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Abstract:

Introduction/purpose: The Laplacian energy (LE) is the sum of absolute
values of the terms u-2m/n, where ; , i=1,2,...,n, are the eigenvalues of
the Laplacian matrix of the graph G with n vertices and m edges. The
basic results of the theory of LE are outlined, and some new obtained.
Methods: Spectral theory of Laplacian matrices is applied.

Results: A new class of lower bounds for LE is derived.

Conclusion: The paper contributes to the Laplacian spectral theory and tp
the theory of graph energies.

Keywords: spectral graph theory, Laplacian spectrum (of graph),
Laplacian energy.

Introduction

Throughout this paper, we are concerned with simple graphs, i.e.
graphs without directed, multiple, or weighted edges, and without loops.
Let G be such a graph, possessing n vertices and m edges. For details of
the graph theory see (Harary, 1969), (Cvetkovi¢, 1981).

Let the vertices of the graph G be labeled by vy, v, ..., v, . Let
deg(v;) be the degree (= number of first neighbors) of the vertex v.. Then
the Laplacian matrix of G, denoted by L(G), is the square matrix of the
order n, whose (ij)-element is equal to -1 if the vertices v and v; are
adjacent, it is 0 when the vertices v; and v; are not adjacent, and deg(v)) if
i=j. The eigenvalues of L(G), denoted bu u; , i=1,2,...,n, form the
Laplacian spectrum of the graph G. For details of the theory of Laplacian
matrices and their spectra see (Grone et al, 1990), (Merris, 1994).
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The (ordinary) energy of a graph is defined as the sum of absolute
values of the eigenvalues of the adjacency matrix (Li et al, 2012),
(Gutman & Furtula, 2019). Extending this concept to Laplacian
eigenvalues, the Laplacian energy was defined as (Gutman & Zhou,

2006):
LE=Y
i=1

For details on the mathematical properties of the Laplacian energy
see (Andriantiana, 2016), (Gutman & Furtula, 2019).

om 1
Hi nl (1)

Preparations and the main results

The Laplacian eigenvalues y; , i=1,2,...,n, are non-negative real
numbers. If the underlying graph G is connected, then exactly one of
these eigenvalues is equal to zero (and the other n-1 eigenvalues are
positive-valued). The following relations

D H=2m ?)
i=1
and

S =2m+ Y deg(y,)’
i=1

E 3)

are well known (Grone et al, 1990). At this point, we note that the sum of

squares of vertex degrees is the much studied first Zagreb index; for

details see (Borovi¢anin et al, 2017) and the references cited therein.
Combining Egs. (2) and (3), we directly obtain

2

Z K -2m =2M
=l 4)
where
2 n
M=m —ZiJrEZdeg(vi)2
n 23

Numerous upper and lower bounds for the Laplacian energy are
known (Gutman & Zhou, 2006), (Andriantiana, 2016), of which we
mention here

2D



2NM < LE <2M
and the McClelland-type upper bound

LE <+2Mn . )

In this paper, we offer four new lower bounds for LE, namely

abn+2M
L= ®)
2m ?
ab(n—-1)+2M —| —
LE>2M, n @
n a+b

LE > 2\/%\/2Mn (8)
a-+

2
LE >2—m+2\/£ 2M _(Z_mj (n-1) (9)
n

n a+b
For connected graphs with at least four vertices, all bounds (6)-(9)
are strict.
The meaning of the parameters a and b is explained in the
subsequent section. Observe that the multiplier in (8) and (9) is the ratio
between the geometric and arithmetic means of a and b.

Proofs of bounds (6)-(9)

In order to avoid trivialities, we assume that the graphs considered
are connected and have more than three vertices. Let

2m
M=
n
and label the Laplacian eigenvalues of the considered graph so that
X, 2 X, =2 X,

In addition, let X, =a and X, =D. Then

= X.

>
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(a—X,)(b—X,)=ab-(a+b)X,+ X? <0 (10)

holds for all i=1,2,...,n, and is strictly negative for at least one value of /.
Summing (10) over all i, and bearing in mind Eqgs. (1) and (4), we get

abn—(a+b)LE +2M <0

from which inequality (6) directly follows.
For connected graphs, exactly one Laplacian eigenvalue is equal to
zero. Therefore, one X-value is equal to 2m/n. Let this be X.

If we sum (10) over all i, except I =#, then we arrive at

ab(n—l)—(a+b)(LE—sz)+ 2M —(Zij <0

which implies inequality (7).
Applying the relation P +Q >2,/PQ , which holds for any positive real

numbers P,Q, with equality if and only if P=Q, we can transfer inequality
(6) into inequality (8). In the very same manner, bound (9) is obtained
from (7).

It is worth noting that the lower bound (8) has a similar algebraic
form as the upper bound (5). Thus (5) and (8) estimate the Laplacian
energy from both sides in an analogous, McClelland-type manner.

It can be shown that among the lower bounds (6)-(9), bound (7) is
the best. In addition, (6) is better than (8), whereas (7) is better than (9).
Numerical testing shows that bound (6) is sharper than {9), However, to
verify this by exact mathematical methods seems to be a tough task and
remains an open problem.

A special case: regular graphs

A graph is said to be regular if all its vertices have equal degrees.
Let, thus, the considered graph G be regular, and let deg(v;)=r for all
i=1,2,...,n. Then
2m

> deg(v,)=nr, > deg(v,)’ =nr?, =T M=m.
i=1 i=1

Bearing this in mind, for regular graphs, inequalities (6)-(9) reduce

to:
4D



(@b +r)n
LE > —F 2~
g a+b (6a)
LE>ra ab(n=1)+r(n-r) 7o)
a+b
LE > 2YA0 (8a)
a+b
2+/ab
LE>r+ r(n—r)(n-1
a+b\/( )(n-1) (9a)

For regular graphs, the Laplacian and ordinary energies coincide.
Therefore, bounds (6a)-(9a) hold also for the ordinary energy of regular
graphs. Bounds of this kind (for ordinary graph energy) were recently
communicated (Oboudi, 2019), (Gutman, 2019).
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HOBbLIE OrPAHUYEHUSA NAMNNACOBOW SHEPT W

UeaH lN'yTmaH

YHuBepcuTteT B 1. Kparyesau, EcTecTBeHHO-MaTeMaTnyeckun akynoTeT,
r. Kparyesau, Pecny6nuka Cepbus

PYBPUKA T'PHTW: 27.00.00 MATEMATUNKA
BWO CTATbW: opurmHanbHasa HayyYHas ctaTbsl
A3bIK CTATbW: aHrnuinckmn

Pe3some:

Beederue/yens: Jlannacosa aHepausi (/13) epacha siensgemcsa cymmou
abcormomHbIX 8enuYuH mepmuHa L -2m/n, npu yem u, i=1,2,...,n,
npedcmaernsom cobcmeeHHble 3Ha4YeHuss Mampuusi flannaca epagha G
C n y3namu u m esemesiMu. Kpome OCHOBHbLIX pe3ysibmarmnog meopuu
Jlannaca, 8 pabome rpusedeHb! U HEKOMOPbIE HOBOBbISIBIIEHHbIE.
Memodbi: B pabome npumeHsinachb criekmparbHas meopusi Mampuy,
Jlannaca.

Pesynbmamel; BbisierieH HO8bIU Knacc rpederibHbIX 3HaYeHuUll aHepeuu
Jlannaca.

Bbigodbi: [aHHasi paboma Oeriaem eknad 6 passumue CriekmparbHoOU
meopuu flannaca u meopuu sHepauu gpagos.

Knovesble criosa: criekmparnbHas meopusi epaghos, Jjianiacosckull
criekmp (2pacghba), saHepaus Jlannaca.

HOBA OIr'PAHNYEHA 3A NNIAMNIACOBY EHEPTUJY

UeaH N'yTMaH

YHusepautet y Kparyjesuy, MNpupoaHo-matemaTtuyku akynTer,
KparyjeBau, Penybnuka Cpbuja

OBJNACT: maTtemaTtuka
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JESUK YJTAHKA: eHrnecku
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Caxemak:

Yeod/cepxa: [lannacosea eHepeuja (LE) epacha je cyma arncorymHux
gpedHocmu u3pasa pr2m/n, 20e u, i=1,2,...,n, npedcmassrbajy
coricmeexe spedHocmu Jlannacose mampuue epagha G ca n 4eoposa u
m epaHa. Noped ocHosHux pe3ynmama meopuje flannacose eHepauje

damu cy U HeKU HO80O0bUjeHU.
Memode: KopuwheHa je cnekmparnHa meopuja Jlannacosux Mampuuya.

Pesynmamu: MN3800u ce Hosa Kriaca O0H-UX OgpaHuyver-a 3a flannacosy

eHepaujy.

Sakrbyyak: Pad Oaje donpuHoc Jlannacosoj criekmparnHoj meopuju Kao u

meopuju eHepauja epaga.

KmbyuHe peyu: cnekmparnHa meopuja 2pagposa, flannacoe criekmap

(epagha), Jlannacoea eHepauja.
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Summary:

Introduction/purpose: To study the dynamics of launchers with sources of
high-energy gas jets, it is relevant to calculate shear forces from the action
of a high-temperature supersonic jet on the inner surface of a cylindrical
channel and the temperature of the channel walls. The aim of this work is
to develop a comprehensive method for calculating aerodynamic friction
and heating on the inner surface of a tubular guide of a rocket.

Methods/results: The research method is based on the theory of
supersonic gas flows in cylindrical channels and the theory of the
boundary layer. The gas jet is considered continuous, stationary and
axisymmetric. The system of differential equations of motion of the
projectile in the gquide integrates numerically over time. The flow
parameters in the pipe sections are found according to the dependences
of the theory of supersonic gas flows, taking into account friction losses.
To calculate shear stress on the guide wall, we use the relations of the
asymptotic theory of the turbulent boundary layer, the theory of turbulent
spots of Emmons of the transition boundary layer, and data on the
Reynolds numbers of the beginning of the laminar-turbulent transition in
wind tunnels. At the same time, the differential equation for heating the
thin wall of the guide in the range of contact between the surface of the
guide and the jet is numerically integrated. The calculations of the
distribution of flow parameters, friction force and the temperature of the
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wall of the tubular guide during the movement of the projectile inside the
Jet from the moment the engine is started to the moment the shell exits
completely from the guide are performed and graphically presented.
Conclusions: This method of calculating aerodynamic friction and heating
on the inner surface of a tubular guide of a rocket due to a high
temperature supersonic gas jet - taking into account the effects of
nonisothermality, compressibility and laminar-turbulent transition in the
boundary layer - can be used to study the dynamics of the launch of
rockets from launchers equipped with tubular guides.

Keywords: launcher, tubular guide, rocket, engine jet, boundary layer,
friction force of the jet, heating the tubular guide.

Introduction

The movement of certain mechanical objects in cylindrical channels,
for example, rockets in tubular guides of launchers (Fig. 1), occurs under
the influence of a high-temperature supersonic gas jet. To ensure
strength from power and thermal load of the jet, to create physical and
mathematical models of the dynamics of propulsion systems with
sources of high-energy gas jets, it is relevant to calculate the normal and
tangential forces from the action of a high-temperature supersonic jet on
the inner surface of the cylindrical channel and the temperature of the
channel walls.

Many publications devoted to the oscillations of launchers at the
launch of rockets from tubular guides do not take into account the action
of gas-dynamic friction forces on the inner surface of the tubular guide
from the side of the high-energy high-temperature jet of gases from the
rocket engine during its movement inside the tubular guide (Svetlickij,
1986), (Somoiag et al, 2007, pp.95-97), (Dziopa et al, 2015, pp.72-73).
Some of these publications (Antunevich et al, 2017, pp.209-210),
(Svetlickij, 1986) contain an indication of the need to use the pressure of
the gas jet in the calculations of launcher oscillations. At the same time,
the content embedded in this concept is not disclosed and the method for
calculating the force is not described.

In his work, Bogomolov (2003, pp.89-97) describes in detail a
method for calculating the friction force of a gas jet of a jet engine on the
inner surface of a tubular guide. The disadvantage of the described
method is that the calculation of the friction force is based on the
equations of an incompressible fluid, without taking into account the
compressibility of the jet and heating of the guide wall.
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Figure 1 — Mobile launcher with a tubular guide
Puc. 1 — MobunbHas rnyckosasi ycmaHoeka ¢ mpybyamou Harnpaensouwel
Cnuka 1 — CamMox00HU 8UWIEUEBHU pakemHU flaHCcep

Purpose of the research

This work aims at developing a comprehensive method for
calculating aerodynamic friction and heating on the inner surface of a
rocket tubular guide from the action of a high-temperature supersonic
gas jet. The calculation method should take into account the effects of
non-isothermality, compressibility and laminar-turbulent transition in the
boundary layer on the streamlined inner surface of the tubular guide. The
aim is also to perform and graphically present the calculations of the
distribution of flow parameters, friction force, and the temperature of the
wall of the tubular guide when the projectile moves inside the tubular
guide from the moment the engine starts and until the projectile
completely leaves the guide.

Presentation of the main material

In this paper, we consider the methodology and the results of
calculating the time-variable total friction force on the inner surface of a
cylindrical channel and heating a thin channel wall from the passage of a
source of a high-temperature supersonic gas jet. The calculation is
performed under the following assumptions: the gas jet is continuous,
stationary, one-dimensional and axisymmetric; the parameters at the
beginning of the jet are determined by the parameters in the outlet
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section of the nozzle of the jet source and are constant over the pipe
section. Constant along the pipe cross section, the average flow
parameters in the channel are found according to the dependences of
the theory of adiabatic supersonic gas flows in cylindrical channels of a
constant cross section, taking into account friction losses.The calculation
of the friction force and heating of the wall of the tubular guide is carried
out using the calculation model of the translational motion of the
projectile in the guide (Fig. 2).

The system of differential equations for the accelerated motion of the
center of mass of the projectile takes into account the action of the

engine’s traction force P, the force of gravity M—g the friction force FT,

the support reaction R, and the components of the helical groove
reaction NX and Ny. The system of equations is solved numerically by

the Runge-Kutta method. At each next step of numerical integration,
there is an elementary movement of the projectile inside the tubular
guide and the flow parameters are calculated in the interval between the
engine nozzle cross section and the cross section of the tubular guide
exit. At the same time, the numerical integration of the differential
equation for heating the wall of the tubular guide in this interval occurs.
The calculations occur in the following sequence.

Figure 2 — Calculation model of the movement of the projectile in the tubular guide
Puc. 2 — Pacuemnasi Moderib d8uxeHusi cHapsida 8 mpybyamol Hanpasnsouwed
Cnuka 2 — Moden npopayyHa Kpemarba rpojekmurna y naHcUpHoj yesu

The gas flow velocity at the nozzle exit of the jet engine will be found
by the dependence (Abramovich, 1991)

<
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’2/{
Vaz/la'akpzﬂ’a' m'Ry'TK (1)

where A, — the relative velocity at the nozzle exit of the engine,

T

— the critical velocity of the gas stream; "x— the temperature in the

Agp
engine chamber; k— the adiabatic index; and R, - the specific gas
constant. The pressure, density and temperature of the gas at the nozzle

exit of the jet engine will be found from the corresponding known
dependencies for the adiabatic flow:

k 1
k-1 _5\k-1. k—1 _2\k-1.
R~ R =
k-1
TazTK-(l—m-xﬁ) (2)

The relative velocity A, at the nozzle exit of the engine is obtained
by solving the A, equation (Abramovich, 1991)

1 1
k+1)\k-1 k=1 5 \k-I
A | — Jl-——2 =q(l 3
a ( 5 j [ P aj q( 4, ) (3)

In this case, the reduced mass flux density at the nozzle exit q(X,)
is equal to the ratio of the mass flux density (p, -V,) at the nozzle exit to
the mass flux density in the critical nozzle section. For the known areas
of the critical S, and output S, sections of the nozzle, we perform a
calculation from the dependence q(),) = SKp/Sa (px» Vi — the density and
velocity of the gas flow in the critical section of the nozzle, respectively).

The relative velocity A; in the section is related to the relative
velocity in the previous section A;_; by the specific work of the friction
forces with the following dependence (Abramovich, 1991):

i
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The friction drag coefficient of the elementary region §; is determined

by the Nikuradze formula for the turbulent adiabatic flow of an
incompressible fluid in a technically smooth cylindrical channel

& =0.0032+0.221/ R, (5)

where the local Reynolds number Re; =V;-D/v;; V;,u; — average
velocity and kinematic viscosity of the flow in the elementary region. In
the future, when calculating all other parameters of the gas jet, we will
consider them as the average cross section. Due to the constant braking
temperature, the critical velocity along the pipe also does not change. In
connection with this, the ratio of the relative velocities in the pipe sections
is equal to the ratio of velocities and, based on the continuity equation,
the inverse ratio of densities. The velocity and density in an arbitrary
section is related to the velocity and density in the previous section of the
pipe by the given velocities as follows:

R ©)
i—1 j

1

In this case, the static pressure in an arbitrary section of the tubular
guide p; is expressed through the pressure p;_; in the previous section,

the relative velocity in this and the previous section of the pipe in this way
(Abramovich, 1991)

R I S NPT _k=1 2 ) Ay
bi =Di-] (1 k+1/1’j/(1 i+l ﬂv—]j 7 (7)

1

where A; — the relative velocity in the tubular guide section, and A;_;—
the relative velocity in the previous tubular guide section.
The dependence of the kinematic viscosity coefficient v; (m?/s) on

pressure is taken into account using the dependence (Bogomolov, 2003)
v; =5.35/p; (8)

where p; is the static pressure p according to (7) in kgf/m?.
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The elementary friction force is determined using the theory of the
boundary layer. Depending on the values of the Reynolds number
calculated from the average values of the flow parameters in the channel,
the flow in each elementary section of the pipe is considered laminar,
transitional or developed turbulent. The calculated value of the Reynolds
number of the beginning of the laminar-turbulent transition is taken from
the given experiments on the transition in supersonic wind tunnels. The
average values of the flow parameters in the guide tube calculated from
dependences (6)+(7) are taken as the values of the flow parameters at
the outer boundary of the boundary layer (velocity ue = V,, static pressure
Pe = pi, density pe = pi).

To determine the local coefficient of friction in the boundary layer on
the inner surface of the tubular guide in the case of a laminar boundary
layer, the known dependences are used for the longitudinal flow around a
flat plate taking into account non-isothermality (Kutateladze, 1979)

Cp=Cpop "M y” 701 )

where \y,\y* are the parameters that take into account the non-
isothermal flow around the flat plate with the laminar boundary layer;
v=T, /T, — the temperature factor, v =T, /T, — the kinetic
temperature factor; T, — the temperature of the surface of the channel
wall; T,— the temperature at the outer boundary of the boundary layer;
T,. — the temperature recovery boundary layer; c;,— the local coefficient

of friction for the laminar boundary layer of an incompressible fluid on a
flat longitudinally streamlined plate with the same Reynolds number on
the outer boundary of the boundary layer, which can be calculated, for
example, according to the Blasius formula (Kutateladze, 1979)

0661, Rey =Pt (10)

x,e

Ree /ue

Cfo =

where X is the distance from the nozzle exit of the gas stream source to
the place of determination of the Reynolds number of the elementary
section of the channel and . is the dynamic coefficient of viscosity of

fuel combustion products at the outer boundary of the boundary layer.
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The recovery temperature T,. calculated from the parameters T,

and M, at the outer boundary of the laminar boundary layer
(Kutateladze, 1979) is

7}6=T6~(1+rﬂk;]~M§j ; r,=Pr (11)

For gases, the Prandl number practically does not change with
temperature (for diatomic gases Pr>0.72, for triatomic and polyatomic
gases 0.75<Pr<1). We find the Mach number M, at the outer boundary
of the boundary layer by recalculating relative velocity in the elementary
section ;, determined by dependence (4), into the Mach number in this

section, assuming the indicated gas flow parameters to be constant
along the length of the guide elementary section:

22 2 52 _k=1 o2
Me =M _(k+1 & j/(] k+1 & j (12)

The non-isothermal flow of a high-temperature supersonic gas
stream around the inner surface of the tubular guide is taken into account
using the temperature of the guide wall, which is included in the
expressions for the temperature factor v =T,, /T, ., using the differential

heat balance equation for a thin wall (Leontiev & Pavlyuchenko, 2008):

dT,
pw'cw'éw'd_:}:a'(Tr,e_Tw) (13)

where T, - the wall temperature; t- the time; p,,c,.5, - the wall
density, heat capacity and thickness; o — the heat transfer coefficient for
external laminar or turbulent flow.

In the case of a laminar flow regime, the heat transfer coefficient ¢,
according to the formula containing the Stanton number St (Kutateladze,
1979) reads:

o) =St Pyt ¢ (14)

pe’
where

0,22 . * 0,08

0332 v
Stl = ' 2/3 ’ WZ :V/
Re Pr

178
PesUesCpe — the density, speed and heat capacity, respectively, of the

fuel combustion products in the solid propellant rocket engine at the outer
boundary of the boundary layer in the guide tube at constant pressure.
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To calculate the local coefficient of friction and the heat transfer
coefficient in the boundary layer on the inner surface in the guide tube in
the case of a turbulent boundary layer, we use the results of the
asymptotic theory of the turbulent boundary layer by academicians S.S.
Kutateladze and A.l. Leontiev. The theory is valid both for Reynolds
numbers Re >« and for their arbitrarily large finite values. Based on this
theory, the method of calculating heat transfer and friction has
demonstrated its effectiveness in solving complex problems of heat
transfer and turbulent friction both in internal flow conditions (nozzles,
heat exchangers, etc.) and in solving aerodynamic problems in external
flow. An important advantage of the method is its efficiency and, to a
certain extent, universality, which is determined by the possibility of
separately accounting for the influence on heat transfer and friction of
compressibility, non-isothermal and longitudinal pressure gradient by the
corresponding relative laws of friction when calculating heat transfer and
surface friction resistance in a boundary turbulent layer.

In accordance with (Kutateladze et al, 1985), the local coefficient of
friction for a non-isothermal compressible turbulent boundary layer can
be calculated from the dependence:

02 0,2 Pe Uy X
CAfT=Cf0’(\PM"Pr)OYX(MJ » Cr0=0,0576-Re, ;" Re,, = e,ue - 19

e

C;, — the local coefficient of friction for a turbulent boundary layer of an
incompressible fluid on a flat plate is the same Re, .; u,,, . — the value
of the dynamic viscosity coefficient of the liquid at the wall temperature
T, and the flow temperature at the outer boundary of the boundary layer
T, , respectively; Re, .~ the Reynolds number at the outer boundary of
the boundary layer, which is determined taking into account the
dependence of the velocity u, on the longitudinal pressure gradient
gradP ; ¥ and ¥, — relative laws of friction resistance, taking into

account compressibility and non-isothermality in the boundary layer,

respectively
2 2
arctg{Me~ Ip kz_l}
N 2

Py = ; = =, 16
y — T (16)
Ty T

r,e




T, .— the recovery temperature calculated by the parameters T, and M,

at the outer boundary of the turbulent boundary layer; r =3/Pr —the

coefficient of temperature recovery for a turbulent boundary layer; Pr —
the Prandtl number; k = 1.25 (Bogomolov, 2003) is the adiabatic index of
the propellant products of solid propellant combustion. The Stanton
number, which determines the heat transfer in a non-isothermal
compressible turbulent boundary layer to the surface of the streamlined
body, in accordance with (Kutateladze et al, 1985), can be calculated
from the following relationships:

0,2
StT:StO.('{/M‘l}/t)OrS.(MV] ; Sty =0,0288- R - Pr?3, (17)

e

In this case, the heat transfer coefficient for a non-isothermal
compressible turbulent boundary layer has the expression:
(18)

ar = SIT “Pe U, Cpe

The calculation of the local values of the coefficient of friction and
the heat transfer coefficient on the inner surface of the tubular guide
under conditions of laminar-turbulent transition is carried out using the
theory of turbulent spots of Emmons (Emmons, 1951, p.490). According
to Emmons, the transition region is characterized by the alternating
appearance of turbulent spots which do not interact with each other and
which, expanding along the flow, merge to form a turbulent boundary
layer. The intermittency of turbulent spots relative to a streamlined
surface is characterized by the alternation of laminar and turbulent flows
in the transition zone. This process is quantified using the intermittency
coefficient y. The expressions for y, which varies from 0 to 1, are used in
calculating the coefficients of friction and heat transfer resistance in the
region of the laminar-turbulent transition using the values of the friction
and heat transfer coefficients for the laminar and turbulent flow regimes
under given conditions at the outer boundary of the boundary layer.

In (Chen & Thyson, 1971, p.821), on the basis of the theory of
Emmons's turbulent spots and the established relationship between the
spot formation rate and the Reynolds number at the beginning of the
transition zone, an expression was obtained for the intermittency
coefficient which is valid for a laminar-turbulent flow around a thermally

insulated surface:
G
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y=10-exp| -G (x5, fu. ] (19)
3 2
G1:3,507.Re_1,34_“e'pe , ,4:60+4,68']V[¢}’92
A2 tr IUZ

where G,- the velocity of formation of turbulent spots; x,—the
longitudinal coordinate of the point of the beginning of the laminar-
turbulent transition in the boundary layer; Re,, — the Reynolds number at

the beginning of the transition zone.

In the case of the laminar-turbulent transition in the supersonic
boundary layer, the heat balance equation for a thin wall under the Biot
criterion BilJ 1.0 has the form (Leontiev & Pavlyuchenko, 2008)

dT,,
Py Cy Oy '7=[0!1'(1—7)+0!T'7]'(Tr,e—Tw) (20)

where a; and o are the heat transfer coefficients for laminar and

turbulent flows in the boundary layer, respectively, according to
dependences (14) and (18).

If the Reynolds numbers at the points of the streamlined surface
reach the beginning of the laminar-turbulent transition Re,, the
calculation of the local friction coefficient in the transition zone should be
carried out according to

Cr=Cp-(1=y)+Cyr-y> (21)

where ¢, and ¢, are the local friction coefficients for the laminar and
turbulent boundary layer and y is the intermittency coefficient according
to dependence (19). The elementary friction force of a gas jet in a section
of a rocket tube guide with a diameter D is determined by the local
coefficient of friction, the velocity-head of the stream, calculated from the
parameters at the outer boundary of the boundary layer, and the area of
the elementary section of the inner surface of the tubular guide:

2

F;.:cf- 1 (22)
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Using the above dependencies, the distribution of the average
parameters of the gas flow from the jet engine inside the tubular guide,
the friction force on the inner surface of the tubular guide, and the
temperature of the wall of the tubular guide from the action of a high-
temperature gas jet were calculated for the following parameters: the
inner diameter of the guide D = 0.122 m, the length of the guide L = 3.0
m, the estimated time of the projectile in the guide t=0.131s., the critical

sectional area of the nozzle of the solid propellant motor S, =19.6-10*

m?, and the cut-off area of the nozzle of the solid propellant motor

S, =752-10" m% The pressure in the chamber of the rocket engine
p. =13mPa, the temperature in the chamber of the rocket engine
T, =2200K, the density of the products of combustion of rocket powder
in the combustion chamber of the engine p, =17.06 kg/m®, the specific

gas constant for the products of combustion of rocket powder
R, =346.42 J/(kg°K), the adiabatic index for the products of combustion

of rocket powder k=1,25, the Prandtl number Pr=0.75, and the Reynolds
number at the beginning of the transition zone Re,, =5-10°.

The relative velocity at the nozzle exit of the engine is found from
equation (3) by the method of successive approximations. The average
flow parameters over the pipe cross section are found according to the
theory of supersonic one-dimensional adiabatic gas flows in cylindrical
channels of constant cross section, taking into account viscous friction
losses in accordance with the Darcy-Weisbach formula and the friction
coefficient calculated by the Nikuradze formula (5). The relative velocity
at each elementary section of the tubular guide is found from equation (4)
by the method of successive approximations. The friction force is
calculated on the basis of the theory of a compressible boundary layer
taking into account the non-isothermal flow around the inner surface of
the tubular guide, the use of relations for friction and heat transfer of the
laminar boundary layer, the asymptotic theory for the turbulent boundary
layer S. S. Kutateladze and A. |. Leontyev, the theory of turbulent spots
of Emmons of the fransition boundary layer, and the data on the
Reynolds numbers of the beginning of the laminar-turbulent transition
obtained in wind tunnels.

Fig. 3 shows the results of the calculations of the friction force of a
gas jet on the inner surface of a tubular guide.
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Figure 3 — Calculated dependences of the friction force F of the gas jet on the inner
surface of the tubular guide on the displacement X of the nozzle of the projectile’s engine
inside the guide (the projectile moves from left to right)

Puc. — 3 PacuemHas 3agucumMocms cusibl mpeHusi F 2zazoeol cmpyu Ha éHympeHHel
rnosepxHocmu mpybyamou Hanpasnsowel om nepemeuw,eHusi X cpe3a conna
dsuzamerisi cHapsida sHympu Hanpasnsouel (cHapsd dsuxemcs criega Harpaso)
Cnuka — 3 MspauyyHama 3agucHocm curne mpersa F mnasa 2aca Ha yHympauwr-ojf
Mos8pwuHU naHcupHe yesu 00 Kpemarba X npeceka MriasHuye Momopa npojekmurna
yHymap eodusnuue (rmpojekmuri ce rnomepa ca siege Ha OecHy cmpaHy)

In Fig. 4, the calculated dependence of the Mach number and the
relative flow velocity A along the length of the tubular guide at the
moment the projectile leaves the guide is shown. The dependences for
the velocity and density of the gas flow along the length of the pipe are
shown in Fig. 5. Fig. 6 shows the calculated distribution of the
dependence of the intermittency coefficient y along the tubular guide
length. Fig. 7 presents the calculated dependence of the tubular guide
length on its wall temperature calculated using the differential equation
for a thin wall, taking into account fluid compressibility and non-
isothermality in the boundary layer. The temperature distribution
corresponds to the moment the projectile leaves the guide.
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Figure 4 — Calculated dependence of the Mach number M (1) and the relative velocity of
the gas stream A (2) along the length of the tubular guide at the moment the projectile
leaves the guide (the flow moves from right to left)

Puc. 4 — Pacuemmnas 3asucumocms qucna Maxa M (1) u omHocumernbHOU ckopocmu
2a308020 nomoka A (2) no dnuHe mpybyamou Hanpasnsauwel 8 MOMEHM 8bixo0a
CHapsida u3 Hanpasnsuwel (Momok 08uxemcs cripasa Haseso)

Cnuka 4 — WspayyHama 3asucHocm maxogoe 6poja M (1) u penamusHe 6p3uHe
npomoka 2aca A (2) dyx naHcupHe uesu y mpeHymky udbayueara npojekmuria us yesu
(mpomok ce Kpehe ca OecHe Ha riegy cmpaHy)
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Figure 5 — Calculated dependence of the velocity V (1) and density p (2) along the length
of the tubular guide at the moment the projectile leaves the guide (the flow moves from
left to right)

Puc. 5 — PacuemmHasi 3agucumocms ckopocmu V (1) u nnomHocmu p (2) no dnuHe
mpyb4yamodl Hanpaernsouwel 8 MOMeHM 8bixoda cHapsida u3 Harnpassnsouwel (Momok
dsuxxemcs criega Harpaso)

Cnuka 5 — [lMpouyereHa 3agucHocm 6p3uHe V (1) u eycmuHe p (2) Oy naHcupHe yesu y
mpeHymKy udbayuearba npojekmurna u3 yesu (Mpomok ce rnomepa ca siege Ha 0ecHy
cmpaHy)
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Figure 6 — Calculated dependence of the intermittency coefficient y along the length of
the tubular guide at the moment the projectile leaves the guide (the flow moves from left
to right)

Puc. 6 — PacuemmHas 3asucumocms KoaghghuyueHma nepemexaemocmu y rno OnuHe
mpy6yamol Harpasensawel 8 MOMEHM 8bixo0a CHapsida u3 Harpasnsawel (Momok
dsuxxemcs criega Harpaso)

Cniuka 6 — lNpouer-eHa 3agucHocm KoeguyujeHma ucnpekudaHocmu Oy naHCUpHe
uesu y mpeHymky udbayusara npojekmursa u3 yesu (MpomokK ce rnomMepa ca yiege Ha
OecHy cmpaHy )
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Figure 7 — Calculated dependence for the temperature of the wall T,, of the tubular guide
along its length at the moment the projectile leaves the guide (the flow moves from right
to left)

Puc. 7 — PacyemHble 3Ha4yeHUs1 memrepamypbl CmeHKU mpybyamod Hanpasnsowel T,
o ee OriuHe 8 MOMeHM 8bixo0a CHapsida u3 Harpassswel (Momok dguxxemcs cripasa
Hareeo)

Cnuka 7 — lNpopavyHame spedHocmu memmnepamype 3uda naHcupHe uesu T, Oyx uesu
y mpeHymky usbayusarsa rpojekmuria u3 yesu (npomok ce kpehe ca decHe Ha iesy
cmpaHy)
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Conclusions

1. A complex method has been developed for -calculating
aerodynamic friction and heating on the inner surface of a rocket-guiding
tube due to the action of a high temperature supersonic gas jet, taking
into account the effects of non-isothermality, compressibility and laminar-
turbulent transition in the boundary layer on the streamlined inner surface
of the tubular guide.

2. The developed method is based on the use of relations for the
laminar boundary layer, the asymptotic theory for the turbulent boundary
layer of S.S. Kutateladze and A.l. Leontyev, the theory of turbulent spots
of Emmons of the transition boundary layer and the data from the
Reynolds numbers of the beginning of the laminar-turbulent transition
obtained in wind tunnels.

3. The obtained numerical results show calculating the friction force
of a high-temperature gas jet on the inner surface of the tubular guide
and the temperature of the thin-walled tubular guide when moving inside
the guide of a missile with a working engine in real time.

4. The results of the calculations of the gas jet friction force,
obtained on the basis of the developed method, can be used to study the
dynamics of the launch of rockets from launchers equipped with tubular
guides.
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PACYET C/NOBOI0O U TEPMUYECKOIO BO3OENCTBUSA CTPYMU
OBUTATENA PEAKTMBHOIO CHAPAOA HA BHYTPEHHIOKO
MOBEPXHOCTb TPYBYATOW HAMPABAIOLLEN
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¥ HauuoHanbHbI arpapHbii yHuBepcuteT, CyMbl, YkpanHa
o Hay4Ho-1ccneoBaTenbCkuii LIEHTP pakeTHbLIX BOWCK U apTunnepuu,
Cywmbl, YkpauHa
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78.25.17 BoopyxeHue n TexHuka Bovick NBO
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Peswome:

BeedeHue/uens: [na uccredosaHusi QuHaMUKU yCKOBbIX YCMAaHOBOK C
UCMOYHUKaMU B8bICOKOIHEP2eMUYECKUX 2a308bIX cmpyl akmyarsbHbIM
sensiemcsi  pacyem  KacameribHbIX  ycunud — om  Oelicmeusi
8bICOKOMEeMepamypHOU  C8epx38yKO8OU CMpyu Ha 6HYMPEHHIOK
M10BEPXHOCMb  UUIUHOPUYECKO20 KaHara U memrepamypbl CMEHOK
kaHana. Llenbto  daHHOU  pabombl  s.ensemcs  pa3pabomaka
KOMIISIEKCHO20 Memoda pacdema aspoOuHaMUYecKo20 mpeHUsl U
Hazpesa Ha 6HympeHHel rosepxHocmu mpybuyamol Hanpaesnsowed
peakmusHo20 cHapsioa.

Memoodbi/pesynsmamel: Memod uccriedogaHusi OCHO8blIBaemcsi Ha
meopuuU C8epX38YKOBbIX 2a308bIX MeYeHUU 8 YUMUHOPUYECKUX KaHarax
U meopuu roepaHu4yHo2o crios. [a3oead cmpyd c4yumaemcs
HerpepbIgHOU, cmayuoHapHol U  ocecummempuyHol. Cucmema
OugbghbepeHyuarnbHbIX ypasHeHul O8uUXeHusi cHapsida 8 Harpaesnsouwel
UHMeespupyemcsi 4ucrieHHo o epemeHu. [lapamempbi nomoka 8
ceyeHusix mpybbl  pacriofioXeHbl M0 3a8UCUMOCMSM  meopuu
CBEPX38YKOBbIX 2a308bIX MeYeHUl C y4emom romepb Ha mpeHue. s
pacyema KacamesibHO20 HarpskeHUusl Ha CMmeHKe Harpasnsouwel
ucrosnb3yromcesi COOMHOWEHUS acumnmomuyeckol meopuu
mypObyreHmMHO20 Mo2paHUYHO20 Crlosl, meopusi mypOyneHMHbIX NmeH
OMMOHCa repexoOHo20 MoepaHUYHo20 Crios U OaHHble O Yucriax
PeliHonbOca Havama  namuHapHo-mypbyrneHmHoz20 repexoda 8
aspoduHamu4eckux mpybax. B mo xe epems YucrieHHO UuHmezpupyemcsi
OuchbcbepeHyuanbHoe  ypasHeHUe  Hagpeea - MOHKOU  CMEeHKU
Harpaernsowel 8 UHMepsasie KoHmakma rnogsepxHocmu Harpaesnsouwel
co cmpyeld. BbinonHeHbl u epagpuyecku npedcmasrieHbl pacyemal
pacrnpedesieHus1 napamMempos MomokKa, Cusibl MPEeHUs U memrepamyps!
cmeHKu mpyb4amod Harpasnsowel npu 08uwxeHuU cHapsida eHympu
Hanasnsowel ¢ MomMeHma 3arycka dguzamerisi u 0 MOMeHMa MosIHO20
8bIxo0a cHapsida u3 Harpasssawed.

Bbigodkl: [aHHbIlU mMemod pacyema aspoOuUHaMU4ecKo20 mpeHus U
Hazpesa Ha 6HympeHHel rosepxHocmu mpybyamol Hanpaensaowed
peakmusHo20 cHapsida Om 6bICOKOmeMnepamypHoU C8epx38yKo8ol
eazogoll cmpyu € yd4emom 3¢hheKkmos  Heu3omepMUYHOCMU,
CcXXuMaemMocmu, JlaMuHapHo-mypbyneHmHozo rnepexoda 8 rnogpaHu4HoOM
crioe, Moxem Obimb UCMOMb308aH rMpu uccrnedosaHuu OuUHaMUKu
cmapma  peakmueHUX  CHaps0o8 U3  [YCKOBbIX  yYCMaHOBOK,
060pydo8aHHbIX MpybYyambiMu HarpasIsoWUMU.

Knouesnie crnoea: nyckoeasi ycmaHoeKa, mpybyamasi
Hanpaenswas, pakema, peakmueHbIl 0suzamerib, no2paHuyHbIl
crol, cuna mpeHusi cmpyu, Hagpee mpybyamol Hanpasnsrowed.
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MPOPAYYH CUINE TPEHA U TOMNOTHOT YTULAJA MIA3A
MIA3HOT MOTOPA HA YHYTPALLHY MOBPLWWHY NAHCUPHE
LEBU

AnekcaHOap H. LIJMJSKO, ayTop 3a npenucky®, AHamoriuj M. MaBrby4eHKo?,

Anekcej A. O6yxoB

@ HaumoHasiHu norbonpuepeaHn yHueepauteT, Cymu, YkpajuHa

® HayyHO-MCTPaXMBaYKM LIEHTap apTUILEPU]CKO-PaKETHIX jeaMHNLA,
Cymu, YkpajuHa

OBNACT: mexaHuka, apTUIbepUjCKO-pPaKeTHO HaopyxaHe
BPCTA YJTAHKA: opyruHanHu Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

Ye0d/yurn: 3a npoyvyasar-e duHaMuKe flaHcepa ca uU3gopuMa mrasesa
eaca eesiuKke eHepauje 8aXHO je u3payyHamu cusie cMuuarba ycred
dejcmea  cynepcoHuU4YHo2 Masa 8UCOKe memrepamype Ha
YHympalwry [oepwuHy UuinuHOpUYyHoO2 KaHana u memnepamypy
3udoea kaHana. Ljurb osoe pada jecme pa3ssujame ceeobyxeamHe
memode u3padyHaearba aepoOUHaMU4YKo2 mpera U 3azpesarba Ha
YHympalwH-0j MogplUHU 8UWIEUE8HO2 pakemHoe fiaHcepa.
Memode/pesynmamu: Memoda ucmpaxueara 3acHoeaHa je Ha
meopuju cmpyjaba eaca [pu  CYyrnepcoHUYHUM Op3uHama Yy
UUNUHOPUYHUM KaHanuma u Ha meopuju epaHu4yHoz croja. lNonasu ce
00 npemnocmaske Oa je mra3 2aca HenpekudaH, cmauyuoHapaH U
ocHocumempudaH. Cucmem dugbepeHuujanHux jeOHaqyuHa Kpemarba
npojekmurna y JfiaHcepy HyMepu4ku ce UHmeepuwe C 8pPeMEHOM.
lNMapamempu cmpyjara y 0erioguma yesu ymephyjy ce y 3agucHocmu
00 meopuje cmpyjakba 2aca npu CcynepcoHUYHUM 6p3uHama,
y3umajyhu y 063up eybumke 3602 mpera. [a 6u ce uspadyyHao HaroH
cMuyarsa Ha 3udy naHcepa, Kopucmusu cy ce: 0OHOC acuMIImOMCKe
meopuje mypbyneHmHoe epaHu4YyHoe croja, EmoHcoea meopuja
mypbyrneHmHuUX maJyaka rpesa3Hoe 2paHu4yHoe crioja, Kao u nodayu o
PejHondcosum  bpojesuma  rnodemka  r1iaMuHapHO-mypbyrneHmHe
mpaH3uyuje 'y aepo-myHenuma. VicmospemeHo ce uHmezpuwe
OugpepeHyujanHa jeOHaqyuHa 3agpesarba maHkoea 3uda JlaHCUpHe uesu
y pacrioHy KoHmakama u3mehy nosplwuHe JlaHcepa U Mrasa.
UspauyHama je pacnodena rnapamemapa cmpyjarba, cuia mpema u
memnepamypa 3uda naHcUpHe Uesu MOKOM Kpemarba rnpojekmurna 00
mpeHymka nokpemara mMomopa 00 mpeHymka kada rpojekmurl
omryHo u3nasu u3 aHcepa, Wwmo je u e2pacghuydku rnpedcmassbeHo.
Bakmbyqyu: Ysumajyhu y o63up egekme HeuzomepmudyHocmu U
cmuwJsbugocmu fpu fpesasy U3 naMuHapHoe y mypOyrneHmHu
epaHu4yHuU csoj, oga Memoda fpopadyyHa aepoOuHaMu4yKoe mpera U
3aepesara Ha yHympawrb0j MOSPUWUHU pakemHoe JfiaHcepa, ycred
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Oejcmea cyrnepCcoHUYHO2 Mria3a 2aca 8esfluke eHepauje, Moxe Oa ce
Kopucmu 3a npoydyasarbe OuHamuke JflaHcupara pakema U3
pakemHux fiaHcepa Koju Cy orpemMsbeHU 1aHCUPHUM uyesuma.

KrbydHe pedqu: naHcep, naHcupHa yee, pakema, MfasHu Momop,
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Abstract:

Introduction/purpose: Adequate evaluation and choice of off-road vehicles
used in performing various types of assignments is a very important factor
which affects user mobility and safety as well as the quality and efficiency
of carrying out transportation activities in the Serbian Armed Forces
(SAF).

Methods: This paper thus proposes the BWM (Best Worst Method) and
the COPRAS (Compressed Proportional Assessment) models for the
selection of the optimal off-road vehicle for the needs of the SAF. The
relative weight of the criteria used to assess potential off-road vehicles
was established using the BWM method. In addition to the COPRAS
method which is a component of the basic decision-making model, in this
paper, the MABAC (MiltiAttributive Border Approximation Area
Comparison) and MAIRCA (MultiAttributive Ideal-Real Comparative
Analysis) methods were also applied through result validation.

Results: By testing the BWM-COPRAS model on the example of optimal
off-road vehicle selection in the SAF, a high rank correlation was
achieved. The results were validated through the statistical processing of
the results obtained through the implementation of various multi-criteria
techniques by applying the Spearman’s rank correlation coefficient.
Conclusion: The results display stability of the results of the proposed
model in ranking alternatives and prove the feasibility of the proposed
approach to handle multi-criteria decision making problems.

Key words: BWM, COPRAS, MABAC, MAIRCA, vehicle selection,
multi-criteria decision making.
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Introduction

When observing the efficiency of units in off-road conditions in both
peace and war, it is impossible to miss its high dependence on adequate
vehicle selection for carrying out a mission, for it is precisely this process
that represents an important factor which directly influences the lowering
of risk and time involved in performing this activity. Proper assessment
and selection of the right vehicle provides proper conditions for efficient
performance of tasks set before the units of the Serbian Armed Forces
(SAF). Taking into consideration the aforementioned, the optimal off-road
vehicle selection process is of great importance for successful and safe
transport of units. Identifying actions that have the biggest impact on the
efficiency of vehicles during task performance enables the users (units)
to modify the operation accordingly and reduce the time needed to
perform these activities. This research paper presents the multi-criteria
BWM-COPRAS model for evaluation and optimal off-road vehicle
selection for the units of the Serbian Armed Forces. The hybrid BWM-
COPRAS model is carried out in three phases. The first phase of the
model includes calculating the optimal values of weight coefficients by
applying the non-linear model in BWM. The second phase is where the
COPRAS model is applied. The values put into the COPRAS model
represent the values of the BWM weight coefficients, and the elements of
the basic Decision matrix. The third phase includes the validation of the
obtained results through: (1) the comparison of the results with other
multi-criteria (MCDM) models, (2) the analysis of the result stability in a
dynamic environment, and (3) the analysis of the result stability when the
weight coefficients of the criteria are changed.

Through research and development of the models, several goals
have been set in this paper. The first goal pertains to the advancement
and enhancement of the optimal vehicle selection methodology in the
area of multi-criteria decision making through development and
introduction of a new FUCOM-COPRAS approach. The second goal of
this paper is to bridge the gap that currently exists in the evaluation and
adequate vehicle selection methodology within the military as a whole.
The third goal of the paper is a possibility of enhancing the efficiency and
lowering the risks of performing SAF assignments by defining models for
adequate vehicle selection. And the fourth goal of this paper is the
popularization and affirmation of the idea of multi-criteria decision making
in reaching complex decisions in the SAF through a presentation of the
BWM-COPRAS model.
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The authors of this paper have opted for the use of the hybrid BWM-
COPRAS model due to its following advantages. (1) Use of the BWM and
COPRAS models enables a successful simulation of the decision-making
processes, starting from defining the goal, criteria and alternatives, to
comparison of the criteria, i.e. establishing the priority of each of the
alternatives over the set goal. (2) Application of the BWM-COPRAS
model breaks down the concrete decision making process by taking
apart the problem into a hierarchy of its elements. A hierarchical
examination of the decision making process allows for easier control over
the consistency of estimates while paying attention to the entirety of the
problem and functional interactions between criteria and alternatives. (3)
Using the BWM-COPRAS model enables the integration of the qualitative
and quantitative factors into decision making, because most real
problems most often occur as a combination of qualitative and
quantitative elements. (4) The BWM-COPRAS model successfully
identifies and points to the inconsistency of the decision-maker by
tracking the inconsistencies of estimates during the entire process, and
calculating the index and ratio of consistency. (5) Redundancy of pair
comparison makes the BWM-COPRAS model less sensitive to
estimation errors. (6) The implementation of the BWM-COPRAS model in
group decision making significantly improves communication between
group members. In case of a discussion, a group must agree on every
joint estimate that is to be entered into the matrix. This helps in
structuring the discussion and reaching a consensus.

The BWM-COPRAS model also has certain limitations which the
users might encounter while using it, such as: (1) insufficiently large
scale (Saaty scale of relative importance) for comparison of elements in
pairs, related to some decision making problems; (2) the number of
necessary pair comparisons which is not negligible in most problems; (3)
frequent difficulty in achieving an acceptable consistency ratio; and (4)
the complexity of the mathematical algorithm which can be a limiting
factor for widespread use of the model.

This paper contains a total of six sections, the first of which refers to
introducing the problem of adequate vehicle selection for the SAF. The
second, containing the literature review, takes a closer look at the
already existing research on similar topics in which multi-criteria decision
making models were applied. The third section briefly introduces the
previously used models and lays out the algorithm of the hybrid BWM-
COPRAS model. The fourth section displays a study of the case in which
vehicle evaluation was performed by using the BWM-COPRAS model.
The fifth section is a discussion of the results which includes a result
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stability check through the change of the weight coefficients of the criteria
in the BWM, and the validation of the obtained results through
comparison with other MCDM models. The sixth section shows the key
contributions of the developed model and the performed research, as
well as suggestions for future research.

Literature review

Based on research from the most important indexes of international
science journals (SCOPUS and Web of Science), a literature analysis
has been performed which demonstrates the implementation of MCDM
models in transport and logistics optimization. It analyzes the period
between 2008 and 2018. During this period, only two papers on the topic
of vehicle selection in the military were published (Pamucar, et al, 2013);
(Star€evi¢, et al, 2019). StarCevi¢ et al (2019) have presented the
selection of military vehicles for use in multinational operations by using
the hybrid AHP-DEA (Analytic Hierarchy Process — Data Envelopment
Analysis) models, while Pamucar et al (2013) have shown the application
of the neuro-fuzzy system for the selection of military motor vehicles
used for performing transportation assignments in the SAF. Due to
scarcity of papers on the topic of application of the MCDM models for
military off-road vehicle selection, this paper analyzes papers from the
domain of transport and logistics which deal with similar topics. For
example, Jeon et al (2010) showed the application of the MCDM
methods in the sustainable transport plan selection based on the
sustainability index. In the research, the authors used the Weighted Sum
Model. Cadena & Magro (2015) presented a new methodology for
assigning the weight coefficients of the sustainability criteria in transport
projects. In order to solve the problem of imprecision and subjectivity, the
authors applied the MCDM models in fuzzy environment.

Given that the traffic system is the life force of every country and one
of the bases for its economic development, Bari¢ et al (2016) suggest
that the AHP method be applied when choosing the best project in the
realization of city traffic projects. The model has been tested on a real
system and has vyielded reliable results. Bari¢ et al (2016) have also
pointed out the main drawback of applying the AHP model which is a
large number of inputs making the validation of the obtained results more
difficult. In order to solve this problem, Inti & Tandon (2017) presented a
modified AHP method characterized by additive transitivity of fuzzy
relations. The model was tested in choosing a contractor for the
construction of transportation infrastructure.
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In order to improve sustainability in transport, one of the solutions is
to use various alternative fuels and vehicle propulsion systems. In this
way, with the help of the sustainability index, Mitropoulos & Prevedouros,
(2016) make estimates of vehicle characteristics. The identified indicators
were grouped into five categories of sustainability: Environment,
Technology, Energy, Economy and Users, and then they were
aggregated using the WSM method. Also, Safaei Mohamadabadi et al
(2009) have selected the types of propulsion fuel for vehicles based on
three basic sustainability aspects. For ranking the alternatives based on
the five criteria, the PROMETHEE method was used. Intermodal
transportation can greatly improve the sustainability of a transportation
system. It is necessary to choose the optimal location of terminals based
on different requirements of different partakers in a transportation
process. With that aim, ZeCeviC et al (2017) have suggested a new
hybrid MCDM model for selecting locations. Sustainable transport
systems have today become a necessity, especially in large cities
because of various harmful effects on the environment. An approach for
choosing the best alternative of transport systems based on 24 criteria
grouped in three categories was defined in (Awasthi et al, 2011). The
abovementioned approach contains three steps, and the TOPSIS
method is applied in a combination with fuzzy theory with the aim to
assess the criteria and choose an alternative. Castillo & Pitfield (2010)
suggest the Evaluative and Logical Approach to Sustainable Transport
Indicator Compilation (ELASTIC) framework for choosing a sustainable
transport system indicator with the help of AHP and SAW methods.
Although the improvements of transport planning methods over the past
few years are visible, according to Lépez & Monzén (2010), in order to
improve the sustainability level in transport, it is necessary to apply a
multidiciplinary approach based on GIS. In addition to that, it is
necessary to integrate methods of multi-critearia decision making within
the suggested approach.

An estimate of transport system sustainability in individual European
countries based on selected economic, ecological and social indicators
was presented in Bojkovi¢ et al (2010). The ELECTRE (ELimination and
Choice Expressing Reality) method was used together with its
modification based on the Absolute Significance Treshold (AST). The
framework for selecting sustainable transport projects in urban areas of
developing countries was proposed in Jones et al (2013). The choice of
alternatives is performed based on the Localized Sustainability Score
index whereby the AHP method is used. In addition to the AHP method,
assessing the sustainability of different transport solutions such as mode
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sharing, multimodal transport, intelligent transportation systems, Awasthi
& Chauhan (2011) use the Dempster-Shafer theory in the proposed
hybrid approach. While the AHP method is primarily used for ranking
criteria based on their weight, the Dempster-Shafer theory enables a
synthesis of multiple information sources. Dimi¢ et al (2016) have
developed a model for strategic transport steering based on the SWOT
analysis, fuzzy Delphi and DEMATEL — ANP method.

There are a certain number of studies which contemplate the
application of different theories of uncertainty in multi-criteria models for
solving numerous logistical and transportation problems. For example,
Sremac et al (2018) have shown the ranking of logistical providers by
using the Rough SWARA (Step-Wise Weight Assessment Ratio
Analysis) and Rough WASPAS (Weighted Aggregated Sum Product
Assessment) models, while Badi et al (2018) demonstrated the use of the
CODAS model. Later, Badi & Ballem (2018) and Stevi¢ et al (2017)
demonstrated the application of rough numbers in multi-criteria models
for vehicle rationalization within the inner transport of logistical
companies. The paper puts forward a new approach based on the
combination of the Simple Additive Weighing (SAW) method and the
rough BWM. Radovi¢ et al (2018) showed the use of rough numbers for
valuating performance indicators which was applied in three different
countries: Bosnia and Herzegovina, Libya and Serbia. The multi-criteria
model includes the use of the rough ARAS (Additive Ratio Assessment)
approach for performance indicator valuation in nine transportation
companies from the three countries. Pamucar et al (2019) have shown
the possibilities of applying the multi-criteria models based on Linguistic
Neutrosophic Numbers (LNN) in managing human resources in the
process of transporting hazardous substances. The application of the
LNN-WASPAS model for the evaluation of security advisors when
transporting hazardous substances on Serbian soil was demonstrated.
Pamucar et al (2016) showed a green p-median problem combined with
a fuzzy multi-criteria model which processes environmental parameters,
sociological parameters and the expenses of logistical distributors and
applies their influence on the planning of the city logistical terminal
location in a discrete traffic network.

Sustainability is a very important concept in logistics, and reverse
logistics as one of its sub-branches can greatly improve the efficiency
and the ecological aspect of doing business. Wang et al (2018) have
presented a method for choosing returnable product collectors. The
hybrid approach based on the AHP and Entropy Weight (AHP-EW)
methods is used in order to estimate the weight of certain criteria, while
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the Multi-Attributive Border Approximation area Comparison (MABAC)
method is used for ranking the alternatives. Different initiatives for city
logistics (e.g. proper location of distribution centers) can significantly
contribute to improving the degree of sustainability in a city. This is
precisely the research topic in (Awasthi & Chauhan, 2012). Out of the
MCDM methods, the aforementioned paper uses the AHP and Fuzzy
TOPSIS. With the help of the Fuzzy Step-wise Weight Assessment Ratio
Analysis (SWARA) and Fuzzy MOORA, Mavi et al, (2017) perform a
selection of a third-person provider of reverse logistics services in the
plastic industry. Later, Badi and Ballem, (2018) showed the possibilities
of applying the BWM and MAIRCA models for selecting a third-person
provider for reverse logistics services in the pharmaceutical industry.
Pamucar & Cirovié¢, (2015) demonstrated the application of the hybrid
DEMATEL-MABAC model in the process of making investment decisions
about the acquisition of manipulative vehicles in logistics centers. The
DEMATEL method was used for obtaining the weight coefficient of
criteria, while the valuation and selection of forklifts was done by using
the MABAC model. The following table (Table 1) shows an overview of
fields which most frequently employ the MCDM models.

Table 1 — MCDM methods in the transport and logistics subfield
Tabnuuya 1 — MCDM memodsi 8 obriacmu mpaHcropma u 102ucmuku
Tabena 1 — BKO memode y obnacmu mpaHcriopma u 5io2ucmuke

Field of application for the MCDM

MCDM method Literature
method

(Awasthi et al,
2011); (ZecCevit et

Determining the impacts of al, 2017);
ecological t%ans ortpmeasures on AHP; AHP-EW, (Fazlollahtabar et
9 P MABAC; FUCOM al, 2019);

city sustainability (Stankovié et al

2019); (Nuni¢,
2018)

Logistical provider assessment with

acknowledging the risks and Fuzzy SWARA, Fuzzy

(Mavi et al, 2017)

L MOORA
sustainability
Identification of interactions between
manufacturing and logistical Grey DANP (Jiang et al, 2018)

industries

(Jeon et al, 2010);
(Cadena & Magro,
2015); (Awasthi &
Chauhan, 2011);

(Castillo & Pitfield,

WSM; REMBRANDT;
Delphi; Fuzzy TOPSIS;
AHP; SAW;
PROMETHEE;

Transport management

o



Field of application for the MCDM
method

MCDM method

Literature

ELECTRE I;
Modified ELECTRE I;
Fuzzy Delphi;
DEMATEL — ANP

2010); (Simongati,
2010); (Bojkovic et
al, 2010); (Dimi¢ et
al, 2016); (Awasthi
& Chauhan, 2012)

Vehicle evaluation

WSM; PROMETHEE;

(Mitropoulos &
Prevedouros,
2016); (Safaei
Mohamadabadi et
al, 2009)

Location Evaluation Problem for
Logistical Center Construction

Fuzzy Delphi; Fuzzy
Delphi ANP; Fuzzy
Delphi VIKOR; Fuzzy
MAGDM; Fuzzy ARAS;
AHP; DEMATEL-
MAIRCA

(ZecCevi¢ et al,
2017); (Rao et al,
2015); (Turskis &
Zavadskas, 2010);
(Pamucar et al,
2018a);
(Noureddine &
Ristic, 2019);
(Puska et al, 2018);
(Fazlollahtabar,
2018)

Assessment and construction of
transport infrastructure

AHP; FAHP;
REMBRANDT;
WASPAS

(Bari¢ et al, 2016);
(Inti & Tandon,
2017); (Lopez &
Monzén, 2010);
(Jones et al, 2013);
(Stanujki¢ &
KarabasSevic,
2018); (Pamucar et
al, 2018b)

Selection and ranking of military
vehicles

AHP-DEA; neuro-fuzzy
sistem

(Starcevic et al,
2019); (Pamucar et
al, 2013)

Based on the presented literature analysis, we can conclude that the
most frequently used method for solving problems in the field of transport
and logistics in the past ten years was the AHP method. However, the

AHP method requires the use of n(n—l)/2 comparison of criteria pairs.

A large number of comparisons makes the application of the model more
complicated, especially in cases with a larger number of criteria. For this
reason, the use of this method is not advised in cases with a larger
number of criteria. The model which eliminates the abovementioned
drawback of the AHP method is the BWM method. But even with this
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fact, and the numerous advantages of the BWM over the AHP method
we can see that the BWM has not been used in the field in question.
Therefore, a logical need arises for the development of MCDM models
which imply the implementation of all BWM advantages. In addition to the
BWM method, by analyzing the literature, we can see that the COPRAS
(COmpressed PRoportional ASsessment) method has not been used
either, even though it falls into models which yield stable results.
Considering that in the presented literature there are no examples of
either BWM or COPRAS models for off-road vehicle assessment in either
civilian or military organizations, the need for their application is imposed.
The application of the BWM-COPRAS model fills the gap that exists in
the literature which deals with this field.

BWM-COPRAS multi-criteria model

As previously emphasized, the BWM-COPRAS implies the use of
two methods, the BWM method for determining the weight coefficients of
criteria, and the COPRAS method for assessing, i.e. ranking alternatives
(Figure 1)

‘ Determining criteria and sub- ‘

- —ﬁ Determining the alternatives
critera

‘ Expert opinions ‘ Forming and normalization of the

basic matrix p  Comparison with other multi-
Forming the matrix of average l criteria models
QXPETtLGSPOHSES Forming a weight normalized l
L . matrix Effect of dynamic matrices on
Determining the optimal values l MCDM models
of weight coefficients Determining the total values of
1 max and min criteria i _
Ranking the criteria and sub- 1 Ef_:-fef:t ?f the Shlf}tOf \;v:/llgchéM
critria Aggregation of criteria function Coetticients on rZSlIJ S0
values modets
! )
Cal_culatlng valu_es_ of Ranking the alternatives
consistency coefficients
. |
Phase I11: Validation of
Phase I: BWM Phase I1: the COPRAS model

results

Figure 1 — BWM-COPRAS multi-criteria model
Puc. 1 — BWM-COPRAS mHo20KpumepuarsnbHasi Modeslb
Cnuka 1 — BWM-COPRAS suwekpumepujymMcku mooern

The model contains three phases. Phase one calculates the optimal
values of the weight coefficients of criteria through the application of the
BWM. The end results of the BWM method are the values of the weight
coefficients of criteria. The output results of the BWM, the weight
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coefficients, are further processed through the COPRAS method
algorithm. In phase two, the COPRAS method is used to rank the
alternatives. Phase three is the validation of the results. The next section
shows the algorithms of the BWM and COPRAS methods.

Best-Worst method

The following section contains the algorithm of the BWM method for
determining the weight coefficients of evaluation criteria (Rezaei, 2015),
(Stevi¢ et al, 2018).

Algorithm: BWM

Input: Expert pairwise comparison of criteria
Output: Optimal values of the weight coefficients of criteria/sub-criteria

Step I: The identification of the selected criteria as a set of the criteria related to the
topic. The set of the criteria can be evaluated as C;, C,, C3, Cy...... C,.

Step 2: Finding the best and the worst criteria. As  mentioned above, it should be done
by experts and the involved decision-makers.

Step 3: The creation of a matrix of the preference of the best criterion over all the other
criteria (BO vector) by applying numbers between 1 and 9:

4, = (awrazB'asBr---ans)

Step 4: The creation of a matrix of the preference of the worst criterion over all the other
criteria (OW vector) by applying numbers between 1 and 9.
A = (a1w oy Qg s ooy )

Step 5: Generating the relative importance of the criteria through calcula&ng wEl::e fi er]aJ and
optimal weights for the criteria. The weights will show the same as: MW Wy e
miné&

S.t.

<&V

w,
%,

4
W/

w; )
Wi_ajW <é\Vj

i w, =1

j=1

w; 20 Vj
Step 6: The same as with the AHP, there is a consistency index shown in Table 2. The
consistency ratio should be calculated as follows:

g

Consistency = ———=———
Consistency index
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For different values a,, €{1,2,..,9} we get the maximum values
£(max¢). Table 2 contains the maximum values of & for different values
of a,, €{1,2,..,9}.

Table 2 — Consistency Index values (Cl)
Tabnuya 2 — 3HayeHus cmeneHu HadexHocmu (Cl)
Tabena 2 — BpeOHocmu cmeneHa koH3ucmeHmHocmu (Cl)

Ay 1 2 7 8 9

Cl(max¢&) 0.00 0.44 3.73 4.47 5.23

Based on CI, we get the consistency ratio (CR) which takes the
values of interval [0, 1], where the values closer to zero indicate a high
consistency, and the CR values closer to one indicate a low consistency.

COPRAS Method

Within the decision-making theory, there is a large number of multi-
criteria decision making methods (MCDM) which support us in solving
different problems. The COPRAS method (Zavadskas & Kaklauskas,
1996) is one of newer methods which is increasingly used in literature
(Chatterjee et al, 2018), (Pamucar et al, 2018a), (Mukhametzyanov &
Pamucar, 2018). Each MCDM method is characterized by a specific
mathematical apparatus. The COPRAS method is partly characterized by
a more complicated procedure of criteria function value aggregation, and
the simplified procedure of data normalization (the nature of the criteria is
irrelevant — min/max). The following section succinctly displays the
mathematical apparatus of the COPRAS method.

The problem is formally presented by choosing one of the m options

(alternatives), A4,i=12,..,m which are assessed and compared among
each other based on the n criterion (X, j=12,...,n) whose values are
familiar. The alternatives are presented as vectors x; where x; is the

value of the i alternative according to the j criteria. Since the criteria have
varying impacts on the final assessment of the alternatives, each criterion

is assigned a weight coefficient w,, j=1,2,...n (where ijle =1) which

reflects its relative value in assessing the alternatives.
Step 1. Normalization of the basic matrix. The first step of the
COPRAS method includes the normalization of the elements of the basic

decision-making matrix (X).
€D



¢ G . C,
A Xy x, eoX,
A | x X X
2 | X21 22 2
X= ! (1)
Am xml me b xmn

The main goal of criteria value normalization is the transformation of
different values of criteria (“benefit” or “cost”) into values which allow
mutual comparison. The normalization values are shown in the matrix D.

c C .. C
A Xy xp, X,
A | x,y X X
2 21 22 2

D= ’ (2)
Am xml me e xmn

The elements of the normalized matrix ( x; ) are obtained by applying

additive normalization:
X..

X, =t (3)

) m
2 Xij
i=1

where x, represents the elements of the basic decision-making matrix

(X), x; represents the normalized values of the elements from the basic

decision-making matrix, and m represents the total number of
alternatives.

Step 2. Forming of the weighted normalized matrix. In the second
step, a weighted normalized matrix (Z), obtained by multiplying the
elements of the normalized matrix (D) with the weight coefficients of the
criteria (w, ), is constructed.

In Zp e oy, WXy WorXyy e Wt Xy,
z z z W, * X. w, - X e W X
21 22 2 1 21 2 22 2
Z — n — n n (4)
Zml ZmZ e Zmn Wl : xml WZ : me Wn : xmn

where n is the total number of criteria, and m is the total number of
alternatives.

Step 3. In the following, third step, the values of the Z matrix are
summed up in columns. The values are summed up depending on which
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criteria group they belong to (“benefit” —max or “cost” — min). The
values of the benefit criterion (higher criterion value is desirable) are
obtained by applying formula (5) or formula (6):

S’ = Z z; (5)
where z, =+ is the sum of the benefit criteria, or:
k
ST =2%,4, (6)
i=1

where k is the total number of the benefit criteria.
The values of the cost criterion (lower criterion value is desirable) is
obtained by applying formula (7) or formula (8):

S =>z (7)
where z, =— is the aggregate of the cost criteria, or:

p
S = Z’E@/ "4, (8)

i=1
where p is the total number of the cost criteria.

Step 4. Aggregation of the criteria function values. In step four, by
applying formula (9), we determine the significance (influence) of each of
the given alternatives from the set of the compared alternatives:

SwXlS o YOS

-\ Sr:win i -\ i
S, Z,.l[s_j 5 Zi:lSi—

0 = Si+ + (9)

Step 5. Ranking of alternatives. In the final, fifth step, the ranking of
alternatives is performed based on the values of the criterion function
which is assigned to each alternative. The end-values of the criteria
functions of alternatives are gained by applying formula (710):

N =<2 100% (10)

Application of the BWM-COPRAS model to off-road
vehicle selection in the SAF
Military cargo motor vehicles for passenger transport are only one of

the vehicles categories used in the SAF. Since this paper deals only with
this vehicle category, the following section will briefly introduce the

i



classification of vehicles in the SAF and the types of vehicles used in the
SAF as well as in other militaries across the world.

Classification of vehicles

The classification of motor vehicles and other means of
transportation that use liquid fuels in the MoD and the SAF (except
waterborne vessels, aircraft, stationary aggregates and boiler rooms),
aims to group the encompassed vehicles according to the criterion of
purpose or according to similar technical characteristics.

The classification includes the division of vehicles into classes,
types, groups and the assignment of numbers for marking them: | —
classes of vehicles are marked with numbers 1-9; Il —types of vehicles
within classes are marked with numbers 01-99 and Ill —groups of
vehicles within types are marked with numbers 01-99. This paper deals
with vehicles that belong to the first group of the aforementioned
classification as shown in Table 3.

Table 3 — Classification of off-road vehicles for passenger transport in the SAF
Tabnuua 3 — Knaccugbukayusi 8BHeO0POXKHbLIX MpPaHCrnopmHbIx cpedcme Orisi IepesosKuU
naccaxupos 8 BCPC
Tabena 3 — Knacughukayuja mepeHckux 8osusna 3a mpaHcriopm rnymHuka y BC

Mark Vehicle description
01 Off-road vehicle for passenger transport, up to 5 seats;

1.04 02 Off-road vehicle for passenger transport, 6 to 8 seats;
03 Off-road vehicle for passenger transport, more than 8 seats;
04 Off-road vehicle for passenger transport, with protection.

The supply of this vehicle category from the SAF fleet is low and
amounts to approximately 43%, while the total number (of vehicles from
the prescript fleet) is 92%. The structure of vehicles from this category in
the SAF is also inhomogeneous, i.e. they are of different brands and
types, mostly obtained more than 30 years ago. The most prominent
brands of manufacturers are: PUCH (around 33%), PINZGAUER (around
27%), LADA (around 14%) and LANDROVER (around 10%). The
inhomogeneity of the fleet vehicles complicates the maintenance process
of these vehicles. The average functionality of off-road vehicles for
passenger transport in the SAF is approximately 66%. The average age
of off-road vehicles for passenger transport in SAF units is 26.9 years. It
is especially important to stress that approximately 80% of this category
is older than 12 years, which is also the designed lifespan of these
vehicles. In addition to the abovementioned statistical data, it is
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necessary to point out that an average off-road vehicle for passenger
transport in SAF has crossed approximately 141,000 kilometers, where
the vehicles older than 12 years have on average crossed 162,728 km,
and vehicles less than 12 years old 56,000 km.

Defining the criteria for off-road vehicle selection and
characteristics of alternatives

Given than in the publicly available literature there are not a large
number of papers dealing with the topic of military off-road vehicle
selection, the criteria have been defined based on the available literature,
internal regulations and requirements of the SAF. The chosen criteria are
shown in Figure 2. In addition to the abovementioned criteria, criteria
such as equipment with the AC, GPS, traction-control system, etc. were
excluded.

Goal Criterion Sub-criteria Alternatives

Obstacle clearing
capability

Equipped Soldier

—— transportation
capacity
Fuel consumption
. Aj: Vehicle 1
Characteristics of
the motor
Horsepower
Price Ay: Vehicle 2
Selection of off-road
motor vehicle for  ———— Price Shipment time
passenger transport
Payment conditions Aj: Vehicle 3
Widespread
availability of the
service network
Vini
Ay: Vehicle 4

e
Awailability of
spare parts

— Safety

Warranty provisions

Figure 2 — Hierarchical model for vehicle selection
Puc. 2 — Nepapxudeckasi modesib 0nist 8bibopa mpaHCcrnopmHo20 cpedcmea
Cnuka 2 — Xujepapxujcku moden 3a u3bop eo3urna
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The first level represents a goal which is a choice between the given
vehicle types, while the second level includes 7 criteria for vehicle
selection: obstacle clearing capability (C1), equipped soldier
transportation capacity (C2), characteristics of the motor (C3), price (C4),
maintenance (C5), safety (C6), and warranty provisions (C7). The third
level consists of seven sub-criteria that are sorted within the group of the
main criteria, while the potential vehicle types are shown on the fourth
level.

By comparing the characteristics of the vehicles used by the SAF
and modern vehicles used for the same purpose, a conclusion is drawn
that a modernization of SAF’s fleet vehicles is needed. Modern vehicles
have significantly improved characteristics when looking at
maneuverability, tank capacity and horsepower. Since there is no
consensus among manufacturers concerning the evaluation of the
abovementioned vehicle types, as well as because of data confidentiality
policies, this paper will not talk about specific types of vehicles — instead,
the vehicles will be marked as vehicle 1 — vehicle 4.

Vehicle 1 (A1) has the following technical characteristics: its ability to
clear obstacles is higher than that of vehicle 2 and lower than that of
vehicle 4; the vehicle can simultaneously carry four persons; the level of
passenger and cargo security is higher compared to other given types of
vehicles; it has 190 HP, and fuel consumption is 23.75 I/km; the price of
the vehicle is 15,785,100 RSD with the possibility of payment in 18
installments without interest; the shipment deadline is 6 months and it
has a 24 month guarantee; and the availability of the service network and
spare parts is poorer than for other given vehicle types.

Vehicle 2 (A2) has the following technical characteristics: the ability
to clear obstacles is the lowest with this vehicle; the vehicle can
simultaneously carry 6 persons, and the security of the passengers and
cargo is on a high level; the engine has 122 HP, and consumes fuel at
the rate of 10.1 I/km; the price of the vehicle is 13,702,500 RSD with the
possibility of payment in 18 installments without interest; the shipment
deadline is 4 months and it has a 24-month guarantee; the widespread
availability of the service network and the availability of spare parts is
better than for vehicle 1, but worse than for other given types of vehicles.

Vehicle 3 (A3) has the following technical characteristics: this
vehicle’s ability to clear obstacles is the same as with vehicle 1; the
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vehicle can simultaneously carry 4 persons, the security of passengers
and cargo is lower compared to vehicle 1 and vehicle 2; the engine has
177 HP, and consumes fuel at the rate of 10.4 I/km; the price of the
vehicle is 14,210,000 RSD with the possibility of payment in 12
installments without interest; the shipment deadline is 4 months, and it
has a 12-month guarantee; the widespread availability of the service
network and the availability of spare parts is better than with all other
given vehicles.

Vehicle 4 (A4) has the following characteristics: the ability to clear
obstacles is on a higher level than with other vehicles; the vehicle can
simultaneously carry 6 persons; the level of passenger and cargo
security is the lowest compared to all other vehicle types; the engine has
268 HP and consumes power at the rate of 9.5 I/km; the price of the
vehicle is 10,380,000 RSD with the possibility of payment in 24
installments without interest; the shipment deadline is 6 months, and it
has a 60-month guarantee; the widespread availability of the service
network and the availability of spare parts is better than with vehicle 1
and vehicle 2, but worse than with vehicle 3.

Vehicle assessment through the application of the BWM-
COPRAS model

This research includes three groups of experts. Within every
criteria/sub-criteria group experts have defined the best (B) and worst
(W) criterion/sub-criterion. Based on this, the BO and OW vectors were
defined for B and W criteria/sub-criteria. The criteria/sub-criteria
assessment was performed through the application of [1,9] scale: 1 —
very low influence; 2 — low influence;...; 8 — high influence; 9 — very high
influence. The values of BO and OW vectors within the groups of
criteria/sub-criteria are shown in Table 4.

The optimal values of the weight coefficients of the criteria/sub-
criteria vectors are calculated based on the defined ratios from Table 5.
This is how the four non-linear models for calculating the optimal values
of the criteria/sub-criteria weight coefficients were formed.
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Table 4 — BO and OW vectors
Tabnuua 4 — BO u OW sekmopsbi
Tabena 4 — BO u OW sekmopu

Criteria

The worst: C3

The best: C4 (Price) Expert . (Characteristics of the ~ Expert evaluation

evaluation

motor)

C1 (O?stacle clearing 5:6: 6 C1 (Opstacle clearing 4:4:4
capability) capability)
C2 (Equipped soldier C2 (Equipped soldier
transportation 7,78 transportation 3;2;2
capacity) capacity)
C3 (Characteristics of 9:9:9 C4 (Price) 9:9:9
the motor)
C5 (Maintenance) 2;2;2 C5 (Maintenance) 7.7, 7
C6 (Safety) 3;5;2 C6 (Safety) 5,57
C7 (Warranty 3.4:4 C7 (Warranty 566

provisions)

provisions)

C3 (Characteristics of the motor)

The best: C31 (Fuel Expert The best: C32 .
. . Expert evaluation
consumption) evaluation (horsepower)
C32 (horsepower) 4;3;2 C31 (Fuell 2:4;3
consumption)
C4 (price)
The best: C41 Expert The best: C42 Expert evaluation
(Price) evaluation (shipment time) P
C42 (shipment time) 6;5;5 C41 (price) 6;5,7
C43 (payment 3:3:2 C43 (payment 4:2:6
conditions) conditions)
C5 (maintenance)
The best:C51 The best: C52
(widespread Expert I .
o . (availability of spare Expert evaluation
availability of the evaluation
. parts)
service network)
I C51 (widespread . a.
C52 (availability of 2:3: 3 availability of the 2,35

spare parts)

service network)
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Medium values of expert evaluations are shown in Table 5.

Table 5 — Medium values of the BO and OW vectors
Tabnuua 5 — CpedHue 3HaqyeHuss BO u OW eekmopos
Tabena 5 — Cpedrwe epedHocmu BO u OW eekmopa

Criteria
The worst: C3
The best : C4 (Price) Medium value  (Characteristics of the Medium value
motor)
C1 (Obstacle clearing C1 (Obstacle clearing
o 5.7 o 4
capability) capability)
C2 (Equipped soldier C2 (Equipped soldier
. . 7.33 . . 2.33
transportation capacity) transportation capacity)
C3 (Characteristics of 9 C4 (Price) 9
the motor)
C5 (Maintenance) 2 C5 (Maintenance) 7
C6 (Safety) 3.33 C6 (Safety) 5.67
C7 (Warranty provisions)  3.67 C7 (Warranty provisions) 5.67
C3 (Characteristics of the motor)
The best: C31 (fuel . The worst: C32 .
: Medium value Medium value
consumption) (horsepower)
C32 (horsepower) 3 C31(fuel consumption) 3
C4 (price)
The best: C41 (price)  Medium value Th? worst: .C42 Medium value
(shipment time)
C42 (shipment time) 5.33 C41 (price) 6
C43 (payment C43 (payment
ol 6.67 .. 4
conditions) conditions)
C5 (maintenance)
The best: C51 The worst: C52
(widespread availability Medium value  (availability of spare Medium value
of the service network) parts)
I C51 (widespread
C52 (availability of spare 2.67 availability of the service 3.33

parts) network)
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The optimal values of the weight coefficients were obtained based
on the aforementioned models, Table 6.

Table 6 — Optimal values of the sub-criteria
Tabnuya 6 — OnmumarnbHble 3HadyeHus1 cybKkpumepues
Tabena 6 — OnmumarsHe spedHocmu nomkpumepujyma

Criteria/Sub-

criteria Local weights Global weights Rank
C1 0.077 0.077 5
C2 0.059 0.059 6
C3 0.033 - -
C31 0.750 0.025 10
C32 0.250 0.008 11
C4 0.365 - -
C41 0.754 0.276 1
C42 0.097 0.035 9
C43 0.149 0.054 7
C5 0.217 - -
C51 0.750 0.163 2
C52 0.250 0.054 8
C6 0.130 0.130 3
Cc7 0.118 0.118 4

Table 6 shows the global and local values of the criteria/sub-criteria
weight coefficients. The global values were obtained through
multiplication of the weight criteria coefficients and the weight sub-criteria
coefficients. The global weight values are further used to assess the
alternatives in the multi-criteria model.

By solving the non-linear models the values ¢, =0.06868,

& wapammonops =0 € 1 =0.238385 and &7, ... =033 are obtained. The &
values are used for defining the consistency coefficients. Using the
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obtained values of &, the values of the consistency index and the
consistency ratio were defined, Table 7.
Table 7 — Values of the Consistency index and the Consistency ratio

Tabnuua 7 — 3Ha4dyeHus cmerneHu HadexxHocmu U uHoekca HadexxHocmu
Tabena 7 — BpedHocmu cmeneHa u uHOeKkca KoH3uCmeHmHocmu

il\jg;cnte ra Ccriteria Soctllz;rracteristics of the Cprice Cma/’ntenance
Ay 9 3 6.67 3.33

Cl 5.23 1.00 3.335 1.1

CR 0.013 0.000 0.071 0.297

After obtaining the weight coefficient values, the COPRAS method is
used for choosing the best alternative. The first step is to form the basic
matrix (X)

c1 c2 C3 cC4 C5 C6 C7 C8 C9 C10 C11]

Al| 6 4 2375 190 15785100 6 18 2 2 8 24
X=424 6 101 122 13702500 4 18 4 4 6 24
A3/ 6 4 104 177 14210000 4 12 8 8 4 12
A48 6 95 268 10380000 6 24 6 6 2 60 |

In the first phase, by applying formula (3), the normalization of the
basic decision-making matrix (X) is performed. This is how we get the
normalized matrix (D).

1 C2 Cc3 c4 C5 C6 C7 C8 C9 C10 Cl1]
A110.250 0.200 0.442 0.008 0.292 0.300 025 0.1 01 04 0.2
D=42|0.167 0.300 0.188 0.005 0.253 0.200 0.25 0.2 02 03 0.2
A3{0.250 0.200 0.193 0.005 0.263 0.200 0.167 04 04 02 0.1
44| 0.333 0.300 0.177 0.008 0.192 0.300 0.333 03 03 01 05]

In the second phase, we perform the multiplication of the value of
the matrix (D) with the weight coefficients by applying formula (4) and
form the weight-normalized matrix (2).

=
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C1 C2 C3 C4 C5 C6 c7 Cc8 c9 c10 11

411 0.019 0.012 0.011 0.000 0.081 0.011 0.014 0.016 0.005 0.052 0.024
Z=A42|0.013 0.018 0.005 0.000 0.070 0.007 0.014 0.033 0.011 0.039 0.024
A3/ 0.019 0.012 0.005 0.000 0.073 0.007 0.009 0.065 0.022 0.026 0.012
A4/0.026 0.018 0.004 0.000 0.053 0.011 0.018 0.049 0.016 0.013 0.059

In the third phase, we sum up the values of the Z matrix by columns.
The values are summed up based on which criterion group they belong
to (max or min). The total values of the max and min criteria are shown in
the following matrix.

[ Si+ Si— |
A1|0.2037 0.0403
A2/ 0.1786 0.0531
A3/ 0.1679 0.0812
A44/0.1890 0.0774 |

In the fourth phase, we apply formula (9) to define the significance of
each of the considered alternatives from the set of alternatives being
compared. In the end, the ranking of the alternatives is performed based
on the value of the criterion function that is assigned to every alternative.
The final values of the COPRAS method and the alternative ranks are
shown in the Q matrix.

Oi Pi  Pane|
A1]0.294504 100.00 1
O=A42|0.247505 84.04 2
A3/0.212909 7229 4
A44]0.236293 80.23 3

Based on the criteria function values, the final rank of the
alternatives is defined: A1 > A2 > A4 > A3.

Validation of the results

Before making a decision, it is necessary to perform a validation of
the obtained results. In this paper, the validation of the results is

<>



performed in three phases. In phase one, the initial rank of the
alternatives gained by applying the BWM-COPRAS model is compared
to the ranks obtained through the MIRCA (Chaterjee et al, 2018) and
MABAC (Pamugar & Cirovi¢, 2015) methods (Figure 3).

4

Al A2 A3 A4

B MABAC B COPRAS MAIRCA

w

N

[y

Figure 3 — Ranks of alternatives
Puc. 3 — PaHe anbmepHamus
Cnuka 3 — PaHe anmepHamuea

Compared to other methods, the rank of the alternatives A1 and A2
remained unchanged. The tesults obtained through the COPRAS method
differ from those obtained through the MABAC and MAIRCA methods
only in the position of the A3 and A4 alternatives. In order to determine
the statistical significance between the ranks obtained through the BWM-
COPRAS model and though other approaches, the Spearman’s rank
correlation coefficient was used (SRCC). The SRCC is the coefficient of
the basic linear correlation between ranks. The Spearman’s rank
correlation coefficient is a non-parametrical method for ascertaining the
strength of the correlation applied when (Pamucar et al, 2018b): (1) the
data for at least one of the variables is displayed as ordinal data or in
ranks, (2) at least one of the variables does not have a normal
distribution, and (3) the ratio among variables is not linear. The value of
the rank correlation coefficients is obtained through formula (11):

6iDj
R:l—me[—l,l] (11)
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where D represents the variance in the ranks and n the number of the
units of the analysis. The results of the rank comparison though the
application of the SRCC are shown in Table 8.

Table 8 — Rank correlation of the tested methods
Tabnuya 8 — PaHeosas Koppensayusi mecmupyembix Memooos
Tabena 8 — Kopenayuja paHeosa mecmupaHux memooda

MCDM method COPRAS MAIRCA MABAC
SRCC 0.800 1.000 1.000

From Table 8, we see that the results of the MABAC and MAIRCA
methods are in complete correlation, while the results of the COPRAS
method have also shown a high level of correlation when compared to
other methods. Since the lowest level of correlation is 0.8 and the middle
value is 0.9, we can conclude that the suggested rank is confirmed and
credible.

The second phase of the result validation is a performance analysis
of the proposed model in the dynamic basic matrix environment. In the
dynamic basic matrix, for every scenario, a change in the number of
alternatives was performed and the obtained ranks were analyzed. The
matrices are formed by removing the lowest-ranking alternative, and then
by ranking the remaining ones based on the newly-obtained basic
decision-making matrix. By applying the BWM-COPRAS model, the
solution A1>A2>A4>A3 was obtained. Given that the A3 alternative is the
worst in the modified matrix, A3 is eliminated from the set of alternatives.
The new decision-making matrix is solved again and we get a new rank
A1>A2>A4. After this, the worst alternative (A4) is once again eliminated,
and with the application of the BWM-COPRAS model the final rank
A1>A2 is obtained.

Based on the obtained results, we can conclude that, by eliminating
the worst method, the rank of the remaining alternatives stays the same
through all three scenarios. Alternative A1 has stayed the best ranked
through all scenarios which has confirmed the robustness of the ranks
obtained in a dynamic environment.

The third phase of result validation is performed by changing the
weight criteria. The goal of this phase of the result validation is to
estimate the influence of the most influential criterion on the
performances of ranking the proposed model. After determining the
weight coefficients of the criteria by applying the BWM-COPRAS method
for the purposes of sensitivity analysis, the “most important criterion” is
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identified. By applying formula (12), the weight proportionality is defined
during the sensitivity analysis.

w, =(L=w,)x (w1 W)= - Axe, (12)
where w, is the shift in the weight criteria within the sensitivity analysis,
w, represents the weight of the most important criterion, w’ represents
the original values of the weight criteria and W’ represents the sum of
the original weight criteria values that are changing. The «. parameter is
defined as the weight coefficient of elasticity that expresses a relative
compensation of other weight coefficient values compared to the given
changes in the weight of the most important criterion. The «, value is
obtained through formula (13) (Kahraman, 2002).
a,=w, W, (13)
The assumptions during the performance of sensitivity analysis are
as follows: (1) the value of the weight coefficient of elasticity for the most
significant criterion is defined as one; (2) the ratio of the variable weights
stays constant during the entirety of the sensitivity analysis (Kirkwood,
1997). The Ax parameter (formula (12)) represents the amount of
change applied to the set of weight coefficients depending on their weight
coefficients of elasticity. The change of weights of the most important
criteria should be limited. Otherwise, the weights can take on negative
values which would lead to a disturbance in limiting the weight
proportionality. The Ax parameter can be (1) positive, which is indicated
by the increase of the relative significance or (2) negative, as indicated
by the decrease of the relative significance. The limits of Ax are defined
as the greatest change in weight of the most important criterion in the
negative and positive direction. The boundary values of Ax are defined
by applying formula (14).
—waAxSmin{wf/ac} (14)
After defining the boundary values of Ax new criteria weights are

calculated according to the previously established parameters for the
sensitivity analysis. The set of these new weight coefficient values is
calculated using formulas (15) and (16).

w, =W +a Ax (15)

w, =w —a Ax (16)

&>
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where w! is the initial weight of the criteria subjected to the sensitivity

analysis, w’ je the original value of the variable weights. This new set of
criteria always satisfies the universal state of weigh coefficient
proportionality thatZWX +Zw€ =1. Based on the newly-obtained criteria

values, new ranks of alternatives for the given scenario are calculated.

In this research, the C5 criterion is identified as the most influential
one because it has the highest weight coefficient value w, =0.276 . In the
next step, the coefficient of weight elasticity of the most important
criterion is determined (¢, ) (Table 9) and the boundary values for the

weight coefficient change of the most important criterion (Ax) are
defined.

Table 9 — Elasticity coefficient for changing weights
Tabnuua 9 — KoaghghuyueHm aubkocmu enasHbiX Kpumepues
Tabena 9 — KoeguyujeHm ennacmu4yHOCMU Haj3Ha4YajHuUjea Kpumepujyma

Criteria labels a,
C1 0.1070
Cc2 0.0820
C3 0.0350
C4 0.0110
C5 1.0000
C6 0.0480
c7 0.0747
C8 0.2254
c9 0.0747
C10 0.1798
C11 0.1632

That is how the boundary values of the C5 criterion were obtained
and they are -0.2760< Ax <0.723. Based on the defined boundaries of the
weight coefficient change for the most important criterion, the scenarios
for the sensitivity analysis were determined. The -0.2760<Ax <0.723
interval was divided into a total of 21 scenarios. After defining the
boundary values of the most influential criterion, new weight coefficient
values were defined for the 21 scenarios, Table 10.

The influence of the new weight coefficient values on the change of
the ranks of alternatives is shown in Figure 4.

=
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Figure 4 — Sensitivity analysis of alternative ranks through 21 scenarios
Puc. 4 — AHanu3s yyecmeumesnibHOCMU aflbmepHamueHbIX paHao8 o 21 cueHapuro
Cnuka 4 — AHanusa ocmesbugocmu paHa08a anmepHamusa Kpo3 21 cyeHapuo

The final step is the review of the SRCC for all scenarios (Figure 5)
by using formula (21).

S1

S12 S11

Figure 5 — Correlation coefficient for each scenario
Puc. 5 — KoaghcbuyueHm koppensyuu rno Kaxxoomy cyeHapuro
Cnuka 5 — KoeghuyujeHm Kopenauyuje 3a cueHapuje
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Table 10 — Weights of the new criteria
Tabnuua 10 — KoaghhuyueHm saxkHocmu (8ecos) HO8bIX Kpumepuea
Tabena 10 — TexuHCcKu KoeghuyujeHmu Hog8oa cKyrna Kpumepujyma

f:?lo c1 c2 c3 c4 c5 cé c7 cs o) c10  C11

S1 0.107 0.082 0.035 0.011 0.000 0.048 0.075 0.2256 0.075 0.180 0.163
S2 0.101 0.078 0.033 0.011 0.050 0.046 0.071 0.214 0.071 0.171 0.155
S3 0.096 0.073 0.031 0.010 0.100 0.044 0.067 0.203 0.067 0.162 0.147
S4 0.091 0.069 0.029 0.009 0.150 0.041 0.063 0.192 0.063 0.153 0.139
S5 0.085 0.065 0.028 0.009 0.200 0.039 0.060 0.180 0.060 0.144 0.131
S6 0.080 0.061 0.026 0.008 0.250 0.036 0.056 0.169 0.056 0.135 0.122
S7 0.075 0.057 0.024 0.008 0.300 0.034 0.052 0.158 0.052 0.126 0.114
S8 0.069 0.053 0.022 0.007 0.350 0.031 0.049 0.147 0.049 0.117 0.106
S9 0.064 0.049 0.021 0.007 0.400 0.029 0.045 0.135 0.045 0.108 0.098
S10 0.059 0.045 0.019 0.006 0.450 0.027 0.041 0.124 0.041 0.099 0.090
S11 0.063 0.041 0.017 0.006 0.500 0.024 0.037 0.113 0.037 0.090 0.082
S12  0.048 0.037 0.016 0.005 0.550 0.022 0.034 0.101 0.034 0.081 0.073
S13  0.043 0.033 0.014 0.004 0.600 0.019 0.030 0.090 0.030 0.072 0.065
S14  0.037 0.029 0.012 0.004 0.650 0.017 0.026 0.079 0.026 0.063 0.057
S15 0.032 0.024 0.010 0.008 0.700 0.015 0.022 0.068 0.022 0.054 0.049
S§16  0.027 0.020 0.009 0.003 0.750 0.012 0.019 0.056 0.019 0.045 0.041
S17  0.021 0.016 0.007 0.002 0.800 0.010 0.015 0.045 0.015 0.036 0.033
S18 0.016 0.012 0.005 0.002 0.850 0.007 0.011 0.034 0.011 0.027 0.024
S19  0.011 0.008 0.003 0.001 0.900 0.005 0.007 0.023 0.007 0.018 0.016
S20 0.005 0.004 0.002 0.001 0.950 0.002 0.004 0.011 0.004 0.009 0.008
S§21 0.000 0.000 0.000 0.000 0.999 0.000 0.000 0.000 0.000 0.000 0.000

The medium value of the correlation coefficient for all scenarios is
0.752 - with this we conclude that the scenarios show a high degree of
correlation. Given that A1 remained the highest ranked through all three
phases of the result validation of alternatives, we can conclude that the
proposed rank is confirmed and credible.

Conclusion

This research created the hybrid BWM-COPRAS model for the
assessment of off-road vehicles for the units of the SAF. For the
evaluation of alternatives, seven criteria used in the first hierarchical level
were broken down into seven additional sub-criteria on the second
hierarchical level. The key contribution of this paper is the new BWM-
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COPRAS model for the assessment of vehicles in the SAF, as well as
the original BWM-MABAC and BWM-MAIRCA models which were
created for the needs of result verification. The presented model enables
the inclusion of subjectivities which arise in the process of group decision
making through linguistic validation of evaluation criteria. In addition to
this, though the model presented in this paper, new methodological
bases for SAF vehicle evaluation were introduced, which simultaneously
contributes to the betterment of the theoretical bases of multi-criteria
decision making as a whole. The developed approach enables the
bridging of the gap that currently exists within the methodology for off-
road vehicle assessment for the units of the SAF. By choosing the
optimal off-road vehicle, the risk of performing tasks for the SAF units is
significantly lowered and their efficiency is greatly enhanced.

The hybrid BWM-COPRAS model has been applied for the
assessment of the four vehicles considered for use in the SAF units. The
obtained results were checked though the discussion of the results for
different scenarios in which a dynamic environment was simulated
through the application of weight criteria values. The stability of the
model was verified through the statistical coefficient of correlation which
showed a high correlation of the ranks in all scenarios. The research
presented in this paper can serve as a methodology for decision making
when choosing the optimal off-road vehicle. Also, the results can be used
in the analysis of the certain criteria influence on the selection of the
military vehicle, which can serve as a systematical approach to path
defining in a model of the authority’s decision making in the process of
vehicle selection, in the military as well as in other complex systems.
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MHOTIOKPUTEPUAINBbHAA MOJENb BbIBOPA OMNTUMAJIBHOIO
BHEOOPOXHOIO TPAHCIMOPTHOIO CPEACTBA AJ1A
OCYWECTBJIEHNA MEPEBO3KM MACCAXXNPOB: BWM-COPRAS
MOJEIb

[pazanx C. Namy4yap, koppecnoHAeHT, Jlazap M. CaBuH

YHuepcuTeT 060poHbI B I. benrpagn, BoeHHas akagemus,
HenaptameHT noructuku, r. benrpag, Pecny6nuka Cepbus

PYBEPUKA TPHTW: 28.17.31 MogenupoBaHue npoLeccoB yrnpaBrneHus
BWO CTATbW: opurmHanbHasa HayyYHas ctaTbs
A3bIK CTATbW: aHrnuinckmin

Pe3swome:

BeedeHue/uernb: Coomeemcmsytowiee  pasgumue u  eblbop
8HEOOPOXHbIX MPAHCIIOPMHbIX cpedcme C Uesblo  BbIMONTHEHUS
pasnuyHbIx 8udos 3aday SersoMcs 8ecbMa BaXHbIMU (bakmopamu,
Komopble enusirom Ha MOBUIbHOCMb  0/1b308amerniel, Kadyecmeo
nepedswxeHuss U 6e30nacHOCMb puU  8bINOSIHEHUU  MpPaHCropmHoU
OessmenbHocmu 8 pamkax BoopyxeHHbix cun Pecnybnuku Cepbus
(BCPC), a makxxe Ha aghgheKmugHOCMb ee OCyU,eCMeIIeHUsI.

Memodbi: B QdaHHOU pabome npedcmasrnieHa Molerib Onil 8blbopa
onmumasibHo20 8HEAOPOXKHO20 MPaHCoOpmMHo20 cpedcmea Onisi Hyxo
BCPC, c¢ npumeHeHuem BWM (Best Worst Method) u COPRAS
(Compressed Proportional Assessment) modernieli. OnpedeneHue
OMHOCUMErIbHOU  CIIOXHOCMU  KpUmepues Ha OCHO8aHUU, KOMOpPbIX
rpou38o0uUMCs oueHKa rnomeHUUasbHbIX 8HEOOPOXHBIX MPaHCIOPMHbBIX
cpedcme 8biInosiHeHo ¢ nomowbto BWM memoda. Hapsidy ¢ COPRAS
MemoOOM, KOMOPbIU S6/Iiemcsi HeombeMIeMOU HYacmbi0 OCHOBHOU
modlenu npuHamusi peweHul, 8 daHHoU pabome e 4Yacmu eanudauuu
pesynbmamos npumeHsnuce u MABAC (MultiAttributive  Border
Approximation area Comparison) u MAIRCA (MultiAtributive Ideal-Real
Comparative Analysis) memodbi.

Pesynbmamsi: UcnbimaHue BWM-COPRAS modenu npogedeHo Ha
npumepe ebibopa onmuMasbHo20 8HeOOPOXHO20 MPaHCIOPMHO20
cpedcmea 6 BCC e pesynbmame 4e2o Obin rorfy4eH 8bICOKUU
KoaghhuyueHm  Koppernauuu  paHeos. Banudauusi  pe3yrnbmamos
8bIMO/THEHa C MOMOWbB0 cmamucmu4eckol obpabomku OaHHbIX,
MOJTyYEHHbIX bs1a2o0apsi MPUMEHEHUIO pasuUYHbIX
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MHO20KpUmMepuarsbHbIX memodos, 8 mowm qucrie
KoaghghuyueHma koppensayut paHzos CriupmeHa.

Bbigo0bl: [NonydeHHble pesyrnbmambi 1oKkasbiéaom ycmoldyusocmb
pesynbsmamoe  npelnazaemol  MoOesnu  Mpu  paHXUposaHUU
anbmepHamue U 0oKa3blearom ee rpuMeHuMocmbs Ol peuweHul
MHO20KpUmMepuasbHbIX 3a0ay.

Knwouesbie cnosa: BWM, COPRAS, MABAC, MAIRCA, ebibop
asmomoburisi, NpuHMuUe MHO20KpUMmepuasbHbIX peuweHud.

BULWEKPUTEPUNJYMCKU BWM-COPRAS MOJEN 3A N3BOP
OMTUMANHOIr TEPEHCKOI" BO3UJIA 3A NMPEBO3 MNMYTHNKA

[paean C. Namy4yap, ayTop 3a npenucky, J/lazap M. CaBuH

YHuBepauteT ogbpaHe y beorpaay, BojHa akagemuja,
Kateppa noructuke, bBeorpaa, Penybnvka Cp6uja

OBNACT: maTematuka, caobpahaj, noructuka
BPCTA YJ1IAHKA: opurMHanHm Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

Yeod/yurb: AdekeamHa eearlyauyuja u u3bop mepeHCKkoz eo3usna 3a
usepuierse pasnu4dumux epcma 3adamaka 8eoma je eaxkaH ¢hakmop Koju
ymude Ha MObUTHoCm KOpUCHUKa, Huxosy 6e3bedHocm, kao U Ha
Keanumem u eghukacHoOCM u3sspliagarba mpaHCrnopmHUX akmueHocmu y
Bojcuu Cpbuje (BC).

Memode: Cmoza je 3a u3bop onmumariHoz MepeHCcKo2 eo3una 3a
rnompebe BC, y osom pady nipednoxeH BWM (Best Worst Method) u
COPRAS (Compressed Proportional Assessment) modesn . O0pehusar-e
penamusHUX MmexXuHa Kpumepujyma, Ha OCHO8Y KOjux ce epuiu
8pedHOBaH-€ MOMEHYUjarIHUX MEPEHCKUX 803usia, U3BpWEeHO  je
npumeHom BWM memode. Noped COPRAS memode, Koja je cacmagHu
0eo ocHosHoz Moldernia 3a OoHoweHe 00r1yKe, y 080M pady Cy, Kpo3
sanudauyujy pesynmama, npumerseHe u memode MABAC (MultiAttributive
Border Approximation area Comparison) u MAIRCA (MultiAtributive Ideal-
Real Comparative Analysis).

Pesynmamu: Tecmuparem BWM-COPRAS modena Ha nipumepy uzbopa
onmumariHoa mepeHckoe eo3urna y BC dobujeHa je sucoka kopenauuja
paHeoea. Banudauuja pe3ynmama u3epweHa je Ccmamucmu4KoMm
obpadom pesyrnimama O0bUjeHUX pa3nuyumuUM SULIEKPUMEPUjYMCKUM
mexHuKkama, ripumeHom CriupmaHo802 KoeghuyujeHma Kopesayuje.
Sakrbyyak:  Pesynmamu  nokasyjy — cmabusHocm — pe3ysimama
npedrioxeHoz modera y paHaupary arimepHamusea u 0oKasyjy Heao8y
rpUMeHUBOCM 3a pewasar-e 8ULLEKpUMEPUjyMCKUX rpobriema.

Kmbyyrne peuu: BWM, COPRAS, MABAC, MAIRCA, usbop so3surna,
OOHOWeEH€e 8ULIEKPUMEPUjyMCKUX 001yKa.
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Summary:

Introduction/purpose: Dissolution of nonferrous metals from oxidic ores
such as laterite, high silicon bauxite and eudialyte during acidic treatment
was connected with silica gel formation.

Methods: Familiarity with behavior of silica in hydrometallugical processes
such as dissolution at atmospheric and high pressure, precipitation,
neutralization and filtration is most important for the recovery of metals
from water solution.

Results:. Gel formation was avoided using dry digestion and a carbonation
process of olivine under high pressure in an autoclave.

Conclusion: Fine silica was prepared from olivine in water solution at
175°C and 120 bar for 4 hours in an autoclave using some additives such
as sodium bicarbonate and oxalic acid.

Key words: silicon, hydrometallurgy, gel, silica.

Introduction

Nanosilica has sparked strong interest in hydrometallurgy.
Controlling silica deposition during hydrometallurgical processes has high
significance for metal recovery.

ACKNOWLEDGMENTS: The research leading to these results received funding from the
European Community’s Seventh Framework Programme (Call identifier FP7-NMP-2012-
LARGE-6) under Grant Agreement n°309373. This publication reflects only the author’s
view, exempting the Community from any liability. Project website: www.eurare.eu.
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During acid pressure leaching of ores containing silicates, pregnant
liquor becames saturated with silica. Nanosilica has caused strong
interest among researchers due to its interesting properties for
biomedical and catalytic applications. Its synthesis can be realized by
using geo-resources like olivin, nickeliferous laterites, bauxite or other
high silica containing minerals. In all cases, common acidic leaching
leads to gel formation which hinders an efficient synthesis process. This
literature review aims at an alternative method avoiding this effect by
disclosing the controlling mechanisms. The hypothesis presented is
based on the preliminary experimental results accidentally obtained by
the carbonation treatment of olivin minerals in the frame of a carbon
capture sequestration (CCS) research results.

Silica gel formation

The treatment of silicate based ores with different acids under
atmospheric pressure leads to the formation of silica gel and breaking of
a leaching process. Silica gel represents an amorphous and porous form
of silicon dioxide consisting of an irregular tridimensional framework of
alternating silicon and oxygen atoms with nanometer-scale pores
(Zulfigar et al, 2016, pp.91-96). The dissolution of silicon from quartz or
amorphous silica involves hydrolysis in the access of water to form
monosilicic acid (as shown in Eq. 1). The supersaturation of Si(OH), is
required for polymerization (Queneau et al, 1983). The formed precipitate
represents polymerized silica in the form of a colloid, a precipitate or a
gel, as shown in Figure 1.

SiO; (s) + 2 H;0 = Si(OH)4 (aq) (1)

Figure 1 — Formation of silica gel
Puc. 1 - NeneobpasosaHue u3 duokcuda KpeMHuUsl
Cnuka 1 — ®opmuparbe 2ena 00 cunuyujym-ouokcuoda
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Similarly, high Si content in aluminium laterites makes these
resources untreatable with acid leaching routes again due to the
formation of silica gel. Alkan et al (2019, pp.266-272) studied the effects
when such materials are exposed to sulfuric acid at room temperature.
An empirical dry digestion-leaching model was proposed for each starting
material in a comparative manner in order to prevent the formation of
silica gel using sulfuric acid. As shown in Figure 2, avoiding gel formation
is possible using hydrogen peroxide during acidic leaching. Nevertheless,
despite this positive result, no nanosilica was formed.

:’ OH OH OH °|“ °I" °IN “:
Red mud leaching without Euo-s'l-o-s:a-o-é-ou "0-5"-"-'-5,‘-0-5."0":
hydrogen peroxide ‘/o'. o OH OH OH OH OH ‘: o
Sc Silica gel formation
H,S0,
REE precipitation

* REE o Leach residue
o Sc
Hematite
@:»Rhomboclase

53+ e N REEs?*
Red mud leaching with - o o A
N O, o) (o]
hydrogen peroxide o © o
o {

H,0,: H,S0,

>

Si0, precipitation

Leach residue

Figure 2 — Silica gel formation mechanism and precipitation (Alkan et al, 2019, pp.266-
272)
Puc. 2 — MexaHu3m 2eneobpasosaHusi uz Ouokcuda KpeMHUs U ebidernieHue ocadka
(Alkan et al, 2019, pp.266-272)
Cnuka 2 — MexaHu3am ¢hopmuparsa 2ena 00 cunuyujym-ouokcuda u npeyunumauyuja
(Alkan et al, 2019, pp.266-272)

Eudialyte is a further example due to its good solubility in acid as it
contains more than 50% of silica. The treatment of eudialyte leads again
to strong silica gel formation during a treatment with some acids (Ma et
al, 2019, pp.2-13). Ma et al (2018, p.267) studied neural network
modeling for the optimization of the extraction process by dry digestion
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avoiding the formation of silica gel in the presence of hydrochloric acid,
but again without nanosilica presence, as shown in Figure 3.

Eudialyte concentrate

Y
Stage | < HCL(31%) —»| Acid digestion

\
Treated concentrate

Y

Stage I < — . .
» Solid Residue —l Washing

\j
\j Y
REE enriched solution - Washing solution  Solid Residue

Figure 3 — Avoiding silica gel formation using the dry digestion process for the eudialyte
treatment (Ma et al, 2018, p.267)

Puc. 3 - lpedomepauwieHue eeneobpasosaHusi U3 Ouokcuda KpeMHUS 80 8peMs
«Cyxoz20» pacmeopeHusi npu obpabomke agduanuma (Ma et al, 2018, p.267)
Cnuka 3 — U3beeasare hopmupara eena 00 cunuyujym-oukcuda mokom ,cysoe”
pacmeaparba y mpemuparby eyduanuma (Ma et al, 2018, p.267)

In a method by Olerud (1998) for manufacturing silica, the leaching
of natural silicates (Olivin) is performed with hydrochloric acid or other
mineral acids at 110°C, followed by draining, drying and possibly grinding
up of the residue of the product obtained (US Patent 5,780,005), as
shown in Fig. 4.

In order to obtain spherical silica with a controlled particle size and
surface characteristics, a mineral (Mg,SiO4) was used with the highest
possible degree of purity. The product is colloidal amorphous silica in the
form of a gel. The silica gel is separated from the liquid by pressure
filters, washed clean of acid remains, dried and ground. The extraction of
silica gel and magnesium compounds from olivine is proposed by
Hansen and Zander (2011) who used sulphuric acid in a thermal
treatment at temperature between 150 and 400°C (European Patent EP
1373 139 B1) for 4 to 12 hours.

<



Raw Material

Solution

Mg-Product

Silica product

Figure 4 — Acidic method for the synthesis of silica (Olerud, 1998)
Puc. 4 — KucniomHbili memod dnsi cuhme3a duokcuda kpemHusi (Olerud, 1998)
Cnuka 4 — CuHme3a cunuyujym-Ouokcuda memodom pacmeapar-a OfiuguUHa KUCETUHOM
(Olerud, 1998)

Current synthesis methods for nanosilica

Development of ceramic nanoparticles such as silica, alumina and
titania with improved properties has been studied with much success in
several areas such as synthesis and surface science (Hansen & Zander,
2011), (Stopic et al, 2013, pp.3633-3635). Advancement in
nanotechnology has led to the production of nanosized silica which has
been widely used as a filler in a catalysis and glass industry. Silica
particles extracted from natural resources contain metal impurities and
are not favorable for advanced scientific and industrial applications.

The sol-gel process is widely applied to produce silica, glass, and
ceramic materials due to its ability to form pure and homogenous
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products at mild conditions. The process involves hydrolysis and
condensation of metal alkoxides (Si(OR),) such as tetraethylorthosilicate
(TEOS, Si(OC,Hs),) or inorganic salts such as sodium silicate (Na,SiO3)
in the presence of a mineral acid (e.g., HCI) or a base (e.g., NH3) as a
catalyst (Rahman & Padavettan, 2012, pp.1-15). The synthesis of
spherical hollow silica particles from the sodium silicate solution with
boric acid or urea as an additive was carried out by the ultrasonic spray
pyrolysis method. This work dealt with the effect of four parameters
(concentration of boric acid and urea, feed rate of a reactant, reaction
temperature, and time) on the particle size and the standard deviation.
As a result, the mean particle size and the standard deviation decreased
with increasing of all parameters except urea (Kim et al, 2005, pp.193-
198). Ratanathavorn et al (2018, pp.1-5) studied the silica nanoparticles
synthesis by the ultrasonic spray pyrolysis (USP) technique using
tetraethylorthosilicate (TEOS) as a precursor in order to produce a
fixative material for cream perfume fomulation. The results showed that
the synthesis temperature of 500 °C provided the smallest size of silica
nanoparticles, about 106 nm. The particle size decreased from 347 nm to
106 nm when the synthesis temperature increased from 300 °C to 500
°C.

Ultra-small hollow silica nanoparticles were synthesized using the
prepared amorphous calcium carbonate (ACC) particles as a template.
The ACC particles were firstly prepared by the carbonation method,
where the procedure was conducted in the methanol solvent to form
Ca(OCHs;), layers on ACC particles. The methanol concentration effect
on the morphology of ACC particles was also investigated (Nakashima et
al, 2018, pp.904-908). ACC particles were prepared by the carbonation
method via bubbling CO, gas into calcium ions dispersing in the
methanol solution. The effect of the methanol concentration on the
CaCO; formation was investigated. The pH of the ACC preparation was
studied in a range of 9.4 and 10. After that, ultra-small HSNPs were
synthesized using the prepared ACC particles in the one-pot process.
The results suggested that the synthesis of HSNPs using ultra-small
ACC particles via the one-pot process is one of the most effective
methods to produce ultra-small HSNPs regarding energy and cost
savings.

Carbonation of silicate minerals in water solution

For such a mineral carbonation process, all common silicate
minerals like forsterite (Mg.SiO,), antigorite (Mg;Si,O5(OH);) and
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wollastonite (CaSiO3;) and their overall reaction rates are suitable for
carbonation. The related reactions are given in Equations (2—4):

Mg2SiOy(s) + 2 CO,(g) + 2 HO(l) =
= 2 MgCOs3(s) + HsSiO4(aq) + 89 kd/mol (2)

MgsSi2Os(OH)a(s) + 3 CO2(g) + 2 HO(1) =
= 3 MgCOs3(s) + 2 HsSiOy4(aq) + 64 kd/mol (3)

CaSiOs(s) + COx(g) + 2 H,O(l) =
= CaCOs(s) + HsSiO4(aq) + 90 kJ/mol (4)

Stopic et al (2018, p.993) have shown the reaction path of direct
forsterite carbonation for a synthesis of magnesium carbonate in
aqueous solution without any deeper consideration of the formed silica
particles as shown in Equations (5-7), but in the presence of additives:
sodium bicarbonate, oxalic acid, and ascorbic acid (as shown in
Equations (7-8). Although olivine is a mixed crystalline material (Mg,
Fe),SiO4, for simplicity, olivine consists only of Mg,SiO4, namely
forsterite. First, gaseous carbon dioxide dissolves in aqueous solution.
Simultaneously, forsterite is dissolved in aqueous solution (Equation (5))
forming aqueous silicic acid, then it precipitates as amorphous silica
(Equation (6)) which is a by-product, and lastly, magnesium ions and
carbonate form magnesite as shown in Equation (7):

Mg.SiOu(s) + 4 H'(aq) —™M&%% 5 2 Mg*(aq) + HiSiOs(aq) (5)

HsSiOs(aq) —=% 5 SiOy(s) + 2 H,0 (1) (6)
Mg®*(aq) + CO% (ag) —™% 5 MgCO4(s) (7)

This positive effect of additives may be due to "reaction-driven
cracking" in the presence of NaHCO;, formation of etch pits, and/or other
processes that continually renew the reactive surface area of Mg,SiO,.

NaHCO; (aq) — Na* + H* + CO3* (8)

The addition of oxalic acid leads to the formation of Mg-ions in the
solution, which react with carbonate ions forming magnesium carbonate.
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Mg,SiO4 + 2 H,C,0, — 2Mg?* + C,04%” + HySiO, (9)

The determination of the process parameters such as temperature,
pressure and pH for maximum overall conversion rates is elementary.
Direct CO; sequestration at high pressure with olivine as a feedstock has
already been performed in numerous studies at different temperatures
and pressures with or without the use of additives such as carboxylic acid
and sodium hydroxide. It is reported that optimal reaction conditions are
in the temperature range of 150-185 °C and in the pressure range of
135-150 bar (Rahmani et al, 2014, pp.5953-5958). Additives are
reported to have a positive influence on the carbonation rate, but without
a study in detail. Optimal addition of additives is reported by (Béarat et al,
2006, pp.4802-4808) in studies about the mechanism that limits aqueous
olivine carbonation reactivity under the optimum sequestration reaction
conditions observed as follows: 1 M NaCl + 0.64 M NaHCOs;, at 185 °C
and P (CO;) about 135 bar. A reaction limiting silica-rich passivating
layer forms on the feedstock grains, slowing down carbonate formation
and raising process costs.

Eikeland et al (2015, pp.5258-5264) reported that NaCl does not
have significant influence on the carbonation rate, but, in the absence of
NaCl, the conversion rate amounted to more than 90% using a NaHCO;
concentration of 0.5 M. Ideally, the solid phases exist as pure phases
without growing together. In reality, different observations are made on
the behavior of solid phases. Daval et al (2011, pp.193-209) reported
about a high influence of amorphous silica layer formation on the
dissolution rate of olivine at 90 °C and at elevated pressure of carbon
dioxide. This passivating layer, as shown in Fig. 5, may be either built up
from non-stoichiometric dissolution, precipitation of amorphous silica on
forsterite particles or from a combination of both.

These results suggest that the formation of amorphous silica layers
plays an important role in controlling the rate of olivine dissolution by
passivating the surface of olivine, an effect that has yet to be quantified
and incorporated into standard reactive-transport codes. Queneau et al
(1983) reported that the solubility of silica is sensitive to the pH level in
alkaline solution, but relatively insensitive to pH in acid solution. Certain
inorganic metallic impurities, particularly aluminium, can sharply reduce
the rate of dissolution of silica. Unfortunately, these silica collectors are
not effective in the pH range bellow 3 of concern to leaching of laterites
with sulfuric acid. Therefore, a carbonation process of olivine in water
solution at 175°C offers a possibility to avoid gel formation.
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Figure 5 — The formation of the silica passivating layer
Puc. 5 — Obpa3sosaHue criosi duokcuda KpeMHus, briokupyroujeeo kapboHam MagHUsI
Criuka 5 — ®opmuparse croja cunuyujymouokcudom, Koju briokupa MagHe3ujym-
kapboHam

Stopic et al (2019, p.708) used Steinsvik olivine from Norway with a
chemical analysis in (wt %): 48.7 SiO,, 41.7 MgO, 7.8 Fe,O3; 1.2 NiO, 0.
5 AlLO3, 0.4 Cr,0;, 0.2 Ca0, 0.1 ZnO) for the absorption of gaseous
carbon dioxide. The treatment of olivine was performed using the
operations such as milling, sieving, carbonation in an autoclave, filtration,
and a chemical analysis of solid and liquid samples shown in Figure 6.

The carbonation tests were carried out in the 1500 mL autoclave
from Buchi Kiloclave Type 3E, at 175 °C with 117 bar pure grade CO2 in
the presence and the absence of additives such as sodium bicarbonate,
oxalic acid, and ascorbic acid in duration of 2—4 h. Sample amount
ranging from 100 to 300 g was added to the 1000 mL solution with a
mixing rate of 600 revolutions per minute in different experiments. After
the reaction, the liquid had very low content of metal cations and was
analyzed via the ICP OES analysis. The characterization of the solid
products was restricted to the XRD analysis and XRF analyses.
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Solid
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Figure 6 — Carbonation process of olivine and sampling
Puc. 6 — lNpouecc kapboHu3zayuu onusuHa u oméop rnpob
Cnuka 6 — lNpouec ancopnyuje yarbeH-Ouokcuda u y3umarse rpoba

The presence of magnesite and silica was confirmed using the SEM
analysis of the solid product, as shown in Figure 7.

10 pm
ML

Figure 7 — SEM analysis of the initial olivine sample after carbonation.
Puc. 7 — COM CkaHupyrowiasi 31eKmpoHHasi MUKpPOCKOMUs1 UCXOOHO20 0bpa3ya onusuHa
rocne kapboHu3ayuu
Cnuka 7 — CkaHupajyha enekmpoHcKa MUKPOCKOINCKa Criuka 0/lu8UHa HaKoH arcopryuje
yarbeH-0uokcuda

As illustrated by Figure 7, the SEM-analysis confirmed that very
small particles of SiO, and magnesite are formed as rhombohedrons or
hexagonal prisms at the surface of partially carbonated magnesium
silicate. The challenge of future work is the separation of the formed
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silica particles from the product and the determination of the ratio of the
formed silica.

Conclusion

The acidic leaching of lateritic ores, high silicon bauxite, and
eudialyte leads to the formation of silica gel which hinders the leaching
process in order to recover nonferrous metals and rare earth elements.
Adding sodium fluoride and using dry digestion offer a possibility to
prevent gel formation. The second possibility is the carbonation of olivine
in water solution under high pressure in an autoclave in the presence of
additives such as hydrogen becarbonate, oxalic acid, and ascorbic acid
at 175°C. The formed silica particles are between 200 and 500 nm and
have a spherical form. The influence of the parameters such as
temperatture and pressure, pH-Value and concentration of additives has
high importance in cotrolling the synthesis of nanosilica particles.
Furthermore, the best parameter combinations will be studied in future
work in order to offer an experimental design for the synthesis of silica
particles.
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OTNOXEHWE KPEMHUA B TMAPOMETAITYPIMYECKNX
MPOLIECCAX

Cpeuko P. Ctonny, koppecnoHaeHT, bepHd . Ppugpux

TexHunyeckun yHmepcuTeT ropoda AXeH,

MHCTUTYT MeTannyprm4yecknx npoLeccoB U PeLuKnMpoBaHus MeTarsos,
AxeH, ®epepaTtunBHas Pecnybnuka MepmaHus

PYBEPUKA TPHTW: 61.13.21 XuMmnyeckne npoLecchl
BWO CTATbW: o63opHas ctaTtbs
A3bIK CTATbW: aHrnuickuin

Pe3some:

BeedeHue/uenb: PacmeopeHue ugemHbIX Memario8 U3 OKCUOHbIX
pyl, makux Kak Jjilamepum, 60Kcum C 8bICOKUM CcOOepxaHUem
KpemHusi u 3e0uanum, 60 8peMsi KucromHol obpabomku 6binio
c8513aHO C¢ 0bpa3oeaHueM CuUKazess.

Memodbi:  OsHakomrnieHue ¢  rogedeHUEM  KpemHesema 8
eudpoMemariypaudeckux npoueccax, Mmakux Kak pacmeopeHue rpu
ammocghepHOM U 8bICOKOM OaesrieHuU, ocax0eHue, Helmpanusauus u
unbmpayusi, okasasocb 8ecbMa 8aXXHbIM MPU U38/eYeHUU Memarios
u3 800HO20 pacmeopa.

Pesynbmamei:  [lpedomspawieHue  2eneobpasosaHusi  cmaro
B803MOXHbIM 6r1a200apsi  UCMOMb308aHUD pacmeopa C 8bICOKOU
KOHUeHmpauueu kucsom («cyxol pacmeop») u abcopbyuu Ouokcuda
yenepoOda u3 osiugUHa rpu 8bICOKOM OasrieHUU 8 agmokriase.

Bbigodbl: MiseomoeneHue MerikoducrnepcHo20 ropowka KpemHelema
u3 onusuHa 8 800HOM pacmeope bbirno docmueHymo ripu 175 ° C u
120 6ap u 8 meyeHue 4 4Yacog 8 asmok/iage C UCMOMbL308aHUEM
0obasok, maKkux Kak bukapboHam Hampus U wjasernesas Kucsioma.
Kntouesble crioga: kpemHul, audpomemaniypaus, 2esfb, OUOKCUO
KpeMHUS.

TANNOXEHE CUNUUNIYM-ONOKCUNOA Y XMWOAPOMETANYPLUKAM
MPOUECUMA

Cpehko P. Ctonuh, ayTop 3a npenucky, bepHd I'. dpugpux
TexHnukn yHuBepauTeT y AxeHy, IHCTUTYT 3a npouecHy MeTanyprujy u
peuunknmpane MeTana, CasesHa Penybnvka Hemauka
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OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: npernegHu pag
JE3VK YJTAHKA: eHrnecku

Caxemak:

Yeod/cepxa: Pacmeapare 06ojeHUX Memarna u3 OKCUOHUX pyda, Kao
wmo cy namepumu, bokcumu ca eUCOKUM cadpxajeM cunuuyujyma u
eyluanum, KopuwhereMm KucesuHa rnogesaHo je ca cmeapareM 2ena 00
cunuyujym-ouokcuoa.

Memode: Cnu4yHocm ca noHawareMm  cunuyujym-ouokcuda y
XxulGpomemarsnypwkuMm rpoyecumMa, Kao WMo Cy pacmeapare pu
ammocehepCcKoM U 8UCOKOM MPUMUCKY, MarioXere, Heympasu3sauuja u
unmpupare, 00 6eflUKO2 je 3Hayaja 3a u3eradver-e Memarsna us3s
pacmeopa.

Pesynmamu: W3bezasare ¢hopmuparka 2ena omozyheHo  je
KopuwhermeM pacmeaparba 6€/IUKUM KOHUeHmpauujama KucesnuHa
(,Cy80 pacmeapar-e”) u ancopryujoM yerbeH-0uokcuda 00 onueuHa npu
8UCOKOM MPUMUCKY y aymokiiasy.

Sakrbyyak: lNpunpema ¢buHoe npaxa cunuyujym-ouokcuda u3 onuguHa y
800eHoM pacmeopy rnocmuaHymo je Ha 175°C u 120 6apa 3a 4 cama y
aymoknagy Kopuwhewem 0olamaka Kao wWmo Ccy Hampujym-
bukapboHam u oKcasiHa KucesuHa.

KmbyyHe pedu: cunuuujym, xudpomemariypauja, ees, Cuuyujym-
Ouokcud.
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Abstract:

Introduction/purpose: The paper presents the development of logistics as a
specific field of military branch, a contemporary field of business and a
scientific discipline which inspires many researchers, theorists and
practitioners to approach logistical problems from various aspects. The
essence of logistics is an integrated approach fto all its constituent
activities, which reduces costs and increases the efficiency and
effectiveness of the logistics system in supporting the primary activities of
an organization or a technical system. Due to intensive and
multidimensional development of logistics and its applications in various
fields, the need for highly educated logistics personnel with specialized
knowledge for performing a wide range of activities in the logistics system
is becoming increasingly necessary.

Methods: Based on the description of military, business, national and
humanitarian logistics and a comparative analysis, their mutual
relationship is shown.

Results: Based on the performed analysis, an explanation of the
importance of studying logistics as a multidisciplinary science and pointing
out the need for specific training of logistics personnel was given.
Conclusion: Logistics is intensively developing in various fields depending
on the goals of the system (organizational and technical) it supports. In
general, commercial logistics is evolving faster than military logistics, and
many innovative commercial logistics solutions are being deployed in

o

Milenkov, M. et al, Logistics - its role, significance and approaches, pp.79-106



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 1

military logistics. However, certain solutions that produce good results in
the commercial sector do not produce adequate results in the military.
Therefore, it is necessary to carry out research and study of the
functioning of logistics systems in different fields and carefully integrate
individual solutions into the military logistics system. As the most complex
logistics system, military logistics requires specific staffing and training of
logistics professionals.

Key words: logistics, military logistics, business logistics, logistics
system, logistics support, integrated logistics support, education,
logistics personnel.

Introduction

Logistics, through its defense, commercial and academic aspects, is
intensively changing, reforming and developing in accordance with the
best world standards, scientific and practical achievements. It is an area
that covers numerous and very complex and responsible business and
functional activities in various systems, with a high degree of importance,
so in recent years logistical problems have been receiving increasing
attention.

Modern needs, high and fast technical and technological
development and innovative approaches in the business operations of
companies and the functioning of modern armies and technical systems
have led to the creation of more specific approaches to the problems
covered by logistics, so that it has become a subject of constant study
and improvement. Logistics, most often, is viewed, studied and
implemented as a practical tool to support the business and functioning
of various organizational and technical systems in achieving their goals.
In addition, logistics is a field of knowledge that leads to the development
of numerous approaches, methodological procedures, methods,
techniques and tools to solve increasingly complex logistics problems,
that is, to find rational and optimal practical solutions for managing
logistics systems and processes.

Logistics issues are increasingly inspiring many researchers,
theorists and practitioners to approach logistical phenomena and
problems with different motives, which is why numerous terminological
definitions and definitions of logistical concepts appear in the scientific
and professional literature. Numerous aspects of studying logistics
phenomena and solving logistic problems have led to the development of
various logistics strategies, concepts, principles, processes and
structures of logistics systems, that is, to the development of logistics as
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a concrete practical skill and specific scientific discipline (Milenkov et al,
2015).

Although business (commercial) logistics is evolving more rapidly
today than military logistics, military logistics is still far more complex than
many commercial companies and plays a primary role in studying the
logistics system (Pawelczyk, 2018).

The emerging conditions in which combat and non-combat
operations are conducted require that the armed forces significantly
improve their operational capabilities over the previous period, which also
leads to a change in military logistics models and ways of providing
logistics support. There is a need to modify and align the logistics
system's structure with the operational philosophy of the combat forces,
improve the flexibility of planning and reallocating logistics resources,
and develop a logistical support model that incorporates best practices
from business practice and advanced information and transportation
technology while adapting to the capabilities and conditions on the
ground (Acero et al, 2020).

Many facts indicate that military logisticians need to be well aware of
many definitions of logistics concepts and specific applications of certain
logistics solutions that come from many authors, scientific and
professional associations, organizations and institutions in various areas
of public and commercial sectors. It is important to emphasize that some
of the innovative solutions that led to the revolution in commercial
logistics do not always produce the desired results in military logistics
(Beaumont, 2017).

Logistics, regardless of which sphere it belongs to, is a very complex
area, generating large costs and losses, and considerable financial
resources are earmarked for its functioning (Erbel & Kinsey, 2015).
Logistics is therefore the area with the greatest potential to create
savings and improve the business and functioning of every military,
business organization and technical system. Modern armies and
business organizations strive to improve and increase their values
precisely by the adequate use of their logistics personnel potentials and
by introducing certain technical, technological and organizational
changes in the logistics system (Erbel & Kinsey, 2018), (Pinzariu &
Minea, 2019).
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The aim of this paper is to present the role, importance and trends of
logistics development in modern conditions, as well as to present
different approaches to the study of logistics, and approaches in the
education and development of military logistics professionals.

The role and importance of logistics

The intensive development of logistics over the last few decades
and the need for increasing study and implementation of logistics
approaches in practice have led to the emergence of a number of
definitions of logistics and its concepts, proposed by both logistics
professionals individually and their professional (academic and
professional) associations. This has all influenced that logistics, as well
as the concepts associated with it, are defined through numerous
approaches, which is a consequence of the high dynamic and complex
nature of the logistics context itself (different areas covered by logistics
and the dynamics of the environment in which the logistics activities take
place).

In current theory and practice, logistics concepts are often used with
not very clearly defined differences, which further complicates such a
complex field in terms of self-understanding of certain terminological
definitions, and even to their misinterpretation and misapplication in
practice. The study, understanding, and definition of logistics and its
concepts, in essence, depends on the angle of observation of logistics
phenomena by the actors themselves (researchers, theorists,
practitioners).

It is well known that numerous approaches and disciplines from
different fields and with different aspects deal with the problem of
defining, designing, analyzing the work and supporting the work of
organizational, technical and other systems. However, it is logistics that
provides a comprehensive analysis and integration of numerous practical
approaches and scientific disciplines and achievements into a single
system, making it a distinct multidisciplinary scientific field and specific
practical skill (Andreji¢ & Milenkov, 2012).

In practical terms, the term "logistics" means a skill that addresses
the problems of securing resources and providing support in achieving
the goals and functions of a supported system. In the scientific sense, the
term "logistics" means a certain discipline that seeks to find methods of
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planning, managing and optimizing flows of materials, services, energy,
information and capital in order to achieve certain effects’.

Logistics, as a scientific discipline, enables the integration of a wide
range of logistical activities into a single logistics system, using various
scientific and practical achievements. In this way, efficient management
of logistics requirements and logistic activities is achieved, from the place
and time of their occurrence to the place and time of their satisfaction,
with the possibility of adding additional value along the logistics flow
(Fugate et al, 2011). Thus, logistics seeks to find rational and optimal
practical solutions through the integration of many technical,
technological, organizational, economic, legal, environmental and other
disciplines, using various mathematical methods, heuristic rules,
information technologies, experience and expertise. For this reason,
logistics in scientific circles is classified as a multidisciplinary scientific
discipline (Milenkov et al, 2015).

In order to understand that logistics today has grown into a distinct
scientific discipline, it should be emphasized that it relies on recognized
scientific and professional approaches and disciplines such as: reliability,
cost effectiveness, system engineering, system effectiveness, integral
support, cybernetics, various mathematical - statistical methods,
probability calculus, operational research, simulations, etc. (Blanchard,
2014), (Langford, 2007).

Logistics intensively utilizes the capabilities of modern information
and telecommunications technologies so that it is able to analyze and
monitor complex processes in various systems in detail. On this basis,
logistics can forecast the development of various processes and
systems, as well as their cost, needs and capabilities; it can also optimize
these processes and systems from economic, technical, technological,
environmental, organizational or other aspects.

Many logistical aspects are stochastic, dynamic and nonlinear in
nature, causing the logistics system to be highly sensitive even to small
disturbances. It is therefore very important to establish adequate
governance mechanisms. Process management and control in the
logistics system is based on many distributed and hierarchically
organized levels. Decision makers, logistics professionals and users of
logistics products and services have different interests and goals,

! Logistics effects in commercial organizations are primarily about reducing costs and
increasing profits. In non-profit organizations, such as military and humanitarian
organizations, logistical effects relate to the effective provision of services that enable
those organizations to have the high level of competency required.
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different educational levels and diverse work experience and
competencies. They all observe, study and analyze logistical
phenomena, the logistics system and logistical problems from different
angles and in different ways, and generally make many decisions based
on subjective perception and subjectively selected criteria and estimated
parameters.

In general, logistics is a very complex system with many generated
multidimensional features by various elements, functions, processes and
activities. The complexity of a logistics system requires that its
management be based on a number of parameters and performance.
Logistics performance measurement consists of a methodology for
analyzing resources to monitor and control operations (activities) within
logistics functions (Fugate et al, 2011), (Glas et al, 2013).

In the literature, efficiency is singled out as a key logistical
performance. The terms effectiveness and efficiency have different
meanings and contextual meanings according to the system supported
by logistics. In addition, the environment in which logistics operates often
leads to the opposite and tension in striking a certain balance between
this value, as achieving one value can be detrimental to another.
Logisticians therefore have a great role to play in understanding and
balancing these two conflicting requirements, while making their added
value, competitive advantage, their knowledge, ability and capacity
(Jobbagy, 2009), (Fugate et al, 2011).

Logistics, due to its multidisciplinary nature and the wide range of
activities it covers in different fields, has a different role and importance in
these fields. There are also different approaches to analyzing it, studying
terminology.

In the modern scientific and professional community, logistics is
most often analyzed and studied from a military and business
perspective, and for ease of understanding, the terms military logistics
and business logistics have been introduced (McGinnis, 1992). Also,
logistics is often analyzed and studied from the point of view of the life
span of the asset (technical system), where the term integral logistics
support was introduced (Blanchard, 2014). In addition, logistics is often
analyzed from the standpoint of support to state and economic
institutions where the concept of national logistics was introduced
(Stanojevic¢ et al, 2017a), as well as from the point of view of supporting
the rescue and care of people, animals and material resources in crisis
and accident situations where the term humanitarian logistics was
introduced (Kovacs & Spens, 2007), as well as many other definitions,
according to the fields of its operation.
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Trends in military logistics development

Logistics has long been recognized as a vital component of the
existence and functioning of military forces and its role has never lost its
significance throughout history. The development of logistics is most
often linked to what is nowadays considered military logistics. Ancient
historians used the term 'logistics" to refer to numerous military
functions.

In general, the intensity of the development of military logistics has
changed dynamically through the epochs, depending on the development
of war skills and technical and technological achievements. Historically,
logistical activities have always been linked to the creation, development
and support of military forces through the provision and maintenance of
weapons and military equipment, the supply of ordnance, the resolution
of food and water supply for humans and animals, the provision of
movement, health care, protection against atmospheric influences, etc.

The role of logistics for the armed forces today is even more
significant than in the earlier period. Logistics emerges directly as a key
factor in the creation, development, maintenance and use of military units
to conduct a wide range of operations in peace, emergency and war.
Logistics is also considered to play a crucial role in the strategic,
operational and tactical level of decision-making, since the effectiveness
and sustainability of military forces in deployment, whether in military or
non-military operations, largely depends on the capabilities of the
logistics system. Without adequate and efficient logistical support, a
successful military operation cannot be imagined, as logistics is most
often a limiting factor. Quite simply, one can engage as many forces as
one can logistically support them. All other forces that are engaged are in
constant danger of destruction, especially if they cannot be supported by
the "energy of war", ie. by ammunition and propellants.

Emerging changes in the security environment and rapid technical
and technological innovations constantly require the armed forces to
increase their overall fire, space, time and maneuverability, operational
capability and mobility, while improving command and logistics support.
Armed conflicts are increasingly of an asymmetrical character, requiring
new elaboration and implementation of different concepts of use of
military forces and logistical support. In modern armed conflicts, military
operations are conducted under completely changed conditions in
comparison with traditional conflicts. Contemporary challenges indicate
that there is a growing presence of the combined concept of the use of
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military forces across the spectrum of operations: land, sea, air, space,
information and cyber environments.

Modern military operations are planned, prepared and executed
under the influence of various factors and circumstances, and the
emerging operating environment can be described as a hybrid
environment (multidimensional, imprecise, non-linear, distributed,
simultaneous, integrated, high-speed operation, increased mortality,
nuclear uncertainty, greater transparency due to advances in information
technology). This certainly requires that the armed forces must be
equipped with increasingly complex and expensive military equipment
and a variety of weapons. These facts have the effect that many new
tasks and challenges are posed daily for military logistics. Logistics must
therefore constantly adjust its capabilities to ensure full support for the
military, and also create the conditions for the continuous development of
its own logistics support system so that it can respond quickly and adapt
its capabilities to changes in the environment.

The literature often states that logistics is the oxygen and life force of
any army. Logistics provides the generation of one of the key and
perhaps most complex and interconnected capabilities of today's armed
forces, which is the ability for military units to function, grow, and grow
continuously. In modern armies, logistics capabilities are often described
by attributes such as agility, sustainability, reactivity and efficiency. In
addition, the capacity of the logistics system is measured by the
intellectual and technological breadth, depth, complexity and significance
of the activities in all logistics functions.

From the standpoint of logistical support, the Joint Force operation is
the most complex, and therefore, in modern armies, there is a very
strong tendency that in such an operation a logistics system, based on
the potential of national and multinational logistics, must be organized in
such a way as to provide focused, functional, effective, efficiency, flexible
and informative support (Kumar & Chia, 2012). Numerous analyzes show
that military logistics is far more complex than even the world's most
advanced business companies (Beaumont, 2017), (Pawelczyk, 2018).

The criticality of military logistics is not a new phenomenon and
problem. However, military logistics today has a much more complex
nature due to the integration of different areas that are targeted and
directly involved in supporting the military forces. Military logistics, on the
one hand, has its deep roots in the national economy and civilian
logistics systems dominated by civilian principles and influences from
civilian authorities. The criteria for assessing the capabilities of civilian
logistics used by civilian executives are quite different from the criteria
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used by military commanders, and these criteria may very often be at
odds. The main criterion for evaluating civilian logistics is efficiency. On
the other hand, the end product of military logistics lies in combat force
operations dominated by military principles and the influence of military
authorities, and the main criterion for evaluating the military logistics
system is its effectiveness in creating and maintaining combat forces in
action against the enemy. These two values, efficiency and
effectiveness, often compete in formulating decision-making criteria that
affect all policies, strategies, concepts and approaches to the
development of logistical support systems (Jobbagy, 2009), (Fugate et al,
2011).

There are numerous features that characterize efficient and effective
logistical support, most often through the following approaches and
principles: Unity of Effort, Visibility, Rapid and Precise Response,
Responsiveness, Simplicity, Economy, Flexibility, Balance, Foresight,
Sustainability, Survivability, Integration, Attainability. (Pinzariu & Minea,
2019)

Military logistics has proven itself in a large number of military
operations and its development can often trigger the domestic defense
industry. Military analysts estimate that the global market for military
logistics services is constantly growing (Perlo-Freeman & Skons, 2008),
(Jackson, 2012). In addition, logistics costs in the defense sector play a
significant role and are subject to constant monitoring and strict control. It
is important to emphasize that, despite the reduction of budgetary
resources and the constant limitation of logistics capacities and
resources, significant defense budget resources are still being spent in
the field of logistics. If only public procurement carried out in the defense
system is considered, in some modern armies about 60% of the budget
is spent in the field of logistics for the procurement of weapons, goods
and services (Nikou & Moschuris, 2016).

After the Cold War, great efforts were made in the transformation of
the armed forces, primarily through the reduction of their number and the
restructuring of formations, which led to a significant decrease in
logistical capacities, but also to an increase in external suppliers. Today,
the armed forces do not aspire to numbers as they once did, but to
greater flexibility and operational capability to operate in a wide range of
operations, which directly influences the concept of logistical support
(Pawelczyk, 2018).

It is common knowledge that many logistics activities are becoming
more complex on a daily basis, the requirements for logistical support
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and logistics services provided by third parties are increasing daily,
standards are becoming more stringent, financial resources are
constantly being restricted, relationships are becoming more
professional, and therefore logistics problems are becoming more
complex and they are looking for specific knowledge that logisticians
need to have in order to solve them as well as possible.

Logistical staff plays an important role in the entire field of
administrative and operational affairs, which is reflected in: creating
general and special conditions for the safe functioning of the logistics
system and reducing the uncertainty of logistics support; development
and implementation of new models in the logistics system that achieve
rationalization of utilization of available resources and optimization of
costs; increasing the quality of logistics support and customer service
requirements with a greater level of specialized knowledge; taking
numerous measures to protect resources of all kinds, etc.

The impact of business logistics on military logistics

The introduction of logistics terms, concepts and principles in the
military sphere for civilian purposes began in the 1960s, which led to the
complete economic affirmation of logistics and the development of
business logistics.

Logistics in business (commercial) systems is seen as a
management function, that is, a form of integrated planning, design,
implementation and control of flows of materials, products and services,
with optimal use of various resources, energy and information, both
within the observed economic, business or social system, and between
the system itself and its customers (business partners) (Ballou, 2007).

Generally, the term "business logistics" covers the integrated
management, planning and control of (all) activities related to the
complete flow of products from its source to the end-user, including raw
material producers. However, in the 1980s, a new term "supply chain
management" emerged, integrating logistics with strategic planning,
information management, marketing and finance (Ballou, 2007).

In today's environment, the development of business (commercial)
logistics, that is, supply chain management, is faster than military
logistics. The development of commercial logistics is inextricably linked to
the development of production, transport, storage, distribution,
informatics, telecommunications, and in general the development of
various innovative technologies and overall human production and
service activities. The advancement of commercial logistics is leading to
the increasing adoption and incorporation of certain technologies and
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innovative solutions from the commercial sector into military logistics, that
is, to greater integration of commercial logistics into the military logistics
system.

In the 1990s, commercial logistics, or its close synonym, supply
chain management, underwent fundamental changes that already have a
profound impact on public sector logistics, including military logistics.
This is primarily related to the outsourcing of certain public services to
private or other agency companies. This concept of resource relocation is
known as outsourcing. Outsourcing involves the transfer of management,
functions or services to an external service provider through a contractual
agreement, whether private to public sector companies or public to
private sector companies (Perlo-Freeman & Skons, 2008).

There is a general assumption that private companies (agencies)
provide services more cheaply and more efficiently than government
(state) agencies. Implementation of the outsourcing concept in both the
private and public sectors is thought to bring cost savings, quality
improvement, faster access to new knowledge, expertise and skills and
better risk management, as well as greater flexibility and delivery of
products and services on time. Military outsourcing is part of this trend
(Jackson, 2012).

The transfer of certain military functions to the private industry is part
of a broader trend of public sector privatization in many countries. In the
last three decades, the private military services industry has grown
significantly. Companies that specialize in providing military services are
often referred to as private military companies, and many of them are
part of larger multinational corporations (Erbel & Kinsey, 2015).

More recently, in most developed market economies, the private
military services industry has been on the rise due to the increasing
commercialization and gradual privatization of state-owned enterprises
engaged in the production, transportation, maintenance and
management of weapons and military equipment, or the
commercialization and privatization of organizations that previously
performed a wider range of logistical functions within the military or the
Ministry of Defense (Moore, 2017). The increase in the number of military
outsourcing companies is explained by the effect of the post-Cold War
restructuring of the armed forces in the late 20th century, which later
expanded significantly by using private contractors to supply military
services that concentrated and specialized the knowledge and
capabilities of discharged defense personnel.
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The literature cites two key trends that have led to the growth of the
military logistics services industry, that is, affecting both demand (the use
of private military service companies) and supply (the rise of private
military service companies). In terms of supply, the reduction in military
spending and the dismissal of military personnel after the end of the Cold
War created an excess supply of specialized personnel to provide these
types of services. On the other hand, changes in military technology,
limited capabilities of the military logistics system, and the loss of military
expertise due to layoffs have led to demand for services from outside
suppliers (Jackson, 2012).

With this logistics concept, it is possible to reduce logistical and
other support forces, thereby ensuring the involvement of more soldiers
who are able to become involved in the operational activities of the
military. In addition, changes in military technology that revolutionized
weapons and military systems are leading to increasingly complex
technical requirements for the maintenance and operation of military-
technical systems, and often require additional technical expertise
available from suppliers. Thus, the increased use of high technology in
NGOs also means greater dependence on commercial technology and
greater involvement of private companies in the lifecycle management of
military technical systems.

By outsourcing the private sector, contracting and procurement of
non-typical logistics and other non-military activities can help increase
the so-called tooth-tail relationships (McGrath, 2007).

In general, the development of commercial logistics is ahead of the
development of military logistics, and there are few armies in the world
that can keep up with this trend. In recent years, considerable funding
has been allocated to finance the research and development of logistics
innovation in the commercial sector. Civil logistics companies, led by
digitization and globalization, develop and implement in business
practices new technologies, processes and methods, such as: green
technologies, artificial intelligence, robotics and unmanned (unpowered)
systems, additive manufacturing (such as 3D and 4D printing) ), etc.
These innovative developments also allow the armed forces to
modernize their logistics support and improve the functioning of their
logistics system, for example: additive manufacturing offers new ways to
align (reduce inventory levels) supply chains and accelerate the delivery
time of spare parts, which is essential for maintenance of weapons and
military equipment.

In general, both military and business logistics seek to integrate all
their activities into a single system organized in such a way as to
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accomplish its tasks as effectively and efficiently as possible and provide
complete, timely and high quality support, with as little cost and loss as
possible. The goals and tasks dictate the types and structure of activities
that take place in the logistics system, because the complete logistics
support provided is the most important part of any logistics system. In
order to achieve this, all activities, processes and functions in the
logistics system must be designed in such a way as to realistically
support the structure and level of customer requirements, as users most
often view logistics as a system that meets their needs (requirements) for
certain material, services, works, energy, etc., to a certain place, at a
certain time and under certain conditions.

In principle, military and civilian logistics activities can be divided and
classified in a number of different ways, and most often they are grouped
according to functional areas. In civilian logistics, the number of functions
performed by the logistics system may be smaller, while some functions
may be larger in scope than those occurring in military logistics, but
military logistics is, in that sense, most complete in the functional areas
and tasks it performs.

It should be noted that military logistics deals with a wider range of
activities than business logistics, as it is responsible for meeting all the
needs of the military in all conditions of their engagement. Military
logistics is required, in addition to the ability to provide effective and
efficient support, to possess the ability to perform concurrent combat
operations in order to prevent the enemy from intent.

Military logistics differs from business (civilian) logistics in that its
activities have never been an end in itself, unlike business (civilian)
logistics where profit plays a significant role and tends to minimize costs
and maximize economic profit. Military logistics aims to create all the
necessary conditions and provide maximum support to military forces in
order to successfully complete an assigned task, which can be far more
important than making a profit. Thus, military logistics must have the
robustness of its system and the optimal redundancy of resources to
achieve its goal, as opposed to business (civilian) logistics that seeks
lean and agile business approaches, namely the concepts of anticipatory
logistics, just-in-time (JIT) and third-party logistics (Beaumont, 2017).

The role and importance of national and humanitarian
logistics and their impact on military logistics

In the developed armies, there is a growing trend of integrating
military logistics into the national infrastructure, production and service
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economic base of the state. In military logistics, an effective and efficient
linking of the military and civilian sectors is a particular problem in order
to prepare and realize the supply (procurement) of material, to provide
labor and any other support of the national economy to the efforts of the
armed and, generally, security forces. From a military point of view,
logistics is not only a set of activities that enable the delivery of combat
equipment, equipment and materials and the provision of services to the
military during the war, it also includes the ability of national
infrastructure, production and service bases to equip, support and supply
peacekeeping forces, and to enable the movement of the armed forces
through the national transport system, as well as the ability to supply and
maintain those forces when they are already deployed in the zone of
operational use (Stanojevic et al, 2017a).

Military logistics is complex, diverse and requires the use of modern
technology and modern management, but also maintaining security and
high quality of materials, services, information and energy flows.
Therefore, it is very important to consider national logistics when
considering military logistics, because military logistics has its stronghold
in the national economy and logistics.

National logistics is the process of planning and providing goods and
services to support national military forces and their operations, the
national economy and its international obligations and requirements.
National logistics is determined by the potential of the state, namely
resources, knowledge and infrastructure, as well as the
operationalization of the exploitation of those resources, knowledge and
infrastructure, which is the economy of a country. That is why the
economic resources, knowledge and education of a country are the most
reliable and significant logistics base of defense, that is, the educational
system, technological and economic development and economic system
of the country are the basis of national logistics (Stanojevi¢ et al, 2017b).
The Armed Forces are the main user of national logistics services and
thus its most important customer. Therefore, national logistics is closely
linked to the technological and economic development of the country,
which ultimately depends on the size and equipment of the armed forces,
that is, their ability and willingness to defend national interests and wage
war.

National and military logistics are in the function of achieving the set
national goals, which are achieved by the integration of all elements of
national power: political, psychological, economic and military elements.
Logistics borders on strategy (operations) and tactics and operates in an
environment driven by national goals and policies. In doing so, the socio-
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economic and political factors have a primary impact. The strategy
creates plans for achieving the goals, and logistics provides the means to
materialize those plans. The roots of logistics are in the national
economy, where the influence of civilian authorities is dominant. The
basic criterion is the ability to produce, while for the military element of
national power it is important that the end product of logistics lies in
combat operations. National logistics contributes to the establishment,
equipping and support of the military and its role in the implementation of
national policy and military strategy. The priority objective of military
logistics is to achieve national security through the provision of the
necessary weapons systems and military equipment, with defined
reliability, suitability for handling and maintenance and the required
tactical and technical characteristics (Stanojevi¢ et al, 2017a).

In addition to the logistics approaches outlined above, it should be
borne in mind that logistics also play a very important role in emergency
response and disaster relief operations, which has given rise to the
concept of humanitarian logistics.

Humanitarian or emergency logistics is a term used to denote
certain logistics activities that are necessary to assist victims of
numerous natural and technical and technological and other disasters
(industrial accidents, earthquakes, floods, environmental accidents,
epidemics, large scale fires, economic problems and migration of the
population caused by them, major acts of terrorism, etc.), as well as in
emergencies, such as plane and traffic accidents, shipwrecks, fires, etc.

Humanitarian or emergency response logistics has recently received
special attention in the literature, and has become very important and
challenging to study by many practitioners and researchers. It is
challenging because each case is different, and as a result, very few
tasks are routine. In the humanitarian and emergency processes,
logistics plays a central role in all activities of the process of mobilizing
people and material resources in the area of disasters and disasters. It
aims to provide assistance in the form of medicine, water, food and
shelter, as well as in the evacuation and rescue of material resources,
thus distinguishing it from the traditional logistics process (Kovacs &
Spens, 2007).

Humanitarian logistics requires a high level of coordination and
management as it integrates the activities of numerous government
organizations, military and police forces, humanitarian agencies, donors,
NGOs, as well as private sector companies and specialized providers to
provide emergency logistics services (Heaslip & Barber, 2016).
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Due to their specific activities, military and humanitarian logistics are
often analyzed from the standpoint of non-profit and efficient operations.
The literature has identified many aspects of humanitarian logistics that
can be applied from military and commercial logistics, including decision-
making, cooperation and coordination, and vice versa. There are
numerous studies identifying critical aspects of humanitarian supply
chains and their capabilities and limitations, as well as numerous ways to
improve logistics processes and services, including information flow and
performance measurements. Also, a number of models have been
developed to improve various aspects of humanitarian logistics, including
inventory management and inventory pre-positioning, facility location and
sizing of transportation capabilities, which can be applied in military
logistics (Heaslip & Barber, 2016).

Often, the term military and humanitarian logistics also includes all
logistics activities that also occur in civilian logistics, with the emphasis
not on earning profits and reducing logistics costs (the principle of
effectiveness) but on the ability of the logistics system to provide effective
support (principle of efficiency). The principle of efficiency leads to the
redundancy of resources and the robustness of the logistics system to
provide secure support. Therefore, the key principle of functioning of
military and humanitarian logistics is efficiency, while the key principle of
functioning of business logistics is effectiveness.

The efficiency and effectiveness of the functioning of military and
humanitarian logistics cannot be tested in the market, unlike commercial
logistics, but only by comparative analysis. The particular complexity and
specificity of military and humanitarian logistics systems is that they are
designed and developed in peace for successful operation in different
future war and crisis conditions. Experiences from previous wars and
crises are not reliable, as each war and each crisis has its own
peculiarities, and war games and crisis simulations, as the basic tools
used in studying future events, produce results in strictly defined and
limited conditions. For this reason, special attention should be paid to
measuring the performance of military and humanitarian logistics
systems.

Approaches in logistics personnel education

The education of logistics professionals has always been of the
utmost importance given the place, role and importance of logistics in the
defense, business and commercial sectors.
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Logistics is nowadays taught in many colleges and universities,
through numerous courses in academic and vocational studies. In
addition, the acquisition of the necessary logistical knowledge and skills
is also achieved through various courses organized and implemented
within many business and professional associations, scientific,
educational and research institutions.

Education of logistic personnel potential represents the development
of the most significant resource of the logistics system. The required
qualifications of logistics personnel are most often conditioned by the
complexity of the structure, the manner in which weapons and military
equipment are used and maintained, and thus directly influence the
development of other factors of military capabilities.

Qualifications of logistics personnel, on the one hand, should be
directed towards generalization and training for solving global logistical
problems, and on the other hand, towards specialization and acquiring
expert-specialist knowledge for solving narrowly professional problems
(Andreji¢ et al, 2016).

When designing a logistics system, the sizing of its personnel
potential in all aspects must be properly done. However, in practice, it
often happens that the logistical staffing potential is under-sized by both
number and expertise. In addition, it is often the case that persons
holding other qualifications are assigned to the formation sites for which
one qualification is intended. Even when it has human resources that are
adequate both in number and in the required knowledge and skKills, it
must be properly targeted in order to achieve effective and efficient
logistical support, which is achieved through proper and continuing
education and training.

Since logistical processes, due to great dynamism and
heterogeneity of their occurrences, cannot be completely and easily
formalized and automated, the staff that performs tasks in all areas of
logistics not only loses meaning, but the effectiveness and efficiency of
the logistics system actually depends on creativity, organizational skills
and innovation of logistics personnel. In addition, the importance of
personnel logistical potential can be seen in the personnel structure of
modern armies, where the ratio of the number of non-combatant and
combat personnel ranges from 3: 1 to 7: 1 in favor of non-combatant, and
the proportion of non-combatant logistics personnel is about 80%
(McGrath, 2007).
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Academic logistics study approaches

There are numerous approaches to the study of logistics and the
training of logistics personnel in theory and practice. Logistics is most
often viewed and studied from the point of view of economic (business-
cost), engineering (technical-technological) and managerial
organizational-management) aspect (Niine & Koppel, 2015).

Observing and studying logistics from an economic point of view
relates primarily to the cost system generated by logistics processes and
activities within a business system (enterprise, company) or a defense
system, but also to the application of economic principles in the operation
of the logistics system in both for-profit and non-profit organizations. This
view of logistics is dominant in the field of business (commercial)
logistics, which is understandable from the point of view of business
operations of companies aimed at minimizing logistics costs and
maximizing profit, as well as in the way of utilizing logistics personnel
potential in differentiating logistics performance and creating competitive
advantages (Fugate et al, 2011).

The economic approach of logistics and its phenomena is primarily
studied in the study programs called Business logistics.

The engineering angle of observing and studying logistics depends
on the system being observed, that is, whether it is an organizational or
technical system, but it essentially boils down to:

- application of engineering principles, concepts and tools for the
design and construction of the logistics system through spatial,
organizational and technical-technological aspects, that is, when
designing a "logistics network" (solving location-allocation problems,
designing the structure and capacity of logistics elements, etc.);

- application of logistical principles, concepts and tools in the design of
a technical system (tool) with all supporting elements for its support
throughout its entire life, which is achieved by the "integrated
logistical support" approach;

- defining, designing and applying control mechanisms (methods,
techniques and tools) that are specific to managing logistic
processes and activities in organizational systems, that is, the
lifetime of a technical system, based on engineering principles,
mathematical methods and information technologies.

This approach is inherent in "logistical information systems", which

have recently been intensively developed under the name of ERP and PLM.

The engineering approach to logistics is evident in the design and
construction of the technical part of the logistics system (transportation
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technologies, warehouse technologies, materials handling technologies,
production and service facilities, information and telecommunication
technologies - logistical information systems, etc.), as well as in the
logistics flows when designing products and the provision of services
(flows of materials, services, information, energy, capital, etc.), and
especially in the development, production, use, maintenance and
disposal of complex technical systems.

The engineering approach to the study of logistics is a characteristic
of the so-called The "German School of Logistics", where it is mainly
taught at technical colleges called Technical Logistics. The term
"technical logistics" does not appear in English-speaking areas, but
usually uses the term engineering logistics at the faculties where it is
taught. Although the two terms (technical and engineering logistics) can
also be seen as synonymous, the descriptions of engineering logistics
emphasize that logistics uses scientific principles, mathematical methods
and information technology as fundamental tools for designing logistics
chains and networks, designing and managing logistics systems. The
descriptions of technical logistics emphasize the application of different
technologies in logistics processes (transport technologies, warehousing
technologies, materials handling technologies, production and service
facilities, telecommunication technologies, etc.).

The engineering approach to logistics is reflected in the application
of the principles and concepts required to ensure the effective and cost-
effective support of the technical system (means) throughout the
programmed life cycle. The asset life cycle begins with the identification
of user needs, extends to the planning stages of research, design and
development, testing and evaluation, production, use, maintenance and,
finally, expenditures and withdrawals from operational use. This
approach is known as "Integrated Logistic Support".

Studying logistics in the domain of managerial aspect is also very
important, because managerial knowledge and skills enable organization
and technology of work, ie. activities and processes in the logistics sector
to be planed, organized, led, controled and executed rationally, based on
scientifically based expertise and capabilities, as well as with the
application of modern information technologies and management
information systems. A key aspect of the study of logistics from a
managerial perspective is related to the management of logistics
processes, that is, approaches to decision-making at various levels of
organization of the logistics system. This knowledge is acquired through
courses called Logistics Management and Supply Chain Management.
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Approaches in education of military logisticians

Military logistics, due to its multidisciplinary nature, requires a very
heterogeneous and highly skilled personnel potential of an appropriate
educational profile, which must be sufficiently qualified and capable of
implementing a wide range of logistics support activities. Therefore,
human resources emerge as the most important element of the logistics
system through which the basic preconditions for successful functioning
of logistics are created. The staffing potential of logistics must be
satisfactory from the point of view of both quantitative and qualitative
aspect, that is, the logistical staff must be sufficiently and properly
designed in numbers, and must have adequate qualifications, knowledge
and skills to perform its functional tasks.

Numerous world defense universities and military academies train
logistics officers in academic studies and career training. The training of
military logisticians is ensured through the implementation of modern
curricula, quality teaching staff and the application of a modern teaching
material base. Training concepts, defining personnel profiles, plans and
programs for education and training are subject to constant review and
upgrading to the needs of logistical concepts and principles, as well as
the specifics of military activity, which must be consistent with the
doctrine of use of military forces, as well as with the requirements of high
technological development of weapons and military equipment.

Military logistics professionals must possess the necessary
theoretical and practical knowledge of all the necessary engineering,
managerial and military disciplines, knowledge and ability to understand
both the economic and social laws that govern them, as well as specific
skills in the application of technology and logistics process management
in various fields of activity.

Military logistics personnel are also required to possess certain
leadership skills and qualities reflected through self-discipline, initiative,
trust, sacrifice and intelligence. In addition, military logisticians must have
knowledge of the application of general international and national laws
and standards, as well as standards related to specific areas such as
quality, environmental protection, health and safety of employees, safe
food production, information security, etc. . Logistics staff are also
required to be physically and mentally capable of performing under
physical and mental pressure, to make quick decisions and to focus on
successful completion of tasks, and to show respect for their
subordinates and others.
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In general, the education of officer personnel is of strategic
importance, because it is through the education and training system that
the state creates the longest-lasting impact on the defense system.
Professional officer staff retains about 30 years in the military, and
training a generation of officers in basic academic studies at numerous
military academies and defense universities in the world lasts from 4 to 5
years, which is characteristic of each country individually, depending on
the achievement, the level of development of the state and the higher
education system in their society, but also on the tradition in the armed
forces themselves and the directions of their development.

In relation to the problem of the expertise profile of logistics officers
in the world, there are different points of view where they prefer two
concepts: a broad (generalist) or narrow (specialist) profile of logistics
officers. Generally, technical, technological and engineering knowledge
in the fields of mechanical engineering, electrical engineering and
electronics, computer science, chemistry, materials technology, traffic
and transportation, as well as logistics engineering is preferred in the
education of officers of technical, traffic and intendant services. While the
multifunctional logistics officer is obtained at the second level of
education through career forms of advanced training, master's and
specialist academic studies. This approach to the training of logistics
personnel arises, first of all, because of the speed of changes in technical
and technological achievements, but also because of the need to perform
specific formative duties.

It is important to emphasize that any systemic change in education
must be preceded by a thorough analysis of the qualitative advantages
and disadvantages of the education system, as well as the acquired
competences and experiences. A different approach leads to failures with
enormous adverse consequences. Of course, the curricula must be
continuously updated in line with the development of military thought,
weapons and military equipment, as well as technical, technological and
scientific-educational achievements in civilian life. In the event of a failure
in the training of logistics specialty officers, especially in basic academic
studies, the consequences are difficult to eliminate, since a sample of 4
to 5 generations (classes) of officers is required to evaluate the quality of
the education system and curricula. It turns out that the cycle of 10 to 12
years is the shortest period that provides indicators valid enough for
undertaking systemic changes in education, which is a very long period
for correcting any errors.
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Conclusion

Current facts indicate that defense logistics systems, under present
conditions, must be more flexible, adaptable and resilient than in the
previous period, mainly due to the existing and expected technical and
technological impacts whose effects are evident in all functional areas of
logistics.

The main tendencies in the development of military logistics are
directed towards the creation of an efficient, effective, flexible and
interoperable logistics support system, capable enough to respond
promptly and adequately to all requirements of the military forces,
regardless of possible changes in the operational environment that most
often have a negative impact on the capabilities of the logistics system.
Therefore, the process of logistics support planning, which creates the
basic preconditions for the efficient functioning of the logistical support
system in providing a complete and fast response to the generated
requests is a key process in the work of the logistics authority.

In today's environment, the development of business logistics is
faster than military logistics, and increasingly different technologies and
innovative solutions from commercial logistics are being taken over and
incorporated into military logistics. While some logistics requirements are
uniquely military, many technologies and processes for military logistics
can be taken from commercial logistics. In addition, the increased
involvement of the private sector in providing military logistics activities
was clearly emphasized.

The above facts indicate that logistical problems must be
approached with special care, highly professionally and with extreme
responsibility. Military logisticians need to be well versed in various
definitions of logistics concepts and numerous practical solutions that
come from the commercial sector. This is especially important in view of
the fact that certain solutions that give very good results in business
(commercial) logistics are not always adequately applicable in military
logistics. This needs to be taken well into account and cautiously
implemented, as they can have long-term negative consequences for the
defense system as a whole. However, innovative solutions present in
civilian logistics should certainly be considered to improve certain military
logistics activities, as they can reduce costs and improve the functioning
of the military logistics system.

The logistics support of military forces in modern conditions of
engagement requires a new approach to building a sustainable logistics
system, capable enough of adapting to new challenges and of supporting
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various goals and missions of the forces engaged in all conditions.
Therefore, when performing operations, commanders require a logistic
system which is flexible, dynamic and robust enough to provide
necessary resources when they are needed, where they are needed, to
the right extent and in the required manner, that is, a reliable and rapid
logistic response to the operational requirements of the engaged power.

Numerous specifics of military activities and the conditions under
which logistics support is realized require that military logisticians always
have to go beyond the requirements of the user, to take forward the
organizational units they manage and command as well as to adapt to
the challenges in an ever-changing environment. They must also be able
to make decisions independently and bear the ultimate moral
responsibility for such decisions, as well as to know the normative-legal
frameworks in which they should function and on the basis of which they
should regulate their areas of activity.

It can be argued with great certainty that the success of the
engagement forces in operations depends, to a large extent, on the
ability of the logistics authority to process a large amount of information
in a very short time and make quality decisions about meeting the needs
of the engaged forces and the rational use of logistics resources, that is,
to look at user's requirements and determine the capability of the
logistics system. Therefore, the logistical staff is required to possess
certain leadership skills in addition to general and specific knowledge in
various fields of engineering, economic, managerial and military
disciplines.
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POJ1b, 3HAUMMOCTb N METObl USYYEHWA JTOTMCTUKA

MapbsiH A. MuneHkos, Bnnada C. CokonoBuY, KOPPECNOHAEHT,
Bnadumup P. MunosaHoBu4, Mapusi [. Munny

YHuepcuTeT 060poHbI B I. benrpag, BoeHHas akagemus,
r. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 81.88.00 MaTepuanbHO-TeXHMYeCckoe cHabXeHue.
Ilornctuka

BWO CTATbW: 0630pHas ctaTbs

A3bIK CTATbW: aHrnuickmin

Pe3some:

BeedeHue/uenb: B cmambe npedcmasnieHo pa3zgumue jI02uCmUKU Kak
ocobol obracmu e0eHHOU ompacnu, obsacmu CcoepeMeHHO20
eedeHus busHeca U Hay4HoU OucyunnuHbl, Komopasi 800XHoessem
MHoz2ux uccrniedosameriell, meopemuKkos8 U npakmukos rnodxodums K
fioeucmuyYeckum  npobnemam ¢ pasHbiX CMOPOH. CywHocmb
Jlo2UCMUKU  3aKnroyaemcsi 8 KOMIIIEKCHOM 1o0xo0e KO ecem
cocmasnaowum ee eudam OesmenbHocmu, 6nazodaps 4emy
CHUXaomcsi  3ampambl U [oebiuiaemcsi  3¢hghekmueHOCMb
Jloeucmuyeckol  cucmembl 8  MOOOEPKKE  OCHOBHbIX  8UA08
dessimesibHOCMU Ope2aHu3auuu unnu mexHu4Yeckol cucmemsl. B ces3u ¢
UHMEHCUBHbIM U MHOR20MM/1aHO8bIM pas3eumueM Ji02UCMUKU U ee
MpUMEeHeHUss 8  pasnuyHbix  obrnacmsx, nompebHocmb 8
8bICOKOKBaNUUUUPOBaHHbLIX —crieyuanucmax o Jjloeucmuke Cco
creyuasnibHbIMU  3HaHUSIMU U  Haeblkamu, HeobxoOumbix  Orsi
8bIMOMIHEHUST  WUPOKO20 criekmpa OesmefibHoCMuU 8 cucmeme
fi0eucmuKu cmaHosumcsi ece boriee 8bipa)keHHOU.

Memodeki: Ha ocHogaHuUu onucaHusi B0€HHOU, esi080l, HauyuoHasibHoU
U eymaHumapHoU JloeUCmUKU U pe3y/ibmamos cpasHUmebHo20
aHanusa 6blina ebisierieHa Ux 83alUMOCBsi3b.

Pe3ynbmamsbi: Ha ocHosaHuu npoeedeHHo20 aHanusa bbina
0bbsicHeHa 3Ha4yumMocme u3y4eHust no2ucmuku Kak
MeXxOucUuunIuHapHol Hayku u Oblfio yKasbIHO Ha Heobxodumocmb
crieyuarnbHol noG2omoesKu rnepcoHarna sioaucmukKu.

Bbigodbl:  Jloeucmuka UHMEHCUBHO pas3susaemcsi 8 pas/iuyYHbIX
obnacmsix 8 3agucumocmu om uersnet cucmems! (Op2aHu3ayuoHHOU U
mexHudeckol), komopyto  OHa noddepxusaem. B  uyernom,
KoOMMepyeckasl foeucmuka paseusaemcsi bbicmpee, 4YeM B0€eHHasi
fioeucmuKka, HO U 8 B80€HHOU JI02UCMUKEe UCIOMb3YHMCs MHO2ue
UHHOBAULOHHbIE KOMMEPYECKUE roaucmuyeckue pelweHus. OO0Hako
HEeKomopble pelweHuUsl, Komopble 0aom xopowue pesyribmamsl 8
KOMMepPYeCcKOM  ceKkmope, He  Oalom  coomeemcmeyruux
pe3ynbmamoe 8 cucmeme 800pYXeHHbIX cus. Noamomy Heobxodumo
nposodums  uccriedogaHus U u3lyyamb  (bYHKUUOHUpPOBaHUEe
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Jioeucmu4eckux cucmemMm 8 pas3/iu4HbIX obnacmsx u muwamersbHO
uHmeepuposamsb UHOUSUOyaﬂbeIe peweHus e cucmemy 80€eHHOU
noaucmuku. Kak camas crioxHass cucmema fi02uCmuKu, 80eHHasi
Jioeucmuka mpe6yem rpueriedeHus crieyuasibHo20 riepcoHasa u
crieyuarnbHol MoG2o0moeKu crieyuasaucmos o J102UCMUKe.

Knoyesblie criosa: noeucmuka, 60€HHasi Jjio2ucmuka, Ou3Hec-
Jloeucmuka, Jfioeucmu4eckue cucmembl, nosucmuyeckasi nodoepxka,
UHmMeepuposaHHasi  rioeucmuyeckass noddepxka, obpasosaHue,
Jioeucmuyeckul nepcoHari.

YNOIA, 3HAYAJ N TIPUCTYTIN U3YHABAHY NOTMCTUKE

MapjaH A. MunexkoB, Brada C. Cokonosuh, ayTop 3a npenucky,
Bnadumup P. MunosaHosuh, Mapuja 1. Munuh

YHuBep3auteT ogbpaHe y beorpaay, BojHa akagemuja,

Beorpan, Penybnuka Cpbuja

OBNACT: noructuka
BPCTA YJ1IAHKA: npernegHu pag
JE3WMK YJTAHKA: eHrnecku

Caxemak:

Yeod/cepxa: Y pady je npukasaH pa3eoj /i02ucmuke, Kao crneyuguyHe
obnacmu eojHe OenamHocmu, caepemeHe obriacmu rocsosarka U
HayyHe  OucuuriluHe, Koju — UHCrUpuwe MHO2e  ucmpaxusauye,
meopemuydape u npakmuyape 0a sioeucmuyYkuM npobremuma npurase
ca pasnudumux acriekama. CywmuHa 5102ucmuke je y uHmeepucaHom
fpucmyriy C8UM H-eHUM cacmasHUM akmugeHOCmuUMa, YUMe Ce cMatbyjy
mpowkosu u nosehasa eghukacHoCm U eghekmueHOCM F02UCMUYKO2
cucmema y rnipyxary MoOpuike OCHOBHOj derlamHocmu rocMampaHe
opaaHu3auuje, 0OHOCHO MmexHu4ko2 cucmema. 3602 UHMeH3ueHoz U
MynImuOUMEH3UOHaNHo2 pasgoja Jlo2UCmUKEe U HseHe [puMeHe Yy
pasnuqumum obnacmuma, cee d4ewhe ce jasrba mnompeba 3a
8UCOKOOOPa308HUM 1102UCMUYKUM Kadposuma ca crieyujanu3o8aHum
3HawuMa 3a obaes/barbe WUPOKo2 crekmpa OenamHocmu Yy
JI02UCMUYKOM cucmemy.

Memode: Ha ocHosy Oeckpunuyuje 6ojHe, r0oCro8He, HayUOHarHe u
XyMaHumapHe JioeucmuKke U KOoMrapamueHe aHanu3e rpukasaH je
HoUX08 MefjycobHU 0OHOC.

Pesynmamu: Ha ocHogy u3epweHe aHanu3de objawireH je 3Hayvaj
usy4yaearba loeucmuke Kao MynmuouCUuUrniiuHapHe HayKke U yKa3aHO Ha
nompeby 3a crneyugbudHUM 0bpasosar-em f102ucmuYKoe Kadpa.
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Bakrbyyvak: Jloeucmuka ce UHMEH3UBHO paseuja y pPasIUYUMUM
obnacmuma 'y 3asucHocmu 00 yurbeea cucmema (opaaHu3ayuoHuUx U
MmexHUYKUX) Koje nodpxaea. ['eHepariHo, KoMepuujanHa rioaucmuka ce
bpxe passuja y OOHOCY Ha 80jHYy I02UCMUKY, a MHO2a UHOsamueHa
pewera KoMepuujariHe J102UCMUKe Hasnale [puMeHy Yy 80jHOj
noeucmuyu. Mehymum, odpeheHa pewera Koja Oajy dobpe pesynimame
y KomepuujariHoM cekmopy He Oajy adekeamHe pe3yrimame y 60jcyu.
3602 moeza je HeonmxoOHO epwumu ucmpaxueara U rpoy4Yyasara
OyHKUYUOHUCarba 10euCmuYKUX cucmema y pasnuyumum obmacmuma u
rnojeduHa peuwera Naxxrbueo yepahueamu y 80jHU 5I02UCMUYKU CUCMEM.
Kao HajkommnekcHuUju noaucmuyku cucmem, 8ojHa Jjiloeucmuka 3axmesa
crieyuguyaH kadap U Ha4uH obpasoear-a JI02UCMUYKUX CMPYyYH-aKa.

Kn:que pe4u. 1oecucmuka, GOjHa Jioeucmuka, rocr/ioeHa Jjioecucmuka,
Jioeucmu4dku cucmem, Jioeucmud4dkKa I'IO0,0UJKa, UHmMeepucaHa
Jioeucmu4dka I'IOOpLUKa, 06,033068&:6‘, Jiloeucmu4ko ocobrbe.
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Abstract:

Introduction/purpose: The Air Force accomplishes its tasks in the airspace
where it must use special equipment and weapons which makes it
extremely technically demanding. This reliance on technique speaks of
the importance of logistics in the Air Force. Support to the Air Force of the
Serbian Armed Forces is provided by national logistics through, among
other things, various branches and parts of industry such as military
industry - part of industry that deals with the production and trade of
weapons and military equipment.

Methods:The methods applied in the paper are the analysis of the
tendencies of development of modern aviation assets and military
industries in the world as well as the synthesis considering the state of
national logistics today and its possibilities of supporting the Serbian Air
Force through its basic sources.

Results: Basic sources and possible prospects for further development of
national logistics are considered, with the focus on the modernization of
aircraft and other assets, military personnel training and improvement of
their standard of living as well as on the cooperative development of joint
projects with foreign partners.

Conclusion: It is important to be directed towards creating the conditions
for long-term prospects of the development of national logistics in support
of the Serbian Air Force.

Key words: Air Force, Serbian Armed Forces, logistics, armaments,
military equipment, situation and prospects.
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Introduction

When talking about the main drivers of development of any society,
one of them certainly is national logistics, which provides, through
production and/or import, necessary material resources for the needs of
the armed forces, economy and civil society. There is no social activity
that is immune to it. It paves the way for a better tomorrow, a developed
economy, a modern society and a better life for all citizens. As such,
because of its importance, it is the responsibility of the political power of
the state, that is, the government. (Fechner, 2010)

Dynamic development of air forces in the world imposes the need for
their equipping with new modern assets. Aircraft assets are high
technology products and require a high degree of processing. The
organization and realization of the production of these assets is a
complex process. Economic principles require a comparison of the costs
of production and the cost of imports, and, as a result of such a
comparison, many countries would find "profitability" in imports. However,
some factors call this choice into question: political, social, security,
technical-technological ones, etc. By building their own (military)
production facilities, developing a scientific-research base, as well as by
employing their workforce, [countries] create the conditions for their own
production in relation to international logistics’. (Milanovié¢ et al, 2009,

pp.1-14)

On the other hand, regardless of the consequences of the economic
crisis and high costs of modern aircraft, national logistics will find
opportunities for the procurement of modern aircraft from imports, and
will still continue to rely on its own capacity.

The problems posed in this way raise a fundamental question - what
are the long-term prospects for the development of military industry, i.e.,
national logistics, so that it can be able to meet the requirements of the
Air Force.

' International logistics can be defined as the process of planning, implementing and
controlling the flow and storage of products and supplies, and related information, from
place of origin to place of consumption located in another country.
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Trends in the development of modern aeronautical
assets and military industries in the world

Since air forces have considerable importance and capabilities in
contemporary armed conflicts, most developed countries devote special
attention to their development. By stimulating their national logistics, by
investing in the development, technology, production and modernization,
they seek to support their Air Forces with state-of-the-art aircraft.

Generations in the development of multipurpose fighter jets

Air forces in the world have been developing dynamically. Since the
advent of the first jet aircraft, with respect to their combat effectiveness,
the degree of application of new technologies and trends over a given
period of time, the development of fighter jets has been categorized into
so-called generations (Figure 1).

The first generation® is characterized by the appearance of a jet
engine and covers all jet fighters from their appearance until 1955. They
differed very little from their predecessors with the piston-driven drive in
appearance and construction. The cannon remained the main weapon. In
order to achieve a decisive advantage over the opponent at maximum
speed, the only scope for improvement was by replacing the drive
system, since the previous one exhausted all possibilities in that field.
The first jet-powered serial aircraft are also the first representatives of the
first generation of jet fighters Messerschmitt Me 262 and Gloster meteor.

The second generation is characterized by the beginning of the use
of passive surveillance radar without the possibility of rocket guidance
and the emergence of air-to-air missiles with passive IR guidance. It
lasted until 1965. The development of the second generation of fighters
was shaped by technological advances, lessons learned from air
combats during the Korean War, and by focusing on the dangers of a
possibility of a nuclear war. Significant technological progress was made
in aerodynamics, propulsion, materials and principles of fuselage
manufacturing, new weapons and aircraft equipment. The usage of radar
was of particular importance. With the addition of turbojet engines, these
aircraft achieve speeds in excess of twice the speed of sound (M>2).

2 The first generation of jet hunters whose missiles began to develop at the end of World
War Il and continued into the early postwar period.
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They are especially distinguished by the fact that, in addition to
cannons, they have IR homing missiles.?

The third generation is characterized by the emergence of aircraft
flying at supersonic speeds, by further development of aeronautical
weapons and by pulse radars. Semi-active homing was introduced as
well as a possibility to shoot targets beyond visual contact via TV and
electro-optical guided air-to-ground missiles and laser-guided bombs.
The prestige of the third-generation fighter jets is the use of radars and
long-range missiles. Guns and IR missiles were retained for close
combat, which occurs if opponents survive at a distance. In addition to
the aforementioned air-to-air weapons, these aircraft also carry air-to-
ground missiles and support ground and naval forces very effectively.
The third generation lasted until 1975.

The fourth generation lasted until 1995, characterized by further
advancement of avionics, advent of Doppler radar, high maneuverability
of aircraft, introduction of electrical flight control systems, advances in
digital computers and the introduction of "launch and forget" weapons.
The fourth-generation jet fighter is the concept of a 1970s fighter jet
project, in the most massive operational use in air forces throughout the
world from 1980 to 2015. The concept of the fourth generation of jet
fighters is based on the assumption that superior flight performance, and
in particular in the field of agility, is due to bring advantage in combat,
both in attack and survival.

The fourth and a half or 4+ and 4++ generation® gathers
planes that have a reduced radar reflection but do not have all the

® This generation of fighter jets belongs to a large number of types from countries that
have their own development and production. Produced in an impressive number of
copies, they have been involved in many local and regional conflicts, from the Vietnam
War, the Gulf Crisis, the Civil War in the SFRY and others. They have been in operational
use for a long time, and are still in use in some air forces. The most famous and
significant are the F-4 phantom and the MiG-21, which have been used in all crises. In
order to extend their life, they have undergone many modifications over the course of
their long life. In the initial variants of the Phantom, the Americans overestimated the role
of IR, so they threw out the cannon, and when they realized that it was fatal in close
combat with the MiG-21 fighter, they returned it.

4 Significant progress has been made due to the dramatic improvement in capabilities
with these upgrades of fighter jets and new projects in the last decade of the 20th
century. Some of more modern aircraft of this generation stand out from the rest, so some
countries have classified them as 4+ or 4.5. generation. They are mostly their own
promotions, through an imprecise generation system.
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“stelt” traits (Vlagié, 2008, p.7). The features of this generation of
aircraft are the advancement of electronics and the flexibility to adopt
new weapons. This generation lasted until 2010.

The fifth generation® emphasizes the minimization of aircraft radar
reflection, which requires, among other things, the placement of weapons
within the fuselage instead on external weapon pylons. It is also
characterized by the use of new high performance engines, vectored
thrust engines, by high percentage of the use of composite materials in
structure aircraft production to reduce weight, and by the application of
modern computers for real-time control of aircraft systems. Airplanes of
this generation have precise autonomously guided weapons, high flight
performance, advanced features, high integration of equipment and
computer systems, and the ability to network with other participants and
segments of the "battlefield stage" in order to gain situational awareness
(Vlaci¢, 2012). Currently, there is only one such 5th generation aircraft in
operational use in the world. It is the American F-22 raptor, while the
American F-35 Lighting Il, the Russian Sukhoi PAK FA and the Chinese
Chengdu J-20 are still under development. This generation is expected to
last until 2025.

The sixth generation is to encompass future fighter jet projects. The
first sixth-generation aircraft are expected to enter operational use
between 2025 and 2030. Some US analysts speculate that their latest F-
35 Lighting Il, single-engine, multi-purpose stealt fighter jet, belongs to
this generation. It is intended to dominate airspace, combat ground and
sea targets, as well as to be used for reconnaissance, and will replace
mid-range fighter jets currently in operational use in the US in the near
future.

The dynamic development and technological advancement of
national logistics in developed countries has made this development
possible for aircraft.

® Stelt feature implies difficult detection and monitoring of the aircraft by radar and other
means, and is achieved by constructive reduction of the effective reflecting surface of the
aircraft and the application of special materials and coatings for reduced reflection and
absorption of radar signals.

® The fifth generation jet fighter is a modern jet fighter based on advanced technologies
developed in the first decades of the twenty-first century. This group of aircraft, as well as
others, is determined by the classification of technically advanced countries. The criterion
for accurately defining the characteristics of the fifth generation of jet fighters is more
often controversial.
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Figure 1 — Generations in fighter aircraft development (Tirpak, 2009, p.40)
Puc. 1 — lNokoneHue e paszsumuu 6oesbix camonemos (Tirpak, 2009, p.40)
Cnuka 1 — eHepauuje y pa3eojy bopbeHux asuoHa (Tirpak, 2009, p.40)
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Development of multipurpose fighter aircraft

Trends in the development of modern fighter jets in the world are
leading towards upgrading multipurpose fighter jets; however, as long-
term forecasts show, that will not be achieved in the first decades of this
century. It seems that innovations in the future will focus on the
development of assets such as drones, unmanned vehicles, and alike
(Radi¢, 1995, p.7). These are aircraft based on a supersonic fighter jet,
which is also the only means capable of fighting both airborne and
ground targets. For a modern fighter aircraft, a large combat radius and
the ability to survive in the enemy's sky is important. That is why radar
visibility will be crucial for future fighter jets, although it is very difficult
and expensive to create an aircraft with stelt characteristics in all
conditions.

The development of multipurpose fighter jets, in addition to
increasing the operability of the aircraft itself, enables the unification of
multiple purpose conceptions of the aircraft into one, i.e., enables the
combination of the fight, assault and reconnaissance purpose in one
aircraft. With this concept, significant savings are achieved during aircraft
exploitation because reducing the number of different types of aircraft
and unifying them reduces maintenance costs, facilitates the supply of
spare parts, equipment and AO".

However, independently developing and equipping air forces with
modern multi-purpose fighter jets of recent generations is extremely
expensive and is increasingly becoming a privilege for only the most
developed nations such as the USA, Russian Federation and China. In
many developed countries, increasingly complex technologies, pricing
and budget constraints are leading to joint projects of military industries
with military industries of other countries to divide costs. Examples
include the cooperation of Germany, the United Kingdom, Spain and Italy
in the design, development and production of the modern 4th generation
multi-purpose airplane Eurofighter Typhoon (2019) and the cooperation
of the British, German and ltalian military industries in the design,
development and production of the modern multi-purpose aircraft
"Panavia Tornado". (Dudas, 2000, p.12)

Also, national logistics of developed countries generally develop new
fighter aircraft as combat platforms, which gives the opportunity to
develop new aircraft based on the existing platform in order to modernize
them. Huge costs of developing brand new aircraft are thus avoided.

" Hereinafter, the term "aircraft ordnance" will be abbreviated AO, and for propellants the
abbreviation is Pr.
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Examples are numerous, such as the Russian Mi-8 helicopter. A number
of new modern helicopters such as the Mi-17, the Mi-171 and others
have been developed on this platform (Russian Helicopters, 2019). The
MiG-29 aircraft platform gave rise to the MiG-290VT, the MiG-33, the
MiG-35 and others (Take-off, 2019). The platform of the US F-16 aircraft
served as a basis for the F-CK-1 Ching Kuo, the T-50 Golden Eagle, the
HIMMAT, and the F-2 Micubishi aircraft. (Lockheed Martin, 2019)

In recent years, national logistics of developed countries have made
the biggest progress in the development and integration of electronic and
computer systems for aircraft and avionics in general. The development
of radars that have an antenna array with active electronic scanning is
considered one of the most significant achievements in the history of
radar development. These radars are more reliable, lighter and have
longer range. They can operate in a number of different modes (air-to-air,
air-to-ground) and allow monitoring and simultaneous action on multiple
targets. The radar image generated by this radar is of very high
resolution and allows the identification of terrestrial targets at distances
greater than 100 km. (Vlaci¢, 2008, p.10)

Development of modern military aviation ordnance

The tendencies in the development of modern AO in the world are
directed towards the development of smart AO of high precision and long
range.

In terms of air-to-air and air-to-ground missiles, development is
aimed at improving "launch and forget" missile systems, increasing
range, increasing resistance to interference and  known
countermeasures, and at avoiding enemy missile defense systems. With
regard to aircraft bombs, smart guided bombs are being developed and
their precision, guidance and destructive power are being refined.

Today, many countries in the world mainly manufacture drones that
can be of different sizes and uses. However, it is important to note that
few such aircraft can be armed. Unmanned aerial vehicles® belong
mainly to middle UAVs or so-called small aircraft flying at altitudes of
about 3000 to 9000 meters and can remain in the air from 20 hours to 60
hours. Such UAVs are usually powered by piston or turbojet engines that
have modern electro-optical systems containing TV, thermal and IR

8 Such an aircraft is operated by a pilot not on the platform itself, but from the ground.
Therefore, there is an interaction between the pilot and the aircraft in terms of providing
input values for aerodynamic control surfaces and engine output and thrust, and there is
no reference to the absence of the pilot in the control loop.
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cameras, laser markers and range finders, as well as satellite navigation
capabilities, data links, which can be controlled from medium to long
range distances, and usually carry two to four ordnance assets for land
and sea targets. (Vasiljevic et al, 2017, pp.492-497)

National logistics today from the aspect of supporting
the Air Force

Throughout its rich history, national logistics, i.e. military industry,
has experienced difficult times. Its dynamic development was many times
interrupted by war distructions, but despite all difficulties, it has found
ways, with its capacities, quality personnel and development policy of the
country, to carry out modernization so that today it is not lagging behind
other world manufacturers of weapons and equipment. "For more than
100 years of its existence, the Serbian Air Force has used around 750
different types of aircraft in numbers of over 9,000, out of which 247 are
the results of domestic design or production." (Development Agency of
Serbia, 2015)

The nineties with their events represented a "dark period" for our
entire society and for our military industry as well. Part of the capacities
has been lost or destroyed, brain drain was massive, and the deep
economic crisis and the isolation caused by sanctions led to a substantial
technological delay compared to the modern world.

Aircraft and spares for military aircraft

Equipping the Serbian Armed Forces Air Force with indispensable
modern multi-purpose fighter jets from domestic production is not
possible today and it is unrealistic to expect it at this moment. That is why
the focus in the Air Force will be on the import during this period, which
does not mean that, in the future, the military industry will not develop
programs for aircraft development, for which it has certain capacities.

Certainly, in the forthcoming period, domestic production will provide
support to the Serbian Air Force with aircraft, which is reflected in
equipping the Air Force with 15 domestically produced aircraft of the type
"LASTA"™. In addition to equipping the Serbian Air Force, 20 of these
aircraft were exported to Iraq.

® " ASTA" aircraft, a product of the UTVA aircraft factory from Pancevo, is a modern
lightweight training aircraft intended for selection, initial and basic pilot training and
training in the basic elements of shooting, rocketry and bombing.
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Equipping the Serbian Air Force continued with imports in 2016-
2019. National logistics equipped the Air Force with two multi-purpose
medium transport helicopters of the Mi-17V5 type of Russian production
(Figure 2) during 2016. Also, for the Air Force, during June 2019, the
Airbus H145M and Russian Mi-17 helicopters were procured. In the
coming period, the Air Force is expected to be equipped with 7 more Mi
35 and Mi 17 helicopters of Russian production.

Equipping continued during 2017 with six aircraft from the Russian
Federation to be modernized in the coming period. After modernization,
they will be able to remain operational for an extended period of time.
Also, equipping continued in 2018, to be part of the Air Force as early as
2019, where 4 aircraft were delivered as part of a donation from Belarus,
while overhaul will be carried out at the Belarussian Overhaul Institute.
(Ministry of Defense of the Republic of Serbia, 2016)

Figure 2 — Multi-purpose medium transport helicopter Mi-17V5 (Ministry of Defense of the
Republic of Serbia, 2016)
Puc. 2 — CpedHuli MHoeouenegol 80eHHO-mMpaHCcnopmHbit eepmonem Mu-17B5
(Ministry of Defense of the Republic of Serbia, 2016)
Cnuka 2 — BuweHameHcku cpedru mpaHeriopmHu xenuxkornmep Mu-17B5 (Ministry of
Defence of the Republic of Serbia, 2016)

The absence of aircraft production under license and contracts for
the production of spare parts for large foreign aircraft manufacturers is
certainly something that national logistics lacks today; it impedes its more
dynamic development which was always present in the earlier period of
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its development.’® Technology and important practical and theoretical
knowledge were transferred through these activities enabling our experts
to develop quickly, become independent and make their logistics less
dependent on foreign influences.

Possible prospects for developing national logistics in
support of the Air Force

National logistics is recovering when it comes to supporting the Air
Force. The system has been restarted. The production of domestic
aircraft and aircraft parts has been restored and exports have started.
Also, there is a renewed interest in the world's major military industries to
collaborate with our military industry (Zrni¢, 2019). All this is good and
crucial to the survival and further development of our national logistics.

At this point, it is logical to ask a question: the first step is made,
what next? It is not easy to give the right answer. In addition to a number
of economic, technical, technological and other factors, the answer is
also influenced by political factors. The relationships of our state with
East and West determine the future direction of the development of our
national logistics, and the quality and level of these relations dictate the
speed and level that it will be able to reach in its development.

Following global trends, a long-term perspective in the further
development of our national logistics is recognized in the grouping of
military enterprises with predominantly state ownership into the group
"Defense Industry of Serbia""" led by the Military Technical Institute (VTI),
Zarkovo, as the developer and Jugoimport SDPR as the promoter and
marketer of the products. Such grouping can have advantages and
provide for the consolidation and reconstruction of companies, reduction
of development costs, higher capacity utilization, greater effect of
investment in technology and production, and easier access to the world
market.

% |n the SFRY, the Gazela helicopter was manufactured under the license of the French
manufacturer Aérospatiale, and the company "Prva Petoletka", Trstenik, had a contract
with the renowned aircraft manufacturer Boeing for whose needs it produced
hydrocomponents and parts of the landing gear system.

" This group consists of the companies "Zastava Arms" from Kragujevac, "KruSik" from
Valjevo, "Prvi partizan" from Uzice, "Sloboda" from Cadak, "Milan Blagojevi¢" from
Lucani, "Prva iskra" from Bari¢. Also, in the future: companies "FAP" "Priboj", "Jumko"
"Vranje", "Zastava trucks" "Kragujevac" and "UTVA" Pancevo.
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On the state and prospects of the Serbian defense industry, a former
Defense Minister, Zoran Djordjevic, told the Vecernje Novosti newspaper:
"The Ministry of Defense has considered the state of production
capacities, their competitiveness, as well as the future needs of the
defense system for more modern means and production technologies.
Accordingly, there are investments which the companies of the Defense
Industry of Serbia are mostly independently realizing, so that in the
coming period significant improvements and optimization of production
capacities are expected, both for the existing production programs and
for the development of new assets. The defense industry contributes
significantly to the economic development of the Republic of Serbia and
is currently the most dynamic branch of the industry, with the highest
growth rate and enormous potential for its own growth, but also for
initiating similar processes in the rest of the industry. Thus transformed
companies in the consortium will be able to equip the Serbian Armed
Forces as well as the world market with modern combat systems.
(Vecernje novosti, 2016)

Perspectives on military aircraft and spare parts

It is not realistic to expect the production of modern multi-purpose
aircraft from national logistics at this time. However, this does not mean
that this possibility should not be pursued in the future. On the contrary,
as the production of modern multipurpose aircraft represents a pinnacle
in the development of military industry, it should certainly be pursued in
the long run.

There is a logical path to this end, and its beginning leads to the
development and production of simpler aircraft types that have their
place in the world market. Subsequently, by investing in technology and
development, prospects should be open up through the production of
more complex types of aircraft. In doing so, partners should be found to
establish cooperation through joint development of new projects.

The professional staff that would support this development in our
country could be provided by adequate staffing. It is concentrated in
industry, the VTI Zarkovo, the Faculty of Mechanical and Electrical
Engineering, units and institutions of the Air Force of the Republic of
Serbia and other state and private companies and organizations. (Vuijicic,
2015)

Thus, after the tests with the training aircraft LASTA, the factory
UTVA PancCevo, or OIS, developed a new training/combat aircraft
KOBAC. lt is a trainer - fighter aircraft with a turbojet engine, a system for
safe emergency escape and a modern integrated attack-navigation
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system for observation and precise operation of various types of
unguided and guided ordnance day and night. The aircraft has a wide
range of uses including advanced training/combat use and combat use in
close air support (Yugoipmort SDPR, 2019). In perspective, it could be a
good export product (Figure 3).

Aircraft of this type are in demand in the world today. Almost all
countries with aeronautical industries today tend to produce
training/fighter aircraft. They are interesting for countries that have
difficulties in controlling and monitoring their long state borders, and are
being targeted by various terrorist and insurgent groups and
organizations. In the near future, it can be expected to be part of the Air

Figure 3 — Prototype of the KOBAC training/fighter aircraft (Yugoipmort SDPR, 2019)
Puc. 3 — Npomomun y4ebHo-boegozo camonema ,KOBAL“ (Yugoipmort SDPR, 2019)
Cnuka 3 — lNpomomun wkoncko-6opbeHoe asuoHa ,KOBAL]” (Yugoipmort SDPR, 2019)

In any case, Kobac is a new success of the Serbian aviation industry
- it will be the most technically and technologically advanced Serbian
product that can pull the civil industry forward as well. ,Let's not forget
that, when conquering the production of the Eagle aircraft more than 40
years ago, we introduced machines with numerical control for the first
time, that we conquered the production of plexiglass as well as the
technology of chemical milling of metals. It is important that Serbia's
aviation industry is not shut down, that new aircraft are designed and
built. We export aircraft, not just raspberries...“ (Lazanski, 2012)
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Another chance of developing national logistics in support of the Air
Force is in the production of drones. Unmanned aerial vehicles are
nowadays probably one of the most current world trends in aviation
development. In recent years, they have become one of the symbols of
the new generation of wars and are in the armed forces of all countries of
the world. Originally developed for reconnaissance tasks, today they are
increasingly becoming platforms for actions on ground targets.

At the moment, national logistics has the capacity to develop and
produce this type of aircraft. OIS developed and produced a prototype of
the Air Force's interesting, tactical long-range unmanned aerial vehicle
"PEGAZ" (Figure 4).

S el el e
B NS\

Figure 4 — Tactical unmanned aerial vehicle 'PEGAZ' (Dragovic, 2016)
Puc. 4 — Takmudeckud 6ecriunomHsbili nemamernbHbIl annapam «[TEFAC»
Cnuka 4 —Takmuyka becriuriomHa nemenuya eesnuxkoe donema ,[1EA3”
(Dragovié¢,2016)

It was originally developed as a reconnaissance platform, but in line
with world trends, its development also included the ability to execute
actions on ground targets. In addition to equipping the Air Force, this
drone can also be a good potential for export.

A great deal of attention is being paid in the world to the
modernization of existing aircraft. This process is less expensive than
acquiring new aircraft, bringing technologically outdated aircraft closer to
the level of new aircraft. Of course, modernization cannot completely
replace the acquisition of new aircraft, but the cost-benefit ratio is
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certainly worth it. It is restricted to expired aircraft and to aircraft for which
it is possible to extend it.

Prospects for the development of national logistics in this regard are
in the modernization of, above all, the G-4 Super Galeb aircraft and the
ORAO as the largest group in the Air Force.

Modernization of the G-4 Super Galeb aircraft was initiated through
the G-4 MD (modernized-digitized) project with the aim of obtaining a
modern aircraft that will provide quality training for the transition of pilots
to some future multi-purpose fighter aircraft and be trained for action by
modern air-to-air and air-to-ground combat vehicles. (Dragovi¢, 2016)

Also, the modernization of the ORAO aircraft is planned through the
installation of avionics'® which will represent the next generation in the
category of functional aircraft.

A significant acceleration of development can also be brought about
by the licensed production of possible foreign aircraft or some segments
of aircraft construction, which was always present during the earlier
development of national logistics. In this way, technology transfer is
achieved and valuable knowledge and practical experience are gained.
However, due to the situation in national logistics, it is difficult to count on
this activity during this period, but it should definitely be pursued. For the
beginning, it is likely to be in the production of technologically less
complex aircraft or aircraft construction segments such as training and
combat aircraft.

The prospect of developing national logistics in support of the Air
Force should also be sought in cooperation and joint projects of aircraft
with foreign partners. These activities provide faster development, lower
costs and benefits in joint appearance on the market.

Aircraft repair jobs are certainly the most interesting and easily
achievable way for developing our national logistics in support of the Air
Force and a realistic long-term prospect that needs to be recognized.
There are overhaul capacities, there is professional staff and tradition in
this business. Therefore, it does not start from scratch - the essence for
further development exists. It should be emphasized that the capacity
level is not satisfactory at this time. It is necessary to renew missing
infrastructure capacities, to purchase some new equipment and to fill the
Aviation Institute "Moma Stanojlovic" with the missing expert staff

'2 The term avionics means all aircraft equipment, primarily instruments, electrical and
electronic equipment.
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existing in our market”. The need for investment is not too great in
relation to the profits that can be made in the long term, not only in
support of our Air Force, but also in financial gain through participation in
the world market. The acknowledgment of this is the recognition of the
potential of our national logistics when it comes to aircraft overhaul by
major global companies.

Confirmation of this is the visit of the delegation of the Russian
Helicopters Company in 2015 which on that occasion expressed interest
in opening a regional center for the overhaul of Russian-made
helicopters at the Aviation Institute " Moma Stanojlovic ". As Russian-
made helicopters are widely present throughout the world and our
country, and the Institute has extensive experience in overhauling these
helicopters, such an arrangement would in the long run ensure a secure
job for the Institute on the international market, and thereby raise quality
and provide more reliable support to the Air Force. (Galovi¢, 2016)

The strategic partnership between the Government of the Republic
of Serbia and the European company Airbus Group is of great
importance for the development of the defense industry. This
international company is interested in existing overhaul facilities with the
idea of opening a regional helicopter overhaul center "GAZELA" (Galovic,
2016). In addition to overhaul capacities, this European company is also
interested in equipping the Air Force with new aircraft as well as in
modernizing the existing ones, in terms of enhancing the capacity of our
aviation industry, as the high level Memorandum of Understanding
signed between the Government of the Republic of Serbia and the Airbus
Group stipulates. In addition, regarding its functionality and
modernization, the Ministry of Interior's helicopter units will use Super
Puma H-215 medium transport helicopters, manufactured by the Airbus
Group.

To develop national logistics, the best option would be to open both
of these centers. The significance would be twofold. First, support for the
Air Force through overhaul would be more comprehensive given that the
Air Force is equipped with Russian-made Mi-8 and Mi-17 helicopters and
Western-made GAZELA helicopters. Also, overhaul of these helicopters
would certainly mean easier and cheaper access to spare parts for these
types of helicopters. Second, overhaul service could be offered for a
wider range of different types of helicopters and would provide access to

'3 Aeronautical personnel in our country are educated at the Military High School, the
Military Academy, the Mechanical Engineering, the Faculty of Transport and Electrical
Engineering, and the Petar Draps$in Air Force Academy, Belgrade.
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both the Eastern and Western markets. This perspective is certainly a
largely political issue. The answer to this question is related to the future
direction of the state policy of the Republic of Serbia and its relation to
the East and the West. It should be answered by our political elite.

When discussing aircraft overhaul, particular attention should be
paid to the overhaul of the MiG-29 aircraft. At present, the Air Force has
10 aircraft of this type, and this donation from the Russian Federation
creates conditions for better defense of the airspace of the Republic of
Serbia (Radio Television of Serbia, 2016). It also shows the Air Force's
longer-term commitment to choosing a multi-purpose fighter aircraft for
its units.

To conquer overhaul, it is necessary to invest in infrastructure, test
equipment and technology transfer. Although the Moma Stanojlovic
Aviation Institute and the 204th Aviation Brigade have extensive
experience in the operational maintenance and implementation of certain
simpler phases of overhaul of these aircraft, given the small number of
aircraft, the big question is the economic justification for winning the
overhaul of this aircraft."

In terms of operational capabilities of the Air Force, it is more
important to win overhaul of spare parts for this type of aircraft. This
would ensure greater utilization of the approved inter-overhaul resource,
greater autonomy and greater stability in the supply of spare parts. Also,
since overhaul prices of these spare parts are very high' it would also
provide significant financial savings. On the other hand, due to
technological complexity, it is not economically justifiable to win overhaul
of all aircraft devices and assemblies, but it should certainly strive to
adopt overhaul for all devices and assemblies for which it is economically
justified.

The prospects for manufacturing aircraft spare parts are reflected in
the penetration to the global market and in the production of spare parts
for large global companies. Such contracts are certainly not easy to win,
but there are some interests expressed. For example, in September
2015, representatives of the European company Airbus Group held a
conference called Airbus Group - Suppliers Day in the Serbian Chamber

14 During the overhaul of the MiG-29 aircraft, carried out in 2008 and 2010, the stages of
dismantling and assembly of parts and assemblies were carried out by the personnel of
the Moma Stanojlovic Aviation Institute and the 204th Aviation Brigade, and their repair
was carried out in the Russian Federation.

'® The contract for the repair of spare parts for the MiG-29 was concluded with OAO "558.
Aviationny remontnyj zavod" from Belarus in 2015
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of Commerce in order to find suppliers of parts for their products in our
country.

Prospects for the repair of spare parts probably need to be sought
and developed as part of the development of the overhaul of aircraft as a
whole for the types of aircraft that will be overhauled in our country to
complete the process.

Prospects for aeronautical ordnance

Prospects for the development of national logistics in the Air Force
support segment with AO are in the development of new modern AO
types and the overhaul and modernization of the existing ones. For these
activities, there is professional staff with the necessary experience.

For the development of new AO, prospects are reflected in the
development of high-precision guided AO, independently and in
collaboration with foreign partners. An example is the most ambitious
development project of the domestic military industry in technical and
technological terms, the ALAS rocket system developed by the domestic
private company Edepro with the support of Jugoimport-SDPR (Figure
5).

Figure 5 — ALAS rocket system (Radio Television of Serbia, 2013)
Puc. 5 — PakemHas cucmema ,AJTAC” (Radio Television of Serbia, 2013)
Cnuka 5 — PakemHu cucmem ,AJIAC” (Radio Television of Serbia, 2013)

It is a long-range multipurpose guided missile system, in which the
guidance is achieved without a direct visual contact with the target. The
peculiarity of this rocket system is that it is not intended to be used on
only one type of a platform, but it can be used on different types of fighter
platforms such as stationary launchers, combat vehicles, aircraft, ships,
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and the like. It is designed to perform actions on a wide variety of targets
such as armored vehicles, established infrastructure, ships, low-flying
helicopters and more. (Radio Television of Serbia, 2013)

The overhaul and modernization of AO represents a significant
prospect for the development of our national logistics in support of the Air
Force, aimed at improving the quality of the existing AO.

In addition to supporting the Air Force, more effective use requires
modernization of AO, which would certainly be of general interest to the
Air Force because it is less expensive than acquiring new assets, and
most Air Forces owns certain quantities of older AO types that are
technologically outdated and need to be modernized.

Conclusion

Prospects of the development of national logistics in support of the
Air Force of the Serbian Armed Forces, among others, are significantly
shaped by political factors. In what direction and how fast it will develop
depends on the relations of the Republic of Serbia with East and West.
The military neutrality and balanced policy of the Republic of Serbia
towards the great powers of the world could have a favorable impact and
help it in its faster and better development.

Following the trends in the world, one of the long-term prospects in
the further development of our national logistics is recognized in the
grouping of state-owned enterprises of the military industry into the
Defense Industry of Serbia Group, which, through joint development and
appearance on the market, will certainly ensure their better and a more
secure future (Radi¢ & Radi¢, 2018, pp.162-179).

Development prospects should also be sought in cooperation and
joint projects with foreign partners. These activities provide faster
development, lower costs and benefits in joint appearance on the market.

Long-term prospects for the development of our national logistics, at
this point, should not be sought in the production of modern multi-
purpose aircraft. The current level of technological development of our
military industry does not allow such a thing at the moment. This end
goal should be pursued in the long term, and the path to it leads through
the development and production of technologically less complex aircraft
through which our national logistics will slowly strengthen, adopt new
technologies and gain the necessary experience as a basis for progress
towards the end goal.
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The production of drones, as one of the most current trends in the
development of aviation today in the world, certainly has a perspective
here, and is an important direction for the development of our national
logistics and a potential export resource. As our national logistics
currently has the capacity to develop and manufacture this type of
aircraft, this prospect makes it even more significant.

A great deal of attention is being paid in the world to the
modernization of existing aircraft. It renders technologically obsolete
aircraft current. Of course, modernization, because of its limitations,
cannot completely replace the procurement of new aircraft, but it can
"buy" the time necessary to create the conditions for the procurement of
new aircraft and such costs are significantly lower than the procurement
costs.

A real long-term prospect and the most interesting and easily
achievable path to develop our national logistics in support of the Air
Force is certainly to focus on aircraft repair jobs. Overhaul capacities,
professional staff and tradition in this business exist, and their potentials
have been recognized by major global companies.

Prospects in the production of aircraft spare parts should be sought
in penetrating the global market and in producing spare parts for large
global companies. Such contracts are certainly not easy to win, but there
are interests.

When it comes to overhaul of spare parts, the prospects of our
national logistics in supporting the Air Force should be sought and
developed in overhaul of spare parts for the MiG-29 and for the types of
aircraft that will be overhauled in Serbia to complete the entire process.

Prospects of support regarding AO are in the development of new
modern high precision AO types, independently and in cooperation with
foreign partners, and overhaul and modernization of the existing AO. For
these activities, there is a professional staff with extensive experience. In
addition to supporting our Air Force, modernizing existing AO could also
be an interesting export service.

Based on the above, it can be concluded that there are prospects for
the development of national logistics in support of the Air Force. Some
are easier to realize and are clearly offered to us and some are more
difficult and require longer time and greater investment. Which ones need
to be developed and which ones will pave the way for the long-term
development of our national logistics in support of the Air Force must be
recognized and decided by the political elite of our society.
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PA3BUTUE HALI,VIOHAJ'IbHOVI NOrncCTUKN,
NOAOOEP>XMBAKOLWEW BOEHHO-BO3AYLWHBLIE CUIbI
PECMYBJIMKN CEPBEVA — OONTOCPOYHbLIE NMEPCMEKTWMBbI

Xamudxa A. Bepuwwa
YHuBepcuTeT 060poHbI B I. benrpag, LLkona HaumoHanbHon 060poHbl,
r. benrpag, Pecnybnuvka Cepbusi
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PYBPUKA TPHTW: 78.21.53 Wccneposanus u pa3paboTtku B obnacTu
3P PEKTMBHOCTM, HAAEXHOCTU 1 6OEBOro UCNONb30BaHUA
BOOPYXEHWNSI N BOEHHOWN TEXHWKU
78.25.13 BoeHHas aBMaUMOHHasi TEXHNKA U BOOPYXKEHME
B CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pe3some:

BeedeHue/yenb: BoeHHasi asuauusi ocyujecmeriiem ceou 3adadqu 8
8030yWHOM MpocmpaHcmee, rnosamomy el HeobxoOUMO UCIMOoIb308amb
crieyobopydosaHue U 800pYKeHUEe, Komopbie 8 c8oto o4Yepeds derarom
ee 0cobo mexHU4YeCcKUM 8UOOM 800PYXKEHHbIX cus. [JaHHas mexHu4yeckas
rnodornsieka yKkasbleaem Ha BaXHOCcmb Jsoaucmuku 0Onsi  BoeHHo-
8030yWHbIX curs. HayuoHarnbHas fioeucmuKka OKa3sbigaem MOCMOSIHHYIO
noddepxky BoeHHO-8030ywHbIM cunam Pecrniybnuku Cepbusi, 8 mom
qucrie nocpedcmeoM pasfuyHbIX ompacrned npomMsiwneHHocmu. B
repsyro o4epedb 3adelicmeosaHa OOOPOHHAs POMbIUIIEHHOCTb,
3aHuUMarowasicss  npoussodcmeom U cbbimom 6oesbix cpedcme U
80€HH020 060pyd08aHUSI.

Memoodbi: B daHHOU pabome rnpumeHsisicss Memod aHarnu3a MUpPO8bIX
meHOeHYUl pa3eumusi COBPEMEHHbIX asuayUOHHbIX cpedcme U
creuymexHuUKU, a makxe MemoO CcuHmesa, C MOMOWbI KOMopoeo
rnpedcmaessieHo COCMOosIHUE HaUUOHasibHOU f102UCMUKU Ha Ce200HSWHUU
OeHb, a makxke 803MOXHOCMU M0OOeP)KU BoeHHO-8030yWHbIM cuiam
Pecnybrniuku Cepbusi, nocpedcmeom c80UX OCHOBHbBIX UCMOYHUKOS.
Pesynbmamel; PaccMompeHbl OCHOBHbIE UCIMOYHUKU U 803MOXHbIE
repcriekmuebl darnbHeliwea0 pa3eumusi HayuoHasibHOU J102UCMUKU C
yriopoM Ha MOOEpHU3auUI0 camMosiemos8 U UHOU CrieymexHUKU, Ha
Mod2omoeKy Kadpoe U IMOBbILUEHUE YPOBHS KU3HU B0EHHOCIYXawux, a
makxe Ha pa3pabomKy U pa3eumue CO8MECMHbIX [IPOEKMo8 C
3apybexXHbIMU napmHepamu.

Bbigo0bl:  BHayumocmb  cmambU  3aKmo4aemcsi 8 - 8blsI8NIeHuU
riepcriekmus pa3sumusi, Komopble mMoanu Obl 3Ha4UMesibHO MoeuUsiMb
Ha OanbHelwyro HarpasiIeHHOCMb HauuoHarbHOU J102UCMUKU Ha
oKa3aHue noddepxxku BoeHHO-8030ywHbIM cunam Pecriybriuku Cepbusi.

Knouesble crnosa: BoopyxeHHble cunbl Pecnybnuku Cepbus,
asuayusi, Jlo2ucCmuKka, B00pYyXeHue, B80eHHoe 0bopydosaHue,
CcOCMosiHUE U Nepcrekmushbi.

PA3BOJ HALIMOHAITHE JTOTNCTUKE Y NOAPLWLI PATHOM
BA3QYXOINNOBCTBY BOJCKE CPBUJE — YTOPOYHE
MEPCMEKTUBE

Xamuya A. Bepuwa
YHuBepauteT ogbpaxe y beorpagy, LLkona HaunoHanHe oabpaHe,
Beorpag, Penybnuka Cpbuja
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OBNACT: paTHO Ba3gyxonnoBCTBO, NIOrncTMKa
BPCTA YJTAHKA: cTpy4H/ YnaHak
JE3VK YJTAHKA: eHrnecku

Caxemak:

Yeod/cepxa: PamHO 6a30yxorioecmeo pearsnusyje ceoje 3adamke y
8a30ywHOM rpocmopy, na mopa Oa Kopucmu crieyujasiHy onpemy u
Haopy»are, Wmo 2a YuHU U3pa3umo mexHuU4Ykum Oerlom osoe euda y
KojeM floeucmuka uma 8axkHO Mecmo. HauyuoHanHa noaucmuka rpyxa
rnodpwky Pamrom ea3dyxorioecmey Bojcke Cpbuje, noped ocmarioe,
Kpo3 pasfnu4ume epaHe u 0enose uHAycmpuje. To YuHU, NpPesacxooHo,
KpOo3 HaMeHcKy UHOycmpujy — OerioM uHOycmpuje Koju ce b6asu
rPOU3B80O0H-0M U rIPOMEMOM HaopyXaka U 80jHE Orpeme.

Memode: Y pady ce kopucmu memola aHasiu3e, KojoM Cy UChuUmueaHe
meHOeHUuje passoja caspeMeHux 8a30yxoriosHUX cpedcmasa U
HaMeHCKux uHOycmpuja y ceemy, Kao U Memoda cuHmese, KojoM ce
cazriefasa cmarbe HauyuoHarsHe sioeucmuke daHac u MoayhHocmu nodpuixke
PamHom ea3dyxoriroecmesy Bojcke Cpbuje Kpo3 HeHe OCHOBHE U38ope.
Pesynmamu: CaznedaHu cy ocHosHU u3gopu u mozyhe nepcriekmuse
Oasbez paseoja HayuoHanHe Jio2uCmuKe, ca mexXuwmeMm Ha
modepHu3ayuju BY6C-a (ysohere Hosux niemenuua u Opyee orpeme,
obyka JsbyOcmea, Kao U nobosrblarkke XueomHoz2 cmaHOapoa
npurnipadHuka Bojcke), me paseojy u capadwu  Ha 3ajeOHUYKUM
rpojekmuma ca UHOCMpPaHUM rapmHepumMa.

Bakrbyyak: lompebHo je y 3HavajHOj Mepu mexumu cmeaparsy ycrioea
3a Qy20pOyHy riepcriekmuegy pa3goja HauUoHaHe fioaucmuke y noopuwyu

Pam+om ea3dyxorinioecmsy Bojcke Cpbuje.

KmmyuHe peyu: easdyxornnoecmeo, Bojcka Cpbuje, rnoaucmuka,
Haopyxxarbe, 80jHa orpema, cmak-e U npecrnekmuse.
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OT3bIB CTATEW (PETPAKLINA)
RETRACTIONS

RETRACTION: Rmus, V. 2017.
Constructions of squaring the circle,
doubling the cube and angle trisection.
Vojnotehnicki glasnik/Military Technical
Courier, 65(3), pp.617-640

Editorial Office of the Military Technical Courier
DOI: 10.5937/vojtehg68-25019; https://doi.org/10.5937/vojtehg68-25019

FIELD: Mathematics
ARTICLE TYPE: retraction

Abstract:

The Editorial Office of the Military Technical Courier is retracting the article
titled ,Constructions of squaring the circle, doubling the cube and angle
trisection” of the author Veselin M. Rmus, published in the Military
Technical Courier vol. 65, no. 3/2017, pp.617-640 (doi:10.5937/vojtehg65-
13404; https://doi.org/10.5937/vojtehg65-13404). The article is retracted
because the final version of the article did not take into account the
referee's explicitly stated remark that the article deals with a new approach
to solving the problem and not with the final solution to the problem as
such a conclusion may be drawn from the published article. The Editorial
Office expresses regret and sincere apology to the readers; we
considered, with our engineering thinking, that the approximate solutions
given in this work can also be scientifically relevant in the mathematical
context of this classical, ancient Greek problem, which can by no means
be an excuse.

The Editorial Office of the Military Technical Courier is retracting the
article titled ,Constructions of squaring the circle, doubling the cube and
angle trisection” of the author Veselin M. Rmus, published in the Military
Technical Courier vol. 65, no. 3/2017, pp.617-640
(doi:10.5937/vojtehg65-13404; https://doi.org/10.5937/vojtehg65-13404).

The article is retracted because, due to the Editor's overview and
insufficient control of its final version, it did not take into account the
referee's explicitly stated remark that the manuscript deals with a new
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approach to solving the problem and not with the final solution to the
problem as such a conclusion may be drawn from the published work.

The referee's review states that: ,...With his new and original
approach to solving some well-known ancient geometry problems, the
author went a step further from some already known attempts. Namely, it
has been proven for long time that these problems cannot be solved a
finite number of times with a compass and a straightedge; however, it is
also a well-known fact that many authors tried to define, i.e. to introduce
a new approach. This is exactly what the author is doing in this work of
his... This approach can certainly motivate other researchers trying to
cast light on these three well-known problems from a different angle...".

In this regard, the Editorial Office considers that the correcteness of
both the referee and the review is undisputable.

It is also important to mention that, despite its interesting approach
and the method which can potentially be applied in practice, the
published article has provoked numerous reactions and comments by the
scientific mathematical community focusing on debatable findings and
errors easy to detect in the work such as unacceptable choice of the
approximate value of Pi as a precise value, without taking into account
the transcendence and nonconstructibility of this number. Such a serious
error occurs throughout the whole work resulting in misleading the
readers and misinterpreting the actual result.

The Editorial Office expresses its gratitude to Dr Dorde Barali¢ from
the Mathematical Institute of the Serbian Academy of Sciences and Arts,
Prof. Predrag Rajkovi¢ from the Faculty of Mechanical Engineering in
Nis, Prof. Dragan BDordevi¢ from the Faculty of Sciencies and
Mathematics in Ni§ and other benevolent readers for pointing out errors
as well as for their help and cooperation in solving this situation.

We are also grateful to the author Prof. Veselin Rmu$ for his trust,
cooperation and understanding, and we encourage him to revise and
resubmit this retracted article as a revised paper.

The Editorial Office expresses regret and sincere apology to the
readers; we considered, with our engineering thinking, that the
approximate solutions given in this work can also be scientifically
relevant in the mathematical context of this classical, ancient Greek
problem, which can by no means be an excuse.
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OT3bIB CTATbW (PETPAKLUWA): PMmyLu,
B. 2017. KoHCTpyKUMKM KBagpaTypbl Kpyra,
yOBOeHune Kyba n Tpucekunm yrna.
Vojnotehnicki glasnik/Military Technical
Courier, 65(3), c.617-640

Pepakuus xxypHana «BoeHHO-TEXHUYECKUIA BECTHUKY
DOI: 10.5937/vojtehg68-25019; https://doi.org/10.5937/vojtehg68-25019

PYBPUKA MPHTU: 27.00.00 MATEMATUKA
BWO CTATbW: oT3bIB cTaTby (peTpakums)

Pe3some:

Pedakuyusi XypHana «BoeHHO-MeXHUYeCKUll 8ECMHUK» 0m3bieaem
cmambto aemopa BecenuHa M. Pmywa nod HaseaHuem «KoHcmpykyuu
KkeaOpamypbl  Kpyea, ydeoeHue Kyba U mpucekyuu yarna»,
onybriuKo8aHHyK 8 XypHasie «BoeHHO-mMexHUYeCKUl 8E€CMHUKY, 8blIryCK
65, Ne 3/2017, c.617-640 (doi:10.5937/vojtehg65-13404;
https.//doi.org/10.5937/vojtehg65-13404). Cmambsi omo3gaHa, MOCKOMbKY
8 ee OKOH4YamesibHOU 8epcuu He ObiI0 y4YmeHO SIBHO BbiCKa3aHHOoe
PEUEH3EHMOM 3ameyaHue O IMOM, 4Ymo 8 cmambe rpedcmaessieH Ho8bil
Modxod K peweHuto npobrieMbl, HO HE CaMO OKOHYamersibHoe peuwieHue
3adaqyu, Kak MOXHO bblrio bbl 3aknio4ume U3 orybruKoeaHHOU cmambu.
Pedakyusi eblpakaem UCKpEHHee coxarleHue U M[puHocum ceou
enyboyvaliwue U3BUHEHUSI YumamesiiM 3a mo, 4mo pPyKosoOCmeysiChb
C8OUM UHXEHEPHbIM MbIWIeHUEM rocyumarna, 4mo npubriuxXeHHble
peweHusi, npusedeHHble 8 OaHHOU pabome, makkKe Mo2ym UMeMb
HayyHyr0 3Ha4YUMOCMb 8 MameMamu4yecKOM KOHmekcme  amol
OpesHetiweli aHMu4HoU 3adayu, 4Ymo, pasymeemcs, He Moxem
A67159MbCs1 onpasdaHuem.

Pepakuns >xypHana «BoOeHHO-TEXHUYECKMA BECTHWUKY» OT3blBaET CTaTbio
aBTopa BecenuHa M. Pmylia noa HassaHnem «KOHCTpyKLMM KBagpaTyphbl Kpyra,
yOoBoeHue Kyba M Tpucekuum yrnay», onyGrmKoBaHHYHO B >kypHane «BoeHHo-
TEXHUNYECKUN BECTHUK», BbIMycK 65, Ne 3/2017, c.617-640
(doi:10.5937/vojtehg65-1340; https://doi.org/10.5937/vojtehg65-13404).

Cratbsa 0TO3BaHa, BCNeACTBMe HEAOCMOTPA peaakTtopa U HegoCTaTOuHOrO
KOHTPONS Hag OKOHYaTenbHOM Bepcven CTaTbi, MOCKOSbKY He ObIfio ydTeHO
SIBHO BbICKa3aHHOE peLeH3eHTOM 3aMeyaHre O TOM, YTO B CTaTbe NpeacraBneH
HOBbIV MOOXOL, K peLleHnto npobrnembl, HO He CaMO OKOHYaTENbHOE peLleHue
3a7a4m, Kak MOXHO 6bIr10 Obl 3aKI0UMTb 13 ONYBNIMKOBAaHHOWN CTaTbM.

133

Editorial Office, RETRACTION: Rmus, V. 2017. Constructions of squaring the circle, doubling the cube and angle trisection, pp.131-136



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 1

B peueHsun crtatbl npuBeneHo cnepywouwlee: «...brarogaps csoemy
HOBOMY W OpPUIVHaribHOMY MOAXOAY K PELUEHUMIO HEKOTOPbIX CTapenmx u
N3BECTHENLLNX NPobriem reoMeTpun, aBTOp caenan Lwar eriepeq no CpaBHEHUIO
C YKe CyLLeCTBYIOLMMU MOMbITKAMU pelleHuss OaHHOW 3afjadn. A MMEHHO,
[AO0Iroe BPeMsi CUMTAroCh, YTO 3TU 334a4n He MOTYT ObiTb peLleHbl KOHEYHOE
4YACNO pa3 C MOMOLUBIO UMPKYNS M FIMHENKW, HO TEM HEe MeHee MHorve
MaTeEMaTUKN Ha MPOTSPKEHUM BEKOB MbITANMChL HAWTW onpedeneHne 1 BBeCTu
HOBbI NMoaxod. M 3To MMEHHO TO, YTO aBTOp AernaeT B AaHHOW paborte... Ero
nogxon, ©6e3ycrioBHO, MOXET MOCIYKWUTb MOTMBAUMEN Onst  OpYyrvX
nccnegoBaTtenen, NbiTaloLMXCA NPOrMTL CBET Ha 3TU TPU M3BECTHLIE 3aaaun
nog, Apyrm yrroMm. . .».

B paHHOM CBA3WM  pedakumMsi  CYMTaEeT  codepKaHue  peLeH3vu
cnpasegMBbIM U HEOCTIOPUMOWN.

Takke BaXXHO YNOMSHYTb, YTO HECMOTPSA Ha MHTEPECHBIN NOAX0A U METOA,
KOTOpbI NMOTEHUMANBHO MOXKET ObITb MPUMEHEH Ha NPaKTVKe, OnybnMKoBaHHas
CTaTbsl Bbi3Basia MHOMOYUCIIEHHbIE pPeakuMn W KOMMEHTapUU  Hay4HOro
MaTeMaTU4eCKOro COOOLLECTBA, COCPEOTOMMNB BHUMaHME Ha CMOPHbIX BbIBOAAX
N [OOKasyeMblX OLMOKax, KOTOpble OTHOCATCS K HegomnyCTMMOMY BbIOOpY
NpUONKEHHOro 3HadveHnst umucra v, nNpuBEedeHHOro B KayecTBe TOYHOIO
3HauveHus1, 6e3 ydeTa TpaHCLUEHOEHTHOCTU U HEKOHCTPYKTUBHOCTU 9TOrO Ymcra.
Takass cepbe3Hasi owMbKa nocrnenoBaTernibHO MOBTOPSETCA HA MPOTSPKEHWUM
BCEro TEKCTa CTaTbi, BBOAS uuTartens B 3a0mnygeHue, B TO BPeEMS Kak
HaCTOSALLMIN pesyrbTaT UCTONKOBaH HEBEPHO.

Pepakumsa BblpaxxaeT WCKpeHHo 6rarogapHocTe  Martematudeckomy
nHCTUTYTYy CepbCKon akagemmm Hayk M UCKYCCTB B nvue A.MaTt.H. [bkopxa
Bapanunya, g.mart.H. [Npegpary Pankosudy npodeccopy MalLumMHOCTPOUTENBHOTO
GakynbteTa B . Huw, Aamat.H. [Oparany [ropmpkeBudy npodpeccopy
dakynbTeTa QU3NKo-MaTeEMaTUHECKNX U €CTECTBEHHbIX HayK B r.HuLW, 1 apyrum
nobpoxernarenbHbiM YMATATENSIM 3a yKasaHWe Ha OWMOKM, a Takke 3a WX
MOMOLLb M COOENCTBME B PELLEHNN 3TON CUTYaLIMN.

Mbl Takke Bblpakaem OnarogapHocTb aBTopy BecenvHy Pmywy 3a
JoBepue, COTPYAHWMYECTBO M MOHWMaHME, Mpu3biBasl ero NepecMoTpeTb U
MOBTOPHO MPEACTaBUTb STy OTO3BAHHYK CTaTbi, ODO3HAYEHHYHD  Kak
«repecMoTpeHHas ctaTtbs» (revised paper), B UCMpaBneHHOM BULE.

Pepakumsa BbIpaXaeT WCKPEHHEE COXaneHne W MNpUHOCUT  CBOW
rnyboyanume W3BUHEHUSI 4YiTaTeEnsM 3a TO, 4YTO PYKOBOACTBYSICb CBOVM
WMHXEHEPHBIM  MbILLNIEHNMEM MOcYUTana, YTO MPUOIKEHHbIE  peLleHus,
npvBeAeHHbIE B AaHHOW paboTe, Taikke MOryT MMETb HayyHyl 3HaYMMOCTb B
MaTEMaTU4YECKOM KOHTEKCTE 3TOW OpPEBHENMLLEN aHTUYHOWM NpOoGMneMbl, uTO,
pa3ymMeeTcsl, He MOXET SBATLCA OnpaBaaHNEM.
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OlMNO3KMB: Pmyw, B. 2017. KoHcTpyKumnje
KBagpaType Kpyra, yaBajaHa KOLKe u
Tpucekumje yrna. BojHomexHu4Ku
eanacHuk/Military Technical Courier, 65(3),
cTp.617-640

Pepakuuja ,BojHOTEXHMYKOr rnacHuKa”
DOI: 10.5937/vojtehg68-25019; https://doi.org/10.5937/vojtehg68-25019

OBNACT: maTtemaTtuka
BPCTA YJTAHKA: onosus

Caxemak:

Pedakyuja ,BojHomexHu4YKkO2 enacHuka“ mnoenayu 4YnaHak aymopa
BecenuHa M. Pmywa nod Ha3usom KoHcmpykuuje keadpamype Kpyeaa,
yOeajarba KOUKE U mpucekuuje yena, Koju je objasrbeH y
BojHomexHu4kom enacHuky, eon. 65, Ho. 3/2017, cmp.617-640
(doi:10.5937/vojtehg65-13404;  https.//doi.org/10.5937/vojtehg65-13404).
Pad ce noenadyu jep y KOHa4YHOj 6E€p3uju 4raHKa Huje yeaxeHa U
eKcnnuyumHo HasedeHa cyeecmuja peueH3eHma O0a ce padu O HO8OM
npucmyriy pewasarby npobriema, a He 0 KOHa4YHOM pelery rnpobriema,
KaKo ce MOXe 3aKkibydumu u3 objasrbeHoe pada. YpeOHuUWMeo Yacornuca
uspaxaea xarbere U yryhyje ussurere Yumaouyuma, jep je, cgojom
UH)XEeH-EPCKOM JT02UKOM, cMampario 0a U npubsiuxHa pewer-a HagedeHa
y 080M paldy mo2y 6bumu Hay4yHO perfie8aHmHa y Mamemamu4KoMm
KOHMeKcmy 0802 cmapoe — aHmu4koe rpobriema, wmo He Moxe bumu
ornpasdar-e.

Pepakunja BojHomexHu4koe aracHuka MOBMayM 4naHak ayrtopa
BecenvHa M. Pmywa, nog HasvBom KOHCTpyKuuje KBagpaTtype Kpyra,
yOBajara KoLUKe U TpUceKuuje yrna, koju je objaBrbeH y BojHOTEXHMYKOM
rnacHuky, Bon. 65, Ho. 3/2017, ctp.617-640 (doi:10.5937/vojtehg65-13404;
https://doi.org/10.5937/vojtehg65-13404).

Papn ce noenaum jep, npeBnaom ypeaHuUWTBa Y NOCTYNKY HE4OBOIbHE
KOHTpOMNEe Yy KOHA4HO] Bep3uju 4fnaHka, HuWje yBaxeHa W eKChNUUUTHO
HaBeJeHa cyrecTuja peueH3eHTa Ja ce paaM O HOBOM NPUCTYMyY
pelwaBaky npobnema, a He O KOHa4YHOM pellewy npobnema, Kako ce
MOXe 3aKrby4nTn 13 o6jaBrbeHor paga.

Y TeKkcTy peueHsnje ce Hasogu: ,..Ca HOBUM W OpUrMHaNHUM
NPUCTYNOM Yy peluaBaky Mo3HaTMX cTapux npobrnema w3 reomeTtpuje
ayTop je OTMLWao Kopak Jarbe y Oo4HOCY Ha Heke Beh nosHaTte nokyliaje.
Haume, ogaBHO je mo3HaT oKa3 ga ce UCTUM He MOry pelunTy KOHayHOo
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nyta NMpUMEHOM LecTapa W newupa, any 1 ogasBHO je No3HaTo ga cy
MHOrM ayTopu NoKyLlaBanu aa geduHuLy, O4HOCHO, YBedy HOBU MPUCTYM.
AyTop, y cTBapu, TO pagu y oBoMm cBoMm pagy... OBaj npuctyn Moxe
CUrypHo 61Tn MoTMBaumja OCTanMM MUCTpaxmnBadMMa Koju MOKyllaBajy Aa
Ha Apyr1 Ha4nH pacBeTIe OBa TpU No3HaTa npobnema...”

Pepakuvja cmatpa ga je, ¢ TUM Yy Be3W, HecrnopHa KOPEKTHOCT
peLeH3eHTa 1 UCNPaBHOCT peLeHsuje.

Takohe, yHaToy 3aHMMIBLMBOM MPUCTYMY, KOju ce ornega y
eBeHTyanHoj ynotpebu oBe MeTode y MNpakcu, HayyHa MaTemaTtudka
jaBHOCT y BpojHMM pearoBarMMa U KOMEHTapuma Ha objaBrbeHM YnaHak
NUCTUYE CMOPHE Hanase W [oKasuBe rpeLlke y camMoM papgy, Koje ce
ornegajy y HegonycTMBOM Npenacky Ha npubnvkHy BpeaHocT 6poja Mu n
HeHy ynotpeby kao TauHe BpedHOCTM, MpU 4Yemy Huje yseTa y 063up
TPaHCLEAEHTHOCT WM HEKOHCTPYKTMOUNHoct osor 6poja. OBako rpyba
rpewka ce NpoBnayn Kpo3 Leo pad, Yume ce yMTaoum gosoge y 3abnyay,
a CTBapHuW pe3yntaT HeTayHo MHTepnpeTupa.

Pepakumja ce 3axBarbyje Ha ykasaHMM Mnponyctuma, nomohu wu
capafru NpUnvKoMm paspellera oBe cutyaumje ap hophy bapanuhy un3
MaTtematnukor nHctutyta Cpncke akagemuje Hayka MU yMETHOCTU, npod.
ap MNpepapary Pajkosuhy ca MawumHckor dakynteta YHusepsuTeTa y Huwy
n npocp. ap Oparany hophesuhy ca MpupoaHo-maTemaTnykor akynreta
YHuBepsauteTa y Huwy, kao n gpyrum gobpoHaMepHUM Yntaouuma.

Takohe, 3axBanHOCT Ha nMoOBepewy, capagwkuM W pasymeBamy
Pepakumnja gyryje n aytopy npodgecopy Becenuny Pmyuly, Kojer nogctuye
Ja Ono3BaHW paj, O3HA4YeH Kao ,peBmaupaHu pag’, NoHoBO OOjaBu Yy
N3MEHEHOM OONUKY.

YpeOHUWTBO Yaconuca uspaxasa xarbewe U ynyhyje nsBunmbere
yuTaouMma, jep je, CBOjOM WHXEH-epCKOM JIOrMKOM, cmaTparno fda wu
npubnmwkHa pellewa HaBedeHa Yy OBOM pady Mory OuTm HayyHo
peneBaHTHa Yy MaTeMaTU4KOM KOHTEKCTY OBOr CTapor — aHTU4Kor
npobnema, WTO He MOXe BUTK onpaBaar-e.

© 2020 The Author. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cpb). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 AsTop. Ony6nukoBaHo B «BoeHHo-TexHu4eckuii BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cpb). [laHHas ctaTbsi B OTKPLITOM OCTYNE U
pacnpocTpaHaeTcs B COOTBETCTBUM C nuueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).
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cknagy ca Creative Commons nuueHuom (http://creativecommons.org/licenses/by/3.0/rs/).
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CABPEMEHO HAOPY>XAHE 1 BOJHA OINPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPY[JOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

KoHdpurypauumja onpeme 3a nssohemwe aejctaBa y HohHUM ycrnosuma

M3Boherwe 6opbeHnx aejctaBa pasnmMunTMX BpCTa Yy HOAHMM ycrioBuma je
N3y3eTHO cTapa npakca. Jow cy, npumepa pagu, aHTUYKM crnapTujaTi y rpuykoj
CnapTn yBexxbaBanu pasnuuute TaktMke Marwbux jeanHuua y HohHuM ycrnosmma,
kojeBeoma cnmkoBuTo onucyje n CtuseH MNpecdung (Steven Pressfield) y ceom
ncropujckom pomany ,OrkbeHa kanuja”. bes ob63upa Ha ucTopujcku nepuos,
nokanuTeT wWNM BPCTy [AejCcTBa, 3ajeQHVYKN MMEHWUTElb MHOTMM  OBaKBUM
npumepuma jecte Aa cy OBy BPCTy aKTMBHOCTM yBexbaBane, Hajuyelhe, enntHe
jeovHuue mawe chopmaumjcke cHare, npe cBera 36or Tora wTo je 6opba y
HORHUM yCnoBMMa BEOMa CIIOXEHA, NMa U3NCKyje He caMo OAfIM4HYy 0By4eHoCT y
KOMYHMKaLMju 1 MaHeBpucawy Beh 1 xpabpocT, BUCOK Mopan v ap.

CneyuguyHocmu HOhHuUX ycriosea

HeonxoaHo je pasnukoBaTth YCNoBe CMaHkeHe, omexaHe 8udrbUsHOCMU U
HOhHux ycnosa. [pBu 61 nogpasymeBanu OKpY>XeHe y KojeM Cy npupogHa unm
BelUTayka CBETMOCT (CaMMM TUM M BUATBUBHOCT) 3HATHO YMakeHe, Ha npumep,
ycneq rycte marne, Bejasuue, AMMa, HENOCPEAHO Npepn 3anasak CcyHua, wunm
cBUTame, unu ycnen cnabo ocBeTrbewe 3aTBOpeHe npocTtopuje u cn. HohHu
YCNoBM Yy YXeM cMucry nogpasymeBajy MoOTNYHO OOCYCTBO NPUPOAHE
CBETIOCTW, JaKne nepvof of 3anacka [0 m3racka CyHua. Y LMpEeM CMUCHTY,
MOrfnio 6u ce roBoputTM M O HORHMM YCNOBMMA Kafa je HEeKO OKpYXewe U y
nepmnoagy CyHueBe cBeTnoctu (o6gaHmua) mpadHo, gakne 6e3 npupogHor (unm
BELUTAYKOr) M3BOpa CBETMOCTM, Kao LUTO Cy 3aTBOPEHU NMPOCTOpU Yy 0BjekTnMma,
nonyT nogpyma, TyHena, OyHkepa, anum n nehuHe, Beoma rycre Lyme u Cn.
Ceemsiocm ce Mmoxe pJecuHucatM Kao [e0 ChekTpa eneKkTpoMarHeTHor
3padverba M3 orncera TanacHux AyXuHa eudrbusux 20/1UM OKOM, OOHOCHO OHe
TanacHe AyxuHe mamehy WHpaupBeHOr 3payersa, Tj. CBETNOCTM (ca Ayrum
TanacMMa) u ynTparbybuyacTor 3payersa, Tj. CBETNOCTM (Ca KpaTKum
Tanacvma), Aakrne 3payera Koja HUCY BUarb1Ba ronmm OKOM.

OtexaBajyha OKOMHOCT paja Yy HOhHMM ycrioBMMa ynpaso je
Makak/HegocTaTak ceemsiocmu, jep Nako je JbyAcKo TeNno HENPEKNOHO aKTUBHO,
n gawy M Hohy, oKy je noTpebHa cBeTnocT (MpupodHa unu BelwTayka) aa ou
MPVMMUITIO N NPEHENO MHAOPMaLMje O OKPYXXehy M3 BUAHOT norba. CBETNOCT 13
OKpYXXeHsa yrasm y OKO KPO3 3aKpMBIbEHY POXHbayy U COYMBO, KOjU MOTOM
pedpakTyjy NpUMIbLEHY CBETMOCT Ha MpeXkayu, TadHuje XyToj Mpsbu. Kao
doTOoCeH3nTMBaH (OCETI/bMB Ha CBET/IOCT) [Oe0 OKa, MpexXhada Caapxu

1 . .

WcTopuja, HapaBHO, No3Haje 1 MHOrO MpuMepa kaga cy ce umtaBe OuTke Bogune y
HohHMM ycnoBuma, nonyT Mapudke 6uTtke, centembpa 1371. rognHe, y KOjoj je Typcku
HONHM Npenag Ha cHare xpuwhaHcke Koanuuuje oanyy4no ncxos butke.
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MHOLITBO poTopeLenTopa Koju JbyACKM BUO YMHE Tako CaBpLUEHUM, Y3
MoryhHocT cpokycuparsa, pasnukoBawa Bule MunuoHa 60ja, KoHTpacTa,
obnuka, cuTHMX deTarba U Ap. Mamwak unu HegocTaTak CBETMOCTM 3HA4YM U
yMatbeHy MMM WCKIbydeHy MOryhHOCT [Ja YOBEeK onaxa’ CBOje OKpyXeke
BM3YEeNHUM NyTeM, Aakne YynioM Buaa Kojum ce, No npasuiny, onaxa yoear-vmeo
Hajsehn npoueHaT wuHdoOpMauvja 13 cnosbawmer ceeta — 4vak 80 pgo 90
npoueHara.

[akne, HohHK ycnoBu (M HOh Kao Aeo AaHa) HUCY rNPUPOOHO OKpyXere 3a
yoeeka, jep ceHeraTMBHO ofpaxaBajy Ha meTtabonusam, pacrnonoxewe, anv u
ncuxo-pmandke kanauuTtete, pedjy — Ha pag. NocmaTpaHo ca OuonoLwKkor u
aHTPOMOSOLLKOT acnekTa, NpUpoaHO OKpY>XeH-e YOBeKa Besyje ce 3a obaaHuLy.

Jlozuka 6opbeHux dejcmasa y HOhHUM ycrioguma

Kao cBecHO, BUCOKOMHTENUIreHTHO Buhe YoBek nma usys3eTHy CnocoBHOCT
yyewa K, HapaBHO, namhewa — KpaTKOPOYHOr M AYropoyvHOr. YMnpaBo OBWU
KanauuteTnm MOry ce MCKOPUCTUTM Yy Mpouecy npvBMKaBaka M obyyaBara 3a
paj y cneumnyHNM OKpYXXeHrMa, Kao LITO Cy BasdyX, BoAa W, HapaBHO, HORHK
ycnosu. [MaXxrbMBO OCMULLIBEHMM MNNTAHOM W nporpamom 4YOBEK Ce MOoXe
nucTpeHupatm ga ogpeheHe NpuUpoaHe HaroHe 3aHemapw, unu mogudukyje
HMXOBY Mepuenuujy, a 3aTuM W peakuujy, Te [da BuUlecTpyko YyBeha
nepdopMaHce y OKpyXewMMa y KojuMa npupodHo He 6u Tpebano ga Oyne
aKTMBaH M pagaH. YnpaBo je y Tome noruka mssoherwa 6opbeHnx gejctaBa y
HORHUM ycnoBuMa: BMCOKOOOYYEHM MNOjeauHLM, OpraHM30BaHW Yy crneuujanHe
rpyne unu TUMOBE, MOMOTHYTM CNeundU4HOM OMPEMOM W TEXHUKOM, MOry
OCTBapMTU MpPEeOHOCT y OAHOCY Ha Henpwujaterba u4uja Cy OMpPEeMIbEHOCT W
o0y4yeHocCT 3a pag y HOAHMM yCrnoBMMa Ha HWXeM HuBoy. [1o6po obyyeHum un
OMpeMIbEeHUM CcrneuuvjanHUM cHarama HoOh je cagse3HuK®, OOK je mnpocedvaH
nojeguHay, Hohy Hecurypad, ynnaileH, Ae3opujeHTucaH, crnabo mMoTmBuMcaH, ca
ymaweHoM crnocobHowhy pacyfimBakba UM oanyumBaka, onaxawa U
aHraxoBawa. [pyrum peuuma, Herosa OopbeHa edmkacHOCT je OCeTHO
yMah-eHa.

C o63vpom Ha To ga ce gaHac 6opbeHa aejctBa y HOhHUM ycnoBuma, no
npasuny, nosepaBajy nocebHO 0Oy4yeHMM onepaTvMBUMMA BOjHMX, BOjHO-
NONUUMJCKMX U MONULMJCKNX jeauHuua 3a cneumjanHe HamMeHe, KOju Ha TepeHy
page Ha HMBOY rpyne unm TMma, jacHo je 1 Ja cy oBa ejcTBa, Hajuelwhe, Mamwer
obuma n WHTeH3WTeTa, Aa Cy BeOMa CroXeHa W, HapaBHO, 3axTeBHa

% Onaxatbe ce MOXe, penatusHo ynpowheHo, AedwuHMcaTM Kao npouec casHaBaha
OKpY>XeH-a MocpeAcTBOM Yyna.

MpunagHuum amepuuknx SEAL TmoBa nHcucTupajy 1 Ha kpunatuun: The night is your
ally.
* Mo npasuny, yCMepeHa Ha KOHKpeTHe uurbeBe (JbyAcke W MaTepujanHe) BUCOKe
BPEeAHOCTU 3a HenpujaTterba (eHr. High-value Targets).
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o6aBeLITajHO, KOHTPAoBaBeLITAjHO® N TaKTUYKM, Te Aa Cy, CAMUM TUM, YECTO
TajHa. To je Hajuyewhe cnyyaj kKaga ce U3BoAe BaH ApXKaBHe Tepl/lTopMje6 Unu Ha
Oeny TeEpUTopuje Ha KojeM ApXKaBHa BMacT HemMa ePEKTUBHY KOHTPOIy.

Mako je nocebHa oby4veHOCT onepaTvMBaua Ha TepeHy uMnepatvMB 3a
YCMELWHOCT [fejcTaBa OBe BPCTe, HE CMe Ce YyMawUTU HU 3Hayaj
cneunjanncTruyke onpeme Koja ce Kopuctu npu pagy y HohHuUM ycrnosmma.

Onpema

Lnrbs ynotpebe coductuumpaHe cneumjanuctuyke onpeme npu m3sohemy
6opbeHunx gejctaBa y HOhHMM ycnoBuma jecte ga yeeha pagHe kanauuteTe, Tj.
G6opbeHy edpukacHocT cneumjanaua (nocebHO Aa nojaya BM3YErHO Onaxare
OKpYXeHoa, MOMOTHE KpeTake W OpujeHTMCawe Yy NpocTopy, TUXy mehycobHy
BepbanHy, kao u HeBepbanHy KOMYHWKaUWjy M Ch.), Ka0 U ga MaKCUMarHo
npvKpyje NPUCYCTBO CMeuujaniHMX cHara, NMpPBEHCTBEHO KPO3 yMahuBake T3B.
BMU3YENHOr oTucka, unu notnuca (exr. visual footprint/signature reduction). Kako
6un 1O Guno moryhe, onpema oBe BpcTe cHabaeBeHa je pexuMmumma paga y
nHdppaupeeHoj (ML) pagnjaumju, Tj. ceeTny (eHr. infrared).

burokynap ,DTNVG-14", npoussohaya ,ACT” us Jlykcembypea. ®omo: Munow Jeemuh

Mpn pagy y HOhHUM ycnoBMMa HajBaXkHWjM OeO0 onpeme npeacTasiba
ypehaj 3a ocmatparwe y HOhHMM ycrnoBuMma (eHr. night vision goggles — NVG,
night optical/observation device — NOD, night vision device — NVD) nomohy kojer
ce youyaBajy curHanu OpojHMX Opyrux cucrtema, kao wTo cy WL nacepcku

>y nutepaTypu gomahmx aytopa W npaBHuMm aktuma Penybnuke Cpbuje

onwrenpuxeaheHn Ccy uM3pa3sn Kao WTO Cy KOHmMpaobasewmajHu  pad,
KoHmMpaobasewmajHa 3awmuma, koHmpaobasewmajHa cryx6a v ap.

® T3s. upHe onepauuje (eHr. black operations, black ops), a Ha OBOM MeCTy MOXe ce
OVCKYTOBaTU U O T3B. APXXaBHOM WM CMOH30PUCaHOM TEPOPU3MY.
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obenexuBaun uurba, namne ca WL cHonom cBeTtna, 3atum ML o3Hake wnu
ypehaju koju obenexasajy HocuoLa NocTojaHuM Unm ucnpekgaHnm (ctpob) ALY
cBeTnom n ap. Ypehaju 3a HohHo ocmaTpare HoBuje reHepauumje cy (I, Il1+), no
npaBuny, BeoMa ckynu', anu 3aTo omoryhasajy Beoma pfobap nperneg
OKpyXeroa y cnabo oCBETILEHOM UMM MPaYHOM OKpyxewy. KeanutetaH HOhHM
ypehaj mopa ga fdaje owTpy CIUKY OKpYyXersa , 3aTUM OyOMHCKY OLUTPUHY (EHTr.
depth of field), onTumanHy wWWPVMHY BWOHOr MoOfba, anuM W ga MNoOHyAu
npuxBaTibUBY ayToHOMUjy paga. Tako BpXyHCKu npoussohauu Hyge v ypehaje
KOju MpOMEHOM pexuma paga gajy u Tepmosusujcky cnuvky. LLupmHa sugHor
norba 3aBUCKM O KOHCTpyKuuje ypehaja, ogHOCHO oA Tora ga nu ce pagun o
MOHOKyNnapy, OwuHOkynapy wnuM naHopamckom ypehajy (koju, y cTBapm,
npeactaeba HagorpaheHn OuHokynap). Tako, npumepa pagun, BPXYHCKU
,GPNVG-18" KkopucHuKy omoryhasa WWpUHY Of HeBepoBaTHMX 97°, WTO je
NCTOBPEMEHO W jedaH Of pasfnora HeroBe BUCOKE LieHe, AOK OGUHOKynapHu
,DVS-8-DK3/f", kojum cy onpemrbeHe enutHe jeamHuue Bojcke CpbGuje, aaje
BUAHO nosbe of 40°.

9y

lMpunadHuyu ,,Kobpu” mokom npunpema 3a 2afjarbe HohHum ypehajuma ,DVS-8-DK3/F".
®omo: Munow Jesmuh

" Ha npumep, naHopamckn ,GPNVG-18" kowTa y npoceky oko 40 xvurbaga aMepuykmx
Jonapa no komagy.

8 Crinka je Hajuyewhe ca MOHOXPOMAaTCKOM ManeToMm orpaHuyeHor 6poja HujaHCK 3eneHe
60je (3eneHn cocdop) unm cneumdmyHe nnaso3seneHe 6oje (6enu docdop).
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AyToHOMMja papa OaTepuje je Beoma BaxkHa, MOCEGHO Yy crniyyajy
HENPeKNgHUX BULIEOHEBHUX akTMBHOCTW, WM NPUIMKOM paja Ha HWKUM
TeMHepaTypamag. batepuja 3a ,DVS-8-DK3/f" Tpebano 6u, npema TBpOHMU
npouasohaya, ga omoryhu aytoHomujy og 60 catm Ha Temnepatypu og 23° c'’,
0ok je aytoHomuja ,GPNVG-18" orpaHuyeHa Ha 8 caTu, npu TemnepaTtypu og
25°C™".

Y KoHdwurypaumju onpeme 3a 0bopbeHa pgejctBa y HOhHUM ycnoBuma
HEeM30CTaBHU Cy W OMTOENEKTPOHCKU ypehaju pasnuuuTnx HameHa, Koju ce
MOHTMPaAjy Ha NpMMapHO M CeKyHOapHO Haopyxawe ornepatusaua. [loysgaHu
HULWAHCKN cucTemun, YyBenuyasajyhu U HeyBenuyasajyhu, Mopajy 6utu
komnatnbunHn ca HohHuMm ypehajeM, wWTO Hajyewhe 3Haunm pga ce Mory
ynotpebrbaBatm 1 y AHEBHUM YCINOBUMa, anu U Aa Cy OMpPeMIbeHU pexnMimMa
3a pag y cnabo OCBET/LEHOM WM MpPayYHOM OKpyXeky. TakaB je cnyyaj, Ha
npumep, ca red dot HuwaHom ,Aimpoint Patrol Rifle Optic — PRO”, kojum
pacnonaxy enuTHe jeauHuue nonuvunje Penybnuke Cpbuje — CAJ nu
crneuuvjanuctuyke jeamHuue >XKangapmepuje. lNpomeHa ocBeTrberwa KOHYaHuLe
Ha CBUM MoAenMma OBOr BPXYHCKOr npou3sofaya BpLUM Ce€ UCTOBETHO — MPEKO
KPY>XHOI perynartopa OCBeT/beHa, Tako Aa nNpBux 4 0o 7 nosoxaja npekugada
(3aBucHO og Mopena HuwaHa) gajy ML Tauvky, a HapegHu nonoxaju LpBeHy
Tayky y BUMAIBLMBOM cnekTpy “. Jlacepcku obenexusadn uursa (N1OL) Bpno cy
KOpPUCHM Jofdauu, jep CTpernuy 3HavajHO onakliaBsajy aHraxoBamwe meTe, YuHehu
N pagkwy HUamwerwa 3HaTHO Opxom. [oaaTHO, WMCKyCHWM onepaTvBLM MOTY
kopuctntn ML, cHonoBe 1 3a faBamwe pasnuunMTMX curHana cHarama Ha 3emribu
(HNp. Oo3HavaBak-€ Nornoxaja Kaga He MOCTOjM BU3yenHa KOMyHWKauuja) u y
Ba3gyxy (HMp. 3a o3HadYaBawe MeTe 3a yHuwTaBawe). [aHawmwe TpxuwTe
HyOu mofene ca BUOJBMBMM U Ca HEBWOSBUBMM CHOMOM, Kao U MoAene Koju
omoryhaBajy Buamsmeo u WL obenexaBanwe, nonyT ognuyHor ,EOTech
AN/PEQ-15", nnun ,Steiner DBAL-A3”, koju 0bjeant-aBa BUOSbUBK 3€MEHN CHOM,
UL cHon u ML namny (eHr. illuminator).

OBuMm ypehajem cy, npumepa pagu, onpemrbenn npunagHuum CAJ MYTl-a
P. Cpbuje. Taktnuke namne ca WL, csetnom Takohe cy Beoma KOpPWUCHE.
Ynotpeba BUABLMBUX CBETNIOCHUX CHOMOBA Ha flacepckum obenexmeaynma unm
namnama Tpeba ga 6yae Beoma cenektmBHa n obaspusa npu pagy y HOhHUM
ycnosuMma, jep ogaje norioxaj KOpUCHWUKA, Kao U 3BYK W NNameH MNpuiiMKoMm
kopuwhera BaTpeHor opyxja. 360r Tora ce MOHTMPajy NpUryLuMBaYym nyurwa Ha

® Huke Temnepartype ckpahyjy ayToHoMuWjy paga 6aTepuje, na Tako MHOrM npom3sohaun

y OBOM cryyajy npenopydyjy nutujymcke 6arepuje, ogHOCHO Hyae nocebHo u3paheHe

TopbuLe 3a HMXe TemnepaTtype, y Koje ce cMmellTajy 6aTtepuje Tokom ynotpebe ypehaja.

OBe TOp6ULE Ce, MO NpaBuny, MOHTWPajy Ha 3a4H0j CTPaHM LUNemMa U Kauure.
Dedal-NV, https://dedalnvoptics.com/en/catalog/night-vision/night-vision-observation-

devices/dvs-8-dk3-f/, HA.

" L3Harris Technologies, https://www.I3t.com/integratedlandsystems/assets/GPNVG.pdf,

2019.

12 Aimpoint, https://www.aimpoint.com/support/handling/night-vision-compatibility/, HA.
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NpYMapHO 1 CeKyHAapHO Haopyxame npunagHuka. He camo ga oceTHo ymatbyjy
jaurHy 3Byka npu narbbuBeh M BMOHO ,CKPUBAjy” MMamMeH Ha ycTMma UeBM.
JopnaTtHo, jeqHOCTaBHM Cy 3a pyKOBahe 1 OfpKaBakse.

o

Cneyujanucma CAJ MYTl-a P. Cpbuje, HaopyxaH cucmemom ,SIG 516 CQB”.
®omo: Munow Jesmuh

Haopyxawe 1 crneunmpuyHM TakTUYKM AdoJauu Koju ce MOHTUpajy Ha
Haopyxake npeacTaBrbajy BeOMa BaXHe cucteme y onpemawy. Anuv, ga 6m
KoHdurypaumja onpeme 3a uasoherwe 6opbeHnx gejctaBa y HohHUM ycrioBuma
npeacTaerbana jegaH caMogoBOSbHU ,,eKOCUCTEM” HEONXOOHO je pacnonarati u
OonpeMoM Koja ce KOpPUCTU 3a MeRyCcobHO pacro3dHagaH-e N KOMyHUKauyujy, Kako
61 onepatvBuM MCTOBpEMEHO Ounu yourbmBu usmelly cebe n eBeHTyanHo
ApYyrux npuvjaTerbckMx cHara, a MackupaHu U HeynaarbvMBW 3a HenpujaTterbese
cHare. [pn TOMe je BaXXHO MCMOLUTOBATU T3B. MPaBMIIO O PeayKUWju BU3YENHOr
oTWCKa, anu 1 ayauTUBHOT.

3a mehycobHO pacnosHaBake Yy YCroBMMa CMak€He BUASBUBOCTU, UIU
HORHUM ycnoBuma, kopucte ce pasnuuntu VL, obenexnsayn. Y Tom cmucny, Ha
LUMIEM MIN Kauury mMory ce MoHTupatu obenexmsaum ca WL HenpekngHum mnm
,CTPOB” cBeTnom (Hajuewhe ce nene Ha uunvak-tpake), nonyt ,CORE Survival
HEL-STAR 6", Tpehe reHepauuje, Koju Hyau pasnuuute 00je BUOSBUMBOT
cnekTpa, ogHocHo WL ceeTno. JedTuHWjy onuujy UHOMBMAYANHOr CBETIOCHOI
obenexnBada/mapkepa npegctaerba T3B. ,V-Lite” obenexuBay, koju je Hwxer
npodhmna of KyTujactux nnacTuyHux (kao wto je nomeHytn ,HEL-STAR”, unu
,Manta Strobe”), a cunukoHcko kyhuwiTe, y KojeM je cMellTeHa enekTPOHUKa,
YMHWU ra OCEeTHO OTMOPHUjUM Ha MexaHudke yaapue. KBanuteTHu cy u mogenu
nponssohaya ,S&S Precision”. Beoma npaktnyHe cy un WL, o3Hake koje ce mory
3anennTu Ha uYMyak-Tpake Ha LWeMy WM KauurM, OOHOCHO Ha Jenosuma
TakTMdke YyHudpopme wunu Hocady nnoya/6anuctudkor npcnyka (eHr. plate
carrier/body armor). Beoma cy jedTuHe, a wuxoBa ynotpeba je onpaBaaHa v
MPUITMKOM HOLLEHA HEKOr o4 NoMeHyTux obenexueaya, jep, 3a pasnuky of Hux,
He MOory fa ce nokBape, HATU Cy OrpaHn4yeHe ayToHOMWjoM pada 6atepuje u cn.
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Ceemnehu wmanuhu cy jegpmuHu, nako docmyrnHuU U eeoma rnpakmu4Hu. ®omo:
Murnow Jesmuh

Cesetnehn nnactmyHm wTanuhm cy nako [OCTyNHM M Takohe Beoma
jedTuHU. Ha TpXuWwTYy ce mMory npoHahu Modenu Koju NoMrberwemM yHyTpallHhe
amMnyrne Aajy NnocTtojaHy CBETIIOCT Y BUASBMBOM CMNEKTPY Y Nepuogy Of HEKOMMKO
catn, a noctoje n WU wranuhu. JeanHa maHa UM je jeQHOKpPaATHOCT, jep ce
HaKoOH NOMIbEHa YHyTpallke ammnyrie He MOry MOHOBO ynoTpebuTtu. Anmu, C
ob3upom Ha ynagsbMBO HUCKY LEHy MO Komady, OBaj HegocTtatak je
3aHemaprbme. WTanuhu ce mory ynotpebutu y pasnuuurte cBpxe: 3a NIUYHO
CBETNOCHO obenexaBawe, 3a obenexaBawe npocTopuja y objekTnma, 3a
HeBepbanHy curHanusauujy, 3a ocBeT/baBake Marmux NOBPLUUHA T,

Pag y HOhHMM ycnoBuma 3axTeBa M npunarohaBake oOeBHUX npeameTta
onepaTtmBaua. Y npakcu ce KOpUcTe 1 TakTuuke yHndopme, KOMOGUHE30HU, Kao 1
uusnnHa ogeha. Kaga je pey o taktuukoj ogehu, pagn MackupHe gucUMnnvMHe
Oupajy ce TamHWju OOEBHM NPEeAMETU — jeAHOOOJHN MMM Y MacKUpHOj Luapw.
UckycHu onepatumBum udbeezasajy upHe o0esHe npedmeme, jep nako cy 3a rorno
OKO TeXe yourbmBu Hohy, ynoTpebom Yak n HohHUX ypehaja ctapuje reHepauuje
yodaBajy ce BeoMa fako. YrnpaBo 3aTO Ce faHac 3HaTHO Yewhe Kopucte
jeaHobojHe yHudopme Yy HujaHcama 3eneHe wnn cuBe 0oje, OOK Cy of
MackMpHux wapa nonynapHe ,MultiCam” u ,Kryptek”, nocebHo kaga ce
npetnocTtassba Aa he ce gejctsa oaBujaTv y pypasiHOM OKpYXKekHy.

Y cmammBaky ayauTUBHOr oTucka/motnuca (eHr. audio footprint/signature)
3HayajHy ynory uMajy npurylumMBayn nyuwsa, anv v noysgaHu TaKTUYKu
KOMYHUKaUMOHN ceToBUM W Yypefaju 3a paauo-komyHukauunjy. OBum cuctemu
omoryhaBajy onepaTvBuvMmMa Aa BepbanHo KOMyHMUMpajy penaTtuBHO TUXo, a Aa
MPUTOM OCTaHy HEOTKPUBEHM.
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lpunadHuk CAJ MYTl-a P. Cpbuje, onpemrbeH KoMyHUKauyuoHum cemom ,3M Peltor
ComTac XP’. ®omo: Munow Jesmuh

Kako 6u komyHukaumja Guna Tuxa, KOMyHMKAUMOHU CETOBU Mopajy btutu
onpemMrbeHn edmkacHMM CUCTEMOM 3a pegykuumjy cnorbawkwe 6yke, ca
MUKpOochOHMMA ca OfnuMyHMM hakToOpoM MpeTBapaka ~, anuM WCTOBPEMEHO
poBycTHUM. Beha ayToHoMuja paga Takohe je noxerbHa u kog oBux ypehaja'™.

Ha kpajy, Tpeba Harnmacutm pa je crneuujanncTtuyka BUCOKOKBAnMTETHA
onpema KOpWCHa CamO YKOMWKO je HEeH KOPUCHWK ObyyeH u BewT da je
npuMmeHn. [pyrmm pedmma, 6e3 BMCOKOOBYYEHOr KOPUCHWKA OBa BPXYHCKa
onpema je rotoBo GeckopucHa. YnpaBo 3aTo je BaxHO ga ce obyyaBame u
onpemawe enuTHUX jeduHuua MnaHupajy u unsBode CUHEpPrujcku, ynopeno.
BopbeHa pejcTBa y HOhHMM ycrnoBuma 3axTeBajy M u3BaHpeaHy oOy4yeHOCT,
nonyT cneuudUYHMX TEeXHUKa Hulawewa npu  ynoTpebu nacepckux
obenexuBava, HohHuX ypehaja ¥ gp., 3aTum cneumdnyHe od)aH3UBHE W
OedaH3MBHE TaKkTMKe MakbMX TaKTUYKMX jeguHuua, crneuudumyHe metoae
KOMyHVKauuje, opujeHTauuje, KpeTawa W TomMe cruyHo. [Jobpo obyveHum
onepatuBuMMa onpema oBe BpcTe YyBehaBa onepaTvBHe KanauuTeTe,
camonoysgawe W MOTuBauMvjy, nomaxyhm vMM Qda y CHOXEHOM OKpYXKeky
OCTBape NPeaHOCT y OAHOCY Ha NPOTUBHUKA.

Murnow M. Jestuh (Milos M. Jevtic),

ypeaHuk cajta specijalne-jedinice.com,

e-mail: info@specijalne-jedinice.com,

ORCID iD: ‘http://orcid.org/0000-0002-1305-7618

13
dakTop npeTBapara, WM OCETIbUMBOCT MUKPOGOHA, O3HaYaBa OCETIbUBOCT

MUWKPOGPOHa Ha 3BYYHe Tanace Koju Jonpy Ao Hera.

Mpema TBpaH-ama npomnssohada komyHumkaumonm cet ,Sordin SUPREME Pro CC” nma
ayToHomujy paga og oko 600 catm ca aBe AAA GaTtepuje, gok cuctem ,3M PELTOR
ComTac XP” paje HewTo kpahy — oko 500 caTw.
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MpBa 6opbeHa ynoTpeba nacepckor opyxija’

A5 .~.-':.’;_d--- st S RO SETe T
O6opeHa kuHecka becriuniomHa nemenuua Wing Loong Il y Jlubuju

YetpTor aerycta 2019. roguHe 6op6eHo BO3uMnoO HaopyxaHo GopbeHum
nacepckMm opyXjem YHUWTUNO je Apyro 6opbeHo Bo3uno Ha 6GojuwTty. Y
CTBapHOM paTy Ha CTBapHOM GojuLLITy.

Typcka Huje 0OBOSbHO NpusHaTta mMehy 3eMrbama uHoBaTopuma y nornegy
BOjHe onpeme. Anu, uarnega ga he Ha Kkpajy ycnetu Aa usHeHaau ueny nnaHeTty
y OBOM Beky. Typcka je 030urbHa MHOyCTpMjcKa 3eMiba, LITO Ce orfnega u 'y
HEHOj BOjHOj MHAycTpujn. Huje Tajha ga Typum rpage obnakogepe y Pycuju.
HepgaBHO cy ce nojaBumnm 1 rnacuHe O HMXOBUM MaHOBMMA 3a rpagty Hocada
aBUOHa crnvyHom krnacu Vikramaditye vnn Kuznetsov, a y4ecTtBoBanu cy u y
nporpamy nosua F-35, y wu3pagn Hekux KOMMOHeHaTa, a nnaHupajy u
npojekToBane cBOr 6opbeHor aBnoHa.

Kaga je nacepcko opyxje y nuTtawy, Typcka je pagun noctusawa BOjHE
cynpemauuje y pervoHy Ayro n o30urbHO MHBECTMpana y UHOBaTMBHE OpYXKHe
cucteme, ykibydyjyhu opyxje m HoBe TexHudke npuHuune. MNodveTkom 2010.
TypcKka komnaHwja Savtag npvkasana je ekcnepuMeHTarnHe npumepe arperarta
pasnuuntux kKanauuteta, ogl1.25 kW pgo 50 kW. Cuctemu cy wmspahenu y

! www.armyrecognition.com, 12.08.2019.
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capafkbu ca OpXaBHUM MUCTpaxuBadkuM WHCTUTYTOM Tubitak. OBe cucteme
Typcka je npukasana Kao TEXHOSOLLKE AEMOHCTpaTope, anv Huje Kkpuna ga ux
nrnaHmpa Kao opyxaHe CUCTEME.

Mehytum, ycmenu cy pa nocmatpade HaBedy Ha MOrpellHy crasy —
n3BeLLTaju U3 TYpCKOr MMHUCTapCTBa ogbpaHe v BOjHe LWTamne HaBoaunm cy ga
ce TypcKa nacepcka opyxja yrnasHoM pa3sBujajy 3a MOpHapuLy 1 Aa, yriaBHOM,
nparte amepuyka gocturHyha. Huko y Tom TpeHyTKy Huje 61uo 3amHTepecoBaH aa
Jarbe npaTu OBy TeMaTuky.

loanHe 2015. nHetutyT Tubitak je objaBMo ga je ekcnepumMeHTanHu nacep
ycnewHo norogno mMeTe. Taga je nocrtano jacHO fa je nporpaMm 036UrbHO
duHaHcupaH, n aa je Typcka, camo 2015. rognHe, ynoxuna y nacepcko opyxje
450 mununoHa gonapa. 3a 3emrby Koja MMa NpUCTyn 3anagHoj TEXHOMNOruju, 1
KOja Ha Taj Ha4YMH MOXe 3HaTHO Aa ywTeau 3a WUCTpaxuBare, TO je Guna
3HayajHa cyma. JacHo je ga je M HapedHuX rogvMHa MHOMO HOBUA yraraHo Yy
nporpam pa3Boja NTacepcKor Haopyxama.

Komnanuwja Aselsan holding, Hajpeha Typcka BOjHOMHAOYCTpUjcKa
Kopriopauuja, npeysena je, 2015. rognHe, Typcku nacepcku nporpam. TOKOM
jyna 2018. komnaHuja je nsgana caonwTewe y KOjeM je HaBena ga je ycnewHo
TecTupana 6opbeHu nacep kojum je moryhe rahatu mane 6ecnunotHe netenvue
Ha garbmHama o 500 meTapa, Kao M yHULITABaTU EKCNIo3vBHE Hanpase Ha
paremHama go 200 metapa. KomnaktHu nacepcku Ton 610 je MHCTanupaH Ha
okrnonHom Bo3uny Otokar Cobra u ynapeH ca cucteMoM 3a HaBohewe Koju je
KOHCTaHTHO JpXao flacepckn MapKep Ha MeTu.

Jlacepcko opyxje ce He MoOXe MnopeguTn ca Ouro KOjOM KUHETWUYKOM
MyHuumjom. 3a pasnuky of, Ha NpMMep, NpojekTuna ca Tona 76 MM, koju cTBapa
BEMVKN yOapHM Tanac Ha UWby, Facepcko OpyxXje ynapeHo ca
ONTOENEKTPOHCKMM CUCTEMMMA MOXE HaHWLWIAHUTW jedHy Tadky Ha MeTw,
KOHCTATHO je MNpaTuUTK facepCkMm CHOMOM WU rpejatn” je AOK Huje MOTNyHO
YHULUTEHA, YaK 1 Kaga je MeTa NoKpeTHa.

Komnanwuja Aselsan je 3atum obGjaBuna ga je nocturna noysgaHo npahemwe
MeTe M HenpekngHo (YHKUMOHWCAwe nacepa Mno M3y3eTHO jeTUHO] LeHu
rafama, WTO je ounrnegHo. 'Ae KOHBEHLUMOHaNHMW Ton NOTPOLM NPOJEKTUI KOjU
He Mopa HUW Ja norogn MeTy, flacepcky Ton TpoLW camo AU3Een-ropuBo Kojum ce
noroHn reHepatop. KomnaHuja je npukasana doTorpadujy nocTpojera
HaopyxaHor nacepomMm MW BWAeO-Mpe3eHTaunjy Ha Kojoj ce Buae pesyntatu
norafatwa MmeTanHux nnoya. o oBOj WHdOpmauuju n parbe Huje 6Guno
3HauvajHMjux kKomeHTapa. Typcka je HacTaBuna ga pagu Ha nacepckom opyxjy.

Pat y Jlubmju ce Huje opBmjao Kako je Typcku npepcegHuk EpporaH
npwxerbknBao. Vicnammctu Ha koje je padyHao cy ryounum pat. Typcka ce Hawna
npoTMB nNubunjcke HaumoHanHe apmuje Kanndge Xadtapa koju je uMao noapLuky
BMLWE 3emarba, noveBwwn of Cayaujcke Apabuje n CAL, na cee go Pycuje u
®paHuycke. Moagpxanu cy ra u pycku nnaheHuyu, anv n komnaxwja Blackwater.
Yak cy 1 pycku murosu 23 cepsucupaHun y Pycuju n goctaBrbeHn kao nogpiuka
Xadtapy. Yjeauwenn Emupatn goctaBunum cy npoTuBaBuMOHCKe oabpambeHe
cucTeme, Na je y3 CBy OBY NOAPLUKY XadTap nonako nodeo ga nodehyije.
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EpnooraH je, noHoBo, nsabpao norpeluHy ctpaHy. Kao n y Cupuju, Erunty n
JInbwjn, cHare koje je Typcka cmaTtpana npujaterbCKuMm 1 Ha Koje ce ocrakana
noyene cy aa rybe pat. Hactasuna je Aa nogpxaea Tako3BaHe ,BriaguHe” Tpyne
N MCropy4yje TELWKO OpyXje, a cnana je U VMHCTPYKTOpPE M CaBETHWKE OBUM
rpynama. YBuaeBlIM a TO HMje AOBOSbHO, no4vena je ga npebauyje y Jnbujy
CBOje OpyxaHe rpyne koje cy o6une ynoTpebrbeHe y npoBuHUMjM Manub y
Cwupuijn.

Tux paHa paHa, onepatepu kuHecke 6ecnunotHe netenuue Wing Loong Il
nmanu cy 3a MUCHjy ocmaTtpare 1 eBeHTyanHy 6opbeHy noapLuky. Hbomxos OpoH,
HaopyxaH NPOTUBTEHKOBCKUM pakeTama, neTteo je usHag obnactu Mwucyparta,
ocmaTtpajyhm n Tpaxehu umnrbeBe koju 6M Mormu GUTU YHWULITEHW AMPEKTHUM
Hanagom. Mehytum, netenuua je obopeHa n oTtorpadmja je yckopo obuLuna
CBeT.

Oetarsmn cy yckopo Ounm nosHatu. Typcko oOpyxje Koje je obopwuno
GecnunoTHy NeTenuuy MOHTMPAHO je Ha Lacujy OKnonHor Bo3una. Ha so3uny je
O1O ONTOENEKTPOHCKN cucTem 3a Bohewe Typcke npou3soghe. OH omoryhasa
npeumnsaH nperneg MeTe 1 ApXKake flacepckor Mapkepa Ha je4HOj Ta4yku cBe A0K
ce uurb NoTNyHO He yHUWTKU. Takohe, omoryheHo je ocseTfbaBake U 3arpeBame
uurba 6e3 npekmnga. CHara nacepckor Tona je 50 kW, wto je 3a caga Hajjaum
6op6eHun nacep y TYPCKMM KOMHEHNM CHarama.

BaxHo je wuctahm pa ce He pagu O ekcnepumeHTty Beh O MOTNyHO
dbyHKLMOHaNHOM GopOeHOM BO3WMy HaopyXaHOM flacepckum TOMOM Koje je
yrnpaBo TecTupaHo y OopbeHMM ycrioBMMa M TO He MpPOTUB ,KomepuujanHux’
apoHoBa ca N-6eja. OBakaB Ton mMorao 6v o6opuUTN U HEHAOPYXaH XenuKkonTep
6e3 npobnema. Typcka je y cTawy ga Npov3BeAe OBaKBE CUCTEME Y BEJTUKMM
KonvyMHama 1M 1o ogmax. Pagm ce 0 TakTMYKOM OpyXjy KOjeM HuUCy MoTpebHu
HWKaKBM MocebHM ycroBu TpaHcnopta. O6u4HM BOjHMUM Mory, 6e3 nocebHe
obyke, ynpaBrbaT OBUM OPY>XHWM CUCTEMOM, a LEeHa uchnarbvBawa jegHor
nacepckor cHomna jegHaka je NMoTpOLIeHOM AM3EeN-ropmBy reHepaTopa 3a Bpeme
ncnaromBawa cHona. To 6u 3a HeHaopyXaHu XeruKonTep M3HOCWUIO, MOXAa,
nap gonapa.

MHTepecaHTHO je ga cy, NpakTU4HO, HOBE 3eMSbe 3ay3ene CBOja MecTa
nopea Benukux cuna kao wto cy Pycuja n CAI. Typcka je Bpno 6p30 ycnena ga
HanpaBu OPY>XHW CUCTEM KOju Ce MOXe roTOBO OMax Cepujcku npom3soanTtu. Y
Oyoyhem Takmuuewy y M3paam nacepckor Haopyxarwa OBa 3emrba ycnena je
Beh caga Aa ce nosvuMoHunpa Kao jefaH oA nuaepa.

Hpaeax M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: "“Ehttp://orcid.org/0000-0003-1620-5601

147

Vuckovi¢, D., SAVREMENO NAORUZANIE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.145-157



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 1

Hoewu pycku netehu pagap®

“E IR R TTRETE

AsuoH II-76MD-90

Wako cy pagapv Ha noBaykMm aBMOHUMA CBE MONHWjU, HAMEHCKU aBUOHU
3a Ba3gylwWHO yno3opaBawe M KoHTpony ABAKC (early warning and control —
AEW&C) n parbe cy obaBe3Ha M U3y3eTHO BaXHa KOMMOHEHTa Ba3gyLUHUX
cHara. [lok CA[l HacTaBrbajy ca yHanpehuBawem cBor ABAKC-a, E-3 Sentry,
Koju je npojekTtoBaH Ha nnatdopmm crtapor 6omHra 707, Pycuja TpeHyTHO
passuja aBnoH A-100 AEW&C koju je npojekToBaH Ha OCHOBY HajHOBUje Bep3uje
BOjHOTr TpaHcnopTHOr aBuoHa llyushin II-76. MefyTum, 3a pasnuky og amepuykor
ABAKC-a, koju nma pagap ca nacuBHMM €nEeKTPOHCKMM CKeHupaweMm (passive
electronically-scanned array - PESA), pycku nanHgaH nmahe pagap ca akTUBHUM
€reKTPOHCKMM ckeHupareM (active electronically — scanned array radar —
AESA) y 06pTHOj kynonu.

MeRyTtum, aa nu HoBm ,ieTehu pagap” A-100 gOHOCK 3HATHE NPEgHOCTU Y
O[HOCY Ha amepudkn aBuoH E-3 Sentry w, jowl BaHWje, KONUKO je Bemnuvka
pasnvka namehy pagapa tuna AESA, ogHocHo PESA?

MouyeBwun op pagapa, A-100 umMa HEKONMKO BENUKMX TEOPETCKUX
npegHocTn y opgHocy Ha E-3 Sentry. CtaHgapgHu pagap Ha aBWOHY Tuna
ABAKC nma 6p3unHy potaumje go wecT potaumja y muHytn (A-50, E-3 Sentry, n
janaHckn AEW&C), nok A-100 Ty 6p3uHy nosehasa aynno, Ha 12 poTtauuvja y
MuHyTU. To omoryhyje Behy ©p3nHy ,0cBexnBama” ctatyca npaheHnx uurbeBsa.
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Takohe, 36or cBoje KOHCTpykumje, AESA papap Ha aBuoHy A-100 uma
MOryhHOCT cnawa BuWe CKeHupajyhmx cHomoBa y MoTpasu 3a UMIbeM, [OOK
amepwuykn pagap PESA Ha E-3 moxe ogacnaTtv camo no jegaH cHon.

C ppyre cTtpaHe, npesuwe ce rrnopudukyje moryhHoct AESA pagapa y
oaHocy Ha PESA papap, a amepuykn aBnoH E-3 je Beh MogepHu3oBaH nNakeTom
RSIP, wto my yBenuko noBehasa moryhHocT u 6p3nHy getekuuje. Nopeq Tora,
apyrm asmoHn tnna AEW&C, nonyt amepudkor E-7 Wedgetail, Beh umajy
dukcHu, HepoTupajyhm AESA pagap, WTto 6u 3Ha4Mno ga je HoBW pycku pagap y
cywTtnHn Beh wu3a amepuykor, umajyhm y Bugy Qa je amepudko paTHo
Ba3gyxOMnnoBCTBO YKMHYNO Mporpam pasBoja cnegehe reHepauvje aBuoHa
AEW&C — E-10 koju je Tpebano ga KOpuUCTW HeKy BapwjaHTy pagapa ca E-7
Wedgetail.

Kako pakeTe nocrtajy cBe Gpxe, CKOPO TPEHYTHO ,0cBexaBare” UKCHOr
papapa ca aBuoHa Wedgetail noctaje cse BaxHuje. lNpunukom 6 poTtauunja y
MUHYTW MOXe npohu 1 aeceT CekyHaOu OOK Ce Uik He MnojaBu NOHOBO Ha eKpaHy
pagapa. XvnepcoHuyHa pakeTa, Koja netu 6p3mHoM of 7 maxa (He padvyHajyhu
Moryhu edpekaT nnasmeHor omoTtaya), Moxe npehm 24 kKM npe Hero LWTo je
pagap NMOHOBO yxBaTW. YKONMMKO pagjap OCBeXaBa CnuKky ca 12 poTtaumja y
MWHYTW, OBO BpeMe W A0feT uurba ce CcKpahyje Ha nona, WTOo je oneT MHOro
BULLE Y OOHOCY Ha Ccnuky AobujeHy y peanHoM BpemeHy, a To omoryhyje pagap
Tvna AESA.

Mehytum, pagap tvna AESA rybu cHary npahemwa uMrbeBa YKOMMKO ce
Tpaxu npahewe Koje OACTyna y OAHOCY Ha HopMarnHu (nepneHavkynapHu)
BEKTOP pajapcke nosplinHe. Mako je osaksBy cuTyauujy Moryhe pewmntu
ogpeheHMM pexnmoMm neTa aBuoHa Tuna AEW&C, pagapcko 3pavere nyHOM
cHarom Ha csux 360 cTeneHu unak Huje moryhe.

Pyckn usBopn cnekynuwy o moryhHoctuma neteher papapa A-100 pa
npatn KOMHEHE W MOpCKe UuwurbeBe. Mako aBMOHM OBOr Tuna uMajy TakeBe
MoryhHoCTH, No3nunja aHTeHe M3Hag KOHCTPYKUMWje aBMOHa unak Huje uaeanHa
3a oBakBe Mucuje. HameHckn aBuOH 3a npahewe uurbeBa Ha KOMHY, Kao LWTO je
amepunykn E-8 JSTARS, nma aHTeHe no3vuuoHMpaHe UCMog aBuOHa, a Pycku
A-100 Hema TaKBMX aHTeHa.

Jletennua A-100 3acHoBaHa je Ha HajHOBMjOj BEP3UjU BOjHOT TPAHCMOPTHON
aBuoHa [I-76MD-90 3a koju ce Moxe pehu Oa npeacTtaBrba ,Texy” Bep3ujy
aBuoHa /I-76 c¢ ob63vpom Ha TOo ga je OMnIo HeonxogHO CMECTUTU HOBe
WHCTPYMeHTe, pajap, Komnjytepe, kao u gogatHy nocagy. MoaepHwusoBaHa
Bepauvja lI-76MD-90 nma n mogepHn3oBaHe MOTOpPe ca CMareHOM NOTPOLLHOM
N HOBW ,CTakneHn koknuT”. LLTo ce Tnye amepwuuke Bepsuvje, u E-3 je npeTpneo
CMMYHE M3MEHE, MaKO Cy OHE MPUMEH-EHE Ha 3HATHO CTapujy KOHCTPYKLMjy
6owuHra 707. JleTHe kapakTepucTtmke oba aBMoOHa Cy BPro CIIMYHE, 40K aMEPUYKM
E-3 nma vak Behm gomeT y ogHocy Ha pyckn A-100 (9250 km y ogHocy Ha 8500
km, no pyckum nssopuma).

Pycuja TpeHyTHO nma y ynotpebu netehu pagap A-50 koju ce mogepHuayje
Ha HmBo A-50U. Hosa nnatdpopma 3ameHuhe crtape aBuoHe A-50, a cnyxwuhe
kao gonyHa HoBuMm aBuoHuma A-100 koju he yhu y ynotpeby HakoH 2020.
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roavHe. HoBu aBnoH nma yHanpeheH cucTeM akTUBHUX Y MAcUBHUX NPOTMBMEpPA
N pagapcke gednektope pagu oaspahaka HenpujaterbeBux rnosaua. Kako A-
50U mopa ocTajatv y BasgyLLHOM MPOCTOPY U Npeko 24 4aca, nocaga aBuoHa u
JeceT oneparepa nmajy MHoro 6orbe ycnose, ykibydyjyhv 1 npocTop 3a ogMop,
Kao un Kyxumwy. ABUMOH A-50U je ywao y onepaTtuHy ynotpeby 2013. roguHe u
nma MohHMju pagap y OQHOCY Ha OpUrMHanHy cosjeTcky nnatdopmy. lMpatu
Behn Gpoj mMeTa n oTKpmBa Mx Ha Behum parbuHama. [opep Tora, ocTaje y
Ba3dyLlWHOM npocTtopy npeko 9 catu 6e3 gonyHe ropmsa, wTto je 15 go 20%
BMLWIE Yy OAHOCYy Ha opurnHanHu A-50. Ha aBuoHy je MoHTMpaH pagap Vega
Shmel Il koju oTKpmBa naHcupawe npojekTuna Ha garbuHama og npeko 1000 kwm,
Ook je A-50 nmao gomet oTkpmBana 0o 800 kM. HoBu pagap npaTtu nosue Ha
darbuHama 3a 33% Behum og npetxogHor. MNpatu go 300 umrbeBa n 0be3benyje
40 conyumja 3a npecpeTamwe, AOK je NpeTxoaHn pagap morao npatutu go 200
unreea n obesbehnBao nogaTke 3a npecpeTtare 3a 20 nosava.

Jlemehu padap A-50

Mopen MHOro CHaxkHwjer u nakwer pagapa, A-50U nma Behy cnocoGHocT
OTKpMBama 3eMarbCKuMx LurbeBa, 6orbe KOMyHMKaUMOHE CUCTEME WU MpUCTynN
caTenuTCKMM NIMHKOBUMA.

Nako he A-100 06e30eqmT pyckoOM paTHOM Ba3dyXxOMNSIOBCTBY MOAEpPaH U
edmkacaH aBvoH Tuna AEWA&C, HepeanHo je oyeknBath ga he oH 6UTK MHOro
OorbM of CBOjMX CTpaHMX KOHKypeHaTa. Takofe, m3HeHafyje wTto cy Pycu
oCTaBunM cuctem poTtupajyhe Kynone, AoOK je BehuHa 3anagHux netenuvua
nobuna cratnukn AESA pagap. Ja nu je To TpaguumMoHanucTU4ku notes wunm
pycka nHayctpuja Huje ycnena ga npoussege ctatudkm AESA pagap, cnvyaH
OHOM KOju KOpUCTU aBuoH E-7 Wedgetail.

Hpaeax M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic@kbcnet.rs,
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Cna6ocTu pyckor TeHka T-90°

MehycobHo noBe3aHn KOH(AMKTK Wwunpom Cpearer UCToka JOBENU Cy A0
CTpallHe XyMaHuWTapHe katacTpodpe ca rnobanHum nocnegvuama. JegHa of
WX je U CMamere penyTaumje 3anagHux TekoBa Koju Cy HeonpasAaHo
CMaTpaHu 3a HeparMuBe.

Mpaukn TeHkoBu M1 Abrams He camo fa HuCy ycnenu pa crpedye
3ay3umarwe Mocyna Tokom 2014. roguHe Beh cy Hekn Omnm u 3apobrbeHun m
ynoTpebrbeHn npoTMB OMBLUMX BriacHuMka. Y JemeHy cy nobyweHu Xytu
yHUWITMNKM 6pojHe cayaujcke TeHkoBe M1 Abrams. Typcka je narybuna ogpeheH
6poj TeHkoBa M60 Patton n MOAepHM30OBaHMX MpUMepaka, kao wrto cy M60T
Sabra. Yuuwtunm cy mx Kypam mn 6opum Mcnamckor kanudpata. HakoH Tux
nopasa, Typcka je u3Bena cBoje HajmodepHuje TeHkoBe Leopard 2A4, anu je
Mcnamckn kanudpat ogmax YHULITUMO ocaM [0 AeceT OBUX TEHKOBa y POKY Of
camo Hekonuko AaHa (Hemuwm cy 6unu 3rpoxeHm).

Nako cy oBu TeHKkoBM Mornun GuTU edpmkacHuje onpemrbeHun, unak Hucy
TONMKo Gune y nNuTamwy TeXHWYKe KapakTepucTuke Beh obyka nocaga v nornyka
TakTMdka ynotpeba koja He noAapa3ymMeBa akuWjy YCaMIibEHOI TEHKa Ha
oTBOpeHoM nyTy 6e3 nkakse nogpluke nocage. (Y Cupuju je cHUMIbeH Buaeo-
CHUMaK TeHKka T-72 Koju je OejcTBOBAO Ha ynuuu, ca OTBOPEHMM OTBOpUMa Ha
Kynomnu, Ha YMCTMHM noped Hekonuko kyha. U3 kyhe je usawao camo jegaH
nobyweHnK, naraHo 6e3 xXypbe npuLIao TEHKY M KPO3 OTBOPEH OTBOP Ha Kymnosu
y6aumno pyyHy 6om0By. HakoH Tora je, HapaBHO, JOLINO A0 MacOBHe AeToHauuje
yCKNaavLTeHe MyHUUMje U KapaKTEepUCTUYHOr feTa uene Kynone y Basgyx).

Huje Buwe moryhe ocnawatu ce caMo Ha ,HeyHuwTMB oknon”. Ha kpajy, u
HajoKrnonrbeHMjM TEHKOBW Cy Hajjaun Ha cBOM chpoHTanHom geny, Aok cy bo4He,
ropka 1 3afha CTpaHa 3HaTHO Mak-e OKMOMNIbeHe W, CaMUM TUM, OCETIbUBMjE
Ha noroTke. HakoH Hekonuko rogmHa 6opbu, pasHe nobyhweHuuke dpakumje n
rpyne cy TO OAJIMYHO CXBATWIIE M Hay4ure Kako a Ka3He HEOMPE3HO U TaKTUYKK
rMyno  pasmellTeHe  OKMOMHEe  jeduMHUUE,  HapouuTto  y3  ynotpedy
NMPOTUBTEHKOBCKMX pakeTa.

JegaH of mn3yseTaka y OOHOCY Ha NMOMEHYTE TEHKOBE MpeacTaBiba PYCKM
TeHk T-90A. Pycuja nx nma oko 550, a criyke Kao OCHOBHM OOpOEHN TEHKOBU [0
noyeTka cepujcke npomsBoawe TeHka T-14 Armata. TeHk T-90A je npojekToBaH
JeBegeceTnx rogvHa pagun uckopuwhaBawa wwacuje Benukor Gpoja MacoBHO
npousBefeHnx TeHkoBa T-72 M Kynona ca KBanuUTETHWUjuUX (anu onepaTtuBHO
HeycnewHux) TeHkoBa T-80. Ca MUCTUM HUCKMM MPOMIOM U TPOYaHOM
nocagoM, TeHk T-90, Texak negeceT TOHa, 3HATHO je Makwu oA amepuykor
TeHka M1A2 n Hemaukor Leopard 2, koju nmajy macy of oko 70 ToHa.

Kapa je Pycuja wHTepBeHucana y Cupwuju Ttokom 2015. rogauvHe paaum
3awTuTe pexmma cupwujckor npegcegHuvka bawapa An Capata, ogmax je
npebauuna oko TpugeceT TeHkoBa T-90A CUPWCKOj apanckoj apMuju, Kao u
MoaepHu3oBaHe TeHkoBe T-62M u T-72. Cupwmjcka BOjcka je jeaBa govekana
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OBaKBO Mojayare, jep je OO Taga usrybuna npeko OBe Xurbade OKIOMHMX
BO3uSla, HapoO4MTO Of TPeHyTKa Kaga Cy CMPUjCKM MNOOyheHuuM nodvenu ga
nobwvjajy n kopucte amepudke npoTuBokronHe pakete TOW-2A Tokom 2014,
roavHe. TeHkoBu T-90 Ounu cy pacrnopefeHn y 4eTBpPTOj OKIOMHOj AMBU3MjH,
6puragm ,l[ycTnrsckm cokonosu” u rpynu , Turap”, cHare 6aTtarboHa.

T-90

Tokom chbebpyapa 2016. rognHe cupmjckn NoByHEHNULN CYy CHUMWK BUAEO-
CHMMaK Ha KojeM ce Buam npoTuBoknonHa paketa TOW koja netu npema TeHKy
T-90, 6nu3y rpaga Aneno. HakoH ekcnnoswje, Kaga ce AMM pallyMcTuo,
MocTarno je jacHo Aa je KyMynaTUBHO MyHeHe eKCMI03MBHO-PEAKTUBHON OKIona
Kontakt-5 3aycTtaBuio rnmaBHU KyMynaTMBHM MIia3 npe ydapa y rnaBHWU OKIomn
Kynone. Mako je pyckun TeHk T-90, no Mulrberwy 3anagHnX BOjHUX KOMEHTaTopa
n parbe cnabuju of 3anagHUX TEHKOBa, OH uma ogpeheH 6poj gedaH3nBHUX
cucTema Koju cy, YMHu ce, Bpo ednkacHu NpoTMB NPOTUBTEHKOBCKNX BOREHUX
pakeTa, WTO Huje BMo cny4aj Kog aMmepudkor TeHka Abrams n HemMaukor TeHKa
Leopard 2, xoju cy MHOro noLumnje npoLunn y okpLuajuma ca NpoTUBTEHKOBCKUM
BOfeHMM pakeTama. VHade, y nocrnegwux HEKONWKO AeLeHuja MHOro Bulle
TEHKOBa je CcTpafjano of MPOTUBTEHKOBCKMX BONEHUX pakeTa Hero of
TEHKOBCKMX TOMoOBa.

YeoHn pgeo kynone TeHka T-90 uma gBa ,0ka”, WITO ra pasnukyje opf
obuyHor TeHka T-72. Pagn ce 0 wHGpaupBEHMM OMeTadMma JlaCcepCKux
HULWAaHCKMX ypefaja Ha naHcepuma NPOTMBTEHKOBCKUX pakeTa Koje emutyjy
N3pasnTo jako LPBEHO CBETIO NPUIMKOM akTuBMpaka. TO Cy Aen0oBU aKTUBHOT
cuctema 3awTtute Shtora-1 koju Takohe wucnarbyje AOMMHE rpaHaTe kKoje
dopmupajy MHdpaupBeHn aepoconHu obnak. Shtora-1 je wHTerpmcaHa ca
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nacepckum npujemMHuuMMa Koju ce Hanase y kpyry oa 360 cTeneHn u koju
ayTOMaTCKM aKkTMBMpajy NpOTMBMEpPE YKOMNMKO je TeHK O3payeH HenpujaTter-eBnuv
flacepoM M 4aK MOXe YCMepuTu TEeHKOBCKW TOM Y MpaBuy flacepckor cHona.
Opyra nuHuja opbpaHe TeHka T-90A je y o0ONuKy nnoya €KCnio3vBHO-
peakTuBHOr okrona Tuna Kontakt-5, Koju je npojekToBaH fa [JgeToHupa
KyMynaTvBHW Mna3 pakeTe npe yaapa y rnmasBHW OKIOMNHKW nojac 1 Aa ekcrnoswjoM
nopemMeTu KymynaTueHU Mnas.

lMuTare je KONMUKO je TO y peanHoCT U3BOAbUBO? JEOHOM pedjy — He Y
notnyHoctu. [locmatpajyhn CTaTUCTUKY MOrofeHnX TEeHKOBa, KOjy HeKu
aHanuTM4apu NOMHO nparte, Hapo4YUTO Kada Cy y nuTawy pycku TeHkosu, o 30
TeHkoBa Koje je Pycuja npebaumna cHarama cupujckor npegcegHvka, net unm
LLECT je norof)eHo NPOTUBTEHKOBCKUM pakeTama TOW-2A (Heku of, TUX TeHKoBa
Cy nonpaerbeHu). Jow 4eTupu TeHka Tor Tuna je noroheHo, anu Huje 6uno
moryhe npoueHnTy wTtety. MNopen Tora, nobyweHnum cy ycnenu u ga 3apobe
OBa TeHka T-90 n ga ux kopucte y 6opbama, ook je Tpehu TeHk 3apobuo NCHC
Tokom 2017. rogmHe. Cvpujcka Bojcka ycnena je ga noBpaTtwv jeaaH, 4OK je opyru
YHULLTEH NOTKannMbapHUM NpojekTUom ca TeHka T-72.

JegaH TeHk T-90A je norofleH pyckoOM MPOTUBTEHKOBCKOM pPaKETOM
Konkurs, vinn jow mohHmjom nacepckn HaBoheHom paketom AT-14 Kornet. Y
TeHKy je noBpefieH camo HuLwaHLKja, anu je octatak nocage mMopao fa HanycTu
TEHK, jep je BaTpa nodvena ga ce WuvpKu Ha ycknaguwteHy myHuuujy. Maeja o
CMeLTajy MyHuuuje ycpea TeHKa yMecTo y 3awTuheHn Aeo, Kao Ko amepuykmx
TEeHKOBa, cMaTpa ce BPIo NoWnM NAEjHUM peLLeHEM.

Mnak ce He moxe pehm ga opbpambeHu cuctemm TeHka T-90 Hucy
dyHKunoHuncanu. NogmHe 2016. jegaH T-90 noroheH je NpBo jegHOM, a 3aTuUM
apyrom paketom TOW , anu Hucy ycnene ga npobujy OCHOBHWM oknon. He
nocToje nogaum Aa je ouno Koju TeHK T-90 yHULWITEH PYyYHMM NPOTUBTEHKOBCKUM
opyxjem. Tokom cykoba y Cupuju ucnoctasuno ce ga 7-90 nma mHoro 6orbe
onTnyke ypehaje n cuctem 3a ynpasrbakbe BaTpPoOM Koju je omoryhaBao Aa
TEHKOBM Mory rahatu nobyheHuKe ca BENMKMX pasfdarbuHa, na n Hohy, WTo je
3acnyra tepmanHux ypehaja dgppaHuyckor npoussohada Catherine FC, koju cy
yrpahuBaHn y TeHkoBe T-90 TOKOM ABEXMUIbaauTUX rogunHa.

Nako ce nokasao edmkacHuju y ogHOCY Ha 3anagHe TEHKOBE, jacHO je Aa
T-90 He MOxe npexuBeTM Ha MogepHoM OojuwTy 6e3 cuctema akTUBHE
3awTnTe y obMmy Koju uma HOBW pyckn TeHK T-14, nspaencka Mepkasa. Yak cy
U AMepuKaHUM Kynunu M3paerickm cUcTeM akTuBHe 3awituTte Tpoghbej koju he
6uTn yrpahmBann Ha HoBe Bep3uje TeHka M1.

Pycuja nnaHnpa mogepHusaumjy cBojux TeHkoBa T-90A Ha Bepaunjy T-90M
ca HOBVMM CMCTEMOM aKTUBHe 3aluTuTe, CrMyaH OHOM Koju uma Apmama.Takohe,
nnaHupaHa je 1 MmogepHu3aLumja peakTUBHOr OKIona 1 HoBwM jaun Ton 2A82.

HpazaH M. Byukouh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: ““http://orcid.org/0000-0003-1620-5601
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HoBa dppaHuycka HykneapHa noamopHuua*

Mpeor aerycta 2019. nopuHyTa je HoBa (ppaHuycka HykneapHa
noaMmopHuua. To je npBa HykneapHa nogmopHuua u3paheHa y ®paHuyckoj
HaKkoH BuWLIEe Of AeceT roavHa, a pagum ce o knacu Barracuda, Ook je HasvB
nogmopHuue Suffren. Tlomopcko Tectupawe npegsuheHo je novetkom 2020.
rogvHe.

MogMophuua Suffren je npBa U3 HOBE cepwje HyKneapHUX NogMopHULA Of
Kojux he cdpaHuycko 6pogorpagnnuwTe Naval Group rpagutn cnepehux net
nogmopHuua y nepuogy og 2025. go 2030. rognHe. HoBux wecTt nogMopHuua
3aMeHuhe HykneapHe nogMopHuUUe knace Rubis Koje ce caga Hanase y
ynoTpebw.

Hocta ce kacHuno ca dpuHanusaumjom pagosa 36or npobrnema ca HOBUMM
MUHMjaTypu30BaHNUM HykneapHum peaktopom K15, koju ce nHade Hanasu Ha
Behum GanucTnykMM HykneapHum noamopHuuama knace Triomphant. Hoeu
peakTop 3ays3MMa Make NpocTopa U NyHW Ce TeK Ha CBakux AdeceT rogvHa
YMECTO Ha cefam Kao WTOo je To OMo cny4yaj Ha noamopHuuama knace Rubis.
Mopen Tora, NOHOBHO Myhwere peakTopa Ouhe jeddTuHUje, jep he ce nyHWUTM
HyKNeapH/M rOpUBOM 3a LIMBUITHE peakTope.

MoamopHuua je ayxuHe 99 metapa u 3anpemuHe 5300 ToHa, WTO je ABa
nyTa BuULIE Y OQHOCY Ha MPETXOAHY Krnacy, anu umma Mawy nocagy (60 oo 63
MopHapa u odwmumpa). [dogatHu npoctop omoryhyje Behu ©Opoj opyKHUX
cpefctaBa — YeTvpu ToprneaHe LeBWM MOry ce MyHUTW ca ABajeceT Toprneja u
pakeTa yMecTo Ca YeTpHaecT kao WTO je Owno Koa npeTxodHe knace.
MoamopHuua he kopuctutn pakete Tuna SM39 Exocet n xudHo HasoheHa
Topneda Tuna F21.

Ceaku 4naH nocage umahe CBOj nexaj ymMecto cuctema ferbewa Kao
yBehnHM opyrnx NOAMOpHMLA.

®paHuycka je, N0 Tpaguumju, CBOje HamagHe NogMOPHMLE KopucTuna 3a
3aWTUTY CBOT Hocaya aBunoHa Clemenceau, Kao 1 3aWITUTY CBOjUX BaNMUCTUYKMX
HyKrneapHNX NOAMOpPHMLA.

Y Ty CBpXy OfnpemrbeHa je HOBMM TexHororvjama kKoje cy pasBujeHe 3a
knacy Triomphant, 6anuctuyke nNogMOpPHMLE, Tako LWITO MMa WU3Y3E€THO TUXU
CUCTEM MIiasHe Nponynaunje ymecTo nponenepa, Wwrto omoryhyje Tuwe Kpetamwe
npu Behum Op3anHama. PpaHuyckum M3BOPU HaBOAE [Aa HOoBa nNoAMOpHMLA
npou3Boaun xurbagntn geo byke koje cy nmane 6anucTuyke NogMOpHULE Krace
Redoutable w3 wesgecetux roguHa. [loBogom Tora Tpeba MOMEHyTM U
WMHUMOEHT Koju ce porogmo 2009. roguHe, kaga je cpaHuycka GanucTuyka
nogmopHuua knace Triomphant yoapuna y 6putaHcKky 6annctmyky nogMopHULLY,
jepHucy vyne jeoHa opyry.

CoHapcku cuctem NoAMOPHULE HABOOHO je AeCeT nyta OCeTIbMBUjU Of
cuMcTeMa Ha npeTxogHuM nogmMopHuuama. KanetaH nogmophuue Suffren uma Ha
pacnonarawy 1 ONTPOHWUYKM NEPUCKON YMECTO KITaCUYHOT.

4 The National Interest, September 1, 2019
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HoBe nogmopHuue knace Barracuda koHdurypucaHe cy 3a usBohewe
HOBUX MUCUja, KAO LUTO Cy Hamag Ha KoMHeHe uurbeBe u ynotpeba cHara 3a
crieuujanHe onepauuje.

MogMopHMLEa MOXe NaHCupaTu U HOBE MOMOPCKe kpcTapehe pakeTe Tuna
SCALP MdCN wn3 noctojehux TopnegHux LEBMW, koje Mory rahatm KornHeHe
uurbeBe Ha garbmHama og npeko 800 km ca 6ojeBnm rmaBama of npeko 600 kr
ekcnnosmBa. OBa kpcrtapeha pakeTa cnuyHa je amMepuykmMm pakeTama
Tomahawk.

Barracuda vima npocTop 3a cmeLlTaj o ABaHAEeCT NOMOPCKUX KOMaHgoca 1
MOX€e HOCUTM MWHW MNOAMOPHMLE Ha CBOM 3aiweM pJeny, wTo omoryhasa
n3sohere pasHux LWNUjyHCKUX MUCHja.

AycTtpanuja je notnucana yroBop ca ®PpaHUycKOM 3a MpojekToBake W
NCMOPYKY HOBUX AM3EN-eneKTpUYHMX NogMopHuLa knace Barracuda vnu Attack,
Koje he OMTU CNMYHE OBMM HyKNeapHUM MogMOpHMLAaMa ca AenniacMaHoM Lo
4000 ToHa, anu 6e3 HykneapHor peakTopa.

Ouekyje ce ga he nogmopHuue knace Barracuda cnyxuntn y dpaHLyCKoj
MopHapwuum o 2060. roguHe.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: ““http://orcid.org/0000-0003-1620-5601

[n3en-enekTpyuyHa noamMopHMLa ca GanucTUYkMM npojekTunmma’

lNogmHe 2010. npBa KnHecka, U 3a caga jeavHa, nogmopHuua knace Qing
ucnnosuna je u3 6pogorpagunumiiTa HakoH CKOpO LIeCT roamHa marpagkwe. Ca
6628 TOHa MoaBoAHe 3anpemuHa U gyxumHe dyabanckor TepeHa (92 meTpa),
paau ce o Hajsehoj Ausen-enekTpuyHoj NOAMOPHULM Koja je nkaga nspahena.

3a pasnuky o BehuHe amsen-enekTpuyHux noamopHuua, Type 032
ucnarbyje He camo Kkpcrtapehe pakeTe Benuvkor gometa Beh u Ganuctuyke
npojekTune ca NogBOAHUM NaHcuMpaweM, ca MoryhHowhy cnawa HykneapHe
0ojeBe rnaBe Npeko okeaHa.

Huvje jacHO pa nu ce pagn O NOAMOPHWLM HaMeHEHOj 3a TecTupame
pakeTa uny o NpBOj NOAMOPHULM M3 Krace jedpTUHUX BanMCTUYKNX NogMOpHULA
unu je, moxga, Type 32 wnak uspaheHa Kao npBa M3 CBOje Knace 3a U3B03 y
Makncran?

Hekaga cy camo HykneapHe nogMOpHUUE Morfne ga nfoBe nog BOAOM
Meceuuma, OOK Cy Au3en-enekTpudHe noaMOpHMLE MOorfne ga nposeay nog
BOJOM CaMO HEKOJSIMKO AaHa npe Hero wTo 6u bune npumopaHe aa n3poHe pagu
nywera datepuja.

OBa kuMHecka nogMopHMLA MMa MOroH He3aBucaH of Basgyxa (Air-
Independent Propulsion (AIP) system), wTo nogpasymeBa pasnuuuite
TexHonoruvje Koje omoryhaeajy MoToprMMa v reHepaTopuma ga page 6e3 vnm ca

® The National Interest 3 November 2019
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BpQ1I0 Mario KuUceoHuKa. AIP cuctemu Cy yrnaBHOM TWULUM OO peakTopa Ha
HyKrneapHmMm nogmopHuuama U Mory ce Kopuctutum nog BOAOM U HEKOJIMKO
Heaerba, anun, HapasHO, Npn Makbnm 6p3|/|Hama.

lModmopHuya knace Qing

lMpBa onepaTuBHa MNOAMOPHULA Ha MOFOH He3aBWCTaH Of Basgyxa je
weencka nogmopHuua Gotland, koja je yBedeHa y onepaTtusHy ynotpeby 1996.
roguHe. Kopuctehmn noroH tuna Stirling, moxe npoBectu nog Bogom u go 30
daHa. OBa mamna u M3y3eTHO Tuxa MOAMOpPHULA YaK je ycrnemna ga npobuje
aMepuyKy nNpOTUBMOAMOPHMYKY oabpaHy M Oa Ha MaHeBpuma ,nortonu”
amMepuyKky Hocay aBMOHa, U TO HEKOMKWKO nyTa.

Og taga Kuna je npomssena 15 nogmopHuua knace Yuan Type 039A
(ogHocHo Type 041). Pagu ce o0 ansen-nogmMopHULama ca noroHoM He3aBUCHUM
oA Basgyxa, Tuna Stirling. MNMnaHnpa ce uarpagwa jow 20 nogmMopHULUa Tor Tuna.
OHe cy HaopyxaHe oprneauMma, na cy, Kao U WBeacke NOAMOPHULE, HAMEHEHE
3a Hanapg Ha HenpuvjaTerbese 6poaoBe y obanH1m Bogama.

MehyTum, noamopHuua knace Qing wae kopak garbe. Ha woj ce, y okBupy
NPOAYXEHOT TOpH-a, Hanase ABa UvM TpW BepTuKanHa cMcTemMa 3a naHcvpame
Ganuctnuknx paketa tuna JL-2A Ju Lang. Ose pakeTe umajy gomet go 7500 km
n Hoce GojeBy rmaBy jauvMHe jegHOr MeraToHa WM TpU OO YEeTMPU HE3aBUCHO
BoheHe 6ojeBe rnaee jaumHe 0o 90 KnnoToHa.

Paketa JL-2 npBu nyT je TectupaHa 2001. rogMHe u 0eo je OCHOBHOT
Haopyxaka KMHeckux nogmopHuua knace Type 094 Jin. lpsa 6GopbeHa
natpona 3anoyeta je 2015. roguHe. TeopeTtckn, noamopHuua knace Type 032
npepcrtaerbana ov jedTnHWjM gogatak HykneapHoj 6anMcTuykoj NOAMOPHULIN.

YeTnpu 00 neT JodaTHUX KOHTejHepa 3a BepTuKarnHo faHcuparwe Hanasu
Ce Ha 3aaHeM Kpajy MoaMOpPHHULIE U ONpeMIbeHM Cy NpoTMBOPOACKMM pakeTama
JL-18B Yingji koje Hanagajy uwrb CynepcoHWYHMM 6p3mHma o 2,5 maxa vy
duHanHoM npunaxewy. OBe pakeTe HaBOOHO cCe BOAEe NyTem caTenuTa, a
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aomeT um je vak o 450 km. lNMoamopHuua knace Type 032 mMoxe HocuUTU
KpcTapehe pakeTe ayxer gometa tuna CJ-20A Koje cy HewTo cnopuje.

Mopen GanucTuykux n kpctapehux paketa, NOAMOPHULIA je HAaopyXaHa ca
no jegHOM TOpneaHOM LeBM Kanmbpa 533 MM 1 jegHom LeBu kannbpa 650 mm.
Takohe, onpemMrbeHa je 1 NpoCcTopoM 3a gofaTtHux 50 npunagHuka cneuujanHmx
jeauHuua.

Y nornegy ApYrMx KapakTepucTuka nogmopHuua knace Type 032 marbe je
nmnpecusHa. PasBuja makcumanHy 6p3vHy 0o 24 kM Ha 4ac, WwTo je ynona
cnopvje oa 6p3nHe HykneapHe nogmopHuue Tuna Virginia. MakcumanHa gybuHa
3apoHa joj je 160 go 200 meTapa, 40K je AyBuHa 3apoHa MOAEPHMX NOAMOPHULIA
aynno Beha.

Y cBakom crniyyajy, ¢ ob3vpom Ha TO Oa je u3pafeHa camo jeaHa
noaMopHULUA oOBe Krace, u3rnega fa ce paguM O TeCTHoj nnaTtdopmu 3a
ncnpobaBarbe HOBUX CUCTEMA HaopyXaha, anv U HOBMX MOOBOAHMX 3BOHA 3a
eBakyauwujy nocage. Hekn nssopu HaBoge da 6m knaca Type 032 morna 6utu
ynoTpebrbeHa u 3a pasBujarbe nogsogHnx becnocagHux nnosuna.

MognHe 2011. nojaBunn cy ce m3BewTaju Koju cy TBpaunu ga ou KuHa
Morfna npogaTtu 4o WwecT NoagMopHUUa ose knace lNakuctaHy. OBy n3BewTaju cy
u3rnega vnak omnun npeypaweHu, jep je Tek HegaBHo KuHa notBpamna ga he
npogartu wecTt nogMmopHuua knace Project S-26 n Project S-30 NMakuctany no
LueHu o4 5 Munujapam amepuykmx gonapa. Yetnpu nogmMopHuLe of CBakor Tuna
6uhe unsrpafeHe y KuHn u lMNaknctaHy, npBe ucnopyke ce oyekyjy Tokom 2020.
roavHe, OK ce 3aBpLUeTak cepuje nnaHupa 3a 2028. roauHy.

MefyTum, Huje MOTMNYHO jacHO O KOjMM ce TayHO MoAMOpHMUaMa paaw.
Hekun n3Bopu HaBoge Aa he 1o 6utn gepuatu knace Type 032, anu BehuHa
cMmaTtpa fa ce unak pagm O ymMakbeHMM Bep3ujama NMoAMOpHULE Krace noBau-
ybvua Yuan. HajHoBuWju usBewwTaju nnak cnekynuwy aa he nogmopHuua S-30
OMTK 3acHoBaHa Ha noAMOpHUUM knace Type 032, HaopyXaHOj ca 4YeTnpu
naknctaHcke kpcrtapehe pakete Tuna Babur Koje MOry HOCUTU WU HykrneapHe
0ojeBe rnase.

HykneapHe noamopHuue 3agp)kaBajy nNpeaHoCT Yy OOHOCY Ha Auv3en-
NOAMOpPHULIE Ca NOrOHOM HesaBWCHUM of Ba3sgyxa. OHe cy y moryhHocTu ga
natponupajy og Tpu OO0 YeTupu Meceua, aoctane BaxHe NPeaHoOCTU Cy MHOro
Beha nogBogHa Op3vHa n Beha gybuHa 3apoHa. C gpyre cTpaHe, NpPegHoOCTU
KnacuyHe NogMopHMLE ca NOrOHOM HEe3aBWCHWM Of BasfyXxa je MHOro mawa
LueHa (00 YeTBPTUHE LeHe HykneapHe MoAMOPHULE) U U3Y3ETHO TUX MOroH (Y
HEKUM Cry4ajeBMM M TULLM O MOroHa NoAMOPHMULE HAa HyKIeapHMW MOroH), LUTO
je wBeacka NnogMopHMLLA UTEKAKO JoKa3ana.

Hpaeax M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: "“Ehttp://orcid.org/0000-0003-1620-5601
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Mo3nB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUWA 1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB U YNYTCTBO AYTOPUMA O HAYMHY NPUNPEME YJTAHKA

YnyTCcTBO aytopuma O HayvHy npunpeMe 4naHka 3a objaBrbuBarke Y
BojHomexHu4ykom enacHuky ypaheHo je Ha ocHoBy AkTa O ypehuBawy HayyHUX
yaconuca, MwuHuMCTapcTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje,
eBuaeHumMoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MNpumeHa osor AkTa
NPBEHCTBEHO CNyXM yHanpefewy kBanuteta gomahmnx yaconuca n HUXOBOTr NOTNyHWjer
yKIbyunBamwa y MeflyHapogHu cuctem pasmeHe HayvyHux nHdopmaumja. 3acHOBaHoO je Ha
mehyHapogHum ctangapamma ISO 4, 1ISO 8, I1ISO 18, ISO 215, 1ISO 214, 1ISO 18, 1ISO 690,
ISO 690-2, 1ISO 999 1 ISO 5122, ogHocHo ogroeapajyhum gomahvum ctaHgapavma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo unsgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte mMynTUOUCUMNMHAPHU  HaYYHU
yaconnuc MwuHuctapctBa onbpaHe u Bojcke Cpbuje. Yaconuc o6jaBrbyje HaydHe WM
CTPYyYHEe YnaHke 13 obracTn OCHOBHUX UCTpaxuBamwa (MatemaTvke, pavyyHapCckux Hayka
M MexaHuke) M TEexXHOmNoWKOr  pasBoja  (eneKkTpPoHWKe,  TenekoMyHuKauwuja,
MHPOPMaLMOHKX TEXHONOMMja, MalLMHCTBA, MaTepujana 1 XeMmjCKMX TEXHOMOorunja), kao n
TEXHWYKE MHOpPMaLWje O CaBpeMeHUM CUCTEMMMAa Haopyxawa W CaBPEMEHWM BOjHUM
TexHornorvjama. Yaconuc npatu jeanHCTBEHY MHTEPBMAOBCKY TEXHUYKY MoAdpLuky Bojcke
Ha MPWHUMMNY FOrMCTUYKE CUCTEMCKE MOoApLUKEe, 06MacTh OCHOBHMX, MPUMEHEHUX W
pasBOjHMX UCTPaXMBaHa, Kao N NPOM3BOAHY M yNoTpeby cpeacTaBa Haopyxama 1 BojHe
onpeme, Te ocTana Teopuvjcka 1 nNpakTnyHa AocTurHyha koja 4OnpuHOCE ycaspluaBakby
CBMX MpunagHuka cprcke, pervoHanHe u MehyHapogHe akagemcke 3ajegHuue, a
noce6Ho npunagHuka MuHucTapcTea onbpaHe n Bojcke Cpbuje.

MwuHucTapcTBO npocBeTe, Hayke W TexHomnowkor passoja Penybnuke CpbOuje,
carnacHo oanyuu u3 unada 27. ctaB 1. Tayka 4), a nNo npubaBrLEHOM MULLILEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 Hay4yHoOUCTpaxmBaykoj aenatHocTu (,CryxbeHu
rmacHuk PC”, 6p. 110/05, 50/06-ucnp. u 18/10), yTBpauno je karteropusauujy
BojHoTexHu4kor rnacHuka, 3a 2019. roguHy:

3a 06nacT TeXHOMOLLKM pa3Boj:

— Ha NUCTU Yaconuca 3a efieKTPOHUKY, TeneKoMyHuKaumje n nHcdopmaumoHe
TexHonoruje:

kaTeropuvja Bogehu Hay4HM Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha IUCTM Yacomnuca 3a MaTtepujarne U xeMujcke TexHororuje:

KaTeropuvja Hay4YHu 4aconuc HaumoHarnHor 3Havaja (M52),

— Ha nucTM Yaconuca 3a MalWMUHCTBO:

KaTeropwja Hay4Hu 4aconuc HauuoHanHor 3Hadvaja (M52),

3a 06nacT OCHOBHa UCTpaxuBama:

— Ha IUCTM Yaconuca 3a MaTemMaTUuKy, padyyHapcke Hayke U MeXaHWUKY:

kaTeropuja Hay4Hu yaconuc (M53).

YcBojeHe nucte gomahux yaconuca 3a 2019. roguMHy mory ce BMAETU Ha cajTy
BojHoTexHu4kor rnmacHuka, cTpaHuua Kameeopusayuja 4vaconuca (MwuHucTapcTBO
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npocBeTe, Hayke M TexHonowlkor pa3soja Penybnuke Cpbuje jow yBek Huje objaBuno
3BaHWYHy KaTeropusauujy Hay4Hux Yaconuca 3a 2020. roguHy).

HetarcHuje nHdopmaumje mory ce npoHahu n Ha cajty MuHucTapcTBa npocserTe,
Hayke 1 TexHornowkor pa3soja Penybnuke Cpbuje.

Mopaum o kaTteropusaumjy mory ce npatutu u Ha cajty KOBCOH-a (KoH3sopuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja 4yaconuca nsspLueHa je npema [NpaBUnHUKY O NOCTYMKY U HaYUHY
BpedHOBakba W KBAHTUTATMBHOM MCKa3vBaky Hay4YHOMCTpaXuBaukMx pesynrata
UCcTpaxwusaya, Koju je mponucao HauuoHanHu caBeT 3a Hay4YHW M TEXHONOLWIKU pas3Boj
(Cnyx6eHnu rnachHuk PC, 6poj 38/2008).

Y cknagy ca OBMM MpaBUINIHMKOM W Tabenom O BpPCTU M KBaHTMMKaLMju
VMHAMBUAYANHNX Hay4YHOMUCTpaxmBaYknx pesyntaTa (y cactasy [NpasunHuka), objaBrbeHn
pag y BojHoTexHuM4kOM rnacHuky BpegHyje ce ca 2 6oga (kateropuja M51), 1,5 6oa
(kaTteropuja M52) n 1 6o (kaTeropuja M53).

Yaconuc ce npatu y koHTekcTty Cpnckor uuTtatHor mHoekca — CUWMHpekc (6asa
nopgaTtaka gomahmx HayyHmx yaconuca) u Pyckor uHgekca HayqHor umtupara (PUHLL).
MopBprHyT je cTanHOM BpegHOBakwy (MOHWTOPWHIY) Y 3aBUMCHOCTM O YTMLAJHOCTK
(nmnakTa) y camum 6Gasama u, nocpegHo, y MehyHapogHum (Clarivate Analytics)
uuTaTHAM  MHOekcuma. [letarbM O UWHAEKcMpawy Mory ce BuaeTun Ha  cajTy
BojHoTexHu4Kor rmacHuka, ctpaHuua MHoekcupare Yacornuca.

BojHoTexHuukn rmacHuk omoryhaBsa u  npumewyje Creative  Commons

(CC BY) ogpenbe o aytopckum npaBuma. [etarbM O ayTOpPCKMM MpaBuma Mory ce
BMOETU Ha CajTy Yaconuca, cTpaHuua Aymopcka npaea U rnosiumuka caMoapxusuparsa.

PagoBn ce npegajy nyTemM OHNajH cucTemMa 3a eneKkTPoHCKO ypehusare
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamny u Hayum (LLEOH).

MpucTyn u peructpaumja 3a cepBuC BpLUe ce Ha cajTy www.vig.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wnmn  CUMHOEKC, o0QHOCHO  OMPEKTHO  Ha  MMHKY
aseestant.ceon.rs/index.php/vtg.

[etarbHO ynyTCTBO O perncrpaumjn 1M npujasn 3a CEpBMC Hanasn ce Ha cajty
www.vtg.mod.gov.rs, cTpaHvuua Ynymcmeo 3a e-Yp: EnekmpoHcko ypehusare —
ACUCTEHT.

MoTpebHO je Oa ce cBM ayTopu KOjM MOOHOCE pyKonNMC 3a objaBrbuBame Y
BojHoTexHuukom rnacHuky pernctpyjy y pervctap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuMum cajta Peeucmpayuja 3a 0Oobujare ORCID
udeHmucgbukayuUoHe wugpe.

BojHOTEXHMYKM rNacHUK O6GjaBrbyje YnaHke Ha CPrICKOM, PYCKOM W EHINECKOM je3nKy
(arial, cpncka hupunuua unu cprncka naTmHuua, BenuuuHa cnosa 11 pt, npopea Single).

Moctynak npunpeme, nucara n ypefueaka YnaHka Tpeba ga byae y carmacHocTu ca
U3jasom o0 emuykom nocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba ga cagpxu caxeTak ca KibyYHUM peunmMa, YBOA, paspajy, 3aKkibyyak,
nuTepaTypy 1 pes3umMea ca Kiby4HUM peyrma Ha EHrNECKOM M PYCKOM je3nky (6e3 Hymepauuje
Hacnosa 1 nogHacnosa). Obum unaHka Tpeba ga Gyae oko jeaHor aytopckor Tabaka (16
cTpaHuua opmata A4 ca npopenom Single), a HajeuLLe 24 cTpaHuLe.

UnaHak Tpeba ga Oyae HanvcaH Ha obpacuy 3a nucakwe 4naHka, Kojyu ce 'y
€1eKTPOHCKO] hopMM MOXe Mpey3eTu ca cajTa Ha cTpanvum Obpa3say 3a nucarbe YnaHka.
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Hacnos

Hacnos Tpeba ga ogpaxkaBa TeMy YnaHka. Y MHTepecy je yaconvca v aytopa aa ce
KOpWCTE peyn NpuknagHe 3a UHAEKCUpame U npeTpaxvBake. AKO TakBMX pevn Hema y
HacroBy, NOXerbHO je Aa ce npuaoda u nogHacnos. Hacnos Tpeba ga 6yae npeseaeH u
Ha €HrMecKN N pyCcKu jesuk.

OBwW HacnoBwm UCNUCYjy Ce UCNpen caXeTka Ha ogroBapajyhem jesuky.
Tekyhu HacnoB

Tekyhn HacrnoB ce ucnucyje ca CTpaHe CBake CTpaHuLEe 4YnaHka paau nakiwle
naeHTudukaumje, nocebHo Konuja ynaHaka y enekTpoHckoM obnuky. Cagpxu npesvve u
MHUUMjan MMeHa ayTopa (ako ayTtopa Mma Bulle, NpeocTany ce o3Hadyaeajy ca et al.”
unu 1 ap.“), Hacnoee paga v Yaconuca u konauujy (rognHa, BONlyMeH, CBECKa, NoveTHa
1 3aBplUHa cTpaHuua). Hacnoeu yaconuca v YnaHka mMory ce Aatu y ckpaheHomM obnuky.

Ume ayTopa

HaBoau ce nyHo ume v npesnme (cBux) aytopa. Beoma je noxersHo ga ce HaBepy
N cpedkwa crnosa aytopa. MimeHa u npesavmeHa gomahux ayTopa yBeK ce UCMuUCyjy Y
OopurMHanHomMm obnuky (ca CpnckMM AujakpUTUYKMM 3HAKOBMMA), HE3aBUCHO Of je3nika Ha
KOjeMm je HanucaH pag.

HasuB ycTaHoBe ayTopa (achmnujaumja)

Hasogwu ce nyH (3BaHW4HM) HA3MB M CeauLUTe YCTaHOBE Yy KOjoOj je ayTop 3anocreH, a
€BEHTYarnHo M Ha3uWB YCTaHOBE Yy KOjoj je ayTop 00aBuMO WCTpaxuBame. Y CIOXEHVUM
opraHu3aumjama HaBoaM ce yKyrHa xujepapxwuja (Hnp. YHuBepauTeT oabpaHe y beorpagy,
BojHa akapemuvja, Kategpa npupogHo-matemaTuykux Hayka). bap jegHa opranusauuvja y
Xvjepapxvju Mopa 6uUTM MpaBHO Nuue. AKO ayTopa UMa BWLLIE, a HEKU MOTUYYy U3 UcTe
yCcTaHoBe, Mopa ce, NMocebHVMM O3HakamMa WM Ha OpYrM HauuH, Ha3HauiTh U3 Koje of
HaBedeHMX yCTaHOBa MOTMYe CBakM oOf HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKLUMja 1 3BaHe ayTopa Ce He HaBozde.

KoHTakT nogauu
Anpeca unu e-agpeca CBUX ayTopa aje ce nopes MMeHa 1 npes3mmeHa ayTopa.

KaTeropuja (Tun) unaHka

Kateropusauuja unaHaka obaBe3a je ypegHuwTBa M of nocebHe je BaXHOCTW.
KaTteropujy 4naHka mory npegnaraTv peueH3eHTW U YNaHOBM YPEeAHWULLTBA, OLHOCHO
ypeoHuum pybpuka, anum OOroBOPHOCT 3a KaTeropusauujy CHOCU WUCKIbYYMBO [MaBHU
ypenHuk.

UnaHun y BojHOMexXHUYKOM 2riacHUKY KnacuguKyjy ce Ha HaydHe U CTpy4dHe
ynaHke.

HayuHn unaHak je:

— opurMHanaH HayyHu pag (pag y Kojem ce M3HOCe MNpeTXodHO HeobjaBrbeHu
pesynTaTi COMCTBEHNX UCTPaXMBaka Hay4YHUM METOO0M);

— npernegHun paz (pag Koju cagpXv OopurMHanaH, getarbaH U KPpUTUYKM Npukas
UCTpaxuBaykor npobrema wnu nogpyyja y Kojem je aytop ocTBapuo oppeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

— KpaTKO WM MPEeTXOOHO caomnLiTehe (OpUrMHanHU HayYyHu paj nyHor dopmarTa,
anu mawer obvmMa nnv NpenuMUHapHor Kapakrepa);

— Hay4Ha KpuTuKa, OOHOCHO nonemuka (pacnpasBa Ha ogpefieHy HayyHy Tewmy,
3aCHOBaHa MCKIbY4MBO Ha Hay4HOj aprymeHTaumju) 1 OCBpTU.
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M3y3eTHO, y Hekum obnactuma, HayyHM pag Yy 4aconucy Moxe uMatyu obnuk
MOHorpadcke CTyauvje, kao W KPUTUYKOT m3gawa HayyHe rpahe (MCTOpujcKo-apXmBCKe,
nekcukorpadpcke, Oubnunorpadcke, npernega nogaraka Mo Cn.), JOTaj HenosHate wunm
He[0BOIbHO MPUCTYNaYHe 3a Hay4YHa UCTPaXVBakHa.

PafoBu knacudrkoBaHu kao Hay4yHW Mopajy umaTu Gap ABe No3UTUBHE peLieH3uje.

AKo ce y yaconucy oGjaBrbyjy M NMpUrosn BaHHAy4yHOr KapakTepa, Hay4Hu YnaHum
Tpeba fa Gyay rpynucaHmy v jacHo U3aBojeHu y MPBOM [erny CBecke.

CTpyyHM YnaHak je:
— CTPyYHU pag (Mpwumor y KojemM ce HyAde WCKycTBa KopucHa 3a yHanpehene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3acHOBaHa Ha Hay4HOM MeTOAY);

— UHGOPMaTMBHM Npunor (yBOAHWK, KOMEHTap v cn.);

— MpuKa3s (Kiure, padyHapckor nporpamMa, cny4yaja, Hayy4Hor gorahaja, u cn.).
Je3uk paga

Jesunk paga moxe BUTK CPMCKK, PYCKU UMW EHFMECKN.

TekcT Mopa BUTK je3andkn u CTUMCKU JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpgapaHux). Cee husunyke BenuurHe Mopajy 6utn nspaxeHe y MehyHapoaHom
cucTeMy MepHux jeamuuua — Sl. Pegocnen obpasaua (popmyna) o3HayaBa ce peaHuMm
6pojeBMMa, ca fecHe CTpaHe y OKpyrnnM 3arpagama.

CaxeTak (ancTpakT) U pesume

CaxeTak (ancTpakT) jecTe KpaTak MHopMaTuBaH npukas cagpxaja YnaHka Koju
ynTaouy omoryhaBa ga Op30 M TayHO OLEHW H-ErOBY PerneBaHTHOCT. Y WHTepecy je
ypegHvWTaBa M aytopa [a CaxeTak CaapXu TepMMHE KOoju ce 4YecTo Kopucte 3a
MHAeKcUpare 1 npetpary unaHaka. CactaBHW OenoBu caxeTka Cy LWib UCTpaxuBama,
mMeToau, pe3ynTtatu u 3akrbydak. Caxetak Tpeba ga nma og 100 go 250 peum n Tpeba ga
ce Hanasu usmely 3arnaerba (HacnoBs, UMeHa ayTopa M Ap.) W KIbYYHUX peyn, HaKOH
KOjUX crieam TEKCT YnaHka. AKO je paj HanmcaH Ha CPrCKOM WM PYCKOM je3UKy, MOXerbHO
je Aa ce, nopepn caxeTka Ha CPrCKOM M PYCKOM, Aaje M CaxeTaK y npoLMpeHoM obnuky
Ha EHrMeckoM je3unky — kao T3B. pe3ume (summary). OBakaB pe3ume Tpeba aoa Oyne Ha
Kpajy 4naHka, HakoH ogereka Jlutepatypa. BaxHo je oa pesume 6yge y CTpyKTypvpaHoM
06nuKy, a heroBa gyxuHa moxe 6utn go 1/10 gyxvHe ynaHka (ONWMPHUK je oA caxeTka
ca noyeTka 4naHka). lMoyeTak oBor peammea Moxe 6TV NpeBefeHn caxeTak (ca noyeTka
ynaHka), a 3atum Tpeba Oa cnege npeBeAeHU MaBHW HACNoBW, NOAHACMOBM U OCHOBE
3aKrbyyKka YnaHka (nutepaTypa ce He npesoaw). [ToTpebHo je Aa ce y CTpyKTypuMpaHoM
pesnmMey npesBefe M Aeo TeKCTa WCMOA Hacrosa M nogHacnosa, Bogehu pavyHa ga oH
6yade nponopuuoHanaH HhUX0BOj BEMMYMHK, @ Aa ogpaXasa CyLUTUHY. HakoH peavmea Ha
€HINeckoM je3nky (NpoLuMpeHor caxeTka) JoAaje ce HeroB NpeBod Ha cprnckom, Aa bu
pepakuuja nsspLUUna NpoBepy 1 NeKTypy.

KrbyuHe peun

KrbyyHe peun cy TepMuHuM unun dpase Koje agekBaTHO npeacTaBrbajy cagpxaj
ynaHka 3a noTpebe MHOekcMpara 1 npeTpaxusawa. Tpeba ux gogersmeatu ocnamajyhu
ce Ha Hekn MeflyHapogHu u3BOp (MOMWUC, PEeYHUK WM Te3aypyc) Koju je Hajwuvpe
npuxsaheH wnn yHyTap Aate HayyHe obnactu. 3a Hnp. HayKy yonwTe, TO je nucTa
kKiby4Hux peun Web of Science. Bpoj krbyyHux peun He moxe 6utm Behu oa 10, a y
MHTEepecy je ypeOHULITBA M ayTopa Aa yyecTanocT wuxoBe ynotpebe byae wro Beha.
KrbyuHe peuu Oajy ce Ha je3uKy Ha KOjeM je HanucaH unaHak (CaxkeTak) U Ha eHrneckom
jesuKky. Y unaHky ce nuLly HeMocpedHO HaKOH CaxeTka, OAHOCHO HaKoH pesumMea.
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Cunctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
eKcTpaxoBame KIbyYHUX peyn M3 AUCUMMIUHapHMX Tesaypyca/pedHuka no usbopy wu
pyTuHe 3a HuXxoB opabup, Tj. npuxsaTawe OAHOCHO ofAbaumBare of CTpaHe ayTopa
n/vnu ypeaHuka.

[JaTtym npuxBaTara 4naHka

Hatym kaga je ypeOHULITBO NPUMWIIO YraHak, AaTyMm Kaja je ypeOHWLLTBO KOHaYHO
npuxBaTWIO 4naHak 3a objaBrbMBake, Kao M OaTyMu kaja cy y MehyBpemeHy
[JOCTaBIbeHe eBeHTyaslHe UCMpaBKe PyKONuUca HaBoAe Ce XPOHOMOLWKUM pefocreom, Ha
cTanHoM MecTy, No NpaBumy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0AHOCHO Ha3MB Nporpama y OKBMPY Kojer je YnaHak HacTao,
Kao W HasMB MHCTUTYUMje Koja je dhMHaHcMpana npojekat unu nporpam, HaBogu ce Yy
noce6Hoj HAaNOMEHW Ha CTanHOM MECTY, Mo NpaBuIy Npu OHY NPBEe CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je YnaHak y MnpeTxodHOj Bepauju 61O M3MNOXeH Ha CKynmy y BuAay YCMeHor
caonwTewa (MOA MCTUM UMW CAIMYHUM HACMOBOM), nogatak o Tome Tpeba ga Gyde
HaBedeH y NocebHOj HanomeHw, No Npaswuny Npu AHY NpBe cTpaHe ynaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHUYKOM rmacHuKy
(npewTamnaTu), HA NOZ CAMYHUM HAacNoBOM U U3MEHEHOM OBIMKY.

TaGenapHu u rpacuykn npukKasm

MoxerbHO je Aa HacrnoBW CBUX Mpukasa, a no mMoryhcTBy U TeKcTyarnHu cagpxaj,
6yny naTv ABOjE3VNYHO, Ha je3UKy pafia U Ha eHITIECKOM je3uKy.

Taberne ce nuLWy Ha UCTWM HAYWH Kao M TEKCT, a 03Ha4yaBajy ce peaHum Gpojesmma
ca roptbe cTpaHe. doTorpadmje n uptexu Tpeba ga 6yay jacHu, npernegHu 1 NOrogHn 3a
penpoaykuujy. Lptexe Tpeba pagmtu y nporpamy word wmnm corel. ®otorpacduje n
upTexe Tpeba NOCTaBUTU Ha KEIbEHO MECTO Y TEKCTY.

3a cnuke u rpadMKoHe He CMe ce KOPUCTUTUM CHUMaK ca €eKpaHa padyHapa
nporpamMa 3a npukynrbare nogartaka. ¥ camom TEeKCTY YnaHka npenopydyje ce ynotpeba
cnuka u rpacomkoHa HenocpeaHo U3 nporpamMa 3a aHanuady nogaraka (kao wTto cy Excel,
Matlab, Origin, SigmaPlot u gpyru).

HaBoRhewe (untnpame) y Tekcty
HauyvH nosvBara Ha M3BOPE Y OKBMPY YraHka Mopa 6uTu jegHoobpasaH.

BojHOTEXHUYKM rNacHuK 3a pedepeHumpare (UMTmpare u HaBohewe nutepartype)
npumetrbyje XapBapAcku cuctem pedepeHun, 0GHOCHO XapBapACKM NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0buyHuM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBawe, OOQHOCHO UMTMpake nutepartype
HabpojaHe Ha kpajy YnaHka, o6aBe3Ho y 0bMYHOj 3arpaau HanucaTy Npes3vme UMTMpaHor
ayTopa, roavHy m3gawa nybnvkauuje ns koje umtupate WU, eBeHTyarnHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynyTCTBO O HayMHy LMTMpara, ca MpMMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a XapeapOcku rpupy4HuK 3a cmus. MNMotpebHo je oa ce no3vBame Ha
nuTepaTypy Yy TeKCTy ypaau y ckrnagy ca MOMeHYTUM ynyTCTBOM.

Cuctem ACUCTEHT y cBpXy KOHTpone HaBohera (uuTupama) y TEKCTY KOPUCTU
cneuujanHy anaTky CiteMatcher: oTkpuBame M30CTaBIbLEHUX LMTaTa Yy TEKCTY paga vy
nonucy pedgepeHLm.
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HanomeHe (cpycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hanasu TeKCT Ha Koju ce ofHocCe.
Mory cagpxatn make BaxHe AeTarbe, AoMnyHcka objalbersa, HasHake 0 kopuwheHum
n3sopumMa (Ha npumep, Hay4yHoj rpafu, npupyyHuumMma), anv He Mory GuTu 3ameHa 3a
uMTUpaHy nuteparypy.

INucra pecdepeHuun (nutepartypa)

LinTupaHa nutepatypa obyxsata, no npasuny, bubnuorpadcke m3sope (4naHke,
MOHorpadmje 1 cn.) n gaje ce UCKIbYUMBO Y 3acebHOM oferbKy unaHka, y Buay nucre
pedepeHun. PedepeHue ce He npeBofe Ha je3unk paga v Habpajajy ce y nocebHom
OferbKy Ha Kpajy ynaHka.

BOjHOTEXHMYKM MMACHUK, Ka0 Ha4YuH MUcnMca nutepaTtype, Npumenyje XapsBapacku
cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce o6aBe3HO nuile Ha NaTMHWUYHOM NUCMY U Habpaja no abeueaHom
pepocneny, Hasogehu Hajnpe npesvmena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuM, ca npuMepuma, AaTo je Ha
CcTpaHuuu cajta Ynymcmeo 3a XapeapOcku npupyyHuUk 3a cmus. MNoTpebHo je pa ce
nonuc nuTepaTtype Ha Kpajy YnaHka ypaau y cknagy ca noMeHyTUM yryTCTBOM.

HecTtangapgHo, HeNoTnyHO MM HedocnegHO HaBohewe nuTepaTtype y cuctemmuma
BpegHoOBawa 4aconuca cmatpa ce [OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydHor
CTaTtyCa 4Yaconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOmne npaBWiHOr mMcnuca nucte pedepeHum
KopucTu crneumjanHy anatky RefFormatter: koHTpona obnnkoBama pedeperum y cknagy
ca XapBapACKUM NPUPYYHMKOM 3a CTUI.

MponpatHo nucmo (camo 3a aytope u3 Penybnuke Cpbuje n no nocebHom
3axTeBy ypeaHwuka)

Mopepn ynaHka gocTaBrba ce NponpaTHO NUCMO Y Kojem Tpeba ncrahum o Kojoj BpCcTh
ynaHka ce pagwm, Koju cy rpadumudku npunosu (dotorpadumje n LpTEXU) OpUrMHanHU, a
KOju NO3ajMIbeHMN.

Y nponpaTHOM NMCMy HaBoAe Ce U nofaun aytopa: Mme, cpefhe CrnoBso, npesvme,
YuH, 3Bake, e-mawn, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHOM
MecTy n kyhHu (MOGUIHK) TenedoH, padyH 1 Ha3mB B6aHke, CO mecTa cTaHoBawa, 6poj
nu4yHe kapte u JMB rpahaHa.

CBU pagoBu Noanexy CTPy4HOj peLieH3uju.

Cnucak peueHseHaTa BojHOTEXHMYKOr rmacHuWka Moxe ce BUOETM Ha CTPaHuLM
caita Cniucak peueH3eHama. [lpouec peueHsvpawa objallkbeH je Ha cTpaHuum
cajta PeueH3eHmcKuU rnocmynak.

Appeca pepakuuje:

BojHOTEXHMYKM rNacHNK

Berbka Jlykuha Kypjaka 33

11042 Beorpag

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
MaBHM 1 0AroBOPHU YPeaHWK
mMp Hebojwa MNahelwa, aunn. nHx.
nebojsa.gacesa@mod.gov.rs,

http://orcid.org/0000-0003-3217-6513,
Ten.: BojHu 40-260 (011/3603-260),
066/8700-123
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NMPUIMALLEHUE U UHCTPYKLIUA O ABTOPOB O NMOPAOKE
noAaAroToBKU CTATbM

MHCTpykuns anst aBTOpPOB O Mnopsake MOArOTOBKM CTaTbM K OnybnvkoBaHuioo B
XypHane «BoOeHHO-TEXHMYECKMI BECTHWMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
pPefakTVpPOBaHWM  Hay4HbIX >KypHamoB MwuHucCTepcTBa HaykM W TEXHOMOTMYECKOro
pa3sutusa Pecnybnuku Cepbusa, Ne 110-00-17/2009-01 ot 09.07.2009 r. MNpuMeHeHne
3TOro AKTa CnocobCTBYeT MOBBILLEHWUIO KayecTBa OTEYECTBEHHbIX XXypHanoB M ux Gonee
nonHomy BOBEYEHUNIO B MeXOyHapoaHyto cuctemy obmeHa
Hay4HoON nHpopmaumen. MHCTpyKUnsi COOTBETCTBYET MexayHapoaHbIM cTaHaapTam ISO
4, IS0 8, ISO 18, ISO 215, ISO 214, I1ISO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYHOLLMM cTaHgapTam Pecnybnuku Cepbus.

BoeHHo-TexHuuyeckunn BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
— nevyaTHoe wu3gaHue, e-ISSN 2217-4753 — online, UDK 623+355/359,
DOI: 10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik,
ABNAETCS MyNbTUAUCUMNIIMHAPHBIM Hay4YHbIM >KypHanoMm MwuHucTepcTBa OGOPOHBLI U
BoopyxeHHbix cun Pecnybnvkn Cepbus.. B xypHane nybnukyloTcs HaydHble WU
npodeccrMoHanbHble  CTaTbM, WCCMedywlmMe Takue obnactu kak: maremaTtuka,
KOMMNbIOTEPHBIE HAyKM W MeXaHuka, a Takke obnacTtu TEeXHONOrMYyecKoro pasBUTUSE:
3NeKTPOHMKA, TENEeKOMMYHMKALUN, MHPOPMALIMOHHBIE TEXHOMOMMU, MaLUMHOCTPOEHME,
mMaTtepuanbl U XMMUYECKME TEXHOSIOMMU, B XypHarne Takke nyGnukyeTcsi: TexHu4eckas
MHOPMaUnUsi O COBPEMEHHBIX CUCTEMaxX BOOPYKEHUS W COBPEMEHHbIX BOEHHbIX
TexHonorusix. XXypHan cnegut 3a eavHON MEeXBUOOBOW TeXHUYeCKOW noanepkkon
BOOPYXEHHbIX CWUJ1, OCHOBAHHOM Ha MPUHLMNAX CUCTEMHOW NOFMCTUKK, 3a NPUKNaaHbIMU
M WHHOBAUMOHHLIMW Hay4YHbIMW WUCCMEAOoBaHMsIMW, B TOM 4ucrie, B obGnactu
NpOu3BOACTBA BOOPYXEHWS M BOEHHOW TEXHUKM, U 33 MPOYUMU TEOPETUYECKMMU U
NPaKkTU4EeCKMMN OOCTWXKEHUSIMU, KOTOPble CMOCOOCTBYIOT NPOdecCMOoHanbHOMY pOCTY
npencraButene cepbckoro, PErMoHanbHOrO M MEXAYHaApOOHOro  akageMuyeckoro
coobuecTtBa, U ocobeHHO BoeHHocnyxawmx MunuctepctBa OB0poHbI U BOOpyKEHHbIX
cun Pecny6nuvkm Cepbus.

MuHuCTEPCTBO 00pa3oBaHWsi, HaykM W TEXHONOrM4Yeckoro passutust Pecnybnvku
Cepbus, cornacHo peLleHuio NMPUHATOMY B COOTBECTBMM CO CT. 27 ab3auy, 1, nyHKT 4 1 Ha
OCHOBaHWM TonkoBaHusi cT. 25 abs3auy 1 nyHKT 5 3akoHa O HaydHO-McCreaoBaTeNbCKOM
pesatenbHocTn («Cnyx6eHn rmacHuk PCx», Ne 110/05, yTBepauno kateropusaumio «BoeHHo-
TEeXHMYeckoro BecTHuka» 3a 2019 roa:

Kateropun B 06rnacTtu TEXHONOrMYeCKoro pa3suTus:

— OOnactb 3NEKTPOHUKM, TENEeKOMMYHMKauMin U  MHGOPMaLMOHHBLIX
TEXHOMNOIrUn:

BeAYLUMIA HAaYYHbIV XXypHarn HaLuMoHansHoro aHavyeHus (M51),
— O6nactb MaTepuanoB U XMMUYECKOWN TeXHOSOIMu:
HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52),

— O6nactb MexaHUKu:

Hay4HbIV XXypHan HauMoHanbHoro 3HavyeHus (M52).

KaTeropun B 06racT OCHOBHbIX UCCIEL0BaHUIA:

— Obnactb MaTemMaTUKa, KOMNbIOTEPHbIE HAYKU, TEXHUYECKMEe HayKu:

Hay4HbIV XXypHan (M53).

C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2019 rog MOXXHO O3HAKOMUTLCS
Ha cTpaHuue camnTta «BoeHHO-TexHu4eckoro BecTHuKa» Kameesopu3ayusi BecmHuka
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(MUHMCTEPCTBOM MNPOCBELLEHNS,, HayKM W TEXHOMOrM4eckoro passutua Pecnybnuvku

Cepbusi noka He npousBedeHO OUUMANbLHOTO PaHXMPOBAHUA HAay4HbIX XXypHanoB 3a
2020 rog).

Bonee nogpobHyd wWHGOPMaUMIO MOXHO HaWTM Ha cante MuHUCTepcTBa
06pas3oBaHus, HayKu 1 TexHonornyeckoro passuTtusi Pecnybnuvkm Cepbus.

C uvHdopmMaLmen o kaTeropusaumm MOXHO O3HakoMuTbca M Ha cante KOBCOH
(KoHcopuunym 6ubnuotek Pecnybnukn Cepbusi no Bonpocam o6beanHeHUs 3aKyrok).

Kateropusauma BectHuka npoBefgeHa cornacHo [lonoxeHuio o nopsigke v cnocobe
KaTeropmsaumm Hay4yHO-UCCreaoBaTenbCKMX pe3ynbTaToB, YTBEPXKOAEHHOrO HaunoHanbHbIM
KOMWUTETOM MO Hayke 1 TexHonormsim (Cnyx6enn rmacHunk PC, Ne 38/2008).

B cootBeTcTBUM C BbilleykadaHHbIM [lonoxeHnem u Tabnuuen c nokasaTensmmu
Knaccudpukaumm M KateropmsauumM - MHAMBUAYarbHbIX  Hay4YHO-MCCIeqoBaTeNbCKUX
pe3ynbTaToB, SBMSAOWENCH HeoTbeMneMon uYacTbto [lonoxeHusi, HayyHasa craTbs,
onybnvkoBaHHas B «BOEHHO-TEXHMYECKOM BECTHUKEY, OLIEHMBAETCS CreayroLwymM criocobom:
2 6anna (kateropusa M51), 1,5 6anna (kateropusa M52) n 1,5 6ann (kateropusa M53).

XKypHan cooTtBeTcTBYyeT cTaHgaptam CepbCKoro MHAEKCa HayyHOro LMTUPOBAHMUS
(CUMHpekc/SCIndeks) — HaykomeTpuuecko 6a3bl  AaHHbIX Hay4HbIX >KypHanoB
Pecny6nukn Cepbusi, a Takke Poccuiickoro nHaekca HayvHoro umtupoBanus (PUHLL).
KypHan nocTosiHHO nogBepraeTcss MOHWTOPUHIY W OLEHMBAETCH KONUYECTBEHHbLIMU
HayKOMETPUYECKUMMN MOKasaTensaMu, OTpaXKaloLMMKU €ro Hay4Hyl LEHHOCTb, B T.4.
0onocpenoBaHHO B MeXAyHapOAHbIX nHaekcax umtnpoBaHus (Clarivate Analytics).

C vHdopmaumeir 06 MHOEKCUPOBAHUM MOXHO O3HAKOMUTBLCSI Ha CTpaHuue cainTa
XypHana MHdekcuposaHue BecmHuka.

«BoeHHOo-TexHMYeckniA  BeCTHMK»  obecneuyMBaeT 4uTaTensM  BO3MOXHOCTb
OTKpPbLITOrO ~ [OCTyrna, B COOTBETCTBAM  C  MOMOXEHUAMM 00  aBTOPCKMX
npaeax, yTBepxaéHHbimn  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX NpaBax MOXHO O3HAKOMWTLCS Ha CTpaHuue Asmopckue npasa u noaumuka
camoapxusuposaHusi, nepenasa no ceoinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucun ctaten HanpaBnsloTCs B pedakumio XXypHana ¢ ucrnonb3oBaHvem online
cuctembl e-Yp: OnekTtpoHHoe wu3patensctBo — ASSISTANT, 3anywieHHon LieHTpom
noaaepxu passutusi obpasosaHus un Hayku (LIMPOH).

Pernctpauus B cucteme n ocopmneHne npas [OCTyna BbINOMHAETCA MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnv CUMHLOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTpyKUMEW MO perucTpauMm u npaBam AOCTyNa MOXHO O3HAKOMWUTbLCSI MO
appecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue WHcmpykyus no e-Yp:
AnekmporHoe usdamenscmeo ASSISTANT.

Bce aBTopbl, NMpefocTaBnsoWmMe CBOM pPykonucu Anst nybnvkauun B pefakumio
XKypHana «BOEHHO-TEXHUYECKMIA BECTHUK»  [OMMKHbI  MPOWTU  MpeaBapUTENbHYHO
pernctpauuio B peectpe ORCID (Open Researcher and Contributor ID). 3Ta npoueaypa
OCYLLECTBNSIETCS B COOTBETCTBUM C WMHCTPYKUMEN, pasMELLEHHOW Ha CTpaHuue caiTa
Peaucmpauus 8 peecmpe ORCID 0nsi npuceoeHusi udeHmughukayUuoHHO20 Kooa.

«BoeHHo-TexHuYecknii BECTHUK» nybnukyeT ctatbn Ha cepbCKOM, pyCcCKOM wnuv
aHrnumnckom aseikax (Arial, wpudT 11 pt, npoben Single).

Mpouecc nOAroTOBKWM, HanNUCaHUs U PedaKTUPOBaHUSI  CTaTbW  [OIDKEH
OCYLUECTBNSATLCA B COOTBETCTBMM  C  NpuHUMNamMn  dmuyecko2o  Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).
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CraTbsl [OOmkHa cofepXkaTb aHHOTauMio C  KI4YeBbIMU CroBamu, BBeOEHUE,
OCHOBHYI0 4acCTb, BbIBOAbl, CMWCOK WCMONMb30BaHHOW nuTepaTypbl UM pes3loMe C
KMOYEBLIMW  CrOBaMW  Ha  aHIMUIACKOM A3blke (63 Hymepauuu 3arofioBKOB U
noasaronoBkoB). O6bEM cTaTbM He AOMKEH MpeBbIlWaTb OAWH ABTOPCKUA nucT (16
cTpaHuy cbopmaTa A4 ¢ npobenom Single).

Ctatbs gomkHa ObITb HabpaHa Ha KOMMbOTEPE C UCMOMb30OBAHMEM CreuuarnbHO
NoAroTOBMEHHOIO  pedakuMen  MakeTa, KOTOpbIi  MOXHO CkadaTb Ha  CTpaHuue
cavita lNpasuna u obpasey cocmaesnieHus cmamabu.

3aronoBok

3aronoBok JOmkeH oTpaxaTb TeMy cTatbu. B uWHTepecax XypHana u aBTopa
HeobXxoaMMO MCNofb30BaTh CroOBa WM CIIOBOCOYETaHUS, yAOOHble AN WHAOEKcauun u
novcka. Ecnu Takne cnoea He coaepxaTtcsi B 3aronoBke, TO XenaTernbHO Ux JobaBuTb B
NnoA3aronioBoK. 3aronoBOK [OMKeH ObiTb NepeBefEéH Ha aHrmuiAcKuiA A3blk. HasBaHue
3arornoBka (Noa3arofioBka) NULETCs nepes aHHoTaunen Ha COOTBETCTBYHOLLEM S3bIKE.

TeKywmit 3aronoBok

TekyLnin 3aronoBOK MULLIETCA B TUTYNE KaXOoW CTpaHuubl CTaTbM C  LEnbto
YNpOLLEHMs npoLlecca MaeHTUMKaLmn, B NEPBYIO o4depedb KOMuii CTaTben B S11EKTPOHHOM
Buae. 3aronoBoK CoaepXuT B cebe haMmunuio 1 uHMUnan MMeHn aetopa (B criydae ecnm
aBTOPOB HECKOIbKO, OcTarnbHble 0603HavarTes ¢ «et al.» nnu «m ap.»), HasBaHne paboThbl
M XypHana (rod, TOM, BbIMyCK, HadarbHas M 3aknoyMTenbHas CTpaHuua). 3aronoBoK
CTaTby 1 Ha3BaHWe XXypHana MoryT ObiTb NPMBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuogaTca nonHasa damunmsa 1 nonHoe nms (Bcex) aBTopos. XKenatensHo, YTobbl
ObINM ykasaHbl MHULUManbLl oT4yecTs aBTopoB. amunus n nvs aBTopos 13 Pecnybnuvku
Cepbus Bcerga nuwyTCS B OPUNMHaNbHOM BuAe (C cepbCckMMM AMakpUTUHECKUMU
3HaKamu), He3aBMCMMO OT A3blKa, Ha KOTOPOM HanucaHa paborta.

HanmeHoBaHue yupexaeHusa aBTopa (addunumaums)

MpuBogntca nomHoe (odumumanbHOE) HavMEHOBaHME W MECTOHaXOXAeHue
yypexaeHus, B KOTOpoM paboTaeT aBTop, a Takke HaMeHOBaHWE yYpexaeHus, B KOTOPOM
aBTOp MPOBEN nccnegoBaHve. B cnyyae opraHmnsauuin co CNOXHOW CTPYKTYPOIN NPUBOAUTCSA
X nepapxuvyeckas COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadenpa BOEHHbIX
3MEeKTPOHHbIX cuctem, I. benrpan). Mo kpanHen Mepe, ogHa U3 opraHM3aUunii B Mepapxum
[OOImKHa MMEeTb cTaTyc ropuanyeckoro nuua. B cnyyae ecnu ykazaHo HECKONBKO aBTOPOB, U
€Cn  HeKoTopble K3 HUX paboTalT B OZHOM YYPEXOEHWM, HYXHO OTAEMbHbIMU
0603Ha4YeHUsIMM UNM KakMM-NMbo Apyrum cnocobom ykasaTb B KakOM W3 MPUBEAEHHbLIX
yypexaeHuin paboTaeT Kaxabl 13 aBTopoB. Addpunuaums nuweTcs HemocpencTBEHHO
nocne ®M0 aBTopa. [JOmMKHOCTb 1 cneumanbHOCTb NO AMNIIOMY HEe YKa3blBatOTCS.

KoHTakTHble AaHHble

ONEeKTPOHHbIN agpec aBTopa YKasblBAlOTCA PSAOM C €ro MMEHeM Ha MepBon
CTpaHuLpbl CTaTbM.

Kateropus (tun) ctatbu

KaTteropusaunsa ctatbenn sBndeTcd 0083aHHOCTbIO penoakumm . nMMmeet ocoboe
3Ha4YeHune. KaTeropmo CTaTbl MOryT npeanaratb peueH3eHTbl U YneHbl pegakuuun, T.e.
penakTopbl pY6pVIK, HO OTBETCTBEHHOCTb 3a KaTeropusauumto HecCeT WCKIIOYUTESIbHO
rMaBHbIN penakTop. Cratbu B XypHarne pacnpenenatTca no cneayruwmnm Kateropmam:
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Hay4yHble cTatbu:

— opurMHanbHasi HaydyHasi cTatbsl (paboTa, B KOTOpOW NPUBOAATCS paHee
HeonybrnvkoBaHHble pe3ynbTaTbl COBCTBEHHbLIX WUCCNEOOBaHWUNA, MOMYYEHHbIX Hay4YHbIM
MeToa0oM);

— ob3opHasi cTaTbs (paboTa, cogepXallas OpUrMHanbHbIN, AeTanbHbli U

KpUTUYeckuin obG3op uccrnegyemon npobrembl unu obnactu, B KOTOPLIA aBTOp BHEC
onpeaenéxHblv BKNaa, BUAUMbIA Ha OCHOBE aBToUMTAT);

— KpaTkoe cooblieHue (opurvHanbHasi HayyHasi pabGoTta MosiHoro cpopmarta, Ho
MeHbLLero o6béma unu nmeroLLasi npeaBapuUTenbHbIA XapakTep);

— HayuyHasi KpUTMdeckasi CTaTbsl (OMCKYCCUSI-NONEMMKA Ha OMNpeAenéHHYH0 HayyHyH
Temy, OCHOBaHHas! UCKITHOUUTENBHO Ha Hay4YHOW apryMeHTaumm) 1 Hay4HbIA KOMMEHTapWii.

OpHako, B HeKOTOpbIX 06nacTax 3HaHW Hay4yHas paboTa B XKypHane MoXeT UMeTb
hopmy MOHOrpacnyeckoro nccrnefoBaHus, a Takke KpUTUYECKOro 0BCyXAeHNs Hay4HOro
maTtepuana (MCTOPUKO-apXMBHOTO, feKcukorpaduyeckoro, bubnuorpadunyeckoro, ob63opa
AaHHbIX W T.N.) — 4O CMX NOP HEU3BECTHOTO UMM HEAOCTATOMHO AOCTYNHOMO AN Hay4HbIX

nccnenoBaHuii. PaboTbl, KraccuuumpoBaHHble B Ka4eCTBe Hay4HbIX, JOJTKHbI UMETb,
Nno MeHbLUEN Mepe, ABE MOMOXUTENbHbIE PELIEH3NN.

B cnyyae ecrnu B XypHane oObsiBMSIOTCS M NPUMNOXEHUS, HE UMEIOLLME HayYHbIN
XapakTep, Hay4Hble CTaTby OOIKHbI GbITb CrPYNNMPOBaHbl U YETKO BbieneHbl B NepBon
YacTu Homepa.

[podheccroHanbHble cTaTbi:

— npodpeccuoHanbHas pabota (NPUNOXEHWs, B KOTOPbLIX MpeanaratTcs onbIThl,
nonesHble AN COBEPLUEHCTBOBAHUSI MPOCECCUOHANBHOM MPaKTUKX, HO KOTOpblE He
OOMKHbl B 06s13aTenbHOM nopsigke ObiTb 060CHOBaHbI HA HAYYHOM MeToAE);

— MHcpopMaTMBHOE NpunoxeHue (NnepefoBas cTaTbsl, KOMMEHTaAPUIA U T.M.);
— 0630p (KHWIM, KOMMBIOTEPHOM NPOrpamMmbl, Crydasi, Hay4HOro cobbITUS U T.1.).
A3blk paboThbI

Pa6Gota MoxeT 6bITb HanncaHa Ha Cep6CKOM, PYyCCKOM 1nu aHIMUIACKOM A3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMUCTUHECKOM CMbICNE YMOpPSA0YEH,
cucTemMaTu3npoBaH, 6e3 CokpalleHuii (3a UCKIoYeHNEM CTaHaapTHbIX). Bee dusnyeckne
BENMYMHbl JOMKHbI COOTBETCTBOBaTb MexayHapoOHOW cucteme efAuHWL, U3MepeHus —
CW. OuepepHocTb hopmyn o603Ha4YaeTcs NopsAaKOBbIMU HOMEpPaMu, NPOCTaBNSIEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

AHHOTaums (abcTpakT) u pesrome

AHHOTauusa (abcTpakT) SsBNsieTCsl KpaTkuM MHOPMaTUBHBIM 0630pOM cofepKaHus
cTaTby, obecrneymBaloLMM YuTaTento BbICTPOTY U TOYHOCTb OLIEHKM €€ peneBaHTHOCTW.
B uHTepecax pefakumMuM M aBTOpPOB, YTOObI aHHOTaUMs cofepXana TepMuHbl, 4YacTo
ucrnonb3yemble Ansi MHOEKCUPOBaHWS M noucka cTatbel. CocTaBHbIMM 4YacTaMu
aHHOTaUMM SBNSAOTCA LUefb uccrnegoBaHusl, MeToAbl WM 3akrodeHne. B aHHoTaumm
JOomkHO ObiTb oT 100 go 250 cnoB, M OHa [OIMKHA HAxXOAWUTCs Mexay TUTyrnamu
(3aronosok, PO aBTOpPOB U Op.) M KIKOYEBLIMM CIIOBaMU, 3a KOTOPbIMU CrieayeT TeKCT
crtatbu. Ecnn paboTa HanncaHa Ha cepbCKOM UM PYCCKOM si3blKe, KenaTernbHO, YTOObI
KpoMe aHHoTauuu Ha cepbckoM K pycckom, Obina Gbl NpegocTaBreHa M aHHoTauust B
paclMpeHHOM BUAE Ha aHrmMACKOM A3blke — B Ka4ecTBe T.H. pestome (summary). Takoe
pes3ioMe [OMKHO HaxXOoAMTbCS B KOHUE cTaTbW, nocne pasgena Jlutepatypa. BaxHo,
4YTOObI pestome ObINo B CTPYKTYPUPOBAHHOM BWAE, U €ro AfnMHa MOXET COCTaBnsATb A0
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1/10 anvHbl ctaTbn (OHO HGonee OBLIMPHO, YeM aHHOTaLMSA M3 Havana crtaTtbu). Havanom
OaHHOro pestoMe MoXeT ObiTb nepeBeAeHHas aHHoTauus (M3 Hayana cratbM), a 3atem
OOJDKHbI  CrefoBaTh MNepeBeAeHHbIE [MaBHble 3arosyioBKW, MOA3ArofioBKM UM OCHOBbI
3aKkNoYeHnst ctatbn (nMTepaTtypa He nepeBoauTcsl). B CTpyKkTypMpoBaHHOM pesiome
HY>KHO MepPeBeCTM YacTb TEKCTA NoJ 3arofloBKOM M 3arofloBKOM, MPpUHUMas BO BHUMaHUe,
4YTOGbI OHO GbINO NPOMOPLIMOHANBHO NX Pa3MepPy M B TO XKe BPeMS OTpaxana CyTb.

KnroueBble cnoBa

KnioueBbiMM  crioBamu  SIBAAIOTCS  TEPMWUHbI  UnKM  bpasbl,  agekBaTHO
npeacTasnsALiMe coaepxaHue ctaTtbu, Heobxoammble ANS MHAEKCUPOBaHWSA U Nouvcka.
KnioueBble cnoBa HeobGxoouMMoO BbIOMpaTb, onMpasicb MNpuM 3TOM Ha Kakon-nnbo
MeXOYHapOAHbIN WCTOYHWK (pernctp, croBapb, Tesaypyc), Hauboree uCnonb3yembii
BHYTPM AaHHOW Hay4yHOW obnactu. Ymcno knio4veBbiX CNOB He MoxeT npesbiwatb 10. B
MHTEepecax pefakuMn 1 aBTOPOB, YTOObI YacToTa MX BCTPEYM B cTaTbe Obina Kak MOXHO
6onblwen. KnioyeBble crnoBa [alTcss Ha A3blke, Ha KOTOPOM HamucaHa cTaTbsi
(aHHOTauMs), N Ha aHrMMIACKOM sA3blke. B cTaTbe OHM MULIYTCA HENOCPEACTBEHHO Nocre
aHHoTauumu (B Ha4yane) u nocne pestome (B KOHLE).

Mporpamma ASSISTANT npegoctaBnsieT BO3MOXHOCTb WCMOSMb30BaHUSA cepBuca
KWASS, aBTomaTtnyeckn rKCUPYIOLLErO KIHoYeBble CNoBa U3 MCTOYHMKOB/CrioBapew no
BbIOOpPY aBTOpa/penakTopa.

[aTa nony4yeHus ctaTbu

[ata, korga pegakums mony4yuna craTtblo; AaTta, Korga pefdakuusi OKOHYaTenbHO
npuHAna crTaTblo K NyonukauuMu; a Takke [aTa, Korga Obinyv  NpegocTaBneHbl
HeoGXoauMble UCMpPaBIEHNUs PYKOMUCK, MPUBOAATCA B XPOHOMOMMYEckoM nopsiake, Kak
npaBuno, B KOHLE CTaTbM.

BbipaxeHue 6narogapHocTH

HaumeHoBaHWe M HOMep NpoekTa, T.e. HasBaHWe MporpaMmbl Grarogapsi KOTOpou
CTaTbsl BO3HWKNA, COBMECTHO C HalMEHOBAHWEM YYpEXAEHWsl, KOTopoe (PrHaHCMpoBano
NPOEKT UN NPOrpammy, NPUBOAATCS B OTAENBHOM NPUMEYaHUn, Kak NpaBunio, BHU3Y NepBoi
CTpaHWLbl CTaTbM.

Mpeabigywme Bepcumn padboThbl

B cnyyae ecnu crtates B npedblayllenn Bepcun Obina usnoxeHa YcTHO (mog
OOMHaKOBbIM WX MOXOXUM Ha3BaHWEM, HanpuMep, B Buae [oKNaja Ha Hay4yHow
KOHbepeHLMM), cBefeHNst 06 3TOM JOIMKHbI ObiTh YkasaHbl B OTAENbLHOM MpUMEYaHuu, Kak
npaewro, BHW3Y MEPBON CTpaHuubl cTaTbn. PaboTa, koTopasi yxe 6bina onybnukoBaHa B
KakoM-mbo M3 XXypHanoB, He MOXET ObITb HanevyaTaHa B « BOEHHO-TEXHWYECKOM BECTHUKE»
HW NOA NOXOXWUM Ha3BaHUEM, HU B UIBMEHEHHOM BUAE.

Hymepauus v HasBaHue Tabnuy u rpadmkoB

XenatenbHo, 4To6bI HyMepaums 1 HasBaHWe Tabnuu 1 rpadrKoB BbINM UCTONHEHb! Ha
ABYX A3blkax (Ha A3blke OpPUrMHana u Ha aHrmuIACKoM). Tabnuubl MOAMMUCHIBAIOTCHA TaKUM Xe
cnocobom Kak M TeKCT M 00603HayaloTCs MOPSAKOBbIM HOMEPOM C BEPXHEN CTOPOHbI.
doTorpachum M pUCYHKM OOSKHbI ObITb NMOHATHBI, HArMSAAHbl U YOOOHBI ANs penpogyKumm.
PucyHkn Heobxoammo aenatb B nporpammax Word munu Corel. dotorpacdum u pucyHkM Hago
NnocTaBUTb Ha Xenaemoe MecTo B Tekcte. [ns cosgaHus usobpaxeHun u rpadmkos
Mcrnonb3oBaHne yHKLMN CHMMKa C 3KpaHa (CKpUHLLOTa) He Adornyckaetcs. B camom TekcTe
CTaTbn PEeKOMeHOYeTCs MPUMEHEHVNEe M300paxeHWn 1 rpadmkoB, oBpaboTaHHbIX TakMMu
KOMMbIOTEPHBIMKU Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.
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CcbInku (UMTMPOBaHME) B TEKCTe

OdbopmreHmne CCbInoK Ha UCTOYHMKN B paMKax CTaTby SOMMKHO ObiTb 04HOO6Pa3HbIM.
«BOEHHO-TEXHWYECKU  BECTHMK»  Ans  OOPMIIEHWS  CCbIIOK, UMTaT W chncka
MCMNOmNb30BaHHON nuTepaTypbl NpumeHsieT apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B TekcTe B ckobkax npuBoguTtcst hamunus uuTupyemoro
aBTopa (unun chamunns NepBOro aBTOpa, €CNM aBTOPOB HECKONbKO), FOA4 M3gaHus U no
HeobxoaumocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). Pekomengauum
0 cnocobe UMTUPOBaHWS pa3MeLLieHbl Ha CTpaHuue canta MHeCmpyKyusi Mo UCHOb308aHUI0
lapsapdckozo cmurns. Tpn OgOPMAEHWN CCbINOK, UMTaT M CncKa WUCNONb30BaHHOW
nuTepaTtypbl  HeobxoOAMMO  NpPUAEPXWBaTbCA  YCTAHOBMEHHbIX HopM. [lporpamma
ASSISTANT npegoctaBnsieT nNpy LUTUPOBaHMM BO3MOXHOCTb WMCMONb30OBaHUS CcepBuca
CiteMatcher, doukcupytoLero nponyLleHHbIe LmMTaThl B paboTe 1 B cnncke nutepaTtypsbl.

MpumeyaHna (CHOCKwM)

MpyMeyaHusi (CHOCKM) K TEKCTY YKasblBalTCS BHWU3Y CTPaHuLbl, K KOTOPOWA OHM
oTHocsiTCs. lNprMeyaHns MoryT cogepxaTe MeHee BaXHble AeTanu, AOMNONHUTENbHble
00bsACHEHUs!, yka3aHMs 06 MCMONb30BaHHBIX UCTOYHMKAX (Hamp. Hay4yHOM martepuarne,
CrpaBoYHMKaXx), HO He MOryT GbITb 3aMeHOM NpoLeaypbl LMTUPOBaHWUS nNuTepaTypbl.

INuTtepaTtypa (pecepeHumnn)

LinTnpoBaHHoW nuTepaTtypon oxBaTbIBalOTCS, Kak npaswuo, Takue
Gubnuorpadmyeckne UCTOYMHUKM Kak CTaTbu, MoHorpadmm u T1.n. Becsa ucnonbsyemas
nuTepaTypa B BUuae pedepeHumin pa3meLlaeTca B OTAENbHOM pasaene crtaTbi.

HasBaHua nuTepaTypHbIX MCTOYHMKOB He NMepeBOAsaTCS Ha A3blK paboThl.

«BOEHHO-TEXHNYECKUI BECTHUK» Ans OMOPMIIEHUS CrMcKa WCMOMNb30BaHHON
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHWKM YKa3blBalOTCA B andaBMTHOM nopsake damunuii aBTopoB WInn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMSI pa3MelleHbl Ha CTpaHuue canta
UHempykuyua no  ucrionb3ogaHuro [apeapdckozo cmund. [pn  odopmreHnn cnucka
MCMONb30BaHHOM NUTepaTypbl HEOOXOANMO NPUAEPKMBATLCS YCTAHOBMEHHBLIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepocrasnset
BO3MOXHOCTb MCMOfb3oBaHWsA cepeuca RefFormatter, ocyliectersiowero koHTponb
obopmneHust cnncka nuTepaTtypbl B COOTBETCTBUM CO CTaHAapTamu [apBapacKkoro cTumsi.

HectaHgapTHoe, HemonHoe W HemocrnegoBaTerlbHOe MpuWBEAeHWe NuTepaTypbl B
cucTeMax OLEHKM XKypHamna cyMTaeTcs [AOCTaTO4HOW MNPUYMHOW AN ocrnapuBaHus
Hay4Horo craTtyca XypHana.

Bce pykonucu ctaTteit noanexart npod)ecCMoHanbHOMY peLeH3UPOBaHUIo.

Cnncok peueH3eHToB XypHana «BoOeHHO-TeXHWYECKUiA BECTHWK» pas3MelLéH Ha
cTpaHuue cavta Crucok peuyeHseHmos. Npouecc peLeH3npoBaHus onucaH B pasgerne

Mpasuna peyeH3uposaHus.

MouToBbIM agpec pepakuun:

«BOjHOTEXHWNYKM rMacHUK»

yn. Benbka Jlyknua Kypsika 33

11042 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[naBHbIA M OTBETCTBEHHLIN peaakTop
KaHompat TexHudecknx Hayk Hebolwa Nayelwa
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9" July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards ISO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

The Military Technical Courier / Vojnotehnicki glasnik
(www.vtg.mod.gov.rs/index-e.html,  BTr.mo.ynp.cp6, ISSN 0042-8469 — print issue,
e-ISSN 2217-4753 — online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is a multidisciplinary scientific journal of the
Ministry of Defence and the Serbian Armed Forces. The journal publishes scientific and
professional papers covering fundamental research (mathematics, computer science and
mechanics) and technological development (electronics, telecommunications, information
technologies, mechanical engineering, material science and chemical technologies) as
well as technical data on modern weapon systems and military technologies. The journal
covers inter-service technical support to the Army on the principle of logistic system
support; fundamental, applied and development research; production and use of
weapons and military equipment as well as other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities, members of the Ministry of Defence and the Army of Serbia in
particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2019

in the field technological development:

— on the list of periodicals for electronics, telecommunications and IT,

category: leading scientific periodical of national interest (M51),

- on the list of periodicals for materials and chemical technology,

category: scientific periodical of national interest (M52),

—on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

— on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical (M53).

The approved lists of national periodicals for the year 2019 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of

Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2020).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).
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The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008). More detailed information can be
found on the website of the Ministry of Education, Science and Technological
Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1,5 (one and a
half) point (category M52) and 1 (one) point (category M53).

The journal is in the Serbian Citation Index — SCIndex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuiickuin nHgekc
HayyHoro uutupoBaHusa (RINC/PUHL) and is constantly monitored depending on the
impact within the bases themselves and indirectly in the international (e.g. Clarivate
Analytics) citation indexes. More detailed information can be viewed on the website of the
Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, Russian or English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with  the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal's and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.
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Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.

Contact details
The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:

Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

— Professional papers (contributions offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

— Informative contributions (editorial, commentary, etc.);
— Reviews (of a book, software, case study, scientific event, etc.)
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Language
The article can be in Serbian, Russian or English.

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in S| units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
titte and the keywords with the body text to follow. Besides an abstract in Serbian and
Russian, articles in Serbian and Russian are advised to have a summary in English, at
the end of the article, after the Reference list. The summary should be structured and
long up to 1/10 of the article length (it is more extensive than the abstract). It can start
with the translated Serbian or Russian abstract from the beginning of the article with
translated main headings, subheadings and major conclusions to follow (Reference list is
not translated). The structured summary should also contain the proportional informative
parts of the text below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
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appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

For figures and graphs, proper data plot is recommended i.e. using a data analysis
program such as Excel, Matlab, Origin, SigmaPlot, etc. Itis not recommended to use a
screen capture of a data acquisition program as a figure or a graph.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
page(s) after the author’'s name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASSISTANT system uses a special tool
CiteMatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier

Veljka Luki¢a Kurjaka 33

11042 Belgrade, Republic of Serbia

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Editor in chief
Nebojsa GaceSa MSc
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

tel.: +381 11 3603 260, +381 66 8700 123
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CMMNCAK PELEH3EHATA BOJHOTEXHNYKOT IMACHUKA

CIMCOK PELIEH3EHTOB XXYPHATA (BOEHHO-TEXHYECK// BECTHVIK»

LIST OF REFEREES OF THE MILITARY TECHNICAL COURIER

CMUCAK PELIEH3EHATA BOJHOTEXHUYKOIr TTTACHUKA

Ume, cpeatse

O6nacTt KomneTeHuUuje

CroBo (HayuHor ORCID iD Eprublons identifier
npesume MHTepecoBaHa)
Mapko [1. normMcTIKa https://orcid.org/0000-  |[lhttps://publons.com/a/1597
AHppejuh 0002-6753-9786 995
auvrutanHa obpaga
CurHana,
npenosHaBake obnvka
1 knacudukaumja,
CUrHanu n cuctemu,
MwuneHko C. |cTOXacTW4KM npouecu y https://orcid.org/0000- nhttps://publons.com/am615
Axgpuh TenekomyHvkaumjama u 0001-9038-0876 557
pagapckvm cuctemmma,
BPEMEHCKO-
dpekBeHuumjcka obpaga
curHana, asv normykm
cucTemm
Murow XK. https://orcid.org/0000-  ([lhttps://publons.com/a/1604
Apovh MOMUCTUYKM MEHALMEHT 0001-7853-0819 ps/ip gy
3aLTUTa XMBOTHE
CawaT. cpeaviHe, npoueHa https://orcid.org/0000- nhttps://publons.com/am 597
Bakpau EKOMOLLKWNX puauka, 0003-0211-3765 282
eKoMeHaLMeHT
Bojucnas J. onLTe MalUnHCKe https://orcid.org/0000- nhttps://publons.com/aﬂ643
BaTtunuh KOHCTpYyKUuje 0001-6786-7846 029
TenekoMyHukauuje,
OexXnyHe KOMyHuKauuje,
CDMA, OFDM cuctemu,
CrteBaH M. CEeH30pCKe Mpexe, https://orcid.org/0000- nhttps://publons.com/aﬂ610
Bepbep payyHapcKu cUcTemMmn y 0002-2432-3088 900
peanHom BpeMeHy,
obpaga CTOXaCTUYKMX
curHana
MOCIOBHM
[Hparana MHGOPMaLMOHU . .
Bevejcku- CMCTEMM, NOCTIOBHA ht(t)%so-/zlggadé?gg/zt)goo- Bhttps://publons.com/a/1623
Byjaknvja  [uHTenwureHumja, ERP, IT| 502
MeHalMeHT
Hapxo U BULLCKPUTEDHIYMCKO https://orcid.org/0000-  |[Ehttps://publons.com/a/1524
BoxaHuh OANyHNBatLE, 0002-9657-0889 010
MEeHaLIMEHT y ogbpaHu
avrutanya obpaga
Cnuke, gurutanHa
Boganfl, | ©OpaAacatana u https://orcid.org/0000- |[llhttps://publons.com/a/1603
BorLynuh LEHE TIpUMEne, 0002-8850-9842 131

cje,qmbaBaH:e CIuKa,
npoueHa Kksanumteta

CIIMKe 1 Bugeo curHana
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Uwme, cpeame
CIoBO U
npesume

O6nacTt KoMneTeHuuje
(Hay4Hor
MHTEpecoBaHa)

ORCID iD

EJpublons identifier

Mupko A.
Bopvicos

reogeTcko
WHXXeHepCTBO,
reomaTuka, reorpadcku
NHOPMAaLIMOHM
CUCTEMM, QUTUTANHN
mMopenu TepeHa,
KapTorpaduja,
reogeswja,
MynTTUMeaujanHa
kapTorpacduja, Beb
kapTorpaduja

https://orcid.org/0000-
0002-7234-6372

Bhttps://publons.com/a/1613
254

Yrmbewa C.
Byrapuh

onepaumoHa

ncTpaxusatrba,
MacoBHO
oncnyxuBeatse,
TepoTexHonoruja-
oOpxaBame,

TPaHCMopTHU

1 CKNaauLWHN CUCTEMM

https://orcid.org/0000-
0003-2459-2656

nhttps://publons.com/aﬁ 596
666

Cnasuwa W.
Bnauuh

Ba3ayLHu caobpahaj,
CHCTEMCKa KOHTpOna;
ayTomaTtcka KOHTpona;
HaBurauuja Bosuna;
MOpHapuykn 6opbeHun n
HaBUraLMoHN cucTemu;
cumynauumja

https://orcid.org/0000-
0001-9336-0512

Bhttps://publons.com/a/1604
062

Oparorby6 A.
Byjuh

npuMer-eHa MexaHuka,
AujarHocTtuka,
codmcTmympaHmn
cMcTeMM opxaBaha
TEXHUYKMX cUCTEMaA

https://orcid.org/0000-
0001-6999-6828

Bhttps://publons.com/a/1627
346

MHGOPMaLMOHU
Vsan B. Bynuh cuctemu, reorpadpcku https://orcid.org/0000- nhttps://publons.com/am606
NHpopMaLoHH 0002-5161-5422 268
cUcTeMM
BOjHO-XEMMUjCKO
WHXXEHEPCTBO
Mnapen M, | (MOroHeka CReACTBR, | s jorcid.org/0000-  |Mltips:/ipublons.com/a/t626
BypyHa orenonowka 0002-3558-4312 384
cpeacTBa, 3alTuTa oa
HXB opyxja, 3awTuTa
XVMBOTHE cpeanHe)
reorpadwmja,
Jby6omup J MHr;z;pMailcmlgleM https://orcid.org/0000-0002- nhttps://publons.com/am41 8
lvrosuh 8388-3624 283
CUCTEM, FEONPOCTOPHA
aHanusa
Mwupo J. https://orcid.org/0000-  [Ellhttps://publons.com/a/1539
Fosepapnua | eOVHpopmaTuka 0003-1698-0800 PP 597
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Uwme, cpeame
CIoBO U
npesume

O6nacTt KoMneTeHuuje
(Hay4Hor
MHTEpecoBaHa)

ORCID iD

EJpublons identifier

lopan A. Oukuh

CUCTEMM ayToMaTCKOr
ynpaerbatba, npahewe
UnrbeBa, cucTemMm
Boheka 1 ynpaBrbarba

https://orcid.org/0000-
0002-0858-1415

nhttps://publons.com/aﬁ 634
756

pakeTa
eHepreTcka
CHexaHa M. €cuKacHocCT, https://orcid.org/0000- nhtt s://publons.com/a/1604
[paruhesun | MaW/HCTBO, conapra 0002-6244-0111 P
eHepruja,
TEPMOUHXEHEPUHT
Yegomup B. MOTOpU, MOTOpHa https://orcid.org/0000- nhttps://publons.com/aﬂ627
[y6oka BO3una 0003-2944-2278 827
npouecu u metoae y
caobpahajy n
Boban [. TpaHcnopTy, https://orcid.org/0000- nhttps://publons.com/am633
hoposuh TpaHCMNOpTHE Mpexe, 0001-8133-2389 020
opraHusauuja
TpaHcnopTa
Brago . | MMPVVIErseHa MEXBRIKA | iins:jorcid.org/0000-  [[https://publons.com/al1622
Bypkosuh KpyTor 1 0002-5064-4117 194
AecopmabunHor Tena
obpapga curHana,
XKersko M. ynpasrbame https://orcid.org/0000- /
hyposuh cuctemmnma, 0002-6076-442X

npeno3HaBake obnuka

BojaHn M. 3pHuh

CEH30pCKM crUCTeMMU,
cTpaTernjcko
nnaHvpare

https://orcid.org/0000-
0002-0961-993X

Haopyxare, HyMepu4ka
aHanunsa, CFD
cuMmynaumja, cnosbHa

Damup [1. https://orcid.org/0000-  [[lhttps://publons.com/a/1500
Jepkosuh 62””‘””"3’ GanucTuka, 0001-5182-7%57 pePp 127
anucTuka Ha uniby,
MHTerpauuja
Haopyxaha
Bykuua M. MALMHCTEO https://orcid.org/0000- ﬁhttps://publons.com/a”656
JosaHosuh 0002-8626-903X 683
Tpubornoruja n Teopuja
Mwutap T. nzgn;s(:;v;zas;a, https://orcid.org/0000-  |[Ehttps://publons.com/a/1596
JouaHosuh 0003-1088-5028 778
TEXHOJMOLLKMX CUCTEMA,
Xnapaynuykv cuctemm
XeMujcke TexHonoruje
(HykneapHO-xemujcko-
PagosaH M. OGuonoLlka 3awTuTa, https://orcid.org/0000- nhttps://publons.com/aﬂ602
Kapkanuh netekuuja, 0002-8074-7264 667
naeHTudukaumja n
[eKoHTammHaumja)
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Wwme, cpeame

O6nacTt KoMneTeHuuje

cnoeo un (nayuHor ORCID iD Bpublons identifier
npesvme MHTEpecoBaHa)
eHepreTcka
eneKTPoHUKa,
eneKkTpuyHe MalluHe,
Bnagnmup A. €IeKTPOMOTOPHM https://orcid.org/0000- nhttps://publons.com/aﬂ318
Katuh NOroHW, KBanuTeT 0002-0138-8807 533

eneKkTpuyHe eHepruje,
0BGHOBIBUBM N3BOPU
eneKkTpuyHe eHepruje

MexaHuka cnyunaa,
HyMepuyKa AvHamumka

https://orcid.org/0000-

Bhttps://publons.com/a/1627

Mupko C. Kosuh dnyunaa, 0002-7287-0780 334
aepoavHaMmyka
onTepehewa
Carba Jb. dbuamka https://orcid.org/0000-  [[lhttps://publons.com/a/1595
Kopuua 0002-7915-9430 795

AHa U. KocToB

MaTepujanu, xemujcke
TexHonoruje,

https://orcid.org/0000-

nhttps://publons.com/am 609

) 0000-0001-6436-9091 813
MeTanyprvja
nHdopMaLmoHe
KomneH I'. TexHonoruje, https://orcid.org/0000- nhttps://publons.com/aﬂ610
Jlanosuh nporpamumpatse, 0000-0002-4590-2185 913
3alTnTa nogartaka
CnaBosbyb C. . https://orcid.org/0000- nhttps://publons.com/aﬂ600
Nexvh burexronoruja 0002-4834-3550 615
Mapwija 3. eneKkTpoTexXHMKa — https://orcid.org/0000- nhttps://publons.com/aﬂ605
ManHap TenekoMyHukauumje 0003-1416-8253 030
Bacunuje M. 33“12";3 :‘F'f:m”e https://orcid.org/0000- /
Maroguh PEAVHE, 0002-8377-7717

XeMVIjCKO NHXeHepCTBO

Japomup Mapec]

NOTUCTMKA, NOTUCTUYKA
noApLuKa, 3alTuTa
KUBOTHE cpeauHe,
3alTuTa Ha paay,

npoLieHa pusuka

https://orcid.org/0000-
0002-1337-3821

nhttps://publons.com/aﬂ 658
858

Bojan 4. MUKpOTarnacHa TeXHUKa, https://orcid.org/0000- ﬂhttps://publons.com/am604
MwnaHoBuh aHTeHe 0003-0683-4500 390
TexHomnoruja MatumHcke
obpage,
poboTuka, BeluTayka
MHTenureHuwja,
ayTOHOMHMW CUCTEMU U .
3opaH b. ymamMcho yuere https://orcid.org/0000-  |[lhttps://publons.com/a/1410
MurbkoBuh ’ 0001-9706-6134 489

BellTa4vyke HeypoHcke
Mpexe, UHTeNMUreHTHN
TEXHOJIOLWKN cUcTtemMm n
npouecu, metoae
oanyyvyuBama
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Uwme, cpeame
CIoBO U
npesume

O6nacTt KoMneTeHuuje
(Hay4Hor
MHTEpecoBaHa)

ORCID iD

EJpublons identifier

Hagwuua C.
MwurbkoBuh

BromeanunHcKa
obpapga curHana, e-
3apaBsrbe,
€neKTpoTEXHUKA,
BromMeaNLINHCKN
VHXXEHEPWIHT,
enekTpodusmonoruja

https://orcid.org/0000-
0002-3933-6076

Bhttps://publons.com/a/1628
814

CphaH T.
Mwutposuh

MOGUNHM poboTu,
yrpaerbake y peanHom
BpeMeHy, asm noruka,

dasun ynpasrbame,
MUKPOTPOLIECOPCKM
cucTeMMU, ynpaBrbake
cucteMmma
(ayTomartuka),
anropuTMu Hasurauuje

BO3una, 6poacku

6opbeHn n
HaBWrauMoHu cuctemm

https://orcid.org/0000-
0002-1287-2792

nhttps://publons.com/aﬂ 467
408

Hejan M.
MwuukoBuh

KOHCTpyKUMja KnacuyHor
Haopyxata,
ayTomaTcka opyxja,
YHyTpaluHa 6anuctuka

Oparax .
MnapgeHoBuh

nHdopmaLumoHa
6e36enHocT, cajbep
6e3benHocT, cajbep

cykobu, cajoep

paToBame,
UHGOpMaLoHe
TexHonoruje,
MefyHapoaHO npaso,
HOBE TexHomnoruje

https://orcid.org/0000-
0003-4530-633X

nhttps://publons.com/aﬂ 604
465

Cnagko P.
Myxpaeka

MOTOpHa BO3una,
bopbeHa Bo3una

https://orcid.org/0000-
0002-6189-9473

nhttps://publons.com/aﬂ 599
773

BobaH 3.
MNaBsnoeuh

TenekoMyHUKaLMoHe
Mpexe, KBanuteT
cepBWca,
TenekoMyHUKaLIMOHN
caobpahaj

https://orcid.org/0000-
0002-5476-7894

nhttps://publons.com/aﬁ 606
407

OparaH C.
Mamy4vap

caobpahajHo
WHXeHEePCTBO,

onepauunoHa
MCTpaxuBama

https://orcid.org/0000-
0001-8522-1942

nhttps://publons.com/aﬂ 239
906

CpeteH P.
Mepuh

MallNHCTBO

https://orcid.org/0000-
0002-7270-5187

nhttps://publons.com/aﬁ 620
400
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Wwme, cpeame

O6nacTt KoMneTeHuuje

CroBo (HayuHor ORCID iD Elpublons identifier
npesvme MHTEpecoBaHa)
noysaaHocT,
pacnonoXxuBocT K
ofpKaBare TEXHUYKUX
cuctema (xapasep,
Cnasko J. codpTBEP, YOBEK); https://orcid.org/0000- nhttps://publons.com/am 557
MokopHu WH(paLpBEHO 0002-3173-597X 795
3paverse;
NHpopMaLMOoHe n
KOMYHMKaLOHe
TexHonoruje
Mwupocnas B. https://orcid.org/0000-  [https://publons.com/a/1558
Monosuh pasyHapcka Texuuka 0002-1118-6491 pe:lip 230
Crojan H. MaTeMaTAKa https://orcid.org/0000- - Ellhttps://publons.com/a/1596
PapneHosuh 0001-8254-6688 168
Jyrocnas P. | MyHWUMja, MEHALIMEHT, https://orcid.org/0000- nhttps://publons.com/aﬂ611
Pagynosuh KBanuTeT 0002-4003-7209 389
MynTUMeauja,
AHppeja b. KomMnpecuja curHana u https://orcid.org/0000- nhttps://publons.com/am 597
Camyosuh cnuke, 6e3begHocT 0001-6432-2816 639
MHdopMaumja
ogpxaBare, TEXHUYKa
noapLuka, UHTerpmucaHu
Bnapa C. HaBWraumjckm cuctemu, https://orcid.org/0000- nhttps://publons.com/aﬂ 559
Coxkonosuh GPS, GNSS, 0003-0782-0506 198
caTenuTCKM CUCTEMM,
norucTuka
xugpometanypruja,
Cpehko C. | jemarsxionors. https://orcid.org/0000- |[llhttps://publons.com/a/1597
Cronwh XEMUICe curTeae, 0002-1752-5378 R
peuuknupame, 3alwTuTta
XKMBOTHE CpeanHe
Jby6buwa K. |yHyTpawwa banucTuka, https://orcid.org/0000- nhttps://publons.com/am623
TaHuuh Haopyxare 0003-1242-9333 091
6ase nopgaraka,
Vsan A Tor C;gf‘:;;‘;“”i;‘fu‘;:ﬁa hips:/forid org/0000- Bhttps://publons.com/al1558
- - 155
MHOPMaLMOHNX
cucTema
Bagum 1. | JITPALISE M SNOTENE |- Entips: fjorcid.org/0000-  |https://publons.com/al1655
Xajkog ~ |02/MCTVKa, payHapcka 0003-1433-3562 s
maTemaTvka
MHAYCTpUjcKa CBOjUHA,
3awTmTa
UHTEneKTyarnHe u
WHOYCTPUjCKe CBOjUHE,
Obpan T. naTeHTHa 3awTuTa, https://orcid.org/0000- nhttps://publons.com/aﬂ600
Yabapkana yrnpaerbare 0002-3949-8227 393
npojektuma,
MaLLVHCTBO,
Haopyxawe, NPojekT
MeHafpKMeHT
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Wwme, cpeame

O6nacTt KoMneTeHuuje

cnoBo u (Hay4Hor ORCID iD nPublons identifier
npesvme MHTEpecoBaHa)
Hapa M. dusmka https://orcid.org/0000-  |https://publons.com/a/1601
YuTakosuh 0003-2813-2323 584
ynpaBrbake

Tomucnas b.
Lllekapa

npowecumMa ca
KOHLIEHTPUCaHUM 1
pacnopefeHum
napameTpuma;
onTUMarnHm
MNHOYCTPUjCKU
perynaTtopu;
paKLUMOHN 3aKOHU
ynpaerbatba ca
NpUMeHoOM y
VHAYCTPUjU;
KapakTepu3sauuja
npoweca; ageksaTHa
AvickpeTusaumja n
obpapa curHana;
CEH30pU 1 aKTyaTopw;
KOMneH3auuja n
ywteaa enekTpuyHe
eHepruje y
ANCTPUBYTUBHUM
eneKkTpoeHepreTCkum
cucTteMmma

https://orcid.org/0000-
0001-8031-3135

nhttps://publons.com/aﬁ 596
795

lopaH IM.
Wnmuh

NHOPMAaLIMOHM
cuctemm,
paJvyHapcTBO,
nporpamupame, 6ase
nogaTtaka, BeLuTayka
MHTenureHuwmja

https://orcid.org/0000-
0002-7563-699X

nhttps://publons.com/aﬁ 600
386
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CMNUCOK PELLEH3EHTOB XYPHANA «BOEHHO-TEXHUYECKUN

BECTHUK>»
®Uo OBnactyt Hay4HoA ORCID iD BErublons identifier
AeATeNnbLHOCTH
Mapko 1. O https://orcid.org/0000- |Elhttps://publons.com/a/1597
AHgpeny 0002-6753-9786 995
uncppoBas obpaboTka
CurHarsnos,
pacnosHaBaHue n
knaccudmkaumsa popm,
CUrHanbl U CUCTEMBI,
Mwunenko C. | cnyyaviHble npouecchl B https://orcid.org/0000- nhttps://publons.com/aﬁ615
AHOpuy TENEeKOMMYHUKALMOHHbIX 0001-9038-0876 557
1 pagnonoKaLMOHHbIX
cucTemax, YacToTHO-
BpemeHHasi obpaboTka
curHanos, asoBble
TIOTVYECKME CUCTEMBI
o | ynpasnenve norweruor| (RSO O09TIA00 ﬂhttps.//pubé%r;s.com/am604
oxpaHa okpyxatoLLei
cpenbl, OLeHka . .
CawaT. | “hofes o Dnexos, | hitosi/iorcid.orgi0000- | Elhttps:/ipublons.com/al1597
Bakpau - 0003-0211-3765 282
3Konornyeckui
MEHEKMEHT
Bowcnas Y. obuume https://orcid.org/0000- nhtt s://publons.com/a/1643
Baruuny | MAHVHOCTPOUTEIIEHBIE 0001-6786-7846 2
KOHCTPYKLUK
TENEKOMMYHUKaLWu,
becnpoBogHbie ceTu,
CDMA, OFDM cuctemsl,
CresaH M. o https://orcid.org/0000- | Elhttps://publons.com/a/1610
Bepbep 0002-2432-3088 900
CUCTEMbI pearibHOro
BpemeHu, obpaboTka
CTOXaCTUYECKUX
curHasnos
6usHec-
(parana 1’;‘5;;‘;21?,”6”;’;“;5 https://orcid.org/0000- |Ellhttps://publons.com/a/1623
B ERP 0002-9615-3620 502
ySIKInS aHanuTuka, ,
ynpasnexue T
NpuUHsiTUE
Dapko U. MHOIOKpUTEPUanbHbIX https://orcid.org/0000- nhttps://publons.com/
BoxaHuy peLueHuin, ynpasneHue B 0002-9657-0889 a/1524010
obnactv 060poHbI
undppoBasi o6paboTka
n3obpaxeHui,
o6paboTka LmdpoBoro
BobaH . curHana u ero https://orcid.org/0000- nhttps://publons.com/am603
Bormxynny NPUNOXEHNS, OLleHKa 0002-8850-9842 131

KayecTBa N306paxeHns n
BWAEO, CIUsIHWE
n306paxxeHnm
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(o7 [e]

O6nacTn Hay4YHOMN
AEATENbHOCTU

ORCID iD

ﬂPubIons identifier

Mwpko A.
Bopwucos

reofesunyeckas
WHXeHepusi, reomaTuka,
reouHgopMaLoHHbIe
cuctembl, UndpoBbie
MoAenu MecTHOCTH,
KapTorpadwms, reogesusi,
MynbTUMeAnHasn
kapTorpacus, Be6-
KapTorpadus

https://orcid.org/0000-
0002-7234-6372

ﬂhttps://publons.com/aﬁ 613
254

Yrnewa C.
Byrapuny

nccnefoBaHve
onepauuin, Teopus
MaccoBoro
obcnyxumBaHus,
TepoTexHonorus
obcnyxuBaHus,
TPaHCNOPTHO-CKNaackue
cucTeMbl

https://orcid.org/0000-
0003-2459-2656

ﬂhttps://publons.com/aﬂ 596
666

Cnasuwa .
Bnauny

BO3JYLLUHOE ABUXEHUWe,
ynpaBreHne cucTeMon;
aBTOMaTM4ecKoe
ynpaBreHue;
aBTOMOBUNbHasA
HaBUrauusi; Mopckue
6oeBble 1
HaBWUrauNOHHbIE
CUCTEMBI;
MoAenvpoBaHue

https://orcid.org/0000-
0001-9336-0512

ﬂhttps://publons.com/aﬁ 604
062

Oparonto6 A.
Bywny

npuKnagHas MexaHuka,

[OMarHocTuka, CrnoxHble

CUCTEMbI TEXHUYECKOTO
obcnyxmBaHust

https://orcid.org/0000-
0001-6999-6828

ﬂhttps://publons.com/am 627
346

MBaH B. Bynuy

WHPOPMaLIMOHHbIE
CUCTEMBb,
reorpaguyeckme
WHPOPMaLIMOHHbIE
CcUCTEMBI

https://orcid.org/0000-
0002-5161-5422

ﬂhttps://publons.com/aﬂ 606
268

BOEHHO-XnMn4eckas
NHXeHepua (TOI'IJ'IVIBa,

MnageH M. https://orcid.org/0000-  |[Ellhttps://publons.com/a/1626
BypyHa Tokcitkonors, PXE 0002-3558-4312 )
3awumTa, oxpaHa
oKpyxatoLler cpeapl)
reorpacus,
reorpaduyeckas
TNoGomup N. MHpOpMaLMOHHas https://orcid.org/0000- ﬂhttps://publonS_com/aM418
[vroeny cuctema, 0002-8388-3624 283
reonpocTpaHCTBEHHbIN
aHanus
Mupo . reOMHGOpMaTHKA https://orcid.org/0000- ﬁhttps://publons.com/aﬂ 539
[oBegapuua 0003-1698-0800 597
TPaHCMOPTHbIE NpoLecChl
BobaH [1. 1 MeToapl, https://orcid.org/0000- ﬂhttps://publons.com/am633
[>xopoBuy TPaHCNOpPTHbIE CETY, 0001-8133-2389 020

opraHn3auunsa TpaHcnopTa
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O6nacTn Hay4YHOMN

@®no AesTeNbHOCTH ORCID iD Epublons identifier
Brago M. | MMPVKNIaANEA MEXARMKA | hips:iorcid.org/0000-  |[@ihttps://publons.com/al1622
[KypKOBMY TBEPALIX 1 0002-5064-4117 194
aedopmMmpyembix Ten
obpaboTka curHanos,
Xenbko M. | ynpaBneHue cuctemon, https://orcid.org/0000- /
[hxypoBuny pacnosHaBaHue 0002-6076-442X
¢dopmaTta
cucTeMbl
aBTOMaTU4ECKOro
[opaH . yrnpaBrneHus, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 634
Ouvkny npuLenuBaHns, CUCTEMbI 0002-0858-1415 756
HaBegeHus n
TeneynpasfieHusi pakeT
9HeproapPeKTUBHOCTb,
CHexaHa M. C“gﬁHmquHHzc:zzzH:'Me;“ https://orcid.org/0000- nhttps://publons.com/aﬁ 604
[parnyesuny priAs, 0002-6244-0111 121
TennoTexHuka
TEPMOVHXeHepus
Yegomup B. https://orcid.org/0000-  |[Elhttps://publons.com/a/1627
My6oka [BWraTeny, asToMo6unu 0003-2944-2978 ps:/ip s
BOOPY>KEHWE, YNCMEHHBI
aHanus, CFD
BblUMCIIUTENbHAs
rMApoAMHaMuKa,
Oamup O. BHELLUHAA 6annucTuka, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 500
EpkoBuny 6annucTuka, 0001-5182-7057 127
TepMuHanbHas
6annucTuka,
WHTErpvpoBaHue
BOOPY>XEHUs!
BosiH M. 3pHuy Ceiizz:l;ﬁsgglgg > hitps://orcid.org/0000- /
’ 0002-0961-993X
nnaHvpoBaHve
Bykuua M. https://orcid.org/0000- | Elhttps://publons.com/a/1656
MosaHoBMY MatlHocTpoeHine 0002-8626-903X s
TpuGonorus n Teopus
CMa3sku, TeXHU4eckoe
Mutap T. obcnyxuaHue https://orcid.org/0000- nhttps://publons.com/am 596
Mouarosuy TEXHONOTNYECKNX 0003-1088-5028 778
CUCTEM, rMapaBnNyecKmx
cucTeM
XMIMUYecKasi TEXHOJOMUS
(spepHo-xmmmnyeckas-
PapoBaH M. | Buonoruyeckas 3awmra, https://orcid.org/0000- nhttps://publons.com/aﬂ 602
Kapkanuy obHapyxeHue, 0002-8074-7264 667
naeHTuukaums n
[es3aktuBaums)

184




O6nacTn Hay4YHOMN

®no NeATeNLHOCTH ORCID iD Epublons identifier
CcUroBasi SMeKTPOHHKa,
3MeKTPUYECcKNe MaLLVHBI,
aneKTpUUeckue NpuUBoabI, o
Bnagumnp A. P KaHeCTBOp A https://orcid.org/0000- | llnttps://publons.com/a/1318
KaTtny 0002-0138-8807 533
3MeKTPO3HEPTUN,
BO306HOBMSIEMbIE
MCTOYHKMN SHEpPTUM
MexaHuka XWAKOCTEN,
BbIUMCTIUTENbHAS .
Mwupko C. . https://orcid.org/0000- |Ellhttps://publons.com/a/1627
Koauu AVHEMKE HUAKOCTEM, 0002-7287-0780 334
aspoanHaMuueckue
Harpysku
CaHs JN. dbuanka https://orcid.org/0000-  |[Elhttps://publons.com/a/1595
Kopuua 0002-7915-9430 795

MaTepuanbl, XuMn4eckune

https://orcid.org/0000-

nhttps://publons.com/aﬂ 609

AHa N. KocTos TexHonoruu, 0000-0001-6436-9091 813
MeTannyprus
MHOPMaLMOHHbIE
KomneH I, TeXHoorum, https://orcid.org/0000- nhttps://publons.com/am610
JTanoBuy nporpaMMmpoBaHue, 0000-0002-4590-2185 913

3awuTa JaHHbIX

Cnasonto6 C.

https://orcid.org/0000-

nhttps://publons.com/aﬂ 600

Nexkny GurotexHonorus 0002-4834-3550 615
Mapus 3. 3NEeKTPOTEXHUKA — https://orcid.org/0000- nhttps://publons.com/aﬂ 605
ManHap TenekoMMyHMKaLumMmn 0003-1416-8253 030

Bacunne M. oxpaHaCor;py:arou.leM https://orcid.org/0000- /
MaHoBu4 peqbl, 0002-8377-7717
XMMUYeckasi UHXeHepus
NOrnUCTYKa,
normcTuyeckas

Apomump Mapec

noaaepxka, oxpaHa

OKpyXatoLLen cpeapl,

oxpaHa Tpyaa, oueHka
pYCKOB

https://orcid.org/0000-
0002-1337-3821

nhttps://publons.com/aﬂ 658
858

BogH Y.
MwunaHoBu4

MWKPOBOJTHOBasA TEXHUKaA,
AHTEHHbI

https://orcid.org/0000-
0003-0683-4500

nhttps://publons.com/aﬂ 604
390

3opaH [x.
MwunbkoBuy

TexHornorus
npounssoacTBa, NpoLecchl
o6paboTku,
poboToTEXHMKA,
WNCKYCCTBEHHbIV
WHTENNEKT, aBTOHOMHbIE
CHCTEMbI U MaLUMHHOE
obyuyeHue,
WCKYCCTBEHHbIE
HeMpOHHbIE ceTH,
WHTEnneKTyanbHble
NpOV3BOACTBEHHbIE
CUCTEMBI U MPOLIECCHI,
NPUHSATUE PELLEHWI

https://orcid.org/0000-
0001-9706-6134

nhttps://publons.com/aﬂ 410
489
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ORCID iD

ﬂPubIons identifier

Hapguua C.
MwunkoBuy

obpaboTka
BromMeaNLIMHCKUX
CUrHarnoB, 3reKTPoOHHoe
30paBOOXpPaHEHUE,
3NEKTPOTEXHUKA,
6uomeamumHckas
UHXEHepuUst,
anekTpodumsnonorus

https://orcid.org/0000-
0002-3933-6076

ﬂhttps://publons.com/aﬂ 628
814

CpoxaH T.
MuTtpoBuy

MOBWbHbIE POBOTHI,
ynpaerneHue B peasnsHoM
BPEMEHM, HeveTkas
rioruka, HeyeTkoe
ynpaenexue,
MWKPOMNPOLLECCOPHbIE
CUCTEMbI, yNpaBneHue
cucTeMamy aBToMaTukm,
anropuTMbl HaBurauum
TpaHcnopTa,
HaBUraLMoHHbIE CUCTEMbI
Ans cynos n 60eBoro
TpaHcnopTa

https://orcid.org/0000-
0002-1287-2792

ﬂhttps://publons.com/am 467
408

OesH M.
MwuukoBuY

KOHCTPYKLWS
Knaccu4eckoro
KOHBEHLMOHAMNBLHOIO
BOOPYXEHWS,
aBTOMaTMYeCcKoe opyxue,
BHYTPEHHsIst Gannmctuka

OparaH, .
MnageHoBuY

MHOPMaLMOHHas
6e3onacHocCTb,
knbepbesonacHoCTb,
Knbep-KOHMNWKT,
Knbep-BomnHa,
MHOPMaLMOHHbIE
TEXHosormu,
MeXayHapoaHoe npaso,
HOBbIE TEXHOMOrMN

https://orcid.org/0000-
0003-4530-633X

ﬂhttps://publons.com/aﬁ 604
465

Cnageko P.
Myxpaeka

TpaHCMopTHbIE CPeacTBa,
60eBble TPaHCMOPTHbIe
cpeacTea

https://orcid.org/0000-
0002-6189-9473

ﬂhttps://publons.com/am 599
773

BobaH 3.
Maenosuy

TeneKoMMYyHVKaLVOHHble
ceTu, KayecTBo
obcnyxumBaHus,

TEeNeKOMMYHMWKaLMOHHBI

Tpaduk

https://orcid.org/0000-
0002-5476-7894

Bttps://publons.com/al1606
407

OparaH C.
Mamyyap

TpaHcnopTHast
VHXeHepusi,
orepaTuBHble
“ccnegoBaHust

https://orcid.org/0000-
0001-8522-1942

ﬂhttps://publons.com/am 239
906

CpeTteH P.
Mepwny

MallMHOCTpoeHune

https://orcid.org/0000-
0002-7270-5187

Bnttps://publons.com/a/1620
400
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HafleXXHOCTb,
[OCTYMHOCTb M
TeXHU4Yeckoe
obcnyxusaHve
TEXHUYECKUX CUCTEM
(annapatHoe
Cnasko Y. obecnedyeHue, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ557
MokopHn nporpaMMHoe 0002-3173-597X 795
obecneyeHune, YenoBek);
MHpakpacHoe
n3nyyeHue;
MH(OPMaLIMOHHO-
KOMMYHUKaLMOHHbIE
TEXHOMNormm
Mwupocnas B. KOMMNbloTepHas https://orcid.org/0000- ﬂhttps://publons.com/aﬂ558
Monosuy NHXeHepus 0002-1118-6491 230
CTtosH H. MaTeMaTiKa https://orcid.org/0000- ﬂhttps://publons.com/aﬁ596
PapeHoBuy 0001-8254-6688 168
lOrocnas P. 6oenpunacsl, https://orcid.org/0000- ﬂhttps://publons.com/am611
Pagynosuy | MeHeaXXMeHT, Ka4eCcTBO 0002-4003-7209 389
MynbTUMeAMa, cxaTve
AHppes B.  [curHana u nsobpaxeHuit, https://orcid.org/0000- nhttps://publons.com/am597
CamyoBuy MHOpMaLMOHHast 0001-6432-2816 639
6esonacHoCTb
TeXHU4Yeckoe
obcnyxuBaHue,
TexHUYeckas noaaepxka,
Bnaga C. MHTErpMpoBaHHbIE https://orcid.org/0000- nhttps://publons.com/am559
Cokonoswuy HaBWraunoHHblEe 0003-0782-0506 198
cuctembl, GPS, GNSS,
CMYTHUKOBbIE CUCTEMBI,
rnorucTuka
rmopomMeTannyprus,
HaHOTEXHOMOrMMK,
Cpeuko C. XUMUYECKUIA CUHTES, https://orcid.org/0000- ﬂhttps://publons.com/a”597
Cronwny peuunknupoBaHue, 0002-1752-5378 645
OoXpaHa oKpyxatoLLen
cpeasl
Jiobuwa K.  |BHYTpeHHsis bannucTuka, https://orcid.org/0000- nhttps://publons.com/am623
TaHuny BOOpPYXXeHNe 0003-1242-9333 091
6a3bl AaHHbIX,
Vo A Tor | araU o https://orcid.org/0000- [Ellnttps://publons.com/a/1558
0002-5862-9042 155
MHOPMaLMOHHbIX
cucTeM
BHYTPEHHSIA U BHELLHSISA
Bagum J1. Gannuctuka, https: //orcid.org/0000- nhttps://publons.com/am655
XankoB KOMMblOTEpHas 0003-1433-3562 562
MatemaTvka
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O6pan T.
Yabapkana

NPOMBILLIIEHHAS
COBCTBEHHOCTD, 3awmTa
WHTENneKTyansHomn n
NPOMBbILLUIIEHHOMN
cobCTBEHHOCTY,
naTeHTHas 3aluTa,
yrpaBneHue NpoekTamu,
MaLUVHOCTPOEHUE,
BOOpPYXEHUE,
ynpaBreHne npoekTamm

https://orcid.org/0000-
0002-3949-8227

ﬂhttps://publons.com/aﬁ 600
393

Hapa M.
YuTakoBuy

usnka

https://orcid.org/0000-
0003-2813-2323

Blnttps://publons.com/a/1601
584

Tomucnas b.
LLlekapa

ynpaBneHve
npoteccamu
KOHLIEHTPMPOBaHHbIX
1 pacnpefeneHHbIX
napameTpoB,
onTuUmarbHble
NPOMBILLIIEHHbIE
perynsitopsi,
(PpaKUMOHHbIE MeToabl
yrnpaBneHus B
NPOMbILLIIEHHOM
cekTope,
Xapaktepusauus
npoLieCCoB,
COOTBETCTBYHOLLANA
avckpeTusaums n
obpaboTka curHanos,
CEHCopbI
N aKTyaTopsbl,
KOMneHcauus
n cbepexeHue
3MeKTPO3Heprum B
pacnpenenuTenbHbIX
3NEKTPO3HEPreTUYECKMX
cucTemax

https://orcid.org/0000-
0001-8031-3135

ﬂhttps://publons.com/am 596
795

lopaH IM.
Wnmny

MHOPMaLNOHHbIE
cucTembl, MHGOpMaTHKa,
nporpaMMupoBaHue,
6a3bl AaHHbIX,
NCKYCCTBEHHbIV
VHTENMeKT

https://orcid.org/0000-
0002-7563-699X

Blnttps://publons.com/a/1600
386
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Marko D. o https://orcid.org/0000- .
Andrejié logistics 0002-6753-9786 ﬂhttps.//pub;%r;s.com/am597
digital signal processing,
pattern recognition and
classification, signals and
systems, stochastic
Milenko S. processes in https://orcid.org/0000- ﬂhttps://publons.com/am615
Andri¢ telecommunications and 0001-9038-0876 557
radar systems, time-
frequency signal
processing, phase logic
systems
Milo& Z. Arsi¢ | logistics management https://orcid.org/0000- | Ellhttps: //publons.com/a/1604

0001-7853-0819

531

Sasa T. Bakra¢

environmental protection,
environmental risk
assessment, eco-
management

https://orcid.org/0000-
0003-0211-3765

nhttps://publons.com/aﬁ 597
282

Vojislav J. general mechanical https://orcid.org/0000- ﬂhttps://publons.com/aﬂ643
Batini¢ engineering constructions 0001-6786-7846 029
Dragana business information
Beégjski- systems, business https://orcid.org/0000- nhttps://publons.com/am623
L intelligence, ERP, IT 0002-9615-3620 502
Vujaklija
management
telecommunications,
wireless communications,
CDMA, OFDM systems, .
Stevan M. | - or network C’gmputer https://orcid.org/0000- ﬂhttps://publons.com/am610
Berber T 0002-2432-3088 900
systems in real time,
processing of stochastic
signals
digital image processing,
digital signal processin .
Boban P. g otk o9 https://orcid.org/0000- |Ellhttps://publons.com/a/1603
B sulic and its applications, image o 42
ondzuli¢ and video quality 0002-8850-98 131
assessment, image fusion
geodetic engineering,
geomatics, geographic
Mirko A. mformahoq systems, digital https://orcid.org/0000- nhttps://publons.com/aﬂ613
. terrain models,
Borisov 0002-7234-6372 254
cartography, geodesy,
multimedia cartography,
web mapping
Darko I. multl-c:‘:;[:Eiangemsmn https://orcid.org/0000- nhttps://publons.com/
Bozani¢ ’ 0002-9657-0889 a/1524010

management in defense
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operational research, mass
Ugliesa s, | SeTViee, teroteahnology = | & uys.jorcid.orgi0000- (Elhttps:/ipublons.com/a/1596
Bugari¢ . ’ 0003-2459-2656 666
transportation and storage
systems
industrial property,
protection of intellectual
and industrial property, . .
Obrad T. . . https://orcid.org/0000- nhttps://publons.com/aﬂ 600
Cabarkapa | Patent protection, project | 5405 3949 8597 393
management, mechanical
engineering, armaments,
project management
Nada M. physics https://orcid.org/0000- |Elnttps://publons.com/a/1601
Citakovi¢ 0003-2813-2323 584
automatic control systems,
Goran D. Dikié target tracking, missile https://orcid.org/0000- nhttps://publons.com/aﬂ 634
’ guidance and control 0002-0858-1415 756
systems
energy efficiency,
SneZzana M. | mechanical engineering, https://orcid.org/0000- nhttps://publons.com/a/‘l 604
Dragic¢evi¢ solar energy, thermal 0002-6244-0111 121
engineering
Cedomir V. ; ; https://orcid.org/0000- ﬂhttps://publons.com/am 627
Duboka engines, motor vehicles 0003-2944-2278 827
processes and methods in
Boban D. traffic and transportation, https://orcid.org/0000- nhttps://publons.com/aﬂ 633
Porovi¢ transportation networks, 0001-8133-2389 020
transport organization
Vlado P. applied mechanics of rigid https://orcid.org/0000- ﬂhttps://publons.com/am 622
Burkovié and deformable bodies 0002-5064-4117 194
Zeljko M. [signal processing, systems| (" https:/orcid.org/0000-
Purovié control, pattern recognition 0002-6076-442X
Ljubomir J. geography, geographic https:/orcid.org/0000- |[Elhttps://publons.com/a1418
Giovié information system, 0002-8385-3624 ps:/ip
igovic geospatial analysis 0208~ 283
Miro J. geoinformatics https://orcid.org/0000- Ehttps:/!publons.com/a/‘l 539
Govedarica 0003-1698-0800 597
weapons, numerical
. analysis, CFD simulation, . . ]
?:;Egv% lexternal ballistics, ballistics, ht(t)%so/1/f>5r<1:gj2(_)7r%/5070 00- {Eihtps://publons.com/a/ 1500
terminal ballistics, weapons 127
integration
tribology and theory of
Mitar T.  |lubrication, maintenance of| https://orcid.org/0000- | Ellhttps://publons.com/a/1596
Jocanovi¢ technological systems, 0003-1088-5028 778
hydraulic systems
Vukica M. . - https://orcid.org/0000- (Ellhttps://publons.com/a/1656
Jovanovi¢ | Mechanical engineering 0002-8626-903X 683
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chemical technology
nuclear-chemical- .
Radovan M. b(iological protection https://orcid.org/0000- nhttps://publons.com/aﬂ 602
Karkali¢ L T 0002-8074-7264 667
detection, identification and
decontamination)
power electronics, electric
. machines, electric power . . )
VIadlmlllr A. systems and stations, https://orcid.org/0000- ﬂhttps.//publons.com/aﬂ318
Kati¢ A . 0002-0138-8807 533
electric power quality,
renewable energy sources
. internal and external .
Vadim L. ballistics, computer https://orcid.org/0000- |Elhttps://publons.com/a/1655
Khaikov mathematics 0003-1433-3562 562
o . . https://orcid.org/0000- nhtt ://oubl /al1595
h ps://publons.com/a
Sanja Lj. Korical physics 0002-7915-9430 795
Ana |. Kostoy [Materials science, chemicall © https://orcid.org/0000- B ttps://publons.com/a/1609
: technologies, metallurgy | 0000-0001-6436-9091 813

mechanics of fluids,
computational fluid

https://orcid.org/0000-

ﬂhttps://publons.com/aﬂ 627

Mirko S. Kozié dynamics, aerodynamic 0002-7287-0780 334
load
information technology, .
Komlen G. programming data?y https://orcid.org/0000- ﬂhttps://publons.com/aﬂ610
Lalovi¢ 2 0000-0002-4590-2185 913
protection
Slavoljub S biotechnology https:/orcid.org/0000- |[Ellhttps://publons.com/a/1600
Leki¢ 0002-4834-3550 615
Marija Z. electrical engineering - https://orcid.org/0000- | Elhttps://publons.com/a/1605
Malnar telecommunications 0003-1416-8253 030
Vasilije M. environmental protection, https://orcid.org/0000- |
Manovi¢ chemical engineering 0002-8377-7717

Jaromir Mares

logistics, logistic
support,environmental
protection, protection at
work, risk assessment

https://orcid.org/0000-
0002-1337-3821

nhttps://publons.com/aﬂ 658
858

construction of classic

Dejan M. :
Mickovié weapons, automat!c _ / /
weapons, internal ballistics

Bojan C. microwave engineering, https://orcid.org/0000- nhttpsj//pubbns_com/a” 604
Milanovié¢ antennas 0003-0683-4500 390

biomedical signal
Nadica S. processing, g-hea_lth, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 628
Miljkovic |  Glectrical engineering, 0002-3933-6076 814

biomedical engineering,
electrophysiology
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manufacturing technology,
machining processes,
robotics, artificial
intelligence, autonomous
Zoran D. systems and machine https:/orcid.org/0000- |Elhttps://publons.com/a/1410
Miljkovié learning, artificial neural 0001-9706-6134 489
networks, intelligent
manufacturing systems and
processes, decision-
making methods
mobile robots, real time
control, fuzzy logic, fuzzy
control, microprocessing
Srdan T. systems, system control https://orcid.org/0000- ﬂhttps://publons.com/aﬂ467
Mitrovi¢ (automation), vehicle 0002-1287-2792 408
navigation algorithms,
naval combat and
navigation systems
information security,
cyber security,
Dragan D. ggg:rr ff;?ffgfé https://orcid.org/0000- |Ellnttps://publons.com/a/1604
Mladenovi¢ . ) ’ 0003-4530-633X 465
information technology,
international law,
emerging technologies
Slavko R. motor vehicles, combat https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 599
Muzdeka vehicles 0002-6189-9473 773
Dragan S. traffic engineering, https://orcid.org/0000- nhttps://publons.com/am239
Pamucar operational research 0001-8522-1942 9206
telecommunication
Boban Z. networks, quality of https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 606
Pavlovié  |service, telecommunication 0002-5476-7894 407

traffic

Sreten R. Peri¢

mechanical engineering

https://orcid.org/0000-
0002-7270-5187

ﬂhttps://publons.com/aﬂ 620
400

reliability, maintainability
and system maintenance
(hardware, software,

Slavko, J. : . https://orcid.org/0000- ﬂhtt ://oubl /al1557
- human), infrared radiation, ps://publons.com/a,
Pokorni information and 0002-3173-597X 795
communication
technologies
Miroslav V. : N https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 558
Popovic computer engineering 0002-1118-6491 230
Stojan N. mathematics https://orcid.org/0000- |Elnttps://publons.com/a/1596
Radenovi¢ 0001-8254-6688 168
Jugoslav R. |ammunition, management, | "= https://orcid.org/0000- ﬂhttps://publons.com/a”611
Radulovié¢ quality 0002-4003-7209 389
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Andreja B. ms“ig'r?;f’ﬂfrgg?j‘fgoi”,d https://orcid.org/0000- ﬂhttps://publons.com/am597
Samcovi¢ information security 0001-6432-2816 639
maintenance, technical
Vlada S. support, integrated navigation| - https://orcid.org/0000- ﬂhttps://publons.com/aﬂ559
Sokolovi¢ systems, GPS, GNSS, 0003-0782-0506 198
satellite systems, logistics
hydrometallurgy,
Srecko S. nanotechnology, chemical https://orcid.org/0000- ﬂhttps://publons.com/am597
Stopi¢ synthesis, recycling, 0002-1752-5378 645
environmental protection
control of processes with
concentrated and distributed
parameters, industrial
regulators with optimum
performance, fraction laws of
Tomislav B. control in industrial appllc_;atlon, https://orcid.org/0000- ﬂhtt s://publons.com/a/1596
Sekara process characterisation, 0001-8031-3135 .

adequate signal discretisation
and processing, sensors and
actuators, electric energy
compensation and saving in
electric energy distribution
systems

Goran P. Simi¢

Inform. systems, computer
science, programming,

https://orcid.org/0000-

ﬂhttps://publons.com/aﬁ 600

databases, artificial 0002-7563-699X 386
intelligence
LjubisaK. | o https://orcid.org/0000- ([Ellhttps://publons.com/a/1623
Tancic internal ballistics, armaments| 0003-1242-9333 091
databases, inform.systems,| (“https://orcid.org/0000- ﬂhttps://publons.com/am558
Ivan A. Tot | ) .
information system security| 0002-5862-9042 155

Slavi$a |. VlIaci¢

air traffic, system control,
automatic control, vehicle
navigation, naval combat
and navigation systems,
simulation

https://orcid.org/0000-
0001-9336-0512

ﬂhttps://publons.com/aﬁ 604
062

applied mechanics,

Dragoljub A. diagnostics, sofisticated https://orcid.org/0000- nhttps://publons.com/am627

Vuiji¢ systems for technical 0001-6999-6828 346
system maintenance
| Information systems, | ;e orcid.org/0000- Ellhtps://publons.com/alt
Ivan B. Vuli¢ geographic information 0%02-5161-5?122 ttps //psz%SS com/a/1606
systems
military-chemical
engineering (propulsion

Mladen M. agents, toxicological https://orcid.org/0000- nhttps://publons.com/am626

Vuruna agents, protection against 0002-3558-4312 384

NHB weapons,
environmental protection)

Bojan M. Zrni¢

sensor systems, strategic
planning

https://orcid.org/0000-
0002-0961-993X
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N3JABA O ETUYKOM MOCTYTMNAHY
STUYECKUN KOOEKC
PUBLICATION ETHICS STATEMENT

N3JABA BOJHOTEXHUYKOI FMACHUKA O ETUMKOM NMOCTYNAKY

ObjaBrbuBarbe YnaHaka HaKkoH CTPYYHE peLieH3uje OCHOBHA je AenaTHOCT Hay4yHor
yaconuca BojHomexHu4ku enacHuk. HeonxodHo je noctuhym carnacHoCT O eTUYKUM
HayenMma y nocTynuMMa CBMX YYEeCHWKa MPWUIIMKOM O0jaBrbMBaka YnaHaka, of aytopa,
Pepnakuuje yaconvca v CTpy4HMX peLeH3eHaTa oo usgasava.

O6aBe3e Pegakuuje BojHomexHU4YKo2 aiacHUKa

YpeoHuwTBo BojHOMeXHUYKO2 ariacHuKa He Tpaxu of ayTopa nnahawe HakHage 3a
annuuupare unaHka 3a objaerbvBame. YntaB nmoctynak ypehusawa n objaBrbvBama
YnaHkKa 3a ayTope je noTnyHo 6ecnnaraH.

Pepnakunja BojHomexHuU4YKoe enacHUKa ogroBopHa je 3a AOHOLWeHe oafnyke Koju
he oA npucnenux YnaHaka 6utn ogabpaH 3a objaBrbMBarke. YpegHuk He cMe umatu
cykob nHTepeca y Be3n ca pykonucuma koje pasmaTpajy. Ako Takas cykob nHTepeca
noctoju, o u3bopy peueH3eHaTa M cyabWHM pykonuca ognydyje ypegHuWTBO.
UnaHoBu ypefuBaykor ogbopa KoA Kojux MocToju cykob uHTepeca AYXHM cy Aa ce
noByKy U3 npoueaype.

Pepakunja tpeba pa noctyna y cknagy € nonuTukoMm Ypehusadkor opbopa
BojHomexHu4K02 eriacHUKa Kao 1y CKrafy ca 3aKOHCKMM MponucrMMa Koju ce OAHOCe Ha
KNeBeTy, KpLueHwe ayTopcKvMx npasa v nnarvjate. Pedakumja Moxe ga ce KOHCynTyje ca
ynaHosuMma YpefuBaukor ogbopa unu peLieH3eHTUMa Npu AOHOLLEHY OAnyKe.

Penakuuja npoueryje cagpxaj pykonuca HesaBWCHO of pace, nona, nonHe
opujeHTaumje, penurnjcknx yBepera, eTHUYKOr Nnopekna, NonNuTUYKMX yBepera 1 gpXKaBHe
npunagHocTu ayTopa.

Y cBom pagy, npema npenopyun LleHTpa 3a eBanyauujy y obpasoBary M Hayum
(LEOH), Pepakumnja «Kopuctu enektpoHckn cuctem ypehusawa ACWUCTEHT, «koju
omoryhaea TpaHCNapeHTHOCT M jaBHOCT pafa, nogpasymesajyhn nyHy oAroBOpHOCT 3a
npuxeatarse 1 objaBrbMBar-e UnaHka.

lMpe cnawa Ha peueHsnjy Pepakuvja npoBepaBa fa nNu je cagpxaj pykonuca
nnarvjat, kopuwheweM cepBuca iThenticate (CrossRef u CrossCheck). [Mpema
cTaHgapaMmMa Koje Yaconuc npumetrbyje, nnarmparbe, OQHOCHO npeysumatne Tyfux naeja,
peyun unu apyrmx obnuka kpeaTMBHOr U3pasa U NnpedcTaBrbake kao CBOjUX, MPeACcTaBiba
rpybo kplierwe HayyHe un mspgasadke eTuke. [narmpare mMoxe Aa ykribydyje U Kpliewse
ayTOPCKMX MpaBa, LWTO je 3aKOHOM KaxkruBo. Mnarmjat obyxsaTta: 4OCNOBHO UM rOTOBO
AOCINOBHO Npey3MMame WM CMULLIBbEHO napadpasupawe (Y uurby npuKpuBaka
nnarvjata) genosa TekcToBa Apyrux aytopa 6e3 jacHor ykasuBaka Ha W3BOP WU
obenexaBarwe KonupaHux dparmeHaTa (Ha npumep, kopuwheweMm HaBOAHWKA);
Konupare cnuka unu tabena ns Tyhux pagosa 6e3 npasunHor Hasohewa n3sopa u/nnu
6e3 gos3Bone ayTopa unv Hocunaua ayTopckux npaea. Pykonucy kof Kojux nocToje jacHe
MHaMUMje Aa ce pagu o nnarujaty 6uhe aytomatckm oabujeHu.

Yaconuc npumersyje ,ABOCTPYKM CRenu MNOCTyMaK peueHsuje“ 4naHaka, Koju
nogpasymeBa [a ayTopu He 3Hajy KO Cy UM PELEeH3EHTU, HUTK Cy peLeH3eHTMMa No3HaTu

ayTopu.
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Huko n3 ypehusadke kyhe He cme da oTKpuje HujegHy MHdOopMauujy O NpUCTUrNoM
pyKOMUCY WMKOME, OCMM ayTopy, peLeH3eHTMMa, MOTeHUMjanHUM peueH3eHTUMa, ApYriM
caBeTHMUMMa ypefuBauke kyhe n nsgasady, npema notpebu.

HeobjasbeH MmaTtepujan u3 npucCTUINMX pykonuca He CMe [a Ce KopuctTu 3a
ncTpaxusadku pag ypefmeaya, ocuM ca n3puunTM NMCMEHUM 0fobperem ayTopa.

Pepnakumja ce obasesyje na he nosyhu Beh objaBrbeHn UnaHak y crnyyajy HakHagHor
oTKpuBakba criegehnx oOKonHOCTU y Be3n paga:

— nnarujapusam,

— ayTonnarvjapvsam,

— pag je Beh objaBrbeH y Apyrom 4aconucy nnu HeKkoj Apyroj nyénukauuju,

— HeTayHu nodaum o ayTopcTBy (MpucBajarwe Tyher paga, HaBohewe aytopa Koju
HUCY y4yecTBOBaNM y nucawy paga, U3oCTaBibake ayTopa Koju Cy yvecTBoBanu y
nucawy paga),

— cykob MHTepeca,

— naxupare unun dabpukosare pesynrara,

— He03BOSbEHE TEXHUYKE MHTEPBEHLM|E Ha CrMKama,

— 030USbHUWja TEXHMYKA FPeLLKa, Kao LITO je U30CTaBIbake AerioBa TEKCTa, rpeLuka
y penpoayKkuuju nnyctTpatmBHor matepujana.

CraHgapav 3a paspeluaBame cuTyauuja kaga mopa gohu go noenavera paga
AeduHncann cy of cTpaHe GubnmoTeka M Hay4HUX Tena, a UcTa npakca je ycsojeHa n of
CTpaHe 4aconuca: y eNeKTPOHCKOj Bep3ujyi M3BOPHOr 4naHka (OHOr Koju ce MnoBrayu)
ycnocTaBrba ce Be3a (HTML nuHk) ca obaBeluTerem o noBnadery. MNoByyeHn ynaHak ce
yyBa y U3BOPHOj chopmun, anu ca BoaeHUM xurom Ha PDF gokymeHTy, Ha CBakoj CTpaHuLm,
Koju ykasyje aa je unaHak nosyyeH (RETRACTED).

Onos3uBM © wucnpaBke ce nybnukyjy npema 3axteBuma LIEOH-a
(http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) kao n3paBaya HaumoHanHor
uMTaTHOr MHAEKCa rae ce mMeTanogauu onosvBa W OM3BaHUX pajoBa MOpajy O3HauvTh
oprosapajyhmm ynosopetnma n meflycobHo noBesatn yHaKpCHUM NIMHKOBUMA.

Ob6aBe3e peuLeH3eHaTa

PeLieH3eHTM cy AyXHW Ja CTPyYyHO, apryMeHTOBAaHO, HENpucTpacHo W y 3adaTum
pOKOBMMa JOCTaBe YPEAHWKY OLEHY Hay4He BpedHOCTW pykonuca. PeleH3eHTy eBanympajy
pagoBe y ofHOCcy Ha yckrnaheHocT Teme paga ca npodunom yaconuca, peneBaHTHOCT
ncTpaxuBaHe obnactum u NpYMeHeHUX MeToda, OPUIMHANHOCT W HayuyHy perneBaHTHOCT
nopgataka W3HECEeHUX Y PYKOMUCY, CTUN HayyHOr u3naraka W OnpemMIbeHOCT TeKkcTa
Hay4YHUM anapaToMm.

CTpy4Hn peueH3eHT nomaxe Pepakumjn y [OOHOWeHY OAnyke, a MOCPEACTBOM
KOHTakata ca ayTtopuma npeko Pepdakunje Moxe pga nomaxe W ayTopuma Ha
noborsbLuaBaky TekcTa paga.

Ykonuko nsabpaHu peLeH3eHT cMaTpa Aa Huje AOBOSbHO kBanudyKkoBaHa Aa M3BpLUn
peLeH3ujy CTpaxuBakba y PYKOMUCY UK je Nak CpeYveH Aa 3aBpLuv U JOCTaBu peLeH3unjy
y OOrOBOPEHOM PoKy, 0 ToMme Tpeba 6naroBpemeHo aa obasectu Pegakuujy.

Csaku pykonuc npuxBaheH Ha peueH3ujy mMopa da ce TpeTupatu Kao MoBeprbvB
OOKyMeHT. He cme ce nokasusatu Tpehunm nuumMma HUTK AUCKYTOBaTU ca HMMa, OCUM Kaaa
TO ogobpu Pegakumja.

PeueH3snja Tpeba na 6yoe objektvBHa. HenpuxeaTtibmBa je nUYHa Kputuka aytopa.
PeueHseHTn Tpeba jacHo ga obpasnoxe CBOje CTaBOBE U MOTKPene nx aprymeHTuma.

PeueH3eHTn Tpeba ga naeHTMdMKyjy penesaHTHe noctojehe pagoBe Koje ayTop Huje
unTpao. CBaka MpeTXOQHO jaBHO caoniwiTeHa TBpAwa WM aprymeHT Tpeba aa Gyay
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nponpahexHn opgrosapajyhum umtatom. [yKHOCT peueH3eHTa je [a CKpeHe naxwy
YPEAHWKY Ha 3HayajHa Mmoknanakwa Wnu CrnYHOCT pykonuca ca Beh objaBrbeHuM pagom,
YKONVKO O TOME MMa fI4Ha ca3Hamba.

MHdopmaumje 1 naeje oo Kojux ce AOWNO CTPYYHOM pPeLeH3MjOM MOBEPrbUBON Cy
KapakTepa 1 He CMejy ce KOpUCTUTK 3a concTBeHe notpebe. PeueHseHTn He 6u Tpebano
Aa npumajy pykonuce Koju uX [OBOAe Yy CykoD MHTepeca Ha OCHOBY KOHKypeHuwje,
3ajegHMYKOr paga WNM  Apyrmx ogHoca € 6WUnMo  Kojum  ayTopoM, KOMMaHWjoM uWnu
WHCTUTYLMjOM NOBE3aHUM C PafoM.

O6aBe3e ayTopa

AyTOpy rapaHTyjy A4a pykonuc npeacTaBrba HUXOB OpUrMHanaH OOMpUHOC, Aa Huje
oGjaBreeH paHuje 1 ga ce He pa3matpa 3a objaBrbmBare Ha Jpyrom mecty. MictoBpemeHo
npegaBake UCTOr pyKonuca y BuLe Yaconuca npeacTaBiba Kpliewe eTUYKMX cTaHgapaa.
TakaB pyKkonuc ce MOMEHTarHO UCKIbyYyje U3 Aarber pasmartpara.

Kapa aytopu nuwy o opurMHanHOM ucTpaxuBamwy Tpeba npeunsHo Aa npuKkaxy
o6aBrbeHn pag v Aa objekTMBHO U3Noxe HeroB 3Hayaj. MNogaum Tpeba oa Gyay npeuunsHo
HaBegeHW. YnaHak Tpeba oa cagpuv 4OBOSBLHO AeTarba U pedpepeHumn aa 6u morao aa ce
penpogykyje. IlaxxHe unv HamepHoO HeTayHe TBpAH-E NPeACTaBrbajy HEETUYKO NOCTyNnake n
HenpuxeaTibLuBe Cy.

AyTopu Tpeba aoa o6e3bene HeobpaheHe nogaTke y BE3U Ca YNaHKOM U NMpyXe UX Ha
yBua Pegakumju, Kao v jaBHU npucTyn TUM nogauuma, ako je To moryhe, u ga, y cBakom
cnyJajy, 6yay cnpemMHu fa cadyBajy Te nogaTtke y pa3yMHOM poKy nocrne objaBrvBarba.

AyTopu Tpeba Aa HanuLly NoTNyHO OpUrMHanHe pagoBe, a ako Cy KOpUCTUNW pagoBe
n/vnn dopmynauuje apyrmx, oHaa 1o Tpeba ga HaBedy Ha ogroBapajyhn HauuH.

Y npuHumMny, aytopu 61 Tpebano ga objaBe pyKoOnUC KOju Ce CYLUTUHCKM BaBu UCTUM
UCTpPaXMBakeM CaMO Y jeHOM 4Yaconmucy unu npumapHoj nybnukaumju. Cnawe wctor
pykonuca y BuLle pefakumja 4aconuca y UCTO Bpeme NpeAcTaBiba HEETUYKO NoHallaHe U
HenpuxBaTIbMBO je.

O6aBes3Ho je ga ayTop HaBefe pagoBe Koje je KOpPUCTWO y MUcaky pyKonuca, Kao u
Aa unMTtupa nybnukaumje Koje cy ytuuarne Ha HeroB pag.

AyTopcTBo Tpeba aa 6yae orpaHM4eHO Ha OHEe KOjU Cy 3HayajHO JOMNpUHENu uaejw,
HEHOM 06nMKOoBakby, M3BONEHY UNN UHTEPNPETALMjK ¥ AaTOM UCTpaxuBaky. CBU Koju cy
3HauvajHO gonpuHenu pagy Tpeba ga Oynoy HaBegeHM kao KoayTopu. AKO Cy nojeauHLum
6unmM GUTHU y NOjeAMHMM acrnekTUMa UCTPaXKMBadKor MpojekTa, Tpeba MM y 3axBanHuum
ogaTtu npusHakse 3a JONPUHOC.

AyTtop Tpeba ga ce noctapa ga cBu KoayTopu Oyay HaBedeHW kao TakBW, Kao W Aa
mMefy HaBeeHMM HeMa OHUX KOjU TO He 3acnyxyjy. AyTopoBa AY>KHOCT je fa CBW KoayTopu
BMAe 1 ogobpe dmHanHy Bepauvjy paga, kao u aa ogobpe HeroBo objaBrb1Batse.

AKO Cce y UCTpaxuBary NojaBrbyjy Xemujcka jeauHsersa, NoCcTynun Unu onpema Koju cy
OnacHW Mo 34paBrbe Tbyay UK XKMBOTUHA, ayTOP TO MOpa jacHO Aa Ha3Hauu y pyKonucy.

Caku aytop Tpeba Oa HaBefe y pykonucy cBe BpCTe (DMHAHCUJCKUX U OCTanmx
3HauajHUX KOHdMKaTa MWHTepeca koju OM MormM da yTuyy Ha pesyntate unm
MHTepnpeTauujy werosor paga. Ceu n3sopu uHaHcujcke nogpluke Tpeba aa Oyay takohe
HaBeaeHuW.

Kapa ayTtop oTkpuje maTtepwujanHy rpeLuKy U HeTa4HoCT y CBOM ObjaBrbeHOM paay,
HEroBa je OY)KHOCT Aa oamax obasecTv Pepakumjy yaconuca unv nsgaeada u ga capahyje
ca Pegakumjom npv noBnayery Unvm KOpuroBaky paga.

196



Pa3spelwaBare cnopHux cutyauuja

CBakv nojeavHal, unv MHCTUTYLUMja mMory y 6uno Kom TpeHyTKy Aa ypeaHuky u/mnm
ypeaHULLTBY NpujaBe ca3Haksa O KpLUEeHy eTUYKUX CTaHA4apaa v ApyrMM HenpaBuiiHOCTUMA
M OJa O ToOMe JocTaBe HeonxogHe MHdopMaumje/nokase. lNocTynak npoBepe U3HEeCeHuX
Jokasa opgujahe ce y cknagy ca cnegehum npuHumnumva: ypegHuwteo he goHeTn oanyky
0 NokpeTakby MOCTYyrKa Koju MMa 3a Lnrb NPOBEpPY U3HECEHUX HABOA4A W JoKa3a; TOKOM TOr
NnocTyrnka CBM W3HECeHW [oka3n cmatpahe ce noBepsbMBMM MaTtepujaniom u 6uhe
npefoyeHn camo OHWMM NMLMMA Koja Cy AUPEKTHO YKIbyYeHa y NocTynak; nuuyumMa 3a koja ce
CyMHba Ja Cy npekpwuna etudke crtaHgapge 6uhe gata moryhHOCT ga oaroBope Ha
onTyx6e n3HeceHe NPOTMB HMX; @Ko Ce YCTaHOBW Aa je 3ancTa A0SO A0 HENpPaBUITHOCTH,
npoueHvhe ce aa nu nx Tpeba okapaKkTepucaT ako Mawu NpekpLiaj unm rpybo KpLuexe
eTnYKMX cTangapga. CuTyauumje okapakTepucaHe kao Mawuv Mpekpllaj peluaBahe ce y
OVIPEKTHOj KOMYHMKaUmju ca nuumuMa Koja cy npekpLuaj yumHuna, 6e3 ykrbyunama Tpehux
nuua, Hhp.: obaBelLTaBakeM ayTopa/peLieH3eHaTa Aa je OO0 A0 Makser npekpLiaja Koju
je npouctekao M3 HepasymeBakba WM MOrPeELUHE MPUMEHE akaJeMCKMX CcTaHaapaa;
CcnakeM yno3opera ayTopy/peLieH3eHTY KOjU je YYMHUO MarsW NpekpLlaj. Y cnyyajy rpyoor
KpLUEHa eTUYKUX CTaHdapaa, YPeaHWULWTBO AOHOCK OANyKe O AarbuM akuujama. Mepe koje
he npepysetn mory 6utu cnegehe (M Mory ce npuMeHsMBaTU MNOjeOUHAYHO WIU
MCTOBPEMEHO): 0bjaBrbMBare CaomnLTeEHa UM YBOAHMKA Y KOM Ce Onucyje Cry4aj KpLuera
eTUYKNX CTaHOapaa; cnakwe cnyxbeHor obaBeluTera pykoBoguoLMMa unv nocrnogasumma
ayTopa/peLeH3eHTa; noenaverwe objaBrbeHor paga y cknagy ca npoueaypom OnvMcaHoMm
nop, Moenayvewe Beh o6jaBrbeHux pagosa; aytopuma he 6uTn 3abpareHo Aa TOKOM
ogpeheHor nepuopa LWwarby pafoBe Yy 4Yaconuc; Yno3HaBake PENEBaHTHUX CTPYYHUX
opraHusaumja unuM HagnexHWx opraHa ca crydajemM kako 6w Mornmu ga npepysmy
oproeapajyhe mepe. Mpunukom paspeluaBara CMOpPHUX CUTyaumja pegakuumja vaconuca
pefakumja ce pykoBOAW CMepHuuama u npenopykama Opbopa 3a eTuky y vM3gaBallTBy
(Committee on Publication Ethics — COPE): http://publicationethics.org/resourcesl/.

Oapuuakbe 04roBOpHOCTH

W3HeceHn cTaBoBM y 0GjaBrbeHUM pajioBUMa He U3paxaBajy CTaBoBe ypegHuka v
ynaHoBa pefakuuje vaconuca. AyTopu npeysvmajy npaBHy U MOpariHy OArOBOPHOCT 3a
uaeje M3HeceHe y CBOjUM pafoBumMa. M3pgasay Hehe CHOCUTM HUKakBy OQFOBOPHOCT Y
crny4ajy ucrocTasrbara GUNo KakBux 3axTeBa 3a HakHagy LiTeTe.

Peknamupame

Huje po3BorbeHo peknamupane y BojHomexHUYKOM 2r1acHUKY.
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KOOEKC NMPO®ECCUOHAIIbHON 3TUKU XXYPHATNA
«BOEHHO-TEXHUYECKWUWA BECTHUK»

Mybnukauus ctatben nocne mx NpodeccMoHanbHON peLeH3nn SBNSeTCA OCHOBHOMW
OeATEeNbHOCTLI0 HAaY4YHOro XypHana «BoeHHO-mexHuYecKkul eecmHuk». B nepsyto ovepeab
HeobX0ANMMO A0CTUYb AOTOBOPEHHOCTN 06 STUYECKMX HOPMax M MPUHLMNAX, MPUMEHSAEMbIX
KO BCEM y4yaCTHMKaM B MpoLecce BbiNycKka XXypHana, HauMHas ¢ aBTopa, PegakumoHHOM
Konneruu, NpodeccuoHasbHbIX peLleH3eHTOB A0 usgaTens.

0O6s3aHHOCTHN peaakTopoB «BOEeHHO-mexXHU4YeCcKo20 8eCmHuUKa»

Penakuus xypHana «BoeHHO-mexHU4YeCcKul 8eCMHUK» COOBOLL@eT, YTO He B3bIMAET C
aBToOpoB nnaty 3a nybnukaumio ux craten, TO eCTb, BCe [AEWCTBWSA, CBsi3aHHble C
pegakTMpoBaHWeM W pa3MelleHvem cTate B BecTHuke saBnsitotca  abconoTHO
6ecnnatHbIML.

Pepakuns « BoeHHO-mexHU4Yecko2o eecmHuka» HeceT OTBETCTBEHHOCTb 3a NpUHATUE
pelweHun o nybnukaumMnm nNpeacTaBfneHHbIX B agpec XypHana crtaten. [pyu Hanuuum
KOH(MUKTA MHTEPEeCcOB PpeAaKkTop He MNpPUHUMAaeT y4vacTus B MpoLecce pacCMOTPEHUst
pykonucu. B Takom crnyvae pelueHvne o BbIGOpe peleH3eHTa U nyGnukauuyM pykonucu
npuHuMaeT pegkonnervs. NMpy HanMuum KOHpNMKTa MHTEPECOB YreHbl peaKkonnernm He
NPUHUMALOT y4acTUs B MPOLLECCe PAaCCMOTPEHNS PYKOMMUCH.

Pepakuus obszaHa cobniogaTe nonuTvKy PepakumMoHHoW komnern «BoeHHo-
MexHUYeCcKoeo 8ecmHuKa», a TakKe MOMOXEeHUs AeWCTBYIOLWEero 3akoHo4aTenbCcTBa,
perynvpytoLme BOMPOCblI PacrpoCTPaHEHUsi 3aBEAOMO FTOXKHbIX CBEAEHWU, nopoyvalumx
YeCTb M AOCTOMHCTBO APYroro nvua unv noapbiBarowmx ero penyTtaumio 1 HecobniogeHus
aBTopckmMx npaB. Pepakums vMeeT npaBoO MPOKOHCYMNbTUMPOBATbLCS C PegakumoHHOW
KOnnermemn nnm peLeH3eHTaMm OTHOCUTENBHO MPUHATUS PELLEeHUIA O NyGMKaumm cTatbu.

Pepakuus otbupaeT 1 oLeHMBaeT MaTtepuansl He3aB1UCMMO OT Mona, Penurum, pacel,
HaLMOHanbHOCTHW, NONUTUYECKUX yoexaeHui asTopa.

Mo pekomeHpgaumam LleHTpa nopgaepxku pa3sutusa obpasoBaHusi u Hayku (LINMPOH),
penakumsi xxypHana B cBoei paboTe nonb3yeTcsi ANeKTPOHHON CUCTEMON peaakTUpOBaHWs
ASSISTANT, obecneuvBatoLleii TpaHCMApPeHTHOCTb W AOCTYMHOCTb WHOpMaumn o
TEKyLLeM COOTOSHWM PYKOMWUCK, a Takke NOoApa3ymeBaeT MOMHy OTBETCTBEHHOCTb 3a
NPUHATME peLleHns o eé nybnukauum.

Mytém ncnonb3oBauns cuctemsbl iThenticate (CrossRef n CrossCheck) pepakums go
MOMEHTa NpeACTaBNeHns CTaTbi peLeH3eHTaM NpoBepsieT eé cogepxaHne Ha nnarmat. B
COOTBETCTBMM CO CTaHgapTamu XypHana, nnarmat, TO eCTb NPUCBOEHUE YyXuX uaen,
BbICKa3bIBaHWUN Nbo Apyroi hopmbl TBOPYECKOTO BbIPaXEHUS U NPeAcTaBreHne ux Kak
CBOMX COBCTBEHHBIX NpeAcTaBnseT cobon rpyboe HapylleHue Hay4HOW N pefdakLMOHHOW
aTuku. MNnarmaT sSBNSIETCS YronoBHO HakasyeMbIM HapylleHneM aBTopckux npas. C Touku
3peHVs pedakuuy, nnarmaTtom ABnseTcs: OCNOBHOE konuposaHue paboTbl Apyroro nuua,
nmbo unTtuposaHue paboTbl Apyroro nuua 6e3 ykasaHusi ero aBTOPCTBA, CCbINKM Ha
MCTOYHUK; HEKOPPEKTHOe nepedpasmpoBaHne nponsseaeHns gpyroro nuua 6es cebirkv Ha
MCTOYHWUK; UCMOMb30BaHUE aneMeHToB paboTbl (pUCyHKoB, Tabnuu, rpadukos, AnarpaMmm)
Apyroro nuua 6e3 ykazaHusi aBTOpPCTBA, CCbINIKM HA UCTOYHWK; aBTOPbI AOMMKHbI MONYYUTb
pa3pelleHne BrnagesnbLa aBTOPCKMX MPaB Ha WCMONb3oBaHWe anemMeHToB ero pabotbl. B
cryyae BO3HWMKHOBEHUst OOOCHOBaHHOTO COMHeHUsI B TOM, 4TOo pabota sBnsiercs
nnarmaTom, pegakuus oTkasblBaeT aBTopy B nybnukaumu.

Pepakums >xypHana npoBoaMT KOHMAEHUManbHOe peueH3VpoBaHue, MpUMEeHsSs
«ABOWHON crienov metoa». ABTOPbI CTaTbU U PELIEH3EHTbI He 3HaIOT Apyr Apyra.
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HnKTO 13 paboOTHMKOB M34ATENbCKON KOMMNAHUM HE MMEET NPaBo packpbiBaTb MobbIe
CBe[ileHNs O MpeacTaBneHHON Hay4yHOW CTaTbe, 3a UCKMHYEHUEM CryYaeB, ecriv OHU Mo
Mepe NOTPeBHOCTU HyXHbl aBTOPY, PeLeH3eHTaM, BO3MOXHbIM peELeH3eHTaM 1 ApYrim
COBETHUKaM pefaKTopoB M nsgarens.

Heony6nvkoBaHHbIMU mMaTepuanamm Henb3s BOCMOSb30BaTbLCS ans
nccnegoBarenbckux pabot 6e3 cornacus aBTopa.

Pepakums obs3yetcs uckniounTs U3 Nyonukaumm NpUHATYD CTaTtblo, B cnyvae
cneayoLmMX HapyLIeHWIA:

— nnarmar,

— aBTOMNnarvar,

— NOBTOpHas Nybnvkauns B AaHHOM N OPYroM M3aHuu,

— HeBepHble AaHHble 00 aBTope (NMPUCBOEHME YyXOW paboThl, ykazaHue aBTopa He
NPUHMMAaBLLErO y4acTus B HanucaHum paboThl),

— KOHQMNUKT UHTEPECOB,

— hanbcudukaums pesynsTaToB UCCiefoBaHus,

— HenpaBuIbHO OhOPMIIEHHbBIE PUCYHKM (rpadhvkm, UNOCTPaUmm) u Tabnuubl,

— KpYMNHbIe TeXHWYeckne ownbkn B opopMneHun TekcTa, Ha-npumep, Npornyck YyacTen
TeKkcTa.

CraHpoapTbl pernameHTupyloLliMe npoueaypy CHATUS onybrvkoBaHHOW paboTbl C
nybnvkaumu, KOTOpble MNPUMEHSAET «BOEHHO-TEXHWYECKUI BECTHWMK»  npeanucaHbl
HauuoHanbHo 6ubnunotekon Cepbum (HBC) n gpyruMu Hay4dHbIMU ydpexaeHusimu. 3a
cTaTtbei (onpenenéHHom K CHATUIO) B 3MeKTPOHHOM dhopmarte 3akpennsitoT HTML ccbinky ¢
YBELOMIIEHNEM O €€ CHSITUM ¢ nybnukauun. N3bsaTas ctaTbs XpaHUTCS B MCXOOHOM BUAe,
Ho kaxgas cTpaHuua NOd dopmarta BU3NpyeTCsa nevaTbio, CBUOAETENLCTBYIOLEN O CHATUK
ctatbm ¢ nybnukaumm (RETRACTED).

OT3bIBbl M McCNpaBneHuss nNyonukywTcsa B COOTBETCTBUM C TpeboBaHusmu
LUMPOH - Cepbckoro wnHaoekca HayyHoro uutupoBaHus (CUWMHaekc/SClndex)
(http://lwww.ceon.rs/pdf/
postupanje_s_nelegitimnim_radovima.pdf), np1 3TomMm MeTagaHHble 0TO3BaHHbIX W CHATBIX C
nybnvkauumn ctaten JomkHbl ObiTb 0603HaYeHbl COOTBETCTBYHOLLMM NpeaynpexaeHuem n
coeaVHeHbl Mexay cobol ceblnkamu.

O6s3aHHOCTHN peueH3eHTOB

PeueH3eHTbl J0MmkHbI NPOdeccMoHanbHO M OOBEKTMBHO aprymMeHTMpOoBaTb CBOHO
no3vuMio U B yKasaHHbI CPOK MPEeAoCTaBUTb PEedaKToOpy OLEHKY Hay4YHOW LEeHHOCTU
pykonucy.

PeueHseHTbl, paccmaTpuBas paboTbl OLEHMBAIOT COOTBETCTBME TeMbl paboTbl C
npocunem XypHana, peneBaHTHOCTb MCCregyemMon obnactm u NpUMEHEHHbIX MEeTOAOB,
OPUMMHAMNLHOCTL U Hay4HYI0 3Ha4YMMOCTb pe3ynbTaToB, MPeACTaBfleHHbIX B PYKOMMUCH,
CTWIb Hay4YHOIO U3NOXEHWS, a TakkKe NCMOoNb30BaHWe B TEKCTE Hay4HOro annapara.

MpodheccmoHanbHbI peLeH3eHT okasbiBaeT nopdepxky Pegakuum npu npuHATAM
pelweHnn o nybnukaumu craTbel, a Takke, OKa3blBaeT COOEeNCTBME aBTopam B LENsiX
ynydlweHns kadectea wux paboTel. BsaumopenctBne peueHseHTa C  aBTopammu
OCYLLIECTBMSETCA NYTEM KOHTaKTOB C HUMK Yepes Pegakuuio.

B cnyyae ecnu peLeH3eHT cuuTaeT, YTO OH B JOCTaTO4HOMW CTerneHn He obnajaeT
KavecTBaMun, HEOBXOAMMBIMU AN OCYLLECTBIEHNS PO eCCMOHanbHON peLeH3un paboThbl,
WM He CMOXeT e€ OcCyLlecTBUTb BO Bpemsi, TO eMy Heobxogumo 06 3ToM
npovHgopmupoBaTtb Pefakumio.

TNiobas pabota, npegcraBrneHHas Ha peueH3Wo, SABMSETCS KOoHdMOeHUManeHbIM
[OKYMEHTOM U e€ Hemnb3s NokasblBaTb TPETbMM nuuam 6e3 ogobperus Pegakumm.
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PeueHsna pomkHa GasvpoBaTbcad Ha OOBEKTUBHBIX YycrnoBusix. He pgonyckaetcs
nn4yHas KpuTKKa aBTopa. PeueH3eHTbl 4omkHbI 060CHOBATL U AoKasaTb CBOM MO3MLMK MO
OTHOLLIEHUIO K CTaTbe.

PeLeH3eHTbl 0693aHbl MAEHTUUUMPOBATL peneBaHTHble CylecTBylolmMe paboThbl,
KoTopble aBTOop He uutupoBan. [lo niobomy o6wWemy CBeOeHVIO WU  apryMeHTy
npuBedeHHbIM B paboTe A0MmkHbI OblTb ykasaHbl COOTBETCTBYHOLUME UMTaThl. PeueH3eHT
0053aH 06paTUTL BHUMaHWE peaakTopy Ha 3BEeHTyarnbHble CXOACTBa paboThl C Apyrvmun
onybnukoBaHHbIMK paboTamu, B criyvae ecnu Takoe byaet obHapy»KeHo.

MHeHWe 1 BbIBOAbI O PYKOMUCK CTaTbM, K KOTOPbIM MPULLIIN PeLeH3eHTbl SIBMSeTCs
KOHMAEHUMAnNbHOM MHopMaumMen W e Henb3s BOCMONb30BaTbCA AN MMYHbIX
notpebHocTen. PeLieH3eHTaM pekoMeHayeTCs He peLieH3npoBaTb paboThbl, KOTOpPbIE MOTYT
BbI3BaTb KOMMM3WNK MHTEPECOB (KOHKYPEHTbl, COBMecTHasi paboTa, wniu WHble Opyrue
OTHOLLIEHWSI C aBTOPOM, KOMMaHWEN UMK yYpEXOEHNEM CBA3aHHBIMU C paboTomn).

0O6s3aHHOCTM aBTOpPOB

B cBoew uccnepoBatenbckoii paboTe aBTOPbI AOMKHBI NPUAEPKUBATLCA NPUHLIMIOB
YEeTKOCTM, Pa3BbopuMBOCTM, MOHATHOCTU C LENb0 OOBHEKTUBHOTO PacTONKOBaHUS 3HaYEHWs
OaHHOM paboTbl. PakTbl M MoKasaTenu OOSMKHbI ObITb YETKO ykasaHbl. Pabota gormkHa
cofgepXaTb B [JOCTaTOMHOM CTeneHn aKkToB W JdeTaner, 4tobbl OHa Mmorna
penpoayumpoBaTbCs. HenpaBunbHble UMM HETOYHbIE YTBEPKAEHMS SBMSIOTCA NMPUMEPOM
HE3TMYECKOro NOBEAEHMS U He ByayT NPUHATHI.

ABTOpPbI JOMKHLI 06ecneunT Pegakumio nepBuYHbIMKW, HEOOPaBboTaHHLIMU AaHHLIMM,
OTHOCALMMUCS K paboTe, 1 NpeacTaBUTb UX Ha paccMoTpeHne Pegakumm, n obecneunTb K
HUM OOCTYN BCEM 3auMHTEpPecOBaHHbIM MuLaM, eCrnv 3TO SABNSeTCH BO3MOXHbLIM. Takke,
aBTOpbl JOMKHbI Mocne nybnukauumM craTbl XpaHUTb B pPasyMHble CPOKM MOSyYeHHble
pesynbTaThl.

ABTOpbl [OMKHbI B CBOMX paboTax 3aHUMMaTbCsl MOMHOCTLI0  OPUrMHANbHbLIMU
Bonpocamu. B cnyyae ecnu oHu B cBoel paboTe MCNonb3oBanmu AaHHble Mnn dakTbl
Opyrux aBTopoB, TO 06 3TOM HeOOX0AMMO yKa3aTb B paboTe.

Tawke, aBTOpbl AOIMKHbI CBOM paboTbl NMyGnukoBaTb TOMBKO B OQHOM Hay4yHOM
XypHarne, wnu pasmeliatb nybnukauum Ha camte ¢ npsMbIMU ccbinikamu. [y6nukaums
OOHOM n TOW e paboTbl B HECKOMbKMX HayYHbIX >XypHamax CYMTaeTCsl HE3TUYHbIM
noBeaeHNEM U SIBNSIETCA HEAOMYCTUMON.

ABTOpbI paboT 00s3aHbl ykasaTb B CBOUX paboTax Bce MaTepuarbl, KOTOPbIMUA OHU
BOCMONb30BanMcb Npu UCCnegoBaHuM, B TOM Ynucne Bce nybnukaumm, KOTopble NOBAUANN
Ha pe3ynbTaTbl MX UCCNIEA0BAHWUIA.

ABTOPCTBO [OIMKHO ObiTb OrpaHMYeHO TOMbKO TEMW Iuuamu, KOTopble B
3HAYMTENBbHOM CTEMEeHU Yy4yacTBOBanM B MpOLECCe WCCNeaoBaHUa U MONyyYeHus
pesynbtatoB paboTbl. WmeHa, oTyecTBa, amunum Bcex nuu, YYacTBYWLIMX B
3HaUUTENbHOW CTENEeHN B MPOLECCe MCCneoBaHWs U MONyvYeHus pesynbTatoB paboThbl,
OOMkHbl  ObITb ykasaHbl B paboTe B Ka4yecTBe COaBTOPOB, M MX Heobxogumo
nobnarogapwTb 3a Co4encTBUe.

ABTOop pomkeH obecneuuTb ycrnoBus, 4TOObl MMeHa, oT4yecTBa, aMunuM BCEX
COaBTOPOB, AEWCTBUTENbHO YYaCTBYIOLLUX B MPOLIECCE UCCMNEeQoBaHNA U COOENCTBYOLLNX
Nony4YeHnIo pe3ynbTatoB, ObiNM ykasaHbl B paboTte. Tawke, 0083aHHOCTHIO aBTOpa
SIBMNSIETCS NpeoCTaBlNeHNe OKOHYaTeNbHOM Bepcun paboTbl COaBTOPaM Ha CorflacoBaHue.

B cnyyae nosiBneHus B npouecce wccrneaoBaHWs HeobXOOMMOCTWM KOHTakTa C
onacHbIMM BelllecTBamu, T.e. BeELecTBaMu, 06ragaoLmMmMm NoTeHUManbHOM OnacHOCTbLHO B
OTHOLLEHWNM YENOBEKA, XXUBOTHBIX U OKpY>KatoLLEen cpeabl, TO aBTOp 00 3TOM JOMKEH YETKO
ykasaTb B paborte.
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Kaxgbin aBTop 06513aH B paboTe yka3aTb Ha BCE BUAbl NOTEHUMANbHbIX PMHAHCOBBIX
UNU OpYrUX KOH(PIIMKTOB WMHTEPEcOB, KOTOpble MOrnM Obl MOBNUSITbL Ha pesynbTaThbl
nccnefoBaHnsa Unn ux MHTepnpeTaumto. Bece CTOYHUKM OMHAHCOBOW NOAAEPKKN OOMKHbI
ObITb YKa3aHbl B paboTe.

B cnyyae oGHapyXeHus aBTOPOM B paboTe CyLLeCTBEHHbIE OLIMBKM UK Kakue-nnbo
HETOYHOCTU, OH 00si3aH 06 3TOM He3zameasIMTeNbHO coobLwMTb Pepakumm xypHana mnu
n3patento, Takke okasaTb COAENCTBME B UX UCTIPABIEHUN.

Pa3spelueHue cnopHbIX cUTyauumn

JTo6oe nuuo, nnbo ydpexaeHve Bnpase B N06GOM MOMEHT NPeabsBUTb MPETEH3UIO
penakTopy Unu peakonnerum B CBA3W C HapyLleHWeM 3TUYECKUX CTaH4apToB M aBTOPCKMX
npae, NOAKPENMB ee JOCTOBEPHBLIMU AOKa3aTeNbCTBaAMMU.

Mo nomyyeHWn npeTeH3uu, MOAKPENSEeHHOW [oKasaTenbCTBamW, peaakLMOoHHas
KOMUCCKSA MpOBeAeT paccliefoBaHne, B COOTBETCTBMM CO CriedyloluMy NpUHUMNamu:
peakonnerns NpuUHUMaeT pelleHne O NpPOBeAEeHVWM MPOBEPKM MO MOBOAY BblABUHYTHIX
»anob 1 gokasatenbCTB O HapyLUEeHUN pedakUMOHHON 3TWKM; B NpOLiecce pacCMOTPEHUs
[oKas3aTenbCTB, BCe MaTtepuanbl CuUMTalTCs  KOHuAeHUmanbHbiIMU U OyayT
npefocTaBneHbl TOMbKO TEM NuLam, KOTopble HENOCPEeACTBEHHO NPUYACTHBI K NpoLieccy
NnpoBepKM; MOJO3peBaeMbIM  NULAM B HapylleHWM  STUYEecKMX HopMm  Byaer
npegocTaBneHa BO3MOXHOCTb OTBETUTb Ha BbIABMHYTOE MPOTUB HUX OOBUHEHME;
B CMy4ae BbISBMEHUS HapyLUeHWsl, XapakTepusyeTcs ero CTeneHb, Kak rpyboro unu
Herpyboro HapyLUeHWs 3TUYECKNX HOPM.

B cnyyae Herpyboro HapylueHus, pedakuus Hanpsimyio, 6e3 COAencTBUSA TPeTbux
nvu, obpawaetca K HapywwuTento, cregyiowm obpasoMm: nyteM  yBegoOMIeHus
aBTOpa/peLieH3eHTa O HanMuumM Herpyboro HapylueHus, Mpou3OLUEALIero BCeacTeue
HeJOMOHMMaHWsl, MO0 HEeCOOTBETCTBEHHOrO MPUMEHEHUS akageMWYecKkux CTaHOapToB;
nyTem npegynpexaeHns aBTopa/peLieH3eHTa, AoNyCTUBLLEro Herpyboe HapyLueHue.

B cnyyae rpyboro HapyLleHUsi 3TUHECKUX HOPM, pegakuusi NPUHUMaeT peLleHne o
AanbHenwnx mepax. Pegakumus Bnpase NpeanpuHATL criegytowme Mepbl (04HOBPEMEHHO,
rnooyepeaHoO UM B OTAENbHOCTU): 06HapogoBaHMe coobLleHnsl, B KOTOPOM OMMUCLIBAETCS
cryyan HapyLlleHWsi 3TUYECKUX CTaHAApTOB; oduumansHoe yBEOOMMIEHNE pyKoBOAMTENEen
unn paboTtoaartenen aBTopa/peLieH3eHTa; CHATUE onybnMKOBaHHOM cTaTby ¢ nNybnvkaumu,
B COOTBETCTBUW C NPean1caHnsiMu; aBTOpbl-HapyLLMTENW onpeaeneHHbI Nepuoa BpemeHu
He OyaoyT ponyckaTeCs K nNybnukauMu B KypHamne; YyBeOOMMEHWe peneBaHTHbIX
npoceccroHanbHbIX OpraHM3aumii 1 COOTBETCTBYIOLLMX YYPEXOAEHUIA O cryyae, B Lensx
NpUBMNEYEHNs HAPYLUMTENS K OTBETCTBEHHOCTW.

Mpn paspelLeHnn CnopHbIX CUTyaLMn peaakums xypHana cobniogaeT npeanucaHus
N nHCTpyKuum PykosoactBa KomuTeTra no aTuke HaydHbix nybnukaumi (Committee on
Publication Ethics — COPE): http://publicationethics.org/resources/.

OTKa3 OT OTBETCTBEHHOCTH

BbiHeceHHble no3vuum B onybrnvkoBaHHbIX paboTax He obsi3aTenbHO OTpaxaroT
TOYKY 3pPEHUS PeaKONerum xypHana. ABTOpbl HECYT MOSHYHO OPUONYECKYHO Y MOParibHYO
OTBETCTBEHHOCTb 3a MpPEeACTaBneHHble B CBoMx pabotax uaewn. Pepakuusa He HeceT
HUKAKON OTBETCTBEHHOCTU B Crlydyae BO3HMKHOBEHUS TpeboBaHUA MO BO3MELLEHUIO
MaTepuanbHOro U1 MoparibHOro Bpeaa.

Peknama
Peknama B xypHane «BoeHHO-mexHUYeCcKuli eCMHUK» HE [OMYCKaETCS.
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PUBLICATION ETHICS STATEMENT

The publication of an article in this peer reviewed journal is an essential model for the
scientific journal Military Technical Courier. It is necessary to agree upon standards of
expected ethical behavior for all parties involved in the act of publishing: the author, the
journal editor, the peer reviewer and the publisher.

Duties of the Military Technical Courier editor

There are no APCs (author processing charges) or submission charges for the
articles submitted to the Military Technical Courier. The whole process of article editing and
publishing is entirely free of charge for authors.

The editor of the Military Technical Courier is responsible for deciding which of the
articles submitted to the journal should be published. The Editor must hold no conflict of
interest with regard to the articles he/she considers for publication. If an Editor feels that
there is likely to be a perception of a conflict of interest in relation to their handling of a
submission, the selection of reviewers and all decisions on the paper shall be made by the
Editorial Board. If any member of the Editorial Board feels that there is likely to be a
perception of a conflict of interest in relation to their handling of a submission, they shall
withdraw from the editorial process.

The editor should be guided by the policies of the journal's editorial board and
constrained by such legal requirements as shall then be in force regarding libel, copyright
infringement and plagiarism. The editor may confer with the members of the editorial board
or reviewers in making this decision.

The editor should evaluate manuscripts for their intellectual content without regard to
race, gender, sexual orientation, religious belief, ethnic origin, citizenship, or political
philosophy of the authors.

Following the recommendations of the CEON Centre for Evaluation in Education and
Science (CEON/CEES), the editor applies the electronic editing system ASSISTANT which
enables transparency and public access to work and accepts a full responsibility for the
acceptance and publishing of articles.

Before sending articles for peer reviews, the editor checks the content of the
submitted manuscripts for plagiarism using the iThenticate service (CrossRef and
CrossCheck). According to the standards applied by the journal, plagiarism, where
someone assumes another's ideas, words, or other creative expression as one's own, is a
clear violation of scientific ethics. Plagiarism may also involve a violation of copyright law,
punishable by legal action. Plagiarism includes the following: word for word, or almost word
for word copying, or purposely paraphrasing portions of another author's work without
clearly indicating the source or marking the copied fragment (for example, using quotation
marks); copying equations, figures or tables from someone else's paper without properly
citing the source and/or without permission from the original author or the copyright holder.
Any manuscript which shows obvious signs of plagiarism will be automatically rejected.

Journal applies a ,double blind peer review process” for papers. Authors and
reviewers are anonymous to each other in the process of review.

The editor and any editorial staff must not disclose any information about a submitted
manuscript to anyone other than the corresponding author, reviewers, potential reviewers,
other editorial advisers, and the publisher, as appropriate.

Unpublished materials disclosed in a submitted manuscript must not be used in an
editor's own research without the express written consent of the author.
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The Editorial Office has pledged to remove an already published article in case of the
following, subsequently discovered facts regarding the article in question:

— plagiarism,

— self-plagiarism,

— article already published in some other journal or publication,

— inaccurate data on authorship (fake claim of authorship, listing authors who did not
participate in the article's creation or omitting authors who did participate),

— conflict of interests,

— fraudulent use of data or fabrication of results,

— unauthorised technical interventions on figures,

— substantial technical error such as omitting parts of the text or an error in
reproducing illustrations.

Standards for dealing with retractions have been developed by a number of library
and scholarly bodies, and this practice has been adopted for article retraction by our journal:
in the electronic version of the retraction note, a link is made to the original article. In the
electronic version of the original article, a link is made to the retraction note where it is
clearly stated that the article has been retracted. The original article is retained unchanged,
save for a watermark on the PDF indicating on each page that it is “RETRACTED”.

Retractions and corrections are published according to the requirements set up by
CEON/CEES (http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) as the
publisher of national citation index, where metadata of retractions and retracted papers
have to be marked by appropriate warnings and cross-links.

Duties of reviewers

Reviewers are required to provide written, competent and unbiased feedback in a
timely manner on the scholarly merits and the scientific value of the manuscript.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

A peer reviewer assists the editor in making editorial decisions and through the
editorial communications with the author may also assist the author in improving the paper.

Any selected referee who feels unqualified to review the research reported in a
manuscript or knows that its prompt review will be impossible should notify the editor and
excuse himself from the review process.

Any manuscripts received for review must be treated as confidential documents. They
must not be shown to or discussed with others except as authorized by the editor.

Reviews should be conducted objectively. Personal criticism of the author is
inappropriate. Referees should express their views clearly with supporting arguments.

Reviewers should identify relevant published work that has not been cited by the
authors. Any statement that an observation, derivation, or argument had been previously
reported should be accompanied by the relevant citation. A reviewer should also call to the
editor's attention any substantial similarity or overlap between the manuscript under
consideration and any other published paper of which they have personal knowledge.

Unpublished materials disclosed in a submitted manuscript must not be used in a
reviewer's own research without the express written consent of the author. Privileged
information or ideas obtained through peer review must be kept confidential and not used
for personal advantage. Reviewers should not consider manuscripts in which they have
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conflicts of interest resulting from competitive, collaborative, or other relationships or
connections with any of the authors, companies, or institutions connected to the papers.

Duties of authors

Authors warrant that their manuscript is their original work, that it has not been
published before and is not under consideration for publication elsewhere. Parallel
submission of the same paper to another journal constitutes a misconduct and eliminates
the manuscript from consideration by the journal.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

Authors of reports of original research should present an accurate account of the work
performed as well as an objective discussion of its significance. Underlying data should be
represented accurately in the paper. A paper should contain sufficient detail and references
to permit others to replicate the work. Fraudulent or knowingly inaccurate statements
constitute unethical behavior and are unacceptable.

Authors may be asked to provide the raw data in connection with a paper for editorial
review, and should be prepared to provide public access to such data if practicable, and
should in any event be prepared to retain such data for a reasonable time after publication.

The authors should ensure that they have written entirely original works, and if the
authors have used the work and/or words of others, that this has been appropriately cited or
quoted.

An author should not in general publish manuscripts describing essentially the same
research in more than one journal or primary publication. Submitting the same manuscript
to more than one journal concurrently constitutes unethical publishing behavior and is
unacceptable.

Proper acknowledgment of the work of others must always be given. Authors should
cite publications that have been influential in determining the nature of the reported work.

Authorship should be limited to those who have made a significant contribution to the
conception, design, execution, or interpretation of the reported study. All those who have
made significant contributions should be listed as co-authors. Where there are others who
have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no
inappropriate co-authors are included on the paper, and that all co-authors have seen and
approved the final version of the paper and have agreed to its submission for publication.

If the work involves chemicals, procedures or equipment that have any unusual
hazards inherent in their use, the author must clearly identify these in the manuscript.

All authors should disclose in their manuscript any financial or other substantive
conflict of interest that might be construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project should be disclosed.

When an author discovers a significant error or inaccuracy in his/her own published
work, it is the author's obligation to promptly notify the journal editor or publisher
and cooperate with the editor to retract or correct the paper.
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Procedures for dealing with unethical behaviour

Anyone may inform the editors and/or Editorial Staff at any time of suspected
unethical behaviour or any type of misconduct by giving the necessary information/evidence
to start an investigation. The investigation shall conform to the following principles: the
Editorial Staff will initiate an investigation; during an investigation, any evidence should be
treated as strictly confidential and only made available to those strictly involved in
investigating; the accused will always be given the chance to respond to any charges made
against them; if it is judged at the end of the investigation that misconduct has occurred,
then it will be classified as either minor or serious/major. Minor misconduct will be dealt
directly with those involved without involving any other parties, e.g.: communicating to
authors/reviewers whenever a minor issue involving misunderstanding or misapplication of
academic standards has occurred, or a warning letter to an author or reviewer regarding
fairly minor misconduct. In case of major misconduct, the Editorial Staff should make
decisions regarding the course of action to be taken using the evidence available. The
possible outcomes are as follows (these can be used separately or jointly): publication of a
formal announcement or editorial describing the misconduct; informing the author's (or
reviewer's) head of department or employer of any misconduct by means of a formal letter,
the formal, announced retraction of publications from the journal in accordance with the
Retraction Policy (see below); a ban on submissions from an individual for a defined period;
referring a case to a professional organization or legal authority for further investigation and
action. When dealing with unethical behaviour, the Editorial Staff will rely on the guidelines
and recommendations provided by the Committee on Publication Ethics (COPE):
http://publicationethics.org/resources/.)

Disclaimer

The views expressed in the published works do not express the views of the Editors
and Editorial Staff. The authors take legal and moral responsibility for the ideas expressed
in the articles. Publisher shall have no liability in the event of issuance of any claims for
damages. The Publisher will not be held legally responsible should there be any claims for
compensation.

Advertising

Advertising in the Military Technical Courier is not permitted.
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