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Abstract:

Introduction/purpose: This paper establishes some new results of Piri—
Kumam-Dung-type mappings in a complete metric space.The goal was to
improve the already published results.

Methods: Using the property of a strictly increasing function as well as the
known Lemma formulated in (Radenovic et al, 2017), the authors have
proved that a Picard sequence is a Cauchy sequence.

Results: New results were obtained concerning the F — contraction
mappings of S in a complete metric space. To prove it, the authors used
only property (W1).

Conclusion:The authors believe that the obtained results represent a
significant improvement of many known results in the existing literature.

Key words: Banach principle, F—contractive mapping, metric space,
fixed point.
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Introduction and preliminaries

It is well known that the Banach fixed point theorem is the most
celebrated result in Nonlinear analysis, Functional analysis, Mathematical
Analysis, Topology and other mathematical disciplines. It shows that in a
complete metric space, each contractive mapping has a unique fixed
point. This result is used as a main tool for the existence of solutions of
many non-linear problems. A great number of generalizations of this
famous results appear in the literature. On the one hand, the usual
contractive condition is replaced by a weakly contractive condition, while,
on the other hand, the action space is replaced by some generalization of
a standard metric space (as b —metric space, partial metric space, partial
b—metric space, b-metric like space, G-metric space, G, —metric
space, etc).

A fundamental role in the foundations of the constructions is played
by the fixed point theorems in metric spaces. They have been intensively
studied for quite some time. The Banach fixed point theorem (proved in
1922 (Banach, 1922)), provides a technique for solving a variety of
problems in mathematical science and engineering.

In recent investigations, Wardowski (Wardowski, 2012) described a
new contraction where the author proved fixed point results in a very
general setting in a so-called F —contraction. Piri and Kumam (Piri &
Kumam, 2014) refined his results by launching some weaker conditions
on self-mapping regarding a complete metric space and over the
mapping F . For more details see (Chen et al, 2016), (Cosentino & Vetro,
2015), (Cosentino et al, 2015), (Ciri¢, 2003), (Dey et al, 2019), (Dung et
al, 2015), (Goswami et al, 2019), (Gubran et al, 2021), (Kadelburg &
Radenovi¢, 2018), (Lukacs & Kajanto, 2018), (Luambano et al, 2019),
(Minak et al, 2014), (Piri & Kumam, 2014, 2016), (Popescu & Stan,
2020); (Secelean, 2013, 2016), (Shukla et al, 2014), (Wardowski, 2012,
2018), (Wardowski & Dung, 2014).

In the further work we need the following notation.

Definition 1.1 (Wardowski, 2012) Let (A, p) be a metric space and 3 be

a family of mappings F :(0,+o0) — (—0,+0) satisfying conditions:
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(W1) F s strictly increasing, i.e. for all a,be(0,+»), a<b implies
F(a)<F(b);
(W2) for each sequence {a,}<(0,+x),neN, lima =0 if and only if

N—+00

lim F(a,)=-x;

N—-+o0

(W3) there exists se(0,1) such that lima‘F(a)=0.
a—0"

A mapping S: A — A is said to be an F —contraction (or Wardowski
function) on (A,p) if there exists 6>0 such that for all u,veA,

p(Su,Sv)>0 implies

0+F(p(Su,Sv))<F(p(u,v)). (1.1)

Some examples of an F —contraction can be found, for instance, in

(Wardowski, 2012). It is obvious, based on condition (W1) and inequality
(1.1), that every F —contraction is necessarily continuous.

Remark 1.1 Let F:(0,+w0)—>(—0,+x) be a strictly increasing function.

Then there are two possibilities:
1. F(0+0)=IlimF(x)=mmeR;

x—0"

2. F(O+0):X|Lr9 F(X)=-o0.

Hence, each strictly increasing function F:(0,+w)—>(—o0,+0) satisfies
either 1. or 2. For more details, see (Aljanci¢, 1969, Proposition 1,
Section 8). In the first case, we have that F satisfies (W3). Indeed,
lim xX“F(x)=0"-m=0 for all ke(0,1). It is clear that in the second case

x—0"
F satisfies condition (W2).

Further, Wardowski in (Wardowski, 2012) proved some new fixed
point result which was a proper generalization of the Banach contraction
principle.

Theorem 1.1 (Wardowski, 2012) Let (A,p) be a complete metric space
and S:A— A be an F—contraction. Then S has a unique fixed point

u"eA and for every ue A the sequence {S"u},neN convergesto u".
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This theorem played a significant role in the further research in the
metric fixed point theory. Several authors, see (Chen et al, 2016),
(Cosentino & Vetro, 2015), (Cosentino et al, 2015), (Ciri¢, 2003), (Dey et
al, 2019), (Dung et al, 2015), (Goswami et al, 2019), (Gubran et al,
2021), (Kadelburg & Radenovi¢, 2018), (Lukacs & Kajanto, 2018),
(Miculescu & Mihail, 2017), (Piri & Kumam, 2014, 2016), (Popescu &
Stan, 2020), (Secelean, 2013, 2016), (Shukla et al, 2014), (Wardowski,
2012, 2018), (Wardowski & Dung, 2014) generalized it by introducing the
various type of F —contractions in other general metric spaces,
especially in b—metric spaces, partial metric spaces, etc. Others have
considered Wardowski’s approach in a multi-valued case for metric
spaces and its generalizations.

In 2013, Secelean (Secelean, 2013) proved that condition (W2) in
Definition 1.1 can be replaced by an equivalent condition
(A1) infF=—o0, 0r
(A2) there exists a sequence {a,} =(0,+x), neN such that

lim F(a,)=-x.

nN—+o0

Considering Theorem 1.1, with conditions (Al), (A2) and a new
condition
(PK1) , F is continuous on (0,+w),

Piri and Kumam (Piri & Kumam, 2014) introduced a new type of F —
contraction, a so-called F —Suzuki contraction. With this notion, they
generalized and extended the well-known fixed point results of
Wardowski (Wardowski, 2012) and Secelean (Secelean, 2013).

Definition 1.2 (Piri & Kumam, 2014) Let (A,p) be a metric space. A
mapping S:A — A is said to be an F —Suzuki contraction if there exists

6>0 such that for all uveA with p(Su,5v)>0, %p(u,Su)<p(u,V)
implies
0+F(p(Su,Sv))<F(p(u.v)),

where F satisfies (W1), (A1) and (PK1).
Theorem 1.2 (Piri & Kumam, 2014) Let S: A — A be a given mapping in

a complete metric space (A,p). Suppose that F:(0,+)—>(—o0,+x)
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satisfies conditions (W1), (A1) and (PK1), and let there exist >0 such
that for all u,ve A with p(Su,Sv)>0 holds

0+F(p(Su,Sv))<F(p(u.v)).
Then, S has a unique fixed point u"e A and for every ue A the
sequences {S"uf,neN convergesto u".

Theorem 1.3 (Piri & Kumam, 2014) Let (A,p) be a complete metric
space and S:A — A be an F —Suzuki contraction. Then S has a unique
fixed point u"eA and for every ueA the sequence {S'uj,neN
converges to u”.

It is well known (see, for instance, (Cosentino & Vetro, 2014)) that
the contraction conditions for the mappings S:A— A on the metric

space (A, p) containing mainly the elements
p(uv), p(u,Su), p(v,Sv),p(u,Sv), p(v,Su) can be complemented with
p(S°u,v),p(S%u,Sv), p(Su,u) and p(S?u,Su). This fact inspired Dung
and Hang (Dung & Hang, 2015) to introduce a new concept, a
generalized F —contraction, and to prove several fixed point theorems

for such mapping.
Definition 1.3 (Dung & Hang, 2015) A mapping S of the metric space

(A, p) into itself is said to be a generalized F —contraction on (A, p) if

there exists F :(0,+00) — (—o0,+00) satisfying conditions (W1), (W2), (W3)

and 6>0 such that, for all u,ve A, with p(Su,Sv)>0 follows
0+F(p(Su,Sv))<F(II(u,v)),

where

I (u,v)=max{p(u,v),p(u,Su), p(v,Sv), p(u,Sv)+p(v,Su)’

2
,O(SZU,U)J;P(SZU,SV),p(szu,Su),p(szu,v),p(szu,SV)}'
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Theorem 1.4 (Dung & Hang, 2015) Let (A,p) be a complete metric
space and let S:A— A be a generalized F -contraction. If S or F is
continuous, then S has a unique fixed point u* A and for every ue A
the sequence {S"u},neN converges to u”.

In this article, we will prove Theorem 1.2, Theorem 1.3 and Theorem
1.4 in the easier way: using only condition (W1) and the following
Lemma.

Lemma 1.1 (Radenovi¢ et al, 2017) Let {u,}, neN be a sequence in the

metric space (A, p) such that lim p(u,.u,,)=0.1f {u} is not a Cauchy

in (A, p), then there exists ¢£>0 and two sequences {n } and {m,} of

positive integers such that n, >m, >k and the sequences

{P(unk U, )} ’{p(unkuvumk )}’ {p(unk 'umk—l)}’{p(unk+l’umk—l)}’{p(unk+l’umk+l)}'
tendto & as k >+,

Remark 1.2 Notice, that if the condition of Lemma 1.1 is satisfied, then

the sequences {p(u u )} and {p(unk+s,umk+1)} also converge to &*

n+s1om,

when k — 4+, where seN.

Results
We begin this section with the theorem which generalizes and
improves Theorem 1.2. In our result, the function F :(O,+oo)—>(—oo,+oo)

satisfies only condition (W1).
Theorem 2.1 Let (A, p) be a complete metric space and S:A — A be a

F —contraction mapping with property (W1), that is, let there exist 8 >0
such that

6+F(p(Su,Sv))<F(po(u,v)), (2.1)
forall u,ve A with Su=Sv.
Then S has a unique fixed point, say, u” and for all ue A the sequence
{S"u},neN convergesto u".
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Proof. Firstly, from condition (W1), there are both IiTF(c): F(d-0)

and IirBF(c):F(d +0) for all de(0,+»), because it is known from
mathematical analysis that the following is true

F(d-0)<F(d)<F(d+0), de(0,+x). (2.2)

Further, from the assumption that S is an F —contraction, it follows

that S is contractive (u=v implies p(Su,Sv)< p(u,v)). This means that

the mapping S is continuous. Besides, F —contractive condition (W1)
implies the uniqueness of the fixed point if it exists.
We will show that S has a fixed point. Let u, be an arbitrary point in

A . Consider the sequence {u,},neNuU{0} with u,,=Su,. If u =u.,
for some keNuU{0} then u, is a unique fixed point of S and the

conclusion of the Theorem follows. Therefore, suppose that u, #u,,, for

n+l
all neNuU{0}. Based on F —contractive condition (2.1) of the mapping
S, we get
F(p(u,U,.,))<0+F(p(u,,u,,))<F(p(u,.u,)), (2.3)
for all ne N, that is, in accordance with property (W1), it follows
p(u,, Uy, )< p(u, U, ) forall ne N,

This further means that p(u,.u,,)—>p" >0 as n—+w, as well as
p(u,,u,,)>p" for all neNU{0}. If we chose now that p* >0, then the
relation

0+F(p(uyU,,))<F(p(u,4.4,)), (2.4)
implies
0+F(p +0)<F(p" +0), (2.5)
which is a contradiction. Thus, p* =0, i.e., n'LfI]OP(Un,Uml) =0.

Next, we show that {u },neNuU{0} is a Cauchy sequence by
assuming the contrary. If we put u=u, and v=u,,keN in F-

contractive condition (2.1), we obtain
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0+ F(p(unwl,umkﬂ))s F(,o(unk Up, )) . (2.6)

Since, according to Lemma 1.1, both p(unk+l,umk+1) and p(unk,umk)
tendto & as k -+, we have

0+F (& +0)<F(& +0), (2.7)

which is wrong. We conclude that {u,},neNuU{0} is a Cauchy

sequence, hence it converges to some u“eA as (A,p) is complete.

*

Since S is continuous, it follows that Su™=u", i.e., u
point of S and the Theorem is proved.

Now we state one consequence that can be obtained concerning the
F —contractive self-mapping S which satisfies one of five conditions.

Corolarry 2.1 Let (A,p) be a complete metric space and let S:A—> A

is a unique fixed

be a self-mapping such that there exists 6 >0,1=12,3,4,5 so for all

u,ve A with p(Su,Sv)>0, the following contractive conditions holds:

6.+ p(Su,Sv) < p(u,v),

1 1

0, - < ,

p(Su,Sv)  p(u,v)

1 1

o, ———— Su,Sv)<— V),

A p(Su,Sv)+p( u,Sv) p(u,v)+p(u v)
1 1

94 + 1_ep(5u,3v) = 1_ep(u,v) !

O, + 1 < 1

e—p(Su,Sv) _ep(Su,Sv) - e—p(u,v) _ep(u,v) '
Then, in each of these cases, S has a unique fixed point u" e A and
forall ue A the sequence {S"u},neN convergesto u’.

Proof. As each of the functions F(r)=r, F,(r)=-=, F(r)=-=+r,
r r

1
1-expr

1

=——————— where r=p(uv)>0, is
exp(—r)—expr ,o( )

F.(r)

and F(r)
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strictly increasing on (0,+w), the proof immediately follows by Theorem

2.1
The following result is related to the generalization and the
improvement of Theorem 1.2.

Theorem 2.2 Let (A,p) be a complete metric space and let S:A —> A is
an F —Suzuki contraction mapping where F satisfies condition (W1),

that is, there exists 6 >0 such that %p(u,Su) <p(u,v) implies

0+F(p(Su,Sv))<F(p(u.v)), (2.8)
forall u,ve A with p(Su,Sv)>0.
Then S has a unique fixed point u"eA and for each ue A the

sequence {S"uf, neN convergesto u’.

Proof. It is easily seen that relation (2.8) implies the uniqueness of the
fixed point if it exists. Indeed, if we suppose that there are two distinct

*

fixed points u® and v of S, then it is clear that from
%p(u*,Su*)<p(u*,v*) follows
6+F(p(8u*,8v*))s F(p(u*,v*)), ie.
6?+F(p(u*,v*))sF(p(u*,v*)),

which is a contradiction.
Now we show the existence of the fixed point. Let u,eA be an

arbitrary point and {u },neNuU{0} is the corresponding Picard
sequence, i.e. u,=S"u, with an initial value u,=S,. If u, =u,,, for
some keNu{0}, then u, is an unique fixed point and the proof is

complete.
Therefore, suppose u,#U,, for all neNuU{0}. In this case

%p(un,un+l)<p(un,un+l) holds true for all neNuU{0}, so from (2.8) we

have
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€+ F (p(uml' un+2)) < F (p(un'un+l)) '
that is, according to condition (W1) we get
P(UpaiUy.,) < o(Uy, Uy, ), forall ne NU{0}.

As in the proof of Theorem 2.1, we obtain that p(u,.u,,)—>0 as

n+1

n—-+o0. Since p(un,unkﬂ)—)O and P(Unk,umk)—>§+ as k — +oo it follows

that there is some k eN such that %p(unk,umk+1)<p(unk,umk), for all
ke N with k>k, . Then, for k >k;, we have
0+ F(p(unk+11umk+l))g F(,o(unk,urnk ))
thatis 6+ F (&' +0)<F(&*+0), which is a contradiction because 6>0.
Hence we conclude that {u,},neNuU{0} is a Cauchy sequence.
The completeness of the metric space (A, p) guarantees the existence
of some point u” € A such that nILTwp(un,u*)zo. The rest of the proof is

analogous to the proof of Theorem 1.3 from (Piri & Kumam, 2014) on
page 7. One can find that following inequalities hold

%p(un,Sun)<p(un,u*), or %p(Sun,Szun)<p(Sun,u*) :

forall neNuU{0}.
Further, from relation (2.8), it follows

.49+ F(p(Sun,Su*))s F(p(un,u*)) ,or 0+ F(p(Szun,Su*))g F(p(Sun,u*)),
h 9+F(p(un+1,8u*))s F(p(un,u*)),or

0+F(p(uy2:80")) < F(p(upu”)). (2.9)

Finally, using condition (W1), we can write inequalities (2.9) in the
form

p(Uy1,Su7) < p(ug,u7), or p(u,,,,Su™) < p(uy,,.u7). (2.10)

This proves that u” is a unique fixed point of S, i.e., Su”=u".
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The immediate consequence of Theorem 2.2 is the following result.
Corollary 2.2 Let (A,p) be a complete metric space and let S:A > A

be self-mapping such that there exists 6 >0,i=1234,56 so for all
uveA with p(Su,Sv)>0 the following implications hold true:
%p(u,Su)<p(u,v) implies

6, + p(Su,Sv)< p(u,v), or

o, - ! <- ! or
* p(su,sv)” p(uv)’
1 1
0, ————— Su,Sv)<— V),
A p(Su,Sv)+p( u,Sv) p(u,v)+p(u v), or
1
H4+ep(8u,Sv) Sep(Su,Sv) or
1 1
95 +1_ep(5u,3v) S:L_ep(u,v) , OF
o+ 1 y 1

e—p(Su,Sv) _ ep(Su,Sv) - e—p(u,v) _ep(u,v) '
Then in each of these cases, S has a unique fixed point u" e A and
forall ue A the sequence {S"uj,neN convergesto u’.

After all, we give the proof of Theorem 1.4 in an easier way: using
only condition (W1) and Lemma 1.1.
Theorem 2.3 Let (A,p) be a complete metric space and S:A—> A is a
generalized F —contraction which satisfies condition (W1), that is, there
exists #>0 such that for all u,ve A with p(Su,Sv)>0 follows

0+F(p(Su,Sv))<F(I1(u,v)), (2.11)
where

I1(u,v) =max{p(u,v), p(u,Su), p(v,Sv), p(U,SV)—ZFp(V, Su),

,p(Szu,Su),p(Szu,v),p(Szu,SV)}.

p(Su,u)+ p(S%u,Sv)
2
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If S or F is continuous, then S has a unique fixed point u* € A and
for every ue A the sequence {S”u}, neN convergesto u”.

Proof. Since p(Su,Sv)>0 it follows that contractive condition (2.11) is

well defined. Further, condition (2.11) implies the uniqueness of the fixed
point if it exists. In order to show that S has a fixed point, suppose that

U, is an arbitrary point in A and define a sequence {un} eA,n eNu{O}

by u,,=Su,. If we chose u, =u,, for some keNuU{0}, then u, is a

unique fixed point of S and the proof of the Theorem is completed.
Therefore, suppose that p(u,,u,,,)>0 for all neNuU{0}. Using

generalized F —contractive condition (2.11), of the mapping S, we
obtain

F(p(un'un+l))<9+|:(p( n+1))<F(H( n-1? )7 (212)
where

TT(Uy 1,Uy ) = max{ o (Uy 1,Uy ), (U 12Uy ) (U Uy,

p(un 1 n+1)+01'0( ntl’ n1)+O1p(un+1’un)’p(unu’un)’o}

2 2
= max{p(unl’ un)lp(un ’ un+1) M}

<max{ p(Uy 1,Uy ), 2 (Up Uyt )}-

It is clear that max{p(u,_,u,), p(U,.U,,; )} = (U, .U, ), otherwise, we
get a contradiction. This further means that lim p( 2iUpg)=0.

Next, we prove that {u },neNuU{0} is a Cauchy sequence by
supposing it is not. Putting u=u, and v=u, in generalized F -
contractive condition (2.11) we have

0+F(p(unk+1,umk+1))§ F(p(unk,umk )) (2.13)

where

(U, Uy, ) =max{ p(uy oy ), 2 (Uy Uy 1), £(Un U 1),
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p(unk 'umk+1)+p(umk ’unk+1) IO(LJnk+2'l'Jnk )+p(unk+21umk+1)
2 ’ 2 ’
p(unk+2’unk+1)1p(unk+2’umk )’p(unk+2’umk+1)}‘

According to Lemma 1.1, one can find that lim IT(u, ,u,, )=¢".

Therefore, from (2.13), it follows that 6+ F(§*+O)s F(§*+O),

which is a contradiction so we can conclude that the sequence
{u,}, neNuU{0} is a Cauchy sequence. Since (A,p) is a complete
metric space, it converges to some u’ €S . Finally, if S is continuous,
then Su® =u” and the theorem is proved.

Suppose now that F is continuous and let p(u",Su")>0. Putting u=u,

and v=u" in condition (2.11) we get

0+ F(p(uml,u*))s F(H(un,u*)) (2.14)
where
H(un,u*)zmax{p(un,u*),p(un,un+1), p(u”,su”),
p(USU™ )+ p(U"Uy1) P (Unizily )+ o (Un,z0SUT)
2 ’ 2 '
p(umz,uml),p(umz,u*),p(umz,Su*)} .

Since F(p(unﬂ,Su*))—)F(p(u*,Su*)) and I1(u,,u")—> p(u’,Su") as
n— oo, taking the limit in (2.13), when n tends to infinity, we obtain
0+ F(p(u*,Su*))s F(p(u*,Su*)),
which is in contradiction with 6>0. Therefore, the assumption
p(u*,Su*)>0 is wrong. This means that p(u*,Su*)zo, ie., U is a

unique fixed point of the generalized F —contraction S and the proof is
finished.

From the previous theorem, one consequence can be obtained
assuming some strictly increasing function instead of F .
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Corollary 2.3 Let (A, p) be a complete metric space and let S:A — A is
a generalized F —contraction such that there is 6 >0,i=12,3 and that
for all u,ve A with p(Su,Sv) >0 the following implication holds true

6, + p(Su,Sv) <II(u,v),

1 1
92 _ ep(Su,Sv) + ep(Su,Sv) < _en(u,v) + el‘l(u,v)

1
O, —— Su,Sv)<—
? p(Su,Sv)+p( Sv) I

where
IT(u,v)=max{p(u,v), p(u,Su), p(v,Sv), puSV)« p(v. Su)’

2
p(%u,u)+ p(5%,5v) ’p(szu,Su),p(szu,V),p(szu,sv)}.

Then S has a unique fixed point uU"eA and for all ueA the
sequence {S"uf, neNu{0} convergesto u".

1

Proof. Putting F,(r)=r, F,(r)=—e" +e" and Fs(r)=—£+r in relation to
r

2

(2.12), the results follows.

Conclusion

In this article we get some new results concerning the F -
contraction mappings of S in a complete metric space. To prove it, we
used only property (W1). We believe that this is a significant
improvement of the known results in the existing literature.
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O HEKOTOPBIX F - COKUMAKOLWMX OTOBPAXEHNAX TUMA
MMPN-KYMAH-OYHI'A B METPUYECKNX MPOCTPAHCTBAX
EneHa 3. ByHKOBI/IHa, KoppecnoHaeHT, CmosH H. Pa,CI,eHOBVN6

4 MpuLITUHCKWIA yHUBEPCUTET, ECTECTBEHHO-MaTeMaThuecknii akynbTeT,
r. Kocoscka MutpoBuua, Pecnybnuka Cepbus

o Benrpaackun yHnsepcuteT, MawmHocTpouTenbHbln akynbTeT,
r. bBenrpag, Pecnybnuka Cepbus

PYBPUKA M'PHTW: 27.00.00 MATEMATUKA;

27.39.27 HenvHenHbIn pyHKUNOHANbHbBIN aHanu3
B[O CTATbW: opurmHanbHasa HayyHas ctatbs
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Pestome:

BeedeHue/uenb: B daHHOU cmambe rpedcmasrieHbl HeKomopsble U3
Hoeelwux pesynbmamoe omobpaxeHul muna lNupu-Kymama-LyHea e
rnosIHOM MempuyYeckom rpocmpaHcemee. Llenbto pabombi  6bi10
yny4qweHue onybruKkogaHHbIXpaHee pe3yibmamos.

Memodei: Vicrionb3ys ceolicmeo cmpo2o go3pacmarowel pyHKyuu, a
makxe U38eCMHYy0 JieMMy, CGhOPMYIIUPO8aHHYO 8 uccriefogaHuuU
(Radenovi¢c et al, 2017) 6bino 0OokazaHo, 4Ymo OaHHas
rnocnedosamersibHOCMb si8nsiemcsi nocnedosamenbHocmbio [Nukapa —
Kowuwu.

Pesynbmamel: B daHHOU cmambe npedcmasneHO HEeCKOMbKO HOBbIX
pe3ynbmamos, Mosfy4YeHHbIX rnymem HabnwdeHuss F — cxumarowjux
omobpaxeHuli S 8 oIHOM Mempu4yeckoM rpocmpaHcmee. B
Kayecmee OokaszamenibCmea  UCMOMb308asioCh  UCKIYUMEbHO
ceoticmeo (W1).

Bbigodbl: Aemopbl cHumarom, 4Ymo Mosly4YeHHbIe UMU pe3yrbmamal
npedcmaensom cobol 3HayumeribHbil 6Krnade OaHHyro obracmb
HayKu.

Knrouesnie cnosa: MNpuHyun baHaxa, F — cxxumarowiee omobpaxxeHue,
MempuyYecKoe rpocmpaHcmeo, HernodeLUXXHasi mo4yka.

O HEKUM F—KOHTPAKTMBHWM MPECINKABAHBUMA MNMUPU-
KYMAM-OYHIOBOI' TUMA Y METPUYKUM NMPOCTOPUMA

Jenera 3. Byjakosuh®, ayTop 3a npenmucky, CmojaH H. PapeHosuh®

4 YHusepanteT y MpuwtuHm, MpupogHo—MaTeMaTuiki dakynTer,
Kocoscka Mutposuua, Penybnuka Cpbuja

6YH|/|Bep3|/|TeT y Beorpagy, MawwuHcku cpakynTeT,
Beorpag, Penybnuka Cpbuja

OBJIACT: maTtemaTtumka
BPCTA UJTAHKA: opurinHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Y unaHKy cy ycriocmaerbeHU Hoeu pe3ynmamu  3a
npecnukasawa  lNupu—Kymam—[yHzoeoe muna y  KOMIIEMHOM
mempudkom rnpocmopy. Lurb pada jecme da ce nobosbwajy eeh
objaerbeHu pesynmamu.

Memode: Kopucmehu ceojcmeo cmpozo pacmyhe yHKuuje, Kao u
rnosHamy nemy ¢opmynucaHy y (Radenovic et al, 2017), dokasaHo je Oa
Je MNukapos HU3 y cmeapu Kowiujes.

Pesynmamu: [JobujeHo je HeKonuUKO HO8UX pe3ysimama rnocMmampajyhu
F—koHmpakmueHa npecriukagara 00 S y KOMIMIIEMHOM MEempPUYKOM
npocmopy. Y dokasy je kopuwherHa camo ocobuHa (W1).
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Sakrbyuyak: Aymopu eepyjy 0a OobujeHu pesynmamu npedcmasrbajy
3HayajaH donpuHoc docadawHuM ro3Hamum pesyamamuma.

KrbyyHe peyu: BaHaxoe npuHyurn, F—KOHMpakmueHo MpecsiuKkasarse,
MempuYKU POCMOop, HermoKpemHa madka.
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Abstract:

Introduction/purpose: The paper presents numerous vertex-degree-based
graph invariants considered in the literature. A matrix can be associated to
each of these invariants. By means of these matrices, the respective
vertex-degree-based graph energies are defined as the sum of the
absolute values of the eigenvalues.

Results: The article determines the conditions under which the considered
graph energies are greater or smaller than the ordinary graph energy
(based on the adjacency matrix).

Conclusion: The results of the paper contribute to the theory of graph
energies as well as to the theory of vertex-degree-based graph invariants.

Keywords: energy (of a graph), vertex-degree-based graph invariant,
vertex-degree-based graph energy.

Introduction

This paper is concerned with simple graphs, i.e. with graphs without
multiple, directed, or weighted edges, and without loops. Let G be such a

graph with n vertices, labeled as V,,V,,...,V,. Two vertices connected by
an edge are said to be adjacent. The degree of the vertex V,, denoted by

deg(V,) , is the number of the first neighbors of V. .

The energy of a graph G was defined in 1978 as (Gutman, 1978), (Li
et al, 2012)

E=E(G) :iw
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where A, 4,,..., 4, are the eigenvalues of the adjacency matrix of G.

Recall that the adjacency matrix A(G) is a symmetrix square matrix of the
order n, whose (i,j)-entry is

1 if v; and v, are adjacent
A(G); =10  if v, and v, are not adjacent
0 ifi=]j
In the mathematical (Cruz et al, 2015), (Das et al, 2018), (Furtula et
al, 2013), (Liu et al, 2019), (Rada & Cruz, 2014), (Zhong & Xu, 2014) and
chemical (Todeschini & Consonni, 2009) literature, several dozens of
vertex-degree-based graph invariants (usually referred to as “topological

indices”) have been introduced and extensively studied. Their general
formula is

VDBI =VDBI(G)= Y F(deg(v,),deg(v,))

I<i<j<n

where F(X,Y) is some function with the property F(X,y)=F(y,X).In
particular,

If F(X,y)=X+Y, then VDBI = first Zagreb index;
if F(X,Y)=Xy, then VDBI = second Zagreb index;

if F(X,Y)=|X—Y]|, then VDBI = Albertson index,
1( x
if F(X,y)= E(;*‘%} , then VDBI = extended index;

if F(X,Y)=(Xx—Y)?, then VDBI = sigma index,
if F(X,y)=1//xy , then VDBI = Randi¢ index:

if F(X,y)=2/(X+Y), then VDBI = harmonic index;

if F(X,Y)=(x+Yy—2)/(xy), then VDBI = ABC index;
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if F(x,y)= \/xiy then VDBI = reciprocal Randié¢ index;

if F(x,y)=1/ \/m then VDBI = sum-connectivity index;

if F(X,y)= \/m then VDBI = reciprocal sum-connectivity index;
it F(X,Yy)=X"+Y?, then VDBI = forgotten index;

if F(X,y)= ZM / (X+Y), then VDBI = geometric-arithmetic index;

if F(X,y)=(x+Yy)/ (ZM) , then VDBI = arithmetic-geometric index;
and

if F(X,y)=xy/(x+Y),then VDBI = inverse sum indeg index.

There are several more such graph invariants; see in (Das et al,
2018), (Kulli, 2020), where also bibliographic data can be found.

For each function F(X,Y) and each graph G, a symmetric square
matrix @ = ®(G) of the order n can be defined, whose (i j)-entry is

F (deg(v;),deg(v;)) if v, and v, are adjacent

®(G); =40 if v; and v, are not adjacent
0 if =]
Recall that if Vv, and Vj are adjacent, then

deg(v;) >1, deg(v;) 21.
The respective vertex-degree-based graph energy (of the graph G)

is equal to the sum of absolute values of the eigenvalues of ® = ®(G).
We will denote it by E. = E(G).

For some of the above given functions F(X,Y), the condition

0<F(X,¥)<1 holds for all X>1,y>1. Such are the functions
pertaining to the Randi¢, harmonic, sum-connectivity, and geometric-
arithmetic indices. For some of the above given functions, F(X,y)>1

"7

Gutman, |., Relating graph energy with vertex-degree-based energies pp.715-725



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

holds for all X>1, Y>1. Such are those related to the first and second

Zagreb, extended, forgotten, and arithmetic-geometric indices, as well as
for some reciprocal and inverse indices. For such functions, we prove the
following:

Theorem 1.
(@) If 0<F(X,y)<lholdsforall X>1, y>1, and if G is a bipartite
graph, then E. (G) < E(G).
(b) If F(X,y)>1holds forall X>1, y>1, and if G is a bipartite
graph, then E. (G) > E(G).
The equality cases will be considered later.

In order to prove Theorem 1, we need some preparations.

Preliminary considerations
Let
P(x)=> ¢ x"
k>0

be a polynomial with all zeros real. Then its energy satisfies (Mateljevic
et al, 2010)

1% dx ? . ?
E(P)==[=1In [z(—l)kc%x”j +(§:(—1)"02k+1x2k 1)
T 0 X k>0 k>0

If the zeros of P(x) are symmetric w.r.t. x=0, i.e., if C,.,, =0 for all
k>0, then

2 ¢dx
E(P) =;£7|n > (<D e, x*

k>0

As well known, a graph is bipartite if and only if it does not contain
cycles of odd size. The characteristic polynomial of a bipartite graph is of
the form

H(G, ) =D Cp X"

k>0
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Analogously, the characteristic polynomial of ® = ®(G) conforms
to the relation

0 (G, x) = ci/x" ™
k=0

The respective energies are then

2 ¢dx
E(G) :—I—ZIHZ(—l)kCZKXZk (1)
Ty k=0
and
2 ¢dx
E.(G)== j —In ) (D e x* 2)
T 0 X k>0

Proving Theorem 1

We apply the Sachs coefficient theorem (Cvetkovi¢ et al, 2010),
(Gutman, 2017a). Recall that a Sachs graph is a graph consisting of
vertices of degree one and/or two, i.e., all its components are isolated
edges and/or cycles.

The application of the Sachs theorem to the coefficients of @- (G,x)

yields:
CéE) — Z (_1)p(5) 2q(5) W(S)
€Sy (G)
where s is a Sachs graph and S,, (G) is the set of all (2k)-vertex Sachs

graphs that are as subgraphs contained in the graph G, and where
p(s) = number of components of s,
q(s) =number of cyclic components of s, and
w(s) = weight of s.

The weight of s is equal to the product of the weights of all edges
contained in the cycles of s, times the product of the squares of the
weights of the isolated edges of s. The weight of a particular edge is

equal to the respective element of the matrix ®(G). For the proof of
Theorem 1(a), it is only important that W(S) <1.
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Let G be a bipartite graph, and let the Sachs graph S€S,, (G)

contain a isolated edges, B cycles of the size 4i+2, and y cycles of the
size 4i.Then,

pS)=a+Y. B+
and

2k =20+ (4i+2)5+) (4i)y;.

Therefore,

p(s)+k:2(a+2(i+l),8i +Zi7‘ja+27‘

implying
p(s)+k=27 (mod 2).

In view of the above, the contribution of the Sachs graph s to the
term

(=1)PO 29 w(s) is:
positive if s contains no cycles of size divisible by 4,
negative if s contains an odd number of cycles of a size divisible by 4,

and
positive if s contains an even number of cycles of a size divisible by 4.

Suppose first that Z}fi is zero or even. Then, the contribution of the
i

Sachs graph S€S,,(G)to E-(G), Eq. (2), is positive, and because of
W(S) <1, it is not greater than the respective contribution of s to E(G),
Eq. (1). In this case, E-(G)<E(G), with equality if all non-zero
elements of ®(G) are equal to unity.

There remains a case when Z}fi is an odd integer. Then, s has at
i

least one cycle whose size is divisible by 4. Let, for the sake of simplicity,
this be a single 12-membered cycle, whose edges are

€,6,,6;5,€,,65,6;,€,,65,64,€,,€,,,€,. Then, in addition to s, there exist
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two more Sachs graphs S',S"€S,, (G)in which instead of the
12-membered cycle, there are 6 isolated edges, €,€;,€;,€,,€4,€, and
€,,€,,€5,€5,€,,€,, respectively. The total contribution of the three
Sachs graphs S, 8',5" € S,, (G) is then

-2 ﬁ w(e)+ f[ w(e, )" + ﬁ w(e,)’

plus the (necessarily positive) contribution coming from the other
(mutually identical) fragments of S, S',S". The above expression is equal
to

EH W(eZn—l) B H W(ezi )j

which is non-negative. Because of W(€) <1, this term is also less than
or equal to unity.
Thus, also in this case, the joint contribution of the Sachs graphs

S,s',s" to E.(G) is positive but not greater than their contribution to
E(G).

This completes the proof of Theorem 1(a).

The proof of Theorem 1(b) is analogous. Note that the special case
of Theorem 1(b), pertaining to extended energy, was earlier
communicated in (Gutman, 2017b).

Discussion

If the graph G is not bipartite, then it contains odd cycles. Then, of
course, some Sachs graphs also contain odd cycles. Consequently,

some of the coefficients C,, ; and Céﬂl are non-zero. Besides, the sign

of the coefficients C,, and Céf)cannot be predicted in the general case.

For these reasons, it is not easy to extend Theorem 1 to non-bipartite
graphs, and we leave this for some later moment or some more skilled
colleague.
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From the definitions of E(G) and E.(G), it is evident that the
equality E- (G) = E(G) will hold if all non-zero elements of the matrix

®(G) are equal to unity. Whether this is an “if and only if’ condition
remains a (difficult) open problem.
In the case of regular graphs, for which deg(v,)=r,i=2,...,n,

the relation between E(G) and E.(G)is significantly simplified.
E-(G)=E(G) holds for the extended, geometric-arithmetic, and
arithmetic energies. In addition, E.(G)=2rE(G) holds for the first

Zagreb energy, E(G)=r’E(G)for the second Zagreb energy,

1
E. (G) = 2r’E(G)for the forgotten energy, Eq(G)= . E(G) for the

Randi¢ and harmonic energies, etc. Interestingly but evidently, the
Albertson and sigma energies of regular graphs are equal to zero. On the
other hand, for the class of stepwise irregular graphs (Gutman, 2018),
the Albertson and sigma matrices coincide with the adjacency matrix,
and for such graphs the Albertson and sigma energies are equal to the
ordinary graph energy.
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Kparyesaukuin yHusepcuteT, EcTecTBeHHO-MaTemMaTnieckmi akynbTeT,
r. Kparyesau, Pecny6nuka Cepbus

PYBPUKA TPHTW: 27.00.00 MATEMATUKA,;

27.29.19 KpaeBble 3agayn 1 3agavn Ha cobCTBEHHbIE
3HayveHus1 Ansi 06bIKHOBEHHbIX
anddpepeHumnanbHbIX ypaBHEHUI U CUCTEM
ypaBHeHU

B CTATbW: opurmHanbHasa HayyHas ctatbsl
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Peswome:

Besederue/uernb: Ha ocHosaHuUu aHanusa cyuwecmeyrowel numepamyphbl,
8 cmambe npedcmasseHbl MHO204YUCIIEHHbIE UH8apuaHmbl epaghos,
3asucuMble om cmerneHu y3nos. K kaxdoMmy u3 amux UH8apuaHmos
MOOKIIroYaemesi coomeemcmasyrowasi Mampuua, C MoMOWb0 KOmopou
cyumbligaemcs sHepeusi epagha, Kak CymMma abCoMmOMmHbIX esUYUH
€c06CMBeHHbIX 3HaYeHUl OaHHbIX Mampul.

Pesynbmambi: B cmambe onpedesnieHbl ycriosusi, npu  KOmopbIX
8bIYUCIIEHHbIE 3HEpauu 2pacha bbiu bornbwe unu MeHbuwe cpedHel
9Hepauu epagha (Ha OCHOBaHUU MampuUbl CMEXHOCMLU).

Bbigodbl: Pesynbsmamsi OaHHOU cmambu 6HOcSm eknad 8 meoputo
SHepauu epaghos, a makKkKe 8 meopur UHBapuaHmMos 2pagos,
OCHOBaHHbIX Ha cmerneHu y3/108.

Kntouesble cnosa: sHepausi (epagha); uHeapuaHmbI, 3asucsuue om
cmereHu y31108; 3Hepausi, 3a8UCAU,asi Om cmerneHu y3os.

PENAUMIE W3SMERY EHEPIMJE TPA®A W EHEPIMJA
3ACHOBAHWX HA CTEMNEHNMA UBOPOBA

UeaH N'yTmaH

YHusepautet y Kparyjesuy, lNpupogHo-maTteMaTuykn bakynrterT,

KparyjeBau, Penybnuka Cpbuja

OBJIACT: maTtemaTtuka
BPCTA UJ1IAHKA: opurMmHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Y pady cy nipukasaHe 6pojHe, y numepamypu riocmojehe,
epaghoscke UHBapujaHme 3asucHe 00 cmeneHa 4Yeoposa. Osum
UHBapujaHmama rpudpyxyjy ce odzosapajyhe mampuue, rMPeko Kojux ce
uspadyHaea eHepeuja Kao 36uUp arcorymHux epedHOCmU COMCMEEHUX
8pedHOCMU 08UX Mampuua.

Pesynmamu: OdpeheHu cy ycriosu nod Kojuma cy ucriumueaHe eehe,
OOHOCHO Mar-e eHepauje 00 0bu4He eHepeuje epacha (3acHosaHe Ha
Mampuuyu cycedcmea).

Sakrbyyak: Pad OdornpuHocu meopuju epaghO8CKUX eHepauja, Kao U
meopuju epagho8CKUX UH8apujaHmMU 3a8UCHUX 00 cmereHa 4eoposa.

KrbyuHe peudu: eHepeuja (epagha), uHeapujaHme 3agucHe 00 cmerieHa
4ysopoea, eHepauje 3asucHe 00 cmerneHa 48oposa.
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FIELD: Mathematics

ARTICLE TYPE: Original scientific paper

Abstract:

Introduction/purpose: The aim of the paper is to establish some coupled fixed
point results in C*-algebra-valued b-metric spaces. Moreover, the obtained re-
sults are used to define the sufficient conditions for the existence of the solutions
of some classes of integral equations.

Methods: The method of coupled fixed points gives the sufficient conditions for
the existence of the solution of some classes of integral equations.

Results: New results were obtained on coupled fixed points in C * -algebra-valued
b-metric space.
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Conclusion: The obtained results represent a contribution in the fixed point theory
and open new possibilities of application in the theory of differential and integral
equations.

Key words: Coupled fixed point, C*-algebra, integral equation.

Basic definitions

In this section, we review some facts of the C*-algebras which are
needed in this paper. The references (Ali Abou Bakr, 2019), (Bai, 2016),
(Bonsal, 1962), (Hussain et al, 2018), (Huang et al, 2018), (Hussain&Mitro-
vi¢, 2017), (Kadelburg et al, 2016), (Kadelburg&Radenovié¢, 2016), (Kong-
ban&Kumam, 2018), (Ma et al, 2014), (Ma&Jiang, 2015), (Mitrovi¢ et al,
2019), (Radenovi¢ et al, 2017), (Radenovi¢ et al, 2019), (Vujakovi¢ et al,
2019), (Zoto et al, 2019), (Wu&Zhao, 2018), (Cao&Xin, 2016) and (Todor-
Cevi¢, 2019) are useful.

We denote A as a unital C*-algebra with the unit 1 4.

Let

Ap={te A:t=1t"}.

We say t € A a positive element, showed it by ¢t = 04 if t € A, and
o(t) € [0,00), where 04 is the zero element in A and o(t) is the spectrum
of ¢.

On the set A;, we have a partial ordering given by v = « if and only if
v —u = 04. Also, we will denote

Ay ={tc A:t =0y}

and
A ={te A:tk=ktforall k € A}.

Definition 1. Assume that X # (. As usual suppose that$ : X x X — Ais
a function fulfilling:

(1) d(u,v) = 04 for each uw and v in X;

(2) 0(v,u) =04 ifv =u;

(3) d(u,v) = 6(v,u) for each uw and v in X;

(4) 6(u,v) = 6(u,t)+6(t,v) foreach u, vandt e X.
Then ¢ is a C*-algebra-valued metric (shortly, C*-AV-M).
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Definition 2. Assume that X # (). Suppose thatb € A’ such that ||b|| > 1.
A function 6, : X2 — A is said to be a C*-algebra-valued b-metric (in short
*-AV-BM) on X if for every u,v,t € A:
(1) 0p(u,v) = 04 for each w and v in X and 6,(u,v) = 0 if u = v;
(2) 517(“7 U) = 5[)(’0, u);

(3) 517(“’7 U) = b[éb(u) t) + 6b(t7 U)]
Then (X, A, &) is a C*-AV-BM space with the coefficient b.

Example 1 (Ma&Jiang (2015)). Assume that X = R and A = M,,(R). Now,
we define

5(u,v) = diag(er|u — vf?, eslu — v, .., ealu — vf?),

where diag denotes a diagonal matrix, and where u,v € R, ¢y, ..., ¢, posi-
tive constants and p € (1, +00). It can be shown that (X, A, §) is a complete
C*-AV-BM. We only prove the third statement of Definition 2. For this we
have:
Ju— P < 2(ju—t]P + |t — o),

then §(u,v) < A[d(u,t) + 6(t,v)] for every u,v,t € X, where A = 2PT € A’
and A > I by 2P > 1. Since |u — v|P < |u —t|P + |t — v|P is impossible for all
u>t>=wv, (X, M,(R),0)is nota C*-AV-M space.

Definition 3. Assume that (X, A, §,) is a C*-AV-BM space. (u,v) € X x X

is called a coupled fixed point (shortly FP) of the function ¢ : X x X — X if
Y(u,v) =u and P(v,u) = v.

For some useful applications, see (Kongban&Kumam, 2018) and (Ali
Abou Bakr, 2019).

Main results
The following theorem is one of our main results.

Theorem 1. Assume that (X, A, &) is a C*-AV-BM space and suppose that
Y : X2 — X is a function satisfying

0p (Y (u,v),(t,s)) < a*dp(u,t)a+ a*dp(v, s)a, (1)

for every u,v,t,s € X, in which a € A with ||a|| < \% Then 1 has a unique

coupled FP. Moreover, ¢ has a unique FPin X.
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Proof. Let ug, vy € X. Setu; = ¥ (ug, vo) and v = (v, up). We obtain two
sequences {u,}, {v,} in X such that w,, 11 = ¥ (up,v,) and v,11 = Y(vy, uy)
if we continue the above process. From (1) we have

0y (Un, Unt1) = Op(Y(Un—1,Vn-1), Y (Un, vy)) (2)
= a*éb(un—lv un)a + a*ab(vn—la Un)a
= a*(0p(un—1,un) + 8p(vn-1,vn))a.

Similarly,
5b(vn7?}n+1) == 5b(w(vn—lvun—l)aw(vnaun)) (3)
= a*6p(vn—1,vn)a + @ 0p(un—1, un)a
= CL*((Sb(”Un_l, Un) + 5b(un—1a un))a
Let

5n = 5b(un7un+1) + 5b(vn’vn+1)-

From (2) and (3), we have

On = Op(Un, Unt1) + 0p(Vn, Unt1)
=< a* (0 (Un—1,un) + Op(Vn-1,vn))a + a*(Sp(vn—1,vn) + Op(Un—1,un))a
2(a” (6p(Un—1,un) + Op(Vn—1,vn))a)
< (V2a)* (8 (tn_1, tn) + 6 (vn_1,v,))(V2a)
(V2a)*0,-1(V2a).

Due to the following property: (if t,k € Ay, then ¢t < k implies u*tu =<
u*ku), we can obtain for any n € N,

04 = 0n =< (V20)"6, 1(vV2a) < ... = ((V2a)")"0(v2a)".

If 5o = 0.4, then from (2) of Definition 2 we know (ug, vg) is a coupled FP
of F.
Now, by letting g < 04, we can obtain for m,n € N, n > m

5b(un7 um) j b((sb(una un—l) + 5b(un—la um))
= béb(una unfl) + b25b(un717 Unf2) + b25b(un727 um)
j b(;b(unv un—l) + b25b(un—17 un—2)
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Therefore,

Therefore,

+ 305 (Un—2, Un—3) + - - . + b5y (U1, U
= b6 (Uns Un—1) + b2 (Un—1, Un—2) + . . .

+ bn—m—l(sb (um+27 Um+1) —+ bn—m—ldb (Um+17 um) .

5b(vn’ Um) = b6b(vnu 'Un—l) + b26b(vn—1a Un—2) + ...+

bn—m—léb (Um+27 'Um—l—l) + bn—m—ldb (Um+1a Um) .

5b(un7 um) + 6b(vna 'Um) = b(db(uny un—l) + 5b(vna Un—l))

+ b2 (8 (tn—1, Un—2) + 8 (Vn—1, Un—2))

+.. .l (0p (Um+2, Um+1) + 0p (Vm+2, Um+1))
+ 0" (0 (Ut 1, Um) + 0p (Vimt1, Um))

< bOp_1 + b2 0p_o 4 ...+ bV,

< b((22a)")"0(22a)" T + 02((22a)")" 200 (22a)"
o BT((220)%) 60 (22a)™

< > v R((27a)*) R0 (22 a)"
k=n—1

18 (s wm) + 8o (vn, vm)l| < D (1Bl *[v/2al |60

k=n—1

> bl v2al
k=n—1
b ) 2(n—1)
o Ibllvaape o
1 —[[bl]=*{|v/2al]
|10l

_ 2(n—1)
= Tl v Y2

IN
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1

Since ||a|| < 7

, we have

[1b]]
L — [[Bl[*{|v/2al|?

5b(un7 um) = 5b(una Um) + 5b(vn> Um),

H(Sb(um Um) + 0 (Vn, v || <

V24"~V — 0,

and
5b(vn7 'Um) = 5b(vna Um) + 5b(un7 um),

yields that {u,,} and {v,,} are Cauchy sequences in X, so we can find « and
v in X such that lim,,_, u,, = w and lim,,_., v,, = v. Now, we prove that
Y(u,v) =uand Y(v,u) = v.

From the triangle inequality and (1), we obtain

5b(¢(u7 U)7 u) = b[éb(w(uﬂ U)v Un—i—l) + 5b(un+17 u)]
= b[éb(¢(ua U): ¢(um UTL)) + 5b(un+17 U)]
= bla*p(u, up)a + a*6p (v, vy)a + op(tupt1, u)l,

taking n — oo, we have that §, (¢ (u, v),u) = 04, and consequently ¢ (u, v) =
u. In the same way ¢ (v, u) = v. Therefore, a coupled FP of ¥ is (u,v).
Assume that another coupled FP of ¢ is (v, v"), so

Iy (u, ') = (¥ (u,v), ¥ (u',0) = a”dy(u,w')a + a”dy(v,0)a,
0p(v,0') = & (¥ (v, u), Y (v, ) = a”dy(v,0")a + a”dy(u, u)a,
and hence
Sy (u, 1) + 8p(v,0') = (V2a)* (8 (u, u') + Gy (v, v))(V2a).
The above inequality with ||v/2a|| < 1 yields that
16 (s ") + 8 (v, ') || < |1v/2al (|8 (u, w') + 8 (v, ")

The above inequality holds only when ||, (u, u’) + (v, v")|| = 0, which gives
(u';v") = (u,v). So the coupled FP is unique.
Now, we prove that © = v to show that ) has a unique FP. Note that

(5b(ua U) = 61)(77/)(“? U) + I/J(Ua u)) = a*&b(u, U)a + a*(sb(vv u)aa
and hence

16w, v)1| < [lal 118 (w, )] + []al [*] |6 (v, w)|
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< 2||al /|8 (u, V).

In fact, from ||a|| < % we get ||0y(u,v)|| = 0, thus u = v. O

Lemma 1. (Ma et al, 2014)
1) Ifu e Ay with |[u]| < L, then 14 — u is invertible.
2) Ifu,v € Ay with uv = vu, then uv = 0 4.

3) Ifu,v € A, andt € A, then u < v deduces tu < tv, where A’ =
AN A.

Theorem 2. Assume that (X, A, &) is a complete C*-AV-BM space and sup-
pose that the function v : X?> — X satisfies

5b(w(u7 U)vd’(t? S)) = a5b(¢(%”)7u) + b5b(¢(757 S),t), Vu,v,t,s € X (4)

in which a,b,c,e A’ with ||a|| + |[b]| < 1, ||ac|| + ||bc|| < 1, ||¢|| > 1. Then
has a unique coupled FP. Also, v has a unique FP in X.

Proof. As in Theorem 1, choose {u,} and {v,} in X and set u,+1 =
Y (Up, vyp) @nd vy, 41 = P (vp, uy,). Then from (4),

6b(un, unJrl) = b(w(unfla Unfl)) ¢(Um Un))
aéb(w(un—la Un—l)a un—l) + b(sb(w(una U’I’L)u un)
adp(Un, Un—1) + b3y (Unt1, Un ),

IA

Thus,
(1.A - b)éb(una un+1) = aab(un, unfl)a

Similarly,
(1.A - b)db(vnv ’Un+1) = a(sb(’UTh Unfl)v

Since a,b € A, with ||a]| 4 |[b]| < 1, then 14 — b is invertible and (14 —
b)~la € A, . Therefore

5b(un7 un-i—l) = (1.A - b)ila(gb(unu un—l)p

5b(vnavn+1) = (1A - b)_la5b(vn, Up—1),
Then
110 (i, wn s )| < [1(1a = 0) ™ al [0 (i, un—1)]l,
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1165 (Vs vng 1)1 < 11(La — b) " al (|66 (vn, va—1) ],
It follows from the fact

[lal]

1 —{[o]]

1(1a = b)"all < [|(La =) llllall < Y lIbl[*llal| = <L

k=0

Hence {u, } and {v, } are Cauchy sequences in X'. By the completeness
of X, there are u,v € X such that lim,,_,oc u, = v and lim,_,o, v, = v. As

0y (¢ (u, v), u) 2 cdp(unt1, P (u, v)) + dp(unt1, )]
= cOp(Y(un, vn), P (u,v)) + cdp(unt1, w)
= cadp(Y(Un, vp), Un) + cbop(P(u, v), ) + cdp(Unt1, )
=< cadp(Unt1, un) + cbop(Y(u,v),u) + cdp(tnt1,u),

which deduces that
Sp(Y(u,v),u) < (14 — cb) " teady(tni1, un) + (14 — cb) " Ledy (Uny1, u).

like above

) - 0 ca
(14— cb)eal| < [|(1a = eb)[lleal| < 3 lleb]*||eal :1H|\|c|b|| =b
k=0
104 = b) el < 1L = eb) M lllell < S [1eb1¥]Jel :1—H1\ch <t

k=0
Then 6,(¢(u,v),u) = 04 or equivalently ¢)(u,v) = u. In the same way,
Y(v,u) = v. Now if (u/,v") is another coupled FP of ¢, then from (4), we get

(51,(’&, u/) = 5b(¢(ua U)v ¢(ul’ U/))
= ady(u', P (u',v")) + by (u, 1 (u, v)) = 0.4,
Hence 0,(u/,u) = 04, and thenu’ = w. In the same way, we can obtain

that v’ = v. Thatis, (u,v) is the unique coupled FP of ¢). Now, we prove the
uniqueness of FPs of ). Using (4), we obtain

5b(uvv) = 5b(w(uv U)ﬂb(”a u))
= adp(P(u,v),u) + bop(Y(v,u),v)
= adp(u, u) + boy(v,v) = 0.4.

This yields that u = v. O
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Theorem 3. Assume that (X, A, ¢,) is a complete C*-AV-BM space and let
the function F : X?> — X hold

5b(w(u’ U)v ¢(t’ 8)) = a(sb(w(uv v)? t) + béb(w(tv S)’ u)’ Vu,v,t,s € X (5)

where a,b,c € A with ||a]| + |[b|| < 1, |Jac|| + [[be]| < 1, ||e|| > 1. then 1
has a unique coupled FP. Also, v has a unique FP in X.

Proof. Similar to Theorem 2, choose two sequences {u,} and {v,} in X
and set w1 = ¥ (up, v,) and v, = Y(vy, uy). Then from (5) we obtain

b (Uns Unt1) = 0p(Y(Un—1Vn-1), Y (Un, vn))
= adp(V(Up—1,n-1), Upn) + b3 (Y (tp, vn), Un—1)
= adp(Un, upn) + bOp(Un41, Un—1)
= bop(Un41, Un—1)
= eb(Op(Unt1, Un) + Op(tn, Up—1))
= cb0p(Un+1,Un) + cbIp (U, Upn—1),

Thus,
(1g — cb)0p(Un, tunt1) = cbIp (U, Up_1). (6)

By the symmetry in (5),

b (Un+1, un) = 0p(Y(unvn), ¥ (un—1,vn-1))
= adp (Y (tn, vp), Un—1) + by (VY (Un—1,Vn—1), Un)
= alp(Un+1, Un—1) + bIp(Un, uy)
= alp(Un+1, Un—1)
= ca(Op(Un+1, Un) + Op(tn, un—1))
= calp(Un+1,Un) + cadp(tn, Un_1),

that is,
(1a — ca)dp(tn, Unt1) = cady(un, tn—1). (7)
Now, from (6) and (7) we obtain

ca + cb ca + cb

(1A - )5b(unaun+1) =

O (Un s Up—1).
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Since a, b, c € A, with [|ca+cb|| < |lca||+||eb]| < 1, then (14— <2F)~1 €
’_, which together with [3, Lemma 1] yields that

ca + cb)f1 ca + cb
2 2

5b(unaun+1) = (1.A - b(unaun—l)'

Let ¢t = (1.4 _ ca—%—cb)—lca—é—cb, then HtH — ||(1.A _ ca—zi-cb)—lca;—ch < 1.

By using the same argument of Theorem 2, we obtain {u,} which is a
Cauchy sequence in X. Also, one can show that {v, } is a Cauchy sequence
in X. Therefore by the completeness of X, there are u,v € X such that
lim;, 00 u, = uw and lim,,_,, v, = v. Now, we obtain that ¢)(u,v) = v and
(v, u) = v. To do this, we have

b (Y (u, v),u) = cldp(tn+1,¥(u,v)) + 6p(Un+1, u)]
= cOp (Y (un, vp), Y(u,v)) + cop(Unt1,u)
= cadp(Y(Un, vp), w) + cbdp (Y (u,v), up) + cdp(Unt1, )
= cadp(uny1,u) + cbdp((u, v), uy) + cdp(Unt1,u),

and then

1106 (4 (u, ), w)|| < [leal[l|ds (untr, w)|[+[|cb][[[05 (4 (u, ), un) [+ ||l [0 (unt1, w)

by the continuity of the metric and the norm, we get
|’6b(1/}(u7 U), U)H < HCb|H|5b(¢(Ua U)v U)H

Since ||cb|| < 1, it implies that |[0,(¢(u, v),u)|| = 0, and then ¢ (u, v) = w.
In the same way, ¥ (v, u) = v, which implies that (u, v) is a coupled FP of 1.
By the same reasoning in Theorem 2, we obtain © = v, which means that
1 has a unique FP in X. O

Existence and uniqueness
Consider the next equation:

x(m) = /S(Tl(m,n) + To(m,n))(a(n,z(n)) + B(n,z(n))dn + J(m), m € £
(8)

for the Lebesgue measurable set of £ in which m(&) < co.
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In what follows, we always let X = L°>°(£) denote a class of essentially
bounded measurable functions on £, where £ is a Lebesgue measurable
set such that m(&) < oc.

Now, we consider the functions 77, T5, «, 8 fulfill the following assump-
tions:

(i) 11 from £ x &€ to RZ0, Ty from £ x £ to R=Y. Also, two integrable

functions o and g are from £ x Rto R, and J € L>(¢);

(if) there exists ¢ € (0, 5) such that
0 S OC(m,.fL‘) - a(m,y) < €<$ - y)
and
forme&and z,y € R;
(”I) SUPpeg fg(TI(ma TL) - TQ(m7 n))dn <L

Theorem 4. Suppose that assumptions (i)-(iii) hold. Then the integral equa-
tion (8) has a unique solution in L> ().

Proof. Let X = L>(€) and B(L?(€)) be the set of bounded linear operators
on a Hilbert space L?(£). We endow X with the b-metric §, : X x X —
B(L?(€)) defined by

51)(0575) = M|o¢—[3\1”
where M,_g» is the multiplication operator on L2(&). Hence
(X,B(L*(£)),8) is a complete C*-AV-BM space. Define the self-mapping
U:X XX Xby

¥(z,y)(m) = /ng(m,n)(a(n,x(”)) + B(n,y(n)))dn
+ To(m, n)(e(n, y(n)) + B(n, x(n)))dn + J(m),
for all m € £. Now, we have
6b(\II($7 y)7 \I/(’LL, ’U)) = M\‘Il(a:,y)—\ll(u,v)\P .

We obtain,

(W (2,y) = ¥(u,0))(m)|” = \/ng(mW)(Oé(nvw(n))+5(n,y(n)))dn
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+—5mwm»Mn—fommXvam»+Mmummmw

— (| [ Titm )@l () — aln, u(m) + B y(0) — B, v(0)))da
£

+ | | Ta(m,n)(a(n,y(n)) — a(n,v(n)) + B(n, 2(n)) — B(n, u(n)))dnl)”
£

IN

([ Titm.m)lan.a(n)) = aln u(m) + A(ny(n)) = A (o) an
= [ Talm ot 0)) = (o) + Al ) = B u(m) )

IN

(suplllz(n) — u(n)| + £ly(n) — v(n)[] x /(Tl(m, n) — Ta(m,n))dn)?
neé &

IN

([l = ufloe 4 €lly — vl|oc] sup /(Tl(m’n) — Ty(m,n))dn)”
me& JE

(z = ulloo + €lly = v]loc)?
Ul = ulloo + {1y = vlloo)”.

IN N

Therefore,

106(W (z, ), U (u, )| = [ M@ (@,y) - (uw) ]
= sup (My(z,y)—w(uw)r P> P)

llell=1
= sup [ [(W(ay) = Bla,0))(m)]Pp(m)(m)dm
lgll=1.J¢
su m)[? T — ul]oo — |]oo)P
< s [ otm) el ulo + vl

Ul = ulloo + £y — vlloo)?

<(
< L(|]7 — ulfoo + ||y — v[|oo)P-

Seta = Vl1p(12(e)), thena € B(L(€)) and ||a]| = [V{] < 75 Hence by
applying Theorem 1, we get the desired result. O
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Abstract:

Introduction/purpose: The purpose of group testing algorithms is to provide a
more rational resource usage. Therefore, it is expected to improve the efficiency
of large—scale COVID-19 screening as well.

Methods: Two variants of non—-adaptive group testing approaches are presented:
Hwang’s generalized binary—splitting algorithm and the matrix strategy.

Results: The positive and negative sides of both approaches are discussed. Also,
the estimations of the maximum number of tests are given. The matrix strategy
is presented with a particular modification which reduces the corresponding esti-
mation of the maximum number of tests and which does not affect the complexity
of the procedure. This modification can be interesting from the applicability view-
point.

Conclusion: Taking into account the current situation, it makes sense to consider
these methods in order to achieve some resource cuts in testing, thus making the
epidemiological measures more efficient than they are now.

Key words: pooling design, group testing, Hwang’s generalized binary-splitting
algorithm, matrix strategy, COVID-19, SARS-CoV-2.

Introduction

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has posed
a challenge to many countries when it comes to detecting infected people
as a basis for implementing appropriate epidemiological measures. The
high Ry = 5.7 value of the SARS-CoV-2 virus (Sanche et al, 2020) affected
the increased demand for tests (Pfeiffer et al, 2020), which was, according
to some media reports in Serbia (Blic, 2020), also accompanied by the dis-
tribution problems. In other words, testing can quickly become a bofttleneck

in the event of a massive disease outbreak.
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Modern epidemiological measures are proactive. In order to control the
spread of infection, it is important to detect:

* pre—symptomatic cases;

* infected persons who have many high-risk social contacts (e.g., med-
ical staff, geriatric center workers, teachers, etc.).

The mass testing allows observing and tracking epidemiological patterns
as the infection spreads. The situation mentioned above in which testing
becomes a bottleneck certainly requires some optimization.

Among the SARS-CoV-2 virus infection tests, the most well-known
methods are RT-(q)PCR and serological antibody tests. The RT-(q)PCR
test is considered the most accurate (the most reliable). On the other hand,
these tests are more expensive and complex when it comes to equipment,
time, trained personnel, and procedural complexity.
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Figure 1 — Total number of tested (green) and confirmed (red) cases per day, for
Republic of Srpska, until July 11th, 2020 (Faculty of Electrical Engineering in
Banja Luka, 2020)

Puc. 1— Obuwee Konu4yecmeso rnpomecmuposaHHbIX (3eneHbIl usem) u
rnodmeepx0eHHbIX (KpacHbIl yeem) cryyaes Ha exedHegHoU 0CHO8e 8
Pecny6bnuke Cepbckod, 0o 11 urons 2020 2oda (Faculty of Electrical Engineering
in Banja Luka, 2020)

Cnuka 1 — lNpeened o0Hoca yKynHoz bpoja mecmupaHux (3eneHa 6oja) u
rnomepheHux (upeeHa 6oja) criyyaejea no daHuma, 3a Penybnuky Cpricky, 6o 11.
jyna 2020. (Faculty of Electrical Engineering in Banja Luka, 2020)
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According to the reports of the official portal of the Government of Repub-
lic of Srpska (Government of Republic of Srpska, 2020), in the Republic of
Srpska the percentage of confirmed cases (relative to the number of tests,
daily) took an upward trend. In Figure 1, there is a time series bar plot de-
picting values that correspond to the number of confirmed cases (red) and
the number of conducted tests (green), until July 11th, 2020. Given the test
cost and the increased workload of laboratory technicians, it is reasonable
to consider some strategies that will save both the testing kits and time.
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Figure 2 — Total number of tested (purple) and confirmed cases (orange) on daily
basis, for Serbia, until July 25th, 2020 (Government of Republic of Serbia, 2020)
Puc. 2 -Obuwee konu4ecmeso npomecmuposaHHbIX (ghuornemossiti yeem) u
rnodmeep)xOeHHbIX (OpaHxeesbili ugem) crlyyaes Ha eXXeOHEe8HOU OCHO8e 8
Pecniybnuke Cepbus, do 25 urona 2020 eoda (Government of Republic of Serbia,
2020)

Cnuka 2 — lNpeeaned odHoca yKyrnHoz bpoja mecmupaHux (rbybuyacma 6oja) u
nomepheHux crny4yajesa (HapaHyacma 6oja) no 0aHuma, 3a Cpbujy, do 25. jyna
2020. (Government of Republic of Serbia, 2020)

In Serbia, the percentage of confirmed cases is not as high as in the
Republic of Srpska, but the growth of tested, infected, and deceased is quite
noticeable from the data provided by (Government of Republic of Serbia,
2020). Figure 2 shows a graphical representation of values corresponding
to the number of confirmed cases (orange) and the number of conducted
cases (purple), until July 25th, 2020.
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As previously mentioned, the rest of the world has not been spared from
the testing kit shortage. Therefore, new protocols have been developed
worldwide to reduce the scope of testing without affecting (at least not signif-
icantly) the quality and accuracy of the procedures (Eberhardt et al, 2020),
(Mallapaty, 2020).

As a combinatorial procedure, group testing breaks down the identifi-
cation task (identifying the defects in equipment, downtime in the use of
communication channels, infected persons, etc.) into group tests instead
of individual checks. Dorfman (Dorfman, 1943) was the first to describe this
problem. Since then, different test schemes have been designed, including
different types of tests as testing phases alternate (the so—called adaptive
procedures). The idea itself has many applications in almost all areas of
science: biology, computing, medicine, electrical engineering, data protec-
tion, etc. Interest in group testing was renewed after the launch of the fa-
mous Human Genome Project (Colbourn & Dinitz, 2007) Some prominent
examples where group testing is used in medicine are an examination of do-
nated blood from American Red Cross donors (Dodd et al, 2002), testing for
chlamydia and gonorrhea (Gaydos, 2005), and monitoring the mosquitoes
which transmit the West Nile virus (White et al, 2001). Moreover, when it
comes to testing for SARS-CoV-2 virus infection, (Gollier & Gossner, 2020)
have shown that even a very simplified approach, based on the bisection
method, provides significant economic benefits.

This paper presents two simpler variants of non—adaptive group test-
ing based on swab—sample aggregation, also known as the pooling design.
Firstly, Hwang’s generalized binary—splitting algorithm is presented. After-
ward, the so—called matrix strategy is described. In the end, concluding
remarks are given, reviewing the current situation.

Hwang’s generalized binary—splitting algorithm

Here we will present Hwang’s generalized binary—splitting algorithm.
The pseudo—code is given in Algorithm 1. This approach can be used to
cut resource costs in testing for SARS-CoV-2 infection (Ding-Zhu & Hwang,
1993). The input variables are a statistical prediction of the number of peo-
ple that will be tested n and a statistical prediction of the number of con-
firmed cases z. The result should be a smaller number of tests needed to
identify all infected individuals.
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According to (Ding-Zhu & Hwang, 1993), the maximum number of tests

M,; when Algorithm 1 is used is

(1)

_n, forn <2m -2
(s +2)z+p—1, otherwise

where p < z is a unique nonnegative integer such that m = 2%z + 2%p + 0,
0 <60 < 2° If 2 increases we have that M; — zlog, 7.

Algorithm 1: Hwang’s generalized binary—splitting algorithm

Data: n, z
Result: resource savings

1 whilen > 2z —1do

© 0o N OO g b~ WODN

- -
- O

-
N

13
14
15

m<n—z+1
s < [logy 2]
u < group of 2° samples
t « result of testing the group u
if ¢ negative then
label all corresponding cases as negative
n<+n—2°
nd
else
P « the number of positive cases obtained by the bisection
method
N <+ the number of negative cases obtained by the bisection
method
n<n—1—N
zz2—P
end

(1]

16 end
17 test separately each reminding sample

Example 1. Let there be a statistical forecast for the next day which says
that the laboratory would need to take n = 100 swab—samples. Consider
two cases:

(z = 20) according to the Eq. (1) we have an estimation that 79 test will
be needed at most, i.e. the laboratory will save at least 21 testing kits.
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(z = 2) according to Eq. (1) we have an estimation that 14 test will be
needed at most, i.e. the laboratory will save at least 86 testing kits,
much more compared to the previous case. A

The downside of Hwang’s generalized binary—splitting algorithm is that
it may require more swabs from one individual. If we have a situation like
in the case of (z = 20), in Example 1, we can see from the the Algorithm 1
that it will be necessary to combine the swab—samples of four people at the
beginning. Suppose, for simplicity, that only one is infected in the group.
This means that the identification of the infected one will be based on the
bisection method. In other words, our tests to identify an infected person
have the following order:

1. test the group of 4 samples;
2. test two groups of 2 samples;
3. in the positive group test each sample separately.

As it can be noticed, it will be necessary to take three swabs from one per-
son. The situation is getting complicated even more if the number of in-
fected is very high, and z is much lower than n. As often, laboratories can-
not send technicians several times to take swabs, and it is not convenient
for potentially infected people to come to the laboratory. Hwang’s general
binary—splitting algorithm can create certain operational problems. More-
over, taking three swabs from each person is already pushing the bounds
of practicality. For this reason, a matrix strategy has been devised, in which
two swabs are taken from each individual.

Remark 1. In case the estimated percentage of confirmed cases exceeds
50%, it is not possible to make any resource cuts. Each swab—sample must
be tested separately.

Remark 2. The presented Algorithm 1 does not take into account the accu-
racy of tests, i.e., the likelihood of obtaining false positive or false negative
results is not considered.

Remark 3. The presented Algorithm 1 does not take into account whether

there is a change in the accuracy of tests if a large number of samples are
grouped.
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Matrix strategy

Another way to reduce the total number of tests, which will be presented
here, is based on the so-called matrix (tabular) strategy. We can, for the
sake of simplicity, assume that the number of people n is the square of
some natural number k, i.e., n = k2. Phatarfod & Sudbury (1994) were the
first to propose this idea for high—throughput screening.

Basic matrix strategy (Algorithm 2). We take 2 (two) swab—samples
from each person and form a square matrix of M samples. Each entry
m; ; of the matrix M corresponds to one person, more precisely to a pair of
swab—samples of that person. Rows and columns form groups of combined
samples. With this, we have 2k groups for the first phase of testing, which
is %k: times less than the number in the case of individual checks. After the
first phase (lines 1-2), we move on to the second phase (line 3).

Algorithm 2: Basic Matrix Strategy
Data: matrix of pairs of swab—samples
Result: identification of confirmed cases
1 test column—groups and label the positive ones
2 test row—groups and label the positive ones
3 apply Algorithm 3 on a set of marked rows and columns

The following two situations are possible for the second phase if we get
at least one positive result:
(1) if only one sample is positive, it is uniquely determined by the inter-
section of the positive column and the positive row;

(2) otherwise, the swab—samples of the individuals from the intersection
of the positive columns and rows are retested.
The second case is the reason why it is necessary to take two swab—
samples from each person.

The obvious problem with this approach, unlike with Hwang’s general-
ized binary—splitting algorithm, is a possibility of a diagonal arrangement of
samples of infected individuals (a technician is not aware of this because
he/she does not know who is infected). Let's say that at the positions m; ;,
fori € {1...,k}, everyone is infected. The total number of infected is k.
Each column—group and row—group will be positive on the test of pooled
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samples. It follows from the previously described basic matrix strategy that
we have to test all swab—samples on the intersections separately. In this
case, it means all matrix entries. In other words, we need to test all swab—
samples again, which in no way reduces the costs. Therefore, the maximum
number of the basic matrix strategy tests for n = k2 persons is k2 + 2k.

Algorithm 3: Retesting

Data: labeled rows and columns of samples’ matrix

Result: detected positive cases

if only one column and one row are positive then

2 the infected person is at the intersection of this particular column
and row

-

3 end

4 else

test separately all swab—samples that correspond to the
intersections of all positive columns and rows

6 end

The basic matrix strategy can be improved by taking into account the
experience of epidemiologists. For example, according to epidemiologi-
cal analyses and field experience, swab—samples are classified into likely
positive and likely negative ones. The use of additional information of this
type was first studied by McMahan et al (2012). They considered two ap-
proaches:

* spiral design;

+ gradient design.

This paper will present only the first approach— spiral design, particularly,
its simplified variant.

The first probably positive sample pairs are clustered along one of the
matrix “corners” — say the upper left, (in the above notation: m; ;). Put the
first pair of probably positive swab—samples at m, ;. We put the other three
in the positions mo 1, m2 2, m1 2. Then, the next five are placed at positions
ma,1,Mm3,2, M3,3, Ma3, my,3. 1he procedure is repeated until a set of probably
positive samples is exhausted.

As it can be observed, this procedure leads to more expressed hetero-
geneity of the matrix. Then, moving from right to left, the first column—
groups of the matrix will most likely show that they are negative, which gives
us the right to write off their samples from further consideration. We stop at
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the first group—column that tests positive. Then we continue with the rows,
from bottom to top, using the same idea. This can, roughly, eliminate a
significant number of sample pairs. The described idea is represented by
Algorithm 4.

Algorithm 4: Elimination of Probably Negative Cases

A WO DN -

© 00 N o O

1
12
13
14
15
16
17
18
19
20
21
22

Data: the set of n = k% swab—sample pairs
Result: elimination of probably negative swab—samples
P + probably positive swab—sample pairs
N <« probably negative swab—sample pairs
cluster the swab—sample pairs from P around m ; in spiral fashion
arrange the remaining swab—sample pairs (i.e., those from N) so
that a matrix is created

j—k /leliminations starts from the last column
t<+ 0
while ¢t = 0 do

t « test result of column—group j

if t = 0 then

\ remove column //everyone is negative

end

JJg—1
end
i=k /lelimination starts from the bottom row
t<+0
while ¢t = 0 do

t « test result of row—group j

if t =0 then

\ remove row //everyone is negative

end

1 1—1
end

In Algorithm 4, the variables P and N are introduced, denoting sets of

probably positive and probably negative samples, respectively. The vari-
able t has a binary domain, taking the value 0 if the test shows no infection
(negative result) and 1 if it shows SARS-CoV-2 virus infection (positive re-
sult).
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Remark 4. In a gradient design, i.e, probably positive swab—sample pairs
are clustered as columns, the elimination is performed only from right to
left.

The diagonal elimination algorithm is applied to the rest of the matrix, ob-
tained after the application of Algorithm 4. Before we describe the changes,
we note that Algorithm 4 does not have to leave us a square matrix, i.e., the
endpoint values of i and ;5 do not have to be equal. Again, for simplicity, we
consider a sub—matrix M’ positioned along the upper left corner of the for-
mat &’ x &/, where ¥’ = min{i, j}, for i and j as values returned by Algorithm
4.

Algorithm 5: Diagonal Elimination
Data: set of remaining swab—sample pairs; i, j obtained by

Algorithm 4
Result: identification of positive cases
1 k' + min{i, j}
2 create a sub—matrix of samples M’ with dimension &’ x &’
3 foreachic {1,...,k'} do
4 t; i + test the result of one swab—sample corresponding to the
position m; i
5 if tm‘ = (0 then
6 tr—i; < test the result of one swab—sample corresponding

to the position my_; ;

7 ti i —; < test the result of one swab—sample corresponding

to the position m;

8 end

end

10 for each positive test result in the previous testing, label the
corresponding columns and rows as positive

apply Algorithm 3 to the labeled rows and columns

©

1

-

In the first phase of eliminating diagonals, we test samples from one of
the diagonals, say the main one. For each negative result at the position
m;,; we test one sample from the corresponding positions on the counter—
diagonal: m;,_; ; and m, 5, ;. For each positive result, label the correspond-
ing column and row as positive. Then test swab—samples from the intersec-
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tions of all positively labeled rows and columns (Algorithm 3). An overview
of this procedure is given in Algorithm 5.

Here, too, as in the previous algorithm, the variable ¢;; (Vi,j €
{1,...,k'}) has a binary domain — takes the value 0 if the test shows no in-
fection (negative result), and 1 if the test shows SARS-KoV-2 virus infection
(positive result).

Remark 5. However, although this procedure should remove swab—
samples of infected persons from a diagonal, we can observe that, if the
statistical prediction of the percentage of infected persons is low enough,
random distribution of samples of probably infected persons would rarely
get into an undesirable situation. However, even the partial diagonal ar-
rangement is unfavorable.

From the rest of all untested swab—sample pairs (including those that
did not enter M’), a new matrix M"” is formed. The diagonal elimination
process can be repeated. How many times this will be done depends on
the protocol of a particular laboratory and the costs cut estimate, given the
daily scope of testing. This means that the elimination of diagonals can also
be omitted.

Remark 6. After eliminating rows and columns in the first phase, the rest of
the matrix does not necessarily have to be a square matrix, but we choose
the largest quadratic sub—matrix.

Combining the previously described as a whole, we get Algorithm 6 —
improved matrix strategy. However, the proposed improvement of the basic
matrix strategy does not bring the maximum number of tests below &2, al-
though such a large number is not expected in practice, especially if the per-
centage of infected concerning the number of tested is low. In other words,
Hwang’s generalized binary—splitting algorithm is theoretically a better ap-
proach than the matrix strategy. However, in practice, a matrix approach is
used due to a smaller sampling volume.

Remark 7. The matrix strategy can be generalized to a multiphase tensor

strategy, but this could lead to a rather impractical taking of many swab—
samples from each person.
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Algorithm 6: Improved matrix strategy algorithm
Data: swab—sample pair matrix , chosen protocol
Result: detected positive cases alongside with possible cost cuts
apply Algorithm 4
140
while protocol about diagonal elimination do
apply Algorithm 5
from the rest of all untested swab—sample pairs create a matrix
M]
14—1+1
7 end
apply the basic matrix strategy on the rest of swab—samples

a A O DN =

(=]

(-]

Remark 8. The initial matrix does not have to be square, but the case is
considered in the algorithm, for simplicity. Otherwise, the natural choice
for the matrix format is that the sum of columns and rows is the smallest
possible.

Remark 9. Additional improvements may be considered, but are likely to
affect applicability in practice.

Remark 10. The presented Algorithm 6 does not take into account the ac-
curacy of the tests, i.e. the likelihood of obtaining false—positive or false—
negative results.

Remark 11. The presented Algorithm 6 does not take into account whether
there is a change in the accuracy of tests if a large number of samples are
combined.

Concluding remarks

The algorithms above provide a way to cut the resource costs if the num-
ber of confirmed cases is low enough compared to the number of conducted
tests. The lower the percentage of infected, the more resources can be
saved. However, this does not mean that timely action will not be useful if
the percentage is high. On the contrary, even in that situation, adequate
actions to save the resources are of considerable benefit.

Theoretically, more significant rationalization of resources is expected,
first of all, when using Hwang’s generalized binary—splitting algorithm, but
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it is not very practical due to possible excessive taking of swabs. Its use
depends on situation assessment. In a way, the combination of both ap-
proaches could give satisfactory results, i.e. lead to considerable savings.
In that case, we would have an adaptive approach.

Considering the current situation and a noticeable increase in those in-
fected with the SARS-CoV-2 virus, it makes sense to consider the presented
type of resource rationalization to increase the effectiveness of epidemio-
logical measures. Also, it is essential to notice that these approaches are
not exclusively related to RT-(q)PCR testing. They can be used equally
successfully in mass serological testings.
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OKOHOMUA PECYPCOB AJ1A TECTUPOBAHUA NMYTEM
OBbEAMHEHWA OBPA3LIOB

Humumpue [. YBoku4

YHuBepcuTeT B . baHsa-Jlyka, ®akynsTeT eCTeCTBEHHbIX HayK 1
mMatemaTuku, r. bans-Jlyka, Pecnybnuka Cepbckas, BocHus n
lepuerosuHa

PYBPUKA TPHTW: 27.00.00 MATEMATWKA:
27.47.19 WccneposaHve onepauum,
27.47.17 Matemartunyeckas Teopus MHopmauuu,

27.41.41 AnropuTmbl peLLeHns 3agay BblYNCIIUTENBHON

1 OUCKPETHOWN MaTeMaTuKm
BWA CTATbW: opurnHanbHas Hay4Has cTaTtbs

Pesrome:

BeedeHue/uens: Lenb aneopummos epyrnnogoso mecmuposa-
HuS 3aKo4aemcs 8 obecriedeHUU payuoHaibHO20 UCMoIb308a-
Husi pecypcos. Bcriedecmeue makozo nodxoda MOXHO Hadesimb-
CS1 Ha rnosbilWeHue 3¢hgheKmuB8HOCMU Macco8020 CKPUHUH2a Me-
modom RT(q)PCR dnis ebisieneHus 3apaxeHHbix supycom CAP-
CKoB2.

Memodki: B OaHHoOU cmambe ripedcmasrieHbl 08a 8apuaHma
HeadanmueHbiX pyrnosgbix Modxo008 K mecmuposaHuro: 0606-
WieHHbIl aneopumm 080UHYHO20 pacujenneHus BeHaa u cmpame-
2uyeckas Mampuuya.

Pesynbmamei: B cmambe obcyx0aromces rnonoxumerbHbie U
ompuuyameribHble CMOPOHbI 0boux Mo0xo0o8 U OaHbl OUEHKU
MakcumasibHO20 Kosludecmea mecmos. Cmpamezaudeckasi Mam-
puya npedcmaernieHa ¢ onpedesieHHolU modughukayuel, Komo-
pasi CHUXaem 8bIEeYNOMSIHYMY OUEHKY, HO HE CUIIbHO 8riusem
Ha croxHocme rpouedypbl, Ymo denaem ee 0COOEHHO nMpuzood-
HoU 01151 IPUMEHEHUS.

Bbig800bI: Yyumbigas meKywyro cumyayuro, uMeem CMbICT pac-
cMompems 3mom 8ud payuoHanusayuu pecypcos ¢ yesbto ro-
8blLEHUS 3¢hgheKmu8HOCMU NPomMuUBo3NnUAeMu4eCcKUX Meporpu-
amud.

Kntovesbie crnosa: akoHomusi nymem o6beOuHeHuUs1 obpas-
yos, epyrnnosoe mecmuposaHue, 0606w eHHbILU anzopumm 080-
U4YHO20 pacujernneHuss BeHeza, cmpameaudyeckas Mmampuya,
COVID19, SARSCoV2.
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YWTEOA TECTOBA YOPY>KMBAHEM Y3OPAKA
HAumumpuje 0. Ysokunh

YHusepauteT y bamoj Jlyuu, MprnpoaHo-maTemaTnykm hakynTer,
Bara Jlyka, Penybnuka Cpncka, BocHa n XepuerosuHa

OBJIACT: matemaTtuka
BPCTA UJTIAHKA: opurmHanHun Hay4YHu pag

Caxxemak:

Yeod/uurb: Cepxa aneopumama epyrnHoe mecmuparba jecme da
obesbjede payuoHanusayujy pecypca. Cmoea, oyekyje ce da ce
HuxosumMm Kopuwhewem moey, makohe, ocmeapumu odpefjeHe
ywmede ripu macosHoMm mecmupary RT(q)PCR memodom padu
udeHmucgpukauuje 3apaxxeHux supycom CAPCKoB2.

Memoode: lNpedoyeHa cy 08a npucmyna HeadarmueHoza 2pyrHoe
mecmupara 3acHOo8aHO2 Ha yoOpyXueary y3opaka, y aHasoje-
3UYHOj numepamypu rno3Hamom kao pooling design: XeaHzao08 arsi-
2opumam yonwmeHoe yujenara u MampuyHa cmpameauja.

Pesynmamu: Y3 Ouckycujy 0obpux u siowux cmpaHa HagedeHe
Cy U oujeHe makcumarsHoe 6poja mecmosa. Mampu4Ha cmpame-
auja npedcmaessbeHa je ceojegpcHoM MoOughuKkayujom Koja cMa-
Hbyje MoMeHymy oujeHy, a, ¢ Opyee cmpaHe, He ymu4e MHO20 Ha
KomriekcHocm ripoyedype, Wmo je 3Ha4ajHo 3a HeHy MpuUMjeHy
y rpakxcu.

Bakrbyyak: Y3umajyhu y 063up mpeHymHy cumyauujy, uma cMu-
cflia paamampamu ogakey 8pcmy pauuoHanu3auyuje pecypca, pa-
Ou nosehara eghukacHocmu enudeMuoToWKUX Mjepa.

KrbyuHe peuu: ywmeda ydpyxuearem y3opaka, 2pyn+Ho mecmu-
pare, XeaHzo8a yonuwmera 6ucekyuja, MampuyHa cmpameau-
ja, COVID-19, CAPC-KoB-2.

Paper received on / [lata nonyyeHus pabotbl / Jatym npujema ynaxka: 26. 08. 2020.
Manuscript corrections submitted on / [Jata nony4eHus ucnpaesneHHon Bepcum padotbl /
HaTtym poctaBrbaka ncnpaskm pykonuca: 11. 10. 2020.

Paper accepted for publishing on / [lata okoH4YaTensHoro cornacosaHunsi pabotsl / flatym
KOHa4HOT npuxBaTaka YnaHka 3a objaBreusame: 13. 10. 2020.
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Abstract:

Introduction/purpose: The OTHR simulator presented in this paper is
developed and used in practice, with the aim of emulating radar signal
environment, but also optimizing the radar parameters in real
applications such as: radiated power, antenna array gain, path loss,
radar cross section, external interference, and noises.

Methods: In this paper, the methodology of mathematical modeling is
used as well as simulations .

Results: Based on the performed analysis, the output data from the
OTHR simulator is presented and discussed.

Conclusion: The usage of the presented OTHR simulator makes
assessing the reliability of a potential radar at predetermined locations
automated, controllable and efficient, with results closely matching
radar behavior in real operation.

Key words: over-the-horizon-radar, radar cross-section, exclusive
economic zone, radar simulator.
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Introduction

The Over The Horizon Radar (OTHR) simulator presented in this
paper is developed and designed in order to predict and analyze all
external parameters that affect the OTHR functionality. The OTHR uses
a surface wave component in order to achieve a huge coverage area.
Detection and tracking of vessels with a maximal range up to 200 NM
makes it suitable for application within a system for monitoring the
Exclusive Economic Zone (EEZ). The EEZ is a sea belt of a certain width
extending from the territorial waters in direction of the open seas, over
which a coastal state has exclusive rights regarding the exploitation of
biological and mineral resources of the sea (United Nations, 2011). To
the best of our knowledge, there are only two ways to achieve complete
EEZ monitoring. The first approach utilizes low range sensors, such as
Electro — Optical (EO) camera systems and Micro-Wave (MW) radars, on
the mobile platforms such as vessels and airplanes, thus avoiding
sensor’s limitations. The second approach uses a network of OTHR
radars to ensure constant surveillance of a complete coastline well
beyond the horizon. Since the price of the OTHR radar network is
significantly lower than a combined cost of the aforementioned sensors
and their platforms, it is clear why these radars became a sensor of
choice for maritime surveillance (Sevgi & Ponsford, 1999), (ToSi¢ et al,
2016).

The OTHR radar uses the frequency bandwidth from 3 to 30 MHz
(HF) and utilizes vertically-polarized, surface electromagnetic waves
which propagate above the sea or ocean surface. The usage of the
surface wave OTHR is accompanied with specific issues, such as:
influence of the sea state on electromagnetic wave propagation above
the sea surface, impact of Earth’s surface curvature on the
characteristics of transmitting and receiving antenna stations,
interference of other transmitting devices, atmospheric noise, space
noise and man-made noise in the vicinity of OTHRSs, along with the radar
cross section (RCS) of targets that need to be detected and tracked
(Skolnik, 1990), (Nikoli¢ et al, 2016a), (Fabrizio, 2013), (Nikolic et al,
2018). All these issues should be taken into account properly when
OTHR systems are planned for implementation. It is of great importance
to analyze their effects at the early stage and calculate a corresponding
system performance under the conditions of a specific deployment
location. For that purpose, a computer - based simulator of the OTHR
would be very practical in engineering tasks. One solution of this
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simulator, developed in the Vlatacom Institute and used in our projects
worldwide is presented in this paper.

The simulator allows the analysis of the environmental impact on the
operation of OTHR radars, as defined by the user. It should keep track of
all possible changes in radar conditions in the HF frequency band, and
also allow different scenarios to be set. Thus, a proper flexibility in
defining simulation parameters and specific scenarios for simulation
should be provided. The simulator takes into consideration the change of
the RCS to determine the signal to noise ratio (SNR) for each vessel
defined by the scenario, which results in data comparable with real
situations, as might be acquired by the radar in practical operation. The
output data from the simulator should be provided in the format of the
real OTHR radar sensor, in order to validate the data by comparing it with
the real OTHR system, after installation. The OTHR Simulator solution
described in this paper is commonly compared with vHF-OTHR radars
(Vlatacom Institute, 2018), as being completely compatible with its model
and data formats.

OTHR simulator concept

The main goal of the simulator is to estimate relevant capabilities of
the detection of different sizes of vessels, which is the main benchmark
for this kind of radar applications (Nikolic et al, 2016b). All estimations
are made by taking into account the characteristics of the environment
for potential locations, since many of parameters of interest in simulation
are highly dependable on particular geo-location and surroundings.

The Simulator software has been developed in the Matlab and runs
on Windows OS (Girault et al, 2017). The input parameters of the
Simulator are given through the simulating scenario that includes:
predicted paths of vessels, speed and size of vessels, season of the
year, time of the day or night, sea conditions, wind directions, and
geographical coordinates of potential sites. This scenario is represented
in the form of an XML file. The output of the simulator represents
detected targets in the table form, defined by the vHF-OTHR interface.

The simulator is designed for the following main tasks:

m Testing the software for the detection and tracking of vessels,

m Analyzing and estimating parameters of th OTHR radar, and

m Analysis and evaluation of location-specific conditions for OTHR
deployment.
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The main components of the Simulator, shown in Figure 1, are:

m Step Machine: a library for creating, reading and sorting input
XML files for simulation,

m Radar Model: a library for calculating the signal to noise ratio of
each simulated target,

m Detection engine: a library for the detection and tracking of
simulated targets.

The block named "Step Machine" is used for designing a particular
simulation scenario. It includes defining: the initial coordinates of vessels
and their course and speed; the basic radar parameters (the latitude and
longitude of the location, the output power); the environmental
parameters (the time of the year - month, the time of the day, the state of
the sea and the direction of the wind). The course of a ship can be set as
straightforward, curvilinear or in accordance with the given scenario.
These parameters are all given in the XML format.

i
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Figure 1 — Block diagram of the OTHR simulator
Puc. 1 - Bnok-cxema ,,O0THR* cumynsimopa
Cnuka 1 - bnok-wema ,,OTHR” cumynamopa

The block named “Radar Model” represents a function created in
Matlab for calculating the maximum range, angular position relative to the
true North and the signal to noise ratio (SNR) of potential targets. For all
input data sets created by the step machine, the “Radar Model” creates a
corresponding XML file with information about all potential radar targets.
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This information represents an input for the last block - Detection
and tracking engine.

The block named “Detection engine” imports the abovementioned
information and creates a table of potential detections. In this way, the
base of data sets is created in order to perform the testing of the radar
tracking processes.

Usually, after the installation of the radar in practice (Actual radar
block in Figure 1), the data obtained from the Simulator is compared with
the data obtained from the real OTHR. All detection data obtained from
installed, operational OTHR radars is sent to the Command and Control
(C2) servers, via the communication network, Figure 1. The collected
detection data passes through the top layer in the signal processing
hierarchy — the tracking application (Stojkovi¢ et al, 2016). This process
of mutual comparison between simulated and real data is done and
presented within Visualization scripts (Dzoli¢ et al, 2019b). In this way,
additional calibration of the real OTHR radar can be performed if the
results obtained in the field are different from those expected and an
additional tuning of the radar system parameters is needed.

While the detection and tracking concept used in our research is
already explained in detail, along with communication and data
management for OTHR systems (Petrovic et al, 2020), in this paper we
focus on describing the modeling process itself, which is the core of the
Simulator and a true basis for all other features resulting from it. The
solutions adopted in our radar model are of general importance: since
they are not system-specific, they can be used within the performance
analysis or simulation of any surface-wave over-the-horizon radar, of any
vendor, in the manner completely independent from other blocks
presented in Figure 1.

Radar model

The “Radar Model” is the most important block of the Simulator - it
calculates the SNR for each target defined by a simulating scenario,
shown in Figure 2.

The radar model used in the Simulator is based on the well-known
radar equation, given by equation (1). This formula, unlike the classical
radar equation, takes into account adaptation to the environment,
frequency and waveform selection, RCS, external noises, interference,
antenna gain, spatial resolution, and clutter (Skolnik, 1990).
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S/N stands for the signal to noise ratio,

P., stands for the average transmit power (W),

G; stands for the transmitted antenna gain,

G, stands for the received antenna gain,

T stands for the effective processing time (s),

A stands for wavelength (m),

Ores stands for the radar cross section of a target (m?),
F, stands for the propagation-path factor,

N, stands for the total noise power (W),

L stands for transmission-path and system losses, and
R stands for the distance between radar and target (m).

In practice, the S/N ratio is usually denoted in dB. The parameters
from equation (1): oges, L, Fp and N, are obtained from the radar model
itself, as will be described later in the text. All other parameters are
imported by the user.

In the considered radar model, the influence of external factors is
calculated on the basis of the following sub-models:

m Sub-model 1: Sea surface propagation losses,

Sub-model 2: Sea surface roughness impact,
Sub-model 3: External noise, and
Sub-model 4: Radar cross-section of vessels.
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The sub-models listed above are fundamental for the simulation of
the OTHR performance. While some system — specific parameters (like
radiated power, antenna parameters, etc.) may vary from one particular
radar unit to another, all the parameters generated through the listed
sub-models are location — specific, fixed for predefined surrounding and
environmental conditions, as described in detail in the rest of this section.

Sub-model1: Sea surface propagation losses

Since the OTHR radar operates in the HF band, frequencies
between 4.6 and 7 MHz yield to the best range / cost performance.
Moreover, with an increase in operating frequency values, signal
propagation losses arise as well. The electrical characteristic of the
propagation surface is mainly determined by the salinity level (ITU,
1992). Salty water when compared to dry land shows better conductivity
characteristics, i.e. smaller propagation losses. This implies that OTHR
radars can only operate at coastal areas (with installations close to the
line of the waterfront), and are capable of monitoring large bodies of
water.

For sea (salty) water, at 20 °C a value of 5 S/m is used as a world-
wide average. Some areas of the Baltic Sea have a value of 1 S/m, while
in the Red Sea the conductivity may exceed 6 S/m (ITU, 1992). The
conductivity will however vary with both sea water salinity and
temperature and it is given by:

Teen = 0,18C % [1+0,02(T - 20)] )

S
m
where:

m  C stands for salinity (grams of salt per liter),
m T stands for temperature (°C).
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Figure 3 — Model of the signal propagation above the sea surface based on the GRWAVE
software, a) Field strength, b) Transmission losses
Puc. 3 — Modenb pacnpocmpaHeHusi cueHana Had noeepxHOCMb0 MOPSI Ha OCHO8€E
npoepammHozo obecneyveHusi ,GRWAVE®, a) cuna nons, 6) nomepu npu nepedaye
Cnuka 3 — Moden nponaesayuje cueHarna usHad MoOpCcKe rnospliUHe 3acHo8aH Ha
cogpmeepy ,GRWAVE”, a) Hugo nosba, 6) eybuyu y nponasayuju cusHana

The GRWAVE program (ITU, 2020) with linear interpolation between
distance points is used to calculate propagation losses above the sea
surface. This program uses a model that takes into account the curvature
of the Earth’s surface, as well as the electrical characteristics of the sea
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surface and non-homogenous air causing refractions. The GRWAVE
runs in the DOS environment, and the results are given in the form of an
TXT file. The propagation curves for the frequencies from 3MHz to 8MHz
are shown in Figure 3, on the basis of the values from the TXT file
generated by the GRWAVE program, for the sea water propagation with
the average salinity, the conductivity of 5 S/m and the relative
permeability, € of 70.The subfigure a) in Figure 3 shows the field
strength of the electromagnetic (EM) wave at particular distances. This
value was taken into account to calculate the basic transmission, L, from
equation (1), (ITU, 2007). The subfigure b) in Figure 3 shows a variation
of L in relation to the working frequency and the sea conductivity. The
only input parameter for this function is a range (i.e. distance) of interest
for loss calculation.

The values obtained from the GRWAVE are incorporated further in
the Matlab code of the OTHR Simulator, and used for modeling the
losses in propagation corresponding to this particular Sub-model.

Sub-model 2: Sea surface roughness impact

Apart from losses described within the Sub-model 1, additional
losses in the propagation of HF surface waves are caused by wave
ripples at the propagation surface. In other words, propagation losses are
also dependent on roughness of the sea surface. Roughness of the sea
surface, also known as the sea state, is most commonly described with
the Douglas scale. By this scale, a sea state is expressed with digits from
0 to 9. A higher number on the scale corresponds to a higher wave
height, which leads to higher losses in propagation. The analysis of the
sea states from 0 to 6 shows that an increase in the wave height is
proportional to an increase in propagation loss. A detailed analysis of this
phenomenon could be found in (Barrick, 1970).

Another Matlab function is used to describe a propagation model
which addresses the impact of the sea surface roughness. The maximum
radar range, sea conditions and wind directions are defined as input
parameters for this Matlab function, which generates an TXT file at the
output. The values from the TXT file are used for the Calculation of the
parameter “L” from the radar equation (1). Figure 4 shows the signal
propagation losses for the sea states 3, 4, 5, and 6 when the wind
direction is in the direction of the ship (red lines), as well as when the
wind direction is normal to the course of the ship (blue lines). The
calculations are made based on the values taken from empirical curves
(Barrick, 1970) for the 7 MHz working frequency.
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Figure 4 — Model of the signal loss due to roughness of the sea
Puc. 4 — Modenb nomepu cuzHana ecriedcmaue 8071HEHUST MOPS
Cnuka 4 — Moden eybumaka y npocmuparby cueHana usHal y36ypkaHoe mopa

Sub-Model 3: External noise

The main difference for the calculation of the S/N between the MW
radar and the HF-OTHR radar is the influence of external noises. For the
MW radar, the S/N is defined by thermal noise, while for the OTHR the
S/N is significantly affected by the level of external noise in the HF band.
External noise consists of various types of noises, such as atmospheric,
cosmic, and man - made noise (ITU, 2013).

Atmospheric noise predominantly depends on the geographic
location and the season: winter, spring, summer or autumn, while cosmic
noise depends only on the time of the day / night. From the HF point of
view, there are 6 periods during 24 hours: 00h-04h, 04h-08h, 08h-12h,
12h-16h, 16h-20h, and 20h-24h (Spaulding & Washburn, 1985).

The characteristics of cosmic radio noise are similar to those of
thermal noise. Being a phenomenon of the global nature, cosmic noise
does not depend on a geographic location or a season. It depends only
on the radar working frequency (Skolnik, 1990).
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Artificial (man—made) noise varies by regions (rural zones, sub —
urban or urban zones). A detailed description of atmospheric and cosmic
noise could be found in (Spaulding & Washburn, 1985), while man —
made noise mostly depends on the economic development of the area
around the radar site, and is thus always analyzed in a very local
manner, without a possibility to be covered with a global study. In
general, the level of external noise is greater for lower operating
frequencies. As shown in (Dzolic et al, 2019a), in some areas man —
made noise is absolutely dominant in comparison with other noise
sources.

The impact of external noise significantly limits a detection capability
of the OTHR radar. The GH-NOISE (Hand, 2017) program is used to
calculate the level of noise for different seasons and time of the day. The
input for this software is given in the geographical coordinates of a
potential radar site, a season, time interval (i.e. time slot, where the
duration of the slot is 4 hours) during a day, and operating frequency for
calculations.

The output of the GH-NOISE is stored in the form of an TXT file,
used further by the Matlab function in order to correlate all types of
noises that affect the maximum range of the radar. This function
calculates the highest level of all noises (the level of dominant noise for a
particular area), during all seasons and predefined time slots, and
presents its variation as shown in Figure 5.

The Y axis values represent the noise power above the noise floor
(=174 dBm//Hz). According to Figure 5, the average noise level varies
between -125 and -112 dBm/Hz. Fam represents the median
atmospheric noise power in dB above kTB, DL stands for how many dB
below the median noise power exceeded 90% of the days of a month,
and DU stands for how many dB above the median noise power
exceeded 10% of the days of a month for a particular simulation point
(parameter selection).

The value of the Fam is used for the i in equation (1). All values
are calculated for a site located in the Gulf of Guinea.
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Figure 5 — Model of the external HF noises during all seasons (Wi—Winter, Sp—Spring,
Su—Summer and Au—Autumn; 08 h, 16 h and 24 h represents the time of a day; the Y
axis values represent the noise power level above the noise floor (-174 dBm/Hz),the
values are plotted for 7 MHz operating frequency)

Puc. 5 — Modenb sHewHux ,,HF“ wymoe 8 meueHue ecex epemeH 2oda (Wi - suma, Sp -
gecHa, Su - 1emo u Au - oceHb; 08 4, 16 4. u 24 4. - peMsi CymoK; 3Ha4yeHusi o ocu Y -
YpO8eHb MOWHOCMU WyMa Had wymoabiM riopozom (—174 dBm/Hz); npusedeHsbi
3HayeHus paboyeli yacmomabi 7 MHz)

Cnuka 5 — Moden ekcmepHoe HF wyma mokom ceux eoduwrux doba (Wi — 3uma, Sp —
nponehe, nemo, jeceH; 08 4, 16 4 u 24 4 o3Ha4asajy 0oba daHa; epedHocmu Ha Y ocu
npedcmaerbajy HUBO cHaze Wyma usHal npaza wyma (-174 dBm/Hz); epedHocmu cy
npuka3aHe 3a palHy ¢ppekseHyujy 7 MHz)

Sub-Model 4: Radar cross-section of vessels

One of the most important parameters for the estimation of the radar
performance is the RCS. The RCS has influence on the level of reflected
signals and determines the signal to noise ratio (SNR). In the phase of
the OTHR design, the knowledge about the RCS for different classes of
ships is required in order to assess detection and tracking capabilities as
objectively as possible. The RCS represents the projected area of a
metal sphere that would return the same echo signal as the target does,
in case when it would be replaced by the sphere (Skolnik, 1974). The
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resulting echo from the conductive sphere is independent from the
viewing angle, but the echo from a real target varies significantly with
spatial orientation of the target (i.e. the angle between the radar and the
observed target).

The RCS of the target depends on the following parameters:

m Geometrical shape and size of the vessel exposed to the radar
beam,

Electric properties of the vessel composing materials,

Target position relative to the incident electromagnetic wave,

The size of the vessel relative to the wavelength, and

Antenna polarization with respect to the orientation of the vessel.

The OTHR simulator has the ability to scan the area in the angle
width of £60°around the predefined radar location. In order to detect the
target, the receiving signal to noise ratio (SNR) of 10 dB is needed. Along
with the OTHR system parameters, the environment parameters that
affect detection (month, local time, sea state, man-made noise) are also
taken into calculation. The target trajectory is given by target coordinates
(latitude and longitude) which change depending on the vessel speed
and course. For every point, the radar-vessel incident angle is calculated,
which defines the RCS effect, Figure 6.

An analytic method for the calculation of the RCS is only possible for
an elementary radar target form, such as a plate, disc, cylinder or thin
wire structures. For a complex geometrical form, such as a vessel,
analytic methods of the RCS calculation are not feasible. For this reason,
professional software for electromagnetic modeling, WIPL-D (Kolundzija,
2005), is used to predict the RCS of vessels. The WIPL-D software
enables electromagnetic modeling of antennas and scatters which
represent a combination of wired and plate structures. This software uses
the Method of Moment (MoM) approach to solve the starting integral
equations for the assessment of unknown current distribution. This
software solution is mainly used for antenna analysis, but offers a
possibility to analyze mono-static and bi-static RCSs.
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Figure 6 — Impact of the incident angle between the radar and the vessel
Puc. 6 — BnusiHue yana nadeHusi Mexdy padapom u cyOHOM
Cnuka 6 — Ymuuyaj uHyudeHmHoe yana usmehy padapa u rnnosuna

A model of the RCS implemented in the OTHR Simulator is shown in
Figure 7.

This model consists of four important blocks. First of all, for the
evaluation of the vessel's RCS, there is an empirical formula that
represents a rough approximation only (Wilson & Leong, 2003):

Cacs =52 f@ * D(E), (3)

where fis frequency in MHz, and D is full-load displacement of the vessel
in kilotons. The value ogrcs calculated from this formula represents the
maximum value of the RCS related to the vessel size and the working
frequency only.
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Puc. 7 — Modenb aghghekmusHoli ompaxkarowiell niowadu
Cnuka 7 — Moden padapcke peghriekcHe rnospuiuHe

Another block is used for processing the output of the WIPL-D
software. The maximum value of the signal is normalized with the signal
value calculated by the previous block (empirical formula).

The calculation was made for the operating frequencies of 4.6MHz,
6.8MHz and 11MHz, as shown in Figure 8. The subfigure a) shows a
vessel model designed in the WIPL-D and a table with variations due to
incident angle change for the abovementioned working frequencies. The
subfigures b), ¢) and d) show the RCS calculated from the WIPL-D for
the working frequencies of 4.6MHz, 11 MHz, and 6 MHZ, respectively.

From the subfigure c), one can note that the minimum value of the
RCS for the operating frequency of 11MHz, achieved in the situation
where an incident wave falls upon the vessel bow, is lower for 26dB from
the maximum value.

The highest side-lobes at this operating frequency are around 10dB

under the maximum RCS value. For lower frequencies, a difference in
the RCS values is smaller.
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Figure 8 — RCS pattern of a vessel model generated with the OTHR Simulator a) WIPL-D
model of the vessels and the table with the results of the RCS values for the simulated
vessel, b) RCS calculated at 4.6MHz, c) RCS calculated at 11MHz, and d) RCS
calculated at 6.8MHz
Puc. 8 — RCS modernb cydHa, cosdaHHas ¢ nomowbto OTHR cumynsmopa. a)Modernb
cydos WIPL-D u mabnuua c pe3ynbmamamu 3HadyeHull RCS modenupyemozo cydHa, b)
RCS, paccyumaHHas Ha 4,6 MHz, c) RCS, paccyumarHasi Ha 11 MHz, u d) RCS,
pacc4yumaHHas Ha 6,8 MHz
Cniuka 8 — RCS pacniodena modena rnnosuna cpadyyHama rnomohy OTHR cumynamopa.
a) Moden nnosuna WIPL-D u mabena ca pesynmamuma RCS epedHocmu 3a
cumynupaHu 6pod, b) RCS uspadyyHam Ha 4,6 MHz, c) RCS uspayyHam Ha 11 MHz u d)
RCS uspayyHam Ha 6,8 MHz

From the third block (Figure 7), the user defines the incident angle
between the radar and the vessel (Dzvonkovskaya & Rohling, 2010).
Depending on the incident angle value, the RCS could change
significantly, as shown in Figure 7, where the red triangle represents the
course of the vessel, while the red circle represents the value of the RCS
for the incident angle of the wave transmitted from the radar. From Figure
7, it can be also noticed that the RCS is attenuated for more than 20 dB,
relative to the maximum value of the RCS for the incident angle of
90/270°.

The final block of this stage summarizes the values from the outputs
of the previous three blocks, and generates a resulting grcs value at its
output depending on all the previously mentioned parameters. The data
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obtained within this simulation can be easily exported to various file
formats, which allows it to be imported into other software tools for further
analysis. The generated RCS value, along with other basic parameters
generated by the Simulator’s specific blocks, provides a complete set of
data necessary for the computer — based simulation of the OTHR.

A sample simulation

The paper presents the emulation of the sample system performances in
the actual environment, carried out with the Simulator consisting of the
described software components, executed in order to assess the
coverage and test the vessel monitoring capabilities of the sample
system. The system is fed with carefully prepared sets of inputs, with the
aim of optimally illustrating the characteristics of the radar under various
parameters in radar's own setup, targets, environment conditions and
others. The flowchart of this sample simulation is shown in Figure 9.

) vearacom start
Step % Radar parametars
. radar_latit=6; % Latitude
Mach'ne radar_longit=4; % Longitude
radar_angle_TN=0; % True_North angle 0-360 deg
tx_power=1000; % Tx power (W)
radar_snr=3; % SNR 0-50 dB
. gain_tx=56; % Tx antenna gain dBi
[ Environment Parfamztar gain_rx=12; % Rx antenna gain dBi
[ Vessels Ul radar_freq=7"10~6; % Operating frequency (Hz)
B=10~3; % Bandwidth1KHz
% parameters of the vesseals y
e =/ oz gty dutor o)
target_longit=4.0 ; % longitude (de: = el 5 ;
shig|17|?our39=135; % vesgsels cc!urge! (deg)| Error lale=ar palece=sualaalidH]
target_velocity=10; % target velocity (m/s)
bwt=1; % Vessel size bwkt
[kilotons) % Parameters of the environment
sea_state=3; % sea state correlated with wind speed
wind_direction=0; % wind direction (deg) to True North
month=1; % mont 1-12
local_time=3 ; % time (hour)
k=1.38*10~(-23); % Boltzmann constant
T=288; % temperature in Kelvin
Pmm=-140.42; % Man_made noise
% -140.42 industrial
Radar % -144.72 residental
% -150.02 rural
model % -163.62 remote
% - 145 Deafult

Radar target I
R,Fi,SNR

Figure 9 — Flowchart of the OTHR sample simulation
Puc. 9 — brnok-cxema OTHR cumynamopa
Cnuka 9 — [ujazpam moka OTHR cumynamopa




Inputs for a simulation

The inputs for the simulation are provided through three important
sets of parameters: Parameters of the radar, Environment parameters
and Sample vessels. The block named “Error” gives an optional ability to
analyze the impact of possible deviations of radar parameters,
environment or target positions. A LAT and LON data from the step
machine are converted into a radar coordinate system in relation to the
LAT and LON positions of the radar in form of the distance (R), the angle
(F;), and the S/N corresponding with particular targets.

The distance (R) is used in modules 1 and 2 to calculate losses in
the propagation of electromagnetic waves above the sea surface.

Parameters of the radar

The coordinates of the radar site were chosen in order to represent
the situation as close as possible to realistic site locations that should be
analyzed for potential deployment. Table 1 lists the main parameters of

the radar.
Table 1 — Input parameters of the radar
Tabnuua 1 — BxodHble napamemps! padapa
Tabena 1 — YnasHu napamempu padapa

NO [PARAMETER UNIT |[DEFAULT VALUE [VARIABLE

1 Radar latitude position ° 6.3 radar_latit

2 Radar longitude position ° 3.3 radar_longit

3 Erm”gm”gg;‘;a;f;ji’;tﬁ)””a angle . 180 radar_angle_TN

4 Transmitted power s 1000 Tx_power

5 SNR dB 10 Radar_snr

6 Tx antenna gain dBi 6 gain_tx

7 Rx antenna gain dBi 12 gain_rx

8 Radar frequency MHz 4.6 radar_freq

9 Bandwidth kHz 1 B

10 |Chirp duration Sec 0.26 t chirp

11 |Integration time Sec 33 t integration
Environment parameters
Table 2 lists the environment parameters considered in the sample

simulation.
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Table 2 — Inputs for the environment estimation
Tabnuua 2 — BxodHbie napamempbi OUEHKU OKpyxarouiel cpedbl
Tabena 2 — Yna3sHu napamempu 3a ecmumMauujy OKpyxera

NO [PARAMETER UNIT |DEFAULT VALUE [VARIABLE

1 Sea state 1-6 1 sea_state

2 Wind direction (°) to True North  |° 0 wind_direction
3 Month 1-12 1 month

4 Time (Hour) 0-24 9 local_time

Sample vessels

A number of the parameters related to the vessels being directly of
interest for the purpose of sample simulation are provided, describing the
targets in a particular simulation scenario. These are shown in Table 3.

Table 3 — Input parameters for the sample vessels
Tabnuua 3 — BxodHbie napamempsbi no npoboombopHuUKam
Tabena 3 — YnasHu napamempu 3a cumysnupaHe 6podose

NO |PARAMETER UNIT |DEFAULT VALUE |VARIABLE

1 latitude (°) ° 5 target_latit

2 longitude (°) ° 5 target_longit

3 Vessel's course (°) TrueNorth ° 270 ship_course

4 Target velocity (m/s) m/s 10 target_velocity
5 Ship size kT 100 bwt

The estimations of the RCS surface used in this simulation,
generated for the two system operating frequencies are shown in Table 4

Table 4. The values are classified for three categories of the
vessels: Very large - VL, Medium — M, and Very small — VS (each
category is defined by gross tones and the physical dimensions of the
vessels (Grbi¢ et al, 2018), as indicated in Table 4.

Table 4 — Estimated RCSs for 4.6 MHz and 7MHz, and the vessel size classification
Tabnuuya 4 — PacyemHoe RCS dns 4,6 MHz u 7 MHz u knaccugukayusi paamepos
cydos
Tabena 4 — lNpouyereHu RCS 3a 4,6 MHz u 7 MHz u knacughukayuja eenuduHe bpodosa

Very large— VL  |Medium-M Very small — VS
DWT(1000T) 300 50 5
Length (m) 400 200 50
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\Very large — VL Medium — M Very small — VS
Width (m) 60 30 10
RCS- 4,6 MHz (m2) 579514.28 39430.95 1246.92
RCS- 4,6 MHz (dBm2) |57.63 45.96 30.96
RCS- 7 MHz (m2) 714881.81 48641.55 1538.18
RCS- 7 MHz (dBm2) 58.54 46.87 31.87

The results of the simulation

Two different scenarios are used to demonstrate the functionality of
the described OTHR dedicated Simulator. The results from each
simulation are compared with the realistic values achieved on the
implemented OTHR system, and the obtained numerical results are
forwarded to the presentation software tool for display and analysis.

The first scenario demonstrates the sea state effect on the vessel
monitoring process, the second scenario demonstrates the vessel radial
movement behavior in the context of detection performance, while the
third scenario estimates the positioning error achieved in simulations. All
the results are presented and explained, successively.

Scenario #1:Sea state effect on the vessel monitoring
process

This scenario aims to show the sea state and the wind direction
effect on the general system coverage area considered, for the vessels
as defined. The hypothesis that a higher sea state value reduces the
coverage of the system is under check with the simulation.

The radar targets in this scenario are created in the form of the
group of 3 vessels of different classes. The vessel closest to the radar
has the smallest class, while the distance from the radar is the biggest for
the largest vessel. The movement of the group is linear, with a constant
speed and the course normal to the radar receive array. The distance
between successive vessels is fixed at 45 km. The observation zone for
the simulation starts at 5km from the radar, and goes to 400km towards
the open sea, with the coverage angle of 120° (+60° from the center axis
of the radar array).

The scenario setup with the initial positions of the vessels and their
bearings is presented in Figure 10. The main goal is to analyze the
location of the potential site and, related to that geo-location, the X axis
shows relative latitude, while the Y axis shows relative longitude of the
observation area.
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Integration time, the parameter defined in Table 1, represents the
time needed for the radar simulator to complete acquisition of the data.
Since the real radar takes 33s for the integration time, in this scenario the
integration time will be set to 33s exactly. Chirp duration defined in Table
1 is 0.26s. For this scenario, 256 chirps are used, which represents a
total simulation duration time of around 66s (0.26s *256). In total, eight
data runs are executed: for each working frequency (2 data runs) and for
each sea state (4 data runs) considered. Here, the considered sea state
values are 1, 3, 5, and 6, with the vessel sizes of VS, M, VL observed in
each simulation run. The operating frequencies considered are 4.6 MHz
and 7 MHz.

The parameters for the sea state, the wind direction, the time of the
year and the time of the day are defined in Table 2 and taken into
account to calculate the maximum range of the detected targets. The
"wind direction" parameter has a fixed value in all simulations.

The outputs of the radar simulator for scenario #1 are given in Table
5. The column “Expected Range” represents the values acquired from
the previously installed (operational) radars in the field, while the “Actual
Range” represents the values from the output of the OTHR simulator for
a specific location. As it can be noticed from Table 5, the achieved
results show that a higher sea state reduces the coverage of the OTHR
system, as expected.

Latitude [deg]

Longitude [deg]

Figure 10 — Initial setup of scenario #01, the initial positions of the sample vessels are
marked with coloured arrows.
Puc. 10 — lNepeoHayanbHas Hacmpolka cyeHapus Ne 01, HayanbHbIe MONOXeHUs
MPobomOOPHUKO8 OMMeYeHbl U8EMHbIMU Cmpesikamu.
Cnuka 10 — MHuyujanHa nocmaska cueHapuja #01( noyemne no3uyuje nnosuna
03Ha4eHe cy obojeHUM cmpesnuyama)
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Table 5 — Achieved results for the analysis of the sea state effect on the vessel
monitoring process, all range values presented in km units
Tabnuya 5 — Nony4yeHHbIe pe3ynbmamabi 05151 aHanu3a 6/usiHUsi COCMOSIHUS MOPS Ha
npoyecc MoOHUMopPUHaa cy008, 8Ce 3HaYeHUsI MpuBeOeHbI 8 KM

Tabena 5 — lMocmuzsHymu pe3ynmamu aHanu3e ymuuyaja cmarsa Mopa Ha rnpoyec

npahetba nnosuna( cee 8pedHOCMU Cy NpuKa3saHe y KuiomMempuma)

Radar Sea Expected |Actual Expected |Actual Expected |Actual
Case |(freq. State Range for |Range for |Range for |Range for|[Range for |Range for
MHz VS vessel VS vessel M vessel M vessel |VL vessel |VL vessel
1 46 |1 215 222.75 300 313.25 (370 387.75
2 |46 |3 215 225.75 300 317.25 370 392.75
3 46 5 190 197.25 260 275.75 |320 340.25
4 |46 |6 170 176.25 220 24575 [280 302.75
5 |7 1 120 129.75 180 196.25 |240 253.25
6 |7 3 115 127.75 160 191.25 |230 245.25
7 |7 5 100 103.75 140 154.75 |180 197.75
8 |7 6 90 92.25 120 135.25 |160 172.75

From the columns “Actual Range” and “Expected Range” it can be
noticed that the values for the maximum achieved range achieved via the
simulation are very similar to those expected from the practical radar
performance, and some existing small variations directly depend on the
difference in the values of system parameters, as defined for the specific
location.

Scenario #2: Vessel radial movement impact on the
detection performance

In this scenario, the coverage area is observed for the vessels that
are moving away from the radar, radially with a radiation pattern of the
radar array, and with a difference between their courses of 10°. The
hypothesis under check with this simulation is: that the achieved radar
detection range is higher at the central lobe of the antenna array than at
its boundaries, while the detection range for particular vessels varies
depending on the size and working frequency (larger the vessel - higher
the range, and lower the frequency - higher the range will be).

Figure 11 presents the initial positions of the vessels and their
bearings for scenario #2.
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Latitude [deg]
b

Longitude [deg]

Figure 11 — Initial setup of scenario #02, the vessel trajectories presented with red lines
Puc. 11 — HayanbHas Hacmpolka cueHapus #02, mpaekmopuu cydHa 0603HaqyeHbl
KpacHbIMU JTUHUSIMU
Cnuka 11 — MHuyujanHa nocmaska cueHapuja #02( nymare 6podosa rnpukasaHe cy
upseHuUM JuHujama)

The radar targets are created in a form of the group of 13 vessels of
the same classes, per one simulation run, while 3 different classes of
vessels for different simulation runs will be demonstrated. The movement
of the group is linear with a constant speed and course, radial to the
radar receive array (radiation pattern). The observation zone for the
simulation starts 5 km from the radar itself, and goes to 400 km towards
the open sea, with the coverage angle of 120° (x60° from the center axis
of the radar array).

The integration time is set to 33s, while the total duration time of the
simulation is around 66s (in accordance with the comments already given
for the previous scenario, above). In total, six data runs will be executed:
for each working frequency (2 data runs) and for each class of the vessel
(3 data runs) observed. The considered sea state value is 3, with the
vessel sizes of VS, M, VL considered in each simulation run. The
operating frequencies considered are 4.6 MHz and 7 MHz.

The resulting outputs of the radar simulator for scenario #2 are given
in Table 6 and Table 7. The results are presented only for sectors 1-7
(corresponding with the angles from 60° down to 0°, with a decrement of
10°), since the values achieved in sectors 8-13 (corresponding with the
angles from 0° up to -60°, with a decrement of 10°) are completely
symmetrical with the ones presented. The ranges are given in km, where
the fields marked with the letter “E” (Expected) represent the predicted
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values from the output of the OTHR radar, based on the values from the
previously installed (operational) radars, while the values marked with “A”
(Actual) represent the values from the output of the OTHR simulator, for
the considered, specific location.

Table 6 — Achieved maximum detection range in the scenario with the vessel radial
movement, for the radar operating frequency of 4.6 MHz, all values presented in km units
Tabnuua 6 — [JocmugHyma makcumarbHas 0asibHOCMb 0OHapyXeHUs 8 cueHapuu ¢
paduarnbHbim 08uxeHUeM cyOHa ripu paboyeli yacmome padapa 4,6 MHz, ece sHayeHusi
rnpugedeHbl 8 KM
Tabena 6 — lNocmuzHymu makcumanHu domem demekyuje y cueHapujy ca padujarHum
KpemarbeM rnosusa 3a padHy gpekseHuyujy 4,6 MHz ( cee spedHocmu cy npuka3aHe y
Kuriomempuma)

Vessel
size\ |1E 1A 2E 2A  3E [3A 4E 4A |5E |5A 6E |[6A 7E |7TA
Sector

VS 180|188.2 (185 [189.2(195/202.2 |200209.7 |205 [218.7 215 |221.7 220 |222.7

M 2751276.2 280 (289.2290/299.2 [295|304.7 |300 (309.7 {305 (311.7 [310 312.7

VL 330(343.7 |350 |363.2|360(368.2 370[374.2 (380 |380.2 (385 |387.2 [385 |388.2

As it can be noticed from Table 6 and Table 7, the larger vessels are
visible at greater distances from the radar, in comparison with smaller
classes of vessels, as expected. Also, the vessels of the same size are
visible at greater distances when detected with a lower operating
frequency (4.6MHz) of the radar system. The absolute maximum range is
achieved in the direction of the center axis of the radar array, while, by
moving away from the direction of the angle center, the maximum range
value decreases.

Table 7 — Achieved maximum detection range in the scenario with the vessel radial
movement, for the radar operating frequency of 7 MHz, all values presented in km units
Tabnuya 7 — [JocmueHyma makcumarbHasi 0arnbHOCmb 0OHapyXeHus 8 CUeHapuu ¢
paduarnbHbiM 08uxeHuUeM cyoHa rpu paboyeli yacmome padapa 7 MHz, ece 3Ha4eHus
rprpueedeHbi 8 KM
Tabena 7 — lNocmuaHymu makcumanHu domem demekyuje y cueHapujy ca padujarHum
Kpemarbem rnosusna 3a padHy ¢ppekseHuyujy 7 MHz ( cee spedHocmu cy ripuka3aHe y
Kurnomempuma)

Vessel
size\ |1E 1A [2E 2A 3E [3A |4E 4A 5E 5A |6BE |GA 7E [7TA
Sector

VS 90 (106.7/95 (114.7 |110 124.7115(127.7 [120128.7 125 [129.7 (125 [129.7
M 160({168.7|170 |177.7 |180 |187.2/185|191.2 |190/192.2 |195 |195.2 [195 |195.2
VL 215223.7\225|234.7 230 |241.7|235 247.7 |240/250.7 |250 252.2 250 (253.2
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By comparing the columns “E” and “A”, it can be noticed that the
OTHR simulator confirms the predicted ranges in a reasonable manner,
and the variations that exist in the compared values directly depend on
the input parameters (external noises) related to the specific location
where the radar could be installed. Still, the magnitudes of detection
range values for particular vessel classes, and the tendencies in their
dynamics are simulated with proper correctness. This result represents
another important confirmation of a proper performance of the developed
Simulator, in terms of its practical usability.

Conclusion

In this paper, we presented a solution for the OTHR Simulator,
based on software models for radar propagation and executed on a
standard COTS computer. The solution is described in detail, and tested
under characteristic parameters that verify its basic functionality and
illustrate the properties of data achieved through the simulation. It was
shown that the simulator allows the analysis of the environmental impact
on the operation of OTHR radars, along with an impact of various
system—specific parameters. The solution is flexible in possible
interfacing with other computer—based tools, along with the real radar
equipment for the comparison of the acquired data and a potential
comparison for the purpose of real-system tuning. The Simulator solution
was tested under various scenarios, with the aim to check its basic
functionality, but also to make relevant comparisons of simulations with
realistic measurements acquired in the field, from operational OTHR
radars. As it was clearly shown, the achieved simulation results not only
apply to the expected theoretical behavior, but also fit in quite a
reasonable manner with the real data, thus confirming that the reliability
of the simulations is at the level properly high for practical considerations.
After the comprehensive tests, it may be concluded that the proposed
simulator shows high reliability and represents an effective tool for the
analysis and OTHR system planning, in spite of its simplicity in structure.

The implemented software solution of the OTHR Radar Simulator
has enabled the further development of algorithms at a higher level of
radar signal processing, like detection and tracking software. Also,
various scenarios have been used with this Simulator for testing the
capabilities of OTHR radars in real deployment. This was done by
engineers in the Vlatacom Institute for the vHF-OTHR system
installations on several locations worldwide, and the gained experience in
assessing the real capabilities of OTHR radar systems was provided for
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practical purpose. Finally, the described software solution can be used
not only for research & development of radar systems, or for commercial
applications strictly, but also for teaching purposes at higher education
institutions which are covering the field of radar systems.
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PASPABOTKA CUMYJIATOPA 3ATOPN30OHTHOIO
PAOVOINOKATOPA

BosiH P. ,[lmoana’6, KoppecnoHaeHT, MnadeH [Ix. Bennosuy®, Bradumup M.

Opnuy?, Hukona N. Nekny?, Hemars P. Mp6uy?

@ UHcTuTyT «Bnatakomy», r. Benrpaga, Pecny6nvka Cepbust

6 YHuBepcuteT «CUHIMOYHYM», kadeapa 3NeKTPOTEXHUKM U BbIMUCTIUTENBHON
TexHukw, 1. Benrpag, Pecnybnuka Cepbus

® YuueepcuteT «CuHruayHymy», r. Benrpaa, Pecny6nvka Cep6us

PYBPUKA TPHTW: 47.00.00 SJIEKTPOHWKA. PAOVUOTEXHUKA:
47.49.00 PagnotexHnyeckme cuctemMbl 30HOMPOBaHMS,
nokaumu 1 Hasuraumu,
47.49.29 PagnonoKkaunoHHble CUCTEMbI, CTaHLUUMN
BWO CTATbW: opuruHansHas Hay4Has ctaTbs

Pe3some:

Beederue/uyenb:  Cumynsamop  3a20pU30HMHO20  paduosiokamopa,
npedcmaesieHHbIl 8 3moU cmamee, pa3pabomaH U UCMOMb3yemcsl Ha
fpakmuke ¢ Uesnbio umumayuu cpedbl paduosiokayloHHO20 cuzHarna, a
makxke Ond onmumu3dauyuu napamempos palapa 8 peasibHOM
MPUMEHeHUU, MaKux KaK: usflyJyaemasi MOUHOCMb, yCUNeHUe aHmeHHoU
pewemku, nomepu npu nepedaye, 3ghhekmusHas ompaxaroujas
nnowadb, eHewHUe nomMexu u Wymbl.
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Memodbi: B daHHOU cmambe npumMeHeH Memod MamemMamu4yeckoz20
ModeruposaHus U cuMynsyuu.

Pesynbmamsbi: Ha ocHo8aHUU MPoBe0eHHO20 aHanu3a 8 Ccmambse
npedcmaesieHbl 8bIXOOHbIE OaHHble CUMYIIMopa 3a20PU30HMHO20
paduornokamopa.

Bbi8o0bl:  NpumeHeHUe OMucaHHO20 CUMYNSIMopa  3a20PU30HMHO20
paduorokamopa rosgosnsiem asmomamusuposams MpoeHo3
B03MOXHOCMU UCIOMb308aHUsi padapa Ha MomeHuuarnbHbIX ToKauusix,
npu 3mom pe3yribmambl CUMYNSIUUU MPe8OCX0OHO CO_/laco8aHbl C
pearibHbIMU OaHHbIMU.

Knoyesble criosa: 3a2opu3oHmMHbIl paduonokamop, agghekmusHas
ompaxarowasi nnowadb, UCKMOYUMesbHash 3KOHOMUYecKasi 30Ha,
cumynamop padapa.

JEAHO PELWEHE CUMYNIATOPA N3AXOPN3OHTCKOI PAJAPA

bojaH P. L.lOJ'II/Iﬁa’ﬁ, ayTop 3a npenucky, Mnade+ . BemHosuh®, Bradumup [.

Opnuh®, Hukona . Nekuh?®, Hemarba P. Tp6uh®

@ MHcTuTyT Bnatakom, Beorpaa, Peny6nuka Cp6uja

® YHuBepauteT CuHrnaoyHym, Kategpa 3a enekTpoTexHUKY U pavyHapcTBo,
Beorpag, Penybnuka Cpbuja

® YuueepauteT CuHrnayHym, Beorpaa, Penybnuka Cpbuja

OBNACT: enekTpoHuka, TenekoMyHukauuje
BPCTA YJ1IAHKA: opurMHanHim Hay4Hu pag

Caxemak:

Yeod/yurb: Cumynamop  u3daxopusoHmckoz padapa (IXP), koju je
npedcmaesbeH y ogoMm pady, paseujeH je U KopulwheH y rpakcu, ca
uurbem Oa orioHawa OKpyXere padapckoe cueHana, anu u 0a
onmumu3upa napamempe padapa y cmeapHoj NMpUMeHU, Kao Wmo cy:
3payeHa CHaea, [lojayaHe aHmeHe, eybumak ryma, padapcka
pecbriekcHa rMospuiIUHa, CrosbHE CMemH-e U WyM.

Memode: Y pady ce kopucmu Mmemodosiocuja Mamemamuykoe
modenuparba u cumynayuja.

Pesynmamu: Ha ocHogy obasrbeHe aHanu3se, usnasHu rnodauu u3 MIXP
cumyriamopa rnpedcmassbeHuU Cy U pasmampaHu.

Bakrpyqak: [pumeHa onucaHoe cumynamopa MWIXP  omoeyhasa
aymomamusoeaHy rpoueHy moayhHocmu yrnompebe padapa Ha
rnomeHyujanHUM Jokayujama, OOK pe3ynmamu cumyrauyuje rokasyjy
8UCOKO Ccria2arse ca peasiHum nodayuma.

KrbyyHe peyu: usaxopu3oHmcku padap, padapcka pecgbriekcHa
r108pLWIUHa, EKCKITy3U8Ha EKOHOMCKa 30Ha, padapcKu cuMmysiamop.
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Abstract:

Introduction/purpose: The artificial immune system is a computational
model inspired by the biological or human immune system. Of particular
interest in artificial immune systems is the way the human bodly reacts to
new pathogens and adapts to remain immune for a long period after a
disease has been combated, which refers to the recognition of known
malicious attacks and the way the immune system identifies self-cells not
fo be reacted to, which refers to the anomaly detection.

Methods: Negative selection, positive selection, clonal selection, immune
networks, danger theory, and dendritic cell algorithm are presented.

Results: A variety of algorithms and models related to artificial immune
systems and two classification principles are presented; one based on the
detection of a particular attack and the other based on anomaly detection.

Conclusion: Artificial immune systems are often used in intrusion detection
since they are accurate and fast. Experiments show that the models can
be used in both known attack and anomaly detection. Eager machine
learning classifiers show better results in the decision, which is an
advantage if runtime is not a significant parameter. Dendritic cell and
negative selection algorithms show better results for real-time detection.

Key words: artificial immune system, intrusion detection.

Introduction

Artificial immune systems (AISs) are computational models inspired by
the human immune system (HIS). The HIS is a complex, adaptive system of
cells and molecules that protects the body against a variety of pathogens
and distinguishes self- from non-self- cells. It recognizes, responds to and
remembers the pathogens from previous attacks in order to force quicker
fight against intruders in the future. The HIS consists of two different inter-
related subsystems which act together. The innate immune system provides
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a general protective mechanism present from birth and makes a quick
response immediately after the exposure to the invader and its recognition
(De Castro & Von Zuben, 1999, p.95). The adaptive response takes several
weeks to become effective. Once activated, the components of the adaptive
immune system proliferate and create mechanisms for the elimination of
foreign substances called antigens (Timmis et al, 2008, pp.11-32). The cells
responsible for adaptive immunity are B cells which originate in the bone
marrow and T cells which originate in the thymus. AlSs describe concepts of
positive and negative selection, clonal selection, immune networks, and a
variety of other concepts of immunology. In order to map the processes
involved in the HIS to AISs, a few considerations have to be taken into
account: how to represent antigens and antibodies, what are memory cells,
how to calculate affinity, etc.

The goal of intrusion detection is to build a system which recognizes
malicious attacks or unusual network behavior and generate alerts. There
are two basic trends in intrusion detection: misuse detection, based on the
knowledge accumulated from previous attacks and anomaly detection,
based on search for deviation of usual computer network behavior. Of
particular interest in AlSs is the way the human body reacts to new
pathogens and adapts to remain immune for a long period after a disease
has been combated (misuse detection). Also of interest is the way the
immune system identifies self-cells which are not to be reacted to (anomaly
detection).

AIS concepts and algorithms

A distinction between what is self and what is not (non-self) is
determined by an antibody that can be recognized by the antigen binding
sites on other antibodies. If the HIS cannot perform this distinction, it may
be triggered against self (Haag et al, 2007, pp.420-435).

Negative selection

In the HIS at birth, all new immature T-cells must undergo a process of
negative selection in the thymus, where self-reactive T-cells binding with
self-proteins are destroyed. Immature T cells, which react against self cells,
are eliminated by the immune system through controlled cell death -
apoptosis. Other T cells mature, leave the thymus and circulate throughout
the body to perform protective functions against non-self antigens (Forrest et
al 1994, pp.202-212). The negative selection algorithm (NSA) consists of
two phases: generation of a detector set and monitoring with detection of
new instances. The starting point of the NSA is to produce a set of self
strings S that define the normal state of the system. The task is to generate
a set of detectors D that only recognize the complement of S. The
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candidates that match are eliminated while the rest are kept as detectors.
In the detection stage, the detectors are applied to new data in order to
classify them as being self or non-self (Ji & Dasgupta, 2007, pp.223-
251). The matching rule can be defined as a distance between the
detector and the data instance within the threshold such as the Hamming
distance, or the Euclidean distance.

Positive selection

If the T cell recognizes self-molecules, it causes apoptosis and dies.
If it does not react, it is tested with non-self molecules. If the T cell is not
able to recognize them, it dies. T cells that can react with non-self
molecules survive. This is positive selection (Sri Lakshmi, 2014, pp.367-
372). T cells are selected because of their lack of recognition of self.
Positive selection ensures removing lymphocytes with ineffective
receptors allowing the effective antibodies the space to clone and
survive, which maintains a controlled size of population (repertoire)
(Haag et al, 2007, pp.420-435). T cells that can pass through the thymus
react to non-self cells, but they are unable to react to self cells.

Clonal selection

Burnet (1959) proposed the clonal selection theory which describes the
HIS basics. The immune response is made possible by the antigen-
recognizing surface receptor molecules of both the B and T cells and is
based on the complementarities between the antibody receptor and the
antigen (De Castro & Timmis, 2002b). An antibody can potentially identify
another antibody if their receptor arrangement matches. If the HIS cannot
perform this distinction, it may be triggered against self (Haag et al, 2007,
pp.420-435). As a response to an antigenic stimulus, the organism activates
the cells that match a particular antigen which proliferate and secrete
antibodies (De Castro & Timmis, 2002a, pp.669-674). Cells are stimulated
to produce clones of themselves very quickly, thus producing more
antibodies at high speed (Aickelin & Dasgupta, 2005). In 2002, De Castro &
Von Zuben (De Castro & Von Zuben, 2002) presented the algorithm named
CLONALG, developed to perform pattern recognition and optimization. The
authors demonstrated the ability of the algorithm to learn a set of input
patterns by "selecting, reproducing and mutating a set of artificial immune
cells". They highlighted two important features of affinity maturation of B
cells that can be applied in artificial immune systems: 1) proliferation of B
cells is proportional to the affinity of the antigen that binds, and 2) mutations
suffered by the antibody of a B cell are inversely proportional to the affinity of
the antigen. When applied to pattern matching, a set of patterns S to be
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matched are considered to be antigens. The task of CLONALG is then to
produce a set of memory antibodies M that match S.

Immune network theory

The immune network theory (INT) proposed by Jerne (1974, pp.373-
389) suggested that the HIS is composed of a regulated network of cells
and molecules that recognize one another even in the absence of antigens
(De Castro & Von Zuben, 2001). Jerne concluded that the immune system
must display a behavior or activity resulting from interactions with itself and
from these interactions immunological behavior such as tolerance and
memory emerge. The discrete immune network model (DINM) is proposed
by Timmis & Neal (2001, pp.121-130).

Danger theory

In 1994, Matzinger (Matzinger, 1994) proposed a new immunological
danger model. The immune system does not concentrate to distinguish
between self and non-self, but to danger and safe. The main idea is that the
immune system should not react to "non-self but harmless" but to "self but
harmful". The theory claims that an immune system response is triggered by
alarm signals sent out when danger is "detected". The activated antigen
presenting cells are able to provide the necessary co-stimulatory signal to
the T helper cells that subsequently control the adaptive immune response.
The danger signals are emitted by ordinary cells of the body that have been
injured due to an attack by a pathogen. The main objective of the danger
theory based system (DTBS) is to reduce false positive and negative errors
and maintain high detection accuracy of the model.

Dendritic cell algorithm

In the danger theory, danger is measured by damage to cells
indicated by distress signals sent out when cells die from unnatural
causes (Aickelin & Cayzer, 2002, pp.141-148). The signals are detected
by dendritic cells (DCs) that have three modes of operation: immature,
semi-mature, and mature. In the immature state, a DC collects an
antigen along with safe and danger signals from its local environment.
DCs are able to integrate these signals to decide whether the
environment is safe or dangerous. If safe, a DC becomes semi-mature
and, upon presenting an antigen to T-cells, the DC causes T cell
tolerance. If dangerous, the DC becomes mature and causes the T cell to
become reactive on antigen-presentation. The DC algorithm (DCA)
introduces the notion of danger signals as well as safe and pathogen-
associated signals which all contribute to the context of a data signal at
any given time.
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Applications of AlSs

Malicious attacks, hardware failure, or human errors can be
considered anomalies. Detection of anomalies is based on irregularities
in the pattern with respect to the normal pattern. Anomaly detection
creates a model of normal behavior of the system and then looks for
activities that differ from the created model. The main idea is to learn
from examples of one class and generate the detectors of deviations.
The HIS, by its nature, does not perform optimization. There are various
optimization algorithms such as CLONALG, opt-aiNet, and B-cell
algorithm, which are all based on the clonal selection principles. All the
approaches use cloning, mutation, and selection to build a population of
solutions. The earliest AIS algorithm for unsupervised clustering was
aiNet, proposed by De Castro and van Zuben (2001).

AlS-based intrusion detection systems

Intrusion detection systems (IDSs) monitor computer network traffic in
order to detect malice or anomalies. IDSs can be either network-based or
host-based. The network-based IDS (NIDS) scans network packets at
audits packet information and logs suspicious packets into the log file. The
host-based IDS (HIDS) monitors information collected from individual
computer systems. There are two basic advantages of an AlS over an IDS:
1) it provides passively proactive protection via negative detection, and 2) it
is capable of adapting to dynamically changing environment.

Performances of the models

Performances of the models are often measured based on: true
positive (TP), true negative (TN), false positive (FP), and false negative
(FN), where TP represents the number of positive samples correctly
classified as positive, TN represents correctly classified negatives as
negative, FN represents the number of positive samples wrongly
classified as negative, and FP represents the number of negative
samples wrongly classified as positive. The key criterion which
differentiates classifiers is prediction accuracy (ACC), which represents
the ratio of the number of instances correctly classified to the total
number of instances (Eq. 1).

ACC — TP +TN , (1)

TP +TN + FP + FN

Researchers often use other measures such as the false positive
rate (FPR) that is defined as the probability that a false alarm will be
raised (Eq. 2),
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FPR = 2)
T TN +FP

or the false negative rate (FNR) which is the probability that a TP will
be missed by the classifier (Protic, 2020, pp.603-605) (Eq. 3).

FNR = ———— (3)

Detection of a specific attack

Once an attack has been discovered, the signature of the attack is
stored in the black-list used to check against the normal network traffic and
to detect if an attack has happened. Newly discovered attacks are added to
the dataset of known attacks. The disadvantages of misuse detection are
dependence on the size and the efficiency of the black-list, and vulnerability
to a zero-day attack. Publicly available datasets often used for the known
attack detection are the KDD Cup '99 and the NSL-KDD dataset. The KDD
Cup ‘99 dataset is collected by simulation of the operation of a typical US Air
Force Local Area Network with attacks classified into four categories: 1)
probe, 2) denial of service (DoS), 3) user to root (U2R), and 4) remote to
local (R2L). The dataset contains 41 features which fall into the following
categories: 1) basic, 2) traffic, 3) content, 4) host-related attack, and 5)
normal behavior (Aggarwal & Sharma, 2015, pp.842-851). On the other
hand, the KDD Cup ‘99 dataset contains redundant and duplicate records
which prevent classifying the other records. To fix these issues, Tavallaee et
al (2009) proposed the NSL-KDD dataset that consists of selected features
from the KDD Cup‘99 dataset excluding redundant records in the training
set and duplicates in the test set (Protic, 2018, pp.585-586).

Many authors presented various results on the specific attack
recognition. Al-Dabagh & Ali (2011, pp.381-390) presented the dendritic cell
algorithm for the detection of DoS in the real time. Flow-based DoS
detection schemes for high speed networks have been proposed by Wang
et al (2012, pp.646-650) as an effective supplement to payload-based
solutions. The existing flow-based solutions had serious limitations in
detecting unknown attacks and efficiently identifying real attack flows buried
into the background traffic, and had difficulty to adapt to attack dynamics. To
address these issues, the authors proposed a flow-based DoS detection
scheme based on Neighborhood Negative Selection (NNS) as the detection
algorithm for unknown DoS attacks, and identified attack flows from massive
traffic.
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Anomaly detection

NIDSs are deployed at the computer network level and work by
tracking network traffic. The aim of such systems is to detect if there was an
attack or not. If an attack is detected, NIDSs rise an alert and create/respond
to the log of attack (depending on the NIDS configuration). The anomaly-
based NIDSs are deployed in the most critical parts of the computer network
and learn from the network behavior. The longer the IDS is in the network,
the more effective it will be. Any deviation from the normal ftraffic is
considered an anomaly. The threshold level configured in the anomaly-
based IDS will dictate the detection of anomalies. The main issue of such
IDSs is a high level of FP. For that reason, the system has to be configured
not to become insensitive to such alarms.

For the purpose of anomaly detection, the Kyoto 2006+ dataset is often
used in experiments. It is built on real network traffic collected from 2006 to
2015 on five different computer networks inside and outside the Kyoto
University. The records consist of 14 statistical features derived from the
KDD Cup ‘99 dataset and 10 additional features which can be used for
further analyses of systems. During the observation period, ~50 million
sessions of normal traffic and ~43 million sessions of attacks and ~425
thousands sessions of unknown attacks were recorded.

One of the results on anomaly detection presented in this paper is
based on NSA and the NSL-KDD dataset. The IDS proposed by Kumarvel
(2016) that is based on the algorithm Elberfeld and Textor (2011, pp.534-
542) shows lesser FP, lesser computational overhead and higher detection
rates if compared with the literature. A Java application has four modules: 1)
input (captures traffic from the input); two types of files are to be fed into the
input module — the self file is used for training and generation of the detector
set while the test file uses a packet of normal traffic that is to be monitored,
2) the network converter converts the data into binary strings, 3) the
negative selection module generates detectors, and 4) classification. The
Hamming distance, r-contiguous matching, and r-chunk matching are used
to compute affinity (Kumarvel, 2016, pp.23-31). The testing of the IDS was
based on the false alarm rates, the Receiver Operating Characteristics
(ROC) analysis and the testing environment. Another example of anomaly
detection based on NSA is proposed by Shen (2012, pp.18-48). The
scheme consists of two weighted feature selection algorithms based on the
Rough Set Algorithm (RSA) and Linear Genetic Programming (LGP).
Weighting the contribution of the parameters in the IDS improved the
performance of the algorithms. The results indicate that the proposed
scheme outperforms most of the existing IDS on the same testing data set.
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The aim of the research conducted by Murad & Mohd. Aizani, (2012,
pp.147-154) was to address the impact of the feature reduction in designing
an anomaly detection system based on the immune network theory to
detect novel attacks. The results on anomaly detection show that the
detection rate ranges from 80.25% to 82.25%, while the FPR ranges from
0.1975 t0 0.1775.

AIS vs. machine learning

AIS and machine learning (ML) - based IDSs have advantages and
disadvantages one over the other. AIS algorithms are easy to be used in
classification (supervised learning) or clustering (unsupervised learning).
The methods used in the AIS design include: 1) generation of antibodies, 2)
diversity, 3) distributed systems, 4) dynamic systems, 5) self-organizing
memory, and 6) noise/error tolerance. However, there are several issues
that can occur during the evaluation of models, so several questions have to
be answered: How to determine antigens, antibodies and B cells?, How to
define memory cells?, How to determine the similarity between an antigen
and an antibody?, and What are the basic calculations in the AIS models? It
is obvious that both supervised and unsupervised learning can be used to
develop AlS-based IDSs. The CLONALG and Hypermutation are instance-
based models. Negative and positive selection algorithms are algorithms
with regularization (positive selection) and clustering algorithms (negative
selection). Immune networks are algorithms with regression or with
associated rules. The danger theory is based on the decision tree, or the
associated rules algorithms. Dendritic cell algorithms work in the similar way
to the danger theory algorithms but the tolerance to the signal indicating
danger has to be properly set.

The experiments presented in this paper are conducted to four data
sets from the Kyoto 2006+ dataset. Each dataset consists of different
number of instances (158572, 129651, 128740 and 136625). Of all
instances, 70% were used for training and 30% were used for testing the
models. Of 24 features from the Kyoto 2006+ dataset, nine features are
used for classifiers. Flag, IDS detection, Count, Same_srv_rate,
Serror_rate,  Srv_serror_rate, Dst host count, Dst host srv_count,
Dst_host same_src_port_rate, and Dst_host_serror_rate. The Label feature
indicated whether the session was an attack or not. Features are chosen
based on expert knowledge and the pre-processing algorithm which cuts all
categorical features, removes statistical features, cuts all features which can
be used for further analyses, cuts all features that cannot be normalized into
the range [-1,1] and normalizes the remaining instances into the range [-1,1]
by applying the tangent hyperbolic function (Proti¢ & Stankovi¢, 2018, p.43).
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Four ML models are used for the binary classifications: the Decision tree (DT)
(Sebastiani, 2012, p.13), the support vector machine (SVM) (Burges, 1998,
p.291), the k-Nearest Neighbor (k-NN), and the weighted k-NN (wk-NN)
(Hechenbichler & Schilep, 2004). The results show high accuracy for the k-
NN and the wk-NN, followed by the DT and the SVM. The fastest model is the
DT. The processing time (sum of training and testing time) is more than 100
times shorter than the processing time for all the other models (Table 1).

Table 1 — Accuracy and processing time
Tabnuya 1 — ToyHocmb u gpemsi obpabomku
Tabena 1 — Ta4yHocm u epeme obpade

No | Size Model | Accuracy | Processing time
k-NN 98.3% 275.72s
wk-NN 98.4% 277.32s

1 158572

585 SVM 98.1% 449.35s
DT 97.2% 3.8452s
k-NN 91.8% 175.84s
wk-NN 91.8% 173.32s

2 129651
SVM 98.3% 254.32s
DT 97.3% 3.3104s
k-NN 98.2% 193.82s
wk-NN 98.1% 194.81s

3 128740 SVM 97.8% 280.82s
DT 97.2% 3.3033s
k-NN 99.3% 194.83s
wk-NN 99.4% 194.23s

4 136625
SVM 99.1% 217.32s
DT 98.3% 8.3169s

As it can be seen, the wk-NN has the highest accuracy (up to 99.5%),
while the accuracies of both k-NN and DT classifiers are much higher than
the accuracy of the SVM. A significantly shorter processing time of the DT
model is due to the Iterative Dichotomy 3 algorithm. The results point to the
given pros and cons of the models. Eager ML models are very accurate but
the training and testing time can be very long. This is not the characteristic
that suits the real-time for detection of the attack such as DoS or Distributed
DoS (DDoS). On the other hand, DT models are very fast but their accuracy
is significantly low and corresponds to the accuracy of the IDS based on the
immune network theory. NSAs are highly accurate but the processing time
of these algorithms can be significantly slow if the number of the detectors is
high and the threshold is not set well. Also, NSAs are mostly used in
anomaly detection. ML models based on the SVM showed better results
in the detection of U2R and R2L attacks. The results also showed that
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the accuracy of the models trained and tested on the real data flow is
higher than the accuracies of the model trained on the simulated data.

Conclusions

Artificial immune systems are accurate and fast computational models
inspired by the human immune system. They are often used in intrusion
detection. There are two trends in intrusion detection: signature and
anomaly detection. The basic concepts of AIS are negative selection,
positive selection, clonal selection, immune networks, danger theory, and
dendritic cell algorithm. IDSs based on the AIS are often compared to IDSs
based on ML. Experiments on different datasets show that the models can
be used in both known attack and anomaly detection. Eager ML classifiers
show better results in the decision, which is an advantage if processing time
is not significant. Dendritic cell algorithms and negative selection algorithms
show better results for real-time detection.
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OBHAPY>XEHWE BTOPXEHU, OCHOBAHHOE HA
NCKYCCTBEHHOW UMMYHHOW CUCTEME

Hanuena [1. Mpotny

BoopyxeHHble cunbl Pecnybnukm Cepbus, MeHepanbHbIn WTaob,
YnpaerneHnne nHpopMaTUKM 1 TeNekoMMyHuKaumi (J-6),

LleHTp npuknagHoi MaTeMaTuKn U SNEKTPOHUKM,

r. benrpag, Pecnybnvka Cepbusi
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PYBPUKA TPHTW: 20.00.00 MHOPOPMATWKA:
20.15.05 NHbopmaunoHHbIe Cryxbbl, CETU, CUCTEMBI B
Lenom

BWO CTATbW: opuruHanbHas Hay4Hasi cTaTbs

Pe3some:

BeedeHue/uyenb: UckyccmeeHHasi UMMYyHHasi cucmema —  3mo
eblquciumesnibHasi Mooesib, B00XHO8/IEHHas1 buonosudeckol  unu
yesiogeqeckol UMMYHHOU cucmemol, Komopas 3awuwaem opaaHu3m
0om namoeseHo8 U pasnudaem cobCmBeHHbLIe Kemku om UHOPOOHbIX.
Ocobo UHMepeCHbIM 8 UCKYCCMBEHHOU UMMYHHOU cucmeme si8r1siemcs
mo, KaK 4Yesogeyeckuli opeaHUu3M peasupyem Ha HO8bIe Mamoe2eHbl U
Kak OH adanmupyemcsi, CmMaHO8sICb HEBOCMPUUMYUBLIM 8 meyeHue
onumenbHo2o0 nepuola nocrne 6opbbbl ¢ 3abonesaHuem, YMO
OMHOCUMCS K paciio3HasaHUlo yxe U38ecmHol amaku, U crocoby,
KomopbIM UMMYHHasi cucmema udeHmucgbuyupyem cobcmeeHHble
KIemku, Ha Komophble He peazupyem U Kak 0bHapyxusaem aHoMasnuu.

Memodbi: B uccnedosaHuu npumeHsnucb credyruue mMemoobi:
ompuyamernbHbIli  ombop, MoA0KUMeEbHbIU 0m6op, KIIOHabHBI
ombop, UMMYHHbIE Cemu, meopusi OfnacHocmu U an2opumm
OeHOPUMHbIX KITEMOK.

Pesynbsmamel: [NpedcmaesrneHbl pasfnuyHble aneopummbi U MoOOesu,
OMHOCAWUECS K UCKYCCMBEHHbIM UMMYHHbIM cucmemam, u 0ea
fpuHyuna Krnaccugbukayuu: OOUH OCHOBaH Ha  ObHapyxeHuu
KOHKpemHoU amaku, a Opyaol — Ha 0bHapy»xeHUU aHoMasluu.

Bb1800bI: MickyccmeeHHbIe UMMYHHbIE CUCMEMbI Hacmo UCosIb3yomcs
0n1si O6HapyXXeHUSs 8MOPXKeHUU 8 KOMIbIOMEPHLIe cemu, rnomomy 4Ymo
OHU MOYHble U bbicmpblie. SKcrnepuMeHmbl C pas/iuYyHbIMU Habopamu
O0aHHbIX OKa3bliearom, 4mo MoOesiu MOXHO UCrob308amb Kak Oris
ObHapyXXeHuss amak, mak U Ornd OOHapyXeHuss aHomasud.
Knaccugbukamopbl Ha OCHO8e MawUHHO20 Oby4YeHUsT MoKa3sblearm
nydqwue pesynbmambl pU  MPUHAMUU peweHul, 4mo sensemcs
bonbwuM npeumyw,ecmeom, ecriu epemsi obpabomku He sensemcs
3HayUMbIM  nlapamempom. Arneopummbl  OeHOPUMHbIX  KIIemoK U
ansopummMbl  ompuuyamesnibHo20 ombopa  nokasbigarom - yquiue
pesyribmamel 05151 06HapPyXeHUs 8 pearisHOM 8PeMEHU.

Kriroyesbie criosa: UcKyccmeeHHasi UMMYHHasi cucmema, obHapyxeHue
8mopxeHud.

OETEKUNJA HAMAOA SACHOBAHA HA BELULTAYKOM MMYHOM
CUCTEMY

HaHujena [. MNMpoTuh

Bojcka Cpbuje, MNeHepanwTab, YnpaBa 3a TenekoMyHukalmje n tHgopmaTuky
(J-6), LleHTap 3a npymer-eHy MaTtemMaTuKy U eNeKTPOHUKY,

Beorpag, Penybnuka Cpbunja
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OBJTIACT: pauyHapcke Hayke, MHhOpMaLuoHe TeXHorornje
BPCTA UJIAHKA: opurnHanHun Hay4yHu paja

Caxemak:

YB00/uurb: Bewumauku umyHu cucmem (BUC) uHcnupucaH je 6uonowkum
UMYHOIOWKUM CUCMEMOM Koju pasfiukyje coricmeeHe heruje 00 OHUX
Koje mo Hucy. 3a BUC je 3aHUMIBbUS Ha4YUH Ha Koju mersio peazyje Ha
namoeeHe U npunazohaea ce Ga ocmaHe umyHo Oyxu repuod. To ce
00HOCU Ha fpero3Hasarbe Mo3Hamoe Hanada U HaduH Ha Koju UMyHU
cucmem udeHmugpuKkyje coricmeeHe henuje Ha Koje He mpeba Oa
peagzyje, U Ha omKpuear-€ aHomarluje.

Memode: lNpuka3zaHe cy memode HezamueHe U Mo3umueHe cernekyuje,
3amum KIoHUparbe, UMyHe MPEexe, meopuja onacHocmu u ajieopumam
OeHOpumuyHux henuja.

Pesynmamu: lNpedcmassbeHu cy modesnu Koju ce oOHoce Ha BUC u dsa
npuHyuna Knacugukayuje — jedaH 3acHoeaH Ha demekuyuju odpeheHoz
Harnada, a Opyau Ha OemeKyuju aHomariuje.

Bakrbydak: Bewmauku UMyHU cucmemu Kopucme ce Yy OmKpusatby
ynada y padyHapcke Mpexe jep cy mayHu u 6p3u. ExkcriepumeHmu Ha
pasnuqumum  ckyriosuma rodamaka rnokasyjy Oa ce modenu Mmoay
Kopucmumu y omkpueary Harnada umnu aHomaruja. Knacugbukamopu
3aCHO8aHU Ha MaWUHCKOM y4yerby rokasyjy 6orbe pesynmame y 00riyyu,
wmo je eernuka npedHoOCM ako epeme obpade Huje 3HajvajaH napamemap.
Anzopummu BeHOpumuykux henuja u anzopummu HeecamusHoe odabupa

rokasyjy bosbe pesynmame 3a 0emekyujy y peasriHoM 8peMeHy.
KrbyyHe pedu: eewumayxku UMyHU cucmem, demekyuja ynada.
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Abstract:

Introduction/purpose: A supersonic flow around a sphere with a radius of
1m at altitudes of 80 to 40 km was analysed.

Methods: The descent trajectory at the first cosmic velocity, similar to that
of the Soyuz spacecraft with a duralumin structure without thermal
protection, was taken into consideration.

Results: For the gas between the shock wave front and the surface of the
descending spacecraft, data were obtained on the increase in density,
pressure, and temperature behind the shock wave front as well as the
shift of the shock wave from the surface of the descending spacecraft.
The effective temperature of the shock-heated gas reaches its maximum
value of 7340 K at an altitude of 60 km. At altitudes of 80 and 40 km, the
effective temperature is 7000 K and 6400 K, respectively. Based on
the obtained data on the thermodynamic state of the gas behind the shock
wave every 10 km, calculations were made of energy fluxes to the surface
of the spacecraft for convective and radiative heat transfer, as well as for
the impact of electrons produced due to ionization of negative ions.
Radiative heat transfer has proven to be the most significant. The burning
mechanism of negative ions of triatomic molecules of aluminium with the
formation of AIO molecules was determined, and data on pressure rise
in the boundary layer on the spacecraft surface were obtained. At all
considered altitudes, the pressure rises instantly: to 1.06x10"° Pa at an
altitude of 80 km, 5.3x10° Pa at an altitude of 60 km, and reaches the
maximum value of 5.5x10"° Pa and an altitude of 40 km. A pressure of 10°
to 10" Pa arises during explosion of various explosives. The energy flux
reaches the spacecraft surface between explosions. Atthe moment
of explosion, shock waves develop in the atmosphere surrounding
the surface of the descending spacecraft, and compressive waves
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develop in the entire structure ofthe spacecraft. The descending
spacecraft cracks, and its entire structure breaks down into parts. The
area of interaction increases sharply, and each subsequent explosion has
a greater intensity and size. As a result, the last most intense explosion
occurs at an altitude of approx. 40 km, after which individual fragments of
the spacecratt fall to Earth.

Conclusion: The exploration of space with flight to other planets is
possible only after a thorough study of explosive processes taking place
on the surface of the spacecraft descending on other planets, and
especially on Earth.

Keywords: explosion of explosives, supersonic motion, convective heat
transfer, radiative heat transfer, electron flux effects, negative ions.

Introduction

During the exploration of space, there was a problem of retrieving
spacecraft reentering the Earth's atmosphere at the first and, especially,
the second cosmic velocity. The nature of the flow around flying objects
at different altitudes is well defined. At very high altitudes starting from
approx. 120 km and above, the flow around moving bodies corresponds
to the free-molecular regime (Gretchikhin, 1986), (Gretchikhin, 2003). At
altitudes below 120 km and up to approx. 100km, the transition flow
regime takes place. Starting from altitudes below 100 km, the continual
flow regime (i.e. the supersonic flight) takes place. In this flight regime,
strong shock waves are formed with a sharp increase in high-
temperature gas on the spacecraft surface, causing a noticeable heating
of the surface of the descending spacecraft. Previously, it was assumed
that heating of the surface occurs due to intense convective and radiative
heat transfer.

Various heat-barrier materials were used to protect descending
spacecraft from the effects of the emerging heat fluxes. For the first
cosmic velocity, pyrolytic graphite with a thickness up to 5 cm was used
in the front hemisphere.” It was assumed that the temperature of the
shock-compressed gas does not exceed 3500—4000 K. The burning
behaviour of the thermal-protective coating at such temperatures could
be studied in laboratory conditions. These studies were carried out, and a
full analysis of the results taking into account the emission of negative
ions from the surface was performed (Gretchikhin, 1986).

Y This thickness was sufficient, since the thermal-protective coating burned out
no more than 3 cm.
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In the supersonic flow regime, 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 were beyond our vision.

With the development of rocket technology, intensive exploration of
space began. A spacecraft re-entering the Earth's atmosphere at the first
cosmic velocity has a speed of approx. 7.5 km/s, and at the second
cosmic velocity — approx. 11.2 km/s or greater. Such flight conditions
lead to the emergence of strong shock waves. The air behind the shock
wave heats up to temperatures above 4000 K. The burning behaviour of
the thermal-protective coating under such conditions remained unclear.
The burning behaviour of the thermal-protective coating is even more
complex when a spacecraft enters dense atmospheric layers
at the second or greater cosmic velocity. In this case, the destruction of
the thermal-protective coating will be more intense. How can a
descending spacecraft be safely retrieved under such conditions? The
temperature increases significantly in the emerging shock wave. Intense
convective and radiative heat transfers occur. Without taking into account
the effects of negative ions, the performed theoretical calculation has
allowed to establish that the thickness of the burn-out of the thermal-
protective coating during the continuous movement of the burning front
can be approx. 2.cm. 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, such a net energy flux is formed that
an explosion of the surface layer occurs. At this moment, heat stops
coming to the surface of the spacecraft. Specific evaluations showed
that the thermal-protective coating at the second cosmic velocity should
burn less when compared to 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 a burn-out thickness of approx. 3 cm.

At the second cosmic velocity, heat-barrier materials do not
burncontinuously, but with separate explosive pulses, which was proven
demonstratively during the first studies of the effect of laser radiation
(Gretchikhin&Minko, 1967) as well as with arc and spark discharge
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cathode flares (Gretchikhin&Minko, 1967) and (Gretchikhin&Tyunina,
1967). The results of these studies are shown in Fig. 1.

a) j b)

hecm

13 pus <

26 s

Figure 1 — Destruction pattern: a) electric arc discharge between carbon electrodes and
explosive processes at the cathode at a power of 1.3- 10°W/m’;
b) explosive processes during exposure of laser radiation with a power of 5 -1 o0""'W/m? on:
copper (top) and aluminium (bottom)

Puc. 1 — Cxema pa3spyweHusi: a) Oy2o80ol paspsd mex0dy y2onbHbIMU 3riekmpodamu u
83pbl8HbIe rpouecchl Ha kamode MouwjHocmbio 1.3- 10°W/m?;
6) 83pbigHbIe npouecchl npu 8030elicmeuu 51a3epHO20 U3/1y4eHUsT MOWHOCMbHO
510" W/m’:
MeOb (ceepxy) u antoMuHuUl (CHU3Y)

Cnuka 1 — Obpasay, Oecmpykyuje: a) npaxrere enekmpuyHoa fiyka usmeRy
efiekmpoda yerbeHuKa U eKCrio3usHU rnpouecu Ha kamoou rpu cHasu 1,3X 109W/m2;

6) eKcro3usHU Npouecu MoKOM u3riazar-a 51acepckoM 3padery cHaze 5 X1 0""'W/m? y
bakpy (2ope) u anymuHujymy (Gone)

Experimental results indicate that the destruction of a solid at energy
fluxes greater than 10°W/m? occurs in the form of successive
explosions. The frequency of explosions at the cathode in the arc
discharge between carbon electrodes is approx. 150 kHz with an energy
flux of 1.3-10° W/m? (Gretchikhin&Tyunina, 1967), and approx. 290kHz
when aluminium is exposed to laser radiation with an effective absorbed
energy flux of 4.2-10'® W/m? (Gretchikhin&Minko, 1967).

Thus, the gaseous products of destruction of the surface layer of the
descending spacecraft mix with the ambient environment and react with
air molecules. Depending on thetype of the chemical reaction
(endothermic or exothermic), additional cooling or heating of the heated
air behind the shock wave takes place in the frontal part of the
spacecraft. Exothermic reactions with the release of energy are
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especially dangerous. Therefore, let us have a closer look at the
dynamics of the destruction of the surface of the descending spacecraft
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. This posed the task of finding out what energy is
absorbed by a moving object and how this affects the flight dynamics of
the descending spacecraft. It is important to determine what processes
occur in the shock-compressed gas area in the frontal part of space
objects descending at the first and especially at the second cosmic
velocity. In this work, we will consider in detail a spacecraft without
thermal-protective coating descending at the first cosmic velocity?. In
order to achieve this objective, the following tasks must be solved:

¢ Determining the heating dynamics of the shock-compressed gas
and the effective temperature of atoms and molecules in the area
between the shock wave and the spacecraft surface at altitudes of 40 to
80km, where strong shock waves are formed,

+ Developing an impact theory of convective heat transfer,

¢ Considering the structure of the exposed surface in radiative heat
transfer,

+ Developing a theory of energy transfer by electrons produced due
to the ionization of negative ions, and

+ Performing an analysis of the explosive processes taking place
when various space objects enter dense layers of the Earth's
atmosphere.

Now, let us consider these objectives one by one.

Effective temperature of the air compressed
by the shock wave

When a spacecraft descends from the orbit, a shock wave begins to
form at an altitude of approx. 100 km. As the altitude decreases, the
speed increases slightly, and then drops sharply from an altitude of
40 km. The change in flight speed with altitude for a descending Soyuz
series spacecraft is given in Table 1.

2) These conditions correspond to the re-entry conditions of the long-term orbital station
MIR-1.
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Table 1 — Parameters of the air behind the shock wave at the first cosmic velocity
Tabnuua 1 — MNapamempbi 8030yxa 3a ydapHoU 80s1HOU Mpu Mepeoli KOCMUYECKOU
cKkopocmu
Tabena 1 — lNapamempu 8a3dyxa u3a ydapHoz masiaca npu rnpeoj KOCMUYKoj 6p3uHU

Parameters Altitude, km

40 50 60 70 80
First cosmic velocity, 22.35 23.82 25.34 25.80 26.42
Mach
Density, p/ p 5.940 5.947 5.954 5.955 5.957
Pressure, P/ P 584 663 750.1 777.6 815
Shock wave shift 0.112 0.112 0.1119 0.1118 0.1118
distance, m
Temperature at the 25746 27 532 29 357 28 595 28 057
wave front, K
Temperature of the 6437 6883 7339 7149 7014
shock-compressed
gas, K
Effective temperature 6434 6880 7337 7146 7012
of the compressed gas,
K
Convective heat 2.0110° |54810° |22410° |3.8510° | 557 10°
transfer, W/m?
Penetration depth, m 7.51-10% | 1.98:10° | 7.81-10° | 1.36:10° | 2.00-10™
Radiative heat transfer, | 4.86 10° | 6.3510° | 8.2110° | 7.3910° | 6.85-10°
W/m?
Electron flux heat 2.56-10" | 6.9810° | 2.8510° | 4.9010° | 7.09-10*
transfer, W/m?
Pressure in the 5.485-10"° | 1.62:10" | 5.938:-10° | 7.088-10° | 1.059:10"°
boundary layer, Pa
Energy released on the | 4.477-10° | 1.092:10° | 1.096:10° | 1.367-10° | 1.921-10°
surface, J

Flight speeds are much higher than the speed 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).

y-1 2 1

P = Poo (m+mm)_1;p = Poo (1 +%M2);T=Topj'°é (1)

where ¥ is the ratio of the specific heat capacities of the gas at constant

volume and constant pressure; and M is the Mach number. Specific
calculations for a sphere with a radius of 1 m at different altitudes are
given in Table 1. At all altitudes, the temperature directly in the front
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of the shock wave is relatively high, comparable to high-power pulsed
electric discharge. The shift distance of the shock wave from the nose of
a hypersonic vehicle of a given geometry for a direct shock wave in the
first approximation can be determined as follows: (Gretchikhin et al,
2012)

-1
A=RP;°°<1—‘L’°+\/§’L'°> )
P P 3 p

High temperature behind the direct shock wave causes significant
heating of the air atmosphere. Diatomic molecules of nitrogen and
oxygen dissociate instantly and completely. 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, 2008) and
(Kheiz&Probstin, 1962) is:

o P
Ty =Top7§a (3)

At temperatures above 10,000 K, nitrogen and oxygen molecules
will dissociate completely, and then a = 0.5. As a result of ionization, the
air temperature will decrease due to the formation of plasma. Then
(Zeldovich&Raizer, 2008) and (Kheiz&Probstin, 1962)

~ Tp
Tesr. =5, 4)

For dry air at a temperature of 2000 K, the adiabatic index is
;/:1.088_

For higher temperatures, we can assume that y = 1.

The results of calculation according to (4) are shown in Table 1. The
temperature of the shock-compressed gas is sufficiently high, and such a
gas should be considered as plasma. Charged particles are produced in
plasma as a result of the 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 electrons when passing through the electrical double layer.
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The input data on the energies of dissociation of diatomic molecules,
detachment of atoms in triatomic molecules and electron affinity for
aluminium are given in Table 2.

Table 2 — Energy of dissociation and detachment of an electron in a negative
aluminium ion
Tabnuya 2 — OHepaus duccoyuayuu U ompbiea 3/1eKmpoHa 8 ompuyamerisHOM UOHe

anmnoMuHus
Tabena 2 — EHepauja ducoyujayuje u o08ajar-e efleKmpoHa y He2amugHOM jOHY
anymuHujyma
Atoms, Energy, eV
molecules dissociation Electron
detachment
Al; ~0.406 ~1.785
A l; 2.0 2.42
- - 0.44
Al (3p)
- - 0.33
Al” (1p2)
AlO _ 5.14 3.6
A lO; ~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.

The structure of clusters of diatomic molecules with experimental
confirmation is reported in (Gretchikhin et al, 2015a) and (Gretchikhin,
2008), of triatomic molecules — in (Gretchikhin et al, 2015b) and
(Gretchikhin, 2008).

Aluminium clusters are formed by triatomic molecules as shown in
Fig. 2.
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Figure 2 — Cluster of triatomic molecules:
a) theoretical calculation; b) experimental confirmation
Puc. 2 — Knacmep mpexamoMHbIX MOSEKYII:
a) meopemuyeckuti pacyem; 6) akcriepuMeHmasbHoe U3MepeHue
Cnuka 2 — Knacmep mpuamoMCKUX MOJIEKy/ia; a) meopujcKo udpadyHaear-e; 6)
eKkcriepumeHmariHa nomepoa

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 inthe center have an excess
negative charge, and others — a positive charge. InFig. 2, these
molecules are shown in different colours. The clusters are flat and
interact with each other by cohesion, and the solid resembles a layered
cake. Clusters are formed as a result of the interaction of molecules of
the first, second and third coordination layers (Gretchikhin et al, 2015b)
and (Gretchikhin, 2008). The energy from the heated gas is transferred to
the spacecraft surface by the collision of air molecules with the clusters
of the solid. The thermal random velocity of the heated air

8kpT,
vy = fn—ma (5)
where k;, is the Boltzmann constant, T, is the temperature of the shock-
compressed air and m, is the average weight of air molecules.

Only 1/6 of air molecules collide directly with the surface. Molecules
collide with clusters of the solid. In convective heat transfer, only the
surface layer of cluster formations is excited. Clusters of aluminium are
formed by triatomic molecules, producing a face-centered crystalline
structure. Since there is a hollow in the centre of a cluster, which does
not receive the impacts of external particles, only 9/10 of the total flow of
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external particles acting on the surface of the 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 et al, 2015b).
When air molecules collide with clusters on the surface of a solid,

the energy transfer ratio is (Gretchikhin, 2008).
— 4mams (6)
(mg+ms)?

where m, is the weight of a solid cluster, and my is the average effective

mass of air molecules in the atomic form equal to approx. 29/2.
Taking into account (5) and (6), the convective energy flux to the
solid surface is
3

Je = 55PVyn (7)

T 120
where o is the density of the air behind the shock front.

The energy consumption of a single molecule of the solid:
_ 10 2
Em - ?]cnrm (8)
The radius of a triatomic aluminium molecule r, = 2.155r,, and r, is
the radius of an atom of the solid, obtained by the radiographic method,
approx. 1.43A. At each altitude, an aluminium object loses its weight to a
depth
dh = 21, (9)
where £ is the molecular bond energy, which is determined by the

boiling temperature. For aluminium, this value is 3.389-102°J. The results
of the calculation of the depth of complete dissociation of the main
clusters according to (13) 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 destruction
of the solid (see Fig. 2b).

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

NAI = Zﬂrzdh% (10)
b
and the concentration of negative ions of triatomic aluminium molecules

in the shock-compressed gas
N
m = (11)
The temperature of the gas of triatomic aluminium molecules is

equal to the boiling temperature, i.e. T, = 2770K.

Kun.
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The total number of air molecules in the shock-compressed air
behind the shock wave
N, = 2nr?dhp/m, (12)
and the molecules are at the temperature determined according to (4).
The average effective temperature will be

_ TboilingNAl+T0Na)
Ters. = ( Na1+Ng (13)

At this temperature, the following aluminium combustion reactions
occur:
Al; + 0 © Al, + AlO + e + 1.1343B; Al, + 0
< Al + AlO + 3.143B;
Al+ 0  AlO +5.14 3B (14)
The total energy released during the complete combustion of
triatomic aluminium molecules is 9.414eV, and the energy of the electron
gas corresponds to the effective temperature of the plasma determined
according to (13). The electron gas produced ionizes negative ions of
aluminium molecules by electron impact:
Al; + e & Al; + 2e. (15)
In this case, the temperature of the electron gas is (Gretchikhin,
1986)
T, = 0.55-IA - 11600K (16)

where IA is the ionization energy of plasma particles in eV.

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 very high radiation capacity, which
is dangerous to eyesight. In this case, radiative heat transfer must be
considered.

Radiative heat transfer

With a sufficiently 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 k = 0.5. Then

Ju = KasTy, (17)

where o =5.67-10° Bm-M K™ is the Stefan constant.
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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):

= [P
ar = [ (18)
where f is the electromagnetic radiation frequency, tis the magnetic

permeability, and p, is the electrical conductivity of the solid.

In formula (18), 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 are much smaller
than the thickness of the aluminium cluster. This means that all incident
radiation is completely reflected from an aluminium surface with a close-
packed structure (Fig. 2b). The absorption of the radiant flux takes place
at defects of the crystalline structure and the centres of cluster
formations. For an ideal surface, absorption occurs only by the centres of
cluster formations and is approximately 1/10, 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 an 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.

Electron impact energy flow

Negative ions from the aluminium surface are emitted in the form of
triatomic molecules at the boiling temperature. The ionization of negative
ions of aluminium molecules takes place due to the occurrence of
reactions (14) and (15). Both reactions take place in the gas-vapour
phase. As a result of the emission of negative ions from the aluminium
surface, an electric double layer is formed. The potential difference in the
electric double layer is determined by the molecular energy at the boiling
temperature. For aluminium, the potential difference of the double layer

AU = KpTboiling g (19)

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

Je = n;lvekaboiling (20)
and the total energy transferred to the surface by electron impact will be
AE, = ] 2nr?dh. (21)

The total energy to the metal surface of a solid entering dense
atmospheric layers is the sum of convective, radiative and electronic heat

transfer. The pressure that arises in the boundary layer is
p=-—25_ (22)

2mr? Al

Figure 3 — Fracture pattern in a glass plate exposed to an explosion pressure
of 2.8:10° Pa
Puc. 3 — N3obpaxeHue pa3pyweHusi cmekssiHHOU nnacmuHbl 100 0asneHueM 83pbiea
2.8:10° Pa
Cnuka 3 — HayuH noma cmakneHe nioye U3noxeHe Npumucky ekcriiosuje o0

2,8%X10° Pa

The values of pressure arising in the boundary layer at different
altitudes are given in Table 1. The obtained pressure values are typical
for 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. 3 (Gretchikhin, 2008). A sublimation spot appears in the centre of the
explosion. 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 a formation of cylindrical and spherical cracks inside
the solid. Each explosion on the spacecraft surface causes an intensive
sublimation of the flow of solid molecules, and, accordingly, blocks the
flow of energy to the surface. As aresult, a sequence of explosions
occurs, causing breakdown of the solid monolith into separate small
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parts. Atthe same time, the effective interaction surface between the
solid and the shock-compressed air increases. The magnitude of the
explosion energy is increasing in succession. The explosion fire cloud
also expands. Finally, small fragments of the spacecraft fall onto 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.

Conclusion

From these studies, the following wasconcluded:

1. For the descent trajectory of the Soyuz series spacecraft with the
structure made of duralumin without a thermal-protective coating 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 shift 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 7340 K at an altitude of 60 km. At altitudes of 80
and 40 km, it reaches 7000 K and 6400 K, respectively.

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 the ionization of negative ions. Radiative heat
transfer has proven to be the most significant.

4. The increase in pressure in the boundary layer at the spacecraft
surface was calculated taking into account the burning of negative ions of
triatomic molecules of aluminium 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 explosion 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 has a greater 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
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spacecraft and a new explosion occurs. As a result, the last most intense
explosion occurs at an altitude of approx. 40km, after which individual
fragments of the spacecraft fall onto Earth. Allof this was clearly
observed during the reentry of the long-term orbital station MIR-1.

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 up to 15,000 K. At such temperature, the
intensity of explosion increases by one order of magnitude or more. This
results in falling of small debris and even individual dust particles onto
Earth, which was observed when the Chelyabinsk meteor entered the
Earth's atmosphere. We must not hurry into manned space exploration. It
is necessary to carefully analyze the situation, think and think again!
The Tunguska and Chelyabinsk meteor events were a serious warning!
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B3PbIB MOrPAHNYHOTO CNOA MNMPU BXOXOEHNW 3
JIETATENBHbLIX AMMAPATOB B MNMNOTHBLIE CNION 3EMHOU
ATMOCO®EPbI

JleoHud W. TpeunxvH

Benopycckas rocyaapcTBeHHas akagemusi CBA3sm,
MwuHck, Pecnybnuka Benapycb

PYBPWKA T'PHTW: 55.00.00 MALULMHOCTPOEHWE:
55.49.03 AspoanHamuka pakeT U KOCMUYECKUX annapaTos
B[O CTATbW: opuruHanbHasa Hay4yHasi ctaTbs

Peswome:

Bederue/uernb: [NposedeH aHanu3 €e8epx38ykogo20 obmekaHus wapa
paduycom 1 m Ha ebicomax roriema 80 + 40 Km.

MemoOdbi: Tpaekmopusi criycka ripu nepeol KOoCMUYeCKoU cKopocmu
ucriofnib3oganack ma, Komopasi coomeemcmsyem annapamy «Co3»
6e3 merno3awumsi ¢ ropantoMuHUe8ol KoHcmpykyued.

Pesynbmamsi:  Ana 2asa Mex0y ¢poHmom  ydapHolU  80sIHbI
U [108EPXHOCMbLIO  CrlyCKaeMoeo  arrnapama  r1osiyd4eHbl  OaHHble
10 ygenu4YeHU0 niomHocmu, 0asfieHuss U memrepamypbl 3a ¢hpOHMOM
ydapHoli 801HbI, a makxe omxola ydapHoU 80fiHbI om fogepxHocmu
criyckaemoe0 anrnapama. OJghekmusHass memrepamypa yO0apHo
Hagpemozo ea3a docmuaaem €80e20 MaKkcuMarisHo20 sHadeHus1 7340 K
Ha ebicome 60 kM. Ha ebicomax roniema 80 u 40 km aghgbekmusHasi
mewmrnepamypa cocmaesisiem coomeemcmeeHHo 7000 K u 6400 K. Ha
OCHOBaHUU MOJTy4YeHHbIX OaHHbIX O MEPMOOUHaMUYECKOM COCMOSIHUU
2asa 3a yOapHol 8os1HoU yepe3 KaxObix 10 kKM npou3eedeHbi pacyemsl
[IOMOKO8 3HEepauu Ha roBepxXHOCMb JlemameribHO20 anrnapama npu
KOHBEKMUBHOM U JTy4UCMOM mMerjioobMeHe, a makxe rnpu ydapHoM
gosdelicmeuu  371eKMPOHaMU, KOmMOPbIe MOfyyeHbl Mpu  UOHU3auuu
ompuyamernbHbIX UOHo8. Jlyqucmbili mernioobmeH okasarscs Hauboree
CYWEeCmBeHHbIM. YCMaHOBIEH MeXaHU3M 20PEHUST ompuuamersibHbIX
UOHO8 MmpexamoMHbIX MOJIEKYs1 atoMUHUSI ¢ 0bpa3osaHuemM MOeKys
AlO u nonydeHb! daHHbIE 10 ysernu4eHuto 0asrneHusl 8 nogpaHuYHoM crioe
y rosepxHocmu siemamesibHo20 arnapama. Ha ecex paccMOmpeHHbIX
ebicomax rosiema OaefieHuUe nosbiaemcsi MeHOBEHHO 00 3Ha4YeHUs Ha
gbicome 80 km 1.06-10™ lMa, Ha ebicome 60 kv 5.3-1 0° IMa u Ha ebicome
40 kM docmuzaem MaKcuMasbHo20 3HaqeHusi 5.5-10' Ma. Jaenenus 10°
+ 10" a eosHukatom npu nodpbiee pasHbIX 83pbleYambIX 8eLecms.
lMomok aHepeuu Ha MOBEPXHOCMb CrycKaemoz20 arnapama rnocmynaem
mex0Oy e3pbigamMu. B mMomeHm e3pbisa y o8epxHOCmuU CriycKkaemoz0
arnnapama e03HUKatom yOapHble 80JIHbI 8 OKpyxarouwel ammocgepe u
80/IHbI CXamusi 80 6cell KOHCMPYKUUu JlemamesibHo20 arnapama.
Crniyckaembili  annapam pacmpeckugsaemcsi, U 8CS KOHCMPYyKUusi
annapama pacriadaemcsi Ha omodesibHble Yacmu. Pe3ko eo3pacmaem
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nowadb e3aumodelicmeusi, U Kax0Oblli nocriedoeamersibHbIl  83pbI8
gospacmaem 1o ceoell MOWHOCMU U COOMBENCMBEHHO 8 pa3mepax.
lNocrnedHuli cambili MOWHBIL 83pbi8 rpoucxodum Ha ebicome ~ 40 Km,
rnocre kKomopo2o Ha 3emmo nadarom omodersibHblie  06/10MKU
JlemameribHo20 annapama.

Bbigod: OceoeHue KocMu4ecko20 rnpocmpaHcmea ¢ rnosiemom Ha opyaue
raHemb! 803MOXHO MOJIbKO MPU mMuamesisHOM U3YHYeHUU 83PbI6HbLIX
fpoyeccos y MoBepxHOCMU Crlyckaemoz20 arnapama Ha Opyaux
rjiaHemax, a 0cobeHHO npu criyckax Ha riiaHemy 3emrisi.

Knoyesble crosa: 83pble 83pbigYambiX BEWECs, C8epx38yKo8oe
08UXEHUE, KOHBEKMUBHbIU MerioobmeH, ry4ucmbil  merniobMeH,
ahheKkmbl nomoka aneKkmpoHo8, ompuuamesibHble UOHHI.

EKCIMNNO3NJA TPAHNYHOTI CJTOJA IO YIJTACKY CBEMUPCKE
NETENWMUE Y I'YCTE CNOJEBE 3EMIBUHE ATMOC®EPE

JleoHud W. TpeunxuH

Benopycka ap>xaBHa akagemMuja 3a KOMyHuKauuje,
MwuHck, Peny6nuka Benopycuja

OBJIACT: mawmnHCTBO
BPCTA YJTAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: AHanusupaH je CyrnepCoHUYHU MOK OKO cgbepe
nonynpe4yHuka 1m Ha sucuHama 0d 80 do 40 Kkm.

Memode: PasuvampaHa je cunasHa mpajekmopuja rnpu npeoj
KoCMu4Koj 6p3uHuU, Ccru4YHa mpajekmopuju ceeMupcke remenuue
Cojys ¢ anyMuHujyMckom cmpykmypom 6e3 mornnomHe 3awimume.

Pesynmamu: 3a eac usmeRy ¢ppoHma ydapHoe marnaca u rnospuiuHe
ceemMupcKe fiemenuue rnpu criywmansy 0obujeHu cy nodayu o nosehamy
aycmuHe, npumucka U memrepamype u3a ¢hpoHma ydapHoe maraca,
Kao U O rnomepary ydapHoe manaca 00 [108pUWUHE CB8EMUPCKE
nemenuue y asu cnywmara. EgekmusHa memnepamypa eaca
3aepejaHoe ycried ydapa docmuxke makcumarHy spedHocm 00 7340 K Ha
sucuHuU 00 60 km. Ha eucuHama 00 80 u 40 km eghekmueHa
mewmnepamypa je 7000 K, odHocHo 6400 K. Ha ocHosy rodamaka o
mepMoOUHaMUYKOM cmarby 2aca u3a ydapHoe marsnaca Ha ceakux 10 kw,
uspadyHamu cy ¢brlyKcesu eHepeuje Ka rnospuiuHU CeeMupcKe fiemenuye
3a fpeHoc moryiome KOHB8EeKUujoM U padujayujoM, Kao u 3a ymuuaj
erfleKmpoHa Hacmarux ycned joHu3ayuje HeezamueHux joHa. Noka3aro ce
Oa je npeHoc moriome padujayujoM Haj3HavajHuju. YmepheH je
MexaHu3aM caz2opesara He2amueHUX joHa mpuamoMCKUX MOJeKya
anymuHujyma ca gopmuparsem AlO mornekyna u dobujeHu cy nodayu o
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fopacmy npumucka y epaHUYHOM Criojy Ha MOBPWUHU C8EMUPCKE
nemenuye. Ha pasmampaHum eucuHamMa npumucak mpeHymHo pacme
Ha 1,06x10" Pa npu eucuHu 00 80 km, Ha 5,3%10° Pa npu sucuHu 0d 60
KM U docmuke MakcumarHy epedHocm 0d 5,5%10"°Pa npu eucuHu 0d 40
km. Mpumucak 0d 10° do 10 cmeapa ce mokom eKcriosuja pasnudumux
murosa ekcrinosusa. @riykc eHepauje cmuxe 00 NospuilHe C8eMUPCKe
nemernuue usmehy ekcriiosuja. Y mpeHymky ekcriiosuje cmeapajy ce
yOapHU manacu y ammocehepu OKO ospuiUHe C8eMUPCKe Jsiemenuue
Koja ce cnywma, a yHymap HEeHe UESIOKYIHE CMPpyKmype Hacmajy
KomrpecusHU manacu. Ceemupcka femesiuya fyuya npu crywmary, a
UesioKyrnHa cmpykmypa ce pacriada. Ybp3aHo ce rnogehaga obracm
UHMepaKuuje U ceaka HapeOHa eKcriyio3uja je CHaxHuja u eeha.
lNocnedwa HajuHMeH3UeHUja eKcriyio3uja Hacmaje Ha 6UCUHU 00
omnpunuke 40 km, npaheHa nadom ghpacmeHama ceeMupcKe iemenuue
Ha 3emsby.

3akrbyyak: Vicmpaxueare ceemupa MymeMm Jjiemoea Ha Opyee
nnaHeme Mmoayhe je camo riocrie  UCUprHo2 — fpoyYasara
eKCro3usHUX rnpoueca Koju ce dewaesajy Ha noepuwUHU C8EeMUPCKe
femesnuye npu crnywmary Ha Opyay nnaHemy, a Hapo4Yyumo npu
criyumarby Ha 3emMrby.

KrbyyHe pedyu: ekcrniosuja €eKCrisiosusa, CyrnepCoOHUYHO Kpemarse,
fpeHoc morome KOHBEKUUjoM, MfpeHoc monfaome padujayujom,
egekmu ¢hriykca efieKmpoHa, He2amugHU jOHU.
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Abstract:

Introduction/purpose: When performing the explosive welding
procedure, for the safety of workers, it is necessary to take into
account the minimum distance between the workers and the place of
explosion at the time of explosion. Negligence can cause temporary
hearing loss, rupture of the eardrum and in some cases even the death
of workers. The aim of this paper is to determine the critical distance
based on the mass of explosive charge required for explosive welding,
provided that the limit pressure is 6.9 kPa in the case of temporary
hearing loss and 35 kPa in the case of eardrum rupture. This paper
does not take into account other effects of the explosion than those
caused by the shock wave.

ACKNOWLEDGMENT: This paper presents the results of the research in Project
TR35034: Research on the application of modern unconventional technologies in
manufacturing companies with the aim of increasing efficiency, product quality, reducing
costs and saving energy and materials, which is financially supported by the Ministry of
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Methods: Depending on the type of explosion, the equivalent explosive
mass was calculated. Based on the equivalent explosive mass and the
limit pressure, the minimum distances were calculated using the
Sadovsky and Kingery-Bulmash equations.

Results: The corresponding tables show the results of the calculation
of the critical distance of workers from the place of the explosion when
there may be temporary hearing loss or rupture of the eardrum. The
calculated value of the critical explosion distance by the Kingery-
Bulmash method, under the condition of the maximum pressure for
temporary hearing loss, is 5.62% lower than the distance value
obtained by the Sadovsky method while the value of the critical
explosion distance calculated by the Kingery-Bulmash method, under
the condition of the maximum pressure for eardrum rupture, is 7.83%
lower than the value obtained by the Sadovsky method.

Conclusion: The results of the calculation showed that the critical
distance from the explosion can be successfully calculated and that the
obtained values have small differences depending on the applied
calculation method.

Key words: explosion welding, critical distance, shock wave, eardrum
damage, risk matrix.

Introduction

Explosive welding is a process in which the chemical energy of
explosives is used to create a welded joint. Part of the internal energy of
explosives is converted into kinetic energy of gaseous detonation
products which cause metal particles to move and form a welded joint.
This technological process is used to join two dissimilar materials that
cannot otherwise be joined by classical welding processes or their joining
is considerably more difficult (e.g. production of clad materials).

The advantage of this procedure is that cheap materials, e.g.
aluminum and steel, can be used to form inexpensive materials with
excellent mechanical and chemical characteristics. Also, with this
procedure, it is possible to obtain multilayer materials of large areas. For
this reason, this technology is increasingly used in shipbuilding for the
manufacture of ship hulls, in chemical industry for manufacturing tanks
and boilers, and for the manufacture of electrical contacts. Explosive
welding is a process accompanied by certain hazards. With this in mind,
all safety aspects of the application of this procedure must be taken into
account.
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When performing the explosive welding procedure, for the safety of
workers, it is necessary to take into account the minimum distance
between workers and the place of explosion at the time of explosion.

Negligence can cause temporary hearing loss and rupture of the eardrum.

Severe consequences and death are caused by damage to the lungs and
other internal organs.

The aim of this work is to determine the critical distance based on
the explosive charge mass and required for explosive welding under the
condition of the maximum limit pressure for temporary hearing loss and
the maximum limit pressure for eardrum rupture.

Explosive welding

Explosion of metals is achieved due to a very fast collision of metals
under the action of detonation products, with the appearance of high
pressure and plastic deformations in the waveform at the joint boundary
and adiabatic local heating of metal surface layers (Pejcinovi¢, 2000),
(Ghomi, 2009), (Bataev et al, 2019).

The joining process consists of placing welded plates in parallel or at
a certain angle at an appropriate distance from each other. An explosive
charge of a certain thickness is placed on the plate to be pushed.
Initiation is usually performed at a point on one of the sides of the
explosive charge. After initiating the detonation process in an explosive
charge, a very high pressure is created in the detonation products.

The detonation products suppress the upper plate (Figure 1), which
collides with the lower plate at high speed. The collision is performed
gradually, during which the pushed plate rotates and turns into a quasi-
liquid state.

At the same time, a tangential component of the collision velocity
appears in the direction of propagation of the detonation wave which
makes the metal joint zone wavy during plastic deformation (Pejcinovic,
2000), (Blazynski, 1983).

825

Lazarevi¢, M. et al, Determination of the critical distance in the procedure of explosive welding, pp.823-844



@ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

Figure 1 — Explosive welding scheme: 1 - Detonation products, 2 - coating for base
material, 3 - explosive, 4 - spacers, 5 - connection point, 6 - base material (Manufacturing
Guide, 2020)

Puc. 1 — Cxema ceapku 83pbigom. 1 - npodykmbi demoHayuu, 2 - NoKpbimue 0rs
OCHOBHO20 Mamepuarna, 3 - 83pblg4amka, 4 - npocmasku, 5 - mo4yka coeOuHeHus, 6-
ocHosHol mamepuan (Manufacturing Guide, 2020)

Cnuka 1 — lllemamcku ripuka3 exkcrio3usHoe 3asapusarba: 1 — npodykmu demoHayuje, 2
— obrioea 3a 0CHOBHU Mamepujarn, 3 — ekcririo3us, 4 — ducmaHuepu, 5 — mayka crnajama,
6 — ocHosHU mamepujan (Manufacturing Guide, 2020)

Hearing damage criteria

Hearing damage occurs due to the action of shock waves (UT) in the
air as a consequence of the action of explosion. An explosion produces a
primary wave (compression wave) and a secondary wave (dilution wave).
Damage to the hearing organs under the action of the shock wave
depends on the distance of the person from the center of the explosion,
on the position of the hearing organs in relation to the shock wave, as
well as on the previous condition of the damaged ear (presence of
inflammatory processes, etc.) (Shangyuan, 2018), (Gan et al, 2016).

It has been found that temporary hearing loss can occur at a
pressure level below 6.9 kPa (Beveridge, 2011), while the eardrum
rupture threshold is at a pressure of 35 kPa that occurs during an
explosion (Stewart, 2006).

Injuries caused by the explosion shock wave are proportional to the
amount of explosive and inversely proportional to the distance from the
place of explosion (Solomos et al, 2020). In the case of an explosion of 8
kg of TNT, at distances of 1-3.5 m, mortality is over 99% while at a
distance of about 5 m, mortality is over 50%. At distances of 6-8.5 meters,
mortality is over 20%, while at a distance of over 10 meters, mortality is
lower than 5%. (Waldau et al, 2015)
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It should be emphasized that the adopted critical values are
conditional. In the works (BlackBox Biometrics, 2018), (Stamatovic,
1995), data on shock wave overpressure values for different degrees of
injuries can be found.

Explosive characteristics

Within this paper, a possible impact of Amonex 1 explosives was
analyzed (Table 1). It is a powder explosive made on the basis of
ammonium nitrate (AN) and TNT (TNT). The percentage of the chemical
composition of Amonex 1 is 82% ammonium nitrate, 16% TNT, 0.6%
carboxymethyl cellulose, 0.4% calcium stearate and 1% base paraffin oil
(Trayal Corporation, 2008). It has low sensitivity to impact and friction,
which makes this explosive safe to handle and transport. It is used, first
of all, for mass mining blasting in underground and surface exploitation,
and for blasting from soft to very hard rock masses where methane and
explosive coal dust are not present (Trayal corporation, 2020). It is not
water resistant, which is why it is used for blasting in dry and wet mine
wells, so it is not suitable for blasting in wells with water.

Table 1 — Characteristics of AMONEX 1-4 powder explosives (Trayal corporation, 2020)
Tabnuua 1 — XapakmepucmuKu rnopowkosbix 83pbigdameix eewiecms AMONEX 1-4
(Trayal corporation, 2020)

Tabena 1 — Kapakmepucmuke npawkacmux ekcrinosuea AMONEX 1-4 (Trayal
corporation, 2020)

Type of explosive
PROPERTY Unit | AMONEX | AMONEX | AMONEX | AMONEX
1 2 3 4
Density glcm® [1.02-1.10 | 1.02-1.10 | 0.96-1.04 | 0.96-1.04
Velocity of detonation, min m/s 4100 3900 3600 3200
Gas volume dm3/kg 975 984 993 1004
Oxigen balance % +0.13 +0.08 +0.10 +0.17
Heat of explosion kJ/kg 4103 4082 4040 3892
Temperature of explosion K 2740 2725 2707 2661
Presure of detonation kbar 45 40 33 27
Initiation blasting cap N°8

Determination of theTNT equivalent

Most of the equations for calculating the shock wave and pulse are
based on the TNT equivalent. Therefore, it is desirable to know their
equivalent mass for different explosives.

827

Lazarevi¢, M. et al, Determination of the critical distance in the procedure of explosive welding, pp.823-844



ﬁ-‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

The equivalent mass of the explosive charge is calculated on the
basis of the expression (Jeremi¢, 2002):

E

deksp M

EdTNT

M TNTe — eksp (1 )
where:

Mnre — equivalent mass of trinitrotoluene (TNT) in g,

Eqexsp — detonation energy of explosive in kJ/kg,

Eqmnr— TNT detonation energy of 4184 kJ/kg, and

Mesp — mass of explosive in g.

More on the calculation of the equivalent mass and the TNT
equivalent can be found in the papers (Baji¢ et al, 2009), (Panowicz et al,
2017).

The calculation of the TNT equivalent is usually based on the energy
released during an explosion. Such energy can be determined in different
ways. The most commonly used methods are based on hydrodynamic or
thermodynamic parameters.

The explosive mass in individual experiments was determined on
the basis of calculations (Ghomi, 2009) and on the basis of the plate
dimensions of 200 X 150 mm. The mass of explosives in the range of
170-290 g satisfies all the criteria of the stated calculation. The
experimental setup of explosive welding performed at the Technical
Overhaul Institute in Kragujevac is shown in Figure 2.

Figure 2 — Experimental setting for explosive welding
Puc. 2 — OkcriepumeHmarbHasi ycmaHo8Ka c8apKu 83pbi8OM
Cnuka 2 — EkcnepumeHmarHa nocmaeka eKcrio3ugHoe 3asapusara
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The calculated values of the equivalent masses of AMONEX 1
explosives depending on the mass of the explosive charge for the
required critical distance calculations within this paper are shown in
Table 2.

Table 2 — Explosive charge mass and the equivalent mass of AMONEX 1
Ta6nuua 2 — Macca 3apﬂaa 83pbIi84Hamoeo sewecmea U 3KkeusasieHmHasa macca
AMONEX 1
Tabena 2 — Maca ekcrinno3dusHoe nyrera u ekgusaneHmHa maca AMONEX 1

Type of explosive Unit AMONEX 1
Experiment number N 1 2 3 4 5
ExplosweMcharge mass g 170 190 220 250 290
eksp
TNT equivalent Egexsp/EdTnT 0.981

Equivalent mass of
explosives MtnTe

Double equivalent mass of
explosives m,

g 167 186 216 245 285

g 333 370 432 491 569

Determination of the critical distance of an explosion

The main characteristics of the shock wave are the overpressure at
the front of the shock wave and the duration of the compression wave,
the values of which depend on the type of explosive, the mass of the
explosive and the distance from the place of the explosion.

In addition to Sadovsky's formula (Sadovsky, 1952), there are
numerous newer relations for determining the overpressure at the shock
wave front, such as the Brode formula (Brode, 1955), the Kinney-Graham
formula (Kinney & Graham, 1985), the Kingery-Bulmash formula,
(Kingery & Bulmash, 1984), etc. For the sake of simplicity, this paper will
be based on Sadovsky's formula with two groups of the kj, k;, and kj
coefficients (Table 3) and the Kingery-Bulmash method.

Based on the experimental results for spherical shock waves formed
by a detonation of a certain mass of TNT, Sadovsky (Sadovsky, 1952)
proposed an empirical equation for the calculation of overpressure at the
shock wave front in the form:

1 2
M2 +k, M3 +K, Mme

r r2 ri

By arranging the equation we get:

Ap =k;
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1 2

Ap-rg’—klmegr2 —kzmegr—kgme =0 2)

where:
Ap - overpressure at the shock wave front in bar (1 bar = 10° Pa),
m, - mass of explosive charge in kg,
r - distance from the center of the explosion in m, and
ki, ko, ks - empirical coefficients depending on the type of explosive
charge.

For TNT in the case of an above-ground explosion (at an infinite
distance from the ground), the empirical coefficients can be adopted
according to Table 3. In the following work, the results with different
groups of kj, k,, and ks coefficients from Table 3 will be presented.

In the case of a surface explosion, the shock wave in the air
propagates in the shape of a hemisphere (twice the volume), so the
overpressure is higher in that case. Therefore, in equation (2), twice the
mass value is taken as the mass of the explosive charge (Andreev et al,
2004).

Table 3 — Coefficients k1, k2, and ks in TNT above-ground explosions (Andreev et al,
2004), (Bajic et al, 2009).
Tabnuua 3 — Koagbgpuuuermsli ki, k2, ks, 8 3agucumocmu om muna e3pbiga (Andreev et
al, 2004), (Baji¢ et al, 2009).
Tabena 3 — KoegpuyujeHnmu ki, ko, ks y 3agucHocmu 00 Had3emHe ekcriosuje TNT
(Andreev et al, 2004), (Bajic¢ et al, 2009).

Coefficient Above-ground explosion Above-ground explosion
(Andreev et al, 2004) (Bajic et al, 2009)
K1 0.84 1.02
ko 2.7 4.36
ks 7 14

As the surface explosion causes soil deformation, it is necessary to
introduce a coefficient n that depends on the type of soil (Table 4), so
that the equivalent (calculated) mass of explosives can be calculated
using expression (3):

mp:2'77'MTNTe (3)
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Table 4 — Values of the coefficient n depending on the soil type (Andreev et al, 2004)
Tabnuua 4 — 3HayeHus KoaghghuyueHma n e 3agucumocmu om muria rnoyssl (Andreev et

al, 2004)
Tabela 4 — BpedHocmu koeghuyujeHma n y 3agucHocmu 00 murna mia (Andreev et al,
2004)
Obstacle Steel Reinforced | 1 crete, Hard Medium
type plate concrete rock ground hard Water
plate ground
n 1 0.95-1 0.85-0.9 0.7-0.8 0.6-0.65 0.55-0.6

In this paper, the coefficients k;, k,, and k3 are presented in Table 3
according to the work (Andreev et al, 2004) and according to the work
(Baji¢ et al, 2009). Both cases assume that, in the calculation of
explosive welding, twice the mass of explosive charge mp is adopted
according to equation (3) and the coefficient 7 for the steel plate. Other
values of the coefficient 77 will not be considered.

The solution of equation (2) is obtained by reducing it to the
following form:

y'+p-y+q=0
where p and q have the following values:
2
oo m_3(k,” +3k,Ap,)
3Ap,”

M, (27km,Ap,” +9kik,Ap, +2k°)
27Ap,”

The calculation of the discriminant D is performed according to the
following equation:

q:

2 3

.,
4 27
Using the Cardano equation, the solutions are obtained by y:

y:i/—%+\/5+9‘/—%—\/5

To obtain the solution of the cubic equation, the following equation is
used:
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r=y—-—2=~ (4)

The dependence of a critical distance as a function of pressure
(Sadovsky method) is shown in Figure 3.
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0,050 —@— Sadovsky/Baji¢
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Figure 3 — Critical distance as a function of pressure
Puc. 3 — Kpumuyeckoe paccmosiHue 8 3agucumMocmu om O0aeneHusi
Cnuka 3 — KpumuyHo pacmojarse y 3agucHocmu 00 rpumucka

In Figure 3, the solid lines denote the coefficients k;, k,, and k3
according to the work (Andreev et al, 2004), while the dashed lines refer
to the coefficients according to the work (Baiji¢ et al, 2009) in Table 4.

In addition to the Sadovsky method, the Kingery-Bulmash method is
also used in this paper. The Kingery-Bulmash method is used in
international regulations (United Nations, 2015) and is more applicable in
this case.

In the case of a surface explosion, the Kingery-Bulmash shock wave
pressure polynomial is:

Y=Co+ CU+CU*+ CsU + ........ + C,U" (5)
U=Ko+ KT (6)
T =log,, (R3 MTNTe) (7)

where:
T — Logarithm of distance with base ten, m,
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Ko, K, — coefficients,
C, - Cy — coefficients, and
R — distance, m.

These equations have an applicability range of 0.05 to 40 m.
The parameters of the Kingery-Bulmash pressure polynomial at the
front of the shock wave are shown in Table 5.

Table 5 — Parameters of the Kingery-Bulmash polynomial for the pressure at the front of
the shock wave (United Nations, 2015)
Tabnuua 5 — MNapamempbi MHo2o4YneHa KuHaepu u bynmawa 0nsi daerneHusi 80 ¢hpoHmMe
y@apHol eonHbl (United Nations, 2015)
Tabena 5 — MNapamempu nonuHoma Kingery-Bulmash-a 3a npumucak Ha Yeny ydapHoza
manaca (United Nations, 2015)

Parameters Numeric value
Ko -0.214362789151
K1 1.35034249993
Cq 2.78076916577
Cy -1.6958988741
Cs -0.154159376846
Cy 0.514060730593
Cs 0.0988534365274
Cs -0.293912623038
Cy -0.0268112345019
Cs 0.109097496421
Co 0.00162846756311
Cio -0.0214631030242
C11 0.0001456723382
Ci2 0.00167847752266

The numerical values for the constants "C" and "K" are the values
for 1 kg of TNT equivalent.

For other explosives, it is required to first estimate the TNT
equivalent.

Many states use rules regulating explosives, their quantity and
distance from explosives where people are at risk. These rules are
known as the quantity-distance criteria (Q-D), (NATO, 2010) and are
based on the approach derived from the Hopkinson-Cranz scaling law
which is further supplemented by a series of coefficients (equations 7
and 8). (United Nations, 2015)
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This is the basis of much of the work on estimating the appropriate
guantities and separation distances.

The dependence of a critical distance as a function of pressure
(Kingery-Bulmash method) is shown in Figure 4.

40

Mass of explosive 0.285kg

35 Mass of explosive 0.245kg

— Vlass of explosive 0.216kg
30

Mass of explosive 0.186kg

— Mass of explosive 0.167kg

25

20

15

Shockwave overpressure P [kPa]

10

Distance R [m]

Figure 4 — Critical distance as a function of pressure in the case of temporary hearing
loss
Puc. 4 — Kpumuyeckoe paccmosiHue 8 3agucumMocmu om 0asneHus 8 crydyae epeMeHHol
nomepu crnyxa
Cnuka 4 — KpumuyHo pacmojar-e y 3agucHOCMuU 00 rnpumucka y cryyvajy npuspemeHo2
eybumka criyxa

Critical distance as a function of explosive charge mass

The paper gives a calculation for Amonex 1 explosive, because it is
the strongest commercial explosive from that group (Table 2). Therefore,
the critical distance will have the greatest value.

Critical distance determination was performed for two boundary
cases:

- critical distance in a case of temporary hearing loss,

- critical distance in a case of rupture of the eardrum.
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Both cases assume that an explosion during explosive welding
occurs on a metal plate (coefficient 7=1, Table 4). By including the
coefficients k4, k,, and k3 (Table 3), the equivalent masses of explosives
obtained by equation (1) and the limit pressure in the case of temporary
hearing loss of 6.9 kPa and 35 kPa in the case of eardrum rupture in
equation (2), critical distance in a surface explosion is determined.

The methodology for determining the critical distance as a function
of explosive charge mass by the Kingery-Bulmash method will be
performed according to a similar principle.

By substituting the critical diameter R and the equivalent mass of
MTNTe explosives into equation (7), the parameter T is obtained. By
replacing the coefficients (Table 5) K,, K;, and equation (7) with equation
(6), the parameter U is obtained. By subsituting equation (6) in equation
(5), the pressure at the front of the shock wave is obtained depending on
the distance.

Figure 5 shows the dependences of the critical distance as a
function of the mass of the explosive, under the assumption of the limit
pressure that causes temporary hearing loss.

In Figure 5, the yellow line represents the results of the calculation
according to the work (Andreev et al, 2004), the green line refers to the
work (Baji¢ et al, 2009) and the red line denotes the Kingery-Bulmash
method.

Figure 6 shows the dependences of the critical distance as a
function of the mass of the explosive, assuming the limit pressure that
causes the eardrum to burst.

In Figure 6, the yellow line represents the results of the calculation
according to the work (Andreev et al, 2004), while the green line
represents those based on the work (Baji¢c et al, 2009). The red line
refers to the Kingery-Bulmash method.
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Figure 5 — Critical distance as a function of mass in the case of temporary hearing loss
Puc. 5 — Kpumuyeckoe paccmosiHue 8 3agucuMocmu Om Macchl 8 criyyae 8peMeHHoU
rmomepu cryxa
Cnuka 5 — KpumuyHo pacmojarse y chyHKuuUju mace y criydajy npuspemeHoz 2ybumka
cryxa
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Figure 6 — Critical distance as a function of mass in the case of eardrum rupture
Puc. 6 — Kpumuy4eckoe paccmosiHue 8 3a8UCUMOCMU OM Macchl rpu paspbiee
b6apabaHHOU nepernoHKU
Cniuka 6 — KpumuyHo pacmojarse y chyHKyuju mace y crydajy nyyara 6ybHe orHe
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Risk matrix

Considering the stated results from the previous chapters, a risk
matrix was formed. The risk matrix is shown in Figure 7. The maximum
values of the critical distance were adopted to form the risk matrix. The
critical distance obtained by the Sadovsky method in the case of the
maximum equivalent mass of Amonex 1 explosives for the case of
temporary hearing loss is 12.59 m and 15.52, while the critical distance in
the case of the maximum equivalent mass of the Amonex 1 explosive for
the case of eardrum rupture is 4.01 m and 5.02 m, respectively.

16
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14 ~

13 ~

= = =
[} o = [}
’
r
/
/
s
”
’

Critical distance r [m]
~ 00
’
’
'

(=2}

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Critical distance r [m]

Figure 7 — Risk matrix of the critical distance
Puc. 7 — Mampuuya puckos Kpumu4ecko2o paccmosiHUs
Cnuka 7 — Mampuua pu3uka Kpumu4Hoe pacmojarba
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The critical distance obtained by the Kingery-Bulmash method, in
the case of the maximum equivalent mass of Amonex 1 explosives in the
case of temporary hearing loss is 11.88 m, while the critical distance in
the case of the maximum equivalent mass of Amonex 1 explosives in the
case of eardrum rupture is 3.72 m.

In Figure 7, the red lines represent the critical distances obtained by
the Kingery-Bulmash method. The green and orange lines represent the
critical distances obtained by the Sadovsky method with the coefficients
k1, k2, and k3 according to the work (Andreev et al, 2004) and according
to the work (Baiji¢ et al, 2009), respectively. The solid lines represent the
critical distances that would cause the eardrum to rupture, while the
dashed lines represent the critical distances that would cause temporary
hearing loss. More serious injuries can occur in the zone within the solid
lines.

Table 7 shows the critical distances under the condition of the
maximum pressure for temporary hearing loss or the maximum pressure
for eardrum rupture, respectively.

Table 7 — Tabular view of the critical distances
Tabnuuya 7 — Tabnu4Hoe omobpaxkeHuUe Kpumu4ecko20 paccmosiHUs
Tabena 7 — TabenapHu npukas KpUMU4YHO2 pacmojar-a

Type of explosive Unit AMONEX 1
Experiment number N 1 2 3 4 5
Critical distance R, Sadovsky
method (Andreev et al, 2004) m 10.53 | 10.90 | 11.48 | 11.98 | 12.59
(6,9kPa)
Critical distance R, Sadovsky
method (Baji¢ et al, 2009) m 12.98 | 13.45 | 14.16 | 14.78 | 15.52
(6,9kPa)
Critical distance R, Kingery-
Bulmash method m 993 |[10.30 | 10.82 | 11.32 | 11.88
(6,9kPa)

Critical distance R, Sadovsky
method (Andreev et al, 2004) m 3.36 348 | 3.66 | 3.82 | 4.01
(35kPa)

Critical distance R, Sadovsky
method (Baji¢ et al, 2009) m 4.20 435 | 458 | 478 | 5.02
(35kPa)

Critical distance R, Kingery-

Bulmash method m 3.12 3.23 3.39 3.55 3.72
(35kPa)
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Conclusion

The critical distance of the explosion obtained by the Sadovsky
method, under the condition of the maximum pressure for temporary
hearing loss, is 12.59 m and 15.52 m, respectively. The critical distance
of the explosion obtained by the Sadovsky method, under the condition
of the maximum pressure for eardrum burst is 4.01 and 5.02 m,
respectively.

The critical explosion distance obtained by the Kingery-Bulmash
method, under the condition of the maximum pressure for temporary
hearing loss is 11.88 m. The critical explosion distance obtained by the
Kingery-Bulmash method, under the condition of the maximum pressure
for the eardrum to burst is 3.72 m.

The calculated value of the critical explosion distance by the
Kingery-Bulmash method, under the condition of the maximum pressure
for temporary hearing loss, is 5.62% lower than the distance obtained by
the Sadovsky method according to the coefficients from (Andreev et al,
2004) and 23.47% according to the coefficients from (Baji¢ et al, 2009).

The value of the critical explosion distance calculated by the
Kingery-Bulmash method, under the condition of the maximum burst
pressure, is 7.83% lower than the distance obtained by the Sadovsky
method according to the coefficients from (Andreev et al, 2004) and
26.31% according to the coefficients from (Baji¢ et al, 2009).

The presented results refer to the maximum equivalent mass of
explosives (experiment number 5) shown in Table 2.

Sadovsky's equation was originally developed for very large
quantities of explosives, so its applicability in the considered cases is
questionable.

The Kingerey-Bulmash method is used in international regulations
and is more applicable in these cases as well.
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OMPEAENEHNE KPUTUYECKOIO PACCTOAHUA TMPUN CBAPKE
B3PbIBOM

Munow C. Nasapesuny®, 5ozdan M. Heany®, koppecnoHAeHT,

HNosuuya Ox. Bor,uaHoeﬁ, Cmecdpan B. Dxypuy®

@ KparyeBaLkuit yHuBeponTeT, PaKkynbTeT NHXEHEPHBIX Hayk,
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6YHvuaepCMTeT obopoHel B 1. Benrpaa, BoeHHas akagemus, [lenaptameHT
BOEHHOr0 XMMNYECKOrO UHXMHUPUHra, . Benrpaa, Pecnybnuka Cepbus

PYBPUKA TPHTW: 55.00.00 MALLMHOCTPOEHMWE:
55.01.93 YcnoBusa Tpyaa, coumnanbHo-ObIToBbIE
MeponpuaTus (ycnyru), oxpaHa Tpyaa, TexHuKa
©e3onacHocTn

BWO CTATbW: opurmHanbHasa Hay4yHas ctaTbs

Pe3swome:

BeedeHue/uenb: [lpu npoeedeHuUU ceapoyYHbix pabom Memooom
83pbiga 8CeM compyOHUKaM HEObX00UMO NpudepKu8ambsCs MEeXHUKU
besonacHocmu, cobrniodass ece rpasusia pPeocmopoXHocCmu, 8
rnepeyro oyepedb He Hapywamb KpUmu4ecKoe PaccmosiHue Mexoy
paboyumu u mecmom 83pbiea 8 MOMEHM 83pbiea. HebpexHocmb unu
HEe8HUMamelbHOCMb MO2ym fpu8ecmu K 8peMeHHOU rnomepe criyxa,
paspbigy bapabaHHOU neperioHKU U, 8 HEKOMOPbIX criy4dasx, daxe K
cmepmu  compydHukos. Llenbio daHHOU  pabombl  sensemcs
ornpederieHUe KpUmMUYecKo20 paccmosiHUsI Ha OCHO8aHUU Macchl
3apsida e3pbigyamozo eeuwecmea, Heobxodumol Ond ceapKu
83pbI8OM, MpuU ycrosuu, 4mo rnpedesibHoe OaerneHue 8 criy4ae
8peMeHHoU rnomepu criyxa cocmaensiem 6,9 klla, a e criyyae paspbiea
bapabaHHol nepernoHku cocmasrnsem 35 klla. B 0aHHoU cmambe He
npusedeHbl UHble MemoObl, KPOMe 83pblea, 6bi38aHHO20 ydapHoU
80J1HOU.

Memodbi:  OkeusaneHmMHble  Maccbl  83pbleH4ambIX  eeuwecms
paccyumsiearomcsi 8 3agucuMocmu om mura 83pbiea. Ha ocHosaHuu
aKeuBasleHMHOU Macchl 83pble4ambiX 6eulecme U [pedesibHo20
OaerieHus, npumeHsisi ypasHeHue Cadosckozo u KuHeepu u bynmawa
paccyumbieaemcsi MUHUMaIIbHO O0MyCmMUMOe pPacCmosiHUE.

Pesynbmambi: B coomeemcmeyrowjux mabnuyax npueedeHsbl
pesynbmamel pacdema KpUmu4yecKoeo paccmosiHus pabodux om
Mecma 83pblea, KOMOpbIU MOXem 8bl38amb 6PEMEHHYIO 10Mepto
criyxa unu paspbie bapabaHHOU repenoHKU. PacyemHoe 3HadYeHue
KpUmMU4YecKoeo paccmosiHUsi 83pblea, 6bIYUCIIEHHOe [0 Memody
Kuneepu u bBynmawa npu ycrioguu MakcuMalsbHO20 OasrieHUus,
8bI3bIBAIOWEM BPEMEHHYIO omepr crnyxa cocmasusnio Ha 7,83%
MeHbLe, YeM paccmosiHue, nosiydeHHoe memodom Cado8ckoeo, 8 mo
8peMs KakK pacyemHoe 3HayeHue KpUmu4YyecKo20 pPacCmosiHUS om
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83pblea, ebiquciieHHoe no memody KuHeepu u bynmawa npu ycrosuu
MakcumarnbHo20 QaeneHus paspbiea bapabaHHOU  reperioHKu
cocmasusio Ha 7,83% MeHbwe paccmosiHUS, rofly4eHHO20 Memodom
Cadosckoeo.

Bbigod: Pesynbmambl pacdyema rfokasanu, 4Ymo Kpumu4eckoe
paccmosiHue om 83pbléa MOXHO YCMewHO paccyumamb, a makxe,
4Ymo roslyYeHHble 3Ha4YeHUsl HEecyUWeCmeeHHO passfudyaromcsi eHe
3asucumMocmu om rpuUMeHsieMo20 Memoda pacyema.

Knrouesbie crnoea: ceapka 83pbI8OM, KPUMUYECKOEe paccmosiHue,
yOapHasi eoriHa, nospexoeHue bapabaHHOU epernoHKU, mMampuya
pucka.

OOPEBUBAHE KPUTUYHOI PACTOJAHA Y MOCTYTIKY
EKCIMNNO3MBHOIr SBABAPVBAHA

Murnow C. Nasapesuh®, GozdaH M. Heauh?, ayTop 3a npenuncky,

Josuya B. BoraaHos®, Cmecpan B. Bypuh?

@ YuusepauTteT y KparyjesLly, ®akynteT UHXeHepCKMX Hayka,
Kparyjesau, Peny6nuka Cpbuja

6YHMBepamTeT onbpaHe y beorpaay, BojHa akagemwja, Kategpa
BOjHOXEMMUjCKOT MHXenepcTBa, beorpaa, Penybnvka Cpbuja

OBNACT: mawwmHCcTBO
BPCTA YJTAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Yeod/yurn: [pu u3eohery nocmyrka eKcryio3ueHoe 3asapuseara
nompebHo je 8o0umu padyHa O MUHUMAa/HOM pacmojarby usmehy
3arnocrieHux unu u3eohaya U Mecma eKcrio3uje y MmpeHymky
ekcriiosuje. HemapHocm unu Hexam MOXe  rpoy3pokosamu
npuspemeHu 2ybumak cryxa, fnyuame bOybHe ornHe, a y HeKuM
cnyyajesuma Yak u cMpm. Ljurb ogoe pada je Oa ce Ha OCHO8y Mace
€KCI/I03UBHO2 MyH-eHa, Koja je rnompebHa 3a eKCrio3usHO
3aeapusar-e, 00pedu Kpumu4yHO pacmojare nod ycroeom da je y
cnyJajy npuspemeHoe 2ybumka cryxa epaHuydHuU npumucak 6,9 kPa, a
y y cnyyajy nyuara 6ybHe onHe 35 kPa. Y pady ce He ysumajy y
063up dpyau echekmu eKcriyio3uje ocCuM OHU MPOY3POKO8aHU yOapHUM
masnacom.

Memode: Y 3asucHocmu 00 mura ekcriiosuje, rnpopadvyyHama je
eKksugsasieHmHa Maca ekcrio3uea. Ha ocHosy e U epaHu4yHo2
npumucka u3spadyHama Ccy MUHUMajHa pacmojarba [pUMeHOM
JjedHa4quHe Cadosckoe u Kingerey-Bulmash-a.

Pesynmamu: Y oGzo8apajyhum mabenama ripukalaHu cy pe3yrimamu
fpopayyHa Kpumu4Hoe pacmojama padHuka 00 mMecma ekcriosuje
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kalda moxe dohu do npuspemeHoz 2ybumka criyxa, 0OHOCHO ryyara
bybHe onHe. KpumuuyHa ydarbeHocm 00 ekKcriosuje u3padyHama
memodom Kingerey-Bulmash, nod ycrosom makcumarHog rpumucka
npuspemeHoe 2ybumka crnyxa, 3a 5,62% je Mmarma 00 pacmojarba
OobujeHoe memodom Cadosckoe, 00K je Kpumu4Ha ydarbeHocm 00
ekcro3uje uspadyHama memodom Kingerey-Bulmash-a, nod ycrosom
MaKkcumarsiHo2 fpumucka nyyara 6ybHe onHe, 3a 7,83% mama 00
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Abstract:

Introduction/purpose: The paper presents the application of modern
methods in the diagnostics of sliding bearings and the analysis of
influencing factors that can cause errors in such an application.
Possibilities to determine with certainty when and where problems affect
sliding bearings during system operation are presented. It is also shown
how the system will continue to function over time. Causes of failures and
the manner of their elimination are predicted, as well as the time for
planned maintenance of technical systems.

Method: The new method solves the problem of sliding bearing
diagnostics by measuring the dynamic trajectories of the sleeve in the
sliding bearing and by measuring vibration parameters on the inner and
outer surfaces of the technical system. The dynamic trajectories of the
bearing sleeve are measured with non-contact probes; therefore, the
centering of probes in relation to the geometric center of the bearing is
very important. Vibration parameters, directly related to the clearance in
the sliding bearing, are measured on the inner and outer surfaces of the
system. The choice of vibration parameters and measuring points is very
important. This method has a number of advantages over other diagnostic
methods, as it is easy to access measuring points.

ACKNOWLEDGEMENT: The author would like to express his sincere gratitude to world-
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Results: By measuring the dynamic trajectory of the sleeves in the plain
bearing and vibration parameters on the inner and outer surfaces, the
bearing clearance quantities are determined, including: normal condition,
initial clearance size, its further increase, bearing clearance sizes, and the
moment when the condition parameters are close to the upper limit of the
permissible bearing clearance.

Conclusion: New diagnostic methods and monitoring systems can be
widely applied to: internal combustion engines, all piston machines,
hydroelectric power plants, thermal power plants, processing plants, and
many other systems.

Keywords: technical diagnostics, sliding bearing, bearing clearance,
bearing wear, bearing sleeve, dynamic trajectory.

Introduction

Modern methods of technical diagnostics enable fast and reliable
measurement of the size of clearance (bearing wear) in sliding bearings,
measurement of vibration parameters, vibration analysis, measurement
of speed, measurement of lubricating oil temperature, lubricating oil
analysis, measuring coolant temperature, positioning the top dead center
in the case of internal combustion engines, etc. Since these are multi-
channel measuring systems, a large number of diagnostic parameters
can be monitored and measured.

Based on the measured quantities, diagnostics of the condition of
mechanical and electrical systems is performed. Data are obtained on
the degree of wear and damage of machine elements (gears, shaft
sleeves and shafts, sliding and roller bearings) as well as on imbalance
which is very important for balancing the system in accordance with the
prescribed standards. The selected failure symptoms mark relevant
frequency components and create failure symptom sizes whose trend
can be monitored. Alarm conditions can also be based on statistical
estimates of the selected parameters.

During production, there are deviations from the manufacturing
tolerances prescribed by the technical documentation due to various
influences and installation errors. During operation, certain operating
characteristics deviate more and more from the initial values so that
proper operation is disrupted and the system working capacity is
reduced. Therefore, it is very useful to pay special attention to these
problems and do some research.

In recent years, there has been a significant increase in the share of
diagnostics in the maintenance process, which is associated with safer
operation, durability, reduced work, and maintenance costs.
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According to some research (Miroshnikov, LV, & et al. 1977),
(Genkin, MD, & Sokolova AG, 1987), (Vasil'ev, Yu.N., & et al. 1987),
diagnostic works account for over 35% of the scope of technical
maintenance work.

The largest number of papers in the field of technical diagnostics
has been published in the Russian Federation, the USA and Japan,
regardless of whether it is a vibration method or some other diagnostic
method. In the professional literature of Western countries, specific
studies are rarely given, although it is well known that a large number of
manufacturers of internal combustion engines allocate huge financial
resources for the development and research of engines. The basic
principles (Cohn et al, 1975), (Zhdanovsky, NS 1966), (Thomson, 1983),
(Fertis, 1973), (Schiffbanker & Gerhard, 1988) are usually presented so
that data on the results and possibilities of application of technical
diagnostics for engines are very scarce.

Since technical diagnostics needs increasing financial and other
costs, expensive measuring equipment and automation, it is necessary to
pay attention to the convenience for modern control and monitoring
requirements in system development and design.

Increasing control convenience for which there must be evaluation
indicators leads to a reduction in the diagnostic work scope, which
means that it is necessary to ensure and improve the availability of
diagnostics, comfort, ease and accuracy of measurement, unification of
control points, number of control points, measuring equipment, diagnostic
methods, continuous registration of measured values and collection of
information on the technical condition of systems.

The technical condition of a plant is characterized by a large number
of operating process parameters. At the same time, not all parameters of
the operating process affect the state of the system equally. Therefore, it
is necessary to take as many parameters as possible during control in
order to more completely determine the condition of the plant. When
choosing the diagnostic parameters of the plant, it is necessary to
determine the character of their relation with the parameters of the
technical condition. In order for the output process parameter to be
applicable in technical diagnostics, it must meet certain requirements:

- uniformity,

- width of the field of application, and

- availability of parameter measurement.

Damage to plain bearings in operating conditions can be classified
into the following groups:
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- damage caused by material fatigue,

- damage due to increased bearing wear,

- damage caused by changing the size of the clearance between the
sleeve and the plain bearing, and

- damage due to lack or interruption of the supply of bearing
lubricating oil.

There are two concepts of monitoring systems in technical
diagnostics:

The ON-line monitoring system intended for continuous
measurement and analysis of technical conditions. Measuring sensors
and systems are permanently installed on machine and electrical plants.

The OFF-line monitoring system intended for periodic
measurements and analyses of technical conditions of plants. Some
sensors are permanently built into the system (depending on which
parameters are measured), and other sensors are placed together with
the portable part of the monitoring system when measurements are to be
performed.

Sliding bearing dynamics and vibration generation

Clearance in plain bearings occurs as an important indicator of the
technical condition. It enables the assessment of significant movement of
the sleeve when measuring dynamic trajectory and vibrations on the
bearing housing. Related to this are the bearing structural parameters
which include the shape, dimensions, clearances, material properties and
other properties that characterize normal operation. The bearing-sleeve
system must meet certain criteria so that the structural parameters of the
assembly as a whole are within the prescribed limits, which determines
the possibility of using the assembly.

Operation of a system with increased working clearance in the
bearing causes a violation of lubrication conditions and increases the
coefficient of friction, which is ultimately associated with damage to the
bearing. Therefore, bearing wear is one of the basic parameters for
diagnosing the technical condition. It is almost impossible to determine
the laws of wear and tear exactly. It is possible to predict only one part of
the type of wear based on the load forces on the sleeve and the sliding
bearing.

The main types of wear observed during the system operation are
adhesive and abrasive wear, material surface fatigue, and, to a lesser
extent, wear due to erosion, fretting and corrosion. Normal wear and tear
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occurs due to the damage caused by tribological processes, as inevitable
companions of the work of sliding bearings, while extremely intensive
material surface wear occurs in extreme cases. Complete elimination of
damage due to wear is impossible. Researching relevant parameters and
offering a constructive solution ensure the smallest possible impact of
unknown quantities and reduce damage due to the wear process to the
smallest possible extent, thus increasing the reliability and durability of
bearings. An important constructional dimension when designing a
bearing is bearing clearance.

The absolute clearance (diametrical bearing clearance) is denoted
as the difference between the bearing diameter (D) and the sleeve
diameter (d):

Z,=D-d (1)

The radial bearing clearance is defined as the difference between
the bearing radius (R) and the sleeve radius (r):

Z=R-r 2)

The relative bearing clearance () is the ratio of the clearance (Zp)
to the sleeve radius unit (d):

p="D-——— - -2 )

Small bearing clearances increase the thickness of the oil film, while
too small clearance values reduce oil flow, increase temperature and
significantly reduce oil viscosity, leading to mixed friction which causes
the oil to overheat and ultimately damage the bearing.

Increased clearances reduce energy losses and contribute to lower
oil temperatures, and in local bearing locations where the maximum
hydrodynamic pressures are in the oil film, there is also an increase in
bearing temperature. Figure 1 shows the influence of the relative
clearance () on the minimum oil film thickness (ho) for various oil inlet

temperatures (V).
The optimal values of the minimum oil film thickness are in the range

v = (0,7 - 1,2) 0/00, which means that during the operation time the

849

Zegarac, N., Analysis of influencing factors that can cause errors in the application of modern methods of sliding bearing diagnostics in machine and electrical systems, pp..845-876




’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

values of the oil film thickness in the bearing will decrease, although the
bearing construction was performed optimally at the very beginning.
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Figure 1 — Minimum thicknesses of the oil film depending on the relative clearance of the
bearing
PucyHok 1 — MuHumanbHasi monuwuHa MacrsHol nreHKU 8 3agucumocmu om
OmMHoCcUMesIbHO20 3a30pa NMooOWUrNHUKa
Cnuka 1 — MuHumanHe debrbuHe yrbHoe ¢hunma y 3agucHocmu 00 peniamugHoe 3a3opa
nexaja

The parameters that define the vibration process in a plain bearing
are: amplitude, phase shift, frequency, attenuation, etc. These
parameters can show the wear of the sliding bearing which causes
vibrational processes that increase or change when a defect occurs.

During working processes in mechanical and electrical plants, there
are variable excitation forces, deformations, variable temperatures,
different oil film thicknesses, different stiffnress and damping.
Consequently, different energies and vibration intensities will occur.

In the case of plain bearings, the reduction of vibration energy is
influenced by friction forces. The coefficients of friction change values
with the change of the oil temperature in the bearing. The coefficients of
friction are significantly influenced by the lubrication conditions and the
speed of rotation of the sleeve in the bearing. In real working conditions,
damping is nonlinear so that the whole problem of a damping analysis
becomes more complicated.
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Complex diagnostic objects, such as internal combustion engines,
should be evaluated with a large number of structural parameters that
change over time and cause system failures. One of the important
components in the structure of the vibration signal is its intensity which
can be expressed through three quantities: displacement, velocity, and
acceleration. Displacement as a vibration parameter is suitable for
investigating the complex movement of the bearing sleeve during normal
wear, all the way to complete wear when the bearing must be replaced.
For measuring points that are further away from the vibration source
(bearing - sleeve), speed and acceleration can be used as parameters
for describing vibrations.

Vibrations generated in coupled parts cannot be described by exact
mathematical models (Fertis, 1973), (Schiffbdnker & Gerhard, 1988),
(Zhdanovsky et al, 1977). These are non-periodic vibrations in which the
rms values of the vibration parameters change by transmission through
the system. Vibration signals are modulated. An overview of such
changes is given in Figure 2.
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Figure 2 — Changes in the input signal through the system with the corresponding spectra
PucyHok 2 — VI3meHeHus1 80 8XO0HOM cuaHare 4epes cucmemy ¢ COomeemcmesyowumu
criekmpamu
Cnuka 2 — lNpomeHe ynasHoe cugHarna Kpo3 cucmem ca odzosapajyhum criekmpuma
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Theoretical settings, calculation of sliding bearing
diagnostic parameters and analysis of influencing factors
that can cause certain errors in the application of
diagnostic methods

In order to examine the influence of the clearance on the dynamics
of the sliding bearing, it is necessary to develop a theoretical model of
the movement of the sleeve in the bearing with all the influencing factors.
The theoretical model of sleeve movement is also a diagnostic model
that will contain important settings for diagnostics.

When mathematically describing the theoretical model of backlash
movement, it is necessary to give a connection between structural and
diagnostic parameters, which represents a scientific contribution in this
area.

The theoretical foundations of the calculation of a nonstationarily
loaded sliding bearing are described by the Reynolds differential
equation (Lang & Steinhilper, 1978). The equation describes the
pressure distribution in the direction of bearing volume and width.
Considering the problem of lubrication of plain bearings, Reynolds
started from several assumptions that greatly simplify the equation:

- along the entire cross section of the bearing there is no change in
the viscosity of the observed fluid,

- the observed fluid is an incompressible liquid,

- external forces acting on the fluid can be neglected because they
are very small in relation to the tangential forces acting in the fluid layers,
- the fluid flow in the bearing is laminar, the flow rate is constant,

- the curvature of the sliding surfaces can be neglected, since the
dimensions of the body between which the oil film is formed are
significantly larger compared to the dimensions of the oil film, so that
instead of rotation there is a plane motion, and

- the weight and inertia of the fluid are neglected.

These simplifications of the Reynolds equation allow the calculation
of the nonstationary force loading the bearing. This force contains the
component due to rotation (Fg) and the component due to pressing the
sleeve (Fp) in the bearing, (Figure 3).
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a) rotation b) pressure

Figure 3 — Display of a radial bearing with dynamic load forces
PucyHok 3 — OmobpaxeHue paduanbsHo20o nodwurnHuka ¢ QUHaMu4eckuMu Hazpyskamu
Cnuka 3 — lNpuka3 padujanHoe nexaja ca duHamMu4kum cunama onmepehera

This paper presents internal combustion engines as complex
diagnostic objects. A special problem is the procedure for determining
dynamic forces acting on plain bearings in multy-cylinder engines. For
theoretical and experimental research, an in-line marine diesel four-
stroke  6-cylinder engine type 6ASL-25D, manufactured by
JUGOTURBINA - SULZER, was used.

In the scientific research work, the diagnostics of the main bearings
of the engine crankshaft was considered. The load on the sliding
bearings of the engine crankshaft is caused by the action of combustion
forces and inertial forces. Inertial forces arise from rotating and oscillating
masses. In this paper, a detailed analysis of the action of all forces on the
engine piston mechanism and on the crankshaft as a whole was
performed in a completely new way. Previous calculations have been
made on the basis of approximations of quantities, for example that 1/3
of the mass of the connecting rod is in a rectilinear motion and 2/3 of the
mass is in a circular motion. It was also not taken into account that the
connecting rod makes a complex movement during engine operation.
Based on the new procedure for calculating the piston mechanism,
kinetostatic and dynamic models were developed and used to determine
all kinematic and dynamic quantities (Zegarac, 1989). The deformations
of the bearing housing were not taken into account in the calculation,
which later turned out to have no special effect.

853

Zegarac, N., Analysis of influencing factors that can cause errors in the application of modern methods of sliding bearing diagnostics in machine and electrical systems, pp..845-876




’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

The calculation of the dynamic parameters was performed for
different values of radial clearances in the main bearings: a clearance
size of Z = 84 ym when a new clearance bearing was installed in the
engine, a clearance size of Z = 124 um when the engine was running half
of the working resource, and a clearance size of Z = 144 ym when the
engine ran for the entire working life and the bearing had to be changed.

The time-varying dynamic trajectory of the main sleeve is caused by
dynamic non-stationary load. The first computational dynamic model for
plain bearings was developed by scientists (Lang & Steinhilper, 1978).
Significant improvements have been made according to (Zegarac, 1989).

The method of calculating the dynamic parameters used for the
diagnosis of sliding bearings is based on the balance of the external
force (F) and the hydrodynamic forces due to the rotation of the sleeve
(Fo) and the pressing of the sleeve (Fp). Based on the results of the
calculation of dynamic quantities, it was shown that the 5th foundation
bearing, located between the 4th and 5th cylinder, is the most loaded on
this engine. Figure 4 shows the polar load diagram of that bearing, when
the value of the radial clearance is Z = 84 um.

bearing 5.
force (F), angle (o)
bearing clearance Z=84 um

Figure 4 — Polar load diagram of the main sleeve of the 5th bearing depending on the
angle of rotation of the engine crankshaft, bearing clearance Z = 84 um
PucyHok 4 — Cxema nonsipHoU Haz2py3ku 2r1asHol emyriku 5-20 nodwunHuUKa e
3agucumMocmu om yafia oeopoma KosieH4amozo easna dgueameris, 3a3opa 8
nodwunHuke Z = 84 um
Cnuka 4 — lNonapHu dujazpam onmepehera enasHoe pukasua 5. nexaja 3a8UCOHO 00
yarna 3aokpema KosieHacmoe epamusia Momopa, 3a3op nexaja Z = 84 um
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In Figure 5, a graphical representation of the dynamic force (F)
loading the bearing is given. Two dynamic pulses originating from the 4th
and the 5th cylinder of the engine can be observed.

—

.10’

bearing 5.

Figure 5 — Change of the angle ((y) and the load intensity of the main sleeve of the 5th
bearing depending on the angle of rotation of the engine crankshaft
PucyHok 5 — MiameHeHue yena ((y) U UHmeHcU8HOCMU Hazpy3KU 2i1asHo20 pbidaza 5-20
rnodwunHuUKa 8 3agucuMocmu om yana rnogopoma KosieH4amoeo easa 0gueamerisi

Cnuka 5 — lpomenra yana (y) u uHmeH3umema onmepehera anasHoe pykasya 5. nexaja
3a8UCHO 00 yeria 3aoKkpema KofieHacmoe epamusa Momopa

Figure 6 shows the dynamic trajectory of the main bearing of the 5th
bearing, on which the parameters of the dynamic trajectory are most
pronounced, since it is the most loaded bearing.

The value of the radial clearance is Z = 144 um.
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bearing 5.
eps(e), delta (8)
Z =144 um

upper half of the
bearing

lower half of the
bearing

Figure 6 — Dynamic trajectory of the main sleeve of the 5th bearing, the radius of the
radial clearance Z = 144 ym

PucyHok 6 — [JuHamuyeckasi mpaekmopusi 2nasHoli emyriku 5-20 NOOWUNHUKA, 3HaYeHue
paduanbHozo 3a3opa Z = 144 um

Cnuka 6 — [JuHamuyka nymarba 2nasHoe pykasua 5.n1exaja, eepoHocm padujanHoz
3a3opa Z = 144 um

Figure 7 shows the parameters of the dynamic trajectory of the main
sleeve of the 5th bearing, the value of the eccentricity (e) for various
bearing wear values (Z = 84 um, Z = 124 um, Z = 144 um) depending
on the crankshaft rotation time. The displayed (e) values differ
significantly depending on the bearing wear. The crankshaft rotation
angles (a = 0° - 720°) are marked on the dynamic trajectory.

The eccentricity of the sleeve (e), measured in (um), represents the
distance of the center of the sleeve in relation to the geometric center of
the bearing. The rotation time is measured in (ms). The eccentricity of the
sleeve (e) and the parameter (0), which represents the angle of the
smallest thickness of the oil film (hgmin), are the basic parameters for the
bearing wear diagnostics.
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Figure 7 — Changing the eccentricity of the main bearing of the 5th bearing for various
bearing wear values, depending on the rotation time of the engine crankshaft
PucyHok 7 — VIsmeHeHue aKcuyeHmpucumema OCHO8HO20 MoOWUNHUKa 5-20 nodwurnHuUKa
rpu pasnuYyHOM U3HOCE MOOWUINHUKa 8 3a8UCUMOCMU OM 8PeMEHU 8pauieHUs
KoreH4Yamoeo easa 0guzamernsi
Cnuka 7 — lpomeHa ekcueHmpuyumema 21asHo2 pykasua 5. niexkaja npu pasHum
ucmpouweruma fexaja, 3a8UCHO 00 8peMeHa pomauuje KorleHacmoa epamusa Momopa

Experimental research and the analysis of diagnostic
parameters of plain bearings

The experimental research and the analysis of the diagnostic
parameters related to the wear of plain bearings were performed on a
marine diesel engine type 6ASL-25D, manufactured by SULZER -
JUGOTURBINA - Karlovac.

The engine is in-line, 6-cylinder, four-stroke, turbocharged and
water-cooled. The rated motor power at speed N=720min™" is Pe=927kW.

In the research program, the influence of the clearance of the main
sliding foundation bearings of the engine crankshaft was examined. On
the same motor, 3 sets of bearings with radial clearance values of
Z=84um, Z=124um, and Z=144um were replaced in order to determine
exclusively the influence of clearance on dynamic parameters and
vibrations on the internal and external surfaces of the engine.

The test program was prepared in detail, setting out the general
requirements that had to be met before and during research:

- before the start of the diesel engine, the hydraulic brake was
calibrated in the engine test station,

857

Zegarac, N., Analysis of influencing factors that can cause errors in the application of modern methods of sliding bearing diagnostics in machine and electrical systems, pp..845-876




’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

- the crankshaft sleeves of the engine must not have residual
magnetism, since non-contact probes for measuring the displacement of the
sleeve work on the inductive principle,

- the fuel supply system was set on the engine to have a more even
supply of fuel in order to achieve a minimum difference in pressure on the
engine cylinders, due to fuel combustion,

- compression pressure was measured in all engine cylinders,

- pressure measurement was performed at the end of the combustion
process in all engine cylinders,

- all electronic measuring equipment was calibrated before and during
the measurements and the analysis. For this purpose, the characteristics of
the measuring equipment and the calibration factors were determined, which
were taken into account during the measurement and the analysis, and

- during the measurement, the temperature of oil and water was
constantly maintained. The data were entered into measurement protocols. In
this way, other influences on the results of measuring diagnostic parameters
were eliminated.

The measuring points on the engine were determined and the diagnostic
parameters to be measured were defined, which can be seen from the
illustration in Figure 8.
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Xp1 - vibrations on the 1st main bearing, horizontal airecuon

Yp1 - vibrations on the 1st main bearing, vertical direction

Xb1 - vibrations on the side bolt of the 1st main bearing, horizontal direction

Ap, Bp - displacement of the center of the sleeve of the 1st main bearing, direction of
the probes Ap and Bp

Xb4 - vibrations on the side screw of the 4th main bearing, horizontal direction

Xz1 - vibrations on the 7th main bearing, horizontal direction

Yz1 - vibrations on the 7th main bearing, vertical direction

Xb7 - vibrations on the side bolt of the 7th main bearing

Az, Bz - displacement of the center of the sleeve of the 7th main bearing, direction of
the probes Az and Bz

Figure 8 — Arrangement of the measuring points on the engine 6 ASL-25D
PucyHok 8 — PacrionoxeHue moyek 3amepa Ha dsusamere 6 ASL-25D
Cniuka 8 — Pacrnioped mepHux mecma Ha momopy 6 ASL-25D

858




Figure 9 specifically shows the measuring points on the engine
crankshaft on which the probes for measuring the dynamic trajectory of
the sleeves on the 1st and 7th main bearings are placed. The dashed
line on the cross section of the sleeve "C - C” shows the deviation from
the circular shape of the sleeve.

zuui_' 008
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1. ENGINE CYLINDER
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Figure 9 — Display of the measuring points with the positions of the probes for measuring
the dynamic paths of the main sleeve
PucyHok 9 — OmobpaeHue moyek usmepeHusi, 20e pacronoxeHbl amyuku 05s
u3mMepeHusi OUHaMUYeCKUX mpaekmopull 2naeHbIX pbl4a2oe
Cnuka 9 — lNpuka3 MeEpHUX Mecma Ha Kojuma Cy nocmaessbeHe COHOe 3a Meper-e
OuUHaMUYKUX nymarba efiaeHUX pykasaua

The probes for measuring the dynamic trajectory are centered using
a centering device (Zegarac, 1989), (Zegarac, 1993) or using an
electronic centering device from the Swedish company Damalini (Easy-
Laser, 2020). Centering non-contact probes is very important for the
measurement procedure and for obtaining accurate results.

Probes for measuring the temperature of all bearings are placed in

the lower covers of the main bearings. An overview of the measuring
points is given in Figure 10.
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The measuring device Hotinger Boldwin - Messtechnik UPM - 60
and thermometers PT-100 ATM - Zagreb were used for temperature
measurement. The symbol (Tu) indicates the coolant temperature at the
engine inlet and (Ti) indicates the fluid temperature at the engine outlet.
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Figure 10 — Overview of the measuring points where the temperature measurement of the
main bearings of the engine crankshaft was performed

PucyHok 10 — O630p moyek usmepeHusi, 20e npo8odusiock U3MepeHuUe memnepamyphbl
2nasHbIX MOOWUMNHUKO8 KofleH4Yamoeo 8ana dsuzamerisi

Cnuka 10 — lNpeaned MepHUX Mecma Ha Kojuma je U3eplieHO Meper-e memrepamype
2f1asHUX fiexajesa KosieHacmoe spamusia Momopa

Temperature was measured on the main bearings in all engine
operating modes. In the no-load mode, at various speeds, the
temperature values were in the range of 60 - 70 °C, on almost all
bearings. In the engine load mode of 20 - 110%, the temperature values
were from 65 - 80 °C.

The temperature values in this case were almost the same, even on
the busiest 5th main bearing.

The temperature change is shown in Figure 11. The temperature

regime of the engine was under strict control, since the engine was
tested at the maximum bearing clearance of Z = 144 um.
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Figure 11 — Temperature change on the 5th main bearing depending on the engine load
PucyHok 11 — UsmeHeHue memnepamypbl Ha 5-M enagHoM nodwunHUKe 8 3agucumocmu
om HazpysKu 0guzamersi
Cnuka 11 — lNpomeHa memnepamype Ha 5. anasHoM nexajy 3agucHo 00 onmepehera
momopa

Figure 12 shows a scheme for measuring the vibration
characteristics of the engine.

13 1

¢
’
t

exits

1-6 Non-contact probes

| ” Schenck”
e 7-12 Preamplifiers (Oscillators)
12 15 13 Amplifier
L\Q 5 X ‘ 14,15 Differential amplifiers

"Jugoturbina”

16 Photocell
(reference)

17 B&K tape
recorder type 7003
18 Chargeamplifier
19 Accelerometers

[
7
)

Figure 12 - Scheme of measuring the vibration characteristics of the engine 6ASL -25D
PucyHok 12 - Cxema uamepeHust subpayuoHHbIX xapakmepucmuk dguzamens 6ASL-25D
Cnuka 12 - Lllema mepera subpauyujckux kapakmepucmuka momopa 6ASL -25D
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Figure 13 shows the non-contact probes of the German company
"Schenck” for measuring the dynamic trajectory of the main sleeve
bearing. The probes are of different sizes so that measurements can be
carried out depending on the dimensions and the place where they are
placed. They can be standard versions or with built-in oscillators.

Figure 13 — Non-contact probes for measuring the dynamic paths of the main sleeve
PucyHok 13 — BeckoHmakmHble damyuku 05 usmepeHus duHaMu4yeckux mpaekmopud
2/1a8HbIX pbl4azoe
Cniuka 13 — beckoHmakmHe coHOe 3a Mepere OUHaMUYKUX Mymar-a 2/1a8HuUxX

pykasaua

Starting from the theoretical bases, the defined methods of testing
and the analysis, the engine tests provided by the program were carried
out and the experimental research results were obtained.

In the first moment, no agreement was reached between the
measured dynamic trajectory on the 1st main bearing and the calculated
trajectory. A detailed analysis was performed, based on which it was
concluded that, when measuring and processing the signal, the
irregularity of the circular shape of the sleeve, marked in Figure 9 with a
dashed line at the cross section of the sleeve "C - C”, should be taken
into account.

This part of the sleeve is not intended to be machined more
precisely during machining, as it is located outside the plain bearing.

The part of the sleeve that is inside the bearing is very precisely
processed. Its deviation from the circular shape is 5 um.
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The deviations from the circular shape of sleeve 1 of the main
bearing are shown in Table 1, on the basis of which the results of the
dynamic trajectory measurements were corrected.

Based on the results of the research, engine manufacturers could be
recommended to precisely process these parts of the crankshaft, in order
to simplify the procedure of diagnosing the engine.

More precise machining would not make the production process
more expensive.

Table 1 — Deviations from the circular shape of the sleeve of the 1st main bearing of the
engine crankshaft in (mm)
Tabrnuya 1 — OmkoHeHUs om Kpyernou ¢popMbl 8myrnKu 1-20 enagHo20 NOOWUNHUKa
KoneH4Yamoeo eana dguzamerns 8 (Mm)
Tabena 1 — Odcmynara 00 KpyxHoe 0bruka pykasua 1. aragHoe fiexaja KorieHacmoe
epamusia momopa y (mm)

Nominal sleeve size & 198 mm

Crankshaft rotation Nominal Crankshaft rotation Nominal sleeve
angle (a°) sleeve size angle (a°) size
0%) +0.001 190 +0.012
10 +0.002 200 +0.035
20 +0.003 210 +0.039
30 +0.004 220 +0.031
40 +0.004 230 +0.031
50 +0.008 240 +0.028
60 +0.013 250 +0.026
70 +0.006 260 +0.020
80 +0.024 270 +0.018
90 +0.027 280 +0.017
100 +0.036 290 +0.011
110 +0.035 300 +0.008
120 +0.015 310 +0.003
130 +0.013 320 0.000
140 +0.035 330 -0.002
150 +0.023 340 -0.005
160 +0.012 350 -0.007
170 +0.013 360 -0.004
180 +0.033 *) The piston of the 1st cylinder of the engine
is located in the top dead center
(TDC)
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The results of the calculations and the measurements were not
particularly affected by crankshaft deformations and additional inertial
moments shown in Figure 13.

Figure 13 — Deformations of the engine crankshaft and the influence of additional inertial
moments

PucyHok 13 — [leghopmayuu KoreH4amoeo eana deuzamernis U 8usHue
BGoroIHUMe bHbIX UHEPUUOHHbBIX MOMEHMO8

Cnuka 13 — [Jegopmayuje kornneHacmoe eapamusia Mmomopa u ymuuaj 000amHux
UHEePUUOHUX MOMeHama

In Figure 14, the dynamic trajectory of the 1st main bearing is
shown.

In the graphical display of the dynamic path, several engine
operating cycles are shown.

The paths on the diagram are shown with several lines and the

crankshaft rotation angle is indicated (a= 0° — 720°). It can be seen that
there is very little difference in paths per engine cycle.
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The engine is well tuned, the engine speed is stable.

The agreement of the calculation and measurement results is in the
range of 5%.

upper half of the
bearing

lower half of the
bearing

Figure 14 — Display of the measured dynamic sleeve trajectory on the 1st main bearing of
the crankshaft, at the engine load of 100%,
n =720 min”, and the bearing clearance Z=124 (um)

Puc. 14 — U306paxeHue usmepeHHOU OUHaMU4ecKol mpaekmopuu pykasa 8 nepeom
2nnasHoM rodwurnHUKe dsueameris KOsieH4Yamoeo 8arna, npu Hagpy3ke Ha 0guzamersb
(100%), n = 720 MUK, 3a30p nodwurnHuka Z = 124 (um)

Cnuka 14 — lNpuka3 usamepeHe duHaMuyKe nymarbe pykasua Ha rp8om a/1a8HoM fexajy
Momopa KosieHacmoe epamusia Mmomopa rpu onmepeherwy momopa (100%), n = 720
min™", 3a3op nexaja Z=124 (um)

Based on the measurement results, the dependence of the
displacement of the center of the sleeve (e) and the clearance (Z) was
determined when driving the engine with and without load in the form
(Zegarac, 2020):

Z=101e+748+4 (4)

Previous research on the wear of vital parts of internal combustion
engines has shown that crankshaft bearings wear evenly provided that all
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engine lubrication conditions are met (Zegarac, 1989). An indicator of
bearing wear is sufficient, if diagnostic parameters are measured on any
bearing.

Figure 15 shows the measured dynamic trajectory of the main
sleeve on the 7th engine bearing. With increasing clearance, at different
speeds and motor loads, differences in dynamic trajectory are observed,
but there is no coincidence of the calculation and measurement results.

B o <

Figure 15 — Dynamic trajectory of the main sleeve on the seventh bearing of the engine
crankshaft, engine load 100%, bearing clearance Z = 144 um, rotation speed
n =720 min™

PucyHok 15 — [luHamuyeckasi mpaeKkmopusi OCHOBHO20 pbl4az2a Ha ce0bMOM
nodwurnHUKe KorneH4Yamozo eana 0guzamers, Hagpyska 0gueamerns 100%, 3a3op
nodwuriHuka Z = 144 um, yacmoma epaw,eHusi n = 720 muH™

Cnuka 15 — QuHamMuyka nymarba 2riasHo2 pykasuya Ha ceOMOM riexajy KoreHacmoa

8pamurna momopa, onmepehere momopa 100%, 3a3op nexaja Z = 144 um, 6p3uHa
epmrse n = 720 min’

The dynamic trajectory was measured on the part of the sleeve
located on the outside of the engine block.

866




The shape of the dynamic trajectory was influenced by static and
dynamic deformations of the crankshaft due to the weight of the engine
flywheel.

The illustration is given in Figure 16. It would probably be possible to
measure dynamic trajectories on this part of the engine crankshaft in
multi-cylinder engines that do not have flywheels since such engines are
dynamically balanced due to a larger number of engine cylinders.

| 7797]

[ gceee B \3\ M
bearing 7. ()
" flywheel

Figure 16 — Deformations of the main sleeve on the 7th bearing of the engine crankshaft

PucyHok 16 — [Jecbopmayuu 2rnasHo20 pbidaza ce0bM0o20 NodWUNHUKa KosleH4amozao
gana dsusamerns

Cnuka 16 — [Jeghopmayuje enasHoe pykasua Ha 7. riexajy KoneHacmoa epamurna
momopa

The vibration parameters were measured at 7 measuring points, on
the inner and outer surfaces of the engine (shown in Figure 8):

Xp1 - vibrations on the 1st main bearing, horizontal direction,

Yp1 - vibrations on the 1st main bearing, vertical direction,

Xb1 - vibrations on the side bolt of the 1st main bearing, horizontal
direction,

Xb4 - vibrations on the side screw of the 4th main bearing, horizontal
direction,

Xz1 - vibrations on the 7th main bearing, horizontal direction,

Yz1 - vibrations on the 7th main bearing, vertical direction, and

Xb7 - vibrations on the side bolt of the 7th main bearing.

Based on the results of measuring the vibration parameters, it
was determined that the highest vibration levels are at measuring point 3,
(Figure 17), Xb1, horizontal direction, on the side screw that fastens the
lower cover of the main bearing in the engine block. Figure 17 shows the
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effective values of the vibration velocity Vef (mm/s), harmonic of the 1st
order, at different speeds and motor loads, when the bearing clearance is
Z= 144 um. It was concluded that the frequency components (harmonics)
of 0.5 and 1. order are most related to bearing wear. The harmonics of
1.5, 2, 2.5, 3 and 3.5 are less pronounced. The intensity of vibrations is
related to the variable excitation forces from the bearing to the bearing in
the horizontal and vertical planes of the engine. It was found that the
higher level of vibration is in the horizontal plane of the engine, on the
side of the 1st cylinder of the engine, which is significantly contributed by
large weights of the parts located on the engine crankshaft - torsional
vibration damper on the front of the engine whose weight is Gp = 3558
(N) and the parts on the side of the 6th engine cylinder - the gear that
drives the systems on the engine whose weight is Gzu = 1176 (N) and
the engine flywheel weight of Gz = 7106 (N).

3 / . Engine: RLP: Z=144 (um)
[l Harmonic: 1
f Vef = 107.00 (m / s)

Vef [ mm/s) —=

Figure 17 — Effective value of the vibration speed (Vef) for different measuring points at
different speeds and motor loads

PucyHok 17 — O¢hgpekmueHoe 3HavyeHue ckopocmu subpayuu (Vef) dnsi pa3nuyHbix
moyeK U3MepPeHUsT Npu pa3HbIX CKOPOCMSIX U Hagpy3kax dsuzamerisi

Cnuka 17 — EdbekmusHa spedHocm subpauujcke 6psuHe (Vef) 3a pa3Ha mepHa mecma
fipu paznuyumum 6p3uHama epmme u onmephery momopa

Many reputable companies deal with technical diagnostics of sliding
bearings. Some well-known companies are Bently Nevada, Emerson
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Electric, Bruel & Kjeer and others, whose systems are installed on
hydroelectric power plants, thermal power plants and other facilities.

In these systems, a problem is created by the roto group in the
system: there is a mechanical, electrical and hydraulic imbalance of the
rotor. Figure 18 shows a bearing housing on which non-contact probes
for measuring dynamic paths of roto systems are mounted, according to
the configuration of Bently Nevada (Bently Nevada Corporation, 1987).

Figure 18 — View of the bearing cover showing the non-contact probes for measuring the
dynamic path according to the configuration of the Bently Nevada company

PucyHok 18 — Bud kpbiwku noOwurnHuKa, rnokasbigarowuti 6eCKoHmakmHbie 0amyuku
05151 uaMepeHus1 OUHaMUYECKO20 ymu 8 cCoomeemcmeuu ¢ KoHguaypauyueli KomnaHuu
Bently Nevada

Cnuka 18 — Noaned Ha noknonay, nexaja Koju rnpukasyje 6eckoHmakmHe coHoe 3a
Mepere QUHaMU4Ke nMymar-e rno KoHguaypauuju gpupme Bently Nevada

Conclusion

The reliability and durability of internal combustion engines and
other engines is a function of correct operation and durability of individual
parts, of which plain bearings are especially important. Besides being
influenced by construction dimensions and types of lubricating oil, wear
intensity of plain bearings is also affected by operating conditions and
system maintenance. The mutual influences of the parameters describing
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the wear of plain bearings are very complex and cannot be reliably
described mathematically. Therefore, simplified mathematical models,
used to describe these phenomena, give approximate bearing wear
functions.

With the development of the method of calculation of plain bearings,
which determines the data on the function and construction parameters
of bearings (oil film thickness, forces on the bearing), it was found out
which bearing is the most loaded. At this measuring point, the dynamic
parameters related to the increase of the clearance in the bearing are
most pronounced, although in reality all bearings are worn evenly, if all
the conditions for lubrication of plain bearings are met.

The original mathematical formulas that determine the dimensions of
clearance in the bearing based on measurements are completely
reliable. Lang's approximate formulas for non-stationary bearing loading
were used.

Modeling dynamic models of internal combustion engines was used
as an example to describe all engine dynamic parameters in a
completely new way. Based on that, the results of the calculation and the
measurements of the dynamic parameters were verified and the
deviations were within the range of 5%.

Experimental methods are the most authoritative for the final
assessment of bearing wear. Based on the performed measurements of
the dynamic trajectory of the sleeve and the vibration parameters on the
inner and outer surfaces, the actual state is determined without
disassembling assemblies and detailed inspections.

Measurement of the dynamic trajectories of the bearing sleeve is
performed using non-contact probes. Measurements can be made with 1
contactless probe or with 2 and 4 of them. Contactless probes are
installed on special supports which are fixed in the immediate vicinity of
the measuring point. If access to the bearing is limited (due to small
bearing dimensions), probes can be installed in the bearing housing.

It is especially important to measure the vibration parameters on the
inner and outer surfaces of the engine that are directly related to the
clearance in the sliding bearing. The choice of vibration parameters and
measuring points is important. This method has a number of advantages
over other diagnostic methods, as it is easy to access the measuring
points.

A database related to the degree of bearing wear should be created
for each diagnostic case. Engines differ significantly in construction,
operating conditions and load. It is important to strictly adhere to the
norms set by the system manufacturers regarding when plain bearings
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have to be changed, i.e. when bearing wear reaches the wear limit
values.

In the final assessment of the technical condition, the vibration
standards from the prescribed vibration standards (ISO, 1974, 1995)
must be taken into account, due to the fact that drive systems are
coupled with other assemblies in mechanical and electrical systems,
which can interactively affect the operation of the whole system.

The spectral and correlation analysis of signals obtained on the
basis of measuring vibration parameters on internal and external
surfaces singles out frequency components related to wear of plain
bearings, at different speeds and operating modes without load and with
motor load. The diagnostic method does not require special preparations
and auxiliary devices for the installation of the measuring system.
Measurements are performed very simply and reliably. Repeatability of
the measurement results was achieved.

The person performing the diagnosis must have top knowledge and
experience in this field in order to qualitatively select diagnostic
parameters and measuring points, assess the factors influencing the
measurement results and analyze the measured quantities.

New diagnostic methods can determine bearing wear accurately
enough. New diagnostic methods and monitoring systems have a wide
range of possibilities of application: internal combustion engines, all
piston machines, hydroelectric power plants, thermal power plants,
process plants, and other plants. The new monitoring system for sliding
bearing diagnostics offers hardware and software support to various
systems for monitoring and checking the compatibility of devices and
equipment of many manufacturers, which are used for plant technical
diagnostics.
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AHAJTINS ®AKTOPOB BJIMAHNA, KOTOPBIE MOT'YT NPUYNHUTD
OWwnBKM NP MPMMEHEHMIN COBPEMEHHbBIX METOJOB
ONATHOCTUKN CKONBb3AWKMXCA NOALLNTTHNKOB HA
MALUNHOCTPOUTENBHbIX N SNEKTPOCTAHLINA

Hukona TN. Xerapay,

Cepbckas akagemusi usobpetartenei U y4eHbix,
r. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 55.00.00 MALULMWHOCTPOEHWE:
55.45.00 CypocTtpoeHue,
44.00.00 SHEPTETUKA

BWO CTATbW: opurmHanbHas HayyYHas ctaTbsl

Pe3some:

BesedeHue/uenb: B cmambe npedcmasnieHo npuMeHeHUe CO8peMeHHbIX
Memodos OuacHOCMUKU MOOWUNHUKOB CKOMbXXEHUS U aHarnu3 eriusitouiux
ghakmopos, Komopble Mo2ym 6bi38amb OWUOKU 8 pUMEeHEeHUU.
[NpedcmaesneHbl 803MOXHOCMU HalEXHO020 orpedesieHuUsi moao, kozda u
20e B803HUKHem npobriemMa, B803HUKarowasl npu U3HOCe MOOWUMHUKO8
CKOMbXeHUS npu danbHelwel sKcrayamayuu yCmaHOeKU.

Onpedensemcs, kak cucmema 6ydem rpodornkamb OyHKUUOHUPOBamb
C meyveHUeM 8pEMEHU, MPO2HO3UPYOMCS MPUYUHLI cboes U crnocobbi ux
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yempaHeHus, a makxe epeMs siaHo80o20 mMexHU4eCcKo2o O6C!'ly)KU86HUFI
mexHU4YeCcKux cucmem.

Memod. Hoebili Memod pewuaem ripobriemy duazHOCMUKU MOOWIUMHUKO8
CKOJMbXEHUS ymeM U3mepeHusi OUHaMUYeCKUX mpaekmopud mMyghmbi 8
MOOWIUMHUKE CKOJMIbXKEeHUsI U U3MepPeHUs1 rnapamMempos eubpayuu Ha
8HympeHHeld U 8HelwHel MO0BEPXHOCMSIX yCmaHOBKU. WsmepeHue
OuHaMu4ecKux mpaekmopul OrfopHOU emyriKu ocywecmerisemcsi ¢
ucrionb3oeaHuemM beckoHmaxkmHbix am4yukos. LleHmpuposaHue 30HA08
OMHOCUMerbHO 2e0MEeMpPUYECKo20 UeHmpa rnoGWUMNHUKa O4YEHb 8aXHO.
lNapamempsi subpauyuu uUsMepsiromcsi Ha 6HympeHHel U HapyXHou
[10BEPXHOCMSIX YCIMAaHOBKU, KOMOpble HENnocpedCmeeHHO Cesi3aHbl C
3a30pOM 8 MOOWUMHUKE CKOsbXXeHUs. Bbibop rnapamempos subpayuu u
MoYeK U3BMEPEHUs] O4YeHb B8axeH. 3mom memod umeem psid
rpeumMywecms o cpasHeHur ¢ Opyaumu memolamu OuascHOCMUKU,
[OCKOJ/IbKY OH umMeem sie2kuli 00Cmyri K moykam U3MEPEHUS.

Pesynbmambi:  [lymem  usmepeHusi OuUHaMU4YecKol mpaeKkmopuu
(mpaekmopuu) emyrniok 8 roOWUNHUKE CKOJIbXKeHUS, rnapamempos
subpayuu Ha sHympeHHel U Hapy>XHOU NMo8epxHOCMSIX Onpedesnsitomcs
pasmepbl 3asopa 8 [MOOWUMHUKe, KOmopble Xapakmepusyomcs:
HOpMasibHbIM ~ COCMOSIHUEM, HadallbHbIM pa3MepoM 3a3opa, €20
OarnbHelWuUM yserudeHUeM, pasmMepamu 3a3opa 8 MoOWUrNHUKe, Kkoeda
napamempbl COCMOSIHUSI  OfIUSKU K 8epxHeMy ripedesnibl  3a30pa
nodwWuUnHuUKa.

Bbigod: Hoeblie mMemolbl duasHOCMUKU U cucmeMbl KOHMPOss Mo2ym
WUPOKO MPUMEHSIMbLCS. Ha 08U2amerisX 6HYMPEHHE20 C20paHusi, Ha
8CexX [IIOPWHESbIX MawuHax, euGpPO3/IeKMPOCMaHyUsIX, Mernoebix
9/1eKMPOCMaHyUsIX, MEeXHOMO_2UYECKUX yCmaHo8Kax U MHOo2ux Opyaux
ycmaHoeKax.

Knroueeble  crosa: mexHudyeckass  OuasHocmuka,  MOOWUNMHUK
CKOMb)XXEHUS, 3a30p nodwurHuKa, U3HOC roOWuUNHUKa, e0/108Ka
nodwunHuka, duHamuyeckasi mpaekmopusi.

AHAJTTNSA YTUUAJHNX ®AKTOPA KOJUN MOTY MNMPOY3POKOBATU
MPELWKE Y NPUMEHN CABPEMEHUX METOJA OANJATHOCTUKE
KINMN3HNX NEXXAJEBA Y MALLMHCKNM U ENEKTPO
MOCTPOJEHLMMA

Hukona TN. Xerapay,
Cpncka akagemuvja usymmterba u HaydHuka, beorpag, Penybnuka Cpbuja

OBNACT: MalmrHCTBO, eHepreTuka, bpogorpaga
BPCTA YJ1IAHKA: opurMHanHim Hay4Hu pag
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Caxemak:

Yeod/uurb: Y pady je 0am ripuka3s npuMeHe caspeMeHuUx OujazHOCMUYKUX
Memoda KIMU3HUX Jiexajeea U aHanusa ymuuajHux ghakmopa Koju moey
rpoy3pokasmu epeuwke y rpumeHu. [pukasaHe cy moeyhHocmu da ce
rnoy3daHo ymepou kala u 20e he ce rojasumu rpobsieM Koju ce jasrba
rpu mpowery KIu3HUX fiexajesa y 0arboj ekcririoamauuju rnocmpojersa.
Ymephyje ce kako he cucmem Hacmasumu 0a GhyHKUUOHUWE MOKOM
epemeHa, npedsufjajy ce y3pouu Keapoea U Ha4YuH H-UX0802
OmKnarara, Kao U epeMe 3a [/1aHCKO 00pXagare MEexXHUYKUX
cucmema.

Memode: Hosa memoda pewaea npobrnem OujacHOCMUKE KITU3HUX
nexajesa, MepereM OUHaMUYKUX rymarba pyKasua y Ki3HOM Jiexajy u
Mepersem eubpayujckux napamemapa Ha yHympawrUM U 8aH>CKUM
rnospwiuHama nocmpojersa. Mepere AuHaMuykux rnymara pykasuya
Jiexaja epwu ce rnomohy beckoHmakmHux coHou. lNpu mome je eeoma
8axKHa ueHmpauuja coHOU y 0OHOCY Ha 2eoMempujcKu ueHmap rexaja.
Bpwu ce meperse eubpayujckux napamemapa Ha yHympawruMm U
8ar-CKUM rospliUuHamMa rocmpojera Koju cy y OupekmHoj ee3u ca
3a30poM Yy Ku3Hom rniexajy. llpu mome je eeoma eaxaH u360p
subpauujckux rnapamemapa u MepHux mecma. Osa mMemoda uma Hu3
npedHocmu y 00Hocy Ha Opyee OujacHocmu4Yke mMemode, rnowmo je
JjeOHocmasaH npucmyrn MepHUM Mecmuma.

Pesynmamu: Meperem OuHamudke riymare (mpajekmopuje) pykasaua
Yy KIU3HOM Jiexaju, eubpayujckux napamemapa Ha yHympawrum U
8ar-CKUM riospuwiluHama, ymephyjy ce eeruyuHe 3as3opa riexaja Koje
Kapakmepuuly: HOPMasiHO Cmak-e, MoYemHy 8eslu4UHYy 3a30pa, He2080
Oarbe nosehasarbe, genu4uHe 3a3opa sexaja, kada cy napamempu
cmarba brusy 2opr-e epaHulye 00380/bEHO2 3a30pa feXxaja.

Sakrbyyak: Hoee OAujazHocmuuke memode U MOHUMOPHU2 cucmemu
MO2y Ce WUPOKO [PUMEHUMU: Ha MomopuMa ca yHympawHUum
cazopesar-eM, Ha CBUM KIUMHUM MawuHama, XudpoesiekmpaHama,
mepmoerieKmpaHama, pPoUecHUM MoCmpojerbuMa U MHOo2UM Opyaum
rocmpojersuma.

KrbyuHe peyqu: mexHudka OujaeHoCmuKa, KU3HU fiexaj, 3a3op fexaja,
ucmpouwere fexaja, pykasay, niexaja, OuHamuyka rnymaroa.
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Summary:

Introduction/purpose: Ultrasonic spray pyrolysis (USP) is usually used for
the preparation of submicronic and nanosized gold powders. This is a
simple method for a synthesis from an aerosol containing dissolved
metallic salts such as gold chloride, gold nitrate, and gold-acetate,
obtained in the ultrasonic field using frequencies ranging from 0.8 to 2.5
MHz.

Methods: The USP method combines aerosol formation in an ultrasonic
field, transport of an aerosol with a carrier gas to the reactor and final
reduction of HAuCl,; with a used gas such as hydrogen and carbon
monoxide. The thermal decomposition of gold acetate takes place in a
neutral atmosphere such as nitrogen and argon at elevated temperatures.
The chemical reduction of HAuCl, takes place in the aqueous phase using
sodium citrate and sodium boride after heating water solution.

Results: Powders of gold were obtained at room temperature using
hydrogen reduction in an ultrasonic field at room temperature from HAuCl,
using a frequency of 0.8 MHz. The obtained gold particles were analysed
using scanning electron microscopy (SEM) and energy disperse
spectroscopy (EDS). The formed particles are round and agglomerated.
An increase in temperature to 260°C and 500°C leads to the formation of
spherical and cylindrical gold particles.

ACKNOWLEDGEMENT: The author would like to thank Mr. Sava Maksimovic and
Prizma Company, Kragujevac, Serbia, for their continuous support in the synthesis of
nanosized gold particles and for their permission to use some photos from their
deveopment programme focusing on a new ultrasonic generator and a USP horizontal
experimental setup.
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Conclusion: New improved equipment for an ultrasonic spray pyrolysis
synthesis of gold powder from HAuCl, with hydrogen reduction was
offered by PRIZMA, Kragujevac, Serbia, enabling a controlled reduction
process with better prevention of piezo transducers in an ultrasonic field
and increased aerosol production and its transport to the reaction furnace.

Key words: gold, advancement, ultrasonic spray pyroylsis, synthesis.

Introduction

Various strategies are used for the synthesis of gold nanoparticles.
Traditionally, physicochemical techniques have increased environmental
concerns due to the reduction of metal ions followed by surface
modification, toxic compounds added for stability, and dangerous by-
products. The currently used nanoparticle synthesis based on chemical
and physical methods at high temperature and pressure values, with
reduced introduction of stabilizing agents, asks for a new nanoparticle
synthesis based on improved ultrasonic spray pyrolysis of water solutions
at a room temperature and atmospheric pressure, in the presence of
some additives and stabilizing agents. A green synthesis method
provides a faster metallic nanoparticle production by offering an
environmentally friendly, simple, economical, and reproducible approach.

Gold as a noble metal has resistance to corrosion and it is mostly
used in jewellery and currency. Schmid and Corain (2003, pp.3081-3098)
studied the synthesis, structures, electronics, and reactivity of gold
nanoparticles. Both physical and chemical methods are usually used in
order to produce gold nanoparticles. A decrease in the size of gold
nanoparticles had dramatic consequences on their physical and chemical
properties.

Gold nanoparticles can accelerate the oxidation processes better
than micron-sized ones (Bond, 2008, pp.235-241). Examining the
published results and especially the patents granted before 1978 reveals
frequent observations of the potential of gold as a catalyst. (Qi, 2008,
pp.224-234) reported the production of propylene oxide over nanosized
gold catalysts in the presence of hydrogen and oxygen. Polte et al (2010,
1296-1301) reported the mechanism of gold nanoparticle formation in the
classical citrate synthesis method derived from coupled in situ XANES
and SAXS Evaluation. The same method was used by Turkevich in 1953
(Turkevich et al, pp.670-673). This method confirmed good quality control
of the particle size, in the range between 22 and 120 nm. A big
disadvantage of the citrate method is that high excess remains in the
final solution. The residual citrate and sodium in the solution, acting as a
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passivation layer on the surface of nanosized gold, reduce the
effectiveness of surface functionalization with other biological markers.
The efficient recovery of scraps and wastes in gold jewellery
manufacture is a vital component of a profitable manufacturing business,
irrespective of whether it is a large factory or a small, traditional
workshop (Corti, 2002, pp.111-130). Possible techniques for gold
purification contain: 1) cupellation, 2) Miller chlorination process, Wohlwill
electrolytic process, 3) Fizzer cell, 4) solvent extraction, 5) Aqua regia
process, and 6) pyrometallurgical process. The process for recovering
gold from a chloride solution involves adding finely divided activated
carbon to the solution for the reduction of gold metal and subsequent
absorption of gold metal by carbon (Piret et al, 1977). The most used

methods for the synthesis of gold powder are presented in Table 1.

Table 1 — Most used methods for the synthesis of gold powder
Tabnuua 1 — Haubonee pacripocmpaHeHHbie Memodbl MOy4YeHUs1 30/10MOo20 NMopowKa
Tabena 1 — Hajyewhe kopuwheHe memode 3a cuHme3y ripaxa 00 3nama

Author Method Precursor aRgeg:tcmg Particle Size (nm)
(Schmid & Corain,
2003, pp.3081- Reduction HAuCl4 P Spherical
3098)
(Polte et al, 2010, . - Spherical
pp.1296-1301) Reduction | HAuCl NasCeHsO7 | - below 100 nm
Precious metal
Reduction containing - Agglomerated
(Piret et al, 1977) N . Zn, Fe irregular form
precipitation | chloride
- above 1000 nm
leach
(Young et al, . Spherical
2011) Reduction HAuCl, CO 2:100 nm
(Treguer- -Non-spherical
Delapierre, 2008, Reduction HAuCl, NaBH4 -below 100 nm
pp-195-207)
. Water solution .
(Rudolf et al, lSJIt::sonlc after dissolution ;:S“Fr)] Zerirg;?l’
2012, pp.595-612) | SPray of jewellery Hz Y ’
pyrolysis scrap in triangular
&reduction P - below 100 nm
HNO3/HCI
(Turkevich et al, Reduction in .
Spherical
1953, pp.670-673) | an aqueous HAuCl, NazCsHs07
phase 20-150 nm

Young et al (2011) reported on a successful hydrometallurgical
production of nanosized gold from HAuCl, using carbon monoxide gas as
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a selective gold precipitating agent. The size of gold nanoparticles is
adjustable from 4 and 100 nm by altering the concentration of HauCl,
and the inlet carbon monoxide injection flow rate. Fast synthesis rates at
room temperature ease tunability and the absence of cytotoxic by-
products allows these CO-based gold nanoparticles to be optimized and
readily produced for biomedical and industrial application.

The development of a colloid chemistry route continues to be
essential for the synthesis and manipulation of anisotropic gold
nanoparticles, with the major requirements already demonstrated by
Tréguer-Delapierre et al (2008, pp.195-207), such as the control of the
nuclei shape and the growth on specific facets. A key feature of non-
spherical nanoparticles is that their optical properties vary dramatically
with their physical dimensions. In contrast to gold spherical
nanoparticles, their resonance frequency is tuneable over a wide range
from blue to near infrared and enables one to set the surface plasmon
resonance to a wavelength or spectral region specific to a particular
application. Together with a high degree of biocompatibility of gold, these
structures show potential in a wide variety of biological applications
(Rudolf et al, 2012, pp.595-612). Spherical, round and -cylindrical
nanosized particles of gold were synthesized by ultrasonic atomization of
chloride-nitrate solutions based on gold from jewellery scraps and an
alloying element (Cu, Ag, Zn, In, and Ni). A subsequnt decomposition of
the obtained solution at temperatures of 300°C and 800°C in hydrogen
and nitrogen atmospheres was performed. The aerosols produced by the
resulting frequencies of 0.8 and 2.5 MHz were transported by a carrier,
mostly a reduction gas, into a hot reactor, where aerosol droplets
undergo drying, droplet shrinkage, solute precipitation, thermolysis, and
sintering to form particles with different forms.

The gold formation from HAuCI, takes place in two steps (Stopic et
al, 2013, pp.577-583) using ultrasonic spray pyrolysis:

First step:2 HAuCl, = Au,Clg + 2 HCI (2)
Second step: Au,Clg + 3 H, = 2Au + 6 HCI (3)

Under the spray pyrolysis conditions, hydrogen was passed
continuously through the quartz tube (1= 1.0 m, b= 20 mm) at a flow rate
of 1 I/min. Then, atomized droplets of the solution from gold auric acid
were transported further by hydrogen to the furnace for the subsequent
reduction of gold chloride at a different reaction temperature between
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260°C and 500°C. After the completed reduction process, the obtained
gold nanopowder was collected in a reaction tube and in two bottles with
ethanol and water. The presence of triangular, rounded, and irregular
particles revealed that the synthesis of gold nanoparticles is possible at
temperatures lower than the melting point of gold.

On the other hand, both the methods and the parameters for the
synthesis depend on the available equipment capable of supplying
suitable conditions for ultrasonic spray pyrolysis and a subsequent
treatment of the prepared powder. Kozhukharov and Tchaoushev (2013,
pp.111-118) showed a basic construction of the equipment for spray
pyrolysis in a vertical chamber, a horizontal chamber and a chamber for
film deposition. The horizontal construction permits the separation of
drops and particles based on their size. The basic operation units of each
spray pyrolysis installation, regardless of its construction, are a spray
nozzle or a nebulizer, a heat source and a product collector or a
substrate for deposition. The employment of an ultrasonic nebulizer
instead of a conventional nozzle enables production of nanomaterials in
a form of monodispersive fine powders with easy particle size control by
the variation of the ultrasound frequency and the concentration of water
solution.

The present work is our attempt to summarize the basic parts and
types of equipment as well as the conditions for the preparation of gold
nanoparticles using ultrasonic spray pyrolysis. Regarding the very acidic
and corrosive properties of a precursor solution such as HAuCl,4, the aim
is to propose new equipment for an environmental friendly process for
the synthesis of gold nanoparticles aiming for a continuous process in
laboratory conditions with on-line control of an injection of precursor,
level of liquid in an ultrasonic atomizer and improved transport with
increased residence time in the reactor.

Laboratory scale horizontal USP equipment without a
furnace

The experimental setup for the synthesis of nanogold particles is
shown in Figure 1. The proposed equipment contains a gas station for
hydrogen (a bottle with hydrogen and a flowmeter with a connection), a
thermostat and an ultrasonic spray pyrolysis generator, as shown in
Figure 1.
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Figure 1 — One step USP lab-scale horizontal equipment
Puc. 1 - NopusoHmarnsHoe ycmpolicmeo 071 osy4eHus rnopowka nymem
00HOWa208020 yrbMpPa3ssyKoe8o20 pacribiieHUs pacmeopa
Cnuka 1 — Xopu3soHmarHa anapamypa 3a CUHme3y rpaxosa ynmpasgyyHum
pacnpwusar-eMm pacmeopa y jeOHOM KopaKy

The thermostat is responsible for the prevention of overheating of
the piezo transducer. Our first results are related to a new study of the
preparation of gold nanoparticles from gold auric acid (1 g/L) by
ultrasound-assisted reduction using 0.8 MHz at room temperature in
hydrogen (a flow rate of 2 I/min) in the absence of a reaction furnace.
These first results have confirmed the formation of gold nanoparticles
under the above mentioned conditions, as shown in Figure 2, where a
scanning electron microscope (ZEISS DSM 982 Gemini, Carl Zeiss
Microscopy GmbH, Oberkochen, Germany) was used for the
characterization of the obtained gold powders. The SEM images were
used to observe the surface morphology of the particles formed at
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different parameter sets. The qualitative characterization of the impurity
level was performed by the energy disperse spectroscopy (EDS) analysis
with an Si(Bi) X-ray detector connected to the SEM and a multi-channel
analyser.

Au

L A
N —

— 1.Iﬂl'l 2.Iﬂl'l 3.Iﬂl'l 4.l"ll'l S.hﬂ ﬁ.hn T.hﬂ ﬁ.hﬂ Q.Inﬂ 1ﬂl.ﬂl'l 11I.ﬂl'l 12I.l'll'l 13I.l'lﬂ
SE 150KV ¥50000 100nm WD 9.8mm Energy - keV

Figure 2 — SEM and EDS analysis of the gold particles obtained in the ultrasound field at
room temperature
Puc. 2— COM u OSPC aHanu3 30/10mbixX MOPOWKO8, M0/1y4EHHbIX 8 YIbmpa3gyKoeom
rosne rpu KoOMHamHolU memnepamype
Cniuka 2 — CkeHupajyha eflekKmpoHcKa MUKpOCKoriuja u eHepaemcka ducrep3usHa
criekmpocKoruja npaxoea 3nama 00bujeHUX y ynmpa3sey4YHoOM Mosby Ha CObHOJ
mewmnepamypu

These results confirm that ultrasound can induce the reduction of
HAuCI, with hydrogen. This study has to establish the current limitations
of this induced synthesis. The relationship between the ultrasound
frequency and the produced nanoparticles will be investigated in order to
explain this phenomenon. Kinetic studies of the reduction of Au(lll)
complex ions and the gold nanoparticle formation with hydrogen at room
temperature will be studied. The rate law and the rate limiting step will be
established. The Finke-Watzky Two-Step Nucleation—Autocatalysis
Model will be studied for gold nanoparticles. The two-step particle
synthesis mechanism, also known as the Finke—Watzky (Watzky &
Finke, 1997, pp.10382-10400) mechanism, has emerged as a significant
development in the field of nanoparticle synthesis. It explains a
characteristic feature of the synthesis of transition of metal nanoparticles,
an induction period in the precursor concentration followed by its rapid
sigmoidal decrease. The two-step mechanism considers slow continuous
nucleation and autocatalytic growth of particles directly from the
precursor as its two kinetic steps.
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Laboratory scale horizontal USP equipment with a
furnace

In order to improve the gold preparation by USP and hydrogen
reduction, an additional furnace was used in the experimental set, as
shown in Figure 3. With a concentration of gold in auric acid of 1.25 g/L,
temperature of 260°C and 500°C, a hydrogen flow rate of (2 L/min), and
an ultrasound frequency of 0.8 and 2.5 MHz, the obtained particles have
cylindrical and spherical forms, as shown in Figure 4. (Dittrich et al, 2011,
pp.1065-1076)

-
>

Flowmeter

=

[

-
o 40

Fumace

H :

Z
[7

Outlet

—_—
o)
L
—»Thermostat
— - 4’
Cooling
Water - - -
Ultrasonic Collection
Atomizer Chamber

Figure 3 — Schematic drawing of the experimental apparatus for the synthesis of gold
nanopatrticles from a gold-chloride solution
Puc. 3 — Cxema skcriepumMeHmarnbHo20 ycmpoticmea 0r1si u3enedyeHus HaHo4acmuy,
30/10ma u3 pacmeopa xropuda 30/10ma
Cnuka 3 — LLlemamcku npuka3 ekcriepuMeHmarsiHe anapamype 3a cuHmesy
HaHoYecmuya 3rnama u3 pacmeopa 3ramo-xnopuda

Three most important components of the USP equipment contain: 1)
aerosol production in an ultrasonic field, 2) aerosol transport to the
reaction furnace and the reduction of HAuCl, to Au, and 3) collection of
gold particles in water and alcohol with its stabilization.
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SE 150KV X40,000 100nm WD 10.0mm

Figure 4 — Gold nanoparticles produced by USP (T=260°C, 2.5 MHz)
Puc. 4 — HaHowyacmuupbl 3051oma, rosy4YyeHHble yibmpaseyKo8biM pacrbiieHuem
pacmeopa (T=260°C, 2.5 MHz)
Cnuka 4 — HaHo4yecmuuye 3rama rpousgedeHe ynmpassyyHUM pacrpuiusarb-em
pacmeopa (T=260°C, 2,5 MHz)

The big disadvantage of this process is frequent destruction of the
piezo-transducer in contact with an acidic solution in the ultrasonic
generator during aerosol production. This problem becomes very urgent
for the solution obtained from secondary sources based on the
dissolution of jewelry scraps in a high acidic solution of aqua regia, where
the solution pH-Value is negative and the gold concentration is higher
than 20 g/I. The losses of aerosol were detected during aerosol transport
to the reactor. A higher flow rate of the carrier gas brings better transport
of aerosol to the reactor furnace, but the residence time is shorter.
Finally, collection of gold nanoparticles using either an electrofilter or a
wet scrubber system is an open question for the future work in order to
increase collection efficiency. A fully controlled process with an
continuous injection is of the highest challenge in particular.

Improvement of the horizontal USP equipment

Regarding the previously mentioned disadvantages of the USP
processes, some improvements are required and achieved firstly for the
aerosol production using a new ultrasonic atomizer: PROFI SONIC and
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PRIZNano, Kragujevac, Serbia. The main aim is to enable
environmentally friendly aerosol production in an ultrasonic generator.

PROFI SONIC ultrasonic generator

Aerosol production from water solution was performed using the
ultrasonic nebuliser (power: 55 W), PROFI SONIC, PRIZMA Kragujevac,
transmitting the energy of ultrasonic vibrations (ultrasonic frequency of
1.7 MHz) from the vibrator located at the bottom of the water tank into
water, as shown in Figure 5. Ultrasonic vibrations are transmitted to the
medication cup (volume of 300 ml) through water in the water tank.
Ultrasonic vibrations emit medication from the medication cup (like a
fountain) and it is dispersed as aerosol. The air from the fan carries this
nebulised medication out of the medication cup. The maximum
production of aerosol amounts to 3 ml/min with a droplet size between
0.5-5 ym. The operation temperature is between 15 and 40°C. This
ultrasonic generator allows the water solution of metallic salt to be
separated from the piezo transducer, and protected during this work. This
atomizer has also a control unit and a possibility to monitor the required
time for the production of an aerosol.

FRILNES
=! B
w’
@

Figure 5 — Principle of aerosol production with an ultrasonic atomizer
Puc. 5 — MpuHyumn nonyyeHuss aspo30sis C MOMOWbIO yIbmpa3syKo8o2o pachbinumers
Cnuka 5 — MpuHyun npou3eodre aepocona ca ynmpa3syyHUM amomu3epom

PRIZNano Generator

The usage of three piezo-electric crystals with a frequency of 1.7
MHz guarantees a large atomization capacity up to 1.2 I/h, which
provides the production of large quantities of aerosol, ideal for
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independent use (humidification of large spaces) or, in a combination
with other systems, for the production of nanoparticles, as shown in
Figure 6. The result of new development by PRIZMA, Kragujevac,
Serbia, is a compact PRIZnano ultrasonic pyrolysis generator with the
dimensions of 300x300x450 mm and a weight of 3 kg. The atomizer can
be powered from an AC power supply of 110 V to 240 V, 50 Hz or 60 Hz,
and the maximum power consumption is 150 W. This generator was
successfully used for the synthesis of metallic and oxidic particles at the
RWTH Aachen University. Then, this PRIZNano is connected with a
control unit as shown in Figure 6, which regulates the operation of each
of three transducers. A flow meter is especially installed at an ultrasonic
atomizer for the carrier gas. A special sensor is added for monitoring the
solution level in the ultrasonic atomizer in order to prevent destruction of
piezo transducers through the total consumption of the studied solution.
The second sensor is responsible for the continuous injection of the
solution in time. This type of generators does not use additional
thermostats for cooling the solution in the ultrasonic atomizer. A special
electronic unit controls the operations of all three piezo transducers in
time, solution injection, and aerosol production power, as shown in
Figure 6 (right). In contrast to the most frequently used GAPUSOL, RBI,
France, this ultrasonic atomizer has shown many advantages (corrosion
resistance, aerosol production and its transport, better control of
transducer operation, and continuous solution injection).

I w—

Figure 6 — PRIZNano aerosol generator, Kragujevac, with the electronic control unit
Puc. 6 — N'eHepamop asposonel NPU3HaHo, 2. Kpazyeesau, ¢ 351eKmpOHHbIM 6510KOM
yrnpasneHusi
Cnuka 6 — l'eHepamop aaepocona PRIZnano ,lMpusme” u3, Kpazyjesua, ca KOHMPOITHOM
€/1eKMPOHCKOM jeOUHULU0M
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The first measurement of the production and transport of aerosol in
a PRIZNano generator from the water solution using different flow rates
is shown in Figure 7.

Transport of aerosol of H,O
1 hour, power (97%), 3 x 1.7 MHz

400 -

300 ~ /
200 4

100 - ~

transported volumen of aerosol
{ml/hour)

0 1 2 3 - 5 6 7 8 9 10 11

flow rate of air (I/min)

Figure 7 — Transport of aerosol depending on the air flow rate
Puc. 7 — lNepemeuweHue aspo30ss 8 3agucuMocmu om pacxoda 8o3dyxa

Cnuka 7 — lNpeHowere aepocorna y 3agucHocmu 00 rnpomoka ea3dyxa

As shown in Figure 7, an increase in the flow rate increases the
transport of aerosol.

The maximal transport is 330 ml in 60 min using 10 I/min.

Improved horizontal USP setup

Based on the previously mentioned improvements, new horizontal
USP equipment was installed at PRIZMA, Kragujevac, Serbia.
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Figure 7 — Improved USP Setup: a bottle with HAuCl, solution (yellow color), a peristaltic
pump, an ultrasonic atomizer (f=1.7 MHz), an electronic unit with on-line process control,
a quartz tube, a horizontal furnace and a bottle with water for the collection of gold
nanoparticles (purple color, particle size approx. 50-80 nm)

Puc. 7 — Yny4yweHHoe ycmpolicmeo yrbmpasgyKoeo2o pacribiiumeris: 6asnioH ¢
pacmeopom HAuCly (xenmbil ugem), winaH208bIl Hacoc, yrbmpasgyKkoeol
pacnsinumens (f = 1,7 MI'y), anekmpoHHbIl 6510K yripasneHusi, keapyesasi mpybka,
20pu3oHmMarnbHasi ne4s u 6asnnoH ¢ 8o0ol Orisi U3eieyeHuUsi HaHo4acmuy 3o/0ma
(¢puonemosniti ysem, pazamep Yacmuy, okoso 50-80 Hm)

Cnuka 7 — lNobosbwaHa onpema 3a cuHme3sy rpaxosa yrmpa3ssyyHUM pacrpuiugarem
pacmeopa: boya ca pamsopom HAuCl,, (kyma 60ja), nepucmamudyka nymna,
ynmpassyyHu eeHepamop (cbpekseHua 1,7 MHz), enekmpoHrcka jeduHuya ca
HerpeKkuGHOM KOHMPOJIOM fpoueca, KeapyHa ues, xopudoHmarsnHa neh u 6oya ca eodom
3a caKyrn/bake HaHodYecmuuya 3rnama senuduHe npubnuxHo usmehy 50 u 80 nm
(mbybuyacma 6oja)

The advantages of new USP equipment:

- On-line control of the liquid level in the ultrasonic atomizer,

- Continuous injection of the solution into the ultrasonic atomizer,

- Better protection of the piezo transducer, because a separate
bottle with HAuCI, solution prevents contact with the piezo
transducer and its destruction,
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- Higher aerosol production and its transport to the furnace in order
to decrease losses of aerosol,

- Full control of aerosol production using three transducers (f=1.7
Mhz) via the electronic unit,

- Improved collection of powder using a newly constructed
electrofilter which is not presented in this work but is available as
part of this USP equipment constructed by PRIZMA, Kragujevac,
Serbia.

Conclusion

A critical analysis of the state of the art in preparation of nanosized
gold particles using different reducing agents such as sodium citrate,
sodium boride, zinc and iron powder, carbon monoxide, hydrogen, and
phosphorus, producing spherical, cylindric and agglomerated gold
particles, has made ultrasonic  spray pyrolysis a  highly promising
method. The use of gaseous reducing agents such as hydrogen and
carbon oxide leads to the synthesis of gold particles using reduction at
room temperature. An increase in temperature between 260°C and
500°C supports the formation of spherical and cylindrical particles. New
horizontal USP equipment offers many advantages in order to obtain one
continuous controlled process, which is missing in the production of
nanogold particles. Because of their very low production rate, USP
processes are not industrially developed in comparison to traditional
primary metallurgy for gold production. Therefore, scaling up these USP
processes is a big challenge in the future related to the synthesis of
nanogold.

References

Bond, G. 2008. The early History of Catalysis by Gold. Gold Bulletin, 41(3),
pp.235-241. Available at: https://doi.org/10.1007/BF03214875.

Corti, C. 2002. Recovery and refining of gold jewelry scraps and waste. In:
The Santa Fe Symposium - The Premier Conference For Jewelry Makers,

Albuquerque, NM, pp.111-130 [online]. Available at:
http://www.santafesymposium.org/2002-santa-fe-symposium-papers/2002-
recovery-and-refining-of-gold-jewellery-scraps-and-wastes [Accessed: 10
August 2020].

Dittrich, R., Stopic, S. & Friedrich, B. 2011. Mechanism of nanogold
formation by ultrasonic spray pyrolysis. In: Proceeding of EMC 2011 - European
Metallurgical Conference, Duesseldorf, June 26-29, pp.1065-1076 [online].
Available at: http://www.metallurgie.rwth-
aachen.de/new/images/pages/publikationen/emc2011_id_5231.pdf [Accessed:
10 August 2020].

890




Kozhukharov, S. & Tchaoushev, S. 2013. Spray pyrolysis equipment for
various application. Journal of Chemical Technology and Metallurgy, 48, pp.111-
118 [online]. Available at:
https://www.researchgate.net/publication/283826563_Spray_pyrolysis_equipme
nt_for_various_applications [Accessed: 10 August 2020].

Piret, N.L., Hopper, M. & Kudelka, H. 1977. Process for recovering silver and
gold from chloride solutions. US Patent number 4131454 [online]. Available at:
https://patents.google.com/patent/US4131454A/en [Accessed: 10 August 2020].

Polte, J., Ahner, T.T., Delissen, F., Sokolov, S., Emmerling, F.,
Thinemann, A.F. & Kraehnert, R. 2010. Mechanism of Gold Nanoparticle
Formation in the Classical Citrate Synthesis Method Derived from Coupled In
Situ XANES and SAXS Evaluation. Journal of the American Chemical Society,
132(4), pp.1296-1301. Available at: https://doi.org/10.1021/ja906506j.

Qi, C. 2008. The production of propylene oxide over nanometer Au
catalysts in the presence of H, and O,. Gold Bulletin, 41(3), pp.224-234.
Available at: https://doi.org/10.1007/BF03214874.

Rudolf, R., Friedrich, B., Stopi¢, S., Anzel, ., Tomié, S. & Colié, M. 2012.
Cytotoxicity of Gold Nanoparticles Prepared by Ultrasonic Spray Pyrolysis.
Journal of Biomaterials Applications, 26(5), pp.595-612. Available at:
https://doi.org/10.1177/0885328210377536.

Schmid, G. & Corain, B. 2003. Nanoparticulated Gold: Syntheses,
Structures, Electronics, and Reactivities. European Journal of Inorganic
Chemistry, 2003(17), pp.3081-3098. Available at:
https://doi.org/10.1002/ejic.200300187.

Stopic, S, Rudolf, R., Bogovic, J., Majeri¢, P., Coli¢, M., Tomié, S., Jenko,
M. & Friedrich, B. 2013. Synthesis of Au nanoparticles prepared with ultrasonic
spray pyrolysis and hydrogen reduction. Materials and Technology, 47(5),
pp.577-583 [online]. Available at: http://mit.imt.si/izvodi/mit135/stopic.pdf
[Accessed: 10 August 2020].

Tréguer-Delapierre, M., Majimel, J., Mornet, S., Duguet, E. & Ravaine, S.
2008. Synthesis of non-spherical gold nanoparticles. Gold Bulletin, 41(2),
pp-195-207. Available at: https://doi.org/10.1007/BF03216597.

Turkevich, J., Stevenson, P.C. & Hillier, J. 1953. The Formation of Colloidal
Gold. The Journal of Physical Chemistry, 57(7), pp.670-673. Available at:
https://doi.org/10.1021/j150508a015.

Young, J.K., Lewinski, N.A., Langsner, R.J., Kennedy, L.C., Satyanarayan,
A., Nammalvar, V., Lin, AY. & Drezek, R.A. 2011. Size-controlled synthesis of
monodispersed gold nanoparticles via carbon monoxide gas reduction.
Nanoscale Research Letters, 6(art.numb.428). Available at:
https://doi.org/10.1186/1556-276X-6-428.

Watzky, M.A. & Finke, R.G. 1997. ransition Metal Nanocluster Formation
Kinetic and Mechanistic Studies. A New Mechanism When Hydrogen Is the
Reductant: Slow, Continuous Nucleation and Fast Autocatalytic Surface Growth.
Journal of the American Chemical Society, 119(43), pp.10382-10400. Available
at: https://doi.org/10.1021/ja9705102.

891

Stopi¢, S. et al, Advance in ultrasonic spray pyrolysis (USP) for the synthesis of gold nanoparticles, pp.877-894



E* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

COBEPLIEHCTBOBAHWE YIIbTPA3BYKOBOI'O PACIILINIEHUA
AnA U3BNEYEHNA HAHOYACTWL, 3OJTIOTA

Cpeuko P. Ctonny, koppecnoHaeHT, 6epHO . Ppugpux

TexHnuyeckuit yHuBepcuTeT ropoga AxeH,

MHCTUTYT MeTannypru4yecknx NpoLeccoB U peLuKMpoBaHusi MeTarsos,
r. AxeH, PepepatueHas Pecnybnuka MepmaHus

PYBPUKA M'PHTU: 61.00.00 XUMNYECKAA TEXHONOTIMA. XUMUYECKAA
MPOMBIWIIEHHOCTb:
61.13.21 Xvimuyeckne npouecchl

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Peswome:

BeeneHue/uens: Yrbmpa3sykogoe pacriblieHue 0bb/4HO UCMob3yemcsi
0ns1 nMonyYeHus1 CyOMUKPOHHbBIX HaHoYacmuy, U HaHoYacmuy, 3orioma ¢
MOMOWbIO  YIIbMPassyKo8o2o pacrbiiumerns. 3mo npocmol mMemod
cripeli-nuporu3sa, codepxxawieao Colu Memarios, makux Kak: X/opud
30/10ma, HUmpam 30/10ma u auemam 30/10ma, Komopble 06pa3yromcsi 8
yribmpasgykogom riosie ¢ Yacmomamu om 0,8 do 2,5 My,

Memodbi: B yrnbmpa3sgykosom pacribiiieHuu codemaemcsi obpasosaHue
aspo30/sisi 8 OOHOM YIbMPa3gyKoBOM r10/1e C €20 MepeMewieHUeM 8
peakmop ¢ ucriofnib3oeaHueMm 2asa-Hocumernsi USP u okoHyamesibHoe
80ccmaHoerieHUe € ucriofib3o08aHuemM eodopoda usu  MOHOOKcuda
yanepoda. TepMmudyeckoe pasfioxeHue auemama 30/10ma rnpoucxooum 8
HeldmparnbHolU ammocghepe, makol Kak a3om U apaoH, npu rnoebIUEeHHbIX
memrepamypax. NosbilweHue memrnepamypbi eoccmaHoeneHusi 00 260
u 500 ° C npueodum k obpa3osaHUO UYUIUHOPUYECKUX U CehepuyecKux
Yacmuuy. Xumudeckoe eoccmaHoerieHue rnpoucxodum e 8o0Hol ¢hase ¢
ucriofie308aHUeM yumpama Hampusi u bopuda Hampusi rocre
HazpesaHUusi pacmeopa.

Pesynbmamsi: 3onomabie nopowku 6biu nosyqYeHb! rnpu KOMHamHou
memrnepamype 8occmaHoerieHueMm 8000po0OM 8 YIbmpassyKo8oMm
rnone npu KoMHamHoU memnepamype u3 pacmeopa HAuCl, c¢
yacmomol ynbmpa3ssyka 0,8 MIy. llonydyeHHble 4Yacmuuybl 30110ma
aHanu3upoeanucb € OMOWMbI0  CKaHupyrowel  37eKmpOoHHOU
Mmukpockoriuu  (COM) u 3sHep20duCcrepCcUoOHHOU pPEeHM2eHO8CKOU
crnekmpockonuu  (3PC). ObpasosaHHble  aarioMepupO8aHHbIE
yacmuuybl umetom cghepudeckyro ¢popmy. lNosbiwieHUe memnepamyps!
0o 260 ° C u 500 ° C npusodum k obpasosaHuio cghepudecKux u
YUIUHOpUYECKUX Yyacmuy, 30/10ma.

Bbigeodbl:  Hosoe  ycosepuwieHcmgogsaHHoe  obopydosaHue — Ons
u3sernedyeHusi 30/10ma fymem yJrbmpa3sgyKo8o20 pacribifieHUsi pacmeopa
HAuCI, u eoccmaHogrieHusi 8000p000oM bbInio rPedrioXeHO KomraHueu
PRIZMA, ea. Kpaeyesau, Pecnybnuka Cepbus, 4mo ro3eosnsgem
KOHMpOouposame npouyecc c nyqwed 3awumodi
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nbesonpeobpazoeamersi 8 yrbmMpasgykogoM rlofie U yeenudusams
obpa3osaHue as3po307isi U €20 MepemMeLeHUe 8 PeaKyUOHHYIO Meyb.

Krtouegble criosa: 30710mMo, COBEpLUEHCMBO8aHUe, Yilbmpa3sgyKoeoe
pacribiieHue, CUHMe3.

HAMPEOAK Y YNTPASBYYHOM PACIPLUMBAHY 3A CUHTE3Y
HAHOYECTULA 3NATA

Cpehko P. Ctonuh, ayTop 3a npenucky, 5epHd I'. ®puapnx

TexHnukn yHuBepaunTeT y AxeHy, IHCTUTYT 3a npouecHy MeTanyprujy u
peunknupake metana, AxeH, CaBesHa Penybnuka Hemauka

OBNACT: xemujcke TexHornoruje
BPCTA YJTAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Ynmpa3sey4yHo pacrnpuiusarbe 06U4YHO je KopuwheHo 3a
npuripemy Cy6MUKDPOHCKUX U HaHoyecmuua 3rama. To je jeOHocmasHa
Memoda cuHmMe3e U3 aepocosia Koja cadpXXu MemarsiHe Cosu Kao Wmo cy
3/1amo-x/1o0pud, 31amo-HUmpam u 3ramo-ayemam, Koju cy ghopmupaHu
y yrimpa3sey4HOM rosby ca ¢hpekeeHyujama usmedjy 0,8 u 2,5 MHz.

Memode: Ynmpasgy4Ho pacripwueare KoMbOuHyje ¢hopMupaH-e
aepocora y jeGHOM yrmpa3gy4yHOM M0oJsbYy ca H-e208UM MPaHCIOPMOoM Y
peakmop kopuwherem Hocehez 2aca USP u 3aspwHoM pedyKyujom
rmomohy eo0oHuUKa unu yarbeH-MoHoKcuda. [Jo mepmuykoz pasrazar-a
3namo-auemama doriasu y HeympasiHoj ammocrighepu Kao Wwmo je asom
U apeoH Ha MosuweHUM memrepamypama. Yeehawe memrnepamype
pedykuuje 0o 260°C u 500°C eodu 0o dobujarba YUMUHOPUYHUX U
copepHUx Yecmuua. Xemujcka pelykyuja Oewaea ce y 600eHOj hasu
KopuwheweM  Hampujym-yumpama U  Hampujym-6opuda  HakoH
3azpesarba pacmeopa.

Pesynmamu: [lNpaxosu 3nama 0obujeHu cy Ha CObHOj memnepamypu
Kopuwherem pedykuuje 8000HUKOM y jeOHOM yrimpa3ey4yHOM ro/by Ha
cobHoj memnepamypu u3 pacmeopa HAuCl, npu dbpekeeHUyU
ynmpa3ssyka 00 0,8 MHz. [JobujeHe Yecmuuye 3rama aHasusupaHe cy
CKeHupajyhom enekmpoHckoM Mukpockonujom (CEM) u eHepeemcku
Oucniep3usHom criekmpockonujom (ELJC). Ob6pasosaHe yecmuue cy
chepHe u azriomepucaHe. Yeehare memnepamype do 260°C u 500°C
800U 00 ghopmupar-a cehepHUX U UUMUHOPUYHUX Yecmuua 31ama.

Bakrbyyak: Hogy noborbwaHy onpeMy 3@ CuHmesy  3nama
yrnmpa3sey4YHuUM pacrnpuwusaem pacmeopa HAuCl, u pedykyujom
8000HUKOM roHyduna je ,[lpusama” u3z Kpazyjesua (Cpbuja). OHa
omoeyhasa KoHmMporsucaH npouec ca 60/bOM 3amumumoM fnpemesapaya
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y ynimpa3agy4HoM rosby U yeehaHoM Mpou3800H-0M aepocosia U he208um
MpaHCropmom y peaxuuoHy reh.

KJ'by'-IHe peyu. 3r1amo, HanpeOaK, ynmpasaegy4Ho pacripuwusame,
CUHMe3a.
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Abstract:

Introduction/purpose: Some properties of the zeta function will be shown as well
as its applications in calculus, in particular the “golden nugget formula” for the
value of the infinite sum 1+ 2+ 3 + ---. Some applications in physics will also
be mentioned.

Methods: Complex plane integrations and properties of the Gamma function will
be used from the definition of the function to its analytic extension.

Results: From the original definition of the ((s) function valid for s > 1 a mero-
morphic function is obtained on the whole complex plane with a simple pole in
s=1.

Conclusion: The relevance of the zeta function cannot be overstated, ranging
from the infinite series to the number theory, regularization in theoretical physics,
the Casimir force, and many other fields.

Key words: Zeta function, analytic continuation, complex plane integration.

Definition of the Zeta Function and its generalization

Consider the complex variable s = o + it with o and ¢ being real. For

o > 1 the series
+o0 1
() =) — (1)
n
n=1
is convergent. This defines the zeta function, already known to Euler (Eu-
ler, 1738), (Euler, 1740), the properties of which were discovered by Rie-

mann (Riemann, 1859) more than 100 years after Euler’s works.
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One generalization of this function is the following function

—+00

C(S,a)_zmla)s (2)

n=0

with ¢ > 0 due to Hurwitz (Hurwitz, 1932). For a = 1 one recovers the zeta
function. Working with the Hurwitz zeta allows us to obtain more general
results that can immediately be translated for the zeta function in the case

C(s,1).

By considering the definition of the I" function

I(s) = /0+OO ¥ e dx (3)

and by applying the substitution = — (n+ a)x, where n is an integer, we get

+oo
I'(s) = / " Hn + a)Pe 2Dy 4)
0
that is
F( ) 1 i /+Oo s—1 —;v(n-{—a)d (5)
S (n+ ) = ; z° e T .

Summing of n on both sides of (5) and using (2) leads to

s—le—az

+o00 +0oo oo .
I'(s)((s,a) = /0 5t Z et gy = /0 —dz, (6)
n=0

l—e®

the integral converges for ¢ > 1. This formula furnishes us with an inte-
gral expression for ((s, a) that will be useful to analytically extend the zeta
function even for ¢ < 1. (2) could be rewritten as

1 +o00 xs—le—aaz
((s,a) = T(s) /0 ﬁdx ) (7)

which bears resemblance to the I' function itself (3).
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The integral on the complex plane
From formula (7) we will consider the integral

—2 s—le—az
ne) = [ S (®)

1—e*
C

extended over the complex plane, z € C, on the contour C. When observing
the integrand we see that there is a branch point at z = 0 and that there exist
simple poles for z = +2nmi, where n = 1,2,3,.... Assuming there is a cut
on the real positive axis, we will make use of a Hankel’s type of contour for
the integral (Hankel, 1869). It comes from +oc just above the real positive
axis, goes around the origin and returns back to +oo this time below the
real positive axis, so it does not contain any of the above mentioned poles,
and does not pass through the branch point z = 0. We conclude that such
an integral (8) provides us with an analytical function for all values of s. We
can write the relation

_\s—1,—az . . +oo (_ ,.\s—1,—ax
/ ( Z) _ez dz = [eﬂ'z(s—l) _ 6_7”(8_1)}/ ( I’) e dr —
1—e 0

1—e*
c
+oo (__,.\s—1,—ax +oo (__,.\s—1,—ax
2isin[m(s—1)] / (:U)ieda: = —2isin(ms) / (33)766& .
0 1—e* 0 1—e*

9)
Remembering the reflection property of the T" function, for which

T(1— s)(s) = ——

(10)

sin(7s)’

combining with the result of (9) and plugging all back in (7), we end up with
an expression for Hurwitz’s ¢ from an integral on the complex plane

L(1-s) / (—z)sleme? & — T(-s)

((s,a) = — I,(s) . (11)

21 1—e* 271
c
Now, we have already noticed that the last integral 1,(s) gives an ana-
Iytical function for all values of s on the complex plane. Therefore the only
possible poles of ((s,a) could be given by the I'(1 — s) function, that is at
the points 1,2, 3, .. ..
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On the other hand, from definition (2), we already know that ((s, a) con-
verges for o > 1. We, therefore, conclude that the only possible pole for
((s,a) is to be found at the point s = 1, and it is a simple pole, because the
I" function has only simple poles for negative integers, of the form

I'(z) = n!((;lfm + (_Dn%“ D +O(z+n), (12)

where i(z) = d/dx[In(I'(x))]. For s =1, I,(1) is written as

Ia(]_) = / . dz = 273 Res (16 > = 2mi ) (13)

1—e* 2=0 —e 7

because for a > 0 the integrand is zero at infinity, and its residue is +1.
Hence, from (11) we obtain that

i S5 (14)

sl—%r(l—S)__

Equation (12) tells us that I'(1 — s) has a single pole for s = 1 with
the residue of -1. It, therefore, follows that ((s,a) has s = 1 as the only
singularity, which is a single pole with the residue of +1.

Functional equation

Formula (11) provides an expression for the Hurwitz zeta function ((s, a)
which is valid for all values of s € C\{1} by means of an expression con-
taining a complex integral (8) I,(s) (Hurwitz, 1932).

Consider now the real positive point (2N + 1)7, N being an integer, and
define the Hankel’s contour C in analogy to the previous one encountered.
The path runs from the point (2N +1)7 towards 0 just above the positive real
axis, goes around the origin z = 0 in a counterclockwise direction without
intersecting it, and returns to the original point just below the real positive
axis, and does not contain any of the simple points +2nmi of the integrand.
Consider then a circle C}, centered in the origin with the radius (2N + 1),
ending at the beginning of Cn. The full path Cy+Cl is closed, and the origin
lies outside of it, therefore we obtain
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N

el == Y (Y (15)

27 1—e*
Cn ey =l
where R;" and R;, are the residues of the integrand at the points +2n7i and
—2nmi respectively, for n = 1,..., N. This is true because all the poles are
inside the above defined contour, and the minus sign is necessary as this
contour runs clockwise. The residues at points +2min are given by
RE = (2ﬁn)5716¥%ﬂ(371)6¥2mna ’ (16)

n

hence

2sin (% s) cos(2man)
(27-[-)1—5 nl—s
2cos (5s) sin(2wan)
(271')1_8 nl-s

RF + R, = (27n)* ! 2sin (gs + 27ma) =

(17)

For a large N, the first part of the contour, C,, becomes the Hankel's
contour already encountered in (8), limy_.1 -, Cxr = C. The integral on the
circle C), does not contribute in the limit N — +o0. In fact, parametrizing
the variable on the circle path z = (2N 4 1)7e?, -7 < 0 < +r and fora > 0
one has

_\s—1_,—az +m
/ 2™ ] < / (2N + D)n]e= N+ gg —

Om[(2N + 1)7]fe~ GV  (18)

and this expression clearly goes to zero for N — +cc.
In the limit N — +oo applied to (15), we therefore obtain

1 _\s—1_—az 1 _\s—1_—az
TR o) S O S N ) A
N—+oo 271 1—e* 21 1—e*
Cn C

2sin (%S) +ZOO cos(2man) 2008 Z sin( 27ran (19)

(27-[-)1—5 — nl-s —
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and with the aid of (11) we can eventually write the converging series

+oo +oo

((s,a) = rd-s) [2 sin (Es) Zl M + 2 cos (gs> Z Sm(2mm)]

(27.[.)1—5 2 nl-s nl—s
(20)
By writing ¢ = 1 in (20) we obtain the functional equation linking the
values of ((s) and (1 — s) discovered by Riemann

(1 —s)

C(s) = (2m)® sin (gs) C(1—3s), (21)

and by making use of the T" function reflection property (10), we obtain the
alternative expression for the ¢ function reflection property

2151 (5)¢(5) cos (gs> — 51— s). (22)

Some special values of

In the previous section, we have seen that ((s) is a meromorphic function
on the complex plane, with a simple pole for s = 1. We will now discuss
some notable values of this function.

¢(2): the Basel problem

Historically, the first who posed the problem of the values of Z:ﬁ‘j 1/n?
was Mengoliin 1650 (Mengoli, 1650). Euler solved this problem in the years
after 1730, and he named it after his hometown (Euler, 1740).

Consider the series

sin(x):m——.—l————.—i—--- (23)

and divide this expression by z, obtaining the infinite polynomial

sin(z) 2zt af
=l-—=4+—=——=+4---. 24
z TR (24)
This function is well defined for all x € R and has its zeroes at the points
+nm, forn =1,2,3,.... Hence, this polynomial can be written as an infinite

product of the factors
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B () () T ) - e

n=1

That has to be compared with ((2), namely

—+00

g(2)22;=<1+1+;+-~>. (26)

n=1

Consider the coefficient of the polynomial (25) in 22. It is obtained by
picking exactly once each z? term in the factors, multiplyng it with all the
constant terms and then adding together all those terms. An analogy that
helps would be with the characteristic polynomial of a matrix, where the
coefficient of the lowest term of the polynomial (in our case, z?) is given by
the trace of the matrix that is the sum of all eigenvalues. This gives for the
z? term in (25)

11 1 a? 11 z?

2

— I I [ I R
x<7r2+47r2+97r2+ > 7r2<+4+9+ ) FQC()

(27)
Comparing this result with the x? term of (24), one obtains
.732 1‘2
-5 =5 (28)
giving eventually the required value for ¢
7T2
¢(2) = 5~ 1.6449 . (29)

Notice that, even though this brilliant procedure leads to the correct
value, it is wrong. In fact, one could multiply (25) by an arbitrary positive
function, say exp(z), and retain the same result, because the roots of the
polynomial will not change. Yet the series expansion of this new function
would be quite different from (24). The culprit is that it is not valid to treat
an infinite product or sum expecting it to behave like a finite one.
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¢(=1)

The infinite sum

+oo
1
14243+4+5+ = — (30)

n—l
n=1

is equivalent to ((—1). By writing s = —1 in (21), we get

1 T(Q) . T
((=1) = 5-—sin (=3 ) <) 31)
remembering the properties of the I" function and eq. (29) for the value of
¢(2) we have

1
(1) =g =1+2+43 4445+, (32)

so we end up with an astonishing result: the sum of all positive integers
is not only finite, but also negative! Of course this does not mean that the
usual addition rules turned out to be magically spoiled. In fact, consider the
finite sum

N
1+2+3+-~+N:Zn:N(N2+1), (33)
n=1

and this expression becomes infinite when N — +o0.

What it really means is that the definition of ¢ given in (1) is no longer
valid whenever o < 1, like in our case of s = —1. The ((s) that obeys to (21)
is the analytical continuation on the whole complex plane of the one defined
in (1), and they do coincide only when o > 1.

One could also think of equation (30) as an equivalence to a so—called
regularized ¢ function defined in (1). This technique is used very often in
theoretical physics and lays on a rigorous basis, too vast to be described
here. Loosely speaking, it is like considering the behavior of a function near
a pole, then discarding the divergent part while retaining the finite part. The
latter assigns the value of the function on the pole.
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For instance, by considering the behavior of the T" function close to neg-
ative integers described in (12), near the origin we have

1 6 2 4 2

ks

IimI'(z) = — —~

2
lim . D x4+ O(x*) (34)

so that a regularized T" function should assume the value
Reg[I'(0)] = —y ~ —0.5772.. (35)

It is worth noticing that the value of ((—1) appears in physics when com-
puting the Casimir force in one dimension, that arises as a fluctuation of the
vacuum energy when quantizing the electromagnetic field, or when com-
puting the ground state energy of the bosonic string theory, a model which
was an attempt to unify gravitational with other fundamental forces.

¢(0)
The infinite sum
400 1
1+1+1+1+1+"':Z:1no (36)
is equivalent to ((0). By writing s = 0in (21), we get
1 . (T
¢(0) = lim —T(V)sin (F5) ¢(1 = s) . (37)

and, remembering that { has a simple pole with residue +1 in s = 1, we
have

(T .7
E—% sin (58) C(1—3)= 5 (38)
Thus, by putting all the values in (37) we obtain

1
C0)=—5=1+1+1+1+1+-, (39)

obtaining once again a negative value for an infinite sum of positive terms.
The same considerations given for the case of ((—1) apply here.
Other useful information on complex functions could be found for in-
stance in (Denjoy, 1926), (Wolff, 1926), (Dosenovi¢, 2018), (Todorcevig,
2019).
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O3ETA-oYHKUUA N EE OCOBEHHOCTU

Hukona ®abwnaHo
He3aBUCUMbIN uccnegosartens, Pum, Utanus

PYBPUKA TPHTW: 27.00.00 MATEMATUKA:
27.25.17 MeTpunyeckas Teopust yHKLMNA,
27.33.00 NHTerpanbHble ypaBHEHWS,
27.39.29 MpubnmxeHHble meToabl
dYHKLMOHaNbLHOro aHanuaa

B[O CTATbW: o63opHas cTaTtes

Pesrome:

BesedeHue/uenb: B daHHoU crmambe npedcmasiieHbl HEKomopble
ocobeHHocmu d3ema-ghyHKUUU, a makxe ee rMpuMeHeHue 8 Ma-
memamu4eCcKoM aHasiu3e, 0coboe sHUMaHue yoesieHo hopmyrne
«golden nugget» npu ebiqucneHuu 6eckoHe4yHou cymmbl 1+ 2 + 3
+¢ ¢+, Bcmambe makxe rnpusodsimcs npuMephbi ee npUMeHeHuUs
8 husuke.

Memodnbi: lHmezpayusi 8 KOMIeKCHOU nnockocmu u ceolicmea
2amMma-ghyHKUUU UCMOMb3Yomcs Ha ecex amarnax: om ornpede-
nieHus ¢hyHKyuUU 00 ee aHannumMuU4YeCcKo20 pacliupeHus.

Pesynbmamel: U3 nepeoHayanbHo20 ornpedeneHusi pyHKyuu ¢
(s), omHocsawelics k s> 1, ebisodumcs MmepomopgbHast hyHKUUS
Ha eceli KOMI/IeKCHOU MI0CKOCMU C MPOCMbIM MOtocoM 8 S = 1.

Bbigo0dsi:  [J3ema-¢pyHKUyus 6e3ycriogHO uzspaem 8axHeUluwlyto
porb 80 MHO2UX obnacmsix, HayuHasi om BeCKOHeYHbIX ps0o8 u
3aKaHyueas meopuel quceri, peaynspusayuu 8 meopemuyeckol
usuke, cune Kasumupa u np.

Krnouesnie crioga: 03ema-gbyHKUUS, aHarnumu4eckoe npodormke-
Hue, UHMeapayusi 8 KOMMIeKCHOU MI0CKOCMU.

3ETA-®YHKUWNJA N HEKE HEHE OCOBUHE

Hukona ®abuaHo
He3aBWCHU UcTpaxusad, Pum, Utanuvja

OBNACT: matemaTtuka
BPCTA YJTIAHKA: npernegHu pag
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Caxxemak:

Yeo0/uurb: Y pady cy npukaszaHe Heke 0CObUHe 3ema-QyHKuUje,
Kao U HeHa fpuMeHa y Mamemamu4koj aHanu3u, Hapo4yumo
gopmyna ,golden nugget” 3a gpedHocm beckoHa4yHoz2 3bupa
1+2+3+.... Takohe, nomMeHyme cy U HeKe HeHe rpumeHe y ¢u-
3uyu.

Memode: WHmeepauuje komnmnekcHe pasHu u ocobuHe 2ama-
yHKyuje buhe uckopuwheHe 00 degpuHuyuje pyHkyuje 00 He-
He aHanumu4ke eKcmeH3suje.

Pesynmamu: O opuauHarsnHe depuHuyuje ¢pyHkyuje {(s) sanuod-
He 3a s >1, Jobuja ce MepomMopghHa hyHKYUja Ha Uerioj KOMIIIEK-
CHOj pasHU ca npocmum rnosiom Ha s = 1.

Bakrbyyak: U3y3emaH 3Hadaj 3ema-cbyHKyuje je HecyMmus, 00
beckoHa4HUX HU308a 00 meopuje b6pojeea, peaynapusauuje y
meopujckoj ¢pusuyu, Kasumupose cune u MHoz2ux Opyaux obna-
cmu.

KrbyyuHe pequ: 3ema-gbyHKyuja, aHarnumuyka KOoHmuHyauuja, uH-
meapauuja KOMIIeKCHe PasHU.
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CABPEMEHO HAOPY>XAHE 1 BOJHA OINPEMA
COBPEMEHHOE BOOPY>KEHVE 1 BOEHHOE OBEOPYIOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

HomuHauuja 6opbeHnx Bo3una newaguje’

BopbeHa Bo3vna newapuje (BBI1) gobwjajy Ha 3Havajy 30or HoBor
TPXULLTA MOTKOMMOHEHTN, HOBOI HAOPYXXaka 1N akTUBHUX cucTema ogbpaHe.

Mapga ocHOBHM BOpBGEHN TEHKOBM OCTajy OCHOBHO OpyXje Ha 60jHOM norby,
ceecTpaHu BBl ocBajajy cBe Behn feo TpxuwTa. na ce u npoueHaT cpeacTtasa
npeasuieHnx 3a Habasky OBOr Haopyara nosehasa.

10-year AFV Global Spending Forecast

25%
g 20% -
B ""“'"‘“mk /_-_
3 1% R e —— —
S 10%
'8
<
s 5% T ———
R
m& L) Ll T L] T L} L T T L} L}
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Year
e Air &M sl Def APC — FV
Logistics Recovery Vehicle e SP Arfille ry
— R ECCE Tank
Source: Jane's ® 2020 Jane's Group UK Limited

lNpojekyuja enobanHux mpowkosa Habaske bBI1

Benuvkun 6poj 3emarba MHBECTUPAO je 3HayajHa cpeacTBa y MoaepHusaumjy
TEHKOBA UMK Y pa3BOj HOBUX TEHKOBCKMX npojekata. OcCHOBHU BopbeHn TeHK je n
Aarbe Ha NPBOM MeCTY Y MHOTMM 3emrbaMa, YKIbydyjyhu ®paruycky, Hemauky un
Pycujy, y kojuma ce pasBujajy unu ysoae Yy onepaTmBHy ynotpeby HoBe
reHepauuje ocHoBHor 6opbeHor TeHka. Pycuja je 3anoyena npousBoawy TEHKa
T-14 Armata, 4vju je ©Opoj orpaHuyeH. 3a TO Bpeme MpPUBOAM Ce€ Kpajy
npojekToBame (OPaHLYyCKO-HEMAYKOr OCHOBHOI KomnHeHor 6GopbeHor cuctema
(Main Ground Combat System — MGCS) koju 6u Tpebano ga byge yBegeH y

! Jane’s Defence International May 2020
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onepatuBHy ynotpeby po 2035. rogmHe. Mehytum, nopauu Jane’'s Market
Forecast HaBoge aa 6u ce cpeacTBa HameheHa 3a pa3Boj OCHOBHMX GopbeHnx
TeHKoBa Morna npeycmeputn Ha pas3soj BBl u oknonHux TpaHcnopTepa
newaawje (OTI).

Pasnor nosehaHor ynarawa npeacraBrbajy 6pojHM nporpamun 4mju je uurb
3ameHa 3actapenux bBIl1 HoBoM reHepauujom Bo3una, 40K ce 3aMeHa OCHOBHUX
6op6eHux TeHKoBa nnanunpa 3a nepuog nocne 2030. roguHe.

Pasnosu noesehaHe Tpaxwe 3a BBI1 cy pasnuuutn. lNMopen penatmBHMX
npegHocTn y ogHocy Ha TeHkoBe, BBI1 umajy dnekcmbunHuju onepatuBHU
npodchun, Mawy Macy, Behy cTpaTteluky u onepaTtuHy MOBUAHOCT, amdunbujcku
noTeHUujan, HWXY LUEeHy no BO3uWNy, kao U jeddTWHWje ofpXaBawe, a WU
jedHocTaBHMja cy 3a pasBujakbe U NpounsBoary. PakTop Koju Ao4aTHO yTUYe Ha
aomuHauujy BBl npeactaerba 1 cee Behn 6poj 6opbeHux aejctaBa Koja ce cBe
yewhe gewasajy y ypbaHum 30Hama, pacT UHOYCTPUJCKOr eKocucTeMa Koju Boam
ka pasBojy BBI1 u OTI, nosehaHa yb6ojutoct Haopyxawa BBIl, rnobanHa
OOCTYMHOCT MNPOTMBTEHKOBCKMX BOMNEHWX pakeTa M pas3BOj HOBUX aKTUBHUX
cucTemMa 3awTtuTe.

PauyHare mpowkosa

Hekonvko npomeHa Ha 6ojuwiTMa U BaH HMX TOKOM nocregwe AeueHuvje
yTULano je Ha BOjHO nnaHupare u notpebe.

e, _h__lT

Hoea kynona pyckux BBl npuka3saHa y deuembpy 2019. eoduHe.

lMpBa npomeHa ogHocK ce Ha BylleT, TpoLKoBe 1 BewTuHe. Y aoba kaga cy
MHOIM BOjHM ByLieTn nog npuTuckoMm obesbehmBartba MakcumarnHe BpPegHOCTU Y
O[HOCY Ha yTpolwak CpeacTaBa, KOPUCHWUM HacToje Aa LWTO BULLe YjeaHaye
pa3Boj cucTtema Koju 6u Mmornu 6utn kopuwheHn Ha pasnuUuMTUM nNnatdgopmama.
CraHpapamsauunja 3ajegHudke nnatdopme je HapoumTo ocTBapsemea ca BBl ¢
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ob3upom Ha TO ga Hajpehm 6poj mogepHux npojekata 3a BBIT moxe 6uTtn
nckopuwheH y damunmju pasHnx OTI, 3ameHOM Kynone ca [AarbWUHCKK
yrpaBrbaHOM OPY)XaHOM CTaHMLUOM W [JodaBaweM MecTa 3a Cefewe Y
YHYTpaLWHO0CTH TpaHcnopTepa. OHM Mory nako 6utyn ocnocobrbenn n 3a gpyre
yrnore, kao LWTO Cy Hocayn MuHobauaya, caHuTeTcka BO3wna, WHXUHepcKa
BO3WMa M BO3WMa 3a u3Bnadewe. I oCHOBHM OOpOEHM TEHKOBM MOry OuUTU
aganTupaHu 3a Aapyre ynore, anuv je Taj npouec MHOro CKynibW, YHyTpallku
NpocTOop MakW, a HMBO 3awTute HenotpebaH y yno3u BBI1. 36or Tora je
jeaHocTaBHuje agantupatu BBIM un OTT.

Kopuctn komnatmbunHux nnatdopmu ynyhyjy KOpucHuke ga npuxsaTte
komnaTnéunHe dnote dokycupaHe Ha OBB n OTI1 koje 6u KopucTune ucty
OCHOBHY NnatgopMy Kao OCHOB MexaHu3oBaHe ¢opmauuje. TakaB npumep
npeacrtaeba amunuja nakvx oknonHux sosuna (LAV)/Piranha, a nosehaHa
MOZYNapHOCT MOAEPHMX OKITOMHMX BO3MIia OfnakliaBa OBaj npoLec.

Pesyntat oBakBe MOAynapHOCTM [OOBEO je [0 CTBapawa eKocucrema
cHabaeBadva Koju Hyae KOMMOHEHTE Kao LUTO Cy Kynore, AarbMHCKU YMpaBibaHu
OPYXXHU CUCTEMW, pakeTe, TOMOBM OOHOCHO MWUTparbe3Wn, akTUBHU CUCTEMMU
3alWTUTe, HULLIAHCKE CrpaBe U CUCTEMW 3a yrpaBibake BaTPOM.

KopucHMum cy nckopuctunm npegHoCcTu OBOI eKOCUCTEMa, a pe3ynTaTtu cy
BUALMBKY Ha TpxuwTy OBB y Buay jedTuHUjUX npoussoga. JegaH og npumepa
npeactaeba nutBaHckn OBB Boxer (nokanHm Hasue Vilkas), koju kopucTtu
wacujy OBB Boxer n 6opbeHn mogyn ca u3paesnickom AarbUHCKW ynpaBrbaHOM
kynonom Rafael Samson Mk Il HaopyxaHom ayTomatckum Torom 30 mm Mk44
Bushmaster n koHTejHepOM ca ABe NpPOTUBTEHKOBCKE BoheHe pakeTe Spike-LR.

Y3 noBehaHy KoMnaTMBbMNHOCT AOLNO je 4O pacTa TPOLUKOBA MPOU3BOAHE
OKnonHux 6opbeHnx Bo3una rae npegtwade 0CHOBHM GopbeHn TEHKOBU KOju Cy U
HajCKynibn 3a MpPou3BOAHY M ofapxaBakwe. Cnvpana TpoLuKoBa nMpumopana je
MHOre 3emrbe ga ogpehyjy npuopurtete y nponsBodwmn cpefactaBa ogbpaHe u
Ja npousBode AenioBe y CBOjMM 3eMibaMa Kag rog je 1o moryhe. To 3Hauu
nosehate pomahe pagHe cHare, TpaHcep 3Hawa U  UHXUHEPUjCKNX
CNocoBHOCTW.

JlokanHa npou3eodma

Mopen HabpojaHWx MOrogHOCTM, MHOMM KOpUCHUUM npedepupajy gomahy
npou3BogHky kao OOMMK 3awTuTe CBOje 3emMibe 0o MOryhvx caHkuuja umm
notpeca Ha TpXuwTy. Pagn ce O 030MIBHMM MOMUTUYKMM UM EKOHOMCKUM
pasnosuma, na ce npousBohaunm cBe uYewhe opujeHTUWY Ha Aomahy
nponsBoahy pagu nobuvjaka HapyLou.

Mnak, gomaha npoussogHa YecTo He npeacTaBrba uaeanHy conyuujy , jep
nponseofaym Mopajy padyHaTy Ha TPOLUKOBE yCrnocTaBbatba gomahe gabpuke.
OHa MoOXe wumaTu HeraTMBHE penepkycuje M 3a KOPUCHUKA, jep pomaha
NHAYCTpWja MOX4a HEMa HeONXxo4He BELUTMHE Unu naHay cHabaesara 3a nyHy
cepujcky Npou3Boamwy coducTuumpaHor cuctema. Mehytum, oBu npobnemu cy
unak pewmsu kaga ce pagu o BBl un OTI, jep ce oHU u Hapydyjy y Behum
KonnymMHama.
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Cnuka kynone Epokha Ha nnamgopmu Kurganets-25

Mpumep ycnewHe pomahe npomssoawe BBl npeacraBmba MNOrbCKU
Rosomak 8x8, npomaha BapujaHTa Bo3una Patria AMV 8x8, rge je npoussegeHo
6nmdy 1000 Bo3una y Hajmawe 10 BapwjaHTM. KomnaHwja Koja npowussoaum
Bo3uno Patria notnucana je yroBop ca JyxHom Adpukom 3a gomahy
npounssoaky nporpama Badger, wTo je mnak JoBeno OO0 BeNUKUX 3acToja y
peanusaumju.

Bo3snno ARTEC Boxer 8%8 je pa3BujeHO kao KoonepaTuBHM MporpamMm wu
npounssogn ce y Hemaukoj n XonaHguju. Komnanuwja Rheinmetall je, Takohe,
nokasana Ja npuxeBaTa OBakBy BpCTy capagwe W ycrnoctaBuna je gomahy
nponsBoghy y AycTpanuju y okBupy nporpama Land 400 Phase 2, xkao un y
Amxupy. KomnaHuja RBSL, ©OpuTaHckum orpaHak komnaHuje Rheinmetall,
ycrnoctasuna je u gomahy npovssoawy Bosuna Boxer y Benukoj bputanuju y
okBupy nporpama Mechanised Infantry Vehicle (MIV) requirement. Opyrn
nponseohauu, kao WTO je komnaHuja General Dynamics, Takofje cy MOKpeHynu
pomahy npousBoAaHM nporpam 3a nopoauuy GpuTtaHckux Bosuna Ajax, roe he
npeux 100 Bo3nna 6uTtn npounsseneHo y LLnaHumju, a octatak og 489 Bosuna y
Benukoj bputaHumju.

Homaha npou3BogHa OCHOBHUX GOpPOEHMX TEHKOBA MNak je MHOro Texa.
KomMnoauTtHn oknonu n ogrosapajyhu npousBogHW npouecu crnagajy y cTporo
YyBaHe MHOYCTPUjCKE N ApXaBHE TajHe U, CXOOHO TOMe, MPOou3BOoaHa OCHOBHMX
bopbeHux TeHkoBa Tpaxu MHOro Beha MHaHCUWjcKka yrarawa, Kao M BEJIUKO
NCKYCTBO Y NPOM3BOAHM TELLKUX BO3UNa.
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C ppyre ctpaHe, npu npoussoatwun BBl Hema TakBux npobnema, jep oBa
BO3una Mory GuTu Ha TOYKOBUMA MNW ryceHuuama, LTO Ao3BosbaBa Behy
nenedy moryhux amsajHa. BBI1 Toykawm mMory ce npousBogutn y dabprkama
Koje umajy WMCKYCTBO Yy MpPOU3BOAHM TELIKMX KaMuoOHa, WwTo noBehaBa 6poj
3eMarba koje ux mory npoussogutu. Ctora ce cBe 4ewhe nojaBrbyjy HOBWU

MoJesM OKIONHUX ToYKalla y CBeTY.

g it

I7pmomu eoaunEFV Hoy>KaHoe ayoamCKUM OI'IOM Bushmaster Mk44 30 mm

CmpmoHocHa 6ojuwma

Byoyhn BEBI1 mopahe ce Gpanntn oa cBe Behux kannbapa ayTomaTcKmx
TOMOBa, OQHOCHO HMXOBE MyHuuuje, kao wto cy 40 mm CTAS, 50 mm Super
Shot n aBe pasnununte BpcTe MeTaka 57 mm. OBa MyHuUuja npobuja cBe okrone
ca 3awTtutom STANAG 4569 Level 6.

Mopen aytomaTckvx TonoBa, BOfeHe NPOTMBTEHKOBCKE pakeTe MMajy cBe
Behy garbuHy pejctBa u npeumsHocT. OBakBa yHanpefewa gosena cy Ao
Benukor 6poja yHULUITEHMX OKMONHMX Bo3una y JinbaHy, Cupuju n HapounTo y
JemeHy. BoheHe npoTUBTEHKOBCKE pakeTe pasBujeHe Cy OO0 TakBor cTeneHa aa
Yak U MOAEPHN OCHOBHU BOPOEHN TEHKOBM CBOjUM MACUBHMM OKITOMOM HE MOry
n3behu yHuwTeme.

M3paenckm BOjHM CTpyyraun M3HENW Cy TBpAHE Aa HUjeOHO MOOEpHO
OKITONHO OOpOEHO BO3MIO HE MOXE M3OpXaTu yaap NPOTMBTEHKOBCKE BoOfeHe
pakeTe Kornet npoTuB cBOr nacmBHor oknona. Ouekyje ce ga he BoheHe
NPOTMBTEHKOBCKE pakeTe ybyayhe npencrtaBrbaTu Behy OnacHOCT o MuHa U
MMMPOBU30BaHNX EKCMIO3MBHUX CPeACTaBa.
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Ca ppyre crpaHe, BoheHe NpPOTMBTEHKOBCKe pakeTe omoryhyjy BBl
aHraxxoBar€ NPOTUBHMYKOI OKNona Ha JarbMHama Behum of paauvjyca gejctea
TEHKOBCKOr Tona 1 To Behom npeumnsHoLuny, HAPOYMTO NPOTUB MOKPETHUX METa.
Heke npoTuBTeHKOBCKe BoheHe pakeTe Mory rahatu uuMrbeBe N BaH BU3yeriHor
AomeTa, WTo oMmoryhaea Hanagaykom BO3uIy OejCTBO 13 3aKroHa.

BehuHa BOheHNX NPOTUBTEHKOBCKMX pakeTa nma mary macy, LTo 3Hauu ga
Mory ©uTn MoHTupaHe Ha BBIl, wTo npeacTtaBrba jeQHOCTABHO pellere 3a
aHraxxoBawe MPOTMB HenpujaTerbeBUX OKMOMHUX BO3wna. Y cnyyajy kaga ce
BoheHe pakeTe [oAdajy y3 KOHBEHUMOHANHO Haopyxawe, Kao LWTo Ccy
ayTomaTckum Ton u muTparbe3, BBl mory 6uTtn kopuwheHn npotusB Hajseher
6poja unrbeBa. BofjeHe NpPOTMBTEHKOBCKE pakeTe, 3a pasnuKy oA TOmnoBa, Mory
OUTK 1 JeMOHTMPaHe YKOSMMKO Ce He OYeKyje HamneT HenpujaTerbeBnx OKMOMHUX
Bo3una.

lMpexusrbasame

YO0ojuUTOoCT MOOEpHOr opyxkja 3axTeBa NPEeBEHUMjy yAapa Ha cam OKJon
BO3WMa, LITO Ce MOCTUXE YnoTpeboM MOAEPHMX aKTUBHWUX cCUCTEMa 3aluTuTe,
Kao 1 yMateteM oapasa Bo3una.

lNpuka3 ucmospemeHe yrnompebe rnymnu ca 800eHUM M1a3oM U 2yceHuua 3a
caenadagar-e KopanHux epebeHa

AKTVMBHe cucTeme 3allTUTe MHOrO je nakwe nHctanupatu Ha BBl Hero Ha
TEHKOBE KOju MMajy MHoro Behy macy. Ha Taj HaumH ce ckopo u3jegHavaBa
cnocobHocTt BBl y cmucny npexuBrbaBaka Hanaga MPOTUBTEHKOBCKOM
BONeHOM pakeToM. Mnak, To He yTuye Ha MoryhHOCT npexuBrbaBawa of yaapa
noTkanubapHe rpaHate ucnarbeHe ca TEeHKOBa UMy ayTOMaTCKMX Tonosa. Y ToM
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CMUCNY OBaj HegocTaTak Moxe OuTu komneHsoBaH 6e3begHoM AarbUHOM
Hanaga BBl nomohy npoTnBTEHKOBCKE BONEeHe pakeTe.

Mnak, TeHkoBW HUCY 1 Hajeha npeThwa BBI1, jep je wMxoBa BUCOKaA LeHa
3HATHO yTuUana Ha CMakbeHe HWNXOBOr YKynHor 6poja o4 mpectaHka XxmagHor
paTta.

00 6poda ka obanu

Y npownoctn je amepudkn npowussohay, komnaHuja General Dynamics,
ekcrnepumeHTucana ca texumm npototunosuma BBIT 3a amepuykn mapuHckm
kopnyc. Paguno ce o Bo3uny Expeditionary Fighting Vehicle (EFV), koje je 6uno
cnocobHO fa Kpo3 Bogy nnosu 6p3vHOM of 25 4BOpOBa M Aa BpLUKM onepauuje
Ha gareuHn o 40 km og obane. MehyTtum, nporpam je yraweH 2011. roguHe,
aenom 36o0r ueHe Bo3una Koje je Taga Tpebano ga kowTta ymTaBux 24 MunmoHa
aonapa.

N .
lMpukas nomkanubapHe myHuyuje 3a mon 57 mm Ha Kynonu Epokha u dee
rnpomusmeHkKoacke gofjeHe pakeme — Bulat (Marba) u larger Kornet (seha).

JanaH je HegaBHO M3pasno WHTepecoBake 3a CrnYaH KOHUENnT CBOjUM
npojektom ,byayhe amdumbujcko Bo3uno” (Future Amphibious Vehicle (FAV)).
Marnepa na he gohm oo TpaHcdepa TexHonoruje og yraweHor nporpama EFV, a
UWIb je pasBujarbe TpaHcrnopTepa newaanje HocueocTn 40 ToHa koju he umatu
CcrnocobHOCT 6p30r NIoBIbEHA U CaBnagaBara KoparnHmx rpebeHa.

JanaHcka areHuuja (Acquisition, Technology and Logistics Agency (ATLA))
npuv janaHckoM MUHWUCTapcTBY oabpaHe passuna je MmoTop of 3000 KC, uuju je
npeu npotoTun npukasaH 2019. rognHe. OH 06e30efhyje npona3s npeko rpebeHa
ryceHuuama y3 MoroH BOAEHUX MIasHWua, LTO je YCMOBIbLEHO reorpadckum
nonoxajeMm JanaHa. Haume, oBa 3emrba uma 6847 ocTpBa O KOjux cy MHora
OKpY>XeHa KopanHum rpebeHvma.

Y cnyyajy cykoba ca KuHom y Be3u ca ygarbeHum octpsBuma, FAV je
HameneH 00e3behrBary OCTpBa Npeko uckpuaHe newaamje. KnHeckn mapmHum
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pacnonaxy BenuMkoM notom amdubujckux Bo3una o  Kojux je
HajsacTynrbeHunju BBl ZBD-05. OBO BO3MNO OMNPEMSBLEHO je MOTOPOM MU
ypehajuma koju nobosbliaBajy 6p3vHy n nnoBHocT, omoryhasajyhu amcunbujcke
KapaKkTepucTuke, Tj. NMIOBHOCT HA MOpMMa MO CTeneHy 4 u Gp3vHK NIOBIbEHA
oa 13,5 uBopoea.

Mopen JamaHa, u amepuykM MapuHCKM Kopnyc Ouhe noTeHumjanHm
KopucHuk pasBoja BBl FAV. MapuHckn kopnyc 6uhe cmamweH Ha 12 000
MapuHaua, buhe pegykoBaHa aBujaumja 1 apTurbepuja, kao 1 TEHKOBCKa ¢noTa.
OBe npomeHe 6uhe peanusoeaxe o 2030. rogmHe.

Wmajyhn y Bugy octpBcky reorpadmjy u 6pojHe kopanHe rpebGeHe oyekyje
ce ga he mapuHuM umaTtu 3apgaTtak ga obesbehyjy 6pojHa octpBa y JyXHOM
KMHeckoMm Mopy. 3ato he um 6utn notpebHa BapujaHTa FAV n 10 BepoBaTHO
kpo3 npojekat ACV 2.0 koju, 3a pasnuky og npojekta ACV 1.1/1.2, npegsuha u
MOBHOCT BENNKOM OP3VHOM U CaBnagaBahe KoparnHux rpebeHa.

e S U Py

Kutecku 2BD-05 y A;lépUHCkOj Kamycbnaxu

Hoea pycka kynona Epoch

lNognHe 2015. Pycuja je npukasana HOBY reHepauujy OKMOMHMX BO3wuna,
ykibyyyjyhmn n Bapujante BBl TeHka Armata, kao wTo cy Kurganets-25 n
Bumerang. [Jok cy oBa Bo3una 6una y npouecy npov3soare u TectoBa, Pycuja
je ucnutMBana v pasnuuuTte HavvHe jepTUHe MoJepHu3auumje CBoje Berivke
¢note BBIT koja je cactaBrbeHa of nnatcopmu BMP-2 n BMP-3. lNMopen
octanux yHanpehewa, dpnota BMP-2 je mogepHusosaHa Ha ctaHgapa BMP-2M
Berezhok koja je onpemrbeHa Kynonom B05Ya01 Berezhok. OBa kynona
npeacTaBrba MOLEPHY anu CKPOMHY MogepHu3auumjy nocrojehmx BBIMT BMP-2,
Koja 06e3befyje yHanpeheHu cuctem 3a ynpaeibakbe BaTpOM, AHEBHO-HOhHY
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TepMariHy HWLIAHCKy CrnpaBy WM AHEBHO-HONHY MaHOpamCKy HMLLIAHCKY cnpaBy
KoMaHaupa.

Y cmucny BatpeHe mohu, kynona Berezhok 3apgpxasa npumapHu ton 30
MM 2A42, anu joj ce gogaje n aytomatckm 6auad rpaHata 30 mm AG-30 Koju ce
Hanasun Ha BpXy Kynose, Kao 1 4yeTupu BofleHe NpoTnBTeHKOBCKe pakeTe Kornet,
no OBe ca cBake cTpaHe kynone. Mlako ce pagm O CKPOMHOj mMogepHusaumju,
BMP-2 moxe ©uTu kopuwheH y ©0pbOM NpoOTMB HenpujaTerbeBUX OKITOMHUX
BO3una.

AMOMUMO3HMjM MporpaM je vMnak darbUHCKU ynpaerbaHa kynona Epokha
koja je Ouna npumeheHa Tokom jyna 2019. roguHe M Ha Bo3uWnMMa Tuna
Kurganets-25y mapty 2020. roguHe.

BoheHa npomusmeHkoscka pakema Kornet nokasasa ce 8psio eqpukacHOM rpomue
MEeWKO OKITOM/bEHUX OKITOMHUX 803ura IMoKoM cykoba rpouwirie deuyeHuje

Kynona Epokha 3ametbyje yH1Bep3anHu 6opbeHn Moayn Koju je NpeTxogHo
npukasaH Ha Bosunuma B-11 Kurganets-256 w K-17 Bumerang, BuheHnx Ha
napagn 2015. roguHe. Kao wu Berezhok, kynona Epokha je onpemrbeHa
HEe3aBVMCHOM OHEBHO-HONHOM TEPMasiHOM HULLAHCKOM CMpaBOM 3a HULLAHLIM}Y 1
KoMaHaupa, anu je opyxaHu cuctem Ha kynonwu Epokha ckopo NOTMYHO HOB.
MpumapHo Haopyxawe Kynone Epokha udvHu Tom LShO-57 (Light Assault
Weapon) 57 mm AGL koju je mogncmkoBaH 3a ynotpeby y AMPEKTHOM rahamy.
Ton uma gometr go 6000 m, a kopuctm myHuumjyy HE-FRAG un APFSDS.
Ynotpeba APFSDS myHuumje cyrepuiwie ga je ton LShO-57 mogndmkoBaH 3a
pag ca Behum nputuckom komope. [lopen Toma, Kynomna je onpemibeHa u
KoakcujanHum mutparsesom 7,62 mm PKT.

Kynona Epokha onpemrbeHa je ca gsa Tvna NPOTUBTEHKOBCKUX BONEHMX
paketa Bulat n Kornet. Paketa Bulat npegsufieHa je 3a Hanag Ha nako
OKMonsbeHe UuUWIbeBE, a MMa WX YKYNHO ocam Ha Kkynonu. Hema MHoro
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WHpopmaLmja O OBOj pakeTW, anuv OHa Aenyje Kao Mawe U jefHOCTaBHuje
pewerwe y ogHocy Ha pakeTy Kornet. Obe pakeTe HaBOAE Ce facepckum
CHOMOM MyTeM MoslyayTomaTckor HauymHa Bohewa (SACLOS). bojeBe rnaee cy
BEPOBATHO TUMa TaHAEM KyMynaTMBHE U TepMobapuyHe.

MpeTnocTaBrba ce Aa je paketa Bulat HameweHa Hanagy Ha Texe BBIT n
OTI koju cy onpemsbeHu crabujum MacMBHUM OKMOMOM Of TEHKOBA UIM 3a
yHuwTaBawe yTBpheHnx nonoxaja. 3a Hanag Ha TELWKO OKIMOMNSbeHe LMIbeBe
Kyrnona je onpemrbeHa ca 4eTupu pakeTe Tuna Kornet koje cy MOHTUpaHe y
napy, no ABe ca cBake CTpaHe Kynone.

Kynona Epokha pacnonaxe Benukom BaTpeHoM Mohu, Hagmawajyhu u
MogepHe ocHoBHe 6OopbeHe TeHkoBe. Camo Bo3uno Kurganets-25 je
UHTepecaHTHO. OnpeMrbeHo je MmoauMdukoBaHoM Bep3anjoM oknona Afghanit ca
aKTMBHMM CMUCTEMOM 3allTWUTe npeyseTor ca gamunuje Bosuna Armata, Koju ce
cacToju of aepoconHux Oauada OUMHMX KyTuja MOBE3aHWX ca AeTeKTopuma
nacepckor ospadvMBaka W EeNnekTPOONTUYKMM CEeH30opuMa MOBEe3aHWM ca
6auaumma napvagHo-gyracHNX rpaHaTta Koju cy noBesaHu ca pagapvma.

Kapa cy nHctanupaHn ogroeapajyhm mogynu, Bo3uno Kurganets-25 moxe
poctuhmn 6p3nHy go 10 km/4 y Bogu. CBakm mogyn Texu oko 30 kr, Tako ga
YKONUKO je jedaH oferbak owTeheH y BOAW, OHa Ce He Wupu Mo Apyrum
operbumma. OknonHn moaynu nosehasajy Macy Bo3una v WUPUHY 0 4 M, anu
Cy OHWM OOBOjMBM W MOFY C€ YKIOHUTM 3a BpeMe TpaH3uTa WNM kaga Hucy
noTpebHu.

KoHauHo, Bo3uno Kurganets-25 onpemMrbeHo Kynonom Epokha opnuyHo
unyctpyje kako 6u 6yayhu BBI1 mornn 6utu ynotpebrbeHn kao 3aMeHa 3a
ocHoBHe 0OopbeHe TeHkoBe. OBO BO3WNO Mane Mace UM aMpPubunjckmx
CMOCOBHOCTM y CTaky je Oa Hanaga pasnuuuiTe UurbeBe, Na Yak U MoAepHe
ocHoBHe OopbeHe TeHkoBe. WHKMy3uja akTMBHOI cucTema 3alTuTe 3Hayu ga
BBI1 nocefyje 3awTuTy NpoTMB BONEHUX NPOTMBTEHKOBCKUX pakeTa U Opyrnx
npojektuna Beher kanunbpa. Bosuno he Hocutu o03Haky B-18 wnm B-19, y
3aBUCHOCTM Of TOora ga nu ce pagu o Kurganets-25 ca kynonowm Epokha, ook he
apyro Bosuno 6utn BMP-3, Takohe onpemrbeHo kynonom Epokha.

bydyhu pa3ssoj

3abpuHYTOCT ¥ BE3N C NUMUTOM NaACUBHE 3aLUTUTE OCHOBHUX OOpOEHMX
TEHKOBa OTBOPWUJIO je HOB KOHLUENTyarHu NpoCTop 3a pasBoj OKMOMHWX BO3wuna.
Wspaencku nporpam Carmel npeacraBrba NpMMep TakBOr pa3MuLLIbambsa.

Nako je m3paenckum nporpaM TeK 3anodYeT U TPEeHYTHO HWje OTKPMBEH
npojekaTt Bo3una, NpeTnocTasiba ce Aa je ped o nnarcdopmMu Ha 6a3m 6opbeHor
BO3uSia ca TUNNUYHUM opy>XaHuMm komnneTtom BBI1y popmu ayTomaTckor Tona u
BOfEHNX NPOTUBTEHKOBCKMX pakeTa, ONPeMSbEHOM YBE3aHUM CeH3opuMa 3a
edukacHnje genoBawe nocage. Bo3nno ce npeTtexHO ocrnawa Ha aKkTUBHMU
C/UCTEM 3aluTuTe.

Mopen akTMBHOr cMcTema 3aliTUTEe U eKCMO3NBHO peakTuBHM okron EPO
je 3HaTHO HanpegoBao, Ma Cy Ce Ha TPXULUTY NOojaBMIM HOBWU 3aLUTUTHU NakeTu
Kao WTOo cy xmbpugHn EPO/akTMBHM cCUCTEM 3aliTUTE Kao LUTO je CUCTEM
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Protection Systems SMART-PROTech komnaHuje Rheinmetall. Y koMBuHaumju
ca aKTMBHUM cuctemom 3awtute, naketn EPO 06e36ehyjy Bo3uno u og npethsu
Hanaga npojekTunnmMa Benukor kanubpa.

PeHdeposaHa criuka okrornHoe nakema SMART-PROTech Ha meHKy Leopard 2.
PeakmueHu modynu cy npuka3aHu upeeHoMm 60joM, a KepaMu4Ku OKror ninasom. Mako je
08aj OKJ10M rpuKasaH Ha OCHO8HOM BopbeHOM meHKY, makae nakem ce Moxe
UHCmarnupamu u Ha 8o3usna cpedre mexuHe kao wmo cy bBI1.

Ca pa3BuTKOM aKkTMBHMX cuctema 3awTtmute u naketa EPO, noctaje moryha
oabpaHa u of npojektuna Behux kanubapa n o BONEHUX NPOTUBTEHKOBCKMX
pakeTa. Mnak, y cpean0j Kateropujy, 3awituta Of ayToMaTckux TornoBa Beher
kannbpa, kao wto cy 40 mm, 50 MM n 57 MM, n garbe ocrtaje Benuku npodnem.

TpeHyTHO, pellewe Ce cacToju of AofaBaka joll MacuBHUWjEr nacvBHOr
OKMOMHOr MakeTa WNU npuxBaTaka [a OnacHOCT MOCTOjM M pa3Bujarba
CUTYaLMOHMX CTpaTervja kao LITO Cy OrpaHuWyera emucuja, Haopyxare 3a
rafatse UUrbeBa Ha BENVKMM JarbMHama v YMPEXEHU CEH30PU.

N Cpbuja je HepgaBHO npukasana nakeT mopgepHu3aumje BBl M-80A.
Bosuno je gobuno kynony HoBe KOHCTpyKuuje ca Tonom 30 MM 1 ayTOMaTCKUM
bGauavem rpaHata uctor kanubpa, HOBM CUCTEM Ca TEPMOBU3WJCKOM KaMepoMm
Benukor gomeTta, Behnm HMBO GanucTMyke  3awTuTe, paguo-BoheHe
NpOTMBTEHKOBCKE pakeTe 2T5 wu  xuuom  BoOheHe  MoOepHU3oBaHe
NpOTMBTEHKOBCKe pakeTe Maljutka 2F n 2T.
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BBl M-80A
Pagn nogmsawa Oanuctnuke 3awTmte oknonHor gena BBI1 ypahena je

KOMMMeTHa peopraHu3aumja yHyTpallHer npocTopa 1 enemeHara, a noesehaxa
je n cHara moTopa.

Hpaeax M. Byukosuh (Dragan M. Vu&kovié),
e-mail: draganvuckovic64@gmail.com,

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

Cpenmwu TeHk Kaplan®

Tokom cpebpyapa 2020. roguMHe WHOOHE3UCKO MWMHUCTApPCTBO oabpaHe
objaBuno je ga cy 3aBplueHa dmHanHa ucnutuBaka cpeawer TeHka Kaplan v
Ja je cnpemaH 3a cepwujcKy Mpou3BoAwY. 3axTeBM WMHAOOHEXaAHCKe BOjCke Cy
jeavHcTBeHn. Haume, TpaxeHa je nnatdopma koja obesbefyje OupeKTHO
BaTpPEHO OejCTBO, a Koja MOXe MpOoNnasvTu y TELKUM TEPEHCKMM YyCrnoBuma y
HepasBUWjeHO] MHPACTPYKTYPHO] MPEXM, LITO je Hemoryha mMucuja 3a OCHOBHU
bopbeHn TeHk Leopard 2A4RI op 62 TOHe KOju Ce Hanasu y Haopyxahy
WHOOHEXaHCKe BOjCKe.

Mopen TepeHa WMHOoHesuje, TeHk Kaplan 6u morao 6utn edumkacaH u y
ypbaHum Gopbama, y cpeguMHama Koje KapakTepully YCKM MpoCTOpW, BUCOKE
3rpaje v oceTrbMBa MHAPACTPYKTYpa.

2 Jane’s Defence International May 2020
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The Cackerill 3105 two-man turret has a bustie-mounted The turret camies a panoramic sight for the commander and a sight
autoloader and a rifled 105 mm Cockerill High Pressure with limited traverse and elevation for the gunner. This configuration
gun, a Il as a 7.62 mm coaxial machine gun enables the crew to conduct hunter-killer engagements

—_—

The hull can be fitted with a modular armour package
with added mine-blast protection that conforms to A=
STANAG 4569 specifications. The turret can also be |8 The Pulat hard-kill active protection system can be fitted as

protected up to STANAG 4569 level 5 ballistic threats. | | an optional extra with effector units located around the hull. §

Cpédl-bu meHk Kaplan

Kaplan nokpehe ansen motop Caterpillar C13 koju o6e3behyje 711 KC un
uma ogHoc cHare/texuHe of 24 KC no ToHw. lNopen Ttora, Hajsehn oOpTHU
mMomeHar je 2700 Hm npu 1300 okpeTaja y MuHyTy. Hajsehn o6pTHM MOMeHaT ce
kpehe og 1300 go 1500 okpeTaja y MUHYTY, LUTO 3HA4YM A BO3UIIO UMaA BEMMKO
ybp3ane. [yceHuUe M onucaHa cHara MOTOpa YuMHEe ra Bpfio MorogHMM 3a
HanpegoBare KpPO3 pyLLEBUHE, anu 1 Kpo3 3MaoBe.

Haopyxare ce cactojyu og tona 105 mm Cockeril ca kOMOPOM BWCOKOT
nputucka y kynonu John Cockerill Defence C3105 kojy oncnyxyjy ABa 4naHa
nocage. Ton nyHW ayToMaTCKU Myway, a ChnperHyT je KoakcujanHum
MuTparbesom 7,62 mm. Mcnarsyje ctangapaHy HATO myHuuujy 105 mm.

TeHKoBM KOjU O€jCTBYjy Yy ypOaHOM OKpyxewy MOory Outu numuTupaHmu
OY>XMHOM TOna, Koja n3Hocu 5,546 M, WTO je AyXe Of TOMOBCKE LieBU amepuyKor
TeHka M1 Abrams og 5,28 M, Na LeB NPUNNYHO LUTPYN Y OAHOCY Ha Temno TeHkKa.

Haopyxare TeHka Kaplan je pesyntat komnpomuca. Haume, ayxuHa tona
omoryhaBa Benuky no4yeTtHy Op3vHy 3pHa M KMHETUYKY eHeprujy notpebHy 3a
YHULLTaBake OKMOMHUX UuIbeBa, anu, ¢ Apyre cTpaHe, orpaHudasa MoryhHoCT
BO3uSa Ja M3BOAM onepauuje y cTporo ypbaHum 30Hama 3a pasnuky o Bosuna
ca kpahom TonosckoMm LeBu. MehyTnm, enesaunja ToNnoBCKe LIEBU ce Kpehe of -
10 po 42 creneHa, wTo omMmoryhaea rahawe uurbeBa Ha BUCOKMM 3rpagama.
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Mopehena pagu, Ton Ha amepnykom TeHky M1 nma enesaumonu paaujyc oa -10
Jo 20 cteneHwn.

MHooHexxaHckn M3BOpU HaBOAE Oa cpedwW TeHK Kaplan w3gpxkasa yaap
MYHVLMje MUTparbeckor kannbpa y CBOj YEOHW Oe0, Kao U [a je ONpeMIbeH U
3aWTUTOM MPOTMB WUMMNPOBM3OBAHMX EKCMMO3UBHUX HarmpaBa unu BOREeHMX
NPOTMBTEHKOBCKUX pakeTa ynoTpeboM akTMBHOTr cucTtema 3awTute Pulat.

KomaHamp pacnonaxe LUIMPOKOYraOHOM  MNaHOPaMCKOM  HWULLAHCKOM
crnpaBoM, a HuWaHuMja UKCHUM HUWAaHOM ca AdecHe cTpaHe Tona. Obe
HULWaHCKe cnpaBe uMajy Apyry unu Tpehy reHepauujy TepmarnHux Kamepa
Kojuma MOry OTKpMBaTW CKpuBeHe uurbeBe y ypbaHum 3oHama. lMopep Tora, y
komnanwju Cockerill TBpae fa je moryhe gogartu M KOHTponmcaTun 6ecnunoTHy
netenuuy Spy’Ranger n3 Kynone TeHka, kao M Aa nocaja MOXe fouupartu
unreeBe kopuctehu 6ecnmnoTHe netenuue 1 Hanactm Ux MHOUPEKTHOM BaTpoOMm
npeko koopavHaTa gobujeHnx o becnunoTHe netenuue.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: "= 'http://orcid.org/0000-0003-1620-5601

920




MnaTtdopma ,Corner Shot”

KpusHe cutyaumje y ypbaHnm cpeamMHama Bpfio 4ecTo, ycres CroXeHOCTH
yCcrnoBa, 3axTeBajy  aHraxoBawe  BUCOKOOOy4YeHUXx  npodpecumoHanaua,
npunagHvka MNOSULMJCKNX, BOjHUX, OAHOCHO BOjHOMOMULMICKUX jeauHuua 3a
cneuvjanHe HameHe. AHanuaupakem Benukor 6poja uHTepBeHumja y ypbaHum
cpeaouHama (eHr. close quarters battle — CQB), ca ocBpToM Ha cneumdunyHOCT
oKpyXewa (Ha npumep, MHOLWTBO oO6jekata pasnuuuTMxX BpCTa M HaMeHa,
npo3opa, BpaTa, YCKMX XOAHMKa, Mawux NpocTopwja, CTeneHvua, cnpatoBa u
Op.), OOHOCHO Ha4vH OpraHM3oBaka M OejcTBOBara Henpujaterba, OOLWOo ce
[0 3aKrbyyka fa je U3NOXEHOCT onepaTmBaLa AejCTBY Henpujaterba npuinkom
nssohewa WHTEpPBEHUMja Yy OBMM YCIOBMMa BMCOKa, W nopen yobudajeHe
3alITUTHE OMNpeMe Koja Ce KOPUCTM Y OBUMM CUTyaLujama.

Y Be3u ¢ TUM, y pasBojy cneuuvjannuctuyke onpemMe Mory ce npumetuTtun 6ap
ABa npuctyna. [Npeu nogpasymeBa yBehaBawe ykynHe GanucTuuke 3awituTe,
Kako nojeauvHua, Tako u 6GopbeHe rpyne, OOHOCHO TWMa, Ha ywTpO
nokpeTrbnsocTu. CneunjanucTtu ce onpemMajy 6anucTMykum LWnemMoBuma Ha Koje
3a notpebe CQB MOHTWpajy GanucTnyke BM3Upe, OOK Ce Top3a LWTuTe
rabaputHujum 6anMcTMdkUM Npcnyuuma — nadumpuma (eHr. body armor), 4ecto
y KOHdUrypaumju ca 3awTuTOM 3a paMeHa, OAHOCHO mnpenoHe. © MacuBHa
Ganuctnuka onpema je npunIMYHO Tellka, Te OCEeTHO ycrnopaBa KpeTawe
nojeauvHua, rpyne mnu Tuma, YmHehn ux Tako M3MNOXKEHUjUM 3a MPOTMBHMKA.
CTora je gmopgaTtHa rpynHa 3awTuTa Npu KpeTawy umnepaTtvB U OCTBapyje ce
TakTUYKUM BanUCTUYKMM LUTUTOBUMA Pa3NUYUTMX BEMMYMHA W KOHCTPYKLUMja.
Opyrv npuctyn passuja ce ycren OCHOBHOI HedocTaTka MpBOr — yMakeHe
NOKPETILUBOCTN, 3axBarbyjyhu ycaBpLuaBamy enekTpoHcKke onpeme. 3aTo cy ce,
MOYETKOM HOBOI MWUMEeHWjyma, nojaBune 6pojHe MHOBaLMje KOHCTPYKTOpa Yujv je
unb 6rno nosehawe onepaTMBHOCTM NpUMNagHUKa MPUNMKOM K3Bohena
cneumjanHmx gejctaea, a UCTOBpeMeHO yBeharwe huxoBe 6e36e4HOCTH, Kako ce
He OV HY>XHO M3naranu HenpuvjaTerbeBoj BaTpw.

MMoyeTKOM ABEXUIbAQUTUX, HA OCHOBY pasMeHe MCKYCTaBa W 3ajegHuyKor
paga Ha npOjeKTy W3PaerniCkKUX W aMepUyKMX KOHCTPYKTOpa W MCKYCHMX
onepaTuBala, NpeacTaBIbeH je HOBM cuctem — nnatdopma ,Corner Shot”. Y
TMMY WHXEeHepa W cneuuwjanaua ase 3emrbe OMo je maejHun TBopau, npojekTa
Amoc NonaH, GuBLLIM KOMaHOAHT jeaHe u3paerncke aHTUTEPOPUCTMYKE jeauHuLe,
Koju TBpOW Aa nNoMeHyTa nnatdopma LWTUTK XUBOTE onepaTmsBaua u ysehasa
HMXO0BE LaHCe 3a NpexXuBrbaBake, onakwaeajyhu uMm ga ocmaTpajy OKpyxemne,
npeHoce nHgopmaumje n aHraxyjy mete, 6e3 OMPEeKTHOr KOHTaKTa ca hyMa.

' BaxHO je younTu pasnuke uamehy GanuCTUUKOr NaHUMpa W T3B. HOCAaua Mroya (EHr.
plate carrier). Hocauu nnoya cy 3HaTHO MawUX OUMEH3Mja, OCETHO Make Mace Wu
yrnmaBHOM LUTUTE BUTanHe opraHe Top3a. [pyrMMm pedvma, MOBpLUMHA 3aWTUTE Cce
XPTBYje pagu Mare Mace 1 yBehara NnokpeTrbMBOCTU NpUNagHuKa.

OsakaB npucTyn y onpemamny 3a notpebe CQB Moxe ce, Ha Npumep, AaHac younTH KOZ
eNUTHUX jeauHnua gpaduycke (Hnp. RAID) n Hemauke (Hnp. GSGY) nonuumije.
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HameHa u 0emarbu KOHCMpyKyuje

Cepxa cuctema ,Corner Shot” jecte aa omoryhu ctpenuy ocmartpare u
JejcTBoBamwe M3a yrna (Tj. 3aknoHa), 6e3 manarawa Henpujaterbesoj BaTpu. Y
nuTamy je nnatgopmMa pyTypUCTUYKOr An3ajHa, Koja ce cacToju o4 ABa OCHOBHA
gena: 3agtwer — (PUMKCHOr ca KyHOAkoOM, PYyKOXBaTOM, KamepoOM WM OCHOBHUM
KOMaHgama M npegkwer — Hocada Koju ce Moxe nomepatn y yrny og 180
CTeneHn UK Yy KOjMu Ce MOHTUpa opyxje, Hajyewhe nuwTtorb.” Pagum
paunoHanusaumje ykynHe mace, nnatdgopma ,Corner Shot” je uspaheHa opf
KOMMO3UTHUX MaTepujana, 4OK Cy HajBaXKHWjW AenoBu n3paheHun of KBanuTeTHor
Yernuka.

lMpumep ynompebe nnamgopmu ,Corner Shot” npu ussohemy crieyujanHux dejcmasa.
®omo: cornershot.com

Ha 3agwem geny nnatdopme CMELUTEH je MPEeKnonuBmM KyHOakK, a ca ropkwe
CTpaHe Hanasu ce baTepuja Kojom ce ocTBapyje paj kamepe, OAHOCHO ekpaHa
Ha KojeM ce MOoHaBrba CrnuKa ca Kamepe.

EproHomckn pykoxearT je wynarb, a u3Hag Hera noctaBibeH je perynaTtop
naro0e koju y ropwem nonoxajy 6rnokupa obapay Koju je CMmelTeH oamax
ucnpeq pykoxsata nnatcgopme. Ha ropwoj cTpaHu nnatgopmMme MHTerpmcaHe cy
ctaHgapgHe Picatinny” wwuHe «koje omoryhaBajy MOHTUpahe TaKTUYKUX
gopjartaka, 3aBucHO of notpeba wmHTepseHuuje. EkpaH LCD je npeknonus u

® MNpouseohay Hyaun W Moaene Koju Cy KOMMaTUGUIHM ca pasfnuuTUM CUCTeMUMA 3a
Nn4YHy oabpaHy (eHr. personal defense weapon).
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noctaBrbeH 6o4yHo. Ca powe cTpaHe, ucnpen GpaHuka obapava, Hanasu ce
MoOMNHa XOpW3OHTarHa Monyra Kojy KOPUCHWMK Takohe MOXe KOpUCTUTU
npunukoMm ynotpebe M HOMe MeHaTu MOJIoXaj Hocava opyXja Ha npeaHOoj
cTpaHu nnatcopme.*

Mpearyn NpeknonuBM HOcay opyxja MoXxe ce nomepatu y yrny og 180
cTeneHun. Y cknagy ca 3axTeBvMMa Kynaua, npetun Hocad MOXe ce ONpPeMUTH U
nacepcrémm obenexwnBadem uurba (JIOL]), Koju je nocTaBrbeH ogMax ucrnop LieBu
opyxja.

YnadHu mum CneyujanHe nonuyujcke jeduHuue ®YT1 buX ysexbasa ynad y
6apukadupaHy npocmopujy. ®omo: Benuja XacaHbezosuh

Kyhuwte TakTnuke namne nocTaeBrbeHo je mcnoa mecta 3a JIOLU, gok ce
Kyhuwte ca Buaeo-kaMepoM Hanasu UCMOA TaKTUYKe namne.® Cuctem moxe aa
CHMMa U 3BYK, @ BUAEO-Kamepa je norogHa v 3a ynotpeby y ycrnosnma cmareHe
BuaremBocTu. Takohe, Buaeo-kamepa n LCD ekpaH nosesaHu cy cneumnuyHnm
cucTeMoM nacepckor obenexaBaka MeTe KOju ce MOXe MOAecUMTU Tako Ada
CaMOCTasiHO MOMaXe MpU HULLAakEHY, OLHOCHO NPUIMKOM ynoTpebe nacepckor
obenexuBada uywrba. lNopen Tora, nogewasawnma Ha LCD ekpaHy KOPUCHUK
nnatgopme Moxe oMOryhuTu NOHaBIbake CIIMKE U Ha APYrUM eKpaHuma Koju cy
noeesaHn ca rnaBHUM ekpaHoM. KoHCTpykumnja nnatgopme omoryhasa
jeAHOCTaBHO CKMaake 1 MOHTUpaHE fnacepckor obenexueaya, namne n Bugeo-

4 Monyry je moryhe nomepaTtu y cTpaHy.

° Jlacepcku ypehaj nponssohaya uma gBa kaHana — jefaH y BUArbMBOM CMEKTPY U, ApPYry,
MHppaupseHu (eHr. infrared) 3a gejcTBoBake y HOhHMM yCNoBMMA.

6 Bupeo-kamepa cHuma y pesonyumjn 1080 p (Full HD).
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Kamepe, na KOPWUCHWK MOXEe MeHaTu KOHuUrypauunjy onToeneKkTpoOHCKUX
ypehaja, 3aBncHo of notpeba nHTepBeHuUMje.

Kynuuma ce Hyge nnaTtdopme komnatubunHe ca nuwiTorbMma, 3aTvM
mMogenu komnatubunHm ca Gauayvem rpaHata 40 mm, kao M ca nyw4aHUM
cuctemmma ,,Colt M4”, ogHocHo ,AK-47".

Hedocmauu u npedHocmu

Y Be3n ca TakTuyko-6opbeHom ynoTtpebom ,Corner Shot” nnatdopme,
oTexaBajyhy OKONMHOCT 3a cTpenua MoXe npeacTaBrbaTy HeTpaguumuoHanaH
HauMH HULLIaH-EeHa, jep Hajuelwhe aHraxyje MeTy KOjy He onaxa HenocpegHo.
HeyoOuuyajeH npaBal npeHoca cune Tp3aja npunukoM narsbe w3 opyxja
MOHTMpaHOr Ha Hocay nnaTdgopme ymamwyje 6p3nHy narmbbe ctpenua. JopaTHo,
H/LWakEeHe Ce He peanusyje OCTBapuMBaHEM HULLIAHCKE §MHMje nomMohy
MEXaHWYKUX WM APYrMX HUWaHa Ha opyxjy, Beh nomohy ,KoH4aHuue”
npojektoBaHe Ha LCD ekpaHy. Takofe, 3aBUCHO 04 NPMPOLHOT U/UNn BELLTa4Kor
ocBeT/bea W CcneumduYHOCTU  OKpYXeHa, 3a cTpenua Moxe 6utn
KOMMIIMKOBAHO [a BarbaHO M NPaBOBPEMEHO Onasu MeTy, aHraxyje je, unm o
TOME M3BECTM OcTaTak cHara. Ha OCHOBY nNpeTxXogHUX YnweHulla MOoxe ce
M3BECTN HEKOJTUKO 3aKiby4daKa:

— Kaga je npeumsHocT narbbe y nuTawy, 3agoBorbaBajyha npeumsHocT
norotka je, Hajyelwhe, peanHa camo Ha BeoMa Manum auvctaHuama, MHOro
MarWM Y OHOCY Ha cuTyaumje ca yobuyajeHum pagHiama HULaHeHsa,

— CMOXEHOCT cucTemMa, CneuuduyHOCT ocMmaTpaka, Huawewa 1 narbbe
3axTeBajy TeMerbHy NPeTXoaHy 0ByKy 1 nepmnog HaBukaBaha npunagHuka.

OcHoBHa npegHocT oBe nnatdopme je y Behoj 6e3begHocT npunagHuka
TOKOM WHTEpPBEHUMje, jep Ce ocmaTpare HenocpeaHor OKpyXeha, MPeHoC
nHdopmaumja y peanHOM BpPeMEHy M €BEHTyanHO aHraxoBarwe MeTe Mory
peanu3oBaTtu n3a 3akroHa. To je yjegHo wu differentia specifica oBe nnatdgopme y
OOHOCY Ha pasnuuuTe TEreckorncke LTanoBe Unn caBuTibMBe kKabnose ca BMaeo-
Kamepama Koju, nako npaktuyHu, omoryhasajy camo ocmaTtpatse. ako Huje peanHo
ouveKMBaTM MpeUUsHOCT narbbe Kao Mpu TPaauLMOHANHOM HULLaHk-Eehy, cama
moryhHoCT narb6e usa 3aknoHa, 3ajenHo ca 6e3begHNM ocmaTpalemM U NPEHOCOM
nHdopmaumja y peanHom BpemeHy udmHe nnatdgopmy ,Corner Shot” kopucHUM
€ITleMEHTOM CreuujanicTuike onpemMe, nocebHo 3a Nonvuujcke enuTHe jeauHuue.
lNoTeHuujan oBor cuctema 3a yBehawe onepaTMBHUX KanauuTeTa npenosHarso je n
pykoBoacteo ®depepanHe ynpase nonuunje denepaumje BbuX, onpemmBLLK
ogpeheHnMm KoHTUHreHToM enutHy CneuujanHy nonuvuumjcky jeannundy  (Cr1J),
noavxyhn Tako edeKTUBHOCT creuujanucta npu U3BoNeHY BUCOKOPU3NYHUX
XanLewa, OAHOCHO ANHAMUYKMX ynaaa y objekTe.

Munow M. JeBTuh (Milo§ M. Jevtic),

ypeaHuk cajta specijalne-jedinice.com,

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

ORCID iD: http://orcid.org/0000-0002-1305-7618
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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
BojHomexHu4ykom enacHuky ypaheHo je Ha ocHoBy AkTa O ypehuBawy HayyHUX
Yaconuca, MwuHuMCTapcTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje,
eBuaeHumMoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MNpumeHa osor AkTa
NPBEHCTBEHO CNyXMW yHanpefewy kBanuTeTa gomahmnx yaconuca n HUXOBOTr NOTNyHWjer
yKIbyunBamwa y MeflyHapogHu cuctem pasmeHe HayvyHux nHdopmaumja. 3acHOBaHoO je Ha
mehyHapogHum ctangapamma ISO 4, 1ISO 8, I1ISO 18, ISO 215, 1ISO 214, 1SO 18, 1ISO 690,
ISO 690-2, 1ISO 999 1 ISO 5122, ogHocHo ogroeapajyhum gomahvum ctaHgapavma.

BojHoTtexHuuykun rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo unsgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte mMynTUOUCUMNMHAPHU  HaYYHU
yaconuc MwuHuctapctBa onbpaHe u Bojcke Cpbuje. Yaconuc objaBrbyje HaydHe WM
CTPYyYHEe YnaHke u3 obracTn OCHOBHUX UCTpaxuBamwa (MatemaTvke, padyyHapCcKkux Hayka
M MexaHuke) M TexXHOmNoWKOr  pasBoja  (eneKkTpoHWKe,  TenekoMyHuKauwja,
MHPOPMaLMOHKX TEXHONOMMja, MalLMHCTBA, MaTepujana 1 XeMmjCKMX TEXHOMOoruja), kao un
TEXHWYKE MHOpPMaLWje O CaBpeMeHUM CUCTEMMMAa Haopyxawa W CaBPEMEHWM BOjHUM
TexHornorvjama. Yaconuc npatu jeanHCTBEHY MHTEPBMAOBCKY TEXHUYKY noApLuky Bojcke
Ha MPWHUMMNY FOrMCTUYKE CUCTEMCKE MOoApLUKEe, 06MacTh OCHOBHMX, MPUMEHEHUX W
pasBOjHMX UCTPaXMBaHa, Kao N NPOM3BOAHY M yNoTpeby cpeacTaBa Haopyxama 1 BojHe
onpeme. Yaconuc objaBrbyje M ocTana Teopujcka W npakTU4Ha JocTurHyha koja
JOMpUHOCE ycaBpluaBakwy CBMX MpWNagHWKa cprcke, pervoHanHe u MehyHapogHe
akageMcke 3ajegHuLe, a nocebHo NpunagHuKa BOjCKM M MUHWUCTapcTaBa oabpaHe.

YpehuBadka nonutuka BOjHOTEXHWMYKOr rnacHuka 3acHMBa ce Ha npenopykama
Opbopa 3a etnyHocT y msgasawTBy (COPE Core Practices), kao n Ha Haj6orbum
npuxeaheHnM npakcama y Hay4yHOM usgaBallTBy. BojHOTexHMYKM rnacHuk je unaH COPE
(Committee on Publication Ethics) og 2. maja 2018. roguHe.

MwuHucTapcTBO npocBeTe, Hayke W TexHomnowkor passoja Penybnuke CpbOuje,
carnacHo oanyuu m3 unada 27. ctaB 1. Tadka 4), a no npubaBrbLEHOM MULLIbLEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 Hay4yHoMUCTpaxmBaykoj aenatHocTu (,CryxbeHu
rmaciuk PC”, 6p. 110/05, 50/06-ucnp. wu 18/10), yTBpAMNO je kaTeropusauujy
BojHoTexHu4kor rnacHuka, 3a 2019. roguHy:

3a 06nacT TeXHOMOLLKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a eneKTPOHMUKY, TerleKoOMyHuKaumje U MHcopmaumnoHe
TexHonoruje:

kaTeropuvja Bogehu Hay4YHM Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NUCTM Yacomnuca 3a MmaTepujane u xeMujcke TexHorsoruje:

KaTeropuvja Hay4YHu 4aconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NMCTM Yaconuca 3a MalIMHCTBO:

KaTeropwvja Hay4Hu 4aconuc HauMoHanHor 3Hadvaja (M52),

3a 0bnact oCHOBHa UCTpaxuBama:

— Ha NMCTU Yaconuca 3a MaTeMaTuKy, padyyHapcke Hayke U MeXaHUKY:

KaTeropuja Hay4Hu yaconuc (M53).
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YcBojeHe nucte gomahux yaconuca 3a 2019. roguMHy mory ce BMAETU Ha cajTy
BojHoTexHuukor rnmacHuka, cTpaHuua Kameeopu3sayuja 4vaconuca (MwuHucTapcTBO

npoceeTe, Hayke M TexHonowkor pa3soja Penybnuke Cpbuje jow yBek Huje 06jaBuno
3BaHWYHy KaTeropusauujy Hay4Hux Yaconuca 3a 2020. roguHy).

HeTtarbHuje nHopmauuje mory ce npoHahu U Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLkor pa3soja Penybnuke Cpbuje.

Mopaum o kateropusaumjym mory ce npatutu u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja 4yaconuca ussplueHa je npema MpaBUnHUKY O NOCTYMKY U HaYUMHYy
BpedHOBaka W KBAHTUTATMBHOM MWCKa3vBaky Hay4YHOMCTpaXuBaukmMx pesynrtata
ncTpaxusaya, Koju je nponucao HaumoHamHM caBeT 3a Hay4YHU M TEXHOMOLWIKU pPasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM npaBuSIHUKOM W Tabenom O BpPCTU W KBaHTUMMKaUuju
VMHAMBUAYaNHMX Hay4YHOMCTpaxumBaYknx pesyntaTa (y cactasy [NpaBunHuka), objaBrbeHn
pag y BojHoTexHuM4koMm rnacHuky BpefHyje ce ca 2 6opa (kateropuja M51), 1,5 6og
(kaTeropuja M52) n 1 6og (kaTteropuja M53).

Yaconuc ce npatu y koHTekcty Cpnckor umtatHor uHaekca — CUWHpekc (6asa
nogartaka gomahmx HayvyHuX yaconuca) u Pyckor nHaekca HaydHor uutmpawa (PUHL).
MopBprHyT je cTanHOM BpegHOBakwy (MOHWTOPWHIY) Y 3aBUCHOCTM O YTULAJHOCTK
(vmnakta) y camum 6Gasama u, nocpepHo, y mehyHapogHum (Clarivate Analytics)
uuTaTHAM  MHOekcuma. [letarbM O UWHAEKcUpawy Mory ce BuaeTn Ha  cajTy
BojHOoTexHM4KOr rnacHvka, cTpaHuula MHoekcupare Jacornuca.

BojHoTexHuukn rmacHuk omoryhaBa u  npumewyje Creative  Commons
(CC BY) ogpenbe o aytopckum npasuma. [etarbM O ayTOpCKMM MpasBuma Mory ce
BUAETW Ha CajTy Yaconuca, cTpaHuua Aymopcka npasa u rnonumuka camoapxusupara.

PapoBn ce npepajy nytem OHMajH cucTeMa 3a €MeKTPOHCKO YypehuBawe
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamny u Hayum (LLEOH).

MpucTtyn u peructpaumja 3a cepBuC BpLUE Ce Ha cajTy www.vig.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wnm  CUMHOEKC, o0QHOCHO  OMPEKTHO  Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[eTarbHO ynyTCTBO O perucTpauuvjy 1M npujaBu 3a CEpBUC HamnasuM ce Ha CcajTy
www.vtg.mod.gov.rs, cTpanuua Yrnymemeo 3a ACUCTEHT.

MoTpeGHO je pa ce cBM ayTopu Koju MogHOCEe pykonuc 3a objaBrbuBame Yy
BojHoTexHuukoM rnacHuky peructpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuMum cajta Peeucmpayuja 3a 0Oobujare ORCID
udeHmucgbukayuUoHe wugpe.

BojHOTEXHMYKM rNacHUK ObGjaBrbyje YnaHke Ha CPrICKOM, PYCKOM W EHINECKOM je3nKy
(arial, cpncka hupunuua unm cpncka naTmHuua, BenvuuHa cnosa 11 pt, npopea Single).

MocTynak npunpeme, nucarwa u ypehueara ynaHka Tpeba ga Oyge y carnmacHocTu ca
U3jasom o0 emuykom nocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba fa cagpxu CaxeTak ca KibydHUM peuvma, yBod, pa3pagy, 3aKibydak,
nMTepaTypy W ancTpakT ca Kby4HUM pEYMMa Ha EHIMECKOM M pYCcKoM je3uky (6e3
Hymepaumje HacrnoBa u nogHacnosa). Obum unaHka Tpeba ga Gyaoe oko jegHor ayTopcKor
Tabaka (16 ctpaHmua dopmata A4 ca npopegom Single), a HajsuLe 24 cTpaHu1ue.

UnaHak Tpeba ga Oyne HamucaH Ha obpacuy 3a nucake 4raHka, Koju ce y
€NeKTPOHCKOj hopMM MOXe Npey3eTy ca cajTa Ha cTpaHuumn Obpasay, 3a rnucare YiaHka.
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Hacnos

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

OBwW HacnoBwm UCNUCYjy Ce UCNpen caXeTka Ha ogroBapajyhem jesuky.

Tekyhu HacnoB

Tekyhn Hacnoe ce ucCnuCyje ca CTpaHe CBake CTpPaHWLEe unaHka pagu nakwe
naeHTudukaumje, NocebHO Konumja YnaHaka y enekTpoHckom obnuky. Cagpxu npesvme n
MHMLMjan MmeHa ayTopa (ako ayTopa MMa Bulle, nMpeocTanu ce o3HadvaBajy ca et al.”
wnu M gp.“), Hacnose paga v Yaconvca u Konaumjy (rognHa, BoflyMeH, cBecka, noveTHa
1 3aBpLUHa CTpaHuua). Hacnosu Yaconuca n YnaHka Mory ce gatu y ckpaheHoM obnuky.

Ume ayTopa

Hasoam ce nyHo ume 1 npesnme (CBMX) aytTopa. Beoma je noxerbHO Aa ce HaBedy
n cpedwa cnosa aytopa. MiMeHa n npesumeHa gomahux aytopa yBek Ce ucrucyjy y
OopurnHanHoM obnuky (ca CpnckuM AUjakpUTUHKMM 3HAKOBMMA), HE3ABUCHO Of je3nka Ha
KOjeMm je HanucaH pag.

Ha3uB ycTaHoBe ayTopa (acdhmnujauuja)

HaBogu ce nyH (3BaHWYHM) Ha3MB 1 CeduLUTe YCTaHOBE Y KOjoj je ayTop 3anocrieH, a
€BEeHTyanHo M Ha3vWB YCTaHOBe Y KOjoj je ayTop 00aBuvo uUCTpaxuBame. Y CrOXEHUM
opraHu3aumjama HaBoam ce yKynHa xujepapxuja (Hnp. YHuBepauTeT oabpaHe y Beorpagy,
BojHa akagemuvja, Kategpa npupogHo-maTtemaTuykux Hayka). bap jegHa opraHusauuvja y
xvjepapxvju Mopa GuUTW MpaBHO Nnuue. AKO ayTopa uMa BWLLIE, a HEeKu NOoTu4y K3 ucte
yCcTaHoBe, Mopa ce, NocebHWM O3HakamMa Wnv Ha OpYrM HauuH, HasHauiTu U3 Koje of
HaBeJeHMX YCTaHOBa MNOTMYE CBaky O HasedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HaKoH MMeHa ayTopa. PyHKUMja 1 3Bake ayTopa Ce He HaBode.

KoHTakT nogauu
Anpeca unu e-agpeca CBUX aytopa faje ce nopea MMeHa 1 npesmmeHa aytopa.

KaTeropwuja (Tun) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuwTBa M of MocebHe je BaXHOCTM.
KaTteropujy 4naHka mory npegnaratv peueH3eHTW U YnaHOBWM YPEeaHWULLTBA, O4HOCHO
ypegHuum pybpuka, anm OAroBOPHOCT 3a KaTeropusauujy CHOCU WUCKIbYYMBO [NaBHU
YPEeAHWK.

UnaHun y BojHOMexXHU4YKOM enacHUKy Knacudukyjy ce Ha HayyHe U CTpy4dHe
ynaHke.

HayyHn ynaHak je:

— opuvrMHanaH HayyHu pag (pag Yy KojeM ce W3HOce MPeTXOAHO HeobjaBrbeHu
pe3ynTaTi CONCTBEHNX UCTPaXuBama Hay4HUM METOAOM);

— npernegHu paa (pag Koju cagpXv opurHanad, geTarbaH M KpUTUYKWM Npukas
ncTpaxusaykor npobnema wnu nogpyyja y kojem je aytop ocTtBapuo oppeheHu
[OMNpUHOC, BUASBUB Ha OCHOBY ayTouuTara);

— KpaTKO WM NPeTXO4HO caoniwiTexwe (OpUrMHamHU HayYyHu pag nyHor dopmarTa,
anu mawer obrvmMa nnu NpenMMUHapHoOr Kapaktepay);
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— Hay4Ha KpuTuKa, OOHOCHO nonemuka (pacnpasBa Ha ogpefieHy HayyHy Tewmy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u ocBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe WuMaTtn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOT u3dawa HayyHe rpahe (MCcTopujcko-apXmBeke,
nekcukorpadcke, bubnuorpadcke, npernega nogataka WM Cn.), OOTad HemosHate Mim
HEe[0BOSbHO MPUCTYNaYHe 3a Hay4Ha UCTPaXKMBaHa.

PapoBu knacudukoBaHn Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieHsuje.

Ako ce y yaconucy objaBrbyjy ¥ NpUo3n BaHHay4yHOr KapakTepa, Hay4YHu unaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.

CTpyyHM unaHak je:

— CTPYYHM pag (Mpumor y KojemM ce HyAe WCKycTBa KOpucHa 3a yHanpehene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3aCHOBaHa Ha Hay4HOM MeTOAY);

— nHcpopmMaTMBHM Npunor (YyBOAHUK, KOMEHTap U C.);
— npuKa3s (Kkure, padyHapckor nporpama, crny4aja, HayqHor gorahaja, u cn.).

Je3uk paga
Jesuk paga moxe GUTU CprcKK, PYCKM UM EHINECKN.

TekcT Mopa BUTK je3andku u CTUMCKU JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpgapaHux). Cee usunyke BenuurHe Mopajy 6utn nspaxeHe y MehyHapoaHom
cucTeMy MepHuXx jeamuuua — Sl. Pegocnen obpasaua (popmyna) o3HayaBa ce peaHum
6pojeBMMa, ca fecHe CTpaHe y OKpyrnuM 3arpagama.

CaxeTak

CaxeTak jecTe KpaTak MH(OpPMaTMBaH Mpukas cagpxaja 4naHka Koju uutaouy
omoryhaBa fa 6p30 1 Ta4HO OLEHWN HEroBY PEneBaHTHOCT. Y MHTepecy je ypeaHulTaBa
N ayTopa fa caxeTak CcagpXu TepMMHEe KOju Ce 4ecTO KOpUCTe 3a MHAEKCcUMpare U
npeTpary ynaHaka. CacTaBHM [enoBW caxeTka Cy yBOA/UUIb UCTpaxuBama, MeToaw,
pesyntati u 3akrbyyak. CaxeTak Tpeba ga mma og 100 go 250 peun u Tpeba ga ce
Hanasu u3mehy 3arnaerba (Hacrnos, MMeHa ayTopa W Op.) U KIbYYHUX Peyn, HaKOH Kojux
Crnefmn TeKCT YnaHka.

KrbyuHe peun

KrbyuyHe peun cy TepmuHu unu dpase Koje agekBaTHO npeacTaBrbajy cagpaj
ynaHka 3a notpebe uHaeKcHpara 1 npeTpaxuBara. Tpeba nx gogerousaTy ocnamajyhu
ce Ha Heku MehyHapooHu u3Bop (MONWUC, PEYHUK WM Te3aypyc) Koju je Hajwmpe
npuxeaheH MnuM yHyTap gate HayyHe obnactu. 3a HMnp. Hayky yonwTe, TO je nucTa
KIby4HUX peun Web of Science. Bpoj kibyuHux peun He moxe 6utn Behm og 10, a y
MHTEpPECY je ypeaHWLITBa U ayTopa [a Y4YecTarnocT wuxoBe ynotpebe Oyae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanucaH unaHak (CakeTak) U Ha eHrneckom
jesnky. Y unaHKy ce nuvLly HeNoOCPEeAHO HAKOH caxeTka.

Cunctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
EKCTPaxoBake KIbYYHUX peyn M3 OUCLMNIMHApHUX Tesaypyca/pedHuka no u3bopy u
PYTUHe 3a HUMXOB ogabup, Tj. NpuxBaTake OOHOCHO oabauvBare of CTpaHe ayTtopa
n/vnu ypeaHuka.

[JaTtym npuxBaTara 4naHka

Hatym kaga je ypeOHULITBO NPUMWIIO YfaHak, AaTyMm Kaja je ypeOHWLUTBO KOHaYHO
npuxBaTWIIO 4naHak 3a objaBrbMBake, kKao M OaTyMu kaja cy y MehyBpemeHy
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[AOCTaBIbeHe eBeHTyarnHe ucnpaske pykonuca HaBofe ce XPOHOMOLLKUM pefocneaoMm, Ha
cTarHoM MecTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTta, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YnaHak HacTao,
Kao U Ha3WB WHCTMTyUMWje Koja je dmHaHcupana npojekat unu nporpam, HaBOAu ce y
noce6HOj HAaNOMEHW Ha CTanHOM MeCTY, Mo NpaBuny Npu gHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y MpeTxofHoj Bep3uju GMo U3NOXEH Ha CKyny y BuAy YCMEHOT
caonwTewa (No4 MCTUM MMM CAMYHUMM HacroBoOM), nopatak o Tome Tpeba pga Gyae
HaBedeH y nocebHoj HanmomeHun, NO NpaBuny Npu OHy NpBe cTpaHe YnaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHMYKOM TMACHUKY
(MpewTamnatu), HA NOA CIMYHUM HaCITOBOM U U3MEHEHOM OBIUKY.

TaGenapHu u rpachuykm npukKasm

MoxersHo je Aa Hacnoswu CBUX Npukasa, a no MoryhcTBy M TeKCTyanHW cagpxaj,
6yay AaTv ABOje3NYHO, Ha je3nKy pafa U Ha EHITEeCKOM je3unKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, a O3Ha4yaBajy ce pedHum GpojeBuma
ca ropmwe cTpaHe. PoTtorpaduje n LpTexmn Tpeba ga byay jacHu, npernegHy 1 NOrogHM 3a
penpoaykuujy. Llptexxe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha KErbEHO MECTO Y TEKCTY.

3a cnvke n rpadunkoHe He CMe Ce KOpPUCTUTM CHUMaK ca eKkpaHa padyHapa
nporpamMa 3a npuKynrbare nogaraka. ¥ camom TeKCTY YnaHKka npenopydyje ce ynotpeba
cnuka u rpadmkoHa HenocpeaHoO U3 nporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoRhewe (untnpame) y Tekcty

HaunH nosvBaka Ha M3BOpe Y OKBUPY YraHka mopa 6utun jegHoobpasaH.

BojHOoTexHMYKM rnacHuK 3a pedepeHumpare (LMTupame u HaBohewe nutepartype)
npumeryje XapBapAcku cuctem pedepeHumn, 0AHOCHO XapBapACKM MPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0OMYHUM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBame, OOQHOCHO UMTMpame nutepartype
HabpojaHe Ha kpajy YnaHka, o6aBe3Ho y 0bMYHOj 3arpagu HanucaTy Npesvme LmMTupaHor
ayTopa, roguHy nsgama nybnukaumje M3 koje uuTuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynyTCTBO O HauMHy LMTMpara, ca NpMMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupyd4HUK 3a cmus. MNoTpebHo je aa ce nosmBake Ha
nuTepaTypy y TEKCTY ypaau y ckrnagy ca MOMEeHYTUM ynyTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneuunjanHy anatky CiteMatcher: oTkpuBarwe U30CTaBIbEHMX UMTaTa y TEKCTy paja u 'y
nonucy pedepeHuum.

HanomeHe (¢pycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hanasu TeKCT Ha Koju ce oAHOcCe.
Mory cagpxatn Mamwe BaxHe AeTarbe, JOMNyHCKa objalkbera, HasHake 0 kopuwheHum
n3BopmMa (Ha npumep, Hay4Hoj rpafu, NpupyyYHMUMMa), ann He Mory GuTtu 3ameHa 3a
LUMTUpaHy nuteparypy.
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INucra pedepeHuun (nutepartypa)

LintupaHa nutepatypa obyxeaTta, no npasuny, Gubnuorpadcke m3sope (4naHke,
MoOHorpadmje 1 cn.) U Aaje ce UCKIbYYMBO Yy 3aceOHOM oferbKy unaHka, y Buay nmcre
pedepeHun. PedepeHue ce He npeBofe Ha je3vk paga v Habpajajy ce y nocebGHom
OferbKy Ha Kpajy ynaHka.

BOjHOTEXHMYKM MACHUK, KAaO Ha4MH UcCnuca nuTepaType, NpuMekbyje XapBapacku
cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

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

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npumepvma, OaTto je Ha
CcTpaHuuu cajta Ynymcmeo 3a XapeapOcku npupyyHuUk 3a cmus. MNoTpebHo je pa ce
nonuc nuTepaType Ha Kpajy YnaHka ypaaum y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtangapgHo, HENoTNyHO MW HedoCnNe4HO HaBohewe nuTepaTtype y cuctemmma
BpegHoBawa 4aconuca cmatpa ce [OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydHor
CTaTtycCa 4Yaconuca.

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

U3sjaBa o ayTopcTBY

Mopen unaHka gocTtaerba ce M3jasa 0 aymopcmsy y Kojoj ayTopu HaBo4e CBOj
nojeaAvHayYHn JONPUHOC Yy u3pagu YnaHka. Takohe, y Toj usjasu NoTBphyjy Aa Cy YnaHak
ypagunu y cknagy ca [losugsom u ynymcmeoMm aymopuma v M3jagom 0 emuykom
rnocmynary 4acornuca.

CBU pagoBu NoAnexy CTPY4HOj peLieH3uju.

Cnucak peueH3eHaTa BOjHOTEXHMYKOr rmacHMka MOXe Ce BUAOETW Ha CTpaHWULM
caita Cniucak peueH3eHama. [lpouec peueHsupawa objallkbeH je Ha cTpaHuum
cajta PeueH3aeHmcKu riocmynak.

Appeca pegakuuje:

BOjHOTEXHWYKN rNacHuK

Berbka Jlykuha Kypjaka 33

11042 beorpag

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
"MaBHW 1 0QrOBOPHU YpeaHuK
mMp Hebojwa Mahewwa, Avnn. nHX.
nebojsa.gacesa@mod.gov.rs,

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

MHCTpykuns anst aBTOpPOB O Mnopsake MOArOTOBKM CTaTbM K OnybnvkoBaHuioo B
XypHane «BoeHHO-TEXHMYEeCKMIn BECTHWMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
pPeAakTVpPOBaHMM  Hay4HbIX >KypHamoB MwuHucCTepcTBa HaykM W TEXHOMOTMYECKOro
pa3sutusa Pecnybnukn Cepbusi, Ne 110-00-17/2009-01 ot 09.07.2009 r. MNpumeHeHne
3TOro AKTa CnocobCTBYeT MOBBLILLEHWUIO KayecTBa OTEYECTBEHHbIX XXypHanoB u ux Gonee
nonHomy BOBIIEYEHUIO B MeXOyHapoaHyto cuctemy obmeHa
Hay4HON nHopmaumen. MHCTpyKUns COOTBETCTBYET MexayHapoaHbIM cTaHaapTam ISO
4, IS0 8, ISO 18, ISO 215, ISO 214, I1ISO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYHOLLMM cTaHgapTam Pecnybnuku Cepbus.

BoeHHo-TexHuuyeckun BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.M0.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, saBnsaetca
MYNbTUANCUMNIIMHAPHBLIM Hay4HbIM XXypHanoMm MuHucTepcTBa 060pOHbI 1 BoopyKeHHbIX
cun Pecnybnukn Cepbus.. B xypHane nybnukytoTcs HaydHble U NpodeCcCUOoHarnbHbIe
cTaTbk, uccriegywowme Takme obnacTu Kak: MaTemMaTuka, KOMMbITEpHble Hayku W
MexaHuka, a TawkKke 0bnactM  TEXHONOrMYecKOro  pasBUTUSA:  SNEKTPOHUKA,
TENEeKOMMYHMKaLUMKN, UHAMOPMAaLMOHHbIE TEXHOMNOMUK, MaLMHOCTPOEHME, maTtepuansl u
XMMUYECKME TEXHONOMMU, B XypHane Takke MyOrnukyeTcs: TexHuyeckast MHpopmaums o
COBpPEMEHHbIX CUCTEMaX BOOPYXEHUS U COBPEMEHHbIX BOEHHbIX TexHonorusx. XKypHan
cneguT 3a e€AVMHOM  MEXBUOOBOW TEXHWUYECKOW MOAAEPKKOW BOOPYXKEHHBLIX CuUM,
OCHOBaHHOW Ha NPUHLIMNAX CUCTEMHOM NOTUCTUKK, 33 NPUKNAAHbIMUA U UHHOBALMOHHBLIMMA
Hay4YHbIMW MCCregoBaHMAMU, B TOM 4ucne, B obrnacTv NpoOu3BOACTBA BOOPYXEHUS U
BOEHHOW TexHukW. B xypHane nybnukyloTca n npovme TeopeTudeckue u npaktnyeckune
OOCTWXKEHUS, KOTOpble CMOCOOCTBYHOT MOBBILEHWUIO KBanuduKauum npeacraButenei
cepbCKoro, pernoHanbHOro Y MeXayHapoAHOro akageMm4eckoro coobulectsa, 0cobeHHO
BoeHHocnyxawmx MuHuctepctesa O60poHbl U BOOpyKEHHBIX cun.

PepakumoHHasa nonutuka XypHana «BOeHHO-TEXHMYECKMI BECTHWK» OCHOBaHa Ha
pekomeHpauusax Komuteta no atuke HayyHbix nybnukauunm (COPE Core Practices), a
Takke Ha nydwen npakTuke B Hay4yHO-U3gaTenbCKOM AeATenbHocTU. «BoeHHo-
TEeXHMYEecKUn BeCTHUK» saBnsaeTcs yneHom COPE co 2 masa 2018 ropa.

MuHuCcTEPCTBO 00pa3oBaHUsi, HaykM W TEXHOMOrMYeckoro pas3sutus Pecnybnuku
Cepbus, cornacHo peLUeHno NPUHSITOMY B COOTBECTBUM CO CT. 27 ab3al 1, NyHKT 4 1 Ha
OCHOBaHWM TOnkoBaHus CT. 25 abs3auy 1 nyHKT 5 3akoHa O HaydHO-MccrneaoBaTenbCKOM
aesitenbHocTn («Cnyx6eHn rmacHuk PCx», Ne 110/05, yTBepauno kateropusaumio «BoeHHo-
TEXHWYECKOro BeCTHMKa» 3a 2019 roa;:

Kateropun B 06rnacTtu TEXHONMOrMYeCckoro pa3BuTus:

— O6nacTb 3NeKTPOHUKU, TeNIEKOMMYHUKaLMIN U MH(POPMALMOHHbLIX TEXHONOTUN:

BEAYLLMIN HAY4YHbIV XXYpHan HauMoHanbHoro 3HavyeHusa (M51),

— ObnacTb MaTepuanoB U XMMU4YECKOM TeXHONOru:

HayYHbIW XXypHan HauMOHanbHoOro aHaveHns (M52),

— ObnacTb MexaHUKK:

HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52).

Kateropun B 06racT OCHOBHbIX UCCIEL0BaHUIA:

— Obnactb MaTemMaTuKa, KOMMNbLIOTEPHbIE HAYKU, TEXHUYECKME HAYKW:

Hay4HbIV xxypHan (M53).
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C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2019 rog MOXHO O3HAKOMUTBCS
Ha cTpaHuue canTta «BoeHHO-TexHu4eckoro BecTHMKa» Kameeopu3ayusi BecmHuka
(MUHMCTEPCTBOM MPOCBELLEHNS,, HAyKM W TEXHONOrM4eckoro passutus Pecnybnuvku

Cepbus noka He npousBedeHO OMULMANbHOMO PaHXMPOBAHUSA HAayYHbIX XYpHanoB 3a
2020 rop).

Boree nogpoGHyld WHMOPMaLUMIO MOXHO HaWTM Ha cante MwuHucTepcTBa
06pa3oBaHus, Hayku 1 TexHonornyeckoro pa3suTtusi Pecny6nuvkm Cepbus.

C uHdopMaumen o Kateropmsaumym MOXHO O3HaKOMWUTLCS M Ha cavTte KOBCOH
(KoHcopuunym 6ubnuotek Pecnybnvkn Cepbusi no Bonpocam o6beaAnHEHUS 3aKyrok).

KaTeropnsaums BectHyka npoBegeHa cornacHo [lonoxeHuto o nopsigke v cnocobe
KaTeropmsaumm Hay4yHO-UCCrenoBaTenbCKMX pe3ynbTaToB, YTBEPXKAEHHOrO HaumoHanbHbIM
KOMWUTETOM MO Hayke 1 TexHonormam (Cnyx6enn rmacHunk PC, Ne 38/2008).

B cootBeTcTBUM C Bblweyka3aHHbIM [lonoxeHneM u Tabnuuen c nokasaTensmu
Knaccudukaumm M KaTeropusauuMmM  MHOMBUAyarnbHbIX  HAyYHO-MUCCREAOBaTENbCKUX
pesynbTaToB, SBMSIOWENCA HEOTbEMIEMON YacTblo [lonoxeHusi, HayyHas CcraTtbs,
ony6nvkoBaHHast B «BOEHHO-TEXHMYECKOM BECTHUKEY, OLIEHMBAETCS CreayrLwyM CriocoboM:
2 6anna (kateropusa M51), 1,5 6anna (kateropusa M52) n 1,5 6ann (kateropus M53).

XKypHan cooTtBeTcTBYeT cTaHgapTam CepOGCKoro MHAEKCa Hay4yHOro LMTUPOBaHMUS
(CUNHpekc/SCIindeks) — HaykomeTpudeckon 6a3bl  [aHHbIX  Hay4HbIX >KypHanoB
Pecny6nukn Cepbus, a Takke Poccuickoro nHgekca HayvHoro umtuposanus (PUHLL).
>KypHan nocTosiHHO nogBepraeTcsi MOHWTOPUMHIY W OLEHMBAETCH KONMYECTBEHHbLIMU
HayKOMETPUYECKUMU MOKasaTensamu, OTpaXKallMMW €ro Hay4Hyl LEHHOCTb, B T.4.
onocpefoBaHHO B MeXAyHapoaHbIx uHaekcax uutmuposaHus (Clarivate Analytics).

C vHdopmaumerr 06 MHOEKCUPOBaHNM MOXHO O3HAaKOMUTBLCS Ha CTpaHuue canTa
XypHana MHOekcuposaHue BecmHuka.

«BoeHHOo-TeXHMYeCKNA  BeCcTHMK»  obecneynBaeT 4uTaTensM  BO3MOXHOCTb
OTKpPbLITOrO  [OCTyrna, B  COOTBETCTBAM C  MNOMOXEHUAMM 00  aBTOPCKMX
npaeax, yTBepxaéHHbiMm Creative Commons (CC BY). C wuHcTpykumenn o6
aBTOPCKMX NMpaBax MOXHO O3HAKOMWTLCS HA CTpaHuue Aemopckue rpasa u noaumuka
camoapxusuposaHusi, nepenada no ceoinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaBnsloTCs B peAakumio XypHana ¢ ucrnonb3oBaHvem online
cuctembl ASSISTANT, 3anyweHHon LieHTpom nogdepxu pasBuTus obpasoBaHus U
Hayku (LINPOH).

Pernctpauus B cucteme n ocopmneHne npaB [OCTyna BbINOMHAETCA N0 agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnv CLUNHOEKC
(aseestant.ceon.rs/index.php/vtg).

C VHCTpyKUMen no pernctpauumM u npaBaM AOCTyNa MOXHO O3HaKOMWUTbCS MO
agpecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue UWHCcmMpykyus o
ASSISTANT.

Bce aBTopbl, NpefocTaBnsiolMe CBOM pykonucu Anst nybnvkauum B pepakuuio
XypHana «BOeHHO-TeXHMYeCKUA BECTHWMK»  [OSDKHbI  NPOUTU  NpenBapuTeNbHYHo
pernctpaumio B peectpe ORCID (Open Researcher and Contributor ID). 3ta npoueaypa
OCYLLECTBNSIETCS B COOTBETCTBUM C WMHCTPYKUMEN, pasMELLEHHOW Ha CTpaHule canTta
Pezaucmpayus e peecmpe ORCID 0ns1 npucgoeHust udeHmugukayuoHHO20 Koda.

«BoeHHOo-TexHWYecKknii BECTHMK» NybnukyeT ctatbn Ha cepbCKOM, pyCCKOM wnuv
aHrnunckom sisbikax (Arial, wpndT 11 pt, npoben Single).
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Mpouecc nNOArOTOBKWM, HanNUCaHUs U PEedaKTUPOBAHUS  cTaTbM  [AOIMKEH
OCYLLECTBNATLCA B COOTBETCTBMM  C  MpuHUMNaAMu  dmuyecko2o  Kodekca
(http://lwww.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CrtaTbsl JOMmKHa coaepxaTb PE3IOME C KIOYEBBLIMU CIOBaMM1, BBEAEHUE, OCHOBHYIO
YacTb, BbIBOAbI, CMIMCOK UCMOMb30BaHHOW NUTEpPaTypbl U PE3IOME C KIMYEBLIMU CITIOBaMM
Ha aHrnuMinckom a3bike (6e3 Hymepaumm 3aronoBkKoB M noasaronoBkoB). O6BHLEM cTaTbh He
OOIKEH MpeBbilaTb OOAUH aBTopckui nuct (16 ctpanuy ¢opmata A4 ¢ npobenom
Single).

Cratbs gomkHa ObiTb HabpaHa Ha KOMMbIOTEPE C UCMOSb30BaHWEM CrieumarnbHO
NMOArOTOBMNEHHOINO  pefakuMen MakeTa, KOTOpbIi  MOXHO ckadaTb Ha CcTpaHuue
cavita lNpasuna u obpasey cocmaeneHus cmamabu.

3aronoBok

3aronoBoK JOImMKeH oTpaxaTb TeMmy cTaTbW. B WHTepecax XypHana wn aBTopa
HeobXxoaMMO UCMONb30BaTb CIOBa WM CIOBOCOYETaAHUSA, y,Cl,OﬁHbIe ana nHaekcauun m
noucka. Ecnu Takne cnoea He cofepaTcsi B 3arofioBke, TO KenaTernbHO UX nobaeutb B
noA3arorioBoK. 3arofioBoK [OIMKEH ObiTb nepeBedéH Ha aHIMUNCKUN A3blk. HasBaHue
3arosyioBka (rlo,qsaronoska) nuweTca nepen pe3toMe Ha COOTBETCTBYHOLLEM A3blKE.

TeKyLwmii 3aronoBokK

TekylWin 3arofloBOK MULIETCS B TUTYNE KakOoM CTpaHuubl CTaTb C  LEMNbio
YMPOLLEHMS NpoLiecca MaeHTUdDMKaLUKW, B NEPBYIO o4epelb KOMU CTaTbel B IIEKTPOHHOM
BuOe. 3arofioBok coaepxuT B cebe hamunuio U MHULMan MMeHU aBTopa (B criydyae ecnu
aBTOPOB HECKOSbLKO, OCTarnbHble 0603HaYaoTCs ¢ «et al.» unu «u1 4p.»), HassaHue paboTbl
M XypHana (rod, TOM, BbINyCK, HayanbHas W 3aKnouMTenbHasi CTpaHuua). 3arosfioBok
cTaTby W Ha3BaHWe XypHarna MoryT GbITb NpUBeAeHb! B COKpaLLEHHOM Buae.

®PUO aBTOpa

MpuBoAATCS NosHas hamunus 1 NonHoe umMs (Bcex) aBTopoB. XKenaTesbHo, YToObI
ObINM yKasaHbl MHMUMAnNbl OTYECTB aBTOPOB. PaMunusi U UMs aBTopoB U3 PecnyGrvku
Cepbuss Bcerga nULWYTCA B OpUrMHanbHOM Buae (C cepOCKMMU  AUaKpUTUYECKUMMU
3HaKaMK), He3aBUCKUMO OT si3blka, Ha KOTOPOM HanucaHa paGoTa.

HaumeHoBaHue yupexpeHus asTopa (acdpcomnumaums)

MpuBogntca nomHoe (odumumanbHOE) HavMEHOBaHMEe W MECTOHaXOXAeHue
yypexaeHus, B KOTOpOM paboTaeT aBTop, a Takke HavMeHOBaHME yYpexaeHus, B KOTOPOM
aBTOp MPOBEN nccnegoBaHve. B cnyyae opraHmnsauuin co CNOXHOW CTPYKTYPOIN NPUBOAUTCSA
X nepapxumyeckas COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadenpa BOEHHbIX
3MNEeKTPOHHbIX cuctem, T. benrpan). Mo kpanHen Mepe, ogHa U3 opraHM3auunii B Mepapxum
[OOImKHa MMEeTb cTaTyc ropuanyeckoro nuua. B cnyyae ecnu ykazaHo HECKONBKO aBTOPOB, U
€Cn  HeKoTopble K3 HUX paboTalT B OOHOM YYPEXOEHWM, HYXHO OTAENbHbIMU
0603Ha4YeHUsIMM UNM KakMM-nMbo Apyrum cnocobom ykasaTb B KakOM W3 MPUBEAEHHbLIX
yypexaeHun paboTtaeT Kaxabli 13 aBTopoB. Addunuaums nuweTcs HenocpeacTBeHHO
nocne ®M0 aBTopa. [JOMmMKHOCTb 1 cneumanbHOCTb MO AMNIIOMY HE YKa3blBatOTCS.

KoHTakTHble AaHHble

3]’IEKTpOHHbIl7I agpec aBTOpa YyKasblBaldOTCA pagoOM C ero MMeHemMm Ha nepsom
CTpaHuLUbl CTaTbW.

Kateropus (tun) ctatbu

KaTeropusauma crtatben sBnsietca 00s13aHHOCTbIO pedakuum M umeet ocoboe
3Ha4yeHune. KaTeropmo CTaTtbl MOryT npeanaratb peueH3eHTbl U YneHbl pegakuun, T.e.
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pepakTopbl pybpuk, HO OTBETCTBEHHOCTb 3a KaTeropusauuio HeceT WCKMIYUTENBHO
rnaeHbIn pegakTop. CTaTby B XXypHane pacnpeaensaTcsa No CneayoLwmm KaTeropusm:

HayuHble cTaTtbu:

— oOpurMHambHas HayyHasa cratbs (paboTa, B KOTOpOW MpMBOAATCA paHee
HeonybnunkoBaHHble pesynbTaTbl COOCTBEHHbIX WCCeOO0BaHUM, MOMYYEHHbIX Hay4YHbIM
MeToA0M);

— ob30pHas cTtatbs (paboTa, cogepXkawas OpuUruHanbHbIA, AeTanbHbIA W©
KpuTnyeckun ob3op uccnegyemon npobrembl unu obnactn, B KOTOPbLIN aBTOp BHEC
onpeaenéHHbIi BKNag, BUAUMbIA Ha OCHOBE aBTouMTaT);

— KpaTkoe cooblleHue (opurMHanbHasi HaydHasi paGoTa mofiHoro cpopmarta, Ho
MeHbLLero o6bEma Unm umeroLLasi npeaBapuTenbHbI XapakTep);

— Hay4Has KpuTMYeckas cTaTbsl (OUCKYCCUA-MONieMMKa Ha OMpedenéHHyo HayyHyto
TeMy, OCHOBaHHas UCKIMHOYNTENBHO Ha Hay4YHOW apryMeHTaLum) U Hay4YHbIi KOMMEHTapu1i.

OpHako, B HEKOTOpbIX 06NacTsAX 3HaHWN Hay4yHas paboTta B XypHane MOXeT UMeTb
hopmy MoHOrpacnyeckoro nccrnefoBaHust, a Takke KpUTUYECKOro 0BCyXAeHNs Hay4yHOro
maTtepuana (MCTOPUKO-apXMBHOrO, fekcukorpaduyeckoro, bubnunorpaduyeckoro, ob3opa
AaHHbIX W T.N.) — 4O CMX NOP HEU3BECTHOrO UMW HEAOCTATOYHO AOCTYMHOMO AN Hay4HbIX
nccneposaHnii. PaboTel, knaccnduumpoBaHHble B Ka4eCTBe Hay4HbIX, JOMMKHbI UMETb,
Mo MeHbLUEeW Mepe, ABE NOMNOXUTENbHbIE PeLeH3NN.

B cnyyae ecnu B XypHane o0bABMAITCA U NPUNOXKEHUS, HE MMEIOLLNE Hay4HbIN
XapakTep, Hay4Hble CTaTbu AOMKHbI ObiTb CrPYNMUPOBaHbI U YETKO BblAefeHbl B NepBow
YacTu Homepa.

[MpodeccuoHanbHble cTaTby:

— npodpeccroHanbHasa paboTa (NpUNoXeHusi, B KOTOPbIX NpeanaralTcs OnbiThl,
nonesHble [Ans COBEPLUEHCTBOBaHWS NPOecCcMoHanbHOW MPakTUKK, HO KOTOpble He
DOIMKHbI B 06513aTenbHOM nopsiake bbiTb 060CHOBaHbI Ha HayYHOM MeToae);

— UHGOpPMaTHUBHOE NpUNoXeHue (NnepeaoBas CTaTbs, KOMMEHTapPUA 1 T.M.);
— 0630p (KHWIM, KOMMBIOTEPHON NPOorpamMbl, Cry4asi, Hay4HOro cobbITUS U T.1.).

A3blk paboThbI

PaboTa MmoxeT GbITb HanucaHa Ha cepbCKOM, PYCCKOM UIN aHTIMNCKOM A3bIKE.

TeKCT [OMKeH GbiTb B NIMHIBUCTUYECKOM U CTUIIUCTUYECKOM CMbICIE YMOPSAOYEH,
CMCTEMAaTU3NPOBaH, Ge3 CoKpaLLeHUi (3a UCKITIOYEHNEM CTaHapTHbIX). Bce dmanyeckne
Be/IMYMHbI JOJHKHbI COOTBETCTBOBAaTb MeXayHapodHOM cUcTeMEe edVHUL U3MEpPeHUs —
CW. OyepeaHocTb hopMyn 0603HaYaeTCs NOPSAKOBLIMY HOMepPaMu, NPOCTaBNAEMbIMU C
NpaBoii CTOPOHbI B KPYIIbIX CKOBKaX.

Pe3tiome

Pestome saBnseTtca kpaTkum MHOPMATUBHLIM 0030POM COAEPXaHWsA CTaTbMy,
obecneyvBalowM 4YuTaTento ObICTPOTY M TOYHOCTb OLEHKM €€ peneBaHTHOCTU. B
MHTepecax pedakuuM W aBTOpOB, YTOObI pes3loMe COAepXano TepMWHbl, 4acTo
ncnosnb3yemble AN MHOEKCUPOBaHMA 1 noucka ctatbeir. CocTaBHbIMM YacTAMU pesiome
ABNAIOTCA BBeAeHue/uenb nuccnefoBaHnsi, MeTodbl, pesynbTaTel U BbiBOAbl. B pestome
OOmKHO ObiITe oT 100 go 250 cnoB, M OHO [OOIMKHO HAaxXOAWUTCS Mexay TUTyrnamu
(saronosok, PO aBTOPOB N Ap.) U KMNOYEBBIMW CrOBamMK, 3a KOTOPbIMU cregyeT TeKCT
cTartbm.
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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 cTaten nognexar npocbeccuouaanomy peueH3npoBaHUIo.

Cnuncok peueH3eHTOB XypHana «BOEHHO-TEXHMYECKUI BECTHUK» pasmeu.l,éH Ha
CTpaHuue canta Criucok peueH3eHmMos. I'Ipou,ecc peueH3npoBaHna onucaH B pasgene

Mpasuna peyeH3uposaHus.

MouToBbIM agpec pepakuun:

«BojHOTEXHUYKM rNaCHUK»

yn. Benbka Jlyknua Kypsika 33

11042 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[NaBHbIA M OTBETCTBEHHLIN peaakTop
KaHompat TexHudecknx Hayk Heboliwa Nayewa
nebojsa.gacesa@mod.gov.rs

https://orcid.org/0000-0003-3217-6513

Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9" July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards I1SO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

The Military Technical Courier / Vojnotehniéki glasnik (www.vtg.mod.gov.rs/index-
e.html, BTr.mMo0.ynp.cp6, ISSN 0042-8469 — print issue, e-ISSN 2217-4753 — online,
ubDC 623+355/359, DOl: 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).

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2019

in the field technological development:

— on the list of periodicals for electronics, telecommunications and IT,

category: leading scientific periodical of national interest (M51),

— on the list of periodicals for materials and chemical technology,

category: scientific periodical of national interest (M52),

—on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

— on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical (M53).

The approved lists of national periodicals for the year 2019 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of

Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2020).
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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).

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008). More detailed information can be
found on the website of the Ministry of Education, Science and Technological
Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1,5 (one and a
half) point (category M52) and 1 (one) point (category M53).

The journal is in the Serbian Citation Index — SCIndex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuiickuin nHgekc
Hay4Horo umTtupoBaHus (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.
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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
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);

939

POZIV | UPUTSTVO AUTORIMA / MTPUTMAWEHUE U MHCTPYKUWA ONA ABTOPOB PABOT / CALL FOR PAPERS, pp.925-941



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 4

— Informative contributions (editorial, commentary, etc.);
— Reviews (of a book, software, case study, scientific event, etc.)

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.

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier

Veljka Lukica Kurjaka 33

11042 Belgrade, Republic of Serbia

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Editor in chief
Nebojsa GaceSa MSc
nebojsa.gacesa@mod.gov.rs

https://orcid.org/0000-0003-3217-6513

tel.: +381 11 3603 260, +381 66 8700 123
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OBABELUTEHA CAPAOHNLIMMA N YATAOLIMMA
COOBLLUEHNA ONA ABTOPOB U YATATENEN
INFORMATION FOR CONTRIBUTORS AND READERS

HopnerbeHa npusHawa Hajborbum peueHseHTuma 3a 2020.

Cpncku untaTHM MHOEKC 3aBpLUMO je BpedHOBawe peleH3eHaTa 3a 2020.
roavHy. CBeyaHa pgopena Harpage W npu3Hawa Hajborbsum peueH3eHTMMa
oapxaHa je y npoctopujama LIEOH-a y beorpagy, y netak, 25. centembpa.
M3BewTtaj o TomMe poctynaH je cajty LULEOH-a Ha cTpaHuum
https://www.ceon.rs/index.php?option=com_content&view=article&id=630&catid
=1144&ltemid=482&lang=sr.

BOjHOTEXHMYKM rNacHMK ca 3ad0BOSbCTBOM UCTMYE da je Haw
ayroroguwtn YnaH ypehueaykor ogbopa u peueHseHT ap Cpehko Cronuh
Oobno npusHawe Kao WCTakHYTM peLleH3eHT 3a o0bnacT uHXewepcTBa U
TexHonoruje.

LIEOH noaceha ga ce 3a nsbop Hocunaua npusHamwa npema lNpaBunHuKy
(https://www.ceon.rs/images/pdf/RR _pravilnik_sr.pdf) He pacnucyje nocebaH
KOHKYpC, Beh y heMy y4ECTBYjy CBU OHM KOjU PELIEH3Npajy pyKonuce npucnene
Ha objaBrbmBake y oko cToTMHy CLIMHaekc yaconuca koju ce ypeRyjy oHnajH
nocpencteom nnatgpopme CLUMHOEKC ACUCTEHT.

LEOH he u y 6yayhHOoCcTM HacTojaTu fa nporpam BpegHoOBaka U
HarpafnuBarba peLieH3eHaTa Y4MHU joLl yCnewwHujum.

Bpy4yeHue Harpag 3a nyudwyto paboty peueHdeHToB 3a 2020 rog

CepOCckuin  MHOEKC Hay4yHOro LMTUPOBaHMS 3aBepLUMi OLUEHKY paboThbl
peueHseHToB 3a 2020 rog. TopXecTBeHHas LepeMOHUs BpyYeHusi Harpaj 3a
nyyLwyo paboTy peLeH3eHTOB cocTosnack B nomewennsax LIEOH B Benrpage B
natHuly 25 centsabpst 2020 roga. C Gonee nogpobHon nHdopMmaumen MOXHO
O3HaKOMUTLCA Ha cante LIEOH Ha CTpaHuue
https://www.ceon.rs/index.php?option=com_content&view=article&id=631:2020-
award-and-acknowledgments-for-the-best-
reviewers&catid=170&lang=en&ltemid=574.

Pepakuuns >xypHana «BoeHHO-TEXHWYECKWIA BECTHWK» C YOOBOSLCTBUEM
OTMeyYaeT, YTO MOCTOSAHHbIV YNneH Halwero PedakuMoHHOro coBeTa U peLeH3eHT
Cpeuko Ctonmy Obin npu3HaH BbldalwWMMCA peueH3eHToM B obnacTsx:
WHXEeHepHOe 4eno U TeXHONOornu.

LEOH HanomuHaetr, 41O B cooTBeTcTBMM C  PernameHTom
(https://www.ceon.rs/images/pdf/RR_pravilnik_sr.pdf) npu BbiOope ny4wero
peLeH3eHTa He MpPOBOAUTCSA CreumanbHbIi KOHKYPC, B HEM Y4acTBYHT Bce
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PELIEH3EHTbI  PYKOMUCEW, MOCTYNUBLUMX K Nybonukauum B KypHanax,
oxBaTbiBaeMbix CUHL]| AccucteHT.

LIEOH u Bnpegb OyaeT coBeplleHCTBOBATb NPOrpammy OLEHUBAHWUS U
HarpaxxgeHus peLieH3eHTOB.

2020 Award and acknowledgments for the best reviewers

The Serbian citation index has completed the evaluation of reviewers for
2020. The award ceremony for the best reviewers was held at the CEON office
in Belgrade, on Friday, September 25. The report is available on the CEON
website on the page
https://www.ceon.rs/index.php?option=com_content&view=article&id=631:2020-
award-and-acknowledgments-for-the-best-
reviewers&catid=170&lang=en&ltemid=574.

The Military Technical Courier is pleased to point out that our longtime
member of the editorial board and reviewer Dr. Srec¢ko Stopi¢ received
recognition as an outstanding reviewer in the field of engineering and
technology.

CEON emphasizes that there are no special calls for nominations for the
award according to their Rulebook
(https://www.ceon.rs/images/pdf/RR _pravilnik_sr.pdf), but all those who review
manuscripts submitted for publication in about one hundred of SCindeks
journals edited online through the platform SCindeks Assistant are eligible to be
nominees.

CEON will continue to strive to make the reviewer evaluation and reward
program even more successful.
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