BM; nmorenuiitno Mmoxe

smiatoBatuch Big 0 mo 180°; y ocraHHROMY BHIAAKy
BM matnmMe nipsiMontiHiiHY (opMy i3 3arajJbHOI0 JTOBXKH-
noro K+L (6e3 xinnesoro edexropa).

3amisa yHidikamii mepeideHi BAIIe KyTH MO3HAYA-
THMEMO HACTYITHUM YHHOM

¢=0, V=02, ©=03, x=04.

Ix Habip cknamae npoctip 3minHuX crany BM, HaGip
i ycix BM onmcye 3aransHy KoH(DIrypamiro x Terpa-
noza 3riguo 3 [10]

X= [XFRXHRXFLXHL]v XLeg = [o1, 92,3, 04].

Leg = {FR, HR, FL, HL}.

KinemaTuunuii onuc. MogensHuil onuc pexxumy
nepeminieHHs (KiHeMaTHYHa MOJIeNTb) Tepeadavae Budip
MOCIITIOBHOCTI (ha3, M0 (GOPMYIOThH MK TEPEMIIICHHS
(Ha3MBaTUMEMO HOTO KPOKOM), 3aMKHYTHIl y TOMY CEHCI,
mo micas ioro 3aBepiienHst BPII Oyne mepeOyBatu y
Till camiii reoMeTpruuHIl KoH(Iryparii, ane B iHIINN TouLi
npocTopy. VIMoBipHO, mepimmii Ta ocTaHHii KpOKH HpH
HepeMIIeHHI MOXYTh BIJIPI3HATHUCH BiJi OCHOBHOTO KPOKY
{ cITyryBaTH TS TIEPEXOAY 10 1HIIOTO PEXKUMY.

PosrisiHeMo, sik mapamerp X BU3HAYAE MOIOKCHHSI
KiHIIEBOTO e()eKTopa y mpocTopi. BIKoHAEMO 11€ i3 BHKO-
puctanasM mapamerpis DH. [[ns xiHeMaTHKH JOCTaTHBO
BUKOPHUCTOBYBATH CHUCTEMH KOOPIHWHAT, CYMiIeHi i3
naukamu (0 — i3 6asoro, 1 — i3 mapuipom 3 (puc. 1 a);
2 — i3 KiHIIeBUM e(heKTOPOM), ¥ BUITAJIKY JUHAMIKH OiIBII
3py4HO OyJe TaKoX BUKOPHCTOBYBATH CHCTEMH KOOD-
JIMHAT, CYMIILIEH] i3 IIEHTPOM Mac JIaHOK.

Jnt Toro, 1mo0 BiA CHUCTEMH KOOpPAMHAT Oasu
{XO, Yo ZO} MepelTH 0 CHUCTEMH 3 iHAeKcoM 1, cimin

BHKOHATU MOBOPOT JoBKoa oci OF; Ha KyT (; MaTpHIsi

SIKOT'O
g -5 O
S ¢ O (7)
0 0 1

Jani nosopor noBkona oci Oy Ha KyT (y, MaTpuIs

SAKOI'O
c;, 0 -5
01 0/ (8)
s 0 ¢
3rofIoM MOBOPOT A0BKOIa oci OX) Ha KyT (3, Marpuis
SKOT'O:
1 0 O
0 ¢ —5S3/ )
0 s3 c3

me ¢j =c0sqj, sj=singj, j=123.

© [Mabarypa 10.B., 3anunka B./1.

Marpuris {R nosopoty-Tiepexonty Bin cucTeMu {1}

A0 CUCTEMU {O} OTPUMYETBCA MHOKCHHAM nepeﬂiqeﬂnx

ManI/IL[b:
CGCo —$§C3 —C15253  §153 —(15,C3
0
iR=[51C) CC3—55283 —$1S3—5152C3
2 oS3 CoC3
(10)

3aranbHa MaTpUL OIHOPIAHOTO IEPETBOPEHHS
BKJIIOUATHME KPIM MOBOPOTY TAKOXK MEPEHOC JI0 MOTPio-
HOT TOYKH TpocTopy (LeHTpy Mac JaHkH 1 abo TOYKH
3’eqHaHHs JaHOK 1 Ta 2). SIKIo BEKTOp MepeHocy €

op- [OXPOVPOZP]F!

TO y mo3HaueHHsX [8] maemo:

0 ‘R Op
il =
000 1
0
C1Cp —S1C3 —C1SpS3 $1S3 —C1S7C3 X Pl (ll)
0
S1C2 €103 —$1S253 —S153 —5152C3  Yp
0
SZ CZ 53 0203 Z p
0 0 0 1

Jlns BUunaaky TOuky 3’€THAHHA JAHOK MaEMO

(12)

VY Toumi 3’€qHAHHS JAHOK BHKOHYEMO ITOBOPOT
HaBkoj0 oci Oy, , MaTpHUIIA SKOTO

Cy 0 - Sy
JR=l0 1 0 (13)
S 0 ¢y

BigmoBimHa MaTpuIs OZHOPITHOTO MEPETBOPCHHS
i3 TepexomoM 10 KiHIeBOro edekropa Oyae Matd
BUIJIAL

Cyq 0 - S4 K
0 1 0 0
Ir= (14)
Sy 0 Cyq 0
0 0 O 1

BiamoBigHa MaTpHisd OXHOPIAHOTO MEPETBOPEHHS
13 mepexo/IoM Bifl 6a3u 10 KiHIeBoro eekropa Oyae Matu
BUTJISIT
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CICy —SIC3—C1SpS3  $1S3—C1SpCy  Xp [Ca 0 —s4 K
(2)-|- %T _| %162 C1C3 —$515283  —$153 — 515203 ZYP 01 0 0 _
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TakuM YMHOM OTpUMABIIM HEOOXIIHI MATPHIL Iiepe-
XOIIMMO JI0 pO3pOOKH 0a30BUX CITIBBIIHONICHb AWHAMIKH
HPK 3 BM.

BasoBi cuoiBBizHomenns auuamiku. Ilin yac
pyxy onHa abo Oijblie KiHIIBOK MOXYTh BiJpHUBATUCS
BiJl OTIOPHOI MOBEPXHi. Y TAKOMY BHUIIAJIKY OIOPHA IIOIIA
3MEHILYETHCS], 1 KOHTPOJIb 38 PO3MILIIEHHAM LIEHTPa Mac
cTae KpUTHYHMM. YacTo 3acTOCOBYETHCS aJITOPHTM
"[TaTHBHOI" (TPUKYTHOI) CTIHKOCTI: TP KiHI[IBKH 3aJIH-
LIAI0ThCSl HAa OIOpHiH TOBEpPXHi, yTBOPIOIOYN CTaOUIBHY
TPUKYTHY IUIONLY, BCEPEHHI SIKOi IOBHHEH 3aJIMIIATHCS
LICHTp Mac.

VY 3B’S3Ky i3 BENUKOIO KUTBKICTIO MapaMeTpiB Ta
TPOMI3IKICTIO SBHOTO 3alHCy TIPH JOCTIKCHHI 3aKOHIB
pyXy 0araTolaHKOBHX MaHIMYJIATOPIB B IJIOMY Ta TIPH
iXHPOMY 3aCTOCYBaHHI 10 PyXy KpPOKYIOUHX PpOOOTiB
30KpeMa, ITePEeBaKHO BUKOPUCTOBYIOTh MATPUYHHMIA 3aIIiC
[12], a mpakTruHi OGUWCIEHHS 3MIMCHIOOTH YHCETbHIM
CIIOCOOOM 13 3aTy4eHHSIM BIIIOBIIHUX MAKETIB KOMIT FO-
TEPHUX TPOTPaM Ta MOKPOKOBHX anroputMis [8; 11; 13].

V¥ Bumaaxy HPK 3 BM, 110 po3rispaeTsesi, OCHOB-
HUMU TIPUYMHAMH PYXY € 3yCHJUIs, sIKi po3BuBac bM B
PeKUMiI  KPOKYIOUOrO pYIIisl, 3MIHIOIOYH MapamMeTpu
(BHYTpIIIHI 3MiHHI) X| o = [0, 02, 03,04] 2wt KOMKHOTO

BM. V pumanky mexanizmy ADENics, mpotoTun skoro
omucaHo y mpami [3], pyx 3a0e3rneuyroTh JBa MOAIYJI
KepyBaHHs, KOXKEH i3 SKUX 00J1aJHaHMIl IBOMA EJIeKTpPO-
JBUTYHAMH, IIAPHIP Y TOYIl 3’€IHAHHS JIAHOK MIiCTHTh
3BHYalHy KIHEeMaTHUYHY Mapy, 10 MoXe OyTH peari3oBaHa
SIK €IEKTPUIHHUNA YU TIAPABIIYHAN MEXaHi3M. Y KO)KHOMY
pasi 3a 3miHy mapamerpis crany BM (i =1,2,3,4) Bix-
noBizaroTh cutosi Moment Ny (i =1,2,3,4) . 3agava nuna-
mikn HPK 3 BM nepenbadae 3HaXOMKEHHS 3aKOHY PYXY
MEXaHi3My T JI€F0 CHCTEMH 3a/IaHnX CHJI (MOMEHTIB) Ta
3HAXOKEHHs CHT (MOMEHTIB), 110 3a0e3MeuyIoTh OaKaHy
KiHEMaTHKy. 3a3BHYail iCHye MHOKHHA DillleHb 3ajaui,
KOJKHE 13 SIKUX JIa€ 3MOTy 3a0€e31e4nTH Oa)KaHu pyX.
[ToBHUIT adropuT™M OOYKCICHHS MOMEHTIB, IO
BIJINIOBIIAIOTh BHYTPIIIHIM 3MiHHUM XLeg CKIAIAETHCS

i3 aBoX 4acTuH [8; 14-16]. Crepiiry 3amicy0Th BEKTOPH
HIBUAKOCTEH Ta IPUCKOPEHB Bij MEPIIOro 0 KiHIEBOrO

© [abarypa 10.B., 3anunka B./1.

€JIEMEHTa 1 JJIs KOXKHOTO 13 HUX 3alUCYIOTh PiBHSIHHS
Hrrotona-Eiinepa

F=mv,, N=cj,+0xC,, (16)

Je, m —Maca eleMeHTa; C; — TeH30p iHepLii elemMeHTa y
CHCTeMi BiJUTIKY, CyMilleHiH i3 IEHTPOM Mac; V. — JiHiiiHa
HIBHAKICTh LIEHTpPa Mac, o — KyTOBa HIBHUAKICTH 00ep-
TaHHSA TiJIa Yy BJACHIM CHCTEMi KOOPIWHAT, KPAaIKOO
BiJJ3HAYCHO MOXiJHY IO Yacy, CUMBOI “*” mo3Haudae
OITepaIlifo BEKTOPHOTO IOOYTKY BEKTOPIB.

Jlami crii Ta MOMEHTH B3a€MOJIIT 00YHCITIOIOThCS
PEKYPCHUBHO BiJl KiHIICBOTO A0 Tepmioro enementa. [loc-
JIITOBHO MAa€EMO:

1

01=0R%wq + 4,'7; + 6, ™V] + 43X, (17)

Lin=dR%0+dR%wq x & 71 + 6117y + 6™y + 5™ Xy, (18)

191=0RCaxOP+%wg x(CwoxOP)+%V0) (19)
1. 1. 1 1 1.-
VC]_: (D.|.><1PC]_+ (D.I.X( (").I.XIF%J]_)—'— Vlv (20)
1 1.
Fl = rnl VC]_ ’
(21)
llecllll(:Ol—f-l(,l)lXCl |ll(x)]_, (22)
2wy=3R 0y + 4427, (23)
Zay=7R oy +2R 0y x G427, + G4 %Z,, (24)
2V, =2R (i <Py +1og x(C oy xtPy)+1vy) (25)
2. 2. .2 2 2 2 2.
Ve, = X H:z+ ) X( X PCz)+ V2, (26)
2 2-
ZN=215%dp+2 0% 2152wy , (28)
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VY pekypcHBHIM YaCTHHI aNTOPUTMY OTPHUMAEMO
CITIBBITHOIIIEHHS.

Lt =JR?%, +1F, (29)
l”1=l’\‘1+21R2”2+ch1 LRHPGRT,  (30)
u="n 17, (31)

0¢,=9RY,+ F,, (32)
Org="No+iRmy+°P, PRy +°R-R%y ,  (33)
10="n °Zp, (34)

e IAj—BeKTOp opra oci A(A=X,Y,Z) nauku j y

chUCTeMi  KOOpAMHAT,  TMOB’si3aHii i3 JIAHKOIO

i [N DS IR I i .
1, O, Of, Of, Vi, ch Ta ch AHAJIOT1YHAM YHWHOM

3aJaHi BEKTOPH KyTOBOI IIBUIKOCTI, KyTOBOI'O IIPHUCKO-
PEHHSI, JIiHIHHOTO TPUCKOPEHHS JIAHKH Ta JIIHIHHOTO MpH-
CKOPEHHS LICHTPA MAC JIaHKH | |

JFJ' — piBHOMI}HA CWIa, IO Ji€ HA JAHKY | y BJac-
Hilf cHCTeMi KOOpIUHAT;

I j— cuna, mo Jli€ Ha IaHKy | y BIacHiil cucremi
KOOpJMHAT 3 OOKY JIaHKH J —1(JFj=ij—j+{RJ+]fj+1) ;

aanoriuro | N j Ta In j— CyMapHHil MOMEHT CHJIH

Ta MOMEHT CWiIM 3 OOKy IIONepeAHboi JaHKUu Yy
KiHEMaTHYHOMY JIAHIIIOTY;

. .
Jch Ta J Pj — BextopH, mo 103BONSHOTH MEpeiTH

BiJl CHCTEMHU KOOPAWHAT JIAHKU jao 1 meHTpa Bard, i
HaBIIAKH;

Ty — CyMapHHU 30BHIIHIA MOMEHT, IIPUBEJECHUI
1o mpuBona K .

Ipu oMy MomerTH y iprBojax 0 (6asa — akTuBHE
3’equanns Abenics) ta 1 (mrapHip — ToYka 3’€THAHHS
JIAHOK) MOXYTh OyTH TIOB’s3aHi 3a IOMOMOTOI0 HaBe-
JIEHUX BUILIE CITIBBIAHOIIEHD 13 MOMEHTOM 1 CHJIAMH, IO
JIiFOTh Ha KiHIeBwi edexrop. Y Bumanky, akiio bM nepe-
OyBae y crajil nepeHocy i MOMEHTH 1 CHJIM PiBHI HYJIO.
Sxuo )x BM € onopHuM, TO cHiIM i MOMEHTH OYyIyTh
3aJIe)aTy BiJl MapamMeTpiB XOH Ta IHIIUX (aKTOPiB.

Jlis BpaxyBaHHsI CHIIM TSDKIHHSI TPHEMAaEMO, IO

6aza Mae cTasne nmpuckopeHHs 0v g = g\fo . s Toro, 106
OTpUMATH OlR TaR, cmin y crisBinHomennax (7)-(10)

ms IR Ta (13) s 2R : 3aMiHuTH S HA—S; .
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TakuM YMHOM, OTpUMAaHI CITIBBIIHOIICHHS HAlOTh
3MOTYy 3allicaTH PIiBHIHHA i3 BHpa3aMH, IO MICTATh
KPYTHI MOMEHTH Ha BUKOHABYHMX MEXaHi3Max SIK QYHKIIi{
TTOJIOKEHHS, IIBUIKOCTI Ta MPUCKOPEHHS 3’€HaHb. Taki
CHIBBIIHOIIEHH CJIIJ 3alucaTi Ul KOXKHOro 13 BM Ta
JIONIOBHUTH HAICKHUMH TPAaHUYHUMH YMOBaMH, IO
OIMCYIOTH YMOBH KOHTakTy BM (sKkio BiH miepebyBae y
OTOpHii (asi) i3 MOBEPXHEIO Ta BpaxyBaTH 3MiHY YMOB
KOHTAKTY TiJ[ 4ac [UKITY XO/IH.

Bucunosxu

IIpoBeneno TeopeTuunmii aHami3 quaamika HPK 3
BM y Kkpokyro4oMy pexuMi i3 po3poOJieHHSM BiAIo-
BiIHUX 0a30BHUX CITIIBBIJHOIIEHD.

Po3pobiieHo MaTeMaTH4HI MOJENTI JJii MOMCHTIB
iHepii JJaHok BM: sKII0 BiTOMUH MOMEHT iHEpIIii BiJi-
HOCHO 0OCi, III0 TIPOXOJIUTh Yepe3 IICHTP Mac Ta y BUMAJKY
o0OepTaHHS HABKOJIO OCi, IO MPOXOJWTH Yepe3 KiHelb
nanku bM.

Bm3HaueHO TONMOKEHHS KiHIIEBOTO epeKTopa y mpo-
CTOpi i3 BHKOpHCTaHHAM mapamerpiB JleHaBiTa—
Xaprenbepra. 3milicHEHO Tepexia BiJ KiHEMAaTHKH [0
JTUHAMIKY 3 BU3HAYCHHSIM BiJIIOBITHUX MATPHIIb.

Otpumano 6a30Bi criBBigHOmeHHs ArHamikn HPK 3
BM y KpOoKkyroduoMy peXuMi arOTh 3MOTY 3alucaTd
PIBHSHHA 13 BHpa3aMH, IO MICTATh KPYTHI MOMEHTH Ha
BUKOHABYMX MexaHi3MaX BM sk (yHKIIT monokKeHHs,
HIBUAKOCTI T4 MPUCKOPEHHS 3’ €IHAHb.

3’sicoBaHO, 110 MOMEHTH y MPUBOJIAX MOXYTh OyTH
OB ’s3aHl 3a JOIOMOIOK0 HAaBEIECHUX BHIIE CIIBBiIHO-
[IEHb 13 MOMEHTOM 1 CHJIaMH, L0 AIIOTh HA KIHIEBUN
edekTop. Y BUMAAKY, ko bM nepebyBae y crail mepe-
HOCY, IIi MOMEHTH 1 CWIH piBHI Hym0. Skmo x BM e
OIOPHKM, TO CHJIM 1 MOMEHTH OY/IyTh 3aJIeKaTH BiJ Mapa-
METpIB XO/IM Ta iHIIHX (HaKTOpiB.

BcranoBieHo, 1110 y 3B’513KY 13 BEJIMKOIO KUTBKICTIO
rapaMeTpiB Ta IPOMI3ZKICTIO 3alUCy BHpPa3iB MpH J0C-
JIDKEHH] 3aKOHIB pyXy 0araTolaHKOBUX MaHIIYJISITOPIB
B [IIJIOMY Ta MPH IXHHOMY 3aCTOCYBaHHI J0 pYXY KPOKY-
IOYMX POOOTIB 30KpeMa, MepeBa)KHO BHKOPHUCTOBYIOTH
MaTpUYHUH 3aIiC, @ IPAKTUYHI O0YMCIIEHHS 3/1iICHIOIOTh
YHCENTBHAM CITIOCOOOM i3 3aJlydeHHSIM BiITOBITHIX TTaKe-
TiB KOMIT FOTEPHHUX MPOrPaM Ta MOKPOKOBHX aJITOPUTMIB.
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THEORETICAL ANALYSIS OF THE DYNAMICS OF GROUND ROBOTIC COMPLEXES WITH
MULTIFUNCTIONAL MANIPULATORS IN THE STEPPING MODE

Y. Shabatura, V. Zalypka

A theoretical analysis of the dynamics of ground robotic complexes (GRCs) with multifunctional manipulators (MMs) in a
walking mode was carried out with the development of the corresponding basic relations. Mathematical models were developed
for the moments of inertia of the MM links: if the moment of inertia is known relative to the axis passing through the center of
mass and in the case of rotation around the axis passing through the end of the MM link. The position of the end effector in space
was determined using the Denavit-Hartenberg (DH) parameters, for the formal construction of the system, the DH-parameters
method was used, where each MM element is described by a homogeneous transformation matrix. As a result of multiplying these
matrices, the position of the end effector relative to the platform body is obtained. A transition from kinematics to dynamics was
made with the definition of the corresponding matrices. The obtained basic dynamics relations of the GRC with MM in the
walking mode allow us to write equations with expressions containing torques on the actuators of the MM as functions of the
position, velocity and acceleration of the joints. It was found that the moments in the drives can be related using the given
relations to the moment and forces acting on the end effector. For the GRC with MM under consideration, the main causes of
movement are the forces that the MM develops in the walking motor mode, changing the parameters (internal variables) for each
MM. In the case when the MM is in the transfer stage, these moments and forces are zero. If the MM is a support, then the forces
and moments will depend on the parameters of the gait and other factors. It has been established that due to the large number of
parameters and the cumbersomeness of writing expressions when studying the laws of motion of multi-link manipulators in
general and when applying them to the motion of walking robots in particular, matrix notation is mainly used, and practical
calculations are carried out numerically with the involvement of appropriate computer program packages and step-by-step
algorithms. This study lays down the methodological foundations for the creation and application of GRC with MM and is of
interest to specialists in the field of development of mobile robotic systems.

Keywords: ground robotic complex, multifunctional manipulator, dynamics, walking mode.

© [Mabarypa 10.B., 3anunka B./1.



Boitose 3acrocyBanns OBT
Combat Employment of Weapons and Military Equipment

Tom 33 Ne 2, 2025

Vol. 33 No. 2, 2025 109

BOMOBE 3ACTOCYBAHHS OBT
COMBAT EMPLOYMENT OF WEAPONS AND MILITARY EQUIPMENT

UDC 621.396.6 DOI: https://doi.org/10.33577/2312-4458.33.2025.109-114

Artem Dzyuba, Yurii Budaretskyi*
Hetman Petro Sahaidachny National Army Academy, Lviv

THE METHOD AND MEANS OF INSTALLING RADAR MEASURING DEVICES ON
ARTILLERY SYSTEMS FOR THE PARAMETERS OF AMMUNITION MOTION

During combat operations, striking the enemy at maximum range with artillery systems plays a key role. The
effectiveness of such strikes depends significantly on the quality of comprehensive firing preparations and its
component part—ballistic firing preparations The accuracy of ballistic firing preparations significantly depends on
the technical parameters of the radar measuring device for artillery ammunition movement parameters and the
methods of its application. Such measuring devices are usually installed next to the gun, which increases the time
required for their deployment and leads to significant errors in measuring the current flight speed of the projectile.
We have demonstrated that the highest accuracy of the measuring device is achieved when it is installed directly on
the guns of artillery systems. Such installation requires the development of standardized mounting devices and the
use of special shock absorbers to reduce the negative impact of external mechanical influences on the operation of
the radar measuring device. We have shown that when the measuring device is installed on guns, the main
influences are shock and vibration loads transmitted to each element of the measuring device. The vibrations caused
can be resonant in nature. Resonance causes particularly large deformations, which are accompanied by large
mechanical loads and can lead to the destruction of both individual elements and the radar measuring device as a
whole. It has been determined that the most universal and effective way to overcome the effects of shocks and
vibrations is to isolate the measuring device from the gun using a system of shock absorbers that are structurally
combined within a shock-absorbing platform. It is advisable to attach such a platform to the recoil devices of the
guns. In order to minimize the number of structural elements of the fastening devices, an analysis was carried out of
the possible locations for installing the measuring device on the most common artillery systems in service with the
artillery units of the Ground Forces of the Armed Forces of Ukraine. The following towed and self-propelled guns
were selected for the study: D20, D30, 251, 2S3.

Keywords: ballistic preparation of fire, radar device for measuring parameters of artillery ammunition
movement, shock-absorbing platform, fastening devices.

artillery units, allowing them to quickly complete fire
missions, leave their firing positions in a timely manner,
and avoid enemy artillery counterattacks.

Statement of the problem

Significant changes in the nature of combat
operations require changes in the tactics of artillery units.

With each new military conflict, the dispersion of military When firing from closed firing positions, the most

formations increases and the relevance of the autonomous
use of individual artillery units to destroy enemy manpower
and equipment grows. The introduction of automated fire
control systems, the increasing intellectualization of
automated guidance and fire control systems [1], and the
optimization of software for automated workstations of
battery-division-brigade officials in the management of
artillery units' firepower ensure increased maneuverability of

effective method of fire damage to the enemy is the
method of complete preparation for firing. When firing
at long ranges, the effectiveness of the method mainly
depends on the quality of meteorological and ballistic
preparation measures. The main task of ballistic
preparation of fire (BPF) is to determine the total
deviation of the initial velocity of ammunition from the
tabulated values.
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Analysis of recent studies and publications

Despite the fact that various methods and means of
measuring projectile velocity are currently known, radar
artillery ballistic stations (ABS) have been used since
the 1970s to measure the initial velocity of projectiles [2].

The development of ABS in advanced countries is
taking place under several programs. For example, the
program to modernize the British AS90 Braveheart 155
mm self-propelled howitzer involves equipping it with
an ABS integrated into the LINAPS (Laser Inertial
Automatic Pointing System) by the British company
Baye Systems [3].

Russia has developed a unified automated ABS
(UAABS) called “Rampa,” which provides ballistic
firing preparation and performs tasks related to
determining the initial velocity of projectiles (mines)
with a rate of fire of up to 20 rounds per minute. The
caliber of projectiles (mines) ranges from 20 mm to
240 mm, with an initial velocity of 100 m/s to 2000
m/s. The UAABS can be located both on firing
systems and on a tripod near these systems. In terms of
its characteristics, the UABS is on par with the best
global models in this class, and even surpasses them in
terms of functionality (it calculates the total deviation
of the actual initial velocity of shells from its tabulated
value, as well as the correction in the aiming) [4].

The artillery units of the Ground Forces of the
Ukrainian Armed Forces (UAF) are equipped with the ABS-
1M, which was developed and adopted in the 1970s. It has
an extremely low level of automation and is obsolete
because it does not have a digital communication interface
with the automated control system [5].

Among domestic developers of artillery ammunition
velocity measuring devices, it is worth noting the
experimental models developed at the Lviv Scientific
Research Radio Engineering Institute [6] and the holding
company Ukrspetstechnika [7]. However, these companies
did not proceed to serial production and delivery of ABS to
the military.

Among foreign manufacturers whose products have
been adopted by the artillery units of the Armed Forces
of Ukraine it is worth noting the ABS SL-520PE from
the Danish company Weibel [8].

Other means of measuring the velocity of ammunition
are analyzed in [9].

All ABS systems are based on a radar motion
parameter measuring device (RMPMD) for shells and
mines in certain areas of movement. The effectiveness
of the RMPMD depends on how it is installed relative
to the line of fire, how the current velocity of the
projectile (mine) is measured, and how these measured
values are converted to the muzzle diameter of the artillery
gun barrel. Almost all of the listed ABS are located next to
the gun, which causes errors in speed estimation when the

© M3mw06a A.O., bynapernpkwuii 10.1.

measuring base is placed at a short distance from the
muzzle of the artillery gun barrel.

Thus, with regard to BPF, there is a discrepancy
between existing scientific and methodological approaches
to optimizing the structure of RMPMD for artillery
ammunition and the lack of technical justification for the
method of its installation relative to the gun for high-
precision measurement of the initial velocity of ammunition.

The purpose of the article is to justify the feasibility
of installing the RMPMDs directly on artillery guns,
standardizing the means of their attachment to the existing
fleet of artillery systems, and minimizing the impact of
external mechanical factors (EMF) on its operation.

Presentation of the main material

The initial velocity of the projectile can be
determined according to the expression

Vo =AV(D)+V,,,

(D, —Dy) @)

L
V =—=
cep tv tv

where Vj is the initial velocity of the projectile; D;, D,

are the distances from the muzzle to the beginning and
end of the measuring base; Vave is the average
velocity of the projectile within the measuring base of
length L; 4V(D)=104id2x/2mAD(V) is the decrease in
the velocity of the ammunition when it flies a distance
D from the muzzle of the gun to the middle of the
measuring base; i — projectile shape coefficient; d -
ammunition caliber; m — ammunition mass; mAD(V) —
function of range dependence on projectile velocity,
whose value for the Siatchi law [10].

From expression (1), it can be seen that the highest
accuracy of the V|, estimate occurs at minimum distances

from the muzzle of the barrel, namely at a measuring
base located at a distance of up to 25 m from the muzzle
of the barrel.

In accordance with the Rules of Shooting and Fire
Control, the standard ABS, which is based on the
RMPMD, is located at a distance of 6 m on the line of
the gun trunnions (Fig. 1) [11].

R e e

150-250m

Fig. 1. Standard installation of RMPMD
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The Doppler frequency of the signal reflected from
the projectile depends on its velocity and is determined
by the formula [12]:

A%
Fd = T X COS(pl(z) (2)

From Fig. 1 and formula (2), it can be seen that the
uncertainty of angle @) when placing the measuring base
in the muzzle area of the barrel leads to a corresponding
uncertainty in the Doppler value of the reflected signal
frequency and, accordingly, to an error in determining the
initial velocity of the projectile. Therefore, to reduce this
error, a method is proposed for installing the RMPMD on
the gun and aligning the axis of the receiving-transmitting
antenna's directional pattern with the line of fire. The
essence of the method is schematically shown in Fig. 2.

Fig. 2. Schematic diagram of the installation of the
RMPMD on a gun

Fig. 2 shows that when the directional pattern of
the RMPMD transceiver antennas is aligned with the
line of fire, the observation angle ¢=0 and the error in
determining the initial velocity of the projectile, caused
by its uncertainty, is absent.

This method of installing the RMPMD requires the
development of means for attaching it to all types of
guns in service with the artillery units of the Armed
Forces of Ukraine, while minimizing the range of
components and using means to minimize the impact of
the EMF on the stability and strength of the RMPMD
and the accuracy of its operation.

When installing RMPMD on guns, the main EMF are
impact and vibration loads transmitted to each RMPMD
element. The vibrations caused may be resonant in nature.
Resonance causes particularly large deformations, which are
accompanied by high mechanical loads and can lead to the
destruction of the element and the RMPMD as a whole.

Impact and vibration resistance can be increased by
creating and applying special means of isolating RMPMD
elements from external mechanical factors that arise at the
points of their installation on artillery systems.

The most universal and effective way to combat
the effects of shocks and vibrations is to isolate the RPR
from the EMF using a system of shock absorbers that
are structurally combined within the shock absorption
platform (SAP). This method of protection has general
methodological recommendations for its implementation
[13-17]. However, the practice of designing absorption
platforms necessitates their maximum unification to ensure
the effectiveness / cost criterion requirements are met.

The practical implementation of the scheme for
installing RMPMD on guns is related to the design of

© [3r00a A.O., bymapenpkwuii 10.1.

recoil devices (RD) for towed and self-propelled guns
and requires an individual approach in each case.

In order to minimize the number of structural
elements of the mounting devices, an analysis was
conducted of the possible installation locations for the
RMPMD on the most common artillery systems in
service with the artillery units of the Ukrainian Armed
Forces. The following towed and self-propelled guns
were selected for the study: D20, D30, 2S1, 2S3.

Based on the results of the analysis of possible
installation locations on the selected guns, a SAP
mounting bracket, which is installed on the recoil device
RD casing of the D20 towed gun was selected as the
base structure. The casing mounting is shown in Fig. 3.

G T T

(=22 -—

Fig. 3. Casing mounting on the recoil device casing of the D20 gun

The mounting bracket of SAP for installation with
screws for the fastening of the cover of the D20 towed gun
recoil device is shown in Fig. 4. A special feature of the SAP
is that the axis of the most powerful shock absorber is
located parallel to the longitudinal axis of the gun barrel,
along which the greatest shock loads act.

Fig. 4. Bracket from shock absorption platform (SAP) for
installation with mounting bolts of the fastening of the D20
towed gun recoil device:

a — mounting with front bolts,

b — mounting with rear bolts
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A mounting bracket has been developed to mount
the RMPMD on the D30 trailer gun, which
complements the one discussed above. The external
appearance of this bracket is shown in Fig. 5a, and its
integration with the bracket for the D20 gun is shown in
Fig. 5b. The mounting of the SAP on the D30 gun is
shown in Fig. 5¢, and the RMPMD mounted on the gun
is shown in Fig. 5d.

A bracket has been developed for mounting the
SAP with RMPMD on self-propelled guns 2S1 and 2S3,
as shown in Fig. 6. Its distinctive feature is the coupling
of the SAP mounting locations with the corresponding
design features of the bracket for the D20 towed gun.

c d
Fig. 5. Installation of the RMPMD on the D30 gun

s
Ry
-
=

Fig. 6. Bracket for mounting RMPMD with SAP on self-
propelled guns 2S1, 2S3

© [3r00a A.O., bymapenpkwuii 10.1.

The alignment of the bracket for self-propelled
guns 2S1 and 2S3 with the bracket for the D20 towed
gun is shown in Fig. 7.

Fig. 7. Alignment of brackets for self-propelled guns 251,
2S3 with a bracket for a towed gun D20

The installation of the RMPMD on the RD of the
2S1 and 2S3 self-propelled guns is shown in Fig. 8.

b

Fig. 8. Installation of RMPMD on self-propelled guns:
a-2S1,b-2S3
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Conclusions

1. We have substantiated the method for installing
a radar motion parameter measuring device (RMPMD)
on artillery guns.

2. Within the framework of a unified methodological
approach, we have considered the design features of the
unification of means for installing RMPMD artillery
ammunition on D20 and D30 towed guns and 2S1 and
2S3 self-propelled guns, which, thanks to inter-system
unification, have a minimum of unique components.

3. A shock absorption platform (SAP) has been
developed for installing RMPMD on D20 and D30
towed guns and 2S1 and 2S3 self-propelled guns.

4. Further research involves the development of a
software hardware complex for studying shock and
vibration loads at the installation sites of the RMPMD
on artillery guns and conducting experimental studies to
assess the numerical characteristics of these loads
before and after AP in order to optimize it and ensure
the shock and vibration resistance and strength of the
RMPMD when installed on artillery systems.
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METO/ I 3ACOEHA BCTAHOBJIEHHS PAJIIOJIOKALIITHAUX BUMIPIOBAYIB [TIAPAMETPIB PYXY
BOEIPUIIACIB HA TAPMATAX APTUIEPIICBKAX CUCTEM

A.O. [I3100a, }0.1. Bynapenpkuii

1Tio uac eedenns 6otiogux Oill KN0408y pOib 6i0iepAE 802He8e YPAXCEHHA NPOMUBHUKA HA MAKCUMATLHUX OYATbHOCMAX
3acobamu apmunepiticokux cucmem. E@exmusnicmo makoeo ypadiceHHs cymmego 3anexcums 8i0 AKOCMi NOBHOI Ni02omoeKu
cmpinebu i il ckaadoeoi — 6anicmuynoi nidcomosxu cmpine6u. Tounicms OanicmuuHoi NiO20MOBKU CMPLILOU CYMMEBGO
3a1exHCUms 610 MEXHIYHUX NAPAMEMPI8 padioloKaYIiiHO20 SUMIPIOGAYA Napamempis pyxy 60€npunacie apmuiepiicbkux cucmem i
Memooig 1020 3acmocysanns. Haiibinvuia mounicms makozo uMiprosaia 00ca2acmovcs Npu 1020 6CMAaHOBNIeHHI De3nocepeorbo
Ha 2apmMamax apmunepitiCbKux CUcmem.

Knwuosi cnosa: 6anicmuuna niocomosrka cmpinebu, padionokayitinuii UMIplogay napamempie pyxy apmuiepiticbKux
boenpunacis, amopmuzayiina niamgopma, 3acoou Kpiniens.
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Hayionanvua axademis cyxonymunux 6ilicok imeni cemomana Ilempa Caeavioaunoeo, JIv6ig

BAPIAHT OHIHIOBAHHS E@EKTUBHOCTI 3ACTOCYBAHHA ITIIAPO3ALTY
BE3EKIITAYKHUX HASEMHHUX KOMIIVIEKCIB

besninomui cucmemu, ma 6e3eKinajicHi HazeMHi KOMWIEKCU 30KpeMd, CMAIU GANCTUSUM EEMEHMOM BeOCHHs.
6botiosux Oill 68 X00I GiliHU 3a He3anedcHicmb YKpainu npomu pociiicbkozo sazapbuuxa. Ha nux noknadaemocst 00601
WIUPOKULL CReKMP 3460aHb BUXOO0SHU 3 IX NPUSHAUEHHS. PO36I0Y8aIbHi, YOapHi (602He6L), 102iCuYHi, e8aKyayilini mouo.

Y cmammi nasedeno awnaniz cyuacnux naiibinew nowupenux y 3opounux Cunax Ykpainu 3paskie dazamo-
DYHKYIOHATLHUX OE3EKINANCHUX HAZEMHUX KOMNIEKCI8 PI3HUX munie, 30kpema kooughixosanux. OKpecieno nomenyian
ma 06MediCeHHsl Oe3eKINANCHUX HA3eMHUX KOMNIEKCI8 3 0270y HA AHAI3 MAKMUKO-MEXHIUHUX XAPAKMEepUcmux ma
601108UX MONCTUBOCEL 30 DOCEIOOM 3ACTNOCYBAHHSL.

Busnaueno ma obrpynmyeano Knouosull NOKA3HUK OYIHIOBAHHS epeKmUBHOCMI 3aCMOCy8aHHs Niopo30iny
6E3eKINANCHUX HA3CMHUX KOMIAEKCIS, SIKULL 6KIIOUAEC 2PYNOBL NOKAZHUKU: (DYHKYIOHATbHICMb | 60106i cnpomodicHoCi,
MODITbHICMb, 3aXUWEHICIb, ABMOHOMHICb, MA NPOKOMEHMOBAHO IHMEPRPEeMayiio 0OPAHUX CKIA008UX.

Hageoeno pospobreny memoouxy oyiniosanHs epeKmueHoCmi 3acmocy8anHs niopo30Lty Oe3eKinaiCHUX HA3eMHUX
KOMWJIEKCIB, 3d OCHO8Y 5KOI 635MO0 MYJIbMUKPUMEPIATbHULL MemoO OYIHIO8AHHS 34 2PYNON NOKA3HUKIE 3 8A208UMU
Koeghiyicnmamu, a 20106HUM Kpumepiem eusnaqeno Kinbkicnuil (uucnosutl) nokasmux oyinioeanns. Hasedeno emanu
pobomu 3 OYIHIOBAHHS eDEeKMUBHOCTIE 3ACMOCYBAHHS OOUOBUX DE3eKINANCHO20 HAZEMHO20 KOMIAEKCY i3 BUKOPUCIIAHHAM

CMBOPEHOT MEMOOUKU.

IIposedero oyinioeanHa eghekmusHoCcmi BUKOHAHHS 3a60AHb 3G NPUSHAYEHHAM OOUOBUM DE3EeKINAX}CHUM HAZEMHUM

KOMHIEKCOM, 0151 HAOYHOCHIT HABe0eHO NPUKIAO.

Knwowuosi cnosa: Oezexinascnuil HazeMHULl KOMNJIEKC, MOHIMOPUHE, PO36IOKA, BUABNIEHHS, 34CiO cumyayitinoi
006i3Hanocmi, OLIHIOBaHHs e()eKTUBHOCTI, 3aCTOCYBAHHS MiPO3.ILITY.

ITocranoBka npodJiemu

VY xo7i cy4acHOl pocifichKo- Y KpalHCBKOI BIHHU Oe3ITi-
sotai cuctemu (brC) 3aiCHIOIOTE TTepexi Bijg 3BUYaifHOrO
Jo HOBiTHROTO 030poeHHs. [linpozainmamu CyxomyTHHX
BIlfCHK IIMPOKO BUKOPUCTOBYIOTHCS TOBITPSIHI KOMILIEKCH
Ta Ha3eMHi POOOTH30BaHI MIAT(HOPMH, Bi/IITOBIIHO JI0 HOBOL
wiacudikaii [1] — Oe3ekimakHi Ha3eMHI KOMIUICKCH
(BeHK). Cmocrepiraetbcsi OypXJIMBHIT PO3BHTOK Ta pPO3-
pobku HOBHX 3pa3kiB beHK pisHnMu BUpoOHMKamH, IO
notpeOye NpUBENCHHS 10 €MHOTO CTaHIAPTY Ta €JUHHX
TIOTJISIZIIB HA BU3HAUCHHS, KiIacuQikalito, poib i mictie bnC
cepen iHmmx cr i 3aco6iB 3C Ykpainn. CroromHi TpuBae
po3poOka HOBHX Ta YNOCKOHAJICHHS ICHYFOUHMX MJOKTPH-
HIBHUX Ta HOPMATUBHHX JOKYMEHTIB, 3aIpOBaUKEHO
AITOPUTMH 111010 Komu(iKallil BITYM3HIHUX Ta 1HO3EMHHX
3paskiB. Ll Tpancdopmariis craButh 3C YkpaiHu mepen
HU3KOI0 NIUTaHb HIOZI0 METH, 3aBJIaHb, CIIOCOOIB Ta MOPSIIKY

3aCTOCYBaHHS LMX CHCTEM, a TAaKOX IIOCTAa€ IHMTaHHA
owiHIoBaHHs epextrBHOCTI 3actocyBaHHs beHK.

3rigHo 3 JlokTpuHOIO «Be3nioTHI chucTeMm», 3aTBep-
mokeHol y ceprHi 2025 poky [1], Oe3ekinaHuii Ha3eMHUN
KOMIUIEKC — L€ CYKYIHICTh amapariB, IOB’S3aHUX 3 HUM
CTaHIIl HAa3eMHOrO0 KepyBaHHS, JIHIA KepyBaHHS Ta
KOHTPOJTIO, 1HIII EIEMEHTH, SIKi 3a0e31eUyroTh (QyHKI[IOHY-
BaHHs (32 monepenHboro JJoktpunoo 2023 poKy BKUBaBCS
TEpMiH Ha3eMHi poOOTH30BaHi kKomruiekcr abo HPK).

Croromai pospoomstorecss beHK  pizHOro mpmsHa-
YeHHs, TIPOTe JOCBiA 3aCTOCYBAHHA MOKa3ye, IO iX Jo1i-
JBHO BUKOPHCTOBYBAaTH IEPEBAXKHO JUIS JIOTICTHKH,
eBaKyalil Ta po3BiJKy; OOHOBI MOJYIIi — TUTBKH B CYIPO-
BijHuX / miaTpuMyBaibHUX misix. HeoOximHO BIOCKOHA-
JIIOBaTH OKPEMi TEXHIYHI MOKa3HUKH, Ul 4oro Tpeda
BU3HAYUTUCHh 3 TMPOOJEMHHMMH IHUTaHHIMHU Ta OOIpyH-
TyBaTH Kputepii oriHtoBaHHs beHK.
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3a ¢QyskmionansaM niprsHadeHHsM beHK y 3CY
MOYKHA TIONIUTUTH Ha KUTbKA THITIB, KOKCH 3 KX BUKOHYE
crienmdiuni 3aBmans [2], [3] (#a puc. 1 posramosaHi 31iBa
HAIPaBo):

Vnapui (BOrHEBi) KOMIUIEKCH — Iie 030pOeHi Imiat-
(dopmu, TpU3HAYEHI IUISI TPUKPUTTS IMXOTH BOTHEM a0o
MpSIMAX YIapiB 1o mo3umisix Bopora. [Ipukmamom € beHK
«JTrote» (puc. 1) abo iHTerpamist yKpaiHChKOro OO0HOBOTrO
moxmyist (BM) «Bypsi» Bupobruka Frontline Ha mmardopmy
THeMIS.

IroxenepHi (carepHi) KOMIUIEKCH OOJagHaHi iHCTPY-
MEHTaMH Ui PO3MiHyBaHHS a0O BCTaHOBJICHHSI MPOTH-
mixoTHuX MiH. [Ipuknanom € «['Hom-Minep» (puc. 1). Bonu
MOXYTh MPOKJIAJIATH KOPHIOPU ISl MiXO0TH ab0 BCTaHOB-
JIFOBAaTH MiHHI 3arOPOJKEHHSI.

JloricTiyHI KOMIUIEKCH — HEBEJIMKI HaIliBABTOHOMHI
iaThOpMH TSI TISPEBE3CHHS BAHTAXKIB, TAKUX SIK OOEpH-
T1acH, TaJlMBO, TPOBIaHT Ha IIEpeioBy ab0 MK MiApo3mi-
mamu. [le 6a3oBa (yHKIIisT HA3EMHOTO IPOHA, 1 B IIii Hirlmi
JIOCATHYTO HaiOIbImmX yemixi (puc. 1 — norictiudni beHK
«TepmiT»).

EBaxyamiiini komruiekcn — poOOTH30BaHi HOIII HA
KOJIICHOMY a00 TYCEHHYHOMY XOIy, IO BHBO3SATH MOpa-
HEHHX i3 «4EePBOHMX 30H» (30KpeMa 3 MiHHHUX TIOJIB), MiHi-
Mi3yroun pr3uK mist MenukiB. Hanprkman, beHK «Apmam»
(puc. 1) BKe Ha TIPaKTHIIi BHKOPHCTOBYBABCS B €BaKya-
IiMHUX Micisx [4].

Po3BigyBasnbHI KOMILIEKCH — MaJTi MaHEBpeH1 poOOTH 3
KaMepamMH Ta CEHCOpaMH, sIKi TIpalllooTh Yy TaHaeMi 3
OesmitoTHuMHu  JitabHuMK  arapatamu  (BriJTIA), Buko-
Hytour (yHKIIi «o4eil poOOTIB» Ui CIIOCTEPEKEHHS Ta
KOMIIeHcallii cJIabKOoro MoJist 30py HA3EMHUX MalllvH.

Puc. 1. Pisnosuau beHK, ¢oro LlenTp indopmaniiino-
KoOMYyHikaniiiHoi mixrpumku CyxonyTHHMX Bilicbk

3a pmaHuMH  YTpaBiiHHS ~ OE3MINOTHUX — CHCTEM
Komanmysanust CB cranom Ha mumens 2025 Bigomo [2-3],
IO Ha:

JIOTICTMYHI Ta €BaKyalliiiHi 3aBaaHHs npunaaae 47%
miciit BeHK;

itKeHepHi (MiHyBaHHS/PO3MiHyBaHHs) 6im3bKo 25%;

yaapHi (Boruesi) — mpubsuzHo 12%;

crienianpHi micii — perra 16% (puc. 2).

B JloricTUYHi
M |H)KeHepHi
YpaapHi (BorHesi)

H CneuyianbHi

Puc. 2. liarpama BigcorkoBoro posnoginy miciii BeHK

Croroani bC BnpoBamkyoThess y Bei chepu Ta
JinsHKA 3actocyBanHs. 3rigHo 3 Jlokrpunoro [1] Bix
2025 poky posmomin pisaux tumiB beHK (amaparis,
beHA) BimOyBaeThcss Mix OimbliicTio BB (pomiB)
BifichK (CHuT) Ta iX MiJpO3/iIaMH.

TomMy HE0OXiTHO JAETaTBHO MPOAHATI3yBATH 3aCTO-
cyBanHs beHK y 00iioBuX cygacHHX JisiX Ta BUSIBUTH 1X
crmabKi CTOPOHM Ta MPOOIEMHI MOMEHTH JUISl OKPECJICHHS
OCHOBHMX TIOKA3HHKIB, SIKi BIUIMBAIOTh Ha €()EeKTHBHICTH
3acrocyBaHHs beHK.

AHaJI3 0CTaHHIX J0CJTI/KeHb Ta myOJiKkanii

Amnani3 nocBiny 3acrocyBansst bBtHK y 6oifoBux misix
POCIHCHKO-YKpaiHChKOI BiliHHM (ITyOsitHi 3BiTH, aHATITHKA
[1-17]. ta BHyTpimHI BiHCBKOBI JDKEpena) OKPECIIOE
3araJibHi IpooIeMH:

HenocraTHiii piBeHb 3aXHIIEHOCTI: OnHA 3 Haii-
CCPHO3HIIIMX OIMeparifHiX 3arpo3 — BPa3JMBICTh 10
3acobiB PEB Ta kiGeparak (6arato BeHK Brpavaroth
KoHTpoIb uepe3 PED, BTpyyaHHs B yIpaBiliHHsI, JDKEMIHT,
cry(iHT); BpasNHMBICTh J0 BOTHIO IMXOTH, IS BaXKKHX
00i0BMX (DYHKIIIH 1 3aXUCHOTO OPOHIOBAHHS ChOTOHIIITHI
TaThOpMH I1ie cradKi.

CrnaOkuii piBeHb KEPOBAHOCTI: HEOOXiIHICTb MOCTIi-
Hoi mixrpumvin, beHK morpedyrots mocTiitHoi koopanHamii
3 IHIMMH CWIAMH 1T MaKCHMAaJbHOI e()eKTHBHOCTI,
OCKIJIFKM CaMOCTIHO BOHM HE MOXKYTh BECTH 3aTsDKHI 00T,
PVBHK 3aXOIUICHHS 1 BHKOPHCTaHHA BOPOTOM, TEXHIYHA
iHpopMaris Ta JaBadi MOXYTh OyTH CKoOIiifoBaHi a0o
BUKOPHCTAHI TIPOTH BIIACHUX CHIL

HenocratHiit piBeHr MaHEBPEHOCTI: 3aJIEKHICTh Bif
TPYHTY — TOmsl, CKiaauuii penbed (I KOMiCHHMX) Ta
ypOaHi3oBaHa 30HA, BY3bKi MiChKi BYJHIN (IS TyCEHHY-
HHX); 3HAYHA 3aJISKHICTh BiJl OCOOIMBOCTEM JMOBKLLIA Ta
HIOTOJTHUX YMOB.

TpuBasicTs Ta HaJiHHICTh MiCI: €HEPrOXKUBICHHS —
OOMEXeHHII Yac aBTOHOMHOI pOOOTH (cepermiii dvac
poboTH onHi€el GaTapel — TOMHY, 33 IHTCHCHBHHX 3aBIaHb
MEHIIIE); JIOriCTUYHA BUTpata (3apsit abo 3amiHa); CKiIaaHa
JIOTICTHKA 3aps/KH; BiIMOBH; 3HIDKCHHS TPaIe3aTHOCTI
Yepe3 eKCTpeMaiibHi yMOBH pobotu (mwi, Bopa, Mopos/
CIIeKa, MepecideHni penbed TOIo).
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Bapricte / edekTUBHICTE BHTpAT: CIiBBiTHOIICHHS
edeKTy 3eKOHOMJIEHHX JIFOJICBKHX PECYPCiB Ta BUKOHAHHX
3aBJaHb N0 3arajbHUX BUTpaTr. KOpHCHICTH BHCOKa, aine
BapTICTh 1 MacmTabu OOMEKYIOTh 3aCTOCYBaHHS. dYac 1
pecypcu Ha peMOHT Ta 3aMiHH; roTpeda y 3armdacTHax;
BEJTMKA KUTBKICTh KOMEPIIHHIX CHUCTEM; CKIaIHUNA PEMOHT
y 1moni; MacmTaOHa 3aKymiBiIA 1 MATPAMKA TOTPEOYIOTH
3HaYHHUX PECYpPCIB; BOIHOYAC MOTpeda y IeCATKAX/THCIaX
OJMHHMIIb JUTS TOBCIOHOTO 3aCTOCYBAHHS

3 oAy Ha IIMPOKWHA Mepetik MpoOJIeMHUX
nuTalk mozo 3acrocyBanus briHK HeoOXinmHO BU3HAUMTH
OCHOBHI YaCTKOBI MOKa3HUKH OI[IHIOBaHHS €()eKTUBHOCTI

3actocyBanHs beHK, ski poOnsTe OCHOBHHII BKJIaj B
3arayibHy OLIHKY.

D opMy.IIOBAHHS METH CTATTi — OOTPYHTYBaHHS Ta
OIIiHKa TOJIOBHOTO TTOKAa3HUKA €(PEKTUBHOCTI 3aCTOCYBaH-
Hs migposairy beHK.

BuxkJjiageHHs1 0CHOBHOI0 MaTepiaiy

3aranpHui LIOJ0

Ha3eMHHX IaTGOopM Ta iX 3aCTOCYBaHHS y OOMOBUX MisiX

OmIIsi  JDKepen CTBOPEHHS

B YKpaiHi BHCBITIIOE MOXJIMBOCTI Ta OOMEXKEHHS, SIKi
cborosiHi BuHHKatOTh epes beHK, ta6n. 1 [4-10].

Tabnuys 1

IopiBHsHHS: OTeHIiaa Ta ooMexenHs beHK

[Norenuian Ta nepesaru

Peanbni oOMexeHHs

Bucoka MOOITBHICTE 1 MOKITUBICTB JisSITH Y
HeOe3MEeYHUX IS JTFOJTTHA YMOBaX

3acTpsiraHHs Ha CKJIQJIHOMY penbedi, mpobiaeMu 3
TIepECYBaHICTIO y OOJIOTHCTHX 1 TIPCHKUX YMOBAxX

TouHICTh Ta aBTOMATH3ALIIS 3aBIaHb 3aBISIKH
CEeHCopaM Ta aJiIrOpUTMaM

3001 y mo3uiioHyBaHHi, 3aexHICTh Bi GPS,
Bpa3nmuBicTs 10 PEB

MO>XJIMBICTD NPAIIOBATH 0€3 PU3UKY AL KHUTTA
JIFOTMHA

Huspka HamidHICTE AGSIKAX CUCTEM, PU3HK BUXOMY 3
Jaay i 9ac ormepamii

JloricTiuHa miaATpUMKa (TpaHCIIOPTYBAHHS BAHTaXIB,
Goenpuacis, eBaKyartis)

Mauia BaHTaXOIiAHOMHICTD Y OLTBIIOCTI MOAENEH,
mpobieMu 3 GallaHCYBaHHSAM

CKOpOYEHHS BUTPAT JIOACBEKUX PECYPCIB,
aBTOMAaTH3allis 3aBAaHb

Heo6xigHicTh 3HAYHOTO 00CTYTOBYOTO TIEPCOHAITY,
CKJIAJIHUI PEMOHT Y MOJi

MO>JIHMBICTB IHTErpallii y CHCTEMH YIpaBIiHHS
BIICHKaMU Ta PO3BIJKH

BigcyTtHicTh cTangapTH3allii, pi3Hi IPOTOKOIIH,
HECYMICHICTh ITPOrPaMHOr0 3a0e3MeueHHs

PoO3BUTOK TEXHOJIOTIH — IiABUILIEHHA OOHOBUX Ta

IH)KEHEPHUX MOXKJIMBOCTEH y MaiiOyTHhOMY

OOMexeHe iHaHCYBaHHsI, BUCOKA BapTiCTh
BUPOOHHIITBA Ta CKCILTyaTallii

baunmo, 1m0 KOXKEH 3pa30K Mae HeNOMIKH, TOMY
OyzemMo JOCIiDKYBaTH BIUIMB (DYHKLIOHAJIGHOTO NpH3HA-
yennst beHK Ha Horo 4acTkoBi XapaKTepHCTHKH.

Buxonannst beHK 3aBnanb 3a (hyHKITIOHATTBHIM TIPH3-
HaueHHsM (TakTWYHAa e(EKTHUBHICTB) MOXKHA PO3IIISIATH
TPAKTHYHO SIK BUKOHAHHS OOHOBOTO 3aBIaHHS iHAKIIE — YK
nocsirae beHK mocraBnennx OoiioBux/onepamiiHiuX 3aB-
JaHb INOJO PO3BIJKH, PO3MIHYBaHHS TOMIO). SIKiCHE
BUKOHAHHS TIOKJAMEHOi Micii (Hampukian, —3mifCHEHHS
eBakyartii abo JOCTaBKa BaHTAKY) € OJHWAM 3 BarOBUX
MOKa3HUKIB e(eKTUBHOCTI BUKOHaHHS 3aBmaHHa beHK.
Tomy soriqHo po3risiHyTH IO BiacTuBicTe beHK Oimbmn
JIETAJIBHO 1 30CEPEIMTUCh Ha OKPEMHX 3paskax, sKi Mpes-
CTaBJSIFOTh BINOBIJIHY KATEropiro. 3 oMoy Ha peaibHe
MPAKTAYHE BUKOPUCTAHHS Ha3eMHHUX ILiaTdopm, 3a J0CBi-
oM OoiioBuX mii [2-13], mif momasbInoro MOCHiHKEHHS
JIOIITBHO 30CEPEUTUCh Ha TphoX Kiiacax beHK: morictiy-
HUX, CBaKyaIliiHIX Ta YJapHUX (BOTHEBHX).

3acrocyBanns norictiaaux beHK (puc. 3) y 60itoBrx
X B YKpalHM BiJ3HA4YaeThCs TaKUMH TOJIOBHUMH
npobnemamu: [3], [5-13].

Bpaznusicts 110 3aco6iB PEB (rymiHHS Ta npotumis
3B’513KY, MIEPEXOIUICHHS KepyBaHHs), ocoOmiBo Tux beHK,
0 KePYIOTHCS JUCTAHIIIHHO 00 MatOTh OOMEXEHY aBTO-
HoMmito. B ymoBax PEB (pociiiceki “YKurens”, “Cinris”,
“Tlone-21") xaHaIM KepyBaHHS [IYLIAThCS, IO MPH3BO-
JWTH 710 BTpaTH YNPaBIIHHA, JiHIi 3B’S3Ky 4acTo aHaJo-
roBi ab0 0e3 3ammppoBaHUX MPOTOKOIIB; 3aTPUMKH IIepe-
nmadi BimeocurHanmy a0 1-2 cexyHmu. lle 3HIMKye iXHIO
e(eKTHBHICTh Y IHTCHCUBHUX 30HaX OOMOBHX [Iiif i poOUTH
JIETKOFO IUTITEO.

Ob6MexeHnit gac poboTtn Oatapei i eHepreTMdHa
ABTOHOMHICTE. baTapei 0OMeXyroTh TPHBATICTh Miciit /
NaTPYTIOBAHHS 1 3MYIIYIOTh YacTillle BiJABOAMTH IUIAT-
dbopmu ist migzapsiakd abo 3aMiHM aKyMYJISATOPIB, IO
YCKIIaJTHIOE TXHIO Oe3nepepBHY eKCIUTyaTallito Ha (pPOHTI.
Ile oOMexeHHsT OCOONMBO IOMITHE MNPH IHTEHCUBHOMY
BUKOPHUCTaHHI B XOJIOJIl UM TIPH TPAHCIIOPTYBaHHI BAHTAXIB.

OOMexeHa BaHTAKOIMIIHOMHICTh 1 OaicTH4Ha CTiii-
KicTh (OpoHtoBanus). bimbmricts goctymuux beHK pos-
paxoBaHi Ha JieTKi BaHTaxi (JIOricTHKa, PO3BiaKa), aje
MaroTh OOMEXEHHs ISl BCTAHOBJIEHHS! BAXKKHUX CHUCTEM
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030pOEHHSI YU 3aXHUCTY; IIe 3HIKYE TXHIO e(heKTHBHICTh
Y pOJIi HOBHOLIIHHOI yAapHOi 1aT(opMH.

HenocraTHs minroroBka ornepaTopiB i BiJICYTHICTB
BiJIIpaIlbOBaHUX TAKTUK 3acTtocyBaHHsi. He Bucrauae
MITOTOBJIEHUX KajpiB i BiampamsoBaHux mporenyp /
takTuK iHTerpanii beHK y migpo3minm — ax BUKopucTo-
BYBATH iX pa3oM i3 mixoToro, aptiiepieto, PEB i po3Bin-
koto. lle mpu3BOIMTE 1O CyOONTHMAIBHOTO BHKOPH-
CTaHHs Ta 1HOJI — 110 ckopoueHHs poT beHK.

Jlorictrka, TexHiYHe OOCTyrOBYBaHHs Ta PEMOHT Ha
nosi 0oro. 3a0e3rneueHHs 3am4acTUHAMM, JIarHOCTHKA M

o

pemornt beHK nHa ¢ponTi ckmamni: Garato mimatdopm —
KOMEPIIiIHI 3pa3K, IS IKUX BOKKO 3HAWTH CYMICHI JeTaii
ab0 (haxiBIiB 3 TEXOOCTYrOBYBaHHS y MOJBOBHX YMOBAX.

Pu3uk 3axoruieHrst /| BUKOPUCTaHHS BOpPOroM (Tpo-
deizanis). ¥ pasi rpatu beHK ix MOXyTh BiipeMOHTYBaTH,
ajanTyBaTH a00 BIKOPUCTATH TS PO3BIAKHU MIPOTH BIACHUX
CHUT — 1€ TIMTaHHSI OE31IEKU Ta KOHTP3aXOZIiB.

Bapricts 1 macimrabHe BupoOHuiTBo. 11l06 Bopo-
Bautn beHK y Bemukomy Maciurabi, moTpiOHI 3Ha4Hi
KOILITH Ha 3aKyITIBIIO, JIOKTI3aIil0 BUPOOHHIITBA Ta Tij-
TPUMKY — 1 LI KOHKYPYE 3 IHIIIUMH MPIOPUTETAMH 00OPOHH.

- - v

Puc. 3. Joricruuni BeHK BiTYN3HSHOr0 BHPOOHUIITBA:
a—TerMIT (TENCORE); 6 - CRAB-LS; ¢ — Targan (TarGun)

JlorictuuHi Ta eBakyamiiHI TIATQOPMH MalOTh
CXOXe Tpu3Ha4YeHHs, ane B eBakyaniitHnx beHK e cBoi
cnenndivHi (YHKIIOHATBHI OCOOIMUBOCTI Ta TPYIHOII.
Ipob6iemu epakyaniiinnx beHK (puc. 4) wa QponTi
VYkpaiau € cucteMHUMH, 1 0arato 3 HUX Bixke 3agiKcoBaHi
B MPaKTHYHUX Biarykax miapozaimis [4-10]. Cranom Ha
2024-2025 poku TeXHIYHMI aHa3 TIOKa3ye CXOXi 3
JIOTICTUYHUMH TUIaT(GopMamMu MpoOJIeMH 1100 MaHEeBpe-

HOCTI Ta TIPOXiMHOCTI: Ha TEpEeCideHii MiCIeBOCTi

(BOpOHKH, TpsA3b, CHIr) Jierki KomicHi (Ha Kmrant Rys-
Med) wacro BTpayaroTh TAry a60 OYKCYIOTh; T'yCEHHYHI
Bapiantu (mampukiazx, lronclad Medevac, RoboMedic)
MAarOTh BHIILY TPOXiJHICTh, ajie MOTPeOYIOTh MOTYKHOTO
JKUBJICHHSI Ta BaXK4l Uil TPAHCHOPTYBAaHHS, 4acTo Bij-
CYTHSI aBTOMAaTH4YHA CHCTeMa cTadimizallii npu eBakyarii
HOPAaHEHOr0 — BHHHUKAE PH3UK TIOBTOPHHX TPABM.

Puc. 4. Epakyaniiini BeHK:
a — RoboMedic (Robotic Complexes), Ykpaina;
6 — THeMIS MedEvac (Milrem), Ecronis;
6 — Ardal (BUREVII), Ykpaina

3axHIeHiCTh OUIBIIOCTI eBaKyaIiHHIX iaTdopM: (K
i JIOTICTHYHMX) MAarOTh MiHIMATBHHI OpOHE3aXHCT, PO3-
paxoBaHMil NHIlle Ha ynamku; Bpasnusi 10 FPV-mpoHiB i
cTpinenpkoi 30poi  KamiOpy 7,62-12,7 mMM; BiICYTHICTH
aKTHBHUX cHcTeM TipuyieHss apouis (PEB) abo matumkis
HaOkeHHs FPV.

Komynikanisi Ta kepyBanHs B ymoBax PEB Takox
yckiaaHeHa uepe3 uymmmBictb beHK mo miyminns, nepe-
XOIUTEHHSI Ta BTPAT KEPYBaHHS, a 3aTPUMKH Tiepeiadi Bisieo-
curHaiy y 1-2 cekyHIM KPUTHYHO ITif] Yac eBaKyallii 3-I1i]
BOTHIO.

BoiioBa >XUBYUiCTh 1 PEMOHTONPHUAATHICT, CXOXKE 10
JIOTICTUYHUX, II€. BIACYTHICTh CTaHAapTH3allll aKyMmysis-
TOpIB Ta BY3JIIB — B&)KKO BIJIHOBHTH B TIOJIOBUX YMOBaX;
Outpimicth  eBakyamiiinx beHK wmarote  HesaxwuiieHi
ENIEKTPONBUI'YHH, SIKi JIETKO TOIIKODKYIOTHCS TAIIOM a00
yIaMKaMH; TPH BHUXOJ 3 JIaJly CHCTEMH YNpaBIiHHSI —
HEMAa€ aBapiifHOro PSKUMY MOBEPHEHHSL.

Takox y Mmiapo3miiax 4YacTO HEMae CICIlalbHUX
OrepaTopiB, MiZATOTOBIEHUX came J10 eBakyaliianx beHK;
HECYMICHICTh MK PI3HMMH THIIAMH CHUCTEM YIPAaBIiHHS,
0COOJIMBO SIKIIO TEXHIKA PI3HUX BUPOOHHKIB.
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Amnaiiz MarepiaimiB jocBimy 3acrocyBanHs beHK
Cwiamu 000poHM YKpaiHU MMOKa3aB, IO CTAHOM Ha Ipy-
nenb 2024 poOKy CHCTEMHOTO BHWKOPHCTaHHS OOHOBHX
BeHK He 3adikcoBano [11-12].

XapaKTepHOIO OCOOJMBICTIO 3aCTOCYBAHHS OOMOBHX
BeHK 3a nocBimoM pocichbKo-YKpaiHCBKOI BiHH € CTpi-
602 3 Miclst (KOPOTKMX 3YIHMHOK). BemeHHs epeKTHBHOL
crpimpbn Goitoumu BeHK 3 xomy (rmix gac pyxy) cbOroiHi,
Ha KaJlb, € MPOOJIEMATHYHMM, JOCBIJ] MOCTIHONO 3acTOCy-
BaHHsI 3a(hikCOBaHO JiIle y 4 mapo3iax 3 22 ONUTaHuX, a
TIITBEPIDKEHI BUIAJIKM YPAKEHHS JKMBOI CHJIM TIPOTUBHUKA
MaloTh TOOJMHOKME xapakrtep. I[limpo3miny, 1o 3acroco-
BytoTh 60tioBi BeHK (puc. 5) B pociiichko-YKpaiHChKili BifiHi,
TOKH HE BU3HAYMIIH iX MICIIS Y BIACHUX OOMOBHX MOPSIKAX.
[Motenmjan 3actocyBanns OodoBux beHK 3amummaerscs
JMCKYyCiiiHMM. BiTuM3HAHI pPO3pPOOHMKM Ta BHUPOOHUKH
BbeHK mokpaliytoTh Ta yIOCKOHATIOKOTH iCHYIOUi 3pa3Ky,
TECTYIOTh Ta BHUIPOOOBYIOTH CBOI BUPOOM B IMiAPO3iax
ITiT 9ac peaTbHIX OOMOBHX JTiif Ta B TIOJITOHHAX YMOBAX.

Junst 3pyanocri anamizy beHK mnoxineno na rpymm:
BeHK+BM (UGV+RWS), BM (RWS) Tta kamikame (B
anrmomoBHEX mxepenax — Unmanned Ground Vehicles ta
Remote Weapon Station, UGV ta RWS Ta kamikaze).

TumoBrvu TipoOITleMaMy i OOMEXEHHSMH TIPU 3aCTO-
cyBanHi ynapuux (Boraeux) beHK moxkwa Bumimia [7-17]:

Binnaua i crabimi3zarist — CTpuib0a 3 KpYMHHUX Kamio-
piB (ocobmuBO Mg yac pyxy) morpebye crabimizoBaHOl

mwath)OpMH i KOMIICHCATOPIB, 03 IbOr0 3HAYHE TAiHHS
TOYHOCTI.

BoiioBuii 00€KOMITIEKT — OOMEXeHa BaHTAKOITTHOM-
HICTh 3MEHIITYE KiIbKICTh OOETIPHUIIACIB, IO MOXE IIPH3-
BECTH JI0 «BUYEPITAHHSY TUIAT(POPMU B KPHTUIHUH MOMEHT.

®DizrdHe TOMKOMKEHHS MOIYIS — ypaskeHHs bM 1
CEHCOpIB pOOUTH TIIATOPMY MAPHOIO SIK OOHOBY OIMHULIO.

IMomunku B imeHTUDIKAII] — aNrOpUTMH PO3ITI3HA-
BaHHS y peaJbHOMY CEpPEIOBHIIl YacTo JAr0Th XHOHI
CrpaIboByBaHHst (ITUT, MM, MAPKYBaHHS, [MBUTBHU PYX).

OOMEXEHHSI CEHCOPHOTO OXOIUICHHSI — BY3bKI KYTH
oy, BiacyrHicTh 360° 63 MOAATKOBHX CEHCOPIB, TOOTO
CHTYyallisl, KoM TwiathopMa «3aIuIfolieHa» 1 He 0auuTh
3arpo3y 300Ky 4H 3 TUITY.

Brpyuanns PEB — pyiinanis abo 30inblieHHs 3at-
PUMKH 3B 513Ky (YCKIIQIHIOE MPHIITIOBAHHS); «3aBHCAHHS»
IaThOpMH y KPUTHUHIN 30HI.

Kopotkuii »xutTeBril mpkin — Maii / ceperHi yaapHi
(BorueBi) beHA 0e3 OpoHi BpasnuBi 10 KYJIEMETHOTO,
IPAHATOMETHOTO yIapy Ta BOPOXOI apTWiepii; BIpata 4u
3aXOIUICHHS; HABITh NPH 3aXMCTI BiJl OCKOJIKIB MIAPUB TIi[
JTHUILIEM Ta IHKEHEPH] TACTKH MOJKYTh BUBECTH ITATQOPMY
3 JIajy.

[MinTprmMKa GOeKOMIDIEKTY i GaTapei — IocTadaHHs,
3apsika, 3amina AKDB cyTTeBo BIUTHBaE HA TPHBAJICTH MiCiH.

Pemonr 1 pecypcn — pemontyBatu beHK na mooi

0010 Baxkue, HK 3BUYAIHY JIOTICTUYHY IAT(HOPMY.

Puc. 5. YnapHi (Boruesi) BeHK BiTYn3HSIHOr0 BUPOGHUITBA:
a—PROTECTOR (TOB «YxkpaiHcbka GpoHETEXHIKa»);
6 — Krampus Bravel/Deviro; ¢ — BYPSI (Frontline)

Kareropist «omHopa3osi / kamikaze Ta iMIIpoBi3oBaHi
00iioBi poOOTH» — MPUKIIAM TIOIHOBUX, OTHOPA30BHX 200
KycTapHUX 00HOBHX Iatdopm i MomymiB. Jlemesi, MacoBo
BUpOOJieHi abo MomudikoBani matGopMHu IS OHO-
Pa30BHX YIapiB, MACTOK, OJIOKYBaHHS a0 MiIHATTS Crieria-
JBHUX 3ac00iB (BKJIIOUHO 31 BCTAHOBJICHHSM DPaISHCHKHAX
ITTPK / TI3PK Ha qucTaHIiiHO KepoBaHi Iraci).

PeanipHe 3acTocyBaHHs «KaMika/3e» MiAXOMiB Hpe-
CTaBIICHO HU3KOKO BITUM3HSIHKUX po3pobok: Ratel S (puc. 6),
MINI BRO, T'iena, Konyk S, TETRIS Toro. OxHopa3osi
beHK 1mmpoko 3acToCOBYIOTBCS ISl PUBUKOBHX 3aBJIaHb:
TIPUBHUX OIEparii, MIXOAIB MiZl BOPOXKi IMO3MIIiI, MOH-
TaXy CTapUX 3EHITHHUX/PAKETHHX ITyCKOBHMX YCTAHOBOK Ha
JICTAHIIIFHI TUIaT()OPMH TOIIIO.

Puc. 6. Mana koJricHa JucTaHIiitHA
niaardopma-kamikaase Ratel S
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OCHOBHUMH TIpOOJIeMaMH MO>KHA BU3HAUHTH:

HanifiHicts 1 0€33aXHCHICTH — KyCTapHI CHCTEMH
YacTO MarOTh MaJli pe3epBH HAMIMHOCTI, CTabKe KepyBaHHS,
JIETKO BUBOJSITHCA 3 JIAy 200 NEePEeXOILTFOIOThCS.

Omneparuiiina cyMmicHICT — 06araTo Takux caMopo-
0OK Ba)XKO 1HTETrpyBAaTH B CTaHIAPTHI TaKTHYHI JIAHIIFOTH,
3B’SI30K 1 JIOTICTHKY.

Ha mpaxrimii Oynm TOBIIOMIIEHHS TIPO  CEpHO3HI
OOMEXKEHHs: HepoOourii abo HeHaIiiHuMIA 3B’5130K y 0010,
IIBUKA BTPATHICTh, TEXHIYHI HECIIPABHOCTI; JEMOHCTPYE,
110 036poennii beHK 6e3 HafiitHOro 3B’s13Ky i CTIMKOCTI 10
PEB — Maj10 KOpHCHHIA 1 IBHIKO CTA€ TArapeM.

TaxuM 4uHOM, GOHOBHIT MOIY/Ib MiJBUIIYE TAKTHYHY
kopucHicth beHK, ane omHouacHO 3HA4YHO ITijIBHILYE
BUMOTH /IO IHIIMX KOMITOHEHTIB CHUCTEMH — OpOHi, eHep-
TeTHKH, 3B’53Ky, CEHCOpIB 1 mpoueayp kepyBanHs. Haiikpa-
MM 3aCTOCYBaHHsAM i yaapHux (BoraeBux) BeHK e
JIOTIOBHEHHS/TICKJICHHST  JIIOJIMHK, po0oTa 'y  CKiaji
komOiHOBaHuX Tpyn (mommnHa + BeHK + aprunepist /
brJlIA), e BOHM BUKOHYIOTH OOMEXKEHI BOTHEBI poImi 3
JIFOZIMHOIO B JIAHIII CIIPUHHSATTS.

MoxomBocTi  cygacHux po3podok beHK, memon-
CTPYIOTh INHMPOKWH CIEKTp /Uil BHUKOHAHHS OOWMOBHX
3aBJIaHb, TOMY JOLUTHGHO TIPOBECTH OIIHFOBAHHS S(DEKTHB-
HocTi 3actocyBanas beHK.

Ioka3Hnkyn A5 BU3HAYEHHS OLHIOBAHHA edeK-
THBHOCTI 3aCTOCYBaHHAI 00ii0BHX 0€3IMiIOTHMX CHCTEM
(Ha3eMHHX POOOTH30BAHUX KOMILIEKCIB). BeTaHOBICHHS
MOKA3HUKIB JyIsl BHM3HAYEHHS OY/Ib-SIKOTO OIIHIOBAHHSI
e(eKTHBHOCTI € KIIOUYOBMM KPOKOM Y MiATOTOBII O
30MpaHHs JIaHKX, SIKUK BIUIMBAE Ha SIKICTh T4 KOPUCHICTb
OTPUMAaHHX Pe3YJbTaTiB.

BpaxoByrour OCHOBHI BHMOIM JO TIOKA3HHKIB
(peneBaHTHICT IO METH IIPOLIECY, YHIBEpCAJBHICTH Ta
3po3yMinuii Gi3UUHMIA 3MICT) OIUHIOBaHHS €(EKTHBHOCTI
3aCTOCYBaHHS OOHOBMX OE3IIOTHHX CHCTEM, 30KpeMa
Oesekinakaux HasemHux kommiekcie (beHK), mporo-
HYETBCS 3[iHCHIOBATA 3 BUKOPHCTAHHSM TaKUX YOTHPHOX
OCHOBHHX TPYIOBHUX TTOKa3HHUKIB:

(dyHKIOHATBHICTS ((yHKITOHATBHI BacTuBOcTi BeHK
BH3HAYAIOTHCS 3/IATHICTIO BUKOHYBATH 3aBIAHHS 3a IIPH3-
HaYCHHSIM: TPAHCIIOPTHI/@BAKYyAIliiHI [yIst JIoricTHIHUX (eBa-
kyarritirrx) beHK ta Goiiosi mist yaaprmx (Borsesnx) beHK),

MobinsHICTh (MaHeBpeHicTs BeHK — 1e komrutekc-
Ha XapaKTepPHCTHKA, IO XapaKTepHU3Ye 3pa3oK II0J0
MOKJIMBOCTEH pyXy I 3a0e31eYeHHs] BUKOHAHHS HOTro
3aBJIaHHs, B pOOOTI MIOKA3HUK MAaHEBPEHOCTI BU3HAYAETHCS
sk 3aatHicTh beHK mo panroBocti Ta BYacHOCTI AiH,
mokiuBicTio bBeHA nonatn meperikomn);

3aXHUIIEHICTh (3axwmiieHicts / mpuxoBanicTh beHK —
I[e KOMIUIEKCHa XapaKTEepHCTHKA, IO CHPHYMHSIE MOXK-
J'[I/IBiCTl) BUABJICHHSA Ta 3HUIICHHA 3pa3Ka IMPOTHBHUKOM,
TOMY OIIIHOYHOIO XapaKTEePHUCTUKOIO JUTS HUX BBAKAETHCS
HasBHICTh 3aC00iB iX MPUXOBYBaHH);

ABTOHOMHICTh  (BM3Ha4aeThes 3maTHicTio BeHC
BUKOHYBATH TIOCTABJICHI 3aBJaHHS 0c3 TIOCTIHHOTO BTPY-
YaHHs oneparopa (3 CaMOCTiHHUM MPHITHSTTSIM PIlCHb Y
MeXax aJTOPUTMIB KEPYBaHHS).

3a3HavyeHUH IepedtiK 1 HaliMeHyBaHHS TIOKa3HHUKIB HE €
CTATIMH 1 MOXKYTh 3MIHIOBATHCS 3ICKHO Bil KOHKPETHHIX
YMOB, 3a SIKHX 3IIHCHIOETBCS BU3HAYCHHS TIPIOPUTETHHX
TEeMaTUYHUX HAPsIMIB HAYKOBHX JIOCiKESHb.

Iopsitok po3paxyHKy KJIIOYOBOI0 MOKA3HHKA
epexTuBHOCTI 3acTocyBanHns Goiioux BeHK [18-22]. 3
ypaxyBaHHSIM OOpaHHMX MOKA3HUKIB JUIsI OLIHIOBaHHS e()ek-
THBHOCTI 3actocyBanHsi OoiioBux beHK Ta 3Baxkaroun Ha
HEOOXIHICT 3a0e3MeUYeHHs] TOCTATHBOI OIEPATHBHOCTI i
MPOCTOTH OOYMCIIEHb, Y METOMHI]I BUKOPUCTOBYFOTBCS Me-
TOAM CKCIICPTHOIO OIHIOBAHHS, JOCTATHS TOYHICTh SKHX
3a0e3MeyyeThCsl KOHCEHCYCHHM  PillICHHSIM  3aJTy4eHHX
eKCIIepTIB.

[Tin0ip excrepriB, BW3HAYCHHS TXHBOI KOMIIETECH-
THOCTI, iHII mepen0aveHi 3ax0W MiJI Yac EKCIEpTHOro
OL[HIOBAHHS 3IMCHIOIOTECA BIANOBIZHO JO BIIOMHX
TIpoLIe/Typ, TOMY B Iilf METO/IMII HE ONHCYEThCS. Baximiso,
mo0 M 4Yac BH3HAYEHHS IOKA3HHKIB JUI1 OLHIOBAHHS
edekTuBHOCTI  3actocyBaHHs OotioBmx beHK ycima
IPyIaMH eKCIIEpPTiB BHKOPHCTOBYBABCS TOH CAMHI METO/I,

3 Meroro 3abe3ledeHHS MPOCTOTH, HAOYHOCTI Ta
OTIEpPATUBHOCTI OTPUMAHHS PE3YNIBTATIB YIS OIIHIOBAHHS
edexruBHOCTI 3acTocyBanHs OoiioBrnx beHK mpomonyeTses
BUKOPUCTOBYBAaTH METOJl 3BOKEHOI CYMH, SIKWii € edek-
THBHAM JUI BU3HAYCHHS TMPIOPHUTETIB Cepel KLIbKOX
BapiaHTiB. Llell MeTox1 I03BONISE YIIOPS/IKYBATH BapiaHTH 3a
CTyNEHeM TXHbOI BaYKIMBOCTI a00 3HAYYINOCTI Ha OCHOBI
BU3HAYEHHUX MOKa3HUKIB. Ha 1pomy erari BiOyBaeThes
OIiHIOBaHHs e()eKTHBHOCTI 3pa3ka (OOMOBMII MOTEHINAT),
JOro MO>KJIMBOCTI 10 BUKOHAHHS O3HAYEHMX 3aBJAHb 3T1HO
3 nociimkeHHsM peatbiix TTX beHK.

Jns oninroBanHst epekTrBHOCTI 3actocyBanHs beHK
HEOOXIJTHO BpaxyBaTH BIUIMB JWHAMIYHMX YMHHHKIB, SKI
BUHHKAIOTh MPOTSATOM BUKOHAHHS 3aBIAaHHS 1 CTYIIiHb
CIIPOMOXKHOCTI ~ 3pa3Ka BHUTPUMYBaTH LIed BIUIMB —
HaIIIHOCTI 32 OfVH OOMOBHIA BHXII.

ToMy OCHOBHMM MOKa3HHUKOM OLIHIOBaHHS C()CKTHB-
HocTi 3acTocyBaHHs OoiioBnx beHK BH3HAueHO KIFOUOBHI
nokasauk edekruBrocTi 3acrocyBanns (KIIE3), 3 ypaxy-
BaHHAM HAHHOCTI 3a OH OOHOBHIT BUXILL.

M BusHaweHHs E., — KIIE3 3anpomoHoBaHo

. .. H ..
BBecTH Koperyrounit koedimienr K'' — koedimient Ha-

JiiiHOCTI 3a ouH Gorosuii Buxi (KHOB). Tak oliHroBaHHs
edextuBHOCTI 3actocyBanHs beHK pospaxoByerbest 3a
criBigHomenHsM (1)

N
H
Etot = LK™ @)
i=1
Ie:
E — mopmanizoBani ominky; rpynoBux Kpurepiis 3a

BU3HAYEHOIO EKCIIEPUMEHTAIBHOIO IIKAJION0;
@ — BaroBi KoedillieHTH BOINBOCTI (BU3HAYAIOTHCS
N

METO/IOM €KCIIEPTHOTO OI[iHIOBAHHS), 1€ Zcq =1:
i=1
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K iH — koe(illieHTH HaJIHHOCTI 3a oauH OolioBUi

BUX1JT JUTS BiJITOBIHOTO TPYITOBOTO ITOKA3HUKA,;
N — KiNBKICTh TPYTIOBHX KPHUTEPIIB.
Bnauenns KHOB  3naxomutecs B

KiH € [0,1] , 3anexuTh BiA CTymeHs BIUMBY. B pasi

iHTepBaJI

BUBEACHHS 3 POOOTH BiMITOBIAHOIO TPYHOBOTO ITOKA3HUKA
BiIOYBAa€ThCA BTpaTa CIPOMOXKHOCTI JO TIOAJIBIIOTO
BHKOHAHHSI 3aBIaHHs (HAPUKIIAL, BiIOYIOCH 3aCTPSTaHHs
beHK 3 BHCOKMM CTyIeHeM BiZIMOBH J0 MOAAJIBIINX [l —
MOBHE BHBCICHHS 3 Jaay 3paska), Tomi KiH =0, mo
TIPU3BOAUTS JI0 cyTTeBoro 3meHIeHHs KITE3.

VY pamkax 1pOro IOCIIPKEHHS TNPHUKIaIN Po3paxo-
BYFOTBCSI JJIs1 CTATHYHOI MOJierTi, 0e3 BpaxyBaHHs JUHAMIKA
000 Ta 3MiH, IO BiJOYBAIOTBCS, TOMY Koe(illieHT
HAJIHOCTI 32 OJMH OOMOBHMIA BUXIiJ priAMaeThCs 3a 1 1 Ha
=1.

Po3paxyHok BaroBux KOCQIiIi€HTIB ITOKA3HUKIB
OIIIHIOBaHHS epeKTHBHOCTI 3acTocyBaHHS OoifoBnx beHK
3IIHCHIOETHCS 3 JIOTIOMOIOI0 METOAY IOTNApHUX MOpiB-
HSIHB. J[11 MOXKIJIMBOCTI MOPIBHSIHHS SIKICHUX TTOKa3HHKIB
MIIKPUTEPIB TPYHOBOrO KPHUTEPitO, SKi MAlOTh Pi3HY
TPUPOAY, BHUKOPHCTOBYEThCS HOpMANi3allii 3HAYCHb
OIIHOK METOOM Min—max. Y pasi MOKpalieHHs OIHOTO
a0 JIEKUTHKOX 3HAYCHb MiAKPHTEpiiB (HAPHKIAM, IPH
MoJepHizalii 3paska), U OIHIOBAHHS BIUIUBY IHX
MOKpAIIeHb Ha 3arajbHuUi TOKA3HUK ePEKTUBHOCTI 3pa3ka,
BUKOPHCTOBYETHCSI METOJIOM aHai3y Yy TIIUBOCTI.

Merojuka omiHIOBaHHS e(DeKTHBHOCTI 3aCTOCYBaHHSI
6oiioBux beHK nependauae GpopMyBaHHs BXiHUX JaHUX;
PO3pPaxXyHOK CKIIaJJOBHX JUIsl OLIHIOBaHHS e(EeKTHBHOCTI

Ppe3yJIbTaTH AOCTI/DKEHHS He BIUHBaE — K iH

3actocyBants 6oriopux bnC (beHK); ominka pe3ynbrary.
CTpyKTYpHY CXeMYy METOIUKH OIiHIOBaHHS €()eKTUBHOCTI
3acrocyBanHs OoifoBnx beHK nHaBeneHo Ha puc. 7.

OCHOBHMMH TIPHUIYIIEHHSMH TIPH BUPIIICHH] 33/1a4i
OIIHIOBAaHHS e(EKTUBHOCTI 3aCTOCYBAaHHS ITiPO3ALTIB
6oiioBrx beHK e:

- TIPOTHBHUK MOXKE 3/IMCHIOBATH BIUIMB IT0 HAIINX
BIMCBKAX;

- miaposaim beHK cnpomoxHi BukoHyBaTtH 00i0BI
3aBjaHHs (0oe3marHi);

- migpo3pimn  beHK  3abe3meueHi
MaTepialbHUMH 3aco0aMu;

- CHCTeMa yIpaBIiHHSA 3a0e3nedye IOBEACHHS
iH(opMaIii 10 pi3HUX JAHOK YIPaBIiHHS BICHKaMH.

ITin Go#oBum 3acrocyBanusm (B3) posymierscst
BukoHaHHI beHK 3aBmaHp 3a mpu3HadeHHSM B yMOBaxX
Oorioux aiit, beHK BHUKOHYIOTB 3aBIaHHS OO MiATPUM-
KJ OCHOBHHUX CHJI MiAPO3.ity, B3 — BUKOHaHHsI 3aBaHHs!.

Etanu po6oTH 3 OUiIHIOBAHHSA e(eKTHBHOCTI
3actocyBanHsi 6oiioBux beHK.

Etan 1 — migroroBka BHUXiJHUX JaHUX, (POPMYBaH-
HS €KCIEPTHOI TPYIH, MiATOTOBKA MaTepiajiB JUIsl Mpo-
BEJICHHSI TIPOLIETyDP OLIIHIOBAHHS.

HEOOX1THUMHA

ETanm 2 — popmyBaHHS CKIIAOBUX IUIS OIiHFOBAH-
H edektrBHOCTI O60itoBoro beHK.

Etan 3 — ominroBaHHs e()EeKTHMBHOCTI 3aCTOCYBaH-
Hs OotioBoro beHK.

Etam 4 — popmyBaHHS ~ BHCHOBKIB  €KCHEPTHOL
TPYIH MO0 OLIHIOBAHHA €(PEKTUBHOCTI 3aCTOCYBaHHS
6oitoBux beHK.

Ha niepriiomy erarii Juisi €KCIIEPTHOI TPYIH FOTYIOTh-
csi BUXIJHI JaHi IIO/I0 YMOB OIIHEHHS e(eKTUBHOCTI
3acrocyBanHs 0oioBix beHK (BinOyBaeThCst BU3HAYCHHS
€TaJIOHHOr0 3pa3ka Ta 3HaueHHs ioro TTX Ta ekoHo-
MIYHOI CKJIQJ0BOI); MPOXOMUTh BU3HAYEHHS OO0’ €KTIB
OIIIHIOBAHHS Ta MiJTOTOBKA MAaTepiaiiB Uil MPOBEICHHS
npoiieayp ouintoBanus (Bigomocti momo TTX, 3BiTH Ta
MPOTOKOJIM BHUIPOOYBaHb TOIIO); 3AIHCHIOETHCS MMI0Ip
CKCIepPTHOI TPYMH Ta MATOTOBKA HEOOXiTHHUX IS
MPOBEJICHHS POLIEAYP OLIHIOBAHHS (CKIIaaHHs apKyIIIiB
OIUTYBaHHS, aHKET, YSK-JIKCTIB TOLLO).

Ha ppyromy erami BiAIIOBiAHO IO BiIOMHX TIpO-
HEeyp TPOBOIUTEC (POPMYBAHHS MATPHIT BaroBUX Koedi-
mieHTiB OoiioBux BrmactrBocTeli beHK 3a pesympratamm
ycBiomIleHHsT OOHOBOTO 3aBIAaHHA. EKCIIEPTHOIO TPYIOO
3MHACHIOETECS BUBYEHHS IIATOTOBICHMX HA IEPIIOMY
eTar BUXIJHUX JaHMX, X y3araJbHEHHS Ta BU3HAUCHHS
MepesiKy rpyMoBUX KPUTEPIiB Ta YACTKOBHX CKIIAI0BHX
Juisl oliHIOBaHHS edexTuBHOCTI OoitoBoro beHK. Ilpo-
BOJIMTHCSI po3paxyHoK Koeditienta edextuBrocti KITE3.

Ha TperboMy erami €KCHEepPTHOI TPYIOI0 MPOBO-
JTUTHCS OIIHIOBAHHS €()CKTHBHOCTI 3aCTOCYBaHHS 00¥O-
Boro beHK. Ha erami oriHroBaHHs BiZOyBarOTbCS JBi
TNIepeBipKH 3HAUEHb 3pa3Ka, IO JAOCIIPKYETHCS: KITHOYOBOTO
TIOKa3HMKa e)eKTUBHOCTI 3acTocyBanHs1 OorioBoro beHK Ta
CKOHOMIYHOI CKJIaJIOBOi 3pa3ka, 3a morpedu. B pasi
HeoOX1/THOCTI OITyKy NIISIXIB HOKpaIeHHs 3pa3ka IpOBO-
JIUTHCS TIOBTOpHA ITIEpEeBipKa OTPUMAHUX IIiCIS MOZIEp-
Hi3anil 3HaYeHb.

Ha gerBepTomy eTarmi eKCIIEPTHOIO TPyIow Qop-
MYIOTBCSI BUCHOBKH OO OIIIHKH e€()eKTUBHOCTI 3aCTO-
cyBanHs OoroBux beHK, roryiorscs mpomos3mmii Ta
MOJAIOTHCS Ha OAANBIINI PO3TIIS.

Jnst BU3HAYEHHS! SIKICHOT OLIHKK e()eKTHBHOCTI 3ac-
TocyBanHsi OoitoBux BeHK (Bucokwii, cepemmiii Ta Hu-
3bKHil PiBHI) BHKOPHUCTOBYETHCS 3arajlbHOBIIOMA IIKasIa
XappiHTToHa.

[IpakTuuHa peasizallisi 3aIpPOIIOHOBAHOI METOIMKU
Ha ocHOBi BUKopuctaHHs nanux KITE3 GotioBux BeHK
JI03BOJIsIE 320€31EUNTH OLHIOBAHHS €()eKTHBHOCTI BUKO-
HAHHS 3aBJlaHb 33 MPH3HAYCHHSIM yaapHuUX (BOTHEBHX)
beHK, naoyHo moGauunTt icHyto4i NMpOOJIEMHI NMHUTAHHS
Ta OOIPYHTYBATH HANPSMU iX YCYHEHHSI.
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BcraHoBIeHHS KpUTEPiiB OIiHIOBAHHS:
eTaJIoH Et%‘;" Ta ng" — BUKOPUCTaHHSA 3riaH0 3 % 1 B3

|

AHAJII3 ta ycBimomireHus b3
1. Tun beHK (iﬁggli) Possinysaneni | | JloricTHuni EBakyauiiini
{4 1y s s
2. Tun 6or0 Crabinizamiigi ail

O0oponHwuit Giit HacrynanbHi 6iit

Oxopom.{'i' ¢byHxnii

v U Y

OOMeXCHHS Ha BUKOPUCTAHHS 3T1JTHO 3
Martpuiieto BaroBux KoeirieHTiB
6otioBux Biactusocteil beHK w;

/ v v

T~

3. I'pymosi
s : : Enepro- >
Kputepii MaHeBpeHicTb 3aXHIIEHICTD KHBICHHSI 3B 30K
{4 s {5 4

-~_—

TTX

3MiHa 3HaYEHb YaCTKOBHUX

IUTS POPaxyHKIB MiAKpITEpiiB, E;

Buznauenns xoedinienra epexrurocti KITE3
(po3paxyHKH 3a KOMOiHOBaHUM MeTOIOM ) Eqg

OLIIHIOBAHHA 3paska

H1

Eiot — KmouoBmit
TIOKa3HMK €(heKTHBHOCTI
3acrocyBanHs (KITE3);
i — O6olioBa BIACTUBICTH
(bB — MOOLTBHICTB,
3aXHIIEHICTB,
SKHBYUiCTh, 3B’A30K);

ie(,N), ro6ro N=4

S [Migroroska macuBy TTX Ta HOpMai3atisi 3HAYEHb ¢ J1ii 1110710 3MEHIIEHHS

BHUTpaT

[epeBipka uepe3

B1JIIOBIIHICTE

eTaloHy

IepeBipka ;
CKOHOMIYHOCTI TaKk S PospaxyHok exoromiu-
BeHK HOo20 Koegiyieuma, Eex;

3I‘iI[HO 3 OTPUMAaHUMHU 3HAYCHHAMU

/ Pexomennanii 1110710 3aCTOCyBaHHS 3pa3Ka /

Puc. 7. Cxema MeTOMKH OliHIOBaHHS epekTHBHOCTI 3acTocyBaHHs GoiioBux bnC (beHK)
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Ipuxnan onimoBanns edexruBHocti BeHK y
pisHux cunenapisix. J[imn BmHaueHHs KIIE3 y pisHux
cueHapisix (Bumax GOF0) MPOMOHYETHCS 3MIHIOBATH 3HA-
YeHHS BaroBHX KOe(ili€HTIB BAXKIIMBOCTI I OKPEMUX TPy-
MOBHMX KPUTEPIiB 31 HO 3 rorpedamu 60ioBkX [iil. B Tadm. 2
HaBeieHO po3paxyHok KIIE3 mis 5 3paskiB OofioBrx
Typestei (Buria, ShaBlya, Wolly, Pernach, Tavria) mis tpeox
ATBTEPHATHBHIIX BArOBKX HAOOPIB it (TAKTHYHUX CHTYAITH):

Crenapiii 1 «Crarionapruii / 060poHHHMID (HaTPHK-
nan, cepenniii beHK 3 BM 3a0e3nedye 00OpoHi TpUrous-
HU BOTHEBWI IMYHKT) — IMJBWIIEHA Bara i BUKOHAHHSI
00IOBOrO 3aBlaHHsl, cepeaHi i 3a0e3reueHHs] aBTOHOM-
HOCTI);

Cuenapiii 2 «Micbkuii / 3axuieHnid» (Hampukia,
komicauii beHK 3 kymemerom NpuKpHBae eBakyarliro) —
Mi/IBUIIICHA Bara 3aXUIIeHOCTI;

Cuenapiii 3 «MobGinbHuiA HacTyn / yaap» (HanmpHk-
max, Mami beHK 3milicHIOIOTH BITydHI aTaku Ha JIETKi
CKJIaJ TPOTHBHHKA) — IIiJBHUIIEHA Bara OOWOBHX BIa-
CTHBOCTEH 1 MAaHEBPEHOCTI.

BusnaueHo TpymoBi KpuTepii Ta iXHI TOKa3HUKH:
60#i0Ba CIIPOMOKHICTH (BOTHEBA Millh, TOYHICTB, CyMic-
HICTh, aBTOMATH3AITisT); MOOLTBHICTE (IBUIKICTH, TPOXiji-
HICTh, 3aI1ac X0y, MaHEBPH); 3aXUIICHICTh (OpOHs, TPOTH-
miss PEB (EW), momiTHiCTB); aBTOHOMHICTH (eHepris,
ANrOPUTMH, 3B’30K). [IpOBEICHO HOPMATI3AIlii0 OMIHOK
[19-20] Ta BucTaBneHo BigmoBimHi Oamw, 3rigHo 3 TTX
3paskiB. 3a cmiBBigHotreHHsM (1) BusHaueno KIIE3 ms
BI/IMIOBITHOTO CIIEHAPIi0 JUIsl KOYKHOTO 3pa3Ka.

Tabauys 2
3navenns KIIE3 GoiioBux TypeJeii 1iist 3 anbTepHATUBHUX CLieHAPIiB i
Cuenapiii Kpurepiit [Migxpurepiit - 3pasox -
Ne | Barm Buria ShaBlya | Wolly | Pernach | Tavria

0,45 | boiiosa BOTHEBA Milb 7 8 6 5 7
0,4 | CHPOMOXHICTE |oupicyy, 6 6 7 6 6
0,5 CYMICHICTh 7 6 7 6 5
aBTOMAaTHU3aIA 5 4 7 4 5
0,25 | MoGinbHicTh LIBUAKICTH 5 4 4 4 4
2 0,2 MPOXI/IHICTh 5 4 4 5 5
3 0,3 3amac Xoxny 6 4 4 4 4
MaHeBpHU 4 3 3 4 4
1 0,2 | 3axuiueHiCTH 6poHs 2 2 2 1 3
2 0,35 ITOMITHICTE 3 3 3 3 3
3 0,1 EW 3 2 2 2 3
1 0,1 ABTOHOMHICTb eHepris 5 4 5 4 5
2 0,15 ANTOPUTMHU 5 4 6 4 5
3 0,1 3B’SI30K 5 4 5 4 4

i Cyenapiu 1 5,10 4,54 5,21 4,19 4,78

KIE3 Eor, Cyenapisi 2 5,18 4,57 5,07 4,25 4,90

y-0. Cyenapiu 3 5,39 4,76 5,27 4,50 4,92

AHaJTi3 OTpUMaHHX JaHuX ToKasye (puc. 8), mo 3a
BU3HAYCHHUX BAarOBHX OIIIHOK JUI TPHOX AJIbTEPHATHB-
HUX CIIGHapiiB, OOpaHMX TPYIOBHX KPUTEPIiB Ta 3HAUYCHB
OaxiB ix mimkpurepiiB, a Takok 3HaueHHs KIIE3 misa
BiiOpaHOro mapky 3pas3KiB Kpalli OLiHKH Yy OOHOBHX
Typeneii Buria ta Wolly.

MoskHa 3pOOHUTH BUCHOBOK, IO JUIS:

Cuenapito 1 pouineHO oOpatu OOHOBY Typenb

WoIIy - Etht =5.21;

Cuenapito 2 pouinbHO o0patu OOHOBY Typenb

Buria — Etzot=5.18;

Cuenapito 3 mouinbHO o0paTtn OOHOBY Typenb

Buria— Et?(’)t=5-39.

6,00

5,00 +
4,00 + M Buria
m ShaBlya
3,00 +
Wolly

2,00 o Pernach

1,00 M Tavria

0,00 +

CueHapin 2 CueHapin 3

CueHapin 1

Puc. 8. Po3noni 6imiB o6panux 3paskiB
BeHK a5 Tppox cuenapis
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B nopaspiioMy miaHyeThCs JOCIANTH BIUTHB JIMHA-
Miku OO0 Ta 3MiH, fKi BiZOYBalOThCS 3 ypaxyBaHHIM
KHOB Ha oriHtoBaHHS eekTnBHOCTI 3acTocyBanHs beHK.

BucHoBknu

Iposeneno amamiz TTX Ta BH3HAUCHHA OOWOBHX
MOXJIMBOCTEH, TIOTCHIiaTy Ta TpoliieM
nommpennx y 30poianx Crrax Ykpainm 3paskie beHK
pi3HMX THIIB, 30KkpemMa Koau(ikoBanux OoirioBux beHK
3riIHO 3 JIOCBIZIOM 3aCTOCYBaHHS. 32 (DYHKIIOHAIBHICTIO
(npu3HaveHHsM). BrsHadeHo, 1110 Ha e(eKTHBHICTh 3pa3KiB
¢yHKIIiO-
HaJIbHICTH, MOOUIBHICTD, 3aXUILIEHICTH TA ABTOHOMHICTD.

OOpaHO METOMONOTIYHMI MiIXI INOAO OIHFOBAHHS
edexruBHoCcTi 3paskiB beHK — wmymbrukpurepianbhuit
METOJI OLIHIOBAHHS 32 TPYIOK MOKA3HHKIB 3 BAaroBUMH
koedillieHTaMu. 3a  KiMbKiCHHA —(YHMCITOBHH) TOKa3HHK
oliHIoBaHHA eexTBHOCTI 3actocyBanHs beHK Bu3naueHo
KITFOYOBHH TOKA3HUK e(EKTUBHOCTI 3aCTOCYBAaHHSI, IS
YOro apryMEHTYEThCSl BBEICHHSI JIOJIATKOBOI'O KOPETYFOUOro
KoedilieHTa HaAIHOCTI 32 OIFH OOHOBHIA BUXI]I, SIKHUi Oy/e
BpaxoBYBaTH BIUIHB 3MiH 32 O0HOBHX yMOB.

HageneHo cTpyKTypHY cXeMy po3poOJIeHOI METOIMKHI
OLIIHIOBaHHA e(EKTUBHOCTI 3acTocyBaHHs OoifoBmx bnC
(HPK) 3 ormrcom eTartiB poOOTH 3 TIPOBEICHHS OIIHFOBAHHSL.

PosrasayTo npuxian mis susHadeHsst KIIE3 y pizaux
cueHapisx (Bumax G6oO0), 3ampOIOHOBAHO 3MIHIOBATH
3HAYeHHS! BarOBUX KOE(DIIIEHTIB BAXKIIMBOCTI ISl OKPEMHX
TPYHOBUX KpHTEPIiB 3rigHO 3 mOTpeOaMu OOWOBMX JIiid.
IMpoBeneHo pospaxynok KIIE3 mist 5 3paskiB OoioBHX
typeneit (Buria, ShaBlya, Wolly, Pernach, Tawria) s
TPbOX AITBTEPHATHBHHAX BAaroBHX HAOOpIB il (TAKTUIHHX
CHTYyarliil): AHajli3 OTPUMAHMX JaHMX IMOKa3aB, 0 Kpar
BaroBi OWiHKKM y OodoBux Typeneir Buria ta Wolly

(Cuenapiit 1 — EL,=521, Cuemapiit 2 — E2; =5.18,

HaAHOLIBIIT

BeHK Bcix TumiB HaiOLIblIEe BIUIMBAIOTH.

Crieapiit 2- E3;=539).
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AVARIANT FOR EVALUATING THE EFFECTIVENESS OF UNMANNED GROUND VEHICLE UNIT APPLICATION
O. Korolova, P. Kazan, V. Khakhula, H. Lunkova, 1. Milkovych

Unmanned systems, and specifically Unmanned Ground Vehicles, have become a crucial element in conducting combat
operations during Ukraine's war for independence against the russian aggressor. A fairly wide range of tasks is assigned to them,
based on their purpose: reconnaissance, strike (fire support), logistics, evacuation, and others.

The article provides an analysis of the most common multifunctional Unmanned Ground Vehicle models of various types,
including those officially codified, currently in use by the Armed Forces of Ukraine. The potential and limitations of Unmanned
Ground Vehicles are outlined based on an analysis of their tactical and technical characteristics and combat capabilities drawn
from operational experience.

The key performance indicator for evaluating the effectiveness of a Unmanned Ground Vehicle unit's application is defined
and substantiated. This indicator incorporates group metrics: functionality / combat capabilities, maneuverability, protection
(survivability), and autonomy. The interpretation of the chosen components is also commented upon.

A developed methodology for evaluating the effectiveness of Unmanned Ground Vehicle unit application is presented. This
methodology is based on a multi-criteria evaluation method using a group of indicators with weighting coefficients, and the main
criterion is defined as a quantitative (numerical) performance indicator. The stages for evaluating the effectiveness of combat
Unmanned Ground Vehicle application using the developed methodology are provided.

An evaluation of the effectiveness of a combat Unmanned Ground Vehicle in performing its assigned tasks is conducted, and
an illustrative example is provided for clarity.

Keywords: unmanned ground complex, monitoring, reconnaissance, detection, means of situational awareness, Evaluating
the Effectiveness, Unit Application.
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1 . . .o . . o .
Hayionanvua axkaoemis cyxonymuux eiticek imeni cemomana Illempa Caeatioaunozo, JIvsie
2 . o . . .
Hayionanvnuii ynisepcumem oboponu Yrpainu, Kuie

_ HPOBJEMHI IMTAHHS ABIAIIMHOI HIATPUMKH B‘II?'ICLK L
APMINCBKOIO ABIALIEIO 3A TOCBIAOM POCIMCBKO-YKPAIHCBKOI BIMHH
TA MOXJIUBI IIJISAXHU IX BUPIILIEHHSA

Y emammi npoananizosano cyuacHuii cman UKOHAHHS 3A80AHb 3 AGIAYIIHOL NIOMPUMKU BIUCLK APMIUICHKOIO
asiayieto Cyxonymuux siticok 30pounux Cun Yxpainu 6 ymosax pociticbko-YKpaincokoi 6itinu. Bcmanoeneno Husky
KIIOY08UX NPOONEMHUX NUMAHD, WO YHEMONCTUGTIOIOMb SKICHe SUKOHAHHSA 3a680aHb 3 AGIAYIIHOI NIOMPUMKU GILICHK,
3p0ONEHO BUCHOBOK, WO KIACUYHA MAKMUKa Oitl 6epMONbOMI6 i3 SUKOPUCIMAHHAM HEKEPOSAHUX AGiayiliHuX paxem
3a3HANA 3HAYHUX 3MIH, A 3ACMOCYBAHH KEPOBAHO20 ABIAYILIHO20 030POECHHS 8ePMONbOMIE € GKPAll HeOEe3NeUHUM 6
YMOBAX HACUYEHOCMI MAKMUYHOL 30HU 3aco0amu nPOMunoSimpsHOi 000POHU Ma AKMUBHO20 3ATYYeHHS Oe3NLTIOMHUX
JIMAnbHUX anapamie o1 OopomvdOU 3 Gepmonvomamu. 3anponoHoBaHO WAIAXU PO3B'S3aHHA GUAGTEHUX NPOOIEM
agiayitiHol NIOMPUMKU GIlICbK 30 PAXYHOK iHmezpayii 0e3niiomHux asiayiliHux cucmem 3 6epmMoabOmamu apmiticbkol
agiayii ma po3pobku cyeHapiis ix 60108020 3acmocyeants. IIpoananizoeano nepcneKmusHi Mmunu YOApHUX
6e3NIMOMHUX IMAILHUX anapamis, iXHi MeXHIYHI XapaKmepucmuky ma Modciugocmi inmezpayii’ 3 niamgopmoio Mi-8.
Oobrpynmogaro HeoOXiOHiCMb 3MIHU POJi 8epmoaboma 3 NAamgopmu 0e3n0cepedHbo20 YPAdiCeHHs 6 KOMAHOHO-
yoapHy niameopmy. 3anponoHosano modens inmezpayii 6e3NiIIOMHUX TIMATbHUX anapamis, 001a0HAHUX CUCEMOTO
wmyunoeo inmenexmy, nodionoio oo Hivemind 6io xomnanii Shield Al 3 eepmonvomamu apmiiicoxol asiayii sk
be3ninomuy agiayiuHy potiogy cucmemy 01 NIOGUUEHHS MOYHOCMI YPANCEHHS U 3HUMCEHHA PUSUKY O eKinasxcie nio
4ac BUKOHAHHA 3A60aMb 3 ABIAYINIHOI NIOMPUMKU 8ilicbK. Busnaueno nanpsamu nooanvuiux 00cniodxceHb, 30Kpema
NOPIGHSHHSL eheKMUBHOCII KIACUYHUX CROCODI8 asiayitinol niOmpumKku GiliCbK ma i3 3aCmocy8aHHsmM 0e3niiomuoi
aeiayitinoi potiosoi cucmemu, po3pooyi MaKmukuy 2pynoso2o 3acmocy8anisi 6EpMOIbOMI6 i OpoHie, CMEOPEHHSL MOOel
KOMAHOHO20 YeHmpy Ha Oopmy 6epmoavoma 05l Kepyeanus ““‘poem” OpoHis ma po3pobKu cucmem KOHMEUHEePHO20
cmapny OpoHi8 i3 306HIUHIX NIOGICOK 8ePIMONbOMIE.

Knrouosi cnosa: apmiticoka asiayis, éepmoim, asiayiiha niOmpumxa, 6e3niiomui 1imaivki anapamu, OpoHu-
Kamixaose, piil OpoHis, asiayiline 030POCHHS, 2Pynoee 3aCMOCYSAHHS 6ePMONIbOMI6 | OPOHI8, KOMAHOHO-YOApHA
naamghopma, 6e3niiomua asiayiiing pouosa cucmemd.

ITocTanoBka npodaemu

Apwmiticeka aBiamis (AA) Cyxomyraux Biticek (CB)
36poiiaix Cun Yipainn (3C Yipainu) mpu3HaveHa s
aiarifinoi miarpuMke (ATT) Bificbk (crum) musxom ypa-
JKEHHsI Ha3eMHHX (MOPCBKHX) TIEPEBAKHO PYXOMHUX GPOHBO-
BaHMX OO’€KTIB TPOTHBHHKA Ha TMEpemHbOMY Kpai 1 B
TAKTWYHIA IMOMHI, a TAKOXK Ul BUKOHAHHS 3aBJaHb BCE-
OiYHOro 3a0€3MEeYEeHHs 3arajIbHOBINCHEKOBOrO 00r0. OnHax
TpaKTIIHUN 10cBif [1] 3actocyBanHs AA y X0mi pociiichko-
YkpaiHcbkoi BiliHH, 0coOmuBo 3 2022 poky, CBITYUTH MPO

3HaYHi 3MIHF YMOB 3aCTOCYBAaHHS aBialliifHOi KOMITOHCHTH,
III0 CTBOPIOE KPUTHYHI MPOOJTIEMH Ta YHEMOKITHBITIOE ehek-
TUBHE BUKOPHCTAHHS BEPTOJIHOTIB 32 OOHOBMM MpH3HA-
YeHHSM Y KIIACHIHOMY PO3yMiHHI.

Hiokue HaBeneHl OCHOBHI 3 HHX.

Biocymuicme egpexmusrozo 036poerns 05 6opomvou
3 Oponvoganumu yinsimu. HekepoBaHi aBiaiiiiHi pakeTd
(HAP), 110 3a/MIIaroTbCsi OCHOBHUM 3aCO00M  YpasKEHHS,
MaIOTh HM3bKY TOUHICTb 1 BUMATaloTh HAOMMKEHHS SKIaxy
BEPTOJIbOTA HA HEOE3IeUHY BiJICTaHb JI0 MPOTUBHHUKA B XOIi
BMKOHAHHS 3aB1aHb 3 Al
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Hemoorcnusicmy ~ 6e3neuno2o  3acmocyeanis  Kepo-
sanozo agiayitinozo 036poennst (KAO3). Kommiexke KAO3
“IlItypm-B” Ha Bepronporax Mi-24 mependadae BiyasbHe
CYNPOBOIDKEHHSI LTI TPOTSATOM YChOTO TONBOTY PAKeTH,
110 ToTpeOye 3aBrUCaHHs a00 MOIBOTY HA CEPEAHIA BUCOTI —
Y 30HI TapaHTOBAHOTO YPAXKEHHS 3aCO0IB TPOTHIIOBITPSIHOL
o6oponu (ITTTO) 06’ exTa aTaxm.

3minu Ha noni 60ro0. TIPOTHBHIIK IIMPOKO 3aCTOCOBYE
zacobu IO GmwkHBOI aii Ta mponu-kKamikame (FPV-
JIPOHM), 110 3HAYHO TTIIBUIIYE PU3UK BTPAT EKIMAKIB TA aBia-
LHOT TEXHIKK MPY TPAULIIHHOMY 3aCTOCYBaHHI BEPTONBOTIB.

Bmpama maxmuunoi’ poni éepmonvomig. B ymoBax
HEMOXKTMBOCTI O€3MEYHOr0 ypaKeHHs Ijiell OoioBi il
BCPTOJITHUX IMJAPO3AUTIB  3BOAATHCS JIO  JIOMOMDKHOT
norictidHol  pyHKIii abo 3acTocyBaHHS B OOMEKEHOMY
00cs131 I 3aBIaHHSA ymapiB 3 JNajdbHBOI JMCTaHINI Oe3
TPUIITEHOTO HABEICHHS.

BomHouac BepromiT 30epira€ HUM3KY ITOTCHINHHHX
VHIKQJIBHUX TIepeBar — BaHTAKOIIAHOMHICTb, MaHeBpe-
HICTb, 3[]ATHICTb JI0 MOJIBOTY HA MAJIUX BHCOTAX Ta MOXIIH-
BICTh aBTOHOMHOI [Tii — ITI0 MTOTPeOye MePEOCMHUCIICHHS HOTo
POJIi y BUKOHaHHI 3aB/JJaHb 3 aBiallifHOI MATPUMKH BIHCBK.

L1i 3MiHM TTIOCTABWI i CYMHIB TPaAUIIHHI TiAXOAN
0 BemeHHA OoioBMX miff, 30kpema All, sxa panimre
TPYHTYBaJIach Ha 3aCTOCYBaHHI IMJIOTOBAHUX THIAT(OPM, SK-
oT BepTomboTd AA. Y 3B’S3KY 3 IIMM TI0CTa€ HEOOXITHICTH
TIEPEOCMHUCIICHHS POl  BEPTOJBOTIB Ta TONIYKY HOBHX
CrrocoOiB IXHBOTO 3aCTOCYBaHHSI.

OTXKe, B yMOBaxX BHCOKOTO PH3UKY IPH KJIACHYHOMY
00IOBOMY 3aCTOCYBaHHI BEPTONLOTIB HEOOXIJHO 3HAMTH
HOBY Mopenb ix edekruBHoi yuacti B Al 3okpewma,
JIOCITIITATA MOXJIMBICTh 1HTErpalii yIapHuX Oe3IIOTHUX
CHCTEM 13 BEpTONITHUMH IUIaT(GopMamMy isl BiTHOBIICHHSI
CIIPOMOYKHOCTI AA  BHKOHYBaTH 3aBJIaHHsI 32 IPH3HAYCHHSIM.

AHaJi3 ocTaHHIX A0CTi/zKeHb i myOJtikawii

[Mpobnemarnka Al i3 3acTocyBaHHSIM BEpPTOJILOTIB Y
Cy4acHIi BiliHi IPUBEPTAE yBary BITYN3HIHHMX Ta IHO3EMHHX
HAyKOBIIB. BUTBIICTh CydacHUX JOCIIPKEHb 30CepeIpKeHi
Ha TEXHIYHUX AaCIeKTaxX MOJICpHi3allil aBialliifHOl TEXHIKU
[2], ymockoHaneHHi 3aralbHHX XapaKTEPHUCTHKAX BEPTO-
TiTHUX cucteM [3], a TaKOXK OIMMCI TAKTHKH 3aCTOCYBAHHS
[4, 5]. HaromicTp WiTiCHOrO aHaI3y CHCTEMHOI KPH3H Y
CIIPOMOXKHOCTSIX  apMilicbkoi aBiamii CyXOIMyTHHX BICBK
36poitanx Cron Yipaian mopao All — maibke Hemae.

Takox OCHIIPKEHHS OMUCYIOTH 3MIHH, IO BiTOyIHCs
y BilicekoBux KoHGumikrax XX| cromitra, 30Kpema
TEHJICHIIIsI 10 aBTOHOMI3arii GoioBux miargopm [6] Ta
MacoBe BHKOPHCTaHHS OC3IMIJIOTHHX JITAIBHHUX AarapartiB
(BrIA) [7]. TlyOmikamii 3aKOpIOHHHX Ta YKpalHCHKHX
eKCIIepTIB BiJOOpaXkatoTh JOCBIJ 3actocyBaHHst FPV-mpo-
HIB, JIpOHIB-KaMikaJ3e Ta po3BiayBaibHux brJIA y Goiio-
BHX yMoBax [8]. 3okpeMa, Bim3HAYCHO e(hEKTHBHICTH APOHIB
y BUSIBJICHHI I1iyieit, KopuryBaHHi apTuiepii [9] Ta 3aBnanHi
yJapiB 1o TexHi it 0coboBOMY ckiary npotuBHiKa [10].

V Hu3I yKpaTHCHKHUX MyOJTiKallid, 30KpeMa B podoTax
Llentpy oboponHmx crpareriii [11] Ta y crerjarizoBanux

BuAaHHsAx [12, 13], Haronomryerbcs Ha 3MiHI Xapakrepy
OoioBMX MiH, 3yMOBJIEHI!I KOMIUIEKCHMM 3aCTOCYBaHHSM
BrJIA, 3okpema FPV-npoHiB, Oapakyrounx OGoenpHacis i
JIPOHIB-PO3BIMHUKIB. 1li MOCITIDKEHHS ITiKPECITIOI0Th, 10
HOBI 3aCO0H TTOBITPSIHOI PO3BIIKY 1 YpayKEHHS HE JIHIIIC TIiJI-
BUIIYIOTH SIKICTh BEICHHs OOMOBHX Iilf, a 1 iCTOTHO BIUH-
BAaIOTh HA 3aCTOCYBAHHS KJIACHYHMX aBIaIlfHUX IUIATGOPM,
TaKHX K BEPTOJIHOTH.

VY po6orax RAND Corporation [14] Ta immmx 3axin-
HHX JIOCJI/DKEHHsIX (PIKCYeThCs epexijt 10 HOBUX CHOCO0IB
ATl, fie KIIOYOBY POJIb BiIrpatoTh aBTOHOMHI Ta HaITiaBTo-
HOMHI CHUCTEMH. ABTOPH HArOJIOIIYIOTh, IO e(eKTHBHICTh
OesrocepeHbOl  aBialliiHOl MIATPUMKH  IMJIOTOBAHHUMH
JMTATPHUMH anapaTaMd CTPIMKO 3HWKYETbCS B yMOBax
HacrdeHoi [1I1O, mmMpokoro 3acTocyBaHHs 3ac00iB pamio-
enexktponHoi Goporsou (PEB), a Takox acuMerpudyHHX
3aco0iB ypakeHHs, 30kpeMa yaapaux briJIA, FPV-apoHis.

Excriepumentn  xommaniii  Shield Al [15] Ta in.
JIEMOHCTPYIOTh YCIIIIHY anpoOarilo KoHIerii 60HoBoro
3aCTOCYBaHHsS JPOHIB 3 OOpTY IIJIOTOBAaHMX JHTAIBHUX
arapariB. 30KpeMa, HIeTbcsl Mpo eKCIEepHMEHTH i3 3aIryc-
koM yrnapuaux BriJIA trmy VBAT, ALTIUS ta Hero-120 3
JTaKIB i BEPTONBOTIB, IO JIO3BOISIE PEAI30BYBATH yAApH
6e3 BxomkenHs y 3o0Hy aii [IIIO mnporvBruka. Ilompm
BiNICYTHICTh O(imiifHOTO BH3HAHHS TOiOHOI KoHIemnIii B 3C
YKpaiau 1i TiIX0IM aKTHBHO aHANIBYIOTECS B €KCIIEPTHOMY
CEepeNOBHIII SIK TOTEHINHO e(eKTHBHI Ta aJalTHBHI 10
yKpaiHCBKOro 00HOBOro KOHTEKCTy. Kpim Toro, ekcriepu-
mentu kommasii Shield Al [15] 3 BukoprcTanHst HaBirariiHoi
cucremu Hivemind y mpomax VBAT moka3yioTs, 1110
aBroHOMHI poi briJIA, 3nathi gisstu B ymoBax PEDB, crarorb
MPaKTUYHOIO PEATBHICTIO. Y CIUIbHUX AociipkeHHsx Kopo-
miBcekol HopBesbkiii akanmemii mositpsiaux cit (RNOAFA)
Ta KoporiBcbkoro iHCTUTYTY 00 €IHAHMX 30pOMHUX CHII
(RUSI) [16], a Takok y BITYM3HSAHHX JOCTIIHUKIB [17]
TIKPECITFOETRCS, 10 TPaMINiiiHA POJb BEPTONHOTIB SIK
BOTHCBUX IUIATGOpM MOTPeOye pPaMKaIbHOI TpaHchop-
Marii. [Tpukraam peambHIX OOHOBHX JTiH, 30KpeMa BUTIAIKA
BTPAaTH POCIMCHKUX BEPTONBOTIB YHACHiIOK min FPV-
JIPOHIB, MIATBEPIPKYIOTH IO TE3Y.

OkpeMy yBary B Cy4acHHMX HyOJiKalisX NpHILUICHO
mepeBaraM ymapHux brJIA Ham Tpammmiitaivu HAP.
3okpema, mociimkennst Social Development and Security
[18] Ta Amamitnanoro nentpy Center for Naval Analyses
(CNA) [19] mopiBHIOOTE TOYHICTB, BapTICTh, OE3IEKY IS
eKiMmaxXiB 1 e(pEeKTUBHICTh Ypa)kKeHHs IIUIeH, HaIAI0qn
niepeBary aporaM. OcobIMBO HATONOMIYETHCS, IO piit FPV-
JIPOHIB MOKE€ BHSIBHTH Ta YPa3WUTH IUTh HABITh y CKJIAJHIX
ymoBax PEB, doro He MOXXyTh TapaHTyBaTH HaBiTh Hal10C-
KOHAJTIIII BapianTy ctpiibbu HAP.

BonHouac OunbiicTh TyONMiKalfiid MarTh OMHUCOBHI
xapakrep i He (JOPMYIOTh CUCTEMHOr0 OadeHHs! POOJIEMH.
30Kpema, 11032 YBarok 3aJTHIIIAIOTECS TaKi aCIIeKTH, SIK:

opraHizaifiiina HEBIATOBIIHICTh KIACHYHOI CHCTCMHU
aBialiifHOI MIATPUMKK CyYacHUM peajisM Ha Moy Ooro i
3acTapili JOKTPUHAJIBHI TIOJIOXKEHHS INOJ0 TAKTHKU il
apMikCBHKO] aBiari;
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obmexeHicTb y 3actocyBanHi HAP Ta KAO3 uepes
YMOBH OOHOBOT'O CEpEIOBHILIA;

TIepexif BiJl TEXHIYHOI ampoOariii OKpeMHX 3pa3KiB
iHTerpanii ynapaux BriJIA 3 minoroBanmMu 1miaThopmMamMu
0O PO3BUTKY TEOPETUYHOI KOHIEMINH KOMIUIEKCHOTO
3aCTOCYBaHHS KOMAHIHO-YIAPHUX IUIAT(HOPM.

TaxknM 4MHOM, HE3BAKAIOUM Ha HASBHICTH JTOCIIHKEHD
Ta OKPEMUX AHAJITUYHMX MaTepiajliB, TMTaHHSA iHTerpari
BEPTONBOTIB, SIK BUCOKOMOOLIHHOI miaTdopMul st o0Inaj-
HaHHs IYHKTIB ynpaBniHHA posMu BriJIA 3 opHouacHuM
BHKOPHCTAHHSIM BEPTOJBOTIB SIK BAHTAKHOI IUatdopmu st
niepeba3yBaHHs1 3HAUHOI KUIbKOCTI yapHux BriJIA 3 tuiy 1o
(poHTY Ta 3/ ICHEHHS IBU/IKOTO MaHEBPY B3/IOBX (DPOHTY B
YMOBaX Cy4acHOI BIMHM 3JIMINAETHCS MPAKTHYHO HE JIOCIIi-
mxeHnM. 1le oOyMOBIIOE aKTyalbHICTh 3alpPONOHOBAHOIO
JIOCIT/DKEHHS], SIKe TIOKITMKaHe He Jniie 3a(ikcyBaTH HasBHI
npoOeMH BHKOHAHHS 3aB/iaHb 3 aBlaliiHOl IMATPUMKH
BIliCbK apMiHCBKOIO aBialli€lo, a ¥ 3arporoHyBaTH IUIIXH iX
O3B’ SI3aHHSL.

MeTta aocaiKkeHb

CraTTst Mae Ha MeTi BHSIBUTH KIIOYOBI HpoOIeMu
BUKOHAHHSI 3aBJIaHb 3 aBIaIliiHO! MiATPHMKH BIHCBK apMiii-
cpkoro apiamiero 3C YkpaiHK B yMOBaX CydacHOi BiffHH Ta
BU3HAUMTH IIUIIXH X PO3B'SI3aHHS, 30KpEMa TEOPETHYHO
OOTPYHTYBATH MOXJIMBICTD BIPOBAHKEHHS HOBHX CIIOCOOIB
aBialiifHOT MITPUMKK BIMCHK 32 paxyHOK iHTerparii Oe3-
TMJIOTHUX aBIallfHAX CHUCTEM 3 BEPTOIBOTAMH apMilCHKOT
aBiarlii Ta po3po0KH ClieHapiiB iX GOHOBOro 3aCTOCYBaHHSI.

Buxusiag ocHoBHOro Marepiajty

Jlnst BUpilIeHHs 3aBJaHb JIOCIPKEHHS HeOOXiZHO Ha
MiJCTaBI aHaM3y OOWOBOrO JIOCBiMy, 3MiH Yy XapakTepi
0oifoBMX iif Ta PO3BHUTKY OE3IMUIOTHHX TEXHOJOTIH chop-
MyJIroBaTH ripoOieMHi nutanHs All, BUKIMKaHI 3arpozamy,
IO iCHYIOTB Tl AA TIiJ] Yac BUKOHAHHS OOHOBHUX 3aBJIaHb,
BUSBHTH OOMEKEHHSI, 1110 JIFOTh HA TpaIuIIiiHI criocoou All,
30KkpeMa 3actocyBaHHs HAP, Ta mepeBaru HOBHX CrOCOOIB,
TaKUX SIK 3acCTOCyBaHHS ymapHuX brJIA, oOrpyHTyBaTH
BUKOPHCTaHHS BEPTONHOTA SIK IHTENEKTyaJ IbHOI KOMaHTHO-
yaapHoi mmargopMu-Hocis ymapaux briJIA, mocmimira Ta
TIOpIBHATH cydacHi yaapHi briJIA depes mpmmy iHTerparti 3
BEPTONHOTOM-IUIAT(OPMOIO Ta BHPOOUTH OCHOBHI CLICHApil
3acTocyBaHHs Takoi iHTerpamii. Lle macTs 3Mory cTBopuTH
moners AlT poem BriJIA 3 60pTy BepTONBOTA, pearizamis Kol
JIO3BOJIUTH BUKOHYBATH 3aBJIAHHS 3 PO3BIIKH, IJIEBKAa3aHHS 1
YpaKeHHsT Ha3eMHUX I[Jied 13 BHILOK TOYHICTIO, MiHiMi-
3YIOUX PH3HKH 151 EKIMaKIB BEPTONBOTIB.

1. Ipobremmi numanns AIl, euxmuxani 3azposamu, wo
ICHYIOmMb 07151 APMIICLKOL asiayil nio 4ac UKOHAHHS OOLOBUX
3a60aHb 3 ABLAYITIHOL NIOMPUMKU BILICLK 8 CYUACHUX YMOBAX.

[Mounnaroun 3 2014 poky, 30poiiHi CHIH P TTIOETHYIOTH
TpaJIIAHI Ta HETPAIMINAHI METOAW BEACHHS 30pOIHOI
OopoThOM mpoTH YKpainw, TiOpHIHI 3arpo3u MOCTIHHO

3MIHIOIOTh CBOIO TaKTHKY, TEXHIKY Ta MPOICIYpH, II00
OTPUMATH aCHMETPUYHI MOXJIMBOCTI JyIs TOCTAONIeHHS
TeXHIYHOI TiepeBard AA mipu Oe31mocepeTHOMY O0HOBOMY
3iTkHeHHI. CydacHi Ta MEPCHEKTHBHI TEXHOJOTI 3HAYHO
TPUCKOPUIIM TEMITH BIOCKOHAJICHHS ICHYFOUMX, & TaKOXK
CTBOPEHHS HOBUX TPAIWIIMHUX 1 HETPAIMIIIMHUX 3arpo3
mia AA.

CydacHa BifiHa B VYKpaiHi AeMOHCTpye Oesmnperie-
JCHTHUI PiBeHb HACHYEHOCTI TAKTUYHOTO MPOCTOPY 3aco-
Oamu ypaxenus, PEb Ta possimyBaieHumu BriJIA, mio
IPU3BOAUTH JIO CYTTEBOTO 3MEHIIEHHA MOMKJIMBOCTEH
knacuunoi Al i3 3acrocyBannsim AA. IlpoaHarnizyBaBiiu
nocBin GooBux miti AA 3C VYkpainm [1], moxHa
BU3HAYMTH HH3KY KIFOYOBHUX MPOOJEM, SIKi OOMEKYIOTH
eeKTHBHICTB J1ili BEPTOJIBOTIB.

1.1. Bucoka winericms IO 6nuicrboi Oii.

OnHi€ero 3 TONIOBHUX OCOOJIMBOCTEH 3acTocyBaHH AA
B POCIHCHKO- YKpATHCBKIM BiliHI cTajia HEOOXITHICTH il B
YMOBax HemopasieHoi Ta emenoHosaHoi [1T10 nporvBHUKa.

VY 30HI 0OHOBMX Jiif MOCTIHHO PO3TOPHYTI 3acobu
[IIO mnporuBHMKA, cepel SKUX OCOONMMBY HEOE3IeKy
CTaHOBJIAITh MePEeHOCHI 3eHiTHO-pakeTHi Komiuiekcr ([13PK)
PaJTHCBKOrO Ta POCIHCBKOrO BHUPOOHHMIITBA, 30KpEMa
“Irma”, “Irma-C”, “Bepba” Ta MomepHi30BaHI Bepcii mepe-
HOCHMX 3eHiTHO-pakeTHHX komiuiekciB (IT3PK) “Crpina”, a
TAaKOXK 3eHITHO-pakeTHi komIvteker (3PK) 6mokHbol il Ha
3pazok “Top-M2”, “Tlanump-C1”. 1li koMIUIeKCH MaroTh
3[IATHICTb YpaXKaTH MOBITPsHI 11T Ha aucTaHiisax 3 — 10 kM,
IO TIEpEeKpHBAE THIOBI pyOexi OOWOBOTO 3aCTOCYBaHHSI
HAP. Sk cBimuats momosimi Gpurarcekoro Royal United
Services Institute (RUSI) [20], pmsuk ypaxkeHHs BepTo-
JILOTIB y 30HI MEPEAHBOrO KPAIO 3aJIMINAETHCS KPUTHIHIM
HaBiTh U151 cydacHUX ruiatdopm. Lle 3mycuno pospoduru
HOBI TaKTHYHI [TPUIIOMH, 30KpeMa.

HAHECCHHSI BOTHEBOTO YPaXKEHHSI 3 PeKUMY KaOpu-
PYBaHHS 3 OHOYACHMM 3MEHIIECHHSM 3arajbHOro KpoKy
HECY4Oro TBHHTA ISl 3MEHILICHHS MAaKCUMAJIbHOI BUCOTH
MaHeBpY;

BUKOHAHHS ITOJIbOTIB HA IPAHUYHO MAaJUX BHCOTAX
(5-10 M) 3 BHKOHAHHSM TAKTHYHUX MPUHOMIB TOIO-
nmaHHas npotuaii 3acobis [0 npoTuBHUKA;

BUKOHAHHSI BOTHEBHX 3aBIaHb 3 BHALICHHSIM IPYIl
PI3HOrO TaKTUYHOTO NIPU3HAYCHHS,

3MIMCHEHHS TOJBOTIB IO IIJIi B PEXHMIi pagio-
MOBYaHHS.

Mo nosieu BriJTA BepTonboTH BUKOHYBAJIM 3aBAAHHS
BOrHEBOI MIITPUMKH 3 MaHEBPYBAHHSIM Ha HU3bKil BUCOTI.
Ane cydacHi 3acobu I1T10 OmwkHboI ail, FPV-nponn Ta
PEB-cucremu 3po0iuiH 1ie HaI3BHYaHO pH3HKOBAHUM [3].
Bricoka BapTicTh 1 BTpaTa eKinaxxiB poOJsiTh 3aCTOCYBaHHS
HaBiTh epeKTHBHUX MaliH Turmy Mi-24 abo AH-64 Apache
oOMexeHnM. Y crillHi Aii pociicbkux BepToiboTiB 3 HAP
Y TOPH3OHTAJILHOMY TIOJIBOTI 3 BifcTaHi 3—6 KM — pajie
BUHATOK, II0 0a3yeThCsi Ha MAacoBOCTi, a HE Ha
e(eKTUBHOCTI .
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AmHai3 cTaTHCTUYHHX JaHuX (puc. 1) mokasas, 1o
HaMOUIBIINX BTPAT BEPTONHOTH AA 3a3HaIM MiJ 4ac
BHUKOHAHHS BOTHEBUX 3aB/IaHb BJICHb Y MPOCTHX METEO-
POJIOTIYHMX YMOBax BiJ Ypa)KCHHS 3C€HITHUMH KepoBa-
HUMH pakeTaMd THITy ‘3eMJII — TIIOBITps~ Ha eTami
MONIHOTY B PAalOH IIiJIi Ta [l B paifoHi M.

100
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20

2022 p. 2023 p. 2024 p.

e BTpaTi BEPTOIBOTIB 3¢ PO

Puc. 1 Junamika BTpaT BepTOJbOTIB 3¢ pd y 30Hi GoiioBHX
aiit 2022 — 2024 pp.

1.2. Bucoka axkmusnicme FPV-0ponis.

MacoBane
YKpaiHCBKii BiliHI TPW3BENO 10 BTPATH NPOTHBHUKAMHU
TpaaumiiHOi mepeBard y moBiTpi. BriJIA cramm moBcsk-
JICHHAM 1HCTPYMEHTOM PpO3BIIIKH, BUSBICHHS BOTHEBHX
3aco0iB 1 iX ypakeHHA. FPV-IpoHHM aKTHBHO BHKOPHCTO-
BYIOTBCS SIK 3aMiHa apTuiiepii y OmmkHpOMY 6010, 3a0e3re-
YYFOYM TOYHICTB, MUTTEBY peakiifo i memrepmsHy [8]. Ile
CIIPOBOKYBAJIO MIEPEOCMHUCIICHHSI BUKOPHUCTAHHSI aBiallii, sika
Terep 3MyIIeHa AiSITH 3 OUTBIIMMH OOMEKEHHSMH: I
NPUKPUTTAM, 3 MiHIMalIbHUM 4YacoM IepeOyBaHHS B
30H1 ypaxenus [1].

FPV-apoHu, 1m0 MacoBO 3aCTOCOBYIOTHCS 0OOMa
CTOPOHaMH KOH(QUIIKTY, BHSIBIJINCH €()EKTHBHHM IHCTPY-

3actocyBanHst brmJIA y  pociiiceko-

MEHTOM YpaKeHHS TOBITPSIHMX LIJIEH, Tak, Mald Micie
BUIAJIKU yPaKCHHS pocCiiicbkux Mi-8 min yac 3aBHCaHHS
Ta HaBiTh y pyci. Taktnuna moOibHiCTE FPV-mpoHiB i
HM3bKa BapTiCTh CTBOPIOIOTH ACUMETPUYHY 3arpo3y, 0co0-
JMBO B palOHax OdiKyBaHHs abo B mporieci 0oioBOro
MaHEBpPYBaHHS.

1.3. Cyyinvhe padioenexmponne npudyulennsi.

3Ha4He Hacu4YeHHs npoctopy 3acobamu PEB pociiics-
KOro BHpOOHWIITBA, 30KpeMa Komrniekcamu ‘Tlome-217,
“Tipaga-2C”, “Pryts-BM”, “Kpacyxa-4” ta “byk-ABTomar”,
CTBOPIOE CEpHO3HI MEPEelIKOM ISl BUKOPUCTAHHS TPaIH-
IIMHAX KaHAJIB 3B’s3Ky, Hapiramii Ta ympaemiHesi Le
CYTTEBO YCKJIAHIOE SIK e(DeKTHBHE 3aCTOCYBAaHHS OOPTOBOI
30pol, TaK 1 KOOPMHALLIO JTii eKINaXkiB BEPTONBOTIB 3 HAa3eM-
HUMH TTAPO3/INIAMH [Ti/l YaC BUKOHAHHSI OOHOBHX 3aBJIaHb.

1.4. Hacuuennsi nonsi 6010 po3eiokoro.

Buicokuii CTyITiHb CUTYallliHOI 0013HaHOCTI MPOTHB-
HuKa (depe3 mocTiiiHe 3actocyBanus BriJIA tumy Mavic,
Autel, Orlan, Supercam) 3HauHO 3MeHIIyE e(pEeKTHBHICTH
TaKTHKK ‘“‘HecrioniBaHoro ymapy”. Bepronmbotn wmaibxke
3aBXK/IM BUSIBIISIIOTHCS 10 MOMEHTY 3aBJIaHHS yIapy, 1110

3MEHIye HMOBIPHICTh YCHIIIHOTO 3aBEpILICHHS Micii Ta
HIIBUIIYE 3arpo3y YPaKeHH:.

1.5. Husvxa eghexmusnicmos HAP y cyuacrhux ymosax.

Vnap HAP 3 Benukoi mucranmii (3—6 kM) morpeGye
HaBeJICHHs 3 IHIMX JDKepes (IpOHIB-pO3BINHHUKIB, Iepe-
JIOBHX aBialliiHIX HABITHUKIB) i Mae 3HAUHe PO3CIFOBAHHSL.
Sk cBimUaTP EKCIIEPTHI MOCTI/DKEHHS, TpHA CTPUTHOL 3
TOPI3OHTAIBHOTO TIOJIFOTY KPYroBe HMOBIpHE BiIXMJICHHS
(KVIB) moxe csrari 100-150 M [21], 1m0 € HenpHiAHATHAM
JUISL 3HUILICHHS MAaJorabapUTHUX PYXOMHX Ifijield. Bimbin
JIETAIIHHO 11 TIpo0ieMa Oyie TOCiDKeHa TTijl Yac BUBYCHHSI
00MEKeHb, 110 AIFOTh Ha TpamuIiiiHi criocoou ATl

1.6. Jlocicmuuni obmedicenms.

[MinroroBka HAP 1o 00HOBOro 3acTOCYBaHHS
BUMATa€ BEJIMKOI KUTBKOCTI PECypCiB, CIICIiATbHOTO 00Jia -
HaHHSI, 3aXUILIEHUX apCEHANIB, PETEIEHOr0 00CITyrOBYBaHHSI
Ta TIEPiOJIMYHUX TIepeBipoK. B ymMoBax MOOIIBEHOT BilfHM 11i
BUMOTH YCKJIaIHIOKOTh 3a0e3MIeUCHHs Oe3MepepBHOi O0ETO0-
TOBHOCTI ITiIPO3/ILIIB apMiiicChKOI aBiarrii.

1.7. 3anesicricmo 8i0 MidCHAPOOHOI MamepianibHO-
MexHIYHOI donoMo2cU.

OCKiNBKH 9acTHHA 030pO€HHS, MabHO-MACTHIIb-
HHX MartepiaiB Ta 3aI9acTHH JI0 BEPTONBOTIB TAITY Mi-24/
Mi-8 Hapa3si mocTa4yaroThCs 3-32 KOPJIOHY, KOXKHA BTpaTa
MalliHA — CTpaTeriyHo d4yrmimmBa momis. Lle 3MeHmrye
TOTOBHICTh KOMAaHIHPIB PU3UKYBATH TEXHIKOIO MiJ 4ac
All B ckiTagHAX YMOBaX.

1.8. Hemoorcnugicmov npuxoeanozo uxooy Ha Yib.

Ha Binminy Bin ynapaux FPV-apoHiB, 1110 MOXYTb
aTakyBaTH 3 OyAb-SIKOTO pakypcy, BEpPTONIT 3aBXKAU
norpedye BiakpuToro kopumopy misi nycky HAP abo
KAOQO3, i1 He 3maTeH peali3yBaTH panToBy aTaky 0e3 Imo-
MepPEeIHBOTO BUSIBJICHHS ce0e B MOBITPSIHOMY IPOCTOPI.

Omxe, CTpykTypa OOHOBHMX Jiii 3MIHWIACh. JIOMi-
HYIOTh MaJIi IiJli, BUCOKA MOOLIBHICTh, TIOCTIHHA POTAITis
MiIPO3/IUIB, CHWIbHA HacwdeHicTh 3acobamu I1T10, PEB,
BrJIA mnporuBHuKa. BeprompoTn, m0 pasime AisUIH
GesrocepeHbO Haf ToNieM 0010, 3apa3 3MyIIeHi abo MiiTH
Ha MEXI JOCSDKHOCTI, abo OyTH IepeTBOpeHIMH Ha IUIaT-
¢opmy mist mycky HAP HenpsiMoro HaBOAKOIO.

CyKynHICTh BKa3aHHX 3arpo3 CBIJUUTh NpPO He-
MOXUIHBIiCTh 3a0e3neueHHs Al Bilicbk TpamuiitHIMU
cumamMu Ta 3acobamm AA y moBHOMY 00cs3i. Bepro-
JHOTH HE 3/1aTHI eeKkTuBHO nistH y 30Hi 1110 npoTtus-
HHKa, 0COOIHMBO MPOTH MAIIOPO3MIPHIX, PYXOMHUX OpOHBO-
BaHWX IUIEH Ha MEPeIHBOMY Kpai Ta TAaKTHYHIN TIIMOWHI.
i cakropy BHMaraimTh KapAHMHAJIBLHOIO MEPErsiny
crioco6iB Al Ta ajganranii HOBUX IiIXO/IiB.

2. Obmeosicennsi, wo Oilomb Ha MPAOUYILIHI
cnocobu Al

2.1. Obmesicenns bouiosoeo 3acmocysants KAO3.

Ha o030poenni AA 3C VYkpaiHu 3aJdIIarOThCS
mumre pagsHebki [ITPK “IHrtypm-B”, siki BUMaratoth
Bi3yaJIbHOT'O CYIIPOBOJAY I11iJIi, 0OMEXeHi KyTOM aTakH, i
HE JI03BOJIAIOTH MPAIFOBATH i3 3aKPUTHX MO3MUIINA abo B
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ymoBax PEB. Ix 3acTocyBaHHs moB’si3aHe 3 TpUBAIMM
nepeOyBaHHSM C€KiMaxy Yy 30HI ypaKeHHs, IO €
HETIPUHHATHIM B CydacHOMY 00I0.

2.2 Obmedicenms botiosozo 3acmocyeanms HAP.

OmanM 13 TpaauiiiHNX 3aco0iB ypaxkeHHS AA € HAP,
0 [MPOKO BUKOPHCTOBYIOTHCS B 030POEHHI BEPTOJBOTIB
tiny Mi-8, Mi-24. YV MupHHii Yac Ta B yMOBaX JIOKAIbHUX
koH(uikTiB HAP nemoHcTpyBanu nocTatHio e(heKTUBHICTh
YpakeHHs Liiieif, OCOONMBO TPU 3aCTOCYBAaHHI 3 MaJUX
BHCOT y peXHUMI OIMKHBOro MaHeBpeHoro Goto. Ipore B
YMOBaX Cy4acHOi BHCOKOIHTEHCHUBHOI BIMHM — Takoi, sK
pociiiceko-YKpaiHcbka, — edektuBHicTh HAP  3HauHO
3HIDKYETBCS Yepe3 HU3KY KPUTHYHHUX OOMEKEHb.

[Mo-nepme, mis 3acrocyBanHss HAP Bepromit 3my-
IICHNH HaOJIM3WUTUCS 10 TIEpEAHBOrO Kpar OOOpOHH
NMPOTHBHUKA Ha BiACTaHb 2—4 KM, M0 POOHTH HOro
HaJ[3BHYAIHO Bpa3IuBUM 10 3aco0iB [1T10 OamkHBOT .

[Mo-npyre, 3actocyBanns HAP i3 ropu3oHTaIRHOTO
HOJILOTY 200 3 KaOpUpyBaHHs (MaHEBPY 3 MiJHATTAM HOCA
BEPTONBOTA JUISl 30UIBIICHHS JABHOCTI CTPLUTHOU) Tepe-
0avae 3pOCTAHHS BHCOTH IIOJIBOTY BEPTONHOTA, IO IIE
OuTbIlle MiBWILYE PH3WKK ypakeHHS 3acobamu III1O
o0’ekta ataku. Jlocing OoioBoro 3acrocyBaHHs [1]
CBIIUMTH, IO TJ Yac 3aBIAHHS aBlalliiHUX ymapiB 3
KaOpHpyBaHHsI 3 JANbHOCTI 36 KM €Kil BEPTONBOTA
niepedyBae B 30Hi Aii 3acobiB 11O npoTrBHIKA BIPOIOBK
20-30 cexkyHI — KpUTHYHUIA 1HTEpBaJ Yacy, IiJ 4ac sIKOro
pakeTa Ma€ BUCOKY HMOBIPHICTb YpaXKeHHS LILTi.

Kpim Toro, Tounicte ypaxenns iinedi HAP 3amm-
IIA€THCA HU3BKOIO TIOPIBHIHO 3 BUCOKOTOYHUMH 3aCO0aMH.
CepenHe KpyroBe WMOBIpHE BIIXWJICHHSI TIpU CTPUIEOL 3
TOPH3OHTAJIBHOTO TIONBOTY HAa JAJBHICTH 2 KM CTAHOBHUTH
100-150 metpie [21], mi0 € OPUAHATHAM JIHIIE VIS
IUIOLMHHUX 1IJIeH, ajieé HEeNMpPHHHATHUM JUIS ypaKeHHS
TOYKOBUX 200 MOOUTBHHX 00’ €KTIB.

Takum 4MHOM, y KOMIDTEKCI Bl nieperniueHi GpakTopy —
Bpa3JMBICTh NPH HAOMIDKEHHI JIO 1T, HU3bKA TOYHICTB,
3asiexHicTb BiJ MereoymoB i PEB, ckiamHicts obcmyro-
ByBaHHS — pOOJATH TpaauLiiHe 3actocyBanHs HAP
HEOCTATHHO C(PEKTUBHUM Ta HAIMIPHO PU3MKOBAHUM Y
cydacHux ymoBax. Lle ¢opmye 00’exkTBHY mOTpedy y
TOLIYKY abTepPHATUB — TaKWX, SK IHTErpamis yAapHHX
BrJIA 3 BepTOmpOTAME SIK KOMaHIHO-yIapHIAMH IDIAaT(Oop-
MaMH-HOCISIMH, IO JO03BOJISIE TIEPEHECTH TOYKY 3aIlyCKy
Ha Oe3MevHy BiZICTaHb i SMEHIIIUTH PH3UKH I SKITaXKy.

3. Ilepesazu yoapnux bnJIA nao uexeposanumu
asiayitiHumMu paKemamu 8 Cy4acHUx yMoeax GitiHul.

Ha cydacHoMy TeaTpi BOEHHHX Jii, HACHYEHOMY
3acobamu I1T10, PEB Ta BHCOKOIO AMHAMIKOIO 3MiH Ha
ninii Gpponry, ynapui briJIA 1eMOHCTPYIOTh HU3KY KpH-
TUYHHUX TIepeBar HajJ TpaJWLiMHHUMHU 3aco0aMu aBia-
I[IHOrO 030pO€HHS — 30KkpeMa, Haag HAP.

3.1. Tounicmo ypaoicenns.

OnHiero 3 KIOYOBHX nepeBar yaapHux briJIA e ixas
3JIATHICTH JI0 BUCOKOTOYHOrO YpakeHHs Liyiel. Y Toi yac

sk HAP marors KB 10 100-150 METpiB Ha BiJICTaHi 2 KM
[21], FPV-nponu 3 py4HHM KepyBaHHSM 37aTHI ypasKaTh
uini 3 KB 3-5 MetpiB, a y pasi BUKOpHCTaHHS CHCTEM
ABTOHOMHOT'O HaBeJEHHS — HaBiTh 10 1 Metpa [22]. Lle
J03BOJIIE €(PEKTUBHO ypaskaTH HE TiJIBKU TPYMOBi abo
TUTOIIMHHI [iJi, aie ¥ OKpeMi OIUHHIN OpOHETEXHIKH
gn popTrudikarmiiiai cnopyau.

3.2. 3nudicenns puzuxie st eKinaicy.

BnJIA € Oe3nUIOTHUMHM CUCTEMAaMH, IO JO3BOJIIE
3HM3UTH 200 TOBHICTIO YHHKHYTH OOHOBHX BTpar cepei
apoTHOro ckiiany. HAP, HaBmaku, BUMaraioTh Bif BEpTO-
JIBOTIB MiUTbOTY Ha 2—4 KM 710 JiiHiT O0HOBOTO 3ITKHEHHS,
mo B ymoBax mpucyrHocti 3PK, II3PK i FPV-mponis
BOpOra CTBOPIOE KPUTHUHY 3arpo3y uis ekinaxy [1, 8, 20].

[Mpu npomy FPV-n1ponn nparroroTs y Mexax mpsiMoi
PamioBUAMMOCTI MK aHTEHOIO oOrepaTopa Ta JPOHOM.
JanbHicTh Takoro 3B’S3Ky OOMEXYETbCS KPHBH3HOIO
3emui [23].

OnHuM 13 HAMOUTHII IEPCIEKTUBHUX CIIOCOOIB BHpI-
IIeHH TpobneMu oOMexeHoi namsHOcTi FPV-nmpoHiB €
PO3MIIIEHHS Oreparopa ApoHa Ha OOPTY BEPTONBOTA, L0
JI03BOJIUTH 3a0e3MeYnTH MOOUIBHICTH oreparopa (BepTH-
KaJlbHe IIePEMIICHHS JO3BOJISIE ONEpPaToOpy IpaLfOBATH
6e3 TIpHMB’SI3KM 10 (PIKCOBAHMX IYHKTIB YNPABIIHHS) Ta
3MEHIIUTH BIUTHB penbey (Ha BENMKii BUCOTI yCYBaETHCS
OUIBIIIICTE TIEPEITKOM, sKi ONOKYIOTh curHan (mepesa,
OyiBi, maropom).

Ha migcraBi po3paxyHKy AQJIbHOCTI MpsMOi pajiio-
BHJIMMOCTI Ta JQJIBHOCTI Tiepenadi Bifeonotoky 3 FPV-
JpOoHAa Ha NpuHMad BiJEOCHTHANY, IO 3HAXOIHUTHCA Y
oneparopa [23], BUBEICHO 3alEXKHICTH PATIOBHIANMOCTI
Bin Bucotu aHteHu (puc. 2). 3HAYCHHS JIiHII YEPBOHOrO
KOJIbOPY TOKa3yroTh, Ha SIKy BHCOTY MOTPIOHO MiAHATH
aHTeHy, 100 3abe3meuynTH pamio3B’sBok 3 brnJlA, a
3HAYEHHsI JIHIi CHHBOTO KOJBOPY BKa3ylOTh BiJICTAHb BiJ
antenn o briJTA. Sk BumHO 3 rpadiky, Ha BignaneHsi 10 20
KiJlomeTpiB Bix JiiHii 6oitoBoro 3itkaenus (JIB3) BucTayae
BUCOTH aHTeHW 10 15 merpiB, micisi 4oro HeoOXimHO
i ifiMaTy aHTeHY 151 30UTBIIICHHS BiJICTAHI PaIio3B’s3KY.

3anexHICTh paiiOBUMMOCTI BiJI BHCOTH aHTCHU
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JlanbHICTB 3BS°3KY, KM

Puc. 2. 3anexuicTs pagioBHINMOCTI Bil BHCOTH aHTEeHH
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Jlnst eximaxy BepToNbOTa BHcoTa NoboTy 20 MeTpiB
Ha BigmanenHi 20 kimomerpis Bin JIB3 He Hece 3arposn
Bix 3aco6iB 11O npotuBHuKa. J{ms1 3actocyBannst briJIA
OLIBIIIOI aTBHOCTI HEOOXiTHO BUKOPUCTOBYBATH BEPTONIIT
B HIYHMX YMOBaX, Ji¢ BiH MOXE MiJHATHCS Ha BUCOTY
150 meTpiB Ha Bincrani 40 km Big JIB3.

Taxum gnaOM, ymapai briJIA, mo 3amyckaioTses 3
BEPTONBOTA, MOXYTh YpaXkaTW WLiJdi Ha TIUOWHI [0
25 km 3a JIB3 6e3 BXomKeHHs 1aThOpMU-HOCIS y 30HY
it TIIO TakTU4HOTO piBHSL.

3.3. Inyukicmo cyenapiie 3acmocyanisi.

CpOrofHi KoOJIO 3ajay, IO BHUPILIYIOTBCS 3a JIOINO-
moroto briJIA, moctiiiHO po3umproeThes. B ocHoBHOMY —
NpH  CaMOCTIHHI OOHOBIH POOOTI 3 MOXIIMBHM 3aCTO-
CYBaHHSIM IX SIK B aBTOMATH30BaHUX CHUCTEMax YIPaBIiHHS
BilicbKamH, TaK i B aBTOHOMHOMY TOPSJIKY Y SIKOCTI 3ac00IB
PO3BIIKK, BEIEHHS pajioeNeKTpPOHHOI OOpoThOM abo st
3aBJIaHHS YIIApiB, a TAKOXK 3aCO0IB IJICBKA3AHHS JJIsI CUCTEM
BHCOKOTOYHOI 30pOi, peTpaHCIIsLIil B cucreMax 3B’s13Ky [23].

BrJIA naroTe 3Mory peanizoByBaTH IIMPOKHH CHIEKTP
00IOBHX CLICHAPIiB. Bijl TOYKOBHX yIapiB M0 OPOHETEXHILII
Ha TiepesHbOMY Kpai 10 omepamiil y TaKTUdIHIN TITHOWHI,
HAIPUKIIA]], YpaKCHHs 3acCO0IB YIIPABIIHHS, JIOTICTUYHUX
o0'exTiB um IT10 [13]. Ymapuwmit ApoH MOKe 3HAXOTUTHCS
B pexuMi odikyBaHHS (GapaKyBaHHsA) O MOMEHTY
BUSIBJICHHS 11T, Mo y Bumaaky 3 HAP HemoxmBo.
Bimeme Toro, BnJIA 3maTHI BHKOHYBaTH 3aBHAHHS Y
MICBKiii 3a0y/IOBI, yIEIHMHAX, 338 CKIAaIHOro penabedy —
Jie BEpTOIIbOTaM BaKKO MaHeBpyBaTH abo HaBoxut HAP.

3.4. Exonomiunicme.

Bapricts onniei HAP xonuBaerbes B mexxax 4000—
5000 nonapis CILA [24], npu tpoMy 151 ehEeKTHBHOTO
YpakeHHs L1l MOTPiOHO 3aJIIOM 3aIyCKaTh He MEHIIe
5-10 paker. Bapricts omnHoro FPV-mpona craHoBHTH
300-3000 momapis CHIA 3anexHO Bij TUIY ¥ OCHAIIE-
HHsI [25]. 32 aHAIITHYHIMH OIIIHKAMH, YPayKEHHs OJTHI€T OfIH-
HuLi O6ponerexHikn FPV-npoHoM obxomurhes B 3-5 pasis
JenieBnie, HbK i3 Bukopucranusm HAP [26]. Bpaxo-
BytouH (hiHaHCOBI OOMEXEHHS AepXKaBH Y BOEHHHUH Yac,
(hakTOp EKOHOMIYHOI JOLIIBHOCTI HaOyBae 0coOIMBOL
AKTYaJIHOCTI.

3.5. Ilpocma nozicmuxa ma modinbHicmy.

Ha Bigminy Big HAP, siki moTpeOyroTh IpHx0BaHOTO
30epiraHHs, TPAaHCTIOPTYBAaHHS, CICMIABHIX IHCTPYMEHTIB
mig Jac iX 3apsypkaHHsA B OJOKM Ta KBaTi(iKOBaHOTO
00CITyTOBYBaHHS, yIapHI APOHW KOMITAKTHi, MOXYTb
MIEPEBO3HUTHUCS Y CTAHIAPTHHUX KOHTEHHEpax 1 TOTYFOTECS O
3aMycKy B MOJbOBMX yMOBAX. IX MijroToBKa Ta 3aps-
JUKaHHSI TIOTPEeOYIOTh 3HAYHO MEHILE PECcypCiB 1 yacy,
10 pOOUTH TX iZeaTbHUMU ISl MOOUIBHUX TPYII Omepa-
TopiB briJIA i mBUAKOTO pearyBaHHsl Ha pi3HHUX oOrepa-
IIAHKUX HAMIPSIMKaX OOMOBHX M.

3.6. Menwa 3anexcricmo 8i0 n0200HUX YMOB.

VY napui briJIA MoXyTh IisITH B yMOBaX XMapHOCTI,
c1abKoi OCBITJICHOCTI Ta 3MiH HANpPSIMKY BiTPY 3aBASKA

BUKOPUCTAHHIO ONTHYHMX, iH(PauepBOHHX a0b0 MyJbTH-
CMIEKTPAIBLHUX CHUCTEM HABEJCHHS Ta KOPETYBAaHHS TPA€K-
Topii monsoty. [t HAP, mpurtimoBanHs sSKUX 0a3yeThest
Ha Bi3yaJIbHOMY KOHTAKTi 3 IULTIO Yepe3 MPHIUTH EKIMaxy,
a TPAEKTOpIsI HE KOPETYETHCS INJI Yac IMONBOTY, MOTOMHI
YMOBH KPUTHYHO BIUIMBAIOTH HA TOYHICTb YIapy.

3.7. Aoanmuenicms 0o ymos PEF.

CepenHiii BiAcOTOK BTpaT ApoHIB yepe3 3acodbu PEB
craHoButh 30-35%. YkpaiHChKi BifiCHKOBI BJIOCKOHAITIOIOTh
meromu ooxony PED, 30kpema BHKOPHCTOBYIOTH IIU(PY-
BaHHs CHTHAJY Ta CIeliali3oBaHi KaHamu 3B’ s13Ky. Criz
TAKOXK 3a3HAYMTH, 1110 BUKOPUCTaHHs: FPV-apoHiB 3 MarmH-
HUM 30pOM HiBeNIO€ e()eKTUBHICTh KYIOJIbHUX CHUCTEM
PED, 60 FPV iine Ha 1inb aBTOHOMHO.

MamunHe HaB4aHHS 11 BrJIA akTuBHO PO3BU-
BA€ThCA, aJLKE ATOPUTMH MOXYThb fornoMorty briJIA B
ABTOHOMHIN HaBiramii, BUSBJICHHI 00'€KTIB, YXWISHHI
BiJ] TEPEIIKOI.

CyuacHni briJIA, oco0imBO 3 aBTOHOMHIMH HaBira-
uiiHuMK  cucteMamu (Hampukian, Hivemind y VBAT)
[27], 3naTHi dpyHKUioHyBaTH Oe3 GPS Ta criiiki 10 nepeni-
KoI y KaHanax 3Bs3Ky. Lle 3a0e3medye ix mepeBary B
ymoBax fii moryxHuX 3aco0iB PEDB, ski oOMexyroTh
MOXXJIMBOCTI €KIMaXy IO TOYHOMY BHUXOLY Ha TOYKY
mycky HAP.

3.8. Moowcnugicms potiogoeo 3acmocy8anHsi.

Posropranns rpym qpoHiB y ckiam “poro” mae 3Mory
3a0e3MeYNTH MaCOBAHY aTaKy 3 OJHOYACHIM BUSBICHHSAM 1
ypaxkeHHsIM Oarateox Iuei. [Ipu mpoMy BTpaTta OKpemMux
ONVHMIL HE BIUIMBA€ KPUTUYHO HA 3arajbHUN pe3ylbTaT
orepaii [7]. Taki MOXIMBOCTI MPHHIAIIOBO HEMOCTYITHI
quist HAP, siki 3aCTOCOBYIOTBCS Y BUIJISII OZHOPA30BOTO
3aUIITy 110 OJHIN AUISHIN MiCIIEBOCTI.

3 ormsaay Ha mi (aKTOpPH, CTae€ OYCBHIHHM, IO
ynapai briJIA mMaroTh He JUIIe TAKTHYHY JOIUIBHICTD, a
i crpareriuHy nepeBary B ymoBax BiiHH XXI| cTOMNITTS.
BoHHM 103BONSIOTH CYTTEBO 3MIHUTH XapakTep aBiamiid-
HOI MATPUMKH BIWCHK, 3HU3UTH OOHOBI BTpPAaTH Ta MiJ-
BUIIUTH €(DEKTHBHICTh ypa)KEHHsI MPiIOPUTETHUX IIJICH.
Came tomy nutanHs iHTerpamnii bnJIA nmo crpykrypu
AA crae npiopUTETHUM HAIPSIMOM PO3BUTKY.

4. Ob6rpynmyeanHs 6UKOPUCMAHHA BEPMONbOMA
muny Mi-8 ax komanoHo-yoaproi niamgopmu-rocis bnJIA.

Y KOHTEKCTi cydacHOi BiiHU miatdopmu mus All
MAalOTh BIJIIOBIIATH PSAy BUMOT: MOOLTBHICTB, 3HATHICTH
TpuBaoro nepeOyBaHHSA B TIOBITpI, BaHTAKOINIHOMHICT,
HasBHICTD MicCI U PO3MIIIEHHS OIepaTopiB Ta 00-
JIaTHAHHS, MOXIIMBICTh 3a0€3MeUeHHS 3B’ 13Ky B yMOBaX
PEB, a Takox ajarnraris mijg HoBl criocoOu BeeHHs 00rO.

BepronitT 3aranoM Mae HU3KY YHIKalbHUX Iepe-
Bar, sk Hociii BrJIA, a came:

OIEPAaTHBHICTh 3aCTOCYBaHHS Ha LIMPOKOMY (DpOHTI
OoifoBHMX Jiii (MOXIMBICTh TIEPEKUIAHHS MPOTATOM Jie-
KUTBKOX TOIIMH 3HAYHOI KiTbKOCTi brila 3 po3paxyHkamu 3
OJTHOT'O OTEPALiIHOrO HATIPAMKY Ha iHIIIHNA);

TPUBATICTh TONBOTY (2—4 ronuHm);
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BEJIMKA BAHTAKOMIIHOMHICT (0 KUTBKOX JECST-
KiB JIPOHIB);

MOXKJIMBICTh 3aBHCaHHA a00 MONHOTY Ha Malnx
MIBUIIKOCTSIX;

NOTEHIIaN I aBTOHOMHOTO KEePYBaHHS POSMH 3
OOpTOBOI CHCTEMH;

3axuiieHicTs Bin PED 3aBIsKy MOTY)XHHUM peTpaHc-
JSITOpaM 1 OOYHMCITIOBAJIBHUM TMOTY)KHOCTSM Ha GOpTY.
Lle poOHTh BEPTONIT i/IeabHUM BY3JIOM — MATEPUHCHKOIO
IaTGOpMOIO TSl 3aIYCKY, CYNPOBOLY W YIPaBIiHHS
TakTuaHUME BriJIA.

3 ychOro mapky apialliiiHoi TexHikk Bepromit Mi-8,
TIONIPH CBIH BIK, 3QJIMIIIAETHCS OHIEIO 3 HAHKpAINMX TIIaT-
¢dopm y 30poitnnx Cuiax YkpaiHu Uit peamizarii KOH-
eI MOBITPSIHOTO HOCIs yapHux briJlA.

4.1. VHieepcammicmb KOHCMPYKYIl ma HYMpiuHill
06’em.

Mi-8 € OararolibOBHM BEPTOIBOTOM, IO MAa€E
BEJIMKUIA BHYTPILlHii 00’eM (10 27 M3 y BaHTaXHiH KaOiHi)
Ta 37aTeH TIepeBO3NUTH /10 4 T BaHTAXy abo 24 macaxupu
[28]. Takuit mpoctip Ho3BOIISIE:

PO3MIIyBaTH KOMaH/IHI ITyHKTH ynpaBiiHHs briJlA;

MIEPEBO3UTH KilbKa neciatkiB FPV-1poHiB;

pO3TOPTATH peTpaHCIsiiHe 00IaTHAHHS Ta aBTO-
HOMHI CHCTEMH 3B’ SB3KY;

BCTAHOBITIOBATH CIICIIaJi30BaHi IMyCKOBI KOHTEHHepH
Ha 6opTy abo miaBicKax.

Lle nagae Mi-8 3HauHy mepeBary rnepes MEHIIUMH
0OOBUMHU BEpTOJBOTAMH, SIKI MalTh OOMEKEHHH
MPOCTIp 1 He IPUCTOCOBAHI IO THYYKOI MoauiKarii st
HOBHX 3aJa4.

4.2. Bucoxa 6aHmasiconiotiomMHicb ma a0anmueHICb
00 Mooughikayiil.

Banraxomigiiomuicte Mi-8 csarae no 4 T Ha
30BHIIIHINA miaBicui abo 0 2,5 T y ka6ini [28]. Lle
JIO3BOJISIE /IANITYBATH TIATHOPMY JUTSl BUKOPUCTAHHS:

1o 40 ynapHux npoHiB i3 6oe3apsaom 0,5 kr;

a60 1o 10 6inpmmx anapartis (10 3,5 Kr KOPUCHOTO
HaBaHTA)XCHHSI KOXKEH);

a00 3MIIIaHOr0 OOHOBOrO KOMILICKTY (HampHKIIa,
20 mpownis-kamikamse Ta 10 po3BigyBanbHUX).

JlonaTkoBO MOXKJIMBE BCTaHOBJICHHS ILIAT(GOPM-
perpanciaTopiB, cucreM PED um aHamiTHIHHMX cTaHINA
Ut 00poOku Bifeo 3 briJIA.

Aure, ipobnieMaTHKa BUKOPHCTAHHS BEPTOIHOTA THITY
Mi-8 sk koMaHHO-ynapHoi wardopmu-Hocis briJIA He
OOMEXKYeThCS JHIle T BAHTAXKOIJUOMHICTIO, JIHIHHUMUI
pO3MipaM¥ BaHTa)KHOT KaOiHU Ta BY3JIiB MiJIBIIIyBaHH,
a i moTpeOye BUBYCHHS 3 TOUKH 30pYy aCpPOAUHAMIKH.

Ha migcraBi po3paxyHKy BHBEICHO 3aJICXKHICTh
no6osoro onopy BriJIA piznux ¢opm, 1m0 MOXYTh OyTH
MiZBIIICH] HAa BY3JIM 30BHIIIHBOI MIiABICKK BEPTOJHOTA
(3amyckaroThcsi 3 BaHTaXHO! KabiHH) i 00MyBarOThCS
MOBITPSIHAM MMOTOKOM HECYYOro I'BHHTA BiJ IIBUIKOCTI
TOPH30HTAJIBHOTO TOJLOTY BepTonboTa (prc. 3).

Omxe, 3 agiarpamMM BWJHO, IO HAWOLTBIIMI OMHip
JOCSTAEThCS Ha MIBUAKOCTSX NOJMbOTY ONM3BKHX 10 HYIA i
y Mipy TIepexoIy BEpTOIBOTY 3 PEKUAMY “‘OCHOBOI OOTYBKH
Ha PSKUM “KOCOI OOIYBKH ™~ TIOBITPSIM, OMip 3MEHIITYETHCH,
a Ha MBUAKOCTX 70 KM/TOJ] IPAKTUYHO 3HHKAE.

3anexHicTb J1060Boro onopy brJIA pisHuX KOHCTpPYKILi#
BiJ] IIBHIKOCTI FOPH30HTAIBHOIO HOJIBOTY BEPTOIBOTY

e o o
> o ® e

o

0 10 20 30 40 50 60 70 80

[IBHKICTB, KM/TOX

Koediuient onopy (zoBinbHi oxunuii)
o
N

e B11JIA THITY KPHIIO

FPV-nmpon Tumy KBagpaxomntep

X-06pazuuii briJIA Tuny VBAT

BrJIA dopmu crapsa

Puc. 3. 3anexuicts 1060B0ro onopy bnJIA pisnux
KOHCTPYKU{ii Bi/I IIBUIKOCTI TOPH30HTAJIBHOIO IOJIbOTY
BEPTOJILOTA

BaxxiiBo 3ayBakuTH, 10 3 40TUPHOX (opm BriJlIA,
ski posrsmamcs  (BriJIA  tumy  kpwino, FPV  Tamy
kBajpaxontep, X-nomiOuuii briJIA tumy VBAT, brnJlA
¢dopmu cHapsin), BriJTA dopmu cHapsin (tumy Warmate /
Switchblade 300) e HaiibinbIn aepoaMHAMIYHO OOTIUHHM.
ToMy BapTo po3IIIsIIATH B SIKOCTI OCHOBHHX JIISL iHTErpaiii
came Taki briJIA, a mpu Buxopucranni briJIA gopmu kpro —
BapTO BHUKOHYBaTH 3JIT BEPTONBOTA IO JHTAKOBOMY, 3
PO3TOHOM IO 3eMHii TOBepxHi. B iHIIOMY BuHMaIKy
HEOOXiJTHO BCTAHOBJIIOBATH 3aXUCHI IIMTKHA ab0 oOupaTtH
BrJIA Oinbi MilTHOT KOHCTpYKIii. AJie Iie TIOKH IO TUTbKH
TEOPETHYHI 3/I0TA/IKH, SIKI HEOOXiZHO MEPEBIPUTH CIIOYATKY
B aepoIMHAMIYHIN TPyOi, a ITOTIM 1 Ha BUIIPOOYBaHHSIX.

[pu 11bOMY EKCTIEPHUMEHTH, IO POBOIATHCS B apMIsiX
TIEPEIOBUX KpaiH CBITY, @ TAKOXK MPOTHBHUKOM TIO 3aITyCKy
BrJIA 3 Gopry Bepromsora (Bin jerkux FPV-npowiB st
00poTEOM 3 MOPCHKUMH JPOHAMH IO JOCTATHBO BAXKKHUX
ymapanx BriJTA turry VBAT, ALTIUS ta Hero-120) [15, 27],
CBI/T9aTh, 10 KOHCTPYKIIiSI BEPTOIHOTA IO3BONISE ATANTYBATH
SK BaHTKHY KaOiHy BepTOIBOTA IUIS 3aITyCKy POIB JIETKUX
FPV-npoHiB, Tak i By3/ii 30BHILIHBOI MIBICKH YIS 3AITYCKY
Bakkux briJIA 3 posmaxom Kpuit 1o 3-X METpiB.

4.3. Mooicnugicms  ManoweuoKicHozo nomwomy i
3a6UCAHHA.

Mi-8 3mareH 3AilicHIOBaTH IIOJIT HAa HU3BKIN
mBuAKocTi (1o 60 kM/rox) Ta TpuBase Bucinus [28], 1o
KPUTHUYHO BaXXJTMBO JUIS:

pO3ropTaHHs APOHIB 3 OOPTY Yy MOBITPI;

3a0e3neueHHs1 CTiHKoro panios3B’si3ky 3 BmJIA y
CKJIaJIHUX YMOBaxX penbedy;
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MiHIMIi3alii BIUIMBY penbedy Ta NEPeHKoa Ha

J03BOJII€ NIBUAKO PO3II0OYaTH CKCHepI/IMCHTaIIBHi nporpamMu

HABEJICHHSI APOHIB.

V Garatpox BHmajkax 3actocyBanHs BriJIA motpebye
peTpaHCIIi curHaTy ab0 KOOpIHHAILII TPYITH amapaTiB
[29], sxy edexTHBHO MOXHa 3abe3eynTH came 3 OOpTY
BEPTOJIBOTA T1i/T YaC BUCIHHA 11032 30HOKO TIPSIMOT BUIFIMOCTI
MPOTHBHHUKA.

4.4. Cymicnicmo i3 3acobamu PEB ma 3axucmom 6i0
VPadiceHHsl.

Ha BigMiHy Bij Jerkux Oe3miioTHUKIB, Mi-8 mMoxke
OyTH OCHAIICHUIA

CTaHIIisAMH onTuKo-entekTpontoi mporumii (COEIT);

CHCTEMaMH BIJICTPLITY TEIUIOBHX MACTOK;

KOMITICKCAMH TIOTICPEKEHHS. PO PaioyoKarlifiHe
OIPOMiHCHHS,

PETpaHCIATOpaMH Ta HANpaBICHMMH aHTEHaMH i3
noTyxHMM 3axuctoM Bif PEB.

3aB/IKM [IbOMY BEPTOJIT BUCTYTIAE HE JIUILIE SIK HOCIH,
a 1 sIK 3axuiieHa 0asa [yIs ynpaBIiHHS JPOHAMH B YMOBax
TIO/TaBJICHHS 3B’ 513Ky Ta GPS-Hagirari.

4.5. Onepamusricme nepekuOauHs ma 2SHYuYKICIMb
DO320PMAHHSL.

Mi-8 3naTeH mepekunaT OOHOBHI PO3PaxXyHOK Orle-
patopiB, oOmagHaHHS Ta OOEKOMIUIGKT IPOHIB HA iHIII
HanpsiMkd ppoHTy npotsirom 2—8 romud. Lle poduts ioro
1T TBHIM 3aCO00M JUIS:

IIBUJIKOTO pearyBaHHs Ha 3arpo3H;

PO3TOpTaHHs TUMYACOBUX IMYHKTIB yrpasiinas BriJIA
no0JH3y JTiHIT GOHOBOTO 3ITKHEHHS,

JIOCTABKHM JIPOHIB 1 KOMaHJ| 1X OIepaTopiB y BayKKO-
JIOCTYITHI ALISTHKH MICIIEBOCTI.

Takok MOXIIMBE JecaHTyBaHHsS a0o I0cajka Ha
oOnazHaHi Ta HeoOJaJHAHI MAaWIAHYMKA 3 IOJAJIBIIUM
PO3rOPTAHHSM ITyCKOBOT TTO3HIIIT Ha 3¢MJIi.

4.6. /locsio excniyamayii ma pecypcha 6asza.

B VYxpaini HasBHI necatku oquHUIb Mi-8, a Takox
HaBYCHA IMKCHEpHAa Ta JHOoTHa 0Oa3a. [lmardopma mobpe
BilOMa eKinakaM, YKOMIUICKTOBaHA 3aaCHUMH YaCTHHAMHA
Ta Ma€ IIMPOKHWI JIOCBiA 3aCTOCYBaHHA Yy BiiHI, IO

0e3 ouiKyBaHHS TIOCTAYaHHS IHO3EMHHX 3Pa3KiB.

4.7. Ananiz c8imogux npaKmux.

[Moni6Hi xoHmemmii peamizyoThes B apMisix CILIA,
I3paimo, Benukoi bpuranii. Hanpuknan, y 2023 porii kom-
manist Shield Al crinero 3 BIIC CIIIA TectyBayiia MOX-
ymBicTh 3amycky poto BriJIA VBAT 3 Gopry TpaHcmopt-
Horo Beproipora Black Hawk y ¢dopmati mobGimbHOro
MYHKTY YIpaBJiHHs i perpancsiii [27]. Takox i3painmbebki
yaapHi Oe3nuioTHi anapatd Turmy Hero-400EC inTerpy-
10ThCst 3 Bepronbotamu kiacy CH-53 [30]. Taxkum umroM,
KOHIICTITiS “BePTONIT-MAaTKa” 3HAXOUTh MPAKTUYHE BTIJICH-
Hsl Y TIEPEIOBHX apMIisiX CBITY.

3 oniny Ha nepenidene, Mi-8 00’eKTHBHO BHCTYyIae
HaWOLUTHI mpumaTHoro Twiatdopmoro 3C Ykpainu myis iHTe-
rpanii ynapuux briJIA, npuHaiiMHI Ha €Tarn TeOpeTHIHOTO
OOIPYHTYBAaHHS Ta IOYATKOBMX EKCIIEPUMEHTIB. Loro
MO>KITBOCTI JTO3BOJISIFOTH peali3yBaTH OHOYACHO CIIeHapii
JIOCTAaBKH, YIPABIHHS, aBTOHOMHOIO 3aIlyCKy Ta PeTpaH-
cori 6e3 moTpedr y 3aKymiBi HOBHX IIaThopM abo CKitaz-
HOro TepeocHaIleHHs Mapky AA. 3 ypaXyBaHHSAM MOX-
mmBocTelt Mi-8 11070 KOPHCHOTO HABaHTAXKCHHS, palio-
3B’S3KYy Ta TPOCTOPOBOI THYYKOCTI, I IwaTdopma €
VHiBepcabHOO Wit OaratopiBaeBoi briJIA-iHTerparii.

5. IopignanHsa cyuachux yoaprux bnJIA yepes npuzmy
inmeapayii 3 eepmonbomom muny Mi-8.

Interparis ynapaux briJIA no cucremu Al 3 6opry
BEPTOIILOTIB BHUMArae peTebHOr0 BUOOpY Monened Oe3-
MIJIOTHUKIB 32 HU3KOKO KJIHOUOBHX KpuTepiiB. Cepen HUX —
He JiMIIe mMaca W rabapuTH, SIKi BU3HAYAIOTh MOXKIMBICTH
TPAHCIIOPTYBAaHHSA Y BaHTAKHOMY BIZCIKY YM Ha IifBICII
BEPTOJIBOTA, & W TAKTWYHI IMOKA3HWKH: NATBHICTh, TpPH-
BaJTiCTh TIOJILOTY, TUIT HaBiraiii, cTifikicts 10 PEB, crocio
3aITycKy Ta 00HOBE HaBaHTAYKEHHSL.

Crmparounich Ha Il TOKa3HUKH ITIPOAHATI30BAHO Ta
3BEZICHO Y TabymIo 1 mepeBaru i OOMEKEHHSI Pi3HUX KIIACiB
ynapHnrx briJIA, mo noreHIiiiHO MOXyTh OyTH iHTErpOBaHi
3 BepTONBOTOM THITy Mi-8 Ta #ioro Momudikartismm.

Tabauys 1
XapakTepUCTHKH YIaPHUX IPOHIB Ta MOXKJIMBOCTI 1010 iX iHTerpamnii 3 Beproisorom Mi-8
FPV-apouu (tumy Alpha, UJ-
IMMapamerp 22 a6o caMopoGHi...ﬁoﬁosi VBAT (Shield Al) vax?crkm?sgéggg?gfelg)
KOHCTPYKILii)
3aiTHA Maca, KT 0.7-1.2 1o 38 5.5-6.5
Tabapuru, M 0.3x0.3x0.15 2.4x0.3x0.3 1.1x0.2x0.2
00’em, M3 ~0.02 ~0.25 ~0.05
JlanbHICTh, KM o 10 1o 150 1o 20
TpuBaiicTh NOIBOTY 15-30 xB 1o 8 rof 1o 1 rox
Tun Hasiranii py4Ha/ HaITiBABTOHOMHA aBToHoMHa (6e3 GPS) HAITiBABTOHOMHA
Critikicts 10 PEB HU3bKa BHCOKa cepeHs
Crioci6 3amycky PYYHMIL, CKUJI 3 KOHTeHHepa Bepm(li/a?gil)l/l aagiszlﬁlscam(a KaTamynbTa abo Tpybuacra [TV
boiioBe HaBaHTa)KeHHs, KT 0.3-05 10 3.6 1.2
Bapricts, $ 500-1500 50,000-100,000 6,000-10,000
InTerpaist 3 Mi-8:
MakcumaibHo 110 150 o8

V' BarTakHiii Kabimi, . (B cepeqHEOMY — no 1003 (pasom 3 peTpaHCIIsTOpaMH, 110 60

ypaxyBaHHSM PO3MiILCHHS Ha3eMHHMH CTaHIisAMHU a60

OreparopiB Ta oONajHaHHsA)  |OOPTOBMMHU TepMiHATaMu)
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Ipoodosoicennsn maon. 1

FPV-npouu (tumy Alpha, UJ-
22 a6o camopoOHi GoiioBi
KOHCTPYKILii)

Mapamerp

Warmate (ITosba) /

VBAT (Shield Al) Switchblade 300 (CIIIA)

4—6 koHTelHepIB M0

Ha 30BHIiIHIN miaBiCH, IIT. .
10-12 npoHiB y KOXKHOMY

110 4 koHTeliHepiB (1o
1 ApOHY Yy KOKHOMY)

110 8 KOHTEeHHEPIB M0
2-3 biJIA y koxxHOMY

HU3bKA 11iHa, MACOBICTh, a/1all-
TOBaHICTh /10 OIKHBOTO OO0
BHCOKA TOYHICTb YpayKEeHHS
MAaJIOPYXOMHUX 1 PyXOMHX IIIeH;
MiHIMaJIbHi BUMOTH JI0 GOPTOBHX
CHCTEM KepyBaHHs

OcHOBHI mepeBaru

aBTOHOMHa HaBiramjis 6e3 GPS, . . .
JANBHICTh OLbLIA, HIX Y

criiika j10 PEB; .
. . FPV-npoHis;
MOMUHMBICTD POSBIAKH HA T~ - L yrapy
M4 KM 9
ouny 100+ xw; (KIB < 2 m):

CYMICHICTb i3 KOHIICTIIIi€I0 “po-
3yMHOrO PO~ 3 KOJICKTHBHHM
LJIEBKA3aHHAM

MOXKJIMBICTB 3aITyCKY i3 3aKpH-
THUX MO3MLIH

Hu3bKa crikkicTs 10 PEB;
MaJui paiyc aii;
obOMexeHe 00lioBEe HaBaHTa-
sxenHs (~0.5 kr)

OCHOBHI 00OMEXEHHS

BHCOKa BapTiCTh;

HEBEJIMKA KUJIBKICTh, II0 MOXE
OyTH OHOYACHO IHTErpoBaHa;
CKJIaJIHA CHCTEMa JIOTiCTHKH Ta
TIATOTOBKHU ONEpaTopiB

obMesxeHnit OOHOBHIT 3apsi
(~1.2 xr);

BHCOKA IiHa 33 OJIMHMIIIO;
HasIBHICTH OTHOPa30BO1
KOHCTPYKIIi{

B pesynbrari ananizy BCTaHOBJIEHO, IO 3aJI€KHO
Bijl Micii (pO3Bi/IKa, TOUKOBE ypasKeHHSI, aBialliiiHUIA y7ap),
Mi-8 moxe OyTH aarToBaHuiA 1Mt BiamoBiHIA THIT BriJIA.
Tak, FPV-nponn 3a0e3medytoTs MacoBiCTh yaapiB y Ommxk-
Hil 30H], VBAT — aBTOHOMHY ITHOOKY MIATPUMKY Ta Iiijie-
Bkazannst, a Switchblade — ToukoBi ypakeHHs Ha cepenHix
BIJICTaHSX.

6. Moowcnusi cyenapii 3acmocysannsi KOMaHOHO-
yoapHoi niamegopmu 011 agmoHoMHUxX poig bnJIA.

[MonepenHi po3iid  TOCHIIKSHHS  TMiATBEPIMIN
rifnore3y, Mo BepTONbOTH Trty Mi-8 Ta ix Momudikarii, siki
niepeOyBae Ha 030poeHHi AA 3C Ykpainu, MOXyTh OyTH
a/IaNTOBaHi IMiji KOMaHJHO-y/IapHY IIaTopMy-HOCIH yaap-
Hux brJIA, 3xaTHy nisti B yMOBax JOMIHYBaHHSI PyXOMHUX
MaJIOPO3MIPHHX I[iJIeH, BHCOKOI MOOLIBHOCTI, MOCTIHHOL
porarii mapo3auiB, cuibHOi HacudeHocti 3acobamu 110,
PEB, BriJIA mpotuiBHHKa Ta 3a0e3MeUyBaTH KOMILICKCHY
ATl 3a neBHUX clieHapiiB il OolioBoro 3actocyBanHs. [lami
TPEJICTABIICHO JICKUTBKA CIICHApITB OOHOBOTO 3aCTOCYBAHHS
IHTErpoBaHMX IUIAT(OPM, IO OXOIUIIOIOTH. OCHOBHHH,
JIbTEPHATUBHMI, PO3BIyBaILHUM, TPAaHCIIOPTHO-BOTHEBUH
Ta 3aCTOCYBaHHS B pOJi IyHKTY YOPABJIiHHA POEM I
perpaHcisiTopa.

6.1. Ocnosnuii cyenapiii: 3aCTOCYBaHHS aBTOHOM-
Horo poto briJIA, critikoro no PEB, 3 6opty BepTonbora
(manpukitaz, apouis Tuiry VBAT 3 Hivemind) ms 3as-
JTaHHA yaapiB 1o OponetexHimi ta mo3uiisx [1I10. Bax-
JIUBO, IO piif MOXe JisITH aBTOHOMHO, 0€3 pajio3B’sI3Ky
3 orepatopoM, obxomsun ciucremu PEB [21].

6.2. Anvbmepnamuenuii cyenapiti: 3amnyck FPV-
JPOHIB 3 MAIIMHHUM 30poM abo apoHiB Tumy Warmate /
Switchblade 3 6opty Bepronsota 3 Bimmanenss 20 kino-
MeTpiB 1 Outeie Bing JIB3 s 3aBmaHHS TOYKOBHX
yJAapiB MO MiIAX B TAKTHYHIN riuOunHi 5-25 kM (aHamor
posocepemkeHoro 60r) 6e3 BXOAy KOMAaHIHO-YIapHOI
iatdopmu-Hocis y 30Hy aii [TT1O TakTHYHOTO piBHSI.

6.3. Possioysanvrutl cyenapiti: 3aCTOCYBaHHS Bep-
TOJNBOTA, SIK PETPAHCIATOpa U po3BiTyBanbHUX BriJIA
HITSIXOM 3a0e3MeYeHHsT 3B’3KOM y CKJIAJJHUX yMOBAX,
30KpeMa B Topax 4u MiChbKii 3a0yI0Bi.

6.4. Tpancnopmmno-eocreguii cyerapiii: CYIpOBIZ
TPAHCTIOPTHUX BEPTOJIHOTIB POEM JPOHIB, SKi BUKOHY-
IOTh BOTHEBE MPHUKPUTTS Mapuipyry (B bOMY BHIIAAKY
JIPOHH BUKOHYIOTH 3aBJAHHS €IIEMEHTIB OOHOBOTO TIOPSAKY
BEPTONITHUX TIAPO3/ILTIB, YAM 3HAYHO 3HIDKYIOTh HABaHTA-
JKEHHS Ha I T APO3Iiin).

6.5. Pempanciamop KomaHOY8aHHA. BEPTOMT 3
MOTY>KHOI OOUHUCITIOBAJILHOIO CUCTEMOIO KOOPAUHYE il
rpyH JPOHIB y Pi3HUX pailoHaX OJHOYACHO.

7. Mooenv inmeepayii maxmuunoeo pos bnJIA 3
6EPMOJIbOMOM SIK KOMAHOHO-YOAPHOIO NIAAMBOPMOIO.

Ha mincraBi oTpuMaHuX B XOJi IOTO JIOCIDKEH-
HSl JAaHWUX TIPOTIOHYETHCSI HACTYITHA MOJIENIb 1HTErpailii.

Mognens “BAPC” (Be3miioTHa ABiariiiina PoiioBa
Cucrema) (qus. puc. 4).

Hociii: Bepromit Mi-8 abo Jierkuii 6araToIiIbOBHiA
BepTomit (Tumy H145M Ta in.).

Hagiraniiinuii 610k KepyBaHHS POSMH 3 aBTOHOM-
M siapoM (momiGrrM 1o Hivemind) o 3matauit GyHK-
mioHyBatu 6e3 GPS Ta cTiiikuii 10 IepemKo y KaHajaax
3B'S3KY.

4 craproBux KoHTelHepu s mpoHie (40-50 og.
FPV 3 mammaHENM 30poM a0 4 ox. apoHiB tumry VBAT,
ab6o 16-24 mponis Ty Warmate / Switchblade 300).

Perpancnsarop PEB-3axumenoro kanay 3B’ s3Ky.

Cucrema 11ileBKa3ansst (iHTErpoBaHa 3 JAHHMH Bil
buJIA).

Bepromnit BUCTynae sik KOMaHJHUN IEHTP 1 ILIAT-
dhopma 3amycky BriJIA.

PosropraroTbcsi TAKTUYHI JPOHU PI3HOTO MpU3HA-
veHHs (pO3BiJKa, yaap, paaioeneKTpoHHa 60poTHOa).

INepenava manux 31ikicHIOETECs Mik BriJIA, BepTo-
JBOTOM Ta KOMAHHHUMH MyHKTaMH.

© Maibko O.0., [Toxnatiok C.B., Kynumos C.M., llepuxos 1.B.
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Hociit: BepToniT

=1

___ | Hasiraujinmit 6nok
KepyBaHHSA POAMM

FPV

VBAT

Switchblade 300

CTapToBi KOHTeHHepH
ANA APOHiB

p— Mopenb “BAPC”

Petpancnarop PEB-

0 KaHany
38'A3KY

Puc. 4. Monens “BAPC” (Be3nisiorHa Apiauiiina PoiioBa
Cucrema)

Cucrema
uineeKasaHHa

PeaiizoBano (yHKLIT: po3BilKa, HaBeIEHHs, peTpaH-
CJIALLS, aTaKa.

VY Mexax 3anporionoBaHoi mozen “BAPC” xiro4oBy
pONb MOXYTh Bimirpati Oe3minoTHi anapatu Ty VBAT
(abo mozmibHi), ocHAIIEHI CTIHKOO 110 BIUIMBY 3aco0iB PEB
CHCTEeMOI0 aBTOHOMHOro ympaBminas Hivemind wa 6asi
IITY4HOTO iHTeNnekTy. Bubip came wiei matdopmu npouk-
TOBAaHMH HH3KOK TEXHOJOTIYHHX, TAKTHYHUX Ta Orepa-
IIfHAX TIepeBar.

1. BeprukanpHuii 3T Ta nmocaaka (VTOL): VBAT He
noTpedye CremiaibHO OONaJHAHUX 3THUX CMYT, IO
KPUTAYHO BAKIMBO IUTSL PO3TOPTAHHS 3 OOPTIB BEPTOIBOTIB
200 y mompoBHX yMmoBax. Lle m03BoMsE SIK OmepaTHBHO X
JIOCTAaBJATH HA Pi3HI OMepaIliifHi HAPSIMKHA y BaHTKHIN
KaliHi, TaKk i IHTEIPYBaTH iX y KOMaHIHO-yHOapHY IUIAT-
dopMy-HOCili JUIsl 3amycKy 3 TMOBITPS, HANPHKIA[, 13
KOHTeiHepiB a00 BY3JIiB 30BHIIIHBOT ITiIBICKH.

2. Tpusaricte nonmboty 10 8+ roaun: VBAT 3a0e3-
Trevye TPUBAITY HPUCYTHICTH Y TOBITPI, JO3BOJISIOUM 3iii-
CHIOBATH PO3BIZIKY B PEXKMMI PEalbHOTO Yacy Ha 3HAuHI
rnbuHi [15] Ta miaTpuMyBaTH Orepatiii B JUHAMIYHOMY
cepemopuii. Y xoBTHi 2024 pOKy MOBIAOMIISUIOCH, IO
YKpaiHCBKi crii BUKopucToByBai V-BAT st BusiBeHHS
POCiiichKHX 3eHiTHO-pakeTHIX KomiuiekciB "Byk" (SA-11) B
ymoBax aktuHOro PEB. 3aBmsku TpuBaiomy repeOyBaHHIO

B TOBITpi Ta crifikocTi g0 3acobiB PEB, V-BAT 3wmir
TniepesaTi TOYHI KOOP/MHATH IUIel JUIs yAapiB CHCTEMOIO
HIMARS [31]. Leii Bumamok AeMOHCTPYE e(EKTUBHICTH
V-BAT y ckinamaix 60HOBHX YMOBaX.

3. AsroHomHa Hasirauis 6e3 GPS: 3aBngxu cucreMi
Hivemind, mo 3abe3medye aBTOHOMHY MOOYIOBY KapTh
micrieBocti [21], OpoH 3maTeH OpieHTYBAaTHCS Y CKIIATHIX
ymoBax PEB, 110 € BupimansiuM (paktopoM B yMOBax
cyuacHoi BiitHu. [Ipu B1paTi curnany GPS um BIumBy 3aco0iB
PEB, cucrema Hivemind mosBomsie 30epertv cTabiibHICTD
Micii, Ha BiMiHY Biz OinbimocTi komepiiikamx Br/TA [21].

4. Potiose 3acrocyBannst: Hivemind mossomsie VBAT
MPAIfOBATH y CKJIaji PO3MOMUICHOrO PO, IO KOOpPIH-
HYEThCs 0€3 IIEHTPaTi30BaHOrO YIIPaBIIiHH. Takuil Imixi
3a0e3reye >KMBYUiCTh POIO MPH BTPATi OKPEMHX EJIEMEHTIB
Ta MiJBUIYE CPEKTUBHICTh BHUSBJICHHS W YPaKCHHS IILICH.
V tecroBux cuenapisx Shield Al, piii VBAT 3 Hivemind
BUKOHYBaB TOIIYK 1 pO3Ii3HABaHHS PyXOMUX LiiJieil y 30Hi
50 kB. kM 3a 12 xBrmH O€3 )KOIHOTO BTPYYaHHS OIepaTopa
[21].

5.1IBuaka iHTErparmis 3i IITATHUMHA CHCTEMaMH
BEPTONBOTA. 33 PAaXyHOK BIJIKPHTOI apXiTEKTYpH YIpaB-
miHES Ta migrpumkn nporokoriB APl VBAT moxe Oyru
IHTETpOBaHMI 3 OOPTOBAMH 1HPOPMAIIIHIMHI CHCTEMaMHU
BEPTOJIBOTIB IS TIepeadi IIUIeBKA3aHHsA, 300pakeHb 200
Tememerpii [21].

6. Y sanporioroBaniit momeri BAPC VBAT 3 Hivemind
BI/Iirpae posib “po3yMHOro po3BifHMKA” 1 “IiieBKkazyBaya”,
IO i€ CHHXPOHHO 3 BEPTOIILOTOM, 3a0€3MeUyI0UH:

JIMCTAHIIIHE CKaHyBaHHS MICIIEBOCTI HA MapILpYTi
TIOJIBOTY,

PO3Mi3HABAHHS Ta KIacH(iKaIlio Iiei 0e3 moTpedn
PYUHOTO aHai3y;

HaJ@aHHA KOOPIMHAT JUIs YIOapiB BEPTONBOTIB 13
3aKpUTHX MO3MIIH (3 KabpupyBaHHs a00 BHCOKOTOYHOO
JIaJIeKOOIHHOKO 30POEF0 33 MPUHIIUIIOM “‘TTYCTHB-3a0yB”).

i ocobmuBocTi pobmate nporu Ttumy VBAT i3
Hivemind ontumansium — BHOOpOM Ui peamizarii
koHnemiii AT HOBOro MmoKoiHHS — MOOUIBHOI, TOYKOBOI,
0e31eyHO] s eKinaXy Ta CTIHKOI 10 TIEpEIIKO]L.

BucnoBku

Y Xomi MPOBEACHOTO JOCII/PKEHHST BCTAHOBJICHO, IO
CydacHI YMOBH BeIeHHS OOHOBHX i Y MEXaX pPOCIHCHKO-
YKpalHCBKOI BiflHH JOKOPIHHO 3MIiHWIN YSABICHHS TIPO POJTb
AA y cucremi AIl KirodoBoro mpodrnemMor0 crama
HECTIPOMOXKHICTh AA SIKICHO BUKOHYBaTH OCHOBHE 3aBIAHHS
3a MPU3HAYCHHSM — aBialifiHy MiTPUMKY BIMCBK IUISXOM
YpOKEHHS Ha3eMHHMX (MOPCBKHX) IIEPEBKHO PYXOMHUX
OpOHBOBAHKX 00’€KTIB MPOTHBHUKA HA MEPEIHHOMY Kpai Ta B
TaKTHUYHIA TrOuHI. 1e MoB’s3aHo K i3 (Qi3HIHUMHU 3arpo-
3amu 3 6oky [II1O nporuBHUKA, TaK i 3 OOMEXKEHHSIMHU ic-
HYFOYOr0 030POEHHS Ta CIIOCOOIB 3aCTOCYBAHHS BEPTOJBOTIB.

TpaaumidHi MiIX0MU 10 BUKOPUCTAHHS BEPTOIBO-
TiB SIK BOTHEBUX IUIAaT(GOpM BUYEpHaNM CBiil MMOTEHIia
Yyepe3 ypasJUBiCTh, BAPTICTh Ta PU3UKH.

© MaskoB O.0., [Toxnatiok C.B., Kymumos C.M., llepuxos 1.B.
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[NepcreKTHBHUM HAMPSIMOM PO3B'sI3aHHS BUSIBIICHHX
npoOsieM BHKOHAHHSA 3aBJaHb 3 aBiallifHOl MiATPUMKH
Bilficbk apmiiicekoro asiamiero 3C YkpaiHm B yMmoBax
Cy4acHO! BiifHH € MepeTBOPEHHS BEPTOJHOTA B KOMaHIHO-
ymapHy miathopMy st aBTOHOMHUX poiB BriJIA, 3matHux
nisrr B ymoBax PED Ta 3a0esniewyBati komrmiekcHy Al 3a
TIEBHUX CLICHAPIiB i O0HOBOr0 3aCTOCYBAHHS.

Mogenb Bepronbota Mi-8 mokaszana BHCOKY TOTEH-
iliHy e()eKTUBHICTD, SIK KOMaH/AHO-YAapHa riaTdopma-
HOCI# APOHIB, 3aBIISIKM 3HAYHOMY KOPUCHOMY HaBaHTa-
YKEHHIO, BEIIMKOMY BHYTpIIIHBOMY 00’eMy, H0Opiii kepo-
BAaHOCTI, MOM/IMBOCTI 3aBUCAHHS, a4 TAKOXX HAsABHOCTI
pecypciB Uisi pO3MIIIEHHS KOMAaHIHO-YIPAaBJISIOUOro
o0bJiajiHaHHs Ha OOpTY.

3anporioHoBana Mozens “BAPC” no3Bossie 3HH3UTH
pu3uKM 1 exinaxiB AA, 3abe3neuye OaratopiBHEBY
aBialiifHy MATPUMKY BI}CBK, MiJIBHIILyE TOYHICTH y/Iapis,
peatizye KOHIICMIIII0 MepeXe-LIeHTPUYHOI BiHHHM 1 MOXe
OyTH OCHOBOFO IS pO3p0OOKH HOBHX crioco0iB ATL

Po3pobneni crieHapii 0OHOBOr0 3aCTOCYBaHHS TAKHX
IHTETPOBaHMX IUIAT(GOPM CTBOPIOIOTH MiJIPYHTS IUIS
TIOITYKY Ta BIPOBAPKEHHS HOBUX CIOCOOIB aBiamiiHOI
MATPUIMKH BIHCBK apMilicekoro aBiariero 3C Ykpainuy,
peNeBaHTHI IS 1HIINX apMiii CBITY.

[omansim nocripKeH T MatoTh OyTH 30CepepKeHI Ha:

PO3po0IIi Ta MOAEMIOBaHHI HOBUX TAKTUYHUX CIIE-
HapiiB Ta cmocobiB AIl i3 BHKOpHUCTAaHHSIM MOAEJIEH
tunty BAPC, 30kpema B ymoBax cwibHOI [1I10, PEB i
yp0OaHi30BaHOI MiCIIEBOCTI;

MPOBE/ICHHI PO3PAXYHKIB €(PEKTHBHOCTI HOBUX CIIO-
cobiB AIl 3 BukopuctanusiM BAPC Ta mopiBHAHHA ii 3
KJIacHYHUMU criocobamu AlT,;

OOIpYHTYBaHHI MOENI KOMaHIHO-YIIPABJISIOY0r0
LICHTPY Ha OOPTY BEPTOIBOTA ISl KepyBaHHS poeM BriJIA;

TEXHIYHIA PO3pOOI CHCTEM KOHTCHHEPHOTO CTapTy
JIPOHIB 13 30BHIIHIX ITJIBICOK BEPTONHOTIB, B TOMY YHCIi
JIPOHIB, MOOyoBaHNX 3a TexHonoriero VTOL,;

MPOBEJICHHI MPAKTUYHUX BUIPOOYBaHb B aepojIv-
HaMiuHii TpyOi Ta Ha MOJIroHaX i CTBOPEHHI YMOB JUIS
anpo0arii TeOpeTHYHHX PiIlICHb.

3anpornoHoBaHi Miaxomu (HOPMYIOTH OCHOBY JUIS
TIONIYKY HOBUX c1rioco0iB All, B sKiit BEpTONIT mepeTBo-
PIOETBCA 3 YPa3JIMBOI BOTHEBOI OJIMHMUII Ha OE3IeUHy, aBTO-
HOMHY 1 BICOKOJIAIITUBHY KOMaHIHO-YIAPHY IIATHOPMY.
e no3Bomsie inTerpyBaT AA B Cy4acHy MEpEKeBO-
HEHTPUYIHY MOZEIh BiffHN Ta 3a0e3MeYnTh 3HaYHO eek-
TUBHIIIY, THYYKy Ta Oe3Ne4yHy aBialliiiHy MIATPUMKY
BIHICbK BEPTOIIHOTAMH.
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PROBLEM ISSUES OF CLOSE AVIATION SUPPORT OF TROOPS BY ARMY AVIATION IN THE CONTEXT OF
THE RUSSIAN-UKRAINIAN WAR AND POSSIBLE WAYS TO SOLUTION THEM

0. Malkov, S. Pokhnatiuk, S. Kudymov, I. Sherykhov

The article examines the current state of implementation of close air support tasks by the Army Aviation of the Ground
Forces of the Armed Forces of Ukraine in the conditions of the Russian-Ukrainian war. A number of key problems are identified
that make it impossible to effectively perform air support tasks, and it is concluded that the classical model of using helicopters
with unguided aircraft missiles no longer meets the realities of the modern battlefield. An analysis of the prospects for increasing
the effectiveness of close air support by integrating unmanned aviation systems with army aviation helicopters is conducted.
Promising types of strike unmanned aerial vehicles, their technical parameters, possibilities of integration with the Mi-8 platform
and application scenarios are analyzed. The transformation of the role of the helicopter from a direct attack platform to a
command and strike platform, which performs the functions of a carrier, coordinator and target designator for strike swarms, is
substantiated. The concept and model of integration of kamikaze drones with a system similar to Hivemind with army helicopters
is proposed as an intelligent strike and reconnaissance superstructure to increase the accuracy of destruction and reduce the risk
for crews. Recommendations are given for the development of tactics for the group use of helicopters and drones. Priority areas
for further research are identified, in particular, the effectiveness of the combat use of kamikaze drones in the “swarm” format
from a helicopter, standardization of control interfaces, development of tactics for the group use of helicopters and drones, as
well as testing of autonomous solutions based on artificial intelligence. The results of the article form the basis for a new concept
of close air support for troops, adapted to the drone-oriented format of modern warfare..

Keywords: Army Aviation, close air support, helicopter, helicopter carrier, unmanned aerial vehicles, kamikaze drones,
drone swarm, air defense, electronic warfare, aviation weapons, group use of helicopters and drones, modern warfare.
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VIEWS ON THE POSSIBILITY OF EQUIPPING
UNITS AND SUB-UNITS OF THE MISSILE FORCES OF THE ARMED FORCES OF
UKRAINE WITH UNMANNED LONG-RANGE

The article presents a classification of military-purpose unmanned aerial vehicles and analyses the main
characteristics and combat capabilities of existing long-range loitering munitions. Drawing on combat experience,
it outlines their principal advantages and disadvantages relative to cruise and ballistic missiles. Considering the
roles and primary tasks of the units and sub-units of the Missile Forces of the Armed Forces of Ukraine, as well as
the specifics of their tactics of employment, the article draws conclusions on the feasibility and advisability of
equipping these units with long-range loitering munitions and offers recommendations on their key characteristics.

Keywords: strike and reconnaissance-strike unmanned aerial vehicles, long-range loitering munitions, units
and subunits of the Missile Forces, missile armament, missile delivery systems, cruise and ballistic missiles.

Problem statement

The latest type of military unmanned aerial vehicles,
which are currently undergoing rapid development, are
strike UAVS. The most promising direction for the
development of this type of UAV is considered to be the
creation of long-range loitering munitions capable of
striking important enemy targets deep within their territory,
moving towards their designated targets at relatively low
speeds, along complex routes at different altitudes. [1].
Faced with the prospect of a protracted, exhausting war
with a state that is militarily more advanced, many
countries — including Ukraine — have begun to consider
long-range loitering munitions as an alternative to missile
systems. Thus, a perfectly reasonable question arises as to
the feasibility and advisability of equipping units and
subunits of the Missile Forces of the Armed Forces of
Ukraine with long-range loitering munitions.

Analysis of recent research and publications

The missile forces are part of the missile forces and
artillery of the Armed Forces of Ukraine. The missile
forces include units and subunits equipped with missile
weapons. Missile weapons are understood as a system
of firepower assets — including missile complexes and
large-calibre multiple launch rocket systems — whose

primary purpose is the high-precision destruction of enemy
targets.

Units and subunits of the missile forces perform the
task of providing fire support to troops (forces) by
delivering missile strikes against the enemy's main and
most important targets, using missiles and rockets of
various types. A distinctive feature of the units and sub-
units of the Missile Forces is their ability to engage the
enemy around the clock, in all weather conditions, and at
short notice in order to achieve specific operational effects.
[2, 3]. Based on the roles and primary tasks of the units and
subunits of the Missile Forces, as well as the specifics of
their tactics, missile weapons and their components must
possess certain key attributes, the most important of which
are reliability, mobility, and the speed and concealment of
their deployment. The missile weapons currently employed
by the Ukrainian Armed Forces generally meet the
aforementioned requirements; however, there are a number
of issues that still need to be addressed. The following
issues may be regarded as problematic:

the dependence of the Armed Forces of Ukraine on
the quantity and types of missile weapons supplied under
the programme of material and technical assistance from
partner countries;

the limited range of missile weapons available to the
Armed Forces of Ukraine, with a range of up to 300 km;
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the inability of Ukraine's defence industry to meet the
current demands of the Ukrainian Armed Forces in
terms of high-precision missile and rocket production.

In order to resolve the issues outlined above, the
feasibility of equipping the Missile Forces of the Armed
Forces of Ukraine with long-range loitering munitions is
being considered. To answer this question, it is necessary
to analyse the key characteristics of this type of
unmanned weaponry and assess their main advantages
and disadvantages in comparison to 'traditional' missile
systems (cruise and ballistic missiles).

Formulation of the article's objective

The purpose of the article is to define the
classification of unmanned aerial vehicles for military
use, analyse the main characteristics and combat
capabilities of existing long-range loitering munitions,
evaluate their key advantages and disadvantages in
comparison to cruise and ballistic missiles, substantiate
conclusions regarding the feasibility of equipping units
and sub-units of the Missile Forces of the Armed Forces
of Ukraine with long-range loitering munitions, and
provide recommendations on their key properties.

Presentation of the main material

Today, loitering munitions (‘kamikaze drones’)
include strike and reconnaissance-strike UAVs that hit
targets with a built-in (integrated) warhead (WH) and
self-destruct during the attack. The name of this type
of UAV indicates their ability to remain in the air for
long periods of time, including in standby (patrol)
mode in a designated area, with the aim of
immediately striking a detected target upon receiving a
command from the operator. [1,4]. As mentioned
above, loitering munitions are considered a relatively
new type of unmanned weaponry, although today there
is already a wide range of such UAVs in existence and
use, from small FPV drones to long-range ‘kamikaze
drones’ capable of striking enemy targets hundreds or
even thousands of kilometres deep into enemy territory.

According to the accepted classification shown in
Table 1, all military UAVs can be divided into tactical
and operational-tactical (Class I and 11 UAVSs) as well as
operational and strategic (Class Il UAVS) based on
their range of application [5 - 7].

Table 1
Classification of unmanned aerial vehicles
Class Level Radius of action cglt?g;)(r)y
Micro up to 5 km Micro
| Tactical Mini (Battlefield UAV) from 5 to 25 km Mini
Small from 25 to 50 km Small
Il Operational-tactical from 50 to 200 km Tactical
Operational over 200 km up to 500 km MALE
11 ) (outside the line-of-sight
Strategical radio coverage area) over 500 km HALE

UAVs belonging to Class Il (with a range of over
200 km) are also classified as long-range unmanned
aerial vehicles.

An analysis of the main characteristics of existing
loitering munitions indicates that a typical long-range
‘kamikaze drone’ usually has an aircraft-like design, is
equipped with a piston internal combustion engine (e.g.
ICE), has an inertial guidance system (IGS) that is
adjusted by signals from satellite navigation systems
(SNS) and is launched from a runway (RWY) or a
launcher mounted on a self-propelled launcher (SPL) or
other chassis (platform) (see Table 2) [8, 9].

The results of the analysis also indicate that for a
significant number of long-range ‘kamikaze drones,” the
ability to conduct aerial reconnaissance and loitering is not
provided for or is not used in favour of ensuring long-range
target engagement. In addition, in terms of their
characteristics and combat capabilities, modern long-range

© Hogak /I.A., IOnna B.A.

loitering munitions are rapidly and steadily approaching
missile weapons, primarily cruise missiles. According to
some military experts, this trend in the development of
long-range strike UAVs has led to the creation of a new
type of weapon — missile drones, which combine the
advantages and main capabilities of both strike UAVs and
cruise missiles. [9]. In general, cruise missiles (CM) are
defined as a type of missile weapon in which wings are
used to generate lift, and a turbojet engine (TJE) is used as
a power plant, which allows CMs to fly at subsonic speeds
(600900 km/h) along various trajectories, including
complex ones that follow the terrain. [10].

The main advantages of long-range loitering munitions
over ‘classical’ cruise and ballistic missiles include [5, 7, 11]:

low life cycle cost (cost of development, purchase, ope-
ration, disposal, etc.) — the main and most significant advantage;

extremely high manoeuvrability (ability to fly
complex trajectories using different speed modes);
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Main characteristics of modern long-range loitering munitions
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ability to fly at lowand ultra-low altitudes (up to 50 m);

relatively small size (together with the ability to fly
complex trajectories at extremely low altitudes, making
them difficult to detect and destroy by most existing air
defence systems);

the ability to establish large-scale production in a
relatively short period of time;

the possibility of use by large groups (‘flocks’),
which significantly increases the probability of overcoming
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the enemy’s air defence and the probability of hitting targets
deep within the combat formations of its troops (forces).

The main disadvantages of long-range loitering
munitions compared to conventional (“classical’) missile
weapons are generally considered to be:

lower accuracy and radio-electronic security class
of navigation devices (reduces strike accuracy);

relatively insignificant weight of the warhead (affects
the list of targets and requires the allocation of more
resources to hit targets with a specific level of effect);
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low flight speed (affects the speed of target
engagement and limits the use of this type of weapon in
reconnaissance and strike complexes);

engine noise (a demasking feature which, together
with the relatively low speed of strike UAVs with
conventional piston engines, increases the likelihood of
their detection and destruction by both anti-aircraft
weapons and enemy small arms).

In addition, the disadvantages of this type of strike
UAV include the fact that some long-range ‘kamikaze
drones’ require a runway for launch and are characterised
by lengthy pre-launch preparation times, including the
need to refuel the UAVs, which in turn significantly
reduces the level of operational readiness and stealth of
their use, as well as the survivability of units.

Conclusions

The results of the analysis allow us to draw the
following conclusions:

1. Long-range loitering munitions (strike and
reconnaissance-strike UAVS) are a new and relatively
inexpensive type of long-range weapon that has a
number of significant advantages over ‘classical’
missile weapons (cruise and ballistic missiles).

2. Taking into account the purpose, the main tasks
and tactical features of missile units, as well as the
significant limitations of the Armed Forces of Ukraine in
terms of the number and types of missiles supplied under
the material and technical assistance programme from
partner countries, it is possible and advisable to consider
equipping the missile forces of the Armed Forces of
Ukraine with long-range loitering munitions of domestic
and foreign production. This type of unmanned weapon
should be considered not as an alternative, but as a
supplement to the existing and prospective missile
weapons of the Armed Forces of Ukraine.

3. When selecting the type of promising long-range
loitering munitions to equip the units and subunits of the
Ukrainian Armed Forces' missile troops, priority should
be given to domestically produced drone missiles with
turbojet engines and a range of over 200 km.

4. Long-range loitering munitions, which will be
considered for equipping and use by the missile forces
of the Armed Forces of Ukraine, must have the
following combat and operational characteristics:

combat power that will ensure the destruction of
the entire list of typical targets identified for the missile
forces of the Armed Forces of Ukraine. To this end,
monoblock (high-explosive and high-explosive fragmen-
tation) and cassette-type warheads should be included in
the nomenclature of combat equipment for long-range
loitering munitions;

© Hogak /I.A., IOnna B.A.

operational efficiency and concealment of use, for
which long-range loitering munitions should not require
launch pads or artificial surfaces for launch, be launched
into the air from a launcher or TLC (Transport and
Launch Container), and have fuel tanks in their design
that do not require refuelling and maintenance during
pre-launch preparation;

mobility due to the installation of a starting device
or TLC on the SPL, made on the chassis of high-
clearance vehicles;

reliability of operation, etc.

Further research should focus on training qualified
personnel in the combat use of long-range loitering
munitions to the benefit of the units and subunits of the
Ukrainian Armed Forces' missile forces.
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HOTJISIA HA MOKJIMBICTh OCHAIIIEHHS YACTHH I IIJIPO3IIIB PAKETHAX BIMCHK 35POITHIX
CIJI YKPATHU BE3NIJIOTHUMHA 3ACOBAMM YPAKEHHS BEJIAKOT TAJTBHOCTI

J.A. HoBak, B.A. FOnna

Y emammi naoano knacugixayiio besninomnux agiayitinux 3aco6ié GICbKOB020 NPUSHAYECHHS, NPOBEOCHO AHAI3 OCHOBHUX
Xapaxmepucmux ma 60U08UX MONCIUBOCIEN ICHYIOUUX Oapadicyouux 60enpunacie eenuxoi oanbHocmi. 3 ypaxyearHsam 00ceioy
6edenHsl 0otlosux Oili HABeOeHO iIX OCHOBHI nepesazu ma HeOONIKU NOPIGHAHO 13 Kpuiamumuy ma oaricmuyHumu paxemamu. 3
0271510y HA 13 NPUBHAYEHHs1 MA OCHOBHI 3a60aHHs YacmuM i niopo3dinie paxemuux siticok 30pounux Cun Yxpainu, a maxoowc
0CoOnUBOCMi  MAKMUKU X 3ACMOCY8AHHS. 3POONEHO BUCHOBKU CMOCOBHO MOJNCIUBOCIE MA OOYITbHOCMI IX OCHAU|eHHs
bapasicyrouumu 60ENPUNACAMU BETUKOT OATbHOCHI MA HAOAHO PEKOMEHOAYii Wo0o0 iX OCHOBHUX 61ACIMUBOCTEN.

Knrwouosi cnosa: yoapui ma posgioysanvho-yoapHi Oe3ninomui aimanvHi anapamu, 6apadicyloyi 6oenpunacu 8enuxoi
danbHOCMI, Yacmunyu ma niopo30iny paKemHux 8iliCbK, paKemue 030POEHHS, PAKeMHi 3aCo0U YPAX*CeHH, Kpuaami ma 0anicmuyni
pakemu.

© Hogak /I.A., IOnna B.A.



BilicbkoBO-TeXHIUHMI 30ipHIK
Military Technical Collection

Tom 33 Ne 2, 2025

146 Vol. 33 No. 2, 2025

VK 358.1 DOI: https://doi.org/10.33577/2312-4458.33.2025.146-153

P.C. locrak 1, 0.0. Piman 2

1 N . .
Hayxoso-oocnionuii yenmp paxemuux gilicok i apmunepii, m. Cymu

2 . o . . .
Hayionanvnuii ynisepcumem oooponu Yxpainu, m. Kuis

METOI!H‘IHHFI HIAXIA JO OHIHIOBAHHS PE3YJIbTATUBHOCTI
BOTI'HEBOI IIATPUMKHU PAKETHUMMU BIMCBKAMMU I APTHJIEPIETIO

Hapasi sunukia neobxionicme nepeensioy iCHYIOHUX NiOX00i6 00 OYIHIOBAHHS Pe3yIbMAaAmueHOCMi 802He60!
NIOMPUMKU PAKEMHUMU BILICOKAMU | APMUNEPIEI0 Y 38 3KV I3 6NPOBAONCEHHAM NPOYecie | npoyedyp niaHySaHHs.
ma 6uUKOHAaHHsL 00 '€OHanoi so2Hesol niompumku 6 onepayii (0010) Ha ocHo8i mapzemyeanns (GU3HAYEHHs Yiell).

OOHUM [3 MOINCIUBUX ULTAXIE GUPIULEHHS Yb0O20 NUMAHHS € PO3POONIeHHS MEMOOUYHO20 NIOX00Y, WO O0380IUMb
30TUCHIOBAMU  OYIHIOBAHHS Pe3YIbMAMUBHOCMI  B802HEB0I NIOMPUMKU, 30KpeMd PAKemHUMU BIUCbKamu [
apmuepieio.

Y emammi s3anpononosano memoouynuil nioxio 0o OYiHIOBAHHS Pe3YIbMAMUSHOCHI B02He80i NIOMPUMKU
PaKemHuMu SiliCbKamu [ apmuiepicio na emanax mapzemysants (usHawenHss yinei).

Y cmammi npoananizoeano cyuacuuii memoouunud nioxio 00 OYiHIOBAHHA egeKkmusHocmi 00 €OHaHOl
802HEB0I NIOMPUMKU Y NPOGIOHUX Y BIICLKOGOMY 6IOHOWEHHI Kpainax ceimy, 30kpema y kpainax HATO.
O6rpynmosano modcrusicms aoanmayii memoouxu ““Methodology for combat assessment” odo wayionanehoi
cucmemu OYIiHIOBAHHA OOUOBUX Oill, a came 602He80l NIOMPUMKU DAKEeMHUMU GIUCOKAMU I apmuiepielo 3

VPaxy8aHHAM YMO8 iliHU pocii npomu Yxpainu.

Kntouoei cnosa:. mapeemyeanns, GusHaueHHs yinell, OYIHIOBAHHA De3VIbMAMUGHOCMI;, G0O2He8Ull GNus,
00 ’€0Hana 8ocHesa NIOMPUMKA; 602HE8A NIOMPUMKA; PAKEMHI GIUCHKA | apmunepis; ypacenHs yineil; Qizuynul

30UmoK, YHKYIOHATbHUL 30UMOK.

IHocTanoBka nmpoodJjemu

JocBin Bijacidi 1 crpuMyBaHHSI 30poiHOI arpecii
pociiicekoi denmepanii [1-6] cBiguuTs mpo Te, WO Y
CyJacHHX yMOBaX BEICHHsA OOWOBHX il pakeTHI
BIliCbKa 1 apTHJIEpPisl 3aJIMIIAIOTHCS OJJHUM 13 TOJIOBHHX
3ac06iB BOTHEBOI MPOTHiT TPOTUBHUKY. IX edekTuBHE
OoifoBe 3acTocyBaHHs Oe3locepelHbO BIUIMBAE Ha
JIOCSITHEHHsI BU3HAYeHNX e(eKTiB Ta BH3HAYEHOI METH
omepauii (6orw) y uimomy. BoxmHouac akTyaJbpHOIO
3aJMIIAETHCS  TIpoOieMa 00’ €KTHBHOTO  OLiHIOBaHHS
pE3yABTATUBHOCTI BOTHEBOI MIATPUMKH PaKSTHUMH
Bificbkamu 1 aprmiepiero (mami — PBiA), 30kpema
BU3HAUYCHHS  PE3YAbTATIB  ypaKeHHS  (JOCSATHEHHS
eeKTy ypaxkeHHS) IIiJieH, TPUAHATTSA PIlIEHHS IIOI0
MIOBTOPHOI'O YPa)KeHHs, a TaKO)K BCTAHOBIICHHS 3MiH Y
CIIPOMOKHOCTSAX NPOTHBHHKA BHACIIIOK YPayKeHHS.

B ymoBax BHCOKOi IHTEHCHBHOCTi, MaHEBPEHOrO
XapakTtepy OOHOBUX i 1 OOMEXEHOCTI pecypciB
ciyx00Bi  0co0M MiZPO3IiniB  00’€aHAHOI BOTHEBOI
MIJATPUMKH OpraHy YIPaBIiHHS YTPYIOBAaHHS BIHCHK

NnoTpeOyIOTh MIBUIKOIO, JOCTOBIPHOIO 1 CHCTEMHOTO
3BOPOTHOTO 3B’SI3KY JJIsl BCT@HOBJICHHS PE3YJIbTATiB
BOIHEBOI'O BIUIMBY, 30KpeMa BOTHeBMMH 3acobamu PBiA.
Ha mpakTuiii, HanpuKIiaj, B yMOBaxX BEICHHS OOMOBHX il
B migpo3ninax OBrIl, ouiHroBaHHS pe3yabTaTHBHOCTI
BOTHEBOTO BIUIMBY 3JIHCHIOETBCS 3a Pi3HOPIAHUMH,
JIOKJILHUMU KpUTEpisMu, Oe3 HanexHoi yHidikamii, mo
YCKJIAHIOE TIPUHUHSATTS CBOEYACHHWX pIlICHh Ha TaK-
TUYHOMY Ta OIIEPATUBHOMY PiBHSIX.

Haromicts y mpoBimHHMX y BiHCHKOBOMY BiJIHO-
IIeHHI KpalHaX CBiTy, 30KpemMa 30poiHMX cHiaxX KpaiH
HATO, cdopmoBano Ta BBeneHo y aito “KommiekcHy
METOMKY OIliHfOBaHHs BorHeBoro BBy~ (Methodology
for combat assessment) [7]. Amanraris miei KOMILIEK-
CHOi METOJWKH IO yYMOB OIliHIOBaHHA OOWOBHX il —
BorHeBoi miatpumku PBIA — cTaHOBUTH BaXKiIHBe
HAayKOBO-IIPHKJIa{HE 3aBIaHHS, BUPIIIEHHS SIKOTO J103-
BOJIMTH TiJIBUIIUTH e(DEKTUBHICTh BUKOHAHHS 3aBJIaHb 3
ypaXKeHHS LiJIeH y CydacHHX YyMOBax.
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AHaJi3 OCTAHHIX JOCTiIKeHDb | myOJikaunii

IpobnemaTnka oriHOBaHHA edekTHBHOCTI (pe3y-
JBTATUBHOCTI) BOTHEBOI MMATPMMKH (BOrHEBOTO ypa-
JKEHHS) Ta 3aCTOCYBaHHS Mmiapo3aitie PBiA BucsiTiiO-
€ThCA Y HAYKOBUX TpaIsiX SK BITYM3HSIHUX, Tak 1 3apy-
OIKHIX HAYKOBIIIB.

V BITYU3HIHOMY HAYKOBOMY CEPEIOBHII OCOOIHMBY
yBary mpOMy MUTaHHIO MPUIIJICHO HayKoBIiMu Harrio-
HaJIbHOTO YHIBepcuUTeTy OOOpOHM YKpaiHH, 30Kpema
OOIPYHTOBAHO Psiji PEKOMEHJAIIM II0/0: ITiIBUIICHHS
pe3yJIbTaTUBHOCTI BeleHHs BoeHHMX ik PBiA B ome-
parisx (misix) 3a paxyHOK 3a0e3ledeHHs HKHBYIOCTi
apTunepicbkux migposainie [8-11], posnominy apru-
JICPIICHKUX MIAPO3IUIIB MMiJ] Yac BHUKOHAHHS 3aBIaHb
Brll [13-16]; Bu3HaueHHs JOIIJILHOTO MOPSAKY BOTHE-
BOr0 BIUIMBY Ha apTHJEpPil0 mporuBHHKA [17]; 3actocy-
BaHHs OE3MIOTHHX aBiallifHUX KOMIUIEKCIB B iHTepecax
BUKOHAHHS BOTHEBUX 3aBJlaHb apTWIEPI€l0 B Pi3HUX
(bopmax BeneHHs BoeHHHX il [17-20] Ta BUKOpHCTaHHS
marpuni CARVER mix wac BU3HaueHHs NPiOPUTETHOCTI
00’ekTiB nporuBHEKA B xoxui Bril aprunepiero [21].

V crarti [22] HaykoBo-HocHinHa Tpymna AidnUE 10
BHCHOBKY, III0 IiIBUIICHHAS pe3ynbraTuBHOCTI Bril PBiA
B omepamisx (misX) Mia Yac CTPUMYBaHHSA IIMPOKO-
MacITabHoi 30poiiHoi arpecii pd nmporn YkpaiHun MOKHA
JOCSATHYTH 32 PaxyHOK BIPOBAJDKCHHS LMKIY Taprery-
BaHHS y NIPOLIEC ONEPaTHBHOT'O IUIAHYBaHHS.

JoxrpuHanbHi gokymentH 30poitHix Cun Ykpainuy,
30kpema [23, 27], BH3HAYAIOTH MOPSIOK OIli HIOBAHHSI
00’€IHAHOI BOTHEBOI MiJTPUMKH, MPOTE HE OMHCYIOTh
3MICT 0OE3MOCepeIHFOr0 OLIIHIOBAHHS PE3YJIbTATUBHOCTI
BOTHEBOI MATPHMKH, 30Kkpema 1 PBiA.

Ha MDKHapoJHOMY piBHI BIPOBA[PKEHO HH3KY
JOKTPHHAIBHUX ~ JIOKYMEHTIB,  SKI  pErVIaMeHTYIOTb
OLIHIOBaHHS BOTHEBOTO BIUIMBY. Hanpukian, MeTomuKoro
[7], a Takox MOKTpUHATBHMUMH JOKyMeHTamu [24-26)]
BCTaHOBJIIOIOTh €ZIMHUI MiJIXiJ] 0 OLIHIOBAHHS PE3YyIIbTaTIB
OoiioBrx miit y 30poiaux cuimax CIHA ta HATO. V mux
JIOKyMEHTax ‘“‘OOiOBE OLIHIOBAHHS  MPEJCTABICHO SIK
CHCTEMHHIA TIPOLIEC Ti/T Yac OTepaTUBHOTO IUIAHYBaHHS.

BomHouac, monpu TeopeTHYHy IMOBHOTY, Ha Mpak-
THIIIL B yMOBax BilfHM pocii mpotm VYkpaiHn amanrariis
3a3HAYEHNX BHIIE INIXOMIB 3AJIMINACTECI OOMEKEHOIO.
BigcyTHicTE  IPYHTOBHMX  TNPUKIAJHUX  HAayKOBHX
JIOCTI/PKEHb TIO/I0 BIPOBADKCHHS METOIMYHUX ITiIXOIIB
JI0 OIIHIOBAHHSA PE3yITATHBHOCTI BOTHEBOI MiATPUMKH
PBiA 3C VYkpaiHu 3yMOBIIOE aKTYaJIbHICTh ITOJATBIIAX
HAayKOBHUX PO3p000OK Y wiii chepi.

@®opMyJIIOBAHHA METH CTATTI

Meroto cTaTTi € po3po0IIeHHST METOANYHOTO X Oy
JI0 OINHIOBAHHS PE3yJIbTATHBHOCTI BOTHEBOI IMiATPUMKH
paKkeTHUMHU BiicbkaMH 1 apTWiiepiero y 3B’s3Ky 13
BIPOBA/DKEHHSIM TIPOLIECIB 1 TIpoLeAyp IUIaHyBaHHS Ta
BUKOHAaHHsI 00 €JIHAHOI BOTHEBOI MiATPUMKM B Omeparii
(60r0) Ha OCHOBI BU3HAYCHHS I1iJIeH (TapreTyBaHHs).

© Iocrak P.C., Piman O.0.

BukJiag ocHOBHOro MaTtepiauy

PesynpraTti aHamizy NOKTPHHAIBHHX JOKYMCHTIB
kpain — wieHiB HATO [24-26] ta 36poiinix Cun Ykpainu
[23] maroTs 3MOTY CTBEPIKYBATH, IO CYKYIHICTE TIOI0-
HUX Ta B3a€MOIOB’S3aHUX MK COOOIO CIIPOMOKHOCTEH
BiffiCbK (CWI), 3TPYNOBAaHHX y CHCTEMY 3a (YHKILO-
HAJIFHOIO O3HAKOIO, € CHUIBHOIO (DYHKIII€I0, 30KpeMa Iie
CTOCYETBCS 1 maTpuMKH.  JIOKTpUHATIBHO
BU3HAYCHO, 1[0 BOTHEBA MIATPHMKA — CKOOPAMHOBAHE
3aCTOCYBaHHSI BOTHEBHX 3aCO0IB OJJHOTO 13 KOMITIOHEHTIB
(Ha3eMHOr0, MOPCBHKOI'0, HOBITPSHOI0) 3 METOI0 BOTHE-
BOTO BIUIMBY HENPSIMUM BOTHEM Ha YTPYIIOBaHHS BiliChbK

BOTHEBOL

(cun) i 00’ exTH poTHBHUKA [23].

Bomnouac y cydachux omeparisx (00sX) BOrHeBa
M TPUMKA PO3IVISIAETHCS HE JIHIIE SIK (Di3HYHE YpasKeHHs
LiJIell POTUBHHUKA, a SIK I[IJIECHPSIMOBAHHI NPOIIEC BILIH-
BY Ha WOr0 CIPOMOXHOCTI, TOOTO 3JaTHOCTI 10 BEICHHS
0oiioBUX [iil. B yMOBax iHTCHCHBHOTO MaHEBPEHOTO OO0
Ta CTPIMKOI 3MiHNM OOCTAHOBKH Ha/I3BUYAIHO BayKIIHBOIO €
3/IaTHICTh KOMAHIYBaHHs OICPATHBHO OLHIOBaTH Pe3y-
JBTATUBHICTh 3aCTOCOBAaHMX BOTHEBHX 3ac00iB, a caMme
PBiA. Came TOMYy MeTOOWYHE IIIPYHTS OLiHIOBAHHS
PE3YABTATUBHOCTI BOTHEBOI IMATPUMKH ITOBUHHO MAaTH
CHCTEMHWH, CTAHIAPTI30BAHUH 1 OaraToeTarmHmii XapakTep.

MerommyHmii  TAXix OO OIUHIOBAHHS BOTHEBOL
miarpuMka PBiA moxe Gasysarucst Ha Methodology for
combat assessment [7] — mimicHHMII mpoleC aHATIZY
pe3yNbTaTiB  BOTHEBOTO BIUIMBY, IO € CKJIaJJOBOIO
3arajJbHOTO MUKy 00'€qHAHOTO BH3HAuYeHHs Itisei (Joint
Targeting  Cycle). BHIIIE
METOAMYHKM ITiIXOJIOM OITIHIOBAHHS BOTHEBOI MiATPHMKHU
BKIJIFOYaTHME TPY B3a€EMOIIOB s13aH] YaCTKOBI METONKH:

METOJIMKY OIIHIOBaHHsA OOHOBHX MONIKOKECHb
(battle damage assessment);

METOJIMKY OI[IHIOBaHH: cymyTHiX 36uTkKiB (collateral
damage assessment);

METOJMKY OIIIHIOBaHHS €(eKTUBHOCTI OO€mpHmacis
(munitions effectiveness assessment).

3a pe3ynbTaTaMy OLIHIOBAHHS MPHHMAETHCS PillICH-
HA IHONO 3aBEpIICHHS BUKOHAHHS 3aBIaHb YpPaKCHHS
1ize abo MOBTOPHOrO iX ypaskeHHS. 3araJbHUN CTPYK-
TYPHO-JIOTIYHII BUTIISII METOIMYHOTO T/IXOMY HABEICHO
Ha puc. 1.

Koxna i3 miX METOmVMK Mae€ BIAcHY JIOTIKY, METY,
BUXI[IHI JlaHi Ta MeToau aHanizy. OfHaK yci pa3oM BOHH
(GOpPMYIOTh €IMHY CHCTEMY 3BOPOTHOTO 3B’SI3KYy JUIS
NPUIHATTS MONAJbIIMX pilieHb. OIIHIOBaHHS BOTHE-
BOrO BIUIMBY € HEBiJ'€MHOIO 4YacTHHOW (ha3u OLiHIO-
BaHHs pe3y/lbTaTUBHOCTI OOWOBUX JIiH, siKa 3aMHUKae

3rizHo i3 3a3HAYEHUM

IIMKJI OMEPATUBHOIO IUIAHYBAHHS W BogHOYAC (opMye
BHUXiJHI JaHi Ui HOBHUX pIIIEHh IIOI0 HMOBTOPHOIO
BOTHEBOI'O BIUIMBY, 3MiHM TaKTHKH 3aCTOCYBaHHS a0o
TIEPEPO3IOILTY PECYpCiB.
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BukoprcraHHs =~ BHINE3a3HAYCHOIO  METOJMYHOrO
T IXO/Ty 3yMOBITIOBATHME JJOTPUMAHHS TaKHUX MPHHLIMIIIB!

KOMIUIEKCHICTh — Tlepefdavyae OMIHIOBaHHS He
yvmie (Gi3MYHOTO ypaskeHHS IieH, ane i GpyHKIioHab-
HOTO, a TaKO)X BIUIMBY Ha CHCTEMY YIIPABIIHHS, JIOTIiC-
THKY, MOPaJIbHO-TICHXOJIOTTYHHI CTaH MPOTUBHHUKA TOLIO;

iH(opMariiitHa 00i3HaHICTF — BUKOPHCTAHHS PO3BiTy-
BaJTbHOI iH(OpMALlii Bi/f BCIX JOCTYITHIX BUIIB PO3BIIKH;

OIEePATUBHICTh — OIlIHKa Ma€ OyTH MaKCHUMAalbHO
HAOIDKEHOIO JT0 Yacy BUKOHAHHS 3aBIIaHb YPaXKCHHS
el 71 Toro, mo0 BIUIMBATH Ha TIPUHHATTS PillleHb y
pearsHOMY Yaci;

CHUCTEMHICTh 1 TIOBTOPIOBAHICTh — TIPOBEACHHS
OIIHIOBAHHS 33 €IMHOI0 CTPYKTYPOIO 1 METOANKOIO, IO
JIO3BOJIIE TIOPIBHIOBATH PE3YAbTaTH Ta BiACTEKYBATH
JUHAMIKY.

Meroauka oliHOBaHHs 0oioBHx morkomkens (battle damage assessment)

®Dasa 1 Oyinrosanns @izuunux 36umxie
Dasa 2 Oyinrosanns pyHKYIOHATbHUX 30UMKIG
®Daza 3 Oyiniosants 30umKie cucmemu yinetl

e

Meroauka OIiHIOBaHHs CymyTHiX 30utkiB (Collateral damage assessment)

e =——

Meronuka oniHroBaHHs edekTHBHOCTI Goempumacis (munitions effectiveness assessment)

Puc. 1. CrpykrypHo-joriuyHa cxema “MeToaM4yHOro miAxoay 10 oUiHIOBAHHS
BOTHeBOI nmiaTpumku PBiA”

OcHOBHa MepeBara 3a3Ha4YEHOI'0 BUILE METOHY-
HOT'O MiJXO/y MOJIATae B TOMY, 1110 BiH YHiBepcalbHUH 1
MOXe OYyTH aJanToBaHWH Jisi OLIHIOBAHHS BOTHEBOI
MIATPUMKH SIK YTPYIOBaHHSIMH PaKeTHHUX BICHK 1 apTH-
nepii, Tak 1 OKPEMUMH PaKeTHHMH 1 apTHiIepiiiCbKUMH
miaposainamu (Gatapest, B3Box, obcyra). Moro 3acro-
CYBaHHS TO3BOJISIE 3HAYHO MiJBHIIUTHA TOYHICTH MPOT-
HO3YBaHHs OOWOBHX JIili, 3MEHIIUTH KUIbKICTh “3aiBHUX”
BOTHEBUX 3aB/IaHb YW 3aBJaHb I0/I0 3aBJaHHS PAaKETHHX
yIapiB, ONTHMI3yBaTH BUTPATH pakKeT i Ooempwmacie, a
TaKOXX MIJBUIIUTH 00 €KTUBHICTh OIMIHKH C€(DEKTUBHOCTI
BOTHEBOI MIATPUMKH IS JOCSTHEHHSI BH3HAYCHOI METH
omepariii (60t0) y mimomy.

OTxe, METOANYHAH TiXi/] 0 OLIHIOBAHHS PE3YIlb-
TATHUBHOCTI BOTHEBOI MiATPHMKH Tiepe0avae moeTarmHuig,
TTHOOKMA aHai3 e(pEeKTUBHOCTI BOTHEBOTO BILUIMBY Ha
nporuBHuKa. Koxua gactkoBa Meroauka (BDA, CDA,
MEA) BHKOHYe KOHKpPETHY (DYHKIIIO y TPOIIECi TUIaHy-
BaHHS Ta BHKOHAHHS BOTHEBOI MIATPUMKH Ta (opmy-
BaHHI pillIeHb [I0JI0 MOJABIINX JIIH.

OCHOBHOI0O METOK) YacCTKOBOT METOJHMKH OILIHIO-
BaHHs 0OoiioBux momkomkeHs (BDA) € BcTaHOBIEHHS
PIBHSI TIOIIKO/DKEHHS a00 BUBEIECHHS 3 JIaay Il B
pe3ynbTati BOorHeBoro BIUIMBY. OIHIOBaHHS MPOBO-
JIUTHCS 32 TPhOMa (pazamu.

®daza 1 — ouinroBanns Qizuunux 30uTKiB (physical
damage assessment (PDA). Bnpomomx wmi€i ¢aszu

© Iocrak P.C., Pimaun O.0.

BCTAHOBJIIOETBCSL CTYMiHb (DI3UYHOTO IMOLIKOKEHHS
i (MOBHE 3HUILEHHS, YaCTKOBE ITOIIKOKEHHS ab0
BIZICYTHICTh TIOMIKOMKEHB). JIJIi IBOrO BHUKOPUCTO-
BYIOThCSI Bi3yasbHi, aepo)oTo abo CyImyTHHKOBI JaHi, a
TaKOXX PE3yJIbTaTH criocTepexents 3 briJIA abo po3si-
IyBadbHHUX MiApo3niaiB. Hampukian, 3adikcoBane 3a
nonomororo briJIA BiydaHHs1 apTHIIEpiHCHKOTO CHapsiia
y CIOpYAy, B SKiii PO3TANIOBAHUA KOMAHIHUH IyHKT
MiIpO3/iny IPOTHBHUKA, HE € ABTOMATHYHHUM ITiJTBEp-
JDKCHHSM HOTO 3HHUIICHHS YU MOJAABJICHHS — MOTPiOHA
000B’s13k0Ba BepH(iKarlisi pakTHIHOTO CTYIEHS IOIIKO-
JDKCHHS 1i€1 CIIOpY/IH.

®aza 2 - ouiHoBaHHA (YHKIIOHAJIBHUX
3outkiB (functional damage assessment (FDA). Bopo-
JOBXK i€l a3y OMIHIOETHCS (PYHKIIOHATBHICTh ML
mcis ypakeHHA. BaximBo He Jmmie Te, 9d 00'€KT
MOMIKO/DKEHO, a i YM MOXKe BiH NPOJOBXKYBATH CBOE
¢byukiionyBanns. Hanpuknaz, micis ypaxeHHs pajio-
JokaniiHoi craHmii KoHTpOaTapeiHoi 60poTEOU Kacer-
HUM cHapsgoM tuny M864 ocranHs moxe 30epiraTu
CBOIO KOHCTPYKI[IHHY IIJIICHICTh, MPOTE MOIIKOPKEHHS
il aHTeHM mpu3BeJE A0 BTPATH 3JaTHOCTI BHUIIPOMI-
HIOBAaTH a00 MPUHMATH CUTHATH. Y BUNAAKY YpaXKeHHS
KOMAaHJIHOTO IYHKTY BCTAQHOBJIIOETHCS, YU 30epircs B
00’eKTa JOCTYI 0 CJICKTPOKUBIICHHS, YU 3AaTHUIA BiH
OpraHi3OoBYBaTH 3B’S30K, UM € O3HAKU POOOTH 0c000-
BOTO CKJIa/1y TOLIO.
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daza 3 — oniHIOBaHHA 30MTKIB CHCTeMH wijieil
(target system damage assessment (TSDA). Buponosx
i€l ¢a3u OLIHIOETHCS YpPaKeHHs CHCTEMH MiJIeH, sKa
3abe3meyye CHOPOMOXHICTh (3aTHICTH) MPOTUBHHUKA
BUKOHYBaTH 3aBJaHHS 3a NMpu3Ha4eHHsAM. Hampukian,
saumieHHs ogHiei BM 3PK cuctemu I1I1O yrpymoBanas
BiliCEK TIPOTMBHHUKA MOXKE HE BIUIMHYTH Ha ii eEeKTHUB-
HicTh (yHKIIOHYBaHHsS. [IpoTe ofHOYAacHE ypakeHHs
JIEKUTbKOX KPUTHYHUX O0’€KTIB M€l CHCTeMH IiJieH,
TaKUX SIK KOMaHJIHI MyHKTH, pajiofOKalliiiHi CTaHIIT,
6oiioBi Mammuau 3PK 3miHUTH i craH Ta 3a0e3mednTh
JOCATHEHHS BU3HAYEHOTO e(eKTy.

YacTkoBa METO/IMKA OLHIOBAHHS CYNMYTHIX 30MTKIB
(collateral damage assessment (CDA) mae MOKIHBICTH
OLIIHMTH BHACIIZOK 3aCTOCYBaHHS BOTHEBHX 3ac00iB
CynyTHI 30WTKH, 3aBJaHHI 00’€KkTaM, IO Oynu mo3a
Mekamu 1iTi. J1o Takux 30UTKIB, SK IPABUJIO, BiHOCSTS:

BTpaTH Cepell UMBITLHOTO HACCIICHHS;

MOIIKO/KCHHST IIMBUILHOT 1HPpacTpyKTypH (KHUT-
JIOBi OYIMHKY, €IeKTPOCTaHINii, MEIUYHI 3aKiIaau, 3aK-
JIaJTd OCBITH TOIIIO);

BIUTHB Ha MIPUPOJIHE CepeaoBuUIIle (OTPYEHHS TOBITPS
YH BOJIOMMH TOIIIO);

ypaXkKeHHs COIO3HUX BilichK (cru) abo 00’€KTiB y iX
CKJIai.

BiliCPKOBO-TIOMITHYHE 3HAYEHHS IIPOLECY OIIiHIO-
BaHHS CYNYTHIX 30MTKIB B yMOBax Cy4acHOi BiiiHH
MOCTIHHO 3pocTtae. HasBHICTH CymyTHIX 30UTKIB MOXeE
NPU3BECTH [0 MDKHApOZHOTO OCYRY, IOPHIMYHUX
HACJIIJIKIB Ta BTPaTH MOPaJIbHOI MepEeBart.

OI1iHIOBaHHSI CYIYTHIX 30HMTKIB Yy BIiICbKOBIi
NPAKTHUIl BUKOHYETHCS HE JIMINE MIC/S 3aBIaHHS yaapy
4y BOTHIO, a ¥ MiJ| Yac IUIaHyBaHHS — Y BUIJISAI IOIIe-
peIHBOI OIIHKKM TOTEHIIMHMX CymyTHiX BTpart. Lle
JIO3BOJISIE 3MCHIIUTH PU3UKH Ta YXBAJIUTH OOIPYHTO-
BaHE DIIlICHHS MIOJI0 JOIUIBHOCTI 3aBJaHHS yaapy abo
BHOOPY aTbTCPHATHUBHOI Mii.

YacTkoBa MeTOAHMKA OLiHIOBAHHSA e)eKTHBHOCTI
foempumnaciB  (munitions  effectiveness  assessment
(MEA) nae 3mMory ouiHooBaTH e(EKTHBHICTH 3ac00iB
ypaxkeHHsI Ta OOEMPUIIACIB TSl MOJANBIIOT0 BU3HAYCH-
HS PEeKOMCHJIAIIIH MO0 3MiHM y TAKTHIII 3aCTOCYBAaHHS,
00paHHI ONITUMANBHOTO CITOCO0Y BUKOHAHHS BOTHEBOT'O
yrmapy (3aBnaHHs), BU3HAYEHHI BOTHEBOTO 3aC00Y, THITIB
paker i 6oenpurmaci 10 HUX (3 ypaxyBaHHAM TapamMeTpiB
T IPUBHYKIB, TPAEKTOPIi MTOIBOTY TOIIIO) VTS TTiABHIIICHHS
e(peKTMBHOCTI 3aCTOCYBaHHS BIiCBK (CHIT).

VY Mexax 1€l MeTOJJMKH TOPiBHIOIOTHCS OYiKyBa-
HUH edeKT, po3paxoBaHHM MiJ| Yac MUIAaHYBaHHs yaapy,
13 (haKTHYHUMH pe3yJbTaTaMH.

3a pe3yabTaTaMd 3a3HAYEHOTO OIIHIOBAHHS POO-
JISIThCSL BiJIIIOBIHI BUCHOBKH. Hanpukian, miaHyBaiocs
3HUIICHHS TaHKa JBOMAa BHUCOKOTOYHHMH OO€mpuIia-
caMu, aje Iiib MpoJoOBXKIIa (yHKI[iOHYyBaTH (BeCTH
BOTOHB). Y BHCHOBKY — 3aCTOCOBAHO Ha/JMIPHY KiJbKIiCTh

© Iocrak P.C., Piman O.0.

OoenpunaciB il ypaXkeHHs Mano3Haudymoi wim (Bin-
Oysach HepaliOHaJTbHAa BUTPaTa PECypCiB) Ta BUKOPHC-
TaHHA OO€nmpumacy i3 MEeBHUM THIIOM IIiIpUBHUKA BHS-
BIJIOCS] Hee(PCKTHUBHAM IPOTHU 3aXHIICHOT IILTi.

BxigHuMu mapamerpamu 3a3HAYEHOI BHIIE YacT-
KOBOI METOIMKH €: NAIBHICT MycKy (CTpiabpOm), THIl
OGoemnpunacy, KyT 3yCTpidi 3 U0, THII i IPUBY PaKeTH
a6o cHapsma (Hax TIOBEPXHEO, TIPU KOHTaKTI 3 Tepe-
IIKOIO0, 13 3aTPMMKOI0 (IPOHMKAHHS), METEOPOJIOTIYHi
yMOBH TOmIO. Yci 1 JaHi (opmyroTh emmipuuHi 0a3u
JIaHKX, SIKi JIO3BOJISIFOTH Yy MalOYTHROMY ONTHMI30BYBaTH
BUTpaTH OOENpUNAciB 1 YIOCKOHAJIIOBATH PEKOMEHHALIT
I10J10 BUOOPY THIIB OOEMPUIIACIB IS BUKOPUCTAHHS.

OcoONMBICTIO METOAMKH OLIHIOBaHHS €(eKTHB-
HOCTI OoerpunaciB € 1i BUKOPHCTaHHS HE JIUIIE IS
OIIIHIOBAHHS BUKOHAHUX 3aBIaHb 3 YPaXXCHHS IJICH, a i
JUIS TTIaHYBaHHS MailOyTHIX.

Omxe, 3amnpoOrOHOBAHWEM MCETOIMYHUI MIIXid [0
OLIIHIOBAaHHS Pe3yJIbTaTUBHOCTI BOrHEBOI MmiaATpuMKu PBiA
Jla€ 3MOTY CTBEP/DKYBATH, IO JUIS JOCSTHEHHS MAaKCH-
MaJIbHOI Pe3yJbTaTHBHOCTI BOTHEBOI MIATPHMKH HENOC-
TATHBO JIMIIE 3aBATH yIapy (BOTHIO) — BaXKJIMBO BYACHO i
TOYHO OLIHUTH HOro eeKT, 3poOHTH BHCHOBKH 1 pO3pO-
OWTH peKOMEH/IAIII1 IIOI0 TTOAANBIINX pillleHb. Came TOMY
OIL[IHIOBAaHHS 3a IWMM TiAXOAOM € He 3aBepIIajbHIM
eTaroM BH3HAYCHHS IMiyiel (TapreTyBaHHs), a KpUTHYHAM
YUHHUKOM Y HOro Oe3rmepepBHOMY UK.

besnocepenie  OLHIOBaHHS  BOTHEBOTO  BIUIMBY
3MIHCHIOETBCS MMJT 4ac duerBeproi (asw MHAMIYHOrO
BU3HAYCHHS 1{Jied Ta MOoCTol (pa3u IIaHOBOTO BU3HAYCHHS
Lijeil 1 3a0e3nevye BU3HAYEHHS OLIHKHM JIOCSTHEHHS
edekTi, sKi Oy BU3HauUeHi KomaHaupoM [23, 27].

Joktpunaneium  nokymentom 3C Vipaiau [23]
nepenbayaeThes ouinroBanHs OBrIl, omHmMm i3 erarmiB
SIKOTO € OI[IHIOBaHHs pe3YJIbTAaTIB ypakKeHHsS LI 3a
3apmanHsamu OBrIL YV cBoto yepry, octaHHe niepeadavae
3acrocyBaHHs Buinesraganux wmeroauk (BDA, CDA,
MEA), 1110 miaTBep/pKye HEOOXIHICTh TX BUKOPHCTAHHS.
[IpoTe Ha TpakTHI BOTHEBA MiITPHMKa, 30KkpeMa PBiA,
SK IPaBUIIO, OOMEXKYEThCS eTalaMyl IUIAHYBAaHHS, BH3-
HauYeHHS IUICH, pO3TIONLTy OOETPHIIACIB Ta ITOCTAHOBKH
3aBIaHb miapo3aitam. [Ipu mpoMy crcTeMaTHIHE OIiHIO-
BaHHS PE3YJBTATIB yHapiB UM BOTHIO YacTO 3MIiMCHIO-
€ThCSI CHTYaTHBHO, Ha OCHOBI crioctepeskeHb 3 BriJIA abo
JIOHECEeHb KOMaHAMPiB, 0e3 yHi(ikoBaHOI cTpykTypH. Lle
YCKJIAJIHEOE TPUMAHSTTS PIIICHHS 1010 TIOBTOPHOrO Ypa-
JKEHHsI, CTBOPIOE PH3MK MEPEBUTPAT pecypciB abo Heedek-
THBHOTO BOTHIO IO 00 €KTaX, SIKi B)KE BTPATIJIN 3HAYCHHSL.

3anpoBaJUKEHHS] METOMYHOrO MiIXOy O OLIHIO-
BaHHS pe3y/IbTATUBHOCTI BOrHEBOI miarpuMkn PBiA Ha
ocuoBi Methodology for combat assessment [7] y npo-
1[eC BU3HAYCHHS IiJIel (TapreryBaHHs), 30KpeMa Mifl dac
IUTaHyBaHHs Ta BukoHaHHS Brll PBiA, nepenbavyatume:

IIO/I0 OpraHi3amiiHOi CKIAZ0BOI — CTBOPEHHS
QHATITHYHUX MIAPO3JUIB 3 OI[HIOBAaHHS PE3YJIbTATIB
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BrIl y ckmajgi KOMaHIHUX TTYHKTIB TUBI3i0HIB i Opura.
i migpo3ainy TMOBUHHI MaTH JTOCTYIT 0 PE3yIbTATiB
po3Biakd, 3aco0iB 0OpoOku iH(opmarlii (B T.4. reoiH-
(GopMaIifHNX CHCTEM), a TaKOK METOAWYHHMX Mare-
piamiB i maONOHIB OMiHIOBaHHSA. Y TEPCHEKTHBI — iX
IHTETpaIlilo B aBTOMATH30BaHI CHCTEMH YIIPABIiHHS,

010 JOKTPHHAIBHOI CKJIAIOBOI — PO3pOOIICHHS
Ta BBEJCHHS B Jil0 YHI(QIKOBAaHMX CTaHIAPTH30BAHUX
orepariifHiuX TPOLeayp, SKi T03BOJSTH HIBUAKO 1 TMOC-
JIJIOBHO TPOBOJIUTH OIIIHIOBAHHS 33 BCIMa CKJIaJIOBUMH
KOMIUIEKCHOT METO/IMKH, HaBITh Y TUHAMIYHIX YMOBaX;

LIOZIO ITJIFOTOBKK TEPCOHAYy — HaBYaHHs oQiuepis-
apTUIEPHUCTIB (PAKETHUKIB) OCHOBAM 3a3HAYEHHX METO-
JIUK, 110 JO3BOJIUTH KOMaHAYBaHHIO OpUTaj i TUBI3i0HIB
HE JIMIIIE Kpallle aHali3yBaTH BJIACHI Jii, a i MPOBOIUTH
00’eKTHUBHHIT Po30ip 3aBJaHb 3 YpaXKeHHs Iiineil (3aBIaHb
II0JI0 3aBJAHHS PAKETHHUX YyIapiB, BOTHEBHX 3aBJaHb),
BUUTHCS Ha BJIACHOMY OOHOBOMY JOCBiJli Ta YHHUKATH
MTOBTOPCHHS TTOMHJIOK.

VYceminmHa iHTErpamist METOANYHOTO Mi/IX0Ly MOXK-
JIMBA JIUIIIE 32 YMOBH ONEPATUBHOTO OTPHUMaHHS iH(OP-
Marii. ani 3 BriJIA, cymyTHHKIB, pajiorepexOTuiCHHS
YM TEXHIYHUX 3ac00iB TOBMHHI HAIXOIWTH B peajib-
HOMY a00 HaOMIMKEHOMY 10 pPEabHOTO Jacy.

Takum 9MHOM, IHTETpaIls BHUIE3a3HAYEHOTO METO-
JIYHOTO TIXOMY Y IMKJI BH3HAYCHHS Iitell (taprery-
BaHHS), 30KpeMa TIijl Yac TUIAHYBaHHs | BUKOHAHHS BOT-
HeBoi miatpumku PBIA, € He TexHIYHOW oOmIi€eo, a
KPUTHUYHOIO TOTPeOOI0, OCOOJIMBO B YMOBaX PECYpPCHHX
00MeXeHb 1 BUCOKOI BapTOCTi TOYHOrO 030poeHHs. BoHa
3a0e3neuye 00 €KTHBHICTb yXBaJEHHS pillieHb, Omepa-
THBHICTh pearyBaHHs, PalliOHAJIBHICTh BHUTpAT paKeT i
OoermpunaciB 1 SK HacHiZoK 3abe3rneuye epeKTHBHE
BUKOHAHHSI BOTHEBOI MIATPUMKH, 30KkpeMa PBiA.

BucHoBku

VY xoni gocmimKeHHs 0YII0 OOIPYHTOBAHO JOIiTb-
HICTB 3aCTOCYBAaHHSI CHCTEMHOI'O METOAWYHOTO I AXOAY
JIO OILIHIOBaHHS PE3YJIBTATUBHOCTI BOTHEBOI MiITPUMKH
PBiA Ha ocHOBI moioxeHp “‘KomImekcHOI METOIUKH
owinroBanHss BorHesoro BrumBy” (Methodology for
combat assessment) [7]. Anami3 wiei meromuku Ta il
CKJIaJIOBHX, YMOB iHTerparlii y UK BU3HAUCHHS IUTCH
(TapreTyBaHHs) TO3BOJIMB 3pOOHTH TaKi BHCHOBKH:

OIIIHIOBAaHHS PE3YIbTATUBHOCTI BOTHEBOI ITiATPHM-
K# Ma€ OyTH HEBiJ €MHOIO YaCTHHOIO i1 IUIaHYBaHHS Ta
BUKOHAHHS 1 0a3yBaTHCs Ha CTaHAAPTH30BAaHHX OIlepa-
WIHUX Tpoleaypax, MO 3a0e3rnedyloTh 00’ €KTHBHE
OLIIHIOBAHHSI Y peayibHOMY Yaci;

KO)KHa YacTKOBa METOJWMKAa BHKOHYE OKpEMY
(GYHKIIO: METO/AMKA OIHIOBAaHHS OOMOBHX IOIIKO-
okeHb (BDA) 103BOJISE OMIHUTH CTYIIHb YpPaXKCHHS
Iijed 1 MOCATHEHHS BIAMOBIIHUX €(EKTIB; METOIMKA
ouintoBanHst cynytHix 306utkiB (CDA) — ominutn
(BpaxyBaTH) CYMyTHi 30HMTKH; METOMMKA OLiHIOBAHHS
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edextuBHOCTI Goenpumnacie (MEA) — OLIHUTH IOLiIb-
HICTb 1 pEeKTUBHICTh 3aCTOCOBaHUX 3ac00iB (OoempHIacis).

Apanrariiss METOIUKA 10 YMOB misutbHOCTI PBiA
3C VYkpaiHu MOXJMBa 3a yMOBH OpraHi3aliiHoro, iH-
(dhopMamiifHOr0 Ta METOAWYHOrO 3a0e3MEUeHHS, CTBO-
PEHHS BIATIOBIAHWX aHANITHYHUX CTPYKTYp 1 po3pod-
JICHHS HAIllOHAJIFHUX CTaHJAPTH30BAaHUX OMEPaIlifHIX
TPOLEYD.

BrnpoBa/pkeHHS 3a3HAUCHOTO BHILE METOJUYHOTO
MiIXO/y CIPUSITHME MiJBUILEHHIO OOHOBOI e(eKTHB-
HOCTI, ONTHMI3alil 3acTOCYBaHHS BOTHEBHX 3aco0iB,
BJOCKOHAJICHHIO IUIAHYBaHHS YAapiB 1 BOIHIO Ta
pallioHaTbHOMY BUKOPHCTaHHIO HAasBHUX PECYPCIB.

V 1isioMy 3a3Ha4YCHUI BUIIC METOIMYHUN MIAXiT € HE
JIMIIE 1HCTPYMEHTOM aHali3y pe3Y/bTaTiB, a 1 TOTY)KHUM
MEXaHi3MOM OrepaTHBHOrO (0OWOBOr0) YIpABIiHHS, SKHit
3a0e3nedye aJaNTHBHICTH 1 Y3TOIDKEHICTh INPHHAHSTHX
PpillleHb Y AMHAMIYHUX YMOBaX Cy4acHO] BilHH.

[TepcrieKTUBHAM HaNpsIMOM TOAAIBIINX HAYKOBHX
JOCIIJDKEHb € PO3POOJICHHS METOTUKH  OIiHFOBAHHS
Pe3yIbTaTUBHOCTI BOrHEBOI MATPUMKH, 30KkpeMa PBiA 3
ypaxyBaHHsIM crnerudika OoioBux mid Cuil 000poHH
VYkpainn, ocobnuBocTel OoiioBoro 3actocyBaHHs PBIiA,
JIOCTYITHUX 3aCO0iB PO3BIITKH Ta MOXIIMBOCTEH aBTOMAa-
TU30BaHUX CHCTEM YOPaBIIHHA. TaKoX MOMITBHUM €
CTBOPEHHSI TIPOTPaMHOTO 1HCTPYMEHTapilo IJIs aBTOMa-
TH30BaHOI OOpPOOKM IaHWMX 3a3HAYEHOI METOIUKH, IO
JIO3BOJIMTH MIBUIIMTH TOYHICTh 1 LIBHAKICTH (hOpMY-
BaHHS PEKOMEH/IAINH JUIsl YPaXKEeHHS IiIel.
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METHODOLOGICAL APPROACH TO ASSESSING THE EFFECTIVENESS OF FIRE SUPPORT BY MISSILE
FORCES AND ARTILLERY

R. Shostak, O. Riman

Currently, there is a need to review existing approaches to assessing the effectiveness of fire support by missile forces and
artillery in connection with the introduction of processes and procedures for planning and executing combined fire support in
operations (combat) based on targeting (target identification).

One possible solution to this issue is to develop a methodological approach that will allow for the assessment of the
effectiveness of fire support, in particular by missile forces and artillery.

The article proposes a methodological approach to assessing the effectiveness of fire support by missile forces and artillery
at the targeting (target identification) stages. The methodological approach to evaluating fire support by missile forces and
artillery can be based on the Methodology for combat assessment — a comprehensive process of analyzing the results of fire
impact, which is part of the overall Joint Targeting Cycle. According to the above methodological approach, the assessment of
fire support will include three interrelated sub-methodologies:battle damage assessment methodology;collateral damage
assessment methodology;munitions effectiveness assessment methodology.

The implementation of the above methodological approach will contribute to increasing combat effectiveness, optimizing
the use of firepower, improving strike and fire planning, and rational use of available resources. In general, the above
methodological approach is not only a tool for analyzing results, but also a powerful mechanism for operational (combat)
management, which ensures the adaptability and consistency of decisions made in the dynamic conditions of modern warfare.

The article substantiates the possibility of adapting the “Methodology for combat assessment™ to the national combat
assessment system, in particular, fire support from the Air Force and Air Defense Forces, taking into account the conditions of
Russia's war against Ukraine.

Keywords: targeting, goal setting; performance evaluation; fire impact; combined fire support; fire support; missile forces
and artillery; target destruction; physical damage, functional damage.
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Bomoaumup 3abonotHiok, Hatans Mapiiako™

Hayionanvna axademisa cyxonymuux giticok imeni eemomana Ilempa Caeatioaunozo, Jlveie

MAJII MAIIIMHHA BEJIMKOI BIMHU: TEXHIYHA PEBOJIIOLISA, FPV-IPOHU TA
MOBIJIBHI IHZKEHEPHI PILIEHHSA Y TPAHC®OPMAILII OBOPOHHOI
TAKTHKHU B YMOBAX OBMEKEHUX PECYPCIB

Y emammi oocniosiceno mexnonociuny, exoHomiuny ma iCmopuyHy mparcgopmayilo 0O0POHHUX MAKMUK 8
YMO0BAx 2IOPUOHOL GiliHU, 30KpeMa HA NPuKkIadi nogHomacuimabnoi aepecii pocii npomu Yxpainu y 2022-2024
poxax. Asmopu 300ICHIOIOMb MIHCOUCYUNTIHAPHUL aHAi3 enposaddicenns FPV-0ponie ax incmpymenma moukogozo
ypadiceHHs: ma 00U080I po36IOKU, WO CYMMEBD 3MIHIOE N02IKY TH)CEHepHO20 0bnaoHanusa no3uyiu. [lodano mexwniyni
xapaxkmepucmuku Opowie muny X220-X250, ixuro enemenmmny 6asy, Keposawicmv, mouHicms [ 00li0ge
Hasanmascenns. 30iticneno nopisnanns FPV-oponis i3 eucokomounumu apmuepiticoxumu cucmemamu (Excalibur
155-mm) y pospizi eumpam, 0anbHOCMI ypadsiceHHsl, MOYHOCIME MA 2HYYKOCMI 3aCMOCY8AHHS 8 GOU06IL 06CManosyi.

Exonomiuna cknaoosa cmammi oxonmoe nopienanus eumpam na FPV-oponu, knacuuni cucmemu apmuaepii,
dopmudbixayivini cnopyou ma indrcenepre 3abesneuennsn nosuyit. Hasedeno npukiaou 3HauHo2o Cnig8iOHOUIeHHS
sumpamu/egpexmugnicms y 00UOBUX onepayiax, 30Kpema 6 medxcax onepayii “Ilagymuna”, a maxoxc y cyeHapiiax
oboponu Ha 3anopizvromy, Aeodiiscokomy ti Xepconcokomy uanpsamkax. Ilokasano nepesazu OeyeHmpanizo8aHux
nosuyii muny “‘nozuyis 6i00ineHHA” ma 6naug po3ocepeodicents na sHuxicennss smpam 6io FPV-oponie i apmunepii.

Iemopuunuti ananiz ¢hixcye nocmynogy 6iomogy 6i0 paodsHcbkoi MoOeni YKpInAeHUX paiionie ma 63600HUX
ONOPHUX NYHKMIG HA KOPUCMb SHYYKUX, MACKOBAHUX | MATIOGUMPAMHUX THIICEHEPHUX piuieHb. SMIHU @ iHIICEHEPHOMY
3abe3neyenni 000POHU PO32NAOAIOMbCS K PeaKyiss Ha MeXHIYHI SUKIUKU CYYACH020 noasi 00io. YV Oocniddcenni
BUKOPUCMAHO GIOKpUMI MEXHIYHI Odicepend, NONbOGl 36Iimu, eKCHepmHI aHATIMUKU MAd CUCMEMAMU308AHO
eMnipuyHUll 00c8i0 6otosUx Oitl Ha cX00i ma nigoHi Ykpainu.

Knrouosi cnosa: FPV-Oponu, yxpinpaiionu, wmypmosi 0ii, mani makmuuni epynu, popmudbixayis, BOII, nozuyii
8I00inenHst, MacKkyearnns, minyeannsi, Kill-zone, manesp, oeyenmpanizosani 06oponni nosuyii, 2iopuona eitina.

IMocTaHoBKa Mpo6JeMu MacmTabarx BOIIiB mpu3Bommimo 10 BTpaT depe3 iXHIO
Bpa3NUBICTh 1O BHSBJICHHA CYYaCHUMH 3aco0amu
posBinku. Bomaowac FPV-aponw, sk aemeBwii i rHydKuit

3aci0 ypakeHHs, CTHUMYJIIOBAJIH 3MiHY I1H)KEHEpPHOL
3yMOBHIA TOTPEOY y IEPEOCMUCICHHI MIXOMB 10  apxitexkrypu momst Goro. Ilpobmema momsrae y

opramisartii 000poHH, GopTH(IKALIHHOrO 3a0€3MEYCHHS  BifCyTHOCTI CHCTEMATH30BAHOTO HAYKOBO-TEXHIYHOTO
Ta BUKOPUCTaHHA BHUCOKOTEXHOJIOITYHHUX 3aco0iB YpaxxeH- aHa_]]igy e(beKTPIBHOCTi TaKUX 3MIH Ta 1X E€KOHOMIYHOI
HI. Y KIaCMYHUX MOJCIIX 060p0HI/I 3aCTOCYBaHHS  [OLIJIBHOCTI B YMOBax 00OMEXKEHNX pecypciB.

3miHa xapakrepy OoioBux mii y XXI cromitri,
30KpeMa TMiJ dYac POCIACHKO-YKpaiHCHKOI — BiifHH,
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AHaJi3 0CTAHHIX JOCTiKeHDb | myOJikanii

VY cy4acHOMY HAayKOBOMY JHCKYpPCI 3aCTOCYBaHHS
FPV-npoHiB y 0OoioBHX yMOBax IOCHIKYEThCS Iepe-
Ba)KHO Y JTBOX IDIOIIMHAX: SIK IHHOBAIlifHA TEXHOJIOTS UTS
TaKTUYHOI ITePEeBary Ta sk eKOHOMIYHO eeKTHBHHUI 3aci0
ypakeHHs. [IpoTe KOMIUIEKCHHMX MIiKIUCIMIUTIHAPHIX
JIOCTI/DKEHb, M0 00’€THYIOTh TEXHIUHI XapaKTEepHUCTHKH,
EKOHOMIUHY e()eKTHUBHICTh 1 ICTOpUYHY TpaHchOpMaLLio
¢dopTudikarii, Hapasi 0OMaIb.

VY TexHIYHOMY acreKTi HalOLUIbII MOBHY iH(OpPMAILTi0
MOJAIOTh  TIOJIbOBI  TEXHIYHI 3BEACHHS YKPaiHCHKHX
inirfatue (“Apmist aponiB”, “Kpuma cBoGomu”), a Takox
OKpeMmi myOJiKaiii B CICHiali30BaHUX JKypHaIax 3
EJICKTPOHIKH, 30KpeMa MoNo crienudikamiii JBHUTYHIB,
pamioMOmyniB, HaBiramii Ta 3aco0iB  BiZICO3B’S3KY.
BomHouac OLTBIIICTh IMX JDKEPENT MaloTh MPUKIAaTHUN
a00 IHCTPYKTHBHHI XapakTep i He MICTSITh CHCTEMHOI
TEXHIKO-€KOHOMIYHOI OILIHKK €(EeKTHBHOCTI IPOHIB Yy
0oiioBOMY CEepeIOBHIILI.

IcTOpHYHUI KOHTEKCT 1HXKEHEPHOro O00JIaJHAHHS
MO3WIIKH  aHaji3yeTbcss B poOOTaxX, MNPUCBIYCHHX
paInsHCBKIA BIMCHKOBIH MOKTPWHI, € B3BOAHI OMOpHI
nyakta (BOIlu), ykpimwreni paiiorn (YPu), Gninmaxi ta
TpaHIICHHI CHUCTEMH pPO3TIISNAIOTECA SK CTaHAAPTHI
enementu (oprudikamii. Cepen KIacHIHUX DKepen —
mpartii 3 icTopii IKEeHePHUX BIICBK Ta apXiTEKTypH HOJIS
6oro y XX cromitri. [Ipote 3Minu, siki Bunukiun y 2022—
2024 pokax mix BIMBOM FPV-IpoHIB, 3aluInarOThCS
rnoza MeXKamMH OIJIBIIOCTI  ICTOPMYHUX — JOCHI/DKEHb.
30kpema, He OXOIUTFOETHCS afaNTallisd 4O HOBUX 3arpo3 3
MOBITPsl, 3MiHHAa TJMOMHA OOOPOHH, PO30CEPEKEHHS
03U} 1 IelleHTpasIi30BaHa JIOTiKa YKPUTTIB.

Y KOHTEKCTI EKOHOMIKH BIHHH OKpEMi OIHKU
HAJAIOThCI Y BIAKpUTHX 3BiTax LIeHTpY mociimkeHb
apMii, KoHBepcii Ta po330pOEHHS, a TaKoX y IyOiika-
LisIX yKpaiHCbKMX BilicbkoBHX ekcrepriB: I. JlesiH,
C. I'paberkuid, 1O, Byrycos [1-3]. [pore i myOumikaii
MaIOTh MEPEBAXKHO CTpaTEriyHIi a00 OIIISIOBHH XapakTep i
HE MICTATh JOKJIJHUX PO3PaxyHKIB BapTOCTi ITO3MIIiH,
IIKEeHepHUX 3aco0iB abo edekruBHOCTI FPV-mponiB y
CTIiBBIJHOIIECHHI “BUTpPATH — PE3yJbTar .

Y KOHTEKCTI BHKOPHCTaHHS IITYYHOTO IHTEIEKTY
B OoloBHX cucTeMax i kepyBaHHI FPV-gponamu BapTo
BiZI3HAQUMTH KOHIICTITY&JIbHI HampamoBands Yoshua
Bengio y coepi rmmburnHoro HaB4amus [4] ta Guy
Hoffman, skuit mocmimkyBaB B3a€MOMII0 JIOAWHA
ABTOHOMHOI CHCTEMH B YMOBax HeBHU3HaudeHOCTi [5].
IxHi imel € OCHOBOK aJANITHBHHX CHCTEM HaBiramii Ta
0araToJpOHOBUX OIeEpalliif, sKi 3aCTOCOBYIOTbCA Y
Cy4acHHX OOMOBHX yMOBaXx.

3HaYHy YaCTHUHY NPAKTUYHHUX KEWCIB CTaHOBIITH
BIICPKOB1 3BITH, TOJBOBI MOMOBimI I myOmikaiii B
conMepexxax —omeparopiB  FPV-apoHiB, BoIOHTEpiB
IH)KEHEPHHX MiIPO3/AiiB Ta J00pOoBOIBUNX (HOPMYBAHB.
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i mxepena narOTh IIHHWKA EMIIPUYHUN Martepial,
OJHAaK TIOTPeOYIOTh cHcTeMaTH3auii, Bepudikamii Ta
y3araJbHEHHS B MeXaxX HayKOBOTO TTiIXO/Y.

Omxe, Ha CHOTOMHI BINCYTHI TPYHTOBHI aHAJITHYHI
Tpari, SKi KOMIDIEKCHO TIOETHYIOTh TEXHIYHI XapaKTepuc-
THKA CYJacHOTO 030pO€HHA, iCTOPHYHY IUHAMIKY 3MiH
00OpPOHHUX TO3HUIIIN Ta €eKOHOMIYHI YMHHUKA €(EKTHUB-
HOCTi y TiOpmaHiit BidHI. Llg crarTsd crnpsmMoBaHa Ha
YacTKOBE YCYHEHHS 3a3HaueHOI MPOOIEMaTHKH.

Meta gociaiKeHnb

Mertoro CTaTTi € HAyKOBO-TEXHIYHHMII aHaJ3 BIPO-
Ba/pkeHHs1 FPV-IpoHiB Ta [eneHTpasti3oBaHHX 0OOpPOH-
HUX TMO3MLIH Yy CTPYKTypli cy4acHoro mnoms 0o 3
ypaxyBaHHSM TEXHIYHUX MapaMeTpiB, EKOHOMIYHHX
00OMEXEeHb Ta ICTOPHYHOI EBOJIIOLII iHKeHepHOoro 3a0e3-
neyeHHst. CTaTTsl Ma€ Ha MeTi OOIPYHTYBATH JAONUIBHICTD
mepexoxy 10 HOBUX (OpPM TO3MIIHHOI OOOpOHH B
yMOBax OOMEKEHMX pecypciB 1 MOCTiHOi 3arposu 3
TOBITPsI, @ TAaKOX OIUHUTH €(EeKTUBHICTH MOOUTBHHX
IHPKEeHEpHHX PIIIeHb JUIs TAKTUYIHOI 000POHH.

Bukiaan ocHoBHOro Mmarepiany

3MiHa XapakTepy cydacHOI BiffHM CTajla BUKIHKOM
HE JIUIIe 715 BiHCHPKOBHX CTPATETiB, aie i s GpaxiBIiB
3 EeKOHOMIKH, TEXHOJOrif Ta icTopii. pociiicbko-
VYkpaiHcbka BiitHa, 1m0 TpuBae 3 2014 poky i 0oco0nuBo
3arocTpwiIacs Micis IOBHOMAcCIITAOHOIO BTOPIHEHHS Y
2022-my, neMOHCTpye Oe3Ipele/IeHTHe BUKOPHCTaHHS
HOBITHIX TexHousoriii Ha momni 6ot. Cepex Hux — FPV-
JIPOHH, SIKI CTaJld CHMBOJIOM HOBOI €MOXH B OOMOBHX
misix. Ixms e(eKTHBHICTh, JACIICBU3HA Ta JOCTYIHICTh
KapAWHAIBHO 3MIHIOIOTh MapagurMy SK HACTYIY, TaK i
oboponu [6].

OjHaK BIOPOBAKCHHS TAaKMX TEXHOJIOTIH BiaOy-
BAETHCS HE y BakyyMi. BOHO TicHO 1MoB’si3aHe 3 €KOHO-
MIYHUMH MOXJIMBOCTSIMHU JICP>KABH, BIHCHKOBO-TIPOMHC-
JIOBUM KOMIUIEKCOM, JIOTICTUKOIO Ta, 3PEITOI0, JIOICHKIM
(akropom. Icropuunuili JOCBiA TOMEpEAHIX BIMH Mij-
Ka3ye HaM, IO KOXKHA TEXHIYHA 1HHOBAIliSl HEMUHYYE
BIUIMBA€ Ha CTpaTerito ¥ TakTuky Ooro. ChoromHi mu
CIIOCTEpITaeEMO caMe TaKWi Tepexil — BiJ KIaCHIHUX
KOHIICTITIi YKpimpaloHIB 1 IITypMOBHX ONEparii 1o
HOBHX (hopM OOOpOHH, A€ HEBEIHWKI APOHM Ta Malii
TaKTHUYHI TPYIIH TPAIOTh BUPIIIAIbHY potb [7].

VY uiii crarti po3risiHyTo sik FPV-gponu 3minro-
10Th 0O0IOBI i, sIK Ha IXHIO MOSIBY pearye iHXeHepHe
oOnajiHaHHS TO3MIIH Ta SK I 3MiHM OOYMOBIEHI
€KOHOMIYHUMH YHMHHHKaMH. MU TMPONOHYEMO MiX-
JWCHUILTIHADHUNA aHalli3 Ha MEepeTHHI TPhOX Taly3ew:
TEXHIYHOI, 1ICTOPUYHOI Ta EKOHOMIYHOI 3 ypaxyBaHHSIM
peaiiii cydacHol BiitHH B YKpaiHi.

FPV-npoHu sik TeXHOJOTiYHA PEeBOTIOMisT

FPV-npouu (First Person View) — 11e He mpocTo
HOBHIA THIT 30poi a0 iHCcTpyMeHT po3Biaku. Le sikicHO
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HOBHUH €Tar y pO3BHUTKY BIMCBKOBHX TEXHOJIOTIH, SIKMHA
TIEPETBOPIOE CTapi JOKTPUHU Ha aHaxXpoHi3Mu. Ha mymky
TIPOBIAHUX 13pailbCHKUX BIHCHKOBUX aHANITHKIB, TAKHUX
sk rTeHepan-maiiop Skie bemko Ta ¢axisens Elbit
Systems Tait ['opman, FPV — e peosntortist y BifichKo-
Bi#f cripaBi, a He eBomonlist [4]. BoHu 3maTHI KOHIIEHTPY-
BaTH BOTOHb i3 HEOAUEHOI0 TOYHICTIO 1 THYYKICTIO TIpU
36epeskeHHi MOBHOI jgenenTpaizari cu [5]. s awma-
nizy obpano FPV-gponn moneneii EasyPipe Avixars
(Eachine Wizard) X-200 ta X-250, OCKigbKM BOHH
HaiOLIbII momvpeHi y 30poithux Cunax YkpaiHu, MaroTh
BIJIKPUTI JaHi IIOJ0 XapaKTEPUCTHUK Ta 3a0e3NeuyloTh
ONTHMAaJIbHE CITIBBIIHOIIEHHS [iHA-€)EKTUBHICTb.

Texniuna xapaxmepucmuxa FPV-oponis. s
NPUKIIaAY B3sATO THIIOBY Mozenb briJIA — 3pazok X-200
ta X-250: kBagpoKonTep i3 4oTHpMa OE3KOIEKTOPHUMHU
neuryHamu (tunm 2207-2306), xkapOoHOBa pama, >KHB-
neHus Big akymyssitopis LiPo 4S-6S (1300-1800 mMA 1).
OcHalleHHsI BKIIIOYa€ aHaIoropy abo mudpoBy kamepy
(DJI, Walksnail), pamionepenasau 5.8 I'T1, BifeomiHK.
YnpasniHas 31 CHIOEThCS B peasibHOMY 4aci, 6e3 GPS-
HaBesieHHs. [lepeBaru: HHU3bKa BapTiCTh, BHCOKOTOYHE
HaBEJICHHS, MOJYJbHICTb, MOXIIUBICTH PEMOHTY Ta
3aMiHH KOMITOHEHTIB Y ITOJILOBUX YMOBaX.

Vuikaneraicte FPV momsrae B 1X  gemeBusHi,
JIOCTYITHOCTI Ta (EeHOMEHANbHI eQeKTHBHOCTI. 3a
BiJTHOCHO HEBENMKi KOIITH KpaiHa-ydacCHUK BiHH MOXe
030poiTH 3HAaYHY KiJIBKICTh MIJPO3/IIB, HE 3alIy4alun
BaXKol TexHiku abo aBiamii. FPV-aponn narorts 3Mory
napaJiizyBaTH JIOTICTUYHI IEHTPH, aTaKyBaTH ILITa0H,
OpoHEeTeXHIKy, 3AIHCHIOBATH KOPUT'YBaHHS BOTHIO U
HaBITh HEHTPai30ByBaTH JKMBY CHJY IMPOTHBHHKA Y
TUITY — 1 BCe 11e 6€3 IpsAMOro pu3HKy s ornepartopa [8].

OcoOnviBe 3Ha4YeHHS Mae€ BUKOPUCTAHHS IPOHIB i3
OITOBOJIOKOHHHM YIIPaBJIiHHSM, SIKi ()aKTUYHO HEMOYKIIMBO
“sarmymmTi”’.  OmepaTop TakKMX CHUCTeM TiepeOyBae y
TJIMOOKOMY THITY 1 TIOBHICTIO YOC3TICUCHHI Bifl BUSIBIICHHS
Ta 3HUIIEHHA. Y CydacHOMY OO0 Iie pyiHYE TOJIOBHHMIA
TIPUHIIAIT TPAJUIIHHOI TAKTHKA — KOHIIGHTPAIUIO CHJ Ha
TIEBHOMY HAIpsMKY. Terep Ba)<TUBILIOW € KOHLICHTPALIis
BOTHIO, a He JIFOZICHKUX PECYPCIB.

L5t TexHiYHA PEBOIIOLIS BILIMBAE HE JIMILE HA TaK-
THYHUI piBeHb. BOHa Mae cTpaTeriudi HACIiKA: 3MIHIO-
€TBCSI apXITeKTypa JiHii (pOHTY, sSKa Temep IOCTae sIK
“kpatep cMepTi” — mpocTip, e Oyab-ske nepeOyBaHHS
0e3 YKpUTTS BIPOAOBXK 15 XBHIMH O3Ha4ae 3aruoOenb.
Doprudikairisi, MaHeBp, JOTICTHKA, 3B’30K — yce Mae
OyTu ajanToBaHe 10 HOBOI peanbHocTi FPV-Bilinu. I Ti,
XTO ITHOPYIOTH L 3MiHH, OyIyTh 3MYIIEHI IUIATUTH
MO/BIMHY LiHY 32 CBOIO TOBUIBHICTH 1 OIOPOKPaTHYHY
ineptHicTs [1].

VYkpaina crana mosieM 000, J¢ Iisl PEBOIIOLS pea-
JIBYEThCA Y peabHOMYy yaci. Came YKpaiHChKi BIHCBKOBI —
nonpu 0OMeXeHi pecypcH — MOKa3yloTh PUKIIa] iHHO-
BalliifHoro miaxoxy a0 3acrocyBaHHs FPV. Biarak
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TeXHIYHA TiepeBara CTa€ KIYOBUM YHHHHKOM Yy acu-
METpUYHIN BilHI, I BEIMKa apMisi MOXe MOCTYIUTHCS
MaHEBPEHNM, THYIKHM 1 TEXHOJIOTTYHO TPOCYHYTHM CHJIaM.

Bin BOII no mo3uuiii Binmiienusi. Icmopuunuii
KOHmeKcm

®Qoprudikaris 3apxau Oyaa KIFOUYOBHM eJEMEH-
TOM Yy BIHCBKOBiIA cmpaBi. Bim puMmcpkux TabopiB 10
HiMenpkuX “3irdpinoBux miHii~ J{pyroi cBITOBOI BifHH ites
3aKpIMUTHACS HA MICLUEBOCTI 4Yepe3 CHCTeMy OOOPOHHHX
CIOpYI 3aJMIlaNach OCHOBOKO OOOPOHHOI crpareril. Y
paasHCBKIA BIHCHKOBIM Tpaauiii Il KOHLEMIIS TpaHC-
¢dopmyBanace 'y BOIl — Tumnoi ykpirwieni paiionn 3
MPOTSDKHOIO MEpEeKero TpaHmied 1 OmiHpaxis. [Ipore
cydacHa BiliHa MoOKa3aia IXHIO Bpa3niuBICTh 1 Heedek-
TUBHICTh B yMOBaX MacoBoOro 3actocyBaHHs briJIA.

BOITy, sxi OyayBanuch 3a3majerifib Ha BiAKPUTIH
MICIICBOCTI, CTaJH JICTKOK) MIIICHHIO JJIS PO3BIIKH i
ynapiB Oe3ninoTHukiB. 11Iupoki Tpanieiini cucremy, 3a
YMOBH JIeinuTy 0cOO00OBOTO CKJIajay, 4aCTO BUKOPUCTO-
BYBAJIICh NPOTHBHHUKOM TiCJIs MPOPHUBY. A IEHTpati30-
BaHICTh JIOTICTUKM pOOMIa Taki ITyHKTH CMEpTEIbHO
HeOe3MEeYHNMH ISl PO3MIIIEHHS! 0COOOBOTO CKIIaay abo
KOMaHIHHUX LECHTPIB.

B ymoBax 3MiHM TaKTHKH NPOTHBHHKA — 30KpeMa,
NPOCOYYBaHHS HEBEIMKUX IPYN Yy TIMOMHY IOPSIKIB
obopoHn — ykpainceki Cumm 000poHH 3MYyIIeHI Oymu
MIEPEOCMUCITUTH TIAXOOW 10 IHKEHEPHOro o0JamTy-
BaHHs no3uiiid. HoBa koHuemniisi nependayae nepexis
Big BOIIiB 0 mo3witiit BiAifIeHs — JIeleHTPaTi30BaHHX,
THYYKHX, KOMIIAKTHUX 1 eKOHOMHHX. BoHHM Kpaiie npucro-
COBaHI 10 BeleHHSA OOOPOHM B yMOBaX aCHMETPUYHOI
BifiHH, Ji¢ BOKIMBIIIMMHU € HE IUIONIA YKPIIUICHb, a TXHS
DIMOWHA, PO30CEPELKEHICTD 1 3aTHICTh 10 MaHEBpY [2].

Taki mo3wiii O0OMAINITOBYIOTBCS 3 ypaxyBaHHSIM
HOBITHIX 3arpo3. aHTHJIPOHOBHH 3aXHCT, MAacCKyBaHH,
MiHyBaHHs, cTBopeHHs Kill-zone, BcraHOBIIEHHS TPOCOBHX
TIEPEIKO/l 1 BUKOPHCTaHHS MajorabapuTHOI iH)KEHEPHOI
TCXHIKH. BOHHM J03BOJSIFOTH TIPO3AUTaM  e()EKTHBHO
00OpOHATHCH HaBiTh 332 OOMEKEHHX pecypciB, BHKO-
PHCTOBYIOUH TIEpEBary y MaHEBPEHOCTI, 3HaHHI MiCIIEBOCTI
Ta TAKTWYHIA iHImiaTHBi. Y Takui cmocid icTopraHMi
nocBin Goprudikartii TparcGOpPMY€ETHCS, TPUCTOCOBYIOUHCH
JI0 HOBOI TeXHiuHOI peansHocTi [9].

ExoHomiunmii acnekt

Biiina — mie He e 3iTKHEHHS apMiif, a i 60poTEOa
eKOHOMIK. Y CydJaCHHX yMOBaxX BOHA Jejiani Oimblie
HaOyBae O3HAaK BHCOKOTEXHOJOIYHOrO 1 PECYpCHO-
IHTEHCUBHOTO  MpOTUCTOsiIHHA.  FPV-mponm  cramu
IHCTPYMEHTOM, SKHIl JI03BOJIMB KOMIIEHCYBAaTH Opak
pecypciB, 30KpeMa BaXKKOTO O030pOe€HHs Ta aBiallii, 3a
PaxyHOK JICIIeBHX, ale e(peKTHBHUX 3aCO0IB YparKeHHL.

OxpeMoi yBaru 3aciiyroBy€ NMOpIiBHSHHSI BapTOCTi
FPV-nmpoHniB 3 apTuiepiiicbkuMu 3aco0aMu ypasKeHHSI.
Bapricte opnoro FPV-mpona B VYkpaini craHoMm Ha
2024 pix cranosmna Big 400 no 1 000 monapis CIIA
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(3aJIe)KHO Bil HAYMHKY, TATGHOCTI TIONBOTY, CTa0LTi3alli Ta
THITYy OOENpPHUIIACy), TOM Yac K OJUH TOCTPLT KEPOBAHUM
aprepiiicbkuM cHapsimom Ty M982 Excalibur korrye
Big 70 000 o 100 000 momapiB. HaBiTh 3BrHaiiHmii cCHapsA
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kaiopy 155 mm obGiiinerscst y 3 000 — 6 000 momapis
0e3 ypaxyBaHHs JIOTiCTHKH Ta 3HOLICHH: cTBoJa [3].

IMopiBusEs FPV-nmpona Ta kepoBaHOTO apruie-
pificbKkoro cHapsaa moxaHo y tabmmri 1.

Tabauys 1

IlopiBHsAIbHA XapaKkTepucTUKa BapTocTi FPV-1poHa Ta KepoBaHoro apTujepiiicbkoro cHapsaa

IMapameTp FPV-apon (X220) M982 Excalibur (155 mm)
Bapricts $400-$1000 $70 000-$100 000
JlanbHicTh 3aCTOCYBaHHS 3-8 km 1o 40 xm
TounicTs <0,5 m (Bpyuny) <2 m (GPS)
[MoTyXHicTh BUOYXY 400-800r THT 9-10 kr BHO. peuOBHUHU
Maca 1,2-1,8 xr ~48 kr
Yac gocTaBKH J0 i 20-40 ¢ 60-90 ¢

Takum uuHOM, ekoHOMiYHa edekTuBHicTH FPV-
pillleHb 3pocTae B pasH, 0COOIMBO B yMOBaX acCHMETPUYHOL
BillHM Ta mocTiiHOrO nedirmTy Ooempumacie Ha 000X
croponax. Hampuxian, y gepBHi 2025 poky ykpaiHCBKi
CWJIN BHEpIIE peajli3yBajli MaclITaOHy MEpeXeBy oOrle-
paliifo 3 MacoBaHMM 3acTocyBaHHsSM FPV-1poHiB Binomy,
sk “IlaByruna”. CoTHI poHIiB Oyian OIHOYACHO CKOOPIHW-
HOBaHi 3 JI0NOMOrow HazemHoro I11I-KkoMaHIHOTO LEHTPY.
Oriepariist TpUBaia MeHile 72 TO/UH, ajie J03BOJIIIA:

- SHMIIUTH 28 OMHUIT TEXHIKH TPOTUBHUKA (Y T.4. 7
TaHKIB);

- ypazuru 12 1mtabiB 6aTaibiiOHHOTO PiBHS;

- TIapaITi3yBaTH JIOTICTUKY Ha TPhOX JAUITHKAX (DPOHTY.

3a omiHkamu (axiBIB, BAPTICTh YKPATHCHKOI YaCTHHU
onepatii — npubnuzno 450 000 nonapi CIIIA, y Toit yac
sIK BTPaTH BOpOTa IMEPEeBUINMIN 15 MITBHOHIB JOJapiB.
Koedimient edextuBHOcTI — 1:33, 1m0 € BUHATKOBHM
MOKA3HHKOM.

ToOTo, npoHu — e He JivIe “ziereBa” anbTepHATHBA
apTwiepii, a cTpaTeriyHuil iHCTPYMEHT THCKY Ha BOEHHY
EKOHOMIKY.

BomHouac mepexi 10 JereHTpalti3oBaHIX 000POHHIX
TO3UIIIN THITY “IO3WINA BIUICHHS TaKOK Ma€ €KOHO-
MiUHe MiAIPYHTS. 3aMiCTh BUTpaT Ha MacmTabHi (opTu-
(ikamiifHi CrIOpyaH, sSKi BAMAararoTh BEIUKOI KUTBKOCTI
3eMIICPHITHOI TEXHIKH, JIOTICTUKH Ta OCOOOBOTO CKIIaAY,
apMis TIepeXOAUTh JO MEHII 3aTPaTHHUX, MOOLTPHHX 1
rHy4kEx cucreM oboporn [10]. Lle mo3Bomnsie eKOHOMHTH
pecypcH, Kpalle 3axXHIaTd ocoOOBHMH CKiIam i 30epiraTu
MaHEBPEHICTh y 30HI 00HOBHX i

Texuiuna cmpykmypa OeyeHmpanizo8anoi 060poHHOI
nozuyii. Tlo3uwii Ha 2-3 BIHCHKOBOCITYKOOBIIB 13 1H/HBI-
JyallbHAIMH YKPUTTSIMH. THUIIOBa TpaHILEs: JOBXKHHA
10-12 ™, npodime 0,9%0,7 M, po3ocepemKeHHs MiX
nozuitismi — 30-80 M. YKpHUTTS 00JaaHaAHE MEPEKPUTTIM
40-60 cm (Ganku, mepeBuHa, 3eMys). [mKeHepHi 3aco0u
BKJIFOYAIOTh TPOCOBI TEPEIIKoad Ha BUcoTi 1,2 M, “MiHi-
DKaku”, 3aropopKEeHHS 3 JICPEBUHHM abo  OeToHY,
aHTH/IPOHOBI ciTkM. Ko)kHa TO3MIIsT MacKyeTbesl TpH-
POIHUMH MaTepiaiamMu a00 CITKaMH.

© 3abonorurok B.1., Mapuinko H.M.

Bapro 3ragatu 60i 3a Po6orune (2023 — 2024), ne
YKpaiHCBKI CHITH OONIaIITyBany MO3MLIT st 2-3 BiChKO-
BHX i3 TpaHmresMu Ha Bifcrani 50-70 merpiB omHa Bif
onHoi. FPV-nponn He Morim ypasuTu OibIIe OHOTO —
JIBOX OIMIIB OIHOYACHO, a apTHJEpiiichKUi 00CTpin He
3HHUIIYBaB yCIO O0OPOHY. ByMIBHUIITBO TaKMX MO3HUINHA
obxoaminock y 8 — 10 pasi nemesire, Hix Tirnosuit BOIT
13 OTHJAKEM 1 TpaHIICSIMHA JUTS B3BOLY.

Ha AsniiBcekomy HampsMky (ociub 2023) menTpa-
mizoBanuit BOII OyB MOBHICTIO 3HUIICHUH TiCTIS BHSIB-
nernnst FPV-npornom. CycigHi Maiti MO3UIIT 3aIHITHINCH
HEYIIKO/DKEHUMH 3aBJISIKH KOMITAKTHOCTI, TPUPOTHOMY
MacKyBaHHIO 1 Maiiii curHatypi. BOII oGiiitoBest y
noHaj 1,5 MITH TpH, HATOMICTh PO30CEPEIHKEH] TOUKH —
120-150 Tuc. rpH, 34eOLIBIIOrO 3 BHUKOPHCTAHHIM
BOJIOHTEPCHKUX MaTepialis.

Hagecni 2024 poky Ha CiBepCbKOMY HaNpsIMKY
0yJI0 BHKOPHCTaHO 6 XHOHMX IMO3MIIN 13 MyIsDKaMH 1
JIIMOBUMH TeHepaTtopamu. [IpOTHBHUK BUTPATUB pakeTH Ta
MIHHM Ha 11l 00’€KTH, TOAI SIK peajbHi OOHOBI MOCTH 3aiH-
MIWIACS HeymKokeHUMH. OfiHa XMOHa TO3MIisS KO-
tyBana 6mu3pko 5 000 rpH, BapTiCTh BOPOXKOTO yIaapy —
JICCSITKU THCSY JI0JapiB.

JletienTpaii3oBaHi MO3MIIi HE JIUIIE ITiBUIIYIOTH
JKHUBYYiCTh, @ i 3HAYHO 3HIKYIOTh CKOHOMIYHE HaBaH-
TaXeHHs. [IpOTHBHHMK 3MYIICHHH BHTpayaTH pPeCypcH
Ha XHOHI a00 MaJIO3HAYYIII ITiTi, y TON Yac sIK CIpaBkHi
CHJIM 3allMIIAI0ThCI PyXOMUMH Ta Oe3meuHumu. lle
CTBOPIOE ACHMETPHUIHY IIepeBary, Mo ocoOIUBO iHHO B
yMoBax obmexeHux pecypcis [11].

ExOHOMIYHHMI MiAXIM TAaKOXK CIOCTEPIraeThest y
CTBOpEHHI 3amaciB 3aco0iB 1HXEHEPHOro 00JaJHAHHS
(3aBanu, MiHHI 1107151, AHTHIPOHOBI 3aCO0H) — Mastorada-
PUTHHX, JEIIeBHX, aje e(EKTUBHUX PillIeHb, SIKI MOXYTbh
OyTH IIBHMAKO 3aCTOCOBaHI Ha 3arpo3JIMBUX HAIPsIMKaX.
Takuii miaxin BUMarae 4YiTKOrO IUIAHYBaHHS, THYYKOI'O
YIIPaBJIHHS peCypcaMu i AeleHTpalTi3allii JIOTiCTHKH.

Buxopucmanms manocabapumnoi indicenepHoi mexuiku.
OOnamryBaHHs Mo3uLlii BpyuHy 3aiimae 3-4 ToIMHU
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(1BOMa BIifiCbKOBHMHM), MPU BHKOPHCTAHHI MiHi-€KCKa-
BaTtopa — 1o 45 xB. Texwnika: exckaBarop 1,5-2 T, misens-
it nBuryH 9-12 k.c., BuTpaTta mampHOro no 1 s/rog.
BUKOpPUCTOBYETHCS IUISl PUTTS YKPHUTTIB, MPOKJIAIaHHS
TpaHIIeH, IePEMIIICHHS TPYHTY.

IMporsirom sita — oceni 2023 poky Ha XepCOHIIUHI
mepe 3arpo30l0 MPOPHUBY dUepe3 PIdKOBiI IeperpaBH
Oymo 3a3majerigb BUTOTOBJICHO KiJbKa THCSY IIHIIO-
BaHHUX METAJICBMX KOHCTPYKIiH (MiHi-1akiB) i 30epira-
JUCSl B YKPUTHX aHTapax 3a 3-5 kM Big ¢ponry. ITig uac
cnpo0 Bopora (opcyBaTHCh — IHXKEHEPHI MiAPO3AiiIH
po3ropTany Meperikoan 3a 2-3 TOAWHH, IO ITOBHICTIO
OJIOKYBaJIO TIepecyBaHHs MPOTUBHHUKA KBaPOIMKIAMH.
BomHouac Oyiu i roToBJIeHi MacKyBajbHi CITKH, HITOPH,
(anpIIuBI MO3HIIIT, sIKI TO3BOJISUTH IMITYBaTH 00OPOHY B
OJIHMX MICIIX 1 MPUXOBYBATH PEabHI TpaHIIE B 1HIIMX.
Bapricte omHOro MiHi-ikaka KomITyBajla He OuIbIIe
500 rpH, TOm SIK BiJHOBJICHHS TO3MII MCIs HPOPUBY
KOIIITYBaJIO O JCCATKH THCSY TPHUBCHH 1 3arpOXKyBajio
BTpataM. CkJiagyBaHHS i MOOLTbHE POSTOpTaHHS 3aco0iB
JTO3BOJISIO EKOHOMUTH Yac, MaTepiaid i HalmiHHITIe —
JKUTTSI 0COOOBOTO CKIIa Y.

B3umky 2023-2024 pokiB y TamOuHI 000pOHH
Oynmi TiATOTOBNCHI CKJIaaeHi nepeB’sHi ONOKH, IO
MOIJIM IIBUIIKO MEPETBOPIOBATUCS Ha 3arOPODKEHHS B
pasi mpopuBy. [Ipu cnpobi o0xomy MHO3HWIIH TPOTHUB-
HUKOM IHDKEHEpHI MiIPO3IiI po3ropTand OapuKaH,
¢dyracu Ta 3aBajM Ha MIArOTOBJICHUX AITSIHKAX MEHIIIE,
HIK 3a 100y. 3aBISIKM 3amacaM — peakllisi Ha 3arpo3y
Oyna omepaTuBHOIO, 0e3 MOTpedM y HOBUX pecypcax.
[NonepenHpo CKIIafieH] 3aBajid BUTOTOBISUINCE Y TUITY 32
BapTICTIO B 2-3 pa3u HMKYOKO, HIXK Yy 30HI OOHOBHUX .
YHUKHEHHsSI BTpaT Ha (uaHrax M03BOJWIO 30epertu 2
OataypiioHHI paiioHM 00OpoHHM Oe3 KomHOro 0o —
MPOTHBHUK CaM Bi/IiHIIOB, HOTPANMUBILH ITi yAap.

Ha XapkiBumni y paiioni Bamakmii (2022-2023)
YKpaiHChKi 1H)KEHEpH CTBOPHIIM MOOLIBHI CKJIamy MiH i
BUOYXOBUX NPHCTPOiB Ha 0a3i MOKMHYTHX arporii-
NpUEMCTB. Y pasi 3arpo3u MpopHBY — IMO3MILIT J03aMi-
HOBYBAJINCS NPOTATOM 6 ronuH Oe3 moTpebu y meHrpa-
Ji30BaHMX TocTaBKax. lle 3a0e3medyBano THYUKICTB i
Herepen0avyBaHiCTh ISl BOpOra — IIOAHS PEeNbed Mir
OyTH 3aHOBO 3aMiHOBAaHHH, MO JO3BONWIO 30epertu
Mminu 1ie 3 2022 poky Ta 3HUMUTH 4 OJUHHUII TEXHIKA
Bopora Ha “Oe3rmedHnx” AiITHKaX.

OTxe, TEXHIYHA PEBOMIOLIS HAa (POHTI HE MPOCTO
3MIHIOE 00JIMYYSl BIFIHU — BOHA 3MIHIOE CaMy €KOHOMIKY
BiliHK. Temnep BUrpae He TOH, XTO Mae OiJIbIIe PeCypciB,
a TOW, XTO BMie iX Halie()eKTUBHIILIE 3aCTOCYBATH.
VYkpaiHa CbOrofiHi JEMOHCTPYE MPHUKIAJ caMe TaKoro
e(peKTHBHOr0, IHHOBAI[MHOrO MiAXOAY IO BOEHHOIO
OrO/KETY 1 pecypcHOTrO MeHeKMEHTY [11].

CuHTe3: cyyacHa BiiiHa sIK MizKrajy3eBe siBUIIE

CydacHa BiiiHa B YKpaiHi cTaia nNpuKiagoM oesmpe-
E/IEHTHOTO ITUTTS TPhOX KITFOYOBHX C(hep — TEXHOJIOTIHHOI,
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ICTOpUYHOI Ta EKOHOMIYHOI. YHIKAJBHICTh IIi€l BiHH
TIOJISTa€ B TOMY, 1110 BOHA CTANa MOJITOHOM HE TUIBKH s
TIepeBipKM HOBMX BHIIB 030pOEHHS, a W i ampoOarii
HOBHX KOHIIENIIIH 000poHN i ympaBiiHHS pecypcamu. Came
IIs1 MDKTATy3€eBiCTh 1 BI3HAYa€ HOBY MapagurMy OOHOBHX
bisiz8

3 TEXHIYHOI TOYKH 30pYy, MH CIIOCTEPIraeMo 3Jam
enox: mosiBa FPV-OpoHiB, aBTOHOMHHX POiB i CHCTEM
KepyBaHHI OOMOBUMHM MAIIMHAMH 3 €JIEMEHTaMH
MITY4HOTO IHTENEKTY 3MIHIOE PO3yMIHHSI MEpeBard Ha
noni 6oto. [luTaHHs He JMIIE B TOMY, XTO Ma€ Kpalry
30pol0, a B TOMY, XTO IIBHAIIE aJanTYeThCS IO ii
3acTocyBanHs [12].

[cTopuuHmii JOCBiA Bifirpae pojipb He sIK apxaika, a
K KOHTEKCT — BiH BKa3ye Ha MapHICTh IMIa0JIOHHOTO
mucieHHs. CnpoOW BIATBOPUTH PAJSIHCBKY MOJENb
000pOHM BUSIBIIHCS Hee(EKTHBHUMH B YMOBaxX HOBOTO
TEXHIYHOTO cepenoBuIna. Lle CrioHyKaao 10 CTBOpEHHs
HOBUX MIiJXOMIiB — KOMIIAKTHUX, THYYKHX, MOOLIBHHUX,
AKi TIOEMHYIOTh TPAJMLIHHY JIOTIKY eIeIOHOBaHOI
00OpOHM 13 CYYacHOIO 3/aTHICTIO 1O MaHeBpy 1
MIBUJKOI IepeOymaoBH.

EKxOHOMIYHMI BUMIp CTaB KPUTHYHO BaXIIUBHM: 32
00MEeXEHHX pecypciB YKpaiHa 3MOria CTBOPUTH CHCTE-
My 000OpoHH, sKa € ehEeKTUBHOI, HEJIOPOTo 1 TEXHO-
JOriYHO TpocyHyTol. Lle pe3ynbpraT mpaBHIBHO Opra-
Hi30BaHOTO MEHEIKMEHTY PECypcCiB, BUACHUX 1HBECTH-
1[ii1 y HOBITHI TEXHOJIOTI Ta PO3BUTKY FOPH30HTAIbLHUX
MepeK B3a€EMOJIT MiX apMi€to, Oi3HECOM 1 TpOMaisH-
CbKHM CYCIILJIBCTBOM.

TakuMm 4MHOM, CydacHa BiliHa — 1€ HE JIMIIE 3iTK-
HeHHs apMii. Ile B3aemomis CHCTEM: TEXHOJOTIYHHX,
COLliaJIbHUX, CKOHOMIYHHMX 1 KYJIBTYPHHUX. | 31aTHICTH
TIOE/THATH 11l CUCTEMHU B €IMHHI €(EeKTUBHHUI MEXaHi3M —
TOJIOBHMI BHMKIIMK 1 TOJIOBHA IiepeBara JUisl KpaiHu, sKa
GopeThbes He JHIIe 3a TEPUTOPIIo, a i 3a MallOyTHE.

[lepcriekTHBHUMY HanpsiMaMH BBaXaroThCS: BJIOC-
KOHAQJICHHSI CHCTEM DPaJi0eJIeKTPOHHOI OOpOTHOM NpOTH
FPV-npoHiB; 3HIWKEHHS BAPTOCTI aKyMYJISITOPIB 1 KOMII-
JIEKTYIOUHX; CTBOPEHHS MOIYJIBHUX OOOPOHHMX ITO3H-
LI}, IO JIETKO BiJHOBIIOIOTHCS MicCIst 0OCTPIIiB.

BucnoBku

Biitna XXI cTomitrss — e He MPOCTO EBONIOLIA
30poi, me TpaHcopmarist camoi cyTi OoHoBHX [iif.
YkpalHCBKHI JAOCBiA CBIOUUTH, IO YCHIX Y CydacHOMY
MPOTUCTOSHHI 3aJIKUTh BiJ 3IATHOCTI THYYKO aJarnTy-
BaTUCS 110 HOBHX YMOB. TEXHOJIOTIYHHX, €KOHOMIYHUX
Ta opranizaniiinux. FPV-mponu cramu cumBosioM Iiei
3MiHH, TPOAEMOHCTPYBABIIH, SIK HEBEJIMKUN TEXHIYHHUN
3acid 3maTeH 3MIHUTH XiJi BOEHHOI omepallii, 3HU3UTH
3aJIOKHICTh BiJl KIACHYHHMX 3aco0iB  ypa)KeHHS Ta
3a0e3MmeunTy TiepeBary HaBiTh y pa3i HecTadi pecypcis.

IcropudHuil JOCBIZ, XOY i BaXIUBHUM, OUIbIINC HE
Moke Oyrm mabioHoM. Bin mortpeOye mocriliHOrO
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TIEPEOCMUCIIeH s 1 ajanTarii 10 HOBUX peajid. YMOBHO-
PaISHCBKI TIXOMM 10 MOOYZOBH OOOPOHM BUSIBIIIHCS
Bpa3JIMBUMHM Yy HOBIH TexHiuHIH mapamurmi. HaromicTs
JICTICHTPANTI30BaHl TO3MII], THy4YKa IFKEHEpHa CTPYKTypa
Ta TIOEAHAHHS TAKTHKH 3 IHHOBAIISMH 3a0€31IEUHITH BUTILY
e(peKTHBHICTh 00OPOHHUX IIii.

Exonomiunmii BuMip i€l BiHH TMiAKa3ye, IO
TEXHOJNOT1] MOXYTh OyTH HE JHIIE JOPOKYNMH, a i
3HAYHO EKOHOMHIIIMMH Y JIOBTOCTPOKOBIH MEPCIIEKTHUBI.
EdexrrBHE BHUKOPHCTaHHS PECypCiB, 3/ATHICTh IIBHIKO
O3ropTaTH HOBI PIllICHHS Ta MiATPUMKA 3 OOKY CYCILIBCTBA
CTarOTh KITFOYOBHMH YHHHUKAMH 000POHO3IaTHOCTI.

[pencraBnenuii ananiz BukopucranHs FPV-npo-
HIB JOBOJHUTH CBOIO CKOHOMIYHY JOIUIBHICTh: BapTICTh
ypaKeHHsI TOYKOBOI I[iJIi 32 JOIIOMOT'OI0 TaKoro 3aco0y
y nmoHax 50 pa3iB HWK4Ya, HIK TPOBEICHHS apTHiIE-
piticekoro ynapy. Ile cBimuuts npo hopMyBaHHS HOBOI
MOJICNI CIHIBBiTHOIIEHHS “‘e()eKTUBHICTh — BAPTICT Y
CydJacHiif BiiHi. 3acTOCyBaHHS MaJIIX MOOUIBHUX 1HXKe-
HEpHUX pilleHb 3a0e3levye CyTTEBE IiJBUILEHHS OIle-
PaTHBHOCTI PO3ropTaHHs 00OpoHHMX mo3umiil. [IpaxTnymi
PO3paxyHKH TOKa3ylOTb CKOPOYEHHS dYacy Ha OOiamTy-
BaHHA ykpirieHb Ha 40-60%, mo mpsMo BIUIBaE Ha
BIDKMBAHHS OCOOOBOTO CKIIAAy Ta 30€peKEHHS PEecypcCiB.
[Noemnanns FPV-npoHiB i3 MOOUTEHUME iH)KEHEPHUMH
3aco0aMM CTBOPIOE SIKICHO HOBY MOJENb OOOPOHH, sKa
MOEAHYE BHCOKY MOOITBHICTB, THYYKICTH Ta EKOHO-
MidHy eekTuBHICTh. Taka iHTerparlisi CTa€ BU3HAYAIIb-
HUM YHHHUKOM Yy TpaHcdopmarii TakTHKU CydacHHX
00if0BHX il B yMOBaX 0OMEKEHHX PECYPCIB.

OTxe, cydacHa BiliHa — 1l OaraTOBHMipHE SIBUILE.
BoHa BHMMarae MDKIUCIMIUTIHAPHOTO IIIXOAY, SKHI
MOEJTHYE 1CTOPIiIO, IHXKEHEPio, €KOHOMIKY Ta HOBITHI
TexHonorii. | came Ha 1IbOMY TEepeTHHI HapOIKYEThCS
cTpaTeriss MalOyTHBOTO, 3/1aTHA 3a0C3MCYUTH HE JIUIIIE
BIDKMBaHH, a i mepeMory y HalCKJIaIHIINX YMOBaXx.
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SMALL MACHINES OF A GREAT WAR: THE TECHNICAL REVOLUTION OF FPV-DRONES AND THE
TRANSFORMATION OF DEFENSIVE TACTICS IN RESOURCE-LIMITED CONDITIONS

Volodymyr Zabolotniuk, Natalia Martsinko

This article examines the technological, economic, and historical transformation of defensive tactics within the context of
hybrid warfare, with particular reference to the case of Russia’s full-scale aggression against Ukraine between 2022 and 2024.
The authors undertake an interdisciplinary analysis of the implementation of FPV-drones as an instrument of precision strikes
and combat reconnaissance, highlighting their transformative impact on the operational logic of positional engineering. Specifications
of X220-X250 series drones are presented, with particular attention given to their component base, controllability, accuracy, and
combat payload. A comparative analysis is conducted between FPV drones and high-precision artillery systems (Excalibur 155 mm)
with regard to cost-efficiency, operational range, targeting accuracy, and tactical flexibility in combat conditions.

The economic dimension of the study includes a comparative analysis of expenditure related to FPV drone deployment,
classic artillery systems, fortifications, and engineering support for positions. Examples of significant cost/effectiveness ratios in
combat operations are provided, notably within the framework of the “Spiderweb” operation and defense scenarios in
Zaporizhzhia, Avdiivka, and Kherson sectors. The advantages of decentralized positions, such as the “squad-level position,” are
demonstrated, along with the impact of dispersion on reducing losses from FPV drones and artillery fire.

The historical analysis traces the gradual shift away from the Soviet model of fortified areas and platoon strong points in
favor of flexible, concealed, and cost-effective engineering solutions. Transformations in defensive engineering support are
considered a reaction to the technical challenges of the modern battlefield. The study draws on open-source technical materials,
field reports, expert analyses, and systematized empirical data from combat operations in eastern and southern Ukraine.

Keywords: FPV-drones, fortified areas, assault operations, small tactical groups, fortification, PSP, squad positions,
camouflage, mining, kill-zone, maneuver, decentralized defensive positions, hybrid warfare.
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IMPROVED TECHNIQUE FOR IMPLEMENTING
CONDITION-BASED MAINTENANCE OF RADIO ELECTRONIC EQUIPMENT

The object of the study is the process of technical maintenance of radio electronic equipment (REE) to reduce
labor costs by the minimum required number of parameter measurements in a certain sequence while ensuring a
given probability of assessing the technical condition of the REE. The purpose of the study is to improve the
technique of implementing maintenance by eliminating the shortcomings of existing techniques: excessive
expenditure of forces and resources, lack of consideration of the impact of metrological support on the time of work
and assessment of the real technical condition of the REE. The article proposes improving the technique of technical
maintenance by forming a sequence of parameter verification taking into account the metrological characteristics of
measuring equipment with a quantitative assessment of the complex indicator of the preferred choice of each REE
parameter. The structure of the technique implementation is proposed, a flowchart of its practical use using the
initial data depending on the specific operating conditions of the REE. An example of applying the technique is
considered, which showed that in some cases there is an increase in the probability of correct assessment of the
technical condition of the REE: after maintenance up to 33%; when increasing the number of elements being
checked by more than 7% after using the same number of parameter measurements with the prototype. The
functional dependences of the relative number of elements of the REE being checked and the probability of correct
assessment of the technical condition for existing techniques of implementing maintenance on the number of
parameters checked were investigated.

The scientific novelty of the technique lies in the exclusion of the subjective factor in determining the order of
parameter checking, which, taking into account the quality of metrological and diagnostic support, increases the
objectivity of assessing the probability of the real technical condition of the REE after performing the parameter
value check. The effect of using the method is achieved by a new approach to ranking the REE parameters for
checking their values, taking into account the impact on the quality of the object's functioning, the reliability of the
set of elements that affect the parameter value, the time for quantitative assessment of its value and the required
recovery time in case of deviation from the norm.

The results obtained are advisable to use in promising hardware technical support of modern REE in field
conditions to increase the efficiency of their technical maintenance by condition.
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Introduction

High-quality maintenance is a prerequisite for
maintaining the permanent readiness of the radio-
electronic equipment (REE) of weapons and military
equipment, including military communications systems.
In field conditions, during combat operations, as a rule,
there is a shortage of forces, means, and time, and
consequently, there is a critical need to minimize the
number of measurements of parameter values and the
sequence of their execution to establish the real
technical condition of the REE with an acceptable
probability. Most of the available techniques perfectly
fit the civilian needs for quite a long time without any
indication of the need for improvement, but show
numerous disadvantages in application to military
REEs. Progress can be achieved with an account for
modern achievements in the theory of metrology,
technical diagnostics, and maintenance. To fit the
quality of functioning of military REEs to modern
requirements, additional studies are demanded. The very
such research on the problem of condition-based
technical maintenance of military REEs was conducted
by the team of authors, and the results are presented in
the present paper.

State of the art of the problem

Maintenance is a set of operations to maintain the
serviceability or operability of products during their
technical operation. The quality indicators of the main-
tenance system are duration, complexity, cost, and volume
(nomenclature of operations, duration of their execution, and
necessary labor, material, and financial costs) [1].

Maintenance is an integral part of operation and
includes: regulation, adjustment, verification of completeness,
control of technical condition, and verification of
compliance of parameters with technical conditions and
other operations. During operation, the following types of
maintenance are established [2]:

time-based: carried out within the established time
frames, taking into account operating conditions, regardless
of the operating time;

usage-based: carried out according to the specified
operating time, taking into account operating conditions;

preventive (combined): refers to maintenance for
products whose malfunctions and failures occur as a result of
aging and wear.

A system of principles for organizing and conducting
maintenance is called the maintenance strategy [3].

Depending on the availability of information about
the technical condition of the REE, the main
maintenance strategies are distinguished [4]:

by operating hours: a single volume and frequency
of work regardless of the actual need for them for each
specific REE;

by condition (condition-based): the list and
frequency of maintenance operations is determined by
the actual technical condition of the REE.

The comparative characteristics of the types of
maintenance are summarized in Table 1, with the
advantages of using condition-based maintenance being
highlighted.

However, available techniques for implementing
this type of maintenance suffer disadvantages [5-7]:

Table 1
Comparative characteristics of types of maintenance

Type of technical

. Advantages
maintenance

Disadvantages

Overspending of
effort and
resources

Time-based Easy to schedule

Saving effort

hard to schedul
and resources ard to schedule

Usage-based

Easy to .
Combined schedule, cost Variable labor
i costs
reduction
Easy to
schedule,

Variable labor
costs

minimum effort
and resources
without loss of
quality

Condition-based

evaluation of the probability of the established
technical condition of the REE based on the relative part
of the tested REE segments without taking into account
the quality of metrological support;

subjective assessment of the impact of individual
parameters on the quality of REE operation;

accounting the use of a single measuring
instrument when assessing REE parameters;

evaluation of the relative reliability of REE subsystems
based on approximate reliability calculations;

failure to account for the number of uses of each
measuring instrument when checking REE parameter
values.

The presence of a subjective factor and the need to
control the indicators of a set of measuring instruments
during maintenance of large-sized objects leads to an
erroneous assessment of their real technical condition
and, as aresult, to possible man-made disasters [8, 9].

Some features of the implementation of technical
maintenance are also considered in available publications:

control of the technical condition of radio-electronic
systems with redundancy [10];

technical maintenance of telecommunication and
radio-electronic systems based on the results of forecasting
their technical condition [11];

analysis of  possible approaches to the
implementation of technical maintenance of energy
industry equipment by condition [12];

optimization of parameters of technical
maintenance strategies by condition with a constant
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monitoring frequency (according to the time-based
(calendar) principle) [13];

analysis of the effectiveness of current procedures
for assessing the technical condition of aviation radio
equipment [14].

The purpose of the paper is to improve the
technique of implementing technical maintenance by
eliminating the identified defects.

Results and discussion

The essence of technical condition-based
maintenance is periodic monitoring of the values of the
REF parameters, with the performance of work
depending on the results of instrumental testing: if
necessary, bringing the parameter values to the norm.

When using technical maintenance of products in
field conditions, it is necessary to first check the REE
subsystems that form the most important indicators of
the quality of its functioning, are the least reliable,
require minimal time to check the parameters and bring
them to the norm, since the time for performing the
work is limited and, depending on the maintenance
conditions, can end at any time.

The scheme of implementation of the improved
technique is shown in Fig. 1, where its purpose and the
essence of the improvement are defined together with
limitations and assumptions that correspond to real
conditions of technical maintenance.

Output data:
information on the
number of REF

Mathematical base: probability theory, metrology,
and reliability theory of large systems.

Result: rational
sequence of checking
parameters during

elements that affect
parameter values, the
number of parameters,

@

maintenance of REE
by condition,
assessment of average

statistical data on
failures, time indicators
of verification, and
recovery.

-

The method is designed to form a sequence of
parameter checks. The essence of improving
the method is accounting for the impact of
metrological support on the quality of technical
maintenance, estimating the time of work
execution, and the probability of correctly
assessing the technical condition of the REE.

time of work
completion and
probability of correct
assessment of REE
technical condition.

-

i)

i)

Restrictions: the possibility of autonomously
checking the parameters of the REF, repair using
the aggregate method, selection of measuring
equipment from the list of permitted ones,
performance of work by the crew.

Assumptions: accounting for failures of the REE caused
by exceeding the individual parameters their permissible
limits, the possibility of taking into account the
metrological reliability of measuring equipment, the
possibility of terminating work at any stage, the
qualifications of the crew correspond to the position.

Fig. 1. Scheme of implementation of an improved technique of implementing condition-based technical maintenance
of radio electronic equipment in field and stationary conditions

The technique presented in [5-7] is considered as a
prototype.

Mathematical base of the technique.

The probability of failure of the REF due to the
parameter value exceeding the permissible limits in the
prototype is determined from an approximate calculation
of the reliability of the sets of elements that affect the
formation of the parameter. However in reality, depending
on the operating conditions, this value varies within quite
wide limits and is not an objective assessment. Therefore,
it is proposed to determine this characteristic based on the
results of experimental or controlled operation of REE
samples as the ratio of the number of REE failures due

to the parameteri = 1,K exceeding the permissible
limits Q; to the total number of failures for this period of
operation Q:

9i=4:0= 20
where K is the number of REF parameters that affect its
operation.

This indicator is more objective and fully
corresponds to real operating conditions.

The significance of the parameter's influence on
the quality indicators of the REE's work y; in the
prototype is determined by an expert survey of
specialists, which is subjective in nature and depends on
the qualifications of the experts. Therefore, when
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improving the technique, it is proposed to define this
indicator as the relative part of the REE that affects the
formation of the parameter i = 1,K:

K
vi = Li/L; L:ZLi;
i=1

where L; is the number of elements influencing the i-th
parameter; L is the total number of elements in the REE
elements.

The relative time cost (consumption) for performing
the checking of parameter i = 1,K in the prototype does
not account for the metrological reliability of measuring
equipment (P;;) and the probability of correct assessment of
the verification results (p;), thus, to take into account
the quality of metrological support, it is proposed to
apply the indicator:

K
t; t;

m; m; 1
Hi:l piPBi j=1 H]:jl p] P3]
where t; is the time for checking without taking into
account the quality of metrological support; m; is the
number of measuring instruments for estimating the
value of the parameter i = 1,K .

T; =

The relative labor costs for bringing the value of
the parameter i = 1, K to the norm are determined as in
the prototype:

by
fl Z:ﬁ'(=1 trj ,
where t,; time of restoration of REF performance after
failure of parameter i = 1, K, depends on the quality of
diagnostic support. Since the required number of checks
according to the diagnostic program is unknown in
advance, the value of this indicator should be specified
for each specific case.

The metrological reliability of measuring instruments
in the prototype was calculated separately, and thus it is
proposed to calculate its value for all measuring
instruments, since its value is taken into account when
calculating ;. In this case, the complex indicator of the
choice of parameter i = 1, K takes the form:

u = Yigi
it

Obtained analytical expressions are summarized in
Table 2.

Table 2
Comparison of the prototype and technique
Parameter Prototype Technique
Probability of REE K
failure due to the p = Zi _Q Z
parameter exceeding the oYLz 9= 0= ' Qi
permissible limits =1
ianifi K
The significance 01_‘ the Expert survey of _L Relative part of the REE
impact on the quality specialists Vi vi=1 affecting the parameter i
indicators of REE P =1 L gthep
Relative time cost to t; ¢ K £,
perform the check of ks T = — / Z T
the i parameter =1 iy PiPoid 1Ty Py P
Relative labor costs for t . t.
i . 3 _ i _ i
bringing parameter i to fi= SF ¢ fi= SK 1
the norm j=177j j=1lrj
Metrological reliability i K
of measuring pP;= nP3j Pyg = nP3i
instruments =1 =1
Complex indicator of P..v.P g
the selection of the i ;= A u; = fy
parameter Tifi it
The value of u; is dimensionless and varies greatly K t.
for various REE parameters. For this reason, to rank Ty = ——+ t:0: |-
D ; 1™ p,P,;
parameters, it is advisable to use, as above, the = =1 P55

probability of the preferred choice:

K

ot 'ZU —1
j=1 T

i=1

Ui:

In addition, in contrast to the prototype, it is
proposed to quantitatively assess the time for
performing condition-based maintenance, taking into
account the possibility of individual parameter values
exceeding the permissible limits:

It is also proposed to assess the probability of the
technical condition of the REE after maintenance not by
the relative part of the tested REE, but actually taking
into account the quality of metrological support, that is,
the probability of a correct assessment of the result of
measuring the value of the parameter by means of
measuring equipment:

K m;
Py :HPi; P, :Hpj-
i=1 j=1
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Thus, the improved technique allows for a more
objective assessment of the quality of condition-based
maintenance and to perform ranking of the order of
parameter checking.

The formalization of the implementation of the
improved technique for implementing condition-based
maintenance of modern REE in the form of a flowchart
of the algorithm is shown in Fig. 2, where T, is the
allowable time for technical maintenance, B, is the
allowable probability of a correct assessment of the
technical condition of RES.

( Beginning

R(U; 2 Uyy)

22
R{'TM'P_\Ival =

23

replacement (
Poti tri, Py

End )

Fig. 2. Flow-chart of the algorithm for implementing an
improved technique for implementing condition-based
maintenance of radio-electronic equipment

Initial data are obtained from the analysis of the REE
schemes, the results of its experimental or controlled

operation, metrological and diagnostic support for technical
maintenance, and the qualifications of specialists.

If the estimated time of maintenance T,, exceeds
the permissible value T,, or the estimated probability of
assessing the technical condition of the RES P,, is lower
than the permissible value P, then it is necessary to replace
the measuring equipment (increasing p; and P,;) or improve
the qualifications of the performers (decreasing t; and t,.;).

Let us consider an example of using the proposed
technique in comparison with the prototype [7], the
results of which are summarized in Table 3. With the
same initial data, the results of ranking the REE
parameters according to the proposed technique are
summarized in Table 4, which significantly differ from
the prototype.

Fig. 3 shows the dependence of the relative part of
the tested elements of the REE on the rank of the
parameter with 1 corresponding to the prototype and 2
to the proposed technique.

18 LR,)/L
09
0.8
0,7
0.6
0.5
04
0.3
0,2
0,1

0

(]

RI

1 2 3 4 5§ 6 7 8 9 10 11

Fig. 3. Dependences of the relative part of the tested
elements of the REE on the rank of the parameters
(1 - prototype, 2 — proposed technique)

Analysis of data shown in Fig. 3 indicates that
with the proposed technique the relative number of
checked elements increases on average on 7.4% at the
same number of measurements of the REE parameters.

With an increase in the number of parameter
measurements, the probability of an error in evaluating
the results also increases, which leads to a decrease in
the probability of a correct assessment of the technical
condition of the REE as a whole (Fig. 4), while
compared to the prototype (dependence 1), with the
proposed technique the value of P,, increases by 33%
when analog measuring instruments (dependence 2).

Table 3
Results of parameter ranking according to the prototype technique
Z;-107°, 5
i L; i Py t; Ly hour™ T; fi u; U;-10%% | R;
1 80 0,942 0,85 15 10 4 0,0811 0,0221 1229 0,765 9
2 120 0,931 0,88 15 12 4 0,0811 0,02652 2492 1,551 8
3 370 0,910 0,81 20 15 10 0,0108 0,03315 | 68907 42,899 1
4 410 0,988 0,79 20 20 10 0,0108 0,0442 41993 26,144 2
5 350 0,945 0,91 10 11 6 0,0054 0,0243 7039 4,401 6
6 430 0,956 0,88 10 8 7 0,0054 0,0177 9336 5,812 4
7 330 0,912 0,93 10 16 6 0,0054 0,0353 7411 4,614 5
8 110 0,980 0,95 30 25 25 0,01621 | 0,05525 5386 3,350 7
9 70 0,982 0,89 15 22 4 0,0081 0,04862 786 0,490 11
10 510 0,901 0,87 15 18 4 0,0081 0,03978 1095 0,682 10
11 360 0,985 0,88 25 24 20 0,01351 | 0,05304 | 14955 9,311 3
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Table 4
Results of parameter ranking according to the proposed technique

i gi y; - 102 7; 102 u; U;-10%,% R; L(R;)/L Py

1 0,04 2,55 8,42 0,220 1,70 10 0,978 0,565

2 0,04 3,82 8,23 0,281 2,20 9 0,888 0,600

3 0,10 11,78 12,19 1,164 9,10 5 0,586 0,740

4 0,10 13,06 11,52 1,031 8,00 6 0,653 0,730

5 0,06 11,15 5,23 2,097 16,30 2 0,248 0,903

6 0,07 13,69 5,34 4,078 31,80 1 0,137 0,956

7 0,06 10,50 5,30 1,351 10,50 3 0,353 0,824

8 0,25 3,50 14,48 0,438 3,40 8 0,850 0,644

9 0,04 2,23 7,71 0,096 0,75 11 1,000 0,555

10 0,04 16,24 8,60 0,763 5,90 7 0,815 0,657

11 0,20 11,48 12,98 1,310 10,30 4 0,468 0,811

Conclusions
A Pro

1 B, T The scientific novelty of the technique lies in
021 L S g assessing the probability of the preferred choice of the REE
%8 '3 T parameter, taking into account the quality of metrological
0,7 N 2 : - : - S0
08 " — and dlagnpstlc support while exclgdlng the sub_Jectlve
0.5 — factor that influences this process. This allows for using the
0.4 . , obtained results in perspective hardware technical support
0.3 P~ of modern REE applying information technologies to
0.2 increase the efficiency of maintenance by condition.
0.1 . The effect of using the developed technique is

0 achieved by a new approach to ranking REE parameters to

1 2 3 4 5 6 7 8§ 9 10 11

Fig. 4. Dependences of the probability of correct assessment of
the technical condition of the REE on the number of checked
parameters for the prototype (1)
and proposed technique with analog (2)
and digital (3) measuring instruments

However, when employing modern digital measuring
instruments with p; > 0.9993 [15] of a mobile measuring
instrument laboratory of 2017 release according to TU 34.1 —
01354485 — 018:2016, which is fully equipped with digital
measuring instruments produced in both Ukraine and the
USA, at the same conditions the corresponding value
increases to P,, = 0.9923 (dependence 3, Fig. 4).

In the considered example, the estimated time for
measuring the values of K = 11 parameters is 3.7 hours,
and the predicted time for bringing the parameter values
to the norm is 0.25 hours, i.e., the total time for
performing technical maintenance according to the
condition T, =4 hours. At the same time, the
metrological reliability of measuring equipment (ME)
P,,z=0,748. The latter is the probability of all measuring
equipment for technical maintenance of the facility will
be operational within a year (inter-verification period).

Therefore, the proposed technique increases the
checked part of the inspected object, when the
parameter values are checked in the certain established
sequence. The latter is important for field conditions,
when the inspection process can be interrupted at any
time. In addition, the technique enhances the probability
of correct assessment of the technical condition of the
REE (at least by 33% in the example under consideration).

check their values in extreme field conditions, namely:
with limited time for performing work, when the first-
checked parameters that reflect the most important
indicators of the quality of the object's functioning are the
least reliable, require minimal time for checking and
restoring if necessary. As a result, the technique allows for
increasing the probability of correct assessment of the
technical condition of REE

Compared to checking subsets of REE elements in
order of decreasing their power, the proposed technique
increases the average probability of a correct technical
condition assessment by 33%.

The research results are depicted in the form of a
flow-chart of an algorithm that can be implemented based
on electronic computers with promising hardware technical
support.

We believe that further research directed towards the
introduction of information technology techniques into the
process of technical diagnostics of modern digital
information processing REE will be in great demand.
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YIOCKOHAJIEHUI METO/] BHPOBAIX)KEHHSA TEXHIYHOI'O OBCJIYTOBYBAHHS 3A CTAHOM
PAJIOEJTEKTPOHHUX 3ACOBIB

JLM. CaxoBuy, €.B. Piwxos, I'.5l. Kpuxoseupkuii, C.M. Cemexa, S.E. Kypsara

06 ’exmom 00CTiONCEHHsL € NPoYec MEXHIUHO20 0OCIY208Y8aHHsL 3 CManoM padioenekmponux 3acobie (PE3) onst ckopouenns
npayesumpam 3a paxyHok MiHIMAIbHO HeOOXIOHOI KITbKOCHE GUMIPIOSAHb NApamMempie y U3HAYeHIll NOCTIO0BHOCHI npu 3a0e3nedeHi
3a0anoi umosipnocmi  oyiniogants mexuiunoeo cmary PE3. Memoto Oocniodicentss € YOOCKOHaneHHsi Memooy 6npoeaoddicenisl
MEXHIYHO20 0OCIY208Y8AHHS 34 CMAHOM YCYHEHHSM HeOOJIKI@ ICHYIouUX Memooig. nepesumpamu Cui i 3acobig, iocymHicmo
BDAXYBAHHSL BNTIUBY MEMPOIOIYHO0 3a0e3NneUeHHs HA Yac 6UKOHAHHS POOIM i OYIHIOBAHHS PeabHo20 mexHiuHoeo cmary PE3.

B cmammi nponowyemucsa yoockonanenns memooy mexHiyHo20 00CIY208Y8aAHHA 34 CMAHOM (OPMYBAHHAM NOCTIO0BHOCHIE
nepegipKu napamempie 3 6paxy8aHHsIM MEmpONOSIYHUX XAPAKMEPUCUK 3ac00i8 BUMIPIOBAIbHOI MEXHIKU 13 KLIbKICHOW OYIHKOIO
KOMNJIEKCHO20 NOKAZHUKA NEPeBadCHO20 8ubopy Kodicnozo napamempa PE3. 3anpononoeano cmpykmypy peanizayii memooy, 610k-
cxema 1020 NPAKMUYHO20 SUKOPUCHIAHHS 13 3ACMOCYBAHHAM BUXIOHUX OGHUX 3GNENHCHO 8i0 KOMKpemHux ymos exchiyamayii PE3.
Po3zananymo npuknao 6UKOpucmants Memooy, KUl HoKa3ae, Wo 6 OKpeMux 6UNdaoKax Mae Micye ni0sUtyeH s UMOBIPHOCHI NPaSUIbHOL
oyinku mexuiunoeo cmany PE3: nicis o6cnyeosyeanns 0o 33%; npu 30i1buenHi KITbKOCmi eleMeHmis, ujo nepegipsiromcsi, oinvuie 1%
NiC/I51 BUKOPUCIAHHSL OOHAKOBOL KITKOCHIE BUMIPIOBAHb NAPAMEMPIE 13 NPOMOMUNOM.
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Jocnidoceno @ynkyionanvHi 3anexicnocmi 8i0HOCHOT Kinvkocmi enemenmie PE3, wo nepegipstomves ma tiMogipHocmi
NPABUNILHOZO OYIHIOBAHH MEXHIUHO20 CMAHY Ol ICHYIOUUX MemoOi8 peanizayii mexHiuHo2o 00CIy208y8aHHs 8I0 KilbKOCMI
nepesipenux napamempis.

Haykosa HosusHa memody nonszac y GUKMOYEHHI Cy0 €KMueHo2o hakmopa npu 6UsHaAuenHi NOpsOKY NepesipKu
napamempie, wo i3 6PAXYBAHHAM SAKOCMI MemponociyHo20 i OiaeHOCMUYHO20 3abe3nedeHHs: NiOBUWYE 00 €EKMUBHICMb
OYIHIOBAHHSL LIMOBIPHOCII peanbHo2o mexHiuno2o cmany PE3 nicisi euxonanns nepesipku 3nauenv napamempie. Epexm 6io
3aCMOCYBanHs Memoody O00CA2AEMbCA HOBUM NIOX000M 00 paHxcysanus napamempie PE3 0ns nepesipku ix 3nauens i3
BDAXYBAHHSAM GNAUBY HA SIKICMb (DYHKYIOHYSaHHS 00 €kma, HAOIHOCMI CYKYNHOCHI eleMeHMI8, sKi 6NIUGaiomb HA 3HAYEHHS
napamempa, 4acy KinbKicHOI OYiHKU 11020 3HAYEeHHsL | HeOOXIOHO020 Yacy GIOHOGIIeHHsL NPU GIOXUTIEHHI GI0 HOPMU.

Ompumani pesyromamu OOYIILHO GUKOPUCTNOBYBAMU 8 NEPCNEKMUBHUX ANAPAMHUX MEXHIYHO20 3a0e3NeYeHHs CYUaCHUX
PE3 6 nonvosux ymosax 0 niouweHHsl epexmuerHocmi ix mexHiuHo2o 06C1y208y8anHs 3a CMAHOM.

Knrouosi cnosa: padioenexmponni 3acobu, mexuiune 00c1y208y8anHs 3a CIMAHOM, DAHICY8AHHS NAPAMEMPIS.

© Caxosnu JL.M., Prxos €.B., Kpuxosenpkuii .., Cemexa C.M., Kypsra f.E.
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ENGINEERING SOLUTIONS FOR PROTECTING STRUCTURES
FROM AERIAL THREATS

The article discusses an innovative approach to protecting objects from unmanned aerial vehicles (UAVS) —
the use of anti-drone nets with elastic fastening of the upper part to fixed supports. The physical and operational
disadvantages of traditional rigidly fixed nets are described and the advantages of elastic fastening are justified. A
mathematical model of the moment of collision of a drone with a horizontally placed spring-loaded strip has been
constructed. A functional dependence has been established that allows determining the influence of the nonlinearity
coefficient and spring stiffness on the maximum downward displacement of the central point of the spring-loaded
strip, which makes it possible to optimise the fastening parameters to ensure a balance between strength and
elasticity. The results obtained can be used in the design of new types of protective structures adapted to field

conditions and modern threats.

Keywords: protection against UAVs, protective structures, anti-drone nets, elastic fastening.

The statement of the problem

The full-scale war on the territory of Ukraine has
vividly demonstrated the unprecedented rise in the
significance of aerial threats in modern warfare. Massive
missile strikes, the deployment of unmanned aerial
vehicles (UAVs), and the use of precision-guided weapons
have introduced new challenges for defence systems,
particularly in the engineering protection of military and
civilian infrastructure.

During the russo-Ukrainian war, the Defense Forces
demonstrated that UAVs have ceased to be merely
auxiliary elements of the armed forces and have become a
key component of modern military strategy. The main
advantages of drones include high manoeuvrability, the
ability to operate in hard-to-reach areas, and a significant
reduction in risk to personnel. Modern UAVSs are capable
of striking not only military positions but also energy,
industrial, logistical, and residential targets, necessitating
the development of new approaches to engineering

protection — such as lightweight modular shelters, anti-
perforation meshes, camouflage systems, anti-drone
domes, and rapidly deployable protective structures.
Ukrainian experience demonstrates that the effective
integration of active countermeasures (electronic warfare,
firepower) with passive engineering methods (fortifications,
shelters, dispersion, multi-level camouflage) significantly
reduces the effectiveness of enemy UAV attacks. Today,
the issue of countering drone assaults is particularly
relevant, as their rapid development outpaces traditional
defense systems.

Therefore, engineering solutions must be flexible,
adaptive, and rapidly deployable. Their effectiveness is
critical not only for preserving material assets but also for
safeguarding the lives of military personnel and civilians.
The evolving of airborne threats necessitates the
developing of innovative, technically validated, and
operationally proven engineering systems for infrastructure
protection.
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Analysis of basic research and publications

The ongoing efforts to combat UAV threats in
Ukraine encompass several strategic directions, including
electronic warfare (EW), whose principal objective is the
neutralization of control links, navigational signals, and
data exchange pathways. An example of electronic warfare
(EW) application in the russo-Ukrainian war is the
deployment of relatively new EW systems such as
“Bukovel-AD” [2], “Nota” [3], and others [4]. EW
represents an effective, rapid, and relatively low-cost
method for neutralizing large numbers of inexpensive,
remotely controlled UAVS, providing time to organize
additional countermeasures. However, its effectiveness
diminishes with the increasing sophistication and
protection of drones. Moreover, the deployment of such
measures entails potential harm to civilian infrastructure
and is subject to logistical and regulatory limitations.

Another strategic direction entails the application of
air defense assets, notably surface-to-air missile systems
like “Avenger” [5], “Strela-10”, Vampire, Mistral [6],
Stinger, and “Igla”, which are employed to intercept and
destroy larger UAVs or coordinated drone formations. The
main challenge of this approach lies in the use of expensive
missiles against low-cost drones, which is not always
economically justified.

Ukrainian Defense Forces deploy mobile firing groups
for UAV mitigation, enabling rapid target acquisition, threat
alerting, and destruction of airborne objects using infantry
weapons and immediate protective means. These units are
characterized by high speed and manoeuvrability: unlike
stationary air defense systems, mobile groups can be rapidly
redeployed to any terrain sector currently facing the greatest
threat. Mobile fire teams accounted for the largest proportion
of neutralized combat drones. By July 2025, their
effectiveness rate had reached 40%. A key limitation in the
use of mobile fire teams lies in the elevated threat level near
the front line, where enemy drones increase their
susceptibility to attack. Shahed strikes are often coordinated
with incursions by FPV drones that infiltrate deep into
Ukrainian-controlled areas. Consequently, these teams must
reposition to more distant locations to reduce exposure to
hostile engagements.

These countermeasures allow for the successful
destruction of numerous UAVs, yet the escalation in
simultaneous strikes leads to more drones breaching
defenses and achieving their goals. The primary factors
contributing to this issue include the mass scale of
simultaneous raids, the high velocity of aerial platforms,
and the frequent occurrence of attacks during nighttime
hours. A potential solution lies in the deployment of
interceptor drones, which gained widespread attention
in spring 2024 following Bravel’s announcement of a
competition to develop systems capable of countering
russian reconnaissance UAVs. By July 2024, a new

FPV interceptor with an X-shaped wing was showcased,
capable of destroying drones flying at 100-160 km/h.
These interceptors have proven to be an affordable and
effective alternative to missiles and heavy weaponry.
Each unit costs far less than a Shahed drone and is
vastly more accessible than a missile. Ukrainian
versions are available for under $10,000, positioning
them as a cost-efficient tool for neutralizing both strike
and reconnaissance UAVSs. Currently, multiple teams
are engaged in the development of anti-aircraft drones.
Their efforts have resulted in systems that have not only
successfully passed field trials but are already being
deployed in active combat scenarios. Since late 2024,
Ukraine has been conducting successful tests of the
Tytan Interceptor, a drone developed through German-
Ukrainian collaboration. It reaches altitudes of up to
2,000 meters, has an operational range of 15-20 km,
and achieves speeds of up to 300 km/h. The system is
powered by artificial intelligence, enhancing target
detection, tracking, and classification, with full Al-
based navigation automation planned. Control is
executed via a standard gamepad. With a cost below
€20,000, the platform offers an affordable and effective
solution for neutralizing enemy reconnaissance UAVS,
including the Orlan-10 and Zala. The “General
Chereshnya AIR” drone represents another noteworthy
case of an affordable and effective interceptor. With a
unit cost of 39,900 UAH, it operates at altitudes up to 6
km, achieves speeds of 160 km/h, and maintains flight
endurance of up to 35 minutes. Having already
eliminated more than 300 targets, the platform is being
mass-produced in the thousands, with plans to expand
output to tens of thousands monthly. Each unit is
equipped with 1.5 kg of explosives. Development is in
progress to deploy next-generation software for
automatic target acquisition and monitoring [7].
Another direction in combating enemy drones is
the deployment of integrated systems that combine
radar, imaging, thermal, and acoustic components to
detect and classify threats in real time. Octava Defence
has presented SFERA [1], the first unified system for
protecting critical infrastructure. It uniquely integrates
radar, acoustic sensors, opto-thermal platforms, and
software that transmits targeting data to strike units for
active fire response. The system’s uniqueness lies in its
ability to rapidly detect hostile targets and ensure their
prompt elimination. By integrating radar data, acoustic
sensing, and intelligent video surveillance, it enables
reliable target identification. The system tracks the
object and predicts its trajectory, providing both current
and projected coordinates for engagement. Unlike
certain conventional air defense assets, the complex is
particularly effective against low-altitude threats. The
probability of target detection approaches 100%. All
data - including coordinates and trajectory - is
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automatically transmitted to strike units. Mathematical
models forecast target movement and maintain tracking until
neutralization. Automation enables decision-making within
minutes and minimizes human error. Thus, SFERA
represents a cutting-edge technological solution for
protecting the nation’s critical infrastructure.

Engineering solutions represent another strategic
avenue for countering UAV threats. These include:

- concealment and decentralization — relocating
and hiding assets to lower vulnerability to coordinated
attacks;

- protective structures — including mesh coverings,
overhead shields, and domes that reduce detectability
and blast damage, occasionally reinforced with Armor
or anti-fragmentation layers;

- hardened facilities — such as reinforced shelters,
subterranean bunkers, and steel or concrete hangars for
safeguarding vehicles and infrastructure.

Evidently, such measures do not eliminate the source
of the threat but serve to mitigate its consequences. They
are preventive in nature, reducing the probability of impact
and damage even before the threat is detected. Moreover,
they are less susceptible to cyber or electronic warfare
attacks: physical shelters remain functional even when
the adversary disrupts the spectrum or communication
channels. Engineering solutions are effective regardless
of drone type and play a critical role in protecting civilian
infrastructure. Their cost-effectiveness compared to other
UAYV countermeasures is also noteworthy.

Ukrainian troops have employed a practical
engineering method to defend rear positions and supply
routes in areas prone to fiber-linked drone ambushes:
spreading barbed wire that slices through the UAV’s
optical cable and interrupts its connection to the
operator. In contrast to standard FPV drones, fiber-
linked UAVs route their optical cable along the ground
rather than through the air. This characteristic makes
low-level barriers near transport routes, storage
facilities, bridges, or logistics hubs highly effective in

intercepting and severing the tether. Undoubtedly, this
engineering solution has certain limitations: such barriers
require manual installation, power supply, and concealment,
as well as the provision of access routes for friendly forces.
However, in the long term, the system can be modularly
scaled and deployed in the most wvulnerable areas,
supplemented with radar sensors, cameras, or infrared
projectors to enable timely threat detection.

Another engineering method for countering UAV
threats involves the use of anti-drone nets. These
structures create a protective barrier that impedes or
entirely blocks drone attacks, particularly those carried
out by FPV systems and loitering munitions. The
primary rationale for this defense lies in the limited
visibility caused by degraded video transmission, which
prevents the operator from recognizing the net, leading
to the drone’s propellers becoming ensnared. The use of
anti-drone netting extends beyond logistical corridors to
include coverage over trenches and access points to
dugouts. These barriers protect troops from direct
impacts and fragmentation, while also defending
artillery emplacements — common targets for hostile
FPV drones. In addition to physical protection, such
measures enhance camouflage and reduce the likelihood
of accurate enemy strikes.

Low-cost FPV drones have fundamentally
transformed the nature of modern warfare in recent
years. Their latest generation, equipped with fiber-optic
control systems, has compelled military strategists to
reassess conventional defense paradigms. The widespread
deployment of such platforms in frontline areas has rendered
the location of the next strike unpredictable — posing a threat
not only to military targets but also to civilian vehicles on the
road. Consequently, large protective nets have been installed
along major transportation routes near the front line to
shield vehicles from direct drone strikes. Figure 1
illustrates the appearance of these “anti-drone” barriers
in the vicinity of Kostiantynivka and Kramatorsk.

Fig. 1. Anti-Drone Netting Along Ukrainian Roadways

Materials for anti-drone structures are selected
based on the formula “availability + rapid deployment +
effectiveness against FPV drones.” Synthetic polymer
meshes — such as nylon, polyester, and polypropylene —
are widely used above trenches, dugouts, vehicles, and

at the entrances to depots and field positions, serving
both as camouflage and protective elements. These
materials are favored for their light weight, flexibility,
low cost, and immediate availability in field conditions,
often being repurposed from construction or sports
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netting. These structures are easy to install and replace,
do not obstruct visibility or airflow, produce minimal
radar signature, and are effective against lightweight
FPV drones — whose operators often fail to detect the
barrier due to poor video feed quality. However, their
use has certain drawbacks: deformation under wind,
rain, or icing; melting or destruction upon strong
impact; and the need for regular maintenance.

Steel-based protective elements - including
galvanized or stainless wire meshes, tensioned cables,
and rebar frameworks — are widely utilized to safeguard
armoured vehicles and to reinforce permanent defensive
structures around vital installations, such as energy
infrastructure,  logistical ~ depots, and administrative
compounds. These materials are employed due to their
ability to withstand impacts from FPV drones equipped with
explosives or fragmentation payloads. Such meshes exhibit
high mechanical strength, durability, reusability after minor
damage, and proven effectiveness against heavier classes of
unmanned aerial vehicles and loitering munitions. However,
these systems also present certain limitations — namely,
considerable weight requiring robust supports or frames,
installation complexity (often involving machinery), and the
risk of improper setup that may cause hazardous inward
deflection of fragments. Such meshes are widely used to
construct “anti-drone domes” over vehicles and to reinforce
the protection of energy infrastructure facilities. Composite
anti-drone nets, combining metallic and synthetic
components, reinforced tapes, or plastic frames, are also
employed by engineering units of the Armed Forces of
Ukraine for rapid fortification of positions — primarily
above dugouts, observation posts, and field shelters — as
well as during the construction of quickly deployable
protective structures in rear areas.

Aramid fibers (Kevlar, Twaron, Nomex) are used
in the production of specialized industrial anti-drone
nets designed to protect strategic assets such as power
plants, ammunition depots, and government buildings. These
materials are strong, heat-resistant, and cut-resistant. As a
result, they can intercept fragments and partially absorb
explosive energy, while being non-melting and electrically
non-conductive. However, they are expensive, require
professional installation, and demand regular inspection of
fiber integrity. Due to their high cost, aramid fibers are
used infrequently — primarily in state-funded protection
systems for critical infrastructure.

Improvised materials — such as fishing nets,
construction-grade reinforcement meshes, and football
or volleyball netting — are widely used in frontline
villages, by mobile units, and during the rapid setup of
new shelters due to their high availability and low
cost. These solutions can be installed within hours and
often prove effective by disrupting the orientation of
FPV drone operators. However, they are not always

capable of withstanding direct munition impacts and
require frequent replacement. Industrial fishing nets
are considered among the most effective anti-drone
solutions due to their high tensile strength, non-reflective
surface under sunlight, and ability to withstand drone
impacts. A Danish volunteer recently donated a batch of
such nets to Ukraine. Demand for these protective materials
is rapidly increasing along the entire front line, with
Scandinavian countries — where the fishing industry is well
developed — emerging as key suppliers [9]-[15].

Among the most pressing issues in anti-drone
infrastructure is the challenge of securing netting
systems. Effective mounting requires a balance between
mechanical robustness, tactical mobility, and rapid
deployment. Enhancing system efficiency calls for
standardized  fastening  mechanisms,  lightweight
metallic or composite frames, and engineering solutions
optimized for combat environments. This article is
devoted to exploring and resolving this challenge.

Net tunnels are commonly installed using rigid
fixation methods. However, such rigidly anchored anti-
drone systems face notable mechanical and operational
constraints that compromise their durability and
reliability. During drone impact, the force is directly
transmitted to the support structure, resulting in dynamic
stress, deformation, and possible failure of attachment
points. These systems also demonstrate limited adaptability
to environmental fluctuations — including wind pressure,
rainfall, and directional changes in UAV attacks — thereby
diminishing their interception performance. Moreover,
rigid mounting complicates installation and dismantling in
field conditions, requires heavy-duty supports, and
demands precise geometric alignment — making such
systems poorly suited for rapid deployment at
temporary positions.

This work proposes the use of elastic mounting.
By incorporating flexible elements, such as springs,
the system can partially absorb and dissipate the
impact energy of a drone strike, thereby reducing peak
loads on the supports and extending the overall service
life of the structure. Such a mechanism minimizes the
probability of net damage or collapse, thereby
improving the chances of drone interception without
compromising key structural elements. The use of
elastic fixation further improves resilience to wind
stress and climatic variability, enabling the system to
accommodate air surges, thermal changes, and snow
loads while maintaining structural tension. As a result,
the net maintains structural integrity and operational
functionality even during prolonged field use.
Additionally, the system is lighter, easier to install, and
does not require reinforced supports, which facilitates
rapid deployment at temporary positions and makes it
suitable for protecting various types of assets.
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Presentation of the main results

Consider the motion of a mechanical system
consisting of a rigid body H maodelling the fall of a UAV
onto a spring-loaded strip AB. It is assumed that this strip
is the upper part of an anti-drone tunnel (pic. 2). The rigid
body H falls from a height h; onto a spring-loaded
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horizontally placed strip AB. It is attached to the hinged
supports D and C by means of springs DA and BC.
The aim of the work is to determine the maximum value
h, to which the central point G of the strip will drop as a

result of the contact of the body H with AB.

Hhx_

Fig. 2. Schematic representation of the moment of collision between a body and a horizontally oriented elastic strip

To determine the value h, we will use the theorem

on the change in kinetic energy of a mechanical system
Ti-To=2 AF+2 A 1)
In formula (1) T, denotes the Kinetic energy of the

mechanical system at the final moment of time, T, is
the Kinetic energy of the mechanical system at the initial
moment of time, ZAie is the sum of the work
performed by the external forces of the mechanical
system, z Aii is the sum of the work performed by the
internal forces of the mechanical system.
If air resistance is neglected, then the body H

falling from a height h;, at the moment of touching a
horizontally placed strip ag , will have a speed,

VHOZVZ'g'hln (2)

2 s the acceleration of free fall of

where g=9,8 ms™
the body.

At the initial moment of time, the spring-loaded
strip as is stationary, so the initial kinetic energy of

the mechanical system is equal to
To=my-g-hy, 3)

where m, is the mass of the solid body w .

At the final moment of time, when the maximum
downward displacement of point G is reached, the
entire mechanical system will be at rest. Therefore, the
kinetic energy of the mechanical system at the final
moment of time is zero, i.e.

Ty =0. 4)

The work is performed by the weight of the body
n and the weight of the strip as , therefore

2N =m-g-hp+05my-g-hy, ()
where m, is the mass of the strip as , h, is the

maximum downward displacement of point G .

Since the strip is spring-loaded, the springs pa
and BC will stretch by an amount Al during the
downward movement of the strip and perform work. We
assume that the elastic force of the springs is described
by the relationship

Fsp:c-AIV, (6)

where ¢ is the spring stiffness, v is the nonlinearity
coefficient.
Taking into account (6), we obtain

) C'AIV+1
YA -2

7
v+1 (7)
Substituting the determined dependencies into (1),

we find

v+1

v+l

—my-g-hy=my-g-hp+05my-g-hy —2- ®)
Taking into account the geometry of the
mechanical system, we obtain that

(I +15)% +h3 = (1 +1, +Al)?. 9)

From this equation, we will determine the amount
of spring deformation

Al =(ly +15)? +h3 I, —1,.

Substituting (10) into (8), we obtain a functional
dependence that allows us to determine the influence of
system parameters on the maximum downward
displacement of the point G.

(10)
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2 5 5 v+1
ml'g~(h1+h2)+0,5m2-g-h2 —j (Il +|2) +h2 —|1—|2 =0. (11)
A%
We will use equation (11) to evaluate the h; =50 m. The spring stiffness values for different

relationship between spring stiffness and the coefficient
of nonlinearity of elastic force. Suppose that in (11)

values of the nonlinearity coefficient and the deviation
of the center point of the strip as are given in Table 1.

my =5kg, m,=100kg, I;=3m, 1,=05m,
Table 1
Dependence of spring stiffness on nonlinearity coefficient for different values of strip deformation AB
v 0,6 0,7 0,8 0,9 1,0 11 1,2
¢, Nm~! at h, =0,5m | 453935 | 673376 | 995445 | 1467013 | 2155987 | 3160611 | 4622854
¢, Nm~t at h, =1,0 m | 55588 | 71892 | 92656 | 119049 | 152563 | 194954 | 248602

Analysing the results presented in Table 1, we can
conclude that:

- for a given displacement of point G, a smaller
value of the nonlinearity coefficient corresponds to a
smaller value of its stiffness;

- as the displacement of point G increases, the
elasticity of the spring decreases significantly for the
same values of the nonlinearity coefficient.

Let us investigate the effect of the strip mass on
the spring stiffness. Assume that in (11) my =5kg,
Iy =3m, I, =05m, hy =50m, h, =05m. Let us
evaluate the effect of the strip mass on the relationship

between the nonlinearity coefficient and the spring
stiffness.

Table 2
Dependence of spring stiffness on nonlinearity coefficient for different strip mass values
v 0,6 0,7 0,8 0,9 1,0 1,1 1,2
¢, Nm~! npu m, =25kg | 423263 | 627878 | 928185 | 1367891 | 2010312 | 2947057 | 4310499
¢, Nm~t mpu m, =50kg | 433487 | 643044 | 950605 | 1400931 | 2058870 | 3018242 | 4414617

Analysing the results presented in Table 2, it
deduce that

- reducing the mass of the strip allows the spring
stiffness to be reduced for the same values of the
nonlinearity coefficient;

- as the nonlinearity coefficient increases, the spring
stiffness increases for the same values of the strip mass.

Therefore, to reduce the maximum deformation of the
strip onto which the body falls, it is necessary to use springs
with a regressive dependence (v less than one) of the elastic
force and, accordingly, a lower value of its stiffness.

Conclusions, practical recommendations
and further generalization of results

A method of studying the dynamics of a spring-
loaded strip under the influence of an action on it at the
central point of an object with a given mass has been
developed. The functional dependence between the
maximum deflection and the values of the nonlinearity
coefficient and spring stiffness for given values of the
masses of the object and the strip was obtained.

It is established that:

- with a constant displacement of point G, lower
values of the nonlinearity coefficient correspond to
lower spring stiffness;

- with an increase in the displacement of point G,
the spring stiffness decreases significantly at the same
values of the nonlinearity coefficient;

- a decrease in the mass of the strip leads to a
decrease in spring stiffness at the same values of the
nonlinearity coefficient;

- with an increase in the nonlinearity coefficient,
the spring stiffness increases at a constant strip mass.

The results of this work can be used in the creation
of new protective structures and the modernisation of
existing ones in order to reduce the dynamic load on
their elements. It should be noted that elastic
reinforcements can be used not only for horizontal but
also for vertical parts of anti-drone tunnels.

In the case of an impact not in the central part of
the strip, the amplitude of the deflection of the
protective element will change and depend on the
distance to the elastic fastening. Such tasks will be the
subject of further research.
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IH’>KEHEPHI PIINEHHS YBE3IIEYEHHSA OB’€KTIB BIJ] ITIOBITPSIHUX 3AT'PO3

JI.A. Bemmaxo, H.M. I'y3uk, H.b. Coxynscrka, O.B. Bimam

YV cmammi posensidaemvca innogayitnuil nioxio 0o 3axucmy 06 'e€kmie 6i0 Oesninomuux nimanenux anapamie (bnJIA) —

3ACMOCYBAHHA AHMUOPOHOBUX CIMOK 13 NPYHCHUM KPINIEHHAM 6€PXHbOI yacmunu 00 Hepyxomux onop. Onucano @izuuni ma

eKCHIyamayiuHi HeooniKy mMpaouyitinux HCOPCMKO 3aKPINIeHUX CimoK ma OOIPYHMOBAHO Nepedacu NPYHCHO2O KpINieHHS.

Tlobyoosano mamemamuuny mooens MOMEHMY 3iMKHEHHS OpPOHA 3 2OPUBOHMANLHO PO3MIUEHOI0 NIOPYICUHEHOI CMY20I0.

Bemanoeneno gynkyionanshy 3a1eicHicmy, KA 0036015€ GUSHAYAMU 6NIUE KODIYIEHMA HENIHIIHOCII MA JCOPCIMKOCII NPYICUHU

HA BETUYUHY MAKCUMATGHO20 NEPEMIWEHHA GHU3 YEHMPAIbHOT MOUKU RIONPYHCUHEHOT cMy2u, Wo O0d€ 3M02y ONmumizyeamu

napamempu Kpinienna Ona 3abesneuenns Oanancy misc miywicmio i eracmuynicmio. Ompumani pesynbmamu Moxcymos 6ymu

BUKOPUCTNAHT NPU NPOEKMYSANHT HOBUX MUNI 3AXUCHUX CNOPYO, A0ANMOBAHUX 00 NOTLOBUX YMOB I CYHACHUX 3a2PO3.

Knrwouoei cnosa: 3axucm 6io BnJlA, 3axuchi Koncmpykyii, aHmuoponosi cimKu, npyslcHe KpinieHHs.
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C.B. KOpOJ‘IBKOl*, 0.0. HeBKOBCLKI/HTIZ, M.A. CaHHuLKI/IﬁZ, T.IL KpOHI/IBHI/II_IBKaZ

1 . . .o . . o
HCll/ﬂOHa]leCl axkaoemis CYXONYMHUX 6IUCLK IMEHI cembMaHa Hempa Cazatioaunozo
2 . o . . . .
HaLlZOHaJlel/ll/l YHI6EpCUNIEemM «/Ivgiscoka nonimexuika»

3AXHUCHI YKPUTTA 3 HNIABUIIEHOIO YIAPHOIO MIINHICTIO
HA OCHOBI ®IbPOBETOHIB HOBOI'O IIOKOJITHHA

Y cmammi posensioaiomecs npobremu mpaouyiinux 6emonHux YKpUmmia, siki 3acmocogylomvcst y Cy4acHux
YMOBAX BOCHHUX OIli | MEPOPUCUYHUX 3a2po3. Busnaueno Kmouoei numanHs O0OMENCeH020 3aCmOCy8aAHHS
3a1i306emony YHACAIOOK 1020 HU3bKOL yoapHoi miynocmi ma cxunviocmi 0o cnaniney (spalling). Ilpoananizosarno
CYHACHUTI CMAH 3aXUCHUX YKpummie ma opmugikayiiinux cnopyo O0Jis 3axucmy 0co608020 CK1ady, YUSLIbHUX md
BIILCLKOBUX 00 '€kmi6. 3anponoHosano GUKOPUCMAHHA QIOPOOeMOHI6 HOB020 NOKONIHHSA 3 MPUSUMIDHUM
MIKDOAPMYBAHHAM K NEPCNEKMUBHO20 MAmepiany OJisi CMEOPEHHS CROpPYO 3 NIOSUWEHOT0 YOAPHOIO MIYHICMIO ma
cmitikicmio 0o eudyxoeux Haganmagicenvb. OKkpema ysaza NpUOiIAEmMbCs MOOYIbHUM 3AXUCHUM VKPUMIMAM TUNY
«Xob66im-Xayc», wo € IHHOBAYIHUM HANPAMOM Y CHMGBOPEHHI CYYACHUX MEeXHIYHUX pileHb K Ol 3aXUCMy
YUBIILHO20 HACENeHHsl, MAK | /1 PISHOMUNHUX OIHOAICI6, ONOPHUX NYHKMIE ma hopmughikayitinux cnopyo.

Knrwouoei cnoea: xpuxke pyinysanms, cnanine, subyxocmiixkicmo, @iopobemon, yoapna MiyHicms, MOOYIbHI
yrpumms, Xoooim-Xayc.

IlocTanoBKa npodeMu pansHCBKi 3axucHi criopyau (cxosuima IIPY), mpore ix
CTaH Ta 0cCOONMBO yMOBH TepeOyBaHHA IMBUIHHOTO

HACEJICHHsI B YKPHUTTI HE 3aBXK/H BI/IMOBIIAaI0Th BUMOTaM.
VY Heskux BHUIAIKax BUKOPHCTOBYIOTHCS MOMYJIBHI
KOHCTPYKIIii, sSIKI MO>KHA IIBU/IKO BCTAHOBUTH Y paiOHaX
3 IJBHUIICHOI HEOE3MEeKO, IMPOTe IX KUIBKICTh €
HEJIOCTATHLOIO, OCOOJIMBO B 30HaX OOMOBUX Iil.

CucreMy 1HMBITBHOTO 3aXKMCTy B YKpaiHi Ta CBITI
CTHKAIOThCsI 3 Oe3MperieZIeHTHUMHI BUKIIMKaMU. MacoBaHi
pakeTHi 00cCTpiny, BUOYXOBI HaBaHTAXXEHHs, aBiaylapu
BUMaraloTh HOBHX IT/IXOMIB JI0 1H)KEHEPHOTO 3aXHUCTY
mronedt. TpamumidHuiA 3ami300€TOH, 10 ACCATHIITTIMU
OyB OCHOBOKO 3axXHCHHX CIIOPY[, TIOKa3aB HHU3bKY
e(eKTHBHICTh y TMPOTHCTOSHHI IO BHUCOKONIBHIKICHHUX
yoapie [1, 2, 3]. HaiiGinbmioro mpobaeMo0 € KpHXKe
pyliHyBaHHs Matepiany. PO3BHTOK Cy4acCHHX KOMIIO-
3MIIHHUX 3aXMCHHUX MaTepianiB, 30kpema (iOpoOeToHiB
HOBOT'O TIOKOJIIHHS, BIJKPUBA€ HOBI MOXJIMBOCTI JUIS
T IBUITIICHHST HATITHOCT] YKPUTTIB.

Beronni ykpurTst B YKpaiHi € OIHUM i3 KIIOYOBHX
€JIEMCHTIB 3aXWCTy NUBIIBHOTO HACETCHHS Ta 00'€KTIB
KpUTHYHOI 1H(]pacTpykTypu. 3 TOYaTKOM AKTHBHHX
OoifoBux niit, ocobmmBo y 2023-2025 pokax, uepes
TOCTiMHI aTakW paketamu, apoHamu-kamikamse (BITJIA
tumy Shahed) Ta aprusepiero akTyanpHiCTh OyIiBHUIITBA
YKPHUTTIB 3HA4YHO 3pocia [4, 5]. Taki yKpUTTS TIepeBaKHO
OynIyroTh 3 apMOBaHOTO OETOHY, IIIO Ma€ TOBCTI CTiHM Ta
HEPEKPUTTS 1 JO3BOJISIE BUTPUMYBATH BHOYXOBY XBUIIIO,
yIIaMKH Ta HaBiTh YacTKoBe 3aBajieHus [3, 5]. Yacto mis
LMBIJIBHOTO 3aXMCTY aKTHMBHO BUKOPHUCTOBYIOTBCS CTapi

Tpamuuitini Oeronn wmacy C20/25 1 Bume
XapaKTepU3yIOThCsl HU3bKUMHU MOKa3HUKaMU MILTHOCTI Ta
KPUXKHM XapaKTepoM pyiiHyBaHHs. YacTo mpu BUTOTOB-
JICHHI 3BUYAaWHUX 3aJTi300€TOHHUX YKPUTTIB HE BPaxo-
BYIOTbCSl TaKi XapaKTEpUCTHKH, SK YHapHa MIIHICTB,
TPIITMHOCTIMKICTh Ta criaymiHr. Li moKka3HUKH BiIirparoTh
MIEPIIIOYEPTOBY POJb CTIHKOCTI OCTOHHUX YKPHTTIB IIif
Yac BHCOKOIIBUJIKICHOTO ynapy. BHacuinok il ynapy uu
BUOYXOBOT XBUJIi OCHOBHA YaCTHHA €HEPTil HOTJIMHAETHCS
MarepiajgoM, 110 MPU3BOAUTE J0 MBHAKOTO MOIIUPCHHS
TpinwH. B ymoBax BWOyXy 3 BHYTPIIIHBOI ITOBEpPXHi
KOHCTPYKIIi BiIIAPOBYIOTHCS Ta BUKUIAIOTHCS YIAMKH
Oerony. Lleit edexr cTBOpIOE HONATKOBHI (hakTop ypa-
JKeHHs1, HeOe3neunuit aus sroneit. [licns cepii ymapis um
BUOyXiB Hecyda 3JaTHICTh KOHCTPYKIIH pI3KO 3HH-
JKYETBCSI, @ BITHOBJICHHSI YKPHUTTIB Y TIOJIbOBUX YMOBAX €
MPaKTHYIHO HEJOMUIBHAM Ta CKIaIHUM 3aBaaHHsM [8].
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Y3arajpHIOIOUM BHIIEHABEACHE, BUHUKAE ITOTpeda
Yy pO3po0JIeHHI CydacHHX TiOpHAHMX 3aXMCHHUX YKpin-
JIeHb Ta CIOpYJ IiJBHIIEHOI yAapHOi MIIHOCTI Ha
ocHOBI1 (iOp0oOETOHIB HOBOT'O TIOKOITiHHS, SIKi O 3a0e31e-
YyBaJ M MiJABHUINCHI MMOKa3HUKH MIITHOCTI 1O yIapHUX
HABaHTAXKCHP Ta CTIKOCTI IO TPIITMHOYTBOPECHHS.

AHaJIi3 0CTAHHIX JOCTiIKeHb i myOaikamii

AHani3 cy4yacHUX 3aXMCHHUX CIIOPY/ CBIITYUTB, HIO
OINIBIIOI0 MIPOI0 BOHM MOHTYIOTHCSI Ha OCHOBI CKJia-
JIAIbHUX MOJYIIIB, SIKI CTBOPEHI 3 ypaxyBaHHSM Cy4ac-
HHX BHMOTI IOJO CTIHKOCTI N0 yaapHoi xBuii. Cepen
HUX — MOOUIBHI YKPHUTTS i3 3aii300€TOHY, cremiaibHi
KOHTEHHEepH, TpyOM BeJIMKOro miamerpa abo OeTOHHI
KiJbIpl 3 mepenpodinboBanux enementis [5, 8, 12]. V
0araThboX MICIAX 3 SBHJIHCH «MOJYJBbHI YKPUTTSI» 3
TOBCTOCTIHHOTO O€TOHY a0o Meraiy, sIKi po3paxoBaHi
Ha KOpOTKOYacHe TrepedyBaHHS Iix dYac oOcCTpiy.
Pazom 3 THM, iX KUIBKICTH B YKpaiHi. BpaxoBYyIOUH
MIOCTIHHI aTakW BOpOra Ta YMOBH IepeOyBaHHS B ILIHX
YKPHTTAX, € HEJOCTaTHO €HEKTHBHUMH.

Oco0nuBicTIO YKPUTTIB B YKpaiHi € IX amanrtaris
0 pI3HMX THUMIB 3arpo3 Bix apTOOCTPLNiB, paker, a
TakoX 10 atak bnJIA. 3HauHy ponb Bimirpae mOCTyTI-
HICTP Ta IIBUAKICTb CHOPYMKEHHS YKPHTTIB, TOMY
GaraTo OETOHHUX KOHCTPYKIIH € po30ipHUMHU 3 MOXKIIH-
BICTIO IIBUJIKOTO JIEMOHTAXY VISl [IEPEMIILICHHS B iHILIE
Micre. Y HUBUIBHOMY CEKTOpPI CHOCTEPIraeThCsi BUKO-
pPHCTaHHs HaIliB3arauOJIeHUX KOHCTPYKIIN i3 J0JaTKO-
BHUMH 3aXMCHUMU €KpaHAMH.

3HayHa yBara MOKJIAJA€ThCsS HA BiTHOBJICHHS Ta
MOJICpHI3aIlIl0 ICHYIOUMX CIIOpYJ VISl LHBUIBHOTO
3aXUCTy, SIKi O BIJMOBiJAJIM CydaCHUM BHMOTaM LIONO
MII[HOCTI Ta CTIMKOCTI 10 yaapHUX HaBaHTakeHsb [8, 9].

B 1150My I1aHi aKTHBHO MMOYAJH TPAIFOBATH KON
Ta 3aKJIaJ OCBITH. 3BENCHHS YKPHUTh Ta 3aXHCHUX CIIOPY/
JUTSL TIKLT 1 HABYAJBHUX 3aKJIafliB JIOCTATHRO ©()eKTUBHO
3ampalfioBajio B OUIBIIOCTI perioHiB Kpainu. 3a iHdop-
Martiero mpencraBaukiB JICHC, maibke 80% mikin yxe
o0yiaiHaHo if0YNMH OOMOOCXOBUINAMH Ta YKPUTTSIMHU
[16]. TIpu mBOMY caMe IiTH Ta OCBITSHH 3aJHIIAIOTHCS
Bpa3JIMBOI0 KATETOpi€r0, sKa IMOTpedye OCOOIMBOTrO
3aXHCTy B YMOBAaX IIOBITPSHHMX aTaK Ta HaJ3BHYalHUX
CUTYaIIii.

VY BiiichKOBI# cepl akTyalbHUMH € BUKOPUCTAHHS
3MIIHEHUX OJIHIAXIB, OMOPHHUX MYHKTIB, KOMaHIHUX
Ta crocrepexunx 3acobiB [17, 18]. V 1mmx Bumamkax
aKTHMBHO 3aCTOCOBYIOTBCS TPaJMIiiHI 30ipHI OeTOHHI
OJIOKH, TUIMTH, 3aJ1i300€TOHHI KOHCTPYKIII, KOJOmH 3
JiepeBa, TaOlOHM, 3eMJISIHI HACHITH, a TaKOX MOIYJIbHI
OpOHBOBaHI €JIEMEHTH, 3/1aTHI BUTPUMAaTH apTUIIEPiHChKi
o0CTpinM Ta yJaapul JpoHiB-KaMikajaze, Ha puc. 1 momano
THIIOBI YKPHUTTS! ONIHAXKIB Ta 3aXUCHUX OETOHHHX CIIOPYI.

a 6
Puc. 1. BaranpHuii BUTJISII Ail0YNX 3aXHCHAX CIIOPYA:
a — THIIOBI OJIHIAXI B 3arIMOJEHHSAX,
6 — 3a1i300€TOHHE YKPUTTS

MilHICTh TAKMX 3aXHUCHHX CIIOPYH, @ THM Iaue
JICPEBHUX KOJIOA Ta TrabiOHHHX EJIEMEHTIB HE 3aBXKIH
BiANOBiZac HEOOXiZHMM BHUMOIraM 3a IIOKa3HUKAMU Ta
BHMOTaM €BPOIICHCHKIX CTaHAapTiB [6, 7]. Tak, MilHiCTh
3aJ1i300€TOHHOTO 3BHYAHHOIO YKPHTTSl JOCSATae Kiacy
6erony He Buine C20/25. Taka KOHCTPYKIiSi HE MOXKe
3a0€3MeYNTH JTOBrOTPUBAJINIA 3aXHCT MiCIIs OaraTopa3oBrux
ymapiB. 3riHoO i3 cTaHmapTamu Ha BorHeBi criopyau BCL,
BC3 nependadeHo TUTBKM BUMOTH IIIO/I0 MIITHOCTI OETOHY
Ha CTHCK 3 BUKOPHCTaHHSM 0a30BNX KOMIIOHEHTIB. [IEMEH-
Ty, MCKY, 3aJTi3HAX apMOBAHNX KOHCTPYKIIiH Ta MeOSHIO.

V 3B’A3Ky 3 IIUM, ONHHUM i3 3aBIaHb, SKi CTOSTH
nepe]] BiHChKOBO-IIPOMHUCIIOBAM KOMITIEKCOM YKpaiHH,
€ CTBOPEHHA CYYaCHHUX MOHOIITHHX VKPUTHh 3 IIiIBH-
IICHOIO YIOApHOIO0 MIIHICTIO Ha OCHOBi (pibpodeToHiB
HOBOTO IIOKONIHHA, SKi 34aTHI BHUTPUMYBaTH MpAMIi
ynapu aprcHapsiaiB ta atak BITJIA, 3abe3neuytoun mnpu
[IbOMY MaKCHMaJIBHHI 3aXHCT 0COOOBOTO CKJIALy, TEX-
HIKH Ta LMBIILHOIO HACEICHHS.

CyuacHi ykpaiHCbKi OJiHIaxXi
OararoiapoBy CTPYKTYpY — IOEAHAHHS JiepeBa, OETOHY,
TE€OTEKCTHIIIO, ITICKY Ta apMaTypH. BoHu 3a0e3neuyroTbest
BEHTWIISIIIIEI0, €JIEKTPOXKMBIICHHSAM Ta MaloTh OKpeMi
BHUXOAW. B yMOBax MO3UINHOI BiffHU 0COOJIMBO aKTya-
JbHI KaIliTajdbHI MiJ3€MHI YKPHUTTS, SKi BHTPUMYIOTBH
HABITh KUJIbKA IPSIMUX MOMAIAHb.

Ha BimMiHy BiJg THINOBHX 3aXHUCHHX YKPHTb, B
YkpaiHi POMOHYIOTHCS BHCOKO3aXHIEHI KOHCTPYKIIi,
Taki K. yKpuTTs «TPO-MomymiB», criemiagpHI KOHCT-
PYKIIi A7 3aXHCTY O0COOOBOTO CKJIAmy, 3ali300€TOHHI
KaIloHIpH IJIs1 TeXHiKH, ONMiHAaxi 3 OCTOHHMX «OJIOKiB
Jlero» Ta mBHAKO30ipHI E€IEMEHTH, SKi JIETKO Iepe-
BO3UTH Ta MOHTYBATH. [IOpiBHIOIOUN YKpATHCHKI YKPHTTS 13
3aKOpIOHHAMH aHAJIOTaMH, CITiJT 3a3HAYUTH, [0 B 6aratbox
apmisix HATO Takok 3aCTOCOBYIOTBCS —~ MOIYIIBHI,
IIBUJIKOMOHTOBaHI KOHCTPYKIi, Hanpukiaa, 3 HESCO-
onokiB, «ARPA shelter systems», kam’sHO-3eMIISTHUX
ykpimieHs [12]. Onnak y kpainax 3axomy OiTbIIHiT aKIeHT
POOHTBCS Ha JIOTICTUYHY MOOLUIBHICTD, CTaHIAPTU30BAHICTh
Ta iHTErpaIlil0 YKPHUTTS B iHXKEHEPHI CHUCTEMH (CICKTPHKA,
BEHTWISILS, (uIbTpalis NoBiTps Tomo... B I3paim mis
3aXKMCTy IMBIJIBHOTO HACEIEHHsI IIHPOKO BHKOPUCTO-
BYIOTBbCSI TaK 3BaHi 3ai300€TOHHI MaMajay — YKPHUTTS Yy
GaraTokBapTUpHUX OyauHKax [12, 14, 15]. Pa3om 3 Tum,

4yacToO MarThb
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B 13palibChKiil apmii AIsl 3aXMCTy OCOOOBOTO CKJIATY
3aCTOCOBYIOTh TIEPECYBHI 3aXWCHI MOMYMTi, 3[aTHI
BUTPUMYBaTH yIOapHu paker kiacy «I'pam». Y kpaiHax
BanTii, AKi TOTYIOTBCS 1O MOXIUBUX KOH(QIIKTIB,
VKpUTTS OONAIITOBYIOTHCSA 3a3Jalierifh y paMKax
CTpaTETiYHOTO TUIAHYBAaHHS TEPHUTOPII.

Hartomicte B YkpaiHi pO3BHTOK Cy4acHHX YKPHUTTIB
31e0IIBIIIOTO CTIPSIMOBAHHUNA SIK OINEpaTHBHA BiAIOBIIb
Ha HasBHI 3arpo3u. BapTo 3a3HaunTH, 110 BUKOPHUCTAH-
HSI CYYaCHHX KOMITO3UTHHX MatepiamiB (6a3aqbToBHiA
¢$i6pobeToH, TOmMepHi €JIEMEHTH, TCOCHHTCTHKA) B
YKpaTHChKUX YMOBaX CTa€ Jie/iaji HOIIUPEHIIINM, IO Y
NOENHAHHI 3 TPAAWIIHHUMKM MaTepialaMu 3abe3mneuye
ONTHMAJBHUKA OaNaHC 3aXUCTy YKPHUTTS, IIBUAKOCTI
OyIiBHMIITBA Ta BApPTOCTI.

TpamumiiHuil  3a7i300€TOH, MO ACCATHIITTSIMH
OyB OCHOBOIO 3aXMCHHX YKPHUTTIB Ta CIOpYI, ITOKa3aB
HU3bKY €(EeKTHBHICTh y MPOTHCTOSHHI 3 BHCOKOMO-
JIYNBHUMH 3aXUCHHUMH KOHCTpYKUisiMu. HaiiGinbioro
po0JieMOI0 B OETOHHHX 3aXHCHHUX CIIOPYAaX € KPHUXKe
pyiHYBaHHS MaTepiaily, 3yMOBJICHE HU3BKOIO YIapHOIO
MILHICTIO Ta siBUIIEM criaminry [13].

VYaapHa MiNHICTE — 1€ 30aTHICTH MaTepiary
YHHHTH OIIp pPanTOBOMY KOPOTKOYaCHOMY HaBaHTa-
JKeHHI0O abo ymapy. Boma moxasye, CKiTbKH eHeprii
MOXKEe TOTJIMHYTH MaTepian mpH yaapi mepen THM SK
3pyHHYBaTHCh. BUMiprOeThCS yaapHa MIIHICTb 3a JI0IO-
MOTOI0 CIIeLiaJbHAX TeCTOBUX BHIPOOYBaHb (HAIPHUK-
nan, BunpoOyBanHs 3a MeronoMm «Illapmi»). Yum Gisbia
yllapHa MILHICTh, TUM Kpallla CTiHKICTh Martepiaiy 1o
YTBOpEHHs TpillKH. BHACIIIOK yIapHOro HABaHTAXKECHHSI B
OeTOHI TIPOSIBIIETHCS TAKOXK siBHiIIe criamnry (Spalling).

Crnanior — 1e BimapyBaHHsS a0o0 BiJIKOJIIOBaHHS
OKPEMHX YaCTHHOK Matepiaily 3 Horo nmoBepxHi BHACIIIOK
CWJIHOTO MEXaHIYHOro abo TerwioBoro BIUMBY. CrialtiHr
MO)Ke BUHHUKATH TIpU ymapi abo BuOyxy (OpoHs, GeToH,
MeTall, apMyBaHHsI, KepaMiKa), parroBOMY HarpiBaHHi abo
OXOJIOJDKEHHI OKPEMHX IIapiB KOHCTPYKIIii, BHHUKHEHHIO
BHYTPILIHBOTO THCKY Ta HampyxeHb. Haituacrime e
TPAIUIAETHCS 3 OETOHOM, KOJIM BOJIOTa IIPOHHKAE BCepe-
JFHY, BHUKJIHMKAIO4d KOpo3ito apmaTypu. Ilpm 1pomy
PO3IINPEHHS CTalli BHACTIMOK ip)KaBiHHSI TPHU3BOIUTH
JI0O YTBOPEHHSI MIKPOTPIIIMH HA TOBEPXHi, SKi 3rofoM
PO3KPHBAIOTHCS, IOCHIIOIYH IOJANbIIe PYHHYBaHHS
[11, 12, 13].

SBrme caniHry 0cOoOMMBO HeOe3MedHe IS 3aXHCHIX
CIIOPYA 1 TPOSBISETHCS, KOMM YIAMKH BHYTPILIHBOI
TMOBEPXHI 3aXMCHOTO YKPUTTS MOXKYTh BIJKOJIOBATHCS 3
BHYTPIIIHBOro 0oKy. [1i1 yac moTparuisiHHs cHapsia y Taky
KOHCTPYKIIIFO 30BHIIIHS MOBEPXHS TEPEIIKOM YaCTKOBO
racHTh YAaCTUHY KIHCTHYHOI €HEprii, pyHHYFOUM IIOBEp-
XHEBY 30HY 0eToHy. ITiciis 11b0ro i71e 30Ha CHAIHTY, SIKa i1
BUCOKMMHU CTHUCKAIOUYMMH 3YCHIUIIMH MOXKE CIPHYUHUTH
PO3pUBHU Ha BHYTPIIIHHOMY OOLIl 3aXHCHOTO Martepiainy.
[pu npoMy yiamMku (Cralik) MaTepiany BiAPUBAOThCS 1

HaOyBalOTh IIBUIKOCTI Bif moxinry eneprii. Lli ymamxwu
JETSATh BCEPEIHMHY 3 BHUCOKOI LIBUJKICTIO Ta MOXYTb
TPOOUTH 3aXHUCT i IOPAHUTH OCOOOBUIA CKIIAI.

Posrmsin  cyyacHMX TiIXONIB IIONO  3aXHCTY
0c000BOrO CKIIAAy Ta CTBOPEHHS MOJICTECH apMOBaHUX
3aXHCHUX CIIOpYA BHMAara€ 3acTOCYBaHHS Cy4aCHHX
(hiOpoOeToHIB Ta HOBUX TEXHIYHHX pimieHb. [lepm 3a
BCE, TTJBUIIICHHS CTIHKOCTI 3aXHUCHHUX CIIOPYII BU3HAYAETHCS
Ha OCHOBI IMOBIPHICHOI OLIHKM BILUIMBY YacTOTH ¥ 1HTEH-
CHBHOCTI YJapHMX HaBaHTXEHb IS PI3HHX CIEHApiiB
ypakeHHs, HMOBIPHOCTI TMPOOWTTS, CIUIABJICHHS YU
BizkomroBaHHA yacTuHOK (Spall), momkomkeHHs Hecy-
YHUX €JEMEHTIB, PU3UK 3aropsiHHs, AOMycTUMI Jnedop-
Mallii Ta 3aJIMIIKOBa Hecy4a 3/IaTHICTb.

OpnHielo 3 KIIOYOBHX TPOOJEeM TIpU CTBOPEHHI
TPUBHMIpHHUX OCTOHHHUX KOHCTPYKIiil € HemoCTaTHs 1X
CTIHKICTB 710 TPIIIMHOYTBOPEHHS il BIUIMBOM YIapHHUX
HaBaHTaxkeHs [9, 10, 11].

Tpamuiiiiai MeToM apMyBaHHS HE 3aBXKIU MOXYTh
3a0e3MeunTy pIBHOMIPHE 3MIIHEHHS CHCTeMH B 00’emi
martepiary. Came ToMy (hiOpOIiICHIEHHS PO3IIISIAETECS SIK
TIEpCTIEKTHBHA TEXHOJIOTIS ISl TIOMIMIIICHHS MEXaHIYHUX
XapakTepucTHK OeroHy. @iOpa CTBOPIOE BHYTPIIIHIO
TPUBHMIPHY TIPOCTOPOBY CTPYKTYPY, IO IIiBHIIy€E
JKOPCTKICTh ~ KOHCTpyKIii. MertaneBa, momiMepHa abo
OazanpToBa (PiOpPM BHKOHYIOTH PO MIKpOApMYyBaHHA Ta
3HIDKYIOTh PH3UK YTBOPEHHS MikporpimmH. [loegHanHs
TpUBUMIPHOT CTPYKTYpu (hiOpoOEeTOHY —crpHsie  piBHO-
MipHOMY PO3TIOJIITY HABaHTAXKEHHS B PI3HUX HAINPSIMKaX.
BaxxnuBo onTuManeHO MiAiOpaTH THI, NOBXHHY, KOH-
LIEHTpaLito Ta BUI (PiOpu 11 3a0e3neUeHHsT HeOOX1qHOT
MIIHOCTI ¥ MJIaCTUYHOCTI OETOHY, OCKUILKH HE 3aBXKIH
piBHOMIipHMI posnonin ¢ibpu abo ii armomeparis B
OKpPEMHUX 30HaX MOXXE CHPUYMHUTH OCIaOJIEHHS! KOHCT-
PYKILIi, TOMy BaXXJIMBO 3a0€3Me4YnNTH HEOOXiHI METOAN
3MIlIyBaHHsS Ta YKJIaJaHHA OeTOHY, 100 rapaHTyBaTH
PIBHOMIpHICTH apMyBaHHS. 3arajioM, BUKOPHUCTaHHS
¢iOpu B TPUBHMIPHUX OETOHHUX CTPYKTypax € edek-
THBHHM 3aCO00M 3MIIIHEHHS CTPYKTYPH Ta 3MCHIICHHS
SIBUIIA CTIANIHTY.

Cepell THUIOBHX CHCTEM IIiJJBHIICHHS 3aXHCHUX
¢dbyHKIINA (iOpOOETOHIB HA TEPINUI TUIAH BHUCYBAETHCS
TaK 3BaHa OaraTomapoBa KOHIICIIIS ITiABUIICHHS YAapHOI
MIIHOCTI Ta TPIMMHOCTIAKOCTI. THWIOBMIA BHTIISN JBO-
mapoBoi KOHCTpyKMii moxano Ha (puc. 2). Crpinku Ha
PHUCYHKY TTOKa3yIOTh HANpsIMOK YIapy 1 TPAaeKTOpio pyxy
YJIaMKIB, a 30Ha CMAJiHIy B OCHOBHOMY HAIpaBlieHa B OiK
BiJl OCHOBHOTO (poHTy ymapy. bararomiapoBi po3HeceHi
Mapy pI3HUX MaTepiaiB TOETANHO TacATh KiHETUYHY
eHeprito ynapy. OcoOJIIMBO 1ie TPOSIBJISIETBCS 3 BUKO-
PHCTaHHSIM aMOPTU3YIOUMX Ta EHeproadcopOyrUnx
BCTaBOK [3, 4, 5, 19].

BukopucranHs O6araTomapoBUX MaTepianiB 3a0e3-
neyye 3MEHIICHHS IPOCTOPOBOIO HABaHTA)KEHHS Ha
OCHOBHY KOHCTPYKIIIFO Ta 3a0e3leuye CTidKiCTh
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OeToHHOI cropyau B moMy. Y 3B’S3Ky 3 IIMM, BHKO-
PHUCTOBYIOTHCS TEXHOJIOTIi Cra-JIAHEpY - IiJIKIaKH
MDK 30BHINIHIM Ta BHYTpimmHIM mapamu. Lle dikcye
(ranpMy€) yIIaMKH, 3HIKYE iX €Heprito Ta posimit. Ilpu
IFOMY BHYTPIIIHA 3aXWCHA KOHCTPYKIIiS TTOBHHHA 30e-
piratm KapKacHy CTPYKTypy HaBiTh Ipu OaraTopaso-
BOMY YZapHOMY HAaBaHTa)KCHHI Ta 3aXWIUATH BHKHUI
yIIaMKiB BCEpEMHY Tina.

CHapaa (HanpaMoOK yaapy)

« 3o0BHiwHA noBepxHA

« (ToBwa)

A
(BHyTpiwHA)

noBepxHA

(BHyTpiwHA)
NoOBEpxHA

«—  3oHa cnanninry (eigwapyeawws) — |

AV 4 V4 47 (xouyc/nnact fragments)|

YoM Y NN |

P
&
'
&
&

« YhaMmKu

| EKINAX (noouHa — cuayeT)

| d abo 2 (cuaumTe/cTOiTe)

o

Puc. 2. Tunosa 1BomIapoBa MoJe b YKPUTTS

@ — TUTIOBUI IIap JBOPiBHEBOTO 3aXMUCTY;,

6 —30Ha CHAJIHTY B MaTepiani OeTomHy i3
CHaN-JaiHEePOBOIO ITi KJIAIKOI0

Yacto B SKOCTI JOJATKOBUX IICPEIIKOA Mepen
OCHOBHOIO OETOHHOIO KOHCTPYKII€I0 BUKOPHCTOBYIOTH
JIOJATKOBI 3aXMCHI MaTepiajid, CiTKH, TPOCH, 30BHIIIHI
eKpaHd CakpuQiliiiHi maHesi, MOHONITHI OOOJOHKH 3
JIOAATKOBOTO apMOBAaHOrO OETOHY Ta KOMIO3HTIB abo
BHYTPIIIHI €HEProakyMyIIOI0Yi MapH Ul MOTJIHHAHHS
ymapaoi xsuii [3, 19].

Po3BUTOK CydacHMX 3axHCHHX MaTepiaiiB 3
BHUKOPHCTAHHAM (hiOpOOETOHIB HOBOI'O IMOKOJIHHS, IO
XapaKTepU3yIOThCS TiIBUIICHOIO CTIHKICTIO 0 YAapPHHUX
HaBaHTAXXEHb B MPOCTOPOBI CTPYKTYpl BHYTPILIHHOTO
3aXKCHOTO IIapy, BIIKPUBAE HOBI MOXJIMBOCTI 3aXHUCHUX
criopya, ski 0 3a0e3medyyBany MiJBUINCHI MOKA3HUKU
TPIIIMHOCTIMKOCTI 10 YAapHUX HaBaHTAXKCHb BHACIIIOK
BUHUKHEHHSI SBUIIA CMIAIHTY.

Meta gocaiaKeHb

Mertoto CTaTTi € aHaji3 CydaCHOro CTaHy JII0YMX
Ta HOBITHIX CYJaCHHX 3aXHUCHHUX OCTOHHHX YKPHUTTIB Ta
¢dopTrdikaniiHIX CIOPYA 13 BpaxXyBaHHIM SBHIIA CIIa-
JHTY Ta 3acTOCYBaHHAM (iOpoOETOHIB HOBOI'O TOKO-
JMHHS OIS 3aXHUCTYy OCOOOBOTO CKIAAy, SKi BiJIIOBi-
JIAIOTh CYYaCHUM BHMOTaM 3a MIIIHICTIO Ta CTiHKICTIO
JI0 YOapHUX HABaHTaXKEHb.

BuxkJiag ocHoOBHOro Mmarepiany

®i0poOeTOHN HOBOTO TMOKOJIHHS MOXKHA BiTHECTH
JI0 KOMIIO3MIIIMHUX MatepiaiiB, y SKUX pPiBHOMIpPHO
PO3IOAIIeHI BOJIOKHA, MO 3a0e3Me4yioTh TPUBUMIpHE
apMyBaHHSI CTPYKTYpPH. 3aCTOCYBaHHSI CTaJIeBOI, IOJIIM-
PpoIIiIeHOBOI, 0a3aIbTOBOI Ta TiOpUIHOI (HiOpH T03BOJISIE
MOETHATH MIIHICTh, BOTHECTIMKICTh Ta E€HEPronoriH-
HaHHS BiJl yIapHUX HaBaHTakeHb. Jlo mepeBar (ibpo-
OeTOHIB MOKHA BiTHECTH ITBHIIECHY YIAapHY MIIHICTB,
3HIKEHHS WMOBIPHOCTI CHAJIHTy Ta 30€pe)KeHHS He-
CydJoi 3/1aTHOCTI TicIs cepii yaapis.

JIs BUBYEHHS BIACTUBOCTEH TPaAWIIIIHOTO 3aii-
300eToHy 1 (ibpoapMoBaHOr0o OETOHY HOBOTO ITOKO-
JHHS TPOBECHO TTOPIBHAHHS iX IMapaMeTpiB, SKi HaBe-
neHi y Tabm. 1.

Tabnuys 1

[apameTtpu 3a1i300eToHy Ta ¢didopodeTony

[Mapamerp 3anizobeToH ®i6pobeToH HOBOTO
HOKOJIIHHS
VY napHa Husbka, kpuxke Bucoxke
MiIHICT py#iHYBaHHS €HeproInorJIHHAHHS

y 2—4 pasu Ginbiue

Crilikicts 10 | Bucokwuii pusux | 3HmwkeHnit pusuk, Gpidopa

CHaJTIHTyY BiJlIIapyBaHHS YTPUMYE YIIaMKH
yIIaMKiB
TpimuHo- Husbka Bucoka, 3aBasaku
CTIWKICTh MiKpOapMyBaHHIO
JloBrosiu- 3umKyeThes | 30epirae MiIHICTh HaBITh
HICTH micns cepii micist GaraTopa3oBUX
yaapis yIapHHUX HaBaHTAXEHb

AXTyaJbHUM € BHBYEHHS 3aJ€KHOCTI PO3BHUTKY
SIBUIIA CIIAJTIHTY BiJ yaapHOi XBuii. {7 aHami3y mopis-
HSUTBHUX JTOCHIKCHb Ta PH3UKIB TPIIIMHOYTBOPEHHS
BBEICHO KoedimieHT camamiary R, skuii xapakrepuzye
CriBBIAHOIICHHS 0_t,max / T_t,ayn.

VY 3B’SA3Ky 3 MM TPOBEIECHO MOPIBHSUIBHI TOCTI-
JOKEHHST Koe(illieHTa CHaiHTy BiJl BEIMYUHU MIKOBOTO
HaJUTUIIKOBOTO THCKY P_S (puc. 3). IlpencraBnenwuii
rpadik ToOKa3ye 3aJIeKHICTh MOKAa3HMKA PH3HMKY CIa-
mHry R o _tmax / f_t,gn BiX miKoBOro Ha UTHIIKOBOTO
THCKY P_S BHOYX0BOi XBmii. Tak Jyis 3BM4aitHOro 3amizo-
OeroHy nopir cnaninry R 6inbie = 1 nposiBisieTbes npu
HAJUTHIIKOBOMY THCKY P_S,rit, SKUH Y TOPIBHSAHHI 3
CTaTUYHUM THCKOM BJBIYl OLIBIIMA 3a JUHAMIYHHANA
THCK f_t, gyn.
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i I'paghix pusuxy cnaniney
{4
bos 1,8 ——— 3guyaiinuii Getow (f tdyn = 12 MNa) 5
S 1.6 ——— oi6pobiero (f t,dyn = 20 MTla)
Pog 14 — Mopir cnanikry R=1
R
LR 1 1
C 2 o8 P —
i 3 016 / /
b3 014 / /
! § 0:2 //
I
i 0 Iixosuii Haoauwxosuii muck p_S, Mlla 10

Puc. 3. 3aieixHicTh MOKa3HNKA PU3UKY cHAJIHTY R Bin
NMKOBOro HAJJIMIIKOBOIO THCKY P_S, Mlla,
ne: R — mopir caninry; p_S — MKOBUHA HATHITKOBHI THCK

IMpu cranomy BIBiWi OUIBIIOMY CHiBBiJHOIICHHI
MKOBOTO CTATHYHOT'O HAIUTHIIIKOBOTO THCKY P_Scrit, MIla
ta auHamivnoro Tucky f t dyn, MIla moxHa BimoOpa-
3UTH TUTIOBY KapTHUHY OLIHKH PU3UKY CAJIiHTy B 3aJi30-
OETOHHMX KOHCTPYKLiAX Ta ()iOpobeToHax HOBOrO
TIOKOJI HHS

p_scrit=f _tdyn/2.

Tak, o1 3BHYAHOTO 3a1i300€TOHY MPH CTaTHCTHY-
HOMY HaBaHTaeHHi criBBigHomeHHs f_t,4yn = 10 MlTa,
a P_S,erit = 6,0 MIla. Toni sik st $hiOpoOETOHY MpH LUX
xe ymoBax f_t,q, Oyme cranosuru 20 MIla, a P_S,crit
Bignmosiggo 10 MITa. ITinBuieHHs AMHAMIYHOIO HaBaH-
taxeHHs f_t,gyn 32 paxyHOK BUKOPHUCTAaHHS apMyIOUHX
BOJIOKOH 3MIIIly€ IOpPIr KPUBOI MPaBOPYY Ta 3MEHIIYE
HMOBIpHICTh CHANIHTY NpHU (PIKCOBAHOMY HAJJIMIIKO-
BOMY THCKY P_S.

B pesynbrari NOpIBHSUIBHUX OOCIIKEHb MeXa-
Hi3MY BIUIMBY Y/IapHOI XBHJI Ha OyxiBIIi Ta CIIOpYyaM Ta
aHaTI3y pyHHIBHUX e()eKTiB, 0 BUHUKAIOTH BHACIIIOK
BUOYXiB a00 IHIIMX JOKEpes, L0 CTBOPIOIOTH yHapHi
XBHJI, MOXKHa TIepe0aynTy TOsBY CHATiHTy. PesynbraTn
JIOCITI/PKEHb MOXYTh OyTH BHKOPHCTaHI JUIsi pO3pOOKH
PEKOMEH/AI 11010 MPOEKTYBaHHS OYIiBeNb, IIiJBH-
IIeHHS IX CTIMKOCTI 0 BHOYXOBHX HABaHTAXKCHb Ta
MiHiMi3aIlil HACNi/IKiB PYHHYBaHb.

VYnapHa XBWIs — 1€ 00JacTh Pi3KOTO CTUCKAHHSA
aTMOC(EepHOr0 THCKY 3 BHCOTOIO, SIKa y BUIIIANI cde-
PUYHOI XBWIII PO3MOBCIOKYETHCS B yCi OOKM Big micus
BHOYXY 31 IIBUJIKICTIO, 10 MEPEBHIIYE NIBHIKICTH 3BYKY. B
pe3ynbTati yAapHOi XBWI ONIM3BKO JI0 JDKepelia BUHUKAE
30Ha CWIBHUX PYHHYBaHb (HAITMIIIKOBHI THCK y (POHTI
ymapuoi xBii cranoButh Bix 30 mo 50 kIla) [5, 19]. V
Uil 30HI Ha3eMHI OYAMHKU 1 CHOPYIU OJEPKYIOTh
CHJIbHI pPYWHYBaHHS, YTBOPIOIOTHCS MICIIEBI 3aBaiiy,
BHHUKAIOTh CYIIUIBHI 1 MAacoBi TOXEXKi. BiJbIIiCTh
cxoBHII Oyze 30epexeHa, IpoTe B OKPEMHUX CXOBHIIAX
MOXXYTh OyTH 3aBaJicHi BXOIH 1 BHUXOJH. 3aCTOCYBaHHS

(iOpoOETOHIB HOBOT'O ITOKOJIHHS JIA€ 3MOT'Y ITi IBUIIUTH
MIIHICTh 3aXWCHUX YKPUTH TiJl 4Yac ypa)XeHHS BHOY-
XOBOFO XBUJICHO.

®i0poOeTOHN HOBOrO MOKOMIHHS (hopMyIOThCS
IDIIXOM BBEJCHHS CTaJICBUX, MOTIMEPHUX, 0a3aIbTOBHX
Ta TIOPUIHUX BOJIOKOH, SIKi CTBOPIOIOTH TPHBHMipHE
MikpoapmyBaHHA. lle cyTTe€BO mimBUIIye yHapHY Mill-
HICTh Ta €HEepronorIMHAJIBHY 3aTHICTE OeToHy. B ymoBax
CY4aCHHX 3arpo3, aKTyaIbHUM € IIJBUIICHHS YyAapHOi
B’S3KOCTI OCTOHIB, IO BHKOPHCTOBYIOTBCS Ui I1X 3Be-
neHns. [lokasuuk ymapHOi B’s3kocti (aHrir impact
toughness) xapakTtepr3ye 30aTHICTh MaTepialy MOTTMHATH
CHEPril0 TPH YOAPHOMY HABAHTAKCHHI 10 MOMEHTY
pyiinyBanHs. Tak, misi 3BUYaiHOTO Ba)KKOro OETOHY
kinacy C32/40 ymapHa B’SI3KiCTh € BiJHOCHO HH3BKOIO
4yepe3 KPHUXKHI XapakTep Marepiany. 3a JaHUMHA
nocmimkenp [17], 3HaueHHs yaapHOI B SI3KOCTI MOXKYTh
KOJIUBATUCS Jisi 3BHuaiiHoro 6etony C32/40 Gnusbko
1-3 xJIx/M?, a eHeprisi pyHHyBaHHS NPU OJUHUYHOMY
yaapi = 5-15 J[x (3anexHO Bif TUIy BUNPOOYBaHHS).
Haromicts, mis mucnepcHo-apMoBaHuX (hiOpoOeToHiB
(3 craneBoro, 6a3aTpTOBOIO a00 KOMOIHOBaHOK (PiOporo
ynapHa B’s3kicTh 3poctae Big 8 mo 30 x/x/m2. Tobto,
BEJIMYIHA €HEeprii pyHHYBaHHSI MOXE 3pOCTaTH B MEKaxX
Bigx 3 mo 10 pasiB. OcoOiMBO BHUCOKI MOKa3HUKU
JOCATAIOTBCS TP BHUKOPHUCTaHHI cTaneBoi (ibpu B
kinpkocti 0,5-1,5% 3a 00’eMOM Ta 3 JOBXKHHOIO
BOJIOKOH Biz 20 10 50 MM.

3actocyBaHHs (iOpH 3HIDKYE PU3HMK YTBOPEHHS
CIAUIIHTY, YTPUMYIOUH YIAMKH Ta TaIbMYIOUH PO3BHTOK
TpimmH. JlOmaTKOBMMHU TmepeBaraMH € CYMICHICTb 3
CydJacHMMH  cynepruiactudikaTopaMu Ta  HaHOJO-
OaBKamH, ITiJBHIICHA TPIIIMHOCTIHKICTh, TOBrOBIUHICTD
i MOKJIUBICTh BUTOTOBIICHHSI CAMOYIIITBHIOBATBHUX Ta
MIBUIKOTBEPIHYUYHX CYMiIIICH.

V cydacHOMY OYAIBHUITBI CHIOPYA JA€IalTi IIUPIIE
3aCTOCOBYIOTBCS CYTMEPIDTACTU(PIKATOPH HOBOTO ITOKO-
ninHst (rineprutactudikaTopu), OCHOBOIO SIKHX 3a3BHYAil
e momikapOokcwiatHi erepu. Ili XiMmiuHi H00aBKH
MpU3HAYCHI JUI1 3HAYHOTO ITiBUINCHHS PYXJIHUBOCTI
OerorHOI cymimi ©Oe3 30iTBIICHHS BOJOIEMEHTHOTO
CHIBBiTHOIICHHS. 3aBISKHA EJICKTPOCTATHIHOMY Bij-
IITOBXYBAHHIO Ta CTEPHYHOMY €(PEKTYy, IIi TilepIuiacTH-
(hikaTopu 3a0€3MEeUYIOTh CTA0LIBHY JUCIIEPCII0 IIEMEHT-
HUX YaCTHHOK, II0 Y CBOIO YEPry CHpHsIE€ PIBHOMIPHOMY
TBEpIHEHHIO Ta 3MEHIIeHHI0 ycanku. Lle ocobmmBo
Ba)XJIMBO MPU BUTOTOBJICHHI BHCOKOMIIIHUX, CaMOYIIli-
JBHIOIOYUX 1 JOBrOBIYHUX (hiOPOOETOHIB, SIKi BUKOPHC-
TOBYIOTBCSI B CyJacHHX 3aXMCHUX crmopyzaax [8, 10, 11].
Kpim Toro, 3acTocyBaHHs rinepruiacTudikatopiB JO3BOJISIE
3MEHILIUTH KUIBKICTh IIEMEHTY B CyMIlli, 3HIDKYIOUH
BUTPATH HA MaTepiajii Ta EKOJOTiYHEe HaBaHTAKCHHs [8,
9]. llle ommiero mepeBaroro € MOJOBKEHHI yac 30epe-
JKEHHSI PYXJIMBOCTI OETOHHOI CyMilli, IIO TOJErurye
TPAHCIIOPTYBaHHS Ta YKJIaJaHHS OCTOHY Ha BEIMKHX
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00’exrax. CydacHi JOCII/DKEHHS Ta 1HHOBALHI PO3pOOKH
30Cepe/DKeHI Ha YIOCKOHAJCHHS CTPYKTYPH MOJiKap-
OOoKCHIATIiB JJIs1 TMIJABHINEHHS CYMICHOCTI 3 DI3HUMH
THIIAMH LIEMEHTY, 110 BiJKPHBA€ HOBI EPCHEKTHBHU IS
iHHOBAIli!l y OETOHHAX TEXHOJOTISX Ta CTBOPEHHS Ha iX
OCHOBI HOBHX KOMITO3UTHUX MAaTepiaiiB, SKi MOXHA
Ha3BaTH OaJiCTHIHUMU OETOHAMH HOBOT'O IIOKOTIHHS.

IMopsin 3 OCHOBHMMH XapaKTEPHCTHKaMH Cy4dacHi
BUCOKOMILHI (hiOPOOETOHU /ISl 3aXUCHUX YKPUTD TIOBHH-
Hi BiamoBimatn wiacy B Mekax C30/37...C45/55. Ile
BOXKUI OETOH, 10 BHKOPHCTOBYETHCS VIS CIOPYH 13
MiABUIIIEHUMHA BUMOTaMH O MIIIHOCTI Ta JOBIOBIYHOCTI.
Takuit OeToH 3abe3medye BHUCOKY OIIPHICTH J0 Mexa-
HIYHMX yJapHUX HaBaHTaXEHb Ta arpeCHBHHX BILIUBIB
cepenoBuma. OCHOBHMMH —acneKkTaMH  (OpMyBaHH:
(i0poOeTOHIB HOBOTO IOKOJIHHS 3 IiJBHIICHOI0 yIap-
HOIO B’SI3KICTIO € 00’ekTHBHHMU MinOip ckimany OeToHy,
HOro mapaMeTpy pyXJIMBOCTI Ta KiHIICBI XapaKTCPUCTHKH
copMOBaHOT KOHCTPYKIIii.

B sxocTi B’sDKydoro KOMIOHEHTY Wit (iOpoOeToHy
PEKOMEHIOBAHO BUKOPUCTOBYBATH HOPTIaHALCMCHTH
CEM IT/A-S 425 R TIpAT «IBano-®paHKiBCHKIlE-
MEHT», KBapIIOBUH MiCOK, TpaHiTHHUN ab0 0a3anbTOBHIA
mebinp Gpaxiii 5-20 MM, a TAKOXK TMOTIKapOOKCHIATHHUIA
cyrepruiacTidikaTop, MiHepaIbHi JOOaBKH, cTateBy Giopy
(30-60 mMMm) Ta momimepHi a60 6a3anbTOBI BOMOKHA. [Ipu
bOMY HalOIIbII e()eKTUBHIUM € BUKOPUCTAHHS KOMOI-
HOBaHMX BUAIB (GiOpu, siki 3a0e3neuyioTh GopMyBaHHS
KOMIUIEKCHOT Matpuii OeToHy. Matpuisl MIiCTHTh SIK
CTaJibHi, Tak 1 MiKpo(iOpoBi BojokHa. THIOBI mpezcTas-
HUKH (HIOp 3 pi3HUM epeKTOM [iii MpeICTaBIICHI B Ta0. 2.

Tabnuys 2

Jis pisHux TuniB ¢iop Ha MaTpuLI0 OeTOHY

Tun ¢i6pn [Jis ¢ibpu B maTpumi 6eToHy
Cranesa ¢ibpa IlinBuIye eHEproeMHICTh
(30-60 mm) pyHHYBaHHS, TACUTH TPINUHA

[linBurye TepmMidHy CTIHKICTh Ta
TPIIUHOCTPUMYBAaHHS

3HIKY€E YTBOPEHHS MiKpOTPILIHH,
0COOJIMBO TPH HATpiBaHHI

BbazansToBa idpa

INominpomninenosa
hibpa

Bukopucranus 6aratopakiiiifHiux 3aIoBHIOBAYiB,
MOKPAIY€e IIUTBHICTh CTPYKTYpH OETOHY Ta 3MEHIIYE
KUTBKICTH MIKpOIIOpP 1 KamuIsIpiB, 3MEHIIYIOYH 30HY
JoKami3amii HampyKeHb Ipu yaapi. BoHn 3MeHIIyroTh
MOPUCTICTh, MiJIBUIIYIOTh 3B'I30K LIEMEHTHOI'O KaMEHIO
Ta 3all0BHIOBaYa, 3HWKYIOTh BOJOLEMEHTHE BiIHOILICH-
mst (B/1]<0,38), 110 COpHse 3MEHIICHHIO KariIspHOI
MOPHUCTOCTI, MiJBUILCHHIO MNJIBHOCTI IIEMEHTHOrO Ka-
MEHIO Ta HaJ3BMYAHHO BAXJIMBO NPH YAAPHOMY HaBaH-
TaxkeHHi. [Ipy pOMY B 30BHIIIHBOMY apMyBaHHI y
npaktuii GopTtudikamii 3acTocoByOTh (HiOpOOETOH B
KOMIUIEKCI 13 30BHIIIHIM IapoM mojiimMepOeToHy abo ix
KOMOIHYBaHHS 3 aMOPTHU3YIOUHMH MpoIapkamMu (IyMOBi
MaTH, 130JIAL1i51).

J10o OCHOBHHMX TIOKa3HHKIB YAApOCTIHKOro OaicTid-
Horo Oerony kiacy C45/55 moxkHa BimHecTH (idpodeToHH
3 MIIHICTIO Ha cTucK: > 55 MIla, MomymeM mpyKHOCTI
> 35 I'Mla, mimHicTIO Ha po3Tsr Npw 3ruHi > 8 MI]a.

IIpu mpoMy OarticTHdHI GETOHH MPOSBIISIOTH BUCOKY
TPIIIMHOCTIMKICTh Ta 3HIDKEHHS e(eKTy craminry. J{ims
00’ €KTHBHOTO TOPIBHSUIBHOTO aHAMi3y CTIHKOCTI Tpau-
IIHUX 3aTI300€TOHHUX YKPHUTTIB Ta cydacHux (idpo-
ApPMOBAaHUX 3aXHCHHUX CIIOpYI HABEJCHO IX OCHOBHI
mapameTpud B yMOBHuX Oanax (puc. 4). AHaii3 OCHOB-
HUX XapaKTEepUCTUK OETOHIB mokasye, mo (idpoapmo-
BaHi OETOHU HOBOT'O TOKOJIHHS Y TIOPIBHSHHI 3 TpaJu-
LIITHUM 3aJ1i300€TOHOM B JI€KiJIbKa pa3iB MEPEBHUILYIOTh
CBOI IMOKa3HMKH 32 OUTBIIICTIO OCHOBHUX 1X XapaKTEPUCTHK.

= 3anizobeToH
EEE ®i6po6eToH HOBOro NOKONIHHS

PiBeHb BnacTusocTi (ymoBHi 6anu)
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o '
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o
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g
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Puc. 4. TlopiBHsIJIbHA XapaKTePUCTUKA TPaguLiliHOIO Ta
(¢iopoapmoBaHoOro 6eToOHy HOBOro MOKOJIiHHS

3acTocyBaHHs IHHOBAIIHUX TEXHOJOTIH Ta CydacHHX
TEXHIYHHX PIllIeHb SIK YISl 3aXUCTY LUBLUIHLHOTO HACEICHHS,
TaK 1 PY BUTOTOBJICHHI PI3HOTHITHUX OJIIHIaX1B, OIIOPHUX
MYHKTIB Ta (opTrdikaliiiHux criopyn y BidCbKOBIil cripaBi
AKTUBHO BHKOPHUCTOBYETHCS CYYACHHMH IIiIIPUEMCT-
Bamy, 30kpeMa kommaniero «Hobbit House», sika cre-
MiaTi3yeThCA HA BHUPOOHUITBI MOIYIBHHUX 3aXHCHHUX
YKpHUTTIB U IMBIJIBHOrO 3axucTy. Taki OeToHHI 3a-
XHMCHI YKPHUTTS BiJ3HAYAIOTHCS BHCOKOIO MIIHICTIO Ta
mBuIKHM MoHTaxeM [15, 19]. Ii ykputTTsa npu3HaueHi
JUTSL iHOMBIAYaTbHOTO Ta MaCOBOTO 3aXHCTY HAaCENCHHS,
a TaKOX JUIsl BUKOPUCTAHHS MiANPHEMCTBAMU Ta CHEp-
TeTUYHUMH KOMIaHismu (puc. 5).

Puc. 5. 3axucHe ykpurrs «byinHok Xo066iTa»:
@ — TUTIOBUH BUIJIAZ, O — HAMiB3arInOICHE YKPUTTSI

Monynehi ykputrss Hobbit House 3xathi Butpm-
MYBaTH NOBITpsHY yaapHy xBuito TuckoMm 100, 200 abo
300 kinomackaiiB, IO BTPHYI IEPEBUILYE ep KaBHUH
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CTaHIApT JJIsl YKPHUTTIB LUBLIBHOrO 3axucty [19]. s
nopiBHsAHHA, yznapHa xBuiast tuckom 100 xIla moxe
3PYLIATH TaHK 3 MICLS Ta € CMEPTENBHOO IS JTIOANHU.

Jo mepeBar TakMX YKPUTTIB MOXHa BiJHECTH
MOIYJBHICTD (YKPHUTTS CKIIAIA0ThCs 3 OKPEMUX MOJTYIIIB),
0 JO3BOJISIE MIBHAKO 30WMpaTH KOHCTPYKINIO HA MICII,
BCTaHOBJIFOBATH Ta aJalTyBaTH ii 10 HEOOXiTHOI MiCTKOCTI
Ta pm3HadeHHs. L[ KoHCTpyKmis o0nagHaHa Ha3eMHIMH
BEPTUKAIBGHIMH peOpaMu  5KOpPCTKOCTi  (KOHTpdopcam)
srigHo 3 HopMamu JICTY 9195:2022, wio miyBuiiye iXHO
CTIMKICTh JIO 30BHIIIHIX HABAHTA)KCHb T4 YHIBEPCAJIGHICTb
KOHCTpyKil. Taki yKpUTTS MOXyTh OyTH BUKOPHCTaHI SIK
JUIT OCOOMCTOrO 3aXMCTy, TaK 1 U1 3aXUCTy 3aKiajiB
OCBITH, I IIPUEMCTB Ta IHIMX 00'€KTIB IHPPACTPYKTYPH.

MopmynbHi  000TOHKOBI  KOHCTpyKIiii THy «Hobbit
House» € iHHOBALIMHUM PIICHHSM IS IBUKOTO OY/IiB-
HUITBA YKPUTTiB. CerMEHTHI eJIEeMEHTH, sIKi BUTOTOBJICHI 3
(iOpOOETOHIB HOBOTrO TIOKOJIHHS, 3a0€3MECUYIOTh i
BUIIEHY CTIHKICTh 10 BHOYXOBHX XBHWIb Ta YIApHHX
HaBaHTaXeHb. MOIYIBHICTD TO3BOJISIE IIBUIKO PO3TOPTATH
CIIOpyIM y 30HAaX OOMOBHIX Jiif, a TaKOX 3MIHCHIOBATH X
PEMOHT i MOZIEpHI3aIifo.

B pesympraTi anami3zy 3acrocyBaHHs (iOpoOCTOHY
3 TIABHIICHUMH XapaKTepUCTUKAMHU CTIHKOCTI [0
YIAPHUX HaBaHTa)XCHb Ta 3HIKEHHUM ITOKa3HHKOM
CaNTiHTy MO’KHA 3aIPONIOHYBAaTH HACTYITHI TIEPCIEKTUBHI
IUTSIXH PO3BUTKY:

1. Bukopucrtanusi 3D-apyky Ui BUTCOTOBICHHS
(bi0OpoOETOHIB Ta 1X IIBUIKOrO OYAIBHHIITBA 1 MOHTaXY
(iOpOOETOHHUX E€JIEMEHTIB KOHCTPYKIIIi.

2. [Tinumiennst eHeproedekTUBHOCTI Ta KOM(OPT-
HOCTI YKPHTTIB.

3. Crangaptusailis  MOAYJIBHUX  pillleHb
BifICEKOBHX TEXHOJIOTIH Ta IUBITBHOTO 3aXKCTY.

JJIA

BucnoBxku

1.V craTTi npoBeneHO KOMIUIEKCHHH aHaji3 cydac-
HOTO CTaHy 3aXMCHHUX YKPHTh Ta IIOKA3aHO, IO BHKO-
puctaHHsl (iOpOOETOHIB HOBOTO TIOKOJIHHS JIO3BOJISIE
3HAYHO MiBMIIWTH iX yJapHy MILHICT Ta CTIHKICTH N0
BUOYXOBHX HaBaHTa)KCHb.

2. SIpymie crarmiary 'y GpiOpoOSTOHHIX KOHCTPYKITISIX
MOXe OyTW 3BelieHEe IO MIHIMYyMY 3aBISKH BBEICHHIO
(hibpu Ta onrTHMizaIii cKIa B Mom(ikoBaHIX OSTOHIB.

3. BrpoBa/pkeHHsST HOBUX TEXHIYHHX PillleHb 3 BHUKO-
pucTaHHsIM GaraTorapoBux (piOpOOETOHHUX MaTepiajiB Ta
JeMipepoBaHMX MiKIA0K MiJBUIINTE €()EeKTUBHICTh
KOMIUIEKCHOI CHCTEMM 3aXHCTy YIApONOIIMHAIOUMX
OanmicruuHux GiOpoOETOHIB.

4. MonynbHi pilieHHS Ha OCHOBI (hiOpOOETOHIB
00O0JIOHKOBOTO THITY «X0001T Xayc» BiAKpHBalOTh HOBI
MOXITMBOCTI Y CTBOPEHHI Cy4acHHMX 3aXUCHUX 1 (opTu-
(ikamiifHuX criopy;.

5. CTBOpeHHs1 TiOpHIHHMX BHCOKOMIIHHUX (iOpo-
OeToHIB MOXXKHa BiJHECTH /10 CYYacHMX O0aJliCTUYHHX

0eTOHIB HOBOTO MIOKOJIIHHS, SIKi CTBOPIOIOTH OJTBIII SIKiC-
HilIi Ta HA/UHHINT YMOBH JUTs 30€pEKCHHS KUTTS 1 3aXHUCTY
0c00O0BOr0 CKJIaly Bijl THITIOBUX 3arpo3 B YMOBAaX BiHHH.
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PROTECTIVE COVERINGS WITH INCREASED IMPACT STRENGTH BASED ON NEW GENERATION FIBER-
REINFORCED CONCRETES

S.V. Korolko, O.0. Levkovskyi, M.A. Sanytskyi, T.P. Kropyvnytska

The article examines the shortcomings of traditional concrete shelters used in modern conditions of warfare and
increasing terrorist threats. The main problems associated with the limited use of reinforced concrete are identified, in particular
its low impact strength and susceptibility to spalling under explosive loads. The current state and effectiveness of existing
fortification structures designed to protect personnel, civilians, and critical military facilities are analyzed. The causes of
premature failure of concrete structures under intensive dynamic effects are discussed. The necessity of transitioning to the use of
new-generation materials capable of providing enhanced safety and durability is substantiated.

The paper proposes the use of fiber-reinforced concretes with three-dimensional micro-reinforcement as a promising
material for creating structures with improved energy absorption capacity and high explosion resistance. It is shown that the
incorporation of micro- and nanofibers into the concrete matrix significantly reduces the risk of cracking and local failure under
impact loading. Special attention is given to modular protective shelters of the ““Hobbit House” type, which represent an
innovative approach to designing dual-purpose structures. Such constructions combine mobility, ease of installation, and
excellent performance characteristics. They can be effectively used not only in the military sphere but also in civil protection
during emergencies and typical threat situations. The prospects for implementing new structural solutions based on the
combination of fiber-reinforced concrete with other composite materials are considered.

Keywords: brittle failure, spalling, blast resistance, fiber-reinforced concrete, impact strength, modular shelters, Hobbit
House, composite materials, micro-reinforcement, fortification structures.
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10.0. ®Temos
Hayionanvua axademis cyxonymuux gilicok imeni cemomana Ilempa Caeavioaunoeo, JIv6ig

AHTUJIPOHOBHUI 3AXUCT SK KJIIOYOBUM EJIEMEHT IH)KEHE}’HQi
MIATPUMKU MOBIJIBHOCTI BIUCBK (CHJI) B YMOBAX CYYACHOI BIMHU

Y emammi npoananizoeano cyuacui nioxoou 0o eedenHs 30pounoi 6opomvoOU, 8 YMOBAX SIKOI 3ACMOCY BANHSI
6esninomuux mimanvnux anapamie (bnJIA) cmae eaxcnueum iHcmpymeHmom OJist 0OMENCEHHS MOOITbHOCMI GIHCLK
(cun) i cmeopenHs nepeuikod O ixHb020 NPOCyeanHs Ha noii 60i0. Ocobiusy ysazy npuoiieno aHmuopoOHOBUM
3AXUCHUM KOHCIMPYKYISIM MYHEIbHO20 MUNY, 5IKi 3a0e3neyyioms 20pUu30HmanbHull I 6epmuKaibHull 3axucm oo 'ekmis
8i0 yoapHux OpoHie. 3acmocysanHs OpPOHIG-KAMIKAO3€ 3 ABMOHOMHUM ab0O ONMOBOIOKOHHUM KepYSAHHSM
PO321510AEMBCS K HOBULL BUKIUK OJIs1 NIOPO30LNi6, Wo 8I0N08i0aroms 3a Oe3neKky Ha nepedosii i ¢ muuy. Y pobomi
8PAX08AHO 00C6i0 6otogux Oill, 30KpeMa 8 YMO8AX pOCillcbKo-YKpaiHcbKoi GitiHu, 0e MaKmuxa NpoOmMueHUKA
BUPIZHAEMbCS ACUMEMPUYHICMIO ma panmogicmio. Bopooici 0ii cnpsamoeani He nuute HA YPAXNCEHHS KIHOYOBUX
Hanpsmie, a U Ha ONOKYBAHHSA MAPWPYmié NOCMAYAHHS, WO 3HAYHO YCKIAOHIOE (QYHKYIOHY8AHHS NOSICMUYHUX
aanyrozie. J{nsa nioguwyerHss MooinbHocmi niopo30inie i 3axucmy 6i0 bnJIA 3anpononosano KoMnieKkc opeanizayitiHo-
nidcomoguux 3axo0ig. Ceped Hux: inmezpayis MYHEIbHUX AHMUOPOHOBUX CUCMEM O NPUKPUMMS KIIOYOGUX
Mapwpymie, noemante WIAHYSAHHS. OYOIGHUYMBA HA3EMHUX 3AXUCHUX CHOPYO, d MAKOJC WISAXU ONmMumizayil

IXHbO20 BUKOPUCTNAHHS 8 YMOBAX OOUOBUX Ol

Knrouosi cnosa: anmuoponosuii 3axucm, Macky8anHs, MOOLIbHICHb, WISXU PYXY Giticbk (CUL).

IlocTanoBka nmpodJjemMn

InTerpatyisi OE3MIOTHUX TEXHOJOTIH 332 OCTaHHI POKU
KapIMHAIBHO 3MIHWJIA XapakTep BEACHHsS OOHOBUX JIiid.
CporofHi O€3MUIOTHI CHCTEMH, OCOOJMBO Y KOHTEKCTI
BiifHM B YKpaiHi, BIJIrparoTh BUPILIAJIBHY POIb y JIOCST-
HEHHI ONEepaTUBHHMX LIeH — BiJl KOHTPOJIO HAJ TepH-
TOPIsSIME 10 3HHILCHHST BOPOXKUX TiAPO3/ILTIB 1 TexHiku [1].

3a BiIKpUTHMH JAQHAMHU TPEICTABHHKIB CHIOBHX
crpykTyp YKpainu, 1o 85% Btpar »xuBOi crin Ta 030po-
€HHS TIPOTHBHHUKA Tpunagae came Ha Ooioei BriJIA [2].
Jlxepena pociiicekoi  Qenepanii QakTHIHO TiITBEP-
JUKYIOTh T 1mdpy, moBimomisiroun, 1o moHax 70%
MOpaHeHb Oy CIPHUYMHEHI CKHIAHHSM OOETPHUITACiB
abo BmyuyanusM apouiB [3]. Lle migkpecnioe He numre
BUCOKY €(DeKTUBHICTh TAKMX CHCTEM, a ¥ iXHiil BIIIMB Ha
TaKTHKY HACTYITy if 00OpOHH.

BesnimotHi poOOTH30BaHI KOMIDICKCH (HaKTHIHO
3MIHWIN ySBJICHHS HABITh W MPO TPaAHIiiHy O0OpOHY.
3aMicTh CYIUTPHUX JIiHIA pyOexiB Aenani dYacTimie
BUKOPUCTOBYIOTBCS MOOUTBHI OMOpHI MyHKTH Ta
no3utlii, siki 3a0e3MevyioTh THYYKICTh 1 MaHEBPEHICTb,
3HIDKYIOUM BPa3JMBICTh 10 aTak [4].

Odoprudikaiis, sk Hayka, HaOyjJa HOBOro 3Ha-
YeHHS Ta MOTpeOye HeraifHOro mMepersisiay MOJO0KCHB

YMHHUX KEPIBHUX JOKYMCHTIB (CTATyTiB, HaCTaHOB
TOIIO) 3 ypaxXyBaHHAM HaOyToro GoitoBoro jpocmimy. Ii
e(peKTUBHICTb Jieiaji Oiblle acOLIIOEThCS 3 TOBEPHEH-
HSIM JI0 TaK 3BaHOI "'mijizemMHol BiiiHu". Binkputi popTu-
(ikaniitHi criopyau Oinbliie He 3a0e3neuyTh HeoOXi-
HOTO PiBHSI O€3MEeKH — HATOMICTh aKTyallbHIMH CTalOTh
ruboKi migzemHi xoau (mo 2,5 M), 6eTOHOBaHI YKPUTTS
3 OararopiBHeBUM (2-3) 3axuCTOM, MPUXOBAaHI XOIH
("HOpH"), iHKEHepHI aHTHAPOHOBI 3acobu (3acCIIOHHM),
JIIMOBI 3aBicH Ta iHII KoMIUIeKCHI 3axoau [4]. Tumosi
OmiHmaxi 0e3 JONAaTKOBOTO 3aXKMCTy Ta MAacCKyBaHHS
JIETKO BUSBJLIOTHCS TA 3HUIIYIOTCS HaBiTh FPV-nponamu.
3aBIsgKM MOOUTBHOCTI I 37aTHOCTI TPOHHMKATH B
rmOokuii Twi, BrnJIA 3HaYHO YCKIATHIOIOTH Opra-
Hi3aIifo Ta Oe3leKky TocTayaHHS Ha BCIX eTamax
noricrianoro nanora (puc. 1). Ha Bigcransx g0 5 km
Bin JiHIi OOWOBOTO 3ITKHEHHS €(EKTHBHO YPaXKyeThCS
TeXHIKa W OCOOOBHWI CKIIaJ, a 3arayibHa ePEeKTHBHICTH
JIOTiCTHKH MOXKe 3HIKYBaTUCh 10 60—70%. 3oHa 5-15 kM
BHUKOPHUCTOBYEThCS Ui Jectabimizamii TMocTadaHHSA Ta
CTBOPEHHSI YMOB TPHUBAIOrO OJIOKYyBaHHS, IO MOXKe
NPHU3BOAUTH [0 3HAYHHUX BTPAT — (PEKTHBHICTH JOCTABKH
y Wil 30Hi 3HIKYeThCest Ha 40-50%. Y mianazoni 1540 kM
JIPOHM 37aTHI Nepepi3aTd KIFOYOBI HUISXH MMOCTAYaHHS,
BUSIBJITH Ta YpaXkaTH 00’ €KTH y riuouHi [5, 6].
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Puc. 1. Bnians BnJIA Ha edeKTHBHICTD JOTiCTHKH
3aJ1eKHO Bij BicTaHi 10 JiiHii 00i{0BOro 3iTKHEHHA

JlominbHO 3ayBaXkKMTH, 110 BIUIMB OE3IIOTHHUX
aBlaliiHUX CHUCTEM Ha TMPOIeC MEIMYHOI eBaKyarlii
MIOPaHCHNX Ma€ CYTTEBI OMEPATHBHI Ta MEIUKO-TAKTHUYHI
Hacimigku., HesaxwuineHicth MapmpyTiB 1 BIACYTHICTh
MOXJIMBOCTI OINEPATHBHOTO TPHUKPHUTTS MPH3BOIATH 10
TOTO, 110 B OKPEMHX BHIIAJIKaX Yac JOCTABKHA NOPAHEHOTO
JIO eTary HaJaHHS KBaTi(DiKOBAHOI MEIMYHOI JIOMOMOTH
MOXE CATATH TOHAJ JecsATH TomuH. llomiOHe yrmoBib-
HCHHS CBAaKyallifHUX 3aXOiB CIIPUYMHSE 3POCTAHHS
JIETAILHOCTI cepei 0cOO0BOTO CKIIay.

3acrocyBanHs BrJIA 3 ONTOBOJIOKOHHHM YIpaB-
JIHHSIM, SIKE CTaJIO TOIUPEHIM OCTaHHIM 9acoM, 3a0e3-
MeYye BUCOKOTOYHE KEPYBAHHS Ta JI03BOJISIE MPOBOUTH
aTakd Ha 3HayHi BixcraHi — 0 40 xm i Ounbie. Taki
CHUCTEMHU NPAKTUYHO HE INIAIOTHCS BIUIMBY 3ac00iB
pamioenexTponHoi 6oporsbu (PEB) [7].

Opnieto 3 HalieQekTHBHINMX (OpM MACHBHOTO
3axucty Bin brJIA Tuny “kamikanze" € izuuni
Oap’epu, 1Mo 3a0e3MEYYIOTh MEXaHIYHE TEePEXOIUICHHS
Ta HEWTpasizalilo JPOHIB 10 MOMEHTY JOCSTHEHHS
HUMHU 1111, BaxknuBoro nepeBaroro GpisMIHOro 3aXUCTy €
Horo yHiBepCaJbHICTh: BiH 3[MaT€H MPOTUCTOATH BriJIA
PI3HOrO THITy, BKIFOUHO 3 BHCOKOTOYHHUMH MOJICIISIMH,
[0 BUKOPUCTOBYIOTH ONTOBOJIOKOHHI KaHATH 3B’S3KY,
SIK1 3QJIMIIAI0THCS MaJIOBPa3IuBUMU 10 3aco0iB PEB.

Crij 3a3HaYMTH, O MPOTHUIIS BKIFOYAE IMTHPOKUI
CIIEKTp 3aXOJIiB: MaCKyBaHHsI, TEpEMiIIIeHHs BHOU1 a00 Tij
MPUPOHUMH YKPUTTSIMH (30KpeMa B JIICOBHX MAacHBaXx),
BUKOPUCTAHHS TEXHIKM, OCHAINCHOI 3aco0aMy TPOTHIi
nponam [5]. Tlixora memai gacrtirre mepeMillyeTsess Ha
OpoHeTexHimi 31 CremiaJbHUMH 3aXUCHHUMH YKPUTTAMH.
OO0nzBi CTOPOHM TaKOX 3aCTOCOBYIOTH Tak 3BaHi "'TyHeni'
3 CiTok (MacKyBalbHHX, PHOATBCBEKHAX TOIIO), SKAMH
MEePeKpUBAIOTh JIOPOTM — I[el MeTon ymepiie OyB
3aCTOCOBAHMM POCIMCHKAMH BiliCEKaMHU TOONH3Yy MicTa
Baxmyt, a 3romom ioro amantyBanu Cumm 060poHH
Vkpainn Ha KITo4oBMX Hampsmkax [8-11]. Brim, Taxi
3aX0AM HE TapaHTYIOTh IOBHOTO 3aXUCTy 1 HE €
YHIBEPCAJIILHUM BHUPIIIECHHSIM ITPOOJIEMH.

OTmXKe, KOMIUIEKCHUI BIUIMB OE3IIJIOTHUX CUCTEM
Ha MOOLTBHICTB BifiChK (CHUT), 3 ypaxyBaHHSIM IXHBOI 3/1aT-
HOCTI €()eKTHBHO IiSITH HAa PI3HMX OINEPaTUBHHUX 1 Tak-
TUYHUX BIJICTAHSX, OOYMOBIIIOE HE JIMIIIC 3MIiHY IMiIXOMIIB
JI0 BejleHHA OOMOBUX Jiif, a ¥ (opMyBaHHS HOBOI
KOHIIeIIi cydacHoi BifiHW. Lleli mporec BuCyBae Ha

© dremos 10.0.

MIEPIIMH TUIaH BKJIMBY NPOOJIEMY — TOIIYK HOBHX, OLTBIIT
MPOTPECUBHUX CIIOCO0IB 1HKEHEPHOI MiITPUMKH 00
0e3MevHOT0 TepecyBaHH MiPO3IUTiB MEPEKEFO IUIIXIB.

AHaJTI3 OCTaHHIX JOCHiKeHb i myOJikanii

Iposenennii anami3 mwkepen [5-11], y skux 3armo-
YAaTKOBAHO BUPIIICHHS JaHOTO IHUTAHHSA, CBIIYUTH MO
YaCTKOBE MOr0 PO3KPUTTS, IO B CBOIO YEPry CIIOHYKa€e
JI0 TIOJAJIBINOI PO3POOKU BiJIOBIAHUX PEKOMEHMAILii.
IcHyrounii HayKOBO-METOIWYHUM amapaT I'PYHTYETbCA
Ha TMpPUHIMIAX, po3pobieHuX apropamu [12-17], i
0e3yMOBHO BpaxOBYE OKpeMi IiJXOJU Ta CIIOCOOU
BHUKOHAHHS 3aXOJiB B 3arajibHIfl CHUCTEMI 1HXKCHEPHOI
M ATPUMKHA MOOUIBHOCTI BIiCEK (CHUI).

OpHak OTpUMaHi pe3ynbTaTh MOXYTb OyTH ajaar-
TOBaHi JI0 Cy4aCHUX YMOB BiiCbKOBOI'O NPOTHUCTOSHHS
numie 9actkoBo. Kpim Toro, HeoOXiTHO BpaxyBaTH
BUKOPHCTAHHS aHTUIPOHOBHX CUCTEM TYHEILHOTO THITY
Ha LUIXaX PyXy BIMCBK (CHII), LIO € BaXKIUBHM elie-
MEHTOM y KOHTEKCTI TMiJBHIIEHH e(eKTHBHOCTI
3aXMCTY Ta 3HWKEHHS 3arpo3 Bix Bopoxkux briJIA.

®opmy.TI0BaHHSI METH CTATTI
(MocTaHOBKA 3aB/IaHHS)

Meroto craTTi € OOIpYHTYBAaHHS TPOIMO3UIIN OO0
BIOCKOHAJICHHA  OPraHi3alliiHO-MIIrOTOBYNX  3aXOMiB
IEKEHEepHOI TATPUMKHA MOOUTBHOCTI Bifichk (chm) B
yMoBax 3arpo3u 3 0oky BmJIA nuisixom po3poOku Ta
BIIPOBA/DKeHHsI (DI3UYHOTO aHTUJIPOHOBOTO 3aXUCTY
TYHEJIBHOTO THILY.

Ha ocHOBI aHaji3y CydacHHX 3arpo3 Ta iCHYHOYHX
croco0iB 0OMEXEHHs MepecyBaHHsI MiIPO3.ITIB, Y CTaTTi
BH3HAYCHO KIFOUOBI HAMpPSMU DPO3BUTKY I1HXKEHEPHHX
CIIOpYZl 3aXHMCHOTO XapakTepy, 3JaTHUX 3a0e3NeunuTH
e(eKTHBHE eKpaHyBaHHS 00’ €KTIB BiJl yapHUX JPOHIB,
30KpeMa TakKuX, 0 (PYHKIIOHYIOTh HA OCHOBI aBTOHOM-
HOro ab0 ONTOBOJIOKOHHOTO KEPYBaHHSI.

OcCHOBHE 3aBJaHHS JJOCJiDKSHHS TOJSTAe y BH3-
HaueHHI HAYKOBO OOIPYHTOBAHUX ITiJIXO/iB IO MPOEKTY-
BaHHS T BIOCKOHAJICHHS KOHCTPYKIIH TYHETBHOIO TUILY 3
METOIO TTiIBUIIICHHS IXHBOI €()eKTUBHOCTi, MOOLTBHOCTI,
IIBUJIKOCTI PO3TOPTaHHS Ta AJANTHBHOCTI JI0 YMOB
Cy4acHOro 60r0.

Bukiax ocHOBHOro Mmarepiasry

JlocmimKyour TaKTHKY BEEHHS ''IPOHOBOI BIHHH
MPOTUBHUK TMOCTIHHO Ti BIOCKOHAIIOE Ta AKTHBHO
3acTOCOBYe O€3MiIOTHI cucTeMH y (opMaTi 3acioKk Ha
MapIIpyTax rnepecyBaHHs mapo3AutiB. SKiio paHiie Oiist
JIOPOTH 3a3BHYaii nepeOyBaB OJMH JPOH, KU OYiKyBaB
npoxomkeHHst TexHikn Cun  obopoHn YkpaiHu st
HaHeCEeHHs yJapy, TO HWHI TaKTHKa YCKJIaJHWIAacs — Ha
OKpEeMHX JIJITHKaX OHOYACHO MOXYTbH MiSITH JIO ITSATH i
Oinbine BriJIA, po3MilieHuX y pi3HHX TOYKax Y3/I0BXK
Mapmpyty. lle nae 3Mory CTBOPUTH 0araTOMO3UINHY
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nacTky (puc. 2), B AKiii KOXXEH JPOH KOHTPONIOE CBil
ceKkTop abo NMPUKPHBAE iHIII anaparH.

Puc. 2. [IpoHoBa 3acinka (sapianm):

1 — 30Ha criocTepexeHHs (LiIeBKa3aHH:);
2 — CEeKTOp NPUKPUTTS; 3 — CEKTOp OuiKyBaHH: (aTaku)

[MapanensHO B MOBITPI MOXKYTh nepe0yBaTH KiIbKa
BrJIA-po3BiHUKIB, sIKI BHMKOHYIOTH (DYHKIII criocTe-
PEXeHHs Ta ILJIeBKa3aHHs. BoHM 3aBHcaloTh Ha BUCOTI Ta
MePeIAoTh  JIaHi  orepatopaM, sIKi KOOPAWHYIOTH Il
ymapaux BriJIA, 3acToCOByrOUM pi3HOMAaHITHI CIOCOOH
ypaxeHHs, 30kpema: "Kmacuka", "Tlomopanns”, "FPV-piit",
"FPV-npoH B 3acinui”, "Kom6iHoBanmii ynap"” Ta in. [3]. V
JIESKNX BHIAAKaxX I JPOHH 37aTHI CYIPOBODKYBATH LUIh
Ha BENMKIH BiJICTaHI, OYIKyIOUHM 3PY4HOTO MOMEHTY IJIs
aTaKky — HANpPUKIAJ, KON TEXHIKa CIIOBUTHHIOETHCS 200
3YIUHSETHCS.

Takox (HIKCYIOTHCS BHUIAIKH BUKOPUCTAHHS IPOHIB 13
3apsI0M JKUBJICHHS, 110 J0OIrae KiHIIA: SKIIO Taki arapaTd
HE BISBILIIOTH KOHKPETHOI BIMCHKOBOI IIiJI, OMIEpaTtopu
HABMHUCHO CKEPOBYIOThH iX y Oik HahOmmmwk4oi OyamiBmi ado
VKPUTTSL — HE3AIeKHO BiA TOro, mepeOyBaroTh TaM
BIMCHKOBI uM IWBUIGHI. ILle 3OIMCHIOETECS 3 METOIO
MaKCHMAJIFHOTO TICHXOJIOTIYHOrO BIUIMBY Ta (Di3MUHOTO
Ypa)KeHHS B TJTMOVHI THITY.

TakdM YMHOM, JAPOHH BHUKOPHUCTOBYIOTHCS KOMII-
JIGKCHO: YaCTHWHa 3 HUX BUKOHY€E (YHKIIIO TOBrOTpPH-
BaJIOro0 OYiKyBaHHS Ha MapUIpyTax, YacTHHA 3aBHCAcE B
TOBITPi JJIs1 BUSABJICHHS Ta CYIIPOBONY, a pEIlTa 3acTo-
COBYEThCS K yaapHa cwia abo 3acid THCKy, HaBiTh
1HKOIH 0€3 BU3HAYEHOI L.

Sk yxe 3a3HavaNOCs, y 3B’ 13Ky 3 IMOSBOIO HOBITHIX
3ac00iB PO3BIAKM Ta HaBEICHHS 3acCO0IB ypaskeHHsS Ha
I1iJTb, POJTb MACKyBaHHS B CydacHOMY OOFO pi3KO 3pocTae. Y
3arajJbHOMY pPO3YMiHHI MAacKyBaHHS Ma€ TIONBIHHE I
TPUHIIMIIOBO MPOTIIEKHE NMPH3HAYCHHS: 3 OTHOrO OOKY —
TIPIXOBYBAHHS JIEMACKYBaJIbHIX O3HAK PEaThHUX 00’ €KTIB,
3 iHIIOro — IMITAL[IO JiSUIGHOCTI BiMCHbK (CHUI) IILIAXOM
crBopenHst xuOHUX 06’ekTiB [18]. Boamowac cydacHi
YMOBH BHCYBAIOTh 1 JONATKOBY BUMOT'Y — BHKOHAHHS
3aXHMCHOT (DYHKIII.

YMije BUKOPHCTaHHS HNPUPOAHUX YMOB JO3BOJIIE
e(peKTUBHO MPUXOBYBATH BiliCbka, O0’€KTH Ta BHKO-
HaHHS BIMCHKOBO-IHKEHEPHUX POOIT i3 MiHIMalbHUMU
BUTpaTaMu 4acy, 3ycwib 1 3aco0iB. [Ipore Ha Mmicie-
BOCTI, 1M030aBJIEHIl MPUPOJHUX MACKYBaJIbHHUX BIACTH-
BOCTEH, IIMPOKO 3aCTOCOBYIOTH IITY4HI MAacCKyBasbHi
3acoou. [To cyrTi, 11 eKpaHH, sIKi BCTAHOBJIIOIOTHCS MiXk
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MPOTUBHUKOM 1 00’€KTOM, IO MPHUXOBYETHCS — OCO0-
JIMBO y BHIAJIKaX, KOJIU 00’ €KT PO3TAIIOBAHO HA BIAKPUTIH
MicIeBOCTi a00 MpUPOJHA Macka Mae HEIOCTaTHI Mac-
KyBaJIbHI BIACTUBOCTI. Haltgacriime i yKpUTTS TEXHIKH Ta
00’€KTIB  3aCTOCOBYIOTh MACKH-TICPEKPHTTS, a TaKoXK
BEPTUKAJIbHI, TOPU30HTANIBHI Ta JeQOpMyBalbHI MaCKH.

3a mpuU3HAYCHHSM, KOHCTPYKINEIO Ta 30BHIMIHIM
BUTJISZIOM PO3PI3HAIOTH HACTYIIHI THITA. MAacKHU-TIepe-
KPHUTTs1, TOPHU30HTIbHI MacKH, MaCKHU-HaBICH, BEPTUKAIIbHI
MacKM Ta HaxWieHI Macku, JeQOopMyBalbHI MacKu Ta
Macku-makeru [18].

OCKITBKY PO3IVISIHYTE TUTaHHS 3/1eOUIBIIOro CTO-
CYETBCS IHXKEHEPHOI MATPUMKN MOOLTBHOCTI BifichK (CruT),
30KpeMa iX TepecyBaHHsI JIOpPOraMy Ta KOJOHHMMH IIUIS-
XaMmH, Ul 3aXKCTy BiJl Ha3eMHOI PO3BIIKM I mepcrek-
THBHOT'O TIOBITPSIHOTO CHOCTEPEKEHHS! 4acTO BHKOPHCTO-
BYIOTh BEPTHKAJbHI MAcKH. BOHHM MOMUIAIOTECA HA
TpPAHIIICHHI, TOPOXKHI TA MACKU-TIAPKAHIL

OCHOBHE TPH3HAYCHHS JOPOXKHIX MACOK — TIPHU-
XOBaTH PyX MiAPO3AUTIB MEPEXKEIO NUIAXIB. 3aJIeXKHO Bij
MicCLsl BCTAHOBIICHHSI, JOPOXKHI MACKH MOAUIAIOTHCS HA
TIPUAOPOXKHI Ta HAITOPOIKHI.

[pumopokHi BepTHKAIBHI MAcKd BCTAHOBIFOFOTHCS
B3JIOBXX POKaJHHX JOpir. BoHH MOXyTh MaTH Kapkac
abo Oyrm Oe3kapkacHuMH. Kapkac 3a3Bmuail ckia-
JTAETHCS 31 CTIHOK, AKi 3a0MBarOTHCS 200 3aKOMYIOTHCS B
IPYHT 3 iHTepBaJioM 3—-6 M, MPOroHiB abo TSIKIB, IO
3aKpIIUTIOITBC Ha cridikax 3 kpokom 0,5-1,5 M mo
BHCOTI, a TaKOX BiATSHKOK. Ha TBepamx (kam’sHHUCTHX
abo Mep3iHx) IPYHTaX KapKacH MOXYTh BCTaHOBITIO-
BaTHCS Ha KO3JIOBHX OIOpax i3 mporoHamu. J[o kapkaca
KpIMUTBHCS TIOJIOTHO MacKH, SIKE BUT'OTOBIISIETHCS 3 MicIie-
BHX MatepianiB (XMH3y, HKEpIHH TOIIO), a TAKOX 3 eje-
MCHTIB TaOCJIbHUX MACKyBaJbHUX TMOKPUTTIB ab0 CITOK,
3al0BHEHHUX MicleBuMH Martepianiami. OuH TaOenbHuit
MacKyBaJIbHUI KOMIUIEKT JIO3BOJISIE OONAIITYBaTH 72 M
BEPTHKAaJIbHOI MacKy BHCOTOIO 3 M.

HamnopoxHi BepTHKaNbHI MACKH BCTAHOBIFOKOTHCS
Ha (poHTaNBPHMX Joporax. HmkHiH Kkpali moMOTHA
TMIBIIIYETHCS HA BUCOTI, IO 3a0e3edye BUTBHUNA TPOI3J
YCIX BHIB TEXHIKH Ta TpaHCropTy. [TonoTHa Takux Macok
TaKOXX BHUTOTOBILIIOTBCS 3 MICHEBUX MaTepiamiB abo
€IIEMEHTIB TaOeThPHNX MaCKyBaJbHUX KOMILUICKTIB.

KoxHa Macka CKIamaeTbcs 3 Kapkaca, BUTOTOB-
JIEHOTO, SIK TIPABHIIO, i3 JkepauH i apoty (abo Tpocis), Ta
NOKpUTTA tmpuHoo Bif 1,5 no 3,0 M, sike CTBOPIOETHCS
3 TalOellbHUX MAacKyBajbHUX 3aco0iB abo mMigpy4HHX
MaTepiaiiB. 3aJeKHO BiJl YMOB MICIIEBOCTI, Ha KOXXHHUI
KIJIOMETp AOpPOTH BCTAHOBIIIOETHCS Bij 8 10 12 Macok.

Cnin 3a3Ha4YMTH, IO JUTA TIPUXOBYBaHHS Mepecy-
BaHHS MIAPO3IUTIB BiJl HA3EMHOI PO3BiIKH IIPOTHBHUKA,
3aCTOCOBYIOTh ~KOMOiHOBaHi Macku (puc. 3), sKi
CKIIAIAlOThCsl 3 BEPTUKATIBHUX MAcoK (TIPHAOPOXKHIX
a00 HAIUTOPOXKHIX) 1 KYTHKOBHX BimouBauie OMY, ski
HiBIIIYIOTHCS Ha CTifikax depes 8...12 m [18].



BilicbkoBO-TeXHIUHMI 30ipHIK
Military Technical Collection

188

Tom 33 Ne 2, 2025
Vol. 33 No. 2, 2025

a=30.45°

N W | !
[ 7l ! 2) /4

Puc. 3. KombinoBaHi Mmacku (eapianm):

a — IPUIOPOXKHS; 6 — HATIOPOXKHSL.

1- kyrukoBuit Bigousay OMYVY; 2 — pO3TsDKKH;
3 — monotHO (cooMa, o4eper, XMu3);
4 — MacKyBaJIbHE TIOKPUTTS (CITKA 3 3aIIETEHHSIM I'iJI0K a6o
IHIIKMX MICLIEBUX MaTepiais)

BoxaHouac BapTo MigKPECIUTH, IO HAsBHI MacKH
He B MOBHIM Mipi BHKOHYIOTH CBOi QyHkuii. Okpim
cydJacHi
YMOBH BHMAararoTh BijJl HUX TaKO)K BUKOHAHHS 3aXHCHOI
pouti — mepenyciM y MPUKPUTTI TEXHIKH Ha BIHCHKOBUX
ABTOMOOITBHUX JIOpPOrax Bix ypakeHHs apoHamu [9].
HasBHI KOHCTpYKIIi dYacTo He 37aTHI 3a0e3meuuTd
HaJIKHUH pIBEHb MPOTHIIl Cy4acHMM O€3IIJIOTHUM
3arpo3aMm, [0 BHMAara€ IOAAJBIIOr0 BJOCKOHAJICHHS
IiIXO/IiB 10 IXHPOTO BUTOTOBJICHHS Ta 3aCTOCYBaHHSI.

3 orminy Ha Iie, 3aXHUCT TEXHIKH BiJ BOTHEBOTO
ypaXKeHHsl Ta BUSBJICHHS NPOTUBHUKOM HaOyBa€ BUpI-
IIaFHOTO 3HAYEHHA ITiJ Yac ii mepecyBaHHS B YMOBaX
Cy4acHOT'0 BUCOKOMaHEBpPOBOro 00t0. OmHUM i3 croco-
0iB 3a0e3rmedeHHs O€3MEKW TEXHIKM M Yac pyxy Ta
30epexeHHs] OOHOBMX MAIIMH € TaK 3BaHi aHTUIPOHOBI
YKPHUTTA TYHEIBHOI'O THITY.

3axuCHI aHTHAPOHOBI TyHENI (€KpaHH) MPU3HAYCH]
g oOjlafHaHHA Ha JIOTICTUYHMX LUIAXaX 3 METO0
cTBOpeHHs mnepemkox mis bmJIA mnpoTuBHHKa, IO

OCHOBHOT'O MacCKyBaJIbHOI'O  IPU3HAYCHHA,

JIO3BOJISIE 3MEHIIMTH WMOBIPHICTh YPa)KeHHS TEXHIKU Ta
0c00O0BOTO CKIIAY TiJT 4ac MepecyBaHHs.

Jnst  obnamiTyBaHHS 3aXHCHOTO AHTHAPOHOBOTO
TyHemo (exkpaHy) mNpoTsukHiCTIO 1 KM MiHIMajbHa
opieHTOBHa MOTpeda B MaTepianax noaana B taodm. 1 [10].

© dremos 10.0.

Tabauys 1

Iotpeda B MaTepianax Ta iHCTpyMeHTY 1151 00JIAIITYBAHHS
3aXHCHOI0 AHTH/IPOHOBOI'0 TYHEJIIO (EKpaHA)

HaiimenyBanns ‘ Iorpeba
Marepianu:
Jlic xpyriumit (moBxkuua 6 M, @ 20-24 cm,| 14 m3(~170
MOJKE PO3IHIIIOBATHCS Ha 4 YaCTHUHH) CTOBIIIB)
JpiT B’ s13anpHui 800 xr
Bsxu 100 MM 40 xr
[MoninpornineHoBuit mmarar 8 km
Citka miactukoBa (pymon 1,7x500 M, Biuko 28 .
13x18 cm) pyfonis
Inctpymenr:
Moto0yp, Bix6iitHMIT MOIOTOK, OSH30ITIIA no 1 ox.
JlowMm, cokupa, sonaTa, KUpKa-MOTUTa 1o 2 IWT.
Pymauns (aHTHAPOHOBA) 3om.

OpieHTOBHA BapTiCTh MaTepialiB, HaBENEHUX Y
Tabi. 1, cknagae 180 tuc. rpH.

3aJe’KHO B TUIy IPYHTY, TEMIIEpPaTYpHHX YMOB
Ta IHTEHCHBHOCTI BOTHEBOTO BIUIMBY IPOTHBHHKA,
rpyna 3 15 BilicbKoBOCITYXOOBLIIB MOKe 30y 1yBaTH Bix
40 mo 60 M 3aXMCHOTO TYHENIO TPOTATOM 100 3a
YMOBH BHWKOPHCTaHHS BIAMOBIAHOTO OOJaTHAHHSA Ta
IHCTpYMEHTIB, HaBeACHUX y Tabm. 1.

DyniBHULTBO 3aXWUCHUX aHTHAPOHOBHX TYHEIIB
(expaHa) MOKHA YMOBHO TOMIJIATH Ha KiJbKa OCHOBHHX
eTamiB, KOXKEH 3 SIKHX MOTpedye BiAMOBITHOTO OCHA-
LICHHSI, MaTepialliB Ta IHKEHEPHHX PIlICHb 3aJIKHO BiJl
YMOB MICIIEBOCTI, PIBHS 3arpo3H Ta HasBHOTO PeCypcy
[10]. 3araspHuii BUTIISII aHTHIPOHOBHMX TYHENIB (ekpa-
HiB) [TOKa3aHO Ha pHcC. 4.

Ha nepuiomy eramni NIpoBOOUTHCS aHali3 Micle-
BOCTI. BU3HAYAIOTLCA OCHOBHI JIOTICTUYHI LUISIXH, OLUHIO-
€ThCS IXHS BiAJAJIEHICTE Bif IiHIT 00HOBOro 31TKHEHHS Ta
IHTEHCHBHICTh 3aCTOCYBaHHSI NMPOTHBHUKOM FPV-mpo-
HIiB IIPOTH TEXHIKH, 10 NEPEMILIYETHCS IMMH MapIIpy-
TaMH Ta iH.

IS
S
~
10...12

Puc. 4. TunoBa cxema BJIALITYBAaHHS AaHTHIPOHOBOI'O
TyHeJ10 (eKpaHa) (gapianm):

1 — croBm; 2 — NONINPONIJICHOBHUH IIIIIaraT;

3 — BepxHiit O0KoBHiIT 1piT; 4 — HIKHIH OOKOBUI IpiT;
5 — GoxoBa BiATsDKKA; 6 — TOPH30OHTAIBHA MacKa
(MacKyBaJIbHE TIOKPUTTS, CiTKa TKAHUHHA);

7 — BepTHKaJIbHa Macka (CiTKa IIaCTHKOBA)
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[Micns  imeHTHdikamii JOTICTHYHMX —OULIXIB,  sIKi
MUITaloTh  00MaHAHHIO 3aco0aMi  aHTHIPOHOBOTO
3aXKCTY, OPTaHi30BYeThCA iX iMKEHEpHa po3Biaka. Y Xomi
SIKOI BU3HAYAIOTh!

HasBHICTD IH)KEHEPHHX 3aropo/DKeHb Ha 3armia-
HOBaHI AiSHIIL POOiT;

MPOTSKHICTD BIAKPUTHX MITSTHOK, MIO OTPEOYIOTH
o0JaTHAHHS,

CTaH JIOPOXKHBOT'O MOKPHTTS Ta Y3014, TXHIO LIMpHHY,
Matepial JOPOXKHBOrO OISArY Ta THIl IPYHTIB Y37IOBX
JIOPOTH Ta iH.

[Ticns poBeeHHS 1H)XEHEPHOT PO3BIIKU 3IIHCHIO-
€ThCS PO3PAXyHOK HEOOXIAHUX MaTepialibHUX 3ac00iB
Ta IHCTPYMEHTIB, TOMAETHCA 3aMUT. 3 YypaxyBaHHIM
MPOTSHKHOCTI AUISTHOK, IO MiUIATaloTh 00JIaJHAHHIO, Ta
CTPOKIB BHKOHAHHSI POOIT MPOBOIUTHCS PO3MOMALT OCO-
0OBOro CKiIamy Ha PoOOdi TPYIH, a JOPOTH IUIATH Ha
OKpeMi po0oYi TiISTHKH.

3aBaHHs HAa 00JIa/IHAHHS 3aXUCHUX aHTHAPOHOBHX
TYHEIIiB JOBOJSITHCS JIO 3araIbHOBIHCHKOBUX ITiAPO3ILTIB
yepe3 PO3MOPSDKEHHSA 3 MATPUMKH, a JO IAPO3ILIiB
IKEHEePHOI M ATPUMKH — depe3 00HOBI pO3MOPsHKEHHS.

O6namrryBansst 3axucHOl KOHCTpyKmii (puc. 4)
BiIOYBa€TBCSI Ha APYroMYy €Talrli, OCOOIMBOCTI SIKOTO
HaBeJeHO y Tabu. 2.

Tabnuys 2

OcHOBHi KpoKH OyAiBHUITBA 3aXHCHOI'0 AHTHAPOHOBOI0
TyHe 10 (eKpaHa)

Hasga xpoky Koportxkuii onuc

[Miaroroeka TIpoBoauThCS pO3MiTKA MicIb

MiCILIEBOCTI BCTAHOBJIEHHS CTOBIIIB

BcranoBneHHs [MpuB'sa3yt0ThCst OOKOBI PO3TSIKKU, CTOBITH

Kapkaca 3aKpIIUIIOIOTHCS B’ I3aJIbHUM JIPOTOM,
TICJIT MOHT&)XKY HATSITYETHCS JIPIT 110
BEPXHIill YaCTHHI KOHCTPYKITi{

OOmmuBaHHS CiTKa HaTATYEThCS TOMEPEK OCi TYHEITIO,

CITKOIO (hiKCyeThCS MOTY3KOIO 3 BAHTAKEM, SKa

NepeKuIaeThes epes3 TyHenb. CiTka po3-
TOPTAETHCS 1 3AKPIIUTIOETHCS IO HIDKHBOTO
OokoBoro ApoTy. HmkHS 9acTHHA CITKH
MIOBMHHA BiJIbHO MPOBHCATH JI0 3€MITi JJIS
eBaKyaril

TTix ciTkor0 (MacKOK0) HATSTYIOTHCS
MOTY3KH HABXPECT /TSl YHUKHEHHSI
MPOBUCAHHS

BceranoBmo0ThCS BepTHKAbHI Kamio3i'

®dikcaris ciTKu
(Macku)

3axucT B’i3/1iB Ta

TYETBCS B CITI, BTPavarodyl MOXKIJIMBICTH MPHUIIIBHOTO
ypaxeHHs1 00’exta. Kpim Toro, 3amiyTyBaHHS MpPU3BO-
IMTh IO TMOPYIICHHS MPOCTOPOBOi Opi€HTall amaparta,
IO YHEMOXJIMBIIIOE AKTHBALil0 HOro IeTOHALiHHOIro
MEXaHI3My, OCKUIbKH Uis 0araTb0X MOJeNeil JpOHiB
BHOYX IHILIIOEThCA Oe3mocepenHiM yaapoM abo KOH-
TaKTOM 13 mijumo [9-11].

Lei migxig 6asyerbest Ha (I3UYHOMY TPHHIAII
MEXaHIYHOTO TEePEeXOIUICHHS! Ta 3HAYHOI0 MIPO0 irHO-
pye TexHiuHI Xapakrepuctiku FPV-npona, BKirouarodu
THIT KOO KepyBaHHS, 110 POOHUThH HOro aKTyallbHIM HaBiTh
Y BHIAJIKax BUKOPUCTAHHS OE3MINIOTHUKIB 3 aBTOHOMHOIO
HaBiramiero a60 Ha HIM(pPOBaHOMY/ ONTOBOIOKOHHOMY
KaHalli 3B’ S3KY.

Crnij 3a3HAYUTH, OCKITBKH MPOTHBHUK MOXE aTa-
KyBaTH TiMbKM Ha B’i30aX/BHi3fax, pPEKOMEHIYEThCS
MOYaTOK 1 KiHellb TYHENI0 PO3MIIIyBaTH B MPUPOIHHUX
YKPHUTTSIX, 30KpeMa JIICHCTIH MiCLIEBOCTI.

Ha erami odopmieHHs nokymeHTalii, a came mac-
TIOpTa CIIOPY/IM Ta TIOCTAHOBKH 11 Ha OOJIiK, KOMiCis Tij-
pO3ALTY CKJIaJa€e aKT BUKOHAHUX POOIT, B SKOMY 3a3Ha-
YaroThCS MiJICTaBH, MICIle, TIepiol BUKOHAHHSA POOIT Ta
BUKOPHCTaHI Marepiami. Ha minmcraBi 1moro CTBO-
PIOETBCS aKT SKICHOT'O CTaHY, IO MiCTUTH 1H(POPMAIIi0
PO MaTepiaiy Ta XapaKTepHCTHKH criopyau. [Torim Ha
OCHOB1 3a3Ha4YCHHX JOKYMEHTIB CKJIAaJA€ThCS MACIOPT
HA3€MHOI 3aXUCHOI CHOPYIU TYHENBHOI'O THUIY, SKHI
MIOZIAa€THCS HA PEECTPALIil0 BCTAHOBICHUM IIOPSIIKOM.

Hust yrpumansst TyHenmo (eKpaHa) BHIIIISETHCS
rpyna 1o 5 BiificbkOBOCITY>KOOBIIIB 3 aBTOMOOLIEM, HEO0-
XiZIHUIM IHCTPYMEHTOM Ta MaTepiallbHUMU 3ac00aMU ISt
pemonty. 11lo7eHHO TPOBOAUTECS OIS TyHENO (€KpaHa)
METOZIOM MATPYIOBAaHHsA. Y pas3i KPUTHYHHX IOMIKO-
JUKEHB BiJ] BOTHEBOTO BIUIMBY IPOTHUBHKKA, poOOYa rpyrna
JIOTIOBI/IA€ 33 MiANOPSAKYBAHHM, a 1H(OPMAITiS PO TOIII-
KOJDKEHHSI BHOCUTBCS y JKypHan OoHoBux niil. B 3amex-
HOCTI BiJl XapakTepy YIIKO/DKEHb, YaCTHHA KOHCTPYKIIT
MOe OyTH crimcaHa abo 3HsiTa 3 excrutyaraii [10].

[TopiBHSHO 3 HaBEJCHUMH BHILEC KOHCTPYKTHBHHMH
pimeHHsmH, y poboti [11] 3amponoHOBaHO pEKOMEH-
Jamii om0 iHKEHEpHOro OOJaIlTyBaHHS aHTHIPO-
HOBHX TYHENBHHX TPaHCIOPTHUX KOPHUIOPIB, 3BEICHHS
SKUX 3/AIACHIOETHCS 32 KapKacCHO-PO3TSHKHHM TIPUHIU-
oM. 3aJIeKHO BiJ BijmajeHocTl Bix jiHII O0HOBOro
sitkaennst (JIB3), mpoTsHKHOCTI MapuipyTry Ta Xapak-
Tepy 3aBlaHb, II0 BUKOHYIOTHCS, IEPEN0aveHO IMOILT

BHI3ALB 3 MOTY3OK Ha TIOBHY BHCOTY TYHCITIO, BEPX- 3a3HAYEHHX CIOPY/ HA 1BA OCHOBHI THIH (Tabm. 3).
Hil Kpail JOIaTKOBO (PIKCYETHCS [0 CITKH, Tt 3
MOTY3KH TIPHB’ SI3YFOTHCS 10 KOYKHOTO BivKa aoauys
JUIs1 3a1106iraHHs 0GpUBY BCi€i cHCTEMH IMopiBHsAILHA XapaKTEPUCTHKA AHTHIPOHOBUX KOPUIOPiB
. . . XapakTepUCTUKH Twum Ne 1 Tur Ne 2
OxpiM 3a3HaUEHUX 3aXOJIiB, AILTEPHATUBHUM PillleH- _ P p
Bimnanenns Bix JIB3 (km) 10 20 nonan 20
HSM JUIsl CTBOPEHHS! TOPU3OHTAJILHOTO T4 BEPTUKAJIBLHOTO -
. . . 3aiyueHHs 3aco0iB
MIEPEKPUTTA € 3aCTOCYBaHHS PI3HOMAHITHHX CITHACTHX L - +
MexXaHi3ari

KOHCTpYKIiH, 30KkpeMa pUOaIbChKUX CITOK. Y pasi cripolu
JpOHa-KaMiKaj3e TOONATH TAKy IEPeIIKOmy, BiH 3arlry-

© dremos 10.0.

20 (5 po3paxyHkiB, 1 3 HUX
JUISL IPUKPUTTSL)

KinbkicTh 3amydeHoro
0coboBoro ckirany (doi.)
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IIpooosaicenns maon. 3 CTPYKTypa 3HA4HO MEpEeBEpIIyE OJHOMIAPOBUM 3aXUCT
XapaKTepHeTHRHI Tom Ne 1 Tum Ne 2 3a e(DeKTUBHICTIO, OCKIIIEKH JTA€ 3MOTY TIEPEXONHUTH 200
T abapHTH TyHemo: 3pyHHYBaTH OOETPHIIAC I 10 JTOCITHEHHS OCHOBHOTO
IMpHHA, BICOTA HEHTPATBHOI 00’eKTa, CTBOPIOIOYY JOATKOBUIl 6ap’ep, kUi yckiIam-
qacTHHU (M) 10x5 10x6 HIO€ IIPSME BIIy4aHHS.
I_HI/IpI/IHa HO)?I/UII/IX 30H 315 4,6
3 000X cropiH (M)
JIOITyCTHAMA BHCOTa TexHikd (M) (4,8 10 5,5
BHUCOTAa OCHOBHHX OHOPHI/IX
. 5 6
CTiiioK (M)
CiTka (HEI0H, apMOBaHHU .
ca (neiizon, ap Biuko 150x150 (150x170)
nosimMep Ta iH.) (Mm)

OcoOnMBICTIO 33a3HaY€HHX TPAHCIIOPTHUX KOPH-
JIOpiB, MOPIBHSIHO 3 aHTHAPOHOBUM TyHeJeM, 300paxe-
HHUM Ha pHC. 4, € HasIBHICTh ONTUMAJILHOTO KyTa HAXUITY
OOKOBHX MOBEPXOHb KOHCTPYKIIii, 110 CTAHOBHUTH Opi€H-
ToBHO 30 — 45°. Takuii KyT cripusic 3HIKEHHIO PU3UKY
YpaKeHHS TEXHIKM Ta Oco0OBOTO CKJIQAy JIpOHAMH
MPOTUBHHUKA a00 iX ypakalounMHU eJIEMEHTaMH, a TaKOX
BIUTMBA€ HA 3MiHY TPA€EKTOPIl KyMYISTUBHOTO CTPYMEHS
BIJIHOCHO ITOTEHLINHUX IIJIEH.

VY wicipsix B'i3my Ta BHi3Ay TEXHIKH 70/3 TYHENIO
(kopumopy) Tiepea0avYeHO BCTAHOBJICHHS aHTHIPO-
HOBHX INTOP", KOHCTPYKIIS SIKMX CKJIAJA€THCS 3 JBOX
OCHOBHHX €JIEMEHTIB. BEPXHBOTO — CMYXKH 3 CITKU IIIH-
puroro 30 cM 3 BermkuM Biukom (150x150 mm, momiectep
abo iHimi TomiOHI MaTepiai), Ta OCHOBHOTO — ITi/IBICIB i3
noniamMiJiHOro miHypa giamerpom 8 mw. Iligsicu kpin-
JATBCS 10 BEPXHBOTO €JIEMEHTa BY3JIOBHM CIIOCOOOM 3
KpOKOM He Oinbline 15 c¢M Ta BiACTYHOM BiJ| OBEpXHi
rpyHTy He 6inbire 10 cm [11].

Jyist 3a0e3reueHHs] Ha/lIHHOTO MOHTaXXy BEpTHKa-
JBHUX Orop (CTIHOK) aHTHIPOHOBOTO KOPHIOPY APYroro
THITYy BUKOPHCTOBYIOTCSI OIOpHI eteMeHTH: mmBesnep Ne 12
JIOBXXKHUHOIO 110 2 M Ta mpodinpHa Tpyda 80%80%3 MM
nmoBxuHO 1,5 M. 3a3HaucHi eneMeHTH 3a0MBAIOTHCS Y
I'PYHT 3a JIONOMOIOI0 nanebiiHuX 3acoliB, 1o 3ade3-
neyye iXHIO HeOOXiTHY CTIHMKicTb 1 (ikcamiro.

TakuM 4MHOM, 3aIIPONIOHOBaHI (PYHKI[IOHATIBHI MO-
Judikamii T03BOISIOTH AJaNnTyBaTH TEXHIYHI PIIICHHS
3aIeKHO Bif BimmaneHocti mo JIB3, mpoTshKHOCTI Mepexki
[IIJISIX1B, HAsIBHUX 3aC001B MexXaHi3alii TOIIo.

3 ormmy Ha 3pOCTAalOdy 3arpo3y 3acTOCYBaHHS
CyJacHHX IPOHIB-KaMiKaJ3e, 0COOIMBOI yBaru HaOyBae
BJIOCKOHAJICHHS (PI3UUHUX 3acO0IB 3aXHCTy, 30KpemMa
TYHENBHOTO THITY — 1HXKEHEPHOI CHCTEMH MEPEKPUTTIB,
gKka 3a0e3reuye OaraTomapoBe TOpH30HTaIbHE U BEPTH-
KaJlbHe eKpaHyBaHHs 00’ exTiB (puc. 5).

Ha puc. 5 mpexncraBieHO KOHCTPYKIIIO TyHe-
JBHOT'O THIy 3aXMCTy, /€ BIJCTaHb MIX MEpIIUM |
JPYrUM IIapaMu TEPEeKPUTTIB CTAHOBUTH OPIEHTOBHO
1-1,5 merpa. Takuii TpOMiKOK J03BOJISIE €PEKTHBHO
po3citoBaTH €Hepriro BUOYyXy IpOHIB-KaMmikal3e, 3HHU-
JKYIOUM HMOBIPHICTB MPOOWTTS 3axucTy. baratomaposa
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> L

Puc. 5. Cxema o0s1alITyBaHHS1 ABOLIAPOBOI0
AHTHIPOHOBOrO TyHe 10 (eKpaHa) (sapianm):

1 - crosm; 2 — "T-noxi6Ha" crilika;
3 — HWKHIHM Ta BEPXHiii MOMNPOMiIeHOBHA mimarat (apir);
4 — BHYTpIIIHS Ta 30BHILIHS TOPHU30HTAIbHA MACcKa
(MackyBaJbHE MOKPUTTSI, CITKa TKAHHHHA);

5 — 6iuHa BiATSDKKA; 6 — BHYTPILIHS BepTHKAaIbHA Macka (ciTka
IUIACTHKOBA); 7 — 30BHIIIHS BEPTUKAIBHA MacKa
(MackyBaJbHE MOKPUTTSI, CITKA TKAHHHHA);

8 — HiKHIHN OiuHME ApiT

I[i nBa miapu 3axucTy MOXYTh OyTH BHKOHaHI y
PI3HUX KOHCTPYKTHBHHX BapiaHTaX 3 ypaxyBaHHSM 0CO0-
JIMBOCTEH MICIIEBOCTI, JOCTYITHUX MarepialliB Ta Xapak-
Tepy 3arpo3. 30Kpema, BepXHil Iap MO)Ke MaTd BHIJISA
HATATHYTOI HAaBXPECT CITKM 3 MOTY30K abo0 CTayeBoro
apoTy HeBenmkoro miamerpa [9]. Boma He crBOpIOE
BEJIMKOTO HABaHTA)KCHHsS HA Kapkac, OJHAaK e(eKTUBHO
BHKOHYE POJIb TIEpHIoro Oap’epa: MpH 3iTKHEHHI 3 HEIo
JIPOH MOXKE BTPATHTH OPIEHTALIiIO, YIOBUIBHUTHCS a00
nepenJacHo  iHimiroBatu 0OoifoBy uactmHy. [lozmiOHa
KOHCTPYKIISI € MPOCTOI0 y MOHTaXI, BIJHOCHO JIEIIEBOIO
Ta JIETKO BiJJHOBIIOBAHOK, IO POOHTH 1i MOIMUTHHHAM
€JIeMEHTOM 0araTopa3oBoro 3axucry.

VY IpOMy KOHTEKCTI BU3HAYECHO HH3KY KIIIOUOBHX
HAIpPSIMIB yJIOCKOHAJICHHSI, 1110 HaBeeH] B Tab. 4.

Tabnuys 4

OcHoBHi HaNpsAMH YAOCKOHAJIEHH AaHTUAPOHOBOI0
3aXHUCTy TYHEJIBHOI'O THITY

Hamnpsm
P OOrpyHTYBaHHS
YAOCKOHAJIEHHSI
Hapomrysanns 301IbIICHHS VIO IEPEKPUTTS

IUTOIIMHY TIOKPHUTTS  |3a100irae aTakam 3 pi3HUX TPa€K-
Topii. MoIynbHICTh O3BOJISIE

aJIaniTyBaTH 3aXHUCT MiJT 00’ €KT
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Ipooosoicennsn maon. 4

Hampsmm
p OOrpyHTyBaHHS
YIOCKOHAJICHHS
Y nockoHaneHHS BukopucraHHs jerkux, MIIIHUX Mate-
TEXHOJIOTiT piaiiB i momepenHbo 3i0paHUX MOIY-

YCTaHOBKH CITOK 7B 3a0e3Mevye MBHUKE PO3rOPTaHHSI
Iurerpariist enementis, |CeHcopu HaTsry abo BiOpauil B ciTi
110 JI03BOJSIFOTH JIO3BOJISIFOTH  OTIEPATHBHO BHSBISITH

BUSIBIISITH KOHTAKT i3 APOHAaMH Ta MiIBUILYIOTH
CHUTyaliliHy 00i3HaHICTh
Bukopucranus Kom0iHyBaHHsI CITOK 3 DI3HOIO IIiIb-
GaraTomapoBux HICTIO Ta BUCOTOIO 3a0e3I1edye IoeTaIHe
Oap’epiB YIOBLIBHEHHsI Ta 3HEIIKO/DKeH S BriJIA

Mo0GinbHi koHCTpyKIii [[TepeHOCH] iHKeHepHi CUCTeMH TyHe-
Ha AaBTOTPAHCIOPTHIH [JIBHOrO TUITY JIO3BOJISIFOT 3aXHILATH SIK

6asi IIOCTIHHI, TaK 1 THMYACOBI 00 €KTH
MackyBaHHs Ta 3acTocyBaHHs TKaHUH, IO 3HIKYIOTh
ONTHYHA TEIUIOBY/palapHy BHIUMICTh, YCKIIa-

JTHIOE HABEJICHHSI IPOHIB Ha
3aXUILCHUH 00’ €EKT

JIe30pieHTAIlS

BoHUM 0XOIUTIOIOTH SIK KOHCTPYKTHBHI, TaK i (yHK-
LIOHAIBHI ACHEKTH CHUCTEeMH, 30KpeMa HapOLI[yBaHHs
TUTIOIIMHA TIOKPUTTS, TPUCKOPSHHS MOHTaXxy, 0araTto-
[IapOBiCTh, MOOUTBHICTh Ta IHTETpaIlif0 JOHATKOBHX
TEXHOJIOTi JJIs BUSBJICHHS Ta MACKYBaHHS.

BaxJmMBHM eTanoMm y Nporeci 3BeACHHS aHTHIPO-
HOBOT'O TyHENO (KOPHUIOPY, EKpaHy) € OpraHi3allis 0Xo-
poHU paiioHy OyIiBHHIITBA, K4 YMOBHO ITOIISETHCS HA
JIBa THIIH: IIACHBHY Ta aKTHUBHY.

Jlo 3aco0iB MACHBHOIO 3aXUCTy HAJIEKATh. CHCTEMHU
panHboro BusiBNeHHs briJIA, moctu BizyansHOTO CrIocTe-
PEXEeHHsI, TeXHIYHI 3aCO0M BUSIBJICHHS JPOHIB, BHKOpPHC-
TaHHS HA3eMHHMX POOOTH30BAHMX KOMIUICKCIB IS
iJIBE3CHHSA MAaTepiajIbHO-TCXHIYHUX 3aco0iB, a TaKOX
3aCTOCYBAHHSI CYIIUTPHHX 3aXUCHHUX KOKOHIB JIJIsl TEXHIKH,
takux sk CKII3 "PAITAH-5", "RingGuard" Torio.

AXTHBHHIl 3aXMCT Tiependadae 3acTOCYBaHHS CTpi-
JIe1bKO1 30poi, 30KpeMa TIOMITOBHX PYIIHHUIIb TS YpasKeHHS
MastorabaputHux nineit tumy FPV-npoHiB Ha BiactaHi /10
50 M, a Takox BUKopHUcTaHHA briJIA 3 mifBicCHUME pDKY-
YAMH CHCTEMaMH, NPU3HAYCHUMH [UIs TIepepHUBaHHS
ONTOBOJIOKOHHMX JIiHIM 3B’SI3Ky Ta BUKOHAHHS 1HIIHX
crierianizoBanux 3asaans [7, 10, 11].

Oco0nuBy yBary AOLIJIBHO NMPUAIIMTH IHTErpamii
3aco0iB PED, siki 3a0e3meuyroTs HeWTpalizamito KaHaliB
ynpaBmiaHs BrJIA, cTBOpIOIOYHM MONATKOBHU pPiBEHB
3axucty. Brmouenns cucteM PEB 1o ckiamy Komimiekcy
MPOTHII JPOHAM CYTTEBO IMiABHUIILYE HOTO e(peKTHUBHICTB 1
3HIDKYE MMOBIPHICTb YCITIIIHOT aTaku 3 OOKY IPOTHBHHUKA.

VY paiioHax, je po3ropTaHHs CTalliOHAPHHUX 3aCO0IB
OPHUKPUTTS (30KpeMa aHTHAPOHOBUX TYHEINIB abo ekpa-
HIB) € TEXHIYHO CKIaJHUM a00 HEMOKIIUBHM, JIOLJIbHE
€ BHUKOPUCTaHHS MOOUIbHUX MPOTHUAPOHOBHX KOMaHI
(MIIK). Taki mizpo3ainu 3qaTHI 3abe3meuyBaTi onepa-
TUBHE TIPUKPUTTS BIJAKPUTHX IUITHOK MapuUIPYTiB, MIO
0COOJIMBO aKTyaJbHO B YMOBaX IHTEHCHBHOI'O 3aCTOCY-
BaHHs brJIA npoTuBHHUKOM.

© dremos 10.0.

Jo crxmany MITK Moke BXOAWTH CIICIlialli30oBaHa
TEXHiKa, 30KpeMa BHCOKOMOOIJBHI JIErKOOpPOHbOBaHI
TpaHCIOPTHI 3acobu (Tumy Gari), obmaaHani 3acobamu
PEB mns npotunii FPV-nporam. OcHoBHUME 3aco0amMu
YpaXXeHHS TOBITPSHMX IIJIEH BHCTYIAIOTh OaraTorli-
JHOBI IPOHU-TIEPEXOIDTIOBAYI, 3/1aTHI JIIITH B aBTOMATH-
30BaHOMY pexumi, a Takox bmJIA, ocHameHi citko-
METaMH JUIS CEIEKTUBHOTO Ta ''M’SKOT0" TIepEeXOTIICHHS
BOPOXKHX araparis.

Cranpaptauii ckimag MIIK 3a3Buuaii HOBUHEH BKITIO-
yaTtu oneparopa PEB-cucrem, minora apoHa-nepexoruto-
Baya, BOMisS-MexaHika (KOMaHIupa eKimaxy), Imo 3abes-
neyye KoopauHauito aiil. Taka oprasi3amiifHO-TEXHIYHA
CTpYKTypa J03BOJISATHME 3JiHCHIOBaTH e(eKTHBHE peary-
BaHHS Ha MOBITPSHI 3aIPO3H B PEATLHOMY Yaci Ta CyTTEBO
T IBUIIYBaTH PiBEHb 3aXKCTY CHJI 1 3aCO0IB HA MapIpyTax
TiepecyBaHHsI.

OTmxe, KOMIUIEKCHE YJOCKOHAJIEHHS CHCTeM (i3nd-
HOTO AHTUJIPOHOBOT'O 3aXHCTy € KIIOYOBOIO YMOBOIO
TiBUIICHHS JKUBYYOCTI BiHCBHK i KPUTHYHO BaXKITHBUX
00’€KTIB B yMOBax CYYaCHOTO BHCOKOTEXHOJOTIYHOTO
60t0. Di3muHI 6ap’epH MPH [IHOMY PO3MISAAAIOTHCS SK YHI-
BepCabHAM, HANIMHUIA Ta BiIHOCHO €KOHOMIYHHMI KOM-
TIOHEHT CHCTEMH TIPOTHUITOBITPSHOI 000POHHU OJMKHBOI JIil.

BucnoBknu

Jlns 3abe3meuenns edexTuBHOTO 3axucTy Big FPV-
JIPOHIB TMPOTHBHUKA JOLLILHO OOJAIITOBYBATA 3aXHCHI
eKpaHH Ha 3arpo3NMBHX HANpsIMKaX, 3 YypaxyBaHHSIM
ONEepaTUBHOI O0CTAHOBKH, penbedy MICLEBOCTI Ta Map-
HIPYTIB TepecyBaHHs Bilicbk. BaxMBuM eneMeHToM €
CTBOPCHHS TIAPO3ALTIIB, BINOBIIATBHUX 33 TEXHIUHE
YIpUMaHHs i BiJHOBJICHHSI 3aXUCHHX KOHCTPYKIIH TYy-
HEJTEHOT'O THITY, 8 TAKOX PO3TOPTAHHS BOTHEBHX TPYIT IPOTH-
TOBITPSIHOI OOOpOHM Ha B’i37aX, BHi3[ax Ta 3’131ax, IO
CIIPHSTUME TT1ABUIIEHHIO HA/IIHHOCTI CUCTEMU TIPUKPUTTSI.

JIoCSTHEHHSI MaKCHMaJIbHOI C(EKTUBHOCTI BUMArae
KOMIUICKCHOTO MIJXOMy, II0 BKJIIOYAE€ BHUKOPHUCTAHHS
MOOUTPHUX Ta aJANTHBHUX IHKEHEPHHUX 3ac00iB Iiepe-
KPUTTS, IHTETpalifo CEHCOPHUX TEXHOJIOTIH BUSBIICHHS Ta
PaHHBOTO TMOMEPES/PKEHHS, & TAKOXK MOCTIHHNA MOHITOPUHT
TIOBITPSTHOI 0OCTaHOBKH.

IepcriekTrBHI HANpsIMKA  TOINAJBIINX  JOCIIDKCHDb
BKJTFOYAIOTh:

YIOCKOHAJIEHHSI TEXHOJIOTIM aBTOMATH3aIil MPOIIECiB
PO3TOPTaHHS Ta JEMOHTAXY 3aXHCHHX CHCTEM;

PO3pOOMEHHsT ¥ ampo0allifo HOBITHIX MartepianiB 3
I IBUILICHOI0 CTIMKICTIO 0 BIUIMBY €JIEMEHTIB Ypa)KeHHS
Bix brJIA;

aHami3 e()eKTUBHOCTI KOMOIHOBAHMX Ti/IXOMIB, SIKi
TIOE/THYIOTh BUKOPUCTAHHS aHTH/IPOHOBHUX CITOK 1 BOTHEBHX
3ac00iB y MEeXax €IMHOTO KOMILIEKCY 3aXHUCTY.

VYpaxyBaHHS TaKTUUHUX 1 TEXHIYHMX HOBaliil y
3a3HAYCHHUX HANPSIMKAaX O3BOJUTH CYTTEBO MiIBHIIUTH
eeKTHBHICTh 3aXKCTy 00 €KTIB Ta miapo3nitiB 30poiHuX
Cun Ykpainu B yMOBax BEJICHHS Cy4acHOI BiifHU.
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Low-Speed and Small-Size UAVs]. Modern Information

ANTI-DRONE DEFENSE AS A KEY ELEMENT OF ENGINEERING SUPPORT FOR MILITARY (FORCES)
MOBILITY IN THE CONTEXT OF MODERN WARFARE

Yu. Ftemov

The article provides an in-depth analysis of current approaches to warfare in which the use of unmanned aerial vehicles
(UAVs) significantly influences the mobility of military forces and their ability to advance on the battlefield. Special attention is
given to tunnel-type anti-drone protective structures, which offer both horizontal and vertical shielding against loitering
munitions and kamikaze drones. The research highlights the growing threat posed by UAVs with autonomous or fiber-optic
guidance systems, which are capable of striking from long distances and remain resistant to electronic warfare countermeasures.
Drawing on the operational experience of the ongoing russian-ukrainian war, where asymmetrical and sudden tactics dominate,
the article emphasizes how drones are increasingly used not only on the front lines but also to disrupt logistics and evacuation
routes deep in the rear.

The study outlines the significant impact of UAVs on logistical chains, including a reduction of delivery efficiency by up to
70% within 5 km of the front, and 40-50% within 5-15 km, due to drone strikes and surveillance. These effects extend to medical
evacuation operations, where delayed transportation of the wounded may exceed ten hours, directly increasing the lethality rate.

To counter such threats, the article proposes a comprehensive set of organizational and engineering measures aimed at
enhancing force mobility and survivability. These include the deployment of tunnel-type anti-drone systems along critical
movement routes, the construction of underground shelters with multi-level protection, and the adaptation of camouflage and
deceptive techniques to modern drone warfare. Moreover, the research stresses the importance of developing mobile and quickly
deployable protective infrastructures to meet the dynamic demands of high-intensity conflict environments.

The authors also analyze enemy tactics, including complex drone ambushes composed of surveillance and strike UAVs
operating in coordination. This layered use of UAVs highlights the necessity for integrated defense systems capable of both
passive (structural) and active (tactical and organizational) responses.

In conclusion, the article presents scientific and practical recommendations for improving engineering support to military
mobility under the threat of UAVs. The findings serve as a basis for the evolution of modern defensive doctrines, engineering
design principles, and field logistics strategies.

Keywords: anti-drone defense, camouflage, mobility, routes of movement of troops (forces).
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AM. Auapienko*, b.O. Onisspauk, M.B. HopHuii

Hayionanvua axademisn cyxonymuux giticok imeni ecemomana Ilempa Caeatioaunoezo, Jlveie

OCOBJIMBOCTI NIJITOTOBKH CTPLIBIS IO BUKOPUCTAHHSA
HOBITHIX 3PA3KIB CTPLIEIIBKOI 35POI

Cmamms npucesiueHa auanizy cy4acHoi cmpineyvbkoi 36poi, w0 NOEOHYE IHHOBAYIUHI MEXHONO02IL,
800CKOHANIEHT NPUHYUNY OANICIUKY A CKAAOHI eleKMpPOHHI cucmemu. 3Hauna ysaea npuodileHa ocoonueocmsm
ni02omoeKU CMpLIbYsL, WO NOEOHYIOMb (DI3UUHY, MEeXHIUHY, MAKMUYHY Md NCUXONO2IYHY CKAA006i 0711 3a0e3neyerHs
epexmugHo20 uKOpUCmanHs 30poi 6 ymosax Ootosux Oitl. Y KoHmekcmi CyYacHux 30pOUHUX KOHQAIKMIG, Oe
MEeXHONI02IYHA Nepesaca 6idiepae KAYO8Y pPOib, AKMYAIbHICMb O0O0CHONCeHHS 3YMOGIeHd HeoOXIOHICMIO
B00CKOHAIEHHS CUCTeM Ni020MOBKU BIICbKOBOCIYHCOOBYIB, SAKI GUKOPUCTNOBYIOMb BUCOKOMEXHONOSIYHY CMPITEeYbKY
30poto, A MaKodc NOUWLYK eqeKmusHux Mmemooie nioguuyeHHs ix 001060i eomosnocmi. Memorwo cmammi €
00CHI0NHCEHHS BUKOPUCTIAHHS CYYACHOI cmpineybKoi 30poi ma il mexHonociunux ocodonusocmeil 015 PopmyeanHs
8UMO2 00 NIO20MOBKU CMPibYs, A MAKONHC BUSHAYEHHS KIIOUOBUX HANPAMIE YOOCKOHANEHHS MemOOUK B802He80I
nioeomosKu w000 3abe3neueHHss BUCOKOL eghekmueHocmi cmpinebu 8 6otiosux ymogax. Y pobomi euxopucmauo
Memoou CUCMEMHO20 | NOPIBHATILHO20 AHANI3Y, Y3A2aNbHEHHS 011 OYIHKU MEXHONOIYHUX XapaKmepucmux 30poi ma
epexmusHoCcmi MpPeHyBaNIbHUX MEMOOUK, BKAIOUAIOYU CUMYIAYIUHI MPEHYB8AHHA MA BUKOPUCMAHHA eeKIMPOHHUX
mpenadicepie. Bcmanoeneno, wo 3a80aKku inmezpayii nepedogux mamepianig, eleKmMpPOHHUX cucmem i
cneyianizoeanux 6oenpunacie cymmeeo niosuuyemocs 06otioga eexmugnicme cyuachoi cmpineyvroi 30poi. Ilopso
3 mum, ye sumazae 6i0 cmpiivbys 2IUOOKUX 3HAHb OATICMUKU, Memeoponozii ma 0ocgioy pobomu 3 yupposumu
mexHonoziamu. Buseneno, wjo KommiekcHa ni02omoeka, sKa 6KoHac QIsuuHi enpasu, MAaKmuyHi CUMYISYii,
HCUXONO2TYHI MPEeHy8antsi ma pobomy 3 mpeHaxicepamu, Cnpusic popmy8anHIO CIMItKUX MOMOPHUX | pepreKmOpHUX
HABUYOK, 3HUJICYIOUU BNAUE CMPecosux axmopie, maxkux sk ‘“‘ouixysanns nocmpiny”. Bushaueno npobremu
Gopmanvioco xapakmepy 60cHe80i ni020moeKU 6 niopo30inax [ HeobXiOHicmb NidsUWeHHs Keanipikayii
incmpyxkmopis. I[looanvbui 00Cniodicer s OOYIIbHO 30cepedumu Ha po3podyi a0anmueHux Memoouk iHOUGIOYaIbHO!
nid2omoeKy CMpiibYie6 3 Ypaxyeamusm ix ncuxogizionociunux ocobausocmeu, a MAKoHC YOOCKOHANEHHI
MPEHANCEPHUX KOMNILEKCI8 015 Imimayii peanbHux OoUo8UX YMO8.

Knrouogi cnoga: boiiosa cumyayis, 60enea nio2omoska, eghoekmuHicmv Ha8UaHHs, KOPOMKOCMEONIbHA CIMPIeybKd
30posi, MemoouKa ni020moeKu, ROCMpI, CMpPiIbOdA 8 0OMENCEHOMY NPOCMOPI, MEXHONO2IA, Mun OOENPUNACY, MpeHaxicep,
MPEeHYB8aAHH S HA KOPOMKI OUCIARYIT, YPadceHHs yini, hopmu i Memoou, popmyeanHs HABUHOK.

ITocTanoBka npodaemu

3Baaroun Ha CTPIMKHIHA PO3BUTOK HAYKOBO-TEXHId-
HOro mporpecy Ta mudpoBoi Tpancdopmairii Bcix chep
CYCIIJIBHOTO JKUTTS, OCOOJIMBOTO 3HaYEeHHs HaOyBae MoO-
JIepHi3allis cucteMu mpodeciiiHol MmAroToBKU oci0, sKi
BUKOHYIOTh 3aB/iaHHsl y cdepi Oe3nekn Ta 00OpOHH
JepkaBd. TexXHIYHUN TPOPUB OCTAHHIX AECATHIITH 00Y-
MOBHB HE JMIle 30UIbIIeHHsT o0csriB iH(opmanii, sKy

HEoOXimHO 00poOIATH, a i BAHNKHEHHS HOBHX BHMOT IO
MATOTOBKK KafpiB, 30KpeMa y cdepi BUKOPUCTAHHSI
cydacHOi cTpinenpkoi 30poi. Came TOMY aKTyalbHUM
CTae TMTAaHHS YAOCKOHAJCHHS MiJXOMIB IO HABYAHHSI
CTPLIBLIB, OCOOJIMBO B YMOBaX OHOBJIICHHS 030pO€HHS Ta
BBEJICHHS B €KCILUTyaTallil0 HOBITHIX 3pa3KiB CTPLIEIBKOT
30poi, sIKi TOTPeOYIOTh BijJl KOPUCTYBAUiB BUCOKOTO PiBHS
TEXHIYHOI 00I3HAHOCTI, TICHXOJIOTIYHOI BUTPHBAJIOCTI Ta
TaKTUYHOI THYYKOCTI.
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AKTyaJlbHICTh JOCIHI/DKCHHS 3yMOBJICHA THUM, LIO
CydacHi 3pa3Ku CTpijenbKoi 30poi, cTBOpEHi 3 ypaxy-
BaHHAM OCTAaHHIX JOCSTHEHb IHXKEHEPHOI ITyMKH Ta
00IOBOT0 JTOCBiY, MAFOTh 3HAUHY CKJIATHICTh KOHCTPYKITIH,
BHCOKOTOYHI MEXaHi3MH, CNEKTPOHHI KOMIIOHCHTH Ta
MOXJIMBICTh afamnTallii Ao pi3Hux OoioBux ymoB. B
YMOBax 3pOCTaHHA pIiBHS 3arpo3 SK y BHYTPIIIHBO-
JIEPIKaBHOMY, TaK 1 B MIXXHAPOJHOMY KOHTEKCTI, ITiIBU-
LIeHHs: eEeKTUBHOCTI OOMOBOI MMi'OTOBKU CTA€ KITHOYO-
BUM YMHHUKOM 3a0e3leueHHss 00OPOHO3aTHOCTI KpaiHH
Ta ONEPaTMBHOIO PearyBaHHS HA HaJ3BUYaiHI CUTYyaIlil.
3HayHa YacTWHA CIY)KOOBMX OOOB’SI3KIB IPE/ICTABHUKIB
Cuit 000pOHH JIepKaBH OB’ s13aHa 3 BUKOHAHHSM 3aBIaHb
y CKJIQJIHUX YMOBaX, Jie MpaBWIbHUKA BUOIp 30poi 1 npo-
(eciliHe MOBO/HKEHHS 3 HEIO JIOCHTD YacTO BU3HAYAE YCIIiX
abo HeBrawy omeparii. Y IbOMY KOHTEKCTI OCOOIHBOI
Baru HaOyBa€e He TUTHKU TEXHIYHE BJIOCKOHAICHHS 30poi, a
1 HAYKOBO OOIPYHTOBAaHE OHOBJICHHS ITiJIXOJIB JO OCBIT-
HBOT'O TIpoIlecy B cUcTeMi IpodeciifHol MmiroToBKH, IO
TIOBMHHO BpPaxoBYBaTH SIK (Di3i0JIOTiuHi, TaK 1 KOTHITHBHI
XapaKTEePUCTHKH JIFOAUHH.

AHaJI3 OCTAHHIX JOCTiIKeHb | myOJikanii

AHaii3 cygyacHHUX MiAXOMIB 0 OpraHizamii cTpiie-
IBKOI ITATOTOBKHY MOKA3aB, 10 OlJIBIIICTE JOCIIIHUKIB 1
MPaKTHKiB, cepen sikux bormapenko B. [2], Pen B. [14]
Ta iHIII, TOAUISIOTh 3aCO0M HABYAHHS CTPUILOM HA TpU
KJTFOYOBI KaTeropii: TMPaKTHYHI BIpaBH, yiBHI (MeH-
TallbHi) TPEHYBAHHS Ta TEXHIYHI 3aCO0M, KOXHA 3 SIKHX
BUKOHYE YHIKaJbHY QyHKILIi0 1pu (hopmyBaHHI mpode-
CIMHMX HaBMYOK CTpiJbIl B YMOBAaX Cy4acHOI BiMHH.
Iopsix i3 tum mocimkenns Menbhuka 1., Kantoka B.,
Boraituyka B. [10]; Yabanenka 0., Mensauka O. [17]
JIEMOHCTPYIOTh SIK MEpEeBard, Tak i HEJONIKH BHKOPH-
CTaHHs Cy4YacHHX 3pa3KiB 30poi B MPOIECi MiJIrOTOBKH.
3 oHOr0 OOKY, BOHH JI03BOJISIIOTH IIBUKO C(hOPMYBaTH
y CTpimblld 0a30Bi HABWYKH TPUIIIIOBAHHS, BUSBUTH
NMOXWOKM B TEXHIll YTpUMaHHSA 30poi, CKOpHUTYBaTH
HAIpsIMOK TOCTPUTY JO HATHCKAHHS Ha CIYCKOBHUI
ravoK, i TAKUM YHHOM YHHKHYTH OMIUIOK L€ JO MOMEHTY
nocTpiny. 3 iHIoro OOKy, HaJMipHA 3aJISKHICTh Bif Ja3ep-
HOTO TIPHIIITY MOXKe C(HOPMYBATH B CTPUIBIL CHOTBOPEHE
VABIICHHA TIPO TPHIIIIBHI MeXaHi3MH 30poi, 3HU3HTH
ABTOHOMHICTh HOTO HABWYOK 1 TPU3BECTH O 3MEHIIICHHS
TOYHOCTI BOTHIO IIJ] 4Yac BHKOPHCTaHHA ILTaTHOTO
030pOoeHHsT O€3 IOTIOMIKHHX EJICKTPOHHHUX IPUCTPOIB.

OKkpemHuil HalpsSIMOK PO3BUTKY BOTHEBOI MiArOTOBKH
CTaHOBUTH 3aCTOCYBaHHs 0araTopyHKIIOHAIBHUX TEX-
HIYHUX TPEHAKEPHUX KOMIUICKCIB, SIKI MOJCIIOIOTH PI3HO-
MaHiTHI OOHMOBI cUTyallii 3 ypaxyBaHHSIM 3BYKY IOCTpLIY,
BiJJaui, a TAKOX [MHAMIKA ypakKeHHS IUT. ABTOpH
JochipkeHp 3eneHchbkuit €., 3agopokns P., dicyn H. [5];
Haymos H., Jlomaea O. [12]; Tumodees B., Hycsk O.,
Kpuceko B. [15] yMOBHO MOAINSAIOTE 11i CHCTEMH Ha JIBi

© Annpienko A.M., Omispauk b.0O., Yopauit M.B.

TPYIT: TPEHAXKEPH THUITY ‘‘CTPLICIIH-MIllIeHb ™ Ta “‘CTpiIelh-
crpistens”. [lepmmii Tm, opi€eHTOBaHMI Ha TOYHICTH 1
CTabIIbHICTD MPHUIIIIFHOTO BOTHIO, MOJEIIOE CHUTYAIIiI0
CTpinBOM IO HEPYXOMiii a00 pyXxoMmiil MilleHi, 3a3BHYaii
13 BUKOPHCTaHHAM HABYAILHOTO MakeTa 30poi 3 CHMYy-
nsmiero mocTpiny. JApyruid THm — OiIbIl amanTOBAaHMA
JIo OOMOBHX pealtiid, aJpKe TO3BOJIAE IMITyBaTH KOHTAKT-
HE NPOTHCTOSIHHS, MAaHEBPOBY CTPLIBOY, pearyBaHHs Ha
HECHO/AiBaHl 3MiHM TaKTUYHOI OOCTAHOBKH, 1110 HAOJIHU-
JKy€e KypCaHTa JI0 YMOB PEabHOro 0010.

TakuM uyMHOM, MM peasbHO 0ayuMo, IO 3acTOCy-
BaHHs cy4yacHnx HT3 y mporeci 00HOBOI MiATOTOBKH
nigpo3ainiB CB 31ilicHIOE CYTTEBHI TIO3UTUBHUIN BILIUB
Ha SIKICHI Ta KUTbKICHI MTOKAa3HUKH Y HaBYaHHI BiAIMOBIA-
Hux ¢axisuis [20-22].

['0OBHUMH TTOKAa3HUKAMH CHCTEeM (KOMIUICKCIB) €
YHIBEpCaJIbHICTh, MOOUTBHICTh, MAJIOTa0apUTHICTB, MPO-
crora i Mane eHeprocroxuBanus [22 C. 144-145].

I omHMM i3 TakuWX pillleHb € BUKOPUCTAHHS Cydac-
HUX YKpalHCBKMX TPEHIHTOBHX CHCTEM, HAaIIpUKIIA,
“UNITS” (puc. 1) kommanii “L0gics7”, sika BUTOTOBIISIE
npodeciiiHi pilieHHs AN CHMYIATOPIB BOTHEBOI Iif-
roroBku 3 2019 poky [12].

Mo6inbHMA KOMITTIEKC
UNITS LT gns BiliICbKOBUX

Puc. 1. Tpeninrosa cucrema “UNITS” [12]

VYkpainceka “mo0ineHa cucrema UNITS mo3Bosse
NPOBOJUTH HABYAHHS B OYAb-AKHX TMPHUMIILCHHAK, M0
rapaHTye 0Oesneky ocoboBoro ckimamy. [Ipu HeoOXimHOCTI
CHCTEMa 3 JICTKICTIO MO)Ke OyTW IepeMillleHa Ha iHIIy
noKarito. TpeHyBaHHA MOXYTb BiZIOYBAaTHCh IILIO000BO Ta
3 Oy/IB-IKOIO IHTEHCHBHICTIO SIK B THITY, TaK i HA APYTii JIiHIi
sitkaenns” [12].

Bupobuuk UNITS mnst 3aMoBHHMKAa MOXE BKIIIO-
4YaTu B KOMIUIEKC “pi3HOMaHITHI Buau 30poi. Tpenaxep
Ma€ Macora0apuTHI MakeTH, sIKi TOBHICTIO 1AEHTHUYHI
cripaBxHii 30poi. Lle no3Bossie GiAIsIM JOCKOHAJIO BUBYATH
30pOI0 1 TPEeHYBaTH M’SI30BY IaM’siTh, IIO JOIIOMOXE iM
e(heKTHBHO BUKOHYBATH TIOCTaBJIeH] O0¥oBi 3a1a4i” [12].

TakuMm 4nMHOM, MpPOOJEMaTHKA BOTHEBOI ITiITOTOBKU
TIOKa3ye, 110 eeKTHUBHICTh MiATOTOBKH CTPUIBLI 10 POOOTH
3 HOBITHIMH 3pa3KaMH1 CTPUIELIbKOI 30poi ToJIsIrae He JIHIIe
B YIOCKOHAJICHHI MarepialbHO-TEXHIYHOI 0a3u Ta BHKO-
pHCTaHHI IHHOBALIHHUX TPEHAKEPIB, a i METOJOIOTIYHOMY
TIEPEOCMUCIICHHI TIPOLIECY TPSHYBAIBHOI i ATOTOBKH.
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Meta gocaiaKeHb

MerToro cTarTi € IOCHiIKEHHS 0COOIMBOCTEN Iif-
TOTOBKHM CTPINBILI 10 3aCTOCYBaHHS HOBITHIX 3pa3KiB
cTpinenbkoi 30poi B yMOBax BeIcHHs OOHOBHX Miil 3
ypaxyBaHHAM TEXHIYHHUX XapaKTEPUCTHK O30pOEHHS Ta
ocobnmmBOCTEH TpOQeEciifHoi MiArOTOBKA BiCEKOBO-
CITY>KOOBIIIB.

Jlms JOCSTHEHHS TIOCTaBJICHOI METH BH3HAYCHI
HACTYITHI 3aBJIAHHSI JJOCII JUKCHHSI:

MpoaHalli3yBaTH Cy4acHi HamNpsIMH PO3BHUTKY CTpi-
JienbKoi 30poi Ta BU3HAYUTH 11 KIIFOYOBI KOHCTPYKTHBHI
i QyHKIIOHANBHI XapaKTEPUCTHKH, SIKI BIUIMBAIOTH Ha
IiIrOTOBKY CTPiJIbLIS;

JOCTIINTH  e()eKTHBHICTh 3aCTOCYBaHHS HOBITHIX
METOJIMK 1 TeXHIYHUX 3acO0IB HaBYAHHS, 30KpeMa iHTep-
AKTHBHUX TPEHaXKEPiB y MpOLECi BOTHEBOI MiJrOTOBKU
0CcO00OBOTO CKIIANY;

OOTPYHTYBAaTH BaKJIMBICTb BHKOPHCTaHHS KOMII-
JIEKCHOTO TiJIX0Ay A0 (OpMYyBaHHS CTPUICIEKUX HaBH-
YOK, 1110 Tepeadadae po3BUTOK (i3NYHOI BUTPHUBAIIOCTI,
IICUXOJIOTIYHOI CTIMKOCTI, TEXHIYHOI MIArOTOBKH Ta
3JIaTHOCTI BIICEKOBOCITY>KOOBIIS aJallTyBaTUCS 10 YMOB
CY4acHOro 0OIOBOr0O CepeIOBHILA,;

PO3pOOHUTH TPaKTHYHI pEeKOMEHAAMii M0N0 YIoc-
KOHAJICHHs TpOrpaM BOTHEBOI MiATOTOBKA 3 METOIO
MiIBUIIEHHSA PiBHA OOHOBOI TOTOBHOCTI BiHCHKOBHX

(dbopMyBaHb.
BuxkJsag ocHoBHOro Marepiany

Pe3ynbraToM TpHBamoOro TEXHOJOTIYHOTO MpO-
rpecy € cydacHa cTpijelpka 30pos, 10 NoeTHYE B coOi
IHHOBaLiiHI MaTepiayii, CKJIaIHiI €JIEKTPOHHI CHCTEeMH
Ta BJIOCKOHAJIEHI NMPHHIMIN OaTiCTHKH, 3a0e3Medyloun
Oe3MpeIeICHTHY TOYHICTh, HAIIMHICTh 1 ©()EeKTUBHICTh
y pI3HOMaHITHMX YMOBax OOHOBOro 3acTocyBaHHS. Y
CBOIO Yepry, BHUMara€ BiJ| CTPUIbL HE JIMIIE BHCOKOT'O
PIBHSI TEXHIYHOI IMiJTOTOBKH, ajie i ITTMOOKOr0 PO3yMiHHS
NPUHIMIIB poOOTH 30pOoi, IICHXOJOTiYHOI CTIMKOCTI Ta
¢Gi3ndHOl BUTPHMBAJIOCTI, HEOOXIMHWMX Ui  YCIHIIIHOTO
BUKOHAHHS 3aBJlaHb y CTPECOBUX CHTyalisix. Bing aBro-
MaTHYHUX TBUHTIBOK JO CHAMIIEPCBKUX KOMIUICKCIB
CydacHa CTpijiellbka 30posi cTajia KIFOYOBHM EIEMEHTOM
TaKTUYHHX oOIepamniii, e il eQeKTUBHICTh 3aJeKUTh HE
JUIIE BiJl KOHCTPYKTUBHUX OCOOJIMBOCTEH, aie ¥ Bif
piBHS MIATOTOBKH OIepaTopa, KA Mae aganTyBaTHCA
JI0 IIBUAKO3MIHHUX YMOB 000, BpaxoBYBaTH (akToOph
HABKOJIMIIHBOTO CEPElOBUIIA Ta BHUKOPHCTOBYBATH
CKJIQJIHI TIPULUIbHI CHUCTEMH sl AOCSATHEHHS MaKCH-
MaJlbHOI pe3yabTaTUBHOCTI.

CyuacHa cTpiienpka 30post € IPOAYKTOM €BOIIOLIT
Ta Oepe CBiil MOYATOK BiJ MPOCTHX MEXaHIYHUX KOHCT-
PYKIi# (HAMPUKIAA, MYIIKETH Ta TBUHTIBKH 3 PyYHUM
nepe3apsaKaHHAM) 1 MOCTYMOBO JOBEICHA IO PiBHA
BHCOKOTEXHOJIOITYHHX CHCTEM, SIKi IHTETpYIOTh IEepeloBi
Martepiany (MoMMeEpH Ta THTAHOBI CIUIABH) TA €JIEKTPOHHI
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KOMTIOHCHTH, BKITFOYAFOYX TEIDIOBI3IMHI TPUIIUH, Ja3epHi
JTATIEKOMIpH Ta OalicTHYHI OOYMCITIOBAYi, IO JO3BOJISIOTH
CTPUTBIIAIM ypakaTW Il HA 3HAYHUX BIACTAHAX i3
MiHIMAIBHUIMH BIIXWICHHAMA. Hampukmazg, Taki cydacHi
IITYPMOBI TBHHTIBKH, K aMepukaHcbka M4AL, ocHameHi
MOJYJAbHAMU ~CHUCTEMaMH, 110 JO3BOJSIOTH  IIBHIKO
ajanTyBaTH 30pOI0 0 Pi3HUX OOHOBHX 3aBJAaHP IIUIIXOM
BCTAHOBJICHHS JIOMATKOBHX aKcecyapiB (OMTHYHI MPHITIIH,
DIYIMHAKA 200 MMACTBOJIGHI TPAHATOMETH), IO 3HAYHO
MiJBUIIYE X YHIBEpPCAJBHICTh 1 e()eKTUBHICTh y OOHOBHX
ymoBax. Chaiinepcbki rBunTiBKH Barrett M82 ado Accuracy
International AX50 meMOHCTPYIOTH e OLTBIINI PiBEHDb
TEXHOJIOTIYHOI ~ CKJIAZHOCTI, ~TIOEJHYIOUM  HAJIIOTYXKHI
OoenpuIack 3 BUCOKOTOYHUMU TPULILIBHUMH CHCTEMaMH,
SKi JO3BOJISIOTH ypakaTH IUTL HA BIACTaHI 10 2 KM,
BpaxoBYIOUH Taki (hakToOpH, SIK CHya BITpY, TeMIleparypa
TIOBITPs T4 HABITh 00EPTAHHs 3eMJIi, III0 BUMArae Bif CTpi-
JIBIIS HE JIUIIIC BMIHHS TOYHO TPHIILTIOBATHCS, aJie i TH00-
KX 3HaHb TEOPii 30BHIIIHBOI OAJTICTUKY Ta METEOPOJIOTTi.

OnHaKk TEXHOJOTIYHUM Mporpec He OOMEeXYEThCS
JIHIIIe KOHCTPYKITEIO 30poi: BiH TaKOX OXOILTIOE OOETpH-
MIacH, SIKI CTATM OUTBII CIIEHiaTi30BaHMMH Ta e(EeKTUB-
HHMMH, BKJTFOYat0ur OpoHeOiiHi, Tpacyrodi Ta cyOKamiOepHi
Ha00i, IO IO3BOJIAIOTH CTPUIBIIM aJalTyBaTUCS IO
PI3HMX THITIB HiJIeH — BiJl JISTKOOPOHBFOBAHOT TEXHIKH JI0
VKpIIDIEHHUX TO3UIli#. Y CBOIO 4epry, Ie moTpedye Bix
HUX YMIHHA TpaBWIHHO BHUOHWpATH THI OO€EMpHIIaciB
3alIKHO BiJ| KOHKpeTHOI OoioBoi cutyarii. Kpim Toro,
inTerpaiis nUGPOBUX TEXHONOTIH (CHCTEMHU yIpaB-
JHHSI BOTHEM i JIATYMKH, 110 BiJICTEXYIOTH CTaH 30poi)
JIO3BOJISIE CTPUIBLISIM OTPUMYBATH PealibHy iH(pOpMaIlifo
PO KIUIBKICTh 3aJIMIIKOBMX HAOOIB, CTAH CTBOJIA YH HABITH
ONTUMAILHUA MOMEHT Jyisi CTpUIbOM. be3ymoBHO, 11¢
3HAa4YHO MiABHIIYE iX OOHOBY e(eKTHBHICTB, ane BOJ-
HOYAC YCKJIQIHIOE MPOIIEC MiArOTOBKH, OCKIIbKH BUMa-
ra€ OCBOEHHS HOBUX HaBHYOK POOOTH 3 €IEKTPOHHHMHU
cucremamu [1].

[TigroroBKa cy4yacHOTO CTPUIBL € OaraTorpaHHUM
MIPOLIECOM, SIKUH MTOeAHYE Qi3UUHY, TEXHIUHY, TAKTHUHY
Ta TICHXOJIOTIYHY MiArOTOBKY, CHPSMOBaHy Ha (opMy-
BaHHS nipodeciitHoro Oilr, 37aTHOTO e(hEeKTUBHO JisTH
B YMOBax Cy4yacHOTo 000, ¢ IIBHJIKICTb NMPHHHSTTS
pilleHb, TOYHICTP BHKOHAHHS 3aBIaHb 1 CTIMKICTH 1O
CTpeCy BINITPalOTh BHUPIMANBHY ponb. l[Ipu 1HOMY
(hi3ryHA MArOTOBKA 3AJHIIAETHCS OCHOBOIO, OCKUIBKA
CTpiJiellb TIOBHHEH MaTH JOCTATHIO CHJY, BUTPUBAJICTh
1 CIPUTHICTB, 00 MEPEHOCHTH BaXKKE CIIOPSIKCHH,
HIBUKO MEPECYBaTHCS IEPECiueHOI MICLEBICTIO Ta
30epirati cTabIJIBHICT M Yac CTPUILOM, OCOOJIMBO B
YMOBax TPHUBAJIOro 0O, KON BTOMa MOXKE CYTTEBO
BIUIMHYTH Ha TOYHICTh 1 KOHIEHTpauito. Hanpukian,
MI/IFOTOBKA CHAMIIEPiB BKIIIOYAE CIeLialIbHI BIPABH IS
PO3BHUTKY AMXATBHOTO KOHTPOJIIO Ta M’S30BOi CTaOLILHOCTI,
IO JIO3BOJSIIOTH iM 30epiraTh HEpyXOMICThb TijJ dYac
TPHBAJIOrO MPHILTIOBAHHS, IO € KPUTUYHO BAKIMBHUM UL
TOYHOT'O BITy4aHHs Ha BEJIMKHX BiJICTAHSX.



Tom 33 Ne 2, 2025
Vol. 33 No. 2, 2025

[Tizroroka BificbKOBUX (DaxiBIlB
Training of military Specialists

197

HoBi MeToauky BOTHEBOI MMiJATOTOBKH BIMCHKOBO-
CIY>)KOOBLIB PO3MIISIAIOTECS HE JIMIIE SK OKpeMa CKJia-
JIOBa CHCTEMH OOHOBOrO HaBYaHHS, ajie i SIK KPUTHYHO
BOXJIMBUU €JIEMEHT 3arajbHoi KOHIICTLIi IiJBHIICHHS
6oe3maTHOCTI 30poiianx Cinl, MO 1HTETPYETHCA B CTPYK-
Typy mpodeciiiHoi, (izngHOi Ta TAKTWYHOI i rOTOBKH
ocoboBoro ckmamy. li peamisamis B yMOBax BiliChKOBHX
HABYAJGHUX LEHTPIB, a TaKOX y MiApo3dinax Oes3mo-
cepeIHhOro OOMOBOr0 MPU3HAYCHHS, TICHO MOB’s3aHa 3
IHIIUMH JIMCIMIUTIHAMH, 30KpeMa 3 TaKTHKOW i y
0oto0, Tororpadiero, iIHKEHEPHOIO CIPABOI Ta MEIMIHUM
3a0e3neueHHsIM. [0TOBHUM BEKTOPOM PO3BUTKY CHUCTEMH
BOTHEBOI IMJITOTOBKA € AaKTUBHHUM TOMIYK e(EeKTUBHHX
IHCTPYMEHTIB, METO/IB Ta aIAIITUBHUX (POPM HaBUAHHS, L0
JIO3BOJISTFOTH (DOPMYBATH Y BIHCHKOBOCITY)KOOBIIIB HE JIHIIIC
0a30Bi CTpUICIIbKI HABUYKH, a W, HacamIiepes, 3/aTHICTh
0e3reyHo, BIIEBHEHO Ta TEXHIYHO TPaMOTHO BHKOPHCTO-
BYBaTH Cy4acHi 3pa3Kd CTpuIelbKoi 30poi B yMmoBax
peanbHux OoifoBux miil. [Ipum mboMy MHzueTsest HEe Tpo
MeXaHiYHe BHKOHAHHS BIpaB IO MilICHSX, a Mpo
OIaHyBaHHs! MMOBHOLIIHHOTO KOMIUIEKCY [IiH, IKUH OXOILTIOE
(i3NUHY KOOpIIMHALIIIO, TICHXOEMOILIIHHY CTIHKICTD, IIBH/IKE
NPUAHATTS pIMIEHs 1 JOTPUMaHHA BHMOT O€3MeKH B
JIMHAMIYHUX, HECTAHIAPTHHX CUTYyaIisX [9].

[Totpebye yBarm mpobiema opranizalilii BOrHEBOI
MiATOTOBKM Ha piBHI OaTalbHOHIB 1 poOT, O¢ 3HAYHA
YacTHHA 3aHATh 4acTo Mae (opManbHUI XapakTep ado
MIPOBOINTHCS TIEPCOHAJIOM, KW HE Ma€ CIeialbHOL
MIITOTOBKK y cepi cTpinelpKkoro iHCTpyKTaxky. HYacro
0CO0OBHIA CKIIaJ| CIIpHIIMae Taki TPEHYBaHHS HE SIK MOX-
JIMBICTh MiJIBUIIMTH OOMOBY MaiCTEpHICTh, a SIK PyTHHHUIA
O0OB’SI30K, 10 3YMOBJEHO HHU3BKOIO MOTHBAINEIO Ta
CNa0KOK0  METONMYHOI0  MIATOTOBKOK  1HCTPYKTOPIB.
IomiOHa cHTYyalliss 3HAYHOIO MIPOI0 3AICKHTH Bil IPO-
(hecioHaNTI3MY KOMaHMPIB T CEPIKAHTCHKOTO CKIIAdy, SIKi
BIINOBIJIAIOTH 32 OPraHi3alliko MiATOTOBKY ITiIPO3ILTIB.

IMepur HiXk po3moumHATH CTPUIEOY 3 00HOBOI 30poi,
BiliCBKOBOCITY>KOOBEIIb ~ MMOBHHCH HAJICKHUM  YHHOM
migroryBatuce. lle mnependavae NpUHHATTS —CTIHKOTO
TIONIOXKEHHsI, sIKe 3a0e3levye ONTUMAlbHY pIBHOBArY,
KOOpIMHAIII0 PpPyXiB Ta MOXJIMBICTH  ONEPATUBHO
pearyBaTH Ha 3MiHy TakTW4HOi oOcTaHOBKM. Ha erami
MOTepeIHhOl  TIATOTOBKH IO CTPLIbOWM, HaBiTh 03
BUKOPHUCTAaHHS 30pOi, JOIMUTFHO MOJETIOBATH TOIOKECHHS
TiJNa, BUTATHYBIIM PYKH BIlepen y OOHOBii criiimi, 110
JIO3BOJISIE TIEPEBIPUTH 3PYYHICTH aMYHIIil, eKimipy-
BaHHS, pO3TallyBaHHA KOOypH, €JEMEHTIB 3axHCTy
CIyXy TOLIO, a B pa3i BUABJICHHS NEPEIIKo] — YyCYHYTH
iX, HE YeKawuyu IOoYaTKy BHUKOHAHHs BIpaBu. Lle €
000B’A3KOBUM IS JOCSATHEHHsS OOMOBOI I'OTOBHOCTI i
KOHIeHTpali. Ilicist OrojoIieHHs KOMaHAM 10 Bii-
KPHUTTS BOTHIO BilICHKOBOCIYXOOBEIb 3000B’sI3aHMit
IISITA LIBUIKO, BIIEBHEHO 1 TEXHIYHO BUBAXKEHO. BUTAT-
HYTH TICTONET i3 KOOypH, 3HATH HOTo 3 3armo0iKHHKA,
JIOCTIATH TATPOH Yy MATPOHHHMK | BHKOHATH BU3HAYCHY
KIJIBKICTh TOCTPLNIB y 30HY ypakeHHs. Bci nii maroTb
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OyTH YiTKMMH, 1M030aBICHUMI CYMHIBIB, HAJMIpHOI ITOC-
MIITHOCTI 9M HEPBO3HOCTI, OCKUTEKU OYIb-SKHi TIPOSB
BHYTDIIIIHFOTO HAINPY)KEHHS, ICHXOEMOLiifHOT HecTa-
OLITEHOCTI YM MOTOPHOI pO3TYOIIEHOCTI MOXE MPHU3BECTH
JI0 MAMOBIUITEHOTO TPEMOPY PYK 1, SK HACTIJIOK, IOTip-
IIIEHHsI pe3ybTaTuBHOCTI cTpinapowm [11, C. 69].

Ha mpakTuii 4acTo TparuisfoThCs BUIIAIKU, KOJIH
i Yac mepmux BOpaB Ha 00HOBOMY pyOexi BiHCHKO-
BOCITY)KOOBIII-IOYATKIBII JIEMOHCTPYIOTh IiIBHIIEHUHN
piBEHb TPUBOXKHOCTI: CTHUCKAIOTh MICTOJET i3 HaaMip-
HOIO CWJIOIO, MAlOTh HaNpyXeHy Mo3y (HasBHICTb CHHJ-
pomy “TpeMTsurX pyK)”, TYOISITECS B JisIX 1 4aCTKOBO abo
MOBHICTIO ITHOPYIOTH OTpPMMaHi IIJ Yac HaBYaHHS
pexomennanii. Taka peakiiisi € THUIIOBOIO VISl OpPraHi3My
JIFOZIMHY, SIKa BIIEPIIE CTHKAETHCS i3 CUTYAIIIEI0, IO CYII-
POBOIDKYETBCSI TYYHUMH 3BYKaMH IOCTPUIIB, BHOYXOM
MOpPOXY, BiIIa4yero, TOOTO KOMIUIEKCOM (haKTOpiB, sKi
aKTHBYIOTH apxaiyHi OloNOTiYHI IHCTMHKTH CTpaxy.
YCBiIOMJIEHHS TOTO, IO HATUCKAHHSIM Ha CITYCKOBHMH
radoK BIMCHKOBHI 3aIyCKae MOTEHIIHHO CMEpTeNbHUN
MEXaHi3M, aKTHBi3ye 3aXMCHI NPOIECH B LEHTPaJbHIN
HEpBOBIH CHCTEMI, TAIBMYIOUYM MOTOPHI peakIlii, Ipwur-
HIYYIOUYM CBiOMi Ail Ta BUKJIMKAIOUN HaJAMIpHY HAIpPYTYy,
o MOXke OyTH HeOE3IeYHOI0 B YMOBAaX 3aCTOCYBAHHS
OoitoBoi 30poi. Ha mpomy ¢oni TumoBmM € peHOMEH
“odiKyBaHHS MOCTPUTY”, KONH CTpLICIb HE CTUIBKA
KOHTPOJTFOE TIPOIIEC TPHIIUTFOBAHHS, CKUTBKM BHYTPILTHBO
TOTYETBCS /IO IIOKY BiJ MOCTPLTY, IO MOPYIIYE IUIaB-
HICTh HATHCKaHHS Ha Ta4yoK, AECTadlli3ye MPHIIbHI
MEXaHi3MU ¥ BUKIMKA€ BIIXWIICHHS TPAEKTOPIl Kyiii.
Bhacnizok nopymeHHs AuXaHHs, IPUCKOPEHOTO ceplie-
OUTTS, NIABUIICHOTO TUCKY Ta HANPYTH M sI31B PYK HaBiTh
Jno0pe MiIroToBIEHUH CTpiielh MOXE IEMOHCTPYBATU
HecTablnbHI pe3ynbTaTi B yMoBax crpecy [7, C. 102].

HeoOximHO 4YiTKO YCBIIOMHTH, IO HESKICHUIA
MOCTpPLJT — 1€ He Topa3Ka, a JiarHOCTHYHUI CUTHAM TIPO
HAsBHICTh TEXHIYHMX a00 ICHXOJOrNYHUX 3001B, SKi
i JUISraroTh Kopekiii. B ymoBax 60iioBoi cuTyaltii Ha sIKiCTb
CTPUTHOM 3HAYHOKD MIpOK BIUIMBAIOTH IHWBIIYyasIbHI
(izionoriuai  0COONMMBOCTI, 30KpeMa. CTaH 3I0pOB’,
BUTPHUBAIICTb, PIBEHb (DI3MYHOI MiATOTOBKH, IIBHJIKICTH
ajanTarii 0 CTPecoBUX (HaKTOpiB, MO B CYKYITHOCTI
BH3HAYAIOTh 3/IaTHICTH KOHTPOJIIOBATH CBOIO TIOBEIIHKY B
KpuTHaHIA cutyamil. [IpwitHATTS BipHOTO pimIeHHS B
0oifOBMX yMOBax i HOro peami3aris BKpaid oOMEKeHi B
Yaci, TOMy MHCJICHHEBI MPOIECH Yy CTPIIbIA ITOBUHHI
OyTH TpPEHOBaHMMH IO TAKOTO PIiBHS, KOJHM I1HTEIIEK-
TyalbHa OIliHKA OOCTAHOBKH IEPEXOIUTh Yy it ped-
JIEKTOPHO. Y THX BHIIAAKaX, KOJIH 0c00a 3BHKAE N0 IIBHA-
KICHOTO pHTMY 3aBJaHb (HampHKiIaj, CTpiibOa B yMOBax
0OMEXKEHOr0 4Yacy), BOHa BTPAya€ CXMIbHICTH 10 IOMH-
JIOK, TIOB’sI3aHUX 3 OYiKYBAaHHSIM IOCTPLTY, a/pKe 30cepe-
JDKYETBCS Ha Cepil aBTOMATH30BaHMX Jil, 3aCBOEHHX Ha
eTari ToMepeHbOi MroTOBKH 0e3 Ha0oiB. OCKITBKY il
BIHCHKOBOCITY)KOOBLISI B HE3BUYHHX YMOBaX 4acTo CYII-
POBOJKYIOTHCSI TTOPYILICHHSIMH KOTHITUBHUX MPOIIECIB,
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HEeOoOXiTHOIO € POo3po0Ka i BIPOBa/KEHHS CIICIiaTbHUX
¢i3nYHEX BIpaB, SKI MaKCHMAaJIbHO BiJTBOPIOIOTH
MOTOpHI ¥ HeHpoM’s30Bi HAaBaHTAXXECHHS, BIACTHBI
6oiioBiit cTpinb0i. OgHUM i3 Ii€BHX 3ac00iB PO3BUTKY
MOTOPHOI TIaM’ATi € 0araTopa3oBe YSBHE 1 MPAKTHIHE
MOBTOPEHHS [l CTPUIBIA i3 3aIDIIOIIEHAMH OYNMA.
Came Taki BIpaBH HO3BOJISIIOTH c(opMyBaTh TOUHI
pediexTopHi peakiii, sIKi € KpUTHIHUMHE Ui poOoTH 3
030pOEHHSIM Yy TEeMpsiBi, UMY, MUY Ta 1HIIMX YMOBaX
obMmexeHoi BuauMocTi [3].

Jns  3abesneyeHHs eQEKTHBHOTO ONaHyBaHHA
HAaBMYOK CTPUIBOM 3 cCydacHOi cTpiyienbkoi 30poi B
YMOBax MiITOTOBKH BiHICbKOBOCTYXOOBIIIB Ha/JI3BUYaii-
HO Ba)KJIMBOIO € HE JIMIIE NMPaKTHYHA CKJIaJoBa, ajue u
I'PYHTOBHE BHMBYEHHS HOPMAaTHBHO-TIPAaBOBOI 0a3u, IO
peryiaMeHTy€e MpaBuila MPOBEEHHS CTPLILO, BUMOTH 110
0e3reKH Ta MOBEIIHKH CTPIJbLsl HAa BOTHEBOMY PYOexi,
a TAaKOXX 3HAHHS TEXHIYHHX XapaKTePUCTHK 030pO€HH,
B3aeMOJii HOro MEXaHi3MiB 1 CKJIIQJIOBHUX YaCTHH Ta
MpaBWJI eKCIuTyaTamii B 0OHoBMX ymoBax. PosymiHHS
TOrO, KOJNIM W 3a sIKMX OOCTaBMH CTpiibOa Mae OyTH
NPHUITMHECHA, SIKi KOMaHIH ITOJAI0THCS IHCTPYKTOpaMH, a
TaKOX MOPSAOK pearyBaHHs Ha MO3AIUTATHI CUTYALi, €
HEBiT €MHHM eIeMEHTOM TpodeciifHOl ImiIrOTOBKH
BifiCEKOBOCITY>KOOBIIiB.

Vel 1l 3HAHHA MArOTh HE JIMIIE BUBYATHCA TEO-
PETHYHO, aje ¥ 3aKPIIUTIOBAaTHCS Ha TIPAKTHL 3 MTOCTIHHIM
KOHTPOJIEM, CYIPOBOAOM Ta KOPEKI€r miid i3 OOoKy
KBaJIi()iKOBAHOI'O 1HCTPYKTOPA, SIKMH TOBHUHEH BOJIOJITH
He JIMIIIe BUCOKMM PiBHEM OOHOBOI KOMIETEHTHOCTI, a i
METOJMYHOIO MiATOTOBKOI0 Ta 3JAaTHICTIO aJanTyBaTh
HaBYAILHUW Matepiall J0 PiBHS CIPUHHATTS KOXKHOT'O
KOHKPETHOTO BiHCHKOBOCITYXKOOBIIS. AJDKE HEZ0aiCTh,
HEeyBaXKHICTh ab0 HenpodeciiiHe MOSCHEHHS 1HCTPYK-
TOpPOM TPHHIMIIB TIOBO/DKEHHSI 31 30pOEI0  MOXYTh
NPU3BECTH HE JMIe A0 (OpPMaIbHOrO TOpPYIICHHS
BIHICBKOBOI JUCITUIUTIHY, & i JI0 KATACTPO(ITHIX HACITIJIKIB,
BKJIFOYAIOYH TPaBMYBaHHS OCOOOBOIO CKJIady Yd HAaBiTh
3arpo3y KHUTTIO Ta 310poB’1o [6].

OCKITBKH  KOXEH BIWCHKOBOCIYXKOOBEIh  Mae
pi3HMI pPIBeHb MMiATOTOBKH, BiIMIHHOCTI Yy HIBHIKOCTI
3aCBOEHHS HOBOT'O MaTepialy Ta TICHXOJIOTIYHI 0COOH-
BOCTI pearyBaHHS Ha CTPECOBi CHTyamii, HeaOHWsIKOi
aKTyaJbHOCTI B Cy9acCHHX yMOBax HaOyBae mpoOiema
IHAMBiTyai3amnii miaxoqy 10 KOKHOTO OifTd. 3aBIaHHs
IHCTPYKTOpa TMOJATaE HE TIIBKA B Iepefadi 3HaHb, a i
(hopMyBaHHI BHEBHEHOT'O, PILITyIOro i TEXHIYHO TPaMOT-
HOTO CTPiIbIA, 3[ATHOTO HisITH B EKCTPEMAIBHUX YMO-
Bax MiJ| BIUIMBOM (paKkTOpIiB 4acy Ta BOPOXOI'O BOTHIO.
[Mpu upoMy ciin mam’siTaTH, HIO CydacHe BiChKOBE
HaBYaHHS 3HAYHOIO MIpOr0 0a3yeThCsl HA MPUHIUIAX
CaMOOCBITH, a OTXe€, YCHIIIHICTh MiJrOTOBKU Oe3Io-
CepPEeIHbO 3aJICKUTh BiJl MOTHBAIl Ta CAMOIUCIUILTIHA
KOXKHOT'O BiMCHKOBOCITY)KOOBIIS. 3Ba)karodd Ha TeE, IO
o0CsSr BiIBEJACHUX aKaJCMIYHHX TOIUH HA HaBYaJbHI
CTPUILOM y BHIIMX BIHCHKOBHX HAaBUAJIBHHUX 3aKJIa/ax
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YacTO CTAaHOBUTH 36-72 TOMVHU HA CEMECTp, CTa€ Ove-
BUJIHUM, IIO 3a3HAYEHOTO OIOJDKETY 4acy HeOCTaTHHO
JUTS1 IOBHOIIIHHOT'O 32CBOEHHS BCiX KOMITIOHEHTIB BOTHE-
BOI MiJrOTOBKH, OCOOJIMBO B YacTHHI pPOOOTH 3 HOBIT-
HIMH 3pa3kamu CTpinenpkoi 30poi. s gocsrHeHHS
BHCOKOTO DIBHS MIiATOTOBKM HEOOXiAHO, 100 KOXCH
BIHCBKOBMIA CAMOCTIIHO 311 CHIOBAaB aHAJI3 CBOIX ITOMIIOK,
BHKOPHCTOBYBaB Cy4acHi TPEHaKEPH IS MOJEIOBAHHI
CTpLIBOH, pErysipHO TOBTOPIOBAB TexHiuHI il Ta op-
MyBaB MOTOPHI HABMYKH JI0 PiBHS aBToMatm3my [1, 8.

J10 KIIIOUOBHX €IEMEHTIB TOYHOI CTPiJIbOH 3 HOBIT-
HbOT 30poi Hajiexkarth: CTiliKke Ta 30aJaHCOBaHE II0JIO-
JKCHHS Tijia, MPaBWIbHUN XBAT 30pol; 4iTKa IMOCiIOB-
HICTB /il 6€3 MEeTYIIIHI; KOHTPOJIbOBAHE, IIABHE HATHC-
KaHHS Ha CITyCKOBH I'ayoK; 3[aTHICTh CTpPiJIbLs 30epi-
raTH MCUXOJIOT1UHY piBHOBAry Ta OyTH CTPECOCTIHKUM Y
HalicknaaHimmx OoioBuX cuTyauisx. HalBaxiupime
MPaBWJIO CTPIIBIA — HE YEeKaTH IMOCTPidy, a YCBiJOM-
JICHO W CIIOKIHHO BUKOHYBATH MOBHUH MK Ail. [Topy-
IIEHHS1 X04a O O/THOTO 3 IMX KOMIIOHEHTIB MOXE CIIpH-
YMHUTH 3001, 5IKi B peasibHOMY 0010 BapTyIOTh Habarato
OinpIne, HK BTpadeHi OYKM Ha HABYAIBHIN CTPLIBOI.

CydacHi eNeKTPOHHI TPEHAKEPH, SKi IIHMPOKO BHKO-
PHUCTOBYIOThCS Y BiliChbKaX, JAIOTh 3MOry (pOpMYBaTH y
BIfICEKOBOCITYKOOBIIiB BiIIIpaIlboBaHi, CTiliKi J0 cTpecy
cTpinenpki HaBWYKU. Lli cuCTeMU O3BOJNSIOTH IMITY-
BaTU MPOLEC MPULIIFOBAHHS 1 BEJACHHSA BOTHIO 3 BHKO-
PHCTAaHHSIM JIa3epHOr0 CEHCopa, 10 PIKCYe BCI KOOPIH-
HATH MPHULITY TA MOMEHT HIOCTPLUTY Ha eKpaHi MOHITOPA,
3aBJIIKM YOMY IHCTPYKTOp 1 caM CTpiJiellb MOXYTb
OIIEPAaTHBHO BUABUTHU TUIIOBI IOMMIIKU i BHECTH KOPEK-
TuBH. HalimommpeHinmmmu noMuiKamH, siki (PikCyroThes
npu poOOTi 3 TaKUMHU TPEHAKEPaMH, €. TMOPYIICHHS
KOHIIEHTpAIii yBaru (3MimeHHs (QoKyca 3 MPUIITBHUX
OPHUCTPOIB HA MillleHh 400 CIYCKOBHUI TavoK); MOMHII-
KOBHIA BHOIp 30HH MpHITOBaHHS (MPHUIT HE B LEHTPI
MillIeHi); pi3Ke HATUCKAHHS HA TauyoK, 3yMOBIICHE MCHXO-
JOTIYHUM THUCKOM abo OpakoM dYacy Ha BHKOHAHHS
BIpaBu. [ iX YHHUKHEHHS 3aCTOCOBYIOTHCSI METOAUKH
1BoNAMii pyxy Mmajblsg, poOOTH B3IOBX OCI CTBONA, a
TaKOXX ITOCTAHOBKA OJHAKOBOI MO3MIII] HaJbIs Ha CITyC-
KOBHMH TayoK, II0 JIETKO MOJETIOETHCSA 3a JOMOMOTOI0
IHTepaKTHBHAX TEXHOJOTiH. Pa3oM i3 THM TpeHakepu
HE TIOBHHHI TOBHICTIO 3aMiHIOBAaTH POOOTY 3 0OHOBOIO
30pO€T0, OCKUTBKH HE MEPearoTh peallicTHIHy Biagady,
aKyCTHYHHUH CYIPOBIJ Ta IICHXOJIOT1YHE HABAHTaKCHHS,
MOB’s13aHi TUM (DAKTOM, HIO KOXKEH MOCTPiN Y peasibHii
cutyanii Moke Matu ¢artanphi Hacmimku [19, C. 52].
Came TOMy JOLUIBHHM € TOEAHAHHS TEXHOJIOTIYHOTO
HaBYaHHS 3 00OB’SI3KOBUMH TPEHYBAaHHSMH Ha IOJIro-
HaX 13 BUKOPHCTAHHSIM XOJOCTHX 1 OOMOBHMX IATPOHIB,
10 J03BOJIIE TOTYBATH OIMIIB HE JIUIIE IO TOYHOCTI
JiH, a i 10 CAMOKOHTPOJIIO Y CTPECOBOMY CEPEIOBHII
peansHOro 0oro.

VY pesynbTari Takoi MArOTOBKH (DOPMYETHCS HE
JIUIIE TeXHIYHA, aje ¥ TiJleCHa 3BUYKA JIO 30poi, KOIH
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cTpiens He BimuyBae muckoM¢opTy Bia ii Baru, pyxy
MexaHi3MiB M crenudiky npuiiapHuX aid. Came mocsr-
HEHHS aBTOMaTH3MYy TP BOJIOJIIHHI 30pO€I0, 3aKpillIeHe
(GBUYHIME HABUYKAMH W TICHXOEMOIIIHHOI0 BUTPUMKOIO,
3a0e3medye OOHOBY TOTOBHICTH BifiCBKOBOCTY:KOOBIII B
YMOBaX TMiJBHIIEHOTO PU3HKY 1 (HI3HIHOrO HAaBaHTKEHHS.
Bomrouac He MEHII BaXKIIMBOIO 32 (Di3UYHY € TICHXOJIOTiTHA
CKJIaJIoBa INJTOTOBKH, OCKUIBKA HAaBITh JIOCKOHAJIE
TEXHIYHE ONaHyBaHHs 30poi BTpavae NpPaKTUYHY IIiH-
HICTB, SIKIIIO CTpLJelb HE 3/aTeH 30epiraTé XOJIOIHHUMN
PO3YM 1 Ji€31ATHICTh Yy KPUTUYHHUX CHUTYaIisIX. 3aBIaHHs
TICUXOJIONYHOI MiZATOTOBKKM TOJsrae y (hopMyBaHHI BHYT-
PIlIHBOT CTIHKOCTi, TOTOBHOCTI JIiSITH B yMOBaX 3arpo3u
KHTTIO, & TAKOXK PO3BUTKY PILy4OCTi, BIIEBHEHOCTI Ta
HaBMYOK KOHTPOJIIO CTpecy, 1o € (pyHIaMeHTalbHIMU
JUIsl eEKTUBHOTO BUKOPHCTAHHS HOBITHIX 3pa3KiB CTpi-
JenpKoi 36poi B ymoBax cydacHoro 6oro [13, C. 182].

Oco0IUBY KaTeropito CKIaIaloTh BiiICEKOBOCITYXK-
0OBIIi, SIKi MOBEPTAIOTHCS O CIYKOU TMiCiIs TPUBAIUX
nepepB abo MEPeBOMATHCS O OOHOBHX MigPO3ALTIB i3
TWIOBMX YacCTHH. HaBiTh MicII1 mpoXOIKeHHS 0a30BOi
MiATOTOBKY, B YMOBaX aKTHBHOI eKcILTyarallii 30poi B
peanbHUX OOMOBHX IisIX CIIOCTEPIraeThCs BTpaTa HAaBHU-
4OK a00 HAKOIMMYEHHs XUOHUX [iH, mo moTpedye mpo-
BEIICHHS TIOTJIMOJICHOI 1HAWBigyambHOI Kopekmii. lLle
aKTyaJdbHO 1 Il THUX BHITAJAKIB, KOJNM BOTHEBA IIiJIrO-
TOBKa 3/IIHCHIOETHCS 0cobamu 6e3 (haxoBoi cTpiierbKoi
OCBITH, IO OOMeXye e(EeKTUBHICTH 3aHATH 1 YHEMOX-
JIMBITIOE BUSIBJICHHS THIIOBUX MOMIJIOK ITiJI YaC BUKOHAHHS
BOpaB. Y IbOMY KOHTEKCTI MEpIIOYEPrOBUM 3aBJIaHHSM
CTae IMJroToBKa KBaJi(hiKOBAaHMX IHCTPYKTOPIB, sIKI He
JmIre 100pe BOJIOMIFOTH IITATHOK) CTPLICIBKOIO 30pOERo,
aje W 37aTHI IPaMOTHO HABYATH IHIIHKX, 3aCTOCOBYIOUH
METOIMKH TTITOTOBKH JI0 BMKOPHUCTAHHS HOBITHIX 3pa3KiB
030poeHHsT  (AaBTOMATW30BaHi  I'BUHTIBKH,  HPHIIIBHI
KOMIUIEKCH 3 JIa3epHUMHU Ta TEIUIOBBIHUMH MOIYJISIMH,
A(POBI CHCTEMH KOHTPONIO BOTHIO TOMWIO). [lpakTuyHi
3aHSTTS 3 BOTHEBOI ITJITOTOBKM JOLUIGHO PO3IIOYMHATH 3
BiJINPAIFOBaHHS 0a30BUX €JICMCHTIB TEXHIKU CTPUIEOM Oe3
BUKOPHCTAaHHS Ha0OiB, TOOTO 3 Tak 3BaHOI XOJOCTOI
MiATOTOBKH, IIO J03BOJNsAE (POpMyBAaTH CTilKi MOTOpHI
HABUYKHM Ta YCYyBaTH IpyOi MOMIJIKH JI0 MEPEXOay Ha
OoitoBy cTpine0y. Taki TpeHyBaHHS MOXYTh BKIFOYATH
SIK TPYTIOBY, TaK 1 iHAWBiTyaIbHY pOOOTY 3 HABYAIBHOIO
30po€ro, MOIETMIOBAHHS peakiii Ha KOMaHZY, TPEHY-
BaHHS Ha TaliMep, AOTPUMaHHS TAKTHYHUX HOPMATHBIB
toro [4].

HactynHuMm eranoM € BHMKOHAHHS MiATOTOBYUX
BIIPaB y MOBUIBHOMY TEMI — CIIOYaTKY 3 OJHI€l PYKH,
IO € KPUTHYHO BAXJIMBUM Yy OOHOBHMX YMOBax, KOJIU
iHIIIA pyKa MOXKe OyTH 3aiiHATa, MOpaHEeHa a00 BUKOPHC-
TOBYETBhCS JUIsSi YTPUMaHHS 3aco0iB 3B’S3KY, CIIOpS-
JDKCHHS YM HaBITh MPOTHBHHKA. ITicisl bOrO HEOOXiIHO
MEPEHTH 10 NBOPYKOTO YTPUMAHHS 30poi, IO JI03BOJISIE
3HM3UTH PiBEHb HEKOHTPOJILOBAHHMX M’SI30BUX CKOpOYEHB
Ta TiBUIIATH TOYHICTh CTPUILOM. 3aBeplIaibHUN eTar
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BKJIIOYAE ONMAHYBaHHS CTPIIBOM B CKIAJHUX yMOBax: 3
pi3HHX MOJIOKEHb (CTOSYHM, 3 KOJiHA, JIeKAYM), MiCIs
NepeCyBaHHs, 3 BUKOPHCTAHHAM YKPUTTIB, Yy HiYHHA
gac abo 3a iHIMX YMOB OOMEXEHOI BHIMUMOCTI. J[is
e(eKTHBHOI peali3alii NUX 3aBJaHb Yy HaBYAJIHHOMY
TIPOIIECi CIIiJ] 3aiFOBATH TPEHAXKEPH, MAKETH YKPHUTTIB,
MOOLTBHI TIaTPOPMH, CBITIO3BYKOBI CHTHAIH, 8 TAKOX
TaitMepH IS BiJCTE)KEHHS Jacy peakiii Ta BUPOOJIeHHS
CTPECOCTIKUX HABHYOK.

TexHiyHa MiJrOTOBKA OXOIUIIOE OCBOEHHS IPUH-
LUITIB poOOTH 30pOi, BKIIOYarouH i1 HEMOBHE 30MpaHH,
po30upaHHs, YMINCHHS Ta YCYHEHHS HECHPaBHOCTEH,
1110 € OCOOJIMBO BKIIMBKM Y TIOJIBOBHX YMOBaX, JIe JOCTYII
JI0 TPOGeCciiHOrO PEeMOHTY MOXKe OyTH OOMEKCHHM, a
TaKOXX HABYAHHS MPABUJIBHOTO BHUKOPHCTAHHS MPHIUTEHUX
CHUCTEM, SIKI YacTO BKJIIOYAIOTL CKJIAJHI ONTHYHI Ta €JeK-
TPOHHI KOMIIOHEHTH, IO TOTPeOYIOTh BiJl CTPUIbLIS HE
JMIe TEXHIYHWX 3HaHb, ajleé ¥ yMiHHS IIBHJIKO aJarTy-
BaTHCs JI0 HOBHX TEXHOJOriH. Hamnpukiaz, BUKOpHCTaHHS
TEIUIOBI3IMHNX TIPHULIUTIB BHMAara€ PO3yMIHHS IPUHIIMITIB
TEIUIOBOTO BUIIPOMIHIOBaHHS Ta BMIHHS PO3PI3HSATH 1T B
YMOBaxX HH3bKOi BHAMMOCTI, IO HaKJIaJae TOJAaTKOBHH
PiBEHB CKIIAIHOCTI /10 TIporiecy miaroroku [16, C. 195].

TakTh4yHa MiATOTOBKA CHPSMOBaHA Ha PO3BHTOK
YMiHb CTPiNBLS HisITH B CKIATHAX OOHOBHX CIIEHAPIsX,
BKITIOYAIOUM MiChKi 00i, /e HEeoOXiTHO BPaxXOBYBATH
0OMEXEHHI MPOCTIP 1 BEMUKY KUTBKICTh MepemmKkoa, abo
orepariii B yMOBaxX BIJKPUTOr'0 MPOCTOPY, J€ CTPLICb
MO)ke OYTH ypasiuBHM Ul KOHTPAaTakH, IO BHMarae
BiJl HbOrO BMiHHS NPaBUIILHO BUOMPATH MO3HUIIII0, BUKO-
PHCTOBYBaTH YKPUTTS Ta KOOPAWHYBaTH CBOi [ii 3
iHIMME  wieHaMu KoMaHau (mimposminmy). Cydaci
METOAM IMIATOTOBKH YACTO BKJIIOYAIOTH CHMYIISIINHI
TpEeHyBaHHS, SIKi BHKOPHCTOBYIOTH BIPTYajJbHY peajb-
HICTB JUISl CTBOPEHHS! peasliCTHUHIX O0MOBHX CIEHapiiB,
IO JIa€ CTPUIBLISIM MOXKIIMBICTD BIIIPAIIbOBYBATH TaKTUYHI
HaBMYKK B OE3TEYHOMY CEpEe/IOBHII, PO3BHMBAIOYN TIPH
[IbOMY BMIHHS HIBHJKO aHAI3yBaTH CUTYAII0 Ta MpHii-
MaTH OOTPYHTOBaHI PillICHHS.

[cuxonoriuHa miAroTOBKa € HE MEHII BaXITHBOIO,
OCKIJIBKM CyJaCHH CTpUIEIb YacTo Jli€ B yMOBaX BHCO-
KOro cTpecy, A€ HeoOXigHO 30epiraTé XOIJIOHOKpOB-
HIiCTh, LIBUJIKO pearyBaTH Ha 3arpo3d Ta MpUiMaTh
pimeHHs, sKi MOXyTb MaTh (aTanbHi HACHIIKH, IO
BUMArae BiJl HhOTO BICOKOT'O PiBHSI €MOIIIHHOI CTIHKOCTI Ta
31aTHOCTI CIIPABISATHCS 3 TICUXOJIOTIYHUM THCKOM. Crie-
[MiaNbHI MPOTpaMH MiATOTOBKH, TakKi SK TPEHYBAaHHS B
yYMOBaxX ILITy4HO CTBOPEHOTO CTpecy abo CHUMYJLis
00IfOBHX CHTYyaIlil 13 BUCOKMM PiBHEM HEBH3HAYEHOCTI,
JIONIOMAraloTh CTPUIbLSIM  PO3BHBAaTH MCUXOJOTIYHY
BUTPUBAIICTh, IO JO3BOJIIE 1M 30epiraTd KOHIICH-
Tpamilo Ta e(QEeKTUBHICTh HABITh Yy HAWCKIATHIIINX
ymoBax [18, C. 147-148]. Tlopsa i3 muM cTpineripka
30post HOBOTI'O TTOKOJIIHHS ITOTIPH BCl1 CBOi TEXHOJIOT1YHI
TiepeBary 3aJMIIAETHCS JIUIIE THCTPYMEHTOM, e(peKTHB-
HICTB SIKOTO 3aJICKUTH BiJT MAHCTEPHOCTI CTPUIBIL, SKHA
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MMOBHHEH HE JIMIIE JOCKOHAJIO BOJOMITH TEXHIYHHUMH
acleKTaMu i1 BUKOpPHCTaHHS, ajie W OyTH T'OTOBUM [0
(Gi3MYHAX, TAKTUYHUX 1 TICHXOJOTIYHUX BUKIIMKIB, IO
CYNPOBOUKYIOTE O0iOBi mii. 3a3HaueHuid (akT me pas
T IKPECITIOE BaXKITUBICTh KOMIUIEKCHOI MiATOTOBKH, SKa
MIOEHYE BCI I1i €IEMEHTH B €WHY CHCTEMY.

BucHoBknu

Y poboti mociikeHO KOHCTPYKTHUBHI XapakTe-
PHUCTHKH CYYaCHHX 3pa3KiB CTPiJIeNbKoOi 30poi, 30KkpemMa
aBTOMAaTUYHHUX TBHUHTIBOK 1 CHaWIEPChKUX CHCTEM,
OCHAIIICHUX JIA3CPHUMH IaJICKOMIpaMH, TEILIOBI3ii-
HUMHU TpHIaJaMH i OalliCTHYHUMHU OOYMCIIOBaYaMH.
e 3a0e3neuye eheKTUBHE YPAKCHHS IJIeH Ha 3HAYHHX
BIICTAHSIX 3 YypaxyBaHHSAM pI3HOMaHITHUX (aKTOpiB
HaBKOJIMIIHBOTO cepeoBuiia. [IpoaHasi3oBaHO OCHOBHI
acriekTH OOMOBOI IMi/ITOTOBKH CTPUIBIIB, SIKI BKIIOYAIOTh
¢Gi3MYHy MIrOTOBKY, TEXHIYHI HABUYKH, TaKTUYHE
MUCJICHHSI Ta TICUXOJIOTIUHY CTIHKICTh. [y mocsSTHEHHS
MaKCHMaJIbHOTO e(eKTy IIi KOMIIOHEHTH MaloTh (hyHK-
LIOHYBATH SIK €IIMHA aJJANITHBHA CUCTEMa, CIPsSMOBAaHA Ha
(dopMyBaHHS 3MaTHOCTI BIHCBKOBOCTYXOOBIIB e(eK-
THUBHO IiSITM B peanbHHX 0OHOBUX yMOBaxX. BusBiieHO
mpoOJIeMHI TMUTAaHHS OpraHi3amii BOTHEBOI IIiITOTOBKH
Ha piBHI OaTanmbHOHIB Ta pOT, ¢ MPAKTHYIHI 3aHATTA
HEpIAKO TPOBOAATHCS (QOopManbHO, 0Oe3 ypaxyBaHHA
0co0nMMBOCTEH 3aCTOCYBaHHS HOBITHROI 30poi, IO
HEraTMBHO BIUIMBAE HA 3arajibHy e(peKTUBHICTh HABYAHHSI.

OOrpyHTOBaHO BaXKJIMBICTh BUKOPUCTAHHS IHTEp-
AKTHBHUX TPEHAXKEPIB 1 TEXHIYHMX KOMILIEKCIB HOBOI'O
MOKOJTIHHS, SIKi Ial0Th MOXIIHUBICTh PEATICTUYHO MOJIE-
nroBatu 00HOBI cutyallii Ta popMyBaTH BiIpanboBaHi,
aBTOMaTu30BaHi Aii BifickkoBOCITYX00BIIB. Lle kpuTHY-
HO Ba)XJIUBO JUIsl YCIIIIHOI CTPUTROM B YMOBaX CTpecy,
MOTaHOi BHIMMOCTI YH [MiIBHIICHOrO (hi3MIHOrO W
TICUXOJIOTIYHOrO HaBaHTaXeHHA. HaeneHo ocoOmmBocTi
noOy/ZI0BM HaBYAIBHUX KypCIB BOTHEBOI MiATOTOBKU 3
ypaxyBaHHAM  TOCTYIIOBOTO  3POCTAHHS  CKJIAJHOCTI
3aBJaHb — BiJ 0a30BOr0 XOJIOCTOrO TPEHYBAHHS IO
peaybHUX CTPiNb0 y CUMYISLIIHUX 1 TOJILOBUX yMOBax.
3amporoHOBAaHO KOMIUIEKCHY MOJIEIb TiITOTOBKY CTPIIBII
JI0 e(heKTHBHOTO BUKOPHCTAHHS HOBITHIX 3pasKiB CTpile-
IpKOi 30poi. BoHa mepembadae moemHaHHS KOTHITHBHOTO
acriekTy (BMBUEHHS TEXHIYHMX XapaKTEPHCTHK 30poi i
OaTiCTHKK), MOTOPHOI TiATOTOBKH (TIPAKTHYHI 3aHSTTA 3
TIOCTYITOBUM 3POCTaHHSM IHTEHCHBHOCTI), TICHXOJIOTid-
HOTO TpeHyBaHHS ((OpPMyBaHHS CTIHKOCTI 70 CTpeco-
BHX CHTYyaIllifl) Ta TEXHOJOTIYHOI afganTarii (HaBYaHHs
KOPHCTYBaHHSI HU(QPOBUMH TPHIIIAMU Ta CHCTEMaMHU
VIIPaBIIiHHS BOTHEM).
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PECULIARITIES OF SHOOTER TRAINING FOR THE USE OF THE LATEST SMALL ARMS MODELS
A. Andriienko, B. Oliyarnyk, M. Chornyi

The article is dedicated to the analysis of modern small arms that combine innovative technologies, advanced ballistics
principles, and complex electronic systems. Significant attention is paid to the peculiarities of shooter training, which combines
physical, technical, tactical, and psychological components to ensure the effective use of weapons in combat conditions. In the
context of modern armed conflicts, where technological superiority plays a key role, the relevance of the research is due to the
need to improve the training systems for servicemen using high-tech small arms, as well as the search for effective methods to
enhance their combat readiness. The aim of the article is to study the use of modern small arms and their technological features
to formulate requirements for shooter training, as well as to identify key areas for improving fire training methodologies to
ensure high shooting efficiency in combat conditions. The study employs methods of systemic and comparative analysis,
generalization to assess the technological characteristics of weapons and the effectiveness of training methods, including
simulation training and the use of electronic simulators. It is established that due to the integration of advanced materials,
electronic systems, and specialized ammunition, the combat effectiveness of modern small arms is significantly increased. Along
with this, it requires the shooter to have in-depth knowledge of ballistics, meteorology, and experience with digital technologies.
It is revealed that comprehensive training, which includes physical exercises, tactical simulations, psychological training, and
work with simulators, contributes to the formation of stable motor and reflex skills, reducing the impact of stress factors such as
"shot anticipation." Problems of a formal nature in fire training within units and the need to improve the qualifications of
instructors are identified. Further research should focus on the development of adaptive methods of individual shooter training,
taking into account their psychophysiological characteristics, as well as improving training complexes for simulating real
combat conditions.

Keywords: combat situation, fire training, training effectiveness, short-barreled small arms, preparation method, shot,
shooting in a confined space, technology, ammunition type, simulator, short distance training, damage to the target, forms and
methods, skills development.

© Annpienko A.M., Omispauk b.0O., Yopauit M.B.



Tom 33 Ne 2, 2025 BiticbkoBO-TeXHIUHMI 30ipHUK

Vol. 33 No. 2, 2025 Military Technical Collection 203
IMEHHU TOKAJKYMK
Awngpierko A.M. (Andriienko A.) 194 Maienko I.A. (Mashchenko I.) 34
Barau B.P. (Bahan V.) 68 Menbauk F0.M. (Melnyk Yu.) 49
Bimam O.B. (Bilash O.) 169 Minskosuu LB. (Milkovych 1.) 20, 115
Bby6ennmwkos P.B. (BubenshchykovR.) 13 Mimenko S.C. (Mishchenko Ya.) 34
Bynaperpkwuii FO.1. (Budaretskyi Yu.) 109 Hacrummu FO.A. (Nastishin Yu.) 68
Bacubes M1 (Vasyliev M.) 55 Hixomrox B.JI. (Nikoliuk V.) 49
Bemnuxo JI.M. (Velychko L.) 3,169 Hosak I.A. (Novak D.) 141
Boiitosru M.I. (Voitovych M.) 3 Omnispark Bb.O. (Oliyarnyk B.) 194
I'y3uxk H.M. (Huzyk N.) 169 [Menexaruit M. A. (Pelekhatyi M.) 34
I3r06a A.O. (Dzyuba A.) 109 Mickyn C.B. (Piskun S.) 55
3abonorHiok B.1. (Zabolotniuk V.) 154 [MToxnaTtiok C.B. (Pokhnatiuk S.) 127
3aika B.M. (Zaika V.) 90 [Tycrosapos B.B. (Pustovarov V.) 90
Bamunka B.JI. (Zalypka V.) 100 Paromatok B.B. (Ratoshnyuk V.) 8
3ukoB B.I'. (Zykov V.) 8 Puxos €.B. (Ryzhov Ye.) 8, 161
3yokoB A.M. (Zubkov A.) 13 Piman O.0. (Riman O.) 146
Kaszan I1.1. (Kazan P.) 115 Caxosuu JI.M. (Sakovych L.) 161
Kamenues C.1O. (Kamencev S.) 13 Cannnpkuit MLA. (Sanytskyi M.) 176
Kupuunk C.M. (Kyrychyk S.) 34 Cemexa C.M. (Semekha S.) 161
Kupuuyk O.A. (Kyrychuk O.) 68 Cepryxos O.B. (Serpukhov O.) 55
Koponesko C.B. (Korolko S.) 176 Cokynbcbka H.B. (Sokulska N.) 169
Koponsosa O.B. (Korolova O.) 20, 115 Copoxkaruit M.1. (Sorokatyi M.) 3
Kpacuuk 51.B. (Krasnik Y.) 13 Crax T.M. (Stakh T.) 68
Kpacuomarka }O.B. (Krasnoshapka Yu.) 34 Tumko C.O. (Tyshko S.) 90
Kpusuyn B.I. (Kryvtsun V.) 34 Tnycruit A.O. (Tlustiy A.) 27
Kpuxoseuskuii I'.I. (Krykhovetsky G.) 161 dremos 10.0. (Ftemov Yu.) 185
Kpormmsuumska T.IT. (Kropyvnytska T.) 176 Xaycros JI.€. (Khaustov D.) 68
Kymumos C.M. (Kudymov S.) 127 Xaycros .€. (Khaustov Ya.) 68
Kys3aekos B.B. (Kuzavkov V.) 27 Xaxyna B.B. (Khakhula V.) 115
Kypsra S.E. (Kuriata Ya.) 161 Yaran 10.A. (Chahan Yu.) 8
JlaBpyt O.O. (Lavrut O.) 55, 90 Yepusixisewkuii I.B. (Cherniakhivskyil.) 8
JleekoBcrkuii O.0. (Levkovskyi O.) 176 Yopuuii M.B. (Chornyi M.) 55, 194
JlynbkoBa A.B. (Lunkova H.) 115 [la6atypa 0.B. (Shabatura Y.) 100
Makoron O.A. (Makogon H.) 34,55 Hlepuxor 1.B. (Sherykhov I.) 127
ManbkoB O.0. (Malkov O.) 127 Hlocrak P.C. (Shostak R.) 146
Mapuinko H.M. (Martsinko N.) 154 Hlurmno B.O. (Shchyhlo V.) 13
Mapuenko O.B. (Marchenko O.) 55 IOnaa B.A. (Yunda V.) 141
Martysko b.I1. (Matuzko B.) 55

© HanionanpHa akazieMist CyXOITyTHHX BiliCbK iMeHi rerbMana [lerpa Caraiinaunoro

© Hetman Petro Sahaidachny National Army Academy



BilicbkoBO-TeXHIUHMI 30ipHIK Tom 33 Ne 2, 2025

204 Military Technical Collection Vol. 33 No. 2, 2025

JIO BIIIOMA ABTOPIB

Bumoru 10 miAroToBKHM i noaHHst pyKONuciB 10 «BilicbKoBO-TeXHIYHOI0 30ipHUKA»

VJIK (kermb — 12 nit)

€«—— NOPOIACHIll pAOOK — 10 nm

A.B. Ierxo®, O.M. ITerpos? (keris — 12 mr) «— nopoxcuiti padox— & um

il . . .o . . o .
Hayionanvna axademia cyxonymuux giticok imeni cemovmana Ilempa Cazatioaunozo, JIvsie

2 . o . o .
Hayionanvnuii ynisepcumem oboponu Yxpainu, Kuie (keenv — 12 nm, kypcus)
€«—— NOPOIACHill pAOOK — 12 um

HA3BA CTATTI (KEI'JIb — 12 IIT; HAINIB)KUPHUI, ITO IIEHTPY)

€—— NOPOCHl PAOOK — 12 nm

Anomayis (Mogoro cmammi, obcsiz — ne menue 500 snakig): keeno — 10 nm; kypcus, siocmyn nepuioeo paoka ab3ayy —

0,75 cm; supieniosants — 3a WUPUHOIO). I .

Kniouosi cnosa: oexinoka kuioqosux ciie (ke — 10 nm; Kypcus, GUPISHIOBAHHS. — 30 WUPUHOIO).
€«—— NOPOCHIT pAOOK — 12 um

Bumoru 10 nadopy

®opmar apkyma: A4.

IMapamerpu cTopinku (BiacTymu Bix kparo): 3miBa — 2,25 cM; crpasa — 2,25 cM; 3Bepxy — 2,5 cM; 3HM3Y — 2 CM.

IpudT crarri — Times New Roman; 3suuaiinmit; kersts — 10 1T, MixkpsimkoBuii inTepBan (MHOKHUK) — 1,1.

TekeT cTATTI PO3TAIIOBYETHCS y JBA CTOBIYMKH OJHAKOBOI INMPHWHM — 8 CM, BIICTAHP MK CTOBITYHKAMH —
0,5 cm; Biactyn mepioro psiaka ad3aiy — 0,75 ¢M; BUPIBHIOBAHHS — 32 HIMPUHOIO.

MinzaronoBok (kerdb — 12 NT): HAMIBKAPHHUIL; BIACTYIB HEMA€E; BUPIBHIOBAHHS — IICHTPOBAHE, 3BEPXY Ta
3HHU3Y BiJJOKPEMIIIOETECS 6 IyHKTaMH.

Ha6ip ¢popmyut: penakrop dopmys MS Equation.

3ABOPOHSIETBCH BrkopucToByBaTH JUIst HA00pY hopmMyt rpadivHi 00’ €KTH, KaJpH 1 TaOIHII.

Po3mip Ta cTuas popmya:

Crwns Wondr DopMaT omeonos
Monymprosi | 7
TeCT o vvvnnnn ITmesNewRoman(.YR -~ © ~ OK I
s ———aa e R m Sown |
om— x| Nepemerias ..  [TmesNewRomancr <] I 14
KpynHusi wiaexc I&"— (1+B)2 x o CTp. rpevease . |Symbol vl ™ r
Mensosi waexc e Z 74 Mp. rpeveawe . . |Symbol -] r
n v
Kpynowi omson [1am p=1 k n CaMBON .+ vt Symbol r r
Menosi omeon [1om - Marpma-sextop  [TimesNewRomanCR <] I [
Ywom....... ITmesNewRomanC\'R - ™ r
Sz
Crwmb "Texcr" Inosoﬁ v
Apyrue cTum IhoGoG -

Tabauui MOBMHHI MaTH Ha3By (HAmiBKUPHUEA, Kerab — 9), AKy PO3MIIILYIOTH HAJ TaOJHIECIO i IPYKYIOTH
CHMETPUYHO JI0 TEKCTY.

Pucynku 000B’S3KOBO CYNPOBOKYIOTHCS TAPUCYHKOBHUMH TANMKCAMK (HAMiBKHPHUiA, Kerdab — 9).
[TinprcyHKOBHMIT TIMC IOBHHEH PO3MIIYBAaTHCS OE3MOCEPEIHBO ITi/I PUCYHKOM Ta Ma€ OYTH BUPIBHSIHUM 3a IIMPHHOIO.

KonbopoBi pucyHKH MyOIiKYIOTBCSI B KOIBOpoBOMY ¢opmari online, ame y ¢opmari ciporo mpu apyii Ha
narnepi, a TOMy MOBHHHI 320€31e1yBaTH HAIKHY SKICTh MicHst APYKY y hopmar ciporo.

JlomyckaeThcsi pO3TAITYBAHHS BETUKUX PUCYHKIB, (OPMYIT i TabiHIb B OMHY KOMOHKY (o 16,5 cm).

HaBomuThesl aBa CHOUCKHM JiTeparypu (BUAUISIOTHCS IMiJ3aroioBKOM Ta opopMitoeThes (kerms — 9 mr,
KYPCHB)):

Cmucok Jitepatypu: iamosinso g0 JICTY 8302:2015 “Biomiorpadivte NOCHIAHHS: 3arajbHi ITOJOXKECHHS Ta
npaBWJIa CKJIaJaHHs .

References: anrmificbkor MOBOIO Ta TPAHCTITEPAIIEI0 JTATHHHUICIO — 3pa30K 0(OPMIICHHS HABEICHO HIDKYE.

© HarionansHa akajeMisi CyXOIyTHUX Biifcbk iMeHi rerbMana Ilerpa Caraiinaunoro
© Hetman Petro Sahaidachny National Army Academy



Tom 33 Ne 2, 2025 BiticbkoBO-TexHIUHMI 30ipHUK

Vol. 33 No. 2, 2025 Military Technical Collection 205

References naBoguThCcs OokpeMuM OJIOKOM, Ticis momepenHporo CIUCKY JiTepaTypH, MOBTOPHOKOYU IMOCHi-
JIOBHICTB 0i0iorpadiyHux MOCHIaHb Ha UTOBAHI JiTEpaTypHi [pkepena (Hagaii: nmocwianus). KoxkHe nocunaHHs y
onomi References opopmiroetses y Bimmosiarocti go Harvard style BSI: British Standards Institution.

Cuucoxk Jgiteparypu (References) mopuneH BKI0YATH:

- ge menue 10 nocwians,;

- ge Menme 60% mocwtank 3 ixeHTrpikaTropoM rmpposoro 06’ ekra (DOI — Digital Object Identifier);

- ge menmie 40% ToCHIaHb, M0 1HAEKCYIOTHCS MiKHAPOJHAMH HayKOMETpHYHUMH OazamMu SCOpUS ta/a6o Web
of Science Core Collection.

Cnucox gitepatypu (References) ne mozxe Briawuatu 6iabuie 20% caMoUTYBaHHS ABTOPIB.

Crpykrypa pykonucy

TekcT pykomucy CTaTTi po30MBAa€ThCS Ha BiJIOBIAHI PO3IUIM i3 MiA3aroJOBKAMHU 3TiHO 31 CTPYKTYpOIO:
HOCMAHO6KA NPOOIEMU ) 302aNbHOMY 6UIA0i Ma il 36 A30K i3 6AMHCIUSUMU HAVKOBUMU YU NPAKMUYHUMU 308-
OaHHAMU, QHATI3 OCMAHHIX 00CHi0MNCceHb | NyORiKauin, Ha 5KI CNUPAEMbCS AGMOp; (OPMYTIOBAHHA Memu
cmammi (nocmanoexa 3a60aHHA); 6UKAA) OCHOGHOZ0 MAMEPIANY OOCHONCEHHS. 3 NOSHUM OOIPYHIMYEAHHAM
OMPUMANHUX HAYKOBUX PE3VIbINAMI6; BUCHOBKU 3 Yb020 O0CNIONCEHHA MA ONUC IXHLO20 3HAYEHHS O NOOANBULO020
PO36UMKY 00CHi0NCY8anol naykosoi npoonemu;, cnucox aimepamypu (References).

OtTpuMaHi pe3ynbTaTH, sKi TPOMOHYIOTECS 10 IPYKY B HAYKOBi# CTAaTTi, TOBUHHI HECTH HAYKOBY HOBU3HY Ta
NpakTHYHe 3HaueHHsL. [Ipoleaypa oTpuMaHHsI HAYKOBOTO pe3yJIbTaTy MOBHHHA OYTH OIMCAaHA HACTUIBKH ACTANBHO, 11100
Uuray Mir camoCTIHHO BiATBOPHTH PE3yNbTaT YM OLIHUTH HOTO JOCTOBIpHICTh. SIkmo Uutau He Mae MOMIMBOCTI
TIEPEBIPUTH JTOCTOBIPHICTH OTPHMAHOTO PE3YJIbTaTy, TO TaKUM PYKOMWC KBAT(IKYeThCs SK iHQOpMaIiiiHe MOBiTOM-
JeHHs. Pykorwcy, 100 He BIANOBINAIOTh TEMATHLI JKYpHAy, HE HECYThb HAYKOBOI HOBM3HH a00 MArOTh Xapakrep
iH(OopMaIiHHOTO MOBIJOMIIEHHS, 710 PO3IIISAAY HE MPHHMAIOTHCS Ta BIIXIIISFOTHCS 32 PIIICHHSM TOIIOBHOTO PEAAKTOPA.

Ha ocranapomy apkymii crarti micias Croucky miteparypu (References) maBomstees (9 xersb, MisKpSIIKOBHIA
iarepan — 1,0): ma3Ba cTaTTi, PIi3BHINA Ta iHilliaJK aBTOPiB, aHOTAIis (JIe 3a3HAYAETHCS HAYKOBA MPOOIEMATHKA,
CYTb JOCITIKEHb, BUKOPHCTAHI METOMIH, OTPUMaHi Pe3yJIbTATH | BUCHOBKH), KJIFOUOBI CIIOBA.

SIKII0 OCHOBHOIO MOBOIO CTaTTi € YKpPAiHCHhKA, TO aHOTAIlSl aHTIIIHCHKOI0 MOBOIO TIOBUHHA OyTH PO3IIUPEHOIO
Ta MaTH 3arajJbHui o0car He meHil Hixk 1800 3HaKiB, BKIIOYAIOYM KIIFOYOBI CIIOBA.

SIKIIIO0 OCHOBHOO MOBOIO CTATTi € aHIJIIHChKA, TO aHOTAllisl YKPAaiHChKOK MOBOIO NMOBUHHA OYTH PO3LIMPEHOIO
Ta MaTH 3arajJbHui o0car He meH Hixk 1800 3HaKiB, BKIIOYAIOYM KIIFOYOBI CIIOBA.

Bidomocmi npo aemopie (MOmAIOTHCS YKPATHCHKOIO T AHTITIHCHKOIO MOBAMH), SIKi BKITIOUAIOTH B cebe:

- Mpi3BHIIIE, IM s Ta TI0 OATHKOBI;
- Ha3Ba YCTAHOBH, JI€ MPALIFOE aBTOP, ii Miclle po3TairyBaHHs (MiCTO, KpaiHa);

- TI0Ca/ia, HAYKOBHH CTYIiHb, BUCHE 3BAHHS, Pyopuku BT3
- 00iKoBHH 3anyc asTopa ORCID. 1. Po3poGiietns Ta MOJepHi3aILis
- KOHTAKTHUH HOME Tele(oHy, eIeKTPpOHa ajpeca. OBT
Ioxanusa marepiajin 2. Boitose 3acrocyBanns OBT
OGcsir pykomucy — Big 3 10 13 cropiHOK ykpaiHchKoro abo anriiiickkoro 3. Bupobuunrso OBT.
MoBaMmu. J1Jis1 3anpomeHux crateii — oocsr 10 20 cTopiHOK. 4. Excrutyaraliist Ta BiJIHOBJICHHS
OBT

CraTTi, HammcaHi aHTJIIHCEKOI0O MOBOIO Ha BHUCOKOMY mpodeciiiHOMy
piBHI, MalOTh MPIOPHUTET MiA Yac po3risany Ta mydunikamii. B pasi momanHs
CTaTTi aHIITIHCHKOI0 MOBOIO 00OB’SI3KOBO JJOAaBATH MOBHUH MEPEKIIA] CTATTI.

Jn myOmikamii HeoOXiTHO HajgaTH CTATTI0O B EJIEKTPOHHIN (opmi 7
(dopmar Microsoft Word 2003) 3 po3apykoBaHUM EK3EMILIAPOM, MIACAHUM oo oo o i —
yciMa aBTOPaMH CTATTI. . Ilizroroeka BilicbkoBHX (haxiBIiB

Heo0xinHo o0patu BianosinHy pyOpuKky BilicbKOBO-TE€XHIYHOTO 30IpHUKA Q. [opinomsieHHs
Ta 3a3HAYUTH aBTOPA VIS JIUCTYBAHHSL.

5. CrangapTusaiis Ta METPOJIOTiYHE
3a0e3neueHns OBT

. Yrumizanis OBT

. 3axuct OBT Biz 3aco0iB

(o]

(o]

o pykomucy nonaroThes:

- aKm eKcnepmu3su npo HAAGHICMb abo eiocymuicme inopmauii 3 0dOmedrHceHuUM 00Cmynom;
- eumsz i3 npomoKony 3acidanns Kageopu (niopo3oiny);

- cynpogionuil tucm (071 A8MOpie 3 IHULUX YCHMAHO6 Ma OP2aHi3auiii).

Marepiany, mo opopmiieHi HeoXalHO 1 He BiIIOBIAalOTh 3a3HAYCHUM BHMOTaM, PEIAKLIEI0 HE PO3IIIIaro-
ThCs. Pykonucu, He NpUiHATI 10 APYKY ab0 BiXUIIEHI PEAAKIIi€l0, aBTOpaM He IOBEPTAIOTHCS.

BinnoBizaneHicTh 32 siKicTh i 3MicT cTaTTi HecyTh aBTOP, Kadeapa (MixPo3/IiI) Ta pelleH3eHT.
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