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In this paper, we first prove a result that gives a sufficient condition for the
convergence of the sequences in the by-metric space. Next, we give
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Introduction and Preliminaries

The applications of fixed point theorems are very important in diverse
disciplines of mathematics, engineering and economics. The origin of the
fixed theory is dated to the last quarter of the nineteenth century. The work
of S. Banach in 1922 known as the Banach contraction principle is the
starting point of the metric fixed point theory.

More on fixed point results and contractive conditions, the reader
can find in (Ciri¢, 2003), (Agarwal et al, 2015), (Kirk & Shahzad, 2014).

Theorem 1.1 (Banach contraction principle) Let (X , d) be a

complete metric space. Let T be a contractive mapping on X, that is, one
for which there is a 4 € [0,1) satisfying

d(Tx, Ty) < Ad(x, y)
for all X,y € X . Then, there exists a unique fixed point x € X of T.

This theorem is a forceful tool in the nonlinear analysis. It has many
applications and has been extended by a great number of authors.
Although the famous Banach contraction principle was proved in the
metric space, after 1990 many new modifications of the definition of the
metric space appeared.

From now on, R and N will denote the set of real numbers and
natural numbers, respectively. Let us recall the definitions of the b-metric
spaces, the rectangular b-metric spaces, the 2-metric spaces, and the
b,-metric spaces.

In the papers of Bakhtin (Bakhtin, 1989, pp.26-37) and Czerwik
(Czerwik, 1993, pp.5-11), the notion of the b-metric space was
introduced and some fixed point theorems for single-valued and multi-
valued mappings in the b-metric spaces were proved.

Definition 1.2 Let X be a nonempty set and s>1 a given real
number. The function d : X x X — [0,oo) is said to be a b-metric if for all

X,Y¥,Z € X the following conditions are satisfied:
. d(x, y)=0 ifand only if x=y;
= d(x y)=d(y,x);
< d(x,z)< s[d(x,y)+d(y,z)].
A triplet (X .d, s) is called a b-metric space with the coefficient s.

In the paper (George et al, 2015, pp.1005-1013), the authors
introduced the concept of a rectangular b-metric space, which is not
necessarily Hausdorff and which generalizes the concept of the metric
space, the rectangular metric space (RMS) and the b-metric space.
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Definition 1.3 (George et al, 2015, pp.1005-1013) Let X be a
nonempty set and s>1 a given real number. The function
d: XxX > [0,oo) is said to be a rectangular b-metric if the following
conditions are satisfied:

(RbM1) d(x,y)=0 ifand only if x=;

(RbM2) d(x,y)=d(y,x) forall x,ye X ;

(RoM3) d(x,y)<s[d(x,u)+d(u,v)+d(v,y)] forall x,ye X and all
distinct points u,v e X \{x, y}.

A triplet (X,d,s) is called a rectangular b-metric space with the

coefficient s (in short RoMS).

Also in (George et al, 2015, pp.1005-1013), the concept of
convergence in such spaces is similar to that of standard metric spaces.

In the paper (Gahler, 1963, pp.115-118), Gahler introduced the
concept of the 2-metric space.

Definition 1.4 (Gahler, 1963, pp.115-118) Let X be a nonempty set
and the mapping d : X x X x X — R satisfies:

(1) For every pair of distinct points X,y € X, there exists a point

ze X such that d(x,y,z)#0.

(2) If at least two of three points X, y, z are the same, then
d(x,y,z)=0

(3) The symmetry:

d(x,y,2)=d(x,z,y)=d(y,x,z)=d(y,z,x)=d(z,x,y)=d(z,y,x)

forall X,y,ze X.

(4) The rectangle inequality:

d(x,y,z)<d(x,y,t)+d(y,zt)+d(z xt) forall x,y,z,te X .

Then d is called a 2-metric on X and (X,d) is called a 2-metric
space.

Many generalizations of the concept of metric spaces are established,
and several papers are published on the topic of the b-metric spaces (see
(Aleksi¢ et al, 2018), (Aydi, 2016, pp.2417-2433), (Czerwik, 1993, pp.5-11),
(Czerwik, 1998, pp.263-276), (Dung & Le Hang, 2016, pp.267-284),
(Miculescu & Mihail, 2017, pp.2153-2163) and others), of the rectangular b-
metric spaces, see (George et al, 2015, pp.1005-1013), (Mitrovi¢ &
Radenovi¢, 2017, pp.3087-3095), (Mitrovi¢ & Radenovi¢, 2017, pp.401-407)
and others) and of the 2-metric spaces, see (Ahmed, 2009, pp.2914-2920),
(Aliouche & Simpson, 2012, pp.668-690), (Deshpande & Chouhan, 2011,
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pp.37-55), (Dung & Le Hang, 2013), (Fadail et al, 2015, pp.533-548),
(Freese et al, 1992, pp.391-400), (Gahler, 1963, pp.115-118), (Iseki,
1975, 133-136), (Iseki, 1976, pp.127-135), (Lahiri et al, 2011, pp.337-
352), (Lal & Singh, 1978, pp.137-143), (Naidu & Prasad, 1986, pp.974-
993), (Popa et al, 2010, pp.105-120) and others).

In the paper (Mustafa et al, 2014), the notion of the b,-metric space
was introduced and some fixed point theorems in the b,-metric spaces
proved.

Definition 1.5 (Mustafa et al, 2014) Let X be a nonempty set,
s >1 be areal numberand let d : X x X x X — R satisfies:

(1) For every pair of distinct points X,y € X, there exists a point
ze X suchthat d(x,y,z)=0.

(2) If at least two of three points X,y,z are the same, then
d(x,y,z)=0.

(3) The symmetry:

d(x,y,z)=d(x,z,y)=d(y,x,z)=d(y,z,x)=d(z,x,y)=d(z,y,x)
forall X,y,ze X .

(4) The rectangle inequality:

d(x,y,z)<s[d(x,y,t)+d(y,z,t)+d(z,xt)]

forall x,y,z,te X.

Then d is called a b,-metric on X and (X,d,s) is called a b,.metric
space.

Remark 1.6 Note that, d(x, Y, Z)Z 0 for all x,y,ze X . Applying the
rectangle inequality, we get
d(x,y,y)<s[d(z y,y)+d(x 2, y)+d(xy,2)].
By (2) and the symmetry of d, we obtain d(x, Y, 2)2 0.
Note that a 2-metric space is included in the class of the bo-metric

spaces with the coefficient s = 1.
Example 1 (Mustafa et al, 2014)

1. Let X =[0,40) and d(x,y,z)=(xy +yz+2x)" if x=y=z#X,
and otherwise d(x, Y, z) =0, where p>1 is areal number.

From convexity of the function f(x)=x" for x>0, then by Jensen
inequality we have
(a+b+c)” <3 Haf +bP +c”).
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So, (X,d,s) is a bo-metric space with s < 3.

2. Let a mapping d :R®— [0,+0) be defined by

d(x,y,z)= minﬂx —ylly-12|z- x|}

Then d is a by-metric on R, i.e., the following inequality holds:

d(x,y,z)<d(x,y,t)+d(y,zt)+d(z xt),

for all X,y,z,t eR. From the convexity of the function f(x)= xP on
[0,+oo) for p>1, we obtain that

d°(x,y,z)= min{jx —yl.ly-2,|z- x|}p

is a b,-metric on R with s < 3°*.

Definition 1.7 (Mustafa et al, 2014) Let {Xn} be a sequence in a
b-metric space (X,d,s).

1. {x,} is said to be bs,convergent to xe X, written as
lim ,_ x =x,ifforall aeX,lim__d(x,x,a)=0.

2. {x,} is said to be a brCauchy sequence in X if for all
aeX,lim,, . d(x,x,,a)=0.

3. (X,d) is said to be b,-complete if every b,-Cauchy sequence is a
b,-convergent sequence.

Definition 1.8 (Mustafa et al, 2014) Let (X,d,s) be a by-metric
spaces and let f:X — X be a mapping. Then f is said to be
bo-continuous at a point z € X if for a given & >0, there exists 6 >0
such that xe X and d(z,x,a)<d for all aeX imply that
d(fz, fx,a)< g. The mapping f is by-continuous on X if it is
b,-continuous at all ze X .

Remark 1.9 Let (X,d) be b,metric spaces. Then a mapping
f: X —> X is bycontinuous at a point xe X if and only if it is
bs-sequentially continuous at X, that is, whenever {x,} is br-convergent
to X, {fx,} is b,-convergent to f(x).

This paper is to derive theorems of Banach, Reich and Jungck in

the b,-metric spaces. Also, we obtain some results in partially ordered
b,-metric spaces.
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One sequence convergence test in the bo-metric space

The inequality given in the next Lemma 2.1 is key to proving our
main results.

Lemma 2.1 Let (X,d,s) be a br-metric space and {Xn} a

sequence in X. Suppose that 1 € (0,1) and let ¢ be a real nonnegative
number such that
d(x,, X, a) < Ad (X, 1, X, 4,a)+c(A" + ") (2.1)

m?n1?

forall m,neNand ae X . Then {Xn} is a b-Cauchy sequence in X.

Proof. Let m,neN, a€ X and p €N fixed such that p >-2log, s.

From (2.1) we have that
d(Xp 0 X0 2) < A4 (X, X, @)+ kA (A" + 47) (2.2)

for em‘|+|k m,nr;k, k eN and ame )n( . We have

d (X, Xy @) < S[ A (X p s X r @)+ A Xy s X0 @) + A (X, X0, X ) ]
<[ d(Xp,p0X,,8) + A" (X, X, @)

+emA" (L+ %) + A"d (Xg, Xy, X, ) +CmA" L+ A°) ]
<s[ d(x a) + A"d (Xy, X, @) + A"d (Xg, X, X,) ]
+4scmA™,

Next, as it is
d(xo, %, x, ) < s d(x X,) +d(Xg, X, g0 Xp ) + A (X, X X)) |
<g ﬂf‘d(xp,xo,xp)+cn/1”(/1p +1)+ APd(Xy, X, %)

+CpAP L+ A") + A"d (Xg, %o, X, ) +CNA" (L+ A7) ]

< 205(2n;t“ + p),

m+p'Xn'

n+p’Xn’

and
d(xm-#p’xn'a')S S[ d(xn+p'xn7a)+d(xm+plxn+p’a)+d(Xm+p’Xn’Xn+p) ]
<s[ A"d(x,,%p,a) +cnd" L+ 27 )+ 2%d(x,, X, @)

+CpA° (A" + A7) + AP (X, X, , X, )+ CpA" (A" + A7) |
<s[ 2"d(x,, %y, a) + 2°d (X, X, @) ]
+2cs[ p(A" +A")+nA" |,
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we obtain the following

d(Xy, X, @) < 8?[ 2"d(x,, %o, @) + 2°d (X, X,,8) +s2"d (X,, X,,a) ]

m?n?

+2¢s?[ p(A" +A") +nA" ]+ 25%cA" (24" + p).
So,

(L-522° d(x,, X,,2) < 227 (X, %o, )+ 52™d (xo, X, @) (2.3)
+2¢8%[ 2pA™ +(p+n)A" +2nA™" ], (2.4)
how is it p>—-2log, s we have 1-s%4? >0, therefore, we obtain

that {xn} is a b,-Cauchy.

Lemma 2.2 Let (X,d,s) be a b,-metric space and {xn} a
sequence in X. Suppose that 1 e [0,1) such that
d(x,,x,,a)< Ad(x, X, a) forall mneN, aeX.

m? “'n? m-1? *n-11
Then

1-s°p
forall m,n,peN, p>-2log,s and ae X..

d(x,,x,,a)

m?n?

d(x,,x,,a), (2.5)

Proof. It follows directly from Lemma 2.1, if we put ¢ = 0, see (2.4).

Remark 2.3 Note that both Lemma 2.1 and Lemma 2.2 improve the
result of Lemma 1.6. in (Fadail et al, 2015, pp.533-548).

A Theorem of Jungck in the b,-metric space

The following Theorem is the version of the Theorem of Jungck
(Jungck, 1976, pp.261-263) in b-metric spaces.

Theorem 3.1 Let T and | be commuting mappings of a b,-complete
b,-metric space (X,d,s) into itself satisfying the inequality

d(Tx, Ty,a) < Ad(Ix, ly,a) (3.1)
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for all X,y,ae X, where 0< A <1. If the range of | contains the

range of T and if | is b,-continuous, then T and | have a unique common
fixed point.

Proof. Let X, € X be arbitrary. Then Tx, and Ix, are well defined.
Since TX, € I(X), there is any x, € X such that Ix; =TX,. In general, if

X, is chosen, then we choose a point X,,, in X such that IX,, =TX, .

n

We show that {Ixn} is a bo-Cauchy sequence. From (3.1) we have
d(Ix,, Ix,,a)=d(Tx,_,,Tx,,,a)< Ad(Ix,_,, Ix,_,,a).

m-1?
So,

d(Ix,, Ix,,a)< d(Ix, ,, Ix,,,a), forall mneN, ae X . (3.2)

From Lemma 2.2 we obtain

(A" + 1)
— Sz p
for all mneN, aeX and for some peN such that it is

p>-2log, s. Thus, we obtain that {Ix, } is a b-Cauchy sequence in X.

d(Ix,, 1x,,a) < d (1%, 1x,,a), (3.3)

By the b,-completeness of X, there exists U € X such that
limIx, =limTx,_, =u.

n—oo n—oo

Now, since | is b,-continuous, (3.1) implies that both | and T are
bs-continuous. Since T and | commute, we obtain
lu= Iuimen)= limITx, =limTIx, =T |lim Ixn):Tu.

nN—oo n—oo

Let v=1Ilu=Tu.Weget Tv=Tlu=I1Tu=1Iv.If Tu=Tv, from (3.1)
we obtain

d(Tu,Tv,a)< Ad(lu, Iv,a) = 2d(Tu,Tv,a) < d(Tu, Tv,a),

a contradiction. So we have Tu=Tv, and finally we obtain
Tv=Ilv=v ie. vis a common fixed point for T and I. Condition (3.1)
implies that v is the unique common fixed point.

Theorem 3.2 Let T and | be commuting mappings of a complete
2-metric space (X ,d, s) into itself satisfying the inequality
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d(Tx, Ty,a) < Ad(Ix, ly,a) (3.4)

for all x,y,ae X, where 0< A <1. If the range of | contains the

range of T and | is continuous, then T and | have a unique common fixed
point.

From Theorem 3.1, we obtain the following variant of the Banach
theorem in b,-metric spaces.

Theorem 3.3 Let (X,d,s) be a b,-complete by-metric space and
T : X > X a mapping satisfying:

d(Tx,Ty,a)< ad(x,y,a) (3.5)
for all x,y,ae X, where ae[O,l). Then T has a unique fixed
point.

Proof. Put 1(x)=x,x € X in Theorem 3.1.

We obtain the following result as a consequence of Theorem 3.1 if
we put K :% and T to be the identity map, i.e. T(x): X, Xxe X.

Theorem 3.4 Let | be a continuous onto mapping of a b,-complete
bo-metric space (X,d,s). If there exists K >1 such that

d(Ix, ly,a)> Kd(x,y,a)

for all X,y,a e X, then | has a unique fixed point.

The Reich theorem in b,-metric spaces

The following theorem is the analogue of the Reich contraction
principle (Reich, 1971, pp.121-124) in the bo-metric space.

Theorem 4.1 Let (X,d,s) be a b,-complete b,-metric space and
T : X — X be a mapping satisfying:
d(Tx,Ty,a)< ad(x,y,a)+ Ad(x,Tx,a)+ ,d(y,Ty,a) (4.1)

for all x,y,ae X, where «, 3,y are nonnegative constants with

a+ f+y<1andmin {ﬂ,7}< 1 . Then T has a unique fixed point.
S
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Proof. Let X, e X be arbitrary. Define the sequence {xn} by
X, = IX, forall n >0. From condition (4.1) we have that

d(xn+l’ n’ )<ad( n’ n -1 )+ﬂd( n’ n+1’ )+7/d( n-11 n’ )

Therefore,

a+y
d(X,.., X, @) < d(Xx,, X, 5,a). 4.2
(Xnun )1_ﬁ( X,.1:8) (4.2)
Put r—ihL; We have that re[Ol) It follows from (4.2) that
d(x,.,, x,,a)<r"d(x,, x,,a) forall n>1. (4.3)

From conditions (4.1) and (4.3), we obtain

d (X Xy, 8) < o (X4, X0 008)+ A (%00 X, )+ 50 (%, 1, %, ,0)
< ad (X, 4, X, 2)+ A (X, x,,a)+ (%, , %, a)
_O‘d( Xin-11 X1, @ )+(ﬂrm_l+7rn_l (XO,’Xl’a)

From this, together with Lemma 2.1 (we can put
A =a,c=max{B,yd(x, x,a)

for all m,neN, note that if r=0 then the proof is trivial) we
conclude that {x, } is Cauchy. By the b,-completeness of (X,d,s) there

exists X" € X such that

limx, =x". (4.4)

n—oo

Now we obtain that X is the unique fixed point of T. Namely, we
have
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d(x*,Tx*, a)s s[d (xn+1,Tx*, a)+ d(x*, Xna1s a)+ d(x*,Tx*, XM)]
= s[d (Txn,Tx*, a)+ d (x*, Xoi1s a)+ d (x*,Tx",Txn )]
< s[ad (xn, X", a)+ pd(x,,x,,,,a)+ ;d(x*,Tx*, a)

+ d(x*, xn+l,a)+ ad(x*, X", xn)+ ,Hd(x*, x*,Tx*)
+ }/d(X*, Xn' Xn+1)]
and

d(Tx*, X", a)s s[d (Xn+1, X", a)+ d(Tx*, X, 1s a)+ d(Tx*, X", XM)]
= s[d (Xn+1, x*,a)+ d(Tx*,Txn,a)+ d(Tx*, X", TX, )]

< s[d (XM, X", a)+ ad(x*, xn,a)+ yil (x*,Tx*, a)

+ 30 (%,, %,,0a)+ad (X7, X7, x, )+ Ad(x", X", TX)
+;/d(x*,xn,xn+1)]

Since limd(x",x,,a)=0, limd(x,,x,.,,a)=0,

n—oo nN—o

Iimd(x X x*):O and min(ﬂ,y)<%, we have d(x*,Tx*,a):O for

n?! *n+l

allae X i.e., Tx" =x" (Axiom (1) in Definition 1.5).

For uniqueness, let y* be another fixed point of T. Then it follows
from (4.1) that
d(x*, y*,a): d(Tx*,Ty*,a)s ad(x*, y*,a)+ ,Bd(x*,Tx*,a)Jr;d(y*,Ty*,a)
:ad(x*, y*,a)< d(x*, y*,a)

is a contradiction. Therefore, we must have d(x*,y*,a):O, ie.,
X" =y".

From Theorem 4.1, we obtain the following variant of the Kannan
theorem (Kannan, 1968, pp.71-76) in b,-metric spaces.

Theorem 4.2 Let (X,d,s) be a b,.complete b,-metric space and
T : X —> X be a mapping satisfying:

d(Tx,Ty,a) < pd(x,Tx,a)+d(y, Ty,a) (4.5)
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for all Xx,y,ae X, where f,y nonnegative constants with

p+y<land min{ﬂ,y}< 1 Then T has a unique fixed point.
S

A result in partial order bo-metric space

Let Fs denote the class of all functions £ [O, oo) - [Olj satisfying
S

the following condition:
1
,B(tn)—>g as N — o impliest, >0 as n — .

In the paper (Mustafa et al, 2014), Mustafa et al. obtain the following
result in partially ordered b,-metric spaces.

Theorem 5.1 (Mustafa et al, 2014, Theorem 1) Let (X,<)be a
partially ordered set and suppose that there exists a b,-metric d on X
such that (X,d,s) is a b,-complete b,-metric space. Let f : X — X be
an increasing mapping with respect to < such that there exists an
element X, € X with X,<fx,. Suppose that

sd(fx, fy,a) < g(d(x,y,a))M(x, y,a) (5.1)
for all a € X and for all comparable elements X,y € X , where

M(x,y,a)= max{d (x,y,a), : ()i:)((j ?f)f(f))// ;y)’ a)} -

If f is by-continuous, then f has a fixed point. Moreover, the set of
fixed points of f is well ordered if and only if f has one and only one fixed
point.

In the further, we consider that M (x,y,a) is given as in Theorem
5.1.

In the paper (Fadail et al, 2015, pp.533-548), Fadail et al.
generalize, complement and improve Theorem 5.1 in several directions.

Theorem 5.2 (Fadail et al, 2015, pp.533-548, Theorem 2.1) Let

(X,<) be a partially ordered set and suppose that there exists a
b,-metric d on X such that (X .d, s) is a b,-complete b,-metric space with
s>1. Let f: X — X be an increasing mapping with respect to <
such that there exists an element x, € X with x,<fx,. Suppose that
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s°d(fx, fy,a) < g(d(x, y,a))M(x, y,a) (5.2)

for all ae X and for all comparable elements X,y e X, where
g€ (0,1]. If f is bo-contuniuous then f has a fixed point. Moreover, the set
of fixed points of f is well ordered if and only if f has one and only one
fixed point.

Using Lemma 2.1, we get the following result.

Theorem 5.3 Let (X ,5) be a partially ordered set and suppose that
there exists a bo-metric d on X such that (X,d,s) is a b,-complete
b-metric space with s>1. Let f: X — X be an increasing mapping
with respect to < such that there exists an element x, € X with x,=<fx,.
Suppose that exists 1 € (0,1] such that

d(fx, fy,a) < AM(x,y,a), (5.3)

for all ae X and for all comparable elements X,y e X . If f is

b.-continuous, then f has a fixed point. Moreover, the set of the fixed
points of f is well ordered if and only if f has one and only one fixed
point.

Proof. Since X,=<fx, and fis an increasing function, we obtain that

f n+1

2 n
Xoﬁfxoﬁf Xoﬁ"'ﬁf Xo= Xo=-e.

Since x,=X,.,, where X, ., = fX,,n €N, from (5.3) we obtain

n+l>

d(x,,x,..,a)< A max{d (X4, %,,a), d (anlJ,rXcr; ’(i)d)fxn ’ Z”)*l’ a)}
n?! *n+l?

<2d(x,_,,%,,a)
Using induction, we conclude that
d(x,x,.,,a)<Ad(x,, %,a), (5.4)

forall neN, a e X . Further from conditions (5.3), we have

d(x,,x,.,a)< A max{d (X1, %,_5,), d (Xmirf& ’(i)d E(X”;’)X” ’ a)}

m?“n?

< Amax{d(x, . x,_,a),d(x, %, ,a)d(x,_,,x,,a)k

m-1? *m?

Now, from inequality (5.4), it follows
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d(x,,x,,a)< A max{d (X1 X1, @) A" d (%4, X,,8)2"d (X, Xy, a)}
<Ad (X, X, _y,a)+ A" "2 (X, X,,a)

<2d (X, 4%, .a)+ (A" + 27 )%(x,, %,,)

= 2d (X, 1, X, ,a)+ (A" + A7)

where ¢c=d 2(XO, X, a). Now, because of Lemma 2.1, we get that

{x,} is a bCauchy sequence in (X,d). The rest of the proof is the
same as in (Mustafa et al, 2014) (Steps IV and V).

Note that condition (5.1) implies (5.2) and condition (5.2) implies

(5.3).

Example 2 Let X ={(a,0):a€[0,40)}U{(0,2)} and let d(x,y,z)

denote the square of the area of a triangle with the vertices X,y,ze X,

d((2,0).(b.0).(0,2))=(a~b)".

Then d is a by-metric with the parameter s =2. Introduce an order

in X by

(a,0) < (b,0)=ax=h,
with all other pairs of distinct points in X incomparable.
Consider the mapping f : X — X given by

f(a,0)=(1a,0) for a[0,+x) and (0,2)=(0,2),
and the function S €F, given as

Bt)= 21::“ for t €[0,4+0).
Then f is an increasing mapping with (a,0) < f(a,0) for each a>0.

1. If /’t:1 then the assumptions of Teoreme 5.1 are satisfied

(Mustafa et al, 2014, Example 3).

2. If /”L:% then the assumptions of Theorem 5.2 are satisfied

(Fadail et al, 2015, pp.533-548, Example 2.6), but we cannot apply
Theorem 5.1.

3.1f A4 e(%,lj then the assumptions of Theorem 5.3 are satisfied,

but we cannot apply Theorem 5.2.
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HEKOTOPbLIE TEOPEMbl O HENOABWMXHbLIX TO4YKAX B
b,-METPUYECKUX NMPOCTPAHCTBAX

Mym Kymam®, 3opar 1. Mutpoeud®, MupbsiHa B. Maenosuy®

@ TexHonorMyeckuit yHmeepenteT kopons MoHrkyta B TXoHBYpH,
EctectBeHHO-MaTeMaTU4eckuin cakynbTeT, ViccnenoBarensckas rpynna no
TEopUN HEMOABWKHbBIX TOYEK U NX MPUMEHEHMIO, LIeHTp TeopeTnyeckmx n
BbIYMCINUTENbHBIX HayK, 3gaHne Hay4Hou nabopatopuu,
r. baHrkok, Koponesctso TavnaHg

6 YHuepcuTeT B I. BaHa-Jlyka, OneKkTpoTexHuyYeckmin pakynbTeT,
r. bans-Jlyka, Pecny6nuka Cepbckasi, BocHus u epuerosuHa

® YHueepcuTeT B r. Kparyesall, EcTecTBEHHO-MaTeMaTUYecKuin qpakyrnbsTer,
r. Kparyesau, Pecny6nuka Cepbus

PYBPUKA M'PHTU: 27.00.00 MATEMATUKA,

27.39.27 HennHenHbIi PyHKUMOHAmNbHBIV aHanm3
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnunckuin

Pe3some:

Bo esedeHuu daHHOU cmambu Mbl QOKasanu pesyrnbmam, Komopbil
sernsgemcs docmamoyHbIM ycrnosuem onsa cxodumocmu
nocnedosamersnbHocmel 8 by-Mempudyeckom npocmpaHcmese. [anee
npedcmaessieHbl HEKOMOPbIe MEOPEMbI O HENOOBUXHOU MOYKE 8
bo-mempuyeckom — npocmpaHcmee.  Hekomopble  u3  Hawux
pesynbmamos  npedcmasnsiom  coboli  coomeemcmesyoujue
0b60bweHUss  u38eCMmHbIX  pe3ynibmamog 8  b,-MempuyecKkom
npocmpaHcmee, 8 Kadecmee  Ookazamesibcmea  pueedeHhb!

rpuMepbI.

Knroyesbie crioga: HernoO8uUXXHbie moyku, 060bwWeHHbIe HernooOB8UXHbIe
mouku, 2-Mempudeckoe rnpocmpaHcmeo, b,-mempuyeckoe
rpocmpaHcmeo.
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Barba Jlyka, Penybnuka Cpncka, BocHa n XepuerosuHa

® YuueepsauteT y Kparyjesuy, MpupoagHo-MaTeMaTuyku dakynTer,
Kparyjeau, Penybnuka Cpbuja

OBJIACT: matemaTtuka (MaTemMaTnyka TeMaTcka krnacudukauuja:
npumapHa 47H10, cekyngapHa 54H25)

BPCTA YJTIAHKA: opurmHanHu Hay4Hu pag

JES3UNK YJTAHKA: eHrnecku

Caxemak:

Y osom pady npeo je dokasaH pe3ysnmam Koju daje G080sbaH yCcri08 3a
KOHBep2eHUuUjy Hu3zoea y by,-mempudykom rnipocmopy. Takohe,
HasedeHe cy Heke meopeme O (DUKCHOj mayku y bo-Mempuykom
npocmopy. Heku pesynmamu npedcmaesbajy o00zoeapajyhe
e2eHeparnu3ayuje nosHamux pesynmama y by-Mempu4Kkom rnpocmopy,
a npumepu cy npeseHmupaHu 8a mo nomsepade.
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Abstract:

The goal of this contribution is to reveal the analytical framework and
synthesis guidelines for frontal-attacking targets (FRATs) and flank-
attacking targets (FLATs) from the point of view of a graph as a
mathematical object. The final outcome of this study are three graph
models that in many ways describe the shooting targets under
consideration. The first graph model characterizes the structure of
connections between the vertices using an undirected graph. The model
showed that the complexity of silhouettes leads to an increase of the path
in the graph and growth of the complexity of its internal structure. The
second graph model allows the analysis of the connectivity of the graph
vertices. In this case, a bipartite graph is used. As a result, the reviewed
FRATs and FLATs are described by the same graph. The second model
showed its indifference to the types of the used graphic primitives (GPs).
The third graph model was developed for the analysis of the common
borders of the neighboring GPs and it uses a bipartite graph. It is also
indifferent to the types of the used GPs, but it takes into account the length
of the common borders. The third model describes FRATs/FLATs groups
in the same way. When using I-lll models, one can design GPs and carry
out the synthesis of new targets. A full group of flank-attacking targets
consisting of five silhouettes and their GPs is offered.

Key words: shooting target, geometric primitive, graph, adjacency
matrix, Mathcad.
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Introduction

The availability of various shooting targets in training processes
makes it possible to reproduce necessary combat situations for operators
of military special operations units as well as for radio-operators of
robotized ground combat systems with remote operating control. Since
shooting at selected targets is carried out only after the detection,
classification and aiming stages, the process of developing a
mathematical description of human-like silhouettes is actually a scientific
field.

Despite a diversity of plane shooting targets (PSTs), target design
as a generation of combatants’ silhouettes is not widespread in scientific
literature. A generally accepted point of view is that it is a phenomenon of
human creativity which has a complex formal description.

Graphs are widely used for modeling different processes in physics,
chemistry, engineering, information systems (Bondy & Murty, 1982),
(Kennedy & Quintas, 1988), (Xu, 2003), and for image processing
(Lézoray & Grady, 2012). Military applications also often apply the graph
theory in: military geography and geodesy (Talevski & Temjanovski,
2003), military planning systems (Boukhtouta et al, 2011), (Hocker,
2012), and combat modeling (Tolk, 2012).

Based on the graph theory in (Khaikov, 2019), there is a description
of a geometric similarity between the silhouettes of PSTs used in the
Swiss Confederation (Wikipedia Contributors, 2012) and in the
USSR/Collective Security Treaty Organization (Tarchishnikov, 2011).
However, the considered two groups of PSTs belonged to the same
target type, namely to frontal-attacking silhouettes. This study is a
continuation of the previous paper (Khaikov, 2019). This new contribution
attempts to widen the methods of the graph theory for the analysis of
frontal-attacking shooting targets (FRATs) to flank-attacking shooting
targets (FLATSs). The goal of this work is to determine the principles of
construction, analysis and synthesis of the methods for the FRAT/FLAT
geometry from the point of view of a graph as the prime object of discrete
mathematics. The computer algebra system Mathcad is used for graphic
visualization of these sets of problems.

Description of a single PST and a group of PSTs in
terms of graphs

Depending on the direction of displacement relative to an observer,
an infantryman can move forward/backward and from left to right (or vice

526



versa). On the other hand, regardless of the direction of movement, an
observer can see only a head of an infantryman, a head and a chest
together or a full-size figure. If a real human silhouette is replaced by a
set of abstract shapes, then this group of targets must be controled by
some discretely variable parameter. The total area of a human-like
silhouette visible to an observer can be recognized as such. Therefore, if
the direction of an infantryman’s displacement is considered as a
classification criterion, and if an independent observer sees only a certain
part of an infantryman’s silhouette, one can create frontal-attacking and
flank-attacking shooting targets.

In Fig. 1, we consider five Soviet/Russian FRATs and two (outside of
the rectangle) FLATs (Tarchishnikov, 2011). The target geometry will be
useful for deeper understanding and further reasoning.
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Figure 1 — Silhouettes of five FRATSs (top row) and five FLATs (bottom row)
Puc. 1 — Cunyamsl namu ¢ppoHmarnsHo amakyowux (epxHuli psd) u ¢praH2080-
amakyruux nraocKux MuweHel (HuxHul pso)
Cnuka 1 — Cunyeme nem ¢ppoHmarsHux mema 3a 2aljare (2opru ped) u nem 604HUX
mMema 3a 2aljare (0oru ped)
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The dimensions of all silhouettes shown in Fig. 1 are given in
centimeters. Three figures in the bottom row are drawn inside a rectangle
(its perimeter is depicted by a dotted line). It should be mentioned that
these images are missing in (Tarchishnikov, 2011) and that they are the
result of a synthesis process conducted using I-lll graph models,
developed below.

Five FRATs have the following designations (from left to right): the
head target; the head and shoulders target; the upper torso target; the
torso target; and full-sized target. The designations of the two FLATSs are:
the side view of the torso target; the man-sized target (side view). All
FLATs move from right to left. If the movement is carried out from left to
right, the targets of the lower row must be rotated horizontally.

Plane shooting targets consist of geometrical primitives (GPs) which
are plane figures of elementary shapes. In addition, a single GP can be
represented as a polygon. An important feature of GPs is the fact that a
PST is built from them like a mosaic. The area of two contiguous GPs
increases due to the existence of a common border between them.

Each PST from the FRAT group can consist of a maximum of five
GPs (Fig. 2 a). There are «head», «shoulders (left / right)», «bottom of
the chest», «bottom of the torso», and «legs» GPs. The minimum
number of primitives required to generate a target’s shape is one.

Gmml:l).U DAD?-U

Figure 2 — Geometric primitives as constituent elements of PSTs
a) FRATs;, b) FLATs;
Puc. 2 — leomempuydeckue npuMumusbi Kak cocmasnsiroujue 31emMeHmsol
a) ppoHmMarnbHO amakyrouwux MuweHel;  6) ¢prnaHa080-amakyWUX MuweHel;
Cnuka 2 — OcHo8He eeomempujcke ¢hugype Kao KOHCmuUmMymueHU efleMeHmu
a) gppoHmarnHux mema 3a 2aharwe, 6) 604HUX Mema 3a 2ahare

The GPs of the FRAT group are obtained by overlaying a GP shape
with a smaller area on a shape with a larger area. For example, if the
silhouette «the torso target» is placed over the silhouette «full-sized
target», we obtain the GP named «the leg». Further, if the «the upper
torso target» silhouette is put on the «the torso target» silhouette, one
can obtain the GP with the designation «the bottom of the torso», and so
on.

Applying the principle of splitting the silhouette for the FLAT group,
five GPs were obtained (Fig. 2 b). There are side projections for «the
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head», «the chest / the back», «the bottom of the chest», «the bottom of
the torso», and «the leg». The GPs forming the FLAT group do not have
axial symmetry; however, the GPs of the FRAT group are symmetric by
the vertical QY axis. It should be noted that the shapes of the GPs for the
FLATs are more complex than the GPs for the FRATs. In order to
compare them more easily, the GPs for the FRATs and the FLATs
groups have the same numbers (1-5 from left to right) and identical
colors (Fig. 2). The GPs with number 2 for the FRATs and the FLATs
groups consist of two areas (light green color).

The first graph-model

The vertices of the first graph-model (Fig. 3, 4) are geometric
primitives and the edges of the graph are the connecting lines between
the adjacent GPs. The designations «No. I-V» shows the number of the
graph in the group of 6-, 10-, 10-, 12-, 14-vertex graphs.

4 3 5 4 6 5 7 6 8 7
5D2 76 3 4 7 4 5 98 5 4 102 6
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10 1 2
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(2]
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Figure 3 — The graphic visualization of the first graph model for five (I-V)
frontal-attacking plane shooting targets
Puc. 3 — Peanu3sauyus nepsol epagh-modesnu 0ns namu (I-V) hpoHmansHo amakyrouux
MJ1I0CKUX CMpeJsikosbix MulieHeu
Cnuka 3 — paghuyku npukas npeoe modena gpacgha 3a nem (I-V) chppoHmanHux
0800UMEH3UOHAalHUX Mema 3a ealja/-be
The graph with No. | is a classical circle graph. The vertices of the
polygon are numbered counterclockwise. The starting vertex is at the
bottom right. The vertices of the graph are not only the vertices of the
external polygon (vertices 1-8 for No.2), but also the points of the sides
formed by the intersections of the vertices which belong to different GPs
(points 9, 10 for No.2).
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Figure 4 — The graphic visualization of the first graph model for five (I-V)
flank-attacking plane shooting targets
Puc. 4 — Peanu3sayus nepeol epag-modenu 0ns namu (I-V) ¢pnaHzo80-amakyowux
MIOCKUX CIMPEeJIKo8bIX MUWeHel
Cnuka 4 — pacbuydku npukas npeoe modena gpacgha 3a nem (I-V) 604HUX
0800uMeH3UOHaIHUX Mema 3a 2ahar-e

The idea of analyzing the graph structure is to isolate the external
contour as a set of interconnected vertices and to transform them into a
circle. Regardless of the size of the target area in a group, the area of the
circle for all graphs is constant (Fig. 3, 4, |-V graphs). Then any
connection between the vertices of the external contour can be
represented as one or more edges inside the circle. The number of such
edges will characterize the complexity of the graph adjacency matrix. The
colors of the areas correspond to the colors of the geometric primitives
which form a group of targets. In Figures 3 and 4, the ratio of the areas
between the geometric primitives that make up the plane shooting targets
is not preserved.

A disappearance of target symmetry is detected when an odd
number of vertices appears in a circle-graph. In Fig. 3, each of the five
circle-graphs has an even number of vertices, i.e. 6, 10, 10, 12, and 14.
By comparing the areas with the same color (Fig. 4), we can notice an
unequal number of vertices in the adjacent areas inside the circle. The
light green areas of the graphs with IlI-V number (Fig. 3) have the same
number of vertices, but by transition to Fig. 4, these ratios change.
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In this way, the undirected circle-graph with a constant area has
provided a study of the internal connections in both silhouettes: a single
PST as well as a group of PSTs.

The second graph-model

Although the second model was already formulated in (Khaikov,
2019), its application here contributes to the FRATs/FLATs comparison.
The second graph-model consists of 10 vertices and 15 edges (Fig. 5).

DDDE.U DAD -W
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Figure 5 — Target design system for the FRATSs (a) and the FLATs (b) groups
Puc. 5 — [lse cucmembl mocmpoeHusi MuweHel: a) ppoHmarnsHO amakyrouux MuweHed;
6) prnaH2080-amakyrWUX MULWEeHel
Cnuka 5 — Cucmem ripojekmosarba Mema 3a epyre ¢oppoHmarnHux (a) u 6o4Hux (6) mema
3a cahame

p-—

®
)
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Bﬂw i
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Vertices numbered 1-5 are GPs. Numbers 6-10 are the vertices of
the graph characterizing one of the frontal-attacking (or flank-attacking)
targets. The arrows (edges of the graph) show the relationship between
the GPs and the silhouettes. The colors of the graphic primitives (the
vertices of the graph) are identical to the colors in Fig. 2. The two
structures in Fig. 5 represent a target design system (TDS) (Khaikov,
2019). The left TDS (Fig. 5 a) is that of the FRATs group, while the
system on the right (Fig. 5 b) can be used for FLAT group generation. Let
us draw attention to the fact that the structures of the FRAT/FLAT
schemes (Fig. 5 a, b) are the same. The difference is only in the sets of
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the used primitives which are assigned in advance. By rebuilding these
schemes, we obtain a bipartite graph (Fig. 6 a)

G, = (V, E) = (10, 15),

where |V| — number of vertices (or nodes) (graph order);
|E| — number of edges (links, arcs) (graph size).

In a directed bipartite graph (Fig. 6), the edges are classically drawn
as arrows that indicate the direction. The G, graph does not have loops
and multiple edges.

N3N

a) b)

[ [z[> Ble[e[7[e]e]w]
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Figure 6 — The bipartite graph of FRATs/FLATs groups (a) and its adjacency matrix (b)
Puc. 6 — [lsydonbHnili epach (buepagh) ppoHmarbHo / hnaH2080-amakyowux
muweHed (a) u ux mampuua cessu (6)

Cnuka 6 — bunapmuman epagh epyna ¢ppoHmarnHux u 6o4HuUx mema 3a eafjare (a) u
Hezoea Mampuuya rnogesaHocmu (6)

For the bipartite graph G,=(V(G,), E(G;)) and the vertex (x4, Xz, X,
X4, X5) € V(G2), the out-degree of any vertex from the set (x4, X2, X3, X4, X5)
refers to the number of edges-arrows directed away from the selected
vertex. The in-degree of (X, X7, Xs, Xg, X10) € V(G>) refers to the number of
edges-arrows directed towards the vertex from the set (xg, X7, Xg, X9, X10).

Therefore, the out-degree indicates how many times the GPs with
numbers 1-5 in the FRATs/FLATSs groups are used. The in-degree shows
how many GPs are included in the targets with numbers from 6 to 10.
Accordingly, this graph-model is a formal description of the target
construction method from a set of GPs. By using it, one can obtain not
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only the Swiss/Soviet frontal targets (Khaikov, 2019), but also the flank
targets.

On the basis of the two targets shown in Fig. 1 (bottom row) and
their frontal images (top row of Fig. 1), it is possible to develop new
geometric primitives and synthesize a full group of flanking-attacking
targets. Therefore, the field of using the second graph-model has
expanded.

The adjacency matrix (Fig. 6 b) is a clear and unambiguous
description of the graph G,. This same matrix will correspond to both
front-attacking and flank-attacking targets. This matrix has a size of
10x10. The colors of vertices 1-5 correspond to the colors of the
geometric primitives in Fig. 2, and the resulting targets 6-10 are shown in
purple. Since the adjacency matrix is a sparse matrix, the single
elements of the matrix are shown in light brown.

The sparsity of the adjacency matrix (Fig. 7 b) is 85%, and its matrix
density — 15%. All nonzero-valued elements form a special upper
triangular matrix with four diagonals parallel to the main diagonal. The
adjacency matrix is singular.

The graph-model of the second type is indifferent to the type, but not
to the number of the used GPs that make up the target. The model does
not take into account the position of common boundaries in the resulting
target. Thus, the 10x10 matrix is a mathematical description for both the
FRATs and FLATs groups, and the shape of the targets depends on the
forms of the five geometric primitives used to generate them.

The third graph-model

The third graph model (Fig. 7) uses an oriented graph in which the
vertices of the graph are the GPs and edges of the graph - the existence
of common borders between the GPs. Two areas in GP No. 2 (see Fig.
2, light green designation) are considered as a coherent whole.

Two groups of targets, their decomposition to a set of GPs, and the
graphs of FRATs and FLATs are presented in Fig. 7. The arrows in the
forward (and reverse) directions indicate that the common borders
between the GPs can be crossed in the forward and reverse directions.
The designations «No. I-V» show the number of the graph. The colors of
the GPs are identical to those in Fig. 2. Each FRAT/FLAT group includes
5 graphs with the formulas: G3-(I-V) = (V, E): G3-1 = (1, 0); G3-ll = (2, 2);
G3-lll = (3, 6); G3-IV = (4, 8); and G3-V = (5, 10). The graph-model of
building targets for FRATs and FLATSs groups is the same.
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Figure 7 — The implementation of the third graph-model
for five FRATs and five FLATs
Puc. 7 — Peanusayusi mpembel epagh-modesnu 0115 namu ¢ppoHmarbHbIX U Nsgmu
hriaH2080-amaKyrouUX CMpPesikosbix MulieHel
Cnuka 7 — lNpumeHa mpehee modena epagha 3a nem ppoHmasnHux u nem 604HUX Mema
3a cahame
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The indifference (non-sensitivity) of the graph to the type of
geometric primitives confirmed by the use different sets of GPs, but the
same graph-structure. In this case one can generate both a frontal-
attacking targets and a flank-attacking targets. On the left, near each of
the |-V graphs, a FRAT/FLAT silhouette is represented.

Similarly to the model of the second type, the graph-model of the
third type is indifferent to the used GPs, but unlike the previous, it is able
to take into account the features of the common borders between the
GPs (for example, their length).

Conclusions

The basis of an individual description of a target in the form of a
graph is a set of vertices and edges connecting them (I model). Using
additional information about the number of geometric primitives and their
location in the silhouette, one can investigate the complexity of a certain
target.
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The basis of the description of a set of targets is a group of
geometric primitives. They describe the target either formally (Il model)
taking into account only the number of primitives in the target, or with
additional consideration of the common boundaries between them (llI
model).

The combination of the I-lll developed models makes it possible to
describe silhouettes and their groups and to characterize the process of
modifying the shape of the target inside the selected group. Knowledge
of the shape modifying rules allows the synthesis of new targets.
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AHANN3 N CUHTEZ CUITYSTOB ®POHTAJTbHbLIX U ®JTAHTOBO-
ATAKYIOLLNX CTPEJNIKOBbIX MULWEHEWM C NCMNOJIbSOBAHVEM
FPA®OB

Baduwm J1. XalikoB
He3aBMCUMbIN nccnegosarenb, r. KpacHogap, Poccuiickas Pegepaums

PYBPWKW: 78.21.00 BoeHHO-NpyKNagHbIe HayKu;

78.21.47 Bannuctuka. Teopus cTpensbbl
BWO CTATbW: opuruHanbHas Hay4Has ctaTbd
A3bIK CTATBW: aHrnumnckmn

Pe3swome:

Llenbto OaHHOU cmambu S8/1siemcsi packpbimue MnpUHYUNos aHasnusa u
Memodo8 cuHme3a YpoHMarbHbIX U hriaH2080-amaKyrouux MuLueHed,
C mMOYKU 3peHusi epagho8 Kak Mamemamuyeckux UHCIMPYMEHIMOS.
OcHosHbIMu ~ 3a0adamu  uccriedosaHusi  siensilomcsi  pa3pabomka
MameMamu4yecko20 OnucaHusi Ccuiyamos MuweHu. B kadecmee
OKOHYameJsibHOo20 pe3ysibmama bbiiu MpedsioxeHbl mpu epagh-modernu.
lNepsasi epagh-modesib xapakmepusyem cmpykmypy cesseli Mexoy
eepwuHamMu U UCIMosib3yem HeopueHmuposaHHbil 2pagh. Moderb
riokasara, 4mo YCrioXHeHUe Cuslyama MULeHU rpueooum K yeenu4yeHuto
nymu epagha U CIIOXKHOCMU €20 8HympeHHel cmpykmypbl. Bmopas
epagh-modesib Mo380s1em aHau3uposame C853HOCMb 8epwUH epadgpa.
B amom cniydae ucnonb3yemcsi opueHmupoeaHHbIl - gpa. B
pesynbmame 2pynna ¢poHmarkHbiX U ¢hriaH2080-amaKyrouiux
MuweHel orucbigaemcs 00HUM obwum epagom. Modenb rokasana
€800  UHOUGhYEPEHMHOCMb K UCIMOMb3yeMbiM  2pachuqdecKum
npumumueam  (IT]).  Tpembsi  epacghosasi mMoOesib  10380759em
aHanusuposame  obwue epaHuubl Mmexdy [Tl. OHa makxe
UuHOUGbgbepeHmMHa K Ucnonb3yeMbiM rpuMumueam (y4umsieaem mosibKo
OnuHbl ux obuweli epaHuubi). Bmopasi moderib, mak e Kak u mpemhbs,
onucsigaem 0se 8bibpaHHbIe 2pyrrbl MuweHel oduHakoso. I-Ill moderu
rnoseonsitom  uccriedogamerno  rpoekmuposams [Tl u  ebinonmHUMb
CUHME3 HOBbIX CMPESIKOBbIX MulieHeld. Vicrionb3ysi paHee U38eCmHbIe
cmpernikoeble  MuweHU Oblna  npedrioxeHa epyrnna  hrnaH20eo0-
amakyrowux muweHel u ux nams 1.

Kniouesble  crioga: cmpesikogasi  MUWEHb, 2eoMempuyeckull
npumumus, Mamemamudeckull  epagh, Mampuuya CMEeXHOCMU,
Mathcad.

AHAJTTIN3A NN CUHTE3A CUNYETA ®POHTANTHUX U BOYHUX META
3A TABAHE NMOMOTRY I'PA®OBA

Badum J1. Xajkos
camocTarnHu uctpaxmsad, KpacHogap, Pycka ®epgepauuja
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OBJIACT: npumeneHa MaTematuka (6annctuka, Teopuja rahama)
BPCTA YJTAHKA: opurnHanHu Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

Y pady cy npedcmasrbeHu aHanumu4Ku OKeUp U CMEPHUUE 3a CUHMe3y
gpoHmarnHux u 6o4HUX Mema 3a 2afjare ca cmaHosuwma epagha Kao
Mamemamuukoe objekma. Kpajwbu pesynmam ose cmyduje cy mpu
modesia epagha Koju Ha pasnuyume HaqyuHe Orucyjy pasmampaHe meme
3a 2afjare. [psu Modern epacha Kapakmepuuwie CmpyKmypy ee3a usmeRy
yeoposa romohy HeycmepeHoe epagha. [lokazao je Oa crioxeHocm
cunyema 0oeodu 0o riogehara nyma y epagby U riopacma crioxeHocmu
He208e yHympawhe cmpykmype. [pyau moden epacha omozyhasea
aHarnusy rogesaHocmu 4eopoga gepadgha, [pu Yemy ce Kopucmu
bunapmumHu epach Koju ornucyje obe epyne pasmampaHux mema — u
¢poHmanHe u bouyHe. [pyau moden je nokasao UHOUEpPeHmMHocm
npema murnosuma kKopuwheHux seomempujckux ¢uaypa. Tpehu moden
epacha passujeH je 3a aHanusy 3aje0HUYKUX cmpaHuuya CcyceoHuX
eeomempujckux chuaypa nomohy 6urnapmumHoz 2pagha. U oH je
uHOuhepeHmaH rpemMa muriogumMa KopulwheHUx eeoMempujcKux
¢ueypa, anu y3uma y o063up OyXuHY 3ajedHUYKUX cmpaHuua. Tpehu
MOodesT Ha ucmu HaquH orucyje epyrne ¢bpoHmarnHux u bo4yHux mema 3a
eahamse. [Momohy oeux modena moayhe je npojekmosamu OCHO8He
eeomempujcke ¢huaype u cuHmemusosamu Hoge meme. [lpedcmasrbeHa
je uenokynHa epyrna boyHUX Mema 3a eahar-e Koja ce cacmoju 00 rnem
cuslyema u HUX08UX OCHOBHUX 260MEPUJCKUX ¢huaypa.

KmbyuHe peuu: mema 3a eafjaH-e, OCHOBHa 2eomempujcka ghuaypa,
epagh, mampuua nogseszaHocmu, Mathcad.
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In order to choose the optimal parameters for easier diagnosis of systemic
autoimmune diseases, the authors focused on data dimensionality
reduction, using both feature selection and feature extraction.
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The Multiple Correspondence Analysis was used as a feature extraction
method, with the aim of exploring the underlying data structure and
detecting the crucial latent variables. The obtained latent variables were
used as an input for the Discriminant Analysis which correctly classified
86.5% of all analyzed cases. The high rate of correctly classified objects
indicates that it would be possible to automate diagnostic processes,
which would lead towards the development of decision support systems in
this area of medicine. In addition to their knowledge and experience,
clinical experts would have further help in decision support systems. That
can allow easier learning, faster checking of diagnostic steps, lower rates
of misdiagnosed cases and easier communication with experts from other
medical centers.

Key words: multiple correspondence analysis, dimensionality
reduction, discriminant analysis, connective tussue diseases,
autoimmunity, diagnosis.

Introduction

Autoimmune systemic diseases like systemic lupus erythematosus,
progressive systemic sclerosis and Sjogren's syndrome can be very
difficult to diagnose in practice. Doctors at the primary and secondary
level of a typical health care system are usually not qualified enough to
recognize connective tissue diseases. Even for specialists at clinics it can
be a challenge. The additional problem lies in the fact that many
autoimmune diseases patients suffer from more than one condition at the
same time. This is why a great number of different parameters are
typically needed for the correct diagnosis of these diseases.

In practice, various variables are used for the identification and
classification of patients with systemic connective tissue diseases
(Hoogen et al, 2013), (Shiboski et al, 2012). For the purpose of research,
the American College of Rheumatology developed the Classification
criteria for systemic lupus erythematosus in 1982. In 1997, these criteria
were revised. The Systemic Lupus International Collaborating Clinics
(SLICC) proposed new classification criteria in 2012 (Petri et al, 2012).
The SLICC variables were selected after the statistical analysis of
patients’ medical records by experts, using logistic regression analyses.
These variables were then used for the recursive partitioning analysis.
The final selection of the variables was performed by the committee of
medical experts, but it was strongly influenced by the statistical analysis.
Thus, both expert opinion and statistical methods were used in attempts
to classify systemic connective tissues diseases (Nadashkevich et al,
2004), (Vitali et al, 2002).
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Even though we could not find any application of the Multiple
Correspondence Analysis (MCA) in the research of the connective tissue
or autoimmune diseases, the applications of the correspondence
analysis in medicine are not new. Crichton and Hinde in (Crichton &
Hinde, 1989) used a simple Correspondence Analysis (CA) to help
diagnose patients with chest pain and acute abdominal pain. Greenacre
in (Greenacre, 1992) gives several applications of the CA in different
fields of medicine. The same author also gives an example of the
application of the MCA in medicine. In (Almeida et al, 2009) the authors
are using the MCA in building a logistic model for the predictor selection
in living-donor kidney transplant data.

Concerning the other statistical methods applied in the study of
autoimmune diseases, we refer the reader to (Armananzas et al, 2009),
where a combination a multivariate correlation and certain machine
learning techniques are used for the application of the microarray
analysis in study of SLE and PAPS (primary antiphospholipid syndrome).

The rest of the paper is organized as follows: Section 2 gives a short
description of the analyzed data set and the available variables. In
Section 3, we describe the statistical methods used for the analysis of the
data set. Section 4 presents and discusses the results, while the
concluding remarks are given in Section 5.

The data set and variables description

The data set consists of 37 patients treated at the Clinic of
Allergology and Immunology in Belgrade in the period 2012/2013. Among
them, eleven were diagnosed as systemic lupus erythematosus (SLE),
fourteen as Sjogren's syndrome (Sy Sjogren), nine as progressive
systemic sclerosis (PSS) and three had both SLE and Sy Sjogren. The
patients were diagnosed according to the ARA criteria (Hochberg, 1997).

The connective tissue diseases are relatively difficult to diagnose,
requiring a broad picture of the patient's medical history, usually
assessed through a large number of variables. All the subjects from our
study were evaluated using 87 different variables belonging to three
different groups, classified according to their ‘availability’ and ‘cost’. The
first group consists of 33 variables relatively easy to obtain, and
consequentially considered to be ‘cheap’ (variables 1 to 33, Table 1).
These were the variables obtained during the anamnesis and clinical
examination of the patients. The second group of 37 variables (variables
34 to 70, Table 1) were the laboratory results of different blood tests,
while the 17 variables from the third group (71 to 87, Table 1) are the
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results of more invasive diagnostic procedures such as salivary gland
histopathology or kidney histopathology, and therefore the most
‘expensive’ to obtain. It is important to note that the final diagnosis was
not included in the data set in any way.

The diagnostics process typically varies among individual patients
depending on their condition, so not all of the mentioned diagnostics
procedures were needed for all patients and there are some missing
cases in the data set.

Methods

A short description of the multivariate correspondence analysis and
the discriminant analysis is given in order to familiarize the reader with
them and make the text and the results easier to follow and understand.

Multivariate Correspondence Analysis

The MCA is an exploratory statistical technique suitable for
analyzing nominal variables, usually applied with the aim of learning
something previously unknown about the analyzed data. By the results
researchers can get from it and the field of application, the MCA is
considered to be the equivalent of the principal component analysis
(PCA) for nominal variables. The main features of the MCA are the
possibilities of underlying structure exploration/detection and dimension
reduction, usually resulting in a set of latent variables. The MCA is a
generalization of the Simple Correspondence Analysis (CA), a very
popular method for the analysis of contingency tables (Benzécri, 1973),
(Greenacre, 1984). While the CA is suitable for the analysis of only two
nominal variables, the MCA can be used for the simultaneous analysis of
any number of nominal variables. Since the MCA is basically an optimal
scaling method, it can also been used for the quantification of nominal
variables. Good and detailed descriptions of the MCA, its characteristics
and examples of application can be found in the literature, see for
instance (Gifi, 1990), (Greenacre & Blasius, 2006), (Le Roux & Rouanet,
2004).

Discriminant analysis

The important results of the MCA are object scores, coefficients of
all objects regarding virtual dimensions of the solution. Since these
coefficients are numerical, as opposed to original variables being
categorical, it is possible to think of the MCA as of a method of
quantification. However, it is important to mention that a one to one
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relationship between the original and quantified variables does not exist,
because object scores are virtual variables, in many ways equivalent to
principal components. Keeping that in mind, it is possible to apply any
statistical method suitable for the analysis of numerical data on such
virtual variables. In this study, the discriminant analysis was used to
control the validity of classification.

As usually explained in the literature (Klecka, 1980), (McLachlan,
1992), the discriminant analysis in practice has two main purposes: to
find a linear combination of the variables which separate the elements in
the best possible way, and to allocate the sample elements into
previously defined groups using these linear combinations, usually called
discriminant functions. The first and necessary step, finding the
discriminant functions, is also a form of data reduction. In some
applications, the functions are used as a linear classifier for the allocation
of the elements to the previously defined groups. In this research, the
discriminant analysis was used with that purpose.

Results and the discussion

The analysis of frequencies, as a necessary first step in every
statistical analysis of nominal variables, showed that out of 87 total
variables, 29 had too many missing cases to be useful in the analysis.
The list of all variables showing if they are included in the analysis and
the reasons for the exclusion is given in Table 1. That left 58 variables in
the initial set; all were included in the preliminary analysis.

Table 1 — List of all variables
Tabnuua 1 — Crnucok ecex nepemMeHHbIX
Tabena 1 — Jlucma ceux npoMeHsbU8UX

* LF (low frequency)
** HF (high frequency)
*** LC (low contribution)

Step 1 Steps 2 & 3
No Variablg (number of Included | Missing Included Reaso.n for
categories) cases exclusion
1 Sex (2) Yes No LF* (3/37)
2 Age (4) Yes Yes
3 Malar rash (2) Yes Yes
4 Discoid rash (2) Yes No LF (3/37)
5 Photosensitivity (2) Yes Yes
6 Oral ulcers (2) Yes No LC***
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Step 1 Steps 2 & 3

No Variablg (number of Included | Missing Included Reaso.n for

categories) cases exclusion
7 Dryness of the mouth (2) Yes Yes
8 Arthralgia (2) Yes No HF**(34/37)
9 Arthritis (3) Yes No LC
10 | Dryness of eyes (2) Yes Yes
11 | Proximal scleroderma (2) Yes Yes
12 | Sclerodactyly (2) Yes Yes
13 | Digital ulcers (2) Yes Yes
14 | Raynaud phenomenon (2) Yes No LC
15 | Livedo reticularis (2) Yes No LF (4/37)
16 | Dysphagia (2) Yes Yes
17 | Teleangiectasia (2) Yes No LC
18 | Fever (2) Yes No LC
19 | Weight loss (2) Yes No LC
20 | Malaise (2) Yes No LC
21 | Hair loss (2) Yes No LC
22 | Lymphadenopathy (2) Yes No LF (4/37)
23 | Epilepsy (2) Yes No LC
24 | Psychiatric (2) Yes No LC
25 | Psychologic (2) Yes No LC
26 | Cerebrovascular disease (2) Yes No LF (2/37)
27 | Miscarriage (2) Yes No LC
28 | Thrombosis (2) Yes No LF (4/37)
29 | Embolism (2) Yes No LF (1/37)
30 | Pleural effusion (2) Yes Yes
31 | Pulmonary fibrosis (2) Yes Yes
32 | Calcinosis (2) Yes No LF (2/37)
33 | Blood pressure (3) Yes No LC
34 | Erythrocyte sedimentation Yes No LC

rate (4)
35 | Fibrinogen (3) Yes No LC
36 | Anemia (3) Yes No LC
37 | Leucopenia (3) Yes No LC
38 | Lymphopenia (3) Yes Yes
39 | Thrombocytopenia (3) Yes No LC
40 | Iron (3) No 7
41 | Erythrocyturia (3) Yes No LC
42 | Cylindruria (2) Yes No LF (4/37)
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Step 1 Steps 2 & 3
No Variablg (number of Included | Missing Included Reaso.n for
categories) cases exclusion
43 | Proteinuria (4) Yes Yes
44 | Leukocyturia (2) Yes Yes
45 | Coombs test (2) No 5
46 | RF (2) No 8
47 | CRP (3) No 5
48 | ANA (3) Yes Yes
49 | HEp-2 ANA (2) No 12
50 | Anticentromere antibody (2) No 23
51 | ANCA (2) No 15
52 | MPO (2) No 32
53 | PR3 (2) No 33
54 | Anti Sm (2) No 30
55 | RNP (2) No 19
56 | Anti ds DNA (3) Yes Yes
57 | SSA (3) No 14
58 | SSB (2) No 24
59 | SCI70(2) Yes Yes
60 | AclAIgG (2) No 13
61 | AclAIgM (2) No 13
62 | B2GPI IgG (2) No 31
63 | B2GPI IgM (2) No 31 No
64 | LA (2) No 32
65 | VDRL (2) No 25
66 | KCT (2) No 18
67 | Lowered complement (2) Yes No LC
68 | Elevated IgG IgM (3) Yes Yes
69 | Cryoglobulins (2) No 16
70 | Paraprotein (2) Yes No LC
71 | Keratoconjunctivitis sicca (2) Yes Yes
72 | Funduscopic abnormalities No 12
(2)
73 | Other eye symptoms (2) No 9
74 | Capillaroscopy (2) Yes Yes
75 | Diffusing capacity (2) Yes Yes
76 | Pericardial effusion (2) Yes Yes
77 | Pulmonary hypertension (2) Yes Yes
78 | Pulmonary scintigraphy (2) No 32
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Step 1 Steps 2 & 3
No Variablg (number of Included | Missing Included Reaso.n for
categories) cases exclusion
79 | Salivary scintigraphy (4) No 27
80 | Endocranial NMR (3) No 22
81 | Chest x ray (2) Yes Yes
82 | Hand x ray (2) No 30
83 | Esophageal dysfunction (2) Yes Yes
84 | Lupus band test (2) No 33
85 | Labial salivary gland Yes Yes
histopathology (4)
86 | Kidney histopathology (3) Yes Yes
87 | Electroneuromyography (3) No 30

Two-dimensional solution

Table 2 presents the results of the MCA in the two-dimensional
space. Cronbach’s alpha is very high for both dimensions, confirming
their validity and importance for the interpretation. The first dimension
explains 30.698% of the total variability, while the second one explains
25.603%. In the two-dimensional space, the total of 56.301% of the
variance is explained. Even though more than 40% of the variability is not
explained in this solution, reducing the dimensionality from 27 (number of
variables entered in the final analysis) to only two is a very good result
and worth further discussion and interpretation.

Table 2 — 2D results of the MCA
Tabnuua 2 — Pe3ynbmambi 2[] aHanu3a MHOXeCmEeHHOU KOppeCcrnoHOeH UU
Tabena 2 — Peaynmamu 2/[] MmynmukopecrnoHOeHUUoHe aHanuse

Variance Accounted For
Dimension Cronbach's
Alpha Inertia % of Variance | Total
1 913 8.289 .307 30.698
2 .888 6.913 .256 25.603
Total 15.201 .563 56.301

The object scores represent positioning of the patients in the two-
dimensional space, the objects are labeled by the diagnosis. Figure 1
plots the objects (in our case, they are the patients with the connective
tissue disease diagnosis), using their scores along the first two
dimensions. At the first glance, it is obvious that the first dimension
separates PSS on the right (higher values of the scores) from other
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patients, positioned at the left (lower score values). The separation is
very clean along the line of x approximately equal to 0.5. The grouping
along the second dimension is also very interesting, although the
separation is not so clean. Positioned high are PSS, Sy Sjogren, the
cases with both Sy Sjogren and SLE and several of the SLE cases. Most
of the SLE cases are positioned lower. The second dimension shows
both that the SLE cases are more heterogonous than the PSS or Sy
Sjogren cases, and that the separation between SLE and Sy Sjogren is
not clean.
Subjects in 2D space

1 .
s v
04 ., .
. o
g 0 .
w
& o5l - .
(o]
S o
2 o :
£
S -15F o
2r . ® GSIE
i ®  Sijigren
251 - . #  Sclerosis
®  SLE+SD
_3 1 1 1 1 1 1 1 1 ]
-1.5 -1 0.5 o 04 1 145 2 25 3

Dimension 1 (30.7 %)

Figure 1 — 2D objects plot
Puc. 1 - 2 [] uzobpaxxeHue 06beKmoe8 Ha y4acmke
Cnuka 1 - lNpukas objekama y pasHu

The clinical medical experience is in accordance with this result. The
PSS patients are usually easy to distinguish by their characteristics from
the SLE or Sy Sjogren patients, who are more similar regarding their
clinical and biochemical characteristics.

In order to better understand the first two virtual dimensions, we are
going to analyze the discrimination measures of all 27 variables (Table
3). The discrimination measures are the squared component loadings
along the two virtual axes, and have the meaning of the variance of the
quantified variables. As previously explained, in the last step of the
variables selection, all variables with the mean discrimination measure in
the 2D solution less than 0.1 were excluded from the final analysis.
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Table 3 — Discrimination measures of the variables, 2D solution
Tabnuua 3 — [JuckpuMuHamueHble 3Ha4YeHUs1 NepeMeHHbIX, 2[] peweHue
Tabena 3 — [JuckpumuHauuoHe mMmepe npoMeHsbusux, 2] pewere

Dimension Mean
1 2

Age .064 466 .265
Malar rash 106 137 122
Photosensitivity 178 122 150
Dryness of the mouth 208 506 357
Dryness of the eyes 152 616 .384
Proximal scleroderma 674 .002 338
Sclerodactyly .840 .026 433
Digital ulcers 468 .004 .236
Dysphagia .507 .052 .280
Pleural effusion .027 408 .218
Pulmonary fibrosis 488 .01 .249
Lymphopenia .030 434 232
Proteinuria .034 .719 376
Leukocyturia 572 176 374
ANA .097 275 .186
Anti ds DNA .044 .746 .395
Scl-70 512 .001 .256
Elevated IgG IgM 114 .338 .226
Keratoconjunctivitis sicca 131 545 .338
Capillaroscopy AT72 .052 .262
Diffusing capacity .601 .065 .333
Pericardial effusion .139 .205 A72
Pulmonary hypertension .507 .012 .260
Chest x ray 254 17 .185
Esophageal dysfunction .673 .036 .354
hf‘stt’c'ﬂaiﬁ'c',‘l’gg/g'a”d 376 316 346
Kidney histopathology .018 526 272
Active Total 8.289 6.913 7.601
% of Variance 30.698 25.603 28.150
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The discrimination measure can take values between 0 and 1. The
discrimination measure plot (Figure 2) is very helpful in the interpretation
of the virtual space.

Variables in 2D space
0.8-

Anti ds DNA

an roteinuria

Dryness of eyes

idney li‘s%%%;‘;ﬁf]}é@ tivitis sicca

s of the mouth

0.5-

0.4

0.3

Dimension 2 (25.6%)

0.2

0.1

0 0.1 0.2 03 04 05 06 0.7 08 09 1
Dimension 1 (30.7%)

Figure 2 — Discrimination measure plot, 2D solution
Puc. 2 — NsobpaxeHue 2[] peweHusi, npu npumMeHeHUU OUCKPUMUHaMUBHbIX 3Ha4YeHUU
Cniuka 2 — lNpukas 2[] pewera rpumeHoM OUCKPUMUHaUUOHe mepe

There are a number of variables with a relatively high value of the
discrimination measure along the first, but very low value along the
second virtual dimension. In Figure 2, they are positioned very low, close
to the x axis. The variables from this group are Diffusing capacity,
Esophageal dysfunction, Proximal scleroderma, Sclerodactyly, Digital
ulcers, Dysphagia, Pulmonary fibrosis, Scl-70, Capillaroscopy, and
Pulmonary hypertension and they can be used to explain the role of the
first virtual dimension in the solution. These variables are typical for the
PSS patients; some of them like Proximal scleroderma and Esophageal
dysfunction are used as the diagnostic criteria for PSS. Therefore, the
first dimension was named ‘Sclerosis’.

There are also several variables with relatively low values of the
discrimination measure along the first, but quite high values along the
second virtual dimension. In the discrimination measure plot (Figure 2),
they are positioned very close to the y axis. Kidney histopathology,
Proteinuria, Anti ds DNA, Pleural effusion and Lymphopenia are in this
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group. These are the variables important for the diagnosis of SLE and
lupus nephritis. The variables characteristic for Sy Sjogren (Dryness of
eyes, Dryness of mouth, keratoconjunctivitis sicca) are also positioned
relatively high and close to the y axis, but not as close as the SLE group
of the variables. Some of the variables are characteristic for both SLE
and Sy Sjogren (Elevated IgG i IgM, ANA). They are also leaning
towards the y axis, but have lower discrimination measures. The second
dimension was accordingly named ‘SLE and/or Sy Sjogren’.

The rest of the variables have similar contributions towards both
virtual dimensions. Most of the variables in the middle, especially the
ones with relatively low discrimination measures, are typically seen in
both SLE and Sy Sjogren. The variables like Malar rash, Photosensitivity
and ANA are positioned closer to the coordinate center and not too close
to any of the axes,since they can be observed in both SLE and Sy
Sjogren, as is known from the clinical practice.

It is important to understand that the 2D solution explains only
56.301% of the total variability contained in the data, and that it is quite
likely that some of these variables highly contribute towards the third (or
a higher ranked) dimension, which would not be shown in the 2D
representation. In order to better understand the role and importance of
different variables for the connective tissue disease diagnosis, we are
also going to look at the three-dimensional solution.

Three-dimensional solution

The three-dimensional solution keeps the first two dimensions
described in Section 4.1 and adds one more dimension to the preexisting
two-dimensional solution. The third dimension also has a relatively high
value of Cronbach's Alpha (0.696) and adds 11.221% to the explained
variability (Table 4). The first three dimensions together explain 67.522%

of the total variance.
Table 4 — 3D results of the MCA
Tabnuua 4 — 3/[] pesynbmambi IPUMEHEHUST aHanu3a MHOXeCmeeHHOU
KoppecrnoHOeHyuu
Tabena 4 — 3[ peaynmamu rnpumeHe MyfmuKopernoHOeHyUOHe aHanu3e

Variance Accounted For
Dimension Cronbach's % of
Alpha Inertia Variance Total
1 913 8.289 .307 30.698
2 .888 6.913 .256 25.603
3 .696 3.030 12 11.221
Total 18.231 .675 67.522
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The positions of the objects in the 3D space (Figure 3) are revealing
that the PSS patients are clearly separated from others, while the SLE
and Sy Sjogren patients are not clearly separated from each other.
However, the patients with both diagnoses (SLE and Sy Sjégren) are
correctly positioned in the area where the two diagnoses are overlapping.
It is also noticeable that the PSS and Sy Sjégren patients do not vary
much along the third dimension. The SLE cases, however, are showing
significant heterogeneity along the third dimension, as well as along the
second dimension. As it was mentioned in the previous discussion, the
SLE patients tend to be more different between them and more
heterogonous, while the PSS and Sy Sjégren patients are more
homogenous in their groups. The third dimension may give more insight
in the causes of the SLE heterogeneity.
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The variables with very high values of the discrimination measure
along the third dimension are Age, Kidney histopathology and
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Leukocyturia, while the values of Proteinuria, Anti ds DNA are also
relatively high. These variables are responsible for the variations among
the SLE cases, and are indicating some level of the kidney dysfunction.
This is why the third dimension was named ‘Renal Impairment’.

Lupus is a chronic inflammatory autoimmune disease which can
affect any organ system, but mainly involves the skin, joints, kidneys and
the nervous system (Ching et al, 2012), (Edworthy, 2005), (Hahn et al,
2005), (Hahn et al, 2012), (Muscal & Brey, 2010). SLE has a multitude of
presentations ranging from mild, localized disease to severe multi-organ
involvement abruptly or sequentially over the course of months to even
years. Some patients can have only 4 diagnostic criteria, but many of
patients can have more, between 4 and all 11 criteria. This poses a
challenge to practitioners as SLE can be a great mimicker of many
diseases.

One of the first steps in evaluating a patient with lupus is to
recognize that there are various subtypes of lupus (Arbuckle et al, 2009),
(Melba & Ovalle, 2013). Autoantibodies alone would not be sufficient to
diagnose SLE because these autoantibodies are also present in other
rheumatologic diseases (Arbuckle et al, 2009), (Shiboski et al, 2012),
(Heaton, 1959), (Tan et al, 2005), (Manoussakis et al, 2004). Sy Sjogren
and SLE do have similarities. Their autoantibody profiles are similar.
They effect women more than men and have similar HLA haplotypes and
autoantibodies. Most likely this is not a coincidence, but it may not be
clinically relevant (Manoussakis et al, 2004), (Scheinfeld, 2006).

Sjogren's syndrome may occur in patients with systemic lupus
erythematosus (SLE). The subset of patients with SLE and SY Sjégren
has a distinct clinical and laboratory phenotype, with a higher frequency
among older white women with photosensitivity, oral ulcers, Raynaud's
phenomenon, anti-Ro antibodies, anti-La antibodies and a lower
frequency of renal disease, anti-dsDNA antibodies and anti-RNP
antibodies.

Classification using the Discriminant Analysis

As it was already mentioned, the diagnosis of the patients was never
used during the MCA analysis. Since the positions of the objects in the
virtual space (Figure 1) indicate that there is a natural grouping of the
patients with the same diagnosis, it was necessary to check if that
grouping is good enough to be used for the purpose of diagnosis,
learning and automated separation of the objects. To accomplish that,
the linear discriminant analysis was used.
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The object scores from the two-dimensional MCA were used as an
input to the discriminant analysis. The grouping variable was the
diagnosis, consisting of four different classes: SLE, PSS, Sy Sjégren and
SLE + Sy Sjogren. The number of predictors (virtual numerical variables
obtained as the result of the MCA analysis) was two, so the number of
discriminant functions was also two - equal to the min(number of classes
— 1, number of predictors).

Table 5
Tabnuua 5
Taberna 5
Diagnosis | Object scores, dimension 1 Object scores, dimension 2
Std. Std.
Mean Deviation Valid N Mean Deviation Valid N
SLE -
-.372118 | .3471989 11 1.188039 1.0299628 11
Sjogren -.635476 | .1850666 14 .695795 | .2670113 14
PSS 1.617873 | .6588988 9 .260829 | .5162426 9
SLE+Sj6 | -.523629 | .3994424 3 326613 | .2201460 3
Total .000000 | 1.0137938 37 .000000 | 1.0137938 37

Table 5 presents the group means of both variables, while the
results of the equality of means test are given in Table 6. The low values
of Wilk’'s Lambda indicate that both variables are very important for the
classification and are significantly contributing towards the objects
separation (the significance asymptotically converging towards zero in
both tests).

Table 6
Tabnuuya 6
Tabena 6
Wilks'
Lambda F df1 df2 Sig.
Object scores
dimension 1 147 63.775 3 33 .000
Object scores
dimension 2 372 18.570 3 33 .000
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The eigenvalues of both discriminant functions with their
corresponding canonical correlations are given in Table 7; the first
function explains 79.9%, and the second 20.1% of the total variability.

Table 7
Tabnuua 7
Tabena 7
Canonical
Function | Eigenvalue | % of Variance | Cumulative % | Correlation
1 6.392(a) 79.9 79.9 .930
2 1.605(a) 20.1 100.0 .785

Based on the MCA virtual dimensions, the DA algorithm was very
successful in predicting the group membership (Table 8). 86.5% of the
cases were classified correctly. All of the PSS and SLE+Sy Sjoégren
patients were correctly classified. The only misclassifications were 3 of
the SLE and 2 of the Sy Sjogren cases, all predicted as being SLE+Sy
Sjogren patients.

Table 8
Tabnuua 8
Tabena 8
. , Predicted group membership Total
Diagnosis
SLE Sy Sjogren | PSS SLE+Sj6 SLE

SLE 8 0 0 3 11
Sy Sjogren 0 12 0 2 14
PSS 0 0 9 0 9
SLE+Sj6 0 0 0 3 3
SLE 72.7 .0 .0 27.3 100.0
Sy Sjogren .0 85.7 .0 14.3 100.0
PSS .0 .0 100.0 .0 100.0
SLE+Sj6 .0 .0 .0 100.0 100.0

The explanation could be that SLE and Sy Sjogren are frequently
overlapping diseases; at the moment we see the patients for the first time
it might not be obvious that they can have a mixed form of the disease,
named the overlap syndrome. Also, patients with diagnoses of SLE can
have some characteristics of Sy Sjégren, (such as dryness of mouth and
eyes), but without enough criteria for both diagnoses. A number of
patients who seem to have only Sy Sjogren can develop some
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manifestations of SLE (eg lymphopenia, ds DNA). The border between
the diagnoses of SLE and Sy Sjogren is very subtle, and could be the
explanation of the aforementioned misclassifications. Figures 4 and 5
show the corresponding discrimination measure plot for the 3D solution.

Variables in 3D space
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Conclusion

This study has demonstrated that it is possible to significantly lower
the number of parameters needed to diagnose the connective tissue
diseases. Out of 87 available variables, 60 were discarded in the three-
step eliminatory process. The remaining 27 variables were analyzed
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using the multiple correspondence analysis. The three-dimensional
solution was enough to identify the most important parameters related to
different diseases and clearly separate the cases. Even the two-
dimensional solution was enough to give a significant insight into the
relationships among the variables and spatial positioning of the patients.
The close proximity of some of the variables in the three-dimensional
solution might indicate that a further dimension reduction is possible,
which can be the subject of a separate study.

The importance of the results is in a possible successful application
of the methods of advanced statistics in the medical practice, especially
in the process of learning. The discriminant analysis classification was
based on the two-dimensional MCA solution. The high rate of correctly
classified objects indicates that it would be possible to automate the
diagnostic processes, which would lead towards development of decision
support systems in this area of medicine. In addition to their knowledge
and experience, clinical experts would have further help in decision
support systems. Thist can allow easier learning, faster checking of the
diagnostic steps, lower rates of misdiagnosed cases, and easier
communication with experts from other medical centers.
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PYBEPUKA TPHTW: 27.00.00 MATEMATUKA,;

27.43.17 MatemaTunyeckasi cTaTUCTUka
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuickmin

Pe3some:

B OdanHOU pabome npedcmasrieHa mak Hasbieaemass pedyKyusi
pasmepHocmu  OaHHbIX, MpoeedeHHass MemodoM cenekuuu U
aKCmpakyuu  xapakmepHbix —ampubymos, ¢ uenbl  8blbopa
onmumaribHbiX napamempos Ons  OuasHocmuku — 3abornesaHul
UMMYHHOU cucmeMbl. AHanu3 MHOXEeCmEeHHOU KoppecroHOeHuyuuU
npogedeH He MOMbLKO Mpu 3KCMpakyuu, HO U npu uccriedogaHuu
camouli cmpyKkmypbl OaHHbIX, @ makxe rnpu 0uagHOCMUKe JlameHMHbIX
nepemerHbIX. bnazodapsi npogedeHHOMY aHanu3y MHOXeCmeeHHOU
KoppecroHOeHyuUU Ha Mamepuase 3KCmpasupo8aHHbIX /1lameHMHbIX
nepemMeHHbIX ¢ MakcuMarbHOU MoYHOCMbIO ObI10 KraccuguuyuposaHo
86,6% Habnodaembix cryyaes. Bbicokuli  ypoeeHb MOYHO
KraccughuyuposaHHbix 3abonesaHuli ceudemenbcmsayem o pearibHbIX
B803MOXHOCMSIX asmomMamu3ayuu  OUuasHOCMUYECKUX [POUECCOs,
Komopasi MoOMOXem 8 yCO8epuweHCMB80o8aHUU cucmeMbl Mo00epXKU
OuazHOCMUKU cucmeMHbIX 3abonegaHuli coeOUHUMENbHOU MmKaHU.
HaHHble cucmembl omudYaromcsi HaleXHOCMbIO U CKOPOCMbIO
OuazHocmuKku,  OHU  Jleeko  oceausaromcsi U obneedyarom
KOMMYHUKauUr  crieyuanucmog U3  pasfuyHbiX  MeOUUUHCKUX
ydpexoeHud.

Kniouesble criosa: aHamu3 MHOXECMBEHHOU KoppecrnoHAeHUuU,
pedykuusi pasmepHocmu, OUCKpUMUHaAmMUBHbIU aHasnu3, 3abosieeaHusi
coeOuHUMesbHOU mKaHuU, asmouMMYyHHbIE 3abornesaHus,
QuazHocmuka.

CTATUCTUYKU NPUCTYM U3BOPY OINMTUMAINHNX NMAPAMETAPA
Y JNJATHOCTUUWM HEKNX BONECTW BE3SMBHOIT TKUBA

Mupa J. NackoTa®, CaHeura C. PaLIJKOBVIﬁG,
AnekcaHopa XK. I'Iepmh-l'lonap,mhﬁ, Bojucnae [. 'Faypmhﬁ,
XKukuua M. Josmths, AnexcaHdap M. Meposunh?

@ YHusepauteT y Beorpaay, Caobpahajuu dakynTer,
Beorpag, Penybnuka Cpbuja
YHuBepauteT y beorpagy, MeguuuHcku cakynteT, KnuHWYkK LeHTap
Cp6uje, KnnHrka 3a anepronorvjy 1 UMyHormnorujy,
Beorpag, Penybnuka Cpbuja

OBJACT: matemaTtuka

BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JESNK YJTAHKA: eHrnecku
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Caxemak:

Padu usbopa onmumanHux napamemapa y dujazHocmuyu CUCMEMCKUX
aymoumyHux 6osiecmu, aymopu cy ce y 080M pady ¢hoKycupasiu Ha ma3s.
pedyukujy  OumeH3uoHanHocmu rodamaka yriompebom memoda
ceflekyuje U eKkcmpakyuje — KapakmepucmuyHux — ampubyma.
Buwecmpyka aHanusa kopecrioH0eHyuje kopuwheHa je He camo 3a
ekcmpakuujy, eeh u 3a ucnnumusare came cmpykmype rnodamaka, kao u
3a 0emeKuujy Kiby4HUX nameHmHUX MpoOMeHsbusux. Ha ekcmpaxoeaHe
flameHmHe rpoMeHsbuse je, npuUMeHoM OUCKPUMUHaHMHe aHanuse,
KopekmHo KnacugbukosaHo 86,5% rnocmampaHux crydajesa. Bucoka
ycrnewHocm  knacugbukauuje  yriyhyje Ha peanHe  moayhHocmu
aymomamus3sauuje dujaeHocmuydkoz rfpoueca, wmo 6u pesynmupaso
paseojem cucmema 3a nodpuwiky y dujazHocmuyu cucmemckux borecmu
gesusHoz mkusa. Osaksu cucmemu omoayhyjy nakwe yqerse, 6pxy u
roy30aHujy OujazHOCMUKY U JlaKwly KOMyHUKauujy ca ekcriepmuma u3
Opyaux MeOUUUHCKUX UeHmapa.

KbyuHe pedu: suwecmpyka aHanusa kopecrioHOeHuuje, pedykuuja
dumeH3uUoHanHocmu, OUCKpUMUHaHmMHa aHanu3a, bonecmu 6e3usHo2
mkuga, aymoumyHe 6orecmu, dujaezHocmuka.
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Summary:

Sulfuric acid dissolution of rare earth elements from bastnasite ore was
studied after reductive smelting with carbon as a reducing agent at
1600°C. The two-step strategy: 1.carbothermic reduction, and
2.dissolution with sulfuric acid at 70°C was applied under atmospheric
pressure aiming at an increased selective extraction of rare earth
elements from slag containing rare earth elements.

Key words: rare earth elements, smelting, leaching, acid.

Introduction

Rare earth elements are a group of metallic elements of the periodic
table, often overlooked, but very significant in today’s industrial
landscape and modern lifestyle. Like other metals, rare earths are
silvery-gray, malleable, ductile, and they conduct electricity. They appear
in nature in the form of oxides and other compounds, but with one
particularity — the chemical similarity between all of them is so astounding
that they all occur together in their bearing minerals, substituting one
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another at the molecular level (Gupta & Krishnamurthy, 2005), (Castor &
Hedrick, 2006, pp.769-772). Bastnasite (La,Ce)COgF is fluororcarbonate
of the cerium group found in ore deposits, metamorphic zones and
pegmatites. In average, it contains 70% rare earth oxides, most of them
belonging to the light fraction and in particular lanthanum, cerium and
neodymium (Stopi¢ & Friedrich, 2018, pp.757-770). The sulfuric acid
leaching process was studied for the processing of roasted ore of
Dechang bastnasite in Sichuan, China, in order to obtain rare earth
elements (Feng et al, 2013, pp.849-854). With a particle size of 0.074-
0.100mm, 1.5 mol/L sulfuric acid concentration, a liquid to solid mass
ratio of 8 and a stirring speed of 500 rpm, the reaction rate of the
leaching process can be controlled by diffusion through the product/ash
layer, as described by the shrinking-core model, and the calculated
activation energy of 9.97 kJ/mol, which is typical for the diffusion
controlled process.

A stepwise carbochlorination-chemical vapor-transport-oxidation
process was developed for the green rare earth extraction from a
bastnasite concentrate using carbon as a reductant, chlorine gas as a
chlorination agent, gas as a defluorination agent, aluminium chloride as a
vapor complex former and a mixture from oxygen and hydrogen as an
oxidant (Zhang et al, 2004, pp.217-221). After carbochlorination for an
efficient rare earth extraction and thorium free volatile by—product
release, thorium was removed by chemical vapor transport at 800°C for
0.5 hours in the chlorine-, silicium chloride-, and aluminium chloride
atmosphere and alkaline earths were separated from rare earth by
oxidation at 700°C to 1000°C in the mixture of oxygen and water
atmosphere for 0.5 hours, followed by water leaching at room
temperature. Their proposed treatment reached a clean and efficient rare
earth extraction from the bastnasite concentrate.

A process for rare earth recovery from the Baotou bastnasite
concentrate was developed by fixing fluorine and chlorinating with
ammonium chloride in the ore (Shi et al, 2003, pp.438-442). The
optimum conditions were determined as follows: the MgO/ore ratio of 3 at
600 °C; chlorinating the fixed fluorine calcine in 80 min, with ammonium
chloride/ore ratio of 2 at 500°C.

The main equations concerning a dissolution of rare earth elements
from bastnasite ore in sulfuric acid are described as:

2REFCO;s + 3H,S04 — RE>(SOy)s + 2HF + 2H,CO3 (1)

CaC03 + H2S04 — CGSO4 + H2C03 (2)
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F€203 + 3H2S04 — Feg(SO4)3 + 3H20 (3)
MnO + HQSO4 i MnSO4 + H,O (4)

According to the “Recovery behavior of rare earth from Bayan Obo
Complex Iron ore” (Ding et al, 2013, pp.28-36) a two step strategy with a
carbothermic reduction in an electric furnace and a subsequent sulfuric
acid leaching of the formed slag was proposed. As already mentioned,
the rare earth elements such as Ce and La which are more fully
crystallized when the cooling rate of the liquid slag is decreased, were
leached by hydrochloric acid to evaluate the relations between the
leaching efficiency of rare earth elements and the cooling conditions.
This method would allow a separation of the produced iron and the
formed slag containing REE. Once smelted, the slag should contain a
high fraction of rare earth elements together with other compounds that
normally appear in slags. Therefore, the slag can be considered as a rare
earth concentrate suitable for leaching operations using sufuric acid and
for a subsequent recovery of REEs.

The formation of slag during iron manufacture is the result of a
number of complex operations between silica, oxides, other oxidation by-
products from melting and reactions with refractory linings, etc. It is
therefore a complex liquid phase made of oxides of iron, manganese,
magnesium, silicon, silicates and sulfides plus other complex compounds
that may include alumina, calcium oxides and sulfides, and rare earth
oxides. Depending on the elements present in bastnasite ore, the formed
slag will probably contain MgO, SiO,, Fe,03, Ca0, and MnO as well as
rare earth compounds.

An advantage of reduction smelting of bastnasite ore with high iron
oxides grades is that the mineral already contains calcium carbonate
which is normally used as an additive in iron smelting. A popular additive
is limestone with small quantities of calcium fluoride.

The main aim of the following experimental study was to compare
the leaching efficiencies of rare earth elements from bastnasite ore by
smelting and a subsequent leaching of the slag using sulfuric acid.

The proposed strategy for the treatment of bastnasite ore was
shown in Figure 1. In this paper, we will be focused only on reductive
smelting and acidic leaching.
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Bastnasite ore

Off-gas

Slag

Solid residue

Solution

Waste solution

REE-Oxalate

REE-Oxide

Figure 1 — Research strategy from bastnasite ore to rare earth oxide
Puc. 1— Uccnedoeamenbckas cmpameausi om 6acmHe3umosoli pydbl 0o okcudos
PedKO3EeMESTbHbIX S/IEMEHMO08
Cnuka 1 — Cmpameauja ucmpaxusgarba 00 bacmHe3umHe pyde 0o okcuda pemke
3emMrbe

The precipitation was performed using oxalic acid in order to

produce rare earth oxalate. Finally, rare earth oxides were prepared after
thermal decomposition of rare earth oxalate at 800°C in a muffle furnace.
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Experimental work, material, parameters, and procedure

The chemical composition of bastnasite ore was shown in Table 1.

Table 1 — Chemical composition of the Rodberg bastnasite ore sample
Tabnuua 1 — Xumuyeckull cocmae obpa3sua «Podbepeckull bacmHe3um — MuHepar,
codepxauwuti, pmopkapboHam»

Tabena 1 — Xemujcku cacmas y3opka,Podbepz pyde bacmHe3um Koja cadpxu
¢nyopokapboHamHu muHepan”

Compound || FesOs | CaCO3 | MgCO3 | MnO || TREO | ThO, | SiO2
(%) 78.1 11.0 6.0 05 |15 0.1 2.8

The reduction smelting of bastnasite ore was carried out in a small
electric arc furnace and carbon was added as a reducing agent.

Figure 2 — Reduction smelting of the Rodberg ore in an electric arc furnace (left) and a
ladle with the resultant slag (right)
Puc. 2 — BoccmaHosumernbHas rnaska obpasuya Podbepaa 6 anekmpodyzoeol rnequ
(cniesa) u Kosw ¢ NoyYeHHbIM WIIakoM (cripasa)
Cnuka 2 — PeGykmugHO morsbere y30pka Podbepe y enekmporsyyHoj nehu (nego) u
Kymnay4a ¢ 00bujeHoM wibakom (0ecHo)
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The bastnasite sample was a high iron grade ore used for reductive
smelting. The initial mass of bastnasite ore added to the furnace was
1480 g. The furnace was kept at 1600°C for 45 minutes. After this time,
the slag formed at the top of the furnace was poured onto a ladle and left
to cool. Both the slag and the reduced portion of iron were weighed after
cooling. The mass of the produced metallic iron after reduction was of
816 g. The mass of the produced slag was of 58 g.

Table 2 — Chemical composition of the produced slag
Tabnuua 2 — Xumuyeckuli cocmae rnosy4eHHo20 wWiaka
Tabena 2 — Xemujcku cacmae dobujeHe wirbake

Compound (%) | SiO2 FexOs CaO MgO |Laz03 |Nd203 CeO,

Amount 11.4 15.4 30.2 0.78 1.43 2.62 2.59
Compund (%) Y203 Sc203 ThO» Gd203 | Pr,03 | Smy0O3; | Total
Amount 0.15 0.059 0.94 0.30 0.64 0.28 66.79

The slag was then crushed and ground to powder with a comparable
particle size similar to direct leaching. The leaching agent used was
sulfuric acid. The apparatus and the experimental procedure were the
same as in the first set of experiments (Stopi¢ & Friedrich, 2019, pp 241-
254). Once the 1L acidic solution had been prepared and heated on an
induction plate, the available mass of slag, 49g, was added into the
beaker. The samples were collected every 1, 2 and 3h. The leaching
parameters are very similar to the ones used in the first set of
experiments.

Table 3 — Parameters for the leaching of slag with sulfuric acid
Tabnuua 3 — MNapamempesi 0515 8blujeniadu8aHuUe WIakoe ¢ MoMoWbio CEPHOU KUCIOMbI
Tabena 3 — lNapamempu 3a fyxere wibake noMohy CyMrnopHe KucesnuHe

Parameter set value
Concentration of sulfuric acid (mol/L) 1
Temperature (°C) 70

Solid -liquid ratio (g/L) 49

Time (h) 1,2,3
Stirring rate (rpm) 400
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% in slag

Results and discussion

The chemical analysis results show that the slag became a rare
earth concentrate with 6.67% of REE in comparison to original bastnasite
ore which contained 1.36% REE.

100
90
80
70
60
50
40
30

20 I I
© i 0 N
Ca Mg La Nd Ce Pr Sm G

Si Fe

d

Figure 3 — Percentage of elements that have passed from bastnasite ore to slag
Puc. 3 — lonsi anemenmos, nepewedwux u3 bacmHesuma & wrnak
Cnuka 3 — NpouyeHam enemMeHama Koju cy npewrnu u3 bacmHe3umHe pyde y wibaKky

Figure 3 shows the percentage of REEs that the slag has acquired
from the bastnasite ore. Only 0.58% of iron was passed onto the slag,
together with 15.02% Si, 12.53% Ca and 3.69% Mg. The proportion of
lanthanide elements that were passed onto the slag was greater: 29.87%
La, 13.55% Ce, 25.79% Pr and 19.56% Nd, but still not very high. All of
gadolinium, a representative of heavier rare earths, went into the slag.
The average of rare earth incorporation into the slag is 34.54%
(La+Ce+Nd+Pr+Sm+Gd). In general, it can be said that important
amounts of REEs are not incorporated into the slag and will be lost for
further processing. In order to establish the content of REE, the analysis
of the formed iron metal was performed. The ground slag was dissolved
in 1mol sulfuric acid at 70°C, as shown in Figure 3.
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% leached from slag

Figure 4 — Percentage of rare earth elements dissolved from slag in sulfuric acid after 1
hour (blue color), 2 hours (orange color) and 3 hours (gray color) using 1mol/L sulfuric
acid
Puc. 4 — [Jonsa anemeHmos pedko3emeribHbIX pyd, 8bI0eIeHHbIX U3 WIlaKos 8 pacmeope
cepHoU Kucaomel, o ucmeyeHuu 00Ho20 Yaca (cuHuli cmonbuk), d8yx 4acoe
(opaHxeebili cmornbuk) u mpex yacos (cepbili cmonbuk), ¢ ucrionib3osaHuem 1mol/L
cepHoU Kucrnomsel
Cnuka 4 — lNpoyeHam eniemMeHama pemKux 3eMarba pacmeopeH U3 Wibake y CYMIOPHOj
KucesnuHu riocrie jeOHo2 cama (nnaea 6oja), 08a cama (HapaHyacma 6oja) u mpu cama
(cusa b6oja) y3 kopuwhere 1mol/L cymrnopHe KucenuHe

The pH-values of the solution during the leaching process between 1
and 3 hours amounted to between 0.44 and 0.53. As shown in Figure 3,
the proportions of REEs leached from the slag using the sulfuric acid
solution after 1h, 2h and 3h are sufficient. The maximum leaching
efficiencies are 100% for cerium, neodymium and samarium. The
minimum leaching efficiency is about 25 % for gadolinium. The
differences in the leaching efficiency for single rare earth elements can
be explained via the inhomogeneity of the produced slag.

In all cases, the leaching efficiency was increased with time from 1
hour to 3 hours, as it happened in direct leaching. For instance, the
recovery of cerium and neodymium is around 18% higher after 3h than
after 1h. The biggest proportion of rare earths is leached out after the first
hour, then the rate of extraction decreases but does not reach a steady
state rate within 3h of the experiment.

Gadolinium is the least dissolved element, followed by lanthanum
and praseodymium. After 1h, the percentage of Gd extracted from the
slag is 22.27%, followed by 51.22% La and 64% Pr. The rest of the
elements, cerium, neodymium and samarium, exhibit large dissolution
ratios. 87% Nd and 96% Sm dissolve within the first hour. Cerium is
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completely dissolved according to these results. The average percentage
of the REEs (La+Nd+Ce+Pr+Sm+Gd) dissolved after 1h and 3h is
73.76% and 88.68%, respectively.

Finally, if we compare the leaching efficiency of the two step
strategy: the smelting and slag leaching process with the direct leaching
of bastnasite ore from the first set of experiments, (see Figure 5), we find
that the direct leaching process is not more efficient. Direct leaching of
bastnasite ore with sulfuric acid at 70°C gives the leaching efficiency
between 16 of 20 % for rare earth elements (La+Ce+Nd+Sm) between 1
and 3 hours in comparison to 30 % and 60 % in the two step strategy
The best leaching efficiencies are obtained for samarium during 1hour
smelting and the 3-hour leaching process. The reason for this behavior
is that rare oxides are in a form more suitable for leaching. On the other
hand, iron was removed during the smelting process as metallic iron.
Finally, the leaching of the formed concentrate is more favorable than the
leaching of bastnasite ore.

100
90 1h direct leaching

80 +—w3hdirectleaching

1h smelting + 1h leaching of slag

~
o

[e2]
o

1h smelting +3h leaching of slag

% extraction
A O
o O
\

w
S
\

20 —
10 _— - _— —
0 i

La Nd Ce Sm

Figure 5 — Percentage of rare earth recovery by direct leaching in comparison to the two
step strategy: smelting and leaching of slag
Puc. 5 — [Jonsi soccmaHosnieHusi pedko3emeribHbIX py0d, NpsMbIM 8blliesiayugaHuemM
cpasHeHuu ¢ 08yxamarHbIM MemoOoM: nnasneHue U ebllyenadyueaHue u3 wiaka
Cnuka 5 — lNpoyeHam oropaska pemkux 3eMarba OUPEeKMHUM fyxeHeM y nopehemy ca
cmpameaujom y 08a Kopaka: morbere U fly)XeHe Wibake
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The real advantage of the smelting method is the reduction of acid
consumption. If we were to use the same amount of solid to liquid ratio,
this means the smelting strategy would allow us to save 86% of the acid.
Given the low prices of sulfuric acid, it is evident that the most favorable
strategy for REE extraction is direct leaching for the bastnasite ore with a
decreased content of iron. Rare earths are critical metals and, above all,
a priority strategic resource, indispensable in economic well-being,
industrial production and national security affairs.

Conclusions

The followings findings:

1. Two step strategy: carbothermic reduction of bastnasite ore with a
high content of iron oxide and a subsequent leaching of the formed slag
with sulfuric acid has shown some advantages (high leaching efficiencies
of REE in sulfuric acid and the newly formed slag as a concentrate of
REE with 8 % TREO) with some disadvantages (a high percentage of
thorium is present in the slag).

2. The direct leaching process will be used for bastnasite ores with a
decreased content of iron oxide.

3. Removal of thorium from the solution during precipitation after
leaching will be considered using sodium pyrophosphate of different pH-
values in the future work.

4. The future work will be continued in order to improve a transfer of
rare earth elements from bastnasite ore to slag via changing the
parameters for reductive smelting.
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BbILWENAYNBAHWE PEOKO3EMEJIbHbIX 3NEMEHTOB 13
norPoAd, COOEPXAWMX ®TOPKAPBOHATbLI — TPETbA YACTb

Cpeuko P. Ctonuy, bepHad I'. dpuapux

TexHunyeckun yHmBepcuTeT ropoda AXeH,

MHCTUTYT MeTannyprm4yecknx npoLeccoB U peLuKMpoBaHus MeTarsios,
AxeH, ®epepaTtunBHas Pecnybnuka MepmaHus

PYBEPUKA TPHTW: 61.13.21 XuMnyeckne npouecchl
BWO CTATbW: opurmHanbHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuickumn

Pe3some:

lMpu uccnedosaHuu npoyecca e6bluenaqyusaHusi pPedKo3eMesibHbIX
PyOHbIX nopod, codepxauwjux ¢hmopkapboHam, rNPUMEHSICS Memod
80CCMaHo8UMeIbHO20  M1asnieHuUsi 8  yernepoOHol cpede  ripu
memnepamype 1600° C, cocmoswuld u3 08yx amanos: 1)
Kapbomepmu4YecKkoe 80CCmMaHOB/IeHUE U 2) pacmeopeHue 8 cepHol
Kucsiome npu  ammocghepHoM OasrnieHuU, C Uesbi  y8esluyeHust
ceriekmugHo20 u3gre4yeHuss pedKo3eMeslbHbIX 3/1eMEHIMO8 U3 Wilaka,
codepxkauie2o pedKo3eMesibHbIe 31IEMEHMbI.

Knroyveeblie  criosa: peOKosemeanb/e 3rieMeHmsbl, riiaserieHue,
8blWesiad4ueaHue, cepHas Kucrsioma.

571

Stopi¢, S. et al, Leaching of rare earth elements from bastnasite ore (third part), pp.561-572



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 3

PACTBAPAHE EJIEMEHATA PETKUMX SEMAJBA 3 PYOA KOJE
CAOPXXE ®JTYOPOKAPBEOHATHU MUHEPAI (TPETRW OEO)
Cpehko P. Ctonuh, bepHd . Ppugpux

TexHnukn yHuBep3aunTeT y AxeHy, IHCTUTYT 3a npouecHy MeTanyprujy u
peunknupake metana, AxeH, CaBesHa Penybnuka Hemauka

OBNACT: xemujcke TexHornoruje
BPCTAUNIAHKA: opuruHanHu Hay4Hu pag
JESNK YJTAHKA: eHrneckm

Caxemak:

Pacmeapare enemeHama pemkux 3emarba U3 bacmHe3umHe pyde
(pyOe Koja cadpxku ¢briyopokapboHamHuU MUHepari) rpoyyYaeaHo je nocrie
pedykmueHoz2 morsbera yerbeHukoM Ha 1600°C. Cmpameauja y Osa
Kopaka: 1. pedyKuuja yarbeHUKOM, U 2. pacmeaparbe rnomMohy cymropHe
KuceruHe rnpuMeH-eHo je Ha ammoCgepCKOM MPUMUCKyY ca yurbem da ce
rnoseha ekcmpakyuja eniemMeHama pemkux 3emarba U3 Wibake Koja
cadpxu efnleMeHme pemkux 3emasba.
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Summary:

This paper presents the testing of the mechanical and microstructural
characteristics of atmospheric plasma spray (APS) coatings of
Nib.5wt. %Al5wt. %Mo composite powder. The aim of this study was to
optimize powder feed (g/min) in order to deposit NiAIMo coating layers
with optimum mechanical and structural characteristics to worn aviation
parts made of Ni alloy exposed to a combination of corrosion and weatr.
The microhardness of the deposited layers was tested using HV,3; and
tensile bond strength was tested by tensile testing. The morphology of
powder particles was examined on a SEM (scanning electron
microscope). The NiAIMo coating microstructure was examined on an
optical microscope (OM). Fracture morphology of the top layer was tested
on an electronic scanning microscope (SEM). It was found that the control
of powder feed can result in coatings with good bond strength.

Key words: atmospheric plasma spraying (APS), microstructure,
Ni5.5wt. %Al5wt. %Mo, microhardness, bond strength.

Introduction

The development of surface engineering is mostly dynamic due to the
fact that this discipline of science and technology is increasingly reliant on
key contemporary technological conditions such as: improving
efficiency, saving materials, environmental protection, and so on.

ACKNOWLEDGEMENT: The author is thankful for the financial support from the Ministry
of Education and Science of the Republic of Serbia (national project Ol 174004, TR
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The surface engineering approach is even more useful since
surfaces of metal components can be modified mechanically, chemically
or physically. In the wide field of mechanical, chemical and metallurgical
engineering, a series of problems is associated with wear and corrosion.
Significant financial costs are caused by repair measures and downtime
of plants. Many of these problems can be prevented by applying different
coatings on highly loaded constructional parts. Technologies such as
flame spraying and atmospheric plasma spraying (APS) are used where
the application of coatings is economically justified to protect structural
parts. Such produced coatings can provide new features to
constructional parts (Mrdak, 2016). The plasma spraying method is one
of the most flexible methods for thermal deposition of coatings and may
be configured so that the jet of particles has a wide range of
temperatures and speeds (Mrdak, 2018, pp.415-430). Fine powder
particles are injected into plasma gas feed and they accelerate because
of the transfer of velocity and temperature of ions onto powder particles.
Under the substrate influence, particles deform plastically and bond to
the substrate to form a coating. The process allows the deposition of a
wide range of powders. Powder deposition speed is one of the most
important parameters affecting the stress state of the coating which is
directly related to the coating cohesion strength, microhardness and
adhesion. Powder deposition speed can largely regulate a share of
unmelted particles, pores and oxides in the coating. Powder deposition
speed must be optimal in order to ensure complete melting of powder
particles and reduce unmelted particles, pores and oxides in coating
layers to the minimum. With powder deposition speed higher than the
optimum speed, powder particles do not have enough time to melt
completely, what leads to an increase in the share of unmelted particles
and coarse pores in coating layers. Unmelted particles, together with
pores, reduce cohesion and adhesion strength of the coating. A large
proportion of unmelted particles and pores significantly reduces the
protective effect of the coating in exploitation. Similar effects are caused
by the feed of plasma gas, the intensity of electrical current and the
distance of the substrate from the plasma gun (Mrdak, 2016). NiAlMo
coating is one from a series of coatings based on Ni which, due to its
characteristics, has found a wide application in the fields of mechanical,
chemical and metallurgical engineering for protection and repair of
functional parts. The coating is produced by applying powder Metco
447NS which can be deposited by all thermal spray processes. Metco
447NS (Ni5.5wt.%AI5wt. %Mo) is a composite of nickel-aluminum-
molybdenum powder intended for depositing coatings applying thermal

o574



spray processes. It is produced by mechanical deposition or by gas
atomisation using an inert gas. A coated material consists of a core of
nickel coated with aluminum and molybdenum. The morphology of
produced particles is spherical with a nominal density of 3.5 g/cm®.
During thermal spraying, there is an exothermic reaction between nickel
and aluminum (Al-Ni) and molybdenum and aluminum (Al-Mo), which
increases the bond strength of the coating with the substrate and the
cohesive strength between deposited particles. High values of
mechanical properties of the NiAlMo coating were confirmed in the
papers (Chen et al, 2015, pp.281). Plasma spraying of powders has
produced perfect results of bonding between the substrate and the
coating. Coatings are self-bonding with very good resistance to shock.
The coating is applied at the operating temperature of < 650 °C. The
NiAlMo coating is a good choice for the area which requires high
toughness, corrosion resistance with moderate resistance to friction,
erosion and scratch. The coating is applied to the areas such as:
machine elements and bearings, wear rings, exhaust fans and collectors,
diesel engines, fuel pump, valve seats, etc. (Oerlikon Metco, 2017). The
microstructure of the triple alloy Ni-Al-Mo rich in Ni consists of small,
coherent precipitates of the y'-NizAl phases embedded in the base of the
y - phase rich in Ni. The high mechanical strength of the Ni-based super
alloy at elevated temperatures is mainly due to the presence of two
phases consisting of a fine distribution of hard, coherent y'-NisAl
precipitates embedded in the base of the y - phase rich in Ni. This
heterogeneity of the composition and the presence of different
crystallographic structures impede movements of dislocations, which
leads to high strength and resistance to creep (Lin et al, 2018, pp.1550-
1575). After the formation of the critical size of the nucleus, precipitates
increase to reduce basis saturation, and in later stages, to reduce the
total interface in the growth of large precipitates at the expense of smaller
precipitates. The part of the Ni-Al-Mo system rich in Ni was intensively
investigated. Parts of the three Ni-Al-Mo phase diagram have been
published in the literature by (Miracle et al, 1984, pp.481-486). The
isothermal cross-section of the three-phase diagram of Ni-Al-Mo at
1200 °C near the corner rich in Ni is presented in Figure 1. At this
temperature, the two phase region of y-Ni + y'-NizAl is separated from the
region of the y - phase, with the region of the y" - phase and the three-
phase region which includes vy, y' and & - phases, where the last phase is
0-NiMo intermetallic compound. One of the main reasons for alloying the
dual Ni-Al system with Mo arises from a possibility of changing the
mismatch between the y lattice and the y' phase. Another important
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parameter is a possibility of adjusting the content of Al in relation to Ni
(Conley et al, 1989, pp.1251-1263). Ni-Al-Mo composite is produced by
the method of unidirectional solidification of the alloy eutectic
composition. Solidification of Ni-Al-Mo alloy produces the y-Ni phase as
the basis and coherent y'-NizAl precipitates embedded in the y basis, as
well as the phase of the a-Mo lamellar structure (Ishak & Takagi, 2012,
pp.416-420), (Rico et al, 2010, pp.531-550).

The main objective of this study was to homogenise
Ni 5.5wt.%Al5wt.%Mo coating layers and apply them on the worn aircraft
parts of Ni alloys exposed to a combination of corrosion and wear. The
two groups of samples were made with two powder feed values of 30
g/min and 60 g/min. We analyzed the mechanical properties and the
microstructure of the coating layers on the basis of which the best-quality
coating was chosen.

Al

30
T'=1200°C

Al

10 20 30 Mo
at.% Mo

2
=

Figure 1 — Part of the Ni-rich Ni-Al-Mo phase diagram at 1200 °C (Miracle et al, 1984,
pp.481-486)
Puc. 1 - Yacmb ¢pazoeoli duazpammsl Ni-Al- Mo, oboeaweHHozo Ni npu 1200 °C
(Miracle et al, 1984, pp.481-486)
Cnuka 1 - [eo gasHoe dujacpama Ni-Al- Mo 6o2amoe Ni Ha 1200 °C (Miracle et al,
1984, pp.481-486)
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Materials and experimental details

Powder of the Oerlikon Metco company labelled Metco 447 NS was
used for the experiment. Ni5.5wt.%Al5wt.%Mo composite powder is
produced by mechanical deposition or by gas atomisation using an inert
gas (Oerlikon Metco, 2017). Powder particles are spherical which
enables smooth flow of powder in the plasma jet. The range of
granulation of powder particles used in the experiment was from 45 to 90
pm. Figure 2 shows the SEM scanning electron photomicrographs of the
morphology of Ni5.5wt.%Al5wt.%Mo powder particles.

Figure 2 — (SEM) Scanning electron micrography of Ni5,5wt. %Al 5wt.% Mo powder
particles
Puc. 2 — (COM) CkaHupyrow,asi aneKmpoHHasi MUKPOCKOIMUS Yacmuy, MopowKa
Ni5,58ec. %Al 5eec.% Mo
Cnuka 2 — (CEM) CkeHuHe ennekmpoHcka Mukpozpaguja Yyecmuuya rpaxa Nib,5mex. %Al
5mex.% Mo

For the deposition of Ni5.5wt.%Al5wt.%Mo composite powder, the
atmospheric plasma spraying system (APS) of the Plasmadyne company
was used as well as the SG-100 plasma gun consisting of the
K 1083-129 cathode, the A 2084-145 anode and the Gl 2083-113 gas
injector. Ar was used as arc gas in a combination with He and the power
supply was 40 kW. Powder feed (g/min) was the basic parameter for the
preparation of coatings. The experiment involved two powder feed
values, 30 g/min and 60 g/min. Powder feed is one of the important
parameters affecting the quality of the coating, which is directly related to
cohesion strength, microhardness and adhesion of the coating. With
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large powder feed, particles do not have enough time to melt fully, which
leads to an increased share of partially molten particles and pores in the
coating layers. Partially molten powder particles, together with pores,
reduce the cohesive and adhesion strength of the coating. With reduced
powder feed, particles are completely melted and, under the substrate
influence, deform plastically in a more appropriate way, bonding to the
substrate with a smaller proportion of pores. The detailed values of the
plasma spray parameters are shown in Table 1. Prior to powder
deposition, the substrate surface is roughed with corundum Al,O; with a
particle size of 0.7 - 1.5 mm. The coatings were deposited with a
thickness of up to 0.30 mm.

Table 1 — Plasma spray parameters
Tabnuya 1 — lNapamempb! Nna3ameHHo20 HarnbIIeHuUst
Tabena 1 - Nna3ma cripej napamempu

Deposition parameters Values
Plasma current, | (A) 800
Plasma Voltage, U (V) 32
Primary plasma gas 47
feedrate Ar, (I/min)

Secondary plasma gas 32
feedrate He, (I/min)

Carrier gas 7
feedrate Ar, (I/min)

Powder feed rate, (g/min) 30/60
Stand-off distance, (mm) 80

The testing of the structural and mechanical characteristics of the
coatings was done in accordance with the Pratt & Whitney standard
(Pratt & Whitney, 2002). The bases on which Ni5.5wt.%Al5wt.%Mo
coatings were deposited for microhardness testing and evaluation of
microstructure in the deposited state were made of thermally
unprocessed C.4171 (X15Cr13 EN10027) steel with the dimensions of
70x20x1.5mm (Pratt & Whitney, 2002). The bases for testing bond
strength were also made of thermally unprocessed C.4171
(X15Cr13EN10027) steel wih the dimensions of @25x50 mm (Pratt &
Whitney, 2002). Microhardness testing of Ni5.5wt.%Al5wt.%Mo coating
layers was done using the method HV, 3 and bond strength was tested by
tensile testing. The microhardness measurement was performed in the
direction along the lamellae. Five readings were obtained, in the middle
and at the ends of the samples, which were then averaged. Bond
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strength testing was done at room temperature with a tensile speed of
1cm/60s. For each group of samples, three specimens were tested. The
morphology of Ni5.5wt.%Al5wt.%Mo powder particles was examined by
scanning electron microscopy (SEM). The microstructure of
Ni5.5 wt.%AI5wt.% Mo coating layers in the deposited state was tested
on an optical microscope (OM). The fracture morphology of the best
Ni5.5 wt.%Al5wt.%Mo coating layers in the deposited state was
examined on the SEM.

Results and discussion

The values of the microhardness and the bond strength of the
deposited Ni5.5wt.%Al5wt.%Mo coating, depending on powder feed, are
shown in Figures 3 and 4.

350+ olo
300
250
200711
150+
100+
50+
0_

Microhardness HV0.3

30 60

Powder feed rate g/min

Figure 3 — Microhardness of Ni5,5wt.%Al5wt. %Mo layers
Puc. 3 — Mukpomeepdocmb Nib,58ec.%Al5eec. %Mo croes
Crnuka 3 — Mukpomepdoha Ni5,5mex. %Al5mex. %Mo cnojesa

The microhardness values of the layers directly depended on the
powder feed. The bond microhardness and strength values of
Ni5.5wt.%Al5wt.%Mo deposited layers were significantly affected by
powder feed. The layers deposited with a lower powder feed of 30 g/min
had a higher microhardness value of 318 HV, ;. These layers showed the
best microstructure with the densest packing of molten particles and with
a lower proportion of pores, which was confirmed by metallographic
examination. The layers with the largest share of pores which were
deposited with the largest powder feed of 60 g/min have a microhardness
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value lower than 256 HV,3;. The microhardness values of these layers
were significantly lower. Larger powder feed resulted in less pronounced
melting of powder particles and less packaging on each other
accompanied by a higher share of interlamellar pores.

Tensile bond strength was directly related to the feed of
Ni5.5wt. %Al 5wt.%Mo powder. The highest value of the bond strength of
56MPa was found in the layers with a higher microhardness value and
the smallest proportion of pores. These layers were deposited at a
powder feed rate of 30 g/min. The lowest bond strength value of 32 MPa
was found in the layers deposited with a powder feed rate of 60 g/min
which had lower microhardness. The failure mechanism for both
deposited coatings was adhesion at the interface between the substrate
and the Ni5.5 wt.%Al5wt.%Mo coating.

60+ o0
501/
4017 32
307/
207/
104

O-

Bond strength MPa

30 60

Powder feed rate g/min

Figure 4 — Bond strength of Ni 5,5wt. %AI5 wt.%Mo layers
Puc. 4 — NpouyHocms cyenneHus Nib,5eec.%Al5eec. %Mo cnoes
Cnuka 4 — Yspcmoha crnoja Ni5,5mex. %Al5mex.%Mo cnojesa

Figures 5 and 6 show the (OM) photomicrographs of the
Ni5.5wt.%AlI5wt. %Mo layers deposited with a powder feed rate of 30
g/min and 60 g/min. The microstructural analysis of the NiAlIMo coatings
showed that the layers were deposited on the substrate continuously
without interruption and without the presence of micro-cracks and macro-
cracks at the interface. At the interface between the coating and the
substrate, contamination provoked by roughening was not observed
(Fig. 6). The well-prepared substrate surface enabled obtaining good
bond strength values. The micrographs clearly show different proportions
of pores in the deposited layers. The smallest proportion of pores was
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present in the layers of the NiAIMo coatings deposited with a powder
feed of 30 g /min. In these layers, the total proportion of pores was 2%. In
the coating layers deposited with a powder feed rate of 60 g/min, the
proportion of pores was 5%. The proportion of pores in the NiAlMo
coating layers correlated with the proportion of unmelted particles. The
microstructure of the inner layers of the coating deposited at a powder
feed rate of 30 g/min. is lamellar (Fig. 5).

Figure 5— (OM) Microstructure of the Ni5,5wt.%AI5 wt. %Mo coating deposited with a
powder feed rate of 30 g/min

Puc. 5 - (OM) Mukpocmpykmypa Ni5,5eec. %Al5eec. %Mo rnokpbimusi, HaHECEHHO20
rnopowkosbiM HanblneHuem 30 e/MuH
Cnuka 5— (OM) Mukpocmpykmypa Ni5,5mex. %Albmex. %Mo npeenake deroHogaHe
npomokom npaxa 30 g/min

The coating base consists of a solid solution of y—Ni rich in nickel in
which the precipitates are y'-NizAl phases. In the microstructure of the
coating, the lamellae of a lighter phase of molybdenum a—Mo are clearly
observed (Ishak & Takagi, 2012, pp.416-420), (Rico et al, 2010, pp.531-
550). In the lamellar base of the solid solution of y - Ni and the
intermetallic phases of y'-NisAl, there are clearly visible dark fields
representing inter-lamellar pores which are much finer in relation to the
micro pores present in the coating layers deposited with a feed rate of
60g/min. The coating layers do not contain unmelted powder particles
and precipitates which may occur as a result of collision of molten drops
with the substrate (Fig. 5).

581

Mrdak, M., Mechanical properties and metallographic analysis of plasma spray APS - Ni5.5wt.%Al5wt.%Mo coatings, pp.573-587



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 3

Figure 6 — (OM) Microstructure of the Ni5,5wt.%Al5 wt.%Mo coating deposited with a
powder feed rate of 60 g/min
Puc. 6 — (OM) Mukpocmpykmypa Ni5,58ec. %Al5eec. %Mo nokpbimusi, HaHeCeHHO20
MOPOWKOBbIM HarblieHuem 60 2/MuH
Cnuka 6 — (OM) Mukpocmpykmypa Ni5,5mex.%Al5mex. %Mo npesnake dernoHosaHe
rnpomokom npaxa 60 g/min

In the microstructure of the NiAlMo coatings deposited with a
powder feed of 60 g/min (Fig. 6), it is possible to see a significant
proportion of incompletely melted powder particles which are less
plastically deformed in a collision with the substrate surface. The
morphology of the deposited particles is more spherical; therefore, the
structure is not fully lamellar. Between partially molten globules there are
black pores which are quite rough and irregular. Due to a large amount of
powder feed into the plasma jet and its low melting point, a properly
layered lamellar structure of the deposit could not be formed. Black fields
in the microstructure (pull-out) represent the locations of extracted
particles nearly spherical in shape, which result from pulling out
incompletely melted powder particles from the base during sample
preparation. Solidification of Ni-Al-Mo composite powder particles
resulted in the microstructure as in Fig. 5 consisting of y-Ni phases rich in
Ni as the basis and coherent y'-Ni;Al precipitates embedded in the y
basis. The a-Mo molybdenum phases of more globular than lamellar
morphology are clearly ooserved in the microstructure (Ishak & Takagi,
2012, pp.416-420), (Rico et al, 2010, pp.531-550). Micro-cracks are not
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observed through the deposited layers. The best microstructure is found
in the layers deposited at a feed rate of 30 g/min.

Figure 7 shows the fracture photomicrographs of the NiAlMo coating
layers deposited with a powder feed of 30 g/min. The fracture surfaces of
the coatings were examined on the SEM in order to analyze their
morphology. The fracture of the NiAlIMo coating surface shows a
continuous structure with layered deposited melted particles. The
analysis of the sample showed that the coating was decomposed and
highly fractured, as it can be seen in the figure, especially in the area
above the fracture toughness zone. The fracture occurred between the
lamellae of the deposited particles. During fracture, cracks commonly
propagate along lamelar interfaces where the bond is weaker than
through lamellae which requires much higher strain.

Figure 7 — (SEM) fracture morphologies of NiAlMo coatings deposited with a powder
feed rate of 30 g/min
Puc. 7 — (COM) Mopgponozusi mpeuwjuH 8 NiAIMo nokpsimuu, HaHeCEHHOM OPOUKO8bIM
HanbineHuem 30 e/MuH
Cnuka 7 — (SEM) Mopgponoauje noma NiAIMo npesnake dernoHosaHe rMpPoOMOKOM rnpaxa
30 g/min

Figure 7, therefore, presents the interlamellar fracture mode. The
fracture toughness zone is clearly visible in the lower part of the sample.
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Conclusion

In this paper, APS - atmospheric plasma spraying was used for
depositing Ni-Al-Mo powder coatings with a feed rate of 30 and 60 g/min.
The mechanical properties have been analyzed as well as the
microstructures of the coatings in the deposited state, and the following
conclusions were drawn.

The mechanical properties of microhardness and bond strength as
well as the microstructure of Ni-Al-Mo coatings were directly dependent
on powder feed. The layers deposited with a lower powder feed of
30g/min had a higher microhardness value, 318 HV, 3. These layers were
more homogeneous and denser with a share pore of 2%, which resulted
in a higher value of bond strength.

The structure of the Ni-Al-Mo coating layers deposited with a lower
powder feed of 30g/min is lamellar consisting of a solid solution of y — Ni
rich in nickel in which there are precipitates of the y'-NizAl phase and the
molybdenum a—Mo phase lamellae.

The fracture of the Ni-Al-Mo coating surface deposited with a lower
powder feed of 30g/min shows compact microstructure with layers of
deposited melted particles. The crack propagates easier along border
surfaces of deposited molten particles where the bond is weaker than
through the y-Ni + y'-NisAl grain boundaries in each molten particle.
During fracture, the mode of fracture was favorable interlamellar with a
present fracture toughness zone.

The obtained results showed that powder feed in the process of
deposition affects the mechanical properties and the microstructure of
the coating layers. The examination of the coatings have confirmed that
the best layers are those deposited with a powder feed of 30g/min.

The application of Ni-Al-Mo coatings in repair of aircraft parts based
on Ni-alloys exposed to a combination of corrosion and wear significantly
improves the efficiency and reliability of parts in service and significantly
reduces costs of repair.

References

Chen, J., Zhou, H., Zhao, X., Chen, J., An, Y., & Yan, F. 2015. Erratum to:
Microstructural Characterization and Tribological Behavior of HVOF Sprayed
NiMoAlI Coating from 20 to 800 °C. Journal of Thermal Spray Technology, 24(3),
pp.281-281. Available at: https://doi.org/10.1007/s11666-014-0193-z.

Conley, J., Fine, M., & Weertman, J. 1989. Effect of lattice disregistry
variation on the late stage phase transformation behavior of precipitates in Ni-Al-
Mo alloys. Acta Metallurgica, 37(4), pp.1251-1263. Available at:
https://doi.org/10.1016/0001-6160(89)90119-3.

584




Ishak, M., & Takagi, H. 2012. The characteristics of unidirectional solidified
Ni-Al-Mo alloys. Materialwissenschaft und Werkstofftechnik, 43(5), pp.416-420.
Available at: https://doi.org/10.1002/mawe.201200975.

Lin, B., Huang, M., Zhao, L., Roy, A., Silberschmidt, V., Barnard, N.,
Whittaker, M., & McColvin, G. 2018. 3D DDD modelling of dislocation—
precipitate interaction in a nickel-based single crystal superalloy under cyclic
deformation. Philosophical Magazine, 98(17), pp.1550-1575. Available at:
https://doi.org/10.1080/14786435.2018.1447159.

Miracle, D.B., Lark, K.A., Srinivasan, V., & Lipsitt, H.A. 1984. Nickel-
aluminum-molybdenum phase equilibria. Metallurgical Transactions A, 15(3),
pp.481-486. Available at: https://doi.org/10.1007/bf02644971.

Mrdak, M. 2016. Plazma sprej procesi i svojstva zastitnih
prevlaka.Beograd: IHIS Techno experts d.o.o. (in Serbian).

Mrdak, M. 2018. Transfer of heat and speed of plasma particles to powder
particles in the plasma spray process at atmospheric pressure. VojnotehniCki
glasnik/Military ~ Technical  Courier, 66(2), pp.415-430. Available at:
https://doi.org/10.5937/vojtehg66-12942.

-Oerlikon Metco. 2017. Material Product Data Sheet, Nickel — Aluminum —
Molybdenum Thermal Spray Powders. DSMTS-0111.0. [online] Available at:
file:///C:/Users/Intel/Downloads/DSMTS-0111.5_NiAlMo_Powders.pdf.
Accessed: 10.05.2018.

-Pratt & Whitney. 2002. Turbojet Engine. Standard Practices Manual East
Hartford,USA: Pratt & Whitney. (PN 582005).

Rico, A., Rodriguez, J., & Otero, E. 2010. High Temperature Oxidation
Behaviour of Nanostructured Alumina—Titania APS Coatings. Oxidation of
Metals, 73(5-6), pp.531-550. Available at: https://doi.org/10.1007/s11085-010-
9191-9.

MEXAHWYECKWME CBONCTBA U METANNOMPAGUYECKNIA
AHAJTIN3 Ni5.58ec.%Al5Bec.%Mo NOKPbLITUA, HAHECEHHOIO
BO3AYLWHO-MNASMEHHBIM HANBUTEHVEM

Muxauno P. Mpaak
LleHTp uccneposanuin n passutust A.O. «MMTEJT koMMmyHMKaLun»,
r. benrpag, Pecnybnvka Cepbusi

PYBEPUKA TPHTW: 61.13.21 XuMmnyeckne npouecchl
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnunckun

Pe3some:

B OaHHOU cmambe npedcmasrneHbl pesysrbmambl  UCbimaHul
MEXaHUYECKUX U MUKPOCMPYKMYPHLIX XapakmepucmuK MOKpbImUsi U3
KomriosumHoz2o  ropowka  Nibbeec.%Albeec. %Mo,  HaHeceHHO20
8030yWHO-NIasMeHHbIM  HarbineHuem (BlH). Llenbio  uccrniedoeaHusi
sensiyiace  OnMUMU3auusi  romoka Mopowkosol cmpyu (2/MuH) npu
HaHeceHuu crioeg NiAIMo nokpeimusi, obnadarow,e2o onmumarbHbIMU
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MexaHUYeCKUMU U CMPYKMYPHbIMU Xapakmepucmukamu, Ha dacmu
camoriemos, Komopbie rnodsep2aromcesi CodemaHuUr0 Koppo3uu U UsHoca.
HaHHble 4Yacmu u3eomoernieHbl u3 crnasog Hu. Mukpomeepdocmb
HaHeCeHHbIX crioes, ucribimbiganacb memodom HV0.3, a npoyHocmb Ha
paspbie  cueriieHus — MemoOoM  pacmspkeHus.  Mopgbonoaus
rogepxHocmMu 4Yacmuy, rnopowska uccriedosanack ¢ romowbto COM —
CKaHUpyrouje20 3reKmpoHHo20 MuKpockona. Mukpocmpykmypa HuAnM
Mokpbimusi 6bina uccriedogaHa C MOMOWbIO OMMUYECKO20 MUKPOCKoMna
(OM). Mopgbornioausi mpewuH, obpa3ogaswiuxcs 8 JlyHWux CriosiX,
uccrnedosasnach C MoOMOWbH CKaHUPYOWe20 37IEKMPOHHO20 MUKPOCKONa
(COM). UcnbimaHusa rokasanu, 4mo rpu KOHMPOUPYeMOM [OMOoKe
MOPOWKO8OU cMpyu CrioU HaHECEHHO20 MOoKpbImMusi obriadaom 8bICOKOU
MPOYHOCMbBIO CUEIIIEHUS.

Knoyesblie crnosa: 8030ywHoO-Nna3MeHHoe  HarnbiineHue  (Bl1H),
MUKpocmpyKkmypa, Ni5,58ec. %Al56ec. %Mo, MuKkpomeepdocms,
MPOYHOCMb CUEMIIeHUS.

MEXAHNYKA CBOJCTBA N METAITOIPA®CKA AHATIM3A MNMNA3MA
CIPEJ ATINC — Ni5.51ex.%Al5Tex.%Mo NMPEBJTAKE
Muxauno P. Mpaak

Uctpaxueayku u passojHu ueHtap UMTEN -KOMYHUKALUWJE a.a., Beorpag,
Peny6nuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJ1IAHKA: opurMHan Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

Y oeom pady npedcmaerbeHa Cy ucrnumueara MexaHUYKux U
MUKDPOCMPYKMYPHUX Kapakmepucmuka ammocgepcKku rnasma cripej
(AT1C) npesnaka 00 komrnosumHoe npaxa Nib,5mex.% Al5mex.%Mo.
Hurb ucmpaxusara 6uo je Oa ce onmumu3upa rnpomMoK rpaxa (2/MuH)
Kako 6u ce OJernoHosanu crnojesu NiAIMo npeenake onmumanHux
MexaHUYKUX U CImPYyKmMYypHUX Kapakmepucmuka Koju he ce npumeHumu
Ha roxabaHum ea3dyxornosHUM Oesrioguma 00 Jfieeypa Hu u3noxeHu
KoMbuHayuju kopo3uje u xabara. Mukpomepdohe dernoHogaHuXx criojesa
ypaheHe cy memodom HV,3; u 3amesHe 4gpcmohe crioja memodom
ucnumuearsa Ha 3ame3ar-e. Mopgbornoauja nospwuHe Yecmuya rpaxa
ucnumaHa je Ha CEM-y (CKeHUH2-e/IEeKMPOHCKOM  MUKPOCKOIY).
Mukpocmpykmypa HuAnMo npeenaka ucrniumaHa je Ha OfMmMuUYKoM
mukpockony (OM), a mopgboriozuja noma Hajbéorbux crnojesa Ha CEM-y.
YmepheHo je Oa ce KOHMPOSIOM MpoOmoKa fpaxa Moay rnpoussecmu
criojesu ripeeriake ca obpom yspcmohom crioja.

KrbyuHe peuyu: ammocghepcKu nnasma cripej (Al1C),
MUKpOCcmpyKmypa, Ni5,5mex. %Al5mex. %Mo, mukpomepdoha,
yspcmoha crioja.
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Abstract:

The problem of reliability and availability of the Internet of Things (loT)
from the point of view of the classical approach of reliability assessment
using MIL-HDBK 217 is discussed in this paper. With the classical
approach of reliability assessment using MIL-HDBK 217, only hardware
reliability can be assessed, and the situation with the loT is more
complicated: billions of different things (devices), software programs, and
human users are involved (networked). The reliability and availability of
the IoT is not only a matter of a failure rate of elements (things), but also
protocols, standardization, logistics support and other influences. The
relation for the reliability calcuation of an loT system is proposed.

Key words: reliability, availability, maintainability, Internet of Things.

Introduction

Reliability as theory and practice began to develop in the 50s of the
last century. Very soon MIL-HDBK-217 appeared. Reliability prediction
by MIL-HDBK-217 has been done for about 60 years. By the time it has
been shown that this manual, which is essentially based on an
exponential distribution of failure, has a number of limitations, and that
other approaches are needed (Pokorni, 2016).

Besides this, new challenges in reliability appeared in recent years.
They are Cloud Services and the Internet of Things, and since they are
very complex and with many dependencies, this puts new requirements
on research and education in reliability and reliability culture (Pokorni,
2016), (Pokorni, 2018).

The Internet of Things (loT) consists of hardware and software
which can communicate without human intervention (in that case we can
consider it to be machine to machine (M2M) communication); sometimes
the human factor is involved, so hardware reliability is connected not only
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to software reliability, but also to human reliability, thus creating a need to
discuss these relations.

The problem of reliability and availability of the Internet of Things
from the point of view of the classical approach of reliability assessment
using MIL-HDBK 217 is discussed in this paper. With the classical
approach of reliability assessment using MIL-HDBK 217, only hardware
reliability can be assessed, and the situation with the loT is more
complicated: billions of different things (devices), software programs, and
human users are involved (networked). The reliability of the loT is not
only a matter of a failure rate of elements (things), but also of software,
human factor, logistics support, standardization and other influences,
such as, for example, energy efficiencies (green), security (hacking, etc.).

Definition of reliability and availability

Reliability is defined as a probability that a component or a system
will meet certain performance standards in yielding correct output for a
desired time duration in certain environmental conditions.

Availability is a metric used to assess the performance of repairable
systems, incorporating both the reliability and maintainability properties of
a component or a system. There are different definitions of availability
and different ways to calculate it.

Instantaneous availability (usualy called availability) is defined as the
probability that a system (or a component) will be operational at a
specific point of time.

For an unrepaired component or system, reliability and availability
means the same, but for a repaired component or system, availability is
bigger than reliability (Pokorni, 2014).

Internet of Things

A growing number of physical objects are being connected to the
Internet at an unprecedented rate realizing the idea of the loT (Popa et
al, 2017), (Prasad & Kumar, 2013), Figure 1. The loT first started in
1990s with industrial automation systems (Prasad & Kumar, 2013).

The Internet of Things will soon, if not already, permeate to all
industries and have influence in everyone’s life (Rohde & Schwarz, nd).

The IoT is regarded as the next phase in the evolution of the
Internet. Electronic miniaturization, cost of electronic components, and
the trend towards wireless communications are the three main drivers for
the loT (Ryan & Watson, 2017).
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The Internet of Things is going to change a wide variety of real-time
monitoring applications, for example, E-healthcare, homes automation
system, environmental monitoring and industrial automation (Popa at al,
2017).

It is stated in (Andersen, 2018) that a lot of attention in recent time
seems to be on building highly reliable (up to carrier grade) clouds, but
another area is the loT.

According to ITU-T, the loT is defined as (Popa at al, 2017) ,In a
broad perspective, the |oT can be perceived as a vision with
technological and societal implications. From the perspective of technical
standardization, IoT can be viewed as a global infrastructure for the
information society, enabling advanced services by interconnecting
(physical and virtual) things based on, existing and evolving,
interoperable information and communication technologies. Through the
exploitation of identification, data capture, processing and communication
capabilities, the 1oT makes full use of things to offer services to all kinds
of applications, while maintaining the required privacy.*

In recent years, with the improvement in Internet connectivity and
advances in smart personal computing devices, the loT, along with its
applications and supporting hardware platforms, has become a hot topic
in both academic and practitioner communities. loT systems can be
deployed in many scenarios, where the scale of loT deployments can
vary from personal wearables to city-wide infrastructures (Zhu et al,
2018).

bults Internet of Things
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Figure 1 — Internet of Things growth (Ryan & Watson, 2017)
Puc. 1 — Pocm uhmepHema seuwjeli (Ryan & Watson, 2017)
Cnuka 1 — Pacm uHmepHema cmeapu (Ryan & Watson, 2017)
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The architecture of the Internet of Things consists of sensor nodes,
the network domain, and application domains, Figure 2, (Popa et al,
2017), (Prasad & Kumar, 2013).

The Sensor Node domain is the same as the M2M node domain in
M2M communication. After collecting the packets from the nodes, the
gateway GW is able to intelligently manage the packets and provide
efficient paths for forwarding these packets to the remote back-end
server (BS) via wired/wireless networks. The network domain provides
cost-effective and reliable channels for transmitting sensory data packets
from the sensor domain to the application domain. The application
domain is the last part with BS as the key component for the whole loT
communication.

Reliability of the loT elements

Reliability is defined as the ability of an item to perform a required
function under stated conditions for a stated time period (Bauer &
Adams, 2012), (Pokorni, 2014). Quantitatively, it is expressed in
probability.

Reliability is critical for efficient IoT communication, because
unreliable sensing, processing, and transmission can cause false
monitoring data reports, long delays, and even data loss, which would
reduce people’s interest in loT communication. Therefore, the rapid
growth of loT communication demands high reliability (Prasad & Kumar,
2013).

Node>({) = A
z AN
O—{sink |-O = AV \
L] R |
O Wireless
M2M Node Domain Network Domain Application Domain

Figure 2 — Architecture of the IoT (Popa et al, 2017), (Prasad & Kumar, 2013)
Puc. 2 — Apxumekmypa uHmepHema sewiel (Popa et al, 2017), (Prasad & Kumar, 2013)
Cnuka 2 — Apxumekmypa uHmepHema cmeapu (Popa et al, 2017), (Prasad & Kumar,
2013)

However, these deployments, as loT implementations, depend
heavily on the Internet connectivity, therefore on the network
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infrastructure. In large-scale loT deployments like those in smart cities
and smart communities, failures in the network infrastructure can be fatal
to the operation when large events or emergencies stress or strike the
public network facilities. Enabling the reliability and resilience of large-
scale loT deployments is critical in these scenarios and promising for
further research (Zhu et al, 2018).

There are several research challenges that must be resolved to
support the operation of loT systems for communities (Zhu et al, 2018).
The first challenge is that of scale, i.e. the huge number of devices. In
community-wide loT systems, the number of participating devices can
make a big difference in the design of system architecture and influence
the network infrastructures. Bring-in mobility and crowd participation can
make a bigger challenge. The second challenge is that of the dynamics.
Both the physical and networking environment in communities can
change. Mobility brings in more changes and adaptation to changes is
important. The third challenge is that of the inter-operability. With the
growing number and heterogeneity of loT devices, the interoperation and
coordination are keys to make all these devices, platforms, and their
supporting software an integrated system instead of a pile of independent
pieces (Zhu et al, 2018).

Obviously, the 10T is very complex. It comprises hardware, software,
and sometimes a human is envolved in an loT system. Since the loT is
regarded as the next phase in the evolution of the Internet, and the
ilnternet is a network of networks, and the functioning of networks is
based on protocols, then, except hardware and software, protocols also
must be considered in the reliability of the loT. Although protocols are
esentially realized in software, there is a need to consider them
separately because there are reliable and unreliable protocols.

loT hardware reliability

Up to now, hardware reliability has been calculated mostly using
MIL-HDBK-217, military manual, for the calculation of the reliability of
electronic devices. The first version was developed in 1961 (version A).
But MIL-HDBK-217 has limitations, and has not been updated since 1995
(the last version F). In spite of its limitations, MIL-HDBK-217 is still used
by more than 80% of engineers in calculating reliability. Of course, there
are other industrial and commercial standards for calculating reliability.
RIAC’s 217Plus™ methodology and a software tool is a replacement for
MIL-HDBK-217, it is no longer free, it is more complex, and, at least, this
methodology is the same as with former MIL-HDBK-217 (Pokorni, 2016).
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Besides this, the calculation of hardware reliability is also faced with
a number of problems. In (Elerath & Pecht, 2012), it is stated that there is
no standard method for creating hardware reliability prediction, so
predictions vary widely in terms of methodological rigor, data quality,
extent of analysis, and uncertainty, and documentation of the prediction
process employed is often not presented. Because of that, the IEEE has
created a standard, IEEE Std.1413 (Standard Framework for the
Reliability Prediction of Hardware) in 2009.

The loT comprises different hardware concerning quality and
reliability: very often this hardware is of a commercial type, without
established reliability, and very often without any data about the failure
rate or the mean time to failure (MTTF), or the mean time between
failures (MTBF), so exact reliability calculation is very difficult.

loT software reliability

Software reliability is an important attribute determining the quality of
the software as a product. There are many models of software reliability
assessment, but none of them is generally accepted (Pokorni, 2016,
Kapur, 2014). Except that, the requirements for the reliability of software
are often not adequately specified if specified at all, especially for the loT.

The problem also lies in a different nature of software compared to
hardware. Although defined as a probabilistic function, software reliability
is not a direct function of time. Another problem is that techniques for
software reliability prediction are rarely used as routine software
engineering practices. It calls for collaboration between software and
reliability subject matter experts to take appropriate steps to include
software into the reliability case for the system (Pokorni, 2016), (Kapur,
2014).

The real issue with reliable software is that the critical function fails
safe. Failing safe is often misunderstood and is often misinterpreted as
never failing. Software safety and software reliability are allies in the
realization of their mutual goal of developing safe and reliable software.
Again, there is a need for a cooperation between software and reliability
engineers. However, few educational institutions or industry
professionals teach the basics of software reliability and its dependence
upon software safety to be effective (Pokorni, 2014).

Enhancing reliability by redundant of software is a special problem,
because it is different from hardware, and every copy of software has the
error at the same place (Pokorni, 2014).
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loT human reliability

As we stated in the introduction, a human factor can be involved in
the loT system. So, a human action can influence the reliability of the
loT.

Human reliability can mean preventing accidents and minimizing the
consequences of accidents that do occur. The effects of decisions made
by people to act or not to act have consequences for the technological
systems they operate. Disasters and major system failures are frequently
a sequence of events where one or more people have made a decision
or taken some action while operating, maintaining or repairing some
technological system. When these potential consequences are
significant, such as catastrophic loss of equipment, long term damage to
the environment, or loss of life, then reliability engineers working
collaboratively with others (such as risk management, human factors and
safety engineers) can have an important impact (Pokorni, 2016).

There are different approaches and models to human reliability
(Pokorni, 2016).

Procedures, rules, codes, standards and laws cannot completely
prevent system failures, but, in this author’s experience, they can reduce
system failures.

This author has considered human reliability important from the
beginning of his work in reliability, so human reliability is included in his
textbooks (Pokorni, 2014).

About reliable and unreliable protocols

In computer networking, a reliable protocol is the name for a protocol
which notifies the sender whether or not the delivery of data to intended
recipients was successful.

For example, the TCP (Transmission Control Protocol), the main
protocol used on the Internet, is a reliable protocol, and the UDP (User
Datagram Protocol) is unreliable (because there is no guarantee of
delivery of data, as in the TCP). Therefore, the UDP can be used in
situations where some data loss may be tolerated.

There are also the Hot Standby Router Protocol (HSRP), the Virtual
Router Redundancy Protocol (VRRP), and the Gateway Load Balancing
Protocol (GLPB) used to enchance availability of computer networks
providing redundancy. The HSRP provides routing redundancy for
routing IP traffic without being dependent on the availability of any single
router. The GLBP provides routing redundancy similar to that of the
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HSRP and also provides load balancing over multiple routers by using a
single virtual IP address and multiple virtual MAC addresses.

Maintainability and availability

Reliability is connected with maintainability. In order to achieve
optimal cost in the life cycle of the IoT, maintainability must be
considered in the design phase of the IoT. Maintainability refers to the
ability for an intelligent system to be seamlessly and easily uncoupled,
fixed and modified without causing an obstruction in the system
processes or functionality. To evaluate the maintainability property of the
loT system, in case of a problem, the system should allow easy
replacement of faulty components without loss of service. Therefore, to
characterize loT systems as highly maintainable, they have to enable
maintenance tasks to be completed effectively, efficiently and with
satisfaction (Thomas & Rad, 2017).

If we include maintainability, we speak about availability instead only
of reliability. Availability is defined as the probability that the system or
element is in a functional state at the moment the user needs it. If the
system is unrepaired, then reliability and availability are the same. If the
system is repaired, then availability is not the same as reliability.
Availability (inherent availability) can be calculated using the next relation
(Pokorni, 2014)

MTBF

~ MTBF + MTTR M
where
- MTBF is mean time to failure, and
- MTTR is mean time to repair.

Obviously, for example, replacing an exhausted battery in an loT
device can reduce availability if the loT system is not in the working state
during the replacement.

Other influences on the IoT reliability

The reliability of 10T is not only a matter of a failure rate of hardware
and software, but also of protocols, energy efficiencies (green),
standardization and other influences, such as, for example, security, etc.

The energy efficiency, reliability and security issues in the loT (M2M
communications) have not been well explored. The energy efficiency
(green) becomes a challenging issue especially in the loT sensor
domain. loT communications dominates energy consumption. There are
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measures with which energy efficiency can be increased (Al-Fugaha et
al, 2015).

In (Higginbotham, 2018), it is stated that the IoT makes systems
vulnerable to new security treats: consequences of failure are more dire
(when car or infusion pumps are hacked people can die); today
adversaries to the 0T security are not only hackers, but nation states;
software and hardware vendors nowadays do not provide support as
before; many loT devices are built with software, hardware and firmware
created by different companies and the problem can appear if some of
these companies does not update its software; and many |oT devices live
in environments unlike any IT systems.

Reliability and availability policies

Different users can expect different levels of reliability and
availablity. So, aproaches to design an loT system can be different
depending of types of users. For example, the target level of availability
for a given Google service usually depends on the function it provides
and how the service is positioned in the marketplace. The following list
includes issues to consider (Alvidrez, 2017):

What level of service will users expect?

Is this service directly connected to the revenue (either our revenue,
or our customers’ revenue)?

Is this a paid service, or is it free?

If there are competitors in the marketplace, what level of service do
these competitors provide?

Is this service targeted at consumers or at enterprises?

Reliabilityof the loT system

Because of a complexity of the IoT and because the loT includes
hardware and software and sometimes humans, we suggest assessing
the reliability of hardware, the reliability of software and the reliability of
the human factor, and then the reliability of the loT system is calculated
by the formula

Rs (t) =Ry (t)RSF (t)RH (t) (2)
where R,,,, R and R, are hardware reliability, software reliability and

human reliability, respectively.
The above formula is valid if failures of hardware, software and
human are mutually exclusive.
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The 10T is obviously very complex, so it is difficult, almost
impossible, to determine the analytical solution for the reliability and
availability of such a complex system.

Because of the complexity of the 10T, we suggest using simulation to
asses the reliability of the loT. We used simulation for some examples of
complex systems and showed that simulations can give useful results
(Pokorni & Jankovi¢, 2011), (Pokorni et al, 2011), (Ostoji¢ et al, 2012).

Conclusion

The problem of the reliability of the Internet of Things from the point
of view of the classical approach of reliability assessment using MIL-
HDBK 217 is discussed in this paper. Because of the complexity of the
loT (the loT includes hardware, software and sometimes human users),
and because data in MIL-HDBK 217 are obsolete, the classical approach
of reliability assessment of hardware using MIL-HDBK 217 is not
appropriate, so we need other approaches for assessing reliability of
hardware (for example RIAC’s methodology, based on PRISM and new
MIL-HDBK-217Plus), and of course adequate approaches for the
assessment of reliability of software and the human factor. There are
also other influences such as protocols, energy efficiencies,
standardization security, etc.

Reliability assessment and the analysis of the 10T require knowledge
from many different technical and other areas and team work.

Reliability of the IoT is not always of the primary concern in the loT,
but understanding reliability can help in case of failure, i.e. where to look
for a failure.
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Abstract:

This paper deals with the results of a numerical simulation of the fast
atmospheric pressure discharge in a strongly non-uniform configuration of
a tip-to-plane diode filled with a nitrogen and oxygen mixture. The
simulation is based on the advanced hydrodynamic plasma discharge
accounting also gas photoionization. It was shown that, in the absence of
photoionization, discharge develops similarly to the case with
photoionization, except the case of reversed voltage polarity. The
theoretical results correspond to the existing experimental data for the
spatial  discharge structure and the current/voltage discharge
characteristics.

Key words: plasma, numerical simulation, atmospheric discharges.
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Introduction

Various gas-filled diodes are widely used in modern electro-technical
devices. The tip-to-plane electrodes system represents probably the
most common design of a gas diode unit with a strongly non-uniform
configuration of an electric field. Namely, they are used as spark-gap
high-voltage switches (Shaefer et al, 1990) as well as the main
component of technological devices for the discharge plasma surface
treatment (Akishev et al, 2001). Therefore, major theoretical problems of
discharge development in such a system are intensively investigated by
using various theoretical simulation approaches (Eichwald et al, 2011).

The discharges in gas-filled diodes are attractive due to the non-
trivial switching characteristics and the low-temperature plasma
parameters. Among the switching parameters, the breakdown formation
time and the corresponding voltage amplitude are the most important.
The plasma parameters, e.g. its spatial structure or its plasma-chemical
composition are also of great importance, especially w.r.t. time-
dependent studies. While the switching characteristics can be easily
measured experimentally, the measurement of plasma parameters is
much more complicated. That is the main reason to perform a theoretical
simulation of gas discharge.

At present, we have a rather extensive base of experimental studies
of this type of discharge, including those performed with picosecond and
subnanosecond time resolutions, as well as with time synchronization of
measured signals. As part of the series of experimental studies done by
groups of Russian and Chinese researchers (Shao et al, 2013), a
comparison can be made with the results of actual theoretical studies.

In this paper, we use a two-moment “liquid” discharge plasma model
(Gogolides & Sawin, 1992) implemented in the Plasma module of
COMSOL Multiphysics 5.2 software. It allows modeling the time-
dependent discharge propagation from the metal non-uniform electrode
(tip) towards the second electrode (plane) accounting for all necessary
plasma-chemical reactions. The main aim here is to simulate
nanosecond gas discharge and accurately obtain the spatial discharge
structure evolution.The introduction is an introductory part of the article.

Experimental setup

The experimental setup is represented in Figure 1. The triggering
pulse from 1 provides a signal that the voltage pulse generator 2
transforms into a negative polarity voltage pulse with the amplitude
values in the range of Uy =27-30 kV with the rise time t;= 200 ns. The
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cathode here is a thin needle with a diameter of 0.4 mm having the tip
curvature radius of 0.1 mm (medical syringe needle), while the anode is a
simple plane electrode made of aluminum foil. The distance between the
electrodes is equal to d =9 mm. The nitrogen at 1 atm pressure with
small (~2 %) oxygen admixture is used as the operating gas.

An ICCD camera was used to obtain a sequence of instant images
of the discharge dynamics (depicted in Figure 2). The images from an
ICCD camera are an integral picture of the glow of non-stationary
discharge, which, to a certain extent, can be compared with the
distribution of the discharge plasma at a given point in time. Based on
this comparison of experimental and theoretical data can be done in the
present work.
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Figure 1 — The experimental setup: 1 — triggering pulse generator, 2 — pulsed voltage
source, 3 — capacitive voltage divider, 4 — current shunt resistor, 5 — storage oscilloscope,
6 — output window, 7 — ICCD camera, 8 — personal computer, 9 — metal tip cathode,
10 - plane anode electrode
Puc. 1 — Cxema akcriepumeHma: 1 — 3anyckarouwull 2eHepamop, 2 — UMMyJ/bCHbIU
UCMOYHUK HanpsKeHus!, 3 — eMKOCMHbIU 0eniumerib HanpsikeHusi, 4 — mokoebilt wyHm, 5
— yugbpoeoli 3arnomuHarowuli ocyusrnogpag, 6 — ebiX0OHOE OKHO, 7 — CKOpOCMHasi

kamepa, 8 — komnbromep, 9 — ocmpuliHbil kamod, 10 — nnockuli aHod
Cnuka 1 — lNocmaska ekcriepumeHma: 1 — 2eHepamop okuOHoe umryrica, 2 — nysacHU
u380p HaroHa, 3 — kanayumueHu pa3desiHUK HaroHa, 4 — waHm omnopHUK, 5 —
MeMopujcku ocyusnockor, 6 — 3awmumHu nposop, 7 — kamepa ULLLL, 8 — nuyHU
padyHap, 9 — kamoda — memarHu 8px, 10 — aHoO0a — obuyHa rnno4acma efekmpod
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a) 71-74 ns b) 74-77ns c) 77-80 ns

Figure 2 — Instant photographs from the ICCD-camera (grey areas depict the electrodes)
Puc. 2 — MeHoseHHbIe homoepaghuu ceeyeHusi, Mosy4YeHHbIe CKOpocmHoU Kamepou
(obnacmu, ommeyeHHble cepbiM Ugemom 0b603Haqyarom 351eKmpoobi)

Cnuka 2 — UHcmaHm ¢gpbomoepacpuje dobujeHe kamepom MLILY/ (cuse 30He
npedcmasrbajy enekmpooe)

Theoretical model

For the simplicity reasons, a real three-dimensional diode in the
model is substituted by a two-dimensional axisymmetric structure (Figure
3).

The gas discharge model is based on the two-moment “liquid” model
where the movement of charged particles is covered by the drift-diffusion
approximation (Gogolides & Sawin, 1992). Since the discharge
characteristic time is short, the model implements only three important
plasma-chemical reactions: electron impact ionization e + N, — 2e + N,",
molecular nitrogen dissociation e + N,—> e + 2N and photoionization
hv+N,—> e+ N2+.

The photoionization model we implement is based on the
assumption (Kulikovsky, 1995) that the major contribution to the
photoionization rate is produced by the radiation in the spectral range
980-1025 A, where the radiation absorption by nitrogen N, can be
omitted. The wavelength of 1025 A is the natural threshold for the
molecular oxygen photoionization reaction. Below 980 A, the radiation is
strongly absorbed by nitrogen providing insignificant contribution to the
production of photoelectrons. Taking into account the fine structure of the
oxygen absorption spectrum, in the integral over the wavelength range
980-1025 A in the general expression for the rate of photoionization was
calculated and adopted for further computations.
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Anode

Figure 3 — The computational domain configuration (h = 1.6 mm, | =4 mm, d =9 mm)
Puc. 3 — Cuémmnasi obnacme npocmparHcmea (h = 1.6 mm, | = 4 mm, d = 9 Mm)
Cnuka 3 — KoHgpuzypauyuja obrniacmu uspadyHasara (h = 1,6 mm, | = 4 mm, d = 9 mm)

We also draw the attention to the importance of taking into account
the molecular nitrogen dissociation reaction as the main factor leading to
electron energy losses (Cosby, 1993). Other plasma-chemical reactions
typical to nitrogen, e.g. involving ions of atomic nitrogen, are omitted due
to their smaller contribution to the fast discharge development. For the
same reasons, we also exclude different kinds of neutral excited species.
The electron component is described by the following equations system:

M v.r =R
at

(1)
antg ‘V.I.+ET,=R

where n, is the electron number density, n. is the electron energy density,
t is the time variable, and E is the electric field strength. The source
coefficients Re and R, are defined by

R, =k, (€)N,0, +S

ion ph?

R, =k, (€) 0,0, + Ky (£) 0,1 (2)

on n e’
where k,, (€) is the ionization rate as a function on the mean electron
energy, €=n_/n,, n, is the total neutral number density, Kk, (€) is the

dissociation rate coefficient, and S, is the photoionization rate.
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The ion component is described by

ar.|i —
EJFVT" =R, (3)

where N. is the N, number density.

The electron, the electron energy and the ion density fluxes I',, I,
and I'; respectively, are given by the expressions

I',=-nuE-DVn,

I', = 2 n.uE 2 D.Vn,
3 3

&

(4)
I =-nuE-DVn,

where 1, and g; are the electron and ion mobilities, and D, and D; are the
electron and ion diffusivities.

The electric field is accounted self-consistently in the model by
implementing the Poisson’s equation:
&V-E=—-q(n,—n,) 5)

where, q is the elementary charge, and & is the electrical constant.

The photoionization rate Sph is implemented in the “differential”

formulation i.e. based on the numerical solution of the Helmholtz
equations set (Bourdon et al, 2007).

2 -2 _
VoS = AwS, =GR, (©6)
Here, A, is the effective photon path length, Gy is the coefficient of

the conversion of the ionization rate R, into photon radiation. The percent
of oxygen admixture was set to 2 % (15 Torrs in the equivalent partial
pressure units).

We use uniform plasma number density not exceeding 10° cm™ and
the zero electric field and the photoionization rate S,, as the initial
conditions. The boundary conditions are given in terms of generalized
expressions for the particle and the electron energy density fluxes on the
solid electrode walls (Kozhevnikov et al, 2015)
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Fe-n:%neve—)/(l“i-n)+,uene(E-n),

r,.-n:%nivi + N, (E-n),

(7)

)

r -nzéngve—(?-y(l“i-n),

where n is the normal vector to the wall surface, v, and Vv, are the

electron and ion thermal velocities, respectively, and y=0.1 is the
secondary electron emission coefficient of the ion-wall interaction in
nitrogen.

The simulation also accounts the contribution of the field emission
(autoelectronic emission) from the cathode surface due to the increase of
an electrostatic field near the emission centers formed by the metallic
surface roughness. This electron flux is given in terms of a convenient
Fowler-Nordheim expression (Kozyrev et al, 1987).

The complete discharge plasma system of equations (1)-(4) is
solved in the COMSOL Multiphysics software with Plasma Module
implementing the above two-moment model DC-discharge physics. Prior
to this, the ionization rates and the electron mobility were calculated
using the BOLSIG+ solver (Hagelaar & Pitchford, 2005) except the
dissociation rate coefficient that was taken from another source (Cosby,
1993).

We compare the simulation results according to two discharge
models. In the first one (I), photoionization was not included, while the
second model (lI) implements all enlisted elementary processes. The
following simulation results of the calculations are the refinement of the
preliminary computations of a similar discharge type presented in the
conference paper (Kozhevnikov et al, 2018). The effects of oxygen molar
fraction increasing in nitrogen (more than 2%) and gas diode parameters
variations on the gas discharge dynamics have not been studied focusing
on the configurations close to the experimental one.

Results of the simulation

The comparison of the voltage - time profiles is shown in Figure 4
(switching characteristics) for both discharge models. We assume the
breakdown formation to be a time point having the maximum voltage at
the discharge gap.The breakdown occurs at tyeakdown =92 NS
(Upreakdown = 12 kV) for both simulation regimes (with photoionization and
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without it). The presence of photoionization just slightly reduces the
breakdown voltage value by no more than 50 V. Such difference is
negligibly small, so we can assume that the switching characteristics of
two modes are practically identical.

| IR LI T T

0 1
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< -8
g," L
g 12
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-16
= = «Source voltage front-edge \\
Gap voltage wi/o photoionization ™ 7
-20 = + Gap voltage with photoionization |

P PR RN S R
0 20 40 60 80 100 120

Time, ns
Figure 4 — Discharge voltage- time profiles
Puc. 4 — KommymauuoHHble xapakmepucmuku pa3psida
Cnuka 4 — lNpogpunu npaxrerHa HarloH—epeme

The discharge evolution is demonstrated in the sequence of the
static images in Figure 5. In both cases, the discharge initiation occurs
approximately at the time point of t = 50 ns. The movement of the plasma
channel begins with the expansion of the initial cathode formation in both
spatial directions. After that, approximately from the time point of
t = 80 ns, the formation of a plasma tip on the spherical plasma cloud
surface occurs. This tip is the main channel of the discharge which
slightly expands in the radial direction during the motion. The formation of
the initial spherical distribution is associated with the intense losses of
the electron energy in the electron impact N, dissociation reaction. After
the electric field exceeds the Lozansky-Firsov criterion threshold value,
the rapid ionization wave development starts from the 0.5-1.0 mm
spherical layer surface. The process ends with the discharge gap
switching stage at the time point of the gap intersection with the
ionization wave channel (t=90ns). The gap voltage drop and the
corresponding significant increase of the total discharge current
accompanies this.

The comparison of calculations with photoionization and without it
shows that the effect of the latter on the development of gas discharge is
insignificant if the electron impact dissociation reaction of molecular
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nitrogen is included in the model. Also, the quantitative characteristics of
the plasma do not change. The significant increase of the oxygen partial
pressure in the photoionization model, and hence the fraction of oxygen
in gas mixture will probably lead to a visible change in the spatial
discharge structure, but also the simulation will require a more accurate
plasma-chemical reaction set. Nevertheless, one of this paper's aims is
to investigate the influence of a minor electro-negative mixture to the
discharge formation and evolution.
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Figure 5 — Spatial distribution of the electron number density (scale in cm'3) for gas
discharge a) without and b) with the photo-ionization process for the same time points
Puc. 5 — lNpocmpaHcmeeHHbIe pacripedenieHusi KOHUeHmpayuu 31eKmMpoHO8 (8
eduHuyax 8 Kyb.cm.) 8 2a3o8om pa3pside a) 6e3 u b) ¢ y4émom npouecca
¢omouoHu3ayuu 8 00UHaKO8bIe MOMEHMbI 8peMeHU
Cnuka 5 — lpocmopHa ducmpubyyuja 2ycmuHe 6poja enekmpoHa (ckana y cm'a) 3a
npaxmere 2aca: a) 6es npoueca ghomojoHusayujeda ucme epemeHcke mayke u b) ca
rpouyecom ¢homojoHu3ayuje 3a ucme 8peMeHCKe mayke
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Additionally, the parameters of runaway electrons have been
calculated in order to discover their influence on the discharge dynamics.
The calculations were based on the “hybrid” theoretical approach,
involving the principles of physical kinetics described earlier (Kozyrev et
al, 2016). The results show that the runaway electron current passing
through the anode is too small compared to the full discharge current, so
the influence of the runaway electrons on the discharge is negligible.
Such conclusions are connected with the long rise time (more than
100 ns) of the operating voltage pulse.

Conclusion

The simulation of the gas-filled diode breakdown in the tip-to-plane
electrodes configuration shows good agreement with the existing
experimental data. The current theoretical study shows that gas
photoionization insignificantly affects the discharge spatial structure for
the positive polarity of the anode voltage. It was also shown that, in gas
mixtures containing a valuable amount of nitrogen, the electron impact
dissociation plays an important role in the formation of the spatially-
inhomogeneous discharge structure.

Our theoretical study of gas discharges of submicrosecond duration
substantially complements the existing experimental base. The obtained
information about the time-spatial discharge structure allows studying the
generation of runaway electrons and X-rays under the atmospheric
pressure. This opens up broad prospects for the creation of high voltage
power supplies for UV and VUV excilamps as well as for the application
in the fields of industrial X-ray radiography.
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Summary:

Models that represent real problems have been relying so far on historical
data to draw upon conclusions. One negative aspect of these models was
that they could not predict future states based on real data instantly
collected or new sources of risk that suddenly appeared. To overcome this
problem, this work presents the process of building a realistic predictive
model using Bayesian Belief Networks (BBNs) and the AgenaRisk
software. BBNs are a direct representation of real problems where their
graphical structure represents real causal connections and not just a flow
of information. Software tools providing algorithms for dealing with
conditional probabilities have been developed. The Bayesian Theorem, a
theoretical background for conditional probability, was also explained in
the paper. Another benefit of using BBNs is that the reasoning process
can operate by propagating information in any direction (top-down or
bottom-up) which makes it a powerful tool in risk assessment and a
decision-making process. The paper also provides the core principles and
the power of BBNs and their application in the project planning phase for
ammunition delaboration (resolving problems of surplus and obsolete
ammunition in stockpiles), where risk assessment is one of the required
processes which helps in making a final decision for project approval or
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not. The sensitivity and SWOT analyses are also performed as valuable
and helpful tools for validation and making conclusions.

Key words: conditional probability, Bayesian Belief Networks, risk
assessment, sensitivity analysis, SWOT analysis.

Introduction

The project risk management process is seen as a process that
accompanies the project through its life cycle. The Project Management
Book of Knowledge recognizes risk management as one of knowledge
areas (together with its inside processes) that need to be addressed
during project planning and can have a significant impact on the project
success.

A number of variations for the risk management process have been
proposed, (Marcelino-Sadaba et al, 2014), (Petrovi¢ et al, 2010),
(Andrejic¢ et al, 2011), (Malbasi¢ et al, 2016). According to (Fang & Marle,
2012), there is a general agreement on what is included in the process
but differences exist in “the level of details and assignment of activities to
steps and phases”. Based on the previous resources, the main
processes for risk management are: risk planning, risk assessment, risk
mitigation, risk monitoring, and documentation.

Stakeholders are the ones among many who constantly insist on risk
management/assessment processes because they want to be protected
against different consequences (financial or legal) if some unwanted risk
occurs (internal and external source of risk), or at least to be warned
against potential problems. Their ultimate goal is to have a project
successfully finished. Besides the aforementioned, project managers
have to consider a number of other parameters such as safety, security,
social and environmental issues, which are interrelated and hence
increase the complexity of problems. This complexity leads to the
existence of a network of interdependent risks (Fang & Marle, 2012).

The risk management/assessment process requires tools for its
implementation, and many tolls have been developed so far. Adoption of
certain tools depends on several reasons (investment for the
implementation is a significant one) but one of the most important is what
benefits a tool can provide to a system, (Raz & Michael, 2001). The
same authors argue that many of the developed tools are based on the
concept of probability and impact, assessed through qualitative and
quantitative approaches.

In most cases, these approaches focus their calculations on several
independent risks, emphasizing those of a high value, and then take
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mitigation measures. Often, they are able to take into account complex
interrelations between them, influences, causes and consequences, but
in the end, they still concentrate on a single risk and cannot calculate
influences that exist between them. We can also argue which
approaches are better and why.

In order to overcome and resolve the mentioned issues, this paper
presents a process of risk assessment using Bayesian belief networks
and their application in the project planning phase for ammunition
delaboration as part of the Trust Fund project, where it is necessary to
make a decision for the project approval or against it. In the ammunition
delaboration project, insufficient attention has been paid to risk
assessment in the planning phase. This process has been mainly done
by forming a list of the most frequent risks that have appeared in similar
past or current projects. It is obvious that this approach needs to be
changed and adapted to new circumstances using BBNs.

Bayesian belief networks also use qualitative and quantitative
approaches. In this case, the qualitative approach is the process of
graphical representation of the relations among variables (structural
learning) while the quantitative approach relies on conditional probability
among variables (parameter learning), (Lee at al, 2009).

Introduction to Bayesian Belief Networks (BBNs) -
theoretical and graphical background

It can be said that any event (A) is a statement about conditional
probability, because we have made this statement with background
knowledge or context (K), so it would be accurate to write conditional
probability as P(A|K), (Fenton & Neil, 2011).

From the scientific point of view, we explain the previous by
introducing a hypothesis - H, beliefs, evidence (E) and conditional
probabilities P(H|E) and this process is called probabilistic reasoning. So,
for calculating P(H|E), we use Bayes Theorem,

E/H)P(H)

P(H/E): P( P(E) (1)

where:

P(H) — the prior probability of the hypothesis H,

P(E) — the prior probability of the evidence E,

P(H/E) is the probability of H, conditional on a new piece of evidence E
or a posterior belief about H,

P(E/H) is the probability of E given the H.
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Bayes Theorem tells us how to calculate conditional probabilities. In
our case, it tells us how to calculate the conditional probabilities of the H
given the new evidence (E). It also tells us that this probability depends
on three things: the prior probabilities of H and E, and the conditional
probabilities of E given the H.

Now, from this very simple but basic explanation, we are transferring
from conditional probability into the visualization of the above mentioned
situation and a BBN. As we said earlier, it makes no sense to assign a
direct probability (the node E or the child node) without considering the
events it is conditional on (the node H or the parent nodes).

For the purpose of further explanation, let us assume that both
variables are discrete and have just two possible states: true and false,
with prior probabilities as shown in the Figure.

Table 1 — Basic two-node Bayesian Network
Tabnuua 1 — basosas koHuenyus baltiecosckol cemu ¢ 08yMs1 arieMeHmamu
Tabena 1 — OcHosHU KOHUenm bajecose mpexe ca dsa enneMeHma

D> False 0.3
True 0.7

With initial probabilities for the
hypothesis, we do not know anything
False ]3”% False a0 about the evidence, meaning that the

=M jm% True I s probability of E is 50%.

HYPOTESIS EVIDENCE

It is important to note that the Bayesian calculation should never be
done manually. Different tools are created to help the modeling process
and to run a simulation with the Bayesian algorithm in the background -
AgenRisk software is one of them.

In light of new evidence, we enter the Conditional Probability table
(CPT) for the evidence E. This means that, for each state of H (2 states),
we define probability for the states of E (2 states) and get a matrix for the
CPT as explained in Table 2.
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Table 2 — Propagation through the Bayesian network
Tabnuua 2 — lNpouecc pacyema 8 baliecoeckol cemu
Tabena 2 — Npouec uspavyHasar-a y bajecogoj Mpexu

HYPOTESIS EVIDENCE
b i J 30% — % HYPOTESIS  False True
> False 0.9 0.2
True 70% True- ‘ 59% True 0.1 03

Initial probability for evidence has
slightly changed.

HYPOTESIS EVIDENCE Now we ran a simulation entering that
the evidence has a true value and
i - observe how our hypothesis changes.
True 94.915% True 100% We have 94.9 % that the initial
hypothesis is true.

False 4 5.085% False

Y

Scenario 1: Trug

HYPOTESIS EVIDENCE Vice versa, in the situation when the
False 65 854% Falss ewdence.has. a false value, the initial
— > _ hypothesis will be 65.8% false.

Tue ] |34.146% True 100%
L

- Scenario 1 : True

The conclusion form Table 2 is as follows: at first glance, do not rely
on the initial probability (or make a decision) until you see new evidence.
New evidence might cause some changes in the initial states and help to
make a better decision, based on real data.

With more variables, states and dependencies between variables,
the risk asssessment problem becomes more complex, hence a
Bayesian Belief Nework (BBN). Figure 1 shows a complex BBN with the
explanation of the nodes utilities. The BBN structure consists of the
qualitative structure (graph structure) and the quantitative components
(probability tables). It is a Directed Acyclic Graph (DAG) with an
associated set of Conditional Probability Tables (CPT), as shown in
Figure 1 (Fan & Yu, 2004).

A node represents event occurrence (a variable of interest in the
problem), the arrows (directed edges) between the nodes mean the
relationships of events i.e. a dependency structure within the problem,
while other nodes serve as:

- Utility node — representing the quantity of interest, generating a
numerical value, and helping to rank the alternatives in order to obtain
the best option,
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- Decision node — representing the alternatives for the decision
maker,
- Chance node — probabilistic quantities.

TRAINING <:| DECISION CHANCE NODE

NODE

MANAGER DEVELOPER
CAPABILITY CAPABILITY

i)

PRODUCT PRODUCT
UTILITY NODE QUALITY PERFORMANCE

Manager capability High Low

Developer capability High | Low [ High [ Low
Pr ("product quality="High") 0.9 0.85 0.35 0.15
Pr ("product quality="Low") 0.1 015 | 065 [0.85

Figure 1 — Example of a Bayesian Decision Network — BDN
Puc. 1 - lNpumep duHamuyeckol baliecosckoli cemu
Cnuka 1 - lNpumep duHamuyke Bajecose mpexe

According to (Marcot & Penman, 2019), BBN models with inclusion
of decision and utility nodes create Bayesian decision networks (BDNs).
They can be also highly useful in the risk assessment process. The
nodes that have no parents are called “root nodes”’and the nodes without
children are called “leaf nodes”.

Application of BBNs

The use of BNs is spreading to almost all areas: safety and reliability
modeling, operational risk in finance, information retrieval, environment,
medicine or, according to (Fenton & Neil, 2013) and (Weber et al,
2012), to modeling operational risk, system reliability modeling,
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dependability, risk analysis and maintenance as well as to architecture
design developing models to capture change impact analysis (Tang et al,
2007), data mining, determining and explicitly displaying the relationship
among variables, representing expert knowledge and combining expert
knowledge and empirical data, and identifying key uncertainties (Marcot
& Penman, 2019).

In addition to the previously mentioned, Bayesian Belief networks
also have a variety of applications in the following fields:

- In a risk assessment approach, to improve the resilience of a
seaport system (giving a flexible tool to the safety analysts to increase
resilience strategy), (John et al, 2016),

- In a project management assessment modeling framework that
calculates costs, benefits and returns on investments (use hybrid and
dynamic BBNs, case study for agricultural development projects), (Yet et
al, 2016),

- In modeling large and complex infrastructure systems (addressing
one of the major obstacles i.e. the exponentially increasing amount of
information that needs to be stored as the number of components in the
system increases), (Tien & Der Kiureghian, 2016),

- In medical decision support systems (overcoming problems of
complex, unstructured and incomplete patient questionnaires and
interviews that inevitably contain examples of repetitive, redundant
and contradictory responses and to ensure the BN model can be
used for the interventional analysis), (Constantinou et al, 2016),

- Modeling research on ecosystem service (ESS), (Landuyt et al,
2013) or,

- In land forces, to aid reasoning and decision making under
uncertainty (Starr & Shi, 2004).

Having in mind the previous explanations, the benefits of using BBNs

are:

- Explicitly modelling causal factors.

- Reasoning from the effect to the cause and vice versa.

- Overturning previous beliefs in the light of new evidence.

- Making predictions with incomplete data.

- Combining diverse types of evidence including both subjective

beliefs and objective data.

- Arriving at decisions based on visible auditable reasoning.

As it is stated in (Marcot & Penman, 2019), BBNs are probabilistic
models (filled with real data) which help us to ‘“investigate the
consequences of conditions or deducing conditions resulting in an
outcome”.
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AgenaRisk Software

The AgenaRisk software tool (Fenton & Neil, 2013) has been used
by some of the world's leading organizations to model risk and improve
decision making across a range of industry sectors and to implement
solutions to a range of critical business and safety problems.

AgenaRisk is a powerful tool which overcomes problems that existed
with the previous versions of BBN tools, making BBN building much
easier (each node type is associated with an extensive set of probability
distributions which can be chosen from a predefined list), making
calculations or a decision process more accurate and giving a variety of
solutions for a wide range of end users.

AgenaRisk Lite version 7.0 that has been used for modeling in this
paper consists of: risk map, risk table, risk explorer views and risk graphs
and has some powerful and advanced features for creating the Node
Probability Table (NPT): rank node, simulation node, partitioned
expression, and continuous graphs. For the created model, the software
provides a various set of tools for analysis and optimization such as:
sensitivity analysis, multivariate analysis, compound sum analysis, and it
creates a node probability table based on spreadsheet data.

As a free download version, it has some constraints regarding the
saving mode for ranked, simulation nodes and multiple Bayesian network
objects. Also, there is no maintenance and upgrade support. Recently,
this AgenaRisk Lite version has been withdrawn from the site and has
been replaced with the 14 day free trial of a new AgenaRisk 10 version.
Anyway, all developed models can run under this new version. The
reason for this is a custodian effort to further promote the
commercial/academic subscription license version only.

Trust Funds project policy

The policy of the Trust Fund projects is to assist countries
(financially and managerially) with the safe destruction of stockpiles of
surplus and obsolete landmines, weapons and ammunition. There are
various reasons for this approach. The destruction of surplus stockpiles
of arms and ammunition reduces the threat to individual partner
countries, the wider region and ensures that such materials are not
subject to any proliferations. When it is possible, the project can use
country facilities and resources for project completion and can hire local
population.
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Modeling of Trust Funds Project

After a request is initiated from individual partner countries, based
on the voluntary basis and an extensive negotiation process, the “Lead
nation” is chosen and it is responsible for gathering political and financial
support for the project as well as for selecting the executing agent for the
project.

Different agencies have been often appointed to act as the
executing agent for demilitarization projects by the lead nation,
contributing to the project through: development of a feasibility study,
technical advice, management activities, overseeing the project
development, and ensuring a competitive bidding process. It is very
important for legal agreements to be in place between the parties
involved in the process.

For the final approval of the project proposal from a higher authority,
several elements or preconditions need to be in place: a feasibility study
developed by the executing agency, the donation countries, the threshold
level of donations, and a clear financial picture (donated money —
enough to start the project, costs for running the project — donated
money decreased for management and administrative costs).

The whole process of negotiations, gathering political and financial
support, and the development of the feasibility study takes some time
and is full of uncertainty since it depends a lot on the preconditions and is
subjected to everyday risk, known and unknown.

The existing process and the structure for Trust Funds projects
involves a number of participants from different jurisdictions, for example,
for the feasibility study or for collecting donations and normative legal
regulations. The project manager has the main responsibility for the
feasibility study. The existing structure within the Trust Fund policy for the
project approval does not provide the visibility of the whole process, the
progress of one component is not reflected in the other dependent
component, coordination is necessary and sometimes difficult, and the
project manager sublimates all the information even though he has no
jurisdiction over the whole process. All the mentioned things and their
interconnections pose a great risk to project execution.

In order to overcome these problems and risks, it is necessary to
model the process and causal connections and to reflect the daily
changes of individual components on other components (positive or
negative) as well as on the final decision.
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Risk assessment framework for the Trust Fund project

The modeling process with the help of BBNs overcomes most of the
problems and risks listed before. For better understanding the whole
process, it is necessary to turn them into a causal model with a Bayesian
network, Diagram 1. Most of the previously mentioned is presented in the
risk framework model, except legal agreement.

The whole process of building the risk framework and running the
simulation is explained in the continuation of this text. The Risk
identification process has been performed using the interactions and
the elements that characterize the Trust Fund policy. Determining the risk
interactions is actually the process of building a risk map and the map
was modeled using the network structure.

The question that needs to be asked is: “How to build a risk map”?
According to (Fenton & Neil, 2013), the following steps are useful in
building a risk map:

- Consider the set of risk events from a given perspective.

- ldentify the risk triggers for the identified risk events.

- ldentify the consequences and mitigations for the identified risk

events.

- Define probabilities for the risk events.

- Generate risk predictions for the issues such as simulation,

backward reasoning, and a what-if scenario.

By chaining together different risks, we can model multiple risks,
risks from different perspectives, and common causes, consequences
and mitigate all within the same model.

Another question related to building risk maps is risk perspective. It
is obvious that there are different views or perspectives of risk:
stakeholder perspective (owners, shareholders, employees, suppliers),
customer/user or manager perspective, and local community
perspectives. Generally, different experts consider risk at very different
levels of granularity and perspective (Wright, 2011). While risk for
someone (stakeholder, risk responsibility authority, etc.) can be an
opportunity, for others it can be a cause, a consequence or a mitigation
and this is something that can be a limitation in constructing a risk map
since it has an impact on how a risk map will be constructed. What is
good in this approach is that once risk events are identified from a
particular perspective, there will be very little or no ambiguity at all about
the causal structure.
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Diagram 1 — Framework for the risk assessment process using a BBN and the AgenaRisk
software
Huazpamma 1 — Pamku Onsi aHannu3a puckos rfpu Ucrosib308aHuU Mmpo2pamMmmHO20
obecrieyeHus AgenaRisk, c aHeOpeHHbIM MOQynieM 05l yCI08HOU 8eposimHocmu
Jujaepam 1 — Oksup 3a npoueHy pusuka kopuwhermem cogpmeepa AgenaRisk ca
yepaheHum mMolyrnom 3a ycrosHy eeposamHohy

Risk assessment and risk analysis: A tool for modeling and
entering evidence is the AgenaRisk software that uses the BBN tool for
modeling and conditional probability. Performing the evaluation process
is as follows: running a simulation is a process of measuring the
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interactions between risks and comparing the results with the predefined
boundaries for an identified risk. The sensitivity analysis is also
performed to enhance the reliability of the network analysis phase and to
define which and how the identified risks influence the main variable or
the decision variable — project approval. When new evidence appears
from the environment, from expert knowledge or as an input from the
sensitivity analysis, the optimization or re-evaluation process of the
model starts.

This optimization/or response phase is performed until all balance
between elements is found (i.e. effectiveness of the mitigation
measures are in place) and all identified risks are within the defined
boundaries. The simulation is helpful for estimating the effects of the
mitigation measures.

The end of the process is a risk profile. This profile consists of the
list of identified and measured risks, meaning that some risks still exist in
the system (i.e. residual risk) but they are under control and constantly
monitored.

Construction of the framwork for risk assessment
using the AgenaRisk software

Further steps in this paper comprise the following: model developing
using the AgenaRisk software, specifying the variables, entering the
probabilities, a case study (back and forth propagation), the validation of
the model (sensitivity analysis) and the conclusions.

Based on the policy of Trust Funds (activities and conditional
dependence) and the basic principles for constructing a model within the
AgenaRisk software together with user perspectives, a model was
created as shown in Figure 2. The established model provides a visual
image of the process where each node represents the potential risks
identified in the process.

The model represents a chain of events with uncertainties that will
be assigned later and gives clear visibility of the risk map. The ability to
decompose a risk problem into chains of interrelated events and
variables should make the risk analysis more meaningful, practical and
coherent.

The model also represents the integration of different levels of
decision makers involved in this process: international organization,
different countries, the government level, and the factory/customer level.
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Figure 2 — Basic Trust Fund model in the AgenaRisk environment
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Based on the explanation presented earlier for the creation of a
Bayesian Belief Decision Network, the utility nodes in the proposed
model are: donation level, left for project, fixed costs and buy equipment
(Figure 2). The chance nodes are: lead nation donation, country
donation, donations and flexibility study, while the node “project approval”
is the decision node.

Data acquisition problem and the process of entering the
probabilities

Assigning the probability tables in a risk map is not always an easy
task. The process requires expert knowledge or relevant statistical data,
well suited for decision making. Expert knowledge is especially needed in
a case where the existing data cannot be extended except for the
incorporation of expert knowledge.

Depending on a problem in question, one example of acquiring data
is given in (John et al, 2016) where they explain that audit reports from
maintenance departments framed in the probabilistic way can be a
valuable source.

When there are not enough data, purely subjective values can be
supplied and it is essential to make the most of what is given.

(Constantinou et al, 2016) focus their work on complex data
problems that come from poorly structured questionnaires and interviews
(with inevitable examples of repetitive, redundant and contradictory
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responses, different classes of data) and on how to transform them to be
useful for inclusion in BNs.

AgenaRisk provides a wealth of tools to make the task of entering
probability as easy as possible. It can be done manually through filling
the Node/Conditional Probability Table (NPTs/CPTs), using expressions
or through a process called “learn tables from spreadsheet”.

Since this is not the first time to run such a project in this particular
facility, but the first time to model it, the expert knowledge from people
who once were involved in the first project was now available (through
the interview process and data collection). This helped us to distinguish
between important and less important elements in the modeling process.

Also, to overcome the problem of information shortage, the model
was developed as a post-appraisal process of the project planning
phase, when we had enough information or feedback from the reality to
build it up.

After entering the NTP for the nodes, the initial probabilities are as in
Figure 3.

Donation level

0.006 | |
0.08 |
0.064 |

o

: f \ Left For ijlt-ml

| ) F——— | 0.064] IA
| 1 0032

| A\

0.048 |
0032 f’\
Donations / 001E
0.0 . X‘?

0.0
Low{ 5.531% e e S R
Medium {7 30.165% S EES zRESEB] | 5 5 5 5o
gggggg
High 64.303% Fa
Low{ 5%
PROJECT APPROVAL
Medium | 10% B FE
ow
High 85% I Fixed costs

Medium :l 28333%
High 68.843%

Figure 3 — Risk Map model with the initial probabilities for the NTF Policy
Puc. 3 — Kapma puckos ¢ uHuyuarnbHoUl 8eposimHOCMbHO
Cnuka 3 — Mana pu3uka ca uHuyujanHum eepogamHohama

For the use in the AgenaRisk software, the following variables are
created (with their abbreviations):
- Ranked nodes are: Lead nation donation (LND), Country donation
(CD), Donations (D), Feasibility Study (FS), and Project approval
(PA). This is important because, to be of any use to define the
Node Probability Table (NPT), the node type has to be Ranked.

627

Malbasic, S. et al, Risk assessment framework: application of Bayesian Belief Networks in an ammunition delaboration project , pp.614-641



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 3

- Simulation node: Donation level, Left for Project, Fixed costs, and
Buy equipment, were the last two are constant (pre-defined
costs).

The NPT for the parent nodes can be generated manually (when
filling in the table, three states can be chosen: low, medium, high; the
software provides up to 5 states). For quantifying the strength of the
relationships among variables and for forming the CPT (for the child
node), a software option is used for entering the weight and partitioned
expressions for the parent nodes..

The use of the weight expression in the model is as follows:

- For the variable Donations where the variable LN has weighted
influence by 2:1 against the CD, and

- For the variable Project Approval where the variable FS has
weighted influence by 2:1 against the DL.

The use of the Partitioned expression for creating the NPT for the
variable Donation level is useful to create the NPT using different
expressions for each combination of the parent states. In our model, low,
medium and high statuses for the variable D were created using the
TNormal expression type with the mean, the variable and the bounds that
actually represent low, medium and high levels of donations.

Utilization of the utility nodes: Using the Arithmetic Expressions,
the variable LFP was created. The arithmetic value for this is: donation
level minus two constants. The constant is also a simulation node. The
constant can be used in a combination with the Arithmetic Expressions
for calculating another simulation node values.

The constant variable “Bye Equipment” refers to Capability
improvements costs (in logistic support, new process machines, etc.).
The constant variable “Fixed Costs” refers to Management and
contingency costs.

What is left, or the variable “Left for Project’, refers to Operational
costs for running projects, in this case for the delaboration activity.
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Running the model (case study)

One of the most powerful features of AgenaRisk is the ability to
compare different scenarios side by side. Models are used to generate
predictions about the variables LFP and PA in the case of different
donations from the variables CD and LN (these scenarios simulate
financial risk). The Feasibility study (FS) variable has a high value in both
scenarios:

- Scenario 1: CD and LN have donated a small amount of money.
This means that donators are not interested enough to support the
project.

- Scenario 2: CD and LN have donated a big amount of money. This
means that the project should have enough support for start and further
running.

The question is how these states influence the variables Project
approval, Donation level and Left for project (Table 3):

- Scenario 1: It is obvious that a smaller donation has a smaller
influence on decision makers whether to accept a project,
especially in the situation when project fixed costs reduce the
donation sum necessary for project approval (Project approval
(only 30% of high probability thanks to the variable FS with
weighted influence by 2.5:1.5 against the DL), Donation level
(55.9), and Left for project (5.9).

- Scenario 2: The situation is different in the case of a bigger
donation: Project approval (86% of high probability thanks to the
variable FS with weighted influence by 2.5:1.5 against the DL),
Donation level (135.5), and Left for project (84.5).

Table 3 — Data comparison after running both scenarios
Tabnuya 3 — CornocmasneHue 0aHHbIX 0C/e U3y4YeHUsi crydasi
Tabena 3 — lNopehere nolamaka HakoH cmyduje criy4aja

Scenario 1 Scenario 2

Small Big
Donation Level 55.961 135.54
Left for project 5.931 84.528
Donations 66.8% 89%
Project approval 30% 86%

A visualization of these scenarios is presented in Figures 4 and 5. In
Figure 6, the comparison of two scenarios is shown.
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Figure 4 — Risk Map model with the initial probabilities for scenario 1
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Figure 5 — Risk Map model with the initial probabilities for scenario 2
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Figure 6 — Comparing two data scenarios
Puc. 6 — CpasHeHue 08yx cueHapues
Cnuka 6 — lNopehere dsa cyeHapuja

Back propagation capabilities

Another very useful tool in using the AgenaRisk software is the
“back propagation” option, meaning that a value for the last variable in
the chain (or the child node) can be defined and after running the model,
the values for other variables in the chain (or for the parent nodes) are
obtained.

Now, let the probability of project approval be high (scenario 3), so
let us see which probabilities other variables need to have. The scenario
gives the threshold level, i.e. if we want to have 100% of project
approval, what would be the minimum level of donations and the
donations level?

Scenario 3 gives the important information of the threshold level for
donations in order to have the probability of project approval of 100%. In
real situations, this percentage and the donation level can be lower (other
variables have also their influences) and in that case the project can be
run in phases, meaning that the next phase can start when there is
enough money on the account. The threshold level is one of the
boundaries in the risk assessment process (the obtained values are
compared with this one), meaning that, in case there are lower values,
the new threshold value optimization process should be run again.

631

Malbasic, S. et al, Risk assessment framework: application of Bayesian Belief Networks in an ammunition delaboration project , pp.614-641



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 3

Donation level

Low o 6.018%

8.206%
Medium {] 14.106%

:| 77.689%

Left For Project

PP e

0.02
Donations / 0.01
0.0

Low+ 1.906%
Medium | 24.106%

F
t_

| oos]
0.04 |
DO,A

High {7 73.988% 7
PROJECT APPROVAL Fixed costs
_\{) Low
PABIG REVERSE : High

Medium

High 100%
PABIG REVERSE : Hiah

Figure 7 — Risk Map model for “back-propagation” scenario 3
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Table 4 — Data after running scenario 3
Tabnuua 4 — lNony4yeHHble OaHHbIe M0 cUeHapuro 3
Tabena 4 — [JobujeHu nodayu 3a cuyeHapuo 3

Scenario 3
PA Big
Donation Level 126
Left for project 76
Donations 74%
Project approval 100%

As it is presented in Figure 7, the node FS has a significant influence
(with 100%) on our targeted node (Project approval). One reason is that
in this model, this node has twice as big impact as the other nodes, due
to a pure practical reason. In order to run a project of interest (in our case
it is a delaboration project), we need to have a facility/factory and there is
no better way to represent that idea in the model than through the
variable FS. In our case, the feasibility study shows that the project can
be run in the designated facility with all preconditions fulfilled: line for
demilitarization, quality system, environmental protection engaged,
operational health at high level, skilled workforce, adequate machines,
etc.
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Sensitivity analysis

A very useful tool to check the built model is to perform the
sensitivity analysis. Although there are different interpretations of the
meaning of this analysis ("What is important for model or system
development?", "What is important for calculated measures of
uncertainty?"), in this case, we tried to find out which nodes have the
greatest impact on the “targeted” node PA (Project approval). This is
important for a risk assessment process and also to see which
node/nodes to pay attention to.

The sensitivity analysis is presented through a tornado graph were
the bar length corresponds to the sensitivity which a paticular variable
has regarding the targeted variable. The largest bar appears at the top of
the graph (depicting the highest sensitivity).

The sensitivity analysis was done for the case scenario where all
variables already have their prior probabilities. A further interpretation
means that with “high probability” for the variable PA, the influence from
the variable FS ranges from 0.019 (when the FS has low probability) up
to 0.776 (when the PA has high probability). The same explantion is valid
for other variables. By comparing the influences of other variables, we
can conclude that almost every variable (in the state of its high value),
except constant variables, has a big infulence (ranging form 0.229 up to
0.799) on the FS to reach its high value (0.7) as well, meaning that, in the
risk assessment proces, each of them requires special attention, Figure
8.

For the purpose of this work and a further explanation of the power
of the sensitivity analysis, we have run the sensitivity analysis for case
scenario 2 (variables have “high” values) in order to define which variable
would have a big influence on the variable PA.

Figure 9 depicts quite well a real situation where the variable PA
depends on the amount of money collected — Donation level and Left for
project (amount of money needed to run it) - knowing that other
variables (CD and LN) already have “high”values. A high probability of
influence for the constant variable means that, as a representer of fixed
cost, this variable should be lower meaning that the variable LFP would
be higher enough for running the project (comparing to the treshold
level).

Knowing the sensitivity of some nodes to the targeted node, we
should try to estimate the states of these nodes with as much accuracy
as possible.
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Figure 8 — Sensistivity data when the variable FS has the highest value (other variables
have prior probabilities)
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Conclusions

One of the main ideas of this paper was not to rely only on
mathematical and statistical elements during risk assessment, but also to
incude modeling and reasoning procedures. This work gives its
contribution in several ways:

- Provides a risk assessment framework applicable during the
project planning phase in the ammunition delaboration process
that has not been used so far in similar projects.

- Presents how a simplified framework can provide valuable results
related to potential risk contributors.

- Introduces probabilities into the risk assessment process as an
advanced approach comparing to statistical data, through the
use of BBNs.

The proposed model has brought some innovative elements. The
Trust Fund Policy was studied from the risk management perspective.
The model itself presents a clear and visual risk map explaining how risk
emerges or how it is connected, thus providing a good base for a risk
identification process, including an optimization process through which
new data are incorporated in light of new evidence. Finally, the approved
project with its residual risk is a real picture of the risk profile. This risk
profile should be documented and carefully monitored.

Several scenarios were evaluated, some of them were not covered,
but those which were covered had a significant influence on the decision
making process and provided enough elements to make a right decision.
The evaluated scenarios are also risk indicators a lot of attention should
be paid to.

For performing all the aforementioned, we used most of the
advantages that the AgenaRisk software provides (Gadeberg &
Luedeling, nd):

- Models built using BBNs provide a real tool to update belief in
some uncertainty event when we observe new evidence about
the event (in our case, about new donations, feasibility study
beliefs, etc).

- One helpful feature of BBNs is the option to integrate expert
knowledge with data, which could prove to be a cost-effective
way to assess development projects.

- BBNs are well suited to address uncertainties about benefits and
costs due to their ability to work without precise numbers and to
incorporate expert knowledge.
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- Decision makers can use the BN framework by entering values
related to the project budget, impact and risks into the model.

The sensitivity analysis is another powerful tool of the applied
software which helps highlight the significancy of some variables. In this
paper, the sensitivity analysis was run to define which variables have the
greatest impact on the targeted variables, i.e which variable is of the
biggest interest for/in the presented problem (to make a decision about
the project approval). Decision makers can devise necessary schemes to
optimize the process or some operations within the process based on the
impact factors.

What can be a limitation in constructing a risk map, or, generally, in
risk definition, is that different experts consider risk at very different levels
of granularity and perspective. While risk can be an opportunity for
someone (stakeholders, risk responsibility authorities, etc), for others,
risk can be a cause, a consequence or a mitigation. This can have an
impact on how a risk map is to be constructed.

Another problem might be a case when someone is uncomfortable
with the reliance on expert assessments and the inclusion of cause-effect
relationships that have not been confirmed in controlled experiments. For
that reason, the presented model was made as a post-project appraisal
when we have enough data to incorporate in it.

As stated in (Fenton & Neil, 2013), special attention needs to be
paid in the process of decomposing a problem into classes of events and
relationships (with enough granularity to be meaningful and accurate
enough for the purpose required), states of variables and probabilities
that reflect our best knowledge (we have supposed that probabilities for
some variables are T-normal although real-life situations are different in
most cases).

For the purpose of defining positive and negative aspects of the
proposed model, we have also done a SWOT analysis where we
highlighted the following aspects of using BBNs and the AgenaRisk
software:

- Strength: visibility of the process through a graphical
interpretation, risk measurement using probability, defining
causal relationships, use of expert knowledge upon empirical
data in case of lack of data, defining uncertainty through the
probabilistic set of rules, possibility of using validation tools,
reasoning process in light of new evidence, possibility to develop
a model for a type of problems related to project planning.
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- Weaknesses: oversimplification of the model due to the limitation
of using the AgenaRisk Lite version, lack of historical data, using
knowledge of only one or two experts which can lead to
subjectivity, modeling this type of the problem for the first time,
and lack of experience with BBNs which can lead to
misunderstandings.

- Opportunities: growing interest in using BBNs can lead to
improved models, use of the full version of AgenRisk will provide
numerous options for modeling, use of recent advances in BBNs
(object oriented BNs, dynamic BNs, hybrid BNs, integrated BNs,
hybrid BNs, neural networks, (Marcot & Penman, 2019)), and
possibilities for expanding the model including other variables.

- Threats: low acceptance of this model in a wider community
(academic, public, political, etc.), and availability of only a full
AgenRisk version for purchasing.

For further work, a new model needs to be complex, to cover
different fields, and to be developed, if possible, in a new version
AgenaRisk 10.0. It is also necessary to depict the interactions between
organizational, human and technical factors/risks.
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METOLOIOr A AHAITM3A PUCKOB: NMPUMEHEHWVE
BAVMECOBCKNX CETEN BEPOATHOCTW B NPOEKTE
YTUNN3AUMN BOETPUMACOB

Crio6oda+ b. Man6alumy®, CmegbaH B. ﬂ)Kpr—I6

@ MuHncTepcTBo 060poHbLI Pecny6nvkn Cepbus, [lenapTaMmeHT MaTtepuasibHbIX
pecypcos, r. benrpag, Pecnybnuka Cepbus,
YHuBepcuTeT B I. Kparyesau, PakynbTeT MHXEHEPHbIX Hayk,
r. Kparyeeau, Pecny6nuka Cepbus

PYBPWUKA TrPHTW: 78.00.00 BOEHHOE OENO;
78.01.81 NamepeHus, KOHTPOMb 1 ynpaBreHne Ka4yeCTBOM.
McnbiTaHne 06pasLoB BOOPYXEHNS 1 BOEHHON TEXHWUKU
BWO CTATbW: o63opHas ctatbs
A3bIK CTATbW: aHrnunckuii

Pe3some:

Modenu, npedcmaesnsowue peasbHbie npPobrems! npu MPUHIMUU
peweHul, 3a4acmyto pykogeodcmeyrmcsi UCmopuYeCcKUMU OaHHbIMU.
HezamusHbili acniekm daHHbIX Modesiel 3aKrr4daemcsi 8 mMoM, Hmo
OHU He wmoaym npedycmompemb obcmosimeniscmea 8 b6ydywem,
KOMmopble OCHO8aHbl Ha pearlibHbIX cobbimusix U HO8bIX UCMOYHUKaXx
pucka. [ns npeodoneHuss amol npobrembl 8 0OaHHOU cmambe
npedcmasneH npouecc paspabomku pearnbHOU pPeduUKMUHOoU
modenu ¢ npumeHeHuem baliecogckol cemu eepossmHocmu U
npoepammHoz2o obecniedyeHuss AgenaRisk. baliecosckue cemu
8EPOSIMHOCMU  HanpsiMylo  ompaxarom  peasibHble  npobremsl
rnocpedcmeom epachudeckux Cmpykmyp, Komopble npedcmassisiom
He moJIbKO MOMOK UHGbopMauuu, HO U yCri08Hble ces3u. B kayecmse
meopemu4yeckoeo obocHosaHusi 8 OaHHoU pabome npusedeHa U
obbsicHeHa meopema balieca. [lpeumyujecmso ucrnonb308aHust
batiecosbix cemell 8eposIMHOCMU 8 Mpouecce MPUHSIMUsSI peweHud,
3aKrroyaemcesi 8 mMoM, 4mo 3mom rfpouecc rnpouseodumcsi 8 ,08yX
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HanpasneHusix“ (cHUsy eeepx u Haobopom), 4mo Oenaem €20
MowHelWwuM UHCmpymMeHmoM Onsi OUEHKU puckoe 8 rpouecce
npuHamus peweHul. B cmambe makxe npedcmasneHbl b6a3osble
MpuHYUnbl U 3HadyeHue baliecosbix cemel U UX [PUMEHEHUe 8
npouecce paspabomku rnpoekma no ymunusayuu 6oenpunacos
(ymurnu3auyus 3anacos ycmapeswux U HerpuaodHbix 6oernpunacos), 8
KOMOPOM OUEHKa pucKoe s8risslemcsi 00HOU U3 CroXHeluwux 3adad,
HernocpedCcmeeHHO enusilowWel Ha [PUHAMUE OKOHYamesibHO20
peweHusi 0 3arlycke rnpoekma. Hapsidy ¢ ebiwenepeqyucieHHbIMU
memoOdamu Orsi 060CHOBaHUST MPUHSAMUST OKOHYamesibHbIX peueHul
nposedeHsi: aHanus YyyecmeumernbHocmu u SWOT aHanus.

Knoyesble criosa: ycriogHasi eeposimHocmb, baliecosckasi cemb
86epOSIMHOCMU, OUEHKa PUCKO8, aHanus yyscmeumesnsHocmu, SWOT
aHasnus.

METOOONOIMJA 3A MPOLEHY PU3KKA: TPUMEHA BAJECOBUX
MPE>XXA BEPOBATHORE Y NMPOJEKTY OENTABOPALNJE
MYHULUWJE

Crio6odaH b. Man6awuh®, CmegbaH B. 'F>ypV|h6

@ MunncTapcTeo ogbpare Penybnvke Cpbuje, CekTop 3a MmaTepujanHe
pecypce, beorpag, Penybnuka Cpbuja,
YHuBepautet y Kparyjesuy, ®akynteT NHXeHepCKUX Hayka,
KparyjeBau, Penybnuka Cpbuja

OBNACT: meHaLIMeHT npojekTuma
BPCTA YJTAHKA: npernegHu pag
JESNK YJTAHKA: eHrneckm

Caxemak:

Modenu koju penpeseHmyjy pearnHe rfpobreme npunuKkoM OOHOWeHa
3aKkrbydYaka eehuHoM ce ocrnambajy Ha ucmopujcke nodamke. HezamueaH
acriekm osux Mmolena jecme Oa OHU He moey Oa ripedsude bydyha
Cmakba 3acHoB8aHa Ha MPEHYMHO MPUKYNIbEHUM riodayuma Kao U HO8UM
useopuma pusuka. [a 6u ce npeeasuwao oeaj npobrem, y pady je
npukasaH rpouec u3zpalHe peanHoz MnpedukmueHoe Modesa
kopuwher-em bajecosux mpexa seposamHohe u cogpmeepa AgenaRisk.
Bajecose mpexe eeposamHohe HajOupekmHuje perpeseHmyjy pearHe
npobrieme rnpeko epagbudke cmpykmype kKoja npedcmaerba )yCrioeHe
e8ese, a He caMo mokose UHopmayuja. PasgujeHu cy u cogpmeepu Koju
umajy anzopumme 3a padyHare yCri08HUX eeposamHoha. Kao
meopemcka ocHosa kopucmu ce bajecosa meopema Koja je makohe
objawrbeHa y osom pady. [pyza npedHocm kopuwhera bajecosux
Mpexa eeposamHohe jecme npouec 3akibyyugaka Koju ce Moxe
spwumu y ,0ba npasua” (000320 Hadosne u obpamHo), WMo 2a HYUHU
seoma MORHUM anamom Yy MPOUEHU pu3uKa U MPouecy 3akibydusarba.
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Takohe, y pady cy npuka3aHu OCHO8HU MPUHUUNU U npedHocmu rpumeHe
Bajecosux mpexa y npouecy npurnpeme npojekma Oenabopayuje
MyHUyuje (pewasarbe 6uWKOB8a U HerepcriekmusHe MyHuuuje y
cknaduwmuma). Y Hemy je rnpoueHa pusuka jedaH 00 3axmeeaHux
aKmueHOCMU Koju romayke y npouecy OOHowera KoHa4yHe 00ryKe 3a
roKpemarbe Unu Herokpemare rpojekma. AHanusa ocemrbugocmu U
SWOT aHanusa npumMeH-eHU Cy Kao KOPUCHU anamu 3a eanudauujy u
OOHOWEeH-€ KOHaYHUX 3aK/bydaka.

KmmyuyHe  peyu: ycrioeHa  eepoeamHoha, bajecose  mpexe
eeposamHohe, npoueHa pu3suka, aHanusza ocemsbugocmu, SWOT
aHarsnusa.
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Summary:

The article first briefly discusses hazardous materials, namely their
concept and classification. One part of the article is focused on the
detection of hazardous materials and the detection of fuzes and initial
components of explosive devices. In addition, it presents some of modern
counter-terrorist and security screening devices used in Serbia as well as
in foreign countries, based on the data collected during a visit to the
counter terrorist units of the Serbian Army and the Ministry of Interior of
the Republic of Serbia. The aim of the paper is to contribute to gaining an
insight into the acquired knowledge of security and protection equipment,
detection devices and hazardous materials in particular. The knowledge
gained by analyzing and comparing available literature and previous
research is expected to lead to raising awareness of the importance of
usage of modern equipment which must keep pace with means used by
terrorists and commandos in their attacks.

Keywords: counter- diversion protection, hazardous materials,
detection of hazardous materials, detection of fuzes - inital
components of explosive devices, detection devices.

Introduction

Global changes in the late 20th and early 21st century contributed to
an increasing threat of terrorism, organized crime and other security
challenges, risks and threats, not only at national but also at international
and even global security levels. Perhaps the greatest danger in this
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respect is terrorism which requires security operators that confront it with
all available forces and means.

An important element to combat both terrorism and commando
operations is certainly counter-diversion protection. Counter-diversion
protection is a technical discipline that basically involves finding,
neutralization, transportation, deactivation and destruction of all types of
explosive devices. Making all this possible to perform requires some
technical assets for detection of the aforementioned devices with
dangerous substances in their structure.

The use of hazardous materials in sabotage and
terrorist activities

If we look back, we can see that the choice of the means to attack
the target was following the development of science and technology and
it developed in several historical phases: knife-poison, gun, dynamite,
and, finally, bomb or explosive device. Nowadays terrorists primarily use
technological achievements in the manufacture of improvised explosive
devices in order to achieve their goals. By using hazardous materials,
terrorists can disable or kill a large number of people either in the civilian
or military sector, and cause panic and fear thus undermining the security
of the state.

It is obvious that hazardous materials are closely related to sabotage
- terrorist activities. There is almost no sabotage or terrorist action
without some of hazardous materials. But what are hazardous materials?

According to the Law on Safety and Health at Work, hazardous
materials are explosive, flammable, oxidizing, poisonous, repulsive,
contagious, corrosive, carcinogenic and radioactive substances,
established by standards and other law regulations, produced, used or
stored in the work process, and also materials that have such
characteristic, when attached to a certain substance are dangerous to life
and health of employees (Sluzbeni glasnik RS, 101/2005), (Sluzbeni
glasnik RS, 91/2015).

According to another definition, hazardous materials include
chemical compounds, mixtures of chemical compounds or chemical
elements which have a dangerous (harmful) characteristic such as
explosion, flammability, radioactivity, or other toxicity (Posti¢ et al,
1998). Hazardous materials can be classified on the basis of different
criteria, but based on the hazardous effects manifested, they are divided
into the following four groups:

- explosive,
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- flammable substances,
- radioactive substances, and
- toxic materials.

By studying the characteristics of hazardous materials, it is easy to
conclude that they are all very suitable for use in sabotage - terrorist
purposes for which we have a lot of evidence in current events in the
world. There is a real risk that protagonists of international terrorism in
the future will use nuclear, biological, chemical agents more and more,
and those most widely used will be dangerous substances of high
toxicity, high volatility, simple to use, and difficult to detect (industrial
substances, toxic chemical substances, etc.). Hazardous materials are
easily available on the market and they can be easily synthesized using
information from the Internet, which makes terrorists’ job much easier.

It is clear that their use is detrimental to people and material and
technical resources, so the knowledge about them and modern
equipment for their timely detection are the basic preconditions for the
prevention of such scenarios and fight against them in case they occur.

Devices for the detection of hazardous materials and
fuzes - initial components of devices

When analyzing sabotage and terrorist activities today, it can be
concluded that special attention must be paid to preventive
measures. Consequently, anti-terrorist measures and actions are
imposed as necessary preventive actions, or actions that prevent the
execution of terrorist attacks using hazardous materials and their harmful
consequences for the safety of people and property. Also, modern
methods are applied as well as technical developments which detect
terrorists with their materials and resources used to achieve their
goals. From this stems the importance and role of modern assets of
detection in counterdiverson protection.

Detection is closely related to security screening. Various detection
devices are used for that purpose. These devices can be divided into:

- devices for the detection of hazardous materials, and

- devices for detection of fuzes - initial components of devices.

Devices for the detection of hazardous materials can be classified as
follows:

- devices for explosives detection,

- devices for the detection of flammable substances,
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- devices for the detection of radioactive substances, and
- devices for the detection of toxic substances.

The following devices are used for detecting fuzes - initial
components:

- metal detectors,

- X-ray apparatus, and

- stethoscopes.

Each of these devices uses certain methods of work, which will not
be discussed in detail on this occasion. We will try to show here some of
the advanced representatives of each of the mentioned groups of
devices.

Explosives detection devices

When it comes to devices for explosives detection, contemporary
devices are able to simultaneously detect explosives and narcotics. All
these devices are reliable, fast, flexible, and safe to handle. Some of the
leading companies in this field are American FLIR Systems (Forward
Looking Infrared), Syagen Technology Inc, SEDET (Sociedad Europea
de Deteccion S.L.) in Europe LDS (Laser-Detect system) in Israel, etc.

One of the representatives is a handheld explosives detector E3500
Chemilux. This is a handheld device which works on the principle of
chemiluminescence and its purpose is detection of explosives. It is one of
the first such devices in the world (Figure 1). It detects military, industrial,
and even hand-made explosives, liquid, powder, plastic, nitrate, black
powder, and more. It has a dual mode of particles and vapor, and is
characterized by a very fast detection (up to 16 seconds) and accurate
detection results. The device detects particles and vapors of explosives
in a non-invasive way in luggage, letters, vehicles, clothing, electronic
devices, documents, etc. It is resistant to various weather and soil
conditions, simple to use (one button), with an LCD display with status
messages, red and green LED lights, and optional headphones for the
audio signal. Data from the device can be forwarded via Wi-Fi. It is
powered by a 12V battery whose life is about 6 hours. It weighs about 2.7
kg. No isotopes, radioactive sources, and no license are required. It is
suitable for police and military units, customs, ports, airports, bus and
railway stations, nuclear facilities, embassies, etc. (Autoclear, 2013)
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Figure 1 — E3500 Chemilux
Puc. 1 - E3500 Chemilux
Cnuka 1 — E3500 Chemilux

The Fido NXT is a hand-held wand which uses the method of
molecular spectroscopy, and the principle on which it works is amplifying
fluorescent polymers (AFP - amplifying fluorescent polymers). The
sensor is made of a capillary glass tube whose interior is covered with a
polymer film. It is a product of the famous company FLIR Systems, Inc
(Figure 2). Its dimensions are 368.3 x 114.3 x 69.9 mm, and it weighs
only 1.4 kg.A lithium battery used to provide power ensures the
autonomy of 8 hours. It has a USB port and the MS Office operating
system for storing data. It can operate at temperatures ranging from -10 °
to+55°C.

It detects TNT (trinitrotoluene), DNT (dinitrotoulen), Semtex, C4,
RDX (Research Department explosive or Royal Demolition explosive or
simply hexogen), PETN (pentaerythritol tetranitrate), powder explosive,
some industrial explosives, improvised materials, but not peroxides. The
start-up time is about 5 minutes and the detection time about 10
seconds. (Laurus systems, 2019)

Figure 2 — Fido® NXT
Puc. 2 — Fido® NXT
Cnuka 2 — Fido® NXT
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Devices for the detection of flammable substances

When it comes to flammable materials, it should be noted that
combustible gases and vapors are particularly dangerous. Any type of
gas or vapor reacts explosively under certain temperature and pressure
determined by the lower explosive limit (LEL) and the upper explosive
limit (UEL). Risks are reduced by a permanent control of these
limits. There are two types of devices for the detection of flammable
vapors, gases and particles, those that detect a specific gas and those
that detect several gases. Explosive/flammable ones are hydrogen (H2),
a natural gas/methane (CH4 propane - butane, isopropyl alcohol, hexane
(C6H14), octane fuel, acetylene (C2H2), ethylene (C2H4), ammonia
(NH3), butanone, ethanol (C2H50H ), methanol (CH3OH), toluene,
pentane (C6H12), ethylene - oxide (C2H40), (Spectra, 2019). One of the
newest representatives of devices for the detection of these substances
is a PS200 Series from the Gas Measurement Instruments Ltd
company. This sturdy and accurate portable gas detector provides
unparalelled protection in the closed space with the audio and visual
alarm in case of exposure to gases or combustible substances. It detects
up to 4 types of gases simultaneously. It can be configured to detect
methane, oxygen, carbon monoxide, hydrogen sulfide, and other
flammable gases (Figure 3).

Figure 3— Combustible gas detector PS200 Series
Puc. 3 — NasoaHanusamop aoptoyux ea3oe PS200 cepusi
Cnuka 3 — [lemekmop 3anasbusux 2acosa PS200 Series

Optionally, it can use an internal pump. Its dimensions are 121 mm x
59 mm x 32 mm and it weighs 230 grams with a pump or 215 without it.
A lithium battery allows an autonomy of about 8 hours with the
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pump. Charging takes about 4 hours. The operating temperature range is
-20 °C to + 50 °C and it withstands falls from a height of 3 meters. Its
measurement range is:

LEL 0-100%

0. 0-25%

CO 0-1000ppm
H,S 0-100ppm

In the case of the aforementioned gases, there is a sound, light and
vibration alarm (GMI, 2019).

Apparatus for the detection of radiation

The operation of the majority of radiation detectors is based on a
ionization chamber. The radiological detector RadSeeker is a handheld,
portable, rugged and highly accurate detector and an identifier of
radioisotopes detected by gamma and neutron radiation. Easy to use, it
provides fast, simple, and specific information for risk assessment. It is
suitable for customs control, border protection, emergency response, and
radiological control of objects and persons (Figure 4).

The detector can be used for searching or "screening" to detect
radioactive sources, and then to clearly identify whether the detected
radioactive material is harmless natural radiation or a more dangerous
source, such as special nuclear materials or those contained in 'dirty
bombs'. For each source identified, the detector provides risk
assessment and describes the source as harmless or as a threat, so that
there is no need for the operator to guess.

,""ﬁ

P—

Figure 4 — Radiological detector RadSeeker
Puc. 4 — Paduonozuyeckol 0emekmop RadSeeker
Cnuka 4 — Paduonowku demexkmop RadSeeker
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The built-in  wireless capabilities, including Wi-Fi and satellite
telephone interface, give those in the remote command center an easy
access to information such as identified threats and the location of the
device/operator.

In situations when it is considered unsafe to send an operator to the
location, the detector can be set mechanically, and monitoring and
device control can be performed from a safe distance. It is equipped with
three types of alarms (visual, light and vibration) as well as with a GPS
(Smiths detection, 2019a). The technical characteristics of the device are
given in Table 1.

Table 1 — Technical features of the RadSeeker
Tabnuua 1 — TexHu4Yeckue xapakmepucmuku RadSeeker
Tabena 1 — TexHu4yke kapakmepucmuke ypehaja RadSeeker

Measuring range counter 25 keV — 3 MeV (Gamma)

Weight 2.4 kg

Power source Li battery that provides 8h of work

Library Easﬂy expandable library with 41
radionuclides

Temperature range from - 32 °C to +50 °C

Dimensions 17.8 x 30.5 x 11.4cm

Devices for the detection of toxic substances

The monitor of chemical agents - CAM (Chemical Agent Monitor) is
a manual transmission asset, designed for the detection of nerve toxic
substances and blister agents in the air (point monitor), for rapid
determination of the boundaries of the contaminated area, for detecting
contamination of people, ships, planes, motor vehicles, buildings and
facilities, for checking the performance of decontamination works, and for
monitoring the situation in the objects of collective protection (Figure 5).

The CAM detects nerve and blister agents in the form of vapor in
the lowest concentrations that may affect people in a short period. The
lowest concentration for nerve agents is G>0.03 mg/m® per minute and
for V>0.01 mg/m® per minute. For blister agents, the lowest concentration
is H>0.01 mg/m® per minute. It can also detect chlorine, phosgene and
hydrogen cyanide (HCN) in the PLUS configuration mode. It contains a
beta radiation source of Ni-63 (10 mCi). It works with one battery whose
durability depends on temperature (normally 12 hours at a temperature of
about 20°C). The basic features of the monitor are:
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- Weight: 1.7 kg,

- Dimensions: length 390 mm, width 80 mm, height 145 mm,

- Power source: LiSO2 battery voltage 6 V,

- Battery life: 45 °C - 18 hours, 20 °C - 14 h, -25 °C - 4.5 h,

- Operating temperature: -25 to 45°C, storage temperature: -55 - to 70°C,
- Suction power of 400 ml/min of air;

It is used in military units, medical units and units of civil protection
against terrorist chemical weapons. The manufacturer of the monitor is
the Smiths Detection CAMTM from Great Britain. About 30 armies in the
world are supplied with CAMs (57000 units), whith about 13 NATO
countries which have this monitor as a primary asset. The first CAM was
manufactured in the mid 80s. An improved version was produced in 1990
- ICAM (CAM2), and includes the software CAM Plus. The monitor is the
primary asset of detection in the “Organization for the Prohibition of
Chemical Weapons OPCW". (Privremeno uputstvo za upotrebu CAM,
2014)

Figure 5 — Monitor of chemical agents CAM
Puc. 5 — NasocuzHanusamop CAM
Cnuka 5 — MoHumop xemujckux azeHca CAM

Metal detectors

These assets are divided into: devices to screen people, devices for
inspection of postal items, and devices for field search. We will show
some of the latest representatives of each group.

The Garrett Super Wand is a handheld metal detector of optimal
sensitivity. It detects ferrous and nonferrous metals and weapons of non-
ferrous metals, and other metal objects (Figure 6). Calibration: digital
microprocessor technology eliminates the need for periodic calibration. It
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has precise and easy scanning from head to foot. It is easy and
convenient to use with one-touch keys and three-color LED lights. The
green LED indicates ON (included); the amber LED indicates low battery,
and the red LED indicates alarm. The ergonomically designed grip fits
comfortably in hand of any size (Garret metal detectors, 2019).

Figure 6 — Handheld metal detector Garrett SuperWand
Puc. 6 — PyyHol memannodemexkmop Garrett SuperWand
Cnuka 6 — Py4yHu memasn-0emekmop Garrett SuperWand

The Fisher CW20 is another hand-held metal detector with high
performance, able to locate all kinds of metal, and offers the user a
choice of three frequencies to eliminate the possibility of any
interference. It has the possibility of eliminating interference from steel or
reinforced concrete floors (low momentary switch). It is powered by a 9-
volt battery and can be set to vibrate or sound when it finds metal. It
operates at a frequency of 7.1 kHz (Fisherlab, 2019). (Figure 7)

Figure 7 — Handheld metal detector Fisher CW20
Puc. 7 — Py4Hol memannodemekmop Fisher CW20
Cnuka 7 — Py4yHu memais-0emekmop Fisher CW20
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The portable walk-through metal detector Fisher M-SCOPE (Figure
8) provides maximum protection of objects and events in places where
there are no static detectors installed. The entire unit weighs only about
38 kg and it can be assembled or disassembled by one person in about 5
minutes. The M-SCOPE has three detection zones with LED indicators
which extend from the bottom to the top of the device as well as the
signal strength indicator which allows easy assessment of the situation,
and a greater flow of persons. By using a simple control interface to the
display, the operator can select one of 100 different levels of sensitivity.
Rechargeable batteries provide approximately 40 hours of continuous
operation. Ruggedized electronics and shock-resistant materials used in
the casing guarantee long life even in the most severe working conditions
(Fisherlab, 2016).

Figure 8 — Walk-through metal detector Fisher M-SCOPE
Puc. 8 — Pamka-memannodemexkmop Fisher M-SCOPE
Crniuka 8 — Memandemexkmopcka epama Fisher M-SCOPE

The security cylindrical metal detector door has shock and bullet-
resistant glass and the sides. There is a weight control - a system that
allows the passage of only one person. Metal detector sensitivity is set
high in the structure. There are possible connections to external
peripherals: tags, biometric systems, etc., on request. Entering at an
angle of 90 ° is on request. A security door inside the cage can be
formed by the door, the floor, the ceiling and side walls, depending on the
sensor mass (measuring cell). These special solutions allow the entry of
only one person. It automatically checks the inside of the security doors
to determine whether, after the metal detector alarm, metal objects have
been deliberately left there (Tesla sistemi, 2019). (Figure 9).
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Figure 9 — Security metal detector gates with automatic opening
Puc. 9 — locmomposbili MemannodemeKkmop, ¢ agmoMamu4ecKuM OmKpbImuem
Crnuka 9 — CueypHocHa MemandemeKmopcka epama ca aymomamcKuM omeaparbem

When we talk about inspecting postal items, one of the
representatives is the MB1710A device (Letter bomb detector). It is a
highly sensitive desktop unit for detecting metal objects in letters or small
packages. It weighs 4.5 kg, and power supply and batteries are located
in the desktop. There is an alarm for metal detection, both a LED and an
audio signal (Vallon, 2012). (Figure 10).

Figure 10 — MB1710A device
Puc. 10 — Ycmpoticmeo MB1710A
Cnuka 10 — Ypehaj MB1710A
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One of the devices to check the terrain is the VXT1 (All-digital
magnetometer for the location of large UXOs at very large depths). It
allows the detection on the ground and in water. It has a detachable
sensor for underwater detection. It weighs about 13 kg, is powered by a
rechargeable battery, and possesses a visual (LED) or an audio signal. It
has a long sensor base (about 1.7 m). It is not necessary to adjust the
sensor. It has outputs for sending data via RS232 or a USB cable or
Bluetooth (Vallon, 2016), Figure 11.

Figure 11 — Metal detector VXT1
Puc. 11 — Memannouckamens VXT1
Cnuka 11 — Jemexkmop memana VXT1

X-ray devices

Other types of devices which need to be mentioned are x-ray
devices, which can be portable and stationary.

The portable X-ray device XRS-4 Golden engineering is a small,
lightweight X-ray device that runs on its own batteries. This pulsatile X -
beam device produces an X-ray pulse of a very short duration (50 ms).
The energy produced is up to 370 KV, which allows penetration through
3.81 cm of steel. Standard equipment consists of two buttons, two battery
packs of 18 V, and a battery charger. A remote cable, a carrying case
and film processing equipment are also common accessories. The unit
weight is about 10 kg (Figure 12). (Golden Engineering, 2018).
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Figure 12 — Handheld X-ray device XRS-4
Puc. 12 — lNepeHocHol peHmaeHoackul annapam XRS-4
Cnuka 12 — Py4Hu peHOzeH ypehaj XRS-4

The HI-SCAN 10080 XCT device is a stationary flow device, an EDS
(Explosive Detecion system) of the latest generation for high-speed
recording of packages and luggage, certified by the US TSA (United
States Transportation Security Administration), Figure 13. The device
uses X-ray technology and computerized tomography (CT), which
represents an ideal solution for processing obtained images. 2D X-ray
images (X-ray obtained by the multi-energy ventilation (Figure 14) are
completed with 3D CT images, which enables an unprecedented
improvement in the detection and identification of forbidden TSA objects
(Figure 15). The conveyor belt speed of 0.5 m / s with a scanner tunnel of
1070 mm x 810 mm allow automatic checking of up to 1,800 bags per
hour. This represents the fastest ever control system for cargo and

luggage (Smiths detection, 2019b).

|

Figure 13 — Stationary device HI-SCAN 10080 XCT

Puc. 13 — CmauyuoHapHoe ycmpoticmeo HI-SCAN 10080 XCT
Cnuka 13 — CmauyuoHapHu ypehaj HI-SCAN 10080 XCT

655

Kojadinovi¢, P., Modern assets in security screening and counter terrorism, pp.642-662



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 3

Figure 14 — X-ray multi-energy ventilation through five angles and the images of the
detected prohibited items (marked: an improvised explosive device, a gun, a detonator,
and a two-part knife)

Puc. 14 — BbicokoaHep2emuyeckoe peHmaeHO8CKOoe ckaHupogaHue oo nsimbio yenamu
U uzobpakeHUe 0bHapyXeHHbIX 3anpeuweHHbIX npedmemos (ommeyeHsbl: camodesibHoe
83pbIgHOE ycmpolicmeo, nucmosiem, 6emoHamop U cKkriadHoU HOX)

Cnuka 14 — PeHO2eHMCKO MynImueHep2enCcKo rnpo3padyusare Kpo3 rem yanosa u
C/lUKa OMKpUBeHUX 3abpaH-eHux rnpedmema (obenexeHu: UMNPO80308aHa eKCI03UeHa
Harnpasa, nuuwmoJsb, 0emoHamop u 0800e/IHU HOX)

Figure 15— 3D CT image and the possibility of its rotation in order to find objects that are
not visible from the original angle (labeled: ceramic knife and explosive)

Puc. 15— 3[] KT uzobpakeHue u 803MOXHOCMb €20 M1080poma C Ueslbio HaxoxoeHUst
06beKmMo8, KOmopbie He 8UOHbI 10O UCXOOHbIM y2rIoM (OMMEYEeHbI: Kepamudeckul HOX U
83pblgyamka)

Cnuka 15— 3D CT cnuka u Mmo2yhHocm HeHo2 pomupara Kako bu ce npoHawiu
npedmMemu Koju HUCy 8udrbusu u3 npeobumHoe yana (obenexeHu KkepamMuyku HOX U
eKcrio3us)
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Stethoscopes

If we talk about modern stethoscopes, it is characteristic that they
often have the ability to operate both as contact and contactless devices.

The electronic stethoscope of the Med - Eng Holdings company
enables the operator to detect whether the device is armed or located in
the liquid condition. It is a sensitive system for monitoring and detecting
timing, electronic and mechanical systems which are located within the
improvised explosive devices and some unexploded bombs. It contains
two types of sensors — a contactless microwave sensor, and a contact
handheld audio sensor. The system is extremely easy to use. The
equipment includes audio headphones, a small electronic control unit /
amplifier (to be worn on the shoulder or a belt), a battery and a
charger. Everything is provided in a rugged case, Figure 16 (EOD
Technology, 2017).

Figure 16 — Electronic stethoscope Med — Eng
Puc. 16 — GnekmpoHHbIt cmemockon Med — Eng
Cnuka 16 — EnekmpoHcku cmemockon Med — Eng

The electronic stethoscope LIEDS 2220 (Electronic Stethoscope
plus Non-Linear Junction Detector) is a very sensitive tool that can detect
a very faint sound of mechanical and electronic watches in improvised
mines. The crystal detection part is used for the detection of electronic
circuits that are typically found in improvised explosive devices, radio
transmitters and wireless devices such as mobile phones, various
electronic and digital devices (Figure 17). All this can be detected
through solid materials such as walls, bricks, glass, plastic, wood, etc.

The control unit is made of aluminum, it weighs around 700 g and
has the dimensions of 90 x 42 x 150 mm. The operating temperature
range is from -5 to + 70 ° C. The operating frequency range is 10 -
25.000 Hz. It has a very sensitive handset. The device can be connected
to a computer (Worldwide technologies, 2007).
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Figure 17 — Electronic stethoscope LIEDS 2220
Puc. 17 — 3nekmpoHHbIl cmemockon LIEDS 2220
Cnuka 17 — EnekmpoHcku cmemockon LIEDS 2220

The electronic stethoscope BDS-VX (Beijing Defense Stethoscope)
has the ability to be used in complex electromagnetic conditions and the
conditions of use of interference systems at the same time, and can also
detect electronic and mechanic explosive devices under all kinds of
covering. Explosive devices include electronic watches, beepers,
intercoms, mobile phones and all kinds of telecontroled explosive
devices. It can also be used as an antispyware device which can detect
covert listening devices and hidden video devices. This device meets the
requirements of security of military facilities, airports, stations and ports,
as well as the requirements for securing important buildings and police
evidence of an explosion.

The device weighs about 900g and its dimensions are 13 x 14.5 x
21cm. The operating temperature range is from -15 to + 45 ° C (Figure
18). It detects mobile phones at a distance of 3 meters or mechanical
clocks at 2 meters, and electronic clocks at 0.5 meters (Made-in-
China.com, 2019).

Figure 18 — Electronic stethoscope BDS-VX
Puc. 18 — BnekmpoHrHbIl cmemockon BDS-VX
Cnuka 18 — EnekmpoHcku cmemockon BDS-VX
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Conclusion

Terrorism is the biggest threat to the security of the international
community. The methods and means used for such purposes are on
higher and higher technical, technological and efficiency levels, and their
impact is steadily increasing. Victims are not only individuals, but a much
wider circle of people and even states themselves.

In an attempt to locate, neutralize, transport, deactivate and destruct
all types of devices used by terrorists and saboteurs, security forces use
modern assets. Due to the complexity and sophistication of modern
assets used in counter-diverson protection, the key necessity is their
understanding and knowledge of their use. We must also take into
account technical - technological advances in science and in means used
by terrorists and saboteurs to achieve their goals.

In addition to the knowledge and use, it is necessary to constantly
monitor the development and procurement of new devices and
equipment for detection, identification and neutralization of dangerous
devices used by terrorist and saboteurs, in order to effectively counteract
modern security challenges, risks and threats.

To be able to successfully oppose to terrorism and other forms of
security threats, members of security services need to learn and improve
on a daily basis. In that sense, perhaps the best teacher is practice. In
their work, members of counter diversion units use experiences from
their own practice as well as those from related services in the world,
thus improving their performance and efficiency as well as counter-
terrorist measures in general.

In a conversation with the members of military police and the Police
Brigade counter diversion units, it is possible to hear a number of cases
which show the effectiveness of modern assets for detection as well as
the skills of their use, but due to the sensitivity of the subject matter, it will
not be elaborated further on here.
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CABPEMEHHbIE CPEJCTBA NMPOTUBOAMBEPCUOHHOM
SALUTDI

lMpedpaz M. KosigpnHoBuMY

BoopyxéHHble Cunbl Pecny6nukm Cepbus, YnpaBneHve BOEHHOW Nonmuuu,
Y4eObHbI LeHTp BOEHHON nonuummmn, OnepaTMBHO-TEXHNUYECKOE OTAENEHNE,
r. benrpag, Pecnybnuka Cepbusa

PYBPUKA T'PHTW: 78.25.00 BoopyxeHne n BoeHHast TeXHuKa
B CTATbW: npodeccrmoHanbHasi ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pe3some:

Bo esedeHuu daHHOU cmambu  npedcmassieHbl  Kpamkue
onpedesnieHUsT OnacHbIX Mamepuasos, a makxe npusedeHa ux
knaccugpukauyusi. Cnedyrowjas yacmb cmambU riocesiuieHa memoodam
obHapy)xeHUs1 onacHbIX Mamepuasos, 83pbie4ambiX eeuecms Uu
UCXOOHbIX KOMIMOHEHMOB 83pbI8HbIX ycmpolicme. B cmambe makxe
npedcmasneH psd Co8PeMEHHbIX cpedcme rnpomueoouU8epPCUOHHOU
3awumsl, NPUMEeHsIeMbIX KaK 8 Hawel cmpaHe, mak u 3a pybexom.
HaHHble Ons HanucaHusi cmambu Obiniu cobpaHbl 8 xode obmeHa
uHgopmayueli 8o epemsi e8u3umos KoHmpmeppopucmuyeckum
nodpa3sdeneHusim BoopyxeHHbix cun Pecnybnuku Cepbus u MB/[]
Pecnybnuku Cepbusi. Paboma HanucaHa C UEerbilo MN08bILUEHUS
oceedomMieHHoCMuU obu,ecmeeHHOCMU O cyulecmsyrouiux cpedcmeax
MpomueoOUBEPCUOHHOU 3auwumbl, 8 4YaCMHOCMU O3HaKOMJIEHUe C
Memarniodemekmopamu, a makxe C UHbIMU ycmpolcmeamu U
npubopamu, ydYacmeyruwumMu 8 roucke U OOHapyeHUU OnacHbIX
Mamepuarios. Hadeemcsi, ymo 3HaHUsl, MoNyYeHHbIe 8 pe3yrbmame
aHanusa u cpasHeHuss OocmynHol rnumepamypbl U npeoblOyuwux
uccnedosaHul rnpugedym K MOBbILEHUO OCO3HaHUsi U MOHUMaHUs
Mo20 HAacKO/IbKO 8aXHO UMEemb 8 PacriopsiKeHuu U rofib308ambCsi
cospeMeHHbIM 0bopydogaHueM, Komopoe He OO/MKHO ycmyrnamb
cpedcmeamM, KOmMoOpbIE UCMOMb3YMm meppopucmsl U dueepcaHmsl 8
8C80OUX amakKax.

Kntowesbie  crioga: npomugodusepcuoHHas — 3aujuma, OracHble
Mamepuaribl, ObHapyeHue OnacHbIX Mamepuarnos, 83pbleYambiX
gewecme U UCXOOHbIX KOMIOHEHMO8 83pbi8HbIX ycmpolicms,
demeKmopesl.
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CABPEMEHA CPE[LCTBA Y NMPOTUBAMBEP3MOHOJ 3AWUTUTU
lpedpaz M. KojagnHosuh

Bojcka Cpb6uje, Ynpasa BojHe nonuuuje, LieHTap 3a o6yky kagpoa BojHe
nonuuwmje, Oacek 3a KPMMUHANMCTUYKO-TEXHUYKE U ONepaTUBHE Nocrnose,
Beorpag, Penybnuka Cpbuja

OBJIACT: Haopyxatse 1 BojHa onpema
BPCTA YJTIAHKA: cTpy4Hu pag
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Y pady ce ykpamko onucyjy onacHe Mamepuje, Hagodu ce HUX08 rojam U
Knacugbukayuja u 208opu 0 0emeKuuju onacHUx mamepuja u 0emekuuju
ynarbayko-uHuyujarnHoe Oena Hanpaea. [lpedcmaerbeHa cy u Heka 00
caspemeHux cpedcmea Koja ce Kopucme 'y [pomueOueep3uOHO)
3awmumu KoO Hac, asu U y ceemy, a Ha OCHogy riodamaka Koju cy
cakyrnrbeHU y OKeupy rocema rpomusdueep3ucHuUM jeduHuuama Bojcke
Cpbuje u MYrll-a Penybnuke Cpbuje. Llurb osoe pada jecme Oa
doripuHece cmuuyary ysuda y Oocadawrba ca3Hama O cpedcmeuma
rnpomusdueep3UOHe 3awmume, ca mexuwmem Ha cpedcmeuma 3a
demekuyujy, anu u ornacHUM mMamepujama, quje je omkpueare 3adamak
cpedcmasa 3a Oemekyujy. CasHamba cmedyeHa aHanusom docmyrHe
numepamype u Oocadawirbux ucmpaxuearba, Kao U HUX08UM
meRycobHum ropehersem, uHuUuyupahe nompeby 3a MosHasar-em U
Kopuwherwem caspemeHe orpeme, Koja Mopa uhu y Kopak ca
cpedcmeuma Koja mepopucmu U Oueep3aHmu Kopucme y C80M
Oernosarby, a padu ocmeapusarka 3aupmaHux yurbeea.

Krby4yHe peuu: npomuedueep3uoHa 3awmuma, oracHe mamepuje,
demekKuyuja ornacHux Mamepuja, demekyuja ynarbaqyko-UHUYUjaiHo2

Oena Hanpasa, ypehaju 3a emekuyujy.
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Summary:

The paper describes sniper rifles and optical sights in use in the Serbian
Armed Forces. For the purpose of possible design of an optical sight that
would meet modern technical and technological standards and needs of
the Serbian Armed Forces, the paper analyzes the optical and mechanical
characteristics of the aforementioned.
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magnification, reticle, rectification adjustment, surface protection,
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Introduction

The subject of this paper is a presentation of modern sniper rifles
with appropriate optical sighting devices used in the infantry units of the
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Serbian Armed Forces and special units for anti-terrorist activities of the
units of the Ministry of Internal Affairs. The paper presents these optical
sights and the parameters that characterize their construction and use.
Optical sights will be analyzed from several aspects such as: possibilities
of use, marksman’s needs, construction, trend of use and price. The
paper compares the sniper rifles and the optical sights used in the units
of the Serbian Armed Forces.

In the armament of the Serbian Armed Forces, optical sights
inherited from the period of the former Yugoslav People's Army (in
Serbian: JNA) are still present, while only certain specialized units of the
Army and the Police are equipped with more modern infantry weapons
and, consequently, adequate optical sights.

Description of the weapons of the Serbian armed
forces using optical sights

For the purpose of a successful comparative analysis of optical
sights, this paper deals with the sights that were in use, the ones
currently in use, as well as the ones that are in use in the countries in the
region and the countries that rank among most technologically
developed; it also gives the tactical - technical characteristics of infantry
small arms onto which they are mounted. The optical sights used in the
Serbian Armed Forces (and JNA) have been so far: the M76 optical sight
for the 7.9 mm semi-automatic sniper rifle M76, and the optical sight M94
for the Black Arrow.

For the purpose of an adequate analysis, certain data for these
infantry weapons will be given in the paper, while the tabulation of
publicly available data will be presented at the very end. Based on the
aforementioned, some proposals will be made for the selection of a
sniper rifle and an optical sight that will ensure better execution of
marksman’s tasks.

The Zastava 7.9 mm semi-automatic sniper rifle M76 (Wikipedia
Contributors, 2018) is a 7.92 x 57 mm Mauzer rifle of domestic
production. The rifle is designed as a platoon sniper, or, in the western
military nomenclature, as a designated marksman rifle. The concept of
this sniper rifle comes from the Soviet military doctrine in which this type
of weapon is different from real sniper rifles of high precision. It was
officially introduced into the armament of the JNA in 1976, but the
massive equipping of units began in the early eighties. This recoil-
operated rifle was designed and produced by the company Zavod
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Crvena Zastava, today Zastava Oruzje from Kragujevac. The M76 sniper
rifle was created on the basis of the Zastava M70 rifle, but longer and
heavier, around the bullet 7.92 x 57 mm, with the optical sight M76 Zrak
4 x5°10'(4 x 24) - a direct copy of the Soviet PSO-1 from the SVD rifle
and an altered fire separator that allows only single firing. The longer
barrel and the heavier round provide a significantly higher effective range
compared to the M70, while the 7.92 mm round possesses considerably
more favorable ballistic properties on the trajectory and, due to greater
mass and higher velocity, has a much stronger effect on the target.
The basic tactical and technical characteristics of the 7.9 mm semi-

automatic sniper rifle M76:

— Caliber: 7.92x57 mm

— Mass of the rifle without the optical sight: 4.6 kg

— Mass of the optical sight with the carrier: 0.65 kg

— Rifle length: 1135 mm

— Barrel length: 550 mm

— Number of grooves: 4

— Muzzle velocity: 730 m /s

— Magazine capacity: 10 rounds

— Maximum barrel gas pressure: 3200 bar

Figure 1 — Semi-automatic sniper rifle 7.9 mm Zastava M76 (Wikipedia Contributors,
2018)
Puc. 1 — lNonyasmomamudyeckasi cHalinepckasi guHmoska 7.9 mm Zastava M76
(Wikipedia Contributors, 2018)
Cnuka 1 — lNonyaymomamcka cHajnepcka nywka 7,9 mm 3acmasa M76 (Wikipedia
Contributors, 2018)

It can effectively operate up to a distance of 1000 m, and optimally
the best results are achieved within the range up to 800 m. For aiming,
the ON M76 optical sight is used with a magnification of 4x and reticle
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illumination, while a mechanical sight is also retained. At the beginning of
the nineties, the M94 optical sight with a magnification of 6x was
additionally developed, and the passive 5x80 sight can also be mounted
on the rifle.

The Zastava M76 was manufactured in Irag under Zastava licence
on machines shipped from Yugoslavia in the 1980s in the 7.62 x 39
caliber under the name of the Tabuk sniper rifle. This rifle resembles the
M76 a lot and features a black plastic ergonomic grip with a thumb pad of
the Zastava design.

Black Arrow (Crna Strela) (Zastava arms, 2019) was produced in
Serbia, at the Zavodi Crvena Zastava factory. The accuracy of the
weapon changes with the number of rounds fired, and the test results
have indicated so far that precision is reduced, but not necessarily, after
10,000 rounds fired. After ten to twenty thousand rounds fired, precision
is reduced by approximately 10%.

Figure 2 — Sniper rifle Zastava M93 Black Arrow equipped with the M94 optical sight
(Zastava arms, 2019)
Puc. 2 — CHatinepckasi suHmoska 3acmasa M93 ,YepHas cmpena” ¢ onmuyeckum
npuuernom M94 (Zastava arms, 2019)
Cnuka 2 — CHajnepcka nywka 3acmasa M93 ,LipHa cmpena” onpemrbeHa onmuykum
HuwaHom M94 (Zastava arms, 2019)

The M93 Black Arrow is intended for engaging targets in the open
and in non-armoured vehicles at distances up to 1500m as well as for
targets in light armoured vehicles and in concealment at distances up to
800m. In addition to destroying live force, the Black Arrow can also be
used for targets such as non-armoured and light-armoured vehicles,
grounded aircraft, radars and other electronic equipment, communication
centers and command posts. It is also effective against enemy snipers.
The Black Arrow has bolt action based on the Mauser system. The rifle
was developed in two calibers - the Serbian Army uses the 12.7 x 108
mm caliber (Russian cartridge for heavy machine guns DSK and NSV,
while the exported version is customized with the 12.7 x 99 mm
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American cartridge (Browning M2HB machine gun cartridge). The heavy
barrel is made of chromium-nickel-vandium steel used for the production
of cannon barrels. The feed system is the 5-round magazine.The recoil
energy is reduced by placing a two-chamber gas brake on the muzzle
and by installing two shock absorbers into the butt. The rifle is provided
with the Zrak 8x56 M94 optical sight, and there are no mechanical sights.
A bipod is mounted as well as a folding handle for easier carrying.

The basic characteristics of the Black Arrow:

— 12.7 x 108 mm round (developed in the former Soviet Union for
SMK and NSV machine guns)
feed — 5-round magazine,
muzzle velocity - 888 m /s,
mass - 16 kg,
— length - 1,670 mm,
effective range - 1600m.

In relation to the previously described sniper rifle, certain structural
improvements have been made to this one:

— it is much better balanced,
—  butt with two shock absorbers,

— muzzle gas brake which makes firing easier (it reduces recoil to
62%),
— butt and cover are made of glass fiber reinforced polymer,

— folding bipod is adjustable depending on the size of the
marksman’s shelter,

— the Mauser system locking,
— the bolt has guides throughout its path in the carrier, and

— a heavy barrel provides a precise and accurate trajectory for a
high-energy projectile.

In order to perform a comparative analysis of sniper rifles, this article
will also mention sniper rifles currently in use in specialized units of the
Serbian Armed Forces and Police.

Barrett M95 (Military-Today, 2018) is a sniper rifle designed by
Barrett Firearms Manufacturing Company. It is an improved version of
the Barrett M90. The most important difference is that the trigger grip has
been moved slightly forward in order to make it easier to use. This
weapon is lighter, more compact and easier to use than its older
versions. The Barrett Company has announced that this sniper rifle is
used in 15 countries, e.g. in Argentina, Austria, Denmark, Finland,
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Greece, Georgia, Italy, Jordan, Malaysia, Philippines, Spain, Thailand,
Turkey and some other countries. However, the sniper rifle Barrett M95
could never reach the popularity of the original Barrett M82, which is in
standard use in nearly 60 countries.
The basic tactical and technical characteristics:

— caliber - 12.7 x 99 mm,

— weight - 10.7 kg,

— length — 1,143 mm,

— barrel length - 736 mm,

— muzzle velocity - 854 m /s,

— effective range - 1,000 m,

— maximum effective range of action — 1,800 m,

— accuracy - 1.5 - 2 MOA.

Military-Today.com

Figure 3 — Barrett M95 (Military-Today, 2018)
Puc. 3 — Barrett M95 (Military-Today, 2018)
Cnuka 3 — Barrett M95 (Military-Today, 2018)

Sako TRG (SAKO, 2018) represents a family of Finnish sniper rifles.
It is intended for equipping military and special police units, and due to its
exceptional precision, it is very suitable for anti-terrorist activities. Sako
TRG rifles are considered to be among the best in the world in their
class. In military and police units, they are generally available in
7.62x51mm caliber, as well as in .338 "Lapua Magnum." During
exploitation, it proved to be an extremely high quality and reliable
weapon in all conditions. The length is from 510 to 690 mm and it has 4
right twist grooves. The rifle has a high quality two-stage trigger
mechanism and the trigger force can be adjusted in the range of 1 to 2.5
kg. The command lever of the brake is located inside the trigger guard.
The stock is also fully adjustable and designed so that the rifle can also
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be used by left-handed shooters. At the muzzle, there is an asymmetric
gas brake which also serves as a flash suppressor. A silencer can be
quickly and easily mounted on the gas brake. The rifle is fed by a 10-
round box magazine and has a folding and removable bipod. It is
delivered without a sight, and various optical, opto-electronic and backup
mechanical sights can be mounted. In anti-terrorist units, Schmidt &
Bender optics, 3-12x50, is most commonly used. In addition to the
7.62x51mm version, the rifle is produced in the calibers "300 Winchester
Magnum" and "338 Lapua Magnum", under the TRG-41 label. Since
1999, TRG-22 (successor of the TRG-21) and TRG-42 (replacement for
the TRG-22) have been manufactured with a different stock and some
small improvements.
Several versions of this rifle have been created:

— TRG-21 (1989) - original light version, 7.62x51mm,

— TRG-22 (1999) - improved light version available in military
7.62x51mm and in civilian .260 Remington,

— TRG-22A1 (2018) - advanced TRG-22, with a brand new
redesigned stock. Available in military 7.62x51mm and in civil
6.5mm Creedmoor,

— TRG-41 (1989) - original heavy version, in .338 Lapua
Magnum and .300 Winchester Magnum,

— TRG-42 (1999) - improved heavy version, available in .338
Lapua Magnum and .300 Winchester Magnum,

— TRG-42A1 (2018) - advanced TRG-42, with a brand new
redesigned stock,

— Beretta TRG-42 (2008) - a civilian version for the US market,
presented in 2008. It contains a folding stock and a short
barrel, and is distributed by the Beretta USA company.

Figure 4 — Sako TRG 42 (SAKO, 2018)
Puc. 4 — Sako TRG 42 (SAKO, 2018)
Cnuka 4 — Sako TRG 42 (SAKO, 2018)
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Tactical-technical characteristics:

Weight TRG-22: 4.7-4.9 kg TRG-42: 5.1-5.3 kg

TRG-22 folding stock: 5.2 kg TRG-42 folding stock: 5.8 kg
Length TRG-22 1,150 mm TRG-42: 1,200mm

TRG-22 folding stock: 1.100 mm TRG-42 folding stock: 1.020 mm
Barrel length TRG-22: 660 mm TRG-42: 690 mm

TRG-22 folding stock: 510mm TRG-42 folding stock: 510 mm

Caliber TRG-41 and TRG-42: .338 Lapua  TRG-21 and TRG-22: 7.62x51 mm
Magnum

Type of operation Repetition Action Bolt action
Round velocity 900 m / s
Max. effective. range 400 m Removable box magazine with 5, 7 and 10
rounds
Sight  Optical

Description of the optical sights used in the Serbian
Armed Forces

Equipping the Serbian Armed Forces is well under way in
accordance with the stated needs. Priority in the procurement of new
equipment and weapons has been given to the specialized units of the
Army. For example, the Special Brigade of the Serbian Armed Forces is
equipped with some of the most modern optical sights such as Schmidt &
Bender 3-12 x 50 and 4-16 x 50, Leupold and Swarovski 10 x 42, as well
as with adequate sniper rifles.

ON-M76B optical sight

The ON-M76B optical sight (P.A. Distributing, 2018) is used for
aiming at stationary, mobile, uncovered and camouflaged targets when
firing form the sniper rifle 7.9 mm M76, 7.62 x 54, 7.62 x 51 (N), both in
day and night time conditions, which ensures high accuracy when hitting
small and distant targets during reduced visibility (twilight and dawn). The
basic optical, mechanical and electrical characteristics are shown in the
table.
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Figure 5 — Optical sight M76B (P.A. Distributing, 2018)
Puc. 5 — Onmu4eckut npuyen M765 (P.A. Distributing, 2018)
Cnuka 5 — Onmuuku HuwaH M766 (P.A. Distributing, 2018)

Table 1 — Technical-technological characteristics of the Zrak Sarajevo ON-M76B optical
sight (Zrak d.d, 2016)
Tabnuuya 1 — TexHUKO-mMeXHooau4YecKue XxapakmepucmuKku onmu4yeckoeo npuyena
»~3pak Capaeso” OH-M765 (Zrak d.d, 2016)
Tabena 1 — TexHUYKO-MEXHOJIOWKE KapakmepucmuKe onmuykoe HuUwaHa ,3pak
Capajeso” OH-M766 (Zrak d.d, 2016)

Zrak Sarajevo ON-M76B

Dimensions

Length 270 mm
Weight (mass) 0.450 kg
Optical data

Magnification 4 x

Field of view 5°

Lens diameter 24 mm
Exit pupil diameter 6 mm
Exit pupil distance 77 mm
Resolution 10”

Diopter adjustment

od -0.7 do -0.5 dptr

Measuring scale for determining the
distance to the standing human figure

od 200 do 800 m

Distance measuring
Distance measuring

from 0 to 900 m, by turning the distance
turret

from 1000 m to 1100 m, by choosing the
appropriate scale value on the reticle

Electrical data

Reticle illumination

tritium-based
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ON 6 x 32 optical sight

The ON 6 x 32 optical sight is used for aiming at stationary, moving,
visible, and camouflaged targets when firing from the sniper rifle 7.62 x
51N, which ensures high accuracy when hitting small and distant targets.
The basic optical, mechanical and electrical characteristics are shown in
Table 2.

Table 2 — Technical-technological characteristics of the Zrak Sarajevo ON 6 x32 optical
sight (Zrak d.d, 2016)
Tabnuya 2 — TexHUKO-MexHOI02UuYeCcKUe XxapakmepucmuKu OfmuYecKoeo npuuena
L~3pak Capaeso” OH 6 x32 (Zrak d.d, 2016)
Tabena 2 — TexHUYKO-MEXHOMOWKE Kapakmepucmuke ornmu4ykoe HuUWaHa ,3pak
Capajeso” OH 6x32 (Zrak d.d, 2016)

Zrak Sarajevo ON 6 X 32

Dimensions

Length 270 mm

Weight (mass) 0.450 kg

Optical data

Magnification 6 x

Field of view 4°

Lens diameter 32 mm

Exit pupil diameter 5.8 mm

Resolution <9”

Diopter adjustment from -0.7 to -0.5 dptr
from 0 to 900 m by turning the distance
turret

Distance measurement
! ! from 1000 m to 1100 m by taking the

appropriate scale value on the reticle

by turning the azimuth turret to the left and
right 1-10 (10 milliradians)

Compensation
P scale on the reticle to the left and right 1-10

(10 milliradians)

Electrical data

Reticle illumination tritium-based

ON 8 x 42 optical sight

The ON 8 x 42 optical sight (Zrak d.d, 2016) serves for aiming at
stationary, moving, uncovered, and camouflaged targets with the 7.9 mm
sniper rifle, thus achieving high accuracy when firing at small and distant
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targets. The basic optical, mechanical and electrical characteristics are
shown in Table 3.

Table 3 — Technical-technological characteristics of the Zrak Sarajevo ON 8 x42 optical
sight (Zrak d.d, 2016)
Tabnuya 3 — TexHUKO-mexHOoo2U4ecKUe xapakmepucmuKu Ormu4ecko20 npuuena
~3pak Capaeso” OH 8 x42 (Zrak d.d, 2016)
Tabena 3 — TexHUYKO-MEXHOMOWKE KapakmepucmuKke ornmu4ykoe HuWaHa ,3pak
Capajeso” OH 8x42 (Zrak d.d, 2016)

Zrak Sarajevo ON 8 X 42

Dimensions

Length 320 mm

Weight (mass) 0.480 kg

Optical data

Magnification 8.2x

Field of view 2.8°

Lens diameter 42 mm

Exit pupil diameter 5.13 mm

Resolution <7’

Dioptric adjustment from -0.7 to -0.5 dptr
from 0 to 900 m by turning the distance
turret

Dist t
slance measuremen from 1000 m to 1200 m by taking the

appropriate scale value on the reticle

by turning the azimuth turret to the left and
right 1-10 (10 milliradians)

Compensation
P scale on the reticle to the left and right 1-

10 (10 milliradians)

Electrical data

Reticle illumination tritium-based

ON-10 x 42 optical sight

The 10 x 42 optical sight (Teleoptik-Gyros, 2018a) is designed to
aim at stationary, moving and detectable targets in daylight, reduced
visibility and at night. This optical sight is useful for long range sniper
rifles. It meets all the requirements for high accuracy at long distances,
as well as for practical use in extreme climatic and terrain conditions. The
range of movement changes is 60 MOA. The basic optical, mechanical
and electrical characteristics are shown in Table 4.

673

Jankovi¢, D. et al, Modern sniper rifles in the armament of the Serbian Armed Forces , pp.663-688



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 3

Table 4 — Technical-technological characteristics of the Teleoptik ON-10 x 42 optical sight
(Teleoptik-Gyros, 2018a)
Tabnuua 4 — TexHUKO-mMexHOIo2u4yecKue xapakmepucmuKku Ofmu4ecKo20 npuyena
»leneonmuk” OH- 10 x42 (Teleoptik-Gyros, 2018a)
Tabena 4 — TexHUYKO-MEXHOIOWKE Kapakmepucmuke ornmu4ykoa HuliaHa , Teneonmuk”
OH-10%42 (Teleoptik-Gyros, 2018a)

Teleoptik ON 10 X 42

Dimensions

Length | 340 mm

Climate conditions

Temperature range of operation | -30°C — + 55°C

Optical data

Magnification 10 x

Field of view 2°

Lens diameter 42 mm

Exit pupil diameter 4.2 mm

Exit pupil distance 85 mm

Resolution 7

Diopter adjustment * 2.5 diopters

Reticle MilDot

Parallax < 0.2 diopters

Electrical data

Reticle illumination tritium-based
Teleoptik ON 8 x 56

This optical sight is intended for long range 12.7mm sniper rifles.
The ballistics of the distance detection and the reticle is at the request of
the customer. The 8 x 56 optical sight (Teleoptik-Gyros, 2018b) is very
reliable and guarantees long-term use in all climate conditions. Due to its
advanced design and superb optics, the view is clear and well
illuminated, which allows optimum viewing in conditions of insufficient
visibility.

The reticle can be adjusted to the direction and elevation, ensuring
the stability of the position chosen during rectification. The basic optical,
mechanical and electrical characteristics are shown in Table 5.
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Figure 6 — ON 8 x 56m optical sight (Teleoptik-Gyros, 2018b)
Puc. 6 — Onmuyeckuti npuyen OH 8 x 56m (Teleoptik-Gyros, 2018b)
Cnuka 6 — Onmuuku HuwaH OH 8x56m (Teleoptik-Gyros, 2018b)

Table 5 — Technical-technological characteristics of the Teleoptik ON 8 x 56 optical sight

(Teleoptik-Gyros, 2018b)

Tabnuuya 5 — TexHUKO-MexHOI02u4YecKue xapakmepucmuKku Onmu4ecKo20 npuyena
» reneonmuk” OH- 8 x56 (Teleoptik-Gyros, 2018b)

Tabena 5 — TexHUYKO-MEXHOJIOWKE Kapakmepucmuke onmu4yko2 Huwana , Teneonmuk”

OH 8x56 (Teleoptik-Gyros, 2018b)

Teleoptik ON 8 X 56

Dimensions

Length 400 mm
Height, width 63.5 mm
Weight (mass) 0.850 kg
Climate conditions

Temperature range of operation - 30°C — + 55°C
Optical data

Magnification 8 x

Field of view 3°

Lens diameter 56 mm

Exit pupil diameter 7 mm

Exit pupil distance 75 mm
Diopter adjustment + 2.5 diopters

Electrical data

Reticle illumination

| tritium-based
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Schmidt&Bender 3-12x50 and 4-16x50 sights

The Schmidt & Bender 3-12x50 and 4-16x50 sights
(Schmidt&Bender, 2016) are intended for shooting at individual stationary
and moving targets, uncovered or camouflaged, in daytime and under
poor visibility conditions. The optical sight enables high accuracy when
aiming at small and distant targets in unfavorable visibility conditions.
Thanks to reticle illumination, it is possible to shoot at twilight and in a
clear night with a full moon.

The reticle of the optical sight enables:

— aiming,

— distance detection,

— elevation adjustment from 0 to 13 milliradians (mil), and

— left-right compensation in the range of 0 to 10 milliradians on the
turret and from O to 5 mils on the reticle scale on each side.

The optical sight consists of:

— mechanical circuits and
— optical circuits.

The mechanical circuits are:

— mechanism of elevation,

— mechanism of direction,

— mechanism of parallax, and
— reticle illumination system.

The optical circuits are:

— objective lens,

— rotating lens system,
— eyepiece, and

— reticle.
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Figure 7 — Optical sight: 1. system for reticle illumination, 2. parallax mechanism, 3.
diopter adjustment ring, 4. magnification adjustment ring, 5. elevation mechanism, and
6. direction mehanism (Schmidt&Bender, 2016)

Puc. 7 — Onmuyeckut npuyen: 1) cucmema nodceemku cemku, 2) MexaHU3M ydyema
rionpaeku Ha naparsnnakc, 3) Konbyo peaynuposku duonmpud, 4) Konbyo peaynuposku
KpamHocmu, 5) mexaHU3M eepmukarbHOU Koppekmypbl U 6) MexaHu3M 8bi8epKU
npuyena no HanpaesneHuto (Schmidt&Bender, 2016)

Cnuka 7 — Onmuyku HuwaH: 1. cucmem 3a ocgemiberbe KOH4YaHuye, 2. MexaHu3am
rnapanakca, 3. npcmeH 3a OUONMPUJCKO usowmpasare, 4. npcmeH 3a nodewasarbe
yeehara, 5. MexaHu3am enesayuje, 6. mexaHu3dam npasya (Schmidt&Bender, 2016)

The basic optical, mechanical and electrical characteristics are
shown in the table.

Table 6 — Technical-technological characteristics of the Schmidt & Bender 3-12x50 PM Il
P optical sight (Schmidt&Bender, 2016), (Serbian Armed Forces, 2016)
Tabnuya 6 — TexHUKO-mMexXHOoo2u4YecKUe xapakmepucmuKu Ormu4ecKko20 npuuyena
Schmidt & Bender 3-12x50 PM Il P (Schmidt&Bender, 2016), (Serbian Armed Forces,
2016)

Tabena 6 — TexHUYKO-MEXHOJIOWKE Kapakmepucmuke ornmu4ykoe HuwaHa Schmidt &
Bender 3-12x50 PM Il P (Schmidt&Bender, 2016), (Serbian Armed Forces, 2016)

Schmidt&Bender 3-12x50 PM Il P

Mechanical characteristics

Casing material It is made of one piece of aluminum alloy

Anodised casing in matte finish, scratch-

Surface protection
proof

The eyepiece lens is protected by a rubber

Lens protectors
cover from scratches

Rectification adjustment One click value is 0.1 mil (1cm per 100m)
Mechanical compatibility according to MIL-

Mounting STD-1913 standard (picatinny or weaver
rails)
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Schmidt&Bender 3-12x50 PM Il P

Dimensions

Length 343 mm

Weight (mass) 0.866 kg

Climate conditions

Temperature range of operation - 40°C — + 65°C

Resistance to immersion Waterproof

Sealing 300mbar internal pressure

Optical data

System Magnification adjustment with the rotation

ring, the reticle center elevation is ¥4 MOA

Magnification

3-12x (variable magnification)

Field of view

11.1m-34mat100mand6.3°to25°

Lens diameter 50 mm
Exit pupil diameter 14.3 mm - 4.3 mm
Exit pupil distance 90 mm
Diopter adjustment od +2 do -3 dptr
Elevation adjustment - cm / 100m (turret +

. 200
recitle)
D|r.ect|on adjustment - cm / 100m (turret + +/-100
reticle)
Parallax adjustment 50m bis o
lllumination intensity 0-11
lllumination timer 6h

Reticle

llluminated Mil-Dot reticle, P3L type

Optical layers

Anti-reflective layers for visible light on all
optical surfaces

Electrical data

Battery type

Battery (CR 2032/3V)

Average battery life

100 hours

Table 7 — Technical-technological characteristics of the Schmidt & Bender 4-16x50 PM Il
LP optical sight (Schmidt&Bender, 2016), (Serbian Armed Forces, 2016)

Tabnuya 7 — TexHUKO-mMexHoIo2u4ecKUe xapakmepucmuKku Onmu4ecko2o npuyena

Schmidt & Bender 3-12x50 PM Il P (Schmidt&Bender, 2016), (Serbian Armed Forces,

2016)

Tabena 7 — TexHUYKO-MEXHOIOWKE Kapakmepucmuke onmuykoa HulaHa
Schmidt&Bender 3-12x50 PM Il P (Schmidt&Bender, 2016), (Serbian Armed Forces,

2016)

Schmidt&Bender 4-16x50 PM Il P

Mechanical characteristics

Casing material

| It is made of one piece of aluminum alloy
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Schmidt&Bender 4-16x50 PM Il P

Surface protection

Anodised casing in matte finish, scratch-
proof

Lens protectors

The eyepiece lens is protected by a rubber
cover from scratches

Rectification adjustment

One click value is 0.1 mil (1cm per 100m)

Mechanical compatibility according to MIL-

Mounting STD-1913 standard (picatinny or weaver
rails)

Dimensions

Length 393 mm

Weight (mass) 0.933 kg

Climate conditions

Temperature range of operation -40°C — + 65°C

Resistance to immersion Waterproof

Sealing 300mbar internal pressure
Optical data

Magnification adjustment with the rotation
System

ring, the reticle center elevation is ¥4 MOA

Magnification

4-16 x (variable magnification)

Field of view

75m-24mat100mand4.3°to14°

Lens diameter

50 mm

Exit pupil diameter

12.5 mmto 3.1 mm

Exit pupil distance 90 mm
Diopter adjustment od +2 to -3 dptr
Elevation adjustment - cm / 100m (turret +

. 200
recitle)
Direction adjustment - cm / 100m (turret +

- +/-75
recitle)
Parallax adjustment 50m bis
lllumination intensity 0-11
lllumination timer 6h

Reticle

llluminated Mil-Dot finish, P3L type

Optical layers

Anti-reflective layers for visible light on all
optical surfaces

Electrical data

Battery type

Battery (CR 2032/3V)

Average battery life

100 hours
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Leupold sight

The Leupold 4.5-14 x 50 Mark 4 ER / T M1 Side Focus Riflescope
(Leupold, 2018) is designed for long distance aiming. This optical sight
has a large 50 mm diameter lens that captures more light in very low light
conditions and provides clear and crisp view. The DiamondCoat 2
protective coatings on the external surfaces of optical elements protects
against scratches and other mechanical damage. The optical sight offers
adjustment for windage and ballistic drop of rounds within the range of
100 MOA and elevation adjustment with a correction of 1/4 MOA mil-
dots.

The reticle provides a total range of 60 MOA for the round. The
casing is made of 6061-T6 aluminum alloy which is durable and
waterproof. In order to eliminate the effects of thermal shock and reduce
blurring while in the environment with temperature changes, the casing is
filed with a mixture of krypton and argon gases. The basic optical,
mechanical and electrical characteristics are shown in the table.

Figure 8 — Leupold Mark4 4.5-14x50 Side Focus CDS optical sight
Puc. 8 — Onmuyeckuli npuuen Leupold Mark4 4.5-14x50 Side Focus CDS
Cnuka 8 — Onmuyku HuwaH Leupold Mark4 4.5-14x50 Side Focus CDS

Table 8 — Technical and technological characteristics of the Leupold Mark4 4.5-14x50
Side Focus optical sight (Leupold, 2018)
Tabnuya 8 — TexHUKO-mMexHoIo2uYecKUe XxapakmepucmuKku Onmu4ecko20 npuyena
Leupold Mark4 4.5-14x50 Side Focus (Leupold, 2018)
Tabena 8 — TexHUYKO-MEXHOJIOWKE Kapakmepucmuke ornmu4ykoe HuwaHa Leupold
Mark4 4.5-14x50 Side Focus (Leupold, 2018)

Leupold Mark4 4.5-14x50 Side Focus CDS

Mechanical characteristics

Casing material It is made of 6061-T6 aluminum alloy

Surface protection Anodization in matte black

The eyepiece lens is protected by a rubber

Lens protectors
cover from scratches

680




Leupold Mark4 4.5-14x50 Side Focus CDS

Rectification adjustment

One click is 1/4 MOA (1cm per 100m), for
elevation 110 MOA and for windage 15
MOA

Mechanical compatibility according to MIL-

Mounting STD-1913 standard (picatinny or weaver
rails)

Dimensions

Length 312 mm

Weight (mass) 0.482 kg

Climate conditions

Temperature range of operation -40°C — + 65°C

Resistance to immersion Waterproof

Optical data

Magnification 4.5-14x

Field of view 6.82mto2.53mat100mor3.9°to1.45°

Lens diameter 50 mm

Exit pupil diameter from 11.1 mm to 3.6 mm

Exit pupil distance 98 mm

Reticle Duplex

Optical layers

Anti-reflective layers for visible light on all
optical surfaces

Electrical data

Battery type

Battery (CR 2032/3V)

Swarovski sight

The Swarovski 1.7- 10x42 L sight (Swarovski Optik, 2018) shows its
good performance on the battlefield. It provides quick action to shooters.
This sight is modest in size and weight, made of aluminum alloy. Its large
field of view shows its quality. The basic optical, mechanical and
electrical characteristics are shown in the table.

Figure 9 — Swarovski 1.7- 10x42 L optical sight (Swarovski Optik, 2018)
Puc. 9 — Onmuyeckut npuyen Swarovski 1.7- 10x42 L (Swarovski Optik, 2018)
Cnuka 9 — Onmuyku HuwaH Swarovski 1.7- 10x42 L (Swarovski Optik, 2018)
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Table 9 — Technical-technological characteristics of the Swarovski 1.7- 10x42 L optical
sight (Swarovski Optik, 2018)
Tabnuuya 9 — TexHUKO-mexHOoI02u4ecKue xapakmepucmuKu ormu4ecKo20 npuyena
Swarovski 1.7- 10x42 L (Swarovski Optik, 2018)
Tabena 9 — TexHUYKO-MEXHOIOWKE KapakKmepucmuke onmu4ykoe HuwaHa Swarovski
1.7- 10x42 L (Swarovski Optik, 2018)

Swarovski 1.7- 10x42 L

Mechanical characteristics

Casing material

It is made of one piece of aluminum alloy

Surface protection

Anodised casing in matte finish, scratch-
proof

Lens protectors

The eyepiece lens is protected by rubber

Rectification adjustment

One click is 1/4 MOA (1cm per 100m)

Mechanical compatibility according to MIL-

Mounting STD-1913 standard (picatinny or weaver
rails)

Dimensions

Length 324 mm

Weight (mass) 0.490 kg

Climate conditions

Temperature range of operation - 20°C — + 50°C

Resistance to immersion Waterproof

Optical data

Magnification 1.7-10x

Field of view 14.3° do 2.4°

Lens diameter 42 mm

Exit pupil diameter 9.6 mm to 4.2 mm

Exit pupil distance 95 mm

Diopter adjustment

od +2 do -3 dptr

Reticle

Mil-Dot reticle, 4A-1 type

Optical layers

Anti-reflective layers for visible light on all
optical surfaces

Electrical data

Battery type

Battery (CR 2032/3V)

POSP 8 x 42 sight

The POSP 8 x 42 sight (Binoculars from Russia, 2018) is an
upgraded version of the POSP -1 optical sight. The main difference
between these two scopes is magnification increase, from 4 to 8 x. The
POSP 8 x 42 is particularly effective when shooting at small and well-
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camouflaged targets. It

enables distance measurement to the

destination, as well as the introduction of lateral corrections and
operation under reduced visibility conditions. The POSP 8 x 42 optical
sight is hermetically sealed and filled with nitrogen so that it does not get
blurred when used during frequent temperature changes.

Figure 10 — POSP 8 x 42 optical sight
(Binoculars from Russia, 2018)
Puc. 10 — Onmuyeckut npuuyes POSP 8 x 42
(Binoculars from Russia, 2018)
Cnuka 10 — Onmuyku HuwaH POSP 8x42
(Binoculars from Russia, 2018)

Table 10 — Technical-technological characteristics of the POSP 8 x 42 optical sight
(Binoculars from Russia, 2018)
Tabnuua 10 — TexHUKO-mMexHOoo2u4eckue xapakmepucmuKku orimu4yecKoeo npuyerna
POSP 8 x 42 (Binoculars from Russia, 2018)
Tabena 10 — TexHUYKO-MEXHOIOWKE Kapakmepucmuke onmuykoa HuwaHa POSP 8x42
(Binoculars from Russia, 2018)

POSP 8 x 42

Dimensions

Length 380 mm
Weight (mass) 0.700 kg
Climate conditions

Temperature range of operation - 50°C — + 50°C
Resistance to immersion Waterproof
Optical data

Magnification 8 x

Field of view 13°

Lens diameter 40 mm
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POSP 8 x 42
Exit pupil diameter 5mm
Exit pupil distance 75 mm

Anti-reflective layers for visible light on all

Optical layers optical surfaces

Comparative analysis of the long range sniper rifles
used in the Serbian Armed Forces

For the purpose of a qualitative and quantitative analysis of the
sniper rifles used in the Serbian Armed Forces, the table (Table 11) will
show the data of the rifles of similar tactical-technical characteristics. The
7.9 mm semi-automatic sniper rifle M76 will not be taken into
consideration, as it is considered outdated.

Table 11 — Technical-technological characteristics of the sniper rifles in use in the Serbian
Armed Forces
Tabnuuya 11 — TexHUKO-mexHoo2u4ecKUe xapakmepucmuKu cHalnepcKux 8UHMOBOK,
ucrionb3yembix BoopyxeHHbimu cunamu Pecrnybnuku Cepbus
Tabena 11 — TexHUYKO-MEXHOIOWKE Kapakmepucmuke CHajriepckux rywaka Koje ce
Hana3se y onpemu Bojcke Cpbuje

Maximum
Mass Length Barrel Caliber Rounq Range effective Sight
length velocity range of

action
Black 16 kg 1670 mm 1007 mm 12.7x108 888 1600 1800 m Optical
arrow mm m/s m M94
Barrett! 15 7 kg [1143mm  [736 mm  [12.7x09 mm (224 {1000 l4g00 m [More
95 m/s m types
Sako 1,758 |1150-1200 |660-690 900 More
TRG o 7.62x51 mm 400 m {1000m
22.49 kg mm mm m/s types

Comparative analysis of the optical sights used in the
Serbian Armed Forces

For the purpose of a qualitative and quantitative analysis of the
optical sights in use in the Serbian Armed Forces, the tabular data of
these optical sights with their tactical and technical characteristics will be
presented. The Zrak Sarajevo ON M-76B and ON 6 x 32 optical sights
will not be taken into consideration because they are outdated and
already replaced with more technologically advanced optical sights.
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Only technical and technological parameters relevant for quality use
and maintenance of optical sights will be taken into consideration. The
analysis of the optical sights is shown in two tables. In Table 12, the
optical and mechanical characteristics of the optical sights with fixed
maghnification are shown, while the optical and mechanical characteristics
of the optical sights with variable magnification are presented in Table

13.

Table 12 — Optical and mechanical characteristics of the optical sights with fixed

magnification

Tabnuua 12 — Onmuyeckue U MexaHu4ecKue xapakmepucmuku rpuyena c
puKcuposaHHoU KpamHoCmbio
Tabena 12 — Onmuyke U MeXaHUYKe Kapakmepucmuke OmuUYKUX HuwaHa ca ¢huUKCHUM

yseharem

Teleoptik éraarlz;jevo Teleoptk |POSP

ON 8 x 56 ON 8 x 42 ON 10 x42 |8 x 42
Magnification 8 x 8,2 x 10 x 8 x
Field of view 3° 2.8° 2° 13°
Lens diameter 56 mm 42 mm 42 mm 40 mm
Exit pupil diameter |7 mm 5.13 mm 4.2 mm 5mm
Exit pupil distance |- - 85 mm 75 mm
Diopter adjustment|+ 2.5 -0.7-0.5 2.5 -
Length 400 mm  |320 mm 340 mm 380 mm
Weight (mass) 0.850 kg [0.480 kg - 0.700 kg

Note:

- No data was found for the indicated optical sight.

Table 13 — Optical and mechanical characteristics of the optical sights with variable

magnification

Tabnuya 13 — Onmudeckue U MexaHu4YecKue xapakmepucmuku rnpuuesa ¢ nepemMeHHol

KpamHocmbro

Tabena 13 — Onmuuke u MexaHU4Ke Kapakmepucmuke ONMmMuUYKUX HUlWaHa ca
rpomeHrbusuM yeeharem

Swarovski Iiesliqzlfsgﬂasri‘éi Schmidt&Bender |Schmidt&Bender
1.7-10x42 L | 4-16x50 PM Il P |3-12x50 PM Il P
Focus CDS
Magpnification 1.7-10 x 4.5-14 x 4-16 x 3-12 x
Field of view 14.3-2.4° 3.9-1.45° 4.3-1.4° 6.3-2.5°
Lens diameter 42 mm 50 mm 50 mm 50 mm
Exit pupil diameter |9.6-4.2 mm |11.1-3.6 mm 12.5-3.1 mm 14.3-4.3 mm
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Swarovski Iiesliqzlfsgﬂasri‘éi Schmidt&Bender |Schmidt&Bender
1.7-10x42 L | 4-16x50 PM Il P (3-12x50 PM Il P
Focus CDS
Exit pupil distance |95 mm 98 mm 90 mm 90 mm
Diopter adjustment|+2 - -3 - +2--3 +2--3
Length 324 mm 312 mm 393 mm 343 mm
Weight (mass) 0.490 kg 0.482 kg 0.933 kg 0.866 kg
Note:
- No data was found for the indicated optical sight.
Conclusion

The paper presents an overview of the tactical-technical-
technological characteristics of the sniper rifles in use in the Serbian
Armed Forces. The Black Arrow sniper rifle (produced in the Crvena
Zastava factory in Kragujevac) is described as well as sniper rifles of
foreign production, such as Barrett 95 (American manufacturer Barrett
Firearms Manufacturing Company) and Sako TRG 22-42 (Finnish
manufacturer Sako Limited). In addition to the sniper rifles, the paper
provides a detailed overview of the optical and mechanical
characteristics of the optical sights mounted on the mentioned sniper
rifles. A comparative analysis was made based on the manufacturers’
data available to the general public.

Based on the comparative analysis, it was concluded that the Black
Arrow sniper rifle does not lag behind the tactical-technical
characteristics of foreign rifles shown in this paper; therefore, it can be
modernized and its weight possibly reduced.

Regarding the comparative analysis of the optical sights, it can be
concluded that the Serbian Armed Forces should initiate the procedure of
designing a modern optical sight with variable magnification thus
increasing a potential use of the Serbian Armed Forces in multinational
operations.
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COBPEMEHHBIE CHAMMEPCKME BWMHTOBKW, WCMONb3YEMbIE
BOOPYXEHHbIMW CUINTAMW PECTTYBJIMKN CEPBUA

[Japko [. Aukosuy?®, Japko M. Bacmnbesmq6,

Tobuwa [. Tomuy®, Cpdxar . DysHsk®

@ YuusepcuteT 060opoHbl B . Benrpaa, BoeHHas akagemus, [lekaHar,
r. benrpag, Pecnybnuka Cepbus
Bbenrpagckui yHusepcuteT, MHCTUTYT U3UKN,
r. Benrpag, Pecnybnuka Cepbus

® BOeHHO-TEXHUYECKUI UHCTUTYT, 1. Benrpaa, Pecny6nuka Cepbus

PYBPWUKA TPHTW: 78.00.00 BOEHHOE [OEJO;

78.25.00 BoopyxeHune 1 BoeHHas TeXHMKa
BWO CTATbW: npodeccrnoHanbHasa ctaTbs
A3bIK CTATBW: aHrnunckun

Pe3swome:

B daHHOU cmambe ornucaHbl CHalnepckue 8UHMOBKU U OnMmu4Yeckue
npuuesnsi, ucrionb3yemble BoopyxeHHbiMu cunamu  Pecnybnuku
Cepbusi. B cmambe makxe npusedeH cpagHUmMesbHbIl aHanu3
ONMMUYECKUX U MexaHUYeCKUX XapakmepucmuK pasfiuyHbIX npuyesos,
C Uernbl B03MOXHO20 [POEKMUPOBaHUsI ONMUYEeCKoeo rpuuyena,
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coomeemcmeyrule2o MexHUKO-MexXHOI02u4eckuM cmaHOapmam u
Hyx0am BoopyxeHrHbix cun Pecriybnuku Cepbusi.

Knrouesbie crioga: cmpesikogsoe 800pYKeHUE, CHaliNnepcKas BUHMOBKa,
Kanubp, onmuyeckul rnpuuyes, ONMUKa, KpamHOCMb, CemkKa,
ueHmpuposaHue, 3aWUumHoe MoKpbIMue, ycmaHo8Ka Ha opyxue

CABPEMEHE CHAJMNEPCKE MYLWKE Y ONPEMU BOJCKE CPEUNJE

[Hapko [. Jarkosuh®, Japko M. Bacurbesuh®,

Jby6uwa [O.Tomuh®, Cphax J. Oysrak®

@ YuusepauteT onbpare y Beorpaay, BojHa akagemuja, [ekaHar,
Beorpag, Penybnuka Cpbuja
YHusepauteT y beorpagy, IHCTUTYT 3a dusnky,
Beorpag, Penybnuka Cpbuja

® BojHOTEXHUYKM UHCTUTYT, Beorpan, Peny6nuka Cp6uja

OBNACT: HaopyxaHe
BPCTA YJTIAHKA: cTpy4Hu pag
JE3NK YJTAHKA: eHrnecku

Caxemak:

Y pady cy npedcmaerbeHe cHajriepcke MywkKe U OnmuYKu HULWAHU Koju
ce Hana3se y ornipemu Bojcke Cpbuje. Padu eseHmyarHoe rpojekmoearba
ONmMuUYKO2 HuwaHa, Koju 6u 3ado8osbUO CaspeMeHe MEXHUYKO-
mexHorowke cmaHdapde u rnnompebe Bojcke Cpbuje, aHanu3upaHe cy
ONMUYKe U MeXaHUYKe Kapakmepucmuke ofmuYKUX HUWaHa.

KrbyuHe pedu: cmperbadyko Haopyxxar-e, CHajriepcka rnyuwka, kanubap,
ONMUYKU HUwaH, ornmuka, yeeharme, KOHYaHuUya, rnodewasare
pekmucbukayuje, NnospuIUHCKa 3awmuma, MOHmMaxa Ha opyxje.
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CABPEMEHO HAOPY>XXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>KEHVE 1 BOEHHOE OBEOPY[IOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

HesaycTtaBromBa xunepcoHn4Ha paketa Tsirkon'

Mopaum o pasBojy xunepcoHnyHe pakete 3M22 Tsirkon npsu nNyT cy
ce nojaBunun y jaBHoctn 2011, a nepmog Tectupara 3anoyet je 2015.
roavHe. Paketa nma edektunsaH pagujyc o 1000 km 1 komnatmbunHa je
ca 6pogosuma, nogMopHULAma, Kao U ca ogpefeHumM BpcTaMa aBUOHA
dombappaepa.

Tsirkon (Zirkon)

Paketa he 6utn naHcnpaHa u3 cneuumjanHux koHTejHepa. O4ekyje ce
Aa he 6UTM cmellTeHa Ha HykneapHe KpcTapuue pycke MopHapuue, anu
n Ha (pperaTe n KopseTe. [peTnocTaerba ce, Takohe, ga he YNHUTU HOBY
KOMMOHEHTY HaopyXaka U Ha PyCKMM HanagHum nogmMmopHuuama. Mawun
XUMEPCOHUYHM NpPOjeKTUNM  he NpPOMEHUTU MOPHAPUYKY  TaKTUKY.
Kpctapuue, dperate, KopBeTe M nogmMopHuue Ouhe y npunuum ga
Hanagajy HenpujaTerbcke 6pogoBe u3 3acega M mohu he 3abpaHuTu
npucTyn pyckoj obanun HanagHUm rpynama.

' The National Interest 23 December 2018
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Ouekyje ce ga he OBe OO Tpu pycke KpcTapuue Ha HyKneapHu
NoroH, Hekagalme cosjeTcke knace Kirov Petr Veliky, Admiral Nakhimov
n moxaa n Admiral Lazarev, [obutn nNo geceT KOHTejHepa — naHcepa
Tmna 3S-14 wnnn ZS-14 o[ KojuX CBakum MOXe NpUMUTU OO Ocam
XUNEPCOHUYHUX pakeTa Tuna Tsirkon, WTO 3Ha4YM OO OcaMAeceT pakeTa
no KpcTapuuu.

YKonuko ce 6yae KOpUCTMO YHMBEP3aAsHU NaHcep — KOHTejHep Tuna
Universal Vertical Launching System (UKSK), 3Hauu pa he pakete
Tsirkon 6uTK nHCcTanupaHe n Ha dperate knace Project 22350, kao n Ha
kopBeTe knace Project 20380. [lopen Tora, pakete he 0OuUTK
WHCTanMpaHe M Ha HanagHOj HyKneapHoj nogMopHWuM Tuna Yasen, a
noMmnbe cCe M onpemMare HoBe Krace nogmopHuua Lider 3a kojy ce
oyekyje ga he ce nojaBuTh y HaopyXaky cpeamMHOM OBe AeLleHuje.

XvnepcoHuyHa paketa Tsirkon umahe 6p3vHy og 8 maxa u gomet
ao 1000 km, a 6uhe ocnocobrbeHa ga raha MOMOPCKE WIIM KOMHEHEe
meTe.

[o capa cy nsepleHa Tectnpara ca obanckux nnatgpopmu, ok he
TecTupawa ca NOMOpPCKMX nnatdgopmu, ca GpogoBa M nogMopHUUa,
no4yeTtu Tokom 2019. roguHe.

MpoTmeBbpoacke pakeTe GuMhe naHcuMpaHe NojeguHaYHO UMK FPynHo
Yy KOOPAUHWPAHOM Hanagy.

MHTepecaHTHO je ga pakeTa NneTu y OMoTady oA nnasme Koju je
yrnpaBsSbMB MO BUCMHM U MO npasBuy (y BOjHUM WM3BOpUMA Ce MOMUHE
ynpaBrbakbe KPUMHUM MOBpPLUMHAMa Koje Mekajy obnuke nnasmeHor
oMoTaya pakete). [1lnasmeHn omoTay pakeTe Mma u 0cobuHy ga ynuja
pagapcke Tanace, na je pakeTa y CyLWTWHM ,HEBUO/bUBA”, a ¢ 063npom
Ha Benuky Op3vHYy M nyTawy neta TPeHyTHO He MOCToju HujeaaH
onbpambeHun cuctem Koju 6u Morao aa je NpecpeTHe N YHULLTH.

Pycka Bojcka je Ha nyTy oa aobuje oaH3MBHU pakeTHU CUCTEM KOju
je Hemoryhe npecpectu (noctojehum cpeacTteuma) n AOBOSBHO je Manunx
OVMEH3Mja Aa MOXe OUTU CMmelTeH Ha jepTuHe BpoaoBe BPNo Manux
rabapuTa, Kao HMNp. KOpBeTe, Koju 6u Gunu y cTtawy Oa YHULWITE MHOro
Behe 1 HeynopeamBo CKyNibe LnrbeBe Kao LWTO Cy Hocavu aB1OHa.

C o63upom Ha gomeT pakeTe M MOryhHOCT naHcupawa Ha KOMHeHe
uurbeBe ca no3HaTUM KoopavHaTama 3HaTHO OM nopacna BpeaHoCT
Manmx NOBpPLLMHCKMX BpoaoBa Koje cy jeddTUHUjU 1 BpXKKn 3a narpagmy.

Hpaeax M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,
ORCID iD: @http://orcid.org/0000-0003-1620-5601
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Tuxu MUHoBauay?

Pycke cneuunjanHe jeguHuue nobujajy HOBO TUXO, anu CMPTOHOCHO
opyxje. Pagu ce o HoBoM ,npurywieHoM” muHoGauavy tnna 2B25 82 mm
Koju je npojekToBasna komnaHuja Burevestnik Institute.

<

N =

2B25 82mm

NMpema BOjHMM un3BOpMMA, 3BYK WCNarbuBaka MUHE W3 OBOr
MuHobGauaya He npenasu 3BYK MCMarbera jypullHe ayToMaTcKe MyLike
LKanawhunkoB” onpemsrbeHe npurywasadyem PBS-1, ook ce Ha camom
MUHODaua4yy He MoXe BMAETU HU Gnecak HM guM. Texak Oko neTHaecT
KunorpaMma YHKUMOHMLIE Ha WUCTU HauYMH Kao W Apyrn MuHobGauauw.
BojHuk ybauyje MuHy y LeB u noBnayn nonyry obapava. HuwaHymja
Hanasu Lurib NPeko ONTMYKOr HULLAHa 1 NOAeLlaBa yrao LeBMw.

OHo wTO MMHOBauay 2B25 usgeaja og ApyrMx mumHobauada jecte
MyHuupnja. ObudHa MuHobGauayka MuHa kanmbpa 82 MM Mma MOroHCKO
€KCMNMO3MBHO NyH-eHe NMOCTaBILEHO OKO pena MuHe, a nocaga gojaje
Unu ogysnma nykwersa y 3aBMCHOCTU o, AarbuHe rahama.

MuHa oBor MwuHODGauada NOTMYHO 3adpXaea AeToHauujy
€KCMNMo3MBHOI MyweHa Yy CBOM Ayrom Teny. Harnu, ekcTtpemHu Tp3aj
U3nYKM rypa Knun NnpoTUB OCHOBE LIEBM M3 KOje ce NnaHcupa MuHa.

MuHoGauadka muHa 3VO35 cagpXu BMCOKOEKCMNO3UBHO MyH-EH-E
Ca HEeKONWKO AeceTMHa Manux YernuyHuX Kyrnuvua Koje cy ugeanHe 3a

2 The National Interest 08 September 2018
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0ejcTBO NpOoTUB newlaguvje, NakMx BO3uUna W cknaguwta MyHuumje u
ropvea Ha OTBOPEHOM.

Hepoctatak oBor muHobauada je 3HaTHO MawW pagujyc Aejctea.
Komnanuja Burevestnik TBpAW Aa je MakcMmanHu goMeT MuHobGauadva
2B25 mano marum of xurbagy MeTapa, WTO 3Hauyu ynona makun og omno
Kor mogepHor nakor mmHobauava og 60 mm.

OBakaB MuHOGaua4 je gobap y npuKpuMBeHUM HOhHUM gejcTBMMA
NpunMKoM AejcTeBa Tuna ,HanagHu n 6exun”. MnHobauad n MyHuumja cy
AOBOSBHO NakuM Aa UX BOJHULM MOry HOCWUTM Ha naTtponiama, kao U 3a
BpeMe BasayLUHOAEeCaHTHUX onepauuja.

TunnyHa kapgeHua BaTtpe je 15 MMHa y MUHYTW, anu nocaga Moxe
ncnanutm n go 30 MMHa CBaKMX LWe3neceT CEKYHOAM YKOIUKO je To
HeonxogHo. To je jako BaTpeHO OejCTBO Ha Henpujaterba Koju Huje y
CTamwy fa ogpeam odakrne onase MuHe.

Mako muHoGauau 2B25 mma 0306urbHe HepgoctaTtke y norneay
AomeTa, unak ce pagu o Bpflo UHTEPEeCaHTHOj MOryRHOCTM M3HEHaaHOT,
jakor Hanaga rae ce Hanagavym mory noyhu Ha CUTypHO U Npe Hero WTo
HernpujaTerb OTKpMje KO ra u ogakne Hanaga.

Hpaeax M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic64@gmail.com,
ORCID iD: ®http://orcid.org/0000-0003-1620-5601

,Henobeomen’ — nogmMopHMLA 3a CUHranypcky MopHapmuy3

MogmopHuua Invincible (Henobeawmen) yckopo he 3annosutu
TONAUM nauuduykmm Bodama Yy cnyxbu mopHapuue Peny6Gnuvke
Cunranyp. OHa he, kao u crnegehe TpuM NogMopHuLE, NpeacTaBbaTy
HOBW (hpakTop yTuLaja y Jy>KHOM KMHECKOM MOpY.

OcamHaector ebpyapa wu3BpweHO je nopuHyhe HajHOBUWje
nogmMmopHuue y bpogorpagunuwty Kiel, y Hemaukoj. Minak, oHa, crnnyHa
knacu Type 212, Hehe npaTnuTn pycke NOAMOPHULE Yy XMNagHUM Bodama
bantnykor mopa. Ymecto Tora, nnoBuhe no TOMAMM NauMUUKMM
BoAama oko mopey3a Manaka y cnyx6bu cuHranypcke MopHapuue.

CwuHranyp je ocTpBCKa rpag-gpxaBa Koja ce Hanasu y 6nuauHu
mopey3a Manaka npeko Kojer ce oABMWja OUPEKTaH TproBayku caobpaha;j
namehy mcroyHe Asnje n MHOMjCKOr OKeaHa, LITO npeAactaB/ba jedHy
YeTBPTUHY CBETCKE TProBuHE.

% The National Interest 2 March 2019
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Type 218SG

OBa 6Gorarta, anuM mana gpxaBa MHBecTMpana je y Bpro jaky u
N3pasnTo CKyny BOjHY MalwumHepujy . Tokom 2017. roanHe nmana je netu
BOjHM OyueT Ha cBeTy. lMopen ocTanor, KynfbeHW Cy rnaBHW 3anagHu
opyXHu cuctemu, ykrbydyjyhm 100 nosaua F-16 n F-15SG, TeHkose
Leopard 2 n, HegaBHO, YeTnpKU A0 ABaHaecT nosaua F-35.

CwuHranyp cBOjy ApXaBy cmaTpa HeyTpanHOM Yy OQHOCY Ha ApXase y
OKpyXewy, kao wWTto cy Manesnja, WHooHesnja n Kuna, anmn ce
CynpoTcTaBuna KWHECKMM acnupaunjama ka Behem pgeny JyxHor
KMHEeCKor mopa.

KnuHa He rmepa GnaroHaknoHO Ha OBY ApXXaBuly M Tpyaum ce aa je
n3onyje og CAL, na Huje crny4dajHO WTO je pasMuurbana o 3aodunaxemwy
CuHranypa npeko nsrpagmwe kaHana Kpa npeko TajnaHga.

MoamopHuua Invincible npunaga knacu 218SG n cee Behem 6pojy
nogMopHuLLA ca MOroHOM He3aBUCHUM O Basgyxa — air-independent
propulsion (AIP). OeakaB noroH ca ropmBHMM henuvjama omoryhaea
penaTmMBHO jedPTUHO] AN3en-eneKTPUYHOj NOAMOPHULM Aa KpCTapy UCMOofA
Boge u Ao 6 Hegerba 6p3mHama o 10 4yBopoBa ymMecTO u3nacka Ha
noBpLIMHY K ynoTpebe Amsen moTopa nomohy LUHOpKena cBakux nap
AaHa.

MoamopHuua Type 218 ynoTpebrbaBa ropusHe henuvje Ha BOOOHUK
YMECTO HELWTO HanpegHuje n mawe OydyHe KOoHdurypauumje cucrtema
Stirling Koja je MHCTanupaHa Ha CUHranypckMMm NogmMopHuLama knace
Archer xoje cy uspaheHe y LlBeackoj, a koje cy ywne y onepaTuBHy
ynotpeby Tokom 2011. un 2013. roguHe. CmaTtpa ce ga nogMopHuua
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Invincible wma n po 50 npoueHata Behy ayTOHOMMWjy Yy OOHOCY Ha
LwBeacke NogMOpPHULE, OOHOCHO YeTupu OO0 wecT Heperba. Ca gpyre
CTpaHe, oBa BpCTa ropuBHuX henuja je ckynrea, anu un onacHuja.

MoomopHWLEe ca NOroHOM He3aBWCHUM Of, Basdyxa Wnak He Mory
oapxaBatn 6p3vHe og 30 4YBOpOBa M He MOry OCTaTuM HeorpaHU4eHo
BpemMe ucnog Boge. lNogmopHuua knace Type 218 uma MakcumarnHy
noasoaHy 6pauHy oo 15 usoposa, ogHocHO 10 4BOpOBa Ha MOBPLUMHM.
CwmaTpa ce ga je weH pagujyc gejctea oko 13 000 km npu 6p3mHama ao
5 uyBopoBa. OBakBe MOAMOPHULE Cy uWMaKk 3HATHO jedpTMHMje of
HyKneapHux, 4O YeTBPTMHE LEeHe HyKneapHe MOAMOPHULE, a HUCY HU
npegguheHe 3a naTporne Ha CBETCKMM OKeaHuma.

MogmopHuua Type 218 onpemrbeHa je couUCTULMPaAHMM HOBUM
bopbeHMM cncTteMom Koju cy 3ajegHunykn passune Hemadka n CuHranyp.
OBaj cucteM kapaktepuile BUCOK HMBO ayTomaTu3auuje u omoryhasa
NOAMOPHMYKY nocagy o4 camMo 28 4naHoBa KOjU ce poTupajy TOKOM
CMeHa of no 8 catu, ymecTo yobuyajeHux cmeHa og 12 catu.

MoamopHuua Invincible nma y CBOM HaopyXakwy ocaM JTaHCUPHUX
LeBU 3a NaHcupawe Telwkux Ttopneda o 533 MM, YyMECTO TUMUYHUX
LeCT ueBun y agpyrum nogmopHuuama. lNopen topnena, oBa nogmopHuLa
MoXe OuTM onpemrbeHa MNOMOPCKMM MUHamMa WNn npoTUBOPOLACKUM
pakeTama, OOHOCHO pakeTamMa 3a [ejCTBO MO KOMHEHUM UUIbeBMMA.
lMopen oBor ctaHOapAHOr HaopyXaka, 3a CBOjy oabpaHy Moxe 6utu
HaopyxaHa HeMa4ykum BoheHum npojektunom IDAS, ca Bohewem nytem
ONTMYKOr BMNAaKHa 3a Hamag Ha KoMHeHe uwurbeBe M crnopuje netehe
LUUIbeBE Kao LUTO Cy XeNMKONTepw.

Mpojektnnu IDAS nmajy macy go 120 kr, OyXuHy 4o 2,5 M 1 WnpuHYy
po 180 mm, Hanase ce ce y NAHCUPHOM KOHTEjHepy Y KojeM ce Harnasu o
4yeTMpu MpojekTuna cnpemMHux 3a ynotpeby. Pakete mmajy cuctem 3a
BoOfhewe ca UH(paupBeHM Tparayuma 3a npouecyupame Crimke BUCOKe
npeunsHocTn. PakeTa ce HaBoOAM Ha UUIb NyTeM AaTa-NIMHKa KojuM ce
BpWM pas3MeHa nogataka pubep-onTUYKMM Kabrnom Koju KOHTponwuile
bopbeHn cuctem nogmopHuue. OnepaTop MOXe KOHTponucaTu
NPOjeKkTU1 TOKOM Lenor feTa, WTOo 3Ha4yM a ra MOXe HaBoAMTU Ha Unib
unn npeknHytTm mucujy. bojeBa rnmaea wuma 20 kr ekcnnosvBa U
omoryhasa oabpaHy o4 Ba3gyLIHWUX, MOMOPCKMX UMK KOMHEHUX LMIbEBA.

MogmopHMua uma kopMuno y obnuky crnoea X, WTO joj omoryhaea
Behy mMaHeBapabMMHOCT LITO je umnepatvB Yy MNANTKOM WU CTEHOBUTOM
MOpey3y KOju je LUMPOK caMo 2 KM Y CBOM Hajyxxem Aeny. Mopeys je nyH
Manux yeana u octpsa rge je moryhe cnycTutv NOAMOPHMLY Ha OHO U
YyekaTu y 3acegm.
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MoamopHuua Invincible Moxe wu3BOAUTUM W Oyxe naTtpone y
MHanjckom okeaHy wunu y 6nmsamHm TajeaHa ca kojuMm je CuHranyp
notnucao ogbpambeHn cases.

HanpegHn  censopu  omoryhuhe  CwuHranypy — gobaBrbarbe
obaBewTajHnx nogaTtaka, HapouuTo Yy BMAY nNpecpeTawa curHana,
ynotpebe obGaBewTajaya, npahewa kKpeTawa KUHECKUX Ausen-
eNeKTPUYHNX MNOAMOPHMLA Y OKOMWHWM Mopey3a U cTBapawa ©Oase
LHenpujaTersckmx wymosa”. O4ekyje ce ga he CuHranyp genutu oBakee
nHdopmaumje ca CALl u ca cBojuM permoHanHuM napTHepumMa kao u o
capa.

3acapa, nogmopHuua Invincible TeK noynke ca MNOMOPCKUM
TECToBMMa ca NocaZioM Koja ce oby4vaBa y Hemaukoj, a ovekyje ce ga he
yhn y onepatusHy ynotpeby 2021. roguHe. OcTane nogMopHuLE OBe
knace — Impeccable, lllustrious v Indomitable ©uhe nopwuHyTe TOKOM
2022, 2024. n kacHuje n 3ameHuhe WBeacke nogmMmopHuue knace Archer.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601

Pycvija Haopy»xaBa CBOje TEHKOBE KOHTPOBEP3HM HOBUM ,METKOM”™

3pHa of ocuMpoMalleHor ypaHujyma wuspaheHa cy oA uM3pasuTo
TELUKOr M rycTor Metana v umajy Benuky npobojHoct. Mehytum, mMHorm
BEpPYyjy Aa 3padve pagujaumnjoMm Kao marne HeyTpoHcke 6ombe. CjeammeHe
Amepnyke [pxaBe ynoTpebune cy oBy BpcCTy MyHuumje y Wpaky,
AsraHuctaHy u Cupuju.

BbunteH pyckor MuHucTapctBa opbpaHe HaBeo je ga he pycku
TeHkoBu T-80BV, «koju ce poBoge Ha HuBo T-80BVM, yckopo 6uTu
HaopyXaHu oBOM MohHOM MyHuUMjoM. HaBepeHo je, Takohe, ga he
MOMEHYTU  TEHKOBM  YCKOPO  OMTM  oOnNpemMsbeHn  HanpegHuM
cTabunmsaTopoMm 3a TOM U MexXaHU3MOM 3a MykeHe 3pHa Nnog 03HaAKOM
3BMS9 Svinets-1 n 3BM60 Svinets-2.

Svinets-1 wma jesrpo op Bondpama, OOK je je3rpo npojektuna
Svinets-2 n3paheHo og ocupomalueHor ypaHujyma. foguHe 2016. npsu
nyT cy ce nojasune uHdopmauuje ga Pycuja Beh HeKonuko roavHa
yHasag npov3Boau OBa crieuunjanHa 3pHa 3a TEHKOBCKY MYHULM]Y.

* The National Interest 24 December 2018
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T-80BVM

TeHKkoBcKe rpaHaTte ,ynotpebrbaBajy anyMUHWjyMCKM HOCay ca Tpu
Tayke KOHTaKTa — LUTO je jeAUHCTBEHO, jep BehnHa Hocada neHeTpaTtopa
3pHa Tuna APFSDS uma camo gBe Tadke KOoHTakTa”. Huje jacHoO Ha koju
HauYMH OBaKBO pelleHe MOXe YyTULATWM Ha Ta4yHOCT U Ha xabare ueBu
Tona.

Svinets-1 wma jesrpo og Bondpama, OOK je je3rpo npojektuna
Svinets-2 n3paheHo of ocupomatueHor ypaHujyma. foguHe 2016. npsu
nyT cy ce nojasune uHdopmaumje ga Pycuja Beh Hekonvko roguHa
yHasag npov3Boau oBa crieuunjanHa 3pHa 3a TEHKOBCKY MYHULM]Y.

TeHKoBCKe rpaHaTte ,ynotpebrbaajy anyMUHWjyMCKM HOCay ca Tpu
Tayke KOHTaKTa — WTO je jeQUHCTBEHO, jep BehnHa Hocaya neHeTpatopa
3pHa tvna APFSDS uma camo gBe Tayke KoHTakTta”. Huje jacHo Ha Koju
HauYMH OBaKBO pelleHe MOXe YyTULATM Ha Ta4yHOCT U Ha xabare ueBu
Tona.

Svinets-2 Huwje NpBO PYCKO 3pHO KOje KOPUCTU MNeHeTpaTop Of
ocupomalleHor ypaHujyma. 'paHata o3Hake 3BM-32 Vant kanubpa 125
MM Takohe vMma neHeTpaTop of MOMEHyTOr martepuvjana, anu je HoBO
3pPHO MHOrO AyXe.
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Y opgHocy Ha rpaHaty 3BM-32, Vant APFSDS koja nma neHetpartop
ayxuHe 380 mMm, oBa HOBa TUNa rpaHaTa umajy neHetpaTope ayxe 3a 79
no 84 npoueHata, WwWTO OM MOrNoO AOOBECTM OO0 3HATHOr nosehawa
npobojHe Mohu, anu n NPeun3HoCTH.

Pa3Boj HOBMX rpaHaTa ca nMNeHeTpaTopoM O OcuMpomalleHor
ypaHujyma noyeo je 360r Tora LUTO TEHKOBU pyCcKe MPOU3BOAHE HUCY
MO NPOGUTU OKIOM aMepUYKMX M MU3paenckux TeHkoBa Tuna M-1
Abrams n Merkava, WTo je upayka Bojcka 6G0OMHO Mckycuna. TeHKoBCKa
rpaHata 3BM-42 Mango ocnawa ce Ha 3acTapenu gusajH neHeTpaTopa
KOju ce cacToju oA [Ba penaTMBHO KpaTka neHeTpatopa y Yenu4yHoM
Teny, a No3HaTo je Aa Yenuk Tewko npobuja oknon oA nerype TeLKuX
mMeTana.

Hes3aBucHM M3BOpM Ha WHTEPHETY HaBode Oa 3pHO Svinets-1 ca
neHeTpaTopoM of Bondgpama moxe npobutn 700-740 mm yenuka Ha
pasgarbuHu OO 2 KM, OOK 3pHO Svinets-2 ca ocpoMalleHNM YpaHUjyMoMm
npobunja 800 go 830 Mm yenuka Ha UCTOj pasgarbMHuK. TakBa nNpobojHOCT,
ykonuko ©Oyae octBapeHa, morna 6wm 6utm Beha o npobojHocTu
amepuyke rpaHate Tuna M829A1 koja npobuja 650 go 700 MM Yenuka Ha
pasgarbvHN OO 2 KM.

AMepuYKM  BOjHM CTpydhwaum cmaTpajy fga je MyHuumja of
OCUpOMaLLeHor ypaHujyma yrnaBHoM 6e3begHa, ocum y cryyajeBuma
Kaga uurb Koju je norofleH TakBOM MYHULMjOM €Kcnoaumpa u nsropw, jep
Taga gonasu Ao hopMupara CUTHUX YecTuua paavoakTUBHE npallnHe
Koje cy Bpro onacHe no reyacku opraHmsam. Ha Kocosy je ogpeheH 6poj
nTanujaHCcKNx BOjHNKa CTpadao o4 KaHueporeHnx 60necT HaKkoH LWTO cy
6unn 6nmnsy uurbesa NOrofeHnx NOMEHYTOM MYHMLMjOM, OOHOCHO Kaja
Cy Ce cnukanu nopepa peTkux onynuHa 6opbeHnx Bo3una jyrocroBeHcke
BOjcKe. TpeHYyTHO Cy y TOKY Cy[CKe napHuule Kojuma ce JOBOAU Yy Besy
AejCTBO OCUpOMALLEHOT ypaHujyMa ca KaHueporeHmm bonectuma.

Hpaeax M. Byukosuh (Dragan M. Vuckovié),

e-mail: draganvuckovic64@gmail.com,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601

TajBaHcka xunepcoHuyHa paketa Sky Sword II°

TajBaHCKO paTHO BasgyxonfoBCTBO Yy CBOM cacTaBy MMma Hajsehu
opoj noeaua F-5E Tiger Il Ha cBeTy. Pagu ce o Tpehoj reHepaumjn nakumx
fioBaula u4unju je amMsajH NpeTxoauo amepudkom nosuydombapaepy F-16
Fighting Falcon. OBaj naku nosay ce nop nNUUEHUOM Yy Bernmkom 6pojy

5 Military Watch Magazinet 07 April 2018
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npoussoamo y TajsaHy. C o63upom Ha 6pojky oa npomssegeHux 308
noesaua u weroBy ynotpeby y 6opbeHuM mucujama Hag JemeHowm,
TajBaHCKMN MHXEH-epWn UManu cy nakwimv 3agaTtak y Be3u ca yHanpeherwem
oBe nnarcopme y gomahum ycrioBuma. To je BaxHO, jep je ynasak
amepuykor nosuabombapgepa F-16 y macoBHy Npou3Boaky AOBEO A0
CMakEeHOI UHTepecoBakwa 3a MogepHusauujy nosua F-5E. TajsaH je
passBuo 4eTBpTY reHepauujy nosaua tuna F-CK Ching Kuo TOKOM
ocamaeceTux roamHa Ha OCHOBY npojekta F-5 wTo je goseno 0o pasBoja
Benukor 6poja HOBMX BUCOKOTEXHOSOLLIKMX peLlera Kao LITO je pagapcku
cucTeM Koju je komnaTnbunax ca nosuem Tiger Il

TajeaHcku nosuyu F-5E

Ynpkoc cBojum roguvHama, F-5E ce pokasao kao Bpno crnocobHa
nnatopmMa HakoH ModepHu3auuje, na ra 3eMmroe kao wTo cy CuHranyp,
TajsaH, JyxHa Kopeja u LBajuapcka v parbe noceqyjy y CBOjUM
onepaTtMBHUM rioTama. ABWOH je Bpno ueweH 3060r cBoje BMCOKe
noys3gaHocTW, Manux ornepaTMBHUX TpOLIKOBAa M onuvjama 3a
yHanpehewe. JloBun F-5E y TajBaHCKOM paTHOM Ba3gyXoOrroBCTBY
yHanpeheHu cy Ha 3HaTHO BULIW CTaHAapA y OA4HOCY Ha aBuoHe Tpehe
reHepaumnje. OnpemrbeHM Ccy 4YeTBPTOM TreHepaumjom pagapa Wu
cucTeMMMa 3a efeKTPOHCKO paToBawse, kKao v gata-nimHkom MIL-STD-
1553B. Minak, HajuHTepecaHTHUje je fa Cy Haopy>XaHW 1 BPro MoAepHOM
pakeTom Basgyx-Basgyx Sky Sword Il koja je ywna y onepaTuBHy
ynotpeby Tokom 2018. roguHe.
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BapujaHTa pakete Sky Sword Il — TC-2C nma moryhHOCT Hanaga Ha
uurbeBe Koju ce Harase Ha BenukuMm gdarbvHama n go 100 kM 1 TO
XUMNEPCOHUYHOM OpP3MHOM, LTO YMHOrOMe Hagunasum moryhHocTu
cnnyHnx nnatdgopmu koje npounssone CA[L, Pycuja n Kuna, kao wTo cy
pakeTe Ba3gyx-Basgyx tuna AIM-120C n PL-12. OBa pakeTa npunaga
Bp/io Manom 6pojy pakeTa y onepaTtuBHOj ynoTpedbu n cBojom 6p3viHOM
oA 6 maxa 3HaTHO je 6pxa o amepuyke pakete AIM-120, pycke R-77PD
n knHecke PL-12, koje ce kpehy 6Gp3vHama oko 4 maxa. Pakety je
NPOjeKTOBA0 HaLMOHAIHWN TajBaHCKWU MHCTUTYT 3@ HayKy WU TeXHOMorujy
Chung-Shan. OBa pakeTa M nNo AOMETY HagMmallyje CBOr aMepuykor
puana AIM-120C, a no ToM KpuTepujymy jeQuHO joj napupa KUHecka
pakeTta PL-15 ca gometom go 150 km.

Pagapcku BoheHa TajBaHCKa pakeTa je TEXHUYKM XMNEepPCOHWYHa C
063upom Ha 6p3uHy oA npeko 5 maxa n no 6p3vHK joj jeamHO nNapupa
pycka paketa R-37 ,Ybuua ABakca’. Pycka pakeTa je HameweHa
HanaguMma Ha Behe 1 Make MNoKpeTSbMBe LMIbeBe, Kao WTo cy netehu
pagapwu, WTO AOBOAM 00 3aKrbyyka Aa je TajsaHcka paketa Sky Sword Il
1 Hajbpka pakeTa CBOje BPCTe Ha CBeTY.

Jlosay yemepme 2eHepauuje Ching Kuo

CucteM enekTpoHckux npotnemepa pakete Sky Sword Il cmatpa ce
HajborbMM y cBOjoj knacu. Kopuctn mHepumjanHo-HaBUraumoHn CUCTEM
ca gaTta-fiIMHKOM 3a BONewe Yy cpearoj dhasn, Kao U akTUBHO pagapcKo
HaBohewe y duHanHoj a3n 3axeata pakeTe. Paketa je HaBoAHO
3HaTHO jepTuHMWja o aMmepuykux BapujaHTu pakete AIM-120 n uma jegHy
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Of rnaBHuUX ynora y oabpaHu TajsaHa o noTeHUMjanHor Hanaga 3HaTHO
MORhHujer cycepa.

Pakete Sky Sword Il ynotpebrbaBajy nosum Tpehe u yeTtBpTte
reHepauuje, kao wTo cy F-5E u Ching Kuo, a TpeHyTHO ce pasmaTpa
MOryhHOCT HaopyxaBawa W dpaHuyckux nosaua Mirage 2000 vy
TajBaHCKOM paTHOM Ba3gyxonfioBCcTBy C 0063Mpom Ha noctojehe
npobneme ppaHuyckmx pakeTta kao wTto cy MICA.

JloBun Tpehe reHepaumje ycnewHo napupajy MHOrO CKynibuUM U
bopbeHo edmkacHMjum nosuMmMa, Kao 1 netehum pagapvma.

Hpaeax M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

3[ wramna 3a BojHe noTpe6e®

AmMepunyka Bojcka npunarofjaBa nerype BOjHOr KBanuTeTa Yy CBpxe
3[ wTamne ynTpajakux pesepBHUX gernosa.

HoBu matepwujanu cy gemoHcTpupanu n go 50% Behy cHary of
AOCTYMHMX KOMepuujanHux maTtepujana. Mctpaxueaum u3 naboparopuje
US. Army Combat Capabilites Development Command’s Army
Research Laboratory ycnenu cy pa npunaroge cneumjanusoBaHy
MeTanHy nerypy y dopmu npaxa 3a dysmjcko 3 wTamnamwe.
3axsarpyjyhm HOBOM MaTepujany, y cknagy ca cneuMpuyHUMm
Npov3BOAHNM NapameTpuma, moryhe je nponsBecTu OernoBe Koju Cy OKO
50% jaum o pacrnonoXxmBmx KomepLmjanHux genosa.

Y BOjHOM CMUCy OBakBa BpCTa MNPOU3BOAHE MOXE pafuKanHo
M3MEHUTM BOjHY TNOMUCTUKY TakKo LWTO HyauM HauvH 3a gobujarbe
pe3epBHUX AenoBa W npou3soda y xody. Wako je TexHomnormja Beh
AOCTynHa, ynoTpeba je jow orpaHuyeHa. HakoH oBOr TexHOMOLLKOr
nomaka, MoryhHOCT Npon3BOAHE YNTPajakMx MeTanHUX KOMMOHEHTU Of
Yenuka BOjHOr kBanuTeTa morna 6m y NOTNYHOCTU MPOMEHUTU HaYMH
paga BOjHE NOrMCTMKE. YMECTO KOHBOja NYHUX pe3epBHUX AENOBa MOXE
ce HanpaBuTW CBe LUTO je NOTpebHO YKONMKO ce nocenyje CUPOBUHCKU
mMaTepwjan.

MeTanHa nerypa AF96 npBobuTHO je pa3BujeHa 3a Teno 6ombu 3a
npobunjakee OyHKkepa. WcTpaxuBaum cy ycnenu pga je npeTBope Yy
npawkacty opmMmy Koja ce Moxe yrnotpedbuTtn y3 dy3mjcky TEXHOMOrujy
30 wramnaya. Tokom ucTpaxmBawa Beh Cy ofdlTamnaHe CrioXeHe

6 www.armyrecognition.com 05 March 2019
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KOMMOHEHTe y3 ynoTpeby meTanHor npaiuka, koje He Gu Morne 6uTK
npousseneHe y3 nomoh TpaguuMoHanHor npoweca wramnarba.

MemanHa neaypa AF96 kojy je amepuyka eojcka pa3suna 3a bombe HamereHe
npobujary 6yHKkepa

OBaj npawkacTm Martepujan MoXe TMOCNYXUTU 3a LWTamMnawe
pe3epBHUX OerioBa, Ha npumMep 3a KornHeHa 6opbeHa Bo3una, Koju cy u
0o 50% jaum op noctojehux pesepsHUX Agenosa. [akne, HOBM npaLukacTu
matepujan wTamnawkeM npaBu OGorbe pesepBHe [ernoBe  0f
OpUrMHaNHUX.

Pagn ucnutnBarwa usspweHo je 3[1 wramnake Manuvx umnenep-
BeHTunaTtopa 3a TypbuHy TeHka M1 Abrams koju cy yrpahenn y TypbuHy
n page 6e3 ukaksmx npobnema. Mnak, He NOCTOjM 3BaHMYHA rapaHuuja
Kao y criyyajy pesepBHOr Aena 3BaHWMYHOr Npou3Bonaya rae rapaduuja
HaBOAM KOMWKO Ayro Ce MOXe KOpUCTUTK pesepsBHu aeo. C apyre cTpaHe,
CUTYPHO je Aa Tako WTaMnaH Ae0 MOXe MOKpPeHyTn GopGeHo Bo3uno
HEKOSMKO caTu UMW HEKONMUKO AaHa, Makap A0 TpeHyTka kaga CTUrHy
Hapy4yeHun pesepBHU OernoBu. Anu, jow yBek Huje Mmoryhe aatm ofarosop
Ha nuTarke [a Nu je oBakas NPOU3BOA UCTU UK Borbu of opurnHana.

TpeHyTHO ce y nabopartopuju pagu Ha NPoM3BOAHN HOBUX Nerypa
N BUXOBUX TecTupara. Lnrs je aa ce npomssee wto 6orbn Matepujan
— nerypa Koja 6u nocnyxuna cBojoj CBPCY Ha TEPEHY.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601
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HoBM K1Heckun Hocay aBuoHa Type 0027

AHanuTu4apn cy Oyro wnekynucanu o TpeheMm KUHeckoM Hocavy
aBWOHa, jedHOj of 4YeTupu nomopcke nnatdgopme koja 6m Tpebano ga
Oyge y onepaTtmBHOj ynoTpedbu go cpeamHe 20-ux roguHa. OcTtane Tpu
nnatdopme cy Tpu Tellka Hocada xenukonTtepa knace Type 075, 3a koje
ce npetnoctaBrba pAda he HocuTM cneuujanu3oBaHe aBMOHeE ca
BepTuKanHum nonetaweM. Hocay knace Type 002 cneguhe Hocau knace
Type 001 Liaoning koju je ywao y onepaTtuBHy ynotpeby 2012. roguHe,
OOK je Hocady aBumoHa knace Type 001A jow yBek Ha TecTupawy. 3a
pas3nuky o CBOja ABa NPEeTXogHMKa Koju Cy HacTanm o4 COBjeTCKUX
Hocaya aBWoOHa knace Kuznetsov n uMmajy CKu-pamny 3a naHcupawe
aBWOHa, HOBWM Hocay mmahe pasBHy nanyby ca NaHCMPHUMM CUCTEMOM
TMna kaTanynta. HapogHa apmuja KuHe o6GjaBuna je ga je ycnewHo
pasBuna enekTpoMarHeTHUW MaHCUPHM CUCTEM KOoju ce Tectupa Beh
Hekonuko roguHa. OBaj cucteM TpeHyTHO kopucTe nosuu J-15 Flying
Shark koju cy nocebHO MmoaudmkoBaHu 3a oBy ynotpeoby.

AMeEpUYKM aHanUTU4apKn cy CKENTUYHK, jep cmaTpajy Aa KuHa Huje y
CTawby fda pasBumje Tako coductumumpaH cuctem. [aHawmwbu Hocayu
aBMOHa YrnaBHOM HeMajy KaTanynTe 3a naHcupake aBuMOHa, OCUM Tpu
amMepuyke Krnace Hocada aBuOHa of kojux he camo knaca Gerald Ford
nmaTu enekTpomarHeTHe Katanynte, AOK Apyre ABe Knace Kopucte
KnacuyHe jedTUHWje NapHe kaTanynTe.

EnekTpomarHeTHn KkaTanyntu 3ay3auMMmajy Make npoctopa Mu
omoryhaBajy naHcupame aBumoHa ca Behum ybojHMM TOBapoMm U BULle
ropvsa, LITO je Benuka npegHocT Yy OAHOCY Ha aBWOHe naHcupaHe ca
HOcaya aBMOHa ca CKU-PaMIroM.

CatenuTcku cHMMUM HOocada aBuoHa krnace Type 002 ykasyjy Ha To
Aa ce pagu O Knacu4yHOM HOcayy ca paBHOM nanyboM M CUCTEMOM
KaTanynTta, NpBOM Hocady TakBe BpcTe BaH 3anagHor 6rioka. bpopg ce
Hanasu y 6pogorpaannuwity Jiangnan y LLaHrajy, roe ce rpage n octanu
Hajsehun 6GpogoBM Kao WTO cy pasapadn knace Type 052D n 055.

HoBM KuHeckn Hocay aBmoHa mmahe M 3HaATHO Behy HOCMBOCT Yy
ofHocy Ha nocTtojehe kuHecke Hocade Tuna Type 001 Liaoning w Type
001A, HocuBocTu go 55 000 ToHa, na Yak u go 85 000 ToHa. 3anagHu
aHanuMTMyapu npouekwyjy Aa je HOBU KMHECKM HOCay aBWMOHa y CTBapu
3acHOBaH Ha npojekTy OuvBLUEr COBjeTCKOr Hocaya aBuOHa Knace
Ulyanovsk, npBOr npaBor COBjETCKOr HOCada aBMOHA ca WUHTErpucaHum
cuctemom katanynta u Hocusoctn nameny 80 000 n 85 000 ToHa.

! militarywatchmagazine.com 13 May 2019
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KuHecku Hocay asuoHa knace Type 001A

Mopen HajaBrbeHe uWHTErpaumje enekTpoMarHeTHUX Katanynra,
HOBM Hocay umahu n Behn 6poj ykpuaHux netenuua, jade ceHsope u
ycaBpLleHujy enekTpoHuky. Cnekynuwe ce pa he ce pas3BuTu M HOBa
Knaca nosaua Koja 6y 6una ykpuaHa ca noctojehum nosumma tuna J-15
Flying Shark. Y okBupy TakBMX pasmaTtpara NoMuke ce U BapujaHTa
noeua Shenyang J-31. HoBa Bep3uja oBor nosua 6buhe y ctangapay
reHepaunje 4++. lMopen moaudukauumja HEOMNXOAHUX 3a naHcupawe
nytem kaTanynTta, HoOBM nosBuu wumahe un pagap Tuna AESA u
TPOOVUMEH3NOHANHO BEKTOpMCaHe MOTope, MOANMMKOBAHO TENO aBMOHa
ca BehMM npoueHTOM YynoTpebrbeHMx KOMMO3UTHUX MaTepujana wu
KOoMNaTubUnHOCTN ca HOBUM pakeTama Tuna PL-15u YJ-12 y mucujama
Ba3gyx-Basgyx u Basgyx-mope. Ouekyje ce ga he 6uTn mogepHu3oBaHa
W aganTtupaHa Bep3uja nosua J-15D 3a nNpoTMBENEKTPOHCKA OejcTBa,
WTO 6U KMHECKMM yaapHMM rpynama omoryhnno enekTpoHCKy 3aluTuTy
Ha HMBOY aMepu4Kor aBMOHa 3a NPOTUBENEKTPOHCKa AejcTBa Tuna E/A-
18G Growler. Hocau 6u y cBOjoj Ba3gyLIHOj rpynu Tpebano ga nma u
aBWOH 3a paHO ynosopaBake n koHTpony KJ-600 koju 6u 6o aHanoraH
amepuykom aBuoHy Grumman E-2 Hawkeye.

Ouekyje ce ga he Hocay aBuoHa knace Type 002 6utn camo npewm

O[, MHOTMX CynepHOCaya aBMOHa KMHecke HapoaHe apmMuje koju he umatu
HocmBocT npeko 100 000 ToHa W HykneapHw noroH. Hocaye he y
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6opbeHnM rpynama npaTUTU HOBA reHepaumja KUHECKUX pas3apaya, kao
wro cy Type 052D wn Type 055 ko he ©OWUTM 3agyxeHu 3a
obesbefnuBarbe BuwecnojHe BasaywHe opbpaHe u Hopbe npoTmB
HenpujaTerbcknx 6poaoBa Ha BPro BENUKMM AarbMHama.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,
ORCID iD: ©http://orcid.org/0000-0003-1620-5601
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Mo3nB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUWA 1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB U YNYTCTBO AYTOPUMA O HAYMHY NPUNPEME YJTAHKA

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

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo unsgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte mMynTUOUCUMNMHAPHU  HaYYHU
yaconuc MuHuctapcTtBa on6paHe Peny6nvke Cpbuje, koju objaBrbyje Hay4yHe 1 CTpyyHe
ynaHKe, Kao W TEeXHUYKe WHOopMmauMje O CaBpPEMEHWM CUCTEMUMA Haopyxaka W
caBpeMeHMM BOjHMM TexHomnorvjama. Yaconuc npaTtv jeauHCTBEHY WHTEPBWUOOBCKY
TEXHWYKY NoApLUKY Bojcke Ha npuHUMNY NOrMCTUYKE CUCTEMCKE MoApLuKe, obnacTu
OCHOBHWX, MPUMEHEHUX U Pa3BOjHUX WUCTPaxuBaka, Kao M MPOU3BOAHKY W ynoTpeby
cpeAcTaBa Haopyxara W BOjHE onpemMe, Te ocTana Teopujcka U npakTuyHa gocturHyha
KOja OonpuHOCe ycaBpluaBaky CBMX MpunagHuka cpricke, pernoHanHe u mehyHapogHe
akagemcke 3ajegHuue, a nocebHo npunagHuka MuHnctapctea ogopaHe n Bojcke Cpbuje.

MuvHUcTapcTBO NpOCBETE, Hayke W TexHonowkor passoja Penybnuke Cpbuje,
carnacHo oanyum u3 unaHa 27. ctaB 1. Tauka 4), a No npubGaBrbLEHOM MULLIbEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 HayyHouCTpaxuBaykoj aenatHocTu (,Cryxb6eHu
rmacvuk PC”, 6p. 110/05, 50/06-ucnp. n 18/10), yTBpauno je karteropusauujy
BojHoTexHu4kor rnacHuka, 3a 2018. roguHy:

3a 06nacT TeXHOMOLLKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a Matepujane u xemmjcke TexHornoruje:

kaTeropuja Bogehu Hay4yHu Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NIMCTK Yaconuca 3a MalIMHCTBO:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NUCTU Yaconuca 3a efieKTPOHUKY, TerneKkoMyHuKkaumje n nHcopmaumoHe
TexHonoruje:

kaTeropuja Hay4Hu yaconuc (M53),

3a 0brnact OCHOBHa UCTPaxuBaHa:

— Ha NMCTU Yaconuca 3a MaTeMaTuKy, padyyHapcKke Hayke U MeXaHUKY:

KaTeropwuja Hay4Hu Yaconuc (M53).

YcBojeHe nucte gomahux yaconmca 3a 2018. rogMHy mory ce BMAETU Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwuHucTapcTBO

npoceeTe, Hayke M TexHonowkor paseoja Penybnuke Cpbuje jow yBek Huje 06jaBuno
3BaHWYHY KaTeropusauumjy Hay4yHux Yaconuca 3a 2019. roguny).

HeTtarsHuje nHopmauuje mory ce npoHahu u Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLlkor pa3soja Penybnuke Cpbuje.
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Mopaum o kateropusaumjym mory ce npatutu u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja yaconuca usspLueHa je npema MpaBUnHMKy O NOCTYMKY U HaYUMHy
BpedHOBaka W KBAHTUTATMBHOM UWCKa3vBaky HAy4YHOMCTpaXMBaukMx pesynrata
ncTpaxusaya, Koju je nponumcao HaumoHanHM caBeT 3a Hay4YHU M TEXHONOLWKU pPasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM npaBuSIHUKOM W Tabenom O BpPCTM W KBaHTUdMKauUuju
VMHAMBUAYaNHMX Hay4YHOMCTpaxuBaYkmux pesyntata (y cactasy [NpaBunHuka), objaBrbeHn
pag y BojHoTexHuMukom rnacHuky BpefHyje ce ca 2 6opa (kateropuja M51), 1,5 6og
(kaTeropuja M52) n 1 6og (kaTteropuja M53).

Yaconuc ce npatu y koHTekcTy Cpnckor uutatHor mHgekca — CLMHaekc (6asa
nogartaka gomahmx HayvyHuX yaconmca) u Pyckor nHagekca HaydHor uutmpawa (PUHL).
MoaBprHyT je cranHom BpedHOBawy (MOHUTOPWHIY) Y 3aBMCHOCTM Of YTWLAjHOCTM
(vmnakta) y camum 6asama u, nocpepHo, y mehyHapogHum (Clarivate Analytics)
uMTaTHUM  uHAaekcuma. [letarbM O  UMHAEKCUpawy MOry ce BMAETM Ha  cajTy
BojHoTexHW4YKOr rnacHvka, cTpaHuua MHoekcupare Jacornuca.

BojHoTexHuMukn rmacHuk omoryhaea wu  npumenyje Creative Commons
(CC BY) ogpenbe o aytopckum npasuma. [etarbM O ayTOpCKMM MpasBuma Mory ce
BUAETW Ha cajTy Yaconuca, cTpaHuua Aymopcka npasa u rnonumuka camoapxusuparba.

PagoBn ce npepajy nyTeM OHMNajH cucTeMa 3a eneKkTpoHCKO ypehuBawe
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamy u Hayum (LLEOH).

Mpuctyn n peructpaumja 3a cepBuC BpLUE Ce Ha cajTy www.vig.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wiwm  CUMHOEKC, o0QHOCHO  OWPEKTHO  Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[etarbHO ynyTCTBO O perncrpauujn 1M npujaBn 3a CEepBUC Hamnasu ce Ha cajty
www.vtg.mod.gov.rs, cTpanvua Ynymcmeo 3a e-Yp: EnekmpoHcko ypehusare —
ACUCTEHT.

MoTpebHO je Oa ce cBM ayTopu Koju MOOHOCE pyKonNMC 3a objaBrbuBare Y
BojHoTexHuukoM rnacHuky peructpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuMuM cajta Peaucmpauyuja 3a 0Oobujare ORCID
udeHmucgbukaluUoHe wugpe.

BojHOTeXHMYKM rnacHuK oGjaBrbyje YnaHKe Ha CPriCKOM, PYCKOM W €HINECKOM je3nKy
(arial, cpncka hupunuua unm cpncka naTmHuua, BenvuuHa cnosa 11 pt, npopea Single).

Moctynak npunpeme, nucara n ypehueaksa unaHka Tpeba ga 6yae y carmacHocTu ca
Usjasom o0 emuykom rnocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba ga cagpxu caxeTak ca KibyYHUM peunma, YBOA, paspajy, 3aKkibyyak,
nuTepaTypy 1 pes3umMea ca Kiby4HUM peyrma Ha EHINECKOM U PYCKOM je3nky (b6e3 Hymepauuje
Hacrnosa M nogHacnosa). Obum unaHka Tpeba ga Gyae oko jegHor aytopckor Tabaka (16
cTpaHuua copmata A4 ca npopeaom Single), a HajsuLe 24 cTpaHuLe.

Unanak Tpeba pa Oyde HamucaH Ha obpacuy 3a nucawe unaHka, Koju ce 'y
€eeKTPOHCKOj hopMmM MOXe Mpey3eTu ca cajTa Ha cTpaHvum Obpa3say 3a nucarbe YnaHka.

Hacnos

Hacnos Tpe6a ga ogpaxkaBa TeMy 4YnaHka. Y UHTepecy je yaconuca v aytopa aa ce
KOPWUCTE peyun NpuKnagHe 3a MHOeKcUpare U npeTpaxuBakbe. AKO TakBUX pevn Hema y
HacroBy, MOXerbHO je Aa ce npuaoaa v nogHacnos. Hacnos TpeGa fa 6yae npeseaeH u
Ha eHrneckn 1 pycKu jesuk.

OBwW HacnoBwm UCNKCYjy ce Ucnpea caxeTka Ha ogrosapajyhem jesnky.
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Tekyhu HacnoB

Tekyhn Hacnoe ce uMCnMCyje ca CTpaHe CBake CTpPaHWUe unaHka pagu nakwe
naeHTudukaumje, NocebHO Konumja YnaHaka y enekTpoHckom obnuky. Cagpxu npesvme u
MHUUMjan MMeHa ayTopa (ako ayTtopa Mma Bulle, NpeocTtanu ce o3Hadyaeajy ca ,et al.”
unu 1 ap.“), Hacnoee paga v Yaconuca u konauujy (rognHa, BONyMeH, CBECKa, NoveTHa
1 3aBplLUHa cTpaHuua). Hacnosu yaconuca v YnaHka mMory ce gatu y ckpaheHom obnuky.

Ume ayTopa

Hasogu ce nyHo nme u npesnme (cBux) aytopa. Beoma je noxersHO Aa ce HaBeay
1 cpedwa crnosa aytopa. MimeHa n npesvmeHa gomahux aytopa yBek ce UCMUCYjy Y
OopurMHanHom obnuky (ca CpnckMM AnjakpUTUYKMM 3HAKOBMMA), HE3aBUCHO Of je3nka Ha
KOjeM je HanucaH pag.

Has3uB ycTaHoBe aytopa (achmnujaumja)

HaBogu ce nyH (3BaHW4HM) HA3MB M CeauLUTe YCTaHOBE Yy KOjoj je ayTop 3anocreH, a
€BEHTYarnHo M Ha3uWB YCTaHOBE Yy KOjOj je ayTop 00aBMO WCTpaxuBame. Y CIOXEHUM
opraHu3auMjama HaBoaM ce YKyrHa xujepapxwuja (Hnp. YHuBepauTeT oabpaHe y beorpagy,
BojHa akapewmuvja, Kategpa npupogHo-matemaTuykux Hayka). bap jegHa opranmsauuvja y
xXvjepapxvju Mopa 6uUTM MpaBHO NMue. AKO ayTopa UMa BWLIE, a HEeKU MOTUYYy K3 UcTe
yCcTaHoBe, Mopa ce, NocebHMM O3HakaMa WNM Ha OpYrM HauuH, Ha3HauiTh U3 Koje of
HaBedeHMX yCTaHOBa MOTM4Ye CBakM oOf HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKLUMja 1 3Bare ayTopa Ce He HaBozde.

KoHTakT nogauu
Anpeca unu e-agpeca CBUX ayTopa aje ce nopea MMeHa u npes3mmeHa aytopa.

KaTteropuja (Tun) unaHka

KaTteropusauuja unaHaka obasesa je ypegHuTBa M Of MOCeGHE je BaXKHOCTM.
KaTteropujy unaHka mory npegnaratm peueH3eHTM W YfaHOBU YpedHWLTBA, OOHOCHO
ypeaHuum pybpuka, anu OArOBOPHOCT 3a KaTeropvsauujy CHOCU WCKIbYYMBO [faBHU
YPEeaHuK.

UnaHum y BojHOmexHU4YKOM eracHuKy Knacudukyjy cCe Ha HayydHe W CTpy4He
YnaHke.

HayuHn unaHak je:

— opurMHanaH HayyHu pag (pag y kojeM ce U3HOCE MpeTxoOHO HeobjaBrbeHu
pesyntaTi CONCTBEHWNX UCTPaXuBama Hay4HNUM METOAOM);

— npernegHu pag (pag Koju cagpXuv opwuruHanad, geTarbaH M KpUTUYKWM NpurKas
ucTpaxusaykor npobnemMa wnu nogpyyja y kojem je aytop ocTBapuo ogpeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

— KpaTKO MNN MPeTXO4HO caomniTerwe (OpUrMHanHW HayyHu pag nyHor dopmara,
anu mawer obuma 1nm NpenUMMUHapHOr KapakTepa);

— 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 uMaTtn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOT u3gawa HayyHe rpahe (MCcTopujcko-apXmBeke,
nekcukorpadcke, ubnuorpadbcke, npernega nogataka WM Cn.), OOTad HemosHaTe Miu
HEe[0BOSbHO NPUCTYNaYHe 3a Hay4YHa UCTPaXKMBaHa.

PapoBu knacudukoBaHu Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieHsnje.
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Ako ce y yaconucy objaBrbyjy 1 Npunosn BaHHay4YHOr KapakTepa, Hay4yHW YnaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.

CTpy4HM YnaHak je:

— CTpyYHM paf (npurnor y KojeM ce HyAe WCKYCTBa KopucHa 3a yHanpehewe
npodecroHanHe npakce, anu Koja HUCY HYXXHO 3acHOBaHa Ha Hay4YHOM MeToaY);

— MHpOpPMaTUBHM Npunor (YBOAHWUK, KOMEHTap U cn.);
— NpuKa3s (Kkbure, padyHapckor nporpama, crny4aja, HayvHor gorahaja, u crn.).

Je3suk paga
Jesvnk paga Moxe GUTU CPMCKU, PYCKU UMW EHFNECKM.

TekcT Mopa BUTK je3anyku U CTUIICKM JOTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpapaHvx). Ce u3nyke BenuurHe mMopajy 6utu napaxere y MehyHapogHom
cuctemy MepHux jeamnuua — Sl. Pegocnen o6pasaua (hopmyna) o3HavaBa ce pefHuM
6pojeBrMa, ca AecHe CTpaHe Yy OKpyrmuM 3arpajamMa.

CaxeTak (ancTpakT) u pesume

CaxeTak (ancTpakT) jecte kpaTak vHopmaTMBaH MpuKas cagpxaja dnaHka Koju
yuTaouy omoryhaBa ga 6p30 M TayHO OLEHW H-EroBY PerneBaHTHOCT. Y WHTepecy je
ypedHuwTaBa M aytopa Aa CaXeTak CafpXu TepMUHE KOoju ce 4YecTo KopucTe 3a
MHOEeKcupare 1 npeTtpary ynaHaka. CacTaBHM OenoBU CaXeTka Cy LMIb UCTpaxuBama,
MeToaM, pe3ynTaTtu u 3akibydak. CaxeTak Tpeba ga nma og 100 go 250 peun n Tpeba ga
ce Hanasu u3amely 3arnaerba (HacrnoB, MMeHa ayTopa W Op.) U KIbyYHWX pPeyun, HaKoH
KOjuX cneam TeKCT YnaHka. Ako je pag HanmMcaH Ha CPrcKOM UM PYCKOM je3UKy, NOXerbHO
je Aa ce, nopepn caxeTka Ha CPrCKOM M PYCKOM, Aaje 1 CaxeTak y npoLmMpeHoM obnuky
Ha EeHITIecKoM je3nKy — Kao T3B. pe3nmMe (summary). OBakaB pe3ume Tpeba ga byae Ha
Kpajy 4naHka, HakoH ogereka Jlutepatypa. BaxHo je ga pesume 6yae y CTpyKTypvpaHoM
06nuky, a herosa ayxunHa moxe 6utn go 1/10 gyxmHe unaHka (ONWKUPHUjK je of, caxeTka
ca noyeTka unaHka). lNoyeTtak oBOr peammea Moxe 6UTU NpeBedeHN caxeTak (ca noveTka
ynaHka), a 3aTum Tpeba Aa crnege npeBedeHW rMaBHWM HACNoBW, NMOAHACIIOBU U OCHOBE
3aKkrbyyka unaHka (nutepartypa ce He npesogm). MoTpebHo je Aa ce y CTPYKTypMpaHOM
pesumey npesBefe M 4e0 TeKCTa UCnof Hacrnosa u nogHacnosa, Boaehu padvyHa ga oH
6yAe nponopuuoHanaH HhUX0BOj BEMMYMHK, @ Aa ogpaxasa CyLUTUHY. HakoH peavmea Ha
€HIMeckoM je3nKy (NpoLuMpeHor caxeTka) AoAaje ce Heros NpeBod Ha cprnckom, ga bu
peAakuuja nsspLunna NpoBepy 1 NexTypy.

KrbyuHe peun

KrbyyHe peun cy TepMuHUM Mnn ppase Koje agekBaTHO MNpeAcTaBibajy cagpxaj
YnaHka 3a notpebe nHaekcnpama u npeTpaxusara. Tpeba nx gogersneaTti ocnarwajyhu
ce Ha Hekn MeflyHapogHu wu3Bop (MOMWUC, PeYHUK WM Te3aypyc) Koju je Hajwuvpe
npuxsaheH wnn yHyTap gate HayyHe obnactu. 3a Hnp. Hayky yonwTe, TO je nucTa
krby4Hux peun Web of Science. Bpoj kibyuHux peun He moxe 6wt Behn og 10, a y
MHTEpecy je ypeOHULITBA M ayTopa Aa y4ecTanocT wuxoBe ynotpebe Oyge wrto Beha.
KrbyyHe peun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH uynaHak (CaxkeTak) U Ha eHrneckom
jesuky. Y unaHky ce nuily HenocpeaHO HaKoH caXkeTka, OAHOCHO HaKoH peanmea.

Cnctem ACUCTEHT y Ty cBpxy kKopuctu cneuujanHy anatky KWASS: aytomartcko
eKCTpaxoBake KIbyYHUX peyn M3 AUCUMNAMHapHUX Tesaypyca/peyHuka no usbopy u
pyTuHe 3a HUXOB opabup, Tj. nNpuxsBaTawe OOHOCHO oabauvBake Of CTpaHe ayTopa
n/vunu ypeaHuka.
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ﬂaTyM npuxeaTtamba YnaHkKa

[JaTtym Kafa je ypeOHWLITBO NPUMWUIIO YnaHak, AaTyM Kafa je ypeOHWULITBO KOHa4Ho
NpUXBaTWMO uYnaHak 3a objaBrbMBare, kKao U AaTymu kaja cy y MehyBpemeHy
[lOCTaBIbeHe eBEHTyarlHe UCMpaBKe pPyKONuca HaBogde Ce XPOHOMOLLKUM pefocrenom, Ha
cTasfiHoM MecCTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YraHak HacTao,
Kao U Ha3uB MHCTUTYLUMje Koja je puHaHCMpana npojekaT unu nporpam, HaBogou ce y
noce6HOj HANOMEHW Ha CTanHOM MeCTY, Mo NpaBuny Npu gHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y npeTxodHoj Bep3uju 61O M3NOXeH Ha CKymy y Buay YCMeHor
caonwTewa (Mo4 MCTUM UMW CRUMYHUMM HAcMOBOM), nogatak o Tome Tpeba ga Gyae
HaBedeH y nocebHoj HamomeHW, NO NpaBuny Npu OHy NpBe cTpaHe YnaHka. Pag koju je
Beh objaBrbeH y HeKOM 4aconucy He Moxe ce 006jaBuTu y BOjHOTEXHUYKOM rmacHuKy
(npewTamnaT), HX NOA CAMYHMM HacnoBOM U 3MEHEHOM OBIMKY.

TabenapHu u rpachnyku npukasm

MoxersHo je Aa HacnoBwu CBUX Npukasa, a no MoryhcTBy M TeKCTyanHW cagpxaj,
Oyay Aatv ABOje3NYHO, Ha je3nKy pada M Ha eHrMeCcKOM je3uKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, a O3Ha4yaBajy ce pedHum GpojeBuma
ca ropwe cTpaHe. PoTtorpaduje 1 LpTexmn Tpeba ga byay jacHu, npernegHy 1 NOrogHN 3a
penpoaykuujy. Liptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha XerbeHO MEeCTO Y TEKCTY.

3a cnvke ¥ rpadnkoHe He CMe Ce KOPUCTUTM CHUMaK ca eKkpaHa padyHapa
nporpamMa 3a npuKynrbare nogaraka. ¥ camom TeKCTy YnaHKka npenopydyje ce ynotpeba
cnuvKa n rpadmkoHa HenocpedHo U3 nporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBohewe (uMTupame) y Tekcty

HaunH nosmBaka Ha M3BOpe Y OKBUPY YriaHka mopa 6utun jegHoobpasaH.

BojHoTexHMYkM rnacHuK 3a pedepeHumpatbe (LMTupawe U HaBohewe nutepartype)
npumeryje XapBapAcku cuctem pedepeHLumn, 0AHOCHO XapBapACKU MPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom Tekcty, y 0OMYHUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MOo3uBame, OOQHOCHO UMTMpame nutepartype
HabpojaHe Ha Kkpajy YnaHka, o6aBe3Ho y 06M4HOj 3arpaan HanucaTu NnpesMme LmTupaHor
ayTopa, roguHy nsgama nybnukaumje M3 koje uMTuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTtarbHO ynyTCTBO O HauyuHy uUMTUpara, ca npuMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupy4HUK 3a cmus. MNMoTpebHo je aa ce nosmBake Ha
nuTepaTypy y TEKCTY ypaau y ckrnagy ca MOMEeHYTUM YynyTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneumnjanHy anatky CiteMatcher: oTkpuBarwe M30CTaBrbeHUX UMTaTa y TEKCTy paga u y
nonucy pedepeHuum.

HanomeHe (¢pycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha KOjoj Ce Hana3su TeKCT Ha Koju ce oAaHOcCe.
Mory cagpxaTun make BaxHe AeTarbe, AoMnyHcka objaltbersa, HasHake 0 kopuwheHum
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1M3BOpUMa (Ha nNpumep, Hay4yHoj rpafu, NpuMpyyHuMUMMa), anu He Mory 6utn 3ameHa 3a
LUTMpaHy nuteparypy.

INucra pedbepeHumn (nutepatypa)

LintupaHa nutepatypa obyxsaTta, no npasuny, Gubnuorpadcke n3Bope (4naHke,
MoHorpadmje 1 cn.) U Aaje ce UCKIbYYMBO Yy 3aceOHOM oferbKy unaHka, y Buay nmcre
pedepeHun. PedepeHue ce He npeBode Ha je3nk paga M Habpajajy ce y nocebHom
OferbKy Ha Kpajy ynaHka.

BOjHOTEXHMYKM rMAcHUK, KAa0 Ha4MH UcCnuca nuTepaType, NpuMekbyje XapBapacku

cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

NutepaTtypa ce o6aBe3Ho nulle Ha naTMHUYHOM NMCMYy U Habpaja no abeuenHom
pepocneny, Hasogehu Hajnpe npesvmena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npuMmepvma, 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 unn HegocnegHo HaBOf]eH::e nntepartype y cmcremmma
BpegHoBawa 4aconuca cmatpa ce OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydYHor
CTaTycCa 4Yaconuca.

Cuctem ACUCTEHT y cBpxy KOHTpone npaBWiHOTr uchiuca nucte pedepeHum
Kopuctu cneumjanHy anaTtky RefFormatter: koHTpona obnukoBara pedepeHum y cknagy
ca XapBapacKknM NpyYpy4YHUKOM 3a CTWS.

MponpatHo nucmo (camo 3a aytope u3 Peny6nuke Cpbuje n no nocebHom
3axTeBy ypeaHuka)

Mopen ynaHka fgocTaerba ce nNponpaTHO NUMCMO Yy Kojem Tpeba ncrtahu o Kojoj BpCcTr
ynaHka ce pagm, Koju cy rpadpumydku npunosu (dortorpadumje n LpTexXn) opurnHanHum, a
KOju No3ajMIbeHu.

Y nponpaTHOM NMCMY HaBoge ce U Nogauum aytopa: UMe, Cpeate CroBo, Npesnme,
UYuMH, 3Bakbe, e-mawvn, agpeca nocnogasua (Bl1), kyhHa agpeca, TenedoH Ha pagHoOM
MecTy 1 kyhHM (MOGunHu) TenedoH, pavyH n HasuB GaHke, CO MecTa cTaHoBawa, 6poj
nunyHe kapte n JMbB rpafaHa.

CBM pagoBM NOANEKY CTPYUYHO] PeLieH3uju.

Cnucak peueH3eHaTa BojHOTEXHMYKOr rmacHuka MoOXe ce BUOETW Ha CTpaHuum
cajta Cnucak peuyeHseHama. [lpouec peueH3upawa objalkeH je Ha CcTpaHuuu
cajta PeuyeH3aeHmcKu riocmynak.

Appeca pepakuuje:

BojHOTEXHMYKM rNacHUK

eHepana MNasna Jypuwwuha LWtypma 1

11040 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
MaBHM 1 OArOBOPHN YPEAHUK
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@maod.gov.rs,

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

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

BoeHHo-TexHuuyeckunn BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
— nevyaTHoe wu3gaHue, e-ISSN 2217-4753 — online, UDK 623+355/359,
DOI: 10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik,
ABNAETCS  MYNbTUAMCLUUMIMHAPHBIM  Hay4HbIM XypHaroM MwuHucTepcTBa 060pPOHbI
Pecny6nukn Cepbus, koTopbin MyGnuKyeT HayyHble U NpodeccuMoHarnbHble CTaTbM, a
TaKkKe TEXHUYECKYlD MH(pOpMaLMI0 O COBPEMEHHBIX CUCTEMAax BOOPYXEHUS W
COBpPEMEHHbIX BOEHHbIX TexHonorusix. XypHan cnegut 3a eOWMHOW MEeXBWUOOBOWA
TEXHMYECKOW MOOOEPXKKON BOOPYXKEHHbBIX CUJl, OCHOBAHHOW Ha MpUHUMNAX CUCTEMHOW
TNOrUCTUKN, 3a MPUKNaAHLIMA U UHHOBALUMOHHLIMU HayYHbIMWU UCCNEAOBAHUSIMU, B TOM
yncne, B obnactu nNpou3BOACTBa BOOPYXKEHUS WU BOEHHOW TEXHWUKW, WM 3a MNPOYUMMU
TEOPETUYECKUMU U MNPaKTUYECKMMU  OOCTWKEHMSIMW,  KOTOpble  CMOCOGCTBYHOT
npodeccMoHanbHOMy  PoCTy  MpeAcTaBuTeEnen  cepbCKoro,  pernoHanbHOro  u
MeXOyHapoOHOro akagemuyeckoro coobwectBa, W OCOBEHHO BOEHHOCHYXaLUX
MwuHuctepctBa O60pOoHLI U BoopyxéHHbIX cnn Pecnyonuku Cepbusi.

MuHncTepcTBO 00pa3oBaHusi, HaykM W TEeXHONOrMveckoro passutus 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 («Cnyxx6eHn rmacHuk PCx», Ne 110/05, yTBepaunno kateropusaumio «BoeHHo-
TEXHWYECKOro BeCcTHuKa» 3a 2018 roa;:

KaTteropun B 06nacTv TEXHONOrM4eCcKoro passuTus:

— ObnacTb MaTepuanoB U XMMU4YECKOW TeXHONOru:

BeAYLUMI HayYHbIW XXypHan HauMoHansHoro aHaveHus (M51),

— Obnactb MexaHUKK:

HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52),

— O6nacTb 23NeKTPOHUKM, TEeNeKOMMYHMKauMM U  MHEPOPMaLMOHHbIX

TEXHONOrnM:

HayyHbI XXypHan (M53).

KaTteropun B 06nacTvi OCHOBHbIX NCCNeA0BaHWUIA:

— O6nacTb MmaTemMaTUKa, KOMNbIOTEPHbIE HAayKN, TEXHUYECKUE HaYKW:

Hay4HbIV XypHan (M53).

C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2018 rog MOXHO O3HAKOMUTBCS
Ha cTpaHuue canTta «BoeHHO-TexHu4eckoro BecTHMKa» Kameeopu3ayusi BecmHuka
(MrHNCTEPCTBOM MPOCBELLEHNS, Haykn W TEXHOMOrnyeckoro passutus Pecnybnvku
Cepbus noka He npousBedeHO OMULMANbHOMO PaHXMPOBAHUSA HAyYHbIX XYpHanoB 3a
2019 rop).
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Boree noApoGHyld WHMOPMaLMIO MOXHO HaWTu Ha cante MwuHucTepcTBa
06pas3oBaHus, HayKku 1 TeXHonornyeckoro passutus Pecnybnukm Cepbus.

C uvHdopMaumen o kaTeropusaumm MOXHO O3HakoMuUTbcA M Ha canTe KOBCOH
(KoHcopuunym 6ubnmotek Pecnybnvkn Cepbusi no Bonpocam o6beaAnHEHUS 3aKyrOK).

KaTteropusauusi BecTHuka npoBefeHa cornacHo [lonoxeHuto o nopsigke u crnocobe
KaTeropmsaummn Hay4yHo-UCCreqoBaTenbCkMX pes3ynbTaToB, YTBEPKOAEHHOrO HaumoHanbHbIM
KOMWUTETOM MO Hayke 1 TexHonormsam (Cnyx6enn rmacHuk PC, Ne 38/2008).

B cootBeTcTBUM C Bblweyka3aHHbIM [lonoxeHneM M Tabnuuein C nokasaTensmu
Knaccudpukaumm M KateropmsauumM - MHAMBUAyanbHbIX  Hay4YHO-MCCIenoBaTeNbCKUX
pe3ynbTaToB, SBMSIOWENACA HeOTbeMneMol uYacTbto [lonoxkeHusi, HayyHasi cTaTbs,
onybnvkoBaHHasi B «BOEHHO-TEXHUYECKOM BECTHUKEY, OLIEHUBAETCS CreayroLmM criocoboMm:
2 6anna (kateropusa M51), 1,5 6anna (kateropua M52) n 1,5 6ann (kateropusi M53).

XKypHan cooTtBeTcTByeT ctaHgaptam CepbCKOro MHAEKca HayyHoOro LMTUPOBaHMWS
(CUNHpekc/SCIindeks) — HaykomeTpudeckon 6asbl  [aHHbIX Hay4HbIX >KypHanoB
Pecnybnukn Cepbusi, a Takke Poccuiickoro nHgekca HayvHoro umtupoBanus (PVHLL).
>KypHan nocTosiHHO NoABepraeTcsi MOHWUTOPUMHIY W OLEHMBAETCH KONUYECTBEHHBLIMU
HayKOMETPUYECKUMU MOKa3aTensiMy, OTpaXKalLMMU €ro HayyHyr LEHHOCTb, B T.4.
onocpefoBaHHO B MeXAyHapoaHblX nHaekcax untuposaHus (Clarivate Analytics).

C vHdopmaumeri 06 MHOEKCUPOBaHUM MOXHO O3HaKOMWUTBCS Ha CTpaHuue cainTa
XypHana MHOekcuposaHue BecmHuka.

«BoeHHO-TexHUYeckun  BeCTHUK»  obecrnedMBaeT uuTaTensM  BO3MOXHOCTb
OTKPbITOrO ~ AoCTyna, B COOTBETCTBUM  C  MOMIOXKEHWAMU 0O  aBTOPCKUX
npaBsax, ytBepxaéHHbimun  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX NpaBax MOXHO O3HAKOMWTLCSI HA CTpaHule Asmopckue npasa u noaumuka
camoapxusuposgaHusi, nepenas no ceeinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaBnsaloTcs B pedakumio XXypHana ¢ ucnons3oBaHvem online
cuctembl e-Yp: JnekTpoHHoe wusgatensctBo — ASSISTANT, 3anyweHHon LieHTpom
noaaepXu passutusa obpasoBaHus u Hayku (LJMPOH).

Peructpauus B cucteme n ocopmMmneHne npas [OCTyna BbINOMHSAETCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnv CUNHOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTpyKUMEeWn No perucTpauuMm u npaBam AOCTyNa MOXHO O3HAKOMWUTbCS MO
appecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue WHcmpykyus no e-Yp:
OnekmpoHHoe uzdamesibcmeo ASSISTANT.

Bce aBTOpbl, MpegocTaBnslowWwMe CBOM PyKOMUCU Ans NyOnvkauum B pefakumio
XKypHana «BoeHHO-TeXHWYEeCKUA BECTHWMK»  [OSKHbI  MPOUTU  MpenBapuTenbHyH
peructpauuto B peectpe ORCID (Open Researcher and Contributor ID). OTa npoueaypa
OCYLLECTBNSETCSH B COOTBETCTBUM C WMHCTPYKUMEN, pasMELLEHHOW Ha CTpaHuue cawnTa
Peaucmpauusi 8 peecmpe ORCID 0nsi npuceoeHusi udeHmughukayUOHHO20 Kooa.

«BoeHHO-TeXHMYeCKNIA BECTHUK» NyOnukyeT cTaTtbu Ha cepOCKOM, pYCCKOM wnuv
aHrnuinckoMm ssbikax (Arial, wpudT 11 pt, npoben Single).

lMpouecc nOAroTOBKM, HanNWCaHUs U PedaKTUPOBAHUS  CTaTbW  [AOIDKEH
OCYLLEeCTBNSATBCA B COOTBETCTBMM  C  MNpuHUMNamm  dmuyecko2o  Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CrtaTba [JormkHa cogepxaTb aHHOTauMl C KIYEBbIMU CroBamu, BBEAEHUE,
OCHOBHYI0 4acTb, BbIBOAbl, CMMCOK WCMOMb30BAHHOW nUTepaTypbl U pe3loMe C
KIMOYEBbIMW  CMOBaMW  Ha  aHIMUMUCKOM  A3blke (6e3  Hymepauuu  3arofioBKOB U1
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nopsaronoskoB). O6bLEM cTaTbuM He AOIPKEH MpeBbilwaTb OAMH aBTopckui nuct (16
ctpaHuy cbopmaTa A4 ¢ npobenom Single).

CraTbss gomkHa ObiTb HabpaHa Ha KOMMbIOTEPE C UCMOSb30BaHWEM CrieumanbHO
NOArOTOBMEHHOINO  pefakuMen MakeTa, KOTOpbli  MOXHO ckadaTb Ha CcTpaHuue
cavita lNpasuna u obpasey cocmaeneHus cmamabu.

3aronoBok

3aronoBok [OMKeH oTpaxaTb Temy cTaTbW. B uHTepecax xypHana u aBTopa
HeobX0AUMO WCMOSb30BaTh CMOBa M CMOBOCOYETaHWs, yaobHble ANS uHAeKcauun u
noucka. Ecnu Takue crnoBa He cogepaTtcsl B 3aronoBke, TO XenaTenbHo Ux 4o6aBuTb B
noa3aronoBoK. 3arofoBOK AOMKEH ObiTb nepeBedéH Ha aHrMMACKUA A3blk. HassaHue
3aronoBka (nogsarosioBka) NULLETCS Nepes aHHOTaUMEN Ha COOTBETCTBYIOLLEM SA3bIKE.

TeKyLwmii 3aronoBokK

TekylwuiA  3arofloBOK NULIETCS B TUTYNE KaXZOW CTpaHuubl cTaTbM C  LENbio
yNpoLLeHus npouecca naeHTugmKaummn, B nepeyto odepedb KONuii ctaTben B 3NeKTPOHHOM
Buae. 3aronoBok coaepXuT B cebe hamunuio 1 uHMunan uMeHn aetopa (B criydae ecnm
aBTOPOB HECKOMbKO, OcTanbHble 0603HavarTcs ¢ «et al.» nnu «m ap.»), HasBaHne paboThbl
N XypHana (rod, TOM, BbIMyCK, HadarnbHas W 3akmioyvTenbHas CTpaHuua). 3aronoBoK
CTaTbyM 1 Ha3BaHWe >XypHana MoryT ObiTb MPMBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoaATCS NonHasa hamunusa 1 NonHoe uMs (Bcex) aBTopoB. XKenaTternbHo, YTobbI
OblNM yKasaHbl MHULUMAmNbLI OTYECTB aBTOpPOB. PaMunus U UM aBTOpoB U3 PecnyGruvku
Cepbuss Bcerga nNULIYTCA B OpUrMHanbHOM Buae (C cepbCKMMUM  AUMaKpUTUYECKUMM
3HaKamm), He3aBUCKMO OT fA3blka, Ha KOTOPOM HanvcaHa paborTa.

HaumeHoBaHue yupexpeHus astopa (adpcmnuaums)

MpvBognTCcA MonMHoe (oduvuManbHOE) HaMMEHOBaHWe W MEeCTOHAaxXOXAeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe y4pexaeHunsl, B KOTOPOM
aBTOp NPOBEN uUccnegoBaHne. B crniydyae opraHnsaumin Co COXHOWM CTPYKTYPON NPUBOAUTCS
X nepapxumyeckas COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadeapa BOEHHbIX
3MEeKTPOHHbIX cuctem, 1. benrpag). Mo kpanHen mepe, ogHa M3 opraHM3aumnin B Mepapxmn
AOSMKHa MMeTb CTaTyC IopUANYECKoro nuua. B cnyyae ecnm ykasaHo HECKOMbKO aBTOPOB, U
€CMnN  HekoTopble M3 HWX paboTaloT B OOHOM YYPEXOEHUW, HYXKXHO OTAeNbHbIMU
0603Ha4YeHUsIMN MNKM KakuM-nmbo ApyrMm crnocobom ykasaTb B KakoM M3 NpUBEAEHHbIX
yypexaeHun paboTaeT Kaxabli u3 aBTopoB. Addunuaums nuweTcs HenocpencTBEHHO
nocne ®MO aBTopa. [JOMKHOCTb 1 CNELManbHOCTb NO AUMIIOMY He YKa3biBaloTCS.

KoHTakTHble AaHHble

ONeKTPOHHbIN agpec aBTopa YKa3blBAlOTCA PSAOM C €ro MMEeHeM Ha MepBOn
CTpaHu1Lbl CTaTby.

Kareropus (Tun) cratbu

Kateropusauma ctatben sBnsieTcs 06A3aHHOCTBIO pedakuum u mnmeeT ocoboe
3HaveHune. KaTeropuio ctatbu MOryT mpegnaratb PeueH3eHTbl U YreHbl pedakumn, T.e.
peaakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropvs3aumilo HeceT WCKMYMTenbHO
rnaeHbIN pegakTop. CTaTby B XXypHarne pacnpeaenstoTcs no creayownm KaTeropusim:

Hay4yHble cTatbu:

— opurMHanbHasi HaydyHasi cTatbsl (paboTa, B KOTOpOW NPUBOAATCS paHee
HeonyGnMKoBaHHbIe pe3ynbTaTbl COOCTBEHHbIX UCCIEeOOBaHWUI, MOMYyYEHHbIX Hay4YHbIM
MeToa0oM);
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— o630opHas craTbs (paboTa, cogepxallas OpWUrMHanbHbIA, OeTanbHbIA U
KpUTUYeckuin 0bG3op uccrnegyemoln npobrembl Mnu obnactu, B KOTOPLIA aBTOp BHEC
onpeaenéxHblv BKNaa, BUANMbIA Ha OCHOBE aBToOUMTAT);

— KpaTkoe cooblleHue (opurvHanbHasi HayyHasi paboTta MosiHoro ¢popmara, Ho
MeHbLLero o6béma unu nveroLlasi npeaBapuTenbHbI XapakTep);

— HayuyHas KpUTMdeckasi CTaTbsl (OMCKYCCUSI-NONEMMKA Ha OMNpeAenéHHYH0 HayyHyH
Temy, OCHOBaHHas! UCKITHOUUTENBHO Ha Hay4YHOW apryMeHTaumm) 1 Hay4HbIA KOMMEHTapWii.

OpHako, B HEKOTOPbIX 06M1acTsAX 3HaHUIA HayyHasi paboTa B XXypHane MOXeT UMETb
hopMy MOHOrpadhYECKOro MCCreoBaHUs, a Takke KpUTUYECKOro 06CYKAEHUSI Hay4YHOro
mMaTepmana (MCTOPUKO-apXMBHOTO, JNieKcukorpadmnyeckoro, Gudnuorpaduyeckoro, o63opa
JaHHbIX 1 T.N.) — 4O CUX MOP HEU3BECTHOTO UMW HEAOCTATOYHO AOCTYMHOMO AN Hay4YHbIX

nccnegosaHuii. PaboTbl, KraccuuumpoBaHHble B KavyecTBe Hay4HbIX, OOJDKHblI UMETb,
Nno MeHbLUEN Mepe, ABE MOMOXUTENbHbIE PELIEH3NN.

B cnyyae ecrnu B xypHane oGbsiBRSIOTCA UM NPUNOXEHUS, HE UMEIOLLME HayYHbIN
XapakTep, Hay4Hble CTaTbl OOIKHbI GblTb CrPYNNMPOBaHbl U YETKO BbieneHbl B NepBon
YacTu Homepa.

[podheccroHanbHble cTaTbi:

— npodpeccuoHanbHas pabota (NPUNOXEHWs, B KOTOPbLIX MpeanaratTcs onbiThl,
nonesHble Ansi COBEPLUEHCTBOBAHWSI MPOECCMOHANbHOM MNPaKTUKW, HO KOTOpble He
OOMKHbl B 06s13aTenbHOM nopsigke ObiTb 060CHOBaHbI HA HAYYHOM MeToAE);

— MHcpopMaTMBHOE NpunoxeHue (NnepefoBas cTaTbsl, KOMMEHTaAPUIA U T.M.);
— 0630p (KHWIM, KOMMBIOTEPHOM NPOrpamMmbl, Cry4vasi, Hay4HOro cobbITUS U T.1.).
A3blk paboThbI

Pa6Gota MoxeT 6bITb HanncaHa Ha Cep6CKOM, PYyCCKOM 1nu aHIMUIACKOM A3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMUCTUHECKOM CMbICNE YMOpPSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
Benn4nHbl OOIMKHbI COOTBETCTBOBATL Me>|<,quapo,J:lH0|7| cucteme egnHUL, U3MepeHna —
CW. OuepepHocTb hopmyn o6o3HavaeTcs NOPAAKOBLIMU HOMEPamu, NPOCTaBAEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

AHHOTaums (abcTpakT) u pesrome

AHHOTauusa (abcTpakT) SsBNsieTCsl KpaTkuM MHOPMaTUBHBIM 0630pOM cofepKaHus
cTaTby, obecrnevmBaoLMM YuTaTento BLICTPOTY U TOYHOCTL OLIEHKM €€ peneBaHTHOCTU.
B uHTepecax pefakumMum M aBTOpPOB, YTOObI aHHOTaUMs cofepXana TepMUHbl, 4YacTo
ucnonb3yemble ANs WHAEKCUPOBAHWS WM noucka ctatbend. COCTaBHbIMU YacTaMu
aHHOTaUMM SBNSAOTCA LUefb uccrnegoBaHusl, MeToAbl WM 3akrnodeHne. B aHHoTaumm
JOmkHO ObiTe oT 100 go 250 cnoB, M OHa [OIMKHA HAaxXoAWUTCs Mexay TUTyrnamu
(3aronosok, PO aBTOpPOB U Op.) M KIHOYEBLIMM CIIOBaMU, 3a KOTOPbIMU CrieayeT TeKCT
crtatbn. Ecnn paboTa HanncaHa Ha cepbCKOM UM PYCCKOM si3blKe, XKenaTernbHO, YTOObI
KpoMe aHHoTauuu Ha cepbckoM K pycckom, Obina Gbl NpegocTaBrneHa M aHHoTauust B
paclMpeHHOM BUAe Ha aHrmMACKOM A3blke — B Ka4ecTBe T.H. pestome (summary). Takoe
pes3loMe [OMKHO HaxXoAMTbCs B KOHUE cTaTbW, nocne pasgena Jlutepatypa. BaxHo,
4YTOObI pestome ObINo B CTPYKTYPUPOBAHHOM BWAE, U €ro AfnMHa MOXET COCTaBnsATb A0
1/10 anvHbl ctaTbn (OHO HGonee OBLINPHO, YeM aHHOTaLMSA M3 Havana crtaTtbu). Havanom
OaHHOro pestoMe MoXeT ObiTb nepeBeAeHHas aHHoTauus (M3 Hayana cratbM), a 3atem
OOJDKHbI  CrefoBaTh MNepeBeAeHHbIE [MaBHble 3arosyioBKW, MOA3ArofioBKM UM OCHOBbI
3akNoYeHnss ctatbn (nMTepaTtypa He nepeBoauTcsl). B CTpyKTypMpoBaHHOM pesiome
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HY>XHO NepeBeCcTN YacTb TEKCTa MO 3arofIOBKOM W 3arofioBKOM, NPUHUMAasi BO BHUMaHMe,
4YTOBbI OHO BbINIO NPONOPLMOHANBHO UX pasMepy ¥ B TO e BPEMsi OTpaxarna CyTb.

KniouyeBble cnosa

KnioueBbiMM  crioBamn  SBMAAOTCA  TePMWHbI UM pasbl,  agekBaTHO
npeacTaBnsoLLMe cooepXaHue ctaTtby, HeobxXxoamMmble ANs UHOEKCUPOBAHWSA U Moucka.
KnioueBble crnoBa Heobxogumo BbIOMpaTb, onupasice MpM 3TOM Ha Kakow-nmnbo
MeXOYHapOAHbIA WCTOYHUK (PerncTp, croBapb, Tesaypyc), Haubornee ucCnonb3yembii
BHYTPW AaHHOW HayyHoWn obnacTtu. Yucno KnoveBbIX CroB He MoxeT npesbiwaTe 10. B
MHTEepecax pefakumn 1 aBTOpoB, YTOObI YacToTa MX BCTPEYM B cTaTbe Oblna Kak MOXHO
bonbwen. KnioueBble crnoBa [JalTCa Ha A3blke, Ha KOTOPOM HamnucaHa cTaTbd
(aHHOTaUMs), N Ha aHrMMINCKOM A3blke. B cTaTbe OHM MULIYTCA HEMOCPEACTBEHHO Nocrne
aHHoTauuMu (B Ha4ane) u nocrne pestome (B KOHLE).

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WCMOSb30BaHUS cepBuca
KWASS, aBTomaTtuyeckn hrKCUPYIOLLETO KITHOYEBbIE CIIOBa U3 MCTOYHMKOB/CioBapei no
BblIGOpY aBTOpa/peqakTopa.

[ata nony4vyeHusa Ctatbu

,El,aTa, Korga pepakuua nonydyuna crtaTtbilo;, gaTta, Korga peaakuna OkKoHYaTelnbHO
npuHANa CTaTblo K ny6nvu<au,mm; a Tawkke pata, Korga Obinu npenocTaBrieHbl
Heobxoanmble ncnpaeneHna pykonmcu, npuBogAaTcA B XPOHONOrM4eckomMm nopdake, Kak
npaBwnIo, B KOHLEe CTaTbW.

BbipaxeHue 6narogapHocTH

HavmeHoBaHve M HOMep MpoekTa, T.e. HasBaHWe nporpamMmbl 6narop,apﬂ KOTOpOMN
CTaTbsA BO3HMKIAQ, COBMECTHO C HaMMeHOBaHMEM Yy4pexngeHusd, KoOTopoe duHaHcHpoBano
NPOEKT nnn nporpamMmmMy, NnpmBoOATCA B OTAENTbHOM NpuMeYaHun, Kak npasmno, BHU3Y nepsoun
CTpaHuUbIl CTaTbW.

Mpeabiaywme Bepcun paboTsbl

B cnyyae ecnu crtatba B npedbigylien Bepcuu Obina M3NoXeHa YCTHO (nopg
OOVHAKOBbIM MWIMM  MOXOXUM Ha3BaHMEM, Hanpumep, B BuAe Joknaga Ha HayvyHoun
KOHbepeHumMn), cBedeHnst 06 3TOM AOSMKHbI ObiTb yKasaHbl B OTAEMNbHOM MPUMEYaHWK, Kak
NpaBuo, BHU3Y MEPBOV CTpaHuLUbl cTaTbu. PaboTa, KoTopasi yxe Obina onybnukoBaHa B
KaKoM-nmbo 13 XXypHarnoB, He MOXeET ObITb HanevataHa B « BOEHHO-TEXHUYECKOM BECTHUKE»
HW Mo, MOXOXMM Ha3BaHWEM, HN B UIBMEHEHHOM BUJE.

Hymepauus v HasBaHue Tabnuy u rpadMKoB

XKenatenbHo, 4TOBbLI HyMepaums 1 HasBaHWe Tabnuy, 1 rpadmkoB ObinNy UCMOMHEHbI Ha
OBYX A3blkax (Ha s3blke opuriHana u Ha aHrnuMnckom). Tabnuubl NoANMCHLIBAIOTCA TaKUM Xe
cnocobom Kak U TekcT U 0603HayatoTCs MOPSAAKOBLIM HOMEPOM C BEPXHEN CTOPOHBI.
doTorpapum N pPUCYHKN AOSKHBI BbITb MOHATHBI, HAMSAAHBI M YAOOHBI ANS penpogyKumm.
PucyHkn Heobxogumo genatb B nporpammax Word nnm Corel. ®oTtorpadomm n pucyHkn Hago
MocTaBUTb Ha JXernaemoe MeCcTo B TekcTe. [Insi co3faaHvst u3obpaxkeHud u rpadpmkos
ncnosnb3oBaHne YHKUMM CHUMKa C 9KpaHa (CKpWHLLIOTa) He gonyckaeTcs. B camom Tekcrte
CTaTbu pPEeKOMeHOYyeTCsl MPUMEHEHWe M306paxeHuin 1 rpadmkoB, obpaboTaHHbIX TakMMK
KOMMbOTEPHBIMKU Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot u ap.

CcbInku (UMTUPOBaHME) B TEKCTe

OdopMneHne CCbINoK Ha UCTOYHUKM B paMKax CTaTbu LOSMKHO ObiTb 0AHOOOPA3HbIM.
«BOEHHO-TEXHMYECKNIA  BECTHWMK» Ans  OhOpMIEeHUs  CCbINOK, LUMTaT W Cruvcka
MCMNONb30BaHHOW nuTepaTypbl NpumeHsieT apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B Tekcte B ckoGkax npuBoautcs bamunns LMTUpYeMoro
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aBTopa (unu chamunns NepBOro aBTOpa, €CNM aBTOPOB HECKONbKO), FOA4 M3gaHus U no
HeobxoaumocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). Pekomengauum
0 crnocobe LUMTMPOBaHNS pasMeLLEeHbl Ha CTpaHuLe cavta MHCmpyKyUs Mo Ucrob308aHU0
lapseapdckoeo cmurns. Mpu OMOPMIEHMN CCbINOK, LMTaT WM CNMCKa MCMNONb30BaHHOM
nuTepatypbl  HeOOXOOUMO  NPUOEPXKMBATBCA  YCTAHOBMEHHbIX  HopM. [porpamma
ASSISTANT npegoctaBnsieT nNpy LUTUPOBaHMM BO3MOXHOCTb WMCMONb30BaHUS CcepBuca
CiteMatcher, doukcupytoLero nponyLeHHbIe LMTaTel B paboTe 1 B Cincke nutepaTtypsbl.

MpumeyaHus (cHocKuK)

MpumeyaHnsa (CHOCKM) K TEKCTY YKasblBalOTCA BHW3Y CTPaHuubl, K KOTOPOW OHU
oTHOCATCS. [MpumeyaHns MOryT cogepaTb MeHee BaXHble AeTanu, OOMOMNHUTEeNbHble
06bACHEHNs, yKkas3aHMA 06 MCMOSIb30BaHHBIX UCTOYHMKAX (Hamp. Hay4yHOM martepuarne,
CnpaBOYHMKax), HO He MOryT GbiTb 3aMEHOIN NPoLeaAypbl LUTUPOBAHNSA NMTepaTypbl.

INutepatypa (pedepeHunn)

LinTnpoBsaHHow nuTepaTtypon oxBaTbIBaloTCH, Kak npaswuo, Takue
6ubnuorpacuyeckne UCTOYHMKM Kak cTaTbW, MoHorpadvn u T.n. Bca ncnonb3yemas
nuTepatypa B Buae pedepeHLumnii 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 pasMelleHbl Ha CTpaHuue canta
WHcmpykyusi mo  ucrionb3oeaHuto  apeapdckozo cmuns. [lpu  odopmMneHun  cnucka
MCMOb30BaHHOM NMUTEPaTYpbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHBIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepoctasnset
BO3MOXHOCTb MCMOSb3oBaHus cepBuca RefFormatter, ocyliecTensitowero koHTponb
ochopmMneHns cnmcka nuTepartypbl B COOTBETCTBUM CO CTaHAapTamu [[apBapAcKoro CTuns.

HectaHpapTHoe, HemnomHoe M HenocnegoBaTernbHOe NpuBeAeHne nutepaTtypbl B
cucTeMax OLEHKM XKypHana cyuMTaeTcs [AOCTaTOYMHOW MNPUYMMHOW AN OCnapuBaHUs
Hay4HOro craTtyca XxypHana.

Bce pykonucu ctaten nognexaT npoeccCuoHanbHOMY peLeH3MpPOBaHUIO.

Cnuncok peueH3eHTOB XypHana «BoeHHO-TeXHNYeCKNA BECTHUK» pasMeLLEH Ha
CTpaHuue canta Crniucok peueH3eHmMos. I'Ipou,ecc peueH3npoBaHna onucaH B pasgene

lpasuna peuyeH3uposaHus.

MouToBbLIV agpec peaakummn:

«BojHOTEXHUYKM rNaCHUK»

yn. lenepana MNasna tOpuwwnya LWtypma 1

11040 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[NaBHbIA M OTBETCTBEHHLIN peaakTop
Kangnoat TexHnyeckux Hayk Heboliwa Mavewa
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9" July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards ISO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

The Military Technical Courier / Vojnotehnicki glasnik
(www.vtg.mod.gov.rs/index-e.html,  BTr.mo.ynp.cp6, ISSN 0042-8469 — print issue,
e-ISSN 2217-4753 — online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is a multidisciplinary scientific journal of the
Ministry of Defence of the Republic of Serbia. It publishes scientific and professional
papers as well as technical data on modern weapon systems and military technologies.
The journal covers inter-service technical support to the Army on the principle of logistic
system support; fundamental, applied and development research; production and use of
weapons and military equipment as well as other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities, members of the Ministry of Defence and the Army of Serbia in
particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2017

in the field technological development:

—on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

- on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

—on the list of periodicals for electronics, telecommunications and IT,

category: scientific periodical (M53),

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 2018 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 2019).

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

"7

POZIV | UPUTSTVO AUTORIMA / MTPUTNAWEHUE U MHCTPYKUWA ONA ABTOPOB PABOT / CALL FOR PAPERS, pp.705-721



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 3

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
Hay4yHoro uutupoBaHus (RINC/PUHL) and is constantly monitored depending on the
impact within the bases themselves and indirectly in the international (e.g. Clarivate
Analytics) citation indexes. More detailed information can be viewed on the website of the
Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, Russian or English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.
Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
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initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.

Contact details

The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:
Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

— Professional papers (contributions offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

— Informative contributions (editorial, commentary, etc.);

— Reviews (of a book, software, case study, scientific event, etc.)
Language

The article can be in Serbian, Russian or English.
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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 is both in the Editorial Office’s and the author’'s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
titte and the keywords with the body text to follow. Besides an abstract in Serbian and
Russian, articles in Serbian and Russian are advised to have a summary in English, at
the end of the article, after the Reference list. The summary should be structured and
long up to 1/10 of the article length (it is more extensive than the abstract). It can start
with the translated Serbian or Russian abstract from the beginning of the article with
translated main headings, subheadings and major conclusions to follow (Reference list is
not translated). The structured summary should also contain the proportional informative
parts of the text below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed

appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.
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For figures and graphs, proper data plot is recommended i.e. using a data analysis
program such as Excel, Matlab, Origin, SigmaPlot, etc. Itis not recommended to use a
screen capture of a data acquisition program as a figure or a graph.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
page(s) after the author's name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASSISTANT system uses a special tool
CiteMatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier

Generala Pavla JuriSi¢a Sturma 1

11040 Belgrade, Republic of Serbia,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Editor in chief
Nebojsa GaceSa MSc
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

tel.: +381 11 3603 260, +381 66 8700 123
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