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Abstract:

One of the important characteristics of the Cgy molecule is the collective
response of its valence electron cloud to the electromagnetic radiation.
This collective behavior gives rise to the occurrence of the giant dipole
resonance (so called surface plasmon) in the absorption spectrum
centered around 20 eV, which has also been analyzed theoretically by
various authors. Concerning photoelectron emission, plasmonic
excitation is characterized by a particular intensity behavior near the
threshold. We present here a new series of the K-shell photoelectron
spectra with particular emphasis on the qualitative analysis of all
ionization with excitation and double ionization processes. Our
measurements of the Cg plasmon excitation follow the so-called
Thomas-Derrah law and are in good agreement with the corresponding
behavior of satellite excitations in atoms such as neon.

Key words: molecular physics, photoelectron spectroscopy, plasmon excitation.
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Introduction

Since the discovery of Cgop molecule (Kroto et al, 1985, pp.162-163),
(Kratschmer et al, 1990, pp.354-358) many studies have been performed
to investigate its fundamental properties. These properties are mainly
driven by its unique molecular structure like a spherical shell (Electronic
Properties of Fullerenes, 1993), (Korica et al, 2005, pp.132031-132035).
Ceo is known to have a plasmon excitation where 240 valence electrons
contribute to a delocalized electron cloud that can oscillate relative to the
carbon ion core forming the Cgo molecular cage. This oscillation produces
a giant resonance in the Cgy photoabsorption (Hertel et al, 1992, pp.784-
787) and electron-energy-loss spectra (Leiro et al, 2003, pp.205-213) at
the excitation energy of about 20eV. It has also been observed in the
photofragmentation experiments as an enhanced relative fragmentation
of Cgo" ion at the same photon energy (Karvonen et al, 1997, pp.3466-
3472). It has been interpreted by different theoretical models as a dipole
collective giant resonance (Amusia & Connerade, 2000, pp.41-70),
(Bertsch et al, 1991, pp.2690-2693), (Ekardt, 1984, pp.1925-1928), due
to autoionization, which arises from collecting the strength of the
individual one-electron transitions into a single collective excitation.

Experimental set-up

The measurements were performed at the HASYLAB undulator
beam line BW3 in Hamburg using monochromatized synchrotron
radiation whose wavelength can be scanned with a resolution set to an
appropriate value. The photon beam crosses an effusive beam of Cg
molecules, provided by an oven heated to 500 °C. Outgoing electrons
are detected in time-of-flight (TOF) electron spectrometers at two
different angles with respect to the electric vector of the ionizing radiation
(Fig. 1). Appropriate voltages can be applied to the TOF-analysers to
keep a constant resolution of the electron spectra for different photon
energies.
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Figure 1 — The experimental set-up
Puc. 1 - 3kcnepumeHmarnbHas annapamypa
Cnuka 1 — EkciepumenmarHa anapamypa

Results and Discussion

Plasmon excitation in Cgg molecule

Figure 2 shows an example of the K-shell photoelectron spectrum of
Ceo, recorded at 390 eV photon energy, covering the whole range of
kinetic energies down to zero kinetic energy. The spectrum is converted
to the binding energy and the background has been subtracted.

The spectrum consists, besides the single narrow C(1s) main line
(Lichtenberger et al, 1991, pp.203-208), of a variety of satellite lines and
higher lying plasmon excitation (Weaver et al, 1991, pp.1741-1744),
(Benning et al, 1992, pp.6899-6913), (Terminello et al, 1991, pp.491-
496). The low binding energy side of the C1s (from 1.9 eV to 9.3 eV) is
characterized by different dipole and monopole shake-up satellites,
except the one at the 6.0 eV which relates to the 1 plasmon. The energy
region between 10 eV and 20 eV does not have discrete dipole
transitions for free molecules and collective resonances are the
dominating effects here (plasmon like excitations). The broad peak at the
high binding energy side is also caused by several plasmon excitations.

Such plasmons are supposed to originate from a collective motion of
o- and/or Tr-electrons in the electric hull of the Cg, molecules following
the ionization of a K-shell electron.
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Figure 2 — A recorded spectrum of the 54.7°- analyser for a photon energy of 390eV
Puc. 2 — AHanusamop criekmpa Ha 54.7°0ns sHepeuu ¢pomoHa 390eV
Cnuka 2 — Cnekmap aHanu3amopa Ha 54,7° 3a eHepaujy ¢pomoHa 00 390 eV
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We have also studied the dynamical behaviour of plasmon excitation
by recording the photoelectron spectra as a photon energy function. This
is illustrated in Figure 3 for several different photon energies.

/11| |TOF2 (180°)
1.0 '
w { .
=
c 08
=3
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L
204 |
2 _ |l |
D 02- —— i 340
g —— 5, N
c
0 — e T S 90 o
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Figure 3 — Spectra as a function of the binding energy of the 180°-analyser for different
photon energies
Puc. 3 — Cnekmp 8 ¢hyHKUYUU ces3HOU 3Hepauu aHanu3amopa Ha 180° dnsi pa3nuyHbIX
yposHel saHepauu ¢hpomoHa
Cniuka 3 — Criekmap y (pyHKUuUju 00 eHepauje se3e 3a aHanusdamop Ha 180° 3a
pasnu4dume eHepauje pomoHa
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Our results are in good agreement with the model of T. D. Thomas
(Thomas, 1984, pp.417-420), a time-dependent model which describes
the transition between adiabatic and sudden behaviour. It takes into
account the interaction between the outgoing electron and the remaining
electrons which leads to shake-up satellite electrons because the
photoejected electron may emerge with less energy than in the adiabatic
picture. In addition, multiple electron ejection is possible, in which case a
continuous shake-off spectrum is observed since the discrete energy can
be arbitrarily divided between the emitted electrons. In the frame of this
model, the intensity ratio of the “shake-up” process and the C(1s) line is
given by the expression:

pn=u, exp{—(r[fﬂﬁ[e V]j2 /(15.32E, [e V])}, (1)

where:

u — intensity ratio of the “shake-up” process and the C(1s) main line,
U — asymptotic value of y (taken from Leiro et al, 2003, pp.205-213),
r — the distance until the electrons are separated from the molecule,
r=0.44, note: r << r(Csp),

AE — the excitation energy of the “shake-up” process,

E,. — the kinetic energy of the outgoing electrons.

Figure 4 shows a comparison of the experimental results with the
results of the model of T. D. Thomas (Thomas, 1984, pp.417-420). With
increasing energy, the plasmon intensity reaches its sudden limit faster
than expected pointing to the localized excitation processes rather than
to a delocalized relaxation in response to core-hole creation. The sudden
limit intensity is as large as 30% of the total K-shell ionization events. Our
measurements are in good agreement with the corresponding behavior
of the satellite excitations in atoms such as He, Ne and Ar (Holland et al,
1979, pp.2465-2484) where electron correlation effects are supposed to
enhance various cross sections.
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Figure 4 — Experimental and calculated values of the ratio of the intensity of all plasmon
peaks and the intensity of the C(1s) main line as a function of excitation energy.
Puc. 4 — OkcriepumeHmarbHbIe U pacyemHble 3Ha4yeHUs1 OMHOWEHUU UHMEeHCUSHOCMU
8cex Ma3MOHHbIX MUKOo8 U UHmeHcusHocmu C(1s) enaeHol TUHUU 8 (byHKUUU SHEpauU
8036)KOEHUS.

Cnuka 4 — EkcnepumeHmarHa u uspadyHama epedHocm 00HOoca UHmMeH3umema ceux
rukosa rnnasmMoHa u uHmeHaumema C(1s) anasHe nuHuje y hyHKUUju eHepauje
ekcyumauuje

Double Auger decay of the excited C60

The strength of the shake-off processes contributes also significantly
to total K-shell ionization rate. The relative fraction of this shake-off rate
has been, however, unknown so far, although the complete
photoelectron spectra exhibit a large fraction of continuously distributed
photoelectron intensity which could either result from shake-off
photoelectron emission or double Auger decay (Fig.5). The quality of the
former K-shell photoelectron measurements was insufficient to
disentangle these two contributions experimentally (Aksela et al, 1995,
pp.2112-2115), (LeBrun et al, 1994, pp.3965-3968), (Brihwiler et al,
1993, pp.3721-3724), (Krummacher et al, 1993, pp.8424-8429).

The contribution of different excitation events can by separated with
the ansatz (Fig.5):

Total Auger = Augeringict Augergoupie
= C(1s) + Satellites + Plasmons + esnakeof
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Figure 5 — Photoelectron spectrum recorded with a photon energy of 390eV. Different
types of contributions are marked with colours. The intensity of the single and double
Auger process can be deduced from the coloured areas.

Puc. 5 — ®omoanekmpoHHbIl criekmp, 3anucaHHbilt 0nsi aHepauu ¢pomoHa 390eV.
PasnuyHblie 8udbl 8nusiHUSI 0603HaqYeHbl pasHbIMU ygemamu. UimeHcusHocmb Oxe-
rpoyeccos MoxHo ornpedenums Mo 0603HaYeHHbIM Yacmsim.

Criuka 5 — ®omoenekmpoHCKU crieKmap CHUMII/bEH 3a eHepaujy chomoHa 390eV.
Pasnu4ume spcme dornpuHoca o3HayeHe cy pasnudumum bojama. IHmeH3umemu
Oxeosux npouyeca mozy ce odpedumu u3 obojeHuUx obracmu.

Performing a spectral analysis, which takes all primary and
secondary ionization events into account, yields a double Auger rate as
high as 60% of the total Auger yield. This is an extremely high value,
raising the question of its origin. Assuming that the main line and the
related shake-off emission result predominantly in single Auger decay,
the K-shell photoionization associated with satellite and plasmon
excitations remain the only plausible source for such a high double Auger
rate.

The only reason for this highly unusual behaviour may be the fact
that satellite and plasmon excitations both populate LUMO states which
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are strongly delocalized and may be completely in the continuum for the
double charged Ceo2" ion resulting from the K-shell ionization and the
subsequent core-hole refilling process (Maxwell et al, 1994, pp.10717-
10725), (Wastberg et al, 1994, pp.13031-13034). The excited electron
cannot survive in this unstable situation and will consequently leave the
Ceo ion along with the Auger electron in a form of an Auger shake-off
transition. These arguments, however, have to be validated by more
sophisticated calculations.

Conclusion

We have studied the Cg, molecule photoionization above the C(1s)
threshold, in the photon energy range hv=(330-390)eV. A careful
analysis of the spectra yielded two surprising and unexpected results:

(i) With energy increase, the plasmon intensity reaches its
sudden limit faster than expected pointing to localized
excitation processes rather than to a delocalized relaxation in
response to core-hole creation. The sudden limit intensity is
as large as 30% of the total K-shell ionization events.

(i) Performing a spectral analysis taking all primary and
secondary ionization events into account yields a double
Auger rate as high as 60% of the total Auger yield.

The double Auger processes are probably linked to the plasmon
excitation in the Cgg molecules.
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r. bepnuH, ®epepaTtnBHasa Pecnybnuka MepmaHus
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r. bepnuH, ®epgepaTtnBHas Pecnybnuka MepmaHus
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492



OBJIACTb: monekynsapHasa unsnka, CUHXPOTPOHHOE M3NyYeHue,
POoTOINEKTPOHHAsA CneKkTpockonus, dynnepeHsbl,
AVnonbHbIA pesoHaHc, Oxe-pacnag, nNnasmoH,
KONneKTuBHble konebaHus, nokannsosaHHoe Bo3byxaeHue,
JAernokann3oBaHHas penakcaums

BWO CTATbW: opuruHansHas Hay4Has ctaTbs

A3bIK CTATbW: aHrnunckun

Pe3some:

OOdHOU u3 cambix 3Ha4umeribHbIX ceolicme morsnekyrbl Cgy s87159emcs
KOJIIeKmueHasi ~ peakyusl ee  8alleHMHbIX  3JIEKIMPOHO8  Ha
arleKmpomMazHUMHbIe U3rydYeHusi. Beriedcmeue KormekmueHol peakuuu
8 CrieKmpe roanaweHUsi 803HUKaem O2POMHbIL OuUNOsbHbILU PE30HAHC
(mak Ha3bigaeMbil Mo8epXHOCMHbIU 1asMoH), npubnusumernsHo Ha 20
eV, Komopbili 6bi1  HEOOHOKpamHO rnpedcmasneH  pasiudyHbIMU
asmopamu 8 UX meopemuyeckux uccriedosaHusix. B criyyae
¢homoanekKmpoHHoU amuccuu, Habrrodaromcs xapakmepHoe rosedeHue
nrnasmMoHo8 rpu e0306yx0eHuUU Ha ropoze UoHuU3auuu. B pabome
npedcmaernieHa Hogasi cepusi (hOMO3NIEeKMPOHHbIX criekmpos K-
obosioyku, a makke MoOpPobHbIU KeanumamueHbIll aHanu3 6cex
UOHU3ayul ¢ 8036yx0eHusiMu 8 rpouyecce 080UHOU UOHU3auyuu. Ha
OCHOBaHUU POBEOEHHO20 aHanu3a U U3MEPeHUl  rniasmMoHHO20
8036yx0eHusi Cgy NpU MPUMEHEHUU mMakK HasbleaeMoeo 3aKkoHa Tomac-
Leppaxa MOXHO ymeepxdamb, YMO OHU rOSIHOCMbIO coenadarm ¢
coomeemcmeyrowuM  MoeedeHUeM  camesiumH{o2o  8036yK0eHUs
amomMo8 8 HEOHaXx.

Knouesble criosa: MOJIeKyrs[apHas d)u3u1<a, d)OmOS.I'IeKmpOHHaFI
Cr1eKmpOCKOIuA, 6036y)KOeHue r1a3MOHO8.

JAKO NMOJAYAHE ABOCTPYKOIr OXKEOBOI" PACIMAOA KOJA
MPATU MITASMOHCKY EKCUUTALNJY Y Cgg

Carba I'b. Kopuua®, Akcen PajHkocTep®| Vee Bekep®]

@ YuneepanteT YHnoH — Hukona Tecna, ®akynTeT 3a eKonorujy u
3alUTUTY XNBOTHE cpeauHe, beorpag, Penybnuka Cpbuja +
WHcTnTyT ©pun Xabep, Oacek 3a MonekynapHy uanky,
BepnuH, CaBe3Ha Penybnuka Hemauka

o UHcTtutyT ©puny Xabep, Oacek 3a monekynapHy usuky,
BepnuH, CaBe3Ha Penybnuka Hemauka

® MHcTuTyT Opun Xabep, Oacek 3a MonekynapHy dusmky,
BepnuvH, CaBe3Ha Penybnunka Hemauka

OBJ1ACT: cuanka monekyrna, CUHXPOTPOHCKO 3payere, POTOENEKTPOHCKa
cnekTpockonuja, cynepexu, ounonHa pesoHaHua, OxeoB pacnag,
Mna3moH, konekT1BHa ocuunauuja, Nokanu3oBaHa ekcuuTauuja,
[enokanu3oBaHa penakcauuja

BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak

JE3UK YJIAHKA: eHrnecku
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Caxemak:

JedHa 00 3HauajHux kapakmepucmuka Cgy MOSIEKY/a je KOofeKmueHU
002080p H-€208UX BANlEHMHUX €/IEKMPOHa Ha eIeKmMpPoMasHeMmHO
3paverbe. 080 KOJIEKMUBHO roHaware 0o800u 00 rojage 02POMHE
ourioniHe pe3oHaHue (m38. MOSPUWIUHCKU [171a3MOH) Y arcopriyuoHOM
criekmpy Ha oko 20 eV, Koju cy pasnu4yumu aymopu U MeOopujcKu
aHanusupanu. KalGa je y numary @¢bOmMOeNIeKMpPoHCKa emucuja,
M1a3MOHCKY eKcyumauujy kapakmepuuwe rnocebHo rnoHaware Ha rpasy
JoHusayuje. [lpukasaHa je Hoga cepuja homoenIeKMpPOHCKUX criekmapa
K-rbycke ca mexuwmem Ha KeanumamueHOj aHarnusu ceux joHusauuja
ca ekcyumauyujama u npouyecuma d0socmpyke JoHu3layuje. Mepera
nnasmoHcke ekcuumauuje Cgo npame ma3e. Tomac-Lupaxoe 3aKkoH u y
8esiUKoj cy caznacHocmu ca o0zoeapajyhum noHawaH-emM camesumcKux
eKkcyumauuja y amomuma Kao wmo je HEOH.
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Abstract:

A description of a pistol (rifle) cartridge often involves two ballistic
coefficients that characterize its ballistic qualities with respect to various air
resistance laws (ARLs). How close are the obtained ballistic trajectories
with varied ARL specifications and what are the differences between
them? How to evaluate ballistics if the ARLs are to be expressed in
various mathematical forms? In this paper, the evaluation of external
ballistics trajectories is given for two ARLs (the law brought in 1943 and
the Siacci law). All the obtained results relate to the TT pistol with
7.62 x 26mm Tokarev cartridge.The paper also presents the answer to
the question: how to calculate the ballistic trajectory if the ARL is
expressed as a rational function, piecewise function or spline. For the
1943 ARL, a graphical interpretation of the function Cd (i, v) in the form of
a surface is shown. This paper shows that, due to the selection of ballistic
coefficients, it is possible to obtain sufficiently similar form of ballistic
trajectories. A method of graphical comparison of external ballistic
parameters is presented as well as the mathematical tools for quantitative
analysis of a shape of ballistic curves.The difference between the two
trajectories is proposed to be estimated using a relative error in regard to a
selected ballistic parameter. Computer simulation considered for the 1943
and Siacci ARLs for the 7.62x25mm Tokarev cartridge indicates that the
profiles of the function of instantaneous projectile velocity vs time of flight
(TOF) had the greatest non-coincidence in relation to other ballistic
parameters (e.g. horizontal range, height of the trajectory, etc.) The
obtained maximum of the relative error was 0.8%. Its magnitude localizes
at the point of impact.

Key words: computer simulation, external ballistics, TT pistol, air
resistance law, drag function, the 1943 year law, bullet trajectory,
spline, Mathcad.
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There are no dangerous weapons;
there are only dangerous men.
Robert A. Heinlein

Introduction

For one projectil type (bullet) that has equal initial conditions (xy, yy,
6o, vp), but its motion is characterized by two different ARLs, it is possible
to calculate so-called «twins-trajectories». These are two trajectories
with a practically identical form, but due to differences in ARLs
descriptions, they have different values of the ballistic coefficients C.
Errors related to inequality of such trajectories are usually not reported
and it's completely unclear which of the external ballistic parameters x, y,
0, v for each of «twins-trajectories» has the greatest inconsistency.

In Europe and in the countries of North and South America, external
ballistics of small arms projectiles is generally based on the use of well-
known G1/G7 air drag models; however, ARLs like the 1943 year law
and the Siacci law are often used in the Commonwealth of Independent
States or in countries - former members of the Warsaw Pact (or in
countries that had in the past a military-technical cooperation with that
defense treaty). One of the objectives of this article is to show how to
carry out a ballistic simulation by using the 1943 and Siacci ARLs with
various forms of their mathematical expressions. The second task is to
present equality or inequality of the ballistic curves obtained as a result of
the estimation process. For reducing the computer simulation
(calculation) time, we will use the Mathcad 15 computer algebra system.

From the point of view of external ballistics, it is interesting to
estimate the ballistics of one of well-known pistols, for instance, of the
7.62mm Tokarev-TT' pistol using two previously mentioned ARLs. It is
known that pistols based on the TT construction were produced in many
countries and the 7.62x25 cartridge is widespread.

In the scientific article (Bogdanovich, 2012, p.42) one can find
«...one of the best pistols based on the 7.62mm TT design was certainly
the M57. This gun was constructed in Yugoslavia, at the «Zastava» plant
and produced by Serbian «Zastava Arms» for export to various
countries, including Europe and America». The arms plant «Crvena
Zastava» (Kragujevac) began to produce the pistol-predecessor of the
M57, namely the M54, in 1954 and at the same time the ammunition
factory «Prvi Partizan» (UZice) launched a serial production of the

' 7.62mm Tokarev self-loading pistol model TT 1930 (TT-30) / TT 1933 (TT-33). The
abbreviation «TT» means Tula-Tokarev.
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7.62x25mm Tokarev cartridges. In addition, it should be said that the TT
pistol and its upgrades were manufactured in PRC (Type 51 & Type 54),
in Hungary (M48, Tokagypt 58 with cartridge 9x19mm Para), in Romania
(TTC), in DPR Korea (Type 68) and in other countries.

Ballistic and technical data. Table 1 shows the necessary
technical specifications of TT-33, M54, and M57 pistols, important for
evaluating their ballistics.

Table 1 — Technical specifications of TT-33, M54, and M57 pistols
Tabnuua 1 — TexHu4Yeckue xapakmepucmuku riucmosnemos TT-33, M54, M57

Tabena 1 — TexHuuyke kapakmepucmuke nuwmosba TT-33, M54 u M57

s , Model of pistols
Neo/Ne Specifications Units TT-33, M54 V57
1 Chambering mm 7.62x25TT 7.62x25TT
2 Fire modes - Semi-Auto, Semi-Auto,
Single Action Single Action
3 Bullet weight g 5.49-5.52 5.49-5.52
4 Bullet length mm 14? -
5 Bore length mm 116 116
6 Rifling length mm 100 -
7 Number of grooves - 4 RH 4 RH
8 Number of lands - 4 4
mm per turn | 240 240
9 Twist rate inch perturn | 9.45 9.45
clb’ perturn | 31.496 31.496
I 541'45" 541'45"
10 Initial velocity mps 420 440
11 Bullet muzzle energy Joule 485.54 532.88
12 Bullet spin rate rps 1750 1750-1896
13 Effective firing range m 50 50
14 Bullet flight range m 800-1000 1640
15 Sight radius mm 156 158
16 Max mean pressure kg/lcm? 2234 -
17 Practical rate of fire rpm 30 -
18 Precision (range: 50 m) | m 0.25 -

Sources: (Bogdanovich, 2012, p.49) and author's estimations

% for ordinary bullet P-type (cyrillic: nyns «I» - npoctas)

clb — bullet caliber
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Based on (http://popgun.ru,nd), the curves of pressure and bullet
velocity vs rifling length (time) for the 7.62mm bullet of the TT-33 pistol in
a logarithmic scale were built (Figure 1). The main advantage of the
logarithmic scale is that it allows «to stretch the graph» in the direction to
the origin (to the point «0 mm» by using the argument bore length and to
the point «0 seconds» by using the argument time). The fragment a of
Figure 1 shows the change of the projectile velocity in the barrel; the
fragment b indicates the internal ballistic curve of the mean pressure in
the barrel.

Vel , mps Pr, kg,l'l:mz
. 2] B
400 I »ac? T
300 ; .

L~ 15107
200 /
00 L 1x10°
[~ I,mm 50 |, mm
C] 10 100 1 10 100

Figure 1 — Internal ballistic curves of the TT pistol (argument - bore length)
Puc. 1 — BHympubannucmu4deckue Kpusebie nucmosnema TT (apaymeHm — OnuHa
cmeorna nucmorsema)
Cnuka 1 — YHympawre 6anucmuuke kpuse nuwmorsba TT (apaymeHm — dyxuHa uesu)
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Figure 2 — Internal ballistic curves of the TT pistol (argument time): a — the projectile
velocity in the barrel; b — internal ballistic curve of the mean pressure in the barrel.
Puc. 2 — BHympubannucmu4deckue kpusbie nucmonema TT (apaymeHm — 8pemsi):
a — ckopocmb cHapsila 8 cmeorie; b — sHympubannucmuyeckasi Kpusasi cpedHe20

OaeneHusi 8 cmeorie.
Cnuka 2 — YHympawre banucmuyke kpuse numosba TT (ap2ymeHm — epeme):

a) 6p3uHa npojekmuna yHymap yesu, 6) yHympauwra banucmuyka Kpuea cpedH-e

8pedHOCmuU npumucka yHymap uesu.

498




The dependences of the bullet velocity and the mean pressure as a
function of time are also obtained (Figure 2). The graphs show that the
bullet initial velocity is 420 mps, and the mean pressure maximum is
2234 kg/cm?. The duration of the intraballistic cycle for the TT-33 pistol is
approximately 2.5 milliseconds.

The mathematical model. Longitudinal motion of a pistol bullet in the
Earth's atmosphere can be described by the system of ODEs with an
independent argument TOF (f) (Regodi¢, 2006). This type of mathematical
expression belongs to the Point-mass Trajectory Model type:

dv . pv°
—=- 0)-—AC
di gSIn( ) om d

do _ gcos(6)
dt v

1
x_, cos(@) "
dt
% =vsin()

where v — the instantaneous bullet velocity, m/s; ¢t — the time of flight, s;
g — the acceleration of gravity at the point of departure, m/s2; 6§ — the
angle of the velocity vector relative to the base of a trajectory, radian;
p — the air density, kg/m3; m — the mass of projectile, kg; A — the cross
section of the projectile, m2; C; — a drag function, dimensionless; x — the
abscissa (horizontal range) of the trajectory, m; y — the ordinate of the
trajectory, m.

The density of the air p as a function of the projectile flying altitude y:

p=po-H(y),
where py is the density of the air at the ground-level; H(y) is the function

which indicates a relative variation of the air density with respect to the
altitude y.

Using the standard ARLs Cy; and the coefficient i, it is possible to
transform the first ODE of system (1):

dv . sz .
= A
’ gsin(9) iC,,

m
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where i — coefficient taking into account a shape of (launched) bullet (so-
called form coefficient“), dimensionless; C;; — the standard air drag
function, dimensionless.

Coefficients i and ARL models. According to collected sources,
the i coefficients for the 7.62mm pistol bullet and 9mm bullets are shown
in Table 2.

Table 2 — Values of the coefficient i for pistol bullets
Tabnuuya 2 — 3HayeHue KoaghchuyueHma i 019 MUCMonemHbIX nysb
Tabena 2 — BpeGHocmu KoeghuyujeHma i 3a 3pHa nuwmosrba

T f cartrid d Initial Bullet ARL
bzﬁ:to cariridge an velocity | weight, 1943 Siacci Source
Vo, MPS g 1accl
(Kirillov,
7.62x25mm Tokarev 420 5.505 1.35 0.75 1963, p.68)
9x18mm Makarov® 315 6.1 - 0.98 (Vodorezov,
' ' 2017, p.166)
ox19mm Luger (FMJ) | 376 |74 | 1526 | 0.77 (https://
forum.guns.ru, nd)
(https://
9x19mm Luger (HP) | 308 9.4 1509 | 0.755
forum.guns.ru, nd)

A comparison of the values of the coefficients i for 7.62x25mm
Tokarev indicates that its value for the ARL of Siacci is 1.8 times lower
than i for the ARL of the 1943 year.

The 1943 law drag model is often used to describe ballistics of pistol
bullets, for example, for 9mm Para cartridge (Jankovych, 2012, p.29) or
for 9mm Luger (https://guns.ru, nd).

The coefficient i can be calculated by the following formula
(Faraponov et al, 2017, p.35)

m

i=———_C
10004

* In the book of Semikolenov, Bondarenko & Krasner «Principles of small unit weapons
firing» (Semikolenov et al, 1971) on the p.67 i is named as "the coefficient for the
Erojectile shape".

The files for software Exterior Ballistics 2.5 (http://ballistics.eu/index.html, nd) contain data
for the cartridge 9x18 Makarov with FMJ bullet (6.22 g.) and V;,=346 mps: BC=0.1; drag
model G1.

500




where i — the form coefficient, dimensionless; m — the mass of the
projectile/bullet, kg; d — the caliber of the projectile/bullet, m; C — the
ballistic coefficient of the projectile, m?/kg.

«Although the coefficient i is usually regarded as a constant value,
as it can be seen from the expression

<[22

it, strictly speaking, depends on the instantaneous projectile velocity.

Therefore, using a projectile (bullet) of the same shape in different
ranges of velocity, we can get some discrepancies in the numerical
values of the coefficient i. For the same reason, the value of the
coefficient i for the same projectile and for the same initial velocity
depends on the angle of departure (AOD). This is explained by the fact
that changing of AOD gives a change in the velocity range along the
trajectory» (Shapiro, 1946, p.58).

For example, the relationship between the 1943 year ARL and the
Siacci ARL in the range of up to 5 M is shown in Figure 3 (Khaikov, 2017,
p.83). The coefficient i as a function of the Mach number (M) is
complicated, i.e. it is not monotonous. The graph of the i(M) function has
two local minimums and one local maximum (see the right graphics
window). However, i(M) can be characterized by some average value,
which is equal to half of the area under the i(M) function graph.

Cq (M), i(M) i(M)
0.8 T T T T 0.63 T T T T

i(M)
/\ _ 0.6

0.35

0.6

0.4

M s 1 M
0 1 P 3 ] 5 049 1 2 3 4 5

Figure 3 — Relationship between the two ARLs
Puc. 3 — OmHoweHue d8yx 3aKOHO8 cornpomusrieHusi 8030yxa
Cnuka 3 — OdHoc usmeRy dsa 3akoHa omrmopa ea3dyxa
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If i(M) and the coefficient i are considered as a constant, then the
function Cy(7,v) can be represented as a surface (Figure 4). For i=1, we

have a standard function C, (Z) which is a section of the surface
st a

(orange line). For i#1, the individual function C;, such as a purple line
(>1).

Using the value of the coefficient i, the caliber of the bullet, its mass,
it is possible to calculate the ballistic coefficient C (Germershausen,
1982, p.159)

C=1000-i-d> ¢

In this case, we obtain the function C4(C, v).
However, there is an alternative formula for calculating the ballistic

coefficient (BC) C =m - (d2 -i)_l. In order to avoid misunderstanding, it is

necessary to indicate a type of a calculation formula for ballistic
coefficient determination.

i@ C=f(i,%)
V --‘.--,.-._‘—,_-—_7-__-1_?-- ---------- \\‘

: Bl s

«Stretching» NS

" Border .

= Cq . — alaw of the 1943 year (i=1)
—Cq - adrag coefficient ( '.Cdet’ i=1)

© striking velocity (velocity of collision) e initial bullet velocity

Figure 4 — The function C4(i,v) in the form of a surface
Puc. 4 — ®yHkyus Cy(i,v) 8 hopme nosepxHocmu
Cnuka 4 — ®yHkyuja Cu(i,v) y 061uKy nospuiuHe
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So, if i(v) = const, then the surface (Figure 4) shows all possible
individual drag-functions which depend on i. When the coefficient i is

multiplied by C, (Kj , a linear transformation of the function takes place:
st a

for i >1, the graph is stretched from the abscissa axis i times; for 0< i <1
this is the compression of the graph to the x-axis by 1/i times.

Therefore, the standard function C, (XJ is the boundary between
st a
the «compression» and «stretching» zones of the Cy(i,v) surface. Since
any ballistic trajectory has the initial and striking velocity of the projectile,
due to the surfaces Cy(i,v) or Cy4(C,v) we can show the range of the
coefficient C,;that is necessary for flight path calculations.

Different forms of ARL expressions. ARLs or function can be
described as: a classical analytical function; a piecewise function and a
spline function. The spline function can be regarded as a special kind of
the piecewise function.

Analytical forms for the ARL of the 1943 year. In view of the fact that
the summit of the bullet trajectory in air for pistol external ballistics is not
a large value, the speed of sound can be considered as a constant value.
That is in the formula

M=v/a,

where v — instantaneous bullet velocity; a — local speed of sound
(constant).

The ARL of the 1943 year is a table-valued function that can be
found in (Konovalov & Nikolayev, 1979, p.191) and approximated using a

rational function:
-1
\% % %
cun (1) (5 (3))
a a a

The conducted investigation of possible approximation forms for the
ARL of the 1943 year led to the following rational function (Khaikov, 2017,
p.85) (0.1<v/a<4):

503

Khaikov, V., Computer simulation of the 7.62mm TT pistol external ballistics using two different air resistance laws, pp.495-524



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

Q=<

2
1.378212 - 7.1379605( j + 15.49868]{‘})
v a
443, (_j =

_ .
j + 99.290858(Vj
a

Q<

8.7777403 - 45.498974(

3 4 5
— 17.778376(Vj + 10.605229(‘}) - 1.7807148(Vj
a a a
" 3 4 5 "
- 17.778376(‘}) n 74.91108(") - 21.331814(‘})
a a a
6 ; 6 ()
- 1.6876336(‘}) + 1.164362(Vj - 0.2873904(‘))
a a a
" 6 7 8"
_ 3.0222138(") n 4.0786158(vj - 1.0962723(‘})
a a a
9
+ 0.025985844(Vj
a
9

+ 0.1012291(V)
a

Another form of mathematical expression for the ARL of the 1943
year is a sum of rational and exponential functions (R&EF) (Kozlitin &
Omelyanov, 2016, p.29):

3)

v b
Cd43R&EF (;j = z =+ 0 » +d0
Ol —| l+exp| b|— |+b,
a a

It should be noted that the rational function (i.e. first summand) uses
only even powers (from 0 to 12, namely 0, 2, 4,..10, 12). R&EF is

expressed by the following formula (0.1<v/a <4.0) with eighteen
empirical coefficients
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v
Cd43 (_j
R&EF a

- 9.4610(

2 4
~1.9382 + 4.2980() + 0.3207(Vj
a

v
a
v 2 v 4"
296.9213 - 853.9492(j + 985.5873(}
a a

8 10
) +8. 9342( j —0.9476(‘})
a

Q\<

—580. 8643(

(4)

8 0"
j +l78.6690(j —15.407].( j
a

0.0531

Q\<
Q<

+0.1639

The research carried out in (Khaikov, 2017, p.88) showed that the

matrixes P, Q, B

and D in formula (3) may have different coefficients. For

example, the matrices P;, Q;, B; and D; with alternative coefficients are

presented below:

P, =

10.189924313 —0.9050248435
—32.2497749054 2.8653174742
42.0499139169 —3.7411757325
—28.8388279297 |Q:=| 2.5742663163
9.989953385 —0.8961295841
~0.6976279168 0.0627439736
0.0403773785 —0.0036275618
0.06274397
B,=|16.399062 |D,=(11.416713)
57.358636
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The ARL of the 1943 year can be expressed as a piecewise function
(5) (Khaikov, 2017, p.80) consisting of 9 unequal intervals. This function
is a modification of the formula from (Konovalov& Nikolayev, 1979, p.84)
in which one more interval is added

0.157 0.1< (lj <0.73
a
o.oss(lj +0.133 0.73< (1) <0.82
a a
Vv 2 Vv \%
3.9(—j _ 6.4194(—) +2.8025831 0.82< (—) <091
a a a
1.5(1j—1.176 0.91< (Kj <1.00
a a
v vY v v
Coss,. (_j - —1.6(;] + 3.7632(;j ~1.8287616 1.00 < (;j <118| (5)
v -1
0.384sin(1.85(—j J 1.18< (Kj <1.62
a a
w7 v
0.29(—j +0.172 1.62 < (—j <3.06
a a
- o.ou{lj +0.301 3.06 < (ﬁj <353
a a
0.259 3.53< 1) <4.0
a

The «PWF» subscript denotes a piecewisefunction.

Analytical forms for ARL of Siacci. The F-curve for the Siacci law is
written (Mori, 2013, p.41)

0.0442v(v - 300)

371+ (")w (6)
200

F.(v) = 0.2002v — 48.05,/(0.1648v — 47.95)° +9.6 +
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Due to division by 4.74-107*v* we can transform the F-curve into
the Cy - type function (Shapiro, 1946, p.37)

F(v)
C, \v)= = 7
.0) 4.74-10™*y? ")
The ARL of Siacci as a table-valued function can be found in
(Konovalov & Nikolayev, 1979, p.191).

The technology of using spline functions is demonstrated in the
appendix to this articleas well as in (Khaikov, 2018).

Different forms of the mathematical notations for ARLs of the 1943
year and Siacci law are combined in Table 3.

Table 3 — Forms of the mathematical notations for the ARLs of the 1943 year and Siacci
law
Tabnuya 3 — ®opmbl MameMamuyecKux 0603HayeHuUl 3aKOHO8 CoNPOMuUeeHuUst
8030yxa 1943 2o0da u Cuayyu
Tabena 3 — ®opme MameMamu4Kux rojMosa 3a 3akoHe omropa easdyxa u3 1943.
200uHe u Siacci-jegoe 3aKkoHa

Analytic functions Table-valued
ARL - - . . ;
Classical analytic form Piecewise form function
1943 Formulas 2 - 4 Formula 5 *0
Siacci Formulas 6, 7 - *

Mathcad programming code. The commented Mathcad-code is
presented below. The characteristics for a pistol bullet are determined:
caliber (0.00762m = 7.62mm), weight (0.0055kg) and a value of the i
coefficient (i_43) (according to the the chosen law):

d-=0.00762 ¢:=0.0055 i 43:=1.35

®* - source corresponds (Konovalov et al, 1979, p.191).
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An angle of departure (in radians) is calculated as a set of angular
degrees, minutes and seconds:

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

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

tpeq:=0 fona-=1.1 Mpoinss:=1000

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

Yo :V(O)
L= (O)
a Ya = x(O)
Y3 :y(O)

In view of the fact that the initial velocity of the 7.62mm TT bullet is
420 m/s, the matrix-column y will look like:

420
2.051x107°
0
0

Y=
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The matrix D(t, y) has the form

2
—g-Sin(yl)—/()é(—y(’)'A-i_43-Cd(&j

D(t, y) — M (8)

Yo
Yo 'Cos(yl)

Yo 'Sin(yl)

The matrix-column D(%,y) (8) is the right-hand part of the system of
ODEs (1). It includes the following variables: the instantaneous projectile
velocity v —yy, the angle of inclination of the tangent 8 —y,, the abscissa
of the trajectory x —y,; the ordinate of the trajectory y — ys. In connection
with the fact that C; in formulas (2), (3) or other presenta long and cumber-
some expression, it is given in (8) only as a «short» notation.

If a calculation in the Mathcad system is implemented, then C; must
be replaced by the complete mathematical expression. In this formula, the
sign of v (velocity) is replaced by y,. i _43 — the form coefficient of the

1943 year law in the Mathcad program.

For example, the matrix-column D(t, y) will have the form (for C4 only

three initial terms are given; the powers of Yo are from 0 to 2). A Mathcad
a

script for D(t,y )is given below:

2
1.378212 - 7.1379605()/—0) +...
a

2
)_/)'Z(A.A.i_@
-m

- & 'Sin(yl

2
8.7777403 — 45.498974[&j + 99.290858[&j +...
a a

—g-(cos(y, )
Yo
Yo COS(y 1)

Yo 'Sin(h)
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The complete Mathcad script of C, 13 (ﬁ] and
a

Cd43kw (&j expressions is given in formulas (2) and (4). In order to use
a

the piecewise function (5) for the calculation in Mathcad, we transform it
to the form:

0.15717'[0.1 <Yo o 0.73)
a

[0.033& + 0.133}{(0.73 <20 ¢ 0.082)
a a

B 2
3.9(&j ~6.419420 ¢ 2.8025831}]’(0.082 <Jo o o.glj
a a

a

[1.5& —1.176)1‘/’(0.91< Jo o 1.0]
a a

2 2
—g-sin(yl)—pz(y')) A-i_43 —1.6[ﬁj +3.7632y°—1.8287616})‘[1.0<y°s1.18J
-m a a a

D(t, y)::

0.384sin| L& if[l.lB <Jo o 1.62}

0 a

a

0.29i +0.172 if[l.62 <Pog 3.06}
a

Yo
a

[— 0.01170 4 0.301}']’(3.06 Yoo 3.53)
a a

0.259;']”[3.53 <Y< 5.0)
a

- g~ (cos(y,))’
Yo
Yo+ Cos(yl )

Yo 'Sin(J’1)
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Below we give an example of the matrix D(%,y) for the description of the
ARL and the system of ODEs (1) by using the cubic spline. The import of
the table-valued function of ARL is carried out from an external file. Its
can be the text «.txt» file or the Microsoft Excel «.xls» file’.

_g'Sin(yl)_

D(t,y):=

p-(1)

g-(cos(y,))’

-A-i_43-interp(cspline(vel,C, ),vel,C,, y,)

Yo
Yo-cos(y,)

Yo 'Sin(yl)

Alternatively, the data for the ARL may not be imported from the file,
but be part of the D(t, y) matrix. In this case, data are written in the form
of row-matrices (separated for velocities and separately for C, data).

Next, as in the previous example, we use cubic spline interpolation.

P'(yo)z

-m

- g-sin(y,)-

D(t,y)iz

‘A-i_43.

T
vel(—(O 200 400 e .j

T
Cd(—(7.105€—15 4921 51.533 e oj

int erp(cspline(vel, C, ), vel,C,,y, )

-g-(cos(,)f

Yo
Yo 'Cos(yl)

Yo 'Sin(yl)

Four black circles in two lines (vel and C;) symbolize the remaining
elements of the matrix-lines vel (tabulated instantaneous velocity) and Cy
(drag coefficient). The sign of T'denotes the matrix transposition.

The following Mathcad command-line is showed using the solver-
function rkfixed for the numerical solution of (1) (Kir'yanov, 2012, p.259):

Num_Result := rkfixed(y, tpeg tend, Npoins D) .

" Variables vel, Cd should be described as global variables. They are introduced to the
matrix D(t, y) using the «READFILE» Mathcad function.

511

Khaikov, V., Computer simulation of the 7.62mm TT pistol external ballistics using two different air resistance laws, pp.495-524



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

The solver-function rkfixed is implemented in the non-stiff fourth
order Runge-Kutta numerical method with a fixed step. More information
about the integration of ODEs in Mathcad can be found in (Khaikov,
2018, p.298).

Calculations. Calculations were performed for the ARL of the 1943
year for 4 Ctypes (RF, R&EF, piecewise, spline-function) and 2 types of
the Ciacci ARL (analytical and spline-function). The variable Num_Result
is the matrix that contains the results of the numerical solution of (1). In
this case, the matrix has the dimension of 5§ x 1001 elements and
contains 5005 numbers. Five columns of the Num_Result matrix are:
independent argument TOF (t); and elements of the matrix y (or D)
namely v, 6, x, y. 1001 rows are the sum of 1 (initial condition) and n
points. The first row of the matrix Num_Result includes t(0), v(0), 6(0),
x(0), y(0). The first column of the matrix Num_Result contains 1001
discrete TOF values: from t.,= #(0) t0 t.,q . The 5-by-1001 matrix from
the second to fifth columns (in each of them) has 1001 values of the
quantities v, 6, x, y respectively. This means that we have 1001 values of
instantaneous velocity, 1001values of 8, 1001 values of x and so on.

It was shown previously that for obtaining two trajectories with the
same horizontal range but characterized by different ARLs, it is necessary
to make selection of ballistic coefficients. This procedure allows obtaining
sufficiently close forms of both ballistic trajectories. However, due to the
fact that the bullet movement for each flight path is determined by the
intrinsic ARL, then the bullet retardation process will not coincide with
«twins-trajectories». For a comparison of dependencies between the
elements of ODEs (1), the method developed in (Khaikov, 2018, p.281-
303) will be used below. The solution of system (1) is represented as a
five-dimensional space. Each element of this 5D-space is a function
between the variables (x, y, 6, v) and the argument (¢), obtained as a result
of numerical solution (1). The angle 6 is calculated in angular minutes (or
minute of angle (MOA). Since the solution of system (1) depends on the
ballistic coefficient, it becomes possible to compare the same-named
dependencies (x;, v, 61, vi, t1), (x2 y2, 6 Vvi, t;) obtained for different
values of the coefficients ¢; and c¢,. The entire set of relations between the
variables and the independent argument of (1) is presented in Table 4.The
order of the values (x, y, 6, v, t) location in the 5-by-10017 matrix
Num_Result and in Table 4 is different.
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Table 4 — Structure of the relations for ODEs parameters (1) for two ARLs
Tabnuya 4 — Cmpykmypa coomHoweHul napamempos cucmemb! QuggpepeHyuanbHbIX
ypasHeHul (1) npu pa3nuyHbIX 3aKOHax ConPoMuUeseHusi
Tabena 4 — Cmpykmypa o0Hoca napamemapa O/L]J (1) 3a 0sa 3akoHa omrnopa ea3dyxa

X1, Xz Y1, Y2 61, 62 V1, Vo T4, T2
1 2 3 4 5
X1, Xo 1 X1 vs X4 X1 vs Y1 X4 vs 04 X4 vs V4 X4 vs T4
’ X2 Vs Xz Xz VS Y2 Xz VS 92 Xz Vs Vz Xz Vs T2
Y1 YZ 2 Y1 VS X1 Y1 VS Y1 Y1 VS 91 Y1 VS V1 Y1 VS T1
’ Y, vs Xo Y, vs Y, Y, vs 92 Y, vs V2 Y2 VS Tz
91 92 3 91 Vs X1 91 VS Y1 91 VS 91 91 Vs V1 91 Vs T1
’ 0, vs Xo 6, vs Yo 0, vs 6, 0, vs Vo 6, vs To
V1 Vz 4 V1 VS X1 V1VS Y1 V1 VS 91 V1 VS V1 V1 VS T1
’ V2 VS X2 V2VS Y2 V2 VS 92 V2 VS Vz V2 VS T2
T T, 5 T4 vs X4 T1vs Yq T1 vs 04 T4 vs V4 T1vs T4
’ T2 VS X2 T2 VS Y2 T2 VS 92 T2 VS V2 Tovs Ta

- relationship between the variables of ODEs (1);

- relationship between variables (1) and argument (t);

- diagonal cells.

The graphs lying inside the green backgroundare the functions
between the variables of ODE (1) (x, y, 6, v). The graphs located inside
the blue background associate the variables with the argument TOF ({).
The diagonal cells-graphs placed on a light yellow background of the
graphics window show the functions depending on themselves, for
example, «y is a function of y» and so on. A small red square on each of
25 graphs shows the starting point. If we plot a horizontal and vertical line
through the starting points of any graph (see Figure 5), they will connect
the starting points of the graphs along the vertical row and the horizontal
line.

Results analysis. Determining the magnitude of the relative error
(MRE) for pistol ballistics using two different ARLsis an important
element of assessment. To do this, we find the MRE of the horizontal
range, the height of the trajectory, the angle of inclination of the velocity
vector and the instantaneous velocity as functions of TOF. The relative
error is expressed in percent.
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Figure 5 — Relationship between the ballistic parameters8 ODEs (1) for ARL of Siacci
(blue dotted line) and 1943 year (red solid line) (in accordance with Table 4)

Puc. 5 — CoomHoweHue mex0dy bannucmudeckumu napamempamu cucmemsi (1) npu
3aKoHax cornpomuerieHusi 8030yxa Cuayyu (CuHsist nyHKkmupHasi nuHusi) u 1943 2oda
(KpacHasi crifiowHas 1uHusi) (coenacHo mabin. 4)

Cnuka 5 — O0Hoc usmely 6anucmuykux napamemapa OLJ (1) 3a Siacci-jee 3akoH
omriopa ea30yxa (nnasa ucrnpekudaHa fuHuja) u 3akoHa u3 1943. 2oduHe (rMyHa upeeHa
nuHuja) (npema mabenu 4)

Evaluation of the MRE for the horizontal range is
5.(t)= 100M.

X (t )43

8 each of 25 windows of Figure 5 contains 2 graphics, characterizing the ballistic
parameters in relation to the 1943 ARL and the Siacci ARL.
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The MRE for the height of the trajectory is

|J’(t)43 - y(t)Si| .

5,(t)=100 0.

The evaluation of the MRE for the instantaneous velocity of the
projectile is

|V(t)43 - V(t)5i|
V(t)43 .

The MRE for the angle of velocity vector relative to the base of a
trajectory

J,(¢)=100

|‘9(t)43 - e(t)5i|

0(t),s

The subscript «43» denotes that the calculations characterize the
1943 ARL and «Si» stands for Siacci.

The results of the calculations are shown in Figure 6. The MRE is
found for a TOF interval of 0-1.1 s. The time of 1.1 seconds corresponds
to the time of impact.

Figure 6a gives the function MRE of the horizontal range vs

TOF §(¢) and the instantaneous velocity vs TOF &, (¢). The results of the
calculations and comparisons show that 5x(t) and 5v(t) are TOF-
increasing functions. The maximum MRE for §_(¢) is 0.3% for TOF 1.1

seconds. A function characterizing the MRE for the instantaneous
velocity &,(¢)has a similar character (Figure 6a). The maximum value of
this function is 0.8% (for the same TOF point).

The result of dividing the function 5v(t) by the function dr(t) is
shown in Figure 6b. Thus, the MRE for the instantaneous velocity is
approximately 2.8-3 times larger than the MRE for the horizontal range.

In contrast to the functions mentioned above, the functions59(t),

5,(t)=100

5y(t) do not have an increasing character; moreover, they have

discontinuities (Figures 6¢, 6d). The discontinuity for the function 5€(t)
corresponds to the vertex of the trajectory. At this point, the angle @ is
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zero (division by zero). The discontinuity for the function ﬁy(t)

corresponds to the point of impact. At this point, the height of the
trajectory y is zero too and we have division by zero.

§2(6)% 6, (2),%

0z
0.6
0.4
0z
1]

100

0

o

- 50

- 100

o

--EI.EIS
5, (£). %

t,s

o

0.0s

0.1

015

0z

8, (B0 65t

5, () %

300

200

100

o

- 100

0.0s

t,s

o

0.0s

0.1

01

0z

Figure 6 — Results of the error analysis: &, (t), &,(t), &,(t), &,(¢)

Puc. 6 — Pesynsmamei ananusa nozpewrocmell: oyHkuuu S (t), 8,(t), 8,(t), s, (¢)

Criuka 6 — Pesynmamu ananuse epewaka §,(t), 5,(¢), &,(¢), s, (¢)

In contrast to the functions mentioned above, the functions o, (t) and

8,(t) do not have an increasing character as functionsd,(¢) and &, (¢);

moreover, they have discontinuities. The discontinuity for the function 6(z)
corresponds to the vertex of the trajectory (¢ = 0.084 s). At this point, the
0(t) = 0 (division by zero). The discontinuity for the function &, (t)

corresponds to the point of collision (¢ = 1.1 s). At this point, the height of
the trajectory is zero (division by zero).
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Summary and conclusions

The evaluations and external ballistics trajectories of the TT pistol
with 7.62x25mm Tokarev cartridge are given for two ARLs (the 1943
year and Siacci). The characteristic of the internal-ballistic period for the
TT is shown. The calculation feature is to use various forms of the ARL
mathematical notation: the classical analytical formulas, the piecewise
formula and the function-tables form.

For the ARL of the 1943 year, a graphical interpretation of Cy(i,v)
function in the form of a surface and its main elements is visualized.
Depending on the value of the form coefficient i, it is demonstrated how
the standard drag-function Cy(v) is transformed.

A method of graphical comparison of the ballistic trajectory
parameters is represented. This comparison takes place in a 5x5 matrix.

It is shown that due to the selection of the ballistic coefficients, it is
possible to obtain sufficiently close «twins-trajectories». However, in
connection with the fact that the movement of the bullet in each of them
is determined by different ARLs, then the slowing down of the bullet on
each of them will have its own independent nature and therefore will not
coincide with the «twins-trajectories».

The computer simulation considered for the ARLs of the 1943 year
and Siacci for the 7.62x25 Tokarev cartridge indicates that the profiles of
the function of instantaneous projectile velocity vs time of flight had the
greatest non-coincidence in relation to other ballistic parameters (e.g.
horizontal range, height of the trajectory, etc.) The obtained maximum of
the relative error was 0.8%. Its magnitude localizes at the point of impact.
The simulation results showed that the MRE for the instantaneous
velocity is approximately 2.8-3 times larger than the MRE for the
horizontal range.
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Appendix

Analytical form of the cubic spline function that expresses the
air resistance law of the 1943 year in the Mach number range from
0.1t04.0

The spline functionC,,; . (M)is given on the interval divided into 39

segments (parts). A cubic spline is a function that: on each segment
there is a cubic polynomial and it has continuous first and second
derivatives on the whole interval 0.1-4.0 M.Table 5 serves to describe a

cubic spline C,,3 (M) which is defined on 39 segments. All 39 parts of
the spline function have the same length equal to 0.1 M.

fo(M)  LSB, <M < RSB,
Caasg (M) = f,(M) LSB, <M < RSB, |,

fus(M) LSB,, <M < RSB,

whereﬁ(M) — the cubic polynomial assegments(parts) with the number

i; LSB;; RSB; — the left and right segment borders; M — the Mach number
as an argument of C,,, (M).

Each of the 39 cubic polynomials f,(M ) has 4 coefficients. The total
number of coefficients for C,,; is 156. The numbers in columns four
through seven (Table 5) describe a polynomial in the form:

3 2
ﬁ(M) =a,M°+a, M +a,M +a,,
where a3, a, a;, ap— the calculated coefficients.

The spline function consisting of 39 segments and described by the
coefficients from Table 5 is shown in Figure 7. All of the 39 cubic
polynomials drawn in the same range of Mach numbers, i.e. in a range of
0.1- 4 M, give a large number of «branches». Figure 7 and Table 5 were
obtained using software (Arndt Briinner, 2018).
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Cd 435

. M

Figure 7 — Graphical construction of the Air Resistance Law of the 1943 year

using 39 cubic polynomials in the MN range from 0.1 to 4 M
Puc. 7 — pachuyeckoe KoHcmpyuposaHue 3aKkoHa cornpomusreHusi 8030yxa 1943 eoda c
nomouwibto 39 Kybuyeckux nonuHomos, duanasoH 0.1-4 M
Cnuka 7 — 3akoH omropa sa3dyxa u3 1943. 2coduHe, epaghuyku npukasaH rnomohy 39

Kyb6Hux nonuHoma y onceay 00 0,1 do 4 maxa

Table 5 — Interval borders and coefficients of the cubic polynomials that describe

the ARL of the 1943 year

Tabnuua 5 — NpaHuubl UHMepPs8arnos u Ko3ghguUuUueHMbI, ONuUCkI8aOWUe 3aKOH
conpomusrneHusi 6o30yxa 1943 eoda

Tabena 5 — paHuue u koeguyujeHmMu uHmepsana KybHUX rnouUHOMa Koju Ornucyjy 3akoH

omropa sa30yxa u3 1943. coduHe

Num- | Borders Coefficients of the cubic polynomials with the argument M
ber Left Right | M”3 MA2 MA1 MAO

1 2 3 4 5 6 7

1 0.1 0.2 -0.00779 0.002337 -0.000156 0.157

2 0.2 0.3 0.038952 -0.025708 0.005453 0.156626
3 0.3 0.4 -0.148018 0.142565 -0.045029 0.161674
4 0.4 0.5 0.553119 -0.6988 0.291517 0.116801
5 0.5 0.6 -1.064459 1.727567 -0.921666 0.318999
6 0.6 0.7 1.704716 -3.256948 2.069043 -0.279143
7 0.7 0.8 -2.754406 6.10721 -4.485868 1.250336
8 0.8 0.9 35.312909 -85.254348 68.603379 -18.24013
9 0.9 1.0 -61.497231 176.13303 -166.645262 | 52.334463
10 1.0 1.1 23.676014 -79.386704 88.874473 -32.838782
11 1.1 1.2 2.793175 -10.473335 13.069766 -5.043723
12 1.2 1.3 0.151287 -0.962537 1.656809 -0.478541
13 1.3 14 1.601679 -6.619067 9.010297 -3.665052
14 14 15 -0.558002 2.451591 -3.688623 2.261111
15 15 1.6 0.630327 -2.89589 4.332598 -1.7495
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Num- | Borders Coefficients of the cubic polynomials with the argument M
ber Left Right | M*3 MA2 MM M70

16 1.6 1.7 -0.963308 4.753562 -7.906526 4.778033
17 1.7 1.8 1.222906 -6.396132 11.047955 -5.96284
18 1.8 1.9 -0.928316 5.22047 -9.861929 6.583091
19 1.9 2.0 0.49036 -2.865984 5.502333 -3.147608
20 2.0 2.1 -0.033122 0.274906 -0.779447 1.040245
21 2.1 2.2 -0.357871 2.320827 -5.075881 4.047749
22 2.2 2.3 0.464608 -3.107534 6.866514 -4.710007
23 2.3 24 -0.500559 3.552115 -8.450678 7.033173
24 2.4 25 0.537628 -3.922831 9.489192 -7.318723
25 25 26 -0.649953 4.984029 -12.777958 11.237235
26 2.6 2.7 1.062185 -8.370651 21.94421 -18.85531
27 2.7 2.8 -1.598787 13.183226 -36.251257 33.52061
28 2.8 2.9 1.332964 -11.443485 32.703532 -30.837193
29 2.9 3.0 -0.733069 6.530999 -19.42247 19.551276
30 3.0 3.1 0.59931 -5.460413 16.551765 -16.42296
31 3.1 3.2 -0.664173 6.289986 -19.874472 21.217485
32 3.2 3.3 1.057383 -10.236952 33.011728 -35.194462
33 3.3 34 -1.565357 15.728176 -52.673194 59.058953
34 3.4 3.5 1.204047 -12.519753 43.369764 -49.789733
35 3.5 3.6 -0.250832 2.756477 -10.097038 12.588203
36 3.6 3.7 -0.200721 2.215277 -8.148718 10.250219
37 3.7 3.8 0.053714 -0.608947 2.300908 -2.637653
38 3.8 3.9 -0.014135 0.164534 -0.63832 1.085369
39 3.9 4.0 0.002827 -0.033925 0.13567 0.079182

The Internet online service (Arndt Brinner, 2018) can be used for
cubic spline calculation and spline function visualization.
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KOMMbIOTEPHOE MOAENMPOBAHWE BHELHEW BANNTUCTUKA
MACTONETA C NCMNOJIb3OBAHMEM ABYX PA3NNYHbBIX
3AKOHOB COIMPOTUBIIEHNA BO3OYXA (paccmoTpeHue Ha
npumMmepe nuctoneta 7.62 mm TT)

Badum J1. Xalikos,
He3aBUCUMBbIV UccrneadoBaTenb, . KpacHogap, Poccuiickaa depepauns

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

Peswome:

Ana nucmonemos M54, M57 (7.62%25 Tokapee nampoH) cobpaHbl
bannucmuyeckue napamempbl xapakmepusyruue ux bannucmuky. B
cmamee OaH pacyém eHewHebannucmu4eckux mpaekmopud 0nsi dgyx
3aKoHo8 corpomuerieHusi 8o30yxa: 1943 2o0a u Cuauyu, rnpu 3mom
ucrnonb308aHbl  pasHble  8UObl UX  Mamemamuyeckol  3anucu
(knaccudeckue aHanumuyeckue ¢hopmyrisi, hopMyribl KyCO4HO20 8uda, a
makxe yHKyuu-mabnuupl). [ns peweHus bannucmu4yeckol cucmemsbl
OugbbepeHyuanbHbIX ypasHeHul npu mabnudyHoMm 3adaHuu ¢yHKUUU
conpomuseneHusi 8030yxa UCrOMb3yomcs crnalHbl. [ns 3akoHa 1943
200a rokasaHa epachudeckasi uHmeprpemauusi pyHkyuu Cy(i,v) 8 sude
rogepxHocmu U €€ OCHOBHble 3rieMeHmbl. [loka3aHO, 4mo makyto
[108EPXHOCMb MOXHO rocmpoume Orisi 1106020 3aKOHa COMPOMUBIeHUsI
8030yxa. [loka3aH criocob epaghuyHeckoeo cpasHeHus bannucmu4YecKux
MpaeKmopHbIX fnapamempos. Bce 6bIyucrieHuUsi 8binosiHeHbl 8 cpede
Mathcad 15, e cmambe npueedéH npozpamMmHbIl KOO pacyéma.
lNoka3aHo, Ymo 3a c4ém rnodbopa barnIucmu4yeckux KoaghgbuyueHmos
MOXHO noslydums docmamoyHO 6ru3kue Mo ¢bopMe mpaeKkmopuu.
OdHako 8 cesi3u C meM, 4mo O8UXeHUe Mynu Mo Kaxoou u3 Hux
oripedensiemcsi pasHbIMU 3aKoHaMmu COrpomuesieHusi eo3dyxa, mo
3ameldrieHue nynu Ha Kaxool u3 Hux bydem umemb C801 CO6CMBEHHYIO
Hesasucumyro ¢hopMmy U MO3MOMYy MOXem He coenadamb C
«mpaekmopuel-080UHUKOM».

Knwyesble criosa: e6HewHsIs b6annucmuka, nucmonem M54,
nucmonem M57, nampoH 7.62%x25 TT, 3aKoH conpomueneHusi
8030yxa, mpaekmopus nynu, criadH, Mathcad.

522




KOMMJYTEPCKA CUMYNALMJIA CNOJbHE BANNUCTUKE
MAWTO/LA NPUMEHOM [OBA PA3NMWYUTA 3AKOHA OTMOPA
BA3OYXA (Ha npumepy nuwitorba 7.62 mm TT)

Badum J1. Xajkos
HesaBWcHW nctpaxusad, KpacHopap, Pycka ®epnepaumja

OBJIACT: mexaHuka — banuctuka
BPCTA YJTAHKA: opurMHanHm HayyYHu YnaHak
JE3VK YNTAHKA: eHrnecku

Caxemak:

8a banucmuky memka nuwmoJsba (MywkKe) Kapakmepucmu4Ha cy 0ea
banucmuyka KoegbuyujeHma Koja ce OOHOCe Ha pasfudume 3aKoHe
omropa 8a3dyxa. Konuko cy crnudHe basucmuyke nymare 0obujeHe
rnomohy pasnu4umux 3akoHa U Kakge cy passniuke usmely mwux? Y
osom pady ripouerbyje ce crnosbHa banucmuyka fymarba Ha OCHO8Y
0sa 3akoHa onimopa ea30yxa (3akoH u3 1943. 2oduHe u Siacci-jes
3aKkoH). Ceu dobujeHu pesynmamu odHoce ce Ha nuwmosb TT ca
MemkoMm ,mokapes8” Kanubpa 7.62x25 mm. Y pady je, makohe,
npukaszaH HayuH u3padvyHaearba banucmuyke ymare ako je 3aKOH
omropa ea3dyxa u3paxeH Kao payuoHasiHa QyHKUuja, fpekudHa
¢yHKyuja unu spline. 3akoH onmopa ea3dyxa u3 1943. eoduHe
npukasaH je kao epagpuyka uHmeprnpemauuja yHkyuje Cd (i,v) y
obnuky nospwuHe. [llokasaHo je Oa je moeyhe Oobumu 0080SbHO
cnudaH obnuk  bamucmudykux — riymarea  3axeasbyjyhu  uzbopy
banucmuykux koeguyujeHama. MpedcmasrbeH je Memod epachuykoa
rnopefjera  criorbHUX — banucmuykux — rapamemapa, Kao U
MamemMamuyku anamu 3a KeaHmumamueHy aHanu3y obnuka
banucmuykux kpueux. lMpednoxeHo je Oa ce pasnuka usmehy dse
nymare o0pedu nomohy penamusHe gpeuwke y 00Hocy Ha u3abpaHu
banucmuyku napamemap. Komrjymepcka cumynayuja 0ea rnomeHyma
3aKoHa omriopa sa3dyxa 3a 3pHO ,mokapes” kanubpa 7.62x25 mm
rnokasyje Oa cy npogunu ¢pyHKyuje o0Hoca mpeHymHe O6p3uHe
rnpojekmurna u epemMeHa riema umanu Hajeehe Henodydaparwe y
00HOCYy Ha ocmarne 6anucmudke rnapamempe (Hrp. XOpU3OHMaJsIHU
domem, eucuHy nymare, umd.). Hajeeha OJdobujeHa epedHocm
penamusHe gpewke buna je 0,8%, nokanusoeaHa y madku ydapa.

KrbyuHe peyu: Komrjymepcka cumynauyuja, crosbHa 6anucmuka,
nowmosb TT, 3aKkOH omropa ea3dyxa, QyHKyuja 4eoHO2 omiiopa,
3aKoH u3 1943. 2oduHe, nymarsa 3pHa, spline, Mathcad
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Summary:

The direction in research of the efficiency of decision-making units in  this
paper is an efficient—multi-inefficient—multi-efficient unit. So, the general
purpose of this paper is twofold: (1) identification of «hidden» inefficient
units within a multi-set, among efficient units of the basic set, and (2)
achieving the efficiency in such identified inefficient units. This indicates
(warns ofl) a negative efficient—inefficient process, so as to provide a
timely response and thereby prevent multi-inefficiency. The specific goal is
to assess the efficiency of the Serbian railway passenger stations, first
within the basic set of the Passenger Transport Section Belgrade, then in
the multi-set of the Passenger Transport Sections, and finally in the
superset, the Passenger Transport Sector. This is achieved by means of
the multi-set DEA (Data Envelopment Analysis) method, which is a
system for: (i) relative efficiency assessment, in the first iteration, through
the basic set analysis, and (i) decrease in efficiency of potentially
inefficient units, in subsequent iterations, through the multi-set analysis.
The result is that the efficient stations PoZarevac and Pancevo Bridge are
at the initial level, and the (newly) efficient PoZzarevac, Novi Sad and Indija
at the final level. The best practice station remains the PoZarevac Station,
which is multi-efficient, and therefore the role model to inefficient stations.
The conclusion is drawn that the solution resulting from the multi-set DEA
analysis is more realistic, and less relative, because it applies to a wider
analysed set of decision-making units, i.e., a larger coverage when
considering the issue. This is important for fitting into the new era of
growing globalization, and therefore our recommendation is the integral
multi-set, as opposed to the individual single set approach.

Key words: Efficiency, Data Envelopment Analysis, Multi-Set Analysis,
Railway Stations.
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Introduction

A number of same-type organisational units within a single
organisation jointly accomplish the objective of the organisation, thereby
contributing to a higher or lesser extent. In order for the organisation to
be successful, it is necessary for all of its units to be successful. Success
is a multidimensional concept, with efficiency being one of its
dimensions.

Efficiency is a feature of someone or somebody (people, institutions,
organisations, companies, processes and other) to produce maximum
output (products, services) using minimum input (resources, activities).
Expressed in the simplest mathematical terms, it is the ratio of an output
and an input. From a more complex mathematical point of view, it is a
ratio between the weighted sum of multiple outputs and weighted sum of
multiple inputs. For this purpose, the Data Envelopment Analysis, (DEA)
was created in 1978 by Charnes, Cooper and Rhodes as a method of
calculating the efficiency of the so-called Decision Making Units,
abbreviated DMU), (Charnes et al, 1978).

The idea of this paper is to decrease the relativity and to increase
the reality of the best practice through the iterative procedure
"efficient—inefficient" (efficient unit in the basic set, inefficient in the
multiset). Thus, success is a relative and changeable category and
requires caution and constant reconsideration. With the view to the
future, the goal of this paper is an early discovery of potentially inefficient
so-called "hidden" units, and their respective timely redirecting.

Among numerous examples of best practices of similar companies,
both local and foreign, the most suitable example is a so-called personal
example, and that is the example of the same analysed set of measuring
units. This is because all the units of the same company as means of
their teamwork, under the same conditions, contribute to the
accomplishment of a single goal. Logical conclusion is the requirement
for all the units to proportionally contribute to this objective, whereby
inefficient units imitate the efficient ones. And when those efficient units,
acting as models for the inefficient ones, are "among us" or "ours", we
believe that the efficiency can really be achieved.

On the one hand, the Sensitivity analysis of a single same set of
decision making units, but applying different input/output data and
opposite DEA models, results in the same efficiency (Vukovié, 2016). On
the other hand, the stated Multiset DEA analysis of the same data of
decision-making units in a number of different, ever bigger sets, results in
smaller or equal efficiency, so some efficient units become inefficient. By
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application of the post DEA sensitivity analysis, newly efficient units
become efficient in a wider set, a so-called multiset. Thus the research
direction is efficient—multiinefficient—multiefficient units. From this point
of view, the goal is two steps ahead: recognition of potentially inefficient
units and achieving efficiency in a wider set. Multiset efficiency is more
weighted than the monoset, as is it obatined by further decrease of input
and/or increase of output, thereby improving the operation of units, which
defines the contribution of our paper.

The following chapters include the overview of references, the short
descriptions of the DEA method and the Multiset DEA analysis, as well
as a numerical example, while the conclusion has been provided based
on the stated information.

Overview of references

Having reviewed the newly published worldwide and local literature,
we herewith provide the following observations:

1. Efficiency is monoset-oriented, where each decision-making unit
is analysed in the same set. Examples of such sets include: 208 clinical
commissions in England (Takundwa et al, 2017), 42 bus routes in
Brisbane, Australia (Tran et al, 2017), and 55 universities in the state of
Mexico (Sagarra et al, 2017). While in these works each unit is analysed
in the same set, we here observe a unit in a wider scale, as an element
of every bigger set. It is thus possible to compare the efficiency results
obtained through multisets and to provide a more realistic assessment of
efficiency.

2. The problem of the multiset prediction is not well known in the
literature. According to certain authors, the problem is solved by
consecutive decision-making, where a new multiset function of loss is
proposed as a parameter of predictive policy (Welleck et al, 2017).
According to others, the multiset approach is used to predict the average
daily temperature, as shown by the Taipei example in Taiwan (Vamitha &
Rajaram, 2015). In our paper, the Multiset DEA analysis of units is used
for predicting inefficient results, which meant increasing the set of
decision-making units by adding a new set. In this way, potentially
inefficient units are more accurately predicted, which is helpful in solving
the problems of multiset prediction.

3. The multiset theory differentiates between conventional and fuzzy
logic. Conventional logic defines whether an element belongs to a set by
"yes or no", whereas fuzzy logic does so by "more or less" (Pamucar et
al, 2016). The Multiset DEA analysis is a connection between the
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multiset theory and the DEA method. The stated analysis defines the
simultaneous belonging of elements to a larger number of sets by "yes",
with multiset efficient units. In addition, it also uses "yes", with multiset
inefficient units. Realistically, a multiset is a family of a set of efficient and
a set of inefficient units. Units "more or less" belong to a multiset, where
units closer by efficiency belong to a multiset "more", and with the
deviation "less".

4. Efficiency is dealt with without burdening the external society, but
individually instead, within the scope of internal potential. The example
of this case are premises used by institutions, command departments
and units of the Serbian Army, where the application of thermal isolation
is proposed to solve the problem of energy efficiency (Zivkovi¢ & Banjac,
2016). By applying the stated idea of using internal potential, we are
solving a complex problem of efficiency of railway stations, with an
additional idea of using its diverse potential, not just material but also
organisational, and thereby achieving certain savings.

5. Organisational efficiency is impossible without the evaluation of
the work of employees, which requires management so that it could be
managed (maximised) in this way (Lukovac et al, 2014). Measurement of
work at different levels by a multiset approach is a higher stage of
comparison.

Core principles of DEA (Data Envelopment Analysis)

DEA is a method of mathematical programming for the calculation of
efficiency and it is used, from a wider perspective, in economy, and more
precisely, in different kinds of economics, depending on the type of
decision making units. This is supported by numerous and diverse
examples from the world and local literature, covering different types of
Economics:

— Health Economics, where the effectiveness of health organizations
is being decided upon (an example of this type of units is the public
health system and the medical protection system of the OECD countries
(Ozcan & Khushalani, 2017);

— Traffic Economics, where the effectiveness of transport
organizations is being decided upon (examples are the Brazilian
intermodal terminals), (Peixoto et al, 2017);

— Sports Economics, where the decision on the efficiency of sports
organizations is being decided upon (for example, the football team of
Serbia), (Petrovi¢ Dordevi¢, 2015);
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— Tourism Economics, involving decision making on the efficiency of
tourism organizations (e.g. ecotourism parks), (Lin et al, 2017);

— Business Economics, where the effectiveness of business
organizations is being decided upon (for example, Taiwanese insurance
companies), (Chen & Zhu, 2017);

— Economics of Education, where the decision making on the
effectiveness of educational organizations is being decided upon
(examples are Chinese educational organizations, from pre-school to
higher education), (Si & Qiao, 2017);

The algorithm of the selection process with the DEA method
application includes five steps, as presented in Figure 1.

Step 1: Step 2: Step 3: Step 4: Step 5:
Selection of Selection of the Selection of Selection of a Selection of
a set of units parameters of numerous mathematical a computing
DMU INPUT/ OUTPUT values DEA
INPUT/OUT model Program
PUT

Figure1 — DEA method application algorithm
PucyHok 1 — Aneopumm npumeHeHusi AOL memoda
Cnuka 1 - Aneopumam npumeHe [JJEA memode

According to Figure 1, each example of a particular DEA method is
characterised by the concrete: decision making units (DMU), input-output
parameters (INPT/OUPT), numerous values of input and output,
mathematical DEA model (Charnes et al, 1978), (Banker et al, 1984),
(Yang et al, 2000), and a computer program (MS Excel Solver, LINDO,
LINGO and other) for solving linear programming (LP) tasks, whose
result is the efficiency value for each decision making unit.

By the application of the DEA method, decision making units are
divided into two groups: efficient (Eff=1) and inefficient (0<Eff<1), while
according to their numerical values they have a number of comparison
stages, so it is possible to establish a ranking (complete or incomplete) of
decision making units. Efficient units obtained based on the actual data
are realistically best practice units, but they are also a substandard of
efficiency as they are valid only for a concrete example (case study).
Opposite to this is a generally applied standard which does not exist in
this case, as there is no absolute efficiency.
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Multiset DEA analysis

The Multiset DEA analysis is based on the fact that sets are not of
exact size, but can be changed depending on the number of elements.
Hence, the limit i.e. the final size of a set remains unknown. And it is
exactly the issue of the limit of the set, being the analysis framework,
which is significant for the efficiency value. The above analysis contains
the principle that all the units outside the basic set break the ranking of
the units of the basic set, by the value of efficiency, by analysing them in
sets, which are at different (organizational, hierarchical) levels. A
complete set is not known, so it is unknown which is the highest possible
efficiency i.e. only experiential efficiency is known.

Similar to Savi¢'s idea (Savi¢, 2017) that the algorithm should be
applied several times, whereby a single input or output is added in each
iteration, the idea of our paper is to add more decision-making units to
each iteration, i.e. a new set of DMUs which represent a single
organizational unit. However, while in the previously stated reference
"turning" points among the iterations referred to the inputs/outputs
(qualitative characteristics of the DMU), the "turning" points here are the
sets of DMUs (quantitative characteristics). Changing qualitative features
or changes of content are a feature of a systemic approach, while the
change in quantitative characteristics or changes in the size of a set of
features, discussed herewith, is a multi-set approach.

The multiset DEA analysis estimates the efficiency of the decision-
making unit, where a unit is an element in each iteration of a new wider
set. The first DEA model which we will use, from which many modified
models are devised, is the CCR model (Charnes et al, 1978) whose
multiset mathematical formulation consists of sets of decision making
units in which the goal function is maximized with the set limits, Table 1.

According to Table 1, the Multiset DEA analysis is an iterative
process of maximizing the function of the objective h, (efficiency) under
the given restrictions, in ever increasing set till the final total sum set of
all p basic sets (BSp).

The idea of the Multiset analysis is contrary to the idea of the post
DEA Sensitivity Analysis. The Sensitivity analysis yields targeted
activities (target values of inputs and outputs), which by the realization of
an inefficient unit become effective. Contrary to this, the Multiset analysis
is a kind of prediction that produces non-targeted (undesirable) inefficient
units, by making some efficient units inefficient in the multiset, Figure 2.
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Table 1 — Multi-Set DEA Analysis Mathematical Model
Tabnuua 1 — Mamemamuyeckasi modesnb Mynbmu-mHoxecmeeHHo20 AQ/] aHanu3sa
Tabena 1 — Mamemamuuku moden mynmuckynosHe [JEA aHanuse

Multi-set model DEA model Meaning of symbols
DMUE{OS1}V{0S2}V... {OSp} s ho —efficiency of DMU
{OS1}U{OS2}U ... U{OSp}={NS} z U.Y.o for which is calculated
0S1={DMU1, DMU2, ..., DMUa} max h. = =L ¥ — output of j DMU
0S2={DMUa+1,..., DMUb} 0 m X — input of j DMU
Z:Vixi0 n —number of DMU
OSp={DMUd+1, ... , DMUg} i=1 m — number of input

S s — number of ourput
Z Uy u-— weighted
r=1 <1 coefficient of r output
m v; — weighted
z ViXj coefficient of i input
i=1 p —no. of OS
j=1,..n a,b,c...,,d,....g — no. of
uz20,r=1,...,s elements of BS
vi20,i=1,... m

Inefficient Sensitivity analysis
Multiinefficient DMU Multiset analysis ~  Efficient DMU

<
<«

Figure 2 — Two-way process of efficiency change
PucyHok 2 — [lsyHanpasneHHbIl npouecc usMeHeHus aghghekmusHocmu
Cnuka 2 — [JeocmepHU ripouec rnpomeHe echukacHocmu

According to Ljubisav Raki¢: "The position of science in the century
which has begun is to change the methodology. Instead of studying why
something happened, we should move in the direction of predicting and
studying of what could happen." (Raki¢, 2017)

The essence of the Sensitivity analysis is as follows: (1) improving
the efficiency of decision making units, and (2) aiming at proportionally
equal contribution of all units of a set to the common goal of the
company. The essence of opposite, multiset approach is viewing the
units in a wider context.

The philosophy of the multiset approach may be explained by a
modern theory included in the quotation of Stuart Diamond: "Each ceiling
is a new floor", expressed in such a way to say that we could always get
more (but not everything), which is also the name of his book (Diamond,
2015, p.36). Applied to the topic of our paper, provided efficiency is the
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ability to maximise the results with the least possible investment - it
means that by widening the analysed set by inclusion of new units we
can get the efficiency of higher weight (the efficiency of the units of the
basic set decreases or remains the same with multiset efficient units).

Within the context of the multiset DEA analysis of efficiency, this
means that the current efficiency is disturbed by inclusion of new units
and may always be overcome by new units included in the set of the
analysed units, and thus new efficient units are being formed.

If, according to Marjanovi¢ (VeSovi¢ et al, 2007), the basic goals of
the company are survival, facilitation of survival (efficiency of operation)
and progress, then within the context of the multiset approach:

1. The current state of the set indicates: the survival (the
organisation is operating with both efficient and inefficient units).

2. Targeted state of the set obtained by the Sensitivity analysis
marks: Facilitating survival (as a result of targeted activities, all inefficient
units become efficient).

3. Higher targeted state of the set obtained by Multiset DEA analysis
marks: Progress (as the result of increase in the size of the set, the
criterion for reaching efficiency has become more demanding, as the
former efficient units with the same values of input-output parameters
become inefficient). Therefore, the efficiency in a larger set is more
weighted than the efficiency in smaller set.

Real evaluation of the efficiency for the previous period is performed
by solving the preferred DEA model, or Ex-post evaluation of efficiency
(backwards evaluation) for each of the analysed units of decision making.
The sensitivity analysis provides the desired estimation for the future
period or Ex-ante evaluation of efficiency (forward evaluation), only for
inefficient units of decision making (efficient decision making units
already have the desired efficiency for the unit).

Case study: Railway stations of IZS Company

The Multiset DEA analysis is a universal system for the evaluation of
efficiency of entities and their arrangement according to a given
efficiency, within diverse numeric examples. However, with each
individual application, it is necessary for entities to be of the same kind,
as it is widely known and logical that comparison makes sense only in
such circumstances. A realistic example of such entities are Serbian
railway passenger stations, which are subject of our research with the
aim of illustrating the stated analysis. But, why railway, why railway
stations and why at this moment?
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Railway is a type of transport for passengers and goods, used for
civil purposes, for transporting people and equipment, and also for
military purposes. Theoretically, its advantages are numerous and
important in terms of transport power, traffic safety, spatial acquisition,
consumption of energy, emissions of harmful substances, noise and
other, which make it competitive. Railway stations are important
infrastructure facilities in the transport process; apart from this, they are
numerous, and financially valuable. They are also important to us as a
place of departures and arrivals, loadings and unloadings. In the new era
of business, according to the principle of a liberal, supranational market,
it is compulsory for companies to be efficient and trending for continuous
improvement. Hence, it is necessary to continuously monitor and comply
with complex and expensive interoperability flows. To this purpose, a
case study: Serbian Railway Passenger Stations.

On the one hand (theoretically), Serbian railway passenger stations
are decision making units (DMU) within the DEA method, and on the
other hand (practically), railway stations (RS) are infrastructural facilities
within the Infrastruktura Zeleznica Srbije Company (IZS), Table 2. Six-set
DEA analysis following the enlargement of a single-set example
(Vukovic, 2016).

Table 2 — Example in practice of the Serbian railways
Tabnuya 2 — [Mpumep u3 npakmuku cepbCKuX xeresHbix opo2
Tabena 2 — [lpumep u3 npakce CPrcKux xenesHuya

DEA method IZS company
DMU as element of DEA RS as element of 1ZS
Superset Set Subset Railway station Section Sector
LS BS1 DMU1 Belgrade 1.Passanger | Passenger
73 DMU 16 DMU | DMU2 Mladenovac Transport Transport
DMU3 Rakovica gggg&e Sector
DMU4 Zemun (including
DMU5 Batajnica OU Pancdéevo
DMU6 Novi Belgrade and OU
DMU7 Pan&evo Bridge Pozarevac)
DMUS8 Resnik
DMU9 Panc¢evo Main
DMU10 VrsSac
DMU11 Pancevo Town
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DEA method

IZS company

DMU as element of DEA

RS as element of 17S

Superset Set Subset Railway station Section Sector

DMU12 Pozarevac
DMU13 Smederevo
DMU14 Mala Krsna
DMU15 Vranovo
DMU16 Radinac

BS2 DMU17 Lapovo 2.

12DMU | DMU18 Jagodina Passanger
DMU19 [ Stalaé Sransport
DMU20 Paracin Lapovo
DMU21 Velika Plana (including
DMU22 Cuprija OU Kraljevo)
DMU23 Cicevac
DMU24 Palanka
DMU25 Kraljevo
DMU26 Kragujevac
DMU27 Raska
DMU28 Cacak

BS3 DMU29 Nis$ 3.

12DMU | DMU30 Leskovac Passenger
oMU | P e
DMU32 Dimitrovgrad (with OU
DMU33 Vranje Zajecar)
DMU34 Palilulska Rampa
DMU35 Crveni Krst
DMU36 Aleksinac
DMU37 ZajeCar
DMU38 KnjaZevac
DMU39 Negotin
DMU40 Bor

BS4 DMUA41 Novi Sad 4.

18 DMU | DMU42 Beska Passenger
DMU43 Cortanoyci | -Srreacr;iso%olr\ltovi
DMU44 Sremski Karlovci Sad
DMU45 Vrbas (including
DMU46 Odzaci OU Ruma
DMU47 Zmajevo and OU
DMUA48 Petrovaradin Zrenjanin)
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DEA method IZS company
DMU as element of DEA RS as element of 1ZS
Superset Set Subset Railway station Section Sector
DMU49 Ruma
DMU50 Sabac
DMU51 Sid
DMU52 Indija
DMU53 Stara Pazova
DMU54 Nova Pazova
DMU55 Sremska Mitrovica
DMU56 Zrenjanin
DMU57 Zrenjanin Factory
DMU58 Kikinda
BS5 DMU59 Subotica 5.
8 DMU DMU60 Sombor Passenger
DMU61 Sonta Lransport
DMU62 Prigrevica Subotica
DMUG3 Senta
DMU64 Bogojevo
DMUB5 Zednik
DMU66 Horgos
BS6 DMU6G7 Uzice 6.
7 DMU DMU68 Pozega Passenger
DMU69 Priboj Transport
Section
DMU70 Valjevo Uzice
DMU71 Prijepolje
DMU72 Lazarevac
DMU73 Lajkovac

Based on Table 2, there are 73 railroad stations within the network
of Serbian Railways. They are organized in two levels: (1) Passenger
Transport Sector, at a higher organizational level; and (2) Passenger
Transport Section, at a lower organizational level. The sector includes six
sections, four of which have organizational units (OU), as a lower
organizational level. The seats of the Sections (Belgrade, Lapovo, Ni$,
Novi Sad and Subotica) are important railway hubs, where more lines are
obtained, with more intensive traffic volumes, and are commercially
significant places. By the very nature of their operation, the mutual
cooperation of the Sections is very important because they are
connected: (1) physically, by railroad tracks; (2) organizationally, by
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traffic connections (both railways and connections are usually
administered by two or more Sections). Hence, it is important that they
are all efficient, in order to maintain the continuity of the technological
process of work. Namely, the inefficiency of one of them jeopardizes the
efficiency of any other.

If we select the following input/output parameters as follows:

— The man: "basic factor of each production, including the
production of transport or post office service. It simultaneously appears
as its organiser, manager and executor." (VeSovic et al, 2007. p.186),

— Produced service: "Standard measure of the volume of the whole
economy is the gross domestic product (GDP), which represents the
value of all gods and services produced in an economy within a year."
(Stiglitz, 2008, p.38),

— Wok performance: the purpose, and therefore the point of
performing the works, is to gain profit,

then the following parameters are selected in our case according to
the given logic: (i) number of cashiers (entry 1), (ii) number of dispatched
trains (entry 2), (iii) number of dispatched passengers (exit). The sources
of the concrete data for our case include:

— Job classification within the company in 2010: number of cashiers,
(Zeleznice Srbije, 2010);

— Timetable 2013/2014: number of trains, (Zeleznice Srbije, 2013);

— Statistics of Serbian Railways 2013: number of passengers,
(Zeleznice Srbije, 2014).

The option A of the multi-set DEA analysis analyses units in each
basic set individually (left side of Table 3) and units in the total sum
superset (right side of Table 3). The application of the CCR DEA model
from Table 1 results in the values of efficiency of decision making units
evaluated by MS Excel Solver to six decimal numbers, Table 3.

According to Table 3, the application of the Section analysis resulted
in the total of 12 efficient units, which are the best practice units, whereas
the Sector analysis resulted in only three efficient units: Pozarevac, Novi
Sad and Indjija. The remaining nine, DMU7,18,24,25,30,37,59,66 and 67,
so called “hidden” inefficient units, have been discovered by the analysis
of the superset of Sectors, where they become inefficient.

This indicates the sensitivity of the DEA method to a change in a set
size. A quotation of Andersen and Petersen states (Andersen &
Petersen, 1993, p.1261): A weakness of DEA is that a considerable
number of observations typically is characterized as efficient, unless the
sum of the number of inputs and outputs is small relative to the number
of observations.
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Table 3 — Decision-making unit efficiency in the basic sets and in a superset
Tabnuya 3 — SgppekmusHocmb eOUHUY, NPUHAMUS peweHuUl 8 OCHOBHOM MHOXecmee U
HadMHoxecmee
Tabena 3 — EgbukacHocm jeOuHuya 00ny4usarba y OCHOBHUM CKyrnosuma u HaoCcKymny

VARIANT A

No DMU Efficiency Quantity | SS DMU Efficiency Quantity

of no. (0-1] of no. (0-1] of

BS. efficient efficient

units units

DMU1 0.879175 DMU1 0.798903
DMU2 0.192230 DMU2 0.170841
DMU3 0.206022 DMU3 0.175874
DMU4 0.164341 2 DMU4 0.140289
DMU5 0.361602 DMU5 0.308687
DMU6 0.181727 DMU6 0.155137
DMU7 1.000000 DMU7 0.961284
DMU8 0.093544 DMU8 0.079853
DMU9 0.359357 DMU9 0.341007
DMU10 | 0.862869 DMU10 0.765826
DMU11 0.323213 DMU11 0.298594
DMU12 1.000000 DMU12 1.000000

- DMU13 | 0.603945 DMU13 0.533680

‘g DMU14 | 0.302814 DMU14 0.258497

2 DMU15 | 0.100037 DMU15 0.087856

3 DMU16 | 0.139338 DMU16 0.122371
DMU17 | 0.113290 DMU17 0.039702
DMU18 | 1.000000 DMU18 0.350449
DMU19 | 0.248430 3 DMU19 0.075714
DMU20 | 0.757351 DMU20 0.164219
DMU21 0.589529 DMU21 0.148776
DMU22 | 0.312563 DMU22 0.100666
DMU23 | 0.267623 DMU23 0.083624
DMU24 | 1.000000 DMU24 0.345956

o~ DMU25 | 1.000000 DMU25 0.256134

§ DMU26 | 0.633900 DMU26 0.137451

2 DMU27 | 0.466613 DMU27 0.123317

3 DMU28 | 0.913229 DMU28 0.304692

. DMU29 | 0.982846 DMU29 0.674760

§ DMU30 | 1.000000 ‘aw':' DMU30 0.660572

2 DMU31 0.306841 2 E’_ DMU31 0.204181

3 DMU32 | 0.259709 a DMU32 0.172817 3
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VARIANT A

No DMU Efficiency Quantity SS DMU Efficiency Quantity

of no. (0-1] of no. (0-1] of

BS. efficient efficient

units units

DMU33 | 0.439482 DMU33 0.148063
DMU34 | 0.249361 DMU34 0.165932
DMU35 | 0.555812 DMU35 0.187271
DMU36 | 0.647396 DMU36 0.367192

o DMU37 1.000000 DMU37 0.877614

”g DMU38 | 0.490002 DMU38 0.320747

2 DMU39 | 0.472408 DMU39 0.303723

3 DMU40 | 0.767057 DMU40 0.468147
DMU41 1.000000 DMU41 1.000000
DMU42 | 0.488504 DMU42 0.488504
DMU43 | 0.266385 2 DMU43 0.266385
DMU44 | 0.148627 DMU44 0.148627
DMU45 | 0.544243 DMU45 0.544243
DMU46 | 0.126275 DMU46 0.126275
DMU47 | 0.307956 DMU47 0.307956
DMU48 | 0.133064 DMU48 0.133064
DMU49 | 0.215982 DMU49 0.215982
DMU50 | 0.327164 DMUS50 0.327164
DMU51 0.340419 DMU51 0.340419
DMU52 1.000000 DMU52 1.000000
DMU53 | 0.732659 DMU53 0.732659
DMU54 | 0.522205 DMU54 0.522205

< DMU55 | 0.422567 DMU55 0.422567

‘g DMU56 | 0.387019 DMU56 0.387019

2 DMU57 | 0.022979 DMU57 0.022979

3 DMU58 | 0.041560 DMU58 0.041560
DMU59 1.000000 DMU59 0.477291
DMUB0 | 0.721202 2 DMU60 0.321932
DMU61 0.558896 DMU61 0.178442
DMU62 | 0.584930 DMU62 0.186759

0 DMUB3 | 0.166865 DMU63 0.074945

”g DMU64 | 0.063039 DMU64 0.020127

2 DMU65 | 0.873175 DMU6B5 0.278792

3 DMU66 1.000000 DMU66 0.443437
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VARIANT A

No DMU Efficiency Quantity SS DMU Efficiency Quantity
of no. (0-1] of no. (0-1] of
BS. efficient efficient
units units
DMU67 1.000000 DMU67 0.774963
DMUG8 0.602181 1 DMU68 0.296396
DMU69 0.691438 DMU69 0.470662
© DMU70 0.955143 DMU70 0.508139
§ DMU71 0.661295 DMU71 0.419728
2 DMU72 0.521605 DMU72 0.191992
3 DMU73 0.135552 DMU73 0.049899
Totally efficient units 12 Totally efficient units 3

DMUG67 UZice 12
DMUG66 Horgos 11
DMUS59 Subotica 10
DMU52 Indija 9
DMU41 Novi Sad 8
DMU37 Zajecar 7
DMU30 Leskovac 6
DMU25 Kraljevo 5
DMU24 Palanka 4
DMU18 Jagodina 3
DMU12 Pozarevac 2
DMU7 Pancevacki Most 1

0, 774963
0,4437 1

547779 1

; 1

1 M Eff in Section

0873614
.".
O 4 1

. 4 9 O 1

’
0,550445 1

. 0561284

1 mEffin Sector

T

0

0,5 1

1,5

Figure 3 — Best practice units in the Section (12 units) and the Sector (3 units)
PucyHok 3 — EQuHuybl nepedosoli npakmuku e Cekyuu (12 eduHuy) u Cekmope
(3 eduHuupbi)
Cnuka 3 — JeduHuue Hajborbe npakce y cekyuju (12 jeduHuya) u cekmopy (3 jeOuHuye)

The ratio between the Sector efficiency (Eff<1) and the Section
efficiency (Eff=1), for 12 efficient units in the Section, may be seen from
the graph presented in Figure 3. The highest span is of DMU25 which is
on the verge of efficiency (0.256134/1), with the achieved 25.6% of the
goal. The lowest span is with the DMU7, which is firmly efficient
(0.961284/1), with the achieved 96.1% of the target.
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For the variant B of the multiset DEA analysis, through the iterative
procedure, the number of DMUs gradually increases by adding the units
of the following basic unit to Basic set 1, up to the superset size, Table 4.

Table 4 — Efficiency of decision-making units in BS1 and aggregate sets
Tabnuya 4 — SgpgpbekmusHocmb eQuHuUY, puHamus pewexust 8 OM1 u cymmapHbIx

MHOXecmeax
Tabena 4 — EgpukacHocm jeduHuuya odnyyusarba y OC1 u 36upHUM CKyrnosuma

VARIANT B

DMU Efficiency

no. 1% iteration | 2" 3 4" 5" 68"
(16DMU) iteration iteration iteration iteration iteration

(28DMU) | (40DMU) | (58DMU) | (66DMU) | (73DMU)

DMU1 0.879175 0.879175 0.879175 0.798903 0.798903 | 0.798903

DMU2 0.192229 0.192229 0.192229 0.170841 0.170841 0.170841

DMU3 0.206021 0.206021 0.206021 0.175874 0.175874 | 0.175874

DMU4 0.164340 0.164340 0.164340 0.140289 0.140289 | 0.140289

DMUS 0.361602 0.361602 0.361602 0.308687 0.308687 | 0.308687

DMUG6 0.181726 0.181726 0.181726 0.155137 0.155137 0.155137

DMU7 1.000000 1.000000 1.000000 0.961284 0.961284 | 0.961284

DMU8 0.093543 0.093543 | 0.093543 0.079853 | 0.079853 | 0.079853

DMU9 0.359357 0.359357 0.359357 0.341007 0.341007 | 0.341007

DMU10 | 0.862869 0.862869 | 0.862869 0.765826 | 0.765826 | 0.765826

DMU11 ] 0.323213 0.323213 0.323213 0.298594 0.298594 | 0.298594

DMU12 | 1.000000 1.000000 1.000000 1.000000 1.000000 | 1.000000

DMU13 | 0.603944 0.603944 0.603944 0.533680 0.533680 | 0.533680

DMU14 | 0.302814 0.302814 0.302814 0.258497 0.258497 | 0.258497

DMU15 | 0.100036 0.100036 0.100036 0.087856 0.087856 | 0.087856
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DMU16 | 0.139337 0.139337 0.139337 0.122371 0.122371 0.122371

DMU17 0.044929 0.044929 0.039702 0.039702 | 0.039702
DMU18 0.396589 0.396589 0.350449 0.350449 | 0.350449
DMU19 0.088672 0.088672 0.075714 0.075714 | 0.075714
DMU20 0.177537 0.177537 0.164219 0.164219 | 0.164219
DMU21 0.157789 0.157789 0.148776 0.148776 | 0.148776
DMU22 0.111534 0.111534 0.100666 0.100666 | 0.100666
DMU23 0.092086 0.092086 0.083624 0.083624 | 0.083624
DMU24 0.389268 0.389268 0.345956 0.345956 | 0.345956
DMU25 0.287488 0.287488 0.256134 0.256134 | 0.256134
DMU26 0.148598 0.148598 0.137451 0.137451 0.137451
DMU27 0.143906 0.143906 0.123317 0.123317 | 0.123317
DMU28 0.349139 0.349139 0.304692 0.304692 | 0.304692
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VARIANT B

DMU Efficiency
no. 1% iteration | 2™ 3" 4" 5" 6"
(16DMU) iteration iteration iteration iteration iteration
(28DMU) | (40DMU) | (58DMU) | (66DMU) | (73DMU)
DMU29 0.809804 | 0,674760 | 0,674760 | 0,674760
DMU30 0.762116 | 0,660572 | 0,660572 | 0,660572
DMU31 0.237283 | 0,204181 | 0,204181 | 0,204181
DMU32 0.200835 | 0,172817 | 0,172817 | 0,172817
DMU33 0.173450 | 0,148063 | 0,148063 | 0,148063
DMU34 0.192833 | 0,165932 | 0,165932 | 0,165932
DMU35 0.219377 | 0,187271 | 0,187271 | 0,187271
DMU36 0.408825 | 0,367192 | 0,367192 | 0,367192
DMU37 0.922098 | 0,877614 | 0,877614 | 0,877614
DMU38 0.369195 | 0,320747 | 0,320747 | 0,320747
DMU39 0.348028 | 0.303723 | 0.303723 | 0.303723
DMU40 0.529783 | 0.468147 | 0.468147 | 0.468147
DMU41 1.000000 | 1.000000 | 1.000000
DMU42 0.488504 | 0.488504 | 0.488504
DMU43 0.266385 | 0.266385 | 0.266385
DMU44 0.148627 | 0.148627 | 0.148627
DMU45 0.544243 | 0.544243 | 0.544243
DMU46 0.126275 | 0.126275 | 0.126275
DMU47 0.307956 | 0.307956 | 0.307956
DMU48 0.133064 | 0.133064 | 0.133064
DMU49 0.215982 | 0.215982 | 0.215982
DMUS0 0.327164 | 0.327164 | 0.327164
DMU51 0.340419 | 0.340419 | 0.340419
DMU52 1.000000 | 1.000000 | 1.000000
DMUS3 0.732659 | 0.732659 | 0.732659
DMU54 0.522205 | 0.522205 | 0.522205
DMU55 0.422567 | 0.422567 | 0.422567
DMU56 0.387019 | 0.387019 | 0.387019
DMUS7 0.022979 | 0.022979 | 0.022979
DMU58 0.041560 | 0.041560 | 0.041560
DMU59 0.477291 | 0.477291
DMUGO 0.321932 | 0.321932
DMUG1 0.178442 | 0.178442
DMUG2 0.186759 | 0.186759
DMUG3 0.074945 | 0.074945
DMUG4 0.020127 | 0.020127

541

Vukovi¢, D., Best practice as actual and relative benchmark to inefficient units: multiset DEA analysis, pp.525-550



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

VARIANT B

DMU Efficiency
no. 1% iteration | 2" 3¢ 4" 5" 6"
(16DMU) iteration iteration iteration iteration iteration
(28DMU) (40DMU) (58DMU) (66DMU) | (73DMU)
DMUG5 0.278792 | 0.278792
DMUG6 0.443437 | 0.443437
DMUG7 0.774963
DMUG68 0.296396
DMUG9 0.470662
DMU70 0.508139
DMU71 0.419728
DMU72 0.191992
DMU73 0.049899

According to Table 4, in the 1!, 2" and 3" iteration the units DMU7
and 12 are efficient. The fourth iteration is “decisive”, as in further 4", 5
and 6" iterations, the efficient units include DMU12, 41 and 52.

The comparative results of the research of the Variants A and B of
the Multiset DEA analysis indicate the units which should be further
improved (highlighted), and the unit which remains efficient (bold), Table
5. This further indicates the relativity of efficiency, as practices are best,
some in supersets, some however in basic sets.

Considering the efficient units from the monoset viewpoint, set BS1
should be partially improved, i.e. just one efficient unit (DMU7), sets BS2,
BS3, BS5 and BS6 should completely improve their efficient units, while
set BS4 "strong" is a set with both multiefficient units.

Unit DMU7 is multiinefficient due to the fact that it has been
discovered as potentially inefficient within the multiset of fourth iteration
and further to the superset. Based on this, target activities resulting from
the Sensitivity analysis are proposed based on deceasing the input
and/or increasing the output. Opposite to this, DMU12 unit is a multiset
efficient unit, as it still remains as efficient as in the first set after the
increase of the analysed set.

As the Passenger Transport Sector does not include the decision
making units by which the analysed set would be enlarged, it is possible
to add hypothetical units with hypothetical data in future observations and
thus establish the complete ranking. In such future iterations, with new
hypothetical units, it is necessary to further decrease the investment
and/or increase the result for achieving efficiency.
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Table 5 — Result of the Multiset DEA analysis (Variant A, Variant B)

Tabnuya 5 — Pe3ynsmam mynbmu-MHoxecmeeHHo20 AO/ aHanu3a (BapuaHm A,

BapuaHm b)
Tabena 5 — Pe3ynmam mynmuckynosHe [JEA aHanu3se (s8apujaHma A, eapujaHma b)
Variant A Variant B
Basic Efficient | Basic set and aggregate basic Efficient | Multi- Multi
set sets efficient | inefficie
nt
BS1 DMU7 BS1 DMU7 DMU12 | DMU7
DMU12 DMU12
BS2 DMU18 | BS1+BS2 DMU7 DMU12 | DMU7
DMU24 DMU12
DMU25
BS3 DMU30 | BS1+BS2+BS3 DMU7 DMU12 | DMU7
DMU37 DMU12
BS4 DMU41 | BS1+BS2+BS3+BS4 DMU12 DMU12 | -
DMU52 DMU41
DMU52
BS5 DMU59 | BS1+BS2+BS3+BS4+BS5 DMU12 DMU12 | —
DMUG66 DMU41
DMU52
BS6 DMU67 | BS1+BS2+BS3+BS4+BS5+BS6 DMU12 DMUl12 | -
DMU41
DMU52

In conclusion, based on the numerical example, the following three
definitions are provided:

— Definition 1: When a DMU is analysed in relation to other units in a
bigger set, the DMU efficiency numerical value is smaller or equal to the
efficiency obtained when a DMU is analysed in relation to other units in a
smaller set. The estimation by the Multiset DEA analysis in a wider set is
more restrictive than the evaluation by the monoset approach: Eff™"se'<

Effe.

— Definition 2: When a DMU is analysed in relation to other units in
an aggregate set, the number of efficient units is smaller than the total
number of efficient units when units are analysed in relation to other
units within the basic set:

NEffDMU

multiset set
< 2Nefomu™ -
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— Definition 3: Multiset efficient unit is efficient in both a basic set
and a superset: Effyser= 1(BS, SS).

Additional clarification of efficiency, apart from the numerical value of
efficiency, also includes the number of decision making units of the
analysed set. It is a kind of weighted efficiency according to which
efficient units are different and therefore comparable.

Conclusion

After reading the papers of the first and subsequent authors on the
subject of the DEA method, it can be learnt that efficiency is a relative
feature, as it varies depending on the data analysed. Additionally, the fact
that this change may not only be positive (from inefficient to efficient
unit), but also a negative one (from efficient to inefficient) has been
ignored. Hence, the result of efficiency is only an estimate, and not an
evaluation, that is, a final approximate value of efficiency.

With such more profound knowledge in mind, the objective of this
paper is to acknowledge potentially inefficient units in order to avoid the
previously stated negative process (efficient — inefficient), and sustain
efficiency in such a way. In this regard, the Multiset DEA analysis has
been proposed, which has also been explained from the theoretical point
of view and practically illustrated, while in the end the research results
were presented.

Theoretically, the Multiset DEA analysis is a mathematical way of
calculating the efficiency of business operations of entities from different
areas. The efficiency evaluations obtained by the Multiset analysis are
re-evaluated, whereby new estimations of efficiency are equal or smaller
than the previous ones, which implies very important information on
potentially inefficient units.

Practically, the Multiset DEA analysis is illustrated at an actual
example of Serbian railway passenger stations, which are an important
part of both the railway segment and the environment. As a part of the
changing environment, military sector is a more or less significant
customer of transport services. We would like to mention in our paper the
best practice units, Pancevacki Most (DMU7) and Pozarevac (DMU12)
stations, within the Passenger Transport Section Belgrade, as well as
Pozarevac, Novi Sad and Indjija within the Passenger Transport Sector.
The stated stations are: (i) an actually achievable model for inefficient
units, (ii) a "live" proof of potential efficiency, and (iii) a confirmation of the
application of the DEA method. The Pozarevac station is a multiset
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efficient station, as it is efficient in the Sector, while DMU7 is potentially
inefficient as it becomes inefficient in the Sector.

Based on the results, with certain units we expect a negative
process (efficient—multineffecinet). Now that we know what awaits us,
our future research will definitively be the Sensitivity analysis. This is the
logical order (or a post DEA analysis) as it provides concrete target
values of input-output parameters (smaller inputs and/or higher outputs),
which is necessary to realise in practice so that multiinefficient units can
become multiefficient. Targeted activities are different in each iteration
and every time, and in any larger set. There is no doubt that with them in
the future, efficient units of the basic set become stable, and they remain
as efficient in the end as in the beginning. Therefore, the actual efficiency
indicator is not only a pure numerical value, but also the number of units
included in the analysis, which makes efficiency additionally defined. The
extension of the case would include new inputs and outputs as
characteristics of other subsystems, i.e. an analysis of the so-called DAT
approach using sets and systems.

Additionally, future research refers to providing measures which
encourage activities, and then measures possible to apply in concrete
conditions. Now we will make a general proposal for better conversion
input/output:

— New rational technology for the operation of stations (rational
number of station personnel, rational redistribution of work,
modernisation of operations, etc.);

— New rational organisation of railway transport (rational number of
shares i.e. fewer trains, more departures, fewer "empty" lines, shorter
stays and turning and line stations, which is to be achieved by a quality
made timetables, etc.);

— Improved quality of transport service (timely departures, regular
trains, comfort, providing information to passengers, travel without
changing trains, accessibility of stations, diverse fee-related benefits
etc.).

According to the presented system and the analogy to the case
shown, the efficiency of entities from other activities may also be
calculated, with completely different types of data (apart from the applied
traffic-transport and demographic, economic and other statistical data). In
the spirit of this magazine, we will mention organisational units,
institutions and individuals of the Serbian Army, which is, similarly to the
railway, a significant and complex, and above all, extremely important
organisational system.
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Through constant innovation lasting for a number of decades, the
DEA model of mathematical programming has become a subject of
significant and important number of works which present the modified
models and contemporary examples. In terms of such tendency, the
presented subject of DEA is not a completely closed issue, but it instead
eagerly waits for new ideas and new examples, all with a wider
comprehension of the notion of efficiency.
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MEPEAOBAA MPAKTUKA B KAHECTBE PEANIMCTUYHOIO A
OTHOCUTEIBHOTI O NPUMEPA ONA MOAPAXAHUA ANA
HE3®PEKTUBHbLIX EANHUL: MYTNTIBTU-MHOXECTBEHHBLIV AO[
AHAIIN3

[ybpaeka P. BykoBny
«Cepbus kapro» AO, TpaHCnopTHbIN cekTop, r. Benrpan, Pecnybnuka Cepbus

OBJIACTb: maTemaTuka, NormcTvka, Nyt coodLeHnst
BWO CTATbW: opuruHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuickui

Pe3some:

UccnedosaHuss aghgpekmusHocmu eOUHUY, MPUHAMUS PeweHus 8
Hacmosiwel pabome npogodunuce 8 CriedyrowWeM HarpaeneHuu:
aghgbekmusHasi—Myribmu-HeaghgbekmueHasi—Myribmu-achgbekmueHasi

eduHuya. CnedosamernbHo, uenb  Hacmosiwel  pabombl  —
rpedycmMompems HECKOMbKO Waeos 3apaHee, makux Kak: (1)
udeHmucpukayusi "CKpbimbix" HeahheKmMueHbIX eOUHUY, 8 Myrbmu-
MHOXecmee, cpedu aghghekmuHbIX eOUHUL, 8 OCHOBHOM MHoXecmee, (2)
ocyujecmerieHue agbchekmusHocmu 8 criydasix UOeHmuguyupO8aHHbIX
HeaghheKkmuBHbIX eOuHuU,. Takum obpasom yKasbleaemcsi
(Mpedynpexxdaemcsi!) Ha ompuuamersibHbIl npouecc
ahgpekmusHasi—HeahghbekmugHasi, U €030aemcsi 803MOXHOCMb Orisi
C80E8PEMEHHO20 peasuposaHus, 8 MoM Hucrie u 0r1s npedyrnpexoeHusi
Mynbmu-HeaghgpekmusHocmu.  KoHkpemHolU  uernbio  Hacmosweu
pabomel sgrisemcs oueHka aghghekmueHoCcmU CepbCcKuX 80K3aros U
JKeIIe3HOOOPOXHbIX MAaCCaXXUPCKUX cmaHyud, rnpexoe ece2o 8 0CHOBHOM
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MHoxxecmee CeKyuu rnaccaxupckozo mpaHcriopma benzpad, a 3amewm 8
Mynbmu-mHoxecmee CeKyuu NaccaxxupcKoao mpaHcropma, U 8 KOHUe 8
HaOMmHoxecmee — CeKkmope naccaxupcko2o mpaHcriopma. 3mo
ocyujecmesnsiemcsi ¢ MOMOWBHO MPUMEHEHUST MYJ/IbmMU-MHOXECMBEeHHOE0
AQ/L memoda (AHanu3 oxeama OaHHbIX), KOomopbIl rpedcmassnsem
cobol cucmemy: (U) OUEHKU OmHocumernbHoU 3aghghekmusHocmu, 8
repeol umepayuu, rymemM aHaau3a OCHOBHO20 MHoXecmea, (uu)
CHLDKEHUST 3ghgheKkmueHOCMU MomeHyuasibHO HeaghgheKkmueHbIx eOUHUU,
8 rocnedyrowux umepayusix, rnymem aHanuda Myrbmu-MHoXecmea. B
pesynibmame — aghghekmusHble cmaHuuu [Noxapesay u [laH4esayku
MOCM Haxo0smcsi Ha HadalrbHOM YpoeHe, a (Ho80)achchekmueHbie
lNoxapesau, Hosu Cad u UHOXus, Ha rocriedHem yposHe. CmaHuusi
lNoxapesay Ha npakmuke ocmaemcsi fydwel cmaHyued, u rno ceoel
Mynbmu-aghgheKmueHocmu  siensiemcst  npumMepom Orisi  oOpaXkaHust
HeagbpekmusHbIM eduHulaMm. MoxHo cdenamb 8bI800, YMO peuweHue
Myrnbmu-mHoxecmeeHHoeo AQO[] aHanusa 8 6onbwell cmerneHu
peanucmu4yHO U 8 MeHbWel CcmerneHU OMHOCUMESIbHO, [OCKOMbKY
MpuMeHUMO K boree WUPOKOMY aHau3upyeMoMy MHOXecmey eOuHUL,
MPUHAIMUST PeweHuUsi, mo ecmb K 6osibleMy oxeamy pacCcMOmpeHusi
npobnembl.  [aHHbie rokasamesnu Sersiomcs 8ecbMa  3Ha4yuMbIMU,
0COb6EHHO, ecnu y4yumbieams meHOeHyuU sospacmaroweli
enobanusayuu, 8 0OaHHOU C853U Mbl PeKkoMeHOyeM UHmezparbHbIU
MYIbMU-MHOXEeCMEeHHbIU nodxod, 8 omnuduu om uHOUBUdyaribHO20
€0UHUYHO-MHOXecmeeHHo20 rodxoda.

Knroyeesnie crosa: aghghekmusHOCMb, aHanus cpeobi
QOYHKUUOHUPOBAHUS, MYTbMU-MHOXECMEEHHbIU aHanus,
)Kes1e3HOOOPOXKHbIE CMaHUUU.

HAJBOJbA MNMPAKCA KAO PEAJTAH N PENATUBAH Y30P
HEE®PUNKACHUM JEOUHNLIAMA: MYNTUCKYTIOBHA OEA
AHAJTTIN3A

[ybpaska P. Bykosuh
,Cpbuja kapro” ALl, Cektop 3a caobpahajHO-TpaHCNOPTHE NOCMOBE,
Beorpag, Penybnuka Cpbuja

OBJIACT: matemartuka, noructuka, caobpahaj
BPCTA UJTAHKA: opyruHanHu Hay4Hu YnaHak
JE3UK YJTAHKA: eHrnecku

Caxemak:

lNpasay, ucmpaxuearka eghukacHocmu jeOuHuya 00ry4usara y 080M
pady Jecme ehukacHa—MynmuHeegbukacHa—MymuechukacHa
jeduHuya, a onwmu yurb cy 0ea Kopaka Harped: (1) omkpueare
,,CKpUBEHUX” HeegbukacHUX jeduHuua y mynmuckyrny, mehy egbukacHum
JjeduHuyama y OCHOBHOM CKyry U (2) mocmu3are egbukacHocmu KooO
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OMKpuUBeHUX HeegbukacHux jeOuHuuya. Tume ce ykasyje (yrno3opaeal) Ha
HeszamueaH npouec echukacHa—HeeguKacHa, Kako bu ce rpasospemMeHo
peaeosano u mume npedynpeduna mynmuHeegukacHocm. KoHkpemHu
Uwn jecme Oa ce MpPoOUeHU egbukacHOCM XKENEe3HUYKUX MyMHUYKUX
cmaHuya y Cpbuju, Hajnpe y ocHosHom ckyny Cekyuje 3a npesos
nymHuka beoepad, 3amum y mynmuckyry Cekyuja 3a npeso3 nymHuka u,
Ha Kkpajy, y Hadckyrly Cekmop 3a npeeo3 nymduka. To ce nocmuxe
mynmuckyrioeHom memodom [EA (Data Envelopment Analysis), wmo je
cucmem 3a: (u) npouerbusare penamusHe eghukacHocmu, y rpeoj
umepauuju, aHamu30M OCHOBHOZ CKyra, (Uu) cMarserse egbukacHocmu
rnomeHyujanHo HeegukacHUx jeduHuua, y HapedHUM umepauujama,
aHanuzom Mynmuckyna. Pesynmam je da cy ecbukacHe cmaHuue
lMoxapesay u [laH4yesayku MoOCmM Ha [O4YEeMHOM HUBOY, a
(Hoeo)egpukacHe [Noxapesau, Hosu Cad u UHhuja Ha kpajr-em HUBOY.
Haj6orba npakca je y cmaHuuu lNoxapesal, Koja je MynmuegbukacHa u
npedcmaesba y30p HeegukacHUM jeOuHuyama. 3akrbydyje ce 0Oa je
pewerse MynmuckyrnosHe [EA aHanuse euwe peasiHo, a Mare
penamueHo, jep 6axu 3a WUpu aHanudupaHu CcKyn jeduHuua
odnyquearba, mj. eehu obyxeam caznedasarsa npobnema. To je
3HayajHo 3a yknaname y Hoeo 0oba pacmyhe enobanusauyuje, me je
Hawa rfperopyka yenosum MYMmUCKYNOSHU Mpucmyr Hacyrnpom
rojeGuUHa4YHoOM MOHOCKYOBHOM fpucmyry.

KmbyuyHe  pedu: egpukacHocm, Data  Envelopment  Analysis,
MYynMUCKYrogHa aHasnu3a, Xefe3Hu4Ke cmaHuue.
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Summary:

The paper analyzes the VPS - Ti / TiC composite coating. The powder
was deposited at low pressure with an F4 plasma gun produced by
Plasma Technik AG because of the influence of the environment on
powder oxidation. The main goal of the work was to prevent low-pressure
decomposition of TiC cubic carbide into TiO, and NiTiOs; oxides that
reduce: adhesion, cohesive strength, TiC hardness, and abrasion
resistance to wear. The mechanical properties and the structure of the Ti/
TiC coating were analyzed in accordance with the Praft & Whitney
standard. The microhardness values of the coating layers were in the
range of 750-837 HV,3, and the substrate/coating bond strength was 84
MPa. The coating microstructure was examined by the light microscopy
technique. The distribution of TiC in the Ti base is uniform and the
deposited layers are obtained without segregation effects. The coating
structure consists of titanium layers with 8 - Ti and a - Ti modifications and
TiC cubic layers. In the microstructure, there are unmelted TiC particles
present in a smaller share as well as micropores that did not affect the
coating strength. The tests showed that the VPS - Ti / TiC composite
coating has good mechanical properties and a good microstructure, which
fully enables its application on substrates of biomedical implants.

Keywords: microstructure, coatings.
Introduction

Materials used for biomedical implants must meet a number of
requirements which are often mutually exclusive. Different parts of the
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elements require different material properties. These factors often make
the production of medical implants harder when using one type of
material. Many implant elements, such as knee replacements, only
include relative movement between the components while functioning. In
such conditions, polyethylene applied on supporting metal surfaces is
currently widely used. However, although polyethylene as a whole is
biologically inert in the body, microscopic polyethylene particles formed
by wear may be poisonous if present in large quantities and they can
lead to osteolysis (Pancanti et al, 2003, pp.777-785), (Atala et al, 2010),
(Amstutz & Le Duff, 2012, pp.275-282), (Hamilton et al, 2013, pp.96-
100). This has led to an increasing interest in the fabrication of
supporting surfaces of metal-on-metal implants, especially in applications
involving a large contact surface (Liu et al, 2005, pp.319-328), (Haruna et
al, 2017, pp.95-101), (Goldsmith et al, 2000, pp.39-47), (Xia et al, 2017,
pp.1205-1217). The metal-on-metal approach requires that the
supporting surfaces be extremely hard and resistant to wear.
Manufacturing a whole implant out of a hard material is not acceptable,
because such hard materials would be too brittle to use. The best
approach is the application of appropriate hard surface layers on the
supporting surfaces of the implant. This approach allows the production
of implants with biocompatible materials with the desired properties, and
the surface requirements are met with biocompatible hard surface layers.
Although the application of surface coatings is certainly an advantage,
which is a great benefit in the process of implant making, there are,
however, some issues relating to the coating materials that must satisfy
some of the requirements, such as: coating material must be
biocompatible, coatings must not be brittle or prone to other damage,
coatings should have adequate hardness and wear resistance, and
coating material should be metallurgically compatible with the carrier
material of the implant. Most coating materials, such as carbides,
borides, nitrides, and oxides (Al,Os;, ZrO,, CaO, etc.), easily meet
hardness and abrasion resistance requirements, but they are brittle and
often not metallurgically compatible with metal substrates of implants. It
is difficult to apply hard monophase non-metallic materials on metal
substrates due to residual stresses at the interface and inside the
coating; this causes brittleness, cracking of coating particles, peeling and
separating coating parts from the metal substrate of the implant. For
example, depositing a coating of pure TiC on the Ti alloy substrate is
undesirable because the coating cracks (Liu & DuPont, 2003, pp.1337-
1342). This has led to the use of composite coatings consisting of a
tough metal substrate and hard non-metallic materials evenly dispersed
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in the metal substrate. In this way, a coating with the desired
characteristics can be produced. A soft metal substrate provides
toughness to the coating as well as the metallurgical compatibility /
bonding with the substrate, while hard non-metallic material reinforces
the coating and provides adequate hardness and resistance to wear.
Another important issue is a coating application method. In this respect, a
coating application method or process should enable the production of
homogeneous and thick composite coatings. The coating must be able to
achieve metallurgical bonding to the base material in order to achieve
adequate adhesion and to allow a minimum heat input so as not to
damage the microstructure and the mechanical properties of the base
material. Today, Ti / TiC composite coatings are extremely suitable for
application on parts of metal-on-metal implants exposed to excessive
wear. These types of coatings can be especially used on commercial
titanium alloys for the production of high performance implants. The
method of protecting implant parts consists of the deposition of a
mechanical mixture of commercial Ti and TiC powders of Ar inert gas at
low pressure by the plasma spray process in a vacuum. Depending on
the working conditions of the coating, the VPS process allows the
deposition of composite coatings in different quantitative relationships
between carbide and metal. At low pressure of the inert gas, the reaction
of metal and carbide with the air is completely eliminated. The advantage
of the process is the application of the transferred arc which cleans and
preheats the substrate surface prior to depositing the powder thus
increasing the adhesion and cohesive strength (Mrdak, 2017, pp.30-44).
The properties of coating layers are directly connected to powder
technology and powder deposition parameters. TiC is dark gray, with a
low density of 4.93 g/cm?® and a high melting temperature of 3140 °C. TiC
particles have shown great potential as a phase that reinforces the
composite material due to its high hardness level, high modulus, low
density and high thermal stability. TiC-based cermets have excellent
resistance to wear, high temperature, chemical corrosion, oxidation, as
well as a low coefficient of friction and density (Cai et al, 2013,
pp.1681-1688). TiC coatings have superior resistance when exposed to
abrasion. The Ti / TiC composite base can be another metal or alloy
depending on different needs and applications. Due to its excellent
corrosion resistance, high strength to weight ratio and biocompatibility,
titanium is used as the carrier material for the fabrication of metal parts of
implants in a large number of applications (Okazaki et al, 2001, pp.599-
607). Ti has a polymorphism property, since it crystallizes from the liquid
state to 1665 °C in a B-spatially centered cubic lattice, and when cooled
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further to 882 °C it goes into an a-hexagonal tightly packed grid. Titanium
is a metal with a low density of 4.5 g/cm?®, which in combination with good
mechanical properties, such as high strength and hardness, gives high
specific strength. The Ti/TiC coating consists of a mixture of coarse non-
molten, partially molten and completely molten TiC particles uniformly
distributed in the titanium base with B-Ti and a-Ti modifications. With the
increase of the TiC content in the coating, the coating hardness and
resistance to wear increases. Besides by the TiC content, the coating
microhardness is also affected by the content, size and distribution of
micropores in the deposited layers. The coating friction coefficient
depends on the content of carbides in the coating. When the content of
TiC particles increases, the coefficient of friction of composite coatings
decreases. The friction coefficient decreases with the increase of the
content of TiC particles in the coating.

The main objective of the paper is to deposit layers of coating with
primary cubic titanium carbide (TiC) in a vacuum at low pressure of inert
gas, which gives excellent resistance to wear, high temperature,
oxidation and corrosion. Studies have shown that the VPS - Ti/TiC
coating has good mechanical properties and a microstructure in which
there are no oxides of TiO, and NiTiO;. The coating layers have
adhesion and cohesion strength values which are in agreement with the
coating microstructure in which the primary cubic carbide TiC dominates,
thus making such a coating capable of modifying the surface of
biomedical implants.

Materials and experimental details

A VPS-Ti/TiC composite coating was made from a mixture
consisting of a commercially pure Ti powder of 60 wt% and TiC of 40
wt%. The morphology of powder particles was examined on a scanning
electron microscope (SEM). Powder particles are of irregular shape with
sharp edges, obtained by a grinding technique with a powder range
ranging from 45 pm to 150 ym. Figure 1 shows a SEM micrograph of Ti
powder particles, and Figure 2 shows a SEM micrograph of TiC powder
particles. The substrates on which the layers were deposited were made
of steel C.4171 (X15Cr13 EN10027).

In order to test the microhardness of the Ti-TiC composite coating
layers, 70x20x1.5mm samples were made, while the samples for testing
the bond strength had the dimensions of @25x50mm. The microhardness
of the layers was assessed by the HV,3; method and the bond strength
by tensile testing.
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Figure 1 — (SEM) Shape of Ti powder particles
Puc. 1— (SEM) ®opma yacmuuy, nopowka Ti
Cnuka 1 - (CEM) O6nuk yecmuua npaxa Ti

Figure 2 — (SEM) Shape of TiC powder particles
Puc. 2 — (SEM) ®opma yacmuy nopowka TiC
Cnuka 2 — (CEM) O6nuk yecmuua npaxa TiC

In order to assess the coating homogeneity, the layer microhardness
was measured in the direction along the lamellae, in the middle and at
the ends of the samples. Five readings were carried out at three
measuring points, and the microhardness range from the minimum to
maximum value was displayed. The coating/substrate interface strength
was tested by tensile testing with a tensile speed of 1mm/1min. Five test
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specimens were used and the average values were presented in the
report. The microstructure of the deposited layers was examined on a
light microscope. The share of micropores in the coating was analysed
by processing 5 micrographs at a magnification of 200x, and the report
shows the average pore content in the coating. The coating mechanical
and microstructural characteristics were examined in accordance with the
standard (Pratt & Whitney, 2002).

Prior to the deposition of the mechanical mixture of Ti and TiC
powders, the surfaces of the substrate were roughened with white
corundum particles of 0.7 - 1.5 mm. The powder was deposited on the
Plasma Technik AG system with a F4 plasma gun. The microprocessor
unit of the VPS Plasma Technik AG has a program for depositing a
powder mixture. All process parameters were included in the program,
such as: chamber vacuuming, plasma gas flow, cleaning the substrate
with a transferred arc, powder mixture flow, coating deposition rate,
substrate cooling and vacuum chamber ventilation. The substrate surface
was cleaned with a transferred arc using Ar / He gases. The powder
mixture was deposited with a mixture of Ar/H, plasma gases. The coating
was deposited with a thickness of 90-100 um.

The plasma spray parameters of the Ti-TiC powder deposition on
the samples are shown in Table1.

Tabela 1 — VPS parameters of the deposition of the Ti-TiC powder mixture
Tabnuya 1 — VPS napamempbl HaHeceHus1 cmecu riopowkos Ti-TiC
Tabena 1 — VPS napamempu deno3uyuje mewasuHe npaxa Ti-TiC

Values
Parameters - -
Cleaning arc Spraying
Plasma current, | (A) 500 745
Plasma Voltage, V (V) 65 74
Primary plasma gas flow rate, Ar 50 40
(I/min)
Secondar;/ plasma gas flow rate | 10 ") 8.5@
He @ H,? (I/min)
Carrier gas flow rate (I/min) -- 4
Powder feed rate, (g/min) - 15
Stand-off distance, (mm) 290 270
Chamber pressure (mbar) 40 80
Nozzle diameter, (mm) 8 8
Speed of the gun, (mm /s) 250 250
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Results and discussion

Along the lamellar microstructure of the Ti / TiC coating, the
microhardness values range from 750 HVq3; to 837 HV, 3 The measured
values indicate that the coating microstructure contains an undeveloped
primary carbide phase TiC due to the powder deposition in an inert
atmosphere of Ar at low pressure, which is confirmed by the analysis of
the microstructure of the coating layer on a microscope (OM). Such a
microhardness range of the deposited layers of the Ti / TiC composite
coating is caused by the influence of softer Ti layers, a hard TiC carbide
phase, and the presence of micropores. The tensile strength of the bond
between the metal substrate and the Ti / TiC composite coating is 84
MPa. High tensile bond strength values are generally characteristic of
deposited coatings in a vacuum. The roughening of the metal substrate
surface and the subsequent cleaning of the substrate surface with a
transferred arc at low pressure resulted in a better adherence of molten
powder particles to the substrate, which led to a high adhesion value.
The values of microhardness and tensile bond strength are always in
correlation with the microstructure of layers.

Figures 3 and 4 are the micrographs of the structure of the
deposited layers of VPS - Ti / TiC composite coatings. The qualitative
analysis has shown that there are no defects in a form of discontinuity of
the deposited layers, microcracks, macrocracks and separation of the
coating layers from the substrate at the interface. In some places, at the
substrate/coating interface, there are dark areas formed by TiC carbide
particle exctraction during the sample preparation. This effect is known
as pull out and, in the micrograph, it is clearly visible that these dark
areas retain the morphology of an original TiC carbide particle with its
angular and sharp edges.

The boundary at the substrate/coating interface is extremely clean,
indicating that the substrate surface was perfectly cleaned with a
transferred arc. Dark micropores of irregular shape are present in the
coating layers at the lamellar borders of Ti and TiC carbides. The
average value of the share of micropores was 2.7%. A smaller part of the
coating contains unmelted TiC particles that are irregular in shape and
darker in the micrograph. The Ti/TiC composite coating microstructure
shows that the Ti and TiC layers are uniformly deposited without
segregation, which is crucial for the coating good resistance to wear.
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50 ym @ Substrate Interface

Figure 3 — (OM) Microstructure of the Ti-TiC coating in a deposited state
Puc. 3 — (OM) Mukpocmpykmypa HaHeceHHo20 nokpbimusi Ti-TiC
Cnuka 3 — (OM) Mukpocmpykmypa Ti-TiC npeenake y 0erloHo8aHOM cmakrsy

Figure 4 — (OM) Microstructure of the Ti-TiC coating in a deposited state
Puc. 4 — (OM) Mukpocmpykmypa HaHeceHHo20 rokpbimusi Ti-TiC
Cnuka 4 — (OM) Mukpocmpykmypa Ti-TiC npeenaka y 0ernoHo8aHOM cmarby

Through the coating layers, no precipitates are observed, and
longitudinal oxide lamellae are not observed at the interlamellar
boundaries either. This confirms that the vacuum plasma spray process
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allows the deposition of coating layers without the content of TiO, and
NiTiO; oxides which reduce the coating mechanical properties, thus
showing a great advantage over other thermal spray processes. The
microstructure of the Ti / TiC cermet coating is lamellar with good
interlamellar bonding of longitudinal Ti lamellae which form the basis of
the coating composed of B-Ti and a-Ti modifications and longitudinal
lamellae of TiC cubic carbide. Good interlamellar bonding in the deposit
increases microhardness values and fracture toughness, as confirmed by
mechanical tests of the coating. The inner layers of the coating are free
of microcracks. The tests have shown that the VPS - Ti / TiC composite
coating has such mechanical and structural properties which allow it to
be used in exploitation on parts of implants exposed to wear and
corrosion of liquids of living tissues.

Conclusion

In this work, the vacuum plasma spray process was used for
depositing Ti/TiC composite coating layers. The mechanical
characteristics and the microstructure of the coating in the deposited
state were analyzed, based on which the following conclusions were
drawn.

The vacuum plasma sprayed Ti/TiC composite coating had the
microhardness values of 750 HVq; to 837 HVy3. The adhesion strength
between the composite coating and the substrate had a high value of 84
MPa. Cleaning the substrate surface with a transferred arc led to a better
adhesion of molten particles, which reflected in the resulting adhesion
value. The microhardness and adhesion strength of the Ti/TiC composite
coating bond were in correlation with the microstructure of the deposited
layers.

The coating microstructure is lamellar with uniformly distributed
lamellae of the basic Ti coating composed of § and a modifications and
longitudinal lamellae of Ti cubic carbide. At the interlamellar surfaces,
there is a share of micropores of 2.7%. Through the coating layers, the
segregation of the TiC carbide phase in the Ti base is not observed,
which enables uniform wear of the coating in exploitation.

The vacuum plasma sprayed Ti/TiC composite coating has good
mechanical and structural characteristics, and the goal was to produce a
coating of increased resistance to wear and corrosion for its application
in biomedicine to modify the surface of parts of biomedical implants.
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XAPAKTEPUNCTUKN KOMMNO3NTHOIO MNMOKPbLITUA VPS-TI/TiC,
HAHECEHHOIO BO34YLUHO-MNASMEHHbBLIM HAMBITEHVEM

Muxauno P. Mpaak
LleHTp uccneposanun un passutusa A.O. « MMTEJT koMMyHMKaumnmy,
r. benrpag, Pecnybnuka Cepbus

OBJNIACTb: xumn4yeckme TexHomnorum
BWO CTATbW: opurmHanbHasa Hay4YHas ctatbs
A3bIK CTATbW: aHrnuickmin

Pe3swome:

B daHHOU cmambe npedcmasneHbl XapakmepucmuKu KOMMIO3UIMHO20
nokpeimusi VPS — Ti/TiC. B uenu npedomepalieHusi 8030elicmausi
OKpy>atowjel cpedbl Ha OKcudayuro MOKPLIMUS, MOPOWOK bblil HaHeCeH
nod HU3KUM QaesieHUeM C [IOMOWbi0 rasmampoHa «F4» om
npoussodumensi  «Plasma  Technik AG». Lenb Hacmoswezo
uccrniedogaHusi  3akmodanacb 8  npedomepaweHuu  pasrioxeHusi
Kybudeckozo kapbuda TiC Ha okcudel TiO2 u NiTiO3, komopbie
CHWxarom: alee3uro, npoYyHocmb cuernneHus, meepdocmb TiC u
usHococmouUKocmb  MoKpbimusi. B cmambe npusedeH  aHanus
MexaHUYeCKUX Xxapakmepucmuk u cmpykmypbl rnokpsimusi Ti/TiC e
coomeemcmeuu ¢ mpebosaHusmMu cmaHOapma Pratt & Whitney.
Mukpomeepdocme crioes rnokpbimusi buina e npedenax 750 - 837 HVO0.3,
a meepdocmb cuernieHusi MoKpbImMusi ¢ 0cHogoll cocmaesisina 84 MPa.
Mukpocmpykmypa [OKpbImusi UchbimaHa C [OMOWbBK €8emosol
mukpockonuu. Pacnpedenerue TiC e ocHoge Ti 6birio paBHOMEPHbLIM, a 8
HaHeCeHHbIX CIosiX MOKpbimusi He O6bino aghghekmos cezpezauuul.
Cmpykmypa nokpbimusi cocmoum u3 crioee mumaHa ¢ B - Tii a — Ti
modlucpukayusamu u croee Kybudeckoeo TiC. B Mukpocmpykmype
MOKPLIMUST  8bISIBNIEHO  HEbONbWOE KOUYEeCmBO Hepacrias/ieHHbIX
yacmuy, TiC, a makxkKe MUKDPOMNOPbl, KOMOpble HE 6usm Ha
meepdocmb  MOKpbImMuUs. McribimaHusi riokasarsnu, 4Ymo KOMMO3UMmHoe
nokpsimue VPS — Ti/TiC obnadaem 6na2onpusimHbiMu MexXaHu4ecKkumu
ceoticmeamu U Mukpocmpykmypod, b6razodapss KomopbiM OaHHbIU 8ud
MOKPBIMUST  MOXHO  MPUMEHSIMb 8  U320mOe/ieHUU  MeOUUUHCKUX
UMI1aHmoes.

Knoueseble crosa: MUKPOCMPYKmMypa, noKpbImus.

561

Mrdak, M., Characterization of the vacuum plasma sprayed VPS-Ti/TiC composite coating, pp.551-562



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

KAPAKTEPUCTWKE KOMIMO3WTHE MPEBINAKE VPS - Ti/TiC
HAHETE BAKYYM MJA3MA CINPEJOM

Muxauno P. Mpaak

UcTtpaxmeadku n passojHu ueHtap UMTEJ komyHukauuje a.a., beorpag,
Peny6bnuka Cpbuja

OBNACT: xemujcke TexHomnorunje

BPCTA UJTIAHKA: opyruHanHu Hay4Hu YnaHak

JESNK YJTAHKA: eHrnecku

Caxemak:

Y pady cy npedcmasrbeHe Kapakmepucmuke KoMrio3umHe rpeenake VPS
— Ti/TiC. lpax je OeroHogaH Ha HUCKOM MPUMUCKY ria3ma nuuwimorbem
F4, cpupme Plasma Technik AG, 36oe ymuuaja okonuHe Ha okcudauujy
npaxa. Yurb je 6uo Oa ce Ha HUCKOM MPUMUCKY Cripeyu pasepad-a
KybHoe kapbuda TiC y okcude TiO, u NiTiOz Koju ymarbyjy: adxesujy,
Koxe3uoHy 4yepcmohy, mepdohy TiC u omrnopHocm ripeeriake Ha xabare.
AHarnusupaHe cy MexaHu4dke Kapakmepucmuke u cmpykmypa Ti/TiC
npeenake y cknady ca cmaHdapdom Pratt & Whitney. Mukpomepdohe
criojesa ripeeasiake burne cy y pacrioHy 00 750 do 837 HV,3, a yspcmoha
crioja usmeRy npeernake u rnodnoze umana je epedHocm 84 MPa.
Mukpocmpykmypa npeenake ucrumaHa je MEeXHUKOM C8emsioCHe
mukpockonuje. Huempubyuuja TiC y ocHosu Ti je pasHomepHa, a
OerioHosaHU criojesu dobujeHu cy 6e3 eghekama ceepezauuje. Cmpykmypa
npeernake cacmoju ce 00 crojeea mumaHa ca B — Ti u a — Ti
moducpukayujama u criojesa KybHoe TiC. Y MUKpOCMpPyKmypu Cy y Marem
Oeny npucymHe HeucmorubeHe decmuuye TiC u MUKporiope Koje Hucy
ymuyane Ha 4epcmoRy npeenake. Vicnumueara cy nokasana Oa
KomnodumHa rnipesnaka VPS — Ti/TiC uma 0obpe mexaHu4ke ocobuHe u
MUKDOCIPYKmMYypy, Koje y nommyHocmu omoayhasajy H-eHy rnpuMeHy Ha
cybecmpamuma 6UoMeOUUUHCKUX UMIIaHmama.

KrbydHe peyu: MUKpocmpyKmypa, npessnake.
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Abstract:

In this survey paper, we consider some known results from the fixed
point theory with complex domain. The year 1926 is very significant for
this subject. This is the beginning of the research and application of the
fixed point theory in complex analysis. The Denjoy-Wolf theorem,
together with the Banach contraction principle, is one of the main tools
in the mathematical analysis.
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Introduction and preliminaries
Let f be an analytic map of the unitdisk D = {ZeC:|Z|<1} into
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itself. Now, we want to consider the fixed point of f and especially
a lemma implies that f has at most one fixed point in D and some
maps have no fixed point. If f :D — D is a continuous map, then f

must have a fixed point in D. From now on, we make the assumption
that f is an analytic function on the open disk D .

Definition 1.1 Suppose that f is an analytic map of the unit disk D
into itself. We say that ac D is a fixed point of f if f(a)=a. Also,
aedD is a fixed point of f if lim,_;- f(ra) =a.

The Julia-Caratheodory theorem implies that if aedD is a fixed
point of f, then lim,_- f(ra) exists (we callit f'(a))and 0< f'(a)< .

Theorem 1.2 ( The Denjoy-Wolf theorem from 1926.) If f is an
analytic map of D into itself, but not the identity map, there is a unique
fixed point a of f in D such that f'(a) <1.

The point a in the above theorem is called the Denjoy-Wolff point of f .
The Schwarz-Pick Lemma implies that f has at most one fixed
pointin D and if f has a fixed point in D, it must be the Denjoy-Wolf

point.

1
Z+—
2
z

1+
2

Example 1.3 1) The mapping f(z)= is an automorphism of

D with the fixed points 1 and —1, but the Denjoy-Wolff point is a =1
because f’(l):% (f'(-1)=3)

5 has three fixed

2) The mapping f:D — D given by f(z)= ; -

points: 0, 1, and —1. The Denjoy-Wolff point is a=0 since f’(O):%

and f'(+1)=3.
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3

3) The mapping f(z)= 222 +31
+1

with the Denjoy-Wolff point a=1 because f'(1)=1 (note that
f(-1)=9).

is an inner function fixing 1 and -1,

4) The inner function f(z):exp(z—?j has a fixed point in D
Z_
which is the Denjoy-Wolff point (a ~.21365), and infinitely many fixed

points on oD.

Definition 1.4 Let f :D — D be an analytic map. The set

F ={z eD:lim f(rz)= z}

r—1-

is called the fixed point set of f .

Theorem 1.5 If f is an analytic function that maps the unit disk into
itself, then there exists E — F which has linear measure zero.

Example 1.6 Let K be a compact set of measure zero in 0D. There
is a function f analyticin D and continuous on D such that f(D)c D
and the fixed point set of f is {0}UK.

Theorem 1.7 Let f be a univalent analytic function that maps the
unit disk into itself. Then the set F has capacity zero.

Example 1.8 For a given compact set K in 0D of capacity zero and
a point ae€ 0D\ K , there exists an analytic and univalent function in D
(say f ) suchthat f(D)c D and F ={ajUK.

In the next theorem, it is required that the Denjoy-Wolff point a = b,
be normalized, i.e., b, =0 or b, =1.

Theorem 1.9 Let f be an analytic function with f(D)c D and
suppose that by,b,,...,b, are fixed points of f.
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«If b, =0, then

i 1 on 1+ f(0)
b )1 -1 (0)

«If by=1 and f'(1)=1, then
¢

-1 _ Q)
Zf'(bj)—1‘1—f'(1)'

j=1
“If by=1and 0< f'(1)<1, then
2
n fL-b)|

Y lby)-1s< 2Re(%—l}

=

Moreover, the equality holds if and only if f is the Blaschke product
of order n+1 in case 1) or of order n in cases 2) and 3).
If f has infinitely many fixed points, then the appropriate inequality

holds for any choice of finitely many fixed points. In particular, only
countably many fixed points of f can have a finite angular derivative.

If by,b,,b,,... are countably many fixed points for which f'(bj)< 0,

then the corresponding infinite sum converges and the appropriate
inequality holds.
With the assumption that an analytic function f is univalent and that

the Denjoy-Wolff pointis b, =0 or b, =1, we have the next assertion.

Theorem 1.10 Let f be a univalent analytic function with
f(D)c D and suppose b,,b,,...,b, are fixed points of f.

«If b, =0, then

Zn:(log f'(bj ))_1 <2ReB™

=1
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where B = |imH1—Iog{ f(rb,) j and |imzﬁolog(@j: log f'(0).

£(0)rb,

+1f by =0 and 0< f'(1)<1, then > (log f (b, )}* <~(log ' (V).

j=1

Moreover, the equality holds if and only if f is embeddable in a
semigroup and f(D)= D with n analytic arcs removed in case 1) or
n—1in case 2).

n _ 2
« If by=1 and f'(1)=1, then Zcf(logf'(bj))_lsﬂogﬂ,
=L |£(0)
where

= limea |m[log(1 f(rb,)- £(0) 1- f(o)ﬂm_

b, 1-1(0)f(1b,) (1)~ 1(0)

Remark 1.11 In (Anderson & Vasil'ev, 2008, pp.101-110), the
authors proved for b, = 0, case 1), the inequality

LIS 202 1
gf (b, pi > o

n
where ¢ >0 and Zaj =1. The equality holds only for the unique
j=1
solution of a given complex differential equation with a given initial
condition.
Considering b, =0, case 3) and the assumption that f is
embeddable in a continuous semigroup, in (Contreras et al, 2006,
pp.125-142) was proved that

1 Reb

W =Reo (O),

where G is the |nf|n|teS|maI generator of the semi-group and o is the
map from the linear fractional model.
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In case 3), an equality condition is not included and maybe this

inequality is not the best possible. Also, a sharp inequality to describe the
general case has not yet been obtained.

Main results

It is known that a continuous mapping of a simply connected, closed,
bounded set of the Euclidean plane into itself has at least one fixed point.
Let F be an analytic function in some domain S of the complex
plane. Standard results in real numerical analysis show that the equation

z=F(z) has at least one solution, called a fixed point of F. If S is
bounded and simply connected, F is continuous on the closure S of S,

and F(§)c S. If the mapping F is a contraction, then there is a unique
fixed point, and the iteration sequence defined by z 6 = F(Zn),
n=0,1,2,... converges to the fixed point for every choice of z, €S. IfS
is convex, then a necessary and sufficient condition for the mapping to
be a contraction is that the derivative F of F satisfies ‘F'(z)(gk,

zeS, where k<1.

The purpose of the next theorem is to show that the conclusion is
not affected if we replace the assumption that F is a contraction by the
condition that F is an analytic function.

Theorem 2.1 (Henrici, 1969)
We first prove a reduced form of the theorem. Let S denote the
interior of a Jordan curve T', let F be analytic in S and continuous on

SUT, and let F(SUT)cS. Then F has exactly one fixed point, and
the iteration sequence defined by z.., = F(Zn), n=0,1,2,... converges
to the fixed point for arbitrary z,€ S UT.

Note that the function F(z)= %zmo in |z| <1 satisfies the hypothesis

and ‘F'(z)‘ is arbitrary large.

Proof. First let S be the unit disk. By the hypothesis, we have
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r:= maX|F(ZX<l. (1)

|z|<1
To prove the existence of a zero of z = F(z), we apply the Rouche

theorem (Ahlfors, 1953) with z in the role of the 'big’ function and F(Z)
in the role of the 'small’ function. Then, using (1), we can conclude that
z—F(z) and z have the same number of zeros inside |z|=1, namely

exactly one.
With s denote the unique fixed point and let

Z-S

tlz)= =.

() 1-1zs
This is a linear transformation which maps |Z|£1 onto itself and

sends s into 0. Hence, the function G =toF ot™" has the fixed point 0
and it is continuous mapping of |z|<1 onto a closed subset of |z|<1.

Hence,
k :=sup|G(z) <1.

|z|<1
We can certainly assume that k >0, since otherwise, G and F are
constant and the proof is straightforward. The function k™'G vanishes at
0 and is bounded by 1, hence by the Schwarz lemma (Ahlfors, 1953) we

have k’l|G(z)| S|z| and consequently,
G(z) <k|z] (2)
for all z such that |Z|Sl.

Let w, =t(z,). Since

Wy =t(z00) = F(F(z,) = t(F (7 (w,))= G(w, ),

we conclude from (2) that |w,,|<kw,| hence that |w,|<k"|w,|, and

n+1
finally that w, — 0.

From the above, it follows that the iteration sequence converges to
the fixed point, i.e., z, =t™*(w, ) —>t7(0)=s.

We now turn to the case where S is an arbitrary Jordan domain. By
the Osgood-Caratheodory theorem (Caratheodory, 1960), there exists a
function g that maps S conformally onto |z| <1 and SUTI continuously
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and one-to-one onto |z|£1. It is easily seen that the function
H=goFog™ satisfies the hypotheses of the theorem for the unit disk.
Furthermore, if the points z, are defined by z = F(Zn), n=012,...
and w, = g(zn), then w,,, = H(Wn)' Consequently, the validity of the
theorem for the unit disk implies the validity for the general case.

We add some problems related to the previous theorem.

* It can be shown that k < 2r 5
1+r
«If S is the unit disk, than |z, —s|<(1+r)k", n=0,1,2,...
-« Let F(s)=F'(s)=---=F™¥(s)=0, F™(s)=0, for some

integer m>1. If S is the unit disk, show that
z,—8|<@+r)k'+k*+--+m", neN.

* A research problem is whether similar results can be established
for systems of analytic equations.

A set S is said to lie strictly inside a subset D of a Banach space if
there is some & >0 such that B,(x)c D whenever x e S. The following

theorem may be viewed as a holomorphic version of the Banach’s
contraction mapping theorem.

Theorem 2.2 (Earle & Hamilton, 1970, pp.61-65)
Let D be a nonempty domain in a complex Banach space X and

h:D—D a bounded holomorphic function. If h(D) lies strictly inside D,
then h has a unique fixed point in D.

Proof. Let us construct a metric p, called the CFR-pseudometric,
with the contraction h. Define
a(x,v)=sup{g'(xV: g :D — Aholomorphic| for xeD and ve X and
set
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for y in the set I' of all curves in D with piecewise continuous
derivative. Clearly « specifies a seminorm at each point of D. We view
L(y) as the length of the curve y measured with respect to a. Define

p(x,y)=inf{L(y):y e, 7(0)= x, (1) = y}
for x,y eD. ltis easy to verify that p is a pseudometric on D.
Let xeD and v e X . By the chain rule, we have

(goh)(x) = g'(h(x)h’(x
for any holomorphic function g :D — A. Hence,
a(h(x),h'(x)v) < a(x,v). (3)

By integrating this and applying the chain rule, we obtain
L(hoy)<L(y) for all yeT and thus the Schwarz-Pick inequality

p(h(x),h(y))< p(x, y) holds for all x,y eD.
Now, by hypothesis, there exists an £>0 such that B,(x)cD

whenever X eDD. We may assume that D is bounded by replacing D by
the subset
U 1B, (h(x)): xeD}

Fix t with 0<t <§, where ¢ denotes the diameter of h(D). Given

x e D, define

h,(y) = h(y)+t[h(y)-h(x)]
and note that h;:D — D is holomorphic. Given xeD and ve X, it
follows from h,'(x)v = (L+t)n’(x)v and (3) with h replaced by h, that

a(h(x) (X)) < ﬁa(x,v).

Integrating this as before, we obtain

1
ph(x)h(y))< —plxy)
for all x,y eD.
Now pick a point x, €D and let {Xn} be the sequence of iterates
given by x, =h"(x,). Then {x,} is a p-Cauchy sequence by the proof of
the contraction mapping theorem.
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Since X is complete in the norm metric, it suffices to show that
there exists a constant m >0 such that

plxy)z mfx-y @
for all x,y eD. Since D is bounded, we may take m =%, where d is

the diameter of D. Given xeD and ve X, define p(y)=ml(y—x),
where le X" with ||I||:1. Then g:D—>A is holomorphic and

Dg(x)v=ml(v). Hence a(x,v)=m|v| by the Hahn-Banach theorem.

Integrating as before, we obtain (4).

The previous result, so called the Earle-Hamilton theorem, is still
applied in cases where the holomorphic function does not necessarily
map its domain strictly inside itself. The following fixed point theorem is a
consequence of two applications of the Earle-Hamilton theorem.

Theorem 2.3 (Khatskevich et al, 1995, pp.305-316, S. Reic et al,
1996, pp.1-44)

Let D be a nonempty bounded convex domain in a Banach space
and h:D—D a holomorphic function having a uniformly continuous

extension to D. If there exists an & >0 such that [h(x)—X|> & whenever
x € 0D, then h has a unique fixed point in D .

The hypothesis that [h(x)—X|> & for all x €D is satisfied when D
[n(x)
[

have been obtained for the case where D is the open unit ball of a
Hilbert space.

contains the origin and sup,_., <1. Considerably stronger results

Theorem 2.4 (Goebel et al, 1980, pp.1011-1021)

Let D be the open unit ball of a Hilbert space and h:B—>B a
holomorphic function. If there is a point X, in B such that the sequence
{h”(xo)} of iterates lies strictly inside B, then h has a fixed pointin B. If
x € 0D, then h has a unique fixed pointin D .

572



It is more complicated to obtain fixed points for nonexpansive
mappings which are not contractive. One important result is that a
nonexpansive self-mapping of a closed bounded convex set in a
uniformly convex Banach space has a fixed point. In (Goebel et al, 1980,
pp.1011-1021), it was shown that the CRF-metric p in the open unit ball

B of a Hilbert space is uniformly convex and the fixed point theorem for
holomorphic self-mappings of B was obtained.

Theorem 2.5 Let B be the open unit ball of a Hilbert space and
h:B — B an arbitrary function satisfying the Schwarz-Pick inequality:

ph(x).h(y)< p(x,y) -
for all x,y e B. If h has a continuous extension to B, then h has a fixed

point in B.

Corollary 2.6 If h:B— B is a holomorphic function that has a
continuous extension to B, then h has a fixed point in B.

For a treatment of the Cartesian products of the Hilbert balls, we
refer the reader to ( Kuczumow et al, 2001, pp.437-515).

Szhwarz lemma and its application in the fixed point
theory

In this section, we will restrict our attention to the paper (Xu et al,
2016, 2016:84) where the sharp estimates of a boundary fixed point is
obtained using the Schwarz lemma. This lemma provides a very powerful
tool for studying several research fields in complex analysis. For
example, almost all results in the geometric function theory rely heavily
on the Schwarz lemma (Ahlfors, 1953), (Anderson & Vasil’ev, 2008,
pp.101-110), (Beardon, 1990, pp.41-150), (Beardon, 1997, pp.1257—-
1266), (Budzynska et al, 2012, pp. 504-512), (Budzynska et al, 2013a,
621-648), (Budzynska et al, 2013b, pp.747-756), (Burckel, 1981,
pp.396—407), (Caratheodory, 1960), (Contreras et al, 2006, pp.125-142),
(Cowen, 2010), (Cowen, 1981, pp.69-95), (Cowen & Pommerenke,
1982, pp.271-289), (Denjoy, 1926, pp. 255-257), (Earle & Hamilton,
1970, pp.61-65), (Goebel et al, 1980, pp.1011-1021), (Goebel, 1982,
pp.1327-1334), (Harris, 2003, pp.261-274), (Hayden & Suffridge, 1971,
pp.419-422), (Hayden & Suffridge, 1976, pp.95-105), (Henrici, 1969),
(Julia, 1918, pp.47-295), (Khatskevich et al, 1995, pp.305-316),
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(Kuczumow, 1984, pp.417-419), (Kuczumow et al, 2001, pp.437-515),
(Lemmens et al, 2016), (Mateljevi¢, 1998, pp.1-4), (Reich & Shoikhet,
1996, pp.1-44), (Rudin, 1978, pp.25-28), (Suffridge, 1974, pp.309-314),
(Wolff, 1926), (Xu et al, 2016, 2016:84). On the other hand, the Schwarz
lemma at the boundary is also useful in complex analysis, and various
interesting results have been obtained (Ahlfors, 1953), (Anderson &
Vasilev, 2008, pp.101-110), (Beardon, 1990, pp.41-150), (Beardon,
1997, pp.1257-1266), (Budzynska et al, 2012, pp. 504-512),
(Budzynska et al, 2013a, pp.621-648), (Budzynska et al, 2013b, pp.747—
756), (Burckel, 1981, pp.396—407), (Caratheodory, 1960), (Contreras et
al, 2006, pp.125-142), (Cowen, 2010), (Cowen, 1981, pp.69-95), (Cowen
& Pommerenke, 1982, pp.271-289), (Denjoy, 1926, pp.255-257).

We will summarize without proofs the relevant material on (Xu et al,
2016, 2016:84). First we set up the notation and the terminology.

Let D denote the unit disk in C . With the notion H (D, D), we have

the class of holomorphic self-mappings of D . Here, N stands for the set
of all positive integers. The boundary point & € 0D is called a fixed point
of f eH(D,D) if
£(&)=1im f(ré)=¢.
r-1-

The classification of the boundary fixed points is given at the
begging of this survey. This classification can be done via the value of
the angular derivative

: f(z)-¢
f =Zlim—————,
(é:) ¢ Z—§
which belongs to (O,OO) due to the Julia-Caratheodory theorem (see

Julia, 1918, pp.47—-295). This theorem also asserts that the finite angular
derivative at the boundary fixed point & exists if and only if the

holomorphic function f'(z) has the finite angular limit Z|im,_,. f(z). For
a boundary fixed point & of f, if f'(£)e(0,0), then & is called a
regular fixed point. The regular fixed point is attractive if f'(£)e(0,1)

neutral if f'(£)=1, or repulsive if f'(&)e(L,o0),

By the Julia-Caratheodory theorem (Julia, 1918, pp.47-295) and the
Wolf lemma (Wolff, 1926), if f e H(D,D) with no interior fixed point,
then there exists a unique regular boundary fixed point & such that
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f'(£)e(0,1] and if feH(D,D) with an interior fixed point, then

f'(£)>1 for any boundary fixed point & € aD.
The following known results are very significant.

Theorem 3.1 Assume that f e H(D, D) has a regular boundary
fixed point 1 and f(0)=0. Then

: 2
f (1)zm.

Moreover, the equality holds if and only if f is of the form

f(z)= _Zla—_azz' zeD,

for some constant a  (—1,0].

The next theorem is the improvement of the previous ones. It was
announced 60 vyears later and showed how to dispense with the
assumption f(0)=0.

Theorem 3.2 If f eH(D,D) with £=1 as its regular boundary
fixed point, then
f'(1)z 2(1_|2f(01)lz _
1-|f () +|1 (0)
Finally, the previous result has been improved and the better
estimate has been obtained.

Theorem 3.3 If f eH(D,D) with £=1 as its regular boundary
fixed point, then

: 2
f )= :
0 mel 1= f2(0)+ £'(0)
- f()
For a fuller treatment and a deeper discussion of fixed point results

in complex domain, we refer the reader to (Xu et al, 2016, 2016:84) and
the references given there.

975

Dosenovi¢, T. et al, On some known fixed point results in the complex domain: survey, pp..563-579



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

References

Ahlfors, L. 1953. Complex Analysis. New York: McGraw-Hill, 1st ed.

Anderson, J.M., & Vasil'ev, A. 2008. Lower Schwarz-Pick Estimates and
Angular Derivatives. Ann. Acad. Sci. Fennicae Math., 33, pp.101-110. Available
at: http://www.acadsci.fi/mathematica/Vol33/AndersonVasilev.html. Accessed:
10.03.2018.

Beardon, A.F. 1990. Iteration of contractions and analytic maps. J. Lond.
Math. Soc., s2-41(1), pp.141-150. Available at: https://doi.org/10.1112/jims/s2-
41.1.141.

Beardon, A.F. 1997. The dynamics of contractions. Ergodic Theory and
Dynamical Systems, 17(6), pp.1257-1266. Available at:
https://doi.org/10.1017/s01433857970864 34.

Budzynska, M., Kuczumow, T., & Reich, S. 2012. A Denjoy-Wolff theorem
for compact holomorphic mappings in reflexive Banach spaces. J. Math. Anal.
Appl. 396(2), pp.504-512. Available at:
https://doi.org/10.1016/j.jmaa.2012.06.044.

Budzynska, M., Kuczumow, T., & Reich, S. 2013a. Theorems of Denjoy-
Wolff type. Annali di Matematica Pura ed Applicata, 192(4), pp.621-648.
Available at: https://doi.org/10.1007/s10231-011-0240-z.

Budzynska, M., Kuczumow, T., & Reich, S. 2013b. A Denjoy-Wolff theorem
for compact holomorphic mappings in complex Banach spaces. Annales
Academiae Scientiarum Fennicae Mathematica, 38, pp.747-756. Available at:
https://doi.org/10.5186/aasfm.2013.3846.

Burckel, R.B. 1981. lterating analytic self-maps of discs. Am. Math.
Monthly, 88(6), pp-396—407. Available at: https://doi.org/10.2307/2321822.

Caratheodory, M. 1960. Theory of functions of a complex variable.
Chelsea, New York. Vol. 2, English edition.

Contreras, M.D., Diaz-Madrigal, S., & Pommerenke, C. 2006. On boundary
critical points for semigroups of analytic functions. Mathematica Scandinavica,
98(1). Available at: https://doi.org/10.7146/math.scand.a-14987.

Cowen, C.C. 1981. Iteration and the Solution of Functional Equations for
Functions Analytic in the Unit Disk. Trans. Amer. Math. Soc., 265, pp.69-95.
Available at: https://doi.org/10.1090/S0002-9947-1981-0607108-9.

Cowen, C.C. 2010. Fixed points of functions analytic in the unit disk. In:
Conference on complex analysis, University of lllinois, May 22. University of lllinois.

Cowen, C.C., & Pommerenke, Ch. 1982. Inequalities for the Angular
Derivative of an Analytic Function in the Unit Disk. J. London Math. Soc.,
§2-26(2), pp.271-289. Available at: https://doi.org/10.1112/jims/s2-26.2.271.

Denjoy, A. 1926. Sur litération des fonctions analytiques, C.R. Acad. Sci.
Paris, Serie 1, 182, pp.255-257 (in French).

Earle, C.J., & Hamilton, R.S. 1970. A fixed point theorem for holomorphic
mappings. In S. Chern & S. Smale Eds., Proceeding of Symposia on Pure
Mathematics. Providence, Rhode Island: American Mathematical Society (AMS),
pp.61-65. Available at: https://doi.org/10.1090/pspum/016.

576



Goebel, K., Sekowski, T., & Stachura, A. 1980. Uniform convexity of the
hyperbolic metric and fixed points of holomorphic mappings in the Hilbert ball.
Nonlinear Analysis: Theory, Methods & Applications, 4(5), pp.1011-1021.
Available at: https://doi.org/10.1016/0362-546X(80)90012-7.

Goebel, K. 1982. Fixed points and invariant domains of holomorphic
mappings of the Hilbert ball. Nonlinear Analysis: Theory, Methods &
Applications, 6(12), pp.1327-1334. Available at: https://doi.org/10.1016/0362-
546X(82)90107-9.

Harris, L.A. 2003. Fixed points of holomorphic mappings for domains in
Banach spaces. Abstract and Applied Analysis, 2003(5), pp.261-274. Available
at: https://doi.org/10.1155/S1085337503205042.

Hayden, T.L., & Suffridge, T.J. 1971. Biholomorphic maps in Hilbert space
have a fixed point. Pacific J. Math., 38(2), pp.419-422. Available at:
https://doi.org/10.2140/pjm.1971.38.419.

Hayden, T.L., & Suffridge, T.J. 1976. Fixed points of holomorphic maps in
Banach spaces. Proceedings of the American Mathematical Society, 60(1),
pp.95-105. Available at: https://doi.org/10.1090/s0002-9939-1976-0417869-3.

Henrici, P. 1969. Fixed points of analytic functions. Technical report NO.
CS 137.

Julia, G. 1918. Mémoire sur litération des fonctions rationelles. J. Math.
Pures Appl., 8, pp.47-295 (in French).

Khatskevich, V., Reich, S., & Shoikhet, D. 1995. Fixed point theorems for
holomorphic mappings and operator theory in indefinite metric spaces. Integral
Equations and Operator Theory, 22(3), pp-305-316. Available at:
https://doi.org/10.1007/bf01378779.

Kuczumow, T. 1984. Common fixed points of commuting holomorphic
mappings in Hilbert ball and polydisc. Nonlinear Analysis: Theory, Methods &
Applications, 8(5), pp.417-419. Available at: https://doi.org/10.1016/0362-
546x(84)90081-6.

Kuczumow, T., Reich, S., & Shoikhet, D. 2001. Fixed Points of
Holomorphic Mappings: A Metric Approach. In W.A. Kirk& B. Sims Eds.,
Handbook of Metric Fixed Point Theory. Dordrecht: Springer Nature, pp.437-
515. Available at: https://doi.org/10.1007/978-94-017-1748-9_14.

Lemmens, B., Lins, B., Nussbaum, R., & Wortel, M. 2016. Denjoy-Wolff
theorems for Hilbert's and Thompson’s metric spaces, arXiv: 1410.1056v4
[math. DS].

Mateljevic, M. 1998. Holomorphic fixed point theorem on Riemann
surfaces. Math. Balkanica, 12(1-2), pp.1-4.

Reich, S., & Shoikhet, D. 1996. Generation theory for semigroups of
holomorphic mappings in Banach spaces. Abstract and Applied Analysis, 1(1),
pp.1-44. Available at: https://doi.org/10.1155/s1085337596000012.

Rudin, W. 1978. The fixed-point sets of some holomorphic maps. Bull.
Malays. Math. Soc., 1, pp.25-28.

77

Dosenovi¢, T. et al, On some known fixed point results in the complex domain: survey, pp..563-579



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

Suffridge, T.J. 1974. Common fixed points of commuting holomorphic maps
of the hyperball. The Michigan Mathematical Journal, 21(4), pp.309-314.
Aalable at: https://doi.org/10.1307/mmj/1029001354.

Wolff, J. 1926. Sur une généralization d'un théoreme de Schwartz. C.R.
Hebd. Seanc. Acad., . 182, pp.918-920 and 183, pp.500-502 (in French).

Xu, Q., Tang, Y., Yang, T., & Srivastava, H.M. 2016. Schwarz lemma
involving the boundary fixed point. Fixed Point Theory and Applications, 2016(1).
Available at: https://doi.org/10.1186/s13663-016-0574-8.

O HEKOTOPbIX M3BECTHbIX PE3YIbTATAX O HEMOABMXHON
TOYKE B KOMIMNEKCHOM AOMEHE: MCCNEOOBAHUME

TamsbsiHa M. JoweHosuy®, Xerk Konenap®, Cmosit H. Pagerosny®
? YumsepcuTeT B r. HoBn-Cag, TexHonornyeckuin pakynsTer,
r. Hoeun-Cap, Pecny6nuka Cepbus
6 [endTcknin TeXHMYeCcKnin yHusepcuteT, PakynbTeT ANEKTPOTEXHNKN,
MaTeMaTuku U MHopmaTukuy, r. dendt, HuaepnaHabl
® Benrpaackui yHusepcuteT, MalMHOCTpoUTENbHbIN (hakynbTeT,
r. benrpag, Pecnybnuka Cepbus

OBJIACTb: maTtemaTtuka
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Pe3swome:

B 0aHHol 0630pHOU cmambe npedcmasnieHbl HEKOMOopbIe U38ECMHbLIE
pesynbmambl meopuli O HEernod8UXHOU MOoYKke Hal KOMIIIEKCHbIM
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Abstract:

This paper presents a review of three datasets, namely KDD Cup ‘99,
NSL-KDD and Kyoto 2006+ datasets, which are widely used in
researching intrusion detection in computer networks. The KDD Cup ‘99
dataset consists of five million records, each containing 41 features which
can classify malicious attacks into four classes: Probe, DoS, U2R and
R2L. The KDD Cup 99 dataset cannot reflect real traffic data since it was
generated by simulation over a virtual computer network. In the NSL-KDD
dataset, redundant and duplicate records form the KDD Cup ‘99 dataset
are removed from training and test sets, respectively. The Kyoto 2006+
dataset is built on real three year-network traffic data which are labeled as
normal (no attack), attack (known attack) and unknown attack. The Kyoto
2006+ dataset contains 14 statistical features derived from the KDD Cup
‘99 dataset and 10 additional features.

Key words: KDD Cup 99, NSL-KDD, Kyoto 2006+, computer network,
intrusion detection.

Introduction

Intrusion can be understood as an attempt to violate information
protection, data integrity and resource accessibility (Proti¢, 2016, pp.483-
495). The most popular way to protect a computer network from various
malicious activities is to detect intrusion by using an intrusion detection
system (IDS). The IDS consists of software applications and/or hardware
devices that constantly monitor computer network for suspicious
activities, and trigger intrusion alarms if unknown or malicious activities
are detected. There are typically two kinds of IDSs. A host-based IDS
detects and identifies any system changes by analyzing system or server
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log files and comparing them against database of common signatures for
known attacks. A network-based IDS monitors network traffic and checks
for irregular behavior by inspecting the content and header information of
all packets to protect the system from network-based threats.

There are two well-known systems for monitoring, analyzing and
detecting network security violation. Misuse-based systems rely on
pattern recognition and maintain the base of indicators (signatures)
extracted from previous attacks. Anomaly-based systems build statistical
models of normal network traffic and observe abnormalities in order to
detect what is anomalous.

For several decades, a lot of researchers have suggested to use
three most known datasets, namely KDD Cup ‘99, NSL-KDD and Kyoto
2006+ datasets, to design anomaly-based IDSs and develop various
tools for computer network security protection. The KDD Cup ‘99 dataset
is a collection of data transferred from virtual environment to be used for
the Third Data Mining and Knowledge Discovery Competition on
computer network intrusion detection. The task for the learning contest
was to learn a predictive model (i.e. classifier) capable of distinguishing
between legitimate and illegitimate connections in a computer network
(SIGKDD - KDD Cup, 2018). The KDD Cup ‘99 dataset is the subset of
1998 DARPA dataset that was collected by simulation of the operation of
a typical US Air Force Local Area Network (LAN) with multiple attacks
classified into four categories: probe, denial of service, user to root and
remote to local. KDD Cup ‘99 dataset records contain 41 features which
fall into four categories: basic, traffic, content and host related ones
(Aggarwal & Sharma, 2015, pp.842-851).

Since the KDD Cup ‘99 dataset is a simulation of network traffic,
there is a huge number of redundant records in the training set and
duplicate records in the test set which prevent classifying the other
records which are not redundant. To solve these issues, a new NSL-KDD
dataset was proposed (Tavallaee et al, 2009). The NSL-KDD dataset
consists of selected features from the KDD Cup ‘99 dataset but does not
include redundant records in the training set and there are no duplicates
in the test set. Also, the number of records in the training and test sets is
reasonable.

However, both KDD Cup ‘99 dataset and NSL-KDD dataset do not
reflect real data flow in computer network since they are generated by
simulation over the virtual network. The Kyoto 2006+ dataset is built on
real three year-traffic data from November 2006 to August 2009. This
dataset is captured using honeypots, darknet sensors, e-mail server and
web crawler (Singh et al, 2015, pp.8609-8624). Each record consists of
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14 statistical features derived from KDD Cup ‘99 data set as well as 10
additional features which can be used for the analysis and evaluation of
the IDS network. This paper presents a review and a comparative
analysis of KDD Cup ’99, NSL-KDD and Kyoto 2006+ datasets.

Datasets

KDD Cup 99 dataset

The most known and widely used dataset for experiments on
anomaly detection in computer networks is the KDD Cup ‘99 dataset.
The KDD Cup ‘99 dataset is a collection of data transfer from virtual
environment to be used for the Competition of the Third Knowledge
Discovery and Data Mining Tools (KDD CUP ‘99 dataset, 1999). It is the
subset of 1998 DARPA dataset that was collected by simulation of the
operation of a typical US Air Force LAN with multiple attacks and
acquired nine weeks of TCP dump data. The dataset was collected and
distributed at the Massachusetts Institute of Technology (MIT) Lincoln
Laboratory.

The KDD Cup 99 intrusion detection benchmark consists of three
components: the whole KDD Cup ’99 dataset contains examples of
attacks and normal connections, 10% KDD dataset the purpose of which
is to train classifiers, and KDD test dataset designed for testing (Gifty
Jeya et al, 2012, pp.28-32.). The whole KDD Cup ‘99 dataset contains
4,898,431 single connection records, each of which consists of 41
features labeled as normal or attacks (See Table 1).

Table 1 — Features in the KDD Cup ‘99 dataset

Tabnuua 1 — Ampubymsi 8 KDD Cup '99 6ase daHHbIX
Tabena 1 — Ampubymu y KDD Cup ‘99 6a3u nodamaka

Index | Feature name Description
1 duration Length of connection
2 protocol type Type of protocol (TCP, UDP...)
3 service Destination service (ftp, telnet...)
4 flag Status of connection
5 source bytes No. of B from source to destination
6 destination bytes No. of B from destination to source
7 land If the source and destination address are the same land=1/if
not, then O
8 wrong fragments No. of wrong fragments
9 urgent No. of urgent packets
10 hot No. of hot indicators
11 failed logins No. of unsuccessful attempts at login
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Index | Feature name Description
12 logged in If logged in=1/if login failed 0
13 # compromised No. of compromised states
14 root shell If a command interpreter with a root account is running root
shell=1/if not, then 0
15 su attemoted If an su command was attempted su attempted=1/if not, then
P 0 (temporary login to the system with other user credentials)
16 # root No. of root accesses
17 # file creations No. of operations that create new files
18 # shells No. of active command interpreters
19 # access files No. of file creation operations
20 # outbound cmds No. of outbound commands in an ftp session
21 is hot login is host login=1 if the login is on the host login list/if not, then
0
. . If a guest is logged into the system, is guest login=1/if not,
22 is guest login then 0
23 count No. of connections to the same host as the current
connection at a given interval
24 srv count No. of connections to the same service as the current
connection at a given interval
25 serror rate % of connections with SYN errors
26 srv error rate % of connections with SYN errors
27 rerror rate % of connections with REJ errors
28 srv rerror rate % of connections with REJ errors
29 same srv rate % of connections to the same service
30 diff srv rate % of connections to different services
31 srv diff host rate % of connections to different hosts
32 dst host count No. of connections to the same destination
33 dst host srv count No. of connections to the same destination that use the
same service
34 dst host same src % of connections to the same destination that use the same
rate service
35 dst host srv rate % of connections to different hosts on the same system
36 gztrth;st,tesame stV % of connections to a system with the same source port
37 dst host srv diff % of connections to the same service coming from different
host rate hosts
38 dst host serror rate | % of connections to a host with an S0 error
39 dst host srv serror | % of connections to a host and specified service with an SO
rate error
40 dst host serror rate | % of connections to a host with an RST error
41 dst host srv serror | % of connections to a host and specified service with an

rate

RST error
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The features describing the connections can be classified into four
categories:

Basic features are obtained from the packet header, without
examining the contents of the packet (duration, protocol type, service,
flag and the number of bytes sent from the source to the destination and
vice versa).

Content features are determined by analyzing the content of the
TCP packet (number of unsuccessful attempts to login to the system).

Time features determine duration of the connection from a source IP
address to target IP addresses. The connection is a sequence of data
packets starting and ending at some predefined times.

Traffic features are based on a window that has an interval of a
given number of connections (not time intervals). This is suitable for
describing attacks that last longer than the interval of the stipulated time
features.

All attacks in the KDD Cup ’99 dataset are classified as one of the
four categories given in Table 2 (Al-Dhafian et al, 2015, pp.82-88).

Table 2 — Categories of attacks
Tabnuua 2 — Kameeopusi amak
Tabena 2 — Kameeopuje Hanada

Category of Attack Attack name

Probe ipsweep, nmap, portsweep, satan

DoS (Denial of Service) back, land, neptune, pod, smurf, teardrop

U2R (User to Root) buffer_overflow, loadmodule, perl, rootkit

Rl (Ramots o Locay | 1% urle doesspesend imap, mlihop, . 5o

Probe: the attacker collects information about the system or
computer network to find (known) vulnerabilities, by scanning a machine
or a networking device in order to determine weaknesses or
vulnerabilities that may later be exploited in order to compromise the
system.

DoS: the attacker does not allow legitimate users access to
computing resources or overloads them so that requests cannot be
processed in real time. The result of this attack is the unavailability of
resources, i.e. resources are too busy or too full to serve legitimate
networking requests and hence denying users access to a machine.

UZ2R: the attacker explores vulnerabilities in order to acquire
administrator privileges (root access to the system). Attacker starts off on
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the system with the normal user account and looks for vulnerabilities in
order to gain super user privileges (Paliwal & Gupta, 2012, pp.57-62).

R2L: the attacker does not have a user account on the victim
machine, hence tries to obtain access to the remote system without
having the account (Gifty Jeya et al, 2012, pp.28-32.).

Instances in the whole dataset, 10% training set (containing 10% of
the total number of instances), and the test set which contains 311,029
instances, according to the categories and datasets, as well as the
percentage of the total share of a given category within a particular
dataset are shown in Table 3.

Table 3 — Number of instances in the KDD Cup ’99 whole dataset, 10% training set and
the test set
Tabnuua 3 — Konudecmeo crniyyaes 8 KDD Cup '99 nonHou 6ase daHHbix, 10% &
meyeHue oby4eHuUs U mecmuposaHusi
Taberna 3 — bpoj uHcmaHyu y KDD Cup ‘99 uenoj 6a3u nodamaka, 10% y mpeHuHa
CKyry u mecm-cKyny

Whole dataset 10% training set Test set

Attack Number of (%) Number of (%) Number of (%)
category instances instances instances

Normal 492,708 19.86% 97,278 19.69% 60,593 19.48%
Probe 41,102 0.84%) 4,107 0.83% 4,166 1.34%
DoS 3,883,370 79.30% 391,458 79.24% 229,853 73.94%
U2R 52 0.00% 52 0.01% 70 0.02%
R2L 1,126 0.02% 1,126 0.23% 16,347 5.26%

There are various criticisms of the KDD Cup '99 dataset. The

primary criticism is that the KDD Cup '99 dataset is not an authentic
simulation of real network traffic. In addition, authors outline the following
issues (Kolez et al, 2003), (Macek & Milosavljevi¢, 2013), (Bukola &
Adetunmbi, 2016):

— complexity of the calculations,

— complexity of the training and test sets,

— impact of duplicate to machine learning (ML) algorithms,

— number of instances of attack is too high in relation to the number of
instances of normal traffic,

— relationship between individual categories of attack is not realistic,

— R2L instances of individual attacks are similar to normal traffic
instances, which is a consequence of transforming data from the
DARPA dataset to the KDD Cup '99 dataset,

— low accuracy of detecting the distribution of attacks, etc.
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For these reasons, one can create alternative sets for training and
testing in the following way:
— make a smaller subset of the training set,
— use only the training set,
— compose a union of parts of the training and test sets for training and
for testing,
— filter instances in order to achieve proportionality of attacks, etc.

The way in which alternative sets are composed depends on the
evaluation of the IDS model.

NSL-KDD dataset

The KDD Cup ‘99 dataset contains a number of redundant records
(78%) and duplicate records (75%) which prevent classifying the other
records (Revathi & Malathi, 2013). To fix these issues, a new NSL-KDD
dataset was proposed (Tavallaee et al, 2009). The NSL-KDD dataset
consists of a reasonable number of selected features from the KDD Cup
‘99 dataset which do not include redundant records in the training set nor
duplicates in the test set (Kavitha & Usha, 2014, pp.77-84). Considering
the design of the dataset, there are three important reasons for using it in
the experiments:

— elimination of redundant records in the training set helps

classifiers to be unbiased toward more frequent records;

— with duplicate records excluded from the test set, a classifier
performance will not be biased by the techniques which have
better decision rates on the frequent records;

— training and test sets contain a reasonable number of instances
which is affordable for the experiments on the entire set without
the need to randomly choose a small portion.

The training dataset is made up of 21 different attacks out of 37
present in the test dataset. The known attacks are those present in the
training set, while the additional 16 attacks are available only in the test
set (see Table 4). The attack types are grouped into Probe, DoS, U2R
and R2L categories (Nkiama et al, 2016).

The normal traffic in the training set contains 67,343 instances which
brings a total of 126,620 instances. The normal traffic in the test set
contains 9,711 instances which brings total of 22,850 instances in the
test set.
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Table 4 — Total number of attack instances in the training and test sets
Tabnuua 4 — Obwee Kou4ecmeo criyd4aes amak 8 meyeHue oby4yeHus u

mecmupoeaHus

Tabena 4 — YkynaH 6poj uHcmaHyu Hanada y mpeHuUHe U mecm-cKyrnosuma

Attack Total number of instances Total number of instances
Classes in the training set in the test set
45,927 7,460
back (359), land (7), neptune
(4,657), pod (41), smurf (665),
DoS back (956), land (18), neptune teardrop (12)
(41,214), pod (201), smurf (2,646), | Additional attacks
teardrop (892) apache2 (737), udpstorm (2),
processtable (685), worm (2),
mailbomb (39)
11,656 2,421
satan (753), ipsweep (141), nmap
Probe satan (3,633), ipsweep (3,599), | (73), portsweep (157)
nmap (1,493), portsweep (2,931) | Additional attacks
mscan (996), saint (319)
1,642 3,191
guess_passwd (1,231), ftp_write
(3), imap (307), phf (2), multihop
guess_passwd (53), ftp_write (6), | (18), warezmaster (944)
R2L imap (658), phf (4), multihop (7), | Additional attacks
warezmaster (20), warezclient
(890), spy (2) xsnoop (4), xlock (9), snmpguess
’ (331), snmpgetattack (178),
httptunnel (133), sendmail (14),
named (17)
52 67
buffer_overflow (20), loadmodule
U2R buffer_overflow (30), loadmodule (2), TQOtk't (13), perl (2)
(9), rootkit (10), perl (3) Additional attacks
xterm (13), sqlattack (2), ps (5)
Total 59,277 13,139
Kyoto 2006+ dataset

The Kyoto 2006+ dataset was built on the three years of real traffic
data from November 2006 to August 2009. A new version of the dataset
contains additional data collected from November 2006 to December
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2015. It consists of 14 statistical features derived from the KDD Cup ‘99
dataset as well as 10 additional features which can be used for the
analysis and evaluation of the IDS network. The Kyoto 2006+ dataset is
captured using honeypots, darknet sensors, email server and web
crawler (Singh et al, 2015, pp.8609-8624). Song et al (2011, pp.29-36)
provided a detailed analysis of honeypots (i.e. computer network security
mechanisms which detect attempts of unauthorized use of information)
and darknets data collected on many real and virtual machines as
honeypots. They have deployed various types of honeypots, darknet and
other systems on the five networks inside and outside of the Kyoto
University, and collected all traffic data to and from honeypots (Table 5).
During the observation period, there were 50,033,015 normal sessions,
43,043,225 attack sessions and 425,719 sessions related to unknown
attacks.

Table 5 — Deployed honeypots, darknet and other systems
Tabnuua 5 — YcmaHoerneHHble honeypots, darknet u Opyaue cucmemsi
Tabena 5 — UHcmanupa+Hu honeypots, darknet u dpyau cucmemu

Deployed systems

Solaris 8 for Intel

Windows XP (no patch, SP2, fully patched)

Honeypots
vp Nepenthes
Others
Darknet Darknet sensors (for detection of software, configuration, or authorization

that use non-standard communication protocols and ports)

Mail server (to collect various types of mails)

Other Web crawler (developed by the NTT Information Sharing Platform
systems Laboratories)

Windows XP (to evaluate malware activities)

Based on 41 original features of the KDD Cup ‘99 dataset, the
authors extracted the statistical features from the honeypot data, ignoring
other features that contain redundant data (see Table 6).

The authors excluded substantially redundant and insignificant
features as well as contents features (number of file creation operation,
number of operation on access control files), because they are not
suitable for network-based IDSs and it is time consuming to extract them
without the domain knowledge. In addition to the above 14 statistical
features, the authors also extracted additional 10 features (Table 7),
which enabled them to investigate what kinds of attacks happened on
computer networks.
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Table 6 — Statistical features in the Kyoto 2006+ dataset derived from the KDD Cup ‘99

dataset

Tabnuya 6 — Cmamucmu4eckue xapakmepucmuku 8 Kyoto 2006+ 6a3e 0aHHbIX,
nonyyeHHbix u3 KDD Cup '99 6a3bi 0aHHbIX

Tabena 6 — Cmamucmuyku ampubymu y Kyoto 2006+ 6a3u nodamaka Koju cy
npey3emu u3 KDD Cup ‘99 6ase nodamaka

Index

Feature name

Description

Duration

The length of the connection (seconds).

Service

The connection’s server type (http, telnet).

Source bytes

The number of data bytes sent by the source IP
address.

Destination bytes

The number of data bytes sent by the
destination IP address.

Count

The number of connections whose source IP
address and destination IP address are the
same to those of the current connection in the
past two seconds.

Same_srv_rate

% of connections to the same service in the
Count feature.

Serror_rate

% of connections that have ‘SYN’ errors in
Count feature.

Srv_serror_rate

% of connections that have ‘SYN’ errors in
Srv_count (% of connections whose service
type is the same to that of the current
connections in the past two seconds) feature.

Dst_host_count

Among the past 100 connections whose
destination IP address is the same to that of the
current connection, the number of connections
whose source IP address is also the same to
that of the current connection.

10

Dst_host_srv_count

Among the past 100 connections whose
destination IP address is the same to that of the
current connection, the number of connections
whose service type is also the same to that of
the current connection.

11

Dst_host_same_src_port_rate

% of connections whose source port is the
same to that of the current connection in
Dst_host_count feature.

12

Dst_host_serror_rate

% of connections that have ‘SYN’ errors in
Dst_host_count feature.

13

Dst_host_srv_serror_rate

% of connections that have ‘SYN’ errors in
Dst_host_srv_count feature.

14

Flag

The state of the connection at the time of
connection was written.
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Table 7 — Additional features in Kyoto 2006+ dataset
Tabnuua 7 — [JononHumensHblie ampubymsi 8 Kyoto 2006+ 6a3e 0aHHbIX
Tabena 7 — [Jo0amHu ampubymu y Kyoto 2006+ 6a3u no0amaka

Index

Feature name

Description

IDS_detection

Reflects if IDS triggered an alert for the connection;
‘0’ means any alerts were not triggered and an
arabic numeral means the different kind of alerts.
Parenthesis indicates the number of the same alert.

Malware_detection

Indicates if malware, also known as malicious
software, was observed at the connection; ‘0’
means no malware was observed, and string
indicates the corresponding malware observed at
the connection. Parenthesis indicates the number of
the same malware.

Ashula_detection.

Means if shellcodes and exploit codes were used in
the connection; ‘0’ means no shellcode nor exploit
code were observed, and an arabic numeral means
the different kinds of the shellcodes or exploit
codes. Parenthesis indicates the number of the
same shellcode or exploit code

Label

Indicates whether the session was attack or not; ‘1’
means normal. ‘-1’ means known attack was
observed in the session, and ‘-2” means unknown
attack was observed in the session.

Source_IP_Address

Means source |IP address used in the session. The
original IP address on IPv4 was sanitized to one of
the Unique Local IPv6 Unicast Addresses. Also, the
same private |P addresses are only valid in the
same month; if two private IP addresses are the
same within the same month, it means their IP
addresses on IPv4 were also the same, otherwise
are different.

Source_Port_Number

Indicates the source port number used in the
session.

Destination_IP_Address

It was also sanitized.

Destination_Port_Number

Indicates the destination port number used in the
session.

©| © (N| o

Start_Time

Indicates when the session was started.

-
o

Duration

Indicates how long the session was being
established.

Datasets comparison

Al-Dhafian et al (2015, pp.82-88) presented a comparison between
five datasets: DARPA, KDD Cup ’99, CAIDA, NSL-KDD and Kyoto 2006+
datasets. Table 8 shows the results for all datasets except for CAIDA,
which is a collection of several different types of data resulting from both
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active and passive measurements of the Internet, and is not analyzed

here.

Table 8 — Comparison of the standard datasets in IDSs
Tabnuya 8 — CpasHeHue cmaHOapmHbix 6a3 0aHHbIX 8 cucmemax obHapyXeHuUs1 amak
Tabena 8 — lNopeherwe cmaHlapOHuUx baza nolamaka y cucmemuma 3a 0emeKkuyujy

ynada
B Features Pros Cons
(year)
— Models used to
. enerate traffic were
— First stgndard for tgoo simple.
DARPA evaluating IDS. .
(1998) B — Consists of broad - Synthesized data
range of attacks. does not S|mulat§ t.he
background traffic in
real networks.
— Used for evaluating
anomaly detection — Includes redundant
KDD Cup 41 features systems. and duplicate records
‘99 (32 numeric and — Attack types in — Does r?ot reflect the '
(1999) 9 categorical) training set are modem environment
distinctive from the )
testing set.
— Does not include
redundant and
duplicate records.
— The selected records
NSL- 41 features are inversely — Not perfect for
KDD (32 numeric and proporttlonal t]? the representing the
(2009) 9 categorical) f:crgf dnsailg?[h% KDD existing real networks.
Cup ’'99 dataset.
— The number of
records is
reasonable.
— Ignored features that
Kyoto 24.fe.a tures . contain redundant. — Does not mention
2006+ (14 statistical derived _ Represents the information on
from KDD Cup ’99 and ep! .
(2009) 10 additional) existing real particular attack types.
networks.

The DARPA dataset is considered as a popular dataset used in
IDSs to measure detection rate and false alarm rate for network traffic
which consists of four types of attacks (Probe, DoS, U2R and R2L).
However, it faces a lot of criticism primarily because of using very simple
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models to create background network traffic. As a result, synthesized
data does not look like to be similar to the records of background traffic in
real networks.

The KDD Cup '99 dataset is a preprocessed version of the DARPA
dataset, which classified records into 41 features. The dataset consists of
a huge number of records in both training and tests sets but includes
redundant and duplicate records and does not represent real network
traffic. However, in the development of new intrusion detection systems
and tools for data protection, the KDD Cup '99 dataset is widely used to
conduct the experiments on large amounts of data, or whenever the
repeatability is a must.

The NSL-KDD dataset contains selected features from the KDD Cup
‘99 dataset. It is designed to fix problems related to redundant records in
the training set and duplicated records in the test set, as well as to
reduce quantity of data to a reasonable size.

The Kyoto 2006+ dataset is a comprehensive representation built on
real network traffic data through ignoring features that contain redundant
records. The dataset is captured using honeypots, darknet sensors,
email server, web crawler and other computer network security
mechanisms which detect attempts of unauthorized use of information.
Researchers from the Kyoto University have deployed various types of
honeypots, darknet sensors and other systems on five networks inside
and outside the Kyoto University, and collected all traffic data to and from
honeypots.

Conclusion

KDD Cup is an annual conference for Data Mining and Knowledge
Discovery, intended for competition in the field of machine learning and
data mining. In 1999, competitors had to solve the problem of protection
against attacks on computer networks. For the purpose of competition,
the KDD Cup ’'99 dataset had been created. The KDD Cup '99
benchmark consists of the whole dataset, 10% training set and the test
set. Each record is made up of 41 features which describe the network
traffic of a simulated computer network. The dataset, among other things,
contains data on the following attacks: Probe, DoS, U2R and R2L.

The KDD Cup '99 dataset is widely used as a reference for
researching IDSs and for the development of new tools for protection
against various attacks on computer networks. However, there are
shortcomings which can affect the research such as complexity, the
effect of duplicates and redundant records, unbalanced number of
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attacks relative to each other and disproportion between the number of
attacks and normal traffic. One way to avoid these problems is to use the
NSL-KDD dataset which does not contain redundant records in the
training set and duplicates in the test set. However, researchers have to
be aware that both KDD Cup '99 and NSL-KDD datasets are a simulation
of a virtual computer network and, consequently, experiments can give
contradictory results (especially if the number of features describing the
attack is small). The Kyoto 2006+ dataset represents selected features of
real network traffic which is captured using honeypots, darknet sensors,
email server and web crawler deployed on five networks inside and
outside the Kyoto University. It does not contain information on particular
attacks and ignore features that contain redundant records.

Since rapid development of computer networks and information
systems has led to a large number of sophisticated attacks, researchers
from all around the world develop new IDSs to protect computer
networks from hackers by using known datasets and their pre- and post-
processed versions. KDD Cup '99, NSL-KDD and Kyoto 2006+ datasets
are widely used in the experiments to develop various tools for protection
against malicious attacks. Which of the bases is used depends on the
purpose of a particular IDS and security goals in specific problem solving.
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OB30P KDD CUP ‘99, NSL-KDD 1 KYOTO 2006+ BA3 OAHHbLIX

Haruena [. MNpotny

BoopyxeHHble cunbl Pecnybnuku Cepbus, NeHepanbHbin wTab,
YnpaBneHve nHhopmaTrki 1 TenekoMmyHukaumm (J-6),

LleHTp npuknagHon matemaTuKkv U SMEeKTPOHWKMK,

r. benrpag, Pecnybnuka Cepbus

OBJIACTb: kOMMbIOTEPHBIE HAYKW, HOPMALMOHHBLIE TEXHOIOMM
BWO CTATbW: 0630pHas ctaTbs
A3bIK CTATbW: aHrnuinckmin

Pe3swome:

B daHHol pabome npedcmaerneH 0630p mpex 6a3 daHHbix: KDD Cup
99, NSL-KDD u Kyoto 2006+ 6asa OaHHbIX, KOMOpbie WUPOKO
ucrionb3yromes 8 uccniedoeaHusix ~ OOHapyXeHuUsi  83rioma
KomrbromepHbix cemel. KDD Cup ‘99 6asa OaHHbIX cocmoum U3
nsmu MUnIUoHo8 3anuced, kaxdasi uz Hux codepxum 41 ampubym,
Komopbili  MoXem  Kraccuguyuposams amaku o  criedyrouum
yemsipem sudam: Probe, DoS, U2R u R2L. KDD Cup ‘99 6a3a 0aHHbIx
He 8 COCMOSIHUU ompa)xamb peasibHble OaHHble, MmaK KakK OHa
eeHepuposgaHa MmodesiuposaHUeM Ha 8upmyasibHOU KOMIIbIOMepPHOU
cemu. U3 NSL-KDD 6a3bli ydaneHbl u3bbimoYHble 3anucu, a
OybnuposaHHbie 3anucu ydaneHsl u3 bas obyyeHUss U mecmuposaHusi
KDD Cup '99. Kyoto 2006+ 6asa obpasosaHa Ha OCHO8aHUU OaHHbIX
mpexnemHe20  peasibHO20  cemeeoz20  mpadhuka,  Komopble
0bo3HayeHbl, KaK: HopmaribHbil (He amaka), amaka (usgecmHas
amaka) U HeuzsecmHasi amaka. Kyoto 2006+ 6asza codepxum 14
cmamucmu4eckux ampubymos, ebibpaHHbix u3 KDD Cup ‘99 6a3sbi u
oononHumesnbHbix 10 ampubymoe.

Kntouesble criosa: obHapyxeHue amak, KomrbiomepHas cemb, KDD
Cup 99, NSL-KDD, Kyoto 2006+.

MPEMMEA KDD CUP ‘99, NSL-KDD 1 KYOTO 2006+ BA3A
MOOATAKA

Harujena . MpoTtuh

Bojcka Cpbuje, NeHepanwTab, YnpaBa 3a TenekomyHukaumje n nHpopmaTtuky
(J-6), LleHTap 3a npumereHy MaTeMaTuKy N ENeKTPOHUKY,

Beorpag, Penybnuka Cpbuja

OBNACT: pauyHapcke Hayke, MHCbOpMaunoHe TeXHONormje

BPCTA YJ1IAHKA: npernegHu ynaHak
JE3VK YNTAHKA: eHrnecku

595

Proti¢, D., Review of KDD Cup ‘99, NSL-KDD and Kyoto 2006+ dataset, pp.580-596



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

Caxemak:

Y pady je npuka3aH ripeaned mpu b6ase nodamaka: KDD Cup ‘99, NSL-
KDD u Kyoto 2006+, Koje ce uyecmo Kopucme y ucmpaxuearby
demekuyuje ynada y padyHapcke mpexe. KDD Cup ‘99 6a3za nodamaka
cacmoju ce 08 rem MunuoHa 3arnuca, 00 Kojux ceaku calpxu 41
ampubym, koju mocy Oa knacugbukyjy Hanade y yemupu knace: Probe,
DoS, U2R u R2L. KDD Cup ‘99 6a3a nodamaka He Moxe Oa pechriekmyje
pearnHe rodamke, jep je eeHepucaHa CUMynauyujoM Ha 6UpPMmMyesHoj
padyHapckoj Mmpexu. M3 NSL-KDD 6a3e ykriomeHU cy pedyHOaHMHU
3anucu u dynnukamu u3z KDD Cup ‘99 mpeHuHmz u mecm-6a3e,
pecriekmusHo. Kyoto 2006+ 6asa ¢hopmupaHa je Ha ocHogy rodamaka
mpoe2oluwirbe2 peariHoe MpexHoa caobpahaja, Koju cy O3Ha4YeHU Kao:
HopmanaH (Huje Harnad), Hanad (no3Ham Hanad) u Hero3Ham Harao.
Kyoto 2006+ b6asa cadpxu 14 crmamucmudkux ampubyma u3080jeHux u3
KDD Cup ‘99 6a3e u dodam+ux 10 ampubyma.

KbyuHe pedu: demekyuja ynada, padyHapcka mpexa, KDD Cup ‘99,
NSL-KDD, Kyoto 2006+.

Paper received on / [lata nony4yenusi pabotsl / Jatym npujema ynaHka: 25.02.2018.
Manuscript corrections submitted on / lata nony4eHus ncnpaBneHHowm Bepcun paboTbl /
Oatym goctaerbana ncnpasku pykonuca: 09.04.2018.

Paper accepted for publishing on / lata okoH4YaTensHoro cornacosaHus pabotel / Jatym
KOHa4yHOr NpuxeaTaka YnaHka 3a objaBrbmBamne: 11.04.2018.

© 2018 The Author. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cpb). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2018 AsTop. OnybnmkoBaHo B «BoeHHO-TexHnYeckuin BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cp6). [laHHas ctaTbsi B OTKPbITOM 4OCTYNE U
pacnpocTpaHsieTcsi B COOTBETCTBUM C nuueHanen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2018 AyTtop. Ob6jaBro BojHoTexHuukm rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). OBO je YnaHak OTBOpPEHOr Npuctyna u guctpubyupa ce y
cknagy ca Creative Commons nuueHuom (http://creativecommons.org/licenses/by/3.0/rs/).

596




SERIOUS GAMES IN MILITARY
APPLICATIONS

Andreja B. Samcovi¢

University of Belgrade, Faculty for Transport and Traffic Engineering,
Belgrade, Republic of Serbia,
e-mail: andrej@sf.bg.ac.rs,

ORCID iD: http://orcid.org/0000-0001-6432-2816

DOI: 10.5937/vojtehg66-16367; https://doi.org/10.5937/vojtehg66-16367

FIELD: Computer Science, Telecommunications, Informatics
ARTICLE TYPE: Review Paper
ARTICLE LANGUAGE: English

Summary:

Serious games as one of the most important trends in e-learning are
presented in this paper. An intensive use of information and
communication technologies has led to major changes in traditional
military education. One of these changes is the use of serious games for
simulating the real military environment. This review paper presents
several definitions and classifications of serious games, the difference
between serious and entertainment games, and considers their military
applications in training and simulation systems as well as in education.

Key words: serious games, video games, military education,
simulation.

Introduction

There have been an increasing number of serious games in the last
ten years that are related to a wide range of different areas: health,
military, education, communication, etc (Djaouti et al, 2011).

The first formal definition of the concept of serious games was
launched by Abt in his book (1987), which presents simulations and
games for the promotion of education, both inside and outside the
classroom. He provided the examples either a "mainframe computer" or
games based on the "pen and paper" concept, when the video game
industry had not yet started. Jansiewicz (1973) published a book
describing the game he invented to learn the basics of American politics.

Years later, the concept of a "serious game" was redefined in the
work written by Sawyer (2009). Several definitions of serious games
have been proposed in the last decade by various authors and
organizations:

ACKNOWLEDGMENT: This paper is partially supported by the Ministry of Education,
Science and Technological Development of the Republic of Serbia (Project No. 32025).
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Zyda (2005) defined the serious game as "A cerebral challenge, played
with a computer according to specific rules, which uses entertainment as
an added value for training in institutional or private environments in the
fields of education, health, civil security, as well as for communication
strategy purposes".

Chen and Michael (2005) defined serious games as "games that
have no fun or enjoyment as their primary goal". The term "seriousness"
of these games refers to content that can be well used in education as a
teaching material by a lecturer.

Alvarez & Michaud (2008) specified serious games as "Computer
application, the aim of which is to combine at the same time serious
aspects such as, but not limited to, teaching, learning, communication, or
information, with ludic springs coming from the video game”. Such an
association, which takes place through the implementation of a
"pedagogical scenario", is therefore aimed at moving away from
entertainment.

Serious games can also be used to learn media literacy, showing
that video games are not just "neutral" and can include "serious" content
(Matteas, 2008). Sawyer & Reyeski helped the industry to form "Serious
Games Initiative" and organized conferences such as "Serious Games
Summit" and "Games for Health" (Games for Health Conference, 2008).
A wider definition of "serious games" includes any software that connects
non-entertainment purpose (serious) to the structure of the video game.
Designers of serious games use interest in video games to capture the
attention of users for various purposes that go beyond pure
entertainment.

Center for resources and information on multimedia for higher
education has the following definition: "A real training tool,
communication, simulation, the serious game is a sort of useful
declination of the video game at the service of the professionals. Serious
games are applications developed from advanced video game
technologies, using the same design and know how approaches as the
classic game (3D real time, simulation of objects, individuals,
environments...) but which go beyond the sole dimension of
entertainment".

From these various definitions, we can conclude that the serious
game is a game that combines a serious intention with playful springs of
video games. So we take a video game and we associate a utility
function with it. The serious game must have three utility functions:
disseminate a message, provide training and allow data collection.
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After the introduction, the second part considers some applications
of serious games. The difference between serious and entertainment
games is presented in the next section. The paper continues with the
description of the simulation training in military systems. The core
components of serious games are also presented because of their
importance. Some examples of an application of serious games in the
military edutainment are shown in the last section. Finally, at the end of
the paper, concluding remarks are mentioned.

Classification of serious games

Serious games mean different names, e.g. "immersive learning
simulation”, “digital game-based learning”, “gaming simulations”, and
"games that you have to play". Serious games are related to games
designed to improve learning, whereas application fields include military
training, health care, different levels of education, and many other social
purposes. Serious games are not primarily designed for fun purpose.
They have an organized game situation and have the meaning and
purpose to play. The purpose of serious games in military applications is
to prepare for real life situations. These games are played with the
purpose of being able to cope with extreme and dangerous situations
which players could face. Marczewski (2013) described military serious
games as a simulator system, games that are safe for practice and
perform as a virtual presentation of a real life situation.

The term serious game (SG) originates from (Abt, 1987) and is
applied for games that are not developed exclusively for entertainment,
but primarily for the creation of an educational value. SGs are counted
among current e-learning trends and gain more and more acceptance
and influence (Doujak, 2015). The development of SGs is different from
entertainment games. SGs are usually individual products for a limited
target audience, or organizations, such as military. This leads to high
costs, although the market is showing increasing interest in economical
and customized applications (Doujak, 2015). Alvarez & Michaud (2008)
classified serious games in five categories, as presented in Figure 1.
Possible military applications include edutainment games and training
and simulation games.
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categories o)

Figure 1 — Classification of serious games (Alvarez & Michaud, 2008)
Puc. 1 — Knaccugpukayus cepbesHbix uep (Alvarez & Michaud, 2008)
Cnuka 1 — Nodena 036urbHUX uzapa (Alvarez & Michaud, 2008)

Pringle (2007) investigated the use of game technology in military
applications. He suggested that serious games could be useful in military
training. The military training would have benefits if games combine
different technologies. Roman & Brown (2008) concluded that there are
few well-defined standards for the measurement efficiency of SGs. Only
several military organizations have launched the necessary studies until
now to include serious games in military applications.

The most remarkable example of the military application of serious
games is America’s Army. This serios game is designed for the
recruitment process and education of youth about the military lifestyle
(America’s Army, 2010). That game pointed out an excitement in the
military life.

Serious games and entertainment games

There is a big difference between those games with "moving
purpose" and the games designed by the serious games industry. The
first group includes video games that were not originally designed to
serve for serious purposes, but exclusively for entertainment. However,
when instructors use fun games for teaching that have a "serious
scenario", the purpose of video games moves to serious ones. This
"serious" dimension is not directly embedded in the game, but the
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instructor uses it in a way that his students can play the game for
educational purposes. So, we can consider that it is a matter of both
"serious" and "game". The instructors are then obligated to adhere to a
pre-prepared scenario and adapt it to their "serious" goals, while
designers have full control over the contents of their games. The
relationship between serious game, video game and serious gaming is
illustrated in Figure 2.

There are serious games designed as software modifications for
entertainment video games on the halfway between "moving purpose"
and games designed from the very beginning to serve as serious games.
For example, the game Escape from Woomera (Valentine & Jensen,
2016) is a software modification of the Half-Life video game. The Half-
Life game, originally related to the fight against an alien invasion, has
been transformed into "serious" information on the difficult living
conditions at Australian refugee centers.

VIDEO GAME

Designed
(game)

Designed

serious + game,
g

"Purpose-shifted”
(serious)

SERIOUS
GAMING

Figure 2 — Relationship between serious game, video game and serious gaming (Djaouti
etal, 2011)
Puc. 2 — Bzaumocssiab Mex0y cepbe3HbIMU Ugpamu, sudeougpamu U cepbe3Holl uzpoll
(Djaouti et al, 2011)
Cnuka 2 — O0Hoc uamehy o3burbHe uzpe, sudeo-uepe u 036urbHoe uepara (Djaouti et
al, 2011)

The appropriate software must be designed for both dimensions:
"serious" and "game" in order the "serious game" to be considered as
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relevant. Video games today have a very constructive role in educating
people of all ages in educational institutions, workplaces and homes,
around the world. Video games can also be significant in learning
technical skills (Zizovi¢ & Plecié, 2017).

Games can play an important role at universities, as a way to
increase students' efficiency to learn education materials faster and in a
much better way. Universities can use video game for training in
technical fields such as aerospace, electrical and computer engineering.
While the participants play the game, they use their skills to learn the
game and do it better every time they play. During the game, students
learn the technical aspects of objects, which can be used in the real
world (El Azizi & Arbai, 2017). Games have changed completely the way
of life of the youngest generation. Online games such as Monopoly and
Sudoku have not only increased their analytical skills, but also their ability
to cope with various situations such as panic, stress, and relationships
with peers.

The ability to manage multiple tasks and resources is one of the
goals that help video game participants. Learning the rules and strategy
of the game also helps the participants of the games. Video games
encourage students to play together in the team. A fun way of games
helps participants to keep pace with technology changes, thereby
increasing their confidence. Video games can help to gain self-
confidence by helping them to understand different emotions. Some
people think that games make students be withdrawn and asocial, but
there are studies pointing to the opposite. Most students like to play
video games in pairs or in small groups. That play stimulates competition
and strengthens the strategy.

Video games are not just tools for entertainment and relaxation, they
create an atmosphere of learning and experience. Students and adults
develop the key skills needed for the world through navigation an
animated computer screen. To increase initiatives for serious games,
various media must be able to work efficiently with current web 2.0
technology (Jaume-i-Capo & Samcovi¢, 2015). In principle, software and
hardware must be able to handle such games.

Simulation training and games in military systems

When employed for military applications, serious games are used to
train soldiers using virtual environments that reproduce real-world
scenarios. The main scope is to prepare soldiers for the situations and
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obstacles that may appear in the real world, to make them able to take
decisions faster and safer.

War games are analytic games that simulate aspects of warfare at
the tactical, operational, and strategic levels. They are used to examine
war fighting concepts, train and educate commanders and analysts,
explore scenarios, and assess how force planning and posture choices
affect campaign outcomes. War games combine game, experiment and
performance. They simulate a military operation involving two or more
opposing forces, using rules, data, and procedures designed to depict an
actual or assumed real life situation.

Military simulations are simulations in which theories of warfare can
be tested and refined without the need for actual hostilities. The main
difference between military simulations and war games is generally taken
the last to be referring to the civilian hobby, thus the preference for the
term simulation. Military simulations are seen as a useful way to develop
tactical, strategic and doctrinal solutions, but critics argue that the
conclusions drawn from such models are inherently flawed, due to the
approximate nature of the models used.

From a military perspective, serious game playing has a number of
advantages, such as improved hand-eye coordination, improved ability to
multitask, ability to work in a team using minimal communication, and
willingness to take aggressive action (Chen & Michael, 2005). Many
previous military simulations and war games have concerned combat,
but more recent efforts also concern skills such as foreign languages and
cultural training. Future application areas for the military field include
massively multiplayer online games and virtual reality trainers.

We will present in this section some information about the type of
modern military operations. During the Cold War, military operations
were focused on big battle operations on a particular battlefield where all
participants were expected to be fighters (Smith 2008a). In the modern
time, the focus was usually on small unit operations in urban areas where
military units are called to operate in humanitarian operations, to search,
to defense objects, or to combat operations. Hence, virtual environments
must represent different objects and interactions, as well as high amount
of detail in the field of operations (Smith, 2008a). The virtual
environments should also be capable of allowing person-to person
communication that would make possible the knowledge that can be
useful in military missions. This requires research in group models and
personal relationships from social, cultural, and geographical points of
view. Virtual environments that are able to accurately represent such
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diversity could effectively be an important challenge and a significant
point in military applications (Smith, 2008a).

Having in mind the above described characteristics of modern
military operations, dynamic modeling of military systems and missions
points on the activities are described in (Smith, 2007). The relationships
among these activities are presented in Figure 3.

Percel ynamic s
erceive Environment eason

& Engage
Exchange

Figure 3 — Relationship model for a simple battlefield simulation (Smith, 2007)
Puc. 3 — lNpocmoe modenuposaHue rnossi 6osi (Smith, 2007)
Cnuka 3 — Moden 3a jeOHocmasHy cumynauyujy 6ojHoe norba (Smith, 2007)

Move: Dynamic representation of a move includes a change in the
position of the object over time.

Perceive: Military objects trigger the environment in order to
communicate with other objects. The first step in this interaction is to
perceive or discover the existence, position and identification of another
object.

Exchange: Models are needed to allow objects to exchange
materials and information with each other, after move and detection.
Battlefield operations usually lead to the exhaustion of materials such as
fuel, ammunition, food, medical devices, vehicles and people. Logistics
model can be used to represent the army abilities to continuously deliver
these materials to units and facilities during the military operation.

Engage: The engagement model typically involves exchange of
weapons or firearms from the shooter to the target. This exchange
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reduces capability of the shooter by expanding ammunition in one of
many shapes (e.g. bullets, missiles, bombs, rockets, artillery).

Reason: Reasoning models rely usually on techniques developed in
the field of artificial intelligence. Techniques such as expert systems,
rule-based systems, neural networks, fuzzy logic, finite state machines,
case-based reasoning, final analysis, and others organize information
and form decisions that are similar to those of living beings.

Dynamic environment. There has been an evolution of a simulated
environment from static structures to dynamic characteristics and their
interactions with military facilities.

Components of game technologies

Commercial video games include technologies that have value for
industries outside the environment, including military simulations. The
technical cores of the game technology which military industry can use
are the following (Smith, 2008b):

» 3D engine - presenting the simulated world by creation of the
attractive and accurate visualizations that are used to stimulate players;

» Graphical user interface (GUI) - easy access and control the game
system, it is the menu system and interactive patterns that allow a gamer
to immediately begin using a game without ever reading a manual;

* Artificial intelligence (Al) - provides the brains that are necessary to
create in-game components that are smart enough to challenge human
players. This also creates an adaptive experience that can adjust the
game as it runs to insure that the player works through a specific problem
of interest;

* Physical models — create the world which includes movement,
communication, detection, engagement interactions, and sensors that
are accurate portrayals of the real world;

* Global networking - connecting on demand among players; it
allows the virtual environment to be extended to multiple players around
the globe. Game companies have created the most flexible and efficient
methods for transferring data over a worldwide network;

* Persistent worlds - larger context for a small unit mission. It is also
a 3D portal for tactics and intelligence data. They maintain a virtual world
that can grow, change and remain active over many days, weeks, or
years regardless of whether an individual player remains engaged with
that world.

The above mentioned six core technologies for serious games
are illustrated in Figure 4.
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Figure 4 — Key technologies for serious games (Smith, 2008b)
Puc. 4 — Knto4yesbie mexHonoauu 0nsi cepbe3Hbix uep (Smith, 2008b)
Cniuka 4 — KrbyyHe mexHornoauje ko0 036urbHux uzapa (Smith, 2008b)

There is still not much overlapping between military simulations and
game technology as Figure 5 shows. Military simulations focus on
providing information, terrain data, networking, interoperability standards,
facilities, etc. Game technology, on the other hand, focuses on 3D
development, artificial intelligence, physical models, multiplayer games,
etc.

A possible framework based on military simulations, game
technology and the use of modern technology in military training, will be
described. The framework will provide the following aspects of military
practice (Yildirim, 2010):

e Training of military staff for specific cases. The case is a scenario
that includes location (unknown objects, maps), people (how they
look, how they dress), time (how many hours there are, effects of
the time on the environment, how the operations can be carried
out differently in different hours);

o Creating a list of cases and designing interactions and
dependencies between cases;
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o Creating a list of tactics within a context for each possibility;

e Monitoring the environment in real time by military equipment and
transmission information obtained in the game. Moreover, the
location specifications, people, weather, etc. can be monitored;

e The soldiers are dressed to blend in the environment around
them, e.g. they wear camouflage clothes such as white uniforms
in the snow conditions;

o Basic activities of military simulation systems, like movement,
perception, exchange, engagement, dynamic environment, which
is presented in Figure 6;

e The main components of game technologies: 3D engine,
graphical user interface, artificial intelligence, physical models,
networking;

¢ Enabling the possibility of running tactics and strategies of military
operations;

Social aspects of the operation environment;
o Developing an easy-to-understand user access.

nterop
Stds 2
S

errain
Data

&

Figure 5 — Military simulation vs. game technology (Smith, 2008b)
Puc. 5 — Bzaumocesisb mex0y 80eHHbIM ModenuposaHueM u mexHonoaued uep (Smith,
2008b)
Cnuka 5 — Besa u3meljy 8ojHe cumynayuje u mexHosnoeuje ueapa (Smith,
2008b)

The described framework indicates a serious game for military
training. That framework combines military simulation systems, key
aspects of game technology, as well as social and cultural aspects of
military operations, which is shown in Figure 5. CBR means case based
reasoning.
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‘ Previous
Cases

General
Knowledge

—

Figure 6 — Acivities in military simulation systems (Yildirim, 2010)
Puc. 6 — AkmusHocmu 8 pamkax 80eHHo2o modenuposaHus (Yildirim, 2010)
Crniuka 6 — AkmusHocmu y okeupy cucmema eojHe cumynauuje (Yildirim, 2010)

Edutainment games in military systems

Serious games are oriented to teaching and training, simulating
everyday situations, or some specific activities. Serious games can
consist of professional development for people who perform specific
tasks of their personal activities, people's awareness about a particular
topic, or everyday situations, such as vehicle configuration. Through this
kind of game, simulations should be attractive and playful, while offering
activities that favor the assimilation of practices and psychomotor
abilities. Therefore, serious games mean digital applications that exceed
the entertainment and we can say that their main goal is learning and
practicing specific situations, such as, for example, military applications.

Serious games are suitable for military training by simulation of
critical situations, including risk, decision making, or to develop specific
activities. Other application of serious games involves military teaching
where some real situations can be simulated. The knowledge of a player
is essential to the evolution of a serious game. One of the objectives of
serious games is to develop the stimulation of the cognitive functions, the
motivation and knowledge acquisition of the players.

The first fighting video simulation was designed by Mak Industries,
(Cruz-Cunha, 2012). This simulator was realized on the request of the
US Marine Corps in 1997. In 1998 US Army, together with the industry,
entered into a contract to continue the development of the video game
Spearhead, to be used in the US Army Center and School for Training
Purposes. At the beginning, these video games were designed only for
military use.

The US Army presented in 2003 a new video game for the
recruitment, which got the name America’s Army (2010). This game had
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a great success. That game was considered to be the first serious game
with military application. The details provided the closest sense of being
a part of a fight. This game had the influence on its users by bridging
virtual experience with real or simulated (air and paintball games) fight
experience. One example of the simulation of military activities is shown
in Figure 7.

Figure 7 — Acivities in military simulation systems (America’s Army, 2010)
Puc. 7 — AkmueHocmu 8 pamKkax 80eHHO20 ModenupoeaHusi (America’s Army, 2010)
Cnuka 7 — AkmusHocmu y okeupy cucmema 8ojHe cumynauyuje (America’s Army, 2010)

SanTrain is an example of a serious game designed in the field of
military first aid (Dobrovsky et al, 2017). It provides a game-based
learning approach and a platform for training tactical combat casualty
care. It means a specialized first aid on a battlefield and includes simple
life saving steps and priorities for the first minute after injuries. The
objectives of this serious game are to prioritize and treat injuries that
could endanger life, to prevent further injuries and to complete a military
mission. The basic principles come from the US special operations forces
experience in real fighting scenarios. It has been shown that, through
prioritized treatment at the battlefield, lives of soldiers with life-
endangering injuries can be saved. This training can be practiced in the
armed forces not only by medical personnel, but also by regular soldiers.
The screen-shot of the SG SanTrain is presented in Figure 8.
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Figure 8 — Screen-shot of the SanTrain game (Dobrovsky et al, 2017)
Puc. 8 — NsobpaxeHue u3 uepbi SanTrain (Dobrovsky et al, 2017)
Cnuka 8 — lNpuka3s y oksupy uepe SanTrain (Dobrovsky et al, 2017)

Another example of a serious game designed for training military
medical stuff and nonmedical soldiers with training on providing lifesaving
care is TC3Sim (Hussain & Coleman, 2014). The game tasks are
considered with tactical combat casualty care, including care under fire,
which is illustrated in Figure 9 showing a screen-shot of this game. The
training system, as well as the used scenarios, have been publicly
available in an effort to promote further study on this project.

Figure 9 — Screen-shot of the TC3Sim game (Hussein and Coleman, 2015)
Puc. 9 — N3obpaxeHue u3 uepbl TC3Sim (Hussein and Coleman, 2015)
Cnuka 9 — lNpuka3 y oksupy uepe TC3Sim (Hussein and Coleman, 2015)
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Conclusion

Serious games are now being gradually involved into numerous
applications such as military applications. Serious games in military have
impact on education, training and learning of military staff. The concept of
military games can improve the user's motivation. Several studies have
demonstrated that serious games help to motivate users in the training.
The realism required in military simulations can be achieved by game
technologies. More recent studies show the benefits of using computer
vision as an input mechanism. It can be concluded that serious games
come from video games, but with a “serious scenario”. On the other
hand, the psychological and social aspects of serious games should be
investigated and taken into account.
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CEPBLES3HbIE UI'Pbl B BOEHHOW NMOArOTOBKE

AHdpes B. CamuoBny
Benrpaackuin yHusepcuteT, PakynbTeT TpaHcnopTa v nyTein coobLueHus,
r. benrpag, Pecnybnuka Cepbusi

OBNACTb: koMNblOTEPHbIE Hayku, TENEKOMMYHUKaLMK1, MHdopmaTmka
BWO CTATbW: o630pHas ctaTbs
A3bIK CTATBW: aHrnunckun

Pe3some:

CepbesHbie Uepbl Ha Cce200HAWHUU OeHb rnpedcmassisrom cambil
nonynsipHbiti  mMpeHd 8 cucmeMe  3/IEKMPOHHO20  06pa308aHUus.
MacwmabHoe ucrionb3o8aHue UHGhOPMAUUOHHBIX U KOMMYHUKaUUOHHbIX
mexHoso2ull  Npueesio K KPyrHbIM rnepemeHam 6 mpaduyUOHHOM
80eHHOM obpa3osaHuu. OOHa U3 MmaKux repeMeH ompaxaemcsi 8
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UCrosib308aHUU CEPbE3HBIX U2Pp MpU MOOesiupo8aHuUU pearibHbIX 60e8bix
Oelicmeuti. B daHHOU 0630pHOU cmambe rpedcmasieHbl HECKOSbKO
onpedeneHud, Knaccugukauyuli cepbe3HbIX Uep U 0b6bsICHIEMCS pasHuua
Mex0y cepbe3HbIMU UgpaMu U uepamu 051 pa3ernedyeHus. Kpome moeo, 8
pabome paccMampuearomcsi B80EHHbIE TPUMIOXEHUS, MPU20OHbIE 8
YYEHUSIX, cucmeme MOoOenupos8aHusi U 8 80eHHOU o020moeke.

Knwouesble crosa: cepbe3Hble U2pbl, 8U0e0 Uepbl, BOEHHasi
nodzomoska, MooesiuposaHue.

O3BUIBbHE UIPE Y BOJHOJ NMPUMEHU

AHOpeja b. CamyoBuh
YHuBepauteT y beorpagy, CaobpahajHu cakynTerT,
Beorpan, Penybnuka Cpbuja

OBJIACT: padyHapcke Hayke, TenekoMyHukauuje, nHdopmaTtuka
BPCTA YJTIAHKA: npernegHu ynaHak
JE3WVK YJTAHKA: eHrnecku

Caxemak:

O36urbHe uzpe npedcmasrbajy jedaH 00 HajsHadajHujux mpeHoosa y
€J1IEKMPOHCKOM obpa3sosatrby. UHmeH3ugHo Kopuwhere
UHGbOPMAaUUOHUX U KOMYHUKaUUOHUX mexHorioauja ogersio je Ao KpyrnHUX
rnpomeHa y mpaduyuoHasiHoM 60jHoM obpa3oeary. JeOHa 00 mux
rnpomeHa odHocu ce Ha kopuwhere 036UrbHUX Ueapa fpu cumynauyuju
pearnHoz 6ojHo2 Okpyxera. Osaj npeanedHU pad npyxa HEKOUKO
OecpuHuyuja, nodesty 036uUrbHUX U2apa, Kao U passnuky uameRy 036urbHUX
uzapa u ueapa Hamer-eHux 3abasu. Ocum moea, y pady ce pasmampajy
80jHe arnukauuje kod obyke, cucmema 3a cuMmyrnayujy Uy obpasosarby.

KrbydHe peuu: o036urbHe uzpe, eudeo-uzpe, 60jHO 0bpasosar-e,

cumynauuja.
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Summary:

NoSQL is often used as a successful alternative to relational databases,
especially when it is necessary to provide adequate system dimensioning,
usage of a variety of data types and high efficiency at a low cost for
maintaining consistency. The work is conceived in a manner that covers
the general concept of a database, i.e. the concept of relational and non-
relational databases, which are substantiated by all important aspects and
in an appropriate context. After analyzing the types of NoSQL databases,
emphasis is placed on explaining their advantages and disadvantages, as
well as on an overview of the NoSQL and SQL database comparison. The
final part of the paper presents the results of testing the performance of
NoSQL databases, obtained though the Database Benchmark tool. The
aim of the paper is to highlight all the details of NoSQL databases in order
to establish the justification of their application in practice.

Key words: Databases, Relational databases, NoSQL databases,
Performance testing.

Introduction

Nowadays, data and information are accumulated at a rapid pace
from a variety of sources, and it is not easy to understand what they
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mean. To cope with the growing amounts of digital data of varied nature,
organizations must use sophisticated techniques for information
management. Viewed from this angle, databases are essential in all
areas of operation of one organization. Relational databases support
most of business systems of today's organizations and for a good
reason. Functionality and reliability of such databases have been proven
in many systems through many years. They have been supported by a
number of tools, documented in detail, and there are a large number of
people qualified for the implementation and maintenance of these
systems. However, both analytical and operational organizations now
increasingly take into account different solutions for their business
problems, which results in relational databases not always being
appropriate for storing and processing data. That is why NoSQL (Not
only SQL) databases have been created.

NoSQL databases apply different mechanisms for data storing and
establishing relationships across data from relational databases. If data
does not need to be stored in tables or there are relations that cannot be
presented by classic SQL relationships, and data has to be accessed
fast, then NoSQL databases are applied.

The term database

A database is a collection of interconnected logical related data
stored in computer external memory, simultaneously available to users
and application programs. It is organized in such a way that a set of
computer programs - system for managing databases (Database
Management System DBMS) - allows all users to access all data.

A database management system is a set of programs which provide
the user with tools to add, delete, access and analyze the data stored in
one location. Data can be accessed using queries or reporting tools
(which are an integral part of the DBMS) or using application programs
written specifically for the purpose of accessing the information. The
DBMS also provides mechanisms for the preservation of data integrity,
for the management of security and for user’s access to information
database in case of a crash.

This system minimizes the following issues:

— data redundancy - when the same data is stored in more than one

place;

— isolation of data - when an application cannot access the data that

is associated with other applications;
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— data inconsistency - when different copies of the same data do not
match.

On the other hand, the system maximizes:

— data security;

— data integrity - data must meet certain criteria, e.g. there must not
be any letters in the field reserved for a personal identification
number;

— data independence - application software and data are
independent from each other (i.e. applications and data are not
related to each other, which means that different applications can
access the same data).

Defining a database requires not only a specification of types and data
structures that need to be memorised into the base, but also the
limitations of the data. In this regard, Data Definition Language - DDL is
used for the execution of these activities. Data definitions are located in
the system directory and are called metadata.

Add, delete, modify and search data represent the activities of
manipulating databases by the help of Data Manipulation Language
DML. A DML part that searches a database is called a query language.
Figure 1 represents a simplified database system
(http://sakshieducation.com).

Searching data in the database is probably the most frequently
executed process. Structured Query Language (SQL) is the most popular
language for data search. It allows the execution of complex search
using relatively simple phrases or keywords. Typical keywords are
SELECT (to determine the desired attribute), FROM (to determine the
tables that will be used) and WHERE (to determine the conditions which
will apply to search). For example: SELECT the name of the student,
FROM a database of students, WHERE the average score > 9.00.

Another way to find data in the database is by using search
examples (Query By Example - QBE). In the QBE search system, users
fill out a template (also called a form) to define an example or a
description of the desired information. Users can quickly and easily
construct a questionnaire using the techniques of drag-and-drop in the
DBMS. Such a search is easier than typing SQL commands.

There are many different models, such as the database Entity-
Relationship model (ER model), hierarchical models, network models,
relational models and object model. The most popular model is
undoubtedly the Entity-Relationship model (ER model).
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Figure 1 — Simplified database system
PucyHok 1 — YnpouwieHHasi cucmema 6a3 0aHHbIX
Cnuka 1 — lNojedHocmasrbeH cucmem 6ase nodamaka

Relational databases

Relational databases contain and manage relational structured data,
and have a system for manipulating them. The data is stored in a two-
dimensional table consisting of rows and columns. The interaction with
the relational database management system, in most cases, is
implemented by using SQL query language. Types of data that could be
stored are determined by the system while information is organized using
a clearly determined scheme, typically based on the Entity Relationship
(ER) model. The relational database model and SQL as a standard query
language are widely accepted and were considered for long to be the
only alternative to storing and organizing data which can be accessed by
more than one user in a consistent manner.

Since there is a data structure, it is necessary to follow it, including
the classification of data into the table by rows and columns (Figure 2).
The intersection of a column and a row has only one value, and each
variable has a data type, each of which has a limited domain of allowed
values. Primary keys are placed in order to be able to identify each row in
the table, while the foreign keys are used to interconnect multiple tables.
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Because of this structure type, relational databases are vertically
scalable, which means that they work best on a single node, that is, on a
single computer. If expansion is necessary due to a growing amount of
data, the best option is to increase the resource of that node.

Table Name - Student D Foreign Key
#IndexNumber | Name | Age | $DirectionCode

1234 Petar | 22 F1 [ Record (Row)

2345 Marija | 21 F1 )

3456 Milena | 21 M2 Attribute Names (Column)

[ | Individual Value of Attribute

Figure 2 — Table (basic terms and components)
PucyHok 2 — Tabruya (OCHO8HbIE MepMUHbI U KOMITOHEHMb)
Cnuka 2 — Tabena (OCHO8HU MOjMOBU U cacmagHU efieMeHmu)

Non-relational database

As their name suggests, non-relational databases are not based on
the relational model, or at least do not stick to it firmly, and include data
without schemes. They are widely distributed systems that enable rapid
organization and analysis of large quantities of various types of data.
They are simple and horizontally scalable, meaning you can easily add a
new node (computer) which does not affect the operation of the system
(Strauch, 2011). Unlike relational databases, where the ACID (Atomicity,
Consistency, Isolation, Durability) properties are applied, non-relational
databases are based on the BASE (small plates, Soft state, arelis
possible consistency) properties. The BASE properties certainly do not
mean that NoSQL databases are unreliable and inconsistent, but
eventual consistency means that the system will become consistent once
all data is propagated into all nodes in the cluster.

ACID and BASE models

The ACID and BASE are models of control over transactions in
order to ensure consistency. The difference between them depends on a
layer in which they are: the ACID model is in the base layer, while the
BASE model is in the application layer. Also, unlike the ACID model
which is oriented to consistency, systems that use the BASE model focus
on accessibility.
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Relational databases support the ACID properties of transactions:

1.

Atomicity - transactions must be done fully or not at all, which
means that systems that provide atomicity must be prepared for all
possible problems (hardware and software problems, network
failures, disk problems or full system crashes);
Consistency - data must be entirely consistent;

. Isolation - operations are mutually isolated (no part of the

transaction is aware of the others);

. Durability - after all transaction elements are complete, the

transaction becomes permanent.

NoSQL databases follow the BASE properties:

1.
2.

Basic Availability - the system is allowed to be temporarily
inconsistent in order to carry out transactions;

Soft state - some inaccuracies are allowed for a short time and the
data can be changed while being used, in order to reduce the
consumption of resources;

. Eventual consistency - after all operations are performed, the

system will become consistent.

The CAP theorem

The ACID and BASE concepts should not be seen as mutually
exclusive options, but as a spectrum. The BASE concept is often
mentioned along with another important concept, the CAP (Consistency,
Availability, and Partition Tolerance) theorem. This proposition can clarify
why it is sometimes necessary to sacrifice consistent work for other
properties. For NoSQL databases, according to the CAP theorem, only
two of the next three properties can be guaranteed at the same time
(Kumar, nd):

1.
2.

Consistency - all nodes have identical copies of the data available
for the transaction;

Availability - every request for information will be processed
successfully or there will be a message that the request cannot be
processed;

. Partition Tolerance - the system will continue to operate in the case

of breaking the link between the nodes, which would create
partitions in which nodes can communicate with each other only
within their own partition.

NoSQL - ,Not Only SQL"

The term NoSQL ("Not only SQL") is the term that describes the
entire class of databases which do not have the characteristics of
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traditional relational databases and for which standard query SQL
language is not generally used. NoSQL databases are considered to be
the next generation databases and may be defined as non-relational,
distributed databases, open source, and horizontally scalable. They are
characterized by a less strict static data structure, simple support to
replication and simple application programming interface (API). They are
often related to large data sets that need to be quickly and efficiently
accessed and changed on the Web.

Basic characteristics of NoSQL databases

The basic characteristics of NoSQL databases are:

1. Distributed computing (Scalability, Reliability, Resource Sharing,
Performance) - NoSQL databases are distributed, provide
horizontal scalability, and handle large amounts of data e.g.
several of terabytes or petabytes with small time delay. A parallel
increase in the number of users and amount of data requests
relevant data from the Web and mobile applications, as well as
from accompanying databases, which can be achieved by using
the following two methods:

a. Scale up - this involves adding resources to a single node by
setting an additional processor or by increasing storage
memory.

» Vertical scalability with relational databases: to support a
large number of simultaneous users and/or store more data,
there is a need for big servers with more processors that will
handle that workload, more memory and more storage
space for all tables. Installing and maintaining large servers
is a complex task that requires large investments (costs).

b. Scale out - refers to adding new nodes to the system (for
example, adding new computers to the distributed software
application).

* Horizontal scalability with NoSQL databases: with this
method, the resource is added to a cluster of servers for
data storage and supporting operations with databases. The
cluster is expanded by adding additional servers to spread
database processing to a larger cluster. As servers are
vulnerable to failure, NoSQL databases are designed to
withstand and recover from constant failures, which makes
them very resistant. NoSQL databases enable a simpler,
straight-line approach to scaling databases. They are best
at dealing with sudden jumps in activities of new users. In
order to cope with sudden jumps in volume, a new database
server needs to be added to expand the cluster.
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2. More flexible data model - NoSQL databases appear in one of the

following models:

+ key-value databases,

+ document-oriented databases,
« wide column databases,

» graph databases.

3. Asynchronous insertions and updates / low transactional -
Complete transactional guarantees and simultaneous execution
of transactions in all nodes in a distributed environment are not
provided by NoSQL databases. Instead, they guarantee the
availability of data at the distributed level (through an internal
synchronization). This is why NoSQL is a perfect model for
applications such as social networking, where simultaneous
transactions are not a limitation.

4. Follow BASE/CAP instead of ACID - Instead on ACID, NoSQL
databases work more or less on the BASE principle. All NoSQL
databases rely more or less on the ACID properties (CAP
theorem). For example, when there are no updates for a while
(this can mean a few seconds), all updates can propagate
through the system at the very end, which depends on the loads,
the size of the cluster and the network traffic, and it will make all
nodes consistent.

5. Query language - These databases do not support SQL, unlike
relational databases.

6. NoJoins - NoSQL databases do not use the concept of linking.

7. Low cost — They use clusters of low-cost, already available
equipment (servers) instead of own servers for managing large
amounts of data and transactions.

8. Easy implementation — They provide flexibility and simpler
schemes, unlike the Relational Database Management System
(RDBMS).

Types of NoSQL databases

There are four basic types of databases that are classified under the
category of NoSQL (Sadalage, 2014):

1. key-value databases,

2. document-oriented databases,

3. wide column databases,

4. graph databases.

Key-value databases

Key-value databases can be compared to a table in a relational
model that has two columns, the key and the value. The data is stored in
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distributed hash maps, where the key is most often a string, while the
value can be one of the types supported by all programming languages,
such as strings, numbers, arrays, or objects. These databases store a
variety of data, but do not perform any additional data search by multiple
criteria.

+ Advantages:
— working with large amounts of data,
— very fast,
— usually support automatic replication and horizontal partition of
collections.

» Disadvantages: (Graovac, 2016):

— a high level of redundancy,

— complex structures are implemented by a large number of
collections

— if the data is "densely" linked, the efficiency drops dramatically,

— they have no mechanisms for the preservation of the integrity -
often do not provide even transaction atomicity,

— search condition is exclusively a fixed key value or a range of
key values.

The most popular key-value databases are: DynamoDB (Amazon),
Riak, Redis, Voldemort, and Oracle NoSQL.

Document-oriented databases

With document-oriented databases, data is organized as a collection
of documents with possibly different structures, which supports simple
adding and dropping of attributes. These bases store XML, JSON, BSON
formats of documents (tagged format) or, for example, PDF format
documents (unstructured format). Data is not normalized.

» Advantages:
— very simple and efficient operation,
— usually support at least semi-automatic replication and
horizontal collection partition - often just a replication of the
main-subordinate type.

+ Disadvantages:
— relatively limited domain of application,
— many implementations do not allow ad hoc querying and
changing data,
— some implementations do not stand high frequency data
changes.
Some of the most popular document-oriented databases are:
CouchDB, MongoDB, RavenDB, Couchbase, Azure DocumentDB.
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Wide column databases

In wide column databases, data is grouped in columns, which gives
a better performance when there is a need for queries that should restore
only certain attributes, and not full entities. They operate with the terms
column and super column. The columns have a name, a value, and a
timestamp, which indicates that there is no need to define a scheme.

* Advantages:
— support very large amounts of data,
— they are very fast, except in some cases of values with very
complex structures
— most support automatic replication and horizontal collection
partition.

+ Disadvantages:
— a high level of redundancy,
— complex structures are implemented by a large number of
collections,
— if the data is "densely" linked, the efficiency drops dramatically,
— they have no mechanisms for the preservation of integrity - often
do not provide even transaction atomicity,
— search condition is exclusively a fixed key value or a range of
key values.
Some of the most popular wide column databases are: Cassandra
(Facebook, now part of the Apache Software), Hadoop / Hbase,
Accumulo, Hypertable, Amazon SimpleDB.

Graph databases

In graph-oriented databases, data is represented in the form of
graphs, with entities being represented by nodes, and their relations by the
edges of the graph. Each link and node carry certain information on the
basis of which quick inquiries can be made. Searching data by links shows
great performance advantages.

» Advantages:
— in contrast to other non-relational databases, they are very
effective when it comes to common operations with graphs,
— some support transactions and the ACID mode of conditions,
— usually only the replication of the main-subordinate type.

+ Disadvantages:
— relatively restrected application domain,
— not suitable out of their domain.
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Some of the most popular databases oriented towards graphs are:
Neo4d, AllegroGraph, OrientDB, ArangoDB, Infinite Graph.

The general criteria for the selection of NoSQL databases

General criteria that need to be taken into consideration before making
a decision about which NoSQL database to use are as follows:
1. Storage type - one of important criteria that should be considered
when choosing an NoSQL database.
= For example, get, put and delete functions are best supported by
key-value systems.

= Aggregation becomes much simpler when using column-oriented
systems. They use tables, but without joining.

= Data mapping becomes easier with object-oriented software
using NoSQL databases based on documents, such as XML or
JSON.

< A tabular format is changing, and data is saved in the graphical
format.

2. Control of parallel execution - specifies how two users may
simultaneously modify the same information. It often happens that
one of the users loses access, so he/she cannot change or perform
actions, while an active user ends editing (Kumar, nd).

e Lock - prevents more than one active user from changing an
entity such as a document, a line or an object.

= Multiversion concurrency control (MVCC) - provides a readable
overview of the base, but leads to conflicting versions of an entity,
if more than one user perform changes at the same time. MVCC
enables seemingly smooth processing of transactions by creating
multiple versions of a site. This means that the consistency of
transactions is retained, although different users at any given
moment are shown various displays. All changes to the database
will be displayed to all users depending on which view they are
viewing.

= In some systems there is a lack of atomicity due to which all users
who modify the database do not have the same base overview.

= ACID should be chosen if reliable transactions are needed.

3. Replication - enables continuous synchronization of backups.

= Synchronous mode - this approach (although expensive due to
dependence on another server to respond) always provides
consistency.

= Asynchronous mode - with this approach, the database update is
done without waiting for a response from another database.
There is a small scale of inconsistencies that can last a few
milliseconds.
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4. Language for implementation - assists in determining how fast the
database processing can be performed. NoSQL databases written in
low-level programming languages are most often the fastest. On the
other hand, those written in higher-level programming languages are
easier to modify.

Examples of applying the four basic types of NoSQL
databases

The next part of the paper provides some examples of applying the
four basic types of NoSQL databases, as well as some of the specific
criteria for determining which type meets specific requirements.

Examples of application of key-value databases

The databases of type key-value are suitable for applications that
have frequent short readings and typing with simple data models. The
values stored in this database type can be a simple scalar value such as
an integer or a boolean, but they can also be structured data such as lists
and JSON structures. Generally, have the option of a simple query that
allows identifying a value over its key. Some key-value databases
support search functions and are therefore more flexible.

The database of the key-value type is used in a large number of
applications, such as (Sullivan, nd):

¢ caching data from relational databases to boost performance,

e monitoring temporary attributes in a Web application, such as a

shopping cart,

¢ storing configurations and user information for mobile applications,

¢ storing large objects, such as images and audio files.

Examples of the application of document-oriented databases

Databases oriented towards documents are designed to be flexible.
If an application requires the ability to put different attributes together with
large amounts of data, then this database is the right solution. For
example, in order to present products in a relational database, the model
maker can use a table for common features and additional tables for
each product subtype in order to store the attributes that occur only in
product subtypes. Databases oriented towards documents are the best
choice for these situations.

Databases oriented towards documents are used for embedded
documents which are good for denormalization. Instead of storing data in
different tables, data which is often searched together is placed in the
same document. In addition, these databases improve the ability of key-
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value databases by indexing and by the ability to filter documents based
on attributes in the document itself.

Databases oriented towards documents are perhaps the most
popular NoSQL databases because of their flexibility, performance, and
ease of use. They can be applied in the following situations:
back-end support for sites with large numbers of hits and data,
management of data with variable attributes, such as products,
tracking changeable metadata types,
applications that use the JSON data structure,
applications that take advantage of denormalization by embedding
structures into the existing structures.

Databases oriented towards documents are also available as cloud
service (Microsoft Azure Document and Cloudant's database).

Examples of the application of wide column databases

Wide column databases are designed for large amounts of data, for
reading and registration performances and they are extremely affordable.
Google's Bigtable was designed for its needs, while Facebook developed
Cassandra to enable the Inbox search service to its customers. These
database management systems function on the principle of a cluster of
multiple servers.

Wide column databases can be used in the following cases:

¢ applications that require a competence of permanent entries in the

database,

e applications that are geographically distributed across multiple data
centers,

o applications that tolerate some short-term inconsistencies in
responses,

¢ applications with dynamic fields,
¢ applications with potentially vast amounts of data, for example,
thousands of terabytes.

Examples of the application of graph databases

Databases oriented towards graphs are suitable for application in
problems that can be solved using graphical structures for data saving
and storage. One way to evaluate the utility of databases oriented
towards graphs is to check if each element contains a direct pointer to
the next element (if one element is connected with other elements).
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For example, two orders in electronic trade probably are not linked
to each other. They may have been sent by the same customer but that
is a common atribute, not a link. Similarly, the configuration and progress
in a game of one gamer probably has nothing to do with the configuration
of another game of some other gamer. In these cases, the most
commonly used are key-value databases, document oriented or
relational databases.

On the other hand, examples such as railway tracks that connect
cities, proteins that are intertwined with other proteins and workers who
collaborate with other workers are cases where there is some kind of
connection or a direct relationship between the two instances of the
entities. These are the types of problems where database oriented
towards graphs can be used.

Other examples include:

¢ online management and IT infrastructure management,

¢ identity and access management,

e business process management,

o recommending products and services,

e social networks.

The above examples clearly show that, when it is necessary to make
a model of explicit and fast connections between the entities, databases
oriented towards graphs should be used.

NoSQL advantages and disadvantages
Table 1 presents the pros and cons of NoSQL databases.

Table 1 — NoSQL advantages and disadvantages
Tabnuya 1 — NoSQL npeumywecmsa u Hedocmamku
Tabena 1 — NoSQL npedHocmu u maHe

Advantages of NoSQL Disadvantages of NoSQL

Too many options (over 150), so it is

High scalability hard to make a decision

Flexibility of the scheme Limits query (for now)

Eventual consistency is not intuitive

Distributed computing (scalability, reliability, to programs such as banking

resource sharing, speed)

applications

There are no complicated connections Lack of Joins, Group by, Order by
features

Lower costs ACID transactions

Open Source - all NoSQL options with the
exception of Amazon S3 (Amazon Dynamo) are | Limited support - open source
open source solutions
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Comparison between NoSQL and SQL
Table 2 presents the difference between NoSQL and SQL
(https://azure.microsoft.com).

Table 2 — Comparison between NoSQL and SQL
Tabnuya 2 — CpasHeHue mex0y NoSQL u SQL
Tabela 2 — lNopehere usmehy NoSQL u SQL

NoSQL

SQL

Non Relational

Relational

Storing data in JSON documents,

Model
key-value pairs, column-oriented Storing data in tables
warehouses or graphs
Flexibility due to the fact that all .
Excellent for solutions where each
records do not have to store the same o
L record has the same characteristics
characteristics
. Adding a new feature requires
Data Quickly add new features modifying the scheme
Links are graded by denormalizing . - .
. Links are built in normalized models
data and presenting all data for one by ioini
- ) y joining tables
entity in a single record
Suitable for semi-structured, complex Suitable for structured data
or nested data
Dynamic or flexible schemes Clearly defined schemes
Database does not accept the s
Scheme scheme, and it is specified by the Scheme '.nUSt be mamtameq apd be
L . - - synchronized between applications
application. This results in agility and
! i . and databases
highly interactive development
Transactions ACID transaction support varies Supports ACID transactions

depending on the solutions

Consistency
and

Supports eventual consistency to
strong consistency, depending on the
solutions

Strong consistency

Consistency, availability, and

availability performances may vary depending on | Consistency has priority over
the application requirements (CAP availability and performance
theorem)
Insertion and update performances
Performances can be maximised on depend on the speed of record
) - creation, with strong consistency
account of consistency (if necessary) .
Performances can be maximized by
Performances scaling available resources
All information about an entity are Information about the entity can be in
generally in a single record, so an many tables and rows, so it requires
update can be performed in a single joining to perform updates or queries
operation
Scalability Scalability is mainly horizontal and Scalability is mainly vertical with more

data is distributed on multiple servers

server resources
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Testing the performances of NoSQL databases

Database performance testing is one of the areas with few open
source tools. This may be due to the fact that most relational databases
are commercial tools that come with the existing infrastructure provided
by the seller. However, the current rise in NoSQL databases may still
change this situation in the future.

One of the most popular, and by many the most popular open
source tool for testing database performance is Yahoo! Cloud Service
Benchmark (YCSB). This tool enables testing of different systems and
their comparison; for example, on the same hardware configuration,
multiple systems can be installed over which an identical load scenario
will be run, so that eventually their characteristics can be compared. It
consists of a YCSB client, a load generator, and a set of basic load
scenarios (Cooper et al, 2017). The YCSB client is a Java program for
generating data that will be added to the database and generate
operations, which are the workload scenario. The Load Scheduler
manages multiple threads of the client. Each thread executes a
sequential series of operations by calling the database interface layer to
load it (load phase) and to execute the load scenario (transaction phase).
Threads also regulate the rate at which requirements are regulated, so it
is possible to directly control the offered load on the database. Threads
measure both latency and the achieved bandwidth of their operations
and pass the measurements to the statistical module. Finally, the
statistical module collects the measurements and reports on the average
values.

Performance testing using the YCSB tool requires first a correct
installation and configuration of the database management system. The
configuration refers to the creation of known "template tables"
(depending on the data model, as well as on the load scenario), within
which the tool itself will generate data. The next step involves selecting a
correct database interface layer generated by the Java class that will
perform reading, writing, updating, deleting, and searching. Then a load
scenario is selected from the basic set or an arbitrary one is created, to
be followed by the selection of the appropriate execution parameters
(number of client threads, targeted bandwidth, etc.). The last step is to
load the desired amount of data into the database, and start the
simulation.

Analyzing a large number of scientific and professional papers
whose content is focused on testing the performance of NoSQL
databases has led to two important conclusions:
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e YCSB tool was used for performance testing;

e the emphasis is on testing the performance of some of the most
popular NoSQL databases, such as: MongoDB, Redis,
CassandraDB, Couchbase, Hbase.

Given the above facts, this part of the paper will present the results
of NoSQL databases performance tests obtained using Database
Benchmark. This is still one of the few tools for this purpose that has
built-in support for some of the most popular NoSQL databases. The
computer configuration presented in Table 3 test was used to test five
less popular (but not of a lesser value) NoSQL databases: HamsterDB,
LevelDB, STSdb 4.0 (database type key-value), RavenDB (document
oriented database) and BrightstarDB (graphs oriented database).

Database Benchmark is one of the most powerful open-source tools
for testing the performance of bases with large amounts of data. The
application has two main test scenarios:

¢ inserting large amounts of randomly generated records with

sequential or random keys and

¢ reading of the inserted records according to their keys.

Testing performance of NoSQL databases via the
Database Benchmark tool

The limited-resource computer system whose specifications are
presented in Table 3 was used for testing the performance of five NoSQL
databases: HamsterDB, LevelDB, STSdb 4.0, RavenDB and
BrightstarDB. Database Benchmark, a tool that was used to perform the
measurement itself, was selected to keep the NoSQL databases running
in different ways at approximately the same level, so that the obtained
measurement results could be relatively realistically compared. The
following parameters were measured:

¢ speed insertion of all records generated with random keys, and

e speed reading of all inserted records according to their keys.

Table 3 — Computer configuration (Acer Aspire 5750G)

Tabnuya 3 — KoHgpuzypayusi komrstomepa (Acer Aspire 5750G)
Tabena 3 — Pa4yyHapcka koHgpuzaypauuja (Acer Aspire 5750G)

Acer Aspire 5750G
Processor Intel® Core™ i3-2310M CPU @ 2.10 GHz
Random access memory | 6GB DDR3 @ 1333 MHz
Storage 640GB SATA 5400rpm
Operating system Microsoft Windows 10 Pro - 64 bit
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Testing the performance of databases via the Database Benchmark
tool includes the following steps:

e select the databases to be tested,

¢ select the number of data streams to be inserted (tasks),

¢ select the number of records to be generated for each stream of
data (records),

o Select the type of generated keys for all streams (keys). Keys can
be sequential or random.

Speed of insertion of all records generated with random keys

Speed of insertion of all records generated with random keys was
measured in three different circumstances:

1. Number of data streams = 1; The number of records for each data
stream = 50,000; Key type = random;

2. Number of data streams = 2; The number of records for each data
stream = 50,000; Key type = random;

3. Number of data streams = 5; The number of records for each data
stream = 50,000; Key type = random.

The obtained measurement results are presented in Figures 3 to 6.

SPEED O FINSERTION OF RECORDS PER SECOND

M Situation 1 B Situation 2 | Situation 3

[+2]

(=]

o

=l

(2] r

w1
(s3] ~
— 1. e
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1 189.036
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543
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| 1.141

Figure 3 — Speed of insertion of records per second
PucyHok 3 — Ckopocmb ecmasku 3arnuceli 8 CeKyHOy
Cnuka 3 — bp3uHa ymemarsa 3anuca ro cekyHou
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DATABASE SIZE EXPRESSED IN MB
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Figure 4 — Database size expressed in MB
PucyHok 4 — Paamep 6a3bl 0aHHbIX, 8blpaxeHHbIl 8 MB
Cnuka 4 — Benu4uHa 6a3a noGamaka u3paxeHa y MB

TIME OF INSERTION OF GENERATED RECORDS
EXPRESSEDIN SECONDS
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Figure 5 — Time of insertion of generated records expressed in seconds
PucyHok 5 — Bpemsi ecmaeku czeHepupoeaHHbIX 3anucel, 8bipaxXeHHoe 8 CeKyHOax
Cnuka 5 — Bpeme ymemarba 2eHepucaHux 3arnuca uUspaxeHo y cekyH0ama
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THE MAXIMUM UTILIZATION OF
OPERATIONAL MEMORY EXPRESSED IN MB
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Figure 6 — Maximum utilization of operational memory expressed in MB
PucyHok 6 — MakcumaribHoe ucronb308aHue oriepamusHoU namsimu, ebipaxxeHHoe e MB
Cnuka 6 — Makcumym uckopuwherba onepamusHe memopuje udpaxeH y MB

Speed of reading of all inserted records according to their keys

Speed of reading of all inserted records by their keys was measured
in three different circumstances:

1. Number of data streams = 1; The number of records for each data
stream = 50,000; Key type = random;

2. Number of data streams = 2; The number of records for each data
stream = 50,000; Key type = random;

3. Number of data streams = 5; The number of records for each data
stream = 50,000; Key type = random.

The obtained measurement results are presented in Figures 7 to 10.
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SPEED OF READING OF RECORDS PER SECOND
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Figure 7 — Speed of reading of records per second
PucyHok 7 — Ckopocmb YmeHusi 3anucel 8 CEKyHOy
Cnuka 7 — bp3uHa Yumarba 3arnuca o cekyHou
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Figure 8 — Database size expressed in MB
PucyHok 8 — Paamep 6a3bl 0aHHbIX, 8blpaxeHHbIl 8 MB
Cnuka 8 — Benu4uHa 6a3a noGamaka u3paxeHa y MB
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READING TIME OF INSERTED RECORDS EXPRESSED
IN SECONDS

B Situation 1 W Situation 2  H Situation 3

1 1264

338
306

—
v v

<1

—
v v

<1

—
v W

[ — T

<1
I 172

I =
H o~
—

HAMSTERDB LEVELDB STSDB 4.0 BRIGHTSTARDB RAVENDB

Figure 9 — Reading time of inserted records expressed in seconds
PucyHok 9 — Bpemsi ymeHus ecmasneHHbIx 3amnucel, 8bipaXxeHHoe 8 CeKyHOax
Cnuka 9 — Bpeme yumarsa yMemHymux 3anuca UspaxeHo y cekyHOama

THE MAXIMUM UTILIZATION OF
OPERATIONAL MEMORY EXPRESSED IN MB
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Figure 10 — Maximum utilization of operational memory expressed in MB
PucyHok 10 — MakcumarnbHoe ucronb3oe8aHue ornepamusHoU namsmu,
8bipaxkeHHoe 8 MB
Cniuka 10 — Makcumym uckopuwhera ornepamusHe mMemMopuje uspaxeH y MB
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Analysis of the obtained measurement results

The analysis of the speed of inserting all records generated with
random keys in situations where the number of data streams is 1, 2 or 5,
the number of records for each data stream is 50,000, and the key is
random can be presented as follows:

e in all three situations, HamsterDB has the highest speed of
insertion of records per second, while the worst results are with
BrightstarDB,

e in all three measurements, STSdb has the smallest value, while
BrightstarDB has the largest value,

o the time it takes to insert all records generated with random keys in
all three situations is almost similar when it comes to HamsterDB,
LevelDB and STSdb, while the lowest time is achieved by
BrightstarDB,

¢ the maximum utilization of the operating memory varies depending
on the particular database, but the best result in two of the three
cases was shown by HamsterDB, while the Raven showed the
worst.

The analysis of the speed of reading all the inserted records
according to their keys in situations where the number of data streams is
1, 2 or 5, the number of records for each data stream is 50,000, and the
key type is random can be presented as follows:

e STSdb has the highest reading speed of inserted records per
second in all three cases of measurement, while the smallest read
speed in two of three cases has been shown by BrightstarDB,

¢ in all three cases, the STSdb measurement has the smallest value,
while BrightstarDB has the largest value,

¢ the time it takes to read all of the inserted records according to their
keys in all three situations is almost similar when it comes to
HamsterDB, LevelDB and STSdb, while much worse time is
achieved by BrightstarDB and RavenDB,

¢ with the maximum use of operational memory, the best result in
two of the three cases was shown by LevelDB, while BrightstarDB
proved to be the worst.

Conclusion

Information technologies and information systems support
organizations in data management, from collecting, organizing, storing,
accessing, to analyzing and interpreting data. For enormous amounts of
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available data that are growing every day, relational databases are not
always the best solution for managing and storing them. In this sense,
big companies like Google, Facebook and Amazon have played a
significant role in reviving NoSQL technology.

In order to select the best database, it is necessary to see the
advantages and disadvantages of both relational and NoSQL databases.
Thus, for example, if structured data are used where the consistency of
data in transaction systems is very important, the right solution is a
relational database. If, on the other hand, it is necessary to process
unstructured data where speed and availability are important but
consistency is not to such an extent, the advantage is with NoSQL
databases. NoSQL databases are much cheaper than the known relational
databases and do not require expensive licenses and hardware. However,
this should in no way be taken as an excuse for selecting any of NoSQL
databases before considering their intended purpose.

NoSQL databases have their drawbacks, but as relatively new
technology, they have space for improvement. Although it can only be
guessed what will happen in the future with their development, it is certain
that the NoSQL market will grow significantly.

Considering the performance analysis of some less popular NoSQL
databases, a concrete conclusion can be drawn that HamsterDB has the
best performance, while the worst is BrightstarDB. This conclusion was
expected before the start of the actual performance measurement.
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TECTUPOBAHME BO3MOXHOCTEWN BA3bl JAHHBIX NoSQL C
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OBJIACTb: nHcpopmatuka, 6a3bl JaHHbIX
BWO CTATbW: npodeccrmoHanbHas ctaTbs
A3bIK CTATBW: aHrnunckun

Pe3swome:

Bbasa OdanHbix NoSQL yacmo ucrionib3yemcsi 8 Kadecmee ydayHou
anbmepHamuebl pPensiyuoHHbIM 6a3am OaHHbIX, OCOBEeHHO 8 mex
criyyasix, Koeda HeobxoOumo obecriequmbs  CcoOmeemcmeyuue
pasmepbl cucmeMbl, MPUMEHEHUE OaHHbIX Pa3fiuYHbIX MUroe U 8bICOKYH
agbgheKmuBHOCMb 110 HU3KOU CMOUMOCMU XpaHeHUs U rnodoepxKu
KOHcucmeHmHocmu OaHHbIX. B daHHOU pabome npedcmaerneHo obuiee
ornpedeneHue 6a3bl OaHHbIX, OrucaHbl pasfiuyHble 8UObl 6a3 OaHHbIX KakK
PENISIUUOHHbIX, MaK U HEPENSIYUOHHbIX, 8bisi8NIeHb! UX npeumMywecmsa u
HedocmamKku 8 CcoomeemcmeyrueM KOHmekcme. BbisigrieHHble
npeumyuwiecmea u Hedocmamku 6a3 daHHbix NoSQL u SQL
rpoaHanu3uposaHbl, U pe3ynbmambl CpPasHUMesIbHo20 aHanu3a
npedcmaenieHbl 8 mabnuuye. B 3aknaryumernsHol 4Yacmu cmambu
rnpedcmaesieHbl  pe3ysibmambel mecmuposaHusi 803MOXHocmel 6a3bl
OaHHbix NoSQL, rosny4eHHble ¢ romowkbio UHcmpymeHma Database
Benchmark. Llenb daHHOU pabombl 3aKioyaemcsi 8 8bisi8ieHUU 8Cex
xapakmepucmuk 6a3bi OaHHbix NoOSQL, padu nyqweeo MOHUMaHUS
060CHOBaHHOCMU UX UCIMO/Ib308aHUS Ha MPaKmMuKe.

Knroyesnie criosa: 6a3bl 0aHHbIX, pensayuoHHbie basbl 0aHHbIX, NoSQL
6a3bl OaHHbIX, mecmuposaHue 803MOXXHOCmeU.
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TECTUPAHE NMEPOOPMAHCK NoSQL BASA NMOOATAKA
NMOMOTRY DATABASE BENCHMARK AJTATA

Tasap J. Kpctuh®, Mapuja C. Kpcm]’]6
@ Brcoka NocrnoBHa LKona CTPyKoBHUX cTyawja, JNeckosau, Peny6nvka Cpbuja
TexHnuka wkona "Hukona Tecna", Megseha, Penybnuka Cpbuja

OBNACT: nHdopmatumka, 6ase nogaTtaka
BPCTA UJIAHKA: cTpy4Hn YnaHak
JE3VK YJTAHKA: eHrnecku

Caxemak:

NoSQL 6asa nodamaka 4Yecmo je ycriewHa anmepHamusea pesiayuoHUM
ba3ama noGamaka, nocebHo kada je nompebHo 0b6e3bedumu adekgamHo
OuMeH3UOHUpare cucmemMa, Kopuwherwe pa3HO8pCHUX — murosa
rnodamaka U 8UCOKYy egbukacHOCM y3 HUCKE Mmpowkose odpxxasar-a
KOH3ucmeHmHocmu. Y pady je HaeeGeH onwmu rojam 6ase noGamaka,
OOHOCHO r1ojaM perlayuoHUX U HepenayuoHux 6asa rodamaka, Koje cy
objawibeHe ca ceuxX 3HayvajHujux acriekama U y odzosapajyhem
KOHmMekcmy. HakoH aHanusupara epcma NoSQL 6asa nodamaka,
mexuwme je Ha obpasnazarby HUX08UX MPedHocmu U Hedocmamaka u
yriopedHom ripeenedy aHanuse nopehersa NoSQL u SQL 6a3a
rnodamaka. Y nocrnedwem Oenly pada rpedcmasrbeHuU Cy pesynmamu
mecmuparka rnepgpopmarHcu  NoSQL 6asa nodamaka 0OobujeHux
npumeHom Database Benchmark anama. Ljurb pada jecme ucmuuare
ceux nojeduHocmu NoSQL 6a3za nodamaka padu ymephusara
ornpagdaHOCMU HUX08E MPUMEHE Y MpaKcu.

KrbyuHe pedu: 6ase nodamaka, penayuoHe b6ase nodamaka, NoSQL
6ase nodamaka, mecmupare nepghopmMaHcu.
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Summary:

Denial-of-Service (DoS) is a type of aftack that attempts to prevent
legitimate users from accessing network services. This is accomplished by
overloading network services or by excessive connectivity, causing a drop
in a connection or a service. DoS tools are designed to send large
numbers of requests to the targeted server (usually web, FTP, e-mail
server), in order to overwhelm server resources and make it unusable.
There are various ways in which attackers achieve this. One of the usual
ways is simply overwhelming the server by sending too many requests.
This will disable the normal functioning of the server (and the web pages
will open more slowly), and in some cases it can lead to a situation that
the server ceases to operate. This paper shows some effects of TCP Syn
Flood Attacks (using Kali Linux) through the change of processor
utilization and the unavailability of the target computer (executing ping
command).

Key words: DoS afttack, Kali Linux, ping, processor utilization.

Introduction

The Transmission Control Protocol (TCP), unlike the User Datagram
Protocol (UDP), is based on a connection, which means that the sending
packet must establish a complete connection with its recipient or its
intended recipient before sending any packets. This protocol relies on a
three-way handshake mechanism (SYN, SYN-ACK, ACK) where each
request forms a semi-open connection (SYN), a response request (SYN-
ACK), and a confirmation to the response (ACK). Any attack attempting

640




to abuse the TCP/IP protocol would usually do this by sending the TCP
packet in the wrong order, causing the target server to run out of
resources. One of the examples of this type of attacks is TCP SYN Flood
(Lawrence, 2012).

In the TCP handshake mechanism, there must be an arrangement
between each side in order for the connection to be established. If a TCP
client does not exist or it is a client with a fake IP address, such an
arrangement is not possible. In a TCP SYN or SYN flood attack,
attackers set the situation for the server to believe that they require a
legitimate connection through a number of TCP requests that come from
a fake IP address. In a situation when the client's IP address is fake or
the client is unable to respond, the certificate (ACK packet) is never sent
back from the server. The server is forced to maintain an open
connection and buffer for each request for the original connection
attempting to resend the SYN-ACK packet request before the request
expires. Having in mind the fact that server resources are limited and
SYN flood often includes a huge number of connection requests, the
server is unable to process existing requests before new requests arrive
and this results in service termination.

Figure 1 shows the TCP SYN Flood attack pattern with
corresponding messages sent between the server and a legitimate user,
as well as the server and an attacker. As can be seen in the Figure, the
connection confirmation does not arrive to the attacker as it does in the
case with the legitimate user (Radware, 2013).

_________________________ <2 T
.ﬂ SYN + ACK . eﬂ n—
[ e T 1 e imate
—-— N BCKE T T nﬂnﬂﬂhﬂ,n
Legiimats, | gl Attack'SYNs + spoofed SRCIPs
| Open {l reads
g an : en rea
SYN request

Att‘ac'ﬁ@r

Figure 1 — TCP SYN Flood (Radware, 2013)
Puc. 1— TCP SYN Flood (Radware, 2013)
Cnuka 1— TCP SYN Flood (Radware, 2013)
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Practical realization of TCP Syn Flood Attacks

To display the effects of TCP Syn Flood Attacks, we will use two
computers that are connected to the same network. Kali Linux was
installed on the attacking computer, as a virtual machine on Windows 10
using WMware Workstation 12 Player. The Windows 10 operating
system is installed on the computer that will be attacked (Allen et al,
2014).

A computer that launches the attacks (the attacking computer).
Kali Linux based on the Debian distribution is installed on this computer
(Hertzog et al, 2017). It contains the hping3 tool, which is a free
generator and package analyzer for the TCP/IP protocol. Hping3 is
produced by Salvatore Sanfilippo. A newer version of hping3 is a script
version which uses Tcl language (a simple language for creating a
program) (Beggs, 2014), (Ansari, 2015).

Figure 2 shows the basic network virtual machine data obtained by
typing the ifconfig command in the terminal on Kali Linux. The Figure
shows that there is IP address information, subnet masks and other
network card information.

root@kali: ~ e 60 O

File Edit WView Search Terminal Help

ADCAST , RUNNING, MULTICAST> mtu 1580
broadcast 192.168.108.255
64 scopeid 0x28<link=
(Ethernet)

)
collisions @

collisions ©

Figure 2 — Basic network virtual machine data
Puc. 2 — basosbie daHHble Ha supmyarnbHOU MawuHe
Cnuka 2 — OcHogHU nodayu Ha eupmyesiHoj MalwuHU

The attack is implemented through the terminal by typing the
command hping3 with certain parameters (Figure 3):

= The name of the used tool (hping3)

=  Number of packets to send (-c 1000)

= Size of each packet that will be sent (-d 128)
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= The type of packages to be sent (-s represents the SYN packets)

= TCP Window Size (-w 64)

= The attacking port (-p 8000)

= Type of Attack (- - flood). Flood mode — sending packet as fast as
possible.

= Using random source IP addresses (- rand-source)

= Address of the attacked computer (destination IP address)

root@kali: ~ [ C O - ]

File Edit View Search Terminal Help
:~# hping3 -c 18080 -d 128 -5 -w 64 -p 8808 --flood --rand-source 192.168.108.9)

Figure 3 — Entering parameters on the attacking computer
Puc. 3 — Bsod napamempos 8 KoMIbomep, ¢ KOmMmopo2o npou3eooumcs amaka
Cnuka 3 — YHowere napamemapa y padyHap Kojum ce Harnada

Before the attack begins, we are checking the availability of the
computer we are planning to attack in the Command Prompt on Windows
10, using the ping command.

Figure 4 shows that there is no problem in the connection and that
the ping on the targeted computer was executed.

Figure 4 — Checking the availability of the targeted computer using the ping command
Puc. 4 — lposepka docmyrnHocmu yesiego2o KoOMIMbomepa € noMowbio KomMaHOb! ping
Cnuka 4 — lNposepa docmynHocmu yurbaHoe padyHapa yrnompebom ping komaHoe
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To increase the intensity of the attack, the command can be started
from multiple terminals as shown in Figure 5.

Figure 5 — Starting attacks from multiple terminals
Puc. 5 — Hayano amak, HaueneHHbIX Ha HECKOIbKO MepMUHasos
Cnuka 5 — lNokpemar-a Hanada Ha suwe mepmMmuHara

After executing the command (realization of the attack) we again use
the ping command to check the availability of the attacked computer.
Figure 6 shows that the computer partially responds to this command
(not always available).

Figure 6 — Checking the availability of the targeted computer after the attack using the
ping command
Puc. 6 — lNposepka docmynHocmu yes1eeoe0 KOMIbomepa rnocse amaku, ¢ NOMOWbI0
KomaHOb! ping
Cnuka 6 — Mposepa docmynHocmu yurbaHo2 padvyHapa, HakoH Hanada, ynompebom ping
KomaHOe
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A computer that will be attacked. We are watching events on this
computer before and after the attack against it. Figure 7 shows the basic
information about this computer using the ipconfig command in Windows
Power Shall. In the Figure, we can see the IP address information,
subnet masks, and other features of the network card.

Figure 7 — Data on the attacked computer
Puc. 7 — [aHHble Ha 83110MaHHOM KOMIbromepe
Cnuka 7 — lNodayu Ha HarnadHymom padyHapy

After executing the command on Kali Linux, the performance of the
attacked computer has changed, as shown in Figure 8. By comparing
images, it can be noted that processor utilization has increased. In
addition to the performance changes, the attack made the computer
unable to respond to connection requests, as shown by the ping
command Request timed out. Due to the attacks, the computer could not
connect and communicate with another computer on the network.

The interruption of the attack on the terminals is accomplished by
pressing the Ctrl + C key. In addition to the performance changing, after
stopping the attack, the ping command begins to work normally (it shows
that the computer is available). This is shown in Figure 9.
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Figure 8 — CPU utilization before and during the attack
Puc. 8 — 3aepyxeHHocmb npoyeccopa do u nocsie amakxu
Cnuka 8 — VickopuwheHocm nipoyecopa rnpe u mokom Hanada

Figure 9 — Appearance of the screen when the attack is completed and the ping
command is given
Puc. 9 — OkpaH nocne 3aseplieHUs amaku u riocrie KomaHOb! ping
Cnuka 9 — Uzaned ekpaHa kada je Hanad 3aspweH u 3adama ping KomaHoa

Conclusion

Every system that is connected to the Internet and equipped with
TCP-based network services is a potential victim of an attack. The
earliest form of DoS attack was SYN flood, which originated in 1996 and
exploits weaknesses in the TCP. Other attacks exploit weaknesses in
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operating systems and applications, leading to the inaccessibility of
network services or even cesation of server operation.

Classic DoS attacks are one-on-one attacks in which a powerful host
generates traffic that "overwhelms" the target host's connection, which
hinders authorized clients from accessing network services. Distributed
Denial of Service (DDoS) is a type of DoS attack that is used by multiple
users. DDoS attacks have gone a step further, which is multiplying,
resulting in the fact that servers or parts of the network can be totally
unusable for clients.

There are several ways to execute DoS attacks such as TCP SYN
Flood attack which can be done with different tools, such as Kali Linux.
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Peswome:

XaKepckasi amaka «omka3s e obcnyxueaHuu» (Denial-of-Service - DoS) —
amo 8uod 83710Ma 8bI4UCUMENbHOU cucmeMsi ¢ uenbio dosecmu eé 0o
omkasa, mo ecmb co30aHue makux ycrosud, rpu KOmMopbiX
0obpocosecmHble nonb3ogamerniu cucmeMbl He Mo2ym  rosyYumb
docmyn Kk rpedocmasrisieMbiM CUCMEMHbIM pecypcam (cepsepamy), r1ubo
amom docmyr CcmaHO8UMCs 3HadumeribHo 3ampyOHéHHbIM. DoS
UHCMpPYMeHMbI 0mchinaom 60sbWoe Konu4ecmeo 3arpocos yenesomy
cepeepy (kak npasurno web, FTP, anekmpoHHas no4yma), nepesazpyxasi
€20 pecypcbl, 4YmO 8 umoee npueodum K omkasy 8 OOCyXusaHUU.
Xakepamu paspabomaHo HecKorbko mMemodos 0rsi docmuxeHusi ceoeli
uernu. OOuH U3 HUX — 3MO 4Ype3MepHas repesaspyska cepsepa
02POMHbIM  KOru4ecmeomM 3arnpocos. [aHHbie Oelicmeusi mewarom
HopmarsbHoU pabome cepsepa (ecriedcmeue 4Yezo web-cmpaHuubl
HaMHO20 MeOIIeHHeEe OIMKPbIBAKOMCS), @ 8 HEKOMOpbIX Crlydasix 3mo
MOXem rpueecmu K MOofIHOMYy omkasy 8 obcnyueaHuu. B OaHHOU
cmamee 6binu npedcmasrieHbl omoesibHble aghgpekmul TCP Syn Flood
Attacks (c ucnonb3oeaHuem Kali Linux), ompaxaembie 8 U3MEHEHUSIX
3aspyeHHocmu  npoueccopa U HedocmyrnHocmu  Uenesozo
KoMristomepa (0151 ping KomaHOkbl).

Knwouesble crniosa: DoS amaka, Kali Linux, ping, 3agpyxeHHOCMmb
rpoyeccopa.

PEAJIM3ALINJA TCP SYN FLOOD HAMNALA YINOTPEBEOM KAJTA
JINHYKCA

[Jejanx B. Bynetuh®, Hemarsa [I. Hoj|<0|3v|h6
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o Bojcka Cpbuje, NeHepanwTab, YnpaBa 3a TenekoMyHukauumje v
nHdopmaTtuky (J-6), LieHtap 3a komaHAHO-MHAOPMALIMOHE CUCTEME U MOAPLLIKY,
Beorpag, Penybnuka Cpbuja

OBJIACT: padyHapcke Hayke
BPCTA UJTIAHKA: cTpy4Hu unaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Hanad odbujarsa ycrniyea (Denial-of-Service — DoS) epcma je Hanada
Kojum ce cripeyasa Oa oenawheHu KopucHuUyU npucmyne odzosapajyhum
MpeXHUM ycriyeama. To ce nocmuxe rnpeornmepehereM MPEeXHUX
ycriyaa unu npekobpojHuM KOHekuujama, wmo dosodu do npekuda
(omexaHe) KoHekuuje umnu ycryee. DoS anamu warby eenuku 6poj
3axmeea yurbaHom cepsepy (obudHo web, FTP, e-mail cepeep) padu
npeonmepehema He208UX pecypca, 4YuHehu ea Ha maj Ha4duH
HeyriompebrbusuMm. JedaH 00 Yecmux HadyuHa Ha Koje Haradadu mo
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nocmuxy jecme npeonmepehere cepsepa cramem e6enukoz bpoja
3axmeea. Takea akmueHocm oHemoayhuhe HOpMarHO (hyHKUUOHUCaH-e
cepsepa (u web cmpaHuuye he ce omeapamu MHO20 criopuje), rna he y
HeKuM criydajesuma rnpecmamu u 0a (byHKUUOHUWE. Y 4naHKy cy
rpukasaHu odpefjeHu egpekmu TCP Syn Flood Attacks (ynompebom Kali
Linux-a) kpo3 npomeHy uckopuwheHocmu ripoyecopa u HedocmynHocmu
yurbaHoe padyHapa (usspwasar-em ping KomaHoe).

KmbyyHe peuu: DoS Hanad, Kali Linux, ping, uckopuwheHocm
rpoyecopa.
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Abstract:

Assessing the compliance of protective clothing is carried out in
accordance with the prescribed methods, standards, procedures and
criteria in competent laboratories. This paper presents the process of
assessing the conformity of the characteristics of special clothing for the
protection of the body of the insulating type in accordance with the general
requirements of the protective clothing standard (SRPS EN 340: 2007
Protective Clothing, General Requirements). The results presented in the
paper indicate that the concept of conformity assessment does not simply
involve checking the basic characteristics of a product (purpose,
functionality, etc.), but also checking characteristics that are at first glance
"of lesser significance" and can influence the safe use of protective
clothing.

Keywords: protective clothing, assessment of the compliance, general
requirements.

Introduction

In order to improve the efficiency of product production and trade as
well as to ensure the required product quality, the quality management
concept based on the application of standards for quality control of
products is applied worldwide. The concept of product quality testing is
based on the process of assessing the conformity of the declared
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characteristics of the product with the standard requirements. Product
quality control is carried out through conformity assessment during the
processes of: development, improvement, serial production, purchasing
products from domestic or foreign markets, and others. Compliance
evaluation is a complex process consisting of testing, controlling and
certification (Brkljag, 2009). The focus in this paper is to demonstrate the
process of assessing the conformity of the characteristics of special body
protective clothing of the impermeable type with the requirements of the
protective clothing standard (Institut za standardizaciju Srbije, 2007b) as
well as to propose measures in order to improve the mentioned process
of conformity assessment.

Special impermeable protective clothing

Impermeable protective clothing is used in case of the application of
weapons of mass destruction (WMD), when carrying out the
decontamination procedure, scrutinizing the contaminated terrain (area),
operating on the contaminated ground (ConG) and in the contaminated
atmosphere (ConA), when overcoming ConG as well as when carrying
out activities that require a high level of protection of users from highly
toxic chemicals (HTC), nuclear, radiological, chemical and biological
(CBRN) contaminants.

CBRN protective clothing produced from impermeable materials is
characterized by good protective properties against the HTC effects, but
is physiologically unsuitable because it does not allow for air
permeability. The use of such clothing causes heat load in the user,
especially during intensive physical effort and in ambient conditions with
temperatures over 25 ° C. Due to heat accumulation and heat load, the
wearing time of protective garments is limited depending on
environmental conditions (Karkali¢, 2006).

Modern trends in the development of CBRN body protectors set high
protection requirements. The latest generation CBRN protective clothing
is made of neoprene, hepalone, viton or multilayer laminates. On the
inside of these materials is, most often, a layer of butyl. Figures 1 to 4
show the construction of the latest generation of the impermeable
materials manufactured by the German company MSA-Auer (Karkali¢ &
Popovic, 2004).
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ﬁuina

Spoljni elastomer

Noseca tkanina
Unutrasnji elastomer

Figure 1 — Composite material

Vautex Elite

Puc. 1 — KomnosuyuoHHbIl Mmamepuarn

Vautex Elite
Cnuka 1 — Komnosum+u mamepujan

Vautex Elite

Figure 3 — Composite material
Chempion Super
Puc. 3 — KomrnosuyuoHHbIl Mmamepuarn
Chempion Super
Cnuka 3 — Komnosum+u mamepujan
Chempion Super

AL NSNS NSNS

UnutraSnjost Butil Noseca tkanina

Figure 2 — Composite material
Vautex SL
Puc. 2 — Komno3uyuoHHbIl Mmamepuarn
Vautex SL
Cnuka 2 — KomnosumHu mamepujan
Vautex SL

jasnjost  Pokrivka Sava

Say

Unutradnjost Pokrivka Sava

Figure 4 — Seam construction in Vautex
Puc. 4 — KoHcmpykuyusi wea Ha Vautex
Cnuka 4 — KoHcmpykyuja waea ko0 Vautex-a

For the needs of the NBC specialized units during the 1980s, an M3
two-piece protective suit was developed and later modernised and
replaced with a one-piece M5 model (Figure 5).

The M5 suit (KZ-M5) is intended to protect the user's body from
CBRN contaminants, the thermal radiation pulse of a nuclear explosion
(TINE) and a flammable napalm mixture flame. The corporation "Trayal"
from Krusevac (hereinafter referred to as manufacturer) is the KZ-M5

manufacturer.
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Figure 5 — M5 protective suit in use in the SAF CBRN units

Puc. 5 — 3awumHsit kocmiom M5, ucrnions3yemelli gotickamu PXB3 BCPC

Cnuka 5 — 3awmumHu kombuHe3oH M5 Ha ynompebu y jeduHuyama ABX cryxbe BC

According to the product quality regulation (Vojnotehnicki institut,

1985), the manufacturer defined the following characteristics of the KZ-

M5:

camouflage properties in the visible and infrared spectrum;

the protection against highly toxic chemicals (HTC) at a
temperature of 36 £ 1 ° C is at least 150 min, and after five-fold
contamination and decontamination it is at least 105 min;

in case of the thermal radiation pulse of a nuclear explosion
(TINE), with the energy of 67 J / cm2 for the duration of 3.51 s,
the suit does not burn, and after the cessation of the TINE
effect, there is no glowing phenomenon;

in contact with napalm mixture drops, the material of the
protective suit resists to their penetration for at least 10 s, and
upon the cessation of napalm mixture effects it has a self-
extinguishing property;

it retains protective, physical and exploitation properties at
temperatures from -30 ° C to + 50 ° C;

653

Ruti¢, S. et al, Assessment of protective clothing conformity with the requirements of protective clothing standards, pp.650-665



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

- itis easily taken off and put on;
- it allows execution of tasks in real conditions of use;
- suit material is safe to use;

- the geometric characteristics of the suit are defined in the
manufacturer technical documentation;

- the basic maintenance is possible within the competence of the
suit user;

- the weight of the suit does not exceed 3 kg
- Itis made in three sizes.

The M5 protective suit consists of a jacket, trousers and a hood
connected in one piece of clothing. The suit opens/closes on the front
right side of the body by a patented zipper which is impermeable to
liquids, gases and vapors. The KZ-M5 design allows it to be tightened
around the waist as well as to achieve permeation by adjusting sleeves
and trousers legs. The M5 suit is made of synthetic rubberized fabric
covered with rubber mixtures of butyl and hypalone on both sides.

In order to create safe working conditions and eliminate heat stress,
according to the valid rules of CBRN equipment use and depending on
ambient temperature, the time standards for the use of this CBRN
protective suit are defined (Table 1).

Table 1 — Time standards for wearing the protective suit depending on the ambient
temperature (Vojnotehnicki institut, 2016)

Tabnuua 1 — lNpedeneHbHO dorycmumoe 8peMsi HOWEHUS 3aljumHo20 Kocmioma 8
3asucumocmu om memepamypbi okpyxarouiel cpeds! (Vojnotehnicki institut, 2016)
Tabena 1 — BpemeHcKe HOpMe HOWeHa 3aWmumHyoeg KoOMOUHe30Ha y 3agucHoOCmuU 00

ambujeHnmarnHe memnepamype (Vojnotehnicki institut, 2016)

Outdoor temperature ﬁr”ociggtcijvgppec::ittlir;% time in the
+30 °C and more 15 to 20 min

+25°C to +30 °C to 30 min

+20 °C to +25 °C 40 to 50 min

+15°Ct0 20 °C 1.5t02h

under + 15 °C 3to4h

The exposure time at 30 ° C is limited to 15 to 20 minutes, which is
often insufficient for the realization of missions and tasks in the
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contaminated environment. This can be a serious problem, given that in
some cases, due to potentially high levels of danger or specific types of
contamination, the impermeable protective suit cannot be replaced by a
filtering suit which is characterized by a better physiological suitability.

The protective clothing standards
Standard SRPS EN 340: 2007 Protective Clothing prescribes the

general requirements regarding the performance of protective clothing
related to: ergonomics, harmlessness, size determination, durability,
aging, compatibility and marking. The specified performances are
prescribed as follows:

ergonomics (anthropometric characteristics of protective clothing,
biomechanical interaction between protective clothing and the
human body, thermal interaction between protective clothing and
the human body, interactions between protective clothing and all
human senses as well as skin),

harmlessness (protective clothing must not adversely affect the
health of the user; the protective clothing material must be
chemically suitable; the material must not release substances that
are toxic or harmful; the material must not be degraded to release
substances that are carcinogenic, mutagenic or causing allergic
reactions in users; the material should be selected to reduce the
environmental impact of the production and destruction of
protective clothing),

the determination of the size (protective clothing must have a size
designation based on body dimensions; the measurement
procedure and the size designation must comply with the
applicable standards (Institut za standardizaciju Srbije, 2007c),
(Institut za standardizaciju Srbije, 2007d), (Institut za
standardizaciju Srbije, 2015) or relevant Serbian standards that
are identical with international standards; proportions and
protective clothing measures should reflect the needs of the user
together with the clothing worn under protective clothing),

construction (it must enable: correct fitting of protective clothing on
the user; protective clothing remaining in place during the intended
period of use; adjusting protective clothing to the morphology of the
user; arm and knee bending at ease; it must ensure: that there are
no uncovered parts of the body considering expected movements;
that the garment can be removed easily; and that the overlapping
of the jacket and the trousers is adequate),
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- comfort (protective clothing must not: have rough, sharp or hard
surfaces that injure the user, be so tight that it prevents the flow of
blood, be so loose or heavy to interfere with movements),

- aging (harmful effects of its color, changes in size due to cleaning,
changes in marking legibility after cleaning),

- compatibility with other personal protection equipment,

- marking (general marking: text in the official languages of the
destination country, labeling on the product or labels ffixed to the
product to be visible and legible permanently for the intended
number of cleaning procedures, special designations: name,
product type designation, size designation, European standard
number, pictograms and performance levels, maintenance labels,
notes if it is disposable clothing), and

- information provided by the manufacturer along with protective
clothing (how it is donned and removed, proper use to reduce the
risk of injury, usage restrictions (e.g. temperature range), cleaning
instructions (temperature, drying process, PH value, mechanical
cleaning), instructions regarding repair, instructions on how to
identify product aging, details of defects in use (reduction of the
field of vision, heat shock risk).

Conformity evaluation

Conformity evaluation' is an indication that the specific requirements
relating to the product?, process, system, person are met.

Assessing the compliance of body protection equipment is a set of
three functions that satisfy the need or requirement to show that the
specified requirements are met. According to SRPS I1SO / IEC 17000:
2007 Standard (Institut za standardizaciju Srbije, 2007a), the following
three basic functions are recognized:

- selection,
- determination, and
- review and decision-making.

! Standard SRPS ISO / IEC 17000: 2007 Evaluation of compliance - vocabulary and
general principles (Institut za standardizaciju Srbije, 2007a).

The product includes the assets and components of the weaponry and military
equipment, the quality of which is defined by the regulation on product quality, standard,
specification of characteristics and similar technical documents (Internal document of the
quality management system, Technical Center of Reference, 2015).
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The selection function includes planning, programming and
preparatory activities for the collection or production of all information and
inputs necessary for the transition to the next function or the
determination function.

The determination function covers the activities being undertaken in
order to obtain complete information as to whether the conformity of an
assessed product or its sample meets specified requirements, which
includes examination, control, etc.

The function of the review is to verify the suitability, adequacy and
effectiveness of the selection and determination activities, as well as the
results of these activities, in order to prove the fulfillment of the specified
requirements for the conformity of the assessed product. The review is
the final phase of checking, before deciding whether it is reliably
demonstrated that the product conformity assessment meets the
specified requirements, which results in the confirmation of compliance
and a statement that the fulfillment of specified requirements exists. If the
fulfillment of the specified requirements has not been shown, it indicates
that it is not compliant.

Conformity assessment of the protective clothing
standards requirements

After the activities have been carried out in accordance with the
selection function, the analysis is carried out within the framework of the
determination function. Testing is carried out through laboratory tests and
tests in real conditions of use.

Examination of the personal protective equipment in real conditions
is carried out by the SAF center in cooperation with the end user (unit,
organizational unit from the SAF) and the medical institution (MMA, etc.).
As part of this activity, the personal protective equipment testing is
carried out in accordance with the requirements of the applicable
standard for protective clothing - SRPS EN 340 Protective Clothing,
General Requirements.

Testing in real opearational conditions is realized in different
meteorological conditions, with and without load (combat equipment) and
generally implies the following activities:

- Proper donning, removing and packing protective clothing,

- checking the functionality and compatibility of protective clothing
with other personal protective equipment and other personal
equipment,
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- checking the convenience of wear and endurance in the execution
of specific tasks and the implementation of different procedures;
and

- possibility of care and maintenance of protective clothing (basic
and periodic care, washing, drying, ironing).

The number of persons engaged in the study is defined during the
testing planning process and in accordance with the purpose of the
product itself, the development phase of the product (prototype, zero
series, etc.), the amount of samples, etc.

In order to make more complete and more objective assessment of
the characteristics of protective clothing, physically fit and psycho-
physically prepared individuals of different sexes and body types and
build are selected. Before the start of the examination, a medical
examination of the examinees is carried out.

Also, before the start of the test, the following procedures are done:
checking of the size, design characteristics and comfort of the protective
clothing. Checking is performed with respondents through donning and
removing, performing basic actions and procedures (squatting, raising
arms up, etc.), checking body mass, etc.

The aggravating factors in the selection of respondents are:

- a minimum of 100 participants are required for complete statistical
data processing and evaluation of the protective clothing from the
aspect of ergonomics, comfort, and compatibility. The number of
respondents is most often determined by the number of samples of
protective garments;

- group packaging of protective garments contain three sizes (small,
medium, large) packed in a ratio of 1: 3: 1. Body height is the basic
factor in the distribution of samples for testing purposes. For this
reason, there is a possibility for respondents to get unsuitable
samples in terms of other design factors (shoulder width, sleeve
length, waist circumference, etc.);

- the current regulations for the use of protective clothing do not
specify a specific type of clothes worn under the KZ-M5; and

- ensuring the engagement of the same group of respondents during
the examination process, especially when the tests last over a
period of 10 working days. A change in the engagement of
respondents may affect the validity and objectivity of the product
assessment.
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The duration of testing in real operating conditions depends on
several factors (the request of the tester, the product purpose, the phase
of product development, the season, etc.) and is determined by the test
plan. During the examination, the test center, in cooperation with the
medical institution, monitors the course of the examination and records
the information on the protective clothing that is examined. All information
is registered in various forms of records (recording in specially prepared
notepads and records, taking photos of the observed changes, recording
the stream of activities with a video camera). After completing the
examination process, respondents fill out the questionnaire. The
questions from the questionnaire are formed in accordance with the
requirements for checking the characteristics specified in the standard for
protective clothing SRPS EN 340 and in accordance with the information
recorded in the mentioned records.

Results presentation

During 2015, KZ-M5 samples were tested in the SAF Testing centre.
As part of the testing in real operational use, the conformity assessment
was carried out according to the requirements of Standard SRPS EN 340
Protective Clothing, General Requirements. In the final examination of
KZ-M5 samples, 23 respondents from the SAF CBRN Service unit
participated: 22 professional soldiers and one non-commissioned officer.
Out of that number, 3 respondents were female, accounting for 13% of
the total number of respondents which is the average representation of
women in units of the Serbian Armed Forces. The average age of the
respondents was 32 years. The average time spent serving in the SAF
was about 7 years. The respondents were psycho-physically prepared for
the participation in the testing. During the distribution of KZ-M5 suits to
the respondents, it was noticed that the respondents of a medium build
were the most present. It was not possible to adequately provide for the
respondents of small and large body height. Figure 6 shows the
respondent who got the KZ-M5 with the size markings "V" (large) based
on his body height. It is evident that there is no appropriate fitting of
protective clothing on the user and that there are uncovered parts of the
body due to expected movements.
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Figure 6 — Reduced arm mobility at the elbow (Tehnicki opitni centar, 2015)
Puc. 6 — OzpaHudeHHasi nod8uxHocmb pyk 8 obriacmu riokmegoeo cycmasa (Tehnicki
opitni centar, 2015)
Cniuka 6 — CmarseHa rnokpemsbueocm pyky y npedesny nakma (Tehnicki opitni centar,
2015)

After obtaining the garments based on the size criterion, the
respondents were informed on the operational use, the planned activities,
as well as the procedures regarding safety and health protection
measures.

Data collection was carried out in accordance with the guidelines
given in (Institut za standardizaciju Srbije, 2007b) and based on the
observations recorded during the test process. During the use of the KZ-
M5, respondents made their observations on the change in the material
of the product, the way and the possibilities of use in the performance of
the assigned tasks, basic maintenance options and other observations
(wearing time, effects on increased sweating, etc.). All changes to the
material of the protective clothing observed during the examination were
recorded in the photo and video format.

Filling out the questionnaires was completed at the end of the
examination. The respondents expressed their opinion through the
questionnaire on:

- the possibility of carrying out the basic actions with the equipment
(walking, sitting, getting up, suit donning and removing, etc.),
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- physiological suitability in field conditions (mobility of the body
when wearing KZ-M5, increased sweating during physical activity,
etc.),

- allergic reactions to the materials,

- possibility of executing specific tasks within the planned activities
(training),

- characteristics according to SRPS EN 340 (construction, comfort,
aging, marking and instructions for use and maintenance delivered
with the product), and

- compatibility of this product with other equipment for personal
CBRN protection.

The material safety testing was carried out by monitoring the
occurrence of allergic reactions and presenting the observations of the
subjects. When assessing harmlessness, there is also a possibility of
proving the presence of substances in the KZ-M5 materials that can
cause allergic reactions to the user. In this case, a special group of
respondents is engaged and the examination is conducted according to
the program and the consent of the medical institution for conducting
such type of examination. In addition, the manufacturer of the product is
obliged to document the safety of the use of the product (the
harmlessness of the protective clothing material to the user's health and
the environment).

The results of the test have confirmed the prescribed time standards
for wearing the KZ-M5 depending on the air temperature (Table 1). Part
of the results from the processed questionnaires in accordance with the
requirements of SRPS EN 340 is shown in Table 2.

Table 2 — Results after analysing the questionnaires in accordance with the requirements
of EN 340 Protective Clothing, General Requirements
Tabnuua 2 — Pe3yrnbmambl 0ripOCHUKO8, 06pabomaHHbIX 8 coomeemcmauu ¢
mpebosaHusmu SRPS EN 340 3awumHas odexda, Obwue mpebosaHusi
Tabena 2 — Pe3aynmamu HakoH obpade aHKemHuUx 51ucmosa y cknady ca 3axmesuma
SRPS EN 340 — 3awmumHa odeha, Onwmu 3axmesu

. . . Respondents' answers in%
Question from the questionnaire YES NO
Is the KZ-M5 comfortable? 83 17
Is it possible to take off / put on the KZ-M5 without
e 96 4
difficulty?
Can you sit with the KZ-M5 without difficulty? 70 30
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. . . Respondents' answers in%
tion fi th t

Question from the questionnaire YES NO

Can you stand with the KZ-M5 without difficulty? 96 4

Can you raise both arms above the head without

difficulty wearing the KZ-M5? 78 22
17

Can you walk and climb ladders, stairs, etc. (26 percent of

without difficulty, wearing the KZ-M57? 57 respondents did
not carry out this
action)

Is the KZ-M5 compatible with the protective mask 100 )

M2 and M3 and with protective gloves M5?

Wearing the KZ-M5, can you carry out specific 83 17

tasks with CBRN service assets and equipment?

Can you bend down wearing the KZ-M5 and take 74 26

a small object (e.g. a pencil) without difficulties?

Do you have difficulties entering / exiting the

vehicle (special purpose vehicles, transport 17 83

vehicles, etc.)?

Is the tightness between protective gloves and the 39 61

KZ-M5 jeopardized?

Is the tightness between protective boots and the 29 78

KZ-M5 jeopardized?

Is the tear of the KZ-M5 material noticeable as

o . 61 39
well as the splitting of materials along the seams?

Based on the results from the completed questionnaires, the

following was concluded:

- conformity assessment of the protective clothing has been carried

out in accordance with the characteristics of SRPS EN 340
(ergonomics, construction, comfort, aging, marking and application
of the instructions for use and maintenance) and the defined test
plan;

the engaged SAF unit has made it possible to objectively evaluate
the product from the aspect of its application in real operating
conditions;

correction in the KZ-M5 is required in order to improve the design
and comfort of the KZ-M5;

special attention must be paid to the quality requirements for
compatibility and selection of size numbers. In addition to the basic
three sizes, it is necessary to create a larger range of KZ-M5 sizes
for users of both sexes, and
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- the use of the KZ-M5 in real conditions indicates the need to
consider and create a special type of garments worn under the KZ-
M5.

Conclusion

Assessing the compliance of the protective clothing in accordance
with the requirements of the standard requires a complex approach. The
example in this paper only confirms that the application of standards in
the process of conformity assessment is an indispensable and necessary
activity. In the complete process of protective clothing development, the
participation of the end user is necessary.

Complex and comprehensive research of the body cooling system
conducted within the research project of the Ministry of Defense of the
RS (Jovanovi¢, 2013) indicates that the use of cooling systems can
reduce the user's sweating intensity, which contributes to preventing
dehydration and improving the physical performance of soldiers when
wearing CBRN protective equipment.
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OUEHKA COOTBETCTBWA 3ALMTHBIX KOCTHOMOB
TPEBOBAHNAM CTAHOAPTOB AJ1A SALLUNMTHOW OOEXXAbI

Cpdxan 3. Pytnd®, Mpedpaz H. Crovcasnesuy’®

@ Boopy»&HHble Cunbl Pecny6nukm Cepbus, LLTab no obyyeHuto,
Llentp PXB3, r. Kpywesau, Pecny6nuka Cepbus
BoopyxéHHble Cunbl Pecnybnuku Cepbusi, OnbITHO-aKCNepUMeEHTanbHbI
TexHuJeckun LeHTp, r. benrpag, Pecny6nuka Cepbus

OBJNIACTb: xumn4yeckme TexHomnormm
BWO CTATbW: npodeccrmoHanbHas ctaTbs
A3bIK CTATbW: aHrnuickuin

Pesome

OueHka coomeemcmeusi  3aWUMmHbIX  KOCmoMo8  mpebogaHusiM
cmaHOapmos 0ns  3awumHoli  00ex0bl  rpPo8oOUMCs  COarlacHo
npednucaHHbIM MemodamM, cmaHOapmamM, HOpMaM U Kpumepusm 8
coomeemcmeyrowux — nabopamopusix. B Hacmoswel  pabome
npedcmaernieH POUECcC OUEeHUBaHUsi coomeemcmeusi  ceolicme
crieyuanebHoU  3awjumHol  00ex0Obl  u3onupyrowe2o muna obuwum
mpebosaHusiv cmaHOapma 0Ons  3awumHol o0exdbl (SRPS EN
340:2007 3awumHas odex0da, Obuwue mpebosaHusi). Pe3ynbmamel,
rnpedcmaerieHHble 8 OaHHOU pabome, ceudemernibcmayom O mom, Ymo
MOHSAMUEe «OUEeHUBaHUEe COOMEEemCcmeuUs» BK/loYaem He MOJIbKO
MPOBEPKY OCHOBHbIX ceolicme 3awumHol 00ex0bl (HasHa4YeHue,
bYHKUUOHaIbHOCMb U [Ip.), HO U [POBEPKY ceolicme, Komopble Ha
rnepebili 83251510 MO2ym [r1oKasambeCs He CMOJib 3HaYyumesibHbIMU, HO
Komopble 8 mecHOU €853u ¢ 6e301acHOCMbIO UCMOIb308aHUsSI cpedcms
BBT.

Knwouesble cnoea: 3awumHasi o0exda, OUeHKa Ccoomeemcmeus,
obuwue mpebosaHus.
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OLEWMBAHE YCATMALLEHOCTN CPEOCTABA 3A 3AWLITUTY
TENA'Y CKNALY CA 3AXTEBUMA CTAHOAPOA 3A SAWUTUTHY
OOERY

Cphan 3. Pytnh? , Mpedpaz H. CTOjl/IcaBJ'I:eBMﬁ6

@ Bojcka Cp6uje, KomaHaa 3a obyky, Lieutap ABXO,
KpyweBsau, Peny6nvka Cpbuja

o Bojcka Cpbuje, TexHU4Kn OnUTHM LieHTap,
Beorpag, Penybnuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA UJTIAHKA: cTpy4H/ unaHak
JESUNK YJTAHKA: eHrnecku

Caxemak:

Ouerbusarse ycaenaweHocmu cpedcmea 3a 3awmumy mersna u3eoou ce
no npornucaHumM  mMemolama, cmaHOapduma, nocmynuyuma U
Kpumepujymuma y KoMmriemeHmHUM nabopamopujama. Y pady je
fpukazaH npouec ouerbusarba ycaznialeHoCmu Kapakmepucmuka
crieyujanHux cpedcmaea 3a 3awmumy mena u3onupajyhee muna y
cknady ca onwmum 3axmesuma cmaHOapda 3a 3awmumdy odehy
(SRPS EN 340:2007 — 3awmumHa o0eha, Onwmu 3axmesu).
Pesynmamu npukazaHu y pady ykasyjy Ha mo 0a ce rod rojMom
ouerbUBara ycaenawieHocmu He rnodpalsymeea camo rpoeepa OCHOBHUX
Kapakmepucmuka cpedcmea HBO (HameHa, ¢byHKyuoHasHocm u 0p.)
eeh u rnposepa Kapakmepucmuka Koje cy Ha rnpeu noaned ,marbee
3Hayvaja’”, a Mmoay ymuuyamu Ha 6e36edHy npumeHy cpedcmea HBO.

KrbyyHe peuu: 3awmumHa odeha, ouerusame ycazraweHocmu,
onwmu 3axmeau.
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Abstract:

Since the re-admission of the Republic of Serbia to the United Nations
(UN), members of the Ministry of Defence (MoD) and the Serbian Armed
Forces (SAF) have been engaged in multinational operations (MnOps). All
countries which send their members to MnOps timely undertake
measures so that individuals intended to participate in MnOps learn about
the dangers of explosive devices, and prepare themselves for safe life and
work in MnOps. One of the measures taken is to produce a brochure or a
manual to help members of MnOps learn about the dangers of explosives
in the particular territory and about general procedures in the event of
encountering such danger.The main problem is the lack of literature as the
essence of the training process and the preparation of individuals referred
to MnOps. The paper combines the currently available literature with the
experience of MoD and SAF members as well as foreign armed forces
members previously engaged in MnOps regarding the preventive
measures for safe and healthy work with explosives i.e. with a special kind
of explosives - improvised explosive devices.

Key words: multinational operations, safety, procedures, prevention,
measures, literature, explosives.

Introduction

The use of explosive devices during armed conflicts, and in
particular their uncontrolled use, has left a large number of areas with
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unexploded ordnance.The presence of explosives in some territory
makes it difficult to live and work in it and pose a constant and imminent
risk to health and safety of both local residents and members of
MnOps. This danger is particularly present in countries with on-going or
recently finished armed conflicts. Also, it is not negligible in countries
where armed conflicts ended some time ago (for example: Croatia,
Bosnia and Herzegovina, Angola). In such social situations, parts of the
territories with explosive remnants of armed conflicts are not marked, and
accordingly, both the local population and MnOp members are not
familiar with their location. This fact is a direct cause of the occurrence of
mine  accidents (due to movement through  dangerous
territories). Besides the lack of information about the territories with
unexploded ordnance, other causes of mine accidents are the lack of
training of both the local population and MnOp members to identify
dangerous territories, the lack of preventive security measures and
procedures, as well as curiosity and lack of attention.

The work provides basic information about the dangers of explosive
devices, definitions, classifications and examples of explosive devices,
as well as instructions for identifying specific types of explosive devices —
Improvised Explosive Devices and preventative measures for safe and
healthy work with them. Preventive measures for safe and healthy work
with improvised explosive devices, as well as procedures that are given
in this paper, are of a general nature and some of the measures and
procedures may not be used in all conditions and in all territories, and
sometimes it will be necessary to adjust them in accordance with the
specific situation in a particular territory.

Compliance with the Standing Operating Procedures (SOP) and the
Rules of Engagement (ROE) for a specific MnOp, preventive measures
for safe and healthy work presented in this paper, as well as the
assessment of the situation in a particular territory help MnOp members
reduce the risk of mine accidents caused by improvised explosive
devices and thus save lives. Also, the data, instructions, measures and
procedures presented in this paper can be used for the education of the
local population and for joint actions in order to reduce the risk of mine
threats.

Classification of explosive devices

Explosive devices can be classified on the basis of different
characteristics (depending on their purpose, design, launcher
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tube/caliber, etc.). The most common groups of explosives found in the
territories with MnOps are as follows:
a) Munition;

1) Projectiles;

2) Mortar shells;

3) Rockets;

4) Guided missiles;

5) Rifle grenades;

6) Hand grenades.

b) Mines;
¢) Submunition;
d) Improvised Explosive Devices. (NATO, 2010)

Munition — in everyday use, ,,munition" can be military and/or live
ammunition and equipment. Ordnance - ammunition is a means filled
with explosive, rocket fuel, pyrotechnic mixture, initial mixture or nuclear,
biological or chemical material for use in military operations and for
destruction (Australian Government, 2003). In territories where MnOps
realize their tasks, the greatest risk of injury caused by ordnance
represents a subtype of ordnance - unexploded ordnance - ammunition.

Projectiles - the term projectiles encompasses infantry, artillery and
tank ammunition from the caliber of 20 mm in diameter and 2 inch (50.8
mm = 2 x 254 mm) to 4 foot (4 x 304.8 mm = 1219.2 mm) in
length. They are fired from weapons or artillery and can have very
different charges (chemical, smoke, illuminating, etc). Artillery projectiles
can have a fuze at the bottom or at the top of the projectile. To stabilize
the flight, projectiles can be equipped with a driving band or stabilizing
fins. (Uprava inzinjerije, 1999)

Mortar shells — mortar shells can have a caliber of 45 mm to 280 mm
in diameter. They are fired from mortars and may have different charges
(chemical, smoke, illuminating, etc.). Mortar shells can also have a fuze
at the bottom or at the top of the shell and can be stabilized by a driving
band or stabilizing fins.

Rockets — rockets could be defined as self-propelled missiles.
(International Mine Action Standards, 2003) They cannot be controlled
during the flight. Their dimensions are from 37 mm to 380 mm in
diameter, and from 1 foot to 9 feet (9 x 304.8 mm = 2743.2 mm) in
length. Rockets generally have the following parts: warhead, motor and
fuze. (Uprava inZinjerije, 1999)

Guided missiles - guided missiles are a special type of missiles and
they represent an enhanced version of the rocket. Besides the design
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solution, the main difference is a possibility of missile guidance.
(International Mine Action Standards, 2003)

Rifle grenades — the paper explains one type of hand grenades, rifle
grenades, so that the distinction between hand grenades and bombs is
more visible. It is important to point out that the term rifle grenade which
is used in the MnOp does not indicate the same type of explosive
devices which exist in the Serbian Armed Forces. This term in MnOps
denotes rifle grenades which are very similar to mortar shells and can be
fired from specially designed launchers. They may have different
charging (chemical, smoke, illuminating, etc.).

Hand grenades — hand grenades are intended for fight at close
distances. They are classified based on their design solutions into the
following types: offensive, defensive, antitank, smoke and illuminating
(Australian Government, 2003). Hand grenades can be launched from
certain types of weapons.

Mines - mines are the kind of explosive devices placed on/or in the
ground, or on any other surface to be activated by the presence or
contact with a person or a vehicle. Because of its characteristics, a mine
is said to be ,a perfect soldier, it never sleeps, never asks for payment or
for food, never misses, does not ask about the task and does not care
about the victims. On duty, it does not need replacement for fifty years or
more. It is very difficult to find and inexpensive to purchase." (NATO,
2010)

A similar interpretation of mine has a project manager for mine
demolition in the US Army, General A. Gardner: ,,Mines are obviously a
cheap means of less powerful armies, especially of those who have to
weigh their strength with large and well-trained armed forces such as the
US Army. Put yourself in the position of US soldiers who are often
exposed to randomly scattered mines that contain little or no metal,
which are covered by direct or indirect fire at the time of darkness and so
on. | think you begin to understand the difficulties of creating technology
that can alert soldiers or units to start bypassing or other activity.” (Radic,
2001)

Submunition - cluster munition is an explosive device separated
from a larger ordnance type in order to accomplish its task (this refers to
mines or some other explosive devices which are part of cluster bombs,
artillery shells or rocket charges). (Radi¢, 2007)
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Basic information about improvised explosive devices

In the last 20 years, there has not been a day without a terrorist
attack and every attack, unfortunately, ends up with casualties;
consequently, terrorism as a complex form of political violence has
become ,,a social plague of the 21st century". For the execution of
terrorist attacks and/or operations, terrorists use not only weapons, but
also all kinds of explosive devices, and most often improvised explosive
devices (IEDs).

Improvised Explosive Devices represent explosive devices made
from nonmilitary explosives/components, intended for destruction and/or
disabling of the living force, movable or fixed objects. There are various
criteria for the classification of IEDs: based on their emplacement,
mobility, quantity of explosives in them and similar. (UN mine action
gateway, nd)

The classification used in MnOps when reporting about a found
improvised explosive device is as follows:

» Improvised Explosive Devices (IEDs) — that are activated from

a distance — by radio devices or electrical conductors.

» Victim Improvised Explosive Devices (VIEDs) — for suicide

attacks.

» Time Improvised Explosive Devices (TIEDs) — with a delayed

effect. (NATO, 2010)

Regarding the criterion “emplacement”, IEDs are classified as:

» Improvised Explosive Devices (IEDs) — placed in the ground
and in buildings.

» Person Borne Improvised Explosive Devices (PBIEDs) —
placed on persons.

» Vehicle Borne Improvised Explosive Devices (VBIEDs) —
placed in vehicles. (NATO, 2010)

The most frequently used types of IEDs in MnOps are those based
on the above criterion, so the rest of the paper will concentrate primarily
on these IEDs.

Following the criterion ,, mobility“, we classify IEDs as:
» Fixed - placed on roads, bridges, underneath vehicles, in
buildings and in other places;
» Mobile - placed in vehicles or on persons;thrown (most
frequently from overpasses) or fired from various improvised
launchers. (Landmine monitor, 2010)
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Improvised Explosive Devices can be activated from a certain
distance (orchestrated, i.e. controlled) and/or on site. IED activation from
a distance is performed from a position where terrorists could observe
the area, video the incident and open fire if needed. Activation is
generally carried out by fuze and/or electrical means. However, during
the last 20 years, radio activated devices have been increasingly used.

IED activation at the scene in many cases is a suicide attack, but
IEDs at the site may be activated by a person who has accidentally come
in contact with them in one of the following ways: by changing the
pressure (by pressure, movement, release), changing the temperature of
the immediate environment, radio frequency, light or in some other
way. Also, IEDs can be activated at the site in case they are equipped
with a time fuze.

Handy materials for making fuzes used to activate IEDs are car
alarms, electrical wrist watches, alarm clocks - electrical and mechanical
mechanisms and similar assets.

Besides IEDs, the most commonly used types of explosive devices
by terrorists are ,,booby traps“. Booby traps are explosive devices or
some seemingly harmless objects intended to injure and/or kill during
their handling or performing activities that are normally harmless. The
main difference between IEDs and booby traps is that booby traps are
made of military explosives. (Kovacevi¢ & Popovi¢, 2016, pp. 387-393)
General measures for safe and healthy work with booby traps are the
same as with IEDs.

The measures and procedures for safe and healthy work
with Improvised Explosive Devices

The signs (indicators) that indicate the possibility that at some point
there are IEDs are similar to the indicators for antitank and/or anti-
personnel mines. The indicators might include the following:

a tug - blasting fire wire or miner’s cable;

detonating fuse;

explosive device (sometimes covered with bags, sacks and alike);
dead animals;

traces of works (freshly dug earth) on the ground;

piles of gravel beside the road or other material;

absence of people from streets or the presence of only one
person;

call for a prayer at night;

objects that hang from trees or poles;

YVV VVVVVVYVY
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shot, alternative switching the lights on and off or some other
signal that MnOp members are coming;

absence of children from the place where they usually play;
keeping children at home during the school day;

children approaching a checkpoint with bags on their backs.

Preventive measures for safe and healthy work with I|EDs

>

undertaken to prepare MnOp members for the protection against the
effects of IEDs are as follows:

before each patrol, it is necessary to inform all the patrol
members about the following facts:

v the patrol risk of terrorist attack, i.e. that patrolling is not
“going for a walk”;

v' already known IED emplacement locations in the area of
responsibility during the previous period;

v previous experience in implementing and/or possible ways
of setting up and activating IEDs;

v possible indicators in the field indicating the existence of
an IED;

v procedures undertaken by patrol members in the event of
detecting indicators or an IED or in case of an accident
caused by an IED.

Raising awareness of patrol leaders and other members that any
indication must be taken seriously and checked; they must be
constantly aware of their surroundings. In these situations it is
necessary to trust one’s instincts.

People around them should be observed for signs of nervousness
and whether they are going away from patrols. Unfamiliar faces
should be looked for since most terrorists will not carry out an
attack among their acquaintances.

During the implementation of the training, it is necessary to
regularly test the procedures in case of encountering an IED or in
case of an accident caused by an IED.

Inform patrol members that, during the task execution, it is strictly
forbidden to remove parts of personal protective equipment
(helmets, body armor, ballistic panels, etc.); many lives were
saved thanks to this equipment.

Keep a prescribed distance from each other following the
terrain. In case the patrol stops, do not approach each other. In
particular, patrol members should be cautious when moving in
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dangerous areas, over bridges, narrow roads and through traffic
jams.

It is necessary for patrol members to develop awareness that any
stopping or slowing patrol's movement by local population, or due
to obstacles in the way are a possible sign of an IED.

It should always be kept in mind that terrorists constantly create
new types of IEDs or improve the existing ones.

The preventive measures for safe and healthy work when
encountering an IED are as follows:

>
>

>

if you observe an IED, use binoculars and/or other similar means.
If there is any indication to suspect a possibility of an IED, be
sure to call explosive ordnance devices team (EOD team).

In case you notice the existence of a detonating cord, do not
touch it but immediately call the EOD team.

In case of finding a blasting cable and/or fire wire, do not follow
them because of a possibility of additional or secondary IEDs.
Where a blasting cable leads to is tested only with the help of
robots.

During task implementation, never concentrate only on the found
IED; the first step is to go back to a safe distance, secure the
perimeter and inspect the terrain for additional or secondary
IEDs, first in a radius of 5 m and then within a radius of 25 m
around the vehicle. After that, report to superiors and wait for
further instructions.

In case of threat to personal safety, it is allowed to skip certain
actions, use personal weapons and remove the threat to life.
When submitting a report to the superior, the data on the IED is
delivered exclusively in the form of the so-called ,,9-line
Explosive Hazard Spot Report". (Australian Government, 2003)

Preventive security measures against terrorist attacks, particularly in
suicide attacks, which have so far proved as the most appropriate
solutions, are as follows:

>
>
>
>

maintaining distance;

controlling the area within a radius of 100 m;
avoiding concentration of vehicles and persons;
use of force.

Locations for positioning IEDs can be very different. The analysis of
accidents has shown that in most cases |IEDs are placed in territories that
can be observed, recorded, and fired upon, as most terrorist attacks
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using IEDs are mainly characterized by IED activation from a
distance. Some examples of placing IEDs are given in Figures 1 to 4.

Figure 1 shows an IED in a form of an artillery shell that can be
activated by pressure and/or move or release when a motor vehicle (m/v)
passes near by.

Figure 1 — Positioning an IED behind a road metal barrier
Puc. 1 - YcmaHoseka CBY ¢ 3adHeli cmopoHbl Memarnniu4yeckux 00pOXHbIX 0mM6OUHUKO8
Cnuka 1 — IED nocmaerbeH usa MemarHux epaHu4yHuUKa rnyma

Near one of the busiest roads in Kabul, an IED was found in one of
the sacks used for food delivery in one of local military bases. It was
obvious that the terrorist’s initial plan had been thwarted so the IED was
intentionally left in the vicinity of a frequent road - Figure 2.

Figure 2 — An IED in a sack
Puc. 2 — YcmaHoeka CBY e mewke u3 MewkKo8uUHbI
Crnuka 2 — IED nocmaerbeH y yak 00 capeuje
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Figure 3 shows an Improvised Explosive Device positioned in a
niche in a wall, hidden behind a poster. Positioning an IED as illustrated
allows for directed action, i.e. for an effect in a specific direction and in a
particular time with modern means of activation.

Figure 3 — Positioning an IED in the wall, masked by a poster
Puc. 3 — YcmaHoeka CBY 6 cmeHe, 3amackupoeaHHasl rnnakamom
Cnuka 3 — IED nocmaerbeH y 3udy, MackupaH nocmepom

Figure 4 shows an IED found in the waste of cardboard boxes at an
improvised landfill site close to the central market in Kandahar.

Figure 4 — Positioning an IED in cardboard waste
Puc. 4 — YcmaHoseka CBY 6 kapmoHHbIx omxodax
Cnuka 4 — IED nocmaerbeH y kapmoHcKu omrnad
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The measures and procedures for safe and healthy
working with Person Borne Improvised Explosive Devices

One of the most terrifying forms of terrorist attacks and/or actions
has been the use of PBIEDs. This kind of attack represents a major
threat to both MnOp members and local population. Such attacks are
characterized by a large number of victims, but in most cases, the victims
are civilians because they are performed most often in places where
there are a lot of people (squares, shopping centers, intersections,
cinemas, theaters, metro, train and bus stations, buses, etc.), which has
a terrifying effect on the sense of security of the local population.

,,Cruel ingenuity" of terrorist organizations is best reflected in the
involvement of suicide bombers (according to the classification of
terrorism by prof. PhD Dragan Simeunovié, suicide terrorism is only one
of the types of terrorism, according to the methods of implementation of
actions), who intentionally take on the role of a ,,smart bomb". They
select when and where to activate the explosive which they have on
them and thus cause the greatest damage not hesitating to sacrify their
own lives to a greater cause. In the literature on terrorism, the terms
PBIED and suicide bombers are often used as synonyms which is not
true because it is actually a question of a means of carrying out terrorist
actions and a special type of perpetrators.

Preventive measures for safe and healthy work with PBIEDs
undertaken to prepare MnOp members to protect themselves against
PBIED effects encompass informing MnOp members of the indicators of
the PBIED existence:

» Since the effect of such attacks causes a great fear in the local
population, an MnOp member should look out for the signs of
locals around him behaving anxiously or moving away from him,
or running from the scene because this is a sign that something is
wrong and that there is a possibility of some kind of a threat to
present people.

The analysis of suicide attacks has established a profile of people
who are direct perpetrators of attacks (although this is not constantly the
rule, most suicide bombers have the following characteristics):

» age from 18 to 24;

» male/female persons (up to September 1995, they were only
men; since September 1995, the Lebanese terrorist organization
Hezbollah has been ,,using" women ,,martyrs"-suicide Killers;
today it is unfortunately standard practice);

» unmarried, without family;
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short hair cut, shaved, and the use of strong perfumes (smell
conceals explosives);

nervous and sweating a lot, or too slow and calm;

thoughtful and silent, or uttering a prayer in a low voice;

there is a sign of desperation in their eyes. (Australian
Government, nd)

The indicators that a certain person may be a suicide bomber are as
follows:

VVVVVYYVYVY

loose clothing that can cover PBIEDs under it;

slow and unnatural gait;

hands in the pockets;

protrusions on the clothes;

sewn clothing or covering garment;

backpacks that are full, cannot be closed and/or with visible wires;
handbags that have traces of work on them and/or with visible

wires.
The preventive measures for safe and healthy work undertaken by
MnOp members in case of encountering a potential suicide bomber are

the following:
> Stop, alert the other patrol members and evacuate the area if
possible.
» Take shelter, point a gun at the suspect and in a strong and loud

voice warn a suspect to stop (in the given situation, there is a high
likelihood that the suspect will activate a PBIED).

>

In the event that the suspect obeys the order, the procedure is as

follows:

>

v Order the suspect to show his hands with fingers spread. In
the given situation, there is a possibility that another person
triggers the PBIED on the suspect.

v" Order the suspect to put his things onto the ground, to the
side and to move away to a safety distance.

v Lift up the upper part of clothes in order to check whether
there are explosives beneath it.

v" Order the suspect to lie down on the ground, spread his arms
and legs, palms turned upwards and face turned to one side.

v" Do not approach, call the EOD team. It is necessary to stand
at a safety distance from the suspect if possible (about 300
m).

v report to the superior. (NATO, 2010)

In case the suspect does not follow the orders, the procedure is

as follows:
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v’ take a safety distance from the suspect and do not allow the
suspect to move, do not to approach and call the EOD team.

v’ report to the superior.

v’ use firearms only in case the suspect moves or endangers
the safety of the people present.

The measures and procedures for safe and healthy work
with Vehicle Borne Improvised Explosive Devices

Vehicle Borne Improvised Explosive Devices allow terrorists effects
with a higher amount of explosives.Terrorists can activate VBIEDs while
they are parked and/or when they are in motion. In most cases, when a
m/v is parked, VBIED activation is carried out from a certain distance,
and when a m/v is in motion, activation represents a suicide attack.
Targets of attacks are most commonly motorcads with MnOp
members. Some terrorists are exclusively engaged to enter premises of
MnOp members with VBIEDs. The preventive measures for safe and
healthy work with VBIEDs undertaken to prepare MnOp members for the
protection against VBIEDs are as follows:

» Before movement, it is necessary to warn the superiors and
drivers (in the case of a motorcad) about possible VBIEDs during
movement, and remind them of the procedure known as ,,3D"
(distance - maintain the distance between the vehicles; direction
- to move in the ordered direction, and description - recognize
and be able to describe).

» Do not stop during the motion, unless it was previously
determined by the action plan, and especially do not stop
because of artificial barriers in the way, as it is possible that an
IED is positioned nearby. In the case of artificial obstacles in the
way, the commander of a m/v and the driver should immediately
speed up and quickly leave the risk area to a safe tactical
distance. The safety distance depends on the task, the
opponents, the terrain and weather conditions, support, time
available and other.

» If the commander of a m/v and the driver timely detect a possible
IED on the road, they can leave the road and pass the IED at a
safe distance.

» In case the task is to keep a safety distance from an IED, it is
necessary to secure the area and inspect the terrain for additional
or secondary IEDs, first in a radius of 5 m and then within a radius
of 25 m around the vehicle.

» Report to superiors about the situation.
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» Also, it is necessary to inspect the terrain and spot the signs of

enemy’s operations i.e. whether there are any lookouts near the
IED or a person with a camera and the like, because an IED can
serve for demonstration purposes, i.e. can be part of an
organised attack.

Further follow the instructions of superiors and not use
communications means within a radius of 300 m from the IED.
(NATO, 2010)

The type of suicide attacks with an m/v loaded with explosive on
MnOp members is also called SVIED - Suicide Vehicle Improvised
Explosive Devices. When a potential SVIED is spotted to approach too
closely and/or at high speed, the procedures and actions of members of
MnOps are as follows:

>

>

signalize the m/v to slow down, with the traffic regulations, flares,
green lasers, lights or in any other visible way.

In case the m/v continues to approach posing a direct threat, it is
necessary to warn the m/w by pointing the weapon at it, thus
showing the readiness to use it, and then shoot into the air.

In the event that the m/v does not stop at the warning signs and
further endangers the safety, shoot first to the m/v engine block
and then to the driver's seat until the m/v stops.

In the event that the m/v stops, it is necessary to take a safety
distance from the m/v if possible (a safety distance from the
stopped m/v depends on the type and dimensions of the m/v, see
a general overview given in Table 1). (UN mine action
gateway,nd)

Report to superiors and ask for further instructions for the
operation.

Secure the area and inspect the terrain in order to spot signs of
enemy’s operation, i.e. whether there are lookouts nearby or
whether there are people with cameras, etc.

Figures 5 to 6 show places on different types of m/v where VBIEDs
can be installed. Figure 5 shows a possibility of installing a VBIED in a
passenger car. (Army technology, nd)

Figure 6 shows possible places of VBIED installation in a van. (Army
technology, nd)
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Table 1 — Review of a safety distance from a vehicle with a VBIED
Tabnuuya 1 — 0O630p be3onacHo20 paccmosiHusi om asmomoburnel

¢ aesmomoburnbHol 6omboU

Tabena 1 — lNpernep 6e36enHor oacTojaka of Bo3una ca VBIED

REVIEW
a safety distance from
VBIEDs

Small car

B =)
ii Il =

Big car
Van

Small truck

Cistern

Motor vehicle
with trailer

2 ) )

2 2 8¢5
8¢ 85 |£9 |83 ¢
; > 5§ |82 |°gcc<

3 R

538 Ec | g5 | §535
Eg g9 Ev | EL QS
502 EC%E Peg T2
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227 457 381 98

455 534 534 122
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Fireworks inside Approx 113.5 kg of

560g container, urea-based fertiliser || Flreworks

wrapped in duct in green metal gun in a metal
1993 Nissan tape (end removed) || locker container

Pathfinder

.

22>

= [
Clock 1 — [
i {f.aca dewn) | f‘“:\}»;),fj ‘\j

DN

Clock 7.5=19 litre 76 litre
(face up) || petrol cans propane tank

|

e

Figure 5 — Positioning a VBIED in a passenger car
Puc. 5 — YcmaHoska asmomoburibHoli 6ombbi 8 ieekoeom asmomoburie
Cnuka 5 — VBIED nocmasrbeH y nymHu4ku aymomobur

Figure 6 — Positioning a VBIED in a van
Puc. 6 — YcmaHoska aemomoburnbHol 6ombbl 6 ¢hypaoHe
Cnuka 6 — VBIED nocmasrbeH y kombu
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Conclusion

In the last few years, the risk of injury at work is often a subject of
much debate and discussion, particularly since the implementation of the
provisions of the Law on Safety and Health at Work. Risk, as a result of a
combination of the probability and hazardous events, may be reduced or
eliminated solely by timely and diligent application of preventive
measures, and by using the appropriate equipment which every
individual  (irrespective of work categories) has to apply
permanently. Quality training, as a process, with all its elements, is the
basic measure of prevention from accidents provoked by explosives. The
basis of any kind of training consists of instructors, disposable and non-
disposable goods as well as literature. (Kovacevic, 2015, p.167)

These elements of the training have a cause-effect relation, and it is
practically impossible to perform any kind of training without
them. However, the generic link of all three elements of training is
documentation, i.e. regulations and instructions that define the
implementation sequence of all training elements. On the other hand, in
order to achieve the quality of essential training documents, it is
necessary to implement the lessons learned from practice, in particular in
dealing with IEDs (and other types of explosive devices), acquired by
members of the SAF and the MoD, as well as foreign armed forces, in
MnOps. In other words, it is necessary to apply consultations on training
as well as subsequent analyses in order to influence the process of
drafting and adoption of documents that would regulate this complex
area.

Working with IEDs but also with other types of explosive devices is
very hard and complex physical and mental work that requires, above all,
a very good theoretical knowledge of the characteristics of specific IEDs,
physical exertion as well as practical training for their clearance. The
creation and use of new textbooks, regulations, lessons, scripts and
manuals that develop didactic and methodical approach to work with
IEDs during the preparation of persons for the engagement in MnOps
greatly reduce the risks of injury, and to a large extent raise awareness
about possible dangers and consequences that can arise from unskilled
work with IEDs. This work represents a modest contribution of the
authors to enrich the existing literature in this area.
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MPOGUNAKTUYECKME MEPbLI MO BEE3OMACHOW ANA XXWU3HU U
300POBbA PABOTE C CAMOJENbHbIMU B3PbIBHbIMU
YCTPOVICTBAMM B PAMKAX MHOMOHALIMOHATbHbIX
ONEPALIMN

HeHad B. KosaueBuy®, HeHad [1. ,D,VIMVITpVIeBVIL{ﬁ

@ YHusepcuteT 060poHbI B I. Benrpaa, BoeHHas akagemus,
Kapetckas 6puraga, r. benrpaa, Pecny6nuka Cepbus

6 YHuBepcuTeT 060opoHbl B I. Benrpan, BoeHHasi akagemus,
r. benrpag, Pecnybnuka Cepbus

OBJIACTb: 6e3onacHOCTb U OXxpaHa Tpyaa, UHXEHEPCTBO
BWO CTATbW: npodeccrmoHanbHasi ctaTbs
A3bIK CTATbW: aHrnunckmn

Pe3some:

lMocne nosmopHo2o npuema Pecnybnuku Cepbus e OpeaaHusayuro
Ob6beduHeHHbIx Hayut (OOH) compydHukoe MuHucmepcmea 060pOHbI
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(MO) u BoopyxeHHbix cun Cepbuu (BCC) npuenekarom K ydacmuro 8
MHO20HaUuUoHarsbHbIX ornepauyusx (MHOmM). Bce cmpaHbl mupa, npexde
4em omrpagumpe ceoux compydHukoe e MHOm, npednpuHumarom ece
B803MOXKHbIE MephbI, 110 UX Mod2omoske 8 npedomepawieHuu ornacHocmu
Om 83pbIBHbIX ycmpolcms, a makxe o rnodeomoske be30racHo20
npoxusaHusi U pabombl 60 8pemsi MHOM. O0HOU U3 makux Mmep
ser1s5emcs rnybnukayusi npocrneKkmos u UuHcmpykyut no 6ezonacHocmu, ¢
KomopbiMu  4YneHbl  MHOM  QOrmkHbI  O3HaKOMUmMbCs, 8  uenu
npedomepaleHusi yepo3bl Orisl UX XU3Hel U 300poebsi, 80 6peMsi
pabombl cO  83pblgYambIMU  8ewjecmeamMu  Ha  meppumopuu
MHOn. MasHasi npobrieMma 6 moMm, 4YmMO He cywecmsyem
coomeemcmaytowasi iumepamypa, npumMmeHsiemasi 8 y4ebHoOM rpouecce
u nodzomoseke nuy, 3adelicmeosaHHbix 86 MHON. B cmambe
rnpedcmaerieH 0630p, umerowelicss 8 Hacmoswee spemMsi iumepamypb| U
ornbima MO u BCC u uHocmpaHHbIX 800pPY»KeHHbIX CUIT, y4acmeoeasuiux
8 MHOMn, a makxe pekomeHOayuu rpoghunakmu4eckux mep o
be3onacHol Ornsl XU3HU U 300posbsi pabombl C 83pble4ambiMu
seuwjecmeamu U camMoOesIbHbIMU 83PbIBHLIMU yCmpPoUcmeamu.

Kniouesble criosa: MHO20HaUUOHarlbHble — orepauyuu, 060poHa,
npouedypsbl, npocbuniakmuka, Mepbl, Jumepamypa, 63Pbi8HbIE
ycmpoticmea.

MPEBEHTMBHE MEPE 3A BE3BEOAH W 30PAB PAO CA
NMMNPOBN3OBAHUM EKCIMNNo3nBHNM HAIMPABAMA Yy
MYNTUHALMOHANHNM OIMNMEPALNJAMA

HeHad B. KosaueBuh?, HeHad 1. ,D,VIMVITpVIjeBVIﬁ6

@ YuusepauteT onbpaHe y Beorpaay, BojHa akanemuja, Kagetcka 6puraaa,
Beorpag, Penybnuka Cpbuja,
YHuBepautet ogbpaHe y beorpaay, BojHa akapemuja,
Beorpag, Penybnuka Cpbuja

OBJ1ACT: 6e36e4HOCT 1 3apaBrbe Ha pagy, UHXUkbepuja
BPCTA YJTAHKA: cTpy4yHn YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

HakoH noHosHoe ripujema Perybnuke Cpbuje y YjedureHe Hauyuje (YH)
npunadHuyu MuHucmapcmea odbpaHe (MO) u Bojcke Cpbuje (BC)
aHeaxyjy ce y MynmuHayuoHanHum onepauyujama (MHOn). Cee dpxase
ceema Juju ce npunadHuyu yryhyjy y MHOR npasospemeHo rnipedy3umajy
Mmepe Oa ce OHU yro3Hajy ca onacHocmuma 00 eKcriiio3usHUX cpedcmasa
u npuripemajy ux 3a 6esbedaH xusom u pad. JeOHa 00 Mepa Koje ce
npedysumajy jecme u u3pada 6powypa unu rpupyyHUKa Kojuma ce
npunadHuyu MHOn-a ynosHajy ca onacHocmuma 00 €eKCr/I03UHUX
cpedcmasa U onwimuMm rocmynuyuma y Criydajy Haunacka Ha HbUX.
Haume, ocHosHu ripobniem npedcmasrba Hedocmamak numepamype Kao
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OCHoge rpoueca obyke, 0OHOCHO rnpunpeme nuua Koja ce ynyhyjy y
MHOn. YnaHnak npedcmaerba npeaned mMpPeHYmHO pacrornoxuse
numepamype u uckycmaea rnpurnadHuka MO u BC u cmpaHux opyxaHux
CHaza Koju cy bunu aHzaxoeaHu y MHOn-y, a y ee3u ca rpeeeHmMuUeHUM
Mepama 3a 6e3bedaH u 30pas pad ca eKCryio3usHUM cpedcmeuma,
OOHOCHO  jeOHOM  rocebHoM  epcmomM  oeux  cpedcmasa —
UMIPOBU308aHUM ECKIII03UBHUM Harpasama.

KrbyuHe pequ: mMynmuHayuoHanHe onepauyuje, 3awumuma, npouedype,
npeseHyuja, Mepe, numepamypa, eKcrio3usu.
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NMPUKA3N
OB30PHI
REVIEWS

20. MEBYHAPOLHA KOH®EPEHLIMJA
ICDQM-2017 (MPUKA3 350PHUKA
PALOBA)

Cnaeko J. NokopHu

Bucoka wkona cTpykoBHUX CTyaAuja 3a MHpopmaumnoHe TexHonoruje,
Beorpag, Penybnuka Cpbuja,

e-mail: slavko.pokorni@its.edu.rs,

ORCID iD: @http://orcid.org/0000-0002-3173-597X

DOI: 10.5937/vojtehg66-15829; https://doi.org/10.5937/vojtehg66-15829

OBNACT: MeHaLIMeHT, KBanuTeT, Noy3AaHOCT, payyHapcke Hayke,
WH(OPMaLMOHe TeXHOMorvje

BPCTA YJTIAHKA: npukas

JE3UK YJTAHKA: cpncku

Caxemak:

Y o0eom nrpukasy Hagode ce OCHO8HE UH¢hopMmauuje O YKYNHUM
pesynmamuma, 3Havajy, MmelhyHapodHOM npozspamckom 0060py U
obnacmuma pada 20. meRyHapoOHe KOHbepeHuuje ,Ynpaerbare
keanumemom u roysdaHowhy ICDQM-2017" (padosu cy Ha cprickom
Jje3uky) u 8. mefyHapodHe KoHepeHyuje ,Yrpasrbarbe U UHXEeHEPCMEo
JKueomHoz Uukryca” (padosu cy Ha eHarieCKOM U PyCKOM je3UKy), Koja je
o0pxaHa rnod ucmum Hazugom ICDQM-2017. NpedcmasrbeHu cy 6poj u
cmpykmypa padosa o0be KOHbepeHuuje, y ceKkuyujama: 60JHO
UHXXeH-epcmeo, UHXeH-epcmeo Keanumema, UHXeHepcmeo
roy3daHocmu, UHOYCMPUJCKO UH>eH-epcmeo, CUCMEMCKO
UHXeHepcmeo, eHepzemcka e¢hukacHOCm U €KOHOMUYHAa Mpou3800H-a,
a [pukazaHU camo riieHapHu padosu ripuradHuka Bojcke u
MuHucmapcmea 0dbpaHe Pernybriuke Cpbuje.

KrbyuyHe pedu: keanumem, roy30aHoCm, B0JHO UHXEHEePCMeo,
KOHgbepeHyuja, rnpukas.

Y MpujeBopy ko Yauka, y UctpaxnBaukom DQM ueHTpy oapxaHa
je, oa 14. po 15. centembpa 2017. rogunHe, 20. DQM mehyHapogHa
KOHbepeHuuja ,Ynpasrbawe ksanutetom u noysgaHowhy ICDQM-20177
(20™ International Conference Dependability and Quality Management
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ICQDM-2017) wn, wucToBpemMeHo, 8. MefyHapogHa KoHepeHuuja
,YnpaBrbare 1 MHXeHepCTBO XMBOTHOT Lmknyca” (8" DQM International
Conference Life Cycle Engineering and Management).

OpraHusaTop koHepeHuuje je, kao 1 o caga, DQM uctpaxnsayku
ueHtap (McTpaxuBaykm UeHTap 3a YynpaBibake KBanuMTeToM U
noysgaHowhy) u3 [MpujeBopa kog Yauka, KOjumM pykoBOoOM akagemMuk
Akagemuje 3a npobneme kBanuteta Pycke degepaumje, npod. Ap
Jby6uwa Manuh.

KoHdbepeHuunja obyxBata ob6nactn: WHXeHEepCTBO KBanuTeTa,
WHXXEeHepCTBO MOY34aHOCTU, WMHAYCTPUCKO MHXEHEPCTBO, CUCTEMCKO
WHXEHEPCTBO, BOJHO UHXEHEPCTBO, €HEepreTcky eqgukacHocT u
€KOHOMMYHY Npon3Boawy. [Jo caga je y 36opHULUMMa OBe KOHpepeHLUnje
nybnunkosaHo 2423 paga.

O6nactn ICDQM koHtepeHumje BeomMa Cy WHTEpPECaHTHE U
3HavajHe u 3a npunagHuke Bojcke Cpbuje 1 MuHuctapctBa ogbpaHe
Penybnunke Cpbuje (MO), na Ha koHdepeHuuju MnocToju M nocebHa
obnacT BOjHO MHXeHepCTBO (yBedeHo kao cekuuja 2009. rognHe), 36or
3Havaja pagoBa W KOHTMHyMTeTa Yydewha npunagHuka Bojcke wu
MwuHuctapcTBa ogbpaHe.

Mporpamcku oabop 20. DQM koHdepeHumje nma 26 ynaHosa 13 10
3emarba (buX 1, Benuka bputanuja 3, KaHapa 2, Hopsewwka 2, Pycuja 4,
CAL 1, Cpbuja 13, oa kojux cy 3 u3 BojHe akagemuje, 3atum LnaHunja 1,
Uune 1 n Ykpajuna 2) (ICDQM, 2017a). Mporpamckn oabop 8" DQM
KOoHepeHumje uma 35 uynaHoBa u3 13 3emarba (Ayctpuja 1, BuX 1,
Benuka bputanuja 1, N3paen 4, NHawnja 6, JopagaH 1. Pycnja 9, CAL 1,
Cpb6uja 4, og kojux cy 2 n3 BojHe akagemuje, 3atnm LBeacka 2, LLnaHnja
1, Xonanguja 1 n Xpeatcka 3) (ICDQM, 2017b).

N oBe roamHe je Komwucuja nporpamckor opbopa, on pagosa
CaoMNWTEHNX Ha Mpowsioj KoHdepeHuuju, npornacuna asa Hajoorba
paga, jedaH 13 obnacTn akagemcKux UCTpaxuBamwa, a jeaaH n3 obnactu
NPUMEHEHNX UCTPaXnBaHa y NpMBpeaun:

1. ,Tpeba nun npeobnukoeatn JleaH dmnosodujy” unju je aytop
3aum Cmajuh n3 Bucoke TeEXHMYKE LUKONE CTPYKOBHUX CcTyauja u3 Hosor
Bbeorpaaa;

2. ,3awTnta pagHuka y npouecy nanetmsaumje nomohy po6oTtckor
nanetudepa Ha npumepy ynakoBaHor wehepa” unju cy aytopn Cmeeo
MunaduHosuh v [ywaH NaneaHcku n3 d®abpuke wehepa ,LipseHka” u3
LipBeHke.

Ha koHdepeHunjn je oTBOpeHa ,M3noxba noceeheHa 3. pakeTHOM
anemsnoHy 250. pakeTHe Opurage npoTMBBA3gyxonsioBHe oabpaHe
Bojcke Cpbuje”, unju je aytop nykoBHuk Cnasuwa Mony6osuh. Takohe, y
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OKBUPY NpPOMOLIMje HOBUX KHsMra NpuKasaHa je MoHorpaduja ,lMag HohHor
cokona” uctor aytopa.

3a KoHepeHUMjy cy WwTamnaHa Asa 300pHMKa pagoBa, a nocroje u
Ha KOMNakT auckoBuma. Y 36opHMUMMa MMa ykynHo 133 paga (npoiune
roguHe 148), aytopa n3 8 semarba (npoiusne roguHe 7): Armkupa, bocHe
n XepuerosuHe, Xpeatcke, Hemauke, Pycuje, Cpbuje, LUiBeacke wu
LWnanwuje (ICDQM, 2017a), (ICDQM, 2017b), (Pokorni, 2017).

3BaHUYHM je3numn KoHdepeHumje BUnmn cy eHrneckn, pycku n Cprcku.

Y 36opHuky papgoBa ,20. OQM wmehyHapogoHa KoHdepeHuuja
Ynpaerbawe kBanutetom u noysgaHowhy ICDQM-2017” (Ha cpnckom
jesnky) objaBrbeHo je 78 pagosa (npowne roguHe 99), n To 7 nneHapHUx
caonwTerwa, 13 pagoBa y cekuuju MHxXewepcTBo kBanuteTta (Quality
Engineering), 10 y cekunju uHxewepcTBo noy3gaHoctn (Reliability
Engineering), 18 y cekuuju wnHaycTpujcko uHxewepcTBo (Concurent
Engineering), 12 y ceKkuuju CUCTEMCKO WHXeHepcTBO (Systems
Engineering), 16 y cekunju BojHO nHxewepcTBo (npowne roguHe 30), 2y
cekumju eHepreTcka edukacHocT, M 1 y CeKuuju eKOHOMMUYHA
npounssodra (Lean Production).

Y 360pHuky papoea ,8" DQM International Conference Life Cycle
Engineering and Management” (41 pag Ha eHrneckoMm u 14 Ha pyckom
je3unky) objaBrbeHo je 55 papgosa (npowne roguHe 49), aytopa m3 12
3emarba (Ayctpuja, bocHa wun XepueroBuHa, LlpHa [opa, Ekapgop,
Konymbuja, Wnguwja, Pycuja, Cnosauka, Cpb6uja, LUnaHnja, Yelka
Penybnuka n Yune), og dera 20 nneHapHux caonwitewa, 6 y cekumju
Quality Engineering, 3 y Reliability Engineering, 6 vy Industrial
Engineering, 4 y Systems Engineering n 14 y Military Engineering.

MpunagHnun Bojcke, ogHocHO MwuHucTtapctBa opbpaHe Cpbuje,
nmajy ykynHo 51 pag (32 Ha cprickom, 18 Ha eHrneckoMm n 1 Ha pyckom
jesuky), a npowne roguHe 64. Y tabenu 1 npukasaH je 6poj pagoBa
npunagHuka Bojcke Cpbuje u MO u ykynaH 6poj pagoBa Ha
KOHbepeHumju, y nocrnearwux 9 rogmHa, of Kaga noctoju cekuuja BOjHO
nHxewepcteo (Pokorni, 2017). W oBe rogamHe je 6poj papgoea
npunagHuka Bojcke 1 MO y cekuuju BOjHO MHXEHEPCTBO Behu Hero y
octanum cekumjama (30 y ogHocy Ha 21, Tabena 1), a yourbuBoO je ga
MMa BuLLE pafoBa Ha EHrNECKOM je3UKy Y OAHOCY Ha NPOLUNY roauHYy.

MpunagHnun Bojcke 1 MO wmanm cy 3 paga Ha CTpaHOM
(eHrneckom) jeswky y MfeHapHOj cekuuju, a y ocTanum cekumjama 16
pagoBa Ha CTpaHuM je3uumuma (15 Ha eHrneckom n 1 Ha pycKkoM je3uky),
(Tabena 2).
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Tabena 1 — lNpeaned bpoja padosa npunadHuka BC u MO u ykynHoz 6poja padoea Ha
ICDQM
Table 1 — Overview of the papers of the Serbian Army and MoD members and the overall
number of papers at the ICDQM
Tabnuya 1 — O630p konuyecmsa pabom rpedcmasumerneti BC u MO u obuwezo
Konudecmea pabom, npedcmassieHHbIX Ha KoHgbepeHyuu ICDQM

[oanHa
2017. | 2016. | 2015. | 2014. | 2013. | 2012. | 2011. | 2010. | 2009.
Cekumja 30 36 28 22 9 6 6 18 12
BOjHO
WHXEHEepCTBO
Ocrtane 21 28 19 20 21 10 8 10 2
cekuuje

YkynHo BCu | 51 64 47 42 30 16 14 28 14
MO

YKynHo 133 148 160 160 180 155 141 162 148
ICDQM

36or Benukor 6poja pagoBa npunagHuka Bojcke n MuHuctapctea
opbpaHe Penybnuke Cpbuje, uvje 6mn npencraBrbamkbe YYMHWUO OBQj
npvkas npeobMMHMM, HaBOOMMO YKpaTKO cagpXaj CamoO HMUXOBMX
nneHapHUx pagoBa, pedocneiom Kako cy HaBedeHu y 36opHuumMa
pagoBa (o6jaBrbeHMX Npe ogpxkaBakwa KoHdepeHumje).

Ha HuBOy nneHapHux npegaBawa nybnukoBaHo je 6 pagosa
npunagHuka MO, 3 Ha cprickoM 1 3 Ha EHrNECKOM je3UKy.

PafoBu Ha cpnckoMm jesuky:

Cnaswuwa Nony6osuh, beorpag,

ExcninoamayuoHa noy3daHocm pakemHoe cucmema
rnpomussa3sdyxorisiosHe 00bpaHe C-125M (HEBA) y pamHum
ycrnosuma

Y pagy je onucaHo obapake aMepuyKor TakTuykor 6ombapaepa
ctent TexHonornje F-117A, koje je usseo 3. pakeTHu amsusnoH NBO
250. pakeTHe 6purage MNBO, pakeTHUM CUCTEMOM NPOTUBBA3AYXOMNSIOBHE
ogbpaHe C-125M (HeBa), 27. mapta 1999. rogmHe. Onucyjy ce u
NMPOCTOPHU, BPEMEHCKM U TEeXHUYKU YCMOBU Yy KOjMMa je U3BeAeHO
raawe, M YCnoBuM KOjU Cy yTuuanuM Ha MOy34aHOCT paja pakeTHor
cucTema HeBa (CTapocT cuctema, TexHonoruja, oby4yeHoCT nocage uta.).
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Tabena 2 — lNpeaned 6poja padosa npunadHuka BC u MO no cekyujama (2017/2016)
Table 2 — Overview of the papers of the Serbian Army and MoD members in the
conference topics (2017/2016)

Tabnuua 2 — O630p Konudyecmea pabom npedcmasumenet BC u MO e pasdenax

(2017/2016)
PapoBu Ha jesunky

CEKLINJA CpNCKM EHrneckm pyCKM YKynHo
MneHapHa caonwiTewa 3/2 3/0 0/0 6/2
VHxerepcTBO KBanuTeTa 4/6 0/1 0/0 4/7
MHxerwepcTBO NOy3naHoCTH 4/4 2/4 0/0 6/8
MHOYCTPpWjCKO NHXEHEPCTBO 4/6 0/0 0/0 4/6
CuUCTEMCKO UHXEHEePCTBO 11 0/0 0/0 11
EHepreTcka edukacHocT 0/2 0/0 0/0 0/2
EkoHOMM4YHa npou3sBoara oM 0/0 0/0 01
[onyHcka caonwTena 0N 0/0 0/0 0N
BojHO nHxXerwepcTBO 16/30 13/5 1M 30/36
YKYTHO 32/53 18/10 1M 51/64

Mapko AHgpejuh, MapjaH MuneHkoB, YH1Bep3uTeT ogdpaHe, BojHa
akagemuja, beorpag

lNpunoe yHanpehery npoMuwsbaHa o rpoMeHama y
Jnioeucmuuyu odbpaHe

Y pesumey OBOr paga ayTopu KOHCTaTyjy Aa je cuctemM formcTuyke
nogpwke onbpaHe, nocebHo Bojcke, y nocneawunx ABagecetak roguvHa
OOXMBEO BULLE NPOMEHA, NMAHCKUX N NMPEBEHTUBHUX, anu U U3HyheHux
ycnen HEONXOQHOCTU pearoBaka Ha MPOMEHe Yy OKpyXewy; Aa cy
npomMeHama u3rnoxeHe (jow yBeKk Tpajy) Teopuja M npakca Noructuke,
opraHmMsauMoHa KynTtypa W KNuMma, KoHuenuuja, opraHusauuja,
TepMunHonornja (kateropujanHo MOjMOBHWM  anapar), TexHonoruja,
NOrMCTMYKa MNONUTUKA, CUCTEM, enemMeHTn, yHKuMje K npouecu y
norncTuum; Aa je cnpoBefHa Harna cMeHa reHepauuja y normcTUYKMM
cUCTEMVMMa W penakcupawe 0of MWCKYCHOr Kagpa Hocuoua npumeHe
norncTudke TexHornoruvje; ga notpebaH TpaHcdep 3Hawa M UCKycTaBa
HWje HanpaBrbeH, WTO je A0BENo [0 ycropaBawa MpoMeHa u oTrnopa
npoMeHama W pasnuMunTor pearoBakba Ha NpoMeHe; fa je paau
pauvoHanu3aumje OpoOjHMX 3axTeBa HEOMNXOQHO akTepe MpoMeHa
GnaroBpeMeHO uHGOPMUCATK, YMNO3HATM Ca uaejama BoaAuSbama W
YKIbYYUTM Yy npouec npomeHa. Y pagy ce, KOMOMHOBaAHWM MNPUCTYMNOM,
yCMepeHUM, C jegHe cTpaHe, Ha W3HOWeHe TEeOpWjCKUX ogpeaHuua
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BaXHMX 3a JOMMCTMKY opabpaHe, a, C [Apyre cTpaHe, YONwTeHUM
npukasomM AMHaMKKe NpoMeHa cTBapa noasiora 3a pasymeBame Tekyhux
1 3aBpLLEHMX MNpoLieca NpoMeHa 1 yHanpehekwe npomuLIbaka 0 Aarbum
npomMeHama, nyTem KOHTUHyMpaHe MHoBauMje.

Brnagnmup PagueojeBuh, MunHuctaptceo opgbpaHe Penybnuke
Cpbuje, Bojcka Cpbuje, Huww

Heku acnekmu HapywagaH-a KOHKypeHuuje y nocmynuyuma
JjasHux Habasku y Cpbuju

Y pesnmey oBOr paja aytop KOHCTaTyje Aa edukacaH cuctem
jaBHUX HabaBkm no4MBa Ha CNOBGOOHOM TPXWLWIHOM HagmeTawy
noHyhava. Y4yecHMUM pecTpuUKTUBHUX criopasyma y MOoCTynuuma jaBHUX
HabaBku HacToje Oa Kpo3 pasnuuute obnuke capagkwe M goroBapana
nosehajy LeHy unu ymawe KBanuTeT npeameTa jaBHOr yroBopa, Ymme
HapyLaBajy cnobogHy KOHKYpeHUMjy N eNIMMUHULLY NOrogHOCTM Koje 13
e npouctnyy. L paga jecte ga ce carnegajy Hajuewhu obnuvum
HapylaBawa KOHKYpeHuuje y jaBHMM HabaBkama W HMXOB YyTuUa] Ha
cnobo4HO TPXULWIHO HagMeTawe, Kao U Ja ce UCTpaxe Aocajallkbu
pes3ynTatu y OTKpMBaky M CaHKLMOHMCAKY PECTPUKTUBHUX cnopasyma y
jaBHMUM HabaBkama y CpOuju. UcTpaxunsaykm Hanasm ykasyjy Ha CKpOMHe
pesyntate koje je Cpbuja ocTtBapuna y oBoj obractm u Harnawasajy
notpeby 3a wuaeHTUMKaALMOM Kiby4HUX daKTopa orpaHu4aBaka
KOHKypeHUMje y NocTynuuma jaBHux HabaBkw.

PapoBsu Ha eHrneckom jesnky cy criegehu:

XajpaguH Pagonuuh, YHuBep3auteT ogbpaHe, BojHa akagemuja,
Beorpan

Confessional structure of population from 1921 until 2011 and
its impact on national identification of Serbia

Pag ce ©6aBu npomeHama Yy KOH(peCUOHamnHoj CTPYKTypu
ctaHoBHMWTBa Cpbuje (Ha OCHOBY MOMUCHWUX MopaTtaka) y nepuogy
1921-2011. rogMHa W HUXOBUM  yTuLAMMa Ha  HaUWOHarHy
naeHTudukaumjy y Cpbumjn.
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OejaH Bacosuh, [lopaH JaHaukosuh, YHusepauteT y Hwuwy,
dakynTeT 3awTnTe Ha pagy, Huw

CteBaH Mywuukn, YHuBepauteT opbpaHe, BojHa akagemuja,
Beorpana

Review of the genesis of various environmental management
systems based on the systems approach

Pap ce 6aBu KapakTepur3aumjoM N reHe3oM opraHusaumja 3Ha4ajHux
3a ynpaerbake 3alWTUTOM XMBOTHE CpeauHe, Mpe cBera OHUX
3aCHOBaHMX Ha CUCTEMCKMM CcTaHgapauma. Y pagy ce, Takohe, roBopu o
3Havajy cTaHgapgusauumje v npuHUMnMMa, umrbeBuma u nocebHocTuma
pasBoja M UMNNemeHTauuje craHgapga Ha pasnuynuTMM HUBOMMA —
rnobanHom, EY un HaumoHanHom HumBoOy. TexwuwTe ayTtopa je Ha
nMTakumMa ayTopuTeTa pasnuuutmx cybjekata M aHanusuM cTaBoBa
3anHTepecoBaHMX CTpaHa.

Hebojwa Hwukonuh, MwuHuctapctBo opabpaHe, WHCTUTYT 3a
cTpaTeruvjcka uctpaxmbama, beorpaa

Hybrid warfare impact on command and control process

Pan ce 6aBu nojMom xubpuaHor paToBaka U HEroBUM yTULIAjEM Ha
npouec KoMaHAoBak-a W ynpaBrbata ca HaMepoM Aa WAeHTUdMKyje
moryhe HefocTaTke y naHUy KOMaHAoBakba U yrnpaBrbakbsa.

Ha kpajy, MOXe ce koHCTaToBaTW Aa OBa KOHMEpeHUMja nMa MaHu
yKynaH 6poj pagoBa Hero npeTxofHa, WTO ce OOHOCU U Ha npunagHuke
Bojcke u MwuHucTtapctBa opbpaHe Penybnuke Cpbuje (tabena 1),
npemaa je knxoBo yyewhe y ykynHom 6pojy Beoma 3HavajHO — 38%.

HactaBrba ce TpeHg capagwe aytopa M3 pasHUX WHCTUTYyuuja
Bojcke 1 MO Cpbuje mehycobHo m ca wuHcTUTyumjama BaH Bojcke.
BehuHa pagoBa je KonekTMBHO feno Buwe aytopa. MehyTtum, Hekonuko
NCTUX ayTopa jaBfba ce Ha Buwe oA 3 paga (Ha BEeNUHM HayyYHUX
CKynoBa je OrpaHUYeHo fa ce UCTU ayTop MOXe MojaBuTU Ha HajsuLle 2
paga, a Ha Hekuma 3).

Kao 1 nperxogHuMx roguHa, Ha KOHdepeHuuju cy yyecTBoBanu
HekadalwmuW NpunagHuun Bojcke, koju caga page y BUCOKOOOPa30BHUM
WHCTUTYUMjama Yy LIMBUICTBY.
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Konnenx nHdopmaunoHHbIX TexHonorui, r. benrpag, Pecnybnvka Cepbus

OBNACTb: MEHeAXXMEHT, KaueCTBO, HaAEXHOCTb, KOMMbIOTEPHbIE HaYKMK,
WHPOPMAaLNOHHbIE TEXHONOMMMN

BWO CTATbW: 0630p

A3bIK CTATbW: cepbekun

Pe3some:

JaHHbIl 0630p 6KYaem OCHOBHYH UHGOpMauyuo O pesyrbmamax
pabombi u 3Hadyumocmu 20-o0 MexOyHapodHOU  KOHGbepeHuuu
*YrpaeneHue kavecmeom u HadexHocmbro” — ICDQM-2017 (Ooknadsi Ha
cepbckom s3bike) u 8-ol MexOyHapodHOU KOHbepeHuuUU « YrpaeneHue u
UHXXEHepUs1 amarnamu XU3HEHH020 UuKa» (0oknadbl Ha aHenultickom U
PYCKOM fi3bikax), Komopasi Obiia nposedeHa o0 OOHOUMEHHbLIM
HaseaHuem «ICDQM-2017». B 0630pe npusedeHbl: HOMeP U cmpyKkmypa
0oknados, 3a4umaHHbIX Ha KOHQEPeHYUU, pacrpedesieHbiX Mo CeKYUsIM:
BOEHHas1 UHXEHEPUST, UH)XEHepUsI Kadecmea, UHXeHepusi HadexxHocmu,
MpoMbILWIIEHHas! UHXeHepus, cucmemHasi UHXKeHepus,
9Hep20ahhekmusHocmb U bepexrugoe npou3sodcmeo, HO 8 aHHOM
ob3ope paccMampuearomcsi UCK/IKYUMESbHO [IeHapHble cmambu,
asmopamu KOmopbIX SAeNsomcsi 80eHHOCyxauwjue, npedcmasumeru
MuHucmepcmea  ObopoHsbl  Pecriybnuku  Cepbusi. Ha  OGaHHoU
KOHbepeHUuUU o cpasHeHuUto ¢ pedbidywel rnpuHsno ydacmue
MeHblee Konudyecmeo npedcmasumerneli MuHucmepcmea 060pOHbI
Pecnybnuku Cepbuu, HO ¢ Opyaol cmopoHbl, pabom, HanucaHHbIX Ha
aHernutickom si3bike, bbirio bornbue.

Knrouesbie crioga: kKavyecmeo, HalGEXHOCMb, B0EHHO-UHXEHEepPHOoe
0er1o, KOHGbepeHUUs, 0630p.
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Summary:

The article presents the basic information about the overal results,
significance, international programme committee and working areas of the
20" DQM International Conference on Dependability and Quality
Management ICDQM 2017 (papers printed in Serbian) and 8" bam
International Conference on Life Cycle Engineering and Management
(papers printed in English and Russian), which was held under the same
acronym ICDQM-2017. The number and structure of papers of both
conferences are given in Sections: Military Engineering, Quality
Engineering, Reliability Engineering, Industrial Engineering, Systems
Engineering, Energy Efficiency and Lean Production, as well as a review
of the plenary papers presented by the participants from the Armed
Forces and the Ministry of Defense of the Republic of Serbia. This year’s
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CABPEMEHO HAOPY>XXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPYIOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

KuHeckun TeHk Type 99: ga nu je 6orem og amepuykor M1
Abrams vnu pyckor T-907?

Kunecku meHk Type 99

KuHa nocenyje ocam fo geset xusbada TEHKOBA, YKIbydyjyhu 1 oHe koju
Cy Y pe3epBu, a Hanase ce no cknaguwtuma.

BehuHa knHeckMx TeHKoBa Cy cTapuju TMNOBU kao WwTo cy Type 59 n 69
KOju Cy BuLUe-Make KOoMnuje pyCcKUX TEHKOBa M3 negeceTyx roamHa, Kao LTo je
T-54. TakBu TeHKOBW MOHeKa ce Mory Hahu 1 y ABopuwiTUMa Aednjux spTuha.

MehyTtum, HoBM kuHecku TeHk Type 99 Beh je nM3asBao nowToBawe
MefyHapoOgHUX nocmaTpada, Wako Huje u3Be3eH HUTUM je KopuwheH y
bopbeHnm ycnoBuma. Pasnor je jegHocTaBaH: weroBe nepdopmaHce cy
CMMYHE WNKU jedHake MHOMMM 3anagHuM TeHkoBuMa, anu Type 99 uma u
HEKOJSINKO CBOjUX KapaKTepucTuKka.

Hoeu Type 99 nma gBa BakHa NpPOTMBHMKA — amepudkn M1A2 Abrams u
pyckn T-90A. TMocTaBreajy ce n nutawa: ga nm KuHa yonwrte uma notpeby 3a

' The National Interest, January 23, 2018
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TEHKOBMMa M Koja je BepoBaTHoha cykoba unamefly amepuykor TeHka M1
Abrams u knuHeckor Type 99 nmajyhu y Buay Naumdunykn okeaH?

lMuTaka cy peneBaHTHa ako ce yame y 063up nopehene ca pyckum T-90.
MockBa TpeHyTHO oapxaBa gobpe ogHoce ca lNeknHrom ca Kojum genv u gyry
rpaHuly, anu ce ABe Cuie HUCY yBEK crarane v 3amaro Cy 1 3apaTune Kpajem
Lwe3geceTmx rogmHa.

OHO wTO je jow BaxHuje jecTte ga Pycuja npopaje cBoje Haopyxahe
UHanju n BujeTHamy kao wTto cy 6GopbeHwn cuctemn — kpctapeha paketa
Brahmos, ann n npeko 1.000 TeHkoBa T-90 pacnopeheHux Oyx Xxumanajcke
rpaHuue.

KuHa je Boguna pat ca NHamjom 1962. roanHe Ay NoMeHyTe rpaHuue u
jow jegaH ca BujetHamom 1979. roauHe Koju je MMao 3a LWIb KaXtaBahe
BujeTHama 360r nogpLuke pexvMmy LpBeHux kmepa y Kambouw.

HOanac KuHecka Bojcka BuMAW Henpujaterba y WHAujW, noTeHuumjanHoj
cynepcunu, Te je NoTNyHO MUnTapu3oBana 3aje4HUYKy rpaHuily u carpaguna
Mpexy nyTeBa kojuMm Ou nponasuna Telwka BojHa Bo3una u3Melly BUCOKUX
nnaHnHa. KnHa je caBesHuMK ca [laknCTaHOM KOju je HEeKonvKO nyTa BOAMO
patoBe ca HOonjom, a 4YecTe Cy M pasMmeHe BOjHUX TeXHomnornja unameny nse
3emMrbe.

Ha kpajy, Huje nckrbydeHa Hu MoryhHocCT noTeHuujanHor rpafhaHckor pata
unu cnoma pexuma y CesepHoj Kopeju, na Huje nckrbydeHa HU moryhHocT
cykoba ca cHarama CeBepHe Kopeje.

Takmuyvapu cy cnedehu...

Amepuykn TeHK Abrams je knacuMyaH amepuudkuM npojekaT Koju je
[eceTKoBao Mpayke OKNonHe cHare TokoM [ondyckor pata 1991. rognHe 6e3
njegHor rybuTtka kog Mpadvkux OKMOMHMX cHara. HakHagHa gejctBa amepudkmnx
TeHkoBa y ypbaHum n nonyypbaHum cpegumHama nokasana cy ga Abrams unak
HWje HeparMB, HAPOUYUTO Ha AejcTBa UMNPOBM3OBAHMX EKCMMO3MBHNX HaMnpasa
WNU NPOTMBOKIMOMHMX BOREeHNX 1 HeBoheHNX pakeTa, a Hapo4YuToO ca 3adHe U
no ©604yHMM cTpaHama. Y JeMeHy je y TOKy CBOjeBPCHO WCNUTUBaHE
pawMBOCTM cayamjckux TeHkoBa Abrams, y3 obunato kopuwhemne
NPOTMBOKIMOMHUX CpeAcTaBa, LTO je AOBEeno A0 Hapylasawa uarpaheHor
nMULIa aMepUYKor TeHKa 1 0O Benuke HepBo3e AMepuKaHaua Koju cy y jeqHoMm
TPEHYTKY pasMuwsbanyM n o obycTaBu Mcrnopyka HoBux TeHkoBa Cayamjckoj
Apabwju. Jogywe, oBa HecpehHa cTaTucTuka pesyntaTt je He Gall BpXyHcke
00y4eHOCTU cayamjCcKkux KOMHEHMX Tpyna.

TeHk T-90 je NpBM pyCKM TEHK KOjU CE MOjaBMO HAKOH Kpaja XrnagHor parta.
Mako Huje y nNOTAYyHOCTU M3jegHayeH ca amMepuykum TeHkom Abrams, OH je
nprkasao 3HavajHa yHanpehena y nornegy npeum3HoCTU 1 3alTUTe Hapo4ynTo
ca mofenuma Koju Cy OnpemMIbeHM HajHOBWjOM reHepauunjoM eKChnro3uBHO-
peaktuBHor okrnona. Wako je Pycuja y mehyBpemeHy npukasana HOBM,
peBonyumoHapHun TeHKk T-14, 3a cagpa Hema [OBOSbHO (OMHAHCUjCKUX
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cpefcTtaBa 3a HeroBy MacuBHUjy cepujcky npousBoawy. Pycuja je npoussena
camo 550 TeHkoBa T-90A 3a koje ce moxe pehun ga cnagajy y peg MmoaepHujux
TEHKOBA, a 3aTUM KpeHyna y obvmaH nporpam MofepHusauumje cBoje dnoTte
TeHkoBa T-72 Ha HuBO T-72 B3 koju je Bpro crnvyaH HMBOY onpeme TeHka T-
90A.

Pycuja je passBuna jow mopepHujy BapujaHTy — TeHK T-90AM koju jow
HUWje ywao y Nnpou3BoamY, anu je kerosa M3B03Ha BapwjaHTa, nog o3Hakom T-
90MS, npopata WHamju n Tto 354 npumepaka. WMHamja vma npeko 1.200
TeHkoBa T-90 op kojux je Behu pgeo pacnopefeH Ha KUHEeCKO-WUHAM|CKO]
rpaHuum.

KnHecku TeHk Type-99 komOGuHyje Tpyn Koju noaceha Ha npoayxeHu T-72
ca Kynofiom y CTuUny 3anagHux TEHKOBa Koja je BepoBaTHO WHCNMpucaHa
HeMauykum TeHkoM Leopard 2. OBaj TeHK je npBWM NyT NpukasaH Ha napagu
1999 rogmHe nog o3Hakom Type 98, a 3aTum je TeHK 4OOMO cagaluky O3HaKy
Type-99 u yBegeH y Haopyxawe 2001 roguHe. Ca cBojom macom of 57 ToHa
OH ce Hanasu nsmely amepuykor Abramsa og 70 ToHa u pyckor T-90 of 48
TOHa. TeHK je y meflyBpemeHy yHanpeheH HOBUM TexHosornjama n caga Hocu
o3Haky Type 99A2. KuHa nma ckopo 500 TeHKOBa OBOr Tuna y OnepaTuBHO;]
ynotpebu, pacnopeheHnx y wecHaecTt oknonHux 6atarboHa. OBaj TEHK ce He
Hanasy Ha CnNuUCKy W3BO3HWX apTukana, anu oppeheHe TexHonorunje cy
ynotpebrbeHe y TeHky VT4 koju ce nssosu.

Bampe+a moh

TenkoBn Type 99 wn T-90 ocnawajy ce Ha TonoBe 125 MM ca
ayTOMaTCKMM MyhavyMma Koju Cce He pasfuKyjy MHOro of npBOOUTHUX
coBjeTckmx npojekata. OBM TOMOBM HUCY MOrnM fa npobujy 4YeoHu OKmon
amepuykmx wn OpuTaHckmx TeHkoBa  Abrams wn Challenger, anu HoBwu
noTkanubapHu npojekTunu of Bondpama To mnak omoryhyjy, gogywe Ha
Kpahum pasgarbuHama.

HoBu knHeckn TeHk Type 99A2 nojasrbyje ce ca HOBUM OYXMM TOMOM,
WTO y Teopuju omoryhaea noctusamwe sehe 6p3auHe npojektuna n noborslwasa
NPo6OjHOCT M NPELM3HOCT.

MocTtoje nHauumje pga je KnHa HamepaBana ga nHcTanupa Hosu Behu Ton
oA 140 mm Ha cBoj TeHK Type 99, anu ce To 40 AaHac unak Huje obUCTUHWUMNO
Ta onuuja HMje uckrbyveHa y Hekoj 6nuckoj byagyhHocTn ¢ 063npom Ha To ga
30or pasBoja y o6nacTu 3awTuTe TEHKOBa MHOre Ap)XkaBe pafe Ha npojekTuma
yHanpeherwa TEHKOBCKMX TonoBa ca kanvbpa 120 n 125 mm Ha kanmbpe 130 n
140 mm. TpeHyTHO He nocTtoje noTpebe 3a TMM, a BenvMKe Cy WU 3anuxe
TEHKOBCKe MyHUUMje nocTojehnx kanmbapa.

KuHa je pasBuna cCBOjy COMCTBEHY MYHUUM)Y O OCupomalleHor
ypaHujyma 3a cBoje Tonose of 125 MM 3a Kojy ce TBpAM Aa Moxe fa npobuje
YeoHwu okrnon amepuykor Abramsa Ha garsuHama go 1,4 kunomeTtpa.
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Mocagy amepudkor TeHka Abrams uvMHe 4YeTupu ynaHa, WTO omoryhasa
nosehaHy kageHuy narbbe, a 4YeTBPTM unNaH nocage MOXE 3aMeHUTU
eBeHTyanHo nospefeHor 4ynaHa nocage. 36or Tora je kynona TeHka Beha u
Texa.

TenkoBn Type 99 u T-90 mory wmcnarbmBatM NPOTUBOKIIONHE BOheHe
pakeTe M3 TEHKOBCKOI ToMa 3a pasfuky of amepudkor TeHka Abrams. Type 99
kopuctn pakety AT-11 Refleks kojom je Mmoryhe Hanmagatu KonHeHe W
Huckonetehe uurbeBe Ha Behum parbMHama, anu y nocnegwux negecer
rognHa osa onuuja Huje kopuwheHa.

Kaga cy y nutawy ocmaTpayku u HULWAaHCKK ceHsopw, Pycuja je HaumHuna
oapefeHn Hanpepak Ha Morby TEHKOBCKMX HULLIAHCKUX cripaBa U TepMarnHux
ocmaTtpadkmx ypehaja, nako Ha 3anagy v farbe cmaTpajy ga cy HWUXoBu
ypehaju oBe BpcTe MHOro cynepuopHuju. Pyckn teHk T-90A Huje onpemrbeH
HajMOLEPHUjOM pycKom onpemMom (camo ogpeheH Bpoj TeHKOBa OMpEMIbEH je
dpaHUyCKkMM TepMarnHMM ocMaTtpadko-HuUWwaHcknum crnpaBama Catherine, gok
n3Bo3Hu mogen T-90MS uma yHanpeheHun HuwaHckm cuctem Kalina.

KuHa je nosHaTta no CBOjOj M3BPCHOj enekTpoHuuu, a Type 99A2 je,
HaBOAHO, ONpPeM/beH HOBMM WHQPaUpBEHMM cucTeEMOM 3a npahewe
HenpujaTerbCkMx TEHKOBa U Bepyje ce Ada je oBaj cuctem 6orbm o cucrtema
ncte HameHe Ha pyckom T-90A.

3awmuma

TeHk Type 99 onpemMrbeH je KOMMO3UTHUM U EeKCMNNO3UBHO-PEaKTUBHUM
oknornom. Hoea Bep3uja, Type 99A2, onpemMrbeHa je BULIECMOjHUM CUCTEMOM
3a Koju ce npeTnocTaBrba Aa je cnudaH pyckoM oknony Relikt koju kopuctu
pagap 3a [OeToHupake eKCMMOo3MBHUX Mnova npe ygapa MNpOTUBHUYKOL
npojektuna. OBakaB OKMNON HameweH je y oabpaHu npoTMB TaHAEeM-
KyMynaTUBHMX NPOTUBOKIOMHMX pakeTa.

T-90A KOpPUCTU €EKCMIO3UBHO-PEAKTMBHU OKIOM CTapuje reHepauuje
Kontakt-5, a HoBu TeHkoBu T-90MS koju cy y ynoTpebu y MHAMJCKUM OpY>KaHUM
cHarama onpemsbeHun cy Hosujum cuctemom Relikt. OBu oknonu cy HapounTo
edeKTHM NPOTUB NPOTUBOKMOMHUX BONEHUX pakeTa, anu y mMarwem obumy u
NPOTUB KMHETUYKMX NpojeKkTuna.

Type 99 onpemrbeH je ypehajeM 3a OTKpMBah-e nacepckor o3payera Koju
yno3opaBa KomMaHAMpa TeHka Jfda je BO3WIO O3HAaYeHO facepckum
obenexvBavem, wTo ©6M y Teopuju omoryhuno BO3ayy HaKHagHO
MaHeBpucake U eBeHTyanHo usberaBarwe NPOTMBHUYKOP Mpojektuna. MHoru
TeHkuctn y Cupujm n JemeHy 61 3gyliHO NO3gpaBunM OBaKBO YNO30peHe C
063npomM Ha To Aa cy, cyaehu no cHUMUMMA Cca MHTEpHeTa, MHOMM TEHKOBU
Ovnun norafjaHn 1 yHULLITaBaHW HAKOH fieTa pakeTe Koju je Tpajao 1 no BuLle of,
ABageceT CeKyHaW.

Type 99 Takohe je onpemrbeH nacepckum ypehajem Benuke cHare Koju
CNyXXW 3a oOMeTawe MNPOTUBOKIONHUX pakeTa BOhHEHWX nacepckum unm
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WHdpaLUpBEHMM cucTeMuMmMa, a Moxe W, ¢ 063MpoM Ha cHary, ocnenuTu
HenpujaTerbCkor HuWaHuMjy M To TpajHo. OBakBM CUCTEMU HUCY HUKag
ynotpebrbeHn y 6opbeHMm ycnosuma, Tako Huje moryhe npoBepuTH HMXOBY
ecumkacHocT.

HoBu TeHk Type 99A2 onpemsbeH je M NnacepCkMM KOMYHMKaLMOHUM
CUCTEMOM KOjU CRYXW 3a wuaeHTUdukoBarwe CBOjUX, TyhHux Bo3uMna u
eMnTOBawEe WnNpoBaHNxX nogaraka y YCKOM CHomy.

Pyckn T-90 ocnawa ce Ha aktmBHuM opbpambeHn cuctem Shtora (,soft
kill”) koju, ocum omeTawa nacepckux ypehaja cBojum omeTadem, ucnarbyje
aepocoriHa eKkcnnosmBHa Mykwera pagun cTBapawa obnaka HenpobojHor 3a
nacepe oko Bosuna.

Amepnukn TeHK M1 Abrams Huje onpemrbeH ypehajem 3a OeTekuujy
nacepckor ospayera, aKkTMBHMM CUCTEMOM oabpaHe WM €eKCno3MBHO
peakTUBHMM OKMOMOM (LUTO Ce Mokasano Kao KOOHO y JeMeHy), anu je y TOKy
pag Ha mogepHu3auumjama koje he ysecTu Heke o oBux ypehaja.

M1A2 ce ocnawa Ha CBOj n3BaHpeOHW KOMNo3uTHM oknon Chobham koju
je MewaH TOKOM roamMHa W 3a Koju ce Bepyje Aa npeacrtaBfba eKBUBASEHT
nebruHn  og 800 MM BarbaHor 4enuka 3awTuTe MpPOTMB  AejcTBa
notkanubapHor npojektuna wnu pebreumHn og 1300 MM npoTuB AgejcTBa
NPOTUBOKIOMNHE KyMynaTueBHe pakete. [lopehewa paan, Bepyje ce aa je pycku
TeHKk T-90 onpemibeH OKMOMOM ekBuBaneHTa AebrbuHa og oko 650 mm
BarbaHoOr Yenuka 3awTuTe nNPOTUB JAejcTBa noTkanubapHor npojekTuna.
Amepuykn Abrams mma nocebHO cknaguwiTe MyHMUMje, LUTO ra cnacasa of
KaTtacTpodanHux AeToHauuja no Kojuma cy ce pycku TEHKOBU cepuja T-72
LJowe npocnaesunu’. Maga v TakBO pellere MMa CBOjUX rpaHuua, WTo ce
oneT MOXe BUOETU Ha CHUMUMMA Ca WHTepHeTa HecpehHux cayaujckux
TeHkoBa Abrams koju cy octajanu 6e3 kynona.

MpeTnocTaerba ce Aa je kuHecku TeHk Type 99 onpemMrbeH KOMOMHaLNjOM
KOMMO3MTHOI M MOZYMapHOr OKfona M Aa je TakaB HMBO OKITOMHe 3awTtuTe
CNMYaH Unu jegHak oknony amepuykor TeHka Abrams. BojHu nssopu TBpae ga
ce pagum of 3aWTUT ekBmBaneHTHoj aebrbnHu og 1.200 MM BarbaHor Yyenuka
3awTuTe NpoOTMB AejcTBa noTkanubapHOr npojekTurna, Mako Cy 3BaHWYHU
nogauun HedOCTYMHN.

lNMokpemsbusocm

KuHeckn TeHK je OedVHUTUBHO HajOpxK, MakcMmanHa Op3uHa My je
npeko 50 murba Ha cat Ha oTBopeHoM nyTy. AMepuykn M1 Abrams n nngujckm
T-90MS noctmxy unamehly 42 n 45 murba Ha caT, OOk pycku TeHk T-90A
poctmke camo 35 mwmrba Ha car. Ca gpyre cTpaHe, amepuudkn M1A2,
3axBarbyjyhm cBojoj racHoj TypouHun, moxe npehu camo 240 murba 6e3 gonyHe
ropuBOM, AOK KMHECKU U pycku TeHkoBu Type 99 n T-90 umajy pagujyc gejctea
oko 300 mumba. lMopen Tora, amepunykn TeHK M1A2 je MU MHOro Texwu, WTO
oTexaBa TpaHCnopT.
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TeHk Type 99 onpemrbeH je M HOBUM JAuUrntanHMM cuctemumma 3a
oApKaBare CMMYHMM OHMMA KOjMMa je onpemsrbeHa HoBa Bep3nja amepuykor
TeHka Abrams.

Moxe ce 3akrbyunTn ga je Abrams Hajoorbu y norneny BaTtpeHe Mohw,
Type 99 je, uMHM ce, Hajborbe 3awTmheH 3axBarbyjyhu BULIECNOjHOM
onbpambeHom cuctemy, a 6pxu je n nva Behn pagujyc gejctea.

Pyckn teHk T-90A je geknacupaH y 0gHOCY Ha OBa ABa TeHka, anu je T-
90MS ca oknonom Relikt, yHanpeheHumM HULWAHCKMM © oOcCMaTpayvkum
ypehajuma n CHaXXHWjuM MOTOpMMa, U farbe BeoMa 030uSbaH NPOTUBHUK.

Cse 10 Tpeba npuxsatutn ca ogpeheHom pesepsBom, jep gok cy M1 un T-
90 kopuwheHn y 6opbeHnm gejctenma, Type 99 Huje. Takohe, MHOMM aeTarbu
TexHosoruja ynotpebrbeHnx y KWNHECKOM TEHKY HWUCY AOCTYNHW, Na je TUM npe
oBakBo nopehewe camo HayenHo. C Apyre cTpaHe, Ha HeJaBHO OApPXaHOM
6ujatnoHy y Pycujn, kuHeckn TeHk Type 99 nmao je ogpefeHumx npobnema ca
ncnagakeM NOroHCKOr ToYKa, na je 6p30 3amerseH, anu...

Hpaeax M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: ““http://orcid.org/0000-0003-1620-5601

BojHa napana CesepHe Kopeje®

Ocmor gebpyapa 2018. roguHe y lMjoHrjaHry je ogpxxaHa BojHa napaga
CeBepHe Kopeje noBogom npocnaBe cegampeceTe roauwmunue Kopejcke
HapogHe apmuje. CeBepHOKOpEjCke Opy)KaHe CHare npukasarne cy Benuku 6poj
HoBMX 6GopbeHnx Bo3una, ykrby4yyjyhn TEHKOBe, OKMonHe TpaHcnopTepe
newagaunje, apTurbepmjcka opyha, cucteme nNpoTMBBA3AyXOnnoBHe oabpaHe u
GanncTnyke pakeTHe cucteme.

TeHKO8U

Songun-ho npeactaBrba HOBY Bep3uvjy CEBEPHOKOPEjCKOr TeHKa Koja je
3acHoBaHa Ha TeHKy Pokpung-ho, a Koju je npBu NyT npukasaH Ha BOjHO]
napagu 2010. roguHe. Ha napagwn ogpxaHoj y ¢ebpyapy 2018. roguHe, TeHK
Songun-ho npeAcTaBrbeH je ca peakTMBHMM OKMOMNOM Ha 4eny Kyrnone u ca
cBake GO4YHe cTpaHe y OOHOCY Ha OCHOBHO Haopyxake. Kpos kynone je,
Takohe, onpemrbeH Ao4aTHVM OKMOMOM.

2 World Defence News 11.02.2018
® Defence Blog 08.02.2018
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BojHa napada y ljoHejaHay nosodom cedamOeceme 2oduwruue Kopejcke HapoOHe
apmuje Koja je oOpxaHa 8 cpebpyapa 2018. 200uHe

OCHOBHO HaopyXare cacToju ce og Tona 125 MM KOju N4 Ha PYCKU TOn
2A46 on 125 MM KojuMm je HaopyxaHa pycka cepuja TeHkoBa T-72. TeHk je
onpemrbeH M CAVYHUM ayToMaTCKUM MNyHayemM Kao U pycka Bepsuja. TeHk
Songun-ho je oBor nyTa npukasaH ca HOBUM CEKyHOAPHUM HaopyXaweM Koje
Ce cacToju o4 ABa py4yHa npeHocuBa NPOTUBBAa3AYyXOMMOBHA pakeTHa cuctema
PIMMNPC, jow jeAHOM HOBMHOM — NAaHCEPOM 3a ABE MPOTUBOKIONHE BOheHe
pakete [MOBP koju je MOHTMpPaH Ha NeBOM OTBOPY Kynorie, anv v ca jow ABa
Gauaua rpaHaTta Ha npegwem geny AecHor oTBopa Kynone.

TeHk Pokpung-ho IV

TeHk Pokpung-ho je pasBujeH TOkOM aeBefeceTux roamHa npoLunor Beka
N KOPUCTU TEXHOMOrWjy CoBjeTcKe cepuje TeHkoBa T-62, T-72, KMHecKux
TeHkoBa Type 88 n ceBepHokopejckor TeHka Chonma-ho I.

HajHoBwujy Bep3ujy npeactasrba TeHk Pokpung-ho IV Ha kojeM ce Hanase
N HEKM HOBUjU ypehaju Koju ce Hanase Ha coBjeTCKUM TeHkoBumMma T-72, T-80 n
T-90. OBaj TeHk Takohe je HaopyxaH Tonom 125 MM, a npeTnocTaerea ce ga
ce pagm o konuvju pyckor Tona 2A46. CekyHOapHO HaopyXawe cacToju ce of
naHcepa gea PIIMNPC Ttuna SA-16 Koju ce Hanase Ha Kpajy Kynone, ABa
naHcepa MNOBP Ttuna AT-5 MOHTMpaHMX Ha NeBOj CTpaHe Kynone u ABa
ayTomaTtcka 6auava rpaHaTta Koju ce Hanase Ha yeny Kynone, usHag tona.
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TeHk Pokpung-ho IV
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OknonHa go3ura moykawu

OknonHu mpaHcrnopmep newaduje M-2010 6x6

M-2010 6x6 je OKNoOnMHW TpaHCMNoOpTEep TO4YKall 3acHOBAaH Ha pPYCKOM
oknonHoMm TpaHcnopTtepy BTR-80, anu camo ca TpuM OCOBWHE, jeOHOj Ha
npeaHo0j CTpaHu Bo3una v ABe Ha 3aawoj ctpaHu. OBO BO3WMO je nNpBu NyT
npukasaHo Ha BojHoj napaan 2010. roauHe. OBaj TpaHCNoOpTEp ONPEMIbEH je
KynorioMm 3a jedHor ynaHa nocafje Koja je HaopyxaHa ca fABa muTparbesa 14,5
MM W KOakcujanHum muTparsesom oa 7,62 mm. Bosuno je HaopyxaHo v jegHUM
jeaHocTpykmum PITPC MOHTMpaHUM Ha 3agHeM Kpajy Kynorne.

p—

OkrnonHu mpaHcrnopmep M-2010 6x6

OknonHu mpaxHcropmep M-2010 8x8

OknonHu TpaHcrnoptep M-2010 8x8 je Touykaw 3aCHOBaH Ha pPYCKOM
oknonHom TpaHcnopTepy BTR-80. OBo B0o3uno npBu nyT je NpuKasaHo Ha
BOjHOj napaaun 2010. roanHe.

Bep3auvja 8x8 nma ucty Kynony n Haopyxare kao 1 Bep3uja 6x6.
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itary Parade-Julys2013 Pyongyang ‘“é?;!F
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OknonHu mpaHcriopmep M-2010 8x8
Apmurbepujcka opyha

CamoxogHa xaybuua Chuche-Po M-1991 122 wmm onpemrbeHa je
Kyrnornom Ha 3agweM [eny Bo3una ca ryCeHuLoM Kojy nokpehe LwecT ToykoBa.
OcHOBHO Haopyxahe cacToju ce og Tona D-74 122 mm. OBO apTurbepujcko
opyhe je y cTBapu coBjeTcka By4Ha xaybuua D-74 122 mm koja je pa3BujeHa
jow KacHMx negeceTMx roguHa npowrsior Beka. [lomeT xaybuue je 24
KnnomeTpa.

Tokom BojHe napage y ¢ebpyapy 2017. roguHe, OBO BO3WNO je
npukasaHo HaopyxaHo ca aa PIIMPC moHTMpaHa Ha neBoj CTpaHu Kynone u
OBa Gauayva rpaHaTa Ha AecHoj cTpaHm kynone. Kynona je onpemrbeHa u ca no
yeTupm Bauava AUMHMX rpaHaTa Koju Ce Hanase ca CBake CTpaHe Kynore.

OBa camoxogHa xaybuua npojektoBaHa je u npousBegeHa y CeBepHOj
Kopeju. AMepryku BOjHU aHanuMTMyapu O3Hadunu cy je osHakom M-1978 u
Koksan, jep cy Te roguHe y mecty Koksan npBu MyT CHUMWUNN CaMOXOOHY
xaybuuy. OBO BO3MIO 3aCHOBaHO je Ha Lacuju KMHeckor TeHka Type 59 ca
neT XOOHUX TOYKOBa M BUOHUM pacTojakeM u3amehy npBOr M Opyror Touka.
[MoroHcku ToYak Hanasu ce Ha 3agh0j cTpaHm ryceHnua. OCHOBHO HaopyXane
cactoju ce og Tona 170 mMm, a nocaga Huje 3awTnheHa Kynosom.
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Camoxo0Ha xaybuua Chuche-Po M-1991 122 mm

CIBIRIO\TMTSE A MHERTEERARTRN

Camoxo0Ha xaybuya Chuch'ep'o M-1989 Koksan 170 mm
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ModugpukoeaHa eep3uja cucmema npomuesa3dyxorisioeHe o00bpaHe
Kpamkoea domema SA-13 ca HOBOM OPYXXHOM cmaHuUUyoMm

Ha BOjHO] napagu npBM nNyT je npuKkasaHa HOBa Bep3uja COBjeTCKOr
cucTteMa nMpoTMBBa3ayxomnioBHe ofbpaHe kpatkor gomeTta SA-13. Kynona je
Cnn4YyHa OCHOBHOM MoAeny, anu je MogepHW3oBaHa HOBOM PaKeTOM 3eMiba-
Ba3gyx ca No YeTWpu pakeTe Ha CBaKoj CTpaHwm kynone. Bosuno je npsu nyT
nprkasaHo TOKOM BojHe napage y anpuny 2017. roguHe.

ModugpukosaHa eep3uja cucmema ripomusgea3dyxorsiogsHe o0bpaHe kpamkoa domema
SA-13 ca HO8OM OpYy>KHOM cmaHuyoMm

BuweuesHu bauyay pakema RM-70 122 mm

CeBepHa Kopeja kynuna je kopuwheHe BuweueBHe bGauaye pakeTa —
BBP koje je npojektoBana u npoussena Penybnuka Yewka nog o3Hakom RM-
70. OBaj cuctem HaopyxaH je ca 40 paketa 122 MM Ha NOKpeTHOj NnaTgopmu
MOHTUPAHOj Ha 3aghwW Kkpaj kamuoHa Tatra 813 8x8. MakcumanHu gomer
pakeTa usHocu 20 kunomeTapa.
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BuweuesHu 6auay pakema RM-70 122 mm

BuweuesHu 6auyay pakema M-1991 240 mm

BuweueBHn b6auad paketa M-1991 240 mm gobuo je o3Haky No roguHu
Kada cy aMepu4dKM BOjHU aHanuTn4apu npeu nyT onasvnu opyhe.

OBaj BEP onpemrbeH je ca 22 pakeTe u KOpUCTU UcTe pakeTe og 240 Mmm
kao n BBP M-1985. PakeTHn naHcep je CMeWTEeH Ha 3adHeM [erny KaMuoHa
ogmax m3a kabuHe. PakeTHu naHcep M-1991 nma gBa pepa ca no 8 uesu u
jenaH pepg ca 6 uesu.

Makcumanan gomeT je 30 km, a 3a Bep3njy pakete Juche 100 — 60 km.

ModepHuszosaHu BEP KN-09 300 mm

OBaj BBP je npojektoBaH n npousBegeH y CeepHoj Kopeju. PakeTHu
CUCTEM je MOHTMpaH Ha wacujy kammoHa Sinotruk HOWO 6x6. Npea Bep3unja
cuctema KN-09 npeu nyTt je npukasaHa 2015. roguHe, a HOBa Bep3uja je
onpemrbeHa OKIonybeHOM kabuHom. PakeTHM naHcep cacToju ce og ABe rpyne
no yetupm pakete. BEP kopuctn pakeTe Koje ce Mory HaBoguMTK NyTEM pPyCcKoOr
catenuTtckor HasuraumoHor cuctema GLONASS wuwnuM nyteM  KuHeckor
HaBuraumoHor cuctema Beidou.
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ModepHuzoeaHu BEP KN-09 300 mm
UHmepkoHmuHeHmarHe 6anucmudyke pakeme CegsepHe Kopeje

Ha BojHOj napagu ogpxaHoj 8. chebpyapa 2018. roguHe CesepHa Kopeja
je MpBUW NyT nNpukasana CBOje HOBE MHTEPKOHTUHEHTanHe GanucTuyke pakete
Tuna Hwasong-14 n Hwasong-15.
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Paketa Hwasong-14, koja ce jow Boau noa amepuykoMm osHakom KN20,
MOOUITHA je WHTEepPKOHTMHEeHTanHa 6OanucTudka pakeTa Kojy je pasBuna
CeepHa Kopeja. lNMpBu nyT je netena 4. jyna 2017. roguHe, anu ToO je NpBM
nyT ga je OBaj cucTem npukasaH Ha kamumoHy. CeBepHa Kopeja je HewTo
paHuje npukasana OBy pakeTy Ha crneuujanHom TepeHckoM Bo3uny Wanshan
Special Vehicle WS51200 ca ocam ocoBMHa M crneuunjaniHOM pamrom 3a
naHcuparse.

Hwasong-15 je HoBa MHTEPKOHTUHEHTanHa GanucTuyka pakeTa, Kojy je
Amepuka o3Haumna kao KN22 u Takohe je npojekToBaHa M npousBefeHa y
CeBepHoj Kopeju. AMepuykn aHanMTMyapu UCTuYy Aa je OCHOBHAa OffuKa OBe
pakeTe KOHduMrypaumja noroHCKor gena npBOr cTeneHa Koju ce NyHW TeYHUM
pakeTHMM ropuBoM. 3a pasnuky oA pakete Hwasong-14 koja KOpuUCTW jeaHy
MOrOHCKY KOMOpY Ca 4eTupu Maka MOoTopa ,vernier’ Koja crnyxe 3a
ynpaBrbake, paketa Hwasong-15 kopucTM OBOKOMOpHE MoTuckupaye 6e3
JoJaTHMX MOTOpa 3a ynpasribake, a BOjHW M3BOPWM HaBoAe Ja HOBa pakeTa
Hwasong-15 moxe HocuTtu Tepet of 150 go 1.000 kr Ha pgarbuHy go 13.000

Hwasong-15

Jingep CesepHe Kopeje Kmm LloHr YH jaBHO je o6jaBnmo ga pakete
Hwasong-14 n Hwasong-15 mory ncnopy4mTtu cBoj (HykneapHu) TepeT 6uno
rae y KoHTuHeHTanHom geny CAL.
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Hwasong-14
Bbanucmuyka pakema cpedre2 domema Hwasong-12/KN-17

Hwasong-12 je mobunHa Bep3uja banucTuyke pakeTe cpefrer gometa
KOjy TpaHcnopTyje kamunoH cnunyaH pyckom MAZ-547A (MKZT-7916) ca 12
TOYKOBa, anu je BO3WMO OKIOMSbEHO Ca AOAATHUM OKMOMHMM Mroyama Ha
6o4HuM cTpaHama. Ca Bo3una ce naHcupa pakeTta.

OBa pakeTa NpBU NyT je NpuKasaHa jaBHOCTU Ha BOjHOj Nnapaan CeBepHe
Kopeje anpuna 2017. roguHe. lpBK BaTpeHW TeCT ofpxaH je y Majy ucte
roguHe, a npeTnocTasrba ce aa je gomet pakete o 3.600 go 6.000 km.

T

banucmuyka pakema cpedree domema Hwasong-12/KN-17
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banucmuyka pakema cpedr-ee domema KN-15 Pukguksong-2

PakeTta je 3acHoBaHa Ha 6anuMCcTu4ykoj pakeTM Koja Ce faHcupa ca
nogMopHuua tuna Pukguksong-1 amepuyke o3Hake KN-11. KonHeHa Bep3suja
pakeTe MOHTMpaHa je Ha LwWacujy OKMOMHOr ryceHnyapa Koju UCTOBPEMEHO
CNY>XU 1 Kao naHcep.

PakeTa MOXe HOCUTM KOHBEHUMWOHaNHy unu HykneapHy 6ojeBy rnaBy u
nma gomet go 1.200 km. MNpBu nyT je TecTupaHa 12. cpebpyapa 2017. roguHe,
a y Majy ucte roavHe rnaHcuMpaHa je ca npukasaHor naHcepa kaga je netena
Ha farbuHy o 500 kM 1 gocturna BUCUHY A0 560 Km.

Banucmuuka pakema cpedwee domema KN-15 Pukguksong-2

Hoeu mobursnHu banucmuyku pakemsu cucmem Kpamkoe domema

CeBepHa Kopeja npukasana je HOBM MOOWUIHM TaKTUYKM GanucTuyku
CUCTEM KpaTKOr gomeTta, caMO AaH fnpe oTBapaka 3MMCKUX ONUMMNjCKNX
urapa y JyxHoj Kopeju. Pagn ce 6anncTMykOoM pakeTHOM CUCTEMY KOju je
MOHTUPaH Ha BO3Wsy ca NOFOHOM Ha YeTUpU OCOBMHE.
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Hoeu mMobunHu banucmuy4ku pakemHu cucmem kpamkoz domema

HoBM pakeTHM cUCTEM NMYM Ha pPYCKM OanUCTUYKM pakeTHU CUCTEM
Iskander (9K720), anu je mawun. OnpemrbeH je ca gBe BoOheHe pakeTe Koje
NMOroHN MOTOP Ha 4BPCTO ropusBo. PakeTe, Takohe, nnye Ha pycke Tuna 9M723
n 9M723-1. lNomeHyTe pycke pakeTe Mory OWTUM HaopyxaHe pasnnynTuUm
6ojeBMM rrmaBama: mapyafgHor Aejctea, MpobojHOr OejcTBa, Ca aepoCOSTHUM
nykeHEeM, anm 1M ca efnekTpomMarHeTHMM MyJICHUM AEjCTBOM W, HapaBHO, ca
NOTEHUWjanHNUM HyKreapHMM nykwetweM. PakeTy nokpehe jegHocTeneHn moTop
Ha 4YBPCTO roOpmBO.

CBaka pakeTa ca NaHCMpHOr Bo3usa Moxe OMTU He3aBMCHO HauuibaHa, a
npeTnocTaerba ce ga 6v paguwjyc gejctea oBux paketa 6mo oko 400 km.

[paear M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: http://orcid.org/0000-0003-1620-5601
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HoBe BasgyliHe nnaTtgopMe 3a paHo yno3opaBake U
NMOMOPCKO Haarnepame’

Mako je komnaHmja ,Saab” Bpno aHraxxoBaHa Ha MOSby MNPOU3BOAHE
Ba3gyLlWHUX nnatdopmMu 3a paHo yno3opaBake M koHTpony ( AEW&C —
Airborne early warning and control aircraft) 1 aBuoHa 3a NOMOpPCKY KOHTpOny
(MPA — maritime patrol aircraft), oBaj nyt je opgyctana o4 CBOjuUX
Typbonponenepcknx BasgyWwHUX nnatpopMy M ognyymna ce 3a MHOro
edurKacHuje NoCcrnoBHE MIiastbake.

Hoea BasgywHa nnatdopma 3a AEW&C ©Ouhe cmewTteHa Ha HOBOM
aBnoHy Bombardier Global 6000, a aBMOH 3a MOMOPCKY KOHTpony Ouhe
nspaneH Ha 6a3n netenuue Swordfish.

ABUOH 3a paHo yro3opasgare u koHmpoisy GlobalEye

HoBu aBMOH 3a paHO yno3opaBawe n KoHTpony GlobalEye npeacrtaerba
KynMMHaumMjy pasBojHOr npoueca Koju je 3anoyeT jow ca (PUKCHUM pagapcKum
ypehajuma u Koju je HanpegoBao Npeko Ba3ayLlwHux nnatdopmu Erieye. Beh je
obes3beheHna npogaja Tpu aBnoHa YjeamweHmum Apanckum Emupatmma.

[aHallke oKkpyxeHe NyHO je LurbeBa Koje je CBe Texe OTKPUTH, a Koju Ccy
cBe Makwu u Opxu. [NaHac nocToje HoBe Mwucuje netehux pagapa y
KOMMMMKOBAHOM M OMacHOM OKpYXeky ca HarnaweHuMm MoryhHocTuma 3a
erleKTPOHCKO paToBahe.

MpBu aBMoOH 3a paHo ynosopaBawe SAAB 2000 GlobalEye HacTao je ca
nnatcopme Erieye Extended Range (ER) koja je paguna ca pagapom Ha
TanacHoj AayxuHun C (2-4 Ghz). KomnaHuja je ocTtaBuna pagap Ha MCTOM
(nehHOM) mMecTy aBMOHa, anu je OH OMPEMIbEH MOTMNYHO HOBOM TEXHOSIOTNjOM.
Pagu ce o pagapckum mMogynuma 3a npumakwe M ojalvribawe CurHana ca
aKTVUBHUM €NEKTPOHCKUM CKeHuMpakem ca Mogynuma Ha 6asv ranujym-
HUTpuaa. To pewere je MHOro 6orbe o ctaHgapAHOr CMIMKOHa u oMmoryhasa
MHoOro 6osbe ynpaerbakwe cHarom ypehaja.

KomnaHwvja TBpau Aga oBaj cuctem omoryhasa MHoro Behu otnop Ha
omMmeTamne, Aynnupake pagapcke cHare, PyHKUMOHMCawe Y CBUM BPEMEHCKUM
ycrosuma v y CBUM JOMeHuMa (Ba3gyLUHO, MOPCKO U KOMHEHO Hag3upawe) u
M3y3eTHO BMCOK HMBO [JeTeKuuje nonoxaja UWIbeBa, TEXHOMOrujy
pagnodpekBEHTHUX TpaH3NcTopa 1 0bpagy curHana n nogaraka.

BasgywHu pagap GlobalEye uma 4ak go 70% Behu gomeT. He pagm ce
camo o gomeTy Beh pagap koju pagu Ha C TanacHUM gy>XMHama MOXe OTKPUTK
Mahe N 6pxe uurbese, anu 1 Behn 6poj wux. BasgywHn pagap caga moxe
OTKpMBAaTU U XenukonTepe y pexumy nebaewa, WTo je o caga 6uno Bpno
TELKO ca OBakBMM Tunom ypehaja.

4 Jane's International Defence Review February 2018
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BasdywHu padap GlobalEye

GlobalEye «kopuctn Benukn 6poj pasHMX MeToda 3a unTpupame
nogataka. [1pBO, OH pasnukyje npujaterbCcke of HenpujaTerbCKUX Uubesa.
Takohe, ynoTpebrbaBa ayToMaTCKO 3aBUCHO HAA30pHO emuToBake (Automatic
Dependent Surveillance-Brodcast ADS-B), konHeHU kOMaHAHW U KOHTPOSHM
cuctem (ground based command and control — C2), aytomatcku
noeHtTudukaumjcku cuctem (Automatic Identification System — AIS), mepe
enekTpoHcke nogpluke (electronic support measures — ESM) n CUHTETUYKM
pagap (synthetic aperture radar (SAR)/inverse —-SAR - ISAR) wnn
€NeKTPOONTMYKM KoMNIeT pagu bnwker Hagsopa.

Cuctem C2 yHanpeheH je Tako ga aytomaTtusauujom npoueca omoryhasa
borbe pesyntaTte, anu m ckpahyje notpebHo Bpeme 3a obyky. Moryhe je
ynopehmneatn pasHe Mane, a Moryhe je un nopehewe ca caTeniMTCKum
cHuMuMma. HoBu pagap omoryhaBa OTKpuBawe OpXUX U Make YOourbUBUX
MeTa, na 4ak u ,HeBuarbmeux” uurbeBa. Papgap GlobalEye omoryhasa
pasnuyuTa pellera y Ba3gyLwHOM, KOMHEHOM U NOMOPCKOM OOMEHY.

Papap GlobalEye moxe BpMTM HAg30p UCTOBPEMEHO Hag UuIbeBuma y
Bas3gyLUHOM, MOPCKOM W KornHeHoM paomeHy. KomnaHuja SAAB HaBoau pa
pagjap uma paguvjyc gejctea Behm og 600 km y BasgywHOM MpPOCTOpY, a C
o03mpom Ha To ga je y nutawy AESA papap moryhe je gpactnyHo noesehatu
paguvjyc OejcTBa YKONUKO Ce eHepruja ycMmepu Ha ogpeheHo nogpydje, WwTo
omoryhaBa oOTKpuBawe ,HEBUASbMBMX' UuIbeBa. Y MNOMOPCKOM MOAY
noborbwaHe cy moryhHocTM paga X TamacHuMx AOyXuHa, wTto omoryhaBa
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nokpueawe obnactu go 400 km ca BucuHe og 30.000 dmta. To omoryhaea
OoTKpMBahe objekaTa BenMunHe nepuckona, kao U Manux n 6p3ux objekaTta Kao
WTO cy LleT cku. Kaga cy y nuTawy Mucuje MOMOPCKOr Hag3opa, netenvua je
onpemrbeHa HajMOAEPHUUM MynTUYHKLMOHANHUM pagapom krnace AESA
Leonardo Seaspray 7500E, kao n yBrnayehom Kynosiom 3a eriekTpoOnTUYKN U
nHdpaupseHn Hagsop Star SAFIRE 380-HD.

Ocum pexuma paga y Hags3opy BasgyLHOr U MOPCKOP MPOCTPaHCTBa,
pagap GlobalEye je onpemrbeH n 3a Hag30p Hag KONHOM NOMORY CUHTETUYKOT
pagapa SAR u ypehaja 3a nHgukaumjy KOnHEHMX NOKPETHUX MeTa Ha BENUKUM
parbmHama (Ground moving target indication — GMTI). BasgywHa nnatdopma
onpeMrbeHa je M UHTerpucaHMM CUCTEMOM 3a MpUKyNIbake U ofallurbare
nogataka: Communication intelligence — COMINT long range high precision
electronic intelligence — ELINT.

KabuHckn npoctop cuctema GlobalEye onpemrbeH je HanpegHum
ABWOHCKMM  MHCTPYMEHTMMA, YyHanpeheHMM ”n CUHTETUYKMM  CUCTEMOM
ocmaTpaka M CMCTEMOM 3a MPEHOC nojaTtaka Ha cTakny kabuHe (Head up
display — HUD), gok y 3agwem geny aBMoHa nocaga uma net pagHux ctaHuua
ca onuujom [fgopaBaka jow jegHOr wunvM [Ba ceguwta no nortpedu. Y
npeocTanom gerny aBMoHa MMa MecCTa 3a jow LWeCT ceauwTa npegsuieHnx 3a
poTauujy nocage unu 3a Heke Apyre HaMeHe.

Nako ce pagm o BojHOM cuctemy, cuctem GlobalEye he BehuHy
onepaTmMBHOTN LMKITyca NPOBECTU Y MUPY, rae Moxe Butn ynotpebrbeH y MHore
CBpXe, Kao LITO Cy KOHTpora Ba3gyliHor caobpahaja, 6opba npoTnB nupara,
NPoOTUB Kpujymuyapa rbyau U HapkoTuka, y onepaumjama cnacasakba, 3alTuTu
BP0 BaXXHMX NMNUYHOCTM, 3aITUTK pubapckux 6pogoBa n HaTHMX ByLIOTMHA K
CNNYHO.

AeuUOH 3a nomopcky koHmposny Swordfish

MocToje ABa dhakTopa Koju ogpenyjy TpXuwTe aBuMOHa 3a MOMOPCKY
KOHTpony — reononutudka cutyaumja (go 2020. roguHe ovekyje ce ga he éutu
yak 120 onepaTuMBHWX MNOAMOPHMLA Yy CBETY) U 3acTapeBake nocTojehunx
aBWOHA Y TOj HAMEHW.

KomnaHvja SAAB ouvekyje aa he HoBu aBuvOH umaTtn go 70% TpoLukoBa
neTewa KOju Baxe 3a HEroBe cynapHuke, kao wTo je Boeing P-8, kao n ga
Hehe goctuhu Buwe og 50% TpollkoBa oApkaBarba JEeTeNMLE TOKOM H.eHOT
pagHor uuknyca.

KomnaHwuja je po cebpyapa 2018. roguHe 3aspwwuna 80% nocrnosa y
Be3n ¢ pasBojem aBumoHa Swordfish n To kpo3 paseoj aBmoHa GlobalEye ¢
063npomM Ha TO Aa ce pagM O MCTOM aBUOHY, UCTOM MOMOPCKOM pagapy u
€NeKTPOONTUYKNM UHCTPYMEHTUMA.

Swordfish uma HocuBoct go 1.200 kr TepeTa Ha CBakoj oA 4eTupwu
YHyTpallkba U YeTUupu CrnosballHa HOocaya, a KoMMaHuja TPeHYyTHO pagu Ha
moryhHocTu yrpahuBawa pakeTa Basgyx-mope Tuna RBS-15 n Topnega
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DCNS-EuroTorp MU90 Mk 3. O4ekyje ce ga he TunmyHa koHdurypauuja omtu:
OBe pakeTe Basgyx-mMope Tuna RBS-15 y yHyTpawswem cnpemMuwity v fBa
Topnega DCNS-EuroTorp MU90 Mk 3, a moryhe kombuHauwje 6une 6u un
yeTupm pakete RBS-15 unm ocam topneaga MU90.

AsuoH 3a nomopcKy koHmpony Swordfish

Nako Swordfish uma mHoro onpeme cnmyHe onpemu asmoHa GlobalEye,
Kao aBMOH 3a MOMOPCKY KOHTPOMly OH mfoceayje [AeTEeKTOp MarHeTcKux
aHomanuvja. Hoen getektop 6uhe Texak go 3,7 kr, WTO je OrpoOMHa pasnuka y
OfHOCY Ha cnu4yaH ypehaj Ha aBuoHy Tuna Nimrod koju je umao macy go 40 kr.
[OomeT petektopa nosehaH je Ha 1.200 m , na je caga omoryheHa noTepaa
LuuIba ca BEpPTUKarHOr U XOPU3OHTasHOr acnekTa.

Y onepauuvjama y Kojuma je yKIibyvyeH OeTEeKTOp MarHeTcKux aHomanwja,
Swordfish moxe noHeTn Buwe og 200 akycTuyHmnx 6oea HATO ctaHgapaa A,
® n . boe ce m3bauyjy nyTem rpaBMTaUMOHOr NAHCUMPHOr CUCTEMA, LUTO
3Hauyu ga je envuMuHucaH nocebaH ypehaj 3a nsbauuBawe 6oBa — Sonobouy
Loading Case, koju je cactaBHu geo onpeme aBuoHa Nimrod MR2 n MRA4,
LUTO CHMXaBa LieHy camor cuctema n noeehasa 6poj 6oBa y ynotpebu.

O6a aBWOHa 3acHoBaHa Cy Ha MNOCroBHOM Mnaskwaky Global 6000, a
eKcnroaTaunoHn TPOLUKOBU CYy CMakweHW 3a jedHy TpehuHy y OfHOCy Ha
onepaTtuBHe TpowkoBe amepuykor P-8. OBe netenuvue cy Mawe, LWUITO 3HA4YU
4a Hucy notpebHe n gyre aepoApoMcKe nMUcTe, AOK Cy MOryhHOCTU Hollewa
ornpemMme N Haopyxaha nosehaHe, a BasgylwHa nnatcgopma nma sehun pagujyc
ejcTBa 1 MOXe NMOHETM BULLE HAopyXXaka 1 onpeme.

LpazaH M. Byukouh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: "“http://orcid.org/0000-0003-1620-5601
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Mo3mB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKLU ONTA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

no3nB U YNYTCTBO AYTOPUMA O HAYUHY NMPUMNPEME YJ1AHKA

YnyTcTBO aytopuma O HayvHy npunpeMe 4naHka 3a objaBrbuBare Y
BojHomexHu4ykom enacHuky ypafheHo je Ha ocHoBy AkTa O YypehuBawy HayyHUX
yaconuca, MwuHMCTapcTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje,
eBuaeHuUmoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MpumeHa osor AkTa
NPBEHCTBEHO CMyXKn yHanpehewy kBanuTeTa gomahmnx yaconuca n HUXoBOr NOTNyHWjer
yKIbyumBawa y MeflyHapogHu cucteMm pasmeHe HayydHux Hdopmaumja. 3acHOBaHoO je Ha
mehyHapogHum ctangapamma ISO 4, 1ISO 8, I1ISO 18, ISO 215, ISO 214, 1SO 18, ISO 690,
1ISO 690-2, ISO 999 n ISO 5122, ogHocHO oaroeapajyhum gomahum ctaHgapanva.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo usgawe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MynTMAMCUMNIIMHAPHM HAy4YHU 4Yaconuc
MwuHuctapctBa ogbpaHe Penybnuke Cpbuje, koju objaBrbyje Hay4yHe U CTpy4YHE UIaHKe,
Kao M TexXHW4Ke MHpopMaumje O CaBpeMEHMM CUCTEMMMA HAopyxawa U CaBpeMEHUM
BOjHMM TexHonorujama. Yaconuc npaTtv jeAVHCTBEHY MHTEPBUAOBCKY TEXHWUYKY MOAPLUKY
Bojcke Ha npuHUMNY NOTUCTUYKE CMCTEMCKe NogpLuke, obracTn OCHOBHUX, MPUMEHEHNX
N pasBOjHUX MCTpaxuBaka, Kao M MPOM3BOAHY U ynoTpeby cpefdcTaBa Haopyxarwa U
BOjHe onpeme, Te oOcTana Teopujcka M MpakTMyHa pJdocTurHyha koja AponpuHoce
ycaBplUaBaky CBMX MpUNagHvWKa cprcke, pernoHanHe v MefyHapogHe akagemcke
3ajegHuue, a nocebHo npunagHuka MuHmuctapctea oabpaHe n Bojcke Cpbuije.

MuHMCTapcTBO npocBeTe, Hayke W TexHomowkor passoja Penybnuke Cpbuje,
carnacHo oanyum m3 ynaHa 27. ctaB 1. Tayka 4), a no npmbaBrbLEHOM MULLIbEHY U3
ynaHa 25. ctaB 1. Tadyka 5) 3akoHa O Hay4HoucTpaxuBadkoj aenaTHocTu (,CnyxbeHn
rnacHuk PC”, 6p. 110/05, 50/06-ucnp. n 18/10), yTBpAMNO je kaTeropusauujy
BojHoTexHuukor rnacHuka, 3a 2017. roguHy:

3a 0b6nacT TEXHOMNOLLKM pa3Boj:

— Ha IUCTM Yacomnuca 3a MaTtepujarne U xeMujcke TexHororuje:

kaTeropuvja Bogehu Hay4HM Yaconuc HaumoHanHor 3Havaja (M51),

— Ha NUCTU Yaconuca 3a efieKTPOHUKY, TerleKoMyHuKauuje u nHcdopmaumoHe
TexHonoruje:

KaTeropuja Hay4yHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NUCTM Yaconuca 3a MaLUHCTBO:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

3a 0bnacT OCHOBHa UCTPpaXuBama:

— Ha NIUCTK Yaconuca 3a MaTemMaTuky, padyHapcke Hayke U MeXaHUKY:

kaTeropuja Hay4Hu yaconuc (M53).

YcBojeHe nucte gomahux yaconuca 3a 2017. roguMHy Mory ce BuOETW Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwHucTapcTBo
npocBeTe, Hayke M TEXHONOoLWKOr pasBoja Penybnuke Cpbuje jow yBek Huje 06jaBuno
3BaHWYHy KaTeropusauujy Hay4Hux Yaconuca 3a 2018. roguHy).

HeTtarsHuje uHopmauuje mory ce npoHahu un Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHomnowkor passoja Penybnuke Cpbuje.
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Mopaum o kateropusaumjym mory ce npatutn n Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja yaconuca nsspLueHa je npema MpaBUnHUKY O NOCTYMKY U HAUYMHY
BpedHOBaka W KBAHTUTATMBHOM MCKa3vBaky HAy4YHOUCTPaXMBavkmx pesyntaTa
ncTpaxueaya, Koju je nponucao HaunoHanmHW caBeT 3a Hay4YHW M TEXHOMOLUKN pasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBUM MPaBUITHUKOM M TaberioM 0 BPCTU M KBaHTUMMKaLMU MHAMBUAYAMHNX
Hay4YHOMCTPaXMBaYKNX pesynTaTa (y cactasy [paBunHuka), objaBreeHu pag y BojHoTexHU4KoM
rmacHuKy BpenHyje ce ca 2 6oga (kateropuja M51), 1,5 Gop (kateropuja M52) n 1 6on
(kaTeropuja M53).

Yaconuc ce npatu y KoHTekcTy Cpnckor uurtatHor uHgekca — CLMHgekc (6asa
nogartaka gomahmx Hay4yHuX yaconuca) u Pyckor nHaekca HaydHor uutmpawa (PUHLL).
MoaBprHyT je cranHom BpegHOBawy (MOHUTOPWHIY) Y 3aBMCHOCTM Of YTWLAJHOCTM
(vmnakta) y camum 6asama u, nocpegHo, y mehyHapogHum (Clarivate Analytics)
uMTaTHMM  uHAaekcuma. [letarbM O uMHAEKCUpawy MOry ce BuAeTM Ha  cajTy
BojHoTexHMYKOr rnacHvka, cTpaHuua MHoekcupare Yacornuca.

BojHoTexHuMukn rnacHuk omoryhaBsa U1 npumewyje Creative  Commons
(CC BY) ogpenbe o aytopckum npaBuMMa. [leTarbM O ayTOpPCKMM MpaBuMMa MOry ce
BUAETW Ha cajTy Yaconuca, cTpaHuua Aymopcka npasa u rnosumuka camoapxusuparba.

PapgoBn ce npepajy nytem OHMajH cuUCTeMa 3a EerekTPOHCKO YypehuBawe
ACUCTEHT, koju je passuo LleHTap 3a eBanyauujy y obpasoBary 1 Hayum (LLEOH).

MpucTyn u pernctpaumja 3a cepBuC BpLUE ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wnu  CUMHOEKC, o0QHOCHO  AOMPEKTHO  Ha  MUHKY
aseestant.ceon.rs/index.php/vtg.

[eTarbHO ynyTCTBO O perucTpauuvjy 1 npujaBn 3a CEpBUC Hamasu ce Ha CcajTy
www.vtg.mod.gov.rs, cTpaHvua Ynymcmeo 3a e-Yp: EnekmpoHcko ypehusamwe —
ACUCTEHT.

MoTpebHO je Hma ce cBM ayTopu KOjM MOAHOCE pyKonNuc 3a oObjaBrbuBam-e Y
BojHoTexHuuykom rnacHuky permuctpyjy y peructap ORCID (Open Researcher and Contributor
ID), nmpema ynyTcTBY Ha CTpaHMum cajta Peaucmpauuja 3a Oobujare ORCID
udeHmucgbukayuUoHe wugpe.

BojHOTEXHMYKM rNacHUK ObGjaBrbyje YnaHKe Ha CPrICKOM, PYCKOM W EHINECKOM je3uKy
(arial, cpncka hupunuua unu cprncka naTmHuua, BenuuuHa cnosa 11 pt, npopea Single).

Moctynak npunpeme, nucawa n ypefueara unaHka Tpeba ga Gyae y carmacHocTh ca
W3jasom o0 emuykom nocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba ga cagpxu caxeTak ca Kiby4HUM peunma, YBOA, pa3pajy, 3aKkibyyak,
nuTepaTypy 1 pe3umMea ca Kiby4HUM peyrma Ha EHINECKOM U PYyCKOM je3nky (b6e3 Hymepaumje
Hacnosa u nogHacnosa). Obum ynaHka Tpeba ga G6yae oko jegHor aytopckor Tabaka (16
cTpaHuua copmata A4 ca npopeaom Single), a HajsuLwe 24 cTpaHuLe.

Unanak Tpeba pa Oyde HamucaH Ha obpacuy 3a nucawe uYnaHka, Koju ce 'y
€1eKTPOHCKO] hopMmM MOXe Mpey3eTu ca cajTa Ha cTpanvum Obpa3say 3a nucarbe YnaHka.

Hacnos

Hacnos Tpeba ga ogpaxaBa TeMy YnaHka. Y UHTEpecCy je yaconuca v aytopa aa ce
KOPWUCTE peun NpuknagHe 3a UHAEKCUpare U npeTpaxvBarse. AKO TakBUMX peun Hema y
HacroBy, NOXeJSbHO je Aa ce npuaoda u nogHacnos. Hacnoe Tpeba na 6yne npeeegeH u
Ha eHrneckn 1 pycku jesuk.

OBWU HacnoBu UCMNKCYjy Ce Ucnpes caxeTka Ha ogroBapajyhem jeauky.
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Tekyhu HacnoB

Tekyhn HacrnoB ce ucnucyje ca CTpaHe CBake CTpaHuLUe YnaHka paav nakule
naeHTudukaumje, nocebHo konuja unaHaka y enekTpoHckoM obnuky. Cagpxu npesvme u
MHUUMjan MMeHa ayTopa (ako ayTopa MMa Bulle, npeoctanu ce o3HayaBajy ca et al.*
unu 1 ap.“), Hacnoee paga u Yaconuca u konauujy (rognHa, BONTlyMeH, CBECKa, NoveTHa
1 3aBplUHa cTpaHuua). Hacnosu yaconuca v YnaHka mMory ce Aatu y ckpaheHomM obnuky.

Ume ayTopa

Hasogam ce nyHo ume 1 npesume (CBMX) ayTopa. Beoma je noxersHo Aa ce HaBedy
N cpefdwa crnosa aytopa. ViMeHa u npesumeHa gomahux aytopa yBeK ce ucnucyjy y
opuvrnHanHoM obnuky (ca CpnckuM AUjakpUTUHKMM 3HaKOBMMA), HE3ABUCHO Of je3uka Ha
KOjeM je HanucaH pag.

HasuB yctaHoBe ayTopa (achmnujauuja)

Hasogwu ce nyH (3BaHW4HW) HA3MB M CeauLUTe YCTAHOBE Yy KOjOj je ayTop 3arnocreH, a
€BEeHTyanHo M Ha3vWB YCTaHOBE Y KOjoj je ayTop 06aBuvo UCTpaxuBame. Y CrOXEHUM
opraHusauMjamMa HaeBogu ce ykynHa xujepapxuja (Hnp. YHuBepauteT opbpaHe y Beorpagy,
BojHa akapemwuja, Kateopa npupogHo-matemaTtndkvx Hayka). bap jenHa opraHusauuja y
Xujepapxvju mopa OuTM npaBHO nuue. AKO ayTopa MMa BULLE, @ HeKW MOTUYYy U3 uCTe
ycTaHoBe, Mopa ce, MocebHMM O3HakamMa WnM Ha ApYrv HayvH, HasHauMTu U3 Koje of
HaBedeHMX yCTaHOBa MOTMYe CBakM Of HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKUMja 1 3BaHe ayTopa Ce He HaBode.

KoHTakT nogauu
Agpeca unu e-agpeca CBMX aytopa aje ce nopes MMeHa 1 npesumeHa aytopa.

KaTteropwuja (Tun) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuWTBa M Of MocebHe je BaKHOCTM.
KaTeropujy unaHka mory npegnaratm peueH3eHTW W YnaHoBW YpegHWLITBA, OOHOCHO
ypeaHuum pybpuka, anu OQrOBOPHOCT 3a KaTeropvsauujy CHOCU WCKIbYYMBO [MaBHU
ypeaHuK.

YnaHuwm y Yaconucuma ce pasBpcraBajy y cnegehe kateropuje:

HayuyHn unaHum:

1. opurMHanaH Hay4Hu YnaHak (pag y kojem ce n3Hoce NpeTxofHo HeobjaBrbnBaHu
pesynTaTi CONCTBEHWNX UCTPaXuBama Hay4HUM METOAOM);

2. npernegHu YnaHak (pag Koju cagpXu opurMHanaH, getarbaH U KpUTUYKK nprkas
ncTpaxusaykor npobnemMa wnu nogpyyja y kojem je aytop ocTtBapuo ogpeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

3. KpaTKo UM NPeTxXodHO caonwTerwe (OpUrMHanHW Hay4YHu pag nyHor dopmaTa,
anun marer obuma nnm NpenUMMUHapHOr KapakTepay);

4. HayyHa KpWTMKa, OAHOCHO nornemwuka (pacnpaBa Ha ogpefeHy HayyHy Temy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u ocBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe WuMaTty obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOT u3dawa HayyHe rpahe (MCTopujcKo-apXmBCke,
nekcukorpadcke, bubnuorpadcke, npernega nogataka U Cn.) — OoTad HemosHate unm
HEe[0BOSbHO MPUCTYNaYHe 3a Hay4YHa UCTPaXKMBaHa.

PapoBu knacudukoBaHn Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieH3uje.

AKo ce y yaconucy objaBrbyjy ¥ Npuo3n BaHHay4yHOr KapakTepa, Hay4YHu uYnaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.
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CTpyyHM ynaHuym:
1. CTPyYHM 4naHak (Npuror y Kojem ce Hyde MCKycTBa KOpuCHa 3a yHanpehene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3aCHOBaHa Ha Hay4YHOM METOAY);

2. UHbopmMaTMBHU Npurior (YBOAHWK, KOMEHTap 1 cn.);
3. npukas (KwUre, padyHapckor nporpama, criyyaja, HayyHor gorahaja, v cn.).
Je3uk papa

Jesuk pafia moxe GUTY CPCKU, PYCKU UMK EHIMECKN.

TekcT mMopa OUTK je3nykn U CTUIICKU JOTepaH, cucTemMaTu3oBaH, 6e3 ckpaheHuua
(ocum cTaHgapaHux). Cee husnyke BenuYMHe Mopajy 6uTh uspaxeHe y MehyHapogHom
cucTeMy MepHUX jeamHuua — Sl. Pefocnen obpasaua (hopmyna) o3HayaBa ce pegHum
OpojeBMMa, ca fecHe CTpaHe y OKpyrnuM 3arpagama.

CaxeTak (ancTpakT) U pesume

CaxeTak (ancTpakT) jecTe kpaTak MHoOpMaTUBaH Npukas cagpkaja YnaHka Koju
ynTaouy omoryhaBa ga 6p30 M TayHO OLIEHW HEroBY PENeBaHTHOCT. Y MHTepecy je
ypegHvlWTaBa M aytopa [a CaxeTak CafpXu TepMMHE KOju ce 4YecTo Kopucte 3a
MHAEKCUpake U npeTpary unaHaka. CactaBHW JenoBM CaXeTka Cy LWrb UCTpaxuBarb-a,
meToau, pesyntaTu u 3akrbydak. CaxeTak Tpeba aa uma og 100 go 250 peun n Tpeba ga
ce Hanasu uamelly 3arnaerba (HacrnoB, MMeHa ayTopa U Ap.) U KIbyYHUX PeYn, HaKoH
KOjUX crneam TEeKCT YnaHka. AKo je paj HanMcaH Ha CPrcKOM UMM PYCKOM je3UKy, MOXEIbHO
je oa ce, nopen caxeTka Ha CPMCKOM M PYCKOM, Aaje U CaxeTak Y NpOoLUMPEHOM 06nnky
Ha EHINeckoM je3nky — Kao T3B. pe3nmMe (summary). OBakaB pe3ume Tpeba ga byae Ha
Kpajy unaHka, HakoH oferbka Jlutepartypa. BaxHo je na pesume byge y CTpykTyprpaHom
00nuKy, a keroBa gyxuHa moxe 6utn o 1/10 gy>kmHe unaHka (ONWMpPHUjK je of caxeTka
ca noyeTka 4naHka). lNMoyeTak oBor peammea Moxe OUTV NpeBefeHM caxeTak (ca noyeTtka
ynaHka), a 3atum Tpeba fa crnefe nNpeBefeHW MaBHU HACMOBU, NMOAHACMOBM U OCHOBE
3aKrbyyka YnaHka (nutepaTtypa ce He npeBoam). [NoTpebHo je aa ce y CTpyKTypupaHoM
pesumey npesBefe U Oe0 TEeKCTa Ucnog Hacrnosa u nogHacnosa, Boaehu pavyHa aa oH
Oyae nponopuMoHanaH HUXOBOj BENUYUHMW, a Aa OApaxasa CyLTUMHY. HakoH peanmvea Ha
€HINEeCKOM je3unKy (NpOLUMPEHOr CcaxeTka) JoOaje Ce HeroB NpeBog Ha CpnckoMm, aa ou
pefakuvja usspLunna npoBepy v NeKTypy.

KrbyuHe peun

KrbyuHe peun cy TepmumHu unu dpase Koje agekBaTHO npefcTaBrbajy caapaj
ynaHka 3a notpebe uHgeKkcupara 1 npeTpaxusara. Tpeba nx gogerbusatv ocnamajyhu
ce Ha Heknm mehyHapooHu u3Bop (MOMWUC, PEYHWK MMM Te3aypyc) Koju je Hajwmpe
npuxeaheH uMnuM yHyTap gate HayyHe obnactu. 3a HMnp. Hayky yonwTe, TO je nucTa
KIby4HUX peun Web of Science. Bpoj kibyuHux peun He moxe 6utm Behm og 10, a y
MHTEpPECY je ypeaHWLITBa U ayTopa [a Y4YecTarnocT wuxoBe ynotpebe Oyae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH unaHak (CaxkeTak) M Ha eHrneckom
jesnky. Y unaHKy ce nuLly HEMOCPEAHO HAKOH CaxeTka, OOHOCHO HaKoH pe3nmMea.

Cnctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
EKCTPaxoBake KIbYYHUX peyn M3 OUCLMNIMHApHUX Tesaypyca/pedHuka no u3bopy u
PYTUHe 3a HMXOB ogabup, Tj. NpuMxBaTake OOHOCHO oabauvBarwe of CTpaHe ayTtopa
n/vnu ypeaHuka.
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[aTym npuxBaTama 4YnaHka

[atym kaga je ypeOHULITBO NPUMWIIO YlaHak, AaTyMm Kada je ypeOHWLUTBO KOHaYHO
NpuxBaTWIIO 4naHak 3a objaBrbMBake, kKao M OaTyMu kaja cy y MehyBpemeHy
JOCTaBIbeHe eBeHTyarlHe UCNpaBke pyKonuca HaBoge ce XPOHOMOLKMM PeaocnefoMm, Ha
cTanHoM MecTy, Mo NpaBumy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0AHOCHO HA3MB Nporpama y OKBMPY Kojer je YnaHak HacTao,
Kao U Ha3uB MHCTUTYUMje Koja je ouHaHcupana npojekaT unu nporpam, HaBogu ce Yy
nocebHoj HaNnoOMeHW Ha cTanHOM MecCTy, MO MPaBWIy NPy AHY NPBE CTpaHe YnaHka.

MpeTxoaHe Bep3uje paaa

AKO je YnmaHak y npeTxodHOj Bepavju 61O M3NOXeH Ha CKymy y Buay YCMeHor
caonwrTerwa (MO4 MCTUM WNW CAUMYHUM HACMOBOM), nogatak o Tome Tpeba ga Gyae
HaBedeH y NoceGHOj HanomeHw, No NpaBuny Npu AHY NpBe cTpaHe uynaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 006jaBuTU y BOjHOTEXHUYKOM FMacHuKy
(npewTamnaTy), HA NOZ CAMYHUM HAacNoBOM U U3MEHEHOM OBIMKY.

TaGenapHu u rpacuykn npukasm

MoxerbHO je Aa HacrnoBW CBUX Mpukasa, a no moryhcTBy U TeKcTyarnHu cagpxaj,
6yny naTv ABOjE3VNYHO, Ha je3UKy paZia U Ha eHIMECKOM je3uky.

Taberne ce NvLy Ha UCTWM HAYWH Kao M TEKCT, @ 03HayaBajy ce pegHum bpojeBmma
ca ropre cTpaHe. Potorpaduje n upTexu Tpeba aa 6ygy jacHw, nperneaHu 1 NorogHu 3a
penpoaykuujy. Liptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
LpTexe Tpeba NOCTaBUTK Ha EILEHO MECTO Y TEKCTY.

3a cnuke n rpadMKoHe He CMe ce KOPUCTUTM CHMMaK ca eKkpaHa padyHapa
nporpamMa 3a npukynsbarwe nogataka. ¥ camoMm TeKCTy unaHka npenopydyyje ce ynotpeba
cnvka u rpadmkoHa HenocpeaHo M3 nporpama 3a aHanudy nogartaka (kao wro cy Excel,
Matlab, Origin, SigmaPlot u gpyru).

HaBohewe (UuTnpame) y Tekcty
HauvH nosvBana Ha M3BOpE Y OKBMPY YraHka Mopa 6uTu jegHoobpasaH.

BojHOTEXHMYKM rNacHuUK 3a pedepeHumpare (LMTupawe 1 HaBohewe nutepartype)
npumetrsyje XapBapacku cuctem pedepeHLumn, OfHOCHO XapBapacku NPUPYYHUK 3a CTUI
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y OBWU4HUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MOo3uBawe, OAHOCHO LuTMpamwe nutepaType
HabpojaHe Ha Kpajy YnaHka, obaBesHo y 061YHOj 3arpagu HanucaTtu Nnpe3nMe LmMTupaHor
ayTopa, roAuHy mu3gama nybnukauuje U3 Koje uMtTupaTte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTarbHo ynyTCTBO O HauuHy LWUTUpara, ca NpUMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a XapeapOcku rpupy4Huk 3a cmus. MNoTpebHo je oa ce no3vBake Ha
nuTepaTypy y TeKCTy ypaaum y cknagy ca nOMeHyTUM YryTCTBOM.

Cunctem ACUCTEHT y cBpxy KOHTporne HaBohewa (UMTuparsa) y TEKCTY KOpUCTH
cneuunjanHy anatky CiteMatcher: oTkpuBawe U30CTaBIbEHUX LMTaTa y TEKCTY paga u 'y
nonucy pedepeHLu.

HanomeHe (dycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj ce Hamnasu TeKCT Ha Koju ce ofHoce.
Mory cagpxatn mare BaxHe deTarbe, AOMNyHcka objallbera, HasHake o kopuwheHum
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1M3BopuMa (Ha npumep, Hay4yHoj rpafu, NpupydyHMuMMa), anu He mory 6utn 3ameHa 3a
LUTMpaHy nuteparypy.

INucTa pecepeHumn (nutepartypa)

LintupaHa nutepatypa obyxBaTta, no npasuny, Gubnuorpadcke n3sope (4naHke,
MoOHorpadumje 1 cn.) U gaje ce UCKIbY4MBO Yy 3aceOHOM oferbKy unaHka, y Buay nuicre
pedepeHun. PedepeHue ce He npeBofe Ha je3vk paga v Habpajajy ce y nocebHom
oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMAcHUK, KAa0 Ha4yMH MCnuca nuTepaType, NpuMekbyje XapBapacku
cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBe3HO nuile Ha nNaTMHWYHOM NUCMy M Habpaja no abeuenHom
pepocneny, Hasogehu Hajnpe npesumena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npuMepuma, AaTo je Ha
cTpaHuuM cajta Ynymcmeo 3a XapeapOcku npupyyHuk 3a cmus. MoTpebHo je pa ce
nonuc nuTepaTtype Ha Kpajy YnaHka ypaau y cknagy ca noMeHyTUM yryTCTBOM.

HecTtaHgapaHo, HEMOTMYHO UNKU HegocneaHo HaBohewe nuTepaTtype y cuctemmnma
BpedHOBaka vaconuca cmartpa Ce [JOBOSbHMM pasfioroM 3a OcrnopaBake HayyHor
cTaTyca Yaconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOmne npaBwiHOr mcnuca nucre pedepeHum
KOpuCTK cneumjanHy anatky RefFormatter: koHTpona o6nuvkoBawa pedepeHumn y cknagy
ca XapBapacKnM NpUpY4YHUKOM 3a CTWI.

MponpaTtHo nucmo (camo 3a aytope u3 Peny6nuke Cpbuje u no nocebHom
3axTeBy ypeaHuka)

Mopen unaHka gocTaerba ce nNponpaTHO NUCMO Yy Kojem Tpeba nctahu o Kojoj BpCcTr
uynaHka ce pagu, Koju cy rpaduykm npunosu (potorpachmje n LpPTEXN) OpUrMHANHK, a
KOj\ NO3ajMIbEeHMN.

Y nponpaTHOM MMCMYy HaBoAe Ce U Nnofaun aytopa: MMe, Cpefhe CIoBo, nNpesvme,
YuH, 3Bakbe, e-mawn, agpeca nocnogasua (BIM), kyhHa agpeca, TenedoH Ha pagHOM
MecTy 1 kyhHu (MO6GuNHW) TenedoH, pavyH n Ha3uB GaHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte u JMbB rpafaHa.

CBM pagoBM NoAnexy CTPYYHOj peLeH3uju.

Cnuncak peueH3eHata BojHOTEXHMYKOr rnmacHMka MoXe ce BMOETU Ha CTpaHuuum
cajta Cnucak peueHseHama. [lpouec peueH3upawa objalwbeH je Ha cTpaHuum
cajTa PeueH3eHmcKu rnocmyrak.

Appeca pepakuuje:

BojHOTEXHMYKM rNacHUK

eHepana MNaena Jypuwwuha Wtypma 1

11000 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
"MaBHW 1 OArOBOPHN YPEAHUK
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@maod.gov.rs,

http://orcid.org/0000-0003-3217-6513,
Ten.: BojHn 40-260 (011/3603-260),
066/8700-118
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NPUMMALLEHUE U UHCTPYKLINA AN ABTOPOB O NMOPAOKE
noAaAroToBKU CTATbM

MHCTpykuns anst aBTOpPOB O Mnopsake MOArOTOBKM CTaTbM K OnybnvkoBaHuioo B
XypHane «BOeHHO-TEeXHWYECKNA BECTHWK» pa3paboTaHa B COOTBETCTBMM C AKTOM O
pPeAakTVPOBaHMM  Hay4HbIX >KypHanoB MwuHuCTEpCTBA HaykM W TEXHOMOrM4eckoro
pa3sutua Pecnybnukn Cepbusa, Ne 110-00-17/2009-01 ot 09.07.2009 r. NpumeHeHne
3TOro AKTa CnocobCTBYeT MOBBLILLEHWUIO KayecTBa OTEYECTBEHHbIX XXypHanoB U ux Gonee
nonHomy BOBIIEYEHNIO B MeXOyHapOoaHYH0 cuctemy obmeHa
Hay4yHOM MHopmMaumen. NHCTpyKUMs COOTBETCTBYET MexayHapoaHbIM ctaHaapTam ISO
4, 1S0O 8, ISO 18, ISO 215, ISO 214, I1ISO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYOLWMM cTaHAapTam Pecnybnuku Cepbus.

BoeHHo-TexHu4yeckun BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.mMo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wusgaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, saBnsetcsa
MyNbTUANCUMNIVHAPHBIM Hay4YHbIM >XypHanom MuHucTepctBa obopoHbl PecnyGnuku
Cepbus, koTopbIi nNyGnuMkyeT HayyHble W npodpeccuoHanbHble CcTaTbM, a Takke
TEXHUYECKYI0 MHAOPMAaLMIO O COBPEMEHHBbIX CUCTEMAax BOOPYXEHUS U COBPEMEHHbIX
BOEHHbIX TexHonormsx. MypHan crneguT 3a eOMHOW  MEXBWMOOBOW  TEeXHUYECKOW
noaaepXKon BOOPYXKEHHbBIX CWI, OCHOBaAHHOW Ha MPUHLMNAX CUCTEMHOW NOMMCTUKK, 3a
NPUKNagHeIMM 1N MHHOBAUMOHHBIMW HayYHbIMW UCCNEAoBaHUAMW, B TOM 4ucre, B
obnacTv Npon3BOACTBa BOOPYXXEHMS N BOEHHOW TEXHWKW, U 3@ NPOYUMU TEOPETUHECKUMU
N NPaKTUYECKMMWN OOCTUXEHUSIMU, KOTOPblE CMOCOGCTBYIOT NpodeccrMoHanbHOMYy poCTy
npeactaButenen cepbCcKoro, pervoHanbHOTO W MEXAYHapOAHOro  akageMu4eckoro
coobuecTtBa, n ocobeHHO BoeHHocnyxawmx Munuctepctea O60poHbI 1 BOOPYKEHHbIX
cun Pecny6nuvkm Cepbus.

MuHncTepcTBO 00pa3oBaHMsi, HaykM W TexHOMnorMdeckoro passutus Pecnybnuviku
Cepbus, cornacHo peLUeHnto MPUHSTOMY B COOTBECTBUM CO CT. 27 absau 1, NyHKT 4 1 Ha
OCHOBaHWM TomKoBaHusi cT. 25 abs3au 1 nyHKT 5 3akoHa O Hay4HO-MUCCreaoBaTENbCKON
aesitenbHocTn («Cnyx6eHn rmacHuk PCx», Ne 110/05, yTBepaunno kateropusaumio «BoeHHo-
TEXHNYECKOro BeCTHMKa» 3a 2017 roa:

KaTteropun B 06nacTv TEXHONOrM4eCcKoro passuTus:

— O6bnacTb MaTepuanoB U XMMU4YECKOW TeXHONOru:
BeAYLLMIN Hay4YHbIV XXypHan HauMoHaneHoro 3HaveHus (M51),

— O6nacTb 3NEKTPOHUKK, TEeNeKOMMYHMKauMm U  MNHGOPMALMOHHBLIX
TEeXHONOMUI: HayYHbIN XypHan HaunoHanbHOro 3HadyeHusi (M52),

— O6nacTb MeXaHUKM:

Hay4HbIV XXypHan HauMoHanbHoro 3HavyeHus (M52).

KaTteropun B 061acTi OCHOBHbIX UCCNeA0BaHWUIA:

— O6nactb maTemMaTuKa, KOMMNbIOTEPHbIE HAaYKN, TEXHUYECKUE HayKu:

Hay4HbIV xxypHan (M53).

C nHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2017 rog MOXHO O3HAKOMUTLCS
Ha cTpaHuue canTa «BoeHHO-TexHUueckoro BecTHUka» Kameeopu3auusi BecmHuka
(MUHMCTEPCTBOM MNPOCBELUEHNS,, HayKM W TEXHOMNOrM4eckoro passutua Pecnybnuvku
Cepbus noka He npov3BegeHo ouLManbHOrO pPaHXUPOBAHUS HayYHbIX >XypHarnoB 3a
2018 rop).

Bornee noapobHyl WHOPMaLUMI0 MOXHO HaWTu Ha cante MuHucTepcTBa
obpasoBaHus, Hayku 1 TexHonorm4eckoro pa3sutusi Pecnybnuku Cepbus.
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C uvHopMaLumen o kateropusaumMm MOXHO O3HakOoMUTbCA M Ha cante KOBCOH
(KoHcopumnym 6mubnumotek Pecnybnukmn Cepbusi no BonpocaMm 06beaAnHEHNUsT 3aKyMOK).

Karteropusauusi BectHuka npoBefeHa cornmacHo [lonoxkeHuio o nopsigke u crnocobe
KaTeropmsaumm Hay4yHO-UCCrenoBaTeNbCKMX pPe3ynbTaToB, YTBEPXKAEHHOrO HauuoHanbHbIM
KOMMWTETOM NO Hayke v TexHonorusim (Cnyxbenu rmacHuk PC, Ne 38/2008).

B cootBeTcTBUM C Bbilleyka3aHHbIM [lonoxeHnem u Tabnuuen c nokasaTensmmu
Knaccudukaumm M KateropusaummM  MHAMBUAyanbHbIX  HAYYHO-UCCMEeOoBaTEeNbCKUX
pesynbTaToB, SBMSIOLWENCS HEOTbEMIIEMON 4YacTblo [lonoxeHusi, HayyHas CcTaTbs,
onybnukoBaHHas B « BOEHHO-TEXHWYECKOM BECTHUKEY», OLIEHMBAETCA CreayoLyM cnocobom:
2 6anna (kateropusa M51), 1,5 6anna (kateropusa M52) n 1,5 6ann (kateropus M53).

XKypHan cootBeTcTByeT cTtaHgapTam Cepbckoro MHAeKca Hay4yHoro LUMTUPOBaHUS
(CUMHpekc/SCIndeks) — HaykomeTpuuecko 6a3bl  AaHHbIX HayYHbIX KypHarnoB
Pecny6nukn Cepbus, a Ttakke Poccuinckoro nHgekca HayvyHoro umtupoBanus (PUHLL).
KypHan nocTtosiHHO nogBepraeTcsi MOHWUTOPUHIY W OLEHMBAETCH KONMMYECTBEHHBLIMMU
HayKOMEeTPUYECKMMIN MOoKasaTensamMmn, OTPaXaloLMMU €ro HayyHYyl LEeHHOCTb, B T.4.
onocpenoBaHHO B MeXAyHapOAHbIX nHaekcax umtnpoBaHus (Clarivate Analytics).

C vHdopmaumenn 06 MHOEKCUPOBAHMU MOXHO O3HaKOMUTLCS Ha CTpaHule cainTa
XypHana UHOekcuposaHue BecmHuka.

«BoeHHO-TexHn4Yecknn  BecTHuk»  obecneuvBaeT uyuTaTensaM  BO3MOXHOCTb
OTKPbITOTO ~ AOoCTyna, B  COOTBETCTBUM C  MOMOXeHWsMM 06  aBTOPCKMX
npaeax, yTBepxaéHHuoimn  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX MPaBax MOXHO O3HAKOMWTbCS Ha CTpaHuue Aemopckue rpasa u rnonaumuka
camoapxusuposaHusi, nepenas no ceolnke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaBnsloTCs B pedakumio XXypHana ¢ Ucrnonb3oBaHvem online
cuctembl e-Yp: OnekTtpoHHoe u3patensctBo — ASSISTANT, 3anyuieHHon LieHTpom
nogaepxu passutusi obpasosaHus n Hayku (LIMPOH).

Pernctpauus B cucteme n odopmreHue npaeB AOCTyna BbIMOMHSAETCS NO aapecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnn CLUMHOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTpyKUMEeWn Mo perucTpauum u npasam AOCTyNa MOXHO O3HAaKOMUTbLCS MO
appecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue WHcmpykyus no e-Yp:
AnekmporHoe usdamenscmeo ASSISTANT.

Bce aBTOpbl, MpegocTaBfsiolMe CBOW pykonuMcu Ans nybnukaumm B pedakumio
XypHana «BoeHHO-TEXHUYECKUIA BECTHUK» AOIMKHbI MPONTU NPpeaBapuTENbHYIO perucTpaumio
B peectpe ORCID (Open Researcher and Contributor ID). Ota npoueaypa ocyLecTensieTcs B
COOTBETCTBAN c VHCTPYKUMEN, pa3meLLieHHOW Ha CTpaHuLe cavita
Pezaucmpauyus e peecmpe ORCID dnisi npuceoeHust udeHmugbukayuoHHO20 Koda.

«BOEHHO-TEXHUYECKUIA BECTHUK» MyGNMKyeT cTaTbM Ha cepbCKOM, pyCcCKOM Wnu
aHrnuinckoMm asbikax (Arial, wpudT 11 pt, npoben Single).

Mpouecc NOAroTOBKM, HaAMMCaHUA W pedaKkTUpOBaHUA  CTaTbM  OOMKEH
OCYLLECTBNATLCA B COOTBETCTBUM  C  MpuHUMNaMuM  dmuyecko2o  Kodekca
(http://lwww.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CraTbsl [JoOmkHa cofepXaTb aHHOTauMi0 C KM4YeBbIMU CrioBamu, BBeOEHUE,
OCHOBHYK 4acTb, BbIBOAbl, CMMCOK WCMOMb30BAHHOW nuTepaTypbl W pe3ioMe C
KIMOYEBBIMU  CMOBaMW  Ha  aHrMuMUCKOM  s3blke (6e3  Hymepauuu  3arofioBKOB U
nopsaronoskoB). O6bEM cTaTbM He AOSKEH npeBbilwaTb OAWH asBTopckui nucT (16
cTpaHuy cbopmaTta A4 ¢ npobenom Single).
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Ctatbs gomkHa ObITb HabpaHa Ha KOMMbOTEPE C UCMOMb30BAaHMEM CreuuarnbHO
NnoAroTOBMEHHOIO  pedakuMen  MakeTa, KOTOpbIi  MOXHO CkadaTb Ha  CTpaHuue
cavita lNpasuna u obpasey cocmaesnieHus cmamabu.

3aronoBok

3aronoBok JOmkeH oTpaxaTb TeMy cTaTbu. B uWHTepecax xypHana u aBTopa
HeobxoaMMO MCnofb30BaTh CrOBa WM CIIOBOCOYETaHUSA, yAOOHble AN uvHOeKcauun u
novcka. Ecnu Takne cnoBa He coaepxaTtcsi B 3aronoBke, TO XenaTernbHO Ux JobaBuTb B
NnoA3aronioBoK. 3aronoBOK [OMKeH ObiTb nNepeBefEéH Ha aHrmMUACKUiA A3blk. HaseaHue
3aronoBka (noasaronoBka) NULLETCHA nepes aHHoTauMen Ha COOTBETCTBYIOLLIEM A3bIKE.

Tekywuin 3aronoBoK

TeKyWwmnin 3arofloBOK MULLETCA B TUTYME KaXOOW CTPaHUubl CTaTbU C LEMbio
yrnpolleHns npouecca wuaeHTudukauun, B MNepByl o4depedb KOnMui ctaTbell B
3NEKTPOHHOM Buae.
3aronoBok cofepxuT B cebe cdamunuio M MHWUMAN MMeHW aBTopa (B crnyvae ecnu
aBTOPOB HECKOSbKO, ocTanbHble obo3HavatTcs ¢ «et al.» unu «u gp.»), HasBaHue
paboTbl M >xypHana (rod, TOM, BbIMYCK, HadanbHas W 3aKnuUTENbHas CcTpaHuua).
3aronoBok cTaTby 1 Ha3BaHWE XypHana MoryT 6biTb NPUBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoaATCA NonHas aMunus U NonHoe uMsi (Bcex) aBTopoB. XKenatenbHo, YTobbI
6bINn yKkasaHbl MHMLUMANbI 0TYeCTB aBTopoB. ®amunusa n UMsa asTopoB M3 Pecnybnvku
Cepbusi Bcerga nuwyTCcs B OpUrMHanbHOM BuAe (C cepbCKMMM  AUaKpUTUYECKUMU
3HaKkamu), He3aBUCKMMO OT sI3blka, Ha KOTOPOM HanucaHa paboTa.

HanmeHoBaHue yupexaeHusa aBTopa (addunumauus)

MpuBognTCcA nonHoe (oduvuManbHOE) HaMMEHOBaHWe W MEeCTOHaxoXaeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe y4pexaeHunsl, B KOTOPOM
aBTop MpoBEN wuccnegoBaHne. B cnyyae opraHusauMm CO  CNOXHOWM  CTPYKTYpOW
NpUBOANTCH UX Mepapxmyeckas COnoAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadeapa
BOEHHbIX 3M1EKTPOHHbIX cUCTeM, I. benrpaa). Mo kpaiiHel mMepe, ogHa U3 opraHu3auuin B
nepapxumv JOSmKkHa MMeTb CTaTyc ropuanyeckoro nuua. B crnyyae ecnm ykasaHO HECKONbKO
aBTOPOB, U €CNN HEKOTOPbIE U3 HUX paboTaloT B OOAHOM YYPEXOEHWUN, HYXKHO OTAENbHbIMU
0603Ha4YeHUsIMN MNKM KakuM-nmbo Apyrum crnocobom ykasaTb B KakOM M3 NpUBEAEHHbIX
yypexaeHun paboTtaeT Kaxabli 13 aBTopoB. Addpunuaums nuweTcs HemnocpencTBEHHO
nocne ®UO asTopa. [JomkHOCTb U CneumnanbHOCTb Mo AUNSIOMY HE YKasbIBaloTCS.

KoHTakTHble faHHble
OneKTpPOHHLIN adpec aBTopa YKasblBATCS PSOAOM C €ro MMEHeM Ha nepBou
CTpaHuUbl CTaTbMy.

KaTteropusa (tun) ctatbu

KaTteropusauma ctatben sBnsieTcs o0A3aHHOCTBIO pedakuum u umeeT ocoboe
3HaveHue. KaTeropuio ctatbu MOryT mpegnaratb PeLeH3eHTbl U YreHbl pedakumn, T.e.
pepakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropusaumio HeceT WCKMoYUTENbHO
rnaeHbIn pegakTop. CTaTby B XypHane pacnpeaensaoTcs No Cneayrowmm KaTeropusm:

Hay4Hble cTatbu:

1. opurMHanbHasi HayyHasi cTaTbsl (paGoTa, B KOTOPOW MpUBOAATCA paHee
HeonyGnMKoBaHHbIe pe3ynbTaTbl COOCTBEHHbIX UCCMeOoBaHWUi, MONyYeHHbIX HayYHbIM
MeToaoM);
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2. ob3opHas cTaTbs (paboTa, coaepxallasi OpWrMHanbHbIA, AeTanbHblA U1
KpuTuyeckuin ob3op uccnegyemon npobrembl unu obnactn, B KOTOPbLIN aBTOp BHEC
onpeaenéHHbIi BKNag, BUAUMbIA Ha OCHOBE aBToumTar);

3. KkpaTkoe cooblueHue (opuruHanbHasi HayyHasi paboTa nonHoro copmarta, Ho
MeHblUero o6béMa Unu uMetoLLas npeasapuTerbHbIi XxapakTep);

4. Hay4Hasi KpUTUYeckasl CTaTbsl (OUCKYCCUSI-NOSIeMMKa Ha OMNpeaenéHHyo HayuyHyto
TeMy, OCHOBaHHasi MCKITIOYUTESIbHO Ha Hay4HO apryMeHTauum) 1 HayYHbI KOMMEHTapWIA.

OpHako, B HEKOTOPbIX 06NacTsX 3HaHWI Hay4yHas paboTa B XXypHarne MOXeT UMeTb
dopmy MOHOrpadhm4ecKoro UCCneaoBaHus, a Takke KpUTUYECKOro 06CyKaeHNss Hay4HOro
mMaTepuana (MCTOPUKO-apXMBHOIO, fekcukorpadmyeckoro, bubnuorpadumyeckoro, o63opa
AaHHbIX W T.N.) — 4O CMX NOP HEU3BECTHOrO UMM HEAOCTATOYHO AOCTYMHOMO ANs Hay4HbIX
nccnepoBaHuii. PaboTbl, kKnaccuuuMpoBaHHble B Ka4eCTBE Hay4HbIX, JOJKHbI UMETD,
Mo MeHbLUEW Mepe, ABE NONOXUTENbHbIE PELIEH3NN.

B cnyuae ecnm B xxypHarie 0GbABMAIOTCA U NPUNOXEHUS, HE UMEIOLLIME HaYYHbIA XapaKTep,
Hay4HblEe CTaTby JOMKHbI BbITb CrPYMNMPOBaHbI M YETKO BbiAENEHb! B NepBOI YacTy HoMepa.

[podheccroHanbHble cTaTbi:

1. npodheccrnoHanbHaa paboTa (MPUNOXeHWs, B KOTOPbIX MpeanaratTcs onbiThl,
nonesHble ANA COBEPLUEHCTBOBAHUS MPOMECCUOHANLHOW MPaKTUKM, HO KOTOpble He
AOIMXHbI B 06513aTenbLHOM nopsiake 6biTb 060CHOBaHbLI HA HAYYHOM MeToAe);

2. HOPMAaTNBHOE NPUNOXEHNE (NepeaoBas cTaTbsi, KOMMEHTapUiA U T.M.);
3. 0630p (KHMIM, KOMNBIOTEPHOW NPOrpamMMmebl, Cryyas, Hay4Horo cobbITvs 1 T.m.).

A3blk paboTbl
PaboTta MoxeT BbITb HanMcaHa Ha cepBCKOM, PYCCKOM MW aHFMUACKOM S3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUITMCTUHECKOM CMbICNE YNOpPSA0YEH,
cucTemMaTtusnpoBaH, 6e3 CokpalleHuii (3a UCKIoYeHNEM CTaHaapTHbIX). Bee dusnyeckne
BENMMYMHbl JOMKHbI COOTBETCTBOBaTb MexayHapoOHOW cucteme eAuHWL, U3MepeHus —
CW. OuepegHocTb opmyn ob6o3Ha4aeTcs NopsaKOBbIMY HOMEPaMM, MPOCTaBASIEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

AHHOTauumsa (abcTpakT) u pestome

AHHOTauus (abcTpakT) siBNsieTCst KpaTkuM MHGOPMaTUBHLIM 0630pOM coaepKaHMUs
cTaTby, obGecrnedmBaoWmMM YuTaTento BeICTPOTY U TOYHOCTb OLEHKM €€ perieBaHTHOCTU.
B uHTepecax pefakumMum M aBTOpPOB, YTOObI aHHOTaUMsi cofepXarna TepMWHbl, 4YacTo
ucnonb3yemble ANs WHAEKCUPOBAHWS WM noucka ctatbed. COCTaBHbIMM YacTaMu
aHHOTaUMM SBNSAOTCA Lefb uccrnenoBaHusi, METOAbl W 3akroyeHue. B aHHoTauum
JomkHo ObiTb oT 100 go 250 cnoB, U OHa [JOMKHA HaxoAWUTCA Mexay TuTynammu
(3aronosok, PO aBTOPOB U Ap.) U KIOYEBBIMU CIOBaMU, 32 KOTOPbIMU CrieayeT TeKCT
ctaTbu. Ecnu pabota HanucaHa Ha cepOCKOM MMM PYCCKOM Si3bIKE, XKenaTernbHO, YToObI
KpOMe aHHOoTaumMu Ha cepbckoM U pycckom, Obina Gbl NpegocTaBreHa M aHHoTauus B
pacwmMpeHHOM BuAe Ha aHrmunNCcKoM A3bike — B KayecTBe T.H. pestome (summary). Takoe
pestloMe [OMKHO HaxoAMTbCs B KOHUE cTaTbW, nocre pasgena Jlutepatypa. BaxHo,
4YTOObI pe3tome ObINIo0 B CTPYKTYPUPOBAHHOM BMAE, U €ro AfiMHa MOXEeT COCTaBNSATb [0
1/10 anvHbl ctaTbn (OHO Gonee OOLWMPHO, YeM aHHOTaLMSA U3 Havana crtaTtbu). Havanom
OaHHOro pestomMe MOXeT ObiTb nepeBefeHHas aHHOTaUus (U3 Hadana cTaTtbu), a 3aTem
OOIMKHbl CriefoBaTb MepeBeAeHHble [MaBHble 3arofioBKW, MOA3arofioBKM U OCHOBbI
3aKMYeHns ctatbi (nNuTepaTypa He nepeBoauTcs). B cTpykTypupoBaHHOM pestome
HY>XKHO NMepeBEeCTU YacTb TEKCTa Nof, 3aroflIoBKOM U 3arofloBKOM, NPUHMMast BO BHUMaHWE,
4YTOObI OHO GbINO NPOMOPLIMOHANBHO NX Pa3MepPy U B TO XKe BPeMS OTpaxkana CyTb.
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KnroueBble cnoBa

KnioueBbiMM  crioBamn  SBRAAIOTCA  TePMWHbI  unn - pasbl,  agekBaTHO
npeacTaBnsAlLIMe coaepXxaHue ctaTtby, Heobxoammble ANS MHAEKCUPOBAHWSA U Mouvcka.
KnioueBble crnoBa Heobxogumo BbIOMpaTb, oOnNupasice NpyM 3TOM Ha Kakou-nmbo
MeXOYHapOaHbIA WCTOYHWK (pernctp, crioBapb, Tesaypyc), Hauboree wucnonb3yembii
BHYTPW AaHHOW HayyHoW obnacTtu. YMcrno KnoveBbiX CroB He MoxeT npesbiwaTe 10. B
UHTEepecax pefakuMn 1 aBTOpPOB, YTOObI YacToTa MX BCTPEYM B cTaTbe Oblna Kak MOXHO
Gonblwen. KniouyeBble crnoBa [alTCsl Ha s3blke, Ha KOTOPOM HanucaHa cTaTbsi
(aHHOTauMs), N Ha aHrMMINCKOM A3blke. B cTaTbe OHM MULIYTCA HENOCPEACTBEHHO nocne
aHHOTaumu (B Hayane) u nocne pesiome (B KOHUE).

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WUCMOSb30BaHUSA cepBuca
KWASS, aBTOMaTU4ecKkun hMKCUMPYHOLLIEro KIHoYeBble CroBa U3 UCTOYHUKOB/CNOBapel No
BblIGOpY aBTOpa/pefakTopa.

[Jata nony4eHunsa ctaTtbu

[aTta, korga penakuma nonyyduna crtaTtblo; AaTa, Korga penakuna OKOH4YaTesllbHO
NnpuHANa CTaTbl0 K ny6nvn<au,vw|; a Takke paTa, korga Obinu npenocTaBrieHbl
Heobxoanmble ncnpaeneHna pykonucu, npuBogAaTcA B XPOHONIOrM4eckomM nopdake, Kak
npaBwniio, B KOHUE CTaTbW.

BbipaxeHue 6narogapHocTu

HaumeHoBaHWe M HOMep NpoekTa, T.e. HasBaHWe nporpaMmbl Bnarogapsi KOTOpoMn
CTaTbsl BO3HWKNA, COBMECTHO C HalMEHOBAHWEM YYpEXAEHWsl, KOTopoe (UHaHCUpOBano
NPOEKT 1N NPOrpammy, NPUBOASATCS B OTAENBHOM MPUMEYaHWK, kak NpaBurio, BHU3Y Nepeom
CTpaHWLbl CTaTbM.

MNpeabiaywme Bepcumn paboThbl

B cnyyae ecnu cratbs B nNpeabigylleri Bepcuu Obina M3noXeHa YCTHO (rof
OOMHaKOBbIM UMM TMOXOXUM HasBaHMEM, HanpuMep, B Buae AoKNaga Ha HayyHoM
KOHbepeHLMK), CBEAEHUS1 06 3TOM JOMKHbI ObiTb YkasaHbl B OTAENbHOM MpUMEYaHnm, Kak
npaBusio, BHU3Y MEpBOM CTpaHuLpbl cTaTbu. PaboTa, koTopas yxe Obina onybnvkoBaHa B
KaKOM-NBOo U3 XXypHaroB, He MOXeT BbITb Harne4yaTtaHa B «BOEHHO-TEXHUYECKOM BECTHUKEY
HU NOA, NMOXOXWM HasBaHNEM, HU B U3MEHEHHOM BUae.

Hymepauwus n Ha3BaHue Tabnuu n rpadmkos

XKenartenbHo, 4Tobbl HyMmepaumns 1 Ha3BaHve Tabnuy, 1 rpadmkoB BbiNM MCNOMHEHbI Ha
ABYX A3blkax (Ha A3blke OpUrMHana u Ha aHrmuinckom). Tabnuubl NOAMMUCHIBAKOTCS TaKUM Xe
cnocobom Kak M TeKCT M 0603Ha4alTCs MOPSAKOBbIM HOMEPOM C BEPXHEN CTOPOHbI.
doTorpachum N pUCYHKN AOIMKHBI ObITb MOHATHBI, HArmMsAHbI U YAOBHBI ANS penpoayKumn.
PucyHkn Heobxoammo aenatb B nporpammax Word munu Corel. doTtorpacdum u pucyHkM Hago
NnocTaBUTb Ha Xenaemoe MeCcTo B TekcTe. [ns co3gaHusi n3obpaxeHnud u rpadmkos
ucnonb3oBaHe yHKLMN CHUMKa C 3KpaHa (CKpUHLLIOTa) He fJornyckaeTcs. B camom TekcTe
CcTaTb peKoMeHOyeTCH NPUMEHeHMe WU300paKeHun K rpadmkoB, 0B6paboTaHHbLIX Takumu
KOMMbIOTEPHBLIMM Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.

CcbInku (UMTUPOBaHME) B TEKCTe

OdpopmrnieHne CCbINOK Ha WCTOMHWMKM B paMKax CTatbM [AOMKHO  ObiTb
04HO00pPas3HbIM. «BOEHHO-TEXHWYECKUA BECTHUK» AN OPOPMIIEHMS CCbINOK, uuTaTt u
cnucka MCnonb30BaHHOM nuTepaTypbl npumeHsieT [apsapgckyio cuctemy (Harvard
Referencing System, Harvard Style Manual). B Tekcte B ckobkax npuBoguTcst hbammnus
uMTUpyemoro aesTopa (Mnu gamunus NepBoro aBTopa, €Cr aBTOPOB HECKONbKO), rog
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n3gaHns 1 No HeobxoamMmocTu Homep cTpanuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20).
PekomeHgaumm o cnocobe LMTUPOBaHWSA pasMeLLeHbl Ha CTpaHuue canTta MHcmpykyus
ro ucrione3oearuto [apeapdckozo cmurisi. Tpy 0POPMAEHNUN CChINOK, LUMTaT M Cnvcka
MCMOSIb30BaAHHON NUTEpaTypbl HEOBXOAMMO NPUAEPKMBATLCS YCTAHOBEHHbLIX HOPM.

Mporpamma ASSISTANT npepoctaBnsetr npu  LUTUPOBaHWM  BO3MOXHOCTb
mcnonb3oBaHusi cepsuca CiteMatcher, dmkeupytoLlero nponyLleHHble uMTaThl B paboTte u
B CNWCKe NnuTepaTypbl.

MpumeyaHna (CHOCKwM)

MpumeyaHus (CHOCKM) K TEKCTY YKasblBalOTCA BHWU3Y CTpaHuLbl, K KOTOPOW OHU
oTHocsiTcs. [pumevaHusi MoryT cofepaTb MeHee BaxHble AeTanu, AOMOMHUTENbHbIE
06bsICHEHUS, yKa3aHusi 06 UCMOMb30BaHHbLIX UCTOYHUKAX (Hanp. Hay4yHoOM Martepuarne,
CnpaBoYHMKax), HO He MOryT GbiTb 3aMEHOIN NPoLEeAypPbl LUTUPOBAHNUSA NMTEPATYpPbI.

INuTtepatypa (pecdepeHumnn)

LinTupoBaHHoM nuTepaTypon OXBaTbIBAKOTCH, Kak npaeuro, Takve
6ubnuorpadmyeckne UCTOYHMKM Kak cTaTbu, MoHorpadmm u T1.n. Bcs ucnonbsyemas
nuTepaTypa B BUae pedepeHLmMin pa3meLlaeTcs B OTAENbHOM pasfene crtaTbi.

HasBaHusa nutepaTypHbIX UICTOYHMKOB HE NEPEBOASITCA Ha s3blK paboThl.

«BOEHHO-TEXHMYECKUIA BECTHUK» Ansi ODOPMIEHUsI CMMCKa WCMNOSIb30BaHHOM
nutepaTypbl npumeHseT [apeapackyto cuctemy (Harvard Style Manual). B cnucke
nuTepaTypbl UCTOYHMKN YKa3biBalOTCA B andaBuTHOM nopsgke damunuin aBTopoB unm
pepakTopoB. PekomeHgaumm o crnocobe LMTMPOBaHWA pasMelleHbl Ha CTpaHvue canta
WHcmpykyusi o ucrions3oeaHuro  [apesapdckozo cmurns. [pu  ocopmneHun cnucka
MCMONb30BaHHONM NUTepaTypbl HEOOXOANMO NPUAEPXKMBATLCS YCTAHOBIEHHBLIX HOPM.

Mpu odopmnenun cnucka nutepatypbl nporpamma ASSISTANT npepocraBnsiet
BO3MOXHOCTb Ucronb3oBaHus cepBuca RefFormatter, ocywiectBnstoLwero KoHTponb
ochopMIIEHMST CMMCKa NuUTepaTypbl B COOTBETCTBMM CO cTaHgapTamu [apBapackoro
cTUnS.

HectaHpgapTHoe, HenomHoe n HenocnegoBaTenbHOe NpuBedeHWe nutepaTypbl B
cUCTEMax OLUEHKM >XypHana cuyuTaeTcs AOCTaTOYHOWM NPUYMHOWM Ans  ocnapvBaHus
Hay4yHOro ctaTyca XypHana.

Bce pykonucu ctaten nognexar npoeccuoHanbHOMY peLeH3MPOBaHUIo.

Crnucok peLeH3eHTOB >XypHamna «BOEHHO-TEXHUYECKUA BECTHWK» pasMelléH Ha
cTpaHuue caunta Criucok peueHseHmos. MNpouecc peueH3MpoBaHUa onvcaH B pasfene
Mpasuna peyeH3uposaHus.

MouToBbIM agpec pepakuun:

«BojHOTEXHUYKM rNaCHUK»

yn. leHepana MNasna tOpwuwwnya LWtypma 1

11000 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[MaBHbIM M OTBETCTBEHHLIN peaakTop
KaHgmpat TexHudecknx Hayk Hebodwa Nadewa
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

Ten: +381 11 3603 260, +381 66 8700 118
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the Mili-
tary 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 ex-
change. It is based on international standards I1SO 4, ISO 8, ISO 18, ISO 215, ISO 214,
1ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national equivalents.

The Military Technical Courier / Vojnotehnicki glasnik (www.vtg.mod.gov.rsfindex-e.html,
BTr.MO.ynp.cpb, 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 Re-
public of Serbia. It publishes scientific and professional papers as well as technical da-
taon 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 pro-
fessional development of all members of Serbian, regional and international academic
communities, members of the Ministry of Defence and the Army of Serbia in particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2017

in the field technological development:

- on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

—on the list of periodicals for 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 (M53).

The approved lists of national periodicals for the year 2017 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 2018).

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 Develop-
ment (Official Gazette of RS, No 38/2008). More detailed information can be found on the
website of the Ministry of Education, Science and Technological Development.
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In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1,5 (one and a
half) point (category M52) and 1 (one) point (category M53).

The journal is in the Serbian Citation Index — SCIndex (data base of national scien-
tific journals), in the Russian Index of Science Citation/Poccuinckuin uHgekc Hay4Horo
uutmposanmusa (RINC/PUHL,) and is constantly monitored depending on the impact within
the bases themselves and indirectly in the international (e.g. Clarivate Analytics) citation
indexes. More detailed information can be viewed on the website of the Military Technical
Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic Edit-
ing - ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, Russian or English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with  the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body, conclu-
sion, 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 com-
plex 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 catego-
ry, 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 ex-
clusively on scientific argumentation) and commentaries.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form of a
monograph or a critical edition of scientific data (historical, archival, lexicographic, bibliographic,
data survey, etc.) which were unknown or hardly accessible for scientific research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);

3. Review (of a book, software, case study, scientific event, etc.)
Language

The article can be in Serbian, Russian or English.
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The grammar and style of the article should be of good quality. The systematized text
should be without abbreviations (except standard ones). All measurements must be in 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
title and the keywords with the body text to follow. Besides an abstract in Serbian and
Russian, articles in Serbian and Russian are advised to have a summary in English, at
the end of the article, after the Reference list. The summary should be structured and
long up to 1/10 of the article length (it is more extensive than the abstract). It can start
with the translated Serbian or Russian abstract from the beginning of the article with
translated main headings, subheadings and major conclusions to follow (Reference list is
not translated). The structured summary should also contain the proportional informative
parts of the text below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted interna-
tional sources (index, dictionary or thesaurus), such as the Web of Science keyword list
for science in general. The higher their usage frequency is, the better. Up to 10 keywords
immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the auto-
matic extraction of key words from disciplinary thesauruses/dictionaries by choice and the
routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for publi-
cation 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 appropri-
ately in the text, should be clear, precise and suitable for reproduction. Drawings should
be created in Word or Corel.
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For figures and graphs, proper data plot is recommended i.e. using a data analysis
program such as Excel, Matlab, Origin, SigmaPlot, etc. Itis not recommended to use a
screen capture of a data acquisition program as a figure or a graph.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the Har-
vard 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 Cite-
Matcher 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 mate-
rial, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and mono-
graphs 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 ap-
plies the Harvard System — Harvard Style Manual. All bibliography items should be listed
alphabetically by author’'s name, without numeration. A detailed guide for listing refer-
ences, 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 Pro-
cess page of the website.

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier

Generala Pavla JuriSi¢a Sturma 1

11000 Belgrade, Republic of Serbia,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Editor in chief
Nebojsa GaceSa MSc
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

tel.: +381 11 3603 260, +381 66 8700 118
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OBABEWTEHA CAPAOHMLUNMA N HYATAOLIMIMA
COOBLUEHNA 0N ABTOPOB U YATATENEN
INFORMATION FOR CONTRIBUTORS AND READERS

BojHOTEXHMYKM rnacHuMK nocTtao ynaH Ogbopa 3a eTUYHOCT Y
nsgasawwtey - Committee on Publication Ethics (COPE)

Opbop 3a etnyHocT y msgasawTBy (Committee on Publication Ethics -
COPE) ogo6pwo je 2. maja 2018. rogmMHe 4naHcTBO BOjHOTEXHNYKOM FMAaCHUKY Y
cBojoj opraHmsaumju. COPE cBojum unaHoBuma omoryhyje Bogehy ymnory npu
pasmaTtpamwy nuTaka eTUYHOCTM Yy u3gaBawTBy, o0e3befyje npakTudHe
pecypce 3a efykauujy W MNOAPLIKY YnaHoBMMa M HyAM [a Ce HUXOB
npodecmnoHarnHm rnac Jyje y akryenHum gebartama.

COPE je nocseheH obyuu v nogpwuu ypegHuumMma, usgasadmma wu
ocTanvMMma koju ce 6aBe nNuUTakMMa €TUYHOCTU Y M3[aBalLTBY C LUIbEM fa ce
n3gaBayvky NpouUec yCcknaaum ca HopMama eTuyke npakce Kao cacTaBHOr aena
nsgaeayke kyntype. MNpuctyn Opbopa YBPCTO je yCMepeH Ha yTuuaj Kpo3
obpasoBare, pecypce 1M NOAPLLKY YlaHOBMMA Y3 noacTuuake npodecnoHanHe
aebate y Wmpem OpyLUTBY.

COPE cBojom npakcom 1 NONUTMKOM yCMepaBa ypeAHMLITBa vaconuca v
nsgaesave, kako OW ce NOCTUIMM HajBMWWM CTaHZApAM Y €eTUYHOCTM Y
usgaesawTBy. Ta aKkTMBHOCT noAdpa3ymMeBa CaBeTodaBHY  AenaTHOCT,
ycmepaBare, obpasoBare 1 cemuHape.

Buwe aetarba OOCTYMNHO je Ha CTpaHuum
https://publicationethics.org/members/vojnotehnicki-glasnik-military-technical-
courier.

KypHan «BoeHHO-TEXHMYECKMIA BECTHUKY» NPUCOEANHUIICA K
KomuteTty no nagarensckon atuke (Committee on Publication
Ethics — COPE).

KomuteT no wuagatenbckon atuke (Committee on Publication Ethics -
COPE) 2 wmas 2018 roga noaTtBepawust BCTyMreHue >XypHana «BoeHHo-
TEXHUYECKUA BECTHMK» B 3Ty opraHmsaumio. COPE KOHCYNbTMPYeT 4NeHOB
opraHvMsaumMm Mo BCEM BOMpocam  M3gaTenbCKOW  3TUKM, OH  Takke
npefocTaBnsieT CBOMM uYfleHaM Mrowaaky Anst oOCY)XOAEHUA KOHKPETHbIX
Crny4aeB, CMOHCUPYET UccnenoBaHnst B cdhepe n3gartenbCkon aTuku, nyenvkyeT
NHGOPMALIMOHHBIE BIONNETEHN 1 OpPraHM3yeT CEMUHAPBI.

COPE npoBoguT 00yyeHue u NpegocTaBnsieT NOAAEPXKKY pedakTopam,
nsgartensam v ApyruM 3anHTEpeCcOBaHHbIM Nuuam B n3gatenbckon atuke. Llenb
obyyeHusa 3aknoyaetcd B TOM, 4TOoObl MPMBECTU M3OATENbCKUA MPOLECC B
COOTBETCTBME C ITUYECKMMM HOPMaMW, SBNALNMUCA HEOTBEMITEMON YacTbiO
n3gaTtenbckonm KynbTypbl. Bnarogapsi ceoenm nporpamme oby4veHus Komuter
OKasblBaeT CWIbHOE BIUAHME Ha [enonpovM3BOACTBO  CBOWX  YIIEHOB,
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nogodepXkvBaeT MX M codeiicTByeT B MpoBedeHUM  MyGIUYHbIX
npodgeccroHanbHbIX Ae6aToB.

Ha ocHoBaHuM cBoero onbiTa M B COOTBETCTBUM C MONUTMKOIA KayecTsa
COPE HanpaBnsieT peOakTopoB W u3gaTeneidn Ha OOCTUXKEeHME HauBbICLUUX

HOPM B WU3gaTernbCKOM  3TUKe. HeatenbHocTe Komuteta Hapsagy c
BblLLIENEPEYNCIIEHHbIM, BKMOYaeT U NpOBeAeHUe KOHCynbTauun, obyyeHns u
CEeMMVHapOoB.

O3sHakomMuTbCs € Bonee nogpobHon nHdopmaumen
MO>HO, Nepenas rno CCbifKe:
https://publicationethics.org/members/vojnotehnicki-glasnik-military-
technical-courier.

The Military Technical Courier became a member of Committee on
Publication Ethics (COPE)

On 2 May 2018, the Committee on Publication Ethics (COPE) approved a
membership of the Military Technical Courier in its organization. COPE provides
leadership in thinking on publication ethics, practical resources to educate and
support members, and offers a professional voice in current debates.

COPE is committed to educate and support editors, publishers and those
involved in publication ethics with the aim of moving the culture of publishing
towards one where ethical practices become the norm and part of the publishing
culture. Our approach is firmly focused on influencing through education,
resources and support of our members alongside the fostering of professional
debate in the wider community.

COPE practices are the policies and practices journals and publishers need
in order to reach the highest standards in publication ethics. The activities
include counseling, guidance, education and events.

More details are available on the website page
https://publicationethics.org/members/vojnotehnicki-glasnik-military-technical-
courier.

COP|E

Member since 2018
JM13603
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MUWHMCTaApPCTBO NPOCBETE, HayKe U TEXHOIOLLKOr pa3soja Penybnvke
Cpbuje objaBuno kateropmsaumjy BojHOTEXHUYKOT rMacHWKa 3a
2017. rognHy

MuHMCTapcTBO npocBeTe, Hayke W TexHomowkor passoja Penybnuke Cpbuje,
carnacHo oanyum m3 ynaHa 27. ctaB 1. Tayka 4), a no nNpubaBrLEHOM MULLIbEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa O HayyHoucTpaxmBaykoj genatHoctu (,CnyxbeHu
rnacHnk PC” 6p. 110/05, 50/06-ucnp. u 18/10), yTBpawnno je kaTeropusauujy
BojHoTexHuukor rnacHuka, 3a 2017. rognHy:

3a 06N1acCT TEXHOSOLLKN PasBoj:

— Ha nuCcTM vaconuca 3a MaTtepujane M Xemujcke TexHornoruje: kaTteropuja

BoAehn Hay4yHU Yaconuc HaumoHanHor 3Havaja (M51),
— Ha fMCTM Yaconuca 3a eneKkTPOHWKY, TenekoMmyHukauuje n uHdopmaumoHe
TEeXHOMoruje: Kateropmja Hay4yH” 4aconuc HaumMoHarnHor 3Havaja (M52),

—  Ha NMCTM Yaconuca 3a MaLUMHCTBO: KaTeropuja Hay4Hu 4aconuc HauvoHanHor

3Havaja (M52),

3a obnact ocHOBHa UCTpaxuBaHa:

— Ha nUCTM yYaconuca 3a MaTeMaTuKy, payvyHapcke Hayke W  MeXaHWKy:

KaTeropuja Hay4Hu yaconuc (M53).

YcBojeHe nucte gomahux yaconuca 3a 2017. roguHy Mory ce BWOETW Ha CTpaHuLM
cajta Kamezopusauuja yacoruca (http://www.vtg.mod.gov.rs/kategorizacija-casopisa.html).

HeTtarsHuje nHopmauuje mory ce npoHahu u Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLwlkor pa3soja Penybnuke Cpbuje.

KaTteropusauuja yaconuca msBplieHa je npema [NpaBunHMKy o NOCTYMNKY U HaYuMHY
BpedHOBaka W KBAHTUTATMBHOM MCKa3vBaky HAyYHOMUCTPaXMBaudkvx pesyntaTa
ncTpaxusaya, Koju je nponucao HaumoHanmHW caBeT 3a Hay4YHW M TEXHOMOLUKN pasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBUM NPaBUITHUKOM M TaberioM 0 BPCTU M KBaHTUMMKaLMU MHAMBUAYaANHNX
Hay4HOUCTpaXuBaYkunx pesyntarta (y cactaBy lNpaBunHuka), objaBrbeHn pag y BojHoTexHUYKoM
rmacHuKy BpefHyje ce ca 2 6opa (kateropuja M51), 1,5 6oa (kateropuja M52) n 1 6opg
(kateropuja M53).

MuHMcTEPCTBO 06pa3oBaHnA, HayKN U TEXHOOMMYECKOro pasBuTmS
Pecny6nukn Cepbus yTBEpamnno Kateropmsaumio xXypHana
«BoeHHo-TexHn4ecknn BeCcTHUK» 3a 2017 rog

MuHMCTEepcTBOM 06pa3oBaHus, Hayku M TEXHOMOMMYECKoro passutna Pecnybnunku
Cepbusi cornacHo pelueHuto no cT. 27 ab3ay 1, NyHKT 4 1 N0 NONYy4YEHHOMY TOSIKOBaHWIO
ct. 25 abszay 1 nyHkT 5 BakoHa O HayyYHO-MCCNeOoBaTENbCKOW AeATenbHOCTU
(«Cnyx6eHun rnacHuk PC» Ne 110/05, 50/06-ucnp. n 18/10) yTBepxaeHa kateropmusauus
XypHana «BoeHHo-TexHu4eckunii BeCTHuKk» 3a 2017 roa:
KaTteropun B 06nacTv TEXHONOrM4YeCcKoro passuTus:
— O6nacTb MaTepuanoB U XMMUYECKON TEXHONOru: BeOyWwMiA HayYHbIA XypHan
HaumoHanbHoro 3HaveHus (M51),

— O6nacTb 3nMeKTPOHUKMK, TENEKOMMYHUKaUUA U MHPOPMALIMOHHBIX TEXHOMOMMIA:
Hay4YHbIV XXypHaI HauMoHanbHoro 3HaveHusa (M52),

— O6nacTb MeXaHUKUN: Hay4HbIN XypHan HaunoHanbHoro 3HadveHus (M52).
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KaTeropum B o6nact 0CHOBHbIX MCCNEeAOBaHWIA:

O6nactb MaTemaTuka, KOMMbIOTEPHbIE HAYKM, TEXHUYECKME HayKu: HayYHbIN
xypHan (M53).

C wuHdopmaumeir o kateropysaumm 3@ 2017 rog  MOXHO  O3HAKOMUTLCS  Ha
cTpanvue Kameeopu3sayusi secrmHuka (http:/mww.vtg.mod.gov.rskategorizacia-vestnika.html).

Bonee nogpobHo ¢ MHpOpMaLMen MOXHO 03HaKOMUTLCHA Ha canTe MuHucTepcTea
06pasoBaHus, HayKku 1 TexHonornyeckoro passuTtus Pecny6nukm Cepbus.

Kateropusauusa >xypHana nposBedeHa B COOTBETCTBMM C PermameHToM O nopsiake M
MeTOAaxX  KaTeropusauuy  HaydHO-MCCredoBaTenbCkMX — pes3ynbTatoB,  YTBEPKOEHHOro
HawwoHanbHbIM KOMUTETOM Mo Hayke 1 TexHonorusim (Cryx6enm rmacHmk PC, Ne 38/2008).

B cooTBETCTBUM C BbllLeyka3aHHbIMU MOSoXeHUsIMM PernameHta u Tabnuuen no
Kraccmdmkaumm 1 Kkateropysaumm MHOMBMAYarnbHbIX Hay4YHO-MCCeoBaTENbCKMX Pe3yrnbTaToB
(ABNSAIOWMXCA HEOTBLEMIEMOWN YacTblo PernameHTta), paboTa, onyGnvkoBaHHasi B XypHane
«BOEHHO-TEXHUYECKNI BECTHMK», OLIEHMBAETCA criegyrowmmM obpasom: 2 6anna (kateropvs
M51), 1,5 6annos (kateropus M52) n 1 6ann (kateropus M53).

Ministry of Education, Science and Technological Development of
the Republic of Serbia classified the Military Technical Courier for
the year 2017

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2017

in the field Technological Development:

— on the list of periodicals for materials and chemical technology, category: lead-

ing 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 period-

ical of national interest (M52),

in the field Fundamental Research:

— on the list of periodicals for mathematics, computer sciences and mechanics:

category: scientific periodical (M53).

The approved lists of national periodicals for the year 2017 can be viewed on the web
page Journal categorization (http://www.vtg.mod.gov.rs/journal-categorisation-1.html).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.
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 Develop-
ment (Official Gazette of RS, No 38/2008).

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1.5 (one and a
half) point (category M52) and 1 (one) point (category M53).
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