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THE FIELD CUT

The peculiarities of the shape of defects in the barrel channels and mathematical modelling of the surfaces
of damaged areas are considered.

Methods for describing the characteristic forms of defects in barrel channels, namely: diametric wear of a
smooth barrel channel, as well as a pitting of the flank, abrasion of the flank and cutting edges of a rifled
barrel channel, are proposed. The mathematical expressions in the form of algebraic equations were obtained,
which give a formalised description of the surface areas formed in the barrel channel as a result of the
occurrence of these defects.

A study of the similarity of mathematical models to their physical prototypes was carried out on the basis
of graphical reproduction of the surfaces of the specified defects of the barrel channel in accordance with their
equations using specialised software.
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Statement of the problem. An analysis of the
use of firearms in modern armed conflicts shows
that the increased use of fire modes, untimely
maintenance, and the use of low-quality
ammunition lead to faster and premature wear of
the barrel channels [1]. During combat operations,
there may also be improper or untimely
maintenance of forms for individual weapons,
which causes some uncertainty about the current
technical condition of the CW [2]. The
combination of these factors requires increased
requirements for the quality of technical
diagnostics (TD) of barrel channels and the
reliability of its results.

A well-grounded and promising direction for
improving the process of TD of barrel channels is
the introduction of operational technical
diagnostics [3] using a promising diagnostic
complex based on a laser triangulation tool for
measuring the geometric characteristics of the CS
[laser measuring tool (LMT)].

In accordance with [4], the structure of the LZV
is conditionally divided into two components: the
measuring channel and the computing component.
The measuring channel is used to obtain an array
of CS radius values in a cylindrical coordinate
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system with predefined longitudinal (axial) and
angular steps. Based on this measurement
information and with the help of the computing
component, a scan of the borehole channel surface
is subsequently built in a rectangular coordinate
system. The X-axis of this coordinate system is
oriented parallel to the longitudinal axis of the
BHA, and the Y-axis is perpendicular to the X-axis
in the scan plane. The Z-axis is orthogonal to the
scan plane XY and corresponds to the normal to
any of the points of the CS surface in the original
(cylindrical) coordinate system. Thus, a geometric
3D model of the borehole channel is created in the
form of a scan of its surface in a rectangular
coordinate system. According to the measured
information about the coordinates of the points of
the obtained surface, the computing component
detects areas of the BC with geometric
characteristics that deviate from their nominal
values (i.e., areas containing defects), as well as
assigns the detected defects to one of the
predefined types (defect type identification).
Despite the existence of studies that address the
issue of developing a measuring channel for the
above-mentioned LZV, the problem of creating a
computational component remains unresolved
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today. In particular, to substantiate the methods of
defect  type identification and  further
algorithmisation of this process, it is necessary to
create mathematical descriptions (models) of
common defects in the borehole channel, which
can then form the basis of a set of indicators and
criteria that will be used to decide whether the
detected defect belongs to one of the predefined
types.

Despite the availability of some information in
the literature on the types of defects in the CS, it is
mostly statistical or descriptive in nature. In this
regard, at the initial stage of development of the
computing component of the measuring
instrument, the problematic issue of creating
mathematical models of typical defects of firearms
CS should be resolved.

Analysis of recent research and publications.
The issues of studying the geometric shapes and
modelling of borehole defects are considered in a
number of domestic and foreign publications.

The textbook [5] describes the basics of
representing elementary surfaces in the form of
equations. However, this source does not consider
the construction of complex surfaces that can
describe the geometric shape of the CS defect. The
authors of articles [6] and [7] proposed
mathematical descriptions of the abrasion of the
breech and muzzle parts of the barrel channel, as
well as the swelling of the CS. These expressions
are used for the analysis of longitudinal sections of
the barrel channel and cannot be used for cases
of processing data from three-dimensional models
of the CF surface.

Paper [8] describes the use of machine learning
models in the process of classifying defects in the
wellbore channels based on their photographic
images. However, this paper considers only a
limited number of types of CS defects, and their
identification is based on the analysis of
photographs, which significantly complicates the
acquisition and consideration of information about
the depth of defects. Paper [9] investigates the
mathematical modelling of artificially damaged
surface areas using interstriping operators. This
method of surface modelling is used only for
certain areas of a mathematically defined surface,
which does not satisfy the conditions for modelling
the surfaces of CS defects.

The modelling of the damaged surface of the
barrel channel by the mesh generation method is
introduce certain terms and definitions that
significantly simplify the description of surface

proposed in [10]. The authors also determined the
effect of rifling damage on the ballistic parameters
of a bullet. However, this work covered only partial
damage to the rifled part of the barrel channel and
does not generalise the effect of the entire variety
of defects on the geometric parameters of the CS.

The analysis shows that the available sources of
information either do not consider scientific
approaches to mathematical modelling of firearms
barrel channel defects at all or cover them only
partially and in a limited way.

Evaluating the results of studies of barrel
channel surfaces with defects of various types [11],
it can be concluded that some of them have
common features for both types of barrels — rifled
and smooth, while others are different (specific):
some are characteristic of rifled, others — of
smooth. Defects common to both rifled and
smoothbore barrels include cracks, pitting and
swelling. Specific to rifled barrels are, for example,
rifling field abrasion, rifling edge abrasion
(especially in combat) and rifling field pitting.
Uniform diametrical wear of the bore surface,
especially in the immediate vicinity of the breech
and muzzle, can be considered a defect that is
predominantly characteristic of smooth barrels.

Given the limitations of the journal article, this
paper considers only mathematical descriptions of
defect surfaces that are specific to either rifled or
smooth barrel channels.

The purpose of the article is to analyse the
characteristic features of the shape of common
specific defects of the barrel channel, namely:
diametric wear of the smooth barrel channel, field
pitting, field abrasion, and abrasion of the faces of
the rifled barrel channel cuts. The article is also
aimed at substantiating the mathematical
description of the surfaces formed by these defects.

Summary of the main material. At the first
stage of work in this area, a detailed study of
damaged barrel channels on various types of
weapons was carried out. The analysis examined
the causes of defects, their nature and propagation
mechanism, as well as the shape and size of actual
damage in a wide range of firearms samples. The
data obtained made it possible to generalise the
patterns of formation and development of damaged
areas of the CS, as well as to determine the ranges
of typical geometric parameters of characteristic
defects. The further transition to mathematical
modelling of CS defects prompted the authors to
sweeps and bodies formed as a result of the
appearance of defective CS areas (Figure 1).
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The body of the borehole defect, T, is the part of
the space bounded by the surface of the defective
section of the borehole and the imaginary
undamaged surface of the same CS.

The base of the defect, D, is a figure on the plane
formed by a curve describing the intersection of an
imaginary undamaged surface of the barrel channel
with a depression (defect) in it.

Defect base contour, |, is a closed curve that

describes the intersection of the undamaged surface
of the borehole channel with a depression (defect)
in it and forms the base of the defect.

The longitudinal axis of the defect base, a is a
straight line connecting the two most distant points
of the defect base contour.

Centre of the defect base, O is a point dividing

in half the segment of the longitudinal axis of the
defect base between the points of its intersection
with the contour of the defect base.

The length of the defect, L, is the length of the
longitudinal axis segment between the points of its
intersection with the contour of the defect base.

The transverse axis of the defect base, b, is a
straight line that passes through the centre of the
defect base at right angles to the longitudinal axis
of the defect base.

Defect width, W, is the length of the segment
lying on the transverse axis of the defect base and
is equal to twice the length of the perpendicular

dropped on the longitudinal axis of the defect base
from the point furthest from it, which belongs to
the contour of the defect base.

Defect depth,a, is the length of the

perpendicular lowered to the base of the borehole
channel defect from the farthest point of the defect
body.

The angle of rotation of the defect base, , is the
smallest of the adjacent angles formed by the
longitudinal axis of the defect base and the abscissa
axis.

Displacement of the defect base centre along
the abscissa and ordinate axes, x,y, — coordinates
of the projection of the defect base centre onto the
corresponding axes of the coordinate system.

It is well known that the mathematical
representation of any surface or its part can be
made in the form of an algebraic equation f(x,y). In
the Cartesian coordinate system, this equation
describes the dependence of the applicativity of a
point z belonging to the surface on its abscissa x
and ordinate y. All points on the surface satisfy this
equation. Let us consider separately the geometric
features of the defects of the CCW, characteristic
of smoothbore and rifled weapons, as well as the
corresponding mathematical models of surfaces
that describe them approximately.

Diametrical wear is a defect that is specific to
smooth barrel channels.

Diametrical wear of the barrel channel is the
abrasion of the surface layer of the metal of the
barrel channel as a result of the chemical and
mechanical factors of the shot, and the nature of
this abrasion depends on the location of the defect.

f— - ———O¢

Figure 1 — Arbitrary defect in the barrel channel and its base
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Thus, in the case of wear in the breech
(muzzle).part, it is a local monotonically
decreasing (increasing) increase in the diameter of
the CS in the muzzle direction, and in the case of
wear in the middle part of the CS, it is uniform.
Considering that significant abrasion in the middle
part of the barrel channel most often occurs when
the abrasion in the breech and muzzle parts of the
barrel reaches a size that is generally unacceptable
for further use of the firearm, this case will not be
considered further. According to previous studies
of the sections of the borehole channel with such a
defect [6], it is known that on the graph of the
dependence of the increase in the CS radius on the
longitudinal coordinate of its cross section, the
curves of this function have variable angles of
inclination and non-zero derivatives. However, at
the initial and final points, the derivatives are still
equal to zero, which indicates a smooth adjacency
of the surface of the defect to the undamaged part
of the CS. Taking into account these geometric
features of this defect, it is advisable to describe its
surface by the decreasing and increasing parts of a
cosine for cases of diametric wear in the breech and
muzzle parts, respectively. Thus, the surface
formed as a result of the diameter wear of the barrel
channel can be represented by a cosine function of
the x coordinate (along the longitudinal X-axis) in
a certain area of definition with the origin in the
centre of the coordinate system:

7= cos(iJ , )
aX

where a,. is the surface compression coefficient
along the X-axis.

As noted above, the surface of a defect is
described by a cosine function only in the area of
its descent or in the area of its ascent, depending on
the location of the worn surface (breech or muzzle).
In both cases, these will be the sections of the
function curves between the two nearest points x
where their derivatives are zero. Then, for the case
of a defect located in the breech part of the barrel
channel, the area of the function D(f) will be as

follows:

D( e par) = {(x, ELELERE o}, @

X

and in the case of a defect in the muzzle area

D( £ pat) = {(x, Y eR* 02 n}. ©)

X

Let us also take into account the need to move
(raise) the surface of the defect base to the level of
f(x,y)=0 to ensure its smooth transition to the

undamaged part of the CS surface. In this case, the
amplitude of the cosine wave a, will be defined as

half the depth of the diameter wear. As a result, the
surface of this defect can be described by the
following function:

X X
aA[COS[—j-i'l], at—r <—<0;
a'X aX
Zbre. part = (4)
X X
0, at|—|<-7U|—|>0.
a'X a'X
X X
a{cos(—jﬂ} at0<—|<r;
aX ax
Zmuz. part = (5)
X X
0, at|—{<0U|—|> 7.
a, a,

The range of values of the above function
covers the range from zero, which corresponds to
the level of the undamaged surface of the borehole
channel, to twice the amplitude of the unshifted
cosine wave. Consequently,

E(f)=[0; f (0; y)]- (6)

In most cases, the diameter wear is normal to
the longitudinal axis of the CS, i.e., the function

X
Z =cos| — |+1 depends only on x and does not
aX
depend on y. Thus, at x — 0, the function
X
z=cos| — |+1 has a boundary
aX
X i
lim | €0s| — [+1]|=2 ,and at X — oo it has no
x—0 a-x

boundary due to its periodicity. However, provided
that the surfaces of the defect and the undamaged
part of the barrel channel are smoothly adjacent,

<z and

the functions from system (5) at

X

a

X

> 7r have a common (one-sided) boundary at
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the point located on the boundary of their definition
areas, which confirms the continuity of the CS
surface:

X—00

lim (fbre. part) = im(fwithout def.) =0, (7)

ig{}o(fmuz. part) = i%(fwithout def.) =0. (8)
When rotating the base of this surface around a
vector normal to the XOY plane and directed from
the point O, , it is advisable to apply a well-known

formula for calculating the coordinates of a point
when the coordinate system is rotated [12]:

X'=xcos(ax)—ysin( &) , 9)
y'=xsin( @) + y cos(«) , (10)

where X', y' are the coordinates of the plane points
after rotating the coordinate axis;

X, y are the coordinates of the plane points
before the coordinate axis are rotated;

« is the angle of rotation of the base.

When substituting formulas (8) and (9) into

system (5) and adding the displacement, X, y, of
the centre of the defect model base along the X and

Y-axis, the expression for the surface describing
the diameter wear in the breech and muzzle parts of
the CCW will take the form

2, (cos (xcos(a) —ysin(a) + X, J clat g < X00S(@) —ysin(a)+ X, o

Zbre. part = . a‘x a‘x (11)
0 at xcos(a) — Zsm( a)+ X, S
aA(cos[xcos(a) —ysin(a) + X, J+1 At 0 < X00S(e) —ysin(e) + X, _ -

7 _ a, a, (12)

muz. part

0 at
a

X

xcos(a) — ysin(«a) + X, o

Figure 2 — Surface view corresponding to the mathematical model of the diameter wear of a smooth barrel
channel: a — breech part of the barrel channel; b — muzzle part of the barrel channel
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Figure 2 shows an example of a graphical
representation of the surface of a smooth barrel
channel in the areas of its diameter wear according
to formulas (11), (12) using MATLAB software.

Defects specific to rifled guns include: abrasion
of rifling fields, abrasion of rifling edges
(especially combat rifling) and rifling field pitting.
In contrast to smoothbore barrels, the surface of
rifled barrels has a more complex and varied shape.
It depends on the production technology and design
parameters of the rifled barrel. It is also worth
adding the specific shape of individual rifling
sections and flutes, which depend on their location
relative to the breech. Thus, the shape of the rifling
differs significantly in two areas: the first is the
connecting cone, where the fields have an
increasing height to ensure smooth penetration of
the projectile into the rifling; the second is the
rifling part, where the fields initially have the same
height, and the angle of inclination of the rifling
gradually decreases as it approaches the muzzle (in
the most common case, the progressive steepness
of the rifling is used). Due to the limited scope of
the article, this publication considers defects
(pitting, abrasion of rifling margins and rifling
edges) only in the part of the barrel channel most
susceptible to degradation [13] — the breech rifling
part and only for the example of a rectangular
rifling shape with a constant rifling steepness.

In addition to the diversity of the initial
geometry of the rifled barrel channel cuts, an
important factor influencing the nature of the
formation of the shape of the defects in the rifled
CS is the process of wear of the rifled barrel
channel, which results in an unevenly (in the cross-
section) worn surface of the CS with some features.

For example, studies [14] and [15] show that
during the movement of a projectile element (PE)
along a rifled CS, the fields and edges of the rifling
are subject to the greatest friction due to the
increased (compared to the bottom of the rifling)
pressure on their surface created when the PE is
inserted into the rifling.

Accordig to the results of the conducted studies,
it is advisable to combine and consider the abrasion
of the field and the faces of the cuts in the
aggregate, but to separately distinguish such a
defect as a field puncture, which can form on the
surface of the CS regardless of other defects.

In addition, the complex shape of the barrel
channel cuts causes corresponding differences in
the approaches to the process of processing the
measurement information obtained after scanning
with the help of LWD. Thus, when scanning
smooth barrel channels, the body and surface of the
defect (e.g., sinks, cracks) are formed by a
depression formed in the damaged area of the CS.
In contrast, when scanning rifled barrel channels, a
"differential” approach is used: the body and
surface of the defect are reproduced by points
whose appliers are the differences in the radii of the
scanned (real) CS and the conditional "new",
undamaged CS. At the same time, the description
(model) of the undamaged barrel channel can be
determined empirically with the help of LWD -
using a new CS that has no traces of operation or
obtained from the manufacturer. These
circumstances determine some features of the study
of functions that describe defect surfaces, for
example, the inexpediency of their study for
continuity at the extreme points of the area of their
definition.

Figure 3 — Photo of the profile of the worn out cutter field: a — the image given in [16]; b —a sample
of a worn rifled barrel channel, which was available to the authors during previous studies
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Abrasion of the rim and rifling edges.
According to the analysis of the images of the worn
rifled barrel channel (Figure 3), the process of
abrasion of the field and rifling edges during the
operation of the BHA changes the rectangular
profile of the field protrusion to a rounded one. In
combination with the uneven wear along the
longitudinal axis of the BHA, a surface with
unidirectional, unevenly raised “troughs" is
formed.

To describe this surface, the authors of the
article propose to use the equation z= f(X,y), in

which the variable x is raised to the fourth power.
Under this condition, in the lumbar section of the
barrel channel, the line describing the cutting field
is a parabola with a flattened top. It is advisable to
apply a cosine function to the variable y in the
interval [0; =], which gives an inclined longitudinal
profile of the field in the breech part of the barrel
channel, which smoothly adjoins the middle part of
the CS. Eventually, the above equation takes the
following form:

z=(2)* +cos(L), (13)
a, ay

wherea, is the surface compression coefficient

along the Y-axis.

It should be noted that the abrasion of each field
and its adjacent faces is considered as a separate
defect (separate surface), and its propagation along
the Y-axis is limited only by the width of the field
W, . Taking into account all the restrictions, the

domain of the function that describes the defect in
the form of abrasion of the field and the faces of the
cuts can be represented as follows:

D(f)={(x,y)e RILsonL<anp< el ()
ay a, 2

Taking into account the need to align the surface
with the level z = 0, the displacement of the centre
of the defect base and its rotation by the angle «,
which corresponds to the steepness of the cuts, the
mathematical model of the surface of the barrel
channel section in the presence of abrasion of the
field and the adjacent faces of the cuts will be as
follows

a

X

[«x—xA )cos(a)—(y-Y, )sin(a))]“ m{« X=%,)sin(a) +(y-y, )cos(oz»J+1

z=+at
| a |

X

0, otherwise.

|((x=x,)c0s (@) =(y—y,)sin(@))| W,  (x=x,)sin(a)
2

H(Y=y,)008(@)) _ (X=x)sin(@) +(y =y, )oos(a)) o, (15

ay

Figure 4 — Surface view corresponding to the mathematical model of the barrel channel surface
in the presence of abrasion of the field and the adjacent faces of the cut
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Figure 4 shows an example of a graphical
representation of the surface of the barrel channel
in the presence of field abrasion and adjacent cut
edges in accordance with system (15) using
MATLAB software.

A cutter field puncture is a defect in the barrel

canal that is formed as a result of the destruction,
separation and subsequent loss of a limited
(lengthwise) part of the cutter field body. When
scanning a section of the CS with such a defect with
the help of an ultrasound scanner, the defect body
resembles a convex polyhedron (Figure 5)

Figure 5 — Depiction of a defect as a combination of a broken and lost body part
fields of the barrel channel cut

Taking into account the similarity and limited
width W, and height of the casing cut fields, it is

advisable to reduce the resulting polyhedron to an
obelisk. In this case, the model of the borehole
channel cutout field will be considered as a
combination of the four side and top faces of the
specified obelisk and the undamaged surface of the
BHA. In practice, there may be cases when the

parallelepiped cannot be described by the equation
z=1(X,y) , since the values of the arguments in

the domain of defining the faces will not
correspond to a single value of the function.
Therefore, to generalise the cases of formation of
various forms of such a defect, the authors propose
to describe the surface formed as a result of a field
breakdown by the following equation:

angles between the faces and the base of the obelisk z=a, (16)
(defect) are up to 90°, in which case the shape of '
the obelisk itself is close to a parallelepiped. in the definition area:
However, in this case, the specified faces of such a
L L W W
D(f)=<(x, RI|——<x<—N—-—<y<—= 17
(={onerti-Sexsin-T<y<T] (17)

It should be added that the discontinuity of the
function at points belonging to the boundary of the
function definition area may cause an error when
calculating the area of the defect base. However,
this factor does not affect the content of the
algorithm for implementing the outlined method of

0, otherwise.

diagnosing the barrel channel and is insignificant
due to the discreteness of surface scanning, which
is inevitable during measurements using the LWD.
Taking into account the rotation and
displacement of the centre of the defect base, the
final model of the field excavation looks like this:

g at—%s(x—xA)cos(a)—(y—yA)sin(a)sgﬂ—%s(x—xﬁ)sin(a)+(y—yA)cos(a)sW? . (18)
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Figure 6 shows an example of a graphical
representation of the surface formed by the cutout

of the cut field in accordance with system (18)
using MATLAB software.

Figure 6 — Surface view corresponding to the mathematical model of the cutter field
barrel channel

Thus, as a result of the work performed,
mathematical models of the diametrical wear of the
smooth channel of the barrel in its breech and
muzzle parts, abrasion of the field and adjacent
rifling edges, and the piercing of the rifling field of
the rifled CS were obtained, which are presented in
the form of mathematical expressions describing
these defects as three-dimensional surfaces.

The proposed mathematical descriptions can
serve as the basis for developing a system of
indicators and criteria for automated identification
of types of defects in the barrel channel during their
technical diagnosis using a laser triangulation
tool for measuring the geometric
characteristics of the CS.

Conclusions

The study of the damaged areas of the barrel
channels of firearms samples shows that defects of
certain types are characterised by a characteristic
combination of geometric parameters. This makes
it possible to classify barrel channel defects into
three categories: those characteristic of rifled barrel
channels, those inherent in smooth barrel channels,
and those common to both types. The article
presents a mathematical modelling of defects
inherent exclusively to one of the barrel channel
types, in particular, diametric wear of a smooth
barrel in the breech and muzzle parts, as well as
abrasion of the field and adjacent edges of the

rifling and a cut-out of the rifling field in the rifled
barrel channel.

It has been established that mathematical
models of borehole defects should be presented in
the form of algebraic equations of the form

z=T(x,Y), each of which describes the surface of

the defect body. Such a model determines the
dependence of the height z of a surface point on the
coordinates x and y in the Cartesian coordinate
system and contains equations for the surfaces of
both damaged and undamaged sections of the
barrel channel with their respective areas of
definition.

In order to simplify further calculations using
mathematical models, the concepts of the base and
contour of the defect and its model were introduced
and formalised, and definitions of their
characteristics were proposed: length, width,
longitudinal and transverse axes.

The synthesis of the expression for the
mathematical description of the diametrical wear of
a smooth barrel channel was performed taking into
account the more pronounced manifestation of this
defect in the muzzle and breech parts of the barrel
channel, which is reflected in the use of the cosine
function in the areas of its decrease and increase,
respectively.

Taking into account the condition of
simultaneous occurrence of abrasion of the field
and abrasion of the adjacent faces of the cuts, the
joint manifestation of these defects is described by
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a single function. To reproduce the shape of the
cross-section of the abraded field and the adjacent
faces of the cuts, the mathematical model of this
defect is based on the use of a power function,
which fully corresponds to the nature of the
rounding of the field edges during the operation of
the barrel channel.

When describing the field cut, the shape of the
body surface of such a defect, as obtained by laser
scanning, was simplified to an obelisk. Thus, this
surface is described as an obelisk with a constant
height in the area of definition, which is limited by
the width of the field of cut of the corresponding
barrel channel and the length of the damaged area.

The three-dimensional visualisation of the
constructed mathematical models demonstrates a
high degree of their correspondence to the surfaces
of real defects in the barrel channel.

Further research in this area should be directed
to the creation of a system of indicators that will
make it possible to quantify the degree of
discrepancy between the characteristics of the
section of the borehole channel containing a real
defect and the corresponding characteristics of the
mathematical model of such a defect.
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V]IK 623.482

0. M. Kpwkos, I'. B. Cixin

JOCIIIKEHHA TA MATEMATHUYHE MOJAEJTIOBAHHS JE®EKTIB KAHAJIIB
CTBOJIIB: JIAMETPAJIbHUM 3HOC, CTUPAHHS ITOJIS 1 TPAHEN
HAPI3IB, BUKOJI 110151

Pozensamymo nomounuti cman  po3eumxy Mmemoodié MeXHIUHO20 OiAeHOCMY6AHHA KAHANIE CMEOTi6
6oeHenanvHoi 30poi. Onucano nepegazu 3acmocy8ants NEPCREKMUEHO20 0IACHOCMUYHO20 KOMIIEKCY Ha 6a3i
J1a3epHO20  MPIAHSYNAYIUHO20 3ac00y BUMIDIOBAHHA 2€OMEMPUYHUX XAPAKMEPUCMUK KAHALY CMEOJa.
Biosnaueno, wo nonpu masenicme Oesxux nioxodie 00 noby0osu maxozo 3acoby eUMIPIEAHHS, 00Ci
3AMUUAEMbCA  HeGUPTWEHOI0 npobema Opaxy HAYKOBUX OCHO8 CMEOPEHHA U020 O0OYUCTIOBANbHO20
KOMROHEHmMA, w0 3a0e3neuysamume agmomMamu308ane 6UAGNEHH NOWKOONCEHUX OLIAHOK KAHATy CIME0ad ma
idenmudghixayiro nassHux oeghexmis.

Y cmammi nagedeno pesynomamu docniodxceHus maxkux oegekmie Kanamry cmeoid, AK OlamemparbHUll
3HOC, cmupanHsa NOJA i epaneli Hapi3ie, eukon noas. Bemanoeneno, wo yi deghexmu marome xapaxmepmi
2eoMempuyHi 03HaKU, AKI OOYLIbHO ONUCY8AMU Al2eOPATYHUMU PIBHAHHAMU NOBEPXOHb )Y 0eKaApMOSIl cucmeMi
Koopounam. Onucano 8iOMIiHHOCMI Y Ni0X00ax 00 1A3epHO20 CKAHYBAHHA 2IA0K020 Md HAPIZHO20 KAHAIE
CMB01i8, 30Kpema HeoOXiOHICMb Y HAABHOCHE MOOeLi NOBEPXHI HENOWKOOHCEH020 (HOB020) HAPIZHO20 KAHALY
cmeona, wo ckanyemocsa. Ompumano mamemamuuni mooeni Oeghexmie kanany cmeona. B ocnogi
MamemamuiHoi Mooeni diamMempanbHO20 3HOCY 21A0K020 KAHANY CIMB0AA NOKAA0EHO PYHKYII0 KOCUHYCA, W0
3abe3neyye NIAGHICMb Nepexody MidC NOWKOONCEHOI M HeNOUK0O0diceHot Oinankamu. OOIpYHmMo8aHo
OdoyinbHicmsb cunmesy (00 €OHaHHA) Ni0 4ac MOOeNBAHHA MAKUX OedheKmi6 HAPIZHO20 KAHANY CMBOd, 5K
CMUpaHHs Noas i npuneaiux 00 Hb020 epamel. Ysaeanvhenuil deghexm OnUCAHO NOEOHAHHAM CMENeHesol
@yuxyii ma Qynxyii kKocunyca, wo Haoae YmMeopeHii Mooeii N08epXi OKPYeleHHs, NPUmamarue npogino
3HOWEH020 noasa Hapizy. Dopmy yacmunu noaa Hapizy, AKOI He 6UCMAYAE, 34 HAAGHOCMI GUKOTY MO
npugedeHo 00 00enicka ma ONucaHo JNIHIUHOW (OYHKYiE 6 obnacmi GU3HAYEHHs, W0 00MedceHa
napamempamu nojs Hapisy.
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s nepegipku  6i0nogioHocmi  (opm NnOGepXoHs, AKI  GIOMEOPIOIOMbCS NI0  YAC 3ACMOCYBAHHS
3aNPONOHOBAHUX MAMEMAMUYHUX MoOeeli OeheKmis KaHALy CME0Ad, (POPMAM PedlbHUX HOUKOONCEHb V0
BUKOHAHO X MPUBUMIPHY 813YaANi3ayilo.

Knwuoei cnosea: xanan cmeona, mexuiuyne 0iazHOCMYBAHHS, OepeKm KAHATY CME0Ad, MAMeMAamuiua
Moodenb, diamMempanbHUuLl 3HOC, CIMUPAHHSL NOS, 6UKOJL NOJIS, CMUPAHHS 2paHell HAPI3Y.

Kriukov Oleksandr — Doctor of Technical Sciences, Professor, Professor of the Department of Logistics
Management, National Academy of the National Guard of Ukraine
https://orcid.org/0000-0003-4194-6081

Silin Hryhorii — Associate Professor, National Academy of the National Guard of Ukraine
https://orcid.org/0009-0008-2059-3962

96 ISSN 2078-7480. Yecmo i 3axon Ne 2 (93)/2025



