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Abstract:

The aim of this paper is to show that the C-class function introduced by
A. H. Ansatri is a powerful weapon for the generalization of many
important results in the theory of fixed points.

Keywords: C class function, Metric space, Cauchy sequence, Common
fixed point, Fixed point.

Introduction

With the advent of S. Banach paper (Banach, 1922), the
development of the theory of fixed point is moved upwards. A huge
number of scientists, for more than 90 years, have managed to
generalize Banach contraction principle (Abbas & Jungck, 2008, pp.416-
420), (Altun et al, 2010, pp.2238-2242), (Boyd & Wong, 1969, pp.458-
464), (Dori¢, 2009, 1896-1990), (Geraghty, 1973, pp.604-608),
(Amini-Harandi & Emami, 2010, pp.2238-2242), (Hussain et al, 2013),
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modeli nelinearnosti, neodredenosti i odlucivanja, 174009) and from the Provincial Secretariat
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(Harjani & Sadarangani, 2009, 3403-3410), (Jachymski, 2011, pp.768-
774), (Jungck, 1976, pp.261-263), (Karapinar & Salimi, 2012), (Khan et
al, 1984, pp.1-9), (Liu et al, 2015), (Rhoades, 1977, pp.257-290),
(Rhoades, 2001, pp.2683-2693), (Radenovi¢ & Kadelburg, 2010,
pp.1776-1783), (Radenovi¢ et al, 2012, pp.625-645), (Salimi et al, 2013),
(Samet et al, 2012, pp.2154-2165). In 2014 A. H. Ansari (Ansari, 2014a,
pp.373-376), (Ansari, 2014b, pp.377-380) introduced the concept of C -
class functions which cover a large class of contractive conditions, see
also (Ansari, 2014a, pp.373-376), (Ansari, 2014b, pp.377-380), (Ansari
et al, 2017, pp.2657-2673), (Ansari & Chandok, 2016, pp.65-71).

Definition 1 (Ansari et al, 2017, pp.2657-2673) A C -class function
is a continuous function F :[0,00)x[0,00)— R such that for any

x,y €[0,), the following conditions hold:

(C1) F(x,y)sx;

(C2) F(x,y)=x implies that either x=0 or y=0.

An extra condition on F that F(0,0): 0 could be imposed in some
cases if required. By C we will denote the class of all C - functions.

Example 1 (Ansari et al, 2017, pp.2657-2673) The following
functions belong to the class C:

1. F(x,y)=x—y.
2. F(x,y)=mx, for some m e (0,1).

3. F(x,y)=

al — for some r € (0, ).
(1+y)

F(x,y)ZM,forsome a>1.

5. F(x,y) = (x+ )Y _1 1>1 for e (0,).

6. F(x,y)=x— :
k+y

7. F(x,y)=x—¢(x), where ¢:[0,0) —>[0,0) is a continuous
function such that ¢(z) =0 if and only if ¢#=0.

8. F(x,y)=4In(1+x").

We start this section with the following definitions and notions:
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Definition 2 (Ansari, 2014b, pp.377-380) A mapping
F :[0,+0)> = R has a property C,, if there exists an C, >0 such that

(C.1) F(x,y)>C, implies x> y;

(C.2) F(y,y)<C,, forall ye[0,+w).

For more examples of C —class functions that have the property C,.

see (Ansari, 2014b, pp.377-380) Here we announce the following three
examples

a) F(x,y)=x-y,C, =r,re[0,+o0);

b) F(x,y)Zx—M,CF =0;
1+y

+k
Let ¥ denote the class of all functions y :[0,0)—[0,0), @
denote the class of all functions ¢:[0,) —[0,%) and F elements of C
satisfying the following conditions:

c) F(x,y)=ﬁ,k >1,C. =1L,r22.

(i) w is non-decreasing and continuous;
(i) ¢ is non-decreasing and continuous;

(iit) y () = F(y (s),4(s))>0 forall t>0 and s =¢ or s = 0.
The condition (iii) generalizes (2.3) from (Karapinar & Salimi, 2012,

p.9).

Definition 3 (Ansari et al, 2017, pp.2657-2673) A subclass of type
I is a function H : R x[0,0) — R ifitis continuous and

s>1 implies H(L,¢)< H(s,t) for all £ €[0,0).

Example 2 (Ansari et al, 2017, pp.2657-2673) We have the
following functions of the subclass of the type I :

. H(s,t)
o H(s,t)
o H(s,t)

(t+1), 1>1,
(s+1Y, 1>1,

st", neN,
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° H(s,t)Z ,

. H(s,t):STH ,

. H(S,t) 2S3+1 ’
Zn:Sn—i

H , = | i=0 ,

» Hls) n+l t
n t
an—i

o H(s,t)= Fol-u ,1>1
n+

Definition 4 (Ansari et al, 2017, pp.2657-2673) We say that the pair
(F,H) is an upclass of the type [ if F:[0,0)x[0,00) > R is
continuous, H is a function of the subclass of the type / and satisfies:

(1) 0<x<1 implies F(x,y)< F(1,y)

(2) H(L y,)< F(x,y,) implies y; < xy,,
for all x,y,y,,y, €[0,0).

Example 3 (Ansari et al, 2017, pp.2657-2673) Below are listed the
functions of the upclass of the type [, for all seR, ¢t ye[0,),

xef0,1]:

Y, 1>1,F(x,y)=xy+1,
) [>1,F(x,y)=@0+1)",
" F(x JO x"y",
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Definition 5 (Ansari et al, 2017, pp.2657-2673) We say that the pair
(F,H) is a special upclass of the type [ if F :[0,0)x[0,0) > R is
continuous, H is a function of the subclass of the type I and satisfies:

(1) 0<x<1implies F(x,y)< F(1,y)
(2) H(L,t1)< F(1,y) implies 1< y,
forall y,t [0, o).

Example 4 (Ansari et al, 2017, pp.2657-2673) The following
functions are a special upclass of the type I, for all s € R,#,x,y €[0,0):

( ) [>1, ny) x" Y+ 1,
( 1Y, 151, Flx,y)=@+0)""

Remark 1 (Ansari et al, 2017, pp.2657-2673) Every pair (F,H) of

the upclass of the type I also belongs to the class of a special upclass
of the type I, but converse is not true.

Assertions similar to the following lemma were used (and proved) in
the course of proofs of several fixed point results in various papers
(Radenovic et al, 2012, pp.625-645).

Lemma 1 (Radenovié et al, 2012, pp.625-645) Let (X,d) be a
metric space and let {xn} be a sequence in X such that

Iimd(xn’xn+1) = 0

If {x,} is not a Cauchy sequence, then there exist £>0 and two
sequences {mk} and {nk} of positive integers such that n, >m, >k and

the following sequences tend to ¢* when k — o
d (xmk X, ), d (xmk X, +1), d (xmk X, ) d (xmk 40X, +1)
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Definition 6 (Abbas & Jungck, 2008, pp.416-420) Let /' and g be
self maps of a set X. If o= fx = gx for some x e X, then x is called a
coincidence point of f and g, and w is called a point of coincidence of
f and g. The pair f,g of self maps is weakly compatible if they
commute at their coincidence points.

Proposition 1 (Abbas & Jungck, 2008, pp.416-420) Let f and g
be weakly compatible self maps of a set X. If f and g have a unique
point of coincidence @ = fx = gx, then @ is the unique common fixed
pointof / and g.

Main results

Previously described functions attracted the attention of authors and
now there are various generalizations of the results from the fixed point
theory, not only in a metric space, but also in the partial metric spaces,
metric like-spaces, G-metric spaces,...(Ansari, 2014a, pp.373-376),
(Ansari, 2014b, pp.377-380), (Ansari et al, 2017, pp.2657-2673), (Isik et
al, 2015, pp.703-708), (Ansari & Chandok, 2016, pp.65-71). In this paper,
we will present some of these results. Also, we shall prove some new
results, which generalize already known ones, by using the C —class
functions introduced recently by A.H. Ansari (Ansari, 2014a, pp.373-376),
(Ansari, 2014b, pp.377-380). In this review paper, we will use only C-
class functions.

Ouir first (probably new) result is the following:

Theorem 1 Let (X,d) be a complete metric space. Suppose that
the mappings f,g: X —» X satisfy the following condition

w(d(fr, 7)< Fly(d(gx, 2v)) #ld(gx, g9)) (1)
for all x,ye X where we¥,pe® and FeC. If the range of g
contains the range of f and f(X) or g(X) is a closed subset of X,
then f and g have a unique point of coincidence in X. Moreover, if f
and g are weakly compatible, then f and g have a unique common
fixed point.
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Remark 2 Putting in (1): w(t)=t,6()=1-k), k<(0,1) and
F(s,t) =s—t forall 5, [0,0) we get a well-known Jungck’s result from

(Jungck, 1976, pp.261-263). Hence, Theorem 1 is a genuine
generalization of the old and important Jungck’s result in several
directions (see all assumptions in (Jungck, 1976, pp.261-263).

Further, putting in (1): t//(t)=t,F(s,t):ﬂ(s)~s for all 5,7 €[0,0)
where f:[0,00) —[0,1) such that t, — 0" whether (¢, )—>1,g=1,

(identity mapping on X ), we get a well-known Geraghty type result
(Geraghty, 1973, pp.604-608). Hence, Theorem 1 is a new generalization
of this old and important result in the fixed point theory in the framework
of complete metric spaces.

Proof. Let us prove that the point of coincidence of f and g is

unique in the case that it exists. Suppose that @ and o are two distinct
points of coincidence of f and g. From this follows that there exist two

points u, and u, such that fu, =gu,=w#0d6= fu;=gus Now, (1)
implies
v(d(o.0)=ylalfu,. fu, )
< Flylalgu,.gus ) oldlgu, gu, )
= Fly(d(0,9))¢(d(@,5)) <y (d(,5))

Fly(d(0,9)) (d(0,5)) = y(d(e,5)) (2)

From (2) according to the property of the function F follows that

either w(d(®,6))=0 or ¢(d(w,6))=0. In both cases, we get a
contradiction.

Further, let x, be an arbitrary point in X. Let us choose a point

that is

x, € X such that y, = fx, = gx,. This can be done, since the range of g
contains the range of f . Continuing this process, having chosen x, in

X, we obtain x,,, in X such that y, = fx, = gx, ,. Now consider the
following two possible cases:

1° ¥, =y, for some keN. Hence, gx,, = fx,,, is a (unique)
point of coincidence and then the proof of Theorem 1 is finished.
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2° Thus, suppose that y, #y, , forall ne Nu{O}. In this case, we
have

‘//(d(yn+1' Yur2 )) = (d(fxnw S, ))
<Fly (gxn+1’ 8X,.12 )) ¢(d(gxn+l’ 8X,40 )))
= Fly(d(v, 5,.))4d(y,.7,.))

<y (d(y, y,.))

Since we¥ we get that d(y,,.v,.,)<d(y,.y,.) ie.,

d(yn,y,ﬁl)i«, r>0. We prove now that »=0. Indeed, if >0, then
passing to the limit in the previous relation when n — o, we obtain that

w(r)< Fu(r)o(r))<p(r)
that is F(y(r),4(r))=w(r) This implies that either w(r)=0 or @(r)=
In both cases we get a contradiction. Hence, Iim,Hood(yn,yM) =0.

We next prove that {yn} is a Cauchy sequence in a complete metric
space (X,d). If that is not case, then by using Lemma 1 we get that
there exist £ >0 and two sequences {mk} and {nk} of positive integers
and sequences

d (ymk Y )a (ymk Va1 )a (ymk AV, Jd (ymk AV )
all tend to ¢° when k — 0. By applying condition (1) to the elements
X=X, and y = X, 1 and since y, = fx, = gx,, for each n>0, we get
that
vld,, v, )< Fllaly, v, oldb, oy, ) 3)
Letting k£ — o in (3), we obtain

w(e)< Fly(e) gle))

which is a contradiction because ¢>0. This shows that
{yn}z {fxn}: {gxn+l} is a Cauchy sequence in a complete metric space

(x,d)
Since g(X) is closed in a complete metric space (X,d), thenitis a
complete metric space. Therefore, there exists u,v e X such that v = gu
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and lim,_.gx, = gu =v. We shall show that also fu =v= gu. Indeed,
putting x =x,,y =u in (1) we get

wld(fx,, fu))< Fly(d(gx, qu)) #ld(gx,  gu))) (4)
Letting n—> o in (4) and applying the properties of all three
functions F,y and ¢, we get

wld(gu, fu))< Fly(d(gu, gu)) ¢ld(gu, gu))) < y(d(gu, gu) = y/(0)=0,
i.e., fu = gu is a (unique) point of coincidence of the functions f and g.
By the Proposition 1 f and g have the unique common fixed point.

In the case when f(X) is a closed subset in (X,d), the proof is
similar.

2
Putting 1//(t) = ¢(t) =1, F(s, t) = %;,g =1, the identity mapping of

X in Theorem 1, we get the following result:

Corollary 1 Let (X d ) be a complete metric space. Suppose
mappings f: X — X satisfies
d? X,y
d(fe, o)< 7 d(z(x,)y) (5)
forall x,y € X. Then f has a unique fixed pointin X .
Putting w(t)=g(t)=1,F(s,t)=p(s), where ¢:[0,00) —>[0,00) is
upper semicontinuous from the right, satisfying (o(t)<t for t >0 as well

as (0(0): 0,g =1, the identity mapping of X in Theorem 1 we get the

following well-known Boyd and Wong result (Boyd & Wong, 1969,
pp.458-464).

Corollary 2 Let (X d ) be a complete metric space. Suppose that a
mapping f X — X satisfies the following condition

d(fx, fy)< pld(x.y)) (6)
for all x,ye X. Then f has a unique fixed point, say ue X and
f"x —>u as n—> oo foreach x e X.
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Putting y(¢)= ¢(t)=t,F(s,t)= s —p(s), where ¢:[0,00) —[0,0) is a
continuous function such that ¢(¢#) =0 if and only if =0, g=1, the

identity mapping of X in Theorem 1 we get the following well-known
B.E. Rhoades result (Rhoades, 2001, pp.2683-2693).

Corollary 3 Let (X ,d ) be a complete metric space. Suppose that
the mappings f: X — X satisfies the following condition

d(fx, )< d(x,y)-old(x,y)) (7)
for all x,ye X. Then f has a unique fixed point, say ue X and

f"x—>u as n— o foreach x e X.

In the sequel of this section we shall consider two results which
provide the existence of a coincidence point and a common fixed point

for three mappings satisfying the generalized (F,t//,gé)—contractive
condition. These results are addressed in the following theorems.

Theorem 2 Let (X,d) be a metric space, and let f,g,S: X - X
be three mappings such that for all x,y e X

w(d(fi, gv))< Fly (m(x, y)). ¢lom,(x, y))) ®)
forsome y € ¥, ¢ ® and F €C, where

N| -

m(x,y>:max{d(Sx,Sy>,d<Sx,ﬁc>,d<Sy,gy>, <d<5x,gy>+d<Sy,ﬁc>>}

and
my(x, ) = max{d(Sx, Sy), d( fx, Sx), d(gy, Sy)}.
If fXUgXcSX and S(X) is a complete subspace of (X ,d),
then f,g and S have a unique point of coincidence. Moreover, if (f,S)

and (g,S) are weakly compatible, then f,g and S have a unique

common fixed point.
The proof of the following theorem is similar to that of Theorem 1.

Theorem 3 Let (X ,d) be a complete metric space, and let
f,2,5: X > X be three mappings such that for all x,y e X
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w(d(fi, gv))< Fly(m(x, y)). ¢lm,(x, y))) )
forsome y € ¥, ¢ ® and F €C, where

()= s (56,51). 3 (a5 1)+ (5 ) 3 0.+ 59, )
and
my(x, y) = max{d(Sx, Sy).d(fx, Sx).d(gy, Sy)}
If fXugX cSX and S(X) is a complete subspace of (X ,d),
then f,g and S have a unique point of coincidence. Moreover, if ( f ,S)

and (g,S) are weakly compatible, then f,g and S have a unique

common fixed point.
The following results represent one other version of Altun Theorem

(Altun et al, 2010, pp.310-316) in the terms of (F,t//,¢)—contractive
mappings.

Theorem 4 Let (X ,d) be a complete metric space, and let
f,g:X > X be two mappings such that for some y € ¥, ¢ € ® and
F eC andforall x,y e X there exists

N |-

u(x,y)e {d(x,y),d(x,fx),d(y,gy),

such that

<d<x,gy>+d<y,fx»}

w(d(fx,gv) < Fly (u(x, y)) glulx, y))) (10)
then f and g have a unique fixed point.
Let (X ,<) be a partially ordered set. A pair (f,g) of self-maps of

X is said to be weakly increasing if fx < gfx and gx < fgx for all xe X.
There are examples (see Altun et al, 2010, pp.310-316) when neither of
such mappings f,g is nondecreasing w.r.t < In particular the pair

(f,iX), (i, is the identity mapping on X ) is weakly increasing if and
only if x < fx for each x € X.

Theorem 5 Let (X, <) be a partially ordered set and let there exist a
metric d on X such that (X,d) is a complete metric space. Let (f,g)
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be a weakly increasing pair of self-maps on X. Suppose that there exists
weW¥,ped and F eC such that for every two comparable elements

x,yelX,
w(d(fx, gv)< Flw(M(x, ) ¢(M(x, y))) (11)

where

M ()= max{ (s, ) (s, )l ) 5 s )+ D)

Then in each of the following two cases the mappings f and g
have at least one common fixed point:

(i) f or g is continuous, or

(i) if a nondecreasing sequence {xn} converges to x € X, then x,<x
for all n.

Proof. Using that the pair of functions (f,g) is weakly increasing,

we can construct inductively, starting with an arbitrary x,e X, a
Namely, denote:

n+l*
X1 = fixg < gfo = gxy,
X2 = gx1 < fgx; = fxo,
x3 = fio < gfcr = gxs,

sequence {xn} such that x, < x

and in general, x,,., = fx,, and x,,., = gx,,.;.
Suppose first that x, = x,,, for some k. Then, the sequence {xn} is

constant for n > k. Indeed, let k =2m. Then x,, =x,,,, and we obtain

from (11) that
'//(d(xum’ Xoms2 )) = (d(fom 1 8Xomi1 )) < (12)
< F('//(M(xzm ' x2m+l))’ ¢( (x2m ' x2m+l)) )

where
M(x2m ' x2m+l) = max{d(‘XZm ' x2m+l )’ d(XZm ! f'jCZm )’ d('x2m+1’ gx2m+l )’

1
E (d(‘x2m ! gx2m+l)+ d(x2m+l’ fXZm ))}
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1
= maX{0,0, d(x2m+1' Xome2 )’ E (d(me 1 X212 )+ 0)}

1
= max{d(x2m+1 1 Xome2 )' E (d(x2m 1 Xoms2 ) + O)}

= d(x2m+l’ Xome2 )

Now further from (12) we get that

‘//(d(xzmw Xome2 )) < F(’/’(d(xz,nw Xome2 ))’ ¢(d(x2m+l’ Xome2 ))) < ‘//(d(xzm+1’ Xomi2 ))’
that is,

l//(d(‘x2m+1’ Xom+2 )) = F(l//(d(x2m+1’ Xom+2 ))7 ¢(d('x2m+l’ Xom+2 )))'

or equivalently either y(d(x,,,.,,%,,.,))=0 or ¢(d(x,,.,,%,,.,))=0,
ie., d(x,,.,%,,.,)=0 Hence, if x, =x,,k=2m we obtain that
X,y = X, Similarly, if k=2m+1, one easily obtains that x,, = x,,,,
and so the sequence {xn} is constant (starting from some k) and x, is a
common fixed point of f and g.

Suppose now that x, #x for each n. We shall prove that

n+l

d(xn,xn+1)—>0 as n — . Using condition (11) (which is possible since
x, and x,,, are comparable for all n), we obtain

l//(d(x2n+2 ! x2n+1 )) = l//(d(gXZiHl’ fx2n ))

= w(d(fon , gx2n+l)) < F(W(M(xzn ) x2n+1))7 ¢(M(x2n ; xzm)))’
where

M(xzn ) x2n+l) = max{d(XZn 1 X241 )’ d(xzn  fXa, )’ d(x2n+l’ 8X2011 )’

1
E (d(x2n ! gx2n+1)+ d(x2n+l’ fx2n ))}

1
= max{d(xzn 1 X201 )’ d(x2n 1X2041 )’ d(x2n+l’ Xons2 )’ E d(x2n 1 X2n12 )}

N |-

(d(x2n ’ x2n+l ) + d(x2n+l’ x2n+2 ))}

= maX{d(in 1 X041 )’ d(x2n+l’ Xont2 )}

< maX{d(xzn ' x2n+1 )’ d(x2n+17 x2n+2 )’
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If d(x,,.1,%,,,,)>d(x,,,x,,.,)> 0, then it follows

‘//(d(x2n+2 1 X204 )) < F(‘//(d(xzn+11 Xon+2 ))’ ¢(d(x2n+l’ Xon+2 ))) = l//(d(xzn+1' Xon+2 ))’
or equivalently, either t//(d(x2m+1,x2m+2)) =0 or ¢(d(x2m+l, x2m+2)) =0.

This is a contradiction, because d(xzm, x2n+2)> 0. Hence,
M(x2n , xzﬁl) d(x2n,x2n+l) Now, we further easily get that
d(x,,.x,,,)<d(x,,x,,) for al neN {0} This means that

d(x,,x,,)¥ r>0 as n—ow. Let »>0. Passing to the limit in the last
inequality, when n — o, we get

w(r)< Fly(r).g(r))<w(r),

i.e., Fly(r)¢(r)=w(r) or equivalently, either w(r)=0 or ¢(r)=0. A
contradiction. Hence, d(x,,x,.,)—0 as n—> .

n? " n+l
In order to prove that { n} is a Cauchy sequence in (X,d) we shall

use the ideas from (Radenovi¢ et al, 2012, pp.625-645).
It is enough to prove that {xz,l} is a Cauchy sequence. Suppose the

contrary. Then, for some ¢ >0 there exist subsequences {xz,n(k)} and
{xz,,(k)} of {xz,z} such that n(k) is the smallest index satisfying
n(k)>m(k)>k and d(xm(k),xn(k))zg. In partiCUIar, d(xm(k),xn(k)72)< &.
Now, using Lemma 1 and putting in (11) X = X0 Y = Xop(i)a (x and
y are obviously comparable) we have

V/(d(xzn( )1, X 2m (k » ( (fxzn 1 8% 2m( )1»S

< F(‘//(M(xzn(k)' x2m(k)—1))’ ¢(M('x2n(k)' x2m(k)fl)))’ (13)
where

M(x2 (k) me( ) )
= max{d(XZiz(k)’XZm() ) (xan fxzn ) (x2m( )l'gx2m(k)—l)’

%(d(xZn( )1 8% 2m(k) 1)+d(x2m fx2n ))}

= max {d ('x2n(k) 1 Xom(k)-1 )’ d(x2n(k) 1 Xon(k )41 ), d(XZm(k 1 x2m(k))’
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%(d(xbl(k)’ me(k))+ d(x2m(k)—1’ x2n(k)+l»}

- max{g,0,0,%(s + 5)} =c.

Passing to the limit in (13) when k£ — oo, we obtain that
w(e)< Flwle) le) <wle),
that is £ =0, which is a contradiction. Hence, the sequence {xn} is a

Cauchy sequence. Since (X,d) is a complete metric space it follows
that x, — u for some element u € X.

(i) Suppose that the mapping g is continuous. Since x,,,, = u,
we obtain that x,, , = gx, ., = gu. On the other hand, x,,., >u (as a

subsequence of {x,, }). It follows that gu =u. To prove that fu =u, using
u sSuwe canput x =y =u in (11) and obtain that
vl (fir, gu)) < Fly (M (u,u)), §(M (e,u)) = Fly(d o, fir)), pld(u, fir)),
because M (u,u)=d(u, fit). We further have,
p(d(fie,u) < Fly (du, fir)) ¢ld(u, fu)))
from which follows (as in the previously cases) that u = fu.
The proof is similar if f is continuous.

(i) Suppose now that the condition (ii) of the theorem holds. The
sequence {xn} is nondecreasing w.r.t < and it follows that x, < u. Take

X = X2,, and y = u (which are comparable) in (11) to obtain that

p(d(fry, gu)) < Fly(M(x,, ,u)) ¢(M (x,,, 1))

where

0 0)= i) )l )5 @) )|

N max{0,0,d(u, ) dlu gu)} = . )

Hence, we further obtain

w(d(fiy, gu))< Fly(d(u, gu)) ¢ld(u, gu)))

275

Dosenovi¢, T., Ansari’'s method in generalizations of some results in the fixed point theory: Survey, pp.261-280



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 2

or passing to the limit, we get

wld(u, gu))< Fly(d(u, gu)) ¢ld(u, gu)))
From the last relation we get that gu = u.
The fact that u = fu is now derived in the same way as in the case

(). The theorem is proved.

Finally, we address the following definitions as well as maybe a new
result.

Consider the following classes of functions from [0, %) into itself:

o, = {;/ . 7 |is nondecreasing and lower semi - contlnuous},
@, = {a: a|is upper semi - continuous },
@ , = {f: B]is lower semi - continuous },

Also by using Ansari’s method, one can prove that the following
Theorem genuinely generalizes recent results from (Karapinar & Salimi,
2012) in several directions. Its proof is omitted.

Theorem 6 Let (X, <) be a partially ordered set and let there exist a
metric d on X such that (X ,d) is a complete metric space and let
f:X —> X be a nondecreasing selfmap. Assume that there exist
ye®,acd,,fecd, and F €C such that forall s,t>0,

t>0and(s =¢ or s =0)implies y(t)- F(als), B(s)) > 0,
and

Hd(fx, 7)< Fla(M(x, ) B(M(x, )

for all comparable x,y € X, where

M(x, y)= max{d(x,y),d(x,fx),d(y,ﬁ),

Suppose that, either

N |-

(d<x,m+d<y,ﬁc»}.

(i) f is continuous, or

(i) if a nondecreasing sequence {xn} converges to xe X, then
x,sxforall ne NU{O}.

If there exists x, € X such that xy<fxy, then f has a fixed point.
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MPUMEHEHVE METOLOA AHCAPU B OBOBLLUEHUN PAOA
PE3YJIbTATOB B PAMKAX TEOPUW HEMOABVM>XHOW TOYKW:
OB30P

TambsiHa M. OoweHosn4®, CmosH H. Pa,ﬂ,eHOBVI‘-IG

? YuusepceuTeT B r. Hosn-Capl, TexHonornyeckuin pakynster,
r. Hoeu-Cag, Pecny6nuka Cepbus,

o Benrpaackuii yHnsepcuteT, MalwmHocTpouTenbHbIn dakynbTeT,
r. benrpag, Pecnybnuka Cepbus

OBJIACTb: maTemaTuka
BWO CTATbW: opurmHanbHasa Hay4YHas ctaTbs
A3bIK CTATbW: aHrnuickmin

Pe3swome:

Llens 0daHHOU cmambu 3aKk/mo4Yyaemcss 8 HaMepeHuUU roka3ame,
Hackonbko yHkyusi C-knacca, esedeHHass A. X. AHcapu, sensemcsi
MOWHbIM cpedcmeom Orisi 060OWEHUST MHO2UX 8aXHbIX Pe3y/ibmamos 8
meopuu Hernoo8LXKHOU MOYKU.

Kniouesble  criogsa:  «C»  knacc  ¢yHKyul,  Mempuyeckoe
npocmpaHcmeo, rnocnedosamenbHocms Kowu, obwas HernodsuxxHas
modyka, Herod8uXxHasi mouyka.

NMPUMEHA AHCAPWJEBOIr METOJA Y TEHEPANU3ALNIN HEKNX
PESYINTATA N3 TEOPWUJE HEMOKPETHE TAYKE (MPEITEN)

Tamjana M. JoweHosuh®, CmojaH H. Pa,quOBI/IﬁG

¥ YuusepauteT y Hosom Capy, TexHonowku dakynTer,
Hoeu Cap, Penybnuka Cpbuja,

6 YHusepautet y beorpagy, MawmnHckn hakynTter,
Beorpag, Penybnuka Cpbuja

OBNACT: maTematuka
BPCTA UJTAHKA: opurMHanHn Hay4YHu YnaHak
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Lurb osoe pada jecme Oa ce nokaxe 0Oa je C knaca ¢byHKUuja Koja je
yeedeHa y pady A. X. AHcapuja MOhHO cpedcmeo y eeHepanusauyuju
MHO_2UX 8aXKHUX pe3ysimama y meopuju HEMOKPEMHe mauke.

KbyuHe peyu: C knaca ¢yHKUuja, mempu4dku npocmop, Kowujes HU3,
3ajedHuUYKa HernokKpemHa madka, HernokpemHa madvka.
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Summary:

The paper presents mathematical modeling and computer simulation
(MM&CS) in the area of numerical solving of the basic problem of external
ballistics for tubed atrtillery. Five-stage MM&CS scheme for conducting a
ballistic simulation is developed. It is shown that a formal mathematical
procedure allowing to solve the basic problem of external ballistics is a
numerical solution of the Cauchy problem for a system of ballistic
differential equations. The trajectory of a projectile flight for the 57-mm
ZIS-2 anti-tank cannon is estimated. A solving algorithm and the Mathcad
program code are given.The numerical solution for a system of four first
order ballistic differential equations is a five-dimensional space.The
possibility of visual presentation for a numerical solution was proposed in
the form of a square matrix. The boundaries of each subspace are
determined. A procedure based on spline functions is developed for
checking the correctness of the numerical solution. As a result of such
verification, the effects of a light increase in the error at the edges of the
integration interval are observed. A comparison of the numerical solution
of the basic ballistics problem is conducted by means of “soft“ and “stiff*
solver-functions.The trajectory parameters estimated by “soft“ and “stiff
methods are the same up to the fifth decimal place.

Key words: external ballistics, projectile trajectory, mathematical
modeling, computer simulation, Cauchy task, numerical solution,
Mathcad.

Introduction

As a physical phenomenon, a tubed artillery shot belongs to the
class of fast processes. One of the ways of studying them is based on
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the method of mathematical modeling and computer simulation which
replaces the real physical process by its formalized mathematical
description. A problem is thus dealt with a significant amount of
calculation, but it can be partially solved by using computer technology
and automating calculations due to a program environment. As such, the
Mathcad software was selected.

In view of the insignificant number of printed publications related to
the technology of conducting external ballistic calculations in Mathcad’,
as well as their non-systemic nature, the author wanted to contribute to
filling this gap. To this goal, basic program modules have been
developed for making it possible to carry out the MM&CS process for an
external-ballistic trajectories assessment and to realize the calculations
of flight path parameters.

In this part, the paper is a continuation of (Khaikov, 2018), where a
method for estimating a projectile initial velocity as a two-point boundary
value problem was proposed.

The aim of this paper is to solve the following subtasks:

- the development of a program module for the Cauchy problem
solution due to various numerical methods for “soft* systems of ordinary
differential equations (ODESs);

- the proposal of a method for the correctness verification of the
obtained numerical solution;

- the application of numerical methods for the solution of the
classical basic problem of external ballistics as probably “stiff* ODEs.

All the subtasks must be determined in the Mathcad software.

MMA&CS in the area of external ballistics

MM&CS (mathematical modeling and computational experiment?) in
the ballistics of tubed weapons is regarded here as a research
methodology and technology, based on applied mathematics,
mechanics, programming and computer technologies for:

- a deeper understanding of a shot as a physical phenomenon;

- developing new and improving existing designs of small firearms
and artillery tubed weapons;

- developing new and improving existing ammunition;

- developing measuring instruments for experimental ballistics goals.

' Publications from Eastern Europe were checked. The wide capabilities of the Mathcad
software are used in many engineering activities. A preliminary study carried out by the
author showed that there is no manual for a Mathcad application in analyzing internal and
external ballistics of tubed weapons.

2 Here the term “computational experiment” is used as a synonym for “computer simulation”.
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With regard to ballistics problems, the process of MM&CS can be
conditionally divided into five stages (Figure 1). Their names and

essence are listed in Table 1.

results

Analysis of

Calculation

Mathematical
model

Initial
data
21

1

Algorithm of
calculation

Programm
code

3

Figure 1 — A generalized presentation of the MM&CS process
Puc. 1 — O60obuieHHoe npedcmaesneHue npouecca MammodesnuposaHusi
Cnuka 1 — YonwmeHa npedcmasa nipoueca MM&KS

Table 1 — Name of the stage and the essence of the performed actions
Tabnuua 1 — Xapakmepucmuka amarnog MmamemMamu4ecko20 MoOesiuposaHusi
Tabena 1 — Hasusu ¢hasa u kpamku onucu npedy3emux akmusHocmu

Ne Name of the stage The essence of the performed actions

1 2 3

1 Development of a The construction of a mathematical model as a formal
mathematical ballistic | mathematical description of a physical phenomenon
model or object.

2 Development of a Selection of numerical methods for the calculation and
calculation algorithm development of a computational algorithm.

3 Choice of the Implementation of the developed algorithm in the

programming
environment and the
development of a
program code

selected software for engineering calculation.

An important element in the development of program
code is a definition of the existence area for the initial
database (DB) and the development of management
tools.
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Ne Name of the stage The essence of the performed actions
1 2 3
4 Calculation Carrying out the calculations and the postprocessing
performance of the resulting computing data.
5 Analysis of the results | Analysis of the calculation results, comparison (if
possible) with the data of physical experiments or with
conclusions of other computational simulations.

In the fifth stage, researchers can go back to the previous stages
and make the necessary changes (for example, they can change the
program-code or refine the initial data). The ways to perform feedback
are shown by a dashed line in Figure 1.

Further on, the paper will describe a sequence of stages for
assessing unguided projectile external-ballistic trajectories.

Ballistic trajectories and their elements as a result of
numerical integrating of a system of ODEs throughthe
Mathcad solver-functions

The following will be demonstrated: 1) how to calculate a trajectory
and evaluate its parameters on the basis of a numerical solution, 2) how
to verify the correctness of the obtained numerical solution, and 3) how to
solve the basic ballistics (sometimes the word “main® is used) problem of
external ballistics by various numerical methods.

The realization of all five stages of the MM&CS process will be
shown below by solving problem (1).

Numerical calculation of an external-ballistic flight path
and its parameters

MM&CS Stage 1. Mathematical model of a projectile external-ballistic
flight path.

The longitudinal motion of an artillery projectile in the Earth's
atmosphere can be described by the system of ODEs with an
independent argument time (f) (Burlov et al, 2006, p.249). This type of
mathematical expressions belongs to the type of the Point-Mass
Trajectory Model:
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% = vcos(6)

@ _ vsin()

dt

40 (1)
7 _ _&cos(9)

dt v

(7 +g-5in(6))

dt

here® x — the abscissa of the trajectory (m); y — the ordinate of the
trajectory (m); 6 — the angle of a velocity vector relative to the base of the
trajectory (degrees or radians); v — the instantaneous projectile velocity
(m/s); t — the time of flight (s); g — the acceleration of gravity (m/s);
J — the acceleration of the air resistance force (m/s?).

In order to assess an external-ballistic trajectory, we will perform an
example for the flight of the 57-mm Armor Piercing Tracer Solid Projectile
53-BR-271SP (weight 3.14 kg) of the anti-tank gun, ZIS-2 1943 model*.
The ZIS-2 gun is a so-called direct fire weapon and provides shooting
with a flat trajectory.

MM&CS Stage 2. Projectile flight path calculation algorithm.

A calculation algorithm is a simple chain of performing computational
operations. It is presented in Figure 2. The chain consists of eight
elements. In boxes 1, 2, and 6, the values of the constants are
determined. Boxes 3 and 4 define individual functions, and box 7 sets a
functional matrix-column. The value of a ballistic coefficient is calculated
in box 5.

The numerical solution of the Cauchy problem is done in box 8. The
difference between box 8 and boxes 1-7 is that box 8 is called the built-in
Mathcad solver-function. Data from boxes 1-8 is necessary for the solver-
function for its correct functioning. In the block diagram, Figure 2, it is

% A more complete description of a system of ODEs and its elements is given in (Khaikov,
2018).

4 Despite the almost identical initial data, the difference between (Khaikov, 2018) and this
paper is in the following: the direct external-ballistical task is solved here, and the inverse
task fullfiled in the previous work. The direct task (basic ballistic problem) requires the
solution of the Cauchy task, and the inverse task deals with the solution of the boundary
value problem.
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implied that after box 8 the results (errors) are output in a tabular or
graphical form.

START

Determination of the boundaries Determination of the number of
of the integration interval | —¥ points in the integration interval
theg tend N
L4 2
h 4
-
Determination of the air drag law |,/ Determination of the law of
F(v) resistance H{y)
L3 L— 4 +
-
Calculations of the value of N The determination of the initial
the ballistic coefficient conditions for a system of ODEs
L5 6 +
2
The definition of the right-hand N The solution of the Cauchy
sides of the system of ODEs problem
—7 —38
END

Figure 2 — An algorithm for calculating a projectile flight path
Puc. 2 — Aneopumm pac4yema mpaeKkmopuu riosiema cHapsioa
Cnuka 2 — Anzopumam 3a udpadyHasarbe rnymarbe fiema rnpojekmurna

MM&CS Stage 3. Program-code for a numerical solution.

In accordance with Figure 1, a process for program-code preparing
is divided into two parts: the preparation of a database and the
development of computational Mathcad procedures. The structure of the
initial DB is given in Table 2.
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Table 2 — Characteristics of the initial database
Tabnuua 2 — Xapakmepucmuka UCX00HbIX OaHHbIX
Tabena 2 — Kapakmepucmuke nodyemHe 6ase nodamaka

|. Departure point conditions

1 X coordinate of the departure point (X, m) 0
2 Y coordinate of the departure point (Y, m) 0
3 Angle of departure (B, angle minute) 10
4 Projectile initial velocity (Vo, m/s) 990
I Integration interval
5 Time interval (¢, s) theg.. tend
5.1 | Beginning of the time-interval (fyeg, S) 0
5.2 | End of the time-interval (fenq, S) 1.1
6 Number of points (dimensionless) 1000
7 Integration step (At, milliseconds) 1.1
Ill. Functions, variables (constants) of the right parts
of a system of ODEs
8 Air drag law (see (Khaikov, 2018)) quadratic
9 The law of density variation with altitude (H(y)) Eberling5
10 Coefficient that depends on a shape of a projectile, i 0.483
(dimensionless)
11 Caliber of a projectile (main diameter) (d, m) 0.057
12 Projectile weight (g,kg) 3.14
13 Air density at the departure point (0w, kg/m®) 1.206
14 Acceleration of gravity at the departure point 9.81
(9, m/sz)

When using system (1), 12 constants (variables) and 2 functions are

necessary for a numerical solution of the Cauchy problem.

The Mathcad-code program is commented below. Using formula 1
and Table 1, one starts programming the elements of the Cauchy

problem.

Let us determine the caliber for an artillery projectile (57 mm = 0.057 m),
the weight (3.14 kg) and the value of the i coefficient (according to the

quadratic drag law):

d:=0.057 q:=3.14 i:=4.83

S By Eberling law, H(y) is determined as: H(y)=100%%46)
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An angle of departure (in radians) is calculated as a set of angular
degrees, minutes and seconds according to the formula:

Gradus:=0 Min:=10 Sec:=0
: 3
0, = | Gradus + M . 5¢¢ ) _5909.10° )
180 60 3600

At a point of departure, the value of the acceleration coefficient of
gravity is determined as 9.18 m/s? Further on, it is necessary to
determine the time interval of integration, its boundaries and the total
number of points:

tbeg::O tena-=1.1 Npoints: =1000 (4)

As a law of air resistance, we will use the quadratic dependence of
the type:

Fsiap (v): Bsivz’ (5)

where B; = 0.00002694. This simplification is made in order to avoid the
complicated mathematical formulas that describe the law of air
resistance.

The value of the ballistic coefficient is estimated from formula (3)
(Germershausen, 1982, p.159). It is equal to 0.5 m?/kg. The acceleration
of the air resistance force J will be characterized by form®

J =05 (107°%0)). (00000269417 ) (6)

The initial conditions (for (1)) are determined as a matrix-column vy,
which will contain their known numerical values:

Yo = x(O)

_| 7 =20
Yy, = 600)
V3= V(O)

® Here it should be noted that the formula for calculating the ballistic coefficient and the
method of its introduction into the J-equation for different countries (their national
standards) may be not the same. In order to avoid ambiguous understanding, it must be
agreed in advance.
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In view of the fact that the initial velocity of the 57 mm armor-piercing
solid tracer projectile 53-BR-271SP is 990 m/s (Burlov et al, 2006,
p.425), the matrix-column y will look like:

0
0
2.909-107 |
990

The matrix-column D is the right-hand part of the system of ODEs
(1). It includes variables with the following notation: the abscissa of the
trajectory x—yy; the ordinate of the trajectory y—y;; the angle of the
inclination of the tangent 8 —y,, and the instantaneous projectile velocity

V—=ys3.

Y= (7)

¥s-c0s(y,)
V3 'Sin(yz)

D(t1 y) = -£. COS(yZ) . (8)

Y3
46
)Y (2694 .
_|0.5.[ 10 00000 |L[__209% a1 gy
( [ J(lOOOOOOOy 3) gsin(y Z)J

Calling the solver-function rkfixed for numerical solution, (1) is
performed by the command:

Resultl:= kaixed(y, Theg Lends Mpoint D)

For solving differential equations, the solver-function rkfixed
implement the fourth order Runge-Kutta methods with a fixed step.

The variable Resultl is the matrix containing the results of the
numerical solution of the system of ODEs (1). In this case, the matrix has
a size of 5 by 1001 elements and contains 5005 numbers. Five rows of
the Resultl matrix are the independent argument time (f) and the
elements of the matrix y (or D). The first column (argument time) counts
1001 numbers. This number includes the initial conditions plus the
numbers of the points in the integration interval.
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A special feature of the basic problem of external ballistics is that the
system of differential equations (1) contains the quantity J, which does
not have an exact analytic expression. The fact is that J is a empirical
function which can be described as

J =CH(y)F(v), ©)
where C — a ballistic coefficient estimated by the Siacci mathematical
expression (Germershausen, 1982, p.159), m%/kg;

H(y) — a function characterizing the dependence of air density vs
altitude;

F(v) — a function characterizing the dependence of the air resistance
vs the instantaneous projectile velocity.

The functions H(y) and F(v) can be described by means of:
- an approximate analytical function;
- a piecewise function;

- a spline function.

For example, the 1943 air drag law’ can be described by a
piecewise function (Konovalov, 1979, p.84):

0.157 0.1<M <0.73

0.033M +0.133 0.73< M <0.82

3.9M°-6.419M +2.8025831 0.82< M <0.91

¢ ()= 1.5M —1.176 0.91< M <1.00
—~1.6M?% +3.7632M —1.828716 1.00< M <1.18 |

0.384sin(1.85M *) 1.18 < M <1.62

0.29M ™ +0.172 1.62 < M < 3.06

—0.011M +0.301 3.06 <M <3.53

which will lead to the complication of the program-code. The drag
coefficient C,;is a function of the Mach number (M).

" It means the law of air resistance that was developed in the USSR during World War II. It
has a short name: the 1943 law.
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By using the drag functions C,(M) the quantity J will be calculated as
J =4.732-10*CH(y)aiM*C (M), (10)
where q, - the speed of sound constant (about 340 m/s).

MM&CS Stage 4. Calculation.

An example of the numerical solution of ODEs (1) as a Resuilt1
matrix is shown in Figure 4. Note that the Mathcad software
independently enumerates the columns and rows. The vertical column
and the horizontal row with numbers and gray background should not be
confused with numerical data.

The first row contains the initial conditions for (1). The leftmost
column is the independent argument (in this case, the time of flight). The
values of the first column are limited by the boundaries of the integration
interval.

] 1 2 3 4
] 0 0 ] 2.909-10-3 990
1 1.1-10-3 1.089 3.162-10-3 2.808-10-3 959.855
2 2.2-10-3 2.178 6.311-10°3 2.887-10°3 039.709
Resultl =
3 3.3-10°3 3.266 0,448-10-3 2.876-10°3 959.564
4 4.4-10-3 4,355 0.013 2.865-10-3 089.418
5 5.5°10°3 5.443 0.016 2.854-10°3 989.272

Figure 3 — An example of data for a numerical solution of ODEs (1)
Puc. 3 — lNpumep mampuusl YucrneHHozo peweHus cucmembl O4Y (1)
Cnuka 3 — lNpumep nodamaka 3a Hymepuyko pewere OJ

The time step of the Table is constant and it is determined as (in
milliseconds)

tend - tbegin _ 1 1 - 0
n +1 1001

points

In order to use the found values independently from the matrix
Result] will create 6 variables; their purpose are explained in Table 3. If
necessary, the variables can be combined into a new matrix.

=1.09ms.

Step =

T: = Result]™” X: = Resultl™” Y: = Result]®
Ora: = Result]” Ogr: = 1807 Ora V: = Result]™
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Usually, the output of tabular data is accompanied by graphs. Their
coordinates type and scale must be convenient for further analyses.

Table 3 — Characteristics of variables of a numerical solution
of the system of ODEs (1)
Tabnuua 3 — Xapakmepucmuka rnepeMeHHbIX YucneHHo20 peweHue cucmembl OY (1)
Tabena 3 — Kapakmepucmuke npoMeH/bU8UX Hymepuydkoe pewera cucmema OLJ(1)

Ne/Ne Designation Specification

1 T A time of flight (¢, s)

2 X A horizontal range (X, m)

3 Y A height of a trajectory (Y, m)

4 Ora An angle of the velocity vector relative to the base of a
trajectory in radians

5 O, An angle of the velocity vector relative to the base of a
trajectory in degrees

6 |14 An instantaneous projectile velocity (m/s)

MM&CS Stage 5. Analysis of results.

It is known that the analysis of any two quantities can be expressed
analytically, in a tabular form and graphically. The numerical solution of
the system of ODEs (1) enables ananalysis of tabular and graphic data.
The graphs of functions performed in the Cartesian coordinates for the
system of ODEs (1) are shown in Figure 4.

Figure 4 shows the complete set of dependencies for the five
quantities which characterize the system of ODEs (1). This image is
constructed in the form of a square matrix. The quantities indicated in the
upper horizontal line (X, Y,0c, V, T) of Figure 4 are plotted respectively
on the ordinate axis of each graph. The quantities showed in the left
vertical column of this figure are plotted respectively on the abscissa
axis. The total number of dependencies is 25. Five graphs along the
matrix diagonal are functions of the magnitude itself. Thus, there are 20
dependencies. From this number, 10 are direct dependencies and 10 are
reverse ones. The functions Y-X, V-X, and V-T are the most widespread
ones in practice.

Sometimes for the value of Y as a height of the trajectory and as an
argument of function, there are 2 points (ordinates) on the graphs (for
one Y-value). Such ambiguity characterizes the ascending and
descending parts of the trajectory.
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A starting point in the form of a square is added to each graph. This
is done to explain the dynamics of the projectile flight and it displays the
initial state from the point of view of the physical process.
The domain of the numerical solution for the system of ODEs (1) is
the five-dimensional space (5D) of X, Y, Og,, V and T quantities. The
boundaries of each of the quantities are shown in Table 4.
If the quantities X, Y, 65, and V' are the parametric equations from
the argument 7, then, in the three-dimensional space, they can be
expressed by two types of 3D-graphs: X, Y, 05, X, Y and V. A parametric
equation and the three-dimensional coordinate space give an opportunity
to create a better graphic image.

F ® B ¥ B BG" - v Fl
1x10? 1107 1x10° . 1x10° T 1x16°
3001 8001 s00F 4 soof 4 soor B
s00f s00f so0f 4 soof 4 oor E
X X
100¢ 1000 1000 4 amp 4 awr E
200- 2000 2000 4 200f 4 200 B
0 . . L . L - 0 .
g Y% “o: —o2 5 " )
0 100 300 06 —04 —02 02 o 200 R 03 15
1 1 1 — 1 .
0 oF oF - o - ol -
¥ - B = 4 -1 4 - -y
-2 B - 4 - 4 - E
_ L L _ _ L 3 . _ L
0 100 500 23 Z06 —04 —02 [ 000 T 03 15
02 T T 02 02, — 02 F 0 T
of or oF 4 o 4 o E
gy 02 -0z —o02- 4 —o2r 4 -oaf T g
—o4- —o4- —04- 4 —0ar 4 o4t -
- 0.6 L L -06 ~0.6 L L -0.6 : -0 !
& b5 o2 = . 7 5 5
0 400 500 06 —04 -0 02 ang 90 1x10° 02 13
1107 1x10° 1=10° T T —g 1x10° T 1107
9501 930~ 950 4 esor 4 s E
Vo soor 200 200 4 eoor 4 so0r 4V
8501 850~ 850~ 4 ssor 4 s E
801 L L 300 300 L L 300 L 80 . -
0 100 500 -3 ~06 —04 —02 02 " gpg o00 g 0 03 15
13 T T L5 T L5 — L5 15 T
it i i 41 4 e
T T
053 05k 0sk 4 ost 4 ost e
0 L L 0 L 0 L 0 . - L
A 9% —oa -0z . . 5 s
0 400 500 e 06 —04 -02 02 gy 900 b 0 02 13
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far

Figure 4 — Complete set of 2D dependencies between the values of the system of ODEs

Cnuka 4 — Komnnem 2D 3asucHocmu uamehy epedHocmu cucmema OL4J (1)

(1)

Puc. 4 — lNonHoe mHoxecmeo 2D 3agucumocmeti Mex0y
genuyuHamu cucmembi OLY (1)
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Table 4 — Characterization of the boundaries of the
quantities (X, Y, Bg,, V, T)
Tabnuya 4 — Xapakmepucmuka epaHuy, eenuduH (X, Y, 8g,V, T)
Tabena 4 — Kapakmepusauyuja epaHuya eenuyuHa X, Y, Bg, V, T

Ne Physical quantities Min Max
The horizontal range (X, m) 0 1000
2 The height of the trajectory (Y, m) 0 1.1
P | e ot veoct seaor e e | o
4 The instantaneous projectile velocity (m/s) 820 990
5 The time of flight (¢, s) 0 1.1

Verification of the correctness for external-ballistics
trajectory parameters obtained as result of a numerical
solution

In view of the fact that the existing solver-functions are nothing more
than "black boxes", and the information about their implementation
algorithm is characterized by incompleteness, it may be necessary to
verify the correctness of the obtained solution by the substitution method.

At the first level of this process, we create a matrixline of discrete
time values:

tio = thag s thea + —tend ~ theg t
in -~ “beg’ ‘beg 1001 ~*end

At the second level, we perform the spline interpolation of the four
obtained quantities (X, Y, 05, V) that are the result of the numerical
solution of the system of ODEs, and express them as a spline function
with the argument ¢;,,. Thus, we define the four new functions: X, (%),

Yin(tin); Qin(tin) and Vin(tin)-

Xin(tin) := interp (Ispline (T,X),T,X,tin)
Yin(tin (Ispline (T. V). T. Y. ;)
ein(tin interp (Ispline (T.0),T,0,t,

Vin( (

ti) := interp (Ispline (T,V),T,V,tin)

= interp

In

S— S —

294




In this case, a linear spline function is used, but M allows the use of
quadratic and cubic spline functions.
For the first differential equation (1), namely

d’fT(;) = v(t)cos(6/(t))

express the left part and right one in the form of the spline functions. For
the left-hand side, we perform numerical differentiation and obtain the
function Lx(t,)

Lx(tin) = m(xin(tin))
The right-hand side of Rx(%;,) is obtained by multiplying

RX(tin) = Vin(tin)‘COS (ein(tin)) .

One visualizes the results (both the right and the left part) in the form
of a graph in the Cartesian coordinates

o600 T T

L.X“.i.n.:' 830r .

Rt |
Rxltinl goof .

- L
750 | | Bii §

0 0.3 1 1.3
Figure 5 — Comparison of the right and left part of the first differential equation of (1)
Puc. 5 — CpasHeHue ripaeol u negoli Yacmeli nepe8o2o ypasHeHUs
cucmembi OY (1)
Cnuka 5 — lNopefere nesoe u decHoz Oena npse dughepeHyujanHe jedHaquHe (1)

The graph of the right and left part of the first differential equation of
system (1) is presented as a decreasing function of time. Figure 5 shows
its form for the integration interval 0-1.1 s. In order to find a magnitude of
the relative error of their difference, one will look for (in percent):

100 | Ly(tin) = R(tin)|
Deltay(tjp) :=
I-X(tin)
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To improve the image, the value of Deltax(t;) is summed with the
constant a = 1-107°.

The graph in Figure 6 shows that at the ends of the integration
interval there are "edge" effects and the error of numerical solving
increases.

12107 % .
1107} s

a+DEltaX|. [1-_“.:- 110~ 17 4

11071

1107 12 ' '

Figure 6 — Visual presentation of the relative error of the right and left parts of the first
differential equation expressed in percent
(integration interval 0-1.1 s.)

Puc. 6 — BusyansHoe uzobpaxeHue omHocumesibHoUl noepewHocmu ripaeol u neesou
yacmeli Nep8o2o ypasHEHUs, 8bipaxxeHHOU 8 npoyeHmax (UHmepasas UHmeapuposaHusi
0-1.1c.)

Cnuka 6 — BusyernHu npuka3 penamusHe egpelwke 0ecHoe u fiegoz dena npee
ougbepeHyujariHe jeOHa4YUHe UspaxkeHe y npoueHmuma
(uHmeepayuoHu uHmepean 0 — 1,1s)

In a similar way, the left and right parts for the second, third and
fourth differential equations of system (1) are compared (Figure 7).

There is a coincidence of the function graphs. The right-hand sides
of the second and third equations of the system of ODEs (1) are
monotonically decreasing time functions. Their shape is close to linear
dependence. In contrast, the right-hand side of the fourth equation is an
increasing function. By the adopted initial conditions, their domain is
negative.

A visual presentation of the errors of the right-hand and left-hand
sides of equations 2-4 of the system of ODEs (1) is shown in Figure 7.

A visual presentation of the relative error of the right and left parts
for the second, third and fourth differential equation expressed in percent
(integration interval 0-1.1 s.) is shown in Figure 8.
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Figure 7 — A proof of the numerical solution for the second, third and fourth differential
equation
Puc. 7 — lNposepka YucrneHHO20 peweHuUs 8Mmopozo, mpemse2o U 4emeepmozo
OucbgbepeHyuarnbHbIX ypagHeHuUl
Cnuka 7 — [Jokas Hymepu4koz pewera Opyee, mehe u yemepme ughepeHyujanHe

JjeOHa4yuHe
a+Deltay]t, | a+Deltay |.l[ o) a+Deltay{t,)
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Figure 8 — A visual representation of the relative error of the right and left parts of
differential equations
Puc. 8 — BusyanbHoe npedcmasneHue omHocumersibHoU rnozpewHocmu rnpasou u neeou
yacmeli OughgpepeHyuasibHbIX ypagHeHUl
Cniuka 8 — BusyernHu npuka3s penamusHe 2pewike decHoz u riegoe oena
ducbepeHyujanHux jeOHa4yuHa

The conclusion for paragraph 2.2 is that the verification of the
numerical solution can be carried out using spline functions with the help
of which the approximation of the numerical solution is performed and the
right parts of the systems of differential equations are calculated. The left-
hand parts of the system of ODEs are calculated by numerical
differentiation. At the final stage, we compared the right and left parts of
the chosen interval of integration. For system (1), the error in the numerical
solution does not exceed 1-107%.
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Numerical solving of the basic external-ballistics problem
by numerical methods for “soft“ and “stiff* systems of ODEs

From a practical point of view, it is interesting to consider the
following problems:

I. Comparison of the calculation results obtained through various
numerical methods.

II. Determination of the “stiff properties of the system of ODEs
characterizing the external ballistician problems.

Regarding the first problem: doing research for comparing the
usefulness of various numerical methods by solving a system of ballistic
differential equations will possibly allow an increase in a number of
methods that can be conducted for numerical solving procedures. During
the research, the level of errors, computational costs and the average
solution time will be established.

The Mathcad solver-functions for solving the ODEs for “soft“ and
“stiff systems are collected in Table 5. There are 7 solver-functions.

Table 5 — Functions-solvers of ODEs for “soft“ and “stiff* systems
Tabnuua 5 — @yHkyuu-pewamenu OLY Onsa «Msiakux» U «KeCMKUX» cucmem
Tabena 5 — ®yHkyuje 3a pewasar-e OLJ 3a ,mexke” u ,kpyme” cucmeme

Functions-solvers of “soft” systems of Functions-solvers of “stiff* systems of
ODEs ODEs

Adams

rkfixed Radau

Rkadapt Stiffr

Bulstoer Stiffb

The commands for calling a solver-function and the required
variables are shown below:

Result1:= Adams(y, tveg, tend, Mpoint, D, 10°°)
Result2:= rkfixed(y, tveg, tend, Npoint, D)
Result3:= Rkadapt(y, tseg, tond Mpoints D)
Result4:= Bulstoer(y, tyeg, tend, Npoint, D)

The computational experiments conducted by the author showed
that the calculations of system (1) performed by “soft* ODEs such as
rkfixed, Rkadapt and Bulstoer give identical results up to the 5th digit
after the decimal point (there were no experiments with the solver-
function Adams).
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Regarding the second problem: a parallel solution of the same
ballistic problem by several numerical methods will make it possible to
detect the appearance of probable “stiff properties of the system of
ODEs.

System (1) was solved with numerical methods for solving “stiff*
ODEs: for instance, the Stiffb solver-function which implements the
Bulirsch-Stoer method and the Stiffr solver-function — the Rosenbrock
method.

To evaluate a trajectory using “stiff* methods, it is necessary to know
the matrix J; that has a size n*(n+1): n rows and n+1/ columns. The first
column J; contains the partial derivatives dF/dt, while the remaining
columns and rows represent the Jacobi matrix dF/dy.

The structure of the matrix J; applied to (1) has the following form

[OF, OF, oF, OF, OF,
ot Oy 0 oy 1 oy 2 oy 3
oF, OF, OF, OF, OF,
_| 0t 0Oy, Oy, 0Oy, Oy,
JtY)= ok oF. oF oF oF
ot 0y, Oy 0Oy, Oy
oF, OF, oF, OF, OoF,
ot 6)’0 oy 1 oy 2 6)’3

For D(ty) (8), the matrix Ji(t,y) of size 4*5 (4 rows and 5 columns)
has the kind

0 0 0 —y,sin(y,)  cos(y,)
0 0 0 —ygcos(y,)  sin(y,)

sin COS
J.(t,y)=10 0 0 £ (y2 g—z(yz) (11)
Y3 Y,
0.0000538C
000 gcos(y,) Wmahh

The element of the matrix a has the form

OF, 1.237-107In(10)Cy2 (12)
= oy = 10000046y, :
1
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The result of testing solutions (1) by the methods of solving a “stiff*
system of ODEs Stiffb, Stiffr gives a similar result as “soft methods. For
such solutions, there are 5 digits after the decimal point.

Conclusion

In this article, it is proposed to consider that a numerical solution of
the basic problem of external ballistics can be considered as a five-stage
process of MM&CS.

It is shown that a formal mathematical procedure allowing to solve
the basic problem of external ballistics is a numerical solution of the
Cauchy problem for a system of ballistic differential equations.

The flight trajectory of a projectile for the 57-mm ZIS-2 anti-tank
cannon is estimated and visualized. A solving algorithm and the Matcad
program-code are given.

The numerical solution for a system of four first order ballistic
differential equations is a five-dimensional space. The possibility of a 2D
visual representation for a numerical solution was proposed in a form of a
square matrix. The boundaries of each subspace are determined.

A procedure based on spline functions is developed for checking the
correctness of the numerical solution. For verification purposes, spline
functions of three kinds can be used: a linear spline, a quadratic spline
and a cubic spline. As a result of such verification, the effects of a light
increase in the error at the edges of the integration interval are observed.

A comparison of the numerical solution of the basic ballistics
problem is conducted by means of “soft” and “stiff* solver-functions. The
article considers a possibility of solving a ballistic problem using five
types of the Mathcad solver-functions. The trajectory parameters
estimated by “soft® and “stiff* methods are the same up to the fifth
decimal place.
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MATEMATWYECKOE MOAENMPOBAHWE W BbIYUCITUTENBHbLIN
OKCMEPWMEHT NMPW OLIEHKE BHELUHEN BAJITIMCTUKA
CTBOJTbHOW APTUNNEPU CPEACTBAMU MPOrPAMMBI
MATHCAD

Badum J1. Xaiikos
He3aBMCUMbIN nccnenosarenb, r. KpacHogap, Poccuiickas Pegepaums

OBNACTb: BbluMcnUTENBHAA GannMcTUKa
BWO CTATbW: opurmHanbHasa Hay4YHas ctaTbs
A3bIK CTATbW: aHrnuickui

Pe3swome:

B cmambse nipedcmasrieHbl NPUMEHEHHLIU Memod Mamemamu4ecKoeo
MOOenUpPO8aHUsT U KOMITbIOMEPHbIU KCEpUMEHM Mpu peweHuU 3adad
OUeHKU 6HewHel 6amucmuku cmeoribHbIX cucmeM. Paspabomara
obwasi cxema rnpoeedeHuss  bannucmMu4eckoeao  MoOesIupO8aHUs,
cocmosiwas u3 namu  yposHel. ®opmarnbHOU Mamemamuyeckol
npouedypodi, noseosnsirouieli pewums OCHOBHyH0 3adadyy 6HewHeu
bannucmuku  siensgemcs  peweHue  3adaqyu  Kowu — cucmembi
OugbpepeHyuanbHbIx ypasHeHud. [ns 57-mm opydusi 3UC-2 oueHeHa
mpaekmopusi ronnéma eé cHapsda. PaspabomaH aneopumm pewieHus
3adayu u npoepammHbIli Mathcad ko0.

YucneHHoe  peweHue  cucmembl  Yembipex  bannnucmuyYeckux
OughghbepeHyuarnbHbIX ypasHeHUl nepeozo rnopsidka npedcmasnsem
coboli nsmumepHoe npocmpaHcmeo. [lokazaHa  803MOXHOCTIb
8u3yasibHO20 rnpedcmasrieHus1 peweHusi 8 sude KkeadpamHoU Mampuubl
u onpederneHbl epaHuUubl nodnpocmpaHcms. Pa3spabomaH MexaHU3M
MPOBEPKU  YUCIIEHHO20 peweHust cucmembl  OugbghepeHyuanbHbIX
ypasHeHuUli C ucCrnosib3oe8aHUeM crinaiH yHkuul. B pesynbmame
rpoB8ePKU  OBHapyXXeHbl 3hPEKMbI  HE3HAYUMEbLHO20  Y8eslUYEeHUs
roepewHocmMu Ha Kpasix UHmepeana uHmeepuposaHus. [lposedeHo
CpasHeHUe pewieHuss OCHOBHOU 3adadyu 6GannucmuKku rpu  MoMouwu
«MSI2KUX» U «KecmKux» ¢byHKyul-pewamened. [lo pesynbmamam
OUEHOK  «MSI2KUMU» U  «KecmKumMu»  Memodamu  rapamempbl
mpaekmopuu o0uHakosb! 00 rsMo2o 3Haka rocse 3ansimodu.

Kniroueebie crioga: 6HewHsis bannucmuka, eHewHebannucmuyeckas
mpaekmopusi, Mamemamuyeckoe MoOesiuposaHue, 8bI4UCIUMESIbHbIL
akcriepumeHm, 3adada Kowu, 4YucrieHHoe peuweHue, rnpospamMma
Mathcad.
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NMPUMEHA NPOIrPAMA MATHCAD Y MATEMATNYKOM
MOOENOBAHY N PAYHYHAPCKOJ CUMMYNALININ OCHOBHOI
MPOBIEMA CINOJIbHE BAJIMCTUKE LLEBHE APTUILEPUJE

Baduwm J1. Xajkos
He3aBWCHU UcTpaxunaad, KpacHogap, Pycka ®egepauuja

OBNACT: 6anuctuka, payyHapcke Hayke
BPCTA YJTAHKA: opurvMHanHm HayyYHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Y pady cy npedcmas/beHU Mamemamuyko Modesiogame U
Komrjymepcka cumynayuja (MM&KS) y obnacmu Hymepuykoe
pewasama OCHOBHO2 ripobrema criosbHe banucmuke UesHe
apmurbepuje. PassujeHa je wema MM&KS y nem ¢pasa 3a useoher-e
banucmuyke cumynauyuje. lNokasaHo je Oa chopmasiHU MamemMamuyku
rnocmynak Koju omoeyhaea peuwere OCHO8HO2 MpobsieMa CrosbHe
banucmuke npedcmas/ba HyMepudyko pewasare Kowujegoz
npobrnema 3a cucmem banucmudkux OugbepeHyujanHux jeOHaqyuHa.
UcnumaHa je nymara nema rnpojekmusia MpomusmeHKO8cKo2 morna
3U1C-2 kanubpa 57mm. [lpedcmasrbeHu cy anzopumam U KoO
npoepama Mathcad koju cy kopuwheHu 3a pewasare. Hymepuyko
pewere cucmema Koju ce cacmoju 00 u4emupu b6anucmuyke
OugpepeHyujanHe jeOHa4yuHe rnpeoe peda jecme MPOOUMEH3UOHAsHU
npocmop. [lpednoxeHa je moayhHocm Qa ce HYyMepu4qyKo peuler-e
npedcmasu su3yesnHo y obnuky keadpamHe mampuuye. O0peheHe cy u
epaHuue cgakoe nomnpocmopa. Pa3eujeH je nocmyrnak 3acHO8aH Ha
»Spline” @yHkyujama padu nposepe ucCrpasHOCMU HyMepu4yKoe
pewera. lpunukom dame npoeepe, rpumeheHu cy eghekmu nakoe
nosehara epewke Ha KpajegumMa UHMe2payUoOHO2 UHMepsana.
Hymepuyko pewer-e ocHogHoz banucmuykoe rnpobrema yriopefjeHo je
nomohy .mekux” u Kpymux” yHKUuja 3a pewasar-e. [lapamempu
fymarba ucnumanu ,Mekum” u ,kpymum” memodama ucmu cy 0o neme
deuyumarie.

KmmyyHe pequ: crnorbHa banucmuka, rymara  fpojekmurna,
Mamemamuyko Modenupare, KoMmrjymepcka cumynayuja, Kowujee
3adamak, HYMEepUYKO peuiere.
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Abstract:

The paper considers the energy position of negative ions of impurity
atoms in the band gap of a semiconductor. Owing to the Boltzmann law,
the energy levels of negative ions in the vicinity of the conduction band
supply electrons to the conduction band, while resonance exchange of
electrons occurs from the energy levels of negative ions in the vicinity of
the allowed terms of the atoms of the main crystal. It is shown how energy
band diagrams of n-conductivity and p-conductivity are formed. The
applied external electric field acts oppositely on the impurities located in
the vicinity of the conduction band and on those located in the vicinity of
the allowed energy levels of the atoms of the main crystal. Impurity
conductivity is determined by dielectric permittivity formed by the induced
electric dipole moments of negative ions.

Key words: n-conductivity, p-conductivity, negative ions, electron
affinity, thermionic emission, polarization.

Introduction

Nano-electronics is developing at a particularly rapid pace. This
progress became possible after p- and n-conductivity' had been
discovered in semiconductors featuring a wide enough band gap with the
allowed energy levels. Semiconductor plates not exceeding 100 ym in
width are cut from a crystal in plane (111). The conductivity of n-type is
obtained using various techniques, by introducing atoms of boron,
tellurium, gallium or indium into the body of a plate. The conductivity of p-
type is created when atoms of arsenic, phosphorus or selenium are

' For clarity sake, commonly used terminology will be followed here. The terminology will
be specified in due course.
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introduced into the body of a semiconductor material. The action of the
external electric field on n- and p-conductivity has been considered, for
the most part, qualitatively. The quantitative substantiation of the
phenomenon in terms of electronic theory was sufficiently performed in
the 70s of the last century (Gretchikhin & Lenets, 1972).

The results could be put to practical use and, therefore,
microelectronic engineering has been developed so far, for the major
part, experimentally.

Advances in nanotechnologies resulted in a dramatic development
of new techniques related to micro- and nano-electronics. In connection
to this, there appeared an urgent need to understand what happens in
the process of micro- and nanostructures formation. Former concepts
based on the electronic theory of Drude-Lorentz-Sommerfeld do not
reflect the true state of things. New approaches are necessary. In this
regard, former physical concepts have already being rethought now. In
his time, Nikola Tesla, as an alternative to the electronic theory,
suggested electric and magnetic phenomena to be considered in terms
of electromagnetic fields interaction. Nikola Tesla's ideas in
electrodynamics were systematically developed in the following works:
(Gretchikhin, 2008a), (Gretchikhin, 2016), (Gretchikhin, 2004) and
(Gretchikhin, 2008b). However, so far, there has been no clear physical
basis for the occurrence of p- and n-conductivity at atomic-molecular and
cluster levels since the following fundamental directions remain unclear:

It is not clear why introducing various impurities into a
semiconductor makes it possible to obtain p- or n-conductivity.

1. It is unclear what qualities, along with valence, introduced atoms

should possess to ensure p- or n-conductivity.
2. What does chemical potential represent and why it should be
located in the middle of the band gap.

All the above directions are clear in a quantitative sense under the
assumption that the chemical potential in semiconductors is located in
the middle of the band gap. Therefore, it is very difficult to hope for a
clear understanding of nano-technologies or their wide and effective
applications in daily practice until a rigorous theory of p-and n-
conductivity which offers profound explanation of the phenomena at
atomic-molecular level with further transfer onto nano-level has been
developed. In this regard, it is vital to set the following goal: to develop a
profound explanation of p- and n-conductivity taking into account the
latest achievements of experimental and theoretical physics at the nano-
level and with a firm rejection of the electronic theory. To reach the goal,
it is essential to solve the following problems:
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- to provide a rigorous explanation of the crystal structure of
semiconductors;

- to provide an explanation of how p- and n-conductivity are formed;

- to provide an explanation of the temperature dependence of p- and
n-conductivity;

- to ascertain how p- and n-conductivity behave under the action of
external electric fields;

- to find out the essence of semiconductor conductivity based on new
physical concepts;

Let us consider, one after another, these problems.

Structure of the Semiconductor Surface

In the case of silicon and germanium, the papers (Gretchikhin et al,
2015a) and (Gretchikhin, 2004) provide a theoretical explanation of their
crystal structure and present the valence electron distribution in the first
Brillouin zone. The paper (Gretchikhin et al, 2015a) presents the
crystalline structure appearing on the surface taking into account the
cluster structure of the condensed state; the following binding energies
have been determined in the paper:

1. Binding energy when forming diatomic and triatomic molecules of silicon.

2. Binding energy among triatomic molecules of silicon within cluster structures.

3. Binding energy among silicon clusters in the intercluster lattice
structure with a due explanation of the melting temperature.

In order to verify theoretical calculations, the silicon surface was
carefully investigated my means of a tunneling microscope.

Figure 1 — Silicon Si (111) surface
Puc. 1 — lNosepxHocmb kpemHus Si (111)
Cnuka 1 - lNoepwuHa cunuyujyma Si (111)
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Figure 2 — General form of the first Brillouin zone for a silicon crystal
Puc. 2 — O6wuti 8ud nepeoll 30HbI bpunntosHa 0ns Kpucmarnna KpeMHUsI
Cnuka 2 — Onwmu obnuk ripse bpunyuHose 30He K0 Kpucmana cunuuyujyma

Figure 1 show a scanned silicon surface with an adhesion cell, filled
with atoms and molecules of other elements, marked with a triangle. The
theoretically calculated silicon surface shows agreement with the
experimental data for all parameters of the design: in shape and in size
of triatomic molecules on the silicon surface (Gretchikhin et al, 2015a).

Therefore, the Si(111) silicon surface is formed by triatomic
molecules Si; with the radius of 2.122 A (Gretchikhin et al, 2015a),
accompanied by the formation of column-like gaps of 8.1 A. Valence
electrons in the crystalline state form a cloud which obeys the Fermi-
Dirac distribution law. Figure 2 presents the results of the distribution
calculated for silicon (Gretchikhin, 2004). The Fermi level of the silicon
crystal possesses the energy of 2.49 eV. There are four allowed energy
levels in the band gap; the levels feature the following values relative to
the bottom of the conduction gap: 0.84; 1.03; 1.38 and 2.04 eV.

When neutral atoms are introduced as impurities onto the Si(111)
surface of a silicon crystal they are located in places with the maximum
binding energy. For instance, it has been proved experimentally that
indium applied onto the silicon surface results in adhesion occurring on
the surface between column-like gaps. The adhesion occurring between
column-like gaps is formed by three triatomic molecules of silicon with
close packing, marked with a triangle in Figure 1.

307

Gretchikhin, L., Formation of p-, n-conductivity in semiconductors, pp.304-321



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 2

'
-

Figure 3 — Complete filling of the silicon surface when indium is sprayed onto the surface
Puc. 3 — lNonHoe 3anonHeHue nogepxHOCmMu KpeMHUSs MpuU HarblneHuu uHouem
Cnuka 3 — lMomnyHo ucnyHasarse MospuiuHe cunuyujyma npu HaHowery uHoujyma
MPpCKaeM Ha rospuiuHy

Flat indium clusters consisting of three diatomic molecules are
precipitated (Gretchikhin et al, 2015b). When such a cluster interacts with
the silicon surface, the cluster and, at the same time, the molecules are
deformed substantially. As this takes place, each atom independently
interacts with the electron cloud of the valence electrons of the silicon crystal
and with the ions of the crystal lattice. This situation with a complete filling of
the silicon surface with indium atoms has been proved experimentally and is
presented here in Figure 3. The emission properties are determined by
individual atoms. A similar structure of atom arrangement on the silicon
surface must be realized for other substances introduced into the silicon
crystal.

Let us consider in detail the process of interaction of neutral atoms of
different elements with the electron cloud of the first Brillouin zone of a
silicon crystal, and find out what phenomena may occur in the process.

Formation of p- and n-Conductivity

The atoms embedded in the crystal structure must carry an
excessive positive or negative electric charge to create an induced
electric moment and, therefore, to participate in the conductivity of
electric current. In this case, there may be positive ions created due to
the ionization of neutral atoms, or negative ions in case of neutral atoms
possessing a noticeable electron affinity. Table 1 presents the main
parameters of the elements introduced into the silicon crystal to organize
p- or n-conductivity.
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Table 1 — Main parameters of the elements introduced into the silicon crystal
Tabnuya 1 — OcHosHble napamempbl 8800UMbIX 3/1@MEHMO8 8 KpUCMaril KpeMHUS
Tabena 1 — OcHo8HU Napamempu efleMeHama y8edeHUX y Kpucmain cunuyujyma

Introduced elements
Para- Ph
meters Boron | Gallium | Tellurium | Indium Arsenic 0s- Selenium

phorus

Atomic 1166 | 1.811 | 1.429 1999 | 1355 |1.253 | 1.221
radius (A)
lonization
energy 8.30 6.00 9.01 6.79 9.82 10.49 9.75
(eV)
Affinity
energy 0.277 | 0.300 0.200 0.300 0.810 0.747 2.021
(eV)
Share of
emission 0.288 | 0.693 0.432 0.846 0.387 0.333 0.315
centers

It follows from Table 1 that the process of ionization in the silicon crystal is
practically impossible under normal conditions because of a high ionization
energy. Therefore, the atoms of various elements cannot remain in the form of
positive ions on the surface of the silicon crystal. A different situation arises when
atoms possessing electron affinity other than zero are introduced into silicon.
Such atoms are able to stay on the crystal surface in the form of negative ions
which possess affinity energies within the band gap of the silicon crystal.

P
D

2.49

Silicon

P (a)

E, eV

Silicon

(®)

Arsenic

Figure 4 — Energy band diagrams of the formation of: (a) n- conductivity and (b) p-conductivity
Puc. 4 — SHepeemuyeckasi cxema ¢hopmuposaHusi: a) n-nposodumocmu u 6) p-rnposodumocmu
Criuka 4 — EHepaemcka wema ¢hopmuparsa (a) H-nposodrbusocmu u (6) n-rposodrbusocmu
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Figure 4 demonstrates, as an example, the principal energy band
diagram in the case of boron and arsenic introduced into the silicon crystal.
Boron and arsenic possess the ionization energies of 8.3 eV and 9.82 eV
and, accordingly, are located in the vicinity of the electron density
distribution maximum of the first Brillouin zone of the silicon crystal (Figure
2). Since these atoms possess electron affinity energy, they freely capture
electrons from the first Brillouin zone of the silicon crystal and are turned
into negative ions with further transition to the band gap where they
permanently stay in the form of negative ions, regardless of various
external influences. This process presents an obvious and fundamental
fact.
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Figure 5 — Distribution of impurities on the silicon surface

Puc. 5 — PacrnionoxeHue npumeceli Ha nogepxHocmu KpemHuUsi
Cnuka 5 — [Juecmpubyyuja npumeca Ha No8pUWUHU cunuyujyma

Figure 5 shows the arrangement of impurities on the silicon surface.
Each adhesion cell is surrounded by three intermolecular gaps with the

size of d, :(\/E—l)rm. The effective radius of triatomic molecules of
silicon amounts to r, =2.122 A (Gretchikhin et al, 2015a). In this case
d,=3 A. As the sizes of boron and arsenic atoms are known to be less
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than 3 A, then a part of the atoms will be captured by the gaps, and a
certain share of the part may not participate in the thermal emission of
electrons. The sizes of gallium and indium atoms exceed 3 A. Therefore,
these atoms will be located on the silicon surface and will fully participate
in the thermionic process. Then, it follows from Figure 5 that the
maximum concentration of introduced impurities (boron as well as
arsenic) in the form of monolayer will amount to:

64 _3
n, = 2 m, )
7(d, +3d,)” -(d, +d;)

where d; is the diameter of the column-like gap, d. is the diameter of a
triatomic silicon molecule, and dj is the diameter of impurity atoms.
Based on formula (1), the maximum concentration of the atoms in the
surface layer of boron impurity amounts to 2.68-10%” m™ while that one of
the arsenic atoms is equal to 2.53-10%" m™.

In accordance with the Maxwell-Boltzmann distribution law, the
negative ions of boron and, correspondingly, those of arsenic, will supply
electrons to the conduction band due owing to thermionic emission. This
process should last continuously until the electric field strength created
by the electric dipole of silicon compensates the thermal emission of
electrons from the negative ions of impurities. Thermionic emission is
determined as follows (Gretchikhin, 2008a):

J, = 4 63 8k,T| EA +1 |exp _ (A-m™), 2)
4r; \ 7m, \ k,T k,T

where y is the number of emission centers per unit of the surface area®;
e is the electron charge; m, is the electron mass; r, is the radius of the
emitted particle; k, is the Boltzmann constant; and EA is the electron
affinity energy.

In case of boron, the electron flow resulting from the thermionic
emission is compensated by the reverse flow of electrons created by the
electric field arising between the valence band and the conduction band,
forming this way an electric dipole, while in case of arsenic an electric
dipole moment occurs between the valence band and the level of its
negative ion. Then, on the basis of the dimensional analysis, it follows
that:

? It follows from Figure 4 that: y = 24zr’ / 7(d, +3d,)’
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2eAp
an =en, (3)

m

e

Here: A is the potential difference between the conduction band and
the negative ion for n-conductivity, while for p-conductivity A¢ means

the potential difference between the valence band and the negative
electron position in the band gap under the dynamic equilibrium

Jr=J,, - The potential difference A is derived from this equation.

Table 2 presents the results of the calculations for the elements featuring
small affinity energies only.

Table 2 — Potential difference between the conduction band and the valence band
Tabnuuya 2 — PasHocmb nomeHyuanos Mexoy eaneHmHoU 30HOU U 30HOU
nposodumocmu
Tabena 2 — Pasnuka nomeHyujana rpoeodHe 30He U 8arieHMHe 30He

Temperature (° K)

Impu-
rity 298 300 350 400 450 500 550 600 650 700

Boron | 2.7-10% | 55-10° | 1.2:10* | 1.2:10° | 7.6:10® | 0.032 0.107 | 597 K- 0.277 eV

Galli- 38107 | 44107 | 1.310° | 1510* | 1.1-10° | 53-10° | 0.019 | 0.057 | 0.141 | 898K
um 0.3eV
Iﬁ:‘: 7.1-10* | 7.8-10* | 7.4-10° | 2.7-10° | 0.040 462 K-0.2 eV

Indi 3.1107 | 3.6-107 | 1.0-10° | 1.3-10* | 9.0-10* | 4.4-10° | 0.016 | 0.046 | 0.116 | 0.257

um 711K-03 eV

Each line of Table 2 shows the limit values of the temperature
polarization which ensures complete compensation of the affinity energy
of the introduced impurity. At the temperature polarization limit value, the
conductivity of a semiconductor transforms into the conductivity peculiar
to metals.

In case of arsenic, phosphorus or selenium, the heating of the silicon
substrate to the melting point can be ignored since these elements
possess quite high affinity energy that is quite large (Table 1); these
elements feature the temperature polarization limit values much higher
than the melting point of silicon (1688 K).

Now let us consider the effects of external electric fields on n- u p-
conductivity.
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Action of Electric Fields on n- and p-Conductivity

An external electric field applied to a semiconductor with its surface
containing impurities results in appropriate polarization of negative ions.
Polarization energy will strengthen or weaken the impurity atom affinity
energy depending on the direction of the applied field. If the electron
affinity energy is known, then the energy under question can be
represented as a model of a hydrogen atom with the effective charge and
the radius of the negative ion, namely:

ze’
dre,r,

EA= (4)
The radius of the negative ion practically does not differ from the
radius of the neutral atom (Gretchikhin & Kamarouskaya, 2016).
Therefore, given the affinity energy, (4) determines the effective charge
of the negative ion. For the negative ion of boron, the value equals to
0.0224 while for arsenic it equals to 0.0762. Let us apply this model to
analyze the action of an external electric field on the negative ion. Under
the action of an external electric field, the negative ion is polarized and
then the interaction force between the external field and the valence
electron of each particle of the substance must be compensated by a
change in the internal binding forces of the valence electron with the
effective charge of the particle. Therefore (Gretchikhin, 2008a),
* 2 * 2
¢E. - Zez_ Ze | 5)
Ar ey dmey(r, £ Ar)
where Ar; is the displacement of the charge cloud of the negative ion
relatively to its center.
Based on equations (4) and (5), the following expression for the
displacement of the charge cloud is derived:

3
Ar =+ dre E _
2Z"%e
The work done for the polarization:
A=eE Ar,. (7)

Based on (4) — (7), the following value of the effective electron
affinity for the negative ion is derived:

(6)
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eEjr;
Ed, = EA(I + 2—j (8)

Finally, the thermionic current density (2), while taking into account
(8), equals to:

Sk T 2E2 .2 2E2 ‘2 )
g, =2e [l EA e B ey — EA 12 S B am?). (g
4\ m, | k,T\ "~ 2EA KT\~ 2EA

It follows from Figure 4 that the applied external electric field affects
the negative ion affinity levels in different ways. When an external electric
field is applied in the direction from the valence band to the conduction
band, the energy affinity levels in the vicinity of the conduction band
increase and the thermionic current decreases while the energy affinity
levels in the vicinity of the valence band decrease and the thermionic
current, in contrast, increases. The change in the direction of the applied
external field results in a reverse direction of the thermionic current.

Impurities in semiconductors induce dipole electric moments while
their concentration determines the change in the dielectric permittivity of
semiconductors with impurities. This phenomenon, in turn, affects the
conductivity of semiconductors.

Impurity Conductivity of Semiconductors

As an alternative to considering electric current as a movement of
electric charges, Nikola Tesla proposed to consider it as a propagation of
electromagnetic waves. In these terms, the energy transferred by
electromagnetic waves is determined by the Poynting vector:

P=[E-H]. (10)

where E is the electric field strength and H is the magnetic field
strength.

In the absence of charges, according to the Lorentz equation, the
electric field strength and the magnetic field strength in an
electromagnetic wave are related by the following equation:

E=[V-B]= pyu,[v-H]. (1)

Herev=1/\eu =c/ e .u. is the velocity of propagation of

electromagnetic waves in a medium with given dielectric permittivity
g =¢,&, and magnetic permittivity x = g 4,. In their turn, €. n u, are
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relative dielectric permittivity and relative magnetic permittivity,
respectively, while &, =8854-10""F/m and pu,=4x-10" Gn/m,
according to Sommerfeld, present the absolute dielectric permittivity of
classical vacuum, and ¢ =1/,/¢,4, is light speed in vacuum.

When an electromagnetic wave propagates along a semiconductor,
the electric field on the surface has tangential and normal components.
Then Poynting vector becomes as follows:

P=|E dl+|E ] (12)
where E_and E, are the components of the electric field strength along

the conductor and normal to its surface.

The first term is due to the current conductivity determined by the
Joule-Lenz law and Ohm's law while the second term is formed by the
bias current which appears on the semiconductor surface and
determines the transfer of electromagnetic field energy along the
semiconductor (Gretchikhin, 2008b). Since the energy densities of the

electric and magnetic fields are equal, it follows from (12) that £ = F|

on the semiconductor surface. Therefore, the resulting electric field
strength of the electromagnetic wave is directed at an angle of 45°
relative to the semiconductor surface (Gretchikhin, 2008b).

Let us consider an electric current [ flowing through a
semiconductor with a circular cross section of radius » and length /.
When the electric current flows through the conductor, the intensity of the
magnetic field is determined as H =1/2zr and the tangential

component of the electric field strength is determined as
E_=(¢, —¢,)/!l.Then equation (11) transforms as follows:

Hop, i
o =, = S —— 1. (13)
&6, 2mr

For conductors, the linear relationship between current and voltage
was established by Gustav Ohm and represents Ohm's law. Ohm’s law is
also valid for semiconductors. The difference lies in the different
definition of relative permittivity and different manner of the interaction
between the external electric field and the internal electric fields
determined by the presence of induced and internal electric dipoles.
Based on (13), the tangential component of the resistivity in case of
propagation of electromagnetic waves through a semiconductor is
derived as follows:
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HoH, 1
p= 2 (14)
£y€, 2

For most materials including semiconductors uy, = 1 and so the
resistivity is inversely proportional to the square root of the relative

dielectric permittivity of the medium (,/¢.) and proportional to

JH, /€, =1207 , i.e. so-called “characteristic impedance of vacuum”, as

well as to the radius of the semiconductor with a circular cross section.
It follows from the general definition of the electric displacement

vector that:
1 z pe,i Z nipe,i
i =1+ (15)

e =1+ +

ek, AV &E,

where summation is performed over all electric dipole moments built-in

and induced within the volume of AV while n; is the concentration of the

built-in and induced electric dipole moments, and p,; is, correspondingly,

their electric dipole moment. In most cases, the relative permittivity
exceeds unit substantially. Then

z na,ipe,i
=4t
” .
gOEr

It is known that impurity conductivity far exceeds the intrinsic
conductivity of semiconductors (Gretchikhin & Lenets, 1972). Therefore,
impurity conductivity of semiconductors is determined only by the
concentration of the introduced impurities while the value of resulting
induced electric dipole moment is as follows:

EA e’ Ap’
n.p,.=ern ,expl — 1+ , 17
IZ a,lpe,l a'"a,0 p|: ka ( EA2 j:| ( )

where Ag is the potential difference applied to the monolayer of impurity

£ (16)

atoms, n,, is the concentration of impurity atoms in the surface layer.
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Figure 6 — Dependence of the resistivity of silicon: (1) with boron impurity, and (2) with
arsenic impurity: (a) external electric field strength is directed from the valence band to

Puc.

the conduction band, and (b) external electric field strength is directed from the
conduction band to the valence band.

6 — 3asucumocmb yOernbHO20 CONPOMUBIEHUST KpeMHUs 1 - ¢ npumeckro bopa u 2 —

C NMPUMECHI0 MbIlWbSIKA: @) HaNPsXKEeHHOCMb 8HEWHE20 3[1eKMPUYECKO0 1015

HarnpaeneHa om easieHmMHOU 30HbI K 30He rlpoeodumocmu u 6) Harips>KeHHoOCMmb
B8HeWHea0 arileKmpu4ecKoeo rioJis HaripaesieHa om 30Hbl rlposodumocmu K eanieHmHol

30He.
Cniuka 6 — 3asucHocm omropHocmu cunuyujyma ca (1) npumecama 6opa u (2)

rpumMecama apceHuka: (a) cHaza criosbaluH-e2 eflekKmpu4Hoe rnosba ycMepeHa je 00
sasieHmHe 30He 00 nposodHe 30He, U (6) CHaza criorbalikbe2 eleKmpuUYHo2 rosba

ycmepeHa je 00 NposodHe 30He Ka 8aJIeHMHOf 30HU

Based on (14) - (17), it is possible to completely determine the

resistivity of a semiconductor with impurities. When determining the
resistivity, normally the pills with a diameter of 1 cm and thickness of 3

mm

are used. Figure 6 presents the results of the calculations, using

such pills, for silicon with maximum concentrations of boron and arsenic
impurities at the surface.

exte

For metals, the resistivity amounts to 107-10® Q:m. Under an
rnal electric field directed from the valence band to the conduction

band, silicon with introduced boron acquires the conductivity inherent in
metals when the potential difference at the contact boron-silicon reaches
~ 0.5 V. Silicon with introduced arsenic acquires the “metal” conductivity
when the potential difference at the contact arsenic-silicon amounts to ~
1.1-1.2 V.
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It follows from Figure 6 that the lower the affinity energy of the
introduced impurity is, the more the specific resistance varies depending
on the value of the applied external electric field. As the applied electric
field increases, the impurity conductivity tends to decrease linearly, or the
resistivity tends to increase logarithmically along the ordinate axis, that is,
the exponential dependence of the resistivity versus the applied external
electric field becomes clearly recognized.

Conclusion

Summarizing the proposed alternative model for impurity
conductivity occurring in semiconductors, we here formulate its main
features:

1. In the band gap of a semiconductor, the energy position of the
negative ions of impurity atoms is considered instead of considering the
chemical potential relative to which the impurities are distributed.

2. The ionization of impurities distributed mainly on the crystal
surface occurs not due to weakening the ionization energies because of
high dielectric permittivity inside the crystal, but as a result of resonance
electron capture from the Fermi-Dirac density distribution by neutral
atoms possessing electron affinity.

3. Owing to the Boltzmann law, the energy levels of negative ions in
the vicinity of the conduction band supply electrons to the conduction
band. In this case, electric dipole moments are formed between the
valence band and the conduction band, while the concentration of
negative ions remains constant.

4. Resonance exchange of electrons occurs from the energy levels
of negative ions in the vicinity of the allowed terms of the atoms of the
main crystal accompanied with a formation of an electric dipole moment
between the valence band and the allowed energy levels within the band
gap of the main crystal. At the same time, the transition of electrons to
the valence band from these energy levels is parity-forbidden.

5. Silicon crystal is formed by triatomic molecules. The structure of
the silicon surface is considered and it is shown that the adsorption of
impurities occurs in the region where the maximum surface density of
silicon molecules is realized.

6. It is shown how the energy band diagram of n-conductivity and p-
conductivity is formed and the potential differences due to the
temperature polarization of impurity atoms are determined.
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7. An applied external electric field acts oppositely on the impurities
located in the vicinity of the conduction band and on those located in the
vicinity of the allowed energy levels of the atoms of the main crystal.

8. Impurity conductivity is determined by dielectric permittivity
formed by the induced electric dipole moments of negative ions but not
by the electric dipole moments of the particles of the main crystal.
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®OPMMNPOBAHVE P-, N-TTPOBOONMOCTU B
nonynPOBOAOHUKAX

JleoHud U. I'peunxuH
Benopycckas rocyfapcTBeHHas akagemus CBssu,
r. Muxck, Pecnybnvka Benapycb

OBNACTb: npoBOoAMMOCTL NOMYNPOBOLHUKOB
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pe3some:

B 3anpeweHHoOU  30He  ronynpoBOoOHUKa  paccMampueaemcsi
SHEPeemUYECKoe [O/IOKEHUEe OmpuyamesibHbIX UOHO8 MPUMECHbIX
amomos. YpoeHuU 3Hepeuli ompuyamersibHbIX UOHO8 8651u3U  30HhbI
nposodumocmu  ecnedcmeue  3akOHa bonbymaHa — rocmaensirom
9/IeKMPOHbl 8 30HYy rfposodumocmu, a C ypoeHel  3sHepaul
ompuyamersibHbIX UOHO8 806/1U3U  paspeleHHbIX mMepMo8 amomos
OCHOBHO20  Kpucmarna rpoucxo0um  pe30HaHCHbIU  0bMeH
anekmpoHamu. B pabome npedcmasneHo, Kak  ¢bopmupyromes
SHep2emuYyeckue  cxembl  N-NMPO8ooUMOCMU U P-MPO8OOUMOCMU.
lMpunoxeHHoe  eHeWwHee  anekmpudeckoe  rone  delicmsyem
83aUMOIPOMUBOIONIOXHO Ha fpumecu 86nu3u 30HbI MPo8oouMocmU U
8651U3U  paspewieHHbIX  ypoeHel  SHepaull  amomMo8  OCHOBHO20
Kpucmanna. [lpumecHass  anekmpornposoOHocMbL  ornpedensiemcsi
OQuanekmpuydeckoli  MPoHUUaeMocmblo,  Komopasi — ¢hopmupyemcsi
HaseOeHHbIMU OunosibHbIMU 371eKMpUYEeCKUMU MomeHmamu
ompuyamersibHbIX UOHOS.

Knroyegbie cnoea: n-rnpo8oouMocme, P-MpPo8oduUMOCMb,
ompuuameribHble UOHBI, cpodcmeo K 3I1eKMPOHY,
MepPMO3/IEKMPOHHAs SMUCCUS, MOMSPU3aUUS.

SOPMUNPAHE MPOBOASBNBOCTW KO NMONYNPOBOOHNKA T1-
TUMA U H-TUMNA

JleoHud W. TpeunxuH
Benopycka gp>xaBHa akagemMuja 3a caobpahaj n Bese,
MwuHck, Penybnuka Benopycuja

OBJIACT: npoBOASBUBOCT NONYNPOBOAHMKA
BPCTA UJIAHKA: opuvrMHanHn Hay4YHu YnaHak
JESUK YJTAHKA: eHrnecku

Caxemak:

Pad ce 6asu eHepzemckoM rO3UUUjOM He2amueHUX joHa amoma
fpumMeca y eHepaemcKuM rnpouenuma rnosynposodHuKka. 3axearbyjyhu
BonumaHo8oM 3aKOHY, eHep2emcKU HUBOU He2amueHUX joHa y GrusuHu
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rpoeodHe 30He cHabdesajy MpPOBOOHY 30HY esfieKmpoHuma, 00K 0o
pe3oHaHmHe pa3meHe efnlekmpoHa 0ora3u U3 rpasua eHep2emcKux
HUBOa HeaamueHUX joHa y O6ru3uHU O0380S/bEHUX MEepPMUHa amoma
enasHoz Kpucmara. NokasaHo je kako dona3u 0o cmeaparsa dujagpama
eHepeemcKux 30Ha nposodrbusocmu H-muna u M-muna. lMpumer-eHo
criorbaltbe efiekmpuYHO rosbe Oeryje CyrnpomHO Ha rpumece Koje ce
Hanase y 6nu3uHu O0380S/bEHUX EHEP2EMCKUX HUBOa amoma 2/1asHoe
Kpucmana. [llpoeodrbuseocm  npumeca  odpefyje ce  nomohy
duernekmpu4He rnepMumueHocmu Koja ce ¢ghopmupa ycried uHOyKkogaHoe
efleKmpuyHo2 OUMNOSIHO2 MOMEHMa He2amueHUX joHa.

KmbyuHe peyu: npoeodrbueocm H-muna, npoeodrbusocm [1-muna,
aguHumem npema €I1eKMPOHY, mepMojoHcKa emucuja,
rionapusauuja.
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Summary:

This paper presents the performance evaluation of image and video
quality assessment metrics on two publicly available datasets with
subjective quality ratings. In addition to the performance analysis at the
global level — at the level of complete datasets, the paper presents the
objective measures performance evaluation on subsets of signals inside
them. The image dataset contains five subsets created by using different
types of JPEG compression, while the video dataset contains six subsets
of sequences — four created by compression of original sequences, and
two subsets are with video signal transmission characteristic
degradations. To determine the success of objective measures, i.e.
comparison of subjective and objective quality scores, there were used
measures accepted by the International Telecommunication Union — ITU
(linear correlation coefficient, rank-order correlation coefficient, mean
absolute error, root mean squared error and oultlier ratio). It was shown
that objective quality measures can reach a high level of agreement with
the results of subjective tests on subsets of datasets. Objective measures
performances depend on the type of degradation which significantly
affects the performance at the complete dataset level. The difference in
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performances is more pronounced on video sequences due to
considerable visual differences in sequences created by using
compression, packet losses and additive Gaussian noise. Therefore, we
can say that a universal objective measure, i.e. measure that is useful for
different types of signal degradation, for different degradation levels, and
for different applications currently does not exist.

Key words: JPEG compression, H.264 and H.265 video compression,
objective image and video quality assessment.

Introduction

Images, or videos, pass numerous processing and transmission phases
before being viewed by the observer, and each of the phases may enter
degradations that affect the quality of the final presentation. Image and video
degradation in the recording process can occur due to the characteristics of
the optics, sensor noise, color calibration, exposure time, motion of the
camera, etc. After recording, an image or video adapts to the bandwidth of the
transmission system through the compression process. The introduction of a
high degree of compression is carried out at the expense of greater signal
degradation. During transmission through a communication channel or during
archiving, bit errors can also lead to degradation. Finally, end-user devices
can affect the subjective quality impression (poor resolution, calibration, etc.)
(Bovik, 2013).

As a human is an observer and user of the largest number of imaging
systems, subjective assessment is the most reliable method for evaluating the
quality of visual signals. In order to avoid subjective assessment, a procedure
for automatic, computational image/video quality evaluation is required. An
automated assessment procedure is called objective assessment and is
useful in many applications where visual effects on images during recording,
processing, compression, transmission and archiving need to be evaluated.
Objective assessment measures do not require testing equipment, there is no
complex organization of viewers, and with software implementation, time
estimates are reduced to real-time (Bovik, 2010).

The basic goal of the research in the field of objective quality assessment
is the development of a quantitative measure that (algorithmically,
automatically) evaluates the quality of images/videos and is in good
correlation with the mean opinion score (MOS). The ideal objective quality
assessment measure should be applicable to different types of distortion,
quantitatively covering different degrees of distortion and a wide range of
content of the source signal. In practical applications, due to demands for real-
time work, besides the conditions listed, computational complexity is also
important (Wang et al, 2002).
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Objective quality assessment measures have three types of
application. The first is to monitor the image quality to control the
transmission system. In this sense, quality assessment algorithms can be
used to improve image quality through the perceptual optimization of the
recording process, change of the transfer rate, resource reallocation with
the goal of balancing quality through the network, through post-
processing or by combining such approaches. Second, they can be used
to select the system and image processing algorithms. Third, they can be
embedded in an image processing system to optimize the algorithms and
parameters used. For example, achieve a minimum degree of signal
degradation for the given bit rate using compression, or achieve an
acceptable level of signal degradation with the lowest bit rate (Wang et
al, 2002).

According to the amount of information of the original (source,
reference) image used in the quality assessment process on the
receiving side (observer side), objective image quality evaluation can be
divided into three categories: no-reference (NR), full-reference (FR) and
reduced-reference (RR) (Bovik, 2013).

NR objective measures do not require knowledge of the original
image and the assessment depends entirely on the human perception of
the test image. Such measures can be used in all applications where
quality measurement is required. Reliable NR quality assessment is
currently possible if the type of distortion is known (JPEG compression,
JPEG2000 compression, blurring), and in recent times general NR
techniques for quality assessment appear (Wang & Bovik, 2011).

FR measures require full knowledge of the original image
information. In this case, the quality assessment system can be
considered as a communication system in which the original image is on
the transmitting side and a test image (image with degradation) is on the
receiving side. The basis of FR measures is comparison of the two
images (source and test images) at the pixel level, region level and/or
frequency characteristics level. However, in some real-world applications,
it is not possible to know the original image on the receiving side. Also,
objective FR image/video quality measures usually require precise
spatial and temporal registration.

The original image/video usually comes from a high quality sensor
and as such requires much more resources than image/video after
compression. For this reason, FR quality assessment measures are used
in laboratory tests to select image and video processing techniques.

RR techniques are between the previous two categories and are
designed to provide practical solutions in quality assessment while

324




retaining the accuracy of the quality assessment. In these techniques,
only the most important source information is sent from the transmitting
to the receiving side. Since in this case the amount of additional
information is not large, the requirements regarding the bandwidth of the
channel are not significantly changed.

RR and NR quality assessment algorithms can be used as agents in
the network data transfer, for installation in routers, set boxes, smart
phones, tablets, or laptops. Through them, feedback information can be
obtained for source adaptation and control mechanisms resource
allocation, source coding and other network parameters (Wang & Bovik,
2011).

In this paper, we analyzed the performance of full-reference
objective image quality and video quality measures on two publicly
available datasets with subjective quality impressions — JPEG XR Image
Dataset (De Simone et al, 2009) and CSIQ Video Dataset (Vu &
Chandler, 2014). The JPEG XR Image Dataset is selected because it
contains high spatial resolution images, while the CSIQ Video Dataset is
selected because it contains sequences with recently introduced H.265
compression. The analysis was carried out at the level of complete
datasets (global level), as well as at the level of subsets (types of
degradation) of the test signals within the datasets (degradation level). In
the image quality assessment, eight objective measures were analyzed:
peak signal to noise ratio (PSNR), universal image quality index (UlQI)
(Wang & Bovik, 2002), structural similarity index (SSIM) (Wang et al,
2004) and its multi-scale version (MS-SSIM) (Wang et al, 2003), visual
information fidelity (VIF) (Sheikh & Bovik, 2006), visual signal to noise
ratio (VSNR) (Chandler & Hemami, 2007), most apparent distortion
(MAD) (Larson & Chandler, 2010) and gradient-based objective image
quality assessment measure Q*® (Bondzulic & Petrovic, 2011).

Video quality estimation can be obtained directly by applying an
image quality assessment measure frame by frame. Thus, the quality of
the video sequence was carried out by averaging the frame quality
values obtained using PSNR (Frame PSNR) and SSIM (Frame SSIM)
measures.

Additionally, the paper also analyzes the performance of the
objective video quality assessment measure VQ*® (Bondzuli¢, 2016),
which was created by the extension of the objective image quality
assessment measure Q*® (Bondzulic & Petrovic, 2011). The VQ*®
measure in its original form was used to evaluate the quality of the
sequences in low bit rate transmission systems.
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Some of the objective measures were analyzed for the first time in
the quality assessment of high-resolution images (JPEG XR Image
Dataset), and in the quality evaluation of the sequences with H.265
compression (CSIQ Video Dataset).

The work is organized in six sections. After the introduction, in the
second part of the paper, the methods of generalization of the results of
subjective tests are described. The third part of the paper presents the
criteria used to evaluate the performance of objective image and video
quality measures, which have been adopted by the International
Telecommunication Union (ITU). The fourth and fifth parts of the paper
present the performance of objective quality assessment measures on
the JPEG XR Image Dataset and the CSIQ Video Dataset. The last part
of the paper is a conclusion.

Subjective quality assessment

Procedures and standards for subjective quality assessment of
speech, audio and video signals are available throughout the years.
Subjective tests for assessing the quality of visual signals have been
formalized in the recommendations (International Telecommunication
Union, 2008), (International Telecommunication Union, 2012) and
(International Telecommunication Union, 2016), which suggest
observation conditions, criteria for the choice of observers and test
materials, and methods of data analysis.

The outputs of subjective experiments are the observations of the
quality of the observers, which are consolidated after the test and
represented through the mean opinion score (MOS). MOS is the most
commonly used method of subjective scores generalization and is used
as the basis for the development of objective quality assessment
measures:

NS
MOS, = iZSQ(n,i) (1)
Ns n=1

where are:

i —index (label) of the video with degradation in a subjective test,

SQ(n,i) — the subjective quality given by the observer n to the
sequence J,

Ns — the number of observers in the subjective test.

It can be said that MOS is a "democratic" measure that treats each
subjective score equally and really represents a mean (average) opinion.
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MOS values can be used to compare to the values obtained by applying
objective measures.

Since the MOS value is obtained from several individual quality
scores, a quality evaluation can be associated with a certain level of
statistical uncertainty. If there are significant fluctuations of subjective
scores, this uncertainty is high. The uncertainty of subjective scores can
be measured in many ways, but standard deviation, variance and
standard error are commonly used.

Standard deviation is determined on the basis of individual
subjective video quality scores, SQ; (index n corresponding to the
observer is ignored) and the mean opinion score of that video:

o = \E[SQ’I-EISQ])* =E[SQ]-MOS’ @)

where E[X] is the expected value of the variable X.

The standard error of the MOS is determined from the standard
deviation of the subjective scores and takes into account the number of
measurements in determining the measured value. In this case, that is
the number of observers who participated in subjective tests, Ns:

O

SE, = N 3)
S

The standard error is usually displayed along with the mean value as
its positive and negative deviation (MOS+2-SE;) — confidence interval,
but it does not speak about the reasons for the deviation.

Except through the MOS, the results of subjective tests can also be
presented through the difference mean opinion scores (DMOS) obtained
by subtracting the subjective evaluation of the signal with a distortion
from the average subjective estimation of the corresponding original
signal:

DMOS; = MOS """ — MOS ™™ ()

Criteria for performance evaluation of objective image
and video quality assessment metrics

The most common attributes reflecting the success of the objective
measure in the image/video quality prediction are: (1) the accuracy of the
prediction, (2) the prediction monotonicity and (3) the consistency of the
prediction (International Telecommunication Union, 2004). Objective and
subjective tests provide numerical (scalar) values for each original and
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test signal that indicate the relationship between the quality of the original
signal and the test signal. From the subjective tests results, mean values
of the scores (MOS/DMOS) and confidence intervals are used.

The results of the objective quality assessment metrics — video
quality ratings (VQR) are compared with the results of subjective tests
that can be delivered through DMOS or MOS quality scores. The
connection between VQR and DMOS/MOS scores does not have to be
linear as the results of subjective tests can have non-linear compression
(scaling) of scores around the extreme values of the used quality range.
In order to eliminate the nonlinearities introduced by the subjective
evaluation process (Figure 1), the relationship between predictions of
objective measurements and subjective quality scores is observed using
nonlinear regression between VQR and DMOS sets. By introducing non-
linear mapping, the accuracy and consistency of the prediction change,
and the prediction monotonicity remains the same.

A
DMOS )

»
»

VQR

Figure 1 — An example of a connection between VQR and DMOS
Puc. 1 - lNpumep ces3u mexdy VQR u DMOS
Cnuka 1 - lNpumep se3ze usamehy VQR u DMOS

Nonlinear regression is performed over [VQR, DMOS] datasets, and
must be monotone in the range of VQR scores. The shape of nonlinear
regression is not critical, with the condition that it is a monotone,
generally acceptable and has as few free parameters as possible to
facilitate the interpolation of data. In regression, different forms are used
for each of the objective measures and chooses the one that is the most
appropriate (with minimal mean square error) for a given measure.

The most common functions used in regression are (International
Telecommunication Union, 2004):

— third-order polynomial with four parameters

y =Quality(x) = A, + Ax+ Ax* + A, x° (5)

328




— logistic function with four parameters

y=Quality() = —2 P21 p,
1+exp[x_ﬁ3] (6)
14|
— logistic function with five parameters
1

yzQuaIity(X)=ﬂ1 %_1+9Xp(ﬂ (X—ﬂ )

where x represents a set of VQR values (x=VQR) while y represents a
set of DMOS predictions, DMOS® (y=DMOSF), which are then compared
with subjective DMOS scores.

For nonlinear mapping between objective estimates x and subjective
scores y, the most commonly used function is accepted — the logistic
function with four parameters (6).

] + B X+ By (7)

Prediction accuracy

Accuracy is the ability of an objective quality estimation measure for
the prediction of DMOS subijective scores with a minimal average error
(International Telecommunication Union, 2004). Figure 2(a) shows the
results of the measure with a smaller mean error between DMOS" and
DMOS scores in relation to the measure of Figure 2(b). Therefore, the
accuracy of the objective measure in Figure 2(a) is better.

4

A A
DMOS e.- DMOS * .-
e @
0. o
o © e
®. ) ® .
IR ) )
e e . ]

U - - ° -
DMOS? DMOS?
(a) measure with greater accuracy (b) measure with less accuracy

Figure 2 — Objective quality assessment metrics comparison through prediction accuracy
Puc. 2 — CpasHeHue nokasameseli 06bLeKMUBHOCMU OUEHKU Ka4ecmea Memooom
MOYHO20 MPO2HO3UPOBAHUST
Cnuka 2 — Nopehere Mepa objekmusHe npoueHe Kke8anumema Kpo3 mayHocm
npedukyuje
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Numerous metrics can be used to determine the mean error, and the
typically used ones are the mean absolute error (MAE) and the root-
mean-squared error (RMSE) between objective estimates after non-
linear mapping and subjective scores. If the difference between DMOS
values and their predictions is determined as:

Perror, = DMOS, - DMOS (8)
where the index i refers to the serial number of the analyzed test

sequence, the mean absolute error and the root-mean-squared error for
the set of N test sequences are obtained as:

N
MAE =%Z|Perrori| (9)
i=1
19 2
RMSE = \/WZ(Perrori) (10)
i=1

The linear correlation coefficient (Pearson Linear Correlation
Coefficient, LCC), although not a direct measure of the mean error, is
also a common metric used to determine the accuracy of the prediction.
The lower values of the MAE and RMSE (ideally equal to zero)
correspond to the higher values of the correlation coefficient (ideally
equal to the unit).

For a set of N pairs (x,y;), the linear correlation coefficient is defined
as:
>

Xi
LCC =
N

S-Sy

i=1 i=1

)(Y;

y)

(11)

whereX and y are the mean values of the subsets x and y, which here
represent DMOS and DMOS sets.

Prediction monotonicity

Monotonicity is the degree to which objective predictions agree with
the relative amplitudes of subjective assessments (International
Telecommunication Union, 2004). DMOS? values derived from the
results of an objective measure should ideally be completely monotone
compared to the paired DMOS values, i.e. changing the DMOS" value
should have the same sign as the change of the DMOS scores.
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Figure 3 illustrates hypothetical connections between DMOSF and
DMOS for two measures of different monotonicity. Both measures have
approximately the same accuracy but the prediction monotonicity in
Figure 3(a) is better. The monotonicity prediction in Figure 3(b) is worse.
This is seen through the fall of the DMOSF values relative to what the
observers actually see and what is being done through increasing the
DMOS values.

Prediction monotonicity can be measured by the Spearman rank-
order correlation coefficient (SROCC), which is defined as:

S(-D-7) D)
SROCC =~ : =
\/_1(%_7?)221:(%_7)2 N(N _1)

(12)

where y, and y, are x; and y; ranks, while » and y are their mean

values.

This parameter compares the change between adjacent pairs of
DMOS values with a change between the corresponding DMOS values.
As the SROCC only works with the rankings (order) of the data and
ignores the relative distances between them, it is taken as a measure of
correlation with less sensitivity and is typically used if the number of
points (samples) is small. With the increase in the SROCC value, the
monotonicity of the objective quality assessment measure (ideally,
SROCC=1) grows.

pmos] ° 4
.."",.a DMOS 0. %
' 0.0
LI 0 i
~® )
e °.6
0. @ °

DMOS’ DMOS’

(a) measure with more monotonicity (b) measure with less monotonicity

Figure 3 — Objective quality assessment metrics comparison through prediction
monotonicity
Puc. 3 — CpasHeHue nokazamerneli 06beKmuU8HOCMU OUEeHKU Kadyecmaa Memooom
MOHOMOHHO20 MPO2HO3UPO8aHUSsI
Cnuka 3 — Nopehere mepa objekmusHe rpoueHe Keanumema Kpo3 MOHOMOHOCM
npedukyuje
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Prediction consistency

This attribute is related to the extent to which the objective quality
assessment measure preserves the prediction accuracy through a whole
set of analyzed video sequences (International Telecommunication
Union, 2004). An objective measure should be consistent for all types of
video sequences, that is, there is no significant deviation for subset of the
analyzed sequences.

Figure 4 shows the results derived from two objective quality
estimation measures with approximately the same values of the
MAE/RMSE between DMOS and DMOS® datasets. Figure 4(a) is an
example of a measure which has precise prediction for most of the
sequences, but also has large prediction errors for two points in the
middle part of the image. Figure 4(b) is an example of a measure that
has balanced prediction errors — for most sequences it is not accurate as
a measure in Figure 4(a), but its consistency is evident through
acceptable predictions for all sequences.

A A
DMOS ° e.- DMOS ® .-
.. ° ‘@ @
..‘.“ . .“. "". .
&
0. o MC
DMOS? DMOS?
(a) big prediction errors (b) balanced prediction errors

Figure 4 — Objective quality assessment metrics comparison through prediction
consistency
Puc. 4 — CpasHeHue nokazamerneli 06beKmuUeHOCMU OUEeHKU Kadyecmaa Memooom
coe1aco8aHHO20 NMPOeHO3UPOBaHUS
Cnuka 4 — Nopehere mepa objekmueHe MPoueHe Keanumema Kpo3 KOH3UCMEeHMHoOCcm
npedukyuje

The consistency of an objective quality estimation measure can be
determined by the number of points for which the prediction error is
greater than the adopted threshold. The threshold is usually twice the
DMOS scores standard error, i.e. the prediction error exists if:

|Perror,| > 2- DMOS;* (13)
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The number of prediction errors relative to the total number of points
is called the outlier ratio, OR, and is used as a measure of the
consistency of objective quality assessments. For an objective measure
with a smaller OR ratio, it is said to be more consistent.

Analysis of results on the JPEG XR Image Dataset

The JPEG XR (eXtended Range) Image Dataset is designed to
compare JPEG2000, JPEG and JPEG XR compression algorithms (De
Simone et al, 2009). Compression of 24-bit high-resolution images
(1280x1600 pixels) was considered through subjective tests carried out
in four sessions. In subjective tests, 16 observers participated. The
results of the subjective tests show a high degree of consistency, and
can be used to compare the performance of the analyzed compression
algorithms. The subjective quality evaluation was done in the laboratory
of the Multimedia Signal Processing Group (MMSP) of the Ecole
Politechnique Federale de Lausanne (Switzerland) academic institution
(EPFL).

The dataset contain 10 original images of different content, the
distribution of color and texture. Four original images were used in the
observer training stage, while the remaining six original images were
used in subjective tests.

In the JPEG2000 encoding, two configurations were used, which
differ according to the sampling in the color channels (4:2:0 and 4:4:4).
The JPEG XR compression was performed using two implementations
obtained from Microsoft Corporation (MS) and Pegasus Corporation
(PS). JPEG XR is a block-based compression developed to optimize
image quality and compression efficiency with a small encoder/decoder
complexity.

Test images were obtained using six degrees of compression —
0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 bpp. In this way, 30 degraded
images are obtained for each original image (5 compression algorithms x
6 degrees of compression), and the dataset contains 180 test images
that are subjectively evaluated.

The observers gave subjective assessments by simultaneous
observation of the original and test image, with the task of first detecting
the test image, and then evaluating it. The impressions of quality were
given using a continuous scale at an interval from 0 to 100. The results of
subjective tests were presented through the mean subjective scores
(MOS) and confidence intervals.
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The results of the subjective tests have shown that for situations in which
the pixel is represented with more than one bit (1 bpp) the quality of
compressed images is approximately the same for all codecs. Also, JPEG2000
4:4:4, JPEG XR MS and JPEG XR PS compression algorithms have shown
stable behavior for different content and different bit rates. On the other hand,
the performance of JPEG2000 4:2:0 and JPEG compression algorithms
significantly depend on the content of the image and the degree of compression
(De Simone et al, 2009).

Figure 5 shows the image degradation examples of the JPEG XR Image
Dataset (the original image "p10_orig.omp" and the corresponding images with
degradation at 0.25 bpp). In order to better understand the differences in quality,
parts of images are shown (700x700 pixels). Subjective quality impressions are
also given. The observers rated the JPEG compressed image with the smallest
grade, in which the blocking effects are very noticeable. Blocking effects are
less visible in the JPEG XR compression algorithms thanks to the adaptive
quantization techniques used in them. The images with the JPEG2000
compression show typical artifacts created by wavelet compression — blurring
and ringing. Blurring occurs due to the attenuation of high spatial frequencies of
the image, while the ringing effect arises due to the quantization of high
frequency coefficients in transformational coding. These effects are perceived
through the spreading of edges, the loss of detail and waves around the
boundaries of the regions.

The performance of objective quality assessment measures on the
complete JPEG XR Image Dataset is given in Table 1. Eight objective quality
assessment measures were analyzed. The performance of two measures with
the best results are marked with bold font. The best matching of subjective and
objective quality scores is obtained by using the MAD and VIF objective
measures, while the PSNR is with the worst performance.

Table 1 — Performance of objective quality assessment metrics on the JPEG XR dataset
Tabnuua 1 — OkcnnymayuoHHbIe XxapakmepucmuKku rnokazamersel o6bLekmusHocmu

OUeHKU Kavyecmea Ha ocHosaHuu JPEG XR 6a3bl
Tabena 1 - lNepghopmaHce objekmusHUX Mepa rpoueHe keanumema Ha JPEG XR 6a3u

Measure LCC SROCC MAE RMSE OR (%)
PSNR 0.7819 0.7980 12.8737 16.5360 35.5556
uiQl 0.8621 0.8186 9.5605 13.4404 23.3333
SSIM 0.8744 0.8435 0.6144 12.8684 23.8889
MS-SSIM 0.9309 0.8930 7.0745 0.6863 14.4444
\V/IF 0.9389 0.9130 6.8067 0.1278 13.3333
\VSNR 0.8765 0.7803 10.1065 12.7692 23.3333
MAD 0.9466 0.9406 6.2598 8.5498 11.1111
Q*® 0.9269 0.8995 6.8809 9.9561 11.6667
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o I i A ' A i J
(e) JPEG XR MS (MOS=20.31) (f) JPEG XR PS (MOS=28.77)
Figure 5 — Degradation examples introduced in the JPEG XR original image

Puc. 5 — lNpumepb! uckaxxeHuUs1 UcXo00H020 u3obpaxeHusi uz JPEG XR 6a3bi
Cniuka 5 — lNpumepu deepadayuja yHemux y uzeopHy cnuky JPEG XR 6a3se
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Figure 6 shows the scatter plots of subjective (MOS) versus
MAD/VIF objective quality values on the JPEG XR Image Dataset, where
each point represents a single test image (lower MAD, or higher VIF
values correspond to better subjective quality). Vertical and horizontal
axes represent MOS and the obtained objective estimates, respectively.
There is an almost linear relationship between subjective and objective
quality scores, with constant dissipation of quality scores around the
interpolation curve in a complete range of quality.

100,
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X
+ JPEG2000 4:4:4
80 ] O o : 80
8 JPEG XRMS
JPEG XR PS
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Logistic func.
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(a) MAD
Figure 6 — Scatter plots of subjective (MOS) versus objective quality predictions on the
JPEG XR Image Dataset

Puc. 6 — [luaepamma pacrnipocmpaHeHus cybrekmusHbix (MOS) u o6bekmueHbIx
rnokasameneti Ha ocHogaHuu JPEG XR 6a3bl
Cnuka 6 — [Jujacpamu pacunama cybjekmusHux (MOS) u o6jekmusHux epedHocmu
keanumema Ha JPEG XR 6a3u cnuka

Tables 2 and 3 show the performance of objective measures on
image subsets within the JPEG XR Image Dataset, through the linear
correlation coefficient (LCC) and the correlation of the ranks (SROCC).
The performance of objective measures depends on the choice of a
subset of the JPEG XR Image Dataset. Thus, the degree of agreement
between subjective and VSNR objective quality scores (measured
through SROCC) in subgroups ranges from 64% to 84%. The
performance of other objective measures also varies from a subgroup to
a subgroup, with the most stable performance of the MAD objective
measure (the correlation coefficient over all subsets is greater than 93%).

Perhaps the most important aspect of the performance of an
objective measure is its ability to reliably evaluate and rank various
image compression systems, which can be achieved through costly and
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time-long subjective tests. The subjective codec evaluation at different
compression levels is available from subjective tests and can be directly
compared to objective scores. Methodologically, this includes separating
the image quality scores obtained by different compression types for the
specific compression rate and adding them to one score that reflects this
type of compression (e.g. JPEG at 0.25 bpp). This is done for subjective
and objective quality scores for all types of compression, after which a
correlation of the resulting (mean) quality scores is determined.

Table 2 — Linear correlation coefficient (LCC) between subjective and objective quality
scores (after nonlinear regression) on the JPEG XR Image Dataset
Tabnuya 2 — KoagbgpuyueHm nuHelHol koppensyuu (LCC) cybbekmuHbIX U
06beKmMuUeBHbIX Moka3amenel (mocne HenuHelHoU peaspeccuu) Ha ocHoesaHuu JPEG XR
6a3sbl
Tabena 2 — KoegpuuyujeHm nuHeapHe kopenayuje (LCC) cybjekmusHuUx u objekmueHuUX
CKopoea (HakoH HernuHeapHe peepecuje) Ha JPEG XR 6a3u criuka

Measure JPEG2000 JPEG2000 WPEG JPEG XR MS [JPEG XR PS
4:2:0 4:4:4 4:2:0 4:2:0 4:2:0
PSNR 0.8990 0.8359 0.7876 0.7743 0.7628
uiQl 0.8564 0.8420 0.9009 0.8780 0.8770
SSIM 0.9460 0.8773 0.8956 0.8609 0.8504
MS-SSIM 0.9706 0.9500 0.9389 0.9167 0.9430
\V/IF 0.9683 0.9544 0.9643 0.9247 0.9657
\VSNR 0.9020 0.8822 0.9247 0.9221 0.9167
MAD 0.9748 0.9608 0.9647 0.9516 0.9306
Q™ 0.9483 0.9225 0.9432 0.9231 0.9266

Table 3 — Spearman rank-order correlation coefficient (SROCC) between subjective and
objective quality scores on the JPEG XR Image Dataset
Tabnuua 3 — PaHzosas koppensayus (SROCC) cybbekmugHbix U 06beKmMUBHbIX
rnokazamerned (nocne HenuHeliHOU peepeccuu) Ha ocHosaHuu JPEG XR 6a3bi
Tabena 3 — Kopenauyuja paHzosa (SROCC) cybjekmusHux u 06jekmusHuUX cKoposa Ha

JPEG XR 6a3u cnuka
Measure JPEG2000 |JPEG2000 [PEG JPEG XR MS [JPEG XR PS
4:2:0 4:4:4 4:2:0 4:2:0 4:2:0
PSNR 0.8888 0.8719 0.7640 0.7732 0.7938
ulQl 0.8234 0.8318 0.8049 0.8505 0.8278
SSIM 0.9284 0.8578 0.8005 0.8293 0.8239
MS-SSIM 0.9539 0.8981 0.8674 0.8698 0.8963
\V/IF 0.9601 0.9268 0.9107 0.8824 0.9305
VSNR 0.8376 0.6435 0.8414 0.8376 0.8095
MAD 0.9665 0.9624 0.9428 0.9390 0.9315
Q"® 0.9323 0.9225 0.8746 0.9148 0.9012
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Figure 7 shows the mean values of the subjective and objective
quality scores of different types of compression, at different degrees of
compression. In this case, averaging is carried out by taking the
appropriate values of the subjective, i.e. objective quality values for six
visual contents (generated from six original images). The degree of
agreement between subjective and objective quality scores is given in
Table 4. Although Table 4 shows an extremely high degree of agreement
between subjective and objective quality scores, none of the objective
quality assessment measures has reached a full compliance with the
rankings of subjective quality impressions. This is also evident from
Figure 7, where there is an almost constant quality of all compression
algorithms for bitstreams greater than 1 bpp. As the compression rate
increases, subjective and objective differences become greater.
Objective measures correctly detected the worst quality obtained by
using JPEG compression for the degree of compression of 0.25 and 0.5
bpp. However, while the observers in these situations preferred the
JPEG2000 4:4:4 compression type, according to objective quality
assessment measures, priority is given to the JPEG2000 4:2:0
compression. This is due to the introduction of the quantization tables of
visual significance in the JPEG2000 4:4:4 compression, which gave the
viewers better visual quality but "confused" the objective quality
assessment measures (made an objective difference between test
images and original images). Also, from Figure 7 it can be observed that
the observers between two implementations of JPEG XR compression
(with different quantization techniques) favor the MS implementation for
all degrees of compression. However, objective measures favor the PS
implementation.

Although the results/conclusions are derived from averaging on six
visual content, it can be concluded that there is still a need for the
development of new and improvement of existing techniques of objective
image quality assessment. Bearing in mind the results on the JPEG XR
Image Dataset, the possible direction for improvement is through the
implementation of different characteristics of the human visual system in
objective measurements (VSNR, MAD, VIF and Q"® objective measures
include some of the human visual system characteristics). As the image
datasets mainly contain color images (as well as the JPEG XR Image
Dataset), and objective measures are mainly designed to work only in the
intensity channel, another possible direction of improving the
performance of objective measures is through their extension to analyze
the preservation of information from the color channels.
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Figure 7 — (a) mean values of subjective quality scores (MOS), (b) (c) mean values of
MAD and VIF objective quality scores and (d) (e) scatter plots of subjective versus
objective quality predictions after averaging
Puc. 7 — (a) cpedHue 3HadeHus cybbekmuaHbix (MOS) nokazamenel kadecmea, (b) (c) cpedHue
3HaqeHusi MAD u VIF rniokasameneli ka4ecmea u (d) (e) Quagpammbl pacrpocmpaHeHUst
cybbekmueHbIX U 06 LEKMUBHbIX MoKa3amersiell Kayecmaa riociie yCpeOHeHUsI
Cnuka 7 — (a) cpedre spedHocmu cybjekmusHux (MOS) ckoposa ksanumema, (b) (c)
cpedre spedHocmu MAD u VIF ckoposa keanumema u (d) (e) Oujaepamu pacunara
cybjekmusHUX U 0bjeKmuBHUX CKOpo8a Keaslumema HaKoH ycpedragara
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Table 4 — Comparison of objective quality assessment metrics performances after
averaging subjective/objective scores on the JPEG XR Image Dataset
Tabnuua 4 — CpasHeHue xapakmepucmuk 06beKmMUBHOCMU OUEHKU Kayecmea rnocrie
ycpeOHeHus1 cybbekmusHbIx/0b6beKkmueHbIX okasamersel Kadecmea Ha OCHOB8aHUU
JPEG XR 6as3bi
Tabena 4 — lNopehere nepghopmaHcu 0bjeKmusHUX Mepa NMpoueHe Keanumema HaKkoH
ycpelr-agara cybjekmusHuUX/0bjekmusHUX ckoposa keanumema Ha JPEG XR 6a3u

Measure LCC SROCC
PSNR 0.9228 0.9138
ulQl 0.9756 0.9834
SSIM 0.9769 0.9670
MS-SSIM 0.9401 0.9839
\V/IF 0.9603 0.9552
VSNR 0.9462 0.8918
MAD 0.9797 0.9692
Q" 0.9676 0.9879

Analysis of the results on the CSIQ Video Dataset

The CSIQ Video Dataset (Vu & Chandler, 2014) was developed by
the Oklahoma State University in order to obtain a set of data for the
validation of objective video signal quality assessment measures. The
dataset consists of 12 high quality reference videos and 216 degraded
videos. Degradations were made by using six different types of distortion.
In the subjective tests, 35 observers participated.

The video sequences in the dataset are in the raw YUV420 format,
with 832x480 resolution, 10 seconds duration and a wide tempo range:
24, 25, 30, 50 and 60 fps. All types of distortion were applied to each
reference video signal, in three different degrees. In this way, for each
original video, there are 18 test video sequences. Four compression
distortions and two distortions that occur during transmission were used:

— H.264 compression (H.264/AVC),

— HEVC/H.265 compression (HEVC),

— Motion JPEG compression (MJPEG),

— compression based on a wavelet transformation using the SNOW
codec (Wavelet),

— packet losses caused by the wireless transmission of the H.264
compressed bitstreams (H.264/PLR) and

— additive white Gaussian noise (White noise).
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The  compression  systems  generally provide  uniform
distortion/quality in video, both spatial and temporal. The uniformity of the
distortion is also characteristic for the sequences with the additive
Gaussian noise. Packet losses, on the other hand, cause short-term
distortions in the video in the form of flicker, both spatial and temporal.

Figure 8 shows the representative frames of the CSIQ Video
Dataset test sequences, illustrating all six types of degradation used in
this dataset. The figure shows that the visual effects of distortion are
different. The video sequences with compression have typical
compression artefacts, such as blocking effect, blurring, ringing effect
and poor compensation of movement around the edges of the objects. It
is also interesting to highlight the differences in the degradation of the
resulting MJPEG and H.264/H.265 compressions, where the blocking
effect is greatly reduced in the H.264/H.265 sequences. The errors in the
packet networks are short-term and appear as sudden transitions in the
video. Test sequences and frames were selected randomly, with the aim
of illustrating the diversity of the contents of the original sequences and
typical artefacts of their degradation. Through this set of selected
sequences, the observers gave the highest quality to the H.264/AVC
compressed sequence (DMOS=21.84) — Figure 8(a), and the lowest
score was obtained for the H.265 (HEVC) compressed sequence
(DMOS=75.79) — Figure 8(f).

Three objective quality assessment measures — Frame PSNR,
Frame SSIM and VQ"® were tested on the CSIQ Video Dataset, and their
performance analysis is given in Table 5. Among the three measures, the
best matching between subjective and objective quality scores is
obtained with the VQ*® objective measure. It is noted that the
performance of objective measures is significantly worse than the
performance of objective measures on the JPEG XR Image Dataset. A
better understanding of these results can be obtained by analyzing the
performance of objective measures on subsets of the CSIQ Video
Dataset. The performance of objective measures in subgroups is given in
Tables 6 and 7, through linear correlation (LCC) and rank-order
correlation (SROCC) between subjective and objective quality scores. In
addition to the three tested measures, the performance of four additional
measures is also given — VQM (Pinson & Wolf, 2004), MOVIE
(Seshadrinathan & Bovik, 2010), TQV (Narwaria et al, 2012) and VIS;
(Vu & Chandler, 2014). The performance of additional measures was
taken from (Vu & Chandler, 2014). Additionally, Figure 9 shows the
scatter plots of subjective and objective quality scores on the CSIQ Video
Dataset.
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(a) H.264/AVC compression (b) H.264 with packet losses
BasketballDrive sequence (DMOS=21.84) Kimono sequence (DMOS=57.36)

(c) MJPEG compression (d) wavelet compression (SNOW codec)
BQTerrace sequence (DMOS=66.48) Timelapse sequence (DMOS=65.81)

(e) additive Gaussian noise (f) HEVC compression
Keiba sequence (DMOS=42.06) PartyScene sequence (DMOS=75.79)

Figure 8 — Example frames of the test sequences used in the CSIQ Video Dataset
Puc. 8 — lNpumepbl kaOpos mecmosbix rnocrnedosamersibHocmeli Ha ocHogaHuu CSIQ
sudeobasbi
Crniuka 8 — Penipe3zeHmamusHu kadposu mecm cekeeHuyu CSIQ sudeo-6ase
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Table 5 — Performance comparison of various objective quality assessment metrics on
the complete CSIQ Video Dataset
Tabnuya 5 — CpasHeHue xapakmepucmuk 06beKmu8HOCMU OUEHKU Ka4Yecmea Ha
ocHosgaHuu nosnHol CSIQ sudeobassi nocrnedosamernibHocmeu

Tabena 5 — lNopehere nepghopmaHcu 0b6jekmusHUX Mepa MpoyeHe Kkgarumema Ha
komrnemHoj CSIQ sudeo-6a3u cekseHUyu

Measure LCC SROCC MAE RMSE OR (%)
Frame PSNR [0.5820 0.5957 10.7469 13.5212 13.8889
Frame SSIM  [0.6441 0.5769 10.1931 12.7189 12.0370
\vVQ e 0.7160 0.6418 9.2039 11.6078 7.8704

Table 6 — Linear correlation coefficient (LCC) between subjective and objective quality
scores (after nonlinear regression) on the CSIQ Video subsets
Tabnuua 6 — KoaghgpuyueHm nuretiHot koppensyuu (LCC) cybbekmueHbIX u
0bbeKkmueHbIX nokasamersneli kKayecmea (rocre HemnuHelHoU pezspeccul) Ha OCHO8aHUU

noomHoxecme CSIQ sudeobasbl

Tabena 6 — KoegpuyujeHm nuHeapHe kopenauuje (LCC) cybjekmusHux u objekmugHuUX
CcKoposa Keaniumema (HakoH HerluHeapHe peepecuje) Ha nodckynosuma CSIQ eudeo-

base
Measure H.264/AVCH.264/PLR MJPEG Wavelet \White noise [HEVC
Frame PSNR |0.8232 0.8236 0.6872 0.7713 0.9494 0.7851
Frame SSIM |0.8779 0.7666 0.8304 0.7878 0.9446 0.8258
\vVQ e 0.9640 0.6586 0.9397 0.9000 0.8815 0.9589
\VQM 0.916 0.806 0.641 0.840 0.918 0.915
MOVIE 0.904 0.882 0.882 0.898 0.855 0.937
TQV 0.965 0.784 0.871 0.846 0.930 0.913
VIS; 0.918 0.850 0.800 0.908 0.916 0.933

Table 7 — Spearman rank-order correlation coefficient (SROCC) between subjective and
objective quality scores on the CSIQ Video subsets
Tabnuya 7 — PaHeosas koppensayusi (SROCC) cybbekmueHbix U 06beKmMUBHbIX
nokazamenel kayecmea Ha OCHO8aHUU NOOMHoxecme rocriedosamesibHocmel CSIQ

sudeobasbl

Tabena 7 — Kopenayuja paHeosa (SROCC) cybjekmusHux U 06jekKmusHUX cCKoposa
Kkeanumema Ha nodckynosuma cexkeeHuyu CSIQ sudeo-b6ase

Measure H.264/AVCH.264/PLR MJPEG Wavelet \White noise [HEVC
Frame PSNR |0.7949 0.8172 0.6530 0.7493 0.9053 0.7552
Frame SSIM (0.8582 0.7712 0.8196 0.7586 0.9236 0.8118
\vVQ e 0.9627 0.6792 0.9393 0.8937 0.8409 0.9387
\VQM 0.919 0.801 0.647 0.874 0.884 0.906
MOVIE 0.897 0.886 0.887 0.900 0.843 0.933
TQV 0.955 0.842 0.870 0.831 0.908 0.902
\VIS3 0.920 0.856 0.789 0.908 0.928 0.917
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Tables 6 and 7 show that the performance of objective quality
assessment measures significantly depends on the type of degradation
of the original sequences. Thus, the performance of the Frame PSNR is
the worst for the MUPEG compression sequences, while the performance
of the VQ"® measure is the worst for a subset of sequences with packet
losses (in this subset VQ*® measure has the smallest agreement with
subjective impressions among all other objective measures). The newly-
proposed VQ*® measure has very good performance for a subsets of
sequences with compression, and slightly lower performance for the
sequences with additive noise. This measure was tested on the H.265
compression sequences for the first time, where the best performance
among the analyzed measures was achieved.
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Figure 9 — Scatter plots of subjective (DMQOS) versus objective quality predictions on the
CSIQ Video Dataset: (a) VQ*®, (b) Frame SSIM and (c) Frame PSNR
Puc. 9 — Juaepammbi pacrpocmpaHeHust cybbekmusHbix (DMOS) u o6bekmugHbIx
rnokasamerieti kayecmsa Ha ocHosaHuu CSIQ sudeobasb! rnocnedosamernbHocmeu: (a)
Ve, (b) Frame SSIM u (c) Frame PSNR
Cnuka 9 — [ujagpamu pacunara cybjekmusHux (DMOS) u o6jekmusHux epedHocmu
keanumema Ha CSIQ sudeo-ba3u cekeeHyu: (a) vQ'® (b) Frame SSIM u (c) Frame
PSNR
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The scatter plot of the subjective and VQ"® objective quality scores,
shown in Figure 9(a), confirms that the bad VQ"® measure results at the
global level (on a dataset) originate from the worse results for a subset of
sequences with packet losses, in which the objective values VQ*?
deviate from the trend of other scores. Also, with the frame SSIM
objective measure, the deviation trend of the sequences with the packet
losses compared to the sequences with compression is confirmed, and
additionally there is the deviation trend of the sequences with additive
Gaussian noise — Figure 9(b). With the Frame PSNR objective measure,
it is possible to talk about an isotropic cloud in the space of subjective-
objective quality scores — Figure 9(c).

Conclusion

This paper analyzed a possibility of using the full-reference objective
quality assessment measures of visual signals — images and videos. The
analysis was conducted on the two publicly available datasets with
subjective quality impressions, with a representative number of visual
signals (180 test images and 216 test sequences). These datasets
contain the subsets of images/videos created by the characteristic
degradations typical for processing and transmission of visual signals.

An analysis of the objective measures performance at the level of
subsets of the signals inside the datasets has shown that the
performance of objective measures depends on the choice of a subset,
i.e. type of degradation. The difference between the performance is more
pronounced on the video dataset due to significant visual differences
inside the test sequences. Therefore, it can be said that there is no
objective measure of quality assessment that will be useful in all
situations — for different types of degradation, for different degrees of
degradation, for various applications, etc. (universal measure).

It has been shown that the objective measures applied on the
subsets can reach a high degree of agreement with the results of
subjective tests. The maximum level of agreement between objective and
subjective quality scores (measured through linear correlation) on the
analyzed image subsets is 97.48% — MAD objective measure on the
JPEG2000 4:2:0 subset. The same measure on complete image dataset
also provided the maximum agreement with subjective quality scores —
LCC=94.66%.

Within the video subsets with compression, the best results were
achieved by the spatial and temporal gradient-based information
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preservation measure, VQ"®. At four subsets with compression, the
degree of agreement between VQ"® and the subjective quality scores
ranges from LCC=90% to LCC=96.40%. The MOVIE objective measure
provided the best results on the subset of sequences with the packet
losses (LCC=88.20%), while the Frame PSNR measure is more suitable
for quality evaluation of video sequences with the additive Gaussian
noise (LCC=94.94%).

Objective quality evaluation is a very complex problem, but it is
possible to solve it and reach high performance using approaches that
have been proposed for image and video quality evaluation.
Improvement of objective quality assessment at the global level is
possible to be achieved by a fusion of objective quality assessment
measures suitable for different types of degradation of the original signal.
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AHAJING XAPAKTEPUCTUK OB'bEK:I'l/IBHbIX MOKASATENEN
OLEHKN KAYECTBA ®OTOINPA®UIN 1 BUOEO HA OCHOBAHNU
BA3bl JAHHbIX
Bobar M. Bonpxynuy?®, Gobar 3. Masnosuy?®, Bradumup C. I'IeTpOBVN6
@ YuusepcuteT o6opoHs! B 1. Benrpap, BoenHas akagemusi, Kacdenpa
TenekoMMyHuKaumnin n uidopmaTtuku, r. benrpag, Pecnybnuka Cepbus
6YHvuaepCMTeT B I. HoBu-Capg, ®akynbTeT TEXHUYECKUX HayK,
r. Hoen-Cap, Pecny6nuka Cepbus

OBJIACTb: TenekomMmyHuKaLun
BWO CTATbW: opuruHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pe3swome:

B GanHoti crmamibe npedcmasrieHbl paboyue XapakKmepUCMUKU OO bEKMUBHBIX
riokasamerieli OUeHKU Kadecmea ¢homoepaghuli U 8udeo, Ha OCHOBaHUU 08yX
coomeemcmeyrowjux 6az  omKpbImozo Oocmyria, C  MPUBEOEHHbIMU
CYOBEKMUBHBIMU OUEHKaMU Kadecmea. Hapsidy ¢ aHaru3oM Xapakmepucmuk
Ha earobasibHoM yposHe — MosHbIX 6as3, 8 OaHHOU pabome rnpedcmasrieH
aHanu3 U Xxapakmepucmuku riokasamesieli rnoOMHOXeCms8 CueHasio8 8 UxX
pamvkax. bBasa ¢pomogpachuli cocmoum U3 nAMU  MOOMHOXECmS,
cebopmupoBaHHbIX briazodapsi MPUMEHEHUIO pazanutHbIx muros JPEG cxxamus,
8 mo epeMs Kak audeo rocriedosamerisHoCmuU codepxam  Wecmb
MOOMHOXECI8 — 4Yembipe U3 KOmOopbIX 06pa308aHbl CXXamuem UCXOOHbIX
riocriedosamersibHocmel, a 0ea MOOMHOXecmea rpedcmaerieHbl ¢
UCKaXKEHUSIMU, ~ XapakmepHbiMu Ol repedaqu  sudeocueHarios.  [pu
oripederieHUU  YCrieWwHOCMU  CPasHEeHUST OOBEKMUBHBIX U  CyOBEeKMUBHBIX
rokasamesieli  Kadecmea  PUMEHSIIUCL ~ MemoObl,  YMEEPKOEHHbIE
MesxdyHapoOHbIM MEerEKOMMYHUKAUUOHHBIM COOPYKecmeom (KoaghgbuyueHm
Koppesisuuu, paHeoeasl Koppesisiuusi, CpelHsisi abcormomHasi owubka u
cpedHeKsadpamu4ecKkoe OIMKITIOHEHUE  pO2HO3UposaHus). B pabome
r1oKa3aHo, Hmo ObbeKMuUEHbIE rokasamersiu rNoOMHOXECIM8 CueHarIo8 U3 basbl
OaHHbIX Mo2ym 8 6orbwoli cmerneHu coenafamb € pesyribmamamu
CYOLEKMUBHLIX MECMOB. XapakmepucmuKu ObbeKmMUBHLIX roKasamerel
3a8Ucsim om 8b160pa NMOOMHOXXECM8 — MUIa UCKEKEHUST, U COOMBEMCIMBEHHO
3HaYUIMESTbHO B/IUSIOM Ha XapaKmepuUCMUKU Ha 2/1006a/ibHOM  YpoeHE, 1Mo
ecme, Ha yposHe rnornHol 6asbl. PasHuua xapakmepucmuk 6 borswel mepe
8bipakeHa 8 8UOe0 [10CrIed08aMErTbHOCITSX, BCIedCmeuUe 3HaYUIMesTbHbIX
3pumeribHbIX pasHUL, 8 rocredosamesibHOCMSIX, 0O6pa308asLUILIXCS 8 npoyecce
Ckamusi, romepu rakemos u eo30elicmeusi 2ayccosckoeo wyma. B
3aKIMOYEHUE MOXHO CKasamb, 4mo Ha OaHHbIU MOMEHmM He cyuecmeyem
€0UHBbIX yHUBEPCalTbHLIX OBBEKMUBHBIX MOKa3ameriel, MPUMEHSIEMbIX PU
pasfuYHbIX Mmurax UCKaKeHUU CcuaHaros, U Mpu pasfiuydHoOU cmerieHu
UCKakeHUU, U Orisl pa3riuqHO20 HasHaYeHUs!.

Krrouesbie crioga: JPEG oxamue, H.264 u H.265 eudeockamue,
0b6beKMUBHas1 OLUEHKa Kadecmea ¢hormoepachuli U 8udeo.
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AHAJTIN3A NMEP®OPMAHCU OBJEKTUBHNX MEPA MNMPOLIEHE
KBAJIMTETA CNUKA N BUOEA CA NOTIMYHUM
PE®EPEHLNPAHEM

BobaH IN. BoHyynuh?, Bobax 3. Masnosuh?®, Bradumup C. rleTpOBMh6
@ YuneepanteT onbpare y Beorpaay, BojHa akagemuja, Kategpa
TenekomyHukaumja n uHcdopmaTtuke, beorpaa, Peny6nuvka Cpbuja
®YHuBepauteT y HoBom Capgy, ®akynTeT TEXHUYKUX HayKa,
Hoeu Capg, Penybnuka Cpbuja

OBNACT: TenekomyHukaLmje
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Y pady cy npedcmaerbeHe nepgopmaHce 06jekmusHUX Mepa
npoueHe Keanumema criuka u sudea Ha dse jasHo docmyriHe base ca
cybjekmueHum  umnpecujama  keanumema. [loped  aHanuse
rnepghopmaHcu Ha eriobasnHOM rnaHy — HU8oy KomriemHux 6asa, y
pady cy aHanusupaHe U rnepgopmaHce Mepa Ha noocKynosuma
cueHana yHymap mux. basza cnuka cadpxu nem nodckynosa
Hacmarnux npumMeHoM pasnudumux munosa JPEG komnpecuje, 00K
ba3sa sudeo- cekgeHUU cadp>Ku wecm rio0CcKyroea — yemupu Hacmarsa
KOMrIpecujoM U380pPHUX CekeeHUu U dea nodckyrna ca dezpadayujama
Kapakmepucmu4yHuM 3a rpeHoc eudeo-cueHana. 3a odpefusar-e
ycriewHocmu objekmugHUX Mmepa, mj. rnopeheme cybjekmusHux u
objekmusHuUX cKopoea Keaslumema, KopuwheHe cy Mepe Koje je
npuxeamuo ITU (koeguyujeHm Kopenauyuje, kKopenayuja paHzoea,
cpedma ariconymHa epewka, cpedwa KealOpamHa apewka u
cmaHOapdHa desujayuja npouyeHa). lNokasaHo je da objekmugHe mMepe
Ha rnodckyrnosuma cuzsHana u3 6asza moey docmuhu eucok cmerneH
crazama ca pesynmamuma cybjekmueHux mecmosa. [lepghopmaHce
objekmusHux Mepa 3asuce 00 muna Oezpadauuje, WMO 3HAMHO
ymu4e Ha repgopmaHce Ha HUeoy KomrnemHe 6ase. Paanuka y
nepgopmaHcama je uspaxeHuja Ha b6as3u eudeo-cekgeHUu 3602
3HamMHUX 8U3YesIHUX pa3fiuka y CekeeHyama Hacmasum KOMIPeCcujoMm,
nakemckum 2ybuyuma u dolasar-em [aycosoe wyma. 3602 mozaa ce
moxe pehu da yHueep3anHa objekmusHa mepa, mj. mepa Koja he
bumu ynompebirbusga kod pasnudumux muriosa dezpadayuje cusHarna,
3a pasnu4yume cmeneHe Oezpadauuje, 3a pasuyume rnpUMeHe U cr.,
mpeHymHo He nocmoju.

Kbyune peyqu: JPEG komnpecuja, H.264 u H.265 sudeo-komnpecuje,
objekmusHa rpoueHa Keasiumema criuke u gudea.
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Abstract:

The paper deals with tactical and technical contexts of attacks by vehicle-
borne improvised explosive devices (VBIEDs). This type of attack is
usually conducted aiming at so-called "soft targets”, i.e. people who are at
a certain moment in the area of a planned attack. The objectives of these
attacks can be diverse. The common denominator of attacks is usually to
create damaging consequences, especially a large number of dead and
injured people. This paper did not focus on the elimination of these
attacks, but rather on the reduction of their consequences. Since their
assumption is that a complete prevention of these attacks is impossible,
the authors formulated some possible solutions, (regarding the technical
parameters of the means in particular) to mitigate the consequences of
attacks in different ways. Some measures and technical means to mitigate
the effects on people are easier to implement while some are more
complex and costly.

Key words: vehicle-borne improvised explosive device, barrier,
terrorist, protection, explosion.

Introduction

After seizing Mosul, the Iraqgi police confiscated cars which the
militants of the so-called Islamic state had converted to armored vehicles
used for suicide attacks (see Figure 1). These were modified, mostly
armored cars, loaded with large amounts of explosives which could
better overcome the defensive fire of Iragi or Kurdish units - unless hit by
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an anti-tank system. These cars would get to the immediate vicinity of
the target where the driver would initiate an explosion. (Zahranici et al,
2017)

Figure 1 — Seized cars ready for suicide attacks
Puc. 1 — U3bssmbie aemomobuiu meppopucmos-cMepmHUKo8
Cnuka 1 — 3annereHu aymomobusnu HamereHuU camoybunaykum Hanaduma

The explosion of a truck in the densely populated part of the Somali
metropolis of Mogadishu near the Foreign Office had a huge impact. The
explosion was so strong that several buildings collapsed, cars burned,
and the victims' bodies were torn down on the streets (see Figure 2). The
number of people died rose to 276, while approximately 300 people were
injured. (CTK, 2017)

Figure 2 — Consequences of the VBIED attack in Mogadishu
Puc. 2 — Nocnedcmeusi nodpsiea asmomoburns 6 Mozaduwo
Cnuka 2 — Nocneduue Hanada UMIPO8U308aHOM EKCI/I03UBHOM HarnpasoMm y 803usny y
Mozaduwy
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The use of a vehicle-borne improvised explosive device (VBIED) is a
very common way of terrorist attacks, not only in Muslim countries.
Terrorists are using VBIEDs in many other cities, including European
ones. It is necessary to continuously address the possibilities of
protection and defense against VBIEDs and to increase the resistance of
potential targets against such attacks. Experience shows that the current
methods of fighting VBIEDs, particularly in asymmetric operations and
terrorist attacks, can be considered obsolete, inadequate and ineffective.
Especially for this reason, this means is increasingly used as a surprise
and dangerous enemy weapon. The ordinary ways of conducting battle
drills and tactical procedures, the use of small arms, barricades, and
possibly anti-tank weapons cannot stop VBIEDs in time. It can be
assumed that VBIEDs are and will be used in the future (as evidenced by
current incidents in Afghanistan, Syria, terrorist attacks in France,
Germany, etc.). Preparing and implementing measures against VBIEDs
is essential, especially for the protection of stationary positions,
checkpoints, important buildings, command posts, and all areas of
deployment. It could be assumed that not only the Czech Army would
face problems of missions focused on the protection of the above
mentioned potential targets. Moreover, this is already happening not only
within the operations but also in the Czech Republic and this situation
would most probably be more frequent.

Tactical aspects of countering VBIEDs

The basic measure against any negative activity is to eliminate the
causes of this activity. However, the cause for using a variety of attacks
in an unstable environment is so diverse and for a civilized world illogical
and atrocious. Fighting the causes of VBIED attacks is more or less
impossible. Therefore, it is essential to continuously and intensively focus
on measures to reduce the risk of VBIED attacks and to reduce the
consequences of their use. (Headquarters, Department of the Army,
2013)

Enemies have a huge advantage when using VBIEDs. They can
choose the place and time of use, and in most cases the method of use.
In particular, the protection of so-called "soft targets", particularly civilians
in populated areas, is very complex. VBIED attacks are far from being
directed against "military targets" in the form of bases, military and police
buildings and stations, or against embassies and other government
institutions. Very frequent are attacks on marketplaces, church buildings,
schools, squares, etc.
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The ideal situation would be to prevent attacks completely by taking
such measures which would lead to their elimination. But this is hardly ever
possible. It is therefore necessary to monitor and evaluate the following in
particular:

- the enemy has a reason to attack in the territory; the aim may be to
demonstrate its presence, to induce instability and fear, to cause human
losses and damage to property of the "opposing party";

- the enemy has the means to perform the attack - human, material
and financial;

- territories which are "suitable objects" to attack.

For example, if the monitoring of suspects fails to detect and
eventually thwart the attack, the response to a VBIED attack is almost
always very difficult. There are objects in unstable zones around which
various detectors and technical obstacles, including roadblocks, can be
placed in advance. They are government buildings, barracks and police
and other stations, i.e. institutions against which the enemy acts actively.
These long lasting measures are almost impossible for countless other
objects - churches, mosques, marketplaces, shopping centers, squares,
etc. At least these measures could be applied on different occasions,
such as during religious holidays where there is a significant
concentration of people.

So what is the point of focusing on the efforts to fight VBIEDs? From
the point of view of barriers, as a defensive measure against VBIEDs and
their effects, a number of requirements can be traced in tactical terms:

- if vehicles loaded with explosives are driven by humans, it would
be possible to stop or kill the vehicle driver, for example by dimensioning
and shaping the barricade. However, this effect would have to occur at
such a distance from the "soft targets" to ensure that, even after a
controlled or uncontrolled detonation of the explosive, it would not
endanger persons and objects in the impact area. Moreover, it is a fact
that a number of VBIEDs are driven by suicide bombers who count on
their own death.

- as in the previous case (VBIEDs driven by humans), it is a similar
case when the vehicle is remote-controlled from its starting position with
such a technical device which allows the operator to steer the vehicle,
and in the final phase, to initiate explosion. Alternatively, the driver of a
VBIED leaves the car at a safe distance.

- the basic requirement therefore appears to be a counter-attack on
the vehicle, stopping the vehicle at a safe distance from the target.
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It should be noticed that such a barrier would be necessary to comply
with the provisions of the Ottawa Agreement called the Convention on the
Prohibition of the Use, Stockpiling, Production and Transfer of Anti-
Personnel Mines and on their Destruction. SROV: 5. (ICRC, 1997)

Devices diminishing the consequences of VBIED
explosions

The most common threat to soft targets is represented by an
explosion of charge plus a fragmentation charge, regardless of whether it
is an improvised device filled only with nails or ball bearings or an
industrially produced carbon steel insert. The size of the impact zone with
the 100% threat of the death of an uncovered person due to
fragmentation can be expressed by the formula:

R(f)=109.62xQ0.164 (1)
where
R(f) - Hazardous Fragmentation Distance Range (m),
Q - trinitrotoluene equivalent of a detonating explosive (kg).

Thus, if a tritol charge equivalent to 10 kg is considered (insurgents
usually use explosives with less efficiency, but in a much larger amount),
it forms a circular zone of 159m in radius from the explosion point of the
charge. The surface threat is 79 382m? according to the calculation.

If such a charge did not contain a complement to the fragmentation
(in the primary and secondary scale) of the material, the lethal effect
would only be related to the pressure effect of the exploding ammunition,
i.e. by the following formula:

r=K(m)-3/Q; 2)
where
r - the radius from the exploding charge determined by the critical factor
K(m),
K(m) - the critical factor for human survival being 10, for civilian buildings the
critical factor of destruction is set at 70,
Q - trinitrotoluene equivalent to a detonating explosive in kg.

The uncovered person therefore has a theoretical chance of survival
at a distance of 21 meters. The overhead impact of the pressurized
charge is 1.384m>.

From the above mentioned, it is clear that the threat zone caused by
fragmentation material represents an area multiplied by almost 57 times.
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This clearly indicates the requirement for a barrier to absorb or repel
fragmentation material at least that directed towards a potential target.
Unfortunately, most of the material used to make barriers is not only
unable to absorb the high-kinetic energy of fragments, but, on the
contrary, it itself becomes a secondary fragmentation material. Due to the
size of a vulnerable area, it is absolutely necessary to fulfill this
requirement so that the barrier has at least the basic ability to neutralize
enemy VBIEDs.

= Fragment’s kill zone
Fragment’s safe zone

Figure 3 — Zones of fragment effects after explosion
Puc. 3 — 30HbI 0cKOrIo4yHO20 delicmeusi 83pbiea
Cnuka 3 — BoHe nap4alHoe Oejcmea ekcrinio3uje

A very effective device of reducing the effects of VBIEDs may be a
barrier that should (and could) perform the following functions (see
Figure 3):

- discourage attackers from their intention only by its presence,

- slow down or stop a vehicle with an explosive at such a distance
from a soft target that the loss of life is minimized or completely
eliminated,

- direct the attacking vehicle into a zone where there are no major
consequences after an explosion,

- at least partially absorb explosion fragments directed towards a
potential target and thus prevent the death toll from increasing.

The subsequent passages of the article will focus on a technical
means to reduce the consequences of VBIEDs - on barriers.
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Basic requirements for devices diminishing consequences
of VBIEDs

There are a number of technical requirements for such devices. It is
not possible to compile a "ranking" of requirements for these means in
terms of materiality - from the most significant to the least significant.
This applies to all technical means, including roadblocks. However,
possible requirements include:

- the goals which barriers have to achieve. These objectives may be:

¢ deterring attackers from their intention to use VBIEDs,

¢ slowing or stopping attacking vehicles,

o directing attacks (including fragments after the explosion) into
less dangerous directions and space;

e mobility of the barrier. This is related in particular to the
dimensions of the barricade, its weight, profile and shaping, the
number of people to manipulate it, the need for other
manipulation techniques, or a battle order. The outcomes from
learning in this stage of training include also the issuing of battle
order on the terrain.

Mechanization and automation of the barrier could reach such a
degree that the barrier could be autonomously mobile, equipped with a
"propeller" to move, even with environmental sensors (including the
VBIED potential attack evaluation) and automatic shifting to the
"vulnerable direction". However, this type of device would be very costly,
and would significantly reduce its deployment.

- directing the effect of the attack into a less dangerous area;

- the strength of the location of the barrier at the specified location
(adhesion conditions in relation to the lower part of the barrier and the
ground on which the barrier is deployed);

- other aspects of the barrier, such as:

o demonstration of force by a transparent barrier or hidden

placement of the barrier,

¢ minimizing the movement of persons and techniques unrelated to

any attack in the area of the barrier location,

e aesthetic aspect, and others.

Barrier manipulation

Mobility of the barrier is an important condition. The ease, simplicity,
and speed of barrier installing on the required space need to be taken
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into the consideration as well as picking it up after a VBIED attack and/or
relocating it to another vulnerable site.

Only one person (for example, with portable road barrier spike
systems) can handle a barrier or there can be up to several people with
transport and handling equipment (e.g. heavy concrete segments and
prefabricates; see Figure 4).

Figure 4 — Application of a portable road barrier spike system and the assembly of
prefabricated roadblocks
Puc. 4 — MoHmax epemMeHHo20 npernamecmeusi ¢ wunamu u cbopka 0opoxHo2o bapbepa
Crniuka 4 — lNocmasrbar-e rnpuspemMeHe nperpeke ca Wurbyuma U cacmassbare
brokoea 3a 3anpedyasar-e nyma

Angle of the VBIED direction towards a barrier

It is also advisable to influence the VBIED attack angle on the
barrier. In the perpendicular direction, the result is that the vehicle force
acts in the direction of the vehicle's impact. By altering the attack angle,
the force is distributed and the resultant force is smaller than the force in
the direction of the planned attack on the target.

The angle of attack on the barrier can be predetermined even when
installing the barrier - by directing it to the desired direction of the vehicle
(resultant forces). However, such a barrier direction is quite obvious to
potential attackers, so terrorists can adapt the way and direction of the
attack. The incospicuous redirection of the attacking vehicle can be
achieved by varying the fixed parts of the barrier in relation to the support
on which the barrier is installed (see Figure 5).

The non-clamped side of the barrier is released by the impact of the
vehicle and rotates around the center represented by the fixed
anchorage pin. The attacking vehicle is then directed where desired. The
speed of rotation of the barrier in an unoccupied position can be
influenced by the adhesion conditions in relation to the lower part of the
barrier and the ground on which the barrier is installed (see the next
passage). The desired heading of the resulting movement of the VBIED
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can also be achieved by a subsequent "stopping point" that stops the
rotation of the barrier.

Figure 5 — Anchoring only one side of the roadblock to the base
Puc. 5 — O0HocmopoHHee kpernneHue brioka bapbepa K 0CHO8aHUI
Cnuka 5 — lNpuyspwhuear-e camo jeOHe cmpaHe brioka bapujepe 3a 0CHo8y

¢ Q |

Figure 6 — Anchoring pins of different material
Puc. 6 — KpenexHbie demaru u3 pasHbix Mamepuasnos
Cnuka 6 — EnemeHmu 3a npu4epwhusar-e 00 pasnu4umux Mamepujana
The desired heading of the VBIED in the case of the use of "unequal
quality" anchoring of the barrier to the support (anchor pins / pins of
different material) can be achieved by anchoring the "shear pin", its
dimensions (diameter, cross-section) and material quality (see Figure 6).

Adhesion conditions

The term "adhesion conditions" can be used to describe the stability
of the fixture of the barrier with the ground against VBIEDs. The stability
with which the barrier is fixed will certainly influence the weight of the
barrier and the area of the lower part of the barrier that is attached to the
ground (road surface, etc.). In general, the following could be considered:

- unanchored barricades,

- anchored barriers,

- weight down roadblocks (modular vehicle barriers).

Unanchored barricades

If the above two significant barrier attributes (weight and contact
area) are exceeded, the stability of the position of the barrier at a given
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location will interfere with the interaction of the bottom area of the barrier
and the nature of the "pad" on which the barrier will be installed. Both of
these surfaces (barrier and pad) can have different structures, e.g.:
- flat, slightly roughened area (in the case of a roadblock such as
metal or concrete, in the case of asphalt pavement, paved or other road),
- differently shaped surfaces (so as to fit the lower part of the barrier
and the shape of the pad).

Possible shapes of pads
flat compact surface  flat non-compact surface flat-shaped surface

| I | r—l N/
v ,,,,,, e >

C X X
asphalt lock paving cobles

Figure 7 — Interaction of the interlocking surfaces of the barrier and pads
Puc. 7 — B3aumodelicmeue HuxHel Yyacmu 6apbepa ¢ OCHoO8aHUEM
Cnuka 7 — lumepakuyuja dorux rnospwuHa bapujepe u ocHoge

In Figure 7, the arrows show the interaction of the lower part of the
barrier with the surface of the pad. It is also possible to express the

relationships of all surfaces (the lower parts of the barrier and the surface
of the pads).

Anchored barriers

From the point of view of fulfilling the functions of the roadblock,
especially in the sense of stopping VBIEDs, "somehow" anchored
barriers appear to be more appropriate. The anchoring may relate to
individual sections of the barrier field or to a series of individual barriers
which are interconnected, for example, by chains, steel ropes, etc. In the
case of anchoring a coupled barrier, it is necessary to bear in mind that
after the vehicle has come to any part of the anchor of the barrier field,
the whole field will somehow "behave", i.e. it will tend to shift fragments
across the barrier field. This phase could shift some fragments into
unwanted areas where casualties can be inflicted or objects damaged or
destroyed.

Anchoring can be done to any fixed object in the placement of the
barrier location, or as a separate function of the barrier itself. A rigid
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anchorage of the barrier to the base can be achieved by pins which
"immerse" into the prepared (drilled) holes in the base (for
communication, see Figure 8).

Figure 8 — Anchored barrier
Puc. 8 — AHKepHbIl 6apbep
Cnuka 8 — ®ukcHa bapujepa

Weight down roadblocks

As a possibility of combining both concepts, the barrier using the
load of the attacking vehicle appears to be an effective solution. Before
the vehicle starts pushing this barrier, it loads it by its own weight. Thus,
the adhesion increases and the weight as well. Such a barrier is, contrary
to the anchor, easy to handle and can provide an adequate degree of
protection regardless of its low weight (see Figure 9).

Figure 9 — Possible shaping of a barrier
Puc. 9 — OduH u3 sudoe bapbepa
Cnuka 9 — JedaH 00 obnuka bapujepe
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Other aspects of barriers

It is certainly possible to consider other aspects of barriers and
requirements for them. Such aspects can include:

- acquisition costs for the whole process - minimal development,
verification tests and production;

- costs of installing and reinstalling barriers;

- aesthetics. Particularly in historical or specific, architecturally built
areas, "concrete monsters" may appear visually unpleasant. This
requirement, of course, cannot have a major effect on the functionality of
barriers.

- other requirements and aspects.

Different parts of built-up areas contain objects designed for
purposes other than stopping VBIEDs. For example, there may be
different decorative posts (sometimes connected by forged chains)
around fountains, columns, etc., racks with waste containers, so-called
"pins" (pillars connected to the water lines for refreshing passers-by), etc.
Barriers could be constructed even as "imitations" of the above-
mentioned objects and installed in case of danger to the area as an
addition to the existing objects (see Figure 10). Of course, the stability
requirements would be considerably higher than for common decorative
posts, litter bins, etc. Instead of being anchored in the area, stands could
be used on sports grounds, volleyball playgrounds, in gymnasiums, etc.
In gym floors, there are holes in which the sports racks are inserted and
fastened. If posts are not needed, they are removed from gym floors and
the holes for them are covered by simple caps.

Such "strengthening" of the already existing objects in the area
(creating a barrier field in width and depth) would cause a so-called
tandem effect for VBIEDs. For example, the first row of barriers would
slow the attacking vehicle while the other rows would lead to it being
stopped or headed into safe spaces (including, for example, zones with
walls to eliminate or reroute fragments after an explosion).
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Figure 10 — Anchoring a wastebasket in a square — a discreet barrier

Puc. 10 — Kpenex ypHbl Orisi Mycopa 8 ckeepe — Hebpockoe npensmcemeaue
Cnuka 10 — lNpu4epwheHe kopre 3a omnamke Ha mpay — Heynadrbusea rpernpeka

Conclusion

VBIEDs are nowadays considered to be an effective weapon of
asymmetric warfare. Preventing VBIED attacks is essential in order to
diminish losses in human lives as well as material losses. The article
shows some possibilities which could lead to this goal, especially the last
mention barrier type called ,weight down roadblock®. This type of barriers
is easy to move and it uses the weight of a VBIED itself to stop the
vehicle.
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ACTIEKTbI CH/KEHWA MOCNEACTBUW MOOPLIBOB
ABTOMOBWIEW, COBEPLIEHHbBIX C NMOMOLLbIO
CAMO[EJIbHbLIX B3PbIBHbLIX YCTPOUCTB

51H Opo3sa, 3deHek dnacap, JTydek Pak
YHuBepcuTeT 060poHbI B I. BpHO, PaKkynbTeT BOEHHOrO ynpaBreHus,
r. bpHo, Pecny6nuka Yexus

OBNACTb: BOEHHbIE Hayku
BWO CTATbW: opuruHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckun

Peswome:

B danHoOlU cmambe npedcmasrieHbl makmu4yeckue U mexHu4Yyeckue
acriekmbi 100pbI808 asmomobusieli, CO8EPUWEHHbLIX C [MOMOWbIO
camolersibHbIX  83pbIBHbIX  ycmpolcms. XapakmepHolu 4yepmou
no0Gob6HbIX HarnadeHul S8/151€mMcs MO, YMO OHU 0bbIYHO MPUMEHSIIOMCS
npomues ,mMsiekol uenu®, mo ecmb s0del, Haxo0sLUXcsi 8 30He
CrIaHuUpo8aHHO20 mepakma 8 MOMeHmM e20 ocyulecmerneHus. Lenu
HanadeHusi moeym O6bimb pasHbIMU, HO ObWUM 3HaMeHamesnem
fen159emcs XenaHue HaHecmu Kak MOXHO 6onbwul yuiepb, 0cObeHHO
8 8ule bonbwoezo kKonudecmea xepmg. B daHHOU pabome He
3ampoHymbl 80MpPOChH! UCKOPEHEHUSI MepPakmoa 8 UesioM, akueHm
Oeflaemcsi Ha CHUXeHUe Hez2amugHbIX rnocredcmaull rnocsie camozo
HanadeHus. Ycxolsi u3 npedrosnoxeHusi, Ymo mepakmbl nodobHO20
suda He8O3MOXHO [OJIHOCMbIO U38ecmu, asmopbl 0aHHOU cmambu
rnpedcmaesnisitom peweHus Mo CHUXEHUID He2amueHbIx rnocraedcmeuli
Ona  HacersnieHusi, noceswass ocoboe BHUMaHUE MEeXHUYECKUM
rnapamempam pasfuyHbix cmpedcms. Hekomopbsie u3 npednazaembix
Mep omiu4armcs rnpocmomod npuUMeHeHUsl, 8 Mo epemMsi Kak bonee
C/IOXHbIE U3 HUX mpebyom U 3Ha4YumesibHbIX (OUHaHCO8bIX
8110XKEeHULI.

Kroueebie crioga: nodpbie asmomobusisi camoOesibHbIM 83PbISHbIM
ycmpoticmeom, bapbep, meppopucmsi, 060poHa, 83pPbI6.
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ACIEKTUN YMABUBAHA EOGEKATA HAMAOA
MMMNPOBN3OBAHOM EKCININO3NBHOM HAIMPABOM Y BO3UIY

JaH [po3n, 30eHek dnacap, Jlydex Pak
YHuBepanuteT oabpare y BpHy, ®akynteT BojHOr pykoBohekrba,
BpHo, Yewika Penybnuka

OBJACT: BojHE Hayke
BPCTA YJIAHKA: opyruHanHu Hay4Hu YnaHak
JE3NK YJTAHKA: eHrnecku

Caxemak:

Y pady cy pa3mampaHu makmu4yku U MexHUYKU acrekmu Harnada
MOMORY UMIMPOBU308aHe €KCr/I03usHe Harpase y 8o3usy (vehicle-
borne improvised explosive device — VBIED). Osakgu Hanadu obu4Ho
Cy YCMEpEeHU rpomu8 mako38aHUX MEKUX Uurbesa, OOHOCHO JbyOu
Koju ce HaRy y 30HU rnnaHupaHo2 mepopucmuykoe akma y mpeHymkKy
Hanada. Cepxe osux Harnada moz2y 6umu pasnudume, a 3ajeOHUYKO
um je usasuearme wmo gehux nocneduya, npesacxo0HO wmo eehea
bpoja Jsbydckux xpmaea. [lowmo ce y pady nonasu 00
npemmnocmaske Oa je Hemoayhe y rnomnyHocmu enuMuHucamu
Hanale oee epcme, ¢hopmMmynucaHa cy Moeyha peuwera padu
ybnaxaeara HUX08UX eghekama Ha sbyde, ¢ NocebHUM 0Ce8pmMoM Ha
mexHu4YKe napamempe pasiuqdumux cpedcmasa. [lpumeHa rnojeduHux
Mepa u cpedcmasa je jeOHocmasHuja, 00K HeKa CIIoXXeHuja cpedcmea
3axmeeajy 3HamHuje ¢hbuHaHcujcke pecypce.

KrbyyHe pedu: umnposu3ogaHa eKcrijio3ueHa Harpasa y 603Uy,
bapujepa, mepopucmu, 3awmuma, ekcrsosuja.
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Abstract:

The patent device named “Device for biometric identification of maternity”
is a dual fingerprint scanner that provides data of mother and baby
fingerprints at the very moment of birth and further guarantees the
maternity of a newborn baby by generating a unique ID reference and
encrypting that data with the highest level of protection. For the first time,
we enrolled qualitative research that proves a baby’s identity at the very
moment of birth based on the fingerprint minutiae. No one has done it until
today! The realised technical solution scans, processes, stores, saves and
encrypts personal data with one main purpose - to prove maternity of
every newborn baby with 100% accuracy. By fingerprint scanning of both
the mother and the baby’s fingerprints simultaneously at the very moment
of birth, ID is generated and stored. This allays potential fear of babies
being replaced. Every identity is guaranteed. By encrypting this data, the
whole process is raised to the highest security and confidentiality levels in
maternity wards worldwide. In each case, the fear that almost every
mother has in this period is allayed as well as the question: “Is this my
baby?”

Keywords: biometrics, patent, fingerprint, identity, babies, maternity
wards, algorithm.

Introduction

We can see various definitions of Algorithm' in different science
fields and disciplines. As for a computer science algorithm, it is a step-by-

! Algorithm - stems from the name of a Latin translation of a book written by al-Khwarizmi,
a Persian (Oaks, nd) mathematician, astronomer and geographer. Al-Khwarizmi wrote a
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step set of commands, instructions and operations to be performed. The
purpose of algorithms is to provide calculation, automatisation of actions
and data processing.

An algorithm is a set of steps as explained. One has to learn how to
make algorithms using pseudo-codes or real codes and that is why
people who develop algorithms need to have programming knowledge. In
order to optimize algorithms, the knowledge of mathematics is
necessary, as well. Good news is that learning about algorithms can be
as simple as you want it to be, and as easy as you are able to aquire
(IEEE, 2018).

This Patent Device — Device for Biometric Identification of Maternity
— the algorithm as a software part has been developed in an effort to
solve a huge human problem and prevent possible undesirable events
from happening, e. g. stealing or replacing the identity of newborn
babies; it also allays the fear that all expecting mothers have, and makes
that bright moment of bringing new life to this world easier and more
relaxed to gynecologists, midwives and nurses.

This work presents all the functions that the device possesses. The
figures show how the model is made, what the cross-section looks like,
how it is constructed and implemented, what possible advantages and
benefits are and the essence of a qualitative leap in health care systems,
particularly in maternity wards worldwide. There is a possible wireless
communication and different storage types. Fingerprints are scanned
from a mother and a baby at the moment of birth, simultaneously, and
the unique ID reference is generated, which will be encrypted and will
guarantee maternity of every newborn baby with the probability of 100%.

This invention belongs to the field of applied information technology.
The biometric system, i.e. the biometric device consists of a dual
fingerprint scanner which scans two fingers of two different persons at
the same time (one of a mother and one of a baby), and subsequently
generates a unique ldentification (ID2) reference for each “mother-baby
relationship” for every newborn baby in maternity wards (Lalovic et al,
2017).

According to the International classification of patents, this patent is
classified with symbol GO6F21/00 which belongs to biometry systems —
devices for fingerprint scanners.

book titled ,On the Calculation with Hindu Numerals® in about 825 AD, and was
responsible for spreading the Indian system of numeration througout Europe.
2 ID- IDENTITY (unique data for each fingerprint scanning process)
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Material and methods

Technical issue

The technical issue which needs to be set, examined and solved
with this algorithm of the Patent Device consists of three partial tasks as
follows:

- Writing one optimal algorithm for emulating and executing every
function that the device for biometric identification of maternity
possesses. In future, the realization will give recommendations for
transferring that pseudo-code into an accurate programming language,
probably the C programming language, since it has to be structural and
low level, not an object-oriented (OO) and high level programming
language as JAVA or C++ are . It is very important that the algorithm
realization is applicable for each existing platform of both hardware and
software, and the C programming language is a proper choice for that
(Lalovic et al, 2017).

- Modeling and building solution of the device - dual biometric
fingerprint scanner for scanning fingers of the mother and the baby, right
at the moment of birth, during the first baby’s moments in this world. The
device will be slightly different from today’s existing classical fingerprint
scanners, since it would have two fields for scanning fingers of two
different persons (the mother and the baby). The two scanning fields can
be physically divided during the process of device construction or they
can be mapped by software definition on the scanning surface which
existing scanners possess (NIST, 2014).

- It will be an effective device since it is highly practical and easy to
work with, easy to control and manipulate. The device maintenance is
easy, classical and similar to that of other fingerprint scanners. Besides
its common purpose of scanning two fingers of different persons at the
same time, it will provide a unique ID reference (similar to a Primary Key)
which will be the basis for every scanned mother-baby pair (Lalovi¢ et al,
2016, pp.65-81), (Lalovi¢ et al, 2015, pp.293-302), (Oaks, nd).

Experiment

Modern well-known technical devices for scanning fingerprints use
different algorithms and methods in their process of work to determine
the identity of individuals.

The search through the National Base of Patents for similar devices,
notably dual biometric scanners with their own power supply, did not give
any results; namely, none of the Patents consider this idea and solution
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in this way, with a dual biometric scanner
(http://www.zis.gov.rs/pocetna.1.html, 2017), (http://www.epo.org/index.html,
2017).

The existing devices scan one or more fingers of one person only
(we are emphasizing the fact that it is only one person) and there are no
fingerprint scanners which scan fingers of two different persons at the
same time using one device, especially not devices which generate a
unique ID reference during scanning which will be connected with the
record of fingerprint scanned and stored data
(http://www.epo.org/index.html, 2017).

This scanner contains two fields for scanning one or more fingers of
two different persons (the mother and the baby) and momentarily
generates a unique ID reference which will be a guarantee for that record
of fingerprints.

There is Patent confirmation [1-2009/0253, International
classification G 07 D7/12 (2008.04) for a device named “Hand mobile
device for checking travel and personal documents, reading biometric
data and face recognition of persons which carry those documents”
which has only one function of scanning a fingerprint of one person at
one moment (http://www.zis.gov.rs/pocetna.1.html, 2017).

Milestones of innovation

The main goals that we have accomplished are these:

The device can generate a unique ID reference and 100%
guarantees the identity of each newborn baby and a bound record for
the baby’s mother.

The device functions as a dual biometric scanner with two fields for
scanning fingerprints of the mother and the baby or two babies (one after
another) if they are twins, or three or more, simultaneously, at the very
moment of birth. Precisely, one field is larger with the classic scan
resolution of 500 dpi and the second filed is physically smaller but with a
larger scan resolution — of minimum 1000 dpi so it can make a scan of a
baby fingerprint that is very small (http://neurotechnology.com, 2017),
(Chungkeun et al, 2012, 1253-1254).

It is a scientific fact in biometry that a fingerprint is formed during the
prenatal period for every fetus and stays constant in the shape of
minutiae during the whole life (Jain et al, 2008), (Keith et al, 2014),
(NIST, 2014).

Many researches have done fingerprints minutia of a fetus; ultra
waves and biometry scanning of the minutiae on each finger are formed
by the end of the 7" month of pregnancy. It is important to say that
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babies born before the regular time of birth, during the 8" month and
especially by the end of the 7" month of pregnancy have fingerprints on
each finger as well as on each toe already formed, the fact which can be
used to guarantee identity. (Jain et al, 2008), (Grzybowski & Pietrzak,
2015, pp.117-121), (Gutiérrez-Redomero et al, 2014, pp.199-207).

This scientific fact is essential for this device, this research and the
realization or the Project that will provide a qualitative leap in gynecology,
midwifery and nursing in every maternity ward all over the world.

In fingerprints, ridges and valleys are the only biometry that is
formed prenatally and can be used for the purpose for determining
baby’s ID. The idea for the Patent Innovation is based on this scientific
fact confirmed by both biometry systems and computer science and
gynecology — midwifery as a branch of health care protection systems
(Jain et al, 2008).

Here we cannot use other biometrics such as iris recognition
because it is unstable. Why? Until the 4" year in humans, the
pigmentation in children’s eye is changing and becoming different. The
shape and color both change which makes it impossible to be used for
this purpose.

Other body features such as head, hand and body shape and size
are rapidly changing since they normally grow up so it is obvious why
they cannot be used. That is why this amazing scientific fact that a fetus’s
fingerprint is formed prenatally by the end of the 7" month in a uterus of
a pregnant mother and stays constant with the same construction of
minutiae is so important (Jain et al, 2008), (Dahlen& Caplice, 2014,
pp.266-270).

If the procedure for the device is followed, the possibility of making
any mistakes is excluded. Now the device and the system guarantee
baby’s identity 100% in each case of a newborn baby.

This is how we prevent any possible theft or replacement of the
baby’s identity, which has unfortunately probably happened at some
places and parts of the World, especially in South-East Europe, in the
Balkans, in the countries of former Yugoslavia. Now the device will
guarantee, prove and serve as evidence of maternity for newborn babies.

Here, the authors took maternity with purpose because the maternal
instinct is the strongest instinct in nature. To give respect to that natural
instinct, the inventor decided to compare the mother’s fingerprint with the
baby’s and make a unique ID reference that no one could change nor
delete in the device.

The milestones gained from the patent will be:

- we got proof and evidence of maternity for every newborn baby
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- we have no possibility of replacing or stealing identities of newborn
babies

- all parents get safety

- device is of compact construction and practical for handling
throughout the process

- device has its own energy supply with batteries

- device is of small size, low weight and it is portable

- device has a good price/quality ratio

- device is environmentally friendly

- device has a wide range of application and usage.

Research & Development

Description and figures showing the preview of the device

Finally, the visual representation of the software algorithm and the
device preview are shown in eight figures. The first two figures represent
the software algorithm where the logic, method and the sequence
diagram can be seen.

For a better understanding of the functionality and usage of the
device and its practical realization, there are three figures (1-3) that show
the device in various views, use a case diagram and a cross-section of
the Patent device.

Figure 1 shows Algorithm1 i.e. the algorithm for the determination of
maternity identity and a new scan of the minutiae. It starts after powering
the device and choosing option 1 on the device display.

Algorithm1 for the determination of the identity of maternity in the
pseudo-code is defined as follows:

01 START

02 LOOP1TO3

03 FIELD-1F1 SCAN

04 IF F1 OK THEN GOTO GENERATE UNIQE ID
ELSE IF LOOP <3 GOTO END

05 LOOP1TO 3

06 FIELD-2 F2 SCAN

07 IF F2 OK THEN GOTO GENERATE UNIQE ID
ELSE IF LOOP <3 GOTO END
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08 GENERATE UNIQE ID
09 GENERATE PIN

10 ENCRYPTING DATA
11 GENERATING HASH VALUE
12 STORE AND SAVE DATA
13 DISPLAY SUCCESS MESSAGE

14 END.

Yes

Y

REJECT
unsuccessfull

(A

FIELD 1 Scan process

FIELD 2 Scan process

=

Yes

No
scann
yes

Generate Unige ID |

v

| Gerating PIN for parent |

v

| Encrypting all data |

!

| Generating HASH value |

I

Store and
save data

L

| Display success message |

FINISH
Proces successfull

Figure 1 — Device algorithm for data acquisition
Puc. 1 — Aneopumm ycmpoticmea 05151 cbopa OaHHbIX
Cnuka 1 — Aneopumam ypehaja 3a akeusuyujy nodamaka
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After starting the device and choosing option 2, the software
initializes Alrogithm 2 — algorithm for checking the identity of maternity.
Figure 2 shows all functionality, logic and behavior of this algorithm.
Based on the Figure preview, the conclusion can be derived about the
possible usage of both cases and a sequence diagram of procedures
and activities of the software.

FIELD 1 Scan process FIELD 2 Scan process

| Call and show Unige ID |

¥

| Request PIN from Parent No
No @ No
Yes

| Decrypt and compare data

] Compare with saved data I

Imnﬁﬂn Parenthood-identity I REJECT
unsuccessfull
FINISH
Proces successfull

Figure 2 — Device algorithm for data verification
Puc. 2 — Anezopumm ycmpoticmea 05151 Mpo8epKU OaHHbIX
Cnuka 2 — Aneopumam ypefjaja 3a eepuchukayujy nodamaka

REJECT
unsuccessfull

Algorithm 2 for the identity check of maternity in the pseudo-code is
defined as follows:
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01 START

02 LOOP1TO 3

03 FIELD-1F1 SCAN

04 IF F1 OK THEN GOTO CALL AND SHOW UNIQE ID
ELSE IF LOOP <3 GOTO END

05 LOOP1TO3

06 FIELD-2 F2 SCAN

07 IF F2 OK THEN GOTO CALL AND SHOW UNIQE ID
ELSE IF LOOP <3 GOTO END

8 CALL AND SHOW UNIQE ID

09 ENTER PIN

10 IF PIN VALID THEN GOTO DECRYPT AND COMPARE DATA
ELSE GOTO END

11 COMPARE WITH SAVED DATA

12 CHECKING AND COMPARING DATA

13 IF CHECK OK THEN GOTO CONFIRM PARENTHOOD IDENTITY
ELSE GOTO REPORT PROBLEM WITH IDENTITY

14 CONFIRM PARENTHOOD IDENTITY

15 END.

Figure 3 shows the device for biometric identification of maternity as
a whole with the digital display, the switch and two fields for fingerprint
scanning. The figure contain the following notification:

B — Body of the device.

| — Ignition switch which can be in two positions (on/off), and can be
connected with timers for delayed on/off.

D — Display of the device for displaying all current device activities in
real time, such as start of scanning, success of process, and results of a
unique ID reference generated during the process of fingerprint scanning.

S — Set button for starting the scanning process and reading the
acquired parameters by fingerprint scanning.
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R — Reset button for resetting the acquired and processed data,
after storing it.

R1 — Command button with a purpose of saving and storing data
after the scanning process.

S1 — Field for fingerprint scanning of a baby’s finger, much smaller
than the field for mother’s fingerprint scanning.

S2 — Field for fingerprint scanning of a mother’s finger, larger that
the S1 field.

Figure 3 — Front view of the device
Puc. 3 — NsobpaxeHue ycmpolicmea (8ud criepedu)
Cnuka 3 — ®poHmanHa cnuka ypehaja

Description how the device functions

The device works as follows: putting P in the position on the device
gives the information on the display that device is in function regularly
and that there are no errors. Pressing the S button makes fingerprint
scanning on both fields of the device start (S1 and S2) simultaneously,
requiring that the fingers of the mother and the baby be placed in
appropriate fields.

After scanning and pressing the R1 button, the data will be stored
and a unique ID reference is shown on the display D. The ID reference
can be both numeric and alphanumeric, considering that the numeral
systems can be octal, decimal, binary or hexadecimal. The main fact is
that the ID is unique.
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Discussion - possibilities of further development

The software algorithm of the device for the biometric identification
of maternity is realized in the pseudo-code in this work. It is also shown
in details in Figures 1 and 2 which show the essence of the idea and
programming. In future development, it can be written in a concrete
programming language such as C.

This device with its essential idea about biometric identification of
maternity can find place in further developments of similar biometry
systems in day-care centers and in preschool institutions where there are
various problems regarding the security of small children and keeping an
eye on them in every moment.

Also, it can be a part of a much larger health care system regarding
small children in pediatric institutions, where the device can provide basic
data about possible allergies of each child and can improve that part of
health care system globally.

Conclusion

This breakthrough proves that it is possible to guarantee babies’
identities based on their fingerprints. Babies have their own IDs!

It can now be shared and used in different ways in different areas of
social and health care systems. The system is highly modular, it can be
updated and, what is most important, it can be a basis for some future
development in the area of biometric systems.

This patent device can be applied in many countries in a fight
against organized crime and it can help prevent thefts or replacements of
newborn babies, especially in territories with low IT infrastructure and
technological development.

Every type of biometrics tries to minimize both FAR® and FRR* in
attempt to be much more accurate and secure. This device has
accomplished that part since it combines two scanned data and its
accuracy grows exponentially.

In developed countries, it can provide a new quality of health care
services, help the staff in maternity wards, make the process of birth
much easier and relaxed for future mothers as well as for gynecologists,
midwives, and nurses: to put it shortly - for everybody!

® FAR - False Accept Rate
* FRR - False Reject Rate
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OB30P MATEHTA: YCTPOVCTBO MOEHTUOUKALIMN MMYHOCTU
Mo BUOMETPUYECKOMY OTMEYATKY MAJNbLUA

KomneH I'. NNanoBny
dakynbTeT NPUKNaAHOIrO MEHEKMEHTA, SKOHOMUKM 1 (DUHAHCOB,
r. benrpag, Pecnybnuka Cepbusa

OBNACTb: KOMMNbIOTEPHbIE HAYKK, NATEHT
BWO CTATbW: o630pHasa ctatbs
A3bIK CTATbW: aHrnuinckmn

Pe3some:

lMameHm  nod  HasgaHuem  «Ycmpolicmeo — buomempu4yeckozo
ycmaHoeieHuss podumernscmea» 3mo 080UHOU cKaHep Orsi CHAMUS
omre4damka nanbya, KOmopbll codepxxum OaHHble O omrevyamkax
nanbuyee mMamepu u MrnadeHya C MOMeHma poxOeHusi pebeHka u 8
meueHue OdarnbHelweeao rnpouyecca besowuboyHo udeHmuguyupyem
Mamb  HOBOPOXOeHHo20 pebeHKka C MOMOWbI0  2eHepuposaHust
00HO3Ha4HbIX VL] ceedeHull U ux KoOUPOBaHUSs C HausbICWwel CmerneHbio
3awumei. [JaHHoe uccriedogaHue rocesiueHO repeoMy KaqyecmeeHHOMY
ycmpolicmey, KOmopoe C y86peHHOCMbI MOXem  yCmaHOo8UMb
udeHmMumem HOBOPOXOEHHO20 pebeHKka Ha OCHO8aHUU MUHYUul
(MpusHako8) omnedYamka nasbua. 3moao do cux rnop HUKMo He Oenarsi!
OcywecmeneHHoe MEexXHUYeCKoe pelweHue CcKaHepa, Komopbil
CKaHupyem, coxpaHsiem u KoOupyem OaHHble U306paxXeHO Ha PUCYHKax,
npusedeHHbIx 8 cmamee. Llernbio usobpemeHusi daHHO20 ycmpolcmea
sernsiemcsl  MofIHoOUeHHasi 3awjuma U HadexHoe b6e3ouwuboyHoe
cpedcmeo udeHmuchukauyuu mamepeli Kaxdo20 HOBOPOXOEHHO20
pebeHka. [Npu O0HOBPEeMEHHOM CKaHUpPOB8aHUU Omiieyamkos nanbues
Mamepu U HOBOPOXOEHHO20 pebeHKa, HerocpedCmBeHHO rocsie €20
poxdeHusi, W[ eeHepupyemcsi u apxusupyemcs. Takum o6pa3om,
riomeHyuasnibHasi ornacHocmb Om MOOMEHbI HOBOPOXOEHHO020 pebeHKa
MO/IHOCMBIO JIUKBUOUpPOBaHa, mak Kak mernepb udeHmumem Kaxoou
JIUYHOCMU C  MOYHOCMbIO MOXHO ycmaHosums. LlugpososaHue
ceedeHuli makxe, Kak U eecb rpouecc 0osedeHbl 00 HausbicuIe20
yposHsi besonacHocmu U KOHuOeHyuasbHoCMu  Mexoy ecemu
ydyacmHukamu poodursibHbix OOMO8 80 8cex moukax Mmupa. Cmpax,
KomopbIl ucribimbieaem kaxdasi poxeHuya: «Mod nu amo pebeHoKk?»
Hascea0a ocmaHemcsi 8 MpowIoM.

Knouesbie crioga: 6uomempusi, nameHm, omreYyamoKk nanbua,
udeHmumem, HO80POXXOeHHbIe demu, POOUsIbHbIU OOM, asl20PUMM.
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MPEMMEQ NATEHTA: YPEBAJ 3A TAPAHLUNIY MOEHTUTETA HA
OCHOBY BMOMETPWUJE OTUCKA TIPCTA

KomneHn I'. Nanosuh
PakynTeT 3a NpYMeHEeHN MEeHaLIMEHT, EKOHOMUY 1 (hnHaHcKje
Beorpag, Penybnuka Cpbuja

OBJIACT: nHdopmatuka, naTeHT
BPCTA YJTIAHKA: npernegHu ynaHak
JE3VK YJTAHKA: eHrnecku

Caxemak:

lMameHm nod Hasuseom ,Ypehaj 3a buomempujcKy udeHmucbukauyujy
podumerbcmea” je OyanHu GUOMEMPUJCKU CKEHEp OmucKa rnpcma Koju
cadpxu rnodamke o omucyuma ripcmujy majke u bebe Ha camMom poherby.
leHepucamem jedHosHauyHe WI[] pegpepeHue u wughposaHr-eM mux
nodamaka rocmuxe ce Hajeulwu Hueo 3awmume. o npsu nym je
CrposedeHo KearumamueHO UCmpaxuseare Koje 0okasyje udeHmumem
mek poheHe 6ebe Ha OCHO8y MuHyyuja omucka rnpcma Tume je
oHemozyheHa 3ameHa 6eba u eapaHmoeaH ceaku udeHmumem.
Lllugbposarem mux nodamaka Ueo fpouec je nodusHym Ha euuu HUBO
be3bedHocmu U roeeps/bUBOCMU  U3SMERY  C8UX  y4eCHUKa 'y
ropodunuwmuma Wwupom ceema.

KbyuHe pedu: buomempuja, nameHm, omucak rpcma, uéeHmumem,

bebe, nopodunuwma, anzopumanm.
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Abstract:

The link between business and information technology (IT) has been a
constant topic in both academic and industrial circles for more than 30
years. Alignment (compliance) between business and IT is generally seen
as an important component and a basis for optimizing the performance of
any organization. Due to constant changes in the IT world as well as in
modern business, the work on the alignment of business and IT is gaining
in importance. The cause of the alignment problem lies primarily in
different levels of business abstraction and IT concepts. In order to solve
this problem, for a long time, the current approach to the development of
information systems (IS) is based on the so-called enterprise architecture
(EA). In this paper, a review of literature dealing with EA is given. The
focus of the literature review was the identification of works dealing with
motivational aspects for the use of EA as well as those that deal more
closely with the process of development of EA using general and domain
specific frameworks. The aim was also to give an insight into the current
picture of academic research in this field and the use of EA in order to
solve the problems of business and IT alignment. This overview can be a
starting point for participants in EA development using existing
frameworks as well as for developing specific frameworks that would be
applied in specific domains.

Key words: business and IT alignment, information systems, enterprise
architecture, enterprise architecture frameworks, TOGAF.

Introduction

For more than two decades, the need for aligning IT possibilities with
business needs has been considered as one of the key issues in IT
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management (Majstorovi¢, 2016). In order to solve this problem, an
approach to IS development based on EA has been used for a long time
(Gregor et al, 2007). In (Krstaji¢ et al, 2014), the EA-based approach is
used as a direction for business and IT alignment in the domain of
insurance industry.

Architecture is needed to manage the complexity of any large
organization or system (Lankhorst, 2013). However, the notion of
‘architecture' in many areas is not unambiguous. Most often, the
architecture of a system implies its structure and functions. In (IEEE
Computer Society, 2000, p.14), the following definition is provided:
"Architecture is a fundamental organization of the system, embodied in
its components, their relationships to each other and the environment,
and the principles governing its design and evolution." In this paper, the
organization means a collection of organizational units that have a
common set of goals and represent a specific organizational system. EA
is defined in the literature differently. Thus, in (Lankhorst, 2013, p.3) EA
is defined as: "a coherent whole of principles, methods and models used
in designing organizational structure, business processes and
infrastructure."

In (Kappelman & Zachman, 2013), EA is defined as a set of
concepts and practices based on a holistic view of the system, principles
and common languages, and long-standing disciplines of engineering
and architecture. The work places EA as an architecture of the entire
organization, including its IT. It also describes the ontology required for
the holistic definition and presentation of architecture, and highlights the
significant challenges facing IT professionals and researchers. Finally,
EA is said to be one of the critical tools for organizational success, and
will play an increasingly important role in increasing demands for speed,
agility, synergy, efficiency, quality and complexity.

So, EA describes and model elements of the organization, and
shows how they are organized and connected, and how they function as
a whole. EA itself is not an artifact, but produces artifacts (eg. models)
that illustrate the existing and future (desired) state of the organization
(Seppanen, 2008). Although EA has been a very important field of
research for a long time (Zachman, 1987), (Lankhorst, 2013),
(ObjectWatch, 2007), (Kappelman & Zachman, 2013), there is still no full
consensus on EA terminology, concepts, approaches and outcomes, ie.
results of development of EA. In any case, although EA was primarily
related to the architecture and development of information systems (IS),
today it is an approach for a comprehensive modeling of enterprise
architecture, in which standard IS components are provided, as well as
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organizational and software models architectures through which an IS is
implemented.

Below, attention is first paid to the development of EA. Since EA
development is more efficient with the use of the framework, the paper
gives a concise overview of literature that deals with frameworks that
provide wider functionality as well as with those developed for specific
fields, i.e. specific application domains. A special chapter is dedicated to
the TOGAF Framework, the most widely used, industrial framework for
EA and its key element - Architecture Development Method (ADM),
which specifies the process for the development of EA (The Open Group,
2011). At the end of the paper, a conclusion is made indicating the basic
contributions of this paper and the possible directions for further
research.

Development of EA

Development of EA is a continuous process that involves the
development, implementation, application and propagation of results.
This process should be aligned with the internal development of the
organization, as well as with its environment. This includes both the
strategic and operational activities of the organization. Although
architecture involves relatively stable parts of business and technology, it
must be adapted to change; therefore, architecture products (artifacts)
have a temporary status. Namely, architecture changes due to changes
in the environment and new technical possibilities that affect the essential
goals of the business system and the way in which these goals are
achieved. Good architecture must clearly show the relation between the
architectural decisions and business goals of the organization
(Lankhorst, 2013). In the EA development, it is necessary to make a
more or less abstract representation of the organization's positional and
future state, as well as a road map that will enable the transformation
from the current situation to a future one. The development and
transformation process of EA is illustrated in Figure 1 (Majstorovi¢ et al,
2016a).

The EA of a future situation is based on the mission, vision, strategy
and business goals of the organization. So, business is the driver and
gives guidance for the development of EA. Creating a road map for
translating an existing state into a future (desired) state involves a
multitude of projects thet alter the existing EA, i.e. make its
transformation. In this way, projects represent the implementation of
changes in the organization, i.e. destination EA.
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Existing state (As Is) P Future state (To Be)
Road map

Transition plan for
As s specification transition from To Be specification
existing to future

Figure 1 — EA development and transformation process
Puc. 1 - lpouecc pazsumusi u mpaHcgopmayuu EA
Cnuka 1 — Pa3seoj u npouec mpaHcghopmayuje EA

The most important feature of EA is that it represents a
comprehensive view of the organization. Thus, it includes different
domains in the organization, and should represent the optimal solution in
the context of the entire organization, i.e. both its parts and the whole. In
order to achieve the desired quality of EA, an approach is needed which
will enable the necessary understanding and communication of all
involved participants from different domains. Unlike, for example,
architecture in construction, which has a thousand years of history, and
in which common language and culture has been developed and
established, such a general framework in business and IT is still missing
(Lankhorst, 2013). In current practice, there are various descriptions,
specification languages, i.e. various models, techniques and tools for EA
development. The next part of the paper will focus more on EA
frameworks which provide a mechanism, i.e. give guidelines, models,
methods, techniques for the most successful development of EA.

EA Frameworks

Creating an enterprise architecture is more effective with the use of
a framework that helps define areas to be covered by architecture and
categorize artifacts for delivery, thus providing an organized and logical
approach for EA creators. The EA frameworks contain a set of models,
principles, and methods used to implement EA. They establish a link
between EA artifacts and provide a common vocabulary for all
stakeholders in the context of EA.

The established role and importance of the EA development
framework have contributed to the development of multiple frameworks in
the context of general and specific approaches. Below is a review of
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some papers dealing with EA approaches, a brief overview of the most
important frameworks and methods for developing EA.

Most of today's frameworks were created as the upgrading of the
Zahman framework (Zachman, 1987). This framework represents a
simple logical structure for the classification and organization of
descriptive views of the organization, which are significant for the
management and development of the system within the organization.
This framework is focused on the structure of the view of the organization
rather than on providing a process or methodology for creating an
architecture. The organization is represented with a matrix of six columns
and rows. The columns have the following attributes (different aspects of
understanding the organization): what, how, where, who, when and why.
The matrix rows represent the roles in the design process, and in a
broader sense provide the taxonomy of the company and represent
different observation views: the planner, the owner, the designer, the
contractor, the programmer and the user. In this way, the Zahman
framework enables: a good classification of the views of all interested
participants in the organization, filling the cells of the array with artifacts,
horizontally (between different perspectives) and vertically (from
concepts to technical implementation) linking matrix cells, checking the
completeness of descriptive views of complex business systems. The
benefits of the Zahman framework are (Lankhorst, 2013): easy
understandability; a comprehensive view of the organization; it is defined
independently of tools or methodologies; any concept, or problem, can
be mapped to a suitable place in the matrix. The most commonly
encountered problems of applying the Zahman framework are
(Lankhorst, 2013), (Fatolahi & Shams, 2006): a lack of methodologies
that cover all aspects of the framework; the lack of robust rules for linking
cell frames; the lack of popular notations for modeling all column frames;
a large number of cells, which is an obstacle for practical application.
Despite these shortcomings, the Zahman framework is still very much
used, and Zahman's work has brought challenges and vision of the
organization's architecture for the next twenty years. The challenges
involved, above all, management of complexity in distributed systems.

The Zahman framework for EA had a major impact on the first
attempt of the US Defense Department to create an EA. This effort is
known as the Technical Framework for Information Management (TAFIM,
1994). The TAFIM EA promised that technical projects would be better
offset (adjusted) to business needs.

The TAFIM was then submitted to The Open Group and thus
converted into a standard known as The Open Group Architecture
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Framework (TOGAF) (The Open Group, 2011). Although originally
conceived as a general framework and methodology for the development
of technical architecture, TOGAF evaluated the framework and method
for the development of the organization's architecture, and the most
widely used framework for EA in industry (Cameron & McMillan, 2013).
TOGAF standard models for EA contain four main domains: business,
applications, data and technology. The TOGAF framework is based on
certain key concepts and methodologies for the development of
architecture (ADM). ADM can be viewed as a process or tool for creating
an EA. TOGAF ADM is cyclic and it contains 8 phases, which include
defining, planning, implementing, managing the current basic
architecture, and developing a migration plan in a future destination
architecture. Along with ADM, the TOGAF standard contains a general
dictionary, appropriate products and recommended standards for
assistance in implementing EA.

In April 1999, the CIO (Chief Information Officers), a council formed
by the chief executives responsible for IT in state institutions, launched a
project called The Federal Enterprise Architecture Framework (FEAF)
(Urbaczewski, Mrdalj, 2006). New ideas in this project were related to
segmentation of architectures in large enterprises, and one of the main
reasons for the implementation of FEAF was to achieve seamless
integration of different architectures that existed in several federal
agencies. This should have given citizens and clients a better, faster and
cheaper access to information (Cameron & McMillan, 2013). In 2002,
FEAF was renamed to FEA - Federal Enterprise Architecture. In 2005,
FEA was the dominant EA approach in the public sector.

The GARTNER organization, with its dominant approach to the
private sector, looked at EA as a continuous process involving the
assessment of the current state of architecture, defining goals for building
the future situation, and managing the entire portfolio throughout the
process (Gartner, 2005). According to GARTNER, EA is more a strategy
than an engineering discipline used to build a consolidated view of the
organization, which aligns the business needs of the organization.

The previously presented EA approaches are very different. The
answer to the question "Which approach is best for a specific company?"
is not unambiguous. In (ObjectWatch, 2007), a comparison of these
approaches was made using 12 criteria, giving a score of 1 to 4 (4 is the
best estimate). According to this comparison, none of the compared EA
approaches is complete; each of them has its advantages and
disadvantages and they are complementary to one another.
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However, it has been shown that the previously presented EA
approaches are not sufficient to cover the domain companies providing
Information and Communications Technology services. Thus, the New
Generation Operation System and Software (NGOSS) program appeared
in the field of telecommunications. The NGOSS program is developed by
Telemanagement Forum (TMF), an international telecommunications
association, and it represents EA for the telecommunications domain
(http://www.tmforum.org/browse.aspx).

NGOSS represents a reference architecture for the
telecommunications industry. It contains a set of frames that represent a
generic classification scheme for design, as well as a display of a
complex domain such as a telecom domain. The Business Process
Framework - Enhanced Telecom Operations Map (eTOM) defines all
major business processes inside and outside the company (TM Forum.
The Business Process Framework). The company's information
framework - known as SID (Shared Information and Data Model) -
provides a comprehensive general information model for completing
telecom activities in the company (TM Forum. The Information
Framework). The application framework, known as the TAM (Telecom
Application Map), is designed to be used by all participants in the
software chain of Telekom. The eTOM provides a framework for telecom
processes and the TAM framework for telecom applications (TM Forum.
The Application Framework).

Telemanagement Forum has changed the NGOSS name for the
industry standard to the name of Frameworx. All developments regarding
the further development of this industry standard for telecommunications,
can be monitored by the members of the TMF Association via the
website (http://www.tmforum.org/browse.aspx).

In 2006, ACORD (Association for Cooperative Operations Research
and Development), formed by insurance organizations from around the
world, defined the strategy of developing the business architecture of
insurance companies. The main result of this activity is the ACORD
Framework - a framework that provides the architectural basis for
insurance companies, to quickly and easily prepare and implement the
changes necessary for successful business in a dynamic market
(Gregory, 2005).

The ACORD framework provides insurance companies with a
robust, detailed, consolidated and complete set of models that support
business process innovation, transformation and efficiency
improvements. Five basic components - models are (Jones et al, 2010):
(1) A common vocabulary of all terms that exist and are used in the
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ecosystem of insurance - Business Dictionary. The main purpose of this
vocabulary is to improve communication by standardizing the name of
the term in the business and unambiguous mutual communication of
working teams; (2) Model of basic functionalities in the business of
insurance companies - Business Capability Model. This model provides
multi-level decomposition of business areas up to the level of business
processes. Functions are located at higher levels of hierarchical
decomposition and include all the standard functions that exist in
insurance companies; (3) Information model which is the reference
model for realization of business applications of the insurance company -
Information Model. It is a detailed model that represents a conceptual
overview of the insurance industry. It is based on UML (Unified Modeling
Language) and covers all functional areas of the company and provides
communication of other XML (eXtensible Markup Language), EDI
(Electronic Data Interchange) and XBRL (eXtensible Business Reporting
Language) standards with ACORD standards; (4) A data model
specifically designed to meet the needs of the business data architecture
of the insurance company - Data Model, represents the logical level of
the entity-realatioship model. It serves primarily as a basis for the
physical model of the relational database and data warehouse model
(Data Warehouse); (5) A comprehensive model of components that form
business processes with a detailed definition of interfaces and services
across the value chain in insurance companies - Component Model.

(Cvetkovic et al, 2013) offered an approach to solving the problems
of business and IT alignment in complex companies, with a special
emphasis on the application in the domain of insurance industry, based
on EA using TOGAF, TMF and ACORD frameworks. The specification of
the future state of the insurance company (IC) is provided through
TOGAF architectural layers. The IC business process map is used by
using the structure of the TMF framework for business processes - eTOM
and the basic functionality framework for the ACORD framework for the
insurance domain. (Cvetkovi¢ et al, 2016) presented a methodological
framework for the construction of an EA insurance company, which is
obtained by combining TOGAF, ACORD, and TMF accesses. The
application of this methodological framework enabled a comprehensive
business specification IC, which was the basis for specifying IT concepts
in the domain concerned. Below is a more detailed TOGAF framework,
as one of the most widely used general frameworks for the development
of EA (ITpreneurs, 2013).
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TOGAF - The Open Group Architectural Framework

TOGAF is an open, industrial framework for the architecture of an
organization (The Open Group, 2011). It was originally conceived as a
general framework and methodology for the development of technical
architecture, but it was evaluated in the framework and method for the
development of an enterprise architecture. The framework is described
through a set of documents on the Open Group public web server (The
Open Group, nd), and can be freely used in organizations that want the
development of EA.

The TOGAF framework supports four architectural domains that
represent EA components:

— Business architecture defines business strategy, management
and key business processes.

— Data architecture describes the structure of logical and physical
data sets and data management resources.

— Application architecture provides a sketch of individual
applications, their layout, interaction, and their relationship with the
organization's central business processes.

— The technology architecture describes the software and
hardware functionalities that are necessary to support the development
and deployment of business, data and application services. It includes:
ICT (information communication technology) infrastructure, computer
networks, communications, technological standards, etc.

Figure 2 shows the architectural domains of EA.

TOGAF is based on the next mission and strategy (State of Utah,
2007):

— Mission: Creating a system that will allow the free flow of
information (Holmes, 2002), (Solomon & Blevins, 2003).

— Strategy: Firstly, working with users in order to capture,
understand and deal with current and emerging requirements, establish
policy, and exchange best practices. Second, work with suppliers,
consortia and standardization bodies in order to develop consensus and
facilitate interoperability.
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Figure 2 — Architectural domain of EA
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Cnuka 2 — ApxumexkmyparnHu domeHu EA

TOGAF contains three main sections (Minoli, 2008):

— TOGAF method for the development of EA (TOGAF
Architecture Development Method - ADM), which defines how to
implement EA for a specific organization, which will reflect specific
business needs.

— Enterprise Continuum, a repository of all architectural artifacts
(models, templates, architectural descriptions, etc.) that exist both in a
specific organization and in wider IT industry, and at the disposal of the
development of architectures. At the appropriate places around TOGAF
ADM, there are reminders of which architectural resources should be
used.

— TOGAF Resource Base, which is a set of resources (guidelines,
templates, additional information, etc.) that helps architects in the use of
ADM.

Below is a more detailed overview of the TOGAF method for the
development of EA.
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TOGAF method for the development of EA

The TOGAF Architecture Development Method (ADM) is a cyclical
process for the development of architecture. ADM involves the
establishment of a framework of architecture, the development of content
architecture, the transition and management of the implementation of
architectures. All these activities are carried out within the iterative cycle
of the continuous definition of architecture and its realization, which
enables organizations to transform their enterprises in a controlled
manner in order to fulfill business goals and new possibilities (The Open
Group, 2011).

Figure 3 shows the architecture development cycle according to the
TOGAF ADM method. Below are brief description of ADM phases.

The Preliminary Phase describes the preparation and initiation of
architectural creation activities, including the adaptation of TOGAF and
the definition of architectural principles.

Phase A: The Architecture Vision describes the initial phase of the
architecture development cycle. It includes:

— information on defining the scope of the architecture development
initiative,

— identification of stakeholders,

— creating the architecture vision,

— obtaining consent to continue the work on developing EA.

Phase B: Business Architecture describes the development of a
business architecture that supports a harmonized vision of architecture.
The phase shows how an organization meets its business objectives.
The phase includes the following:

— business goals and tasks,

— business functions, services, processes and roles,

— correlation of the organization and functions,

— confirm business context,

— defining current and future architecture,

— execution of gap analysis,

— creating a report on business architecture.

Phase C: Information System Architecture describes the

development of an information system architecture that supports a
harmonized vision of architecture. The phase shows how IT systems
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fulfill the business goals of the organization and display application
systems and data architecture.

Phase D: Technology Architecture describes the development of
a technology architecture that supports a harmonized vision of
architecture. This is the systemic basis of the IT system. It includes:

— hardware, software and communication technology,

— links between technologies,

— principles of design, management and evolution of technology.

Phase E: Opportunities and Solutions analyze different
implementation capabilities, identify initial implementation projects and
supplies for architecture defined in previous phases. The phase includes:

— access decisions (purchase or development, outsource,
commercially available software, and open source solutions),

— priority assessment,

— dependence identification.

Phase F: Migration Planning defines a transition from an existing
to a destination architecture, through the finalization of a detailed
implementation and migration plan. It produces an implementation road
map, and other relevant analyzes, such as costs and benefits, and risk
assessment for major projects.

Phase G: Implementation Governance provides architectural
control over implementation. It defines architectural limitations of
implementation projects, and establishes contracts, or agreements. In co-
operation with the project management department, it oversees work on
the implementation in order to achieve general consent.

Phase H: Architecture Change Management establishes
procedures for managing changes in the process of developing a new
architecture. The phase ensures that architectural changes are managed
in a cohesive and architecturally consistent manner. It establishes and
supports EA in order to provide flexibility, which will enable rapid
development, in response to technological changes and the business
environment of the organization concerned.
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Requirements Management determines the process of managing
the architecture requirements through ADM. As Figure 3 shows, this
phase is at the center of the ADM method, which means that ADM is
continually driven by the demand management process. The objectives
of this phase are:

Ensure that the process of managing the requirements is
sustainable and pervasive through all relevant ADM phases.

Management of architectural requirements identified through the
execution of any ADM cycle, or phase.

Ensuring that relevant architectural requirements are available for
each stage during its execution.

The TOGAF ADM process can be adapted for different usage
scenarios. In (The Open Group, 2011) are given guidelines for ADM
process adaptation, as well as techniques for architecture development.

Conclusion

In order to solve the problem of business and IT alignment, for a
long time the current approach to development of the IS has been based
on EA (Gregor et al 2007). In the review papers related to EA
(ObjectWatch, 2007), (Urbaczewski, Mrdalj, 2006), (Cameron &
McMillan, 2013) the analysis of methodologies and frameworks was not
performed in the context of business and IT alignment. Also, frameworks
for specific business domains are not specifically considered.

The aim of this paper is to provide an overview of the current picture
of academic research in this field and the use of EA in order to solve the
problems of business settlement and IT. In accordance with this, the
paper discusses the general framework for the development of EA, as
well as the frameworks developed for specific business domains, such as
the ICT (TMF framework) and the insurance industry (ACORD
framework). The TOGAF framework is particularly presented as one of
the most widely used general frameworks for the development of EA
(ITpreneurs, 2013). As shown in (Cvetkovi¢ et al, 2016), a combination of
TOGAF frameworks with specific domain frameworks can build a
methodological framework for the development of EA specific business
areas. The review given in this paper can be a starting point for the
participants in the development of EA using existing frameworks, as well
as for the development of specific frameworks that would be applied in
specific domains.

In the specific application domain, such as service-oriented
business, the problem may be the operationalization of a general
framework such as TOGAF itself. Also, a large number of domain
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frameworks and standards bring the problem of organizing the
development of ISs that are based on them. Bearing this in mind, further
work is planned to explore the relationship between business models and
EAs in order to alleviate these problems. During this work, it is desirable
to formalize business models so that the elements of various EA
development frameworks are adequately used. To this end, (Majstorovic¢
et al, 2016b) has developed a service-oriented business (SOB)
metamodel that represents a unique conceptualization and contributes to
a more precise definition of the SOB concepts.
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APXUTEKTYPA OPrAHU3ALUMMN KAK OOCTYMN K PA3BUTUIO
NH®OPMALMOHHBLIX CUCTEM

Murocas H. Maitctoposuy®, Patiko M. Tepany®

@ Konnemk MHAOPMaLMOHHLIX TexHomnorui, r. benrpaa, Pecny6nvka Cepbus,
[opoackon NHCTUTYT 06LLECTBEHHOTO 34PaBOOXPAHEHMS,
r. benrpag, Pecnybnuka Cepbus

OBJIACTb: koMnblOTEPHBIE Haykn, UHGOPMaTHKa, MHHPOPMaLMOHHbIE
cucTemsl

BWO CTATbW: o63o0pHas ctatbs

A3bIK CTATbW: aHrnunckmn

Pe3some:

Ces3b Mexdy 6uU3HecoM U UHGOPMaUUOHHbIMU mexHonoausmu (UT)
Ha npomspkeHUU rnocnedHux mpuduyamu rfiem sensiemcs camol
akmyarsnbHoU memMoU Kak 8 akaleMu4yecKux, maK U 8 rpOoMbIWIIEHHbIX
Kpyaax. BbipasHugaHue (coznacosaHHOcmb) 6usHeca u VT sensgemcs
B8aXKHbIM KOMIMOHEHMOM U chyHOameHmom Onsi onmumu3dayuu 0enoebix
npoueccos Kaxool opeaHusayuu. B c¢8a3u ¢ MNOCMOSIHHbIM
passumuem kKak 6 obrnacmu WT, mak u e obnacmu opaaHu3ayuu
busHeca, eblpasHusaHue busHeca u UT cmaHosumcsi ece bornee
socmpebosaHHol desimernibHocmblo. OCHOBHasi rnpuvuHa npobrem
8blpagHUBaHUsI rnpexoe 8cea0 3aK/4yaemcs 8 Pas/iuYyHbIX YPOBHSIX
abcmpakuuu 6usHeca u UT KoHuenmos. B uensix peweHusi daHHoU
npobnembi, Ha NPoOmMsiKeHUU 002020 8peMeHU paspabambieaemcs
Hoebili Memod paseumusi  UHGhopMayuoHHbIx cucmem (MC),
OCHOBaHHbIU Ha mak Ha3bleaemol apxumekmype opaaHu3sayuu (AO).
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B danHOU cmambe npedcmasnieH 0630p Hay4yHOU sfumepamypsl,
nocesiweHHol eornpocam AQ. B OQaHHOoM o0630pe numepamypsbl
bonbwoe B8HUMaHuUe rocesuweHo pabomam, npedcmasnAUUM
MomueayuoHHble acrnekmsl npumeHeHus AO, a makxe pabomam,
npedcmasnsowum npoyecchbl pazsumuss AO npu  npuMeHeHuUu
0606WEHHbIX U crieyuasibHbIX — paMoK OOMEHO8, a makxe
ucnonb3oeaHuss AO 8 uensx peuweHusi npobrembl 6bipagHU8aHUs
busHeca u UT. [aHHbIU 0630p MOXem Criy>Kumb OmMrpasHoU mMoYKou
8 passumuu AO npu MPUMEHEHUU CYU,ecmeyuux paMoK, a makxe 8
pasgumuu crieyuasibHbIX PamoK, KOmopble MOXHO Obi1io  6bl
npumeHsmsb e crieyualibHbiX oomeHax.

Knoyesble criosa: ebipagHusaHue 6usHeca u UT, uHgopmayuoHHbIe
cucmemsbl, apxumekmypa ope2aHusauuu, pamku passumus AO,
TOGAF.

APXUTEKTYPA OPrAHM3ALUMJE KAO TPUCTYM 3A PA3BOJ
NHOOPMALIMOHNX CUCTEMA

Murocae H. Majctoposuh?, Pajko M. Tep3v|h6

@ Brcoka LIKona CTPYKOBHUX CTyAMja 3a MHGOPMaLVIOHe TeXHororuje,
Beorpag, Penybnuka Cpbuja
pagcku 3aBog 3a jaBHO 3apaBrbe, beorpaa, Peny6nvka Cpbuja

OBJIACT: padyHapcke Hayke, MHdopMaThKa, MHHPOPMAaLMOHN CUCTEMN
BPCTA YJIAHKA: npernegHu ynaHak
JE3WNK YJTAHKA: eHrnecku

Caxemak:

Be3sa usmely rnocnosarka u uHghopmayuoHe mexHonoeuje (UT) suwe 0d
30 eoduHa cmarnHa je mema, Kako y akaleMCKuM, mako U Yy
uHAycmpujckum Kpyeosuma. NopasHare (ycaanaweHocm) rocrioeara u
UT-a eeHeparHO ce 8uUOU Kao BaxHa KOMIOHEHma U OcCHoea 3a
onmumu3auyujy rocriogHux rnepghopmaHcu bumno Koje opeaHusayuje. C
063uUpom Ha cmariHe rpomeHe, kako y YT ceemy, mako U y caspemMeHoM
rnocriosarby, pad Ha riopasHary rocrogaka U UT cee suwe dobuja Ha
3Hauajy. Y3pok npobriema riopasHarka je, npe ceeaa, y pasnuydumum
HusouMma aricmpakuyuja riocriosarba u T KoHuenama. Padu pewasara
ogoz npobriema eeh Oyxe epeme je akmyeriaH rpucmyn pa3ssojy
uHgopmayuoHux cucmema (MUC), 3acHosaH Ha m38. apxumekmypu
opeaaHu3auyuje (AO). Y pady je npeseHmosaH ripeaned numepamype Koja
ce 6asu AO, a ¢okyc je Ha udeHmuchukayuju padosa Koju ce base
MomueayuoHUM acriekmuma 3a kopuwherwe AO, Kao U OHUMa Koju
OemarbHuje obpahyjy npouec passoja AO y3 kopuwhere onwmux u
OomeHCKu crieyucgpudHux okeupa. lpu mome, yurb je Ga ce rnpukaxy
mpeHymHa axkadeMmcKka ucmpaxueara U3 oge obriacmu u Kopuwhera
AO padu pewasarba rnpobriema rnopasHarba rnocrosara u UT. Osaj
npeeaned Moxe bumu cmapmHa madka ydecHuuyuma y pa3seojy AO, y3
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Kopuwhere nocmojehux okeupa, Kao U 3a pa3eoj nocebHux oksupa Koju
6u ce npumerbusarnu y creyuguyHuM doMeHUMa.

KrbyyHe pedu: nopasHawe riocriogawa U UT, uHgopmayuoHu
cucmemu, apxumekmypa opaaHu3auuje, okeupu 3a paseoj AO,
TOGAF.
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Abstract:

Solving a linear system of n x n equations can be very difficult for the
computer, especially if one needs the exact solution, even when the
number n - of equations and of unknown variables is relatively small (a
few thousands). All existing methods have to overcome at least one of the
following problems: 1. Computational complexity, which is expressed with
the number of arithmetic operations required in order to determine a
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solution; 2. The possibility of overflow and underflow problems; 3. Causing
variations in the values of some coefficients in the initial system, which
may be leading to instability of the solution; 4. Requiring additional
conditions for convergence; 5. In cases of a large number of equations
and unknown variables it is often required that the systems matrix be:
either sparse, or symmetrical, or diagonal, etc. This paper presents a
method for solving a system of linear equations of arbitrary order (any
number of equations and unknown variables) to which the problems listed
above do not reflect.

Key words: system of linear equations, method of “external spiral”,
hyperplane.

Introduction

If we perceive mathematics as a science oriented primarily towards
a man as a subject of its application, the problem of solving large
systems of linear equations is not a mathematical one. It is essentially
the problem steming from computer science since the very forming of
such a system is impossible without the help of computers. Just to write
down thousands of equations with thousands of unknowns, a man would
have to spend a lifetime. Let us suppose you need to solve the full
system of linear equations having a very large number of equations and
unknowns, e.g. n ~ 100,000 or more. In order to solve such a system, it is
necessary to devise a method which: 1) requires execution of the least
possible number of operations; 2) does not require exhaustive memory
usage; 3) does not produce unexpected overflow and underflow effects;
4) does not change the coefficients of the initial system; 5) can be
applied for an arbitrary system scale — any number of equations; 6) does
not insist that the systems matrix has any particular additional feature,
and 7) unconditionally and quickly converges starting from an arbitrary
initial point. The existing methods do not meet at least one of the issues
listed above. The difficulties stated in abstract from 1. to 5., as well as the
requirements listed above from 1) to 5) are well-known and described,
e. g. in (Boht, 1978), (Higham, 2002), (Stoer & Bulirsch, 2002), and some
in connection to solving large systems of linear differential equations in
modelling complex systems, such as (Randall, 2015) or in other real-
world applications (Gaji¢ et al, 2008).

An exact solution to the system of nxn has n components. Each
of these components functionally depends on every individual coefficient
of the system. The number of coefficients is of order n?. This implies that
a minimum number of operations required to obtain the exact solution of
the system of n x n is proportional to the number n®, in general. If we
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want to reach a solution using fewer operations, it is necessary to seek
the approximate methods or approximate solution.

Formulation of the problem

Assume that the computer memory contains a system of linear
equations n x n (where n is much higher than 1000). Let this system has
the following form:

Ay X + 8% +. A X =D
Ay, X +8,,% +...+a, X, =D, (1)
8y, % +a,,X ... Ha, X = b,

For n greater than a thousand, the system (1) can only be formed
inside a computer memory. For a system like this, it is possible to define
the procedure for finding the solution, which has a minimal, almost trivial
computation, and then, if the solution exists, to assure convergence to it.

For this work the only assumption made is that system (1) has a
solution, as well as that when checking whether obtained result is a
solution, there is no overflow in the intermediate results in any of
equations in (1). If overflow of this kind happened, then it would be
impossible to solve the system (1) in such an environment. Although the
initial assumption is that system (1) has a solution, the procedure defined
here could be utilized to determine whether system (1) is insolvable
(impossible) or if it has some degree of freedom. It is important to
assume that the solution of (1) exists in order to assure the convergence
of the method.

Description of the procedure

In order to reach a solution of system (1), it is not necessary to solve
it. To find the solution of system (1), it is suitable to apply a cybernetic
approach (method of invariants), similar to the procedure defined in
(Srdanov & Stefanovi¢, 2017). Each equation in a system given in (1)
carries a considerable amount of information. For example, each
equation from system (1) can be interpreted geometrically as one
hyperplane within a space whose dimension is at least equal to the
number of unknown variables e. g. n. Then, each equation from (1) can
reveal the coordinates of the line perpendicular to its respective
hyperplane, and so forth. Parts of this information can be utilized in the
process of finding solution of system (1). The essence of this idea is as
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following: If the solution of system (1) exists, then it is a point of
intersection of all hyperplanes defined by the equations of system (1).
Starting the calculation of the solution approximation from an arbitrary
point and advancing further using orientations and the positions of all
hyperplanes makes it possible to reach a common intersection
eventually.

At this point, it is necessary to precisely define the term angle
between two hyperplanes — to generalize the term angle between two
intersecting planes.

The angle between two intersecting three-dimensional spaces, both
contained within the common four-dimensional space, is defined
analogously to the definition of a dihedral angle between two intersecting
planes within the same three-dimensional space. The angle between two
three-dimensional spaces can be defined as a dihedral angle contained
within a third three-dimensional space which is perpendicular to both of
these. This dihedral angle consists of two intersecting planes of the third
three-dimensional space with the previous two three-dimensional spaces.
All three three-dimensional spaces are contained within the same four-
dimensional space. Therefore, the generalized dihedral angle between
the two three-dimensional spaces is the dihedral angle located within the
third three-dimensional space that is perpendicular to both of the
previous spaces (dihedron that makes up the cross-section area of the
third space with the previous two spaces). All of these three three-
dimensional spaces are within the same four-dimensional space.

Generalizing previous, more same-dimensional dihedral angles
having a common point can be called justifiably the clew.

In a completely analogous manner, the angles between two four-
dimensional spaces contained within the same five-dimensional space
could be defined, etc.

For the first approximation of the unknown solution, an arbitrary
point could be taken from the space the solution belongs to. Statistically
speaking, the most optimal way to choose the starting point is pseudo-
random. The problem connected to this is that the existing algorithms for
generating pseudo-random numbers, as arule, provide pseudo-random
choices within some range. Therefore, a pseudo-random initial choice
should not take precedence over the chance to choose the starting point
as always the same. If we choose the initial point in advance, it is

preferable that it is the point O =(0,0,...,O). A better method for the
%/_J

n
selection of the starting point is to determine the "centroid of the system
(1)". To achieve this, it would be perfect to add up all the columns in
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system (1) and all the results. Then, for the initial values of all unknown

Zin:l bi

1
variables it would be perfect to take the value given by: xi0 =— =

n z;au

1
if the nominator is not zero, and Xi0=_ E _nlbi otherwise, for all
n <=

i=12,..,n.

To determine the subsequent approximation of the solution of
system (1) it is required to extract from (1) the two equations
simultaneously. From now on, the first equation of these two will be
referred to as the first plane, and the second equation - the second
plane. Each equation is a hyperplane. The two hyperplanes within the
space of the same dimension can have one of the following relationships
- that these two hyperplanes: intersect, do not intersect or are overlaping
each other. If hyperplanes do not belong to the same dimensional space,
very different mutual relations are possible, which is not relevant from the
point of view of this article.

Let us suppose that the two hyperplanes intersect. Then we can
examine in detail the following cases. Dihedral angle that these two are
forming is: acute, right or obtuse. Besides this, a position that the
approximation of the solution has reached, namely the point O, is
important as well (the position of O compared to these hyperplanes). The
point O may: belong only to one hyperplane, to both hyperplanes or to
neither one of these two hyperplanes. The idea of the method is that we
should reach some of the points within the intersection of the first and the
second hyperplane ariving from the initial point O. This would complete
one semi-iteration. Then we eliminate the first hyperplane, the second
hyperplane is declared to be the first, and for the second hyperplane - the
following equation from system (1) is proclaimed. From the previously
attained point O, we are descending into one of the points belonging to
the intersection of the newly examined two hyperplanes. When the last of
all equations in system (1) has been examined, a full iteration is
completed.

The procedure of selecting one of the points from the intersection
differs for each of the three above mentioned cases. It can be described
as follows. Through the point O, we place two straight lines whose
directions are determined by the perpendicular vectors of the first and the
second hyperplane. We distinguish between the three cases: a) to c).
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a) The point O already belongs to the intersection of the hyperplanes
in concern. In this case, we should proceed with calculation retaining the
previous point O.

b) The point O belongs to only one of the two hyperplanes. Then we
should determine the point of penetration the intersection of the two
hyperplanes with the line positioned perpendicular to the other
hyperplane. Through this point of penetration, we set the hyperline and
determine its intersection with the other hyperplane. The resulting
penetration point represents the next choice for the point O.

¢) The point O does not belong to any of the noted hyperplanes.
Then we determine penetrations through both hyperplanes using the
perpendicular hyperlines drawn from O. Thus, in each hyperplane we get
two points that define the new pair of hyperlines. The intersection point of
these two hyperlines should be the next position for O.

The method defined here differs from the one given in (Srdanov &
Stefanovi¢, 2017) as follows. The points we are taking to get closer to a
solution, according to the method in (Srdanov & Stefanovi¢, 2017),
belong to a spiral located within some of the 2" clews which are forming
up all of the hyperplanes corresponding to all of the equations of system
(1). Wherein, if a point is within the dihedron that is larger than a right
angle, the next point should be taken in the new clew. This is carried out
until the point is taken the clew which has all dihedral angles acute. Then
further convergence towards a solution follows a unique internal spiral
whose points of intersection with the clew are the bases of the
perpendicular lines placed from one point of the dihedron side on the
neighboring side (internal spiral). The method described in this paper
follows the external spiral - the spiral located on one side of the clew face
which passes through the points obtained as the bases of the
perpendiculars from a point of the edge of the dihedron to the adjacent
edge of the same face. The term the edge of the dihedron is basically the
same: the edge is formed from the intersection points of the dihedron
sides - dihedral planes.

For the system described with (1), the coordinates of the

orthonormal vectors of all hyperplanes are given as the coefficients of the
system: 0, :(aiyl,aiyz,...,aiyn) i=12,...,n. A procedure of finding an
intersection of the line going through the given point O and being
perpendicular to the second hyperplane requires a minimum of

computation and is given as follows. Let the point O has the coordinates
yi, y2 yn) Let the orthogonal vector of the first plane be
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n, :(ai,l,ai,z,.. a ) and of the second n; =(ai+1,1’ai+1,2""'ai+1,n)’

1 %in

where 1<i<n-1. In order to determine the penetration point for the first

perpendicular line through the second plane, i. e. the point
X, = (Xi, X'2 . X% ) we determine firstly
bi+1_(ai+11‘)’i+ai+12 Yot Ay Yn) ' '
N Ny

where j=12,...,n. To determine the penetration point of another

perpendicular line, i. e. the point X, =(X£, X2 Xn) we determine at

. b — (ai+1,1 Yyt Yot Qg yn)
first t= ‘_ > , and

n
thenx}:ai+1yj-t+y'j, where j=12,.,n. Now the line is placed

i+1

through the points X;and X , and its intersection with the first plane is
determined. For this, it is necessary to calculate
bi - (ai’]_ * Xl + a.i’2 * X2+ ai‘n * Xn)

ni'

t= prior to calculating the

-X

Xi i

coordinates of the new O point using the formulas y'j = (XJ - XJ )-t + X'j ,

j=12,..,n. When a full circle is taken, from i=1 to i=n-1, the next

iteration can begin.

Only in the first intermediate step, the point O can be placed outside
both of the two planes observed. Each subsequent choice of the point O
would belong to at least the first plane. During computation of
intermediate steps within the same iteration, the following cases should
be considered for in the program. a) The two planes that have been
reached are mutually perpendicular. Then the line perpendicular to the
second plane should be placed through the point O, and through its
intersection with the second plane, a line should be placed that is
perpendicular to the first plane. Then the intersection of this line with the
first plane should be determined. b) The two planes reached are two
parallel hyperplanes. Then, there are two passing lines through the point
O that are the same (identical) and these lines penetrate both
hyperplanes in the same points. The system is then impossible and the
process should be stopped. c¢) Similarly to the above, only the
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penetration points in the hyperplanes observed are coinciding with the
point O. If this is the case, the process should be stopped because
system (1) is indetermined.

When one pass through all of the equations is made this way, one
full iterative cycle is completed. The next iterative cycle will begin with
placing the line perpendicular to the first hyperplane through the O point
reached in the last hyperplane.

The Problem of Accuracy and Completion of Iterating
Process

After a full circle and one iteration completed, checks should be
performed whether the required accuracy is reached. The problem of
accuracy and completion of repeating the iterative method is possible to
display in ranked levels. The user should choose the one level offering
balance between the number of iterations required and acceptable
accuracy. The method to be applied to a large number of equations and
unknown variables should require the least possible necessary additional
computation in every step, since in total there is a considerable amount
of computation already. Another goal is that the solution obtained has the
least possible relative deviation from the exact one, when each unknown
variable is considered. The highest level of accuracy for the "internal
spiral" is achieved by checking out whether the sum of the distances
from the last point obtained to all of the planes is small enough. For the
method according to the "external spiral”, this criterion may be the sum of
all distances between two consecutive points obtained over a full iterative
cycle (the length of an arc of the spiral). In the first case, the number of
operations is proportional to the number 2n*+n, and in the latter case - to
the number n?. These criteria for checking the accuracy both require
relatively large number of operations. The next level of accuracy in both
methods may be based on the length of the distance between the points
of two consecutive iterations. In both methods, this criterion requires 2n
operations. The number of operations is considerably lower; however,
the resulting conclusion is in accordance with that. Using such a criterion
in cases where the clew has all dihedral angles very small, it is possible
to be still relatively far from the solution and to erroneously assume that
the very high accuracy is already reached. The third level of accuracy
may include checking out the distance of two consecutive semi-iterations
or something of a kind. The number of necessary operations will not be
decreased significantly; however, the end result may be improved
considerably.
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Apart from selecting any of the criteria above, regardless of the
criterion rank, it is possible to reduce significantly the number of
operations in the following manner. It is not necessary to check out the
accuracy attained after each iterative cycle, but after ten or one hundred
of full iterations.

Insolvable (Impossible) system and indetermined
system

If the given system has no solution (impossible or insolvable
system), the procedure described here can detect that. In terms of
Geometry (geometrically speaking), there is no solution if any two of the
hyperplanes are parallel. The method presented here can detect this if it
happens at any position that the two adjacent hyperplanes have
perpendicular lines of the same direction. Having in mind the process of
solving equations, as soon as something like that is established, the
procedure should be stopped. If paralel hyperplanes are not adjacent,
then this can also be determined in advance, prior to solving - that the
system is impossible or insolvable, by checking out whether any two
vectors are of the same direction. The number of required operations is
proportional to the number n?.

The method proposed here provides a much simpler way to
determine whether the system is impossible (insolvable) when compared
to the method given in (Srdanov & Stefanovié¢, 2017).

If the system is indetermined, then its uncertainty can be numerically
evaluated with respect to the degrees of freedom. In the case observed,
the system may have from 1 to 99999 degrees of freedom. If there is one
degree of freedom, then all of the hyperplanes have a common line; If
there are two degrees of freedom, then all hyperplanes have a common
plane; If there are three degrees of freedom, then all hyperplanes have
common three-dimensional space within the space of one hundred
thousands dimensions, etc; If there are 99999 degrees of freedom, then
all equations of the system represent one and the same hyperplane
within the space of one hundred thousands dimensions.

In the algorithm proposed, the simplest way is just to establish that
the system is indetermined because to find out more than that would
require many more checks, which is not of great importance for this
paper.

The method proposed here does not always detect that the system
is indetermined and in cases when it is and not detected, the program will
report the solution. If the program is run again only this time from a
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different starting point, the method will again provide a solution, however
different from the previous one. This way, it is possible to always
accurately distinguish whether the obtained solution is unique or the
system is indetermined.

Convergence and speed

We will present an outline of proof, while the rigorous proof differs
only in detail. Let there be a system of n x n linear equations, where

ne N, which has a solution X(yfy;y;) Let us assume that we
have started solving that system using the method proposed here and

starting from an arbitrary point of the first hyperplane, O, (ylo, yg, y,?).

Then the next point in the first iteration is denoted by O, (y% y% yﬁ) In

(Srdanov & Stefanovi¢, 2017), the subsequent iteration next point was
the orthonormal projection of the point O, to the first hyperplane, denoted
M. In this paper, the next iteration is obtained as the cross-section of the
plane perpendicular to both of the hyperplanes with the "dihedral edge"
and this is the point O,. Now the angles ZO/MX and ZMO,X are both
right angles. It is obvious that O.X>MX >0,X (as the hypotenuse is of
greater length than both catheti). It should be noted here that the reason
why this method is faster than the method suggested in (Srdanov &
Stefanovi¢, 2017) is because here one point is approaching along two
different catheti of the two right-angled triangles. In practice this means
twice faster than the method in (Srdanov & Stefanovi¢, 2017).

If we denote with d}, j=12,...,n the distances between the
solution and consequtive points of the first iteration, then after the first

step of the first iteration is applied, it holds d; =d -COS(LPllXle)<d. A

perpendicular line always enters acute angle, which may be zero only if
the system has no solutions (parallel hyperplanes). This way we obtain a

sequence 0. <d’, <..<d;<d. As the procedure is extended in an

analogous manner during the following iterations, it is to conclude that
the method always converges provided that the system has a solution.

If all angles are right, one single complete iteration is sufficient to
reach the exact solution.
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The number of required operations

Once the lengths of the vectors perpendicular to the hyperplanes
corresponding to the equations of the system are calculated, it is not
necessary to re-calculate these again, and this requires 2n? operations.
The program does not always passes through the same path during its
execution and the various branches require a different number of
operations. The highest number of operations is needed when the point
O does not belong to any hyperplane, and these intersect at a sharp
angle - then one semi-iteration requires 6n” +3n necessary operations.

In any other case one semi-iteration requires 4n® + 2n operations. To
determine the accuracy, the 2n? operations are needed at most. It can be
estimated that to complete one iteration, the number of operations
required is proportional to n?. A solution can be reached after m steps. To
conclude, it can be stated that the number of operations required by this
method is of order n?.

An example

Let us assume that a following system of linear equations is given:

43x1—11x+13x3—17 x4+ 19x5—23 X5+29Xx7—31x5+37 X9—41 X190 = —496
41x1—-43Xxo+11x3—13x4+17 X5—19x5+23x7—29x5+31%9—37 X190 = —1008
37x1—41x+43x3—11x4+13x5—17 Xg+19x7—23xg+29x9—31 %49 = —204
31x1—37x2+41x3—43x4+11x5—13X6+17 x7—19xg+23x9—29x4¢ = —864
29X1—31 X2+37X3—41 X4+43X5—1 1X6+1 3X7—1 7X8+1 9X9—23X10 =0

23X1 —29X2+31 X3—37X4+41 X5—43X6+1 1 X7—1 3X8+1 7X9—1 9X10= -864
19x1—23x+29x3—31x4+37 x5—41 X5+43X7—11xs+13X9—17 x10= 204
17X1=19%+23x3—29x4+31x5—37 Xg+41x7—43x5+11x9—13x10= —1008
13x1=17Xo+19x3—23x4+29x5—31 x5+ 37 x7—4 1 xg+4 3X9—11x410= 496
11x1=13x2+17 X3—19x4+23X5—-29x5+31x7—37 Xg+41 xg—43x10= —1008

The exact solution of this system is:

x1=11; x2=13; x3=17; x4=19; x5=23; x6=29; x7=31; x8=37; x9=41,
x10=43.

In the paper (Srdanov & Stefanovié, 2017) the same example has
been tested. Then the following report has been received:
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The solution is reached in 205 semi-iterative steps. (20 complete
iterations) 10.9999 12.9998 16.9998 18.9999 23 29.0001 31.0002
37.0002 41.0001 43.

The method derived here is considerably improved compared to the
method in (Srdanov& Stefanovi¢, 2017).

The program developed in accordance with the instructions given in
this paper is outlined by the following pseudo-code:

int main() {

double t, br1, im1, Eps = .00001, Accuracy= 1.0;

inti, j, kK, m=-1, m1, check_out = 0, flagX1;

UploadSystem(A,B);

for(m = 0; m < 99; m++)

for(i = 0; i < 100; i++) {Modul1[m] = += A[m][i]*A[m][i];

Modul2[m] += A[m][i]*A[m+1][i];}

for(i = 0; i < 100; i++) {XD[i] = 0.0; Modul1[m] += A[m][i]*A[m][i];
Modul2[m] += A[O][i]*A[m][i];}

while (Accuracy > Eps) {
/I at first descend to intersection, if possible

m++;
if (m == 100) {m = 0; check out++;}
m1 =m+1;

if (m==99) m1 = 0;
for(k = 0; k < 100; k++) XO[k] = XD[K];
I/ perpendicular line to the first hyperplane and intersection with
// the second hyperplane
if (Modul2 !=0) {
br1=0;
for(k = 0; k < 100; k++) br1 += A[m1][k]*XO[K];
t = (B[m1] - br1)/Modul2[m1];
if (t!=0) for(k = 0; k < 100; k++) X1[k] = A[m][k]*t + XO[K];
else FlagX1 =1;}
else
{if(t == 0) cout << "THE SYSTEM IS UNDEFINED";
else cout << "THE SYSTEM IS IMPOSSIBLE "; return 1;}
Il the perpendicular line to the second hyperplane and intersection
I/ with the second hyperplane
if (Modul1 !'=0) {
br1=0;
for(k = 0; k < 100; k++) br1 += A[m1][k]*XO[K];
t = (B[m1] - br1)/Modul1([i];
if (t!=0) for(k = 0; k < 100; k++) X2[k] = A[m1][k]*t + XO[k];
else flagX2 = 1;}
else
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{if(t == 0) cout << "THE SYSTEM IS UNDEFINED";
else cout << "THE SYSTEM IS IMPOSSIBLE "; return 2;}
// forming the line through intersections obtained
for(k = 0; k < 100; k++) X3[k] = X2[k] - X1[K];
br1 =0;im1=0;
for(k = 0; k < 100; k++) {
br1 += A[m][K]*X1[k];
im1 += A[m][K]*X3[k]; }
/I intersection of the line obtained with the first hyperplane
t = (B[m] - br1)/im1;
if (t==0){
cout << "THE SYSTEM IS IMPOSSIBLE ";
else
if((br1 == B[m]) && (im1 == 0))
cout << " THE SYSTEM IS UNDEFINED";
return 3; }
else
for(k = 0; k < 100; k++) XD[k] = X3[k]*t + X1[k];
which_one += .1;
/I Assesing the accuracy reached
if (check_out == 2) {
Accuracy = 0.0;
for(i = 0; i < 100; i++) Accuracy += abs(XD][i] - XL[i]);
check_out = 0;
for(k = 0; k < 100; k++) XL[k] = XDI[k];}
for(i = 0; i < 100; i++) XO[i] = XDIi]; }
cout << "Finished in k = "<< which_one << " semi-
iterations " << " The solution is : \n";
for(k = 0; k < 100; k++) cout << XD[k]<<" ";
return 0;

}

After running that program the following report is received:

The solution is reached in 67 semi-iterative steps (6 completed
iterations).

11 13 17 19 23 29 31 37 41 43

It may be noted that three times fewer iterations were performed,
and the solution obtained is the exact one.

The algorithm proposed here should be significantly expanded and
improved in other ways provided the present method is used. For the
example chosen, the speed and accuracy were of greater importance
than the other issues that were listed at the beginning of this paper, and
are followers of all known methods for solving systems of equations.
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Therefore, the program was described with the condensed and simplified
algorithm, which can be the core of a more complex and detailed serious
algorithm.

Conclusion

From the computational point of view, the method proposed here
offers an extremely simple procedure. In addition, the proposed method:
1. Requires the number of operations that is feasible by the computer; 2.
It does not produce overflow and underflow effects, except in case when
the size of solution causes that (when it is impossible to avoid this by any
method); 3. The memory usage is proportional to the number n? (where n
is the number of unknowns); 4. It does not change the initially given
coefficients of the system (therefore, it uniformly converges to a solution
for each coordinate with a relative error distributed uniformly over all
coordinates); 5. If there is a solution, it always converges to it. This
procedure may be initiated from any starting point of space solutions. 6. It
is easy to assemble an algorithm and allows the determination in (to
distinguish between) cases when the system is either impossible or in
determinate. 7. It differs from the method in (Srdanov& Stefanovic, 2017)
as a process that is able to determine if a system is possible, impossible
or indeterminate.
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MPUMEHEHWVE METOLA «BHELIJHI?VI CNUPAINN» NPW PELLEHUN
CUCTEM JIMHEMHbBIX YPABHEHWW C BONbLUMM KONMMYECTBOM
HEN3BECTHbIX

Anexca C. CpaaHos®, Paduwa P. CTedpaHoBuy®,
Hada B. PaTkosuy Kosauesu4®, AriekcaHdpa M. MosaHoBuY?,
[pazax M. MunosaHosuy®
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@ Bbicwasi NpoeccroHarnbHO-TEXHUYecKas LKona,
r. Noxapesau, Pecnybnuka Cepbusa

® YHuBepcuTeT 06OpoHbI B I. Benrpaz, BoeHHast akagemms,
r. benrpag, Pecnybnuka Cepbus

® Biclas npodeccroHarnbHo-TeXHUYeckas LLKona,
r. benrpag, Pecnybnuka Cepbus

OBNACTb: matematuka, KOMMNbIOTEPHbIE HaYKK
BWO CTATbW: npodeccrnoHanbHasa ctaTbs
A3bIK CTATbW: aHrnunckun

Pe3swome:

PeweHue cucmem nUHEUHbIX ypagHeHUl n x n Moxem rpedcmaessisims
npobrniemy O Komrbtomepa, OCOOeHHO 8 mex criydasix, Koeda
mpebyemcsi mo4Hoe peweHue, U Oaxe 8 mex Ccrydasx, koeda
KOU4ecmeo ypasHeHUU U HEeu38eCMHbIX OMHOCUMESbHO HEe8esTuKo
(6ceco  HeckonbkO  mbicsd).  Bce  cywecmsyrouwue  mMemoOds!
cmarnkusaromcsi ¢ HaumeHee OO0HoU u3 crniedyroujeeo psida rnpobrem:
1. C/TIOXHOCMb  8bIYUCIEHUS], 8bipaXeHHasi  KO/Iu4ecmsom
coomeemcmeyowux onepayuli, komopbie HeobxodumMo npoussecmu
011 MofnyqeHuUs peweHus; 2. rnomeHyuanbHas 803MOXHOCMb
HeoepaHu4YeHHO20 pocma 3Ha4yeHul pe3ynbmamos, Ymo npusooum K
npobnemam: overflow u underflow; 3. u3MeHeHue 3Ha4YeHul
HeKomopbIx Ko3ghguyueHmos 8 UcxodHoU cucmeme, 4mo npusodum
K Heycmouqueocmu peuweHus;, 4. dornosHumesnbHble mpebogaHusi
ecnedcmeue KoHeepeeHyuu; 5. 8 cnydasix 60/bWO20 Konuvyecmea
ypasHeHul U Heu3eecmHbix He0bxo0umMo, Ymobbl Mampuya cucmembl
Obinia unu He CrIUWKOM HarosiHeHa, unu bbina cummempu4yHou, fiubo
OQuazoHarnbHol, U m.0. B daHHoU pabome npedcmasneHbl Memoodbl
peweHuss cucmeMbl  JIUHEUHbIX ypasHeHuUli C  [POoU380SIbHbLIM
KOIU4ecmeoM ypaeHeHUll U Heu3B8eCmHbIX, Ha KOmMopbIX He
ompaxaromcsi rnepeyuUcieHHble npobriemsi.

Kntouesble criosa: nuHeliHasi cucmema ypasHeHul, Memod «8HewHeul
cnupasnuy, 2unepriocKoCmeb.

METO[IA ,CMNOJbALWHE CMNNPANE” 3A PELUABAHE NMHEAPHOI
CUNCTEMA CA BENWKUM BPOJEM HEMO3HATUX

Anekca C. CpaaHos®, Paduwa P. CtecbaHosuh®,
Hada B. PaTkosuh Kosauesnh®, Anekcandpa M. JosaHosuh®,
[ApazaxH M. MunosaHosuh®

@ Bricoka TexHMYKa LKona CTPYKOBHUX CTyauja,
Moxapesau, Penybnuka Cpbuja
YHuBepauteT ogbpaHe y beorpagy, BojHa akagemuja,
Beorpag, Penybnuka Cpbuja,

@ Bucoka TexHMYKa LLKona CTPYKOBHUX CTyauja,
Beorpag, Penybnuka Cpbuja
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OBNACT: maTematuka, padyHapcke Hayke
BPCTAUJIAHKA: cTpyyHM unaHak
JEBNKYJTAHKA: eHrneckm

Caxemak:

Pewasar-e nnuHeapHoz cucmema jedHadyuHa n x n Moxe 6umu rpobriem
U 3a padvyHap, rnoaomoeo ako je nompebHo mayHo pelwere, Yak U kada
Je 6poj jeGHaduHa u HerosHam u penamueHo masnu (nap xurbada). Cee
nocmojehe memode cy onmepeheHe 6ap jedHum 00 criedehux
npobniema: 1. crioxeHowhy padyHarba uspaxeHum Kpo3 bpoj nompebHux
oriepauuja Koje je nompebHo usspuiumu Kako bu ce dowirio 0o pewieHa;
2. nomeHuyujarHom moayhHowhy HeoepaHu4yeHoe pacma gernuduHa mehy
pe3ynmama, wmo y3pokKyje rnpobreme rpexkopaver-a oriceea (overflow) u
HedosorbHEe ocemrbugoCcmU OOHOCHO rpeyudHocmu (underflow); 3.
MPOMEHOM 8peldHOCMU HEKUX KoeghuyujeHama y ronasHoOM cucmemy,
Wwmo y3poKyje HecmaburnHocm pewensa; 4. dodamHum 3axmesuma, 3602
KOHeepeaeHuyuje; 5. cnydajesuma eernukoe bpoja jedHadyuHa u Hero3Hamux
Koju 3axmesajy 0a mampuuya cucmema byde: unu cnabo nonyweHa, unu
cumempuyHa, unu OujazoHanHa, umd. Y osom pady npeseHmyje ce
mMemola 3a pewaeare cucmema JfuUHeapHux jeOHaduHa ca
rpou3sosrbHUM bpojeM jeOHadyuHa u Hero3Hamux Ha Kojy ce HaseleHUu
rpobriemu He peghriekmyjy.

KrbyyHe pe4qu: nuHeapHu cucmem jedHadyuHa, Memod ,CrosballHe
criuparne”, xuneppasa.
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Summary:

For successful powder deposition and a good quality of deposited layers,
the following factors are of great importance: uniform powder injection into
the plasma jet, transfer of heat and velocity of plasma particles (ions and
electrons) to powder particles as well as the temperature and speed of
molten powder particles before the collision with the substrate. For each
powder type, depending on the distribution of particle granulation (um)
and density (kg/m°), it is necessary to determine the amount of powder
supply (g/min) in the plasma for defined gas flows (I/min), types of plasma
gases (Ar, He, H,, N, or their mixtures) and power supply levels (kW). For
the transfer of heat and speed of plasma particles to powder particles,
there must be an interaction between the ions and electrons from the
plasma and the powder particles. For already known plasma jet speed
and temperature values at atmospheric pressure, trajectories of individual
particles can be calculated using the equations of motion taking into
account viscous friction and inertia. The paper describes the relation
between the speed of Al,O3 powder injection and the velocity of individual
Al,O3 powder patrticles in the plasma depending on the distance from the
anode opening, as well as the relation between powder granulation and
the temperature of the surface of powder particles depending on powder
injection and the level of plasma gun power supply at atmospheric
pressure.

Keywords: heating, particles, plasma, powder, temperatures, transfer,
velocity.
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Introduction

APS - atmospheric plasma spray process is a thermal process of
powder deposition which consists of injecting powder particles into the
plasma jet whose particles (ions and electrons) have high speed and
high temperature values and in which powder particles, molten and
plasma sprayed, are deposited on the substrate surface. The plasma
spray process can be described as a process of energy transfer to
plasma powder particles and the transfer of energy from molten particles
onto the substrate on which they are deposited. Therefore, it is very
important to uniformly inject powder particles into the plasma and to
achieve a good interaction between plasma particles and powder
particles as well as an optimal speed and temperature of molten powder
particles. Metal surface coating is an important process for many
industrial purposes (Mrdak, 2016), (Mrdak, 2017, pp.30-44). The success
of depositing plasma spray layers depends on skillful injection of powder
particles into the plasma jet so that particles, melted without evaporating
and at optimum speed, are properly deformed at the impact with the
substrate so that they do not affect the substrate mechanical properties.
The temperature of particles in the plasma can be controlled by varying
the particle size and their physical - chemical properties, powder flow, the
nature of the plasma gas and the gas flow. The process parameters
should ensure the production of reproductive quality coatings on metal
products for the same purpose. The parameters are based on
experimental experience, and relate to: plasma arc current, composition
and flow of gases and powder and a distance between a plasma gun
from the substrate surface to which a coating is deposited. The general
studies of the behavior of powder particles in a plasma jet during a
collision with a substrate served as a basis for developing optical sensors
used to determine the trajectory of particles in the plasma, as well as to
measure speed and temperature of molten particles in the plasma
(Vardelle et al, 1996, pp.1093-1099). Experimental studies with such
sensors have demonstrated the importance of the injector (powder
injector) geometry and a carrier gas flow on powder particle trajectories.
For a particular morphology of particles and for a distribution of particle
size granulation, particle trajectories in a plasma jet are determined by
temperature and speed of particles at the time of collision with a
substrate surface, and, consequently, the coating thermomechanical
properties (Bianchi et al, 1997, pp.35-47).

With regard to the interaction between plasma jet particles and
powder particles, this paper describes: a powder feeder with a vertical
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and controlled flow of powder and carrier gas, heat transfer from plasma
particles onto Al,O; powder particles, the speed of Al,O3 powder particles
depending on the speed of powder injection at certain distances from the
substrate surface and the temperature of the surface of Al,O3; powder
particles depending on the powder injection speed and power supply at
certain distances. Based on the above, the paper clearly shows that the
coating properties can be changed regarding the distribution of particle
granulation, the nature of the plasma gas and power supply levels, which
is very important for bioinert coatings based on Al,O3 ceramics. The aim
of the study was to describe the velocity and temperature values of
individual powder particles depending on the granulation and the level of
plasma gun power supply at atmospheric pressure.

Injection of powder particles into the plasma jet

For a successful deposition of powder by the plasma spray process
it is important to ensure uniform injection (feeding) of powder particles
into the plasma jet. Different designs of powder feeders have been
developed, depending on the powder feed method. The most commonly
used powder feeders are those with vertical and controlled flow of
powder and powder carrier gas. Powder speed (Ws) for vertical transport
is calculated from equation (1) (Fauchais et al, 1985, pp.1171-1178),
(Xiong et al, 2004, pp.5189-5200).

W — gdspp
189

Where g is the acceleration of gravity, d, — the diameter of individual
particles, p, — the specific mass of particles for each diameter and 7 -
the dynamic viscosity of the carrier gas. Powder speed always defines a
non-dimensional Froude number for powder and carrier gas. The Froude
number for powder is calculated from equation (2) (Fauchais et al, 1985,
pp.1171-1178)

(1)

W

Fo = \/ﬁ (2)

and for a carrier gas from equation (3),

Fo=—. (3)
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where W; is the powder speed, V, — the mean value of the carrier gas
speed through a tube of a diameter d;. The mean value of the carrier gas
speed is calculated from equation (4),

4D,
g:ﬂdz

S
where Dy is the share of the carrier gas flow. The minimum carrier gas
flow and the capacity are calculated for each tube from the relation
between the D, powder flow and the D, carrier gas flow, given by
equation (5) (Xiong et al, 2004, pp.5189-5200).

D
p=pr=3107(F, ) (5)

9

V

(4)

This equation enables the calculation of the maximum flow of powder for
a given carrier gas flow rate in a tube of a certain diameter (d). The
optimum parameters must be determined for each powder taking into
account: mean particle size, particle morphology, specific weight,
chemical composition and melting temperature. Powder particles are
typically injected directly into the anode or near the plasma jet exit from
the anode at certain angles depending on the nozzle design and the
powder characteristics. The powder should have a required kinetic
energy in order to penetrate into the plasma jet. Penetration of particles
is insufficient if the kinetic energy of powder particles is very small -
particles move towards cooler plasma zones, remaining unmelted. If the
kinetic energy of particles is too high, they pass through the entire
plasma jet and also move towards cooler areas. The carrier gas share
must be set for the average powder diameter and density as well as for
the plasma jet density in order for powder particles to penetrate into the
plasma jet axis.

Transfer of heat from the plasma to powder particles

The transfer of heat from plasma particles (ions and electrons) to
powder particles takes place in two successive stages: heat transfer from
plasma by convection (hot plasma flow) into powder particles and by
conduction (heat transfer by conduction within powder particles). Heat
transfer that takes place by plasma particle radiation onto powder
particles is negligible. Heat flow (q) transmitted by convection is defined
by the Newton's law and is calculated from equation (6),

q :aS(Tg _Tp) (6)
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where: a — the coefficient of thermal convection between the plasma jet
and powder particles, S - the surface of powder particles, T, — the gas
temperature, T, — the temperature of powder particles. Heat transfer by
convection takes place through the particle boundary layer. Heat transfer
by conduction inside the particles is calculated from Fourier's equation
(7) (Vardelle et al, 1983, pp.236-243),

dT
P dx (7)
where: q; — the heat flow density, A, — the coefficient of thermal
conductivity, T — the temperature, and x — the distance. Determining the
heat flow includes the determination of the variation of temperature and
amount of heat transferred depending on time. The coefficient of heat
transfer is expressed by equation (8),
C
a= i& (8)
P dp
where: Cg — the specific heat of the plasma gas, n — the viscosity of the
gas, dp — the particle diameter, N, — the Nusselt number, and P, — the
Prandtl number (Xiong et al, 2004, pp.5189-5200), (Chen & Pfender,
1983, pp.97-113). Heat transfer from plasma particles to the injected
powder particles in the plasma depends on the type and flow of plasma
gases, power supply of plasma guns, thermal conductivity and the
granulation of powder particles. The mean value of thermal conductivity
is calculated from equation (9) (Bouneder et al, 2009), (Hossain et al,
2009, pp.504-509).

g, =

1
T,-T.

where: K — the gas thermal conductivity, T, — the plasma temperature,
and T; — the surface temperature of powder particles. At atmospheric
pressure, the mean value of thermal conductivity (K) is significantly
influenced by hydrogen or a mixture of hydrogen and argon as plasma
gases as soon as a temperature above 4000 °C is reached. The
influence of the ambient pressure is also important for the mean value of
the thermal conductivity of the atmosphere. In the vacuum, at a low
pressure of 6.7 kPa, the mean value (K) is lower by 30% as a result of
pressure changes. At atmospheric pressure, heat transfer is significantly
reduced for the powder particles below a granulation of 15 um. The same
effect is achieved in a vacuum for the particles of 40 um to 50 um at a

K

-[VTSP K (s)ds (9)
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pressure of 6.7 kPa. Difficult melting of powder particles at low pressure
is a result of lower plasma temperature, lower heat transfer coefficient
and the Knudsen effect (Chen & Pfender, 1983, pp.97—113).

Speed of powder particles in the plasma at
atmospheric pressure

When the distribution of velocity and temperature of the plasma jet
at atmospheric pressure is known, the trajectories of individual particles
can be calculated using the equations of motion taking into account
viscous friction and inertia. A particular attention should be paid to the
Knudsen effect that can significantly reduce the speed of particles. The
Knudsen number (Kn) is determined from equation (10) in which (L) is
the main free path of a particle, and (d) is the diameter of an unmelted
particle (Chen, Pfender, 1983, pp.97-113).

L

Kn q (10)
At atmospheric pressure, the Knudsen number Kn is < 0.01 for particles
smaller than 15 um. The same effect is achieved for particles of about 50
- 60 ym at a low pressure of 6.6kPa. These experimental results were
obtained in a plasma jet with a speed of 2-3 M at the nozzle outlet. In
order for a jet plasma to carry powder particles, there must occur friction
between plasma particles and powder particles. For example, powder
particles of tungsten with high specific weight and the size of 50 um at a
distance of 60 mm from the anode opening can hardly reach a speed of
180 m/s, while particles of 18 um reach a maximum speed of 220 m/s.
Most of particles have the least values of velocity and acceleration. It is
important to note that the particles with high speed must reach enough
high temperature to achieve a good bond with the substrate.

Figure 1 shows the mean values of the speed of Al,O; powder
particles of 18 um in the Ha/No(P=29kW) plasma jet depending on the
speed of powder injection and the substrate distance (Vardelle et al,
2001, pp.267-284). Powder particles in the plasma have different speed
values depending on the speed of injection and the injector’s distance
from the substrate. The speed of powder particles at distances of 5 cm,
10 cm and 16 cm from the anode opening shows that the injection speed
and the distance between the anode and the substrate greatly affect the
speed of particles in the plasma. In the plasma jet, the maximum speed
is reached by Al,O3 particles injected at a rate of 22 m/s, which is the
optimum injection rate for the granulation of 18 ym. At a distance of 5

420



cm, powder particles injected at a speed of 22 m/s reach a maximum
speed of 300 m/s.
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Figure 1 — Speeds particles in the plasma depending on the speed of injection and the
substrate distance
Puc. 1 — Ckopocmb Yyacmuy, 8 nna3me, 8 3agUCUMOCMU OM CKOpOCMuU cmpyu u
paccmosiHusi Mex0y cmpyel u NoKpbImuem
Cnuka 1 — Bp3uHe yecmuya y nna3mu 3asUucHO 00 bp3uHe Urekmupara u odcmojarba
rnodnoze

The speed of powder particles decreases with the distance. At a
distance of 10 cm, particles injected with an optimum speed of 22 m/s
reach a maximum speed of 250 m/s, while at a distance of 16 cm they
reach a speed of 170 m/s. The optimal speeds of injection of powder
particles are directly related to the size of granulation. Optimum injection
speed values for Al,O; particles of other dimensions are shown in Table
1 (Vardelle et al, 2001, pp.267-284).

Table 1 — Optimal injection speeds for Al,O3 particles of individual granulations
Tabnuya 1 — OnTumarnbHasi CKopocTb HaHeceHus YacTul Al,O3 OTAENbHBIX FPaHYNATOB
Tabena 1 — OnmumarHe 6p3uHe umekmupara yecmuua Al;O3 3a nojeduHe epaHyname

Particle Speed
dimensions ym | Injection m/s
18 22

23 20

39 12

46 9
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Surface temperature of powder particles

The quality of deposited layers is significantly influenced not only by
the speed of powder particles but also by the temperature of the surface
of molten powder particles, which depends on the amount of heat
transferred from the plasma particles (ions and electrons) to powder
particles. Figure 2 shows the surface temperature of Al,O3; powder
particles with a granulation of 18 um in the Ho/No(P=29kW) plasma jet as
a function of the injection speed and the distance from the anode
opening. The surface temperature of particles in the plasma jet increases
initially at a distance of 4 cm from the anode opening because of heat
transfer from plasma particles to powder particles in order to achieve the
maximum value at a distance of 8 cm, and then decreases as the
distance from the anode opening increases. For the injection speed
values of 14 m/s, 20 m/s and 25 m/s, particles reach approximately the
same maximum surface temperatures in the range from 2320 °C to 2325
°C. The differences in maximum surface temperatures are small,
indicating that the speed of injection does not significantly affect the
maximum surface temperature of particles of the same granulation. For
achieving the maximum surface temperature in powder particles, the
distance from the anode opening is more important than the injection
speed (Vardelle et al, 1983, pp.236—243).

|+14 m's 20m/s ——25 mfs‘

2340 1
2320 +———- s

2300 1 o
2280 \\\:
2260

2240
2220

Temperature
of the powder particles °C

4 5 6 7 8 9 10 11 12 13 4
Distance from the opening anode cm

Figure 2 — Temperature of the surface of particles depending on the speed of injection
and distances
Puc. 2 — Temnepamypa MogepxHoCmu Yacmuu, 8 3a8UCUMOCMU OmM CKOpocmu cmpyu
HarbifeHUs1 U paccmosiHusi Mexd0y cmpyel U MoKpblimuem
Cnuka 2 — Temniepamype nospwuHe 4ecmuua y 3agucHocmu 00 6p3uHe uekmupara u
odcmojara
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Figure 3 shows the changes in the surface temperature of Al,O3;
powder particles of 18 um injected with an optimum speed into Ar/H,
plasma with a power of 21kW and 29kW.
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Figure 3 — Surface temperature of Al,O3 particles in plasma with a power of 21 and 29
kW
Puc. 3 — Temnepamypa nosepxHocmu yacmuuy Al,O3 8 nnasme, mowHocmsio 21 u 29
KBm
Cnuka 3 — Temnepamype nospwuHe 4ecmuua Al;O3 y nna3mu, cHaze 21 u 29 kW

The surface temperature of powder particles is directly related to the
plasma gun power supply and the distance from the anode opening. Due
to a high energy of the plasma jet, the surface temperature of powder
particles is much higher than the melting temperature, which always
causes a part of powder to evaporate. The highest temperature on the
surface is found in powder at a distance of 50 mm from the andode
opening. For the plasma gun power supply of 29kW, powder particles
reach a maximum surface temperature of 3650 °C, and for the power
supply of 21kW, particles reach a maximum surface temperature of 3550
°C. The influence of the plasma gun power supply on the surface
temperature of powder particles is obvious. The increase of the power
supply from 21kW to 29kW results in increasing the particle surface
temperature difference for about 100 °C. At a distance of 140 cm from
the anode opening, the particle surface temperature decreases
significantly: the deposition power of 29 kW results in a drop in
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temperature of 600 °C, while the deposition power of 21kW leads to the
temperature drop of 500 °C. This is why it is essential to determine the
site of powder injection and the distance between the substrate and the
anode opening for obtaining high quality of deposited layers.

Figure 4 shows the effect of the Al,O3; powder particle size on the
surface temperature with regard to distance.
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Figure 4 — The effect of the Al,O3; powder patrticle size on the surface temperature
Puc. 4 — Bosdeticmsue senu4uHsl Yacmuy, Al,Os nopowka Ha memnepamypy
nosepxHocmu
Cniuka 4 — Ymuuaj senuduHe yecmuya npaxa Al.Oz Ha memnepamypy nospuwuHe

Particles with a size of 18 uym reach a higher temperature than
particles of 46 um, but they also cool down faster (Fauchais, 2004,
p.R86-R108). The particles reach a maximum surface temperature at a
distance of 50 mm from the anode opening, and reach the lowest value
at a distance of 160 mm. The maximum surface temperature of 3670 °C
can be achieved at a particle size of 18 ym and the maximum surface
temperature of 3510 °C is achieved at a particle size of 46 um. With the
increase in the distance of 70 cm from the anode opening, the
temperature of the particle surface decreases to the same value of 3490
°C, regardless of a large difference in the particle size. Further increase
of the distance from the anode opening significantly increases the
difference in surface temperature and, at a distance of 160 mm, the
temperature is 300 °C (Fauchais, 2004 p.R86-R108) for Al,O3 powder of
18 pm.

424




Figure 5 shows the influence of the plasma gun power supply on the
surface temperature of Al,Oj; particles of 18um.
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Figure 5 — Effect of the plasma gun power supply on the surface temperature of Al;O3
particles
Puc. 5 — Bosdelicmeue MouwjHOCMu nna3mMeHHO20 pacrbinumers Ha memmnepamypy
nosepxHocmu yacmuy, Al,O3
Cnuka 5 — Ymuuyaj cHaze Hanajara nna3ma-nuwmorba Ha memrnepamypy nospuiuHe
yecmuuya Al,O3

The highest surface temperature of 3670 °C is reached by powder
particles with a maximum plasma gun power of 29kW. With the decrease
of plasma gun power supply to a level of 21kW, the surface temperature
of powder particles also decreases for 100 °C at a distance of 50 mm
from the anode opening. The difference in the surface temperature of
powder particles for these two power supply levels is reduced to a level
of 40 °C for a distance of 150 mm from the anode opening. In plasma
without hydrogen, the plasma gun power supply is only 13.3kW. The
surface temperature of powder particles is much lower at a distance of 50
mm from the anode opening - 3300 °C. This value is lower by 450 °C in
relation to the value of the surface temperature of particles deposited
with a Ar/H, mixture of gases. The plasma jet without hydrogen is much
shorter, and the speed values of powder particles and the plasma are
lower as well. Due to a shorter plasma jet, the surface temperature of
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particles rapidly decreases with a distance from the anode opening and
it is only 2750 °C at a distance of 110 mm.

Figure 6 shows the values of the surface temperature of Al,O;
powder particles depending on the share of hydrogen as plasma gas for
the same level of the plasma gun power supply.
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Figure 6 — Effect of H2 on the surface temperature of Al,O3 powder particles
Puc. 6 — Bosdelicmsue H2 Ha memnepamypy nosepxHocmu Yacmuuy, nopowka Al>Os
Crniuka 6 — Ymuuyaj H2 Ha memnepamypy nospwuHe Yecmuya rpaxa Al2O3

In plasma with pure argon, the surface temperature of powder
particles is lower for 500 °C. At a distance of 60 mm, powder particles
have a surface temperature of 2400 °C which drops to a level of 2000 °C
at a distance of 170 mm from the anode opening. For the same power
supply of 19 kW, the same argon / hydrogen ratio, and two times lower
share of hydrogen, powder particles have a lower surface temperature
for 50 °C, regardless of the distance from the anode opening.

Conclusion

This paper describes the speed of powder particles for the vertical
transport of powder into the plasma jet. It also presents the transfer of
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plasma particle (ions and electrons) speed to powder particles as well as
the plasma heat transfer to Al,O; powder particles at atmospheric
pressure.

Based on the above, the following conclusions can be given.

Powder feeders with a vertical and controlled flow of carrier gas and
powder provide a steady supply of powder into the plasma jet and a
successful powder deposition on substrates by the plasma spray
process.

The heat transfer from plasma particles to powder particles takes
place exclusively by convection (hot plasma flow) and conduction (heat
conduction) within powder particles, while the heat transfer by plasma
radiation to powder particles is negligible.

Injection speed and the distance from the anode to the substrate
affect the particle velocity in the plasma to a large extent. For a given
granulation, particles reach a maximum speed at a certain distance and
then the speed decreases with the distance. Optimal injection speed
values are directly related to the size of granulation.

The surface temperature of powder particles in the plasma initially
rises to a maximum value at a certain distance due to heat transfer, and
then decreases with the distance from the anode opening. Reaching the
maximum surface temperature of powder particles is more influenced by
by the plasma gun power supply and the distance from the anode
opening than by the injection speed.

This document has shown that the properties of Al,O; powder
coatings can be changed depending on particle granulation distribution,
power supply levels and plasma spray distances.
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NEPEOAYA TEMNA N CKOPOCTU YACTWL, MIA3Mbl HACTULIAM
MOPOLLUKA B MNMPOLECCE NITASMEHHOIO HAMbINEHNA MPA
ATMOC®EPHOM OABJIEHUN

Muxauno P. Mpaak
LleHtp uccneposanunm n passutusa A.O. «MMTEJT kommyHuKaumum»,
r. benrpag, Pecnybnuka Cepbusa

OBJNIACTb: xumn4yeckme TexHomnormm
BWAO CTATbW: npodeccrmoHanbHas ctaTbs
A3bIK CTATbW: aHrnuickuin
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Peswome:

Ans ycrniewHoeo u ka4ecmeeHHO20 HaHeCEHUSs MOPOLKOBO20 MOKPLIMUS,
o4YeHb BaxkHbI criedyrouue Oelicmaeusi: pasHOMEPHOE 8rpbiCKUsaHue
fopowika 8 cmpyro Mnna3mbl, repedaya memrepamypbl U CKoOpocmu
yacmuy, nnasmbl (UOHO8 U 3/IEKMPOHOB8) Yacmuuam ropowka Uu
memrepamypa U CKOPOCMb pacriiasneHHbIX Yacmuy, ropowka 00
COMPUKOCHOBEHUSI ¢ OcCHosaHueM. [lo kaxdomy eudy nopowka 8
3agucumocmu om pacrnpedenieHuUs epaHynauuu  Yacmuy, (um) u
rnomHocmu  (ke/m3) Heobxodumo ornpedennums Kou4ecmeo nopowika
(e/muH) e nnasme Ons onpedenieHUsi Nomoka 2aa3o8 (f/MuH), eudos
nnasmeHHbIx ea3o08 (Ar, He, H2, N2 unu ux cmecu) u yposHs MouwHocmu
(kBm). [ns mozo 4ymobkl ocywecmeauriacs repedaya meria u ckopocmu
yacmuy nna3vbl  Ha Yacmuubl ropowka OO/KHO  rpou3olmu
g83aumodelicmeue Mex0y UoHaMu U 3[eKmpoHamu  rnasmbl U
yacmuyamu ropowka. B cnydae, ecnu u3gecmHbl CKOpocmb U
memrepamypa nnasmMeHHolU cmpyu rnpu ammocghepHom OasrieHuu, mo
MOXHO paccyumambs mpaeKkmopuro omaoeribHbIX Yacmuy, C MOMOWbIO
ypasHeHull OB8UXXEHUST, y4umbigasi 8UCKO3HOe mpeHue U uHepuyur. B
OaHHoli pabome rnipedcmaesrieHbl CKOpocmb HaribineHusi nopowka Al,Oz u
ckopocmb omolesnibHbIXx dHacmuy rnopowka Al,Os; 6 nnasve, 8
3asucuMocmu Om paccmosiHUsi om aHoOHO020 Omeepcmusi, a Mmakxke
€68sA3U 2paHynayuu rnopowka u memriepamypbl N08epxHocCmu dYacmuy,
ropowika, 8 3agUCUMOCIU OM 6rpbICKa MOPOWKa U YPOBHSI MOWHOCMU
M1a3MEHHOZ0 Pacribliumerisi fpu ammocgepHOM OaseHuU.

Knwodeeble  crosa: Hazgpee, yacmuubl, n7asma,  MOPOWOK,
memnepamypa, nepedaqa, CKOPOCMb.

MPEHOC TOIMNMOTE N BP3NHE YECTUUA MJTASME HA YHECTULIE
MPAXA'Y NMNA3MA-CIPEJ NMPOLIECY HA ATMOC®EPCKOM
MPUTUCKY

Muxauno P. Mpaak
UcTtpaxmeadku n passojHun ueHtap UMTEJT komyHukaumje a.g.,
Beorpag, Penybnuka Cpbuja

OBNACT: xemujcke TexHomnorunje
BPCTA YJIAHKA: cTpy4HuM unaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

3a ycriewHo OernoHoeare rpaxa u 0obap keanumem OeroHO8aHUX
criojesa 00 8e/lUKO2 3Ha4aja je paBHOMEPHO UH-EKMUpaH-€ rpaxa y mrias
nnasme, fpeHoc moriome u 6p3uHe decmuuya nnasMme (joHa U
efleKmpoHa) Ha 4Yecmuue rnpaxa, Kao U memnepamypa U 6p3uHa
ucmorybeHUX Yecmuuya rpaxa npe cydapa ca rnodsno2oM. 3a ceaku murl
npaxa, y 3asucHocmu 00 pacriodene epaHynauuje dYecmuua (um) u
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2ycmuHe (kg/ms), HeorxodHo je odpedumu Konu4uHy domypa rnpaxa
(¢/min) y nnasmu 3a OegbuHucaHe rpomoke 2acoea (I/min), muroee
nnasma eaacoea (Ar, He, H,, N unu muxose mewasuHe) u HUBoe cHaze
(kW). da 6u dowrio do npeHoca moririome u 6p3uHe yecmuuya rnnasme Ha
yecmuue ripaxa, mopa dohu 00 uHmepakyuje usMeRy joHa u efieKmpoHa
u3 nasMe U JYecmuya rpaxa. 3a no3Hame bp3uHe U memrepamype
Mriasa rjasMe Ha ammocehepCKOM MPUMUCKYy Mogy ce u3padvyHamu
nymare rojeduHuUx 4Yecmuuya TrpPUMEHOM jeOHa4yuHe Kpemarba,
y3umajyhu y ob3up 8UCKO3HO mper-e U UHepuujy. Y pady je npukalaHa
eesa uamehly 6psuHe umekmuparba npaxa Al,Os; u 6p3uHe nojeduHuX
yecmuya npaxa Alb,Oz y nnasmu y 3asucHocmu o0 odcmojarba omeopa
aHode, Kao U eesa epaHynauuje npaxa U memriepamype nospuiuHe
yecmuua rpaxa y 3asucHocmu 00 UreKkmuparba rfpaxa U Hueoa cHaze
Hanajarba nasma nuwimosba Ha ammMocgepCKOM MPUMUCKY.

KrbyyHe pedu: 3aspesare, Yecmuue, nnasma, rnpax, memrepamype,
rpeHoc, bp3uHe.
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Abstract:

By 1973, low oil prices had provided the production of relatively cheap
electricity. A sudden increase in gas prices caused a need for developing
energy technologies as well as a need for increasing the efficiency of
power plants. At the same time, increased environmental awareness as
well as the awareness of the growing scarcity of energy sources required
greater attention to preserving the environment and the existing
resources, so small and micro cogeneration plants become efficient and
competitive energy producers. The United States and Canada are
currently lagging behind Europe and Japan in relation to the development
of micro cogeneration units, partly because of differences in heating
systems, energy prices and political framework. In accordance with the
Kyoto Protocol, Japan is obliged to reduce its global warming i.e. gas
emissions by 6% of the 1990 level. However, CO2 emissions continue to
grow, which means that it is currently estimated that Japan must reduce
emissions by 14% to meet the goal. Japan should promote all possible
ways to effectively reduce CO2 emissions. In this regard, it continues to
give support to micro cogeneration marketing, especially for models
suitable for residential buildings. It is estimated that, in the next few years,
energy production by cogeneration will reach 75% of the total production
at the European level. In ltaly, ecological energy makes 30% of the total
consumption, in the Netherlands 33%, and in Denmark and the UK it is
almost completely present.

Key words: micro cogeneration, small cogeneration.

Introduction

Cogeneration is the process of a combined production of heat and
electricity. The reasons for the application of CHP plants are economic in
nature and originate in energy efficiency. In practice, the maximum
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degree of efficiency that can be achieved when it comes to electrical
power is 40%, and the rest of the useful energy is used for heating
(Pehnt et al, 2006).

Decentralised installations for a combined production of heat and
electricity can achieve a total degree of efficiency of 90%. There has
been a significant increase in a total degree of efficiency in relation to the
degree of usefulness of 36% achieved by centralized condensation
plants for electricity production (Despotovi¢ & Babi¢, 2007).

Achieving sustainable development in the energy sector requires
specific quality changes to be undertaken. This includes limiting the use
of resources of fossil fuels and reducing emissions by 50-80% by 2050,
i.e. their adverse impact on climate change.

Directive 2004/8/EC obliges the Member States to carry out an
analysis of the potential of cogeneration efficiency in their country and to
establish a system of incentives to apply cogeneration. For either small
(< 1MWe) or micro (< 50kWe) cogeneration installations, the directive
states that it is necessary to ensure a high level of efficiency for each
new capacity. The directive clarifies that high efficiency must provide
primary energy saving of at least 10% compared to separate production
of heat and electricity.

Small and micro cogeneration plants

Today, there are several technologies used in cogeneration plants
such as piston engines, gas turbines, Stirling engines and fuel cells.
Advances in technology (Rosato & Sibilio, 2013, pp. 478-491) as well as
a general trend towards smaller manufacturing units have led to an
increased interest in small cogeneration units, in hope that they will be
able to provide electricity and thermal energy for individual objects (de
Paepe et al, 2006, pp. 3435-3446).

Small cogeneration plants driven by gas engines with internal
combustion are fully adapted to the needs of consumers; they use 88%
of natural gas energy, thus providing cheaper and better energy, as well
as long-term planning of costs, all of which is in accordance with the
strictest European environmental standards (Said et al, 2005, pp. 259-
262).

The EU directive on cogeneration defines micro cogeneration as a
unit with a maximum capacity smaller than 50kWe, while in Germany,
micro cogeneration systems are those under 15kWe for the following
reasons: these systems are clearly intended for use in family homes,
apartment buildings, small businesses, or hotels (Pehnt et al, 2006).
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Examples of commercially available CHP units

CHP units with piston engines are commercially available and are
manufactured in many different companies around the world. The market
leader is the German company Senertec. A Senertec model known as
Dachs generates 5.5 Kwe and 14 kW of thermal energy (Figure 1)
(Cummins Inc, 2014).

SENERTEC

ERAFT - WARME - ENERGEESYSTEME

Figure 1 — Senertec Dachs
Puc. 1 - Senertec Dachs
Cnuka 1 — Senertec Dachs

W

o
SCopower

-

Figure 2 — PowerPlus Ecopower
Puc. 2 — PowerPlus Ecopower
Cnuka 2 — PowerPlus Ecopower

Other companies that produce micro cogeneration units are Power
Plus with a 4.7 kWe Ecopower module which is able to modulate the
capacity of 5 kWe and 15 kWe, and Vector-based CoGen (US), which
uses a Kawasaki engine for combustion. According to the product
specification, the Vector CoGen unit reached an electrical efficiency of
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about 28 to 34 percent and an overall energy efficiency between 70 and
79%.

In Japan, YANMAR, Sanyo and AISIN companies have also
developed technology with piston engines to produce micro cogeneration
units.

There is an interesting development of a Honda small 1 kWe system
for family houses called Ecowill (Figure 3). This Honda’s cogeneration
unit uses the GE160V, the world's smallest engine on natural gas. The
system is based on one Otto engine and a system for the control and
reduction of NOx emission concentration (Pehnt et al, 2006).

Figure 3 — Honda Ecowill
Puc. 3 — Honda Ecowill
Cnuka 3 — Honda Ecowill

One of the technologies suitable for cogeneration is the
application of gas turbines or micro-turbines. One of the advantages of
using turbines in relation to modern engines with internal combustion is
extremely low emission of harmful gases. They can use both liquid and
gaseous fuel, i.e. fossil or renewable energy sources. Microturbine
capacity ranges from 30 kW to 350 kW.

It is also possible to use biogas and waste gases (gases of
refineries, industry) as fuel. However, the biogas chemical composition
affects the operation of turbines - biogas must meet requirements i.e.
percentage content of the composition of the gases that make up biogas
must be adequate.

The Kawasaki company offers gas turbines from 0.61 MWe (Figure
4) which emit less than 3 ppm NOXx.
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Figure 4 — KAWASAKI Gas Turbine Europe
Puc. 4 — KAWASAKI Gas Turbine Europe
Cnuka 4 — KAWASAKI Gas Turbine Europe
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Figure 5 — CAPSTONE Turbines

Puc. 5— CAPSTONE Turbines
Cnuka 5 — CAPSTONE Turbines

The CAPSTONE Turbine (USA) is a microturbine with a capacity of
65 kW, which can use biogas as fuel and can reach 29% of electrical
efficiency and 62% of total efficiency (Figure 5).

Stirling engines are still in the testing phase, but there are also some
commercial ones that could soon be in serial production: e.g. the
WhisperTech company (New Zealand) is developing Stirling engines
called WhisperGen, with a capacity of up to 1.2 kWe and 8 kW of heat
energy.

The Swiss company GmbH focuses on making Stirling engines of 1.
1kWe.

435

Radosavljevi¢, M., Application of small and micro cogeneration units, pp.431-445



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 2

As for systems with a capacity exceeding 1 kWe, the German
companies Solo (Figure 7), Mayer and the CLA and Sunmachine (Figure
6) are involved in the development of Stirling engines.

Figure 6 — Sunmachine
Puc. 6 — Sunmachine (Stirling dsueamerib)
Cniuka 6 — Sunmachine (Stirling momop)

Figure 7 — Solo
Puc. 7 — Solo (Stirling 0suzamennb)
Cnuka 7 — Solo (Stirling momop)

The advantage of using these systems is that they can use biomass
(Alanne et al, 2014, pp. 1-10), solar power, wind or fossil fuels as a
source of energy. This flexibility and high engine efficiency mean that
these systems can be used for a long term period. In addition, it is
necessary to reduce the cost of these systems to make them
commercially competitive with other cogeneration technologies. A typical
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CHP units with a 7.5 kWe Stirling engine costs approximately
€2600/kWe.

KWB, from Austria, has developed a Stirling engine using pellet as a
heat source. Its capacity is 1 kWe.

Dutch Enatec (Figure 8) is developing a Stirling engine with a
capacity of 1 kWe (4-35 kWt). The Enatec company is concentrated on
the use of fossil fuels for Stirling units.

Microgen (Figure 9) from the UK has developed one of the first small
CHP units for individual homes. The unit is small and quiet enough so
that it can be mounted in the kitchen. It has a capacity of 1.1 and kWe
15-36 kWh. It is designed to use natural gas as fuel, and an oil version is
in preparation. The overall efficiency is rated at 90%.

Figure 8 — ENATEC
Puc. 8— ENATEC
Cnuka 8 — ENATEC

i

Figure 9 — The cross-section of the cogeneration plant, Microgen company
Puc. 9 — Nonepe4yHoe cevyeHue KoceHepaylUOHHOU ycmaHo8KU KoMmaHuu ,,Microgen»
Cnuka 9 — NonpeyHu npecek kozeHepayuoHoz rnocmpojerba coupme Microgen
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Steam turbines are not generally intended for use in small
cogeneration plants, but are suitable for remote heating systems.

The Czech company TED produces a series of Micro-CHP plants
that typically use natural gas as a fuel, but some have been modified to
use biogas. There are eight models that use biogas (< 1MWe), from a
range of models from 23 kWe (42 kWt) to 300 kWe (370 kWt). These
units have efficiency between 76 and 85% (Figures 10 and 11).

The units are designed to work with the content of methane between
55-65%, but the absolute minimum is 50%. The pressure in the
combustion chamber is in the range from 1.5 to 10 kPa. 22 kW is
scheduled for operation of 4,000 hours per year.

Figure 10 — Modlany, CZ, TEDOM Cento 150 SP BIO 150 kWe, 192 kWt
Puc. 10 — Modlany, CZ, TEDOM Cento 150 SP BIO 150 kWe, 192 kWt
Cnuka 10 — Modlany, CZ, TEDOM Cento 150 SP BIO 150 kWe, 192 kWt

Figure 11 — Petruvky, CZ, TEDOM Cento T 300 SP 300 kWe, 370 kWt
Puc. 11 — Petruvky, CZ, TEDOM Cento T 300 SP 300 kWe, 370 kWt
Cnuka 11 — Petruvky, CZ, TEDOM Cento T 300 SP 300 kWe, 370 kWt
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BODERUS, from Belgium, produces Micro-CHP units (Figure 12)
that use biogas and natural gas. Commercially available units are in a
range of capacities from 10 to 383 kWe. For units using biogas, the
minimum criteria for chemical composition of bio gas are set, primarily for
a methane content of 80%. These units achieve 94% efficiency and are
designed to operate for 8,000 hours per year (Cummins Inc, 2014).

!

Figure 12— BODERUS
Puc. 12 - BODERUS
Cnuka 12 — BODERUS

The Italian ENERGIA NOVA company (Figure 13) produces small
gas engines for CHP units of 20 kWe, 47 kWt, based on the FIAT 1200
cc engine. The overall efficiency is 97% (29% - electric power, 68% -
heat power). Maintenance is recommended after every 1,500 operating
hours. NOx emission is very low. An ENERGIA NOVA report says that
users can save up to 40% of fuel per year using this CHP system.

Figure 13— ENERGIA NOVA
Puc. 13- ENERGIA NOVA
Cnuka 13 — ENERGIA NOVA
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Figure 14 - COGENCO (300kWe)
Puc. 14— COGENCO (300kWe)
Cnuka 14 — COGENCO (300kWe)

COGENCO (Figure 14), headquartered in the UK, produces and
sells CHP biogas units. Cogeneration units are from 116 to 1750 kWe
and from 186 to 1,737 kWt.

TOPEC BV (Figures 15, 16), from the Netherlands, produces small-
CHP biogas units from 100 to 1000 kWe. A TOPEC report states that fuel
saving is about 30%, and the overall efficiency is 90% (Cummins Inc,
2014).

Figure 15— TOPEC BV (190 kWe)
Puc. 15— TOPEC BV (190 kWe)
Cnuka 15— TOPEC BV (190 kWe)

; '-'-Irﬁi-‘ . = :
Figure 16 — TOPEC BV (340 kWe)
Puc. 16 — TOPEC BV (340 kWe)
Cnuka 16 — TOPEC BV (340 kWe)

-

440



Techno-economic analysis of the application of CHP
technologies
Investment costs for maintenance and costs of CHP technology and
condensation boilers can be found in Table 1 (http://www.erec.org).

Table 1 — Investment and maintenance costs of CHP plants
Tabnuua 1 — Cmoumocmb uHeecmuyuli u codepxxaHusi TOC
Tabena 1 — LleHe uHeecmuuuja u odpxxasara CHP nocmpojera

Installation price (€) The cost of maintenance

(Ely)

Senertec 13750 100

Ecopower 11750 100

Solo 25000 75

Whispertech 9000 75

Idatech 140000 35

Condensing boiler 2000 35

A feasibility analysis is done for a QSK60 plant as an illustration,
based on the existing prices of energy products (Zuki¢ et al, 2005, pp.
259-262).

Table 2 — QSK60 Specification

Tabnuuya 2 — Cneyucpukayuss QCK60
Tabena 2 — Cneyugukayuja QCK60

Gas-generator set QSK60 1.16 MWe
Annual exploitation 8000 sati
The total investment 500 €/kWe 580.000 €
Operating and maintenance costs 7 €/MWhe
Electrical efficiency 33 -40% 38%
Thermal efficiency 40 - 50% 47%

Gas prices 16 €/ MWh
Heat versus gas costs 1.1

Price of electricity 25/3,5 36 €/ MWhe
The government initiative 10/ 25 €/MWhe 0 €/ MWhe

Table 2 provides the input data and the plant costs (Zuki¢ et al,
2005, pp. 259-262).

Table 3, on the one hand, shows the total cost of the exploitation by
MWh of electricity produced, and, on the other hand, shows the costs of
a classic, separate production. After about 5.5 years, the return on
investment is completely achieved. Note that this is a facility meant to
operate over 100, 000 hours (Said et al, 2005, pp. 259-262).

Radosavljevi¢, M., Application of small and micro cogeneration units, pp.431-445
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Table 3 — Example of assessing the cost-effectiveness
Tabnuuya 3 — lNpumep npoeHo3a 3KOHOMUYeCKoU aghghekmusHocmu
Tabena 3 — lNpumep ripoueHe ucnnamusocmu

Gas 39.5 €/ MWhe Heat 21.8 €/ MWhe

Service 7 €/ MWhe Electric energy | 36 €/ MWhe

Back-up 0 €/ MWhe Initiative 0 €/ MWhe
46.5 €/ MWhe 57.8 €/ MWhe

Bonus 11.3 €/ MWh 104.864 €/year

The cost- 18.08%

effectiveness

coefficient

Period of cost- 5.53 years

effectiveness

Therefore, in addition to energy efficiency and environmental
acceptability, small CHP plants are economically viable in the current
circumstances. The government initiative can help to reduce the time and
cost effectiveness to two or three years, because, in circumstances
where care is taken of strategy of use of natural resources, clean and
efficient technologies, this system is additionally subsidized for every
MWh produced.

Conclusion

Micro cogeneration is a technology of the future. It will definitely find
its wider application in Serbia if the Republic of Serbia decides to keep
up with global energy trends. Creating favorable conditions for the
realization of wider application would mean arranging legislative
framework, desirable new forms of financing, and the price of electricity
purchase should be included as well as environmental components.

CHP plants in Serbia could make three times more energy for
heating, so the existing number of approximately 450,000 central heating
customers could rise to more than one million. This would save 52% of
primary energy and pollutant emissions would be reduced by 72%
compared to the production of electricity from power plants and boiler
heat.

Stirling engines as part of CHP plants have the best possibility of
primary energy saving and CO2 emission reduction.

Solid biomass remains the main potential for a wide application for
cogeneration systems at small and micro levels. The development of
biogas supply systems should be developed to meet different
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requirements in terms of the chemical composition of biogas and its
impurities. Gas originating from biomass and used in gas engines or gas
turbines is another area of interest to small and medium-sized
cogeneration plants. The Stirling engine combined with a pellet burner
offers a solution that should be soon available.
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Peswome:

Lo 1973 e200a HuU3Kue ueHbl moriuea Mo380ss/U  [POU380ACMe80
omHocumeribHO Hedopoaou anekmpoaHepauu. OOHaKo peskuli pocm UeH
Ha monnueo npuses K paspabomke HOBbIX 3HEP2emu4YecKuX
mexHoroauli U K [108bILIEHUD  3QbGheKmMUBHOCMU  YCMaHOBOK.
OOHOBPEMEHHO, M0BbILIEHUE IKOT02UYECKOU 0C8e00MIIEHHOCMU, 8 MOM
yucre U 0OCO3HaHue rnpobrieMbl  ucYeprnaemMocmu  MPUPOOHbIX
SHepeopecypcos, mpebosasnu MoBbILIEHHO20 BHUMAaHUSI K OXpaHe
OKpyxxarowjel cpedbl U 0OCmMasuwUuxcsi pecypcos, makum obpasom marsibie
U  Mukpo-TOL|  cmanu  KOHKYypeHmMocrnocobHeimu  u  bonee
socmpebosaHHbIMU 8 0briacmu  sHepaornpomMbiwneHHocmu. CLIA u
KaHada Ha ceeo0HAwWHUL OeHb 6 3amoM rfaHe omcmarom om
€8porelicko2o U SIMOHCKO20 pa3sumusi MUKpPO2eHepayuu, 4acmu4yHo U3-
3a pasfnuyul 8 cucmeme OMmOIIeHUs, CMOUMOCMU 3IEKMPO3HeEPaUU U 8
ceda3u Cc nonumuyYyeckumu  pamkamu. [lodnucaHuem  Kuomckoeo
rnpomokorna, 5lnoHusi obsisasiacb COKpamumpe  8o30elicmeue  Ha
enobarnbHoOe rnomeriieHUe, mMmo ecmb, 8bibpockl Ha 6% om obwezo
yposHsi 8bibpocos 3a 1990 200. OdHako yposeHb 8bibpocos CO2 ece
ewe npodomkaem pacmu, a 3mo 3Ha4um, 4Ymo 8 Hacmosiuee e8pemsi
SnoHus A docmuxeHus1 cgoeli uesnu domKHa cokpamume 8bI6pockl Ha
14%. B OdaHHOU ces3u SnoHusi nponazaHOupyem 6ce B03MOXHble
criocobb! aghghekmueHo20 CHUXeHuUs1 eblbpocoe CO2. HnoHusi b6ydem
aKkmueHo rnpodosnkame oddepxusams MapKemuHa MUKpOo2eHepayuu,
0COb6eHHO MmoOesu, nooxodsuwue O OMOIeHUs XXurbiX 30aHudl.
lpoeHo3upyemcsi, 4mo 8 bnuxaliwue HecKorbko fiem 6 Espone
rpou3800CcMB0 37IeKMPOIHepaUU C MOMOWbBIO Ko2eHepauuu docmuzHem
75% om obwezo obrema npoussodcmea 8 uesiom. Tak, Hanpumep, 8
Wmanuu npou3sodcmeo 80306Hoensiemol aHepeuu cocmasnsem 30%
om obuwezo obrema nompebrieHusi; 8 HudepnaHdax — 33%, a HaHus u
BenukobpumaHusi nodmu nofHOCMbO nepewrnu Ha OaHHbIU 8ud
SHepeonpou3soocmea.

Kntouesble crioga: MUKpO-Ko2eHepauusi, marnbie TOL.

NMPUMEHA MATNTNX N MMKPOKOIEHEPALIMOHNX NMOCTPOJEHA

Munan P. PapocaBrbeBuh
dakynTeT MHXeHepckux Hayka, Kategpa 3a eHepreTvky 1 NpoLeCcHY TEXHUKY,
KparyjeBau,

OBJIACT: xemujcke TexHonoruje
BPCTA UJTIAHKA: cTpy4HM unaHak
JESUNK YJTAHKA: eHrnecku
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Caxemak:

o 1973. eoduHe Hucke ueHe zopusa omoeayhasarie cy npou3sodry
penamusHo jegpmuHe erfieKmpuyHe eHepeuje. Haenu nopacm uyeHa
e2opuea u3aseao je nompeby 3a paseuja-eM eHepaemCcKUX mexHorioauja
u rnoseharem egbukacHocmu rocmpojerka. VicmospemeHo, rosehaHa
eKoJlowiKa ceecm, Kao U ca3Harbe O C8e CUPOMaWHUjuM u380puMa
eHepeauje, 3axmesaro je rnoceeherwe eehe naxme odysarby OKOUHE U
rpeocmarnux pecypca, rna cy mana u MUKpOKOo2eHepayuoHa rnocmpojer-a
rnocmarna egbukacHu U KOHKypeHmHu rpousgohayu eHepauje. Cjedur-eHe
Hpxaee u KaHada mpeHymHO cy y 3aocmamky y OOHOCY Ha pa3sof
€8POrICKUX U jaraHCKUX MUKpPOKO2eHepayuja, 0enumMuyHo 36oe pasrnuka y
cucmemMuMa 2pejarba, UeHe eHepauje U nonumuykux oksupa. Kjomo
rpomokorsioM JanaH je y obase3u 0a cmarbu ceoje eriobanHo 3azpesars-e,
O0HOCHO emucujy eacosa 3a 6% 00 Hueoa u3 1990.e0duHe. Unak,
emucuja CO, u darbe pacme. [Npouersyje ce Oa JanaH mopa da cMarsu
emucujy 3a 14% kako bu ucriyHUO Yurb, Kao u Oa ripomosulue cee moayhe
HayuHe Oa egbuxkacHo cmaru emucujy CO, C mum y ee3u, JanaH he
Hacmasumu Oa OQaje nOOpPWKYy MapKemuHay MUKDPOKO2eHepauuje,
rnocebHo OHux Mmodenia Koju Cy Mo200HU 3a cmambeHe objekme.
lpouersyje ce da y HeKonUKO HapelOHUX 200UHa Mpou3soda eHepauje
KoeeHepauyujom GocmueHe 75% yKyrnHe rpou3eodH-e Ha HU8OoY uerne
Eeponie. Exonowka eHepauja y Umanuju yuHu 30% yKyrnHe nompouirse,
y XonaHOuju 33%, a y [aHckoj u Benukoj BpumaHuju eomoeo je
1omMyHo 3acmyrsbeHa.

KrbyuyHe peyu: MUKpOKO2eHepauuja, Mana KoeeHepauuja.
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CABPEMEHO HAOPY>XXAHE 1 BOJHA OINPEMA
COBPEMEHHOE BOOPYXXEHNE 1 BOEHHOE OBOPYOOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Ynotpeba nonyaytoMaTCcKMx nyLiaka u nyllaka ca CUCTEMOM
MaHyernHor perneTupata npu NoNnLUMjCKMM akumjama

PelwaBame CrnoxeHUx KpuU3HUX cuTyauuja, y Kojuma ce npeTnocTaBiba
akTMBaH oTnop u ynoTtpeba cpeactaBa npuHyge, AaHac ce, Mo npasuny,
nosepaBa ENUTHUM MOMULUMNCKUM W/MNn BOjHUM jeguHuuama. MopanuteT
ynoTpebe y KOHKpPETHOM Cryyajy 3aBuMCW Of MHOWTBa akTopa, Kao LTO Cy:
NMoO3HATO UYMHEHMYHO CTakwe CcuTyauumje, NO3UTUBHOMPABHW MPOMUCU  KOjU
ypehyjy HagnexHOCT, MexaHu3am aHraxoBarba KOHKpPEeTHEe jeauHuue (unu
BULLIE HMX), PACMNOSIOXMBM pecypcn y ogpeheHOM TPEHYTKY U TOME CITIMYHO.

JacHo je foa cy vHTepBeHLMje OBe BpPCTe Beoma pasnuunte, na je Bpro
BaXHO Aa MM ce He npucTyna wabnoHckn, 6e3 063upa Ha TO KOMUKO CrvYHe
mMory 6utn ca npeTxogHUM crnydajeBuma. VMinak, Moryhe je HanpaBuUTU pasnuky
n3mehy NonMUMjCKUX 1 BOjHMX akuuja, ca NocebHOM HanoMeHoOM Aa AaHallksu
6e36egHOCHM M3a30BM YTUYY M Ha TO Aa ce OBe pa3nuvke ybnaxasajy, Te oa ce
CBE WHTEH3MBHUWje yBexbaBajy W 3ajegHN4YKe WHTEpPBEHUMje BOjHUX MU
NonnUujCKMX jeaunHuua, pagu LWTO eduKacHujer oaroBopa Ha npeTHwe Koje
KOHCTaHTHO eBONynpajy.

BpxyHcku cmpesnuu y nonuyujckum akuujama

OCHOBHM LMIb aHraxoBawa €NUTHUX jeduMHuua 3a crneuujanHe HameHe
jecTe ocTBapvBawe MPeaHOCTM Yy KPU3HO] CUTyauumju U HEHO peluaBake Y
Hajkpahem moryhem poky. [NnaHvpakwe ocTBapewa OBaKBOr Luiba NoyvBa Ha
npeTnocTaBuM Jda Ccy onepatopy nocebHO 00y4yeHn ©  OnNpeMIbEHM.
OpraHusauuje jeavHuua 3a cneuunjanHe HameHe, No NMpaswiy, Nnogpasymesajy
N cneuwjanucTnyke, CHajnepucTudke rpyne unvM TUMMOBE, KOju, HapasHO,
objeguwaBajy nocebHo 0OydeHe BpXyHCKe cCTpenue — KBanudukoBaHe
CHajnepucTe.

Y Be3n ca TepMMHOM CHajnep y Teopuju ce 4ecTO BOAM pacrnpaBa O
HErOBOM E€TUMOIOLLKOM MOPEKNy M onpaBaaHocTu ynotpebe. CmaTtpa ce ga
Aonasn U3 eHrneckor jesuka, oa peyu ,snipe” (wrbyka). 36or penatnBHO mane
BEnuYMHe, n3y3eTHe neTtayke Op3nHE 1 NOKPETIBUBOCTM OBUX NTULA, NOBUN Ha
WX CMaTpaHu Cy OOSIMYHUM CTpenuMma W HasuBaHu ,sniper’ (nosau Ha
Wwrbyke, Wrbykap y OykBanHom npesogy). [laHac ce oBaj uspas KopucTtu 3a
O3HayaBak€ BPXYHCKMX CTpenaua, cneuwjanucra cHajnepusma, anv v 3a
HUXOBO opyxje (,sniper rifle”). Cpehy ce u wuspasum nonyt ,marksman”,
»Sharpshooter”, ogHocHo ,precision rifle”, kaga ce pagn o opyxjy. HesaBucHo
OO HasvBa, pey je O BPXYHCKMM CTpenuuMma, Koju Ccy N0 npuHUMMy
OOOpOBOIBLHOCTM Yy OKBMPY  KOHKPETHE  jeAuvHuue  KomnneTtupanwu
cneumjanncTudke Kypceese u3 obnactu npeumsHor rafawa u pacnopeheru y
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OKBMPY cneuujanucTuyke rpyne unm tTuma. Takohe, TpebGa HanomeHyTH aa Huje
peTko Aa nnaH u nporpam obyke MpunagHUKa KOHKPEeTHe jeduHuue
nogpasymeBa W OCHOBHY CHajnepucTMyky OOyKy, KOjy, y OBOM Chy4ajy,
nporase CBM onepaTtepw, anu BELTUHE W 3Haka OHUX NPU CHajNepUCTUYKNM
rpynama cBakako Cy Ha MHOrO BMLUEM HUBOY.

== - L Ed ™ e =

T g f 2 e e oy W
Crnieyujanucma HaopyxaH rnonyaymomamckom rnywkom ,SIG Sauer 716”, y kanubpy
7,62x51 mm NATO. ®omo: Munow Jesmuh

Y cnyvajy aHraxoBawa, ynora cneuujanucte cHajnepusma je Beoma
3Ha4ajHa. [Npe gonacka nperoBapaykor TUMa U MHTEPBEHTHUX CHara, YKOJIMKO
je To moryhe, cneumnjanucta ce pacnopefyje y HenocpeaHoj ONM3nHU KpusHe
cuTyauuje pagum ocmaTpamwa u/unu nssuhama, Tj. NpUKynbakba nHopmauuja
O TPEHYTHOM  YUHEHUYHOM Ccrawy, Te  HuUxoBor npocnehuBarwa
OpraHvM3oBaHOM Kpu3HOM WTaby. Ha ocHoBy nuyHe npoueHe cneuuvjanucta,
kaga rog je To Mmoryhe, camocTtanHo ©Oupa CBOjy no3uuujy ca Koje uma
[OBOSbHO Aobap npernen okonuHe, OAHOCHO 3aknoH. MiHdopMaLuje Koje Moxe
npocneauTn Mory ce o4HOCUTU Ha KOHdUrypauunjy TepeHa u uHgpacTpykType
YKONMMKO je mpucyTHa, nocebHo BpcTy objekta, 6poj n pacnopep nposopa,
BpaTa, CTeneHuwTa, a MnoHekag W NPUCYTHMX nuvua yHyTap objekata u y
HenocpeaHoj 6nunanHu. Y cnyyajy nssohewa guHaMmnykor ynaga, cneumjanucra
npyxa nogpLiky ynagHoj rpynu nnun Tumy, nocebHo TOKoOM npurnacka objekTy u
ynaga. lNpema pevnma NCKyCHUX onepaTepa, OH je ,,0KO Koje MOKpMBa u vyBap
CBOjuX konera”.
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2 L. e AL s

Crnieyujanucmu opeaHu308aHuU Kao cHajnepcku nap. ®omo: Munow Jesmuh

Kag rog je moryhe, a Bpfo 4ecto kaja cy y nutawy nonuuujcke akuuje,
cneuuvjanucTu ce aHraxyjy y napy. CHajnepcku nap YvHe ABOjuLA BPXYHCKMX
cTpenaua, a jegaH mma ynory ocmatpaya. OpraHu3doBakbe M aHraxoBake
CHajNepCcKnx Tpojku je Yelwwhu cnyyaj npu m3Bohewy BOjHMX akuuja, OOHOCHO
onepauuja. Tpojky, MO npaBuny, YMHe ABOjULA cneuujanucTa ONpPeMIbEHNX
cuctemuma 3a npeumsHo rahawe, a Tpehu 4dnaH Tpojke, Takohe BPXYHCKU
cTpenai, yrnaBHOM je onpemibeH opyxjeM Behe BaTpeHe Mohu — nakum
MUTparbe3oM WM aytomaTckom nywkoMm. Hberoe 3apaTak je ga obesbehyje
CHajnepucTe TOKOM Mnpurasa MeTu/mMeTama Unu noKpvBa HUXOBO M3BNAYeHe.
Y npakcu ce ynotpeba Tpojku Besyje, YrmaBHOM, 3a CMOXeHuje n obnmHuje
onepauuje.

Haopyxare crieyujanucma

MpymapHO Haopyxawe cneuvjanucte cHajnepmsma je, HapaBHO, MyLlKa
3a npeuusHo rahawe. 3aBucHO of notpeba uWHTEpBEHUMje, OOHOCHO
admHMTETA nojeauHUa, kao CeKyHOapHO HaopyXawe MoXe ce opabpatu
nonyayToMaTCKuU MULLTOSb, ayTomaT WU OpyXje 3a NU4YHY 3alTuTy (EHr.
personal defense weapon — PDW), pgakne yrnaBHOM KOMMNaKTHWjU CUCTEMM,
penatneHo mane mace. Opabup koHdurypaumje Haopyxakwa BpLM ce, kKaga
rog je To Moryhe, Ha OCHOBY MNpeTNoOCTaBIbeHUX MoTpeba M no3HaTUX
YMHEHMLA KOHKpeTHOr 3agaTtka. Cneumjanucta ce YrnaBHOM aHraxyje vy
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ypb6aHoj, OAHOCHO pyparHoj CpeauHMu, LWTO YMHOroMe yTude Ha opgabup
cuctema 3a npumapHoO Haopyxawe. Ha npumep, pagm mssohewa aejctasa y
pypanHOM OKpYXEhy WMCKyCHM crneuujanucta yrnaBHoOM Oupa opyxje jader
kKannbpa, 36or npeTnocTaBke pJa ce MeTe MOry Hanasutu Ha Behum
AaromMHama.

Cucmewm ,Barrett M-95”, y mohHom kanubpy 12,7 mm, Ha 3adyxery ripu CrieyujanHoj
6puzadu Bojcke Cpbuje. ®omo: Munow Jesmuh

MonynapHu kanubpu cy ceakako .338 Lapua Magnum, kao u mohHn 12,7
mm. Ca pgpyre cTpaHe, Yy Chnydajy aHraxoBawa Yy YypOaHOM OKpyXemwy,
yrnaBHOM ce Oupajy nywke cpegher kanubpa, ca BpXYHCKOM npeuumsHolhy.
MeRy cneuunjanucTuma cy Beoma nonynapHu cuctemn y kanmbpy .308
Winchester, 3a koju MHOrM cmaTpajy Oa je uaeanaH 3a cpefre AarbuHe.
HapaBHo, Ha opabup kanubpa ytudy m gpyru ¢aktopu, nonyT npucyctea
LUMBUIMHOI CTAHOBHULLITBA Y PEjOHY akumnje unmn onepauuje. Tako, cneuvjanucta
MOXe OANyYUTW Aa KOPWUCTM jaum Kanmbap v Ha cpearvM AarbvHama, ako je
noTBpheHoO Aa y PpejoHy HWCYy NPUCYTHU LMBWUAW, Koje 6M Morao yrposuTu
nare6om. Mpojektun .338 Lapua Magnum nako he npobuTu 3ua CKOpo CBaKor
objekta, Te yHeTn 030WbaH Hemup Kog npoTuBHMKA. Mmajyhm y Bugy
TepMuHanHy 6anuctuky, Taj kannbap umMa [OOBOJbHO €Heprvje ga u Ha
aarbnHama Behum og 2500 meTtapa enuMuHMLLE METY.
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Bpcme cucmema

Kapa je pey o nywkama 3a npeumsHo raharwe gaHac ce CBU CUCTEMU MOTry
nogenutn y OBe Benuke rpyne: OHe ca CUCTEMOM MaHyeriHor penetupana
(T3B. peneTupke) n nonyaytomaTcke cucteme, npu 4yemy obe mmajy ogpeheHe
nNpegHoCTV 1 HegocTaTke.

OcHOBHa npegHOCT cuctemMa ca MaHyenHum peneTupamwem (eHr. bolt
action) ogHOCM Cce Ha uMkbeHUUy [da Ce CBa €eHepruja Koja ce cTBopu
caropeBateM GapyTHOr NyweHa NPEHOCU Ha MpPOjeKkTUn Koju ce kpehe Kpo3
oxnebrbeHy LEeB opyxja, koja je, No nNpaBuny, gyxa y nopehewy ca uesMma
Kog nonyaytomartckux cuctema. Camum TMM, CUCTEM cCa MaHyenHUM
peneTupatbeM omoryhaBa fejcTBoBawe Ha BehuM parbuHama, y3 M3y3eTHy
npeuunsHocT noroTka. Kog nonyaytomaTCKMX CcUCTEMa 3HaTajaH [eo eHepruje
npy caropeBaky OGapyTHOr Nywera OAMNasu Ha MokpeTake pagHuX AenoBa
MexaHu3ma opyxja, ymawyjyhn KMHETUYKY eHeprujy npojektuna. To, HapaBHO,
He 3Hauyu da ce nonyayToMaTCKM CUCTEMU HE MOry KOPUCTUTM 3a AejcTBa Ha
Behum pgarbmHama. lpumepa pagu, NOMeHyTU vyBeHW cuctemn ,Barrett”, y
cepuju ,M-82” n kanubpy 12,7x99 mm NATO (.50 BMG) Ha gobpom cy rnacy y
cBeTy.

lMywka 3a npeyusHo 2ahare ,Sako TRG 427, ca cucmeMoMm MaHyesnHo2 periemuparba y
kanubpy .338 Lapua Magnum. ®omo: Munow Jesmuh
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Bp3nHa namwbe uamehy ,bolt action” n nonyaytomaTtckux cuctema je,
HapaBHo, pasnunuyuTa. Ynotpeba ,bolt action” cuctema je onpaBgaHuja kaga ce
NpeTnocTaBiba aHraXxoBawe jegHe MeTe, unu Bprio manor 6poja meTa, Aok ce
ynotpeba gpyrux jaBrba kao 6orbu n3bop y cnydajy npucyctsa Beher 6poja
MeTa, OAHOCHO kafa Tpeba geMmoHcTpupaTu Behy BaTpeHy moh.

HesaBucHo of BpCTe npuHUMNa paja nyw4yaHor cuctema, KBanutetHa
nywka 3a npeumsHo rafjawe mopa 06jeANHUTM OaNNYHa eproHOMCKa peLleksa,
nocebHO KyHOaka ca amopTu3epom Tp3aja U yaobHom o6pasMHOM, 3aTuMm
rmaTko OKvdawe W, HapaBHO, BPXYHCKY npeuusHocT. [lywka 3a npeumsHo
rahamwe ce, 6e3 udysetaka, KOPUCTM Y KOHDUTYpaLMjKU Ca ONTUYKUM HULLAHOM.
Ha TpXuwTy je NpucyTHO BULLE peHOMUpaHUX npou3dsonaya nonyT ,Schmidt &
Bender”, ca Beoma nonynapHum mogenuma cepwuje ,Police Marksman II”, a 'y
Wwmnpoj ynotpebu cy u mogenu npomnssohaya ,NightForce”, satum ,KAHLES”,
,vortex”, ,Steiner”, ,Leupold” n gp. Moxe ce ynotpebutn n nocebaH padyHap
Koju 3a cTpernua npopayyHaBa kopucHe napametpe. C 063upom Ha To ga je y
nUTaky BUCOKOOCETIBUBU ENEKTPOHCKM ypehaj, werosa ynotpeba y cnydajy
OVHAMUYHUjUX padkKn je orpaHnyeHa. 3a BMCOKY NPeLM3HOCT HeonxodaH je
WTO CcTabunHuju ocnoHay npunukom rahawa, na ce y Ty CBpXy MOXe
MOHTUpATK 1 T3B. BUNOA, Tj. ABOHOXHMW NOAECUBU OCINOHAL.

MywyaHn cuctemu, Kao M NpornpaTHU ONTUYKM U eneKTPOHCKM ypehaju
KOHCTAHTHO ce ycaBpllaBajy, Aajyhm Tako u BpPXyHCKMM cTpenuuma sehu
3Havaj n noteHumjan. Wako je, HapaBHO, OOCTYMHOCT BUCOKOKBANUTETHUX
cuctema umnepatmB y yBehaBawy KanauuteTa jeduMHuua 3a cneuujanHe
HameHe, HajBpedHWjU pecypC W Oarbe OcTaje BUCOKOODyYeH cneuwujanucra
YnjUM 3HakEM U BelTuMHama oBa codumcTMuMpaHa onpema fJaje MyH
noTeHywjan.

Munow M. JeBTuh (Milo§ M. Jevtic),
ypeaHukcajTaspecijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,

ORCID iD: @http://orcid.org/0000-0002-1305-7618
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Pycuja npecTtrna AMepuky y enekTpoHCKoM party’

Amepuyke opyxaHe cHaze npusHajy 0a cy pycke uHeecmuuuje y 8ohere efieKmpoHCKoe
pama eehe 00 oHuX Koje je 3anad do cada yroxuo y my obnacm

Mpunukom MehyHapoaHor cajMa HaopyXaka, ogpxaHor y Mocksn Tokom
centembpa 2017. rognHe, pPycKn BOjHO-MHAYCTPUJCKM KOMMIEKC MpUKas3ao je
CTOTUHE KOMHEHWX, BasgylWHUX W MOMOPCKMX cucTemMa, a MOTNUCaHu cy
yrosopwu y BpegHocTu og ckopo 170 mMunujapau amepudkux gonapa.

Ha cajmy cy npukasaHu u HajHOBUjU cuCTeMU 3a Bohere eneKkTPOHCKOr
pata: Vitebsk, Krasuha n Moskva.

Pycke gHeBHe HoBuMHe Svobodnaya Pressa o6jaBune cy aHanmsy pyckux
cuctemMa 3a €EneKTPOHCKO paToBawe, UucTudyhu HuMxoBy ynotpeby Ha
nocnegwnm BojHUM Bexbama ,3anag 2017”. YnaHak HaBoau pa je pycka
CYNepuopHOCT Yy OBUM CUCTEMMMA HE CaMO KBaHTUTaTMBHa Beh wu
KBanuTaTuBHa. TOKOM nocriefhwe feleHunje Buwe o OeceT HOBUX cuctema
NpoLUsIo je TecTupawe 1 pasHe eBanyauuje: Borisoglebsk-2, Algurit, Rtut-BM,
Infauna, Krasuha-4, Moskva-1, Parodist, Lorandit-M, Leer-3, Lesochek, Less,
Magnyi-REB, Pole-21, Hibini v Vitebsk. Mehy buma cy n CUCTEMU HAMEHEHU
3a NnokanHe akuuvje KkpaTkor JoMeTa Yunju je unrb 3awTmuta netenuua, 6pogosa
M BOjHMKA Yy oppeheHum onepaTMBHUM pejoHUMMa, 3aTuM CUCTeMn 3a

! September 19, 2017 The National Interest
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HeyTpanusoBake  EKCMMo3MBHUX  AeToHaTtopa Yy  MMMAPOBU3OBaHUM
EeKCMJO3MBHMM HanpaBama. JIucta ykibyyyje M CHaXHe CUCTEME Ca LUMPOM
30HOM ornepauuja, kao WwTo cy Krasuha-4 n Moskva-1. Y unaHky ce HaBoau aa
cy 6ap pBa cuctema wuspaheHa ,N0 MpuMHUMNMMA KOjU OO caja Hucy
ynotpebrbaBaHn y paguno-nHxewepuHry”. Huje Buwe notpebHo nocegoBatu
BeIMKe KOMMMeKce pagujauMoHNX aHTEHa ca jakuMm M3BopuMa Hanajaka pagu
NMOTUCKMBaKa HenpujaTerseBux paguo-curHana y uenom cnektpy. [anac
MOAEPHN HauYMHW OTKpMBaHa U npouecymparwa omoryhasa oBuMM cuctemMmma
Aa gobujy TadHy Konujy HenpujaTerbeBor curHana v 3atum reHepuly NakHu
CuUrHam Koju wWarby aHanorHMMm nytem Mo napametpuma OuTHUM 3a
npotueydap. To 3Hauu ,0a ce HenpujaTerby Bpaha naxHuM curHan y
WCKPUBIbEHO] OpMIU”, LUTO Ce Ha3nBa ,HeeHepPreTCKOM MHTepgepeHLnjoM”.

UnaHak y gHeBHOM nucty Svobodnaya Pressa HaBoau M Ja CUCTEM
Moskva-1, koju je passuna komnaHuja KRET, cnpoBoau pagmo-TEXHUYKU
obaBewTajHM paf: cKynrba MHGOpMauMje O M3BOPUMA efleKTPOMarHeTCKor
3payera y pagujycy oa 400 km, ykrbyyyjyhu usBope 3payewa o[ aBMOHa,
camoHaBogehux pakeTa, MOOGMITHUX M CTaLMOHAPHMX cucTemMa BasdyliHe
3awTuTe, paguo-odawnrbaya u gpyrmx objekara Koju emuTyjy paguo-tanace.
OBKM curHanm ce aHanuaupajy M Knacudukyjy npema cCBOjuM wmsBopuma. Y
crny4ajy MacoBHOI Hanaga npema Henpuvjaterby, NpUKynibeHe uHdopmauuje
ce ojawwurby npemMa AeBeT CUCTEMa 3a eNEeKTPOHCKM parT, Koju ,ocnensbyjy”
NPOTMBHWKA TaKO LUTO FEeHepuwy CMeTHe, a TW nojauu ce pJarbe Lwarby
PyCcKMM CHarama 3a ofbpaHy BasgyLUHOr npocTtopa. TayHe cneuudwkauuje y
nornegy KapakTepucTuka U TEXHUYKUX OeTarba OBOr CMCTEMAa Cy BOjHa TajHa.
MehyTum, y cnyyajy macoBHOr HenpujaterbeBor Hanaga, Moskva-1 nomaxe y
NpyKynibawy nogaTaka O CBUM HEroBUM LUIbEBUMA KOju cy notpebHu 3a
HMXOBO OTKpUBaHwe, MpenosHaBawe U npahewe. OBa uHdopmaumja je
M3y3eTHO BaXHa 3a CUCTEME ENEeKTPOHCKOr paToBaka, jep OBW omeTauun
nobujajy uHdopmaumjy 0 NPOTUBHUYKMM CUCTEMUMA KOjOM MOTY M3BPLUUTH
HMXOBO ONTUMAIIHO NOTUCKMBaHE Yy ogpefeHOM eneKkTPOHCKOM Oncery.

Mogaun pobGujeHn op cuctema Moskva-1 KopucHM cy  3a cucteme
npoTuBBa3ayLUHe pakeTHe oabpaHe, ykibyyyjyhu n HajHoBuju cuctem S-400
KOju uma MCTM pagujyc oTKkpmBaka MpPOTMBHWMKA kao u Moskva-1. Y cnydajy
HenpuvjaTterbeBor Hanaga, S-400 ,Bugn” objekaTt u ogpehyje Herosy Op3nHy K
cMmep neta, ook cuctem Moskva-1 vuma MoOryhHOCT maeHTudmkaumje uurba,
LITO 3Ha4YM Aa MOXe Aa OApeau Aa N ce pagu O pakeTu UM aBMOHY, Na 4ak
M O TUMy neTenuue nnn pakeTe, WITO YMHOrOMe orakwaBa npecpetanwe. Cse
OOHedaBHO Huje Ouno moryhe cmMecTuTu cucTtem TakBMX MOryhHOCTM Ha
BO3MIo ca Tpu wacuje. OBakaB pa3Boj omoryhuna je TpaHauumja ca aHanorHnx
Ha gurntTanHe TexHonoruje. Y OBOM Chnyyajy AOLWMO je A0 3Ha4yajHor pacta
Op3MHe KOMMjyTEePCKOr npoLecyvpana, WTo je omoryhuno yeofhewe HOBUX,
HanpeaHujux anroputama 3a obpagy nogaraka.
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Y unaHky ce parbe HaBoge pfeTarbu cuctema Krasuha-4, Takohe
GasupaHor Ha aurnTanHMM TEeXHONornjama, HaMmeheHor ogbpaHn KOMaHL4HUX
MecTa, Kao U MHOYCTPUjCKNX U agMUHUCTPATUBHMX KoMmnnekca. Cuctem BpLUm
MOTUCKMBAHE ENTEKTPOHCKOr 3payera CTauMOHapHUX M MOOMIHuX objekaTa
KopucTtehu ecekte nHTepdepeHumje y CMUCY pasfnunkoBara NPOTUBHUYKNX U
CaBe3HMYKUX CUrHana y obnactu onepauuja cuctema Krasuha-4. Cuctem je y
mMoryhHOCTM ga ,ocnenn” He camo NMpOTMBHMYKE noBue u 6ombapaepe Beh um
3emarbcke papgape, netenuue AWACS, na 4ak u wWnujyHcke catenute ¢
ob3npom Ha TO fa je paauvjyc gejctBa cuctema 300 km y BepTuMkanu u
xopusoHTanu. Pa3Boj cuctema Krasuha-4, 3anovet je 1995. rognHe, a ycBojeH
je y HaopyxXare pyckux opyxaHux cHara tek 2012. rognHe.

Tokom 2015. roguHe cuctem Krasuha-4 NoCTaBIbeH je Yy PYCKOj BOjHO]
6a3un Khmeimim, y Cupwnju. Tokom Hanaga amepuykmnx kpcrapehux paketa Ha
aepoapoM CUpMjcke BOjCKe pasnuuMtM Meguju cy M3BEecTUInM ga je cuctem
yCneo Ja CKpeHe Heke of pakeTa Tomaxask ca uuba. Kputnyapu cy ce ogmax
yCNpOTMBUIIM OBOj aHanuau, jep ce oBa KpcTapeha pakeTa HaBogu nyTem
reoniokauvje n He KOpPUCTU pajap 3a cBoje Bohere Hero onTOeNeKTPOHCKU
CUCTEM BUCOKe pesonyunje. Nnak, y 4naHky ce HaBoau ga je cuctem Krasuha-
4 cBOje [€ejCTBO yCMEepMo Ha erieKTPOHCKe ckronoBe pakete. OBM cucTEMMU
6unu cy ynotpebrbeHun y BenukoM 6poj pyckux BOjHUX Bexbu y oabpanu
umMrbeBa koje cy ,Hanaganwu” nosuu 6ombapoepu Su-24 n Su-34 koju Hucy
Hanasunu uurbeBe 3awwTuheHe MOMEHYTUM CUCTEMOM, Ma cy ce Bpahanu y
6a3e HeobaBrbeHor 3agaTka.

Tpeha TexHonormja kojy nomuwe AHeBHU nucT Svobodnaya Pressa
ogHocu ce Ha cuctem Vitebsk. Pagn ce ogbpambeHOM cucTeMy HameHeHOM
xenukontepuma Mi-8 y ogbpaHn of NpPeHOCMBUX MNPOTMBBA3AYXOMIOBHMUX
paketa. OBaj CMCTEM MOy KOPUCTUTU U jypULLHM aBUOHW U XENWKONTeEpW Yy
MUCHjamMa Hanaga Ha korHeHe uurbeBe. OnpemrbeH je WHdpaupBeHMM W
ynTparbybunyactum ypehajuma 3a npoHanaxewe cmepa vcnarbnBaka pakera,
onpemMoM  3a  OTKpMBake Nlacepckor W  padapCcKkor  0o3padvBamba,
ONTOENeKTPpOHCKMM ypehajem 3a 3acnemnsbMBake, ypehajem 3a omeTawe
pajapa u OnpemMoM 3a OTNnylWTawe IaXHWX UWIbeBa; OPYrMM peynma —
onbpaHu og UHTEpEpeHLMje CBMX aKTUBHMX U NACUBHUX pajapa, TEpMasHuXx,
nacepckux U oNnToenekTpoHCKnx ypehaja.

Pycke opyxaHe cHare page v Ha ApYrMM CUCTEMMMA 3a €EeKTPOHCKO
patoBate Koju 6y Ounum cnocobHu 3a 6p3y U edmkacHy akumjy NpoTMB CBe
MOAEPHUjMX 3anagHuMx OecnunoTHUX cuctema. JegHa oA TakBUX TexHosnoruja
je n HepaBHO HajaBrbeHU Repellent Koju je npojekToBaH 3a OTKpUBaHE U
HeyTpanusoBawe 0ecnunoTHMX fneTenuua Ha garbuHama go 35 kM, dawby K
Hohy, 3a BpemMe nower BpeMeHa, a MOXe [ejcTBoBaTM YaK W Ha
TemnepaTtypama HmwkMM o MuHyc 45 cTtenenn. Cuctem Repellent
NPBEHCTBEHO je HamerweH Bopbu NPoTUB pojeBa MUHUjaTYpHUX BecnuUnoTHUX
netenvua koje TpPeHYTHO ybp3aHO ycaBplUuaBajy aMepudke Opy)KaHe CcHare.
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Pa3Boj oBor cuctema mge y npasuy cmamwuBara rabaputerta, Tako ga he y
6yayhHocTn 6utn NnpeHocmBor obnuka.

Pyckun pa3Boj n ynotpeba oBakBMX pasnuumMTMX CUCTEMA 3a E€NTEKTPOHCKO
paToBate HUKAKO He ogroBapa amepuykum n HATO cHarama. NoguHe 2016.
OOLLUMO ce OO 3akibyyka ga je NeHTaroH 3anocTtaBno eNeKTPOHCKO paToBake U
Ha Taj HayuH omoryhmo Pycuju ctuuamwe 3HaTHe npegHocTu. AMepukaHum cy
3aKrbyuyMnM gda pycke opyxaHe cHare umajy 4eTte, OaTtarboHe, nma 4Yak u
6purage ca ogrosapajyhom onpeMomM 1 nocebHUM naHuem KomaHgoBawa Koje
cy nocseheHe enekTpoHCKOM paToBaky. HakoH Tora, Tokom 2017. roguHe,
amepuyKke opyXaHe CHare nouuMkwy MHTEH3UBHO Aa paje Ha OBOj TeXHOMNOoruju
Kako 6u CycTurnu pycku Hanpepak y oBoj obnacTtn. AMepuyka Bojcka Tpaxu
pa cBe OecnunoTHe neTenuue Benukor aomeTta [obujy moryhHocT
ereKTPOoHCKOr paToBaka. Pycuja je HegaBHO, y GrM3UHM yKpajUHCKOr paTuLTa,
ynotpebuna 6ecnunotHe netenvue tuna Orlan-10 koje vmajy moryhHocT
omMmeTaka MoOunHUX TenedoHa. YnHn ce ga je oBaj cuctem y ynotpebum ny
Cwupwijn.

Nako Amepuka npegysnma KpyrnHe Kopake y OBOj obGnacTu, BENuUKM Gpoj
pa3HOBPCHMX HanpegHUX PYyCKuX ypehaja 3a enekTpoHcku paT npegcrtasuhe
Benuku npobnem amepmykum n HATO cHarama, HapounmTo ako ce y3me y
063np pa edumkacHa ynotpeba ypehaja 3a enekTpOHCKO paToBakwe A0 ABa
nyta nosehasa NoTeHUujan KOMHEHMX OPYXaHUX CHara, a ymawyje moryhHocT
rybutka aBumoHa u Oo LecT nyTa.

Hpaeax M. Byukosuh (Dragan M. Vu&kovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601

Y6p3aHo onpemame?

[MOHOBHO MHTEpecoBawe 3a KOMHeHe onepaunje obyxBaTa obOHaBIbawe
MCKyCTaBa CTeYeHUX 3a Bpeme xragHor pata, MNpeor u [pyror npaykor pata u
onepauwmja Ha bankaHy. [lo Tora gonasu HakoH cykoba y YKpajuHu 1 npeu nyT,
nocne ABe JeleHwuje, fonasy OO onpemarba €BpPOMNCKMX apmuja 3a AMpeKTaH
cykoO jegHakMx BOjHMX cHara. Takohe, gonasw OO NMPOMEHE NnpuoputeTa Of
3alITUTE M KOHUENTa NpeXusrbaBara opyXaHux cHara, LWTo je 61Mo npuoputet
y ABraHucTaHy, 4o koHuenTa noehaHe ybojutoctu

TeHKOB8CKU morosu

TeHKoBM, OOHOCHO TEHKOBCKM TOMOBW, OCTajy Ha NpBOj NMHWjKU oabpaHe y
€BpOncCkMM apmujama. WMako je TexHomnorvja pasBoja TEHKOBCKMX TOMOBa
Hajsuwe (poKycMpaHa Ha pas3BoOj MyHULMje U MOLEpPHM30Bakwe MNOCTojehnx
npojekTa, ynopeno Teve n pasBoj cnegehe reHepaumje Tonosa.

2 Jane’s Defence Weekly 15 November 2017
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lMporpam mMoAgepHM3oBawa Hemaukor TeHka Leopard 2A7V obyxeata
yHanpehewe OCHOBHOI HaopyXawa U To Tako wTo he TeHkoBu Leopard 2A4
6utn yHanpeheHun Ha ctaHgapa 2A7V ca HoBuMm Tomom L55A1 komnaHuje
Rheinmetall. OBaj Ton uma 3a 20% Behn nputucak og noctojeher tona L55
Kaga ce KopucTu MyHuumja HoBor Tuna. [Nopep Ttora, HoBa Bep3auja Tona L55A1
nocegyje n MogepH1M30oBaHu cuctem 3a nsbaunsare npasHe vaype.

Tokom centembpa 2017. roguvHe komnaHuwja Rheinmetall o6jaBuna je
noTnucmeare yropopa 3a mogepHusaumjy 104 Hemaukunx TeHkosa Leopard 2 —
68 2A4, 16 2A6 n 20 2A7 Ha cTtaHgapa 2A7V, wWTo nogpasymeBa yrpagwy
HoBor Tona L55A1. MopepHu3oBaHM TeHKOBM Ouhe ONpemMIbeHM HOBUM
TepmanHuMm  ypehajuma, nacepckum  garbMHoMepuma,  yHanpeheHum
KOMMjyTepuma 3a ynpasrbake BaTpoM M KOHTPOSTHMM KoH3onama. Wcropyke
npBMX MoAepHU3oBaHUX TeHkoBa Leopard 2A7V odekyjy ce Tokom 2020.
roauHe.

Y MmefyBpeMeHy, nako 6puTaHcKky nporpam 3a npoayKewe XNBOTHOT BeKa
TeHka Challenger Il (Life Extension Programme - LEP) He nokpuBa
MOJEPHN30Bake ONlydyeHor TeHkoBckor Tona 120 mm L55 (mosHator nopg
o3HakoM L30A1), Bpno je BepoBaTHO aa he To 6MTK ypaheHo npeko nocedHor
nporpama 6GpuTaHCKOr MuUHUCTapcTBa oabpaHe. MuHucTapcTtBo oabpaHe je
NPeTXO4HO M3BPLUMIIO NPOLEHY adeKBaTHOCTU Tona rnatke uesn 120 Mm Ha
OCHOBY caja oTkasaHor nporpama yHanpehewa ybojutoctn Teka Challenger Il.

MoHyna komnaHuje Rheinmetall y okeupy nporpama LEP cacTtoju ce o
onuuoHe MHcTanauuvje Tona rnaTtke uesu 120 mm L55 koju 6u omoryhuno TeHky
Challenger Il vcnarsnBawe jeQHOOENHUX TEHKOBCKMX rpaHaTta, yKiby4yjyhu m
notkanubapHa 3pHa ca neHeTpatopuma (APFSDS). Kako Huje npeoctao
Benukn 6poj rpaHata 120 mm 3a Ton ca onydyeHom ueBu L30A1 koje je
npousBoguna caga yraweHa dgabpuka Birtley koja je nocrnoBana y OKBUPY
komnaHuje BAE Systems, 1o he omoryhuTtu rahake HOBOM MYHULIMjOM KOja ce
npounseoaun y Hemaukoj n CALl n npeacrtasrbatm gobdpoaowno yHanpehemwe 3a
Ton TeHka Challenger Il. Mehytum, noctoju moryhHocT ga 6GpuTaHcko
MUHUCTaApCTBO oabpaHe mnak 3agpxu noctojehu Ton ca onyyYyeHoM Lesu 360r
Moryhux BUCOKMX TPOLLKOBA Koju BM HacTanu M3aMmeHom Kynone.

Y jyHy 2016. roguHe komnaHuwja Rheinmetall oTkpuna je HoBM Ton ca
rnatkom uesu og 130 mMm nog osHakom L51. OBo opyhe morno 6u 6utn
KopuwheHOo y HOBOj reHepauunju OCHOBHOI KomnHeHor 6opbeHor cuctema (Main
Ground Combat System — MGCS) koju 61 morao ga og 2035. roanHe 3ameHu
TeHkoBe Leopard 2 wn Leclerc. Ton L 51 je 3HaTHO ybojutnju og noctojeher
Tona 120 MM ca npuTUCKOM y koMopu Tonoscke Lesu of 880 MIMa. KomnaHuja
Rheinmetall TBpan f[a oBakBO nosehawe NpuUTUCKa, Y3 Kopuwhewe AyXKUX
neHetpaTopa, obe3behyje 50% Behy npobojHoCcT oknona y nopefewy ca
noctojehnm Tonosuma og 120 mm.
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Challenger Il (Life Extension Programme — LEP)

OBa komMnaHuja npojekToBana je W HOBY reHepauujy rpaHaTta Tuna
APFSDS, nop osHakom KE2020, koja uMma nonycaropsrbuBy 4aypy, HOBO
NpONyn3nBHO NyH-eHe U HOBY Ayrn neHeTpaTtop oA Bondgpama. C 063upom Ha
TO [Aa KMHeTu4yKka 3pHa Benvke O6p3uHe, kao wto cy APFSDS, umajy ognuyaH
edekaT NPOTMB aKTUBHUX CUCTEMa 3allTuTe, HajpepoBaTHWje Aa he pasBoj
OBaKBMX rpaHaTa npegcTtaBrbatu TpeHa y crnegehum roguHama. Nopep Tora,
KOMMaHuja pasBuja N HOBY BUCOKOEKCMMO3MBHY, BasgyLIHO-pacnpckasajyhy
rpaHaTy DM12 koja he yBecTu jow Behu cnektap Hanaga.

Pycuja, gpxaBa Koja je y3eTa Kao npumep MNOTeHUMjanHoOr nNpoTUBHMUKA
€BPOMNCKMUX apMuja, 3a CBOj TeHK Armata T-14 passuna je Ton 125 mm rnaTke
uesu 2A82 Koju MOXe ucnarbnsaT BuULLE Pa3NUUMTMX NPojekTuna, ykroy4yjyhu
n Vacuum-1, rpaHaty tuna APSFDS uuju je nenetpatop ayxuHe 900 MM u
Ba3gyluHo-pacnpckaBajyhy rpaHaty Telnik. Obe rpaHaTe pasBujeHe cy 3a
ynoTpeby y Tony 2A82. lNocToje pa3He cnekynauuje y Be3u ¢ TuM ga Pycuja
nnaHvpa y 6ygyhHocTtn onpemane teHka T-14 HoBuM Tonom of 152 mm 2A83
Kojum 6u 6mo onpemrbeH u HoBM noBal TeHkoBa BAM. Takae tonm 6uo je
pasBujeH 3a nporpam TeHka T-95 (Object 195), ann 3a caga Hema gokasa aa je
Takso onepaTtmeHO opyhe y ynoTpebu.

Kunemu4ku ymecmo eoljeHoe npojekmursia

Y Toky je pebarta koja ce Tuye ynotpebe MyHUUMje Ca KMHETUYKOM
eHeprmjom npoTMB MUHULMjE Ca XEMUCKOM €eHeprvjom 3a Hanag Ha
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oKknornsbeHe uurbese [NpeaHOCT KMHEeTUYKUX NPOojekTUNna je HUxoBa Benuka
O6p3nHa 1 moryhHocT npoboja KOHBeHUMOHanHor oknona. To je goseno ga
pa3Boja HoBux npojektuna tuna APSFDS, kao wTto cy rpaHate DM63A1 u
Orbital ATK M829A4 «komnanuje Rheinmetall. YnopegoHu pa3Boj BoheHe
MyHMUMje [OBeO je A0 pasBoja BONEHUX pakeTa Koje ce rnaHcupajy u3
TEHKOBCKOI Tona kojum je moryhe rafjatu oceTrbuBe TEHKOBCKE 06GnacTu Kao
LITO Cy BPX Kynone unu Tpyna.

KuHeTnykn npojektunu y Teopuju Hyaoe kpahu 6opbeHn aHraxmaH y
nopehemwy ca BoheHuM npojekTunuma n omoryhasajy Behun 6poj aHraxoBaHux
n ,yHmwTeHux” umrbeBa ¢ 063npom Ha Behu 6poj rpaHaTa y GopbeHom
komnnety u Opxe ucnaromBawe. Beha 6p3vHa kuHeTudkux npojektuna (5
maxa) omoryhaBa nm u 3aobunaxerwe BehvHe cucTema 3a aKTMBHY 3alUTUTY
KOju HWCy y CTawy [a [OBO/bHO Op30 OTKpMjy, Knacudwukyjy n ogroBope
npotvMB Hapgonaseher npojektuna. EBponcke apmuje cy y npouecy HabaBke
Beher Opoja MOOEpPHUX KMHETUYKMX MpojekTuna, a Hapounmto [lorbcka, Koja
3axTeBa KOMMMETHY 3aMeHy CBOjUX NPOTUBTEHKOBCKMX rpaHata DM33A2.

MpeaHocT BoheHMX NpojeKkTuna je y TOM LUTO UM Ce eKCM03UBHO A€ejCTBO
He cmarbyje NpunukoMm neta Ao ygarseHe mete. C gpyre crtpaHe, BoheHu
NpojekTUnn cy cnopuju n, npema ToMe, OCET/bMBMUjU Ha OEjCTBO aKTUBHUX
cuctema 3a 3awTuty, ann ux je moryhe HaBogutu wnn mory 6utu
camoHaBofeHn Ha oceTrbMBeE AenoBe TEHKA.

BoheHn npojekTunu naHcuMpaHu U3 LeBM ToMa, Kao LUTO CY YKPajUHCKM
Falarick 90 n 105 koju ce naHcupajy M3 TonoBa Hwxer kanmbpa Cockerill
LCRS90MP un CT-CV 105HP, nosehaBajy y4MHaKk TakBuMX TOMoBa Ha LUuIbaHe
meTe. [lorbcka je npegctaBuna HoBO oknonHo Bo3uno Wilk (Byk) Bepaujy
okrnonHor Bo3una Rosomak 8X8 onpemrbeHor kynonom Cockerill CT-CV
105HP.

Kaga ce pagm o TonoBuma Beher kanubpa, nacepcku BONEHN NPOjeKTUNn
Konus 120 mm un Kombat 125 mm omoryhaBajy npo6oj go 700 n 750 mm
BarbaHOr 4yenmka M TO M3a eKCNNO3MBHO-peakTUBHOr okrona. Kombat je
npeasufeH 3a ynotpeby ca ykpajuHckux teHkosa T-72AMT, T-84 n BM Oplot.
Pycka BoheHa paketa 9K119M Refleks Bogn ce ca TeHkoBa T-80BVM u T-
90M, ogHOCHO M3 HuxoBuUXx TonoBa Tuna 2A46M1 n 2A46M-4. 3anagHo-
€eBpOoncKe [pXaBe jol HWCy pasBune KomnaTubunHe npojekTune, Hero cy
KOHLEHTpUcaHe Ha pa3Boj BOheHUX MPOTUBTEHKOBCKMX pakeTa.
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Wilk (syk) sep3uja oknornHoe eo3una Rosomak 8X8, onpemrbeHoe Kynonom Cockerill CT-
CV 105HP

= A s T

TecmHa 8oxHa pyckoe meHka T-90M
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lpomuemeHK08CKO 80HEHO HaopyXatbe

®dpaHuycka BoheHa pakeTa cpegwer gometa Missile Moyenne Portee
(MMP) npojekToBaHa je ka0 NMPEHOCUBO OPYXje, ann ce MOXXe MOHTUpATU U Ha
Bo3uno. OBa pakeTa 3ameHuhe pakeTy Javelin y Haopyxawy dpaHLycke
BOjCKe.

Y TOKYy je mHTerpaumja pakete MMP Ha kynony Nexter Systems T40, a
npea npobHa rahawa buhe ogpxaHa Tokom 2018. 1 2019. rognHe. OBa kynona
buhe yrpafeHa Ha BUWEHAMEHCKO OKMOnMHo Bo3uno Jaguar 2020. roguHe.
Paketa MMP nonyheHa je u AycTtpanuju y okBupy weHor nporpama Land 400
Phase 2.

Typcka komnaHuja FNSS npukasana je cBojy NPOTUBTEHKOBCKY AarbMHCKM
ynpaBrbaHy kynony — Anti-Tank Remote Controlled Turret (ARCT) TokoMm Maja
2017. roguHe. OBom Kkynonom Ouhe HaopyxaHa HOBa reHepaumja TYPCKMX
NPOTMBTEHKOBCKMX Bo3una. Kynona he nmaTtu nap npoTUBTEHKOBCKUX BONEeHNX
paketa (MTBP), pyckn Kornet-E wnn Ttypckn OMTAS, kao n mutpar-e3 7.62
MM.

Pycwja npegeuha yrpagwy MNTBP Tuna Kornet Ha cBoja TakTudka BO3una
Tvna 92 9P163-3 Tigr, Ha kynony Epoch kojom je onpemrbeHo 6op6GeHO BO3MMIO
newagunje Bumerang, rycenndap Kurganets n Tewko 6opbeHo BO3UNO
newapgunje T-15. MNpegsuha ce nopacT Opoja OKMONHUX W OpYrMx BO3una Ha
kojuma he 6UTM omoryheHo MOHTMpare MPOTUBTEHKOBCKMX BOFNEHWX pakeTa
Kornet-P/E n Kornet D/EM .

YUnanuue HATO-a koje cy y nocnegwe ABe AeleHuje bune aHraxoBaHe y
acMMeTpMYHMM onepauujama nNpoTvMB NobyweHuka cafja ce ybpsaHo Bpahajy
Ha KOHBEHLMOHANHE MPOTUBOKITONHE KOHLienuuje 30or ,nojayaHnx npeTwun” ca
NCTOKAa n3asBaHMx cykobuma y YkpajuHu. EBponcku n HeeBponcku gobasrbaun
Tpaxe npoduT y OBOj cuTyaumju. W3paencka komnaHuja Rafael npeko
Eurospike, cBoje komnaHuje y EBponu, nokywasa ga npoga cBoje NpoOTUB-
TeHKOBCke BOfeHe pakeTe Tuna Spike Ha WCTOYHOEBPOMNCKOM TPXMLUTY.
Ouekyje ce ga he nomeHyTa KoMnaHuja notnucaTn yroBop ca JlntBaHujom o
onpemaky NUTBaHCKMX Bo3una Boxer paketama Spike Long Range, a Beh je
notnucana yroBop ca XpBaTCKOM O OMNpemary ocaM XpBaTCKUX OKIOMHUX
mMoaynapHux Bosuna. KomnaHuja arpecuMBHO HacTyna W Ha TpxuwTuma
CnoseHunje n PymyHuje. Ncto pagu n komnanuja Raytheon/Lockheed Martin
Koja je Beh yrosopuna npogajy csojux MNTBP Javelin Yewkoj, EcToHujn n
IntBaHmju.

Pakeme u GarbUHCKU yrpasrbaHe opyxHe cmaHuue

Mako je npoTtuBoknonHa 6opba npuvmapHa cTaBka Yy MoAepHu3auumju
OpY)XaHMX CHara eBpOMNCKUX ApXaa, pagu Ce M Ha nonykwaBaky NpasHuUHE
nameny MTBP n opyxja mawer kanubpa, Kao LWITO Cy ayTOMaTCKM TOMOBU U
pakeTe.
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Paketa CiRit 70mm Typcke komnaHwje Roketsan, npBOOUTHO HameleHa
3a ynoTpeby Ha aBuoHuMMa, npunaroheHa je ynoTpebwu Ha cuctemy koju je
MOHTMpaH Ha Bo3uno. Pagum ce o cuctemy koju wucnarbyje pakete ca
nonyakTVBHUM CUCTEMOM BOfewa ca 4YeTBOpoueBHMM naHcepom. OBakaB
NaHcep MOHTMpPaH je Ha TaKTU4Ko oknonHo Bo3uno Nurol makina 'y
KOHurypaumjm 4X4.

CnuyaH cuctem MOHTMpaH je Ha nako m3Buhauyko Bo3wuno Supacat ca
paketama 70 mm n3 cepuje Nammo M282.

Mopen nakmx pakeTHUX cuctema, y EBponu ce cBe Buwe passujajy
JarbMHCKU ynpaBrbaHe opyxHe cTtaHuue (AYOC). Typcka komnanuja Otokar
npukasana je csojy AYOC Mizrak ca ctabunuzoBaHuM ayToOMaTCKMM TOMOM
MK44 oag 30 mm wu napom [MTBP Tuna L-UMTAS. CnuyHo pellene
npeacrasrba u kynona Bozok-25 MKT onpemrbeHa tonom M242 of 25 mm koju
3HaTHO noBehaBa BaTpeHy MON OKMOMHOr TpaHcrnopTepa newaguje Arma y
KOHpurypaumju 6X6.

CnoBeHa4ka komnaHuja Valhalla Turret HegaBHoO je ob6jaBuna ga pagu Ha
pa3Bojy AarbUHCKM ynpasrbaHe opyxHe ctaHuue Hildgard 57 Medium Remote
Gun System onpemrbeHe Tornom L/76.6 ca pyckor By4HOr NpOTMBBa3AyLUHOT
Tona S-60. Oa [IYOC moxe ce nopeantm ca pyckum cuctemom AU-220M
Baikal.

YBohewe TOna 40 mm ca Teneckonckom MyHuumjom CTAS (Case-
Telescoped Armament Systems) y Haopyxawe oknonHor 6opbeHor Bo3una,
TMna GpuTaHckor Ajax un cpaHuyckor Jaguar EBRC, poewhe [o Benuke
npomMeHe y BaTpeHoj Mohu oBOr Tuna oknonHux Bosuna. [paHaTta og 40 Mm
nmMa 4Yak 4yetmpu nyta Behy ekcnnosumBHy cHary of rpaHate 30 mm. Benuka
BpuTaHuja je mopydmna 4ak HEKONMKO CTOTMHa OBakKBMX TomnoBa kojuma he
O1TK HaopyxaHa oknonHa Bo3una Scout n Warrior.

Cnojesumo npexusrbagame

Ca pasBojeM ybojuToCT TOMOBa U pakeTa pasBujajy ce M HOBM TUMOBMU
oKnona, akTUBHW CUCTEMU 3awTute U Apyrn obnuum onpeme Koju 4mHe
,CITOj€BUTO NpexuBIrbaBamwe”.

KoHuenT ,crnojeBuTor npexusBrbaBaka” onucyje KOHUEHTPU4YHe criojeBe
3awTnTe oko Bo3wna. lpeBu cnoj je ,He Oyam BuheH” Kojum ce mackupa
okrnonHo 6opbeHo Bo3uno. [dpyru cnoj npeactaBrbao 6w KoHuenT ,He Oyam
norofen” n Ty yckady ,meku” u ,TBpan” CUCTEMM 3a aKTUBHY 3aLUTUTY KOju ce
KopucTe 3a oabpaHy of Hagonasehux npojektuna kao wto cy NTBP u pakeTe.
Tpehu cnoj 6uo 6u ,He BGyam npobujenr”, a pokycmpa ce Ha OTMOPHOCT OKnona
Ha neHeTpaunjy 6ojeBe rnaBe BOhHEHe pakeTe MM KMHETMYKOr MpojekTuna.
Mocneawn cnoj je ,He Oyan yHUWTEH”, KOjU CMyXW 3@ yMakwehe LTeTe no
BO3MMO M nocagy y cny4ajy npobujarma BO3una pakeToM WKW KUHETUYKUM
NPOjEKTUIIOM.

461

Vuckovi¢, D., SAVREMENO NAORUZANE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.452-464



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 2

Pa3Boj y obnactu npBor crnoja ,He Oyan BufeH” kpehe ce y npaBuy
ynpaBbakba OTKPMBIBLMBMM  3payewMma ca Bo3wna y  obractuma
MHcppaLpBeHor, pagapckor n 3By4yHor cnektpa. KomnaHnnja Saab passuna je
MoGunHM npekpuBad Barracuda Mobile System (MCS) koju 6u morao ga ce
KOPUCTM Yy BO3unMMa crneuujanHux jeguHuua, a morao 6m 6utn noHyheH wu
Ayctpanuju y okeupy nporpama Land 400 Phase 2.

MoburnHa npekpuska Barracuda Mobile System (MCS) Ha meHky Leopard 2

BpuTaHcka apmuja ognyyuna je ga Habasu npekpuBke Tuna Barracuda 3a
cBoja Bo3una Ajax kojy he y oBoM crniyyajy OuTuM cacTtaBHM [eO onpeme
Bo3una. TeHkoBu Leopard 2, y cactaBy opyxaHux cHara KaHage, [aHcke u
Hemauke, 6uhe onpemrbeHn OBUM MaCKUPHUM CUCTEMOM.

Mo nuTtawy cnepgehux crojeBa 3awTuTe, dpaHuycka komnaHuja Nexter
Systems ognyyuna je ga csoje 6opbeHo Bo3uno newapguje Vehicule Blinde de
Combat d infanterie (VBCI) onpemu peluieTkacTMm OKIONOM pagu 3awituTte o4
paketa pyyHux Oauava. OBa Bo3una Guhe onpemsrbeHa U CUCTEMOM 3a
omMeTake MMMNPOBM3OBAHMX EKCMITO3UBHMX HanpaBa M AOAATHMM 3alTUTHUM
OKJTONOM ucnog Bo3una.

Benuka BbpuTtaHuja ce, no Tpaguuumju, ocnawa Ha OKIoN Kao npuMapHu
enemMeHT NpexuBIbaBaka BO3MIA, YeCTO Ha LWTeTy MobunHocTu. OKMomnHo

462



Bo3uno Warrior nobvuno je HoBM MOAyNapHU OKIoN ca AOAATKOM KepaMUYKMX
nerypa.

Morbcka je y meflyBpemeHy passBuna ABe MoAepHU3OBaHe Bep3nje TeHka
T-72, o3Haka PT-17 n PT-91M2. TeHk PT-17 onpemrbeH je mogynapHuUm
KOMMO3WTHUM OKIMOMNOM Ca Mnovyama Ha npearoj W 3adH0j CTPaHW, Kao U Ha
B6oYHUM AenoBMMa TeHKa, 3aTUM peLueTKacTMM OKMOMOM Ha 3aAH0j CTpaHu,
OKINOMHUM CTpaHuuama Koje NoKpmBajy TOYKOBE U CMCTEMOM 3a yrno3opaBane
oA nacepckor 3padewsa OBRA-3. Tenk PT-91M2 onpemrbeH je gogatHuMm
peLLeTKacT!M OKMOMOM KOju ce Hanasu Ha 3afh0j CTpaHu Kynone u Tpyna, 6es
BOYHMX OKNOMHMX CTpaHa, ann n 6e3 MoaynapHUX OKIOMNHWUX Mrova. YMecTo
TOra, TEHK je ONpeMIbeH eKCrnro3MBHO-peakTUBHUM okronomM tnuna ERAWA-1 1
ERAWA-2 Ha 6Go4yHMM cTpaHama M Ha Kynomu, Koju ymamwyjy neHeTpauujy
KymynaTtuHux npojektuna u ao 70%.

Kapa ce pagu o cuctemmma akTuBHe 3awTute, Tpeba pehu ga esporncke
JpxaBe nounkwy [a pasBujajy HOBe TexHororvje, ann u aa Moandukyjy
nocrtojehe cucrteme. Hemauka je npukasana cBoj MynTUAYHKLUNOHANHU camMo-
3awTtuTHM cuctem (Multifunction Self-Protection System — MUSS) koju je
HaMeh-eH 3awWTnTn HoBMX GopbeHux Bo3mna newaguje Puma. OBaj ,Mekun”
CMCTEM 3allTUTe KOPUCTU CUCTEM yrno3opasara Of Nacepcke 03padeHocTu u
ynTparbybuyactu ONTUYKM AETEeKTOp OTKpMBaka MnaHcupakwa pakeTa paau
npahewa n kateropmsauumje NTBP, myntucnekTpanHe gnmHe rpaHaTe Koje ce
naHcupajy ca Bo3una C UWbeM da Mackupajy u omeTtajy Hagonasehwu
NPOTUBTEHKOBCKWN MPOjEKTUIT.

Mopepn Tora, jegaH 6poj eBpoOMNCKUX 3emMarba WHBECTMPA Yy TexHororuje
L,4BPCTUX’  aKTMBHWX cucTemMa 3awTute. Hemadka komnaHuja ADS
npojekToBana je ,4BPCTM’ aKTMBHW CUCTEM 3allTWTe MNO4 O3HaKOM aKTUBHU
cuctem 3awTtute. OBaj ypehaj npecpehe Hagonasehe pakeTe Ha garbMHama
oA 1 Ao 2 meTpa og 3awTuheHor Bosuna nytem vcnarbmeaka nNpoTUBMeEpa.
CBaka of naHcvpaHux NpoTvBMepa cacToju ce of TPU eKCMno3nBHa MyHena
Koja npecpehy npojekTune U3 BuLe npasaua, ykibyyyjyhu n oHe Koju Hanagajy
BPX Kynone.

Cuctem je ycnewHo TecTMpaH MpPOTMB LUMPOKOr CNeKTpa opyxja,
ykbyuyjyhn pyckn MNTBP Kornet, pyyHn paketHn 6auay RPG-7, amepuyku
MTBP TOW2, weencku MTBP BILL 1, kao n pyy4Hn pakeTHuM Gauay AT4.
Cuctem je ncnpobaH y Buwe og 300 BaTpeHUx TecToBa y Kojuma je npecpeo
Tpu pycka NTBP Kornet, 535 paketa RPG-7 u net NMTBP TOW2. OTkpuBare
Hagonasehux npojekTuna m3splleHo je y 95% cnydajeBa, AOK je npecpeTare
ycnewHo usspLieHo y 85 o 90% cnyyajesa ca NMTBP ny 80% cny4ajeBa kaga
Cy NUTamwy pakeTe pyyHMX pakeTHMx Hauaya.

OBaj aktuBHM cuctem opbpaHe (AC[) Beh je npomat Manesuju 3a
ynoTtpeby Ha wuxoBMM TeHkoBuMa Leopard 2SG. Hemumn TBpae Aa je HuxoB
AC[] yak edoukacHuju o nspaenckor cuctema Trophy Koju je jeauHu TectmpaH
Yy paTHMM ycrioBuma.
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Typcka komnaHuja Aselsan HacTaBrba ca pasBojeM CBOr ,JBpcTor”
cuctema aktuBHe opbpaHe AkKor Koju je nnaHvpaH 3a yrpagwy Yy HOBM
aomahu TeHk Altay, nako TO jow Huje 3BaHU4YHO ofnydyeHo. Cuctem je moryhe
yrpaguty M Ha gpyra OKMomnHa BO3Wfa Koja ce Hanase y apceHany Typcke
BOjCKe.

Tokom peuembpa 2016. roguHe XonaHauja je ckronuna yroBop ca
KomnaHujom BAE Systems pagu yrpagwe wmspaenckor ,4BpcTor’ cucrtema
akTuBHe opnbpaHe Iron Fist Ha cBoja 6opbeHa Bo3una newaguje CV9035, a
NpBO TakBO BO3UNO npukasaHo je 2017. rogmHe. OHa je NpBa eBporcka 3eMrba
Koja je yrpaguna cucteM akTueHe opabpaHe Ha cBoja 6opbeHa Bo3una
newaauje.

Hpaeax M. Byukosuh (Dragan M. Vu&kovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: @http://orcid.org/0000-0003-1620-5601
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Mo3mB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKL ONTA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

no3nB U YNYTCTBO AYTOPUMA O HAYUHY NMPUMNPEME YJ1AHKA

YnyTcTBO aytopuma O HayvHy npunpeMe 4naHka 3a objaBrbuBare Y
BojHomexHu4ykom enacHuky ypafheHo je Ha ocHoBy AkTa O YypehuBawy HayyHUX
yaconuca, MwuHMCTapcTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje,
eBuaeHuUmoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MpumeHa osor AkTa
NPBEHCTBEHO CMyXKn yHanpehewy kBanuTeTa gomahmnx yaconuca n HUXoBOr NOTNyHWjer
yKIbyumBawa y MeflyHapogHu cucteMm pasmeHe HayydHux Hdopmaumja. 3acHOBaHoO je Ha
mehyHapogHum ctangapamma ISO 4, 1ISO 8, I1ISO 18, ISO 215, ISO 214, 1SO 18, ISO 690,
1ISO 690-2, ISO 999 n ISO 5122, ogHocHO oaroeapajyhum gomahum ctaHgapanva.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo usgawe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MynTMAMCUMNIIMHAPHM HAy4YHU 4Yaconuc
MwuHuctapctBa ogbpaHe Penybnuke Cpbuje, koju objaBrbyje Hay4yHe U CTpy4YHE UIaHKe,
Kao M TexXHW4Ke MHpopMaumje O CaBpeMEHMM CUCTEMMMA HAopyxawa U CaBpeMEHUM
BOjHMM TexHonorujama. Yaconuc npaTtv jeAVHCTBEHY MHTEPBUAOBCKY TEXHWUYKY MOAPLUKY
Bojcke Ha npuHUMNY NOTUCTUYKE CMCTEMCKe NogpLuke, obracTn OCHOBHUX, MPUMEHEHNX
N pasBOjHUX MCTpaxuBaka, Kao M MPOM3BOAHY U ynoTpeby cpefdcTaBa Haopyxarwa U
BOjHe onpeme, Te oOcTana Teopujcka M MpakTMyHa pJdocTurHyha koja AponpuHoce
ycaBplUaBaky CBMX MpUNagHvWKa cprcke, pernoHanHe v MefyHapogHe akagemcke
3ajegHuue, a nocebHo npunagHuka MuHmuctapctea oabpaHe n Bojcke Cpbuije.

MuHMCTapcTBO npocBeTe, Hayke W TexHomowkor passoja Penybnuke Cpbuje,
carnacHo oanyum m3 ynaHa 27. ctaB 1. Tayka 4), a no npmbaBrbLEHOM MULLIbEHY U3
ynaHa 25. ctaB 1. Tadyka 5) 3akoHa O Hay4HoucTpaxuBadkoj aenaTHocTu (,CnyxbeHn
rnacHuk PC”, 6p. 110/05, 50/06-ucnp. n 18/10), yTBpAMNO je kaTeropusauujy
BojHoTexHuukor rnacHuka, 3a 2016. rognHy:

3a 0b6nacT TEXHOMNOLLKM pa3Boj:

— Ha IUCTM Yacomnuca 3a MaTtepujarne U xeMujcke TexHororuje:

kaTeropuvja Bogehu Hay4HM Yaconuc HaumoHanHor 3Havaja (M51),

— Ha NUCTU Yaconuca 3a efieKTPOHUKY, TerleKoMyHuKauuje u nHcdopmaumoHe
TexHonoruje:

KaTeropuja Hay4yHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NUCTM Yaconuca 3a MaLUHCTBO:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

3a 0bnacT OCHOBHa UCTPpaXuBama:

— Ha NIUCTK Yaconuca 3a MaTemMaTuky, padyHapcke Hayke U MeXaHUKY:

KaTeropuvja Hay4YHu 4aconuc HaumoHanHor 3Ha4vaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2016. roguMHy mory ce BuOETW Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwHucTapcTBo
npocBeTe, Hayke M TEXHONOoLWKOr pasBoja Penybnuke Cpbuje jow yBek Huje 06jaBuno
3BaHWYHy kaTeropusauujy Hay4Hux Yaconuca 3a 2017. roguHy).

HeTtarsHuje uHopmauuje mory ce npoHahu un Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHomnowkor passoja Penybnuke Cpbuje.
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Mopaum o kateropusaumjym mory ce npatutn n Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja yaconuca nsspLueHa je npema MpaBUnHUKY O NOCTYMKY U HAUYMHY
BpedHOBaka W KBAHTUTATMBHOM MCKa3vBaky HAy4YHOUCTPaXMBavkmx pesyntaTa
ncTpaxueaya, Koju je nponucao HaunoHanmHW caBeT 3a Hay4YHW M TEXHOMOLUKN pasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBUM MPaBUITHUKOM M TaberioM 0 BPCTU M KBaHTUMMKaLMU MHAMBUAYAMHNX
Hay4YHOMCTPaXMBaYKNX pesynTaTa (y cactasy [paBunHuka), objaBreeHu pag y BojHoTexHU4KoM
rmacHyKy BpeaHyje ce ca 2 6oga (kateropuja M51) u 1,5 6og (kateropuja M52).

Yaconuc ce npatu y koHTekcty Cpnckor umTtatHor mHaekca — CUWMHoekc (6asa
nogartaka gomahmx Hay4yHuX yaconuca) u Pyckor nHaekca HaydHor uutmpawa (PUHLL).
MoaBprHyT je cranHoMm BpedHOBawy (MOHUTOPWHIY) Yy 3aBUCHOCTM Of YTULAJHOCTM
(vmnakta) y camum 6asama u, nocpegHo, y meRyHapogHum (Clarivate Analytics)
uMTaTHMM  uHAekcuma. [leTarbM O MHAEKCUpawy MOry ce BuMAETM Ha  cajTy
BojHoTexHW4YKor rnacHvka, cTtpaHula MHdekcupare Yacornuca.

BojHoTexHuukn rmacHuk omoryhaBsa w  npumewyje Creative Commons
(CC BY) ogpenbe o aytopckum npaBuMMa. [leTarbM O ayTOpPCKMM MpaBuMMa MOry ce
BMOETU Ha CajTy Yaconuca, cTpaHuua Aymopcka npaesa U noaumuka camMoapxusuparsa.

PapoBn ce npedajy nytem OHMajH cuUCTeMa 3a €EMEKTPOHCKO YypehuBare
ACUCTEHT, koju je passuo LleHTap 3a eBanyauujy y obpasoBary 1 Hayum (LLEOH).

MpucTyn u pernctpaumja 3a cepBuC BpLUe ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wnn  CUMHOEKC, oOOHOCHO  OWPEKTHO Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[eTtarbHO ynyTcTBO O perucTpaumjy 1M npujaBu 3a CepBUC Hamna3n ce Ha cajty
www.vtg.mod.gov.rs, cTpaHvua Ynymcmeo 3a e-Yp: EnekmpoHcko ypehusamwe —
ACUCTEHT.

MoTpebHO je Ja ce cBM ayTopu KOjU MogHoce pykonuc 3a objaBrbuBame Y
BojHoTexHuuykom rnacHuky permuctpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuum cajta Peeucmpayuja 3a Oobujarse ORCID
udeHmucgbukayuUoHe wugpe.

BojHOTEXHMYKM NacHUK O6jaBrbyje YnaHKe Ha CPrICKOM, PYCKOM W EHINECKOM je3WKy
(arial, cpncka hupunuua unu cprncka naTmHuua, BenuuuHa cnosa 11 pt, npopea Single).

Moctynak npunpeme, nucara n ypefueawa unaHka Tpeba ga Gyae y carmacHocTh ca
W3jasom o0 emuykom nocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba ga cagpxu caxeTak ca Kiby4HUM peunma, YBOA, pas3pajy, 3aKkibyyak,
nuTepaTypy 1 pes3umMea ca Kiby4HUM peyrma Ha eHrNECKOM M PYCKOM je3nky (6e3 Hymepaumje
Hacnosa M nogHacnosa). Obum ynaHka Tpeba ga Gyae oko jegHor aytopckor Tabaka (16
cTpaHuua opmata A4 ca npopenomM Single), a HajeuLLe 24 cTpaHuLe.

UnaHak Tpeba pna Oyne HanmcaH Ha obpacly 3a nucawe 4naHka, Koju ce y
€1eKTPOHCKO] hopMmM MOXe Mpey3eTu ca cajTa Ha ctpanvum Obpa3say 3a nucarbe YnaHka.

Hacnos

Hacnos Tpeba aa ogpaxaBa Temy 4naHka. Y MHTepecy je yaconuca un aytopa aa ce
KOpUCTE peyn NpuknagHe 3a UHAEKCcUpare U NpeTpaxuBake. AKO TaKBUX peYn Hema y
HacrnoBy, NOXeIbLHO je Aa ce npuaoda u nogHacnos. Hacnos Tpe6a na 6yae npeseeH u
Ha EHrMEeCcKN U PyCKU je3uK.

OBWU HacnoBu UCMNKCYjy Ce Ucnpes caxeTka Ha ogroBapajyhem jeauky.
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Tekyhu HacnoB

Tekyhn HacrnoB ce ucnucyje ca CTpaHe CBake CTpaHuLUe YnaHka paav nakule
naeHTudukaumje, nocebHo konuja unaHaka y enekTpoHckoM obnuky. Cagpxu npesvme u
MHUUMjan MMeHa ayTopa (ako ayTopa MMa Bulle, npeoctanu ce o3HayaBajy ca et al.*
unu 1 ap.“), Hacnoee paga u Yaconuca u konauujy (rognHa, BONTlyMeH, CBECKa, NoveTHa
1 3aBplUHa cTpaHuua). Hacnosu yaconuca v YnaHka mMory ce Aatu y ckpaheHomM obnuky.

Ume ayTopa

Hasogam ce nyHo ume 1 npesume (CBMX) ayTopa. Beoma je noxersHo Aa ce HaBedy
N cpefdwa crnosa aytopa. ViMeHa u npesumeHa gomahux aytopa yBeK ce ucnucyjy y
opuvrnHanHoM obnuky (ca CpnckuM AUjakpUTUHKMM 3HaKOBMMA), HE3ABUCHO Of je3uka Ha
KOjeM je HanucaH pag.

HasuB yctaHoBe ayTopa (achmnujauuja)

Hasogwu ce nyH (3BaHW4HW) HA3MB M CeauLUTe YCTAHOBE Yy KOjOj je ayTop 3arnocreH, a
€BEeHTyanHo M Ha3vWB YCTaHOBE Y KOjoj je ayTop 06aBuvo UCTpaxuBame. Y CrOXEHUM
opraHusauMjamMa HaeBogu ce ykynHa xujepapxuja (Hnp. YHuBepauteT opbpaHe y Beorpagy,
BojHa akapemwuja, Kateopa npupogHo-matemaTtndkvx Hayka). bap jenHa opraHusauuja y
Xujepapxvju mopa OuTM npaBHO nuue. AKO ayTopa MMa BULLE, @ HeKW MOTUYYy U3 uCTe
ycTaHoBe, Mopa ce, MocebHMM O3HakamMa WnM Ha ApYrv HayvH, HasHauMTu U3 Koje of
HaBedeHMX yCTaHOBa MOTMYe CBakM Of HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKUMja 1 3BaHe ayTopa Ce He HaBode.

KoHTakT nogauu
Agpeca unu e-agpeca CBMX aytopa aje ce nopes MMeHa 1 npesumeHa aytopa.

KaTteropwuja (Tun) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuWTBa M Of MocebHe je BaKHOCTM.
KaTeropujy unaHka mory npegnaratm peueH3eHTW W YnaHoBW YpegHWLITBA, OOHOCHO
ypeaHuum pybpuka, anu OQrOBOPHOCT 3a KaTeropvsauujy CHOCU WCKIbYYMBO [MaBHU
ypeaHuK.

YnaHuwm y Yaconucuma ce pasBpcraBajy y cnegehe kateropuje:

HayuyHn unaHum:

1. opurMHanaH Hay4Hu YnaHak (pag y kojem ce n3Hoce NpeTxofHo HeobjaBrbnBaHu
pesynTaTi CONCTBEHWNX UCTPaXuBama Hay4HUM METOAOM);

2. npernegHu YnaHak (pag Koju cagpXu opurMHanaH, getarbaH U KpUTUYKK nprkas
ncTpaxusaykor npobnemMa wnu nogpyyja y kojem je aytop ocTtBapuo ogpeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

3. KpaTKo UM NPeTxXodHO caonwTerwe (OpUrMHanHW Hay4YHu pag nyHor dopmaTa,
anun marer obuma nnm NpenUMMUHapHOr KapakTepay);

4. HayyHa KpWTMKa, OAHOCHO nornemwuka (pacnpaBa Ha ogpefeHy HayyHy Temy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u ocBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe WuMaTty obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOT u3dawa HayyHe rpahe (MCTopujcKo-apXmBCke,
nekcukorpadcke, bubnuorpadcke, npernega nogataka U Cn.) — OoTad HemosHate unm
HEe[0BOSbHO MPUCTYNaYHe 3a Hay4YHa UCTPaXKMBaHa.

PapoBu knacudukoBaHn Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieH3uje.

AKo ce y yaconucy objaBrbyjy ¥ Npuo3n BaHHay4yHOr KapakTepa, Hay4YHu uYnaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.
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CTpyyHM ynaHuym:

1. CTPyYHM 4naHak (Npuror y Kojem ce Hyde MCKycTBa KOpuCHa 3a yHanpehene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3aCHOBaHa Ha Hay4YHOM METOAY);

2. UHbopmMaTMBHU Npurior (YBOAHWK, KOMEHTap 1 cn.);

3. npukas (KwUre, padyHapckor nporpama, criyyaja, HayyHor gorahaja, v cn.).

Je3uk papa

Jesunk paga moxe BUTK CPMCKK, PYCKU UMW EHINECKM.

TekcT Mopa GUTU je3anyKkM 1 CTUICKM AoTepaH, cuctematnsosaH, 6e3 ckpahexuua
(ocum ctangapaHnx). Cee dusuyke BenuunHe mopajy 6utn uspaxeHe y MefyHapogHom
cucteMy MepHux jeamHuua — Sl. Pegocnen obpasaua (dbopmyna) o3HayaBa ce peaHuM
6pojeBuMa, ca gecHe CTpaHe y OKpyrmivMm 3arpagama.

CaxeTak (ancTpakT) u pe3ume

CaxeTak (ancTpakT) jecTe kpaTak MHopMaTuBaH npukas cagpxaja YnaHka Koju
ynTaouy omoryhaBa ga Op30 M TayHO OLEHW H-ErOBY PerneBaHTHOCT. Y UHTepecy je
ypegHvWTaBa M aytopa [a CaxeTak CaapXu TepMMHEe KOoju ce 4YeCcTo Kopucte 3a
MHAeKcUpake 1 npetpary unaHaka. CactaBHW OenoBu caxeTka Cy LWrib UCTpaxuBara,
MeToaun, pe3ynTtatu 1 3akrbydak. Caxetak Tpeba aa nma og 100 go 250 peum n Tpeba fa
ce Hanasu usmefy 3arnaerba (Hacrnos, UMeHa ayTopa W Ap.) U KIbYYHUX peyun, HaKOH
KOjuX crieam TeKCT YnaHKka. AKO je paf HanncaH Ha CPMCKOM Wi PYCKOM je3UKy, NOXeIbHO
je Aa ce, nopepd caxeTka Ha CPNCKOM M PYCKOM, Aaje U caxeTak y npoLMpeHoM obnuky
Ha EeHryieckoMm jesuky — kao T3B. pe3ume (summary). OBakaB pe3vme Tpeba ga 6yge Ha
Kpajy 4naHka, HakoH oferbka Jlutepatypa. BaxHo je ga pesnme 6yae y CTpyKTypupaHoM
0o6nuky, a erosa ayxuHa moxe 6utn go 1/10 gyxmHe ynaHka (ONWKWPHKUjK je of caxeTka
ca noyeTka 4naHka). lMNoyeTak oBor peammea Moxe O6MTV NpeBefeHn caxeTak (ca noyeTka
ynaHka), a 3aTum Tpeba Aa crnepe npeBedeHu rMaBHM HAcNoBW, NMOAHACOBU U OCHOBE
3aKrbyyKka YnaHka (nmutepaTypa ce He npesoaw). [ToTpebHo je ga ce y CTpyKTypupaHoM
pesvmMey npeBede M Aeo TeKCTa MCMOA Hacrosa M nogHacnosa, Bogehu pavyHa ga oH
6yde nponopuuoHanaH HhUX0BOj BEMMYMHK, @ Aa ogpaXasa CyLUTUHY. HakoH peavmea Ha
€HINeckoM je3nky (NpoLuMpeHor caxeTka) JoAaje ce HeroB NpeBod Ha cprnckom, Aa ou
pepakuuja nsspLunna NpoBepy 1 NeKTypy.

KrbyuHe peun

KrbyyHe peun cy TepmumHu unu dpase Koje agekBaTHO npeacTaBrbajy caapkaj
ynaHka 3a notpebe uHgekcupara 1 npeTpaxusara. Tpeba nx gogerousatu ocnamajyhu
ce Ha Heknm mehyHapooHu u3Bop (MOMWUC, PEYHWK UMM Te3aypyc) Koju je Hajwmpe
npuxeaheH uMnuM yHyTap gate HayyHe obnactu. 3a HMnp. Hayky yonwTe, TO je nucTa
KIby4HUX peun Web of Science. Bpoj kibyuHux peun He moxe 6utm Behm og 10, a y
MHTEpPECY je ypeaHWLITBa U ayTopa [a Y4YecTarnocT wuxoBe ynotpebe Oyae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH unaHak (CaxkeTak) U Ha eHrneckom
jesnky. Y unaHKy ce nuLly HEMOCPEAHO HAKOH CaXeTka, OOHOCHO HaKoH pe3nmMea.

Cnctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
EKCTPaxoBake KIbYYHUX peys M3 OUCLMNIMHApHUX Tesaypyca/pedHuka no u3bopy u
PYTUHe 3a HMXOB ogabup, Tj. NpuxBaTake OOHOCHO oabauvBare of CTpaHe ayTtopa
n/vnu ypeaHuka.

[aTtym npuxBaTawa 4naHka
[aTtym kaga je ypeOHWLWTBO NPUMUIO YnaHak, AaTyM Kaja je ypeaHWLTBO KOHa4Ho
npuxBaTWUNO 4naHak 3a objaBrbvMBake, kao M JaTtymm kaga cy y MehyBpemeHy
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[AOCTaBIbeHe eBeHTyarnHe ucnpaske pykonuca HaBoje Ce XPOHOMOLLKMM pefocnenoMm, Ha
cTarnHoM MecTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0O4HOCHO Ha3MB Mporpama y OKBMPY KOjer je YnaHak HacTao,
Kao U Ha3WB WHCTMTyUMWje Koja je dmHaHcuMpana npojekat unu nporpam, HaBOAu ce y
noce6HOj HaNOMEHW Ha CTanHOM MeCTY, Mo NpaBuny Npu gHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y MpeTxofHoj Bep3uju GMo U3NOXEH Ha CKyny y BUAY YCMEHOT
caonwTewa (No4 MUCTUM MNU CAMYHUMM HacroBoOM), nopatak o Tome Tpeba ga Gyae
HaBedeH y nocebHoj HamomeHu, NO NpaBuny Npu AHy nNpeBe cTpaHe YnaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHMYKOM rnacHUKY
(MpewTamnatu), HA NOA CIMYHUM HaCIOBOM U M3MEHEHOM OBIUKY.

TaGenapHu u rpachmykmn npukKasm

MoxersHo je Aa HacnoBwu CBUX Npukasa, a No MoryhcTBy M TeKCTyanHW cagpxaj,
6yay AaTv ABOje3NYHO, Ha je3nKy pafa U Ha EHIMEeCKOM je3unKy.

Tabene ce nuLy Ha UCTU HAYMH Kao M TEKCT, @ O3Ha4aBajy ce pegHuM GpojeBuma
ca ropmwe cTpaHe. PoTtorpaduje n LpTexmn Tpeba ga Oyay jacHu, npernegHy 1 NOrogHM 3a
penpoaykuujy. Llptexxe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTK Ha KEIbEHO MECTO Y TEKCTY.

3a cnvke n rpadunkoHe He CMe Ce KOpPUCTUTM CHUMakK ca eKkpaHa padyHapa
nporpamMa 3a npuKynibake nogaraka. ¥ camom TeKCTY YnaHKka npenopydyje ce ynotpeba
cnuKa u rpadmkoHa HenocpegHo U3 nporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoRhewe (untupame) y Tekcty
HaunH nosmBaka Ha M3BOpe Y OKBUPY YraHka mopa 6utun jegHoobpasaH.

BojHoTexHM4YKM rmacHuK 3a pedepeHumpare (LMTupawe u HaBohewe nutepartype)
npumeryje XapBapAcku cuctem pedepeHLumn, OAHOCHO XapBapAcKku NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y OOMYHUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MOo3uBame, OOQHOCHO UMTMpame nutepartype
HabpojaHe Ha kpajy YnaHka, o6aBe3Ho y 0O6MYHOj 3arpaan HanucaTy Npesume LMTupaHor
ayTopa, roguHy nsgama nybnukaumje M3 koje uuTuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynyTCTBO O HayMHy LMTMpara, ca NpMMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupyd4HUK 3a cmus. MNoTpebHo je aa ce nosmBake Ha
nuTepaTypy y TEKCTy ypaau y ckrnagy ca MOMEeHYTUM YynyTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTtupara) y TEKCTY KOpUCTU
cneuunjanHy anatky CiteMatcher: oTkpuBarwe U30CTaBIbEHMX LMTaTa y TEKCTy paga u 'y
nonucy pedepeHuum.

HanomeHe (¢pycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hamnasu TeKCT Ha Koju ce oaHoce.
Mory cagpxati mame BaxHe AeTarbe, JOMNyHcKa objallera, Ha3Hake o KopuwheHum
n3sopmma (Ha npumep, Hay4Hoj rpafu, npupyyYHuUmMma), ann He mMory GuTu 3ameHa 3a
LUMTUpaHy nuteparypy.
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IucTa pecepeHumn (nutepartypa)

LintupaHa nutepatypa obyxeaTta, no npasuny, Gubnuorpadcke m3sope (4naHke,
MoOHorpadmje 1 cn.) U gaje ce UCKIbY4MBO Yy 3aceOHOM oferbKy unaHka, y Buay nucre
pedepeHun. PedepeHue ce He npeBofe Ha je3unk paga v Habpajajy ce y nocebGHom
oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMAcHUK, KAa0 Ha4yMH MCnuca nuTepaType, NpumMekbyje XapBapacku
cucteM pedpepeHun, OOHOCHO XapBapAcku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBe3HO nuile Ha naTMHWUYHOM NUCMy M Habpaja no abeuenHom
pepocneny, Hasoaehu Hajnpe npesumeHa aytopa, 6e3 Hymepauyje.

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

HecTtaHgapaHo, HEMOTMYHO UNKU HegocneaHo HaBohewe nuTepaTtype y cuctemmnma
BpedHOBaka vaconuca cmartpa ce [AOBOSbHMM pasfnoroM 3a OcrnopaBake HayyHor
cTaTyca Yaconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOmne npaBwiiHOr mcnuca nucre pedpepeHum
KOpuCTK cneumjanHy anatky RefFormatter: koHTpona o6nukoBawa pedepeHumn y cknagy
ca XapBapacKnM NpUpYYHUKOM 3a CTWI.

MponpatHo nucmo (camo 3a aytope u3 Penybnuke Cpbuje n no nocebHom
3axTeBY ypeaHuKa)

Mopen unaHka gocTaerba ce nNponpaTHO NUCMO Yy Kojem Tpeba nctahu o Kojoj BpCcTr
ynaHka ce pagu, Koju cy rpaduykm npunosu (potorpachmje n LpPTEXN) OpUrMHANHK, a
KOj\ NO3ajMIbEeHMN.

Y nponpaTHOM MMCMYy HaBoAe Ce U Nnofauu aytopa: MMe, Cpefhe CIoBo, npesvme,
YMH, 3Bake, e-mawn, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHOM
MecTy 1 kyhHu (MO6GunHW) TenedoH, padyH 1 Ha3uB GaHke, CO mecTa cTaHoBawa, 6poj
nnyHe kapte u JMB rpahaHa.

CBM pagoBM NoAnexy CTPYYHOj peLeH3uju.

Cnucak peleH3eHaTa BOjHOTEXHWYKOr FMacHWka Moxe ce BUAETW Ha CcTpaHuum
cajta Cnucak peueHzeHama. [lpouec peueH3mpawa objalkeH je Ha CcTpaHuum
cajTa PeueH3eHmcKu rnocmyrnak.

Appeca pepakuuje:

BojHOTEXHMYKM rNaCHWK,

Bpahe Jyrosuha 19, lom Bojcke Cpbuije,

11000 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
"MaBHW 1 OArOBOPHN YPEAHUK
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@maod.gov.rs,

http://orcid.org/0000-0003-3217-6513,
Ten.: BojHn 23-720 (011/3201-720),
011/3241-311, 064/8080-118
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NPUMMALLEHUE U UHCTPYKLINA AN ABTOPOB O NMOPAOKE
noAaAroToBKU CTATbM

MHCTpykuns anst aBTOpPOB O Mnopsake MOArOTOBKM CTaTbM K OnybnvkoBaHuioo B
XypHane «BoeHHO-TEXHMYECKMIN BECTHWMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
peAakTVpPOBaHNN Hay4YHbIX XypHanoB MWHUCTEPCTBa Hayku M TEXHONOrMYECKoro pas3sTus
Pecny6nukn Cepbusi, Ne 110-00-17/2009-01 ot 09.07.2009 r. MNMpumeHeHnem atoro AkTa,
B MepBylo o4yepedb, obecrneyMBaeTCs COBEpLUEHCTBOBaHME KayecTBa OTEYeCTBEHHbIX
XyHanoB u wux 6Gonee MNOMHOroO BKIIOYEHWS B MEXAYHapOAHyl cuctemy obmeHa
Hay4HOW MHopmMaumen. NHCTpyKUMs COOTBETCTBYET MexayHapoaHbIM ctaHaapTam ISO
4, 1S0O 8, ISO 18, ISO 215, ISO 214, I1ISO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYIOLUMM OTEYECTBEHHbIM CTaHAapTaMm.

BoeHHo-TexHu4yeckun BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.mMo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wusgaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, saBnsetcsa
MyNbTUANCUMNIVHAPHBIM Hay4YHbIM >XypHanom MuHucTepctBa obopoHbl PecnyGnuku
Cepbus, koTopbIi nNyGnuMkyeT HayyHble W npodpeccuoHanbHble CcTaTbM, a Takke
TEXHUYECKYI0 MHAOPMAaLMIO O COBPEMEHHBbIX CUCTEMAax BOOPYXEHUS U COBPEMEHHbIX
BOEHHbIX TexHonormsx. MypHan crneguT 3a eOMHOW  MEXBWMOOBOW  TEeXHUYECKOW
noaaepXKon BOOPYXKEHHbBIX CWI, OCHOBaAHHOW Ha MPUHLMNAX CUCTEMHOW NOMMCTUKK, 3a
NPUKNagHeIMM 1N MHHOBAUMOHHBIMW HayYHbIMW UCCNEAoBaHUAMW, B TOM 4ucre, B
obnacTv Npon3BOACTBa BOOPYXXEHMS N BOEHHOW TEXHWKW, U 3@ NPOYUMU TEOPETUHECKUMU
N NPaKTUYECKMMWN OOCTUXEHUSIMU, KOTOPblE CMOCOGCTBYIOT NpodeccrMoHanbHOMYy pPoCTy
npeactaButenen cepbCcKoro, pervoHanbHOTO W MEXAYHapOAHOro  akageMu4eckoro
coobuecTtBa, n ocobeHHO BoeHHocnyxawmx Munuctepctea O60poHbI 1 BOOPYKEHHbIX
cun Pecny6nuvkm Cepbus.

MuHncTepcTBO 00pa3oBaHMsi, HaykM W TexHOMnorMdeckoro passutus Pecnybnuviku
Cepbus, cornacHo peLUeHno NPUHSITOMY B COOTBECTBUM CO CT. 27 absau 1, nyHKT 4 1 no
nony4eHHoMy TosikoBaHuto cT. 25 ab3au 1 nyHKT 5 3akoHa 0 Hay4HO-UCCreaoBaTENbCKOM
aesitenbHocTn («Cnyx6ern racHuk PCy, Ne 110/05, yTBepxanno kateropmsaumio «BoeHHo-
TEeXHMYecKoro BecTHuka» 3a 2016 roa;:

KaTteropun B 06nacTv TEXHONOrM4eCcKoro passuTus:

— O6bnacTb MaTepuanoB U XMMU4YECKOW TeXHONOru:
BeAYLLMIN Hay4YHbIV XXypHan HauMoHaneHoro 3HaveHus (M51),

— O6nacTb 3NEKTPOHUKM, TEeNeKOMMYHMKauMm U  UHGOPMALMOHHBLIX
TEeXHONOMUI: HayYHbIN XypHan HaunoHanbHOro 3HadyeHusi (M52),

— O6nacTb MeXaHUKM:

Hay4HbIV XXypHan HauMoHanbHoro 3HavyeHus (M52).

KaTteropun B 061acTi OCHOBHbIX UCCNeA0BaHWUIA:

— O6nactb maTemMaTuKa, KOMMNbIOTEPHbIE HAaYKN, TEXHUYECKUE HayKu:

Hay4YHbIV XXypHan HaumMoHanbHoro 3HaveHusa (M52).

MHdopmaumio oTHocutensHo kateropmsaumm 3a 2016 rogq MOXHO NOCMOTPEThL Ha
CTpaHuue canta «BoeHHO-TexHM4eckoro BecTHWka» Kameeopusayuss BecmHuka
(MUHMCTEPCTBOM MNPOCBELUEHNS,, HayKM W TEXHOMNOrM4eckoro passutua Pecnybnuvku
Cepbus noka He NMpPoM3BOAUNOCH OMUMAnbEHOE PaHXUPOBaHWE HaydHbIX XypHarnoB 3a
2017 roa.).

Bornee noapobHyl WHOPMaLUMI0 MOXHO HaWTu Ha cante MuHucTepcTBa
obpasoBaHus, Hayku 1 TexHonorm4eckoro pa3sutusi Pecnybnuku Cepbus.
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MHdopmaumio o kateropmsauum MOXHO nocMoTpeTb U Ha cante KOBCOH-a
(KoHcopumnym 6ubnuotek Pecnybnukn Cepbusi no BonpocaM 06beaAnHEHNUsT 3aKyMOK).

Kateropusauusi BectHuka npoBefeHa cornacHo [MonoxeHwto o nopsigke u cnocobe
KaTeropmsaumm Hay4yHO-UCCrenoBaTeNbCKMX pPe3ynbTaToB, YTBEPXKAEHHOro HauuoHanbHbIM
KOMMWTETOM NO Hayke v TexHonorusim (Cnyx6enu rmacHuk PC, Ne 38/2008).

B cooTBeTCTBUM C BhlleyKa3aHHbIM [TonoXkeHneMm n Tabnuukon c nokasatensmu
KnaccugvkaumMm U1 - KaTeropusauunm  MHAMBMAYasbHBIX  Hay4YHO-UCCIeLoBaTeNbCKMX
pesynbTaToB  (ABNSOWENncs  HeoTbemnemow  4acTeto  [lonoxenusi),  paborta,
onybnvkoBaHHass B «BOEHHO-TEXHMYECKOM BECTHMKE», OLEHMBAETCA Creaylolmum
crocobom: 2 6anna (kateropust M51) n 1,5 6annos (kateropus M52).

XKypHan cootBeTcTByeT cTtaHgapTam Cepbckoro MHAeKca Hay4HoOro LMTUPOBaHUS
(CUMHpekc/SCIndeks) - HaykomeTpuyeckon 6a3bl  daHHbIX  Hay4HbIX >KypHanoB
Pecny6nukn Cepbus, a Takke Poccuinckoro nHgekca HayvyHoro umtupoBanus (PUHLL).
KypHan nocTtosiHHO nogBepraeTcsi MOHWUTOPUHIY W OLEHMBAETCH KOMMYECTBEHHbLIMMU
HayKOMEeTpUYECKMMIN MoKasaTensMn OTPaXaloLWMMN €ero HayyHyl LEHHOCTb, B T.M.
0onocpenoBaHHO B MeXAyHapOAHbIX nHaekcax umtnposanus (Clarivate Analytics).

C vHdopmaumenn 06 MHOEKCUPOBAHMU MOXHO O3HaKOMUTLCS Ha CTpaHuue canTa
XypHana UMHOekcuposaHue 8ecmHuUKa.

«BoeHHO-TexHn4Yecknn  BecTHuk»  obecneuvBaeT uyuTaTensaM  BO3MOXHOCTb
OTKPbITOTO ~ AOoCTyna, B  COOTBETCTBUM C  MOMOXeHWsMM 06  aBTOPCKMX
npaeax, yrBepxaeHHoiMn  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX MPaBax MOXHO O3HAKOMWTbCS Ha CTpaHuue Aemopckue rpasa u rnonaumuka
camoapxusuposaHusi, nepenas no ceolnke http://www.vtg.mod.gov.rs/index-ru.html.

Pa6otel npeactaBnsitotca  nytém  online  cuctemon  e-Yp:  OneKTpoHHoe
nsgartensctBo - ASSISTANT, 3anywieHHow LieHTpoM nogaepxu pa3suTusi obpa3oBaHusi
1 Haykn (LUMPOH).

lMpaBa poctyna u peructpaums B cucTemMe OGOPMAAOTCA NO  agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnn CLUMHOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTPYKLUMEN NO perncTpaumm u npasy AOCTYyMNa MOXHO 03HaKOMUTLCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue  UHCmpykyus rno e-Yp:
AnekmporHoe usdamenscmeo ASSISTANT.

Bce aBTOpbI, NPeoCTaBnsAoLLME CBOU PYKOMUCK HA NyGNMKaLmio B pedakumio XXypHana
«BOEHHO-TEXHNYECKNIA BECTHUKY» LOMKHbI NPoiTh peructpaumio B peectpe ORCID (Open
Researcher and Contributor ID), B COOTBETCTBMM C WHCTPyKUMENW Ha CTpaHuue cawTa
Peeucmpauusi 8 peecmpe ORCID dnis1 npucgoeHusi udeHmuguKayuoHHO20 Koda.

«BOEHHO-TEXHUYECKUIA BECTHUK» MyGNMKyeT cTaTbuM Ha cepbCKOM, pyCcCKOM Wnu
aHrnunckom sisbikax (Arial, wpndTt 11 pt, npoben Single).

lMpouecc NOAroTOBKM, HanNWCaHWA W pedaKkTUpOBaHWA  CcTaTbWM  OOSDKEH
OCYyLLEeCTBNATBCA B COOTBETCTBMM  C  MpuHUMnamu  3dmuyeckoeo  Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

Crtatba [JdormKkHa cogepXaTb aHHOTauMilo C KIYeBbIMU CrOBamu, BBEAEHUE,
OCHOBHYIO 4acTb, BbIBOAbl, CMNMCOK WCMOMb30BAHHON fnuTepaTypbl W pe3ilomMe C
KMOYeBbIMW  CrOBaMW  Ha  aHIMUACKOM A3blke (6e3 Hymepauuu 3arofioBkOB U
noasaronoskoB). O6bEM cTaTbM He [OSPKEH NpeBbllwWaTb OAWH aBTopckui nuct (16
ctpaHuy cbopmaTa A4 ¢ npobenom Single).
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Cratbs pgomkHa ObiTb HabpaHa Ha KOMMNbTEPE C  MCMONb30BaHWEM
NnoAroTOBMEHHOIO  pedakuMen  MakeTa, KOTOpbIi  MOXHO CkadaTb Ha  CTpaHuue
cavita lNpasuna u obpasey cocmaesnieHus cmamabu.

3aronoBok

3aronoBok JOmkeH oTpaxaTb TeMy cTaTbu. B uWHTepecax xypHana u aBTopa
HeobxoaMMOo Mcnonb3oBaTh CroBa, yAoOHble Ans uHaekcauum n noucka. Ecnu Takue
CrnoBa He cofepXaTcs B 3arofioBke, TO XenaTenbHo ux A06aBUTb B NOA3arorioBOK.
3aronoBok [AomkeH OblTb nNepeBedEéH HaA aHrMWACKMA NA3blk. HasBaHwe 3aronoBka
(nog3aronoBka) NMweTCs Nepes aHHOTauuen Ha COOTBETCTBYHOLLEM A3bIKE.

Tekywmmn 3aronoBoK

TeKyWwmMin 3arofloBOK MULLETCA B TUTYME KaXXOOM CTpaHuubl CTaTbW C LENbio
yNpoLLEeHUs naeHTuduKaumMm, B NepBon OYepeamn KoM cTaTben B SNEKTPOHHOM BUAe.
CopepxuT B cebe damunuio M vHULMAN MMeHW aBTopa (B Cry4yae ecnvM aBTOpOB
HEeCKONbKo, ocTarnbHble obo3HavatoTcs ¢ «et al.» unu «u gp.»), 3aronoBku paboTbl U
XypHana (rog, obbem, TeTpadb, HavanbHasi U 3akKMouUTENbHAst CTpaHuua). 3aronoBku
XypHana u cTaTby MOryT NPMBOAMUTLCS B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBogAaTca nonHasa damunmsa 1 nonHoe nms (Bcex) aBTopos. XKenatensHo, YTobbl
6biNMn NpuBedeHbl WMHWUManbl OTY4ECTB aBTOpPoB. PamMunns U UMS OTEYECTBEHHbIX
aBTOpPOB BCerga MnuLYTCS B OpPWUrMHaNbHOM BuAae (C cepbekuMKM AMakpUTUHECKUMU
3HaKamu), He3aBMCMMO OT A3blka, Ha KOTOPOM HanmucaHa paborTa.

HaumeHoBaHue yupexpeHus asTopa (adpcmnuaums)

MpvBognTCcA nonHoe (oduuManbHOE) HaMMEHOBaHWe W MEeCTOHaxoXxaeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe yYpexaeHunsl, B KOTOPOM
aBTOp MpoBENn wuccneposaHue. B cnyyae opraHuWsaumi €O  CHOXHOW  CTPYKTYpOMn
NpUBOAMTCH MX Mepapxuyeckas COnoavMHEHHOCTL (Hanp. BoeHHas akapemus, Kadenpa
BOEHHbIX 3MEKTPOHHbIX cucTem, . benrpaa). Mo kpaHen mepe, ogHa U3 opraHusaumn B
nepapxmv JOSmKHa MMeTb CTaTyc ropuanMyeckoro nuua. B crniyyae ecnm ykasaHO HECKONbKO
aBTOPOB, N €CNN HEKOTOPble U3 HUX paboTaloT B OAHOM YUYPEXOAEHWUN, HYXXHO OTAENbHbIMU
0603Ha4YeHUsIMN MM KakuM-nmbo Apyrum crnocobom ykasaTb B KakOM M3 NpUBEAEHHbIX
yypexaeHvun paboTaeT Kaxabli 13 aBTopoB. Addpunuaums nuweTcs HemnocpencTBEHHO
nocne ®O aBTopa. [JOMKHOCTb 1 CNELMAnbHOCTb NO AUMIIOMY He YKa3blBaloTCS.

KoHTakTHble faHHble
OneKTPOHHLIN adpec aBTopa YKasblBATCS PSOAOM C €ro MMEHeM Ha nepBou
CTpaHuLbl CTaTbMm.

Kareropus (Tun) cratbu

Kateropnsauma ctatben sBnsieTcs 06A3aHHOCTBIO pedakuum u umeeT ocoboe
3HaveHue. KaTeropuio ctatby MOryT mpegnaratb PeLeH3eHTbl U YrneHbl pedakumn, T.e.
pepakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropvsaumio HeceT MWCKMYUTENbHO
rnaeHbIn pegakTop. CTaTbu B XypHane pacnpeaensaoTcs No Cneayrowmm KaTeropusm:

Hay4Hble cTaTtbu:

1. opurmHanbHasi Hay4yHas cTaTbs (paboTa, B KOTOpPOW MpUBOOSATCA paHbee
HeonybnnkoBaHHble pe3ynbTaTbl COOCTBEHHbLIX UCCNEAOBAHWUNA, MOMYYEHHbIX Hay4YHbIM
MeToaoM);
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2. ob3opHas cTaTbs (paboTa, coaepxallasi OpWrMHanbHbIA, AeTanbHblA U1
KpuTuyeckuin ob3op uccnegyemon npobrembl unu obnactn, B KOTOPbLIN aBTOp BHEC
onpeaenéHHbIi BKNag, BUAUMbIA Ha OCHOBE aBToumTar);

3. KkpaTkoe cooblueHue (opuruHanbHasi HayyHasi paboTa nonHoro copmarta, Ho
MeHblUero o6béMa Unu uMetoLLas npeasapuTerbHbIi XxapakTep);

4. Hay4Hasi KpUTUYeckasl CTaTbsl (OUCKYCCUSI-NOSIeMMKa Ha OMNpeaenéHHyo HayuyHyto
TeMy, OCHOBaHHasi MCKITIOYUTESIbHO Ha Hay4HO apryMeHTauum) 1 HayYHbI KOMMEHTapWIA.

OpHako, B HEKOTOpbIX 06nacTax HayvyHast paboTa B XXypHane MoXeT MMeTb hopMy
MOHOrpadpmyeckor CTyaum, a Takke KPWUTMYECKOro u3gaHus HaydyHoro MaTepuana
(ncTopuko-apxmBHOro, nekcukorpadudeckoro, ubnuorpadguyeckoro, ob63opa AaHHbIX U
T.N.) — A0 Tex MOpP HEeW3BECTHOr0 WNM HeJoCTaTOYHO [OOCTYMHOro AN  HayuHbIX
uccregoBaHuin. PaboTbl, KnaccuuuupoBaHHbIE B KAYECTBE HayYHbIX, OOIMKHbI UMET,
Nno MeHbLLEeR Mepe, ABE NONOXUTENbHbIE PELEH3NN.

B cnyyae ecnu B XypHarne oGbsBRSIOTCA U NPUNOXEHUs, HE UMEIOLLME HayYHbIN
XapakTep, Hay4Hble CTaTbW JOJKHbI ObITb CrpyNNUPOBaHbl U YETKO BblAereHbl B NEpPBO
YacTu TeTpagu.

[podheccroHanbHble cTaTbi:

1. npodheccroHanbHaa paboTa (MPUNOXeHWUs, B KOTOPbIX MpeanaratTcs onbiThl,
nonesHble [Ans COBEPLUEHCTBOBaHMS MPOMECCUOHANbHOM MNPAaKTUKW, HO KOTOpble He
[OIMXHbI B 06513aTenbHOM nopsiake 6biTb 060CHOBaHbLI HA HAYYHOM MeToAe);

2. UHcbopMaTMBHOE NpUNoxeHue (nepegoBas ctaTbsl, KOMMEHTapU 1 T.M.);
3. 0630p (KHUMKM, KOMMBIOTEPHON NPOrPamMmbl, Cry4asi, Hay4HOro cobbITUS U T.M.).

A3bik paboThl
PaboTta MoxeT 6bITb HanucaHa Ha cepOCKOM, PYCCKOM UINWN aHTTIMACKOM SA3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUIUCTUHECKOM CMbICNE YNOpSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
Benn4nHbl OOIMKHbI COOTBETCTBOBATL Me>|<,quapo,J:lH0|7| cucteme egvHUL, U3MepeHna —
CW. OuepepHocTb opmyn ob6o3HavaeTcsi MOPSAKOBLIMY HOMEpPaMK, C MPaBoON CTOPOHLI
B KPYrIibIX CKOBKax.

AHHOTauums (abcTpakT) u pestome

AHHOTaumsa (abcTpakT) SBNsSeTCs KpaTkuMm uHopMaTUBHLIM 0630pOM codepKaHus
cTaTbk, obecneynBaloLLMM YntTaTento ObICTPOTY 1 TOYHOCH OLEHKN e€ peneBaHTHOCTW. B
MHTepecax pedakuMm u aBTopoB, 4YTOOblI aHHOTAUMS cofepxana TepMUHbI, 4acTo
ucnosnb3yemble ANs WHAEKCUPOBAHMA W noucka cTtatbei. COCTaBHbIMM  YacTAMMU
aHHOTauMKn SBMAKOTCA LUefb WCCredoBaHWs, MeToabl U 3akmoveHue. B aHHoTauum
JomkHo ObiTb oT 100 go 250 cnoB, U OHa [JOMKHA HaxoAWUTCA Mexay TuTynammu
(3aronosok, PO aBTOpPOB U AP.) M KNHOYEBLIMU CIOBamMU, 3a KOTOPbIMU criedyeT TeKCT
ctatbu. Ecnu pabota HanucaHa Ha cepOCKOM UM PYCCKOM si3blke, xenaTenbHo, YToObl
KpOMe aHHOoTauun Ha cepbekom M pycckoMm, Obina Obl NnpegocTaBneHa U aHHoOTauust B
pacwmMpeHHOM BUAe Ha aHrmnnNCcKoM A3blke — B KayecTBe T.H. pestome (summary). Takoe
pestoMe [OOSMKHO HaxoamuTbCA B KOHLUE cTaTbW, nocrie pasgena Jlutepatypa. BaxHo,
4yT06bI pesiome 6bINI0 B CTPYKTYPMPOBAHHOM BUAE, U ero AnvHa MOXeT COCTaBnaTb A0
1/10 pnuHbl cTatbn (OHO Gonee O6LUIMPHO, YeM aHHOTaUMsA U3 Havana cratbu). Havyanom
AaHHOro pe3toMe MOXeT ObITb NnepeBefeHHas aHHOTauMsa (M3 Hayana craTbu), a 3aTem
OOIKHbI  CrefoBaTb MNepeBedeHHble [MaBHble 3aronoBKW, MOA3arofioBKM W OCHOBbI
3aKnoyeHns cTaTbk (nuTepaTypa He nepeBoauTcs). B cTpykTypupoBaHHOM pestome
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HY>XHO NepeBeCcTN YacTb TEKCTa NOJ 3arofloBKOM W 3arofloBKOM, NPUHMMAasi BO BHUMaHUe,
4YTOBbI OHO BbINIO NPONOPLMOHANBHO UX pasMepy ¥ B TO e BPEMsi OTpaxarna CyTb.

KnioueBble cnoBa

KnioyeBbiMM  crioBamn  SBRASIOTCA  TePMWHbI  unn - pasbl,  agekBaTHO
npeacTaBnsAlLIMe CoAepXaHue ctaTbl, Heobxooumoe Anst MHOEKCMPOBAHUSA WM MoucKa.
KnioueBble crnoBa Heobxogumo BbIOMpaTb, oOnupasice NpyM 3TOM Ha Kakou-nmbo
MeXOYHapOaHbIA WCTOYHMK (pernctp, crioBapb, Tesaypyc), Hauboree ucnonb3yembii
BHYTPW JaHHOW HayyHoW obnacTtu. Yucro KroveBbiX CroB He MoxeT npesbiwaTe 10. B
MHTepecax pefakuMn 1 aBTOPOB, YTOObI MX YacToTa BCTPEYM B cTaTbe Obina Kak MOXHO
G6onblwen. KniouyeBble crnoBa [alTCcsl Ha s3blke, Ha KOTOPOM HamucaHa cTaTbsi
(aHHOTauMSA), N Ha aHrMMINCKOM A3blke. B cTaTbe OHM MULIYTCA HENOCPEACTBEHHO nocne
aHHOTaumu (B Havyane), T.e. nocrne pestome (B KOHUE).

Mporpamma ASSISTANT npepocTaBnsieT BO3MOXHOCTb WUCMOSb30BaHUSA cepBuca
KWASS: aBTOmMaTMyeckoe (OUKCUpPOBaHME KIOYEBLIX CIOB M3 UCTOYHUKOB/CNOBape no
BblIGOpY aBTOpa/pefakTopa.

[Jata nony4eHunsa ctaTtbu

[aTta, korga penakuma nonyduna crtaTtblo; AaTa, Korga penakuna OKOH4YaTesllbHO
npuHANa CTtaTtblo K ny6nm<au,vlm; a Takke Jatbl, korga Obinu npenocTaBrieHbl
Heobxoanmble ncnpaeneHna pykonucu, npnuBogAaTcA B XPOHONOrM4eckomMm nopdake, Kak
npaBwnio, B KOHUE CTaTbW.

BeipaxeHue 6narogapHocTu

HavmeHoBaHVWe n Homep npoekTa, T.e. HasBaHWE NpPOrpamMmbl, B KOTOPOW CTaTbdA
BO3HWKNA, KaKk W HauMMeHOBaHWe Yy4pexnaeHusd, KoTopoe (bVIHaHCVIpOBaJ'IO NpPOoEeKT wunn
nporpammy, NpuBOAATCS B OTAEMbHOM MPUMEYaHWn, Kak NpaBurio, BHU3Y NEPBON CTPaHULibI
cTatbu.

MNpeabiaywme Bepcumn paboThbl

B cnyyae ecnu cratbss B npedbiaylleid Bepcuu Gbina M3NoXeHa YCTHO (nof
O[MHAKOBbIM WIU MOXOXWM Ha3BaHWEM, HanpuMep, B BUAe [oknaja Ha HayyHon
KOHGbepeHLMK), cBeileHUs1 06 3TOM AOIKHbI ObiTh yKa3aHbl B OTAENbHOM MpYMeYaHui, Kak
npaBumno, BHW3Y NepBOM CTpaHuubl cTatbu. PaGoTta, koTopasi yxe Obina onyGrnukoBaHa B
KaKoM-TMGO 13 XypHamnoB, He MOXeT ObiTb HaneyaTaHa B «BOEHHO-TEXHNYECKOM BECTHUKE»
HU MOA MOXOXWUM Ha3BaHUEM, HY B M3MEHEHHOM BUIE.

Hymepauus n Ha3BaHue Tabnuy n rpadmkos

XKenatenbHo, 4To6bI HyMepaumns 1 HasBaHWe Tabnuu 1 rpadrKoB BbIN UCMONHEHb! Ha
OBYX si3blkax (Ha si3blke paboTbl M Ha aHrMMCckoM). Tabnmubl MULLYTCS TakUM ke crnocobom
KaK M TeKCT 1 0603HaYvaroTCst NOPSAKOBLIMU HOMEpaMu C BepXHel CTOpoHbl. doTorpadum n
PUCYHKN [OIMKHbI OblTb MOHATHBI, HarnsgHbl WM YAOOHBbI AnA  penpogyKumn. PucyHku
HeobxoamMmo penatb B nporpammax Word unu Corel. dotorpacdhmm u pucyHkM Hago
NnocTaBUTb Ha Xenaemoe MecTo B TekcTe. [ns co3gaHusi n3obpaxeHnud u rpadmkos
Mcrnonb3oBaHne PyHKUMN CHMMKA C 3KpaHa (CKpUHLLIOTAa) He AdornyckaeTcs. B camom TekcTe
CcTaTb pEeKoOMeHOYeTCH NPUMEHeHMe WU300paKeHWn K rpadmkoB, 06paboTaHHbLIX TakMmmu
nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.

CcbInku (UMTUPOBaHME) B TEKCTe
OdpopmrieHne CCbINOK Ha WCTOMHWMKM B paMKax CTatbM [AOMKHO  ObiTb
04HO00pPasHbIM. «BOEHHO-TEXHWYECKUA BECTHUK» AN OPOPMIIEHMS CCbINOK, uuTaTt u
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CMMCKa WUCMONb30BaHHOW nuTepaTtypbl nonb3dyetca [apsapackonm cuctemon (Harvard
Referencing System, Harvard Style Manual). B TekcTte B ckobkax npmsoautcs hamunus
uuTMpyemoro aetopa (MnvM gamunus Nepeoro aBTopa, €CN aBTOPOB HECKOIbKO), oA
M3gaHust N No HeodXoaAMMOCTM HoMep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20).
PekomeHgaumm o cnocobe LMTUPOBaHMSA pasMeLLeHbl Ha CTpaHuue canTa MHcmpykyus
o ucnonb3osaHuro apeapdckoeo cmuns. MNpyu 0OPMIEHUM CCbINOK, UMTaT U crnvcka
MCMONb30BaHHON NUTEpaTypbl HEOOXOAMMO NPUAEPKUBATLCS YCTAHOBMEHHbLIX HOPM.

Mporpamma ASSISTANT npegocTaBnseT npu  UUTMPOBAHMU  BO3MOXHOCTb
ucrnonb3oBaHus cepsuca CiteMatcher: cukcupoBaHue nponyLleHHbIX umTaT B paboTte u
crnucke nuTepaTtypsl.

MpumeyaHus (cHOCKM)

MpumeyaHnsa ykasbiBalOTCA BHWM3Y CTpaHWLbl, Ha KOTOPOW HaxoAuTCA TEKCT, K
KOTOpPbIM OHW OTHOCATCA. [prMedvaHuns (CHOCKM) MOryT codepXaTb MeHee BaXHble
AeTtanu, AONOMHUTENbHble OOBLACHEHWs, ykasaHuss 06 WCMOMb30BaHHbLIX MCTOYHUKAX
(ranp. HayyHOM MaTepuane, CrpaBOYHUKAxX), HO He MoryT ObiTb 3amMeHoWn npoueaypsl
LMTUPOBaHUS NTepaTypbl.

INutepaTtypa (pecepeHumnn)

LinTvpoBaHHOW nuTepaTypon oOXBayeHbl, kak npasuno, 6ubnuorpaduyeckme
WCTOYHMKM (CTaTbW, MOHOrpachum ¥ T.N.) U OHa NpPEeACTaBMsETCH WCKIOYUTENBHO B
OTAEeNbHOM pasfene ctaTbi, B BUAe pedepeHumn.

JInTepaTtypHble NCTOYHUKM HEe NepeBoasTCH Ha A3blK paboThl.

«BOEHHO-TEXHMYECKNI BECTHUK» Ans OOPMIMEHNs CMUCKa MCMNONb30BaHHOM
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nuTepaTypbl UCTOYHWKM [alTcs B andaBuMTHOM nopsgke (amunvin aBTOPOB WMK
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMS pasMmelleHbl Ha CTpaHuue canta
WHempykyua no  ucrionb3ogaHuto [apeapdckozo cmund. [pn  odopmmeHun  cnucka
MCMOb30BaHHOM NMUTEPaTYpPbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHbBIX HOPM.

Mporpamma ASSISTANT npu ocdopmneHnn cnucka nutepaTypbl NpegocTaBnsaeT
BO3MOXHOCTb Mcnonb3oBaHusa cepBuca RefFormatter: koHTponb odopmneHus cnucka
nMTepaTypbl B COOTBETCTBMM CO cTaHAapTamu FapeBapAckoro ctuns.

HectaHpgapTHoe, HemonHoe W HemnocrnefgoBaTeNlbHOE MpUBEAeHVe nuTepaTtypbl B
cucTeMax OLEHKM XKypHamna cyMTaeTcs [AOCTaTOYHOW MPUYMHOM AN  ocrnapuBaHust
Hay4HOro craTtyca XypHana.

Bce pykonucu cTaTey nognexar I'IpO(beCCVIOHaﬂbHOMy peueH3npoBaHUIo.

Cnuncok peueH3eHTOoB «BOEHHO-TEXHNYECKOrOo BECTHMKA» MOXHO NOCMOTpPETb Ha
cTpaHuue canta Criucok peuyeH3eHmos. lNpouecc peLeH3npoBaH1sa ONncaH Ha cTpaHuue
canTa lpasuna peyeH3uposaHus.

MouToBbIV agpec pegakuuu:

«BOjHOTEXHMYKM rNacHUKy,

11000 Beorpag, yn. Bpahe Jyrosuha 19,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[naBHbIA M OTBETCTBEHHLIN peaakTop
Kangunpat TexHnyeckux Hayk Heboliwa Navella
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

Ten: +381 11 3241 311, +381 64 8080 118
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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 1SO 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.rsfindex-e.html,
BTr.mo.ynp.cp6, ISSN 0042-8469 - print issue, e-ISSN 2217-4753 — online, UDC
623+355/359) 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
dataon 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 2016

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 electronics, telecommunications and IT,

category: scientific periodical of national interest (M52),

—on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

— on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical of national interest (M52).

The approved lists of national periodicals for the year 2016 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 2017).

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
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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) and 1,5 (one and a
half) point (category M52).

The journal is in the Serbian Citation Index — SCindex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuiickuin mnHaekc
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 Edit-
ing - 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:

1. Original scientific paper (giving the previously unpublished results of the author’s
own research based on scientific methods);

2. Survey paper (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution visible through his self-citation);

3. Short or preliminary communication (original scientific paper of full format but of a
smaller extent or of a preliminary character);

4. Scientific critique or forum (discussion on a particular scientific topic, based
exclusively on scientific argumentation) and commentaries.

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:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);
3. Review (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 S| units.
The sequence of formulae is denoted in Arabic numerals in parentheses on the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
title 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 auto-
matic 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
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