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Abstract:

Introduction/purpose: The Sombor matrix is a vertex-degree-based matrix
associated with the Sombor index. The paper is concerned with the
spectral properties of the Sombor matrix.

Results: Equalities and inequalities for the eigenvalues of the Sombor
matrix are obtained, from which two fundamental bounds for the Sombor
energy (= energy of the Sombor matrix) are established. These bounds
depend on the Sombor index and on the ,forgotten® topological index.

Conclusion: The results of the paper contribute to the spectral theory of
the Sombor matrix, as well as to the general spectral theory of matrices
associated with vertex-degree-based graph invariants.

Keywords: Sombor matrix, Sombor energy, Sombor index, vertex-
degree-based graph invariant, spectrum (of matrix).

Introduction

In this paper, we are concerned with simple graphs, i.e., graphs
without directed, weighted, or multiple edges, and without self-loops. Let

G be such a graph, with the vertex set V(G) and the edge set E(G).
Let [V(G)|=n and |E(G)|=m be the number of vertices and edges
of G. By UV € E(G) we denote the edge of G, connecting the vertices u
and v. The degree (= number of first neighbors) of a vertex UV (G) is

551

Gutman, |., Spectrum and energy of the Sombor matrix, pp.551-561



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 3

denoted by d(u). If d(U)=r for all UV (G), then G is said to be a
regular graph or a degree r.

For other graph-theoretical notions, the readers are referred to
standard textbooks (Harary, 1969), (Bondy & Murthi, 1975).

In the mathematical and chemical literature, degree-based graph
invariants of the form

TI(G)= Y f(d(u),d(v)) (1)
uveE (G)
have been and are currently studied, where f(X,Y) is an appropriately
chosen function with the property f(X,y)= f(y,X). The oldest such

invariants were put forward as early as in the 1970s, and by now their
number exceeds several dozens (Kulli, 2020), (Todeschini & Consonni,
2009). Among the newest invariants of this type are the forgotten index

for which f(X,y) =X*+Yy® (Furtula & Gutman, 2015), and the Sombor

index for which f(X,y)=+X*+Yy? (Gutman, 2021). Thus, these
indices are defined as

F(G)= Y [d(u)*+d(v)*] (2)
uveE(G)

SOG)= Y Jd(u)® +d(v)? 3)
uveE (G)

Recall that F is often written in the form

F(G)= ) d(u)’
uev (G)
which, of course, is equivalent to (2).

The first paper on the Sombor index was published only a few
months ago (Gutman, 2021). Because this graph invariant is based on
using Euclidean metrics, it promptly attracted the attention of quite a few
colleagues. As a consequence of this, numerous papers on Sombor
index have already been published (Alikhani & Ghanbari, 2021), (Cruz &
Rada, 2021), (Dosli¢ et al, 2021), (Horoldagva & Xu, 2021), (Kulli, 2021),
and more will appear in the near future. Bearing this in mind, we were
motivated to investigate the matrix constructed from the Sombor index in
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an earlier proposed manner (Das et al, 2018), and to study some of its
spectral properties.
Let the vertices of the graph G be labeled by 1,2,...,n. Then the

(0,1)-adjacency matrix of G, denoted by A(G), is defined as the
symmetric square matrix of order n, whose (/,j)-element is

1 if ijeE(G)
AG), =10 if ijeE(G)
0 if i=j.

The eigenvalues of A(G) form the spectrum of the graph G. For the

details of the spectral graph theory see (Cvetkovi¢ et al, 2010).

Some time ago (Das et al, 2018), it was attempted to combine the
spectral graph theory with the theory of vertex-degree-based graph
invariants. For this, using formula (1), an adjacency-matrix-type square

symmetric matrix A-(G) was introduced, whose (/,j)-element is defined
as

f(d(i),d(j)) if ijeE(G)
A (G); =40 if ijeE(G)
0 if i=]j.
The theory based on the matrix A-(G) and its spectrum was

recently elaborated in some detail (Li & Wang, 2021), (Shao et al, 2021).
In this paper, we examine a special case of A-(G), associated with

the Sombor index SO(G), Eq. (3). We call it the Sombor matrix, denote
it by Ay, (G) , and define via

Jd@2+d(j)? if ijeE@G)
Aso (G)ij =<0 if ij & E(G) (4)
0 it i=j.
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The eigenvalues of A, (G) are denoted by 0;,0,,...,0,, and are

said to form the Sombor spectrum of the graph G. Then, as usual, the
Sombor characteristic polynomial is defined as

¢so (G, 2) = det(i In - Aso (G))
in analogy to the ordinary characteristic polynomial (Cvetkovi¢ et al,
2010)

#(G, ) =det(11, - AG))
where | is the unit matrix of order n. Recall that o;,0,,...,0, are the
zeros of ¢ (G, 1), i.e., satisfy ¢, (G,0,) =0 for 1,2,....,n.

Spectral properties of the Sombor matrix

Lemma l. Let 0, 2 0, 2--- 2 0, be the eigenvalues of the Sombor
matrix. Then,

Zn:ai =0
i=1

and
Y 02=2F(G)
i=1

where F(G)is the forgotten topological index, Eq. (2).

Proof. The first equality is a direct consequence of A, (G); =0 for
all1,2,...,n.

The second equality is obtained from (4) as follows. Suppose that
the vertices of G are labeled by 1,2,...,n. Then,
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307 =Tr(A(G)) = 33 Agli ) Ao (i)

=23 AL )AL =2 Y Jdi)? +d(j)* yd(j)? +d(i)?
ijeE(G) ijeE(G)

=2 Yy [d(i)*+d(j)*|=2F(G).
ijeE(G)

This completes the proof of Lemma 1.

Recalling that the sum of squares of the eigenvalues of the ordinary
adjacency matrix is equal to 2m, from Lemma 1 we realize that in the
spectral theory of the Sombor matrix, the forgotten topological index
plays an analogous role as the number of edges plays in the ordinary
spectral graph theory. This will be seen from the bounds for the Sombor
energy, deduced in the forthcoming section (Theorems 1, 2, and 3).

Lemma 2. Let 0; be the greatest eigenvalue in the spectrum of the
Sombor matrix. Then,

SO(G)
n

0,22
where SO(G) is the Sombor index, Eq. (3). Equality is attained if and
only if the graph G is regular.

Proof. According to the Rayleigh-Ritz variational principle, if Q is
any n-dimensional column-vector, then

.
I MOT- S

Q Q
Setting Q=(1,1,...,1)" , we get
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Q' AL(G) Q=YY A,6), =2 Y A,G),

i=1 j=1 ijeE(G)
=2 > Jd(i)? +d(j)? =2S0(G)
ijeE(G)

and
Q' Q=n.
In the case of regular graphs, Q= (11,...,1)" is an eigenvector of

A (G), corresponding to the eigenvalue 0, . To see this, note that if G

is a regular graph of a degree r, then A (G)=+2r A(G). That

Q=(1..1)" is an eigenvector of A(G)is a well-known fact
(Cvetkovi¢ et al, 2010). Then, and only then, equality in Lemma 2 holds.

By this, the proof of Lemma 2 has been completed.

Sombor energy and its bounds

The energy EN(G) of a graph G is, by definition, equal to the sum

of the absolute values of the eigenvalues of A(G). For the details of the

mathematical theory of graph energy see (Li et al, 2012). In analogy to
this, we define the Sombor energy of G as

Eny (G) = ilo-i l.

It is now reasonable to expect that Eny, (G) and En(G) have
analogous properties. In what follows, we establish two such results.

Theorem 1. (McClelland-type bound for the Sombor energy)
If G is a graph on n vertices, and F(G) is its forgotten topological

index, then
Eny, (G) <{2nF(G).

This result is the analogue of the classical McClelland bound for
graph energy, namely, En(G) <+/2nm (McClelland, 1971).
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Proof. Start with the inequality whose validity is obvious:
n n 2
> (lail=lo;l) =0 (5)
i=1 j=1
and take into account Lemma 1 and the definition of Eng, (G). The

McClelland-type upper bound for Eng (G) follows then from (5) by

direct calculation.
Equality in Theorem 1 wil hold if and only if

|o, |=|lo, |=---=| o, |. Graphs that satisfy this equality condition are the
edgeless graph (for which m =0 ) and the regular graph of degree 1.
Theorem 2. (Koolen-Moulton-type bound for the Sombor energy)

Let G be a graph on n vertices, with Sombor and forgotten indices
SO(G) and F(G), respectively. Then

(@225 - 2re)-( 20000

which is the analogue of the Koolen-Moulton bound (Koolen & Moulton,
2001), namely

En(G) 32—m+\/(n —1){2m—(2—mj2} :
n n

Proof. We follow the reasoning from the paper (Koolen & Moulton,
2001), modified for the Sombor energy. In an analogous way as in the
proof of Theorem 1, our starting point is

n n
>>(lail-lo;l) 20
i=2 j=2

from which it foIIost

Yo 1< \20-DF ()

where
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2F°(G) =Y 07 =2F(G) - ;.

This yields
Ens(G)-0; [ /(n-D[ 2F(G) - 5]

and

En,, (G)< o, +\/(n ~)[2F(G) -7 (6)

since 0, >0,
Consider the function

w(X) < x+\/(n—1)[2F(G)—x2] .

It monotonously decreases in the interval (a, b) where

a:,/ZFrfG) and b=,2F(G).

Therefore, inequality (6) remains valid if on the right-hand side of
w(X), the variable x is replaced by the lover bound for o; , from Lemma
2. This results in Theorem 2.

Theorem 3. Let G be a bipartite graph on n vertices, with Sombor
and forgotten indices SO(G) and F(G), respectively. Then

002220 -2 2r(@)-2 2201

which, again is analogous to another Koolen-Moulton bound (Koolen &
Moulton, 2003):

En@G) <M 4 2(n—2){m—(2—mj } |
n n

Proof. Theorem 3, valid for bipartite graphs, is deduced in an

analogous manner as Theorem 2, by starting with
n-1 n-1

S (lal-1o;1) 20

i=2 j=2

and by taking into account that for bipartite graphs | o; |=| &, |.
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CMNEKTP U SHEPIMA COMBOPCKOW MATPULbI

UeaH N'yTmMaH

KparyeBaukuii yHUBEpCUTET, €CTECTBEHHO-MaTeMaTUYeCKnii akynbTeT,
r. Kparyesau, Pecnybnuka Cepbus

PYBPUKA T'PHTU: 27.00.00 MATEMATUKA,;

27.29.19 KpaeBble 3agaym 1 3agayn Ha COGCTBEHHbIE
3HaveHns anst 0ObIKHOBEHHbIX
auddepeHLmanbHbIX ypaBHEHUA U CUCTEM
ypaBHEHUN

BWO CTATbW: opurmHanbHas Hay4Has ctaTes

Pe3swome:

Besederue/yerns: Combopckass Mampuya ebieedeHa u3 uHoekca Combopa
Ha OCHOBaHUU CmerneHu 8epuwuH. B OaHHOU cmambe rpedcmasrieHbl
criekmparibHble ceolicmea coMbopPCKOU Mampuukbl.

Pesynbmamsi: [lonydyeHbl pageHcmea U HepaseHcmea CObCMEEHHbIX
3HadyeHull combockol Mampuubl, U3 KOMOpbIX 6bleedeHbl 0ea
pyHOaMeHmMarbHbIX O2paHUYeHUs coMbOpPCKol 3SHepeuu (= 3Hepauu
combopckol mampuubl). [aHHble OgpaHu4YeHusi 3asucsim om uHOekca
Combopa u om mak Ha3bleaeMoz0 «3abbimoz20» MmOorono2u4ecKoao
UHOekca.

Bbigo0bl: Pe3ynbmamel uccriedosaHusi, rpedcmasrneHHble 8 OaHHOU
cmambe, 8HOCSIM 6K/ad 8 crekmparsbHyl0 meoputo combopckol
Mampuybl, @ makxe 8 O0bWy CreKmpasbHyl0 Meopur Mampuu,
cesi3aHHbIX C UHBapuaHmamu epagho8, OCHOBaHHbIX Ha cmeneHu
8EPLIUH.

Knouesnle criosa: Combopckas mampuua, sHepaus Combopa, UHOeKc
Combopa, uHeapuaHmbl 2pagha, 3asucsujue om cmerneHu 6eplUUH,
criekmp (Mampuupl).
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CMNEKTAP U EHEPITMJA COMBOPCKE MATPULE

UeaH N'yTmMaH

YHusepautet y Kparyjesuy, lNpupoaHo-maTteMaTuyku bakynrteT,
KparyjeBau, Penybnuka Cpbuja

OBJIACT: maTemaTuka
BPCTA UJ1AHKA: opuvrmHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: Combopcka mMampuuya 3asucHa je 00 cmerieHa 4eoposea, a
useedeHa je u3 combopckoe uHOekca. Y paly cy npukalaHe HEeKe H-eHe
criekmparsiHe ocobuHe.

Pesynmamu: [JobujeHe cy jeOHakocmu U HejeOHaKocmu 3a COrcmeeHe
gpedHocmu combopcke Mampuue. M3 mwux cy u3eedeHe Ose
gyHOameHmMarsHe epaHuue 3a coMbOpPCKy eHepeaujy (eHepauja combopcke
mampuue). Ose epaHuuye 3asuce 00 comMbopckoz uHOekca, Kao u 00
mako3eaHoe ,,3abopasrbeHo2 ” mornoowKo2 UHoeKca.

Sakrbyyak: Pesynmamu usnoxeHu y paly npedcmasrbajy OO0npuHOC
criekmparsiHoj meopuju combopcke Mampuue, Kao U onuimoj meopuju
criekmapa mMampuya 3asucHUX 00 cmereHa 4eopoea.

KmmyuyHe peuyu: combopcka Mampuya, comMbopcka eHepauja,
combopcku UHOEKC, UHBapujaHme 3agucHe 00 cmerneHa 4eopoea,
criekmap (Mampuue).
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Abstract:

Introduction/purpose: The aim of this paper is to present the concept of
a universal hypermetric space. An n-dimensional (n > 2) hypermetric
distance over an arbitrary non-empty set X is generalized. This hyper-
metric distance measures how separated all n points of the space are.
The paper discusses the concept of completeness, with respect to this
hypermetric as well as the fixed point theorem which play an important
role in applied mathematics in a variety of fields.

Methods: Standard proof based theoretical methods of the functional
analysis are employed.

Results: The concept of a universal hypermetric space is presented. The
universal properties of hypermetric spaces are described.
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Conclusion: This new version of the results for U, -hypermetric spaces
may have applications in various disciplines where the degree of clus-
tering is sought for.

Key words: U, -hypermetric spaces, OG-metric, G-metric.

Introduction

The role of distance in understanding the world is undeniable. Our in-
tuitive understanding of the concept of distance in the real world, however,
is different from the one proposed in mathematics. Some of the proper-
ties that belong to our understanding of distance from the real world, such
as symmetry and single-valuedness, are not necessarily established within
certain abstract distances.

This will, in fact, be our main motivation for presenting a generalized

concept of distance as a set-valued function in this paper.
The notion of 2-metric spaces, as a possible generalization of metric
spaces, was introduced by Gahler (Gahler, 1963), (Gahler, 1964), (Gah-
ler, 1966). See also (Diminnie et al, 2017), (Ha et al, 1990) for further
developments. The 2-metric d(z, y, z) is a function of 3 variables, and Gah-
ler geometrically interpreted it as an area of a triangle with the vertices at
x , y and z, respectively.

This led B. C. Dhage, in his PhD thesis in 1992, to introduce the notion
of D-metric (Dhage et al, 2000) that does, in fact, generalize metric spaces.
Subsequently, Dhage published a series of papers attempting to develop
topological structures in such spaces and prove several fix point results.

Most of the claims, however, concerning the fundamental topological
properties of D-metric spaces, are incorrect. In 2003, Mustafa and Sims
demonstrated that in a strong remark (Mustafa & Sims, 2003). This led
them to introducing the notion of a G-metric space (Mustafa & Sims, 2006),
as a generalization of metric spaces. In this type of spaces, a non-negative
real number is assigned to every triplet of elements.

In an attempt to generalize the notion of a G-metric space to more than
three variables, Khan first introduced the notion of a K-metric, and later the
notion of a generalized n-metric space (for any n. > 2) (Khan, 2012), (Khan,
2014). He also proved a common fixed point theorem for such spaces.

G-metric spaces were generalized to universal metrics in (Dehghan
Nezhad & Mazaheri, 2010), (Dehghan Nezhad & Aral, 2011), (Dehghan
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Nezhad & Khajuee, 2013), (Dehghan Nezhad et al, 2017). The interpre-
tation of the perimeter of a triangle is applied, but this time on G-metric
spaces. Since then, many authors have obtained fixed point results for
G-metric spaces.

The main purpose of this paper is a generalization of universal metric
spaces into universal hypermetric spaces of the n-dimension (see (Kelly,
1975) for a discussion on hypermetric spaces). In the first part, we ge-
neralize an n-dimensional (n > 2) hypermetric distance over an arbitrary
non-empty set X. This hypermetric measures how separated all n points
of the space are. The hyperdistance function is defined in any way we like,
the only constraint being the simultaneous satisfaction of the three pro-
perties, viz non-negativity and positive-definiteness, symmetry and triangle
inequality. In the second part, we discuss the concept of completness,
with respect to this hypermetric, and the fixed point theorem, which play an
important role in applied mathematics in a variety of fields. Examples show
a fundamental difference between our results and the well-known ones.
This concept is the first view of novel methods for selecting the clusters by
hypermetric. The purpose definition is applicable for engineering science
(for example, the theory of clustering).

By a strict order relation of a set X, we mean a binary relation 7 < 7,
which is transitive (¢ < g and g < ~ implies a < «), such that o <
and 8 < « cannot both hold. It is a strict total order relation, if for every
«, 3 belonging to X, exactly one and onlyone of o < 3, 8 < aora = f3
holds. Agroup G is called left-ordered, if endowed with a strict total relation
” < ” which is left invariant, meaning that o < 5 implies v + o < v + 3,
for all o,5,y € G. We will say that G is bi-ordered, if it admits the left and
right invariant properties simultaneously (historically, this has been called
simple-ordered). We refer to the ordered pair (G, <) as an ordered group
(Cohen & Goffman, 1949). From now on, we assume that 1 denotes the
identity element of G. It should be noted that, for abelian additive groups,
the identity element may be denoted by 0. This is common to an ordered
group with the symbol 7 < ” that has the obvious meaning : a <  means
a < Bora = . We denote GT a set of non-negative elements of G,
namely G* := {g € G|le < g}. Two positive elements, z,y, of an ordered
group are relatively Archimedean if there are positive integers m,n such
that mxz > y and ny > z. If every two positive elements of an ordered
group are relatively Archimedean, then the ordered group is Archimedean.
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Every Archimedean ordered group is isomorphic to an ordered subgroup
of the additive group of the real numbers. An ordered group G is order
complete if every non-empty subset of G that has an upper bound has a
least upper bound.

Universal hypermetric spaces of the dimension n

The goal of this section is to describe a few properties of the universal
hypermetric spaces.

Definition 1. Let G be an ordered group. An ordered group metric (or OG-
metric ) on a non-empty set X is a symmetric non-negative function d¢
from X x X into G such that dg(x,y) = 0 if and only if x = y and such
that the triangle inequality is satisfied; the pair (X, d¢) is an ordered group
metric space (or OG-metric space).

Now we first recall and introduce some notation. For n > 2, let X"
denote the n-times Cartesian product X x ... x X and G be an ordered
N——
n—times
group. Let P*(G) denote the family of all non-empty subsets of G. We
begin with the following definition.

Definition 2. Let X be a non-empty set. Let U, : X" — P*(G") be a
function that satisfies the following conditions:

(U1) Up(x1,...,2n) = {0}, ifz1 = ... = xp,

(U2) U, (z1,...,2,) D {0}, forall x1, ..., z, with x; # x;, for some i, j €

{1,...,n},

(U3) U,(x1,...,2) = Up(ag,...,zs, ), for every permutation
(7‘(’(1), 77T(n)) of(1,2, ...,TL),
(U4) U, (x1,22,...,2pn-1,2n-1) < Up(x1,22,...,20-1,2,), for all

T1,...,Tn € X,

(US) U,(x1,22,...,20) < Up(z1,a,...,a) + Upla,z2,...,zy,), for all
T1,...,Tp,a € X.

Let A; be subsets of X, i=1,...,n. We define
Un(A1,...,A,) = U{Un(aﬁl,...,xn) |z € A, 1= 1,...,n}, and

Ai—s—Aj:{wi—i—xj]:cieA,-,xjeAj;lgi,jgn},
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We will use the following abbreviated notation: The function U, is called
a universal ordered hypermetric group of the dimension n, or more speci-
fically an UO,-hypermetric (or U,,-hypermetric ) on X, and the pair (X, U,)
is called an U,,-hypermetric space. For example, we can set G = Z‘i or
RY, where Z8 := NU {0} = {0,1,2,...} and R} := [0, +o0).

In the sequel, for simplicity we assume that G+ = R%. The following
useful properties of a U,,-hypermetric are easily derived from the axioms.

Proposition 1. (example) Let X = {aq, ... a;} be an (-element set and N, =
{1,...,¢}. Define
Fo: X x X — P*RY)

with,

{0}, gy 5 i<y
FQ(ai’aj) = {{0}71{1_1}} pl=] ) (fO’F all 4,5 GN@)
(bt} i

and also assume A+ B = AU B, forall A,B C P(R%). Then F, is a
Us-hypermetric space.

Proof. It is sufficient to show that [F, satisfies all the properties
[(UD)],[(U2)],...,[(U5)] . The proofs of [(U1)],...,[(U4)], follow immedi-
ately from the definition of IF5. We only need to show that [F, satisfies the
following relation

Fa(ai, a;) = Fa(ai, ar) + Fa(ak, aj) ; (for all i,j,k € Ny),

so we prove that in the following cases.

(i) (i = j)
We have {{0},....{j — 1}} < {0,...,k}, if j < k and also,
{{o},....{j — 13} = {{0},....{k — 1}}, if j = k. Finally we have

(i) (i < 5)
We have {{0},....{j}} < {{0},....{4}}, if j > K, and
{{o},....{4}} < {{o},....{k}}, if & > j, and at last the equality
holds if i = j.

(iii) (i > j)
The same reasoning applies to this case, with j replaced by i in (ii)
and the proof is completed.

566



Proposition 2. Let (X,U,) be a U,-hypermetric space, then for any
r1,...,Tn,a € X it follows that:

(1) If U, (21, ..., 2,) = {0}, then T1 = ... = Tn,

(2) Un(l'l,. L ) - Z] (1'1,...,1'1,:6]'),

(3) Un(z1, s vp) € 327 Un(y, a, ...y q),

(4) Uy (21,2, ...,29) C (n — DUy (21, ..., 21, x2).

Proposition 3. Let (X,U,) be a U,-hypermetric space, then {0} C
Up(z1,...,xy,) forall zi, ..., xz, € X.

Proof. By the condition (U4) of the definition of a U,,-hypermetric space,
we have {0} = U, (x1,...,21) C Upy(21, ..., Tn). O

Proposition 4. Every U,-hypermetric space (X,U,) defines a Us,-
hypermetric space (X, U,) as follows:

Us(z,y) = Un(z;y,...,y) + Un(ys 2, ..., 2);  forall z,yec X.

Proposition 5. Let e be an arbitrary positive real value number, and (X, d)
be a metric space. We define an induced hypermetric,

Us: X x X — P*RY)

(d(z,y) — e d(x,y) +e) U{0} ; z#y, dlz,y) >e
Us(z,y) =< (d(z,y) —e,d(z,y)+e)NRYL 5 z#y, dlz,y) <e
{0} ; T=y.

Then (X, U$) is a Us-hypermetric space.

Main results

Let (X,U,,) be a U,-hypermetric space and X be a partition of X. For
each point p € X, we denote p a point in X containing p, and we denote
the equivalent relation induced by the relation by ~.

Definition 3. Let (X,U,,) be a U,-hypermetric space. Let pi,...,p, € X,
and consider p,...,pn € X. A quotient U,-hypermetric of the points of X
induced by U, is the function

U, : X" —s P*(R") given by U, (1, ..., ) = Np.ez, Un(P1;- -, 0n)-
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Proposition 6. The quotient U,,-hypermetric induced by U, is well-defined
and is a U,-hypermetric on X.

Proof. U, satisfies all the properties (U1) — (U4).

Un(@1s-->0n) CUn1, G-, Q) + Un(@ P2y - - - D)

() Unpr,....on) € <Un(p1, ¢,---,q) + Un(g;p2, . .. ,pn)>
piEﬁi piEISi
q€q

= () Unpr,ds--:0) + () Unlg,p2,---,pn)
pieﬁi pz‘Eﬁi
q€q q€q

= ﬂ (Un(plaqa o 7q) + UTL(Q7p27 o 7pn)> .
sz]Si
q€q

O

Let (X,U,) be a U,-hypermetric space of a dimension n > 2. For any
arbitrary a in X, define the function U,,_; on X"~ ! by

Up—1(x1,...,2p—1) = Up(x1,...,20-1,0).
Then we have the following result.

Proposition 7. The function U,,_1 defines a U,,_1-hypermetric on X.

Proof. We will verify that U,,_, satisfies the five properties of a U,_1-
hypermetric. O

Proposition 8. Let f : X — Y be an injection from a set X to a setY. If
U, : X" — P*(RY) is a U,-hypermetric on the set Y, then U, : X" —
P*(RY), given by the formula Un(z1, ... 20) = Up(f(21), ..., f(zn)) for all
x1,...,o, € X, is a U,-hypermetric on the set X.
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Proposition 9. Let (X,U,,) be any U,-hypermetric space. Let \ be any
positive real number. Then (X, U)) is also a U, -hypermetric space where
UN(x1,. .. 1) = {AN[0,N)|A € Up(x1,...,7,)}

So, on the same X many U, -hypermetrics can be defined, as a result
of the procedure in which the same set X is endowed with different metric
structures. Another structure in the next proposition is useful for scaling the
U,-hypermetric, so we need the following explanation.

For any non-empty subset A of R?, and A € Rt we define a set \.A to
be \.A:={Xa|ac A}

Proposition 10. Let (X,U,,) be any U,-hypermetric space. Let A be any
positive real number. We define UM (21,...,20) = NUy(21,...,2,). Then
(X, U))is also a U, -hypermetric space.

Asequence {z,,} in a U,-hypermetric space (X, U,,) is said to converge
to a point s in X, if for any ¢ > 0 there exists a natural number N such that
forevery my,...,my,_1 > N,

Un(xm17 (RS mmn717 S) g [07 6)7

then we write,

lim Un(@mys ooy T, 5 8) = {0}

M yeeeyMpy—1 ——+00
We say that a sequence {z,,} has a cluster point x if there exists a
subsequence {x,,, } of {z,,} that converges to x.

Proposition 11. Let (X,U,,) and (X', U},) be two U,-hypermetric spaces.
Then a function f : X — X' is U,-continuous at a point x € X, if and only
if it is U,,-sequentially continuous at x; that is, whenever sequence {x,,} is
Un-convergent to « one has { f(x.,)} which is U,, convergent to f(x).

Definition 4. Let (X,U,,) be a U,-hypermetric space, and A C X. The
set A is U,-compact if for every U,-sequence {z,,} in A, there exists a
subsequence {x,, } of {z,,} such that U,-converges to x, € A.

Proposition 12. Let (X, U,,) and (X', U),) be two U,,-hypermetric spaces and
f: X — X" aU,-continuous function on X. If X is U,-compact, then f(X)
is Up-compact.
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Definition 5. Let (X, U,,) be a U,,-hypermetric space, then for o € X, r > 0,
the U,,-hyperball with a center xy and a radius r is

By, (xg,7) ={y € X : Up(z0,y,...,y) C[0,7)}.

Proposition 13. Let (X,U,,) be a U,-hypermetric space, then for zy € X,
r >0,

() If Uy (x0, x2, ..., zp) C [0,7), then xa, ..., z, € By, (xo,1),

(i) If y € By, (xo,7), then there exists, 6 > 0 such that By, (y,d) C
BUn (.%'0, 7“).

Proof. The proof of (i) is trivial. In (ii) it suffices to show that for every U,,-
hyperball By, (z,r) and every y € By, (z,r)), there exists § > 0 such that,
y € By,(y,6) € By, (z,r). Solety € By, (z,r). Then Uy(z,...,z;y) —
Up(z,...,z;2) C[0,r). Set

[0,0) :=1[0,7) = Up(z,...,z; y) + Up(x,...,x; z).
then § > 0, and hence y € By_,(y,9).

Now let z € By, (y,9) , i.e, Un(y,...,y; 2) — Un(y,...,y;9) € [0,0),
then

Un(z,...,z52) € Uplz,...,z;9) +Unly,...,y;5 2) = Unl(y,...,¥: y)
- Up(z,...,z; 2)
C Up(z,...,z;y) —Up(z,...,x; x)+[0,0)
c [0,7).
Thus, z € By, (z,r), and hence By, (y,0) C By, (z,7). O

Proposition 14. The set of all U,,-balls, B, = {By,(z,r) : © € X,r > 0},
forms a basis for a topology T (U,,) on X.

Definition 6. Let (X, U,,) be a U,,-hypermetric space. The sequence {z,} C
X is Uy-convergent to x if it U, -converges to x in the U, -hypermetric topo-
logy, T (Up).

Proposition 15. Let (X,U,,) be a U,-hypermetric space. Then for a se-
quence {x,,} C X, and a point z € X the following are equivalent:

(1) {zn} is U,-convergent to x,

(2) Up(@iy vvy Ty x) — 0,

(3) Up(xm, z, ..., x) — 0.
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Definition 7. Let (X,U,,), (Y,V,,) be universal hypermetric spaces of the
dimensions n, m, respectively, a function f : X — Y is U, ,,-continuous
at a point xg € X, if f~Y(Bv, (f(x0),r)) € T(Uy), forall r > 0.

We say f is U, n,-continuous if it is U, .,-continuous at all points of X;
that is, continuous as a function from X with the T (U,,)-topology to Y with
the T (V,,,)-topology.

In the sequel, for simplicity we assume that n = m. Since U,-
hypermetric topologies are metric topologies, we have:

Definition 8. Let (X,U,,) and (Y,V,,) be two U,-hypermetric spaces and
f:(X,U,) — (Y,V,) be a function. The function f is called U, -continuous
at a point a € X if and only if, for given ¢ > 0, there exists 6 > 0 such
that xi,...,z,—1 € X and the subset relation U, (a,z1,...,xn—1) C [0,0)
implies that V,,(f(a), f(x1),..., f(zn-1)) C [0,€).

A function f is U,-continuous on X if and only if it is U,-continuous at
alla € X.

Proposition 16. Let (X,U,,), (Y,V,,) be U,-hypermetric spaces, a function
f X — Y is Uy-continuous at point x € X if and only if it is U,-
sequentially continuous at z; that is, whenever {z,} is U,-convergent to
x we have that (f(x,)) is U,-convergent to f(z).

Proposition 17. Let (X, U,,) be a U, -hypermetric space. Then the function
Up (21, 22, ..., 2n) is jointly U, -continuous in all n of its variables.

Definition 9. Amap f : X — Y between U, -hypermetric spaces (X,U,,)
and (Y,U),) is an iso-hypermetry when U,,(z1, ..., z,,) = U, (f(x1), ..., f(zn))
for all z1,...,z, € X. If the iso-hypermetry is injective, we call it
iso-hypermetric embedding. A bijective iso-hypermetry is called an iso-
hypermetric isomorphism.

We discuss now about the concept of completeness of U,,-hypermetric
spaces.

Definition 10. Let (X,U,) be a U,-hypermetric space, then a sequence
{z} C X is said to be U,-Cauchy if for every ¢ > 0, there exists N € N
such that U, (2, , Tmys -y Tm,, ) < € for all my, ma, ..., m, > N.
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The next proposition follows directly from the definitions.

Proposition 18. In a U,,-hypermetric space, (X,U,,), the following are equi-
valent.

(1) The sequence {z,,} is U,-Cauchy.

(17) For every € > 0, there exists N € N such that U, (z;, T, ..., zm) <&,
foralll,m > N.

(13i) {xm } is @ Cauchy sequence in the metric space (X, dy).

Corollary 1. (i) Every U,,-convergent sequence in a U, -hypermetric space
is U,-Cauchy.

(ii) /If a U,,-Cauchy sequence in a U,-hypermetric space (X,U,,) contains
a U,-convergent subsequence, then the sequence itself is U,,-convergent.

Definition 11. A U,,-hypermetric space (X, U,) is said to be U, -complete if
every U,-Cauchy sequence in (X,U,,) is U,-convergent in (X,U,,).

Proposition 19. A U,,-hypermetric space (X,U,,) is U,-complete if and only
if (X,dy) is a complete metric space.

Definition 12. Let (X,U,,) and (Y, U,') be two U,-hypermetric spaces. A
function f : X — Y is called a U,,-contraction if there exists a constant k €
[0,1) such that U, (f(x1),..., f(zn)) = kUp (21, ..., x,) forall zy, ..., z, € X.

It follows that f is U,-continuous because U, (z1,...,z,) C [0,6) with
k#0and ¢ := e/k implies U, (f(z1), ..., f(zn)) C [0, €).

Theorem 1. Let (X, U,,) be a U,-complete space and letT : X — X be a
Uy-contraction map. Then T has a unique fixed point T'(x) = x.

Proof. We consider x,,,11 = T(z,,), with xy being any point in X. We
have, by repeated use of the rectangle inequality and the application of
contraction property, the following:

Un (i, Tty - -« Tmt1) C E™Up (20, 21, - - ., 21),
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for all m, s; € Nwhichm < sy and k € [0,1).

[Un(wm;xslw--:ws]) g Un(mmaxm—l—lw-'?xm—s—l)

+ Un($m+17 Tm4+25 - - - ,fIfm_i,-Q)

+ Un(xm—&-% Tm+3y--- 7$m+3)
km (1—ks—m

+ %Un(ﬂcojxh ey T)

- (kim+k3m+1+...—|—k81_1)Un(l‘0,IL‘1,...,ZE1)
km (1—ks1—m

== %Un(xo,ml,...,xl).

Then we have

hm Un(xm7x517"‘7x51) = {0}’

m, 81 — 400
since
R O
T el i
m, s — 400 1—-k

Form < s; < sy € Nand (U5) implies that

Un(xo, Tlye-- ,.2131) = {O}

Un(@m, Ts, sy -+, Ts,)  © Un(@m, Tsys -5 Ts,)
+ [[Jn(xslg$sl,---,$s2),

now taking the limit as m, s1, ss — +00, we get
Up(zm, s, , Tsy - -+, Ts,) — {0}
Now form < s1 <s9 <...<s,_1 €N, we will have
Un(Xm, s,y -, 2s,) = {0};  whenever, m,s1,...,8,-1 — +00,

then {x,,} is a Cauchy sequence. By completeness of (X, U,,), there exists
a € X such that {z,} is U,-convergent to a. The fact that the limit z,, is a
fixed point of T" follows the U,,-continuity of 7', and

Ta=T lim z,= lim Tz,= lim =z, =a.
m——+00 m——+00 m—-+00o

Finally, if « and b are two fixed points, then

{0} CUp(a,b,....b) = Un<T(a),T(b),...,T(b))
C kUn(ab,...,b).

Since k < 1, we have U,(a,b,...,b) = {0}, so a = b and the fixed point
is unique. O
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Conclusions

In this article, we have put forward a development of the results of U,,-
hypermetric spaces, covering a variety of topics relevant for understanding
their properties including completeness and the fixed-point theorem. We
believe this work may be relevant from both the theoretical standpoint and
the point of view of applications in contemporary problems such as those
of clusterings which often appear in practice.
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xunepmempudkoe npocmopa. OnucaHe cy U yHUeep3asHe 0co-
buHe U,,-xurnepmempuy4Kux rnpocmopa.
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Abstract:

Introduction/purpose: At the end of 2019, the Government of the Republic
of Serbia adopted the Strategy for the Development of Artificial
Intelligence in the Republic of Serbia for the 2020-2025 period. This was a
motivation for the author of this paper to try to give an overview of the
current artificial intelligence (Al) applications in the field of reliability and
maintenance, as well as its future applications.

Methods: The overview is done mainly using available literature, mostly
from the Science Direct database, using abstracts generally, and in some
cases whole papers.

Results: The result of this research is an overview of the artificial
intelligence applications in the field of reliability and maintenance in the
past thirty years. It also showed that Al systems can also be unreliable
and need maintenance.

Conclusion: Atrtificial intelligence is and can be applied in reliability and
maintenance. The research of available literature showed that Al is more
applied in maintenance than in reliability. The progress in Al is inevitable,
so it is important to understand its potentials for application in reliability
and maintenance as well as its possible drawbacks.

Key words: artificial intelligence, reliability, — maintainability,
maintenance.

Introduction

The fact that the Government of the Republic of Serbia adopted the
Strategy for the Development of Artificial Intelligence in the Republic of
Serbia for the 2020-2025 period (Government of the Republic of Serbia,
2019), and that the author of this paper was a coauthor of a conference
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paper in 2003 in which a posibility of improvement of jet engine
diagnostics by applying neural networks was suggested (Siladi¢ et al,
2003), and the fact that the author of this paper has been working in the
area of reliability and maintainability as a professor and practitioner for
more than thirty years was a motivation to try to give an overview of the
current applications of artificial intelligence (Al) in the field of reliability
and maintenance as well as its future applications.

Since there is information that Al can also fail (Bathaee, 2018), how
to avoid Al to fail is also discussed.

The ultimate objective of this paper is to see possibilities of Al
application to achieve more effective reliability and maintenance.

The definition of artificial intelligence (Al) is given first followed by
the definition of reliability and maintainability which is briefly discussed;
after that, the application of Al in the area of reliability and maintenance
is given in the paper, and, finally, how to avoid Al failure is discussed as
well as how to maintain it, based on the available literature. The literature
review was done using the Science Direct database search using the key
term artificial intelligence, and then mostly using abstracts, and in some
cases whole papers.

This paper is also based on the paper accepted and presented at
the OTEH 2020 Conference (Pokorni, 2020).

Artificial Intelligence

There is no generally accepted definition of artificial intelligence
(Government of the Republic of Serbia, 2019). According to the
Encyclopedia Britannica dictionary (Copeland, 1998) artificial intelligence
is the ability of a digital computer or computer-controlled robot to perform
tasks commonly associated with intelligent beings. According to the
Merriam-Webster dictionary (Merriam-Webster, 2020), Al is a branch of
computer science dealing with the simulation of intelligent behavior in
computers, or the capability of a machine to imitate intelligent human
behavior.

In (Government of the Republic of Serbia, 2019), the accepted
definition of Al is also used in (European Commission, 2019): “Artificial
intelligence (Al) refers to systems that display intelligent behavior by
analyzing their environment and taking actions — with some degree of
autonomy — to achieve specific goals.”

In (European Commission, 2019), it is also stated that “Al-based
systems can be purely software-based, acting in the virtual world (e.g.
voice assistants, image analysis software, search engines, speech and
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face recognition systems) or Al can be embedded in hardware devices
(e.g. advanced robots, autonomous cars, drones or Internet of Things
applications).”

Obviously, the essential word is intelligence. That word is also
discussed in (European Commission, 2019) where it is considered as “a
vague concept’, studied by different research in different scientific
disciplines, and that “Al researchers use mostly the notion of rationality,
which “refers to the ability to choose the best action to take in order to
achieve a certain goal, given certain criteria to be optimized and the
available resources”. In accordance with that, in (European Commission,
2019), an updated definition of Al is proposed.

Artificial intelligence was founded as an academic and scientific
discipline in the middle of fifties of the last century, and since then
development has gone in different directions, being divided in sub-fields.
Therefore, it is not a surprise that the definition of Al has been changed
during time.

In the history of Al, there have been ups and downs, starting with the
logic-based approach (during the 1950s and 1960s), the knowledge-
based expert systems approach (1970s and 1980s), and the data-based
approach (since 2000) years onwards - with periods of disappointment
and reduced investment (Government of the Republic of Serbia, 2019).
In the last decades, Al is defined as a study of intelligent agents - any
device that percepts its environment and takes actions (by learning or
using knowledge) to achieve its goals.

The term artificial intelligence is frequently applied to the project of
developing systems endowed with the intellectual processes
characteristic of humans, such as the ability to reason, discover meaning,
generalize, or learn from past experience (Copeland, 1998). That is also
the case in the area of reliability prognostic and maintenance
management. So the goal can be, more or less, replacing human
reasoning with machine reasoning with fewer errors and faster decision
making.

Essentially, the use of Al is an attempt to replace human intelligence
with machine intelligence. Because of that, sometimes, Al is called
machine intelligence.

Progress in Al is evident in many areas, especially in the last
decade. It seems that the area of reliability and maintainability is not an
exception.

580



Reliability and maintenance

Reliability is defined as the ability of an item to perform a required
function under stated conditions for a stated period of time (Bauer &
Adams, 2012).

Maintenance is usually characterized with maintainability which
refers to the ability how fast and easy an item can be fixed and modified.

Quantitatively, reliability and maintainability are expressed in
probability, and both are very important in reducing downtime and
operational and maintenance cost of an item or a system. Reliability and
maintenance are mutually connected. Higher reliability means less costly
maintenance.

High reliability is very important, especially in professional
equipment, and it comprises hardware reliability, software reliability, and
human reliability (Pokorni, 2018).

Reliability prediction has been done for almost 60 years, mostly by
MIL-HDBK-217, but about 30 years ago, it was identified that new
approaches are needed (Pokorni, 2016).

Can Al help to solve these problems, or can Al solve these problems
better than people can?

Reliability is built in during design, provided in production and
supported in use. It is also connected with cost. More reliable equipment
is more expensive, but more reliable equipment is also cheaper for
maintenance.

Reliability is also connected with the process of production and use
or exploitation of the equipment which is designed to be reliable.

The right maintenance can save both cost and downtime, and
achieve higher availability. Different maintenance strategies are in use.
The basic ones are corrective (reactive, replacing an item after it fails)
and preventive (proactive, replacing an item before it fails) maintenance.
More used in modern equipment are predictive maintenance or condition
monitoring (just in time maintenance, optimization, the best of corrective
and preventive maintenance, replacing an item which is close to failure).
Also, combinations of the previously mentioned ones are used. Such a
combination is, for example, reliability-centered maintenance.

As connectivity and data accessibility become cheaper and more
widespread nowadays, many companies are looking at predictive
maintenance, or condition-based maintenance, powered by machine
learning and analytics (Uptake, 2020). Obviously, there is a place for the
application of Al.
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Al in reliability and maintenance

According to the available literature, studied for this work, the
application of artificial intelligence in reliability and maintenance started
about forty years ago.

At the end of the eighties of the previous century, the Rome Air
Development Center (RADC) investigated a so-called Smart BIT — a
program of research of development and the application of Al techniques
to effect built-in test (BIT) improvement (Richards, 1989), for diagnosis
and management of faults.

Twenty years ago, the author of this paper was involved in one
attempt to propose applying an intelligent system for the maintenance of
a jet engine. In the abstract of this work (Siladi¢ et al, 2003), it is
concluded that continuous monitoring of the jet engine working process is
considered to be one of the most efficient methods for engine condition
assessment, and that the integration of airplane and jet engine built-in
information-displaying systems with nondestructive testing, spectral oil
analysis, and total accumulating cycle into a diagnostic system has
shown to be a reliable method of establishing a specific form of jet engine
oncondition maintenance. However, in spite of that, such kind of a
diagnostic system suffers from the absence of prognostic capability
which is necessary to predict future engine components behavior;
therefore, there is a need to upgrade these systems with intelligent
features that are able to recognize error patterns and make automatic
decisions about engine work.

In (Singh & Wang, 2008), it is stated that artificial intelligence
techniques have drawn much attention in dealing with complex and
challenging problems in power systems, and that reliability evaluation is a
type of representative applications. In that paper, some concepts on
reliability evaluation based on population-based intelligent search as well
as a neural network enhanced Monte Carlo simulation were presented.
Also, some case studies were presented to demonstrate the
effectiveness of the proposed methods. According to that paper, it
appears that the intelligence based methods hold promise for reliability
studies and deserve to be further investigated.

In (Singh & Wang, 2008), the conceptual basis of an overall
reliability evaluation process and the role of artificial intelligence methods
were examined. It also provided some examples of Al application to the
reliability analysis of hybrid systems involving conventional and
alternative energy sources.
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The author in (Kobbacy, 2012) found that relevant publications of Al
applications in planning and modelling in maintenance started to appear
from the mid 1980s.

In (Kobbacy, 2012), which is a good review of Al application in
maintenance management, it is stated that during more than two
decades (up to 2012) many attempts were made to apply Al techniques
in maintenance modeling and management. The Al techniques used are
numerous, ranging from classic expert systems that utilize rule based
reasoning to more cumbersome optimization techniques used in Genetic
Algorithms. It is stated that in the first decade of this century there was a
shift towards developing hybrid intelligent management systems in
operations that use more than one Al technique. The application areas of
Al in maintenance extend widely from intelligent maintenance
optimization models to more practical applications such as cost
budgeting of maintenance projects and selecting optimal repair methods.

(Kobbacy, 2012) also presents an overview of the applications of Al
techniques in maintenance, over the two decades, identifying specific
applications and the extent of the use of techniques as well as near
future trends. This was done by using the Science Direct database to
carry out the literature search using the names of Al techniques, mostly
using abstracts.

The author in (Kobbacy, 2012) classified artificial intelligence
techniques in seven areas:

- Genetic Algorithms (GAs),
Case Based Reasoning (CBR),
- Neural Networks (NNs),
Knowledge Based Systems (KBs),
Fuzzy Logic (FL),
Data Mining (DM), and
Hybrid Systems.

The review in (Kobbacy, 2012) showed that over the two decades,
up to June 2012, many Al techniques were applied in maintenance
management and modelling with the following conclusion:

- The most popular of the Al techniques applied in maintenance was
GAs (due to its nature which offers powerful optimisation tools that
can deal with complex maintenance planning problems),

- Both KBs and FL received moderate interest in maintenance
applications,
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- A few applications were found on CBR and NNs in maintenance but
none using DM (with the expectation that DM will be used in the
future).

- A few hybrid systems were developed in the maintenance area, but
the number of publications with FL and hybrid systems increased.

In (Cheng et al, 2008), which is included in the review (Kobbacy,
2012), in order to improve the efficiency of the reliability-centered
maintenance (RCM) analysis, case-based reasoning (CBR), as a kind of
artificial intelligence (Al) technology, was successfully introduced into the
RCM analysis process, and the framework for the intelligent RCM
analysis (IRCMA) was studied.

As an addition to the review from (Kobbacy, 2012), we will include
some examples from sources after 2012, also using the Science Direct
database and the key word artificial intelligence.

In (Blache, 2017), it is written about the case of Lufthansa Airlines,
which maintains more than 1,000 planes and uses machine learning in
real-time data collection and decision making, where recommended
failure-avoidance actions come as a result of error messages and sensor
data, among other things.

In (Diryag et al, 2014 ), the study presents a novel approach to a
prediction of robot execution failures based on neural networks. Real
data consisting of robot forces and torques recorded immediately after
the system failure are used for neural network training. The multilayer
feedforward neural networks are employed in order to find an optimal
solution for the failure prediction problem.

In (Otto, 2019), it is concluded that emerging technologies such as
the Internet of Things (loT), Big Data, analytics, and cloud data storage
are enabling more equipment to share condition-based data with a
centralized server, making fault detection easier, more practical, and
more direct.

Because this paper is motivated by the Strategy for the
Development of Artificial Intelligence in the Republic of Serbia, it is worth
mentioning that the Faculty of Mechanical Engineering (FME), in
cooperation with the Faculty of Mathematics of the University of
Belgrade, Serbia, organized a master study named Industry 4.0 in which
two study subjects are dealing with artificial intelligence, and there is a
possibility to apply it also in the area of reliability and maintenance, as
the authors from the FME have already done in (Diryag et al, 2014 ).
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In (Bhargava, 2019), it is stated that Al Techniques for Reliability
Prediction for Electronic Components provide emerging research
exploring the theoretical and practical aspects of prediction methods
using artificial intelligence and machine learning in the manufacturing
field.

As mentioned before, the production process is also important for
reliability. A poor quality production process can degrade reliability built in
during the design phase. In (Alsina et al, 2018), it is studied how machine
learning models can fit the reliability estimation function in comparison
with traditional approaches (e.g., Weibull distribution), having in mind that
the reliability estimation of engineered components is fundamental for
many optimization policies in a production process. Four diverse machine
learning approaches are implemented: artificial neural networks, support
vector machines, random forest, and soft computing methods.

A new method for hull structural plate corrosion damage detection
and recognition based on artificial intelligence using the convolutional
neural network (CNN) is proposed in (Yao et al, 2019), which makes up
for the research gap of applying deep learning into corrosion damage
detection in the field of naval architecture and ocean engineering.

In (Zhao et al, 2019), data driven-based and knowledge driven-
based fault detection and diagnosis (FDD) methods for building energy
systems are reviewed, and the strengths and shortcomings of the
existing artificial intelligence-based methods are analysed.

In (Lee et al, 2019), the Al-based algorithms (data-driven modeling
approach) for predictive maintenance are presented and applied to
monitor two critical machine tool system elements: the cutting tool and
the spindle motor.

Everyday life shows that faults of elements and systems are
inevitable. But are near-zero-failure systems possible? In (Foresti et al,
2020), it is found that the results obtained in 12 international companies
demonstrate a possible global standardization of operative processes,
leading to the design of a near-zero-failure intelligent system that is able
to learn and upgrade itself, which is exploitable in any context of Society
5.0, thus reducing the risk factors at all management levels and ensuring
quality and sustainability.

Reliability of Al

Everything can fail, and Al is not an exception. If Al is an attempt to
replace human intelligence with machine intelligence, and human
reasoning can sometimes fail, so Al can fail in a similar way. So, is the
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reason of erroneous reasoning (erroneous concluding, decisioning) in
wrong learning? Or can we raise the question about the reliability of Al,
or how to avoid Al fails?

This is an important question which attracted the attention of
ISO/IEC. In (ISO, 2020), there are surveys of topics related to the so-called
trustworthiness in Al systems, including the following: (1) approaches to
establish trust in Al systems through transparency, explainability,
controllability, etc.; (2) engineering pitfalls and typical associated threats
and risks to Al systems, along with possible mitigation techniques and
methods; and (3) approaches to assess and achieve availability,
resiliency, reliability, accuracy, safety, security, and privacy of Al
systems. In this document, trustworthiness is defined as an ability to
meet stakeholders expectations in a verifiable way, including the
characteristics of trustworthiness such as reliability, availability,
resilience, security, privacy, safety, accountability, transparency, integrity,
authenticity, quality, and usability.

(Heaven, 2019) discussed why deep learning Al is so easy to fool.
An example is in a self-driving car application in a real situation. It is,
however, said that ih can happen in the case of sabotage as well.

In (University of Cambridge, 2016) under the headline “Enhanching
the reliabiliy of artificial intelligence, it is stated that “Computers that
learn for themselves are with us now. As they become more common in
'high-stakes' applications like robotic surgery, terrorism detection and
driverless cars, researchers ask what can be done to make sure we can
trust them.” So, are they reliable? Or, can they fail?

There are examples of erroneous Al. Some examples can be found
in (Bathaee, 2018): Al failures from IBM, Microsoft, Apple, and Amazon.
The example from IBM happened in 2013, when IBM partnered with the
University of Texas MD Anderson Cancer Center which developed a new
“Oncology Expert Advisor” system with the goal to cure cancer (Blier,
2020). In July 2018, StatNews reviewed internal IBM documents and
found that IBM’'s Watson was making erroneous, downright dangerous
cancer treatment advice. In (Bathaee, 2018), it is concluded that,
probably, the reason is because the software is trained on a small
number of hypothetical cancer patients, rather than on real patient data.

There are authors who ask questions about potential risks, such as
whether Al will pose an existential threat to humanity, or whether Al
technology will be concentrated in the hands of the few (Bathaee, 2018),
but this author thinks that is not the question of Al application in the area
of reliability and maintainability, at least not in the near future.
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There is also a question raised whether Al can fail to function as
expected, and the reason is because of the nature of the machine-
learning algorithms on which modern Al techniques are commonly built.
These algorithms are capable of learning from massive amounts of data,
and once that data is internalized, they are capable of making decisions
experientially or intuitively like humans. This means that for the first time,
computers are no longer merely executing detailed pre-written
instructions but are capable of arriving at dynamic solutions to problems
based on patterns in data that humans may not even be able to perceive.
This new approach comes at a price, because many of these algorithms
can be black boxes, even to their creators (Bathaee, 2018). But in the
area of maintenance, the problem is more often that we do not have
enough data.

One of the important questions is whether Al can work on a small
number of data, for example, the number of failures. In (Microsoft, 2020),
it is concluded that model's predictive accuracy depends on the
relevancy, sufficiency, and quality of the training and test data. Two
questions are commonly asked with regard to failure history data: (1)
How many failure events are required to train a model? And (2) How
many records is considered as "enough"? (Microsoft, 2020).

As a conclusion for Al reliability, or trustworthiness (which is a
broader term), let us use the statement from (Draft, 2020): ,Having the
capability to generate tremendous benefits for individuals and society, Al
also gives rise to certain risks that should be properly managed, and , |t is
known that humans are biased in their decision making. Since Al
systems are designed by humans, it is possible that humans inject their
bias into them, even in an unintended way."

Maintaining of Al

An Al system also needs maintenance, not only because Al can fail.
In (Blier, 2020), Al is compared to a car engine in a way that maintaining
Al can be as easy as replacing the cabin air filter, or as complicated as
rebuilding the transmission, and that is considered as a reason why it is
important to understand some basic Al maintenance best practices.

So, just like any other product, Al requires maintenance to remain
robust and valuable, and as a car, Al can experienced a sudden,
catastrophic failure if it is not kept up-to-date.

To build successful Al, there is a need to be familiar with cases
when Al initiatives failed in order not to make the same mistakes. Also
there is a need to be familiar with data science.
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Conclusion

Progress in Al is inevitable, so it is important to understand its
potentials for the application in reliability and maintenance and also
possible pitfalls of it.

The review of the available literature shows that Al is more applied
in maintenance than in reliability. Kobbacy's paper gives a good review of
Al application in maintenance management at the end of the last century
and the beginning of this century. It shows that the most popular
techniques in maintenance were Genetic Algorithms, then Knowledge
Based Systems (or expert systems) and Fuzzy Logic with moderate
interest, and Case Based Reasoning, Neural Networks and Hybrid
Systems with only a few applications. Nowadays, there is much more
interest in machine learning (as a subset of Al), deep learning (as a
subset of machine learning), and intelligent agents. Machine learning and
intelligent agents can be applied more in reliability and predictive
maintenance in the future.

Artificial intelligence can be applied in reliability and maintenance. In
both cases, a problem is data. The problem is how to cope with large
amounts of data on the one hand, and with very small amounts of data
on the other hand, because both can be the case in reliability and
maintenance.

Everything can fail, and Al is not an exception. So, an Al system
also needs maintenance. Also, an important question is how to avoid
failure of Al.
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MPUMEHEHWME NCKYCCTBEHHOIO MHTEJINEKTA B OBJTIACTAX
HAOEXKHOCTW N OBCINY>XXVMBAHUA

Cnaeko W. MokopHu
Konnemx nHcopmaumoHHbIX TexHonorui, r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 28.00.00 KWNBEPHETWKA:
28.23.00 NckyCcCTBEHHbIN MHTESMEKT,
28.27.00 Teopus HagexHoCTw,
81.00.00 OBLUME M KOMIMNEKCHBbIE NMPOBNEMBbI
TEXHUYECKNX N MPUKNAOHBIX HAYK A
OTPACIEN HAPOHOIO XO3ANCTBA:
81.88.00 MaTepunanbHO-TexHU4YecKoe CHabxeHue.
Jlornctuka
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3swome:

BgedeHue/uenb: B koHue 2019 eoda [lpasumerniscmeo Pecriybriuku
Cepbusi ymeepduno Cmpamezuro  paseumusi  UCKYCCMBEHHO20
uHmernnekma 8 Pecnybrniuke Cepbusi 3a nepuod 2020-2025 eodos.
Hacmoswul ¢akm nobydun asmopa OaHHOU cmambu MOMbIMambcs
Oamb 8 Heli 00630p Oelicmeyrowux PUIOKeHUU UCKYCCMBEHHO20
uHmersnekma (M) e obrniacmu HalexxHoCcmu U OBCIyXUB8aHUsI, @ Makxe
paspabambigaeMbix rpPUIOXeHUU.

Memodbi: Ob3op cocmaerneH Ha ocHogaHUU GocmyrnHouU fiumepamypebl, 8
OCHOBHOM U3 6a3bl OaHHbIx Science Direct, e mnepsyo o4epedb
ucronb308anucb aHHomauyuu, a 8 HEeKOMOpPbLIX CryYyasx U uerbie
cmambu.

Pesynbmambi: B pesynbmame rpogedeHHo20 uccriedosaHusi bblin
cocmaerieH 00630p MpUIoXeHUl UCKYCCIMBEeHHO20 UHmesnekma 8
obriacmu HadexxHocmu u obcryKugaHus 3a rnocredHue mpuduame fiem.
UccriedosaHue rokasaro, 4mo cucmema UCKyCCMEEHH020 UHMmesriekma
MOXXem oKasambCsi HeHaldexxHoU u mpebyem o6CnyKueaHUs.
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Bbigodbl:  UckyccmeeHHbIlU  uHmMesnnekm npumMeHsiemcss U Moxem
npumeHsimbcsi  Onsi obecriedeHuss HalexHocmu U 8 obrnacmu
obcrnyxueaHusi. MccriedoeaHue AocmyrHOU rnumepamypbl oKasarso,
ymo UW e bonbweli mepe fipumeHsiemcs 8 obriacmu 06CyxueaHusl,
Hexenu e obnacmu  HadexHocmu. [Ipoepecc &  obnacmu
UCKYCCMBEHHO20 UHMeJIfieKma Heu3bexeH, noamomy 8aXKHO roHUMamb
€20 B803MOXHOCMU Ofii MPUMEeHeHUs1 8 cghepe HadexHocmu U
obcnyueaHusi, a makxe 603MOXHbIE MPensmcmeus, C Uesbl UX
rpeodosieHuUs.

Kntouesble crioga: UCKYCCMEEHHbIU UHMeseKkm, HadexHOCb,
pemoHmonpuaoOHocmb, obcryXugaHue.

MPEMMEA CTAHA BELWUTAYKE MHTENUIEHUWJE Y
NMOY3OAHOCTU 1 OOPXABAHY

Cnaeko J. INokopHu
Bucoka Likona CTpPyKOBHKX CTyaMja 3a MHOpMaLMoHe TexHonoruje,
Beorpan, Penybnuka Cpbuja

OBJIACT: noructuka, MHopmaTuka
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak

Caxemak:

Yeod/uyurb: Kpajem 2019. eoduHe Bnada Penybnuke Cpbuje yceojurna je
Cmpameaujy pa3eoja sewmayke uHmesueeHyuje y Penybnuyu Cpbuju
3a nepuod 2020-2025. 20d0uHe. C mum yeesu, y osom pady je
npedcmassbeH rnpearned MPeHymHUX fpuMeHa annukayuja eewmadke
uHmernueeHyuje (BU) y obnacmu roy30aHocmu u odpxaearsa, Kao U
6ydyhux npumeHa.

Memode: Wcmpaxueare je peanusoeaHo 3axsarbyjyhu docmyrHoj
numepamypu, yenasHom U3 6aze nodamaka Science Direct,
Kopuwherbem aricmpakma, a y HeKUM crlydajesuma u Yumasux padosa.

Pesynmamu: Pe3ynmam 0802 ucmpaxueara je rnpeaned rnpumeHa
annukayuja eewmadke UHMesuzeHyuje y obnacmu mnoy3daHocmu u
o0pxasarka y rocriedmux mpudecem 2oduHa. Takohe, nokasaHo je da
cucmem BU moxe 6umu Heroy3daH u da My je nompebHo odpxasar-e.

Bakrbyyak: Bewmadka uHmMernueeHyuja Moxe ce rnpumeHumu u 'y
rnoysdaHocmu u odpxaearby. M3 docmyrnHe rnumepamype MOXe ce
3akrbydumu Oa ce BU 4vewhe npumersyje y o0pxaeary Hez20 y
noy3daHocmu. Hanpedak y BU je HeusbexaH, na je eaxHO pasymemu
He208€ nomeHuyujane 3a npumeHy y noysdaHocmu u odpxxkasary, Kao u
moeyhe 3amke.

KrbyyHe peyu: sewimayka uHmenuaeHyuja, noysdaHocm, no2o0Hocm
o0p>kasarba, oOp>Kasar-€.
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Abstract:

Introduction/purpose: The paper presents a solution for overcoming a
possible problem - breach of safety measures when operating the BVP M-
80A Infantry Combat Vehicle on a training ground during tactical exercises
and shooting at night. The crux of the problem is that the officer in charge
of a tactical exercise and shooting is not in a position to observe in which
direction the gunner-operator aims because no device has been installed
on the BVP M-80A to signal this.
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Methods: After deploying the vehicle in practice and and on the basis of
experience during shooting, it was concluded that there is a problem of
controlling shooting at night and in reduced visibility conditions.

Results: The paper provides a practical solution to prevent situations such
as disorientation, impossibility of observing targets, and turning weapons
fowards the outside the shooting range boundaries, thus violating the
security measures of all participants in the exercise including the BVP M-
80A unit itself. A technical improvement was implemented on the vehicle
by installing a signaling device that gives visual information to the officer in
charge of shooting in which direction the weapon is turned.

Conclusion: The installed signaling device enables the officer who
commands the exercise and shooting to be in control in a timely manner,
eliminate possible causes of violation of security measures, and
successfully implement the planned activity.

Keywords: security measures, control, combat vehicle, technical
improvement, signaling device.

Solution applied to improve safety measures

This technical solution belongs to the domain of armored vehicle
constructions and has multiple applications. The construction and
installation of the signalizer ensure that the officer who commands the
tactical exercise and shooting has control over the operation of the BVP
M-80A unit at distances of over 600 m. The application of this technical
improvement allows complete implementation and respect of safety
measures during tactical live-fire exercises at night. In addition to the
construction and installation of the signaling device, the construction of
additional lighting is also planned with the aim of preparing weapons and
ammunition for exercises at night or in reduced visibility conditions.
(Skolski centar oklopno-mehanizovanih jedinica JNA, 1990)

Construction defect to be corrected by applying this
technical solution - improvement

The BVP M-80A is not equipped with a signaling device that
provides visual information in which direction the weapon is directed
(Savezni sekretarijat za narodnu odbranu, 1988a) unlike the M-84 tank
where the headlight is installed on the turret (Novinsko-izdavacka
ustanova ,Vojska“, 1995). The BVP M-80A is armed with a 20mm
cannon and a 7.62mm machine gun (Savezni sekretarijat za narodnu
odbranu, 1988b). The officer in charge of a tactical exercise or shooting
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is not able to exercise control over the operation of mechanized units in
conditions of reduced visibility (rain, fog, snow, etc.) or at night.

Construction defect

The curricula of specialised classes for cadets of the Military
Academy and reserve officer training course, armored units, prescribe
both day and night-time shooting on the automated shooting range.

On the OreSac automated shooting range (ASR), the track for
armored vehicles is about 600 m long. At the end of the track, there is
space for turning armored vehicles after shooting has ended. At the
command of the officer in charge, the driver starts turning the armored
vehicle in order to get back to the starting line and during the turn the
weapon should aim at the targets in order not to violate safety measures.
At all times, the shooting commander should know/have visual control of
the direction the weapon is facing (Skolski centar oklopno-
mehanizovanih jedinica JNA, 1990). Due to the fact that the BVP M-80A
is not equipped with a visual signaling device, the tactical exercise or
shooting commander cannot fully control the operation of the
mechanized unit crew (Generalstab Vojske Jugoslavije, 1998).

The construction and installation of a signaling device on the BVP
M-80A turret solved the problem of observing in which direction vehicle
weapons are positioned. In this way, security was improved during
activities at night or in conditions of reduced visibility. In addition to the
mentioned signaling device, an additional light should be installed to
illuminate the turret during the weapon and ammunition preparation
(Koncar et al, 2016).

During tactical exercises and shooting at night and in reduced
visibility conditions, the lecturers at the armored unit training course used
the mentioned device and as such it proved to be effective and the
security measures were raised to a higher level. There was no
engagement in the armored units of the Serbian Army to find a solution to
the problem. The explanation given is that, during tactical and shooting
exercises, vehicles are occupied by commanders of mechanized units,
trained to successfully realize all tasks. However, it is clear that the
officer in charge of the exercise still has no control over the activities of
the gunner-operator of a mechanized unit.

Description of the technical solution

The BVP M-80A signaling device with additional light is the result of
many years of experience of the Military Academy officers, gained in the
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realization of shooting training by armored units. This structural element
of the BVP M-80A is intended for shooting at night and in conditions of
reduced visibility on the automated shooting range of armored units.

The main parts are:

- signaling device,

- distributors with switches and sockets,

- electrical installation kit, and

- extra light.

The parts are structurally adapted to be easy to install and to be
operated easily and safely.
Installation:

a)
Figure 1 — Signalizer with the mount
Puc. 1 — CueHanuzamop ¢ KperjieHuem
Cnuka 1 — CueHanusamop ca nocmosbem

In Figure 1a, there is a signaling device on the stand and with a
conductor. Figure 1a shows the situation when the signaling device is
switched off, and Figure 1b when the signaling device is switched on.
The signaling stand is mounted on the launcher of the anti-tank guided
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missile and fixed with a screw without violating the purpose of the
launcher (Savezni sekretarijat za narodnu odbranu, 1988c).

Figure 2 — Distributor
Puc. 2 — Pacnipedenumernsb
Cnuka 2 — Pa3g8odHukK

The signaling device is connected to the distributor by a three-pole
contact. The distributor is installed on the anti-tank guided missile
launcher and secured so that it does not obstruct the launcher operation.
There are two three-pole sockets on the distributor.

The three-pole contact of the signaling device is connected to the
lower socket while the three-pole contact of the additional light is
connected to the upper socket.

A switch intended for switching on the additional light is installed on
the distributor (Figures 3a and 3b).

598



Figure 3a — Additional light - off
Puc. 3a — [JononHumersnbHoe oceelw,eHue — 8bIKI/1.
Cnuka 3a — [JodamHo ceemrio — UCKIbY4YEeHO

Figure 3b — Additional light — on
Puc. 36 — [JononHumernbHoe ocseuweHue — 8KJl.
Crnuka 36 — [JodamHo ceemio — yKIiby4eHO

A common conducting wire connects all parts in the circuit.
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Figure 4 — "+" pole
Puc. 4 - ,+“ nonoc
Cnuka 4 — ,+”non

Figure 5 — "-" pole
Puc. 5 - ,-“ nontoc
Cnuka 5 — ,-”non

The "+" pole conductor is placed and fastened to the distribution box
intended for the installation of the periscope heater for a gunner —
operator, Figure 4a (Savezni sekretarijat za narodnu odbranu, 1988a).
The "-" pole conductor is placed on the turret edge (Figure 5).

The signalizer and the additional light are switched on in the
following order:
- set the "ground" switch to the upper position (Figure 6).
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Figure 6 — Control panel in the BVP M-80A control section
Puc. 6 — lNaHenb yripasneHus e cekyuu ynpasneHusi GBI M-80A
Cnuka 6 — KoHmponHa mabna y ynpasHom odesrbersy BBl M-80A

- set the gunner's periscope heater switch to the upper position
(ON), Figure 7 (Koncar & lIsailovi¢, 2009).

»f
o

Figure 7 — Gunner's periscope heater switch
Puc. 7 — Bbikntoyamernb o6o2pesamerisi nepuckorna Hagoo04uka
Cnuka 7 — lNpekuday epejaya nepuckona HUWaHyuje
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Figure 8 shows the BVP M-80A with the signalizer installed and
swithed on just before the start of shooting on the automated shooting
range.

Figure 8 — BVP M-80A at the starting line
Puc. 8 — BBl M-80A Ha cmapmosol moyke
Cniuka 8 — BBl M-80A Ha nona3Hoj nuHuju

Figure 9 shows the BVP M-80A with the signaling device installed
and switched on while moving during a night shooting exercise.

The signaling device is clearly visible, sending visual information that
the weapon barrel is facing the target. In case that the signal light is not
visible, shooting is stopped, the brake is used, and the weapon barrel is
directed towards the target(s)(Skolski centar oklopno-mehanizovanih
jedinica JNA, 1990).

When the signal light is spotted again, shooting continues. In the
situation when there is a fault on the signaling device, shooting is
stopped until the fault is repaired by an electrical mechanic.
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Figure 9 — BVP M-80A firing on the move on the track of the automated shooting range
Puc. 9 — BBl M-80A sedem cmperbby ¢ xo0y 1o mpacce asmomamu3uposaHHO20
cmpenbbuwa
Crniuka 9 — BBl M-80A Ha cmasu aymoMamu3ogaHo2 cmpesuuima moKoM Kpemara
peanusayuje eahara

Conclusion

The construction and installation of a signalizer enable a
commanding officer in charge of the tactical exercise and shooting to
completely control the operation of a mechanized unit at night and in
conditions of reduced visibility. Security measures are fully complied with
owing to this technical improvement. The construction and installation of
an additional light to illuminate the turret enable the gunner-operator to
have improved conditions for the weapon and ammunition preparation as
well as for eliminating malfunctions and controlling the weapon unloading
after the end of shooting.
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YINYYWEHWE MEP BE3SOMNACHOCTU MNMYTEM NMPUMEHEHUA
TEXHUYECKOIO PELLEHWA HA CYXOMYTHOW BOEBOW
MALLUVMHE M-80A

MunaH H. Konuap®, koppecnongaeHT, Odun U. AHap6aeB?,
Jo6pusoe P. Mytasoxwuy®, Mopax M. Naand', XKensko M. Mokny®

? YHusepcuTeT 060poHbl B I. Benrpag, BoeHHas akagemus,
kacpeapa BOOPYXKEHUSI U TEXHUKUN CYXOMYTHBLIX BOWCK,
r. Benrpag, Pecny6nuka Cep6usi

® Akagemuus BoopyxéHHbIx cnn Pecnybnuku Y3bekncraH,
kadbegpa obuen TakTuku, r. TawkeHT, Pecnybnuka Y3bekucraH

® YHueepcuTeT 060poHhI B I. Benrpaa, BoeHHas akagemus,
Kadhepa BOOPYKEHUS U TEXHUKN CYXOMYTHBIX BOMCK,
r. benrpag, Pecnybnuka Cepbus

" YuueepcuteT 060poHbI B I. Benrpan, BoeHHas akagemus,
Kadpepa BOOPYKEHUS U TEXHUKN CYXOMYTHBLIX BOMCK,
r. benrpag, Pecnybnuka Cepbus

A YuusepcuteT 060poHbI B I. Benrpaa, BoeHHas akanemus,
Kadpepa BOOPYKEHUS U TEXHUKN CYXOMYTHBLIX BOMCK,
r. Benrpag, Pecny6nuka Cep6us

PYBPUKA TPHTW: 78.00.00 BOEHHOE OEJO:
78.25.00 BoopyxeHue 1 BOeHHast TEXHUKA;
78.25.10 BpoHeTaHKoBas TEXHUKA

B[O CTATbW: opurmHanbHasa HayyHas ctaTbsl

Peswome:

BeedeHue/uyenb: B OaHHOU cmambe npedcmasrieHo peweHue o
rnpeodosieHUD  803MOXHOU  MpobsieMbl  —  HapyWeHUsT  MEeXHUKU
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be3ornacHocmu npu 3Kcrilyamauyuu 6oesol cyxorymHou mauwuHbl BBl
M-80A Ha nonuzoHe 80 8peMsi HOYHbIX MmaKmu4yeckux y4eHul u
cmpenbbbl. Cymb rpobrieMbl 3aKiodaemcsi 8 MoM, Ymo KOMaHOUp,
omeevarowuli 3a makmu4yeckue y4deHUsl U yrpassieHue OzsHeM, He
MOXem omcriexusame 3a HarnpasseHueM rpuuyena HagoO4Yuka-
onepamopa, mak kak Ha BBl M-80A He ©6bino ycmaHo8reHo
ycmpolicmeo, cugHanusupyroujee o Hagooke.

Memodebi: lNocre npakmu4yeckoeo npumMeHeHuUsi boegol MaliuHbl U Ha
OCHOBaHUU oOrbima 80 epeMsi cmpesibbbl bbinl cOeslaH 8bI800, 4Ymo
cyuwiecmeyem npobriema yrnpasrieHUss 02HeM HOYbK U 8 YC/I08USIX
oepaHu4eHHou sudumocmu.

Pe3ynbmamei: B cmambe npednoxeHo npakmuyeckoe peweHue o
npedomepawieHuUr0  makux cumyayul, KkKak 0e3opueHmayus,
HEB803MOXHOCMb fpuyesia u nosopom 800pyXeHuUs1 3a npedesibl 30Hb!
O2Hsl, 4Ymo Hapywaem Mepbl be3ornacHoCMU 8CeX y4acmHUKO8
y4eHul, 8 mom 4qucre u camol 6oeeoli mawuHbl BBl M-80A. Ha
MawuHe ©6bia npoussedeHa mexHu4Yyeckasi Oopabomka 3a cyem
yCmaHOoB8KU cu2HallbHo20 ycmpolicmea, Komopoe 0aem 8u3yasbHyto
UHGbopmayuro kKomaHOupy, pykosodsuemy cmpernbsbol, Komopsill ¢ ee
nomowbro 8riadeem uHghopmayueli 8 KaKOM HarpassieHUU HaueseHo
MmaHK080€ 800PYKEHUE.

Bbigodbl:  YcmaHO8MIeHHOe cugHalbHoe ycmpolcmeo 1o3eossiem
ornepamueHO pPyKogoOUMb y4eHUsAMU U cmpenbbol, ycmpaHsamb
B803MOXHbIE MNPUYUHbI HapyweHuss mep be3ornacHocmu U ycrnewHo
8bIMOSIHAMb 3arniaHUpOB8aHHbIe delicmeus.

Kntouesble criosa: mepbl besonaHocmu, KOHMpPOorb, boegas MauwluHa,
mexHu4YecKkoe pa3sumue, cusHasiu3amop.

MNOBOJbLUAHE MEPA BE3SBEJHOCTW NMPUMEHOM TEXHNYKOTI
PELWWEHA HA BOPEEHOM BO3WIY MEWAONJE M-80A

Munan H. Konuap®, aytop 3a npenucky, Odusn W. AHap6ae36,
[o6pusoje P. MytasLuh®, Mopax M. Nasuh’, Kerbko M. Jokuh®

@ YunsepsuteT ogbpare y Beorpaay, BojHa akagemuja, Kateapa Haopyxara
n onpeme KonHeHe Bojcke, beorpag, Penybnuka Cpbuja

° Akagemuja Bojcke Penybnuke Y36ekucTaH,
KaTeapa 3a onwTy TakTuky, TawkeHT, Penybnuka Y3bekucraH

® YuueepauteT onbpaHe y Beorpany, BojHa akagemuja, KaTeapa Haopyxarba
n onpeme KonHeHe Bojcke, beorpag, Penybnuka Cpbuja

" Yuusepsutet onbpaHe y Beorpany, BojHa akanemuja, KaTeapa Haopyxarsa
n onpeme KonHeHe Bojcke, beorpag, Penybnuka Cpbuja

A YuusepauteT oabpaHe y beorpaay, Bojua akagemuja, Kateapa Haopyxara
n onpeme KonHeHe Bojcke, beorpag, Penybnuka Cpbuja
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OBNACT: MalIMHCTBO, HaopyXahe
BPCTA YJIAHKA: opurnHanHm HayyHu pag

Caxemak:

Yeod/uurb: Y pady je npukasaH Ha4yuH rpeesasusiaxera Mmoeyhee
yepoxagara mepa b6e3zbedHocmu ripunukom pada ca 6opbeHuUM 803USTOM
newaduje M-80A Ha nonueoHUMa MPUAIUKOM U3B0HeHa maKkmuyKux
8exbu u 2ahama y HOhHuM ycriosuma. CywimuHa npobriema je y mome
Oa cmapewuHa Koju KoMaHOyje makmudkum eexbama u ealharbuma He
Moxe Oa sudu y KOM cMepy HUWaHU HUlWaHyuja-onepamop, jep Ha BBl
M-80A Huje yepaheH ypefjaj koju 6u mo cueHanusupao.

Memode: Ha ocHogy uckycmea rpunukom peanusayuje eaharba Oowsio
ce 00 3aKrbydka Oa usspwunay eahara Ha 080M 803urlyuma rpobrem
npu KoHmponu 2afara Hohy u 'y ycnosuma omexaHe 8udrbugocmu.

Pesynmamu: Y pady ce npednaxe npakmuyHO peuwere rnpobrema
desopujeHmauyuje, Hemo2yhHocmu ocmampara Mema U OKpemarba
Haopyxara 8aH epaHuua rosba 2ahara, a mume U Hapywaeara mepa
besbedHocmu ceux y4yecHUKa eexbe u u3dspwurnaya eahama U
rokpemHux cpedcmasa. TexHu4yko yHaripelhiere Ha 803urly 0CmeapeHo
je yepadoM cueHanuzamopa Koju cmapeuwuHu Koju pykogodu 2aharem
Oaje susyeriHy uHghopMayujy 0 CMepy y KojeM je OKpeHymo HaopyXXaHse.
Sakrbyyak: YepalHOM CcueHanu3amopa cmapewuHa Koju KomaHOyje
8exxboM u eafjarbeM rpasospeMeHO Moxe Oa ocmeapu KOHMPOJly,
OMKIoHU moeayhe y3poke Hapywaeara mepa 6e3bedHocmu U yCriewHo
peanuayje nnaHupaHy aKmugHOCH.
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Abstract:

Introduction/purpose: At altitudes of 80 to 40 km, while the spacecraft
made of duralumin without a thermal-protective coating was descending
from the flight orbit at the first and second cosmic velocities, data were
obtained on the increase in density, pressure, and temperature behind the
shock front, as well as on the backout of the shock wave from the surface
of the descending spacecraft.

Methods: Calculations were made of the energy fluxes on the surface of
the spacecraft for every 10 km, for convective and radiative heat transfer,
as well as for the impact of electrons produced due to ionization of
negative ions.

Results: At the first cosmic velocity, the greatest energy flux is realized
under the influence of an electron flux, and at the second cosmic velocity,
radiative heat transfer occurs. In the shock-compressed gas at all the
considered altitudes, pressure increases instantly to a value of 109 + 1011
Pa, which leads to a sequential explosion with increasing power resulting
in shock waves in the surrounding atmosphere and compression waves in
the entire aircraft structure. The last most powerful explosion occurs at an
altitude of approx. 40 km.

Conclusion: The descending aircraft is destroyed into separate small parts
to the size of small dust particles.

Key words: negative ions, spacecraft, charging, convective heat
transfer, radiative heat transfer, ionization phenomenon, shock waves,
explosion.

Introduction

During flights of rockets and spacecraft in near and far space, as
well as in the Earth's atmosphere, many new discoveries were made due
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to the interaction of aircraft with the environment. Let us list some of
them:

1. When rockets fly at an altitude of 91-131 km, only negative ions
of atoms and molecules, both of the surrounding space and of various
particles adsorbed on the rocket surface, are present in the boundary
layer near the rocket surface (Johnson & Keppner, 1956).

2. At high altitudes above the Karman line, a powerful charging of
rockets and spacecraft occurs (Gretchikhin, 2018a).

3. During the reentry, the heat-protective coating burns at the first
and the second cosmic velocities (Gretchikhin, 2018c).

4. There is a loss of radio communication with descending Earth
satellites aircraft at altitudes of 80-20 km (Gretchikhin, 2016, and
Gretchikhin, 1986).

5.In the free-molecular and transient flow regimes, the
"Gretchikhin's effect" occurs (Gretchikhin, 2018a), (Gretchikhin, 2018c),
(Gretchikhin, 2016), (Gretchikhin, 1986) and (Gretchikhin, 2003).

6. When charged bodies fly in the process of interaction with a
physical vacuum, friction occurs (Gretchikhin, 2018b), which prevents
flights in deep vacuum.

7. During aircraft reentry with a second or higher cosmic velocity, a
cascade of explosions of the boundary layer occurs (the Chelyabinsk
meteor).

Some of these problems are solved and practically used, but most of
them require in depth studies or creation of new theories, identification of
new properties and making new discoveries. Let us take a closer look at
the level at which a particular problem has been solved and outline the
ways to improve them.

Negative ions on the surface of the condensed matter

The condensed matter in the form of a solid body consists of
clusters. Clusters are formed by diatomic or triatomic molecules. In a
solid, the interaction of clusters determines a different crystal structure
with its distribution of atoms within the crystal. Between the clusters, a
free space is formed, in which the initial particles of matter, which
perform translational movement between the clusters, are located. The
density of particle-particle packing in the cluster corresponds to the
crystal packing density (0.68-0.74). The packing density of free matter
particles in the intercluster volume is 0.44-0.47 (Elanskij, 1991). This is
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an experimental fact obtained using the molecular dynamics method
together with the X-ray diffraction analysis.

In the formation of cluster structures, the valence electrons of
molecules and atoms are generalized and create a cloud of free
electrons. Previously, it was believed that the electrons in such a cloud
follow the Fermi-Dirac distribution by energies. This is a rather rough
representation. Experimentally, the distribution of free electrons by
energies for a number of metals was obtained using the X-ray diffraction
analysis. For example, Figure 1 shows such a distribution for an
aluminum crystal, obtained from the K- and L-bands of characteristic X-
ray radiation. The theory of this phenomenon is developed and presented
in works (Gretchikhin, 2004) and (Gretchikhin, 2008). The calculation
results are shown in Fig. 1 for aluminum and in Fig. 2 for chromium.

1.0 Irnl

b

k3 =

g, eV

Figure 1 — Distribution of the electron density of valence electrons by energies for
aluminum:
1 — theoretical calculation;
2 — theoretical calculation taking into account the U-shaped hardware broadening with an
energy of 0.05 eV;
3 — experimental distribution from the L-band and 4 — from the K-band

Puc. 1 — PacnpedeneHue 3reKkmpoHHOU Mr0mHOCMU 8a/1€HMHbIX 3/1EKMPOHO8 10
aHepausim 0515l armoOMUHUS:
1 — meopemuyeckuli pac4yem;
2 — meopemuyeckuli pacdem ¢ yyemowm [1-06pa3Ho20 arnnapamH{ozo yWupeHus ¢
aHepeauel 0,05 aB;
3 — akcnepumeHmarnsHoe pacrnpedeneHue u3 L- nonocs! u 4 — u3 K-rnonocsl

Cnuka 1 — PacrnioOena efleKmpoHCKe 2ycmuHe 8aneHmHUX efleKmpoHa o eHepaujama
3a anyMuHUjym:
1 — meopujcku npopayyH;
2 — meopujcKu rpopayvyH Koju y3uma y ob3up npowupusarbe xaposepa l1-obnuka
eHepaujom 00 0,05 eV;
3 — ekcriepumeHmarnHa pacnodena u3 3oHe J1u 4 — u3 3oHe K
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Figure 2 — Distribution of the electron density of valence electrons by energies
for chromium:
a) — clusters of diatomic molecules;
b) — clusters of triatomic molecules (the dotted line shows the distribution
obtained using the band theory of metals)
Puc. 2 — PacrnipedernieHue 311eKmpoHHOU MI0MHOCMU 8areHMHbIX 3/1eKMPOHO8 M0
Hepausim Orisi Xpoma:
a) — krnacmepbi U3 08yXamoOMHbIX MOMEKYI1;
6) — knacmepbl U3 MpexamoMHbIX MOJIEKY/ (MyHKMUPOM roKa3aHo pacripedeneHue,
roy4yeHHoe ¢ MpUMeHeHUeM 30HHOU meopuu Memarisos).
Cnuka 2 — Pacriolerna efleKmpoHCKe 2yCmUuHe 8a/1eHMHUX efleKmpoHa o eHepaujama
3a Xpowm:
a) knacmepu 080amMOMCKUX MOsIeKyna;
6) krTacmepu mpoamoMcKUX Moriekyna (ucripekudaHa JluHuUja rnokasyje pacrnooerny
dobujeHy kopuwherwem meopuje 30Ha Mmemara)

The electron density distribution varies depending on the type of
cluster structures. This is clearly seen for chromium when clusters are
formed by diatomic or triatomic molecules (Fig. 2). As a result of this
phenomenon, a double electric layer is formed above the crystal surface.
If the atoms of a crystal have an affinity for an electron, then, on the
surface, they capture electrons from the double layer and remain in the
form of negative ions. This fact was experimentally established and
described in works (Gretchikhin, 2019) and (Shmermbekk et al, 2020).
When such a crystal is placed in a vacuum, then due to thermal
emission, free negative ions will appear on the surface of the crystal,
which was discovered when the first rockets were launched into space
(Johnson & Keppner, 1956).

Under the influence of the incoming flux of neutral atoms and
molecules of the environment, negative ions leave the surface of the
solid body, and a double electric layer is created with the laying of a
positive potential on a moving object in space. There is a spacecraft
charging phenomenon.
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Spacecraft charging in space

At high altitudes, artificial Earth satellites (AES) fly in the free-
molecular flow regime. The atoms and molecules of the environment
bombard the surface of the aircraft. At high altitudes, oxygen atoms are
present in a fairly large amount in the Earth's atmosphere. Due to
physical adhesion, oxygen atoms surround the surface of the aircraft and
create an oxygen film. Under the action of the incoming flux, the atoms of
the incoming flux are exchanged with oxygen atoms, which leave the
surface of the aircraft in the form of negative ions. As a result, the aircraft
surface is positively charged. The charging theory was developed and it
was found that the induced potential on the surface of the aircraft flying at
altitudes above 1.000 km can reach approx. 1.5 kV. This potential
disables all the electronics of the artificial Earth satellite through the
common wire. During the first flights of the AES, this phenomenon was
observed. It was necessary to put electrostatic sensors on the satellites
and compensate for the satellite potential. Now this is all in the past,
when, in the initial period of space exploration, it was not clear why
satellites fail at high altitudes.

Burning of heat-protective coating at the first and
second cosmic velocities

With the development of rocket technology, the space development
began. The aircraft return from space takes place at the first cosmic
velocity of approx. 7.5 km/s, and at the second cosmic velocity, it is
approx. 11.2 km/s. At such velocities, powerful shock waves occur. The
air is heated to high temperatures behind the shock wave. Various heat-
barrier materials were used to protect descending spacecraft from the
effects of emerging heat fluxes. For the first cosmic velocity, pyrolytic
graphite with a thickness of up to 5 cm was used in the front hemisphere.
This thickness was sufficient, since the thermal-protective coating of no
more than 3 cm in size burned out.

During the spacecraft reentering at the second cosmic velocity, the
heat-protective coating should be destroyed more intensively. The
problem appeared: how can descending spacecraft be safely retrieved
under such conditions? The temperature is very high in the emerging
shock wave. Intense convective and radiative heat transfer occurs.
Without taking into account the effects of negative ions, the theoretical
calculation has allowed to establish that the thickness of burn-out of the
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thermal-protective coating can be approx. 2 m. This result was shocking.
Then the effects of negative ions had to be taken into account.

lonization of negative ions produces an intense flux of electrons to
the surface of the thermal-protective coating, and in combination with the
radiative and convective heat flux forms such a net energy flux that an
explosion of the skin layer occurs. At this moment, heat stops coming to
the spacecraft surface. The theory of such a phenomenon was
developed and the calculations performed showed that the heat-
protective coating at the second cosmic velocity should burn less than at
the first cosmic velocity. After a circumlunar flight followed by the descent
of the spacecraft at the second cosmic velocity, the thickness of the
burned-out thermal-protective coating turned out to be approx. 2 cm,
i.e.less than at the first cosmic velocity with burn-out thickness of
approx. 3 cm. The combustion of the heat-protective material at the
second cosmic velocity does not occur continuously, but in separate
explosive pulses, and they shield the heat flux to the surface of the
spacecraft.

Loss of radio communication with the descending spacecraft

The first launchings of geophysical rockets of the R-1, R-2, and R-5
type in the USSR allowed establishing that the loss of the radio
communication occurs at the most important section of the rocket
descent from flight altitudes from 80 km to 20 km. From 1959,
preparations for a human flight into space began. However, the main
obstacle to the implementation of such a flight was the lack of reliable
radio communication in a particularly dangerous area of the flight, where
powerful shock waves occur, and radio communication is lost.
Theoretical calculations of the plasma parameters under the influence of
aerodynamic heat fluxes showed that communication in the meter range
of radio waves should not be disrupted. In the event of a breakdown of
communication flight segment when entering dense layers of the
atmosphere, where powerful shock waves are formed, a person cannot
be launched into space. Burning of the heat-protective coating consisting
of pyrolytic graphite began to be studied.

When the satellite descends at the active part of the flight, the air
behind the shock wave heats up to a temperature of over 1.000 K with a
maximum at the first cosmic velocity of up to 10.000 K, and at the second
one — up to 15.000 K. At such high temperatures, the heat-protective
coating in the form of pyrolytic graphite is intensively destroyed. The
phenomenon of ablation occurs. The destruction products of duralumin

612



contain triatomic molecules, for which the electron affinity is approx.
1.785 eV. In case of graphite destruction, the emission occurs mainly of
nitrogen dioxide and triatomic molecules, which have an electron affinity
of 2.42 and 2.5 eV, respectively (Babichev et al, 1991), and, therefore,
mainly leave the satellite surface in the form of negative ions. As a result,
a double electric layer appears at the surface of the satellite, within which
plasma with a high concentration of charged particles corresponding to
an arc discharge is created. The calculation of the charged particles
concentration for the descending spacecraft in the form of a ball with a
radius of 1 m is shown in Fig. 3 (Gretchikhin, 2016). If radio
communication is carried out in the meter or decimeter wavelength
range, then, starting from an altitude of 80 km, it completely stops.
To ensure that radio communication is not disrupted, there are two
possibilities: either to introduce a substance with a low ionization energy
(alkali metals) into the double electric layer, which will sharply reduce the
plasma temperature and stop the ionization of negative ions, or to
impose a magnetic field on the plasma of the double layer. The first
possibility is simpler and was therefore applied, but without much
justification.
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| |
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Figure 3 — Electron concentration of the double electric layer (1) and the flight velocity (2),
depending on the altitude of the satellite's descent at the first cosmic velocity
Puc. 3 — KoHueHmpauyusi anekmpoHo8 080UiHO20 anekmpuyeckozo crosi (1) u ckopocmb
rnoniema (2) 8 3agucuMocmu om 8bICOMbI CHUXEHUST CIymHUKa rpu rnepeoli KoCMu4eckoul
ckopocmu
Cnuka 3 — KoHueHmpauuja enekmpoHa 08o0cmpykoe eflekmpuyHoe croja (1) u 6p3uHa
nema (2) y 3asucHocmu 00 HaOMOpPCKe 8UCUHe Criywmarba camenuma rnpeom
KOCMUYKOM Bp3UHOM
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When an artificial Earth satellite reenters at an altitude of 50 km, the
flight velocity reaches approx. 7.5 km/s. Radio communication with the
satellite is carried out at the frequency f of approx. 640 MHz, for which
the critical concentration of charged particles is 5.076-10"° m™.

In order for the radio signal to pass completely through the plasma,
the concentration of charged particles in the double electric layer must be
by an order lower, i.e. 5.076-10" m™. In reality, the concentration of
charged particles in the double electric layer at an altitude of 50 km is

n, ~2-10" m® at a plasma temperature of 4,000-3,000 K. The plasma
frequency is equal to f,= 4-10° Hz. Therefore, the frequency of

6.4-10°Hz from the plasma with a concentration of 7, ~2-10" m™ will

be completely reflected. For radio communication, it is necessary to clear
the plasma, which was practically implemented by introducing a liquid
crystal coolant into the combustion zone.

The introduction of a liquid crystal coolant into the front hemisphere
of the descending AES aircraft is schematically shown in Fig. 4. In case
of continuous flow in the front hemisphere of the AES 1 moving at
supersonic speed 4, a shock wave 2 occurs. The normal shock has
the form of a circle with a diameter equal to the size of the descending
spacecraft. The shock wave backout is approx. 17+25 cm. In the process
of injection of a liquid metal coolant, the shock wave is straightened.
The shock wave backout increases slightly, and the Mach cone
increases in size. The resistance to movement increases noticeably. The
temperature behind the shock wave decreases due to an increase in the
gas density and due to the course of endothermic chemical reactions.
This is the active thermal protection for supersonic aircraft. The decrease
in temperature due to an increase in the gas density can be ignored,
since usually a small portion of foreign matter is injected, which also
leads to a relatively weak shock wave backout from the streamlined
body. Consequently, the cooling of the gas behind the shock wave with
active thermal protection occurs mainly due to the course of endothermic
chemical reactions. In aviation, a sodium-potassium alloy is used as a
liquid metal coolant. The mass of potassium is 77.2 % and the mass of
sodium is 22.8 %. This alloy has a melting point of minus 12.8 ‘C and a
high heat transfer coefficient. What is the reason for this?
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Figure 4 — General scheme of injection of the coolant into the front hemisphere:
1 - AES; 2 — shock wave before the injection of the coolant; 3 — after the injection of
the coolant; 4 — speed of AES movement; 5 — speed of the injection of the coolant;
6 — hole for the injection of the coolant

Puc. 4 — Obwas cxema erpbicka meroHocumerns 8 nepedHot nosycgepy:
1 - UC3; 2 — ydapHas eornHa 00 eripbicka mernioHocumerns; 3 — nocre ernpbicka
mennoHocumernsi; 4 — ckopocmb 08uwxeHusi UC3; 5 — ckopocmb ernpbicka
mennoHocumerns; 6 — omeepcmue 01151 8rpbICKa MernioHoOCUMers

Cnuka 4 — Onwma wema ybpuszasarba pacxnadHoa cpedcmea y rnpedmy xemucgepy:
1 — eewmayku camenum, 2 — ydapHuU marnac rpe ybpuszagara pacxsadHoe cpedcmea;
3 — nocne ybpuszasara pacxnadHoe cpedcmea; 4 — 6p3uHa Kpemara 8elWmaykoa
camenuma; 5 — 6p3uHa ybpuszasara pacxnadHoz cpedcmesa; 6 — omeop 3a
ybpu3seasar-e pacxnadHoe cpedcmea

In the liquid state, at the melting point, the bonds between the
cluster formations are broken, and at the boiling point, the cluster
formations break up into individual molecules. In the solid state, sodium
and potassium form a volume-centered structure. This structure is
formed by diatomic molecules. The standard enthalpy of atomization at
25 °C is 91.7 kJ/mol for sodium and 90.3 kJ/mol for potassium.
At a temperature of 298 K and even at atemperature of 3.000 K, the
decomposition of diatomic molecules Na, and K,, which have
a dissociation energy of 0.75 and 0.5 eV, respectively, into individual
atoms is very unlikely. When a volume-centered cluster decays, it is
necessary to break 8 pairs of bonds between diatomic molecules. Taking
this into account, itappears that the bond breaking between
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the molecules in the sodium and potassium cluster is 0.119 and
0.117 eV, and on average, one molecule of potassium or sodium
accounts for approx. 0.059 eV.

For a heat-protective coating at a temperature of 3,000 K, ionization
of negative nitrogen dioxide ions and triatomic carbon molecules occurs.
The degree of their ionization decreases by an amount of

7=5.076-10"/2-10" =2.54.10°. The temperature at which the degree

of ionization decreases by 2.54:10° is determined from the Saha
equation

A _ 32 exp(— E4 J , (1)

n k,T

where, Inc¢'=15,38 EA = 2.5 eV, kg is the Boltzmann constant, and n,,

n, n, are the concentrations of electrons, ions, and molecules,
respectively.

Based on (1), a decrease in the degree of negative ions of triatomic
carbon molecules ionization to 2.54-10 will occur at a temperature of
1,440 K. This temperature is higher than the boiling point of sodium and
potassium. Therefore, clusters of sodium and potassium will not form.
The air density behind the shock wave front at an altitude of 50 km

-1
p=p |y 2 12 ~7.49-10°° kg/m®. 2)
y+1 y+1M

The number of particles per volume unit will be approx.
3.032:10%® 1/m®. Each particle of air reduces its kinetic energy by the
amount of k,T,—k;T, =~0.143 eV, and the number of sodium or
potassium molecules that will provide such a reduction in energy equals
to N =0.143/0.059~ 2,424 . Then the value of the coolant mass, which
will reduce the temperature to 1.440 K, will be

Am = pNMrR*A ~ 0.0463 kg, (3)
that is, only 46.3 grams of a liquid crystal coolant.

At the first cosmic velocity, the emission of negative ions from the
surface of the heat-protective coating due to the course of catalytic
reactions is not sufficiently intense. However, the energy flux that free
electrons transfer due to the ionization of negative ions to the surface of
the satellite should not be neglected when the spacecraft is moving at
either the first or the second cosmic velocity.
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Interaction of artificial Earth satellites with
the environment in the free molecular flow regime.
Gretchikhin's effect

Starting from altitudes of 100 km and above, the continuum flow
changes to the free-molecular regime. In this flight mode, in 1969, the
phenomenon of emission of negative oxygen ions with the formation of a
double electric layer was predicted, in which powerful violet-blue
luminance was formed in the front hemisphere around the AES to flight
altitudes of 500 km with a maximum at an altitude of 110-140 km, mainly
in the Earth's shadow zone. In 1971, during the emergency descent of
the Soyuz-10 spacecraft in the Earth's shadow zone, cosmonauts
visually observed this luminance.

On the basis of theoretical calculations of the thickness of the double
electric layer at different altitudes of flight, the concentration of electrons
and their energy distribution function were obtained. Based on this, the
nonequilibrium radiation of this layer in different spectral lines and
molecular bands of nitrogen and oxygen is calculated. The calculation
results for a ball with a radius of 1 m moving at a speed of 7.5 km/s are
shown in Fig. 5. The luminance of the double electric layer at altitudes
below 180 km significantly exceeds the luminance of the daytime sky and
even the polar glows. At a flight altitude of approx. 120 km, the
nonequilibrium luminance is comparable to the amount of solar radiation
in the range of 400-500 nm (approx. 9.6 W/m?av). The luminance
changes according to the cosine law depending on the angle of attack.

The maximum energy value of the nonequilibrium luminance
corresponds to the flight altitude of approx. 110 km both in the Earth's
shadow zone and in the illuminated zone. In the Earth's shadow zone,
the Meynel bands and the first negative system of nitrogen molecules at
an altitude of 120+140 km give a clearly defined maximum and have the
highest radiation energy.

In accordance with the predictions of the theory, full-scale
measurements were carried out on the long-term space station "Salyut-
4", specially developed in 1974 by the photometric equipment SFM-4M.
At a flight altitude of 350 km, luminance was detected that corresponded
in brightness to the theoretical calculation in the spectral lines of oxygen,
nitrogen, and in the molecular nitrogen band. The cosine distribution of
the luminance over the angle of attack is obtained, as predicted by the
theory. The results of these calculations are shown in Figure 5.
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Figure 5 — Calculation of the height range of the brightness of nonequilibrium luminance
in comparison with experimental data
Puc. 5 — Pac4yem ebicomHo20 xoda sipKocmu HepasHO8EeCHO20 C8EYEHUS 8 CPasHeHUU
C 3KcriepumMeHmarsibHbIMU OaHHbIMU
Cnuka 5 — U3padyyHasarbe oriceza jayuHe HepasHOMeXHe cjajHocmu y rnopehery ¢
eKkcriepuMeHmarsnHum nodayuma

Similar results in the United States were obtained on the Shuttle,
STS-41, and Spacelab-1 spacecraft (McMahon et al, 1983) and (Prince,
1985) ten years later. The results of these measurements, which
coincided with the theoretical calculation, are also shown in Figure 5. The
explanation of the observed frontal luminance by chemiluminescence
Prince (Prince, 1985) and Engebretson and Hedin (Engebretson &
Hedin, 1986) and the Papadopoulos discharge model (Papadopoulos,
1983) is not able to withstand criticism.

Another phenomenon caused by the interaction of a solid body with
particles of near-Earth space with the participation of negative ions
should be noted. Under dynamic equilibrium conditions, the flow of
ambient electrons is partially compensated by the flow of negative ions
that escape into the surrounding space. As a result of the chemical
reactions of negative ion ionization, superthermal electrons with an
energy in the range of 0.4...3.6 eV appear. Such electrons lead to the
effective excitation of the energy levels of atoms and molecules,
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the spontaneous emission of which for forbidden oxygen lines is
significantly delayed. Therefore, at some distance from the spacecraft, a
pink-red halo should appear, and the satellite trail should also have the
same color. A pink-red halo was indeed detected with a maximum at a
distance of approx. 1 m from the spacecraft (Papadopoulos, 1983).

In outer space, plasma and ion engines are used to perform various
maneuvers. When such engines are running, the spacecraft is negatively
charged to significant potentials. The movement of a charged body in a
vacuum has a noticeable friction. Let us consider this phenomenon in
more detail.

Interaction of charged particles with vacuum

When charged bodies move in vacuum, their kinetic energy
decreases due to the vacuum polarization (Gretchikhin, 2018b).
Spacecraft that use plasma or ion engines are effectively charged, and
there is noticeable friction against vacuum. A charged spherical body
with the radius R when moving in vacuum creates a spherically
symmetric electric field, and this field polarizes the quantons” of the
physical vacuum. As a result, at a distance r from the charged body in

the spherical volume 47zr2dr element, each quanton is polarized to form

a dipole electric moment. The energy spent on creating such a dipole will
be

AU=-p E.. )

where P, is the induced dipole electric moment of the quanton and £,

is the electric field strength generated by a charged cosmic body. An
increase in the intensity of the external field increases the internal energy
of the quanton, and a decrease in the external field leads to dipole-dipole
radiation of the quanton energy into the surrounding space.

The mechanism of such friction has yet to be studied in detail.
It is especially important to justify the influence of negative ions on

the processes of energy release in the boundary layer during the
launching and the reentry of spacecraft.

Y Full justification of the quanton is given in work (Gretchikhin, 2016).
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Explosion of the boundary layer. Gretchikhin's theory

During the exploration of space, there was a problem of retrieving
spacecraft reentering the Earth's atmosphere at the first and the second
cosmic velocity. The formation of powerful shock waves leads to a
noticeable heating of the surface of the descending spacecraft due to
convective and radiative heat exchange with the high-temperature gas
behind the shock wave. To ensure the safety of the descending
spacecraft, a heat-protective coating was used, the destruction of which
did not allow heat energy to penetrate into the spacecraft. A mixture of air
heated by the shock wave with debris of the thermal-protective coating
emerges between the shock wave and the surface of the descending
spacecraft. The chemical reactions taking place in such a mixture have
been beyond our vision for a long time.

Depending on the type of the chemical reaction (endothermic or
exothermic), additional cooling or heating of the heated air behind the
shock wave takes place. Exothermic reactions with the release of energy
are especially dangerous. Therefore, let us have a closer look at
the dynamics of the destruction of the descending spacecraft surface
determining the number of atoms and molecules that mix with the heated
air behind the shock wave, and how much energy is released in various
exothermic reactions. It is necessary to find out what energy is released
and how it will affect the dynamics of the descending spacecraft flight. It
is important to find out what happens when space bodies descend at the
first and, especially, at the second cosmic velocity.

When a spacecraft descends from the orbit, a shock wave begins to
form at an altitude of approx. 80 km. As the altitude decreases, the
velocity increases slightly, reaching a maximum at an altitude of 40 km.
The change in flight velocity with altitude for the descending Soyuz series
spacecraft is given in Table 1. Flight velocities are much higher than the
velocity of sound. In this case, the density, pressure, and temperature of
the gas in the shock wave can be determined by the formulas
(Gretchikhin et al, 2012).
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Table 1 — Parameters of the air behind the shock wave at the first and second cosmic

velocity

Tabnuya 1 — lNapamempsbi 8030yxa 3a yOapHoU 8onHoU npu nepsoll u 8mopol
KOCMUYECKUX CKOpOCMSIX

Tabena 1 — lNapamempu ea3dyxa u3a ydapHo2 manaca rnpu rnpeoj u dpy20j KOCMUYKOJ

6p3uHu
P ¢ Altitude, km
arameters 40 50 60 70 80

First cosmic
velocity, M 22.35 23.82 25.34 25.80 26.42
Second cosmic 33.92 35.56 37.04 38.11 39.39
velocity, M
Density, p/ p 5.940 5.947 5.954 5.955 5.957

’ © | 5974 5.976 5.978 5.979 5.981
Density, p/ p 584 663 750.1 777.6 815

’ © | 1.343 1.476 1.602 1.695 1.811
E:glf(')‘u‘;"gﬁance 0.112 0.112 0.1119 01118 0.1118
o 1 0.1115 0.1115 0.11147 0.11145 0.1114
Temperature at 25.746 27.532 29.357 28.595 28.057
the wave front, K | 58.913 61.013 62.423 62.096 62.081
Temperature of
the shock- 6.437 6.883 7.339 7.149 7.014
compressed gas, | 14.728 15.253 15.606 15.524 15.520
K
Effective
temperature of 6.434 6.880 7.337 7.146 7.012
the compressed 14.725 15.250 15.602 15.521 15.517
gas, K
Convective heat | 2.01-10’ 5.48-10° 2.24-10° 3.85-10° 5.57-10*
transfer, W/m? 7.78-107 1.82:10" 7.735-10" | 1.24-10° 2.02:10°
Penetration 7.51-107 1.98:-10° 7.81-10° 1.36:10° 2.00-10™
depth, m 0.169 4.395-102 | 1.68:107 3.00-10° 4.45-10°
Radiative heat 4.86-10° 6.35-10° 8.21-10° 7.39-10° 6.85-10°
transfer, W/m? 1.33-10° 1.533-10° | 1.68-10° 1.65-10° 1.64-10°
Electron flux heat | 2.56-10’ 6.98-10° 2.85-10° 4.90-10° 7.09-10*
transfer, W/m? 8.9-107 2.31-10" 8.86-10° 1.56-10° 2.34-10°
Pressure in the
boundary layer, 5.485:10"° 1.62:10"° | 5.938:10° | 7.088-10° | 1.059:10"
Pa
Energy released | 4 177405 | 1002:10° | 1.096-10° | 1.367-10° | 1.921-10°

on the surface, J
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y+1 y+1M? y+1 Yo,
where 7 is the ratio of the specific heat capacities of the gas at constant

volume and constant pressure; M is the Mach number. Specific
calculations for a sphere with a radius of 1 m at different altitudes are
given in Table 1. Directly in the front of the shock wave at all altitudes
of flight in the compression shock wave, the temperature is very high.

The backout distance of the shock wave from the nose of a
hypersonic vehicle of a given geometry for a direct shock wave can be
determined as follows (Gretchikhin et al, 2012):

-1
A:R'O_"O 1_'0_°°+ §'0_°° ] (6)
p p \3p

High temperatures behind the direct shock wave cause significant
heating of the air atmosphere. Diatomic molecules of nitrogen and
oxygen completely dissociate. Since this requires energy, the
temperature in the shock wave decreases. The number of particles
doubles. Also, the ionization of oxygen and nitrogen atoms takes place,
which leads to a decrease in the adiabatic index. Taking into account the
dissociation process, the temperature of the air behind the shock wave
(Zeldovich & Raizer, 1966) is

P
1,=1,2=" ¢

p P,

At temperatures above 10.000 K, nitrogen and oxygen molecules will
dissociate completely, and then « =0.5. As a result of ionization, the air
temperature will decrease due to the formation of plasma. Then
(Zeldovich & Raizer, 1966)

T
— (7)
-7
For dry air at a temperature of 2,000 K, the adiabatic index is
y =1.088 . For higher temperatures, we can assume y ~ 1.

The results of calculation according to (7) are shown in Table 1. The
temperature of the shock-compressed gas is high, and such a gas should
be considered as plasma. Charged particles are produced in plasma as a
result of ionization of predominantly negative ions. Therefore, thermal
energy is transferred to the surface of the descending spacecraft due to
convective and radiative heat transfer, as well as due to the flow of

-1
pzpw(y_l—i— 2 1) : P:Pw[1+2—7/M2J; T:Top—°°Pi (5)

Loy ®
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electrons when passing through the electrical double layer. The input
data on the energies of dissociation of diatomic molecules, the
detachment of atoms in triatomic molecules, and the electron affinity for
aluminum are given in Table 2.

Table 2 — Energy of dissociation and electron separation in a negative
aluminum ion

Tabnuua 2 — Hepeus duccoyuayuu
U ompbi8a 3/1eKmpoHa 8 ompuuamesibHOM UOHE artoMUHUS

Tabena 2 — EHepauja ducoyujayuje u cenapayuje enneKmpoHa y He2amueHOM jOHY

anymuHujyma

Atoms, Energy, eV
molecules dissotiation electron

of detachment
Aly ~ 0.406 ~1.785
A[Z— 2.0 2.42
Al (3P) - 0.44
Al” (1p2) | - 0.33
AlO. 5.14 3.6
Alg ~2.51 4.1

The "~" symbol means that this value is obtained by extrapolation

Convective heat transfer

In convective heat transfer, energy is transferred by the collision of
heated gas particles with the surface of the spacecraft. Each solid is
formed by an intercluster lattice structure. The clusters themselves are
formed by diatomic or triatomic molecules. What are clusters of diatomic
molecules with experimental justification is considered in (Gretchikhin et
al, 2015a) and of triatomic molecules in (Gretchikhin et al, 2015b).
Aluminum clusters are formed by triatomic molecules as shown in Fig. 6.
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Figure 6 — Cluster of triatomic molecules:
a) theoretical calculation; b) experimental confirmation
Puc. 6 — Knacmep mpexamoMHbIX MOMeKyIl:
a) meopemuyeckuli pacyem; 6) aKcriepuMeHmarnbHoe U3MepeHue
Cnuka 6 — Knacmep mpuamoMCKuUX MOfieKyrna: a) meopujcKo uspadyyHasar-e;
6) ekcriepumeHmarHa nomepda

The main cluster is highlighted in the center, and the highlighted
triatomic molecules have broken bonds in diatomic molecules. As a
result, some triatomic molecules in the center have an excess negative
charge, and others — a positive charge. In Fig. 6, these molecules are
shown in different colors. The clusters are flat and interact with each
other by cohesion, and the solid resembles a layer cake. The formation
of clusters occurs by combining the molecules of the first and the second
coordination layers (Gretchikhin, 2004) and (Gretchikhin, 2008). The
energy from the heated gas is transferred to the spacecraft surface by
the collision of air molecules with the solid clusters. Thermal random
velocity of the heated air

where k, is the Boltzmann constant, T, is the temperature of shock-
compressed air, and m, is the average weight of air molecules.

Only 1/6 of air molecules collide directly with the surface. The
molecules collide with the clusters of the solid. In convective heat
transfer, only the surface layer of cluster formations is excited. Clusters
of aluminum are formed by triatomic molecules, producing a face-
centered crystalline structure. Since there is a hollow in the center of a
cluster, which does not receive the impacts of external particles, only
9/10 of the total flow of external particles acting on the surface of the
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spacecraft is received. The second coordination layer of the cluster is
destroyed before the melting temperature is reached, and the first
coordination layer is destroyed after the melting temperature is reached.
Near the boiling temperature, the number of molecules in a cluster is
approx. 6 (Gretchikhin, 2008). When air molecules collide with clusters
on the surface of a solid, the energy transfer ratio is (Gretchikhin, 2004)

4m, mg
= 9)
(ma + mS)

where 1, is the weight of a solid cluster and 7% is the average effective
mass of air molecules in the atomic form equal to approx. 29/2.

Taking into account (8) and (9), the convective energy flux to the
solid surface is

9 3
J. = , 10
c =120 PV (10)

where © is the density of the air behind the shock wave front.

Energy is transferred to the area of one molecule of a solid body
E =%Jcﬂrmz . (11)

m

The radius of a triatomic molecule 7, z2-1551”6, and 7, is the
radius of an atom of the solid, obtained by the radiographic method. At
each altitude, an aluminum object loses its weight to a depth

dh=2r, En. (12)
E

c8.

where Em is the molecular bond energy, determined by the boiling

temperature. For aluminum, this value is 3.389:10%° J. The results of
calculation of the depth of complete dissociation of the main clusters
according to (12) are given in Table 1. It takes only % of the total heat
flux in convective heat transfer. The remaining part of the convective
energy flux is absorbed by intercluster hollows preventing the noticeable
destruction of the solid (see Fig. 6).

As a result of destruction, the total number of triatomic aluminum
molecules is formed as negative ions

N, =2zr2dnfa (13)

m,
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and the concentration of negative ions of triatomic aluminum molecules
in the shock-compressed gas

ny = . (14)

The temperature of gas of triatomic aluminum molecules is equal to

the boiling temperature, i.e. Zmn =2,743 K.

The total number of air molecules in the shock-compressed air
behind the shock wave

N, =2zr’dhplm,, (15)

and the molecules are at the temperature determined according to (7).
The average effective temperature will be

T3(1,,1,. Z(Tmm.NAl +TONaJ' (16)

N, +N,
At this temperature, the following aluminum combustion reactions
occurs:

Al; + 0 & Al + AIO +e+1.134 eV; Al,+0 < Al+ AIO +3.14 eV

Al+0 < Al0 +5.14 V.
(17)

The total energy released during the complete combustion of
triatomic aluminum molecule is 9.414eV, and the energy of the electron
gas corresponds to the effective temperature of the plasma determined
according to (16). The electron gas ionizes negative ions of aluminum
molecules by electron impact:

Al +e<= Al + 2e. (18)

In this case, the temperature of the electron gas is (Gretchikhin &
Kudrjashov, 1970)

T, =0.55-14-11600=11388 K. (19)

The electron gas produced from the ionization of negative ions is
nonequilibrium. Consequently, the plasma of the shock-compressed gas
at such temperatures of the electron gas and a sufficiently high
temperature of the atomic gas has a noticeable radiation capacity. In this
case, radiative heat transfer must be considered.
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Radiative heat transfer

For dense plasma, the radiation of individual atoms and molecules
from the inner layers is intensely absorbed inside the plasma, and
thermal radiation can be considered as black body radiation, taking into
account the emissivity factor. For evaluations, let us assume that the
emissivity factor « = 0.5. Then

Jy :Ko'szlil)q;.’ (20)

where o, =5.67-10°W.-m K™ is the Stefan constant.

The results of the obtained radiant energy fluxes at different altitudes
are given in Table 1. The energy flux in radiative heat transfer penetrates
through the solid to the skin layer depth. If the solid receives external
radiation, then the thickness of the skin layer can be determined
according to the formula (Gretchikhin, 2016):

Ap = /P_a, (21)
’ T fu

where £ is the electromagnetic radiation frequency, 4 is the magnetic

permeability, and 0, is the electrical conductivity of the solid.
In formula (21), the frequency of thermal radiation f corresponds

to the maximum of the radiation flux density distribution function per unit
frequency interval according to the Planck formula. Therefore, the
obtained specific values of the absorption thickness appeared to be
much smaller than the thickness of the aluminum cluster. This means
that all incident radiation is completely reflected from an aluminum
surface with a close-packed structure (Fig. 6b). The absorption of the
radiant flux takes place in the defects of the crystalline structure and in
the centers of cluster formations. For an ideal surface, absorption occurs
only by the centers of cluster formations and is approximately 1/12, and
as the surface transits to the liquid state, the ratio of the absorbed radiant
flux energy increases, and the radiant flux contributes to the destruction
of both a metal and a dielectric moving object.

With the emission of molecules with electron affinity from the
spacecraft surface, an electric double layer is formed. At some distance,
negative ions are ionized, and the produced electrons, passing through
the potential difference of the double electric layer, bombard the surface
and additionally increase the energy flux to the spacecraft surface.
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Electron impact energy flow

Negative ions from the aluminum surface are emitted in the form of
triatomic molecules at the boiling temperature. lonization of negative ions
of aluminum molecules takes place due to the occurrence of reactions
(17) and (18). Both reactions take place in the gas-vapor phase. As a
result of the emission of negative ions from the aluminum surface, the
electric double layer is formed. The potential difference in the electric
double layer is determined by the molecular energy at the boiling
temperature. For aluminum, the potential difference of the double layer is

kaKun. V (22)

e

AU =

The flux of energy carried by electrons to the aluminum surface will
be

Je = n;lvekb]—; (23)

un

and the total energy transferred to the surface by electron impact will be
AE, =J,2xr?dh. (24)
The resulting energy on the metal surface of the incoming solid is
the sum of the convective and electronic heat transfer,
i.8.AE = AE, + AE, .

The pressure that arises in the boundary layer is

_AE
27r®dl

(25)

The values of pressure arising in the boundary layer at different
altitudes are given in Table 1. Such pressures occur during the explosion
of explosives (Gretchikhin, 2008). The explosion in the boundary layer
has such high intensity that the entire structure of the spacecraft breaks
down into small parts. This process is shown in Fig. 7 and Fig. 8
(Gretchikhin, 2008).
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Figure 7 — Fracture pattern in a glass plate exposed to an explosion pressure
of 2.8:10° Pa
Puc. 7 — MsobpaxeHue pa3pyweHUs1 CMeKssHHOU nnacmuHbl nod 0asneHueM 83pbiea
2.8:10° Pa
Cnuka 7 — HayuH fioma cmaksieHe nroye U3fioxeHe npumucky ekcrsioauje o0

2,8%X10° Pa

Figure 8 — Meteor flight path, Chelyabinsk, 2013:
1 — the 1st explosion — cracking;
2 — the 2nd explosion — breaking up into separate parts;
3 — the 3rd explosion — the most powerful explosion: the component parts are scattered
over long distances from each other

Puc. 8 — BxoxxdeHue memeopa nod YenssbuHckom, 2013:
1 — nepsbili 83pbi8 — pacmpecKkusaHue;

2 — emopoli 83pbie — pazderieHUe Ha omoesbHble Yacmu;

3 — mpemud 83pbig — Hauboree MOWHbIL: cocmasHble Yacmu pa3bpacbieaem Ha

bonbwue paccmosiHusi dpye om Opyaa

Cnuka 8 — lNymar-a nema memeopa, YerbabuHck, 2013:

1 — npea ekcnnosuja — nyyaH-e;
2 — Opyaa ekcnno3uja — pacriadarbe Ha 0erose;
3 — mpeha, HajcHaxHUja eKcro3uja — pacejagame hpacMeHama Ha 8elUKUM
ylGarbeHocmuma
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A sublimation spot appears in the explosion center. An explosion on
the surface of a solid causes not only sublimation, but also cracking of
the entire array in the form of radial cracks, as well as formation of
cylindrical and spherical cracks inside the solid. This stops the flow
of energy to the surface. As a result, a sequence of explosions occurs,
causing breakdown of solid monolith into separate small parts. The
effective interaction surface between the solid and the shock-
compressed air increases. Therefore, there are successive explosions
with increasing intensity. The fire cloud of explosion also grows in size.
Finally, small fragments of the spacecraft fall to the Earth. This was
experimentally confirmed when the long-term orbital station MIR-1, with
the main structure made of duralumin without a thermal-protective
coating, entered dense atmospheric layers. The sequence of explosions
occurred when a meteor fell near Chelyabinsk. There were three
consecutive explosions, and the last explosion was the most powerful
one.

Thus, in the exploration of outer space, humanity is at the initial
stage. Only the first cosmic velocity has been overcome. The exploration
of the Moon and the nearest planets of the solar system involves
overcoming the second cosmic velocity. The "Apollo-11" returned from
the Moon by mere chance. It is necessary to carefully study the entire
dynamics of the flight and the nature of the interaction with the Earth's
atmosphere. Until the entire dynamics of the flight with the second
cosmic velocity is fully explained, it is still necessary to use only
automatic machines.

Conclusions

Let us briefly formulate the obtained phenomena and the results in
the exploration of the outer space:

1. For the descent trajectory of the spacecraft with the structure
made of duralumin without a thermal-protective coating at the first and
second cosmic velocities at altitudes of 80 to 40 km, data were obtained
on the increase in density, pressure and temperature behind the shock
front, as well as the backout of the shock wave from the surface of the
descending spacecraft.

2. The effective temperature of the shock-compressed gas reaches
its maximum value of 7,340 K for the first cosmic velocity and 15,602 K
for the second cosmic velocity at an altitude of approx. 60 km. At an
altitude of 80 km, it is 7.000 K and 15.500 K, respectively, and at
an altitude of 40 km — 6.400 K and 14.700 K.
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3. Calculations were made of the energy fluxes to the surface of the
spacecraft for every 10 km in the altitude range of 40 to 80 km, for
convective and radiative heat transfer, as well as for the impact of
electrons produced due to ionization of negative ions. In this case, at the
first cosmic velocity, the greatest energy flux is realized under the
influence of an electron flux, and at the second cosmic velocity, radiative
heat transfer appeared to be the most significant.

4. The increase in pressure in the boundary layer at the spacecraft
surface at the first and second cosmic velocities was calculated taking
into account the burning of negative ions of triatomic molecules of
aluminum with the formation of AIO molecules. At all considered
altitudes, the pressure rises instantly to a value of 10° to 10" Pa and
more, which is typical for explosions of various explosives. Each
subsequent explosion produces shock waves in the surrounding
atmosphere and compressive waves in the entire structure of the
spacecraft. The descending spacecraft cracks, and its entire structure
breaks down into parts. The area of interaction increases sharply, and
each subsequent explosion is greater in intensity and size. After each
explosion, the energy flux to the surface stops due to shielding for all
types of heat transfer. After the dispersion of the explosion products, an
intense flux of energy reappears on the surface of the descending
spacecraft and a new explosion occurs. As a result, the last most intense
explosion occurs at an altitude of approx. 40 km, after which individual
fragments of the spacecraft fall to the Earth. All this was clearly visible
during the descent of the long-term orbital station "MIR-1" and when a
meteor entered near Chelyabinsk.

5. The situation is slightly better for spacecraft with thermal
protection, but is still very dangerous. Descents must not be carried out
at low g-forces. Even at the first cosmic velocity, the descent phase at an
altitude of 80 to 40 km should be passed as quickly as possible.

6. When descending spacecraft and meteors enter the atmosphere
at the second or greater cosmic velocity, the temperature of the shock-
compressed gas reaches more than 15.000 K. At such temperatures, the
power of the explosions increases by an order of magnitude. This results
in falling of small debris and even individual dust particles to the Earth,
which was observed when the Chelyabinsk meteor entered the Earth's
atmosphere.

To summarize for meteors entering the Earth's atmosphere:

a) At an altitude of about 80 km, an explosion occurs due to the
formation of shock waves and combustion of negative ions, which leads
to the cracking of the entire monolith of the initial meteor.
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b) After the second explosion, the monolith breaks up along cracks
(into separate unconnected parts) and the area from which negative ions
emit dramatically increases. The concentration of negative ions in the
boundary layer sharply increases so that the power of the next explosion
increases as well.

c) After the third very powerful explosion, individual pieces of the
disintegrated meteor scatter in all directions (All three explosions with
increasing power were withessed when the Chelyabinsk meteor entered
the Earth's atmosphere).

d) The individual parts of the meteor still perform supersonic motion,
but at different speeds and with a chaotic distribution in space. Around
each of them there are explosions, but with less power and not
connected to each other in time. A hissing effect occurs, which was
witnessed when the Tunguska meteor entered the Earth's atmosphere.

Meteors flying around the Sun in great numbers are very dangerous
for the Earth. They are charged and therefore broke in the physical
vacuum (Gretchikhin, 2018b), and may eventually fall to the Earth. For
the planet, it could have disastrous consequences that might be more
terrible than the consequences of an atomic bomb explosion.

The current state of the planet Mars is proof of this. It is believed that
long time ago the explosion of Phaeton led to the formation of the
asteroid belt. Consequently, the fall of asteroids on the planet Mars led to
Phaeton’s destruction. That is why today the surface of Mars is
reminiscent of impact craters of the Moon and the deserts and polar ice
caps of the Earth.
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Pe3some:

BedeHnue/uens: lNpu criycke ¢ opbumsl nosiema KOCMUYECKUX aririapamos
C nepsol U 8mMopol KOCMUYECKUX ckopocmsix 6e3 mernno3awumel
¢ JropasmoMuHUe8oli KOHcmpykuyuel Ha ebicomax rosiema om 80 km Ao
40 kM rony4eHbl OaHHble 0 y8enuYeHUro romH{ocmu, OasrieHusi u
memrepamypbl 3a PoHMom ydapHOU 807Hbl, a makxe omxoda
ydapHoU 80/1HbI OM MOBEPXHOCMU CITyCKaeMOe0 arnapama.

Memoodbi: Yepes kaxdbie 10 Km npouseedeHbl pacyemb! 10MOKO8
SHEpauu  Ha  roeepxHocmu  JlemamesibHo20  anrnapama  npu
KOHBEKMUBHOM U Jly4UCMOM mersioobmeHe, a makxe rfpu ydapHOM
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8mMopol KOCMUYECKOU CKopocmu — Jlyducmbit mernsioobmeH. B ydapHo
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80/IHbI CXamusi 80 8celli KOHCMPYKUUU JflemamesibHo20 arnapama.
lNocrnedHuli cambili MOWHBIL 83pbl8 803HUKaem Ha ebicome ~ 40 Km.
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Yacmu 8raome 00 MESIKUX MbLTUHOK.
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Caxemak:

Yeod/yurb: 3a ceemupcky nemenuyy 00 OypanymMuHujyma 6e3
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Sakrpyyak: Ceemupcka nemesiuya ce rpu cremary pacrnada Ha
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Abstract:

Introduction/purpose: The purpose of this paper is to presents some
tendencies stemming from the experiences from the ongoing Syrian
conflict towards the development of new military concepts and
technologies. The manner, scope and dynamics of exploitation of the
combat experience from the Syrian confiict is a good example how great
powers improve the capabilities of their defense systems.

Methods: An extensive content analysis of selected reference sources has
been applied. The system approach was used for a structural and
balanced presentation of the available information. The comparative
analysis has confirmed some similarities in the behavior of the great
powers in terms of deploying and testing complex combat systems of
strategic importance in local wars. Inductive thinking has contributed to the
synthesis of appropriate conclusions.

Results: Among the presence of several great and regional powers
heavily involved in this conflict, Russia's is considered to be the most
dominant and as such is the main subject of investigation in this paper.
Field testing of new military equipment is known to be important but of
extreme importance is its testing under real combat conditions. In parallel
with intensive testing of a wide range of military technologies, there are
indicators of developing new concepts, doctrines, and organizational
upgrades on the basis of the Syrian combat experiences.
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Conclusion: From the standpoint of military technology and concept
development, the Russian endeavor in Syria has become an example of a
comprehensive and systematic aproach to learning, training, innovations,
and implementations of the most relevant factors in the development of a
modern military organization as a response to challenges of contemporary
armed confiicts.

Key words: military technology, innovation and testing, military
concepts, combat experience, Syrian conflict.

Introduction

All military organizations focus on preparing themselves for future
warfare in the best possible way. It is highly beneficial to conduct all
available analyses of experiences from current conflicts. The main goal
of this paper is to review the available lessons learned from the Russian
engagement in the current conflict in Syria. This conflict has more
different aspects, to mention the most important ones: international,
political, humanitarian, demographic, strategic, economic, social, military,
and technological. Additionally, all these implications are not exclusively
related to Syria and Russia, nor to the other powers involved, like Turkey,
the USA, lIsrael, Iran, and some Western states, but to a wider set of
other states: all neighbor states, regional states, South-European states,
and organizations like the EU and NATO. Due to its space limit and its
purpose, this paper will treat only the military-technical aspect with
consequential inclusion of some organizational, doctrinal, and personnel
aspects for a military organization.

Co-relations among military technologies (and other civilian but
military applicable technologies), military concepts (including tactical,
operational, and strategic levels as well as organizational issues), and
the character and nature of contemporary and future warfare / conflicts
are permanent subjects of various research studies. Of particular
importance is perceiving trends and changes in military technology in
some future period, a decade or two, for example (O’Hanlon, 2019). A
good review of contemporary trends in military technology development
has been offered by O’Hanlon (2019), together with an estimate of their
impacts through the three-level scale (moderate, high, and revolutionary
impact). O’Hanlon (2019) has grouped various technologies into four
general groups as follows: sensors; computers and communications;
projectiles, propulsion, and platforms; and other weapons and
technologies (O’Hanlon, 2019). It is interesting that this O’Hanlon’s
forecast has assigned the highest impact (“revolutionary”) mainly to the
second general group (“‘computer and communication”) and only to the
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‘robotics and autonomous systems” component from the third general
group (“projectiles, propulsion and platforms”). Therefore, these are as
follows (O’Hanlon, 2019): “computer hardware; computer software;
offensive cyber operations; system of systems; and artificial intelligence
and big data”.

Besides availability of modern military technology, at least equal
importance has an organizational propensity of a military organization to
explore, test, and implement technological novelties and, if necessary, to
adapt its organization, concepts, and doctrines to the best use of new
technologies. So, both issues are needed: firstly, military technology
development, innovations, and patents; and secondly, “military
technology diffusion” (Schimd, 2018).

In rare cases, it is possible to monitor the application and use of a
wide set of new military technologies in an ongoing armed conflict. Some
great powers frequently have such opportunities to test and check their
novel military equipment and improve its performance through real
combat testing. It is exactly the case of the Syrian conflict where many
great powers and regional states have been involved for almost the
whole second decade of the 21% century. Therefore, the Syrian warfare
theater has become “an incubator of learning, training, and innovation”
(Adamsky, 2018).

Among the most interesting cases is the Russian military experience
due to a wide engagement scope, but also due to a high level of
exploitation of overall experience and improved “culture of military
innovations” (Adamsky, 2020). In the context of mutual relations between
military technologies and military concepts, it should be always kept in
mind that “technology shapes warfare, not war” (Roland, 2009). That
means that technology may have tremendous influence on warfare (a
way in which a war is conducted) and on the means and materials
engaged and used in a war. However, the war is a more general
category; it relates to the state in which one society or state may be
found due to decisions of its top ruling elites. On the other hand, warfare
is a way in which a war is conducted and that heavily depends on war
material and military technical factors.

According to some official statements, it is considered that more
than 600 pieces of military equipment and various weapon systems were
field-tested and thanks to that many monitored defects were resolved
(Thomas, 2020), some of which are presented in the third chapter. The
following chapter presents some doctrinal and organizational issues
which are consequent implications of the warfare conditions and
applications of new technologies. The concept of network-centric warfare
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is one of them (McDermott, 2020). The concluding chapter summarizes
the main implications for a military organization based on the experience
from the Syrian operations.

General context of the Russian engagement in Syria

Among other great and regional powers interested and engaged in
the Syrian conflict, Russia is the only one officially called to enter the
Syrian territory by a call issued from the legal Syrian government.
Consequently, the Russian military engagement is the most dominant
comparing to others. The Russian engagement in Syria started in late
September 2015 immediately after a large military exercise, “Tsentr-
2015” (Blank, 2019), and has many dimensions and implications, many
of which are significant and a subject of research in various fields (Jones,
2020).

Russia conducted a diplomatic campaign and a military campaign in
support of the Syrian government as well as a peace-enforcement and
peace-keeping campaign with Turkey, together with air operations and
air control, military coordination with the forces of the Syrian government,
Turkey, the USA, Israel, Iran, and various local and regional militias. The
international and strategic consequences of the Syrian conflict have been
widely considered at many political instances, and have been a subject of
many research studies, but also explored in the media.

Unlike its former engagement in Afghanistan, Russia’s dominant
form in Syria was distance operations with the engagement of the
Russian Air Forces. Intensive engagement of air forces against an
asymmetric opponent is not a new model - it has been applied many
times by the Western states. The modes of deployment of air forces in
achieving operational and strategic goals are a very interesting topic in
general and particularly for great powers engagement in various hybrid
wars in terms of considering possibilities to reach the main strategic
goals by air forces only (Waller, 2020). Nevertheless, there are also
important consequences from the Syrian campaign for land forces (the
Army), particularly in the context of modernization of the already existing
(older) weapon systems in artillery (International Institute for Strategic
Studies, 2021).

Military-technology testing on the Syrian battlefield

“Military research and development (R&D) is the most expensive
and basic phase in the creation of a new weapon platform”, (Hagelin,
004). During several past decades, interference and overlapping
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between military R&D and civilian R&D have been established in many
fields of technology and science. However, even if some civilian
technology is found appropriate for use in some military domain, it still
has to be tested and checked according to specific military standards.
Furthermore, some military technological entities, such as various
combat platforms (tanks, fighters, submarines, artillery), do not have any
civilian counterpart, so they have to be invented, designed, produced,
and tested through military research and development. In any case, the
above statement by Hagelin (2004) will be still accurate in the near
future.

The main question could be formulated here: what kind of military
platforms, weapons and equipment, with which performances, should be
created by military R&D? The answer to this question leads us to military
battlefields (current or imagined future ones), and to the military
operational art, strategic thinking, and tactical expertize. In order to
strengthen the link between military R&D and battlefield expertize, smart
armies use various approaches. For example, the US Army has created
‘a US Army Science Officer position for liaison in order to bring
operational experience quickly to the laboratories and help implement
new technology requirements”, (Hagelin, 2004). In other cases,
engineers and researchers are temporary assigned to military formations
in order to be close enough to see, perceive, recognize, and record the
relevant parameters of the platforms and equipment under study as well
as the operational conditions and requirements in the environment where
their weapon platform or equipment operates. The Russian performance
in the Syrian conflict shows a very high level of this cooperation between
the representatives from industrial and military R&D and the world of
operational art in contemporary warfare such as the Syrian conflict.

Field testing of armament and combat equipment

Real combat environment is the best place for testing real values
and applicability of new weapons and equipment. Official media
statements confirm that over 600 items of different weapon systems and
equipment have been tested with engagement of 1,200 engineers from
57 defense companies, and with a very high level of elimination of
defects on the tested equipment (Thomas, 2020). We are presenting
here some of those weapon systems, platforms, and equipment which
were used in field testing during the Syrian conflict.

Combat aircraft. A Russian government official stated that various
combat aircraft were tested in the Syrian theater: the Su-35S and Su-
30SM fighters; Su-34 and Su-24M (fighter-bombers and frontline
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bombers); Su-25SM attack aircraft; Tu-22MZ and Tu95MS long-range
aircraft. A particular attention was dedicated to electronic devices,
software, compatibility, and interoperability among various equipment
and platforms (Thomas, 2020). A fast operational tempo of air forces
combat engagement induced opportunities for testing and improvement
of servicing and maintenance procedures. Some estimations suggest
that there were between 20 to 50 various combat aircraft and from 16 to
40 attack and transport helicopters (Jones, 2020).

Combat helicopters. Some helicopters were field tested in Syria as
follows: Ka-52, Mi-24, Mi-35, and Mi-28. Multirole helicopters, like Mi-28N
and Mi-35, are capable of various missions, and they were also used, for
so-called “free hunting” of terrorists, including demanding night missions
(night vision systems could detect a vehicle at 15 kilometers (Mi-28N),
and up to 7 km for Mi-35 (Thomas, 2020)). Some anti-tank guided
missiles mounted on the Mi-28NE were tested and replaced due to field
test results (Khrizantema-VM 9M123M was involved instead of Ataka
anti-tank guided missile).

Anti-radiation (anti-radar) missile. There are some indices that the
tactical anti-radiation missile Kh-25ML was tested as well. It is a
modernized version of an older missile which intended use is against
surface-to-air missile platforms of adversary’s air-defense systems. lIts
range is about 20 kilometers and speed is 850 meters per second
(Thomas, 2020).

Tanks. From rare statements of some Russian officials, it could be
concluded that even the Armata T-14, a future main battle tank, was field
tested in the Syrian combat environment (Pronk, 2020). Also, continued
field-trial testing will be provided with a number of these tanks to be
delivered to the Russian Army units at the field. The tank factory
managers hope that this “combat-proven” marking will help Armata’s
trade position on the international armament market.

Armored reconnaissance vehicle BRDM-2 modernization. This
vehicle had a third wave of modernization in 2017 and field testing in
Syria. A closed turret with a machine gun was installed, while the gunner
is protected from enemy projectiles (Thomas, 2020).

Artillery systems. There are indices that some new howitzer types
were deployed in Syria, i.e. the 2Sm19M1 Msta and its novel version, the
2S19M2 (Thomas, 2020).

Anti-tank grenade launcher, the SPG-9 Kopye. The Kopye is an
accurate anti-tank grenade launcher for close combat, with a high rate of
fire of up to six rounds per minute, with a maximum range of one
kilometer and low production cost (Thomas, 2020).
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Heavy flamethrower, the Solntcepek TOS-1A. This rocket
launcher was used in Hama and Idlib provinces and has proved its
effectiveness in countering terrorists in urban structures and mountain
hiding-places. This system uses thermo-baric mixtures which produce an
effect of a fuel-air explosion with high temperatures (Thomas, 2020).

Pontoon bridge. Russian forces deployed the PP-2005M pontoon
bridge (carrying capacity of 120 tones, and with about 1 hour erection
time), across the Euphrates in support of a Syrian army combat mission
(Thomas, 2020).

Individual reconnaissance system, the Glaz. The Glaz is
equipped with a high resolution camera and is intended for hand-held
rocket launching at 300 meters into the air in order to monitor and send
live recordings of the enemy positions behind some barriers, buildings or
uneven terrain. Its field of view covers about one half of a square
kilometer and is landed by a parachute (Thomas, 2020).

Individual protection system. It is observed that a new generation
of armor suits for individual protection is used for field testing in the
Syrian combat environment (special Kevlar, aramid fiber material).
According to some information, it is five times stronger than steel
(Thomas, 2020).

Field-testing of new Command and Control systems

Command & Control systems. Probably the most beneficial impact
from the engagement in the Syrian conflict, inside military framework, has
been found in the development, implementation, testing, and
improvement of the complex system of military command and control
which had to be established for expeditionary forces deployed far from
the Russian territory. Also, this engagement in Syria has been an
excellent experiment for a tactical command and control system known
as ESU TZ, which is in its essence a modern C4 system (Command,
Control, Communications, and Computers). It supports successfully inter-
service communications between army units and air forces. This C4
system also integrates target data gathered by UAVs and processed
further towards air force striking units or to artillery units for fire support
(Thomas, 2020).

In general, the modernization of command and control systems in
the Russian military is a part of practical implementation of an older
Russian concept known under the terms “reconnaissance-strike” (term
for the strategic-operational level) and “reconnaissance-fire” (name for
the operational-tactical level), Adamsky (2018). In the essence of both
concepts there is an idea about the shortest possible reaction time of the
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military capability of connecting the reconnaissance process for target
determination, processing the data, making a decision, and engaging the
target. Similar to this concept are some other well-known concepts such
as: the OODA cycle (Observe-Orient-Decide-Act), Lawson’s C2 model,
and the HEAT model (Nikoli¢, 2016), (Nikolic, 2017).

The Russian command and control system with regard to operations
in Syria has been organized in three general levels (Adamsky, 2018). At
the top level, there is the Group of Combat Management — an integral
part of the National Defense Management Center in the Moscow region.
This Group is responsible for the communication and coordination with
high commands of other foreign countries and organizations present in
Syria (the US, Turkey, Israel, UN). At the middle level, there is the
Command Post of the Grouping of Forces, located at the Khmeimim
base in Syria. The second level conducts the communication and
coordination activities with all other allied high commands in Syria such
as the Syrian Army, Iran, and a number of pro-regime militias. It also
exchanges information with local operational commands of the US,
Turkey, and Israel in order to avoid confusion and forces collisions. At the
third level, there are Operational Groups of Advisors. They are deployed
widely and attached to selected operational-tactical command posts of
the Syrian Army and other allied forces in the Syrian theater (Adamsky,
2018).

Emerge of UAV use and recognition of drone importance

UAVs — Unmanned Aerial Vehicles (popular term is Drones; or,
UAS — Unmanned Aerial Systems in the Russian terminology). The
Russian forces have clearly realized potential of unmanned aerial
vehicles in their different roles. In 2016, Russian Army had about 2,000
drones, while 70 of that number were deployed in Syria at that time
(Center for Analysis of Strategies and Techniques, 2020). That number
increased in the following years with a respectable number of drones
engaged on a daily basis (Adamsky, 2018). By 2018, there were more
than 23,000 sorties of various drones which made about 140,000 hours
in aerial operations (surveillance, reconnaissance, and target
acquisitions), and those numbers confirm greater engagement of drones
than that of manned aircraft. The prevailing type of drones used by the
Russian forces has been the Orlan-10, a reconnaissance drone
(reconnoitering targets for airstrikes; spotting artillery engagements; and
assessing results of strikes and fires) with the following characteristics: it
carries up to 5kg (cameras, electronics, transmitters); operational
autonomy 120 kilometers, up to 5,000 meters altitude and up to 14 hours
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in a single flight; launched by catapult, landing by parachute, no runway
needed (Center for Analysis of Strategies and Techniques, 2020). A
complete set of the Orlan-10 consists of the following items: 2 UAVSs, the
ground control station, the payload, the additional accessories, and a
light vehicle. The price of the whole set is nearly 600,000%.

Threats from UAV attacks were recognized and some measures
were taken. The air defense system for close combat, the Tor-M2, has
been noticed at the Khmenimim airport base in Syria. It is supposed that
this system will contribute to defense from drone attacks. This system is
able to detect, track and engage targets in the zone up to 15 kilometers
in radius and 10 kilometers in height, while servicing up to four targets
simultaneously. It is worth to point out that for many militaries across
Europe, drone defense is still an open question.

Strategic technology testing and/or demonstration of
power

Cruise Missiles. In the Syrian theater, two types of cruise missiles
were used for targets located deep in Syria: Kh-555 (range of 2,000 km),
and a more modern Kh-101 (4,000 km of range). But the main motive to
use these sophisticated missiles against terrorist groups was not only
combat need nor weapons testing (which is always welcomed), but rather
a demonstration of technical and operational capabilities for a long-range
strike, as well as strategic willingness to put in use such weapons if it is
needed (Pronk, 2020). However, Russia is not alone in this kind of
reasoning - principally the same logic was applied by the USA in NATO
bombing of Yugoslavia in 1999, when strategic stealth bombers B-2 were
used flying long way from their base in Missouri to the Balkans in Europe
(Lambeth, 2001). According to Lambeth (2001, p.89), six B-2 strategic
bombers performed 49 combat sorties form Whiteman base, Missouri,
which is only about 0.5% of all combat sorties conducted during the war
in 1999, but they were much more effective — even 11% of all dropped
bombs came from the B-2. Furthermore, one third of all smart bombs
was dropped from the B-2 (Lambeth, 2001). In that way, the following
goals were achieved: demonstration of capability for a global strike (from
the USA mainland to the Southeast Europe); demonstration of the
penetration capability against air-defense (due to the stealth capability of
the B-2); precision bombing of up to 16 different targets in one sortie;
check of crew’s capability to conduct combat missions of long duration
(28 to 32 hours per one round-trip combat mission); multiple refueling
capability for long distance missions, etc. (Lambeth, 2001). All of the
above seen in 1999 has similar counterparts in ongoing experimentations
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of great powers involved in the Syrian conflict (long-range bombers Tu-
22M3, see - launched cruise missiles Kalibr, etc. Thomas, 2020).

Engineering and logistics

New robotic mine clearing devices. Russian engineering units
and teams have successfully cleared large areas of minefields
(thousands of hectares, and tens of thousands of buildings), and many
roads while destroying more than a hundred thousand of explosive
devices (Thomas, 2020). For these tasks, they used some new robotized
engineering equipment (multifunctional mine clearing robotic system - the
Uran-6; ground-penetrating radars - the OKO-2; remote-controlled mine
clearing vehicle equipped with an electromagnetic pulse generator - the
Listva). Besides that high engineering performance, they established a
mine clearing training center and had trained more than 600 Syrian
soldiers by 2018 (Thomas, 2020).

Logistics. Due to long distances from the Russian territory and
drastically different climate conditions and heavy terrain, as well as due
to challenging security environment at all levels, logistics support of the
Russian forces in Syria has been and still is a huge challenge. Health
support for personnel and good living conditions, together with very
improved quartermaster, food, and sanitary conditions, are much better
than in some former times, i.e. accommodation tents replaced with solid
block modules; food prepared by only Russian cooks instead of locals;
strict control over food stocks and water supply; special uniforms for high
temperature climate, etc. Combat items supplies (ammunition and fuel)
were well managed and sustained at appropriate level with the goal to
sustain demands for a high consumption rate caused by intensive air
operations, ground patrolling, as well as for combat support of operations
of the Syrian allies (Thomas, 2020). To illustrate the level of logistics
efforts, during the five months in 2015 (the beginning of engagement),
Russian logistics deployed more than 200,000 tons of material from
Russia to the deployed forces in Syria (Clark, 2021).

Military management lesson learned

The Russian armed forces conducted two main reforms during the
last few decades. The first one was induced after the war in Georgia in
2008 while the second one started with personal changes at the highest
ministerial level (with the then-new Minister of Defense Sergei Shoigy),
and at the level of the new Chief of General Staff (General Valery
Gerasimov), in 2012.
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A strong reform momentum to the Russian military modernization
and improvement occurred at the beginning of wider Russian
engagement in Syria in 2015. That momentum brought changes and
improvement in many aspects: strategic, doctrinal, operational, tactical,
logistical, and military-technical upgrading with new weapons and military
systems. Some of them will be presented here.

Military personnel upgrade with combat experience

Engagement in the Syrian conflict has been a unique opportunity for
gaining combat experience, and it has been performed in a well-
organized manner. Some estimations (Ramm, 2019), suggest that by the
middle of 2018, more than 63,000 military personnel (including 434
generals and 25,738 officers) were deployed in Russian bases in Syria
on a rotating basis, usually a 3-month deployment, while for senior
officers it was six to nine months (Jones, 2020). The estimates for the
personnel contingent go between 3,000 to 5,000 troops with periodical
peaks of about 6,000 troops (Jones, 2020). A large part of deployed
personnel consisted of officers (about 40%) selected from across all units
and districts in Russia so that their experience as well as burden sharing
could be distributed throughout all parts of the armed forces. It is
interesting that almost two thirds of Russian Air Force personnel had
gained deployment experience in Syria by 2018 (Jones, 2020).

Similarly to the situation in Western armies, combat experiences
gained from deployment in combat zones have become a valuable factor
for successful professional careers of Russian officers. The Russian
military has recognized indispensable value of combat experience and
has started to consider that as a precondition for promotions and
appointments for higher professional positions in military organizations.

Contemporary warfare enriches military professionals with additional
types of experiences such as: facing with several categories of conflict
participants; field-testing of new weapons and equipment; application of
old procedures in new environment and testing new operational
procedures and doctrinal guidelines; performing joint forces coordination
and operations; conducting cooperation with different allies, local
population, units, and commands of other powers present in Syria, etc.

Adjustment of concepts, procedures, and doctrines

Perception of dominance of urban operations. It has been
realized that terrorists and insurgents mostly use populated areas for
their activities (operations, sustainment, supply, recruitment, and
protection). Some lessons learned from urban operations in Syria show
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some similarities with urban operations in Grozny (Chechen wars) and
even with some cases during WWII. In Syria, the following tactic was
usually used: attacks on fortified terrorist bases in urban environment
usually start after extensive situation monitoring followed by encircling
the enemy location but not completely - instead, one small corridor is left
uncovered as an offer to defenders to retreat including all those from
civilian population who want to leave the location; it is then followed by
artillery and direct fire engagement on focused parts of the urban
location; after the artillery action, what follows are actions by specially
composed maneuverable assault teams, with optional tank support
behind assault teams if needed (Thomas, 2020). Sometimes, instead of
artillery and tanks, helicopters delivered precision-guided weapons, while
robotized platforms were used for reconnaissance and mine-clearing.

Defense from UAVs. The Russian forces in Syria experienced
several drone attacks. In spite of media attractiveness of such events, it
should not be a surprise as it was foreseen in some earlier studies
(Bunker, 2015), and every army (and not only the military, but also
commercial sector) should expect that in future conflicts. Efficient and
effective “drone defense” is an open question (Bendett, 2019) for many
militaries around the world due to a great potential of drone engagement
(Yaacoub et al, 2020). Anti-drone combat could be successful with good
air-defense systems and highly trained personnel. For example, in rebels’
UAV attacks on the Russian forces in Tartus and Khmeimim bases in
January 2018, seven of 13 attacking drones were destroyed by the air-
defense system Pantcir while the rest of them were landed by Russian
electronic warfare units capturing the control over them (Urcosta, 2020).
On the other hand, when poor servicing of air-defense system is present,
attacking drones are very efficient and an effective combat tool due to
their much lower price than those of targets which they attack. This new
way of warfare generates many possibilities and subjects for research
studies at higher levels of military education (Nikolic, 2018).

Conclusion

The military lessons learned from the engagement in the Syrian
conflict are numerous. However, the main beneficiary can be probably
found in the domain of command and control process and corresponding
technical systems, with the main output in shortening the decision-
making cycle, networking of forces, and superior situation awareness.
From the purely technical side of military technology, combat
environment is almost indispensable for developing and testing new
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weapons and equipment, and that fact has been used intensively. The
importance and applicability of robotized platforms and unmanned aerial
vehicles was recognized and will fuel development of future similar
systems as well as appropriate counter measures.

Gathering combat experience through periodical force rotation was
applied and then used and disseminated through the whole force
structure by appropriate promotions, advancements and posting combat-
experienced personnel to the key positions across the military hierarchy.
The analyses of the deployment and combat experience serve as a pivot
for creating new procedures, manuals, and military doctrines.

This work should be taken not as a final review of a contemporary
conflict's impact on military technology development but rather as an
initial step for further research and deeper insight into particular topics.
Future research should unavoidably include other contemporary conflicts
such as the Caucasian war in the fall of 2020 which was far less
asymmetric than the Syrian conflict and as such could be of interest for
many small countries.
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HOBBIE BOEHHBLIE TEXHOOI M 1 KOHLIEMLUAW,
OCHOBAHHBIE HA OMNbITE CUPUNCKOIO KOH®JTINMKTA

Hebotiwa B. Hukonny

YHuBepcuTeT 060poHbI B I. Benrpaa, MHCTUTYT cTpaTerniyeckmx
uccneposanun, r. benrpag, Pecnybnunka Cepbus

PYBPWKA TPHTW: 78.00.00 BOEHHOE OENO:
78.25.00 BoopyxeHue 1 BOeHHas TEXHUKa;
78.25.23 Hoeeiwne paspabatbiBaemble CpeacTBa
BOOPYXEHHOW 60pbObI 1 3aLUTBI OT HUX
BWO CTATbW: opurmHanbHasa HayyHas ctaTbs
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Peswome:

BeedeHue/uenb: Llenbio OaHHOU cmambu se/isiemcs orucaHue
HEKomopbIx meHOeHUUl, 8bimeKalowux U3 ofbima akmyasbHO20
CUpPULICKO20 KOHGb/IuKmMa, 8 HarpaeneHuu pa3pabomku HOBbIX
B80€HHbIX KOHUenuul u mexHonoaul. Crnocob, macwmabsl u OUHaMuKa
ucrnonb308aHusi 60e8020 orbima 6 CUPULUCKOM KOHGbIIUKMe S8/1sitomcsi
XOpOWUM MPUMEPOM MO20, KaK eeflukue Oepxkaebl yrydwarom
803MOXKHOCMU C80UX CUCMEM 0O60POHbI.

Memodbi: B cmambe 6bii1 npuMeHeH OB6WUPHbLIL KOHMeHMmM-aHau3
u3bpaHHbIX UHOPMaUUOHHbBIX UCMOYHUKO8. B  ucnonb3osaHuu
docmyrnHol uHghopmayuu bbir NpuMeHeH cucmemMHbIl modxod O ee
CMPYKMypHO20 U cbasilaHcupo8aHHO20 u3y4YyeHusl. CpaeHUMesnbHbIU
aHanu3 rnodmeepdousi HEKOmMopoe cxodcmeo 8 nNoeedeHuUU BeslUKUX
depxKae 8 rniaHe pasgepmbieaHusi U Mecmupo8aHUsi C/I0XHbIX 60e8bix
cucmem, UMerUWUX cmpameau4eckoe 3Ha4eHUe 8 /I0KaslbHbIX 80UHaX.
UHAykmusHoe MblWrieHue criocobcmeosaro 0bobuweHuto
coomeemcmayouwux 8b180008.

Pe3ynbmamai: Cpedu y4acmusi HECKOMIbKUX 8EJ/IUKUX U peaUOoHarbHbIX
Oepxas, aKkmueHO 808/IeHYeHHbIX 8 3mom KoHgrukm, Poccus
cqyumaemcsi OOMUHUpyOwel, U OHa KakK makogasi sersemcs
OCHOBHbIM ripedmemom uccrniedosaHusi daHHOU cmambu. Bcem
U38ECMHO HAaCKOJIbKO 8aXHbI UCHbIMaHUsi HO80U 80eHHOU MeXHUKU U,
Ymo ee ucnbimaHusi 8 pearsbHbiX 00e8biX YyC/I08USIX SB8/S0MCs
saxkHelwum rokasamernem. Hapsdy c UHMEHCUBHbLIM
mecmuposaHUeM WUPOKO20 CrieKkmpa B0€HHbIX MexHonoaul 6
ycrosusix 80UHbI, MaKxXe 6bIsSIeNsIomcs 2fasHble  UHOUKamopb!
paspabomku HOBbIX KOHUenuul, OOKMPUH U OpaaHU3ayUOHHbIX
co8epUIEHCMB08aHUL BOOPYKEHHbIX CUJI, OCHOBAHHbLIX Ha Oflbime
CUpPULICKO20 KOHGbrIukma.

Bbigo0bi: Bmewamenbcmeo Poccuu 8 800pYXEHHbIU KOHGIUKM 8
Cupuu Cc mMOYKU 3peHUsi B0€HHOU mexHosoeuu U paspabomku
KOHUenuuu cmarso rnpumMepoM KOMIIEKCHO20 U CcucmeMamu4yecKo2o
nodxoda 8 U3y4YeHUU, YYEeHUsIX, UHHO8auusix U 80 6HedpeHuu
Hauboriee 8axHbIX hakmopos 8 pa3eumue CO8PeMEHHOU B80EHHOU
opeaHu3ayuu 8 Kayecmee omeemHoU Mepbl Ha 8bI308bI COBPEMEHHbIX
B800PYKEHHbIX KOHGDIUKMOS.

Knroyeeble crioga: 80eHHbIe MexHO02uUU, UHHO8AUUU U UCMbimaHus,
B80€HHbIe KOHUenuyuu, 6oeeol ornbim, cUpuliCKUl KOHGQIUKM
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HOBE BOJHE TEXHONOIMNJE N KOHLUEMNTW HACTAJTIN HAKOH
NCKYCTABA N3 CUPNJCKOI' CYKOBA

Heb6ojwa B. Hukonuh

YHuBepanuteT oabpaHe y beorpagy, VIHCTUTYT 3a cTpaTterunjcka ncTpaxxuBamba,
Beorpag, Penybnuka Cpbuja

OBJACT: BOjHE NpMeHe, BOjHE TEXHOSOrMje, CaBpeMEHN pat
BPCTA UJIAHKA: opyruHanHu HyayHu pag

Caxemak:

Yeod/uyurb: Y pady cy npukalaHe odpeheHe meHOeHYuUje pasgoja HO8UX
80jHUX MexHosIo2uUja U KOHUernama rnpoucmeksie U3 ucKycmaea U3
mekyhea opyxaHoe cykoba y Cupuju. HauuH, obum u OuHamuka
Kopuwhera 6opbeHux uckycmaesa u3 ogoe cykoba npedcmaerbajy dobap
npumep Kako eenuke cune rmnobosbliasajy ceoje criocobHocmu U
criposode peghopme coricmeeHoe cucmema odbpaHe.

Memode: Y pady je npumereHa aHanusa cadpxaja 0OOUMHO2
Mamepujania u3 o0dabpaHux peghepeHmHuUx u3eopa UHgopmayuja.
Cucmemcku npucmyn je MpuMer-eH 3a cmpyKkmypupaHu u banaHcupaHu
rpukKa3s pacrosioxueux uHgopmauyuja. YrnopeOHa aHanusa nomepourna je
CIUYHOCMU Yy MOHawary 6efuKux cunia npu yrompebu u nposepu
crioxeHux 6opbeHux cucmema cmpameaujcKkog 3Havaja y JIoKarHuMm
cykobuma. WMHOYKmMuUBHO Mullberse OOMPUHENIo je CUHMemu308arby
o00zo08pajyhux 3aKkrby4aka.

Pesynmamu: Noped suwe 8enuKuX U pea2UuoHanHuUx cusa Koje y eerukof
Mepu ydecmsyjy y 080M Cykoby, PpycKO rpucycmeo ce cMampa
Haj0oMuHaHMHUjuM. Yrioea u 8axxHOCM mecmupara Hoge 80jHe orpeme
U mexHonoauje je nosHama, a nocebHy spedHocm umajy mecmupara y
peanHuMm 6opbeHuM ycriosuma. McmospemMeHO ca  UHMEH3UBHUM
mecmuparbuMa WUPOKO2 CKyna B0jHUX mexHoroauja y pamHum
ycrnosuma, esuleHmMHU Cy U roka3amesbu pa3goja HO8UX KOHUernama,
npoyedypa u OOKMpPUHa, Kao U ycasplwiasarba op2aHu3ayUoHUX ¢hopmu
B0jHUX CHaea 3acHo8aHUX Ha bopbeHuM UcKycmeuma u3 pama y Cupuju.

Bakrbyqak: Pycku nodyxeam y Cupuju, ca acriekma pasgoja 80jHUX
mexHosiozauja U HO8UX KOHUernama, rocmaje npumep ceeobyxeamHoa u
cucmemamckoe npucmyna y u3ydYaearmsy, 0Oyuyu, uUHOosauujama U
umMmriieMeHmauujama HajpenesaHmMHUjUX ¢hakmopa y pas3sojy mModepHe
80jHe oOpeaHu3ayuje, wmo rpedcmae/ba 002080p Ha U3a308e
caspeMeHUX Opy»KaHUX cyKoba.

KrbyuHe pedu: eojHe mexHonoauje, uHosauuje u mecmupare, 80jHU
KoHuernmu, 6opbeHo UCKycmeo, cupujcku cykob.
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Abstract:

Introduction/purpose: The problem of divergencies in Quantum Electro-
dynamics (QED) is discussed.

Methods: The renormalisation group method is employed for dealing
with infinities in QED.

Results: The integrals in QED giving physical observables are finite.

Conclusions: The divergencies in QED can be treated in a consistent
way providing mathematical rigorous results.
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Renormalisation group

The quantum field brings together two fundamental notions of classical
and non-relativistic quantum physics: particles and fields. Forinstance, the
quantum electromagnetic field can be reduced to particles called photons,
or to a wave process described by a classical field. The same is true for
the quantum Dirac field, for electrons.

Quantum field theory, QFT for short, as the theory of interacting quan-
tum fields, includes the remarkable phenomenon of virtual particles related
to virtual transitions in quantum mechanics. For example, a photon pro-
pagating through empty space, the classical vacuum, undergoes a virtual
transition into an electron—positron pair. Usually, this pair undergoes the
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reverse transformation: annihilation back into a photon. This sequence of
two transitions is known as the process of vacuum polarisation. Hence the
vacuum in QFT is not an empty space, rather it is filled by virtual particle—
antiparticle pairs.

Another example is the electromagnetic interaction between two electric
charges, e.g. between two electrons. In QFT, rather than a Coulomb force
described by a potential, the interaction corresponds to an exchange of
virtual photons, which, in turn, propagate in spacetime accompanied by
virtual electron—positron pairs.

QFT calculation usually results in a series of terms, each of which rep-
resents the contribution of different vacuum polarisation mechanisms. Un-
fortunately, most of these terms turn out to be infinite.

The puzzle was resolved in the late 1940s, mainly by Bethe (Bethe,
1947), Feynman (Feynman, 1949a), Schwinger (Schwinger, 1948),
Tomonaga (Tomonaga, 1946) and Dyson (Dyson, 1949). These famous
theoreticians were able to show that all infinite contributions can be grouped
into a few mathematical combinations that correspond to a change of
normalisation of quantum fields, ultimately resulting in a redefinition, i.e.
‘renormalisation” of masses and coupling constants. Physically, this effect
is a close analogue of a classical “dressing process” for a particle inter-
acting with a surrounding medium.

The most important feature of renormalisation is that the calculation of
physical quantities gives finite functions of new “renormalised” couplings,
such as electron charge and masses, all infinities being swallowed by the
factors of the renormalisation redefinition. The “bare” values of mass and
electric charge do not appear in the physical expression. At the same time,
the renormalised parameters should be related to the physical ones, mea-
sured experimentally.

Dealing with infinities

Infinities are disturbing. In Nature infinities seldom happen. There are
“only” about 10%° atoms in the Universe. The Universe itself had a be-
ginning, but (as of 2021) it will expand forever to a state of thermodynami-
cally no free energy. Mathematics itself started using infinite numbers only
in 17t" century, and division by zero is invalid even in hyperreal numbers.

Yet in physics we have to deal with infinities even from classical electro-
magnetism. Consider a static electrical field generated by a single particle,
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say an electron e. Then we have
div £ = 6(r) . (1)

By symmetry arguments, we immediately obtain the electrical field g,

that is
- (&

= 2
£ 4mr? 2)
and computing the total energy of the field, proportional to its electromag-

netic mass men,

1 & 1 [ e \2, 5 e?
E=—-[d = - — ] 4 =
2/ ve 2 /r dr (47‘(7“2) i 87T 3)

one sees that becomes infinite as the electron radius r. goes to 0. In late
19" century, that meant that an electron needed infinite energy to be acce-
lerated.

When quantising the electromagnetic field, we are faced with another
divergence problem. Writing down the Hamiltonian of harmonic oscillators
for each radiation mode identified by (k, r)

S <ai(k)ar(k) i ;) (4)

we see that the energy of vacuum state |0) equals to 1 >, 3" fiw, which
is an infinite constant (wx = c|k|). This problem is usually dealt with by
shifting the Hamiltonian by this infinite value, as one has the freedom to
redefine the zero of energy scale.

During the development of quantum electrodynamics (QED) it was
discovered that many integrals were divergent (Dirac, 1927), (Dirac,
1934), (Heisenberg, 1934). Those were present in perturbative calcula-
tions involving Feynman diagrams (Feynman, 1949a), (Feynman, 1949b)
containing closed loops. Particles circulating in closed loops are called vir-
tual particles because they are off-shell, that is p?> # m?2. In a loop, their
momentum and energy are not determined and thus they have to be in-
tegrated over all values allowed by the whole 4-momentum conservation.
Such integrals are divergent, i.e. give infinite results. Divergencies that are
troublesome in quantum field theory are almost always due to large energy
and momenta i.e. ultraviolet divergencies — (UV), or conversely short dis-
tance behaviour.
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It is possible to give perfectly meaningful and rigorous results to this
divergent integrals in an ample class of theories, as we will see.

QED divergencies

We will now treat the divergencies given by loops present in quantum
electrodynamics. Recall that the Lagrangian is given by

L= PB4 Blin (0 — ieA") — m]v (5)

where FH = grFAY — 9V AH, ¢ is a 4 component Dirac spinor and e the
electric charge. Recall that under a gauge transformation L is invariant for
Y —epand A, — A, + 0,0

In order to perform the calculation, we will make use of the so—called
dimensional regularisation (Bollini, 1972), (Hooft, 1972). This technique
was introduced during investigation of the renormalisation of non Abelian
gauge fields. It consists of writing Euclidean Feynman integrals obtained by
means of a Wick rotation (Wick, 1954) zy — iz (i.e. with positive defined
metric 2% + 23 + 23 + z3) in a space with generic dimension D, and ma-
king an analytic continuation in D itself which assumes non—integer values.
Recalling that the volume of a D dimensional sphere Sp is

R xD/2
/ dPz = / drdQp r?' =RP ——— (6)
Sp 0 L (z+1)

i.e. Qp = 7P/2/T(D/2 + 1), one could infer that all possible divergencies
stem only from the Gamma function term. Eventually, we will get rid of
those infinities obtaining meaningful results.

As we are going to do our calculations in D dimensions, a few observa-
tions on the Lagrangian (5) are in order. One half spin spinors ¢ have the
dimension (1 — D)/2, while vector fields A, have the dimension (2 — D) /2.
Clifford algebra of v matrices retains the usual form

{'Yua 'YV} = 29;11/ (7)
while g,,, = diag(+1,—1,—1,... — 1). The coupling constant e is replaced
by

e — eplt=P)/2 (8)

1 being a mass parameter of dimensional regularisation. In Euclidean
space photon propagator becomes simply §,,,/p?, while the fermion pro-
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pagator is —i/(p + m). The vertex of two fermions and a vector becomes
—iept=D)/2

Vacuum polarisation

The first loop diagram of QED we consider is the so—called vacuum
polarisation diagram, i.e. the correction to the photon line, shown in Fig. 1.

q+p

p
Figure 1 — Vacuum polarisation diagram
Puc. 1 - Juaepamma nonspu3ayuu eakyyma
Cnuka 1 — Hujaepam nonapusayuje eakyyma

The expression for the loop is given by
dr 1 1
_ _(p,,(4=D)/2\2 p
Myula) = ~(en®™ PP [t ] @

where the minus sign comes because of the fermion loop, the trace is cal-
culated over v matrices. This will be rewritten in a more suitable form for
calculations

@Pp T+ g —m)(p—m)]

L (q) = _(€M(4D)/2)2/(2W)D [(p+ q)2 + m2?][p? + m?| (10)

From eq. (9), it is readily apparent that in D = 4 the integral is quadra-
tically divergent, with a sub-leading logarithmic divergent term. In fact, for
large p we have

A de 1 1 Ad Dfli AD72 11
D ~ pp- 5~ ~ (11)
2m)P p+qd+mp+m D

Let us introduce a trick due to Feynman for writing denominators, using

1 1 dzx
AB :/0 [(1—z)A+zB?" (12)
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We will now shift the integration variable with the Feynman parameter z
p'=p+qz. (13)
Plugging it back into eq. (10), we obtain

Huu(‘]) = _( (47D)/2)2X

4Py Tl + 41— 2) — m)(ff — g — m)]
/ / e+ i - ) - 04

By symmetry considerations, that is p’ — —p’, terms odd in p’ do not
contribute to the integral. For the trace in D dimensions of v matrices, we
have the following formulae:

Tr(’YM’YI/) = _2D/25uy (15)

and
Tr(v %Yo Yo0) = 222[0,0p0 + 0uo0up — Op00o] - (16)

Using these expressions, we will rewrite the trace of eq. (14) as follows
P10, — 4pdor (1 — )] Tr(v 7 707%0) + M Tr(yu) | (17)

remembering that the trace of an odd number of gamma matrices is zero.
Using egs. (15) and (16), we arrive at the following expression

2D/2{2pupy —2z(1 —2)(quqw — 5uvq2) - 5;”/[(]9/2 +m®+ qzx(l —z)|}, (18)

after having added and subtracted §,,,¢z(1 — z). We end up with the fo-
llowing integral, after dropping the prime for simplicity

(9) =

,m/
—(ept=D)/2) 2D/2/ / { 2pupy B
[p? +m? + ¢?x(1 — x)]?

2x(1 — 2)[quqy — 609"
R @2+m2+2x<1fx>}2}' 1o
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Integrating over the loop with the aid of egs. (67) and (69) shows that the
first two terms cancel out. Defining ¢ = (4 — D)/2, the integral reads
—€

€2

212

m? + ¢?x(1 — x)
27

1
1yu(0) = 50Nt — o) [ 1 =) |
(20)
As D approaches 4, we can expand eq. (20) in powers of . Noticing
that a small power is indistinguishable from a logarithm, namely,
¢ =1—celog(z) + O(?) (21)

and using the properties of the Gamma function illustrated in the appendix,
we can see that eq. (20) becomes

2
_ & _ N SR
,.(q) = 52 (quav — 0 q ){6 el
! m? + ¢®z(1 — x)
/0 dz z(1 — z)log { 22 } } +O(e) , (22)
where we have used the result of
1
/dmx(l—x):l. (23)
0 6

Properties of vacuum polarisation

A few remarks on formula (22) are in order. First of all, we have actually
checked out that thanks to dimensional regularisation and because of the
Gamma function properties of its singularities, the loop integral has only a
divergence given by a simple pole for D — 4, all other terms being finite.
The technique used when D approaches 4 is known by the name “epsilon
expansion” (Wilson and Kogut, 1974), very often employed in Statistical
Mechanics as well.

If just the finite part is considered, eq. (22) could be rewritten as

H,uz/(Q) = (Q,uqy - 5;wq2>ﬂ—(q2) (24)
where at one-loop order 7(¢?) is given by
2 1

)
2 0

m? + ¢?x(1 — x)

2y
W(q ) - 27‘(,&2

dz z(1 — x)log [ (25)

The form of eq. (24) shows that vacuum polarisation I1,,,(¢*) obtained
is also a Lorentz invariant as it should be, since all its parts are Lorentz
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invariant. It can be shown that this statement holds true to any order of
perturbation theory. It also obeys to the equation

¢ (4*) = 0 (26)

known as Ward—-Takahashi identity (Ward, 1950), (Takahashi, 1957). In
QED, this means that non—transverse photon polarisation can be consis-
tently ignored: a photon cannot acquire mass.

Observe also that vacuum polarisation depends upon a mass parameter
i, that is an energy scale.

Fermion propagator

Continue now to the computation to the correction of the fermion line
shown in Fig. 2

N U

Figure 2 — Fermion propagator diagram
Puc. 2 - [Juazpamma npornazamopa ¢hepMUOHO8
Cnuka 2 — [ujazpam nponazamopa ¢hepmuoHa

This diagram is usually denoted by X (p). As for the vacuum polarisation
graph, we will proceed with dimensional regularisation in Euclidean space,
for which

dPk (—i) )
S(p) = —(eu4-D)/2 2/ w o7
(p) = —(ep ) 2mP o rm R (27)
For Euclidean space, the Clifford algebra of gamma matrices has the
form

{’Yw'yu} = _25;w ) (28)
and rewrite the fermion propagator as

p+m P rm?
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Introducing the Feynman parameter integration as seen before , we
have

(4-D)/2y2,

X(p) = —i(ep
dPk w(zﬁ —F—m)v
/ dz / —xz)+ (p—k)2z +m2z)? (30)

Shift the integration variable as
K =k —px (31)

and plug it back into (30) obtaining

B APkl —z) — K —m)y,
=) = 24D/ / k’2+m2x+p z(l—x)]2" (32)

Because of symmetry, the terms linear in £’ vanish. The remaining terms
give

S(p) = —ie?ut”

' r(:52)

/0 dz yu[p(1 — x) —m]y, a 7r)2D/2
because of eq. (67).

Before expanding in ¢ = (4 — D)/2, we have to make use of gamma
matrices relations

p*z(l —z) + m*2] P92 (33)

VY = —D (34)
and
VYoV = (2 — (4 — D))Vp . (35)
In terms of ¢, eq. (33) becomes
2 1 2 2 —€
S(p) = —21’1;;(5)/0 da [p z( 47:22+m x] y
[p(1 —2) +2m —e(p(l —x) +m)] . (36)

Expanding around ¢ = 0 furnishes us with the result
2 2

Z](p):_;16 5(p +4m) + 862 [1p(1+’y)+m(1+2fy)+
! p?z(l —z) + m2x
/0 dx [p(1 — ) + 2m]log < pr )] +0O(e) . (37)
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Vertex correction

Last one—loop QED correction is the vertex correction shown in Fig. 3.

p

p+k

q+k

q

Figure 3 — Vertex correction diagram
Puc. 3 — [Juaepamma KoppeKyuu 8epuiuH
Cnuka 3 — [ujaepam Kopekuyuje eepmekca

Ty(p,q) = —i(ep=P)/2)3x
/ dPk 1 1 S

enP My m gk m R

(38)

This time, unlike in the previous cases, we have to deal with three pro-
pagators inside the loop, so this case is more complicated. It is necessary
to introduce two Feynman parameters, = and y, make use of the relation

1—x 1
:2/ dx/ dy
ABC 0 0 [Ay 4+ B(z —y) + C(1 — z)]°

and rewrite eq. (38) as

1-z D
Ly(p,q) = —2i(ep (4=D)/2y3 /dx/ dy/dk

'Yu(p‘i'% m)%(%—% m)y,

(k2 +m?(z +y) + 2k - (pz + qy) + p*x + ¢%y]>

Shifting the integration variable as follows
K =Fk+pr+qy

and plugging it back in the integral, eq. (40) becomes

1-z D
Ly(p, q) = —2i(ept=P)/2)3 /dx/ dy/dk

(39)

(40)

(41)
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Yok = gy + p(1 — ) = m)y,(F — pr + ¢(1 —y) —m)y, .

(k2 +m?(z +y) + p?r(1 — x) + ¢*y(1 — y) — 2p - qwy]? 42)

By inspection of eq. (42), the denominator goes like 1/k° for large k and
the numerator as k2, thus (42) behaves like

MaPk k2 5
[ G A )

and in D — 4 only the piece quadratic in k is problematic. Writing

To(p.q) =T (p,q) + TP (p, q) (44)

where Fﬁl)(p, q) contains only the quadratic part in k, we find using eq. (67)

Fp(paQ):_Z( ((;f;//z (4 D)/d:z: /1 ’

Y YoVp Vo Vv (45)
[m?(z +y) + p?a(l — 2) + ¢?y(1 — y) — 2p - quy](+-D)/2

for the divergent part and for the convergent part using eq. (69)

o =< (92) [as [

YWwlp(l —z) — gy — m],[¢(1 — y) — pz — m]7y,

[m2(x +y) + p?x(1 —2) + ¢2y(1 — y) — 2p - quy|(6-D)/2 "~

(46)

As eq. (46) is convergent, we are allowed to put directly D = 4 obtaining

1—x
Tp(p,a) = =i((en® /%)) 2/ dx/
Ywlp(l — ) — gy — m]y,[¢(1 —y) — pz —m

47
[m?(z +y) + p?*x(l —2) + ¢®y(1 —y) — 2p- q:vy] @7

For the divergent part, using the identity
Vo Vu VoV Vo = 2%Yp Y — (D — )Y (48)

together with eq. (35) allows us to rewrite eq. (45) in the form

11—z
Lp(p,q) = —iep” %8 sT(e)(1—¢) /dx/
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m?(z+y) + p?x(1 —2) + ¢?y(1 —y) — 2p - quy] °
5 , (49)
dmp

that is

e 11—z
Fp(p7Q):_leﬂ '7;)16 2{5_ —1—2/(11'/

log[ 2(z+y) +pPw(l — 47)”:;q y(1—y)—2p- qu“ (50)

Other one—loop diagrams

At the one-loop level for QED, we have to consider also diagrams with an
internal fermionic loop and an odd number of external photons, as shown
in Figs. 4 and 5, and one with four external photons as in Fig. 6.

Figure 4 — One external photon Figure 5 — Three external photons
Puc. 4 — OduH eHewHul ¢homoH Puc. 5 — Tpu sHewHux gpomoHa
Cnuka 4 — JedaH cnospawru gpomoH  Criuka 5 — Tpu criorpawiba pomoHa

Figure 6 — Feynman diagram for photon scattering

Puc. 6 — [Quaepamma ®eliHmaHa 015151 paccesiHusi hpOmMoHo8
Cnuka 6 — ®ejHmaHo8 dujazpam pacejarba homoHa

Fermion loops with an odd number of external photon lines vanish be-
cause of symmetry reasons. Consider such a diagram G,, with n points
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that can be written as

Gn = Trly,0)SF(T1, Tn)Vu(n)SF(Tns Tn—1)Vu(n-1) - - - Yu2)SF (22, 21)] (31)

where Sr(z;,z;) is the fermion propagator that connects points z; and z;,
where photon lines insert. From gamma matrices algebra, we recall the
existence of a matrix C' = iy~ such that transposes each gamma matrix:

CruC™l = -] (52)
Therefore, this relation holds true for the fermionic propagator as well
CSF(«T, y)Cil = SF(ya x)T ) (53)

where the inversion of coordinates in the propagator should be noticed.
Insert now the term CC~! between the propagators in eq. (51) and rewrite

Gn = (‘UnTl"[’YZu)SIZ(%m xl)V,:f(n) SE(@n-1, xn)’YZ(nq) E

’75(2)515(3717%2)] =
(—1)"T‘Y[WM(1)SF(.%'1, xn)’yu(n)SF(:Em xn—l)')/,u(n—l) ce-
’)’M(Q)SF($2,1'1)] . (54)

For odd n, therefore, G,, = —G,, so it implies G,, = 0. This proves the
statement, known as Furry’s theorem (Furry, 1937).

About the box diagram with four external photons depicted in Fig. 6, of-
ten referred to as a light-light scattering diagram, the internal loop is made
out of four fermions; therefore, for D = 4, it is expected to diverge like

A4 1
/ dp%wlogA. (55)

Luckily, this diagram is actually convergent after an explicit calculation.

Suppose that the box diagram was actually divergent. This would mean
that we are faced with new interactions among four photons, A,4, 4,4,
not present in the original Lagrangian (5). Because of gauge invariance,
this new term should be proportional to (F},,)*, implying a kinetic term with
more than two derivatives, possibly spoiling causality.
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Appendix
Gaussian and Feynman integrals
400
/ dzemoe® = [T (56)
S a

oo 2 T 2
/ dz e b7 — \/; e (57)

Momenta:

d 2n +00 . \/> 1
el —ax?+bx _ 172 — 1"

odd momenta are zero by symmetry.
In Euclidean D dimensions, we have:

/de exp(—az? + B -z) = <Z>D/2 exp (f;) . (59)

For the operators A and J, where x - A - x = x;A;;z; and J - x = J;;xj,
with repeated indices summed over:

e [@OV]E i
/OO/OO /oozl;lld:rZ e = [det(A)} e . (60)

An almost trivial yet very useful expression is the following:

1—1/%001 "L exp(—ad) (61)
T a o exp(—a

that allows us to combine propagators and Gaussian integrals.
Applying egs. (59) and (61) to the propagators written in Euclidean
space (i.e. k? = k2 + k?), one obtains:

_
k2 +m?2

/de M = /Omda /de; exp[—a(k? + m?)] =

_ / " da exploa(k? +m2)] (62)
0
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+o0o
TI'D/Q/ da o~ P72 exp(—am?) = #P/°1 <1 — g) m(P=2) (63)
0

1
dPr — = —
/ (k2 +m2)?

+o00o
7TD/2/ do o P2 Y exp(—am?) = #P/?T (2 - 12)) mP= (64)
0

D 1 1D2 D D—6

By induction, one obtains the formula for a generic power of a propaga-
tor:

D 1 _ _ppl (n— %) (D—2n)
/d k CETn =7 ) m . (66)

Let us now shift the integration variable k = &’ + p and insert it back into
eq. (66), obtaining

D 1 _ D/2F(”_%) (D—2n)
Jd Sy e e TS 0 B

By repeated differentation of eq. (67) 9/0p,, we obtain the expressions

dPk Ky _ ppl(n=%) (D=2n)(_p ) . (68)
K2+2p k+ (m2+p2))n Tn) Pu) -
and
dPk by =

(k2 +2p- k4 (m? +p?)"

mP/2 D 1 D
(D—2n) _ - _q1_ 2
() m {F <n 5 ) Pubv + 25WF <n 1 5 ) m ] (69)
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Riemann’s Gamma function
Riemann’s Gamma function is defined by the integral

I'(z) = /Ooodt 7 let (70)

for ®(z) > 0, which satisfies the recursive relation I'(z + 1) = 2I'(2), thus
having the property that for integer values I'(n) = (n — 1)! since I'(1) = 1.
Originally, the function was defined by Weierstrass as an infinite product

by the relation .
F(lz) = [ [(1+2) e 7] (71)
n=1

~ being the Euler—Mascheroni’s constant, v ~ 0.57721. From (71), it is
readily apparent that I'(z) is analytic except for negative integers z =
0,—1,-2,... where it has simple poles. It is also possible to obtain the
reflection formula

()T —2) = —~

(72)

sin z

that allows us to obtain the value {F(%)}2 = 7. Defining the function 1(2)

(or digamma) as the logarithmic derivative of I'(z), i.e.

'(z)

I'(2)

from the reflection formula it has the property that /(1 —z) —1(z) = 7 cot 7.
Subsequent derivatives are defined by the functions

P(z) = (73)

(net1)
6= () s (74)

that allows us to express the Gamma function near the simple poles z =
—n:

['(z) = n!((;lﬁnn) + (_1)%’25” L, + O(z +n) (75)
For integers n
Ynt1)= -7+ 1 =7+ Hy (76)
k=1

where H,, is a harmonic number, defined as seen above from the sum of
the reciprocal of integers, having the property that H,, ~ logn+~+1/(2n)+
O(1/n?) for large n.
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Another relevant formula related to the Gamma function is the asymp-
totic expansion, known as Stirling’s series:

: 1 1 139 571
T(z+1) = 27rz<z) [1++ -

12z ' 28822 5184023 248832024

o (2)] o

that can be computed from a saddle approximation of the Gamma function.
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KBAHTOBbIE SNEKTPOOMHAMUWUYECKUE PACXOONMOCTU

Hukona ®abwnaHo

Benrpagckuin yHusepcuteT, MHCTUTYT agepHbIX nccrneoBaHuin
«BuHyay - HaumoHanbHbin nHctutyT Pecnybnvkn Cepbus,
r. benrpaa, Pecnybnuka Cepbus

PYBPUKA TPHTW: 27.35.00 Matemartunyeckne mogenmu
€CTEeCTBEHHbIX HAayK U TEXHUYECKNX
HayK. YpaBHEHUS MaTemaTu4eckon
hur3nkn
27.35.57 MaTtemartnyeckne Moaenun KBaHTOBOM
dur3unkm
27.35.59 MeToabl Teopun BO3MYLLEHWI
BW[L CTATbW: o63opHas ctaTtba
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Pesrome:

BeedeHue/uens: B daHHOU cmambe obcyxdaemcs rpobnema
pacxodumocmell 8 keaHmosol anekmpoduHamuke (QED).

Memodbi: B cmambe npumeHsirics memod peHopmMasiu3ayuo-
HHoU epynrbkl 8 pabome ¢ 6eckoHedHocmsamu 8 QED.

Pesynbmamei: UHmeepanbi 8 QED, darowue ¢husudeckue Ha-
brirodaembie 8e/UYUHbI, KOHEYHbI.

Bbi800s1: PacxoxdeHusi 8 QED MoxHO paccmampugams rocrie-
dosamernbHbIM 06pa3om, obecriequsasi cmpoaue Mamemamuye-
CKue pesynbmameil.

Krouesbie criosa: keaHmosasi ariekmpoduHamMuKa, KeaHmosasi
meopusi Nonsi, peHopManu3ayuoHHas 2pynna.

KBAHTHE ENEKTPOOVMHAMWYKE AMBEPIEHUUJE

Hukona ®abwnaHo

YHuBepautetr y beorpagy, VIHCTUTYT 3a HykneapHe Hayke ,BuHya“
- HaunoHanuu wuHctutyT Penybnuke Cpbuje, Beorpag, Peny6nuka
Cpbuja

OBNACT: matemaTtuka, humanka
BPCTA YJIAHKA: npernegHu pag

Caxemak:

Yeod/uurb: Y pady ce pasmampa npobnem ousepzeHuuja y
KeaHmMHoj enekmpoduHamuyu (QED).

Memode: Memoda peHopmMmanu3ayuoHe epyne Kopucmu ce 3a
pewasare beckoHadyHocmu 'y QED.

Pesynmamu: Unmeepanu y QED koju Oajy ¢husuyke orcepea-
bunHocmu jecy KOHa4yHUU.

Bakmwyuak: Pasnuke y QED moey ce mpemupamu Ha docriedaH
HaquH npyxajyhu cmpoze mamemamuuyke pesyrnmame.

KrbyyHe peuu: keaHmMHa enekmpolOuHaMuka, KeaHmHa meopuja
rnosba, peHopmarsusayuoHa spyna.
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Abstract:

Introduction/purpose: The main purpose of this paper is to present a novel
Java GUI — based software application for a comparative analysis of
fingerprint and iris biometrics.

Methods: The first part of this work is realized in Java Programming
language. in the GUI framework named swing while the rest of the paper
shows in detail the advantages and disadvantages of both systems and
gives scientific data on when fingerorint and iris recognition can be used to
enable top level security. The main method here is a well known
comparative analysis.

Results: The results were obtained for both fingerprint and iris biometrics,
showing the difference between the two.

Conclusion: Different types of biometrics, based on body parts formed at
different age, are given as well as the comparison of their security levels.

Keywords: programming, Java, GUI, biometrics, fingerprint, iris, patent.

Introduction

Java is one of the oldest object-oriented programming languages
based on all OOP concepts. Its framework, or, better to say, the swing
set of libraries is one of the oldest and most stable ones for creating GUI
(GUI — Graphical User Interface) applications. Biometrics is a scientific
discipline and technology that measures and analyzes biological
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characteristics of people. It is a part of advanced security systems widely
used in today’s modern society and protection systems.

The highest persistence in biometrics and the lowest possibility of
interrupting data are found in fingerprints and their minutiae; therefore,
this work and this patent device focus on this kind of biometrics.

The main difference between fingerprints and the iris in humans is
their forming period: fingerprints are formed in the prenatal period, before
a baby is born, and the iris with its pigmentation is formed from year two
to year four in children. This is crucial for understanding security systems
that can be created and used based on these two biometrics types.

Technology overview

A well-known OOP programming language which runs on over 3.5
billion devices worldwide is Java. It is a very strong and stable
programming language providing all OOP aspects of software
development. In developing this application, the authors used the swing
framework in Java.

All known tech devices based on fingerprint scanners use different
algorithms and SDK in their scan process to determine a person's
identity. Search through the national patent base of the Republic of
Serbia has shown that devices with this purpose, similar to the one
presented in this paper, have not been found, namely, not one of these
patents deals with this idea and a solution presented here, with this dual
fingerprint biometric scanner with its own lighting and battery supply.
(Dahlen & Caplice, 2014), (Lalovic¢ et al, 2017), (Lalovi¢ et al, 2016b)

Today, all devices scan only one or more fingers of only one person;
there are no fingerprint scanners that can scan fingers of two different
people at the same time using only one device, which is unique to our
idea. What is more, there are no devices which generate a unique
reference ID while scanning is performed, and that unique ID can be
connected with the record of fingerprint scanned and stored data.
(Lalovi¢ et al, 2015)

If we look at the issued patent confirmation no. 1-2009/0253, of
International classification such as G-07-D7/12 (2008.04), a device called
‘Hand mobile device for checking travel and personal documents,
reading biometric data and face recognition of persons which carry those
documents” has been described as one function of the device that scan
the finger of one person at just that moment, unlike ours. (Lalovi¢ et al,
2016b), (Moore et al, 2015), (Wing, 2014).
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Discusion

One issued patent with no. confirmation 13848069.4 of April 2/2013,
with remark W-0-2014059761 and classification no. G-06 F21/00 is a
classic scanner named “Fingerprint Identification Device”, described as a
device which has a scanning function and provides all data about the
fingerprint of a person ( extractor for fingerprint minutiae’ ). (Lalovi¢ et al,
2019), (Jain et al, 2008)

Our device has two separate fields for simultaneous scanning of
fingers from two different persons, which, at the same time, generates a
unique constant ID reference with an additional guarantee of a person's
identity and provides a guarantee of the motherhood for every newborn
baby in maternity wards. (Lalovi¢ et al, 2016a), (Macek et al, 2015)

Java GUI application

It is well known that Java is one of the oldest and most stable object-
oriented programming languages established around 1995, with strong
OOP principles when creating all kinds of applications. A good
knowledge of this language prompted us to create a GUI application in
Java swing framework (set of libraries) in order to provide a quality
overview in real time. As far as the design is concerned, the GUI app
builder in NetBeans IDE 8.2 was used while for the source code we
overrode methods OnClick in JButton object, showing the result set in
two panels at a same time. For the main frame, we used JFrame Java
class and its methods on the object created with the next source code
and the constructor class method:

JFrame mainWindow = new JFrame(“Main Window”);
A Java swing GUI is an older and stable Java framework for
designing and developing good graphical applications based on classes

and top level containers such as JFrame and its methods.

Figure 1 shows a GUI builder in NetBeans 8.2 version for the
development of a Java GUI application. (Lalovi¢, 2020)

' Minutiae — fingerprint specific points visible on a finger image
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Figure 1 — GUI Builder NetBeans 8.2 IDE
Puc. 1 - paguueckoe okpyxeHue Onsi pazsumusi npunoxeHusi NetBeans 8.2 IDE
Cniuka 1 — pagpuyko okpyxerse 3a pa3eoj annukayuja NetBeans 8.2 IDE

Essence of two biometrics

A scientific fact in biometrics, used as a part of advanced security
systems such as informatics and computers, is that fingerprints are
formed during the prenatal period of every newborn baby, i.e. during the
fetal period, and they remain constant in the same shape of minutiae
during the whole life of a person. (Lalovi¢ et al, 2019), (Jain et al, 2008),
(Lalovi¢ et al, 2016a)

Many research studies discuss fingerprints of the fetus and ultra-
wave and biometrics scans show that the minutiae on every finger are
formed until the end of 7" month of pregnancy, prenatally. This important
fact is needed to be mention here, since babies born before their regular
time of birth, during 8", and especially by the end of 7" month of
pregnancy, already have fingerprints formed on every finger and toe.
(Lalovi¢ et al, 2019)

This information is essential because the fingerprint minutiae (ridges
and valleys) are the only biometrics formed prenatally and can be used
for the purpose of guaranteeing identity. The idea of this patent and
innovation is based on this very scientific fact confirmed by both
biometrics and gynecology, i.e. midwifery as a branch of healthcare
protection system. (Lalovi¢ et al, 2016a), (Macek et al, 2015), (Lalovi¢,
2018)
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Other types of biometry such as iris recognition are not reliable in
this, period at the moment of birth, because until the age of four the
pigmentation in the child's eye is changeable and can become very
different. Thus, since both the shape and the color change, this makes it
impossible to be used for this purpose and for this idea.

Also, the head, the hand, and the body shape and size rapidly
change since they normally grow, so it is obvious why they cannot be
used here. The scientific fact is that the fetus fingerprint is formed
prenatally, by the end of 7" month in the uterus of a pregnant woman
and stays constant with the same construction and shape of minutiae.
(Lalovi¢ et al, 2019)

There are a large number of various fears during the birth process,
both of mothers and also of people in medical health care systems in
maternity wards. A study done in Australia and New Zealand from 2009
to 2011 based on 17 workshops with the participation of over 700
midwives shows that this device can now dispel one of the biggest fears -
dealing with unknown. (Dahlen & Caplice, 2014)

Data is gathered during the process of fingerprint scans of a mother
and her baby, with an ID unique reference that is also encrypted and
stored at the device, its memory or at the server in an encrypted form.
The device is not to be left opened or available to unauthorized
personnel, but only to authorized nurses, doctors, and midwives who
have contact with the device in maternity wards.

After the process of scanning, motherhood is confirmed for each
mother — baby pair by the authorized person - representative of a
maternity ward and the mother who enter PIN2 code that only they have
for the data. (Jain et al, 2008), (Lalovi¢ et al, 2017)

A change of the stored data is disabled and the identity of each
newborn baby is guaranteed 100% in practical terms and there is no
possibility of making a human mistake during the process thanks to the
device.

It is possible to check any mother-baby pair in maternity wards
worldwide, at any time.

The Information stored on the device or the server with a backup
copy is always in a completely encrypted form and there is no possibility
of corrupting the data. A possibility of archiving data is enabled only after
the confirmation of the mother that everything has been done right and
after this mother — baby pair has left the hospital. That is the moment

2 PIN — Personal Identification Number - code
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when proving the guarantee of motherhood is no longer necessary in a
hospital. (Dahlen & Caplice, 2014)

It is very important to prevent any possible theft of baby's identity or
babies getting switched at birth, which has unfortunately probably
happened at some places and parts of the whole world, including the
Balkans. At the moment when it is implemented, the device will
guarantee, prove, and serve as evidence of motherhood for every
newborn baby.

The application itself of the device is universal, on every continent
and in every country; there are no restrictions on the use of it. It requires
only basic IT equipment for implementation, such as a PC, a server and
this patent device which is a dual-biometric fingerprint scanner. The
device will be affordable to be installed in every maternity ward in any
health care system in any country in the world.

Research

Figure 2 shows a fingerprint of a human finger with all minutiae on it.

As it can be seen clearly, ridges and valleys are scanned on one of
the existing fingerprint scanners. There are various scanners such as:
optical, capacitive, thermal, pressure, etc. All of them possess
advantages and disadvantages, depending on the purpose and the
fingers scanned. (Tot et al, 2021)

Figure 2 — Fingerprint minutiae (Anthony, 2019)
Puc. 2 — [lemanu omne4yamka nansya (Anthony, 2019)
Cnuka 2 — Munyyuje omucka npcma (Anthony, 2019)
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The main difference between these two kinds of biometrics is that
fingerprints are formed in the prenatal period and can be acquired at the
very moment of birth, while the iris is formed between the second and the
fourth year in children, at the early period of childhood, because iris
pigmentation is then formed, so iris biometrics can be acquired
subsequently, from the age of five.

Figure 3 — Iris recognition in biometrics (Burt, 2020)
Puc. 3 — Buomempudeckoe pacrio3HagaHue o padyxHol obosouke anasa (Burt, 2020)
Cnuka 3 — Upuc npenosHagare y buomempuju (Burt, 2020)

It can be seen that both systems provide a high level of protection,
depending on the purpose and the age of humans.

Further development

Both of these biometric types, iris and fingerprint recognition, have a
big potential in the future. They are part on many known security systems
being used today. At the moment, we can say that it will be a future of
security systems and biometry development. Each of them has both
advantages and disadvantages and Java programming language can be
used for many possible applications.
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Conclusion

It is well known in research circles that the main purpose, besides
identity guarantee and nonrepudiation, each biometrics is eager to
provide is minimization of FAR® and also of FRR* in order to become
more accurate and secure. Our results with this device and GUI app are
also within this mainstream.

The main difference here is that fingerprints are formed at a moment
of birth and the iris is formed after the age of four.

Also, each biometric system has a large potential of making good
security systems, which is possible and existing nowadays. We can
freely say, now for sure, that fingerprint and iris recognition will be the
future of security systems and biometrics development. Java as OOP
programming language can be used for each application for biometric
measurements either of the iris or the fingerprint, creating good user
experience at the same time.
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MPUNOXEHWE JAVA GUI 4151 CPABHEHWA YPOBHEW
BMOMETPWUYECKOW BE3OMACHOCTW — PAOY>KHAA OBOJNTOYKA
MAS3A MO CPABHEHWNIO C OTTEYATKAMU MANBLLIEB

KomneHr I. Nanosuy®, Mumeo 3. 50r,anOC|<|/16

? YuusepeuteT «Educonsy, hakynbTeT NpoeKTUPOBAHMS U MHHOBALIMOHHOO
MeHexmeHTa, . Benrpaa, Pecny6nuka Cepbusi, KoppecnoHAeHT

% BoeHHast akagemus «[eHepan Mnxauno AnocTonockuny,
r. Ckonbe, Pecnybnuka CeBepHasa MakegoHus
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PYBPWKA T'PHTU: 50.00.00 ABTOMATUKA. BbIYMUCITUTENIbHAA
TEXHUKA:
50.41.00 MNMporpammHoe obecneyveHne BblMUCUTENBHbBIX
MaLLMWH, KOMMIEKCOB U ceTew
BWO CTATbW: 0630pHas cTatbs

Pesome:

BeedeHue/uenb: OcHosHasi uesnb OaHHOU cmambU 3aKno4yaemcsl 8
npedcmassieHuU HO8020 Mpo2pPaMMHO20 MPUIIOKEHUS], OCHO8aHHO20
Ha epachbudeckom rpunoxeHuu Java Onsi cpagHUMEIbHO20 aHasusa
buomempuyeckux OaHHbIX omre4yamkos nanbuyes u padyxHoU
obosioyKU enasa.

Memodei: [lepsass uyacmb pabombl peanu3ogaHa Ha S3bIKe
npoepamMmuposaHusi Java, 8 2paghudeckoM OKpyXeHuu sSwing, 8 mo
8peMsi Kak 8 [podo/mKeHUU cmambu  ModpobHO  onucaHbl
npeumyuwiecmea u Hedocmamku obeux cucmem u rnpusedeH psid
3HaYUMbIX Hay4YHbIX OaHHbIX O MOM, 8 KaKUX Cr/ly4Yyasix pacrio3HasaHue
omreyamko8 nanbuyee U padyxHol 0bOfoYKU enasa Moxem
ucnonb3oeambcs 0Onsi obecrniedeHuss be3onacHocmu Ha 8bicWeM
yposHe. B uccriedosaHuu npuMeHssicsi cpasHUmMeribHbIl aHaus.

Pesynbsmamsbi: B cmambe npusedeHbl pe3yrbmamsl uccredosaHust
obeux cucmeM Kak omredyamkos rnanbuyes, makx u padyxHol 060/104KU
efasa, a makxe ornucaHbl 8bIsIBNIEHHbIE pa3HUUbLI MeX0y HUMU.

Bbigodbl:  PasnuyHble 8ulbl  BUOMEMPUYECKO20  Pacrio3HO8aHUSs
¢opmupyromessi 8 3asucumMocmu om eospacma sodeli 6e3 yyema
cpasHeHus yposHs1 besonacHocmu.

Knwyesble  crioga:  rnpozpammuposaHue, Java, epachudeckoe
OKpyXeHue, buomempus, omredamok nanbya, padyxHas 0b60s104Ka
enasa, namexHm.

MPAGUYKA AMTIMKALUJA JABA 3A NOPEBEHE HNBOA

BMOMETPWNJCKE CUI'YPHOCTWN NPUCA NMPEMA OTUCKY MPCTA

KomneH I". Nanosuh?, Mumko 3. I50r;|,aH00|<v|6

@ Educons YHusepauteT, GakynteT 3a NPOjeKTHWN U MHOBALIMOHU MEHALIMEHT,
Beorpag, Peny6nvka Cpbuja, ayTop 3a npenucky

° BojHa akagemuja ,"'eHepan Muxanno AnocTonockun”,
Ckonrbe, Penybnuka CesepHa MakegoHuja

OBNACT: nHdopmaumnoHe TexHonorunje
BPCTA YJIAHKA: npernegHu ynaHak
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Caxxemak:

Yeod/yure: [nasHu yurb pada jecme Oa rnpukaxe HoO8y coghmeepcKy
annukauujy 3a KomnapamusHy aHanu3y usmely omucka npcma u upuca
y 6uomempuju, hopmupaHy Ko SbyOu Kpo3 epachuydKy arnnukayujy jasa.
Memode: [lpsu Oeo pada peanu3oeaH je y npoepaMCKOM je3UKy jaea,
epaghuyKoM OKpYKeHy 36aHOM C8UH2, 8 Ocmamak 0ema’sbHO rpuKkasyje
npedHocmu u Hedocmamke oba oea cucmema u Hay4yHo obe3beljyje cee
penesaHmHe rnodamke kaba moay bumu kopuwheHu u y3emu Oa 6u
obe3bedurnu 8pxyHCKy cuaypHocm. [nasHu memod npedcmasriba
KOoMrapamueHa aHasu3a.

Pesynmamu: Pesynmamu cadpxe oba cucmema — u omucak rpcma u
upuc, a rnpukasaHa je u passnuka.

Sakrbyyak: Bpcme buomempuje paznu4dumo ce gpopmupajy, a 3asuce 00
eoduHa cmapocmu, 6e3 nopefjersa HU8oa cuaypHoCmu.

KrbydHe pedu: rnipoepamuparse, Jaea, 2epapuyko OKpyXere,
buomempuja, omucak npcma, upuc, nameHm.
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Abstract:

Introduction/purpose: Since the end of 1995, when TETRA MoU promoted
the new TETRA Standard within ETSI, tentatively called TETRA 1, it
quickly began to be used, almost exclusively, for the construction of
Functional UHF digital trunking systems for mobile radio communications.

Methods: A description of the relevant issues from the TETRA 1
technology standards and an analysis of existing specifications, with a
more detailed presentation of the radio interface.

Results: This article highlights the numerous advantages that radio
systems based on the TETRA Standard have in relation to the Functional
systems of analog trunking of mobile radio communications, and gives an
overview of the basic package of Specifications for system implementation
based on the TETRA Standard 1. It describes the interfaces used in the
system with a special reference to the description of the radio interface,
organized by TDMA, and the method of integration of voice and data
transmission. The organization and the basic elements of the TETRA
network infrastructure are presented as well as those of the final user's
equipment, followed by the analysis of possible practical architectures of
mobile radio communication networks based on that standard.

Conclusion: After the general descriptions of technology, organization, and
architecture, the following are presented: the basic concept of the
organization of TETRA 1 network use, the general principle of
organization of mobile participants' connections and the basic elements of
the TETRA network as well as the architecture and topology of the
TETRA 1 network construction.
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Key words: Mobile radio communications-MR, Professional Mobile
Radio Communication System-PMR, analog trunking, digital trunking,
TDMA, Radio-Air interface, Digital Trunking System of Mobile Radio
Communications-TETRA, ETSI.

Introduction

The beginnings of TETRA (TErrestrial Trunked RAdio) date back to
1989, when four leading European companies for the production of
mobile radio equipment (Ericsson, Motorola Solutions, Nokia, and
Philips) began work on developing a system of mobile digital trunking
radio communications for integrated speech and data transmission,
called the MDTRS (Mobile Digital Trunked Radio System). During the
same year, work began in North America on the development of a new,
accompanying Standard for Interoperable Digital Mobile Radio
Communications for Voice Transmission, today known as P25 (Project
25). While the development of the P25 Standard was the responsibility of
the North American Public-Safety Community (NAPsC), TETRA was
developed under the auspices of the European Telecommunications
Standards Institute (ETSI), supported by many manufacturers and
equipment vendors, system users and regulators (Ovchinnikov et al,
2000), (Svrzi¢ & Cosovié, 2002a, 2002b), (Swan, 2015), (Svrzié, 2021).

As the interest of manufacturers of equipment of Functional Mobile
Radio Communications Systems-PMR (Professional Mobile Radio) for
the new standard progressed by providing significant support during
1993, the way was paved for the emergence of a strong and solidary
association of manufacturers and sellers of such equipment. Therefore,
in December 1994, under the auspices of ETSI, the TETRA MoU
Association (TETRA Memorandum of Understanding) was formed and
started working, uniting the world's most important manufacturers and
sellers of PMR equipment at the time. As such, the TETRA MoU
association has played a very important role from the very beginning
(until today), not only for the permanent development of TETRA but also
for maintaining interoperability, creating new market opportunities, and
fighting against fierce competition (Ovchinnikov et al, 2000), (Swan,
2015), (Svrzi¢, 2021). By the end of May 1999, the TETRA MoU
Association already consisted of 58 different organizations from 18
countries around the world (out of which: 23 equipment manufacturers,
12 system and operator owners, 3 regulatory bodies, etc.) (Dunlop et al,
1999).

In August 1995, ETSI adopted and approved the Specification ETS
300 391 (Part 1, 2 and 3), within which the general settings for the
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security architecture of the UPT system (Universal Personal
Telecommunication) were defined, the ICS proforma (Implementation
Conformance Statement proformas) was given as well as certain CTSs
(Conformance Test Specifications) (ETSI, 1995). Subsequently, in
December of the same year, ETSI adopted and approved the new
TETRA Radio Interface-TAl (TETRA Air Interface), as the full European
Telecommunications Standard (ETS) EN 300 392-Part 2, although
TETRA was already aiming ambitiously not only at the European, but
also at the the complete world market (ETSI, 1996). The new standard,
tentatively named TETRA 1, was not related to the then existing Public
Access Mobile Radio Access System (PAMR), nor was the PAMR part of
TETRA, as TETRA proved to be an adaptable standard for Functional
Mobile Radio Communication Systems. Namely, the infrastructure of the
TETRA system is formed from switching elements, a certain number of
base and many mobile radio stations, and, being a highly redundant and
flexible system for all requirements, it seems ideal both for regular
business and functional mobile radio communications and for mobile
radio communications in critical situations for general public safety. The
TETRA 1 standard is a set of necessary Specifications
(recommendations) for integrated voice and data transmission-TETRA
V+D (TETRA Voice + Data) and within that for group, broadband, and
emergency calls, then for fast access to the system (which is usually
shorter than 300 ms), for TMO (Trunking Mode Operation) and DMO type
of work (Direct Mode Operation), for different levels of application of
system access protection through authentication and information
encryption, for telephony with network participants functional PABX and
participants of public PSTN (including full duplex), to support the smooth
operation of control points (Control and Dispatch Centers), and circuit-
switched data transmission, as well as for independent packet data
transmission by TETRA PDO (TETRA Packet Data Optimized).
(Ovchinnikov et al, 2000), (Swan, 2015), (Svrzi¢, 2021)

Although at the time of the creation of the TETRA 1 Standard, the
data transfer rate (Data) in it was relatively low and comparable to the
data transfer rate of other technologies, it should be noted that even at
that time the TETRA 1 Standard offered a powerful system of Status
Messages-SM and short written messages-SDM (Status and Short Data
Messaging), as well as a special data package directly related to the
execution of special tasks in the field. However, fewer than five years
passed since its inception when members of the ETSI TETRA project,
which includes both users and equipment manufacturers, within the
TETRA Technical Committee (TC) and the TETRA Association (TA), in
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1999, recognized the need for necessary improvements of the first
generation of the existing standard, tentatively called the TETRA 1
Standard, in several different areas. Although the number of these areas
was initially wide, significant developments in the telecommunications
industry (combined with changes in market needs) led to ETSI deciding
in September 2000 to start activities to improve the existing standard
towards second-generation TETRA (Swan, 2015), (Svrzi¢, 2021). As a
result of these activities, at the end of 2005, a document was published
defining the areas, services and characteristics of the TETRA 1
Standard, which were envisaged for treatment and improvements
through the planned new TETRA 2 Standard, as follows:

* Increase connection range in the TMO mode.

* Use of a multi-purpose adaptive voice codec- AMR (Adaptive
Multiple Rate).

» Use of mixed excitation, with line prediction, excited voice codec -
MELPe (Mix Exitation Line Prediction).

* Introduction of an improved part of the standard for fast data
transfer, called TEDS (TETRA Enhanced Data Service) (Swan, 2015),
(Nouri, 2016), (Svrzi¢, 2021).

In particular, it should be noted that the development of high-speed
data transfer according to the TETRA 2 Standard, i.e. the introduction of
part of the standard for high-speed data transmission according to TEDS,
had its prehistory since at the beginning there were two different ways of
its development:

1.- TETRA Advancet Packet Service - TAPS, which was based on
the evolution of the GRPS / EDGE standard, and was thus focused
mainly on the PAMR market, i.e. for public mobile communications.

2.- TETRA Enhanced Data Service - TEDS, which implied a slightly
different appearance of the standard in terms of data transfer speed, and
was aimed at the entire TETRA market (in all sectors). In addition, it
envisaged full compatibility with TETRA 1 V + D and easy migration of
equipment from TETRA 1 V + D to TEDS, as well as flexible use of the
existing frequency spectrum allocated for use in PMR of different holders.

At the end of that "race", and after the consensus reached at the
working group WG4 EPT on 04.07.2002, the concept of TEDS won as a
direction preferred by a group of the world's 5 largest manufacturers of
TETRA equipment (with six different technologies) and most of the
functional users of PMR. However, due to the painstaking debate over
the choice of only one, since then initially offered technology options,
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there were many failed attempts to reach a consensus on this issue as
well. The most important thing is that after 4 years of controversy, the
decision was finally made, so the amended TETRA 2 Standard was
finally made public in 2006. Since then, until today, several significant
improvements have been made within the new TETRA 2 Standard,
including the previously mentioned: High Speed Data (HSD) and the
selection and standardization of additional voice codecs for speech
digitization. In addition, the following were realized: the evolution of the
TETRA SIM card, achieving interoperability (even "roaming"), between
TETRA 2 and public GSM, as well as the transition from 2.5G to 3G
network, while maintaining wide compatibility with the first generation of
TETRA 1 devices and full integration of their features into the new
generation of TETRA 2 devices. (Swan, 2015), (Nouri, 2016), (Svrzi¢,
2021)

When it comes to the availability and harmonization of the frequency
spectrum, i.e. spectral efficiency, it should be pointed out that these were
the key moments for the worldwide success of the TETRA Standard.
Namely, an open MR (Mobile Radio) standard, which means that
equipment from different manufacturers can be used in a single radio
network, must offer the system owner (on the one hand) sufficient
spectral efficiency, with the possibility of choosing equipment from
different manufacturers, and at the same time it must enable the
manufacturer (on the other hand) to achieve reasonable economy on the
existing scale, in order to maintain itself in the widely competitive world
market of sellers. Thanks to the work of the European Radio-
communications Office (ERO) from the Community European
Conferences of Postal and Telecommunications Administrations (CEPT),
and consultations with NATO and their substantial cooperation (as well
as the cooperation of some other users of the radio spectrum in Europe),
for the needs of the TETRA system in Europe, subbands of frequencies
have been defined:

« 380-385 and 390-395MHz, which is 200 communication radio
channels with a width of 25kHz (strictly for the needs of public security
and safety services and the army),

* 410-430 and 450-470 MHz, which is additional 800 communication
radio channels 25kHz wide (intended for the needs of commercial
services: services, transport, etc.), and

+ 870-876 and 915-921 MHz, which is more additional 240
communication radio channels with a width of 25kHz (also intended for
the needs of commercial services: services, transport, etc.).
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Also, the mentioned 380-400 MHz and 410-430 MHz parts of the
spectrum, otherwise designated as basic subbands, together with the
newly assigned auxiliary subband 806-870 MHz, are also widely
available for use by TETRA in other regions of the world (meaning those
outside Europe: in America, Asia, Australia, etc.). (Ovchinnikov et al,
2000), (Swan, 2015), (Svrzié & Cosovi¢, 2002a, 2002b), (Svrzié, 2021)

Initially, there were concerns about whether this radio spectrum
width would be sufficient for the frequency plan, as well as whether it
would allow the required density of TETRA network elements, necessary
for good radio coverage and adjusted capacity of communication radio
channels, to be implemented. However, the improved technical RF
(Radio Frequency) characteristics in the standard have allowed the third
generation mobile TETRA terminals to operate successfully on the
combined broadband configuration of both basic subbands, i.e. in the
continuity of 380 to 430 MHz. This made it possible, by combining the
basic spectral subbands of 380-400 MHz and 410-430 MHz, to provide
additional radio coverage and increased capacity of communication radio
channels wherever necessary (of course, if the user has that spectrum
width available). That is why TETRA has already unequivocally proved its
pronounced spectral efficiency in that respect, since from the very
beginning it has enabled a large number of today's operating national
networks to be able to function simultaneously and successfully only in
the basic part of the spectrum from 380 to 400 MHz, i.e. without the use
of additional sub-bands of the radio spectrum. (Swan, 2015), (Svrzic,
2021)

Advantages of digital standards and technologies for
PMR trunking systems

Mobile radio communication trunking systems, both analog and
digital, are in fact UHF (Ultra High Frequency) mobile radio
communication systems that automatically switch the available
communication radio channels of Base Radio Stations (BRSt) for the
interconnection of mobile participants as well as for the connection of
mobile participants with other participants. One of these communication
radio channels must be used as a Control Channel. Through this
channel, calls are registered by mobile and other participants, status
messages are transmitted and the order of connection requests is
assigned. Namely, as soon as the request for establishing a connection
arrives, one of free communication radio channels (channels from the
capacity of the respective BRSt, in whose service zone the participant
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who sent the connection request is assigned) is assigned to the
participants for exclusive use to occupy that channel for communication
with each other. In cases when, during the established connection, new
calls for establishing connections via the same BRSt arrive on the
system, they are assigned the remaining ones and not the occupied
communication radio channels for the connection, until the full utilization
of the communication radio channels on the respective BRSt. If all
channels are busy, a queue is formed for new connection requests
(these requests are queued). As soon as one of the busy communication
radio channels is vacated, the system assigns it to the first participant
from the formed waiting list. This means that in the trunking system of
mobile radio communications, the call for connection is sent only once
because, in case of impossibility for current connection, the call will be
placed on the waiting list and will be processed later in the order and
priority that the participant has (Ovchinnikov et al, 2000), (Svrzi¢ &
Cosovié, 2000), (Svrzi¢ & Cosovi¢, 2002b). An important difference in the
functioning of conventional from frunking systems of mobile radio
communications is plastically shown in Figure 1.

Trunking Mobile radio communication systems belong to the class of
mobile radio communication systems primarily oriented towards the
formation of various functional and corporate radio networks which
provide for the active application of mobile users in separate speech
groups, formed for a permanent or temporary task. Such systems are
used mainly by the police, specialized social security and protection
services, companies engaged in land and air transport, large producers
and distributors of all types of energy (oil, gas, electricity, etc.) in different
countries, as well as by the military in order to provide functional
connections between: mobile radio participants with each other, mobile
radio participants and stationary radio participants, as well as between
mobile radio participants and participants of Public telephone networks-
PSTN and ISDN, and Functional telephone networks-PABX. For Public
and Functional trunking systems of mobile radio communications, there
are a number of different standards differing from each other in: applied
methods for transmission of voice signals (analog and digital); types of
network access: FDMA (Frequency Division Multiplex Access), TDMA
(Time Division Multiplex Access) and CDMA (Code Division Multiplex
Access); the manner of allocating and determining the communication
radio channel: with decentralized and centralized management; the type
of Control-Management Channel: separated and distributed; and in other
characteristics.
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KONVENCIONALNI SISTEM MOBILNIH RADIO-VEZA Kanal N°1
(Fiksno koris¢enje saobracajnih radio-kanala)
Channel N°1
CONVENTIONAL SYSTEM OF MOBILE RADIO Kanal N°2
COMMUNICATIONS
(Fixed use of traffic radio channels) Channel N°2
Kanal N*3
Channel N°3
Kanal N° 4 ,
Channel N°4
Uéesnici 3b i 3c moraju da sacekaju dok se ne oslobodi zauzeti radio-kanal 3 lw»
Participants 3b and 3¢ must wait until the occupied radio channel 3 is released Channel N°5

SISTEM TRANKING MOBILNIH RADIO-VEZA

(Dinami&no koris¢enje sacbradajnih radio-kanala)
Upravijaéki kanal ,
Control channel

TRUNKING SYSTEM OF MOBILE RADIO COMMUNICATIONS
(Dynamic use of traffic radio channels)

Kanal N"5

Channel s N°2 - N°5

Switching in the system switches participants 3b and 3c to free radio chan%ecls 4 and 5 msc-master System Contraller
Komutacija u sistemu prespaja uéesnike 3b i 3c na slobodne radio-kanale 4i 5 TSC-Tranking System Controller

Figure 1 — Use of channels in conventional and trunking systems of mobile radio
communications (Rohde & Schwartz, 1994)
Puc. 1— Ucnonb3oeaHue kaHanos 8 06bIYHbIX U MPaHKUH208bIX cucmemax
moburnbHou paduocessu (Rohde & Schwartz, 1994)
Cnuka 1 — Kopuwhere KkaHana K00 KOH8EHUUOHa/IHUX U MpaHKUHe cucmema MOobuHUX
paduo-komyHukauyuja (Rohde & Schwartz, 1994)

Until about 20 years ago, some previously produced Analogue
trunking systems of mobile radio communications were still relatively
widespread in the world, such as: SMART TRUNK, then systems with the
standard MPT-1327 (ACCESSNET, ACTIONET, EURONET-46-3,
STANILITE, JRC, SELECTACOM MX and others), systems
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manufactured by Motorola (STARTSITE, SMARTNET, SMARTZONE),
systems with distributed Control and management channel ( LTR and
MULTI-NET manufactured by FFJohnson Co and ESAS manufactured
by Uniden). The technology of some of these systems, until that time,
was used by the public security and security services of different
countries, through their built Functional networks of analog trunking of
mobile radio communications. (Svrzi¢ & Cosovi¢, 2000), (Ovchinnikov et
al, 2000), (Svrzi¢ & Cosovié, 2002b)

However, since about 15 years ago, the standards for digital mobile
radio communications has been much more widespread in the world, and
therefore the circle of users of Digital trunking systems for mobile radio
communications has been constantly expanding, which is explained by a
number of their systemic advantages over analog trunking systems, such
as:

» better spectral efficiency due to the application of complex
procedures in signal modulation and low speed algorithms for conversion
and digitization of speech signals,

* increased capacity and quality of connections in the system, with a
reduction in noise levels, and

 equalization of the quality of voice signal transmission in all BRSt
service zones, at the expense of the application of digital signals in
combination with coding, which is very resistant to interference.

Compared to analog systems, Digital trunking systems of mobile
radio connections, besides systemic advantages, provide a number of
operational advantages due to:

* a successful implementation of the requirements for high
operability and security of connections,

« the provision of wide possibilities for data signal transmission,

» a wider range of liaison services (including special services related
to the realization of special needs of public safety and security services),
and

* a successful realization of connections between participants from
different networks.

The requirement for high connection operability, first of all, means
the minimum possible time for establishing a connection channel (access
time <300 ms) for different types of connections (individual, group, with
participants in telephone networks, etc.). With conventional mobile radio
systems, it takes significantly longer than with analog trunking systems to
establish a communication channel through which digital information is
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transmitted due to the time required to establish synchronization between
transmitter and receiver. However, in mobile radio trunking systems,
where the exchange of information is mainly done via BRSt, the
connection channel establishment time (access time) in digital systems is
commensurate with the access time in analogue systems. This is due to
the fact that in both digital and analog trunking systems of mobile radio
communications, as a rule, the Control Channel is realized on the
principle of digital signals. In addition, in Digital trunking systems of
mobile radio communications, it is much easier to implement different
connection modes, which significantly contribute to the operability of the
system, such as:

* direct connection mode-DMO between mobile participants (without
using BRSt),

» open channel mode (allocation and reservation of frequency
network resources for the needs of a certain group of users, so that they
can further conduct conversations without any prescribed procedure, and
in that sense without delay),

* emergency call mode,

* priority call mode,

« etc. (Ovchinnikov et al, 2000), (Svrzi¢ & Cosovi¢, 2002a, 2002b)

The requirement to provide wide possibilities for data signal
transmission implies that Digital trunking systems of mobile radio
communications are much better prepared for different modes of data
signal transmission, which gives digital network owners much greater
possibilities: for operational introduction of reductions from centralized
databases, for transmission of necessary information including image
transmission, and for the organization of centralized dispatch centers
from the vehicle location system, realized on the basis of satellite radio
navigation. Also, this means that in digital trunking systems, compared to
analog ones, data signals (Data) are transmitted at significantly higher
speeds (even several tens of times higher) (Nouri, 2016). In most digital
trunking systems of mobile radio communications integrated with data
transmission, the services of transmission of short messages and status
messages, individual radio calls, facsimile connections, as well as access
to fixed networks of data transmission connections, which work on the
basis of TCP / IP, are the realized types of protocols. (Swan, 2015),
(Svrzi¢, 2021)

The request for protection of connections includes the need to
ensure the confidentiality of cvonversations (excluding the possibility that
anyone other than the authentic user can extract information from the
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connection channel), as well as protection against unauthorized access
to the system (excluding the possibility of entering the management
system, attempts to disrupt the regularity of the system in any way,
protection from "duplicates", and so on). As a rule, the basic mechanisms
of connection protection are the application of encryption of transmitted
information as well as the identification and authentication of users. It is
quite natural that in Digital trunking systems of mobile radio
communications it is much easier to achieve protection of connections
than in the case of analog trunking systems. Even without the application
of special measures for "locking" information, the Digital trunking system
of mobile radio communications provides a certain degree of protection
for conversations (analog radio receivers with search are completely
unsuitable for listening to conversations in digital radio). In addition, some
standards of digital trunking radio communications provide for the
possibility of transit encryption of information, which allows the use of
original (i.e. developed by the equipment manufacturers themselves)
algorithms for encrypting speech and data. Also, Digital trunking systems
of mobile radio connections provide the possibility of using different
mechanisms for identification and authentication of users: different
identification keys and SIM cards, complex authentication algorithms that
use encryption, etc.

The requirement for a wide range of communication services implies
that Digital trunking systems of mobile radio communications realize a
modern level of service of participants in the radio network, which
represents: possibility of automatic registration of participants, roaming,
data signal protocol management, different priority call modes, call
forwarding, and so on. Also, in accordance with standard network service
functions, based on the specifications of public security and protection
services, standard digital trunking radio links often include requirements
for the existence of specific connection services: call mode that can be
realized only with the permission of the system dispatcher;, mode of
dynamic modification of user groups, remote radio mode for remote
listening, etc.

The requirement for the possibility of interconnection implies that
Digital trunking systems of mobile radio communications, which have a
flexible structure of addressing users, provide ample opportunities for
creating different Virtual Networks within the same system, and for
organizing connections between participants of different networks when
necessary. For public security and protection services, the request for
providing the possibility of organizing connections of joint action of
different specific units of services is especially relevant, in order to

697

Svrzi¢, S. et al, Description of the TETRA 1 technology and standard for modern digital trunking systems of functional mobile radio communications pp.687-726



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 3

coordinate actions in emergency situations: various disasters, accident
situations, terrorist acts, and the like.

Based on such requirements, in the past, international meritorious
organizations  and some  world-famous manufacturers  of
telecommunications equipment have developed a number of different
standards for the construction of Digital trunking systems for mobile radio
communications. Some popular standards of digital trunking of mobile
radio connections, which, in addition to TETRA, have gained international
significance and on the basis of which Digital trunking systems of mobile
radio communications have been built in several countries, are:

* EDACS, developed by Ericsson from Sweden,

* APCO-25, developed by the International Association of Official
Representatives of General Security and Protection Services (APCOI),

* TETRAPOL, developed by the French manufacturer
MatraCommunications,

* iDEN, developed by Motorola from the USA. (Ovchinnikov et al,
2000), (Svrzi¢ & Cosovié, 2002a, 2002b)

All these standards generally met (some less, some more) modern
requirements for Digital trunking systems of mobile radio
communications, as they allow to build networks of digital mobile radio
communications of different configurations: from the simplest-single-zone
networks of local importance to very complex multi-zone networks at the
regional or national level. Mobile radio communication systems built on
the basis of these standards provide different modes of digital
transmission and switching of voice signal (individual call, group call,
diffuse call, etc.) and data signal transmission (packet switching, circuit
switching, short message transmission, etc.), as well as the possibility of
organizing connections with other different communication systems via
standardized interfaces (with the Digital Network of Integrated Services-
ISDN, with the Public Telephone Network-PSTN, with the Functional
Home ATC-PABX and others). Such Systems of digital trunking of mobile
radio communications use the most modern forms for conversion and
processing of analog speech signals, which then coincide with really
effective methods for encoding information, used to protect against
various types of interference (protective coding). All systems of the stated
standards allow their users the possibility of using duplex radio
connection. Also, manufacturers of radio equipment for these systems
ensure their compliance with the MIL STD 810 standard for various
climatic and mechanical influences. (Ovchinnikov et al, 2000), (Svrzi¢ &
Cosovié, 2002a, 2002b)
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However, it turned out that of all these standards, the TETRA
(TErrestrial Trunked RAdio) Standard is the most promising, as over time
it has been widely accepted by many global equipment manufacturers
and users on all continents, with chances to (of course, in the field of
functional mobile radio connection) possibly get closer to the success of
the Global System for Mobile Communications. Although many analysts
predicted that, due to the significantly faster development and
implementation of public digital cellular mobile telephony via GSM
compared to functional telephony via the Digital Mobile Radio
Communications Trunking System (DMRTS), there will be more mass
migration of connection system owners from their existing Functional
Trunking system on the Public GSM, this did not happen en masse for
several reasons:

- DMRTS are intended for professional use by special groups of
users (closed, e.g. police, military or business systems) while GSM is a
public system for personal communication.

- With DMRTS, system owners have supervision and control of the
system operation at all times and in each of its parts.

- DMRTS offers more reliable communications in all conditions
(especially in crisis situations), much faster connection and a large
number of services.

- DMRTS can work with a larger number of radio channels and in
more frequency bands than GSM.

- Although DMRTS is more expensive than GSM systems (radio
terminals are especially expensive), it can also cover areas that GSM
does not cover (for example: locations of transformer stations, thermal
and hydro power plants, transmission lines, surface mines, construction
sites of new roads and tunnels, wells, gas pipelines, oil pipelines, military
training grounds, and other facilities).

- DMRTS has a powerful dispatching system and a specially
organized subsystem of automatic communication for connection with
PABX as well as an output to PSTN and ISDN.

- With DMRTS, user terminals are much more robust and resistant
to field work in all weather conditions, and even in natural disasters
(higher "IP protection").

- DMRTS provide much better opportunities for data transfer and the
organization of SCADA (Supervisory Control And Data Acquisition).

- DMRTS are designed for a strictly defined number of users, and as
such, they have significant reserves of capacity for switching,
transmission and management, both in terms of increased bandwidth
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and in terms of redundancy. This guarantees that the system is reliable
and that there can be no overload in it.

To conclude, even if the TETRA Standard is developed on the basis
of general technical solutions and recommendations of the GSM
Standard, it differs greatly from it, as it is oriented towards the
construction of such radio communication systems that efficiently and
economically support the sharing of mobile radio networks of different
groups of users, with a special emphasis on quality assurance of secrecy
and protection of transmitted information, as well as towards work in
regular and critical conditions of use. In that sense, special attention in
the standard is paid to the interests of public safety and security services
which often operate in accident and critical situations, and therefore have
a number of special requirements. It i also important that TETRA must be
an open standard, ie. that equipment from different manufacturers can be
used together in one radio network (although, in practice, this is mainly
limited to the use of mobile radio devices, and not different base radio
stations). (Ovchinnikov et al, 2000), (Svrzié & Cosovi¢, 2002a, 2002b),
(123seminarsonly, 2004), (Swan, 2015)

Overview of the TETRA 1 specification package

According to the first-basic package of specifications, the TETRA 1
standard consists of two parts:

a) TETRA YV + D (TETRA Voice + Data) - i.e. part of the standard for
integrated speech and data transmission, and

b) TETRA PDO (TETRA Packet Data Optimized) - i.e. part of the
standard that describes a special variant of the trunking system, oriented
(only) to optimized data transmission. (Ovchinnikov et al, 2000), (Svrzi¢ &
Cosovi¢, 2002b), (123seminarsonly, 2004), (Swan, 2015), (Svrzié, 2021)

The TETRA 1 standard includes: Radio interface specifications,
Interface specifications between TETRA network and Integrated Services
Digital Network-ISDN, Interface specifications according to Public
Telephone Networks-PSTN, Interface specifications according to Data
Networks-PDN, Interface specifications for working with Telephone
exchanges/networks of functional users-PABX, etc. Also, the TETRA 1
standard contains specifications for the description of basic and
additional services, offered by mobile digital radio communication
networks according to TETRA V + D or TETRA PDO, and the Interfaces
of local and centralized (external) radio network management are
specified.
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The first document from the basic package of standards related to
the TETRA 1 system was adopted by ETSI in August 1995 under the
name ETS 300 391-Part 1,23 (Part 1:“Universal Personal
Telecommunication (UPT)-Specification of the security architecture for
UPT phase1”; Part 2:Implementation Conformance Statement (ICS)
proforms”; Part 3: “Conformance Test Specifications (CTS)”.) (ETSI,
1995), and at the beginning of the following year other parts of the basic
package of standards were published (ETSI, 1996). Most of the
specification documents from that package were supplemented at the
end of 1997, although (over time) those specifications were modified and
supplemented several times (newer versions). The most important parts
of the TETRA 1 standard have been ftranslated into the following
specifications:

« ETR 300 391 TETRA V + D Design Guide (five parts, 1997/98);

* ETS 300 392 TETRA V + D (sixteen parts, 1996-2000);

* ETS 300 393 TETRA PDO (eleven parts, 1996-2000);

« ETS 300 394 TETRA Conformance Testing (two parts, 1996-
2000);

« ETS 300 395 TETRA Codec (four parts, 1996-2000);

*« ETS 300 396 TETRA DMO (five parts, 1996-2000). (Ovchinnikov
et al, 2000), (Svrzié & Cosovi¢, 2002b)

The contents of the system Specifications of the TETRA 1 standard,
from ETS 300 392 to ETS 300 396, are shown in the following Tables 1,
2,3,4 and 5.

Table 1
Tabnuua 1
Tabena 1
[Pat  [Thecontent |
Part 1 General network design
Part 2 Air Interface (Al)
Part 3 Inter-working at the 1SI
Part 4 Gateways basic operation
Part 5 Terminal equipment interface (TEI)
Part 6 Line connected stations
Part 7 Security
Part 8 Network management services
Part 9 General requirements for
supplementary servicess
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Part 10 Supplementary services stage 1

Part 11 Supplementary services stage 2

Part 12 Supplementary services stage 3

Part 13 SDL model of the Air Interface (Al)
Part 14 PICS Proforma specification

Part 15 Interworking-extended operations
Part 16 Gateways for supplementsry services

Note: This specification has a variation of the radio interface (Al,
Release 2), which was published on 01.08.2016 within ETSI EN 300 392,
Part 2, as version V3.8.1, and which is supplemented with ETSI TS100
392-18 - “Air interface optimized applications”. Within this edition, the
specifications also include parts: TS100 392-15- “TETRA frequency
bands, duplex spacings and shannel numbering”, TS100 392-16-
“‘Network Performance Metrics” and TS100 392-17- “TETRA V+D and
DMO specifications”.

One of the newer variations of this crucial specification was released
in January 2019 for the TETRA 2-TEDS radio interface, under the
designation ETSI TS 100 392-2 v3.9.1 Technical Specification, Part 2-
“Air Interface (Al)” (ETSI, 2019).

Table 2
Tabnuua 2
Tabena 2

Part 1 General network design
Part2 | Air Interface

Part 3 Inter-working

Part 4 | Gateways

Part 5 Terminal equipment interface
Part 6 Line connected stations

Part 7 | Security

Part 8 Network management
services

Part 9 Performance objectives
Part 10 | SDL model for air interface
Part 11 | PICS Proforma
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Table 3
Tabnuuya 3
Tabena 3

Part 1 Radio conformance testing
Part 2 Protocol conformance testing-voice+data

Table 4
Tabnuuya 4
Tabena 4

Part 1 General description of speech functions
Part 2 Codec

Part 3 Cpecific operational features

Part4 | Codec conformance testing

Table 5
Tabnuua 5
Tabena 5

Part 1 | General network design
Part 2 | Direct MS-MS air interface
Part 3 | Repeater

Part4 | Gateway

Part 5 | Security

It should be noted that the Specifications of the TETRA 1 standard
underwent the greatest changes in 2006, which was conditioned by the
newly adopted Standard TETRA 2-TEDS (TETRA Enhanced Data
Service), when there were significant changes in the organization of the
radio interface for fast transmission data-HSD (High Speed Data) and in
the selection and standardization of additional "voice codecs" for speech
digitization. In addition, these specifications subsequently underwent
partial changes when they were implemented: the evolution of the
TETRA SIM card, achieving interoperability (even "roaming") between
TETRA 2 and public GSM, and the transition from 2.5G to 3G network.
What was important for all holders of hitherto realized systems according
to the TETRA 1 standard is that the wide compatibility with the first
generation of TETRA 1 devices and the full integration of their
characteristics into the new generation of TETRA 2 devices is
maintained. (Duncan, 2015), (Nouri, 2016), (Svrzi¢, 2021)
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Existing interfaces within the TETRA 1 framework

The presented Specifications of the TETRA 1 standard do not set
limits for the architecture of the mobile radio communication network, so,
thanks to the modular principle of construction, different configurations of
such radio networks can be realized, with different areas of geographical
coverage by quality radio signals. In this sense, the radio networks of the
TETRA 1 standard offer a distributed infrastructure for management and
switching-SwMI (Swiching Menager Infrastructure), which provides fast
call transfer and preservation of the system's ability to work locally, and
in case of failure of certain network infrastructure elements.

The basic elements that make up each of the TETRA 1 networks
are: Base transceiver radio stations (BRSt), Mobile handheld radio
stations (RRSt), Mobile transport radio stations (PRSt), Fixed radio
stations (FRSt), Devices for base station management (UBRSt),
Switching base station radios (KBRSt), Dispatch desks (DP), and
Maintenance and operation terminals (TTOE).

The functions of operational network service of participants and their
intersystem coordinated work with participants in other TETRA networks,
public and functional telephony networks as well as the functions of local-
dispatching and central network management are determined by
specified interfaces, clearly shown in Figure 2.

Typical TETRA Network

t: - Central
. Network
(lq ' Management
)
TETRA _=F
- ————
Infrastructure \\I (5 )
{(x] E:I
N nother
© (28 =ma @ { :m:mi
\ ,r
g’

el b — [ Remote Line Station

/PSTN, ISD {4 ) _£=% (Despatchen)
_.PDN

-\.____f"

Figure 2 — Overview of different Interfaces in the TETRA standard (123seminarsonly,
2004)
Puc. 2 — 0O630p pasnuyHbix uHMepgpelicos 8 pamkax cmaHOapma TETRA
(123seminarsonly, 2004)
Cnuka 2 — lNpuka3s pasnudumux uHmepahejca y cmaHdapdy TETRA (123seminarsonly,
2004)
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The following specified interfaces can be seen in the figure:

* (1a) Radio interface for radio trunking work of BRSt (BS-Base
Station) with participating mobile radio stations: RRSt and PRSt, and also
with participating fixed radio stations (FRSt);

* (1b) Radio interface for direct connection between two participating
mobile RSt, without participation of infrastructure network, (Direct Mode
Radio Air Interface);

* (2) Inter System Interface (ISI) for the organization of connections
between KBRSt (BSC-Base Station Controller) of different TETRA
networks - or for connection to other TETRA networks;

* (3) Interface for connection between data transmission terminal
and mobile RSt (sometimes for direct connection of local DP) -TEI
(Terminal Equipment Interface);

* (4) Wired Line Interface (LSI), which connects the isolated DP to
the BRSt Controller (BSC), via PSTN, ISDN or PDN;

* (5) Network Management Interface-NMI which serves to directly
connect the workstation to the Central Network Management System -
NMS;

* (6) Interface for connection to PABX, PSTN, ISDN (Gateways to
PABX, PSTN, ISDN) and to the Package Data Network (PDN)
(Gateways to PDN). (Ovchinnikov et al, 2000), (Svrzi¢ & Cosovi¢,
2002b), (123seminarsonly, 2004)

Figure 3 presents the role and location of the following open
interfaces: Radio-interface-AIR IF (for TMO interaction) and Radio-
interface DMO (for direct connection), and Inter-system interface-ISI| and
Interface for connecting data transmission terminals -TEI, and within the
demonstrated infrastructure of two independent TETRA networks, which
basically (each of them) consist of BRSt, devices with independent
switching, and KBRSt with integrated switching (Base Station, Switch,
Base Station Controller).

In order to, in some special cases, increase the BRSt service area
(i.e. increase the range of the connection) in the TETRA 1 standard, the
possibility of using the participating mobile radio stations as a
Retranslator is also provided. This is realized with the application of
Direct Mode Operation (DMO), as shown in the figure. By the way, during
TMO (Trunking Mode Operation) TETRA supports the semi-duplex mode
by default, but when communicating with participants from PABX, PSTN
or ISDN, it works in full time duplex-TDD (Time Division Duplex).
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Open interfaces:

i DMO 2 ‘
' TEI

Infrastructure (Base Station, Switch, Base Station Controller etc.)

Figure 3 — Overview of the role and location of different interfaces on the TETRA network
infrastructure (123seminarsonly, 2004)
Puc. 3 — 0630p ponu u pacronoxeHusl pa3uyHbIx uHmepgelicos 8 cemesoll
uHgpacmpykmype TETRA (123seminarsonly, 2004)
Cnuka 3 — lpuka3s yrnoze u Mecma pasnuyumux uHmepghejca Ha uHgppacmpykmypu
mpexe TETRA (123seminarsonly, 2004)

Namely, due to the high speed of change of the transmission and
reception cycle by time multiplex, it seems that the semi-duplex mobile
RSt enabled duplex communication with the participants of the
mentioned telephone networks. In doing so, the TETRA 1 system
supports a complex level of protection of transmitted information by
encrypting speech, signaling, and user identification. In doing so, security
and protection are integrated into the system and through multiple levels
of identification and authentication: users by radio terminals, radio
terminals by a network, one network by another network, and a user by
another user. (Ovchinnikov et al, 2000), (Svrzi¢ & Cosovié, 2002b),
(123seminarsonly, 2004)

Description of the radio interface according to the
TETRA 1 standard

The radio interface, defined in the TETRA standard 1 via ETS 300
392-Part 2, is the basic interface in the system that provides for operation
in a conventional frequency network with a radio channel spacing of 25
kHz. In this case, there is a necessary, minimum duplex distance
between the transmitting and receiving frequency of 10 MHz in the radio
channel. In principle, a complete frequency range of 150 to 900 MHz can
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be used for TETRA standard systems, being clearly defined for use in
European countries with the subbands 380-385/390-395 MHz (for public
safety and security services) and 410-430/450-470 MHz (for service
services and commercial organizations). The remaining subbands used
are: 870-876 MHz, used to receive base radio stations (up-link), and 915-
921 MHz, used to transmit base radio stations (down-link).

Because it was rightly expected that a large number of owners and
users of Functional conventional PMR systems will directly switch to the
TETRA system, i.e. to bypass the technology of Analog trunking systems
of mobile radio communications (meaning PMR Standard MPT1327 and
others), the use of the time division multiple access (TDMA) technique
was adopted. The adopted TDMA contains four user time slots,
organized on each of the 25 kHz spaced radio carriers. So, on one pair of
physical radio frequencies BRSt, (for reception- "up-link" and for
transmission- "dow-nlink") spaced 10 MHz, 4 independent time
communication radio channels (information channels) can be organized
(Figure 4).

TETRA TDMA
*4:1 TDMA (Time Division Multiple Access)
*» 25 kHz carrier spacing
* Digital modulation, n/4 DQPSK at 36 kbits/s
* Speech calls use one channel

* Data calls can use up to 4 channels ( Data transfer
rates up to 7.2 kbit/ s per channel)

Lo ml s ml o= s

<
g Four user channels interleaved
ﬁ into one 25 KHz carrier

Figure 4 — Representation of TDMA, parameters and spectral efficiency in the TETRA
Standard 1 (123seminarsonly, 2004)
Puc. 4 — lNpedcmasneHue TDMA, napamempos u cnekmparnbHol aghchekmusHocmu 8
pamkax cmaHOapma TETRA 1 (123seminarsonly, 2004)
Cnuka 4 — lNpukaz TDMA, napamemapa u criekmparsnHe eghukacHocmu kod cmaHOapoda
TETRA 1 (123seminarsonly, 2004)
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This way of organization maintains the same radio channel width of
25 kHz, about one radio frequency carrier, as with conventional PMR
systems, but the spectral efficiency is quadrupled in relation to them,
while in relation to analog trunking systems PMR ( with the MPT1327
standard, where the channel spacing is 12.5 kHz) it doubles. Compared
to GSM, four times better spectral efficiency is also achieved, since in
this system only 8 communication radio channels are organized at a
width of 200 kHz, while at TETRA at a width of 200 kHz 8 radio
frequency carriers are organized (with a radio-channel width of 25 kHz)
and 4 communication radio channels on each. In addition to spectral
efficiency, TETRA also provides savings in BRSt equipment, as only one
transceiver radio unit is required for all four user "time slots", i.e. for four
communication radio channels.

In the TETRA 1 standard, according to the hierarchy, it is defined
that announcements are submitted in TDM multiframes, with a duration
of 1.02 s. By grouping 60 TDM multi frames, one TDM hyperframe is
obtained. Each TDM multi-frame contains 18 TDM primary frames, of
which the 18th is the Control Frame, i.e. the SACCH (Slow Associated
Control Channel), through which signaling is always transmitted, even if
all other channels occupied as working channels.

Each TDM primary frame has a duration of 56.67 ms and contains 4
time intervals of 14.167 ms. In each of these time intervals, the
information of one time (communication) channel is transmitted, within its
duration of 14.167 ms, by placing in the channel a channel packet of a
total length of 510 bits, out of which 432 are information while the rest are
"official bits". This means that within 1s, 35,999.152 bits are transmitted
for all 4 communication-traffic channels, i.e. that the channel speed of the
signal in one communication radio channel = 9 kb/s (Figure 5).
(Ovchinnikov et al, 2000), (Svrzi¢ & Cosovié, 2002b), (123seminarsonly,
2004), (Svrzi¢ 2021)

At the beginning of each channel packet, in a "time slot" of the
communication radio channel, an official PA block (Power Amplifier) of 36
bits in length is handed over, intended for regulating the radiant power of
the mobile radio station. It is followed by the first information block, 210
bits long, and then the SYNCA synchronization block 36 bits long, after
which the second information block 216 bits long is passed. At the end of
such a channel packet, a 6-bit protection block is passed. This protective
block of bits excludes the possibility of overlapping (overflow) of
information from adjacent communication radio channels.
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Air Interface - TDMA Illustrated

Hyperframe (61.2s)

Time slot (14.167ms o

= 510 modulating bits

Figure 5 — Overview of the hierarchy of time structures in the TETRA system
(123seminarsonly, 2004)

Puc. 5 — O630p uepapxuu spemMeHHbIX cmpykmyp 8 cucmeme TETRA (123seminarsonly,
2004)

Cnuka 5 — lNpukas xujepapxuje spemMeHcKux cmpykmypa y cucmemy TETRA
(123seminarsonly, 2004)

The connection between the "time slots" in the TDM primary frame
and the user communication radio channels is as follows: each time slot
represents a certain period of time associated with one communication
radio channel (Figure 6).

It can be seen from the figure that the communication radio channel
is actually a sequence of equally numbered “time slots” from continuous-
successive TDM primary frames.

The receiver is synchronized to a specific time slot in which it can
receive and reconstruct only those messages that belong to the
communication channel it is currently using (which is assigned to it for
connection).
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Figure 6 — Connection between time slots and communication channels in the TETRA
TDM primary frame (123seminarsonly, 2004)

Puc. 6 — Ces3b Mexdy 8peMeHHbIMU UHMepeganamu U KaHaaamu cesi3u 8 rnepe8uyHom
ppetime TETRA TDM (123seminarsonly, 2004)

Cnuka 6 — Npuka3 se3e u3mely 8peMeHCKUX ciomosea U KOMYHUKaUUOHUX KaHana y
npumapHom pamy TETRA TDM (123seminarsonly, 2004)

The TETRA 1 systems use Linear differential quaternary phase
modulation for modulating speech and data signals with a phase shift of
n/4, i.e. type n/4—DQPSK (Differential Quadrature Phase Shift Keying),
and a maximum throughput of 9 kb/s to communication radio channel,
i.e. "time slot" (which is 36 kb/s per TDMA primary framewith on, i.e. with
a symbol flow rate (dibit) of 18 ksymbols/s.

This then means that the modulation rate per one radio frequency
carrier, i.e. together for all 4 radio cqmmunication channels, is 36 kb/s.
(Ovchinnikov et al, 2000), (Svrzi¢ & Cosovi¢, 2002b), (123seminarsonly,
2004)

When transmitting speech signals and data signals, there is a

difference in the system during their transmission since the analog
speech signal is first subjected to analog/digital conversion (Figure 7).
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Figure 7 — Overview of the integration of speech and data transmission and signal
processing in the TETRA 1 standard (Svrzié & Cosovié, 2002b)
Puc. 7 — O630p uHmezpayuu nepedayu peyu u daHHbIX U 0bpabomku cuzHasios 8
pamkax cmaHOapma TETRA 1 (Svrzié & Cosovié, 2002b)
Cniuka 7 — lNpukas uHmMeepauyuje rnpeHoca 2ogopa u nodamaka u obpade cueHana Kod
cmandapda TETRA 1 (Svrzié & Cosovié, 2002b)

After A/D conversion, speech is transmitted at a bit rate of 4.8 kb/s
and encoded with a special "codec" which applies the ACELP algorithm
(Adaptive Code Excited Linear Predictive) which then ensures high
quality of the transmitted speech signal. The TETRA 1 system also
transmits data signals as standard with circuit switching and packet
switching. Digital data comes directly, and speech after A/D conversion,
to the ACELP speech codec in which they are first subjected to a
protocol: basic and then channel coding ("block" and "symbolic" coding,
sequence shifting and scrambling), after which interference-resistant
information is formed in communication radio channels, which is further
modulated by applying 74-DQPSK, RF amplified and transmitted to the
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air. During reception, reverse processes take place: demodulation of RF
signals, channel and basic decoding, and for speech signals, D/ A
conversion (again, Figure 7). (Ovchinnikov et al, 2000), (Svrzi¢ &
Cosovié, 2002b)

The bandwidth of one information-communication radio channel is
standard-fixed and amounts to 7.2 kb/s, so the speed of digital
information data flow can vary from 7.2-28.8 kb/s (at the expense of
combining 1-4 communication radio channels). At that, the total speed of
transmission of symbols in the radio channel, at the expense of additional
official information and control frame in TDM multi frame, corresponds to
the modulation speed and is 36 kb/s. (Ovchinnikov et al, 2000), (Svrzi¢ &
Cosovi¢, 2002b), (123seminarsonly, 2004)

Organization and architecture of mobile radio
networks according to the TETRA 1 standard

The basic concept of the organization of the use of
TETRA 1 networks

The basic commitment to the use of the TETRA system is the
organization of a complex digital trunking network of mobile radio
communications for several different groups of independent or partially
dependent users. Users in this sense mean organizations, bodies,
institutions, services, etc., which do not have their own System of
functional mobile radio communications but appear as independent or
partially dependent groups of participants in such a unique TETRA
network.

Figure 8 shows the simultaneous use of a single TETRA network for
three groups of different users (police, ambulance, and firefighters). Such
a unique TETRA radio network is designed as a standard to support the
simultaneous work of very demanding and specific groups of users in the
field of public safety and security, as well as emergency services (see the
figure), and transport organizations, service organizations, and industry,
local government and various services, and of course, (in specific
circumstances) the military.
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Figure 8 — Overview of simultaneous use of a unique TETRA 1 network for three different
user groups (123seminarsonly, 2004)

Puc. 8 — O630p 00HOBpeMeHHO20 ucnonb308aHusi euHol cemu TETRA 1 mpems
pasHbIMU 2pynnamu rnosb3oeamenel (123seminarsonly, 2004)

Cnuka 8 — lNpuka3 jeOHospemeHoz2 Kopulwhera jeduHcmeeHe mpexe TETRA 1 3a mpu
pasnudume epyne KopucHuka (123seminarsonly, 2004)

Due to the mentioned specific characteristics, the TETRA 1 system
has a multi-layered organization structure, complex protection
mechanisms and very high reliability, with a great possibility of radio
coverage (from some local territory to the international level). In fact, it is
a concept of the organization of Virtual Networks-VNs for each group of
users separately, within the whole-unique TETRA system (see Figure 9).

VNs enable the independence and autonomy of work of each of
these very diverse groups of users, and at the same time, from that
complex, widespread and well-organized network of UHF mobile radio
communications, they all use exactly the benefits they want. That is why
it is very important that in each of such VNs there is an independent
Dispatching Center-DC with a Dispatcher Work Station-DWS and
peripherals with great authority.
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Vatrogasci / Firefighters
I : Hitna pomo¢ / Ambulance

Policija / Police

Dispecer / Dispatcher

Dispecer / Dispatcher
Dispecer / Dispatcher

Figure 9 — Overview of the organization of three virtual networks within a single TETRA 1
network (123seminarsonly, 2004)
Puc. 9 — O630p opzaHusayuu mpex supmyarbHbix cemel 8 pamkax eOuHol cemu
TETRA 1 (123seminarsonly, 2004)
Cnuka 9 — lNpuka3 opzaHusayuje mpu supmyesiHe Mpexe y oKeupy jeQUHCmeeHe Mpexe
TETRA 1 (123seminarsonly, 2004)

All Dispatchers from different Virtual Networks can communicate
with each other and, in case of special critical or accidental situations
(major traffic accidents, fires, natural disasters), form special Temporary
Functional Groups (composed of participants from their own network
user groups), as well as Mixed functional groups (composed of
participants from different network groups of users), depending on the
given accident situation and defined tasks (Figure 10). At the same time,
the participants of such new groups have the opportunity to, with the
permission of the Dispatcher, change the membership of the group if
necessary, so like the Dispatchers, they can belong and communicate
with more groups. The work of the entire Virtual Network is usually
managed by one Dispatcher, although the network (for some groups of
participants) can work without the Dispatcher. From its DWS, that
Dispatcher has an overview of the current position of each member of the
group (knows the radio cell in which it is located) and its status. Also, he
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has an insight into every communication between the participants and
can break into it, to convey a message, to interrupt it or to insert a new
interlocutor. By listening to ambient noise, especially in Public security
services (even in the Military), the Dispatcher can monitor the work of
individuals in cars or in the field without their active participation. Multiple
levels of identification and verification, as well as strict control of access
and communication in the network by the Dispatcher, guarantee that only
authorized users can use the system. In case of theft of a mobile radio
device, the Dispatcher can remotely disable any further operation of that
terminal (temporarily or permanently), as well as monitor its movement
through the network.

Temporary group 3/ Me3ovita Privremena Temporary group 2/

Privremena grupa 3 grupa 1 / Mixed temporary Privremena grupa 2

Dispeéer 1 3 Dispeéer 2
| Dispatcher 1 | Dispatcher 2

Figure 10 — Overview of the formation of a special-temporary mixed functional group of
users in the event of an accident within a single TETRA 1 network (123seminarsonly,
2004)

Puc. 10 — O630p chopmuposaHusi crieyuasibHO-8PEMEHHOU CMewaHHOU
hyHKYUOHarnbHoU epynnsi nofib3o8amenel npu asapuu 8 pamkax eduHol cemu TETRA
1 (123seminarsonly, 2004)

Cnuka 10 — lNpuka3 coopmuparba nocebHe — rpuspemeHe, Mewosume U pyHKYUoHasHe

epyne KOpUCHUKa y crydajy akyudeHmHe cumyauyuje y okeupy jeQUHCmMeeHe Mpexe
TETRA 1 (123seminarsonly, 2004)
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In a single TETRA network, in which there are Virtual Networks (or
specialized organized groups), each group of users can seamlessly and
efficiently implement their specific, specific requirements, such as:

* Beneficiaries from the Public Safety and Security Sector.

1. The police or customs authorities may on the spot, i.e. at any location,
receive or send fingerprint recordings, various photographs, take important
details during the investigation, eftc.

2. Firefighters and special units for natural disasters can use Direct Mode
(DMQ) to cover any area with quality and record and transmit live, to their
control points and dispatchers, the situation on the ground.

3. Ambulances and ambulance services can, already from their vehicles,
send recordings and the first findings of the injured.

* Users from the Industry or Construction Sector can send plans,
sketches and drawings to the field, isolated facilities, warehouses, and
construction sites.

» Users from the Sector of Transport Organizations most often send
the positions of their means of transport - buses, trucks, ships (AVL-
Automatic Vehicle Location) using GPS.

» Users from the Sector of Service and Service Organizations can
verify credit and bank cards in the field when charging for their services
to customers. When transferring data from a bank or credit card, a
transfer with a high level of protection is used. (Ovchinnikov et al, 2000),
(Svrzi¢ & Cosovié, 2002b), (123seminarsonly, 2004)

General principle of the organization of connections of mobile
participants and the basic elements of TETRA networks

For an initial understanding of the principles of connection
organization, within the TETRA 1 standard Specification, ETSI EN 300
392-1 v1.4.1 (in “Annex A”) from 2009, models of simplified-standard
connection configurations through LMNs (Land Mobile Networks) are
given, i.e. models of terrestrial mobile radio networks which consist of
three basic elements:

* mobile radio stations-MS (Mobile Station),

» Swiching Manager Infrastructure-SwMI; and

* Line Stations-LS, i.e. line (wired, radio-link,...) connected stations.

Mobile radio stations are connected to the TETRA SwMI by a radio
channel, while LSs are connected to this structure via wired and other
communication lines. The variants of the standard configurations of
connection in the network are shown in Figure 11 a), b) and c), where:
Um - radio interface of TETRA 1 network in TMO, Ud - radio interface of
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direct connection in DMO, and T,I- wired or other line connection.
(Ovchinnikov et al, 2000), (Svrzi¢ & Cosovi¢, 2002b), (ETSI, 2009)

Um Um

MS TETRA
SwMI

MS

a) Connection between two mobile radio stations in the TMO mode, using SwMI
a) Cesasb mexdy 08yms MObUbHbIMU paduocmaHyusamu e pexxume TMO, npu
ucrionb3osaHuu SwMI
a) Besa usmehy dse moburnHe paduo-cmaHuue y pexumy TMO, kopuwherem SwM|

lIm TI

MS TETRA
Swil Ls

b) Connection between a mobile station and a line station in the TMO mode, using SwM|
6) Cessb mexdy moburibHol cmaHyuel u nuHeldHouU cmaxyuel e pexume TMO npu
ucrionb3oeaHuu SwMI
6) Besa uamehy moburiHe u nnuHujcke cmaHuye y pexumy TMO, kopuwherem SwM|

Ud
MS MS

¢) Connection between two mobile radio stations in the DMO mode, without the use of
SwMli
8) Cesa3b Mex0dy d8ymsi MObUIbHbIMU paduocmaHuyusiMu 8 pexume DMO, 6e3
ucrnonb3ogaHusi SwMI
u) Besa usmehy dse moburnHe paduo-cmaHuuye y pexumy DMO, 6e3 kopuwhera SwMI

Figure 11 — Overview of the variants of the standard configurations of TETRA 1 mobile
radio networks (ETSI, 2009)

Puc. 11 — O630p sapuaHmos cmaHdapmHbIX KOHguypauul cemet MobubHoU
paduocessu TETRA 1 (ETSI, 2009)

Cnuka 11 — lNpuka3 eapujaHmu cmaHOapda emasioHCKUX KOHGbuU2ypayuja Mpexa
moburnHux paduo-eesza TETRA 1 (ETSI, 2009)

Functional schemes for the construction of various mobile radio
networks of the TETRA 1 standard represent a set of elements of radio
network equipment that are interconnected by certain specified
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interfaces. As mentioned earlier, each complete TETRA 1 radio network
contains the basic equipment elements: Base Transceiver Station-BTS,
Base Station Control Function-BCF, Base Station Controller radio-
station-BSC, Dispatching desk-DP, Mobile: hand-held, stationary and
transport radio stations, Terminal for maintenance and operation and
Monitoring and Control Center.

The Base transceiver radio station-BTS is a base stationary radio
station which provides participants with a connection in a specific radio
cell (or radio zone) of its coverage. The BTS performs basic functions
related to the transmission of radio signals: connection to mobile radio
stations, link line encryption, spatially separate reception (spatial
diversity), power management of mobile radio stations, and radio channel
management.

The device for controlling the base radio station-BCF is an element
of equipment from the BTS, which is also part of the equipment of the
radio network infrastructure. It is also called Site Controller-SC and it
contains a system for switching the available communication radio
channels of the respective BTS, which can software-manage several
other BTSs from its zone. It also provides direct or indirect access to
external networks such as ISDN, PSTN, PDN, and PABX, and can also
be used for line connection of Dispatching desks-DP and Terminal for
maintenance and operation (TO&M).

The Base radio station controller-BSC is an element of radio network
equipment which, compared to the BCF, has greater switching and
software capabilities, allowing the exchange of data between several
BCFs. Also, like the BCF, the BSC provides direct and centralized
access to external connection networks. In this sense, the BSC has an
elastic modular structure and allows the use of a number of interfaces of
different types. In complex TETRA radio networks, BSCs also perform
the functions of connecting to other TETRA networks, as well as the
functions of managing centralized databases. In such cases in the
TETRA network, one of the BSCs must be declared the Main Controller
of Base Radio Stations-MBSC and is specially equipped with adequate
hardware and software.

The Dispatching desk-DP is a line terminal device that is primarily
connected to the BSC via a wired line providing the exchange of
information between the operator (Network Dispatcher) and other users
in the network. It is often used for diffuse transmission of information,
formation of user groups, etc, in terms of the function of Local or Central
network management.
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The Mobile radio station-MS is a terminal radio station (manual-
portable or transport-installed in the vehicle), used by various participants
in the movement, while the Stationary/Fixed radio station-FRS is a
terminal radio station (a station used by participants in one stationary
place (usually indoors). The Transport mobile station (built into the
vehicle) is an adequate solution for working from a vehicle with a custom
antenna system.

The terminal for technical maintenance and operation-TO&M is a
line terminal that is, directly or remotely, connected to the BSC or BCF,
and is intended for monitoring the state of the system, performing fault
diagnostics, registration of traffic information, making changes to the
database of participants, etc. With the help of these terminals, the so-
called function of monitoring and managing the local network LNM (Local
Network Management) is often realized. (Ovchinnikov et al, 2000),
(Svrzié & Cosovi¢, 2002b), (123seminarsonly, 2004), (ETSI, 2009)

Architecture and topology of the construction of the
TETRA 1 network

Thanks to the modular principle used in the construction of
equipment, TETRA 1 mobile radio networks can be realized with
architecture of different hierarchical levels and with a topology that allows
different geographical coverage (from local, regional to national level),
and by the type of "Star" , “Loops” or “Chains”. Database management
and switching functions in the TETRA 1 network are distributed, that is,
they are distributed throughout the network, which ensures fast call
transmission and preservation of limited working capacity of the radio
network even when disconnected from some of its elements.
(Ovchinnikov et al, 2000), (Svrzié & Cosovié, 2002b)

At the national or regional level of coverage, the structure of the
radio network can be realized on the basis of relatively small but
complete TETRA subnets, which are connected by the Interconnection
Interface-ISI, in order to realize a common - general national or regional
network. In this case, a complete TETRA subnet usually means an
autonomous and independent radio network which consists of all the
elements of equipment listed in the previous subchapter. In such cases, it
is very important that the complex architecture and topology of the
TETRA network in question allow the possibility of Centralized Network
Management. Namely, in such an organization, each TETRA subnet
independently performs its functions of Local Control and Switching, but
also provides the possibility for Centralized management from a higher
level. The number of elements of the TETRA subnet structure depends
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on the type and intensity of traffic, as well as on the requirements for the
level of connection efficiency. (Ovchinnikov et al, 2000), (Svrzi¢ &
Cosovié, 2002b). A variant for building a sufficiently demanding and
complex-combined configuration of a complete TETRA subnet in the
TETRA 1 standard, with pronounced levels of hierarchy, is shown in
Figure 12.

In the case when spare radio channels are not required, i.e. when
the traffic between different BTSs is not demandingly strong and when it
is mostly cell-oriented, it is possible (and sufficient) to build a TETRA
subnet in a simpler "Star" configuration. Also, in the case of overlapping
line-oriented paths (for example, on long conveyor routes, on railways,
etc.), the TETRA subnet can be realized in the form of a very long line,
i.e. “Chain of regularly connected BTSs”. In this case, it is rational to
provide local access to external networks via each of the Base Station
Control Devices (BCF), in accordance with the required connection
distance. Finally, and if conditions require so, a simple “island” type
configuration of the TETRA subnet can be built, containing only one BCF
and usually several BTSs.

In the radio networks of the TETRA 1 standard, various ways of
ensuring the toughness of the system are provided, enabling the
preservation of full or partial working capacity even in the event of failure
of some of the elements from the network. It is also possible that, in the
network or some part of it, there occurs a certain deterioration of one or a
number of parameters, for example the time of establishing a connection,
reducing the data transfer speed, etc. Therefore, for complex TETRA
networks of the national coverage level, several alternative routes are
used as a rule to connect with TETRA networks of the regional level. In
regional TETRA networks, similar alternative routes are used to more
reliably connect Base Station Controllers (BSCs). In addition, for regional
networks, mutual copying of databases between different Controllers of
base radio stations is envisaged (Ovchinnikov et al, 2000), (Svrzi¢ &
Cosovié, 2002b). Similar principles have been applied in the national
level and in the "Star" architecture of the TETRA 1 network of Motorola,
"Dimetra IP/SR6.2", which in Serbia operates successfully for the needs
of the Ministry of Interior and in which one of the users is the MoD and
Serbian Armed Forces. (Krsti¢ & Marjanovi¢ Jakovljevi¢, 2018), (Motorola
Solutions, 2008), (Svrzi¢, 2021)
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Figure 12 — Representation of a variant of the complex hierarchical configuration of the
TETRA 1 subnet (Ovchinnikov et al, 2000)
Puc. 12 — lNpedcmasneHue gapuaHma CrioxHOU uepapxudeckol KoHguaypayuu
nodcemu TETRA 1 (Ovchinnikov et al, 2000)
Cniuka 12 — lNpuka3 eapujaHme CrioXeHe Xxujepapxujcke KoHguaypayuje noompexe
TETRA 1 (Ovchinnikov et al, 2000)

721

Svrzi¢, S. et al, Description of the TETRA 1 technology and standard for modern digital trunking systems of functional mobile radio communications pp.687-726



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 3

Conclusion

Due to the advantages of Digital Trunking Mobile Radio
Communications Systems using the TETRA standard in relation to the
Systems of analog trunking of mobile radio communications, they are
today almost exclusively used for the construction of UHF systems of
digital mobile radio communications of functional users. The construction
and operation of these systems is defined by the basic package of
TETRA 1 specifications, adopted by ETSI in late 1995 and subsequently
amended in late 1977. They define all infrastructure equipment (BTS,
BCF, BFC), Local Network Management-LNM and Centralized Network
Management-CNM equipment and Participating Equipment (MS and LT),
as well as all interfaces applied in the system. Also, they define: group,
broadband and emergency calls, then fast system access (<300 ms),
TMO and DMO types of work, different levels of application of system
access protection (Autentification) and information encryption, work by
telephony with participants in the networks of functional PABX and public
PSTN networks (including full duplex), as well as support for the smooth
operation of control points (Control and Dispatch Centers), and
integrated data transmission by circuit switching and independent packet
data transmission by TETRA PDO. The Radio interface for TMO and
DMO operating mode (according to TDMA organized) is specified in
detail, both for integrated speech and data transmission-TETRA V + D,
and for independent optimized packet mode of data signal transmission-
TETRA PDO. Regarding the improvement of data transmission and
modernization of the system to TETRA 2-TEDS, by ETSI TC (Technical
Committee  TETRA) and TCCE (TETRA Critical Communications
Evolution), these specifications were adequately amended in 2006, and
continue to be permanently revised.

During the construction of National Functional Radio Networks
according to the TETRA 1 standard, special emphasis is placed on the
possibility of organizing Virtual Networks, within such a complex and
unique TETRA network, which can then be shared by several different
users-organizations (such as police, army, firefighters and emergency
services). Also, it is a great advantage for users-owners of
communication systems that, within such a TETRA radio network,
special-purpose functional groups of participants can be formed
(permanently or temporarily), for more successful and professional
execution of basic tasks, or tasks assigned to them in different accident
situations. As for the type of architecture of mobile radio networks based
on the TETRA 1 standard, it should be noted that it is adaptable, i.e.,
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depending on their complexity, these radio networks can be built based
the "Loop" topology (for complex ones), based on the topology of the
"Star" (for those less complex ones) or in the form of a "Chain of linearly
arranged BTSs" (to cover railways, highways, etc.). In practice, it is also
possible to build small TETRA networks of the "island" type, which then
usually contain the infrastructure of only one BCF and several BTSs,
covering a smaller part of the territory of special interest.
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OMNCAHWME TEXHONOIMMN U CTAHOAPTA TETRA 1 ANA
COBPEMEHHbIX LIN®POBbLIX TPAHKUHIOBbIX CUCTEM
SYHKLUMOHAITIbHON MOBUITIBHOW PAONOCBA3N

CnadxaH M. Cepauny®, [Memap MosaHocku®

@ 000 “Tecna cuctemun®, r. Benrpaa, Pecny6nuka Cepbuisi, KOppecnoHAeHT
5 EVN Macedonia, r. Ckonbe, Pecnybnuka CeBepHasa MakegoHus

PYBPUKA TPHTIW: 49.00.00 CBA3b:
49.33.00 CeTu u y3nbl CBA3Y;
49.33.29 CeTtun cBA3UN

BWO CTATbW: o630pHas ctaTbs

Peswome:

BeedeHue/uenb: B koHue 1995 zo0a TETRA MoU yxe npodsuzan
HoebIli cmaHdapm TETRA e pamkax ETSI, komopsbili npedsapumesibHO
6b11 HazeaH TETRA 1, u O4eHb CKOpPO cmaji UCIob308ambCsl, noYymu
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ucknroyumernoHo,  Onsi co30aHusi  (byHKUUOHarbHbIX — UughposbixX
mpaHKuH208bIx cucmem YBY 0151 MoburibHOU paduocesi3u.

Memodbi: B QaHHOU cmambe orucaHbl 8aHble 80rpPoChkl 10
mexHonoeuu cmaHdapma TETRA 1 u npueedeH aHanus
cywecmsyrowux crneyugukayuli ¢ nodpobHbIM npedcmasneHuem
paduouHmepdgbelica.

Pesynbmamei: B OaHHoU cmamee rnodyepkusaromcs
MHO204UC/IEHHbIE npeumywecmsa paduocucmem,
coomeemcmsyrwux cmaHOapmy TETRA 1o cpasHeHUw ¢
QQYHKYUOHAabHbIMU cucmemamu aHarno208020 mpaHKuHaa
MobunbHOU paduocesisu, rnpueedeH o0630p 6azoeoeo0 nakema
crnieyucukayuli Ons  peanuszayuu cucmembl coomeemcmeyrouwel
cmaHdapmy TETRA 1. B cmambe makxe ornucaHbl UHmMepgeUchi,
ucrnionb3yemMble 8 cucmeme, C 0COObIM aKyeHmom Ha onucaHue
paduouHmepcgpelica, opeaaHu3ogaHHo20 rno TDMA, u wmemod
UHMeepuposaHHol repedayu peqyu U OaHHbIX. [TpedcmasrneHsi
op2aHu3ayusi U OCHOBHblE 3/1eMeHMbl cemesol UHghpacmpyKkmypbl
TETRA, a makxe anemeHmbl  0b6opydoeaHusi  KOHEYHO20
rosib3ogamersis, 6 MOM 4ucrie rpueedeH aHasu3 B03MOXHbIX
fpakmu4eckux apxumekmyp cemel  MobusnbHOU  paduoces3u,
OCHOBaHHbIX Ha 0aHHOM cmaHdapme.

Bbigodkl: Mocrie 0606wWeHHbIX onucaHul mexHosoauu, op2aHusayuu
U apxumekmypbl 8HUMaHue b6blro 0bpaljeHo Ha: OCHO8HYH
KOHUernuyur opeaHusauyuu ucrosb3oeaHus cemu TETRA 1, obwul
MPUHYUN  op2aHu3ayuu ce8s3u  MobUIbHbLIX  ronib3ogamernel U
OCHO8Hble 3nemeHmsl cemu TETRA, a makxe Ha apxumekmypy u
mononoauro nocmpoeHus cemu TETRA 1.

Knouesnbie criosa: MobunbHasi paduocesidb-MR, npogheccuoHanbHas
cucmema mobunbHol paduoces3u-PMR, aHanozoeasi mpaHKUH208asi
cucmema, uugposasi mpaHKuHzogasi cucmema, TDMA, paduo-
ahupHbIli  uHmMepgelic, yugposass mpaHKuHeosass — cucmema
mobunbHoU paduocesdu -TETRA, ETSI.

Oornnc TEXHOJTIONMMJE N CTAHOAPOA TETRA 1 3A CABPEMEHE
ONTUTANHE TPAHKUHIT CUCTEME ©YHKUMOHAJTHNX
MOBUNTHNX PAONO-KOMYHUKALINJA

CnahaH M. Cepauh®, lMemap JosaHocku®

@ Tecna cuctemmn A.0.0., beorpap, Peny6nuka Cpbuja, ayTop 3a NpenucKy
5 EVN Macedonia, Ckonree, Penybnuka CeBepHa MakegoHuja

OBJIACT: TenekomyHuKauuje
BPCTA YJ1AHKA: npernegHu paa
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Caxemak:

Yeod/uurb: O0 Kpaja 1995. 2oduHe, 00 kada je TETRA MoU y oksupy
ETSI npomosucao Hosu cmaHdapd TETRA, ycrnosHo HaseaH TETRA 1,
6p30 je, CKOpPO UCK/by4ugo,mo4eo Oa ce Kopucmu 3a u32padmy
yHKUUoHanHux YX® cucmema OusumarnHux mpaHKuHe MOBUIHUX
paduo-KomyHuKauuja.

Memode: HaeedeHa cy perneeaHmHa numara U3 MmexHosoauje u
cmaHOapda TETRA 1 u aHanusupaHe riocmojehe crieyucpukayuje, y3
OemarbHUju rpuka3 paduo-uHmepghejca.

Pesynmamu: Ucmudy ce 6pojHe rnpedHocmu koje paduo-cucmemu o
cmaHdapdy TETRA umajy y 0OHOCYy Ha byHKYUOHasrHe cucmeme
aHarnogHuUx mpaHKuHz MobusnHux paduo-koMyHukauuja. C mum y eesu,
rnpedcmaerbeH je  OCHOBHU Makem crieyugukayuja 3a peanusauyujy
cucmema o eepsuju cmaHOapda TETRA 1. OnucaHu cy uHmepgejcu
MpUMeH-eHU y cucmemy, ca rnocebHum ocepmom Ha paduo-uHmepagejc,
opeaaHu3oeaH no TDMA, kao u Ha4yuH UuHmezpauyuje rpeHoca sosopa u
cueHana nolGamaka. [lpuka3aHa jeopzaHu3auuja, Kao U OCHOBHU
enemeHmu uHgppacmpykmype mpexe TETRA u mepmuHasiHe y4ecHUYKe
onpeme, ra ce aHanusupa Mo2yhHOCM npakmu4yHUX apxumexkmypa
Mpexxa MoburiHux paduo-KoMyHuUkKayuja no mom cmaHdapdy.

Sakrbyyak: HakoH onwmux onuca mexHosioguje, opeaaHusayuje U
apxumekmype, nocebHO cy rpukasaHu: OCHOBHa KOHuernuuja
opzaHu3auuje yrnompebe wmpexa TETRA 1, onwmu npuHyun
opeaHusayuje sesa MOBUSTHUX yYeCcHUKa U OCHOBHU efleMeHmu Mpexa
TETRA, me apxumekmypa u moriornoauja usgpadme Mpexa TETRA 1.

KrbyuHe peuu: moburnHe paduo-komyHukauuje — MR, ¢byHkyuoHarsHe
mobunHe paduo-koMmyHukauuje — PMR, aHanoeHu mpaHKuHe,
OueumanHu mpaHkuHe, TDMA, paduo-uHmepgpejc, dusumarsnHu
mpaHKuHa cucmem MoburiHux paduo-koMyHukayuja — TETRA, ETSI.
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Dear Editor of the Military Technical Courier,

| have read the article “Monitoring COVID-19 is like instrument
flying” by Petar V. Ko€ovi¢, University Union “Nikola Tesla”, School for
Information Technology and Engineering, Zoran V. Kocovi¢, Omni
Logika, and Vladimir P. KocCovi¢, IGT, all from Belgrade, published in
Voojnotehnicki glasnik/Military Technical Courier Vol. 68, No. 3, pp.424-
437, doi: https://doi.org/10.5937/vojtehg68-26557. | would like to share
with you and the audience of your Journal my professional opinion about
the article. Note the opinion expressed is my personal, and as such does
not reflect nor communicate the opinion or viewpoints of my employer or
any professional or other organizations | may belong to. Note also that
prior to communicating to your journal, | have attempted to obtain
clarifications directly from the first author, but with no success.

The purpose of the article is to propose the methodology to predict
the duration of a Covid-19 epidemic wave (and potentially applicable to
any other epidemics of infectious deceases). The central assumption of
the article is that the number of new cases per day follows a simple curve
(a Gaussian curve) and that, by using the number of cases from the left
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tail of the curve, we can predict the parameters of the curve. The second
assumption is that the epidemic wave can be considered over when the
input variable (time) is several standard deviations away from the
estimated center of the Gaussian curve on its left tail.

Based on the Statement of the Journal Purpose (as cited from
http://www.vtg.mod.gov.rs/about-journal.html:

“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 article may be out of scope of
the Journal.

My professional opinion is that the article is methodologically weak.

The central assumptions of the article, as | summarized them above,
have never been clearly stated nor justified. The authors claim, page 428:

"The infections start outgrowing exponentially at first, then whatever
response the host country enacts, after some time, new infections go
back to near zero. At least this is the back-of-the-envelope theory,
developed by Enrico Fermi.”

No reference for this was provided. However, | was able to find an
Internet article https://towardsdatascience.com/the-gaussian-model-
4a94a2b3ff1b that contains a figure identical to Fig. 4 of the paper in
question as well as the identical sentence as quoted from the paper (see
above). Eq. (3) from the paper also appears in the Internet article and is not
as such referenced in this paper. Note that the publication date of the
Internet article is 3/25/2020. | could not determine the exact submission date
of the paper in question. However, since the paper discusses actual data
from May 10, 2020, this paper was very likely submitted /ater than the
Internet publication containing the same graph and the same sentence,
which was not referred to in the paper. Also, the figure identical to Fig. 5 of
the paper can be found on the Internet, at
http://deptche.ccu.edu.tw/exam/104phychem.pdf. My opinion is that these
question the originality of the approach and the paper itself as published in
your Journal.
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Figure 1 — Figure 4 from Kocovic et al, submitted on or after 5/10/2020
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The infections start out growing exponentially at first, then whatever
response the host country enacts, after some time, new infections go back
to near zero. At least that’s the back-of-the-envelope theory. Surely there are
better models, but we’ll use the Gaussian model as a first shot.

Figure 2 — Figure and text published on the Internet 3/25/2020
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Figure 3 — Fig. 5 from Kocovic et al
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Figure 4 — A figure, identical to Fig. 5 from Kocovic¢ et al, can be found on the Internet
Generally, the article does not seem to contain model validation. It is

not clear how well the model determines the end of an epidemic wave.
Specifically, according to the article (page 430), “The forecasted day of
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the 70 is May 26, 2020”; however, it is not possible to determine the
accuracy of this prediction based on the article.

Further, the authors make several claims that are not substantiated
nor supported by references. On page 429, they state:

"A mathematical model can calculate the whole distribution if
histograms are covered with more than 50% of the data”

and later, on the same page:

“The algorithm calculates distribution if the minimum 3 SIGMA
conditions are fulfilled, and there are no extreme peaks in one
day.”

It is not clear how “3 SIGMA conditions” are checked and where the
condition is defined. Further in the paper, the authors introduce “7-sigma
day” (pages 430 and 433) and “8-sigma” model (page 429) but there is
no indication whether here 7(8) relates to the width of the symmetric
interval around the center of the curve (i.e., corresponding to +3.5 sigma,
14 sigma) as could be deduced from Fig, 5. Since the important
prediction of the end of the epidemic is based on the definition of this
criterion, the criterion should have been explicitly and exactly defined in
the article.

The following sentences on page 432 are not clear:

“The Gaussian curve can calculate the date of the end of the
epidemic with a probability of 99.9996%. This means that the
chances are ONE in a MILLION for citizens to become ill with COVID-
19 after the Gaussian distribution has ended.”

Specifically, how the probability of 99.9996% is related to
1/1,000,000 odds and what is the meaning of “after he Gaussian
distribution has ended” i.e. how the distribution can “end”?

It is not clear why the (logistic) sigmoid has been introduced, pages
431-2:

“On the other hand, the authors found a link between Gaussian and
Boltzmann or Sigmoid (S) curves.”

If the authors needed a definite integral of a Gaussian curve, they
could have expressed it using the erf function which can be easily
numerically calculated.

The authors introduce a “double logarithmic curve” to link the
number of newly infected daily and the cumulative number of the
infected. It is not well justified why such a graph is needed and how the
“7-sigma” criterion could be satisfied in Fig. 7d but not be satisfied in Fig.
9a (since the same data with different representations are used).

The source for the data shown in Figs. 1,2,3,7,8,and 9 is not
specified. Similarly, the source for the Serbian data (page 430) is not

731

Pokrajac, D., Comments on article “Monitoring COVID-19 is like instrument flying”, pp.727-733



@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 3

specified. When discussing the results for Serbia, it is not defined what
“Accuracy of the Gaussian model” is (seems to be the ratio between the
cumulative number of the infected as estimated by the model and the
true number of cases) nor it is clear what the consequence of the
obtained value is (whether the accuracy is good or bad and why). The
“area fraction” is not well defined.

The authors utilize the terminology which may not be appropriate.
What was shown in Figs. 2 and 3 are not histograms but bar plots.
Similarly, a “double logarithmic curve” is in fact a log-log plot. The
authors claim, page 429, that “the alternative names for the Gaussian
distribution are 6 SIGMA or LEAN 6 SIGMA” which does not seem to
be correct. Also, some language in the article (footnote, page 428, “The
term Back of the envelope calculation is a rough calculation. It is
more than a guess, but less than a mathematical proof.”, page 430: “As
it is shown, the model can predict, mathematically, the end of the
epidemic. But, one thing is mathematics, another is real life“, as well as
the title of the article “MONITORING COVID-19 IS LIKE INSTRUMENT
FLYING”) is imprecise and colloquial and as such should be avoided in
scientific communication.

| strongly believe that the publication of these Comments in your
esteemed Journal is necessary part of scientific communication and will
contribute to the quality of the Journal and help your readership.

KPUTUYECKWMIN OB30P CTATbM «MONITORING COVID-19 IS LIKE
INSTRUMENT FLYING»

Haesud [. Mokpasy,

["locygapcTtBeHHbIN [lenaBapCckuin yHuBepcuTeT,

AenapTameHT KOMMbOTEPHBIX N MHPOPMALIMOHHBIX HayK,

r. Doeep, CLUA;

Huwicknin yHmBepcuTeT, eCTeCTBEHHO-MaTeMaTUYeCKUn pakyneTeT,
AenapTameHT KOMMbIOTEPHBIX HayK,
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Background

The authors of the article mentioned in the title received a Letter to
the Editor submitted by Mr. David Pokrajac, on June 11, 2021 (Pokrajac,
2021). Mr. Pokrajac and the wider public and readers must take into
consideration the following facts:

1. This paper' was submitted for printing on April 30, 2020,

2. A pre-final version was submitted about 15 days before the final
submission, and

3. Some mathematical models, originally developed by the authors,
were not published in this article nor on the website of the team of the
authors, because the model did not show stability at the time of
publishing. During the process of writing this paper, we expected that
some data for relevant countries would show better fitting, but this did not
happen until April 15, 2020. (Kocovi¢ et al, 2021)

Momentum 1

The Covid-19 pandemic in the world, on 15th of April, 2020 A.D.,
showed the following:

1. In the world, this was the 86" day of the pandemic,

2. In Serbia, this was the 41° day of the pandemic, and

3. In some countries, following the World Health Organization
(WHO) guidelines, the counting of the number of infected people was

" In this paper, six new instruments were published. At the time of publishing the original
paper, only two were published.
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changed. In China, this happened on February 17, 2020, when they
reported 17,778 cases after 2,450 on average before, and 226 after the
change, Figure 1.
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Figure 1 — Histogram of the infected people on a daily basis in China in January 27-April
15, 2020

The same situation happened in Columbia on April 25, 2020, Figure
2.

4. After we had submitted this paper, some countries (e.g. the UK
and France) reported a much lower number of infected people, and they
kept this smaller number as a new start point. Strange. Although we
expected a dramatic reduction in the number of the infected, it did not
happen until the submission of our paper (Ko€ovic¢ et al, 2020).

So, our first calculations presented in this paper were basic. What
does this mean?

We used only the basic Gauss-Laplace equation/distribution that can
be found everywhere. Our main literature sourcebook was Prem Mann
(Mann, 1994) which shows the application of the Gauss Normal
distribution in many situations, two of them being: i) distribution sales
process and ii) the swine flu pandemic monitoring in 2008-2009. We took
Figure 4 in our paper from Wikipedia. All figures from Wikipedia are free
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for borrowing and publishing in all types of papers and almost all
publishing houses accept this. The same situation is with Figure 5 in our
paper.
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Figure 2 — Histogram of the infected people on a daily basis in Colombia in March 1-April
25, 2020

What had we already prepared in our mathematical model, but did
not publish?

We studied all well-known distributions: Binary, Binomial, Fisher,
and Student. Only the Gaussian distribution satisfied specified criteria at
that time for our forecasting model, but we understand that we will have
problems in the future. We developed our model, but we did not know
how to call it. At the time, we understood that we had just one part of the
distribution (from the beginning to the specific point, left-side) and that for
another part we had to calculate using the Method of Least Squares.
What first came to our mind was the Kirlian model, named after Soviet
inventor Semyon Kirlian who made his famous set of photos where he
“added” missing parts. However, giving personal names was not a good
idea. We found the “Back-of-the-Envelope® theory developed by Enrico
Fermi. Looking for a good name of the technique, the authors thought
that this was a good name for the task we had done. Very soon, the
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authors found new methodology, the Levenberg-Marquardt algorithm?
(Wikipedia, 2021). The Levenberg-Marquardt algorithm was the best that
the authors found for the non-linear least-squares minimization and curve
fitting.> When this algorithm was published as a Python library — the
authors did not have a dilemma to use this one. Today, but not at the
moment of writing the paper, the authors are using two other algorithms.
In order to avoid confusion, it should be mentioned that, before
publishing the paper, the authors found that two other teams were
working using the same model:

1. The University of Singapore (their web site was last seen around
May 1, 2020). The authors did not know what mathematical
model they used, but a set of data was not equal. The results
were very similar to ours. (SUTD Data-Driven Innovation Lab,
2020)

2. Governor Andrew Cuomo's (New York State, USA) speech about
the Covid-19 situation (McKinsey, 2020). In his speech, Cuomo
discussed possible future pandemic flow and measures that will
be used in the future. He used the McKinsey methodology based
on the Gaussian Normal distribution.

What did we not publish in our paper? What was not clear at that
moment?

Using the Least Squares Minimization Method, we calculated the
end of the wave. At that time, it was not clear whether there would be
multiple waves. So our statement that the wave will be finished until the
publishing date was not correct. Even China did not exit from wave 1.
Today we know that all countries are in different phases/waves (from one
to four) but at that time this was not visible. In the next months, we
adjusted the residual number using our method. This method is shown in
Figure 3 below. This is our INSTRUMENT 2.

2 At the moment of publishing, the Levenberg-Marquardt algorithm was just one of the
considerations for the fitting techniques.

Today, but not at the moment of writing the paper, the authors are using two other
algorithms: SciPy and Astropy (LMFIT.github, 2021). Also, the SciPy library has some
improvements after the publishing of the paper and our calculations are more precise
than at the beginning.
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Figure 3— INSTRUMENT 2: Fitting a Gaussian curve using residuals. Example — Serbia,
May 13-August 31, 2020

At the very beginning, we used Microsoft Excel libraries. Soon we
shifted to the programing language Python that has additional
mathematical libraries for Machine Learning. Figure 3 is the result of our
development. The only thing we adjusted during the time is a residual
value.

The Sigmoid or S-curve was calculated simply. Calculating a
Gaussian curve for every single day in the histogram, and smoothing the
S-curve after the 3 SIGMA can be carried out very easily: we can add
values to the existing 3SIGMA values, Figure 4.

At the time of writing the paper, the authors thought that a good way
of presenting data is to use a log-log curve. In a similar way, a velocity
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trajectory is presented in mechanics. The base for calculations is the 7-
day average number of infected people. The same results are obtained if
a logarithmic function is first calculated over the data which are then
plotted on the diagram. More details are given in the video (Kocovic,
2020a) which explains why this technique is good when we compare
several countries.

Momentum 2

Between 80 and 100 days from the beginning of a wave (in some
cases duration was up to 300 days), the wave ended. The next day after
a wave ended, a new wave began. As a general rule (defined by the
WHO), the pandemic in each particular country will end when 28 days
have passed without a new infected case. Some countries, like Spain or
Sweden, did not report cases every day. Saturdays and Sundays were
the days off for their bio-informatic personnel, so the WHO did not
publish results on a daily equidistant basis. To resolve this conflict, we
introduced moving averages based on 5 days. But a new question arises:
which country is more infected if we want to compare two countries? We
accept the criterion of the ECDC (European Centre for Disease
Prevention and Control):

,calculation using the sum of infected people in previous 14 days on the
base of 100,000 citizens*

Sweden

Figure 4 — Gaussian (blue) and Sigmoid (red) curves are plotted in one diagram.
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This definition does not divide the sum with 14 (days). Instead, the
algorithm keeps the sum for 14 days, Figure 5. Reason? Sums give us
better perception! Using this index, the ECDC defined 3 zones:

Green — ECDC (0-15),

Yellow — (16-30), and

Red - (31-50).

The authors extended this definition with the next 9 zones:
51-100 — Red-violet,

101-150 -Violet,

151-300 — Deep violet,

301-500 — Popstar,*

501- 1000 — Grey,

1001 — 3,000 — Black,

3,001- 5000 — Onyx Black,

5,001 — 10,000 - Vanta Black, and

10,001+ - MIT Black.

Maldives and the Seychelles reached 2,900 indexes, as the highest
in this pandemic until the moment of the publication of this answer!
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Figure 5 — Spain in the period Jan1-August 11, 2021. The blue bars are the daily
numbers of infected people. The red line is the ECDC index. Note that the Spanish
Ministry of Health report four days of cases, followed by the next 3 days without reported
cases.

4
See Pantone scale
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The line with the ECDC coefficient is much smoother than the daily
histogram. But, for better forecast, the authors still used the right-side,
nonvisible Gaussian curve fitting model for predicting the end of the
wave. So, here is a new, state-of-the-art presentation in the field of visual
presentations, Figure 6.
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Figure 6 — INSTRUMENT 3: ECDC coefficient for each European country

Vaccination

Vaccination started in December 2020. Until June 11, 2021, 208
countries started with vaccination (Kocovi¢ et al, 2021b). Monitoring
vaccination is an especially hard task because no authority is collecting
data.

The authors developed a special crawler to collect such data from
the National Health Bodies from every single country. Few websites such
as Our World of Data (Our World in Data, 2021) are collecting data about
vaccination but there are small differences in the number of vaccinated
people with the first or second dose.
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There is also a difference between our and their last records of
collected data.

An example of vaccination with the first and second dose compared
with the ECDC coefficient, using the Serbian data, is shown in Figure 7.
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Figure 7 — INSTRUMENT 4: Immunization process in Serbia. Total immunity represents
the number of the vaccinated with dose 2 plus the number of those recovered from Covid-
19

The leader in vaccination was Israel and this country is the template
for comparing the data between two or more countries globally.

To monitor the tempo of vaccination, and for a comparison between

two or more countries, the authors have developed a mathematical
model based on two-factor regression, Figure 8.
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Figure 8 — INSTRUMENT 5: Israel vs the UK vs Serbia. Every line is two-factor
regression data calculated for every single day. The period shown in the Figure is
February 25-June 1, 2021. The arrows represent the points when Israel and the UK
reached 33%, 44% and other important days in both countries when the mentioned
countries removed special lockdown measures. In the case of Serbia, the arrows
represent the dates when the country reached 10%, 15%, 20%, and 25% of the
immunized population. (Note: Astra Zeneca takes 12 weeks between the first and second
dose, Sinovac takes 4 weeks after the second dose. All other vaccines need 3 weeks
after the second dose to reach full immunization.)

Momentum 3 — Extension of the mathematical model

The idea of the authors was to extend the existing mathematical
models and to offer papers with the proven data to the Military Technical
Courier. One of the basic ideas was an analysis of a wider look at the
problem of the Covid-19 virus circulation in the coming months. The
analysis consists of finding some correlations between the minimum
sunspot number, CO, emission, and the start of the pandemics from
1900 until 2020 (Spanish flu, swine flu, avian flu (H5N1), and a Covid-19
storm).
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The authors offered the paper with this specific topic to the Military
Technical Courier, but the Editorial Board rejected it because it is out of
the scope of the Courier. The authors uploaded the paper onto the
ResearchGate.net website (Kocovic, 2020b).

The study analyzes the relation between the sunspot numbers and
the start and the end (duration) of the specific pandemics in 20 and 21%
centuries, as well as the link between CO, emissions. The sunspot
numbers and the duration of each specific pandemic are presented in
Figure 9.
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Figure 9 — Outbreaks of SARS, H1N1, MERS, and Covid-19 and their relation with the
sunspot numbers and the 11-year intervals

The paper also puts into correlation CO, emission with the number
of sunspots and possible problems during the winter season in the
Northern Hemisphere. At that time, vaccines were under development.

At the beginning of autumn 2020, Covid-19 infection exploded in the
Northern Hemisphere (populated by 87% of the world population), Figure
10. As stated in this paper, sunspots, which were on the decline, will take
effect in the coming months. The Sun starts to emit more electromagnetic
energy from an increasing number of sunspots (which was expected, see
Figure 9) from the beginning of May 2021, and the number of the infected
(expressed by the ECDC index) starts to drop dramatically.

Because of vaccination, a kind of a compound index was formed.
This compound index consists of two parts: i) the percentage of the
people vaccinated with the second dose, and ii) the percentage of the
population affected by the UV rays class C+x rays rate that came to the
Earth from the Sun. Sunspots appear on the Sun presenting an
electromagnetic emission of protons and neutrons, visible from the Earth,
and, in the spring and summer season, from the Sun's southern
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hemisphere. Reason: explosions on the Sun can hit the Earth at the end
of spring and during summer if they come from the Sun's southern
hemisphere. For example, in the period from May 2nd until June 11th,
2021, in Serbia, the situation was as follows: a Gauss curve was not
showing real data. The number of infected people declined more than the
Gauss distribution showed. But, if we extract the number of vaccinated
people with the 2nd dose (that was between 17 and 27 doses per
hundred — there was still between 8 (around May 1st) and 14 (around
June 10th) percent fewer of those infected than the Gauss distribution
shows. This offset between 8 and 14% was the result of the Sun activity.
The authors had only 45 days and did not find the right correlation, and
an average of 11% was applied for a better calculation of the infected
people. Also, the relation of 7-day sunspot numbers is in correlation with
many EU countries (except Spain, Sweden, San Marino, and a few
others, which report the number of the infected on a non-daily basis).
Figure 10 shows the correlation between swine flu and Covid-19, taking
into account only monitoring sunspots in the period 2004-2021.

The authors cannot develop a mathematical model for an exact
duration of the pandemic, but the comparison between the last two solar
cycles shows an idea about the end of the pandemic of Covid-19.
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Figure 10 — INSTRUMENT 6: Sunspot numbers in the period 2004-2021. The blue line
represents the number of days with sunspots. Note that a cycle of rising and declining in
the number of sunspots is approximately 11 years.
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Figure 10 — ECDC coefficients for European countries on January 1, 2021. Compare this
figure with Figure 6

Conclusion

The mathematical model presented in the Military Technical Courier
was only the first approach to the problem. The authors knew that new
algorithms had to be developed for monitoring pandemics. And they did
it. The results were reported in all Serbian media.

It seems that a mathematical model that will include sunspot
numbers and electromagnetic emission can be developed for monitoring
the end of the pandemic. A team of authors carefully monitors this
correlation and some results will be published when the correlation is
found.
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CABPEMEHO HAOPY>XXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPYJOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

HoBa Bep3uja weeackor fosua Gripen1

Gripen E

MmnpecuBaH je nogatak pa LUlBeacka, koja mma oko 10 munuoHa
CTaHOBHUKA, 1 Jarbe oApxasa AOoMahu nporpam foBUA KOjU je MpeBacXOAHO
HametbeH gomahum notpebama. Saab Gripen je Manu 1M OKpeTHW NnoBal Koju
nucnywaea Bpno crneuuduyHe wBeacke noTpebe, anu mako je ,goctynaH” y
UHaHCKjCKOM CMUCIY, TO HE 3Ha4K Aa je HanpaBrbeH OMIO KakaB KOMMPOMMIC Y
norneay ybojutoctn. HajHoBwja BapuwjaHTa noBua Gripen E ykibyyyje u
oapeheHe KOMMOHEHTe Koje ApYrv npou3sofayn nosavaHemajy .

Gripen E moxpga v3rnega ucto Kao v NpeTxo4HU MOLENM OBOr oBuUa, anv
ce vnak pagu O MHOrMM M3MeHama, na je LWBeAcku npousBohady Saab yak
pasmMuLLIIbao 1 O NPOMEHN HEeroBor Hasmea. Y cTBapu, E cepuja ce HapgoBesyje
Ha npeTxogHe cepwje, jegHoceda Gripen A v aBocepa Gripen B, Kao n Ha
cnepehy cepwjy koja je crneguna, a 1o je Gripen C/D. Wako cnorba nuye, cepuja
E ce ymHorome pasnukyje.

MpBu cepwmjckn nosal cepuje E — Gripen E (6002) noneTteo je y HoBeMbpy
2019. roguHe.

' The War Zone, February 4, 2021
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lMopekno u uHosayuje nosya Gripen E

MpBu npotoTun nosua Gripen E noneteo je 15. jyHa 2017. roanHe. ABUOH
je HewTo Behu og mogena C, oko 15,24 meTpa, anv JogaTHU pe3epBoapu 3a
ropmeo y yeehaHom Tpyny Hoce 30 nocto Buwe ropmBa. OnpemsbeH je Behum
ycucHuMuMMa Basgyxa, MohHujum motopom General Electric F414-GE-39E w ca
ykynHo 10 nogBecHux Hocaya. Mopgen F je gBocen n TpeHyTHO je y dhasm
pa3Boja, a HaMeHhseH je 3a ncnopyky bpasuny koju je nopyumo 36 mogena E/F.

Y neuembpy 2020. roguHe, npeux 60 aBnoHa Gripen E ucnopydeHo je
LUBEACKOM paTHOM Ba3ayxonnoBcTBy rae he 6GuTy NoaBprHyTM TecTupawy pagu
ogpefhuBara HakHagHUX MOAepHU3aLmja.

LLIBeacko paTtHO Ba3gyxomnnoBCTBO je HeaaBHo objaBurno aa he cepuja C/D
octaTM y onepatuBHOj ynoTpedbu n HakoH 2030. roguHe, wTto he omoryhutn
yBohene Hose E cepuje oa 2023. roguHe.

HoBu Gripen E uma 30 nocto Behm KanauumTeT HolleHa ropuea, LITO
omoryhyje Behn gonet, ABa HoBa nogBecHa Hocaya, Kao M HOBE CeH3ope U
opyxja. HoBu noBay MOXe HOCMTM OO cefam pakeTa Basgyx-Basgyx BaH
BusyenHor gometa MBDA Meteor, onpemrbeH je AESA pagapom Leonardo ES-
05 n uvHdpaupBeHUM CEH30POM 3a Tpaxekwe n npahewe Leonardo Skyward G.
HoBu cuctem 3a npoOTMBENEKTPOHCKY 6opby nogpasymeBa M CUCTEM 3a
yrnosopasare npunasa paketa y kpyry og 360 cteneHu.

HoBa apxutekTypa aBMOHCKUX MHCTPYMeHaTa je CKOpO peBONyLMOHAapHa.
OwmoryheHo je ybauuBare HOBOr xapAaBepa M yHanpeheHor codTBepa paau
omoryhaBata wu3BplwaBawa HOBUX Mucuja. Komnjytepu mory 6utm ©6p3o
3amMeHeHu, LWTO oMmoryhaBa KOHCTaHTHO noBehawe npouecHe cHare. To Takohe
3HauM Ja KIMjeHTM Mory npojekToBaTu CBOj codpTBep, na je moryha ©6p3a
peakuuja Ha nojaBy HOBUX MNPETHMW.

Komnanuja Saab pagun Ha wmoryhHOCTM apgantaumje aBMOHUYKUX W
MMCUjCKMX CMCTEMA KOju Bu ce mMormm mMewaTu Ha OojulTy, WTO 3Ha4M ga ce
HoBa codpTBepcka yHarnpehewa MOry M3MEHUTM U MHCTanuMpaTtu 4ak U OOK je
aBWOH Yy neTy.

Gripen E je npBu nosau Ha Kojem ce Hanasu pagap tuna AESA koju je
MOHTMpPaH Ha poTaumMoHM Hocad. To omoryhaBa €eneKkTPOHCKOj aHTeHW 3a
CKeHupatbe, koja je 0OM4HO duKCcMpaHa y jedHoj, Npeaoj no3vumjn, pa ce
nokpehe neBo u AecHo pagu yBehawa norba nperneaHocTyu.

PotaunoHn Hocay omoryhasa nperneg o 140 creneHn y oOKBUpY
noctojeher npernega og 200 cTeneHn y ogHOCY Ha Hoc aBuoHa. OBakBoO
pelwerwe omoryhaBa CKeHupare cuTyaumje neso M AeCHO Yy OOHOCY Ha nyTawy
aBMOHa Kaga NMuIioT He Xenu ga ycmepu netenuuy y ogpefeHy obnacrt.

Ha Taj HauMH ymamnyje ce MOryhHOCT HenpujaTerba ga naHcupa pakeTy, jep
ce pagapcku cHon wmpu BGOYHO Yy OOHOCY Ha nyTawy aBuoHa. [akne, moryhe je
nomepare 1 Ao 90 cTeneHn y OAHOCY Ha Luib, NPy YemMy ce OH U darbe npatu
Ha pagapy. OBa koMbuHaLMja je HapOYMTO yCnellHa Kaja ce KOpUCTE pakeTe
Ba3ayx-Ba3gyx Tvna Meteor.
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Gripen E ca cedam pakema MBDA Meteor

KombuHaumja paketa Meteor n pagapa AESA Ha poTauMOHOM Hocauy je
MohHa KoMOuWHauuwja. TeopeTcku, NWUMOT MOXe UCNanuTM pakeTe Ha
HenpujaTerbcke noBLE Ha EKCTPEeMHWM farbvHama U 3aTuM Cce CakpuTu usa
HenpwujaTerbeBor gonnep ,4Bopa” OOK W Jarbe BOAM CBOje pakeTe npema
unreeBrMa. OBakaB Ha4yMH MpUMEHe pajapa nocToju M koA nosua Su-57, anu
OH MMaMOHTWpaHe Oo4He pagape. Tako ce koA HenpujaTerbCkux rnosaua
nojaerbyje edekatr mpTBOr yrna. Ha npumep, nako ce HenpwujaTterbes fosal
Kpehe 6p3nHom opg 500 mwurba Ha caT, HeroB pagap OTKpMBA TEK OMahsu
pagapcku ogpas. Y ToM Cryyajy KommnjyTep noBua oadadyje Cnuky Luriba Kao ga
ce pagu o nnaHuHckoMm Bpxy. OBa TakTuKa je Hapo4MTO yCrneluHa Kaga ce nosau
Hanasn Ha Behoj BUCMHWM OA aBMOHA KOju ra Tpaxu pagapoMm, jep Taga gonasu
00 Mellaka ca 3eMarbCKMM LIYyMOBMMA M Y TOM TPEHYTKY rybu pagapckm ogpas
unrba, na pagapckv BohieHe pakeTe He fobwjajy goaaTHe uHdopMauumje n Mory
n3ryomTun unrb.

MHdpaupBeHn ceH30p CrnyXu 3a NoHuUWwTaBawe NpegHocTu ,HeBMarbUBNX”
noBaua, a Hanasw ce ucnpep npegwer gena nunotcke kabuHe. 3axsarbyjyhu
HanpegHVM anroputMMma, ceHsop obpafyje Bpno cnabe curHane koju cy U oo
JeceT nyTa MakW O KOHTakaTa Koju Cy OTKpMBaHUW Npe AeceT rogvHa.

MpBu Gripen E 3a Bpasun ncnopyyeH je 20. centembpa 2020. rogmHe.

Mackupare nymem eriekKmpoHCKUX ypehaja

Gripen E Hema reomMeTpujcKy KOHdurypaumjy ,HeBMObUBOI™ aBUOHA, jep
KoMmnaHuvja Saab cmatpa pga ca pasBojeM coTBepcke U XxapaBepcke
TEeXHOmMorvje TakaB aBMOH MoOCTaje cBe BUAbLMBUM 3a pagape. Kako je Bpno
TELWKO MNPOMEHUTU reOMeTpUujcke MNOCTaBKe aBMOHa 0e3 BENMKMX TPOLUKOBA,
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KkoMnaHuja je ognyyuna ga je 6orbe ynotpebuTn HoBe TeXHOMoruje Kao LWTo je
HanpegHo eNeKTPOHCKO paToBame.

MpojekToBake HUCKOBUAOSBLUBUX aBWOHA, Kao LWTo je F-35, Bpno je ckyno.
Takohe, NnoTpebHo je MHOrO cpefcTaBa 3a ofpXxaBare ,HeBMASbMBMX  aBMOHA Y
onepaTmuBHOj ynoTpebu. Gripen je npojekToBaH 3a 6p30 pasmeliTawe ca cnabo
onpemrbeHnx 6asa, ca HeBENWKUM FOMMCTUYKMM 3axTeBrMa u mManum 6pojem
ocobrba Koje ra Mmoxe 6p3o cepeucupaTtu n pereHepucatn. Oyekyje ce ga je 3a
camo geceTak MuHyTa moryhe mpunpemMuTy fnoBua 3a MWUCHj)y Basgyx-Basgyx,
HaopyXaTu ra paketama 1 HarnyHUTU rOpUBOM.

KomnaHuja je ogabpana noctnsamwe ,HEBUATBLUBOCTU” NyTEM CpeacTaBa 3a
enekTpoHCKy Gopby yMecTo Benuke WHBEeCTUUMje Yy FeHepuyku ,HeBuarbuBK’
aBuoH. HapaBHO, 3a LwuBeACKO paTHO Ba3dyXOMNMOBCTBO M eBEHTyarHe KnunjeHTe
TO 3HAUU U HUXKY LiEHY.

Cuctem 3a enekTtpoHcky 6opby je nmoTnyHO HOB WM nocTuke edyekat
.aurmtandHor wtnta”. KombuHaumja cuctema 3a enekTpoHCKy 0opby u
WHgpaLpBeHOr ceH3opa omoryhyje nacvMeBHO Tparawe 3a uurbeBuMma. To je
KputudaH paktop, jep je Mmoryhe nogenntn opmMaumje y akTMBHE U nacuBHe
rpyne koje mMory pasmermBaTi nogatke namehy cebe.

CncteM 3a enekTpoHcky 6Gopby rnoBua YKibydyje akTMBHE W nacuBHe
enekTpoHcke npotmBmepe. Cuctem kao wto je Leonardo BriteCloud
npeacrtaerea gobap npumep TexHororuje Koja je caga y ynotpebu, a 3acHoBaHa
je Ha cucTeMy TOMMOTHUX 1 NPOTUBPaZaPCKMX Mamala.

HanpedHu koknum u objedurbasare ceH3opa

JloBau Gripen E viMa NOTNYHO HOBW KOKNUT. HakoH 0OUMHMX pa3maTtpakrba,
LWBEACKO paTHO Ba3dyxOMfOBCTBO OMNpPedenurio ce 3a jegaH Bernukva AvChnej,
WTO MpeacTaBrba €BONyuUMjy Yy OOHOCY Ha NPETXO4HU CUCTEM OA TpW Benuka
Aucnneja y KoKnuTy NpeTxoaHe reHepaumje netenuue Gripen C/D.

KomnaHnuja Saab ycnena je na objeauHn cBe ceH3ope M Aa NpeseHTyje
WHpopmaumje NUNOTy Ha jeaHOCTaBaH U HeonTepehyjyhu HauvMH. Ha Benukom
aucnnejy npukasaHa je komnneTHa mana obnactM y KOjoj aBWOH [ejCcTByje,
3aTUM CBE pyTe, Kao U peneBaHTHM LUIBEBU Y Ba3ayXy U Ha KOMHY.

Oucnnej je oceTrbuB Ha Aoaup, a NUNOT MOXE CaM KpeupaTu pervoHe
pasnuMuNTMX BENNYUHA U 3ymmpaTth ux. MNpumenheHo je aa cy NUNOTHM NPETXO4HUX
mogena Gripen C KOHCTaHTO 3ymupanu ogpeheHe mane y cknagy ca
nHTepecuma y ogpeheHoj obnactn. Caga je To MHOro nakwe, a moryhe je Ha
avcnnejy nNocTaBuMTU U BULIE Mana WCTOBPEMEHO, Ma 3ymupaTtn U ogabupatu
pasnuunTe uurbese.

Mpe neta nunoT yHocu ogpeheHe Mane, Koje KacHWje MoXe MeHaTh TOKOM
neta. Takohe, KomMaHOe M3MeHa Ha gucnnejy mory 6utm npebayeHe M Ha
NUNOTCKY Nanuuy, OAHOCHO ofpeheHy oyrmMaa vwnv npekvaade, Kako nuroTty y
oapeheHoM TPEHYTKY BuLLE 04roBopa.

3a noeau, Gripen E xomnaHuja Saab ogabpana je Targo |l Helmet Mounted
Display (HMD) —gucnnej Ha nunoTtckoj kauurn. . 3a pasnuky og F-35, koknut
nosua Gripen E objeguwaBa nopaTke ca MNWMOTCKE Kauure M HULWAHCKOT
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cucrema Head-Up Display (HUD). OgnyyeHo je ga ce mspagu pegyHOaHTHU
CUCTEeM BErNUKOr LieHTpanHor aucnneja U gucnneja Ha NUNOTCKOj Kauuru, jep
NMAOTU NOHEKaZ ynpasrbajy aBMOHOM 6e3 Kopuwhewa nogataka ca nuioTcke
Kauure.

lMunom onpemirbeH nunomckom Kayueom Targo Il Helmet Mounted Display (HMD)

MunoT ognyyyje o0 HMBOY ayTomaTtu3auuje. Moxe ogabpatu ga KopucTtu
CMCTEM PYYHO, MONyayToOMaTCKM UK NOTMAYHO ayTomatcku. Cam oanydyje Aa nu
Xenu ga Hagrnega nopaTtke v ynpasrba nogauvma, a Moxe u ga ogobpu unu
opbaun cyrectuje cuctema. MiHdopmaumja je npeacraBrbeHa nytem cumbona
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Ha aucnnejy, 3Byka Unv roBopHMX nopyka. Linrs je fAa nunoT WwTo nakiie aoHece
KPUTWUYHY OLMYKY.

XA1E

Wide Area Display/ uenmpanHu ducninej nosya Gripen E

Takohe, ocTtBapeHO je objeguwaBane/dysnja wnsmehly nnatdopmu.
LliBeacka je jow ocampeceTvMx roguvHa nodvena ynoTpebGrbaBaTv AdaTa-NMHK
namehy netenuua. Noa npeTnocTaBKkOM Aa je NPOTUBHUK jauu, OBaj MNUHK je
KopuwheH 3a pa3mMeHy nHgopmMaumja ca gpyrmm aBuoHUMa.

Ha oCcHOBY CNMYHUX MCKyCTaBa pa3BUjeH je CUCTEM KOju MOXe cyrepucati
nuMnoTy Hajbosbn oarosop Ha Hagonasehy npeTwy. OH MOXe yno30puTu NunoTa
Aa Henpwujaterbcka netenuua gonasv y nosvuujy naHcuparwa v npeanoxuTti
€BEeHTyarnH1 oAroBop Ha TakBY akTMBHOCT —Harfny OKPeT Ha jedHy vunu apyry
cTpaHy. [lakne, NMnoT He Mopa camo rnejatu y AUCnnej jep ra cama netenvua
yrno3sopasa v npeanaxe ogrosapajyhy npotusmepy.

Byk y jazrehoj Koxu

MepdopmaHce noBua Gripen NoBpeMeHO cy Oune MNOANOXHE KPUTULIW.
Mapa je aBuMoH Manux rabaputa, Mopa HOCUTU BeNUKM Opoj Tewkux yOojHuX
cpeactaBa. Gripen E je TeXn of CBOjux NpeTxogHuKa, nma gogaTHe nofaBecHe
Tayke 1 nosehaHy KONUYMHY ropmea, anu u CHaxxHuju motop . Pagm ce o motopy
GE F414, pok cy npeTtxogHe cepuvje bune onpemrbeHe motopom F404. MNMopen
CHaXKHMjer moTtopa, Koju npoussogu 9,974 Kr noTucka, WHTENUreHTHU CUCTEM
KOHTpone neTa u3BnauM pfopatHe nepdgopmaHce aBuoHa. Gripen E je
NpojekToBaH fa AOCTUIHE U NPEeCTUrHe CBoje npeTxodHuke u3a cepuje C, 6e3
063npa Ha noBeharwe TexuHe. MNoHekas je 1 NUMNOTY TeLKOo Aa OApean Pasnuky
namehy ontepeheHor n HeonTepeheHor aBnoHa. Takohe, TelKo je pa3nukoBaTu
aBWOH ca pakeTama u 6e3 hux.
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JloBum Gripen y4ecTBoBanu cy y pasHum Bexbama, kao wTo je Red Flag.
Yak 1 kaga cy wMMa ynpasrbanuv LUBEACKM MUITOTU ca Make caTu Haneta y
O[HOCYy Ha CBOje 3anafgHe Korere, ycrneBanuM Cy [a OCTBape CynepuopHe
pesyntate ca MMHUMAIIHOM FIOTMCTUYKOM MoapLukom. TokoM Bexbe Red Flag
2006, ca ymareHOM pafapckoM M JIOTMCTUYKOM MoApLUKOM, noBuu Gripen cy
yBe3uBanu CBoje gaTa-fIMHKOBE M Ha Taj Ha4YMH UMUTMPanu aMmepuydke aBuoHe 3a
Ba3aywHu Hagsop tuna AWAC. Tako cy gobujanu HUBO CUTyaLMOHEe CBECHOCTH,
Yak 1 6orbun y ogHoOCy Ha cBoje NpoTuBHUKE. [NpBor faHa Bexbe ocTBapunu cy
aecet obapama, ykibyyyjyhu u obapawe nosua tuna Typhoon. Hucy vmanm
rybutaka M ocTanu Cy HEOTKPMBEHW W TO, YrnaBHOM, 3axBarbyjyhu cBom
cMCTeMy 3a enekTpoHcky 6opby. JeaaH nunot Gripen-a ycneo je aa obopu Yak
neT amepuykmx noeaua F-16 block 50+ Tokom Bexbe Red Flag Alaska. loBuu
Gripen HujegHOM HuUCYy wm3rydbunu BasgylwHy 60opby HWTM npomMawmnu cBoje
unreeBe. Gripen je 61O jeavHu noBal KOju je OCTBapuo CBe MfaHupaHe
CTapToBe, OOK Cy APYrM aBMOHM Yekanu Ja ce Bpeme passegpu. Takohe,
ocTBapwo je ogHoc nobeaa of vak 15:1 npotus nosua F16.

Ha Bexbu ca kparbeBCKMM HOPBELLKMM PaTHUM Ba3gyXOMyiOBCTBOM, Tpu
weencka nosua Gripen y cumMynupaHoj BasgyLuHoj 60pou NpoTMB 5 HOPBELLIKUX
F16 ocTtBapunu cy nobege y ogHocy 5:0, 5:0, 5:1.

Yak n y ogHocy Ha F15, Gripen je octBapuo nobeay Tako WTo je 13 3acege
obopuo Tpu nosua F15, ook je Tpehu ycneo aa noberHe 3axearbyjyhun 6orbem
ofHoOCy noTucka u TexwuHe. JeamHa npegHocT nosua F15 6una je y 6opbu BaH
BU3yerHor AoMeTa.

CmaTpa ce fa je amepuydku ,HeBuarbmeu nosal, F-22 y npeaHocTn Hapg
nosuumaGripen C/D cTapwuje reHepaumje, anu He 1y ogHocy Ha Hoeu Gripen E.

MHore 3emrbe, kao wWTto cy Mahapcka, Yewka, TajnaHa, JyxHa Adpuka,
Beh kopwucTte nosue cepuje Gripen C/D, a Heke gpyre, kao wro je LWBajuapcka,
pa3smaTpajy yBohewe OBOr foBuUa y Haopyxahe. 3a caga je jeaguHo bpasun
KOpUCHUKK HoBOr mogena E.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,

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

3aoKkpyxeHa MoepHu3aLumja pyckor TeHka T-90M?

Pyckn TeHk, nog o3Hakom T-90M Proryv-3, MOgepHM30BaH je Ha OCHOBY
TeHka T-14 Armata. OH je jedbTuHujM og T-14 n Guhe npousBegeH, OAHOCHO
MOZEpPHU30BaH, y Behm KonnunHama, ok he nponssoaha TeHka T-14 6utn (3a
caja) nMMUTUpaHa Ha camo ABe TeHkoBcke Bpurage. T-90M cagpxahe Benuku
6poj aenosa TeHka T-90MS.

2 Janes defence international December 2020
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%
T-90M 3a speme mecmupal-ba 2018 eoOUHe

OBaj npojekart je eBonymMpao of naketa mogepHusauuje Proryv n Proryv-2
koje je cnposena komnaHuja Ural Design Bureau of Transport Machine-building
(UKBTM). Tlpojekat Proryv-2 je 3anouyet 2005. roguHe, a uwb je 6uo
KOHCTpyucawe MoOepHe TEeHKOBCKe kynorne ca noeehaHum cTeneHom
npexvBrbaBaka U BEROM CUTyaLMOHOM CBECHOLLNY.

MpojekaT je NpBOOMTHO OMO HaMerEeH 3a M3BO3, jep Y TOM TPEHYTKY Huje
OMno 3axTeBa pyckor MMHUCTapcTBa ogbpaHe 3a mogepHusaumjom T-90, 36or
Tora WwTo je Taga TeHk T-90A ynasuo y onepaTuBHYy ynotpeoy.

TeHk T-90M Mma HOBY BapeHy Kynory ca MOAyfapHUM NacMBHUM OKIOMOM,
Ha Kojoj je omoryheHa 3ameHa OKMOMHMX MoAyrna HakoH owwTehuBaka, HOBU
€KCMNJ03MBHO-PEAKTMBHM OKIOM, PEeLIeTKacTX OKIoMN Ha CTpaHama Kynomne wu
nocebHo 3awTuheHn oeo 3a pe3epBHY MyHUUMjy. [pojekaT He ykibydyje ypehaj
Shtora-1, na je Taj 4eo NpeKpUBEH EKCMNIO3MBHO-PEaKTUBHUM OKronoMm. Nopea
Tora, KOMaHaup je obuo He3aBMCHY MaHOPaMCKy OCMaTtpayky cnpasy 3aje4Ho
ca nepvckonvma pagm noctusama yHanpefeHe cutyaLmoHe CBECHOCTMU.

CBu genoBu MoAepHMU3aumnoHor naketa Proryv-2 HUCY cnipoBedeHn, a jedaH
0eo je cayyBaH Kao geo naketa Proryv-3 u ybadeH y TeHk T-90MS, ogHocHO y
aomahy Bepaunjy — TeHk T-90M Pesyntart Tora je TeHk T-90M koju je jegHak
HajHOBMjUM 3anagHMM TeHKOoBMMA. HapounTa naxwa MOKIOHEeHA je CTeneHy
npexuBrbaBaka TeHKa, Kao M BaTpeHoj Mohu 3ajegHo ca yHanpehewuma y
nornegy MOGUNHOCTW, UrnTanusaumje n ympexaara.

lNpexuerbagarn-e

3a pasnuky oa cBojux npeTtxogHuka, T-90M mma HOBY BapeHy Kymnony Koja
je 3HaTHO gyxa u Behux rabapuTta y ogHocy Ha BehuHy Kynomna COBjETCKMX
aunsajHa.
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WMako ce pagu o0 HOBOj Kynonu, An3ajH 1 farbe cneau nNpeTxodHe CoBjeTcke
TEHKOBCKE HaupTe y Kojuma ce Kynona wupw yHasagd. OBakas m3rneq Kynone
npBu NyT je No4Yeo fa ce KOPUCTM Ha TeHKoBUMa cepuje T-64 Ha kojuma Kynona
BULLE HWje nmana okpyrao obnuk. TakaB 06nuK Kyrnore 3aTum ce KOpUcTno U 3a
TeHkoBe u3 cepuja T-72, T-80 n T-90, aa 6m KOHa4yHO OMO HaMNyLITEH KOA TEHKa
T-14 koju uma becnocagHy Kynony.

- ! e

OOeaK 3a CMemapesepeHe MyHUUuje Ha meHKY T-90 Koj Oéhyje u Kao
npomusemee ripedr-ee 0ena Kyriorne.

C gpyre cTpaHe, MHOMM 3anagHun TEHKOBU, YKibyudyjyhu cepuje M1 Abrams,
Leopard 2, Challenger 2 n Leclerc, nmajy koukacTe Kynosie ca napanesiHum
cTpaHama koje 06e3befyjy Behy uHTepHy 3anpemuHy. [lpobnem oBaksor
KoHLUenTa je noTpeba 3a yrpaasoM MacuUBHUjEr OKMnona paan 3awTute nocage u
TEHKa, Ynme ce 3HaTHO noBehaBa TexuHa Bo3una. [usajH kynone T-90M je
MOXOa HajCruYHMjU Ou3ajHy 3anagHUX TEHKOBa, a u3rnega kao pasBujeHu
neHtaroH kaga ce rnega oposro. Kynona T-90 3HaTHO je Beha of kynona
ocTanux pyCKMX TEHKOBa, YKIbydyjyhu M Oeo y KojeM ce 4dyBa pesepBHa
MyHUWLUMja, a KOju NOCTOjY joL caMo Ha TeHky T-14.

Y cnpemuTy 3a pesepBHy MyHULUMjy YyBa ce 10 rpaHaTta, a onpeMrbeHo je
ropkuM JenoM Koju AEeTOHMpa Harope npuivMkom mnorotka y TeHk. OBakaB
jopartak 3HaTHO nosehaBa MOryhHOCT npexuBrbaBawa TeHka. Kog pyckmx
TEHKOBa MyHWUMja je 0BMYHO CKNaguLTeHa y ayTOMaTCKoOM MyHayy y CpeavHu
Tpyna TeHka, OOK Cy pe3epBHe rpaHaTe CMellTaHe MCNog WM OKO NyHaya.
CmelwTame CBUX pe3epBHUX rpaHata y OOBOjeHO crnpemMuwTe Adaje nocagu
MHOro Behe LlaHce 3a npexuBrbaBake MOoroTka y Kynony koju 6u je 3ananwvo.
Unak, He Buan ce ga nu je moryhe mpUCTYNUTU CAPEMULLTY 3a MyHUUUjY U3
TeHKa unn ce mopa usahu Hanorbe. [Nopepn Tora, HenoTBpheHe nHdopmaLmje

757

Vuckovi¢, D., SAVREMENO NAORUZANIE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.749-761



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 3

HaBode [fJa je kapycen ayTtomMaTCKOr nykaya [oAaTHO 3awTuheH OKMOMHUM
nnoyama.

Tpyn TeHka T-90M Mma Go4He naHene onpemIbeHe KaceTHUM Myh-errMa
4824 Relikt koja doopmupajy OBa crnoja ekcnioanBHO-peakTneHor oknona (EPO).
Ha 6o4Hmm cTtpaHama EPO je cmewTeH no BepTukanu uM Huje edmkacaH 3a
cripeyaBawe Mnpojektuna ca O6o4vHux cTpaHa. Mehytum, EPO Ha 604HUM
CTpaHaMa Huje HM HaMereH 3aWwTnTn og 604YHUX yaapa, jep noctoje nocebHe
kaceTe onpemrbeHe ca EPO nog ogpeheHum yrnom. boyHnu naHenu EPO, y
CTBapu, CNyxe 3a 3allTUTY TeHKa Of MpojeKkTurna mcnarbeHux nog ogpeheHum
yrnom npema npegroj v 3aaH0j CTPaHM TeHKa.

Mopepn ca aBa cnoja EPO Ha 6okoBuMma, T-90M je onpemrbeH cnojem EPO
Tuna Relikt Ha NpegH0j CTpaHn TeHka, kao u mogynuma EPO Relikt Ha 604HUM
CTpaHaMa Kyrnone. YHyTpallka CTpaHa Kyrnone vuma jow jefaH 3alTUTHU Crioj
KOju LUTUTK NOocagy of, napyaau.

TeHk T-90M Huje onpemMIbeH akTVBHUM CMCTEMOM 3awTtute (softkill) Tuna
Shtora-1, Tako oa KapakTepPUCTUYHE ,,04n”, OQHOCHO MHAPALIPBEHM OMETady Tuna
OTShU-1-7, ca obe cTpaHe Tona, He noctoju. OBaj ypehaj je nHaye ometao
cucteme BofheHa HEeKMX MPOTUBTEHKOBCKUX pakeTa, YrimaBHOM MOJlyayTOMaTCKMX
cuctema Bofewa Tako WTO je umutupao bGrnecak Ha 3agweM Jdeny pakete
nomohy Kojer je ctpenal HaBoaAMO pakeTy Ha uwrb. Mefytum, Hajpehu geo
MOOEPHMX MPOTUBTEHKOBCKUX pakeTa OnpemSbeH je nyrncupajyhum KCeHOHCKUM
CBETMNOM KOje je CMHXPOHM3OBaHO Ca NaHCUPHOM jeAUHWLIOM Mpe naHcupara
pakeTe. To cnyxu ga noryaytoMmaTckv cucteM Boherwa pakeTe pasnukyje npasu
6necak og mamua. ¥ Tom cmucny cucteMm Shtora-1 morao 6u omeTtatu camo
cTapvje TMNOBE MPOTUBTEHKOBCKMX pakeTa. YMEeCTO Tora, Taj OeO je MOKpUBEH
ca EPO.

TeHk T-90M je onpemrbeH W MpexXoM 3alTUTe Of PYYHUX PpaKeTHUX
Gauaya OKO OOHe CTpaHe Kynorie M peLleTkacTor OKMomna Ha HeHOj 3afH0j
CTpaHW, Kao0 W Ha 3aaw0j CTpaHM TeHka. Mpexa W pelueTkacTu OKnon
YHKUMOHULLY MO MCTOM npuHUMny, o6e3befyjyhn 3awtnty o npojektuna
PYYHUX pakeTHUX Gauaya Koju Cy ONpemMrbeHVW KOHOYKUMOHWM CIojeM Koju
aKTUBMPA HUXOB NUE30-eNeKTPUYHK ynarbad. To ykrbydyje cucteme 2A28’s PG-
15V, RPG-7, PG-7V n PG-9V SPG-9, kao n wuxose knoHose. Npsn mogenn T-
90M wmanu cy pelletkacT¥ OKIoMn Ha [OwMM [ernoBuma Kynore YMecTo
3allTUTHE Mpexe MpoTUMB PYyYHMX pakeTHUX Oauada, anu je TO KacHuje
3ameneHo. Mako Huje 3BaHWYHO O6jallHeHO 3alTo, NpeTnocTaBiba ce ga 6u
pelweTkacT oknon oHemoryhmno 6p3o GekcTBo Bo3aya y crny4ajy ga ce Kynona
Hanasu y HenoBOSbHOM MOJIOXKajy KOju NMOKPUBA H-ErOB OTBOP 3a M3nas.

TeHk T-90M nocenyje n npujeMHWKe nacepckor o3payera nosesaHe ca
fauaunma OMMHUX KyTuja KOje ce ayToMaTCKM aKTMBUPajy HaKOH AeTekuuje
nacepckor ospaveta. OH Hema TBpAM cucteM akTtuBHe 3awTtute (hard-kill), anm
ce MOXe OnpemMmnT CUCTEMOM Kao WTo je Arena-M.

CTtpyyreaum pyckor uHctutyTa 3a uctpaxusarwe NIl BTVT wmsjasunu cy ga
cuctem Arena-M moxe 6utn yrpaheH Ha pasHe pycke TEHKOBe, Kao LITO cy T-
90M, T-80BVM wu T-72B3M, pagou opapxkaBawa paBHOTEXE ca 3anagHum
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TeHkoBMMa. Haesenu cy n ga T-90M moxe pobutn uctm EPO tuna ,Malakhit’
Koju ce Hamasu Ha TeHky T-14, kKao n ayToOMaTCKM CUCTEM 3a cy3bujare BaTpe
ca O[BOjEHUM CUCTEMOM Hamnajaka, ,MeKN” CUCTEM aKTUBHE 3alITUTE U OMeTay
3a paano-KOHTPONIMCaHE MWHE U MMMPOBM30OBaHE EKCMNI03MBHE Hanpase.

O npojekty oknona ,Malakhit’ ce mano 3Ha. lNaTeHTHa [oOKyMeHTauuja
HaBOAM Aa OKIoN BPLUM AeToHauujy npe ygapa npojektuna. CnudHa cutyaumja
Oou Tpebano ga ce gecu u y cnydvajy yaapa noTkanubapHux npojektuna tuina
(APFSDS), a no HaBoguma MCTOr MHCTUTYTa HU NPOTMBTEHKOBCKAa pakeTa ca
TaHgem 6ojeBom rnasom He 61 npobuna oknon.

Bampe+a moh

Y nornegy Haopyxata, T-90M je onpemrbeH Tornom 2A46M-5 koju ce
ynoTpebrbaBa 1 Ha TeHky T-72B3, a koju npeacrtaBrba MoAepHU30BaHy Bep3ujy
Tona 2A46M 125 mm «koju ce Hanasu Ha paHujum Bep3ujama T-90A. U3
komnanuje Uralvagonzavod (UVZ) obGaBelwuTaBajy Aa ce yHanpehena Ha Tony
2A46M-5 Hanasze y obGnactm noeehaHe uBpcTtohe W npeuusHocTn, na
nponseohay TBpau Aa je octBapeHo nosehawe npeunsHocTn og 15 go 20 nocto
n nosehawe npeumsHoctn og 1,7 nyta npunukom rahakwa 13 nokpeTta y ogHocy
Ha Ton Tuna 2A46M. Ton 2A46M-5 onpemMrbeH je n peepeHTHUM CUCTEMOM Ha
ycTuma ueBu koju omoryhaBa ToOLMjM Ja ayTOMaTCKuM KOpUryje rpeLuke npwm
paBHamy HULIAHCKOr ypehaja HWwaHLuunje y oAHOCY Ha mane gedopmauuje uesu
Npoy3poKoBaHe TOMSI0TOM HaKoH onarbexa.

Ton je noBe3aH ca AurnTanHMM CUCTEMOM 3a ynpaBrbawe BaTpoMm ,Kalina”
KOju YKIbydyje HMULLIAHCKy CMpaBy OMpPEMIbEHY TEMEBU3WCKUM U TepMarHum
ypehajuma (oTkpuBajy MeTy BENMYMHE TeHKa Ha garbvMHama go 5.500 m gawy m
go 3.000 m Hohy), wto omoryhaBa ayTtomaTcko npahewe uMba, Kao u
nacepckum [arbMHOMEPOM W O3HauMBayeM MpaBLa facepckor o3payersa.
KomaHgupy je Ha pacnofiarakby naHopamcka He3aBMCHa HulaHcka cnpaBa PK
PAN ,Falcon’s Eye” ca TeneBu3WCKUM U TepManHUM KaHanuMma, Kao u ca
nacepckum JarbMHOMEPOM KOjU Cy MOBe3aHU ca [darbWHCKM ynpaBrbaHUM
muTparbe3om KORD 12.7 mm. OakaB cknon omoryhyje komaHavpy aa Tpara 3a
yAarbeHMM MeTamMa W Ja He3aBMCHO Hanaga nakwe MeTe Ha MawUM JarbMHama
6e3 okpeTarba Kynore.

Y cnyyajy owTtehewa NpMMapHUX HULIAHCKUX CrnpaBa, KOMaHOWP MOXe
ynoTpebuTU M HULIAHLIMjMHY HULLAHCKY ChpaBy, AOK KOMaHAMp W HULaHUWja
MOTy KOPUCTUTU U OCMaTpayky CrpaBy ca TENEeBM3NjOM HUCKE BUOIbUBOCTM Koja
je onpemMrbeHa CONCTBEHMM HanajakbeM M pagm Yak u y cryyajy npecrtaHka paga
rnaBHor noroHa. lNopepn Tora, cucTtem 3a ynpaerbawe BaTpoMm ,Kalina” noBesaH
je ca GanucTMykMMm KoMMjyTepoM koju gobuja nogatke o MeTeo-CeH3opa, a
OonpeMrbeH je n yHanpeheHum ctabunusatopom 2E58.

AyTomaTcku nysway TeHka T-90M nyHu ce ca 22 rpaHaTe U MOXe CMeCcTUTH
notkanubapHa 3pHa Trna 3BM59 Svinets-1 n 3BM60 Svinets-2, op, kojux cBaka
nma neHetpartop ayr 735 mm. Svinets-1 kopuctu neHeTpartop on Bondpama
npob6ojHoctn og 700 go 740 MM BarbaHoOr XOMOreHoOr okrnona, ook Svinets-2
kopucTtu neHetpaTop og 800 go 830 mm. Oba nogaTtka o NpobojHOCTN OAHOCE ce
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Ha okron nog Harmbom Ha garbuHu o 2 kM. Mefytum, oBe nogatke Huje moryhe
npoBepuTH.

Tokom Tectupanwa 2019. roguHe, neHeTpaTop Svinets-2 npobuo je nno4vy
ofg 600 MM yenuka Ha HeobjaBrbEHO] OarbWMHWU, TAkO Aa HW Ha OCHOBY OBOT
nogatka Huje moryhe ogpeauTn KOMMneTaH neHeTpaTUBHW MNOTeHuMjan OBOr
3pHa.

Tenk T-90M moxe wucnarbmBaTu K BasgyllHO-pacnpckaBajyhe rpaHarte
3VOF128 Tel'nik. OBaj npojekTun je pasBujeH HakoH uckyctaBa Pycuje u3
pasnuunTux koHdnukata. Tel'nik ce ncnarbyje Ha ,Meke” UMIbeBe U AeTOHMpa
nucnpeg mMete y KOHyCcHoMm obnuky napdagm senvike 6psvHe. o nuTamwy unrbesa
Ha Benvkum pJdarbuHama, T-90M pacnonaxe nNPOTUBTEHKOBCKOM BOhHEHOM
paketoMm 9M119M1 Invar-M kojom Moxe rahaTu TEHKOBE WNW Jpyre TELKo
oknonsbeHe uurbese. OBa pakeTa mma gomet o 5.000 M u onpemrbeHa je
TaHOeM-KyMynaTuBHom 6ojeBoM rraBoM Koja npobuja go 850 mm xomoreHor
yenuka nsa EPO.

Mopen Tora, T-90M he KopuCTUTM U NPOTUBTEHKOBCKY BOMNEHY pakeTy
3UBK25 Sokol -V kapga Oype yBegeHa y onepaTtuBHy ynoTpeby. OBa pakeTta
uMa TaHOeM-KymyrnaTuBHy 0OjeBy rnaBy, a OMNpPemMIbeHa je WHepuujanHnm
HaBuWrauMoHVM cucteMoM BoOfjea M KOMOMHOBAHUM  TENEBU3MCKUM U
WH(paUpBeHUM  Tparaumma Yy  TepMuHanHoj asvM  camoHaBohema.
MpojekToBaHa je 3a Hanag 040340 Ha cnabuje OKNonrbEH KPOB HeMnpujaTerbCKUX
TEHKOBa, Na 6u je cucTeMn akTUBHE 3alUTUTE TeXe yHULITaBanu.

MobunHocm u cumyayuoHa ceecHocm

Tenk T-90M je onpemrbeH HOBMM amsen moTopoM V-92S2F V-12 koju
passuja 1,130 KC, a ynapeH je ca HOBMM ayTOMaTCKuM mewsaveM APP-172.
TeHk moxe pa3sutn go 60 km/d4 Ha nyTty. Mefytum, moryhe je ga ce pagm o
OOH0j rpaHuun, jep npetxogHn TeHK T-90A mma ucty Op3uHy. T-90A Texu Oo
45,6 ToHa, a onpemrbeH je motopom og 1.,000 KC, gok T-90M vma 3HaTHO jaum
MOTOp, AOK My ce maca kpehe oko 48 ToHa, WTO 6M 3Hauuno 6orbM ogHOC
KC/ToHa, na camum Tum omoryhasa u Behy 6p3uHy (nako je moryhe ga je
Op3nHa enekTpPoHCkM numuTupaHa 36or nosehaHe noTpolre ropmsa). TeHk T-
90M noceayje 1 NOMONHY MOrOHCKY jeAUHWLY Koja ce Hanasu Ha 3aAH0j AECHO]
CTpaHu TEeHKa, a CNyXu 3a Hanajake enekTpoHCKuX ypehaja, OOK je rnaBHu
MOrOH yraLieH.

JlokanHa cuTyauumoHa CBeCHOCT je Takohe yHanpeheHa, na BO3WMO uMMa
cucTeM kamepa Koje aajy cnuky y kpyry og 360 cteneHu. Kamepe ce Hanase Ha
Kynonu, u3Hag Kyrnomne Ha HocadmMma, Kao 1 Ha 3afgHeM deny TeHka. Kamepa Ha
3adHeM feny TeHKa ce ayToMaTCKu akTuBMpa Kaga Bosad ybaum y 6p3viHy y
npeHoc yHasag. Bo3uwno je onpemrbeHO WM yHanpeheHUM KOMYHWKaLMOHUM
cuctemom R-187 Azart SDR, HajsepoBaTHuje mogenom Azart-BV.

TeHk T-90M mma n HM3 yHanpehewa Koja ce ogHoce Ha nobosbliare
KBanuTeTa XuMBoTa nocaje, WTo je HeyobuyajeHo 3a pycke TeHKoBe. 3a pasnuky
oa T-90A, komaHaMp MMa ocaMm Mepuckona OKO CBOr OTBOpa Koju yHanpehyjy
NoKanHy cuTyaumoHy ceecHocT. CBaku of nepuckona nMa ceoje ayrme Kojum ce,
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Ha npuUTUCaK KOMaHAMpa, HULWAHCKa crnpaBa U JarbMHCKW yrpaBrbaHa opyxXaHa
CTaHuua ca MuTparbe3om okpehe y xerbeHoM cmepy.

Ha mecTy komaHaupa Hanase ce ABa Aucnneja oA Kojux jefaH npukasyje
CHMMaK ca KOMaHAMpoBe KOMOMHOBaHe He3aBMCHE HULIAHCKe cnpaBe WU
OarbVMHCKW ynpaBrbaHe OpyXHe CTaHuue, Kao M ca Kamepa Koje CHumajy
cutyaumjy y kpyry og 360 cteneHwn, OOK ce Ha ApPYrom OuChnejy npukasyjy
nogauy cuctema 3a ynpaBrbake OUTKOM W npaTte COMNCTBEHe jeAuHuue.
KomaHavp vMa u KOHTPOMHW naHen KojuM Bpwu ofabup MyHuumje, LWTO
omoryhaBa Behy koHTpony TokoM ©6opbeHux mucuja (OH Moxe opgabpaTu
MYHUUMjy paau Hanaga Ha oapeheHn unrb 1 nNpe Hero LWTO je Kynoria OKpeHyTa
ka ToM umrby). HuwaHumja, Takohe, uma aucnnej ucnpeq cebe koju npukasyje
CHUMaK H-eroBe HULLIaHCKe crpaBse.

Ceguwita 3a nocage HUCY Tako FNyKCy3Ha Kao Ha TeHky T-14, anu ce mory
nogewasatn Hanped wnu Hasag. [lopen Tora, nocraBrbeHa je Heknusajyha
noasiora, Kao M CUCTEMM 3a KMmaTn3auujy u rpejame.

OnepamueHa yriompeba

HeumeHoBaHM u3BOp pyckor MuHUCTapcTBa opgbpaHe wusjasuo je, 20.
thebpyapa 2020. roguHe, ga cy notnucaHa Tpu yroBopa 3a TeHk T-90M 3a
ykynHo 160 Bosuna oa kojux he 20 6utn NOTNYHO HOBWU TeHkoBW, Aok he 140
TeHkoBa OMTM mMoaepHM30BaHO y3umajyhu 3a ocHoBy npeTxogHe cepuje T-90.
Pycuja nma Buwe og 400 TeHkoBa T-90 npeTxoaHUX cepuja koju mory 6utu
MOOEPHM30BaHW.

lMpBa cepuja TeHkoBa T-90M ywna je y onepaTvBHy ynoTpeby TOkKOM
anpuna 2020. roanHe. Hbrma je onpemrbeHa NpBa rapguwjcka TeHKOBCKa apmuja
3anagHor BOJHOr OKpyra, OAHOCHO [lpyra rapguvjcka TaMaHcka MOTOpM30BaHa
OVBU3Kja KOja ce cacToju CKOPO UCKIbYYMBO 04 NpodhecrnoHanHnxX BojHMKA.

QOuekyje ce pga he octane jeanHuue koje nocenyjy TeHkoBe T-90A 6utun
nocTeneHo MoAepHM30BaHe Ha ctaHgapg T-90M.

[o mopepHusaumje tTeHkosa T-72 n T-90, gowrno je, BepoaTHO, 360r Tora

WTO Ce wm3rneda ofycrano oA fnyHe cepujcke npousBogwe TeHka T-14. Op
npBobutHO nnaHupaHmx 2.300 TeHkoBa T-14 ca nponpaTHMM BO3WMNMMa UCTE
nopoguue, kao LWTO cy Tewko 6opbeHo Bo3wno newaguwje T-15 1 Bo3wmo 3a
nssnavere T-16, nsrnega ga he 6utn HabaereeHo camo 132 Bo3una T-14 n T-
15 1 1O, Npe cBera, 300r LeHe.
Hauwme, ueHa jegHor TeHka T-14 nsHocu nameny 320 n 250 myunmoHa pybarea
(oko 4,6 mununoHa amepudkux gonapa) 6e3 TpoOLKOBa pe3epBHMX LEroBa,
norncTuke n obyke, AOK MogepHmn3aumja TeHka T-72 Ha ctaHagapg T-72B3 kowTa
52 munnoHa pybarba.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: “='http://orcid.org/0000-0003-1620-5601
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Mo3mB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUNA 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
BojHOTexHMYKOM rnacHuky ypafeHo je Ha ocHoBy [lpaBunHuka O kaTeropusaumjyu u
paHrupaky Hay4Hux baconuca MuHucTapcTBa NpocBeTe, Hayke M TEXHOSOLLKOr pa3Boja
Peny6nuke Cpbuje ("Cnyx6eHun rmacHuk PC", 6poj 159/20). Mpumena osor MNpasunHuka
NPBEHCTBEHO CNyXM yHanpefewy kBanuteTa gomahmnx yaconuca n HUXOBOTr NOTNyHWjer
YKIbyunBama y meflyHapogHu cucTeM pasmeHe Hay4HUx nHdopmaumja.

BojHoTtexHu4yku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wTamnaHo u3gawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte MynTMAMCLUMNAMHAPHW  Hay4YHU
yaconuc MwuHucTapctBa opbpaHe u Bojcke Cpbuje. Yaconuc objaBrbyje HayyHe M
CTpy4YHe unaHke u3 obnactn OCHOBHMX UCTpaXuBara (MaTtemaTuke, padyHapCcKux Hayka
M MexaHuKe) M  TEexHOmoWKor pa3Boja  (eneKTpoHuKe,  TerneKoMyHWKauuja,
MHGOPMaLMOHUX TEXHOSOIKja, MallMHCTBa, MaTepujana 1 XeMUjCcKMX TeXHomnoruja), kao u
TEXHWMYKE MHOPMaLMje O CaBpEMEHMM CUCTEMMMA Haopyawa W CaBPEMEHUM BOjHUM
TexHomnorujama. Yaconuc npatu jeauHCTBEHY MHTEPBMAOBCKY TEXHUYKY MoAapLuky Bojcke
Ha MNPUHUMNY NOrMCTUYKE CUCTEMCKE noAapLuke, obracTy OCHOBHMX, MPUMEHEHUX U
pasBOjHMX UCTpaKMBarsa, Kao 1 NPOM3BOAHY U YyNoTpeby cpeAcTaBa Haopyxara U BojHe
onpeme. Yaconuc objaBrbyje M ocTana Teopujcka W npakTUyHa JocTurHyha Kkoja
OOMprHOCe YycaBpluaBaky CBWUX NpuNagHuKa cpricke, pernoHanHe wn MehyHapogHe
akagemcke 3ajegHuue, a nocebHO NpunagHvKa BOjCKM U MUHKUCTapcTaBa ogbpaHe.

YpehuBauka nonutuvka BOjHOTEXHWYKOr rnacHuka 3acHMBa ce Ha Mpenopykama
Opbopa 3a etnyHocT y wmsgasawTBy (COPE Core Practices), kao n Ha Hajoorbsum
npuxeaheHum npakcama y Hay4yHoM usaaBawTsy. BojHoTexHuuku rnacHuk je unaH COPE
(Committee on Publication Ethics) oag 2. maja 2018. roguHe.

MuvHucTapcTBO npocBeTe, Hayke W TexHomowkor passoja Penybnuke Cpbuje
yTBpauno je gaHa 18. 12. 2020. rognHe kateropusauujy BojHoTexHuYKor rnacHuka, 3a
2020. rogunHy:

3a 06nacT OCHOBHa UCTpaxuBara:
— Ha NIUCTK Yacomnuca 3a MaTemMaTuky, padyHapcke Hayke U MeXaHUKY:
KaTeropuja HauuoHanHu Yaconuc (M53),

3a 06nacT TeXHOMOLLKM pa3Boj:

— Ha NUCTKU Yaconuca 3a efieKTPOHUKY, TereKoMyHuKaumje n nHcopmaumoHe
TexHonoruje:

KaTeropuvja UCTakHyTM HaumMoHanHu Yaconuc (M52),

— Ha NMCTK Yaconuca 3a MalIMHCTBO:

KaTeropwuja UCTakHyTK HaLuoHanHu Yaconuc (M52),

— Ha NMCTU Yaconuca 3a Matepujane U xemmjcke TexHornoruje:

KaTeropuja UCTakHyTM HaumoHanHu Yaconuc (M52).

YcBojeHe nucTte gomahux yvaconuca 3a 2020. roguMHy MOry ce BMOETU Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwuHucTapcTBO
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npocBeTe, Hayke M TexHonowlkor pa3soja Penybnuke Cpbuje jow yBek Huje objaBuno
3BaHWYHY KaTeropusauujy HayuyHux Yaconuca 3a 2021. 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).

KaTeropusauuja yaconuca ussplleHa je npema [1paBunHuKy o kateropusauuju v
paHrpaky Hay4yHuMx Yaconuca MuHUcTapcTBa NPOCBETE, Hayke U TEXHOSOLLKOr pa3Boja
Penybnuke Cpbuje ("Cnyx6eHn rnacHuk PC", 6poj 159/20).

Y cknagy ca OBMM MpaBUINIHMKOM W Tabenom O BpPCTU M KBaHTMMKaLMju
MHAMBMAYaNHNX HayYHOUCTpaXunsBaykmx pesyntaTa (y cactasy lNpasunHuka), objaBreeHu
pag y BojHoTexHuM4koM rnacHuky BpefHyje ce ca 2 6oga (kateropuja M51), 1,5 6oa
(kaTeropuja M52) n 1 6op (kateropuja M53).

Yaconuc ce npatu y koHTekcTy Cpnckor umtatHor uHgekca — CLUWHpekc (6asa
nogartaka gomahmx Hay4yHuX yaconuca) u Pyckor nHgekca HaydHor uutmpawa (PUHL).
MooBprHyT je cTanHOM BpegHOBakwy (MOHWTOPWHIY) Y 3aBMCHOCTM O YTULAJHOCTK
(nmnakTta) y camum 6Gasama u, nocpegHo, y MeRQyHapogHum (Clarivate Analytics)
uuTaTHAM  MHAekcuma. [letarbM O WHAEKCHMpawy MOry ce BuaeTm Ha  cajTy
BojHoTexHu4Kor rmacHuka, ctpaHvua MHoekcupare Jaconuca.

BojHoTexHnukn rmacHuk omoryhaBsa wu  npumenyje Creative Commons
(CC BY) ogpenbe o aytopckum npaBuma. [etarbM O ayTOpCKMM MpaBuma Mory ce
BUAETW Ha cajTy Yaconuca, cTpaHuua Aymopcka npasa u rnosumuka camoapxusuparsa.

PapoBn ce npepajy nytem OHMajH cuctemMa 3a eneKkTPoHCKO YypehuBawe
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamny v Hayum (LLEOH).

MpucTyn u pernctpauuja 3a cepBuC BpLUE Ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wnu  CUMHOEKC, o0QHOCHO  AMPEKTHO  Ha  MUHKY
aseestant.ceon.rs/index.php/vtg.

[eTarbHO ynyTCTBO O perucTpauvjy 1 npujaBn 3a CEpBUC HamnasuM ce Ha cajTy
www.vtg.mod.gov.rs, cTpaHuua Yinymemeo 3a ACUCTEHT.

MoTpeGHO je pa ce cBM ayTopu KOju nogHOCe pykonuc 3a objaBrbuBake Y
BojHoTexHuuykom rnacHuky peructpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynytcTBY Ha CTpaHuum cajta Peeucmpayuja 3a 0obujare ORCID
udeHmucgbukalyuoHe wugppe.

BojHOTEXHMYKM TMacHWK objaBrbyje YnaHke Ha CPrCKOM, PYCKOM W EHITIECKOM je3uKy
(arial, cpncka hupunuua unm cprncka naTMHuua, BenvuuHa cnosa 11 pt, npopea Single).

MocTynak npunpeme, nucarwa n ypehueara YnaHka tpeba ga Oyge y carmacHocTu ca
U3jasom 0 emuukom nocmynarsy (http://iwww.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba fa cagpxu caxeTak ca KibydHUM peuvma, yBod, pa3pagy, 3akibydak,
nUTepatypy M ancTpakT ca KbydHUM peysMa Ha EHIMeckoM M pyckoM je3uky (6es
Hymepaumje HacroBa u nogHacrora). Obum unaHka Tpeba aa Gyoe oko jegHOr ayTopckor
Tabaka (16 ctpaHuua cbopmata A4 ca npopenom Single), a HajauLe 24 cTpaHuLe.

UnaHak TpebGa na Oyne HanucaH Ha obpacly 3a nucake 4rnaHka, Koju ce 'y
€neKTPOHCKOj hopMM MOXeE NpeyseTn ca cajta Ha cTpaHuumn Obpasay 3a rnucar-e YraHka.

Hacnos

Hacnoe Tpe6a [a ofpaxaBa TeMy 4naHKa. Y NHTEpecy je Yaconuca u aytopa ga ce
KOPpUCTEe peyun npuknagHe 3a MHAEKCnpawe U npetpaxunBame. AKO TakBuX pe4yn Hema y
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HacroBy, NMOXErbHO je Ja ce npugoaa u nogHacnos. Hacnos Tpeba ga 6yae npeseneH n
Ha €HrMecKn N pyCcKku jesuk.

OBwW HacnoBwm UCNUCYjy Ce UCNpen caXeTka Ha ogroBapajyhem jesuky.

Tekyhu HacnoB

Tekyhn Hacnoe ce ucrnucyje ca CTpaHe CBake CTpPaHWLEe YnaHka pagu nakwe
naeHTudukaumje, nocebHO Konumja YnaHaka y enekTpoHckoMm obnuky. Cagpxu npesvme u
MHMLMjan MMeHa ayTopa (ako ayTopa MMa BuLle, nMpeocTanu ce o3HadvaBajy ca et al.”
unu 1 ap.“), Hacnoee paga v Yaconuca u Kkonauujy (rognHa, BONyMeH, CBecka, NoveTHa
1 3aBpLUHa CTpaHuua). Hacnosu Yaconuca n YnaHka Mory ce gatu y ckpaheHoM obnuky.

Ume ayTopa

Hasogm ce nyHo ume 1 npesnme (CBMX) ayTopa. Beoma je noxersHo Aa ce HaBedy
n cpegwa cnosa aytopa. MiMeHa u npesumeHa gomahux aytopa yBek ce ucnucyjy y
opuvrnHanHoM obnuky (ca CpnckuM AUjakpUTUHKMM 3HAKOBMMA), HE3aBUCHO Of je3nka Ha
KojeM je HanucaH pag.

Ha3uB ycTaHoBe ayTopa (acdhmnujauuja)

HaBogu ce nyH (3BaHWYHM) Ha3MB 1 CeduLUTe YCTaHOBE Y KOjoj je ayTop 3anocrieH, a
€BEeHTyalHoO M Ha3vWB YyCTaHOBe Y KOjoj je ayTop 00aBvO uUCTpaxuBamse. Y CrOXEHUM
opraHv3aumjama HaBoau ce ykynHa xujepapxuja (Hnp. YHuBepauTeT oabpaHe y Beorpagy,
BojHa akagemwuja, Kategpa npupogHo-maTemaTtvdkvx Hayka). bap jegHa opraHusauuja y
xvjepapxvju Mopa GuUTW MpaBHO Nnuue. AKO ayTopa uMa BWLLIE, a HEeKU NOoTU4y K3 ucte
ycTaHoBe, Mopa ce, MocebHVMM O3Hakama UMM Ha ApYrv Ha4vH, HasHa4YMTU U3 Koje of
HaBeJeHMX YCTaHOBa MNOTMYE CBaky O HasedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHo HaKoH MMeHa ayTopa. PyHKUMja 1 3Bake ayTopa Ce He HaBogde.

KoHTakT nogauu
Agpeca unu e-agpeca CBMX aytopa aje ce nopes MMeHa 1 npes3umeHa aytopa.

KaTteropuja (Tun) unaHka

KaTeropusauuvja unaHaka obaBes3a je ypegHuwTBa M of nocebHe je BaXHOCTW.
KaTteropujy unaHka mory npegnaratv peueH3eHTW U YnaHOBWM YPEeAHWULLTBA, OLHOCHO
ypeoHuum pybpuka, anum OOroBOPHOCT 3a KaTeropusauujy CHOCU WUCKIbYYMBO [NaBHU
ypenHuK.

UnaHun y BojHOMexXHU4YKOM enacHUKy Knacudukyjy ce Ha HayyHe U CTpy4dHe
ynaHke.

HayyHn ynaHak je:

— opurMHanaH HayyYHu pag (pag Yy KojemM ce M3HOCe NPeTXoAHO HeobjaBrbeHu
pesynTaTi COMCTBEHNX UCTPaXuBarka Hay4YHUM METOO0M);

— npernegHu paz (pag Koju cagpXv OpurMHanaH, getarbaH U KPpUTUYKU Mpukas
UcTpaxusaykor npobrema wnu nogpyyja y Kojem je ayTtop ocTBapuo oppeheHu
OONpYHOC, BUASLYB Ha OCHOBY ayTouuTara);

— KpaTKO WM NPeTXO4HO caonwiTexwe (OpUrMHamHU HayYyHu pag nyHor dopmarTa,
anu mawer obvMa nnu NpenuMUHapHor Kapakrepay);

— HayyHa KpuTMKa, OOHOCHO nonemuka (pacnpaBa Ha oapeheHy Hay4dHy Tewmy,
3aCHOBaHa MCKIbYYMBO Ha Hay4HOj apryMeHTaLmju) U OCBPTU.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe uMatn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOr u3gawa HayyHe rpahe (MCcTopujcko-apXmBeke,
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nekcukorpadpcke, Oubnuorpadcke, npernega nogataka WM cn.), OOTad HenosHate unm
HeOO0BOSbHO NPUCTYNaYHe 3a Hay4Ha UCTpaXKuBaH-a.

PapoBu knacmdgukoBaHu kao Hay4HU Mopajy nMmatu 6ap ABe nosmtmneBHe peLl,eH3VIje.

Ako ce y yaconucy objaBrbyjy 1 Npunosn BaHHay4YHOr KapakTepa, Hay4yHW YnaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEeHN y MPBOM Aeny CBECKE.

CTpy4HM YnaHak je:

— CTpyYHM paf (npwrnor y KojeM ce HyAe WCKYCTBa KopucHa 3a yHanpehewe
npodecroHanHe npakce, anu Koja HUCY HYXXHO 3acHOBaHa Ha Hay4YHOM MeToaY);

— MHpOpPMaTUBHM NpUnor (YBOOHWUK, KOMEHTap v cn.);
— NpuKa3s (Kkure, padyHapcKor nporpama, crny4aja, HayvHor gorahaja, u crn.).

Je3suk paga
Jesvnk paga Moxe GUTU CPMCKU, PYCKU UMW EHFNECKM.

TekcT Mopa BUTK je3anyku U CTUIICKM JOTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpapaHvx). CBe u3nyke BenuurHe mMopajy 6utu napaxere y MehyHapogHom
cuctemy MepHux jeamHuua — Sl. Pegocnen o6pasaua (hopmyna) o3HavaBa ce pefHuM
6pojeBrMa, ca AecHe CTpaHe Y OKpyrnuM 3arpajamMa.

CaxeTak

CaxeTak jecTe KpaTak MHGOPMAaTMBaH Mpukas cagpxaja 4naHka Koju uutaouy
omoryhaBa ga 6p30 1 Ta4HO OLEHWN HEroBy PeneBaHTHOCT. Y MHTepecy je ypeaHuLTasa
N ayTopa fa caxeTak cagpXu TepMMHe KOju Ce 4eCcTO KOpUCTe 3a MHAEKCcMpake U
npetpary unaHaka. CacTaBHM [enoBW caxeTka Cy yBOA/UMIb UCTpaxuBama, MeToaw,
pesyntati u 3akrbyyak. Caxetak Tpeba ga mma og 100 go 250 peum n Tpeba ga ce
Hanasn namehy 3arnaerba (Hacrnos, MMeHa ayTopa U Ap.) U KIbYYHUX Peyn, HAaKOH KOjUX
cneawu TEKCT YnaHka.

KrbyuHe peun

KrbyyHe peun cy TepmuHu unu dpase Koje agekBaTHO npeacTaBrbajy caapkaj
ynaHka 3a noTpebe MHOekcMpara 1 npeTpaxusawa. Tpeba ux gogersmatu ocnamajyhu
ce Ha Heku MehyHapoaHu wM3BOp (MOMUC, PEYHMK UMM Tesaypyc) Koju je Hajwupe
npuxsaheH wnn yHyTap gate HayyHe obnactu. 3a Hnp. HayKy yonwTe, TO je nucTa
Kby4HUX peun Web of Science. Bpoj kibydHux peun He moxe 6utn Behm og 10, a y
MHTEepecy je ypeOHULITBA M ayTopa Aa yyecTanocT wuxoBe ynotpebe byae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanucaH unaHak (CaxkeTak) M Ha eHrneckom
jesnKky. Y unaHky ce nuLly HeMocpedHO HaKOH caxeTka.

Cuctem ACUCTEHT vy Ty cBpxy kopuctu cneunjanny anatky KWASS: aytomatcko
€eKCTpaxoBame KrbyYHUX Peyn M3 AUCUMNIMHapHUX Tesaypyca/peyHuka no usbopy u
pyTMHE 3a HMXOB ofabup, Tj. NpuxBaTakwe OAHOCHO ofbauuBare Of CTpaHe ayTopa
n/vnu ypeaHuka.

D,aTyM npuxeaTtama 4naHkKa

[JaTtym kafa je ypeOHWLITBO NPUMWUIIO YnaHak, AaTyM Kaja je ypeOHWLITBO KOHa4Ho
NMpUXBaTWMoO u4naHak 3a objaBrbMBame, Kao W aaTymu kaja cy y MefyBpemeHy
[OCTaBIbeHe eBEHTYyarlHe UCMpaBKe pPyKonuca HaBode Ce XPOHOMOLLKUM peflocreaom, Ha
cTarHoM MecTy, No NpaBuy Ha Kpajy YnaHka.
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3axBanHuua

Ha3aue n 6poj npojekTa, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YraHak HacTao,
Kao U Ha3uB MHCTUTYLUMje Koja je puHaHCMpana npojekaT unu nporpam, HaBogau ce Yy
nocebHoj HaNoOMeHW Ha cTanHoOM MecCTy, MO NPaBWIy Npy AHY NPBE CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je unaHak y MnpeTxodHOj Bepauju 61O M3MNOXeH Ha CKymy y Buay YCMeHor
caonwTewa (Mo4 MCTMM WNW CRUMYHUMM HACcMOBOM), nogatak o Tome Tpeba ga Gyae
HaBegeH y nNocebHOj HanomeHw, No Npaswuny Npu AHY NpBe cTpaHe uynaHka. Pag koju je
Beh objaBrbeH y HeKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHUYKOM rracHuKy
(npewTamnatu), HA NOA CAMYHUM HACNOBOM U M3MEHEHOM OBMUKY.

TabenapHu u rpacnykmu npukasm

MoxercHo je Aa HacnoBu CBUX Mpukasa, a no MoryhcTBY M TEKCTyanHu cappxaj,
Oyay Aatv 4BOje3NYHO, Ha je3nKy pada M Ha eHrMeCcKoM je3uKy.

Taberne ce nvLy Ha UCTWM HAYWH Kao M TEKCT, a 03Ha4vaBajy ce peaHum BpojeBrma
ca ropte cTpaHe. Potorpaduje u upTexu Tpeba aa 6yay jacHu, NnpernegHu 1 NOrogHu 3a
penpoaykuujy. Liptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
LpTexe Tpeba NOCTaBUTU Ha KEILEHO MECTO Y TEKCTY.

3a crnuke u rpaduKoOHE He CMe Ce KOPUCTUTM CHMMaK ca eKpaHa padyHapa
nporpamMa 3a NpuKynrbarwe nogataka. ¥ camoMm TEeKCTy unaHka npenopydyyje ce ynotpeba
cnvka u rpadmkoHa HenocpeaHo M3 nporpama 3a aHanuay nogartaka (kao wrto cy Excel,
Matlab, Origin, SigmaPlot n gpyrn).

HaBohewe (uMTupame) y Tekcty
HauvH nosmBara Ha M3BOpE Y OKBMPY YnaHka Mopa 6uTu jefHoobpasaH.

BojHoTexHMuYkM rmacHuK 3a pedepeHumpatbe (LMTupawe u HaBohewe nutepartype)
npumetrsyje XapBapAcku cuctem pedepeHLmn, 0AHOCHO XapBapAcku NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom Tekcty, y 0OMYHUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MOo3uBare, OAHOCHO LuTMpamwe nutepaType
HabpojaHe Ha Kpajy YnaHka, o6aBe3HO y 06MYHOj 3arpagun HanucaTu Npe3nMe UmMTrpaHor
ayTopa, roguHy usgamwa nybnukauuje M3 kKoje uMtTupaTte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTarbHO ynyTCTBO O HauuHy LUMTMpara, ca npuMepuma, AATo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupyd4HuUk 3a cmus. MNoTpebHo je aa ce nosmBakwe Ha
nuTepaTypy y TeKCTy ypaau y cknagy ca NOMeHyTUM YryTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneumnjanHy anatky CiteMatcher: oTkpuBarwe M30CTaBrbEHUX UMTaTa y TEKCTy paga v y
nonucy pedgepeHum.

HanomeHe (cpycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hanasu TeKCT Ha Koju ce OAHOcCe.
Mory cagpxatun make BaxHe AeTarbe, AOMnyHcka objaltbersa, HasHake o0 kopuwheHum
n3BopuMa (Ha npumep, Hay4dHoj rpafu, npupyyHuumMma), anv He Mory 6uTu 3ameHa 3a
LUTMpaHy nuteparypy.

INucra pedepeHumn (nutepatypa)

Liutuparna nutepaTypa obyxsaTa, no npaeuiy, Gubnuorpadcke n3Bope (UnaHke,
MoHorpacuje 1 cn.) U faje ce UCKIbYYMBO y 3aceGHOM oferbKy YnaHka, y Bugy nucTe

766




pedepeHun. PedepeHue ce He npeBode Ha je3uk paga M Habpajajy ce y nocebHom
OferbKy Ha Kpajy YnaHka.

BOjHOTEXHMYKM FMAcCHUK, KAa0 Ha4MH UcCnuca nuTepaType, NpuMekbyje XapBapacku
cucteMm pedpepeHUn, oOHOCHO XapBapAcku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

JInTepatypa ce o6aBe3HO nuile Ha NaTMHWUYHOM NUCMY U Habpaja no abeuenHoMm
pepocrnieny, Hasoaehu Hajnpe npesumeHa aytopa, 6e3 Hymepauuje.

[eTtarbHo ynyTcTBO O HauMHy nonuca pedpepeHun, ca npumepuma, ato je Ha
cTpaHuum cajta Ynymcmeo 3a Xapeapdcku npupyyYHuUk 3a cmus. [NoTtpebHo je pga ce
nonuc nuTepaType Ha Kpajy YnaHka ypaaum y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtaHgapaHo, HEMOTMYHO UNKU HeJocneQHO HaBohewe nuTepaType y cuctemmma
BpedHOBaka 4aconuca cmaTtpa Cce [OBOSbHMM pasfioroM 3a OcrnopaBake Hay4yHor
cTaTyca Yaconuca.

Cuctem ACUCTEHT y cBpxy KOHTpOne npaBWiHOTr uchiuca nucte pedepeHum
Kopuctu cneumjanHy anaTtky RefFormatter: koHTpona obnukoBara pedepeHum y cknagy
ca XapBapacKnM NpyYpy4YHUKOM 3a CTWII.

U3jaBa o aytopcTBY

[Nopen unaHka goctaerba ce M3jasa 0 aymopcmey y KOjoj ayTopu HaBode CBOj
nojeaAvHayYHn JONPUHOC Yy u3pagu YnaHka. Takohe, y Toj usjasu NnoTBphyjy Aa Cy YnaHak
ypagunu y cknagy ca [losusom u ynymcmeoMm aymopuma w M3jagomM 0 emuykom
nocmynary Yacornuca.

CBM pagoBu NoAarnexy CTPy4YHOj peLieH3uju.

Cnncak peueHseHaTa BOjHOTEXHWYKOr rMacHWka MoXe ce BWAOETW Ha CTpaHuum
caita Cniucak peueH3eHama. [lpouec peueH3vpawa objallkbeH je Ha cTpaHuum
cajta PeueH3aeHmcKuU rnocmynak.

YpeaHuwTBo
Appeca pepakuuje:
BojHOTEXHUYKM rMacHMK
Berbka Jlykuha Kypjaka 33
11042 Beorpag
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: BojHu 40-260 (011/3603-260), 066/8700-123
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NMPUIMALLEHUE U UHCTPYKLIUA O ABTOPOB O NMOPAOKE
noAaAroToBKU CTATbM

MHCTpyKUMst Ans aBTOpPOB O Mopsidke MOArOTOBKW CTaTbM K OMNybruvkoBaHWiO B
XypHane «BoeHHO-TexHUYeckuii BecTHUK» paspaboTaHa cornacHo PernameHTty o
KaTeropmsaumm 1 paHXMpoBaHWM HayyHbIX XypHanoB MwuHuctepcTBa obpasoBaHusg,
Hayku 1 TexHonornyeckoro passutusa Pecnybnuku Cepbus («Cnyx6erun rnacHmk PCy», Ne
159/20). TpumeHeHne aToro PernameHTa CcNOCOOCTBYET MOBLILEHWIO KayecTBa
OTEYECTBEHHbIX XypHanoB W uX 6oree MOMNHOMY BOBMEYEHUIO B MEXOYHAPOAHYO
cnucTemy obMeHa Hay4yHoln nHdopmaumen.

BoeHHo-TexHMuyeckun BecTHUK (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.Mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 —
neyatHoe wusgaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, DOI:
10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik, sBnsetca
MYynbTUANCLUMNNHAPHBIM Hay4HbIM XypHanoMm MuHuctepctesa 060poHbl 1 Boopy»KeHHbIX
cun Pecnybnnkn Cepbus.. B xypHane nybnukytloTca HayuHble M npodpeccroHanbHble
cTaTbMn, uccrnegylowye Takne obnacTv Kak: MaTemaTuka, KOMMbIOTEPHble Hayku U
MexaHuka, a Takke 00nacTu  TEeXHONMOrMYeckoro  pas3BUTUSL:  3MEKTPOHMKA,
TEeNneKoMMYyHUKaLuMK, MHOPMaLIMOHHbIE TEXHOMOMMM, MalIMHOCTPOEHWe, maTtepuansl U
XMMUYECKME TEXHOMOMMK, B XypHarne Takke nybnukyeTcs: TexHuyeckas uHgopmaums o
COBPEMEHHBIX CUCTEMAaX BOOPYXEHWUS U COBPEMEHHBIX BOEHHbIX TexHomorusx. XXypHan
cneauvT 3a eOuMHON  MEXBWOOBOW TEXHMYECKON MNOAAEPXKON BOOPYXKEHHbIX CuI,
OCHOBAHHOW Ha NMPUHLMMIAX CUCTEMHON NOMMCTUKK, 3a MPUKNAGAHLIMW U MHHOBALIMOHHbLIMU
Hay4HbIMW UCCMegoBaHWAMK, B TOM 4ucne, B obnactu npou3BOACTBa BOOPYXEHUS U
BOEHHOWN TexHWKW. B xxypHane nybnukyloTca v npoyne TeopeTudeckue u npaktuyeckne
OOCTWKEHUs, KOTOpble CnocobCTBYIOT MOBbILLEHWIO KBanudukaumn npeacraButenein
cepObcKoro, permoHanbsHoOro 1 MexayHapoaHOro akagemmnyeckoro coobLecTsa, 0Co6eHHO
BOeHHocnyxawmx MuHnctepctea O60poHbI U BOOpYXEHHBIX cun.

PepakuvoHHasa nonutuka XypHana «BoeHHO-TEXHUYECKUI BECTHMK» OCHOBaHa Ha
pekomeHpaumax Komuteta no atuke HaydHbix nybnukauui (COPE Core Practices), a
TawKe Ha nydlwen MpakTMke B Hay4YHO-U3JaTenbCKOW AesiTenbHoCTU. «BoeHHo-
TEXHMYECKU BeCTHUK» siBnseTcs uneHom COPE co 2 maa 2018 ropa.

MuHncTepcTBOM 06pasoBaHWsA, HaykM M TEXHOMOrMYecKoro passutna Pecrybnvku
Cepbus ytBepxaeHa 18 pekabps 2020 r. kateropusauusi XypHana «BoeHHO-TEXHUYECKUN
BecTHMK» 3a 2020 roa;

KaTteropun B 06nacTv OCHOBHbIX NCCReA0BaHWIA:

— O6nactb MmaTemMaTuKa, KOMNbIOTEPHbIE HAayKN, TEXHUYECKUE HaYKW:

HaumoHanbHbIN xypHan (M53).

KaTteropun B 06nactv TEXHONOrM4eCcKoro passuTus:

— O6nacTb 3NEeKTPOHMKWU, TENEKOMMYHUKaLMIA U MHOPMALMOHHbLIX TEXHOMOTUN:

BbICOKOKa4YeCTBEHHbIV HaLMoHanbHbIn xypHan (M52).

— Obnactb MexaHUKK:

BbICOKOKA4YeCTBEHHbIV HaLMoHanbHbIN xypHan (M52).

— O6nacTb MaTepnanoB U XMMMYECKON TEXHONOTUK:

BbICOKOKa4YeCTBEHHbIV HaLMoHanbHbIn xypHan (M52).

C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2020 rog MOXHO O3HAKOMUTBCS
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
2021 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).

Kateropusauusi BecTHuka npoBegeHa cornmacHo PermameHTy O karteropusaumm um
paHXMpOBaHNK Hay4HbIX XypHanos MuHucTepcTBa 06pa3oBaHmns, Haykv Y TEXHONOTMYECKOro
passutusa Pecny6nukm Cepbus («Cnyxberu rnacHuk PCx», Ne 159/20)

B cooTBeTCTBUMM C BblleykadaHHbIM [lonoxeHnem u Tabnuuel C nokasaTensmm
Knaccudpukaumm M KaTeropusauuMmM - MHOMBUAYarbHbIX  HayYHO-WUCCREAOoBaTENbCKUX
pe3ynbTaToB, SBMSAOWENCA 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 cootBetcTByeT cTtaHgaptam Cepbckoro MHAEKCa Hay4yHoOro LMTUPOBaHUS
(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 uHdopmauven 06 MHAEKCUPOBAHUM MOXHO O3HAKOMWTBCSA Ha CTpaHuue canta
XypHana MHdekcuposaHue BecmHuka.

«BoeHHOo-TexHMYeckniA  BeCTHMK»  obecneuyMBaeT 4uTaTensM  BO3MOXHOCTb
OTKPbITOTO ~ AOoCTyrna, B COOTBETCTBMM C  MOMOXeHWsAMM 06  aBTOPCKUX
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.

Pykonucu ctaten HanpaensioTCA B pedakumio XXypHana ¢ ucnonb3osaHuem online
cuctembl ASSISTANT, 3anyweHHon LieHTpom noaaepxu passuTusi obpasoBaHus u
Hayku (LINMPOH).

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 VHCTpyKUMen no pernctpauumM 1 npaBaM AOCTYyNa MOXHO O3HaKOMWUTbCS MO
apgpecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue MHcmpykyus o
ASSISTANT.

Bce aBTOpbl, NMpegocTaBnsiolMe CBOM pyKkonucu AN nybnukauum B pegakuumio
XKypHana «BOEHHO-TEXHUYECKMIA BECTHUK»  [OMMKHbI  MPOWTU  MpeaBapUTENbHYHO
pernctpauuio B peectpe ORCID (Open Researcher and Contributor ID). 3Ta npoueaypa
OCYLLECTBMAETCA B COOTBETCTBUM C WHCTPYKUMEN, pa3MELLEeHHOW Ha CTpaHuue canTta
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).

lMpouecc NOArOTOBKM, HanNWCaHWA W pedakTMpoBaHUs  CTaTbuM  [OIDKEH
OCYLLECTBNATbCS B COOTBETCTBUMM € NpuHUMNamu  Omuyecko2o  Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).
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CraTtbs JOMmMKHA coaepXkaTb pestoMe C KIMHYeBbIMY CITOBaMu, BBEAEHME, OCHOBHYHO
YacTb, BbIBOAbI, CMIMCOK UCMONb30BAHHOW NUTepaTypbl 1 PE3OME C KIHOYEBLIMU CIOBaMU
Ha aHrmuickom a3bike (6e3 Hymepaumy 3arofioBKOB M noasaronoBkoB). O6bHEM cTaTby He
OOJDKEH MpeBblwaTb OOAUH aBTopckui nucTt (16 cTpanuy copmata A4 ¢ npobernom
Single).

Ctatbs gomkHa ObITb HabpaHa Ha KOMMbOTEPE C UCMOMb30OBAHMEM CreuuarnbHO
NoAroTOBMEHHOIO  pedakuMen  MakeTa, KOTOpbIi  MOXHO CkadaTb Ha  CTpaHuue
canTta lMpasuna u obpasey cocmasneHuss cmambu.

3aronoBok

3aronoBok JOMmKeH oTpaxaTb TeMy cTaTbu. B uWHTepecax XypHana u aBTopa
HeobxoaMMO MCnosb30BaTh CroOBa WM CIOBOCOYETAHUs!, yAOOHble AN MHAEKcauun u
novcka. Ecnu Takne cnoea He coaepxaTcsi B 3aronoBke, TO XenaTemnbHO Ux JobaBuTb B
noAs3arofioBoK. 3arofoBOK [OSMKeH ObiTb nepeBeféH Ha aHrmuMAckuin s3blk. HassaHue
3aronoBka (NoA3aronioBka) NULLETCH Nepes pe3toMe Ha COOTBETCTBYHOLLIEM SI3bIKE.

Tekywwmit 3aronoBok

TekylWil 3arofioBOK MULIETCS B TUTYNME KaOoW CTpaHuubl cTaTb C LEMbio
YMpOLLEHMS NpoLiecca MaeHTUdMKaLUK, B NEPBYIO 04epefb KOMWUIA CTaTbel B 9NIEKTPOHHOM
Buae. 3arornoBok cogepxuT B cebe hamunuio U MHULMan UMeHU aBTopa (B criydyae ecnu
aBTOPOB HECKOMbKO, OCTarbHble o6o3HavatoTes ¢ «et al.» unu «u ap.»), HaseaHWe paboTbl
M XypHana (rog, TOM, BbINYCK, HauanbHas W 3akmounTenbHas cTpaHuua). 3aronoBok
cTaTby 1 Ha3BaHWe XXypHana MoryT ObiTb NPUBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoaATCcs nonHas haMunus 1 NosiHoe UMsl (BCex) aBTopoB. XKenaTtensHo, YTo6bl
6blNMM yKa3aHbl UHWUMAnNbl OTYeCTB aBTOpoB. ®amMunus U Msa aBTopoB U3 PecnyGnuvku
Cepbua Bcerga nuyTCS B OpuUriHarnbHOM Buae (C cepBCKUMU  AMaKpUTUHECKUMMU
3HaKamu), He3aBUCKMO OT sA3blka, Ha KOTOPOM HanvcaHa paborTa.

HanmeHoBaHue yupexaeHusa aBTopa (addunumauus)

MpuBognTCcA MonHoe (odMuUManbHOE) HaMMEHOBaHWe U MEeCTOHAaXOXAeHve
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HaUMEHOBAaHVE YYpexXaeHnsl, B KOTOPOM
aBTOp NPOBEN nccrnegoBaHne. B criyyae opraHnsaumin Co CIOXHOWM CTPYKTYPON NPUBOAUTCS
MX Mepapxuyeckasl COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadedpa BOEHHbIX
3MNEKTPOHHbIX cuctem, r. Benrpag). Mo kpanHen Mepe, ogHa M3 opraHM3aumnin B nepapxmm
[OIMKHa MMETb CTaTyC IopuanYeckoro nuua. B cnyyae ecnm ykasaHo HECKOMbKO aBTOPOB, U
€CnM  HekoTopble K3 HUX paboTaloT B OOHOM YYPEXOEHWW, HYXHO OTAernbHbIMK
0603Ha4YeHNAMN UM KakMM-nmbo Apyrum cnocobom ykasaTb B KakOM W3 MPUBEAEHHbLIX
yypexaeHuin paboTtaeT Kaxabli M3 aBTOPOB. Addunmauus nueTcs HenocpencTBEHHO
nocne PO aBTopa. [JOMKHOCTb 1 CNELManbHOCTb NO AUMIIOMY He YKasbiBaOTCS.

KoHTakTHble AaHHble

OneKTPOHHbI aipec aBTopa yKasbiBAOTCH PSOOM C €ro MMEeHeM Ha nepBoii
CTpaHu1Lbl CTaTby.

KaTteropus (tun) ctratbmn

KaTteropusauunsa crtatbent aBndeTcd 0053aHHOCTbIO penoakumm 1 nMMmeet ocoboe
3HayeHune. Kateropuio ctatbu MOryT npegnaratb peueH3eHTbl U 4YieHbl peJakuuu, T.e.
penaKkTopbl py6pV|K, HO OTBETCTBEHHOCTb 3a KaTeropmsauunto HeceT WCKNMIYUTEeslbHO
rnaBHbIN penakTop. Cratbu B XypHarne pacnpenenatoTca no cneagyrwmnm Kateropmam:
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Hay4yHble cTatbu:

— oOpurMHamnbHas HayyHas cratbs (paboTa, B KOTOpOW MpMBOAATCA paHee
HeonybnunkoBaHHble pe3ynbTaTbl COOCTBEHHbIX WCCNEAOBaHWA, MOMYYEHHbIX HayYHbIM
MEeTOAO0M);

— obs3opHas cTatbs (paboTa, cogepXalias OpUrMHamnbHbIA, [eTanbHblidi U
KpUTUYeckuii o63op uccredyemoint npoGriembl Unu obracTi, B KOTOPbIA aBTOp BHEC
onpenenéHHbIn BKNag, BUOVMMbIA Ha OCHOBE aBTOLMTAT);

— KpaTkoe coobLieHVe (opurmHanbHasi Hay4Has pabota nomnHoro copmarta, Ho
MeHbLUero o6béma unu nveroLasa npeaBapuTenbHbIA XapakTep);

— HayyHasi KpuTudeckasl cTaTbsl (AMCKyCCUS-MONeMMKa Ha OnpeaeniéHHY HayyHyo
TeMy, OCHOBaHHasi MCKITIOUMUTESIbHO Ha Hay4HOW apryMeHTauum) 1 HayYHbIi KOMMEHTapWIA.

OpHako, B HEKOTOpbIX 06nacTax 3HaHW Hay4yHasi paboTa B KypHane MoXeT UMeTb
hopmy MOHOrpacnyeckoro nccrnefoBaHus, a Takke KpUTUYECKOro oBCyaeHNs Hay4yHOro
maTtepuana (MCTOPUKO-apXMBHOTO, NeKCuKorpaduyeckoro, bubnunorpaduyeckoro, ob63opa
AaHHbIX W T.N.) — 4O CMX NOP HEW3BECTHOTO UMM HEAOCTATOMHO AOCTYNHOMO AN Hay4HbIX
nceneposaHnii. PaboTbl, knaccuduumpoBaHHble B Ka4eCTBE Hay4HbIX, JOMMKHbI UMETb,
Mo MeHbLUen Mepe, ABE NOMNOXWUTENbHbIE PELeH3NN.

B cnyyae ecnu B XypHane o0bsBASIOTCA U MPUMOXEHWS, HE UMeOLWMe HayYHbIN
XapakTtep, Hay4Hble CTaTbW AOIKHbI ObITb CrpyNMUPOBaHbl U YETKO BblAeneHbl B NepBow
4YacTn Homepa.

[podheccroHanbHble cTaTbi:

— npodpeccroHanbHaa paboTta (NPUNoXeHusi, B KOTOPbIX NpeanaralnTcs OnbiThl,
nonesHble [Afs COBEPLUEHCTBOBaHWS MpodeccMoHanbHoW MPakTUKK, HO KOTOpble He
[OIMKHbI B 06513aTenbHOM nopsiake bbiTb 060CHOBaHbLI HA HAyYHOM MeToAe);

— UH(OPMaTUBHOE NpUNoXeHue (NepefoBas CTaTbsl, KOMMEHTAPUIA 1 T.M.);
— 0630p (KHMIM, KOMNBIOTEPHOM NPOrpamMMmbl, Criydasi, Hay4Horo cobbITs 1 T.M.).

A3bik paboThl

Pa6Gota MmoxeT 6bITb HanncaHa Ha Cep6CKOM, PYyCCKOM nnu aHIMUIACKOM A3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMMCTUHECKOM CMbICNE YMOpPSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
Benn4nHbl OOIMKHbI COOTBETCTBOBATbL Me>|<,quapo,J:lH0|7| cucrteme egnHUL, U3MepeHna —
CW. OuepepHocTb hopmyn o60o3HavaeTcs NOpAAKOBLIMM HOMEPamu, NPOCTaBAEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

Pe3rome

Pesiome aBnseTca kpaTkmMm MHGOPMaTMBHBIM 0630pOM COAEepXKaHuUs CTaTbMy,
obecneymBaowMM yuTaTento ObICTPOTY M TOYHOCTb OUEHKM eé penesBaHTHOCTU. B
MHTepecax pefjakuuM W aBTopoB, YTOObI pes3loMe COoAepXano TEepMWHbl, 4acTo
ncnosnb3yemble AN MHOAEKCUPOBaHMA 1 noucka ctatbei. CocTaBHbIMM YacTAMU pesiome
ABNATCA BBeAeHWe/Lenb uccrnegoBaHns, Metodbl, pesynbTaTbl U BbiBOAbl. B pestome
JomkHo ObiTb oT 100 go 250 cnoB, U OHO [JOMKHO HaxoAWUTCS Mexay TuTynammu
(3aronosok, PO aBTOpPOB U AP.) M KNOYEBLIMK CIOBaMU1, 3a KOTOPbIMU CrieayeT TeKCT
craTbu.
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KniouyeBble cnoBsa

KnioyeBbiMM  crioBamMu  SBASOTCS  TePMUHbI MM dpasbl,  afaekBaTHO
npeacTaensowme cogepxaHve cratbl, HeOOXoAMMblE ANS UHOEKCUPOBAHUS U Moucka.
KnioueBble cnoeBa Heobxogumo BblOMpaTh, onupasick NpuM 3TOM Ha Kakon-nnubo
MeXAYHapOAHbIN WCTOYHWK (pernctp, crosapb, Tesaypyc), Hanbonee nCNoOnNb3yembin
BHYTPW AaHHOW HayyHom obnacTtu. Ymcno Kno4veBbIX CrnoB He MoxeT npesbiwaTe 10. B
MHTepecax pedakumn 1 aBTopoB, YTOObI YacToTa MX BCTPeUn B cTaTbe Oblna kak MOXHO
Gonblien. Knoyesble crioBa 4aloTCa Ha S3blke, HA KOTOPOM HanucaHa ctaTtbs (pesiome),
1 Ha aHIMUIACKOM si3blke. B cTaTbe OHM NULLYTCA HENOCPEACTBEHHO NOCHe pesioMe.

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WCMOSb30BaHUS cepBuca
KWASS, aBTomaTtnyeckm UKCUPYIOLLIErO KITHoYeBble CoBa U3 MCTOYHUKOB/CoBapew no
BblOOpY aBTOpa/pegakTopa.

[aTa nony4yeHus ctatbu

[ata, korga pegakums monyyuna craTtblo; AaTta, Korga pefdakuusi OKOHYaTenbHO
npuHAna crTaTblo K NybnukaumMu;, a Takke [aTa, Korga Obinyv  NpeaocTaBreHbl
HeoGXoauMble UCMPaBIeHNs PYKOMUCK, NPUBOAATCA B XPOHOMOMMYEcKOM Mopsiake, Kak
npaBuno, B KOHLE CTaTbM.

BbipaxeHue 6narogapHocTH

HanmeHoBaHMe M HOMep MpoekTa, T.e. Ha3BaHWE nporpammbl 6narop,ap9| KOTOpOMN
CTaTbsA BO3HMKIAQ, COBMECTHO C HaMMeHOBaHMEM Yy4pexngeHud, KoOTopoe dunHaHcHpoBano
NPOEeKT nnu nporpammy, NnpMBoOATCA B OTAENTbHOM NpuMedaHun, Kak npasmno, BHU3Y I'IepBOI7I
CTpaHuUbIl CTaTbW.

MNpeabiaywme Bepcumn paboThbl

B cnyyae ecrnu cTtatba B npedplgylueni Bepcun Obina m3noxeHa ycTHO (nog
OOMHAKOBbIM MMM MOXOXWMM Has3BaHWeM, Hanpumep, B Buae [JokNaga Ha HaydHoWn
KoHdpepeHLUmm), cBeaeHns 06 3TOM OOIKHbI OblTh Yka3aHbl B OTAENbHOM MPUMEYaHuu, Kak
npaewro, BHW3y NepBON CTpaHuubl cTatbn. PaboTa, koTopas yxe Gbina onybnukoBaHa B
Kakom-nmbo 13 XypHanoB, He MOXeT ObITb HanevataHa B « BOEHHO-TEXHMYECKOM BECTHMKE»
HW Nop, MOXOXUM HasBaHWEM, HN B UIBMEHEHHOM BUae.

Hymepauus v HasBaHue Tabnuy u rpadmkoB

XKenartenbHo, 4Tobbl HyMmepaums 1 Ha3BaHve Tabnuy, 1 rpadmkoB ObiNM NCNOMNHEHb! Ha
OBYX fA3blkax (Ha s3blke opuriHana u Ha aHrnuMnckom). Tabnuubl NoANMCHLIBAIOTCA TaKUM Xe
cnocobom Kak n TeKCT M 0603HaYalTCs MOPSAKOBbIM HOMEPOM C BEPXHEN CTOPOHbI.
doTorpacpum N PUCYHKN AOSKHBI BbITb MOHATHBI, HAMSAAHBI M YAOOHBI ANS penpogyKumm.
PucyHkn Heobxoammo aenatb B nporpammax Word munu Corel. doTtorpacdum u pucyHkM Hago
MocTaBUTb Ha JXernaemoe MeCcTo B TekcTe. [Insi co3faaHvst u3obpakeHWd u rpadukos
ncronb3oBaHne PyHKLMN CHUMKa C 3KpaHa (CKpUHLLIOTa) He fJornyckaetcs. B camom TekcTe
CTaTbu PEKOMeHOYeTCs MPUMEHEHWEe M306paxeHuin 1 rpadmkoB, obpaboTaHHbIX TakMMu
KOMMbIOTEPHBLIMM Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.

CcbInku (UMTUPOBaHME) B TEKCTe

OdbopmMreHre CCbINoK Ha UCTOYHMKM B pamKax CTaTby JOIMKHO ObiTb 04HOOOPa3HLIM.
«BOEHHO-TEXHMYECKUIA  BECTHMK» Ans  OOPMIEHUss  CCbINOK, UMTaT U Crucka
MCMoNb30BaHHOW nuTepaTtypbl npumeHseT [apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B TekcTe B ckobkax npuBoauTcs bamunns uuTMpyemoro
aBTopa (Unv damunusa NepBoro aBTopa, €CNM aBTOPOB HECKONbKO), MOA M3AaHus M no
HeobxoaumocTn HoMep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). PekomeHaauum
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0 cnocobe UMTUPOBaHUS pasMeLLieHbl Ha CTpaHuue canTa MHCMpyKyuUs rno ucroib308aHU
Fapeapdckoeo cmuns. NMpu 0OPMMEHUN CCbINOK, LUTAT U CNMCKa WUCMOSb30BAHHOW
nuTepaTtypbl  HeOOXOAUMO  MPUOEPXKMBATBCA  YCTAHOBMEHHbIX  HOpM. [porpamma
ASSISTANT npegoctaBnsieT nNpv LUTMPOBAHMM BO3MOXHOCTb WMCMONb30BaHUS CepBuca
CiteMatcher, doukcupytoLero nponyLeHHbIe LMTaThl B paboTe 1 B cnncke nutepaTtypsbl.

MpumeyaHus (cHOCKuK)

MpyMeyaHusi (CHOCKM) K TEKCTY YKasblBalOTCs BHWU3Y CTPaHuLbl, K KOTOPOWA OHU
oTHOcATCS. [MpumeyaHns MOryT cogepaTb MeHee BaXHble AeTanu, OOMOofHUTEenbHble
006bsACHeHUs, ykaszaHus 06 MCMONb30BaHHbLIX MCTOYHUKaX (Hamnp. Hay4yHOM martepuvane,
CnpaBOYHMKax), HO He MOryT GbiTb 3aMEHOIN NPOLEeAypPb! LUTUPOBAHNSA NUTEpaTypbl.

INuTtepaTtypa (pecdepeHumnn)

LinTnpoBaHHoW nuTepaTtypon oxBaTbIBalOTCS, Kak npaswuno, Takue
6ubnuorpacuyeckne UCTOYHMKM Kak cTaTbW, MoHorpadvm u T.n. Bca ncnonb3yemas
nuTepatypa B Buae pedepeHumnii pasmeLlaeTcs B OTAeNbHOM pasaerne cTaTbu.

Ha3sBaHusa nutepaTypHbIX UICTOYHMKOB HE NepeBoasTCA Ha s3blk paboThl.

«BOEHHO-TeXHMYECKMN BECTHUK» Ans  OPOpMIeHnss crnmcka WCnorib30BaHHOM
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHMKM YKasbiBalOTCA B andaBMTHOM mopsAake damunuii aBTopoB WUnn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMS pas3MelleHbl Ha CTpaHuue canta
WHcmpykyusi mo  ucrionb3oeaHuto  apeapdckozo cmuns. [Tlpyn  odopmMneHun  cnucka
MCMOb30BaHHOM NMUTEPaTYpbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHBIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepoctasnset
BO3MOXHOCTb UCMonb3oBaHusA cepBuca RefFormatter, ocywectensiowero KoHTponb
ochopmMneHns cnmcka nuTepartypbl B COOTBETCTBUM CO CTaHAapTamu [[apBapAcKoro CTuns.

HectaHpgapTHoe, HemonHoe W HemocrnegosaTeribHOe MpuUBEAeHWe nuTepaTtypbl B
cucTeMax OLEHKM XKypHana cyuMTaeTcs AOCTaTOYMHOW MNPUYMHOW AN OCnapuBaHUs
Hay4Horo craTtyca XypHana.

ABTOpCKOE 3asBneHune

ABTOpCKOE 3asiBfieHMe NpeaoCcTaBnseTcss BMECTe CO CTaTbeil, B HEeM aBTopbl
3aABNAIOT O CBOEM JIMYHOM BKMage B HanucaHvwe cratbW. B 3asBneHun aBTopbl
noATBEepXdalT, 4YTO CTaTbdl HanucaHa B COOTBETCTBMM C [IpuenaweHuem u
uHcmpykyusiMmu 0 aemopos, a Takke ¢ KodekcoMm npogheccuoHasbHol amuKu
XKypHana.

Bce pykonucu ctaTei noanexar npod)ecCCMoHanbLHOMY peLeH3UPOBaHMUIo.

CnncoK peLeH3eHTOB XypHana «BOeHHO-TEXHWYECKUI BECTHUK» pasMelléH Ha
cTpaHuue cainta Crucok peyeHseHmos. MNpouecc peLeH3npoBaHUs onucaH B pasgene
Mpasuna peyeH3uposaHus.

Pepakuus
MouToBbIV agpec pegakuun:
«BojHOTEXHUYKM rNaCHWUK»
yn. Benbka Jykuya Kypsika 33
11042 Benrpaa, Pecnybnuka Cepbus
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
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 Regulations on categorization and ranking of
scientific journals of the Ministry of Education, Science and Technological Development
of the Republic of Serbia (Official Gazette of the Republic of Serbia, No 159/20). This
Regulations aims at improving the quality of national journals and raising the level of their
compliance with the international system of scientific information exchange.

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,
ubC 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. Also, the journal publishes other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities as well as members of the military and ministries of defence in
particular.

The editorial policy of the Military Technical Courier is based on the COPE Core
Practices and the journal articles are consistent with accepted best practices in their
subject areas. As of 2 May 2018, the Military Technical Courier is a member of COPE
(Committee on Publication Ethics).

The Ministry of Education, Science and Technological Development of the Republic
of Serbia classified the Military Technical Courier for the year 2020, on December 18,
2020

in the field fundamental research:

- on the list of periodicals for mathematics, computer sciences and mechanics,

category: national journal (M53),

in the field technological development:

- on the list of periodicals for electronics, telecommunications and IT,

category: quality national journal (M52),

—on the list of periodicals for mechanical engineering,

category: quality national journal (M52),

- on the list of periodicals for materials and chemical technology,

category: quality national journal (M52).

The approved lists of national periodicals for the year 2020 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 2021).

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 categorization
and ranking of scientific journals of the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Official Gazette of the Republic of Serbia, No
159/20). 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/Poccuinckun nHaekc
Hay4yHoro uutuposaHusa (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 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 and references (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.

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
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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 Sl 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 contains the terms often used for indexing and
article search. A 100- to 250-word abstract has the following parts: introduction/purpose
of the research, methods, results and conclusion.

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
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.
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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.

Authorship Statement

The Authorship statement, submitted together with the paper, states authors’
individual contributions to the creation of the paper. In this statement, the authors also
confirm that they followed the guidelines given in the Call for papers and the Publication
ethics and malpractice statement of the 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.

Editorial Team

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.

tel.: +381 11 3603 260, +381 66 8700 123
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