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http://orcid.ora/0000-0002-0961-993X,
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— [O-p Cnasonto6 C. Jleiwy, Benrpanckuii vHreepcuTeT, CenbCroxXo3ancTBEHHbIN thakyrbTeT, (& http://orcid.ora/0000-0002-4834-3550,
— [-p Bacunnin M. Maroswy, LIeHTp ropenus, cbopa v xpaHeHus yrnepoaa, YveepeuteT Kpandoung, r. Kpandoung, Benmkobpuranus,
http://orcid.ora/0000-0002-8377-7717.
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— Mpodeccop a-p Maavmvp B. MunosaHosuy, uner Cepbekoit akanemun Havk, r. Benrpan. ©http://orcid.ora/0000-0002-3255-8127,
— [I-p MeHvmapTxu MapsaTeecam MvpTxu. YHusepcuteT M'vpy Mxacnaac Buwsasuasnas. aenaptameHT dovHAamMeHTanbHo
M NDUKNaaHoW MatemaTuku, r. Bunacnvp. wT. Yxattucrapx. Mhaus. Ghtto://orcid.ora/0000-0003-3745-4607.
— HavuHbiii coBeTHUk a-p Mpenpar MeTpoBuy. YnpasnsioLwmii AMDEKTOD Mo BOMPOCaM UCCIenoBaTenbCkux pabot
MHCcTMTVTa TenekoMmvHuKauwmin un anektpoHukn «IRITEL AD» r. Benrpaa. ©http://orcid.ora/0000-0002-0455-7506.
— MNpocbeccop a-p Cnasko MokopHu, Konnemk MHHOPMaLMOHHBIX TEXHOMOTWIA, KOMMBIOTEPHOIO An3aliHa U COBPEMEHHOTO
6usHeca, r. benrpaa, ©http://orcid.ora/0000-0002-3173-597X,
— lMpodbeccop a-p CtosH PapneHoBuy, Bernmanckuii vHrBepcvTeT, dakyrbTeT MalMHOCTPOEHUs, (& http://orcid.ora/0000-0001-8254-6688,
— Mpodeccop a-p AHapest CamyoBud, Benmanckuii vHuBepcuTeT, dakvnbTeT ToaHcnopTa, Ghttp:/orcid.ora/0000-0001-6432-2816,
— Mpodeccop a-p Hukonai W. Cuaxses, MockoBckuin 'ocvaapcTBeHHbIN TexHudecknin YHnsepenteT um. H.3. baymana,
Mocksa, Poccuiickas ®Penepauns, Ohttps://orcid.ora/0000-0002-5722-4553,
— Mpodeccop a-p MoHen CrapeLy. TpaHCUbBaHCKWIA VHUBEDCUTET B I. Bpaluos, PyMbiHus, ©htto://orcid.ora/0000-0001-5947-7557.,
— HavuHbIii coBeTHMK - Cpeiko C. Crormy, PeliHcko-BecTthanbCrii TEXHHECKIN VHUBEDCUTET r. AXeH, (haKvrbTET reopecvCoB 1 TEXHOMNOMM
Marepuaros, AenapTaMeHT METIIVRIVHECKVX TEXHONOMIA 1 0B6paboTiv MeTanmos, . AxeH. ®PIT, ©http://orcid.ora/0000-0002-1752-5378,
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Abstract:

This short and concise note provides a detailed exposition of the approach
and results established by (Lin et al, 2015, pp.271-279). We show that the
obtained results are not particularly surprising and new. Namely, using an
old result due to K. Deimling it is indicated that tvs-cone metric spaces over
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solid cones are actually cone metric spaces over normal solid cones.
Hence, there are only cone metric spaces over normal solid cones or over
normal non-solid cones. One question still unanswered is whether an
ordered topological vector space with a non-normal non-solid cone exists.

Key words: tvs-cone metric space, metrizable, solid, normal, non-normal.

Introduction, preliminaries and results

We will denote by E a topological vector space with the zero vector
6 . Asubset C of E iscalled aconein E if and only if:

(a) Cis nonempty and closed in E,

(b) x,yeC and a,b € R"imply ax+by e C,

(¢) x,—xeC implies x = 0.

For more details we refer the reader to (Ansari et al, 2016),
(Deimling, 1985), (Filipovi¢ et al, 2011), (Jankovic¢ et al, 2011), (Kothe,
1969), (Shaefer, 1971) and (Wong & Ng, 1973).

For a given cone C, a partial ordering < with respect to C is
introduced in the following way: x<y if and only ify—x e C. We write
x<y toindicate that x<y,but x# y.If y—xeintC, we write x <<y . It
is clear that < and << are not relations of partial order.

The pair (E, C) is called an ordered topological vector space.
Throughout the paper, C stands for a solid cone, i.e. intC #¢. In most

papers it turns out that this assumption is essential (Amini-Harandi &
Fakhar, 2010), (Cakalli et al, 2012), (Du, 2010), (Proinov, 2013), (Khani &
Pourmahdian, 2011), (Lin et al, 2015), (Simi¢, 2011), (Vandergraft, 1967)
and (Zabrejko, 1997).

The following result from (Wong & Ng, 1973) is important in the
framework of ordered topological vector spaces.

Proposition 1.1. Let (E,C) be an ordered topological vector space.

Then e is an interior point of C, i.e., e €intC,if and only if
[—e,e]= {x eF:—e<x< e}:(e—C)m(C—e)
is the neighborhood of 6.
Under the assumption £ # {9}, we have the following corollary.

Corollary 1.2. Let (E,C) be an ordered topological vector space
with intC # ¢@. Then

2o



(@) @gintC,
(b) AintC=intC if A >0 and C+intC=intC,
(c) (E,C) is Hausdorff ordered topological vector space.

Let us note that the property (c) is an immediate consequence of
Theorem 2.1 (2) from (Jachymski & Klima, 2016).

For each c €intC there exists a norm || on the vector space E

where ||||C is the Minkowski functional on E=F_ = k{vn[—c,c], i.e.,

||x||c =inf{A>0:xe A[-c,c]}
It is obvious that all norms ||||L c € intC, are equivalent. Further,

we get that (E, :

cone C. For more details see (Deimling, 1985, pp.230, Proposition 19.9).
Therefore, int C under the topology on E is a subset of intC under the

norm topology, i.e.,(intC)E g(intC) However, the converse is also
valid. Hence, (int C), = (int C)H-Hc‘

From what has already been proved, it is clear that the notion of tvs-
cone metric space in the sense of Du, see (Du, 2010), is the same as that
of (Lin et al, 2015, Definition 2.3).

According to (Deimling, 1985) and (Kadelburg et al, 2016), we are
thus led to the following strengthening conclusions.

Proposition 1.3. Each tvs-cone metric space over a solid cone in the
sense of the both definitions (Du, 2010) and (Lin et al, 2015) is in fact a
cone metric space over a normal solid cone. Therefore, the well known
results, (Amini-Harandi & Fakhar, 2010), (Du, 2010), (Kadelburg et al,
2011), (Khani & Pourmahdian, 2011) give a positive answer to Question
1.1 that arises in (Lin et al, 2015).

Proposition 1.4. The claims from (Lin, 2015) are the immediate
consequences of the corresponding results in the framework of cone
metric spaces over normal solid cones, see (Huang & Zhang, 2007),
(Jankovi¢ et al, 2011), (Kadelburg et al, 2011), (Simi¢, 2011).

Proposition 1.5. If C is a solid cone in some ordered topological
vector space E, then it is a normal solid cone under a suitable defined
norm. For all details see (Deimling, 1985, Proposition 19.9).

Remark 1.6. It is worth pointing out that in (Du, 2010), (Fierro, 2016),
(Kadelburg et al, 2016), (Lin et al, 2015) and (Simi¢, 2011) the assumption:

C,C) is an ordered normed space with the normal-solid

e

>
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(E,C) is Hausdorff, is superfluous. Applying Corollary 1.2 (c) we conclude
that the condition intC # ¢ implies that the ordered topological vector
space (EC) is Hausdorff.

In the theory of abstract metric spaces, quite a few proofs are based
on c-sequences introduced in (Alnafei et al, 2011). Namely, for a sequence

{xn} in the solid cone C of a real ordered topological vector space E , we
say that it is a c-sequence if for every interior point ¢ of the cone C there
exists n, eN such that x, <<c¢ whenever n2>n,. If Cis normal

in E, then {xn} is a c-sequence if and only if x, - @ in E. However, if

the cone C is a non-normal solid cone, then the previous is not true, i.e.,
a c-sequence does not always converge to ¢ as n — «. We refer the
readers to (Radenovi¢ et al, 2017), (Xu & Radenovi¢, 2014), (Xu et al,
2016), (Pordevi¢ et al, 2011) and (Kadelburg et al, 2011) for more details
on c-sequences.

Theorem 1.7. Let (E,

the underlying solid cone C and {xn} be a sequence in C. Then {xn} is a

) be an ordered (real) Banach space with

c-sequence if and only if ||Xn||f—> 0 as n— o where

HxHe =inf{A>0:xe A-e,ele eintC},

i.e., ||||e is the Minkowski functional.

Proof. First, ||||e isanormin E. If C is a normal solid cone, then this

H I,
norm is equivalent to the given one, and x, — @ ifand only if x, >6.

If C is not normal, then C is a normal and solid cone under the norm
||~||efor each eecintC. Since |||| and ||||e give the same interior points, then
by the first case {xn} is a c-sequence if and only if ||Xn||—> 0.
Consequently, in each normal cone, the conditions x, — @ and {xn} isa
c-sequence are equivalent.

Conclusion

Note that we have actually proved that there exist cone metric spaces
over normal solid cones or over normal non-solid cones. Therefore, the

<>



results obtained in (Lin et al, 2015) are not new but rather the
consequences of known facts (Huang & Zhang, 2007), (Jankovi¢ et al,
2011), (Kadelburg et al, 2011) and (Simi¢, 2011). We can conclude that
the existence of ordered topological vector spaces with a non-normal non-
solid cone is still an open question.
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B npedcmaeneHHblx, 8 0OaHHOU cmambe, 3amemkax rpueedeH
nodpobHelli  0630p Memodos8 U  OfyYEeHHbIX  pe3yrbmamos
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KOmMOopbie HOpMallbHbl, HO C ycmol 8HympeHHoCcMbHo. [Jo cux rnop He
yCmaHoesrieHo  yrnopss0oYeHHOe  MmOrosio2u4ecKoe  8EKMOpPHOoe
MPOCMaHCme0 C KOHYCOM, KOMOPbIU He S8/15emcs HOpMarsibHbIM, a
8HYMPEHHOCMb KOMOPOo20 He rycma.
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Caxemak:

Oea kpamka u npeanedHa bGernewka Oaje OemasbaH u3gewimaj o
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Kopuwherwem jedHoz rmnosHamoz K. [emnuHeogoe pesynmama
HasHa4yeHo je 0a Cy meri-KOHYCHU MempuYKU MPOCmopu ca KOHycuma
Koju umajy HenpasHy yHympaWwHO0Ccm 3anpaso KOHYCHU MempuyKu
fpocmopu ca HOPMasIHUM KOHycUMa U HerpasHuM yHympawHocmuma.
Cmoza, nocmoje camMoO KOHYCHU Mempu4KU Mpocmopu ca HopMasHuMm
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Summary:

The estimating of a projectile initial velocity is formulated as a two-point
boundary value problem. To solve it, the data of a Doppler Radar or the
results of solving the Cauchy problem can be used. The projectile initial
velocity v, estimation process is based on the numerical solution of a
system of ordinary differential equations and the bisection method. The
iterative calculating process is interrupted when a predetermined accuracy
of a projectile initial velocity and a predetermined value of the width of
velocity's search interval is reached. In the article, the block diagram of the
algorithm for the projectile initial velocity process is developed. The
Mathcad program code for mathematical modeling and a computer
simulation of the projectile initial velocity estimation process for a 57mm
armor-piercing projectile of ZIS-2 anti-tank gun 1943 model is given.

Key words: applied external ballistics of barreled weapon, projectile
initial velocity estimation process, mathematical modeling, computer
simulation, Mathcad software.

Abbreviations
ADR — Artillery Doppler Radar  IPV — instantaneous projectile velocity
BC — ballistic coefficient ODE - ordinary differential equation
BVP — boundary value problem  PIV — projectile initial velocity
IC — initial condition TOF — time of flight.
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Introduction

A large number of practical problems of external ballistics of barreled
artillery systems require information about a projectile initial velocity (PIV),
briefly denoted as v,. This type of assessment is based on experimental

data containing information about a projectile velocity® at trajectory points
with known time or at trajectory points with known horizontal ranges.

Typically, methods and devices that implement v, estimates use empirical

mathematical dependencies based on assumptions about the nature of a
projectile deceleration process (Alon, 1989), (Zaytsev et al, 2004) or
general information about a law of frontal air resistance (Semenov, 2013).

The aim of this paper is to substantiate the PIV estimating process for

tubed artillery based on the numerical solution of a two-point BVP. The
PIV? estimating is based on:

- multiple repeated solution of the system of ordinary differential
equations (ODEs) of the longitudinal movement of an artillery
projectile using a method of numerical integration;

- comparison of the received result with the right boundary condition.

Unlike previously known solutions, the technique assumes the use of

the actual law of air drag, ballistic coefficient (BC), atmospheric parameters
and actual angle of departure. If necessary, this data can be corrected
before the start of computational or physical experiments.

An instantaneous projectile velocity (IPV)
as a function of time

It is known that the longitudinal motion of an artillery projectile
(stabilized by rotation) 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). Systems of ODEs (1) are obtained by assuming the absence of the
influence of lifting and lateral forces. There is no wind effect.

' The article considers only the longitudinal motion of the artillery projectile. Projectile movements
such as rotational, nutational and precessional movements are not taken into account.

2 Under PIV or v, is meant a fictitious velocity for TOF t=0. Muzzle velocity is the actual velocity
of the projectile that left a gun barrel. Information about PIV is used to calculate tabular
(graphical) firing tables or for developing firing control equipment.
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dt

here
x — the abscissa of the trajectory, m;
y — the ordinate of the trajectory, m;
B8 — angle of velocity vector relative to the horizon plane, degree or

radian;
v —IPV, m/s;
t—TOF, s;

g — acceleration of gravity, m/s?;
J — acceleration of the air resistance force, m/s?:

J =CH(y)F(v), (2)

where
C — BC is estimated by the expression of Siacci (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
an IPV.
The ballistic coefficient is calculated as
2
C =1000- i-d—
q
where
i — value of the coefficient taking into account the shape of the projectile
(dimensionless); from a formal point of view, this is a fitting
coefficient;
d — caliber of projectile (main diameter), m;
q — projectile weight, kg.
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On the basis of the foregoing, the Cauchy problem, namely the
problem with initial conditions (IC), is formulated. The totality of its
elements is shown on Figure 1.

Integration _ Projectile
interval: Law of Air | Parameters
¢ £ Resistance @
beg end Ballistic
1 L5 — coefficient a
- x A -
ODEs:—{} | |
Initial dx :
e = = veos(0) Atmospheric
conditions: éiff (@) parameters:
Xu d_t‘z vsin
df g
| 2 e <o)
v, % =—(J+g-5in(9))

XY, Phi, v

=>—
oy | %Y

tb eg t; fend

Figure 1 — The main task of external ballistics as the Cauchy problem
Puc. 1 — OcHosHas 3adaya eHewHel bannucmuku 8 sude 3adaqu Kowu
Cnuka 1 — OcHosHu 3a0amak criorbiee banucmuke y obnuky Kowujesoe npobrnema

The acronym ADR means an Artillery Doppler Radar, which is
intended for a projectile velocity measurement.

Since the system of ODEs (Figure 1, box 6) does not have "stiff"
properties, it is therefore recommended to implement a numerical solution
by dint of the fourth-order Runge-Kutta method or Bulirsch-Stoer method.
As a result of the solution, there are five trajectory parameters: TOF (¢),
horizontal range (x), height of trajectory (y), angle of velocity vector (see
(1)) (6), IPV (v).

From a mathematical point of view, the difference between PIV and
IPV is as follows: PIV is a constant; IVP is the interval from the PIV value
to the so-called collision velocity (that is the velocity of the projectile, which
has an impact on a target).

As an example, we can estimate the external ballistics of a 57mm
53-BR-271SP Armor-Piercing Tracer Solid projectile with a weight of 3.14 kg,

i



fired from an anti-tank gun ZIS-2 M1943, whose gun barrel had a length of
73 caliber (Burlov et al, 2006, p.425). This artillery cannon was widely
used in the World War |l on the Soviet-German front. The serial production
of the ZIS-2 was carried out in the period from 1941 to 1949.

The left graphical window (Figure 2) shows the dynamics of the
deceleration process as a change of the IPV value vs TOF®.

V, m/s C=[0.4,0.5, 0.6]; VO =const; Y, m

i 1|}3 T T
) Vg = 990 s

2301

0 400 800 Ix10°
X, m

200

] 0.6 ] ts
850 L '
0 05 1 15

Figure 2 — IPV vs TOF graphs and trajectories of a gun projectile
Puc. 2 — I'pacbuku usmeHeHuUs ckopocmu U mpaekmopuu cHapsida
Cnuka 2 — pacbuyu mpeHymHe 6p3uHe nipojekmuna (TBI) u epemeHa nema
u nymare apmursbepujcKkoe rnpojekmurna

The angle of departure is assumed equal to 19 angular min. =
4.945-10° radians, which corresponds to the flat trajectory of a projectile
flight. The PIV is 990 m/s. The three curves (Figure 2) have different BCs
C=0.4, 0.5, 0.6 m?%kg. For the computer simulation of the projectile flight
path, Siacci air drag law was used. The effect of the atmosphere influence
was imitated by Eberling formula:

46
)

H(y) _ 10_1000000(y _
The time interval for integration is taken as 0-1.1 s.

% This kind of IPV vs TOF dependence is characteristic for the flat trajectory weapon (for
example, tank or anti-tank artillery). The summit of flight path for a distance =900 m is a little

more than 1 m.
<D
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The values of the variables t, x, y, 6, v were determined every 1.1
milliseconds of the projectile's flight, which corresponds to 1000 points
inside the time interval. For each curve, the value of BC was constant for
the whole domain of functions V=f(t).

The curves of Figure 2 are monotonically decreasing functions of
TOF. In (Semenov, 2013) they are called "trajectories" of velocities. In the
time interval (0-1.1 s), the graphs in form are close to linear functions. The
dashed line t = 0.5 s (time after leaving the gun muzzle), crossing the
velocity-time curves, forms three points of intersection. Their position is
determined by the time interval t and the value of the BC. The higher the
ballistic coefficient, the more significant the reduction of IPV in the chosen
time interval by the constant angle of departure. Thus, an advanced

knowledge of the BC value and time delay will allow to restore v, .

In the Cartesian coordinates Y-X in (the right graphic window of
Figure 2), the shape of the trajectories is shown. Numerals 0.6, 0.5, 0.4
indicate a discrete decreasing of the BC value.

The growth of the BC causes a decrease in the horizontal range and
a decrease in the value of the summit of a projectile flight path. The
displacement of these parameters causes significant transformations of
the descending branch of the trajectory in comparison with the ascending
branch.

In order to simplify the calculations and reduce the computation time,
Siacci air drag law was used in the form of the F-type curve
(Germershausen, 1982, p.160)

s 0.0442v(v —300)

371+ (VJZ (3)
200

with the velocity range 0-1200 m/s replaced by a quadratic dependence,
which has the form:

F,(v) = 0.2002v — 48.05/(0.1648v — 47.95)* +9.6

F (v) =BV, (4)

where the value of the coefficient B, is 0.0002696 (dimensionless).

The maximum degree of the power by variable v by Siacci air drag
law corresponds to 10, but formula (4) allows its reduction to a power of 2.
The result of this approximation is shown in Figure 3.

i
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Figure 3 — Approximation of Siacci air drag law using the curve (4)
Puc. 3 — Annpokcumayusi 3akoHa Cuayqyu kpueol (4)
Cnuka 3 — Anpokcumayuja Siacci-jegoe 3akoHa omrmopa 8a30yxa rnomohy kpuse (4)

It should be noted that the comparison of the trajectories in the Y-X
coordinates calculated according to Siacci air drag law and using formula
(3) (only the law of the frontal air resistance was changed, the remaining
parameters retained the previous values) leads to a decrease of a
horizontal range about 10% regarding the result for Siacci. However, the
replacement of (3) by (4) does not affect an accuracy of the solution of
the BVP, since the conditions on the boundary are also calculated using
(4). The gain from replacement consists of mathematical expressions for
compactness and saving of calculation time, which is important for
repeatedly recurring calculations at the testing stage and for checking the
algorithm correctness. Time measurement for the numerical solution for
the system of ODEs (1) using the fourth-order Runge-Kutta method
fulfilled on the PC Lenovo Ideapad Z510 and Mathcad 15 software gave
the following results: 17 ms for Siacci air drag law contra 14 ms for the
quadratic law. The gain in calculating time was 3 ms, that is 17%.

If the BC is constant and PIV is a variable value, then the family of
curves will have the form shown in Figure 4.

T
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Figure 4 — Velocity vs. time graphs and trajectories of a projectile

Puc. 4 — 'pacbuku usmeHeHUss CKOpoCcMuU U mpaekmopuu cHapsida
Cniuka 4 — pagbuyku npukasu 6p3uHe U rnymam-e rnpojekmurna

The invariable ballistic coefficient (C = 0.5 m%kg) and a discrete
increasing of PIV (v, = 980; 990; 1000 m/s) lead to the velocity change in

the velocity-time coordinates in the form of three monotonically decreasing
curves (the left graphic window of Figure 4). As before, the three curves
characterize the trajectories of a projectile flight by the angle of departure
of 19 angular minutes. Just like before, the presented graphs are close to
linear dependences. However, the difference between Figure 4 and Figure
2 is the parallelism of the graphs of functions relative to each other, which
predetermines the absence of intersection points. That is why the
approximation of the functions (Figure 4) by the polynomial of the first
degree will give the same tangents of the line slope (the condition of
parallelism).

The right graphic window of Figure 4 shows the changes in the
trajectories of the projectile in the Cartesian Y-X coordinates. The PIV
increases discretely (vo= 980, 990, 1000 m/s) but the value of BC and the
angle of the projectile departure remain constant.

If a velocity value at a given time is determined through the ADR
measurement or by means of the Cauchy problem solution and if the angle
of a projectile departure and the coordinates of the departure point are
known, then in this case one can formulate a two-point BVP.

e



The two-point boundary value problem

The essence of the two-point BVP is that, in contrast to the Cauchy
problem, the boundary conditions are not strictly defined on the left (as
ICs), but also on the right boundary. For example, the value of velocity
condition (IPVi) restricts the result on the right boundary. Thus, the
search for a solution to the systems of ODEs (1) that satisfies the
boundary conditions for the time interval t=k (see Table 1) is organized as
a procedure consisting of the following items:

1. Solution of the Cauchy problem described in the previous section;

2. Comparison of the result with a given condition on the right
boundary;

3. Making a decision about changing the ICs in the ODEs with the
subsequent return to point 1 or interrupting the calculations.

Table 1 — Boundary conditions on the right and left boundaries
Tabnuuya 1 — Kpaesble ycriosusi Ha rnipagoli u siegol epaHuyax
Tabena 1 — paHuU4YHU ycrosu Ha OeCHOj U 11e8oj 2paHuuu

No/Ne Left border: t=0 s. Right border: t=0.5 s.
1 x(0)=0 -
2 y(0)=0 -
3 phi(0)=k -
4 sought value (PIV) v(0.5)=a2

The value of the projectile velocity at the right boundary of the interval
is determined by a theoretical calculation or a physical experiment. In the
first case, the Cauchy problem (1) is solved according to the beforehand

known ICs. The estimation of v, by an experimental determination is

carried out by using a ballistic chronograph or ADR.

The result of solving the boundary problem is obtaining the velocity of
the projectile on the left border of the interval, herewith the fourth element
of the matrix of ICs, v, (see Figure 1, box 5) is determined.

It should be noted that sometimes the boundary problem is called
"bringing the projectile velocity to the muzzle". This idiomatic expression is
valid only from a mathematical point of view. In view of the fact that the
physics of the projectile motion process in a gun barrel and in the air by the

shot is very complex, the muzzle velocity (vm) and PIV (vo) are not equal
to each other due to the presence of the aftereffect. "PIV is a fictitious

velocity that a projectile would have at the point of departure, so that in the
absence of a period of aftereffect, its velocity outside the aftereffect line

>
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segment would be equal to the actual velocity. Such a velocity is 1-2%
greater than the projectile muzzle velocity" (Burlov et al, 2006, p.115).
Thus, the fictitious value of v, exists as a phenomenon of a simplified

mathematical description of a shot as a physical process, but plays an
independent role in the preparation of tabular or graphical firing tables.
Consequently, it is necessary to know it when the two-point boundary
problem needs to be solved on the basis of experimental data.

If the condition on the right boundary is regulated by the IPV at the
pointt = 0.5 s, then the solution will be found in the iteration at which

Ve (to‘so"o)_ Vs =0. (5)

In this expression, the decrement v, (to.s,vo) correspond the IPV at a
point with a time t=0.5 s by PIV=v,. The velocity v, is the solution of the

Cauchy problem. This is reminiscent of the subscript "c". The subtrahend
is the user-defined right boundary condition. Expression (5) is a nonlinear

equation of the argument v,. In fact, the right-hand side of (5) is an
admissible error of the difference denoted as & Under these conditions,
(5) is transformed to the form

V. (to.sn Vo)_ Vos =& - (6)

Since solution (6) is carried out in the interval of PIV v, —v,,, it is

rational to impose an additional condition on its limiting width (after which
further reduction of the interval is not rational). This restriction makes the
iteration interrupt mechanism more flexible.

Nonlinear equation (6) is solved numerically by the method of
bisection (division of a line segment in half). The algorithm of action is
shown in Figure 5.

Box "1" is intended for entering the necessary constants. The block
diagram assumes that the right boundary condition for velocity is
determined from outside, for example, using the ADR or another method.
Box "2" sets the limits of the search interval for initial speeds. It is assumed
here that condition (5) has different signs on the left and right selected
boundaries, and the left-hand side of function (6) is continuous. The task of
box "3" is to divide the line segment of the search in half.

T
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The solution of the Cauchy problem is carried out in box "4". A
comparison of the calculated value and the data of the ADR is performed
in box "5". Boxes "6" and "7" serve to interrupt the iterative process of
estimating the value of the PIV. The calculations are terminated upon

reaching the predetermined accuracy ¢, of determining the initial speed

and the pre-set value of the width of the search interval ¢, . In boxes "8-

11", the process of controlling the change in the boundaries of the interval
of the search for the PIV when it is divided in half is carried out. The
number is 0.5 s present in the description of blocks "1.1" and "5" shows
that the solution is sought for the right boundary condition of 0.5 s (the
velocity is fixed at 0.5 s from the start of the flight).

The computer simulation of a BVP solution will be illustrated due to
the Mathcad engineering math software and the sbval function (Solodov &
Ochkov, 2004, p.101). Such commented program code is presented
below.

At the first stage, it is necessary to determine the angle of departure

6, (zero in subscript is the symbolical index) in radians (u=19 angular

minutes), the ballistic coefficient and the acceleration of gravity as a
constant

g, = L

180 60

Next, we will enter the starting value to find the required PIV (m/s), the
starting and ending values of the time interval (s)

z:=983 t1:=0 t2:=0.1.

The starting value z is entered to the program-code as a matrix that
contains one element z,.

The matrix-column D is the right-hand parts of the system of ODEs
(1). It includes variables with the following notation:

- the abscissa of the trajectory x — y,;

u:=19 C:=05 g:=938I.

- ordinate of the trajectory y — y,;

- angle of inclination of the tangent 6 - y,,

-IPV v—y,.

All four y,..y, elements described variables from the virtual matrix Y
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Vs 'COS(J’2)
Vs 'Sin(J’2)

Dley)= £ cos(y)

y
- (C ' (1 (0000046, )). 60,00002694)/32 )+ g Sin(y2 ))_

The fourth element of the matrix D stores information about the BC,
about the function H(y) and about the law of an air drag. When using an
air drag law other than quadratic, it is necessary to modify this element of
the D-matrix.

The matrix-column L contains the ICs in the form of their known

numerical values and unknown variables. In our case, these are 6, and z,

The parameter of the left side of expression t1 corresponds to the
conditions on the left boundary of the interval. Here z, is specified as an

element of the matrix z.

The matrix-column score stores the difference between the initial
condition given at time-point t2 and the value of the sought solution at that
point. The dimension of the matrix L is equal to the dimension of the matrix
z. The parameter t2 denotes an employment of conditions from the right
boundary

score(t2,y) =y, —976.045. (7)

The value of the velocity is 976.945 m/s and it is the speed of the
projectiie at the right boundary of the time interval 0-0.1 s. and
corresponds to the solution of the Cauchy problem with the following
parameters and ICs:

the parameters: C=0.5 m?kg; law of air resistance - formula (3);
change in air density - Eberling's formula; time interval
of integration 0-1.1 s. with 1000 calculation points;

ICs: Xo=0; yo=0; 6p=19 min.; v, =990 m/s.

&>
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Calling the solver function sbval for solution of the two-point BVP is
performed by the command:

S:=sbval(z, t1, t2, D, L, score).

The matrix-column of the solutions S has the same dimensions with
the score and z matrices. As a result, we obtain

S'=989.987 m/s.

The error in the numerical solution of the BVP was 0.0013% (the
actual value of the PIV was 990 m/s).

If instead of the instantaneous velocity v in the ODEs, the velocity
projections on the OX, QY axis are used, then the system of ODEs (1) is
transformed into expression (8)* (Chujko, 1976, p.38, 42)

le =vcos(6)

dt
% = vsin(#)

do g

E = —;COS(H) ’ (8)
% =—J cos(#)

49 __(ssin(6)+ g)

dt

where u is the projection of IPV on the abscissa axis, m/s;
w is the projection of IPV on the ordinate axis, m/s.

Formulating the instantaneous velocity v through its projections on
the axis OX, OY, we modify the first three equations (8) and obtain (9):

* the first — third equations of (8) describe the kinematic relationships, the fourth and fifth —

aeroballistic
22D



C=-Eeos’(0) b (9)

Similar actions can be performed with respect to the quadratic law of
air resistance (4):

y 2
F, (v)=B, (mj : (10)

As in the previous example, we find the values of the parameters u,
o in 0.1 s after a 57mm projectile has left the gun barrel. The following
result is a solution of the Cauchy problem for the system of ODEs (9):
u = 976.938 m/s; @ = 3.856 m/s. Since the horizontal and vertical
projections of the velocity v in the Cartesian coordinate system are related

to the velocity by the relation
v=vu'+a’,
then by substituting the values we have

v =/976.938 +3.856> = 976.946 m/s.

The obtained value of the IPV agrees with the value which was found
in the previous example (the condition of expression (7)). The value of the
relative error is 0.0001%.

Solving the BVP for the system of ODEs (9) at u = 976.938 m/s;
@ =3.856 m/s (right boundary conditions) we obtain the velocity projections
on the OX, OY axis at time t = 0 (unknown IC) equal to uy = 989.975 m/s;

w, =4.903 m/s, from which it follows that the PIV v, is equal to:

vy = Jul + @f =/989.975 +4.903> =989.987 m/s.
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The errors in the numerical solution of the BVP for the system of
ODEs (1) and the system of ODEs (9) are the same and equal to
0.0013%, so the uniqueness of the solution of the two-point boundary
problem takes place.

From the point of view of practice, it is of interest to determine the

dependence of the error in estimating the PIV ¢, as a function of error in
determining the boundary condition &, _,. The results of such an
assessment are shown in Figure 6.

6PIV, %

il T T T T T

(=]
T
1

o ! L 1 I SIPV—RB,%
-6 -4 -2 0 2 4 6

Figure 6 — Change in the PIV error of a projectile ( 5p,V ) as a function of the assessment

of the IPV on the right boundary 51PV,RB
Puc. 6 — ameHeHue noepewHocmu onpedeneHusi Ha4yasbHoOU cKkopocmu cHapsida

( o p1v ) C Y4EMOM roepewHocmu 3adaHuUsi CKOpoCcmu Ha rpasol epaHuye o IPV—-RB
Cniuka 6 — [Npomera epewke TBI npojekmuna ( o p1v ) Y byHKUuju npouere Thl-a Ha
decHoj epaHuyu 5,PV,RB

As an upshot, the graph of the dependence (Figure 6) on the error in
determining the PIV (6,,, ) is obtained taking into account the error of the

IPV specification on the right boundary (0, zz), which can be
approximated by the formula

5P1V = ‘tg(450)5[PV—RB‘ = |§1PV—RB| :

Such a dependence is symmetric about the axis OY passing through
the origin. In the case of a velocity error at the right boundary, 6,5y _zz = 2%,

the corresponding error in estimating the PIV is also equal to 6, = 2%.

s



Conclusion

The paper proposes to estimate the projectile initial velocity v, of the

artillery projectile on the basis of the system of ODEs (1) and (8, 9) taking
into account the known law of air resistance, ballistic coefficient,
atmospheric parameters and angle of departure. In the process of
implementing this approach, the problem of estimating the PIV in the form
of a two-point boundary problem is formulated. An algorithm for estimating
the PIV is based on the numerical solution of the system of ODEs of the
main problem of external ballistics and the method of bisection (division of
a line segment in half-and-half).

The paper gives the Mathcad code of mathematical modeling of the
problem of determining the initial velocity of an armor-piercing projectile of
a 57-mm ZIS-2 anti-tank gun of the 1943 model, which can be modified for
the benefit of the user.

The form of the dependence of the error in estimating the PIV on the
error in determining the boundary conditions is established. There is a

direct proportionality between 6, and 6,,, . This allows us to specify

the requirements for the ADR for the IPV estimating by working in the
artillery firing control system.
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OLIEHKA HAL{Aﬂj:HOVI CKOPOCTU CHAPALA KAK PELLEHUE
ABYXTOYEYHOW TPAHNYHOW 3A0AYN

Badum J1. XalikoB
He3aBuUCUMBbIV nccnegoBartenb, KpacHogap, Poccuickas ®enepaums

OBJIACTb: mexaHuka - 6annucTuka
BWO CTATbW: opurmHanbHasa HayyHas ctaTbs
A3bIK CTATbW: aHrnumnckmin

Pesrome:

8Badaua oueHku Ha4YanbHoOU ckopocmu cHapsida cghopmMyruposaHa 6 sude
dgyxmoueyHoU epaHu4HoU 3ada4qu. [na e€ peweHuss moaym 6bimb
ucrosnb308aHbl OaHHble OOrMIePOBCKO20 U3MEPUMESIsi CKopocmu Uusu
pesynbmamsl peweHusi 3adaqu Kowu. NpusedeH anzopumm OUEeHKU Vi,
6asupyrouulicss Ha COBOKYMHOCMU YUCIIEHHO20 PEeWEeHUs CcucmeMsb!
OugbpepeHyuansHbix ypasHeHul (CAY) nonéma cHapsida u memoda
bucekyuu. MimepauuoHHbIl MPoUecCc OUEHKU Ha4arbHolU cKopocmu
npepbigaemcsi npu OOCMUXeHUU 3apaHee Ha3HayeHHoU 8eslUYUHbI
rnogpewHocmu U 3abria2o8pPEMEHHO  yCMAaHOBIEHHO20  3HAYeHUSs!
WUpUHbI UHMepsana rnoucka. B cmamee npedcmasneHa 650k-cxema
areopummMa HayvasibHO20 rpouecca ckopocmu cHapsida. [lpusedeH
fpumMep MamemMamuyecko2o MoOesiuposaHusi 3adaqu  onpedeneHust
HayarbHou cKopocmu 57-Mmm 6poHeboLliHo20 cHapsida
npomusomaHkoeol nywku 3UMC-2 obp. 1943 2. ¢ ucnonb3oeaHuUem
npozpammHoU cpedbl Mathcad.

Kntouesble cnosa: npuknadHasi 8HeWHsis bannucmuka CmeosibHbIX
cucmeM, HavyarnbHasi CKopocmb CcHapsida, Mamemamuyeckoe U
KomMmrbtomepHoe modesnuposaHue, cpeda Mathcad.

MPOLIEHA NMOYETHE BP3VHE NMPOJEKTUNA KAO PELLEHE
MPOBJIEMA TPAHMYHE BPEOHOCTW 3A IBE TAYKE

Badum J1. Xajkos
He3aBWCHU UcTpaxusad, KpacHogap, Pycka ®egepauuja

OBNACT: mexaHuka — 6anuctuka
BPCTA YJTAHKA: opyrinHanHu Hay4Hu YnaHak
JE3WMK YJTAHKA: eHrnecku

Caxemak:

lpoueHa nodemHe 6p3uHe npojekmuia ¢hopmyrnucaHa je y ObnuKy
npobriema gpaHuU4He gpedHocmu y dge mauke. 3a He2080 peluasar-e Mo2y
Oa ce kopucme nodauyu Ooriep padapa unu pesyrmamu pPeweHo:
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Kowujesoz npobriema. Npouec npoueHe rodyemHe 6p3uHe rpojekmura vy
3acHUsBa Ce Ha  HYMEPUYKOM  pewaearby cucmema  ObuYHUX
OucbepeHyujanHux jeOHayuHa U MemoOu bucekyuje. VimepamusHu
payyHCKU rnpouec ce rpexuda kada ce nocmueHy yHarped dama madyHocm
royemHe 6p3uHe rnpojekmuria, kao U yHarped odpefjeHa epedHOCM WUPUHE
uHmepsarna npempaxusara bp3uHe. Y 4riaHKy je npedcmasrbeH Or1oK-
Oujazpam arnzopumma rpoyeca rnodemHe 6p3uHe rnpojekmuria. [pukasaH je
K00 Mamemamuy4koe Modesiuparba y Mamkely, kao u Komrjymepcka
cumyrnauuja rpoueca rnpoueHe rovYemHe 6p3uHe 57-MunuMemapcKoe
MaHYUpHO2 rpojeKkmuria npomugokrionHoz mora 3MC-2 uz 1943. 2oduHe.

KrbyyHe peuu: npumerseHa criosbHa banucmuka apmurbepujckoe
opyha, npouec npoueHe rnodyemHe  6p3uHe  ripojekmurna,
Mamemamuyko mModesnupare, KoMmrjymepcka cumynauyuja, Mathcad

cogpmeep.
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Summary:

Plasma spray Cr,O3; ceramic layers are used as a separate coating or as
a supplement to bio-reactive organic composite  ceramics
Ca1p(POy4)s(OH),-Al,03-ZrO,-Cr,Os and other bio-inert ceramics in
composites of the types Al,O3~ZrO—SrO—Cr,O3-Y>0s3, ZrO,-TiO>-Cr,03
and TiO,-Cr,0O3 to increase the mechanical properties and resistance
components of artificial joints on sliding abrasion and corrosion. This
paper analyzes the influence of the plasma gun distance from the
Substrate on the mechanical properties and the microstructure of Cr,Oj
layers deposited with the current of 40kW. The aim was to deposit layers
with optimal characteristics that will enable the effective implementation of
Cr,03 layers on substrates of steel implants exposed to dry friction without
lubrication and to corrosion of living tissues. The mechanical properties
were tested by examining microhardness layers using the HV,3; method
and the strength was tested by tensile testing. The surface of powder
particles was examined by SEM. The microstructures of layers were
analyzed with the use of an optical microscope (OM) and a scanning
electron microscope (SEM). The test results confirmed a possibility of
effective application of bio-inert layers of Cr.Os; with other ceramics
intended for the production of functional implants.

Keywords: substrates, microstructures, corrosion,ceramics.
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Introduction

The APS - atmospheric plasma spray process is one of the
technologies used for the deposition of bio-reactive and bio-inert coatings
on the surface of implants (Bag & Biswas, 2016, pp.117—-128). For the
majority of plasma spray coatings, argon (Ar) can be used as a carrier gas.
However, for the melting of metal oxide powders in high temperature
plasma, oxygen is often used as a carrier gas in order to minimize the
decomposition of oxide powder (Morks & Akimoto, 2008, p.1). The degree
of powder melting depends on the size and the particle size distribution,
the spray system used for powder deposition and the coating deposition
parameters (Wang & Shaw, 2007, pp.34), (Trifa et al, 2005, pp.54-69). In
the previously published papers, it was found that the coating
microstructure depends on the spraying conditions (Mrdak, 2017a, pp.30-
44), (Mrdak, 2017b, pp.378-391). Layers of plasma sprayed oxides are
widely used for improving resistance to wear, abrasion and corrosion. This
includes a wide range of deposited materials of metal oxides. One such
material is Cr,O3; oxide, which is characterized by high resistance to sliding
wear and corrosion. Cr,O3 oxide produces chemically most inert thermal
spray layers resistant to abrasion of all oxides produced in the Sulzer
Metco company. Coatings are very dense and have a low coefficient of
friction without the addition of lubricants. Because of that, they have found
application in the process of implants production (Material Product Data
Sheet, 2012). An important feature of Cr,O3; oxide is non-toxicity and
biocompatibility. Due to strong bonds of valence electrons of chromium
and oxygen atoms, Cr,O; oxide is stable and bio-inert. The ceramic
coating or Cr,O; oxide film deposited on the surface of the implant
passivates the alloy substrate surface (Co-Cr, Co-Cr-Mo, Ti-6Al-4V i Ti-
6AI-7Nb) and prevents the migration of toxic metal ions from the substrate
into the surrounding tissue (Ogwu et al, 2016). Cr,O3; oxide has a high
resistance to corrosion in contact with living tissues and goood tribological
behavior during friction and abrasive wear (Pang et al, 2007, pp.3531-
3537), (Szafarska & lwaszko, 2012, pp.215-221). Depending on the
applied thermal spray coating process, coatings have a variety of
microstructures and properties. The homogeneity of the coating structure
significantly affects its tribological behavior. However, plasma spray of the
Cr,O3 oxide coating has the highest abrasion resistance in dry conditions
and in lubrication conditions compared with Al,O; and TiO, coatings
(Cetinel et al, 2008, pp.259-265). During the process of powder melting in
plasma, one part of Cr,O; oxide is decomposed due to plasma high
temperature. After the dual diagram Cr — O, Cr,O3 oxide occurs in several
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crystalline phases such as Cr;04(29,1Wt.%0), Cr,0; (32wt.%0),
CrO,(38,1wt.%0), Crs012(42,5wWt.%0), Crs015(43,4wt.%0) and
CrO5(48wt.%0) (ASM Handbook, 1992). Black a-Cr,O; oxide with a
hexagonal lattice is used for deposition; the lattice basal planes are
conveniently distributed in the coating thus giving good sliding properties.
With the typical spraying parameters, Cr,O3 coating is somewhat under-
stoichiometric, and its microstructure consists of the initial oxide type
a-Cr,05, dark gray in color, and light gray Cr;O4, CrO and CrO, oxides
(Khanna & Bhat, 2006).

This paper presents the results of the influence of the plasma gun
distance from the substrate on the mechanical properties and the
microstructure of Cr,O; layers. Powder is deposited on the metal surface
at a distance of 90 mm, 100 mm and 110 mm. The adhesion strength,
microhardness and microstructural characteristics of Cr,O; coating were
analysed; these coatings have layers of the best features which enable
efficient implementation on the substrates in the conditions of bet
lubrication friction and corrosion present on implants.

Materials and experimental details

For depositing layers of Cr,O3; Sulzer Metco 106 NS powder was
used; the powder particle surface is shown in SEM photomicrographs in
Figure 1.

Figure 1 — (SEM) micrography of Cr,O3 powder particles
Puc. 1 - (SEM) mukpoepacpusi yacmuy, nopowka Cro03
Cnuka 1 - (SEM) mukpoepacgpuja yecmuua npaxa Cra03

The applied powder was the a-Cr,O; modification produced by
sintering and grinding to a granulation of 11um - 90um (Material Product
Data Sheet, 2012). Cr,O3 coating layers are deposited on substrates of
C.4171 (X15Cr13 EN10027) steel in the thermally untreated condition. To
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assess the microhardness and microstructure of coatings, the substrates
had dimensions of 70x20x1.5mm. To assess the adhesion / cohesion
strength of the layers, the substrate samples had dimensions @25x50 mm.
The mechanical properties of layers were assessed in accordance with
standard ASTM C633-1, 2008. The paper presents the minimum and
maximum microhardness values HV;3; as well as the mean values of
tensile bond strength.

The analysis of the microstructure of Cr,O; layers was performed by
an optical microscope. The assessment of content, distribution and size of
micro pores was performed on five photos - OM at 200x magnification. The
paper presents the mean value of the content of pores.

Cr,0O5; powder was deposited at atmospheric pressure with a plasma
spray of the Plasmadyne system. The SG-100 plasma gun which was
used for powder deposition consisted of a cathode type K 1083A-129, an
anode type A 2083-145 and a gas injector type Gl 1083A-113. The plasma
gas was a mixture of gases Ar/ He and the power supply was up to 40kW.
The powder deposition parameters are shown in Table 1. The deposited
coatings had a thickness of 0.18 mm - 0.20mm.

Table 1 — Plasma spray parameters
Tabnuua 1 — lNapamempbl nnasmMeHHoO20 Harlbl1eHUs
Tabena 1— na3ma cripej napamempu

Deposition parameters Values

Plasma current, | (A) 800 800 800
Plasma Voltage, U (V) 40 40 40
Primary plasma gas

flow rate, Ar (I/min) A 4 A
Secondary plasma gas

flow rate, He (I/min) 12 12 12
Carrier gas

flow rate, Ar (I/min) 6 6 6
Powder feed rate, (g/min) 40 40 40
Stand-off distance, (mm) 90 100 110

Results and Discussion

Distances of the plasma gun from the substrate had an important
influence on the mechanical properties and microstructure of the deposited
layers. The measured values of micro hardness and tensile strength of
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Cr,O3 coatings depending on the distance of the plasma gun from the
substrates are shown in Figures 2 and 3. The layers deposited with a
minimum spray distance of 90 mm have the largest range of
microhardness of 230HV, ; and the lowest value of 1030HV,3to 1260HV 5.
The highest values of microhardness 1270HV,; to 1395HV, ; occur in the
layers deposited with the largest spray distance of 110 mm. The smallest
microhardness range of 180HV0.3 was measured in these layers.

HVD.3

Microhardness

30 rrrm

100 mm min.

110 mm

Max.

Plasma spray distance mm

Figure 2 — Microhardness of Cr,03 layers
Puc. 2 — Mukpomeepdocmb riokpbimusi CroO3
Cnuka 2 — Mukpomepdoha Cr»0O3 criojesa

MPa

Bond strength

100 rmm

110 mm
Plasma spray distance mm
Figure 3 — Bond strength of Cr,Oslayers
Puc. 3 — lNpo4yHocmb cesa3u crioes nokpbimusi Cro0s
Cnuka 3 — Yspcmoha cnoja Cr.03 cnojesa
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With the increase of the spray distance, powder particles melt better
due to a longer stay in plasma. Better powder melting enabled the
deposition of layers of higher density and higher adhesion / cohesion
strength, which was confirmed by examining the deposited coatings.

The tensile strength of the bond of the Cr,O; coating deposited with
the smallest spray distance of 90 mm had the lowest value of the bond
strength of 39 MPa. A smaller spray distance reduces the residence time
of particles in plasma, therefore causing poorer melting of powder
particles. The coating Cr,O; deposited with the largest spray distance of
110 mm has the highest bond strength of 48 MPa. Due to a longer stay in
plasma, powder particles have sufficient time to melt fully and bind tightly
to the surface of the substrate and the particles from the previously
deposited layers.

The metallographic analysis of Cr,O; coatings showed a good
bonding between the coating and the substrate; it also showed that there
are no residual particles of corundum due to roughening at the interface.
Micro and macro cracks are not observed along the interface; there is
neither separation of the coating along the sample edges nor peeling off of
the coatings from the substrates. There are neither micro/macro cracks nor
unmelted powder particles in the deposited layers, which contributed to
coatings having good adhesion / cohesion strength.

The microstructures of Cr,O3; coatings were in accordance with the
mechanical characteristics of the coatings. The distance of the plasma gun
from the substrate had a significant impact on the degree of melting and
deformation of particles in collision with the substrate. Depending on the
substrate distance, the layers of the deposited coatings had a different
share, distribution and size of micro pores in the coating. Figure 4 shows
the microstructure of Cr,O; coatings deposited with a minimum distance of
90 mm from the substrate. The coating predictably had the highest
proportion of micro pores, which resulted in the layers having minimum
microhardness and adhesion strength. In the layers, there are coarse
micro pores larger than 20 pm. The total share of micro pores was 9.3%.
Because of smaller distances of the substrate and a shorter stay of powder
particles in plasma, particles are half melted and, therefore, less deformed
in collision with the substrate. As a result, the bonding surface between the
deposited particles is reduced, the content of pores is increased as well as
the presence of coarse pores which all leads to inferior mechanical
properties of the coating.
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100 pm

Figure 4 — Cr,03 coating microstructure deposited from a distance of 90mm
Puc. 4 — Mukpocmpykmypa nokpbimusi Cr,O3 HaHeceHHo20 ¢ paccmosiHusi 90 Mm
Cnuka 4 — Mukpocmpykmypa Cr.O3 npesnake ca odcmojarem 90 mm

Figures 5 and 6 show the microstructure of the Cr,O; coating
deposited on the substrate from a distance of 110 mm which had the best
microstructure and mechanical properties.

N

Intertaes Substrate 50 pm

Figure 5 — Cr,Q3 coating microstructure deposited from a distance of 110mm
Puc. 5 — Mukpocmpykmypa nokpsimusi CroO3 HaHeceHH020 ¢ paccmosiHusi 110 mm
Cnuka 5 — Mukpocmpykmypa Cr.O3 npesnake ca oocmojarem 110 mm

A large distance from the substrate enabled the best melting of Cr,0O;
powder particles and a uniform deposition of molten droplets on the
surface of the substrate and previously deposited layers. In a collision with
the substrate, droplets of molten particles spilled in a regular pattern and
formed thin lamelae with a larger contact surface and a lower content of
micro pores. The analysis of the micrograph showed that the Cr,O3 coating
contains micro pores with an average content of 3.5%. The formed micro
pores are black and of irregular shape.
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Interface Substrate 100 pm
Figure 6 — Cr,03 coating microstructure deposited from a distance of 110mm
Puc. 6 — Mukpocmpykmypa rnokpsimusi CroO3 HaHeceHH020 ¢ paccmosiHusi 110 mm

Cnuka 6 — Mukpocmpykmypa Cr.03 npeenake ca odcmojarem 110 mm

The SEM micrograph shows the Cr,O; coating with the best
mechanical and structural characteristics (Figure 7).

e

Interface Substrate 50 pm

Figure 7 — (SEM) Cr203 coating microstructure deposited from a distance of 110 mm
Puc. 7 — (SEM) Mukpocmpykmypa nokpbimusi Cr,0O3, HaHeceHHoe20 ¢ paccmosiHusi 110 mm
Cnuka 7 — (SEM) Mukpocmpykmypa Cr-O3 npeenake OeroHosaHe ca o0cmojarsem 110 mm

Oxide lamellae of the deposited Cr,O5; coatings are clearly seen in the
microstructure. Due to a partial decomposition of the initial dark gray
phase of a-Cr,O3 during plasma powder spraying, other types of oxides
such as Cr;04, CrO and CrO; (light gray) are present in the microstructure
of the coating (Schutz et al, 1991, p.649-669). Micro pores (black) can
also be seen in the microstructure of the coating. Figure 8 shows a SEM
micrograph of the Cr,O; coating surface deposited from a distance of 110
mm and which had the best mechanical properties and the microstructure.
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Figure 8 — (SEM) Surface morphology of the coatings deposited from a distance of 110 mm
Puc. 8 — (SEM) Mopgboriozusi mosepxHocmu foKpbIMusi, HaHECEeHHO20 ¢ paccmosiHusi 110 mm
Cnuxka 8 — (SEM) Mopgboriozuja rnospuuuHe ripesriake OerioHosaHe ca odcmojarbem 110 mm

The coating surface shows complete melting and spreading of
droplets of molten Cr,O; particles on the previously deposited layer. The
micrograph shows the surface of a molten and evenly distributed Cr,O;
droplet on the previously deposited layers (circled with a red line). The
droplet of a molten powder particle formed a thin disk — splat of an
approximately circular shape in a collision with the substrate surface. The
deformed droplet, in a collision with the substrate, formed a regular shape,
thus creating a good bond with the previously deposited layer. The evenly
spilled particle has a lamellar structure in the cross section, as it can be
seen in Figure 7.

In the microstructure, there are fine precipitates of approximately
spherical size of 10 ym formed by breaking off the edges of molten
particles in a collision with the substrate. The SEM micrograph shows
micro pores (black) up to 10 pym circled in yellow.

Conclusion

The paper analyzes the mechanical properties and the microstructure
of the deposited Cr,0O; layers depending on the distance of the substrate
from the plasma gun, on the basis of which the following conclusions are
derived.

The mechanical properties and the microstructure of Cr,O; coating
layers were in accordance with the conditions of the powder deposition.
The microhardness values increase with increasing the substrate distance
due to a longer stay of powder particles in plasma, which allows complete
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powder melting. The layers deposited from the largest distance have the
smallest range and highest microhardness values. These layers have
proved to be the thickest. The mean content of micro pores in these layers
was the lowest and amounted to 3.5%. Also, the maximum value of the
adhesion strength of 48 MPa was found in the layers deposited from the
largest distance of the substrate and with the lowest content of micro pores
of 3.5%. The mechanical properties of Cr,O; layers are in accordance with
the microstructures.

In the microstructure of Cr,0O; layers, besides the initial oxide phase of
a-Cr203 in dark gray, there are also present Cr;O,4, CrO and CrO, oxides
(light gray) due to partial decomposition of the initial oxide. Good
mechanical and structural characteristics of Cr,O3; coating layers deposited
on the substrate from a distance of 110mm allow its efficient application on
steel implants with surfaces exposed to friction without lubrication as well
as to corrosion.
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MEXAHUYECKNE XAPAKTEPUCTUKN N MUKPOCTPYKTYPA
BMOWHEPTHbLIX CITOEB XPOMOKCUOHbLIX MOKPbLITUW,
HAHECEHHbIX BO3QYLWHO-MNASMEHHbLIM HATMBLINEHWEM

Muxauno P. Mpgak
LleHTp nccnegosanun n passutusa A.O. «KMMTEJ1 kommyHukaumm», r. Benrpag,
Pecny6nuka Cepbus

OBJNIACTb: xumn4yeckme TexHonormm
BWO CTATbW: opuruHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckumn

Pe3some:

Memod nnasmeHHo20 HanbiieHUs1 kepamudeckux Cr203 nokpbimud
MPUMEHSIemMCs Kak caMOCmOsiImesibHOe MOKpbImue, makK U 8 Kayecmee
OoronHeHuUs1 K buoaKmMuUBHOU opaaHU4YeCcKoU KOMMIO3UUUOHHOU KepaMuKe
Ca10(P0O4)6(0OH)2-Al203-ZrO2-Cr203 u K UHbIM 6GUOUHEPMHbIM
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KepamukamMm, coszdasasi komrosumsl muna Al203-ZrO2-SrO-Cr203-
Y203, ZrO2-TiO2-Cr203 u TiO2-Cr203 ¢ uenbio yry4qweHust
MexXaHUYeCKUX XapakmepucmuK U MO8bILUEHUST CImMOUKOCMU K U3HOCY U
KOppo3uu KOMIOHEHmMo8 rpome3a cycmaea. B daHHOU cmambe
npedcmassieHo KakuM obpas3oM paccmosiHue MexoOy rucmosiemom Orisi
ra3MeHHO20 HarblileHUs1 U obpabambigaeMol MOBEPXHOCMbIO 8Usiem
Ha MexaHu4eckue xapakmepucmuku u mukpocmpykmypy Cr203 crioes
MOKPbIMUST, HaHeCeHHbIX rpu 3anekmopomowHocmu 40 «kBm. Llenb
HaHECEeHUs1 PasfiudHbIX CII0e8 3akKrryanacb 68 orpedenieHuU Jly4quiux
Xapakmepucmuk, Komopble obecriedam 3¢hheKmueHoe npuUMeHeHUe
nokpbimusi Cr203 0Oniss moOrnoxek Memariudeckux UMriiaHmamos,
M00BEPXKEHHbBIX CyXOoMy mpeHuto 6e3 cMa3Ku, a makxe KoOppo3uu XUbIX
mkaHel. AHarnu3 MexaHU4ecKUX XapakmepucmuK MOKPbIMuUsi MposedeH
Ha OCHoeaHUU ucrbimaHuli Mukpomeepdocmu memodom HV0.3 u
npoyHocmu coeduHeHUl MemodoM pacmsikeHusi. Cmpykmypa crioes
ucribimaHa mMmemodomM onmuyveckol mukpockoruu (OM), a nosepxHocmb
ucribimaHa MemoOoM  371eKMPOHHOU  Mukpozpachuu (SEM). Ha
OCHOBaHUU  MOJIy4YeHHbIX  XapakmepucmuK  yCmaHOoB/IeHO,  4mo
aghgpekmugHoe npumeHeHue buouHepmHbix crioeg Cr203 803MOXHO U 8

coyemaHuu c Opyaumu Kepamu4yeckumu MOKPBLIMUSIMU,
npedHasHaYeHHbIMU onst U320moerieHust GDYHKUUOHASTbHbBIX
uMnIaHmMamos.

Knrowesble criosa: ocHoga, MUKPOCMPYKmMypa, KOppo3usi, Kepamuka.

MEXAHUNYKA CBOJCTBA N MMKPOCTPYKTYPE BUONHEPTHNX
CNOJEBA XPOM-OKCUOHWX MPEBIAKA OEMOHOBAHNX
APS-NMPOLIECOM

Muxauno P. Mpaak
WcTpaxusayku u passojHu ueHtap UMTEJ komyHukauuje a.a., beorpag,
Peny6nuka Cpbwja

OBNACT: xemujcke TexHomnoruje
BPCTA YJIAHKA: opuvruHanHn Hay4YHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

lnasma crnpej kepamudku criojesu Cr,O3 Kopucme ce kKao 3acebHa
npeeniaka unu kao dodamak bUOpPeaKMmMUBHOj OpP2aHCKOj KOMIMO3UIMHOf
kepamuuu Caq(PO,4)s(OH),-Al,O3-ZrO>-Cr,O3 u Opyaum OUOUHEPMHUM
Kkepamukama, npasehu komrnosu muna Al,O3~ZrO—-SrO-Cr,03-Y,0s;,
ZrO,-TiO>-Cr,03 U TiO»-Cr,O3 3a  rnoseharbe  MexaHUYKUX
Kapakmepucmuka u omrnopHOCmMuU KOMIOHEHMU gewmadkoa 325i0ba Ha
xabarbe Ku3aremM U Koposujy. Y pady je awHanusupaH ymuuaj
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odcmojawba nnasma nuwmosba 00 odsicee  Ha - MexaHu4Ke
Kapakmepucmuke u muxkpocmpykmypy Cr,Oz criojeea deroHogaHuUxX ca
CHazoMm Hanajarba 00 40 kW. Ljurb pada buo je Oa ce OeroHyjy criojesu
onmumMarsiHuUx Kapakmepucmuka kKoju he omoayhumu egbukacHy rnpumeHy
Cr,03 criojesa Ha nodnozama YesnuYyHUX UMIIaHmama UsrioxeHux Cyeom
mpery 6e3 nodmasusara U KOPO3Uju XXusUux mKuea. Vicnumueare
MEexXaHU4YKUX Kapakmepucmuka peasiu308aHo je  UucCrmumuear-em
mukpomepdohe cricjesa memodom HV, 3 u yepcmohe crioja memodom Ha
3ame3arse. M3enned nospwuHe Yecmuya rpaxa ucrnumad je mMemoodom
CEM. Mukpocmpykmype criojega aHanu3supaHe Cy y3 rnpuMeHy ornmu4yko2
mukpockorna (OM) u cKeHUuHz enekmpoHcKoe Mukpockorna (CEM).
Pesynmamu ucriumugara nomepounu cy MmoayhHocm egbukacHe
npumeHe 6uouHepmHux crojeea Cr,Os; ca Opyeum Kepamukama
HameHeHUM 3a u3pady yHKUUOHaIHUX UMriaHmama.

KrbyqHe pedu: nodnoze, MUKpocmpykmypa, koposuja, kepamuka.
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Summary:

This paper deals with the research into the dynamic
characteristics of hydraulic excavators i.e. natural frequencies and
movements. The way hydraulic excavators work is described by
the mathematical model of six generalized coordinates based on
the Lagrange equations of the second kind. The obtained
mathematical model of the excavator system represents the
system of six nonlinear, nonhomogeneous differential equations of
the second kind. By simulating real parameter values, we
managed to obtain the functions of movement and their natural
frequency changes within the allowed degrees of freedom, making
it possible to examine the nature and intensity of those
movements and the impacts of these parameteres on excavator
operators as well as on excavator construction optimisation.

Key words: hydraulic excavator, dynamic characteristics,
mathematical model, natural frequencies, movement.
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Introduction

Excavators are machines used for up to category four soil excavation
and for transporting the excavated soil to a landfill or to some means of
transport. They belong to the group of mobile machines. By the way they
work, they can be continuous and cyclic machines. Soil excavation can be
done both on land and under water. The research deals with the hydraulic
wheel excavator BTH-600. Excavators are primarily used for excavating
the soil with cyclic work.

The research based on both theory and experiments proved that
hydraulic excavators, especially when in an open configuration position,
behave as oscillation systems while transporting or unloading the soil. That
is why the stability of the balance system position is analysed by the
dynamic actuation of the system.

In the available reference books (Janosevi¢, 1997), (Holclajtner et al,
2010, pp.5-25), (Lazarevi¢ et al, 2008), (Frimpong et al, 2008, pp.20-29),
(Vaha & Skibniewski, 1993, pp.148-158), (Lazarevi¢ et al, 2014), the
dynamic behaviour of excavators is analysed by maximum five degrees of
freedom. However, from the construction itself, together with the way
excavators work, it is quite natural for the model space movement to be
expanded by one more degree of freedom, that is by revolving around the
transverse main central axis of the undercarriage inertia, which has been
done in this work.

Mechanical-dynamic model of excavators

A mechanical model of hydraulic excavators (Figure 1) consists of
undercarriage (1), rotary link (platform) (2) and manipulators (3, 4, 5). The
lower part of the excavator, the undercarriage, may be placed on
caterpillars, pneumatics or on a floating object. The elements of the
subsystem for transferring the power and the elements of the subsystem
for transferring the signal are placed on the rotary link (the platform). The
plane of digging and the plane of unloading are decided by rotating the
rotary link (platform) in relation to the basic undercarriage. The basic and
rotary links are connected with a joint in the shape of a radial axial bearing
and they form the basis or the excavator machine (Lazarevi¢, 2003).
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(pneumatics), 2 - rotary link (platform), 3 - boom, 4 - arm (stick), 5 - bucket
Puc. 1 — MexaHuyeckasi MoOesib 2udpasniudeckoeo akckasamopa BTH-600:
— MHe8MOKoiecHoe x00080e ycmpolicmeo, 2 — Mo8opomHasi nnamegopma
3 — cmpena, 4 — pykosimb, 5 — kosw
Cnuka 1 — MexaHu4ku moden xudpaynudykoz 6asepa BTH-600:

1 — OC/IOHO-KpemHu YnaH (MHeymamuuyu), 2 — obpmHu YnaH (nnamgopma),
3 — cmpena, 4 — pyka (Opxau4), 5 — kawuka
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When describing the movement of the observed system (Figure1 and
Figure 2) the following assumptions were taken into account:

- Dynamic model of the excavator is a non-conservative system with
stationary and ideal links,

- Small system oscillations around the stable balance position are
observed,

- Excavator backing has the elastic and damping properties,

- Parts of the excavator kinematic chain are rigid bodies,

- Due to oil viscosity and stiffness, hydraulic actuators of the drive
mechanisms are elastic and damping elements,

- Modulus of hydraulic oil stiffness is constant and independent from
pressure and temperature.

Generalized coordinates of the mechanical
system of the hydraulic excavator

The description of a dynamic excavator model (Figure 2) is defined by
the generalized coordinates:

dl=t.00aByj (1)
where:

z.- is the vertical displacement of the mass centre of the
undercarriage,
@ - is the angle of rotation around the longitudinal main central axis
of inertia of the undercarriage,
6 - is the angle of rotation around the transversal main central axis
of inertia of the undercarriage,
« - is the angle of manipulator boom rotation around the axis Oy,
of the joint to which the rotary link is attached;
p - is the angle of manipulator arm rotation around the axis O, y, of
the joint in the end of the boom, and
y - is the angle of manipulator bucket rotation around the axis
O,y of the joint in the end of the arm.

It is assumed that the generalized coordinates of small size are
measured from the position of the stable balance of the system. The
critical excavator positions are analysed when the manipulator plane forms
the right angle with the undercarriage longitudinal plane (Figure 3).
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Figure 2 — Dynamic model of the hydraulic excavator. The platform and the kinematic
chain have been rotated by y = 90"
Puc. 2 — fluHamuyeckas modesnb audpasnuyeckozo skckasamopa. Tnamgopma u
KuHeMamu4yecKasl uerlb 3Kckasamopa o0 yaiiom rnogopoma yy = 90°
Cnuka 2 — [JuHamu4dku moden xudpaynuykoe bazepa. lMnamgopma u KuHeMamu4ku
naHau 6azepa 3a0KpeHymu cy 3a y2ao y = 90°

Coordinate systems

The position of the excavator is defined in relation to the absolute
coordinate system Oxyz. The coordinate beginning O of the absolute
system is in the undercarriage mass centre for the whole system
(undercarriage, rotary link, boom, arm and bucket). The Ox axis is directed
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towards the longitudinal axis, while the Oy axis is directed towards the

main transversal central axis of inertia in the position of static balance of
the whole system, and the Oz axis is directed vertically downwards. To
determine the positions of the excavator kinematic chain parts, local
coordinate systems have been set up (Figure 2).

Oy
Lo
0, - ,
1 5
Ly o D
—[I[1 iy

Zc
P

z
x

Figure 3 — Accepted generalized mechanical system coordinates
Puc. 3 — lNpuHsimbie 0606weHHble KOOPOUHamMbl MexaHuU4ecKol cucmemsl
Crniuka 3 — YceojeHe eeHeparnucaHe KOOpOUHame MexaHU4yKoe cucmema

1. O,x,y,z, - mobile coordinate system accepted for the undercarriage
mass center O,. The Ox, axis is parallel with the longitudinal axis,
the Oy, axis is parallel with the transverse main central axis of the
undercarriage inertia in the position of balance and the Oz, axis is

directed vertically downwards.
2. O,x,y,z, - mobile coordinate system connected with the center of

the radial axial bearing O, .

3. O;x,y,z, - coordinate system connected with the joint center O,
and redirected by the generalized coordinate « in relation to the
coordinate system O,x,y,z, .

4.0,x,y,z, coordinate system connected with the joint center O, and
redirected by the generalized coordinate £ in relation to the
coordinate system O,x,y,z,.

i



5. O;x,yzcoordinate system connected with the joint center O, and
redirected by the generalized coordinate y in relation to the
coordinate system O,x,y,z, .

Transformation matrices

To determine the speeds of the characteristic points with such
complex mechanical systems, the method applied is the one based on
setting up and transforming the adequate mobile coordinate systems.

To determine vectors of the characteristic points’ position in relation to
the absolute coordinate system, we determined the matrices of elementary
rotations around the axes Ox,0y and Oz and the transformation matrices

of the immobile coordinate system Oxyzinto the mobile coordinate
systems O,x,y,z, where i=1-5 as well as the matrices of mobile coordinate

system transitions from one into another.

For calculating kinetic energy, it is necessary to calculate the speed of
the mass centres of some hydraulic excavator parts. To be able to do this,
we need the system characteristic points vector positions (Figure 4). The
absolute coordinate system, the undercarriage coordinate system and the

undercarriage mass center are placed together in one point, i.,e. O =0, .

Figure 4 — Radius vectors of the characteristic system points
Puc. 4 — Paduyc-eekmophbl xapakmepucmu4ecKux moyek cucmembl
Crniuka 4 — Padujyc seKmopu Kapakmepucmu4HUX mayJaka cucmema

>
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Mathematical excavator model

Mathematical excavator model is based on general mechanical
theorems or on applying Lagrange equations of the second kind. These
are the starting assumptions taken into account when creating the
mathematical model:

1. The backing and the parts of the excavator kinematic chain are

modelled with rigid bodies,

2. During its manipulating tasks, the excavator work is stable with no
possibility for the movements in the zero joint to appear,

3. Excavator kinematic chain is observed as an open configuration
chain with its last part — the bucket — being affected by the
technological resistance of digging, and

4. During its manipulating tasks, the excavator kinematic chain is
affected by the forces of gravity, inertia and some external forces —
digging resistance.

The excavator model space is determined by the absolute coordinate
system Oxyz . The excavator backing lies in the horizontal plane Oxy of
the absolute coordinate system, while the vertical axis Oz is parallel with
the kinematic pair seen as the undercarriage and the rotary part. Each
excavator part is determined in its local coordinate system O.x,y.z,
(Figures 1 and 2). The coordinate beginning of the local coordinate
system is parallel with the center of the joint connecting that particular
part with the previous one, while some axis are directed in such a way

that they are parallel with the joint axis, and as for manipulators (boom,
arm and bucket), they are parallel with the kinematic longitude of the

part. For the bucket, the local coordinate system axis O,x, goes through

the joint center O and through the center of the bucket cutting edge.

Differential movement equations are based on Lagrange equations of
the second kind:
d OE, | OE, +5Ep
dt\ o0gq, oq, 0q

where:
E, - is system kinetic energy,

= Q:vaqr = anwa eaa, ﬂa V.r= 15273,47556 (2)

r

E, -is system potential energy,

OV -is generalized forces.

r
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Resolving the systems of differential equations

The presented mathematical model represents the system of six
nonlinear, nonhomogeneous differential equations of the second kind that
was resolved by using discrete numerical methods and packets in the
MATLAB program. The Runge-Kutta Method applies perfectly well to
these systems of differential equations so it is necessary to write the
equation in the matrix form:

A-g+C-g+B-gq=D (3)
where the correspnding matrices A, B, C and D are the functions of the

generalized coordinates and speeds. The matrix A is the mass (inertia)
matrix,

A= 4)

The elements of the mass (inertia) matrix are symetric because the
condition has been fulfilled:

a; =4aj; (5)

The matrix B is a rigidity matrix.

(b, b, b, 0 0 0]
by, b, b, 0 0 0
p_|bw bo by 000 ©
0 0 0 b, 0 0
0 0 0 0 b, O
(0 0 0 0 0 by

The matrix D is an actuation forces matrix.

=
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W
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The matrix C is a damping matrix and it is hard to form it because
z.,9,0,a, ﬂ and y are close-coupled and they are also close-coupled

with z_,9,0,a,f and y making them almost impossible to split up. It is

possible to make the systems of differential equations linear, and being
taken as given, it would be possible to find out the matrix C. However, this
does not have to be done, because resolving nonlinear equations is
provided by MATLAB. Because of applying the MATLAB programme
package it is necessary to write the equation in the matrix form:

4-§=—(C-g+B-q—D) 8)
where it comes that:
A-G=-S
a4y ay ay ay ay ag | [Ze] [y
dy Ay Ay A, dy dy Q Sa1
A= a3 dzp Ay Ay Ay Ay 0 _ S31 )
Ay Ay Ay Ay Ay Ay a S
s ds; ds3 dsy Qg5 dgg B Ss1
|61 Gsr Qg3 Ggy Qg5 Ao | |V | | Se

From the previous it comes that:
j=—-A"-8

<>



Or

N
a
e

=A"- (10)

S e P SHEEN P SH
=

YV Se1 |

where the matrix S is the column

It is possible to resolve accelerations and speeds prepared in this way
with the MATLAB programme package with variable changes done
beforehand as following:

X, =Zpy Xy =Zey X3=0, X, =@, X;=0, X, =0
: , , (11)
X, = Xy =0, Xg=p, Xg=0, X, =y, X, =7
The form of the system of differential equations looks like this:

Zc

Az,.0.0.0.8.7)| " |\=Slcop.0.a. oy 20 0.0.0.5.7)  (12)

P A o S

/4

and is transformed into the system of twelve differential equations of the
first kind making it suitable for numerical resolving by applying the
MATLAB programme package.

o
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Determining the dynamic behaviour
of hydraulic excavators

Resolving equation systems (3) used for describing the dynamic
behaviour of the hydraulic excavator can be divided into:
 determinig natural frequencies and oscillation types

« determining the vectors of mobility ¢,(¢;, = z,, 9,8, a, 8,7).

Determining natural values

Vibration issues are mostly connected with resonance, where one or
more forms of vibration are activated by work power forces. Vibration
forms lying among dynamic work forces’ frequency levels are always a
potential threat to cause problems. The modal analysis makes it possible
to determine frequencies that may cause resonance to appear. The modal
analysis is the process of determining all modal parametres sufficient for
formulating a mathematical-dynamic model. The modal parametres are:
modal frequencies, modal dampings and modal shapes. One of the very
important mode properties is that any forced or free structure response
may be brought together in one set of modes (Batini¢, 2013), (Den Hartog,
1972).

Natural system values, i.e. natural frequencies and the corresponding
vectors — modal forms — will be obtained through the free vibration system
analysis while considering the homogeneous part of equation (3):

A-G+B-q=0 (13)

For the purpose of mathematical modelling of the free system
vibrations, the aim of which is to determine their own values, it could be
assumed that damping C within the system is negligible. According to the
well-known procedure for determining the equation system own values (3),
the dynamic matrix U is formed together with its characteristic determinant,
i.e. a characteristic system equation:

det(A-71-U)=0
where:

- U=A4"-B - the dynamic system matrix where A and B are the
inertia matrix and the system rigidity matrix,
- unit matrix,

<>



| .
- A=— -ie. o is the system natural frequency.

0]

The observed hydraulic excavator is described by means of the
system of nonlinear differential equations meaning that the system
dynamic properties cannot be taken as constants. It applies in the same
way to both rigidity and damping coefficients and their matrices
coefficients. In such cases, it is not possible to make any separations
based on their characteristic forms, by means of the vertical coordinates
into a set of independent equations. A possibility of a step-by-step
numerical integration is used for this kind of analysis — for certain time
interval, the system is cosidered as linear with the characterisitcs it had at
the beginning of that time interval. So, a nonlinear analysis is
approximated by the series of variable gradual system analyses (Batinic,
2000).

The matrix U own values are zeros of the matrix U characteristic
polynomial i.e. the roots of the characteristic equation (13). In order to
obtain own values and their corresponding vectors, we considered the
system parametres at a certain point of time, taken from the results of the
numerical system analysis of differential equations at a certain point of

time, for example at a point of time #=0.100 s, i.e. in iteration n =19999

at a small initiative system motion. This is a necessity because the mass
matrices and the system rigidities are subordinate to the generalized
coordinates and their speeds, and as such they cannot be used for
obtaining dynamic system matrices. The matrices of rational values were
obtained by this procedure (Jovanovi¢ et al, 2004). The system state
vector is shown in Table 1.

Table 1 — System State Vector
Tabnuua 1 — Bekmop cocmosiHusi cucmemb|
Tabena 1 — Bekmop cmara cucmema

z, zZ, ®» @ 0 0
-0.0022 0.0913 -0.0010 -0.9068 -0.0013 0.0105
a a Jij B /4 4
0.0049 -0.1762 -0.0903 -3.2058 0.0398 8.7507

The inertia matrix A and the rigidity matrix B of the system at the

determined point of time are:

G
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A=1.0e+0.04-

B=1.0e+0.08-

[ 1.0633
0.9423
—0.2444
—1.5645
—0.2090

| 0.0080

" 0.600

0

—-0.6120

0
0
0

0 -0.6120
1.6869 —0.9890

—-0.9890 2.4970

0 0
0 0
0 0

0.9423 -0.2444 -1.5645
6.6536 —0.3062 -5.8923
-0.3062 4.1787  0.4836
—5.8923  0.4836  9.1443
-1.8336  0.0661 1.3128
0.8307 —0.0009 -0.3437

0 0
0 0
0 0
0.1169 0

0 0.0056 0

0 0

—0.2090  0.0080 |

-1.8336  0.8307
0.0661 —0.0009
1.3128 —0.3437
0.8656 —0.3928

—0.3928  0.4432 |

oS o o O

0.0038 |

Applying the function [V,D]: eig(U ) from the MATLAB programme

package will make it possible to obtain the diagonal matrix D containing
own values on the main diagonal. We also obtained the full matrix V
whose columns are the corresponding matrix U vectors.

D =1.0e+0.04-

[1.4791

0

S O O O

[—0.1588 —0.8613
-0.5614 0.2806
0.1679  0.1327

-0.2906 —-0.0266
-0.7119  0.2957

| 0.2004  —0.2715

0 0
0.8468 0

0 0.2449

0

0 0

0 0
—-0.6478 —0.0059
-0.3303 -0.0034
-0.4723 -0.0027
-0.2479  0.1243

-0.4279 -0.6816
0.0603 -0.7210

=

0
0
0

0
0

oS O O

0 0.0281 0

0.0130
0

-0.0169

-0.0115

—0.0082
0.2179
0.1570
0.9630

S O O O

0
0.0041 ]

0.0071 ]
0.0088
0.0051
—0.0655|
—0.7386
0.6708




The range of natural frequencies was obtained by finding the square
root of the diagonal matrix D solution and dividing it by 27z (Table 2).

Table 2 — Natural frequencies
Tabnuua 2 — EcmecmeeHHbIe Yacmombl
Tabena 2 — ConcmeeHe ¢hpekseHyuje

Natural

frequenci @, @, @, a, Wy ,
es

rad/s 121.6164 | 92.0227 49.4916 16.7553 11.4087 6.4191

Hz 19.3558 14.6459 7.8768 2.6667 1.8158 1.0216

The natural frequencies for the state vector of equal system activation
with the time of ¢ =0.025s and the iteration of 4999 were calculated as
shown in Table 3.

Table 3 — Natural frequencies
Tabnuua 3 — EcmecmeeHHbIe Yacmombl
Tabena 3 — ConncmeseHe hpekseHyuje

Natural
frequencies O @, @, a, 2 ,
rad/s 0+131.90i 96.16 78.41 47.39 14.12 8.62
Hz 0+20.9918; | 15.3041 12.4792 7.5420 2.2474 1.3718

Determining motion vectors on the generalized
coordinates

Differential equations were resolved by applying the MATLAB packet
programme, and the generalized coordinates of free oscillation models and
their derivatives for the time ¢=0.1s were obtained as well. The
simulation of the observed hydraulic excavator behaviour was done at the
beginning of moving the soil away, after the excavation of the soil had

been finished with the angles of «, =-35", B, =-80" and y, =160’

together with the angle y =90° regarded as the most unfavourable for

excavator operations. The initial movements were very near zero. The
simulation results are shown in Figures 5 — 10.

)
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tls]
Figure 5 — Vertical motion of the
undercarriage mass center - z,

Puc. 5 — BepmukarnbHoe nepemeweHue
ueHmpa mMacchl OropHO-x0008020

ycmpoucmea - Zc

Cnuka 5 — BepmukarnHo rnomepare
cpeduwma mMace OCIIOHO-KPemHoza

YraHa — Zc

-0.01r

-0.021

-0.03-

= —0.04

O[deg]

-0.05-

-0.06

-0.07r

-0.081

-0.09,

0 0.61 0.62 0.63 0.64 0[6? 066 0.67 0.68 0.69 0.1
t[s

Figure 7— Angle of the undercarriage

rotation around the transversal main

cental axis of inertia 0,y,-0

Puc. 7 — Yeon nogopoma onopHo-
Xx0008020 ycmpolicmea 80Kpye
rornepeY4Hol enasHoul yeHmpasbHoU ocu
uHepyuu Q,y, — 0
Cnuka 7 — Yeao o6pmar-a 0Cr1I0HO-
KpemHoe 4YraHa OKO MornpeyHe 2rnasHe
ueHmparHe oce UHepuyuje 0,y, -0

0.61 0.62 063 0.64 O[‘O]'; 0.66 067 0.68 069 0.1
t|s]

Figure 6 — Angle of the undercarriage
rotation around the longitudinal main central
axis of inertia Ox, — ¢
Puc. 6 — Yzon nogopoma 0rnopHo-x0008020
ycmpoticmea 80Kpye npodoribHOU anagHol
yeHmparnbHOU ocu UHepYUU O, x, — ¢
Cnuka 6 — Yeao obpmaHa 0C/I0HO-KpemHoa
yriaHa oKo y30yXXHe 2rasHe yeHmparsiHe oce

uHepyuje O,x, — ¢

0.4

0 001 002 003 004 005 006 007 008 009 01
tls]

Figure 8 — Angle of the boom rotation of the
manipulator around the axis 0.y, -«

Puc. 8 — Yeon nogopoma cpersibi
MaHUurynsimopa 6okpye ocu O,y, —a

Cnuka 8 — Yeao obpmar-a cmperne
MaHuryamopa oko oce O, y, — a
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Figure 9— Angle of the arm rotation of the Figure 10— Angle of the bucket rotation of
manipulator around the axis O Vs of the  the manipulator around the axis 0,y of the

joint in the end of the boom - g joint in the end of the arm - y
Puc. 9 — Yeon epaujeHusi pykosmu Puc. 10 — Yaon epaweHus koswa
MaHurynamopa 8okpya ocu O, y, MaHurlynsimopa eokpye ocu Oy, wapHupa
wapHupa Ha KoHue cmpeJibl - Yij Ha KOHUe pyKosimu
Crniuxka 9 — Y2ao o6pmarba pyke Cnuka 10 — Yz2ao obpmarba Kauluke
MaHurysiamopa oKo oce 04y4 3275106a MaHurilynamaopa OKo oce Osy5 325106a Ha
Ha Kpajy cmperie — g Kpajy pyke —y

Results analysis

The observed hydraulic excavator system was activated by a very
small initial value of one of the generalized coordinates. This possibility is
allowed by the simulation programme package. That way, the system is
exposed to free oscillations. This state is described by homogeneous
nonlinear differential equations.

The natural frequencies obtained by the mathematical model based

on the generalized coordinate z have the values of @, =19.3558Hz and

w,. =0+20.9918i. These frequencies on the z axis have the biggest

impact on the excavator operator. When compared with some resonant
frequencies [3-20HZ] it is possible to claim that, for some human organs,
they partially overlap. This could cause problems to the operator in case of
being in action over a longer period of time.

By analyzing the previously described numerical experiments, it is
clear that some kinds of movement freedom, i.e. generalized coordinates,
generate free oscillations of certain frequencies that do not allow the

<>

Lazarevi¢, O. et al, Determining the dynamic characteristics of hydraulic excavators, pp.41-62



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 1

system to easily calm down after the initiative activation time. It was even
proved that, with only one activation, within the observed time interval, at
one iterration only, the system has free oscillations of one degree of
freedom, and that at the second iterration it has free socillations of another
degree of freedom. All these facts clearly indicate that the system is
dynamically unstable or at least on the very edge of the stability reference
values. The described fenomenon of free oscillation is proved on the
generalized coordinate z.

Figure 5 shows the nature of the vertical movement of the
undercarriage mass center. It is clear that the oscillation amplitudes are
within the tolerable limits and that they gradually go down with the system
tending to calm down.

Figure 6 shows the nature of the rotation angle change ¢ around the
undercarriage longitudinal axis. The oscillation amplitude is tolerable, but
there is no evidence of its going up or down within the observed interval of
simulation.

Figure 7 illustrates the rotation angle change 6 around the transversal
undercarriage axis O,y,. The oscillation amplitude is within tolerable limits,

but like in the previous case, there is no evidence of the amplitude tending
to go up or down within the observed interval of simulation.
The change of the rotation angle of the manipulator boom a around

the axis O,y, —a inside the joint connecting the manipulator and the

undercarriage is described in Figure 8. The oscillating nature of this
angle's change within the observed time interval is obvious, but with the
amplitude tending to go down.

Figure 9 shows the change in the rotation angle of the manipulator
arm B around the axis O,y, of the joint in the end of the boom. The

displayed change is not oscillatory, in the observed time, and it has a
tendency to grow up to unacceptable values. This tendency is conditioned
by free oscillation of the excavator in the generalized coordinates z.

Figure 10 shows the change in the bucket rotation angle of the

manipulator y around the axis O,y of the joint in the end of the arm. The

displayed change has the oscillatory character with an increased
amplitude value. In the observed simulation time, the tendency to a
reduced or increased amplitude cannot be estimated.

The graphics of the generalized coordinates in Figures 9 and 10 do
not show the system calm down within the observed time interval because
the system is within the unstability area or on the very edge of the stability
reference values, which was caused by free system oscillation on one of

<>



the generalized coordinates. Because of this, immediately after the time of
t=0.1 s the system gets into resonance with a significantly increased
oscillation amplitude. In order to get the system calm down, i.e. to make
the oscillation amplitudes on all generalized coordinates reach lower
values, preferably zero, all real parts of the characteristic system equation
square roots ought to be negative. This precondition for the observed
excavator has not been met.

Conclusion

This paper deals with the analysis of the dynamic behaviour of
hydraulic excavators. By applying the dynamic-mathematical model, we
determined the level and nature of dynamic motions and natural
frequencies. An excavator operator is a person who is seated in the
rotating platform. System vibrations reach him via the excavator backing.
This predominantly refers to the vibrations on the generalized coordinate
Z;, which is a longitudinal direction, i.e. the direction of the operator’s
backbone and that is why exposure to these vibrations was addressed to
with special attention. Besides these vibrations, the operator is exposed to
the vibrations on the generalized coordinates ¢ and 6 which additionally
makes the situation more complicated and increases possible harmful
impacts on the operator's health. The hydraulic excavator natural
frequency values, derived from analytical calculations, prove the intensity
so high that it might cause serious problems to the operator’s health. By
comparing the natural frequency intensity values on the generalized
coordinates 6, ¢ and 6 with the resonance frequencies for some human
organs, the possibility of serious harmful effects is obvious.

Describing the hydraulic excavator dynamic behaviour by the system
of nonlinear, nonhomogenous differential equations made it possible to
improve the analytical-mathematical model by which a simulated situation
is almost like a real life situation of an excavator in operation.

By applying the modal analysis, it was possible to determine certain
system frequencies and their corresponding vectors which might cause
resonance to appear and thus spoil the operator's working condition
comfort.

The numerical analysis was carried out for the BTH-600 excavator
structure. The obtained results indicate that the structure was not
composed at its best and that a dynamic analysis should be used to
improve the dynamic characteristics of the observed system.

)
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OBNACTb: MalLUMHOCTpOEHne
BWO CTATbW: opuruHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnunckun

Pe3some:

B OdanHOU pabome npedcmasneHbl uccriedogaHuss OuUHaMUYeCcKUX
napamempos  2uOpaes/iIU4ecKkoe0  3KCKasamopa:  ecmecmeeHHble
yacmombi U OsuwxeHue. Paboma 3Kckasamopa onucaHa ymem
Mamemamu4eckux moderneli ¢ wecmbto 0606w eHHbIMU KOopOUHamamu,
Mo/1y4eHHbIMU Ha OCHOB8aHUU ypasHeHul JlaepaHxa emopozo poda.
PaspabomaHHasi Mamemamu4eckasi MoOeslb cucmeMbl 3KcKagamopa
npedcmaenssiem  cobold  cucmemy — HeUHeUHbIX  HEeOOHOPOOHbIX
OugbhbepeHyuansbHbIX ypagHeHuUl emopoz2o poda. C nomouwbto
MOOefIuUpo8aHUsi C peasibHbIMU 3Ha4YeHUSIMU rapamMempos osTyYeHb!
QyHKYUU U3SMeHeHUl O8UXeHUsT U ecmecmeeHHoU Yacmombl rpu
dornycmumbix cmereHsix c8oboldsl, brnazodapsi 4eMy MOXHO rposecmu
aHanu3 xapakmepa u UHMeHcusHOCmU O8LKeHUs, 8030elicmausi 3mux
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Summary:

This paper describes the numerical modeling of impact damage caused by
impacts of projectiles on metal structures and the experimental results of
impacts of projectiles of different shapes on metal structures. The experiments
were carried out by the impact of projectiles on metal barriers of steel and
aluminum of different thicknesses with the change in the impact speed of
projectiles. In order to make the effects of experimental impact simulations as
close as possible to real ones, the missile impacts are varied to match the
average and limit speeds of impacts of projectiles that break obstacles. The
obtained experimental results coincided well with the real effects on metallic
obstacles and similar conducted tests from foreign literature.

Key words: aircraft, aircraft structure, impact, impact damage, modeling,
missile, bullet projectile, penetrator, projectile penetration, penetration,
ballistic protection.

Introduction

The impact of a projectile onto an obstacle at high speeds can cause
various forms of damage to the obstacle. Depending on the speed of the
projectile and the resistance of the obstacle, the projectile usually breaks
through the obstacle, creates a surplus and / or stays in the obstacle or
destroys the obstacle completely. The process that arises during the
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impact of the projectile and its possible breakthrough is hard to conceive
without any comprehensive experimental testing. However, numerical
calculations in a combination with theoretical and experimental results
provide a wide range of analyzes of different types of impacts from the
point of view of materials used, geometry and variations of all parameters
of the impact (initial projectile velocity, angle of impact).

Numerical modeling requires knowledge of both numerical methods
and the mechanics of a rigid and deformable body (material resistance,
theory of elasticity and plasticity, propagation of the deformation wave, etc.).

The earliest numerical simulations of impact and penetration were
related to high impact and these early formulations did not include strength
effects, so metals were treated as viscous fluids, and the terms
"hydrodynamic computer codes" were used to refer to these computer
programs (Anderson, 1987, pp.33-59). Anderson et al. (1994, pp.201-223)
gave a brief history of the evolution and development of hydrocodes in
relation to impact problems in which models of damage and deep penetration
are particularly indicated. The most used models for determining possible
structural damage in hydrosimulations required the definition of a critical value
of voltage, deformation, plastic work, and other current criteria.

Penetration of high speed projectiles

In order to describe various phenomena that occur during ballistic
penetration, it is necessary to characterize the behavior of materials in the
conditions of impact load that generates high deformation rates. Characterization
includes not only stress-deformation reactions in large deformations, different
deformation rates and temperatures, but also the accumulation of damage and
the type of damage. Such complex material behavior includes fractures which are
difficult to describe with analytical models. In numerical simulations, constituent
models of any degree of complexity can be incorporated into the code. However,
although many difficulties in obtaining constants for dynamic material behavior
are present, engineering models are preferred for more sophisticated models.
The first problem examined is the penetration of an aluminum plate with a
projectile made of Ame tool steel and the second problem is the penetration of a
steel target with a projectie made of Ame tool steel as well (Backman &
Goldsmith, 1978, pp.1-99).

Low density, high specific strength, good energy absorption, good
corrosion resistance, good thermal conductivity and poorer sensitivity to
adiabatic shear and thermoplastic instability are the characteristics of
aluminum alloys that make them suitable for this purpose. In addition, many
aluminum alloys can easily be shaped into complex structures.
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In this paper, the perforation of a Weldox 460E steel plate and an
aluminum plate with a steel projectile will be considered. The most important
characteristic that points to the protective capability and resistance of the impact
board is the ballistic limit i.e. ballistic boundary velocity which represents the
greatest speed of impact of the projectile in which the plate will not break. In
order to determine the ballistic speed and the remaining speed in the past,
analytical and empirical models were created; they could somehow predict the
behavior of the materials exposed to impact. With the development of computer
technology, a possibility of numerically solving this problem was created. The
most commonly used methods for numerical stroke calculation are the Finite
Element Method (FEM) and the Smooth Particle Method (SPH). Lately, a
combination of these two methods, the SFM method, has become increasingly
popular.. In this paper, we will show the analysis of the impact of a projectile
with a sharp tip on a flat aluminum plate and compare the results obtained with
the FEM and SFM methods with the experimental results.

Constitutional model

The impact is often caused by the plastic flow of materials with high
deformation rates, local temperature rise and material cracking. The standard
approach to solving the problem of impact involves two different constituent
models: one that defines plasticity and the other that defines the criterion of
damage (breakdown) of the material. In the literature for this type of analysis,
Jonson-Kukow (JS) constitutive models are most often used, and for this
reason they will be used in this paper as well. These two models are not linked
and can be used separately.

Johnson & Cook created a constitutive model for metals exposed to
large deformations, high deformation rates and high temperatures, primarily
designed for impact calculations (Johnson & Cook, 1985, pp.31-48). In order
to define the characteristics of the material, this model uses five different
coefficients which must be determined by experimental testing. Johnson &
Cook presented Fon Mises's flow stress with the relation:

g=[a+Bz i+ cg J1-1] (1.1)

where & is the von Mises equivalent of voltage. The coefficients A, B, n,
C and m are the material constants. The constant A is the flow stress, B
and n are the results of hardening, and C is the deformation rate

constant. E; = Ep / €, is the dimensionless deformation speed, Ep is the

the quivalent plastic deformation, &, is the reference deformation rate,
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T" is the corresponding homogeneous temperature defined as
T :(T—T,,)/(Tm —T,), and T is the absolute temperature, while the

exponents r and m indicate the room temperature and the melting
temperature. Borvik et al (2003, pp.413-464), (2004, pp.367-384) made
the modification of Johnson-Kook's model and his relation is in the form:

g=la+Be Ji+z [ [i-1" (1.2)
In this model, we can see that when the deformation rates are
approximate, i.e. uniform, then the deformation rate tends to zero, which has a
great advantage in determining the model parameters and for the numerical
implementation of this model.
By combining an elasto-high-plastic model with ductile damage, a quasi-
Fon Mises voltage is given as

& =[1-ppJa+Br -+ 1-1"], (1.3)

where D is variable damage, taking the values between 0 as conditional
and 1, when a complete breakthrough occurs, 7= (l—ﬂD) is the

damage equivalent to the plastic deformation rate, and 7 = rl g, is the

dimensional damage equivalent to the plastic deformation rate.

Lee & Yoo (2001, pp.819-829) have also taken into account the effect of
temperature increase resulting from the adiabatic heating of materials, i.e. work
that transforms into heat when it flows into heat:

szpcp , (1.4)
p

where p is density, C, is specific heat, and x (Taylor, 1948, pp.103-124) is

the empirical coefficient which represents a ratio which transforms into heat in
a plastic flow. For metal plates, it is usually assumed that this coefficient is 0.9.

The authors of this paper consider that satisfactory results can be obtained
by the original Johnson-Kuk model, and for this reason only the standard
unconfigured Johnson-Kuk's constitutive model of material strength will be used.
As a criterion for material fracture, Johnson & Cook proposed a constituent model
adapted to computer simulations, and it is represented by relations:

o=[a+B(e, FJi+cm g‘eff{l - (Mjb] (15)

(7, -7,
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p-yA¢ (16)
t=0 &
¢ = {Dl + D, exp D{&ﬂ[l +D,Iné, [1-D,T"], (1.7)
- :

where ¢/ is the equivalent deformation to fracture under the current

temperature conditions, (g,=7s-1) and ¢, are equivalent and plastic
stretching, éqﬁ. =g, /g, the effective stretching rate, T, and T, are the

reference flow temperature and room temperature, tc is the time in the
time of impact, o, and o, are average normal and equivalent voltage and
A, B, a, C and b are the constants of the material.

In these relations, D represents five parameters of the element damage
and a fracture is possible when D=1.

Modeling of materials

Johnson-Cook's constituent models of strength and breakage of materials
were used for the numerical analysis in this paper. The material used in the
analyses is a Weldox 460E steel plate and an aluminum alloy AA5083-H116
plate. This alloy belongs to the class AASxxx, i.e. aluminum-magnesium alloys.
It has good rolling properties and is therefore convenient for use; it also has
good corrosion resistance. The AA5083-H116 alloy is the second-strongest
commercial aluminum-megane-based alloy. A detailed analysis of the material
characteristics and the definition of the coefficients for Johnson-Kuk's
constitutive models were done by Clausen et al. (2004, pp.260-272).

The characteristics of the materials and the values of the coefficients used
in the analyses are shown in Tables 1-3.

Table 1 — Characteristics of the materials for the Weldox460E steel plate
Tabnuua 1 — Xapakmepucmuku Mmamepuarsnos 05151 cmarnbHoU niumsi Weldox460E
Tabena 1 — Kapakmepucmuke mamepujana 3a 4YenuyHy rinody Weldox460E

P A B B
E [GPa 1% n C m Dc
(el [kg/m3] | MPa] | [MPa] | [s-1]
200 0.33 7850 490 807 1 0.73 | 0.00114 | 0.94 | 0,30
Cp — Tt Ta

o o [K-1 D1 D2 D3 D4 D5
[J/kgK] K | K
910 0.9 [1.1x10°| 1800 293 0.0705 | 1.732 -0.54 -0.015 0
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Table 2 — Characteristics and constants for the AA5083-H116
Tabnuua 2 — Xapakmepucmuku u koHcmaHmsl AA5083-H116
Tabena 2 — Kapakmepucmuke u koHcmaHme 3a AA5083-H116

2 B I
E [GPa 1% A [MPa n C m Dc
[GPal] [kg/m3] (MPal [MPa] | [s-1]
70 0.3 2700 167 596 1 0.551 | 0.001 | 0.859 | 1
CplUkgK]| @ | @ [K-1] |Tm [K]|TO [K]| D1 D2 D3 D4 D5
452 09 | 23x10%| 893 293 |0.0261| 0.263 | -0.349 | 0.147 | 16.8

The projectile is modeled with the characteristics of Arne tool steel. Its
characteristics are shown in Table 3.
Table 3 — Characteristics of Arne tool steel
Tabnuua 3 — XapakmepucmuKku UHcmpymeHmarnbHol cmasnu ApHe
Tabena 3 — Kapakmepucmuke anamHoz Yyesiuka apHe

Oy v % E Et
[GPa] [kg/m3] [GPa] [MPa] [%]
1.9 0.33 7850 204 15 2.15

In this study, steel projectiles with different tip shapes and dimensions (blunt,
conical and hemispherical) were used to simulate perforation and penetration
(piercing, deep damage and blooming) of steel and aluminum plates.

(I) The blunt projectile was used to test impact damage including the
perforation of the Weldox 460E steel plate with a plate thickness of 6, 8, 10, 12,
16 and 20 mm,

(Il) Perforation of steel plates with a thickness of 12 mm projectiles of
different tips, and

() Perforation of AA5083-H116 aluminum plates with conical steel
projectiles with thicknesses of 15, 20, 25 and 30 mm.

The simulated values of initial velocities and ballistic boundary velocities
are compared with the experimental results.

In high-speed impacts, materials are usually subjected to extreme
stretching, high impact of plastic deformations, increased temperature and
serious damage. The constitutive bond for metals, Johnson-Kook's model, was
proposed considering all the above parameters, Johnson-Kuk's model
materials. The damage parameter, stretching and fracture are expressed in the
original form, as in the equations from 1.5t0 1.7.

Numerical analysis

Independently of the experimental testing, the mechanisms of damage to
the steel Weldox 460E plates and the AA5083-H116 aluminum plates during a
ballistic shock can be determined using numerical simulations. Although this

<



method has become popular in characterizing all types of materials,it has to
be used with caution and always confirmed by experiments. It is also
uncertain whether experimental testing can be completely replaced by a
numerical simulation.

A numerical simulation of the problem of impact on the steel and
aluminum plates was carried out by a projectile from Arne tool steel and
analyzed to obtain estimates of global damage. All these predictions were
made using the numerical code of the final difference of the AUTODYN-2D
and 3D program, and then compared with the experimental data to illustrate
the simulation performance. Autodyn has seven different solverers for spatial
discretization: Lagrange, Shellm, Beam, ALE, SPH, Euler-FCT, and Euler-
Godunov. When it comes to balistics problems, the most commonly used
ones are the Lagrange and SPH solvers. The SPH is also a Lagrange
method based on the interaction of adjacent particles.

Numerical calculations have been made for the Weldox 460E steel and
AA5083H116 aluminum sheets of different thicknesses and different initial
projectile speeds. The geometry of the projectiles and the shapes of the tips
are shown in Figure 1.

Software for explicit solving of the equations of the state in the Langranges
coordinates was used for numerical calculations. The Lagrange formulation is
easier to apply for this type of calculations, because with the Euler formulation,
there are difficulties in precisely defining deformable material boundaries and
the contact between the projectiles and the plates. In the Lagrange formulation,
the net moves and deforms with the material which is modeled so that the
maintenance of the mass is automatically satisfied. If we consider the three-
dimensional (3D) body occupied by the Lagrange space of the volume V

undergoing the" stretch £, (t) over the part of the external surface of S; and
with the force of the external body f,, (t) we obtain that the virtual work is equal
to:

l i, Su,dV + l o, 0u, ,dV — ! o ou,dV — j fuds =0 (18)

t

where p is the density of the material, o; the Kosi stress tensor, u;;
acceleration, and du, necessary virtual displacement.

By applying spatial discretization to the finite elements of equation 1.8, the
main equation becomes:

(M Yi)+ [K Ju) = (F) (1.9)
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Niora)

[]=>" [ PN} [NJav, (1.10)

m=0p

where the M, K and N matrices are a function of mass, stiffness and
shape, nyy is the total number of elements in the domain, V, is the
volume of the element, and F is the equivalent vector of the nodal force
of the combined internal and external forces, including those obtained by
restoring the body during the impact. For the problem of high velocity
impact, the method of explicit central difference in time for solving
equation 1.10 is used.

2mm

il

30mm

68 mm

20 mm 20 mm

blunt cone hemispheric

Figure 1 — Geometry and dimensions of projectiles with different tip shapes
Puc. 1 — Neomempuydeckue ¢hopMbi U pa3mepbl CHaps008 C pasiuYyHbIMU 20/108KaMu
Cnuka 1 — leomempuja u OumeH3uje npojekmura ca pasnu4umum obruyuma epxosa

The Smooth Particle Hydrodynamics Method (SPH) is a non-homogeneous
Lagrange method which can naturally solve problems involving large
deformations and serious material damage, and is therefore a convenient tool for
solving high-speed impact problems. The method was first developed by (Lucy,
1977, pp.1013-1024), (Gingold & Monaghan, 1977, pp.375-389) to describe
astrophysical phenomena. The system is represented by a set of particles, and
the variable to the observed domain is calculated using the use of interpolation
functions. An integral representation or approximation of the core function f(x) by
an overlapping subdomain of the influence Q can be expressed as:

@)= [ G (= x,, ), (1.11)

o



where W is the core alignment function, and h is the alignment length
that represents the unit measure of the subdomain of the effect of the
function W (Figure 2a). To satisfy the required partition of the unit
condition, the interpolation function must be normalized in each
subdomain:

[ 7 Ge (= x, ), =1 (1.12)

The commonly used interpolation function, the cubic "B-spline", is

expressed as:
32, (3) 3
1-| = |7+ = <1
@q @q !

Gj(z_qf l<g<2 (1.13)

0 q>2

where q=(x-xi)/h, (£ =1,2 or 3) is the dimension of the problem, and K is
the scaling factor for agreement with equation 5.12.

Relationship between FEM and 5PH

}

s T
HEETEREEL IR

i m':; H :1{; L Domains of
3 et influence

i |

a) Elements and knots b) SPH particles

Figure 2 — Coupled SPH and FEM methods
Puc. 2 — ConpsixeHHbIl SPH u FEM memod
Cnuka 2 — CnipeeHyma Cl1X u ®EM memoda

Based on the conservation of mass, moment and energy in the solid-state
mechanics, the SPH basic equations express the causal differential equations
of maintaining the amount of motion that connect the acceleration to the voltage

tensor and look like:
1
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p=b +—E 44—y (1.14)

p=>b,+ = 1.15
=5 Ox oy 0z (115)
oo,
pz — bz + aazx + O-Z,V + ao-zz , (116)
ox oy 0z

where p, o and b are density, voltage and acceleration in the direction

of the axes x, y and z in the original form.
The energy conservation equation is represented by the relation:

1 i . :
é=—(0,é,+0,¢é, +0, &, +20. &, +20, 6, +20,.6.) (1.17)
Yo,

xx < xx ww 2z zz xy < xy vz yz

It should be noted that explicit software only imposes the conservation of
mass and quantity of motion, while the conservation of energy is observed due to
the evaluation of the quality of the solution. The lack of solving Lagrange's
formulation by the finite element method is the problem of large distortion of
elements, interruption of elements and the occurrence of negative volumes.
There are methods for solving this problem, for example by introducing elements
erosion; however, more recent introduction of the SPH domains in the domain of
large deformations is becoming more and more important. The SPH is a non-
homogeneous Lagrange method developed to describe astrophysical
phenomena; however, it is suitable for solving the problem of impacts in which
major deformations and material damage are present. With the SPH method, the
system is represented by a set of particles and their variables are counted using
the Kemel interpolation function. The integral representation, i.e. the kemel
approximation for the function f(x) for the subdomain Q is presented in the form:

<f(x)> = f(x')W(x - x',h)dx' (1.18)

where W is the Kernel function, and h is the domain effect influence of the W
function. The Cuban B-spline function is most often used to align the Kernel
function. The combined (matched) method (SFM) is used for the optimization
and the best use of computer programs. This method models the SPH
domain only in the domain of large deformations, i.e. where large damage is
expected, which reduces the number of SPH particles and, therefore,
significantly reduces time for calculations. The use of the FEM for the rest of
the calculation domain improves the accuracy of the solution. The SPH
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particles with the domain of influence and the SPH-FEM interface in the SFM
method are shown graphically in Figure 2.

For numerical testing, the SFM simulations of the perforations of the
Weldox 460E steel and AA5083-H116 aluminum plates of variable
thicknesses were performed by projectiles of various tips (blunt, conical and
hemispherical). The geometry of three projectiles of different tip shapes is
shown in Figure 1 (Anderson, 2005, pp.135-142).

The modeling of each individual target plate consists of two regions. For
all analyzes, both for the method of finite elements and for the combined
method, an axisymmetric model was used. The parts of the FEM and SFM
networks used for the analysis are shown in Figure 3, for conical, blunt and
hemispherical projectiles. Numerical SPH particles are adopted in the vicinity
of impacts where damage and large deformations are expected, while the rest
of the target domain and projectiles are modeled using the use of finite
elements as shown in Figure 3. The problem can be reduced to an axially
symmetrical flat case or a spatial one when a quarter of the domain is
modeled, given the symmetry in the x; and y; planes, where the boundary
conditions of the symmetry are imposed on the FEM network. The set of
particles is defined to provide the symmetry condition for the SPH region.

3D FEM and SFM

1]

slant hemispheric blunt

slant hemispheric blunt

Figure 3 — 3D and 2D FEM and SFM projector networks and projectiles
Puc. 3-3J u 2] FEM u SFM pac4yemHasi moOesib mpaekmopuu cHapsida
Cnuka 3 — lNpopayyHcke mpexe nnoyve u npojekmuna 3D u 2D ®EM u COM

T

Spasi¢, D., Numerical modeling of the impact of projectiles on metal structures, pp. 63-105



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 1

The numerical simulations performed in this paper were carried out using
the Autodyn software, 2D and 3D for two-dimensional and three-dimensional
problems, respectively. This program is based on finite difference methods, finite
volumes and finite elements. It also possesses the possibility of calculating with
the so-called meshless method, ie. by the method of hydrodynamics of smooth
particles, which is suitable for calculations where large deformations and high
deformation rates occur, as in this case. If one of the above mentioned networks
is used, it is necessary to take into account the erosion of the elements.

The Johnson-Kook material model was adopted for target plates, while
each projectile was modeled as a simple elastic-plastic material with isotropic
hardening. The important constants of materials for steel and aluminum specific
plates and solidified steel projectiles are given in Tables 1-3.

Analysis of the influence of different input parameters
on the results of numerical calculations

The initial numerical results of the perforation of the steel plate by cone
projectiles using the SFM show that natural speeds are sensitive to the distance
of SPH particles. The network sensitivity phenomenon is also observed for the
FEM simulation by Dey (Dey, 2004) who considers it to be a consequence of a
localized adiabatic projection in the area around the penetration of the projectile.
Therefore, the study was carried out to investigate the effects of SPH particle
distances for two samples: Weldox 460E steel plates with a thickness of 12 mm
and aluminum plates with a thickness of 15 mm. The SPH convergence study
for two cases, as shown in Figure 4, shows that reasonable convergence
results can be achieved using the distance of the SPH particles of 0.6 mm,
which is the value adopted for the subsequent calculations. The SPH distance
effects were tested for projectiles with a sharp conical tip as well and the results
confirmed that the same 0.6 mm particle distance can be adopted.

The melting temperature and the strength of the plates used for testing
affect the friction coefficient values used in this study. The lower melting
temperatures tend to produce a thinner layer between the plate (target) and the
projectile, which acts as a lubricant. In the published paper, photomicrography
of the penetration of an aluminum target plate with a spherical top projectile at
an initial velocity of 120 [m/s] shows significant microstroutural changes in a thin
layer of 5 - 15 ym in a plane around the projectile (Rosenberg & Yeshurun,
1988, pp.357-362), (Rosenberg & Tsaliah, 1990, pp.247-251). A similar
behavior is observed for other sharp-pointed missiles, such as conic and
pointed tips, on the contact surface between the target material (target) and the
projectile, when the target moves vertically. Such an event tells us that sliding
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friction between projectiles and targets exists and must be taken into account.
The mentioned layer was not perceived for the perforation of a blunt projectile,
because the target plate was broken due to localized adiabatic shear, causing
negligible contact friction between the projectile and the target. This was
confirmed by the perceived constant natural velocity after damaging the plate
due to the adiabatic shear of "splitting" and compacting the blunt projectile,
which (Borvik et al, 2003, pp.413-464), (Borvik et al, 2004, pp.367-384)
published in his scientific papers.

350

Steel SFM  d=0.60mm — . = Steel SFM, d=0.10mm ,
~ — — Steel SFM  d=0.80mm W EXP Steel ]
----- AlSEM , d=0.10mm — . — AISFM , d=0.80mm 3
Al SFM , d=0.60mm e EXPAl

300

250

200

Output speed [m/s]

100

200 250 300 350 400

Starting speed [m/s]

Figure 4 — An analysis of the distances of SPH particles for the impact of the conical
projectile on the steel plate of 12 mm and the aluminum plate of 15 mm
Puc. 4 — Ananu3s paccmosiHusi SPH yacmuy, om y0apa 0CmpOKOHEeYHO20 cHapsida o
cmarnbHyto nnumy 12 MMm u antomuHuesyto nnumy 15 mvm
Cnuka 4 — AHanusa ydarbeHocmu Cl1X yecmuuya 3a ydap KOHyCcHO2 fpojekmuria o
qesnuy4Hy riody 0ebrbuHe 12 mm u anymMuHujyMcky niody 0ebrbuHe 15 mm

Choosing the appropriate friction coefficient value, y, is complex because
no experimental data is currently available for high velocity. Ravid & Bodner
(1983, pp.577-591) presume the values of y = 0.1 and y = 0.05 for the
perforation of steel plates by high-velocity missiles for the frontal and lateral
surface of the projectile. A lower value for the lateral surface of the projectile is
expected due to the high velocity effect and the presence of a thin viscous film,
as the material temperature increases over the melting point in the contact
surface. In order to compare the data from this paper, tests with three different
friction coefficient values were carried out, for g from 0.0, 0.05 and 0.1, which
were used for perforations with a conical tip projectile through a steel target
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plate of 12 mm thickness. The natural display versus the initial velocity of the
projectile with the adopted three values u are given in Figure 24. A significant
effect of friction at a natural velocity can be noticed. The friction coefficient y =
0.05 indicates that it provides a reasonably accurate result simulated over the
SFM. In the following simulations, perforation with conical tip projectiles was
adopted. Also, in further analyzes, a simulation was performed for blunt
missiles with the friction coefficient y = 0.02 for different thicknesses of steel
plates (6, 8, 10, 12 and 16 mm) and at different speeds, but only for the FEM
method. The simulations are shown in Figures 29 through 34. In the analysis
of the SFM method, it is noted that with the influence of friction, the erosion of
the elements at the exit of the projectile occurs, so that they are not
considered with the influence of friction (Spasi¢, 2015).

In order to compare the data from the studied scientific papers, the
experimental data were compared with those derived from the friction
coefficient y of 0.0, 0.05 and 0.1 for a 15 mm thick AA5083.H116 aluminum
plate perforated with a conical tip projectile. Figure 5 shows the numerical
results used for the indicated values, where it is also confirmed that the results
agree well with the results of the impact test. This value was adopted for the
subsequent analysis of the aluminum plate perforation.

Steel SFM .1=0 — - = Steel SFM p=0.05
— — — Steel SFM, p=0.1 W EXP, Steel
----- AlISFM ,p=0.05 Al SFM ,p=0.1
— Al SFM =0 ® EXP Al

Output speed [m/s]

Starting speed [m/s]

Figure 5 — Friction effects in the perforation of a 12 mm thick steel plate and s 15 mm
aluminum panel by conical projectiles
Puc. 5 — 3gpghekmbi mpeHus npu nepgbopayuu cmarnbHoU naumsi, moawuHol 12 Mmm u
anomMuHuesoU naumsl, monauwuHol 15 MM, oCmMpPoKoHeYHbIM CHapsi0oM
Cnuka 5 — E¢dpekmu mpersa npu nepgbopayuju YenuyHe rnoye 0ebsrbuHe 12 mm u
anyMmuHujymcke rinoye 0ebrbuHe 15 mm KOHyCHUM pojeKmusiom
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Analysis of weldox 460e steel plate perforation
Perforation of blunt projectiles by the SFM method

In this part, an analysis of the perforation of steel plates of different
thicknesses of 6, 8, 10, 12, 16 and 20 mm was performed, due to different
speeds with a blunt projectile, using the 2D SFM method of Autodyn. Numerical
natural and ballistic boundary speeds are compared with the experimental data
published by (Borvik et al, 2003, pp.413-464), (Borvik et al, 2004, pp.367-384)
in his work. In the paper, it has been confirmed that, except for thin plates, at
relatively low initial velocities of the projectile of about 170 [m/s] and less, the
SFM results agree well with the experimental values. Figures 6 to 11 show the
results of a numerical analysis of blunt projectiles at various speeds of 435.6
[m/s] to 145 [m/s] for plates of 6, 8, 10, 12, 16 and 20 mm thicknesses.
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Figure 6 — Analysis of the SFM by a blunt projectile for a plate with a thickness of 6mm

Puc. 6 — AHanu3 SFM myroKkoHe4YHbIM cHapssdoM Ha naumy, monuuHol 6 mv
Cnuka 6 — AHanuza C®M myrium ripojekmuriom 3a ririody 0ebrbuHe 6 mm
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Figure 7 — Analysis of the SFM by a blunt projectile for a plate with a thickness of 8 mm
Puc. 7 — AHanu3 SFM myrnokoHe4YHbIM CHapssOoM Ha niaumy, monuwuHou 8 Mmm
Cnuka 7 — AHanusza COM mynum rnipojekmusiom 3a rnrnody debrbuHe 8 mm
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Figure 8 — Analysis of the SFM by a blunt projectile for a plate with a thickness of 10 mm

Puc. 8 — AHanus SFM myrnokoHe4HbIM cHapss0om Ha rnumy, monuuHod 10 mm
Cnuka 8 — AHanuza COM mynum npojekmursiom 3a rsiovy 0ebrbuHe 10 mm
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Figure 9 — Analysis of the SFM by a blunt projectile for a plate with a thickness of 12 mm
Puc. 9 — AHanu3 SFM myrnoKoHeYHbIM CHapsiOoM Ha naumy, mosauwuHol 12 mm
Cnuka 9 — AHanusza COM mynum npojekmuriom 3a rody 0ebrbuHe 12 mm
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Figure 10 — Analysis of the SFM by a blunt projectile for a plate with a thickness of 16 mm

Puc. 10 — AHanu3 SFM myrniokoHeuyHbIM CHapsadoMm Ha nnumy, monwuHot 16 mvm
Cnuka 10 — AHanusza COM mynum nipojekmursiom 3a rrody debrouHe 16 mm
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Figure 11 — Analysis of the SFM by a blunt projectile for a plate with a thickness of 20 mm
Puc. 11 — Ananu3z SFM mynokoHe4YHbIM cHapsi00M Ha rnaumy, monawuHol 20 Mm
Cnuka 11 — Ananusza COM mynum nipojekmurnom 3a nnody oebrbuHe 20 mm

Ballistic limit speed is defined as the minimum projectile speed required to
break the target plate. The obtained results indicate that the application of the
SFM method for blunt missiles, especially for thin slabs of 10 mm and lower
values of ballistic boundary velocities, deviates from the experimental results, as
well as in the results published by (Borvik et al, 2003, pp.413-464), (Borvik et al,
2004, pp.367-384). This slope difference is explained as a change in the shape
of a fracture of adiabatic shear and fracture by compression for thick slabs to
global propagation and thin panel slab fracture.

Perforation of blunt projectiles by the FEM method

For the comparison of the obtained results, the analysis of the perforation of
steel plates with different thicknesses of 6, 8, 10, 12, 16 and 20 mm was
performed, due to different speeds with a blunt projectile using the 2D FEM
method for the Autodyn program. In this analysis, using the FEM method for all
plate thicknesses, an analysis was performed using the friction effect y = 0.02.
The analysis was performed for a range of speeds of 145.3 [m/s] to 435.6 [m/s].
The results for boundary ballistic and natural velocities for plates of various
thicknesses from 6 mm to 20 mm are shown in the diagrams in Figures 12 to 17.
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Figure 12 — FEM analysis by a blunt projectile for a plate of 6 mm thickness
Puc. 12 — AHanu3 FEM myriokoHe4HbIM CHapsdoM Ha naumy, monuwuHot 6 Mmm
Cnuka 12 — AHanusa ®EM mynum npojekmurniom 3a nnody debrbuHe 6 mm
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Figure 13 — FEM analysis by a blunt projectile for a plate of 8 mm thickness

Puc. 13 — AHanu3 FEM myriokoHe4YHbIM CHapssOoM Ha naumy, monuwuHol 8 Mm
Cnuka 13 — AHanusa ®EM mynum npojekmuriom 3a nnody debrbuHe 8 mm
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Figure 14 — FEM analysis by a blunt projectile for a plate of 10 mm thickness
Puc. 14 — AHanu3 FEM myrnokoHeuYHbIM cHapssOoM Ha nnumy, monwuHou 10 Mm
Cnuka 14 — AHanusa ®EM mynum npojekmusiom 3a riody debrouHe 10 mm
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Figure 15— FEM analysis by a blunt projectile for a plate of 12 mm thickness
Puc. 15 — AHanu3 FEM mynokoHe4YHbIM CHapsi00M Ha rniaumy, monawuHod 12 mm
Cnuka 15 — AHanusa ®EM mynum npojekmusiom 3a riody debrbuHe 12 mm
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6 — FEM analysis by a blunt projectile for a plate of 16 mm thickness

Puc. 16 — AHanu3 FEM myriokoHeuYHbIM cHapsaOoM Ha nnumy, monwuHou 16 mv
Cnuka 16 — AHanusza ®EM mynum npojekmuriom 3a nody 0ebrbuHe 16 mm
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Figure 17 — FEM analysis by a blunt projectile for a plate of 20 mm thickness
Puc. 17 — Ananu3 FEM mynokoHe4YHbIM CHapsi00OM Ha rniaumy, monwuHol 20 Mm

Cnuka 1

7 — AHanusa ®EM mynum nipojekmurnom 3a novy debrbuHe 20 mm
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An analysis of the FEM method for ballistic boundary velocities was
performed. These velocities are defined as the minimum speeds of the
projectiles needed to penetrate a fully targeted board. It has been confirmed
that the FEM method provides good agreement with experimental results in all
of the examined thicknesses. The numerical analysis of the blunt projectile, as
shown in the 2D model in Figure 18 and the 3D model in Figure 19, shows that
the correct simulation was performed and a proper cut after the break of the
plate as well as experimental effects was obtained.

Figure 20 shows the results of the temperature change and the effect of
the temperature on the plate perforation. It can be clearly seen from the figure
that the temperature is highest in the part of the edges of the projectiles and
boards. It can be seen from the figure that the breakage of the plate is caused
by the ductile expansion of the hole and the breakthrough due to the flow of the
material of the plate as a result of the adiabatic shear of the temperature. A
similar behavior is observed in other cases for which the calculations were
carried out. The effect of damage by changing the speed obtained by a
numerical analysis is shown in Figure 21, for an initial velocity of Vj, = 296 [m/s],
indicates the change in the damage of the steel plate from the initial part where
the speed is slowly slowing down and linearly decreasing until the moment of
plate breakage.
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— 3000e01
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Figure 18 — Perforation of a steel plate with a blunt projectile (FEM method)
Puc. 18 — lNepgopayusi cmarnbHOU niaumsl myroKoHe4HeIM cHapsadom (FEM memod)
Cniuka 18 — lNeppopayuja YyenuyHe rrnodye mynum rpojekmusiom (®EM memoda)
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Figure 19 — 3D Flat Perforation of a steel shell with a blunt projectile (FEM Method)
Puc. 19 — UzobpaxeHue 3] nepghopayuu cmanbHOU rnaumsl mMynoKOHEYHbIM CHapsi0om

(FEM memod)
Cnuka 19 — Npukas 3D nepghopayuje yenuyHe niaode mynum rpojeKmusiom
(PEM memoda)
Tmx=785 K Ta==716 K Ter=x=683 K Tax=674,8 K Tee=674,1 K
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Figure 20 — Analysis of the change in the temperature field during the breakdown of the
steel plate by a blunt projectile (FEM method)
Puc. 20 — AHanu3 usmeHeHul mernnoeo2o ross rpu npoboe cmarsnbHOU naums|
mynoKoHeYHbIM cHapsidom (FEM memod)
Cnuka 20 — AHanusa npoMeHe memrepamypHoe rosba npu npobojy YenauyHe rnioye
mynum npojekmursiom (PEM memoda)
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Figure 21 — Analysis of damage caused by the change of speed in the breakdown of the
steel plate by a blunt projectile (FEM method)
Puc. 21 — AHanu3 nogpexoeHul u U3MeHeHUs1 cKopocmu ripu rnpoboe cmanbHOU naumal
mynoKoHeYHbIM cHapsidom (FEM memod)
Cnuka 21 — AHanusa owmehera ca npomMeHom bp3uHe npu npobojy 4YesiuyHe rnioye
mynum npojekmursniom (PEM memoda)

Comparative analysis of the FEM and SFM methods

By comparing the FEM and SFM methods based on the convergence study
for the adopted elements of 0.25x0.25x0.25 mm? for modeling the target board in
the SFM mode, the impact of the projectile and the network is gradually shifted to
the outer edge. The obtained FEM results, together with the SFM values, predict
a change in inclination similar to those observed in previous experiments. Figures
22, 23 and 24 show a comparative analysis of the numerical simulation results of
the FEM and SFM methods with the same initial speeds, by the action of a blunt
projectile for the plate thicknesses of 6 mm, 8 mm and 16 mm.
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Figure 22 — Comparison of the results obtained by the FEM and SFM methods
for a 6 mm thick steel plate, with a blunt projectile
Puc. 22 — CpagHumernbHbiIl aHanu3 pesyrnbmamos, rnosy4yeHHoix FEM u SFM
Memodamu, 8bIMOIHEeHHbIX Ha OCHOBaHUU N08pexX0eHUli cmasbHOU MaUumbsl MOAWUHOU
6 MM, opaxeHHOU mynoKOHEeYHbIM CHapso0oM
Cnuka 22 — lNopehere pesynmama dobujeHux ®EM u COM memodom 3a JyenuyHy
rnody debrouHe 6 mm npobujeHy mynum npojekmuriom
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Figure 23 — Comparison of the results obtained by the FEM and SFM methods for
an 8 mm thick steel plate with a blunt projectile
Puc. 23 — CpasHumernbHbIl aHanu3 pesynbmamos, nosy4yeHHbix FEM u SFM
Memodamu, 8bIMOTIHEHHbIX Ha OCHO8aHUU MO8pexX0eHul cmanbHOU NaAUMbl MOMUWUHOU
8 MM, nopaxxeHHOU MynoKOHeYHbIM CHapsi0oM
Cnuka 23 — lNopehere pesynmama dobujeHux ®EM u COM memodom 3a yernuyHy
rnnoyvy debrbuHe 8 mm npobujeHy mynum npojekmuiom
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Figure 24 — Compatrison of the results obtained by the FEM and SFM methods
for a 16 mm thick steel plate with a blunt projectile
Puc. 24 — CpasHumernbHbIl aHanu3 pesyrnbmamos, nony4yeHHoix FEM u SFM
mMemodamu, 8bIrNONTHEHHbLIX HA OCHOBAHUU 108pexX0eHUl cmarsbHOU Miaumbi MOAWUHOU
16 MM, Mopa>xeHHOU MyrnOKOHEeYHbIM CHapsiO0M
Cnuka 24 — lNopehere pesynmama 0obujeHux ®EM u COM memodom 3a YenuyHy
noyy debrbuHe 16 mm npobujeHy mynum rnpojeKmuiom

From the diagram, it can be noticed that the results obtained by the FEM and
SFM methods for the plates of small thicknesses overlap in the initial part; however,
in the final part, near the boundary ballistic velocities, the SFM method has minor
deviations. In the numerical analysis for the SFM method (Fig. 34) an iregular
shape of the separation of the rear part of the plate is seen, and in some cases, the
breakdown and breakage of the plate. For the thicknesses above 10 mm, the
matching of the results is within the limits of tolerance in all phases of the projectile
penetration, which was also shown for the penetration of the blunt projectile by the
SFM method for a plate of 16 mm in thickness.

Perforation of aluminum plates

This part of the paper deals with a perforation of AA5083-H116 aluminum
plates with a thickness of 15 mm to 30 mm with a conical tip projectile. The
software used for the analyses presented in this paper is 2D and 3D Autodyn for
two-dimensional and three-dimensional problems, respectively, in their original
form. Numerical natural velocities of projectiles and ballistic boundary velocities are
compared with the experimental data previously published by (Borvik et al, 2003,
pp.413-464), (Borvik et al, 2004, pp.367-384). The variation of the natural velocities
at the initial speeds for different plate thicknesses of 15, 20, 25 and 30 mm is
represented from Figures 25 to 28. The ballistic boundary velocities increase
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linearly by increasing the thickness of the plates, as shown in the above figures,
showing a similar fracture pattern to the plates of all thicknesses.
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Figure 25 — Comparison of the results obtained with the FEM and SFM methods for an

aluminum plate with a thickness of 15 mm, conical projectile

Puc. 25 — CpasHumernbHbIl aHanus pesynbmamos, nosy4yeHHsix FEM u SFM

mMemodamu, 8bIMOTHEHHbIX Ha OCHOB8aHUU 08pex0eHuli arntoMuHUes8ol Naumai
monuwuHot 15 MM, nopaxxeHHoU 0CMPOKOHEYHbIM CHapsidom
Cnuka 25 — Nopehere pesynmama dobujeHux PEM u COM memodom 3a
anyMuHujymcky nsody 0ebrbuHe 15 mm npobujeHy KOHYCHUM MPOojeKmusiom
350 .
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Figure 26 — Comparison of the results obtained with the FEM and SFM methods for an
aluminum plate with a thickness of 20 mm, conical projectile
Puc. 26 — CpagHumernbHbIl aHanu3 pesynbmamos, nosy4yeHHoix FEM u SFM
memodamu, 8bIMOIHEHHbIX Ha OCHO8aHUU MOBPEeX0eHUl antoMuHuUe8oU naumsi
monuwuHol 20 MM, nopaxxeHHoU 0CMPOKOHEYHbIM CHapsiOoM
Cnuka 26 — lNopeher-e pesynmama dobujeHux ®EM u COM memodom 3a
anymuHujymcky nnody debrbuHe 20 mm rpobujeHy KOHYCHUM MPojeKmuiom
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Figure 27 — Comparison of the results obtained with the FEM and SFM methods
for an aluminum plate with a thickness of 26 mm, conical projectile
Puc. 27 — CpasHumernbHbIl aHanu3 pesyrnbmamos, nony4yeHHoix FEM u SFM
memodamu, 8biMO/THEHHbIX Ha OCHOB8aHUU M08PexX0eHUl arntoMUHUE8oU Naumabl
monuuHoU 25 MM, nopaxxeHHoU OCMPOKOHEYHbIM CHapsi0oM
Cnuka 27 — lNopehere pesynmama dobujeHux ®EM u COM memodom 3a
anyMuHujyMcKy rioydy 0ebrbuHe 25 mm npobujeHy KOHYCHUM pojeKmusiom
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Figure 28 — Comparison of the results obtained with the FEM and SFM methods for an
aluminum plate with a thickness of 30 mm, conical projectile
Puc. 28 — CpagHumernbHbiIl aHanu3 pesynbmamos, nosy4yeHHoix FEM u SFM
mMemodamu, 8bIMOSIHEHHbIX Ha OCHO8aHUU NO8PexXOeHuUl antoMuHuUe8oU naumsi
monuwuHol 30 MM, nopaxxeHHOU 0CMPOKOHEYHbIM CHapsiOoM
Cnuka 28 — Nopehere pesynmama dobujeHux ®EM u COM memodom 3a
anymuHujymcky nmnody debrbuHe 30 mm rpobujeHy KOHYCHUM MPOjeKmuiom
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The analyses were made for a range of initial velocities from 200 m/s to
400 m/s. The thickness of aluminum plates varies from 15 mm, 20 mm, 25 mm
and 30 mm. The output velocity of the projectile was measured when the
projectile speed at the perforation after the output from the plate stabilized. The
obtained results were compared with the experimental results obtained by
(Borvik et al, 2003, pp.413-464), (Borvik et al, 2004, pp.367-384). In the
previous diagrams (Figures 25-28), a comparison of the results for the FEM and
SFM with the experimental results is shown. It is noticeable that the SFM results
are closer to the experimental data, which is characteristic for softer plates.
Figure 29 shows effective plastic deformation for the SFM method at different
time intervals when perforating a 20 mm thick aluminum plate with an initial
initial velocity V;, = 370 [m/s]. The Figures show that the plate is penetrated due
to the ductile expansion of the hole. A similar behavior is also observed in the
FEM method (Figure 30) for a 15mm thick plate with the initial initial projectile
velocity V, = 302 [m/s], with an expressed part of the adiabatic shear, which is
the case with other thicknesses for which the calculations were performed.

V=370 s
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Figure 29 — Perforation of a 20 mm thick aluminum plate by a conical projectile (SFM method)
Puc. 29 — UsobpaxeHue npobos anromMuHuegol niaumsi, moawuHol 20 MM, nopaxxeHHoU
0CMPOKOHEeYHbIM cHapsdom (SFM memod)

Cnuka 29 — lNpukas nepgopayuje anymuHujymcke rinioqe 0ebrbuHe 20 mm Hacmarne
ycned npobujarsa KoHycHUM ripojekmursiom (COM memodom)

t=0,01 ms =0,015 ms t=0,025 =0,030 ms
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Figure 30 — Perforation of a 15 mm thick aluminum plate by a conical projectile (SFM method)
Puc. 30 — N306paxeHue npobosi antoMuHUe8ol niaumsl, mosuuHol 15 mm, nopaxeHHoU
OCMPOKOHEYHbIM cHapsidom (SFM memod)

Cniuka 30 — lNpuka3s nepgopayuje anymuHujymcke roye debrouHe 15 mm Hacmarne ycrned
npobujarba KoHycHUM rpojekmusiom (CO®M memodom)

Perforation of projectiles of various tip geometries

This part of the paper analyses the perforation of a 12 mm thick Weldox
460E steel plate by a blunt, conical and hemispherical tip of the projeciile.
Numerical average and ballistic boundary velocities are compared with the
experimental data from literature. It has been confirmed that the numerical
results are in good agreement with the experimental data, as shown in Table 4.
The results obtained for ballistic bound velocities using the FEM method show
that, for the tested cases, less than 6% of the experimental data deviate.

Table 4 — Ballistic boundary velocity (Vbl) for three different projectiles
Tabnuua 4 — Bannucmudeckasi paHu4Hasi ckopocmb (Vbl) mpex pasnuyHbix 8008 CHapsi0os
Tabena 4 — banucmuyka epaHuyHa 6p3uHa (Vi) 3a mpu pasnuyuma npojekmuna

Ballistic boundary velocity, . .
Vbl (m/s) blunt cone hemispheric
Experiment 181.5 280.9 292.1
FEM 181.5 265.0 292.1

The numerical simulation of the penetration of a 12 mm thick steel plate with
three projectiles of different tip geometry, as shown in the diagram (Figure 31),
showed good agreement with the experimental results shown by Dey in his
scientific work.
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The numerical analysis has shown that conical and hemispherical projectiles
have a characteristic of faster penetration through various types of obstacles
(plates) by shifting the material in radial direction and by increasing the plastic
hole, as shown in Figures 32 and 33. For the same hemispherical projectile, the
SFM method shows the surface of a steel plate at a time fromt=00mstot=
0.12 ms. At a time of t = 0.06 ms, the surface of the steel plate rear begins to
irregularly disintegrate, and at the very end of the plate, separation (splitting) is
increasingly observed at the exit from the plate. The calculations were stopped at
a time interval t = 0.12 ms, when the projectile penetrated the plate.

For blunt projectiles, plate penetration occurs with adiabatic cleavage and
compression where the thickness of the compressed section is similar to that of
the plate and leaf flattening detected on the rear surface shown in Figure 34,
which is characteristic for the application of the SFM method in a numerical
analysis of a blunt projectile effect on a hard steel plate.

Plate 12 [mm]

= Blunt estimate
= Blunt experiment A
Konical estimate *
A Konical experiment
Hemispheric estimate

+  Hemispheric experiment »

Output speed [m/s]

Starting speed [m/s]

Figure 31 — Comparison of experimental, average values of numerical and ballistic
boundary velocities
Puc. 31 — CpasHeHue skcriepumeHmarbHoU, cpedHel YucreHHol u bannucmu4yeckol
epaHuy4HoU ckopocmu
Cnuka 31 — lNopehere ekcriepuMeHmarsnHux, MPOCeYHUX 8peOHOCMU HYMEPUYKUX U
banucmuykux epaHu4dHuUx 6p3uHa
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Figure 32 — Perforation of a 12 mm thick steel plate, hemispherical projectile (SFM
method)
Puc. 32 - lNpobol cmarnbHoU naumsi, moauwuHou 12 MM, xemucghepudeckum cHapsiOom
(SFM memod)
Cnuka 32 — Mepgpopauyuja yenuyHe rnove 0ebrbuHe 12 mm, Hacmana ycned npobujaka
xemucgepuydHuM ripojekmusnom (COM memoda)

t=0.01ms 1t=0.03 ms 1t=0.06 ms t=0.,09 ms t=0.12 ms
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Figure 33 — Perforation of a 15 mm thick steel plate, hemispherical projectile
(SFM method)
Puc. 33 — lpobou cmansHou rnaumsl, monwuHol 15 MM, xemucgpepuyeckum cHapsdom
(SFM memod)
Cnuka 33 — lMepgpopayuja yenuyHe nnove 0ebrbuHe 15 mm, Hacmana ycned npobujakba
xemucgepuyHumM ripojekmusniom (COM memoda)
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Figure 34 — Perforation of a 6 mm thick steel plate, hemispherical projectile (SFM
method)
Puc. 34 — lNpobol cmarbHoU naumsi, mosuwuHol 6 MM, xemMucgepudeckum cHapsidom
(SFM memod)
Cnuka 34 — lNepgopayuja JyenuyHe rnoye 0ebrbuHe 6 mm, Hacmarna ycned npobujara
xemucgepudHuM ripojekmusniom (CO®M memoda)

The results obtained by numerical simulations included the effect of damaging
the steel plate of various thicknesses by the action of projectiles of different shapes
of the tips (noses), as shown in Figs. 35 to 38. The indicated damage regimen for
each verified case is within the limits of the experimental results given in the
literature used. The analysis was performed with a blunt projectile for two different
plate thicknesses (6 and 16 mm), by simulating average speeds (296 and 356 m/s)
and limit speeds (145 and 239 m/s), as shown in Figures 35 and 36. From the
analysis of the results, it can be seen that by the action of a blunt projectile, the
initiation of the adiabatic shear range appears very quickly, due to the geometric
singularity of the projectile, after several milliseconds. Such a range of adiabatic
shear creates a plug that is ejected during the final break of the plate. It can be seen
form the Figure that the higher speed is, the sooner the plate breaks down, and the
section created by the adiabatic shear is thinner at higher speeds. Also, it was
noticed that with the impact of the projectiles of the same caliber on 6 mm thin
plates (Figure 35), and for lower speeds (near the ballistic velocity), plate bending
was three times more expressed. In order to compare the results for the 16 mm
thick plate (Figure 36), an analysis was performed for two different speeds and it
was confirmed, as in thinner plates, that at higher speeds penetration occurs faster
and there is a difference in the thickness of the cutoff after penetration, which is
visible in the Figure. However, it was noticed in thicker plates that the "plate-like"
twisting was significantly less prominent than in thinner plates (see Figure 36).

From the analysis of the results, it can be seen that a conical projectile
penetrates the plate significantly earlier. Also, in these types of projectiles,
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adiabatic shear is generated, but a plug is not foormed when the plate is
penetrated (Figure 37). It can be seen from the Figure that the higher the speed
is, the sooner penetration occurs, as in the case of a blunt projectile. When the
same caliber projectile penetrates a thin plate of 6 mm (Fig. 37) at lower speeds
(near the boundary ballistic velocity), plate bending is two times more prominent.
For the hemispherical projectile nose (Figure 38), the results also showed that for
a plate of 6 mm thickness, simulation of the action at two different speeds
confirmed that the thinner plates were faster to break and there was a difference
in the thickness of the cutoff after plate penetration (as seen in the Figure).
However, it was noticed that, at lower speeds, there would be a "plate-like" twist
as in the case of a blunt projectile, as shown in Figure 38.

Ve=145[m's] (border speed) V=296 [m/s]

6 mm

=0,02 ms 0,01 ms

0,02 ms
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Figure 35 — Comparison of blunt projectile penetration through a 6mme-thick steel plate at
two speeds, Vo=145 m/s and Vo=296 m/s, FEM method
Puc. 35— CpasHumersibHoe usobpaxxeHue npobosi cmaribHOU Miaumsil, mosauuHol 6mm
MyroKoHeYHbIM cHapsidom ¢ O8ymsi ckopocmsmu: Vo=145 m/s u Vo=296 m/s, FEM memod
Cniuka 35 — YnopedHu npukas npoboja yesnuyHe nrioye 0ebrouHe 6 mm mynum
npojekmusniom npu 6p3uHama Vo=145 m/s u Vo=296 m/s, ®DEM memodom
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Figure 36 — Comparison of blunt projectile penetration through a 16mm-thick steel plate
at two speeds, Vo=239 m/s and Vo=356 m/s, FEM method
Puc. 36 — CpasHumeribHoe usobpaxkeHue npobosi cmaribHOU rnumel, moauuHot 16mm
MYrOKOHeYHbIM cHapsidoM ¢ d8ymsi ckopocmsmu: Vo=239 m/s u Vo=356 m/s, FEM memod
Cnuka 36 — YnopedHu nipuka3s npoboja YyenuyHe roye debrbuHe 16 mm mynum
npojekmurnom npu 6psuHama Vo=239 m/s u Vo=356 m/s , ®DEM memodom
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Figure 37 — Comparative illustration of steel plate penetration by two-speed cone
projectiles, FEM method
Puc. 37 — CpasHumerbHoe u3obpaxxeHue npobosi cmasibHOU MAuMmbl OCMPOKOHEYHbLIM
cHapsidom ¢ d8yms ckopocmsamu, FEM memod
Cnuka 37 — YnopeOHu rnipuka3 rpoboja YyenuyHe rio4ye KOHyCHUM rnpojekmurioMm ca 0ge
bp3urHe, ®EM memodom
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Figure 38 — Compatrative illustration of steel plate penetration by two-speed hemispherical
projectiles, FEM method
Puc. 38 — CpasHumernbHoe uzobpaxxeHue rnpobosi cmasbHOU rnaumel Xxemucgepu4yeckum
cHapsidom ¢ 08ymsi ckopocmsmu, FEM memod
Cniuka 38 — YrnopedHu npukas npoboja YenudyHe rniovye xeMucghepuyHUM rpojeKmusiom
ca 0se bp3urHe, DEM memodom
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The presented results were obtained by the coupled SPH-FEM method
(SFM) and the FEM, which were adopted for simulating the perforation of
steel and aluminum plates of various thicknesses at high speeds, with steel
projectiles of different noses. It has been confirmed that both methods can
predict fairly accurate fracture patterns, natural missile speeds, and ballistic
boundary velocities compared to those observed in previously published
analyses of impacts of different types of projectile tips. The deviation in the
results was observed for the perforation of thin plates with a blunt projectile
using the SFM method. However, changes in the fracture pattern do not fully
reflect in the solution obtained from the adopted method, except for smaller
impact speeds on thin plates, and these changes occur due to the problem of
unstable load which is characteristic for the SFM method. With a reduced
range of impact velocities, FEM solutions are in better agreement with
experiments and can be adopted for this range of impact velocities. The SFM
method combines the benefits of the SPH and FEM methods, while solving
their shortcomings in the demanding (at higher speeds) processing and early
end of the program due to the serious interruption of the original elements
from the real application. Although the SFM is less accurate at lower impact
speeds of 170 m/s and less, the method is suitable and efficient for
numerically analysing high-velocity penetration and perforation of softer
materials, such as aluminum plates.

The Johnson-Cook constituent model and the finite element method, as
well as the coupled method (FEM and SFM), were used to perform a
numerical analysis of the impacts of a steel projectile on aluminum plates at
high velocities. The analyses have shown that there is fairly good agreement
with the experimental data for smaller thickness plates, while smaller
deviations occur in plates with larger thickness. Also, numerical results deviate
more from the experimental ones in the area of lower impact velocities. In
order to improve the numerical model and bring the obtained results closer to
the experimental ones, it is possible to introduce the influence of the
temperature change in the Johnson-Cook constitutive material strength model
on plates of larger thicknesses and introduce the influence of friction that
occurs during the interaction between projectiles and plates.

Conclusion

The research includes modern methods for modeling impact damage
based on the combined application of methods developed by theoretical,
experimental and numerical tools. Various types of impacts are analysed
numerically. Defined numerical models were applied for the analysis of normal
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impacts of projectiles with different types of steel and aluminum tips for a wide
impact speed range. Different thicknesses of obstacles were used for the
analyses (Weldox steel plate from 6 to 20 mm, aluminum plates from 10 to 25
mm). By varying geometric shapes and materials, wide possibilities have been
created for the numerical analysis of various phenomena occurring during the
impact, previously identified by experimental tests. By combining the numerical
analysis, the theoretical results and the experimental tests, it is possible to gain
a wider insight into the processes that occur in impact damage on different
metal structures.

An insight gained through the research of analytical and empirical models
of impacts on metal structures has helped develop numerical models for more
complicated geometry conditions and different structures and surfaces.

During the research, numerical methods based on the finite element method
(FEM) and the method based on the coupling of the smooth particle
hydrodynamics method and the finite element method (SFM) were applied. It has
been confirmed that both methods can predict the exact shape of a fracture, the
natural velocity of the projectile, and the ballistic boundary velocity in comparison
with those observed in the previously published analyses on the impacts of
different projectile nose shapes, with the limits of the application of both methods.
The deviation in the results was observed for the perforation of hard steel plates
by blunt projectiles using the SFM method. However, disagreements in the
predicted fracture shape have no greater impact on the calculated output speeds,
except for lower impact speeds on thin plates. At impact speeds that are close to
the ballistic ballistic velocity of the FEM solution, they are in better agreement with
experiments and can be adopted for the interval of impact velocities applied in the
analysis. The SFM method combines the advantages of the SPH and FEM
method, overcoming the problem related to the inability to realise the FEM
calculation due to the excessive deformation of the numerical network, which is
particularly expressed in complex geometric shapes. Although the SFM is less
accurate at lower impact speeds, the method is suitable and efficient enough for
the numerical analysis of high-velocity penetration and perforation of softer
materials such as aluminum plates, whereby with minimal increase in the
required computation time, problems with excessive deformation of numerical
networks are avoided. Using the Johnson-Cook constituent model for fracture
models and materials, the results are obtained that are in good agreement with
the corresponding experiments for both applied numerical methods. The
analyses for the aluminum plate have shown that for smaller thicknesses there
are fairly good matches with the experimental data, while there are significant
deviations in plates of larger thicknesses. Also, the numerical results deviate more
from the experimental ones in the area of lower impact velocities. In order to
improve the numerical model and the obtained results closer to the experimental
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ones, in the case of larger thicknesses it is possible to introduce the influence of
temperature change in the JS constitutive material strength model and to
introduce the influence of friction that occurs during the interaction of the projectile
and the plate.

The results are shown for the perforation by missiles with different noses,
showing the influence of temperature, plastic deformations, speed of plastic
deformations, shear and velocity for projectile penetration through steel and
aluminum plates of different thicknesses (from 6-25 mm).
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YNCNEHHOE MOLENVPOBAHWE YOAPA CHAPALOA
Mo METAINNIMYECKOW CTPYKTYPE

[pazonob M. Cnacuy
BoopyxeHHble cunbl Pecnybnuku Cepbus, NeHepanbHbin wTab,
YnpasneHwue no noructuke (J-4), r. benrpap, Pecny6nuka Cepbus

OBJIACTb: malumHOCTpOEHNe
BWO CTATbW: o630pHas ctatbs
A3bIK CTATbW: aHrnunckun

Pe3some:

B OdanHolU pabome onucaHo 4ucrneHHoe MmodernuposaHue yOapHbIX
rnospexxoeHuli, obpasosaswiuxcsi ecredcmeue ylOapa cHapsida Mo
Memarnnudeckol cmpykmype U uenu. B pabome npedcmaeneHsbl
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pesynbmambl  3KCIIepUMEHMO8, UCTbIMbI8aoWux ernusHue ¢opmb!
2oroeku  cHapsida Ha nocrnedcmeusi om ydapa CHapsida o
Memarniu4yecKkyro 6poHb. OKcriepuMeHmbl MPOo8oOUIUC, Ha OCHOBaHUU
ydapoe cHapsi008 o Memarsiiudeckol 6POHU, 8bINOSIHEHHOU U3 cmarnu u
anmoMuHUsI pasfnuyHoU mosnuuHbl. B xo0e akcriepuMeHma yHumbieanoch
U 8rusiHUe U3MEHEHUsST cKkopocmu O8LkeHUs1 cHapsida Ha rocriedcmausi
om e2o ydapa. [nss moz2o 4mobbl aghchekmbl 3KCrepuMeHmarbHo20
molenuposaHusi ydapa 8bleniidenu MakKCcuMaslbHO peasiucmuYdHbIMU,
cKkopocmb ydapa cHapsidoe gapbuposariacb om cpedHel 00 2paHUYHoU
bannucmuyeckol CcKopocmu, fpu Komopoul ocyujecmernsisicsi rnpobou
npeepadkl. [lonydeHHble pe3yrbmambl 3KCIepUMeHma MOTHOCMbIO
coenarsu ¢ rpoeedeHHbIMU pearibHbIMU elicmeusiMu Ha MemariiudecKue
npespadbl U coomeemcmeyom  pe3ynbmamam  uccriedogaHud,
onybriuKo8aHbIX 8 3agpaHuUYHbIX U30aHUsIX.

Knovesble crioga: 8030ywHoe CyOHO, aguayuoOHHbIe CMPYKMyphbl,
yolap, ydapHble rospex0eHus, modernuposaHue, cHaps0,
b6poHebOoUHbIl CHapsd, neHempamop, nMpopkle cHapsida, rMpoHUKaHuUe,
bannucmuyeckas 3awuma.

HYMEPNYKO MOJOEJIOBAHE YOAPA NMPOJEKTUIA
O METAINHE CTPYKTYPE

Hpazorby6 M. Cnacuh
Bojcka Cpbuje, NeHepanwTab, Ynpasa 3a noructuky (J-4), beorpag,
Peny6nuka Cpbuja

OBJTIACT: malwmnHCTBO
BPCTA YJTAHKA: npernegHu unaHak
JE3WVK YJTAHKA: eHrnecku

Caxemak:

Y pady je onucaHo Hymepudko Modesiogarbe yOapHux ouwimehera Koja
Hacmajy npu yOapy npojekmurna o MemasiHe cmpykmype. [pukasaHu cy u
eKcriepumeHmarnHu pesynmamu yoapa npojekmurna pasnuqumux obruka
8pxosa 0 MemarsiHe cmpykmype. Excnepumermu cy cripogedeHu ydapom
ripojekmuria 0 MemarsHe rperpeke 00 Yeruka u anyMuHujyma pasnudumux
OebrbuHa ca npomeHom 6psuHe ydapa npojekmurna. Kako 6u egbekmu
eKcriepuMeHmarnHux — cumynauuja yldapa 6unu  wimo  npubnXHUU
cmeapHoM, 6p3uHe ydapa rpojekmuria Cy eapupaHe, mako Oa odzosapajy
MPOCEYHUM U epaHu4YHUM bp3uHama ydapa rpojekmura rpu Kojuma dorasu
0o nipobujarba nipenpeke. [JobujeHu excriepuMeHmarnHu pesynmamu cy ce
rnodydapurnu ca criposedeHUM peariHum OejCmeoM Ha MemariHe nperpeke u
CNUYHUM ucrumuearbuma rpuKasaHuM y cmpaHoj numepamypu.
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Abstract:

The paper describes the results of the positional accuracy assessment of
digital topographic maps at scale 1: 25 000 produced by the Serbian
Military Geographic Institute (MGI). The test for the horizontal and vertical
accuracy compliance of map sheets is done by comparing the planimetric
and height coordinates of the ground points to the coordinates of the
same points as determined by a check survey of higher accuracy. In this
research STANAG 2215 standard was used and the methodology of its
use is discussed in detail. The results of positional accuracy assessment
for the digital topographic maps at scale 1:25 000 produced by the Military
Geographic Institute have confirmed the highest level of accuracy defined
by STANAG 2215 standard.

Key words: positional accuracy, STANAG 2215 standard, digital
topographic maps, Military Geographical Institute.

Introduction

Positional accuracy represents the nearness of those values to the
entity’s "true" position in the coordinate system (Drummond, 1995), (Tveite,
1999). Positional accuracy is one element of the spatial data quality, which

106



is defined as the accuracy of the position of features within a spatial
reference system (Stanislawski et al, 1996), (Zandbergen, 2008),
(Drobnjak et al, 2016). Also, positional accuracy may be defined as a
degree to which the digital representation of a real-world entity agrees with
its true position on the earth’s surface (Congalton & Plourde, 2002),
(Devillers & Jeansoulin, 2010).

It consists of three sub-elements of data quality:

— Absolute or external accuracy — closeness of the reported coordinate
values to the values accepted as or being true;

— Relative or internal accuracy — closeness of the relative positions of
features in a dataset to their respective relative positions accepted as
or being true;

— Positional accuracy of gridded data — closeness of the gridded data
spatial position values to the values accepted as or being true.

Evaluation of positional accuracy is reduced to a comparison of the
coordinates of individual points read from maps with a reference, several
times more accurate coordinates of the same points positioned
corresponding geodetic measurements in the field, or taken from other
sufficiently accurate sources (Goodchild & Hunter, 1997). The basic
problem in assessing the positional accuracy of the maps is the choice of
measures of accuracy (i.e. accuracy estimators), as well as a
corresponding set of points that represent a particular map sheet and that

represent entirety of whole map (Bozic & Radojcic, 2011), (Petrovi¢, 2006).

An example of successful positional accuracy estimation of digital
topographic maps is represented by the Army Geographic Institute of
Portugal, who has made the assessment of the positional accuracy of a
vector data digital topographic map at scale 1:25 000 using STANAG 2215
standard. In the article (Afonso et al, 2006), the obtained results of
estimates of positional accuracy are divided into specific areas by the year
of production of spatial data, as it was done in this paper.

Positional accuracy has traditionally been evaluated using control
points. These points are defined as “well defined points”, and their use has
been conditioned by classical topographic field surveying methods (Bozic
& Radojcic, 2011). Following this idea, there are very many statistical
Positional Accuracy Assessment Methodologies like: NMAS, NSSDA
(FGDC 1998), STANAG 2215 (NATO 2002). Also, those methodologies
represent point-based positional accuracy assessment methods and many
of them are stated as standards for the positional control of cartographic
products by national mapping agencies. Some of these methods have
recently been analyzed in detail using a simulation process and compared
in a more general manner by the same authors. Nevertheless, researchers
have criticized these standards for being limited to well defined points, and
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also for failing to address more complex elements like linear and polygon
ones. It is not possible to assume that all features can be characterized by
an error in the position of the well-defined points (Bozic & Radojcic, 2011).

On the other hand, the most widely applied methods for the line-
based positional accuracy assessment of 2D lines are: the Hausdorff
Distance (HDM) (Ariza-Lépez et al, 2011), the Mean Distance (MDM)
(Skidmore & Turner, 1992), the Single Buffer Overlay (SBOM) (Goodchild
& Hunter, 1997) and the Double Buffer Overlay (DBOM) (Tveite, 1999). All
the methods present an asymmetric or directional behavior which means
that results depend on the direction of the assessment. The asymmetry
comes from intervening elements in the distance estimation formula being
applied. All the results are understood as uniform errors along the lines but
we know that the distribution is non-uniform in lines; and that is a limitation
of all of them.

Figure 1 shows two examples of errors in the evaluation of positional
accuracy of the test data set. Section 1 shows a road portion which is
wrong mapped, while Section 2 shows a public object in the scale
(hospital), also mapped at wrong positioning in relation to the reference
data of the universe of discourse.

Universe of discourse Tested dataset

A} N\
>- h

e

Figure 1 — Example of positional inaccuracy
Puc. 1 — lNpumep nosuyuoHHoOU noepewHocmu
Cnuka 1 - lNpumep nonoxajHe HemayHocmu

Methods and materials

In STANAG 2215, the absolute horizontal accuracy is defined as the
uncertainty in the horizontal position of a point with respect to the
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horizontal datum required by a product specification, caused by random
and any systematic errors, and is expressed as a circular error at the 90%
confidence level — CMAS (NATO, 2002). In a similar manner, the absolute
vertical accuracy is defined as the uncertainty in the vertical position of a
point with respect to the vertical datum, caused by random and any
systematic errors, and is expressed as a linear error at the 90%
confidence level — LMAS (NATO, 2002).

The process of evaluation of horizontal positional accuracy begins
with the first step, where we calculate the circular error or circular error
estimate — CE (defined as the distance in the horizontal plane between a
true or known position and the measured or derived position and may
involve the use of several circular error confidence levels). The circular
error takes into consideration that a certain percentage of the error in the
two axes E (Easting coordinates) and N (Northing coordinates) will lie
within a circle of a certain radius of the mean error (Ariza Lopez & Atkinson,
2008). The circular standard deviation of the measured differences
between the product and reference data sets, marked with oc may be
computed from the linear standard deviations of E and N (NATO, 2002):

o, —020_ —. oF [En 1 oN, — ¢ (1)
where

— oc¢ is the circular standard deviation (with a confidence level of
39.35%),

— OE;, ON; are individual differences of measured and reference
coordinates of the E and N axis, respectively,

— OE and SN are the arithmetic means of the difference between the
axes and

— nis the number of the diagnostic points.

Then the outlier detection is performed. The residuals R with a value

higher of M, - o, should be tested according to:

R=\Y(GE, -5E) + Y (N, - 6N} > M, -0, (2)

where M, is computed depending on the size of a sample (i.e. degrees of
freedom, n—1):

M, =,/2.5055 +4.6052 - log,,(n — 1) (3)
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STANAG 2215 standard regulates a test to determine whether or not
a computed bias is significant, by compare values of JE and JN with zero.
The bias should be considered to be significant at the 90% confidence
level if zero does not lie in the range ()_c—tlo% 'JE) and ()?+t10% -0';),
where:
O

—_— — X

O-

X \/;
— X — mean value along the axis E or N (0E or 0N )
— o, —root-mean-square error per coordinate axis, E or N

— t109%— value which ensures a confidence level of 90% based on a t
distribution for n—1 degrees of freedom.
The absolute horizontal accuracy at the 90% confidence level when

there is no systematic error (i.e. when OE and ON do not significantly
differ from zero) is calculated with (NATO, 2002):

CMAS =2.146 -0 (4)

When the products contain a bias (ie. when O6E andlor N
significantly differ from zero), then:

2
CMAS = o, -{1.2943 + (dJ + 0.7254] (5)

Oc

where d is the mean error vector (bias):

d=@EY +(@NY (6)
In accordance with STANAG 2215, map products at scale 1:25000
are classified by the CMAS in five position accuracy classes (Table 1).

Table 1 - The cartographic products classification by horizontal positional accuracy
Tabnuua 1 — Knaccugpukayusi kapmoepaghuyeckux uzdaHuli no 20puU3oHmMarbHou
MO3UYUOHHOU moYyHocmu
Tabena 1 — Knacughukayuja kapmoepaghckux nybriukayuja Ha OCHO8Y XOpU30HMaIsHe
riosioxajHe mayHocmu

Ratin Measurement at Value of Circular Map
9 Product Scale Accuracy Standard (CMAS)
A 0.5 mm 125 m
B 1.0 mm 25m
C 2.0 mm 50 m
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Ratin Measurement at Value of Circular Map
9 Product Scale Accuracy Standard (CMAS)
D >2.0 mm Poorer than Rating C
E Not determined

For vertical accuracy evaluation, STANAG 2215 demands at least
167 check points per data set, like for horizontal accuracy evaluation. In
the vertical accuracy evaluation procedure, the first step is to calculate the
height differences between the measured height and the reference height
OH;, then its differences from the mean value of all differences and
calculate the linear standard deviation:
S (on, -oH Y

o=y (7)

n—1

Then, the tests for blunders and systematic errors are performed, in
the same way as for horizontal accuracy evaluation. Finally, we have to
evaluate the linear error with the 90% confidence level. If 0H is not
significantly differing from zero, the LMAS is calculating as:

LMAS =1.645-0 (8)
and in the opposite case:
——\2 ——\3
6| 0|
LMAS =0 -{1.645+092-| — | —0.28-| — 9)
O o

By the value of the LMAS, STANAG 2215 divides all cartographic
products at scale 1:25 000 into five classes (Table 2).

Table 2 — The cartographic products classification by vertical positional accuracy (a=0.10)
Tabnuua 2 — Knaccugbukayus kapmoezpagbudeckux uzdaHud rno eepmukarbHoul
nosuyuoHHol moyHocmu (a = 0,10)

Tabena 2 — Knacughukayuja kapmoepaghckux nybrnukayuja Ha 0CHO8Y 8epmuKarsiHe
nosnoxajHe mavyHocmu (a=0,10)

Rating Value of Linear Map Accuracy Standard (LMAS)
0 25m
1 5m
2 10 m
3 Poorer than Rating S
4 Not determined
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STANAG 2215 standard requires a minimum of 167 diagnostic (well-
defined) points per sheet or a defined test area. In this standard, the
assessment of the accuracy is also based on comparisons between the
values on the product being assessed and more accurate data. A well-
defined point is one that can be easily and uniquely identified on the map
and in the field. STANAG 2215 insists that all types of geographic
elements must be involved (Bozic & Radojcic, 2011).

In this research, the test area for the positional accuracy assessment
was covered by 49 sheets of a digital topographic map at scales of 1:25
000 (DTM25), as shown in Figure 2. The marked rectangles in Figure 2
represent the tested sheets of the digital topographic maps at scale
1:25000.

For every sheet of DTM25 in the test area, we assigned to the 167 well-
defined points, chosen from nearly all thematic layers of digital topographic
maps. A larger number of those points are collected in the field
measurement using a GPS receiver, while the coordinates of remaining
points are determined using 3D stereorestitution (Drobnjak et al, 2014).

The field measurements were carried out with one GPS Trimble
Geoexplore receiver. The receiver was tested on control points. The
accuracy of the GPS positioning in the national map grid system, as
defined by the root mean square error of a single point, was 1.41 m. The
coordinates obtained by GPS measurements and 3D stereorestitution
were compared with the map coordinates of the common points using the
PAAT (Positional Accuracy Assessment Tool) tool ESRI ArcGIS software
(Esri ArcGIS, 2014).

Figure 2 — Test area for positional accuracy assessment
Puc. 2 — MecmHocmb mecmupogaHusi, 8bibpaHHast 05151 OUEeHKU MO3ULUOHHOU moYHoCcmu
Cnuka 2 — Tecm-nodpyyje 3a oueHy nornoxajHe ma4yHocmu
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The PAAT tool used the root mean square error, which is denoted by
RMSE for assessing the positional accuracy. RMSE is the second root of
the mean sum of squared differences of coordinates read from the map
and the corresponding reference ("true") coordinates. The absolute
horizontal accuracy is the uncertainty of two-dimensional position (relative
to the horizontal datum) and is expressed as circular errors with 90, 95 and
99% confidence levels. On the other hand, absolute vertical accuracy is
the uncertainty of one-dimensional position (relative to the vertical datum)
and is expressed as a linear error with 90, 95 and 99% confidence levels.
Accuracy is communicated in those units in which coordinates are
expressed in nature (meter), which enables a direct comparison of
different products, regardless of the differences in scale or resolution.

The PAAT has the ability of the automatic testing and elimination of
gross errors. A testing statistic called 30 threshold is used for this (Figure
3). If a specific positional error is greater than the value of 30, the program
eliminates it, leaving the possibility to keep these points if we wish to do
that (ESRI, 2012).

il Pestiomsl Acrarecy o

Sevmn Remds | Rapurtrg

Porild TosReshe  Owlax  Osey  Delaz =

b ..
_Robujensmnss?” | % 7
: ‘e /
A5 4 .

50

Figure 3 — PAAT tool
Puc. 3 — lHecmpymeHm PAAT
Cnuka 3 — Anam PAAT

The report of the positional accuracy assessment results using the
PAAT tool consists of a text file for the appropriate test area, the vector
data of the reference and the test points in a standard ESRI Shapefile
vector format and metadata in accordance with ISO 19115 and FGDC
standards in the form of an XML file. Since the PAAT tool does not have
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an integrated analysis of positional accuracy on the basis of STANAG
2215 standard, the results of the analysis have been exported to the Excel
format (Drobnjak et al, 2016).

Results

Table 3 shows the results of an analysis of the absolute positional
accuracy of using the aforementioned quality measures with classification
of digital topographic maps according to STANAG 2215 standard for all
test areas that were analyzed in the experimental research activities by
year of production of spatial data.

Table 3 — Positional accuracy assessment results of the tested area
Tabnuya 3 — Pe3ynbmambl OUeHKU Mo3ulUOHHOU MOYHOCMU Ha mecmupyemoli MecmHocmu
Tabena 3 — Pe3ynmamu oueHe nosoxajHe mayHocmu mecm-nodpydyja

Results of positional accuracy assessment

standard STANAG 2215

Ord.
num Test area/map sheet Classification Classification
CMAS LMAS related to
CMAS related to LMAS

1 Sira okolina Ljiga (ukupno 8 listova DTK25) 9.111 2.456 A 0
2 NL 34-11/7-4-1 Rudnik 10.715 2.046 A 0
8 NL 34-11/7-4-3 Gornji Milanovac 9.696 1.964 A 0

mean value = 9.841 2.226
4 NL 34-11/9-2-3 Zagubica 10.042 2.102 A 0
5 NL 34-11/9-3-4 Resavica 11.387 2.351 A 0
6 NL 34-11/9-4-4 Zlot 10.449 2.452 A 0
7 NK34-2/3-1-2 Zabrega 10.334 2.326 A 0
8 NK34-3/1-1-4 Zajacar 8.193 1.109 A 0
9 NK34-3/1-3-4 Mini¢evo 9.287 2.021 A 0

mean value = 9.949 2.060
10 | NL34-10/3-2-3 Hrtkovci 9.221 0.789 A 0
11 | NL34-10/3-4-2 Grabovci 8.505 1.061 A 0
12 | NK34-5/6-2-2 Mostanica 10.605 2.785 A 1
13 [ NK34-5/6-2-4 Vranje 7.785 2.428 A 0
14 | NK34-5/6-4-1 Bujanovac 10.304 1.617 A 0
15 | NK34-5/6-4-3 Biljaca 9.178 1.578 A 0
16 | NK34-5/9-2-1 Zujince 9.253 1.654 A 0
17 | NK34-6/4-3-2 Dukat 12.195 4.805 A 1
18 | NK34-6/4-1-1 Jelasnica 8.402 1.995 A 0
19 | NK34-6/4-1-3 Bujkovac 9.253 3.197 A 1
20 | NK34-6/4-3-3 Trgoviste 9.335 2.465 A 0

mean value = 9.458 2.216
21 | NK34-2/9-4-3 Bojnik 7.468 0.690 A 0
22 | NK34-3/8-3-3 Dimitrovgrad 7.276 1.247 A 0
23 | NK34-5/3-1-4 Medveda 9.751 2.415 A 0
24 | NK34-5/3-2-2 Leskovac 7.675 0.679 A 0
25 | NK34-6/1-1-1 Vlasotince 7.503 1.252 A 0
26 | NK34-6/1-1-2 KruSevica 8.069 2.425 A 0
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Results of positional accuracy assessment
standard STANAG 2215
27 | NK34-6/1-3-1 Predajane 7.909 2.238 A 0
28 | NK34-6/1-3-2 Crna Trava 7.857 2.309 A 0
29 | NK34-6/1-3-3 Vladi¢in Han 11.251 2.410 A 0
30 | NK34-6/1-3-4 Surdulica 7.999 2.633 A 1
mean value = 8.276 1.830
31 | NK34-2/7-1-1 Sjenica istok 8.540 1.226 A 0
32 | NK34-2/7-1-2 Muhovo 9.176 3.009 A 1
33 | NK34-2/7-1-3 Zitniée 8.319 1.103 A 0
34 | NK34-2/7-1-4 Bele Vode 8.940 1.893 A 0
35 | NK34-2/7-4-1 Mur 9.313 2.266 A 0
36 | NK34-2/7-4-2 Novi Pazar 9.606 2.339 A 0
37 | NK34-2/7-4-3 KoZilje 8.215 2.237 A 0
38 | NL34-11/4-1-2 Obrenovac 6.872 0.716 A 0
39 | NL34-11/4-2-2 Ripanj 7117 0.944 A 0
40 | NL34-7/2-4-3 Prigrevica 8.173 0.774 A 0
mean value = 8.427 1.651
Legend: - Production year 2007
- Production year 2009
- Production year 2012
- Production year 2013
- Production year 2014

From Table 3, it can be concluded that all 40 test areas analyzed in
the experimental study of the horizontal positional accuracy of the DTM
have a value of the circular error as the map accuracy standard is less
than 12.5 meters (CMAS < 12.5 m) and belong to the best "A" map class
according to the classification of STANAG 2215 standard. Also, it can be
concluded that, in the analysis of the vertical positional accuracy of the 40
analyzed test areas, 35 test areas have a value of linear errors as the map
accuracy standard of less than 2.5 meters (LMAS < 2.5 m) and belong to
the best "0" map class according to the classification of STANAG 2215,
while five test areas have a LMAS value between 2.5 and 5 meters (2.5
m<LMAS<5 m) and belong to the class "1" according to the classification
of STANAG 2215. From everything shown and mentioned, it can be
concluded that the analyzed DTM produced by the MGI have a high level
of geometrical, positional accuracy.

The graphical representation as a diagram of the circular error value
as the map accuracy standard (LMAS) by a production year is shown in
Figure 4.
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Value of circular error as map accuracy standard (CMAS)
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Figure 4 — Diagram of the CMAS values
Puc. 4 — fJuazpamma 3HavyeHuli CMAS
Cnuka 4 — [Qujazpam epedHocmu CMAS

The graphical representation of the LMAS value by a production year
is shown in Figure 5.

Value of linear error as map accuracy standard (LMAS)

5,0

0,0

Production year
——2007 —#—2009 2012 —»—2013 —%—2014

Figure 5 — Diagram of the LMAS values
Puc. 5 — [uazpamma 3HaqyeHuli LMAS
Cnuka 5 — [qujazpam epedHocmu LMAS

Table 4 shows the standardized report on the results achieved by
positional accuracy assessment and the classification of digital
topographic maps related to STANAG 2215 standard for the test area
which covers one sheet of DTM25, nomenclature NK34-5/6-2-4, Vranje.
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Table 4 — Standardized report of a positional accuracy assessment for the tested area
Tabnuua 4 — Cma+HOapmu308aHHbIU omyem O MO3UYUOHHOU MOYHOCMU Ha
mecmupyemol MmecmHocmu
Tabena 4 — CmaHO0apdOu3osaHu usgewmaj oueHe foroxajHe madyHocmu mecm-rnoopyyja

DATUM | 1/SCALE 25000
INPUT DATA
Lower MPV Upper
Mean E difference = -1.6636 -1.2341 -0.8047
Mean N difference = 0.7770 1.2712 1.7654
Mean H difference = -0.2803 -0.0920 0.0963
Standard deviation E = 3.0895 3.3653 3.7005
Standard deviation N = 3.5552 3.8726 4.2583
Standard deviation H = 1.3548 1.4758 1.6228
Circular Standard Error = 3.330 3.628 3.989
No. plan points = 168 Degrees of Freedom = 167
No. height points = 168 Degrees of Freedom = 167
OUTLYING POINT CHECK
Circular Tolerance: 12.9497
Tolerance for E diff: 10.7284 -11.962 < E diff < 9.494
Tolerance for N diff: 12.3455 -11.074 < N diff < 13.617
Tolerance for H diff: 4.7047 -4.797 < H diff < 4.613
ANALYSIS
Lower MPV Upper

HEIGHT:

Bias-free Estimate of LMAS 2.2286 2.4275 2.6693
Linear Point-to-Point Accuracy 3.1517 3.4331 3.7750
(Intermediate quantity b/Sigma) 0.0679 0.0624 0.0567

Significance of Avge H diff: NO NO NO
Absolute LMAS (bias model 1) N/A N/A N/A
Absolute LMAS (bias model 2) N/A N/A N/A

Selected LMAS figure 2.2286 2.4275 2.6693
Adjusted LMAS figure 2.4266
Rating 0
PLAN:
Bias-free estimate of CMAS 7.1472 7.7853 8.5607
Plan Point-to-Point Accuracy 10.1076 11.0101 12.1067
Systematic Shift 1.7717
Significance of Shift YES YES YES
(Intermediate quantity d/SigmaC) 0.5320 0.4884 0.4441
Absolute CMAS with bias 7.6550 8.2573 8.9949
Selected CMAS figure 7.6550 8.2573 8.9949
Adjusted CMAS figure 8.2542
Rating A
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Conclusion

Knowledge of positional accuracy is of fundamental importance both
for map users and for manufacturers. Unlike most online properties, its
horizontal positional accuracy can be fully examined and quantified in an
exact way. This paper presents the results of an assessment of the
positional accuracy of digital topographic maps in a scale of 1:25 000
produced in the Military Geographical Institute. The evaluation of positional
accuracy verified and confirmed that the analyzed digital topographic maps
produced in the Military Geographical Institute have a high level of
geometric positional accuracy.

The obtained results of the positional accuracy assessment have the
same level of accuracy to the specifications considered in the STANAG
2215 standard, which indicates that the MGI obtains the best classification
as defined in STANAG 2215 standard.
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TOMOMPAGUNYECKOM KAPTE MACLUTABA 1:25 000 (TK25),
PA3SPABOTAHHOW B COOTBETCTBMM CO CTAHOAPTOM
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Pesrome:

B cmambe onucbkigaromcsi pe3yribmambi OUeHKU MO3ULUUOHHOU MOoYHOCMmuU
uughposbix moriogpagpudeckux Kapm, Macwmaba 1. 25 000,
paspabomaHHbIx cepbckum BoeHHO-2e0epaghuydecKuM  UHCMUMYImMom
(Br'vl). UcribimaHue Ha  coomeemcmeue  20pU3OHMasibHoU U
8epmukasbHOU MOYHOCMU 0mOesIbHbIX JILCMO8 Kapm OCyu,ecmerissemcsi
flymem cpasHeHUsI KOHMYPHbIX U B8bICOMHbIX KOOPOUHam Ha3eMHbIX
moyveK C KoopOuHamamu meX XXe [MOYeK, Komopbie orpedernsomcs
KOHMpOribHbIM  0630poM ¢ 6osiee  8biCOKOU moYHocmbio. B OaHHOU
pabome noOpobHo npedcmasrieHa  MemoQdoriocusi  NPUMEHEHUS
cmaHOapma STANAG 2215, e coomeemcmeuu ¢ KomopbiM 6biio
rposedeHO Hacmosiwee uccredosaHue. Pesynbmam  no3uyuoHHOU
OUEHKU MOYHOCMU Uughposbix moroepaghuqyeckux Kapm e macuwimabe
1:25 000, paspabomaHHbIX BOeHHbIM 2eoepachudecKumM UHCMUMYmoM,
ro0meepour 8bICOKUL YpOBEHb MOYHOCMU, ornpederieHHbIl cmaHd0apmom
STANAG 2215.
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Caxxemak:

Y pady ce onucyjy pesynmamu ouerUearba roroxajHe madyHocmu
OuaumarnHux morogpagpckux Kapama 'y pasmepu 1:25 000,
npoussedeHux y BojHozeoepaghckom uHcmumymy (BIUW) Penybnuke
Cpbuje. Tecmupare XOpu3oHMasnHe U eepmuKanHe rofoxajHe
mayHocmu rojeduHayHuUX nucmoea kKapama ypaheHo je ropeherem
MIaHUMempPUJCKUX U B8UCUHCKUX KOoopOuHama mecm-mavyaka ca
KopecrioHOeHmMHUM maykama eehe maydyHocmu o0peheHUX MmepeHCKUM
npemepomM. Y ucmaxueary je KopuwheH cmaHdapd STANG 2215 u
demarbHO je onucaHa Hezo08a Memodornoauja. Pe3ynmamu o002
ouerbugara rnomepouiu Ccy Hajeulwu HUB0 madyHocmu degpuHucaH
cmaHdapdom STANAG 2215.

KrbyuHe peyu: nonoxajHa maydyHocm, cmaHdapd STANAG 2215,
OuaumarnHe moroepacghcke kapme, BojHoeceoepaghcku uHcmumym.
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Abstract:

Worldwide experience has shown that MI-8/17 helicopters are on the top
of the middle class list of high performance multipurpose helicopters, flying
at high altitudes in complex meteorological conditions.

The paper addresses their development, transport, as well as rescuing
and combat capabilities. The excellent technical characteristics of flight
and their capabilities for uninterrupted and smooth performance of tasks
demonstrate the reason why the Armed forces of the FYR of Macedonia
decided to use Mi-8/17 helicopters and are determined to invest in their
modernization and improvement of their technical capabilities. The
modernization of the resources of armies is a continuous process, which
is a part of all modern military security structures. Most armed forces do
not economize the funds allocated for this purpose, due to the fact that
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they aspire to achieve the planned capabilities, so that they would attain
the ultimate preparedness in terms of capabilities of the security forces
regarding technology and trained personnel.

Key words: modernization, technical capabilities, project, aircraft,
performance, force.

Introduction

Helicopters are among the first aircraft designed by people; however,
it took a long time before they were put in use. Bringing the idea to fruition
was not so easy. The first records of the concept of helicopters as aircraft
date back from the end of the 15th century, the period of Leonardo da
Vinci, one of the greatest minds of the renaissance. Since then, the
improvement of helicopter technology has not stopped its development.
One of many scientists who have contributed to its development is the
renowned Russian scientist and helicopter designer Mikhail Mil,
1900-1970.

This scientist became famous for his merits of Mi-8/17 helicopters
design, one of many famous twin engine helicopters in the world, included
in the list of the most popular aircraft of its type in the world history of
aviation.

On August 2 1962, the first prototype of the multipurpose Mi-8/17
helicopters had its first flight (www.topwar.ru). It is currently the most
popular twin turbine multipurpose helicopter in the world and the most
mass produced helicopter in the history of aviation, used for numerous
civilian and military tasks.

The Mi-8 program was followed by a tremendous technical
documentation, modification, and improvement: 12000 copies in different
variants were produced. Based on the experience and the results of the
Mi-8, this famous helicopter, which is capable of landing on a water
surface, was developed under the designation Mi-14 (http://kollektsiya.ru).

Aviation, as one of the most complex components of the Republic of
Macedonia’s defence system, requires a special focus on the area of
modernization of the Mi-8/17, as the most typical and most used aviation
technique in the Macedonian Air Force. The transport component is
essential for the airlift and multipurpose capabilities of the Armed Forces
aircraft. Equipping the helicopters is only one part of the problem that has
emerged in the recent years besides the outdating of the aircraft (Dicevski,
2012, pp.21-22).
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Technological development

Although most of the historians mainly focus on aircraft with fixed
wings, a helicopter flight was the first flight conceptualized by people. As a
matter of fact, ancient Chinese played with mobile tops which flew by
accelerated rotation of their wings. These tops occurred approximately in
400 B.C. in China and were the subject of experimentation by Sir George
Cayley, the father of modern aeronautics. These tops occurred in Europe
in the period of renaissance on the Leonardo da Vinci’'s drawings and
sketches (Bozi¢, 2010).

In 1483, Leonardo da Vinci made a sketch of a helicopter with a rotor
in the form of a big spiral made of canvas. He named the device
helixpteron, coined of two Greek words: helix which means a spiral and
pteron which means a wing or “spiral wing” (Kuzmanovski, 2003). The idea
has been recognized as the first solution for an aircraft, which would be
developed half a millennium later and would be called a helicopter
(Donald, 1977, p.403).

Figure 1 — Helixpteron - Leonardo da Vinci’s helicopter
Puc. 1 — «XenukcrnmepoH» - BUHMOKpPbI JleoHapdo da BuHuyu
Cnuka 1 — XenukcrimepoH — xenukonmep JleoHapda 0a BuHyuja

2,000 years upon the occurrence of the Chinese flying tops, in July
1754, the Russian scientist Mikhail Lomonosov used them to develop a
small coaxial rotor, powered by a wound-up spring (Leishman, 2006, p.8).
In 1783, the French naturalist Launoy, helped by a mechanic named
Bienvenue, constructed a device with counter-rotating pair of rotors made
of turkey feathers based on the coaxial Chinese tops. It was a relatively
large device, the movement of which was helped by a fish line wound
around the rotor’s axis and wound up on a crossbow (Museo nazionale
scienza e tecnologia Leonardo Da Vinci, 1999).

The aforementioned Sir George Cayley, as a young boy, was
fascinated by the Chinese top and by the end of the 18th century

124




constructed several successful vertical-flight models with rotors made of
sheets of tin, driven by wound-up clock springs. His fascination with flying
at a very early age, in 1804, inspired him to design and construct rotating
blades, which is probably one of the first scientific research works on the
aerodynamic forces of aircraft wings. In the paper published in 1843,
Cayley provides details on a relatively large aircraft for vertical flight, which
he named “aerial carriage” (Gordon, 2007).

51K GEORGE CAYLEY'S AERIAL CARRIAGE.

Figure 2 — Aerial carriage, 1843
Puc. 2 — Bo3dywHas kapema, 1843 e.
Cnuka 2 — BasOywHa ko4uja u3 1843. 2o0uHe

The absence of an appropriate propulsion machine slowed down the
development of aircraft heavier than air, regardless of whether they had
fixed or rotating wings. However, the use of miniature, light steam engines
yielded some success. In 1861, the French inventor Gustave de Ponton
d'Amécourt coined the word “helicopter” and demonstrated a model of a
small flying device propelled by a steam engine (Rumerman, 2003, p.13).

This big issue was solved by the Spanish Juan de la Cierva by
creating the mobility of the rotor (Bryan, 1926, p.249).

In 1923, Lieutenant Colonel Gomez Spencer of Spain flew the first
successful autogiro of de la Cierva. In 1925, he brought his ,C.6“ to Great
Britain and demonstrated it to the Air Ministry at Farnborough, Hampshire
(Pioneers-1900/1930, Helicopter History Site).

In 1906, two French brothers Jacques and Louis Breguet, began
experimenting with airfoils for helicopters. In 1907, those experiments
resulted in the first gyroplane, possibly as the earliest known example of a
quadcopter (Bozi¢, 2010, p.6). Although there is some uncertainty about
the date, sometime between August 14 and September 29, 1907, the
Gyroplane No. 1 lifted into the air about 0.6 meters for a minute (Kenneth,
1968, p.176). The Gyroplane proved to be very unsteady, and it is
considered to be the first flight of a helicopter, but not a free and
untethered flight. That same vyear, the French inventor Paul Cornu
designed and built a helicopter called "Cornu helicopter" that used 6 m
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counter-rotating rotors driven by a 24 hp, 18 kW Antoinette engine, the first
internal combustion engine, most aircraft from the past were equipped
with. On November 13, 1907, he managed to lift its invention to 0.3 m off
the ground and remained aloft for 20 seconds. Even though this flight did
not surpass the flight of the Gyroplane No.1, it is considered to be the first
free flight with a pilot (Leishman, 2006, p.17). Etienne Oehmichen was a
French helicopter engineer and designer. The first successful flight of his
helicopter, called Oehmichen No.2, was completed in 1922. That was the
first safe flying device capable of carrying one person.

Figure 3 — Helicopter Oemichen No.2 from 1924
Puc. 3 — Bepmonem OuxmudeHa Ne2, 1924 e.
Cnuka 3 — Xenukonnmep Oemichen 6poj 2 uz 1924. 20duHe

The project of Louis Breguet from France was of great importance; he
constructed a helicopter with a coaxial counter-rotating rotor. In 1933 he
founded the company Syndicat d'Etudes du Gyroplane (Bozi¢, 2010, p.14).
In 1936, Breguet's Gyroplane set a record in four categories: height of flight
of 158 m, duration of flight of 1 h 2 min. 5 sec., horizontal flight of 44 km and
a maximum speed of 44,692 km/h. Nowadays, Breguet's Gyroplane is
considered to be the first practical helicopter (Bozi¢, 2010, p.15).

Figure 4 — Breguet’s Gyroplane (1933)
Puc. 4 — l'uponnaH Bpeee (1933 2.)
Cnuka 4 — XKuponnaH Breguet (1933)
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At the same time, the German aviation engineer Heinrich Karla
Johanna Fockea presented his model Fw.61, which soon proved to be
superior in comparison to Breguet's Gyroplane. From 1937-1939, Fw.61
set new records in all categories as the most successful helicopter, which
were not toppled for a long time. Some of them are the following:
maximum height of 3427 m, vertical flight of 230.348 km and maximum
speed of 112 km/h (Focke-Wulf Fw 61/Fa 61 Experimental
Helicopter/Technology Demonstrator, 2015).

Figure 5 — The first flight of the Focke-Wulf Fw 61 (June 26, 1936)
Puc. 5 — lNepesiti nonem Focke-Wulf Fw 61 (26 uroHs 1936 2.)
Cnuka 5 — Npeu nem nemenuue Focke-Wulf Fw 61 (26. jyH 1936. 2oduHe)

Igor Sikorsky constructed his first helicopter in 1909 in Russia.
Unfortunately, this model could not take off. His next model flew, but it did
not have enough force to carry the pilot. After the revolution in 1917,
Sikorsky immigrated to America, where he continued his work on
helicopters. In 1939, he finally managed to build his first practical
helicopter - model VS-300 (Sikorsky, 2013).

On May 6, 1941, it toppled the record held by Fw.61 with a flight of 1h
32 min. 26.1 sec. In the following several years, Sikorsky worked
extensively on his model and finally made a helicopter, which surpassed
Breguet’'s Gyroplane and Fw.61 in all aspects (Edwin, 2010, p.117).

Figure 6 — Igor Sikorsky in the last version of the VS-300, at the end of 1941
Puc. 6 — OkoH4yamenbHas eepcusi VS — 300 Uzopsi Cukopckeo, koHey 1941 .
Cniuka 6 — Uleop Cukopcku ¢ nocnedrom eep3ujom VS-300, kpajem 1941. 200uHe
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In 1951, Charles Kaman modified his K-225 model to enable it to the
new type of engine — turbine engine (Swanborough & Bowers, 1990,
pp.432-435). This provided a drastic increase of power, whereas on
December 11, 1951, the first gas-turbine-engine helicopter flew.

Mi-8/17 Helicopters

After the end of World War Il, and the first successful use of the
helicopters in combat, the Soviets intensified the development of this
category of aircraft. One of the first steps was the forming of the
Moscow Helicopter Institute in 1947, whose chief constructor was
Mihail Mil and the Experimental-Construction Bureau Kamov in 1948
headed by Nikolay Kamov. The first serial-produced helicopter in the
USSR was Mi-1, the first take-off took place in September 1948,
whereas the first serious step forward was made upon its presentation
by Stalin in 1951. The following successful step in the development of
the Mil helicopters was the Mi-4 project, when the political top of the
USSR insisted on rapid development of transport helicopters. The first
prototype flew in June 1952. At first glance, it became clear that it is
under a strong innovation influence of the American transport
helicopter S-55; however, Mi-4 offered a higher performance level.
(VIaci¢, 2015, p.36).

The combat multirole Mi-4 could transport around 19 paratroopers
behind the enemy lines, and could transport eight stretchers, an
artillery gun, or a car vehicle. The army at that time was satisfied with
this type of a helicopter, but the designer estimated that it was time to
introduce the turbine engine helicopter (Flot 2017 Mi-8 / Mi-17, 2011).

The twin-engine concept and the new five-bladed main rotor met
the set requirements, and the first serial samples of both prototypes of
the production line were launched in 1965, one in the combat variant
V-8AT and the other intended for VIP transport V-8AP.The designed
helicopter which could meet these conditions was named Mi-8. In fact,
it was a superior Mi-4 with a maximum carrying capacity — 2.5 times
greater and 1.4 times greater velocity. Mi-8’s air-lift is similar to that of
the Mi-4. After some modifications in 1967, it was introduced in the
Soviet Air Force as the Mi-8 (Gordon & Komissarov, 2004, p.101).
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Figure 7 — Mi-4 (left) and Mi-8 (right)
Puc. 7 — Mu-4 (cneea) u Mu-8 (cnpasa)
Cnuka 7 — Mu-4 (neeo) u Mu-8 (0ecHo)

The Mi-8 development was in full rise when the chief designer
Michael Miles was sent to the US for evaluation, and if possible to buy
several helicopters from the "Sikorsky" company. The main objective was
to explore and examine the produced American helicopters.

After Khrushchev had been released from all his functions in the
Soviet Union, in 1964, the Air Force Command did not introduce the Mi-8
helicopters into operational use. Only a few dozen samples were bought
for testing. However, unlike the Army, the Ministry of Civil Aviation
introduced the Mi-8 into mass use.

In June 1965, the Soviet Union was represented at the Le Bourget
International exhibition, near Paris, with their Mi-8, Mi-6 and Mi-10
helicopters. Their appearance was sensational and highly rated among
world experts. After this great success at Le Bourget, the military
leadership began to appreciate the high quality of the Mi-8. It began to be
used for mass transport, medical services, electronic warfare, air
command post, and for other purposes (Yefim & Dmitriy, 2004).

The serial production was assigned to the factory in Kazan starting
from 1970 and to the factory in the Siberian town Ulan-Ude, as well. These
two factories have been producing Mi-8/17 helicopters to this day (Vlaci¢,
2015, p.38).

Mi-8/17 helicopters are among the most successful Soviet helicopters
in the history of aviation. They demonstrate high flight performance, safety,
and can be used in a wide range of temperatures (-50 to +50°C), flexibility,
ease of exploitation and maintenance, all of which are features enabling
operator gain trust in these aircraft as the best helicopters at a global level
(Russian Helicopters, 2015).
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Figure 8 — Macedonian military-transport helicopter Mi-8/17
Puc. 8 — MakedoHckuli B0eHHO-mpaHcrnopmHbIl eepmonem Mu-8/17
Crnuka 8 — MakedoHcku 8ojHU mpaHcrnopmHu xenukonmep Mu-8/17

The Mi-8/17 remained popular due to its constant modernization, as
well as due to its possibility for additional equipment for various tasks, such
as the following:

- The Mi-8/17 transport version which enables transport of various
types of cargo weighing up to 4000 kg. The cargo can be placed inside the
cargo cabin or attached on an external lever (Army technology Mi-8/17 Hip
Multimission Helicopter, Russia, 2015).

- The version for transport of people can carry up to 26 passengers.
The helicopter has an excellent system of noise and vibrations control, and
is equipped with an air conditioner in the cockpit, as well as emergency
exits in accordance with the regulations on safety and comfort of
passengers during the flight. The Mi-8/17 VIP version is intended for
transport of 7-14 passengers in a superior cockpit. The interior of the
helicopter can be designed to fit the clients’ desires. The helicopter is
characteristic for the largest cockpit in its class and is ideal for luxurious
equipment. The VIP version can be equipped with entertainment systems,
satellite communication, and other equipment requested by clients.

- The search and rescue version enables efficient search and rescue
missions around the clock and in all weather conditions. The helicopter is
equipped with special equipment: searchlights, winches, speakers and
radar systems. The search and rescue version is used by special teams of
ministries and agencies for emergency situations in different countries
around the world.

- Mi-8/17 version called "Flying ambulance" is designed to provide
medical aid in remote and inaccessible areas. Special on-board medical
provides maintenance of the vital functions of patients and first aid during
the journey to hospital. Thanks to special medical materials, disinfection of
the cabin can be conducted in compliance with the medical requirements.
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- The Mi-8/17 fire-fighting version provides the use of fire-fighting
devices, such as a large tank that can deliver up to 4000 litters of water,
and release it at the target burn area with high degree of accuracy. The
helicopter can be adjusted with additional fire-fighting equipment (Helitage
Mi Helicopters, 2013).

- Mi-8/17 helicopters are manufactured in the Aviation Institute "Ulan-
Ude", as well as in the central helicopter plant "Russian helicopters" in
Kazan. Today, over 50 countries have Mi-8 helicopters in operational use,
including India, China, Iran and other major countries. More recently, a
transport Mi-17 version was developed with more powerful engines, which
is today used in more than 20 countries worldwide (Helicopters Mi-8,
2015).

All these helicopters had an immense significance for the growth and
industrialization of the USSR, especially in the Siberian area. Under the
auspices of Aeroflot, in the period from 1975 to 1990, several hundreds of
helicopters of the mentioned type were used. The most famous projects in
which the helicopter had a share were: laying pipes for a nearly 2,000 km
long pipeline between northwestern Siberia and the Urals, drilling and
putting into operation of one of the richest oil fields in the Tyumen region in
western Siberia in the length of about 4000 km. The original initiative of
Khrushchev to leave the Mi-8 project to the competence of civil structures
should be regarded in this context (Vlacgi¢, 2015, p.37). The real test in the
combat use of the Mi-8 helicopters was the Soviet intervention in
Afghanistan. In the early stages of the operation, they used the Mi-8T to
transport the troops to inaccessible terrain. This lasted very briefly because
in conditions of flight at high altitudes and at high temperatures this
helicopter did not possess the sufficient power. Thus, the Mi-8MT was
introduced, whereas Mi-8T was handed over to the Afghan allies. The Mi-
8MT helicopter proved to be the right solution for transporting troops and
cargo with medium weight and size, especially to remote areas of hills and
mountains. However, the inadequate protection from infantry ammunition
and mobile rocket systems was the main shortfall. Thus, the next version
Mi-8MTV-1 was equipped with more powerful engines TV3-117VM, 1.618
kW. It was equipped with a new meteorological radar in its front part, as
well as with new navigation equipment. The sides of the cockpit are
equipped with padded plates, fuel tanks were equipped with polyurethane
foam, and were incorporated in the protection system and elements for
self-protection from |C-guided missiles. When it came to exported
helicopters, the export mark was Mi-17, whereas the Mi-8 mark was kept
for local use, for instance the aircraft marked Mi-8MTV-1 was designated
Mi-17-1V  when intended for export. Western civilian companies
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recognized these helicopters as reliable and inexpensive products, easily
adaptable to their own needs, without major testing and financial
expenditures. (Vlacgi¢, 2015, p.40).

Taking into account the significance of this helicopter for a great
number of aviations around the world, which own hundreds of helicopters
of this type with a newer production date and a large list of ordered aircraft,
there is definitely no dilemma regarding the prospects of the aircraft
despite the approximately six-decade old design. (Vlaci¢, 2015, p.42).

Improvement of the Mi-8/17 technical characteristics
by modernization

The development of the aviation and military technology also has
enabled the emergence of efficient and modernized fighter aircraft. The
contributions to the development of technology are even more evident in
the field of transport helicopters because their implementation is far more
universal. In the past few years, several types of modernizations of
transport helicopters have appeared in the world, abilities and
performances of which far exceed the current capabilities of the existing
transport helicopters.

It was necessary to modernize the helicopters available to the
Macedonian Armed Forces in accordance with the NATO and ICAO-
standards. Analyzes were made by the expert team of the Macedonian Air
Force, and it was concluded that the modernization of the helicopters is
the most inexpensive option, given that the value of the project for the
entire fleet of 10 helicopters is equal to the cost of only two new combat
aircraft (Ministry of Defence of the Republic of Macedonia, 2012, p.79).
Out of the offered companies for modernization of helicopters, the Israeli
company "Elbit Systems", one of the leading companies in the world for
military defence electronics and electro systems, offered the best tender
conditions for the upgrade.

The process of modernization was divided into two stages: the basic
stage, level 1 - "Jasmin" and the advanced phase, level 2 "Alexander", i.e.
differentiation regarding the level of equipping of helicopters. The first
stage included the installation of a night flying system, whereas the
advanced second stage was a larger and more comprehensive project
with the installation of an equipment package for navigation,
communication, identification, protection of helicopters, etc. (Dicevski,
2014, p.23). After the first stage of the project, called "Jasmin", which
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began in 2004, during which two transport Mi-17 were upgraded,
Macedonia joined the countries that can commend that they have aircraft
with a "head-up display", digital projection of all parameters on the pilot's
visor. The project included the modernization of the helicopters' collective
lever, partial modification of the navigation and identification systems, the
helicopters’ cabin modification, and the installation of electrical and
mechanical installations aiming to incorporate the latest night flight
equipment known as ANVIS-HUD 24 (Army of the Republic of Macedonia,
2014).

Figure 9 — Emblems of the Israeli company "Elbit Systems" during the modernization
Puc. 9 — Ombrniembi uspaunsckoli komnaHuu "Elbit Systems" 8 medeHue modepHu3ayuu
Cnuka 9 — AmMbniemu u3paericke komnaHuje ,Elbit Sistemi” mokom modepHusayuje

The modernized helicopters and the overall results from the first stage
are just the beginning of the Macedonian helicopters’ modernization, which
upon the finalizing of the second stage called "Alexander" by the end of
2007, would be supplemented by six others, such as the combat Mi-24
type and the transport Mi-17 and Mi-8, with built-in night flight system,
instrumental takeoff and landing system, radio communication equipment,
digital navigation system, optic electronic systems with thermal cameras
for detection, monitoring and shooting of ground targets, day and night, in
all weather conditions.

The stage of system modules setup is followed by the stage of system
testing for night flights ANVIS / HUD 24 on the ground, realization of the
helicopter test flights in the air, as well as the completion of the necessary
documentation and handing over of helicopters.

"ANVIS HUD-24" System

The installation of the "ANVIS HUD-24" System provides, first and
foremost, flying and monitoring of the parameters projected on the display,
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without deepening of the sight in the cabin. It provides a 24-hour
operational capability of an integrated system. The integrated system
includes standard glasses for night flight, NVG - Night Vision Goggles,
displaying the flight parameters of the HUD System, Head Up Display
System. The system enables the pilot to keep his attention on the external
conditions and at the same time flight information is presented on the
display at night and during the day, integrated with NVG. It is a set of
different symbols linked to specific missions selected by the pilot in order
to increase the situational awareness during the operation with the
helicopter, complex manoeuvres and reduced visibility at night. This
configuration is currently operational in over 4500 helicopters in the world.

Figure 10 — ANVIS HUD with the head-up display
Puc. 10 — ANVIS HUD c HawnemHbIM yeneykasamesnem
Cnuka 10 — ANVIS HUD ca head-up ducnnejom

HUD - systems, day and night, enable the digitalization of mechanical
and analogue parameters on the electronic digital displays; they are clear,
understandable and easy to follow, upon the completion of the flight crew
training. The system implements advanced technologies, modern
electronics, and cutting-edge optical design intended to maximize the
scope of view with high reliability, brightness, wide angle view, uniformity
of symbols and various configurations (Yona at al, 2004, pp.225-235 ).

Mission Management System
The MMS - Mission Management System is an electronic mobile map

that allows the creation of a real time tactical picture. The system
capabilities represent a revolution in all areas, and are related to combat
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preparation, training, flight preparation, planning and arrangement
missions, briefing, teamwork and debriefing.

The MMS - The Mission Management System enables mission
planning, field analyzes, and various calculations on the ground, using the
field activity station, Mission Preparation Station - MPS, and during the
flight using the system in the air. At the same time, the system efficiently
integrates the capability of advanced navigation aiming at efficient and
accurate mission management, as well as real-time reporting - closed
area, threats, etc.

Figure 11 — System block diagram of the MMS
Puc. 11 — Cucmema cmpykmypHout cxembl MMS
Cnuka 11 — Cucmem brok-wema Ha MMS

The Mission Management System allows the pilot and the co-pilot to
gather information on the map according to their needs. The map will
shows the selected layers from the offered list, for example, a battle
sketch, attack/observation of positions and targets, ground forces, etc.,
thus forming the final sketch of the mission using the layers for each
individual map on the site. The MMS is composed of two stations, in the air
and on the ground with different functions (Elbit Systems Technical Writing
and Customer Training Department, 2006).

The main functions of the air station are: showing the helicopter’s
position and its direction of movement, shown on the moving map in the
cockpit display; modifying and editing existing missions during the flight;
operational management of stored data - Way Points - WPs, navigation,
navigation programs, graphic displays, attacks and all data and objects of
missions; display of the different tactics on the map; various calculations in
real time - time management, a line-of-sight, Line of Sight — LOSs,
analysis between the helicopter and the selected object, point on the
ground or target of attack; the Warning Centre management - which warns
on fraudulent actions.
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The main functions of the ground station are: mission planning and
preparation; duplication of the new drive for Mission PC — MPC, if needed,
video debriefing.

Figure 12— MMS airborne system - general structure
Puc. 12 — MMS e803dywHas cucmema — ba3ogasi cxema
Cnuka 12— MMS ea3dywHu cucmem — onwma wema

The building blocks of the Mission Management System — MMS, are
as follows:

MPC - Mission Personal Computer, Mission's PC is the central unit of
the MMS system. The MPC performs calculations and controls the MMS
units, and works on operational implementation and generates Multi
Functional Touch Display-MFTD incoming video. It contains a CPU
processor card, a removable HDD hard disk, graphics accelerator, | / O,
input / output card and PS or an interactive computer program for
performing statistical power. All computer components are fixed and
adjusted to the helicopter in flight conditions.

Figure 13 — MPC - Mission Personal Computer
Puc. 13 — MPC [lepcoHanbHbIl KoMblomep 07151 Muccuu
Cnuka 13 — MPC — lNepcoHanHu Komrjymep 3a Mucujy

The DVR - Digital Video Recorder, the digital video recorder is a
recorder of video and audio data. It enables simultaneous recording of two
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video channels, one or two audio channels on a single cartridge. The DVR
allows playback for debriefing intended for the ground station. The DVR
records video data in the MPEG-2 format, which saves a lot of disk space
without losing video quality. The DVR Digital memory is more immune to
the erosion resulting from prolongation of tape lifetime usage. Digital
storage provides to the pilot a greater flexibility that is unmatched by
analogue tapes.

Figure 14 — DVR - Digital Video Recorder
Puc. 14 — DVR - L{ugbposoli sudeopeaucmpamop
Cnuka 14 — DVR — [JuaumanHu sudeo-pukopdep

The MFTD - Multi Functional Touch Display, is a multi functional
touch screen. The MFTD is a 15.24 by 20.32 cm colour monitor, mounted
on the instrument panel in the cockpit. It serves as a MMI — Man Machine
Interface between the MMS and the operators. Using the MFTD, the
operators get visual data video from the MPC - Mission Personal
Computer and issues the commands to the MMS system - Mission
Management system.

Figure 15 — MFTD - Multi Functional Touch Display
Puc. 16— MFTD - MHo20obyHKUUOHarbHbIU CeHCOPHbIU ducrnnel
Cnuka 15 — MFTD — MynmucgyHKUUuOHanHuU ekpaH Ha 0o0up
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The MFTD has a touch screen operated by using a finger or a pen-
pointer attached to the screen. A joystick with two buttons can also be
used for similar operations. The buttons for fixed-function, which are used
to operate the system, are located at the bottom of the screen.

(12) (10 ®)
L Rian)l Cc(nl)m{ M(:,L, (el

© )
Previous. e Next Brightness ¢

Figure 16 — Fixed-function buttons
Puc. 16 — KHoriku ¢ 3asucumol ¢hukcayuel
Cnuka 16 — QukcHo-byHKUUOHanHa dyamad

The Mi-24V serial 207 from the elite “Night Thunders” squadron
departs the range after a live-firing exercise. Macedonia offers plenty of
space for low-flying exercises and training with other elements of the
armed forces. According to the Commander of the Macedonian Air Force,
col. Robert Malezanski, the communications system will be upgraded, and
the fuselage, engines and gearboxes will be overhauled. Helicopters are
flown to the Aviakon repair plant in Konotop, Ukraine in batches of two. On
10th of June 2016, coinciding with the anniversary of the Aviation Brigade,
a contract for the overhaul of four Mi-8/17s and six Mi-24s was signed. The
entire process will take two years till end of 2019 (Air Forces, Changing
fortunes for Macedonia, 2017).

Conclusion

Upon laying the foundations of safe and stable flight, designers
dedicated their work to increasing efficiency. The Armed Forces have the
greatest impact in this field by making new requirements for new missions.
They demanded more payload, longer flight lengths and duration of flight,
increase of the intervals between maintenance and many other demands.

The fact the Mi-8/17 helicopters operate in extremely difficult
conditions is one of their greatest advantages. They are used in many
armies and police forces around the world, they are considered safer and
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more modern than most helicopters, and can perform even the most
complex operations.

What makes this helicopter special is that it is capable of flying with
only one engine in case the second one has a breakdown. That allows the
system to distribute the engine power - if the first fails; the strength of the
operational one automatically increases to allow for a continued flight.

Mi-8/17 helicopters have been constantly modernized and subjected
to alterations, enabling significant improvement of their efficiency. The
modernization of the helicopters provides the aviation brigade with
increased operational efficiency, especially regarding night flights without
the use of lights. The modernization of the assets is a continuous process
of any modern military-security structure.

Macedonia’s Air Force is developing at a rapid pace, and this is
confirmed by the fact that a country aspiring to join NATO has began the
modernization of Russian - produced helicopters.
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MOBBLIWEHMNE TEXHUYECKNX XAPAKTEPUCTWK BEPTONETA
MW-8/17 B NMPOLECCE BOOPYXEHUA APMAN BIOP MAKEOOHUA

[paece T. NeTtpecku, AHdpel N. Unnes, EneHa M. TpasHoBcka,
Jlazap b. [xypoB, AnekcaHdap C. NeTpoBcku

BoeHHas akagemus “'eHepan Muxauno Anoctoncku”, r.Ckonbe,
BIOP MakegoHus

OBNACTb: aspokocMuyeckas TeXHUKA, ANEKTPOHMKA, TeNeKOMMYyHUKauum
BWO CTATbW: npodeccrnoHanbHas ctaTbs
A3bIK CTATbW: aHrnuinckmin

Pe3some:

lNpakmuka e sKkcrinyamauuu eepmonemos MW-8/17 e uerom mupe
rokasana, 4mo OHU sernaromcs udepamu Mex0y MHO20UerIesbiMu
sepmoriemamMu  cpedHe20 Kracca B8bICOKO20  IKCIlyamauyuOHHOZ0
Kayecmea C 6bICOKUM [10pO2OM 8bICOMbI rofiema rpu  MmsiKesbiX
MemeoposioaudecKux ycrnosusix. B aHHol pabome 6orbuwioe eHuMaHue
MOCBAWEHO  U3Y4YeHUI0  passumusi  MpaHCropmHbIX,  [MOUCKOBO-
criacamersibHbIX U 60€8biX XapakKmepucmuk OaHHbIX 8epmosiemos.
[Mpesocxo0HbIE MEeXHUYECKUe Xapakmepucmuku 6 roreme U Ux
B803MOXXHOCMU HEMNPEPBLIBHO20 U Ka4yeCmMBEHHO20 BbINMOMIHEHUsT 3aday
rnoomeep:xx0arom  rfpasusibHOCMb  pewieHuUs1 06 UHeecmuposaHuU 8
MOOEpHU3ayUK 3mMux 6epmosiemos, Komopoe MpuUHsU BoopyxeHHbie
cunbl BFOP MakedoHuu, a makxe 06 uHeecmuposaHuU 8 rosbilieHue Ux
mexHUYecKUX xapakmepucmuk. ModepHu3sauusi cpedcme 8 apmuu ecezda
sensiemcsi AnumeribHbIM MPOUeccoM 8 toboli cogpeMeHHolU cmpyKkmype
80eHHoll besonacHocmu. borbwuHcmeo apmuti He 3KOHOMUM cpedcme Ha
ocyujecmerieHue uereli 8 yCOBEPUIEHCMBOBaHUU 803MOXHOCmeU ceoell
mexHuUKu, 011 mo2o 4mobbl 8rocriedcmeul oKaszambeCsl Ha 8epuilUHe
mexHornoaudeckol 6e3onacHocmu u rnod2omosieHHOCMU C80UX Kadpos.
Knroyesbie crioga: MoOepHU3aUUs, MexXHUYeCKUe 803MOXHOCMU, MPOEKM,
asuayUoHHbIe cpedcmeaa, 3KCriTyamauyUoHHbIe Kadecmaa, cuna.

MOBOJBLWAHE TEXHNYKNX KAPAKTEPUCTUKA
XEJIMKOMTEPA MN-8/17 Y HAOPYXAHY
BOJCKE BJP MAKEOOHWJE

[paze T. Netpeckun, AHApej IN. Unues, EneHa M. TpajaHoBcka, Jlazap b.
hypos., AnekcaHdap C. MeTpoBcku
BojHa akagemuja “IeHepan Muxaunno Anoctonckn”, Ckonje, BJP MakegoHuja

OBJIACT: Ba3ayxonnoBHO MaLLWMHCTBO, ENEKTPOHKKA, TENEKOMYHUKaLmje
BPCTA YJIAHKA: cTpy4Hu ynaHak
JESUK YJTAHKA: eHrnecku
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Caxemak:

Uckycmea u3 yernoz ceema cy roka3sarna 0a cy xenukonmepu MU-8/17 Ha
8pXy flucme 8UWEeHaMeHCKUX Xerukornmepa cpedHe Kiace ca 8UCOKUM
nepghopmMaHcamMa 3a  8UCOKO [lemere y CIIOKEHUM B6PEMEHCKUM U
MemeoporsiowKuM ycriosuma. Llurb ogoz pada je da ce npoy4qu H-UX08
passoj, kKao u mpaHcropmHe, criacunadke u 6opbeHe mMoz2yhHocmu o8ux
nemenuuya. O0nuYHe MeXHUYKE Kapakmepucmuke 3a JIemerse U HUXo8e
crnocobHocmu 3a HeoMemaHo U K8asiumemHo U368pUiagar-e HaMeHeHUX
3a0amaka roka3yjy 3awmo je Bojcka BJP MakedoHuje odlmnydyuna Oa
ynaxe y MoOepHuU3ayujy 08ux Xenukormepa U ycaspliagarbe HUX08UX
mexHu4Kux criocobHocmu. ModepHusauuja cpedcmasa y jedHoj apmuju
Jje KOoHmuHyupaH rpouec y ceakoj caspeMeHoj 80jHO6e36e0HOCHO)
cmpykmypu. Benuku 6poj apmuja He wimedu cpedcmea HaMeH-eHa 3a
ose yurbese, kako bu ocmeapune ocrocobrbeHocm cHaza u 0by4eHocm
seydcmea y ckrnady ca mexHono2aujom.

KrbydHe peyu: modepHu3auyuja, mexHudke moayhHocmu, rpojekam,
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Summary:

The aim of this paper is to open up problems regarding parasitic radiation,
both inductive and conductive one, originating from devices for data
transmission, processing, generation and data protection as well as from
their assemblies.

All devices that are used today, both in everyday use at home and in
communication between individuals or institutions, contain, other than
useful electromagnetic radiation, a part of useless, but also inevitable
signals that are outside the control of manufacturers. Devices used for
encrypting information are particularly vulnerable to this phenomenon,
because every form of protection is meaningless if any part of useful
information is accessible, and one of the most important segments of
reaching them is monitoring parasitic radiation.

Keywords: radiation, eavesdropping, security of information.

Introduction

We live in a time of mass generation, flow and use of information,
which is conditioned by the development of information and
communication technologies.

The question of contemporary society is not who rules capital, but
who rules information. Namely, the information has become the most
appreciated and sought-after commodity.
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A great deal of information and data is common goods and serves for
public use; it is neither subject to financial expense, nor is subject to the
interests of intelligence services - therefore, there is no need to protect it.

The other kind of information is a kind of a secret, it has a special
usable value and is often a subject of trade or attempts to acquire it in an
illegal manner.

No matter what kind of information or data is in question - secret,
commercial, or information and data relevant to the field of defense and
security of an institution or state authority - there are two possible
scenarios:

- non-conformity of supply and demand in the price and terms of

delivery of information, and

- inability to provide information due to the violation of the integrity of

an institution or the state.

Such data and information are protected in different ways, from their
source to destination, using physical technical protection measures,
access restrictions, special handling and storage, cryptographic protection
(Markagic, 2010), and other methods.

Bearing in mind that digitization has entered almost all human
activities, it is understandable that a large amount of information is
processed, transmitted and stored in a digital form, thus increasing a
possibility of access to information by an unconventional path.

Although encryption methods have reached a high degree of
confidentiality, and although the integrity and the protection of information
seem to be "absolute", it must be borne in mind that much information can
be compromised and accessible to unauthorized individuals on its way
from the sender to the recipient.

Phenomena of CER and TEMPEST

The phenomenon of interest in electromagnetic radiation (EMR) and
electromagnetic eavesdropping dates back to the middle of the last
century. Almost all armies of the world and the intelligence services have
always known that electromagnetic devices, without proper protection,
generate a certain level of radio frequency (RF) signals that can be
recorded, and then easily read as clear information by simple methods.

Since there is a lack of expertise related to the topic of Compromising
Electromagnetic Radiation - CER (KEMZ in Serbian), this issue is not
sufficiently focused on (Blandova, 2001), especially in the field of
information technology.
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The occurrence of massive use of information technology equipment
with information of great sensitivity and significance highlights, first of all,
the problem of protection of state, military, and other secrets.

The problem of unauthorized access to information through CER has
been present in military, diplomatic and intelligence circles for more than
50 years (Markagi¢, 2010). In Western literature, this problem is most
often dealt with in the Transient Electro Magnetic Pulse Emanation
Standard (TEMPEST) (Horev, 1998), although there are opinions that this
is just a code name without any special meaning. In any case, these are
strictly confidential standards which define the permissible limits and
measurement methods of TEMPEST or CER (National Security Agency,
2007), (TEMPEST workshop presentation, RIGA, 2008).

The notion of compromising radiation is primarily related to devices
where the cryptographic protection of information is carried out. (Ward,
1993)

History of parasitic radiations

The initial forms of the present CER or TEMPEST occurred sometime
before the end of the 19th century. The first scientists in the field of
telecommunications became aware of the problem which was later called
crosstalk. This name was related to the effect of one wire's signal on the
signals of the other wire, which would result in unwanted consequences
such as signal transmission from one wire to another.

The first documented appearance of the above-mentioned problem
occurred during the war in 1914. The phone, as a relatively new invention
at that time, was used in communication between soldiers on the
battlefield and their command posts. The cable lines sometimes stretched
along the entire battlefield, at a distance of several kilometers. In some
cases, they would go directly to hostile trenches, and the idea of using the
leakage of the signal emerged in order to get to the enemy's confidential
information.

To this end, the stations for eavesdropping in key locations were
developed to monitor the hostile activity.

This technique brought a great advantage to those who
eavesdropped, and by 1915, it progressed to such an extent that signals
"leaking" into the ground could be eavesdropped at a distance of nearly
100 meters for the phone and at more than 250 meters for the telegraph.

This was a major problem for the Antanta forces because the
Germans thus inflicted huge losses on them. The following year, the
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telephone equipment had to be moved two and a half miles from
battlefields.

In 1918, the US military hired top cryptologist Herbert Jardley to
develop methods for detecting, intercepting and exploiting compromised
radiation of telephone lines and radio receivers used on the battlefield.

Already at that time, something similar to TEMPEST began to be
developed. The official date of the creation of TEMPEST is not known to
the general public, but the assumption is that it was in 1950.

Because of the American Government's awareness of the dangers of
losing information, it launched the TEMPEST program with the primary
goal - fight against espionage. The WW2 aftermath and the Cold War
between the United States and its allies and the USSR were considered to
be the beginning of a race in technological development between the two
world powers and the two antagonistic blocs. There was a massive
development of spying activities, so the need for information security and
secure communication was becoming greater than ever. At that time,
NATO discovered a German underground tunnel with equipment for
wiretapping wire communication where the Germans intercepted Soviet
messages.

After several years, one of the most famous TEMPEST attacks in
history occurred. Namely, in 1957, the British Prime Minister issued an
order to oversee the French Embassy in order to determine their position
on accession to the European Economic Community. In addition to
encrypted traffic that was transmitted via a crypto device from the embassy
to the headquarters in Paris, MI5 intelligence agents discovered a very
small and weak secondary signal, which in some way "leaked" from the
device, that is, the device itself acted as an emitter. It was a signal that did
not contain encrypted text, so there was no need for a cryptanalysis, but
only for a simple reconstruction.

Already in 1965, TEMPEST was publicly mentioned for the first time
at a conference on computer devices and systems. Then a TEMPEST
memorandum was published, which was later replaced with the NACSIM
5000 manual (TEMPEST manual). In 1982, it officially stopped being
confidential and became available to the general public, although there are
still darkened lines considered to be secret (Kuhn & Anderson, 1998).

Source of CER

Each electrical device creates an electromagnetic field and transmits
electromagnetic signals. Simple kitchen appliances - mixer, fridge, electric
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cooker, toaster, home appliances - TV and radio, computer, and
equipment for telecommunication and cryptographic devices are all
sources of EMR.

On each of these devices, even in the production process, and before
the sale, certain tests are carried out about whether they can have an
impact on other electrical and electronic devices.

In commercial appliances and devices, besides the requirements for
physical protection of the environment and people, the problem of radiation
is not studied in more detail; however, computer and communication
devices take into account the requirements of TEMPEST.

Even not specially skilled and qualified individuals with appropriate
and often commercial and cheap equipment, from the remote and safe
place, are able to intercept the already mentioned compromising radiation
from which a large amount of usable data can be obtained by analysis and
reconstruction.

It is understandable that the methods and procedures are still kept in
strict secrecy to achieve security through obscurity and many things are
still under question (NSA, 2004).

Attacks, information disclosure and protection

It is impossible to separate the concept of electromagnetic radiation
and attacks on ICT systems from the concept of protection from CER.
Certainly, the focus in both cases is to protect the confidentiality of
information and data without neglecting the physical and technical
requirements for the design and configuration of the device. Attacks are
defined as a wide range of activities that aim to get information by tapping,
or by monitoring radiation at the source of processing and / or encryption
of information. When considering protection against attacks, and therefore
protection from them, it is necessary to know the structure and the
methods of attacks in order to prepare an appropriate way of defence and
protection against malicious individuals or theft of information. By the way
of execution, all attacks can be divided into active and passive attacks.

Passive attacks

Passive attacks are a type of attacks that does not have a third party's
impact on the sender, recipient, or information. The third party only
monitors the movement of signals through the transmission path, collects
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them with the listening equipment and devices, and then analyzes them
and attempts to find out the open / desired information.

It is very difficult, almost impossible to detect the presence of an
attacker because its presence does not affect the flow of processing or
transmission of information, leaves no traces of its activities and is often
located at a certain distance from those involved in the generation and
transmission of information.

A large number of passive TEMPEST attacks are attacks by side
channel attacks. This term is taken from the field of cryptography. From
the very name it can be concluded that this attack goes roundabout. As the
name itself says, these attacks are going to be bypassing roads (Markagic,
2010). The most common idea is to use an "unbreakable" algorithm, and
then a failure to implement it is required.

Based on the vulnerability of the systems for generating, processing,
protecting and transmitting data, information attacks are also divided as:

* monitoring the amount of radiation on the computer - the most
striking attack on the basis of which one of the more prominent
TEMPEST experiments emerged,

+ time attacks - monitoring of the time needed to perform a certain
computer operation,

« architectural attacks by a secondary channel - the use of failures in
the architecture of computers,

* acoustic cryptanalysis - the analysis and use of sounds that arise as
side effects in computer use,

» control of computer energy consumption - the amount of energy a
computer uses during operation, listening to sounds - an attack that
monitors pressing of buttons,

+ emissions from the monitor and other computer components.

Active attacks

From the very name it can be seen that active attacks involve the
attacker's engagement and its impact on information either at the place of
generation, processing, cryptography or transmission, thereby increasing
the possibility that an attacker will be detected. Apart from a higher risk,
these attacks can bring a greater advantage to a malicious individual or
allow eavesdropping in cases where this would not be possible with
passive methods.

The first known form of active attacks was an attack by the TEMPEST
virus that occurred in the early seventies of the last century. This is one
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aspect of the impact of a program on a computer that behaves as a radio
emitter whose tones are data carriers.

Then there was the idea of writing TEMPEST viruses, malicious
codes that infect computers so that they transmit secret data to a radio
frequency that is later intercepted by a conventional radio receiver
(Atkinson, 2010). It is even not necessary for this type of attack that a
computer is connected to the public network. Using modern signal
reception devices, attacks can be carried out from long distances.

Another type of active TEMPEST attacks is an attack on smart cards.

The most famous attack of this type is the exploitation of program errors
(glitching), or the exploitation of hardware failures in the card itself.
In the literature, there are often some other terms such as: EMSEC
(Emission Security) HIJACK (type of attacks aimed at intercepting and
using signals traveling through a communication line, cable or wireless,
or via a power cable and NONSTOP (Kuhn & Anderson, 1998) (radiation
monitoring that accidentally induces nearby radio transmitters and similar
devices). In this way it is possible to cause compromising radiation of a
device containing classified information and intercept and radiate these
radiations.

There is also the third, most commonly used category of attacks,
which is a combination of active and passive methods.

Protection

Preventing data leakage by compromising electromagnetic radiation
in order to protect the device against unwanted loss of information is the
core of protection from CER or TEMPEST.

Two basic postulates to be considered when applying the CER
methods and procedures for protecting information are:

1. Technical and technological characteristics of equipment that
meets the standards:

a)preventing the correlation between RED signals and BLACK

equipment, RED / BLACK separation (RED devices, i.e. connections
that transmit confidential, secret information and BLACK devices and
connections that transmit open information).

b) amount of radiation generated by the equipment, and

c) preventing leakage of signals through electromagnetic and acoustic

radiation.

2. Appropriate use of equipment.
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The RED / BLACK separation separates these two systems in order
to avoid mixing RED (safe) and BLACK (unstable) devices, because then
there may be a combination of signals, i.e. transmission of confidential
data along an uncertain line and intercepting and detecting this
information.

Equipment

In the standards worldwide, it has been concluded that it is necessary
to distinguish three levels of approval for the use of CER protection
equipment:

1 - Devices of this level do not exist for commercial purposes, and the
electromagnetic radiation emitted by such devices is almost non-existent;
they are used for the protection and secure transmission of data of
national importance.

2 - Equipment used to transfer standard but partially confidential data.

3 - Classic equipment publicly available and easily made by handy
means.

Protection against compromising radiation or TEMPEST is dealt with
by almost all important institutions and state authorities.

Conclusion

Through the consideration of the harmful effects of uncontrolled
radiation, it can be concluded that the fear of such radiation is justified and
not a figment of imagination.

Eavesdropping and monitoring primarily state authorities but also
companies are everyday occurrences, and even individuals are not
immune to this phenomenon. It is a matter of concern that the losses are
estimated by billions of dollars this way, and that part of the data thus lost
represents permanent and irreparable damage.

However, although the danger is real, there are methods for data,
information and device protection. Lately, it has been concluded that the
investment in protection should be adapted to the situation in order to
minimize possible compromising radiation. Methods are different and
protection is achieved by using special metal enclosures and special
filtered power supplies. One of the ways is to ensure the entire area
around the used equipment, although in most cases it is difficult or
impractical to implement it. Between protection and a real danger there
should certainly be a happy medium so one needs to consider the
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profitability of such investments and acts accordingly. Of course, there is a
big difference between private, business, state, and public sectors.

Nowadays, information security is at the forefront. Although attacks
pose a potentially major threat to information security, it is clear that
individuals can have very little influence on the protection against them.
Although CER / TEMPEST is a topic that does not affect most citizens’
daily functioning, any leakage of confidential information should
nevertheless be prevented.
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Pe3some:

Llenbto daHHOU pabomebl si8risiemcsi oceeweHue rnpobrnemsl napasumHbix
UHOYKMUBHBLIX U KOHOYKMUBHBIX — U3/1y4eHULl. Yempoticmaa,
ucrionib3yemble 8 Mo8ce0He8HOM Obimy, a makxe 8 KOMMYyHUKauuu
MexX0y MObMU U YYPEXOEHUSIMU, KPOME r1OSIe3HbIX MacHUMHbIX
usnyqyeHul codepxam U rapasumHbie U3/ly4YeHusi, 8 MmoM 4ucre u
HEMUHYeMbIl cuzHasl, KomopbIl Mpou3gooumesls He 8 COCMOSHUU
KoHmposuposames.  Ycmpolicmea,  Komopble — UCMOMb3yrmcs 8
Kpurimoobpabomke 0OaHHbIX OCOBEHHO YyscmeumersibHbl K 3momy
518/1€HUI0, MOCKOJIbKY Kaxk0asi ¢hopma 3auumbi mepsiem CMbICI, ecriiu
xomb Manelwass 4acmb MonesHol  UHgopMauuu  cmaHoeumcst
OocmynHod. O0HUM u3 Hauboriee 8aXkHbIX CeeMeHmMo8 rnpuobpemeHust
rone3Hol UuHghopmayuu s8/19emcsi KOHMPOsb MOO0YHbIX U3TyYeHUU.
Knoyesble cnosa: usnydeHue, npociywusaHue, UHopMayUOHHas
6es3onacHocme.

KOMMNPOMUTYJYRA EJIEKTPOMAIHETHA
3PAYEHA — UBA30BU, NMPETHE N SAWLTUTA

Munopad C. Mapkaruh
YHuBepautet oabpaHe y beorpaay, BojHa akagemuja, Kategpa
TenekomyHukaumja n nHdopmaTtuke, beorpaa, Penybnuka Cpbuja

OBNACT: TenekomyHukaLumje, UHbopMaunoHe TEXHONOrmje
BPCTA UJTAHKA: cTpy4yHn unaHak
JESWNK YJTAHKA: eHrnecku

Caxemak:

Lurs osoe pada jecme Oa ce caeneda npobriemamuka rapasumckux
3padera, Kako UHOYKMUBHUX, mako U KOHOYKMUBHUX, Koja emumyjy
ypehaju 3a npeHoc nodamaka, ypehaju 3a o0bpady, 2eHepucare U
3awmumy nodamaka U HUX08U CK/T0108U.

Ypehaju koju ce Kopucme y c8aKOOHeBHOj KyhHoj yrnompebu u y
KoMyHuUKayuju mMely rnojeduHyuma unu uHcmumyuyujama, OCUM KOPUCHO2
efieKmpomMazgHemHoz 3padyerba calpxe U 0e0 HeKopucHoz, anu u
Heu3bexHoe cuzHara Koju je eaH KoHmporie rpousgohaya. Ypehaju koju
criyxe 3a Kpunmoobpady uHgopmauyuja nocebHo cy ocemrbusu Ha 08y
rojasy, jep ceaku eud sawmume 2ybu cMmucao ako ce y ma Kom Oesly
Oohe do derna KopucHe uHghopmauuje, a jeGaH 00 bBUMHUjuX ceameHama
Oornacka 0o HUx Mnodpa3dymesa u ripahere rnapasumckux 3padyersa.

Krby4He pedu: 3paderse, npucywkKuearme, cuaypHocm uHgopmayuja.
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Summary:

Numerous activities in modern business are performed through projects.
Since projects are often very expensive, long-lasting, ans involve large
amounts of assets and people for completing them, a decision about
starting a project is to be based on measurable parameters.

Key words: project management, project budget, investment analysis.

Introduction

Project management is becoming more and more important, and in
some areas a dominant way of realizing plans and activities. Through the
change of the concept of realization of planned and agreed jobs, there is
also a need to change the form of organization, that is, to switch from a
functional type to a project type of organization.

As a transition state, a large number of organizations establish matrix
organizations, where the functional structure is retained, and project teams
engaged during the duration of a specific project stand out as a special
element. However, project-organized companies show the highest
efficiency and effectiveness, with the most flexible market access,
precisely because of the ability to react very quickly to market demands
and adapt to the needs and demands of the market and users.

The reasons for launching projects can be very different, but it is
certainly a common line of all projects to run for the purpose of satisfying a

154



specific need or problem solving (Project Management Institute, 2013,
p.3). In this sense, projects must satisfy several conditions and
requirements, which are declared together as a group of SMART
requirements  (S-Specific, M-Measurable, A-Adequate, Ambitious,
Achievable, R-Realistic, T-Time based) - they must be in every way
worthwhile.

Therefore, their activities must be useful, and in any way justify the
launch and realization of the project, i.e. all the engaged resources and
investments (Bedovi¢, pp.25-29).

The investment analysis is one of the most important factors in
deciding to initiate a project, but also in selecting a particular project
among several different ones.

Projection of the project budget

The basic characteristic of each project is a triple limit, expressed
through the scope (area) of the project, time (duration) and budget (costs),
so that each of these items affects significantly the quality.

Time Cost

Quality

Scope

Figure 1 — Triple project constraint
Puc. 1 — TpoliHoe oepaHu4eHue ripoekma
Cnuka 1 — Tpocmpyko o2paHudeHe rnpojekma

Changing each item will have a significant impact on quality, with
simultaneous change and other parameters, in all stages and on the
complete project. As the scope, time and quality are factors of a different
character, the budget often appears as a decisive factor in the planning
and implementation of the project (Barkley & Saylor, p.83).

A particular problem in the realization of each project, but also in the
budget planning is one of the key characteristics of the project - that each
project is a unique venture, whose results are always unique products and
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services, and which is realized in a unique way, in unique conditions, with
unique resources , etc.

For long, costly and complex projects, it is not always easy to
estimate the project budget, especially if the market conditions are not
stable (Khoury, pp.1-3). Nevertheless, it is certainly a good parametric
assessment, based on real market data on the price of products and
services needed for the realization of the activities, every phase or
project as a whole.

Also, an expert assessment can be very reliable, based on an expert's
assessment for specific areas.

An experienced assessment also provides great reliability, and is
based on experiential data from the realization of previous, similar projects.

Quantitative analysis

The cost-effectiveness of the project can be seen from many angles,
depending on the nature of the project, but also on the indirect impacts on
the development of a particular area or from the indirect revenues that
result from the project.

The quantitative analysis is one of the basic elements in deciding to
start a project, but also to analyze the justification of choosing one out of
several offered projects. It is based on expected (estimated, planned)
investments - expenditures, and estimated revenues in a given period
(DeCarlo, p.332).

The return on investment for certain projects may be after a very long
period, depending on the nature of the project and the area in which it is
being implemented.

Regardless of the nature of the project, each investor will be of great
importance for the return on the investment rate, the return period of
investments, the net present value of the realized profit, and the rate at
which returns would be returned.

Different questions and dilemmas can be posed for certain cases:
how long will be the return of the investment return, or when the net
balance, i.e. the total amount of cash flows, will arise; when profits will start
to appear; whether the return on investment is greater than the interest
rate that we could achieve in the banking or investment sector.

A characteristic case is projects that are not directly profitable, but
they represent the entrance to subsequent projects. In this case, the cost-
effectiveness of the project will not be measurable through investment
parameters, nor in the case when the completion of the project is realized
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as one-time income, i.e. the entire sales project without the realization of
cumulative revenues in the following period.

In the case of a single project, planned investments and revenues
would be distributed by periods and items, so that during the planning and
realization of the project only costs occur, and since the activation of the
project, revenues are generated, with the necessary further investments
(Gitman, pp.321- 337).

Table 1 — Project outcomes
Tabnuua 1 — Pacxodbi npoekma
Tabena 1 — Pacxodu npojekma

Investments Initial Year 1 Year2 | Year3 | Year4 Year 5
Equipment purchase 600 € / / 400 € / /
Renting an object 3000 € 3000 € 3000 € 3000€ | 3000€ 3000 €
Certification 1200€ |/ / 1000€ |/ /
Procurement of software | 4000 € 2000 € / / / /
Salaries 3000 € 3500 € 4000 € | 4500 € 5000 € 5500 €
Travelling 1200 € 2000 € 2200€ | 2400 € 2400 € 2400 €
Ongoing costs 2000 € 2200 € 2200€ | 2200 € 2200 € 2200 €

Table 2 — Project incomes
Tabnuya 2 — [Joxodb! npoekma
Tabena 2 — puxodu npojekma

Incomes Initial Year 1 Year2 | Year3 | Year4 Year 5
Consulting / 4000 € 6000 € 6000 € 6000 € 6000 €
Software implementation / 2000 € 2500 € 3000 € 3500 € 4000 €
Business education / 4000 € 4000 € 5000 € 6000 € 6000 €
Reallization of projects / 2800 € 3200 € 3500 € 4000 € 4500 €

Table 3 — Project incomes
Tabnuuya 3 — [Joxodb! npoekma
Tabena 3 — Npuxodu npojekma

Project

realization | Year1 Year 2 Year 3 Year 4 Year 5

cost
Expenses 15000 € 12700 € | 11400€ | 13500€ | 12600€ | 13100 €
Arrivals / 12800 € | 15700€ | 17500€ | 19500€ | 20500 €
Net cash -15000 100 4300 4000 6900 7400
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Project
realization Year 1 Year 2 Year 3 Year 4 Year 5
cost
(1+1)n / 1.08 1.17 1.26 1.36 1.47
Discounted |, 9259 | 3686.56 | 3175.33 | 5071.71 | 5036.32
net cash
Net cash -15000 100 4300 4000 6900 7400
Cumulative 15000 14900 | -10600 | -6600 300 7700
net cash
State <0 <0 <0 <0 >0 >0

Investment Indicators

When deciding on one of several investments, i.e. when choosing one
of several potential projects, it is not enough to consider only one
parameter. If one attempts to analyze one of the essential parameters, one
of the remaining ones will very soon come to light, which will point to some
limitation, or to a more favorable variant of the project implementation.

The quantitative analysis is one of the basic elements in deciding to
start the project, but also to analyze the justification of the choice of one of
several offered projects (Gowthorpe, p.492). It is based on expected
(estimated, planned) investments - expenditures, and estimated revenues
in a given period.

The cost-benefit analysis of the project must take into account
consideration of the following parameters:

- DR (Discount Rate)

- ROI (Return on Investment)

- IRR (Internal Rate of Return)

- NPV (Net Present Value)

- PDbP (Payback Period)

NPV- Net Present Value

The net present value of money represents the discounted value of
cash flows in each income period. Practically, the individual values of
discounted cash flows would represent an amount that would, with an
interest rate equal to the discount rate, give rise to the value of the cash
flow. It would certainly be positive that the net present value (NPV) is
higher than the value of the initial investment, which would show that we
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made profit, i.e. that the sum of the value of cash flows (PV-Present Value)
reduced to today's value has a value higher than the initial investment.
This would mean that on this day we would have more money than what
we have invested in the development of a project.
NPV=PV‘+ PV22+ PV33+...+ £y, (1)
I+r (A+r) (A+r) (1+r)"

Each cash flow in a certain period is reduced by the n-th factor of the
discount factor (1 + r), where r is the discounted rate.

Table 4 — Discounted cash flow
Tabnuua 4 — [JuckoHmupogaHHoe 08UXeHUEe OeHEXHbIX cpedcmes
Tabena 4 — [JuckoHMoBaHuU Ho84YaHU MOKo8U

Net cash -15000 100 4300 4000 6900 7400
(A+r)" / 1.08 1.7 1.26 1.36 1.47
Discounted |, 9259 | 3686.56 | 3175.33 | 5071.71 | 5036.32
Net cash

Sum of discounted cash flows, combined with an initial investment,
will give an indication of the net present value of the project. Since the sum
of the discounted monetary values is 17062.5, and the initial investment is
15000, the net present value will be 2062.5.

The positive value of the net present value indicates that the project is
cost-effective, i.e. that its interpretation would be the same as having
additional € 2062.5 at the start of the project launch.

ROI- Return of Investment

For a large number of projects, investors are in the first place
interested in returning the investment, or in that sense, at the rate at which
the capital invested will be returned. In other words, ROI is the rate at
which the sum of the discounted values will be equal to the initial
investment, i.e. when the total cash flow is equal to zero. Viewed through
the planned costs and revenues, it represents the share of profit in the
overall investment, i.e. the return of funds for one invested monetary unit.
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Planed incomes— Planed _expenses

ROI = -100%
Planed expenses
Table 5 — Calculation of ROI
Tabnuua 5 — Pacyuem ROI
Tabena 5 — lNpopayyH ROI
Project
realization Year 1 Year 2 Year 3 Year 4 Year 5
cost
Expenses 15000 € 12700€ | 11400€ | 13500€ | 12600€ | 13100 €
Incomes / 12800€ | 15700€ | 17500€ | 19500€ | 20500 €
Cumulative
expense 15000 27700 39100 52600 65200 78300
Cumulative
income / 12800 28500 46000 65500 86000
Cumulative
het cash -15000 -14900 -10600 -6600 300 7700
ROI -100% -53.79% | -27.11% | -12.55% 0.46% 9.83%

DR- Discount Rate

In real business, the discount rate will represent the highest rate at
which we can place certain funds. It can be practically determined as the
highest interest rate that can be achieved on the market. In the analysis of
the cost-effectiveness of the project, there is no direct significance for
analyzing the financial effects of a particular project, but in decision making
for the launch of the project, it plays a major role. If it is a unique project,
which is not followed by another project, a very important information can
be information on the amount of returns, i.e. about the rate at which
resources are returned. The discount rate of 8% was taken as a case.

IRR- Internal Rate of Return

The internal rate of return on investment gives a realistic picture of the
return on investment. It shows the rate at which the invested investment
would bring profit during the observed period. It represents one of the
important parameters when deciding and selecting an investment project.
A definite prerequisite for accepting a project is that the IRR is higher than
the discount rate, which would mean that the realization of the project will
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bring more profit over a certain period of time than simply investing in a
bank or investment fund.

PbP- PayBack Period

A very important factor in deciding on one of several offered projects
or investment programs is the time of return of the investment. The
moment of return of the investment is the cutoff point of cumulative
expenditures and cumulative revenues, i.e. the moment when the
cumulative cash flow becomes positive, since at that moment cumulative
revenues start exceeding cumulative expenditures.

Net cash -15000 100 4300 4000 6900 7400
Cumulative | 5000 | 14900 | -10600 | -6600 300 7700
Net cash
State <0 <0 <0 <0 >0 >0

From the table, it is obvious that the return of the investment comes in
the fourth year, so that a large part of the funds remains unsettled at the
beginning of the fourth year, but still less than the planned income, and
according to the projection of net cash should be compensated for a longer
interval from the beginning of the fourth year.

Minus in the cumulative state should be compensated from the net
cash that arises next year, so the very number of days will be obtained
from the absolute ratio of the current negative state and the projected net
cash next year. In the concrete case, that would be 6600/6900, or 0.956.
By conversion to time units, the data is 349 days, i.e. a total of 3 years and
349 days.

Computer analysis

Modern management requires the application of positive global
practice, which shows the justification of decision-making based on
realistic indicators and facts.

A program created in Microsoft Excel can be processed and analyzed
for all data, which enables automatic data processing in real time, thus
providing analyzes for the shortest time, solving and obtaining the results
needed for decision making.
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The program gives the possibility to quickly, easily and efficiently
obtain the results, i.e. data on parameters ROI, IRR, NPV and PbP.

Project: XYZ
Initial | Year 1 |Year 2 |Year 3 |Year 4 |Year 5
Equipment purchase 600 € 400 €
Renting an object 3000 € | 3000 | 3000€ | 3000 € | 3000 € | 3000 €
Certification 1200 € 1000 €
Frocurement of software| 4000 € | 2000 €
Sallaries 3000 € | 3500 € | 4000 € | 4500 € | 5000 € | 5500 €
Travelling 1200 € | 2000 € | 2200 € | 2400 € | 2400 € | 2400 €
Ongoing costs 2000 € | 2200 € | 2200 € | 2200 € | 2200 € | 2200 €
M Initial | Year 1 |Year 2 |Year 3 |Year 4 |Year 5
Consulting 4000 € | G000 € | G000 € | GODO € | GOOO €
Software implementation 2000 € | 2500€ | 3000 € | 3500 € | 4000 €
Business Education 4000 € | 4000 € | 5000 € | 6000 € | 6000 €
Projects Realization 2800 € | 3200€ | 3500 € | 4000 € | 4500 €
Discount Rate 8%

Figure 2 — Input data
Puc. 2 — BxoOHble daHHble
Cnuka 2 — YnasHu nodauyu

The program created by the authors is designed to include only the
values of the planned investments and revenues for each period, as well
as the value of the discount rate. On the basis of data entered, the output
gives the results obtained on the parameters necessary for decision
making, as well as data on revenues, expenditures and cumulative cash
flows by periods.
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Instead of making decisions based on intuitive analyses, or long,
extensive and complicated calculations, using a computer quickly and
easily results in the necessary results.

Initial | Year 1 |Year 2 |Year 3 | Year 4 |Year 5
Incomes 12800 | 15700 | 17500 | 19500 | 20500

Investments 15000 | 12700 | 11400 | 13500 | 12600 | 13100

Met cash -15000 100 4300 4000 6900 7400

Initial | Year 1 |Year 2 |Year 3 | Year 4 |Year 5

Cumulative incomes 12800 | 28500 | 46000 | 65500 | 86000

Cumulative expenses 15000 | 27700 | 39100 | 52600 | 65200 | 78300

Cumulative Net cash -15000 | -14900 | -10600 | -6600 300 7700

Figure 3 — Analysis of incomes and outcomes
Puc. 3 — Ananu3s doxodo8 u pacxodos
Cnuka 3 — AHanusa npuxoda u pacxoda

Profit: 7700 €

ROI = 9,83%
NPV = 1909,72 €

PBP = 3 years 340 days

Figure 4 — Analysis of the investment identifiers
Puc. 4 — AHanu3 uHeecmuyuoHHbIX rnokaszamerneu
Cnuka 4 — AHarnu3a uHeecmuyuUoOHUX rnokasamersba

Drenovac, A. et al, Project profitability analysis, pp.154-169.
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Figure 5 — Analysis of the investment identifiers
Puc. 5 — AHanu3 uHeecmuyuoHHbIX rnokasamernel
Cnuka 5 — AHanu3a uHeecmuyuoHUX rnokasameJsba

At the same time, the output provides consolidated data on significant
parameters, as well as a graphic representation of the movement of
revenues, expenditures and net cash, which contributes to a visual
perception and presentation.

Investment Decision Making

The above mentioned indicators represent an important basis and
relevant data that would help to make the optimal decision to enter the
project, as well as the effects of the given project.

In particular, the data analysis also provides adequate data on cash
flows, by periods and in total. Through this data, the current position can
be determined, and at the portfolio level and effectively plan the allocation
of resources - material, human and financial.

One piece of the initial information that is crucial for deciding on the
choice of the project or the decision to initiate the project is the way the
organization operates, i.e. the state of the organization in which the project
team operates.
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The financial situation, in other words, the medium and long-term
positions of the organization, directly and very significantly influence the
nature of the project that will be accepted. Namely, organizations that have
a very large budget, and stable long-term positions, can be defined for
projects that do not have a quick return on investment, their key item is the
amount of profit realized in the later stages of the exploitation of project
results. For organizations with weaker positions, or developing
organizations, an important element in deciding is the faster return of funds
in order to provide liquidity and resources for regular functioning,
commitments and investment in new projects. It is exactly the Payback
Period that provides an image of the time needed to return the investment,
or equalization of invested funds with realized income, viewed at a
cumulative level (Keat & Young, pp.324-330). In deciding on the choice of
the project, the financial capacity of the organization that launches the
project plays an important role, as well as the goals of the organization.
For a given case, a period of 3 years and 349 days requires the provision
of funds that would function until the full return of the investment and the
transition to the net profit zone.

The next significant figure may be the rate at which the funds are
invested. If it is a project whose results are exploited only by delivering the
results of the project, or if the result of the project itself is a product that is
delivered and which does not have any subsequent benefits, then in
certain cases it is necessary to compare the discount rate with the internal
rate of return on investments. For the value of the discount rate, the
highest interest rate can be obtained in commercial banks, or the official
discount rate determined by the official competent banking bodies.

When deciding on starting a project or choosing one of several
projects, an internal rate of return (IRR) with a discount rate is often made,
so the project is initiated if the internal rate of return is higher than the
discount rate. This will mean that the investment brings more revenue
through the project, than it would be achieved through pure investment
through the banking sector, i.e. the investment is more cost-effective in this
way. In the given case, the internal rate of return of 11.89% is higher than
the discount rate of 8%, which shows that a higher return would be
achieved than the investment in the financial sector could make it.

One of the parameters in the investment analysis is the return on
investment (ROI). A higher ROl means a higher return on investment, so it
is logical to always choose a project that has a higher ROI, if the other
parameters are the same. In the given case, the ROI of 9.83% shows that
for every 100 money units invested, a profit of 9.83 cash units is realized.
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Conclusion

An important item in modern management is fact-based decision-
making. Such an approach has full validation in the analysis of the cost-
effectiveness of the project, because of the exceptional significance of
such analysis and results.

The starting point in each project is the cost-effectiveness of the
project, which is perceived through the parameters NPV, ROI, IRR and
PbP. In order to get a realistic view of the project, it is necessary to look at
each of the parameters and make conclusions based on the analysis.

There is no unique model of decision-making based on given
parameters, because each project is unique, so it is realized in a different
way and depends on different conditions and parameters.

When analyzing, the nature and purpose of the project, the market
conditions, the available resources and the liquidity of the organization, as
well as the importance of returning investments in a given period, should
be taken into account. Each of the items will have a different impact on the
execution of the project, and therefore the importance in the analysis and
decision-making.

By looking at the above parameters, one can definitely conclude that
a project is more valuable when it has a higher net present value (NPV), a
return on investment (ROI) and an internal rate of return (IRR), or a shorter
investment return time (PbP).

However, as in real terms it is difficult to achieve optimal results for all
parameters, if there is a choice between two or more projects, certain
compromise on one of the parameters will definitely have to be made.

When choosing one of possible, offered or available projects, all
options should be considered at the portfolio manager level, including
more complex analyses of operational and financial risks, without relying
on only one analysis. Portfolio managers in the given situation must count
on adequate diversification, so as not to jeopardize company's /
organization's positions, as well as on the likelihood of achieving the
results of the project, or on a possible impact of project failure on total
business.

Each project is also a unique, special business venture that gives
certain economic parameters in given conditions and with given market
conditions; therefore, at the portfolio level, each project has to be
approached individually in detail, on the basis of real and relevant
parameters in order to make an optimal decision.
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AHAIIN3 OKYNAEMOCTWU MHBECTNLUMOHHOIO MPOEKTA

Anekcardap Y. [perosau’®, Bpamucnas X. ,El,peHoaau,‘5

@ NpeHyc, r. Benrpaa, Pecny6nuka Cepbus
BoopyxeHHble cunbl Pecnybnuku Cepbusi, LieHTp 0byyeHus 1 passuTus,
YuebHhI LeHTp, I. benrpaa, Pecnybnvka Cepbus

OBJIACTb: NpoeKTHbIN MEHEOKMEHT, NOPTENbHbIA MEHEIKMEHT,
MHBECTULMOHHbIN aHanm3

BWO CTATbW: npodeccroHanbHas ctaTbs

A3bIK CTATbW: aHrnunckun

Pe3some:

PeweHue o paspabomke u ocywecmeneHuu rnpoekma OO/HKHO Obimb
OCHOBaHO Ha u3mepsieMblx mnapamempax. CredosamesibHO, 6bI6op
MpoeKmos Ha rnopmaernsHOM yposHe Oeflaemcsi Ha OCHOBaHUU aHanusa
napamempos NPV, ROI, IRR u PbP. OmeemcmeeHHble nuua 0bsi3aHbl
ernafems uHgbopmayueli U 3HaHUSIMU O Xapakmepucmukax U 83aumMocesisu
Mex0y OaHHbIMU rapamMempamu, maK KakK 3mo sersemcs 8aXHbIM
ghakmopom ycriexa 8 opeaHu3auuU U yrpasrieHuU UHEeCmMuUUUsIMU.
Kniouesble crnosa: ynpasneHue rnpoekmamu, 6r0dxem npoekma,
UHBECMUUUOHHbIU aHanus3.
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AHAJTIN3A UCTINTATUBOCTU MNMPOJEKTA

Anekcardap X. [perosau’®, Bpamucnas X. ,El,peHoe,au,6

@ Dpenyc, beorpaa, Peny6nuka Cpbuja
Bojcka Cpbwje, LleHTap 3a 0byky u ycaBpluaBawe, KomaHaa 3a obyky,
Beorpap, Penybnuka Cpbuja

OBJTIACT: npojekTH! MeHaLIMeHT, NOpTAONNO MEHALIMEHT,
WHBECTMLMOHA aHanmsa

BPCTA YJTAHKA: cTpy4Hn ynaHak

JE3UNK YITAHKA: eHrnecku

Caxemak:

Odrniyka o0 nokpemarby U peanu3ayuju npojekma mMopa bumu 3acHogaHa Ha
MeprbusUM rokasamesbuma. 3amo ce u3bop rpojekma Ha nopmaebonuo
HUBOy 3acHuea Ha aHanusu napamemapa HIIB, POU, UPP u [I6r].
JoHocuoyu 0dryka Mopajy rosHasamu Kapakmepucmuke u eese Oamux
rnapaMemapa U, Ha OCHO8Y HbUX08€ 3Ha4yajHocmu 3a opaaHu3ayujy,
adekgamHo yrpasrbamu UHeecmuyujama.

KrbyuHe peyu: ynpasrbare npojekmuma, byyem rnpojekma, aHanusa
uHeecmuuyuja.
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CABPEMEHO HAOPYXXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Onpema cHaea 3a xumHo peazogar-€ Bojcke Cpbuje

Y okBupy npukasa ,Cnoboga 2017”, opraHmsoBaHOr noBogom 73.
roguwkunle ocnobohewa beorpaga y [lpyrom cBeTCKOM paTy, Ha aepogpomMy
.paTajHmua” y beorpagy peanus3oBaH je npukas pfena onepaTUBHUX
kanauuteTa jeguHuua Bojcke CpOuje, ka0 u npeacTaBrbawe onpeme u3
npojekra ,1500”.

Mpojektom ,1500” je, Tokom 2017. rognHe, NOYENo onpemMare enUTHUX
jeauHuua Bojcke Cpbuje, ns cactaBa CHara 3a XuTHO pearoBake. Hajsehu
[e0 JIbyACcTBa OBMX CHara 4vHe nocebHO obyveHW BOjHMUM U3 cacTaBa
CneuujanHe 6purage Bojcke Cpbuje, baTarboHa BojHe nmonuvuuvje cneuujanHe
HameHe ,KoGpe”, BojHe nomnuuuje, ogHOCHO u3BMAhauykux 4eTa Opuraga
KonHeHe Bojcke. lNpema peyrma pykoBogunaua n3 Munuctapctea opbpaHe,
HEKM Of OCHOBHUX LMIbeBa Ae(UHUCAHUX OBWM MPOjEKTOM OAHOCE ce Ha
HabaBKy KOHTUHreHTa MOAEPHMX ayTOMaTCKMX MylYaHnx cuctema, 3ajefHo ca
HULWAHCKMM ypehajuma pasnuuMTux HameHa, 3aTmMm MogepHux ypehaja 3a
ocMmaTpake y pasnMynuTMM YCroBuMa, AarbUHOMEpa, AalrbUHCKM ynpaBrbaHUx
GecnunoTHUX netenuua Tuna ,OPOH”, MOAEPHUjUX enemeHata Banuctudke
onpeme 1 ToMe crnmyHo. Takohe, npensufleHo je u ga ce npojekat ,1500”
passuja n ybyayhe, y cmucny yBehaBawa rbyACTBa OBWUX CHara, OOHOCHO
onpeMe Ha 3agyxeky, a y cknagay ca AOCTYMHUM HaMEHCKUM CpPpeacTBUMaA U
6e36enHocHnM noTpebama Penybnuke Cpbuje.

-

”

®omo: Munow Jesmuh
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Y nocTtpojeHOM ewanoHy jeguHuua CHara 3a XUTHO pearoBake U
TaKTUYKO-TEXHMYKOM 300py 3amMHTepecoBaHM Cy Mmanu npunuvky ga ce, no
npBuK NyT AeTarbHuje, yno3Hajy ca OnpemMoM Ha 3afyXeky.

BojHmum wu3 ewanoHa 72. wu3Buhadko-gMBep3aHTckor GaTtarboHa
CneuvjanHe 6purage npeacTtaBunM Cy CrAWMYHY KOHdurypauujy onpeme. 3a
npMMapHO Haopyxahwe ogabpaHu cy Beoma noysgaHu cuctemu ,HK 416”7 y
mogeny ,D14. 5RS”, kannbpa 5,56 mm y CQB KoHdurypaumju ca HAWAHUMA
»2Aimpoint CompM4”, jypuwHuMm pykoxBaTuma, ogHocHo ,UTG” TakTuyknm
namnama un nacepckum obenexuBadnma uurba (JIOL) uctor npomssohava.
3aHnmMIbLUBO je Buno npumMeTUTM Aa cy u BojHuum 72. OB 6unn onpemMrbeHu
nonyaytomartcknum nuwtorbuma ,Glock 17”7, cmewTteHnm y dytpone ,G Code
XST RTI”, anu y Goju OD Green'.

Mapgob6paHum un3 cactaBa 63. nagobpaHckor 6GaTtarboHa CneuwmjanHe
Opurage npeacTaBunM Cy CKOPO WMAOEHTUYHY KOHdUrypauujy onpeme kao u
BojHuUM 72. OB, y3 gpyradmju cuctem aytomartcke nywike. OCHOBHU mMoaen
ayTomaTcke nyllke Ha 3agyxewy npu 6atarsoHy je ,HK G36 KV”, y kannbpy
5,56 mm, a y okBupy npukasa ,Cnoboga 2017” nagobpaHum cy npeacraBunm
nywke y CQB koHdurypaumju ca MmoHTUpaHum red dot” HuwaHuma ,Aimpoint
CompM4” n ysenuyasaumma ,3XMAG” nctor npomnssohaya.

Hosumemu y onpemu ussufjaya.
®omo: Munow Jesmuh

Y nutawy je HasmB 6oje unja HUjaHca je HajnpubnxkHuja cMBOMacnMHacToj 6oju.
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EwaroH sojHuka 72. uzsuhayko-0usep3aHmckoza bamarboHa.
®omo: Munow Jesmuh

3HavajHn HoBWUTETM npumeheHn Ccy y oOnpemMu Ha 3agyxewun npu
nssufadkum 4vetama. M3Buhaum cy OBOM NPUIIMKOM MNpuKasanu ernemMeHTe
B6anuctuyke onpeme npomssohaya ,Jymko Al” n3 Bpawa: 6annctuyuku wnem
n3 komnneta ,Kb30-17" Tuna ,High Cut FAST”, ca TakTuykum LwMHama wu
HocayeM 3a OMTMKY Ha NpeaHOj CTPaHW, OAHOCHO GanMCTMYKM NPCAyK Tuna
,=Hocay nnoya” (eHr. plate carrier), Takohe U3 komnneTa 3aWTUTHE BanucTuyke
ornpeme ,KB30-17", Yy KOH(pUrypaumju ca 3awTUTHUM 6anncTuYkum onacadem
,M-12", Tnna ,Battle Belt” n dytponama 3a pecypce. OCHOBHO Haopyxawe
BOjHMKA YMHUN CYy HOBU CUCTEMU MOAYMApHUX ayToOMaTCKMX Myllaka cucrema
.KanawmwunkoB” npomsBohRaya ,3actaBa opyxje’ Yy KoHdurypauuju ca
pasnuYNTUM HULIAHCKUM ypehajuma, Mefy Kojuma cy ce MOrnu nNpumeTUTu u
pednekcum ,PC-M” 6enopyckor npouseohada ,JIEMT”. lMyw4yaHu cucrtemm
Hamer€eHU cy 3a aBa kanubpa — 6,5 MM rpeHgern, 0gHOCHO UCTOYHW MyLIYaHK
7,62 mm. Cuctemun yHKUMOHMLLY NO NPUHUMNY nosajmuue 6apyTHUX racosa,
ca poTtupajyhum 3aTBapadyem Kkao cuctemom OpaBrbewa. Y nutawy je
OMpeKTHa nosajMuua, ca Ayrum Tp3ajeMm knuna, oK 3aTBapad 6pasBu npeko
ABa MacuBHa xneba (6pagaBuue). HaunoHanHu npomsBohay je y OKBUPY
HOBOI MpojekTa M30CTaBMO TpaguuuoHanHe pgpBeHe obnore uUeBw,
onpefdenusBluM ce 3a nonuMmepcky nnactuky. Hocauu ,Picatinny” wwuHa
nocraBrbeHn cy no 12-3-6-9 pacnopegy u owmoryhaBajy npuxsaT

2 W3 uctor komnneta gonase u TakTUYKU LWUTUTHULM 332 KONEHa U NakToBe.
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ONTOENEKTPOHCKNX ypefaja wn papyre Taktuyke onpeme. [lpeknonusu
Teneckonckn KyHgak™ npoussogu ,llpBa netoneTtka HameHcka”, a nspafeH je
o4 anymuHujyma n nonumepa. CekyHOapHO Haopyxawe ussuhada YnHunu cy
nuwToren ,Glock 177, ognoxeHn y nonumepcke yTpone HaunoHanHor
npoussBohaya. HoBUTETUM Cy CBakako W BULEHAaMEHCKA TEPMOBU3NjCKM
6uHokynapu ,JIM UC”, dpaHuyckor npoussofaya ,Safran Electronix &
Defence”, 3aTum pAHeBHO-HOhHM nacepcku parbnHomepun ,Moskito” wuctor
npoussohaya. Op pagwuo-ypehaja npukasanm cy ,TRC 92107, cdpaHuyckor
npouseohaya ,Thales”.

=

BamasboH BI ¢/H ,Kobpe” npedcmasurnu cy KoHu2ypayujy onpeme 3a nompebe
useofjerba dejcmasa y ypbaHOM OKDYXeHy.
®omo: Munow Jesmuh

EnuTHn BojHUUM BaTtarboHa BoOjHe nonuuuje cneuyunjanHe HameHe ,Kobpe”
cy, Hajpehum genom, npukasanu noysgaHy onpemy koja je Beh y ynotpebu y
GatarboHy. CBM npunagHMuM Ccy Cce TMojaBulM Yy  LUPHUM  TakTUYKUM
yHucgopmama, ok je BehumHa Hocuna npcnyke ,plate carrier” npoussohava
~XopHeT” n3 Hosor Caga. Cu BOjHMLM BMnK Cy onNpeMIbeHn ayTomaTuma (eHr.
submachine gun) npoussohaya ,Heckler & Koch”, nonyt ,HK MP5 A3” ca
TEenecKkonckuM KyH4akoM, OAHOCHO BapujaHToM ,K”, Kao U HOBUjUM cuCTEMUMA
,LAK UMP”, cBu y kanubpy 9 mm. Ha cBum aytomatuma mornm cy ce

8 MojeanHn cuctemn 6Unu cy npeacTaBrbEHU y KOHpUrypaLumju ca KyHaaurma npoussohada ns
Peny6nuke Cpncke, BU3yenHo Beoma CM4YHUM oHuma Ha cuctemuma ,FN SCAR”.

173

Jevti¢, M., SAVREMENO NAORUZANjE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.170-183



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 1

npumeTnTn xonorpadgckm Huwaxvm ,EOTech XPS 2-0”. Ha aytomatuma wu3
cepuje ,MP5” npuxBaTt TakTUYKMX AodaTaka OCTBapeH je MOHTUpaweM Hocada
WwnHa unspaenckor npoussohauva ,FAB Defense”, og kora cy HaGaBrbeHn wu
€proHOMCKM jypuiHn pykoxBatu Tuna ,TAL 4”. Op ocTtanmx TakTUYKUX
gofartaka nojeavHy BOjHULM MOHTUpPAanu Ccy TakTuyke namne ca ceeTnom bene
60je, nponssohava ,UTG” Tuna ,LT-EL228”. CekyHpapHo Haopyxahe ,kobpn”
YnHUNK cy nonyaytomartcku ,Glock 17 Gen 4”, oanoxeHu y TakTudke dytpone
~,BLACKHAWK! Serpa Tactical Level 2" upHe ©0o0je. AycTpujcku mogenu
YeTBpTE reHepauuvje Cy OCHOBHW Yy ynotpebwu y karteropuju opyxja koje
OYHKLMOHNLLIE NO NPUHLUMMY KPaTKOr Tp3aja LeBn, a OAHedaBHO Cy KanauuteTtu
GaTtarboHa yBehaHW M KOHTMHrEHTOM NUWITOSba Ca HaBOjMMa 3a MOHTUpahe
npurylumMeaya nyuma.

lpojekam ,,15600”

Mpojekat ,1500” aHrakoBao je M HauuoHanHe npousBohadve, WTO 6un
cpncke KomnaHwuje Tpebano p[a npenosHajy Kao LWaHcy fga u3pagom
KBanuteTHe onpeme YyBehajy KOHKYPEHTHOCT enuUTHUX jeauHuua Bojcke
Cpbuje, ogHOCHO ga eduKacHuje NPOMOBMLLY CBOj MPOM3BOLAHM Nporpam u y
WHOCTPaHCTBY. JacHo je fa nspaga kBanuteTHe n mogepHe onpeme ysehasa u
TPOLUKOBE MpPOU3BOAHKE, LUTO je 3a MHore cybjekTe unak orpaHudasajyhu
dakTop, anu ce KBanuTET U CBETCKM CTaHOapAW Mopajy ucnowToBaTu y LWITO
Behoj mepu, y cknagy ca MoryhHocTuma KOHKpeTHor cybjekta. To je Bpno
Ba)XXHO Kada je y MuTaky OrnpemMake EenMTHUX jeguHuua 3a cneuujanHe
HameHe.

McToBpemeHO KpUTUKOBaH U XBarbeH, npojekaT ,1500” je aeduHUTUBHO
OTBOPMO NyT garbemM onpemMawy jeauHuua Bojcke CpOuje, a ca TakBoM
npakcoMm cBakako Tpeba HacTasuth u ybyayhe.

Murnow M. JeBtuh (Milos M. Jevtic),

ypenHuk cajta specijalne-jedinice.com,

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

ORCID iD: ©@http://orcid.org/0000-0002-1305-7618
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KoHgbuzypauuja onpeme 3a nompebe usgohera crieyujarHux
onepauyuja

CneuujanHe onepauuje nogpasymeajy onepaTuBHO-TaKTU4Ke
aKTMBHOCTM KOje Ha TepeHy u3Boge nocebHO oOyyeHW U onpemMIbeHu
oneparepu, pagu u3BpllaBawa KOHKPETHO oapefheHor unu Buwe MnoBe3aHuX
TaKTUYKUX 3agaTaka.

CneuuvjanHe onepauuje (y CTpaHoOj nuTepaTypu KOpPWUCTM ce U u3pas
,HEeKoHBeHUuMjanHe onepauuje” (eHr unconventional operations) wu3Boge
nocebHo obydeHu MpunagHULM BOjHUX M MOMMLMJCKNX jeAnHMLa, CamMOCTaliHO
UNn y OKBUPY OPYrux, no npasuiy OBMMHMjUX KOHBEHLUMOHANHMX onepauuja.
OCHOBHM UMb ONEepaTMBHO-TAKTUYKMX aKTMBHOCTM OBE BpPCTE jecTe
peanu3auvja 3agataka oHOa kaga ynotpeba pegoBHWX cHara W3 Hekor
pasnora Huje ™oryha (kaga, Ha npumep, MNO3UTUBHOMPAaBHW MPONUCH,
Hajuyewwhe 3aKOHCKW, HEe [O3BOSbaBajy aHraXxoBake Y KOHKPETHOM Crnyyajy) unm
je TakTuykum HeonpaBgaHa (Ha npumep, ycneg U3y3eTHE CrOXEHOCTU
YMHEHNYHOT CTaka N BUCOKOT pU3nkKa).

Heke o4 OCHOBHWX KapaKTepucTMKa CreuujanHux onepauuja cy HMxoBa
pa3HOBPCHOCT, y cmucny Ada obyxeBaTajy Beoma pas3nuynte TuMNoBe
onepaTtMBHO-TaKTUYKUX 3adaTaka M paghWn, OAHOCHO aHraXoBahe Noy3gaHux,
BMCOKOOOYYEHNX M MOCeOHO OMpeMIbEeHUX onepaTepa y OKBUPY MarMX U
camocTanHux dopmaumja, Koju cy cnocobHn ga edukacHo OejCTBYjy Y CBUM
ycnoBuma. Jlornka ynotpebe BMCokoobyyeHUX crneumjanaua je npetnocTaBka
ocTBapvBaka MPEAHOCTU HMXOBMM aHraxkoBakem, nmajyhu y Bugy HUXOBY
OMpPEeMISbEHOCT U BeLWTHHE, NocebHO MoryhHoCT agantauuje n nmnposusauuje.

CneuuvjanHe onepauuje ce, HapaBHO, MOry u3BoguTn y ypbaHum u
pypanHuMm ycrioBMma, Ha KOMHYy, Yy BasdyLUHOM MpPOCTOpY, Kao U y BOOEHOM
OKpyxery. BpcTa okpyxera, 3ajegHo ca CBMM MponpaTtHUM hakTtopuma, Kao
WTO CYy BPEMEHCKU Mepuod AaHa Wnu HohW, akTyerHuM KNUMaTCKU YCroBM,
NPUCYTHOCT UMBUNA, MHAPPACTPYKTYpE M TOME CMMYHO, YMHOrOME YTu4Ye Ha
KapakTep KOHKpeTHe onepauuje. Kaga je pey o onepauunjama Koje ce ussoge y
ypbaHoj cpeauHn, jegHa OO OCHOBHUX KapaKTepucTuMka je u3pasuta
HenpeaBuabLUBOCT pasBujakea gorafhaja Ha TepeHy, a nNocebHO oTexaBajyha
OKOJTHOCT jecTe M peanHa MoryhHOCT HacTaHka konatepanHe LiTeTe, Kako Y
CMUCIY UMBUITHUX XpTaBa, Tako W y cmucny owTehewa unum yHuWwTEHa
NPUCYTHe WH@PACTPYKType M Apyre unmoBuHe. Kao cTyaujckum npumep w3
npakce ysuma ce u onepauuja y Moraguwy, rmnasHom rpagy Comanuje, ,kojy cy
y nepuony of 3. Ao 4. oktobpa 1993. rognHe nssene 3gpyxeHe cHare enUTHUX
BOjHUX aMepuykux jeauHuua, pagu 3apobrbaBarwa CamMonpokramoBaHor
.npeacenHnka” Moxamena ®apaxa Avamnga. Y ynuiyHum 6opbama noruHyno je
19 cneuwvjanaua, 73 je pareHo, jegaH 3apobrbeH, y3 rybutak fBa
xenukonTepa tuna ,Sikorsky UH-60 Black Hawk .

Hwvje norpelwHo HanpasBuTuM M pas3nuky uM3Mehy cneuuwjanHux onepauuja
Koje nssoge onepaTtepu NOMMLNjCKMX U onepaTepu BOjHUX jeanHuua. Pasnuke
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Cy, yrnaBHom, nocneanua no3nMTUBHOMPABHUX 3aKOHCKMX Nponuca Koju ypenyjy
yCIrioBe M MexaHW3Me aHraxkoBaka MocebHWX u cneumjaniHuX NONULMNCKUX Y
BOjHMX jegmHuMua, ogHocHo moryhHocT ynoTpebe nocebHe onpeme, cpeacTtasa
N Haopyxaka.

Nmajyhun y BUAY CROXEHOCT U PU3MYHOCT onepaLmja oBe BpCTe, TeMerbaH
N NpaBOBPEMEH oOnepaTMBHW paj Ha TepeHy je jedaH of HajsHayajHujux
cdakTopa 3a ycnelwHy peanusauujy cneumjanHe onepauuje. CTtora je Beoma
BaXHO [a MOCTOjM WHTEH3MBHaA capagha u3Melly enuTHUX jeguHuua u
HaumMoHanHuMx obaBewTajHMX cnyx06u, OOHOCHO Jda cBaka jeAuHMUA
crieumnjarnHe HameHe y CBOM OMepaTUBHOM Kaapy MMa M BpPCHe orepaTuBLe,
BMYHE MNpuKynsbawy, 06paan n npeHocy uHdopmauuja ca TepeHa. C Tum y
Be3n, pagu ussuMhawa w/vnu ocmaTpaka ce, nopen JbYACKUX pecypca,
KOpMUCTE W OarbMHCKU ynpasrbaHu OecnunoTHU BasgyxonsfoBu Tuna ,OpoH”,
JarbMHCKM  ynpaBrbaHa ©OecnocagHa 3emarbCka Bo3una UM gpyra
coducTmLmpaHa onToenekTpoHcka onpema.

O0abup koHpueypayuje onpeme

YcnewHa peanusauvja CNOXEHUMX BUCOKOPU3WYHUX 3ajaTaka, nopep
CTPpyYHOCTM U1 npodpecMoHannama onepaTtepa, 3axTeBa U ynotpeby
coucTMUMpaHe TaKTUYKe OMnpeme, CpPeAcTaBa WM Haopykawa, Koju cy, no
npaBuny, NPUAMYHO CKYNW, Te Cy AOCTYMHa HOBYaHa CPeACTBa BPIIO YECTO U
orpaHuyaBajyhu caktop y onpemary NocebHUX M jeguMHuua 3a chneuuvjanHe
HameHe. To 4ecTo [OBOAM M OO0 MpauuoHanHMWX pacrnpaBa O TOMe [fa je
BMCOKOCOdMCTMLApaHa, MogepHa, noysfaHa ornpeMa 4YucT fyKcy3, na cBe [0
TBpAHW Oa Ccy M opmaunje oBe BPCTE HepauumoHanaH Tpowak OyLieTCKux
cpeacTtaBa, camuMM TUM HernoTpebHe. Y CTpyYHMM KpyroBuma jacHo je da je
HabaBka 1 ynotpeba oBakBe onpemMe MMmnepaTmB.

Onepamepu crieyujanucmudyke jeduHuuye odpeda }KaHdapmepuje y beoepady
HaKoH makmu4ko-rokasHe eexbe ,Jasop 2017”. ®omo: Munow Jesmuh
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KoHturypauuja onpeme onepatepa npu  U3BONEwY  KOHKpeTHe
cneuujanHe onepauuvje NpUMapHO 3aBUCK O KapakTepa came onepauuje, WTo
MOHOBO Y MPBU NfaH CTaBrba 3Hayaj KBanMTeTHOr U NpaBOBPEMEHO U3BEAEHOT
onepatuMBHor papga. Ha ocHoBy pobujeHnx u obpaheHux uHdoOpmauuja
onepatepy MOry OpraHu3oBaTW, Kako uWHAMBMAYyanHy, Tako W T[pynHY
dopmaumjcky onpemy. AKTYernHO YMHEHUYHO CTawe YyTude Ha wunsbop
KOoHGurypauunje 6Ganuctudke 3awTute, WHOUBMAYyaANHE W rpynHe, opabup
cMcTeMa BaTpPEHOr OpyXja, ONTOENeKTPOHCKUX ypefaja utg. Tako, npumepa
pagu, NPUCYCTBO LUMBMIA y PEjOHY onepaumje Moxe yTuuaTu M Ha opabup
BaTpEHOr opyxja, c 063Mpom Ha banucTuyke KapakTepuctuke kanubpa. Unu, y
cnyvajy nssohena onepauuje 3a Kojy ce npeTnocTaBba Aa je notpedHo ayxe
BpeMe peanu3aumje, onepatepum ce MOry Ooanyymtn 3a MaKCumarHo
opbauvBake onpeme, pagu ymawuBawa YKynHe wmace wu yBehaBawa
NMOKPeTIbMBOCTU Ha TepeHy. Takohe, uHaMBMayanHa KoHdurypaumja ornpeme
onepartepa 3aBWCU U O HEroBe NPeTnoCTaBibeHe yrore y rpynyu unv Tumy
NPUNYKoM aHraxoBara. lNocebHo cnoxeHy cutyauunjy npeacrasiba n3sohene
creumnjanHe onepauumje y cnyyajy Bpno ockyaHUX onepaTMBHUX NofaTaka, kaja
NPUKYNIbEHNUM WMHOpMaLMjaMa Huje Moryhe ocTBapuTU MOYETHY MpPeaHOoCT.
Tapa ce KoHgwurypauuwja onpeme ornepaTepa OpraHusyje npema HUXOBOM
NNYHOM WCKYCTBY M OOjeKTMBHUM npeTnoctaBkama. [puHUMn 06jeKTMBHOCTU
Hanaxe ga ce y OBUM cuTyauujama, y criyyajy HeJoymMuLe UM HenocTojaka
ca3Haka, Kao aKkTyeriHa y3MMa HajcrnoXeHuja M Haj3axTeBHMja NpeTnocTaBKa.
Hajseha naxwa ce, no npasuny, noceehyje eneMeHTUMa 3alITUTHE onpeme,
Kao 1 OHOj onpemu Koja he npegcraerbaTth ,ywmn n odun” oneparepa. Onpema
rpyne wnm TMma KoHUMnupa ce Tako ga dopmauuvja y m3Bohewy onepauuje
Oyae WwWTo camocTanHuja.

Moxe ce 3akrbydunTu ga onpema, npe ceera, mopa 6uTu noysgaHa, Kako
61 onepaTepu CTEKNN NOBEPEHE Y HY.

Enemenmu oripbeme

Kaga je ped o obGyhm onepatepa, noTpebHO je Harnacutn pa je
TpaguUMOHaNHN KOHLUENT TakTU4ke 4Ym3Me daHac npunuyHo 3actapeo. Cee
BULUEe Cy 3acTynrbeHe T3B. bopbeHe naTtuke Koje, y cTBapw, NpeacTaBrbajy
mogmdukoBaHe ,outdoor” unu ,hiking” natuke. OBa obyha je naraHa, Beoma
npujatHa 3a Hollewe, Te omoryhaBa onTumanHy noTnopy unaHka. MeRy
onepatepvMma Beoma nonynapHu npowussohaum cy ,LOWA”, nocebHO nuHuja
.Zephyr Task Force”, 3atnm ,Salomon Forces ”, ,LALO Tactical”, ,Asolo” n gp.

Opabup opehe je, HapaBHO, MPBEHCTBEHO oOrpaHuMyeH opMaunjCKUM
YHUdopmMama npu KOHKPETHO] jeauHuMun, Maga ce pfaHac y MojeaAnHUM
jeAvHMuama y CcBeTy Kopucte u UMBWMHE CTBapu npu u3Bohewy
nHTepseHunje. Ogabup mackupHe wape nnu 6oje, HapaBHO, NPUMAapPHO 3aBUCK
04 NpeTnoCTaBIbEHOr OKpYyXewa y pejoHy onepauuje. OnepaTepu ce Mmory
O4NyYNTM 3a [OBOAENHEe TakTU4iKe YHudopme, Yy KOHUrypaumju TaKTUHKUX
naHTanoHa u NoTNaHUMpHe Kowyrbe Unu Aykca, O4HOCHO Bny3e, unu TakTnyke
kKombuHe3oHe. YnoTpeba kombuHe3oHa onpaBhaHuja je y cnydajy m3Bohena
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Kpahux onepauuvja, nNocebHO Kaga ce OyeKkyje MHOWTBO cpparmeHaTa npwu
n3eohewy pejctaBa. Mehy HajnonynapHujum npoussohaumma cy ,Crye
Precision”, ,UF PRQO”, ,First Spear”, ,Outdoor Research” n gpyru.

|

Onepamepu CrieyujaniHe aHmumepopucmudke jeduHuuye (CAJ) MYTl-a P. Cpbuje mokom
deMoHcmpauyuje onepamusHuUx kanauyumema. ®omo: Munow Jesmuh

Banuctnukn npcnyk npeactaeBrba  HajsHayajHUjM 0e0 vHAMBUAyanHe
H6anuctnyke onpemMe onepaTtepa. CBe nonynapHuju cy T3B. HOca4uu nno4ya (eHr.
Plate carrier), npBeHcTBEeHO 300r Mawe Mace K omoryhaBaka 0Oorbe
MOKPETIbMBOCTU onepaTepa npu pagy. MogepHu Hocaun nno4va OnpemMIbeHM
cy n ,MOLLE” Tpakama, koje omoryhaBajy MOHTWpare dyTpona, LIenoea,
Topbuua u cnuyHo. MHorm npousBohauM MpPakTUKYjy M NacepcKko cedere
TKaHMHe Hocaya y ,MOLLE”, koju ce y Tom cny4ajy, y cTBapu, cacTtoju opf
XOpU3OHTasNHMX Npopesa, YMMe ce OoOAaTHO yMakwyje yKyrnHa maca kKepujepa.
3a notpebe usBohewa onepaumja Ha BoAM onpaBAaHa je ynotpeba Hocaua
nrnoya Koju He TOHY UMK Cy ONpeMIbeHU Ba3gyLUHMM jacTyuuMa Koju ce mory
akTMBMpaTu no notpebu. 3aBUCHO Of OKOMHOCTU cryyaja W, HapaBHO,
OOCTYNHOCTU OnMpeMe npu dopmaumju, onepatep Ce MOXE OANyYMTM K 3a
Kayetbe BanucTuyke 3awWTUTE 3a paMeHa M MpPenoHe, LWTO HWje Mnpakca y
cny4vajy u3Bofjewa Oyxux onepauumja. BaxHo je uctahm pa je Heo3bUIbHO
TBPOUTW Oa je KOHKpeTaH MOAEen Hocada nnova wunu 6anuctudkor npcryka
YHUBep3anaH n ngeanad, seh ce ynpaBo werosa KoHurypaumja npunarohasa
OKONMHOCTUMa criydaja. ¥ caMOM CBETCKOM BpXy Hanase ce wmogenu
npounssohava ,Crye Precision”, ,First Spear”’, ,Mayflower”, ,London Bridge
Trading Inc” n gpyrux.
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KoHcmpykuyuja wnema muna ,High Cut” eeoma je nonynapHa mehy onepamepuma,
rnpseHcmeeHo 36oe mane mace. ®omo: Munow Jeemuh

Ha Ganuctuyke wnemoBe gaHac ce CBe BuLe rneda kao Ha nnatgopmy
3a MOHTMpake pJogaTHe ofnpeme onepaTtepa. HapasHo, BaxHa je u
GanncTuyka 3aliTuMTa Kojy LnemM ocTeapyje npema geduHucaHoM cTaHgapay.
Mnak, Hajyewhu HuMBO unu crteneH 3awTtute je IlIA, koju npeTnocTasrba
3alITUTY O NPOjeKkTMNa MULWTOSLCKUX kanubapa, WTOo CBakako He Moxe butn
OOBO/bHO NpU cyo4vaBaky ca nywdaHuMm Kanubpuma. Beoma nonynapHu
KOHUenTn moaepHux wrnemosa cy ,FAST Maritime”, ogHocHo ,High Cut”, koju
ce ycnea cneundwuyHor Au3ajHa O4JIMKYjy penaTMBHO Manom Macom, a y
cnyvyajy n ynoOHMX najHepa 3HaATHO Cy MpujaTHUjU 3@ HOLWEHEe U Yy OYXKEM
nHTepBany. Beoma 3actynrbeHu cy wnemosn npounssohava ,,Ops-Core”, 3aTum
+,MTEK”, nocebHo mogenu ,Flux”, a Ha gobpom rnacy cy u mogenu ,Delta X”,
npounssohava ,The Safariland Group”, kao n ,Team Wendy”. Ha 60o4He LWnHe
oneparep MOXe MOHTMpaTu godaTKke nonyT agantepa 3a aHTudoHe, BMAEO-
kamepe unu namne (nonyt mogena ,Surefire”, unu ,Princeton Tec” ca
BUO/BMBAM M HEBUASBMBUM  CBeTNoM). Ha npeawoj 4YEeOoHOj CTpaHwu
Heu3ocTaBaH je n Hocad ypehaja 3a ocmaTpakwe y HOhHMM ycnoBuma. Ha
3a[h0j CTpaHuM Lema nocTaerbajy ce KoHTpaTer, Topbuua (eHr. pouch) 3a
G6aTtepujy, kao n WL, mapkep KOju KOHTUHyMpaHWUM wunu cTpob CBETNOM
o3Ha4yaBa onepartepa. [NonynapHu cy ,S&S Precision Manta Strobe”, 3atum
,CORE Survival Hel-Star 6” Tpehe reHepauuje n gpyrn. Buageo-kamepe 6u
Tpebano ga 6yay Huckor npoduna, kako 6u 3aysammare WTO Make NpocTopa,
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a mefy HajnoysgaHunje ybpajajy ce kamepe ,MOHOC”, ,Contour Inc” n gpyre.
WckycHn onepaTepu Ha wnem nene u WL osHaky y Buay 3acTasuue,
cneumndunyHor cumbona, 6poja nnu cnosa.

Wmajyhu y Bugy 3Hayaj komyHukauumje namehy onepatepa, Bpo je BaxHO
Aa KOMyHMKaumoHu ceT u paguo-ypehaj 6yany Beoma noysgaHu. KsanurtetaH
KOMYHMKAUMOHM CeT Mopa [faBaTW YWUCT, MOCTOjaH CTepeo 3BYK, VY3
nctoBpeMeHo obe3behuBamwe pefykumje crnorbalkwe Oyke, Kao M 3Ha4vajHy
ayToHoMujy paga. MNMopepn Tora, Mopajy 6utn n pobycTHM y cMucny noysgaHor
paja y eKCTPEMHUjUM KITMMaTCKO-TEPEHCKMM YCNOBMMA, OAHOCHO OTMOPHOCTM
Ha MexaHundyke ypapue. Mehy HajnonynapHuje npousBohadve y cBeTy cnagajy
.,MSA”, ca cjajhum mogenom ,Supreme Mil CC”, 3atum ,Peltor’ ca mogennma
,contact 3” n ,Contact 4”, na ,Safariland Liberator V", ,Ops-Core RAC” u

npyru.

KapabuH ,,Colt M-4 A-4 Commando”, y kanubpy 5,56 MM Kao npumapHO Haopyxar-e
onepamepa. ®omo: Munow Jesmuh

Haopyxarwe onepaTepa ce, yrnaBHOM, cacToju o nNpuMapHor u
CeKyHAapHor HaopyXawa, C TUM LUTO, Kao LITO je UCTakHyTo, yrora oneparepa
NPy KOHKPETHOj onepauuju Moxe yTuuaTM U Ha HEeroBy KoHdurypauujy
Haopyxawa. lNMpumepa paan, T3B. Opuyep (eHr. breacher), Tj. onepartep Koju
,OBHOM” Mpobuja BpaTa uUnu HeKy Apyry npenpeky, Hajuyewhe mma gpyradujy
KOHJUrypauunjy Haopyxaha. 3aBMCHO Of OKOMHOCTM ofnepatep ce MOoXe
OAMNYy4YMTM 3a T3B. OpyXje 3a NUYHy 3awTuty (eHr. personal defense weapon —
PDW), aytomart (eHr. submachine gun — SMG) unu aytomartcky nywky. Ctuye
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ce yTucak Aa y OBOM MOMEHTY Y MOMEHYTUM KaTeropujama BaTpeHor opyxja
Hemaukn ,Heckler & Koch” ogBaxHO gpxu npsy nosvuujy. Cuctemu nonyt
»,MP-7", y cneundunyHom kanmbpy 4,6x30 mm, kao u nereHgapum ,MP-5" y
kannbpy 9 mm, ogHocHo Hoswju ,UMP”, koju ce kynuuma Hygau y Tpy OCHOBHa
nuwTorbCka Kanubpa, wusrnega pa  TPEeHYTHO Hemajy [AOBOSbHO  jakor
KOHKypeHTa.

BojHa nuya u3 cacmaea enum+oe bamasboHa 80jHe nonuyuje crneyujariHe HameHe
,Kobpe”, mokom npuka3za ,Crioboda 2017”. ®omo: Munow Jesmuh

CnuyHo je 1 ca nyw4aHMM cucteMuma, rge cepwja ,416”, y kanubpy 5,56
MM, Bexenun KOHCTaHTaH pacT npoaaje y ceeTy. bes o63mpa Ha npounssohaua,
BaTPeHO OpyXje onepaTepa cBakako Mopa butu noysgaHo, pobycTHo, a Beoma
ce LeHe M KoMnakTHe AMMeH3uje, Aobpa eproHoMuja, kKao 1 WTO Makwa maca
opyxja.

Takohe, MogepHO opyxje He Moxe ce 3amucnutn 6e3 Hocada
,Picatinny” wwnHa koju omoryhaBajy npuxsaTt gogatHe onpeme. Y nocebHum
jeduHUUaMa u jeguMHuuama 3a cneuuvjanHe HameHe CTaHgapAHy AodaTHy
onpemMy npenctaerbajy pednekcHuM HuwaHcku ypeRaju, nonyTt ,red dot” u
xonorpadckux HUWaHa, rae AeUHUTUMBHO nNpegsade mogenu npoussohava
»LAimpoint AB”, opgHocHo ,EOTech”. OBu HuwaHckn ypehaju 3HATHO
onakwaeajy u ybpsaBajy pagry Huwawewa, omoryhaeajyhu cTpenuy ga
HuwaHu 1 raha ca oba oTBopeHa oka, gajyhu My Tako n 6orby npernegHocT
oKonuHe. 3aHMMIBMB KOHUENT HuwaHckor ypehaja je ,ELCAN Specter DR
1x/4x” koju objeguraBa HeyBenuyaBajyhm ,red dot” HuwaH, OAHOCHO
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yBenuyasay 4x. [lpomeHa yBehawa BpLIM Ce jeAHOCTaBHUM MOBlaYeHEM
OoyHe nonyre, CMelTeHe Ha AO0WO0] cTpaHu ypehaja. Camum TuM, Hema
notpebe 3a MoOHTMpakeM nocebHor yBenuyaBaya msa pedriekCHOr HuLaHa,
yuMe ce [ojdaTHO LWTeAM Ha YKYNHOj Macu opyxja. BaxaH popatak
npeacrtaBrba U nacepcku obenexusady uurba — J1IOL, ogHoCHO nnymuHaTtop,
a ugeanHo 6u 6uno umaTu Ha pacnonarawy Mogene koju Hyae WL nu
BUASBbMBM CHOM CBETNOCTW, nonyT Beoma noyspaHor ,EOTech AN/PEQ-15".
HaHac cy mehy onepatepvuma 3HaTHO nonynapHuju obenexmea4m ca CHOMOM
3eneHe 6oje, npe ceera 36or 6orbe BMAIrbMBOCTW. YnoTpeba nacepckor
obenexuBada umrba nocebHo je onpaBgaHa nNpu M3BOhewy onepauuja y
HORHMM ycrnoBuMa WNWM yCrNOBMMAa CMakeHe BWOSBMBOCTU, a CBaKako Npu
ynotpebu onTuke 3a ocmaTpakwe y HOhHMM ycroBuMa. MoHTupawe TakTudke
namne je onpasgaHO W Yy Criyyajy nocefgoBaka unymuHaTopa, jep eMmutyje
jaum cHon cBeTnocTH, na cxogHo Tome M 6orbe ocseTrbaBa. Y ynotpebu cy
namne BWOSBMBOr U HEBUOSBMBOI CrekTpa, a noysgaHu 6peHaoBu cy
.otreamlight”, kao n ,Surefire”. MNpu n3Boherwy cneyunjanHnx onepawmja 4ecTo
ce MOXe jaBMTM M noTtpeba 3a npurywmsayvem nyuwa. C TMM y Be3nu, MHOru
npousBofjaunm paHac Hyae nocebHO AM3ajHMpaHe racHe KovHuLe Koje ce
MOHTMpAjy Ha ycTa LEBM, a WUCTOBPEMEHO CIyXe W Kao ajantep 3a
MOHTMpake npurywmeada nyuwa. [llonynapHu cy mogenm  ,SOCOM”,
npomsBofaya ,Surefire”, a He 3aocTajy HM nNpou3BOOM KOMMaHuje
»SilencerCo”.

lMpumep koHuaypayuje onpeme npunadHuka CAJ 3a nompebe usgofjera crieyujanHux
onepayuja y ypbaHom okpyxery. ®omo: Munow Jesmuh
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Y KaTteropuju cekyHOapHOr Haopy)Xaka onepaTepa Haj3acTynibeHuju cy

nonyaytoMmartckm nuwtorbu. Cee vewhe ce kOpuUCcTn mogen y kannbpy 9 mm,
ca BehuM KanauuTeTom okBMpa. Ha TpXuLWTy NOCToju BULIE BEOMA NOY34aHUX
mMogena, pasnuuuTux npoussohada, anu ce YMHW ga Cy ayCTPUJCKU TNOKOBM
HajnonynapHuju. OanuyHa eproHomuja, mMana Maca W 3HadajaH KanauuTteT
OKBUpa yumHunu cy cepuje ,17°, ,19” Tpehe u yeTBpTE reHepauvmje (HegasHo je
NpOMOBMKCaHa u neTa reHepawuja oBe ABE Cepuje) N3y3eTHO NonynapHUM Mpu
BOjHUM W MNONULUMjCKUM jeaumHuLama. WHTerpucaHa wWwMHa Ha [OH0j CTpaHu
pama, ucnog ueBu, omoryhaBsa npuxesaT gogatHe onpeme, nonyT JIOL-a unu
TaKkTM4YKe nammne, OoAHOCHO Yypehaja koju objeguwaBa JIOL u namny. Y
HajkBanuMTeTHMje npou3Bode Yy OBOj KaTeropuju ybpajajy ce wmopenmu
npounssohava ,Surefire” un ,Streamlight”. Ynotpeba JIOU-a je nocebHo
onpaBdaHa y Cnydvajy TexHWKa T3B. HEKOHBEHLUMWOHANHOr, WHCTUHKTUBHOT
HUWakeHa, kKaga ce cTpenaly ookycMpa Ha MeTy, a He Ha MeXaHW4vke HULIaHe
(vnn moHTUpaHu ,red dot” HMWaH), Kao WTO TO MOXe BMTU cnyyaj, npumepa
pagu, npu ynotpebu GanmcTuykor wtuta. 3a onepaTtepa y akumju, nocebHo
npu n3Bohewy ANHAMUYHUUX paHKn, BeOMa BaxaH je um ocehaj curypHocTu
JOK je nuwTOrbL oAnoXeH y dyTtpony. KesanuteTHa TakTuyka gytpona mopa
ncToBpeMeHo 06e36eguTn M 6p3o notesamwe, annm U CUrypHO OpaBrbene
opyxja. Takohe, cama KOHCTpykuuja 6u Tpebano ga omoryhu u GpaBrbemwe
nuwTorba ca MoOHTupaHom namnom w/wnu JIOLU. OaHac cy HajnonynapHuje
nonumepcke dyTpone, OAHOCHO dyTpone wu3paheHe of AyroTpajHor
MaTepuvjana ,kyaey”, Koju mawe xaba opyxje. Y caMOM CBETCKOM BpXy Cy
moaenu npouseohava ,The Safari Group” ca Beoma noysgaHum ayToMaTCKUM
cucteMom GpaBrbewa (eHr. automatic locking system — ALC), 3atum mogenu
+,BLACKHAWKY!", a ognuyaH noteHuujan nmajy n ,kydex” Ttaktnuke dyTtpone
npoussohaya ,Horned Viper” ns Penybnuke Cpbuje.
Hema cymwe pa coducTuumpaHa, BUCOKOKBaNWTETHa oOnNpema  U3uckyje
3HayajHa HoBYaHa cpegcTtBa. Wnak, Mygpo W KOHTUHYMpaHO ynarawe
HaMeHCkux cpenctaBa Tpebano ©Oum ga Oyge wmnepatuB  030UILHUM U
OLrOBOPHUM [pPXaBHMM PYKOBOACTBMMA, Kako OW onepatuMBHM KanauuteTu
cneumjanaua, onHa kaga 3atpeba, JoWnM OO NYHOr u3paxaja.

Murnow M. JeBtuh (Milos M. Jevtic),

ypeaHuk cajta specijalne-jedinice.com,

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

ORCID iD: http://orcid.org/0000-0002-1305-7618
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YkpajuHcku cynepmetk T-84"

YkpajuHcku meHk T-84

MHTepBeHLMja NPOpYCcKNX TEHKOBCKMX CHara Tokom asrycta 2014. roguHe
y YKpajuHu npeokpeHyna je TOK KOHdnukTa y YKpajuHu n gosena o nopasa
YKpajUHCKOr pexuma y obrnactuma nog KOHTPOSIOM MPOPYCKMX cHara. Jypwi
30 npopyckux TeHkoBa TOKOM jaHyapa 2015. rogvMHe nopasuo je YyKpajuHcke
OKITIOMHE cHare 1 OKoH4Yao oncagy MefyHapoaHor aepoapoma y [JoHeLky.

KunjeB je y nmoyeTky cykoba pacnopeguo cBoje TeHkoBe T-64 koju cy
Hekaga, 3a Bpeme xnafjHor parta, cmaTpaHu ,cynepTeHkoBuMma”. MehyTtum, To
je 6uno npe negeceT net rogvHa. MogepHe MPOTUBTEHKOBCKE paKkeTe U
Npopycke TEHKOBCKE jeQMHULE CY TOKOM paTHUX cykoba y YKpajuHu yHULWTune
npeko 200 oBMX TEHKOBA .

YkpajuHa je y mehyBpemeHy ogyctana Of CBOr CTapor ,CynepTeHka“ u
passuna Bprio MmogepaH TeHk T-84 Oplot-M. Camo geceT 0BMX TEHKOBa Hanasmu
ce y onepaTtuBHOj ynoTpebu y ykpajuHckoj Bojcum, anu je chabpuka Malyashev
y XapkoBy 2015. rogmHe objaBuna ga noeehaBa npou3BoAHy OBOr TeHKa. [lo
2017. roguHe npoussBewhe 40 HoBux TeHkoBa Oplof, anu he nx mnssectun y
Tajnang.

' The National Interest (September 2016)
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lMocebHocmu meHka Oplot

TeHk T-84 Oplot npeacTaerba, y CTBapu, ykpajuHCKy Bep3njy TeHka T-80
KOju je Hekaga npeactaB/ba0 OKOCHULY COBjETCKMX OKITOMHWMX CHara.
Haxanoct, T-80 crtekao je nowy penyTtauunjy 36or pata y YedeHnnju kaga cy
YeyeHn YHUWITUNN HEKOMWKO CTOTMHA OBWX TEHKOBA, YrMaBHOM PYYHUM
pakeTHUM 6Gauadmma. Jlowa penyTaumja Huje y MNOTNYHOCTM onpaBgaHa C
ob3Mpom Ha TO pfJa je yHuWwTewe OBONUKOr Opoja TeHkoBa YrnaBHOM
NPOY3pOKOBAHO OYajHOM TakTMKOM PYCKUX odmumpa Koju cy nocranm KosrioHe
TEHKOBa Y MapLUEBCKOM MOPETKY AMPEKTHO Yy ueHTap [posHor. TeHkoBuma cy
ynpaBrbane nowe obyyeHu pe3epBUCTW, HEKUM TEeHKOBM Cy nocnatu 0Oes
npeaBufheHor  eKkcnno3nBHO-pPEeaKTUBHOI  Okfona, kKao u 6e3 nopplike
newaguje. TEHKOBM Cy MacakpvpaHu y LeHTpy rpaga. Taga cy OTKpMBEHE
cnaboctn motopa T-80, kao M MOryhHOCT crnefa CekyHOapHUX ekcnnoauja
rpaHaTta Koje ce Hamase y kapyceny aytoMaTtckor nywaya. OBe cnaboctu cy,
HaXanocT, gowne A0 u3paxaja v y OpyruM KOHMNUKTMMa y Kojuma cy
KopuwheHn pycKM TEHKOBM Ca ayToOMaTCKMM nykwadem. HaBegeHe nocneguue
goBserne cy go nosnadera TeHka T-80 y kopucT jedTuHMjux BapujaHtn T-72, a
kacHuje n T-90.

YkpajuHa ce Tpyau Aa HakoH pacnaga CosjeTckor CaBesa, U He3aBUCHO
oA Pycuje, pasBuje cBojy gomahy nHAOYCTpujy Haopyxawa. PasBuna je cBojy
BapujaHTy TeHka T-80 ca MOhHWjUM MOTOPOM M HOBOM KyMnosioM MoA HasnBOM
T-84. Pa3BujeHO je HEKONWKO BapujaHTW OBOr TeHKa, of KOojux ce usaBaja
Bep3nja T-84 Oplot-M «koja vma kynony paheHy y 3anagHoMm CTuny ca
HajHOBUjUM YKPajUHCKUM CeH3opuMa 1 gedaH3nBHUM CUCTEMUMA.

Oplot-M je Bpno nokpeTtaH, nma oanu4He ceHsope u fobpo je 3awTuheH
aKTMBHMUM W MacuMBHMM AedaH3nBHUM cucTemuma. HajsaxHuje je wTo je
HEerosa LeHa og 5 MuUnNuoHa gonapa MHOrO HWXKa Of LeHe 3anagHuX TeHKoBa
Tvna Leclerc n yHanpeheHor amepuykor TeHka M1 koju ce npogajy 3a oko 8
MUIIMOHa gonapa.

lNopehewe meHka Oplot-M ca pyckum meHkom T-90

Oplot-M moxe ce nopegutn ca pyckum T-90, koju npeacTasiba
noborblwaHy Bep3njy TeHka T-72. TpeHyTHO, T-90 je HajHOBUjU TEHK Yy PYyCKOM
apceHany, OOK ce 4Yeka yBohewe HoBor T-14 y onepaTuBHy ynoTpeby.
M3Be3eH je y oppeheH 6poj 3emarba, npe ceera y WHanjy n Amxnp (no
HEeKOnuMKo CTOoTMHa Komaga). 3a pasnuky of TeHka T-72, T-90 Huje
ynoTpebrbeH y ykpajuHckom paty. Mopehewe he 6utn pafeHO Ha OCHOBY
mopena T-90A ymecTo Ha ocHoBy mogena T-90AM.

O6a TeHka nmajy nocagy of Tpuy unaHa, anu je Oplot-M Buwn — 2,8 meTapa, JoK
je T-90 3agp>xao BUCUHY of 2,2 meTpa.

Oplot-M wn T-90 umajy cnudHe TonoBe oA 125 MM ca ayTOMaTCKUM
nywadem. Ton 2A46 ca TeHka T-90 He moxe nNpobuTuM DpPOHTanNHM OKnon
amepuyKkor TeHka Abrams, WTO ce NOTBPAUNO TOKOM paTa y rondy 1991.
roauHe, anun cy Pycu HakHagHO pasBuiv HOBY NPOTUBTEHKOBCKY MyHULMjy ca
neHeTpaTopuma o4 BondgpamMa M OCupoMalleHor ypaHujyma koju mmajy 50
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nocto Behy npobGojHOCT u npobujajy 650 MunumeTapa BarbaHOr oOjayaHor
yenuka. To 3HauM ga 6 TakBM TEHKOBW MOMNM NPobUTU ppoHTanHM oknon
3anagHux TEHKOBA Ha MakWM farbMHama. YKpajuHuu Hucy gobunu npuctyn
0BOj MyHULMjW.

Oba TeHka umajy MoryhHOCT naHcupaha BONEeHWX MPOTUBTEHKOBCKUX
pakeTa M3 TEHKOBCKOI TOMa KOju CryXe 3a Hanaj Ha UWIbeBe Ha BEerMKUM
JarbMHama u Ha Huckonetehe xenukonTtepe (MAKo ce TO BPIIO PETKO AeLlaBa).
Takohe, oba TeHka umajy muTparbese kanubpa 12.7 mm un 7.62 MM Kao
CEKYHOapHO HaopyXake.

Hoeuju mogenn TeHkoBa T-90 kopucte TepmanHe kamepe Caterine Ha
OCHOBY (bpaHLycke nuueHue, aok je Oplot-M onpemrbeH gomahum cuctemom
PNT-2 ynapeHMm ca MacuBHMM naHopamMcKkum ocmaTtpadvkmm ypehajem PNKS-
6. TeHkoBcke pgyene o6u4yHO pJdobuja OHaj Koju nNpBM youu W MOrogm
NPOTMBHMKA, Tako Aa Cy ocmaTpauyke, HULIAHCKE CrpaBe W CEeH30pu BpIno
BaxaH pakTop, anu je TewKo ynopeamTn buxoBy edurKacHoCT.

Y norneay 3awwTute KOMMO3UMTHM oknon TeHka T-90 oaroBapa nebrbuHu
on 600 MM BarbaHOr ojayaHOr Yenuka y norrnegy 3awTute of notkanubapHux
rpaHaTa ca neHetpatopoM u npeko 800 MM BarbaHOr ojayaHor 4yenuka y
nornegy 3awTuTe o KyMynaTUBHMX npojektuna. Huje 6uno moryhe Hahwu
oprosapajyhe nogatke 3a oknon TeHka Oplot-M, nako ce npeTnocTaereba ga je
CMMYaH HMBO 3aLUTUTE C 063MPOM Ha CIIUYHY TEXWUHY.

TeHk T-90 onpeMIbeH je akTMBHUM cuctemom 3awTtute (soft kill) Shtora-1
KOju OeTekTyje HenpujaTerbCku Nnacepckn BONEHU CUCTEM, OMeTa ra CBOjUM
WH(paUpBEHNM emMuTEPMMA U 3aTMM u3balyje QMMHe rpaHaTe kojuma omeTa
BoheHy pakeTy. TeHk Oplot-M Takohe nocenyje akTMBHM cucTeM 3awiTuTe (soft
kill) Varta koju narnega yHKUMOHULLE HA CRMYAH HAYMH Kao U PYCKN CUCTEM
Shtora-1.

HoBuju mogenu TeHkoBa T-90A onpemMIbeHN Cy eKCNo3MBHO-pPEAKTUBHUM
oknonom Tuna Kontakt-5, CUICTEMOM KOju Ce cacToju O €KCMMOo3MBHUX nro4va
MoCTaBrbEHMX MO TEHKY, a KOju Y3pOKyjy npepaHy geToHauujy ponasehux
6ojeBux rnaea. Oknon Kontakt-5 pasnukyje ce o NPeTxogHUX cuctema
peakTMBHOI OKJloMna Tako LITO CE MII0Ye Ca eKCMI03MBHUM OKIOMOM MoMepajy
Ka yHyTpa MpWIMKOM €KCcnio3wje, na npeactaBrba Behy npenpeky
Hagonasehem npojektuny. Pycku usBopu TBpAe Aa oBaj oknon nosehaBa
penaTtuBHy rycTuHy oknona TeHka T-90A 3a 33 npoueHaTa unm n BuLLE ako je
nMTakby NPOTMBTEHKOBCKA pakeTa ca KymMyrnaTUBHUM NyhweweM. CHUMIbEH je
cupmnjckn TeHK T-90A Kkoju je npexuBeo norogak NPOTMBTEHKOBCKOM paKeToOM
3axBarbyjyhm oknonHom nakety Kontakt-5.

Ca gpyre ctpaHe, Oplot-M kopucTtu peaktuBHu oknon Duplet Nozh-2, kojn
ce CacToju OA CrojeBa EKCIMO3MBHUX MNykeHa y OOMMKYy HoXa Koju cy
HacnaraHu jeiHn Npeko ApYrux u Tako yCMepeHOM eKCMnno3unjom genyjy npoTus
ponasehux npojektuna. OBaj CMCTEM peaKkTUBHOI OKMona uma macy o Mnpeko
500 kr no kBagpaTHOM MeTpy NokpmBaka, na ce Bepyje Aa je edmkacHuju of
peakTuBHoOr okrona tuna Kontakt-5. Oplot-M nma Tpu cnoja oknona Duplet Ha
cdpoHTanHOM 1 Ha DOYHMM CTpaHama Kyrnorne v ABa croja Ha npegwem geny
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Tpyna v ropweM geny kynone. OBa BpcTa okrnona je, npe cBera, HaMeheHa
oHecnocobrbaBaky NPOTUBTEHKOBCKUX pakeTa ca TaHAEM-NYyHEHEM.

Oplot-M je, Takohe, onpemrbeH n cuctemom aktmsHe 3awwtute (hard kill)
Zaslon koju ce cacToju o pagapa koju oTkpuBa ponasehe npojektune u
naHcupa ekcnnosvMBHM npojektun. Cuctem Zaslon kapakTepuwe Bpeme
peakuunje og camo 0,1 cekyHae u edwukacaH je NPOTUB pakeTa M3 PYHHUX
fauada M nNpPOTMBTEHKOBCKMX BOMNEHUX pakeTa. Anuv, Huje edukacaH y
3aycTaBrbaky TEHKOBCKMX rpaHaTa.

Pycuja je, Takohe, passuna HoBu cuctem (hard kill) akTnBHe 3awTuTe
Avghanit 3a cBoj HOBM TeHK T-14 Koju je HaBogHO ecdmkacaH U MpPoOTUB
TEHKOBCKMX MoTkannbapHux npojektuna. TeHk T-90 A Huje onpemMrbeH OBUM
CUCTEMOM.

Oplot-M vma 25 npoueHata Behy MOOWMHOCT y CermMeHTy MobGurHocTtw,
OOHOCHO MakcumanHa 6paunHa my je 70 km Ha caT, a T-90 A pasBuja 6p3vHy
60 kM Ha caT. Moxe ce 3akbyuntu Aa je TeHk Oplot-M jegHak ako Huje u
He3HaTHO 6orbu of pyckor TeHka T-90 A. MehyTtum, 6uno koja Bojcka Moxe
MmMaTn KOPUCTU Of TEHKOBa CamoO YKOMMKO Mx uma y Behem 6pojy, a no Tom
nuTakwy OonasvMmo A0 nopasHor casHawa. Pycka Bojcka uma oko 500 TeHkoBa
T-90 y onepaTmBHOj ynoTpebu, a ykpajuHCcka BOjcKa YKYNMHO AeceT TeHKoBa
Oplot-M.

TajnaHd mpaxXu yKpajuHCKU CyrnepmeHK

TajnaHg He cnaga y BeNIMKE KOPUCHMKE TEHKOBCKMX jeduMHMLA, anu cy
unak oXuBernu BaTpeHo kpwterwe. TokoMm 2001. roauHe TajnaHACKM TEHKOBM
amepuykor nopekna M60A3 Patton ywnu cy y pasMmeHy BaTpe ca TEHKOBUMA
Bojcke MujaHMapa kuHeckor nopekna Type 69. Tokom xecTokor cykoba Koju ce
gewaBao 06nu3y rpaHumyHe 6ase 9631 y TajnaHQy TEHKOBCKE jeauHuue
MwjaHmapa goxuserne cy nopas.

KacHunje, Tokom 2008. rogmHe, TajnaHAcke Tpyne ywrne cy y cykob ca
kamboLlaHCKMM BOjHMUMMA OKO xpama Preah Vihear koju ce Hanasu Ha camoj
rpaHmum namehy aese 3emrbe. Cykob je eckanupao, na cy y 6opby yseaeHu u
TeHkoBU. Huje 6uno npeumsHmMx nogaTaka o ryéuumma.

KparbeBcka TajnaHacka apmuja nopyuuna je 49 teHkoBa Tuna Oplot-M
Tokom 2011. roguHe, BepoBaTHO 300r KOMBUHaUWje NoBorbHe LeHe u aobpe
oknonHe 3awTtute. Mehytum, pgo 2014. roguHe abpuka y XapkoBy
nucnopy4una je camo neT TeHkoBa. V3BewwTaju HaBoge Aa je notpebHo namehy
14 n 17 mMeceum 3a KoMmnneTupakwe jeoHoOr TeHka. Heku komeHTaTopwu
KOMeHTapucanu cy TakBe nodaTke W Kao pasnor Haeenu HeedurkacHOCT K
KOpynuujy y YKpajUuHCKOj] MHAYCTPUjn.

Bawmo Kujee He mpaxku meHkoge 3a ceoje nompebe?

C 063npom Ha cuTyaumjy y YKpajuHu, OQHOCHO Ha rybuTtak uCTo4Hor gena
3eMrbe, NMoCTaB/ba Ce JIOTMYHO MUTake 3allTO BOjHE CHare YKpajuHe Hucy
Tpaxune TeHkoBe Oplot-M 3a cBoje noTpebe.
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MNoguHe 2015. Ceprej luHkac, npeacTaBHUK MUHUCTaApCTBa opfdpaHe,
n3jaBmno je aa je pasnor cmHaHcujcke npupoge. 3a UeHy jeaHor TeHka Oplot-
M, op neT munuoHa gonapa, moryhe je mogepHusoBaTu geceT TeHkoBa T-64
Ha Bpno edwmkacHm cTtaHgapg BULAT. Ca pgpyre cTpaHe, LUHUYHM
KOMeHTaTopu TO BuAe kao foka3 Aa KnjeB Tpaxu MCKIby4YMBO NPOMUT Ha
payyH (He)npexunsrbaBaka CBOjUX TEHKOBCKUX Nocaja.

Moryhe je Hahu 1 uHaHCKjCKY NOrMKY Yy OBakBOM NpUCTyny. YKpajuHcka
BOjcka MMana 6u Behe KopucTu o MoAepHM30Baka 1 NornpaBke CBOje BENVKe
dnoTe TeHkoBa T-64 ymMeCcTo BENUKOr TPOLLKA HabaBke Mare KONMYNHE HOBUX
TeHkoBa. [lakeT mopepHusaumje BULAT obyxBaTa onpemare TeHka T-64
HOBMM PEaKTUBHUM OKJTOMOM Y MOOEPHU30BAHNM TOMOM.

YnHn ce pQa YyKpajuHcka Bnaga MokywaeBa [fa crabunuiyje cBoje
(bMHaHCKjCKe TOKOBE M MOAEepHu3yje CBOje TEeHKOBCKE cHare TOKOM AyXer
nepvoda ymecTo Ja TpaXy Heka MOMEeHTanHa pellema.

YKkpajuHa je 3anodena n HoBe aMbUUMO3HMje NpPOjeKTe, Kao WTo je
nporpam TIREX koju npeasuha nponsBoawy TeHka ca 6ecnocagHOM Kynorom
T-64BV, a nnaHupaHa je 1 npousBoawa U ucnopyka cepuje o 50 TeHkoBa
Oplot-M HakoH WwTo 6yay McnopyyeHy npyuMepLmn 3a TajnaHacKy BOjCKY.

HpazaH M. Byuykosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic@kbcnet.rs,

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

Pycuja passuja HanpedHy 8a3dywHo-pacripckasajyhy
MyHUUyUj

Y Be3an C pyckum pasBojeM BasfgyliHO-pacnpckaBajyhe MyHuuuvje 3a
Tonose 30 u 57 MM nojaBunn cy ce HOBU Adetarbu. Pagm ce o npojektuny
(HEAB - high explosive air-bursting), OAHOCHO BWCOKO €KCMIO3MBHO-
pacnpckaBajyhoj rpaHatu, wrto 3anag HasuBa ABM Air-Bursting Munition,
O[IHOCHO Ba3sfyLLHO-pacnpckasajyha myHuumja.

Ho caga je 6uno nHgopmaumja o pa3Bojy HanpegHe MyHuuuvje 3a Ton 57
MM S-60 Koju ce Hamnasu Ha garbUHCKM ynpasrbaHoj kynonu AU-220M Baikal,
anu je TO MpBM NyT Aa ce MOMUHEe MUCTa BpCTa MyHMUMje 3a TON Mmawer
kanubpa og 30 mm.

BasgywHo-pacnpckaBsajyha MyHuumnja HameweHa je 3a ynoTpeby
bopbeHnx BO3una newaguje Koje cy HaopyxkaHe TonoBuma 2A42 n 2A72 of
30 mm. Pagm nojegHocTaBrbewa MHTErpaumje HoBe MyHUuuMje npomeHe he
obyxBaTuTM caMO CUCTEM 3a yrnpaBrbake BaTPOM, KaO M HULLAHCKN CUCTEM,
anu Hehe 6UTK HMKaKBMX adanTauunja noctojeher opy>xHOr cuctTema.

2 Jane’s International Defence Review (June 2017)
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CnosrbawHoct 6opbeHnx Bo3una Hehe GUTK namereHa, ocMM kaga je y
NMMTaky CamMa HULLAHCKa cnpaBa. Hehe OWTW HWKaKBUX M3MeEHa Tomna HUTU
nocTorba.

M 2A72 00 30 mm

BTR-82A Haopy»aH moro

HuwaHckn cuctemMm Koju (pyHKUMOHULIE Yy chnpe3n ca HOBOM BasfyLUHO-
pacnpckaBajyhom myHuumjom nma osHaky TKN-4GA-02 komnaHuje JSG ROMZ
n npegcrtasrba mogudmkaumnjy cuctema TKN-4GA-01. OBa BpcTa HULIAHCKOT
ypehaja moxe 6utn MoHTUpaHa Ha cnegeha Bosuna: BTR-80, BTR-82, BTR-
82A BMP, BMD, MT-LBM, wn Ha 6opbeHa Bo3una knace PT. HuwaHcku
cuctem ca yrpahjeHoM TepmanHoMm kamepom Hocu o3Haky TKN-4GA-03.

HuwaHckn ypehaj TKN-4GA-02 cactojy ce of pgdBa npumapHa
nogcucteMa — ONTUYKOr HULLIAHA W CUCTEMa 3a MporpamMmuparbe npojekTuna.
OnNTUYKM HMLIAHCKM CUCTEM cacToju of OBa KaHamna, obu4yHOr OnNTUYKOr W
KaHana 3a uHteHandwmkaumjy cnuke. Oba kaHana Mory ce KOpucTUTU OfBOjEHO
unu 3ajegHunykn. Cuctem 3a nporpamupawbe KDY VPS cactoju ce of
nporpamMabunHor ynarbada npojekTurna, o3HaymBada 6rbecka mnpojektuna u
GanuncTuykor kommnjytepa. lMporpamabunHu ynarbay npojektuna, o3Hake LPI
KDY VPS, ynoTtpeGrbaBa nacep 3a nporpamupare ynarbada Ba3gyLLHO-
pacnpckasajyher npojektuna Koju yHKUNOHWULLE Ha TanacHoj OYXWUHU 61InCKoj
nHdppaupseHom cnektpy og 900 nm, goK Ccy AMMeH3uje cHona 2X2 cTeneHa.
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JNTacep pagu Ha 500 nynceBa y CekyHOU (CIIMYHO MaKCUMarHoj KageHuu BaTpe
Tona), a AyxuHa cBakor nynca je og 200 pgo 350 ns ca eHepreTckom
BpeaHowhy jegHakom jegHom Lyny. Benuvka cHara v TanacHa gyxuHa nacepa
3Ha4u Ja CUCTEeM MOXE Nako OWTEeTUTUN He3alTUhEHO OKoO.

Ob6enexuBad  Grbecka  npojektuna, o3Hake BRVP,  kopuctu
€reKTPOONTUYKN CUCTEM 3a [eTekToBawe Orbecka NpuUIMKOM AeToHauuje
npojektuna. [detektop Orbecka nokpvea BUAHO norbe o 15X15 crtenenun u
npatym eKkcnnosujy npojektuna Yy WH(paupBeHOj TanacHoj  OYXUHW.
Ob6enexunBay brbecka oTKpMBa AeToHauuvje Ha garbuHama o 6.000 meTtapa.

Hetarbn y Be3n ¢ 6anuCTUYKMM KOMMjyTEPOM HWUCY OOCTYMHMW, anu ce
npeTnocTaBrba Aa Ce yHoce Mofauu O JarbWHW MeTe, MoKpeTy Bo3wna/tona,
no3uumju Bo3urna ca MeTeoposioLKMM nogaLummMa, na ce n3pavyHaBa HULLIAHCKA
Tayka W BPEMEHCKM pasmak AeToHauumje. Huje jacHO ga nu je nacepcku
AarbMHOMEp OeO0 CUCTeMa UMM He, anu je OH WHTerpucaH y npukasaHum
Bep3mjaMa HULLIAHCKNX crpaBa.

BasgywHo-pacnpckaBsajyha MyHuumja Hocu osHaky 30F23 u peo je
nopoauue MyHuumje 30X165 koja ce kopuctu 3a ynotpeby y akumjama Ha
KOMHy, MOpy 1 BasaywHoM npocTtopy. OBa rpaHata cacToju ce of npojektuna
mace 390 r 1 yenuyHe vaype. Yaypa ce nyHM eKCNNo3MBHUM MNyHeHeM Koja
omoryhyje 6p3uHy npojektuna go 960 m/c npu nsanacky u3 LeBu Tona AyXUHe
0o 2,4 m. Bpx npojektuna je npekpuBeH Manum 0anuCTUYKMM 3alITUTHUKOM U
cagpxu nporpamabunHu ynarbad. [paHaTa je HanyweHa ca 40 r
BMCOKOEKCMIIO3NBHOI MykeHa. Ynarbad uma Manu nposop og cadupHor
cTakna kKoju my omoryhaea npumarse nacepckor curHana 3a nporpaMmupasse.

Hvje nosHato pa nu je Bpx npojektuna 3awTuheH npuinkom
ucnaroMBawa W3 UEBM ToMa WNU je OUPEKTHO W3MNOoXeH Mponyn3vBHUM
racosMma. Ynaroad Moxe OGMTU nporpamupaH 3a ekcrnnosuvjy y nHrtepsanuma
oA 0,1 po 13 cekyHauW. YKONuKo nporpamabunHm cUcTem 3akaxe Jonasu go
camoyHuLUTeHa npojektuna HakoH 13 cekyHau. BpemeHckn nHtepsan oa 0,1
CeKyHAe jeQHak je MMHMManHoj AarbnHu aejcteoBara o 100 M, Aok BpeMe of
13 cekyHau npeacTaBrba Makcumanim gomet go 4.000 m. Mpojektun je obojeH
y TamHocuBy 00jy, OOK je 3alTWUTHU npekpuBad 00OjeH y CBETNUjy HujaHcy
cuBe 6oje.

Mpunukom ynotpebe mepn ce garbMHa meTe M U3padyHaBa Bpeme neta.
OBa nHdopmaLmja KOPUCTU Ce 3a NporpaMmpanse ynarbada nytem KogupaHor
nacepckor curHana. HakoH WwTo je nporpamupaH, ynarbad BpLun geTtoHauujy y
TpaXkeHO BpeMe u3Hag MeTe pagu noctusarwa MakcumarnHor edekra.

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

ORCID iD: "“E'http://orcid.org/0000-0003-1620-5601
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lNpoueHa HogO2 KUHECKO2 pa3apaqa3

HecymwnBo je ga he HOBM KMHecKkM pasapad knace Type 055 6utwm
HajMohHKj1 paTHM Bpon kMHecke mopHapuue. lNuTame je Kako ce OH Hocu ca
CBOjUM aMepUYKMM, jarnaHCKMM U jy>KHOKOPEjCKUM CcynapHuumMma?

MopuHyhe npBor pasapada knace Type 055 npegctaeBrba 3Ha4YajHy
NpeKpeTHULY y pa3Bojy MOpHapuULLe KUHECKe Hapo,u,Hoocn060,qmnaqu BOjCKe.

lNopuHyhe npeoe pasapaya Kknace Type 055

Type 055 npeacrtaBrba yBehaHy Bep3ujy HajmMogepHujer KuHeckor
pasapada knace Luyang Il (Type 052D) kojux uMma neTt y onepaTUBHO]
ynotpebu, a jow je oeBeT y usrpagmu.

O6a mopgena HaopyxaHa cy Tonom 130 MM, BuLELEBHMM ToMoBUMA 3a
6nvcko npecpetake 30 MM, NPOTMBBA3AYLWHUM pakeTHUM cuctemom HHQ-10,
pagapom Type 346A Dragon Eye xao n coHapom yrpafenum y Tpyny G6poga.
O0e knace nmajy ucte TpOCTpyKe naHcepe Toprneaa, Kao U ByYEHE aKTMBHE U
nacuBHE COHapHe cucTeme.

KuHeckn meamju HaBoge La je HOCMBOCT HoBe krnace pasapada 10.000
ToHa, wTo je 40% Buwe oa pasapadva knace Type 052D. HoBu pasapay nma
Behn kanauMTeT XenuKONTEPCKOr XaHrapa, O4HOCHO ABa OABOjeHa xaHrapa 3a
ABa XxenukonTepa, kKao LTO je Xenukontep cpedwe HocuBocTu Harbin Z-20.
Bpno je 3HauvajHO Oa je 6poj pakeTHUX cnpemullTa 3a BepTUKanHU CUCTEM
naHcupara pasapada nosehaH.

Mako jow HWCy MHCTanupaHu CBU CEH30pCKU cucteMu Beh cy ouurneaHe
pasnuke y ofdHOCY Ha pasapad knace Type 052D. Huje uHcTanupaH pagap
Type 517B Knife Rest koju pagu y pexumy VHF/A. Nako ce pagu o ctapujem
On3ajHy pajapa OH je 1 Jarbe y onepaTuBHO] ynotpedbu ¢ 063npom Ha To aa
MOX€e OTKPUTU ,HEBUATLMBE” aBUOHE.

% Jane’s Defence Weekly, 12 July 2017
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Takohe, HWje MHCTanupaH HW pagap 3a npeTpaxuBawe BasgyLIHOr U
nomopckor npoctopa Type 364 koju pagu y pexmmy G/H-Band (IEEE C/X-
band), kao HM akTMBHO/MacmeBHuM pagap gyror gometa Type 366 Mineralca
pagom y pexumy ME/,Bandstand®.

M3MereHn Ccy M Ou3ajHu NacMBHUMX U aKTUBHWUX ENEKTPOHCKMX cucTema 3a
npoTUBMeEpeE.

Ca pgpyre cTpaHe, eBUAEHTHO je Oa je uHctanupaH ogpeheH 6poj HOBMX
€NEeKTPOHCKMX cucTeMa Ha HOBOM pasapadvy Koju he BepoBaTHO MOTMYHO
3aMeHUTU cTapujy onpemy. JefaH Oeo OBe OMNpeMe Hanasy ce Ha HOBOM
WHTErpMcaHoM TOpky Ha 6enum naHenvMma ucnog KoMaHgHoOr MOCTa, Kao M Ha
XenuKONTEPCKNM XaHrapvma.

YeTupu naHemna Hanase ce Ha MHTErpucaHom TOpkY, anu Cy Makwu o
jeauHuua pagapckux asmpaHmnx peLleTkn Koje ce Hanase y OKBupy pagapckor
cuctema 346A Koje Cy MHCTanupaHe OKO W MCnod KOMaHAHOr MocCTa, LTO
BEOMa NW4YM Ha pajapcku CUCTEM WHCTanupaH Ha HajHOBMjEM amMepUuyKoMm
Hoca4y aBuoHa Gerald R. Ford.

Nako HoBM pasapay Type 055 uma gBa nyta Behu Opoj BepTMKanHUX
naHcepa pakeTa y OfHOCY Ha pa3sapad knace Type 052D, pagu ce o uctum
YHVBep3anHum naHcepuma, 6e3 o63npa Ha To wTo he, No HaBoANMA KMHECKMX
mMeguja, OWUTM ONpemMrbeHM HOBOM reHepauujoMm  MpPOTUBBA3OYLUHUX,
NpoTMBOPOACKUX, KAO 1 MPOTUBPAKETHNX pakeTa.

Amepuyku pasapad knace Arleigh Burke

lMocTaBrba ce nuTamwe Kako he ce HOBM pasapay HOCUTK ca cynapHuumMma
y Koje cnapajy amepudkn pasapad knace Arleigh Burke, amepuyka Kpctapuua
knace Ticonderoga, janaHcku pasapady knace Atago, Kao U jy>XKHOKOPEjCKu
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pasapad knace Sejong Daewang KDX-3 koju cy onpemrbeHun GopbeHum
cuctemnma Aegis.

Amepuuka kpcmapuua knaceTiconderoga

Csu oBM OpogoBu MMajy BENVKM OpOoj BEPTUKANHMX PaKETHUX flaHcepa, LTo je
BP0 BaXHO C 063MpoM Ha TO da ux je Hemoryhe OOMyHUTW HA OTBOPEHOM MOpY.
Kopejckn pasapad knace Sejong Daewang nma 128 naHcepa, amepuyka kpctapvua
knaceTiconderoga nma 122 naHcepa, OOK pasapadu krace Atago wn Arleigh Burke
umajy no 96 naHcepa. WNako jow Huje notBpheHo, cnekynue ce ga he KMHecku
pasapady Type 055 nmatn 112 naHcepa.

JanaHcku pa3apay knace Atago
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Ocum Kopejckor pasapava Koju je OorpaHM4eH Ha faHcupare JoKarnHo
nponsBedeHnx paketa wu3 48 naHcepa, CBM OCTanuM pasapayn umajy
YHUBEp3anHe naHcepe Koju Mory ucnarbmaTtu 6uno Kojy pakeTty kojy 6opbeHu
CUCTEM MOXE BOAUTW.

3a 6pogoBe Kojuma ynpaBrba 60pbeHn cnuctem Aegis OCHOBHa pakeTa 3a
npoTMBBa3gyLLHy 60pby je pakeTa TMna SM-2 koja npecpehe BasaywHe MeTe
Ha parbuHama go 129 u 370 kM n Ha BucuHama ao 20, ogHOCHO A0 32 KM
BucuHe. Ouekyje ce ga he pasapady knace Type 055 naHcupaTtu pakete Tvna
HHQ-9B, kao WTO cy OHe Kojuma je HaopyxaH pasapad knace Type 052D,
OJJHOCHO Ha MakcumarnHum garbuHama go 185 km n Ha BucMHama go 27 Km.

lMpropuTeT pasapaya je naHcupawe NPoTUBOPOACKMX pakeTa, Kao LTo cy
BEpPTUKANHO naHcupaHe pakeTte Tuna YJ-18A koje umajy gpomet go 537 Kwm.
Jy)XxHokopejcku pasapau knace Sejong Daewang HaopyXaH je pakeTama tuna
SSM-700K Haesong, amepuyka kpcTapuua krnaceTiconderoga HaopyXaHa je
ca ocam pakeTa 6bpog-6poa Tuna Harpoon, janaHcku pasapad knace Atago
HaopyxaH je, Takohe, ca ocam paketa Tuna Mitsubishi Type 90 SSM-1N, ook
amepudku pasapad knace Flight IIA Arleigh Burke Huje HaopyxaH pakeTama
6poa-opoa.

Y cknagy ca janaHCKMM yCTaBHUM OrpaHuyverem, pasapadu krnace Atago
Hemajy MoryhHOCT Hanaja Ha KOMHeHe uurbeBe, anu je 3aTo jyXHOKOPEjCKM
pasapay knace Sejong Daewang onpemrbeH Kpctapehum pakeTama Tuna
Hyunmoo-3, amepuykun 6pogoBu kpctapehum paketama tuna Tomahawk, ook
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he HoBWM KmHecku pasapad Type 055 6utu onpemrbeH gomahom Bep3njom
KpcTapehux paketa tuna CJ-10.

MpuoputeT amepudknx pasapada knace Arleigh Burke jecte 6opba
NpoTMB BanuCTMYKMX pakeTa, nNa je Bpoa onpemrbeH pakeTHUM npecpeTaynma
Tvna SM-3. Amepuuke kpcTapuue knace Ticonderoga, kKao v janaHcku pasapay
knace Atago, Takofhe cy onpemMrbeHM OBMM TUMOM pakeTa, a ovekyje ce aa he
N jy>XHOKOpEjCKN pasapay MMaTu UcTe pakeTe y HeKo gornegHo Bpeme. C Tum
y Be3U, joll YBEK Ce He 3Ha Aa nv he 1 HOBY KMHEeCKMU pasapad butu onpemrbeH
pakeTama 3a ogbpaHy of 6anucTnyknx npojekTuna unu he y jeaHoM TpeHyTKy
nmaTu n pakeTe 3a obapare NPOTUBHUYKNX caTenuTa.

TonoBwu 3a 6nMcko NpecpeTake NPOTUBHUYKUX paKeTa Ha jy>KHOKOPEjCKOM
N KMHECKOM pasapady CnperHyTu Cy ca naHcepuma npoTUBBa3gyLUHUX pakeTa
KpaTkor gomerTa.

Amepunykn 6poposu knace Arleigh Burke w Ticonderoga HaopyxaHu cy
NpoTMBBa3dyWHUM pakeTama KpaTkor u cpegwer gometa RIM-162 Evolved
Sea Sparrow koje cy edmkacHe Ha farbuHama 0o 55 km. YeTupu pakete osor
TMNa crnakoBaHe Cy Yy jedaH BepTUKarnHW naHcep. JanaHcku pasapad knace
Atago Huje onpemMrbeH 0BUM CUCTEMUMA.

Pasapaun knace Flight | u Il Arleigh Burke onpemrbeHu cy jeoHUM
MOMNeTHO-CIIETHUM MECTOM, anW Hemajy XaHrap, na M He HOCe CBaku nyT
xenukonTep. JanaHcku pasapad knace Afago Hocu jegaH xenukonTep, OOK
KpcTapuua knace Ticonderoga, pasapad knace Sejong Daewang, kao n Type
055 mory HocuTK No gBa xenukonTtepa. Y cny4ajy KMHeckor pasapava paguv ce
o xenukonTtepuma Tmna Z-20 n Z-9 Koju Ccy OMNpeMSbEHW COHapPOM WMn
Toprneavnma.

CBu noMmeHyTn 6POOOBU ONPEMIBLEHN CYy COHapMMa MOHTUPaHUM Yy Tpyny.
JanaHcku pasapay knace Afago Hema BYYHW COHap 3a pasnuky oA ApYrux
6pogoBa oOBe knace, a noTtBpfeHO je Oa KMHecku pasapad uMMa coHap
BapujabunHe pybuHe. [peTnoctaB/ba ce pJa je Oorbe onpemribeH 3a
NpOTMBNOAMOPHMYKY 6opby y ogHOCY Ha ocTane 6poJoBe OBe Knace.

KuHecku pasapauy Type 055 HaopyxaH je NpOTUBNOAMOPHUYKOM pPakeToM
Yu-8 Sejong, kopejcku pasapad Daewang npoOTUBMOAMOPHUYKOM pPakeToMm
Tvna Red Shark K-ASROC, pok cy octanu GpoaoBu HaopyXaHu pakeTama
Tvna RUM-139 ASROC.

BopbeHn cuctem Aegis uspaheH je Ha OCHOBY pagapa ca ¢asvMpaHoM
peweTtkom AN-SPY1, Tako ga je rmaBHO nuTakwe kako he ce oBaj pagap
HocuTK ca pagapom Type 346 Type 055

MpBa Bep3unja pagapa SPY1A yBeaeHa je y onepatmeHy ynotpeby 1988.
rogMHe Ha amepuudkoj kpctapuumn Ticonderoga. HoBu 6poaoBu u3 oBe knace
onpemrbeHn cy pagapoMm SPY1B koju je umao 6orby enekTpoHuky u 6orbe
nepdgopmaHce.

Pasapauu knace Arleigh Burke, Atago wn Sejong Daewang onpemrbeHu cy
pagapuma Tuna SPY1D koju cy npBu MyT OMNM UHCTanMpaHu Ha amepuyKoM
pasapayy knace DDG-51. Cee Bepsuje pagapa SPY-1 kopucte nacuBHO
€r1IeKTPOHCKO CKeHupare (passive elecronically scanned array — PESA), gok

195

Vuckovi¢, D., SAVREMENO NAORUZANIE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.184-206



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 1

pagap Tuna 346 Ha kMHeckoM pasapadvy Type 052C kopucTu cucTemM akTUBHOT
erneKkTpoHCKor ckeHmpara (active electronically scanned array — AESA).

WNako papap Tuna AESA He o06e3befyje jacHe npegHOCTM y OOHOCY Ha pagap
Tuna PESA, vnak ce pagu o nMmnneMeHTaumju MogepHe TexHonoruje ca sehom
ynoTpeboM MOoOEepHUjUX KOMMOHEHTU U MpyXa MHOre NpefHoCTU Yy KOMaHau u
KOHTPOMU pakeTe.

Jow jepaH kputmyaH daktop y nopehewy nepdopmaHcn 6GopbeHunx
cMcTeMa je HMXOoBa NOTEHUMjanHa MHTerpauumja KoOMMNoHeHaTa M3 OTBOPEHUX
copTBEepckMX u3Bopa. Meaujcku usBewTaju ykasyjy Ha To Aga cy KuHesu
OCTBapwunu 3Ha4ajaH Hanpeak y oBoj obractu, Tako Ja TBpAHa Aa je KUHECKU
pasapay knace Type 055 jegaH o HajMogepHujUX pasapaya BuLLE HUje Tako
HeBepoBaTHa.

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

ORCID iD: “=http://orcid.org/0000-0003-1620-5601
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Hoeu mon 3a gppaHuycku merk Leclerc’

Y nemo 2016. 200uHe gpaHyycku maza3uH , Trucks&Tanks magazine” objasuo je
UHmMepecaHmHe ghomozpaghuje meHka Leclerc obojeHoz y Ho8y KamycbriaxHy wemy
Scorpion ca ozpomHumM moriom 00 140 mm.

Benukn Ton ca rmatkoM UeBM NpBU MyT je yrpaheH y ekcnepuMeHTanHy
TEeHKOBCKY kynony T4 kojy cy 1996. roauHe uspagune paHuycke KomnaHuje
GIAT n ,Bourges arsenal’. MefyTum, HakoH NpBUX TecTupaka paHuycka
BOjCKa je ognoxwuna Kynony ca ctpaHe, gok 2015. rogMHe Huje oany4deHo fa ce
OHa MHCTanupa Ha wacujy TeHka 3a nspnadvewe Leclerc MARS.

HoBu TeHk oa 60 TOHa HOCMBOCTW HasBaH je Terminateur. Bo3anno Hocu
22 vnn 32 orpoMHe AsofenHe rpaHaTte of no 1,5 M ayxuHe. UN3BpleHa cy
TecTMpara ayToMaTCKor Nykwaya, kao 1 oTBapara BaTpe NpUiMkom KpeTtakba.

MocToje Tpu npumapHa meTofa yHanpehewa npobOjHOCTU TEHKOBCKMX
rpaHata: Behu gvjameTap rpaHate (WwWTo nobosowaBa ePUKaCHOCT KUHETUYKNX
neHeTpaTopa M KymynatmBHux 60jeBUX rnasa), Oyxa TOMoBCKa LUEB Koja
omoryhaBa noctusamwe Behe Op3vHe KMHETUYKUX NeHeTpaTopa U yHanpeheHe
MyHuumje. Tpehu npucTyn je M HajnonynapHuju, jep HuWje nNoTpebHO BPLUMTK
61O KakBe U3MEeHe Ha camMoOM TEHKY, a U HajjedTuHuju je.

* The National Interest, August 8, 2017
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Op kpaja xnagHor pata noBehaHu cy kanvbpu TEHKOBCKMX TOMOBa Ha
120, ogHocHo 125 mm. Mehytum, jow ocampgeceTtux roguHa n HATO u
BaplwaBckn nakT pasmaTpanu cy ugejy o jow BehvM TEHKOBCKUM Kanubpuma
og 140 n 152 mm. Y Teopuju je Bnagano muwrbewe ga 6w npenasak ca
kanubpa 120 Ha kanubap 140 mm gynnupao edekat KMHETUYKE eHepruje Ha
uuIby.

Mpen kpaj xnagHor pata ®paHuycka, Hemauka u CA[ 3ajegHo cy
pasmatpane npojekat nof HasusoM ,byayhe TeHKOBCKO Haopyxahe” Yy OKBUpY
Kojer cy pasmaTtpaHa pasHa eKcrnepuMMeHTanHa opyXja Kao WTo cy
eneKkTpoTepMarHo-XeMujCcKn TOM, Kao M enekTpomarHeTcku Ton. CBe gpxaBe
cy ce cnoxune pga je nosehaHu kanmbap TeHkoBckor Torma og 140 mm
HajjedHOCTaBHMje pellere, Tako Aa Cy Tpu gpXxaBe oanydune ga nokywajy
WHCTanauunjy TakBor ToMa Ha CBOje TEHKOBe, LUTO je pe3ynTupano nojaBoMm
ekcnepumeHTanHor amepudkor teHka M1 CATTB Thumper n Hemadkor TeHka
Leopard 2-140.

MeRyTum, nnak cy BOjHe BRacTu ogonene npuxsaTakwy Beher U MHOro
TeXer Tona Ha CBOjuM TeHKoBuMa. Behe rpaHate 3Hadye Mawbm GopbeHu
KOMMMeT M Texy wacujy koja 6u morna 6orbe amopTnsoBaT Behu Tp3aj, WTO
je 3Hauuno macy of 60 ToHa 3a amepuyku TeHk ca TonomMm oa 140 mm. YmecTo
TOora, HajHOBMjM MOAEenW aMepudkor noTkanubapHor npojektuna M829, koju
Kopucte amepudkn TeHkoBu M1A2, npobujajy oknon og 540 pgo 800 mm
naHuMpHor 4yenvka 6e3 nosehawa gvjameTpa TEHKOBCKE rpaHare.

Tokom rondckor pata 1991. nokasano ce ga cy 3anagHu tonosu og 120
MM Gunu BuULIE HEro AOBOSbHM 3a Npobuvjatbe Taga HajMOOEPHUjUX PYCKUX
TeHkoBa T-72.

MeRQyTtum, nojaBa HoBoOr pyckor TeHka T-14 Armata noTnyHo je
npomMeHuna HauuH pasmuwrbawa HATO cTtpaTera. Pycku meawmju tBpae aa je
npedwn 0eo TeHKa jefHak 3awTuTM A0 jedHOr MeTpa BarbaHor XOMOreHor
yenvka, [OK Ce Criekynuwe Aa je oknon 6e3nocagHe Kyrnone unak Tawu. Y3
pycko 3ay3umane Kpuma To je yTuuano Ha 3Ha4yajHy NPOMEHY Yy pa3mMuLIbakby
BOjHMX CcTpaTera Koju Cy Ha NpBO MECTO CTaBUNN og0paHy of, pPYCKMX TEHKOBA.

Tpeba pehu ga je Terminateur caMO TEXHOJNOWKN OEMOHCTpATOp, a He
NMPOTOTUMN HOBOI TEHKa LITO He 3Hayu ga je dpaHuycka Bojcka ognyyuna ga
WHcTanupa Hoee Tonose oA 140 MM Ha CBOjux ABe CTOTMHEe TeHkoBa Leclerc.
YMecTo Tora oBa BO3una nporase Kpo3 nporpam MogepHusaumje koju he
Tpajatn go 2020. rogMHe M y OKBUPY Kojer he OMTU MHCTanupaHu HOBU
CUCTEMWU 3a ynpaeibake, KOMaHOHW W KOHTPOMHW CUCTEMU, OarbMHCKM
ynpaBrbaHa OpyXHa CTaHuua ca MUTparbe3om, MOAYyNapHW OKMOoM, oMeTauyu
MMNPOBM30OBAHMX EKCNO3NBHMX HanpaBa M yBedeHa HOBa TEHKOBCKa rpaHaTa
ca BasfgywHo-pacnpckaBajyhom  MmyHuumjom. OBakBa  MoaepHu3auuja
cnpoBefeHa je umajyhu y Bugy 6opby npotns nobyrweHuka n rpagcky 6opby, a
HMkako 6opby NPOTMB HeMpujaTerbeBMX TEHKOBA.

MehyTtum, jacHo je ga Terminateur HaBoouM Ha To ga ce y Esponu
pasmulirba O TEHKOBCKOM Am3ajHy. ®PpaHuycka u Hemauka xenene 6w pa
OOpPXE TEeXHOJNIOWKN Hanpegak Ha CBOjUM CKPOMHUM TEHKOBCKMM chbrnoTama,
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anu ce npoTmeBe ynotpebn amepuykux notkanubapHMx npojekTuna ca BpXOMm
o4 ocupomalieHor ypaHujyma. Komnanuja Rheinmetallie passuna je HOBU
mohHu Ton o 130 mm ca uesu gyxuHe 51 kanubpa koja 6u omoryhmuna 50%
Behy neHeTpauujy TeHKOBCKMX oknona. OBakaB Tonm morao 6u 6utn
WHCTanupaH Ha TeHK Leopard 2, a morao 6uM NOCAYXWUTUM U Kao TOMn HOBe
reHepauuje paHLyCcKo-HeMaykux TeHkoBa nofd Hasnsom Main Ground Combat
System koju 61 Tpebano ga yhe y npoussoghy HakoH 2020. roguHe.

He ouekyje ce ga he njegHa eBporncka 3emrba HabaBUTM HOBE TEHKOBCKE
TONOBE MNpe Te roguHe, LITO MOKa3yje M offyka Bnage HOBOr paHLycKor
npeacegHuka MakpoHa Koja je ognyyuna ga cmawun ogbpambeHun byueT, wTo
je npoy3pokoBarno 1 ocTaBky paHuyckor reHepana lNujepa ae Bunujepca.
Pycwja je Takohe cmamuna ogbpamberHn GyueT, Tako ga he npohu jol MHOro
BpeMeHa [OK Ce He MojaBe 3HayajHuje Bep3vje HOBUX TeHkoBa T-14, wTo
nokasyje n ybpsaBare nporpama mogepHusaumje T-72 Ha Bep3uvje T-72B3M.

Benuka bpuTtaHuja je Takohe Tectupana Behu TeHkoBcku Ton og 140 mMm
Ha cBoM TeHky Chieftain, kao wTo je n KuHa passuna Hosu ton oa 140 mm 3a
cBOj TeHK Type 99, anu 3a caga ce cMaTtpa Aa Cy BEMWKM TOMOBU HEMPAKTUYHU
N HenotpebHu, na he n dpaHuyckn TeHk Terminateur BepoBaTHO cayekaTu
Heka 6orba BpemMeHa.

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

ORCID iD: “=http://orcid.org/0000-0003-1620-5601
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Cpricko Haopyxare y cmpaHum medujuma

BojHa nHgycTtpuja Cpbuje je Tokom 2017. roanHe nocrtana pegoBaH roct
no3HaTMX M cneuunjanu3oBaHmx BojHUX BeO cajtoBa. O cajma Haopyxaha
.I1apTHep 2017”. Koju je ogpxaH y jyHy 2017. roanHe, Nnpon3Boaun Cpricke BojHE
WMHOYCTpUje NyHe cTpaHe Beb cajToBe.

Beb cajT http://worlddefencenews ob6jasuo je 28. jyHa 2017. rognHe BecT
0 apTureepujckoM cuctemy Llymaauja, y kojem ce HaBoau aa ce pagu 0 HOBOM
BULWeLEeBHOM naHcepy paketa (BJ1IP) n npojektuna Ha wacuju kammoHa Tampa
ca 4yeTunpu ocoBuHe (8X8). Hosn BJIP je MOHTMpaH Ha UCTOj Wacuju Ha Kojoj je
MOHTMpaHa u xaybuua Hopa b-52.

Ha cajmy Haopyxawa ,[MapTHep 2017” npukasaHu cuctem Lymaguja
ONpeMIbEH je YETBOPOLIEBHUM pPaKkeTHWM flaHCEpPOM, anu MocToje ABa Tuna
naHcepa, oA Kojux jejaH ucnarbyje HeBoheHy pakeTy JepuHa 2, kanubpa
267 Mmm, ca dpparmeHTaLmoHom 6ojeBomM rmaBom mace Ao 110 kr, MakcMmanHor
aomeTta o 75 kM, JOK Apyrv ncnarbyje npojektun JepuHa 2 ca caTesIMTCKUM
HaBoheweM, hparmeHTaumoHoMm G6ojeBom rnaBoM mace o 20 Kr 1 JOMETOM
00 285 km.

Apmursepujcku cucmem LLlymaduja
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JlaHCuMpHO BO3MNO OMpeMsbeHO je KabuMHOM U3 Koje ce MOXe BOAUTU
naHcupame, a cama KabuHa OKMonrbeHa je U WTUTKU of BaTpe newagunjckor
HaopyXara 1 nap4yagm rpaHara.

Wctn apTursepujcku cuctem NoMeHyT je 1 Ha BeD cajTy http://defence-blog.com.

Mog Hacnosom ,CBeTcka npemujepa” BeG cajT http://worlddefencenews
objaBrbyje BeCT 0 Npukasy HOBe camoxofHe xaybuue 155 mm AnekcaHgap ca
NMoTNYHO ayToMaTU30BaHWMM CUCTEMOM Mywewa. Bo3uno je ©GasmpaHo Ha
nopoauuM camoxopHux xaybuua Hopa B-52, a npojekToBaHO je y AOpXaBHO]
KomnaHwuju ,Jyronmnopt” COIMP.

Y TekcTy ce HaBoau aa je AnekcaHdap cnnyaH cuctemy Hopa b-52, na ce
Hanasu Ha UCTOj LWacuju kKammoHa Tampa ca NOroHOM Ha CBE YeTUPU OCOBUHE
(8X8), anum pa je 3agwa  Kynona CKMHYTa W 3aMeheHa MNOoTnyHO
ayToMaTM30BaHUM CUCTEMOM MyH-eHa ca 12 rpaHaTa CnpeMHUM 3a narb0y.

ol

2 Army Recognition http:/fwww.armyrecognition. com

Hosa camoxodHa xaybuua 155 mm AnekcaHOap

Pagn nosehawa Op3vHe nywewa, 12 gogaTHUX rpaHaTa CMELUTEHO je y
MarauuH Koju ce Hamasu Ha 3agH0j CTpaHu kabuHe nocage, a Nywere ce
BPLUM Y POKY O HEKOMUKO CEKYHAM.

ApTurbepujcku cuctem ArnekcaHOap vMa MaKCuUMmarHy AarbuHy rahamna
no 32,5 kM ca cTaHgapAHOM MyHULUMjOM M 52 KM ca HOBOM reHepaunjom
apturbepujckux npojektuna HE ERFB RA/BB (VLAP) Bpno Benukor gomera,
KOju ce npousBode 3a MOOEpHe ByYHe M caMOxofHe Ton-xaybuue AyxuHe
uesu og 39, 45 n 52 kanubapa.
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Mctn cajT objaBrbyje BECT M O pakeTHOM cucTtemy obarncke opnbpaHe
ALAS-S Ha Bosuny NIMR y koHdurypauuju 6x6, npomssohaya us YjeguweHux
Apanckux Emupara.

@ Army Recognition http:/iwww.armyrecognition.com

PakemHu cucmem obarncke o0bpaHe ALAS-S

Y unaHKy ce HaBoguM [[a Cy opyxaHe cHare YjeauweHux Apanckux
EmupaTta 3avHTepecoBaHe 3a HOBWM pakeTHU cucteMm obancke ogbpaHe, na je
komnaHuja ,Jyronmnopt” COMNP passuna nomopcky Bep3unjy pakete ALAS nog
Hasneom ALAS-S .

Pakety ALAS nokpehe KomOuWHaumja pakeTHOr MoOTopa ca 4YBPCTUM
ropvBoM 1 TypbouieTr motop TMM-040. PakeTa ce ucnarbyje nog enesauujom
He MahoM of 60 cTeneHn y3 noMmoh pakeTHOr MoTopa, Koja 4OBOAMN pakeTy Ha
BucuHy og 300 M, HakoH 4era ce akTMBupa TypboueT moTop. MakcumanHm
pomeT pakete je 25 km, a Mmoryhe je aa ce noseha go 60 kM. MakcumanHa
Op3uHa pakeTte je 180 m/c.

JlaHcupHo Bo3uno ALAS-S 6asupaHo je Ha nnatdopmu Bo3una NIMR 6x6
Ca LWeCT KOHTejHepa ca ABa pefa Mo Tpu pakeTe.

Batepuja cuctema ALAS-S cacTtoju ce o KOMaHAHOr BO3una u 4etupwm
naHcupHa Bosuna. KomaHgHO Bo3wuno Takofe je 3acHOBaHO Ha nnatdopmu
NIMR 6x6 ca 3awTtuheHOM KkabOWMHOM Ha 3agHem Kpajy Bo3una Koje je
onpemrbeHo pagapom, pagmo-ypehajem n KOMyHUKaumMoHUM CUCTEMOM.

Cuctem ALAS-S cnpemaH je 3a npou3BOAHY W YCKOPO ce npunpema
TecTupare 3a noTpebe opyxaHux cHara YAE.
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Mctn Beb cajT 06jaBMO je BECT O HOBOM CPMCKOM BYYHOM BULLELIEBHOM
naHcepy HeBoheHux paketa M16 og 107 mm 3a Hanag Ha MeTe BMCOKe
BPEOHOCTM Ha KOMHY 1 Ha MOpY.

BuweuesHn naHcep paketa (BJIP) 107 MM mMma ykynHO 32 naHcupHe
LueBU y 4YeTupu pega no ocam uesu. Cuctemom ynpasrba nocaga of LUecT
yYnaHoBa N MOXe ce NPeMecTUTU Ha ApYyry BaTpeHy nosuuumjy y poky of Asa
MUHYTA.

lMpas3Ho naHcupHo opyhe uma macy go 1.258, a ca paketama 1.850 «r.
MpeBohewe cucTema M3 MaplleBckor y OopbeHu nonoxaj Tpaje cepam
MUWHYTa, a MOHOBO Ce MyHW 3a TPU MUHYTA.

JegHa oA ocHoBHUX oanuka BJITP 107 mm M16 je nonyaytoMaTcku cucTem
OKpeTawa M eneBauuje, WTO je omMoryheHo aytoMaTCKMM MeXaHu3MOM W
He3aBMCHUM MOrOHCKMM CUCTEMOM KOju oMoryhyjy okpeTawe n enesauujy BJIP
nyTem LiojcTuka ca npeyunsHowhy 4o 1 mm.

[ e ee,

i

& Army Recognition 3 > http:/fwww.armyrecognition.com
BJIP 107 mm M16

_OnpemrbeH je M enekTPoOHCKMM okugadem Kkoju omoryhaesa 6upamne
pacdanHe wnu jeguHadyHe nambbe n yBehaBa 6e3begHOCT TpaHcnopTa
HanyheHor naHcepa. Npunukom jeamHayHe narsbe BJIP ncnambyje Tpy oo net
pakeTa y MMHYTU, AOK Yy padanHoj narbbu 32 pakete mory 6utn ucnarbeHe y
BpemeHy oa 0, 3 go 1,5 cekyHge.

MakcumanHu gomet BJIP M16 je 8.600 M, gyxuHa pakeTe je 827 mm,
maca go 18,6 kr n 6ojesa rnmaea go 1,25 «r.

203

Vuckovi¢, D., SAVREMENO NAORUZANIE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.184-206



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 1

Cajt  http://worlddefencenews o6jaBno je 4YnaHak O HOBOM
NpoTUBBA3AyXOMSOBHOM cucTeMy KpaTkor gometa PASARS.

= Army Recognition http:/f'www.armyrecognition.com

Hosu npomusea3sdyxomnnosHu cucmem kpamkoe domema PASARS

PASARS je 6asupaH Ha kammoHy FAP 2026 y koHdwurypaumju 6x6 ca
OKITONSbEHOM ABOCEAHOM KabVMHOM Koja WTWUTK of 3pHa kanubpa go 12.7 mm un
napyagu rpaHata. Ha 3agwem Kpajy BO3vna Hamasu ce Kyrnoria HaopyxaHa
aytomatckum Tonom L/70 Bofors 40mm u ca gBe pakete 3emrba-Bazgyx RLN-
1C.

Paketa RLN-1C je 6asupaHa Ha pyckoj pakeTu Basgyx-Basgyx R-13M
KpaTKor JoMeTa KOojoM je HaopyxaH noeal, Mig-21. PakeTa je MogepHu3oBaHa
HOBOM WH(paLupBeHOM caMoHaBoheHOM rnaBoM ca HOBOM 60jeBOM rnaBoMm
ONpPemMIbeHOM JlacepCkMM OIM3UHCKUM ynarbadyeM W OodaTHUM  pakeTHUM
MOTOPOM.

AyTtomatcku Ton L/70 Bofors 40mm uma kageHuy rahawwa og 320 rpaHaTta
Yy MUHYTU U ecukacHn gomeT Ao 4.000 M npoTuB 3eMarbCKux UuUrbeBa U
UuIbeBa y BasgyLWHOM MpoCTopy.

Cnctem PASARS vma nocagy oA 4eTvpw BOjHMKA, @ KOMaHOUP M BO3ay
Hanase ce y kabuHu. OpyxaHa cTaHuua Ha Kynonu MMa ABa 4YnaHa nocage
KOju KOHTpomnuwy Ton W naHcupawe pakeTta. Kynona ce okpehe 3a 360
cTeneHu ca enesauumjom og -3 o 90 cteneHn.

Paketa RLN-1C wnma makcumanum gomet go 12.000 m, macy go 125 krm
6ojeBy rmasy go 11 kr. OnepaTtep 3akrbyyaBa BasfyLlHy MeTy M faHcupa
pakeTy Koja ce HaBoAW NyTem UHdpaLpBeHOr Tparaya.

204



MomeHyTn BebO cajT o06jaBMO je M unaHak O MOAEPHU30BAHOM
BULLIELIEBHOM naHcepy paketa Ozakms.

Y

© Army Recognition http:/iwww.armyrecognition.com

ModepHu3oeaHu suweyesHu naHcep pakema (BJIP) Ozars

MogepHusoaHn Oraws MOHTMpPaH je Ha kamuoH FAP 2026 vy
KOHurypaumju 6x6 ca HOBOM OKIMOMSbEHOM KabMHOM OTMOPHOM Ha MyHUUMjY
po 12.7 MM 1 napyap rpaHaTa.

Y kabuHu ce Hanase 4yeTMpu 4ynaHa nocage. KabuHa je onpemrbeHa
Npo30opuMa Koju Npyxajy 3alTuTy o4 MyHuumnje kanmbpa go 12.7 mm, JOK je Ha
KPOBY MOHTMpPaH TELLKN MuTparbe3 12.7 mm.

3agHu Kkpaj KaMMoHa OMPEMIBbEH je NTAHCUPHOM CTaHULOM Koja ce okpehe
3a 360 crteneHn. MogepHusoBaHm Oezar ynotpebrbaBa pakete Kowaea 1 un
Kowaea 2 pometa pmo 50 km, a Moxe OMUTM onpemsbeH U BOheHUM
NPOTUBTEHKOBCKMM pakeTama ALAS. HoBu Ozars MOXE KOPUCTUTU U pakeTHU
KOHTejHep Mopasa.

Boauno je onpemMrbeHoO M HajHOBMjOM reHepaumjoM HUwaHckux ypehaja
YyKIbydyjyhn vHepumnjanHy Hasurauujy, caTtenutcKy Hasurauumjy M cuctem 3a
ynpaBrbakbe BaTpoM. HoBa koMaHOHa jegvHuLA  yKIbydyje aurntanHy
KOHTPOJTy YMECTO aHarnorHux cepBo ypefaja.

CajT http://worldefencenews 06jaBno je 4naHke O joW HEKOIIMKO HOBMX
npounsBoga Cprcke BOjHe MHAYCTpuWje, kao wTo cy: 6pog M-RIB 17, 6opbeHo
BO3UNO newaaunje flazap 3, npeHocuBu pagap 3a ocmaTpawe kornHa PR-15,
HOBa MoAynapHa ayToMarcka nywka y kanubpy 6.5x39mm wn 7.62x39mm,
kKojom he OMTM HaopyxaHW npunagHULM  cheuunjanHux  jeaMHuua,
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MmogepHusosaHu BVP M-80AB1 ca Tonom og 30 MM, MogepHu3oBaHa Bep3uja
TeHka M-84AS1 v gpyru nponsBoau BOjHE NHAYCTPUje.

Cajt y http://defence-blog.com o6jaBno je n HoBe uUHopmMaumje koje ce
ogHoce Ha cpncke pakete Kowasa 1, nnaHupawe onpemara CprcKux
KOMHEeHWX cHara 6ecnunoTHUM KOMHeHUM Bo3unom Mwunow, Hamepy cprickor
MUHUCTapcTBa oabpaHe ga HabaBu cHajnepcke nywke MO7, fok je no3HaTu
crneumnjanu3oBaHn BojHM Beb cajT http://www.janes.com o6jaBno nogatke o
npojekty onpemawa 1.500 BOjHMKA HOBMM yHUdOpPMama, MOAyNapHUM
nywkama, ypehajuma 3a HOhHO ocmaTpake, HOBUM KOMYHWUKALMOHUM
ypefhajuma, HOBMM FWYHUM 3aALWTUTHUM OKIOMMMAa W APYrUM HOBMHaMa Yy
CPrCKOj BOjHOj MHAyCTpuju koju cy Beh obpafheHn Ha gpyrum Beb cajToBuma
Koju ce 6aBe oBOM NpobGremaTukom.

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

ORCID iD: “=http://orcid.org/0000-0003-1620-5601
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No3nB N YIYTCTBO AYTOPUMA
NPUMMALLEHVE N MHCTPYKLW OJTA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB N YNYTCTBO AYTOPUMA O HAYUHY NPUNPEME YITAHKA

YnyTcTBO aytopyuma O HauvMHy npunpeme u4naHka 3a objaBrbuBame Yy
BojHomexHu4ykom enacHuky ypafeHo je Ha ocHOBYy AkTa O ypefuBawy Hay4yHUX
yaconuca, MwuHucTapcTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje,
eBuaeHumoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MpumeHa oBor AkTa
NPBEHCTBEHO CMyXMW yHanpehewy kBanuteta gomMahux yaconuca u HUXOBOT NOTNyHWjer
YKIbyuMBara y MeflyHapoaHU CUCTEM pasMeHe Hay4yHUX MHdopMaumja. 3acHOBaHO je Ha
mehyHapoaHum ctaHgapauma 1SO 4, 1ISO 8, 1ISO 18, ISO 215, 1ISO 214, ISO 18, ISO 690,
ISO 690-2, ISO 999 1 ISO 5122, ogHocHo ogroeapajyhum gomahvum ctaHgapavma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wramnaHo usgawe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MynTMAMCUMNIMHAPHM Hay4yHU Yaconuc
MuHuctapcTBa ogbpaHe Penybnvke Cpbuje, koju 06jaBrbyje Hay4yHe U CTPY4YHe 4YnaHke,
Kao N TeXHWYKe MHopmauMje O CaBpeMeHMM CUCTEMMMA Haopyxaka W caBpeMeHUM
BOjHUM TexHonornjama. Yaconuc npatv jeAUHCTBEHY MHTEPBUAOBCKY TEXHUYKY NOAPLLKY
Bojcke Ha mMpuHUMNY NOrMCTUYKE CUCTEMCKE MOAPLLKE, 0ONacTy OCHOBHUX, MPUMEHEHUX
1 pasBOjHUX MCTpaxmBawa, Kao M MPOM3BOAHY M ynoTpeby cpedcTtaBa Haopyxarwa 1
BOjHe onpeme, Te oOcTana Teopujcka W MpakTMyHa pJocTurHyha koja AgonpuHoce
ycaBplUaBaky CBUX MpUMNagHMKa cpricke, pernoHanHe W MefyHapogHe akagemcke
3ajegHuvue, a nocebHo npunagHnka MuHuctapctea ogbpaHe u Bojcke Cpbuije.

MwuHncTapcTBO npocBeTe, Hayke WM TexHOnowkor passoja Penybnuke Cpbuje,
carnacHo oanyum m3 unaHa 27. ctaB 1. Tadka 4), a no npubaBrLEHOM MULLILEHY U3
ynaHa 25. ctaB 1. Tayka 5) 3akoHa O Hay4yHoucTpaxuBadkoj aenaTHocTu (,CnyxbeHn
rmaciuk PC”, 6p. 110/05, 50/06-ucnp. u 18/10), yTBpaOWno je karteropusauujy
BojHoTexHu4kor rnacHuka, 3a 2016. roguHy:

3a 06nacT TEXHOMOLLKM pa3Boj:

— Ha NIUCTK Yaconuca 3a maTepujane U xeMujcke TexXHornoruje:

kaTeropuja Bogehu Hay4Hu Yaconuc HaumoHarnHor 3Ha4vaja (M51),

— Ha NIUCTU Yacomnuca 3a efleKTPOHUKY, TeNneKoMyHuKauuje n nHcopmalmoHe
TexHonoruje:

KaTeropuja Hay4Hu Yaconuc HaumoHarnHor 3Ha4vaja (M52),

— Ha NIUCTK Yaconuca 3a MalMHCTBO:

KaTeropuja Hay4YHu Yaconuc HaumoHarnHor 3Hadvaja (M52),

3a 06nacT OCHOBHa UCTpaxuBara:

— Ha NIUCTM Yaconuca 3a MmaTemMaTuKy, padyHapcKke HayKe U MeXaHUKy:

KaTeropuja Hay4Hu 4aconuc HaumnoHarnHor 3Hadvaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2016. roguMHy mory ce BuMAETW Ha cajTy
BojHoTexHuukor rnacHuka, cTpaHuua Karteropusauuja wdaconuca (MwuHucTapcTBO
npoceeTe, Hayke M TexHOomoLwkor passoja Penybnuke Cpbuje jow yBek Huje o6jaBuno
3BaHWYHy KaTeropuaauujy Hay4Hux Yaconuca 3a 2017. roguHy).

OeTtarHuje nHdopmaumje mory ce npoHahm u Ha cajty MuHucTapctsa npocseTe,
Hayke 1 TexHonoLukor pa3soja Penybnuke Cpbuje.
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Mopauu o kateropmsaumju mory ce npatutn u Ha cajty KOBCOH-a (KoH3opumjym
6ubnunoteka Cpbuje 3a objeanteHy HabaBky).

Karteropusauuja yaconuca msspLueHa je npema lMpaBunHWKy O NOCTYMNKY U HayuHy
BpeOHOBawa W KBAHTUTATMBHOM MCKa3uBaky Hay4YHOUCTpPaXMBaykux pesynrarta
ncTpaxueaya, Koju je nponucao HaumoHanmHW caBeT 3a Hay4YHU M TEXHOMOLUKN pasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBUM MPaBUIHMKOM M Taberiom 0 BPCTW U KBaHTUDMKaLWMj UHANBUAYATHWUX
Hay4HOMCTpaXuBaYkunx pesynTarta (y cactasy lNpaBunHuka), objaBrbeHn pag y BojHoTexHnukom
rnacHVKy BpeaHyje ce ca 2 6oga (kateropuja M51) n 1,5 6og (kateropuja M52).

Yaconuc ce npatu y koHTekcTy Cpnckor umutatHor mHgekca — Clungekc (6asa
nopgaTtaka gomahux HayyHux yaconmca) u Pyckor uHgekca HayqHor umtupara (PUHLL).
MoaBprHyT je cranHoM BpegHOBawy (MOHUTOPUWHIY) Y 3aBWCHOCTU Of YTMLAjHOCTK
(vmnakta) y camum 6asama u, nocpegHo, y meRyHapogHum (Clarivate Analytics)
uMTaTHMUM  uHAaekcuma. [letarbM O MHAEKCUpawy MOry ce BMAETM Ha  cajTy
BojHoTexHu4Kor rnacHuka, ctpaHula NHaekcrnparwe yaconuca.

BojHoTexHnukM rnacHuk omoryhaBa u npumemnyje Creative Commons (CC
BY) oaopenbe o aytopckum npasuma. [letarbu 0 ayTopckMM npaBvMa Mory ce BUOETU Ha
cajTy Yaconuca, cTpaHuua AyTopcka npaBa U NONUTUKa caMoapXuBupamwa.

PapoBn ce npegajy nytemM OHMajH CUCTEMA 3a ENEeKTPOHCKO ypehuvBame
ACUCTEHT, koju je pa3suo LleHTap 3a eBanyauujy y obpasoBamwy 1 Hayum (LLEOH).

Mpuctyn n pernctpaumja 3a cepBuUC BpLUE ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpaHuue  ACUCTEHT wnu  CUUMHOEKC, o0gHOCHO  AWPEeKTHO  Ha  MMHKY
aseestant.ceon.rs/index.php/vtg.

[eTtarbHO ynyTcTBO O perucTpaumjy U npujasM 3a CepBUC Hanasum ce Ha Ccajty
www.vtg.mod.gov.rs, cTpaHuua YnyTcTeo 3a e-Yp: EnektpoHcko ypehusawe — ACUCTEHT.

MoTpebHO je pa ce cBM ayTopu KOjU MNOAHOCE pykonuc 3a objaBrbuBake Yy
BojHoTexHuykom rnacHuky permuctpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuMum cajta Peructpaumja 3a pobujawe ORCID
naoeHTumKaumoHe wudape.

BojHOTEXHMYKM NacHWK obGjaBrbyje YnaHke Ha CPrICKOM, PYCKOM WM EHINECKOM je3unKy
(arial, cpncka hupunuua unu cprcka naTmHuua, BenuuuHa cnosa 11 pt, npopea Single).

Moctynak npunpeme, nucarwa u ypehusama ynaHka Tpeba ga byae y carmacHocTv ca
UsjaBom o eTnukoM noctynamy (hitp://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba da cagpku caxeTak ca KibyYHUM peunma, YBOA, pa3pajy, 3akibyyak,
nmTepaTypy 1 pesnMe ca Kiby4HUM pevnMa Ha eHrreckoM jeanky (6es Hymepaumje Hacrosa un
nogHacnosa). Obum unaHka Tpeba ga Gyae oko jegHor aytopckor Tabaka (16 crpaHuua
dopmata A4 ca npopegom Single), a HajsuLe 24 cTpaHuLe.

UnaHak Tpeba Oa Oyae HanvcaH Ha obpacly 3a nucame 4raHka, Koju ce 'y
€NeKTPOHCKOj hopMmM MOXe Npey3eTu ca cajTa Ha cTpaHuum Obpasal 3a nucare YnaHka.

Hacnos

Hacnos Tpeba ga ogpaxasa TeMy unaHka. Y nHTepecy je yaconuca v aytopa Aa ce
KOPWCTe peyr NpukNagHe 3a UHAEKCUpame U npeTpaxvBake. AKO TakBMX pevn Hema y
HacnoBy, NOXerbHO je Aa ce npuaoda u nogHacnos. Hacnos Tpeba ga 6yae npeseaeH u
Ha eHrMeckn jesnk.

OBW HacnoBwm UCNNCYjy Ce UCNPeL caxeTka Ha ogroBapajyhem jesuky.
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Tekyhu HacnoB

Tekyhn HacrnoB ce wucnucyje ca CTpaHe CBake CTpaHuue 4YnaHka pagu nakwe
naeHTuduKaumje, nocebHO Konuja YnaHaka y enekTpoHckom obnuky. Cagpxu npesvme m
MHMLMjan nmeHa aytopa (ako ayTopa vMMa Bulle, nmpeocTanu ce o3HavaBajy ca et al.”
unu 1 gp.“), Hacnoee paja v Yaconuca v konauujy (roguHa, BOryMeH, CBecka, No4eTHa
1 3aBpLUHa cTpaHuua). Hacnoeu yaconuca v 4naHka Mory ce aatu y ckpaheHoM obnuky.

Wme ayTopa

HaBoawn ce nyHO nme u npesume (cBux) aytopa. Beoma je noxersHo aa ce HaBeay
n cpedwa crnosa aytopa. MimeHa u npesumeHa gomahux aytopa yBek ce ucnucyjy y
OpurMHanHom obnuky (ca CpNcKMM AWjakpUTUYKMM 3HAKOBMMA), HE3aBWUCHO Of je3nka Ha
KOjeM je HanucaH pag.

Has3uB ycTaHoBe aytopa (achmnujaumja)

Hasoau ce nyH (3BaHW4HM) Ha3VB U CeauLLTe YCTaHOBE Y KOjoOj je ayTop 3amnocreH, a
€BEeHTyanHo M Ha3vWB YyCTaHOBe Y KOjoj je ayTop 006aBuvo uCTpaxuBame. Y CrOXEHUM
opraHu3auvjama HaBoaM ce yKynHa xujepapxuja (Hnp. YHuBepauTeT oabpaHe y Beorpagy,
BojHa akagemuvja, Kategpa npupogHo-matemaTudkux Hayka). bap jegHa opraHusauuvja y
xvjepapxvju Mopa GuUTVM nMpaBHO nuue. AKO ayTopa uUMa BULIE, @ HEKU MOTUYY K3 UcTe
yCcTaHoBe, Mopa ce, NocebHVMM O3Hakama WNuM Ha OpYrM HauuH, HasHaydiTu U3 Koje of
HaBedeHMX YCTaHOBa MOTMYE CBakM Of HaBedeHux aytopa. Adumnujaumja ce ucnucyje
HernocpeaHO HaKkoH MMeHa ayTopa. PyHKUMja 1 3Bare ayTopa Ce He HaBoZe.

KoHTakT nogauu
Aapeca nnu e-agpeca CBMX ayTopa Aaje ce Ha NPBOj CTPaHWULM YnaHka.

KaTeropuja (Tun) unaHka

Kateropusauuja unaHaka obaBe3a je ypeoHUWTBa M of nocebHe je BaXHOCTU.
Kateropujy unaHka mory npegnaraTv peLeH3eHTM U YNaHOBM YpeaHWULLTBa, OO4HOCHO
ypegHvuun pybpuka, anum OAroBOPHOCT 3a KaTeropusauujy CHOCU WUCKIbYYMBO [NaBHU
ypenHuk.

UnaHuu y yaconucuma ce pasBpcraBajy y cnegehe kateropuje:

Hay4Hu unaHuu:

1. opurMHamnaH Hay4Hu YnaHak (pag y Kojem ce U3Hoce NpeTxXof4HO HeobjaBrbMBaHM
pes3ynTaTi COMCTBEHNX UCTPaXMBaka HayYHUM METOOO0M);

2. npernegHun YnaHak (pag Koju cagpXu OpurMHanaH, AetarbaH U KpUTUYKW Npukas
MUcTpaxueadkor npobnema wunu nogpydja y Kojem je aytop ocTBapuo ogpehenn
OONPYHOC, BUASLMB Ha OCHOBY ayTouuTara);

3. KpaTKO UNU NPETXOL4HO CaomNLTeHE (OPUrMHANHW Hay4YHu paj nyHor cdopmara,
anu mawer obvmMa nnu NpenMMUHapHor Kapaktepa);

4. HayyHa KpWUTMKa, OOHOCHO noremuka (pacnpaBa Ha ogpefeHy HayyHy Tewmy,
3aCHOBaHa VCKIbY4MBO Ha Hay4HOj aprymeHTaumju) 1 OCBPTU.

N3yseTHO, y HekuMm obnactuma, Hay4yHu paj y 4Yaconucy Moxe wumatn obnuk
MOHorpadcke CTyauvje, ka0 W KPUTUYKOT m3gawa HayyHe rpahe (MCTOpujcKo-apXMBCKe,
nekcukorpadpcke, Gubnuorpadbcke, npernega nopataka U cn.) — goTad HemosHate unm
HEe[OBOSbHO NPUCTYMNaYHe 3a Hay4YHa UCTPaXVBaHs:a.

PapnoBu knacudurkoBaHu kao Hay4H1 Mopajy nmaTi 6ap ABEe NO3UTUBHE peLieH3uje.

Ako ce y yaconucy 06jaBrbyjy U Npunosy BaHHAY4YHOr kapakTepa, HayyYHu YraHum
Tpeba ga 6yay rpynvcaHy v jacHoO U3A4BOjEHN y NPBOM ey CBeckKe.
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CTpyYHM YnaHum:

1. CTPy4YHM 4naHak (Npuror y Kojem ce Hyde MCKycTBa KOopucHa 3a yHanpehene
npodecrmoHarnHe npakce, anu Koja HUCY HYXXHO 3acHOBaHa Ha Hay4YHOM MeToay);

2. nHdopmaTMBHU NpuUnor (YBOAHUK, KOMEHTap 1 cn.);

3. npukas (Kwure, padyyHapcKkor nporpama, crnyvaja, HayyHor gorahaja, v cn.).

Je3uk paga

Jesunk paga moxe 6GUTKM CPNCKK, PYCKN UNN EHITIECKN.

TekcT Mopa OUTW jeandkn 1 CTUMCKU OOTepaH, cucTemMaTusoBaH, 6e3 ckpaheHuua
(ocum ctaHpapaHux). Cee usmyke BenuUuHe mopajy 6utu uspaxeHe y MefyHapogHom
cuctemy MepHux jeanHuua — Sl. Pegocnep obpasaua (dopmyna) o3HavyaBa ce pegHUM
6pojeBnMa, ca AecHe CTpaHe Yy OKpyrnvMM 3arpagamMa.

CaxeTak (ancTpakT) U pesume

CaxeTak (ancTpakT) jecTe KpaTak MHOpMaTUBaH Npukas cagpxaja YnaHka Koju
yutaouy omoryhaBa ga 6p30 M TayHO OLEHW H-EroBY PENEBAHTHOCT. Y MHTepecy je
ypedHuwTaBsa M aytopa Aa CaXeTak CagpXu TepMUHEe Koju ce 4YecTo KopucTe 3a
MHAEKcuparwe 1 npeTtpary ynaHaka. CacTaBHM OernoBU CaKeTka Cy LWrib UCTPaxuBama,
meToau, pesyntaTu u 3akrbydak. CaxeTak Tpeba aa uma og 100 go 250 peun n Tpeba ga
ce Hanasu usmefy 3arnaBrba (HacnoBs, UMeHa ayTopa M Ap.) U KIbYYHUX peyn, HaKoH
KOjUX Crnegm TeKCT unaHka. AKO je pag HanucaH Ha CPrckoM (PYyCKOM, HEMaykoM unu
dpaHLyCcKoM) je3nKy NoXerbHO je Aa ce, Mopen caxeTka Ha CPrckoM (PYCKOM, HEMavkoMm
unun cpaHLyckom), Aaje u caxeTak y NpoLMPEeHOM OBnMKy Ha €Hrneckom je3nky — kao
T3B. pe3ume (summary). OBakaB pe3nme Tpeba aa byae Ha Kpajy YnaHka, HakoH oferbka
Jlntepatypa. BaxHo je ga peanme Byge y cTpykTypupaHom obrmKy, a Herosa AyxuHa
mMoxe 6utn go 1/10 gyxuHe 4naHka (ONWWPHUjK je oA caxeTka ca MoyveTka unaHka).
MoueTak oBor pesnmea Moxe OUTW MpeBedeHM caxeTak (Ca noyeTka uYnaHka), a 3aTum
Tpeba ga cnege npeBefdeHV rMaBHU HACMOBM, NOAHACMOBU M OCHOBE 3aKiby4ka 4YraHka
(nuTepaTypa ce He npeBoaw). MNoTpebHO je Aa ce y CTPyKTypuMpaHOM pe3umMey npeseae v
[eo TekcTa UCnoj Hacnosa v nogHacrnosa, Bogehun padyHa Aa oH 6yae nponopumoHanaH
HMXOBO] BENMUYMHM, @ Oa ofpaxasa CyWTWMHY. HakoH pe3nmea Ha €HrmeckoM je3uky
(npowwmpeHor caxeTka) OOfaje Ce HEeroB NPeBOA Ha cprckoMm, Aa 6u pepgakuuja
M3BpLUMMa NPOBEPY W NEKTYPY.

KrbyuHe peun

KrbyuHe peun cy TepMyHM unu ¢pase koje ageKkBaTHO MPeACTaBIbajy cagpXxaj
ynaHka 3a notpebe nHOeKcupara 1 npeTpaxusBara. Tpeba nx gogersusaTu ocnawajyhn
ce Ha Heku MehyHapoaHu wu3BOp (MOMUC, PEYHMK WM Tes3aypyc) Koju je Hajwmpe
npuxeaheH unu yHyTap pate HaydHe obracTtu. 3a Hnp. Hayky yonwTe, TO je nucra
Kiby4Hux peun Web of Science. Bpoj krbyyHux peun He moxe 6utm Behu og 10, a y
MHTEpEeCy je ypeaHULITBa M ayTopa [a ydecTarnocT huxoBe ynoTpebe Gyae wTo Beha.
KrbyyHe peun gajy ce Ha je3uKy Ha KOjeM je HanucaH YnaHak (CaxkeTak) U Ha eHrneckom
jesuky. Y unaHky ce nuily HenmoCcpeaHO HaKOH caXkeTka, OAHOCHO HaKoH peanmea.

Cuctem ACUCTEHT vy Ty cBpxy kopucTu cneuujandy anatky KWASS: aytomaTtcko
eKCTpaxoBake KIbyYHWX pPeyYn U3 OUCUMUMIIMHAapHMX Tesaypyca/pedHuka no usbopy wu
pyTVHE 3a HWXOB odabup, Tj. NpuxBaTake OOHOCHO oabauuBake of CTpaHe ayTopa
n/vnu ypeaHuka.
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[aTtym npuxBaTara YnaHka

JaTym kaga je ypeaHuWwTBO NpUMMKIO YnaHak, AaTyM Kajda je ypeOHULITBO KOHaYHO
npuxeaTuno 4naHak 3a ob6jasrbmBaree, kao M patymm kaga cy y MehyBpemeny
[OCTaBrbeHe eBeHTyarnHe ncnpaske pykonnca HaBode ce XPOHOSOLLKMM pedocneaom, Ha
CTarHoM MecTy, Mo NpaBuny Ha Kpajy YnaHka.

3axBanHuuya

Ha3sne n 6poj npojekTa, 0AHOCHO Ha3MB Nporpama y OKBUpY KOjer je unaHak HacTao,
Kao M Ha3uB WHCTUTYLMje Koja je douMHaHCcMpana npojekaT unu nporpam, HaBogu ce Yy
nocebHoj HaNoOMeHW Ha cTanHoOM MecTy, Mo NpaBwmy Npu AHY NPBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je unaHak y npeTxodHoj Bep3uju BuMo M3NOoXeH Ha CKymy Yy Buay YCMeHor
caonwTewa (Mo4 MCTUM WMNU CRAUMYHUMM HAcMoBOM), nojaTtak o Tome Tpeba ga 6Gyade
HaBedeH y nocebHoj HanmomMeHun, NO NpasBuny Npu OHY NpBe cTpaHe ynaHka. Pag koju je
Beh objaBrbeH y HeKoM yaconucy He Moxe ce 06jaBuTn y BOjHOTEXHMYKOM rracHuKy
(mpewTamnatu), HA NOA CIIMYHUM HaCNOBOM U U3MEHEHOM OBNUKY.

TaGenapHu u rpachuykn npukasm

MoxerbHO je Aa HacnoBW CBUX MpuKasa, a no MoryhcTBy M TeKCTyamnHu cagpxaj,
6yay naTv ABOje3MYHO, Ha je3nKy pada v Ha eHrNeckoM je3unky.

Taberne ce NWLWY Ha UCTM HaYMH Kao U TEKCT, a O3Ha4aBajy ce peaHuM bpojeBuma
ca roptbe cTpaHe. doTorpadumje n upTexu Tpeba ga 6yay jacHu, npernegHu 1 NorogHu 3a
penpoaykuujy. Liptexxe Tpeba pagmutu y nporpamy word wmnm corel. ®otorpacuje n
upTexe Tpeba NOCTaBUTU Ha XEMLEHO MECTO Y TEKCTY.

3a cnuke u rpaduMKoHe He CMe Cce KOPUCTUTUM CHMMaK ca eKpaHa padyHapa
nporpamMa 3a npukynrbawe nogataka. ¥ camoMm TEKCTY uYnaHka npenopyuyje ce ynotpeba
cnuka u rpacdomkoHa HenocpeaHo U3 nporpamMa 3a aHanuay nogartaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyrn).

HaBoRhewe (uMTUpamwe) y Tekcty
HaunH nosmBama Ha n3BOpe y OKBUPY YnaHka mopa 6utn jegHoobpasaH.

BojHoTexHWYKkM rnacHuK 3a pedepeHumpare (LMTupame u HaBohewe nutepaTtype)
npumetbyje XapBapacku cuctem pedepeHLmn, OAHOCHO XapBapAcku NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom Tekcty, y 0BuYHUM
3arpagama, Ha MecCTy Ha KOjeM Cce BpLUM MOo3uBawe, OAHOCHO LuTMpamwe nutepaType
HabpojaHe Ha Kpajy 4YraHka, o6aBe3HO y 0O6MYHOj 3arpaau HanucaTy Npesnme LuTnpaHor
ayTopa, roguHy nsgawa nybrnukauuje U3 Koje untuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[deTarbHO ynyTCTBO O HauuvHy uuTUpaka, ca npumeprma, AaTto je Ha CTpaHuum
cajTa YnyTcTBo 3a XapBapAcku NpupyyYHuK 3a ctun. MNoTpebHo je Aa ce no3uBake Ha
nutepaTypy Yy TEKCTY ypaaum y ckragy ca NoOMeHyTUM yrnyTCTBOM.

Cnctem ACUCTEHT y cBpxy KOHTpone HaBohewa (UMTvpara) y TEKCTY KOpUCTH
cneumnjanHy anatky CiteMatcher: oTkpuBarwe M30CTaBrbEHUX UMTaTa y TEKCTy paga u y
nonucy pedepeHLu.

HanomeHe (cpycHoTe)
HanomeHe ce gajy npu gHy CTpaHe Ha KOjoj ce Hamasu TEeKCT Ha Koju ce ofHoce.
Mory cagpxatv mMamwe BaxHe geTarbe, JOMNyHCKa objalkbera, HasHake 0 kopuwheHum
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n3BopmMa (Ha npumep, Hay4Hoj rpahu, NpupyyYHMUMMa), anu He mMory 6uTn 3ameHa 3a
LUTMpaHy nuteparypy.

INucra pedepeHumn (nutepartypa)

LintupaHa nutepatypa obyxeaTta, no npasuny, Gubnuorpadcke m3Bope (4naHke,
MOHorpadje u cn.) n gaje ce UCKIbYYMBO y 3acebHOM oferbKy urnaHka, y Buay nuicre
pedepeHun. PedepeHue ce He npeBode Ha je3uk paga M Habpajajy ce y nocebHom
OferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rNAcHUK, KAa0 HayvH ucnuca nuTepaType, NpuMeryje XapBapacku
cucteM pedpepeHUn, oOHOCHO XapBapAcku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlnutepatypa ce o6aBe3HO nuile Ha NaTMHWUYHOM NUCMY U Habpaja no abeuenHoMm
pepocneny, Hasogehu Hajnpe npesumeHa aytopa, 6e3 Hymepauuje.

[eTtarbHO ynyTCTBO O HauyuHy nonuca pedepeHun, ca npuMmepuma, AaTto je Ha
CTpaHuumM cajTa YnyTcTBO 3a XapBapAcku NpupyYHuK 3a ctun. MNotpebHo je aa ce nonuc
nuTepaType Ha Kpajy YnaHka ypaau y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtanpgapaHo, HENOTNYHO UNyM HegocneaHo HaBohewe nuTepaTtype y cucteMrMMa
BpedHOBaka 4aconuca cmaTtpa ce [OBOSbHMM pasfioroM 3a OcnopaBake HayyHor
cTaTyca Yaconuca.

Cuctem ACUCTEHT y cBpxy KOHTpoOsfie npaBWiHOTr uchiuca nucte pedepeHum
Kopuctu cneuujanHy anaTtky RefFormatter: koHTpona obnukoBarwa pedepeHun y cknagy
ca XapBapAcKkvM NpypyYHUKOM 3a CTWI.

MponpaTtHo nucmo (camo 3a aytope u3 Penybnuke Cpbuje n no noceGHom
3axTeBy ypeaHuka)

Mopep YnaHka gocTaerba ce NponpaTHO NMCMO Yy Kojem Tpeba nctahm o kojoj BpCTu
ynaHka ce paau, Koju cy rpaduykm npunosu (cdotorpacdmje n LPTEXN) OpUTMHANHK, a
KOjU MO3ajMIbEHM.

Y nponpaTHOM NUCMYy HaBOAE Ce U Nofaun ayTopa: MMe, CpedHE CIoBO, Npesvme,
UYuMH, 3Bakbe, e-mawun, agpeca nocnogasua (Bl1), kyhHa agpeca, TenedoH Ha pagHOM
MecTy 1 kyhHu (MO6unHu) TenedoH, padyH 1 HasuB GaHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte n JMb rpahaHa.

CBu pagoBu NoAnexy CTPYYHOj peLeH3unju.

Cnucak peueH3eHata BOjHOTEXHMYKOr rmacHMka MOXe Ce BUAETW Ha CTpaHuLm
cajta Cnucak peueHseHaTta. [lpouec peueHsvpara objalwrkeH je Ha CcTpaHuum
cajTa PeLeH3eHTCKN nocTynak.

Appeca pegakuuje:

BOjHOTEXHMYKM rNaCHWK,

Bpahe Jyrosuha 19, [lom Bojcke Cpbuije,

11000 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
"MaBHW 1 0OrOBOPHN YpeaHWK
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@mod.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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NPUMALLEHUWE N UHCTPYKLINA ONA ABTOPOB O NMOPAOKE
NOoAroToBKU CTATbM

NHCTpykuma Ons aBTOpPOB O Mopsidke MOAroTOBKWM CTaTbW K OMnybnukoBaHuio B
XypHane «BoOeHHO-TEXHWYeCKNA BECTHWK» paspaboTaHa B COOTBETCTBMM C AKTOM O
peaakTVpPOBaHMW Hay4HbIX XypHanoB MUHUCTEPCTBa HayKkyM M TEXHONMOrMYECKOro pas3sTusi
Pecnybnuku Cepbus, Ne 110-00-17/2009-01 ot 09.07.2009 r. NpumeHeHnem atoro AkTa,
B MepBylo oyepedp, obecrneyvBaeTcs COBEPLUEHCTBOBAHWE KavecTBa OTEYECTBEHHbIX
XyHanoB u ux 0Gonee MOMHOrO BKMIOYEHVUS B MeXOyHapodHyl cuctemy obmeHa
Hay4yHon nHopmaumen. HCTpyKumusi COOTBETCTBYET MexXayHapoAaHbIM cTaHaapTam ISO
4,1S0 8, ISO 18, ISO 215, ISO 214, I1SO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYHOLLMM OTE4YECTBEHHbIM CTaHAapTam.

BoeHHo-TexHMuyeckun BecTHUK (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.mMo.ynp.cpb, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
nedatHoe wusgaHue, e-ISSN 2217-4753 — online, UDK 623+355/359, saBnsaetcsa
MyNbTUANCUMNIIMHAPHBIM  Hay4YHbIM JXypHanom MuHucTepcTBa 060poHbl PecnyGnuku
Cepbus, koTopbIi MybruKyeT HayyHble W MNpodeCcCMOHanbHble CTaTbu, a Takke
TEXHUYECKYI0 MHAOPMaLMIO O COBPEMEHHBLIX CUCTEMax BOOPYXEHUS U COBPEMEHHbIX
BOEHHbIX TexHonormsx. MypHan cneguT 3a eguvHOW MEeXBWMOOBOW  TEXHUYECKOW
NoAOEPXKKOM BOOPYXXEHHbIX CWIl, OCHOBaAHHOW Ha MPUHLMNAX CUCTEMHOW FOTUCTUKK, 3a
NpUKNagHelMM 1N MHHOBAUMOHHBIMW HayYHbIMW UCCNEeAOoBaHUsAMW, B TOM uucre, B
obnacTy Npon3BOACTBA BOOPYXXEHMS U BOEHHOW TEXHWUKW, U 3@ NPOYUMU TEOPETUHECKUMU
N NPaKTUYECKUMU OOCTUXEHUSIMU, KOTOPbIE CMOCOBCTBYIOT NpodeccroHanbHOMy poCTy
npeacrtaButenen cepOCKOro, PervoHanbHOrO WM MEeXAYHapOAHOro  akageMuyeckoro
coobuwecTBa, U ocobeHHo BoeHHocnyxawmux MuHuctepctea O60poHbI 1 BoOpyXEHHbIX
cun Pecny6nvku Cepbus.

MuHucTepcTBo 06pa3oBaHusi, HaykM W TexHomnorndeckoro passutna Pecnybnvku
Cepbus, cornacHo peLueHuio NPUHATOMY B COOTBECTBUMM CO CT. 27 ab3ay 1, nyHKT 4 1 no
Nony4YeHHOMY TOMKOBaHWO CT. 25 absau 1 nyHKT 5 3akoHa O Hay4HO-MCCrieaoBaTENbCKON
aestenbHocT («Cnyx6ern rnacHuk PCy, Ne 110/05, yTBepxanno kateropmsaumio «BoeHHo-
TEXHUYECKOro BeCTHMKa» 3a 2016 roa;:

KaTteropun B 06nacty TEXHONOrM4eCKoro pa3BuTms:

— Obnactb MaTepuanoB U XMMUYECKOWN TEXHONOMUM:
BeLYLUMIA HAYYHBIV XXypHan HaLuMoHansHoro aHavyeHuns (M51),

— O6nacTb 3NEKTPOHUKM, TeNneKOMMYHUKaLuuMh U  MH(OPMaLUOHHBbIX
TEeXHONOIMUMN: Hay4HbI XXypHan HauMoHaneHoro 3HavyeHus (M52),

— O6nacTb MexaHUWKu:

Hay4HbIN XXypHan HauMoHanbHoro 3HaveHunst (M52).

KaTteropun B 06nactv OCHOBHbIX UCCMNEeL0BaHUINA:

— O6nacTb MaTemaTUKa, KOMMNbIOTEPHbIE HAayKU, TEXHUYECKNEe HayKu:

Hay4HbIW XypHan HaunoHanbHoro 3HavyeHusa (M52).

WMHdpopmaLmio oTHocuTensHo kateropmsaumm 3a 2016 rog MOXXHO MOCMOTPETL Ha CTpaHuLe
caita «BoeHHoO-TexHMYeckoro BecTHuka» Kateropmsaumss BectHuka  (MuHMCTEpPCTBOM
npocBeLleHns, HaykM W TexHomormdeckoro passutna Pecnybrvkm  Cepbusnoka He
NpOV3BOANITOCH OhULIMANTBHOE PaHXMPOBaHNE HayqHbIX XypHaros 3a 2017 roa.).

Bornee noapoGHytd WHOpMaLMIO MOXHO HaWTu Ha cante MwuHucTepcTBa
0o6pasoBaHus, Hayku 1 TexHonornyeckoro passutus Pecny6nukm Cepbus.
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MHdopmaumio o KaTeropusaumm MOXHO nocMmoTpeTb M Ha cante KOBCOH-a
(KoHcopumnym 6ubnmotek Pecnybnukn Cepbusi no Bonpocam 06beAMHEHUS 3aKyMoK).

KaTeropusaumsa BectHuka npoBefeHa cormnacHo lMonoxeHuo o nopsake u crocobe
KaTeropmsaumm Hay4HO-MCCreaoBaTeNbCKUX pe3ynbTaToB, yTBepX4eHHoro HauvoHanbHbIM
KOMWUTETOM NO Hayke 1 TexHonormam (Cnyx6enn rmacHmnk PC, Ne 38/2008).

B cooTtBeTCcTBUM C Bblleyka3aHHbIM [TonoxeHnem 1 Tabnuukon ¢ nokasarensmu
Knaccudmkaumm U - KaTeropusauuMu  MHAMBUAOYaNbHbIX  Hay4HO-MCCREeAoBaTENbCKMX
pesynbTaToB  (ABMAOWENCS  HeoTbemnemon yvactbto  [onoxeHus), paboTa,
onybnukoBaHHas B «BOEHHO-TEXHMYECKOM BECTHUKE», OLEHMBAETCS  CreayloLmm
cnocobom: 2 6anna (kateropus M51) n 1,5 6annos (kateropust M52).

XKypHan cootBeTcTByeT cTtaHgapTam Cepbckoro MHAEKCa Hay4yHOro LUTUPOBaHUS
(CUNHpekc/SCIndeks) - HaykomeTpuyeckon 6asbl  AaHHbIX HAy4HbIX >KypHarnoB
Pecnybnukn Cepbus, a Takke Poccuiickoro mHaekca HaydHoro umtupoBanus (PUHLL).
XKypHan noctosHHO nofBepraeTcs MOHWUTOPWMHIY W OLEHMBAETCH KONMYECTBEHHbIMU
HayKOMeTpUYeCKMMMN MoKasaTensMu OTpaXalowyMU €ero HayyHyl LEHHOCTb, B T.4.
onocpeaoBaHHO B MeXayHapoAHbIX nHaekcax umtnposarus (Clarivate Analytics).

C uvHdpopmaumern 06 MHOEKCUPOBAHUN MOXHO O3HAaKOMWUTBLCS Ha CTpaHuue canTa
XypHana «/HgekcupoBaHue BeCTHMKa».

«BoeHHo-TexHnYeckuin BecTHuk» obecneumBaeT uMTaTensmM BO3MOXHOCTb OTKPBITOrO
JocTyna, B COOTBETCTBUM C MONOXEHUsIMM 06 aBTOPCKMX MpaBax, yTBePXAeHHbIMU
Creative Commons (CC BY). C wuHcTpykumen 06 aBTOPCKMX MpaBax MOXHO
03HaKOMWUTLCS HA CTpaHuue ABTOpCKMe MNpaBa M MOMUTUKA CaMoapXUBUPOBaHUA,
nepenas no ccoinke http://www.vtg.mod.gov.rs/index-ru.html.

PabGotel npegctaBnstotcas  nytém  online  cuctemon  e-Yp:  OneKTpoHHoe
nsgatenscTBo - ASSISTANT, 3anywieHHow LieHTpoM noaaepxun pa3suTus obpazoBaHusi
1 Hayku (LMNPOH).

MNpaBa pocTyna u peructpauus B cucteme OMOPMAAIOTCS NO  agpecy
http://mww.vtg.mod.gov.rsfindex-ru.html, yepe3 crpannuy «ASSISTANT» unn «CUNHOEKC»
(aseestant.ceon.rs/index.php/vtg).

C VHCTpYyKLUMEN No perucTpaummn n npaBy A4OCTYNa MOXHO O3HAKOMUTBCS MO agpecy
http:/mww.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue «MHCTpYKUMA no e-Yp: SneKTpoHHoe
nspatenbctBo ASSISTANT».

Bce aBTOpbI, NPeoCTaBnSAIoLLME CBON PYKOMUCK Ha NyGnvKaLmio B peaakumio XypHana
«BOeHHO-TeXHUYECKUIA BECTHUK» AOIMKHbI npontn pernctpaumio B peectpe ORCID (Open
Researcher and Contributor ID), B COOTBETCTBMM C WHCTPyKUMEA Ha CTpaHuue cawta
Peructpauus B peectpe ORCID gns npucBoeHus MoeHTUMKaUMOHHOIO Koaa.

«BOEHHO-TEXHWNYECKUIA BECTHMK» MNyOMNUKyeT cTaTbM Ha cepOCKOM, PYCCKOM Wnuv
aHrnuiickoM a3bikax (Arial, wpudT 11 pt, npoben Single).

I'Ipouecc noAroToBkn, HaNUCaHUA U peaakTupoBaHUA CTaTbU OOJMKEH OCYLLEeCTBNATLCA
B COOTBETCTBUM C NpuHLMNamn Jtuyeckoro kogekca (http://www.vtg.mod.gov.rs/etichyeskiy-
kodyeks.html).

CraTbsl [OoOMmKkHa cofepxaTb aHHOTauMi C KI4YeBbIMU CrioBamu, BBeOEHME,
OCHOBHYIO 4acCTb, BbIBOAbl, CMMCOK WCMOMNb30BAHHOW nUTepaTypbl W pe3iloMe C
KIMIOYEBbIMM  CMOBaMU  HA  aHIMUNCKOM  43blke  (6e3  Hymepauuu 3aroroBkOB U
noasaronoskoB). O6bEM cTaTbM He AOSKEH npeBbilaTb OAWH asBTopckui nuct (16
cTpaHuy cbopmaTta A4 ¢ npobenom Single).
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Crtatbd QomkHa ObiTb Ha6paHa Ha KOMMNblOTEpe C WUCNOJib30BaHNEM
NOArOTOBMEHHOIO pedakuMen MakeTa, KOTOpblId  MOXHO cKayaTb Ha CTpaHuue
canTta «[lpasuna n 06pa3eu, COCTaBJ1€HUA CTaTbU».

3aronoBok

3aronoBok JOmkeH oTpaxaTb TeMy cTaTbu. B MHTepecax >ypHana u aBTopa
HeobxoAMMO ucnonb3oBaTb CroBa, yaobHble Ans uvHAekcaumu n novcka. Ecnu takue
CnoBa He cogepXaTcsl B 3aronoBke, TO >XenaTtenbHO Mx o6aBuTb B NOA3arorioBOK.
3aronoBok [omkeH ObiTb nNepeBedéH Ha aHrmUCcKMM a3blk. HasBaHue 3aronoeka
(nogsaronoeka) NMweTcs Neped aHHOTaLMen Ha COOTBETCTBYOLLEM A3bIKE.

TeKywwni 3aronoBok

TekywniA 3arofioBOK MULIETCS B TUTYNE KaxAoW CTpaHuubl CTaTbu C LEfbo
ynpoLLeHns naeHTudmKaumm, B NepBo o4epeamn KOMnuin cTaTbelt B SNEKTPOHHOM BUAE.
CopgepxuTt B cebe camunuio U uHMUMaN uMeHuW asTopa (B crydyae ecrnm aBTOpPOB
HecKonbKo, ocTanbHble obo3HavaTcst ¢ «et al.» unu «u gp.»), 3aronosku paboTbl U
XypHana (rog, obbem, TeTpadb, HavanbHas W 3aknioyuTenbHas CTpaHuua). 3aronoBku
XypHara v cTaTbu MOryT NPMBOAUTLCH B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoasTCA NnonHasa amunus 1 NorHoe ums (Bcex) aBTopoB. XKenaTtenbHo, YToObI
6biMM NpuBeAeHbl MHUUMAnNbl OTYECTB aBTOpoB. Pamunusa M UMSA OTEYECTBEHHBIX
aBTOPOB Bcerga nuyTcs B OpurHanbHoM Buae (C cepbckumn OnakpuTUHECKUMMU
3Hakamu), He3aBUCMMO OT SA3blka, HA KOTOPOM HarnucaHa paboTa.

HanmeHoBaHue yupexaeHusa aBTopa (addpunuaums)

MpuBogntca nonHoe (oduuManbHOE) HauMeHOBaHWE W MECTOHaXOXAeHue
yupexaeHusi, B KOTOpOM paboTaeT aBTOp, a Takke HaUMEHOBaHWE YYpexaeHus, B
KOTOPOM aBTOp MPOBEN uccregoBaHne. B cnyyae opraHv3aumin Co CrOXHOW CTPYKTYpOW
NPVBOAMTCH UX Mepapxmuyeckas conogvymMHEHHOCTb (Hanp. BoeHnHas akapgemus, Kacdenpa
BOEHHbIX 3MEKTPOHHbIX cucTeM, r. benrpan). Mo kpariHel mepe, ogHa U3 opraHusauui B
nepapxuvM [OIkHa WMMeTb cTaTyc lpuaudeckoro nuua. B cnyyae ecnu ykasaHo
HECKOINbKO aBTOPOB, W €CNU HEKOTOPbIE N3 HUX paboTalT B OLHOM YYPEXOEHUU, HYXKHO
OTAENbHLIMU 0603HAYEHMSIMU UNN KaKUM-NMBO ApyrMM cnocobom ykas3aTb B KakoM U3
NPUBEAEHHLIX YydypexaeHun paboTaeT kaxabln u3 aBTopoB. Addpunuaumsa nuwertcs
HenocpenctBeHHO nocne ®NO aBtopa. JOmMKHOCTL M CneuMansHOCTb MO AMMNIIOMY He
YKa3bIBalOTCS.

KoHTakTHble AaHHble
OneKkTpoHHLI agpec aBTopa YyKasbiBalOTCH PSAOM C €ro MMEHEM Ha MepBoW
CTpaHuLUbl cTaTbMu.

KaTteropus (Tun) ctatbu

KaTeropusaumsa crtatbei sBnsetrcs 06sA3aHHOCTbIO pefdakuuyM u umeeT ocoboe
3HauveHue. KaTteropuio ctatbu MOryT npegnaratb peLeH3eHTbl M YrneHbl pedakuuu, T.e.
pepakTopbl pybpuk, HO OTBETCTBEHHOCTb 3a KaTeropm3auuio HeceT WCKMYUTENbHO
rnaeHbln pegakTop. CTaTby B XXypHarne pacnpeaenstorcs no cneayowmnmm KaTeropusiM:

HayuHble cTaTbu:

1. opurmHanbHas HayyHas cTaTbs (paboTa, B KOTOPOW MpPUBOOATCA paHbee
HeonyGnMKoBaHHbIe pe3ynbTaTbl COOCTBEHHbIX UCCIEQOBaHWUNA, MOMYYEHHbIX HayYHbIM
MeToAoM);
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2. ob3opHass cTatba (paboTa, copepxawias OpurMHanbHbIf, AeTanbHbIA ©
KpuTUyeckun ob3op uccrnegyemon npobrembl unu obnactu, B KOTOPbIA aBTOp BHEC
onpenenéHHbl BKNag, BUANMBIN HA OCHOBE aBToLMTAT);

3. kpaTkoe coobuieHne (opurMHanbHasa HaydHas paboTa nonHoro dopmara, Ho
MeHbLUEero o6bEMa Unu nmetoLLas npeasapuTenbHbIA XapakTep);

4. Hay4Has KpUTUYecKas cTaTbs (AUCKYCCUSI-NONeMuKa Ha OnpeaenéHHyto Hay4Hyto
TEMY, OCHOBaHHAas WCKMOYMTENbHO Ha HayyHOW aprymeHTauuMu) W Hay4HbIv
KOMMEHTapuii.

OpHako, B HEKOTOpbIX 06nacTsix HayvyHasa paboTta B XypHane MoXeT umeTb hopmy
MOHOrpamyeckon CTyAuMM, a TaKke KPUTUYECKOro W3JaHus HayyHoro marepwuarna
(ncTopuko-apxmBHoro, nekcukorpadgpuyeckoro, 6ubnuorpadmyeckoro, o63opa AaHHbIX U
T.N.) — A0 Tex MOp HEW3BECTHOr0 WNM HeJOCTAaTOMHO [OOCTYMHOro ANS  Hay4HbIX
uccrnegoBaHuin. PaboTbl, KnaccuguUUpoBaHHbIE B KAYECTBE HayYHbIX, OOIMKHbI UMET,
Nno MeHbLLEN Mepe, ABE NONOXUTENbHbIE PELEH3UN.

B cnyyae ecnu B XypHane o6bsBNALTCA U NPUOXEHUS, HE UMELOLLME HayYHbIN
Xapaktep, Hay4yHble CTaTbh OOJDKHbI ObITb crpynnmpoBaHbl U YETKO BblesieHbl B nepsom
YacTtuh TeTpagu.

MpodeccuoHanbHble cTaTb:

1. npodpeccuoHanbHas paboTa (NPUMOXEHUs, B KOTOPbLIX MpeafiaratloTcsi OnbiThbl,
nonesHble Ans COBEPLUEHCTBOBAHWUSA MPOGECCUMOHanbHOM MNpPakTUKM, HO KOTopble He
JOMKHbI B 0653aTeNbHOM nopsiake GbiTb 060CHOBaHbLI Ha Hay4YHOM MeToae);

2. nHdopmaTmBHOE NpunoxeHue (NepegoBas ctaTbsd, KOMMEHTapUiA U T.1.);
3. 0630p (KHUMU, KOMMNBIOTEPHOW NPOrPaMMbl, CRyyasi, Hay4HOro cobbITsA 1 T.N.).

fA3blk paboThbl
PaGoTta MoxeT BbITb HanvMcaHa Ha cepBbCKoM, PYCCKOM WM aHFMUIACKOM S3blKe.

TekcT fomkeH ObiTb B NIMHIBUCTUYECKOM U CTUIMCTUYECKOM CMbICIE YNOPSA0YEH,
crucTemMaTtunavpoBaH, 6e3 cokpalleHuii (3a UCKIYeHneM cTaHaapTHbIX). Bee duanyeckne
BEMWYMHbI OOMMKHbI COOTBETCTBOBaTb MexayHapoOHOW cucteme eAuHWL, U3MEPEHUS —
CW. OuepegHocTb chopmyn ob6o3Ha4YaeTcs NOpsSAKOBbLIMA HOMEPaMU, C NPaBON CTOPOHBbI
B KPYrmbIX CKOOKax.

AHHOTauums (abcTpakT) u pesrome

AHHOTaumsa (abcTpakT) SBNseTcs KpaTkum MHOPMaTUBHBIM 0630pOM COAEpPKaHNSA
cTaTbk, obecneynBaLLMM YnTaTento ObICTPOTY M TOYHOCH OLEHKU e€ peneBaHTHOCTU. B
MHTEepecax pefakuMu W aBTOpOB, 4YTOObI aHHOTaUUs codepxana TepMMWHbl, 4acTo
ucrnonb3yemble Ans  MHOEKCUPOBaHWS M noucka cTatbel. CocTaBHbIMM 4YacTaMu
aHHOTaUMKU SIBMSIOTCA Uenb uccrnefoBaHus, MeTodbl M 3aknioveHve. B aHHoTauum
JomkHO ObiTb oT 100 go 250 cnoB, M OHa [OIMKHA HaxoAWUTCs Mexay TuTynamu
(saronosok, PO aBTOPOB M Ap.) M KIOYEBLIMU CrOBaMW, 3a KOTOPbIMU CriegyeT TeKCT
ctatbn. Ecnn paborta HanucaHa Ha cep6CKOM (PyCCKOM, HEMELIKOM Mnu paHLly3CKOM)
A3blKe, XenaTenbHO, YToObl KpoOMe aHHOTauMu Ha cepbCKOM (PYCCKOM, HEMELKOM Unn
dpaHuy3ckom) bbina 6bl NMpedocTaBneHa W aHHOTauusi B paclUMpPEHHOM Buae Ha
aHIMMNCKOM S3blke — B KayecTBe T.H. pe3toMe (summary). Takoe pesloMe [OIMKHO
HaxoOuTbCs B KOHUE cTaTbu, nocne pasgena Jiutepatypa. BaxHo, 4tobbl pestome Gbino
B CTPYKTYPUPOBaHHOM BWAE, U €0 AnvMHa MOXeT cocTaBnsTb Ao 1/10 gnuHbl ctaTeun (OHO
bonee o6LWMPHO, YEM aHHOTaUUA U3 Havana cratbu). Havyanom gaHHoro pesitome MoXeT
ObITb NepeBedeHHas aHHOTauMs (M3 Havana cTaTbu), a 3aTeM [AOMXKHbl CrefoBaTb
nepeBedeHHble T[MaBHbIE 3arofioBKW, MOA3ArofioBKM M OCHOBbI 3aKIMYEHUS CTaTbu
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(nuTepaTypa He nepeBoamMTCsl). B CTPYKTYprpOBaHHOM pe3toMe HYXXHO MepPEBECTM YacTb
TekcTa Moj 3arofioBKOM W 3arofioBKOM, MpWHMMasi BO BHUMaHWe, 4YTobObl OHO 6bino
NponopLMoHanbHO UX pasMepy U B TO e BpeMsi oTpakarna CyTb.

KnroueBble cnoBa

KnioueBbiMM  crioBamn  ABRAOTCA  TepMUHbI WM dpasbl,  afaekBaTHO
npeacTaBnsiowne coaepxaHne cratbu, Heobxoanmoe ANs MHAEKCMPOBaHWSA U Moucka.
KnioueBble cnoeBa Heobxogumo BblOMpaThe, onupasick NpuM 3TOM Ha kakon-nubo
MeXAYHapOAHbIN MUCTOYHUK (perncTp, crosapb, Tesaypyc), Hanbornee WnCNONb3yembin
BHYTPW A@HHOW HayyHom obnacTtu. Ymcrno Kro4veBbIX crnosB He MoxeT npesbiwaTe 10. B
MHTEepecax pefakumn n aBTOpoB, YTOObI MX YacTOTa BCTPEYM B cTaTbe Obina Kak MOXHO
Gonbwen. KnioyeBble croBa [alTCAd Ha $3blke, Ha KOTOPOM HanwucaHa craTbs
(aHHOTaUMSA), N Ha aHIMUIACKOM A3blke. B cTaTbe OHWM MWLLYTCS HEMOCPeACTBEHHO nocne
aHHOTaumu (B Havane), T.e. nocne pestome (B KOHUE).

Mporpamma ASSISTANT npegoctaBnisieT BO3MOXHOCTb WCMOMb30BaHUS cepsuca
KWASS: aBToMaTnyeckoe OUKCUPOBaHUE KIIOYEBLIX COB M3 UCTOYHUKOB/CIOBapen no
BblOOpY aBTOpa/peaakTopa.

HOata nony4yeHus ctatbu

Oata, korga penakuma nonyyduna crtaTtblo; AaTa, Korga penakuna OKOH4YaTellbHO
npuHANna CTtaTtblo K I'Iy6J'IVIKaU,VIVI; a Takke [JaTtbl, korga Obinu npenocTtaBrieHbl
Heobxoanmble ncnpaeneHna pykonucu, npmuBogAaTcA B XPOHOJNIOrM4eckomMm nopdake, Kak
npaBwnio, B KOHLUE CTaTbW.

BeipaxeHne 6narogapHocTu

HavmeHoBaHMe M HOMep MpoekTa, T.e. Ha3BaHWe MpPorpaMmbl, B KOTOPOWN CTaTbs
BO3HWKINA, KaK U HaMMeHOBaHue YydpexaeHud, KoTopoe (MHaHCMpPOBANo MPOEKT WUnu
nporpaMmmMmy, npmBogATCcA B OTAENIbHOM NpuMeYaHuW, KakK npaBuno, BHUIY nepsou
CTpaHuLUbl CTaTbW.

Mpeabiaywme Bepcumn paboThbl

B cnyyae ecnu crates B npegblayllen Bepcuu Obina u3noxeHa YCTHO (Mog
OOMHaKOBbIM WMN  MOXOXUM Ha3BaHWEM, HamnpuMep, B Buae [oKNaga Ha Hay4yHow
KOHbepeHuun), ceeaeHns 06 3TOM AOSMKHbI ObiTb ykasaHbl B OTAEMNbHOM MPUMEYaHWK, Kak
npaewrno, BHWU3y NepBON CTpaHuubl ctatbn. PaboTa, koTopas yxe 6Gbina onybnukoBaHa B
KakoM-mbo 13 XypHanoB, He MOXET ObITb HaneyaTaHa B « BOEHHO-TEXHWYECKOM BECTHUKE»
HW Mo, MOXOXMM Ha3BaHUEM, HN B UISBMEHEHHOM BUAE.

Hymepauus v HazBaHue Tabnuy u rpadmkoB

YKenatenbHo, 4ToObl HyMepaUmMst U Ha3BaHve Tabnu, 1 rpadrKoB ObINM NCMOMNHEHbI Ha
OBYX 53blkax (Ha s13blke paboTbl U Ha aHrMUACKOM). Tabnuubl NULLYTCA TakuM e crnocobom
KaK 1 TeKCT u 0603Ha4alTCs NOPSAKOBLIMM HOMEPaMK C BEPXHEN CTOpOHbI. doTorpachum n
PUCYHKM [OOMKHbl ObITb MOHATHBLI, HarMsdHbl M yOobHbI Ana  penpodykumn. PucyHku
Heobxogumo penatb B nporpammax Word wnm Corel. ®oTtorpacpmm u puCyHKM Hapo
NocTaBUTb Ha >Xenaemoe MecTo B TekcTe. [ns co3gaHus u3obpaxkeHun u rpadvkos
MCMonb30oBaHNe OyHKUMKN CHMMKAa C 3KpaHa (CKpUHLLIOTa) He Adornyckaetcs. B camom TekcTe
cTaTb pEeKOMEHAYeTCH MPUMEHEHWEe U300paKeHWn U rpadmkoB, 0OpaboTaHHbIX TakMMmm
nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.
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CcbInku (uMTMpPOBaHUe) B TeKCTe

OcdbopmneHne CCbIMOK Ha WCTOYHMKM B pamkKax cTatbW [JOIMKHO  ObiTb
0AHO06pa3sHbIM. «BOEHHO-TEXHNYECKUIA BECTHUK» ANs OOPMIIEHMS CCbINOK, UMTaT ©
crvcka WCMonb30BaHHOWM nuTepaTtypbl nonb3yeTtca [apeapackon cuctemon (Harvard
Referencing System, Harvard Style Manual). B Tekcte B ckobkax npuBoautcst hbamunums
uuTMpyeMoro aetopa (unv gamunusi Nepeoro aBTopa, €CNM aBTOPOB HECKOIbKO), oA
n3gaHunst n No HeobxogmMmocTu Homep cTpanuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20).
PekomeHaaumm o cnocobe LUUTUPOBaHUS pas3MelLeHbl Ha cTpaHule canta «UHCTpykuust
no ucnons3oBaHuio apeapackoro ctuns». MNpu oopMneHnn CCbinok, LMTat U crnucka
MCMOMNb30BaHHON NUTepaTypbl HEOO6XOAMMO NPUAEPKMBATLCS YCTAHOBMEHHBLIX HOPM.

Mporpamma ASSISTANT npepocTtaBnsieT MNpu  UATUPOBAHUM  BO3MOXHOCTb
ucnonb3oBaHus cepsuca CiteMatcher: cukcupoBaHme nponyLleHHbIX umMTaT B paboTte u
cnuncke nutepaTtypbl.

MpumeyaHna (CHOCKH)

MpyMeYaHns ykasblBalOTCH BHU3Y CTPaHWLbI, HA KOTOPOW HaxogUTCs TEKCT, K KOTOPbIM
OHW OTHOcATCA. [lpymevaHuss  (CHOCkM) MOryT copepkaTb MeHee BaxHble AeTany,
OOnonHuTEnNbHbIE 0ObACHEHWS, yKasdaHns 06 MCMOnb30BaHHbIX MCTOYHMKAX (Hamp. Hay4YHOM
maTepuarne, CrnpaBOYHUKax), HO He MOryT ObiTb 3ameHOW npoueaypbl LMTUPOBAHWS

”MTepﬁW'PgbaTypa (pedepeHuun)

LinTupoBaHHOM nuTepaTypol OXBayeHbl, kak npaBuno, 6ubnuorpaduyeckune
UCTOYHUKM (CTaTbW, MOHOrpacmMm M T.N.) U OHa NPEACTaBMSETCA MCKMOYUTENBHO B
OTAEeNbLHOM pasfene cTatby, B BUae pedepeHLumi.

JInTepaTypHble UCTOYHUKM HE NePEBOASTCS Ha A3blK paboTbl.

«BOEHHO-TEXHMYECKN BECTHUK» Ans  OOPMIEeHnss crnmcka WCnorib30BaHHOM
nutepaTypbl npumeHaeT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nuTepaTypbl MCTOYHUKM [alTca B andaBWTHOM nopsgke damunuii aBTopoB unn
pepakTopoB. PekomeHgaumm o crnocobe UMTUpPOBaHWSA pa3MeLLeHbl Ha CTpaHuue canTta
«MHCTpykuma no  umcronb3oBaHuio [apsapgckoro ctuns». [pu  odopmneHun  cnucka
MCMONb30BaHHOW NUTEpaTypbl HEOOXOANMO NPUAEPKNBATLCS YCTAHOBMEHHbLIX HOPM.

Mporpamma ASSISTANT npu odopmneHun cnucka nutepaTypbl NpefocTaBnsieT
BO3MOXHOCTb Mcnonb3oBaHus cepBuca RefFormatter: koHTpone odopmneHns cnuvcka
nuTepaTypbl B COOTBETCTBMU CO CTaHgapTamu FapBapAckoro cTuns.

HecTtanpgapTHoe, HenonHoe u HenocnefoBaTenbHOE NpUBeAeHVe nuTepaTypbl B
cucTeMax OLUEHKM >XypHana cuyuTaeTcs AOCTaTOMHOW MNPUYMHOW Ans  ocnapuBaHus
Hay4yHOro craTyca XypHana.

Bce pykonucu ctaten nognexart npod)eccMoHanbHOMy peLeH3MpoBaHUIo.

Cnuncok peLeH3eHTOB «BOEHHO-TEXHUYECKOrO BECTHUKa» MOXHO MOCMOTPETb Ha
cTpaHuue canta Cnucok peleHseHToB. Mpouecc peueH3npoBaHMa ON1CcaH Ha cTpaHuue
canTta lNpaBuna peueH3npoBaHus.

MoyToBLIV agpec peaakunmn:

«BojHOTEXHUYKM rMacHUK,

11000 beorpag, yn. bpahe Jyrosuha 19,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[MaBHbIV 1 OTBETCTBEHHbBIN peaakTop
Kanomnpat TexHnyeckmx Hayk Heboliwa Navelwa
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 ISO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

The Military Technical Courier / Vojnotehnicki glasnik (www.vtg.mod.gov.rs/index-e.html,
BTr.mMo.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 — SC index (data base of national
scientific journals), in the Russian Science Citation Index (RSCI)and is constantly
monitored depending on the impact within the bases themselves and indirectly in the
international (e.g. Clarivate Analytics) citation indexes. More detailed information can be
viewed on the website of the Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, Russian or English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal's and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
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.
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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.

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
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in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’'s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
titte and the keywords with the body text to follow. Besides an abstract in Serbian
(Russian, German or French), articles in Serbian (Russian, German or French) 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 (Russian, German or
French) abstract from the beginning of the article with translated main headings,
subheadings and major conclusions to follow (Reference list is not translated). The
structured summary should also contain the proportional informative parts of the text
below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.
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For figures and graphs, proper data plot is recommended i.e. using a data analysis program
such as Excel, Matlab, Origin, SigmaPlot, etc. It is not recommended to use a screen capture of a
data acquisition program as a figure or a graph.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
page(s) after the author’'s name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASSISTANT system uses a special tool
CiteMatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier applies the
Harvard System — Harvard Style Manual. All bibliography items should be listed alphabetically by
author's name, without numeration. A detailed guide for listing references, with examples, can be
found on Military Technical Courier website on the page Instructions for Harvard Style Manual.
Reference lists at the end of papers should follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Address of the Editorial Office:
Vojnotehnicki glasnik/Military Technical Courier,
Brace Jugovi¢a 19, Dom Vojske Srbije,
11000 Beograd,
Republic of Serbia,
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Editor in chief
Nebojsa GaceSa MSc
nebojsa.gacesa@mod.gov.rs
http://orcid.org/0000-0003-3217-6513
tel.: +381 11 3241 311,
+381 64 8080 118
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CIMNNCAK PELUEH3EHATA BOJHOTEXHUYKOT TTIACHUNKA
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3Bambe, ume, y O6nacT KomneTeHuuje| il
cpeaHe CroBo CTaHoBa n paaHo (Hay4Hor e-mal "
1 npesume mecTo MHTEpecoBah-a) ORCID iD
Mpod. YHuBep3uTeT oabpaHe markodandrejic@hotmail.com,
ap Mapko y Beorpagy, BojHa noructuka ogbpaHe http://orcid.org/0000-0002-6753-
[. AHgpejuh akagemuja 9786

Hou. ap Munoww _ MeHalMeHT misagrsa@yahoo.com,
)k Apcih [MyKOBHUK y NeH3uju caobpahajHom http://orcid.org/0000-0002-2003-
) NoJpLLUKOM 9880
YHuBepsuteT oabpaHe .

BaHp. npod. y Beorpagy, BojHa " t?eregvgjg@yahoo.com,

np Bojucnas akanemmja, kateapa OmiTe MaLIMHCKe vops. av.b_atmlc@va.mod.gov.rs,
. Baturvh BOJHOMALLMHCKOT KOHCTpyKUWje http://orcid.org/0000-0001-6786-

VHXeHepcTBa 7846
TenekoMyHuKauuje,
YHuBepsautet y 6exnyHe KOMyHUKaumje,

BaHp. npod. Oxnenny, aenaptman \CDMA, OFDM cuctemm, s.berber@auckland.ac.nz,
ap CteBaH ENEKTPOTEXHMKE CEH30PCKE MpEXe, http://orcid.org/0000-0002-2432-
M. Bepbep pavyHapckor pavyHapcku cucTemm 3088

nHxewepuHra, OkneHa,| y peanHom BpemeHy,
Hoswu 3enang obpaga CToxacTUYKmX
curHana
YHUBEpIUTET y TeneKowlyHMKaque,
fou,. ap Beorpaay, HanagHo HaBUraLmjcku
PaguBoje M. EnekTpoTexHuykn ;V;?(Teo“igﬁ:éiﬁgﬁiﬂai:’ bilic@etf.rs
Bburenh akynTeT, KaTegpa eJPleKTpOMaI'HeTVIKa ’
3a TeneKoMyHvKaumje ’
CaTernMTCKN CMcTeMu
YHuBep3uteT y HoBom
Capy, ®akyntet
TEXHWUYKMX HayKa,
AenaptMmaH 3a
Mpod. ap WHAYCTPUjCKO borovac@uns.ac.rs,
Bpanucnas A. VNHXEHEPCTBO U po6oTuka http://orcid.org/0000-0001-7446-
Boposay, MEHaLIMEHT, 1027
KaTegpa 3a
MexaTpOHUKY,
po6oTuky n
ayTomaTmsaumjy
onepauunoHa
NcTpaxmBama,
Mpodb. ap YHuBep3uTteT y beorpagy, MacoBHO
y ) MaLumHckm dpakynTer, oncrnyxuBakre, .
rewa C. : . ubugaric@mas.bg.ac.rs
Byrapuh Kategpa 3a MHAYCTPUjCko|  TepoTexHornoruja-
VNHXEHEPCTBO ofpxasame,
TPaHCNOPTHM

1 CKNnaaullHU CUCTeMU
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3Bame, ume, O6nacT KomneTeHuuje| il
cpeate Coso YcrtaHoBa u pagHo (HayuHor e-mai ]
1 npesume mecTo WHTEepecoBah-a) ORCID iD
YHuBep3autet y HoBom MHAOYCTPKjCKO
Mpod. ap Unuja Capgy, ®akyntet MNHXXeHEepPCTBO
Thocwh TEXHUYKNX HaykKa, U HXEH-epCKn findean@uns.ac.rs
fekaH dakynteTta MeHaLMeHT

cucTemMm ayTomaTckor
ynpasrbakea, npahewe

goran.dikic@mod.gov.rs,

BaHp. npodh. ap| YHuBepauteT ogbpaHe . ;
uureesa, cuctemu http://orcid.org/0000-0002-0858-
lopax [. Oukunh y beorpagy Boherba 1415
1 ynpasrbaka pakeTa
YHuBepauTeT oabpaHe 6e3begHocT
[MykoBHUK AoL. y Beorpagy, BojHa y caobpahajy,
ap Hewap M. [akagemuja, pykoBogunad| — 3awTuTta pecypca neshadim@mts.rs
HOumutpujesuh nocneaunIiioMcKmx y caobpahajy
cTyavja 1 TPaHCMopTy

BaHp. npod.
ap Papgetko C.
Oumutpujesunh

[MyKOBHUK y neHaunjn

eKCMno3nBHe maTepuje,
MyHuUWja, ybojHa
cpeacTea,
NMPOTEXHUYKA
6e36egHoCT

radenkod@beotel.net

npouecu n metoae

MykoBHUK y caobpahajy n
npod. ap YHuBep3uTeT oabpaHe TpaHcnopTy, htto:// lvgem%@égg'?{)m 8133
Bob6an [l. |y Beorpagy, npopekTop| TpaHcnopTHe Mpexe, p-riorct 'Orgggg B ) ;
hoposuh opraHusaumja
TpaHcnopTa
YHuBep3uTeT oabpaHe
y Beorpagy, BojHa
Mpod. ap aKa,c_leMMja, KaTegpa |npumer-eHa mexaHuka vlgdo.djquovic@va.moq.gov.rs,
Bnan(; n BOjHOMaLLNHCKOr KpyTOr djurkovic.vlado@gmail.com,
= KOBVIF-I MHXeHEepCTBa, n nedopmabunHor http://orcid.org/0000-0002-5064-
yP HayernHuK ogceka Tena 4117
3ajefHNYKNX NpegmeTa
MalLMHCTBa
Baw ot | o i | oncroyna | pelek@masbgacrs
upMI'I;I)Ei;é?(ar chaKynTeT, Kateapa 3a | npojekTna, duavka http.//orC|d.0?4%&00-0002-2927-
) CcUCTEME HaopyXaha ekcnnosuje
YHuBep3uteT y .
Beorpagy, TenekomyHvkauuje,
EnekTpoTexHuuku purvTanta obpaa .
cpakyrreT CurHana, enekTpoHCKO menc@mts.rs,
Hou. ap Mursko kaTeapa ’ nssuhame, miljko.eric@etf.rs
M. Epuh . paguno-roHmomeTpuja, | @http://orcid.org/0000-0002-9410-
3a Tenekomynmkamje, @HTEHCKM HW30BM, 717X
pﬁﬁ:g:’;;gf: MUKPOCPOHCKM HMU30BM,
akagemuje Cpbuje appay npoueceunr
eHepreTcku
maTepujanu
(ekcnnosusm,
Op Munow P. Hay4YHW CaBETHUK nupoTexHuka, 6apyTtu . )
®dunmnosuh y NeH3unjn 1 pakeTHa ropvea, milosf321@gmail.com
caropeBatbe,
geToHauwmja,
ekcnnoswuja)
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3Bambe, ume, O6nacT KomneTeHuuje| i
cpeate cNoBo YcrtaHoBa u pagHo (HayuHor e-mai ]
u npesume mecro MHTepecoBaH-a) ORCID iD

Hou. ap 3opaH

WHcTutyT MNowa,

eneKTpoHuKa n
TenekoMyHvKauuje

filipovicz@mts.rs,

(aBWOHUKa, http://orcid.org/0000-0002-4793-
Ib. dununosuh Hay4HW capagHuK .
meTpororuja, 4105
TenekoMyHuKauuje)

YHuBepauteT y

BaHp. npod. Beorpagy, MoroH neTenuua
ap Backo MalunHckm cbakynTer, (aBMOHCKM vfotev@mas.bg.ac.rs
. doTeB kaTeapa 3a W pakeTHU MoTopw)
Ba3AyXONmoBCTBO
YHuBepauTeT y HoBom
Capy, ®akynreT Hayka 0 MaTepujanuma,
Mpodb. Ap TEXHWUYKVX HayKa, NHXEHEePCTBO gerick@uns.ac.rs,
KatapuHa JenapTmaH 3a MaTtepwujana, http://orcid.org/0000-0001-5473-
. Fepvm Nnpon3BOAHO MaLLMHCTBO, ncnutTnBaHke 8922
KaTtefpa 3a matepuvjane matepuvjana
1 criajake matepujana
YHuBepauTeT onbpaHe y
Beorpaay, BojHa
MykoBHMK fou,. |  3KAAGMIA, kaTenpa ligigovic@yahoo.com,
£p TbyGomup |TPYIPOAHO-MATEMaTAKiX | TEOHAYKE, TEORETCKO | it //6rcid.org/0000-0002-8388-
1. Twrosuh Hayka, pykoBogaunaLy NHXXeHepCTBO 3624

rpyne HacTaBHuWKa 3a
BOjHY reorpadpujy u
Tonorpacpujy

Mpodp. ap Mupo
J. loBepapuua

YHuBep3autet y HoBom
Capgy, ®akyntet
TEXHUYKMX Hayka,
AenaptMmaH 3a
padyHapCTBO U
ayTomaTtuky, kategpa
3a cucTeme, curHane u
ynpaBrbame,
[pykoBOAMMaL, CTyAMjCKOT]
nporpamMa reogesuja u
reomaTuka

reogeswvja, reomaTuvka,
reoMHdopmaTuka

miro@uns.ac.rs,
http://orcid.org/0000-0003-1698-
0800

Mpod. ap JaHko

YHuBepsutet y HoBom
Capgy, ®akyntet

MeTpororuja, KBanuTerT,
npubopu 1 eKoNOLLKO-

hodolic@uns.ac.rs

J. Xoponuy
TEXHWUYKMX HayKa -VHXeHepCKN acnekTu
MyKOBHMK A0L eHepanwTab, YnpaBa
ap Cnobopan |38 Nnaxvparse u pasBoj| CMCTEMV O/pXaBatba, slobodan.ilic@vs.rs
C. Nnnh (J-5), TEXHUYKN ONUTHM Haopyxate ' '
LueHTap, AMpeKkTop
NOrncTUKa, KBanuTeT,
Anda YHusepautet craHfiapansaumja,
E meTponoruja,
eorpag,
BaHp. npod. HOMeHKNaTypa,
YHuBep3uTeT 3a . .
ap bpaHucnas . Koaudukaumja, bjakic@yahoo.com
NnocrnoBHe cTyauje
B. Jakuh TEXHOSMOLLKN
Batba Jlyka (nykoBHWK y
p MeHaLIMEHT,
neHsuju)
ynpasrbare
KBanMTeToOM
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3Bame, ume, O6nacT KomneTeHuuje| .
cpeate Coso YcrtaHoBa u pagHo (HayuHor e-mall,.
1 npesume mecTo WHTEepecoBah-a) ORCID iD
YHuBep3uTeT y YHyTpaLUHa GanuncTuka,
Mpod. Ap Beorpagy, MawmHckn [KOHCTPyKUMja npojekTuna,
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Haopyxaha caropeBatbe GapyTa
rlpoc. ap MyHULMja, eKCNOo3NBHE radjer@ms.rs
PapyH b. MykoBHUK y newaujn | VYHAHna, exen http://orcid.org/0000-0002-1990-
Jepemuh varepuje 2018
yrpaerbak-e
NPON3BOAH0M,

Dou. op daHko

['eHepan majop y

NOMCTUKa, oapXXaBaHe

danko.jovanovic17@gmail.com
http://orcid.org/0000-0001-8813-

M. JoBaHoBMh neH3njn TEXHUYKMX cUcTema, 2267
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CTaHgapausauvja
TpajH YHuBepauTer,
PakynTeT 3a HKeHepCTBO| . . .
[ou. ap Bykuua 1 TexHoromjy., vuk.|ca.quanowc@gmall.com,
MaLLNHCTBO http://orcid.org/0000-0002-8626-

M. JoBaHoBuMh

OenapTMaH 3a
KOHCTPYKLMjE 1 An3ajH,
Enxrona, MngujaHa, CAQl

903X

YHuBepauteT oabpaHe

XeMujcka TexHonoruja

rykosHMK y Beorpany, BojHa (HyKneapHO-xemmjcko- rkarkalic@yahoo.com,
BaHp. Npod. : GuonoLLka 3awTuTa, htto://orcid.ora/0000-0002-8074
PapoBaH akagemuja, kateapa neTexumja ttp://orcid.org - - -
Ap BOjHOXeMuMjcKor > 7264
M. Kapkanuh naeHTudukaumja n
NHXXeHepcTBa -
AeKoHTamuHauwmja)
eHepreTcka eNneKkTPoHMKa,
eneKkTpu4He MaLuHe,
Mpod. YvaaepachDZLynl;lgfom E€MeKTPOMOTOPHW MOrOHM, katav@uns.ac.rs,
ap Bnagumnp Texﬁa:-lKVIX ﬁa Ka KBanuTeT ernektTpuyHe | chttp://orcid.org/0000-0002-0138-
A. Katuh yka, eHepruje, 0OHOBIBYBU 8807
npoaekaH
U3BOPU eNEKTPUIHE
eHeprvje
YHuBepauTeT y HoBOM
Mpodb. ap C kolak@uns.ac.rs,
agy, Pakyntet rpaheBnHapcTBO — . ; ¥ ] :
K%ﬁZigBPmﬁ TEXHIUKIX HayKa, XMOPOTEXHMKA http.//ormd.or%%%OO 0002-6326
npoaekaH
[loueHT MwuHucTapcTBo oabpaHe,
Mll/_llpKO gp CekTop 3a MaTepujarnHe MexaHvka donyuaa, mkozic@mts. s
Koawh, giwwy | PECYPCS, YTIPaBasa | HYMEPUYKA AMHAMAKA | .o rcid 0rg/0000-0002-7287-
HavaHm onbpambeHe dbnyvaa, aepogvHammyka)l 0780
CaBiTHMK TexHororvje, onTtepehera

BojHOTEXHUYKM MHCTUTYT

[[ou. ap Hukona
J1. leknh

MyKOBHVK y NeHsuju

pagapcky LUrbesu,

papapcke aHTeHe,

Mepere pagapcKmx

UMrbeBa U aHTeHa,

pajapcka TexHuka
u cuctemu

lekicn@ptt.rs
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3Bame, ume, y O6nacT KomneTeHuuje| il
cpeame crnogo| ° C'aHOBAa U PaaHo (nayuHor e-maft,
1 npesume mecTo WHTEepecoBah-a) ORCID iD
YHusepauteT y HoBom
Capy, ®akynret
TEXHUYKUX HayKa,
Npoun3BOAHU CUCTEMMU,
JenapTMaH 3a .
Mpodb. ap Pago MHEYCTOMICKO opraHu3sauuja rqdo@uns.ac.rs,
) npeny3seha, http://orcid.org/0000-0003-3551-
M. MakcumoBuh MHXEHEPCTBO 1 )
pasBojHM Npouecu 1639
MeHaLIMEHT, npeayaehy
pykoBoaunaL, CTyanickMX y npeay
nporpamMa UHXeH-epCku
MeHaLMeHT
MwuHuncTapcTso oabpaHe,

CekTop 3a MaTepujanHe

yBpcToha

Hayurin ecypce, YnpaBa 3a KOHCTpYKUWja
CaBeTHUK pecypce, YTip . pykuwja, s.maksimovic@mts.rs
np Cresan M onbpambeHe TexHornomve, MexaHuka rioma,
" | BOJHOTEXHUYKM MHCTUTYT, 3amop,
Makcumosuh ) P
HaYenHUK oferbeHsa HymMepuyke MeToae
yBpcTohe
Combustion and CCS 3alUTUTa XUBOTHE vmanovic@gmail.com,

[p Bacunuje M.

Centre, Cranfield

cpeauHe,

http://orcid.org/0000-0002-8377-

MaHoBuh L .
University, Cranfield, UK [xeMujcko NHXeH-epCTBO 7717
NOrmcTuKa, NormcTuyKa
MoTnykoBHWK | YHMBEp3WUTET oabpaHe | nopgpLuka, 3awTtuTta jarmes@seznam.cz,

BaHp. npod. Ap
Japomup Mapec

y BpHy, Yewwka
Penybnuka

XVUBOTHE cpeavHe,
3awTuTa Ha pagy,
npoueHa pusuka

http://orcid.org/0000-0002-1337-
3821

Mpodp. ap Oejan
M. Muukosuh

YHuBep3uteT y
Beorpagy, MawuHcku
dakynTeT, KaTegpa 3a
CMUCTEME HaopyXawa

KOHCTpyKUWMja
KMacu4HOT Haopyxaka,
ayTomarcka opyxja,
YHYTpaLlka 6anmctuka

dmickovic@mas.bg.ac.rs

YHusepauTteT y beorpagy,

Mpod. ap pakeTHU cnuctemu, mmilinovic@mas.bg.ac.rs,
Momumrio N, | MaWMHCKM QaKkynTer, | po oo “oncremn | ohttp:/forcid.org/0000-0002-5361-
KaTegpa 3a cucteme
MwunuHosuh ynpasrbaka BaTpoM 7544
Haopyxaha
TeXHONorja MaLLMHCKe
obpage, poboTuka,
VhvBepanTeT y Beorpan BeLLITaYKa MHTermreHuvja,
Mpod. Ap MaLLmHCk c}{aa et Y ayTOHOMHU cucTemm zmiljkovic@mas.bg.ac.rs,
3opaH b. Ky ! 1 MaLLMHCKO yyeHse, http://orcid.org/0000-0001-9706-
Murbkopuh | KATEAPA 38 MPOMSBOAHO | oo o ke HeypoHaKe 6134
MaLLMHCTBO P
MpeXe, UHTENIeHTHN
TEXHOINOLLKM CUCTEMM,
MeToAE oAflyyVBaH-a
MOBWITHU poboTy,
YHuBep3uTeT oabpaHe | ynpaerbarbe y peanHom
y Beorpagy, BpemMeHy, hasn rorvka,
n BojHa akagemuja, basm ynpaBrbatrse,
YKOBHWK A0L. . L
KaTegpa MWVKPOMPOLIECOPCKM srdjan.mitrovic@va.mod.gov.rs,
c F?;H T BOjHOENEKTPOHCKOT cuctemu, ynpaerbame | ©http://orcid.org/0000-0002-1287-
MﬁTpOBMﬁ NHXeHepcTBa, cuctemmnma (aytomatuka), 2792

HayesHWK oAceka
3a eneKTPOTEXHUKY
N eNeKTPOHUKY

anropuTMK HaBurauvije
BO3wrna, 6poacku
60pOeHM 1 HaBUraLMoHN

cucremn
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3Bame, ume, O6nacT KomneTeHuuje| il
cpeaH-€e CroBo Vc-ram:nseiropa,quo (nayuHor S;ETB’.D
1 npesume WHTEepecoBah-a) !
YHuBepsuteT oabpaHe
MlyKoBHMK y Beorpagy, BojHa
npod akageMuja, kategpa MOTODHA BO3WNA mslavko@beotel.net,
CJEI)aBK'OﬂFF: BOjHOMaLLUMHCKOT 60 62Ha Boswna‘ http://orcid.org/0000-0002-6189-
M eKa. VHXEeHepCTBa, P 9473
YXA wed ofceka 3a
6opbeHa Bo3nna
Ap l\ﬂ/lgsfwilH A. [MyKOBHUK y NeH3uju 6opbeHa Bo3una emily983@sbb.rs
MwuHuctapcTeo NOTUCTVKA, oap>KaBar-e,
MIVKOBHIK onbpaHe, CekTop 3a cHabaeBamse,
20 aﬁ C. Matvh mMaTepujanHe pecypce, npojekToBaH-e zpatic@yahoo.co.uk
P ’ Ynpasa 3a ogbpambexe opraHusauyje
TexHonorvje NOTUCTUYKMX cUCTEMA

YHuBepauTteT oabpaHe

MykoBHUK gou. | y Beorpaay, HauenHuk TexHonoruja
ap CpeteH P. Kategpe oApXxaBara sretenperic@yahoo.com
Mepuh BOjHOMaLUNHCKOT MOTOPHUX BO3una
MHXEHEepCTBa
noysgaHocT,
B pacnonoXmBocT
ucoka Lkona
. |v ogpxaBatse cuctema
CTPYKOBHUX CTyauja (xapaBep, codhTBEp
Mpod. ap 3a UHpopmaLmoHe qoéeK) ’ slavko.pokorni@its.edu.rs,
Cnasko J. TexHonoruje ! http://orcid.org/0000-0002-3173-
nprmMeHa uHdpaLpeeHor
MokopH#M y Beorpagy, 3pauera 597X
nomMohHwuk AnpekTopa VIHd)gpMaLI,VI‘OHe
(MYKOBHUK y NeH3mnjun) 1 KOMYHUKALWOHE
TexHomnoruje
YHuBep3uTeT y HoBoM | payyHapcka TEXHUKa
Mpod. Ap Capy, ®akyntet 1 KOMYHMKaLuje miroslav.popovic@rt-rk.com,
Mwpocnas B. TEXHUYKMX Hayka, (vHxerepuHr cuctema | Chttp://orcid.org/0000-0001-8385-
Monosuh KaTegpa 3a pavyHapcky 3aCHOBaHMX Ha 149X
TEXHUKY payyHapuma)
Pakyntet . . .
jugoslav.radulovic@gmail.com,
Mpodp. op  |3a MeHaLMeHT Manux un . ; | dulovi fed
Jyrocnas P cpentbix npeayacha MyHUUMja, MEeHaLIMEHT, | jugoslav.radu ovic@mef.edu.rs,
: ’ KBanuTeT http://orcid.org/0000-0002-4003-
Papynoswuh Beorpap (nykoBHUK y 7209
neH3uju)
npoTMBXemujcka
H 3awwTnTa, opyxje
ayyHu . .
CABETHIK POt _ 3a MacoBHO rach.d_usan1@gma|I.com,
[ywar C ‘| TMyKoBHWK y neHaujn yHuwtaBane (HXB http://orcid.org/0000-0002-5226-
Ap P);'Mh ’ 6opb6eHa cpencTaa), 4089
y Teopwja peluaBara
MHOBATMBHMX 3apaTtaka
MwuHucTapcTBo onbpaHe,
n CexTop 3a MaTepujanHe
YKOBHUK oL,
pecypce, Ynpasa 3a .
ap 3opaH M. S0aVG ) aepoavHaMuka rajic_zoran@yahoo.com
Pajuh onbpambetie TexHoromje,
\avpexTop BojHoTexHm4Kor|
MHCTUTYTa
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3Batbe, ume, y O6nacT kKomneTeHumje i
cpentbe cnopo| JCTaHOBA U panHo (HaysHor e-mail,
u npesume mecro MHTepecoBaH-a) ORCID iD
nyKr? B;J;K BOHP:| Yinsepauet onbpare [EOHAVKE. FEOaETCKO mregodic62@gmail.com,
wao af_l?l y Beorpapy, BojHa MH}:(erLe Cﬁ'lBO http://orcid.org/0000-0003-4675-
P apar 2. akagemuja P 2150
eroguh
MwuHucTapcteo

onbpaxe, Cektop 3a
mMaTtepujanHe pecypce,

pakeTHW MOTOPMU,

.Elpclé/; 'g?(ggag A. Ynpasa 3a o.q6p_aM6eHe " 6eCTp22}(§aﬂ::apeqcma savkovic.milorad@gmail.com
TexHonorvje, aa M0 6opby
BojHoTexHuukm
WHCTUTYT
YHuBep3nTeT YHUOH —
Mpoch. Ap d>aKHJ:4TKng ?aTrfggﬁéaHe reoHayke, reojeTcKko sekulovicdr@yahoo.co. uk,
Lparorby6 J. ynTer yke, Teoq http://orcid.org/0000-0003-1617-
Cekyriouh CTyAvje 1 npaso, VNHXEHEPCTBO 1296
kaTegpa 3a 6e3begHocT
(MYKOBHUMK y MeH3mju)
TeXHUYKN yHUBEP3UTET
y AxeHy, CP Hemauka, .
iy 32 oecny | XEETEnR
[p Cpehio C MeTanyprujy un XeMujcke CMHTese, stopi(_:2003@yahoo.de,
Cronvh " | peumknuparse metana, PeLMKNAPALS ’ http://orcid.org/0000-0002-1752-
Hay4HW CaBeTHMK, Boha 3awTMTa >|<V|Bon’4e 5378
rpynesa cpeaviHe
XvapomeTanyprujy
1 HaHOTeXHonorujy
ynpaBrbake
npouecumMa ca
KOHLEHTpUCaHUM
n pacnopeheHum
napameTpuma,
onTUManHm
MHAOYCTPKjCKN
perynartopu,
paKLMOHN 3aKOHU
YHuBepautet ynpaBrbaka ca
Moot ap | ol oo | myeron tomi@etts,
Tomucnas b. - http://orcid.org/0000-0001-8031-
Wekapa dakynrer, KapakTepu3auuja 3135
KaTedpa 3a curHane | npoueca, afekBaTHa
n cucteme auckpeTusaumja u

obpaaa curHana,
CeHsopu
1 aKkTyaTopu,
KOMneH3auuja
W yliTeaa enekTpuuHe
eHepruje y
ONUCTPUBYTUBHUM
eneKTpoeHepreTCcknumM
cuctemuma
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3Bame, ume, y O6nacT KomneTeHuuje| il
cpeae Cnoeo cTaHOBa U pagHo (HayuHor e-mai ;
1 npesume mecTo WHTEepecoBah-a) ORCID iD
YHuBep3autet y HoBom
Capgy, ®akyntet
TEXHUYKMX Hayka,
Mpod. ap ,i"/leHna‘():-'ll-'Mli"::;: MexaTpoHuKa, seslija@uns.ac.rs,
Opara [. AycTou) poboTyKa, http://orcid.org/0000-0002-2133-
: VNHXEHEPCTBO U .
Wewnwja ayTomartum3aumja 008X
MeHaLIMEHT,
KaTeapa 3a

MeXaTpPOHUKY, POBOTUKY)|
1 ayTomartusaumjy

[MyKoBHUK BaHp.
npodc. ap MopaH

YHuBep3uteT oabpaHe
y Beorpagy, BojHa
akagemuja, HayenHuk

MHopmaTuka
1 pavyHapcTBO

gshimic@gmail.com,
http://orcid.org/0000-0002-7563-

M. Wumuh | UeHTpa 3a cumynauuje 699X
U yyere Ha AarbuHy
YHuBep3uteT y HoBom
Capgy, ®akyntet
Mpod. Ap TEXHUYKMX Hayka, TexHosorvnja BogHoOr vlaski@uns.ac.rs,
Bnagumup C. AenapTMmaH 3a caobpahaja, 6ponosum, | ©http://orcid.org/0000-0002-9086-
Wkureanua caobpahaj, kategpa |6e36enHocT nnosmade 4667
3a TexHonorunje
TPaHCMOPTHUX cucTeMa
Mpod. ap litancic@gmail.com,
Jbybuwa K. [MyKOBHUK y NeH3uju yHyTpaLukea GanucTuka, http://orcid.org/0000-0003-1242-
Takumh Haopyxar-e 9333
Mpodb. ap brate@verat.net,
BpaHko M. [MyKOBHUK y NeH3uju onLiTa forncTmka http://orcid.org/0000-0002-2409-
TewaHoBuh 9418
YHuBep3uteT ogbpaHe
y beorpapy, . 6a3e nopgaraka
MyKoBHMK f0U BOJH?;'(;L:;MMJ& MHOPMALMOHN totiyan@gmail.com,
VsaH A TO"I' TeneKoMyHMKaLMia U cucTemMu, 3awTtuta http://orcid.org/0000-0002-5862-
Ap ’ Y Ly MHGOPMaLMOHUX 9042
MHpopmaTuke, oncTeMa

pykoBoAawmnay rpyne 3a
MHJOMaLMOHe cucTeMe

Hay4yHun
CaBETHUK MPod.

Ap Oparorby6
A. Byjuh

MwuHuncTapctso oabpane,
CexTop 3a MaTepujanHe
pecypce, YnpaBa 3a
opnbpavbeHe
TexHonorvje,
BOJHOTEXHUYKM MHCTUTYT

npyMeH-eHa MexaHuka,
AvjarHocTuka,
codmcTuumpaHmu
cucTeMM oapXKaBaha
TEXHWUYKMX cucTema

vujicd@eunet.rs,
dragoljub.vujic@vti.vs.rs,
http://orcid.org/0000-0001-6999-
6828

[eHepan majop
BaHp. npod. Ap
MnageH M.
BypyHa

YHuBep3uTeT oabpaHe
y Beorpagay, pektop

BOjHO-XEMW|CKO
VHXEHEPCTBO (MOroHcKa
CPeACTBa, TOKCYKOMNOLLIKa

Cpe[CTBa, 3aluTuTa of
HXB opyxja, 3awtuta
YKVBOTHE CpeavHe)

mladenvuruna@yahoo.com
http://orcid.org/0000-0002-3558-
4312

[eHepan majop
npod. ap bojaH
M. 3pHuh

MwuHucTapcTBo
onbpaxe, Cektop 3a
maTtepwjanHe pecypce,
YnpaBa 3a ogbpambexe
TEXHonoruje, Ha4yenHmK
ynpaBse

CEH30PCKM CUCTEMMU,
cTpaTterujcko
nnaHvpawe

bojan.zrnic@vs.rs
http://orcid.org/0000-0002-0961-
993X
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CMUCOK PELIEH3EHTOB XXYPHANA «BOEHHO-TEXHUYECKUA BECTHUK»

3BaHue, ums,

YupexaeHue n

O6nactb KOMNeTeHLUN e-mail,
0OT4ecTBO, 3aHMMaeMas .
(Hayy4Hble nonsi) ORCID iD
cdamunus OOMKHOCTb
Mpod. o.H.  [YHuBepcuteT OBOPOHLI B markodandrejic@hotmail.com,
Mapko [. Benrpage, BoeHHas norucTnka 06opOoHbI http://orcid.org/0000-0002-
AHgpeny akagemus 6753-9786
Mou. A.H. Murow MEHEDKMEHT misaarsa@yahoo.com,
>-K -A- o MonKoBHMK B OTCTaBKe TpaHCMNopTHOM http://orcid.org/0000-0002-
AP NOAAEPXKKM 2003-9880
YHuBepcuTeT OBOpOHbI B
Mpurr. npod. Benrpage, BoeHHas obume ) beregvpj_o@yahoo.com
5 akagemus, kadeapa vojislav.batinic@va.mod.gov.rs,
0.H. Boncnas . MaLNHOCTPOUTESNbHbIE i .
Bartvimy BOEHHO- } KOHCTPYKLMM http://orcid.org/0000-0001-
MaLINHOCTPOUTENBHON 6786-7846
UHXEHepUn
TEenekoMMyHUKaLmu,
VHUBEDCATET B 6ecnpoBoaHbIe ceTu,
p CDMA, OFDM cucTemsl,
OkneHge, AenapTameHT
Mpurn. npod. ANEKTOOTEXHAKM 1 CEHCOpHbIE CEeTH, s.berber@auckland.ac.nz,
AO.H. CteBaH M. KOMI‘IFLEOTe HOrO BblYMCIIUTENbHbIE http://orcid.org/0000-0002-
Bepbep P CUCTEMbI B pearibHOM 2432-3088
WHXWUHUPUHra, Oknena,
BpemeHu, obpaboTka
Hoasi 3enaHgus
CTOXaCTUYECKMX
curHarnos
TenekoMMyHuKaLumm,
CUCTEMbI MUMOTAXHO-
YHuBepcuTeT B
HaBWraLMOHHOrO
Oou. A.H. Benrpage,
o HanageHusi, -
PapuBoe M. OneKTPOTEXHNYECKUI biljic@etf.rs
MWKPOBOMHOBAs TEXHMKA,
Bunny dakynbTeT, kadenpa
T 3reKTPOMarHMTHoe
enekoMMyHUKaLmm
obopynoBaHue,
CNYTHWKOBbIE CUCTEMbI
YHuBepcuTeT B I. HoBK
Cap, PakynbreT
TEXHUYECKUX HayK,
Mpod. a.H. n”g;abmi':ﬁ:;m borovac@uns.ac.rs,
BpaHucnae A. P poboTexHuka http://orcid.org/0000-0001-
VHXEHEPUN 1
Boposay 7446-1027
MeHe)KMeHTa,
Kadbegpa MexaTpOoHUKH,
pPOBOTEXHUKM 1
aBTOMaTM3aumu
onepaunoHHble
YHusepcuteT B benrpage, nccnenoBaHus,
Mpodp. a.H. MaLUuMHOCTpOUTENBHBIA | MaccoBoe 0BCyKMBaHWE,
Yrnewa C. hakynbTeT, TepoTexHonorns- ubugaric@mas.bg.ac.rs
Byrapuny Kadbegpa MpOMBbILLNIEHHOM obcnyxunBaHue,
VHXeHepun TPaHCMNOPTHO-CKNaackue
CUCTEMBI

Mpod. a.H. inusa
Yocumy

YHuBepcuteT B . HoBu
Capg, PakynbteT
TEXHUYECKUX HayK,
AekaH dakynbTeTa

NPOMBbILLIIEHHAsA
NHXeHepus 1
NHXEHEPHbIN
MeHeXKMEHT

ftndean@uns.ac.rs
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3BaHue, ums,

YupexaeHue n

OTYECTBO 3aHMMAaEMas O6nacTb KOMNEeTeHUUn e-mail,
cbaMMnm; OIIKHOCTD (Hayy4Hble nons) ORCID iD
cucTembl
aBTOMaTUYECKOro
Mpurn. npod. ynpaBneHus n goran.dikic@mod.gov.rs,
A.H. Mopax [. yHMBepEZL?T;)G:pOHH B HabnaeHNs, CUCTEMbI http://orcid.org/0000-0002-
Oukuny pan HaBOOKWU U 0858-1415
TerneynpaeneHns
pakeTamu

MonkoBHMK Aou,.

YHuBepcuTeT 060POHbLI B
Benrpage, BoeHHas

6e30nacHoCTb Ha
TpaHcnopTe,

O.H. Henapg IN. akagemust, 38UIMTE DECYDEOB neshadim@mts.rs
OumMutpreBuy | pykoBoauTenb OTAENA u pecyp
Ha TpaHcnopTe
acnvpaHTypbl
B3pbIBYaTbIE BELLECTBA,
Mpwrn. npod. 6oeBble Npunachl,
O.H. PageHko C. | MNonkoBHWUK B OTCTaBke | cpeAcTBa NOpaXxeHus, radenkod@beotel.net
OumMmutpresuny nMpoTEXHUYecKas
©6e3onacHocTb
MonKOBHUK TPaHCMNOPTHbIE
npod. A.H VHUBEDCATET OGODOHBI B npouecchl U MeToapl, lukema@ptt.rs,
IgoGa.Hﬂ,!.Zl ’ Senrpa e npo zKTo TPaHCMOPTHbIE CETH, http://orcid.org/0000-0001-
[0 OBM'L' pane, Npop P opraHusauus 8133-2389
p TpaHcnopTa
YHMBepcUTET OGOPOHbI B
a Eee;;zag?*’)eioex:m_ vlado.djurkovic@va.mod.gov.rs,
Mpodp. a.H. |I\</£I‘aD'LIJVIH(;CT OM'FI'):anOIZ npvknagHasa mexaHuvka | djurkovic.vlado@gmail.com,
Bnago . HKEHE vmp HAYANBHVIK TBEpPAbIX U http://orcid.org/0000-0002-
[bxypkoBunY uenapTgmehTa 06111670 nedopmMmmpyemblx Ten 5064-4117
MaLUMHOCTPOUTENTBHOTO
obopyaoBaHus
YHuBepcuTeT
B benrpage, BGannuctvka u uenesoe
Mpurn. npoc. MawwmnHocTpouTenbHbIN HasHayeHue, pglek@_mas.bg.ac.rs
a.H. Mpegpar M. http://orcid.org/0000-0002-
Enek hakynbTerT, KOHCTPYKUWS cHapsiaa, 35584312
Kadepnpa cucremsl du3nka B3pbiBa
BOOPYXXEHUsI
YHuBepcuTeT B
Berrpage, TeneKommy%MKaﬁumm,
OneKTpoTEXHUYECKNI uvpposas obpadorka .
hakynbTET CUrHaroB, 3N1EKTPOHHas menc@mts.rs,
Oou. O.H. kachenpa ’ pasBeaka, miljko.eric@etf.rs
Mwunbko M. Epny TeneKommyﬂzKaumﬁ paanoroHMoOMeTpus, http://orcid.org/0000-0002-

UreH-KOppPEeCnoOHAEHT
WHxeHepHon Akagemun
Cepbun

aHTEHHbIE CUCTEMBbI,
MUKPOHOHHbBIE CUCTEMBI,
array processing

2927-019X

O.H. Munow P.
dunmnosny

HayLlelﬁ COBETHUK
Ha neHcuun

aHepreTnyeckme
mMartepuvansl
(B3pbIBYaTHIE BELLECTBA,
NMMPOTEXHWMKa, Nopoxa
1 pakeTHble TOonnMea,
cropaHvie, AeToHaums,
B3pbIB)

milosf321@gmail.com
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3BaHue, ums,

YupexaeHue n

O6nacTb KOMNEeTeHUUn e-mail,
OT4ecTBO, 3aHMMaeMas .
(Hay4Hble nons) ORCID iD
cdamunus AOIMKHOCTb
SMEKTPOHIKE 1 filipovicz@mts.rs
Oou. ao.H. 3opaH |/|HCTI/I:I'yT lowa, TenekoMMyHuKaumnm http://orcid.org/0000-0002-
J1. dununoswny HayuHbIi COTPYAHUK | (@BUOHMKA, METPONOrus,
4793-4105
TeneKkoMMyHVKaLunm)
YHusepcuTet NpuBOAbI NeTaTenbHbIX
Mpurn. npod. B benrpane, . | annapaToB (gBuratenu
O.H. Backo I'. | MawmHocTpouTenbHbIN vfotev@mas.bg.ac.rs
doTeB cakynbTeT, kadenpa Ans CamoneTos u
’ BEpPTONEeToB)
aBvaumu
YHuBepcuTeT B . HoBn
Cag, PakynbteT
TEXHUYECKVX HayK,
Mpodp. a.H. AenaptameHT Hayka o maTepuanax, gerick@uns.ac.rs,
KatapuHa [. MaLLMHOCTPOUTENBHOE  [MHXEeHepusa maTepuanos,| ©http://orcid.org/0000-0001-
Fepuy npoun3BoACTBO, kadedpa |McnbiTaHMe MaTepuanos 5473-8922
Martepuarnbl
1 coeguHeHue
marepvarnos

lMonkoBHMK Aou,.
A.H. Jllo6omup W.
vrosuny

YHvBEpCUTET 0GOPOHBI B
Benrpane, BoeHHas
akagemus, kacbegpa
€CTECTBEHHbIX HayK,

pyKoBoAMTENb rPynbl
npenoaasaTtenei B
0651acTvi BOEHHOW
reorpacomm 1 Tonorpagum

reoHayku, UHXeHepHast
reogesus

ligigovic@yahoo.com,
http://orcid.org/0000-0002-
8388-3624

Mpodp. A.H. Mupo
W. loBegapuua

YHuBepcuTeT B T. Hosun
Cap, dakynstet
TEXHUYECKUX HayK,
fAenapTameHT
MHAOPMATUIKA 1
aBTOMaTVKW, kKadbeapa
CuctemHoe ynpasrneHvie
curHanamu, pykoBoguTens
NPOdUIbHON MpOrpammbl
eonesns 1 reomatuka

reofesusi, reomMaTyka,
reouHdopmaTmika

miro@uns.ac.rs,
http://orcid.org/0000-0003-
1698-0800

Mpod. A.H. AHKo
N. Xoponuy

YHuBepcuTeT B I. HoBM
Capg, PakynbTeT
TEXHUYECKUX HAYK

MeTpONorusi, Ka4yecTso,
npubopsbl 1
aKonoruyeckue n
VHXEHEPHbIE acrnekTbl

hodolic@uns.ac.rs

MonkoBHMK gou.
O.H. CnobogaH

[eHwTab, YnpaBneHue
NnnaHUpoBaHns 1
pa3Butus (J-5),
TexHWUYKM ONbITHO-

cucTembl obecneyeHme,
BOOPYXeHve

slobodan.ilic@vs.rs

C. Unuu NPOEKTHBIN LEHTP,
anpekTop
NOrMCTUKa, Ka4YeCTBO,
CTaHfapTu3aums,
«Anca» YHuBepcuTeT B Aap 4
MeTpororusi,
Mpwrn. npod. Benrpage,
HOMeHKNaTypa, s
A.H. bpanncnas | YHuBepcuteT 6usHeca koancmkaLms: bjakic@yahoo.com
B. Akny BaHs H)él:iT(an;)'J('lg)OBHMK B TexXHOMOMMYEcKuii
MEHEKMEHT

ynpaeJieHne Ka4eCTtBOM
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3BaHue, ums,

YupexaeHue n

OTYECTBO 3aHMMAaEMas O6nacTb KOMNEeTeHUUn e-mail,
’ (Hayy4Hble nons) ORCID iD
damunus OOJMKHOCTb
YHuBEpCUTET B BHYTPEHHsIS GannucTuka,
Mpod. 4.H. Benrpage, KOHCTPYKLUS CHapsao0B.,
CnobopaH C. |MawmHoCcTpouTenbHbIAg du3mka B3pbIBA, sjaramaz@mas.bg.ac.rs
Apamas aKkynbTeT, 3aB.kadheapoii| uenesas bannucTuka,
CucTeMbl BOOPYXXEHUS cropaHuve nopoxa
Mpod. A.H. radjer@mts.rs
6oenpunacsl d
PapyH B. MonkoBHWK B OTCTaBkKe ' http://orcid.org/0000-0002-
Epemny B3pblBYaThle BelLLleCTBa 1990-2018
ynpasreHue
NPOV3BOACTBOM, . . .
JOou. a.H. AaHko eHepan-manop B NOrUCTUKa, obecneveHne danhﬁ?'!%?gizvéﬁ /70%35“ g(l)lbcﬁ m
M. MloBaHoBuY oTCTaBke TEXHNYECKNX CUCTEM, p- 88 1'3 3267
Ka4ecTBO, PUCKY, B
CTaHgapTv3aumsi
«TpaiiH» YHuBepeuTerT,
o . By e e wiicajovanovic@gmalcom,
H- J1.H. ByKiL » AGnap MaLUVHOCTPOEHne http://orcid.org/0000-0002-

M. NoBaHoBn4

KoHCTpyKummn n gusaiiH,
OHrona, Wrat NHanaHa,
CLLA

8626-903X

YHuBepcuTeT 060POHbI B

XvMu4yeckne TeXHONorum

Monkosrnk Benrpage, BoeHHast (#AEPHO-XVIMM4ECKO- rkarkalic@yahoo.com,
Mpwurn. npod. 6uonornyeckas 3alumTa, . .
akapemus, kacdeapa http://orcid.org/0000-0002-
O.H. PagosaH M. obHapyxeHue,
BOEHHO-XMMMUYecKas 8074-7264
Kapkanwny AHKEHEDS naeHTudmkaums n
P obesBpexuBaHue)
3HepreTuyeckas
Mpod. A.H. Capg, PakynbteT P ’ katav@uns.ac.rs,
anekTpoaBuraTenbHbIe . ;
Bnagnmup TEXHNYECKNX HayK, NPUBOMbI, KAYECTBO http://orcid.org/0000-0002-
A. Katny ?;gnk iil;iriaa aMeKTPOSHEpIM, 0138-8807
Y BO30OHOBMNsiEMble
VCTOMHVIKV SHEprum
YHuBepcuTeT B r.Hoswm
Mpod. A.H. kolak@uns.ac.rs,
Cap, ®akynsTtet CTPOUTENLCTBO — . )
CppxaH P. TEXHAYECKIX HayK, 3aM. FAPOTEXHIKA http://orcid.org/0000-0002-
KonakoBuy 6326-1799
[OexaHa
MwuHucTepcTBO
HoueHT op 060poHbI, CekTop no MexaHuka hnonaos,

Mwupko C. Kosuy, MaTepuarnbHbIM BblYMCIMTENbHAsA mkozic@mts.rs,
BbICLUMN pecypcam, YnpaBneHve| AMHamuka riovnaos, http://orcid.org/0000-0002-
Hay4HbIN 060pOHHOW aspoavHamuyeckas 7287-0780
COBETHUK TexHonoruu, BoeHHo- Harpyska

TEXHUYeCKUm WHCTUTYT

[dou. A.H. Hukona
J1. Ilekny

[MonKoBHWK B OTCTaBKe

paanonokaLunoHHbIe
uenu,
paamnonoKaumoHHble
aHTEHHbI, U3MepeHne
PJ1C uenen n aHTeHH,
pafmMonoKaLUMOoHHblEe
CUCTEMbI U TEXHUKA

lekicn@ptt.rs
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3BaHue, ums,

YupexaeHue n

O6nacTb KOMNEeTeHUUn e-mail,
0TYeCcTBO, 3aHMMaemasi .
(Hay4Hble nons) ORCID iD
cdamunus AOIMKHOCTb
YHuBepcuteT B r. HoBu
Capg, dakynbTeT
TeXHUYEeCKMX Hayk,
OenaptameHT
. NPON3BOACTBEHHbIE
NPOMbILLNEHHON
Mpod. a.H. CUcCTeMbl, opraHusaums rado@uns.ac.rs,
WHXeHepun 1 . )
Pago M. npeanpusaTus, http://orcid.org/0000-0003-
MeHeaXMeHTa,
MakcumoBuny npoueccol pasBuTUs Ha 3551-1639
pykoBoauTenb
_ npeanpusTum
npounbHOM
nporpammbi
WHXEHEPHbIN
MEeHeXMEHT
MuHuctepcTBo
060poHbI, CekTop No
mMaTepuanbHbIM NPOYHbIE KOHCTPYKLNY,
HayuyHbIn pecypcam, MexaHuKa
COBETHUK Ap YnpasneHue NoBpEeXAEeHUN, s.maksimovic@mts.rs
CrteBaH M. 060opoHHON ycTanocThb,
MakcumoBuny | TexHonoruu, BoeHHo- BblYNCMUTENbHbIE
TEXHUYECKUA UHCTUTYT, mMeToabl

Ha4vanbHUK oTaena
TBEepAbIX Ten

Combustion and CCS

oxpaHa oKpyatoLlen

vmanovic@gmail.com,

A.H. Bacunun Centre, Cranfield cpeasl, . :

M. MaHoBu4 | University, Cranfield, XMMuyeckas http.//orz;:éc;;.?r?;q(;oo-oooz-
UK UHXeHepns
norucTuka,

MoAnonKoOBHMK noructuyeckas jarmes@seznam.cz
npurn. npod. |YHuBepcutetT O6oOpoHbI| Noaaepkka, oxpaHa htth'//orcid or /0006-0b02-
O.H. Apomunp B r.bpHo, Yexusa oKpyxatowen cpefbl, ’ 133.7-??821

Mapec oxpaHa Tpyaa, oLeHka
puckos
Yunsepoutet o o A
Mpod. A.H. Benrpage, BOOPYKEHMS
Oesan M. MalunHoCTponTENbHbLIN aBTOMayTVIHeCK;)e dmickovic@mas.bg.ac.rs
MwuukoBuy dakynbTeT, kacdeapa
opyXwue, BHyTPEHHSS
CUCTEMbI BOOPYXEHNS GannueTIKa
YHuBepcuTET B
00 ALK 1o uoorpomrenuHsii| parerad yeranos, | MMIINOVIe@mas.bg.ac.rs,
Mowmuyuno M. cbakynbTeT cnCTEMbI y)rllpaaneHM;; http://orcid.org/0000-0002-
MunnHosuy kacdenpa cuctemsl 3annoBbIM OTHEM 5361-7544
BOOPYXEHUS
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3BaHue, ums,

YupexaeHue n

OTYECTRO 3aHMMaeMas O6nacTb KOMNEeTeHUUn e-mail,
cbaMMnm; OIKHOCTE (Hayu4Hble nonsi) ORCID iD
TEXHOMOrNs MallMHHOW
0bpaboTku,
poGoTexHuKa,
NCKYCCTBEHHbIN
YHuBepcuTeT B VHTENReKT,
Benrpane aBTOHOMHbIe o
Mpod. A.H. ; o CUCTEMBbI 1 zmiljkovic@mas.bg.ac.rs,
MalwmnHoCcTpouTENbHbIN ’ ;
3opaH [Ox. hakynsTeT, Kadeapa MallnHHOoe http://orcid.org/0000-0001-
MwunbkoBuY Y ’ P obyueHue, 9706-6134

nPoOn3BOACTBEHHbIX
MallnH

WNCKYCCTBEHHbIE
HENPOHHbIE CeTH,
WHTENMeKTyanbHble
TEeXHOMornyeckune
CUCTEMbI, METOIbI
NMPUHATUAA peLLeHmnit

MonkoBHMK gou.
O.H.
CpoxaH T.
MutpoBuy

YHuBepcUTET OGOPOHbLI B
Benrpage, BoeHHas
akagemusi, kadpeapa
BOEHHO-3M1EKTPOHHOW

VHXeHepun, HayarnbHUK

fdenapTtameHTa
3ANEKTPOTEXHMKM
N €NEeKTPOHNKN

MOBWbHbIE POBOTHI,
yrpaBneHve B peanbHOM
BpeMeHu, ha3sn noruvika,

¢a3su ynpasneHuve,
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N3JABA O ETUYKOM MOCTYNAHY
STUYECKM KOLEKC
PUBLICATION ETHICS STATEMENT

U3JABA BOJHOTEXHUYKOI TMACHUKA O ETUYMKOM NMNOCTYNAHKY
O6jaBrbuBare 4YnaHaka HakoOH CTpyYHE peLeH3vje OCHOBHa je AenaTHOCT Hay4Hor
Yaconuca BojHomexHu4ku enacHuk. HeonxogHo je nocTuhm carnacHoCT O EeTUYKUM
Hayenuma y MocTynuuMma CBMX yYeCcHUKa NpununkoM objaBrbMBakba YnaHaka, of ayTtopa,
Pepakuuje yaconuca v CTpy4HMX peLieH3eHaTa oo u3gaBsava.

O6aBe3e Pepakuuje BojHomexHU4YKo2 2/1acHUKa

YpenHnuwteo BojHomexHuykoe enacHuUKka He Tpaxu of ayTopa nrahawe HakHage 3a
annuuupare uYnaHka 3a objaBrbuBame. UnmtaB nocTynak ypehuBawa u 0b6jaBrouBama
YnaHka 3a ayTope je noTnyHo GecnnaTaH.

Pepnakunja BojHomexHu4Ykoe enacHuka OAroBOpHa je 3a AOHOLUewe OAfyKe Koju
he og npucnenux YnaHaka 6uMTK ogabpaH 3a objaBrbUBake. YpeaHUK HE CMe nmaTu
cykob MHTepeca y Be3un ca pykonucuma koje pasmartpajy. AKo TakaB cykob uHTepeca
nocrtoju, o wusbopy peueHdeHata u cyabuHM pykonuca oanydyje ypeaHuULITBO.
UnaHoBu ypehuBadkor ogbopa Kog Kojux MocToju Ccykob MHTepeca AYXHM Cy fa ce
NoBYKy U3 npoueaype.

Pepakunja Tpeba pa noctyna y ckmagy ¢ nonutukoMm YpefuBaudkor opbopa
BojHomexHu4YKoe enacHuka Kao M y CKrnafy ca 3akOHCKMM MponucrMMa Koju ce ogHoce Ha
KrneBeTy, KpLUeHe ayTOpCKMX MpaBa W nnarvjate. Pegakuuja Moxe ga ce KOHCynTyje ca
yYnaHoBuMa Ypehuveaukor ogbopa unv peueH3eHTUMa Npyu LOHOLLEHY OAJyKe.

Pepakumja npouerwyje cagpxaj pykonuca He3aBWCHO OA pace, norna, MnonHe
opuvjeHTaumje, penurnjckux yBepera, eTHUYKOr nopekna, nonmnTUYKMX yBepera 1 ApxaBHe
npunagHocTh ayTtopa.

Y cBoMm pagy, npema npenopyuu LleHTpa 3a eBanyauujy y obpasoBaky M HayLm
(LEOH), Pepakumja KopucTu enektpoHcku cucteMm ypehuBawa ACUCTEHT, «koju
omoryhaBa TpaHCNapeHTHOCT W jaBHOCT paja, nogpasymeBajyhun nyHy OAroBOpHOCT 3a
npuxesaTtake 1 06jaBrbMBar-e YnaHka.

Mpe cnawa Ha peueH3vjy Pepakuvja npoBepaBa fa nu je cagpxaj pykonuca
nnarvjat, kopuwherwem cepsuca iThenticate (CrossRef u CrossCheck). [Mpema
cTaHgapauma Koje yaconuc npuMemsyje, nnarnpake, 0AHOCHO npeysuMmane Tyhux uaeja,
peun nnu apyrnx obnvka KkpeaTUBHOr u3pasa 1 NpeAcTaBrbakbe Kao CBOjWX, MPeacTaBba
rpybo kpliewe HayyHe n nsgaBadvke eTuke. [narmpare Moxe Aa ykIbydyje U Kpluehe
ayTOpCKMX NpaBa, LUTO je 3aKOHOM kaxnmBo. Mnarvjat obyxsaTta: AOCMOBHO MW rOTOBO
OOCMOBHO Mpey3MMake WM CMUWIBbEHO napadpasvpare (Y Uuby MpUKpuMBama
nnarvjata) genosa TekcToBa Apyrux ayTtopa 6e3 jacHor ykasuBakwa Ha W3BOp MU
obenexaBate KonupaHux dparmeHata (Ha npumep, KopuwherweM HaBOOHMWKA);
Konupawe cnvka unu tTabena us Tyfjux pagosa 6e3 npaBunHor Hasohewa nssopa u/unm
6e3 pgossone aytopa Unn Hocunaua ayTopckux npasa. Pykonucu kod Kojux nocroje jacHe
nHaMumje aa ce pagu o nnarujaty 6uhe aytomatckm ogbujeHun.

Yaconmc npumemnyje ,OBOCTPYKM Crenu MocTynak peueHanje” uynaHaka, Koju
noapasymeBa [a ayTopu He 3Hajy KO Cy UM PELIEH3EHTU, HUTU Cy peLIeH3eHTMa NMOo3HaTh
ayTopw.
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Huko u3 ypehusauke kyhe He cMe Oa OTKpuje HujeoHy MHopMauurjy O NpUCTUIIIOM
PYKOMUCY WKOME, OCUM ayTopy, peLieH3eHTMMa, MOTEeHUMjanHUM peLeH3eHTUMa, ApYriM
caBeTHUUMMa ypefuBadke kyhe 1 nsgasady, npema notpebm.

HeobjaBrbeH matepujan M3 MNPUCTUITIMX pyKonMca He CMe [a ce KOpWUCTU 3a
UCTpaXxmBaykn pag ypehueada, ocMm ca UspnyamMTM NMCMEHUM of06per-em ayTopa.

Pepakuuja ce obasesyje aa he nosyhu Beh objaBrbeHn ynaHak y cnyyajy HakHagHor
OTKpuBaka cnegehnx oKoNHOCTM y BE3W paja:

— nnarujapmaam,

— ayTonnarujapusam,

— paa je Beh 06jaBrbeH y Apyrom 4aconucy unm HeKoj Apyroj nyénvkaumju,

— HeTayHu nogaum o ayTopcTBy (Npuceajakbe Tyher paga, HaBohewe ayTopa Koju
HWCY YyYecTBOBanu y Mucawy paja, U30CTaBrbatbe aytopa Koju Cy Yy4YecTBoBanu y
nucawy paga),

— cykob MHTepeca,

— naxvipare unu pabpukoBane pesynrara,

— HEel03BOSbEHE TEXHMYKE MHTEPBEHLMjEe Ha Crinkama,

— 030UrbHUMja TEXHMYKA FpeLlka, Kao LUTO je M30CTaBibakbe OeNoBa TeKCTa, rpeLuka
y penpoayKuuju nnyctpaTmBHor MaTepujana.

CraHpgapaou 3a paspellaBame CuTyaumja kaga mopa gohv o noBnadewa paja
AedvHnCcaHn cy of cTpaHe BMbnuoTeka M Hay4yHWX Tena, a UcTa npakca je ycBojeHa u of
CTpaHe 4aconuca: Y €eneKkTPOHCKOj BEP3WjM W3BOPHOr YnaHka (OHOr Koju ce noBnaudu)
ycnocTaerba ce Be3a (HTML nuHk) ca oGaBeluTersem o nosrademy. MNoBy4eHn YnaHak ce
yyBa y M3BOPHOj hopmun, anu ca BogeHUM xurom Ha PDF gokymeHTy, Ha CBakoj CTpaHuum,
Koju ykasyje aa je unaHak nosyyeH (RETRACTED).

OnosvBn wn wucnpaBke ce nybnukyjy npema 3axteBuma LIEOH-a
(http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) kao nsgaBaya HaumoHanHor
uuTaTHOr MHAEKca rge ce mMeTanogauu Orno3vBa M OM3BaHUX pajoBa MOpajy O3HauvTh
ogroapajyhum ynosopetrvmMa 1 meflycobHo noBe3aTvt yHaKpCHUM JIMHKOBUMA.

O6GaBese peueH3eHaTa

PeueH3eHTM cy OyXHM Oa CTPyYyHO, apryMeHTOBaHO, HEnmpucTpacHo WM y 3adaTum
poKoBMMa AOCTaBe ypeOHUKY OLeHYy Hay4YHe BpedHOCTU pykonuca. PeLeH3eHTu eBanyupajy
pagoBe y ogHocy Ha ycknaheHoCT Teme paga ca npodunom 4vaconuca, peneBaHTHOCT
UCTpaxumBaHe obracTn u MPYMEHEHUX METOAA, OPWUIMHANHOCT M Hay4Hy peneBaHTHOCT
nogaTaka W3HECEHMX Yy PYKOMWUCY, CTWUIT HAy4yHOr wu3fnarakwa W ONpeMibeHOCT TekcTa
Hay4HMM anapaTom.

CTpyyHn peueH3eHT nomaxe Pepakuvju y [OOHOLWeHyY OAnyke, a MOCPEACTBOM
KOHTakata ca ayTtopuma npeko Pepgakuuje Moxe pga nomaxe W ayTtopuma Ha
noborbluaBaky TeKCTa paga.

Ykonuko n3abpaHu peLeH3eHT cmaTtpa Aa Huje OBOMbHO KBanudmkoBaHa Aa U3BpLLm
peLieH3njy ucTpaxuearsa y pyKonucy uUnm je nak cnpeydeH a 3aBpLum v JOCTaBU peueH3njy
y AOrOBOPEHOM POKY, 0 ToMe Tpeba bnaroBpemeHo aa obasectn Pegakumjy.

Cakn pykonuc npuxBaheH Ha peueH3vjy Mopa da ce TpeTMpatu Kao MOBEeprbvB
AOKymeHT. He cme ce nokasmsaTty Tpehum nuuymMa HUTU AUCKYTOBaTK ca HbUMa, OCUM Kaga
TO opo6pu Pepakupja.

PeueHanja Tpeba aa Oyne objektmBHa. HenpuxeatrbuBa je nuyHa KpuTuka ayTtopa.
PeueHseHTn Tpeba jacHo aa obpasnoxe cBoje CTaBoOBe U MOTKPene nx apryMeHTuma.

PeLeH3eHTn Tpeba ga ngeHTndmkyjy penesaHTHe noctojehe pagoBe Koje ayTop Huje
untnpao. CBaka MPeTXOAHO jaBHO caonwTeHa TBpAHa unu aprymeHT Tpeba ga Oyay
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nponpaheHn ogrosapajyhum uutatoM. [yXHOCT peLeH3eHTa je [da CKpeHe naxwy
YpeOHUKY Ha 3HayajHa MoKranaka Wiu CIMYHOCT pykonuca ca Beh objaBrbeHVM pagom,
YKOMMKO O TOME MMa NiYHA Ca3Haksa.

WHdopmaumje n naeje oo Kojux ce OO0 CTPYYHOM peLeH3njoM MoBeprbUBOr Cy
KapakTepa 1 He CMejy ce KOpUCTUTU 3a corcTeeHe noTpebe. PeueH3eHTn He 6u Tpebano
Oa npumajy pykonuce Koju ux gosode Yy Cykob WHTepeca Ha OCHOBY KOHKypeHuuje,
3ajegHVYKOr paja wnuM  gpyrux ogHoca € OUNoO KOjMM ayTopoM, KOMMaHWjoM Wnu
MHCTUTYLIMjOM NOBE3aHUM C paJoM.

O6aBe3e ayTopa

AyTOpu rapaHTyjy Aa pykonuc npeacTaBrba HMXOB OPUTMHanaH AOMpUHOC, Aa Huje
o6jaBreeH paHuje 1 fa ce He pasmaTpa 3a objaBrb1Bare Ha APYrom mecty. MictoBpemeHo
npegasarke UCTOr pyKonuca y BuULLE Yaconuca NpeacTaBiba Kpluere eTUYKUX cTaHdapaa.
TakaB pyKkonuc ce MOMEHTarHO UCKIbydyje U3 Aarber pa3MaTtpatsa.

Kaga aytopu nuwy O opurHanHoM ucTpaxuBawy Tpeba npeumsHo Aa npuKaxy
ob6aBrbeHn pag 1 ga objekTMBHO n3noxe Heros 3Havaj. MNogaum Tpeba aa 6yay npeuusHo
HaBefeHn. YnaHak Tpeba oa cagpXu AOBOSBLHO AeTarba u pedepeHumn aa 6u morao ga ce
penpogykyje. IlaxkHe unv HaMmepHoO HeTayHe TBpAH-E NPeACTaBIbajy HEETUYKO MOCTyNaHe n
HernpuxeaTibuBee Cy.

AyTopu Tpeba fa o6e3beae HeobpaheHe nogaTtke y Be3u ca YnaHKoM W NpyXe UX Ha
yBug Pegakumju, Kao 1 jaBHM NpucTyn TUM nogauuma, ako je To moryhe, n ga, y cBakom
cnyyajy, 6yay cnpemHn ga cadyBajy Te nogaTke y pasyMHOM pOKy nocre objaBrbuBaksa.

AyTopu Tpeba fa Hanwwy NOTNYHO OpuUrMHanHe pagoBe, a ako Cy KOpUCTUIN pajose
n/vnun chopmynauumje apyrux, oHaa 1o Tpeba Aa Hasedy Ha ogrosapajyhv HaumH.

Y npuHumny, aytopu 6u Tpebano aa objaBe pykonuc Koju ce CyLUTUHCKU GaBu UCTUM
MUCTPaXUBAEM CaMO Yy jedHOM 4aconucy Wnu npumapHoj nybnukaumju. Crawe wucror
pykonuca y BuLle pedakupja yaconuca y cto Bpeme npeacTaBrba HEeTUYKO NoHaLlame 1
HernpuxBaTibMBO je.

ObaBesHo je Aa ayTop HaBefe pafoBe Koje je KOPUCTMO Yy Nucaky pykonuca, kao u
Aa untupa nybnukaumje Koje cy ytuuane Ha Heros pag.

AyTopcTBo Tpeba Aa Gyae orpaHMYeHO Ha OHe Koju Cy 3HayajHO OOMnpuHenu uaeju,
HEHOM 06NVKoBaky, U3BONEHY MNW MHTEPNpeTauujn y 4aTom uctpaxusary. CBu Koju cy
3HavajHO gonpuHenu pagy Tpeba aa Oyay HaBedeHu kao koayTopu. AKO Cy MojeauHLM
6unu GUTHU y NojeaMHMM acnekTuMa WUCTPaXKMBaYKor nMpojekta, Tpeba um y 3axsanHuum
ofAaTu Np13Hake 3a JONPUHOC.

AyTop Tpeba ga ce moctapa ga cBU KoayTopu Oydy HaBedeHW Kao TaksW, Kao v Aa
mefly HaBegeHVMM Hema OHMX KOju TO He 3acryxyjy. AyTopoBa AyXXHOCT je Aa CBM KoayTopu
BuAe 1 ogobpe dmHanHy Bep3unjy paga, kao 1 Aa ogobpe Heroso objaBrensar-e.

AKO Ce y UCTpaxuBarby NojaBrbyjy Xemujcka jeaursersa, NoCTynumM UM onpema Koju cy
onacHW No 34pasrbe fbyau UM KUBOTUHA, ayTOP TO MOpPa jaCHO Aa HasHa4u y pyKonucy.

Ceaku aytop Tpeba ga HaBede Yy PyKoONMCy CBe BPCTe (PMHAHCMCKMX U OCTanmx
3HayajHMX KoHdMKaTa uWHTepeca Koju OW mMormm Ja yTudy Ha pesynrate unm
MHTepnpeTaumjy herosor paga. Ceu n3sopu puHaHcujcke nogpluke Tpeba aa dyay Takohe
HaBedeHW.

Kaga ayTop oTkpuje maTepujanHy rpeLuky unm HeTayHocT y cBoM objaBreeHoM pagy,
HEroBa je AyXHOCT Aa ogmax obasectv Pepakumjy yaconuca unv nsgaeava v aa capahyje
ca Pegakumjom npy noBnaveky Unm Kopuroeawy paga.
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Pa3pewaBaie COpHMUX cUTyauuja

CBakn nojeguHal, UM MHCTUTYLMja Mory y GUo KoM TPeHYTKy Aa YPeaHUKY u/mnm
YPEAHWLUTBY MpujaBe ca3Haka O KpLUeHY eTUYKUX CTaHdapaa v APYrMM HenpaBuiiHOCTUMA
M Ja o ToMe JocTaBe HeonxofaHe WHdopmauwje/nokase. lNocTynak npoBepe U3HECEeHWX
pokasa ogsujahe ce y cknagy ca cnegehum npuHUMnuMa: ypegHuwTeo he JoHeTU oanyky
0 MOKpeTakby MOCTyrKa Koju UMa 3a LUurb NpoBepy M3HECEHMX HaBOAaA W JoKasa; TOKOM Tor
NnocTynka CBM W3HECeHW [oka3n cmaTpahe ce nosepreuBuM MaTtepujanom u 6uhe
npefoYeHn camo OHMM NMUMMa Koja Cy AVPEKTHO YKIbyYeHa y NocTynak; niumma 3a koja ce
CyMHa Aa Cy npekpwmna etudke cTaHgapge 6uhe gata moryhHOCT Aa oprosope Ha
onTyx0e n3HeceHe NPOTUB HMX; aKo Ce YCTaHOBW Aa je 3ancTa [OLUNO A0 HENPaBUITHOCTH,
npoueHuhe ce ga nu nx Tpeba okapaKkTepucaTh ako MarW MpeKpLuaj unm rpybo Kpluexe
eTnukux crtaHgapga. CuTyaumje okapakTepvcaHe kao MawM Npekpliaj pelasahe ce y
OVIPEKTHOj KOMYHMKaUmju ca nuuumMa koja cy npekpLuaj yumHuna, 6e3 ykibyunBamwa Tpehux
nuua, Hnp.: obaBellTaBakeM ayTopa/peLieH3eHaTa aa je QOO A0 Mawser npekpLiaja Koju
je mpouctekao M3 HepasymeBawa WM MNOrPeELLHE NPUMEHe akageMCKUX CTaHAapAaa;
cnakeM yno3opera ayTopy/pPeLIeH3eHTY KOjU je YYMHMO MarsW NpekpLlaj. Y cnyyajy rpyoor
KpLUera eTUYKUX CTaHdapAa, YPeaHUWTBO AOHOCK oAflyKe O Aarbum akuujama. Mepe koje
he npepysetm mory 6utn cnegehe (M Mory ce npuMerMBaTW MOjEAMHAYHO WK
NcToBpEMeHO): objaBrbnBare caoniuTeHa U YBOAHMKa Y KOM Ce Onucyje Cryyaj KpLueha
eTUYKNX CTaHdapaa; crnane cnyxbeHor obaBelUuTewa pykoBogMoLMMa Unu nocrnodasuyma
ayTopa/peLieH3eHTa; noBnaderwe objaBrbeHOr paga y cknagy ca npouegypom OnmcaHoM
noa MNoenavetse Beh objaBrbeHux pagoBa; aytopuma he GuTn 3abpareHOo ga TOKOM
ogpefheHor nepvogja lwarby pagoBe Yy 4aconuc; YNo3HaBake PerieBaHTHUX CTPYYHUX
opraHu3auMja wnuM HaanexHux opraHa ca crydajem kako 6u mormvM ga npegysmy
ogrosapajyhe mepe. MNpunukom paspeluaBara CMOPHMX CUTyauumja pegakumja yaconuca
pepakuuja ce pykoBogu cmepHuuama u npenopykama Opbopa 3a eTuKy y usgasaluTsy
(Committee on Publication Ethics — COPE): http://publicationethics.org/resources/.

Oppuuake oaroBopHOCTU
N3HeceHn cTaBoBM y 06jaBrbeHUM pafoBUMa He mM3pakasajy CTaBOBe ypedHuka u
ynaHoBa pepgakumje yaconuca. AyTopu npeysumajy npaBHy M MOparHy OAroBOPHOCT 3a

uheje MsHeceHe y CBOjUM pagoBuMa. M3gaBay Hehe CHOCWUTW HWKAKBY OATOBOPHOCT Y
Crnyyajy ucnocTaerbama GUNo KakeBKX 3axTeBa 3a HakHagy LUTeTe.
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KOOEKC NMPO®ECCUOHAILHON OTUKN XKYPHANA
«BOEHHO-TEXHUYECKUWN BECTHUK»

My6nukauusa ctaTeen nocre ux NpodeCCUOHanbHON pPeLeH3nn SABMSETCS OCHOBHON
OeATEeNbHOCTBI0 HAaYYHOrOo XXypHana «BoeHHO-mexHU4YecKull ecmHuK». B nepByto ovepeab
HeobX0AUMO [OCTUYb JOrOBOPEHHOCTY 06 3TMYECKUX HOPMaX M NPUHLMMAX, NPUMEHAEMbIX
KO BCEM Yy4acTHMKaM B MPOLECCE BbINycka >XypHana, HauvMHas ¢ aBTopa, PegakumoHHoM
Konneruu, NnpodeccrmoHanbHbIX PELIEH3EHTOB 40 U3gaTensi.

0O6s3aHHOCTHU penakTopoB « BoeHHO-mexHU4YeCKo20 8eCMHUKa

Pepakumsi xxypHana « BoeHHO-mexHU4YecKuli 8eCmMHUK» CoobLLaeT, YTo He B3bIMAET C
aBToOpoOB nnaty 3a nybnukauuio ux craten, TO eCTb, BCe [AEWCTBUSA, CBSI3aHHble C
pegakTMpoBaHveM W pas3MelleHveMm cTate B BecTHuke saBnsoTcA  abcomoTHO
6ecnnaTtHbIMW.

Pepakuusi « BoeHHO-mMexHU4YeCcKo20 8eCMHUKa» HECET OTBETCTBEHHOCTb 3a NPUHATUE
peweHnn o nybnukauum npeacTaBneHHbIX B agpec XypHana crtatel. [Mpu Hanuuum
KOHMNMKTa MHTEPECOB pedakTop He MNPUHMMAaeT yyacTus B Npouecce pacCMOTPeHUs
pykornmcu. B Takom cnydyae pelieHue o Bblbope peueH3eHTa u nybnukauum pykonucu
npuHumaeT pegkonnerus. Mpy HanmMuum KOHMNMKTA MHTEPECOB YreHbl PeAKonnerun He
NPUHMMAIOT Y4acTus B NMPOLIECCE PACCMOTPEHNS PYKOMUCHU.

Pepakuusi obsasaHa cobniogate nonutuky PepakumoHHon konnermn «BoeHHO-
MEeXHUYECKO20 BECmHUKa», a TakkKe MONOXEHUs [OEWCTBYIOLLEro 3akoHOAATemnbCTBa,
perynupyioLime BOMPOCbl PacrnpocTpaHeHNs 3aBefOMO MOXHbIX CBEAEHWI, nopoyalimx
4YeCTb ¥ JOCTOMHCTBO APYroro nuua unv noapbIBaloLLMX ero penyTaumio u HecobnogeHms
aBTopckmMx npas. Pepakums vmeeT npaBo MPOKOHCYNbTMpOBaTbCA € PepakumoHHon
Kornnernem unu peLeH3eHTaMmm OTHOCUTENBHO NPUHATUSA PeLLeHW 0 NyGnukauum ctaTbi.

Pepakuusi oTbupaet u oueHmMBaeT maTepmanbl He3aBMCUMO OT Mona, penurium, pachbl,
HaLMOHaNbHOCTMW, NONUTUYECKUX YoexxaeHui asTopa.

Mo pekoMeHaaumsm LleHTpa nogaoepxku passutus obpasoBaHus 1 Haykm (LJIMPOH),
penakuusi xxypHana B cBoei paboTe Monb3yeTcs 3MeKTPOHHOW CUCTEMON pedaKTpoBaHUs
ASSISTANT, obecneunBaloller TPaHCNApPEHTHOCTb M AOCTYMHOCTb WHGOpPMauun o
TeKyLleM COOTOSIHMM PYKOMWCKU, a Takke nogpasymeBaeT MOSHYl0 OTBETCTBEHHOCTb 3a
NpUHATHE peLleHns o eé nybnvkaumn.

MyTém ncnonb3oBausa cuctemsl iThenticate (CrossRef n CrossCheck) pegakumsa oo
MOMEHTa NPeACTaBneHns CTaTbu peLeH3eHTam NpoBepsaeT eé cogepxaHue Ha nnarvat. B
COOTBETCTBMWM CO CTaHgapTamu XypHana, nnarmat, TO eCTb NPUCBOEHUE YyXuX uaen,
BbICKa3blBaHWN Nbo Apyroi hopmbl TBOPYECKOTO BbIPaXEHUS U NpeAcTaBheHne mx Kak
CBOMX COBCTBEHHBIX NpeAcTaBnsieT cobon rpyboe HapylleHne Hay4YHOW U pedaKLMOHHOWM
aTuku. MNnarmaT ABNsSeTca YrofoBHO HakasyeMbIM HapylLeHneMm aBTopckux npaB. C Touku
3peHust pefakumn, NnarvaTtoM siBMseTcs: AOCIOoBHOe KonnpoBaHue paboTbl Apyroro nvua,
nmbo uutupoBaHue paboTbl Apyroro nvua 6e3 ykasaHusi ero aBTOPCTBA, CCbINKM Ha
UCTOYHWK; HEKOPPEKTHOE nepedpasnmpoBaHme NPOU3BEAEHNS APYroro nuua 6es cebinkv Ha
MCTOYHVK; MCMONb30BaHWe 3neMeHToB paboTbl (PUCYHKOB, Tabnuu, rpacdurkoB, anarpamm)
apyroro nuua 6e3 ykasaHus aBTOPCTBA, CCbIIKM HAa MCTOYHUK; aBTOPbI AOSMKHbI NOMyYnTb
paspelleHne Brnagenblia aBTOPCKMX MpaB Ha MCMONb30BaHWe 3NeMeHToB ero pabotbl. B
cryyae BO3HWMKHOBEHMSI ODOOCHOBAHHOTO COMHEHVMs B ToM, 4To pabota sBnseTcs
nnarmaTom, peaakuusi oTkasblBaeT aBTopy B nybnuvkaumm.

Pepakuusi xypHana npoBOAMT KOHMMAEHUMANbHOE peLeH3MpoBaHue, NpuMeHss
«[BOWHON crieno MeToa». ABTOPbI CTaTbW Y PELIEH3EHTbI HE 3HAKOT ApYr Apyra.
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HukTO 13 paboTHMKOB M3AaTENbCKON KOMMaHUM HEe MMEET NpaBOo PacKpbiBaTh Nodble
CBEe[eHMs O NpeACTaBlieHHON Hay4yHOW CTaTbe, 3@ MCKIMHYEHUEM Cly4aeB, €CrU OHU MO
Mepe MNOTPeOHOCTU HyXHbl aBTOPY, PELEH3EeHTaM, BO3MOXHbIM pELIEH3EHTaM U ApYrim
COBETHUKaM pefaKTopoB 1 usgarensi.

Heony6nukoBaHHbIMU mMaTepuanamm Henb3s BOCMNOb30BaTHLCS ans
nccnegoBaTtenbckux pabot 6e3 cornacus aBTopa.

Pepakuns obasgyeTcs ucknmiounTb M3 NyGnukauuy NPUHATYIO CTaTtblo, B Criyvae
crneaywLLnX HapyLLEHWIA:

— nnaruar,

— aBTONnarvar,

— NOBTOpHas nybnvkaumsa B AaHHOM Uy OPYroM U3[aHuu,

— HeBepHble JaHHble 00 aBTope (NMPUCBOEHME YyXKOM paboThbl, yKkasaHne aBTopa He
NPUHMMAaBLLETO Y4acTus B HaNnUcaHum paboTel),

— KOH(INWKT MHTEPECOB,

— hanbcudukaumsi pesynbTaToB MCCNegoBaHuUs,

— HenpasurbHO 0POPMMEHHbIE PUCYHKM (rpadhrkm, unnctpaummn) n Tabnuubl,

— KpPYMHbIE TEXHWYECKME OWnOKM B 0hOpMIeHUN TEKCTa, Ha-NpuMep, NPonycK YacTen
TeKcTa.

CraHgapTbl pernameHTMpyloLMe npouenypy CHATUS onybnuvkoBaHHOW paboTbl C
nyénukaumu, KoTopble NpPUMEHSAET «BOEHHO-TEXHWYECKUI BECTHWK»  MpeanucaHbl
HauunoHanbHoi 6ubnuotekon Cepbum (HBC) n gpyrumMu HayyHbIMU ydpexxaeHusimu. 3a
cTatben (onpefenéHHom K CHATMIO) B 3NeKTPpoHHOM dopmarte 3akpennsaioT HTML cebinky ¢
yBEOMIIEHNEM O €€ CHATUM ¢ nybnukaumn. N3baras ctatbs XpaHUTCA B MCXOQHOM Buae,
HO kaxgasi ctpaHuua MO dopmarta BU3npyeTcs nevaTbio, CBUAETENBCTBYIOLLENA O CHATUN
cratbm ¢ nybnukauum (RETRACTED).

OT3bIBbl M UcCMpaBneHns nyobnukylTca B COOTBETCTBMM C TpeboBaHUAMMU
LUMPOH - Cepbckoro wuHpekca HayvHoro umtupoBaHusa (CLMHaekc/SClindex)
(http://www.ceon.rs/pdf/
postupanje_s_nelegitimnim_radovima.pdf), np1 3TomM MeTagaHHble 0TO3BaHHbIX U CHATbIX C
nyGnukaumm ctaten 4OMKHbI ObiTb 0603HaYEHbI COOTBETCTBYHOLLUMM NPEAYNPEXAEHNEM U
coeauHeHbl Mexay cobon cebinkamu.

0653aHHOCTU peLeH3eHTOB

PelLieH3eHTbl OOMKHBbI NPOeCcCMOoHanbHO M OOBLEKTUBHO apryMeHTUMpOBaTb CBOH
no3vLUMI0 U B YyKasaHHbI CPOK MPEeAOCTaBUTb PEeAaKTopy OLEHKY Hay4YHOW LEHHOCTU
pykonucu.

PeLeH3eHTbl, paccmaTtpvBasi paboTbl OLEHMBAKOT COOTBETCTBME TeMbl paboTbl C
npocunem >xypHana, peneBaHTHOCTb MccrnegyeMon obnact U NpYMEHeHHbIX MeToAOoB,
OpPUMMHarNbLHOCTb U Hay4HY 3HAYMMOCTb Pe3ynbTaToB, MPEACTaBIIEHHBLIX B PYKOMUCH,
CTUIb HAY4YHOTO U3NOXEHUS, a Takke UCNOMNb3oBaHWe B TEKCTE HAay4YHOro annapara.

MpocbeccroHanbHbIM peLeH3eHT OKa3biBaeT nogaepxky Pemakumm npu npuHATAM
pelwleHnn o nybnukauuMmn ctaTben, a Takke, OKasblBaeT COAEWCTBME aBTOpaM B LENsX
yNnyylleHnss kadectBa wux paboTbl. B3auvmopgenctBne peueH3eHTa C  aBTopamMu
OCYLLIECTBNSIETCA MYTEM KOHTAKTOB C HUMUK Yepe3 Pepakuuio.

B criyyae ecnu peueH3eHT cuMTaeT, YTO OH B JOCTaTOYHOW CTeneHu He obnagaet
Ka4yecTBaMm, HeOOX0AMMbBIMU ANs OCYLLECTBIEHUS] NPOECCMOHANBHON peLieH3un paboThbl,
UMM He CMOXEeT €€ OcCylLlecTBUTb BO Bpemsl, TO eMy Heobxoaumo 06 3ToMm
npouHdopmmpoBaTb Peagakumtio.
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Jliobas pabota, nmpeacTaBneHHasi Ha pPeLeH3nio, ABMAEeTCA KOHMUAEHUMANbHbIM
[OKYMEHTOM U €€ Hemnb3s NokasblBaTb TPeTbM nuuam 6e3 ogobperuns Pegakumn.

PeueHsus pomkHa 6asvpoBaTbCA Ha OOBEKTUBHbLIX YcroBusix. He ponyckaetcs
NMYHas KpuUTMKa aBTopa. PeLeH3eHTbl 4OMmKHbI 0O0CHOBaTb U AOKa3aTb CBOWM MO3ULIMK MO
OTHOLLEHUIO K CTaTbe.

PeLeH3eHTbl 0643aHbl MAEHTMULMPOBaTL peneBaHTHbIE CyLLecTBYoLWmMe paboThbl,
KoTopble aBTop He uutuposan. [lo niobomy ob6wWemy cBeAeHVUIO Wn  apryMmeHTy
npueBedeHHbIM B paboTe A0mkHbI ObiTb ykasaHbl COOTBETCTBYHOLME uMTaThl. PeueHseHT
0653aH 06paTUTb BHMMaHWE pedakTopy Ha 3BEeHTyarbHble CxOoAcTBa paboTbl C Apyrumun
ony6nmkoBaHHbIMKN paboTamu, B criydae ecnu Takoe byaeT obHapyxeHo.

MHeHVe 1 BbIBOAbI O PYKOMUCK CTaTbM, K KOTOPbIM NMPULLMAN PELEH3EeHTbI SBseTcs
KOH(bMAEHUManNeHoON WHopMaumMen M el Hemb3a BOCMOMb30BaTbCA ANS  JIMYHbIX
notpebHocTel. PeLieH3eHTamM pekoMeHAyeTCst He peLeH3MpoBaTh paboTbl, KOTOpble MOTyT
BbI3BaTb KOMMM3NIO WHTEPECOB (KOHKYpPEHTbl, COBMeCTHasi paboTa, unvM WHble apyrue
OTHOLLEHUSI C aBTOPOM, KOMMaHWEN Unn yupexxaeHnem ceasaHHbIMy ¢ paboTon).

0O6s3aHHOCTN aBTOPOB

B cBoen uccnepgosatenbckon paboTe aBTOpPbl AOMKHBI MPUAEPXKUBATLCA NPUHLIMIOB
YeTKOCTH, PasbopymMBOCTH, MOHATHOCTU C LiefIbi0 OOBEKTMBHOTO PACTONKOBAHWSA 3HAaYeHWs
AaHHoM paboTbl. PakTbl M MokasaTenn AOSMKHbl ObiTb YeTKO ykasaHbl. PaboTa gomkHa
cogepxaTb B [OCTAaTOMHOM cTeneHn dakTtoB W AeTanen, 4tobbl OHa Morna
penpoayuMpoBaTtbCs. HenpaBurbHble UMW HETOYHbIE YTBEPXAEHWUS SABMSOTCA NPUMEPOM
HEe3TMYECKOro NoBeAEHNS U He ByayT NPUHATI.

ABTOpPbI JOMKHBI 06ecneunT Pegakumio nepBuYHbIMU, HEOOpPaBoTaHHBIMU AaHHBIMU,
OoTHOCAWMMUCS K paboTe, 1 NpeacTaBUTb UX Ha paccMmoTpeHve Pepakumu, n obecneunTs K
HUM [OCTYN BCEM 3aMHTEPECOBAHHbLIM NULAM, €Cnu 3TO SBMSETCA BO3MOXHbIM. Takke,
aBTOPbl AOMKHBI Mocne nybnukaumn cTaTbyM XpPaHWTb B Pa3yMHble CPOKWU MOSyYEeHHble
pe3ynbTaThl.

ABTOpbl [OMKHbI B CBOMX paboTax 3aHMMaTbCA MOMHOCTbI OPUTMHAMNBHBIMU
Bornpocamun. B cnyyae ecnu oHn B cBoeii paboTe ucnonb3oBanu daHHble Mnn dhakTbl
ApYyrmx aBTopoB, TO 06 3TOM HeO6X0AUMO yKa3aTb B paboTe.

Tarke, aBTOpbl AOMKHLI CBOM paboTbl Myb6rukoBaTb TOMbKO B OOHOM HAy4YHOM
XypHare, unu pasmelwiatb nybnukauum Ha camte C npsAMbiMK ccbinkamu. [y6nukaums
OOHOM n TOW e paboTbl B HECKOMbKMX Hay4HbIX >XypHarax CYMTaeTCHd HEe3TUYHbIM
noBedeHneM 1 SBMSeTCA HeJonyCTUMON.

ABTOpbl paboT 06sa3aHbl ykasaTb B CBOMX paboTax BCe MaTepuarnbl, KOTOPbIMW OHU
BOCMOMb30BaNMChb NPV UCCreAoBaHMN, B TOM Yucne Bce nybnuvkaumm, KOTopble NOBAUSINU
Ha pe3ynbTaTbl X UCCReAoBaHNN.

ABTOPCTBO JOMKHO OblTb OFPaHNYEHO TOMBKO TEMW NUL@MW, KOTOPbIE B 3HAYUTENBHON
CTeneHn y4acTBoBanu B NpoLiecce 1ccnenoBaHns 1 nonyvyeHns pesynstatoB paboTsl. MimeHa,
oT4yecTBa, hamunum BCEX WL, YYacTBYHOLMX B 3HAYMTENBHOW CTeneHn B npouecce
MCCreaoBaHNa M MOMyyYeHnss pesynbTaTtoB paboTbl, AOMKHbI ObiTb yka3aHbl B pabote B
Ka4ecTBe COaBTOPOB, M MX Heobxoammo nobrnarogapuTb 3a CoOOeNCTBUE.

ABTOop gomkeH obecneunTb ycrosus, 4TOBbl MMeHa, oTyecTBa, hamunum BCex
COaBTOPOB, AENCTBUTENBHO YYacTBYIOLWMX B NPOLIECCE UCCMEeAoBaHNA U COAENCTBYHOLLMX
nonyyeHwio pesynbTaTtoB, ObiNM ykasaHbl B paboTe. Tawke, 06s3aHHOCTbIO aBTOpa
ABNSieTCS NpefoCcTaBrieHe OKoHYaTeNbHON Bepcun paboTbl coaBTOpaM Ha corfiacoBaHue.

B cnyyae nosBneHus B npouecce WCCreaoBaHWs HeobxoOMMOCTM KOHTakTta C
onacHbIMK BeLlecTBamu, T.e. BellecTBaMmn, obnaganowymm noTeHumManbHOM onacHoCTLIO B
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OTHOLLIEHNM YEenOoBeKa, XMUBOTHBIX U OKPY>KaloLLen cpedbl, To aBTop 06 3TOM AOMMKEH YETKO
yka3aTb B paboTe.

Kaxabin aBTop 06513aH B paboTe ykasaTb Ha BCe BMAbI NOTeHUManbHbIX UHaHCOBbIX
WM OpyrMx KOHNMKTOB WHTEpecoB, KOTOpble MOrmu Obl MOBMMSITb Ha pesynbTaTthbl
nccnefoBaHna Unn ux nHTepnpetTaumio. Bce MCTouHMKM OHAHCOBOW NOAOEPKKM AOMKHbI
ObITb yKkasaHbl B paboTe.

B cnyyae obHapyxeHus aBTopoM B paboTe CyLlecTBEeHHble OLWNBKM nnn kakme-nmbo
HETOYHOCTM, OH 00513aH 06 3TOM HesameanuTenbHO coobwnTb Pepakummn XypHana unu
n3gaTento, Takke okasaTb COAENCTBME B X UCNPABIIEHUN.

Pa3spelueHue CnopHbIX CUTyaLuit

Jioboe nuuo, nmMbo yupexageHue Bnpase B NOGON MOMEHT NPeAbABUTbL NPETEH3MNIO
penakTopy Unv peakonneruyM B CBA3W C HapyLleHWeM 3TUYECKMX CTaH4apTOB M aBTOPCKUX
npas, NOAKPENMB ee JOCTOBEPHBLIMU oKa3aTenbCTBamMu.

Mo monyyeHwn npeTeHsun, NoaKpenneHHoN AoKasaTensCTBamm, peAakUMOHHas KOMUCCHS
npoBegeT paccrnefoBaHve, B COOTBETCTBUM CO CREAyHWMMM NPUHUMNaMW:  peakonnervs
MPUHUMAET PeLLeHMe O MPOBEAEHNN NMPOBEPKM MO MOBOAY BbIABMHYTBIX Xarob 1 fokasaTensCcTs
0 HapyLLeHUN peJaKkLMOHHOW STVIKV; B NPOLIECCE PAaCCMOTPEHWSt AoKa3aTernbCTB, Bce Matepuarl
cunTaroTca  KoHmgeHumanbHbiMM M- ByayT npedocTaBneHbl TOMbKO TeM fuuaM, KoTopble
HEerMnoCcpeACTBEHHO MPUYaCcTHbI K MpoLeccy MpOBEpKUW; NOAO3PEBaeMbIM MMLaM B HapyLLEHUN
aTnyecknx Hopm OydeT mpegocTaBrieHa BO3MOXHOCTb OTBETUTb Ha BbIABMHYTOE MPOTUB HUX
00OBUHEHWE; B Crydae BbISBNEHUS HapyLUEHWs, XapakTepuayeTcsl ero CTeneHb, Kak rpyboro unm
Herpyboro HapyLLEeHWS 3TUHECKUX HOPM.

B cnydyae Herpyboro HapylieHusl, pegakums Hanpsimyto, 6e3 cogencTBusi TpeTbux
nvu, obpawaetca K HapywwuTenioo, crnegylowym obpasoM: nyTtem  yBeAOMIEeHWs
aBTOpa/peLieH3eHTa O HanMuumM Herpyboro HapyLueHusi, Mpou3oLLedLlero BCeAcTBue
HeJoMNOHMMaHWs, MO0 HEeCOOTBETCTBEHHOMO MPUMEHEHWS akageMUYecKuX CTaHAapTosB;
nyTem npegynpexaeHns aBTopa/peLieH3eHTa, 4oNyCTUBLLEro Herpyboe HapyLueHue.

B cnyyae rpyboro HapyLleHVUs 3TUYeCKMX HOPM, pefakuusi NPUHUMaeT pelueHne o
AanbHenwunx Mepax. Pegakuusi Bnpase npeanpuHSaTb cnegytowme Mepbl (O4HOBPEMEHHO,
noovyepeaHo Unn B OTAEMNbHOCTM): obHapodoBaHWe coobLleHns, B KOTOPOM OMUChIBAeTCH
Ccrnyyaln HapyLleHus 3TUYECKUX CTaHOApToB; oduumanbHOe yBeAOMMEeHe pykoBoguTenen
unn paboTtogarenen aBTopa/peLeH3eHTa; CHATe onybrnMkoBaHHON cTaTtbu ¢ nybnukaumm,
B COOTBETCTBUW C NMPEANUCaHNSMU; aBTOPbI-HAPYLUMTENW onpeaeneHHbI Nepuos BpeMeHu
He OyagyT ponyckateCs K nybnukaumm B KypHame; YyBedOMIeHWe peneBaHTHbIX
npodeccroHanbHbIX OpraHM3aumin 1 COOTBETCTBYIOLLUMX YUYPEXAEHWU O criyyae, B LEensix
NpuBMeYeHNs HapyLUMTENs K OTBETCTBEHHOCTU.

Mpy paspelueHun CNOPHBLIX CUTyaLMA peaakums XypHana cobnogaeT npegnmcaHus
1 unHCTpykumn PykosBoactBa KomuteTta no atuke HayyHbix nybnukaumn (Committee on
Publication Ethics — COPE): http://publicationethics.org/resources/.

OTKa3 OT OTBETCTBEHHOCTU

BbiHeceHHble no3vuum B OnybrnvMKoBaHHbIX paboTax He obsi3aTenbHO OTpaxaroT
TOYKY 3pEHUst peaKonnerun XypHana. ABTOpbl HECYT MOSHYHO OPUONYECKYIO Y MOParibHYO
OTBETCTBEHHOCTL 3a MNpeACTaBliEHHblE B CBOMX paboTax waewn. Pepakuusi He Hecet
HUKaAKOM OTBETCTBEHHOCTU B Crlydyae BO3HMKHOBEHUs TpeboBaHUA MO BO3MELLEHUIO
MaTepmnanbHOro U1 MoparbsHOro Bpeaa.
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reviewers are anonymous to each other in the process of review.

The editor and any editorial staff must not disclose any information about a submitted
manuscript to anyone other than the corresponding author, reviewers, potential reviewers,
other editorial advisers, and the publisher, as appropriate.

Unpublished materials disclosed in a submitted manuscript must not be used in an
editor's own research without the express written consent of the author.
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The Editorial Office has pledged to remove an already published article in case of the
following, subsequently discovered facts regarding the article in question:

— plagiarism,

— self-plagiarism,

— article already published in some other journal or publication,

— inaccurate data on authorship (fake claim of authorship, listing authors who did not
participate in the article's creation or omitting authors who did participate),

— conflict of interests,

— fraudulent use of data or fabrication of results,

— unauthorised technical interventions on figures,

— substantial technical error such as omitting parts of the text or an error in
reproducing illustrations.

Standards for dealing with retractions have been developed by a number of library
and scholarly bodies, and this practice has been adopted for article retraction by our journal:
in the electronic version of the retraction note, a link is made to the original article. In the
electronic version of the original article, a link is made to the retraction note where it is
clearly stated that the article has been retracted. The original article is retained unchanged,
save for a watermark on the PDF indicating on each page that it is “RETRACTED”.

Retractions and corrections are published according to the requirements set up by
CEON/CEES (http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) as the
publisher of national citation index, where metadata of retractions and retracted papers
have to be marked by appropriate warnings and cross-links.

Duties of reviewers

Reviewers are required to provide written, competent and unbiased feedback in a
timely manner on the scholarly merits and the scientific value of the manuscript.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

A peer reviewer assists the editor in making editorial decisions and through the
editorial communications with the author may also assist the author in improving the paper.

Any selected referee who feels unqualified to review the research reported in a
manuscript or knows that its prompt review will be impossible should notify the editor and
excuse himself from the review process.

Any manuscripts received for review must be treated as confidential documents. They
must not be shown to or discussed with others except as authorized by the editor.

Reviews should be conducted objectively. Personal criticism of the author is
inappropriate. Referees should express their views clearly with supporting arguments.

Reviewers should identify relevant published work that has not been cited by the
authors. Any statement that an observation, derivation, or argument had been previously
reported should be accompanied by the relevant citation. A reviewer should also call to the
editor's attention any substantial similarity or overlap between the manuscript under
consideration and any other published paper of which they have personal knowledge.

Unpublished materials disclosed in a submitted manuscript must not be used in a
reviewer's own research without the express written consent of the author. Privileged
information or ideas obtained through peer review must be kept confidential and not used
for personal advantage. Reviewers should not consider manuscripts in which they have
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conflicts of interest resulting from competitive, collaborative, or other relationships or
connections with any of the authors, companies, or institutions connected to the papers.

Duties of authors

Authors warrant that their manuscript is their original work, that it has not been
published before and is not under consideration for publication elsewhere. Parallel
submission of the same paper to another journal constitutes a misconduct and eliminates
the manuscript from consideration by the journal.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

Authors of reports of original research should present an accurate account of the work
performed as well as an objective discussion of its significance. Underlying data should be
represented accurately in the paper. A paper should contain sufficient detail and references
to permit others to replicate the work. Fraudulent or knowingly inaccurate statements
constitute unethical behavior and are unacceptable.

Authors may be asked to provide the raw data in connection with a paper for editorial
review, and should be prepared to provide public access to such data if practicable, and
should in any event be prepared to retain such data for a reasonable time after publication.

The authors should ensure that they have written entirely original works, and if the
authors have used the work and/or words of others, that this has been appropriately cited or
quoted.

An author should not in general publish manuscripts describing essentially the same
research in more than one journal or primary publication. Submitting the same manuscript
to more than one journal concurrently constitutes unethical publishing behavior and is
unacceptable.

Proper acknowledgment of the work of others must always be given. Authors should
cite publications that have been influential in determining the nature of the reported work.

Authorship should be limited to those who have made a significant contribution to the
conception, design, execution, or interpretation of the reported study. All those who have
made significant contributions should be listed as co-authors. Where there are others who
have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no
inappropriate co-authors are included on the paper, and that all co-authors have seen and
approved the final version of the paper and have agreed to its submission for publication.

If the work involves chemicals, procedures or equipment that have any unusual
hazards inherent in their use, the author must clearly identify these in the manuscript.

All authors should disclose in their manuscript any financial or other substantive
conflict of interest that might be construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project should be disclosed.

When an author discovers a significant error or inaccuracy in his/her own published
work, it is the author's obligation to promptly notify the journal editor or publisher
and cooperate with the editor to retract or correct the paper.
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Procedures for dealing with unethical behaviour

Anyone may inform the editors and/or Editorial Staff at any time of suspected
unethical behaviour or any type of misconduct by giving the necessary information/evidence
to start an investigation. The investigation shall conform to the following principles: the
Editorial Staff will initiate an investigation; during an investigation, any evidence should be
treated as strictly confidential and only made available to those strictly involved in
investigating; the accused will always be given the chance to respond to any charges made
against them; if it is judged at the end of the investigation that misconduct has occurred,
then it will be classified as either minor or serious/major. Minor misconduct will be dealt
directly with those involved without involving any other parties, e.g.: communicating to
authors/reviewers whenever a minor issue involving misunderstanding or misapplication of
academic standards has occurred, or a warning letter to an author or reviewer regarding
fairly minor misconduct. In case of major misconduct, the Editorial Staff should make
decisions regarding the course of action to be taken using the evidence available. The
possible outcomes are as follows (these can be used separately or jointly): publication of a
formal announcement or editorial describing the misconduct; informing the author's (or
reviewer's) head of department or employer of any misconduct by means of a formal letter,
the formal, announced retraction of publications from the journal in accordance with the
Retraction Policy (see below); a ban on submissions from an individual for a defined period;
referring a case to a professional organization or legal authority for further investigation and
action. When dealing with unethical behaviour, the Editorial Staff will rely on the guidelines
and recommendations provided by the Committee on Publication Ethics (COPE):
http://publicationethics.org/resources/.)

Disclaimer

The views expressed in the published works do not express the views of the Editors
and Editorial Staff. The authors take legal and moral responsibility for the ideas expressed
in the articles. Publisher shall have no liability in the event of issuance of any claims for
damages. The Publisher will not be held legally responsible should there be any claims for
compensation.
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